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[Mpeaucnosue

[Tapanneasusie IBM, BO3HUKIINE OPCHMYLIECTBEHHO AAA BLICOKU-
HPOH3BOAMTENLHEIX Hay4HBIX BBIMICACHUII, HOAyYarT Bce OoJee
UIMPOKOE DPACNPOCTPAHEHHE: MX MOXKHO BCIPETHTH B HeGOJMBLIMX
HAYYHBIX TOApasjefeHHsaX W oducax. IToOMY CHocoBCTBYIOT Kak
HEUPEPLIBHOE MAJEHHe 1EH HA HHX, TAK M MOCTOAHHOE YCIOAKHEHUE
pernaeMblx 3a7a4. MoxHO €3 IpeyBe/lnuednst CKa34Th, YTO IapaJ-
JIEJIHBIE KOMOBIOTEDD] CEHYac MCIOIB3YIOTCA MM ITAHUPYIOTCS K
HCIIONB30BAHHIO BCEMH, KTO paboTaeT Ha llepefoBbix pybeskax Ha-
VKH M TEXHHKH:

e nayuHoiMu paboriukany, npuMenaoupim IBM s pewerus
PeaNbHBIX 3a/1at MI3HKH, XM, GHO0rHH, MEAMIMHBL B APY-
I'UX HAYK, [IOCKOABKY VIIPOUIEHHbIE MOJE ThHBIE 33/IaYH VKe pac-
CYMTaHLI Ha «00ur4upx» DBM, a mepexoa k peannHbBIM 3a/a9am
CONPSIZKEH € KAYeCTBCHHBLIM POCTOM 00DLEeMa BhIYACIEHHIL;

& NPOrpaMMHUCTAMH, pa3pabaTLIBAIOUMMHE CHCTEMbl Y1IPABIENHs
Gazamu panuwx (CYB/I), paznoofpasubie Internet-cepnepb: 3a-
npocoB (WWW,_ FTP, DNS u ap.) ¥ COBMECTHOrO HCTIOIB30BA-
i gaanpix (NFS, SMB u ap.), apTroMarusuposaniile cucTe-
Mal ynpasienus npouzsoigcreom {ACYII) 1t rexnosorudecknmu
npoueccaxu (ACYTII), nockoasky rpebyverca ofecnednts 06-
CHYKUMBAHNE MAKCHMANSHOTO KOJHUGCTBA 3al(POCOB B EHHUHILY
BpenenH, & CIOXKHOCTE CaMor) 3anpoca MoCTOAHHG pacTeT.

B HaCTOAILMIT MOMEHT HPAKTUICCKH BCE KPVIIHRIE pa:spa6a'r}>ma.~
EMLlE NIPOTrpaMMHDLIe NPOCKTH KaK H&y‘-[llf)ﬁ, TaK H K(H\H\IL‘.I’)'{OCKOﬁ
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HAUPABJEHHOCTH MO0 yiKe CONep:XaT NOAJepKKY IApanenLHON
paBoThi Ha KOMIIBITEPAX Pa3HbIX THUNOB, JHOO 9Ta MOIOEPAKKL 3a-
nIaHupoOBada Ha Bimkalimee BpeMst (OpHvesM OPOMeINEHHE 3/€Ch
YACTO BHI3BLIBAET [TOPAXKEHHE MPOEKTA B KOHKYDEHTHO! Hoprbe).

Hacrosmana kEnra npedctakasgeT cobol BEEIEHHE B METO/EL PO~

rpaMMHpoBannd Dapanenbusix DBM. Ocuosnol ee uenbio agiseT-
¢l HAyHKTh YMTATENA CAMOCTOATENbHO PaspabaThBATh MAaKCHMANb-
HO PdPeXTHEHBIE NPOrpaAMME] J/IsT TaKHX KOMIUBIOTEDos. Bompock!
pacliapaTe/[MBAHUA KOHKPETHLIX airOPHTMOB PaCCMATPHBAKITC
1A MHOTOUYHCNEHHBIX NPHMepaX. B KauecTBe i3B1KA NPOrpPaMMHPO-
BAHMAA UCMOAL30EAH a3blK C, Kak HanGoyee pacrpocrpadennniii (H,
3aMETHM, eAMHCTBeHHbIH (He cunTas cBoero pacmmpenusa C++), Ha
KOTOPOM MOXKHO DEaNi30BATh BCE UPHMBEIEHHHIe Npinepst). [Tpo-
CPAMMBI, [IOCBALICHHBIE HCITOJTAI0OBAHUED TAPAIIEIN3Ma [IPOIECCa H
MPI, moryr 6riTb nerko nepenucans Ha si3sike FORTRAN-77. His
WLGOCTPAIMH [IOANPOTrPaMMa YMHOXKEHHS JBYX MATDHIL, JAIOIIAS
no4TH 14-KpaTHoe YCKOpeHHe Ha ONHOM [IPOIeCCOpE, NMPHBENeHA Ha
asyx as3rnikax: C u FORTRAN-77.
" HzaoxeHdwe HAdHHAETCSI ¢ H3YYEHHA OapaiieiniMa B paboTe
[IpOIIECcCOpa, OTEPATHUBHOM NAMATH M METOJ0B €ro HCNOJIL30BAHHA.
3ateM NpUBOANTCH OLIMCAHWE ADXUTEKTYD hNapainensHbix IBM u
DA30BKIX IIOHATHI MEMXIIPOIeCCHOr0 B3auMogdeiicTeust. s cucreM ¢
obimel MaMATHI0 MeAPCOHO PACCMATPUBAIOTCH JBa METOI4 MPOrpaM-
MHDOBAHUA: ¢ HCTIOMB30BAHNEM [POHECCOB H HCIOTB30BAHMENM 34,044
(threads). Jins cucrem ¢ pacopeneneHHoil NaMATHIO PACCMATPHBA-
ercsi ¢rapumuit ¢haxTHyeckuM crangaproMm uuTepdpeiic MPI. as
YKa3alHbIX CHCTEeM IPHBEIEHbl ONUCAHHS OCHOBHBIX (DYHKUHI H
MpUMEpPLT UX MpHMEHeHnsi. B ONUCAHNAX HAMEDPEHHO BHIOPOUIEHLI
PEAKO UCTIOIB3YEMbIE AETANH, YTOOL! HE IYLaTh WHTATETs! BOJTBIIIA
obbemoM undopMmaliuy (YeM cTpasaroT GONLIIHHCTEG PYKOBOJCTB
110JIb30BATEIA ).

Knnra ucnosessyercs B KadecTBe y49ebHOro 110cobUs B OCHOBHOM
kKypce «llpaxrukym na 9BM» Ha mexanuxo-maremMaruieckoM da-
kyvapTeTe MUY mm. M. B. JloMmoHocoBa (10 HEUIHMATHBE W MPH [0i-
nepxre akagemuxa PAH H. C. Baxsamosa.
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MopAROK YTEHHA

Kiury MoKHO pa3ziesrh Ha 5 JOCTATOMHO HE3ABHCHMBIX vacTeit:

1.

[

B rnapax 2, 3, 4 ouucad napasitennsM B pabore Opoueccopa
H ONEPATHBHOW MaMsITH, & TAKXKE pasHoobpasHble MpHembl, Mc-
MONb3YyeMBIe aJid noebliesud addexTusdocTy ux pabotsl. DTy
NHGQOPMALIMIO MOXKHO HCHOJIB30BATL A4 JOCTHMKEHUS 3HAYH-
TEJIEHOTO YCKOpPennsl paboThl nporpaMsbl JayKe HA OJHONPO-
HECCOPHOM KOMIThIOTEpE,

B rmabax 5 # 6 H3/03KeHBI OCHOBHBIE TIOHSITHS, HCIOJB3YeMble
IIPH PACCMOTPEHHH TMApPA/LIC/LIbIX IMPOTPAMM, @ TAKXKEe CTaH-
JapTel Ha onepaunoHHble cHcTembl UNIX, ycTanoBieHHsle Ha
LIOAABAA0IIEM BONBIIMHCTEE NapaensHbix 3IBM.

B mrapax 7 u 8 onucanbi OCHOBHbIC (QVHKIHH [ANMA yHOpAaB/e-
HHSA TIPOIECCAMH H OCYINECTBJIEHHS MEKIIPOLECCHOTC B3IAHMO-
JedcTBHA. ITU (QYHKIHH MOXKHO KCUOJb30BATL ONH 3aIyCka
MHOI'MX COBMECTHO pabOTalOUINX IPOIECCOB B CHCTEMAX ¢ obLiei
NaMsATbo, & TAKXKE Aas PazpaloTKU Hapa/uIeTbHOIG TIPMIIOKE-
auA JI8 CHCTEM, HE NOAAepUBaoUMX 3alaun (threads).

B rnapax 9 » 10 onucads! ocHOBHBIE MYVHKIMM /15 YIIPABICHUA
safadavu (threads) H ocywecTBaeHHSA MeXK3ATAYHOIO B3aUMO-
AeficTeus. DTH PYHKINM MOXKHEO HCNONL30BATE LA PazpaloTku
MapasIiebHOrO IIPHJICKEHHSA B CHCTeMax ¢ obulell maMaThio.

. B rnase 11 onucadwl ocuosable GyRKuUH Message Passing

Interface (MPI). 311 byHKIHE MOXKHO HCHOIB30BATD (V1A Pas-
paboTKK Mapaslyie/IbHOrO NPUIOMKEHHS B CHCTeMaX Kak ¢ obweil,
TaK W C pacupenefeHHOH MaMAThbo.

Yactu pacrosoXensl B PeKOMeHIyeMoM nopsiake drenus. Ilo-

CIeAHHE TPH HE3ABUCUMMBEL JIPYT OT APYra U MOCYT H3YUaThCd B OPO-
U3BOJILHOMN IocnenoBaTenbHOCTH. [1aBy 1, apCCOBAHHYIO HeTepITe-
JHBOMY YHTATETI), OPH CHCTEMATHYECKOM H3VYEHHHM DEeKOMEeHJy-

CTCHA pat36npaT& 0 MEPE O3HAKCOMJICHHA € MATEPHAJIOM OCHOBHbLIX

yacTell KHHTH.

KHHUroi MoH0 BOCIONB30BATLCH M B KAYECTBE y'qe6ﬂnxa. ,.ZI.J"IH

3TOT0 B KOHLE 1IPHEEIEHBl HporpaMmMma KypCa U CNHCOK THIIOBBLIX

IK3AMEHAIMOHHLIX 3a/a4. JTH MaTepHasibl OViyT NoJe3Hbl U 114

CAMOCTOATENBHON TTOJMOTOBKH.



Ons Herepnenusoro
yurarens

Jna HeTepnesMBOro YUTATENsA, KEJIAMIIEro KAK MOXKHO GbicTpee
HAy1MTbCA NMHCATh NapPAJJENbHbIE IPUIIOXKEHUA, Cpa3y JKe IpUBe-
JeM TIpHMEp NpeBpalllenis MOCIeA0BATENLHGH IPOrPaMMbl B IapaJ-
JenbHy10. 11 MpoCTOTH PACCMOTPHM 33184y BHIMKCIEHHS ONTpene-
JIEHHOTO HHTErpasia OT 3aJaHHol yHKuuw u OyIeM CYHTATH, 4TO
BCE BXOAHLIE TapaMeTPhl (KOHILI OTPe3KA HHTerpHpOBaHMA U KO-
JMYECTBO TOYEK, B KOTOPHIX BBIYHCAAETCS HYHKUMS) 3adaHBl KO-
craHtaMu. Bee uenonssopannsie GyHKIHYN 6yIyT OMucaHbl B I0CHE-
NYIOMMX TJIABAX.

1.1. NocnepoBarennHan nporpamma

Jnst Bbiuncnenust MPUEIHIKEHRsT K ONMPEZENeHHOMY HHTErpaJy oT
byaxuun f no otpesky [a, b] ucmonbayen cocTaBHyIo hopMy:y Tpa-
TIenuii:

I=l

b n—1
[ 1@ e = h(f@y2+ Y flak h) + F0)/2),

rae h = (b— a)/n, a uapaMeTp n 3aJaeT TOYHOCThL BLIMUCIEHHH.

Brnauane — datinm integral.c ¢ TEKCTOM IOCJEAOBATEILHOMH
NPOTPaMMbl, BLISHCIAIOMIEH ONpeAe/CHHBI! HHTErpaj 3THM CIIOCO-
Bom: :

#include "integral-.h"



1.1. NocnepopaTtensHas nporpamMma

"

/* MuTerpupyeMas dyHROHZ */
double f {double x)
{

return x;

}

/* BeMmCNIMTH uMHTerpan mo oTpesky [a, bl ¢ umcmoM rTouex
pazbuenna n MeTomoM Tpamenumit. */
double integrate (double a, double b, int n)
{
double res; /% pesyabTaT */
double h; /* Dar WHTerpuUpoBaHEA */
int i;

h=1(b-a)/n;
res = 0.5 * (f (a) + £ (b)) * h;
for (i = 1; i < n; i++)

res += f (a + i * h) * h;
return res;

+

CoOTBeTCTBY IOIIMI 3aT00BOYHBIR dafin integral.h:

double integrate (double a, double b, int n);

Daityl sequential.c ¢ TEKCTOM NOCIENOBATENbHON NPOrPAMMEL
#include <stdio.h>

#include "integral.h"

/* Bce nmapaMerTpH ass OPOCTOTH 334a0TCA KOHCTAHTAMH */
static double a = 0.; /* neenii xoHel uMuTepBana */
static double b = 1.; /% npaeuil KoHeL nHTepBana */
static int n = 100000000; /* uucmo Todex pas3buenus *x/

int main ()

{
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double total = 0.; /* pe3ynpTaT: mHTerpan */

/* Bu4MCIMTL nuTerpan */
total = integrate (a, b, n);

printf ("Integral from %1f to %1f = J.181f\n",
a, b, total);

return 0;

¥
Komnunsgimia stax dadtios:

cc sequential.c integral.c -o sequential
H 3a11yCcK

./sequential

1.2. Yekopenue paboTbl 3a cueT napannenusma

s yexkopeHus paGoThl OIporpaMMbl HA BRIYHCIHTENBHON YCTAHOB-
K€ C P NponeccoOpaMy MBl BOCIIOJB3YEMCS 3 JUTHBHOCTLIO HHTErpa-
na;

jf(m)d$=§ff(w)d$,

rne a; = a+i*l, b =a;+ 1,1 = (b— a)/p. Hcnonvsosas pias
NpUOHAKEHHOTO ONPEIENIeHHsT KaKIOr0 U3 CJIAaraeMbIX | :: f(z)dz
aToff cyMMBI COCTaBHYIO (hOpMyny Tpameuui, B3AB 1n/p B KadecTse
7, ¥ NOPYYMB 3TY BBIYHCIEHHUS CBOEMY IPOLECCOPY, MBI NONY4UM
P-KpaTHoe yCKOpeHHe paboThl mporpaMmel. Huxke Mbl paccMOTpuM
TpH crocoba 3anycka p 3afaHuil A8 MCNOAHEHHA Ha OTJeMbHBIX
TIPOLIECCOPAX:

1. cozpanue HOBhix upoueccos {paznen 1.3, c. 13),
2. cozganue HOBbIX 3alad (threads) (pasmen 1.4, c. 18),
3. Message Passing Interface (MPI) (pasnen 1.5, c. 21).
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[TepBHle OBa 1OAXOAA y/0OHO HCNOJL3OBATH B CHCTEMAX ¢ oOInel
namMaTeo (cM. paszen 2.5.1, ¢. 39). IocnenHutt moaxol MpHMEHHM
M B CHCTEMaX C Paclpeie/ieHHON NaMsiThio.

1.3. NapannensHan nporpamMMa, UCNOAL3YIOWAR NPOLECCHI

PaccMoTpuM npHMep Napa/uiesIbHON IPOrPAMMBL BHIYUCIIEHES OIIpe-
AEJIeHHOr0 MHTErpasa, Henoar3yomeit npoueccel. Onucanue ee pa-
Horel npuBeneHo B paszgene 8.4.8, c¢. 133, roe paccMmaTpuBaeTcs
dyuxuna pipe; o dbyuxumn fork cMm. pasgen 7.1, c. 81. @ain
process.c ¢ TEKCTOM NpPOrPaMMEL:

#include <stdio.h>
#include <unistd.h>
#include <sys/types.h>
#include <stdlib.h>
#include "integral.h"

/* BCe napaMeTpH ANA NPOCTOTH 33LANTCH KOHCTAHTAMU */
static double a = 0.; /% neBuil KOHeL UHTepRala */

static double b = 1.; /¥ npapuil KoHel RHTepBama */
static int n = 100000000; /* uyucmo Todex pa3abmenua */

/* Kananm BuBOZa M3 rIaBHOTO NPOLECCA B NOPOXAEHHNS.
from_root[0) - gna uwremus (B mopoxmeHHHX npoleccax),
from_root[1] - gna 3anncm (8 rrnaeHoM mpomecce). */

static int from_root[2];

- /* KaHanm BHBOfA M3 NODOXAEHHHX NPOLECCOB B I'NABHNE.
to_root[0] - mna uremna (B nopoxmeHHHX mpoueccax),
"to_root[1] - mna sanucu (B rnasHOM mpomecce). */

static int to_root[2];

/* ®yErums, paboTammas B Tpouecce ¢ HOMepoM my_rank,
npu ofmeM 4YHCHAS OpOHECcCCB p. */
void process_function (int my_rank, int p)
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char byte;

/* BauHA OTpe3Ka UHTETPHPOBANMA ANA TEKyWero nponecca+/
double len = (b -~ a) / p;

/* 4ucno Towex pa3bueHuA LN rexymero nponecca */
int local_n = n / p;

/* nemmit roHel HMHTepBaNa AAA TeKymero mpouecca */
double local_a = a + my_rank * len;

/* mpaBmil KOHeNI HHTepPBAaNA ANA TEXYWEro npouecca */
double local_b = local_a + len;

/* 3HaveHMe HHTOrpana B TeKymeM Nponecce */

double integral;

/* BHYNCIHTL HHTECPal B KaXIOM U3 NPOLECCOR */
integral = integrate (local_a, local_b, local_n);

/* XmaTe coobmeHus oT rnaBHoro'nponecca */
if (read (from_root[0], &byte, 1) !'= 1)
{ ,
/* Ounbxa 9uTeuumsa */
fprintf (stderr,
"Error reading in process Ad, pid = %d\n",
my_rank, getpid ());
return;

}

/* TlepelaTs pe3yabTAT I'IaBHOMy npomeccy */
if (write (to_root[1]), &integral, sizeof (double))
1= sizeof {(double))
{
/* Oumbxa 3amnucu */
fprintf (stderr,
"Error writing in process %d, pid = %d\a",
my_rank, getpid (});
return;
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b

int main (int argc, char * argv(])
{
/* HoesTuduraTOp 3amyCkaeMOTo npougcca */
pid_t pid;
/* (Q6umee Koam4eCTBO OpONEccoB */
int p;
int i;
char byte;
double integral = Q.;
double total = 0.; /* pes3ynLTaT: MHTEerpan */

if (argc !'= 2)
{
printf ("Usage: %s <instamces>\n", argv(0]);
return 1;

2

/* Tlony4yaeM KONHYeCTBO NpOLECCOB */
p = (int) strtol (argv[i], O, 10);

/* Cosagaem kamanwm */

if (pipe (from_root) == -1 || pipe (to_root) == -1}
{
fprintf (stderr, "Cannot pipe!\n");
return 2;
}

/* 3anycraeM rpoueccs */
for(i=0;i<p;i++)
{
/* KnomupomaTs cebm */
pid = fork ();
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if (pid == -1)
{
fprintf (stderr, "Cannot fork!\n");
return 3 + i;
}
else if (pid == 0)
{
/* llponecc - MOTOMOK */
/* 3akpuBaeM HeHYXHWe Hanpasnenus ofMeHa */
close (from_root[1]);
close (to_root[0]);

/* [lpoBomuM BHuHCHEHHSE */
process_function (i, p);

/* 3axkpuBaeM KaHamu */
close (from_root[0]);
close (to_root[1]);
/* BaBepmaeM moTomxka */
return 0O;
}
/#* LMKI NpPOAONEAET NPOLECC - POAUTENE */

}

/* 3akpuBaeM HEHYXHHE HATpABINEHHS obMeHa */
close (from_root[0]);
close (to_root[1]);

/* TlomyyaeM pe3ynbTaTH */
for (1 = 0; 1 < p ; i++)
{
/* CHrHamu3upyeM mnpoueccy */
byte = (char) i; _
if (write (from_root[1], &byte, 1) != 1)
{
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/#* OumbKa 3anuce */
fprintf (stderr,
"Error writing in root processi\n"};
return 100;
¥

/* CuuTHBaeM pe3ynsTaT */

if (read (to_root[0], &integral, sizeof (double)})
1= gizeof (double))

{
/* Ouubxa wreHua */
fprintf (stderr,
"Error reading in root process\n");
return 101;
+
total += integral;

}

/* SaxpuBaeM KaHaIH */
close (from_root[1]);
close {(to_root[0]);

printf ("Integral from %1f to %1f = %.181f\n",
a, b, total);

return Q;

}
KoMmnunsanua stax daition:

cC process.c integral.c -o process
W 3aIycK

./process 2

rjle apryMeHT NporpaMMbl (B JAHHOM ciydae 2) — KOJHYECTBO I1a-
pajulebHO pafoTaninux IpoueccoB {(0OBYHO paBeH KOJHYECTBY
HMERIIXCS HPOLECCOPOB). .
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1.4. MapannenbHan nporpamMma, HCNONL3IYIOAA 3A[AYH

PaccMoTpusM npuMep mapannienbHoN IPOrpaMMbl BRIMHCIEHHS Ofpe-
JleJIEHHOTO MHTerpaJia, uenossyowett 3a1aun (threads). Onucanue
ee paborer ¢cMm. B pazgene 10.2, ¢. 168, onmHcanse UCOONL3OBAHMBIX

hyurii:

pthread_create -— cM. pazaen 9.1, c. 156;
pthread_join — cm. pazgen 9.2, c. 157,
pthread_mutex_lock — cM. pazgen 10.1.2, ¢. 162;
pthread_mutex_unlock — cm. pazzen 10.1.4, c. 162.

Qaiin thread.c ¢ TEXCTOM OPOTPAMMBI:

#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>
#include "integral.h"

/* Bce mapamMeTpH A8 NPOCTOTH 33MAaKTCHE KOKCTAHTAMH */
static double a = 0.; /% jeBuit Kogemn unrepsana */

static double b = 1.; /% npabuil KOHel] MHTepBana */
static int n = 100000000; /* uucno Touexk pa3bueHus */

/* PesyaeTar: HHTerpan */
static double total = 0.;

/* 06bexT Tuna mutex AN CHHXDOHH3ALUMK JOCTyHma K total */
static pthread_mutex_t total_mutex
= PTHREAD_MUTEX_INITIALIZER;

/* (6llge KOMMYECTBO IPOLECCOB */
static int p;

/* ®ynxkuma, paboTammas B 3ajade C HOMEpoM my_rank */
void * process_function (void #pa)

{
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/* HoMep Tekyuei 3amaum */

int my_rank = (int) pa;

/+ pauwma OTPe3Ka UHTEIPUPORANKA AN TeKyWero mpoueccat/
double len = {b - a) / p;

/* WHCNIO TOuEK pa3bueHWs INs TeKymerc npomecca */
int local_n = n / p;

/* JneBwil XKOHEIU MHTepBaya AN TEXymero mpouecca */
double local_a = a + my_rank * len;

/* npasuif XoHen, MHTepBaJZa AAL TEKyWero mpouecca */
double local_b = local_a + len; '

/% 3HAaYeHMe WMHTErpala B TeKymeM npouecce */

double integral;

/* BHYMCAWT®L MHTErpanm B Kaxzjoil u3 3ajad */
integral = integrate (local_a, local_b, local_n);

/* "zaxeatuTh" mutex sna paboTm ¢ total */
pthread_mutex_lock (&total_mutex);

/* CIOXMTE BCE OTBETH */

total += integral;

/* "ocBoboguTe" mutex */
pthread_mutex_unlock (&total mutex);
return 0;

int main (int arge, char * argv(])

{

/% MACCHB KOeHTHPHKATOPOB CO3LAKHKX 3agaw */
pthread_t * threads;
int i;

if {argc !'= 2)
{
printf ("Usage: %s <instances>\n", argv[0]);
return 1;
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/* TlonyyaeM KONMYECTBO HPOUECCOB */
p = (int) strtol (argv[1], 0, 10);

if (!(threads = (pthread_t#*)
malloc (p * sizeof (pthread_t)})))
{
fprintf (stderr, "Not enough memory!\n");
return 1;

}

/* 3anyckaeM zamaum */
for (i = 0; i < p; i++)

{
if (pthread_create (threads + i, 0,
process_function, (void*}i))
{
fprintf (stderr, "cannot create thread #%d!\n",
i);
return 2;
+
}

/% DxujaeM OKOHYAHWS 3amay */
for (i = 0; i < p; i++)
{
if (pthread_join (threads([i], 0))
fprintf (stderr, "cannot wait thread #Jd!\n", i);

/* OcsoboxzmaeM mamate */
free (threads);

printf ("Integral from %1f to %1f = ¥%.181f\n",
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a, b, total);

return 0;

}
KoMmunsaius 3tux ¢aiiios:

c¢ thread.c integral.c -o thread
M 3aIyCK

./thread 2

rfe apryMeHT nporpaMuel (B JaHHOM Clyvae 2) — KOJHYECTBO Ma-
paanessHo paboraromux 3azay (0GLIMHO paBeH KOJMYECTBY MMEIO-
LIUXCS MPOLECCOPOB).

1.5. NMapannensHas nporpamMma, ucnonssyowas MPI

PaccMOTpHM npuMep HAPa/IeIbHOR NPOrpaMMbl BEIYHCAEHHS OlIpe-
JIeJIEHHOTO MHTerpasya, ucmonassyoumeit MPI. Onucanue ee paborsl
cM. B pazzene 11.9, c. 256; onucaHHe HCMOIL30BAHHBIX PYHKIHH:

e MPI_Init u MPI_Finalize — cM. pazgen 11.1, c. 232;
e MPI_Comm_rank u MPI_Comm_size — cM. pasaen 11.3, c. 237,
e MPI_Reduce — cm. paszen 11.8, c. 250.

Qaiy mpi.c C TEKCTOM NporpaMMel:

#include <stdio.h>
#include "mpi.h"
#include "integral.h"

/* Bce napamMerps AnA NPOCTOTH 3aJaNTCH KOHCTAHTaMu */
static double a = 0.; /#* neBuit KoHen unTepsama */

static double b = 1.; /* npaBuil xomen MHTepBama */
static int n = 100000000; /* wucmo Tovwek pazfmeHus */

H

/* Peaynbrar: uuTerpan */
static double total = 0.,
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/* ®ynkuua, paboTrammas B OpoLecce € HOMepOM my_rank,
npu ofweM YHCNE npomeccoB p. */

void process_function (int my_rank, int p)

{
/* anuKa OTpe3Ka MATEIDUPOBAHMA IR TEKymero npomecca*/
double len = (b - a) / p;
/% uymMcno TodeK pa3bMeHHs AAA TeKymero mpomecca */
int local_n = n / p; '
/* neBHil KOHel| MHTepBana ANA TeKyWerc mnpouecca */
double local_a = a + my_rank #* len;
/* npasBu# KOHell MHTEPBANA AJNX TEKYWLETro nponecca */
double local_b = local_a + len;
/% 3HaweHMe MHTerpana B TeKymeM mpouecce */
double integral; L

/% BHMHCIHTE MHTErpan B KAX;oM M3 OpOLECcCoB */ .
integral = integrate (local_a, local_b, local_n);

/* CnoxuTs BCe OTBETH ¥ NepefaTs Hpoueccy 0 */
MPI_Reduce (&integral, &total, 1, MPI_DOUBLE, MPI_SUM,
0, MPI_COMM_WORLD);

int

main (int argc, char **argv)

{
int my_rank; /% paHr Texymero mpomecca */
int p; /* ofuee uwmcno mpoueccos */

/* Havate pabory ¢ MPI */
MPI_Init (%argec, &argv);

/* HonyuuTs HOMep TEKYWero npomecca B Tpylmne BCex
npoueccoB */
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}

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);

/% TonyuuTs obmes KOMMYECTBO 3aNYMEHHHX MPOLEcCoB */
MPI_Comm_size (MPI_COMM_WORLD, &p);

/% BHYMCHMTL MHTOIPAN B KaXIOM K3 MPOHECCOoB */
process_function (my_rank, p); )
/+ HamewaTaTs orBeT B mpouecce 0 */
if (my_rank == 0) .
printf ("Integral from 1lf to %1f = %.181f\n",
a, b, total);

/* 3akanuuBaeM pabory ¢ MPI */
MPI_Finalize ();
return 0Q;

Koumunauus srux dahnos:

mpicc mpi.c integral.c -o mpi

W 3ANycK

mpirun -np 2 mpi

rze ONIUA -np 334aeT KOJIMYeCTBO Napa/uleNbHO pabOTaroIiX mpo-
eccoB (B JaHHOM Cly4ae 2).



MyTn nosbiweHUsA
NPOU3BOAUTENBHOCTH
npoLeccopos

Pacemorpum ocHoBHEIE NyTH, KOTOPBIMKM pa3pabOTYHKH IIPOLECCO-
POB OBITAKTCA HNOBRICATH HX NPOU3BOIUTENLHOCTE. HeTepmenusnit
JUTaTeNb MOKET Cpa3dy 3aIvIfHyTh B pasjen 2.7, rae IpHUBeseH NpH-
MEP NMpOrpaMMbl YMHOMEHHS IBYX MATPHI, HAMHCAHHBIN C KCIONL-
30BAHUEM 3HAHWIT O BHyTPEHHEM Hapajuleiu3sme B paboTe npoecco-
pa, 1 farouui Ha oOBIYHOM O JHONPOLECCOPHOM KOMILKTEpe MOYTH
14-xparThoe yckopeH#e paboThl 10 CPABHEHUIO CO CTAHAAPTHONR 11po-
rpaMmMof.

2.1. CISC- u RISC-npoueccops

Ocnopuolt BpesMeHnOt XapaKTepuCTHKOH A8 TPONeccopa sBJIFeTCs
Bpema nuKaa, pasHoe 1/F, rae F — rakToRasg 9acToTa Npoueccopa.
Bpeus, 3arpaunsaeMoe NMpolieccopoM HA 3ajady, MOMKET GLITh Bbl-
anciteno no qopmyne C x T = I, rme C — yueno IUKIOR Ha OJHY
HHCTpYKIHI0, T — BpeMa HA O/uH uukJ, I — yncio uHCTPYKIMA Ha
3ajady. '
PaspaboTinkn «kmaccuueckux» CHUCTEM (KOTOpHiE Temeph Ha-
seiBator CISC (Complete Instruction Set Computer)) crpemMumnnch
ymenpmnTe akrop I. B npouneccopax peanusoseiBaiuce Bce Bo-
JIee CI0XK HBIE HHCTPYKIMH, IS BEIIOJIHEHHA KOTOPBIX BHYTPU HETO
CaMOro 3allyCKaslich CllefMajibHble IPOLEXYPhl (Tak HazblBaeMblil
MHUKPOKO#), 3arpyskaenmble u3 I13Y suyTpu npoueccopa. Jromy ny-
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TH CHOCOBCTBOBAJIO TO, YTO YAYYINEHHS B TEXHHKE NIPOM3BOACTEA 10~
MYMPOBOJHUKOB Jeflafy BO3MOXKHBIM peasu3anyio bee Gonee caox-
HBIX MHTErpHPOBaHHBIX Lenett. QQHaKo HA 3TOM NYTH OHEHb TPYA-
HO YMEHBIUNTH ABA APYrux ¢axropa: C — I0CKOJILKY HHCTDYKIHH
CJIOXKHBIE M TpeBYyIOT MporpaMMHOro AekognpoBanus, n T —B cuiy
annapaTHoi CHOXHOCTH.

Konuenuua RISC (Reduced Instructmn Set Computer) Bo3HHK-
3 M3 CTATHCTUYECKONO aHANH3A TOrQ, KakK IporpaMMHoe ofecre-
qeHHe HCIIOIB3YeT Ppecypchl nponeccopa. McciemoBaHWsl CHCTEM-
HBIX AAep B OOBLEKTHBIX MOJY.NeH, NOPOXKIEHHBIX ONTHMH3HPYH-
IIMMH KOMITIATOPaMHM, NOKA3a/IM MOJABJAIONEe JOMHHHDOBAHHE
npocTeltiux HCTPYKuMit faxe B koge nist CISC-mammu. CnoxHble
YHCTPYKLUMHK HCIMOJIb3YIOTCA PEOKO, MOCKOILKY MHKPOKOHA 06LIYHO
He COOEPAKUT B TOYHOCTH T€ NPOLEAYDh!, KOTODble HY>KHBI [JIs [OA-
JepKH PA3NHYHBIX A3BIKOB BHICOKOTO YDPOBHSI M CDEI MCIIOIHEHUS
nporpamu. [Tosromy pazpaboruuku RISC-nponeccopos ybpanu pe-
aTM30BaHHBLIE B MUKDOKOJE NPOLUENYPh! H TepeJalid IPOrPaMMHOMY
ofbecnedenno HU3KOYDOBHEBOE YIIPABJIEHHE MADIMHOM, IJTO NO3BOIH-
J10 3aMEHHUTE NPOLECCOPHLIN MUKpokoa B 113V Ha nmommporpaMmmy B
Bomee Gmcrpoit O3Y.

Paspaborunku RISC-npoueccopoR ymyduIHgd TPOU3BOSUTE/b-
HOCTbL 3a CHeT yMeHblIeHus AByX ¢akTopos: C (3a cueT Hcnoaw3o-
BaHUA TOJIBLKO NPoCThiX BHCTPYKIKH) n T (3a cuer ynpomeHus npo-
neccopa). QOIHAKO H3MEHEHHsl, BHECEHHbIE /LIS YMEHbIUEHH YHC/IA
UMKJIOB HA MHCTPYKIMIO ¥ BDEMEHH Ha I[MKJ, UMEIOT TEHIEHUHI K
YBENMYEHHIO YHC/I4 HHCTPYKLME Ha 3a4a4y. ITOT MOMEHT 6hlI B
nenTpe BHMMannsa KpuTHKoB RISC-apxurektyper. OaHako Hcmoss-
30BaHHE ONTHMHIHPYIOMHUX KOMIHARTOPOB H APYTHX TEXHHNMECKHX
IPHEMOB, MPAKTHYECKH JUKBHAUPYET 3Ty npodaemy.

2.2. OcHosHbie 4epThl RISC-apxuTexTypbl

V RISC-npoueccopa Bce HHCTPYKLUMH HMEIOT OJUHAKOBBIA thopmaT
H COCTOAT M3 BHTOBMX NOJeH, OUDeNeNsilHAX KO MHCTPYKUMY H
waeHTAMHIEPYIOLWHX ee onepauasl. B cuiy 3Toro AexoJHPOBAHHE
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HHCTPYKOH#! HPOH3BOAATCS AINapaTHO, T. . MHUKDOKOA He Tpeby-
ercst. [Ipn 9TOM B CHAY OAMHAKOBOIO CTPOEHHMS BCEX MHCTPYKLMit
IIPOLIECCOD MOXKeT JeKOIMDOBAThL HECKOILKO TIOJIeH ORHOBPEMEeHHO
AJIfl YCKOPEHHUS 3TOrC NMPOLecca. S

Hucrpyxinm, npoussogsamine olepalur B naMaTd, 0OBEIYHO 160
YBE/IMYHBAOT BpeMs IHWK/a, MH60 YUCI0 LUKJIOB HA MHCTPYKIIMIO.
Taxne MHCTPYKLHH TpeGylOT JAONOJHHTEALHOTO BPEMeHH MJIsT CBOe-
ro MCTIOJHEHHA, TaK KakK Tpebyercsi BEIYMCIHTS ajJpeca ONepaHios,
CYHTATH MX M3 IAMHTH, BHIYUCIAUTL PE3YJIBTAT ONEpaldy H 3alll-
caTb ero obpaTHO B NaMaATh. L yMeHbIIeHHsS HeraTHBHOTO BJIUS-
HHUA TAKHX HACTPYKIUHA pazpaboranxu RISC-npomeccopor sribpann
apXUTeKTypyY YTeHHE/3alHCh, B KOTOPON BCE OTIEPAINHE BLITTOIHSIIOT-
€A HaJ onepaHAAMM B PETHCTPax IpoOLeccopa, 4 OCHOBHAA NaMATh
ACCTYTHA TOALKO MOCPEACTBOM MHCTPYKUMI 4TeHHs/3amucH. Hna
apdexTHBHOCTH TOT0 nogxoda RISC-nponeccopu! nMeroT Goabiuoe
KOJIHYECTBO PErHCTPOB. APXMTEKTYpa UTEHHE/3ANHCh TaKXKe M03-
BOJISIET YMEHAIIHTS KOJIHYECTBO PEXKHMOB AAPECALMH NAMHATH, 49TO
HO3BOJIAET YIPOCTHTh JEKOANDOBAHNE HHCTPYKLHIL.

Haa CISC-apxurekryp BpeMa HCNIOTHEHUS UHCTPYKIMHA OGBIYHO
U3AMEPAETCA B YHC/IE UMKAOB Ha HHCTPYKLUHW. Pazpaborunku RISC-
APXUTEKTYP, OJHAKO, CTPEMMIHCH TONYYHTE CKOPOCTh BHUIOIHEHHNH
HHCTPYKUHH, DABHYI OAHOH HHCTPYKIMH 3a LHKJL

Hns RISC-nponeccopa B0 MHOIHX CIyYasX TOJBKO HAJNHIHE Off-
THMH3HPYIOIEro KOMIIHIATOPA NO3BO/SET PEATH30BAThL BCE ero BO3-
MOKHOCTH. (OTMETHM, MTO KOMIUJISTOD MOXKET HaUAYYiiHM obpa-
30M ONTHMH3HPOBAThL Ko umenHo mia RISC-apxurtextyp (B cumy
nx npocrorsl). [IporpaMmupoBatne Ha A3BIKe acceMbaepa HCUE3aET
ans RISC-mpnnoikenuit, Tak KaK KOMIMJIATOPBI S3BIKOB BLICOKOTO
YPOBHsl MOI'YT NMPON3BOLIUTh OYEHb CUIHHYI ONTHMN3AIMIO.

2.3. Kotisenepuzauua

Konsejtepusanuysa siBJsSeTCS OAHAM M3 OCHOBHBIX CIIOCOBOE IMOBhI-
IIEHHS MPONM3BOJHTE/LHOCTH 1IPONEccopa. KOHBelepHBI npouec-
COP MPHHHMAET HKOBYIO HHCTDYKLHMIO KaXKIBIH IHKJ, AAXKE €CJH
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mpelBlIyLHe MHCTPYK{HAN He 3aBepIIeHE. B pesyabTare BHINOJHE-
Hue HeCKOJIbKMX MHCTPYKUMI [IEPEKPBIBAETCA Y B IPOIECCOPE HAXO-
JISTCA CPA3Y HECKOJILKO MECTPYKIUWI B PA3HON CTENeHN FOTOBHOCTH,

HcnosiHenyte HECTPYKIME MoxKeT OBITH pa3/ie/ieHo Ha HeCKONBKO
craauit: ppI0OPKA, AEKOAMPOBAaHMe, NCIIOJIHEHNE, 3anuCE pe-
sysabTaToB. Konpefiep MHCTPYKUMiE MOXKeT YMEHbUIMTE HHCI0
[HKJIOB Ha HMHCTPYKLIHIO TIOCPEICTBOM OJHOBPEMEHHOIO HCIIOJIHE-
HHUS HECKOJBbKUX MHCTPYKUHH, HaXOAAIMXCH HA DA3HLIX CTaAMAX
(puc. 2.1). Ilpu mpaBusibHON ANIAPATHON peaIN3almH KOHBeltep,
HMeoIMH N CTATH, MOXKET OIHOBPEMEHHO UCIIOIHATE N HoCaeo-
BATEALHBIX MHCTPYKUmit. HoBad HHCTPYKUUA MOXeT OPUHAMATHCA
K MCIIOJTHEHHIO HA KaXKIOM IUKIe, 1 3¢ deKTHBHas CKOPOCTE HCHOJ-
HEeHNsS, TaKMM 00DPA30M, €CTh OJIMH UMK/ HA HHCTPYKIHMIO. OpHako

TOTOK
4 MHCTPYKUMH

HEEE urCTPyKIA 4
MECTPYKLHA 3
' EE HHCTPYKINA 2
MHCTpYKIHS 1.

nponeccop Gea konbeHepa

MOTOK
4 MHCTpYKuHHA

wHCTpyKuMA 4
RHCTPYKIMA 3
MHCTpyKIms 2
MBCTpYKIES 1

UPOLECCOP € KOHBeHEPOM
B — suibopka, I{ - askopmpopanne, M — ucnonsedue, 3 — 3amuch

.t

Puc. 2.1. Ycxkopenue paboThl TPOLECCOpa 34 CHET Koxbeitepa
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3TO NPeONONaraeT, YTe KOHBEHED BCErna 3aloJHEH T0e3HBIMHM MH-
CTPYKIMAMH W HET 33jlePXKeK B NPOXOMKIACHHU WHCTDYKLMH 4epes
KOHBelfep.

YnpasaeHue KonpeftepoM HHCTPYKLMH Tpebyer HaJJexKaniero
ahhpeKTHBHOrO ynpaBnesus TakuMm COOBITHAMH, KAaK NEepexomsl,
HCKJIIOYIEHUSA UIH [IPEPbIBEHMA, KOTOPHIE MOTYT HOJHOCTBIO Ha-
PYWHTE OOTOK MHCTPYKUWit. Hanpumep, peaynerar ycjoBHOTO me-
PEXOAA M3BECTEH, TOMbKO KOTJA 3TA MHCTPYKIMA GYIeT HCHONHEHa.
Ecnu konBetiep 6n11 3ano/sHen HHCTPYKITHAMH, CIENYIOUMMHE 33 HH-
CTPYKIMEH YCIOBHOTO NEPeXOfia M MEePEeX0/] COCTOSICH, TO BCE ITH
HHCTPYKIHH [OJIKHbB OBITE BBIGPOIIEHB! U3 KOHBelepa.

Bonee Toro, suyTpu Komseitepa MOryT oKasaThcd B3amMoO3a-
BUCHMbIe HHCTpyKuuu. Hanpumep, ecnu mucTpykuMa B cTagmu
ACKOTUPOBANNA JOJKHA YUTATh M3 AYeMKH NAMATH, 3HAYEHHE KO-
TOPO# ABJIAETCH Pe3yabTaToM paboThl HHCTPYKIMM, HAXOASIIEHCH
B CTAJiM NCTOJIHEHNH, TO KoHBeHep GyIer OCTAHOBJEH Ha OAHH
LMK, NOCKOJBLKY 3TOT De3yJbTaT OyAeT NOCTYIeH TOJBLKO MOC/e
CTaJuy 3alMUCH pesynsTaroB. [loaTomy koMmunsTopy HeobBxoammo
MepeynopaaoYuTh HHCTPYKLUMH B IPOrpaMMe Tak, 4robsl mo Bo3-
MO>KHOCTH H30€KaTh 3aBUCHMOCTEN MKy MHCTDYKIHAMY BHYTPH
KOHBeiiepa.

HAas yMeHblIenus BpeMeHH IPOCTOR KOHBeNepa IPUMEHSIOT psig
MEp.

e Tabnuua perucrpos (register scoreboarding) nozsonser
NPOCAEAUTE 3a MCIO0AB30BaHUEM perneTpos. OHa MMeeT 61T s
KAaXI0ro perucrpa npoueccopa. Ecnn sror 6ur ycranosmen, o
PErHCTD HAXOIIHUTCS B COCTOAHHE OXKMARHNSA 3aTUCH PE3YJIbTATA.
[Tocne 3anmucu pesyiprata 310T HMT cOpachlBaeTCst, paspemas
ACAOMB30BANHE AaHHOro perncrpa. Ecu ator 6ur cbpomen ais
BCEX PETHCTPOB, 3HAYEHHSA KOTOPBIX HCHOB3YIOTCA B TeKyLIeH
HHCTPYKIIHH, TO €€ MOXHO BBIIIONTHATDL, B JOXKHJ1A4Ch 3aBepiue-
HO$ HCIIOJIHEHUS UPeABIAYIIX HHCTPYKIMIL.

¢ Ilepeumenonanue perucrpos (register renaming) sisaser-
Csl @ONAPATHON TEXHUKOA yMEHbIIEHHS KOH(IMKTOB N3-32 Peru-
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cTposbX pecypcos. Kommuaarope npeobpasyioT A3bIKH BbICO-
KOO ypOBHS B accemBuiepHBIHl KOA, HA3HAYAA PErHcTpam Te i
HHbLle 3HANEHUA. B KouBelepHOM [POLECCOPE ONEPAHA MOXET
noTpebOBaTL PECHCTP A0 TOTO, KAK NPeNBIAYIAs HHCTPYKIMSA
3aKOHYMJIA HCIOB30BAHUE FTOTO perucTpa. Takoe CoCToAHHE HE
SBJIAETCS KOHCDJIMKTOM AAHHBIX, MOCKONBKY 9TO} Onepanuu He
Tpebyercst 3Ha4EHME PETHCTDA, & TOJbKO CaM DErucrp. Opua-
KO 3Ta CUTYALUs IPMBOAKT K OCTAHOBKE KOHBeHepa A0 ocrobo-
xnenus perucrpa. Unes paspelenns 91o# npobiemMbl COCTOUT B
cneaytomem: GepeM CBODOMHBIN! PETHCTD, IEPEHMEHOBLIBAEM €TI0
1A COOTBETCTBHS NapaMeTpaM MHCTPYKLMH, M JaeM MHCTPYK-
LMH €r0 KCIONL30BATE B KauecTse TpeOyeMoro eff perucTpa.

3aJeprKKH BHYTPH KOHBEHepa MOTYT ObITH TaxKe BhI3BAHbI Bpe-
MeHeM J0CTyIa K oneparmBuoil namarn DRAM, koTopoe HaMHOro
[peBbIIAET BPeMs HUKIA. ITa npobaeMa B 3HAYHTENBHOH CTENeHH
CHEMAETCS. [IPH MCIOJIL30BaHNM K3I-niamaTu 1 Oydepa npeasribop-
K¥ MHCTPyKUEH (04epeny MHCTPYKUmil).

Tax xax notok uHcrpykuuit B CISC-mporeccope HeperyJisp-
ubiit ¥ Bpemsa ucnonsenns oanoit urcrpykmun (C * T) He mocro-
SHHO, TO KOHBeflepH3alp# B 3TOM CJ1y€ae HMeeT CephLe3Hblii HEIO-
CTATOK, JeJAaloNM|l ee MAJOMPUTOAHON K HMCHOJBE30BAHHIO B CISC-
poIeccopax: MMEHHO, OHA MPHBOJMT K O4eHb CUIBHOMY YC/IOXKHE-
HHIO [TPOHEecCopa.

RISC-1poneccopbl - HCIOML3YIOT OIUH M TOT e (pOPMAT BCeX HH-
CTPYKUHE A1 Toro, 4Tobbl yCKOPUTh AEKOAMPOBAHUE U YIPOCTHTD
yIpaBileHHe KOHBeHepOM, MO3TOMY BCE MHCTPYKUME MCHOIHAIOTCA
3a OMH HKIL.

OmuuM U3 cnoco6oB JaTbHEAIIero MoBbLeHus ObICTPONeHCTBHA
ABISETCS KOHBellepH3anus cTaiull KoHBefiepa. Takuie Opoueccops!
HA3LIBAIOTCS CyNepKOHBeliepHbIME. JIpH TakOM MOAX0AE KAM A
cragus KOHBeltepa, Takas Kak K (CM. HHIKE) WM AJIY (apud-
METHYECKOE H JIOTUYECKOe yCTPOHCTBO), MOXeT NPHRHMATH HOBYIO
MHCTPYKIMIO KaXKAbIH LMK, Qake eCIH ITa CTajus He 3aBepiiM-
713 uCrnoaHeHue TeKyell maeTpyxumn. OrMeTuM, wTo HobaBieHHe
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HOBBIX YPOBHEH KOHBEHEpH3allii HMeeT CMBICI TONLKO B CIyvae,
€C/IH pa3paboTHHK MOXKET 3HAYMTEJILHO YBEJIMHUTh YaCTOTY
npoueccopa. OHAKO YBeSTHYeHKEe IPOU3BOIUTETLHOCTH 33 CHET YBe-
JTYEHHS BHY TPEHHEN 4acTOTh! MPOLECCOpa HMEET PAJL HEJOCTATKOB.
Bo-nepesix, 310 ypennunpaer norpebienue sHEPriM {1poLeccopoM,
YTO JENIAET CYNepPKOHBeHepHble MPOLECCOPh! MAJIONPUTOAHBIMH AJIA
BCTpauBaeMbix (GOPTOBBIX) CUCTEM, & TAKXKe YBeIUuMBaeT rabapu-
TBl BBIMHCJIUTENLNOH YCTAHOBKKM 34 CUET BHYHIMTEILHON CHCTEMbI
oxJan/ienns. Bo-Brophix, 3T0 BBOLHT HOBbIE TDYAHOCTH B CONPSKe-
HIH IPONECCOPa C NaMATbE HHXKHErO YDPOBHS, Takoit xak DRAM,
BricTposecTBue 9TOMR NaMATH PACTET He TAK GLICTPO, KAK CKOPOCTD
NPOLECCOPOB, MO3TOMY 4YeM OLICTpee IMPOLECCOp, TeM GoMblue pas-
PHIE B IPOM3BOAUTENBHOCTH MEXKAY HUM H OCHOBHOM HAMATHIO,

Apyruym criocoboM yBesHYenns: IPOU3BOAUTE/IBHOCTH HPOLIECCO-
POB HBJIAIETCA BBINOJHEHMe Oojlee YeM OIHOM ONepaluH OZHOBpE-
MeHHO. 'TaKHe MPOLEeCCOPHl HA3BIBAKOTCA CynepeKanapHbiMu. Oun
HMelT Ba K Doslee KOHBellepoB UHCTPY KLU, paboTaloumx
[1apaJVIeIbHO, YTO 3HAYHTEIbHO YBCIHYHBAeT CKOPOCTh 06paborkn
IOTOKA HHCTpyKumit. OJHUM M3 JIOCTOMHCTE CYNEpCKATAPHOM ap-
XHTEKTYPbl HBJISETCA BO3MOMKHOCTh YBEJMYEHHUS TPOH3BOIATENb-
HOCTH De3 HeoOXOMMMOCTH yBeNMYeHHs 4acToTh nponeccopa. Cy-
IepCKaIspHOMY Tpoueccopy Tpebyercs 6osee mMpPOKuM A0CTYII
K HaMATH, 12K, 4YToOBI OH MoOr OpaTh cpasy CPymy M3 HecKO/Ib-
KMX UHCTPYKIBIA Ajtsi ucnonuennda, Jducneryep ananusupyer stu
I‘pynﬁbl H 3alOIHAET KaXKIbIH U3 KOHBeliepoB Tak, 4T0OOBl CHH3HTH
B3aMMO3ABHCHMOCTb UAHHBIX ¥ KOH(JIMKTH PErHCcTpOB. Bhimosine-
HHE WHCTPYKLMA MOXXeT ObiTh He 1O NOpSAKY NOCTYIJIEHHS, Tak,
uTOfb! KOMAHB! Tiepexona BhITH IPOAHATH3HPOBAKKE paHbe, Y6H-
basl 3aepAKKH B Cily4ae OCYUIECTBMEHMs nepexoga. Komnumsrop
LOJIKEH ONTHMH3HPOBATE KO 48 ODecledeHMs: A0 HEHHS BCex
KOHBEHepos.

Tpeboanue onHoro 1 Toro e pecypca HECKOMBKMMH HHCTPYK-
UHAME OJIOKMPYeT MX NMpOUBHXKEHHE [0 KpHBeHepy W HPHBOAMT K
BCTaBKe IMKI0B OKuJaHus rpebyemoro pecypca. Cynepckansphas
APXATEKTYP4d C TPEMs HCNOMHAIOMIMH YCTPOACTBaAMH 6YAeT HOIHO-
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¢Thi0 3¢ hEKTHBHOH, TOJILKO €CJTH TIOTOK MHCTPYKuMit obecrnevnBaeT
OXHOBPEMEHHOE HCIIONR30BaHue ITAX TPEX yerpoiters. Jna obecrie-
WeHHS ITOTO YCJOBMS ¢ MHHHUMAJBHBIMH PacXOjiaMy B NPOIECCOpE
BLUIENAIOT HCIOMHALWNE YCTPOHCTBa, PADOTAlOLINe HE3ABHCUMO:

o lenouucnennoe ycrpoiicrso (IU, Integer Unit) — BLIIOIHA-
er LeNOYNC/IeHHBle onlepaunn (apudMerHieckKye, JOTHIeCKHe 1
omepalun cpaphenns) B cpoem AJLY. :

¢ VcrpoitctBo Ans paGoTsl € nnapatoiieit Touxoit (FPU,
Floating Point Unit) — 0BpluHO OTAENEHO OT LEIOUMCIEHHOTO
ycrpoficTea, KoTopoe pafoTaeT TONBKO € UEJIBIMH HCTAMH H
qucaaMi ¢ PUKCHPOBAHHON TOUKOM. Bonrmuncerso FPU coeme-
crumo co crangaproM ANSI/IEEE nns nsowyHO#R apUQMETHRHI
¢ maaBaiomeil TOYKOMH.

. Vcrpoﬁc&‘ao ynpasjgenus namsateo (MMU, Memory
Management Unit) — BhMECAsET peanLHBIH dusHIecKuil an-
pec TI0 BHPTYaIbHOMY afpecy.

s VcrpoficTRo npeacKa3aHns [epexonos (BU, Branch
Unit) —3aHMMaeTcA MPEACKA3AHHEM YCIOBHBIX HepexoaoB
mast TOro, uToBnl H30EKATE MPOCTOH KOHBeHepa B OXKHIAHHU
pe3yLTaTa BBHIYUC/IEHHS YCIOBUSA MEPEXOMa.

[ToCKO/IBKY YCJIOBHBIE NIEpeXoAbl MOTYT CBECTH Ha HET BCE Ipe-
MMYIIECTBA KOHBeHepHOH OpraHn3allii [IpOIieccopa, OCTAaHUBHMCH
Gosee 10aApOoOHO Ha NPHEMAaX, HCIOb3YEMbIX BU a18 yMeHbIIeHus
HX HEraTHBHOI'O BJMIHMWA.

o «OQrnoykenunie caoThi» (delay slots). HucTpykuuio, nepena-
[OHIYIO YIPABICHHE OT OAHON YACTH IPOrpaMMbl APYroft, TPy
HO MCIOJHWTE 3a OAME MK (JOBI4HO 3arpy3Ka MpoueccopHo-
ro YKa3aTe/st Ha CJIeAY IOy 0 HHCTPYKIHIO TpebyeT OMH LUK,
npeABbIGOPKa HOBOH HHCTPYXKIHH tpebyer eme oanr. Jmd us-
Gexxarmst mpocros Hekoropele RISC-nmponeccopst (nanpumep,
SPARC) no3poasioT BCTABUTE AOMOMHITENBHYI0 HHCTPYKINIO B
raK HA3bIBAEMBIl «OTIOXKEHHBIR CJIOT». IDT& MHCTPYKIMA pac-
[107I07KeHa HEIOCPEACTBEeHHO M0C/Ie KOMAHABl NEePeXoia, HO OHA
6y/1eT BBITIOJIHEHA IO TOrO, Kak 6yeT COBRepIIeH MePexot.
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Oanako, ana cynepckanspusix RISC-nponeccopos orioxeH-

HblE CJIOTHI PABOTAIOT He OMeHb XOPoLo. 3aePKKa IPH IepPeXo-
Je MOXeT ObITh paBHa ABYM LHKJIAM, & CYNEpCKATIADHBIH I1PO-
TECCOP, KOTOPLIf BLHINOAHACT 33 UMKA N MHACTDYXKUWMHE, HOKew
HallTy N MHCTPYKUHHA 014 NOMellueHHA B KOHReNepHl,
«CnexkynsaTHBHOE» HUCHOJHEHHE MHCTPYKumi (speculative
execution). Hexotopeie RISC-nponieccops! (HampuMep, crapiiiue
mopenu cemeiicts PowerPC u SPARC) ucnoss3ynoT Tak Ha3bl-
BaEeMOe «CHeKYNATHBHOE» HCHOJHEHHE HHCTPYKIIHIH: MPOLecCop
3arpy’KaeT B KOHBeHep H HAaMHHAeT UCHOJHATh WHCTPYKIIHH, Ha-
XOJANIHECs 3a TOYKOH BeTB/EHHSA, ellle He 3HAS, IPOH30MHIeT Ie-
pexon nian Her. IIpu 9ToM uyacTo eeiGupaeTcs Hanbosee BeposT-
Has BEeTBb NpOrpamMsl (Ha OCHOBE TOTO HJIH MHOTO TOAXO0AA, CM.
HisKe). FECIH 1oc/e NCHOMHeHHS KOMAH/ bl TTePexo;ia OKa3aaoch,
YTO HPOUECCOP HAYAN NCHOMIHSTE HE TY BETBL, TO BCE 3ArPYiKeH-
Hble B KOHBeftep HHCTDYKIMH K3 %TOH BETBM W De3yJIbTaTh HX
06paboTKH COPACLIBAIOTCH, H 3ATDYXKAETCA [IPABMILHAA BETED.
Butel npenckasannsa nepexona B MHCTpyKiuu. Hexo-
roprie RISC-nponeccopst (Hanpumep, PowerPC) ucmomsayior
OuTel NpeACKa3aHus [IePexXoid, YCTAHABIMBAEVSt KOMIIHASTO-
pPOM B HHCTPYKIMH Ilepexola, KOTOpbIE NPEACKA3BIBAIOT, Dy/IeT
HJIH HET COBEPIIEH IIePEXOM.
IJBPHCTUYECKOE MpeaCKA3aHMe nepexofoB. Hekorophie
MPOIECCOPB! ¥ MEHBINAIOT 3a€PKKH, BHOCUMBIE MEPEX0/aMi, 34
CYeT MCIOIL30BAHHMS BCTPOEHHOTO IPEACKA3aTe s Tepe-
xoa08. OH Ope/ICKa3kIBAET, YTO NEPEXOAbl BIEpel (IPOBEpPKH)
HPOM3BEJIeHB! He OYAYT, a nepexoAbl Ha3a  (LMKIL) — OyIyT.

Hnst sappexTrHOA paboTsl yeTpolcTBA MPEICKA3AHHA TTEPEX0O/Ia,

BaXKHO, YTOOBL KO/ YCAOBHS JJIA YCAOBHOTO NIEPexXoia Gul/l BhITHCIIEH
KAaK MOXHO DAHbIIE {38 HECKOABbKO HHCTPYKLMH A0 caMOft KOMAaHIbI
nepexona). DTOro J0GHBAIOTCH HECKOJBKHMH CHOCODAMU.

HezapncumocTs apudpMeTHuecKUX onepauuii u  koza
yenosusi. B CISC-apxurektypax Bce apudmerHdeckue ore-
pPaunM BBLICTABAAIOT KO YCJACEWS TO CBOEMY DE3YABTATY. ITO
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CAEJIAHO NI yMeHbHIeHHs (pakTopa [ dmciIa MHCTPYKLHHE Ha
3a1a4y, TOCKOJLKY €CTh BEPOATHOCTE TOLO, YTO CAENYIOIAsd
HHCTPYKIMA OV/IET BBIMHCIAATE KOI YCJIOBHA IO DPe3YJBTATY
npeasaymeR MHCTPYKUEY ¥, CAENOBATENRHO, MOXKeT GUThL yia-
nexa. OJHaxKo 3T0 [PHBORHT K TOMY, YTO MEXIY KOMAaHJION
BBIMHMC/ICHHSA KOS YCAOBHA H KOMAHIOH Ilepexcia O4eHb TPy/I-
HO BCTABUTL II0JIE3Hble MHCTPYKUMM, TaK KAaK OHH HIMEHSAT
ko ycaosua. B RISC-apxurekrypax apugMerHueckme ofie-
palMK He M3MEHSIOT KOA ycaoBHs (€C/N UPOTHBHOE ABHO HE
VKA3aHO B MHCTPYKuuH, cM. Huxe). [losToMy BO3MOMXKHO Mex )y
HHCTPYKLMEN, BBIYHCISIOMEN KOZ YCJIOBHA, W KOMaHIOH nme-
pexoja BCTaBUTh LPYFHE HHCTPYKUMH (IEPEYHODAJOYHB HX).
9To IO3ROJUT 3apaHee y3HATHL, IPOH3OMIET WM HET NEPEXOA,
H 3arpy3UTh KOHBeHep MHCTPYKUMSIMH.

IlockoMbKY BO3MOMKHA CHTYalMs, KOIJ@ CJAeNYIOas HH-
CTPYKUH OYAET BHIYKCAATD KO/ YCJIOBUS N0 PE3YIBTATY HPEIbl-
aymwe#t uHcTpykuuy, o B RISC-apxurektypax udacte (SPARC)
unu Bce {PowerPC) apudmernyeckne onepanyun Tax:kKe UMEIOT
BTOPYI0 (hopMy, B KOTOpOH OyaeT BBICTABMATBCA KOA YCIOBHUS
no ux pesyaerary. Takum 06pazoM, YacTb WIH BCe apudme-
THYE€CKHE ONepalHy IPHCYTCTBYIOT B ABYX BAapHaHTax: OJHH
He U3MEHAeT KO YCIOBHMA (mofapnsiolnee GOJBUIMHCTBO CJy-
9aep MCIOJB30BAHMA), & APYIOf BBIMUCIAET KOI YCJIOBHS MO
pe3ysLTaTy Olepalyy.

¢ Vcrnonbn30BaHue HECKOJBKHKX PABHOIPABHBIX PEFHCTPOB
¢ kogoM ycooBusi. Hexoropeie RISC-uponeccopsr (Hampumep,
PowerPC) ncnonn3yioT HeCKOILKO PABHONPABHBIX PETHCTPOB, B
KOTOpBIX 06pa3yeTcd pesysbTaT BeIYHCIeHUS yeloBuda. Hana sTu-
MH PETHCTPaMHM ONpeeNieHbl JornYecKHe oNepallMH, YT0 HHOIIA,
MO3BOJIAET OUTHMHIUPYIOMEMY KOMIIIATOPY 3aMEHHThE KOMAaH-
MBI EepPexX0oa TPH BHIYMCACHHH CJIOXKHBIX JOMHYECKMX BBIpaKe-
HUIl HA KOMAHJ(bl JOTHYECKHX ONEpannif ¢ STHMH PerucTpaMHu.

* Mcronb30BaHMe KOJA YC/IOBHS B KaXXKA0i HHCTPYKLMU.
Hekoreprie RISC-npoueccopnl (mampumep, ARM) wucnomnssy-
T Ko,uiﬁ'jacnoauﬂ B Kaxaoi uHCTpYKuHua. B dopmare kamuoh

24017
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MHCTPYKIMH TPeIyCMOTPEHO T0JIE, T/ie KOMIMIATOPOM 3anicel-
BAETCA KOJ YC/IOBHS, IIPH KOTOPOM OHA BYJIET BBINOJHEHA. Ecnu
B MOMEHT UCTIOJIHEHHS WHCTPYKIIMY KOJ YCJIOBHS He TaKoR, Kak
B MHCTPYKUMH, TO OHa WCHOPHDYETCH. 10 no3BoJseT poobiue
OoBONTHCE 63 KOMAHI Nepexoja NpH BHIYHCASHHH DE3YIsTaTOB
YCJIOBHBIX OMEpanyh.

2.4. Kaw-namatb

Bpems, Heobxoaumoe AN BLIOOPKH MHCTPYKLMIL, B OCHOBHOM 3aBH-
CHT OT TOACHCTEeMHl MIAMSTH M HacTO fBJIAETCA OrpaHHIHBAIONIAM
¢arropom mas RISC-nponeccopos B CHIY BHICOKOH CKOPOCTH HC-
[TosHenHs mHCcTpyKuuii. HanmpuMmep, ec/i TpONECCOp MOXKET 6paThb
uneTpyKuun Toasko w3 DRAM c Bpemenem nocryna 60 HC, TO CKO-
pocTh ux 06paborku (mpH pacyeTe 0AH3 MHCTPYKLHA 33 nwuka) 6y-
€T COOTBETCTBOBAThL TAKTOBOH “acTOTE 16.7 MI'u. DTa npobneMa
B SHAYMTEILHOM CTENeHH CHHMAETCs 38 CHeT MCMOMbL30BAHAA K3~
MaMATH. ;

Ksur-mamarb  (cache) —aro OnlicTpoe  CTATHMECKOE o3y
(SRAM), BCTap/eHHOE MEXIY HCTOIHHTENbHBIMU yCTpOHCTBAMH
u cucremusi O3Y (RAM). Ona coxpanser mocjejHHE HCTIOJIb-
30BaHHbIE MHCTPYKIMH W JAHHEIE, TaK, YTO HKJIBI M OTEpaluH C
MaccHBaMH ByOyT BEITOMHSThCS OblcTpee. Korpa HCIOTHAIIIEMY.
YCTPONCTBY HYJXHBI JIAHHBIE ¥ OHH HE HAXOAATCH B K3IL0-TIaMATH,
TO 3T0 K3IU-IPOMAX: IPONEccop JA0MKEH 0bpaTHThCA K BHEIHed
NAMSTH JJISL BRIOOPKH JaHHBIX. Ecnu tpebyemble NaHHBIE HAXOIAT-
¢ B Kale, TO 3TO KIN-TIONAAaHue: JOCTyN K BHEIIHEHN MaMATH
He Tpebyercd.

Takus 06pa30M, K9ul¥ pasrpy Kar0T BHEINHKE UIHEE], YMEHDIIAA
11oTpebHOCTL B HAX AJsi PONECCOPA. IT0 NO3BOJIAET HECKOJBKUM
IIPOLIECCOPAM DAa3MIe/sTh BHEMIHHUE IIHHEI 6e3 yMeHBLIEHUS IpOU3-
BOLHTEILHOCTH KaXK/(OT0 M3 HUX.

. Ko CofepUT CTPOKH U3 HECKOJIHKUX MOC/eA0BATENBHBIX Oalt-
ToB (06bIi0 32 GaitTa), KOTOPEIE 3ATPYIKAIOTCH MPOLIECCOPOM, HKC-
[HONB3YA TAK HE3BLIBAEMBbIH HMOYALCHBIR (mnu 6JIOYHEBIN) JOCTYT
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(burst access). daxe ecnu CPU nyxen oynuu 6afiT, Bce papaOo OygeT
3arpy7KeHa Ienas CTPOKa, TaK KaK BEPOATHO, YTO TeM CaMbIM GyRyT
3arpy KeHHI CJIEAYIOIINE BEITOIHAeMble HHCTPYKIMH HITH HCIIOJIb3Ye-
Mule JaHHBE. BJIOUHEBIE nepenadyn 00ecreunsaloT BEICOKHE CKOPOCTH
nepeaadM 18 MHCTPYKUHH WK JaHHBIX B TIOCJAEJ0BATENIbHBIX alpe-
cax naMaTi. [Ipn Takux nepesadax TOABKO alpec NepBoll HHCTPYK-
UM WIH JAHHOrO Oyuer nocjaH B MOJACHCTEMY BHEIIHEH NaMATH.
Bee mocaeayIOUHe 3a0pockl MHCTPYKEUM MM JAHHEIX B NOCIEAOBA-
TeJBHBIX aJpecax MaMaTH He TPeOYHOT JONMOMHHTENBHON Nepejaun
aapeca. Hanpuwmep, 3arpy3ka 16 Gafitos TpeGyer 5 HMKJIOB, €C/lH
MC68040 nenaer GrouHYyI0 mepeaady AJd -3arpPy3KH CTPOKH K3lIa,
H 8§ IHKJOB, €C/M NaMATh He NMOAJep:KHBaeT OJIOYHBIY DEeXRHEM ne-
Pe/AYH. .

Ksmi, B KOTOpOM BMeCTE XPaHATCA JaHHBIE H HHCTPYKIIHH, HA3LI-
paercd eguMHbIM K3tneMm. OguuM u3 crnocofoB MOBHILIEHAS HPOH3-
BOJAMTEILHOCTH SIBJISIETCS BBEIEHHE B MPOLECCOPE TPeX LUMH: aJpe-
ca, MHCTpyKIUH#A u Janueix. B Fapsapackoit apxurekType K3lia
PA3NETSIIOT KWW A8 HHCTPYKUMH H AaHHLIX A0A YABOEHHH 3¢-
dexTHBHOCTH K3uI-naMaT. B runuynoi I'appapackoit apxuTeKType
NPUCYTCTBYIOT TPU BHAA KIUI-HAMSTH: ClEHatbEble KSMH (HANpH-
mep, TLB), BHyTpeHHue K3!UH MHCTPYKUHMA H J3aHHEIX (IIepBOro
ypoBHS w L1-kam) u BHEIIHKE eTUHEIN K3l (BTOPOT'O YPOBHA
wiu L2-xsm). B mpomeccopax, HMeIIHX MHTerPHPOBAHHEIE K3LIM
NepBOro ¥ BTOPOro YPoBHEN (T. €. BHYTPH KOPHYCa HpoLeccopa), 1a-
CTO JOIOJHUTENBHO YCTAHABIMBAIOT €IHHBIN K301 TPEThEro ypoB-
s (L3) sHe mpoueccopa. O6euuo Ll-kom paboraer Ha wacrore
npoieccopa u useer pasmep 8. .. 32K6, L2-xau paboTaeT Ha wacTo-
Te NpoLeccopa UMM ee MONoBHHE X mMeer pasmep 128K6...4MS6,
L3-kam paboraer Ha 4acTOTe BHEIUHEW NIMHR M HMEeT pa3mep
512Ka6. .. 8M6. .

Koy nagHbIX B 3ABUCUMOCTH OT KX NOBEeJCHHS IPH 33M0HCH JaH-
HBIX B K9IU Pa3AE/IAI0T Ha JBa BHIA.

1. Kaw ¢ npamoit 3anuceio (write-through cache). Stor Bua Kau-
NaMSATH NPH 3allHCH B Hee CPa3y HHALHUDPYeT LUK 3alUCH BO
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BHEIIHIOWO [1aMATb, OCHOBHBIM JOCTOMHCTBOM TAKOIO K318 SB-
JIFETCA TPOCTOTA M TO, YTO JaHHBIE B K3IIE M B NAMSATH BCe-
rJa WASHTUYHbBI, YTO YIPOIIAET IIOCTPOEHHE MHOTOIPOIECCOp-
HBIX CHCTEM.

2. Kamn ¢ ofparHoit 3amaceio (write-back cache). Dror Bun ksm-
NaMATH TIPH 3allACH B Hee He 3aluChIBAaeT JaHHbie Cpa3y BO
BHEIIHIOIO [1aMsATh. 3alUCh B HAMATE OCYHIECTBJSIETCS TIPH BhI-
XO/Ie CTPOKH M3 K34 WIH [0 3aNPOCY CHCTEMB! CHHXPOHM3A-
MM B MHOFOIPOIECCOPHBIX CHcTeMaX. Takas OpraHM3anus Kall-
NaMATH MOXKET 3HAUHTENBHO YCKOPHMTb BLINOJHEHHE OHKJIOB, B
KOTOPBIX OOHOBJISI€TCA OAHA H Ta XKe f4YefKa naMaTh (Byaer 3a-
MHMCAHO TOJILKO NOCIEAHee, & He BCe IPOMEXYTOUHble 3HAYEHUS,
Kak B K3IlIe ¢ NpAMOH 3anuchbio). JpyruM QoCTOMHCTBOM ABJIA-
eTCsl yMeHhilleHHe HoTPeOHOCTH MPOIEectopa BO BHEINHEH HIMHE,
YTO MO3BOJIAET pPa3ieasith ee HeCKOJbKHM mpoueccopaM. Heno-
CTATKOM TAKO! OPraHW3ALMK SBISETCH YCIOXKHEHHE CXeMEBl CHH-
XPOHU3ANYM KSMEH B MHOTOMNPOIECCOPHBIX CHCTEMAX.

B cuny ero snaunrensuo Gonpinett 3peKTHRBHOCTH, GONBIIHHCTEO
COBPEMEHHBIX NPOLECCOPOB HCIOILIYIOT K31l ¢ 0OPATHON 3aITUChI0.

Opraausanua xK3m-naMaTu. K3 oCHOBaH Ha cpaBHEHMM
aapeca. Jaa KaKI0H CTPOKH K3IIa XPAHHTCA ajpec ee MepBoro
3JIEMEHTA, HA3KLIBAEMBIIi aJPecOM CTPOKH. J1Ja YMEeHbIUeHAs 00beMa
JOTIONHUTENLHO XPAHUMOH uH(pOPMaLUK (3ApecoB CTPOK) U YCKOpe-
HHS [IOHCKA 3/Ipeca HCNOJIL3YIOT HECKOIBKO TeXHHYECKHX TPHEMOB.

e Ilycre njuua cTpoku ectb 20 Bair. Ajpeca cTpok BBIPOBHEHE!
HAa TPAHHIY CBOEro pa3Mepa, T. e. NoCieAHHe b BuT agpeca—
HyJ1eBble i [IOTOMY He XpausTcs (T. e. pasMep aJpeca yMeHbIeH
no 32 — b éur).

o Ouxcupyerca Hexkoropoe {. CTPOKH XpaHATCs Kak OOHH HJIH
HECKOMLKO (N) MaCCHBOB, OTCOPTHPOBAHHBIMH MO HOPSIAKY %
Milaumx 6HTOB aipeca (T. €. MIAMIIHX CPeAH OCTARIIMXCA 32 —
b). Taxum obpason, k-# 3/1€MEHT MaccHBa HMeeT anapec, GHThI
KOTopore B nozunusx or 32 —¢ — b+ 1 g0 32 — b obpasyror die-
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J10, paBHOe k. DTO NO3BOJIAET HE XPAHATE 3TH OMTH (T. €. pasmMep
ajapeca yMenbuieH o 32 — b — i but).

o Kombunaiusa yncen b 1 1 noa0HpaeTcs Tak, 4T00b b+1 MAAALINX
fUTOB JIOTHYECKOro apeca COBMaAalu Obl ¢ COOTBETCTRY LMY
BuramMy PHUIMHECKOIO aTpeca NPH CTPAHUYIHOM I1peobpa3oBaHuu
(1. e. 6bLTH BB CMeIEHHEM B CTPAHHMIE). JTO NO3BOJIAET Mapas-
JIEIBHO [IPOM3BOAHTL TPAHCASLAIO aApeca U IIOHCK B K3Ie (T. e.
napaJsuiensso paborare MMU u kamy). [Tps TunmurOM pazmepe
crpanunbl 4 K6 sTo o3navaer b+ i = 12.

e Onpeaenenue TOro, COAEPKUTCS JIM AAHALIE AApec B K3LIE, TIPo-
H3BOIUTCH CyreayroiuuM obpasom. Bepyrcs BUTE B HO3HUHAX OT
32—i—b+1 no 32—b, o6pasyroume qucio k. 3arem DepyTcs aste-
MEHTEI C HOMEPOM k B KaxKI0M M3 N MACCHBOB H ¥ MOJIYYEHHBIX
N cTpok cpaBuuBawTCd agpeca ¢ 32 —i — b 6uTamu ajapeca (ko-
Topele yxke TpaHcarposaasl MMU B dusuueckuit aapec). Ecin
obHapyXKeHo CoBNaJeHne (T. €. MMEEeT MecTO KIII-ITONaJaHHeE), TO
Geperca 6afiT ¢ HoMepoM b B CTPOKE.

Ecmi paccMaTprBaercs BHEIIHU K3LI, TO COIVIACOBLIBATL €ro pabo-
Ty ¢ MMU ne Tpebyercss, MOCKONEKY BHelIHHH K3m pafoTaeTr yxe
¢ PUIMYECKHM AJIpecoM.

IMpumep: aaa PowerPC 603 Beifpatio b = 5 (T. e. AHHA CTPOKH
32 6Gaitta), i = 7 (T. e. JymBa maccuBa 127), N = 2 (T. e. ncnonn-
3YIOTCH JBa MACCHBA).

A1 KaXKo# CTPOKH K3lla ¢ 0OpaTHON 3aIIHCRI0 IOMHMO apeca
XPAHHTCA TaKXKe IPHUIHAK TOro, UT0 3Ta CTPOKA COAEDKHT KOPDEKT-
HBIE NAHHEIE, T. €. JAHHBIE B K3UI-TaMATH H B OCHOBHOH [TaMRTH COB-
Ma1aseT. 3TOT HPH3HAK UCIIOJIL3YETCS JIJIA 3aIHCH CTPOKHU B NAMSTh
NPY ee BRIXOJAE K3 K3I-DAMATH, & TaKKe B MHOTOMPOUECCOPHBIX
CHCTEMAX. ‘

ANropHTMBI 3aMeHBl JAHHBIX B K3lI-mIamMaTH. Ecin see
CTPOKH K3II-NAMSATH COAEPIKAT KOPPEKTHEIE JIaHHEIR, TO 114 obecne-
“eHIA KILMHPOBAHNA HOBBIX 00/1acTell NamMsaTH HeoBX0aHMO BEIODATE
CTPOKY, ROTOpPAA OYAET MEepe3anHCand. JTa CTPOKE BBIXOIUT H3 KI-
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ma H, ectu Tpebyercs, ee cogepkuMoe BygeT 3amucano obpaTtHO B
MMaMATh. CyH.LECTEyIOT ThH aaropuTMa 3aMeHbl JAHHEIX B K3ll1e:

® BepOﬂTHOCTHh[ﬁ aJITOPHTM: B Ka4YeCTBE HOMEpa MNEepe3allnChl-
BAEMON CTPOKU HCNONB3YETC Caydalinoe 9Mcao;

o FI¥O-anropurM: nepsas 3anicaHyasn CTpOKa 6yaer nepsoli Tie-
pesamMcaHa;

o LRU-anroputm (Last Recently Used): naumenee uenonssyemas
cTpoka 6yAeT 3aMeHeHa HOBOH.

JlnA TNOBBIIEHHS NPOH3IBOAMTENBHOCTH OPOLECCOpa BBOAMTCH
pAa cieHMadbHBIX KIIeii.

» TLB (Translation Look-aside Buffers) —aro ksm-namars, uc-
nomesyemas MMU ana xpaneBMa pesyiasTaToB  IOCHEHHX
TPAHCSUMIY JIOrNYecKoro agpeca B husngeckuii. Cogepur na-
pBI: JIoTHYecKHH aapec ¥ COOTBETCTBYIOINMN H3In4YeCKuil aapec.

s BT C (Branch Target Cache) —3T0 Ksm-naMsTh, HCHOJIB3yEMas
BU nna xpaHenna agpeca NpeIbIAYINEro epexona i IEPBOM HH-
CTPYKLUNH, BEINOJHEHHON nocie nepexoja. NMeer nensio 6e3 3a-
AEPHKH 3ANONHUTL KOHBeMep MHCTPYKumeH, ecinu NEPEXOA, YIKe
panee coctosacd. BTC moxer 3HaHTe LHO noamcnn IPOH3BO-
AWTEILHOCTD IPOLECCOPA, YIHTHIBAS BPEMs, KOTOPOe OH 651 11po-
CTaUBAT B OXKMJAHHE 3aI0JHEHHA KOHBeHepa Iocye Mepexoa.

CornacoBaHne K3muei B MYJbTHHPOLECCOPHBIX CHCTe-
Max. Ecin HeCKONBKO NPOLECCOPOB NIOACOENMHERb K OJHOH M TOi
e ITMHe aJpeca M JaHHBIX ¥ Pa3feaioT OOHY U TY € BHEIIHIK
IaMATh, TO NOJI’KEH OLITH PeaTu30BaH OlIpelesIeHHbI Clensauu
MexaHM3M (snooping) mng Toro, YTobbl BCE BHYTPUIIPOIECCODHBIG
K3UIN BCEra COZepXKajl OAHH W Te >Ke JaHHbIe.

PaccMoTpuM, HanpHMep, CHCTEMY, COAEPXKAIIYIO ABA NPOLECCO-
pa, Kax/Asifl U3 KOTOPBIX Moxer Opars yopabieHue obuiell MEHONA.
Ecan npoueccop 1, ynpasasiowinil B JaHHBH MOMEHT IIHHOM, 3aH-
ChiBaeT B A4eliKy naMaTH, KOTOpasA K3IIMPOBaHa MpoLeccopoM 2, To
JaHHbIE B K318 [MOCHeHero CTAHOBATCS ycrapesmuMy. Craegstiuit
MEXaHW3M IIO3BOJIIET BTOPOMY INPOLECCOPY OTCNEXKUBATH COCTOf-
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AHe INHHBl afpeca, Ja’Ke eclH OH He ABNAETCHA B JAHHBIM MOMEHT
rpaBHBIM (T. €. YRPaBIAOMIHMM BHEIIHeH munoit). Econ Ha muee no-
SBUJICA aJpeC K3UIMPOBAHHEIX JAHHBIX, TO 3TH JaHHbIE [IOMEYAIOTCA
B K3llI€ KaX HeKoppekTHule. Korna BTopoil mIponeccop CTaHeT TiaB-
HBIM, OH J0JoKeH Oyner BeIGpaTh B ciydae BEOOXOJUMOCTH OBHOB-
JIeHHEIe JaHHBIE U3 pasfieseMol maMsiTH.

Ecau npoueccop 1, ynpasasoniuit B JaHHBIH MOMEHT INIMHOM,
quTaeT M3 AIeHKH NaMaTH, KOTOpasdg KIIIHPOBaHA MPOMEccopoM 2,
TO BO3MOZKHO, YTO pEaJbHEIE HaHHBIe HAXOOATCH B K3I€ IPONecco-
pa 2 (eimie He 3aMHCAHBI B MAMATH, T. €. PEANH3OBaH Kau ¢ obpart-
Ho¥t 3amuceio). ECaM 3T0 Tak, TO clneAsminll MexaHH3M HHHIHMPYeT
IMKJ 3a0KCH CTPOKH K314 npolleccopa 2, coaepxanieft 3aTpebopaH-
gble TIpolleccopoM 1 faHHbIe, B pasfessgeMylo HaMsTb. Ilocne sToro
9TH JAHHLIE CTAHOBATCH JOCTYIHRIMH HPOUECCOpY 1 M MK YTEHHS
npoleccopa 1 NpoosKaeTcs.

2.5. MHoronpoueccopHblie apXUTeKTypbl

OnHuM u3 caMBEX DAJUKATLHBIX €N0CO00B NOBHIIUEHWS MMPOH3-
BOJHTEJIbHOCTH BRIUHCINTENBHO! CHCTEMBEI HBJIAETCH YCTAHUBKA
HECKOJBbKHX IPOLECCOPOB. '

2.5.1, OcHOBHble apXHTEKTYpbI

BbIIeAsI0T HECKOMIBKO THIIOB TIOCTPOEHHS MHOICIPOLECCOPHBIX CH-
CTEM B 3aBHCHMOCTH OT CTEIEHH CBS3H MEXJY OT/eNBHBIMH TIPO-
LECCOpaMM B CHCTEME.

1. CupbHO CBA3AHHBIE [POLECCOPBHI (HWTH CHMMETPHYHEBIE
MYNBTHIIPONECCOPHBIE CHCTeMBI, symmetrical multiprocessor
system, SMP). Bce 1poneccopsl pa3feasior obuyo WKy u of-
UIYK MaMATh, MOT'YT BBINOJHATE OHY H TY XK€ 33134y, MpHYeM
33]aM3 MOKeT MEepPexXoJuTh OT OSHOIO IIPOlleccopa K APYIOMY.
Ecnu oguH mpomeccop OTKa3biBAeT, OH MOXET ObITb 3aMeHed
apyram. SMP nogpasyMeBaeT HaluiKe alnapaTHOrQ IpoToKoa
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CMHXPOHM3AlMK Kollell BceX nponeccopos (cM. Boime). Tunmd-
HEI [IpMMep: ILiaTa ¢ AByMd nponeccopamu Pentium,

Cnabo cmasaunbie nponeccopsl. dacTe cucremuol nams-
1H MOXeT ObITh Da3AensieMa, HO IepeXol 33Ja4H OT ONHOIO
IpoLieccopa K APYTOMY HEBO3MOMXKeH. Mexauu3Mbl CHHXpOHH-
3aUMA CEerU(UYHD! AJIS KakI0W CHCTEeMBl (II0YTOBBIE AIUMKH,
DPRAM, npepripadus). THIHGHRIN NpUMeDp: CTOHKA MPOMBILI-
JeHnoro crangaprta VME ¢ HeckoILKMME IIPOLIECCOPHBIMH II71a-
TaMH H pa3feaseMoll NaMAaATbio Ha OAHON M3 IAT.

. Pacnipenenennsie npoueccopnl. Heckonnko npongecopos He

Pa3feNsaKyT HH OOHOrO oDLIEro pecypea, 3a HCKIIoUeHHeM THHAH
cBa3n. TunuyHLIL MpUMep: coeHeniBe nocpencTsoM Ethernet
paboune CTaHIHH.

Quenn yacro MHOMOMNpOIECCOPHBIe CHCTEMBI JEJAT Ha ABa KJac-

ca B 3aBHCHMOCTH OT crmocoba JOCTyna IIPOLECCOB K OnepaTHBHOMN
namaTn (cM. pazzen 5.1 o paszjenseMoll maMsaTH):

1.

2.

CucreMbl ¢ 0Bl NAMATHIO — IPOLECCH] MOTYT PA3AEHATD
BA0K OmepaTHBHON HaMATH.

CucreMsl ¢ pacnpelneIeHHOR NAMATBI — Yy KaXIoro M3
IPOLECCOB CBOSI ONEPATHBHAH NAMSTH, KOTOPAsA He MOXKET OhIThb
COENaHa Pa3aensieMOl MeX/y HHMH.

Cucreysa Ha CHIBHO CBA3AHHBIX OPOIECCOPAX, KOHEMHO, WBIAETCH
cucremoit ¢ obuell namsrei. OTMETHM, YTO CHCTEMA Ha pachpese-
JIEHHBIX TIPOLIECCOpaX C IIOMOLIBIO TPOTPaMMHOTr0 obecnedeHns TOXe
MOKET GbITh NPEBPALIEHA B CUCTEMY ¢ 0BLIel NaMsTLIo.

2,5.2, KombuHupoBaHHbIe apXHTEKTYpb!

ApxutekTypa SMP sisnsteTcst caMofl oporot ¢ TOUKHE 3peHya anna-
PATHON DeaM3alrH M CaMOl JeWeBoll ¢ TOYKH 3PEeHNA pa3paboTKH
nporpaMMHoro obecnedenns. 11 HaoGopoT, pacnpenenenybie npoLec-
COPBL IOYTH He TRedYIOT AlIapaTHbIX 3aTPaT, HO ABAAITCA CAMDIM
JOPOrHM perlierneM ¢ Toukd 3peaus pazpaborku [10. g nocruxe-
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HHS ONTHMANLHOTO KOMOPOMUCCA JJIS Kpyra pellaeMblX 3a7ad HC-
IOAB3YIOT PasnUYHbIe KOMOHHAIIUMHA OMHCARHELIX BBIIIE TEXHOJOTHN.

o 'm6puannie cxembl SMP ncnoib3ymoTes Ais YCKOPEHUs pa-
GOTHI MpOrpaMM, TpeOYIOMUX HHTEeHCHBHON! paboThl C ONEepATHB-
noft namarsio. Onucansasa suire cxema SMP ycxkopser Brmos-
HEHVE 33Ja4, KOTOPbIM He HyXXeH IOCTOSHHEIN obmen ¢ RAM,
[IOCKOJILKY BCE IPOIECCOPHl Pa3fieddoT OJHY IIHHY U B KaK-
OB MOMEHT BPEMEHH TOMBKO OJMH MPOLECCOP MOXKeT paboTaTh
¢ naMsThi. [I03TOMYy HHOrAA (PTO OYEHb AOPOroe pemeHHe) 1mo-
CTYIIAKT CAEOYIOMNM 00pa30oM: CHCTEMA CTPOHTCS Ha 6a3e MOIY-
neit, KaXObIH U3 KOTODLIX ABJAAETCH CAMOCTOATEIRHOHN mponec-
COpHO# TATOMN ¢ ABYMA (MIH 9eTHIPbMS) NPONECCOPAMHE, BKJIIO-
JeHHBMK 0 (xeme SMP. B kax10M MOAYIe pacnonoKena ¢ceos
OMEPATUBHAA NMAMSATh, K KOTOpofl 4depe3 OOIYK IIMHY MMEIT
JLOCTYI MIPOLECCOPH! ITOr0 MOAYAA. JIOrHYecku maMAThL KasKJo-
ro MOAYJIS BKJIIGUEHA B OBIIYIO MAMATH CHUCTEMEl, T. . NaMATh
Bcelt cucTembl obpazoBaHa Kak 00LeIMHEHHE MAMSTH KAaXJAOro
3 Monyneil. PH3UYECKH OOCTYI K MAMATH ADYIHX MOIYIIEH 0Cy-
MECTBJsALTCS Yepe3 OLICTPOAEACTBYIOUIYI0 KOMMYHAKAITNOHHYIO
LIHHY, KOTOpad MOXKeT 6uITh Kak ofimelt As1s Beex MOOVMeH, Tak
1 OBITH COE/IMHEHHEM THIA «TOYKA-TOUKA» IO UPUHLUNY <«BCe
co Bcemu» (0OBIMHO HCTIOABL3YETCH KOMOHMHAUNS 3THX crnocofos
oprafusanmum mwnHbl). Ecnu mporpaMma MoxKeT 6uITh OpraHuso-
BaHa TakK, uYTO B OCHOBHOM IDPYIIIE IPOIIECCODOB HYIKHA HE BCH
MaMAThL, 4 TOJBKO €€ 4acTh (pa3MepoM C IaMATb MOAYJA), H
OOMEHBI MeX Iy ITHMHU YaCTIMH HAYT HEe 9acTO (3TO BEChbMa pe-
AJHCTHYHbIE NPEANOIoKeH s, 0COBEHHO, 8CIH IAMATE KAXKAOTO
W3 MOZYyMeft JOCTATOYHO BEJIMKA), TO TaKas IPOrPAMMA MOMKET
adexTurae PaboTATh HA ONMCAHHON APXMTEKTYDe.

* ['ubpusrunie cxeMbl ciaaGo CBA3AHHBIX (pacrpezeseH-
HbIX) IIPOLECCOPOB HCIOMB3YIOTCA A5 [TOBLIIEHHS HAIeAKHO-
CTH paboTht CHCTEM HA OCHOBE apXHTEKTYDH co ¢1abo CBA3aH-
HBIMM (pacnpeneneHHmMy) nporeccopamu. Henoassyrores st
Yekopenus paboTel CHCTEM, B KOTODBIX Tpebyercs obpabaruiBaTh
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OAHOBPEMEHHO MHOTO TIPOLECCOB M 00ecneduTh OTKa30ycTOHYH-
BOCTb. BMecTo cnao cBsasanHbiX (pacnpejeNieHHbIX) Npouecco-
POB HCOONL3YIOT Cj1af0 CBA3aHHBIE (Pachpeae/ieHHEIE) NPOLEC-
CODHBIE MOIYJIH, Kaxbllf N3 KOTOPBIX ABJSETCHS CAMOCTOATENb-
HOW NpoLeccopHOt IWiaTol ¢ ABYMs (WM YeTHIPbMS) IIpOLecco-
paMH, BKAKOYeHHbIMU 1Mo cxeme SMP. B ciyyae orkasa oasoro n3
[IPOLIECCOPOB B MOJYJ/Ie, HMEETCA TMOTECHNHANBHAS BO3ZMOXKHOCTL
NepenaTh BCe MPOIeCChl OCTABIIAMCH ITPOLIECCOPAM.
KnacrepHas opraH#3apis UpONECCOPOB ABASCTCH 4YacT-
HBIM CJIydyaeMm ONHCAHHBIX BhIIle APXHTEKTYD W HCHONB3YeTCH
AN yCKOpeHus paboThl CHCTEM, B KOTOPHIX Tpebyercs 0b6paba-
TBHIBATH OZHOBPEMEHHO MHOrO npoueccoB. PHINYecKu KiacTep
cTpouTed b0 Ha 0aze pacnpeneseHHBIX [IPOLECCOPOB, . MO0
#a Oaze cnabo cBa3aHHBIX Mpoueccopos (6e3 pa3gendemod ma-
MATH, (DAKTHYECKH HECKONbKO He3aBUCHMBIX ITPONECCODHBEX
CHCTeM, O0beAMHEHHEIX OOMUM KODIYCOM, HCTOYHMKAMM IUTa-
HUsl M CHCTEMaMH BBOJa-BhiBoa). [lepeiit cnocob Guin Gosee
PaAcCIpOCTPAHEH B MOMEHT [IOABNEHUA HOHATHS «KJIACTED», BTO-
poit CTAHOBUTCH IONYIAPHLEIM E HACTOsIEE BPEMS B CBA3M C
MHAMATHPH3aIMe IpOUeCccopBLIx cHcreM. Jlormyecky Kiacrep
npencrasaner coboli cHCTeMy, B KOTODOH KasKInM M3 npolec-
COPOB HE3aBHCHM M MOXET HE3aBHCUMO OT JPYTHX NPHHAMATH
K HCHOJHEHHK 3adaHust. OnepaldoHHas CHCTEMA HAIpaB/seT
BHOBb TIPHINEAINII NPOMNECC HA HCIOJHEHME TOMY NPOLECCODY,
KOTOPBI B ZaHHBIH MOMEHT MeHee 3aTrpyKeH (T. e. AJId [oJIb30-
BATENIS BCA CHCTEMA BRIIVISOHT KaK eJHHAS MHOTOINDOUECCOPHAS
YCTAHOBK&).

Ecay KOMMYHHKAUHOHHBLIN KaHaJ, CBA3LIBAIOIHUE OTAeMb-
HEIE TPOLECCOPHBIE MOAYJTH, HMEET BBICOKYIO MPONYCKHYH CIIO-
COBHOCT, TO ONEpPalMOHHAA CACTEMZ MOXKET SMYJNHPOBATbL HAa
TAKOH CHCTeMe H0BeJeHHE OIHCZHHOH BLILIE CHCTEMBI rHOpHI-
Ho#t SMP, a uMeHHO, OHa MOXeT NO3BOJIMTEL HCOOJHATL OIHO
M TO K& NPHJIOKEHHE Ha HECKOIBKHX IPOIECcOpax. JTO OTHO-
CHICH HE TOALKO K KJIACTEPaM, HO ¥ KO BCEM ApXUTEKTYPaM C
PACTIDE/IEJIEHHBIMHE TTPOLIECCOPAMH.
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2.5.3. O6aHKpOTHBLLKECA apXMTEKTYPSI

B 3ToM pasgelie Mbl PACCMOTPHM MHOTOIPOLECCODHEBIE ApXHTEKTY-
pbl, KOTOpbIE B YHCTOM BU/E YK€ HE MPHMEHAIOTCS B HOBHIX Pa3pa-
Gorkax. OZHAKO OHM OKa3a/lM 3HAYMTENbHOE BINSHHE Ha PA3BUTHE
BHIUHCJIMTENBHON TEXHMKH, H HEKOTODLIE WX 9eDPTEHI, Y#Ke B HOBOM
TEXHOJOFMHECKOM BOILTOIEHHH, IIPHCYTCTBYIOT M B COBPEMEHHEBIX
APXHMTEKTypax. .

OCHOBHBIMN MPUYMHAMY, PUBEIMIAME K BEIXOLY H3 yHnoTpet-
JeHUA ITHX APXUTEKTYD (M PA3OpeHHIO DMPM, BHIIYCKABIINX HA MX
ociose IBM), seastorcs: ‘

¢ neobxonMMOCTE pa3pabaTeiBaTh NPorpaMMHoe obeceyeHHe cIre-
LUAJIBHO MO KOHKPETHYIO apXHTEKTYDY;

¢ KOHKYPEHLHA C MADRINCTbHBIMH APXHTEKTYDAMH; .

e CHHXKEHHe DACXOJOB Ha oGopoHHbIEe paspaboTku (BoabmIMHCTBO
MPOEKTOB MO BLICOKONPOH3BOIUTENbHBIM BLIMUCACHAAM (PHUHAH-
CHPOBAJIOCE M3 BOSHHBIX MCTOYHHUKOB).

OcHoBHBIE aPXUTEKTYDEI:

o BeKTOpHBIE TPOLECCOPBI — 3TO JaXKe He MHOT'OfIPOHECCOPHbIE
APXHMTEKTYPHI, @ OJNHOYHEIE IIPOLECCOPSI, CIIOCODHBIE BBITO-
HAThL ONEPALMK C BEKTOPAMH KAK HDUMHTUBHLIE MHCTPYKIMH.
JT0 MOKET 3HAYHTENLHO YCKOPUTD BAINOJHEHHE (IPOIPAMM BLI-
YHCNUTEABHON MATeMATHKY, ITOCKONbKY B TAKHX 33/144aX OCROB-
HOe BpeMsi paboTEl NpHXOAUTCH Ha 06PabOTKY BEKTODOB M MaT-
DHLL.

¢ Marpu4Hble MOPOIECCOPbI — 3TO TIPOLECCOPBI, CHOCOOHKIE
BBIIO/IHATD ONE€PANMH HAJ MAaTPUIAMH KAK NMPUMMTHEHEIE HH-
CTPYKiMH. OBBIYHO NPeICTaBASIOT COGOH IPYIILY IIPOLECCOPOB,
pasaensomux obIy 0 NaMaTh U BRITONHANIN OJUH HOTOK HH-
CTPYRIHIL.

¢ TpaHCbIOTEPH — 3T0 MHOTONIPOLECCOPHBIE APXHTEKTYPHI, CO-
CTOAIINE M3 He3aBUCHMBIX TPOIECcOpPoR (0ORIYHO KpaTHEIX MO
KOJIMdecTBy 4), KakAbIf 3 KOTOPHIX HMeeT CBOI IIOACHCTeMY
naMari. Ipoueccops crsizansl mexiy coGoll BRICOKOCKODOCT-
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HBEIMH COEAMHEHHMAMM, OPTAHU30BAHHBLIMI N0 IDHHLUMIY ¢TOYKA-
Toykar. Kakpit npoleccop cBs3aH ¢ YeTbIPbMS JPYTHMH.

2.6. NMonnepxka MHOrozaaavHOCTH
H MHOTONPOLEeCCOPHOCTH

B coppemeHHBIX Mponeccopax NoAAepXKKa MHOr03adadHOCTH H MHO-
FONPOLECCOPHOCTH He OrPAaHUMMBAETCA anNapaTHON 4acTwio (Bpome
PACCMOTPEHHOIO BLIIE MEXAHH3M3a CHHXPOHM3aunu K3mei). s
OpraHH3alHH JOCTYINa K KPHUTHYECKHM Da3JeiseMbiM pecypcaM
HeobxoanMo B Habope HHCTPYKIUi IIPOIeCcCopa IPegyCMOTPeTh Cile-
[MAJTbHBIE HICTPYKIMH, 06ecHeunBaioiuue J0CTY K 00LeKTaM CHH-
xpoHu3anuu. JeHcTBHTENBHO, caMu O6BHEKTh CHHXPOHHIAIMH SB-
JISIOTCH pPajgesteMbIMH, & 418 ofecnevenys NPABHILHOIO JIOCTYIA
K pa3pe/feMblM 06beKTaM HeoOXOOHMO BBOAWTh ODLEKTHI CHHXDO-
HH3aIMU, KOTOPLIE B CBOIO OYEDENb TOXKE SBJIAIOTCA DA3NETAeMbl-
MH B T. I /i BEIXONA W3 ITOTO 3aMKHYTOIO KpYra ONpENesisioT
HEKOTOpPble «HPHMHTHBHBIE® ODBEKTHI CUHXPOHH3AHHH, K KOTOPBIM
BO3MOMEH OAHOBDEMEHHEBIH NOCTYII HECKOABKHX 3aJad HJIH IPOLEC-
COPOB 34 CHeT HCIO/LBOBAHHUS CHEHHMANBHEIX HHCTPYKIHH JOCTYIA.

PaccmoTrpum 6onee noapobuo cnyuait 6ymeBckoro cemadpopa. 3a-
Java HIH TpoHeccop, cOOHpaKomuMica B3ATh YIpaBieHHe pa3lens-
€MbIM PECYPCOM, HAYHHAOT C YTeHHs 3HaveHHs cemadopa. Ecau
OH OBHyJIeH, TO 3aJada WIH IPOIECCOp AOIKHEI XKIaTh, MOKA pe-
cypc crader goctynHsiM. Ecan cemadop ycramosaen s 1, To 3a-
Jadqa maH IPOHECCOp HEMEIEHHO ero obHy/sIoT, 4Tobpl NOKA3ATD,
9TO OHH KOHTpOA#pyioT pecypc. B npouecce usmeHenna cemado-
pa MOKHC BBIIETHTH TPH a3bl: YT€HMEe, H3IMeHeHHMe, 3aNUCh.
Ecyn Ha cTaguy 4TeHNs BO3HUKHET NEPEK/IIOYeHME 3aJa4 WK Apy-
roff NpoLEeccOp CTAHeT IVIABHBEIM HA IIHHE, TO MOXKeT BO3HUKHYTH
omubKa, TAK KakK ABe 33Ja9H HIM B3 NPOLECCOPA KOHTPOAHDPYIOT
OIMH U TOT e pecypc. AHANOTUYHO, €CNIH NEePeK/TIOYeHHe KOHTEK-
CTa MpOU30HAeT MeXXy [HKJOM HTEHUA M 3allHCH, TO ABa IPOIECCa
MOrYT B3ATh ceMachop, 4T0 TOXKE IPHBEIEeT K CHCTEeMHON ollnbke.
Ans pemeHnst 3Toi mpo6sieMbl DONILIMMHCTBO NPOIECCOPOB HMEIOT
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MHCTPYKUHIO, BHITIONHSIIOUYIO HEMEMMBIH UK/ YTEHHEe — U3MeHe-
wie — 3anMch. [lockonpky 3TO oJHa HHCTPYKUMS, TO NEPEKIIOUEHNE
3a71a4 BO BPEMs Onepauun ¢ cemacopoM HeBO3MOXKHO. Tak Kak OHa
NPOU3BOAHT HENENUMBIR UMK, TO MPOLECCOP, €€ BBINOIHAOMIAL,
ocTaeTCa B/IaJebIeM MHHbL 10 OKOHYAHAS OlIePalliu ¢ ceMaOopoM.

2.7. Ucnonb3oBaHKe napannenusma npoueccopa
ANA NOBbIWEHHA 3PPeKTHBHOCTH NPOrpaMM

PaccMoTpHM 35434y YMHOXKEHHSA ABYX Tt X 7t KBaJAPATHRIX MATPULL
¢ = AB. 9neMenThl MaTpHL B si3bike C XpaHATCA B ONEpATUBHOM
OAMSTH N0 CTPOKaMm: BHAYalle 37eMEHTH NEPBOH CTPOKH, 34TeM
pTopoii u T. 4. Hanpumep, nociaegoBaTensHOCTE 3MEMEHTOB MAaT-
purer A:

a1 1,41,2,...,81,n,021; a2.2y-+-302 0,031y ;8nn—1;8nn-

Takum 06pa3zoM, MOCHENOBATENLHbIE IEMEHTBl CTPOKH MATPHIEBI
MEXKAT ApYT 3a APYIOM M JOCTYH K HuM GyJeT MakcAMasibHO ObiCT-
DBIM, TaK K4K CTPATErHs NPeBhBOPKH 3JeMeHTOB B K3ul (T. €.
uTeHHe KAaXKIblit pa3 1eoro 6/10Ka OmepaTHBHOH NAMATH, PABHOIO
no pasMepy CTPOKe Kama, CM. pasfen 2.4, ¢. 34) cebs moaHocTHIO
ompapasipaer. C Apyrofl CTOPOHEI, MOCJIE{OBATENILHEIE S/IEMEHTHI
cToabna MATPHOB JI€XKAT HA pacCTOAHUM n * sizeof (double)
Gait apyr or apyra @ JocTyn K HUM OyJer MakCHMAJbHO Mel-
JeHHBIM (II0CKOABKY CTpOKa KSII-MaMATH CYLUECTBEHHO MEHbLIE
DACCTOSHUA MEXKJY 3J1eMEeHTAMH).
BoIMUCTMM ApPOU3REIEHHE MATPUL, HECKOJBKHMH CrocofaMu:

1. Uukn nposegeM mo crpokaM Matpuusl C (CraHXapTHbIH Cro-
€06):
angsecex m=12...,n
ama eeex i=1,2,...,n

n
BBIYHC/ISITE  Crpi = 9 Gmybji
i=1

B unxse mo j (BuIumCliEHHE CyMMBI) SJIEMEHTBI OTHOM CTPOKH
MaTpHIbl A (K KOTOPBIM JOCTYI H TaK GbICTDBI) 6yAyT HCTIONB-
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30BaHBI MHOTOKPATHO (B LHMKJE MO i), 3JIEMEHTH e CcTOJGI0B
maTpunsl B (K KOTOpBIM A0CTYI OTHOCHTENILHO MEJJIEHHRIN) 110+
BTOPHO (B LMKJIE 10 ¢) He HCHO/Ib3YIoTCH. TeM caMbIM IIPH JOCTY-
ne ¥ sjaeMeHTaM B K3-ITAMATH MpPaKTHYECKH HHUYero He JaeT.
Inka mposeaeM mo cronbuaM MaTprus: C.

s ecex m=12,...,n
ana pcex i=12,...,n
- n .
BBIYUCIIATE  Cim = 9 8ijbjm
J=1
B uukie mo j (BbIUHCIAEHHEe CYMMBbI) JIEMEHTHI MaTpHIbl A
NOBTOPHO (B LUKJE [0 %) HE HCIOIb3YIOTCA. JJIEMEHTB Ke
CTONOIOE MATPUIL B MCUHOJIL3YIOTCH MHOTOKPATHO (B LMKJIE
no ). Ksm-namars yckopseT AocTyn K aqesentaM A 3a cuer
OpeaBLIGOPKIH NOAPAL MAYIIMX JIEMEHTOB, H YCKOPAET NOCTYI
K aneMmeHTaM B, ecam crosaben B 1esiMkoM NOMeCTHJCH B
K3IW-NaMATh (TOTIa B UUKJE N0 ¢ ofpalenne K aneMeHTaM B
B OIePaTHBHOIN namMsTH Gyger TobKo Ha mepsoMm uiare). OTMme-
THM, 4TO eC/IH pa3Mep K3IH-TaMATH HEAOCTATOUYEH (HANPUMED, N
BEJTUKO), TO ITOT CrIOCOO MOXKET OKA3ATBCSA XyKe NPeablyulero,
TAK KAK MBI YXYAWWIH cmocob goctyna k A M He TOLyYHIH
BBIUIPHILA [IpH JocTyne K B.
Hukn nposenem no N x N, N = 10, 6nokam marpuier C,
BHYTPH Daoka maem o croabuam:

mnsg ecex by, =1,14+N1+2N ..., by <n
amsecex b=1,1+N,14+2N..., bj<n
msaBcex m=bn.bu+1,....bp+N-1 m<n
M Bcex t=by,b+1,... 06+ N-1, 1<n
n
BHIMACAATE  Cim = ) Gijbjm
i=1
Tenieps MBI MaKCMMAJIEHO JIOKAJIU3YEM KOJIHYECTBO BOBJEYEH-
HBIX B CaMble BHYTPeHHUE LHKJbE 9/€MEHTOB, yBeqyulBas TeM
camMbIM 3¢ dexTuBHoCcTh paborel Kaw-namaTe. Ocobenno Gosb-
[10fl BRIMIPBIIN B CKOPOCTH PABOTHI MBI HOJIYUHM, €C/IH HCIO/b-
ayemble B IIMKJIAX (10 M, %, j N cTpok marpuubl A u N cronbucs
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MATpuUbl B MOMECTHIMCE B KIIU-IAMATE. Ecin xe n rak Benu-
KO, MTO Jaske OAMH cronben B He MOMECTHJICA UEJIMKOM B K31,
T0 3TOT cIocob MOXKET 0Ka3aThCa XyXKe CaMOoro Iepsoro.

4. Bazaaumca napamerpoM N (A5 IPOCTOTHI HUKE IIPENOIAraeT:
cs1, 4T0 1 genurea Ha N Haueno, XoTsA nporpaMma paspaboraHa
ana npoussoasHore N). Besikast MaTpHia M moxer 6bITB TIpen-
CTABJIEHA KAK COCTABJICHHAA u3 GJIOKOB!:

My My ... My

My My ... My
M=

Me Mo o Mgk,

rae M;; — N x N marpuua, k = n/N. Torna Kaxjniit 610K Cim
npouspeserua C = AB marpun A # B moxer ObITH BHIYHCJIEH
gepe3 6oku Marpun A u B:

n
Cim = Y _ AiBjm

. i=1
B sbruuciaenny nponspsegerus N x N marpun A;; u Bjm y4act-
ByeT TONILKO MOAMHOMKecTBO u3 N 2 anemenTtos matpun A n B.
Hpn uebonbuiom N (B namem Tecre N = 40) 5TO MOAMHOMKECTBO
[IOJTHOCTBIO IOMECTHTCH B K3IU-TIAMSATH H KaXKJ0€e CIaraeMoe no-
criepeit CyMMbl 6yIeT BEIMECIEHO MAKCUMAJIBHO OBICTPO.

5. B npeaslAyeM BApHAHTE Mbl YK€ NPAKTHHYECKH HCHEPIan BCe
MpeUMYUIECTBa, KOTOphie AAET HAM KIU-NAMATE. Jna nomyue-
HUR JaJIbHelIIero IpHPOCTa NPOH3BOAHTEILHOCTH BCHOMHMM,
YTO BGe COBPEMEHHBIE IPOLECCOPBl HMEIOT KOHBE#ep MHCTPYK-
nmit {cm. pazgen 2.3, c. 26), npuueM pechbMa rnybokutt {Moser
MOXQOHTE JI0 IOAyTOpa JeCATKOB craymit). Jns ero 3anosHeHua
[TMHA JHHEAHOTO YYACTKa IpOrpaMMbl (T. €. He COZepMKAINeTo
KOMaHZ Tepexoda) AoJkHa OblTh KAK MHHHMYM BoJsipie riLy-
fuHBl KOHBelHepa (JKenaTelIbHO — B HECKOJILKO pa3 6ombme). Bo
BCEX Ke NPEBLIYIHX BAPHAHTAX B CAMOM BHYTPEHHEM LMKIE
(10 7} maxogurcs 1 oneparop si3bika C, KOTOPBIH, B 3ABHCHMO-
CTH OT LEJIeBOTO HPOLECCopa, TPAHCIUPYETCs KOMIIUIHTOPOM B
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7...12 nHCTPYKUHA (BKII09as ONepaTophbl 06CIyKUBAHUSA 1IHK-
aa). JAns yBeqin4eHUd JTHHBI JUHEHHONO YYACTK3 NPOTPaMMBI
«pa3BepHeM» IHKJI B NPeAbIAYIeM BaDHAHTE: 33 OAMH BUTOK
UUKJIa 1O j ByneM BRIMHCASATL cpa3y 4 sneMenta MaTtpunw C:
Ci;ms Ci;m+15 Cit1,ms Cit1,m+1. 1IOCKOJBKY IIDH KX BBIYHMCJIEHUH
HCTIONBIYIOTCA TIOBRTODAICIIMECH 3TeMeHThl Marpull 4 u B, To
TAKMEe NMOABIAIOTCH AONOJITHUTEIEBHEIQ pEBGpBbI AnA YCKOpeHnus
paboThl 33 cHeT ONTHMM3ANHUH KOMITMJIATOPA M KILI-NaMATH.

HexonHenii TEKCT 3THX D9TH BAPHAHTOB NMPHUBEICH HIDKE.

#include "mmult.h"

/* VMHORUTL MaTpHULY a Ha MaTpHuy b, c = ab,
IHKS 10 CTpOKaM ¢ */

void matrix_mult_matrix_1 (double *a, double *b,
double *¢, int n)

{
int i, j, m;
double #*pa, *pb, *pc, 8;
for (m =0, pc = ¢; m < n; m++)
{
for (1 =0, pb = b; 1 < n; i++, pb++)
{
for (s = 0., =0, pa=a+m#n; j<mn; j++)
s += *(pa++) * pb[j * n);
*(pc++) = s8;
¥
}
}

/* YMHORHTH MATpHUY a Ha MaTpuuy b, ¢ = ab,
UMK no cTonbuaMm ¢ */
void matrix_mult_matrix_2 (double #*a, double #*b,
double *c, int n)
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{
int i, j, m;
double *pa, *pb, *pc, S;

for (m = 0, pc = c; m < nj m++, pcH+)

{
for (1 =0, pa =a, pb =Db + m; i < nj; i+
{
for (8 = 0., j =0; j <n; j+)
g += *(pa++) * pb[j * nl;
pcli * n] = s;
T
}

}

/* Paamep 6moxa */
#define N 10
/* YMHORWTH MaTpHUy a HA MATPHIY b, ¢ = ab,
HUMKI 1o GNoKaM ¢ */
void matrix_mult_matrix_3 (double *a, double *b,
double *¢, int n)

int bm, bi, nbm, nbi;
int i, j, m;
double *pa, *pb, *pc, 5;

for (bm = Q; bm < n; bm += N)

{

nbm = (bm + N <=n 7 bm + N : n);
for (bi = 0; bi < n; bi += N)
{

nbi = (bi + N <=n 7 bi + N : n);
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/* BRYMCAUTE pe3yABTHPYNUME GAOK MATPHUH C
C BepxuuM neswM yraoM (bi, bm)
¥ npasem HumHuM (nbi-1, nbm-1) =/
for (m = bm, pc = ¢ + bm; m < nbm; m++, pc++)
{
for (i =bi, pa=a+bi*n, pb = b + m;
i < nbi; i++)
{
for (s = 0., j = 0; j < n; j++)
s += *(pa++) * pb[j * n);
pcli * n] = s;

}

#undef N

/* Pasmep 6nora */
#define N 40

/* YMHOXMTHL MATpHDy a Ha MaTpumy b, ¢ = ab,
Enounoe yMHOKEHHe MATpul %/
void matrix_mult_matrix_4 (double *a, double b,
double *c, int n)
{
int bm, bi, nbm, nbi;
int 1, nl;
int i, j, m;
double *pa, *pb, *pc, s;

for {(bm = 0; bm < n; bm += N)

{

nbm

(bm + N<=n ? bm + N : n);
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for (bi
{

nbi

0; bi < n; bi += N)

(bi + N <=n ? bi + N : n};

/* BHYRCIHTE pPe3yIbTHPYWUMH ONOK MaTpHIH C
¢ BepxEMM neBmM yriom (bi, bm)
¥ npasuM HEExHEM (nbi-1, nbm-1) */

/* BruaucageM Kak Tpou3BeleHud OJIOKOB MaTpuI
aubx/ .
for (m = bm, pc = ¢ + bm; m < nbm; m++, pcH+)
for (i = bi; 1 < nbi; i++)

pcli * n] = 0.;

for (1
{
nl = (1 +N<=n?l+0N:n);
/* BuYMCIfeM HpPOU3BENEeHHE
6noxa marpuu a [(bi,1} x (mbi-1,nl-1)]
na 6mox MaTpuust b [(1,bm)x(nl-1,nbm-1)]
® npubasngem x Gjoxry
marpuuyt ¢ [(bi,bm) x (nbi-1,nbm-1)] */
for (m = bm, pc = c+bm; m < nbm; mt+, pct+)
for (i = bi, pb = b + m; i < nbi; i++)
{
pa=a+1l+1i%*n;
“for (s =0., j =1; j < nl; j++)
s += x(pa++) * pblj * n];
pcli * n] += s;

0; 1 <n; 1 +=N)

#undef N
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/* PasMep 610Ka, AONEEH AENUTHCH Ha 2 */
#define N 40

/* YMuoxuTH MaTpuny a Ha matpuuy b, ¢ = ab,

GrouHOe yMHOXEHMe MATDHL, BHYTPEHHME NMKX P23BEpPHYT */
/* PaboTaeT TOABKO ANA WeTHHX n (and Bcex n OpHAeTCE

YCIORHATEL Pa3BOpAvYUBaHME LMKNa) */
void matrix_mult_matrix_5 (double *a, double *b,

double *c, int n)

{

int bm, bi, nbm, nbi;

int 1, nl;

int i, j, m;

double *pa, *pb, *pc;

double 800, s01, =10, si1;

for (bm = 0; bm < n; bm += N)

{
pbm = (bm + N<=n ? bm + N : n);
for (bi = 0; bi < n; bi += N)
{ .
nbi = (bi + N<=n ? bi + N : n);

/* BNYMCINTL pesynsTHpyOmuit GNOK MATPHMOH C
C BEDPXHEM NeBuM yraom (bi, bm)
n npaBuM HumHuM (nbi-1, nbm-1) */
/* BHYMCIAEM Kak TpPOMABEeReHHs GJIOKOB MaTpRL,
amb *x/
for (m = bm, pc = ¢ + bm; m < nbm; m++, pc++)
for (i = bi; i < nbi; i++)
peli * n] = 0. ;

for (1 =0; 1 <n; 1 +=N)
{
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nl=(1+N<=n?1+N:n);
/* BuumcaseM OpOM3BeleHne
6noxka mMaTpuuw a [(bi,1) x {(nbi-1,nl-1)]
#a 6moxk marpumst b [(1,bm)x(nl-1i,nbm-1}]
1 npubamnaeM k BmORY
maTpuns ¢ [{(bi,bm} x (nbi-1,nbm-1)] */
for (m = bm, pc = ¢ + bm; m < nbm;
m4= 2, pc += 2)
for (i =bi, pb = b + m; i < nbi; i +=2)
{
pa=a+1l+ 1i*n;
800 = 801 = s10 = s11 = 0.
for (j = 1; j < nl; j++, pat+)
{
/* amement (i, m) */
s00 += pa[0] * pb[j * n];
/* amement (i, m + 1) #*/
801 += paf0] * pbl[j * n + 1];
/* anmement (i + 1, m) */
510 += paln] * pb[j * n};
/* anement (1 + 1, m + 1) */
si1t += pa[n] * pb[j * n + 1];
}
pcli * n] += 300;
pcli * n + 1] . += 801;
pcl(i + 1) * n] += 810;
pcl{i + 1) * n + 1] += s11;

OTHoweHNe BpeMeHd paboThl NEPBOr0 BapHaHTa (CTaHAAPTHO-

-

ro) K spemeHH paBOTBl KaxK/0TO H3 5 BAPUAHTOB JJIA MAaTPUIL
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Tabmuana 2.1. CooTHouenue ckopocTu paboThi
PA3/IHMHBIX NTOPHTMOB YMHMKEHUS MAaTPUIL

IIpoueccop Pentium III | Pentium III | PowerPC 603e
Pazmeprnocts 1000 2000 1600
AnropurM 1 1.0 1.0 1.0
Anaropurm 2 1.3 1.0 1.0
Anropurm 3 1.9 1.0, 1.0
AnropurM 4 2.3 7.6 5.6
Anropurm b 4.3 13.8 11.0

1000 x 1000 1 2000 x 2000, EBiMmCICHHOE HA npoueccopax Intel
Pentium III u IBM/Motorola PowerPC 603e, npueeaeno B Tab-
aune 2.1 )

OrmMeTnM, 4T0 IPOCTO Nepenucan NPOrpaMMy € YHETOM HAJIMYHA
KSII-MAMATH M KOHBefepa MHCTPYKIHH, MBI NOAYYHIH Godee ueM
10-kpaTHOe yckopeHne Ha oiHOM nporneccope, 663 UCMONB30BAHHA
LIAPAJIIENLHON BBIYHCIAUTEIbHON YCTAHOBKMU!

Ho npocebam unraTenefi Huke NPUBOAKTCH TEKCT OMUCANHBLIX
BbILIIE BADHAHTOR yMHOXEHHS Marpun #Ha A3blke FORTRAN-T77.

C YMHOXMTBL MaTpuuy a Ha MaTpuyy b, c = ab,

C uuxn no cTpoxamM ¢
subroutine matrix _mult_matrix_1 (a, b, ¢, n)
real*8 a (n, n), b (n, n), ¢ (n, n)
integer n

integer i, j, m
real*8 s

dom=1, n
doi=1,n
s = 0.d40
do j =1, n
s=s+af(m j)*b(j, i)
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end do
¢ (m, 1) = s
end do
end do
end subroutine

¢ YMHORNTL MATpUUy a Ha MaTpHLy b, ¢ = ab,

C uuka no cronbuam c
subroutine matrix_mult_matrix_2 (a, b, ¢, n}
real*8 a (n, n), b (n, n), ¢ (n, n)
integer n

integer i, j, m
real*8 s

dom=1, n
doi=1,n

8 = 0.40
doj=1,n
s=s+adi, j)*b(, m
end do
¢ (i, m) = s
end do
end do

end subroutine

C YuMpoxuTh MATpHUy a Ha MaTpuuy b, ¢ = ab,

C uuxn no bnoraM ¢
subroutine matrix_mult_matrix_3 (a, b, c, n)
real*8 a (n, n), b (n, n), ¢ (n, n)
integer n

integer bm, bi, nbm, nbi
integer i, j, m
real#*8 s
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parameter (nn = 10)

do bm = 1, n, nn
if (bm + nn .le. n + 1) then
nbm = bm + . nn

else

nbm = n + 1
endif
do bi =1, n, nn

if (bi + nn .le. n + 1) then
nbi = bi + nn

else
nbi = n + 1
endif
C BuuncauTte pesyneTupyoumii 610K MaTpHLE C
c ¢ BepxHuM JneeuM yriaoM (bi, bm)
C ~ H mpaseM HExHEM (nbi-1, nbm-1)

dom = bm, nbm - 1
do i = bi, nbi - 1

s = 0.d0
doj=1,n
s=s+a((i, j)*b (j, m

end do

¢ (i, m} = s

end do
end do
end do

end do
end subroutine

C YuHORMTL MaTpHLy a Ha MaTpHuLy b, c = ab,

C GmoyHoe yMHOReHHE MaTpuly
subroutine matrix_mult_matrix_4 (a, b, ¢, n)
real*8 a (n, n), b (n, n), ¢ (n, n)
integer n
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GO ana

integer bm, bi, nbm, nbi
integer 1, nl

integer i, j, m

real*8 s

parameter {(nn = 40)

do bm =1, n, nn
if (bm + nn .le. n + 1} then
nbm = bm + nn
else
nbm = n + 1
endif
do bi = 1, n, nn
if (bi + nn .le. n + 1) then
nbi = bi + nn
else
nbi =n +1
endif
BHYMCAMTL PEe3yJbTHPYRUMA 610K MATPUIH C
¢ sepxHum neemy yraom (bi, bm)
H OpaBHM HHKHHEM (nbi-1, nbm-1)
BuuMCIfAeM KAk npousBeneHus 6M0KOB MATPHN
a®ub
dom = bm, nbm - 1
doi=Dbi, nbi -1
¢ (i, m) = 0.d0
end do
end do

do 1l =1, n, nn
if (1 + nn .le. n + 1) then
nl =1+ nn
else
nl =n+1
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endif
BuydcngeM npou3BeleHue
b6noka MaTpuus a [(bi,1) x (nbi-1,nl-1)]
Ha Gsox MaTpmusl b- [(1,bm)x{(nl-1,nbm-1)]
K npubasmsemM x bnoky
MaTpunst ¢ [(bi,bm) x (nbi-1,nbm-1)]
dom = bm, nbm - 1
do i = bi, nbi - 1
s = 0.d0
do j=1,nl -1
s=8+ad{i, j)y *b (j, m
end do
c (i, m) =c (i, m) + s
end do
end do
end do
end do
end do
end subroutine

QO aaaan

C YunoxuTr MAaTpHLY a Ha MaTpEUY b, ¢ = ab,
C GrouHoe yMHOX@HMe MATDHI, BHYTDEHHMl UHKN pasBepHyT
C Paboraer TONBKO ans YeTHMX N (qnE BCex n npugeTcsa
C ycnoxusTs pa3BOpAYMBAHME LHKIA)
subroutine matrix_muwlt_matrix_5 (a, b, ¢, n)
real*8 a (n, n), b (n, n), ¢ (n, n)
integer n

integer bm, bi, nbm, nbi
integer 1, nl

integer i, j, m

real*8 s00, s01, s10, si11
parameter (nn = 40)

do bm = 1, n, nn
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if (bm + nn .le. n + 1) then
nbm = bm + nn
else
nbm = n + 1
endif
do bi = 1, n, nn
if (bi + nn .le. n + 1) then
nbi = bi + nn
else
nbi =n + 1
endif
BrupenuTe pe3ynbTHpynumit 610K MaTpHIM C
¢ mepxuum meBuM yriom (bi, bm)
n npasuM HuxHuM (nbi-1, nbm-1)
BuuncngeM XaK IpoddBeleHEs 6I0KOR MATDHI
anb
dom = bm, nbm - 1
doi=Dbi, nbi - 1
¢ (i, m}) = 0.d0
end do
end do

Q00O

dol =1, n, nn
if (1 + on .le. n + 1) then
nl =1 + nn
else
‘nl =n+1
endif
BHuHCIAEM NpPOM3IBEZOHUE
6noxa maTpmun a [(bi,l) x (mbi-1,nl-1)]
ra 6mox MaTpuuw b [(1,bm)x(nl-1,nbm-1}]
u npubasnaeM K OROKY
maTpumu ¢ [(bi,bm) x (nbi-1,nbm-1)]
dom=bmn, nbm - 1, 2
do i = bi, nbi - 1, 2

Q QG aa
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s00 0.d40
s01 = 0.d0
s10 0.d0
sli 0.40
do j=1,nl1 -1
C aneMenT (i, m)
500 = s00 + a (i, j) * b (j, m)
C snemenT (i, m + 1)
s01 = 501 + a (i, j) * b (j, m + 1)
C sneMernt (i + 1, m)
s10 =st0 +a (i +1, j) *b (j, m)
C smement (i + 1, m + 1)
sil =511 + a (i + 1, j) * b (j, m+1)
end do

m
(i, m+ 1) + 301

(i +1, m) + s10

=c {(i+1, mtl) + siil

end do
end do
end do
end do
end do

. end subroutine

OtmeruM, YTO mM3-3a XpaieHusi MATPHI IO CTON6LAM [PH 7t =
1000 na Intel Pentium IIT ckopocTd paboThl nepporo u BTOPOTO aJ-
TOPHTMOE MeHAIOTCH Mecrasn; npu n = 2000 na Intel Pentium 111
anroputy 5 5 10 pas npeBOCXOANT 110 CKOPOCTH AIrOpUTM 1.



NMyTv nosbilieHUsn
NPOU3BOAHUTENIbHOCTH
onepaTMBHOW NaMATH

K coxanenno, pa3pelk B IPOU3BOSHTENBHOCTH TIPOIECCOPa ¥ Onepa-
THBHON MaMSATH YReJMUHBAETCH C KaXKabiM rogoM. Jleao B ToM, 9TO
B IIPOLIECCOP HE TOJMLKO BHEIPAT BCe Bosee U30MPEHHbIe MEXAHN3-
MBI YCKOPEHHSA ero paboThl, HO B MOJHHMAKOT €r0 TAKTOBYIO 4acTo-
1y. [locneanee He TOIMTCH AN OMEPATHBHONH DAMATH {r10 kpaiineit
mepe, ans IBM obuiero Ha3HaYeHHs ), TOCKONBKY 3TO MPUBOAUT K
3HAYHTEJLHOMY TOBBIIIEHHH) BbLIEICHHA TEIa, KOTOpOe He yia-
erca oTBOAUTH OObIYHBIME cnocofamu. (3aMeTHM, 4TO CymIecTBYy-
for 9BM, rae Hcnosis30BaHA 3HAYUTENBHAR YACTOTA ONEPATHBHOM
IAMSATH, PACILIATOR 3a 4TO SIBAAETC HeoOXOAMMOCTE OXJIAXKACHUS
MO/IYJIEl [TAMSATH BOASHEIM JHO0 yIBTPasBYKOBEIM BO3TYNIHBLIM 110-
tokoM. ) T103TOMY B HACTOAIIMA MOMEHT JaCTOTA [IPOLECcCUpa MOXKeT
Gonee, 1eM B 10 pa3 NPeBOCXOQUTL YACTOTY OMEPATUBHON NAMSITH.
C vyerom napa/iean3Ma B paboTe Ipoieccopa 3TO O3HAYAET, 'ITO
33 BpeM# OJHOTO 0Bpalllenys K NaMATH OH MOXKET BBIIOJHUTL Gonee
20 wacTpykuni (1), TAKUX KaK IiepeMHOMKeHHe Iaphl BEIECTBEHHbIX
THCEJL.

Ans MOBLIIEHHES NPOU3BOAMTEIbLHOCTH ONEPATHBHOH NaMHTH
IPUMEHSIOT HECKOJIBbKO MPHEMOB, HMIACOJIONMMECKH CXOXKHX C METO-
IaMH yCKOpeHusl paGoTel nponeccopa. Mmenno, onepaTusHas na-
MATb JOKHA TIApALTeNbHO 00pafaTeiBaTh (T. €. IPHHKMATDH (3a-
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HCH) WM BBLABATDL (YTeRME)) KAK MOXKHO GOJIbIIee KOMUueCTBO
JlaHHBIX:

¢ VBequMueHHe IHUPHMHBI IUMHB! JAaHHBIX: nepexoa oT SIMM
(32-6urtnan muna) xk Moaynsm DIMM, DDR. (64-, 128- wan 256-
BuTHAH muna) upu NOCTPOEHHUH ITOACUCTEMBI MAMATH. JTO JAET
nprpoctT B 2, 4 mm 8 pa3 npy JocTyne K MOCHEN0BATELHBIM

+ AaHHBIM (T. €. KOFJa CTPATErus NpeABKGOPKH CTPOKH K3ma cebs
OUPABBIBAET). '

¢ Beenenne weGosibinoft crarngeckolt namarn SRAM JJ15
Bycdepuzannn DRAM-monyneii: Sydepuzopsannsie DIMM-
MOAYIM. DTOT CIOCO6 AHATIOTHYEH BBEACHHIO K3IUA B IPOLECCOp.

¢ Beegenue xouseiiepa B Mmoaynu DRAM. Hcnonbsyeres ra
K€ uzed, 9T0 H IIPH BBEJEHHHU KOHBeliepa B Ipoueccoprl. BuyT-
PH MO#Y/IA HaMATH HAXOOHWTCH HECKONLKO 06pabaThiBaeMslx 06-
PallgHU# K MaMATH B Pa3HOI CTemeHH roTOBHOCTH (opMupO-
BaHHE a/]peca, BuIbOp Ganka, BLIGOpKA JAHHBIX, 3AMCH MX HA
BHEIIHIOW IMMHY H T. A.}. DTO NO3BONAET MOAYMIO NAMSATH IpH-
HHMATb/BBIAABATE JaHHEIE KaXKALH LMKI IHHB (IPA yCJIo-
BHM ONTHMa/abHOre (GyHKHHOBHDOBAHNMA KOHBe#tepa). B cmiy
9TOro Takas HAMATL TIONYYHNa Ha3zpaHme synchroncus DRAM
(SDRAM). Ons rakoit maMsTH B KadgecTse BPEMEHH JOCTY-
N3 NPOU3BOJUTENH B PEKIAMHBEIX LEASX MHIUYT MHHAMAILHBIN
UHKJI ITHHBI, YTO JAeT (baHTaCTH4eCKHe BPEMEHa JOCTYIA Me-
#ee 10He (T €. yacToTa wunb Gonee 100 MI'n). Ha camom e
Aene B Moaysix SDRAM ncrons3oBatbl 06b19AbIe MUKPOCKEMBI
NaMATH, BpeMA JOCTYIa K KOTOPRIM — 0K0s10 60 He.

e «Paccnoenue» oneparmsHoli namsTu. IMockonsky mpouec-
COp OOMEHMBAETCH C NIAMATHIO TONBKO BJIOKAMH PAZMEDPOM CO
CTPOKY K3LIA, TO MOXKHO DAa3NenuTh 3TOT Dok Ha N uacrent (N
06bIanO 2, 4, 8) ¥ nepefaTh KAXKAYIO M3 HACTEH CBOEH NOACHCTE-
Me namsTi. B pesymerare momyuajorcs N momcuereM mamaTh,
paboTtaronmx napannensHo. Ecan nporpamma tpebyer nocieno-
BATE/JbHBIE 3PECA UAMATH (T. €. CTPATETHS NPEeABHGOPKH CTPO-
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KH K3ia cebsi ONpaBIBIBAET), TO ITOT MOAXOM MOXKET B N pas
YBETHYHTS TPOU3BOIHTELHOCTE [IOACHCTEME] TIAMATH.

[ToxuepKHeM ellle pa3, YTO BCe OMHCAHHBIE NPUEMBI (xak ¥ B CH-
Tyanuy € MPONECCOPOM) AAIOT BBIMTDBIIL TOMLKO [l «TIPABHJIBHOY»
YCTPOEHHOM MPOrPaMMel, T, €. TOM, KOTOpas B OCHOBHOM obpama-
eTcs K NMOCACIOBATENBHO PACTIONIOMKEHHBIM JAHHBLIM M 33 KaXA0e
ofpallenye YMTAET/3aNHCHBAET OIOK NaMATH, He MEHBIIHNH IHUDH-
Hbl LOHHBI.



OpraHusauus aaHHbIX
BO BHELUHEeMW NaMaTH

MHoronporeccoprhie cucress HHora CTPOATCA Ha NPOLEccopax
Pa3HbIX NPOU3BOANTENEH. DTH NPOLECCOPH] PELIAKIT oy 3aga-
4y ¥ 0OMEHHBAIOTCs Mexry coboll ZamHBIMMU 4epe3 pasaeseMyo
HAMATH WinT KOMMYHHKAIOHHBIR KaHat. B sto#t cutyauuu Heobxo-
AHMO COPNACOBAHHE NPEACTAB/IEHHA MAHHLIX B NAMATH KaKAbIM H3
YHaCTBYIIUX B OOMEHE NMpOLeccopos.

Hpu pocryne k JanusM (MEJIOYHCICHHBIM MM C TIaBaoei
TOYKO#) OCHOBHEIM BOIIPOCOM ABJAETCH CIIOCOG HyMmepanuu 6afiTos
B CJOBE,

Ecn 651 B 32-6utHoit apxutekType MEHHMANLHEBIM ajpecyeMbiM
S/IEMENTOM ONEPATHBHON IAMATH ABJIANOCH 32-6UTHOE CI0BO, TO BO-
mpoc o HymepainH 6aitTos B cnoBe He BeTaBad 1. B peansnon CHTY-
4lHH, KOLJa MHHHMAJ/IbHBIM aADECYEMbIM SJEMEHTOM ONEPATHBHOM
HAMATH ABseTcs GaiT (8-OutHoe coBO), HaHHBIE BOMBINErO pas-
Mepa 0bpa3yIoTCs KAk OfheliHenue NOIPA HAYIINX Gafir. Brifop
HyMepaiuu 6afiT 5 32-6urnon (4 Gaitra) ci0Be MoOMET GBITH 1IpOH3-
BOJIBHBIM, 4TO Aaer 24 = 4! cnocoba. Ha npaxTuke HUCIONB3YKTCH
T01bK0 ABa: ABCD (naseisaempit big-endian) n DCBA (Ha3niBae-
verit little-endian).

B monemu big-endian 6afiter 8 ciose HYMEDPYIOTCA o1 Hanbosee
SHATHMOrO K HanMeHee 3HawiMoMy. B mogenu little-endian 6aiito
B CI0BE HYMEPYIOTCA OT HAMMEHEee SHAYMMOTO K HAHG0Tee IHATHMO-
ny. [Ipnsvepr big-endian-nponeccopos: Motorola 63xxx, PowerPC
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(110 ymonuanuio), SPARC; npumep little-endian-npoueccopa: Intel
80x86. IIpoueccopsr PowerPC, Intel 80960x, ARM, SPARC (64-
6uTHBIE MoJdenu) moryT paboraTh Kak B big-endian-pesxume, Tak
u B little-endian.

Eciu mpolieccopsl, 0CYIECTRIAIIHE 00MeH JaHHBIMMY, HCIIOJb-
3YVIOT pa3HBIf peXuM HyMepauun 6aiiTos, To norpebyercs npeoﬁpéx—
30BBIBATH BCE [OJIyYeHHbIe WM TlepeaaHHble aaHube. [IpakTudeckn
BCC COBPEMEHHBIE TPOLECCOPBl HMEIOT LI 3TOH LM CIelMaTbHYIo
HHCTDYKLHIO.

Bce cospeMennsle TPOUECCOPHI NOANEPXKHUBAIOT B OPraHH3alMy
JaHHBIX C ILTaBaromed Toukoit crangapt ANSI/IEEE 754-1985. ITo-
3TOMY [JONOJHHTEILHBIX NpobieM B ITOM Cllydae He BOSHHKAET.
Heobxogumo TONBKO YYHTHBATE, YTO JaHHbIE C [JaBaOmed To4-
KOIl COMEPIKAT HECKOJIBKO GaliT, MOITOMY HA HHX TAKXKe OKa3blBaeT
BIHAHUE crocob Hymepaluu GaliToB B CAOBE.

34017



OcHOBHbIEe NONOXKeHUs

B sroit ryrape MBI BBesieM OCHOBHBIE TIOHATHS, MCTIOJb3YEMbIE MDH
paccMOTPeHHH N000H MpOrpaMMHON CHCTEMBI.

5.1. OcHoBHbIEe onpepeneHun

Onpenenenne. IIporpamma — 310 onucanne Ha HeKOTOPOM GHOp-
M3JIM30BaHHOM fA3bIKE &/ITOPHTMZ, PElIAloIero NOCTABJECHHYIO 3a-
Aady. [IporpamMMa siBasieTcs CTATHYECKOH EUMHHULECH, T. €. HEM3MeH:A-
MOl ¢ TOYKH 3peHIld ONEPAaLHMOHHON CHCTEMEI, ee BLHIONHSIOMEeH.

Onpeaenenue. [Ipouece — 310 AMHAMKYECKAH CYNIHOCTD IIPO-
rpaMMBl, €€ KOI B NPOLECCE CBOETO BLINOJHeHHdA. Haeer

¢ coGCTBeHHBIC 0BMACTH MAMATH MO/ KO U JaHHEIe,

e cofcTBenublil cTek,

¢ (B cucTEMAX C BRPTYAIbHON NAMATBLIO) cofeTBeHHOe oToGpasKe-
Hie BUPTYAJBHOIl MaMATH Ha (GUINYECKYIO,

e coGCTBEHHOE COCTOSTHHE.

[Ipouiecc MOMXKeT HAXOZUTECH B OAHOM H3 CJACAYIOHNIHX THIMMHEIX CO-
CTOAHMI (TOUHOE KONMYECTBO H CBOHCTBA TOTO MM MHOTO COCTOS-
HMA 3aBHCAT OT ONEPALMOHHON CHCTEMBI):

1. «OCTaHOBJIEH» *— IPONECC OCTAHOBJEH M HE UCMONL3YeT Npouec-
COp; HalpPHMEDP, B TAKOM COCTOSHMH NIPOLIECC HAXOAMTCH Cpaly
rnocse COIAAHMSA;
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2. «repMUHHMPOBaH» — OPOLECC TEPMHHHEDOBAH W He HUCIOJIB3YyeT
IPOLECCOp; HAIPHMED, NPOLECC 3aKOHYNJICHA, HO €le HE yajleH
OIIePALHOHHON CHCTEeMON;

3. «XOeT» — Mpolecc XKAET HEKOTOPOTro COOHITHA {KOTOPEIM MOXKET
6bLIThH aNflapaTHOE MAH NPOTPaMMHOE TPEpPLIBAHKE, CHI'HAJ HIH
Apyraf cbopmarmemnpoueccrmro B3aMMOIeHCTEUS );

4, «roToB» — IPOLECC HE OCTAHOBJIEH, HE TEéPMUHHPOBAH, HE 0XKH-
Jl3eT, He YAalleH, HO H He paboTaeT; HampuMmep, [Ipouecc MOXKeT
He MOJy4YaTh JOCTYUA K IIPOLECCODY, €CNHM B JaHHbIH MOMEHT
BBITIOJTHAETCA Apyrolt, Gonee NPUOPHTETHDLIN ITPOLECCT;

5. «BBILIOJHAETCA» — MNPOLECC BHINOJHAESTCH H HCIIOIB3YET IPOIeC-
cop. '

Omnpeanenenue. Crek (stack) —3T0 obnacrk MaMaTH, B KO-
TOPON Pa3sMEIA0TCsA JIOKAILHbIE [epeMEHHbIe, APTYMEHTHl # BO3-
Bpalnaemble 3Hadennst GyHkuuit. Bmecte ¢ obaacrsio CTATHYECKHX
TTAHHBIX TIOJMHOCTBIO 330aeT TeKyee cocroanne mponecca. ITo Jsio-
HYECKOMY YCTPOHMCTBY CTeKH GBIBAIOT YeThIPeX BUIOB {puc. 5.1):

a) full descending — pacTer BHU3 (K MIAIUINM A1pECaM IaMATH),
ykasatenk creka (SP, Stack Pointer) yxa3eiBaer Ha mOCIeIHION
3AHATYIO A4efiKy CTeKa (HA3LIBAEMYIO BEDIIMHON CTEKa);

6) empty descending — pacter BHM3, SP yKa3bIBaeT Ha IIEpBYIO
ceobomHyK AYEHKY CTEKa 3a ero BepUIHHON;
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B) full ascending — pacrer Beepx, SP yxa3mBaeT Ha IepBYIO 3a-
HATYI0 AYefKy CTeKa,;

r) empty ascending — pacrer Beepx, SP yxa3wBaeT Ha mepByio
cBoBOMHYIO sS4efiKy CTeKa 3a ero -BepliMHOMN.

B psage nponeccopoe THI cTeKa 3aKpeTieH annapaTHO (Halp-
Mep, B Motorola 68xxx u Intel 80x86 ucnonbayercs crek 5.la, B
Intel 80960 — 5.1B), AN APYTUX NPOLECCOPOB THI CTEKA MOMKET
BHIGHDATBCA Pa3PabOTYNKAMH OMEPAIMOHHBIX CHCTEM MPOH3BOJIb-
Ho (MpakTHYeCKH Beerga BeiGHpaerca cTex 5.1a).

Onpenenenne. BupryasnbHas NaMATb — 3TO «TAMSATB, B
a/IPECHOM TPOCTPAHCTRe KOTOpoit pafoTaeT npouecc. BupryanbHas
NaMHATh:

1. mo3sosser YBEJINYUTE 00beM NMaMATH, JOCTYIIHON HpOLeccaM 3a
cUerT JUCKOBOH maMsaTH;

2. obecneunBaer BBIAENEHME KAXKAOMY M3 NPOLECCOB BHPTYAJIBHO
HENPEpbIBHOrO /10Ka MaMATH, HAYHHAKOWErocsa (BUPTYaabHO) C
OOHOI'O H TOI'O XKe aJipeca;

3. ofecneunBaeT M3ONAUMIO OIHOTO MpOIECCa OT APYroro.

Tpancnanueil BUPTyaJbLHOTO 3apeca B bu3MIeCKUN 3aHAMAET-
CAl ONEpalMOHHAs cHeTeMa. JINd YCKOPEHMs 3TOro MpoLecca MHOTHe
KOMIIBIOTEPHbIE CHCTEMBI MMEIOT MOJIEPIKKY CO CTOPOHBI annapa-
TYDPBI, KOTOpas MoxeT Owbith anbo mpsamMo B mOpoieccope, Jubo B
CHELHANILHOM YCTPOHCTBE YNPABJICHHS HAMATHIO. Cpean MexaHH3-
MOB TPaHCJSLHN BUDPTYATbHOrO ajpeca NpeobaajaeT ¢TpaHHYHEIH,
IPH KOTOPOM BADPTYANlbHAA M (DH3MYECKAS MaMAThL pa3bHBaloTca Ha
KYCKH PaBHOTO pa3Mepa, Ha3blBaeMble CTPaHUIAMH (THIIHYHEIN pa3-
mep — 4 K6), mexxay crpannuamu BUPTYanwsHOH u hH3H4ECKOH [1a-
MATH YCTaHaBIHBAETCH B3AHMMHO-OJHO3HAYHOE (A8 KaXXI0ro upo-
necca) orobpaxenue.

Onpenenenue. MexnpoueccHoe B3aMMOAeHCTBME — 3T0
TOT HJIH MHOH C1I0C06 repeaasun ungOpMalty U3 OHOTO TPOLecca B
apyroit, Haubonee pacnpocrpagennniMu dhopMamMu 3auMonelicTeus
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apasitorca {He BCe CHCTEMEl MOLAEPXKHBAIOT MEPEUHCIEHHBIE HIXKE
BO3MOMKHOCTH):

1. Pasgensemasn mamsTs — apa (uiau Bosee) nporecca UMeEOT J0-
cTyn K oaHOMYy u TOMY ke Bioky maMaTh. B cucremax ¢ BHp-
TYyaJIbHOM NAMATHIO OPraHH3AIMA TAKOrO BHAA B3aMMOAEHCTBUA
TpeOyeT MOMJEPKKH CO CTOPOHBI OIIEpAlHOBHON CHCTEMBI, IIO-
CKOJILKY HeofX0IMM0 0TOGPAa3HuTh COOTBETCTRYIOmME BI0KH BUp-
TYAJILHOM MAMSATH MPOLECCOB HA OIMH B TOT Xe 60k dusuye-
CKOH IIaMATH.

2. Cemacpopsr — asa (mu 6ostee) Mpoecca MMEIOT A0CTYI K OXHON
MepeMeHHoH, IPHIMMAIOLIEH 3HaueHHE 0 unu 1. Cama nepemMeH-
Has JACTO HAXOOUTCA B 06GJIACTH JAHHBIX ONEpAlMOHHOM cHuCTe-
MBl M JOCTYI K Hell OpraHM3yercs IOCPEACTBOM CIHEIHANBHBIX
hYHKIHA. :

3. CHrnangs! — 5T0 cOOBLIEHUS, NOCTABIREMBIE MPOLECCY MOCpen-
CTBOM ONeparuonHoli cucTembl, Ilponecc fonxeH 3aperucTpH-
posaTh 00paboTy¥K 3TOro COOBLEHHS Yy ONEPALMOHHON CHCTE-
MBI, YTOBbL MOTYHHTh BO3MOKHOCTh PEArHpoBaTh Ha Hero. Ha-
CTO ONepalMoHHAA CHCTEMa H3BENIaeT [IPOLEeCC CHTHA/IOM O Ha-
CTYIUIEHHY Kaxoro-ubo cfos, Hampumep, aeneHuu Ha 0, nan o
KakoM-/1H00 amnapaTHOM NMPEPBIBAHMH, HAPUMED, NPePhIBAHKHA
TaiiMepa.

4. IMoutoBple AmMEKH — ITO Oyepenb coobumeHnit (06bIMHO — Tex
WM WHAIX CTPYKTYP A2HHBIX), KOTOpBle NMOMEMAKTCA B IIO-
YTOBBIA fAINMK NponeccaMi n/nnn ONEPALEOHHON CHCTeMOoM.
HeckonbKO NPOLECCOB MOFYT KAATh NOCTYILIEHHA COODIIEHHs
B MIOYTOBLIH ANIHK M AXTHBH3HPOBATHLCA M0 €ro HOCTYIIEHHH.
Tpefyer noaZepKKH CO CTOPOHBI ONEPAIMOHHOH CHCTEMBI.

Onpegenesue. CobbiTie —3TO ONOBEIEHNE TPOLECCA CO CTO-
POHBI OIEPALMOHHON CHCTeMBI O TOH HIIH HHON (hopMe MEKIPOIece-
HOro B3aUMOIEHCTBHS, HAIPHMED, 0 TPHHATHH ceMadOpOM HyX-
HOTO 3HAYEHHMA, O HaJWYHH CATHAJIA, O MOCTYIIEHHH COODUIEHHA B
MOYTOBHIY SIUIHK.
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Co3ganue, obecneyenne B3auMOIEHCTBUA, pa3jeseHie npc;uec-
COPHOTO BpEeMeHH Tpelyer OT ONEePAIIMOHHON CHCTeMBbl 3HAYUTEIb-
HBIX BBIMHCNUTENBHEIX 3aTPaT, 0COOEHHO B CUCTEMAX ¢ BUPTYANbHOM
IAMATEI0. JTO CBA3AHO MPEXJE BCETO ¢ TEM, YTO Kaxabfl nponece
MMeeT cBoe 0ToOpaKeHue BHPTYAJNLHON NAMATH Ha (DH3HYECKYIO,
KOTOpPO€ Hal0 MeHATH NPH NEPEKJIYeHHH IPoLeccoB M npH obec-
MeYeHHH KX AOCTYTIA K 00beKTaM B3auMonefCcTBHA (oBinett maMaTy,
cemadopam, nourosbiv smpkam). Ovens yacto BwuIBaeT Tak, 4TO
TpebyeTcs 2allyCTHTH: HECKOABLKO KOMMl DAHOH M Toll e IIpOrpam-
Mbl, HAIIPHMED, JUIA HCNONB3IOBAHNA BCEX IIPOIIECCOPOB CHCTEMEL. B
ITOM Cy4ae Mbl HeCeM JABOHHBIE HAKITAZHLIe DACXOABI: NEPIKHM B
ONMepPaTHBHOH NMAMATH HeCKOJIBKG KOMHH KOJa OHON IIpPOrPAMMBI U
enie TPATHM JOTNONHHTENLHOE BpeMs Ha obecredeHyde HX B3aWMo-
AeHCTBHA. YIy4IlaeT CATYAIHIO BBEJCHHE 3334,

Onpepentenne. 3anaua (uin NoToK, niu Huth, thread) —
3TO XaK Obl 0OAHa M3 BETBeN VCIOJHEHUS TPOLIECCA:

® pasjejifaer ¢ NpOLeccoM ob/IacTh MAMATH OO KOX H JaHHEBIE,

e HMeeT cODCTBEHHBIR CTeK,

¢ (B CHCTEMaX ¢ BEPTYaJbHON HAMSTHIO) PA3ZEssieT ¢ MPOLECCOM
oToOpaX<eHne BHPTYaJbHON HaMATH Ha DUIUYECKYIO,

* uMeeT COBCTBEHHOE COCTOSHHE.

Taxum 06pa3zonM, y ABYX 33334 B OJIHOM IIpoNecce BCH NAMATH ABIS-
€TCH Pa3/Ieserol, U JONOHHTENbHbIE PACXOdk!, CBA3aHHDIE C pa3-
HbIM 0TOOpaKeHMeM BHPTYAJILHON NAMATH Ha (GU3UYECKYIO, CBEIe-
HbI X Hymo. [Ans 3a7au Tak JKe, KAk s IPOLECCOR, ONpeae/soTCs
IOHATHA COCTOAHHA 38Ja4H H MeXK33/a9HOro 3auMonehcrenda. Or-
METHM, YT0 [/ JBYX NpOLeccoB 0BhYHO TpebyeTca opraHH3oBATH
uTo-TO 06MiEe (MAMATL, KaHAT H T. ).) 445 X B3aUMOREHCTRYS, B
TO BpeMfA KaK IAMA ABYX IOTOKOB HAacTO TpebveTca OpraHM30BaTh
4T0-T0 (Hanpumep, 06JaCTb MaMsATH), HMEIOUICe CBOE 3HATMEHUE B
KaXJ0M H3 HHX. :

Onpeaenenne. Pecype — a10 06'beKT HeoOxo UMbl 419 pa-
BOTHl HpOLeCCY WAH 3ajaade.
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Onpenenenaue. IIpuoputer —-3T0 YUCNO, NPUNHACAHHOE OLe-
pALIMOHHON CHCTEMO KaxXJOoMy MHpONeccy M 3ajate. Yem Gonbine
370 YMCNO, TEM Ba)KHee STOT TPOLECC MM 3aJada u Tem Gonpe
POLECCOPHOTO BPEMEHM OH MJIM OHA TIOJIYMHT.

Ecsin B onmepaiuoHHON cHCTeMe MOTYT OAHOBPEMEHHO CYUIECTBO-
BATbh HECKOJIBKO TPONIECCOB MJIH/Y 33724, HAXOAAUIMXCH B COCTOA-
HUH «BBEITIOJHSETCA» , TO FOBOPAT, YTO 3TO MHOTO34jaHAA CHCTEMA,
a STW MPOLECCH HASBLIBAIOT MAPAsJIeNbHBIMI. UTMETHM, MTO €C-
JIM TIPOIECCOP OfHMH, TO B KAXKJblit MOMEHT BPEMEHH Ha CaMOM Aene
pea/ibHO BBINOJIHAETCH TOMBKO OJMH TPOLEcC i 33fata. Cucrema
pa3fenser BDEMsl MEXIy TAKMMH «BHIMONHSIOIMMHACA> TPOiecca-
MH/330a9aMH, AaBasi KaXJOMY H3 HMX KBAHT BPEMEHH, NPOIOPIH-
OHAJLHBIA €ro NMpHOPHTETY.

Onpenenenne. Cea3piBanue (JIMHKOBKR, linkage) — sTO HpO-
lecC MPEeBPAIIEHHs CKOMIMIHPOBAHHOTO KOa (OOHLEKTHBIX MOAY-
ne#t) B 3arpy30dHBIl MOAYJIB (T. €. TO, YTO MOXKeT HCHONHATHCA
IpOLECCOPOM TIpH Toffepxke onepanHoHHON cuctembt). Paznnya-
TOT!

e CTATHMYECKOE CBA3LIBAHME, KOrJa KO/ HeOOXOOHMBIX AJ1A pa-
6oTHl TIporpaMmbl GubanoTeuHbx yHKIuA r3HIeCKH Jobap-
JISIeTCsl K Komy OfheKTHBIX MOyNell A NMOMyHeHHA 3arpysot-
HOrO MOAY.JIA,

e NUHAMHYECKOE CBA3bIBAHWE, KOrA2 B PesyNbTHDYIOIEM 3a-
rpy304HOM MOIYJIe NPOCTARNAIOTCA JTHIIb CCBUIKK Ha K07, Heob-
XOIAMEIX BUbIHOTewHbIX YHKIMM; caM Koa GyJAeT pealbHo J0-
fapieH K 3arpy304HOMY MOZY/I0 TOMBKO IIPH €TI0 HCIIOIHEHWH.

Ilpu CTATHYECKOM CBA3LIBAEMHM 3arpy304HEIE MOLYAH MOJIyHaior-
&t OWeHb -60IBINOTO pa3Mepa. [losToMy momapiaaomiee OO
CTBO COBPEMEHHBIX ONEPALMOHHBIX CHCTEM HCIONL3YeT AMHAMMIE-
CKOEe CBA3LIBAHKE, HECMOTDH Ha TO, YTO OPU 3TOM HAava/lbHad 3a-
rpy3Ka nponecca Ha UCTIOHEHHe MeJJIEHHee, HeM IIPH CTaTHiCCKOM
CBSI3BIBAHMM M3-33 HEOOXOOMMOCTH IOMCKA M 3arpy3KH Koda HyX-
HBIX 6MBANOTEMHBIX (PYHKUMH (JaCTO TOMBKO TEX M3 HHX, KOTODBIE
He 6bLIM 3arpY2KEeHb] IS OpYTIRX TIPOLIECCOB).
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5.2. Buawm pecypcos

ITo croeit MpUPOAE PECYPCH MOXKHO PA3NENHTL Ha

® aniapaTHbIE:
~ Inpoleccop,
— ofJlacTL NaMATH,
— nepudepyitible YCTPONCTRA,
— IpephLIBaHMA,
® porpaMMHbIe:
— nporpaMma,
~ JIBHHLIE,
~ baiinmr,
~ CcooBLIEHUA.
[To cBOMM XapaKTEPHCTHKAM pecypChl Pas3JessioT Ha:

¢ aKTUBHBIE: ‘
— crioco6HBl H3MEHATh HHGOpManno (poueccop),

® MAaCCHBHBIE:
~ C1nocobHB! XpaHHTE HHbOPMAIIHIO,

® JIOKAJIBHEIE:

— IIpHH3IAeaT OOHOMY HpoLECCY, BpeMs KU3HU COBII&JA€T C
BpeMEHEM KU3HHM Mpouecca,

® pasneJisiemMsble:

- MOTYT 6BITh HCHO/IB30BAHB] HECKOILKUM HpOoLeccaMy; cyme-
CTBY10T, IIOKa €CThb XOTk OAWH nmponecc, KOTOprﬁ HX UCIIOJIB-
3YeT, *

& NOCTOSIHHbIE:

— HCIOGJIB3YHTCH NOCPEICTBOM ONEPANAN «3aXBaTHTLY H «OCEO-
GoauTh»,

¢ BPEMEHHEBIC:

— MCIOJAB3YIOTCA NOCPEJICTBOM ONepaliit «CO3NaTh» H «Yia-
JAHTE Y.

PazfensieMsie pecypest 6sisator (puc. 5.2):

¢ HEKPHUTHUYIHbBIMH:
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TMponecc 1
Paspengemprii
IIpouecc 2 A
HEKPHUTHHHEIA
IIpouecc 3 pecypc
_——s
. Pazaensemsblii
IIpouecc 1 Mpouece 2 Ilpouecc 3 A

KPHTUYHBIH]

pecypc

Puc. 5.2. Bune pa3aenseMbIx pecypcoB

— MOTYT BBITh UCTIOIB30BAHE OTHOBPEMEHHO HECKOIBKUMH M1PO-
meccaMy (HanpuMep, *KECTKHI JUCK WK KaHal Ethernet});
¢ KPHUTHYHBLIMU!
- MOTYT BBLITb HCIIO/Ib30BAHB! TOIBKO OJHHM IPOLECCOM, ¥ TIOKA
STOT IpOLECcC He 3aBepiIMT paboTy ¢ PecypeoM, TMOC/IeHul
He ZOCTyIeH IPYFMM TponeccaM (HampuMep, pasjessemas
NaMATh, AOCTYDHAH Ha 3aliCh).

5.3. Tunol B3aHMORENCTBHA NPOLECCOB

ITo Tumy B3aHMOAEHCTBHA DA3MUYAIOT

e He3aBMCHMble mpouecchl {puc. 5.3);

[Ipomece 2

Pecypc 1 Pecypc 2

Puc. 5.3. Tunsl B3auMOIefiCTENA NPOIIECCOB: HE3ABMCHMBIE [IPOLECCHI
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¢ COTPYAHUYAMOUINE Npounecesl (puc. 5.4):

— IPOLECCH!, pPa3Ae/siOUIMe TOJbKO KOMMYHHKAIIMOHHBIN Ka-
HAJI, 10 KOTOPOMY OJMH [IepeJaeT JaHHble, a IPyrofl ux mo-
Jydaer;

— MPOLECCH], OCYIIECTBIAILIME B3aWMHYI0 CHHXPOHU3AIHIO: KO-
raa paboTaeT O/MH, IPYrofl JXAeT OKOHYAHMA ero paboThl;

» KOHKYPHpYIOIIHe Hpoueccst (puc. 5.5):

— TIPOIeCCh], HCIONBIYIONHE COBMECTHO PA3JeNseMblil pecypc;
— IPOLECChl, NCIOAB3YIOIIHE KPUTHYECKHE CEKIHE;
— [POIECCHl, UCTTONB3YKMIAE B3aHMHbIE HCKAUSHNS.

Pasnenaemnrii
Pecypc

Puc. 5.4. Tuny B3apMOAeificTBHA IPOIECCOB:
CHHXPOHHU3HPY IOIIHECH IPOLECCHI

Pasznensemsrit
pecypc

Puc. 5.5. Tune B3aumoaefcTBHA NPOLECCOB;
KOHKYDHDYOUIHE ITPOIECCHI
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Onpepgenenne. KpUTHYECKas CEKUMSA — ITO yHacToK Npo-
rpaMMBbl, Ha KOTOPOM 3aNpeliaercsa IepeKiouenne aajzad AJs
oBeclieden s HCKITIOUHTENLHOTO HCIOIb30BaHNA PECYPCOB TEKyIIIM
JIpOLIECCOM (3amanedt). BOMBIIMHCTEO ONMEPAIHONHBIX CHCTEM obe-
ro HA3HAYEHHS HE NPEIOCTABIAIOT Takoi BO3MOXKHOCTH MOJB30BA-
TeJIbCKHM TIDOTDAMMEM.

Onpegnenernne. Baaumuoe MCKJIICMEHUE (mutual exclusion,
mutex) — 9T0 Crocod CHHXPOHU3ANME TNAPAUIENBHO paboTato-
JIHX [POIECCOB (33]a4), HCIOIBL3YHOIIHX pazzfenseMbli [IOCTORH-
HBbIH KPATHIHBI pecypc. Ecnn pecypc 3aHAT, TO CHUCTEMHBIfl BHI30B
«3aXBaTUTh PECYPC» MepeBOadT NpoLece {3apasy) U3 COCTOSIHMS BhI-
(OJIHEHHs B COCTOAHHE OXuaaHus. Korga pecypc byzer ocBobOK IEH
[OCPEACTBOM CHCTEMHOIO BBI30BA «ocBoboaNTE pecypc», TO 3TOT
npouece (3aa4a) BEPHETCA B COCTOAHHAE BBITOIHEHUA U IPOAOJIHHT
cBoi0 pabory. Pecypc npu 3TOM IepeHTIeT B COCTORHHE «3aHAT».

Eciu npoleccs He3aBUCHMBI (He MMEIOT COBMECTHO MCIOIb3Ye-
MBIX PECYPCOB), TO CUHXPOHM3AIHA HX paborsl ne Tpebyerca. Ecnu
e [IPOLEeCCH HCTIOJIBL3YIOT pas3/ieseMblfl Pecype, TO MX AeATelb-
HOCTH HEOBXOAMMO CHHXPOHM3MPOBaTh. Hampumep, NpH HCIOIR30-
paHuy obero 6ioka namMaATH NpobiaeMbl MOTYT BOSHHKHYTDH JazKe
ecnu oawH mpomece (331a4a) TONBKO “HTAET AAHHBIE, A JApyro# —
ronpko mamer. Ha puc. 5.6 nokasan npuMep, B KOTOPOM JiBa NPO-
necca P u Q yBenMuHBAIOT HA 1 3nadeHue pasfenseMol Suelki
namaTu VAL. Pezynprar paboTet OyZeT padMyHRIM B Crytae IL1a-
pupoBaHus 3a1a4 5.6 a n 5.6 6.

[Mpyu cHHXPORU3AIMH 338X meobxommo GOpoOTHCA ¢ TpeMs Npo-
Gnemamu: '

1. «6aoxuposkas («lockouts):
e npouece (33]1a4a) OXKUJAET PEeCypc, KOTOPHI HUKOTAA He
ocsoboauTCA,
2. «rymux» («deadlocks):
» 7Ba npoliecca (3aJa4n) BIALEIOT Kazk bl uo'pecypcy H OXKU-
JAIT 0CBOBOX AEHHS PecyPca, KOTOPBIM BIaeeT Apyro#t npo-
nece (3aaa4a),
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3agava P Sagaua Q

VAL

Pazgensemsrit pecypc

Py Py Py Py Py Py
—

p——
th @2 Qs Qi Q2 @
_— e

S

ltl tz2 '151 . ta ¢

a) 6)
Ilpunteprr mnanuporarus 3ama4

Puc. 5.6, PaSora c pasnensembim pecypcom

3. «3acToit» {«starvations):
* mpotiece (3aa4a) MOHOMOMMZUPOBAN TIPOLECCOp.

A5 MUHMMHE3AIHM 3THX npoﬁneM HCHONBIYIOTCA CIeAyIoLUINe
HJIEH. '

¢ Komriectso pecypcos orpaunyeno, nostomy mesas JOMYCKaTh
CO3AAHHSA 3834, 15 KOTOPLIX HEJOCTATOMHO PECYPCOB AAH Bhl-
TIOJTHEHHS.

» 3anaul JIeHTCS HA TPYIIBL

— HEAKTHBHBIE 3a[a4H, KOTOPHIM He XBATIIO AaXe NacCHB-
HbIX PECYDPCOB, M OXKMAAIOUINE COOLITHI 331a9H; TAKAM 3a-
fladaM aKTUBHBIA PeCype (mpoueccop) He aaercs BooGime;

— TOTOBBIE 3aJ]a4YM, Y KOTOPHIX €CTB BCE HEOOXOMHMBIE TIACCHB-
HBIE PECYPChl, HO HET IIPOLIECCOPA; ABJAIOTCH KAHIHAATAME
Ha [I0JIyM€HHE TPOLIECCOPa B CJIYYAe €TI0 GCBOGOMK JEHUS;
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- BBIMOIHSIOIIMECS 33a4H, ¥ KOTOPBIX €CTs BCE HeoOxouu-
Mble TIACCHBHLIE DECYPCHI M IIPOIECCOP.

5.4. CocTosHMA npouecca

Paccmotpum Gosee JeTalbHO COCTOAHHSA MPOLECCa M MEPEXObl B3
QJIHOT'O COCTOAHHKSA B [Apyroe (puc. 5.7). Cocroapus:

1. He cyIeCcTBYET,

He 0BCJyIKUBAeTCs,

rOTOB,

BHITIOJIHACTCS,

OXKHIAET PECYPC,

0:KHIAET HaSHA4YeHHOEe BpeMd,
OHNAeT COOBITHA.

N ol

Iepexoapl W3 COCTOAHHS B COCTOAHME!

1. mepexox 1-2: co3gaHHEe IpoBecca
2. mepexog 2-1: yHMYTOXKEHHE MpOLECcca
3. mepexon 2-3: aKTHBH3AUKA [POLECCA JHCIIETIEPOM

1. He cyme-
CTBYET

1 3
—* (2. ne oficnyxupaerca) o >
4 »
o a "

2

65 18"

-
=)
E
o
]
=
"]
[4-]
|
o
®

10 /

7. OKMIaeT
coBBITUA

Puc. 5.7. Cocroanud mponecca

6. 0XKMIAET
HA3HaYEHHOe
BpeMs

8. QKHIAET
pecypc
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10.
11.

12.

13.

14.

15.

16.

nepexoi 3-2: Je3axTUBHIALMA TPOLEcca
repexol, 3—4: 3arpy3ka Ha BBINOJTHEHHE JIPOLECCA UCIIETYEPOM

. mepexoji 4-3: TpeboBanHe OGCAYXKHBAHMSL OT TIPOMECCOpa Jpy-

THM HPOIECCOM
nepexop, 4-2: 3aBepineHne mpouecca

. mepexon 4-5: 61oxkupoBKa Tpomecca 10 ocoboxkaeHust Tpebye-

MOro pecypca
nepexod 4-6: GJIOKMPOBKA NIPOLECCA A0 HUCTEYEHHS 3aJAHHOIO
BpeMEHH .

nepexoa 4-7: 6JI0KMPOBKaA TpoLecca 0 HPHUXOAa COBBITHS
nepexod 2-6: aKTHBH2AUNA NpOLECCA TDHWBOAHUT K OMHIAAMIO
BPEMEHHON 3aJep:KKH

nepexoz 2-7: aK TMBH3ALNA IPOLECCA IPHBOSUT K 0K HIAHHUIO CO-
OniTUR ‘

nepexon 2-5: aKTHBM3AIUA TPONECcca TIPHBOAHT K OXHIAHHIO
ocpODOXKAEHHA pecypca

nepexo/1 5-3: aKTHBH3AIA NPOLECca H3-32 0CBOOOXK IEHHS 03K~
JABIUETOCS pPecvpea

nepexod 6-3: akTHBH3AIMS IPOLECcca 110 MCTEYeHHH 33NaHHOO
BpeMEeHU

nepexos, 7-3: aKTHBH3ALMA NPOLECCa H3-3a NPHXONA 0¥ U AABIIe-
rocst cobbiTHA




- CraHpaptsl
Ha orepaLuHOHHbIE CHCTEMb
UNIX

Ha nogapastomeM G0BIUIHACTBE NAPALIENbHNIX BHIMMCIUTEIBHEIX
VCTAHOBOK HCIIO/IB3YETCsl TOT WM MHOH BapHaHT OMEepalBOHHON CH~
crempl UNIX. B sToM pasjeile Mbl PACCMOTPHM HECKOJBKO CyIUE-
crByroumx crapgapros Ha UN IX-cucremul. Kak ¥ BO MHOTHX JpPY-
rux 0BIACTAX, CTAHAAPTH CTAJIH NOABNATHLCH JIMLIb [TOCAE TOTO, KaK
yrxe OBin cO3AaH paj AMATEKTOB UNIX. OcroBHOHA LIENBI0 BBEIEHHS
CTAHIAPTOB ABJIAETCA obJeryeHne NepeHoca MpOrpaMMHOro abecrne-
YeHdsd M3 OJHOH CHCTeMBl B ADPYTYH.

Mb! KPaTKO PACCMOTPHM HECKOJIBKO CTaHApTOB. lonpo6uo By-
AeT PAccMOTpeH TONbKO Haubojlee pasBHTHIA M3 HMX ~— POSIX.

6.1. Cranpapr BSD 4.3

BSD 4.3 (Berkley Software Distribution sepcus 4.3) — 970 JAaxe He
craggapT Ha UNIX-cucTeMbl, & 3TAJOHHAS PeATH3ALUs UNIX, BBl-
nomHexHasa B KamngopHuHCKOM YHUBEDCHTETE T Bepxau B CIIIA
B 1980-e rogpl. OHa 0Ka3aja O4eHb 60/bLIce BAMANNE Ha JajbHell-
wee passurie UNIX.

6.2. Cramaapt UNIX System V Release 4

UNIX System V Release 4 — 3T0 TOXe HEe CTaHAApT na UNIX-
CHCTEMBbI, 3 YTAJIOHHAHA DEaJIU3alHA UNIX, semosHerHas pupMoit
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AT&T w prmouammas B cebs ocoBeHHOCTH bosbIIMHCTBA CylIe-
creosaBiiux UNIX-cucrem. Ona okazasna odens 6osbIoe BaugHRe
Ha paabHeiimee pazsurie UNIX.

6.3. Cranpapr POSIX 1003

Cranaapr POSIX (Portable Operating System Interface), paspa6o-
Tabnett IEEE (Institute of Electrical and Electronical Engineers),
COCTOMT H3 CJeAVIOUIHX JacTeil.

1. POSIX 1003.1 — onpenenser CTAHJIAPT HA OCHOBHBIE KOMITO-
HEHTE! onepauunonHoft cucremel, API (application interface) ama
nporeccos, hatyoBoit CHCTEMbI, YCTPONCTE | T. A.

2. POSIX 1003.2 — onpexneaseT craHaapT Ha OCHOBHbIe YTHJIKATHI.

3. POSIX 1003.1b — onpeaenser craraapT Ha OCHOBHEIE pacuiu-
PEHHS «PeaNbHOI0 BPEMEHUS.

4. POSIX 1003.1c — onpepenser CTaHAAPT Ha 3afavn (threads).

5. POSIX 1003.1d — ompenenser cTaHiapT Ha JONONHUTENLHBIE
PacIlMpEHNs] «PEamsHOr0 BPeMeHH» (TakMe, KAK, HAIlPUMeD,
noanep:kka o6paboTYNKOB HpepbiBanwmit).

Crangapr POSIX 1003 senserca manboiee BCEODBLeMIIONINM
U3 BCEX DPaCcCMOTPeHHbIX paHee. Bompmmecrso cywmectsyommumx
UNIX-cucrem GbuH aJanTHPOBAHBL s YOOBJETBODEHHA 3ITOMY
CTAHIAPTY.

6.4, Cranpapt UNIX X/Open

Crangapr UNIX X/Open Portability Guide 3 — 3o CTAHAAPT
#a UNIX-cucrems, pazpaborannsii rpynmol tbHpM-paspaboTarkoB
HPOrpaMMHOIo ofiecrnetenus. DTOT CTAHAPT COKPALICHHO HA3bIBaA-
ot XPG3. B 2000r. yxke seimen XPG6.



YnpaBneHue npoueccamu

B 3T0il IJIaBe Mbl PACCMOTPHM COCHOBHEIE (DYHKIMH, MO3BONAIOWNE
3anycKaTh HOBBIE NPOLECCHl U yNPaBAATH HMU.

7.1. ®ynxuus fork

Dyuxous fork, onmucaHHAd B 3Ar0JI0BOYHOM daitne <unistd.b>
(THD BO3BpALIAEMOTrO 3HAMEHHA OIUCAH B datine <sys/types.h>),
103BOJIAET «KIOHMPOBATH» TeKylMil npouecc. lIpoToTum:

pid_t fork (void);

J1a PYHKOHS CO3/3eT MPOIECC-MOTOMOK, NOTHOCTRIO HEHTHYHEIH
TeKylleMy upoieccy (OTAMYHE TOJLKO B TOM, YTO ¥ HHX Dashble
1/1eHTH(UKATOPEl ¥ TOTOMOK He HaCIeyerT daitsioBEIe BIOKHPOBKH
# ouepear curaaioB). PaKTUUECKH CO3/IAETCA KOMHA BHPTYAJILHOH
mAMSITH mponecca-poauTens. Bo MHOMHX cHCTeMax dusndecKaa na-
MsiThb PEAIbHO HE KOMHPYeTesl, a MPOCTO CO3AALTCA HOBOE orobpaxke-
HHe BUPTYATLHOH MaMATH Ha Ty Ke CaMyIo duznueckyo. U Tonabko
[IPH 3AlMCH B IaMATH CO3/IAeTCH KONHA M3MeHsaeMOol CTPaHULBL 14
notomMika. OyHKIMA BO3BPANIAET HIEHTAPUKATOP MOTOMK2 B POIH-
TeaBCKOM mpouecce H (0 B MOPOXKAGHHOM [POLECCe.

PaccMOTpHM 3a71ady CO3JaHH «JIeMOHa» — ITPOLECCa, pabora-
jomero B (QOHOBOM DpeXMMe JaXKe [I0C/Ie BBHIXOA2 3aIlyCTHBIIEro
ero MOJML30BATENA W3 cHcTeMbl. lIpexjie BCero HeoOXOIuMO 3aly-
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cTHTH (OHOBBIA mponecc. Ans sroro ucnosindyeM ¢hynkumio fork
A7 CO3/\aHMst IPOIECCA-TIOTOMKA H 3ABEPUINM POJIMTEIBLCKHE Ipo-
nece. [Iponece—noromMok npogonkaer pabotaTs B )OHOBOM pexKiMe,
HO OH YHACJAENOBAJ OT POLNTENs CEA3bL ¢ TEPMHUHAMIOM, ¢ KOTOPOTO
oH OBl 3anywien, U OyaeT TEPMUHMPOBAH ONEPALMOHHON CHCTeMO
TpH OKOHWAHRY¥ paboTh MOMb30BaTeNs Ha STOM TepMunane. JLis
CO3JAHNS He 3aBHCHMMOTO OT TEPMRHAJNA «JEeMOHA» MBI (baKTHIe-
CKM TOBTOPHM OIHCAHHEBIE BEHIIUE AENCTBUS elle pa3: HCIOJIb3YEM
dyHKIMIO fork s CO3JAHMS TPOLECCA—IIOTOMKA H 3aBepIIUM PO-
AHTENLCKHR npoiiecc. Ilponecc—noToMoK npomoskaeT paboTaTh B
OHOBOM peHMe U Bbi3blBaeT (PYHKIMIO daemon_process, ABIAi0-
LIYROCH TEJIOM «JeMOHa». B HalueM nprMepe sta yHKIUA e4aTAST
10 pa3 ¢ unTepBasiom 2 CEKYHAbl [IPUBETCTBUE H 3ABEPILAET CBOI)
pabory. Tekct nporpammb

#include <stdio.h>
#include <unistd.h>
#include <sys/types.h>

void daemon_process ()

{

int i;

fprintf (stderr, "Daemon started!\n"};
/* WcnonrayeM Oonsa TeCTHpOBAHMd KOHeMHH{ nuxm */
for (i = 0; 1 < 10; i++) '

{
fprintf (stderr, "Hello %d!\n", i};
sleep (2);
}
fprintf (stderr, "Daemon finished!\n");

int main {)

{
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pid_t pid;

/* Knouupoparh cebs */
pid = fork (;
if (pid == -1)

{
fprintf (stderr, "Cannot forkt\n");
return 1;

}

else if (pid != 0)

{
/* 3aBepmuTh pPOAWTenbCKUi nmpouect */
return C, '

}

/* Tlpomecc-noTOMOK NpoRoJXaeT pafoTy */
/* KnorupopaTb cebs */
pid = fork ();

if (pid == -1}
{
fprintf (stderr, "Cannot fork'\n");
return 1;
}
else if (pid != 0)
{
/* 3aBepmHTB poAuTenbCKuit npouece */
return O;
}

/* TIpotecc-MOTOMOK NMPOROIEaeT pabory */
daemon_process ();

return 0O;
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7.2, OyHKuKH execl, execy

Oyukuuy execl, execv, onycannsle B (ailie <unistd.h>, nosso-
SISFOT 33MEHHTE: TeKYIUMi NPOLece HOBLIM. [IpOTOTHALL

int execl (const char *path, const char *arg, ...);
int execv (const char *path, char *const argv([]);

rJe BXOAHBIE NlapaMeTphI:

* path— ums menoanuMoro draitaa nporecca,

¢ arg, ... —CHHCOK apryMEHTOB (3ABEPIUAEMBIY HYJIEBBIM YKa3a-
TEeJeM),

® argv-- yKa3aTelb HAa CHHCOK apPryMEHTOB (3aBepuiaeMblit mysie-
BBIM YKA3ATENEM).

B cnyuae ycmexa a1a (dryHxuus me Bo3spamaer ympasaenus (mo-
CKOJIBKY TeKyIumi npouece 6o/bie He CYLIeCTBYeT ), B Caydae ouIHb-
KH OHa BO3Bpaiaer —1.

{Ipumep MCMosTB30BANNA AJ8 3aIlYCKA NPOTPAMMBI CM. B pasze-
ne 7.3.

7.3. ®yHxuua waitpid

Oynkrusa waitpid, onucannas B daitae <sys/wait.h> (Tun Bosspa-
IIaeMOro 3HAYEHHs OnHcad B (paltne <sys/types.h>), mossonser
XKJATk OKOHYAHHA MOPOXJEHHOro npouecca. IIpororum:

pid_t waitpid (pid_t pid, int *status, int options);

S1a DYHKINA OCTAHABIMBAST BBLITIOJIHEHHE TEKYIUErD IIpollecca A0
3aBEPLICHNHS [IPOLECCa-TOTONKA, YKA3aHHOI0 apryMeHToM pid:

e ecmu pid > 0 (nanGonee ncuonpzyemas hopma), TO OKHIAATEH
OKOHYaHHsA NOTOMKa C HAeHTH(pHKATOpOM pid;

¢ ecm pid = 0, TO OXuAaTH OKOHUAHUHA JIOGOTO MOTOMKA, [IPH-
HAJLIEKAIIETO K TOH Ke I'DYIHIe, YTO M TEKYIUIHH Ipouecc;

e ecaH pid < —1, To OXKHAATE OKOHYUAHAS J0GOTO IIOTOMKA, IpH-
HaJQMIeXalero k rpynme |pid|;

¢ ecid pid = —1, TO OXKNJIATH OKOHYAHHSH JIIOOr0 TMOTOMKA,
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[IpyuuHy 3aBepllleHus NPOLECca MOXKHO Y3HATh HEpe3 nepeMen-
HyH status ¢ NOMONIbIO creuaJbHbEIX MAaKpPOCOB (CM. ITpHMEPHL
sisKe). AprymMeHT options 3a1aeT MOBEAEHHE pyHKIME B CIyYae,
eCIM POLECC-TIOTOMOK yXKe 3ABEpIIMICH WM OCTAHOBJIEH. B cny-
aae yerexa GyHKIUA BO3BPAIaeT HMaesTHGHKATOD 3aKOHYMBIIETOCH
npouecca, B C1ydae OmMOKE — —1.

PaccMOTPUM B KAYeCTBE IpUMepa C/elyRmylo 3a4ay: Tpeby-
eTCsl 3aMyCTUTL 33JaHHYI0 NPOrpamMMy (MBI HCnose3yeM /bin/ls)
¢ 3aJaHHBIM napameTpoM (-1) B BHAEe OTIAENBHOrO mpouecca u 10-
A AATHCA €ro OKOHYaHuA. JJIf 9TOro MEI C 10MOIIBIO ¢yuxmau fork
c03Ra0MM TPOLECC—TIOTOMOK, B KOTOPOM Cpaly BBITIOTHUM execl
A1 €ro 3aMeHbl Ha yKasaHHbIM mpotecc. Hamomuuwm, uTO mep-
BBIM ApryMeHToM J1060A nporpaMueal (B mamem. caywae /bin/1s)
apeTca ee COGCTBEHHOE MyTEBOE MMs, IOSTOMY CIHMCOK apryMeH-
ToB execl BHIIAJMT CAEAYIOMIHMM 00pasoM:

1. "/bin/ls" — uma ucmoaHaMoro daina nponecca,

2. "/bin/1s" — mepBbIit aApryMeHT,

3. "-1"-—pTOpO#t ADPTYMEHT,

4. 0 — myneBoft yka3aTeab, 0603HaUAKCIME KOHEL COMCKA apTyMEH-
TOB execl.

B poauTenscxoM IpOLECce  Mbl GyaeM OXHIATbH OKOHYABHA
NpoLecca—IoTOMKS € MOMOIILI) waitpid. Ilocse sTore MoOxHO Ipo-
BepHTh IPUYMHY OKOHYAHHSA TPOLECCa, HCNOMB3YsA COAEPAHUMOE e
peMeHHON status M CHEUHAJIbHBIE MAKPOCHL

e WIFEXITED (status) — BO3BpAINAET MCTHHHOE 3Ha4YEHHE, €CIH
MporpaMMa 33BepIIMJIACE HOPMAILHO (HampuMep, € MOMOMILIO
omeparopa return B (YHKIHH main umM NOCPEACTBOM BEIO-
pa (yHKIuy exit). O BTOPOH BO3MOXKHOM IPAYNHE OKOHHAHMA
mpomecca ¢M. paszen 7.5, ¢. 88.

e WEXITSTATUS (status) —gaeT 3HAYeHHe, KOTOpOE BEpPHYJIA
[IPOrpAMMA OTIEPAUHMOHHOM CHCTEME, T. €. apryMeHT OIepaTopa
return B GyHKIHH main uJIxM apryMenT dyHruME exit, ITOT
MAKDOC MOXKHO WCIO/Ib30BATh TOJLKO B CJIyHAae, eC/In 3HAUSHUE
WIFEXITED (status) mcTunno. B UNIX-cucremax nmpH3HAKOM



86

Fnasa 7. ¥YnpasneHue npoueccamu

HODMAJIbHOr'O 3aBEPINCHUH TPOTPaMMb] ABAAETCA HYJIEBOE€ 3Ha-

yegne WEXITSTATUS (status).

TexkcT nporpaMet:

#include <stdio.h>
#include <unistd.h>
#include. <sys/types.h>
#include <sys/wait.h>
int main ()
{

pid_t pid;

int status;

/* KnonaposaTh ceba */
pid = fork (;

/* 3BamyckaeM OporpaMMy B HOPOKIEHHOM mpouecce */
execl ("/bin/ls", "/bin/ls", "-1", 0);

if {pid == -1)
{
fprintf (stderr, "Cannot fork!'\n"};
return 1;
)
if (pid == 0)
{
/* ECAM 3TOT KOI BHIONMHAETCS, 3IHAMHT
ounbKa NpH 3amycke */
fprintf (stderr, '"Cannot exec!\n"};
return 2;
}

/* B posuMTennCKOM nIponecce:
MoTOMKa */
if (waitpid (pid, &status, 0) <= Q)

{

OXpImaeM 3IaBepUIeHHS
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fprintf (stderr,
"Cannot waitpid child, terminating...\n");
return 3;

}

/* TlpoBepseM yCHENHOCTh 3aBePUEHHA NOTOMKA */
if (IWIFEXITED (status))
{
fprintf (stderr, _
nChild finished abnormally, terminating...\n");
return 4;

}

/% llpoBepseM KOO 3aBePUEHHA [IOTOMKA */
if (WEXITSTATUS (status))
{
fprintf (stderr, "Child finished with non-zero \
return code, terminating...\n");
return 5;

b

/* saBepmaeM pabory */
return 0;

}

7.4. ®yHkuna kill

Oyuknua kill, onucaHHas B 3arosioBouHoM (paline <signal.h>
(THII TEpBOrO ApryMeHTa OIMCAH B datine <sys/types.h>), 103-
BOJISIET TOCAATH curHan mporeccy. IlporoTyr:

int kill (pid_t pid, int sig);
Tlogenenue (PYHKIMK PA3THYHO B 3aBHCAMOCTH OT pid:

o ccnu pid > 0 (nmaubosnee ucnosb3yeMasn opma), TO CHTHAT C
HOoMepoM 8ig BygeT noc/aH HPoLeccy ¢ uaerTUHEKATOPOM pid;
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® ecii pid = 0, To curHan ¢ HoMepoMm sig Gymer mocnaH Becem
npongccaM, TPHHALIEKAMIUM K TOH XKe IDYNIe, 9TO U TeKyluuh
MPOIIECC;

e ecid pid < —1, To curHan ¢ HoMepoM sig OyaeT mocnaH BCeM
npoueccan, NPHHALIEKAIIMM K Ipylne |pid|;

® cciu pid = —1, TO CHTHaN ¢ HOMEPOM Sig Byner nocaaH BceM
npoueccaM (3a HCKJIKOHWEHHEM TIPOLECCA ¢ HOMEPOM 1, KOTODOMY
49acTO BoOOLUE Heh3s [OCIaTh CHTHAJ).

B ciyuae yenexa dyskuus posspainaer 0, B ciyuae ommbka — —1.
IIpouecc-nonyuarens CHrHAIA JOMKeN YCTAHOBUTE OBpaloTynk ajs
curnana (HampumMep, ¢ moMOIIBIO hyHKUuY Signal, cM. pasgen 7.5).
B nportusnom cnyyae Gyaer BoizBaH cTanaaApTHBI 06paBoTIHK, KO-
TOPBI BO MHOTHX OTIEPALHOHHELIX CHCTeMAX TePMHHUPYET IPOLECC.

7.5. ®DyHkuusa signal

Oyukuus signal, ONHCAHHAS B 3aTOJOBOYHOM daiine <signal.h>,
II03BOMIAET YKA3ATEH (DYHKLHIO, KOTOPYHO CJIEyeT BbIZbIBATH IIPH II0-
CTYIIEHHH CHTHAJIA ¢ 3aJaHHBIM HoMepoM. IIpororun:

sighandler_t signal (int signum,
8ighandler_t handler);

rae tun obpaboTuMKa CHIHAJNA eCTh
typedef void (*sighandler_t) (int);

OyuKIust BO3BPAIAeT Crapbiii 06paboTuHK CHraata.

Paccmorpum 3aiady cO3/aHMS «OTXA30yCTORYUBOrO» (hOHOBO-
ro npouecca («aemoHar ). Tpebyercss pazpaboTaTs mporpaMMy, ocy-
IIECTBJISIOLLYIO 3aNyCK A MOHMTOPHHI COCTOSIHHS 33aHHOFO Mpo-
tecca (B HaweM npuMepe - " ./daemon"). B cnyuae (HopmanbHoOro
MM 2BAPUIHOI0) 3ABEPILEHHS TIOC/E/HETO IIPOTPAMMA J0/KHA 0CY-
IECTBAATEL ero nepesanyck. [Ipusesem BHavase TeKcThl porpaM,
a 3aTeM JaguM HeobXOAMMble MosicHenms. [IporpaMMa, OCYIECTB-
JISIIOILUAR MOHWTOPHHT COCTOSHHSA JEMOHA:

#include <stdio.h>
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#include
#include
#include
#include
#include
#include

/+ Homep

<gtdlib.h>
<unistd.h>
<sys/types.h>
<sys/wait.h>
<gignal .h>
<errno.h>

3amymeHHOTO mpouecca */

static pid_t pid;

int daemon_process ()

{
static const char * program = "./daemon';
static char * const program_args{] = { "./daemon”, 0};
pid_t res;

int status;

int 1i;

fprintf (stderr, "Daemon started!\n");
/* VcmonbayeM Onid TECTHEPOBaHNA KOHeYHHH LHMKI */
for (i = 0; i < 10; i++)

{

/* KnounposaTb ceba */
pid = fork ();
if (pid == -1)

{

}

fprintf (stderr, "Cannot fork!\n"};
return 1;

if (pid == 0)

{

/* BamyckaeM NMpOTpPaMMy B NOPORAEHHOM npoueccex/
execv (program, program_args);
/% Ecam 3TOT KOJ BHIONHAETCH, 3HAUMT

ounbka mpu 3anycke */
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fprintf (stderr, "Cannot exec!\n");
return 2;

}

/* B DOOMTENBCKOM NpPOLECCe: OXMAAEM 3aBepleHHS
IOTOMKA; TPH 3TOM HCHOPUPYEM BCe HpPEPHBANHA
OT CHTHANOB */
vhile (((res = waitpid (pid, &status, 0)) <= 0)
&& (errno == EINTR));

if {(res != pid)
{
fprintf (stderr,
"Cannot waitpid child, terminating...\n");
return 3;

}

/* llpoBepsaeM NpUYHHY 3aBEPWeHMA NIOTOMKA */
if (WIFEXITED (status))
{
fprintf (stderr,
"Child process Jid exited with code %d\n",
pid, WEXITSTATUS (status));
}
else if (WIFSIGNALED (status))
{
fprintf (stderr,
"Child process %d killed by signal %d\n",
pid, WTERMSIG (status));
}
else
{
/* uHurorma! */ .
fprintf (stderr, "Child process %d terminanted\
by unknown reason\n",
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pid);
}
}
fprintf (stderr, "Daemon finished!\n");
return 0;

b

/% 06paboTymk curkance */
void signal_handler (int signum)
{
switch (signum)
{
case SIGTERM:
case SIGKILL:
/* JInkBMOMpyeM MOTOMKa */
fprintf (stderr,
"Killing child process #d\n", pid);
if (kill {pid, 93)
fprintf (stderr,
"Error while killing child process %d\n",
pid};
fprintf (stderr, "Daemon finished!\n");
exit(0);
break ;

default :
break;
}
}

int main ()
{
pid_t pid;

/* UrHopupyeM CHIHal SIGTTOU - ocTaHosKa $OHOBOID
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npouecca NpM NORHTKE BHECOAA HAa CBOH ynpasasommit
TepMuHan */

signal (SIGTTOU, SIG_IGN);

/% Urnopupyem curman SIGTTIN - ocranoska donoBOrO
nponecca NpH MONHTKE BBOJA CO CBOEr0 yNPABINAKMErs
TepMuHANA */

signal (SIGTTIN, SIG_IGN);

/* WUrnopupyem curnan SIGTSTP - paspus c¢masy C
YUPABNSXWMM TEPMAHAJIOM */

signal (SIGHUP, SIG_IGN);

/* HWrropupyeM curran SIGTSTP - ocTanosxa mponecca
HAXATHEM Ha KjaaBHaType Ctrl+Z =/

signal (SIGTSTP, SIG_IGN);

/* Ycranapnusaem cBoif obpaborTumx cmrmana SIG_TERM
- 3aBepleHHe nponecca */

signal (SIGTERM, signal_handler);

/* KnoHmposatp cefa */

pid = fork ();
if (pid == -1)
{
fprintf (stderr, "Cannot fork!\n");
return 1;
}
else if (pid !'= 0)
{
/* 3aBepuHTh POAUTENLCKME mpouece */
return 0;
}

/* lpouecc-noToMOK HpojonxaeT paboTy */
/* KnorupoeaTs cebz */ :

pid = fork ();

if (pid == -1)
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{
fprintf (stderr, "Cannot fork!\n");
return 1;

}

else if (pid !'= 0)

{
/+ BapepuMTh POAATENBCKUil MpoUEcC x/
return O;

¥

/* Tponecc-MOTOMOK NPORonxaeT pabory x/
return daemon_process (};

[TporpamMmMa—AeMOH:

#include <stdio.h>
#include <unistd.h>
#include <sys/types.h>

int main ()

{
pid_t pid;
int * p = 0;

pid = getpid O;

fprintf (stderr, "Program started, pid =
/% MOJOMNATH yKa3aHHOE BpeMT */

sleep (10);

%d\n", pid);

fprintf (stderr, "Program died, pid = %d\n", pid);

/% CmenaTs segmentation fault */
*p=0;

return O;
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PaccMmorpum BHavaste nogpobHee nporpamiy—aeMon. OHa neva-
TaeT cBoW MAeHTHQUKATOP, XIeT 10 cekyuy, neuaraer coobuienne
0 CBOEM OKOHYAHHHK H NPOM3BOAUT 3ANUCEH IO HYNEBOMY aapecy. 1o
IPHBOAYUT K MOCBUIKE eff onepauioHHOR CUCTEMOM CMIHaJia ¢ HOMe-
pom 11 (SIGSEGV — segmentation fault), cranaapThbiit obpabot-
YUK KOTOPOI'0 TePMHHHDYET NIPOrpaMMy.

PaccMoTpumM nmofpo6Hee NPOrpaMMy, OCYIIECTBISIONIYI0 MOHH-
TODHHI' COCTOSIHM JdeMmoHa. @OyHKUHA main npeacraBasier cobol
yIyumenHplil BapuaHT olMcaHHON B pazjene 7.1, ¢. 81 mporpam-
Mbl, 3anyckawiel ¢onopuifl nporece. OTIMYHE COCTOHT B TOM, YTO
MBI C TIOMOMLIBIO (DYHKIHH 8ignal ¢ npeaonpee/eHHEIM 3HaMEHNEM
SIG_IGN saxka3dbiBaeM HIHOPHDOBAHHE PANZ CHIHAJIOB, CBA3LIBAI-
mux GOHOBLIA IIPOLECC C TEPMHHAIOM, ¢ KOTOPOI'O €ro 3aIyCcTHJIH.
Taxk>ke nmocpeacTBoM Signal Mbl perucTpupyeM HoBBIS 06paboTank
signal_handler ans curnana 15 {(SIGTERM). 310 menaercs ins
TOTO, 4TOOBI NIPH MOTYYEeHUH FTOTC CHIHAJIA NPOrPaMMa, OCYHIeCTB-
JNAINAS MOHHTOPHHI COCTOAHIA JEeMOHA, 3aBeplliajia ero pabory.

Oyuxuua daemon_process, pafoTaioman B GOHOBOM IpOLECCE,
B [HKJIe (KOHE'HOM B HALLeM NpHMepe ¥ 0BBIYHO GECKOHeYHOM B pe-
aJbHOM JIPHMEHEHHH) OCYLIeCTBASeT CleAyiomue aeficTBia. B Ha-
uale UUKaa ¢ omMomeilo dynknuit fork u execv ocywmecrrnger-
€Al 3alyCK HOBOrO mponecca ./daemon 3arem ¢ nMOMOIsK (hyHKIHH
waltpid mporpaMma NepexonuT B DeXKHM OXKUAAHHA 33BeplLIeHHs
ITOrO IIpOU,EC(:a.: IIpouecc oxxuganus moxker 6bITH MpepBaH IOCTY-
NMBIUHM CHTHANOM. DTa CHTYaUMs NPOBEPHETCA 10 COCTOSHHIO ITTe-
peMeHHOH errno, colepxkamelt xon omMOKW, BO3HMKINEH TpPH pa-
6ore nocnenneRt BrizBanHOM GubmuoTeunolt hyuknuu. Ecnn 3uade-
Hue errno pasHo EINTR, To oxujgasmne ObLLIO NPEPBAHO CHUTHANOM,
H Mbl €r¢ Bo306HOBIAeN. [IPU3HAKOM yCIEIHOrO OKOHYaHMA LIHKJIA
OXKHIAHUS HBJAETCA BO3BpAT (hyHKumedh vaitpid maentudukaropa
OXHIABIUErocs uponecca. Ilocie sToro daemon_process medaraer
HHPOPMALUIO O UPHYHHE OKOHYAHHS NPOLECCa, UCMONL3Yd COAep-
JKHUMOe MepeMeHHoi status W ClIeuHaIbHble MaKpOChI:
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« WIFEXITED (status) u WEXITSTATUS {status) —cM. pa3-
nen 7.3, ¢. 84.

e WIFSIGNALED (status) — BO3BpAalllaeT UCTHHHOE 3Ha4YeHHe, eC-
W IPOTPaMMa 3aBEpPHIANIACk BCIEICTBIE [OAYHEeHUs: CHPHAMA. -

e WTERMSIG (status) — gaeT HOMEp CHIHAJA, MOJIYYEHHOrQ Tpo-
neccoM. TOT MaKpoC MOXKHO HCIONB30BATS TOJBKO B CAYHAE,

ecam 3uasenne WIFSIGNALED (status) HCIMHHO.

®ynxuua signal_handler, DErHCTpUpYEMAs B ‘pyHKIME main Kak
o6paloTyYuK CHIHAJA SIGTERM, nocsuraer ¢ IOMOLIBLIO dyHKUHY
ki1l curman 9 (SIGKILL) samylieHHOMY ITPOLECCY. BTo no3BOJIA-
€T TepMHHHPOBATH IPOLECC—AEMOH, nociae curgan SIGTERM (na-
npuMep, C MOMOIIbIO APOrpaMMel kill) mpoieccy, OCYIIECTBIIAID-
LIeMy €ro MOHHTOPHHT.



CHHXpOHU3aLUA
M B3aMMogeHlCcTBHEe
npoueccos

Hoctyn nponeccos (3a1a4) K pasiyunbIn pecypcam (ocobeHro pas-
AETAEMBIM) B MHOLO33JaMHBIX CHCTEMAaX TpebyeT CHHXPOHW3AINH
ACHCTBHUMA THX IpoueccoB (3a1a4). CrocoBbl OCYIIECTRICHAS B3ay-
MOIENCTBHA IIOAPAIACTAIOT HA’

» Ge3onacHoe B3auMoaeiicTBue, koraa obMeH JaHHLIMU ocy-
IECTBAETCA [IOCPEACTBOM «OBBLEKTORS Baamxo,ueﬁcq'ﬁnﬂ, npe-
AOCTABJIAEMBIX CUCTEMOHN; IIPH STOM HEIOCTHOCTE uHbOpMalHy
¥ HEZITMMOCTE OTepaiyiit ¢ Helo (T. 8. OTCYTCTBHE HEXKeNaTe Ih-
HOTO JIEPEKJIIOMEHHS 3344) HeSBHO 0Bece nBaiorcs CHCTEMOI;
OPUMEPAMH TaKUX «0OBeKTOR» B3AaUMOLEHCTBMS SBJISIOTCS Ce-
MachOpBl, CHIHAJEI M IOYTOBLIE HINHKH;

¢ Hele3zonacHoe B3aUMOJieiicTBie, Korna 06MeH NaHHbLIMA ocy-
LIECTB/IHETCS NIOCPEACTBOM Pa3feNsieMbIX PecypeoB (Hampmmep,
ODLMX IIePEMEHHBIX), HEe 3aBHCHMBIX OT CUCTEMHBIX OFBEeK-
TOB B3aMMOJEHICTBHH; DPH ITOM LEJOCTHOCTH MHMDOPMALHU
H HeJeJIMMOCTh HBHO ODECTIEYHBAIOTCA CAMHM IIPHIONKEHHEM
(B nonasasoien GonboMHCTBE CAY43€B — NOCPEICTROM TOrO
UM HHOTO CHCTEMHOIO 00BeKTa CHHXPOHM3ALMH M B3aMMOJE-
CTBHUA).

Hockoneky mns noboro Tuna szaumoneficrena TPebYIOTCH CHCTeM-
Hble O0BEKTBl CHHXPOHH3ALMH, TO BCE HMEIOMINecs OTepalHOHHEIE
CHCTEMB[ NPELOCTAB/IAIOT NPHIOKEHHANM HEKOTOPBI Habop TakHx
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ob6bexToB. Huxe MBI pacCMOTPHM CaMblé PacnpOCTpaHeHHBIE H3
HHX.

8.1. Pasgenseman naMmsTtb

Oupenenenue. Pazjiesnsemas IaMATh — 3T0 00JIaCTh MAMATH, K KO-
TOPOH HMEIT JOCTYN HECKONBKO IPOLEccoB. BaauMoaecTBLe Hepes
paseNAaeMy 0 IaMATh SBAAETC 62A30BbIM MEXAHKIMOM B3aUMOJEH-
CTBHS IIPOLECCOB, K KOTOPOMY CBOAATCH Bee ocTanbrbie. OHO, € 04-
HOM CTOPOHBI, SIBSETCA CaMbiM OBICTPBIM BHAOM B3aMMOAEHCTBUA,
MOCKOJILKY IIPOIECCH HANPAMYIO (T. e. 6e3 yJacTusl ONepalHoHHOA
CHCTEMBI) [lepefaroT AaHHbe ApYr apyry. C Apyroit CTOPOHBI, OHO
apjdeTcs Hebe30macHeIM, B Aad ofecnedeHHd NPaBHJIEHOCTH Iepe-
nadsH nHGOPMALMH UCIOIB3YIOTCS Te WIH HHbe 00beKTHI CHHXPO-
HH3AIMH.

B cucTeMax ¢ BHPTYAILHOM MTAMATHIO CYIIECTBYIOT ABA NOAX0Aa
K JIOTHYECKOH OpraHH3alHM pa3fe/semMofl MaMsTH:

1. Pazmensiemas uaMaTh HaXOAHTCA B aIPECHOM MPOCTPAHCTBE Ole-
PAlHOHHOA CHCTeMb!, & BUPTYA/bHble aApPeCcHbIe NPOCTPAHCTBA
mponeccos orobpaxaioTes Ha Hee. B 3aBucMMoCTH OT peannsa-
IMA OfepalHoORHON CHCTEMEI 9TO MOXET MPUBOIAUTE K ePeKIIo-
4eHHIO 331a4 IIpH paboTe ¢ pa3fesaeMol NaMATIO (MOCKOALKY
OHA TPHHAIIEKHT SIAPY, & He [poieccy) i MUKCALHMH Pa3aens-
eMo#l namMATH B GUIMYECKOH TAMATH (TTOCKOJIBKY CaMo fAPO He
YHACTBYeT B CTPAHHYHOM OOMeHe).

2. PaznensteMad MaMsATh JIOTHYECKH MPE/CTABJIAETCSA Kak hahi,
oTobpaskenHblt HA MamsTh (T. €. daitn, paccMaTPUBAEMBIt KaK
viaccus DaitTos B maMsaTu). I[Ipu 5ToM pazjenaemMas IAMATH 10J-
HOCTBIO HAXOJUTCA B MOJIB3IOBATENBCKOM AJPECHOM TPOCTPAaH-
CTBE M OTCYTCTBYIOT JOTIOTHUTENBHBIE 33JePXKKU IPH AOCTyNe
K Heil.

B cuny Gonbmeidl 3db¢eKTHBHOCTH DEKOMEHAYeTcs HCMoab30BATE
sTopoli crrocof paboTel ¢ pa3feaAeMoll NAMSITBIO.

4 ..4017
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B cuctemax ¢ BUpTyanbHON naMATRIO HaJ pa3fenseMoll mams-
TBIO ONIPEIENIeHB] CIIE/YI0IHe 3MeMeHTapHbIe OIePallHH,

® C03aTh (MJIM OTKPLITL) pa3feseMylo NaMATh, P 3TOM pasje-
JfeMad NaMaTh OABAAETCH B IIpollecce Kak 00BLeKT, HO JOCTYI
K €€ COJIEPMHMOMY €lle HEBO3MOKEH,

® MOACOGAHMHHUTEL Pa3AeNsieMyl NaMATE K aApeCHOMY IIpPOCTDAaH-
CTBY NpOIEccd, HPH STOM IPOACXOAHT 0TOOpaxenne pazeise-
MOH NAMATH HA BUDTYAJbHOE A0PECHOE NPOCTPAHCTRO IPOIECCa;
MMoCcNe STOH Onepatuy pasjensieMas MaMAThL JOCTYNHA A8 HC-
MONL30BAHNS,;

¢ OTCOEIAHHHTD Pa3geaeMyo NaMATk OT A4peCHOI0 IPOCTPAaHCTBa
npotiecca, mocje 3ToN onepaluy JOCTYI K COREPKUMOMY pas3ae-
NAeMOl TMAMSATH HeBO3IMOKEH;

& YAANHTH (MAH 38KPBITH) PA3AEIHEMYI0 NaMATh, pealbHO pasje-
TAEMas NaMaTh Dyaer yaaneHa, Korga ¢ Hell 3aKOHUUT paboTaTh
mocaegHUH U3 MPOUECCOB.

B cucremax 6e3 BUPTYANLHON NAMATH ITH ONEPAIMY TPUBUAJILHLI.

OtMeTHM, 9TO B Pa3HbIX NPOLECCAX pa3jensdeMas NaMATb MO-
#eT ObiTh 0TOOpAaXKeHa B pasHble apeca BUPTyanbHol namatu, Cre-
J0BATeNLHO, B pa3iensaeMoll TaMATH HeJb3fA XPAHUTE YKA3IATEIH Ha
JpyTHe 3JIEMEHTEl Pa3ae/deMoll naMaATH (HampuMep, KJIaCCHIECKYIO
PeaTH3alMI0 OTHOHANPABJICHHOIO CHNCKA Hesb3s 6e3’ M3menenwmit
XPpaHHTh B pas3feliseMoll NaMsaTH).

8.1.1. Myskuus shmget

@ynkuus shmget, onucannaa B datine <sys/shm.h> (ucmonnsye-
Mbl€ THIBL OIMCabl B 3arojoBOYHOM Qaiine <sys/ipc.h>), mos-
BOTAET CO3JaTh (MM OTKPHLITH CYMECTBYIOUIY10) 0B6iacTh pasge-
JaeMoi naMaTH VKAa3aHHOI'C pa3Mepa M ¢ YKa3aHHbIMUA HpabBaMHi
Jocryna. Ilpororumn:

int shmget (key_t key, size_t size, int shmflg) ; |

raje BXOOHEIE TlapaMeTpsbl:
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o key — “HCN0BOH MAeHTH(MHKATOp 067IaCTH paslesaenMol mams-
TH;

e size-—pasMep ofmacTy pasfenseMoif NaMATH _(Oprr‘ﬂHETCH
BBEPX [0 BEJIMYHHBI, KPATHOH pa3Mepy CIPaHMLbl BHPTYANE-
HON TAMATH);

o shmflg-— arpubyThl, HCIIOAL3YEMble TIDH CO3JaHHE 00/1aCTH pas-
npenseMolt mamatu (rary w npasa gocTyna).

QyuKUMA BO3BpallaeT uaeHTHdUKATOp 0bacTH pa3fgenseMol ma-
saTu (He myTaTh ¢ key) win —1 B caydae ommbKu.

8.1.2. DyHKuMA shmat

®yukuus shmat, onucannas B daiiie <sys/shm.h> (ucnonssyemblie
TUIIBI ONHCAHB!I B 3aroJ0BOYHOM aitne <sys/ipc.h>), mo3soaser
MOJCOEAMHETDL YKA3aHHY 00/acTh pasiensieMofl TaMATH K aigpec-
HOMY NpOCTpaHcTBy npouecca. IlpoToTnm:

void *shmat (int shmid, const void *shmaddr,
int shmflg);

rjle BXGJHBIE NapaMeTphi:

¢ shmid — uaenTugukaTop 001acTU pasgensieMoil TaMATH;

e shriaddr — nokejaHus Mpolecca ob aapece, HAYUHAA C KOTOpb—
ro CJeAyerT NOACOeAMHHTEL 00MACTE pazjienseMoil naMsATH, WM
0, ecu anpec Ge3pazanyueH {ONEPALHOHHAS CHCTEMa MOMKET MI-
HODHPOBATL ITOT APTYMEHT);

¢ shmflg — npaBa JocTyna K o0sacTi pasjenseMoll DaMATH.

QyHKIUHA BO3BpallaeT ajpec, HAUUHAH C KOTOPOro NCACOeTHHEHA
06J1aCTh pazneaseMol maMsTH, HAH —1 B cydae OUIHOKH.

8.1.3, ®@yHkyusa shmctl

®yukuua shmetl, onucanHas B (aitne <sys/shm.h> (ucnonssye-
Mble THIIBI ONUCAHBI B 3arojoBognom daiite <sys/ipc.h>), mos-
BOJIET VIPABIATh 0BIACTBIO pasjieligeMolf naMaTH (B YACTHOCTH,
yaanaTs ee}. [Ipororu:
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int shmctl (int shmid, int cmd,
struct shmid_ds *buf);

rAe BXOJHEIE NIapaMeTphbl:

¢ shmid — upenTnduraTop obaacTu pasaenseMoil NaMsaTH;

e cmd -—33JaeT ONepallMio HajJ 00JacCTBIO pasjesaseMoit [aMATH,

e buf — apryMeHTB! Onepaluy (Tak»e Cay»KuT 4718 BO3BPATA HH-
opMallMH O pe3ysbTaTe Omepaifuu).

Pynknus sosepawaer 0 B caydae ycnexa wan —1 B caydae omubxKH.

8.2. Cemadpopbi

Onpenenenue. Cemadop —3T0 00beKT CHHXPOHH3AUMH, 3aIIAI0-
muit KOINYeCTBO NOJbL30BaTeRel (3aa4, IpouecCoB), MMEIOIIHX Of1-
HOBDEMEHHBI HOCTYn K HEKOTOpOMY pecypey. C KaxapiM cemago-
POM CB33Hbl CY€TYHK (3HaueHne cemacopa) u OYepelb OXKMIARUA
(mpoueccos, 3amay, 0:KHAAOIAX TIPUHSTHE CUETYHKOM ONpeAeIeH-
Horo 3Hadenns). Pazmmuator:

o gBoMYHBIE (OysteBCcKHe) ceMaghophl — 3TO MEXAHH3M B3AMMHOIO
HCKJTIOYeHHS [J1s 3AIHThl KPHTHYHOrO pa3felsaeMoro pecypea;
Ha4aJIbHOE 3HAUEHHE CYeTYMKa Takoro cemadopa pasno 1;

® CYeTHBIE ceMachOophl —3TO MEXaHM3M B3aMMHOTO HCKJIIOYEHHS
AJIS 3AIIUTHI PECYPCA, KOTOPBIA MOXKeT BhITh OAHOBPEMEHHO HC-
NoNE30BaH He 60siee, YeM OrpaHHYeHHbIM (HUKCHPOBAHHBIM YHC-
JIOM 33/1a9 7} HayaJbHOE 3Ha'eHWe CUETHHKA TAaKoro ceMadopa

PaBHO n.

Hay cemadopamit onpegeseHs! cieayromme 3TeMEHTapHBIE Onepa-
uun (#uxe k£ = 1 ansa Gyaeckux cemacopos):

® B3ATh £ eJuHHI] H3 ceMadOopa, T. €. YMEHLUIHTb CUETHYHK Ha K
(ecam B cueTumke HeT Kk eIUHMIL, TO 3Ta ONEPAIUS NEPEBOAUT
3aJa4y B COCTOsIHME OXKHIAHMS HAJIMYKA KaK MHEMMYM K equ-
aHn B ceMadbope, n HobaBiIsieT ee B KOHeL 04ePe/IH OXHAAHHS
aToro cemachopal;

e BepHyTh & eamsui B ceMadop, T. €. YBeJHUHTbL CYETYHK Ha k
(econ cemacbop oxuuaercs apyroit 3agauelt n eff Tpebyercs e
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fostee, YeM HOBOE TEKYIlUee 3Ha4eHWe CHeTYHKa elMHUll, TO OHa
MOKeT OBITE aKTHBH3IUDOBAHA, YAANEHA H3 OUEpPeiH OXKMAAHHHA
M MOKeT BRITECHHTh TEKYILYIO 3aja4dy, HAPHMEp, ecad ee IpPH-
OpHUTET BLIIE);

» monpoboBarhb B3saTh k eauEun u3 ceMacopa (eciu B cuerduke
> k eguHull, TO B3AThb k eJUHMII M3 HEr0, HHAYE BEPHYTH NpPH-
3HAK 32HATOCTH cemadiopa Ge3 mepeBOJa 3anadW B COCTOSHHE
OXHIAHHA);

e NPOBEPUTH cemacdop, T. e. MONYYUHUTEL 3HAYEHHE CHUETYHKA,

e GjoKHpOBAaTE ceMadop, T. €. B3ATh U3 HETG CTOJLKO ENHHHI,
CKOJIBKO B HEM €CThb (IIpH 9ToM mHora GuIBAIOT JIBe PA3HOBHIHO-
CTH 3TOH Ooneparyu: B3ATh CTOALKO, CKOJIBKO €CTh B JAHHBI MO-

- MEHT, WJIH B3ATb CTOMBKC, CKOJIBKO £CTh B HAYANBHBIA MOMEHT,
T. €. MAKCUMAJBHO BOZMOXKHOE KOJMHYECTBC, HMEHHO TOCTegHee
0BLIYHO HA3BIBAIOT OI0KHPOBKOMN, IOCKOABKY Takasi 3afaua Dy-
JeT MOHOMOALHO BAAJETDH PECYPCOM);

s pasbaokupoBars ceMadop, T. €. BEPHYThL CTOJLKO €IMHHIIL,
CKOMLKO BCero ObLIO B3ATO MAAHHON 3ajadefi 1mo KOMauJe

OI0KHPOBATE.
Jlormueckas CTPYKTYpPa ABOMYHBIX CeMadopoB ocobGeHHO IIpo-

cra. Cyeruuk cemadopa s Huunuaar3upyerca 1 npu cozpanmu. Jaa
JOCTYINa K HEMY OIpeJeNleHsl NBe MPUMHWTHBHBIE OEPALHU:

o Get(s) — B3aTh (MK 3aKPBITL) cemadop 8, T. €. 3alPOCHThL pe-
CypC; 3Ta OTEpalns BHMATAST M3 CYeTunKa 1,

o Put(s) — BepHYTH (1M OTKPBITE ) cemadop, T. e. 0cBOGOAHTE pe-
CYPC; 9Ta ONepalus NPHOABJSET K CIETHHKY 1.

ITH omepalliyd HeIeJIMMEL, T. €. NepPeKJIoYeHHe 33/1a4 BO BpeMs HX
HCITOJIHEHUA 3allpeiedo. B mpomecce paborsl COCTOSHME CYETYHKA
Moxer ObITh:

® 1 — pecypc cBoGonew,

¢ () — pecypc 3aHAT, OYepelb OXKMJIAHWA ITYCTa,

e m < {)— pecypc 3aHAT, B O4YepeAM OKUIAHUS HAXOAATCA |l
3aad.
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Paccmorpum npumep (puc. 8.1).

A.Get —3apava A 3aBaagena pecypcoM,

. C.Get —zagaya C 3ampocusiia pecype, KOTOPHI 3aHAT, CJe10-

Barenkno, 3anada C 3abl0KMpoOBaHA ¥ HOMelEHa B odepedb
OXKHUAAHHS,

. B.Get —3anaua B 3anpocuia pecypc, KOTOPEIA 3aHAT, CJIEI0-

BAaTEJILHO, 3ajJaydya B Ba.ﬁﬂOKHpOBaHa H TIOMELIEHa B OUepCIb
OKHNAHHA,

. A.Put —3anaua A ocobomuaa pecypc, KOTOpPhI 6Ll mepesaH

IiepBOft 3aJa4e B odepeau oxujaHns, T. € C (KoTopas B CBOW
o4epenb aKTHBH3IUPOBAHA),

. C.Put —3aga4a C ocBoGomina pecypc, KOTOpbIt 6bL1 nepean

nepBoit 3ajlade B OYepesy OKUAAHUSA, T. e. B (KoTopas B CBOIO
OY€penb AKTHBHU3MPOBAHA),

COCTOSHHE
pecypca
3aHAT . : : :
L] 1 1 (
¥ [} | I
¢B0bo,aeH b ! ! i .
t 1t lta Tty ¢ ] ;
COCTOAHME ! ! : 2 ! a ! 4 ; 5 : 6
$3agaqm A ' X . Lo !
1 ! ) ) . ;
AKTHUBHA . . . . N .
! ! ! 1 ) 1
) 1 | | ] )
6 ! 1 ' 1 ) |
JIOKHPOBAHa b ; , ! ! .
it 1 1 i i £ i1 t 1
COCTOHNNE AR L L
4 : I ) | | | )
3atauu B ! ! ! ! ! !
aKTIBHA : : [ : | |
I I ) )
1 ] 1 4
610KMpOBaHa L ) | ; .
7 [ 1 1, 7 7
COCTOAHME ! 1 ! 2 ! 3 : 4 : 5 : 6 t
d3amaun C X | ’ I ! !
t 1 3 ] ) )
dKTHRHAa ' .
1 ] ' )
! | i )
610KMpoBaHa ! | ] i
P t1 ta ts t4 i ts *

Puc. 8.1. IIpunep pabotr ¢ cemadopom
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6. B.Put—3ana4a B ocsoboausa pecype, KOTophlit Oyaer 1epesan
nepBoit 3a/a4e, KOTOpas BbI3oBeT (Fet.

8.2.1. MyHkuua semget

®yukius semget, onpcanHasi B Qaiiie <sys/sem.h> (ncnons3ye-
Able THILI ONHCAHB! B 3aroNIOBOYHOM (pafine <sys/ipc. h>) TO3BO-
ASIeT CO3AATH (MW OTKPBITH CYWeCTBYoNHiT) cemacdop (wmu rpyn-
ny cemagopoB) ¢ yKazanHkiMu npaBamu goctyna. Ilpororun:

int semget (key_t key, size_t semnum, int semflg);
rie BXOAHblE TapaMeTphbl:

e key - uucioBoi paenTudukaTop Habopa ceMacopoB;

* size-— xoauvecTBo cemacdopoB B Habope;

e semflg — aTpubyTbl, HCTIOJIL3YEMbIe IIPH COITAHUH Habopa ce-
macopos {dark u mpasa JOCTYIA).

OyHKLUA BO3BpamaeT uaenTudukaTop Habopa ceMacopos (ne iy-
Tath ¢ key) wam —1 B cyvae OWMOKH.

8.2.2. QyHKUWA semop

DyHKIKA Semop, onucaHHasa B dailne <gys/sem.h> (HCHO/B3YEMBIE
THITRI OMHCAHB] B 3aro/0BOYHOM daftne <sys/ipc.h>), nossonser
U3MeHATh 3Hadenusa cemacpopa. IIpoTorum:

int semop (int semid, struct sembuf *sops,
size_t nsops);

Ijle BXONHBbIE TTapaMeTphl:

e semid - unenTudukaTop Habopa cemacopos;

® SOpS — yKa3aTesb Ha MACCHB CTPYKTYP THIA sembuf, 3a1a10ux

_ omepauMio Haja ceMacdopaMH U3 nabopa,

& NS0pP8 — KOJUYECTBO 9JeMeHTOB B MaCCUBe, Ha KOTOpblﬁ YKa3bl-
BaeT SOpPS.

Dynxuusi so3epaitaer 0 B cydae yenexa win —1 B caydae OLIMOKH.
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8.2.3. ®OyHxuua semctl

@ynkuus semctl, onucannas B aiisie <sys/sem.h> (Mcnonmaye-
MBIE THIIBI OIMHCAHBLI B 3aroJoBO4YHOM aiiine <sys/ipc.h>), mosso-
JISIeT YIPaBIATh cemMadopoM (B YACTHOCTH, HHUNHMAINIUPOBATL H
yaauaTe ero). Ilporortum:

int semctl (int semid, int gemnum, int cmd, ...);
IJle BXO/HBIE MAPAMETPhI:

e semid —uaenTudukaTop Habopa cemadopos;

* semnum— HOMep ceMmadopa u3 HAbOPa, Haj KOTODBIM HaJo fIpo-
H3BECTH OIEpaluIo;

s cmd —3a7aeT omeparMio Hajl ceMagopoM semnum.

DYHEIM BOIBPAIIAST HEOTPHIATELHOE YHCIO, 3ABUCSILEE OT OIIe-
panuy cmd, wu —1 B cayvyae ommrdxru.

8.2.4, MNpumep KcnonbaosaHWA ceMadopoB
W pa3gensemMoi namAaTh

PaccMoTpHM ApHMep THIHYHOTO KJIMEHT-CePBEPHOIC MPHIOMKEHUS.
Hpostece-kiamneHT (TEKCT KOTOPOrO HAaxOAWTCH B (akiue reader.c)
CYUTBIBAET CTPOKY CO CTAHAAPTHOLO BBOJA M NIEPENAET €€ YEPes pas-
JEIeMYH0 ITAMATE TPOIECCY-CepBepY {TEKCT KOTOPOTO HAXOAMTCS B
caiine writer.c) BBIBOAsHIEMY ee HA CTaHAAPTHHIA BeiBox. Jlna
OPraHM3alUHE B3AaMMHOIO UCKJIIOYEHUS IPH AOCTYTE K KPHTHIECKUM
pasfgensieMbIM pecypcam (nepeMerHbIM done, msglen, msgbuf, Haxo-
JSIMMCA B Pa3jenseMoll TaMaTH), ucrnoas3yercs cemadop, uieu-
THPUKATOD KOTOPOTO TOXKE COAEPIKHTCH B PARNENSEMON TaMsaTu.
Kak xjueHT, Tak M CepBEP MCHONBIYIOT OJHU M Te Ke (hYHKINH
110 paboTe ¢ pa3gesaseMOl MaMATHI0 B ceMahOpoM, HAXOASIINECS B
caiistax shdata.h u shdata.c.

Ofmaa vacrs — 3aro0BouHLIN (alin shdata.h, B KOTOpoM onu-
CaHBI CTPYKTYypa pasjensieMoii naMatu (SHDATA) u ynxuuu pabo-
THl C Hell:

#include <stdio.h>
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#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>
#include <sys/sem.h>

#define BUF_LEN 256

typedef struct _shdata_

{
int sem_id; /* umeHTHOUKATOP cemadopa */
int done; /* npm3Hak OkoHuaHus paborn */
int msglen; /% pnuma coobumeHns */

char msgbuf {BUF_LEN]; /% 6ydep nnd XpaHexns coobmenusa+/
} SHDATA;

/% HauaTh pabory C pasfensemolt namare® */

SHDATA * shdata_open (void);

/* BakoHuuTs pabory C pasgenaeModl TaMATHO */

int shdata_close (SHDATA * data);

/* O6ecleunTh MCKINYHTENbHYK paboTy ¢ pa3fenfeMoil NaMaTbl
TexylmeMy IpOLeccy.
BosspamaeT He 0 B cnyuae ommbxu. */

int shdata_lock (SHDATA * data};

/* PaspemmTh ApyruM IpoueccaM paboTaTb C pasgjensemMoi
namgTeo. BosppamaeT He O B chydae OmMOKH. x/

int shdata_unlock (SHDATA * data);

Obuias 9acTh (779 KJMEHTa U CepBepa) HaXOAHTCs B paiisie
shdata.c (CM. MOACHEHHA HUXKe):

#include "shdata.h"
#include <errno.h>
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/* VpenTupmkarop paspensemoii mamaTH */
#define SHM_KEY 1221

/* WnenrudmkaTop cemadopa */ 2
#define SEM_KEY (1221+1)

/* VnenTudpmKaTOp paspenseMoil mamaTH */
static int shm_id;

/* WUnenTuduxarop cemapopa */
static int sem_id;

/* "OTKpuTH" pasfenseMyn NMaMATb C Kiw4YoM key M pasmepoM
size. Boampamaer ykasaTenb Ha DaMaTh, 0 B ciyuae
omubxu. 3HaveHme *pcreated OGyaeT HCTHHHEM, ecnam
Texyuuil nponecc cosfaj pa3fenfeMy® NAMATh. */

static void =

shm_open (int key, int size, int *pcreated)

{

void * res = 0;/* peaymerar */
*pcreated = 0; /¥ naMaTe He co3pamu */

/* [lomHTaTbCA OTKPHTH PasfendAeMyn DaMaTs */
if ({shm_id = shmget (key, size, 0)) == -1)
{
/* He ynamochb, paccMOTpuM NPHYHHY */
if (errno == ENQENT)
{
/* 3anpouweHrad pasfienseMad NAMATL He CYmeCTBYeT
CoszpaeM ee. */
if ((shm_id = shmget (key, size,
IPC_CREAT ] 0664)} == -1)
{
fprintf (stderr, '
"Cannot create shared memory\n");
return 0; '
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}

*pcreated = 1; /* maMaTh 6wya co3faHa */

}

else

{
fprintf (stderr, "Cannot get shared memory\n");
return 0;

}

¥

/* ToAcoemunseM pasfeifeMy® TaMATs K afpecHOMY
IpoCTpancTBy mpouecca */
if ((res = (void *)shmat (shm_id, 0, 0)) == (void *)-1)
{
fprintf (stderr, "Cannot attach shared memory\n");
return 0;

}

return res,

/* "3axpHTh" pasfenfeMy® NaMaThb.
BosppamaeT He O B ciyyae Ommbr:. */

static int

shm_close (void * mem)

{
/* (TcoenmuseM pa3fjelsaeMyl faMarb OT aZpeCcHOro
IIPOCTPaHCTBA mpouecca */
if (shmdt (mem) == -1)
{
fprintf (stderr, “Cannot detach shared memory\n");
return 1;
¥

/* YganseM paszenseMy® naMaTh. Peanpso ypaneHne
Npou30ieT, KOUAA 3AKOHYUTCH noclegHAil npougcc,
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MCMNONbL3YyPUHE pasfenaeMyn NaMATh. EciaM HeCKOABKO
NPONECCOR BH3HBANT yHaNeHHe, TO YCHOWHWM 6ynmeT
TOJNBKO MepBHA BH3OB, IO3TOMY BO3BpalaeMoe
3HaveRMe OYHKIUM He NpoBepaeTCA. */

shmctl (shm_id, IPC_RMID, 0):

return O;

}

/* "Otkpurs" cemadop ¢ xmpuoM key
Bosspamaer ugenTupurarop cemajopa, -1 B cnyyae ommMOKH.
3mavenne *pcreated byaer HCTHHHEM, ecnu TeKyuni
mpouecc cosgan cemaop. */

static int

sem_open (int key, int *pcreated)

{
int id; /* peayaeTar */
*pcreated = 0; /* cemadop He cozman */

/* TlomuraThcs HONMyunTs CeMadop */
if ((id = semget (key, 1, 0)) == -1)
{
/* He ymamocs, paccMoTpmM npuummy */
if (errno == ENQENT)
{
/* Banpomennuii ceMadop He cymecrsyert.
Cosmaem ero. */
if ((id = semget (key, 1, IPC_CREAT | 0664))

== _1)
{
fprintf (stderr,
"Cannot create semaphore\n");
return id;
}

*pcreated = 1; /% cemadop O6mn cozgan */
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else
{
fprintf (stderr, "Cannot get semaphore\n");
return id;
}

I

/* WmunuanusupobaTh ceMadop, ecnm Texkyumuit npouece
ero coszan */
if (*pcreated)
t
/* CTpyKTypa HaHHNX ANS yOpaBleHud ceMadopoM */
#ifdef _SEM_SEMUN_UNDEFINED
union semun.
{
/* 3mavenue gma koManms SETVAL */
int val;
/* Bydep nns xomann IPC_STAT = IPC_SET =/
struct semid_ds #*buf;
/% Maccup znst koMag GETALL u SETALL */
unsigned short int *array;
/* Bybep mna xomanmm IPC_INFQ */
struct seminfo *__buf;
T
#endif
union semun s_un;

/* HauaneHoe 3Hauenue cemadopa */

s_un.val = 1;

/%* YCTaHOBMTH HavansHOe 3Havenme ceMapopa */

if (semctl {(id, 0, SETVAL, s_un)} == -1)

{

fprintf (stderr, "Cannoct init semaphore\n") ;
/* C cemapopom paboTaTh Henb3d, 3aKaHuupaem */
return -1;
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return id;

}

/* "3axpurn" cemadop ¢ uzeHTUOMKaTOpoM id.
BosspamaeTr Be 0 B cnyyae ommbxu. */

static int

sem_close {(int id)

{

/* YnanaeM cemadop. YAamenue npoucxomuT cpazy. Bce
oxumanupe ceMabop NpPOLECCH AKTHBHIUDPYRICHT,
OXHMIOAHHe ZaBepwaerca ¢ oumnbkofi EIDRM -
Error IDentifier ReMoved. ¥ mux Bca mocnemymowas
pabora ¢ sTuM cemadopoM EymeT ZamaTh omubky,
DOITOMYy BO3BpamaeMoe 3HadeHume PyHRUMN
He TNpoBepAeTCR. */

semctl (id, O, IPC_RMID, 0);

return 0;

}

/* 3abnoxupoBaTb ceMadop ¢ UAeHTHPHKATOpOM id.
BoaepawaeT He 0 B cayvae owmbxu. */

static int

sem_lock (int id)

{
/* CTpyKTypa JaHHHX JNa omepaumi ¢ ceMapopom */
struct sembuf s_buf = { 0, -1, 0};

if (semop (id, &s_buf, 1) == -1)
{
/* [lpoBepgeM npuymHy */
if (errno == EIDRM)
{
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/* Cemadop O yZAaNeH APYyTUM NMPONSCCOM. */
return -1;

}

/* Eme moxer 6mre EINTR - oxuzaune IpepBaHO
curaanomM */

T

fprintf (stderr, '"Cannot lock semaphoreln");
return 1; /* omubxa */
}
return O;

Y

/+ PaabmokupoBaTk cemadop C ppenTuduraTopoM id.
BoappamaeT He 0 B Cay¥ae OMUOKX. */

static int

sem_unlock (int id)

{
/% CIpYyKTypa GaHHX LJIA Ouepauui ¢ cemajopom */
struct sembuf s_buf = { 0, 1, O};

if (semop (id, &s_buf, 1) == -1)
{
fprintf (stderr, “Cannot unlock semaphore\n");
return 1; /* ommbxa */
}

return O;

/* HayaTb paboTy C pasmenseMOil TaMATbLL */
SHDATA * shdata_open (void)
{
/% Pesymbrar */
SHDATA * res = O;
/% VicTrHHO, ecnm Texkymmit mpouecC CO31an PalfenseMyn
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namMars */
int shm_created;
/* UcTtunro, ecnu Texymuit npomecc coazan ceMadop */
int sem_created;

/* "OTKpNTB" pasnenseMyn naMaTh */
res = (SHDATA*) shm_open (SHM_KEY, sizeof {SHDATA),
&shm_created);

if (!res)
return 0; /* ounbra */

/* "OTKpHTB" cemadop */
sem_id = sem_open (SEM_KEY, &sem_created);
if (sem_id == -1)
{
/* Oumbxra, YRanfgeM pasiendeMyl NAMATE M
3aKaH4YyuBaeM */
shm_cloge (res);
return 0; /+ ouubra */

*

/* BabnokmpoBaTh ceMadop */
if (sem_lock (sem_id))

{ .
/* Ouubka, yzamseM BCe M 3aKaHYHBAEM */
shdata_cloge (res);
return O; /* ommbra */

¥

/* Tenepsr Tonbko oZmuH nponecc paboTraeT ¢ naMaTen */
/* TlycTs unmrumanuaanueit CIPYKTYP HJAHHHX 3aHUMASTCH

TOT IpONUECC, KOTOPHHE CO3ZAN pa3sfendeMym OaMsaTs */
if (shm_created) -

{

/* OBHYANTH 06mACTBL paznenaeModt mamaTH */
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memset ((char*)res, 0, sizeof (SHDATA));

/% 3aHecTH uAeHTuuMKATOp ceMadopa B paszendeMyn
naMaTs */

res->sem_id = sem_id;

¥

/* PasbrokupoBaTh cemadop */
if (sem_unlock (sem_id))

{
/* Ouubka, ymandeM BCe M 3aKaHIMBAEM */
shdata_close (res);
return 0; /* ommbra */

}

return res;

}

/* BakomumTs paboTy ¢ pasmenseMoll naMaATbHo
Bosppamaer e 0 B cnywae ounbku. */
int shdata_close (SHDATA * data)
{
/* Yoansem cemapop */
if (sem_close (sem_id)}
return 1; /* oumbxa */
/% YnangeM pasjenseMyl MaMaTb */
if (shm_close (data))
return 2; /* owubka */
return 0;

1

/% 06ecnevuTh MCKINGATENbHYW paboTy C paspmenseMoit HaMaT:Hk
TeKymeMy Npoueccy.
Bosppamaer e 0 B ciy¥ae OUMOKE. */

int shdata_lock (SHDATA * data)

{
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/* BepeM mpeHTudmKaTop ceMadopa H3 pasgenseMoil mamaTn+ /3
int id = data->sem_id;
return sem_lock {(id);

}

/* PaapemnTs npyruMm mpoueccaM paboTaTb C pazpenaeMolit
namaTe®. Bo3lspamaeTr He 0 B chnydae ommbuu. */

int shdata_unlock (SHDATA * data)

{
/* BepeM upenTHdUKATOp cemMabopa M3 pasfenseMod mamsTHt/ |
int id = data->sem_id;
return sem_unlock (id);

}

JLs1s1 obslerueHna noOHHMAaRHA Ko, paforarommit ¢ 610koM pasnens-
eMOll maMATH, pasbuT B daitne shdata.c Ha pAJ NOATPOTPAMM:

® shm_open -- OLITAETCA OTKPBLITH CYLIECTBYIOIIYIO Pa3/erseMyio
NaMATh, & B CJIyYae HEyZaud CO37aeT HOBYIO; MHMOPMAIHS O
TOM, 4TO OBLA CO3TaH HOBHIA GJIOK DA3AENAEMON MAMATH, BO3-
BpalllAeTCA B BLIZBABIUYIO TIPOLEAYPY JIA IPOBEAEHHS €0 HHH-
[MAJIH3AMH,

¢ shm_close -—3aKpBIBAET Pa3Je/sAeMyI0 NaMsATh W NOCBUIAET 3a-
npoc Ha ee yaavdeHue (KOTOpHIi 6yaer B0 HeH, Korjaa BCe Ipo-
gecchl BRIZOBYT 3Ty (PYHKIMIO); HOC/Ie 3aBepllieHusi shm_close
aroboe obpallieHHe K pa3iesnsieMOll IaMATA BLI30BET OMMBKY;

® Sem_open — IIbITAETCS OTKPBLITL CYUIeCTBYMOHHA ceMadop, a B |
CyHdae HeyJauH Co3JaeT HOBGL; HH(OPMAINA O TOM, UTO 6bIT -
CO31all HOBBI ceMadpop, UCTIONB3yeTCs JIA IPOBEIEHHSA ero
HHUIHAIU3ANMHE H BO3BPAINAETCA B BBHIZBABIIYIO IIPOLEAYPY;

e sem_close — ypanser cemadop; rocie 3TOro axrHBH3MPYHOTCA
BCe OXKUABIINME ero IPOLECCH M Jodoe mociieiytouiee obpaiue-
HHE K HeMy BEI3OBET OUIMDKY;

® sem_lock — «3aKpeiTh» ceMacdop; NOC/HE 3TOTO0 TERYILMH IIpO-
LECC CTAHOBUTCA BJIaJeNbIeM ceMadopa;
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e sem_unlock — «OTKpHITB» cemadhop; MoC/e ITOrO APYrie Ipo-
HECCHl MOTYT «3aKPBIBATH> cemadop;

e shdata_open— OTKPHIBAET Pa3feaeMyio NMaMiATh H cemacdop,
3aTeM WHUIMATU3NPYET pa3fensdeMyio TAaMATh (ecnu oma Gblaa
CO3/AHA, NCKTIOUHTEIBHBIH JOCTYI K IaMATH TEKYIEMY npo-
neccy obecrednBAeTCH C nomompko cemadopa);

e shdata_close — yJlanfeT PA3IEIAEMYI0 TAMATD H cemadop;

e shdata_lock — ofecrnedHnTh HCKAIOYHTENABHBIH JOCTYIT K pas3fe-
NFeMol MaMATH TeKYLIeMY TpOLeccy,;

e shdata_unlock — pagpellliTk JAPYTHM [poneccaM paboTaTe ©
paszensdeMoil maMATB.

[MporpaMMa—KJINEHT HAXOOUTCA B thafine reader.c {cM. mosc-
HEHHA HHIXKE):

#include "shdata.h"

/% CumraTp coobleHue C TEPMHHANA ¥ 3ANHCATE B
pa3fiengeMyn naMATbL */

void reader (SHDATA * data)

{

int ret;

for (;;)
{
/* (6ecmevuTs UCKMLYATENbHY® padoTy ¢ pasgengeMoi
NaMATHH TEXyWeMy Npomeccy */
ret = shdata_lock (data);
if (lret)
{
if (!data->msglen)
{
/* Buxon mo Ctrl+D #*/
if (tfgets (data->msgbuf, BUF_LEN, stdin))
break;
data->msglen = strlen (data->msgbuf) + 1;
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/* PaspemuTs APYyruM mponeccaMm pafoTaTh C
pasfenaeMoill naMATLD. */
shdata_unlock (data);
}
/* Jate nopaboTaTr ApyruM */
sleep (1);
}

data->done = 1,

fprintf (stderr, "reader process ’%d exits\n", getpid()});

/* Paspeunts FpyrHM mponeccam paboTaTh ¢ pazmenseMoii
naMaTHL. */
shdata_unlock (data);

int main ()

{
SHDATA # data = shdata_open (};

if (data)
{
reader (data);
shdata_close (data);
}
return 0,

}

Ilpouenypa reader B 6eCKOHEYHOM HHKJIE, MPEPHIBAEMOM IO OG-
Ke BBOJA

1. obecneunBaer cebe HCKMIOYHTENBHBIN AOCTYN K pa3genseMof
IaMATH ¢ IIoMONILIO shdata_lock;

2. ecnn npegpyiymee coobimenne o6paboTano cepBepoM (T. e. ayiuHa
coobwenns data->msglen pasna ), TO CYHTBHIBAET CTPOKY CO
CTaH/AaPTHOTO BBOJA € NOMOIULIO fgets;
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3. B CJy4ae YCIEMHOro YTeHUs YCTaHABIMBAET JIMHY cooBbmeHus

data->msglen, HHaHe: NpepelBaeT LMK, YCTaHABIMBAET Mepe-
MeHHYIO data->done B 1, paspeniaer ApYruM mnpoleccam pabo-
TaTh ¢ pa3JenseMOH MaMATBH € MOMOLIBIO shdata_unlock u
3apepiaer pabory;

pa3pelaer JpyruM Mpoueccam paboTatk ¢ pasjesseMof nams-
TRIO ¢ TmoMolkio shdata_unlock;

a5t obecmedeHusi NMEPEKJIIOYMEHHS 3aj1ad K MpoLecCy—CepBepy
OCTAHABJMBAET Ha 1 CEKYHIY BBIIOJHEHHE TEKYIIEro Tpolecca
¢ MOMOLEBK Sleep (MHAauye Obl ITOT LHKJI pafoTan BXOJIOCTYIO
A0 OKOH'aHHW:A KBaHTa BpeMEHH, BLIAEJIEHHOrO TEKYLUIEMY npo-
teccy); 9T0 KpaiHe I10Xoe (KCKIIOUHTENbHO MOJIe/TbHOE) pellle-
HHE, HO Y HAC ellle HeT MEXaHW3MA, MO3BOJSIOIIErO OXHUIATH,
noka ceppep He 06pafoTas 3anpoc; CM. «TIPABHJIBHOE» PeIICHHE
B paszgene 8.4.5.

TIporpamma KIUEHT Haxoautcsa B (afure writer.c {cM. nosic-

HeHNS HIXKe):

#include "shdata.h”

/* B3AThb coobueHne M3 pa3jenseMoil NaMATH M BHBECTH

Ha 3KpaH */

void writer {SHDATA #* data)

{

int ret;

for (;;)

{
/* (BecneduTs MCKIDIMTENbHY® paboTy < pasnenaeMoi
NaMATBI TEKymeMy Mpomeccy */
ret = shdata_lock (data);
/* TpoBepseM Mpu3KaK KOHNA DPaboTH B noboM crywae */
if (data->done)
{
/% Komen paboTH */
fprintf (stderr, 'writer process %d exits\n",
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getpid ());
/* Paspeumrs mpyruM mpomeccam paboTaTe
C paspgensemoRt maMario, */
if (lret)
shdata_unlock (data);
return;
¥
if (lret)
{
if (data->msglen)
{
/* ectb coobuenue ons BxBOma */
printf ("-> ¥%s\n", data->msgbuf) ;
data->msglen = Q;
¥

/% PaspeumTs ApyrmM mpoueccam padoTaTe ¢
pPasgenseMofl HaMaATe®n, */
shdata_unlock (data);
}
/* Dats mopaboTaTs ZpyruM */
sleep (1);
}

int main ()
{
SHDATA * data = shdata_open ();

if (data)
{
writer (data):
shdata_close (data);
¥

return 0;

}



§.2. Cemacopnl 119

[Ipoueaypa writer B 6eCKOHEYHOM LHKJIe, PEPHIBAEMOM B CIYYae
HeHYJIeBOro 2HavyeHud data->done:

1. obecnewunpaer cebe HCKMOYWTENBHBIH JOCTYI K pa3fenasemMoft
maMATH ¢ noMombio shdata_lock;

2. ecsiu data->done He pasuo 0, TO pazpeljaer APYrdM nponeccam
paboTaTh ¢ pas3jenseMol NaMaTLI0 © NoMoulsio shdata_unlock
4 3amepuiaer pabory;

3. ecsn ecTb coolduienune Ana 06paborTku cepBepoM (T. e. ANKMHA CO-
obmenns data->msglen He paBHA 0), TO BEIBOAUT CTPOKY C TO-
MONIbIo printf u ycrakapjiusaeT data->msglen B 0;

4. pa3pemaer IPYTHM mporeccaM paboTark ¢ paszmesnseMoff nams-
ThIO ¢ nomouslo Shdata_unlock;

5. nnsg obecnedeHus NePEKIOMEHHA 3884 K MpOoleccaM—KIHeHTaM
CGCTAHARTHBAET HA 1 CeKYHAY BRIMOJIHEHHE TeKylIlero npoiiecca
¢ moMomeie sleep (uHage 6Bl 3TOT puKA paboran BXoOJOCTYIO
J0 OKOHYAHUSA KBAHTA BPEMEHH, BLLIEJCHHOTO TEKYWIEMY po-
neccy).

Caeitaem noJie3Hoe 3aMeuanide off oTiaagke mporpams, Mc-
NOJIB3YIOUINX OnHcankble B pasfenax 8.1, 8.2 u 8.4 ¢dyskuun. B
CAydae aBapHiHOre 3aBepIIeHMs [IPOrPaMMBI CO3TAHHBIE €0 0b6b-
eKTH MEXKNPOLECCHOTo B3anMongitcrsna (610ku pasnensemodt mna-
MATH, CeMacopb! U oYepean coobulenui) ne yaansioresa. Crnepnosa-
TEILHO, IP¥ MOBTOPHOM CTAPTE IPOrpaMMel OHa MOIYYHT OGBEKTH,
OCTaBIIHECH OT NPeAplAYILero 3anycka. llpu sToM, HanpuMep, cema-
¢hop MOKET OKAZATHCA 3AHATHIM YXKe He CYLIECTBYIOIMIMM NPOUeccoM
H MoTOMY HUKOrja He ocBoboauTest. C GonsmracTeoM UNIX-cnerem
NOCTABNAOTCA YTHIIUTEI, IMO3BOJIAIOIIME MOCMOTDETh COCTOSAHHE Ta-
KHX 00heKTOB U yAaJIuTE HX:

s ipcs (InterProcess Communication Status) — BeIBOZHT CHUCOK
fsiok0B pasfeaseMmolt mamaTH, ceMachopoB U odepenefl coobue-
HHIt ¢ yKa3aHieM ux uaeHTHdUKaTOPa, BIalenbla, Ipas oCTy-
na ¥ T L '
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8.3.

iperm (InterProcess Communication ReMove) -~ nozsonsier y,ua-
JHTh: .

— iperm shm id — Bi0K pasnensaeMoll naMaru,’

— ipcrm sem id— cemadpop,

— ipcrm msg id — odepeds coobrieHuit

¢ MACHTHOUKATOPOM id, KOTOPHI MOMXHO ITOMYYHTh C MOMONILID
KOManipl ipcs.

CobbiTHa

Onpenenenne. CobeiTHe —3T0 Morvueckuii curnan (omoeere-
HHUE), NPUXOASNMNA ACHHXPOHHO N[O OTHOIIGHHIO K TeYeHHIO IIpO-
necca. C KaxawiM cobbrrnem cpa3anbl GyneBckas nepemennas F,
OpHHAMAOIAS /1Ba 3HadeHus (0 — cobeiTve He npumao, u 1 — co-
OBITHE IPHLLIO), ¥ OYepPeb OXHIAAHNA ([IPOLECCOB, 32134, 0AKHIAK-
WX Tpuxoda cobbiTia). Hax cobeirnamu onpenenens! cenyoniue
3JIEMEHTAPHbIE ONEPALUHM:

Signal(E) - nocnaTk cobeiTHe, T. €. yCTAHOBUTL TIepPeMeHHY0 E
B 1, IpK 3TOM NepBast B OUEPE/IN OXKHIAIOIIAH 33,0348 aKTHBH3H-
pyeTcs (B HEKOTOPBIX CHCTEMAX AKTURBU3HPYETCA 0AHa 13 3aAA,
T. €. 04ePeJHOCTEL He TapaHTHPYETCsd);

Broadcast(E} — nocnars cobeiTie, T. €. yCTaHOBHTB NEpPeMeH-
nyio £ B 1, npr 3T0M BCE 33/1a4M W3 odepeau OXKHIAHHA aK-
TUBHIUPYIOTCS; '
Wait( E) — oxugars cobbimns (ecan coBGbITHS HET, T. €. TTepeMen-
Hasg I pasHa (0, TO 3Ta omepanys NEpesouT 3a4a4y B COCTOAHNE
OXKM/IANHA 11pHxoga cobbITHA U J0DaBAAeT €€ B KOHEN 0Yepeau
OKHZAHAA 3TOTO CODBITHHA; KaK TOJLKO COBBITHE MIPHIET, 3a3a4a
fyaer aKTHBH3UPOBAHA);

Reset( £} — ouncruth (yAaauTh DocTynmeiee cobbiue), T. e.
YCTAHOBHUTH liepeMmennyio E B ()

Test(E) -~ npoBepuTs (TOCTYILIEHUE) - NOJIYYHTL 3HANEHHE Ie-
pesennonn E. :

Pacenvorpum npumep (puc. 8.2).
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Puc. 8.2. [pumep paboTsl ¢ COOBITAEM

1 B.Wait —3azaua B sorspana Wail; nOCKOIBKY E =1, ro 310
e vimeer Huxakoro addexTa, B npononKaer HCIOJIHeHHE;

9 Reset - 6buTa BEIZBaHA (PYHKIMS YCTAHOBKI E = 0 (oauont u3
aagau A, B unmn C, win apyro# zanadeit);

3 B.Wait —nockoneky E = 0, 10 331a4a B zafnokupoBaHa I
[OMELIeHa B OUepellb OULAHHS,

4. C.Wait —nockoseky E = 0, To 3aja9a C 3abrmoxupoBaHa U
[[OMeIleHd B O4epenb OXKHAAHN,

5. A.Broadcast — ycraHouTh E = 1, aKTHBH3MPOBATH BCE 3a7a4U
M3 Ouepeay OXUIAHMA, T. €. aKTUBUSHPOBATL Bu(C.

C' [OMOLIBIO COOBITHI JIETKO OPTaHH30BaTh ofMeH MeXay ABYMS
3aJa4aMHi 110 THIY KJIHEHT-CEPREp. IIycTh ecTh B3 COOLITUS Eiu
E,. Bagaua Ty (cepsep) cpasy iocnie CTapra BBI3BIBAET (PYHKIIHIO
Ey Wait(). Tem caMpiv OH2 6AOKHPYeTCs JI0 MOy HeHHH coBBITHA
E. 3agaua Tp (kament) cpasy nocie crapTa [10/IFOTABIHBAET AAH-
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HBEIE B pasjenseMolt ¢ 3ajaayell 7] NaMATH U BBI3LIBAET (BYHKIHIO
E).Send(}. 9ro npusozur k axTusMsanuu 3agauu Ti. 3ajaua Th
npojokaer paboty M sei3eisaer Gyukuuwo Ep. Wait(), 6noxupy-
ACk 1o nony4venus cobeitus Ey. 3anava T (cepsep) no okonyanmu
00paboTKH /1aHHbIX BLI3EIBAET QyHKUuN Fy.Send(), F1.Wait(), ak-
TUBH3UPYR 3agauy Ty (kaueHTa) u Grokupya cebs.

Hioxe (cum. pazaen 10.3) Mbl paccMOTPUM peasiH3auuKn cobuITHI
Ans 3aa4. [lag npoueccos obluenpuusTas peaausanus cobbITHii B
UNIX-cucremax oTCyTCTBYeT.

B.4. Quepean cooBujeHuii (noutosble AWMKKH)

Onpenenenne. Ouepenu coobuwenuit (mouToRble AUMKH ) — 3TO
obbexT obMeHA JAHHBIMH MEXAY 3aJatMaMH, YCTPOEHHBI B BHAE
ouepenn FIFO (puc. 8.3). C kaapIM MOYTOBBIM SILIMKOM CBSI3a-
HEI:

1. ouepear coobmennit (obpaszymuias CONEPXKHMOE IIOYTOBOrO
ALIMKA),

2. ouwepenp 3ajay, OKHAANMKX COOOIIEHNH B IIOYTOBOM ALK,

3. ouepesb 3amad, OXKHIAVIIEX OCBODOXKJIEHHS MECTA B IIOYTOBOM
ALIMKE,

4. Mexaun3am B3aHMHOFO HCKIKOYEHNS, 0BECIEUNBAIONIY PABHIE-
HEI OCTYI HECKOJIKYX 3884 K OJHMM I TeM Ke COOBILeHHsIM
B MOYTOBOM SILLUKE.

Komiuectro sama4, oxujgaionpx cooblIeHUS B MOYTOBOM ANHKE,
0fbIvnO He orpaHutenc. KonnuecTso xe coobiuenuit B AuHKe o6bIY-
HO OTPaHHEH) aPAMETPOM, YKA3aHHBIM IIPH CO3JaHHH AIIHKA. DO

— | Coobmicnne N e —-] Cooburenne 1

Puc. 8.3. IloyToBblii AlLMK
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CBF3AHO C TEM, 9TO pa3Mep Kaxaoro cooBIIeHHA YKa3blBaeTCs NpH
cO3AAHMMN SIIIHKA 1 MOXKET 6BITH 3HAUMTENbHBIM, ECau AIIMK 10/I0H
¥ 330a4a NLITAETCS NOMECTHUTE B HEro HOROE coobuleHue, TO OHA 6J10~
KEPYETCsi A0 TeX 10D, TI0Ka B AlIMKe He OABHTCH ceoboadoe MecTo.
Hax no9TOBBIMA SLMKAME onpefeeHsl Cedy0nne aJIeMeHTApPHEIe
OTIEPAIHH:

o IIOJOKHTE COOGIIEHNE B NOUTOBDIH SIIUK, NPH 3TOM 321243, Bhl-
3pABLIAS ITY ONEPALHIO, MOXKET 6bITh OIOKHPOBAHA U HOMEIEeHa
B ouepeap 3a/ad, OHJIAIIHX 0CBOBOIKIGHAS MECTA B SILIMKE,
ec/li B ANMKe HET CBODOAHOI'O MECTa (axTHBHIAIMA HACTYIUT
cpa3y TOCTe B3fTHA TEpBOro e coobImeHns U3 ovepean co0b-
menuti); eCly OHepeSb OXHJIAIUMX coobuleHus 33534 HemycTa,
TO AKTMBH3UPYIOTCs BCE 3202aYH U3 3Toil ouepeH;

e rronpofoBaTh MOJIOXKHTD co06meHNe B MOUTOBBIA ALK — €CJIH B
auiMKe ecTb cpobosHoe MECTO, TO 3Ta onepalysl SKBHBAJIEHTHA
[IOJIOMHTEL, HHA4Ye BEPHYTE MPH3HAK OTCYTCTBHS MeECTa;

e 1OJIOKHTH B HAYAA0 — TO 7K€, YTO NOJOMUTDL, TOJIBKO coobire-
Hue TIOMENIaeTcd B TOJIOBY O4EDEIH,

e [ONpOBOBATL MOJIOKHUTH B HAA0 — TO ke, uTo nonpobosaTh
10JIOKHTh, TOJLKO coobLieHue HOMEILAeTCsI B TOJIOBY O4epesi;

o B3Thb COOGLIEHHE U3 MOYTOBOTO HUIMKS, TP TOM 3a/1a4a, Bbl-
3BABILAS 3TY ONEPALNID, MOXKET 6bITb GJIOKMPOBAHA M ITOMEHIEHA
B Ouepeb 33434, OAKU/AIOMIHX coobIileHHs, eCJIH B HIIKE HET CO-
ob e, IPH NOCTYIIEHHH coobiuenna ona Oy 1eT aKTHBU3UPO-
BaHa, NP 9TOM, eC/IH B 01€pe/iH OIKMIAIOMHX COODIEHRA 3a/aH
gaxoaHTcsa 6ojiee OAHOM 3a]atHn, TO NPH BEITIOJIHEHUN OfIEPAITH
B35TH 0BECIEUHBAETCH MEXAHU3M B3AUMHOIO NCKJIIOYEHUSA 38]13Y
(T. e. IOKa BBITIOJIHSAETCA 3Ta onepaluHa onHo#l 3aaa4eil, BCE APY-
rpe 3a/aty, 3allpOoCHBIIHE Ty Xe OTIEPALHIO, 326, 10KHPOBAHEL);

e nonpobosaTh B3AThL coobiuenue M3 MOYTOBOTO SILIMKA — eCay B
quMKe ecTh cooDIIeHNs, TO 3Ta OTEPAIHS IKBUBAJICHTHA B3ATh,
Huade BEPHYTb NPH3HAK OTCYTCTBUA cooGeHn#;

e GUHCTHThL SUIMK -— YAAJIHTH BCE coobimennsl U3 o4epenn.
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DakTHYECKH OIMCAHHBIN MEXaHH3M NpeiCTaBasieT CoBOH B3amMmo- 3
AEHCTBHE KIMEHT-CEPBEP, KOTJIA 3a3aYH-KJAMEHTH MHOMELAl0T 3a-
NPOCH! B IOUTOBBIH AIIMK, & 33/[44M-CEPBEPH KX OTTYAa 3a0UPAIOT.

8.4.1. ®yHkumua msgget

Qynkuusa msgget, onucaunas B daiine <sys/msg.h> (ncnonwaye-
MBI€ THIIBI OIIMCAHBI B 3aro/oBOYHOM dailyie <sys/ipc.h>), nosso-
JSET CO31aTh (MM OTKPHITE CYIUCCTBYIONIYIO) odepeqb CooBIeHHH
C YKa3aHHBIMHM NpaBaMH joctyna. I[IpoTornm:

int msgget (key.t key, int msgflg);
rJIe BXOZHBIE NAPAMeTPh:

* key — YHCIOBOH HAEHTH(MHUKATOP O¥epeau COODMIEHUH;
® msgflg -— arpubyThl, HCHOJABL3yeMble NPH CO3HAHHH o4uepea co-
obmennit (dbaarn u npasa gocryna).

PyHKIHs BOIBpALLACT UAeHTHHKATOD Ouepean coobuenuit (He my-
TaTb ¢ key) uiau -1 B ciyyae ounSku.

8.4.2, ®yHkyma msgsnd

Pynkuus msgsnd, onucanuas B dailie <sys/msg.h> (mcmomnzye-
Mbl€ THIIb OTIMCaHL! B 3arojioBOYHOM dhaiisie <sys/ipc.h>), nosmo-
JISET TIOJNIOKHThL COOOIIEeHHe B O4depedpb. {IporoTum:

int msgsnd (int msqid, const void *msgp,
size_t msgsz, int msgflg);

IJIe BXODHBIE TAPAMETPHL
® msqid - uaenTudikaTop Ovepean coobiennii;
* MSEpP — YKA3aTesik HA COODIIEHME, KOTOPOe MOJIMKHO HMETh Cje-
Ayt Tan (cbopmar):
struct msgbuf

{ .
/* Tun (Ter) coobmemus */
long int mtype;
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/* JlanHue coobmeHns x/
char mtext[1];
T
e mSgsz — pa3Mep COOGINEHHS;
¢ msgflg — JOMO/HHTENLHEIE dbaaru, onpejendionue NOBELCHHE
NpoIecca B Cy4dag, eCii B OYepenu coobieHr HeT cBODOAHO-
ro Mecta (MOXKHO YKA3aTh: OXUAATH [OABICHUH AOCTATOMHOTO
MECTa MM CHTHAJIM3HpPORATL 00 ommbKe).

Oyukuus Bozppaaer 0 B cnytae yclexa il —1 B cny4ae oOmnbKH.

8.4.3. MyHKUuMs msgrcy

DyHKIHA MSEreV, ONMHCAHHAA B datine <sys/msg.h> (ucone3ye-
Mbl€ THIIEI ONMCAHEl B 3al'0J10BOTHOM atine <sys/ ipc.h>), nmo3so-
1s1€T B35ATh CO0DlIEHHe ¢ YKAa3aHHbIM THIIOM (Terom) m3 ouepenn.
IIpoToTHm:

int msgrev {(int msqid, void *msgp, size_t msgsz,
long int msgtyp, int msgflg) ;

[e BXOAHDbIE AapaMeTpbl:

. msqid——uneHTmbuKaTop odepeny COODILEHNI;

® mSgp - YKa3areyb HA Gydep mas cooblieHns, KOTOpoe J0/KHO
uners T (popmar) struct msgbuf;

» msgsz — pa3mep Oydepa ana cooBIIEHUST;

e msgtyp — TrN (Ter) coObLIEHUS:

-~ ecu msgtyp paeno 0, TO B3ATH NEPROE cooblienne U3 0e-
penn,

— ecan msgtyp < 0, TO B3ATH NMEPBOE cooblieHue B3 0UepeIH €
TunoM < |msgtypl,

— ecnn msgtyp > 0, TO B35ATH NEPBOC coobiienne U3 o4depens ¢
tunom # |msgtypl;

e magflg — JOMOJHHTENABHBIC dnaru, onpejeafALIne N0BEASHUE
npoilecca B cydae, €M Ouepelb coobmennt mycTa (MOMHO
yKa3aTh: OKUAATDH IOABJIEHHS coofueHni HAM CHTHAJM3HPO-
BaTh 06 omnbke) wiK BHIOpaHHOE coobinenue uMeeT Ay Bosb-




126 Fnasa B. CHHXpOHW3aUWS M B3auMOAeHCTBHE NpoLeccos

me msgsz (MOXKHO YKA3aTh: 06pe3aTh COOBUiEHNe MM CHTHAJIH-
3UPOBATE 00 OmubKe).

PDYHKIIMA BO3BPALIAET IJHHY TOAYUEHHOra COOBINEHWST B Ciydae
yemexa MM —1 B cayvae omubKH.

8.4.4, Oynkyma msgcti

Qynkiuua msgetl, onucaHHas B ¢akine <sys/msg.h> (ucnosabsye-
MBIC THITSI OMHCaHb! B 3ar0RCBOMHOM chaline <sys/ipc.h>), no3eo-
JFeT YNPaBJsSTE Ovepe/ibio coobmennft (B YacTHOCTH, YAANSTSH ee).
IIpororum:

int msgetl (int msgid, int cmd,
struct msqid_ds *buf);

e BXO,ILH bl€¢ IapPpaMeTpbl:

¢ msqid — WISHTHUKATOD OdepenH coobIlIennii;

s cmd — 3aJa€T ONEepalMi0 HaJ OYEPEIBID COODIICHMIT,

¢ buf —aprymenTsl onepauun (TakzKe CJAYXKUT IS BO3BpPATa MH-
hopmallm o pe3yiLTATE ONEPALMHM).

P®ynxuus sosppaiaer 0 8 cayyae ycnexa win —1 B cayyae omubxu.

8.4.5. MpuMep ucnone3osanKa oYepeped

Paccmorpnm Ty e 3asa4y, 4To # B pasgene 8.2.4. IpusenenHas
B pazdene 8.2.4 peanzanud HeXopOIUId TeM, YTC And H3bexkaHus
Hecrno/le3Horo NUKIa ONpoca MePeMEeHHBIX HCHONL3YeTCd (DYyHKLMA
sleep. C nonowbio ouepe;iedt cOOBIEHUI MBI MoKeM u36ekaTh 9Tol
npobJIeME] H NIPH 3TOM COKPATHTh CAMH TIPOTPAMMEBL.

Obmas uacts —3aronoBovnbil dain msgdata.h, B KoTopom
OMUCaHbl CTPYKTypa coobuienus (MSGDATA) u ¢pyHkuun paboThbl C
HIM!

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
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#include <errno.h>
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

#define BUF_LEN 256
/* lepBue pABa IONA poyxEul GHTL MMEHHO TAKVMH ¥ B TaKOM

nopspke AiA 06pa3cBAHRAA msgbuf */
typedef struct _msgdata_

{
long int mtype; /+ Tan coobmenns */
char msgbuf [BUF_LEN]; /* 6ydep INA XPaHOHHUA coobmeHus*/
int done; /* NpU3IHAK OKOHYAHMA paboTet */
int msglen; /* pnamHa coobmeRHd */

T MSGDATA;

/+ JnuHa DaHHNX COOOmERud (6e3 mepsoro mons) */
#define MSGDATA_LEN (BUF_LEN + 2 * sizeof (int))

/* Wnenrnduxarop OHepent coobmenuit */
#define MSG_KEY 1223

int msg_open (int key);
int msg.close (int id);

Ofuas 4acTb (And KAAEHTA H ceppepa) HaXOMUTCA B datine
msgdata.c (CM. TMOACHEHHH HIDKE):!

#include "msgdata.h"

/* WoeHTR)UKATOP pasgendeMoit MaMaTH */
#define SHM_KEY 1221

/* VneHTHIRRATOP paszienseMoli MaMATH */
#define SEM_KEY (1221+1)

/* HawaTte paboTy ¢ odepenbr coobumeHuit ¢ KAWYOM key.
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Bosspamaer uzemrupuxarop ouepenu,
-1 B cnyyae oumbxm.*/

int
msg_open (int key) ;
{

int msg_id; /* pesymnTaTr */

/* MNonuraTeca OTKPHTb Oueépelb coobueHui */
if ((msg_id = msgget (key, 0)) == -1)
{
/* He ymanocs, pPaccMOTPHM HpHUHHY */
if (errno == ENOENT)
{ 1
/* 3anpomennas ouepels coobuUeHHit He cymecTByerT. |
Coszaem se. */
if ((msg_id = msgget (key, IPC_CREAT | 0664))

= _1)
{
fprintf (stderr,
"Cannot create mesage queue\n");
return 0Q;
}
} :
else
{
fprintf (stderr, “Cannot get mesage gueue\n");
return 0;
}

return msg_id;

}

/* 3akonunTh pabory c¢ odepessn coobuenuit c
unesTuduxaTopom id.
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BosspamaeT He O B cnydae oumbku. */
int
msg_close (int id)
{

/* VYpangem ouepegmb coobueHuil. YnanmeHMe NPCHCXOLUT Cpasy.
Bce oxmmaammue coobmenuit mpomeccH AaKTUBHIUPYNTCA,
oxumanne sasepuaercs ¢ omubxoi#t EIDRM - Error
IDentifier ReMoved. ¥ mux Bca nmocneayomas pabora c
aTofi ouepensw GymeT fasarTs ouubry, NMO3ITOMY
BO3BpaljaeMOe SHAYEHME PYHKUMM He mpoBepseTcH. */

msgctl (id, IPC_RMID, 0);

‘return Q;

1

Dyuxipn, paboralouiue ¢ COODIIEHUEM:

e mSg_open — [BITAETCA OTKPHITH CYLIECTBYIONIYIO O4epelp cool-
NIeHwii, a B CJy4ae Heydadd CO3/JaeT HOBYIO;

¢ msg_close - ynauser odepenb COOOILEHHIT; NOCHe ITONO aKTH-
BU3UPYIOTCA BCe TIPONECCHI, OXKM/ABUINe COODIIEHKH B 0YepeaH, '
u sr0boe mocaeyolee obpanieHne K Helf BLI3OBET OMIMOKY.

[MporpamMa-KANEHT HaxoauTca B daitine reader.c (cM. mogc-
HEHHA HYKE):

#include '"msgdata.h"

/+ CuuTaTh CoobmeHME ¢ TepMMHAZIA W 3amUCaTs B Ouepend */
void reader (int msg_id)
{

MSGDATA data;

for (;;)
{
/* Buxom mo Ctrl+D */
if (!fgets (data.msgbuf, BUF_LEN, stdin))
break;
data.msglen = strlen (data.msgbuf) + 1;

5 ant7
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data.done = 0;
data.mtype = 1; .
/* Tlocknaem coofmeHne B odepelp */ ol
if (msgsnd (msg_id, &data, MSGDATA_LEN, Q) == -1}
‘ :
perror ("send");
fprintf (stderr, "Cannot send message\n");
return;

}

data.mtype = 1;
data.done = 1;

data.msglen = 0;
/% TlocknaeM coobmerue B ouepesnt */
if (msgsnd (msg_id, &data, MSGDATA_LEN, 0) == -1)

{ : :
fprintf (stderr, "Cannot send message\n"); }
return;

}

fprintf (stderr, "reader process ’d exits\n", getpid());
ks
int main ()
{

/* Wnenrudmrarop ovepean coobumennmit */

int msg_id;

if ((msg_id = msg_open (MSG_KEY)) == -1)

return 1;

reader (msg_id);
msg_close (msg_id);
return 0,
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[Ipouenypa reader B 6eckoHeUHOM LMKNeE, IPEPBIBAEMOM MO OIH6-
Ke BBOJA:

1. CYHTHIBAET CTPOKY CO CTAHAAPTHOTO BBOIA C MOMOWIBIO fgets;

2. B CIyYae YCHEIWHOTO 4TeHWS YCTAHAB/AUBAET PEasbHYI0 NJIHHY
coobuienna data.msglen W NOCHLIAET €ro, HHa4de: MpephIBaeT
I[MKJI, yCTaHaBauBaeT nepemenHyio data.done B 1, a peanbuyio
anuHy coobuieHus data.msglen — B (, moceLiaeT 3to cooble-
Hue U 3asepinaer paboty.

f IporpaMMa—KJIHeHT HaxoauTcs B ¢aiiie writer.c (cM. mogc-
' HeHUA HUXKe): :

#include "msgdata.h"

/* B3ATb coobUeHHE M3 O0UEPEenH ¥ BHBECTH Ha DKpax */
void writer (int msg_id)

{
MSGDATA data;
for (;;)
{
/* Nonywaem coobuenue U3 ovepenu */
if (msgrev (msg_id, &data, MSGDATA_LEN, 0, 0) == -1)
{

/* TlpoBepseM mpuuuny */

if (errno == EIDRM)
{ .
/¥ Odepesb Owna ypasteHa OPYTHMM DpoIeccoM. */
break; /* 3axarunpaeM paboTy */

}

fprintf (stderr, "Cannot recieve message\n'");
return;

b

/* lpoBepseM Impu3IHAK KOHUa paborm */
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if (data.done)
{
/* Koren paBoTu */
break;
}
if (data.msglen)
{
/* ecTb coobumenme mna BHEOmA */ i
printf ("-> %s\n", data.msgbuf); g
data.msglen = 0; §
y

}

fprintf (stderr, "writer process %d exits\n",
getpid ());

I

}

int main ()

{
/* WnentuduraTop ouepenm coobmennuii */
int msg_id;

if ((msg.id = msg_open (MSG_KEY)) == -1)
return 1;

writer (msg_id);
msg_close (msg_id);
return 0;

Iponeaypa writer » BeckoHeYHOM LHKAE, TPEPHIBAEMOM B CIY-
4ae HEHYAeBOI'O 3HAYEHHS MOJs1 done B MOJyYEHHOM COOBUIERMN:

1. nonmy4aer cooBuienne;

2. ecm noste done B cooBuienin pasto 0, To 3aBepmaer paboTy:

3. ecma none msglen v coofuenny ne pasno D (T e. ecTs cTpoka
ON5 BHIBOJA), BLIBOJUT CTPOKY M3 COOBIIEeHMS.
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[To MOBOAY OTHAAKH MPOTPaMM, MCTIOABIVIOMIMX oveped cood-
penuit, CM. 3aMeyaHne B pazjeie 8.2.4.

8.4.6. ®MyHKuun pipe

dyHKIMs pipe, onucaHHaa B 3arosioBoyHOM daitile <unistd.h>,
HpQ,L[OCTa,BJ'[HGT aJIbTepHaTIfIBHI:II'«'I Mo OTHOUWIEHHID K OIIMCAHHBIM BEI-
pre byHKIUAM msgget, msgsnd, msgrev, msgetl MexaHusM Co3lia-
Hrg odepean coobwennit. Hpororam:

int pipe (int filedescl[2]);

rne filedesc — pesyabraT paboThl QYHKIMY, IPeACTABNAMIAN CO-
Goit MAacCHB W3 IByX LecKpUITOPOB hattnos. B cayvae ycnemxoro
BLINOJHEHHsT 9T4 (PYHKUME COZTAET O4Yepe]b COODIIeHHH, M3 KO-
Topoll MOXKHO Y¥TATh JAHHLIE OOBIYHEMA ¢HyHKUHaME (afimioso-
ro BBoja (Hanpumep, read), Henosb3ys JeckpunTop filedesc[0],
U B KOTOPYK MOXKHO 2aIMCHIBATH JaHHbBIe OOBIYHBIME (DYHKIMS-
MH GailJIOBOTO BEIBOAA (HAUPHMED, Write), HCNOMB3Ys JAECKPHITOP
filedesc([1], Pyukius Bo3epailaeT —1 B caydae omubKku.

OcuoBuble 0TI YHKIHH pipe oT uaTepdeiica, NpeaocTas-
JfeMoro pyHKLHaAME megget, msgsnd, msgrev, msgetl:

¢ Co3nannas pipe ouepelb He HMEET HACHTHOHKATOPA, NO3BOIA-
I0IIIET0 BLIAEAUTEL KOHKPETHYIO Odepeab (cp. ¢ msgget, rye ecTb
napamerp key). ITosTomMy THNMYHLIM MCNONL30BAHKEM pipe AB-
JAETCH OPraHH3alNMs OUYePe/ U MEeXKAY NPoIeccaMu-IIOTOMKAMH
OIHOI0 pojUTeNs: pipe BbI3biBaeTca N0 <HyHKuuu fork u noro-
My JdeckpurTopel filedesc HOCTYIIHRI MOTOMKY M DOSUTENFO.

¢ HMcnospzosanye oOBIYHEIX PYHENHR (DAala0BROTO BBOAA-BRIBOAA
(epoie read u write) BMecTO CrIENMAM3RPOBAHHBIX (msgsnd u
mSgrcv) NPUBOIMT K TOMY, UTO OTCYTCTBYeT MapaHTHsl [IeJI0CTHO-
CTH TIOJIyJaeMBiX Y fepeiaBaeMblx cooblieHuit (T. e. BO3MOYKHO
OJIHOBPEMEHHOE UTEHUE MMM 3aMUCh OT HECKOABKHX NDOLECCOB
C TIepeMelIMBAHNeM HX JAHHBIX). [1o3ToMy HeobXoAuMo NpMMe-
HHTb TOT HJIH HHOH MEXaHHU3M B33aHMHOI'O HCKJIOUEHHUS NPOIEC-
cop. [Tockonpky no onpeie/ieHHIo "TeHue W3 ImycToll odepenu
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U 3aIHCE B 3AIOJHEHHYK) odepelb OJOKUpYIOT MpoIece, To
MOMKHO UCIIOTR30BATE B KAYECTBE BO3MOXHOIO MEXaHH3Ma ¢
XPOHH3ALHH. :
o DynxImaA YNANEHUA COINaHHON pipe Ovepean oTcyTCTByer (Ll
¢ msgcetl). Ouepeas yaaisdercs KakK TONBKO ByAyT 3aKphITHI [
nosonpo 06srvHoN Qaiiiopoit dbynkuun close) Bee JeCKpURY
Topil daftnos filedesc B xaxAoM H3 npoueccos. 1Ipu aTo
€C/IM 3aKPBITB] Bee Aeckpuntopbl filedesc[1] (mus aanncg)’
TO 110 OKOHYAHHH JAHHLIX B OYepeJH BCE ONEPAnyH 4TeHus Gy-
AyT AaBaTh OWHOKY ¢Komel chainas. Ecam e 3aKkpeTh Bee
AeckpunTopsl filedesc[0] (gna yTeHus), To 0bas onepalus
3anucKH B o4epels OVAeT reHepHpoBaTh curHan SIGPIPE, cras
AAPTHLIH 06paboTYMK KOTOPOro TEPMUHHPYET NPOHECcC. 1

Ilpunep ucitonb30Banus pipe cM. B pa3geae 1.3. B aron npo: |
rpaMme oyepedr from_root CIYKWT AN B3aMMHOTO HCKJTIOYEeHHS
IPOLECCOB (MepeAaBaeMble TaHHBIE He HCIOJBL3YIOTCA), Odepenp
tO_root ChayXKHT AN Hepeiavy pe3yAbTATa 0T MOTOMKA K POJIH-
Tesmo. O4epesn CO3AAITCH B OCHOBHOM (T. €. H3HAMABHO 3alyINeH-
HOM MOJIb30BATENEM) NPOUECCE, ¥ TOMNBLKO 3ATeM P Pa3 BhI3LIBACTCH
¢hynkuus fork, cozgaras p NpoIecCOB—0TOMKOB. CJIeaoBaTe/h-
HO, BCE NpoIlecChl UMEIOT OQHM H Te JKe 3HaveHud B from_root
u to_root. IIpouneccr-uoTOMKH Ccpa3y IOcJIe CTapTa 3aKphiBa-
10T CBOH KONHH JECKDHNTOPOB Mjd 3alliCM B Ouepelnr from_root
(from_root[1]) m ajia yremus u3 odepeau to_root (to_root[0]).
OcHoBHO# npouece Nocie 3amycka TOTOMKOB 3aKPhIBAET CBOH KO-
IR JeCKPHITTOPOB /1A 3allMCH B Ovepelb to_root (to_root(1])
H 4 uTenusa u3 odepenu from_root (from_root [0]). Tem caMeim
copMapylorest j1Be ouepeau coobuieHnil:

e from_root, B KOTOPYIO OCHOBHOW IPOLECC MOMXKET TOABKO 3&IH-
CEIBATh JAHHBLE, & NPOULCCHI-TTOTOMKH — TOAbKO HX CHUTHIBATE,

s to.root, 3 KOTOPOH CCHOBHOHM IPOIECC MOXKET TONIBKO CHHTbI-
BATh JaHHEIE, & IIPOLUECCEI-HOTOMKH — TOJILKO HX 3AIHCBHIRATL.
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Cpa3y MocJie 3aMyCka NPOLCC-NOTOMOK BEIYHC/IALT CBOIO 98CTh
yHTErpajia C MOMOIBIO dbyHKIUM integrate u mnepexoiuT B De-
JKHM OKHAAHHS NOABICHUSA coobulenus (u3 onuoro Gafita) B O4ve-
penn from_root. Oaun GafT SBAACTCA MHHUMATLHOR BEJHIMHOMN,
He/le/THMON MeX Iy IIPOLIeCCaMit, NOITOMY TPH OTNPAaBKe OCHOBHHIM
npoLeCCOM TAKOro COOBILEHns Syaer aKTHBU3WPOBAH DOBHO OIMH
73 ero NOTOMKOB. JL0XaBIIHCE COOBIIEHNs, POLUECC—TIOTOMOK 3a-
UCHIBAET PE3Y/LTAT B 049€Pe]b t0_root i 3aKAHYHBAET CBOW pabo-
ty. OCHOBHOM NpoIecC OCJIe JAMyCKa NOTOMKOB p pa3 MOCaeA0Ba-
Te/bHO 3AIHMChIBAET ONMH GalT B Ouepenh from_root (TeMm caMuIM
AKTMBH3UPYH OIVH M3 IPOIECCOB-TIOTOMKOB) # NEPEXOJUT B PEXUM
O HAHUSA NOABAeHHs coobienua B oyepenu to_root. Ilomy4us co-
obmenne — 9ucyao THIa double, oCHOBHOM nMpouecc NpAOaBAAET £ro
K pe3yJpTaTy total, hopMUPYs OKOHYATENLHBIR OTBET.

8.5. TMpriMep MHOroNPOLECCHOW NMPOrpaMMbi,
BbIUKCAAIOWEH NpOHaIBeAeHHEe MaTPMUDbI HA BEKTOD

PaceMOTPUM 33,24y BBIUMCJIEHUS [POU3BEICHUS MATPHLLI HA BEK-
Top. J1s UOBBIIIEHHS CKOPOCTH pafoThl HA MHOTONPOLECCOPHOR
BBIMHICAMTENbHOH YCTAHOBKE C OOIIel [TaMATHIO CO3AaIUM HECKOJb-
KO TPOeccoB (10 YHCAY RPONECCOPOB) W pasfenum pabory Mex-
Ny HIIMM, PR3MeCTHB BCe IaHHble B pasjieisemoli namsaTu. OcHos-
HBIM 3JIEMEHTOM CHHXPOHH3ALMH 33734 Oyaer sBiaTbca QyHKUuA
synchronize, KoTOpasi JaeT BO3MOKHOCTD MpOIeccy OXKMAATh, IOKA
3Ty e (PYHKUMIO BEI30BYT BCe Apyrue npouecchl. Ganibl mpoeKTa:

e synchronize.c, synchronize.h — HCXOIHBIN TEKCT H COOTBET-
CTBYIOUIHIN 3aro/IoBOYHBIN chattn a1 GHYHKLMH CHHXDOHUBALHA
H B3aMMHOIO HCKJIOWEHHH IPONECCOB;

e get_time.c, get_time.h-—ncxo;mbm TEKCT W COOTBETCTBYO-
Hiutt 3arooBodHEe alfin ans GyHKOUA paboTel €O BPEeMEeHeM;

e main.c —3anyck NpPOLECCOB H BbIBO| PE3YJILTATOR;

e matrices.c, matrices.h — HCXOIHBI TEKCT M COOTBETCTBYHO-
M 3aroaoBOYHBIA dail ans BhYHKIHE, paboTalomMX C MaT-
pHILIaMH;
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¢ Makefile — nna copku mpoekTa.
3aronoBouHsIft chain synchronize. h:

int init_synchronize_lock {(int total_processes);
int destroy_synchronize_lock (void);

int lock_data (void);

int unlock_data {void): C
void synchronize {int process_num, int total_processes),;,-’

B daitne synchronize.c saxonsarca byHKLIHN:

® Sem_open— CO3JaeT HOBBHIY HabOp H3 YKa3aHIOTO KOMUHECTB3,
ceMahOPOR M YCTAHAB/IHBALT KAXKBI U3 HIIX B YKA3aHHOE Ha~ 7§
YAMBHOE 3HAYEHUEe; INs CO3JAHHA YHHKAJILHOTO (T. e, orvIHdHo-
. TO OT YK€ HMEIUUXCS B KakoM-1Hbo mpouecce) nafopa B Ka~
HeCTBE KNIOWMA 4718 PYHKUMH Semget WCNOJB3OBAHO 3HAMCHHE
IPC_PRIVATE, 1,17 MHHIMANIM3AIMA BCEX CO3JaHHBIX CeMadopoB
B DYHKIUM Semctl HCHOML30BAHO 3IHAYEHHE SETALL:
¢ sem_closge - yaansieT yka3aHHBI Habop cemachopos; -
® init_synchronize_lock —co3gaeT BCe uCHOIb3yeMble OBbEK-
Thl CUHXPOHU3ALNH N B3AMNMHOIO UCKJIIOUEHNA NPOLeccos:
— 1 cemadop ¢ HAYANBHBIM 3HAUEHHEM 1 A8 B3aUMHOIO HC-
KIHYEHUA IPOUECCOR JIPU JOCTYIE K pazjeasemMolt namaTy;
— 2 nabopa mo total_processes ceMacOPOB C HAMAJILHLIN 3HA- |
qeHHen (0 IIA CHHXPOHIIANHH IPOLECCOR; |
— maccus lock_all, ucnons3yemblit aas onepaimil ¢ nocnen-
HUMH OBYMs nadopamir;
. destroy_synchronize_lock — yaaaseT BCe  CO3IZAHHLIE B
npenpiayiuelt byHKUHH 0GBEKTHI;
e lock_data -~ obecmreunTs uCKMOUMHTENBNYIO paboTy ¢ paznens-
EMON NAMATBIO TeKYIIeMY IPOIeccy;
¢ unlock_data-- pa3pemmTs APYrUM lpoieccaM padoTaTh ¢ pas-
JengaeMolil NaMATHIO;
¢ synchronize_internal — oCHOBHAsl NOANPOrpamMMa PYHKIHH
CHHXPOHM3AIMH; 6JJOKHPYET BLIZBABIIMI e MPOLEC JI0 Tex Mup,
IIOKa ee He BBI3OBYT BCe total_processes mporeccos; cXema
paboTel:




3.5. [pHMep BBIMUCNEHHA NPOHIBEAEHUA MATPHLbI HA BEKTOP 137

1. jobaBuTE total_processes K 3HadeHHIo cemadopa ¢ HOMe-
poM process_num #3 ykasaHHoro Habopa, cocToAmlero H3
total_processes cemaOpOR; 3Ta ONEPAIMA HE IIPHBOJUT
K DOJOKMpPOBKE IpOIECCca; _

2. BBHIYECTh 1 M3 3HAYEHUS Ka)KJ0r0 U3 total_processes ce-
MacdOpOB B yKa3aHHOM Habope; »Ta OIepaluA MPHBOAMT K
OJIOKHPOBKE TPOLECcca OO0 TeX 10D, MOKA 3HAYeHUA BCEeX ce-
MadOpPOB He CTAHYT HOJOXKUTEIEHBIMH;

OpyTHMH CJA0BaMH, KaXKIBIH U3 total_processes NpoIeccoB
npubapisieT total_processes K ogHOMY ceMadopy, H BEIYUTaET
1 43 BCEX, MO3TOMY, HAIIPHUMEP, NIEPeT IPHXOAOM B 3TY (BYHKIHIO
10CAeJHEr0 MPOIecca, MMEImero HoMep K, k-it cemadop B Habo-
pe MMeeT 3Hadenue 1-total_processes {1 moroMy 6JOKMpYyeT
BCe ocTaiibHele total_processes-1 Nponeccos), a OCTAABHEBIE
total_processes-1 cemadopoB HMEIOT 3HaUEHHE 1; DOCTERHNH
[puIeIUi TPOUeCC OMHCAHHON BhHIINE onepaueil 1 paspemaer
paboTaTh BCEM MPOLECCAM, a 3aTeM oflepaunell 2 NpUBOAMT BCE
cemacopbl B HauasbHOE 2HadeHpe 0

synchronize —ocHoBHast (YHKUMA CHHXpOHU3aUMU; OJ0KMpY-
eT BBIIBABLIMI ee MTpPOHece A0 Tex 1op, NOKa €€ He BhI3OBYT BCe
total_processes MPOUECCOR; ARAMNKLI BEI3BIBAST NPeABLAYINY IO
QYHKUHK s JBYX PasHLIX Habopos No total_processes ce-
MadopoB WIS TOro, 4tobbl JOXKJIATHCA, MOKA B 3TY (DYHKIIHIO
BCe Ipolecchl BOMAYT U BBIAAYT, He JOMYCKasd CHTYAlUnu, KO-
raa OJMH U3 MPOIECCOR, BRIIA B3 synchronize, BOWNET B HEe
pAHbIIIE, TeM OCTAJAbHBIE BBILIN IPH HPENBbIIYIIeR CHHXPOHH3E-
MM, H HAPYLIIMT TEM CaMBIM ee paboTy.

®atn synchronize.c:

#include
#include
#include
#include
#include
#include

<stdio.h>
<stdlib.h>
<unistd.h>
<errno.h>
<gys/types.h>
<sys/ipc.h>
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#include <sys/sem.h>
#¥include "synchronize.h"

/* KneuTupmxaTop cemadopa BIAMMHOTO MCKINYEHHS */

static int lock_data_sem_id;

/* HaenTuduxaTopu HaSopoB ceMadopoB, MCOONL3IYEMHX ANH
CHHXpOHM3ADUH. */

static int processes_in_sem_id;

static.int processes_out_sem_id;

/* CTpykTypa ZaHHMX fns omnepauuit ¢ HabopoM ceMadopoB */

struct sembuf * lock_all;

/* "OTKpuTh" HOBHE HAl0p CeMadoOpOB LAMHH N H YCTAaHOBHTB
HavanpHOe 3HAYEHHE Kawporo cemadopa val. Bosmpamaer
unenTu¢uxaTop mabopa, -1 B cayyae ommbxm. */

static int .

sem_open (int n, int wval)

{

int id; /* pesyapTrar */
/* CIpyKTypa HaHHHX ANs ynpaBneHus ceMmadopoM */

#ifdef _SEM_SEMUN_UNDEFINED

union semun

{
/* Bravenue ana Xomammw SETVAL */
int wval; '
/* Bydpep nna xomang IPC_STAT m IPC_SET */
struct semid_ds *buf;
/* Maceus ans xomanz GETALL m SETALL #*/
unsigned short int *array;
/* Bybep mna xoManzs IPC_INFO */ |
struct seminfo *__buf;

¥

#endif
union semun s_un;
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int 1i;

/* Coagaem HOBHit nabop ceMadopos */
if ((id = semget (IPC_PRIVATE, n,
IPC_CREAT | 0664)) == -1)
{ .
fprintf (stderr, "Cannot create semaphorei\n');
return -1;

}

/% BojengeM NaMaTh NMOJ MAacCHB HAYANBHHX 3HAYEHUH */
if (t(s_un.array = (unsigned short int*)
malloc (n * sizeof (unsigned short int))))
{
/* Mano nmamaTu */
fprintf (stderr, "Not enough memory\n");
return -1;

/* HawanpHoe 3navemne Habopa ceMadopoB */
for (i = 0; 1 < n; it+)
s_un.array[i] = val;

/* YcTaHOBMTL HavanbHCOE 3HAuYeHMe Kaxnore cemadopa */
if (semctl (id, O, SETALL, s_un) == -1)
{
fprintf (stderr, "Cannot init semaphore\n");
/* C cemapopoM paboTaTh Hemb3L, 3aKaHYHBAEM */
free (s_un.array);
return -1;

free (=_un.array);
return id;

b
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/* "3axpurs" ceMmadop ¢ muenTuduraTOopoM id.
BosppamaeT me O B cayyae ommbiru. */

static int

sem_close (int id)

{
/* Ypangem cemadop. */
if (semctl (id, 0, IPC_RMID, 0) == -1)
{
fprintf (stderr, "Cannot delete semaphore\n");
return -1;
}
return 0;
}

/* VBRMUMANN3UPOBATb BCe OOBEKTH CHHXPOHH3AUMH M
B3auMHOIC HCKADYeHHS. BosppamaeT -1 B Chnyvae OWMOKH.*/
int
init_synchronize_lock (int total_processes)
{

int i;

/% Cozgaem 1 cemadop ¢ HavannuuM 3IHayeHHEM 1 */
lock_data_sem_id = sem_open (1, 1);
/* CosgaeM total_processes ceMadpopoB ¢ HAYaNbHEM
3HaveHneM 0 */
processes_in_sem_id = sem_cpen (total_processes, 0);
/* Cozgzaem total_processes CeMadopoB ¢ HawamwbHHM
3naveHpeM 0 */
processes_out_sem_id = sem_open (total_processes, 0);
/* [lpoEepseM yCHeWHROCTb CO3ZAHMA */
if (lock_data_sem_id == -1 |{ processes_in_sem_id == -1
| processes_out_sem_id =="-1)
return -1; /* ceMadopsl He CO3JAHH */
/* BeIeJseM NAMAThL [OH MACCHE */
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if ('(lock_all = (struct sembuf *)
malloc (total_processes * sizeof (struct sembuf))))
return -2; /% HeET naMATH */
/* KHRORanuInpyeM Maccue */
for (i = 0; i < total_processes; i++)
{
lock_allfi] .sem_num = 1;
lock_allli] .sem_op = -1;
lock_ali(i] .sem_flg = 0;

return Q;

/* 3axoHYMTb paboTy co BceéMHM OODBEKTAMH CHHXPOHM3AUMK X
B3AUMHOTO MCKIOYeHus. BoaspamaeT -1 B cayvae omubxm.*/

int
destroy_synchronize_lock ()
{
if (sem_close (lock_data_sem_id} == -1
|| sem_close (processes_in_sem_id) == -1
il sem_close (processes_out_sem.id) == -1)

return -1; /+* oumbxra */
free (lock_all);
return 0;

¥

/* 06ecmeynTh MCKANYHTENLHYK paboTy ¢ pa3fensgeMoil NaMaThbL
TeKymeMy npoueccy. Bosepamaer e 0 B cmyvae owmbrm. */
int
lock_data ()
{
/* CTpyxTypa BaHHHX fnd omepauuit ¢ cemadopom */
struct sembuf s_buf = { 0, -1, 0};
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if (semop (lock_data_sem_id, &s_buf, 1) == -1)
{
fprintf (stderr, "Cannot lock semaphore\n"):
return -1; /* ommubxa */
}
return 0;

1

/* Pa3spemmTs ZPYTuM IpoueccaM paboTaTs ¢ pasgenseMoi
naMaTbi. BosspamaeT He 0 B cnyvae omubru. */

int

unlock_data ()

{
/* CTpykTypa AaHHMX OAA omepaumit ¢ cemadopom */
struct sembuf s_buf = { 0, 1, 0}; '

if (semop (lock_data_sem_id, &s_buf, 1) == -1)
{
fprintf (stderr, "Cannot unlock semaphore\n"};
return -1; /* omubra */
}
return 0;

/#* lonnporpaMma gus synchronize */
static int
synchronize_internal (int id, int process_num,
int total_processes)

{

/* [oBaButh total_processes eauHuy x ceMadopy ¢ HOMepOM

process_num u3 Habopa ¢ wmperTHdraTopoM id. */
/* CTpyKTypa AAaHHsIX LId ONepaunuii ¢ cemMapopoMm */
struct sembuf s_buf = {process_num, total_processes, 0};

if (semop (id, &s_buf, 1) == -1)
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return -1; /* ommbra */

/% BudyecTr 1 M3 Kaxmoro m3 total_processes cemadopoB
u3 mabopa ¢ upeRTupuxaropoM id. */

if (semop (id, lock_all, total_processes) == -1)
return -2; /#* omibra */

return 0;

b

/* JoXJaThCs B TEKYmHeM Mpoumecce C HOMEpOM process._num
ocTanbuux mponeccos (u3 ofmero wucia total_processes)*/

void

synchronize (int process_num, int total_processes)

{ .
/* JloxnaTbcs, MOKa BCE NPOUECCH BOHAYT B JTY @yﬂxunn‘*/
synchronize_internal (processes_in_sem_id, process_num,

total_processes);
/* loxnaTecs, 0K BCE NPOIECCH BHIAYT #3 3TOd dynrum*/
synchronize_internal (processes_out_gsem_id, process_num,
total_processes);

Zarososounpi a1 get_time.h:

long int get_time (};
long int get_full_time O);

Daiin get_time.c:

#include <sys/time.h>
#include <gys/resource.h>
#include "get_time.h"

/* BepuyTb NpOLeCCOpHOE BpeMd, 3aTpPavenuoe Ha TeKymuR
MpOLecC, B COTHX AONAX CeKyHmH. BepeTcs BpeMa TOIbKO
caMoTo mpouecca, BpeMs DAGorH CHCTEMHHX BH3IOBOB HE
npubaBngerca. */
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long int get_time ()
{

struct rusage buf;

getrusage (RUSAGE_SELF, &buf);
/#* mpeoGpasyeM BpeMs B CeKyHzax
B COTHE JNONM CEeKYHHH */
return buf.ru_utime.tv_sec * 100
/* mpeofpasyeM BpeMz B MHKDOCEKYHAAX
B COTHe JONM CEKYHOH */
+ buf.ru_utime.tv_usec / 10000;

/* Bosmpamaer acTpoHoMmyeckoe (!) Bpems
B COTHX JOMfX CEeKYHIM */

long int get_full_time ()

{

struct timeval buf;

gettimeofday (&buf, 0);
/* npeobpasayeM BpeMa B CeKyHzax
B COTHE JONH CEeKYHAH */
return  buf.tv_sec * 100
/* npeofpasyeM BpeMT B MHKDOCEKYHAAX
B COTHE JONH CEeKYHAH */
+ buf.tv_usec / 10000;
} _
P@ByﬂbTaT,BmgaaaeMbﬂiget_full_time,HmeHFCMbumlnHun,BTom
CJIYMag, eCtl B CHCTEME HET APYTHX BHITOIHSIONHXCH TIPOIECCOB,
KPOMeE ZamylIeHHON »Toll nporpamMMoll IpyTine.
B(baﬁnemain.cHﬁXOﬂHTCHImaBHaH(bynxuuﬂnmin,KDTopaH:

® co3faer ONOK pasfesgeMoil NAMATH, 'AOCTATOMHBIN I pasae-
IeHIH:

1. 1-#t marpunnt o X n,
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2. 2-X BEKTODPOB JUIMHBL N,
3. 1-ro uenoro 4ucnaa, B KOTOPOM OyJleT CyMMHPOBATBHCS BpEMA
paboTHL BCEX. TPOIIECCOB;

18 CO3JAHNA YHHKAILHOTO (T. €. OTAMYHOrO OT y3Ke MMEIOLIX-
cst B KakoM-anBo npouecce} 6i0ka passiensieMoif NaMATH B Ka-
JqecTBE KJOYA A48 (DVHKIHN shmget HUCHONB30BAHO 3HAYEHHE
IPC_PRIVATE;

¢ TOICOCMUHACT COIMAHHEBI OJI0K pasjensieMolt NaMATH K aapec-
HOMY IIPOCTPAHCTBY MpONECCa;

e ¢ NOMOWIBK init_synchronize_lock co3maer Bce MCNOJbL3Ye- )
MEle 00BEKTHl CHHXPOHH3AIMH ¥ B3AKRMHOIO HMCKJIOUeHHs IpOo-
LIECCOB;

e pa3sMeIIaeT MATPHLY, 2 BEKTOPA, CYETYHK BPEMEHM B pa3jelisie-
MOH ImaMsTH ¥ HHHLUHAJAUSHUPYET HX;

e zamyckaer total_processes-1 xonmit TekyIero npouecca ¢ mo-
Moilpo fork, npu 9TOM COZJAaHHBEIN H/IOK pasgensdemMoll naMaTH
U BCe ceMadhOphl HACAEAYIOTCH OPOXK /IeHHEIMH ITDOLECCAMH;

® KaXKplli M3 total_processes IIPONECCOB BhI3bIBaeT (hyHKIHIO
matrix_mult_vector_process, KOTOopas:

— BbIYHCJIAET KOMIIQHEHTHl OTBeTa ¢ UHIeKCaMH B AHAIIA30HE

n * process_num / total_processes, ...,
n * (process_num + 1} / total_processes - 1

¢ noMoubo GYHKIHKE matrix_mult_vector;

— BBLIYHCASET CYMMADHOE IIPOLECCOPHOE BPEMS, 3aTPadeHHOe Ha
BCE 3AMYIIEHHBIE TIPOLECCh]; A% B3aUMHOTO NCKJIKOHEHUA MTPH
OOCTYIE HPOIECCOB K ORHON K Toll xe advelke pazjensieMol
[aMsiTH ¢ agpecoM p_total_time ucnoL3yHTCA byHKIHHA
lock_data, unlock_data (cM. seiue);

— 478 1esc oTIaakH K 6o1ee TOYHOTO 3amepa BpeMeHH pabo-
ThI (DYHKIMA BEIYHCICHHA NPOH3BEIeHH MATPHIIBI HA BEKTOP
BREI3EIBAETCA B 1K1e N_TESTS paas.

¢ KUKIBI 13 total_processes UPOUECCOB BHI3EIBAET (DYHKIIMIO
synchronize [JIsl OILIAHHMS 3JABEPIUCHHA BCeX NPOULECCOE;
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e total_processes-1 MNOPOKJACHHBIX NPOUECCOB 3aBEPIIAIOTCA
caBHblf npotece (¢ HoMepoM () BLIBOIAT Pe3VaLTATH paboTh v
yAanseT BCe O6heKThl CUHXPOHH3ANAM H DA3/eNsieMyIo NaMsATh

@ajis main.c:

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

#include "matrices.h"
#include "get_time.h"
#include "synchronize.h"

/+ KonuwecTtso Tecros (ans ornagxm) */
#tdefine N_TESTS 10

/* YMHOMEHME MATPHMIN Ha BEKTOP INA OZHMOTO mponecca */
void
matrix_mult_vector_process (

double * matrix, /* MaTpuua */

double * vector, /* BexTop */

double * result, /* pesynbTar */

int n, /* pasmepHOCTH */

long * p_total_time, /* cymmapuoe Bpemz %/

int process_num, /* RoMep npomecca */

int total_processes) /* Bcero npbueccos */
{

long int t;

int i;

printf ("Process %d started\n", process_num);
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t = get_time (); /* BpeMz Havana paboTm */
for (i = 0; i < N_TESTS; i++)
{

matrix_muit_vector {matrix, vector, result, n,
process_num, total_processes);
printf ("Process id mult d times\n",
process_num, i);
}
t = get_time () - t; /* Bpema xoHua paboTm */
/* CymMupyeM BpemMeHa paboTH */
/* 06ecmeynTs HCKALNHTENBHHE LOCTYI XK NaMATH */
lock_data ();
*p_total_time += t; ‘
/% PaspeunTs gmpyruM paborarb C pasfensdeMoil maMaTho */
unlock_data ();
printf ("Process #d finished, time = %ld\n",
process_num, tJ;

int main ()

{

int total_processes; /* YHCIO CO3RaBAaeMHX IDPOLECCOB */
int process_num; /* HoMep mpomecca */

/* acTpOHOMHYECKOe Bpemda paboTH BCero mpouecca */

long int t_full;

void *shmem; /* yRasaTeab Ha pa3fendeMynw naMare  */

int shm.id; /% nueHTHdHKATOp pa3fiendeMoit maMsTm */
int n; /* pasMep MaTpuus ¥ BEKTOPOB */
double *mattix; /* maTpuua */

double *vector; /* BexTop */

double *result; /* pes3yNbTHPYRUUI BEKTOp */

long *p_total_time, /* ofumee BpeMs BCex IpoLeccoB*/
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int 1;
pid_t pid;

printf ("Input processes number: "};
scanf ("}d", &total_processes);

printf ("matrix size = ");
scanf ("}4d", &n);

/* 06umit pa3auep Tpebyemoll namsru:
IIOJN, MACCHBH:
1 maTpuna n x n Ttuna double
2 pexTopa mmuHi n THna double
Al CUYeT4YHKa BPBMEHH!
1 uncno Tuma long int */
l=(n*n+2xn) * sizeof (double) + sizeof (long);

/* CoapaeM HOBuIl OBNOK pasfenseMoil maMaTu */
if ({shm_id = shmget (IPC_PRIVATE, 1,

IPC_CREAT | 0664)) == -1)
{
fprintf (stderr, “Cannot create shared memory\n");
return 1; /* 3aBepwaeM pafory */
}

/* TloncoenunseM pa3fendeMyl NAMATH K aZPeCHOMY
IpOCTPAHCTBY mpomecca */

if ((shmem = (void #*)shmat (shm_id, ¢, 0)} == (void#*)-1)

{ '
fprintf (stderr, "Cannot attach shared memory\n");
return 3; /* 3aeepmaem pabory */

}

/* VcTanaBnuBaeM YKA3aTeny Ha JaHHHE
B pa3gendeMcil nmaMaTu */
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matrix = (double#*) shmem;
vector = matrix + n * n;
result = vector + n;

p_total_time = (long intx) (result + 1),
*p_total_time = O, /* maganbHoe 3HavYeHMe */

/* Wnunpanuaupyem Bce 00BEKTH BaamMogeficTBu */
if (init_synchronize_lock (total_processes))
return 4; /* saBepmaeM paboTy B Ciydae omubKu */

/* VHRUMAMM3ALUA MACCHBOB */
init_matrix {(matrix, n);
init_vector (vector, n);
printf ("Matrix:\n");
print_matrix (matrix, n);
printf ("Vector:\n");
print_vector (vector, n);

printf (“Allocated %d bytes (%dKb or %dMb) of memory\n",
1, 1 >> 10, 1 >> 20);

/% BacekaeM aCTPOHOMKYECKOE BpeMs Hadyala paborn */
t_full = get_full_time O;
/* 3JanyckaeM total_processes - 1 mponeccos,
npomecc ¢ HoMepoM O - Texymuit */
for (process_num = total_processes - 1;
process_num > O; process_num--)
{ .
/* KnoHmposaTb ceba */
pid = fork O;
if (pid == -1)
¢ -
fprintf (stderr, "Cannot fork!\n"};
return 5; /* saBepmaemM paboTy */

}
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if. (pid == 0)
{
/* BumomudeM paoTy B MOPOKOEHHOM nponecce */
matrix_mult_vector_process (matrix, vector,
result, n, p_total_time, process_num,
total_processes);
/* QomnaThCA OCTAIBHHX NPOLECCOB */
synchronize (process_num, total_processes);
, return O; /* 3aBepmuTe mpouecc */

b

/* 3pecw paboTaeT riaBHHH npouecc ¢ Homepom 0. */

/* BunonuseM pafoTy B mpouecce process_num = Q */

matrix_mult_vector_process {matrix, vector, result, n,
p_total_time, process_num, total_processes);

/* JoXZAaTBCA OCTANBHHX OPOLECCOB */

synchronize (process_num, total_processes);

t_full = get_full _time () - t_full;
if (t_full == 0)
t_full = 1; /* ouenp BHCTpsii KoMOboTEp... */

/* 3meck MOXHO paboTaTb C pe3yAbTATOM */
print_vector (result, n);

printf ("Total full time = '{1d, \
total processes time = %1d (%1d%%), per process = %1d\n",
t_full, *p_total_time,
(*p_total_time » 100} / t_full,
*p_total_time / total_processes);
/* JlMKBHOMPYEM CO3JAHHHE O6BLEKTH CHHXPORM3AUHH */
destroy_synchronize_lock ();
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/* OTcoemuuAeM pa3nendeMyl MaMATb OT afpecHoro
npoctparcTsa npouecca */

if (shmdt (shmem) == -1}
{
fprintf (stderr, "Cannot detach shared memory\n");
return 10;
¥
/% Ypansey pasgmenseMy® MaMarb. */
if (shmctl (shm_id, IPC_RMID, 0) == -1)
{

fprintf (stderr, "Cannot delete shared memory\n");
return 11;

}

return 0O;

3aronosounblil dafin matrices.h:

void init_matrix (double ¥ matrix, int n);

void init_vector (double * vector, int ny;

void print_matrix (double * matrix, int n);

void print_vector (double * vector, int n);

void matrix_mult_vector (double *a, double *b, double *c,
int n, int process_num,
int total_processes};

@aji matrices.c:

#include <stdio.h>
#include "matrices.h"
#include "synchrenize.h"

/% VHHUUAMH3ALES MATPUIE */
void init_matrix (double * matrix, int n)

{
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=

int 1, j;
double *a = matrix;

for (i = 0; 1 < n; i++)
for (j = 0; j < n; j++)
*(at+) = (1 > 3) 24 : 1

/* EMnuanuaanusa BexTopa */
void init_vector (double * vector, int n)
{

int i;

double *b = vector;

for (i

=0; i < n; i++)
*(b++) =

1.;

#define N_MAX 5

/* BuBOX MaTpuum */
void print_matrix (double * matrix, int n)
{

int i, j;

int m = (n > N_MAX ? N_MAX : n);

for (1 = 0; i < m; i++)
{
for (j = 0; j < m; j++)
printf (" %12.61f", matrix[i * n + j1);
printf ("\n");
}

%

/* Bupom BerTOpa */
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; void print_vector (double * vector, int n)
| {

int 1;

int m = (n > N_MAX ? N_MAX : n);

for (i = 0; i < m; i++)
printf (" %12.61f", vactor(il);
printf ("\n");
}

/* YMHOXUTL MaTpHUY a Ea BéKTop b, ¢ = ab z@n=s npornecca ¢
ZoMepoM process_num u3 obmero KonuiecTBa
total_processes. */

void matrix_mult_vector (double *a, double *b, double #*c,

int n, int process_num,
int total_processes)

int 1, j;
double *p, 8;
int first_row, last_row;

/#* [eppaa yvacTBymmas CTPOKa MATPHIN */
first_row = n * process_num;

first_row /= total_processes;

/* Tlocneznas y4acTByomas CTPOKA MATPHUM */
last_row = n * (process_num + 1);

last_row last_row / total_processes - 1;

for (i = first_row, p = a + i * n; i <= last_row; i++)
{
for (s = 0., j =0; j € n; j++)
8 += x(p++) * bLi];
cli]l = s;
}

synchronize {preocess_num, total_processes);
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e

}

Qatin Makefile:
NAME = process_mult
DEBUG = -g
cc = gce -c
LD = gcc
CFLAGS = $(DEBUG) -W -Wall
LIBS = -1m '
LDFLAGS = $(DEBUG)

0BJS = main.o matrices.o synchronize.o get_time.o
all : $(NAME)

$(NAME) : $(0OBJS)
$(1D) $(LDFLAGS) $~ $(LIBS) -o %@

c.o:
$(CC) $(CFLAGS) $< -o $0
clean: :
rm -f $(0BJS) $(NAME)
main.o : main.c matrices.h get_time.h synchronize.h
matrices.o : matrices.c matrices.h synchronize.h
synchronize.o: synchronize.c synchronize.h
get_time.o ¢ get_time.c get_time.h

Chenaem 3aMeuanne 06 OTVIAJIKe NPUBEACHHOH BEINTIE MpO-
rpaMmel. B ciywac ee aBapHMNOr0 3aBeplIeHNs CO3/aHHBIE 06b-
€KThI MEXKIIPOLIUCCHOTO B3aUMoAeHcTERA (BJIOK pasiaensemoll maMa-
TH M Habopki cemagopos)} He yramsiiorca. Ipn nosropHoM 3amycke
nporpama Oyger rTpefoBarTe CO3JAHHS HOBBIX 00BEKTOR, YT0 MO-
JKeT OKAZAThCS HEeBO3SMOKHBIM H3-3a HCHeplaHiia ofbena J0CTVI-
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noft pazgesnsaemoii TaMATH MIH KOJM'IECTBA cemacpopos. [losTomy
oCTaBNIMecs nocse oIH6KH B rporpaMue ofbextsl IPC neobxonu-
MO Y/AMuTh BHewHeldl Mpoueaypoil, CM. ONMCAaHye yanT ipcs u
ipcrm B pa3zene 8.2.4 {c. 119).

3aMeTHM TAKMKE, YTO MaKCHMAJLHLI obbeM pasjensemoit na-
MATH, BHIJIEIAEMON IPOLECCy, ABISAETCS BAXKHBIM TADAMETPOM JiI0-
Goil omepalMOHHON CHCTeMbl, H OOBIYHO CYIL|ECTBEHHO MEHBIE 0bB-
eMa JOCTYIHOW Mpoleccy BUPTYaJgbHO# namsTd. Hacro aToT napa-
METp He/Ib35 U3MEHATh AUHAMUTECKH (BO Bpems! paGoThl CHCTEMBI),
a TOJIBKO TEyTeM MepexoMnmisguuu siapa. [lostomy ana onmcaHHoR
prime 3agaun, Tpebyomel npu HONBIIUX 71 3HAYATENBHBIX obbe-
MOB TAMSATH, NpeAAOYTHTEIRHee HCIOb30BATE MEXAHM3M 3a7a4
(threads), rne ofbemyl pasznenseMoit H BUPTYAJbHO! MAMATH COB-
N30T



YnpaBneHve zagauamu
(threads)

B a70it riare mu1 paceMorpuM ocsomHbIE (byHKHMH, TI03BOJIAIOIHNE |
3AIIYCKATh HOBBIE 3a734H H YIPABIATL HMU. ;

9.1. ®yHukunua pthread create

@yukuna pthread_create, ONHMCAHHAS B 3ArOJOBOYHOM haiine
<pthread.h>, no3Bonger co31aTh HOBYIO 38734y H HAYATL €€ Bbl-
noJueHne ¢ yxkasaugofi dyuxtmu. IporoTun:

int pthread_create (pthread_t #*thread,
const pthread_attr_t *attr,
void *(*start_routine) (void ), void *arg);
rje
¢ thread - Bo3BpallaeMoe 3HAUEHHE — MAEHTH(HKATOD CO3JaH-
HOH 3aaaui;
¢ atir — yKa3aleNb HA CTPYKTYPY ¢ aTpHOYTaMN CO31aBaeMOl 3a-
AatH (MomeT 6orTh 0 4431 UCTIOL30BAHMS 3HAMEINH 10 yMOAIa-
HHID),
e start_routine — YKA3ATe b Ha PYHKUUK, ¢ KOTOPOHN Ha/0 Ha-
IATh BBIIIOJIHEHME 3aa4M;
® arg — ApPryMCHT 3TOH (BYHKIIMH.

Oyukuus sosspamwaer () B cayuae yenexa.
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g.2. ®yHrumn pthread_join

OyHKIUR pthread_join, omHCaHHAs B ¢aitne <pthread.h>, nos-
poJIeT TeKyllell 3ajade OxIJATh OKOH'MAHHHA yKa3aHHOH 3aja4u
(s10r0 2KE npouecca). llpoTorun:

int pthread_join (pthread t thread,
void #*#*thread_return);

e
e thread— HaenTH(HKATOP 33/(@4K, 3ABEPIIEHUA KOTOPOR HAaIO
OKHIATE,
e thread_return— ykazaTesib Ha IIePeMeHHYIO, rie Oyjer coxpa-
HEHO BO3BpAIIAEMOE 3HAteHHe 3a1aun (MoxeT GuiTe O, ecn 910
He TpebyeTcs).

@yuxuus Bosspamaer B Cydae yeriexa.

Jo6yi0 3aaady YCTAHOBKOHA CHENHATBHOTO arpubyrTa mpu Co-
37AHUHA WK C TIOMOIUBIO CITelHaIbHON dbyHKITUH (pthread_detach)
MOYHO [IepEBECTH B TAKOE COCTOSHME, B KOTOPOM €@ Hejp3d oyzer
oHAaTh [ocpeacTBOM pthread_join.

9.3, ®yukuua sched_yield

Dynknus sched_yield, onnCaHHasd B daiiie <sched.h>, mosponser

HOCTABATE TEKYLLYIO 3a4ady (1POLEcC) B KOHEI O4epeiu roTOBBIX
33784 (IPOLECCOB) € TEM € INPUOPHUTETOM. TIporoTHiL:

int sched.yield (void);

®yukipa Bo3ppamaer § B CIyqae yCHexa.
i




10

CuHXxpoHUu3ayus
W B3aUMoOAEHCTBUE 3apau

Besi mamarts y paboTaloux 3a7a4 SBIASTCS pa3fensemolt Mexay |
HHUMY, HO3TOMY 1A COBMECTHOTO MCIOJL30BAHHS JIO60H T06a1n- .
HOH IepereHHON HeobXOIMMO MCHOML3OBATL TOT MM HHON 00beKkT
cuuxporu3auun. [lna nosblwenus sddexTHBHOCTH paboTel npo-
TpaMm ¥ yA06CTBA NPOrpaMMUpOBanMS 4/ 3a1a4 BBEJIEHEI CELH-
AJILHBIE CPEACTBA CHHXPOHH3ALMH,

10.1. O6nexrsl cHHXpOHM3aUUM THNA mutex

OBLexTHl CHHXPOHMIAIIIN THIIA Mutex dakTuvecku npencrasagior
coboft HeKOTOpOe pazBuTHE By/NeBCKIX ceMag0poB B IJIaHe MOBLHI-
mwenys BezonacHocTn 1 ahheKTHEROCTH PaboThl OIPOTPaMMbI.
Twmmuneft npka paborer ¢ pazaensiemsry pecypcoM creayio-
muit: 834ThH cemadop, paborars pecypcom, BepHYTb ceMadop.
Oummako, ecan B pesynsTate onméKy s IIpPOTPaMMe OHA BHAYaNe BEI-
30BeT hYHKUINO BEPHYTE cemachop (He B34B ero!), a 3arem BLITONI-
HHT MPUBEAGHHLIN BBILIE UMK paboThl ¢ pazie/iseMbiM pecypconm,
T0 bynknua B3sTL ceMadop He O0KupyeT 3anady, ecan pecypc
3aHAT. ‘
Apyroit npobinemoit npu paore ¢ cemacbopamu ABNsEeTCS HEOB-
XOHAHMOCTE MePeKJI0YMeHns 3aJ1a4 NPH KAXKIOM BbI30BE BbyHknni,
paboTaoiunx ¢ cemadopon. Jeo B TOM, YTO CaM CHeTYHK cemado-
pa § (aKTyecky ABAMOWNICH pasnessenoit MEFKIY OPOTeCCanm
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[1aMsITBIO} HAXONMTCS B o6/IaCTH JAHHBIX ONEPAIHOHHOA CHCTEMD,
4 nobas PyHKUUA, paboTatomas ¢ cemMadopoM, FBAAETCHA CHCTEM-
abIM BBI30BOM. DTO 0CcOBEHHO TUIOXO TPH CHHXPORM3ALMM MEXAY
3a7a4aMH, TTOCKOJIBKY B 3TOM dnyuae cam oOMeH ABHHLIMM HE TDE-
Gyer NepeKIIotenus 3a1ad (Tak KaK BCA TAMATH y 33134 obmas).

st 60psEel ¢ ITHMH ABICHUAMH BBOMTCH 00BLEKT mutex, KOTO-
puiit (PAKTHHECKH COCTOWT u3 napbl: 6yjleBCKOTO cemadopa U HIeH-
TipHKATOPA 32TaIN — TEKYINEro snazensia cemacdopa (T. e. TOH
3a/1aMH, KOTOPas yCIenTHO BRI3BAIA $yHKUMIO B3ATh U CTAIA BJa-
feblieM Pa3fesemMoro pecypca). Ilpu aToM caMa 372 Hapa XpaHuT-
csi B paszesisieMoft MEeXAY 3a/ataMH namaTy (B cayuae threads —B
noboM MecTe ux obedt naMsita). Jjs gocTyna K ofbekTy mutex
m OIpe/ie/ieHsl TP NPUMHTHBHBIE ONEpALAM:

o Lock(m) — 6noxknposaTe mutex m, e m yxe 3a6JI0KHPOBaH
apyroii 3azadelf, TO 3T onepanis nepeBojuT 33434y B COCTOA-
avie OKEJaHHA pazbJOKHPOBANUS TN

o Unlock({m) — pa3bioKupoBaTk mutex m, (ecaH ™M OXUAAETCH
apyroit 3ajiadelt, TO OHa MOXKET BbITH AKTHBU3HPOBAHA, yAaJe-
HA W3 OUepead OKUJIAHMA I MOMET BLITECHATD TeKYNYIO 3348
4y, HAMPUMEP, ECJIH ee TPHOPHTET BhilIe); eC/IH BH3BABIIAA 9TY
OMEPALIMIO 331298 He RBIAETC BIANE/BIEM T, TO onepausl He
uMeeT HHKAKOrO 3dgerTa;

e TryLock(m) — nonpoGosarhb 6A0KKpOBATH Mmutex m, ecy 7t HE
GIOKKWPOBAH, TO T4 ONepalHs skeupanenTHa Lock(m), unave
BO3BPALIAETCS NMPU3HAK HEYHadH.

Dy oniepaly HEJAEJIUMBL, T. €. [tepeK/LIoY€eHIe 33,131 BO BpEMA HX
UCTIOJTHEHHN A Ba.HPEI_U,GHO.
O6beKTH mutex ObIBAIOT:

o -/IOKAJBHBIMH — JOCTYIHBL 1/15 CHHXPOHR3AMIH MeXKJIy 3aja-
wamu (threads) oanoro Npouecca; pa3MEIAOTCS B noGoM MecTe
wx obuielt mamsTH; ' :

e rnoBasibHBIME — JOCTYIIHBI AJIsi CRHXPOHU3ALIH Mexc/Ly 3aa-
wanmn (threads) pasHBIX TPOLECCOB; PAsMelAloTCs B PAs/Ienae-
MOIT Mexcly nponeccaMy IaMmaTH.
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OTMeTHM, 4To rIoGasibHbIe mutex MOABIUIHCL 3HAYUTEILHO NON |
K€ JIOKAMBHBIX M LPENOCTABISIOTCH HE RCEMH OTIEPAITHOHHBIMH Cii
creMamu. Tlpuyaunoil ux nossienns ABHJIOCE y00CTBO JIOKATLHBIN
MUteX Nis CHHXPOHM3ALKMH 3aJa4, H rnobanbHble mutex sBISIOTCR |
obobrennem nocaennux Ha TPOIIECChI. + )

Hekotopeie onepaimonnsie creremp NPEJIOCTABAHIOT OBbeKTE |
mutex co crenHanTLHBIMK CBOUCTBAMM, MOJE3HBIMH B Psijle CIy'aes.
Paccmorpum cnenyromyw cutyamuo. Oyuknum £f1 u £2 pabortalor
€ PasHe/IsIeMbIME PeCypcaMy ¥ HCTIONB3VIOT mutex m A7 CHHXpPO-
HABAHUH MEXIY 33Ja9aMu:

£f1()
{
Lock(m);

Unlock(m) ;
}

£2()
{
Lock(m);

Unlock{m);
}

B pesyneraTe pasenrhs MPOrpaMMel HAM IOTPEBOBATOCE BLIIBATL
dyHrRUMIO 1 B3 £2

£2()

{ !
Lock(m);
<omeparops 1>
£10; )
<onepaTopu 2> , . -
Unlock(m);
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Ouako 3T0 npuBoauT K curyanun deadlock: 3aaaua nepexoqur B
pedHBIA MK OXKHIAAHHA OCBOBOXeHMA mutex m B (qyaxuuy f1,
[OCKOTBKY OHA yKe sIBJsAercs Baadeablem sroro mutex. IlosTo-
MY HEKOTOPBIE OMEPAUMOHHBIE CHCTEMBI IPEJOCTABIAOT 06bEKTEI
mutex JAONONHUTENLHBIX THITOB:

e error check — sr3oB Lock Bnagensuem mutex, a takxke Unlock
He BJIAJeJbleM He MPOU3BOAAT HUKAKOTO NefCTBUSA; OTMETUM,
41O IMUtex 3TOro THAA PEUT APodIeMy, ONHCAHHYO BbILIE, HO
[IOABIACTCA HOBast: <omepaToph 2> (Moxer OpiTh, paboTarouiue
C paszesisieMblM DECYPCOM) BBINOJIHSIIOTCA, KOTJa 3afada yike
He ABJAAETCS BIAJEIbIEM mutex;

¢ recurcive — sr1zoB Lock Biaensuen mutex yBeAHYUBAET CUET-
YUK TaXHMX BbI30BOB, BHI3OB [/nlock BrajesniieM — yMeHBIIAET
CHETUYMK; PEAbHO Pa3bAOKHpOBaHWE MmUteX NPOUCXOAMT LpPH
3HAYeHHM CueTdnKa, pasroM (.

10.1.1. ®@yHKumsa pthread_mutex_init

®yuknua pthread_mutex_init, onucanuas B 3aro/10B0YHOM dadine
<pthread.h>, no3BOMAET HHHIHAIH3HPOBATE Mutex. [TpoToTun:

int pthread_mutex_.init (pthread mutex_t *mutex,
pthread_mutexattr_t *attr);

rue

e mutex — yKa3laTelb Ha mutex,
e attr — yKa3aTeJb Ha CTPYKIYDY C arpubyTamn mutex (MoxKer
Op1TE 0 /118 HCHOMBL30BAHLA 3HAUCHIH 10 YMOHAHHIO).

fﬁym{um{ posBpaiaer (| B caytdae ycnexa.

Jna mutex (06bexTa THna pthread_mutex_t) BMECTO (DyHKIUH
pthread_mutex_init MOKHO MCII0/IB30BATE CTATHUECKYIO WHULMA-
JU3ANHIO TPH O6LABIEHUH:

pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;

0- 3017
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rae Makpoc PTHREAD_MUTEX_INITIALIZER omnpejesied B 3aroJiOBOY-
HOM (pafne <pthread.h>. Ilocnenuas 3anucek 3KBUBaJIEHTHA IIOCIIe-
IOBATEJILHOCTH:

pthread_mutex_t mutex;
pthread_mutex_init (&mutex, 0);

HO, B OTJIHYME OT Hee, MOXeT ObITh MCHOJIB30BAHA AN MHHUIIHAIIH-
3auMy IoBAIbHBIX 06HeKTOB.

10.1.2. ®ynkuus pthread_mutex_lock

Oyuknus pthread_mutex_lock, onucanHas B 3aro/I0BOYHOM dhaitie
<pthread.h>, mo3sosuser GJOKHpOBATL Mutex; ec/aH OH yxe 3a6J0-
KHpoBaH Opyrof 3ajaveif, TO 3Ta DYHKUHS HNEPEBOAHT 3aJ3a4y B
COCTOSHHE (KHJaHud pazdnoxkupoeanus mutex. IIporornm:

int pthread_mutex_lock (pthread_mutex_t *mutex);

rje mutex — ykazarenb Ha mutex. ®yuknusa so3ppawaer () B ciyuae
ycmexa.

10.1.3. ®ynkuua pthread_mutex_trylock

Qyuxuus pthread_mutex_trylock, omucaHHas B 3ar0JOBOYUHOM
thattne <pthread.h>, no3sonser 6AOKUPOBATL Mutex; eCAH OH yXKe
3a0M0KHPOBAH APYroil 3anadefl, To 5Ta QYHKIUNA BOIBPANIAeT owmb-
Ky, He MeH#s cocTosgHus mutex. Ilporornm:

int pthread_mutex_trylock (pthread_mutex_t *mutex);

rue mutex — ykasareab Ha mutex. Oyuxkuus posppainaer 0 B ciydae
ycrexa.

10.1.4. ®ynkuua pthread_mutex_unlock

Qyuaxuua pthread_mutex_unlock, OMHCAHHAS B 3ar0J0BOTHOM
catine <pthread.h>, nozsonser paszbmoxkupoBats mutex. IIporo-
THIL:

int pthread_mutex_unlock (pthread_mutex_t *mutex);
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rae mutex — ykasareie Ha mutex. PyHkuug soaspatuaer 0 B caydae
yCIexa.

10.1.5. @yHkuua pthread_mutex_destroy

Pynruusa pthread_mutex_destroy, ONMCAHHAS B 3aro/IOBOUHOM
daitne <pthread.h>, 103BOAAET yIAIXATL Mutex, KOTOPLI# DOMXKEH
OBITH B 9TOT MOMeHT pasfnokupoBaHHbIM. [IpoToTum;

int pthread mutex_destroy {pthread_mutex_t *mutex);

rae mutex — ykasaTeab Ha mutex. @yskuua pozepamaer 0 B cayvae
yenexa. :

10.1.6. Tpumep ucnonbsosaHKs mutex

Paccmorpam Ty ke 3ajauy, 4o ¥ B pazjiene 8.2.4, TONIBKO BMECTO
nponeccos GyneM UCIONBR30BATh 3aJadH. IIpusojgumas Huxke npo-
rpaMMa CUMTBIBAET CTPOKY CO CTAHOAPTHOI'O BBOJA M BEIBOJUT €€ HA
CTaHAAPTHLIH BbIBOA. [N YTeHHA CTDOKH M AMd €e BBIBOIA CO3/4-
10TCs Ape 3azaqu (thread), KomOM 115 KOTOpPEIX ABAAIOTCA BYHKIAK
reader u writer cooTBeTcTBeHHO. [lockonLky 3amauu paborawor B
TOM JK€ alApecHOM NPOCTPAHCTBE, UTO M CO3JABMIMY HX IIPOLECC,
TO OHHM aBTOMATH4YeCKM Da3jensioT BCe NepeMeHHbIe, BKAWYaa Oy-
dep coobienuii msghuf. st Oprasim3anig B3aMMHOTO ACKJIIOYEHASA
IPH JOCTYNe K KDHTHYeCKHM pa3JelseMbiM pecypcaM (nepemeH-
HeIM done, msglen, msgbuf ) HCIONB3YETCH OGBEKT CHHXPOHU3ALIMH
mutex mutex.

#include <stdic.h>
#include <string.h>
#include <pthread.h>

#define BUF_LEN 256

/* D6BeKT CUHXpOHM3AUMM THNA mMutex */
pthread_mutex_t mutex;
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/* Mpusnax oxouwasus paboTH */
int done;

/* IOnnra coobumenua */

int msglen;

/* Bybep nma coobuenns */

char msgbuf [BUF_LEN] ;

/* Cunmtare coofuenne M NoMecTHTH ero B bBydep.
®yuxuua paboraeT Kax He3aBHCHMMA® 3aava, BH3HBAEMAS
onepanuonHol cHCTeMOH, MO3TOMYy NPOTOTHN QMKCHUpPOBaH.
AprymenT argp He HCnomb3yeTcH. */
void * reader (void *argp)
{
for (;;)
{
/* "3axBaTHTB" mutex */
pthread_mutex_lock (dmutex);
if (!'msglen)
{
/* CuuraTe coobumenwe. Bmxom mo Ctrl+D =/
if (!fgets (msgbuf, BUF_LEN, stdin))
break;
msglen = strlen (msgbuf) + 1;
}
/* "ocmobonuTh" mutex */
pthread_mutex_unlock (&mutex);
/* TloMecTHT: 3a0avy B KOHEU oOYepelM TOTOBHX 3Ianay
C TeM Ee NpPHOPHTEeTOM */
sched_yield ();
}
/* HanewaTaTsr HISHTHPMKATOp TeKyme# sagauu */
printf ("Thread %x exits\n", (int)pthread_self ());
done = 1; .
/* "ocBobogHTh" mutex */
pthread_mutex_unlock (kmutex);
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/* 3aBepumTh 3amauy */
return 0;

}

/* ¥oaTbp coobuenus, no ero NOCTYNJISHUN BHBECTH ero Ha
akpan. PyHKuud paboTaeT Kak He3ABHCHMasm 3afava,
BH3bBAEMAA ONEPAUMOHHOM CHCTeMOR, IO3TOMY MPOTOTHR
¢uKCUpoBan. APryMeHT argp He HCUOIB3yeTCH. */

void * writer (void * argp) :

{

for (;;)
{
/¥ "zaxBaTuTh" mutex */
pthread_mutex_lock {(&mutex);
if (done)

1 ,
/* HamevyaTaTh WEeHTHOMKATOP TeKywew 3agaum */
printf ("Thread %x exits\n",

(int)pthread_self ());
/* "ocBobomuTe" mutex */
pthread_mutex_unlock (&mutex);
/* 3aBepuuTh 3ajavy */
return 0;
}
if (msglen)
{
/% BEHBECTH Ha 3KpaH */
printf ("-> %s\n", msgbuf);
mgglen = 0;
h
/* "ocpobozuTn" mutex */
pthread_mutex_unlock {(&mutex);
/* TloMeCTHTL 3afady B KOHEl] CYepeny TOTOBHX 33zad
C TeM ¥e IPUOPUTEeTOM */
sched_yield ();
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int main ()
{
_ /* ReCKpUOTOpH 3azay */
| pthread_t writer_thread, reader_thread;

/* cosmaTe mutex */
if (pthread_mutex_init (&mutex, 0))
{
fprintf (stderr, "Cannot init mutex\n"),;
return 1;

}

/* cospgaTs 3agayy reader */
if (pthread_create (&reader_thread, 0, reader, 0))
{
- fprintf (stderr, "Cannot create reader thread\n");
return 2;
}
/* cosgars 3agavyy writer */
if (pthread_create (kwriter_thread, 0, writer, 0))
{
fprintf (stderr, "Cannot create writer thread\n");
: return 3;

}

/* EOATL OKOHYAaHWS 3amayr reader_thread */
pthread_join (reader_thread, 0);

/* XNaTh OKOHYAHMS 3afa4dM writer_thread =/~
pthread_join (writer_thread, 0);

/* ypanurh mutex */
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if (pthread_mutex_destroy (&mutex))
{
fprintf (stderr, "Cannot destroy mutex\n");
return 4;

[Iponeaypa reader B 6eCKOHEYHOM LHKJE, MPEPLIBAEMOM TIO OLIHG-
K€ BBOJA:

1. obecneunBaer cefe HCKTIOUATENBHBIH JOCTYN K OBIIUM HepeMeH-
HBIM C NOMOLIBIO OJOKHPOBKH mutex;

2. ecym npexbinymee coobiierne obpabotano cepsepoM (T. e. aunu-
Ha coobmenus msglen pabHa 0), TO CYHTHIBAET CTPOKY CO CTAaH-
JIAPTHOTO BBOJA ¢ moMolnsio fgets;

3. B ciTydae yCIeIIHOT0 YTEHMs yCTAHABJMBAET JAHHY COOBIICHHA
msglen, WHAYE: NPEPHIBAET IHUKJ, YCTAHAB/MMBAET IEPEMEHHYIO
done B 1, paspentraer apyruM 3ajladaM paboTaTb ¢ ofmuMu me-
PEMEHHBIMH ¢ MOMOMIBK Pa3biOKMPOBKH MuteX M 3aBepraeT
pabory; '

4. paspemaer ApyruM 3agadaM paboTaTh ¢ 06UHMME TepEMEHHEIMH
¢ NOMOMBIO pa3bIOKHPOBKY mutex;

3. ana ofecreveHHA MEPEKIIIOYEHHS 334ad K 3a/a4ye CepBepy HC-
none3yer ¢pynkuuio sched_yield (unawe 6bl 3TOT HUKR pabo-
TaJl BXOJNOCTYIO A0 OKOHYAHHMA KBAaHTA BPeMeHM, BBIAEICHHOTO
TeKyluet 3ajaqe); Gomee HANEKHOE M YHHBEPCAILHOE DPeILIeHHe
cM. B pasznene 10.3.6.

IIponenypa writer B GeCKOHEYHOM IIMKJE, IIPEPLIBAEMOM B Ciyuae
HEHYJIEBOI'O 3HadeHus done:

1. obecnequBaer cebe HCKJIIOYHTENBHEIN JOCTYN K OBIIHM TepeMeH-
HEIM C [IOMOLILI0 DIOKMPOBKH mutex; .
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2. ecau done He papuo (), TO pa3speluaer ApyruM 3agadaM paborarb
¢ OBIIMMH MepeMeHHBIMH ¢ IIOMOUIBIO PasbIOKHPOBKUY mutex H
3apepmaer pabory;

3. ecan ecte coobiuenue s obpaborkn cepsepoM (T. e, maMHA CO-
obuenus msglen ne pasua (), TO BBIBOAMT CTPOKY C MOMOIIBID
printf m ycranasnmsaer msglen B 0

4. paspenraer ApyruM 3agadaM pabortars ¢ OBHINMH IepeMEHHBIMH
¢ TOMOIILK pa3zb/IOKUPOBKU mutex; '

b. nnd obecliedeHUA IIEPEKIOYMEHHs 337349 K 33/aYaM—KJIHEeHTaM
ucrnosip3yer ysruno sched_yield.

10.2. I'Ipumep multithread-nporpammsl, BeiuUucasioweit
onpeaeneHHbIN HHTErpan

PaccvoTpuMm B KadecTBe mnpHMepa OporpaMMy, BbIYHC/IAIOLLYIO
onpeneeHHbIH uHTerpat. Maes yckopenns paboTel onucaHa B pas-
Jiene 1.2, ¢. 12, Texcr nporpammel cM. B paszaene 1.4, ¢. 18. 3anauu
(threads) cozgaioTca B ocHOBHOM (T. . M3HAYAALHO 3allyliEHHOM
monkzoeaTenesM) npouecce. Haentudmrkaropsl 3a4a4, 1107y 9eHHLIE
oT pthread_create, 3an0oMHHAIOTCE B MaccHpe threads W HCnonb-
3YHTCA OCHOBHEIM IIPOLECCOM [Jisf OXHIAAHHS 3ABEPUICHUS 3aIy-
IIEHHBIX 33/a4 ¢ nomoluplo byukipn pthread_join. B kaxmol ns
3aMyIIEHHBIX 33434 paboTaer dyukius process_function ¢ apry-
MEUTOM — HOMEPOM 3TON 2331a4d. ITa QYHKIMA BBIYHCIACT CBOI
YacTh HHTErpana ¢ NoMombio (yHKUUM integrate u upubasas-
eT €r0 K OTBETY total, ofecnevwdBasi BIAMMHOE HUCK/IOYMEHHE NPl
JOCTYIIE K NepeMeHHol total ¢ noMomso mutex total_mutex.

10.3. O6bekTbl CHHXPOHM3AUMK THNA condvar

O6bekT CHHXPOHM3ALMA THIA condvar JaeT BOBMOXKHOCTD 3ajale
OKHATE BBINOJTHEHHS HEKOTOPBIX ycaonult. PakTHYecKH sIBJAAET-
cs cobeltiem E {cu. pazgen 8.3) ¢ QONOIHMTEALHBIMH (DYHKIMAMIL
no pabore ¢ yKaszaHHbIM 0ObeKTOM mutex. Kax u mutex, ofbexT
condvar SBHO PasMeInaeT sl B PA3IEISeMOl MeX iy 3aadaMu (npo-
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eCCAMHM) MAMSTH, 4TO MO3BOJIsET oBONTHCE 6e3 CHCTeMHBIX BBI3O-
BOB TIPH CUHXDOHH3AIMA MeXay 3amadamu (threads). Jus pocryna
K 00beKTy condvar E onpenesieHsl TpH IPHMUTHBHBIE ONEDallHH:

o Wait(E,m) (rne m Tuna mutex) — IPOMIBOAHT CJIEIYONIHE
JeitcTBUs (MepBble OBA M3 HHX HEAEGJIMMBI, T. €. IEPeKJloye-
HHE 3324 BO BPEMS MX UCIOJHEHHS 3ATPENIEHO):

—~ Br3Barh Unlock(m) nns Tekyiueit 3aga4u (T. €. BeI3BaBIIEH
3Ty ONEpPaIHio},

— pu3BaTh Wait{F),

— BBI3BaTh Lock(m) (npom3oiaer, KOrga TeKyIuad 3a1ada «Io-
®Jercs» cobriTua E),

mutex m [epes BuI30BOM 3TOH (hyHKIHE HoJKeH ObiTh 3abso-

KHPOBaHHBIM;

o Signal(E)— su3pare Signal{E), ecnu HeT 0XKHIAIONIMX 32134,
TO HUYEro He JIPOHMCXOHT;

e Broadcast(E) — snizsath Broadcast(E), ecau HeT 0KUAAI0IHX
3a7a4, TO HUYEro He POUCXOANT.

PaccmoTpuM npuMep Hcnosab3oBannd obbekTos condvar. ITycrs
ecTh 3agaun Tp,T1,...,T,, pazgensiomue obnyioo obIacTs mams-
™ X. Jaa cHHXPOHHZAUMH JOCTYNa K X HCIHoAb3yeTca mutex m.
Mycts zagaga Tp akTHBU3NPYETCs, TOJBKO €CJIH BHINOJHEHO HEKO-
topoe ycnosue P(X). na obecreyeHns 3TOro B3anMoaelCTBUA HC-
nosb3yem obwexr condvar E. Toraa amroputm paborst Ty moxer
OLITE CXeMATHHUECKH 2AMHCAH TaK:

T_0 O
{
for (;;)
{
Lock (m);
Wait (E, m);
/* Moxem paborare ¢ pa3gensemoRf mamaTeb X,
DOCKONBKY ABNAGMCH BIAZENbLEM Mutex m */
it (P(X))
{
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/* YcnoeMe BHIONHEHO:
HCIIONHASM HeoOXoAuMue HefcTeua */

}
Unlock (m);
}
}
‘Torga anmroput™ paboret T; (i = 1,...,n MoxeT ObiTh CxeMaTHue-
CKM 3amMcaH Tak:
T_1 ()
{
for (;;)
{ .
Lock (m);
/* Moxen paGoTaTh C pasuenseMolf mamsrTew X,
NOCKONBKY SBNSEMCH BlafenbleM mutex m */
/* JanucuPaem maHmme s X */
Signal (E);
Unlock {(m);
H
}

10.3.1. ®ynHkuua pthread_cond_init
@yukuna pthread_cond_init, onHcaHas B 3aro/o0BOYHOM chaiize
<pthread.h>, no3Bosnser MHHIAANM3KPOBATE condvar. IIporoTum:
int pthread_cond_init (pthread_cond_t *cond,
pthread_condattr_t *attr)};
roe ;

» cond — ykasarens Ha condvar,
¢ attr - yKa3aTenab Ha CTPYKTypy ¢ arpuByraMu condvar (MO)KCT
BprTh 4718 MCHO/IB30BAHNSA 3HAYEHHN 110 YMOJIYaHHIO),
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Dyukuus Boaspawaer 0 B ciyuae yenexa.

Hns condvar (o@wekta THna pthread_cond_t) smecro dyrxk-
iy pthread_cond.init MOXKHO HMCIIONB30BATH CTATHYECKYH) MHH-
HUANU3IALMIO PR 00bABIEHKM:

pthread_cond_t cond = PTHREAD_COND_INITIALIZER;

rje MaKpocC PTHREAD_COND_INITIALIZER Onpejenes B
<pthread.h>. [locteguss 3amuch SKBHBATCHTHA IOCJIEIOBATENb-
HOCTH®

pthread_cond_t cond;
pthread_cond_init (&cond, 0);

HO, B OTJIM'LE OT Hee, MOKeT DBITH HCIO/B30BaHA I8 HHUITHAJII-
zanuu iobansHbIX 0O0LEeKTOB.

10.3.2. ®OyHkuua pthread_cond_signal

Oyuxis pthread_cond_signal, onucanHas B 3aro0BOYHOM hait-
ne <pthread.h>, no3BossteT Bo3obHOBUTE paboTy oaHGH H3 3a1ad,
oxupalowedt condvar (kakoid WMEHHO, He OMpPeNeieno), eCI TaKux
3aa9 HET, TO HUYEero He HpoucxoauT. IlpoTorun:

int pthread_cond_signal (pthread_cond_t *cond);

rae cond — vkazareab Ha condvar. @yrkuuna sosspamaet 0 B cnyvae
yenexa.

10.3.3. @ynkumna pthread_cond_broadcast

Oynkiua pthread_cond_broadcast, onucaiHas B 3al0JOBOYMHOM
haitne <pthread.h>, mospoiser BozobHOBHTE paboTy BCeX 3anad,
ORMAAIOHIMX condvar, €M TAKHUX 3824 HeT, TO HHYero He npouc-
xonuT. [Ipororum:

int pthread_cond_broadcast (pthread_cond_t *cond);

rie cond — ykazaTennb Ha condvar, @yukius so3zBpamaer 0 B cnyuyae
yr.nexa..
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10.3.4. @yHKums pthread_cond_wait

@yuxkuusa pthread_cond_wait, onncadfas B 3arosoBodHoM hafi-
ne <pthread.h>, pazbiokupyeT mutex (Kak HpH WMCMOIb30BAHUN
pthread_unlock_mutex) u ocraHaBaupaeT paboTy Texyiel 3a-
Jadu, 110Ka Kakad-HMOYZe Apyras 33/1a4a He BbI0BET (DYHKIHIO
pthread_cond_signal wiu Gbyekumw pthread_cond_broadcast,
IIPIYEM 9TH OePAIMI HeJeAMMBI {He TONYCKALTCH MePeKanycHae
3agdau MoK Iy Huni). Hocie Bosspalents H3 COCTOSHMS O IIAHNS
a1a Gyukina bnokupyer tutex (kax upn pthread_lock_mutex).
IpoToTun:

int pthread_cond_wait {(pthread_cond_t =*cond,
pthread _mutex_t *mutex);

rae cond — veasaTeab ia condvar, mutex — ykazaTens ua mutex.
Dyuknus Bosspaliaer 0 B caydae yernexa.

10.3.5. ®yHkuma pthread_cond_destroy

Pyrxnus pthread_cond_destroy, ouHCAHHAA B 3aroJOBOYHOM
aitie <pthread.h>, no3soader ynaanrs condvar, KOTOPBIH Be 10JI-
Kes B 3TOT MOMEHT OXMIATBLCS {C NOoMOoMmbIo pthread_cond_wait)
Hu o1H0H 3agaveit. Ipotornmn:

int pthread_cond_destroy (pthread_cond_t *cond);

rjie cond — yKkazaTeb Ha condvar. @vukuus sosspamact ( B caydae
VCIIeXa.

10.3.6. lMpumep ucnonesosanus condvar

Pacemorpns Ty e 3ajady, 4To v B pa3aenax 8.2.4 u 10.1.6.
[TpuBegennas B pasmene 10.1.6 nporpasmma aenserca He co-
BCeM KODPeKTHOH B ciedymouiem cMblcie. Kaxmas n3 dbynxuyuii
reader/writer NeJAaeT UPCINOJIONKEHHE O TOM, YTO BTOpas hyHK-
uug writer /reader 8 MoMenT BuzoBa hyukuuu sched_yield waer
TOJABLKO OCBOOOMIEHUA Mutex mutex. i AanHO IporpaMMbl 3TO
UPELIION0AKEeHNe BCPHO, 710 B abllieM cuyuae Tpebyeres obecnednTs,
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Ta0Bl 1TOCJIE BBIMOJHEHHS (hyuxnmm reader/writer cnaenywomed
BLINOJIHSTACh Wwriter/reader, ecsm e nocneguss 3aHATa (we ob-
pafoTana TipeAblyiee coobleHne), TO TEKYLAsA 3ajata JO/IAKHA
HepeiTH B COCTOARME OXKWNAHUSI, A He TOTPeOIATE [POLECCOPHBIE
pecypcrl B GecrioneanomM upkie onpoca. Huske npusoautca Moandn-
UMPORAHHEIA BAPUAHT TOH TIPOIPAMMEL, B KOTOPOM NIOMUMO GObeK-
Ty MULeX JJIA B3AMMHOUO HCKJIIOUEHHS [IPH JOCTYNE K PARENACMBIM
JAHHBIM MCTIONbAYeTes 0bbeKT condvar A/ CHHXPOHU3AUUM CAMUX
3aJac.

#include <stdio.h>

#include <string.h>

#include <pthread.h>

#define BUF_LEN 256

/* (06LeKT CHHXPOHM3ANMA THIA mutex */
pthread mutex_t mutex;

/* 06beKT CHEXpOHM3amu# THma condvar */
pthread_cond_t <ondvar;

/* llpuanaxk oxoHvarus paboTm */

int done;

/* JInura coobleHus */

int msglen;

/* Bydep mnsa coobuerms */

char msgbuf [BUF_LEN];

/* CuuraTe coollexHMe ¥ IOMECTHTE €r0 B Oydep.
dyuxnua paboraeT xax He3apuCuMAd 3ajava, BHSHBaeMad
onmepanMOHHOR CHCTeMOR, mo3rToMy NPOTOTHN QUKCHPOBAH.
ApryMeHT argp He HCIONB3yeTCH. */
void * reader (void *argp)
i
for (;;)
{
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/* "aaxeaTuTh" mutex */
pthread_mutex_lock {(&kmutex);
if ('msglen)
{
/* CuwraTs coobuenme. Buxom mo Ctrl+D */
if ('fgets (msgbuf, BUF_LEN, stdin))
break;
msglen = strlen {(msgbuf) + 1;
/* Mocnars curuan condvar */
pthread_cond_signal (&condvar);
}
while (msglen)
{
/* OcBobonmTe mutex ¥ XIATb CHTHana OT
condvar, 3arem "3axsaruTs" nutex omaTbh */
pthread_cond_wait (&condvar, &mutex);
}
/* "ocpobomuTn" mutex */
pthread_mutex_unlock (&mutex);
T
/* HamewaTaTk ROEHTUOMKATOp Texymed 3amaum */
printf ("Thread %x exits\n", (int)pthread_self ());
done = 1;
pthread_cond_signal {&condvar);
/* "ocmobomuTn" mutex */
pthread_mutex_unlock (&mutex);
/* zaBepuuTe 3amady */
return 0;

/* XpaTy COOGWeHHMA, IO €ro DOCTYIIEHHH BHBECTH €ro Ha
3Kpad. PyHKIHA paboTaeT Kax He3aBUCUMAZg 33java,
BHNSHBAGMAR ONEPALUOHHOR cucTeMol, No3TOMYy TPOTOTHI
durcuposan. APryMeHT argp He MCHOOMb3yeTca. */

-void * writer (void * argp)
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{
for (;3;)
{
/* "3axBaTHTR" mutex */
pthread_mutex_lock (&mutex);
while (!msglen)
{
if ('done)
{

/* Ecnu eme €CTh 3aKavM-KIAMEHTH, TO
oCcBOSOIMTH Mutex ¥ XOATh CHUTHaNa OT
condvar, 3areM "3aXBaTHTh" mutex ONATL*/

pthread_cond_wait (&condvar, &mutex);

} ,
if (done)
{

/*HanevaTaTe nrOeHTHIMKATOD Texymelt 3ajadu*/

printf ("Thread %x exits\n",
(int)pthread_self ());

/* YocBobomuTR" mutex */

pthread_mutex_unlock (&mutex);

/* 3aBepuuTh 3ajady */

return Q;

by
/* BHBECTH Ha 3IKpaHW */
printf ("-> %s\n", msgbuf);
msglen = 0;
/* TocnaTs curaan condvar */
pthread_cond_signal (&condvar);
/* “"ocBo6ommTh” mutex */
pthread_mutex_unlock (kmutex) ;
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int main ()
{
/* DecxpunTopw 3azay */
pthread_t writer_thread, reader_thread;

/* cosmaTe mutex */
if (pthread_mutex_init (&mutex, 0))
{
fprintf (stderr, "Camnot init mutex\n");
return 1;
¥
/* cosgats condvar */
if (pthread_cond_init (&condvar, 0))
s .
fprintf (stderr, "Cannot init condvar\n");
return 2;

}

/* cospaTe 3agauy reader */
if (pthread_create (&reader_thread, 0, reader, 0))
{
fprintf (stderr, "Cannot create reader thread\n");
return 3;
b
/* cospaTk 3amauy writer */
if (pthread_create (&writer_thread, 0, writer, 0))
{
fprintf (stderr, "Cannot create writer thread\n”);
return 4;

}

/* XDmaTby OKOH4YaHUA 3amaum reader_thread */
pthread_join (reader_thread, 0);

/* ®EaTe OKOHYAHMA 3ama4vH writer_thread */
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pthread_join (writer_thread, 0);

/* yAamuThL mutex */
if (pthread_mutex_destroy (&mutex))
{
fprintf (stderr, "Cannoct destroy mutex\n") ;
return 5; ’
}
/* ynanmuTb condvar */
if (pthread_cond_destroy (&condvar))
{
fprintf (stderr, "Cannot destroy condvar\n");
return 6;

¥

return 0;

[poneaypa reader B 5eCKOHEMHOM IIHK/IE, MPEPLIBAEMOM 10 OMIHO-
Ke BBOHA:

1. ofecneumBaeT cefe HCKJIFUUTENbHBIA AOCTYN K 0OIINM NepeMeH-
HEIM C MOMOILBI OJIOKMPOBKH mutex;

2. ecau npemplayiee coobimenne o6paboTano ceppepoM (T. & JH-
Ha coobueHua msglen papxa (), TO CUUTHIBAET CTPOKY CO CTaH-
JapTHOTO BEOZA ¢ IoMomblo fgets;

3. B CJyuae YCHENIHOTO YTEHHs YCTAHAB/IUBACT JIHHY COODIEHU
msglen, HHAYe: TPEPHIBACT UMKJI, YCTAHABIMBAET MePeMEHHYHO
done B 1, nochTaeT CHIHaJ B condvar (osHauAOIMH HATHYHE
ovepenHOro coobIIeHus A1 o6paboTkn CepBEPOM ), pa3pelaeT
JIpYyruM 3aja4aM paboTarh ¢ OOLIMMH 1EPeMEHHEIME € IOMOIIBIO
pa36iIOKMPOBKY Mutex 4 3apepmiaer paboTy;

4. MOCHLIZET CHIHAA B condvar, 03HAYAIOIINH HAJIHYHE OYEPeHOTO
coobierns s obpaboTKH CepBEpOM;
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5. oxkmpaer oOpaboTku cooOLIeHMA CEpBEPOM, AJIA Er0, TNOKA
msglen He crader pasHOi 0, OKUZJaeT NpHUXOLa CHIHAIA B
condvar;

6. pazpemaer ApYruM 3agadaM paborarh ¢ 06IHMH NEpeMEHHBIMH
C MOMOIILIO Pa3bJICOKHPOBKH mutex.

IIponenypa writer B GeCKOHEYHOM LMKJE, IPEPHIBAEMOM B CIy4ae
HEHYJIEROr0 3HaueHusa done:

1. obecrieunBaeT cebe HOKTIOYHTEILHEIN JOCTYN K OBIIHM IepeMeH-
HEIM C NOMOIIBI GUOKHPOBKH mutex;

2. OKMOET IpHXoAa coobIIEeHUA OT KJAHEHTa, /IS Hero, ToKa
msglen He cTaweT paBHO (, CXKHIaeT NMPUXOJA CUTHANA B
condvar;

3. ecqu done He papHo (), To paspemiaer ApyruM 3amadam paboTaTe
¢ 0OIUMH NEePEMEHHBIMY ¢ NIOMOIIbLIO pasb/IOKHPOBKH mutex H
3aBepiaer pabory;

4. noxjaBUIHCEL cooblIenus Ans o6paborku cepsepoM (T. e, AIHHA
coobuienns msglen He paBHa (), BEIBOOUT CTPOKY C MOMOLIbIO
printf u ycranaenusaer msglen B ()

5. mocepl1aeT cMrHas B condvar, o3HAYAKIIN oKoHYaHue obpaboT-
KH CepBepoM OUepeIHOro COODILeHUs;

6. pazpemnaeT ApyruM 3aga4aM paborars ¢ 0OMMMHE NepeMEHHBIMH
€ MOMOILI0 Pa3zfIOKUPOBKY mutex.

10.4. Mpumep multithread-nporpaMmel, BiuHCAAOW eI
NPOU3BeAeHHE MATPMULISI Ha BEKTOP

PaccmorpuM 3a/a9y BLIYHCIEHHS IPOU3BEICHUA Mannubi Ha BEeK-
Top (cMm. Taxxke paszen 8.5). Jlasi noBblueHMs CKOPOCTH paboThi
Ha MHOTOIPOUECCOPHOR BLIYMCIHTEJILHONM YCTaHOBKE ¢ o0mel ma-
MSITBIO CO3ZAMNM HECKOJILKO 3ailay (0 YHCIY npOLEeccopoB) H pas-
Jenum pabory Mexay HUMH. OCHOBHEIM 3/IEMEHTOM CHHXDOHH3A-
I 3a4ad OyIeT ABIATbLeH GYHKIHA synchronize, KOTOpas Iaer
BO3MOKHOCTL 3allagye OXUJATh, IOKA ITY e (QPYHKUHI BBIZOBYT
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BCe Apyrue 3azadu (cp. ¢ oquoumedHuo#l QpyHKIHeR B pasnene 8.5).
Dafinpl MPOEKTA:

e synchronize.c, synchronize.h — HCxoaHBI TEXCT H COOTBET-
CTBYOLIHY 3arQ0B0MHBHT drafiyn Ang QyHKUMH CHHXPOHUZAINH,

e get_time.c, get_time.h — HCXOAHDBIH TEKCT H COOTBETCTBYIO-
WKl 3aroaosovnntl daitn ana Qyuxuui paboTel CO BpeMEHEM,
KOTOPbIE COBNAJAI0T € OMHOMMEHHEIMU daftiaMy, NpHBE/IeHHEI-
MH B pazjeie 8.5); dyuxuus get_time BLLIAET NPOUECCOPHOE
BpeMs, 3aTpaueHnoe Ha 3ajady (thread), B xoTopoit ee rpizBaIM

¢ main.c—3amycK 33,34 W BRIROA Pe3YILTATOR;

¢ matrices.c, matrices.h — UCXOAHBI!I TEKCT M COOTBETCTBYIO-
wHil 3aronopodabli dalin gaa yaxumi, paboTalommx ¢ MaT-
pPULIaMH;

e Makefile — ana cOopku mpoekTa

Barososouaelt daitn synchronize . h:
void synchronize (int total_threads);
Qaitn synchronize.c:

#include <pthread.h>
#include "synchronize.h"

/* [oxODaThCA B TeKyWeM HOTOKe OCTANBHHX KOTOKOB
(u3 obmero wiucna total_threads). x/
void synchronize (int total_threads)
{
/* Db6BEKT CHHXPOHM3ALMH THIA mutex */
static pthread_mutex_t mutex
= PTHREAD_MUTEX_INITIALIZER;
/* (6BeKT CYHXPOHM3AUMHM THHa condvar */
static pthread_cond_t condvar_in
= PTHREAD_COND_INITIALIZER;
/* 06bexT cuaxpoHM3aumu THma condvar */
static pthread_cond_t condvar_out
= PTHREAD_COND_INITIALIZER;
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/* Yucno upnuwegumx B QYHELMD 33529 */

static int threads_in = 0;

/* Yucno oxufanummx BHX04A U3 OYHKOMM 3anad */
static int threads_out = 0;

/* "saxBaTuTp" mutex pna paboTH € NepeMeHHmMH
threads_in u threads_out */
pthread_mutex_lock (&mutex);

/* yBenu4uTh Ha 1 KOMUYECTBO NPHOHBUKX B
3Ty QyHKmUK 3amaw */
threads_in++;

/* TNpoBEpseM KONMIECTBO npubHBUMX 3amad */
if (threads_in >= total_thresads)
{
/* TeKymuil mOTOK Ipumesn NOCHeZHMM */
/* yCTaHAENHBaeM HASaNLHOE 3HAYCHHE
onda threads_out =*/
threads_out = 0;

/* paspemlaeM OCTANLHHM IPOZonkaTs pabory */
pthread_cond_broadcast (&condvar_in);

/* ecTv eme He NpumeguHe NOTOKH */

/* OXEmaeM, MmOKa B 3Ty QYHKLEO HE NPHAYT
BCE MOTOKHM */
while (threads_in < total_threads)
{ .
/* oXupmaeM paspelleHus NPORONXATH paboTy:
ocsoboauTE Mutex M XIZATH CHTHANa OT
condvar, 3aTeM "3axsarurs'' mutex onaTre */
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pthread_cond_wait (&condvar_in, &mutex);
}
}

/* yBenmmdYuTb, HAa 1 KOJNMYECTBO OXHAAWWMX Bhxoga 3amad */
threads_out++;

/* TIpoBepseM KONM4ecTBO OpubwBuMx 3azaq */
if (threads_out >= total_threads)
{
/* Tekymui DOTOX mpuueN B O4ePeAb NOCIEIHMM */
/* ycTaHapnrBaeM HaYaNbHOE 3HAYEHHE
fng threads_in */
threads_in = 0;

/* paspemaeM OCTANBHWM NPOZOAXATL pabory */
' pthread_cond_broadcast (&condvar_out);
b
else

{

/* B oYepefu OXUIAHUS eme eCTh TOTOKE */

/* oXHIaeM, TOKA B OYepelb OEMAAHHMA He npuAeT
mocnemHEE TOTOK */

while {threads_out < total_threads)
{

/* oxupaeM pa3pemeHMs IPOJOIRMTL paboTy:
0CcBOBOANTL mMuteX M XOAaTh CHTHANA OT
condvar, =zaTeM "3axmaTuTh" mutex omaATL */

pthread_cond_wait {(&condvar_out, &mutex);

}
}

/* "ocBobommTn" mutex */
pthread_mutex_unlock (&mutex);
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b

®yukuua synchronize noay<MHIack AOCTATOMHO CAOXKHON, IO
CKOJIBKY OHa JONYCKAeT UCHOMB30BAHNE BHYTDH IIHKJIOB!

for (...)
{

synchronize (total_threads);

¥

B 9roil cuTyaluMu HemocTATGYHO TOICYMTHLIBATH, CKOJILKO 3a-
Ja4 BOILIO B 3Ty (DYHKIIUK, NOCKOJIBKY BO3MOMHO, 4WTO, BhIHIA
U3 Hee, 04HA M3 3aJay ONATL Boltler B (DYHKIINO paHblle, 4eMm
OCTANIBHEIE YCTICOT H3 Hee BHIMTH. [loaroMy HeofxoAnMO HOACYH-
TBHIBaTh €Hl¢ CKOJIBKO 3a/Ja4 BbBIULI0 W3 ¢yvHknuu. B ¢yHK-
nun synchronize obbekr mutex 0BeCIEUYHBAET B3AHMHOE HCKJIO-
YeHHe 3a7a9 Npil JoCTyne K OBMM aasa Beex Baaaq:nepemen-
HBIM: threads_in — cuerynxy yucia BOMEININX B (pYHKUMIO 3334,
threads_out -- CHETYHMKY YHCIA OKMAAIOLNX BBIXOAA U3 (hyHKIHK
zajad. O6pekT condvar_in HCAONB3YeTCS A1 OKHUAAHHA, IOKA
cueTuHk threads_in He mpmmer 3uvaueHue total_threads {T e
B (hYHKIMIO He BOIAYT Bee 3aga4vu). CHIHAT O HACTYILIEHHM 2T0-
ro COBBITHS [IOCHIIACT MOCJeNHAA OPHIHEIIIAd 33/a4a, OHA Ke
YCTAHABMHBAET B HavaabHoe 3HAYeHHe ( cieTyumk threads_out.
O6bexT condvar_out ACHOIBLIYETC TS O:KMAAHNH, TTOKA CYETYHK
threads_out He npuner zHavedHe total_threads (T. e. B ouepend
Ha BBIXO/l He BCTAHYT Bee 3a4aui). CHIHAT 0 HACTYILICHIH 3TOTO CO-
ObLITIA NOCHLTAET UOC/EAHSS BCTABIIASE B OUepeb 33]44a, OHA JKC
YCTAHABITNABAET B Hattadblioe 3HaveHue ( cuerumk threads_in.
®aitit main.c:

#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>
#tinclude "matrices.h"
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#include "get_time.h"

/* ApPryMeHTH ZnA noroka */
typedef struct _ARGS
{

double *matrix; /*

double *vector; /%

double *result; /*

int n; /*

int thread_num; I

int total_threads; /*
} ARGS;

MaTpuna */

BeKTOp */

pe3ynbTHpyRumit BexTOp */
pa3sMep MATPHUN ¥ BEXTOpPOB */
HOMep 3ajaum */

Bcero sazau */

/+ Cyumaproe BpeMs pabOTH BCex 3agad */
static long int threads_total_time = O;
/* 06bexT THIA mutex ANE CHEXPOHMIAUMH FOCTYyHA K

threads_total_time #*/

static pthread_mutex_t threads_total_time_mutex
= PTHREAD_MUTEX_INITIALIZER;

/% KonmuecTrO TecToB (Insg oTnamku) */

#define N_TESTS 10

/* YMHMOXeHMe MATDHIH Ha BEKTOp LN OfHOR 3amauu */
void * matrix_mult_vector_threaded (void *pa)

{
ARGS *pargs = (ARGS#*)pa;
long int t;
int i;

printf ("Thread %d started\n", pargs->thread_num);

t = get_time (); /*
for (i = 0; i < N_TESTS,
{

ppema Hawana paGore */
i++)

matrix_mult_vector (pargs->matrix, pargs->vectior,
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pargs->result, pargs->n,
pargs->thread_num,
pargs->total_threads);
printf ("Thread %d mult %d times\n",
pargs->thread_num, i);
}
t = get_time () - t; /% Bpems kKomuma paboTm */
/* Cymmupyem Bpemena paboTu */
/* "saxpaTuTh" mutex ans paboTw ¢ threads_total_time */
pthread _mutex_lock (&threads_total_time_mutex);
threads_total_time += t;
/* "ocBobozure" mutex */
pthréad_mutex_unlock (&threads_total_time_mutex);
printf ("Thread %d finished, time = %ld\n",
pargs->thread_num, t);

return 0;

int main ()
{
/* Maccus uAeHTHIUKATOPOB CO3IMAHHNX 3amay */
pthread_t * threads;
/% MacCHB apryMeHTOB HANS CO3JaHHHX 3azay */
ARGS * args;
/* YUCHO CO3MABAGMHX 3amay */
int nthreads;
/* acTpoHOMMHYeCXOe BpeMs paboTH BCEro npomecca */
long int t_full;

int n; /% pasMep MATDHIB U BEKTOpOB */
double *matrix; /* mMaTpuna */
double *vector; /* BeRTOp */
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double *result; /* pesyabpTHpYNWANH BEXTOp */
int i, 1;

printf ("Input threads number: ");
scanf ("%d", &nthreads);

if (!(threads = (pthread_t*)
malloc (nthreads * sizeof (pthread_t))))
{
fprintf (stderr, "Not enough memory!\n");
return 1;
}
if (!(args = (ARGS*) malloc (nthreads * sizeof (ARGS))))
{
fprintf (stderr, "Not enough memory!\n");
return 2;

}

printf ("matrix size = "};
scanf ("%d", &n);

/* BupeneHue NMaMATH [ION MacCHBH */
if (M{matrix = (dcublex)
malloc {(n * n * sizeof (double))))
{
fprintf (stderr, "Not enough memory!\n");
return 3;
+
if (!(vector = (doublex) malloc (n * sizeof (double))))
{
fprintf (stderr, "Not enough memory!\n");
return 4;
}
if (1(result = (double*) malloc (n * sizeof (double)}))
{
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fprintf (stderr, "Not enough memory!\n");
return 5;

}

/* VHuumanmaanus MacCcHBOB */
init_matrix (matrix, n);
init_vector (vector, mn);
printf ("Matrix:\n");
print_matrix (matrix, n);
printf ("Vector:\n");
print_vector {vector, n};

1=(n*n+2+*n) * sizeof (double);
printf ("Allocated %d bytes (%dKb or %dMb) of memory\n”,
1, 1 >> 10, 1 > 20);

/* VEMUManM3anus apryMeHTOB 3anay */
for (1 = 0; i < nthreads; i++)

{
args(i] .matrix = matrix;
args[i].vector = vector;
args[i] .result = result;
args[il.n = n;
args[i] .thread_num = i;
args[i] .total_threads = nthreads;
}

/* 3acexkaeM acTpoHOMHYECKOe BpeMf Hadana paborTw 3amau*/

t_full = get_full_time ();

/* BanyckaeM 3ajaum */

for (i = 0; i < nthreads; it++)

{
if (pthread_create (threads + i, 0,

matrix_mult_vector_threaded,
args + 1))



10.4. NpuMep BBINMCNEHWA NPOM3BEASHWA MATPHLbI Ha BEKTOD

187

{
fprintf (stderr, "cannot create thread #%d!\n",
i),
return 10;

I
}

/* OxupaeM OKOHYaHMA 3amad */
for (i = 0; i < nthreads; i++)
{
if (pthread_join (threads[i], 0))

‘fprintf (stderr, "cannot wait thread #%dt\n", 1);

}
t_full = get_full_time () - t_full;
if (t_full == 0)
t_full = 1; /* odens GucTpuil KoMmboTep... */

/% Bpech MOEHO paboTaTk ¢ pe3ynbTATOM */
print_vector (result, n);

/* OcpoBoxnaeM naMaTh */
free (threads);

free {(args);

free (matrix);

free (vector);

free (result);

printf ("Total full time = ¥1d, \

total threads time = %ld (%1ld%%), per thread = %ld\n",

t_full, threads_total_time,
(threads_total_time * 100) / t_full,
threads_total_time / nthreads);

return 0;

}
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Dyukiua matrix _mult_vector_threaded zanyckaercs B dhysk-
e main B Buae 3amay. Kaxkaofl wuz 3a7au HeoBxoauMo Iie-
pemare cioit vabop aprvmenror. Ho ¢vekums, sanycekaesast
KaK 33,/la%a, MOKET HMATE TONbLKO OJHH APTYMEHT Tuna voidsk,
s pemmennsg 21ol 11pobiaeMsl ONPEAENseTCd CTPYKTYPa AAHHBIX
ARGS, copep:xainan HeoOXONMMBLIE APCYMEHTHI. Y Ka3ATCTb HA 3TY
CTPVKTYPY uepegaerca dvHruuu matrix_mult_vector threaded
Kak void* # npecOpasyeTcs K tuny ARGS*. 3arTeM BLIZbIBAST(A
matrix_mult_vector, BBIMHCIAIONIAH KOMIIOHEHTbH! OTBETA C MH-
JeKCaMit B JUATa30oHe

n * thread_num / total_threads, ...,
n * (thread_num + 1) / total_threads - 1

J51s 0KHAAHHA 3aBEpIIEHHA BCEX 30Jad HCHOIb3YETCH (PYHKIIHS
synchronize.

Jis1 BEIMHCJIEHHA CYMMAPHOrQ IIPOIECCOPHOTD BPEMEHH, 3aTpa-
YEHHOro Ha fipoilece, B yHKUMMY matrix_mult_vector_threaded
BpeMs paloThl KAXKACH 3adaqn npufapnaercd K 3HAMEHHIO pasie-
nsgeMol mepeneHHo threads_total_time. Jns B3aumMHOro HCKITIO-
YeHMs 3Aa70a49 IpyY JOCTYHE K aTOH MepeMeHHOol HCnolb3yerces mutex
threads_total_time_mutex.

Ana peneit omiagku u 6osee TOYHOrC 3aMepa BPeMeHH PafoTh
bYHKUHA BBIMHCACHHS NPOU3BE/IEHNA MATPHIIB HA BEKTOD BBI3bIBa-
erca B nukae N_TESTS paa.

3aroaorounelll gail matrices.h;

void init_matrix (double * matrix, int n);
void init_vector {(double * vector, int n);
void print_matrix {double * matrix, int n);
veid print_vector {(double * vecter, int n);
void matrix_mult_vector {double *a, double #*b, double *c,
int n, int thread_num,
int total_threads);

Paftn matrices.c:

#include <stdio.h>
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#include "matrices.h"
#include "synchronize.h"

/* VHUNMAAM3ANUA MATPULH */
void init_matrix (double * matrix, int n)

{
int 1, j;
double *a = matrix;
for (i = 0; i < mn; it+)
for (j = 0; j < n; j++)
*(at+) = (1 > j) 721 : 3
'

/* MHunuanu3auus BeKTopa */
void init_vector (double * vector, int n}

{
int i;
double *b = vector;
for (i = 0; i < n; i++)
x(b++) = 1.;
1

#define N_MAX 5

/* BuBog MaTpuuns */
void print_matrix (double * matrix, int n)
{

int 1, j;

int m = ¢(n > N_MAX ? N_MAX : n);

for (i = 0; i < m; i++)
{
for (j = 0; j < m; j++)
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printf (" %12.61f", matrix[i * n + 3]1);
printf ("\n");
}

/* BuBonm BexTopa */
void print_vector {double * vector, int n)
{

int i;

int m = {n > N_MAX ? N_MAX : n);

for (1 = 0; 1 < m; i++)
printf (" %12.61f", vector[il);
printf - ("\n");
}

/* YMHORMTEL MATpHLy a Ha BeKTOop b, ¢ = ab mns 3ajayu ¢
HoMepoM thread_num w3 ofmero ronmuecTBa
total_threads. */
void matrix_mult_vector (double *a, double *b, double =xc,
int n, int thread_num,
int total_threads)

int i, j;
double *p, s;
int first_row, last_row;

/* lleppas y4acTBYKIAA CTPOKA MATPHUE */
first_row = n * thread_num;

first_row /= total_threads;

/* Tlocmennsaa y4acTBywmas CTPOKA MAaTPHIE */
last_row = n * {thread_num + 1);

last_row = last_row / total_threads - 1;

H

for {1 = first_row, p = a + i * n; 1 <= last_row; i++)



10.4. MNpuMep BbIMHCNEHWA NPOUIBEAEHHA MATPHLbl HA BEKTOP 191

{
for (s = 0., j =0; j < n; j++)
s += *(p++) * blj};
c[i} = s;
I

synchronize (total_threads);

}
Qaitn Makefile:

NAME = thread_mult

DEBUG = -g

cC = gec -¢

LD = gcc

CFLAGS = $(DEBUG) -W -Wall
LIBS = -lpthread -lm
LDFLAGS = $(DEBUG)

OBJS = main.o matrices.o synchronize.o get_time.o
all : ${NAME)

$(NAME) : $(0BIS)
$(LD) $(LDFLAGS) $~ $(LIBS) -o $Q

$(CC) $(CFLAGS) $< -o %@

clean: :
rm -f $(0BJS) $(NAME)

main.o : main.c¢ matrices.h get_time.h
matrices.o . matrices.c matrices.h synchronize.h
synchronize.o : synchronize.c synchronize.h
get_time.o : get_time.c get_time.h
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10.5. Bausasne aHCUHUNAWHBI AOCTYNA K NAMATH Ha
3¢hpeKTHBHOCTL NapannenbHOH NporpaMmb)

HonpobyeM 0GobuiiTs IporpaMMy NpeasIAyIIero pa3ieia, 0.1y YHE
113 Hee multithread-nporpamsy yMHoXeuus apyx marpuu C = AB,
Ecin obo3znaunTte 4epes x; i-if crounben marpnunt X, a gepes X =
[£15. .., 2Zn] = MATPHLY, COCTABAEHHYIO H3 CTOABLOB T;, TO 1O ONpe-
AEJIEHHUIO YMHOXKEHWHA MaTpUIl

¢ = [cl,...,cn] =AB = [Abl,...,Abn],

YTO MO3BO/IAET JIErKO NOMYMUTDH H3 TPOrpaMMbl YMHOXKEHHS MaTpu-
Ubl Ha BEKTOP [POrPaMMy YMHMKEHHS MATpHUbl Ha Marpuiy. (3a-
METUM, UTO 3TOT NOJX0;] NOJHOCTEIO HIHOPHPYET ECE, YTO CKA3aHO B
pasaene 2.7 06 3¢peKTUBHOM YMHOMXKEHUHM MaTpuil.] Mul npusexeM
TOMBKO TeKCT (PYHKIHH matrix_mult_matrix, ofobimawoined omm-
CAHHYIO BhlIle matrix_mult_vector M paboTamluyi COBEpLIEHHO
AHAJIOTHUHO:

#include <stdic.h>
#include "matrices.h"
#include "synchronize.h"

/#* YMHOXUTRL MaTpHLY @& Ha MATpPULY b, ¢ = ab gna 3agmaum
¢ nHomMepoM thread_num u3 obuero rojuuecrsa
total_threads */
void matrix_mult_matrix {(double *a, double *b, double *c,
int n, int thread_num,
int-total_threads)

int 1, j, m;
double #*pa, *pb, *pc, s;
int first_row, last_row;

/* llepBad yvacTBywmas CTPOKa MATPUIH */
first_row = n * thread_num;
first_row /= total_threads;
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/* Tocnemuas y4acTBYOIAR .CTPOKA MATPHUUL */
last_row = n * (thread_num + 1);
last_row = last_row / total_threads - 1;

for (m =0, pc = ¢; m < n; m++, pc++)

{

for {i = first_row, pa =
i <= last_row; i++)

for (s

pcli * n] = s;

>
}

=0., j

a+1x*n, pb=Db +m;

= 0; j < n; j++)
8 += #(pat++) * pb[j * nl;

synchronize (total_threads);

b

Ornoulenue BpeMenn paloThl «OOEIMHON» NPOrPaMMBL YMHOMKEHMS
Marpun (opuMep 1 paszaesna 2.7) X Bpemeny paboThl 3TOM IIporpan-
MBI (715 TIpoIecca B 11EA0M U 4JIst OJHOH 33Ja4u) mist asyx SMP-

cucteM npu n = 2000 npusezeno B Taba. 10.1.

DTa TabanLa NOKAZLIBAET:

¢ npakrudecku 100% 3dpexTuBHOCTE pacnapanjienuBa-
HUA (ACTPOHOMHYECKOE BpeMd PaboThl pOrpaMMbl COBIAIAST
¢ BpeMeHeM paboThl OZHON 3amadm);

Ta6auna 10.1. OTHOCHTEeBHOE BpeMa paboThI
NapauIeRbHON TPOrPAMMBL YMHOMXKEHHA MATPHLL

Yneno |2 % Pentium III | 4 x Pentium Pro
sanay | mpooecc | 1 thread | nponecc | 1 thread
1 1.00 1.00 1.00 1.00
2 1.05 1.05 0.73 0.73
4 - — 1.70 1.70

7 4017
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¢ MPaKTUYECKU [IOJIHOE OTCYTCTBME YCKOpeHuA B pabote
{(Bo BTOpOR CUCTEME ACTPOHOMHHYECKOE BpeMs Ha IBYX Npolec-
copax Ja)ke yeeanumnock B 1.37 pa3 mo CpaBHEHMIO ¢ QAHHM
MIPOIECCOPOM);

¢ IpaKTU4ecKY OQUHAK0Boe BpeMs paboThl «0bLIYHON» HpO-
rpaMMbl H& ABYX PACCMATPUBAEMBIX CHCTEMaX (XOTd HacTOThbl
NpoNECCOPOB OTAMYAIOTCH NMOYTH B OATbL pa3).

CaenosarennbHo, IpearioyKeHHas IPOrpaMMa COBepPIIIeHH0 Helpu-
FOAHA /15 [1apaJLie/bHbIX BEIMHCIHTENbHEIX YCTaHoBOK, (JCHOBHOMH
IPWIHHON 3TOTO HABAAETCA HEyAAadHAA AMCIMINIMHA JOCTYyHa K 06-
el maMATH, [TOCKOJIBKY KayKAas M3 3ala4 OQHOBPEMEeHHOo o0pa-
maeTcsd K OOHMM M TEeM K€ 3/1eMeHTaM MaTpuubl b. Hecmorps
Ha TO, YTO 3TH 3JEMEHTHl HCHOJIL3YIOTCH TONBLKO AJS YTeHHs, 3TO
HPHUBOAMT K KOHQUIMKTAM IO JaHHBIM B IIOJICHCTEMAX ONEPATHBHOU
NAMATH ¥ K3W-TAMsITH. 3aMeTyM, 4ro HonobHbI 3ddexkT MOXHO
OTHECTH K HeZopahoTKaM IIPH CO3/AHUM YIIPABJSIOUIEN annapat-
HOIl JIOTHKH PAacCMATPHBAEMBIX CHCTEM.

Honpobyes HCHPaBETE 3TY CHTYALHIO, OPraHH30RaB PaboTy Ipo-
rpaMMbl TakaM 00pa3oM, 4TO6Bl MCKAIOYHMTL OJHOBPEMEHHEI J0-
CTYI HeCKOJBKHX 33Ja4 K OJHHM H TeM >Ke 3JeMeHTaM oOuiedl na-
MATH. YIy4INeHHbI! BAPHAHT YMHOXKEHHA MaTPHILI HA MATPULly H
obbsicHeHue ero pafoThl TPHBeEHBl HUXKe:

#include <stdio.h>
#include "matrices.h"
#include "synchronize.h"

/* YMHOXMTL MaTpdmy a Ha MaTpuuy b, ¢ = ab ana 3ajaun
¢ HoMepoM thread_num #3 cfmero xomuvecTBa
total_threads */ :
void matrix_mult_matrix (double *a, double #*b, double *c,
int n, int thread_num,
int total_threads)

int i, j, k, 1, m;
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int first_row, last_row, len;
int first_row_k, last_row_k;
double *pa, *pb, *pc, s;

/% [leppad yyacTBY®WAs® CTPOKA MaTPHUUN */
first_row = n * thread_num;

first_row /= total_threads;

/* TlocnemnAs y4acTBY®NAs CTPOKA MAaTPHUM */
last_row = n * (thread_num + 1);

last_row = last_row / total_threads - 1;

/* 0buynsem pesynbraT */

len = (last_row - first_row + 1) * n; /* gumna c */

for (i = 0, pc = ¢ + first_row * n; i < len; i++)
*(pc++) = 0.;

/* Hurn no 6nokam */
for (1 = 0; 1 < total_threads; 1++)
{

/* Texkymuit HoMep 670Ka JRNA TONOCH b */
k = (thread_num + 1) % total_threads;
/* lleppas CTPOKA MONOCH MATpHUM b */
first_row_k = n * k;
first_row_k /= total_threads;
/* TlocnenHAs CTpoKA MONOCH MATPRIH b */
last_row k = n * (k + 1);
last_row_k = last_row_k / total_threads - 1;

/* YMHORAeM NpPAMOYTONBHEMIL 60K MATPHULH a
B cTporax first row ... last_row
u cronbuax first_row_k ... last_row_k
Ha CcTONOUH nonocH b, CTOAUMEe B CTPOKAxX
first_row_k ... first_row_k */
for (m =0, pb = b, pc = ¢; m < n; m++, pb++, pct+)

{
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for (i = first_row; i1 <= last_row; i++)
{
for (g8 = 0., j = first_row_k,
pa=a+1ix*mn+ j;
j <= last_row_k; j++)
5 += *(pat+) * pb[j * nj;
pcli * n} += s;

by
}
synchronize (total_threads);
}
+
®yukuusa matrix_mult.matrix B nukae no ! =0,1,...,p—1,

p = total_threads, BLIYMCJISIET MATPHILY, HBJIHIOIIYIOCT IPOU3Be-
Aennen 6J0Ka MaTpuilbl A, ¢TOAIETro B CTPOKAX
nm/p,...,n{m+1)/p—1, m = thread_num (10.1)
® crojbiax
(nm/p+1) (modp),....,(n(m+1)/p—1+1) (modp), (10.2)
u 610ka MaTpHUbl B, crostiiero B crpokax ¢ Homepamu (10.2) n
cronbuax
1,...,n. (10.3)
Jra marpuua upudasnserca k 6ioky Matpuis! C, CTOsILIEMY B CTPO-
Kax ¢ zomepamu (10.1) n cronbuax ¢ Homepamu (10.3). B srom
nnkae mo [ MBI HCTOB30BaiM synchronize (em. pasaen 10.4) gna
TOTO, YTOOR! TAPAHTHMPOBAHHO HCKJIIOYHTL OJHOBPEMEHHHIR J0CTyn
HECKOJABKHX 330a4 K OJHMM H TeM Ke 3JeMeHTaM b.
MnnroocTpauns 3tore npolecca npu total_threads = 3 mpu-
renieHa wa prc. 10.1: B kaxkzmoii w3 3amag 1, 2, 3 {3zech MBI mis
ya00cTBA HYMEPYEM HX, HAUHHAA ¢ 1) BRIYHC/IAKTCS [IPOH3BEIEHH
610KkoB MaTpyull A 1 B, 0OTMeYEHHEIX HA PHCYHKE COOTBETCTBYIoDIEH
tudpoit, u NpubaBaHIOTCS K pesynbTaTy B MaTpuie C.
OrHoulenne BpeMelH pabors «OBLIYHOM» IPOTPAMMEL YMIOXKE-
Hus mMaTpui {npusep 1 pasiena 2.7) K spemens paboThl 3T0d upo-
rpaMMBl {171A TPOLIeCcA B NEAOM M A8 OAHOH 3a/a4M) JUIS TeX XKe
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< a b

1 1 1

2 += 2 x 2

3 3 3
a)l:(]

c a b

1 1 3

2 += 2 b 1

3 3 2
6) =1

[ a b

1 1

2 += 2 X 3

3 3 1
B) [=2

Puc. 10.1. Oprauusanust BoIMHCICHYE DU YMHOMKEHHH
MaTPHIB! HA MATPUIY

SMP-cucrem u Toro e n mpusegeHo B Tabn. 10.2, roe B cxobkax
IPHBEILIIC TAKKE OTHOLICHHE BPeMeHU paboThl 3TOM IporpaMMEl Ha
1 mpoueccope k BpeMenu ee paboThl (ANs npouecca B LETOM H 1714
O/HOH 3aZayM) Ha MHOFHX IPOLECCOpax.

Ta6auma 10.2. OtHocHTENBHOE BpeMa paboThl ynydINeHHON
NApAINeILHON TPOrPAMMBE YMHOMEHMA MATPHLI

q 2 x Pentium III 4 % Pentium Pro

e

334849 [IpoHECC 1 thread npouece 1 thread
1 0.95 (1.00) | 0.95 (1.00) | 0.74 {1.00) | 0.74 (1.00)
2 3.56 (3.75) | 3.56 (3.75) | 1.40 (1.90} | 1.40 (1.90)
4 — = 2.53 (3.43) | 2.53 {3.43)
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9Ta TabIuUa MOKA3BLIBAET:

¢ npaktudeckn 100% sddexruBHOCTE pacnapaJinesnsa-
HuA (aCTPOHOMHMYECKOe BpeMsi paboThi NPOrpaMMpl COBIA/AeT
¢ spemenem paboThbl OZHON 3agaun);

s Xopowee yCKOpeHHe B paGore npn yBeIMYEHHH 4MCIR HC-
MoJIb3yeMBbIX TPOLEcCcOpoB (cM. K03 bHLIMERTE B CKODKAX);

e 3aMesieHne paboTbl «yJAYYINEHHOI» NMPOrpaMMbl Ha OJ-
HOM Mpolleccope (3TO pacHpoCTpaHeHHOe JAJA NapajeNbHbIX
IpOrpaMM SiBJIeHUe B JAHHOM CUTYallMH 00BLACHAECTCH YC/IOMKHE-
HUEM MHAEKCHBIX BhIpasKeHH!t npH oOpallleHuy K MacCUBaM, 4T0
0COBERHO YyBCTBUTENBHO /s BTOPOH cCHCTEMBI C Goslee HU3KOM
YACTOTOH ITPOLECCOPOB); '

e ycKOpeHde pabOThl HA BEJIHYHHY, TPEBBILIAIONYI0 KOJHIECTBO
HCII0/Ib30BAHHEIX NPONECCOpoB (Ans IepBof cucreMbl —B 3.73
pa3 Ha 2-X Tpoueccopax), KOTOPOe HEeKOTODhIE ABTOPbl Ha3bl-
BAIOT CYNEPYCKOPEeHMEM (3T LOCTATOYHO YacToe /s IMa-
PaJUICILHBIX NPOrpaMM ABNIEHHE 37eCh OObACHACTCH BJINAHIEM
K3II-IaMATH, [OCKOJABKY paboTa ¢ MOAMATPHUIIAMM yMEHbILAeT
KOJIMYEeCTBO BOBJEYEHHLIX DJIEMEHTOB M yBenu4dusaeT 3ddex-
THBHOCTh K3LUHPOBAHMs, CM. NOApobHOe 0OCYIK/eHHe ITOro B
paznene 2.7).

HonqepKHeM YTO MOJYHYEHHOP YCKOpeHHe paboTbl B OCHOBHOM
CBA3AHO C W3MEHEHNeM OUCHUILINHLI 0OpauieHus x obmwed rnaMaTH.
Jns paasHelimero nopbiieHnst 3p¢eKTHBHOCTH IPOrPaMMEl MOXK-
Ho obpaTuTsca K Tabmuue 2.1 ¥ BeIb6paTs B nocienned sepcun GyHK-
MY matrix_mult_matrix s nepeMHOXKeHHs 6JIOKOB MaTPHIL a U
b anropuTM 5 BMECTO HCIONIB30BAHHOrO aNropuTMa 1. B pesyartaTe
MOJIYYaeM CJIELYIONIYIO (yiKe «XOPOUIYIO») IOANPOrPaMMy:

#include <stdio.h> .
#include "matrices.h"
#include "synchronize.h"

/¥ Paanep 6noxa, KomweH ,ne:mrbcx.ﬂa 2 x/
#define N 40
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/* YMHOMMTE MATpMIy a Ha MaTpuuy b, ¢ = ab znm sagaum
¢ HOMepoM thread_num u3 ofmero KonmMyecTBa
_ total_threads */
/* PaboTaeT Toneko mnx n/total_threads - weTmux (gna Bcex
N OPUOETCH YCHOZHATD Pa3sBOpPAYMBAHWE I¥KNa) */
void matrix_mult_matrix (double *a, double *b, double *c,
int n, int thread_num,
int total_threads)

inrt i, j, k, 1, m;

int first_row, last_row, len:

int first_row_k, last_row_k;

double *pa, *pb, *pc;

double sQ0, 801, 510, sii;

int c_col, c_ncol, c_row, c_nrow, a_col, a_ncol;

/* Tleppad y4acTBY®RULAA CTPOKA MATPHUK */
first_row = n * thread_num;

first_row /= total_threads;

/* TlocmenHaa y4acTBYMWAs CTPOKA MATPHOE */
last_row = n * (thread_num + 1);

last_row = last_row / total_threads - 1;

/* O6uynaem pesynabTaT */ _

len = (last_row - first_row + 1) #* n; /* pauma ¢ */

for (i = 0, pc = ¢ + first_row * n; i < len; i++)
*(pc+t) = 0.;

/* Uxgn no 6moxam */
for (1 = 0; 1 < total_threads; 1l++)
{

/* Texymuii Homep 610Ka ONA HONMOCH b */
kX = (thread_num + 1) % total_threads;
/* Tlepsas CTpOKA MONOCH MATPHUIM b */
first_row_k = n * k;
first_row_k /= total_threads;
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/* TNocnennas CTpOK2 NOJIOCH MATPUIIL b */
last_row_k = n = (k + 1);
last_row_k = last_row_k / total_threads - 1;

/* YMEORaeM NpAMOYTONBHMA OJ0K MATpPHIN a

B crpoxax first_row ... last_row
u cronbuax first_row_k ... last_row_k
Ha cronbuil nonmocH b, CTosigHe B CTPOKAax
first_row_k ... last_row_k
Mony4yaem GnOK MATPHLM C, HAXOOAMMACA B CTPOKax
first_row ... last_row */

for {c_col = 0; c_col < n; c_col += N)

{
c_ncol = (c_col + N<=n ? c_col + N : n) - 1;
for (c_row = first_row; c_row <= last_row;
c_row += N)
{
c_nrow = (¢c_row + N ~ 1 <= last_row
7 crow + N - 1 : last_row);
/* BHMMCIUTL Pe3yNbTUPYRMMH GNOX MATpHIN C
¢ BepxHuM neBmM yrioM {c_row, c_col)
¥ mpaBuM HumHEM (c_nrow, c_ncol) */
/* Bu4HCHfeM KaK IPOU3BEJeHHA DJIOKOB MATPHIL
aub*/
for (a_col = first_row_k;
a_col <= last_row_k:; a_col += N)
{
a_ncol = (a_col + N - 1 <= last_row_k
7 a_col + N -1 : last_row_k);
/* BHYHCIseM TPOM3BeLeHHS
6rnoKa MaTpHUH ‘
a [(c_row,a_col) x (c_nrow,a_ncol)]
Ha OnOK MATpHuB
b [{a_col,c_tcol) x (a_ncol,c_ncol)]
u upubabngeM K OIOKY
ManHHH
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¢ [(c_row,c.col) x (c_nrow,c_ncol)]
*/
for (m = c_col, ppb = b + m, pc = ¢ + m;
m <= c_ncol; m += 2, pb += 2,
pc += 2)
for (i = c_row; i <= c_nrow; i += 2)
{
s00 = 801 = 510 = 511 = Q.;
for (j = a_col,
pa=a+i*n+ j;
j <= a_ncol; j++, pa++)
{
/* anemenr (i, m) */
s00 += pal0] * pb[j * nl;
/* a3nemenr (i, m + 1) =*/
801 += pal0] * pblj * n + 1};
/* smement (i + 1, m) */
s10 += pal[n] * pb(j * nl;
/% smeMent (i + 1, m+ 1) %/
811 += pal[n] * pb[j * n + 1];

}
pcli * nl += s500;
pcli * n + 1] += s501;
pcl(i + 1) * n] += 510;
pcl(di + 1) * n + 1] += sli;
}
}
}
}
synchronize (total_threads);

1
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Tabanua 10.3. Orrocurenshoe BpeMs paboTbl xopoweit
NapalneabRoH IPOrPaMMbl YMHOMKEHHS MATDHLL

g 2 x Pentium III 4 x Pentium Pro

o

33044 pOLECe 1 thread NPOLTECE 1 thread
1 13.5 (1.00) | 3.5 (1.00) | 3.10 {1.00) | 3.10 (1.00)
2 26.1 (1.93) | 26.1 (1.93) | 6.20 (1.99) | 6.20 (1.99)
4 - - 12.4 (3.99) | 12.4 (3.99)

XapakTepHCTHKH MPOM3BOAUTENLHOCTH 3TONH NpPOrpamMMbl MpH-
pesennl B Taba. 10.3 (0BosnayeHus ¥ yCaOBHSA SKCIEPHMEHTA T€ XKe,
4yro B Taba. 10.2).

10.6. Mpumep multithread-nporpammel, pewaiowei 3anauy
Auvpuxne pna ypasnenun lNyaccona

PaccmoTpum pemenne 3anas Jupnxse ansa ypasHenus Ilyaccona

B aByMepHOH# ofaactn D = [0,11] x [0, I2]:
_ Pulzy) B (ﬂ: ) _
(2,4) € D,u(z,) =0, (z,y) € OD.
ycrs Ay, kg > 0 gocraTouno mansl. Torga
"'Au('lr y F(u(‘r h'la y) 2“’(1‘7 y) + ’U(.’B + hla y))/h’%

—(u(z,y — ha) — 2u(z,y) +ulz,y + h2))/h3.

IlosTroMy pacCMOTPHM CAEAYIOULYI0 KOHEYHOMEPHYI AIIpOKCHMA-
muio 3anaun (10.4). 3amasuMcsa NONOKHUTEILHBIMH e0YHCIEHHBI-
MM IlapaMeTpaMHu Ty, ia. [lostoxumM

hi=li/m,  ha=lz/no,
y=ihy, 1=0,1,...,m, ¥ =jgha, F=0,1,...,n2,
ui; = w(x, ), 1=0,1,...,n1, 7=01,... ny,
fis = flzoyy), ¢=0,1,...,n, jF=0,1,...,no.
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Bymecto sanaun (10.4) paccMoTprM C/I€IyOUYK) CHCTEMY JIMHEHHBIX
YPaABHEHHIL:

(o1 — 205 + uig) /AT — (uigo1 — 2uij + uije1)/hE = fig,
i= 1,2,...,n1—1, j = 1,2,...,712—1,
’ui’@:U, ui,nzzo, ?I=0,1,...,n1,

up; =0, un, ;3 =0, 7=0/1,...,n.
(10.5)
DTy CHCTeMy HacTO HA3BIBAIT PA3HOCTHO annpokcumanmei
saga4an {10.4).
Cucremy (10.5) MOXKHO IPEACTABHTE B OGLIYHOM BUAE:

Au =, (10.6)
rae
U= (Ui;)i=0,1,...n1, j=0,1,..nz> = (fij)i=01,..,my, 50,1, .,na

—{n1+1)x (na+1) Bexropsr, A —marpuua {n1+1)(na+ 1} x (ng+
1}{no + 1), neficTpue KoTopoll Ha BEKTOP 3aaaercst (hopmy.aoi

n = Au,
v == — (w15 — 2u45 + u:;+1,j)/h% = (ugj-1 — 2wy ; + ui,j—l—l)/h‘%
i=1,2,...,m—1,5=12,...,n3 -1,
vio=0, v, =0, 1=0,1,...,n,
'Uo,j = O, U:vn_.j = 0, J f-O, 1,...,712.

(10.7)
B cuay doseuioft pazMepHocT MaTpuibl A cucremy (10.6) obsitHO
PEIAIOT TeM W.IH HHEIM KTEPAIHOHHBIM ANICPUTMOM, AJ18 OPOBeae-
HItA KOTOPOro AOCTATOYHO YMETh BBINMUCATE [IPOH3BEICHHC MATDH-
HBE HA BEKTOp, & caMy MATpUily A XpaHHTh He Tpebyerca. Mol pac-
CMOTPHM IPOCTEMIIHA U3 TAKUX aJropuTMoB — meron Hkobu. On
COCTOMT B BBLIYMCACHUH TIOCAEIOBATENLHOCIH npubmmxenn# {uf},
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=0.1,..., HAYKMHASA ¢ HEKOTOPOro HAYANBHOTO TPHOAXKeHns u’
{(Mbl Byaest nenonpzoats ©® = 0), 110 CileAyOMUM Bhopmynam:
k+1 k
n —u
B——+ Ak =f k=01,..., (10.8)
Tk

rie T, ---HWTepalnoHAbl napaserp, B -—- JHATOHAIGLHAS MaTpHIA,
pasnag rviapuolt uarosand marpunsl A. Marpuna B e wrepanyon-
Hou nporecce Buga (10.8) naswisaerca npenobyciasineateseM U b
cuay (10.7) ee aeiicTeye Ha BEKTOD 3ajaeTcs hOPMYAOH

2 2
B = B’U., Uz’j = (E -+ @) ’U',g'!j,

i=1,2,...,?’11—"1,j=1,2,...,?’.‘,2—-1, (10.9)
vio=0 v, =0 i=01...,n,
7—’0,j=O; Un1]j=0, i=0,1,... no.
BexTop
rk = f— Au®

HA3BIBAETCA HEBA3KOM M ero HOpMa XapaKTepH3VeT KA4eCTRO IOy~
sennoro npubmkenns w®. QGsUHO BHIYACICHIS B nporecce (10.8)
UPONOJKAIOT, TIOKA HODMA HEBH3KH HE YIIAJeT B 33JlaHHOE YUCIO
paz (wanpmep, 10%) mo cpasrenmo ¢ mopuoit r¥. Mrepaunonusi
rapaserp 7 B {10.8) arpr 6yaem BriBupaTs METOAOM CKOPEHIIEro
CIyCKa!

Te = (B R ) (ABTY R, BTN, k=01,

rie (- -} 03HavaeT EBKIMAOBO CKajspHOoe nponssenenue. Ecint 06o-
suaants v¥ = BT To B cwity cummerpuanoctt Marpuins A

_ (’Uk,?‘k) B (v, f — Auk) . (f,'vk) — (A'v"",uk)

k= (Avk,vk)y — (Awk,ok) (Avk, vk) !
T. €.
7= ((f, F) = (Av*, u® )/ (Av%, %), vF = B %%, k=0,1,....
- (10.10)

PacueTHsle (hOPMYIILI HALIETO ANTOPUTMA, UCIORIYIONNe 3 BeK-
Topa: u, , f, maeor BH
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1. nycts u comepKuT npubnuxenue ua ware k (0 na ware 0);

2. Buluncied r = Au;

3. BblYHCIAEM HEBA3KY r = f — 7 U e¢ HODMY;

4. ecan wOpMa HEBA3KH MeEHbIUE 33/IAHHON, TO 3aKaHUYHBAEM BbI-
ACJIEHUST,

5. BulumcasieM r = B7lp;

6. soiyucnsaem T = ((f,7) — {(Ar,u))/(Ar,7);

7. BelYMCAseM IpuOAMxenne Ha ware & + 1 v = u+ 7r;

8. nepexonHM K OyHKTY 1.

B Buipaskenuu a8 7 BeKTop Ar ne suiMucagercs uenukom. Ompe-
JeNseTcst OYepelHON ero 3JeMEHT, H OH CPa3y WCIIOAb3YeTCH AJd
HAXOXKICHHSA 3HAYEHN CKANAPHEIX nipouasenennit (Ar, u) u (Ar,r).
J1st oTAaAKN MPOrpaMMBl Mbl HCIIOAB3YEM B KadecTse obiacTu
equunuEBll kBagpar [ = [0,1] x [0,1], B xasecTse mpapofl wacTu
hyHKITHIO
f(may) = 2.1‘(1 ~z)+ 29(1 - y)a

KOTOPOH COOTBETCTBYET pellleHue
ulz,y) = a(1 - 2)y(l — y).

ST0 HO3BOAMT BBIYHC/STL HOPMY OLIMOKH, T. €. HOPMY Pa3HOCTH
MEK/Y TOUHBIM DElleHies # IIOTYTeHHbIM B UTePalHONHOM [IPo-
tecee u.

OrmerTH, 1To MeTon SIkoOu ans cuctemsl (10.5) apaserca pech-
Ma HeabeK THRHEIM M PACCMATPIBAETCA 34ECh /18 LPOCTOTHL.

JIna 1oBbIIeHHsT CKOPOCTH paboThl Ha MHOTOIIPONECCOPHOR BbI-
YUCANTENLHOA YCTaHOBKe ¢ OGIefl maMATBEI0 CO33/IHM HECKOIBKO
sanad {110 MICay npoueccopoB) H pasjen pabory Mexay HUMM.
Qajinsl npoexTa:

e get_time.c, get_time.h — UCXOAHEIH TEKCT M COOTBETCTRYHO-
UKl 3aroM0BOYHBIH (halla Aasa ¢pyHKnui paboTbl €O BpeMeHeM
(em. pasmen 10.4);

e reduce_sum.c, reduce_sum.h— HCXOOHBIE TeKCT M COOTBET-
CTBYIOWHA 3aroioBodnbiil Qa1 aa pyHKuun BLIMMC/IeHH
CYMMBI MACCHBOB, DACIPEOEIEHHBIX MCHKAY NMPOLECCAMK]
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e main.c — BBOJ DAHHBIX, 3a3NYCK 33484 M BLIBOJ Pe3yJLTATOB;
e init.c, init.h - HMCXOAHEIN TEXCT M COOTBETCTBYKOMUINK 3aro-

JIOBOYHBLA dalin ans QyHKINME, UHUUHATUHPYIONHNX MPABYI0
4acTh ypaRHeHus (10.4) u BerauMcasomux ownbKy pelIeHus;

e operators.c, operators.h —- HCXOAHBIH TEKCT H COOTBETCTBY-

oKl 3aroI0BoYHEI (haity Aia QYHKIMA, BLIYHCISIOWINX Pas-
JMMHBIE OMEPATOPHL;

e laplace.c, laplace.h — ucxoiHbuIl TeKCT ¥ COOTBETCTBYIONINH

3aro;10BOYHBIA cailn 41a GyHKUMH, pemaromwel 3aga4y;

e Makefile — unst cOOpKM NpPOEKTA.

3aronosouHblil dain reduce_sum.h:

void reduce_sum {(int total_threads, doublex a, int k);
#define synchronize(X) reduce_sum (X, 0, 0)

34ech MCNOAB30BAHO MAKPOOTIPeNeseHHe [ MOMyYeHnd PYHKUMY
synchronize, paboratlueil Tak e, KAaK 0JiHOMMEHHaAs (DYHKINA U3
pazaena 10.4.

®aiin reduce_sum.c:

#include <pthread.h>
#include "reduce_sum.h"

/* BHYHCAATEL CYMMy 3JIEMEHTOB MAacCHBa a JJIMHM K BO BCeX

IIOTOK2X M BEPHYTb €é B MACCHBE a B KaXIOM HOTOKE
{u3 obuero umcna total_threads). =/

void reduce_sum (int total_threads, doublex a, int k)

{

/* D6beKT CUHXDOHM3ALMA THIA mutex */
static pthread_mutex_t mutex

= PTHREAD_MUTEX_INITTALIZER;
/* 06BbeKT cuHXpoRu3auuM Tuna condvar */
static pthread_cond_t condvar_in

= PTHREAD_COND_INITIALIZER;
/* 06bexT CHHXpOHMIaUuu THna condvar */
static pthread_cond_t condvar_out
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= PTHREAD_COND_INITIALIZER,
/* Yucno nmpumemmux B QYHKUMD 3ajaq */
static int threads_in = 0;
/* Yucio oxumammux Buxofa M3 QYHKUWM 3amad */
static int threads_out = 0;
/* YKasaTenb Ha MAcCHB C OTBETOM */
static double #*pres = 0;
int 1i;

/* "3axsaTuTe" mutex ans paGoTH € NepeMeHHHMH
threads_in, threads_out, pres */
pthread_mutex_lock (&mutex};

/% ecnyM TexXyIMH MOTOK NpHWeN IePBHM, TO YCTAHOBHTH
pres, MHade BHYUCAHTB CyMMy C pres */
if (!pres)
{
/* TnepBHil BOwemmHE NOTOK */
pres = a;

else

{
/* BHYHCHMTL CyMMy B OCTAJBLHHX NOTOKax */
for (i = 0; i < k; i++)
pres[i} += al[il;

/* ysenuuuTb Ha 1 KOJEYeCTBO NpUONBUMX B
2Ty GYERUMR 3agayu */
threads_in++;

/* npoBepseM KONMYeCTBO NpUOHBHHUX 3ajay */
if (threads_in >= total_threads)
{

/* TeKyuuit MOTOK NpHmes MOCHefHEM */
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/* yCTAaHABIMBAEM HadanbHOE 3HAYEHHE
ana threads_out =*/
threads_out = 0;

/* paspemaeM OCTAaNbHEM NPOLOJKATH pabory */
pthread_cond_broadcast (&condvar_in);
}
else

{

/% ecTp elle He IpumesUMe NOTOKM */

/* OXHIaeM, IIOKa B 3Ty (PYHKIOWK He npHAYT
BCe HOTOKH */

while (threads_in < total_threads)
{

/* OMMIaeM paspemeHHS NPOLOXUTL paboTy:
oceoBOMMTE mutex X XJaTe CHTHaNa OT
condvar, zaTeM "3axBaTHUThr" mMUtex omaTs */

pthread_cond_wait (&condvar_in, &mutex);

}

/% B pres HaXOOWTCH pe3yNbTAT, GepeM ero B xaxgod
zanage */
if (pres !'= a)
{
for (i = 0; 1 < k; i++)
ali]l = pres[i];

I

[ YBeIMYHT: HA 1 KONMYECTBO OXMOANNMUX BHXOHAa 3ajad */
threads_out++;

/* npoBepseM KONMYECTBO npubHBUEX 3agad */
if (threads_out >= total_threads)
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{
/* TeryuMii NOTOK NIpHWeN B OYEPefb MOCISIHUM */
/* ycTaHaBzuBaeM HavasjbHOE 3HAYEHME NI pres */
pres = 0;
/* ycTaHaRnmuBaeM HAYANBLHOE 3HAYCHHE
ona threads_in */
threads_in = 0;
/* paspemaeM OCTAJbHHM MPOJOIXATh pabory */
pthread_cond_broadcast (&condvar_out);
}
else
{
/* B OYepemm ORKHARHUA e€me eCThb NOTORY */
/* oxnugaeM, noxa B odepemb OXUIOAHAA He MPHAET
mOCHeIHUR MOTOK */
while (threads_out < total_threads)
{

/* oxupmaéM paspeweHHd NPOIONXHTH paboTy:
0CcBO6OIUTE mMutex ¥ XIATH CHCHANA OT
condvar, 3aTeM "3aXBATHTR" mutex OnAThL */

pthread_cond_wait (&condvar_out, Emutex) ;

}
}

_/* "ocBO6OONTL" mutex */
pthread_mutex_unlock (&mutex);

b

@Oynxkuus  reduce_sum  paGoTaeT  aHAJOTHYHO  (DYHKLHM
synchronize u3s pas/ena 104, Ho, B oT/imiHe OT NOCAEIHEH, TIOMUMO
CUHXPOHW3AIKNM 3434 OHA BBIYHCIAET CYMMY JIEMEUTOR YKa3aH-
HBIX B KAYUECTBE APTYMEHTOB MACCHBOB. Pe3yilbTaT 3allChIBAETCS
HA MECTO HCXONHBIX MACCHBOB B KaXKAOM W3 3akadv. Fcan giamHa
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MAacCHBa DaBHA HY/H, TO ¢yHKipM reduce_sum K synchronize
COBMaJIAl0T, YTO HCIOJIB30BAHO Btbaﬁne reduce_sum.h.
®aitn main.c 00O CTPYKTYpe MOXOXK Ha OAHOMMEHHBIH halnm u3

paznena 10.4:

#include <stdic.h>
#include <stdlib.h>
#include <pthread.h>
#include "init.h"
#include "get_time.h"
#include "laplace.h"

/* ADTYMeHTW ANS NMOTOKA */
typedef struct _ARGS
{

unsigned int ni; /*
unsigned int n2; /*
double hi; /%

double h2; /*
unsigned int max_it; /*
double prec; /*
double *f; VL
double =*=u; /*

double *r; /*

int thread_num; /*

int total_threads; /*
} ARGS;

int get_data {(char * name,

YUCNO TOHMeK Ho Xx */

YHCIO TOYEK RO ¥ */

mar CeTKH .o X */

mar CeTKH mo y */
MaKCHManbHOe WHCIO Hrepatuit */
BENMYNHA NAAOHUA HEBA3KHA */
npaBad 4acTe */

pewmenne */

HeBA3KA */

HOMEp 3amaum */

BCETo 3afay */

ARGS #*parg) ;

/* Cymmapsoe BpeMa pafoTwm BCeXx 3agayu */
static long. int threads_total_time = 0;
/* 06vexT THIA Mutex Mg CHHXPOMM3ANME INOCTYNA K

threads_total_time */

static pthread_mutex_t threads_total_time_mutex
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= PTHREAD_MUTEX_INITIALIZER;

/* YMMOXEHMe MATPHUH HAa BEKTOP AT OJHOH 3amaum */
void * laplace_solve_threaded (void #*pa)

{
© ARGS *p = (ARGS*)pa;
long int t;

printf ("Thread /d started\n", p->thread_num);
t = get_time (); /* BpeMa mavana paborm */

laplace_solve (p->nl, p->n2, p->h1, p->h2, p->max_it,
p->prec, p->f, p->u, p->r,
p->thread_num, p->total_threads);

t = get_time () - t; /* Bpema xoHHa paborH */

/* CymMupyeM BpeMeHa paboTu */

/* “3axBaTuTs" mutex nns paboru ¢ threads_total_time */

pthread_mutex_lock (&threads_total_time_mutex);

threads_total_time += t;

/* "oceoBomuTe' mutex */

pthread_mutex_unlock (&threads_total_time_mutex);

printf ("Thread %d finished, time = %ld\n",
p->thread_num, t};

return 0;

int main ()

{
/* MAacCHB MIeHTUQUKATOPOB CO3ZAHHHX 3afad */
pthread_t * threads;
/* Maccup apryMeHTOB [ys CO3JAHHHX 3aZay */
ARGS * args;
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/* acTpoHOMM4ecKoe BpeMs paboTH Bcero mpounecca */
long int t_full;
/% apryMeHTH */

ARGS arg;

int i, 1;

/* cumThBaeM ZaHEHE U3 Qaina */
if (get_data ("a.dat", &arg) < 0)
{
fprintf (stderr, "Read error'\n");
return 1;

}

printf ("Input threads number: ");
scanf ("/d", karg.total_threads);
arg.thread_num = O;

if (!(threads = (pthread_tx)
malloc (arg.total_threads
* sizeof (pthread_t))))

fprintf (stderr, "Not enough memory!\n");
return 2;
}
if (!(args = (ARGS*) malloc {(arg.total_threads
* sizeof (ARGS))))
{
fprintf (stderr, "Not enough memory!\n"};
return 3;

}

/* BHIeleHWe IaMsTH IDOK MAacCCuBH */
1 = (arg.n1l + 1) * (arg.n2 + 1). * sizeof (double);
if ( !'(arg.f = (double*) malloc (1))

Il *(arg.u = (doublex) malloc (1))
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| t(arg.r = {doublex) malloc (1}))

{
fprintf (stderr, "Not enough memory!\n"};
return 3;
}
1 = 3;

printf ("Allocated %d bytes (/4dKb or %dMb) of memory\n",
1, 1> 10, 1 >> 20);

/* VHuumanzaanus apryMeHTOB 3amad */
for (i = 0; i < arg.total_threads; i++)
{
args[i] = arg;
args[i] .thread_num = i;

}

/* 3acekaeM acTPOHOMHYECKOE BpeMa Hadvana paboTH 3agauwk/
t_full = get_full_time ();

/* 3anyckaeM 3agmavm */

for (i = 0; i < arg.total_threads; i++)

{
if (pthread_create (threads + i, 0,
laplace_solve_threaded,
args + 1))
{
fprintf (stderr, "cannot create thread #/d!\n",
i);
return 10;
be
}

/* OxupaeM OKOHYAHHA 3333y */
for (i = 0; i < arg.total_threads; i++)
{
if (pthread_join (threads[il, 0))
fprintf (stderr, "cannot wait thread #%d!\n", i);
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}
t_full = get_full_time () - t_full;
if (t_full == 0)
t_full = 1; /* ovueHn GHCTpHil KOMObwTep... */

/* 3neck MOXHO pafOTATH C pe3YNbLTATOM */
/* BOCNONB3yEMCH TeM, YTO MM 3HAEM OTBET */
print_error (arg.nl, arg.n2, arg.hl, arg.h2, arg.u);

/* OcpoboxzaeM naMsTe */
free (arg.r);

free (arg.u);

free (arg.f);

free (args);

free (threads);

printf ("Total full time = %1d, \
total threads time = ¥ld (%1d¥%%), per thread = %ld\n",
t_full, threads_total_time,
(threads_total_time * 100} / t_full,
threads_total_time / arg.total_threads);
return O;

3

/* CunTaTb JawHHe U3 Qaina, rAe HAXOAATCH:

QUCIO0 TOHEK Mo X
MMCNIO TOYEK IO Yy
ONMEA CTOPOHH, IAapaijeibHod ocH X
AnuHa CTOPOHH, hapannenssolt ocu y
MAKCHMANIbHOE@ YHCJIO uTepanuit
BeNMYHHA NALEHUT HeBAIKM

Hanpuvep:
32 32 1. 1. 1000 1le-8

Bosppamaer <C B cayyae omubkum.

*/
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int get_data {(char * name, ARGS #*p)
{
FILE #*in = fopen (name, "r");
double 11, 12;

if (!in)
{
fprintf (stderr, "Error opening data file %s\n",
name) ;
return -1;

}

if (fscanf (im, "%u%uflf%lf%uilf", &p->nl, &p->n2,
£11, &12, &p->max_it, &p->prec) != 6)

{
fprintf (stderr, "Errox reading data file %s\n",
name);
return -2;
}

/* BHUMCISEM WATH CETKM IO HAamlpaBieHHEaM X M y */
p->hi1 = 11 / p->nl;
p->h2 = 11 / p->n2;

fclose (in);
return 0;

}

B KagecTBe XapaKTEPHCTHKY TOJYYeHHOro IPHOIHMKEH!S BbLIATCH
HOpMa OIUMOKH, BBIYUC/AEMas IVIABHBIM IIPOLECCOM.
Baronosouublii ¢haita init.h:

void ]

print_error (unsigned int nl, unsigned int n2,
double hl, double h2, double #*u);

void init_f (unsigned int nl, unsigned int n2,
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double hl, double h2, double *f,
int thread_num, int total_threads);

B daitite init.c Haxogarcs dbyHxmu:

® solution - BHIYHCJISET TOYHOE PelleHue

® print_error -- BEIYHCAAECT HOPMY OIMHMOKH ITOJYY€HHOTO NpH-
OUIMZAKEHNA, TTONL3YACH TEM, YTO Mbl 3HAGM TOYHOE pPelleHHe; JJIs
YMEHbIICHHA BBIYTHCAUTENBHON HOrPEIIHOCTH UCIOAL3YETCd TOT
XKe TpueM, YTo B QYHKLIS get_residual (cM. HIXKe);

¢ right_side — BeI"IMCIAET NPABYIO YACTh

¢ init_f--3anaeT NpaByio YaCTh ANA KaX0{l U3 3azad.

@aftsr init.c:

#include <stdio.h>
#include <math.h>
#include "init.h"
#include "reduce_sum.h"

/* Wuunuanusanua npasoii wacTe 3azaum.
B Tecrax 6yzmem paccmaTpuBaTh 3alayy B eUMHHYHOM
kpagpare [0,11x{0,1] ¢ oTrmeroM
u(x,y) = x * (1 - x) *y* (1 - y),
KOTOPOMY COOTBETCTEYET MpPABA® YACT>
f(x,y)=2*x*(1-x)+2#y*(1-y)

*/

/* Toummit orBeT */
static double
solution (double x, double y)
{
return x * (1 - x) * y * (1 - y);

}

/* BrqucawTh ¥ HanedaTaTb L2 HOpMy ommnbKm */
void
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print_error (

unsigned int nl, /* YMCIo TO4eK IO X */
unsigned int n2, /* umcao Touek mo y */
double hi, /* mar ceTKu mo x */
double h2, /* war ceTku no y */
double *u) /* pemenne */

double s1, 82, t, error;
unsigned int i1, i2, addr;

for (il = 0, addr = 0, s1 = 0.; il <= nl; il++)
{
for (i2 = 0, 82 = 0.; i2 <= n2; i2++)
{
t = uladdr++] - solution (il * hl, 12 * h2);
82 += £t x t;
}
sl += 82;
}
error = sqrt (st * hil * h2);
printf ("Error = %le\n", error);

¥

/* Toumas mpaBad 4acTb */
static double
right_side (double x, double ¥)
{
return 2 * x * {1 - x) + 2 *y * (1 - y};
}

/* 3anonHETL NPABYK YacTh ANA 3anadqu C
#omepoM thread_num #3 obmero KOmH4eCTBA
total_threads. */

void init_f (

unsigned int ni, /* 4ucmo To4eK mo x */
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unsigned int n2, /% u¥MCNO Touek mo y */
double hi, /* mar ceTkm no x */
double h2, /% mar ceTku mo y */
double *f, /* npaBas yacTb */

int thread_num, /* HOMep 3amaum */

int total_threads) /* Bcero sanayw */

ungigned int first_row, last_row;
unsigned int il, i2, addr;

/* Tleppas y4acTsyowas CTpoKa */
first_row = (nl + 1) * thread_num;
first_row /= total_threads;

/* Nocnennas yvacTBywmas CTpOKa */
last_row = (nl + 1) * (thread_num + 1);
last_row = last_row / total_threads - 1;

for (il = first_row, addr = il * (n2 + 1);
il <= last_row; il++)
for (i2 = 0; 12 <= n2; i2++)
fladdr++] = right_side (il * hi, i2 * h2);

/* NomoXnaTL Bcex */
synchronize (total_threads);

3aronoBounsil aiin operators.h:

double .
get_residual (unsigned int nl, unsigned int n2,
double hi, double h2, double *r,
int thread_num, int total_threads);
void
get_operator (unsigned int ni, unsigned int n2,
double hl, double h2, double *u, double =*v,
int thread_num, int total_threads);

J
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void
get_preconditioner (unsigned int ni, unsigned int n2,
double hi, double h2, double *v,
int thread_num, int total_threads);
double
get_optimal_tau (
unsigned int nl, unsigned int n2,
double hi, double h2, double *f, double *u, double *r,
int thread_num, int total_threads);

B daiie operators.c HaxXoAATCs (QYHKLMM:

e get_residual — BO3Bpallla€T Ls HOpMY HEBA3KH, OCHOBHBIE 0CO-
GeRHOCTH (DYHKLIMH:

— cyMMa KBaJ[PaTOB JJIEMEHTOB BEIUMCIAETCH B KaXKA0H 3ala4e
IS CBOETO YYACTKa MacCHBA, 3aTeM C MOMOIIBI0 reduce_sum
0Ty 4aeTcs CyMMa KBaJPaTOB BCEX JIEMEHTOB MAacCHBa, KO-
TOpasl KCMOJIB3YETCA IS BLIUMC/ICHHS pPe3yNbTara, BO3Bpa-
maeMoro pyHKupel B KaXKio#h 3afadqe;

— rpaH4'HblE TOUKM He yUHTBIBAIOTCH;

— 118 YMEHBILUEHAA BEIMUC/IHTEIBHOH MOTPEIHOCTH, CBA3aHHOM
¢ CYMMMPOBAHMEM HHCEJ, CWIBHO PA3IMHAIONIMXCA [0 TOPHT-
Ky, BLIYHCJISIIOTCA CYMMBI KB3/IPATOB 3/I8MEHTOB 110 CTPOKaM,
KOTOpBIE 3aTeM NPUGABNIAIOTCA K OKOHYATELHOMY Ppedyib-
TaTY;

s get_operator — BBIYHC/IAET TPOM3BE/ICHIE MATPHIbI A cucre-
mbi (10.6) (T e. (10.5)) Ha BexTop w: v = Au; ONEPATOP BLIYHC-
AsieTcs cornacHo popumynam {10.7) B kaxgo# 3afaue JJIA CBOErO
y4aCTKa MacCHBa, CHHXPOHHOCTH paboThi BCEX 3a7a4 obecrnedu-
BaeTCA ¢ IOMOLUkI Synchronize;

o get_preconditioner — BbIYHC/IAET TMPOM3BCACHHE  MATDHILBI
B! B (10.8) ma BexTOp u: v = B~ly; onepatop BEIMHCIA-
etcst cormacuo dopmynam (10.9) aas matpuuel B B Kax ol
3ajaye IS CBOEr0 YYacTKA MaCCHBA, CHHXPOHHOCTH paboTsl
Beex 3a1ad 0BecreynBaeTCs C MOMOMIBI0 synchronize;
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. get_optimal_tau~—BosBpanwETouTnmaﬂhHoeanaueHHeHTepa-
uHoHHOro napamerpa 7x & (10.8) corsacno dopmysam (10.10);
OCHOBHLIE OCODEHHOCTH (DYHKINIH:

— CKanapnwle npoussenenus (f,r), (Ar, u), (Ar,v) umcasior-
Cs1 B KaXION 3a/ja4¢ A CROMX YHaCTKOB MACCHBOR, 3ATEM C
NOMOIIBIO reduce_sum NOSYYAITCH COOTBETCTBYIOLIME CKa-
JAPHEIE TPOW3BEACHHSA [JIsl BCEX SJIEMEHTOB MACCHRA, KOTO-
PBIE HCMIONL3YIOTCA A BRIYHCJICHHA DE3Y/BLTATA, BO3BPAIILA-
emoro dhynkuuel B Kaxkmoll 3asade;

— BUAtTeHUe AT BBIMMCIAETCA B TOYKE M CPa3y UCHOMb3VETCH
[IPH BLIYHCJIHHH CKATAPHBIX npoussetenuit (Ar, u) i (Ar, r);

= A1 YMCHBIIEHHS BHIYHCIUTEIBLHON OIPEILHOCTH UCHIOb3Y-
€TCA TOT >Ke NMpueM, 4To B get_residual.

Daiis1 operators.c:

#include <stdio.h>
#include <math.h>
#include "operators.h"
#include "reduce_sum.h"

/* BuvucruTe L2 HOpMy HeBA3KM Ius 3amavum C
HoMepoM thread num #3 obmero roamwecTBa total_threads.
[paru4Hbe y3nM He BXOmaTr. */

double

get_residual (
unsigned int nl, /* WHCNO TOYeK mo x */
unsigned int n2, © /* wmcno Towexk mo y */
double hi, /* war ceTxm mo x */
double h2, /% mar ceTRM mo y */
double #r, /* HeBg3Ka */
int thread_num, /* soMep sagaum */
int total_threads) /* Bcero zagmau */

{ .

unsigned int first_row, 1ast_rpw;
unsigned int i1, 12, addr;
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double sl, 82, t;

/* Tlepeag ydacTmyomas CTpoxa */
first_row = {nl + 1) * thread_num;
first_row /= total_threads;

/* Tlocneguss yYacTRyKUas CTpoka */
last_row = (nl + 1) * (thread_num + 1};
last_row = last_row / total_threads - 1;

/% B CMy HyneBNX KpaeBHX YCnOBHMil Ha rpaHune
Hepazxka = 0 */

if (first_row == 0)
first_row = 1;

if (last_row == nl)
last_row = nl - 1;

for (i1 = first_row, addr = il * (n2 + 1}, 81 = 0.}
i1 <= last_row; il++)

/* B nepeoM 3nemenTe HeBaska = 0 B cuny
KpaeBHx YCJIOBHHA */
addr++;
for (i2 = 1, 82 = 0.; i2 < n2; 12++)
{
t = rladdr++];
s2 +=§ * ©;
) I
sl += 382;
/* B moCiefHEM 3JeMeHTe HesA3xka = 0 B cuny
KpaeBhx YCIOBMi */
addr++;

¥

/* BHYUCIHTE CyMMy TO BCeM 3ajajaM */
reduce_sum (total_threads, &ksl, 1};
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return sgrt (sl * hi * h2);
¥

/* BuugcouTs v = Au, rme A - ocneparop Jlannaca zna 3ajaynm
¢ HoMepoM thread_num n3 ofmero xomumwecTna
total_threads. */

void

get_operator (
unsigned int nil, /* 4HCAC TOYeR no x */
unsigned int n2, /* wMCnO TOYeK mo y */
double hi, /* mar ceTKH mo x */
double h2, /* war ceTxu no y */
double *u, /* pewenue */
double *v, /* peaynsTar */
int thread_num, /* HOMep 3amaum */
int total_threads) /* Bcero 3azay */

unsigned int first_row, last_row;
unsigned int i1, i2, addr;
double hhl = 1. / (hi * hl1), hh2 = 1. / (h2 * h2);

/* TepBas yyacTBYyOWAR CTpoka */
first_row = (nl + 1) * thread_num;
first_row /= total_threads;

/* Tocnennsas y4acTBywWas CTpOKa */
last_row = (nl + 1) * (thread_num + 1);
last_row = last_row / total_threads - 1;

if (first_row == Q)
{
/* HymeBre KpaeBHE yCROBHS */
for (i2 = 0, addr = 0; i2 <= n2; i2++)
v[addr++] = 0.;

first_row 1;
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¥
if {last_row == ni)

{
/* HyneBue KpaeBHe YCHOBUR */
for (i2 = 0, addr = n1 * (n2 + 1); i2 <= n2; i2++)

v[iaddr++] = 0.;

last_row = nl - 1i;

}

for (il = first_row, addr = il * (n2 + 1);
i1 <= last_row; il++)
{

/* mepsuit a71eMeRT = 0 B CHJIYy XpaeBHX ycnopuit */

v[addr++] = 0.;

for (i2 = 1; i2 < n2; i2++, addr++)

{
J* v(il,i2)
= (u{i1-1,i2)-2u(il,i2)+u(i1+1,i2))/(hi*h1)
- (u(il,i2—1)—2u(il,i2)+u(ii,i2—1))/(h2*h2)*/
v[addr] = - (uladdr - (n2 + 1)1 - 2 * uladdr]
+ uladdr + (n2 + 1)1) * hhi
- (ufaddr - 1) - 2 * u[addr]
+ ufaddr + 13}) * hh2;
}
/% mocnenmmit 3jeMenT = 0 B CHAY KPaeBHX yCHOBUK */
viaddr++] = 0.;
}

/* TOJOXHIATh BCEX */
synchronize (total_threads);

ks

/* BHMUCIHTL V = B~{-1}v, rme B - npemobycnaBiupaTenb ANA
omepaTopa Jlannaca AL 3ama¥H C HOMEPOM thread_num
u3 obmero KommuecTBa total_threads.
B KayecTBe B HMCHOMB3yeTCH AHATOHANL MATPHIH A, %/
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void

get_preconditioner (
unsigned int nl, /* 9HCIO TOYeR no x */
unsigned int n2, /* 4¥uCNO Touexk mo y */
double hi, /* mar cerkum mo x */
double h2, /* war ceTku no y =/
double *v, /* apryMmeHT/peaynnTar */
int thread_num, /* HOMep 3ajauu */
int total_threads) /* BCero zagzay */

{

unsigned int first_row, last_row;

‘unsigned int i1, i2, addr;

double hhl = 1. / (hl * hil), hh2 = 1. / (h2 * h2};
doublea w = 1. / (2 * hhl + 2 * hh2):

/* Tleppas y4acTByKWas CTpoxa */
first_row = (n1 + 1) * thread_num;
first_row /= total_threads;

/* TlocnegHAa y4acTBYNmAs CTPOKA */
last_row = (nl + 1) * (thread_num + 1);
last_row = last_row / total_threads - 1;

if (first_row == 0)

{
/* HyNeBHe KpaeBne yCIOBHA */
for (i2 = 0, addr = 0; i2 <= n2; i2++)

v{addr++} = 0. ;

first_row = 1;

}

if (last_row == ni)
{

/* Hynepne Kpaepre ycCnosus */

for (i2 = 0, addr = n1 * (n2 + 1); 12 <= n2; i2++)
v[(addr++] = 0.; -

last_row = nl - 1;
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}

for (il = first_row, addr = il * (n2 + 1);
i1 <= last_row; il++)
{
/* mepsuit anemenT = 0 B CHIY KpaeBX ycnopuit */
v[addr++] = 0.;
for (i2 = 1; 12 < n2; i2++)
1
/% v(il,i2) = v(i1,i2)/(2/(h1*h1)+2/(h2%h2)) */
v[addr++] *= w;
b
/* nmocnepuuit aneMenT = 0 B CHIY KpPaeBHX ycnosuit */
v[addr++] = 0.;
he
/* momoxmaTh BCeX */
synchronize (total_threads);

}

/% Buumcmuts ((f, r) - (Ar, u)) / (Ar, 1)
rge A - onepatop Jlannaca ana 3afad¥u ¢
HoMepoM thread_num ¥3 obmero Konw4ecIBa total_threads.
PYHKUME U, I YAOBNETBOPAKT HYNEBHM KPAGBHM yCIOBHAM */
double
get_optimal_tau (

unsigned int ni, /* 4MCNO TOueK 10 X */
" unsigned int n2, /* umcno Touek mo y */

double hi, /% mar CeTKH mo X %/

double h2, /% mar CceTk: mo y */

double =*f, /* npasas 4acTb, */

double *u, /* pemenune */

double =*r, /* B~{-1}(uema3ra) */

int thread_num, /* HoMep 3ajaum */

int total_threads) /* BCcero 3samad */

g 4017
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unsigned int first_row, last_row;

ungigned int i1, i2, addr;

double hhl = 1. / (hl » hi), hh2 = 1. / (h2 * h2)};
double s1_fr, 82.fr; /* cymmu pgna (f, r) */
double s1_Aru, s2_Aru;/* cymum gna (Ar, w) */
double sl_Arr, s2_Arr;/# cymmu gna (Ar, r) */
double Ar; /* 3Hadvenume Ar B Touxe */
double a[3];

/* lleppas y4JacTRywUmasZ crpoka */
first_row = (nl + 1) % thread_num;
first_row /= total_threads;

/* TlocmenHdsa y4acTByDmas CTpoka */
last_row = (nl + 1) * {(thread_num + 1);
last_row = last_row / total_threads - 1;

/* B cuny HyneBWX Kpaeswx ycnoBuit Ha rpaumue,
CnaraeMie, COOTBETCTBYMMHE TPAHUYHHM y3naMm = ( */
if (first_row == ()
first_row = 1;
if (last_row == nl)
last_row = nl - 1;

for (i1 = first_row, addr = il = (n2 + 1),
sl_fr = 0., s1_Aru = 0., s1_Arr = 0.;
il <= last_row; il++)
{
/* B NepBOM 3JeMeHTe cnaraemue = 0 B Cuiy
KpaeBux ycaoBuit */
addr++;
for (i2 = 1, s2_fr = 0., s2_Aru = 0., s2_Arr = 0.;
i2 < n2; i2++, addr++)
{ .
/* Buuucnsem (f, r) */
82_fr += fladdr] * r[addr];



10.6. Pewenue 3agaqn Oupuxne ann ypasHennsi MNyaccona 227

/* Buumcnmem Ar */
Ar = - {(rfaddr - (n2 + 1)] - 2 * r[addr]
+ rladdr + (n2 + 1)]) * hhil
- (rfladdr - 1] - 2 x r[addr]
+ rladdr + 1]) * hh2;
/* Buuncamem (Ar, u) *»/
s2_Aru += Ar * uladdr];
/* Buumcnsem {(Ar, 1) */
s2_Arr += Ar * rladdr];
}
sl_fr += s2_fr;
s1_Aru += s82_Aru;
sl_Arr += s2_Arr;
/* B ToCnezHeM 3NeMeHTe cuaraemue = (0 B cHNY
KpaeBHX YCNOBHHE */

addr++;
}
al0] = si_fr;
a1] = sil_Aru;
al2] = si_Arr;

/* BHuUMCIMTB CYMMH [0 BCeM 3afadaM */
reduce_sum (total_threads, a, 3};

/* BHGMCIUTL OTBET */
return (a[0] - a[1]) / al2]};

BaroaoBouHbll ¢aiia laplace.h:

int laplace_solve (unsigned int nl, unsigned int n2,
double hil, double h2, unsigned int max_it, double prec,
double *f, double *u, double #*r, int thread_num,
int total_threads);
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B daitne laplace.c maxogurcs ¢yHkuus laplace_solve, ocy-
WEeCTBAAIOMAA HTepannodHmit nponecc (10.8), (10.10) ¢ marpuma-
mi (10.7) u {10.9) mo omucaHHBIM BblLIE PACYETHbIM (POPMYaaM.
Daitn laplace.c:

#include
#include
#include
#include
#include
#include

<stdioc.h>
<math.h>
"init.h"
"operators.h"
"reduce_sum.h"
“laplace.h"

/* PemnTs 3amayy mnsS 3amadu C
HOMepoM thread_num ns obmerc xopuvecTsa total_threads.
BosspamaeT XoAM4¥eCTBO NOTpeSOBABIMXCH UTepaumit. */

int laplace_solve (

unsigned int ni, /* YHCHO TOYEXK WO X */
unsignad int n2, /* 4MCRO TOYEK IO Yy */
double hil, /#* mar ceTKu mo x */
double h2, /* war ceTku mo y */
unsigned int max_it, /* MakcuManeHOe WHCHO uTepauwit */
double prec, /* BelIVYMHA TAaJeHUS HeBA3KH */
double *f, /* npamag wacTe */
double #*u, /* pemenue */
double *r, /* HemazKa */
int thread_num, /* HoMep samaum */
int total_threads)  /* mcero aagmay */
{

unsigned int first_row, last_row;
unsigned int first_addr, last_addr;
unsigned int addr;

/* HopMa HeBA3KH Ha NePBOM ware */
double norm_residunal_1;

/* HopMa HeBA3KM Ha O4YepenHOM wmare */
double norm_residual;
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/* HopMa Hems3kM Ha npensiaymeM ware */

double norm_residual_prev;

unsigned int it; /* Homep urepauun */

double tau; /* WTepanuoHHbil mapameTp */

/* TlepBag yyacTBymmas CTpPOKa */
first_row = (nl + 1) * thread_num;
first_row /= total_threads;

/* TlocnenHss yyacTBymmas CTpOKa */
last_row = (nl + 1) * (thread_num + 1);
last_row = last_row / total_threads - 1;
/* CooTBeTCTByNMHE ampeca */

first_addr = first_row * (n2 + 1);
last_addr = last_row * (n2 + 1} + n2;

/* VHEDMaIH3MpyeM NpaBy® 4acTh */
init_f (ni1, n2, hl, h2, f, thread_num, total_threads);

/* Havanenoe npubnuxerue = O */
for (addr = first_addr; addr <= last_addr; addr++)
uladdr] = 0.

/* HeBsi3sKa npu HyJneBoM HadanbHOM mpubpumenunu = £ */
norm_residual_1 = norm_residual = norm_residual_prev
= get_residual (ni, n2, hi1, h2, f, thread_num,
total_threads);

if (thread_num == Q)
printf ("Residual = }le\n", norm_residual_1);

/* Wrepamnuonnsii npomecc */
for (it = 1; it < max_it; it++)
{.

/% llar uTepalmOHHOTC Ipomecca */
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/* BrumcnsmeM r = Au */
get_operator (nl, n2, hl, h2, u, r, thread_num,
total_threads);

/% BuumcnaeM HeBasKy I = f - r = £ - Au */

for (addr = first_addr; addr <= last_addr; addr++)
r{addr] = f[addr] - r(addr];

/* nomornaTs mcex */

synchronize (total_threads);

/* BuumcngeM HOpPMY HEBA3KHM */
norm_residual = get_residual (nl, n2, hi, h2, r,
thread_num,
total_threads);
if (thread_num == ()
printf ("It # =}2.2d, residual=}11.4e, \

convergence=/46.3f, average convergence=%46.3f\n",

it, norm_residual,
norm_residual / norm_residual_prev,
pow (norm_residual / norm_residual_1, 1./it));

/% [fpoBepseM ycnoBMe OKOH4YAHMSA npouecca */
if (norm_residual < norm_residual_l * prec)
break;

/* O6pamerwe mpepobycnaenupaTens r = B~{-1} r */
get_preconditioner (ni, n2, hi, h2, r, thread_num,
total_threads);

/* BuYRCNIEHMe HTEPAaNUOHHOrO NapaMeTpa
tau = ((b, ) - (Ar, u)) / (Ar, ) =*/
tau = get_optimal_tau {(nl, n2, hi, h2, f, u, T,
thréad_num, total_threads);

/* TlocTpoenne ouepefHOro npubiMkeHMS u+=tau * r */
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for (addr = first_addr; addr <= last_addr; addr++)
uladdr] += tau * rladdr];

/* NomoEpaTh BCex */

synchronize (total_threads);

norm_residual_prev = norm_residual;

return it;

}
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UHtepdenc MPI
(Message Passing Interface)

B sroit rnase me1 paccmorpum uutepcpeiic MPI (Message Passing
Interface), craBumii de-facto crangapTom ans nporpaMMuUpOBaHMs
CHCTeM ¢ pacnpefenieHnoil namsteio. MPI npencrasisier coboit
nabop yruinr u 6ubmuorevnmix dynxuut (ana szwikos C/CH++,
FORTRAN), HO3BOISIOIMX CO3AaBATL H 3AMYCKATH HPUIOKEHHS,
paboTamliue Ha APaJUIENbHBIX BHMUCIMTENLHEIX YCTAHOBKAX Ca-
mofi passnuuHofi npupossl. Ilogpupmmces B 1990-x rogax kak yHu-
gunmpoBanuell TOAX0A K NPOrPAMMMPOBAHHID IJIS CHCTEM C PAc-
npenenennoi mamaTeio, MPI nprobpen Gonbmyio nonynaprocTs n
TETEPh IMPOKO HCIOAB3YETCA TaKyKe B CHCTEMAX ¢ OBl MTaMsIThio
# pasHoo6paIHEIX CMelIaHHBIX BBIYHCAUTEILHBIX YCTAHOBKAX.

11.1. Obwee ycrpoircreo MPl-nporpammsi

HmMena Beex (GYHKIUNA, TUIOB JAHHBIX; KOHCTAHT U T. 1., OTHOCH-
muxed Kk MPI-6ubnmuoreke, vauunaloresa ¢ npedukca MPI_ 1 onuca-
HbI B 3aI'0JI0BOYHOM patine mpi.h. Bee dyHkuun (3a uckaogenmen
MPI_Wtime u MPI_Wtick) MMEIOT THI BO3BPAILAEMOTO 3HAYEHHS int
1 BO3BPALIAIOT Ko omubxu niau MPI_SUCCESS B cayuae yenexa. Q-
HAKO B (J1y4uae omuOKH NIepe BOIBPATOM H3 Bbl3Basiiel ee pyHKILH
BBI3BIBAGTCA CTAHAAPTHLIN 06pafoTynk owmbKU, KOTOPHIA asapuii-
HO TepMMHHpyeT nporpammy. IloatoMy nposepaATh BO3BpallaeMoe
3HaueHne He HMeeT cMbIcTa. Crannaprubill o6paboTuuk ommubKH
MOXKHO 3aMenuTb (¢ momoumbio ¢yHkuud MPI_Errhandler_set),
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Ho crapjapt MPI ue rapanTupyer, 4ro OporpaMuMa MOXKeT [po-
jgoaxars paforare nocne omrbku. Tak 9T0 310 TOXKE OOBIYHO He
HMeeT CMBICHA.

o 1nepporo sr1zoea moboit MPI-dyHknul HeoOXOANMO BBI3BATL
¢dyukuuo MPI_Init. Ee npororum:

int MPI_Init (int *argc, char *x*argv);

rae arge, argv — yKasaTesad Ha 9MC/I0 apTyMEHTOB MPOTPaMMBl M Ha,
BEKTOP &PIYMEHTOB COOTBETCTBEHHO (3TO a/{Peca apryMeHToB PyHK-
nuy main nporpammer). Muorne peamusamuu MPI Tpebyror, 4ToGH
mpouece A0 Bpraoga MPI_Init He jenan HMYero, 4ro MOIVIO OBl ¥3-
MEHHTb €T0 COCTOSHME, HANpHUMeD OTKDBITHE KJIH YTEHHE/3aInch
daiios, BKIOYaH CTaHAapPTHRIE BBOA M BBIBOL.

IMocae oxonuanusa paborel ¢ MPI-byHKIUAMH HEOGXOONMO Bbi-
3BaTh ¢yHKIHio MPI_Finalize. Ee npororum:

int MPI_Finalize (void);:

KonmmyecTro paboTaomMX NapaiIe]bHEIX NPOLECCOB f10CTIe BhI30Ba
1ol DYHKIMH He ONpeaeseHo, MOITOMY TOCNE €6 BhI30Ba JIy4lle
BCEr0 CPal3y e 3aKOHYUTL paboTy MpOorpaMMEI.

Obwuit sua MPI-uporpaMMEL:
#include “mpi.h"
/* Dpyrue ommcaHus */

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

{
/* ONMCaRMa NOKaJbHHX NEPEeMEHHHX */
MPI_Init (&argc, &argv);

/* Teno mporpammu */

MPI_Finalize ();
return 0;
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11.2. Coobuenun

[Mapannensuo paboraromue MPI-npoueccnr o6MeHHBAIOTCS Mexk Ty
coboit uHdopMammelt u 0fecneYHBAIOT BIAMMHYK) CHHXPOHH3AINIO
MOCPeACTEOM CooGMmIeHnH.

Pazsmgaior ofimen coobuienusmMu:

¢ monapHeiii (point-to-point) — coobmenne nockiaeTca OAHAM
IPOUECCOM APYTOMY, B 0OMEHE YHACTBYIOT TONBKO J(BS I POLECCA;

¢ KOMIEKTMBHBI — cOOBILEHHEe TOCHUIAETCS [IPOLECCOM  BCeM
npolteccaM M3 ero rpyhiki (KOMMYHHKATOPa, CM. HUMXKe) M Mo-

| JIYMAEeTCsl BCEMH NPOIECCRMH H3 €r0 IPYNNbI (KOMMYHHKATOPA).
Kosmextusubif 06Men Moxker 6bIThL TPEACTABIEH Kak TOCTEN0-
BATE/ILHOCTh TIONAPHEIX 0OMEHOB, O/IHAKO CHEIHAIMIRPOBANHEIE
MPI-yHKINHE O/ KOANEKTHEHRX 0OMEHOB YUHTHIBAIOT CIEIH-
UKy IOCTPOEHMS KOHKPETHOH BRIYMCIUTEILHON YCTAHOBKH M
MOTYT BBINOJHATHCH 3HAYHTENBHO ObICTpee COOTBETCTBYHOLIEH
HOC/IEAOBATE/ABHOCTH [I0HAPHBIX OOMEHOB.

Pasanyaror ofsen coobimeHusMiu:

® CHHXDPOHHbBIH — IIpONecc-OTIPABUTENL COODLUIEHHS MepexogaT
B COCTOAHME OXUIAHUA, II0Ka NPOLECC-TIONY9aTels He 6yaer ro-
TOB B3ATh COODIIEHHE, a NPOIECC—TIoNY YaTeAb COOBIEHNS epe-
XOAHT B COCTOAHHE OXHJAHHASH, TIOKA LIPOLECC-OTIPABUTENDL HE
Gyzner rovor mocnars COOBILEHHE,

¢ ACUHXPOHHBI{ — MPOLECC-OTIPABHTENE COODLIEHHSA He KIEeT
FOTOBHOCTH HPOIECCa-TIoNyYaTeNs, CooBIeHne KOnupyeTcs moJ-
cucteyoft MPI Bo BuyTpennnit 6ydep, u oTrpasuTesns npoigon-
xaer padoTy.

B nepsrix peanusanuax MPI sce o6mener 6p1u cuaxponnastmu, Jdns
noBbienusn ppexTuBHOCTH paboTH (34 CYET NApAIIeNBEHOCTH pa-
GOTBl npoLecca H MEPECHUIKK COOOIEH ) TOCTEAHAE PEANUBAILHY
MPI craparwrcs ¢ienath Kak MOXHO 60/ib11e 06MEHOB AaCHHXPOHHEI-
mu. Hanpumep, ecnn pasmep coobimenus He6oMbIION, To ero 06HIMHO
OybepusyIoT M yerpansaoT acHHXponsbilt obMen. JnuTensHoe Bpe-
M# BCE KOJAJEKTHBHBIE 0OMEHBl OBLLIH CHHXPDOHHBIMHA,
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OTmeTuM, 9TO NOBEAEHWE HEKAYECTBEHHON TPOrpDAMMEL MOXKET
65ITh PAa3HBIM NPU HCIO/IB30BAHNE CHHXPOHHOTO MM ACHHXPOHHOIO
pexuma. Hanpumep, ecnu npouecc A nocklnaer coobiieHne npoLgec-
cy B, xoTopptit He BHI3BIBAET (DYHKIHMIO OONY2eHHs coobluieHus, TO
3TO MPHBOIHT K <3ABHCAHHIO» [IpOLecca A B CHEHXPOHHOM peXUME.
B acHHXPOHHOM pexXuMe Takas nporpamma 6yner paborars.

QCHOBHEIE COCTABRAIONIHE COODIIEHHS:

1. Byiok maHHbIX cOOOIEeHNs — NPeICcTaBAaeTCA THIIGM voidx.
2. Indopmannsd o JaHHBX coobuieHus:

(a) TMN maEMBIX — OpegcTaBageTcs TunoM MPI_Datatype; co-
oreetcrere MPL-Tunos paHEeIx 1 THIOR #3pika O npreeTe-
HO B Tabua. 11.1.

(b) xonMvecTBO JAHHBIX — KOJIMYECTBO €QUHHIL JAHHOTO THIIA
B Ga10Ke coobuienus. [lpeacrapnsiercs TunoM int. (IIpuynna
HOSABIEHHS ITOTO IIOJs JOCTATOYHO OUEBHIHA: BLITOIHEE 34
onuH pa3 nepegars boapuioe coobuenve ¢ 10-10 sireMeHTaMH,
4eM nockinaTh 10 cooBInEeHRHE ¢ OHHM 3JEMEHTOM. )

Ta6muna 11.1. CoorpercrBre THoB ganHbeix MPI
i THTNOB s3bika C

Tun MPI Tun C
MPI_CHAR signed char
MPI SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int

MPI_UNSIGNED CHAR | unsigned char
MPI_UNSIGNED _SHORT | unsigned short int

MPI_UNSIGNED _INT unsigned int
MPI_UNSIGNED_LONG | umsigned long int
MPI_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double
MPI_BYTE unsigned char

MPI_PACKED
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3. Mudopmays o moaydaresne M oTnpasuresie coobiie-
HMAL:

(a) KOMMYHMKATOP — HAEHTUPUKATOP TPYONLl 3alYIEHHBIX
nporpaMMoil NapajuIeJbHEIX PONECCOB, KOTOPLIE MOTYT 0f-
MEHMBATLCA Mexay coboit coobiiennamu. Ilpencrabnser-
ca tunoM MPI_Comm. Kak monyuaTens, Tak M OTHpaBHTENb
NOJIKHBI MPHHAIEXKATh YKasaHuo# rpymne. Ilpouece Mo-
JKeT NPHHAANEXKATH OAHOBPEMEHHO MHOTHM TIpyNNaM, BCe
3aIyUICHHBIE NPONECCH IPUHAMJIEKAT I'PYINe ¢ uaeHTudU-
KaTtopoM MPI_COMM_WORLD.

(b) paHr mosyJaTesiss — HOMED HPOLECCA—TIOAYHATENIA B YKa-
3aHHOi rpynne (KoMMyHukatope). IlpejicTaBiserca THIOM
int. 9TO NMOJE OTCYTCTBYeT NMpH KOJIEKTHBHEIX OGMEHax
CcOOOIIeHIAMH.

(c} panr oTnpaBuTens —HOMEpP HPOHECCA-OTIPABATENS B

- yKasaHHO} rpynne (kommysaukarope). Ilpeacrasiasercsa Tu-
nou int. Ilonyyarens Moxer ykasaTs, 4To oH 6yIer IpuHHU-
MaTh TOJBKO COODINEHHS OT OTIPABHTENSA C OOPEASTEHHbLIM
pPaHroM, WIH HCIOOML30BATHL KoHCcTaHTy MPI_ANY_SOURCE,
NO3BOJIANLIYI0 NPUHHUMATE cooBlNeHus or moboro ormpa-
BUTENA B TPYIIEe C VKa3aHHBIM HAeHTHdHKaTOpoM. DTO
Nnoji¢ OTCYTCTBYET HNPH KOJJIEKTHBHHEIX ofiMeHax coobiie-
HHAMU.

4. Ter coobuieHnsa — NPOU3BOJBHOE YUC/I0 THNa int (cTaHzapT
TapaHTHPYeT BO3MOMXHOCTL HCNONL30BaHKA unces or O zo 219),
IPHIMCEIBagMOe OTupapuTeneM coobmenmo. [Noayuyarens mo-
KEeT yKa3aTh, YTO OH Oy#eT NPUHHMATL TOABKO COOGINEHHS,
HMelMe ONPEJEJICHHBI Ter, WIH HCIOIR30BATH KOHCTAHTY
MPI_ANY_TAG, no2BoJisIOLy0 IPHHHUMATE COODINEHUS ¢ JI0OBIM
TeroM. JTO NOJIE OTCYTCTBYET NPH KOJUIEKTHBHBIX oBMeHax co-
obTeHHAMH, HOCKORBLKY BCE MPOUECChl 06MEHHBAIOTCH OAMHAKO-
BBIMU IO CTPYKTYpPe AaHHBRIMH U B NnepBhIX Bepcuax MPI ece
KOJINIEKTHBHbLIE 06MeHb] 6bIJII~I CHHXPOHHBIMH.
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11.3. KommyHUKaTOpB

HanoMHMM, KOMMYHHKATOP — 3T0 00LeKT THna MPI_Comm, npes-
cTaBaAmul coboll UAeHTHOUKATOD IPYINbl 3allyINEHHBIX Opo-
rpaMMOll Tapa/nebHbIX IPOLECCOB, KOTOPbIE MOTYT OOMEHHBATHCSH
coobmenusamMy. KoMMYHUKATOD ABASETCH apryMeHTOM Bcex (pyHK-
uuit, ocymecreamiomux obMen coobiuenusmu. [Iporpamma moxer
pa3fiefiiTh KCXOAHYIO I'PYIIY BCeX 3AIYUIEHHBIX NMPOLIECCOB, MIEH-
TudUIIpyeMy0 KOMMYHHKaTOpoM MPI_COMM_WORLD, Ha noArpynmne!l
JJIA:

® OpraHU3anUH KOAJIEKTHBHBIX OOMEHOB BHYTPH STHX NMOAFPYII,

e H30/ISLUM OAHMX OGMEHOB OT APYTHX {TaK 4acTo MOCTYINAIOT ma~
pasnenbEple 6ubnnorednnle (pyHKRUH, YT06H HX coobuieHns He
NepeceKaguch ¢ cOoGIUeHUAMHE BLI3BABIIEr0 HX MPOIecca),

e y4eTa TOIIOJOTHH DAaclipeJe/IeHHOH BHIYMCIUTEILHON YCTAHOB-
KH {HampuMep, YacCTO PACHPENC/ICHHBIH KAACTED MOXHO Npen-
CTABUTh B BHIE NPOCTPAHCTBEHHON DelieTKH, COCTARJIEHHON U3
CKOPOCTHBIX JIMHHl CBA3H, B y3JlaX KOTOpoH HaxoAATcs pabo-
yHe CTAHIMUY; CKOPOCTH OOMEHA NAHHBIMM MEXAY Y3JaMH TYT
pPa3AMYHbLL B 3TO MOXKHO Y4eCTh BEEJEHHEM COOTBETCTBYIONIMX
KOMMYHHKATODOB).

Tlony<uTE KOJHYECTBO MPOLECCOB B TpYIIeE (koMMyHUHKAaTOpE)
MOXKHO € oMouiblo dyaxuun MPI_Comm_size. Ee mpoTorui:

int MPI_Comm_size (MPI_Comm comm, int *size);

. rje comm— KOMMYHHKATOP (BxomHOM napamerp), size — yKalaTenb
na peayssrar. Hanpumep, ofliee KOMMYECTBO 3aMyLIEHHBIX NPOLeC-
COB MOXKHO IOJAYYHMTh CAEAYIOMMM 0Opa3oM:

int p;

MPI_Comm_size (MPI_COMM_WORLD, &p);

Moayuuts, paur (HOMep) npouecca B rpynne (KOMMYHHKATODE)
MOYXHO ¢ oMOnb1o pyukuud MPI_Comm_rank. Ee nporoTum:

int MPI_Comm_rank (MPI_Comm comm, int *rank);
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rae comm — KOMMYHHMKATOP {BXOAHOM IapaMerp), rank — yKasaTesb
Ha pe3ynwraT. Hampumep, Homep TEKYILEro npoHecca cpeju Boex
3AIYIUIEHHBIX MOXKHO IONYYHThH CAEAYIOIMM 00pazoM:

int my_rank;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);

11.4. NonapHeid obmeH cooSmethMu

[ocnare coobmenne MoxHO ¢ noMmowe (yskunn MPI_Send. Ee
HPOTOTHII:

int MPI_Send {void *buf, int count,
MPI_Datatype datatype, int dest, int tag,
MPI_Comm comm); '

€ BXOAHbIE MapaMETPhI.

s buf —agpec Oydepa ¢ DaHHBIME,

count — YHCJI0 3JeMeHTOB (Tuna datatype} B Gydepe,
datatype — THIN LAHHBIX KAXAOIO U3 37eMeHTOB bydepa,
dest — paHr (HOMep) moaydareas B KOMMYHHKaTOpe (rpymne)
comm,

tag —Ter coobuesns,

& Comm — KOMMYHHKATOP.

JTa QYHKIMA MOXET NepeBecTd TeKyLHi IPOLEecC B COCTOAHHE
OXKMJAHHSA, NOKa HNOJYHaTelb C HOMepoM dest B TpyMIe comm He
npuMeT cooblleHue ¢ TeroM tag (eCaH HCIONbL3YETCs CHHXPOHHBIN
pexxumM obMeHa).

Hoayuute coobmeHre MOKHO € oMo (yHkuun MPI_Recv.
Ee npororum

int MPI_Recv (void #*buf, int count,
MPI_Datatype datatype, int source, int tag,
MPI_Comm comm, MPI_Status #*status);

rie BXOAHBIE IIapAMETDbI:

e buf —aapec Oydepa ¢ ZaHHBIMH, e CJAeLyeT PasMecTHTh IIO-
JNy4eHHOE coobulenne,
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e count — MaKCHMAJBHOE YHCIIO JIeMeHToB (THIA datatype) B Oy-
depe,

e datatype — THI JAHHBIX Ka:KJOro H3 3iementos Gydepa,

e source — pasr (HOMep) OTTIPABHTENS B KOMMYHHKATOpe (Tpyr-
ne) comm {MoxeT Grrre MPI_ANY_SOURCE),

s tag — ter coobluenus (Moxer 6bITh MPI_ANY_TAG),

e comm— KOMMYHHKAaTOP,

U BLIXOZAHBIE TTApaMeTphbl (Pe3yIbTaTH):

e buf — mosiyuerHoe cooblieHue,
e status — urdopMalus O ONYHeHHOM COOGIIeHIN (CM. HUXe).

Dta dyHKUMA TePEeBOJHT TEKYILHMi IPOLECC B COCTOAHHE 0XKHAAHN,
[T0Ka OTIIPABHUTENh C HOMEPOM SOUrce (MM MOOLIM HOMEPOM, €C/TH B
KadecTBe paHra MCIOAL3YETCH KOHCTAHTa MPI_ANY_SOURCE) B rpyn-
1€ comm He OTIPABMT COOBIIEHHE ¢ TeroM tag (MiH JIHOOBIM TeromM,
eclM B Ka4eCcTBe Tefa MCIOIb3yeTcs KOHCTaHTa MPI_ANY_TAG).

Mpu nmomapHbix ofMeHax 'COOOILIEHHAMH IOJIyYaTelb coobue-
HHMS MOXKET [OJYYUTh Hepe3 NepeMeHHylo status Tuia MPI_Status
* uHdopManuo 0 HoaydeHHoM coobienun. CTPYKTYpa JaHHBIX
MPI_Status BkJOYaeT B cels CaeAyloluye Noad:

e MPI_SOURCE — peanbHBIff PAHT OTIIPABHTENS (Moxer motpebo-
BATHCS, €CAH B KYECTRE PAHTa OTIPABHTENS UCIIONb30BAHA KOH-
cranTa MPI_ANY_SOURCE},

e MPI_TAG — peasibHbilt Ter coobuienus (Moxer HoTpeboBaTHCA,
ecTH B KavecTBe Tera CoODIIeHWsl WCIOJb30BAHA KOHCTAHTA
MPI_ANY_TAG),

e MPI_ERROR — xo# omMOKH,

e [IOTIOJTHHTENbHEIE CiIyKeOHbIe Mo, 3aBUCAIINE OT PEa/IM3anuy
MPI.

Pa3sMep HOJyYeHHOro COOOLIEHHSI HENOCPEACTBEHHO B CTPYKTYype
naHHbIx MPI_Status He XPaHHUTCH, HO MOXKET OBITh MOJIYYeH W3 Hee
¢ nomowpk Gyukiuu MPI_Get_count. Ee npororuim:

int MPI_Cet_count (MPI_Status *status,
MPI_Datatype datatype, int *count};
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I'Age BXOZHBIE TIapaMeETpPhl.

e status — uHQOPMALUA O NONYYEHHOM COOBIEHHH,
e datatype — THI JaHHBIX, B €UHHLIAX KOTOPOro Tpebyercs mo-
JYYHTEL pa3mep cooblueHwus,

H BHIXOTHON napamerp (pesyibTar):

& count — KOJIHYECTBO INONMYHYEHHBIX 3JIEMEHTOB B €IHHHIAX THUIIA
datatype wmm koscTadTa MPI_UNDEFINED, eciH IJIHHS JaHHLIX
coobicHHA He JenuTcst HALleJ0 Ha pasmep Tuna datatype.

3amMeruM, YTO NPH KOJIEKTHBHBIX 06MEHaX H0MyHaTe b nHOop-
MaUHIO 0 COOBINEHNH He II0/IYYaeT, II0CKOJIBKY NPOLecchl 06MeHUBa-
I0TCH OJMHAKOBEIMM MO CTPYKTYDPE JAHHBLIMH.

Eme pa3 oTMeTHM, YT0 [OBeJeHHe HeKAYeCTBEHHON TPOrPaMMb
MO¥KeT ObITH PA3HBIM TPH HCIONB30BAHMHM CHHXPOHHOTO WM ACHH-
XPOHHOTO peXxuMa oTnpasxu coobmennii. Hanpumep, ecn nponecc
A mocnei0BaTeNEHO NOCHIIALT Tipontecey B aBa coobmeHus ¢ reramu
0 u 1, a nponecc B nocnegoBarensHo Bbr3biBasT (hyHKLIHIO IIOAYde-
HuA coobuieHud ¢ Teramu 1 u 0, TO 3TO NMPUROAUT K <«3ABHCAHHIO»
0B6OKX HPOUECCOB B CHHXPOHHOM pexxume. B aCHHXPOHHOM pexume
Taxkas nporpaMMa 6ymer paborars.

11.5. Onepaunn Bsoaa-Bbieoga 8 MPl-nporpammax

PaccmoTpuM BRavate crasfapTHEI BBOJ-BHIBOA (Ha SKpaH). 31ech
CHTYAIIA 3aBHCHT OT KOHKpeTHOH peanu3auun MPI:

o Cymecrsyror peammsanun MPL, B koTopnix Bcem paboTarommm
TPOILIECCAM DA3PEIIEHO OCYLIECTRIATH BBOA—BLIBOJL Ha 9KpaH. B
3TOM CJIyUae Ha 3Kkpane Oymer HabIIOIATHCA NepPeMeIIaHHbIi BLI-
BOJL OT BCEX IPONECCOB, B KOTOPOM YaCTO TPYAHO pazobparnca.

e [li1a npenorspalleHus MepeMeliHBaHHA BbIBO/A PA3HBIX MPOIEC-
coB Hekatophie peanuzauun MPI (1 Takux Gosbiunncreo) pas-
PEUIAIOT OCYIIECTBAATh BROA-BHIBO/ HA IKPAH TOJILKO NPOLECCY
¢ nomepom 0 B rpyrine MPT_COMM_WORLD. B srom ciy4ae ocTalb-
HbI® NPOLECCHI IOCKLIIAI0T 3TOMY MPOLECCY 3alpochkl HA IIPOM3-
BOJCTBO CBOET'O BBOJA-BLIBO/A Ha KPaH B KAa4eCcThe Co0BITIeHU.
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SriM 06ECIEYHBACTCS [IOCIE 0BATENBHbIA BEIBOA HA SKpaH (Ge3
nepeMeItUBAHNS) .

o CymecrBylor peamsami MPI, B koTopblx BCeM paboTaloumM
npoIleccaM 3ampereH0 OCYIIECTBNAT: BBOJ-BBHIBOJ Ha 3KPaH.
[Ipu BEIBOAE HA SKPaH CO3/aeTca aiil, B KOTOPOM COJEPXKHUT-
€A BCe BHIBEJICHHOE, & IPH BBOJIE € KJIABHATYDEI (DHKCHPYETCH
omubGka epeoga. O6BLIYHO TakHe peann3aliuy paboTarT Ha Pac-
NpeJIeNleHHbIX BEYUC/HMTENbHBIX YCTaHOBKAX, PAE 3AMyCK TPO-
rpaMMbl Ha MCIOJHEHHEe OCYIIECTBJAETCH C BBIACIEHHOIO KOM-
IBIOTEPA, HE BXOZAMIETO B COCTAB Y3J0B, HA KOTODBIX COGCTBEH-
o ucnonugerca MPI-nporpamMa. B Takux peanu3aluax Bech
BBOJ—BBIBOJ, OCYILECTRASETCS Yepe3 (hatiies.

[TosToMY /19 HANKCAHUS NEPEHOCUMON MEX Y PasIHYHbIMU PEasIl-
zaupsamu MPI-nporpaMMbl cileayeT HIPUAEPXKHBATHCH ITPEJIOI0NKe-
HUA O TOM, YTO IIPOrPaMMa He MOXET OCYIIeCTBIATE CTAH/JAPTHbIH
BBEOjI-BBEIBOJ, H IOJDKHA DPaboTare TOMBKO ¢ (afnamu (cM. HuXKe).
EAMHCTBEHHBIM HCKIOYEHHEM SIBJISeTCA BbIBOJ Ha 3KPaH, KOTODBIH
OABUTCS 60 HA SKpaHe, Mub0 B CO3MAHHOM CHCTeMOH daiite.

Ha dasnosbiit BBOI-BLIEO KaKie-i60 orpaHuieHHs QopMas-
1o oTcyTcTBYOT. OZHAKO MpHM OJHOBDEMEHHOM 3ANMCH JAHHBIX B
dait HECKONBKUMH IPOLEcCAMy MOXKET MPOHCXOIUTH UX INEpeMe-
IHBanMe M Aaxke moTepst. OHOBpEMEHHOE YTEHHE JAHHBIX U3 (dai-
/14 HECKOJIBKHMH [POLECCAMHM Ha pacnpejeleHHOH BbIYHCIHUTENb-
HOMl YCTaHOBKE MOXKET NPMBOAUTL K GJIOKHPOBKE BCEX MPOILECCOB,
KPOME O[HOro, H MX IOC/IEJ0BATENbHOMY BhHIIOTHEHUIO. 310 cBa-
" zano ¢ paborolt ceresoft daiiosoli cucremsl (NFS, network file
system). IlosToMy [Jd HANMHCAHUA NEPEHOCUMON MEXAy pasiut-
ueiME peatmsanuami MPI-nporpammel ciiepyer NpHAECPKHBATBCH
[IPEANONOKEHHS O TOM, YTO OCYINECTBIATH (PalI0BbIA BBOI-BHIBOA
MOXKHO TOJMBKO Tpoueccy ¢ HomepoM 0 B rpynne MPI_COMM_WORLD.
QcTABHBIE MPONECCH! TIOMYYA0T MIH MEPeAAloT eMy CBOW JaHHBIE
nocpeacTeoM coobuenvit. EcrecTBenHo, 9TO HE OTHOCHTCA X CHTY-
alH, KOTIa KaXKABIH M3 IpOIEeCCOB OCYIUECTBIAET BBOA-BBIBOJ B
cBoft cobeTBeHHbli dait. .
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11.6. MNpumep npocreriwei MPi-nporpamms:

PaccMOTpMM B KaMecrTBe HPUMEPA OpPOrpaMMy, BBIBOASIYIO HAa
axpan coobmenue «Hellos or kaxznoro us npoueccos.

#include <stdio.h>
#include <string.h>
#include "mpi.h"

paHsr Texymero mpoumecca %/ -
ofmee 4HCIO MpONECCOB */
paHr oTnpaeuTens */

paBT noaywaTens */

/* Inura 6ydepa coobumenuit */

#define BUF_LEN 256

int

main (int argc, char *argv(])

.{
int my_rank; /*
int p; /*
int source; /*
int dest; /*
int tag = 0; /*

char message [BUF_LEN];/*
MPI_Status status; /*

/* Hawate pabory ¢ MPI =/

MPI_Init (&argc, &argv);

Ter coobmennit */

6ybep mna coobmennua */
HHQOPMALMA O NOMYYEHHOM
coobmenun */

/* Tlony4uTs HOMep TeKymero Iponecca B TpYINle BCEX

npomeccoe ¥/

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);

/* MonyenTs ofmee XONMMYeCTBO BANYMEHHMX NPOLECCOB */
MPI_Comm_size (MPI_COMM_WORLD, &p);

/* Hocunmaem coobuwenna npoueccy O, KOTOpE HX BHBOLHT

Ha 3KpaH */
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if (my_rank != 0)
{
/* CospaeM coofmenue */
sprintf (message, "Hello from process d!",
my_rank};
/* OrnpaBnseM ero mpoueccy 0 %/
dest = 0,
MPI_Send (message, strlen (message) + 1, MPI_CHAR,
dest, tag, MPI_COMM_WORLD);
}
else

{

/* B nponecce 0: monyvyaem coofmeHze OT mponecca
1,...,p-1 ¥ BWBOZUM €ro Ha JKpan */
for (source = 1; source < p; source++)
{
MPI_Recv (message, BUF_LEN, MPI_CHAR, source,
" tag, MPI_COMM_WORLD, &status);
printf ("%s\n", message);
}
}

/* BaxanumBaeM paboTy c MPI */
MPI_Finalize (J;
return 0;

}

11.7. [lononHuTenbHbie PyHKUMH ANA nonapHoro obmexa
c00BULEeHHAMN

s yao6erea nporpammucta crangapt MPI openocrasnser psj
JOTIOJHHTEIbHBIX (hYHKUAY A/1A nonapHoro ofMena coobuieHnaMu,
Jobas mporpaMMa MoxeT ObITh HaIHCaHa (€3 WX MCIOIB30BAHMA,
HO JUTSI MHOTHX BbIYUCAHTEIBHBIX YCTAHOBOK OHHM MOI'YT 3HAYMTEb-
HO YBeIMYUThH MPOH3BOJHTENLHOCTD
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Ecan nporpamme BaskHO, 4TOOH 6BLT HCIIOIBIOBAH HMEHHO
CHHXPOHHBIH CHOCO6 TOCBLIKH COOBLIEHHI, TO BMECTO (BYHKLIUM
MPI_Send M0:xH0 HCIOAB30BATh (yHKUMI0 MPI_Ssend, umeromyio Te
e apryMeHTbl M BO3BpalllaeMoe 3HadeHue (JONoIHUTe/bHas Gykpa
5 B MMEHH — oT synchronous).

IIpn nonapebix ofMeHax MeXIy NPOLECCAMM OYEHb 4ACTO Tpe-
Oyercst MMeHHO OOMeHSAThCH HAHHBIMH, T. €. TIOCJATh H MOJYUHTH
pasubie coobumenns. IIpu aToM mporpaMMHBIf KoZm, OIS STHX OpO-
LECCOB IMOJIYYaeTCsl HECHMMETPWYHBIM: I OJHOrO M3 HHUX HAJ0
BHadasle HCNoab30BaTh MPI_Send, a 3aTtem MPI_Recv, mad BTopo-
ro — 3Ty *xe GYHKUMH, HO B 0BpaTHON nocaenosarenbHocTi. Ecoum
xe oba Tpolecca BHI3BIBAIOT 9TH DYHKUMH B OJHHAKOBOM IODSIIKE,
TO B CJIyYae CHHXPOHHOro ofMeHa coobiuenwsiMu OHM 063 «3aBH-
caroT». s 3To# cutyamum craspapr MPI npenocrasnser ¢yHk-
uuio MPI_Sendrecv, semsmomyocs Kak-Ow1 rubpumom MPI_Send n
MPI_Recv. Ee mpororum:

int MPI_Sendrecv (void *sendbuf, int sendcount,
MPI_Datatype sendtype, int dest, int sendtag,
void *recvbuf, int recvcount,
MPI_Datatype recvtype, int source, int recvtag,
MPI_Comm comm, MPI_Status *status);

rae BXOJAHBLIC NapaMeTDhl:

¢ sendbuf — agpec 6ydepa ¢ nocelIaeMbIMY JAHHBIMA,

e sendcount —4HCI0 3jemMenToB (THna sendtype) B Gydepe
gsendbuf,

¢ sendtype —THI JAaHHBIX KaiKAOro M3 3JeMeHToB Oydepa
sendbuf,

e dest — panr (HOMep) mosyuarens B KOMMyHMKaTope (Trpymme)
comm,

e sendtag — Ter NOCHLUIAEMOro COOBIIEeHuUs,

e recvbuf —agpec Gydepa ¢ ,aaHHmMH roe cienyer pa3sMecTHThb
moJiyueHHoe coollueHue,

® recvcount — MAaKCMMANbHOE YHC/IO SJIEMEHTOB (THNa recvtype)
B Oydepe recvbuf,
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e recvtype —THN [JAHHBIX KaxJAOro u3 3jemeHToB Oydepa
recvbuf, _

e source — paHr (HOMep) OTIpaBUTeNs B KOMMYHMKaTope (rpyn-
ne) comm (Moxer 6urTh MPI_ANY_SOURCE},

e recvtag — Ter NMomy4aeMoro cooburenns (Moxer GhITh KOHCTaH-
To#t MPI_ANY_TAG),

® comm— KOMMYHMKATOD,

¥ BLIXOAHBIE MApaMeTphi {Pe3yABTATHI):

e recvbuf — noaydenHoe coobleHue,
o status — mH(MOPMALHS O [OTY4YEHHOM COOBIIEHHH.

O71a GHYHKIUA MOMKET [epeBeCcTH TeKYIIHi IpoLece B COCTOAHHE
OKHAAHMS, TTOKA MOAYYaTelb C HOMepoM dest B Ipynlle COmm He
npuMer coofuenue ¢ TeroM sendtag (€CaM MCIONB3YETCH CHHXPOH-
Helll pexkuM ofMeHa) MM [OK3 OTHPABHTEIb C HOMEPOM Source
(nn m0GBIM HOMEpPOM, €C/IM B KavecTBe PaHra MCNOAb3yeTcs KOH-
crarTa MPI_ANY _SOURCE) B rpynme comm He OTHPaBHT COODUIEHHE C
Terom recvtag {Hay JIIoOBIM TEroM, €C/TH B Ka4eCTBe Tera HCToAb3Y-
ercsa koucraura MPI_ANY_TAG). Iocbu1aTe coolIueHHa AJs TpUEMa
3TOMN PYHKIMEN MOKHO C HOMOLIEIO M060H hyHKIHY I TONAPHBIX
obmeHoB, HanpuMep, MPI_Send mau ee caMoif, NIPUHUMATE coobire-
HAA OT 9TON (DYHKUHM MOXKHO IOCPeACTBOM Jirobolt dyHKmuu ans
nonapHeix o6meHos, HanpuMep, MPI_Recv umn ee camofi.

Craunapt MPI zanpeuaer HCIOIL30BATE OJUHAKOBBIE yKa3aTe-
¥ U1 MoBeIX ABYX aprymenTtos mioboft MPI-bynkunu, ecian xoTd
651 OOVH M3 HHX ABJISETCH BBIXOJHBIM [apPaMeTpOM. Hns ¢pyuxiun
MPI_Sendrecv 3T0 03HAYaeT, YTO HeJlb3dA HCIONB30BATh OJHHAKOBLIE
IHAYEHHS IS BXOHEIX M BREIXOAHBIX Oydepos. Ecnu nporpamue sto
TpedyeTcs, TO HAA0 NPUMEHATH ¢dbysrmuio MPI_Sendrecv_replace.
Ee npororum:

int MPI_Sendrecv_replace (void *buf, int count,
MPI_Datatype datatype, int dest, int sendtag,
int source, int recvtag,
MPI_Comm comm, MPI_Status *status};
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re BXOAHLIE [1APaMeTpEL:

e buf — ajpec Sydepa ¢ NOCHIAEMBIMH JaHHBIMH (TAKKe HBJIA-
eTcsl BBIXOIHBIM [TAPAaMETPOM),

® count --yHCIO 3emenToR (Tuna datatype) B Gydepe,

¢ datatype — THMI JAHHBIX KaiKAOTO H3 37eMeHTOB Gydepa,

o dest —panr (HoMep) moayvyaTesNss B KOMMYyHHKaTope (rpymnme)
comm,

e sendtag — Ter IOCBLIAEMOro COODLIEHUS,

® source — paHr {(HOMEp) OTIPaBHTEJNs B KOMMYHHKATOpE (rpyn—
ne) comm (Moxker GniTs MPI_ANY_SOURCE),

¢ recvtag — Ter Noay4aeMoro coobuieHus (MOxKeT OLITh KOHCTAH-
Tott MPI_ANY_TAG),

® comm — KOMMYHHKATOP,

U BBIXOAHBIE ITapaMeTpsl (pe3ynbTaThl);

¢ buf — mosyueHHoe cooblLgHHe (TakyKe SBJISETCH BXOIHBIM IIa-
paMeTpoM), ‘
e status — undopMalHa O DOJIYIEHHOM COODIIEHHH.

PaBora aroit ¢pyHkuun ananornyna MPI_Sendrecv, 3a HCKJIIOMEHH-
eM TOro, YTO MOJIyHeHHbIe MAHHLIE 3aMEIIAlOT IIOCTAHHBIE.

B HEKOTOpBIX BEIYHCINTENLHBIX YCTAHOBKAX I8 obMeHa coob-
IIEHHAMH CYIIECTBYeT CHElMaJIbHBI KOMMYHHKAIMOHHBIN MTpolec-
cop, cnocobHeifl paboTark NapanaensHe ¢ ocHosabiM. CleloBaTe k-
HO, Tepefava coobulenuit ¥ BBEIYHCIHTENIbHAsS paboTa MOTYT MATH
napalnensHo, ecyiy JJid IPOBEIEHH TanbHelux BEIYHCAEHHH JaH-
HEIE COODIIeHHs He HY KHe! (ITOJy4aTeno) u ve 6yayT momudmum-
posateca (oTmpasuresiem). [locnats coobuienue 6e3 BIOKUPOBAHUA
NPOLEcca MOXKHO € NOMONEBI0 pyHKuuM MPI_Isend (fononnnTens-
Hast OykBa 1 B nMeHH — ot immediate). Ee npororum:

int MPI_Isend (void *buf, int count,
MPI_Datatype datatype, int, dest,
int tag, MPI_Comm comm, MPI_Request *request);

I'A€ BXOOHBIE NAPAMETPEL:
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buf — aapec 6ydepa ¢ TaHHBIMI,

count — YMC/IO eMeHTOB (Tuma datatype) B Gydepe,
datatype — TMIT JAHHBIX KAaXX/0r0 W3 3]18MEHTOB Gydepa,

dest — panr (HOMEp) Holy4yaress B KOMMYHMKATOpe (rpynme}
comm,

tag — rer coobienus,

s comm — KOMMYHHKATOPD,

1 BBIXOAHOM TmapameTp (pesyJLTaT):

e request — naenTHUKATOP 3aMpoca Ha 00CIyKUBAHME coobure-
Hust, uMeer THn MPI_Request, HE JOCTYHHBIH TOIL30BATENIO
(yxazarens Ha 06beKT 3TOTO THMA BO3BPAMIAETCH [POLECCY H
MOYKET BbITL MCMOJIL30BAH B KAYECTBE APTYMeHTa i JPYTHX
thyaxuuit).
[IpusumaTh co0GEeHUS OT 3TOR (DYHKIHH MOXKHO C HOMOLIBIO JlIO-
foit GpyHKIMK A1 TOnapHbIx 06MeHoB, Hanpumep, MPI_Recv.

Hoayuurs coobuienne 6e3 H10KMPOBaHHA NPOLECCa MOXHO € TIO-
morpio (ynkimu MPI_Irecv (TomonnnrensHas Oyksa i B UMeHH —
or immediate). Ee mpororum: ‘

int MPI_Irecv (void *buf, int count,
MPI_Datatype datatype, int source,
int tag, MPI_Comm comm, MPI_Request *request) ;

re BXOAHblE MADAMETPHI

e buf — aapec Gydepa ¢ JAHHBIME, T1€ CleAyeT Pa3MecTHTDb To-
JydeHHoe CoobIeHue,

‘e count — MAKCHMANLHOE IMC/I0 3eMenToB (THra datatype) B 6y-
depe,

e datatype — THI JAHHBIX KAXKJONo 3 3iementoB Gydepa,

e source — paHT (HOMep) OTIPABUTE/S B KOMMYHHKaTODe (rpyn-
ne) comm (Moxer GbiTh MPI_ANY_SOURCE),

e tag —rer coobuennus (MoxeT Gurte MPI_ANY_TAG),

e comm— KOMMYHHKATOD,

1 BBIXOJHEIE [apaMeTphl (Pe3y/IbTarhi):
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¢ buf —- nonydennoe coofieHue,
s request — MAEHTHQUKATOP 3anpoca Ha 00CayKuBaHud coobile-
HHA.

IToceinare coobuieHns Ansi npueMa 3To#t byHKIMeR MOXKHO C
noMoIlpo Aboft byHKIMH naf nomapHbIx OOGMEHOB, HANpPHMED,
MPI_Send.

Y3uaTh, JocTaBsieHo JH coobuieHune (kak asa MPI_Isend, Tax u
Ins MPI_Irecv), MOXKHO ¢ TOMOHIBIO pynrIMu MPI_Test. Ee po-
TOTHIL:

int MPI_Test (MPI_Request *request, int *flag,
MPI_Status #*status);

rje BXOOHON Iapamerp:

® request — pieHTIUKATOP 3ampoca Ha obciyxuBanue coobe-
HUs (TaKKe SBJAAETCA BBIXOAHBIM [ApaMeTpoM: ecian o6y Ku-
BaHue 3aBepIleHO, TO OH CTAHOBHUTCA DaBHBIM CHEHHANLHOMY
suatennio MPT_REQUEST_NULL).

H BBIXOIHBIE IIAPAMETPH! (PE3yaBTaTh):

e flag--npusHak OKOHYaHUA oOC/HyKMBaHus, 3HadeHue *flag
CTAHOBUTCA MCTHHHBIM, eCjau 3ampoc obpaboran,

s status —ecau 3anpoc obpaloraH, TO COOMEPXKHT HHMOPMALIHIO
0 [OCTABAGHHOM COOBIICHHH (HCHOAB3YETCA TOJILKO IIPH MOJY-
JeHHH COODILeHHs1 U B 3TOM C/YYae HIPaeT PoJb OJHOMMEHHOTO)
mapaMeTpa (p¥HKIMH MPI_Recv).

Qynknusa MPI_Test He 6I0KMpYeT BRI3BABIIMY ee IIPOIECT, & TOILKO
YCTRHABJIMEAET CBOM APIYMEHTH YKa3aHHBIM Bhile obpaiom. Ecan
TpedyeTcs MPOBEPUTH JIOCTABKY OAHOTO H3 HECKOJIBKHX COOBIIeHumi,
TO MOYKHO MCNOJIB30BATE (byHKto MPI_Testany. Ee npororun:

int MPI_Testany {(int count,
MPI_Request array_of_requests({], int *index,
int *flag, MPI_Status *status);

e BXOOHBIE TApaMeTpbI
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e count — KOJMYECTBO 3allpOCOB B Maccuse array_of_requests,

e array_of_requests — MacCHB HIeHTH(UKATOPOB 3aNPOCOB HA
obcaykupanye coobulenusi (TakyKe HABIAETCA BBIXOAHBIM NApa-
METPOM: €c/u 0bCHy KIBAHME COOBLUIEHHS C HOMEPOM xindex
B MaccuBe array_of_requests 3aBepILIEHO, TC COOTBETCTBYIO-
it ajeMeHT array._of_requests [*index] CTAHOBHUTCH pas-
HBIM MPI_REQUEST_NULL)

1 BLIXOJHBIE [APAMETPhl (Pe3yIbTaThl):

o flag— IpM3HAK OKOHYaHHA obcnyxKupaHus, 3Hayenue *flag
CTAHOBUTCS MCTHHHBIM, €C/IH OJIHH M3 3alPOCOB o6paboTaH,

e index — ecjiM OZMH U3 3ampoCcOB 06paboTaH, TO COEPHKUT HOMED
obpaborarHoTo coobiienus B MaccuBe array_of_requests,

e status - ecju OjHH U3 3a7pOCOB ofpaboTan, TO CONEPKHUT HH-
$OpMANHIO O JOCTABAEHHOM COOOLICHHH (ncmonb3yercs TOJNLKO
NPH MOy 4EHMH COOBIEHKS ¥ B ITOM CJIy*{ae HTPaeT POh 0/IHO-
HMEHHOI0 NapaMerpa GyHKIHMH MPI_Recv).

HoxgaTeca JOCTAaBKH coobmenns (kak qis MPI_Isend, Tak H
1 MPI_Irecv) MOXKHO ¢ IOMOIIBIO Pyaxnuu MPI_Wait. Ee mpo--
TOTHIL:

int MPI_Wait (MPI_Request *request,
MPI_Status *status);

roe BXOOHOH napamerp

e request — ugenTuduraTop 3ampoca Ha obcayxusanue coobire-
HUs (TAKIKe SBJIAETCS BLIXOAHEBIM [IAPAMETPOM: IOCTE 3aBepie-
HyisI 3TOM (PYHKIMH OH CTAHOBUTCS PaBHBIM MPI_REQUEST_NULL).

U BBIXOJHOH mapaMeTp (pesy/brat):

e status — updhopMANMA O AOCTABIICHHOM coobuteHuH (MCTIOTB3Y-
eTCs TOMBKO IPH AOJNyYeHHH COODIEHHS I B 9TOM Cllyvae NIpaert
poJib OLHOMMEHHOTO TIapaMeTpa (HYHKIHH MPI_Recv).

Oyuxiug MPI_Wait 6/I0KUPYET BLI3BABIIHI e Tponece A0 OKOHHa-
HUs 06CTyKUBAHUA COOBILEHHA C HIeHTHIUKATOPOM request, Ecan
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Tpebyerca AUMAAThCH JOCTABKH OJIHOTO U3 HECKONBLKUX COOGILEHMI
TO MOXHO HCNONIB30BATh (hynkimio MPI_Waitany, Ee npororun:

int MPI_Waitany (int count,
MPI_Request array_of_requests[], int *index,
MPI_Status #status);

rae BXOAHBIE NAPAMETDLI

¢ count — KOJIHYECTBO 3alpOCOB B MacCHBe array_of _requests,

e array_of_requests— macciB MIeHTH(HKATOPOB 3aNpOCOB HA
obcnyupanue coolllleHud (Takxe SBISIETCS BHIXOAHBIM Ta~
pPaMeTpoM: IOCNEe 3aBepIleHHsl TOH (YHKIMH COOTBETCTBYIO-
mnit sseMeHT array_of requests[*index] cramosurca pas-
HeIM MPI_REQUEST_NULL)

1 BLIXOJHbIE TIAPAMeTpbl (Pe3y/bTaThl):

® index — COHEPKUT HoMep oOpaloTAHHOr0 COOBLIEHNS B MACCHBE
array_of _requests,

¢ status — nuOpMalUA O JOCTABIEHHOM COOBUIEHHH (HCIIOIb3Y-
eTCH TOJBKO NIPH NOJIyYeHUH cooBIleHns i B 9TOM CIyvae HTpaeT
POabL OMHOMMEHHOTO napaMerpa ¢pyHkuun MPI_Recv).

Oynkiuua MPI_Waitany 650KEpyeT BLI3BABINMIA €€ MPOLECC A0 OKOH-
4anus 06paboTKM OHOrO H3 3aNPOCOB HA OBCIYKUBAHHE B MACCHEE
array_of __requests.

11.8. KonnexktusHbili o6men coobumeHnamu

Bce onmceipaemuie nuxe BosmoxHoeTH MPI asinsuores nzbniTou-
HBIMH B TOM CMBICAE, ITO J106as NporpaMma, MoxeT GbIThH HATTHCA-
Ha 0e3 ux uenons30BaHus. JeHCTBHTONbHO, BCAKUA KOLIEKTHRHBI
ofMeH COOBUTeHMAMN MOXeT GBITH 3aMEHEH Ha COOTBETCTBYIOLIM
UMK onapHeix obmenos. OZHAKO 3TO NPHMBEAET K 3HAYHTENLHO-
My CHIZKEHHIO CKOPOCTH paBOoThl MPOrpaMMbl, TaK KAK, BO-HEPBHIX,
npocreiiulee peruenye (OMH M3 MPOLULCCOB PACCHLIIACT JAHHbIE BCEM
OCTAJbHBIM) HE TOAMTCH (B KaXKJBIH MOMEHT BpeMeHu pafoTaior
TOJIBKO [iBa IPONECCA), &, BO-BTOPLIX, J060e pemrenue (HanpuMmep,
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pacchLIKa M0 NPHHONNY GHUHAPHOrO Jepesa: TIePBBIA POLeCe NOChI-
naeT aHHBIE BTOPOMY, 3aTeM lepBblit 1 BTOPO#R NMOCHIIAIOT JAHHBIE
TperbeMy ¥ YeTBEPTOMY COOTBETCTBEHHO, M T. n.) He Oyner y4uTbl-
BaTh cguudUKy KOHKPETHON BLIYHCIRTENBHON YCTAHOBKH.

Coobierus, MoCsI1aeMble ¢ MOMOUIBIO pyHKIMA KOMIEKTHBHONO
o6MeHa, He MOTYT OBITb NMOJIYUEHB! ¢ IOMOLILBID PyYHKIUH TIONAPHOTO
obmena 1 HaobopoT. HanoMHuM Takke, 4T0 B EPBBIX BEPCHIX MPI
BCe (DYHKIIHM KOJLTEKTHBHOro o0MeHa OBIIM CHHXPOHHBIMH M 3TO
HaJOXKIIO OTIEYaTOK Ha MX CHHTaKCHC.

JInst CHHXPOHM3ALMH TNPOLECCOB MOXHO HCIOIB30BATH JpvHEK-
nuio MPI_Barrier. Ee mportotuim: '

int MPI_Barrier (MPI_Comm comm);
I'Oe BXOJHOH napaMeTp
e comm — KOMMYHHKATOD.

Oyuxnpsa MPI_Barrier 6710KUPYET BHI3BABIIAN ee NPOHecc N0 TeX
Mop, IIGKa Bce IMpOUeccsl B rpynmne ¢ HAeHTH(PUKATOPOM COmm
(KOMMYHUKATOpE) He BBI3OBYT 3TY dynknuwo (cp. ¢ Qyunxuuen
synchronize B pazaene 10.4).

Jl;1s pacchIIKM JIaHHBIX U3 OJHOrO IIPONECca BCEM OCTATbLHBIM
B €ro rpynne MOXHO KCMOML30BATH dyuxmuo MPI_Bcast. Ee mpo-
TOTHRIL

int MPI_Bcast (void *buf, int count,
MPI_Datatype datatype, int root, MPI_Comm comm) ;

. rie BXOJHBIE [1apaMeTPhL:

e buf

— B npoIecce ¢ HOMEPOM Yoot — aapec Gydepa ¢ IOChITAEMEIMH
JAAHHBIME (BXOZHOH Tapamerp),

— B OCTAJIbHHIX OPOLECCax TPYINEl comm — aapec Oydepa ¢ naH-
HBIMH, [Jle CJIeAYeT Pa3MecTUTh [M0y4eHHoe coobuenue (BBI-
XONHOA MAapaMeTp),

e count
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~ B MpOLECCe ¢ HOMEPOM YOOt — YHCJIO 3MEMEHTOR (THNA
datatype) B Gydepe,
— B OCT&ILHBIX MPOUECCAX IPYNNLI Comm — MAKCHMAIBHOE YHC-
70 sneMenTos (Tuna datatype) B Bydepe,
¢ datatype — TUN RAaHHBIX KaXK[OTO W3 91eMeHTOB Gydepa,
® T0Ot--panr (HOMEp) OTIPABHTENS B KOMMyHHKaTope (rpymme)
comm,
* comm — KOMMYHHKATOP,

M BBIXOJHOH mapaMerp (pe3ysnbTar):

¢ buf — B npomeccax rpynmel comm ¢ HOMEPAMH, OTJMYHBIMY OT
root, — NoIy4eHHOe cooBIIeHHe.

3Ta QYHKINA A0MXKHA BHITH BEI3BAHA BO BCEX MpoLeccax Ipynnbl
comm ¢ OIMHAKOBBIMH 3HAYEHHAMHN AN APIYMEHTOB To0t U comm,
Taxxe B 6onbunHCTBE peanmsamuit MPI TpeSyerca, urobm amave-
HHA apryMeHTOB count ® datatype 6nuIM OJMHAKOBBIMM BO BCEX
Ipolgeccax Cpynibl comm. T4 HPYHKUHA pacchliaer coobmenue buf
U3 [IPOUECCa ¢ HOMEPOM root BCeM npoueccaM rpynme! comm. IIo-
CKOJIBKY BCe MPONECCH! BBI3BIBAIOT 3Ty (PYHKIWIO OIHOBPEMEHHO U C
OAHHAKOBLIMY APryMeHTAMH, TO, B OTVI4He oT (pyukumii MPI_Send
1 MPI_Recv, mons tag M status OTCYTCTBYIOT.

YacTo rpefyercss BBUIOIHHTD B KAKOM-TO CMBICJIE obpaTHyo K
npou3BoauMol pyuknuelt MPI_Bcast OMEPAIHK) — [IEPEC/IATh HAH-
HBIE OAHOMY M3 NPOLECCOB [PYNINLl OT BCEX OCTATILHBIX NIPOLECCOB
STOH I'DYINBI; IIPH 9TOM YACTO HYMKHO NOJYYHTL HE CAMM 9TH JaH-
HBIE, & HeKOTOPY!0 (hYHKIMIO OT HUX, HATIPHMED, CYMMY BCeX JAH-
HelX. [Ing 3Toro moxmo ncnonszosate dymKUmo MPI_Reduce. Ee
OPOTOTHIL:

int MPI_Reduce (void *sendbuf, void *recvbuf,
int count, MPI_Datatype datatype, MPI_Op op,
int root, MPI_Comm comm);

LOE BXOXHLIE NAapaMEeTPLI:

e sendbuf —aapec bydepa ¢ gaBHBIMU,
® count — wHC/IO 3ieMenToR (TMna datatype) B Gydepe,
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TatGauna 11.2. Onepauun Haa AaHHEIMH B MPI

Onepanus MPI 3nauenue
MPI_MAX MAKCHMYM
MPI_ MIN MHHUMYM
MPI_SUM CyMMa
MPI_PROD npoH3BEJEHHE
MPI_LAND JIOTHYECKOe «H»
MP1_BAND MOBUTOBOE <H»
MPI_LOR AOTHYECKOE €¢HJIH»
MPI_BOR TOOHTOBOE <HITHY
MPI_LXOR JNIOTMYECKOe «MCKIIOMAIOIIEE HITH»
MPI_BXOR HODHTOBOE «HCKIIIOHAIONIEe HIM»
MPI_MAXLOC | MakCHMyM H €ro MO3HLHHA
MPI_MINLOC | MMHHMYM M €r0 NO3WIHA

e datatype — THI JAHHBIX KaXJ0r0 M3 3JEMEHTOB 6ydepa,

e op — MaenTHDUKATOP Omepaunn (THIa MPI_Op), KOTOPYIO HYX-
O OCYLIECTBHTD HaJ| IePeCTaHHBIMYA JAHHBIMI JITIS [ONYHeHns
pesyastata B Oydepe recvbuf; cM. B 1a6s1. 11.2 BO3MOMKHEIE
3HAYEHHA ITOrO apryMeHTa,

e Toot - panr (HoMep) MOTy4aT&Nld B KOMMYHHKAaTODE (rpynne)

comm,

e Comm— KOMMYHHKATOP,

M BEIXONHOMN mapaMeTp (pe3yJIBTar):

e recvbuf — ykasarens na Oydep, rae Tpebyerca mosyyMTEL pe-
3y/BTAT; UCIOJIB3YeTC TONLKO B HPOIECce ¢ HOMEpOM root B

IpyIne comn,

1
Dra dyHKua I01KHA OpITh BBI3BAHA BO BCEX NPOLECCAX IPYLILI
comm ¢ OAMHAKOBRIMHK 3HaUEHHMM Jiis apTYMeHTOB root, comm,

count, datatype, op.

Ecau tpebyercs, 4Tobbl pe3y/bTar, noay4eHHbIH I0CPEICTBOM
pyukupu MPI_Reduce, craj M3BECTEH HE TOJBKO OQHOMY HOpPOIIECCY
{c moMepoM root B rpymnne comm), 4 BCEM UPOILECCAaM rpyIIbl, TO
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MOKHO ucnosib3oBate MPI_Bcast, Ho Gosee adbexTuBHLIM pele-
nuem sipasiercsl (hbynxmusa MPI_Allreduce. Ee npororum:

int MPI_Allreduce (void *sendbuf, void *recvbuf,
int count, MPI_Datatype datatype, MPI_Op op,
MPI_Comm comm);

[E BXOgHbIE IAPAMETDRhI:

sendbuf — aapec 6ydepa ¢ qanABIMY,

count — YHCIO eMenTos (Tuna datatype) B 6ydepe,
datatype — THII JIAUHBIX KaXX/IOr0 U3 3/1eMeHToB Gydepa.,

op — uAenTHIdHKATOP onepanun (Tuna MPI_Op), KoTopyo HyX-
HO OCYIIECTBHTL HaJl TI8PeCTaHHBIMH JAHHBIMH A1 110y YeHHS
peayasraTa B Oycdepe recvbuf; oM. B 1ab6a, 11.2 BOIMOMKHBIE
3HaYeHHs STOTO APryMeHTa,

® comm— KOMMYHHEKATOD,

M BBIXOAHOR rapamerp (pesyabrar):

® recvbuf —ykasareab Ha Dydep, rae Tpebyercs HoTyuMThL pe-
3YJIBTAT.

Qynxnus anatornasa MPI_Reduce, Ho pesyarrar obpasyerca B 6y-
cepe recvbuf Bo BCex mpoueccax rpynikl Comm, MOITOMY HET ap-
I'YMeHTa root.

Ecnu TpebyeTcs BRINOJHHTS CBOK COBCTBEHHYIO OIEpalfio HaI
AanubiMi B (pyHKiax MPI_Reduce n MPI_Allreduce, TO MOMKHO
ucnoss3osath Gyukumo MPI_0p_create. Ee npororum:

int MPI_Op_create (MPI_User_function *function,
int commute, MPI_Op *op);

[J1e BXOAlible NMapaMeTphi:

¢ function— yKa3aTelb HA NOJABL30BATENBCKYIO (DYHKIMIO, 334~
OILYI0 ONEPanio H HMeomyo tan MPI_User_function, onpe-
JeJIeHHbITT Kak

typedef void (MPI_User_function) (void * a,
void * b, int * len, MPI_Datatype * datatype);
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Sra PYHKIMA BHINOJHAET ONEPaLiIo Op Hal NIEMEHTaMU THIIA
datatype MAcCHBOB @ M b JJ/IMHE! *len H CKIAABIBACT pe3yabTaT
B MacCCHB b

for (i = 0; i < #*len; i++)
b[i] = ali) op blil);

I}

s commute — 11e70€ HHCA0, UCTHHHOE, eCIIH OlTepalid KOMMYTaTHE-
Ha, ¥ paenoe 0 nuaue,

M BRIXOAHON MapaMmeTp (pesynbraT):
e op — HAEHTHU(PHKATOD OepalHK (ruma MPI_Op).

IlonyuenHeit BAEHTHMUKATOD ONEPAIMH 0P MOXKHO UCIO/IB30BATE B
dynruusx MPI_Reduce n MPI_Allreduce. IMoc:e okonuanns pabo-
Thl € CO3AAHHON Omepanmel HeobXoAUMO 0CBOGOANTE HCIIONL3YEMbIE
IS Hee PEeCYPChl C IOMOLIBIO hyHKItHY MPI_QOp_£free. Ee npororum:

int MPI_Op_free (MPI_QOp *op};
rje BXOOHOH TlapaMmerp:

. op — WACHTH(HKATOD OlEpalKy, BoaBpameHHbiﬁ dbyHKIHER
“MPI_Op_create,

1 BBIXOAHON TapaMeTp (pe3yJIbTar):
¢ Op — YCTAHAB/IUBAETCHA B MPI_OP_NULL

BasKubIM CIy4YaeM KOJLIEKTUBHBIX OGMEHOB ABIAETCA 3anpoC Ha
3aBepIeHHe BCEX MPOIECCOB, HANPHMED, B ClyYae OIINOKH B OOHOM
u3 nux. JJIs 9TON0 MOXKHO MCTIO/IB30BATL (PYHKIIUIO MPI_Abort. Ee
TIPOTOTHIL

int MPI_Abort (MPI_Comm comm, int errorcode) ;
FIe BXOJHbiE NTapaMeTphl:

e comm -- KOMMYHHKATOD, OIHCHIBAOMIH{ IPynny 3a1at, KOTOpYo
HA/I0 33BEPILIHTE,

e errorcode — ko4 3aBeplieHHs (aHAJOr APryMeHTa YHKIMH
exit).
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PQyHKIHA 3aBEPUIAET BCE MPOLeCch B rpymnme comm. B GonpimnucTee
PEASIH3AHA 3ABEPHIAITCA BCE 3AIIYILIEHHLIe IPOIECCh.

11.9. NMpumep MPi-nporpammsl, BeivHCAAIOWEH
onpepeneHHblt HHTErpan

PaccmoTpum B Kadecrse npuMepa NPOrPAMMY, BBIMHC/ISIOLIYIO
onpedeneHnrlit HHTerpan. Hues yckoperus pabore oliMCaHa B pas-
Jgene 1.2, ¢. 12. Tlpocrefimast peanmzaliig 5TOM 3aJauu HpUBEIE-
Ha B pazzerne 1.5, c. 21. Kax /el n3 nponeccoB HHUUMAIHIHPY-
et moacuerepmy MPI ¢ nomompio MPI_Init, mony4aer ceol Ho-
Mep ¥ oblee KOMUMECTBO MpOoLeccoB nocpedctsoM MPI_Comm_rank
n MPI_Comm_size. Ocxobuas paboTa npomuzsoauTcs B (yHKIMH
process_function, mo OKOHYAHHMH KOTODOH MPOUECC 3aKAHYHBAET
pabory ¢ MPI ¢ momouteio MPI_Finalize u sapepmaercs. Qyukiausa
process_function BEIMHCAAET CBOK YACTh HHTEIPaa ¢ TMOMOLIBIO
dyHKUMY integrate u npubasisger ero x oTeery total B mpoltecce
¢ soMepow {} mocpeacreom MPI_Reduce. [ponece ¢ Homepoum 0 nepex
OROHUYAHHEM CBOeH paboThl BRIBOIHT NepeMeHHYIO total Ha skpas,

B stom paszese Mb! pa30BLEM ONMCAHHBIH BBIIE TIPUMEP Tak,
1T00bl BXOAHBIE JAHHBIE CYHTHIBAIMCE M3 aiita. DTum Eyaer 3aun-
MaTbcs GyHKLHA get_data. B npouecce ¢ Homepom 0 0Ha OTKpBI-
B3eT yKa3aHHBIA Gaill, CINTHIBAET H3 HErO JAHHAIE H 3aKPLIBAET.
3aTeM STH AAHHBIE PACCHLIAKTCA U3 npongcca ¢ Homepom 0 Bcem
OCTAJIEHBIM TpoLeccaM ¢ NoMombio MPI_Bcast. TekcT nporpamMer:

#include <stdio.h>
#include "mpi.h"
#include "integral.h"

/* Nonyuute fanHme */
void get_data {(char * name, double *a_ptr, double *b_ptr,
int *n_ptr, int my_rank);

int
main (int argce, char s#*argv)
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{
int my_rank; /* paHr Texymero nmponecca */
int p; /* ofmee umcno mpoueccos */
double a; : /* nepnit komey HETepBana */ -
double b; /* upaBuii KOHen uHTepBana */
int n; /* 4ncno Todex pa3bueHnm */

/* BNHHA OTpe3Ka MHETErPHPOBAHUSA IUd TeKymero npomecca*/
‘double len;

/* nepuil KOHe! MHTEpPBANA INA TeXymerc mpouecca */
double local_a;

/+ TpaBul KoHen MHETEDBANA LA TeKymerc mpomecca */
double local_b; :

/* wucmo Toyek pazbueHus AnA TeKymero mpouecca */
int 1oc¢al_n;

/* 3HAaYeHMe HHTErpasa B TeKymeM nponecce */

double integral; :

double total; /* peaynwTaTr: muTerpan */

/* Havars pabory c MPI */
MPI_Init (&argc, &argv);

/* Tlony4nTer HOMep TEKymero nponecca B TpPyONe BCex
npoueccos */
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank); .

/* Monmyuurs obmee KOMMYECTEBO 3ANYMEHHHX NPONECCOB */
MPI_Comm_size (MPI_COMM_WORLD, &p);

/* TomyunTs mammHe */ <
get_data ("a.dat", &a, ¥b, &n, my_rank);

len = (b - a) / p;
local_n =n / p;

/* BHYHCIAEM OTPe30K HHTErDHPOBAHEA AN TEKymero

5. 4017
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nponecca */
local_a = a + my_rank * len;
local_b = local_a + len;
/* BHYMCIMTL MHTErpay B KaxjoM M3 MpOneccoB */
integral = integrate (local_a, local_b, local_n};

/* CnoxsTh BCe OTBeTH H HeépefaTs mpomeccy O */
MPI_Reduce (kintegral, &total, i, MPI_DOUBLE, MPI_SUM,
0, MPI_COMM_WORLD) ; ' '

/* HanewataTs oTBeT */
if (my_rank == Q)
printf ("Integral from %1f to Alf = %.181lf\n",
' a, b, total); '

/* 3axanumsaem pabory c MPI #/
MPI_Finalize (); -
return 0;

/* llpoynTaTh 3Hauenws a, b, ¥ n u3 dafina name */
void :
get_data (char * name, double *a_ptr, double *b_ptr,
int *n_ptr, int my_rank)
{
/* Yutaem pmaHEme B mpoumecce 0 %/
if (my_rank == 0)

{
FILE *in = fopen (name, "r'");
if (tin)
{
fprintf (stderr, "Error opening data file ¥%s\n",

name) ;
*a_ptr = 0.
*b_ptr = 0.;
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*n_ptr = 1;
}
else
{
if (fscanf (in, "%1f%1f%d", a_ptr, b_ptr, n_ptr)
1= 3) -
{
fprintf (stderr,
"Error reading data file %s\n", name);
*a_ptr = 0.;
«*b_ptr = 0.;
*n_ptr = 1;
}
‘ fclose (in);
}

¥
/* PaccunaeM faHnWe u3 npouecca O ocTanbHM */
MPI_Bcast (a_ptr, 1, MPI_DOUBLE, O, MPI_COMM_WORLD);
MPI_Bcast (b_ptr, 1, MPI_DOUBLE, O, MPI_COMM_WORLD);
MPI_Bcast (n_ptr, 1, MPI_INT, 0, MPI_COMM_WORLD);
} ', .

Texer ¢pyukuuu integrate npusesen B pasgene 1.1

11.10. Pabora c BpemeHem

B pasgene 10.4 Mbl BRIYHCIANM NPOLECCODHOE W ACTPOHOMMYECKOE
ppemena pafiorw mporpaMmel. OnHako g MPI-npunoskerus npo-
IIeCCOPHOE BpeM:A He SBJIfAETCH NoKazareaeM CKOpocTH paboTsi, mo-
CKOJIBKY OHO HE YUHTHIBAET BpPEMA Hepeayui cooblieHuft Mexay
npoueccaMu (KOTOpoe MOXKeT OLITb G0oJIbILE NPOLECCOPHOrO BpeMe-
zu!). C gpyroit cTopoHbl, ¥ abCOMOTHOE 3HAYEHHE ACTPOHOMHYE-
CKOTO BPEMEHH MOXeT ObITL pasiIHYHBIM B PA3HLIX OPOLIECCaX H3-33
HECHHXPOHHOCTH YaCOB HA y3JaX TapaIesJEHOTO KOMIbTepa. Ilo-
stomy MPI npegocraBindger ceou GyHKIME paboThl ¢ BpeMeHeM.
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Y3HaTh aCTPOHOMMYECKOE BPEMs MOXHO C TIOMOHIBIO (hyHK-
man MPI_Wtime. Ee mpototum:

double MPI_Wtime ();

Ona Bo3BpalLaeT 4715 TEKYIIEr0 MPOLECCa ACTPOHOMHYECKOE BpeMs
B CEKYHJAX OT HEKOTOPOTO (PHKCHUPOBAHHOIO MOMEHTa B IIPOILIOM.
3TO BpeMs MOXKET OBITh, & MOXET He BbITh CHHXPOHMSHPOBAHHBIM
As14 Beex npoleccos paboTarowet nporpammel. Tounoers pyuknuu
MPI_Wtime MOXHO y3HaTB C NOMOWILIO pyHKIME MPI_Wtick. Ee
IIpOTOTHIIL:

double MPI_Wtick ();

Ona Bo3Bpamaer wacToTy BHyTpeHHero TafiMepa. Hampmmep, ec-
JIM cueTYMK BpeMeHM yBenmduBaeTc 100 pa3 B cekyHay, TO 3Ta
byukmma seprer 1072,

Ha Bcex BuIumCIMTENBHEIX YCTaHOBKAX, rae Ucnonsdyercs MPI,
PA3peIIaeTC 3ANYCKATh TOJLKO OUH IPOIeCC Ha KaXKauill mponec-
cop (uHage oueHb TsKeNo GamaHcupomaTh 3arpy KeHHOCTb BCEX y3-
JIOB 2PAJLIeSbHOrO KOMl'IblOTepa) B rtaxo#t curyauun aCTpOHOMH—
YecKOe BPeMf ITOYTH CORMAJAeT C BpeMeHeM paboTer 33184

TUNHYHAS NPOUELYPa H3MEDEHHS BPeMeHH pabOTh! TIPOTPaMMEL
8 MPI seirnaguT cnexyrommnm ofpaszom:

double t;

/* CHHXDOHM3AUMA BCEX MPONECCOB =;_"_'/ T
MPI_Barrier (MPI_COMM_WORLD); o
/* Bpems mawama */ ..
= MPI_Wtime (); -
/*Busos npouenypu ~Bpems paﬁom xoropoi Hago. HBHGPHTI:*/

/* Cnnxpor;naan;na BCEX nponeccos */
MPI_Barrier (MPI_COMM_WGORLD);
/* Bpema paboTm */ :

= MPI_Wtime () - t;



11.11. Mpumep MPI-nporpamMmel, yMHOXatoLWwei maTpuly Ha sektop 261

11.11. Mpumep MPI-nporpaMmbi, BoIMHCAAIOUIEH
nNpo13IBeAeHHe MATPHLbI HA BEKTOP

PaccMoTpyM 33aa4y BLIMHCIEHUsl POU3BE/IeHUS MATPUIE HA Bek-
top (eM. paszmen 10.4). ®aitnel mpoexTa:

e main.c — WEHUIIMAIU3AINS JAHHBIX U BLIBOJ Pe3yNLTATOB;

e matrices.c, matrices.h — HCXOAHBIA TEKCT M COOTBETCTBYIO-
MMt 3arogoBoYHbIR dalin ans GYHKUMH, paboTallmuX ¢ Mar-
pHIlaMH.

e Makefile — gna c6OpKU NIPOEKTA.

@aitn main.c:

#include <stdio.h>
#include <stdlib.h>
#include "mpi.h"
#include "matrices.h"

/* TNonyuuTrs manHHe */
void get_data (char * name, int *n_ptr, int my_rank);

/% KonmYecTBO TECTOB (AN OTHALKH) */
#define N_TESTS 10

int

main (int argc, char **argv)

{

" int my_rank; /* panr Tekyumero mnponecca */
int p; /* ofmee YHCIO NPONECCOB */
int n; /* pasmep MATPHUE M BEKTOPOB */
double t; /* ppems paboru BCefi 3agaumu */

int first_row, last_row, Irows;

int max_rows;

double *matrix; /* maTpuna */
double *vector; /* BexTOop */

10 4017



262 Fnasa 11. HUntapdeiic MPI {Message Passing Interface)

double *result; /* pe3yALTHpYimu# BeKTOp */
int i;

/* Hawate pabory c MPI */
MPI_Init (&argc, &argv);

/* lony+uTh HOMep Texymero Ipouecca B TPyNme BCeX
mpoueccos */
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);

/* TlomyyuTs ofmee KONMMYECTBO 3SANYLEHHNX NPONECCOB */
MPI_Comm_size (MPI_COMM_WQRLD, &p);

/* MonyunTe nanmse */
get_data ("a.dat", &n, my.rank);

/* llepBas yYacTBYOmAs CTPOKA MATPHUM */
first_row = n * my_rank;

first_row /= p;

/* lNocneauss y4acTBYWMas CTPOKA MATPHOHM */
last_row = n * (my_rank + 1),

last_row = last_row / p - 1;

/* KonmyecTso YHaCTBYWIMHX CTPOK MATPUUM */
rows = last_row - first_row + 1;

/* BaamcnfieM MaKCHMANbHOE KONMYECTBO CTPOK HA MPOUeCCH/
max_rows =n / p +n % p;

/* Bumenenme maMaTH nmon MAacCHBH */
if ('{matrix = (doublex)
malloc (max_rows * n * sizeof (double))))

fprintf (stderr, "Not enough' memory!\n");
MPI_Abort (MPI_COMM_WORLD, 1);
}
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if (!(vector = (doublex)

{

¥

malloc (max_rows * sizeof (double)}})

fprintf (stderr, "Not enough memory!\n");
MPI_Abort (MPI_COMM_WORLD, 2);

if (!{result = (doublex)

{

s

malloc (max_rows * sizeof (double))))

fprintf (stderr, "Not enough memory!\n");
MPI_Abort (MPI_COMM_WORLD, 3);

/% MHunHam@3anms MACCMBOB */

init_matrix (matrix, n, first_row, last_row);
init_vector (vector, first_row, last_row);

if (my_rank == Q)

{

int 1;

printf ("Matrix:\n");

print_matrix (matrix, n, first_row, last_rou);
printf ("Vector:\n");

print_vector {vector, first_row, last_row);

1 = (max_rows * n + 2 * max_rows) * sizeof (double);
printf ("Allocated %d bytes (%dKb or %dMb) \

of memory per process\n", 1, 1 >> 10, 1 >> 20);

}

/% CHHXPOHEM3anus BCEX NPOLECCOB */

MPI_

Barrier (MPI_COMM_WORLD);

/* Bpems Havana x/

t =

MPI_Wtime ();
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for (i = 0; 1 < N_TESTS; i++)
{
/* VYMHORNTB MaTpMUy Ha BEKTOP IJf IPOLECCa C HOMEpCM
my_rank u3 ofmero xonuyecTna p */
matrix_mult_vector (matrix, vector, result, n,
first_row, last_row, my_rank, p);
printf ("Process }d mult J%d times\n", my_rank, i);

}

/* CHHXDOHH3ANMA BCEX npoueccos */
MPI_Barrier (MPI_COMM_WORLD);
/* Bpema paboTu */
t = MPI_Wtime () - t;
if (my_rank == 0)
{
print_vector (result, first_row, last_row);
printf ("Total time = %le\n", t};
}

/* OceoboxnmaeM maMaTe */
free (matrix);
free {vector);
free (result);

/* 3axkanuusaem pabory ¢ MPI =*/
MPI_Finalize ();
return 0Q;

void
get_data (char * name, int *n_ptr, int my_rank)
{
/* UYnTaeM pannme B npomecce 0 */
if (my_rank == 0)
{
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FILE *in = fopen (name, "r");

if (!in)
{
fprintf (stderr, "Error opening data file hs\n",
name) ;
*n_ptr = 0;
}
else
{
if (fscanf (in, "¥%d", n_ptr) != 1)
{

fprintf (stderr,
“Error reading data file %s\n", name);
*xn_ptr = 0,
}
fclose (in);
}
b

/* Pacchinaem maumue u3 npomecca 0 ocTanbHHM */
MPI_Bcast (n_ptr, 1, MPI_INT, O, MPI_COMM_WORLD) ;
}

‘B BYHKUHK main KaskApifl U3 NMPOLECCOB NHUIHATU3HPYET 110/
cucreMy MPI ¢ nomouisio MPI_Init, nmonyviaer CBOi HOMED my_rank
i obmee KOJAUYECTBO INMPOIECCoR p ITOCPEACTEOM MPI_Comm_rank u
MPI_Comm_size. 3arem 3HaYeHME PAa3MEPHOCTH MATPHIB I CHMTRL-
paeTca U3 paitna pyHKIuel get _data Tak, KaK OTMHCAHO B pasfe-
e 11.9. B xa:kIoM M3 MPOLECCOB XPAHATCA CTPOKH MATPHIbLL & M
KOMITOHEHTHI BEKTOPOB b M ¢ € HOMepPAMH

n * my_rank / p, ..., n * (my_rank +1) /p - 1.

[MockonbKy 3TH GIOKH NEPECHLIAIOTC MEXKY TPOIECCAMH, 70 1a-
MSTh B KasHOM H3 HHX BbUIEISETCst 1107 B10K ¢ MaKCHMALHBIM
QHCAOM KOMTIOHeNT

max_rows =n / p +n % p.



266 Fnaea 11. WUnrepdeiic MP| (Message Passing Interface)

Broky MHHINAIU3NPYIOTCA B KAMXAOM M3 IPOIECCOB, 3TCM npo-
nece ¢ HoMepom 0 nevaraer ¢Boio 9acTb, C MOMOIILK MeXaHH3Ma,
OnucaHuOro B pasiene 11.10, 3amepsiercsa spemsa paBoThl ByHKUHN
matrix_mult_vectory BBIYHCAAOIIE]] KOMIIOHEHTHI Npou3BecHNA
MaTpHItbl HA BEKTOD, KMEIONIHe MHAECKCH B AHANA30HE

n * my_rank / p, ..., n* (my_rank + 1) /p - 1.

Adna uenefi omtazkn u Gollee TOMHOIO 3aMepa BpeMeHH paboThbi
(hyHKIIHA BLIMHCIEHNS NPON3BCACHHS MATPHIIBL HA BCKTOP BBI3bI-
Baercs B upkiae N_TESTS pas.

3arosioBounplii daiia matrices.h:

void init_matrix (double * matrix, int n, int first_row,
int last_row);
void init_vector (double # vector, int first_row,
int last_row);
void print_matrix (double * matrix, int n, int first_row,
int last_row);
void print_vector (double * vector, int first_row,
int last_row);
void matrix_mult_vector (double *a, double *b, double *c,
int n, int first_row,
int last_row, int my_rank,int p);

Patin matrices.c

#include <stdio.h>
#include "matrices.h"
#include "mpi.h"

/* WHunmanesauua MaTpuun */
void init_matrix (double * matrix, int n, int first_row,
int last_row)
{
int i, j;
double *a = matrix;
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for (i = first_row; i <= last_row, i++)
for (j = 0; j < mn; j++)
*(a++) = (1 > 3) 71+ 33

}

/% VEunManM3auns BEKTOpa */
void init_vector (double * vector, int first_row,
int last_row)

int 1i;
double *b = vector;

for (i = first_row; i <= last_row, i++)
*(b++) = 1.,

#tidefine N_MAX 6

/% Bupon MATpHUUE */ ‘
void print_matrix (double * matrix, int n, int first_row,
int last_row)
{
int i, j;
int rows = last_row - first_row * 1;
(rows > N_MAX ? N_MAX : rows);
(n > N_MAX 7 N_MAX : n);

int mi
int mj

for (i = 0; i < mi; i++)

{
for (j = 0; j < mj; j++)
printf (" %12.61f", matrix[i * n + 11);
printf ("\n");
¥
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/* BuBoz BmexTOpa */
void print_vector (double * vector, int first_row,
int last_row) 1
1 ;
int 1i;
int rows = last_row - first_row + 1;
int m = (rows > N_MAX ? N_MAX : rows):

for (i = 0; i € m; i++)
printf (" %12.61f", vector[il);
printf ("\n");

/* YMHOXMTBL MaTpRIY a Ha BeKTOp b, ¢ = ab ana mpomecca ¢
HOMEpOM my_rank ua obuWero KonuwecTsa p */
void matrix_mult_vector (double *a, double *b, double *c,
int n, int first_row,
int last_row, int my_rank, int p).

int i, j, k, 1;

int rows = last_row - first_row + 1;
int max_rovs;

int first_row_k, last_row_k, rows_k;
double s;

int dest, source, tag = 0;
MPI_Status status;

/* BhuHCIAEM MAKCHMANbHOE KOAWYECTEO CTPOK KA mpomecck/
max_rows =n / p + n % p;

/* DErynseM pesynpraT */
for (i = 0; i < rows; i++)
clil = 0.

1]

/* BHYHMCIAEM MCTOYHMK u HONyvaTens ANA TEKYWero
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nponecca */

sour

ce = (my_rank + 1) % p;

if (my_rank == 0)
dest = p - 1;

else
de

st = my_rank - 1,

/* Uuxn no bnoram */

for

{

(1 =0; 1 < p; 1++)

/* Homep mpomecca, OT KOTOPOro Ol HONYYEeH BEKT
k = (my_rank + 1) %4 p;

/* TlepBag y4acTByKWas CTPOKa MATPUllEl B nponecce
first_row_k = n * k;

firgt_row_k /= p;

/* TocnepHas y<acTBY®WAR CTpPoKa B mpouecce k */
last_row k = n * (k + 1);

last_row_k = last_row k / p - 1;

/% KonmdecTBO yyacTBYWIUMX CTPOK B mponecce k */
rows_k = last_row k - first_row_k + 1;

/* YMmoxaeM HPAMOYTONBHHE 610K MATPHIE a
B crpokax first_row ... last_row
n cronbuax first_row_k ... last_row_ k
Ha BEKTOP b, COOTBETCTBYOIHHE KOMIOHEHTAM
first_row_k ... first_row_k */
for (i = 0; i < rows; i++)
{
for (s = 0., j = 0; j < rows_k; j++)
s += afi * n + j + first_row_k] * blj];
c[i] += s;

}

/* TepecnmnaeM BexTOp b nmponeccy dest u momyyaem
oT source */

op*/

k*/

ero
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MPI_Sendrecv_replace (b, max_rows, MPI_DOUBLE,
dest, tag, source, tag, MPI_COMM_WORLD, &status);

Pynkiyst matrix_mult_vector Mojly4aeT YKa3aTeJH Ha CTPOKH
MATPHILI & U KOMLUOHEHTH! BCKTOPOE b M ¢ ¢ HOMepaMu

n*myrank / p, ..., n* {my_rank + 1) / p -1

H BBI'NHCISOT VKA3aHHLIE KOMIIOHEHTRl OTBETA € — MNPOH3BEOeHHH
MaTpHIEI & Ha BeKTOD b. Hpﬂ ITOM DAMATH NG MAaTPHIBI H BEKTG-
Pbl BbiZleJCHa TAA XPDAHEHHHA

max_rows =n / p+ndp

KOMMOHEHT (CTPOX MATPHILLL UM 3JEMEeHTOB BEKTOpa).

Obfosmasmm A = (ay;), ¢,/ =0,1,...,n — 1 marpuna A, b =
{hi), i =0,1,...,n~1¢c= (&), i =0,1,...,n — 1 — BexTop:l
bu e, m = my_rank. Qyuximsa matrix_mult_vector B IHKJe 1Mo
[ =0,1,...,p— 1 BEMUCIsIeT BEKTOD, ABIMONMACT TPOH3BEACHHEM
Bsioka matpuibl A, CTosnero B Crpoxax

nm/p,...,n(m+ 1)/p—1 (11.1)
U cTonfriax
(nm/p+1) (modp),....(n{m+1)/p—1+1) (modp), (11.2}

H BEKTOUpa, 00pa30BaHHOre KOMIOHEHTAMHU BEKTOpPA & ¢ HOMepa-
mi (11.2). JToT BeKTOp UpHOAB/ISTETCH K BEKTODY, OGPA30BAHHO-
MY KOMHOHENTAMH BexTopa ¢ ¢ Homepawn (11.1). Barem Bexrop,
06pa3oBanHbIil KOMIIOHEHTAMI BeKTopa & ¢ Homepauu (11.2), mepe-
coiaetes mpoueccy ¢ Homepom (m — 1) (mod p), a Ha ero mecto
HOMELIALTCH BEKTOP, MOJYHenHblil o1 npoiecca ¢ HoMepoM (m + 1)
(rmod p), T e, 0CYHIECTRIACTCH NNK/IHUECKAA TTEPeCLLIKA KOCT Y ITHOT
KAAIOMY TIPOIHECCY TacTH BeKTopa & jaupoif He Hojiee max_rows.
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< a b b
1 1 1
2 | += 2 x | 2
3 3 3
a) YMHOXEHHE COOTBETCTBYIOUNX BJIOKOB @) nepechUTKE MMy
B COQTBETCTBY omeM npouecce (I = 0) nponeccamu {{ = 0)
< a b b
1 1 1
2 += 2 bt 2
3 3 3
B) yMHOMEHHE COOTBETCTBYIOILHX OI0KOB . I} NEPeChUIKH MEXIY
B COOTBETCTBYIOmMeM uponecce (! = 1) niponeccanmu (I = 1)
[+ a b b
1 1 1
2 += 2 e 2
3 3 3

) YMHOXKEHUE COOTBETCTRYOIINX GnoKoB €) MePECHIIKH MEHCIY
B COOTBeTCTRYOUEM npouecce ([ = 2) rponeccamu (I = 2)

Puc. 11.1. Opranu3anus BeIMHCTEHHH W NEPECBITKM JAHHBIX NTPH
yMHOMKEHHH MaTPUllbl Ha BEKTOD

HamocTpalsd 9TOMO NPOUCCca NpH p = 3 IIPHBelena na
pHe. 11.1:

a) B KaKIOM M3 Iporeccos 1, 2, 3 (3eck Mbl Asis y106CTBA Wy Mepy-
eM UX, Haumias ¢ 1) BBINHCIAeM TPON3BeAeHH DJI0KOB MaTPHIIL!
a M BEKTOpa b, OTMEYEHHBIX Ha PHCYHKE COOTBETCTBYIOMEH Hud-
poi, u UpHOARIACM MX K PE3YIBTATY B BEKTOpE C;

6) uukgMueckn nepeceinaeM OI0KH BexTopa b;

B) NepeMHOXKAEM COOTBETCTBYIOHIHE OMOKH MaTDUILI & H BEKTODA
b u rpaban/asien HX K PeIVIBTATY B BEKTOPE ¢
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I') LEKAMYECKH nepechltaeM G/I0KH BEeKTOpa b;

/) IEPeMHOXKAEM COOTBETCTBYIONME BIOKH MaTPHIBEI & H BEKTODA
b u apubasaseM HX K PE3YJIRTATY B BEKTOPE €, moaydas npu
ITOM OKOIIMATE/ILHBIA pe3yiLTaT;

&) LHKJINYECKY Nepeckiiaen 6J0KH BeKTOpA b, BOCCTAHABJINBAS €10
IIePBOHAMAILHOE COCTOSIHHE.

@ajin Makefile:

NAME = mpi_mult

DEBUG =

ce = mpicc -c

LD = mpicc

CFLAGS = $(DEBUG) -W -Wall
LIBS = -1m

LDFLAGS = $(DEBUG)

OBJS = main.o matrices.o
all : $(NAME)

$(NAME) : $(0BJS)
$(LD) $(LDFLAGS) $~ $(LIBS) -o $@

C.0:
${CC) $(CFLAGS) $< -0 $@
clean:
rm -f ${(0BJS) $(NAME)
main.o ; main.c matrices.h

matrices.o : matrices.c matrices.h



11.12. JlononxuTensHsie hyHKUMK KONNEKTUBHOrO obMena 273

11.12. JlononHuTenwHble HYHKUHUH KONNEKTHBHOrO oOMeHa
coobuieHnaMu ana pabotbl ¢ MaccHBaMH

B nporpaMme, BBUNCIAIOMIER IPOH3BEAEHAE MATPUIBL HA BEKTOD
(cM. pasgen 11.11), HH OOMH M3 NPOLECCOB HE XPAHMT MACCHBBI
NO/THOCTBIO, 3 B KaXKiblit MOMEHT BpeMeHH paboTaeT TONBKO C UX 13-
cramu. Takaa MPI-nporpamma npH 3anycke Ha yCTanopke ¢ obwmel
RAMATBIO He HCIOIb3YeT A8 XPaHEeHHs MacCHBOB NaMsaTH Goabie,
gem ee multithread-amanor (cm. pasgen 10.4). Ecau nexoropomy
1poneccy noTpeboBasnca BeCh MAcCHB HETHKOM (Hanpumep, 1S BbI-
BOAA B Tporecce ¢ Homepom ), TO MOXHO nepecriaTb eMy YacTH
MaccHBa OT [APYruX NPOHECCOB C MOMONIBI (hyHKIumH monapHoro
obmera coodbmenuamu, QaHako vaobHee U BHICTDeE ITO CAeNATh No-
cpeacteoM Gyuxuun MPI_Gather. Ee nporoTum:

int MPI_Gather (void *sendbuf, int sendcount,
MPI_Datatype sendtype, void *recvbuf,
int recvcount, MPI_Datatype recviype, int root,
MPI_Comm comm) ;

IJle BXO/iHEIE [[APAMETPEL

e sendbuf -— agpec 6ydepa ¢ NOCLLIAEMBIMH JaHHBIMY,

‘e sendcount —uucio 9aeMeHTOB (Tuma sendtype) B Oydepe
sendbuf,

¢ sendtype — THN [JaHEAIX K&kKAOTO u3 3aeMentoB Oydepa
sendbuf,

e recvbuf — aapec Bydepa ¢ JaHHBIME, T/l CE€AYET PAIMECTUTD
AOMYy4eHHOe CO0BIeHne (MCIOAb3YeTCst TOMBKO B TTPOLECCe ¢ HO-
MEpOM root IPYNIB! comm),

e recvcount — MaKCUMATILHOE HHCIIO 371eMEeHTOB {THna recvtype)
B 6yhepe recvbuf (McnoOMBL3yeTCA TOJALKO B NPOLECCE € HOMEPOM
root rpynnsl comm),

e recvtype — THI JIAHHBIX Ka)KJIOr0 H3 3eMenToB Oydpepa
recvbuf (ucmonbayercss TOMBKO B IIpONECCE C HOMEPOM root
IPYUrsl comm},
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e root —paur (HOMep) nosmyvaresns B KOMMYHUKaTope (rpymnie)
comm,
& COmm-— KOMMYHUKATOD,

M BHIXOAHON napameTp (pesyanTar) B HPOLECCE ¢ HOMEPOM root
rpyniel comm:

e recvbuf — ykazaTens Ha nonydyeHHkle JAHHEIE,
Sta (pyHKIHA:

® B Npolecce C HOMEPoM TOoot TIpyINBl Ccomm — INPHHAMAET
recveount JalHHBIX THNA recvtype OT BCEX OCTAJBHBIX MPOIEC-
COR I'PYIILI COMM M Pa3MeILaeT HX NocaejoBaTeIbHo B Oydepe
recvbuf: BHAaua/e JaHHBIE OT upouecca ¢ HomepoM (0 rpymnw
comm, 3aTeM MAHHBIE QT NpoOLecca ¢ HOMepoMm 1 rpynnsl comm
H T. JI.; OT CaMOro ceDst MpOUEce JAHHBLIE, KOHEYHO, He MPHHH-
M3ET, & NPOCTC KOMHpyeT HX U3 sendbuf B COOTBETCTBYIOIIEE
MecTo recvbuf;

® B [IpOLECCe TPYMIBI COmm ¢ HOMEPOM, OTJIHYHBIM OT root, — Io-
chinaeT sendcount JaHHBIX THIA sendtype u3 Oydepa sendbuf
NPOIECCy ¢ HOMEDOM root.

Dra dyskous LosxHA ObITh BHI3BAHA BO BCEX NPONECCAX IPYI-
bl COMM C OAMHAKOBBIMHW 3HAYEHHAMU I ApryMEHTOB root M
comm. Takke B OonpIIHICTBE Ciy4aes TpebyeTcs, yTobbl 3HAYEHUA
apryMenTos sendcount i sendtype OBIIM ONMHAKOBEIMH BO BCEX
IPOUECCAX I'PYIILI COMM, TPHYeM PaBHBIMH 3HAMEHHSAM recvcount
M recvtype COQTBETCTBEHHO.

Econ Tpebyercst, 4Tofb pe3yJbTaT, NOAYUEHHBIH TOCPEJICTBOM
¢hyrkyuu MPI_Gather, cTas M3BECTEH He TONLKO OZHOMY NPOLECCY
(c HOMepOM Too0t B IpyNIe comm), a BCEM HpPOLECcaM TPYIIE!, TO
MOXHO HCNoJb30BaTe MPI_Bcast, Ho Goiee sdpdekTUBHLIM perie-
HueM apigercd (yakuna MPI_Allgather (cp. curyaumio ¢ dpyHkK-
Ay MPI_Reduce 1 MPI_Allreduce). Ee npororun:

int MPI_Allgather (void *sendbuf, int sendcount,
MPI_Datatype sendtype, void *recvbuf,
int recvcount, MPI_Datatype recvtype,
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MPI_Comm comm);
rJe BXOAHbIE [apaMeTphl:

e sendbuf — ajpec Bydepa ¢ MOCEINAEMBIMY J3HHBIMHY,
sendcount — wicno aseveHToB (Tmia sendtype) B 6ydepe
sendbuf, )

e sendtype — THIT JaHHBIX KaX<J0TO N3 3/EMEHTOB 6ydepa
sendbuf,

e recvbuf — azapec bydepa ¢ TaHIBIMU, TAE CIeIyeT Da3MECTHTE
noJyHueHHoe coobuieHue,

o TeCVCOUnt — MAKCHMANLHOE HHC/I0 3MeMEHTOB (THITA recvtype)
B Oydgepe recvbuf, :

e recvtype —THII [JaHHbIX KaJ0I'0 H3 JIEMEHTOB 6ydepa
recvbui,

e COmMM — KOMMYHHKATOP,

W BHIXOZHOM mapamerp (pe3yinTar):
e recvbuf — yKalaTeJh HA [TOJY4YCHHbIE TaHHBIE.

®yuxnya aHartornvHa MPI_Gather, HO pe3y/bTat obpasyercst B Oy-
depe recvbuf BO Brex MpoLeccax rPYINLL COmMM, MOITOMY HET ap-
ryMenTa root.

. MPI npepocrapnser dynxuuto MPI_Scatter, B HEKOTOPOM
CMBICTE obpatHyio Kk MPI_Gather. Ee npoToTni:

int MPI_Scatter (void *sendbuf, int sendcount,
MPI_Datatype sendtype, void *recvbuf,
int recvcount, MPI_Datatype recvtype, int root,
MPI_Comm comm);

1e BXOAIble NapaMeTphL;

e sendbuf — ajpec Gydepa ¢ NOCLLIAEMBIMHA JAHHBIMH (Hcmons3y-
eTCST TOJIBKO B MPOLECCE € HOMEPOM Toot IPYIIbL comm),

e sendcount —uucao areMeHTOB (THna sendtype) B Oydepe
sendbuf (MCMOB3yeTCA TOMNBKO B IIPOLECCE C HOMEPOM root
rpyIiibl comm),
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e sendtype — THII JIAaHHBIX Ka)KUIOTO U3 3JeMeHTOB Oydepa
sendbuf (ucnosbayerca TOMLKO B IpPOLECCE C HOMEPOM root
IpyIIBL ¢Omm),

e recvbuf — azapec Gydepa ¢ AAHHLIMM, TJe (JEIYET PAIMECTHTH
MOJIVHEHHOE coODIeHte,

® recvcount — MAKCHMAIBHOE YMCIO 3JEMEHTOB (THNA recvtype)
B Gychepe recvbuf,

® recvtype --THII JAHHBIX KaXKJIOro U3 3IeMeHTOB Ovdepa

recvbuf,
e root — panr (HoMep) OTIIPABHTENR B KOMMYyHUKaTOpe (rpynne)
comm,

® COMM — KOMMYHHKATOD,
1 BBIXOAHOH napamerp (pe3yabTar):

® recvbuf — ykasarenh HA MOJIYYEHHBIE JAHHLIE.
Dra hyHKUKA:

® B IIpOLECCe ¢ HOMEpOM root TPYHANBl COMM — NOCBLIAET MEepPBhIC
sendcount saeMeHTOB THIIA sendtype B Oydepe sendbuf npo-
eccy ¢ Homepom O rpynnel comm, caeayiemue sendcount sie-
MeHTOB TUna sendtype B Oychepe sendbuf — nponeccy ¢ Home-
por 1 rpynnel comm 1 T. 4.; cam cebe rpoltecc AaHHBbIE, KOHEYHO,
He IIOCELJIAET, A MPOCTO KOIHPYET HX H3 COOTBETCTBYVIONIETD Me-
cra sendbuf B recvbuf;

® B OPOLECCE MPYHILI COMM ¢ HOMEPOM, OTANMHBIM OT T00t, — npu-
HMAAET Tecvcount AHHBIX TIIIA recvtype OT mpouecca ¢ HoO-
MepoM root H ckiaanpiBaeT B Bydep recvbuf.

D1a HyHKUMA J0MKHA GbITH BbI3BaHA BO BCEX IIPOLECCaX TPYT-
bl COmM C OJMHAKOBBIMMW 3HAUEHHAMMN JUJIA APryMeHTOB root M
comm. Taxke B GonblunncTBe cayyaen Tpebyercs, yTobel 3HaYenHA
APTYMEHTOB recvcount u recvtype OB OOMHAKOBBIMH BO BCEX
lpoleccax TpYNNbl comm, {IPHYEeM PABHBIMH 3HadYeHHsIM sendcount
H sendtype COOTBETCTBEHHO.
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11.13. Tlepecninka crpyuryp AAHHBIX

PaccMOTpHM 32834y IIEPECHLIKY MEXK Y TPOTIECCAMH ONpeaeNeHHO
[OJIb30BaTENEM CTPYKTYPB! JaHHBIX Ha IpHMepe ABYX Haubosee Ja-
CTO BCTPEYAIOIIUXCA 3a1a4:

1. mepechLIKa Da3HOPOJHBIX JAHHbLIX, JOKATH30BAHHBIX B OHHOM
6noke maMATH (HAIpHMeD, MEPECELUIKA ONPEAENIeHHOrO C IOMO-
IBI0 KOHCTPYKIMH struct sseika C THIA JAHHBIX);

2. MePEeCHITKA PACUPEASVIeHHBIX B MAMSTH OJHOPORHRIX JGHHEIX
(HampuMep, HepechliKa cTONGHa MATPUIEL B A3bIKE C, roe MHO-
roMepHble MacCHBBl XPaHATCH MO CTPOKAM).

OnucaiHbe HHXKE CI0co0bl TepPeChITKE MOXKHO KOMGMHHpPOBATDH, 06~
pa3sysi, HATIPAMED, METO/IBI IePECHUIKH PacTpPefeleHHbIX PasHOPOa-
HbIX JAHHBIX M T. .

11.13.1. ﬂepecmn'k'a JIOKANM30BaHHLIX Pa3HOPOAHBIX AAHHBIX

[IycTs Mexny mpoueccaMu TpebyeTcs MepechiaTh ONPENeICHHYI0
MO/IB30BATENEM CTPYKTYPY LAHHbIX, HAIIDHMED, CIEAYIOEro Bya:

typedef atruct

{
int n;
char s[20];
double v;

P :

USERTYPE;

Ins 3Tolt 33341 MOXHO NPeIJIOKHTE CIeNyIONIe PEIeH -

1. omun pa3 coagars HoEbI# MPI-THII, COOTBETCTBYIOLMH C Tuny
USERTYPE, H MCIIOJIB30BaTh €r0 B d)ymmuﬂx obmena coobie-
HUAMH,;

2. mpH KaxJoH IepechiiKe MpPOIecCc-OTIPAaBUTENb 3allaKOBBIBAET
obbexT TuIa USERTYPE B oaun obbekT Tuna MPI_PACKED m me-
pechiniaeT ero MpoLeccy—ToTyIaTeo, KOTOpHIf €r0 PaclmaKoBEl-
BaeT; :
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3. npu mwbom obmere obberT Tuna USERTYPE paccMaTpHBaeT-
¢ Kak MaccHB AauHBl sizeof (USERTYPE) 3/eMeHTOB THNA
MPI_BYTE {(ar0 peinenne paboTaeT TOMLKO HA OLHODOOHBIX BbI-
YHCAUTENbHBIX YCTAHOBKAX).

Co3paHne HOBOTO TMNa JAaHHBIX. IIpu CO3LaHMM HOBOTO TH-
13 JAHHBIX noacucreme MPI Heoﬁkoﬂﬂmo YKa3aTh CreludHKalHI0
3TOTO THNA CIEAYIOWEro BUAa: '
{(CD:, dﬂ: tO) (Clu dl’tl)) Cn 1 d‘n. 13tn—1)} 3 (113)
rae
e 7 (THOA int) — KOMHYECTBO 9J1eMEeHTOR GA30BEHIX THIOB B HOBOM
THIIE; '
e ¢; (Tuna lnt)——KOJIH‘IECTBO 3JIeMEHTOB THIA t; B i-M 6a30BOM
JIEMEHTE HOBOIQG THIA,
e d; (Tuna MPI_Aint, «address int») — cmemenue i-ro 6aszosoro
3/IeMEHTA OT HadalIa OG"bEKTa
e t; (Tuma MPI_Datatype) — THm i-ro 6a30BOr0 3j1€MEHTA.
Hanpumep, ana C-tuna USERTYPE cnenuduxarmsa MPI-tana na 32-
OMTHOH BBHIYHCJHTENBHON YCTAHOBKE OyZeT HMeTh BH.I;

3, {(1,0,MPI_INT), (20,4,MPI_CHAR), (1,24, MPI_DOUBLE)}.

Hcnonezosaune tuna MPI_Aint (pasHoro int mam long int) moa-
BOJISET He 2aBHCETH OT BhiOpanHoro B aA3bike C pa3mepa THma int Ha
64-6uTHBIX KoMTBIOTEpaX. IloayunTs anpec moboro obbeKTa B Tep-
MuHax Tuna MPI_Aint MoxHO ¢ moMompro dyukuuu MPI_Address.
Ee nmpotorum: :

int MPI_Address (void *location, MPI_Aint *address);
IZe BXOJHON TMapaMerp:
¢ location - aapec obbexkTa B TepMuMHaX s3bika C,
H BBIXOJHON mapameTp (pEByJII:Ta.T)rZ l

e address — anpec obwexTa kax MPI_Aint.
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Oyukuusa MPI_Address He CcBsi3aHa C MeXIPOUECCHRIM ofMeHOM W

BEITIOJIHAETCS JIOKAJIBHO, B OLHOM IIPOIECCE. -
T[locTpoeHueM HOBOTO THIA MO CTIENMUKALMH BHAA (11.3) 3ann-

maeres ynxius MPI_Type_struct. Ke nporoTni: -

int MPI_Type_struct (int count, “int blocklens[],
MPI_Aint displacements[], MPI_Datatype oldtypes i,
MPI_Datatype *newtype); -

rle BXOJHBIE NAPaMeTphL:

# count — KOJKNYIECTBO _sn'emeHTon B CO303BaEMOM THIE, T. €. n
B (11.3); '

e blocklens — MacCHB IAMHBI count, COJEepXKAlMi KOMHIECTBO
3JieMeHTOB $a30BOrQ THIA B KaXXAOM IIOJE CO3ABAEMOr0 TH-
ua, T. €.

blocklens[] = {ep,cyy.. a1}

B TepmuHax omucanus (11.3);

e displacements — MacCHB JJTHHEI count, coneprKalmuil cMemie-
Hue SIEMEHTOB 6a30BbIX THIOB (ToneRt) OT Hauana 00beKTa COo-
37aBaeMOro THMA, T. €.

displacements(] = {do,dr,. .. ydn_1}

B TepMuHax omucaHms (11.3),
e oldtypes — MacCHB NMHHBI count, cofepKallul THIE 6£a30BBIX
3JIEMEHTOB (noneﬁ) C03JaBaeMOro THHA, T. €.

oldtypes(] = {to,t1,..-,ta—1}
B TepMunax ormcamus (11.3);
¥ BHIXOIHOA mapaMeTp (pe3y/srar):
e newtype — WAEHTH(UKATOP CO3TAHHOTO THMA.

Oyukuust MPI_Type_struct ne CBA3aHa C MEKIPOLeCCHBIM ofMe-
HOM ¥ BBIOJIHSETCH JIOKaJIsHO, B OMHOM IPOLECCE. 3T10 CcBA3aHO C
TEM, UTO MbI MOKEM CTPOMTE HOBBIF THI HE TOJBKO 1713 1epechbLIKH
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JIAHHBIX STOCO THIA MEXAY [IPOLIECCAMH, a A/ MUCIONL3OBAHHS €r0
B KaveCcTBe OAHOrO M3 6azoswix THNOB t; B (11.3).

CoanaHHblt THI HeNb3si CPa3y UCHOAL3OBATH JJIA NepelauM Co-
obmenntt mexay nponeccamn. Ilepen stuMm HeobXOAuMO BEIZBATL
dyrKo MPI_Type_commit, KOTOpas CO3JaeT [IA yKa3aHHOTO B
kayecTBe apryMeHTa THIA BCE CTDYKTYPb JAHHBIX, HeoBXoAMMBIE
ans ero scddbexrusHod nepeckuki. Ee mpororun:

int MPI_Type_commit (MPI_Datatype *newtype);

The eAMHCTBEHHBIN BXOJHON W BEIXOAHON APryMEHT newtype — yKa-
3aTeJlb Ha CO3NAHHBIY THN. Dt DYHKIMA AODKHA GHITH BHI3BAHA
BCEMH mpoueccaMu, KoTopsie 6ynyr obMeHuBaTRCA MeXAy coboft
00BLeKTaMH THIIA newtype.

Ecu nocTpoenusift TR He Tpebyerca Ais JaibHeRitel paboTe!
HpOrpaMMBl, TO HeOOX0AHMO 0CBOOOOWTL BCE BHIAE/IEHHEIE B MOMEHT
€r0 MOCTpOeHHs pecypchl ¢ nomompro dyuxunu MPI_Type_free. Ee
MPOTOTHIL:

int MPI_Type_free (MPI_Datatype '*newtype) ;

rae eAHHCTBEHHEIN BXOAHON WM BLIXOJHON ApPryMeHT newtype -- yKa-
3aTeab HAa CO3NAHHLIA THI, KOTOPLIN NOCAE BRIOAHEHH 91O BYHK-
WK CTaHOBUTCH paBHbiM MPI_DATATYPE_NULL. Ecnm B KauecTse ap-
ryMeHTa 5To#t QyHKNEE nepenats craHAapTHBIM MPI-Tun (Hanpn-
Mep, Jiioboit u3 Taba. 11.1), To aTo npusemeT X omubke.

Temeps MBI MOXEM NIPHBECTH 3aKOHYCHHBIA MPHMED NOCTPOEHHUS
MPI-tuna, coorsercreytouiero C-runy USERTYPE:

/* 0bvexT mMcxomuorce Trna USERTYPE #/

USERTYPE t = { 1, {’H’, ’e?’, *1?, *1°, ‘o', 0}, 2. };

/* KonumwecTso 3nemeHnToB B KaxpoM none USERTYPE x/

int t_cf3] = { 1, 20, 1 };

/* CMemenme KaxAorQ NOAA OTHOCHTONBEO HAYANA
crpyrType USERTYPE: npencronr BHYNHCHATE */

MPI_Aint t_d[3):

/* MPI-THn xaxgoro nons B USERTYPE */

MPI_Datatype t_t[3] = {MPI_INT, MPI_CHAR, MPI_DOUBLE};
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/* PesyneTaTr: MPI-Tun, cooTBeTcTByNmEii USERTYPE */
MPI_Datatype MPI_USERTYPE,

/* [epeMeHHMe, MCUONbL3YEMHE AN BHYMCNEHUR CMemenuit */
MPI_Aint start_address, address;

/* BuumCIAeM afpec Hauana CTPYKTYpH */
MPI_Address (&t, &start_address);

/* BWYACHSeM CMENEHWE NEPBOrO MONA */

MPI_Address (&t.n, kaddress);

t_d[0] = address - start_address;

/* BuuMCHIAeM CMEmEHHe BTOPOTO IION */

MPI_Address (&t.s, &address);

t_d[1] = address - start_address;

/* BruMCNZeM CMemeHHe TPeTLEro Nonud */
MPI_Address (&t.v, kaddress);

t_d[2] = address - start_address;

/* CoagaeM MPI-THN ZaMHHX C BHYHCJEHHHMH cBORCTBAME */
MPI_Type_struct (3, t_c, t.d, t_t, &MPI_USERTYPE);

/* JlenaeM ero ZoCTymHmM npu obmene coobmernmaMy */
MPI_Type_commit (&MPI_USERTYPE);

- /* Tun MPI_USERTYPE Moxmo Tenepr HCRONB30BATH HApAZRY
€O CTAHOAPTHHEMHE THHAMU */

/* HampuMep: pa3socnaTe ZaEHHe M3 npomecca O oCTanbHEM*/
MPI_Bcast {(&t, 1, MPI_USERTYPE, ¢, MPI_COMM_WORLD);

/% YoamuTe THO, ecam o Gonbe He NCOHAjoSuTCH */
MPI_Type_free (&MPI_USERTYPE);

OTMeTHM, 9TC NponeAypa MOCTPOSHHS HOBOMO THIA ABIACTCH
AOCTATOYHO IJAHTENRHON ¥ OnpaBlaHa JKHMb B TOM CIydae, €M
3TOT THN ByAeT HCHOJB30BATECA MHOCOKDATHO.

11 4017
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3anakopka/pacnaKoBKa JAHHBIX MOXKET NPHMEHATBCH K JIio-
6BIM JIAHHBIM, HeoBA3aTe/IbHO JIOKATH30BAHHEIM B OJHOM DJIOKE Na-
MATH. llpy 3alaKoBKe JAHHBIE TOCHEIOBATENRHO 3alHCLIBAIOTCA
MoZIpsijl B yKA3AHHOM nonbi3oBareieM Bydepe, a 3aTem ilepecsina-
OTCS Kak o/JiH obbexT Tuma MPI_PACKED. IIpH pacrakoBke JaBHBIE
MOCIeN0BATE]BHO H3BJIEKAIOTCH W3 3Toro 6ydepa.

BanmaxopaTh JaHNbIE MOXKHO ¢ noMombio dyakumn MPI_Pack.
Ee mpororun:

int MPI_Pack (void *pack_data, int pack_count,
MPI_Datatype pack_type, void *buffer,
int buffer_size, int *position, MPI_Comm comm),;

rae BXOOHBIE HapaMeTprl.

e pack_data — ajpec nakyeMbIX JaHHBIX,

e pack_count —- KOJH9ECTBO MAKyEMbIX 3/IEMEHTOB {Kax ABIH THIIA
pack_type),

e pack_type — THI KAXJOro U3 HakyeMslX pack_count JaHHBIX,

e buffer - agpec Bydepa, B KOTOPLIH CKAAILIBACTCH 3ANAKOBAH-
HHI pe3y/IbIaT,

e buffer_size — paamep Oydepa buffer,

e position - ajpec UEJOro YUCa, 33JAK0HIEro CMEIIeHHE B Oaii-
Tax nepsoil cBoboxHOI mo3nuuu B buffer,

& COMm — KOMMYHHMKATOD, WISHTHOHINPYOWM Tpymmny Iponec-
coB, xoTopas DYeT B NOCIeyOUIeN HCII0 530BaTh buffer pis
obMeHa JaHHBIMH,

H BBIXOZHLIE 1IAPAMETDH! (Pe3ysbTaThl):

s buffer — 6ydep, B KoTopoM 0Opa3yeTCs 3aIlaKOBAHHLIH De3yilb-
TAT,

e position — VKa3niBaer y’Ke Ha HOBOE 3HaueHye 1epBoH croboI-
ot mosmyu B Oydepe.

Yauare pasmep Bydepa, He0OXOIHMOrO 4715 3aMaKOBKH JAHHDIX,
MOHO ¢ moMonbo dpyuakuymn MPI_Pack_size. Ee nporotun:

int MPI_Pack_size (int pack_count,
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MPI_Datatype pack_type, MPI_Comm comm, int *size);
rje BXOJHBIE HAPAMETDHI:

® pack_count — KOJHYECTBO NakyeMbIX 3JEMEHTOB (KaxAblil THIA
pack_type),

¢ pack_type — TUM KaXJ0T0 H3 IMaKyeMeIX pack_count A3HHBIX,

® comm-— KOMMYHMKATOP, MASHTHUMHUMDYIOWHENA IPYILY NpoIec-
COB, KOTOpad 6y,11e'r B nocne,qyiom,eM HCIIOAB30BATE 3allaKoBaH-
Hblé AaHHbIC,

W BBIXOJIHOIH napamMeTp (pe3ynbTar):

e size — pa3mep Bydepa (B baftrax), AOCTATOUHBIN I 3AMNAKOE-
KH pack_count snemeHTOB THma pack_type.

3anakoBaHHBIE JAaHHBIC MOXKHO [EPECIATh/TONYIHTL  JHO-
Goit ¢ynxuueit nepesaun coobiieHwuil, yKasap B KauecTBe THIIA
MPI_PACKED, a B xauecTBe pazmMepa — buffer_size. Ecmu wuc-
[ONIB3YETCA TONMAPHBIN 0OMeH COODLIEHMAMH, TO MOXKHO H36eXKATb
[IepeJadi HEMCIO/IB30BaHHON YacTH Oydepa, yKazaB B Oporecce—
OTIIPABUTENIE B KAYeCTBE JJMHLI 3HAYEHHE position mocne mo-
cieiHero Bbi30Ba MPI_Pack, a B mpouecce—o0IyJaTee - 3HadeHHe
buffer_size (nockoneky 3HAYEHHE position HM3BECTHO TOJBKO
QTTIPABHTENIIO ).

PacnakosaTe fanHbe MOXKHO C HMOMOLSH0 MyHKIHK MPI_Unpack.
Ee npororum:

int MPI_Unpack (void #*buffer, int buffer_size,
int *position, void *unpack_data,
int unpack_count, MPI_Datatype unpack_type,
MPI_Comm comm};

rIe BXOAHEIE NAapPaMEIPbl:

e buffer —azapec Oydepa, U3 KOTOPOro Gepercs 3amaKOBaHHBIN
Pe3y/IbTaT,

e buffer_size — pasmep 6ydepa buffer,

¢ position — afpec HeJIOro 9HCd, 3aJai0lIero cMelledne g Oafi-
Tax nmo3uiyy B buffer, ¢ koTopolt HAYMKMHAETCH PACNAKOBKA,
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» unpack_data — agpec Oydepa, B KOTOpPHIH CeAyeT pa3sMecTHTh

pacnaxoBbIBaeMEBIE JaHHBIE,

e unpack_count — KOJMYECTBO PACIAKOBBIBAEMBIX  3JIEMEHTOR

(tmma unpack_type),

e unpack_type — T KaX/Oro M3 unpack_count pacnakoBblBae-

MBIX JaHHBIX,

¢ COmMM — KOMMYHHKATOD, WAeHTHPUIEPYIOLKN Tpynny npouec-

COB, KOTOpPas HCIIONb30Bana buffer [uisi oBMeHa JaHHBIME,

U BBIXOIHBbIE aPaMeTDhl (PEe3yapTaThl):

e unpack_data — pacnakOBaHHbIE JAHHbIE,

e position - YKASLIBAET yiKe Ha HOBOE 3HAYEHHe MO3HUMM B Oy-
depe, ¢ KOTOPOH HAYHETCH PacCHakoBKa OUEPEJHOro 3/1eMEHTA.

[IpnBezeM 3axOHYEHHBI! MpHMEp IEPECHUTKM CTPYKTYpH! JaH-

Hpix Tana USERTYPE oT mponecca 0 rceM OCTaJbLHEIM IIPOLECCAM:

/* Pasmep 6ybdepa */
#define BUF_SIZE 128
char buffer [BUF_SIZE]; /+* Gydep */

int

position; /# Texymas nosumus B Gydepe */

/* O6bexT mcxommoro Tuna USERTYPE */
USERTYPE t;

if (my_rank == 0)

{

/% Tpomecc O 3adocur AaHuse B O6BEKT t */
t.n = 1;

strcpy (t.s, "Hello");

t.v=2.;

/* 3amaxoeuBaeM ob6nexT t B nmpomecce 0 */
position = 0; /% cknamwsaeM B mavwayno Oypepa */
/* TlaxyeM mepsoe moje */

MPI_Pack (&t.n, 1, MPI_INT, buffer, BUF_SIZE,
&position, MPI_COMM_WORLD);
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/* Maxyem BTOpOe none, position ykaswsaeT Ha MecTo,
THe cleayeT Pa3MeCTHTL pPe3yALTAT */

MPI_Pack (&t.s, 20, MPI_CHAR, buffer, BUF_SIZE,
&position, MPI_COMM_WORLD);

/* TlakyeM TpeTnhe mone, position ykaawBaeT Ba MecTo,
Toe CHenyeT pPasMeCTUThL Pe3YRbLTAT */

MPI_Pack (&t.v, 1, MPI_DOUBLE, buffer, BUF_SIZE,
&position, MPI_COMM_WORLD);

/% Paccraaem 6ydep u3 mpomecca O BCEeM OCTanbHMM %/
MPI_Bcast (buffer, BUF_SIZE, MPI_PACKED, 0,
MPI_COMM_WORLD) ;

if (my_rank != 0)
{
/* PacnakopuBaeM O0beRT t B OCTaNpHHX Opoueccax */
position = 0; /+Haumwaem ¢ nepmoif mo3Euuu Gydepax/
/* PacnarcBmBaeM nepmoe mone */
MPI_Unpack (buffer, BUF_SIZE, &position, &t.n, 1,
MPI_INT, MPI_COMM_WORLD);
/* PacnaxoBuBaeM BTOpoe none, position yxasmeaer
Ha MeCTO, OTKYyAa ClefyeT HAYMHATD */
MPI_Unpack (buffer, BUF_SIZE, &position, &t.s, 20,
MPI_CHAR, MPI_COMM_WORLD);
/* PacnakopnpaeM TpeTbe monie, position ykaswsaer
Ha MeCTO, OTKYRa CleAyeT HAYMHATL */
MPI_Unpack (buffer, BUF_SIZE, &position, &t.v, 1,
MPI_DOUBLE, MPI_COMM_WORLD);
}

OrMmeruM, uTo ucnoaszoanne MPI_Pack, MPI_Unpack ansg me-
penayn uHQOpMaNHE MOXeT NMPUBOAMTE K MHOTOKPATHOMY KOIIH-
POBAHMIO JaHHBIX: BHAYajae OHH nomemarorca B Oydep dyukimu-
eft MPI_Pack, 3aTeM, OpH oTOpaske, — BO BHYTpeHHul bydep MPI
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ansa opmupobaHus coobumienus. IIpn monyyenun coobuerns aan-
Hble KonupyoTca w3 puyTpennero Oydepa MPI B 6ydep dynknun
MPI_Unpack, 3aTeM y»ke OHH NOHazaloT Ha ceoe mecTo. [losTomy
3TOT CT0coB MOMKHO PEKOMEHJORATEL JMIIb IS eAUHHYHBIX obme-
Hos. Hekoropsle peasmzanue MPI ang ymeRbiuenns JHOIHEX Nepe-
CHITOK JaHHEIX obpa6areiBaiorT T MPI_PACKED crenuanbHbIM 0b-
PA30M: JAHHBIE TOTO THIA He Oydepusnupyrorca nogcucremoit MPI,
a caM buffer B MPI_Pack, MPI_Unpack ucnonw3yerca mia GopmMu-
poBaHus COOOMIEHHA. JT0O CHIDKAET HAKJIAJHbIE PACXOAB TIPH TaKoM
cnocobe abmena.

Ilepecnhinika HedpOpMaTUPOBAHEBIX AaHkbiXx. MPI-noncucre-
Ma mepechlIKU coobulenull pabotaer ¢ 6710KaMH JAHHEIX, O KOTOPBIX
el HYJKHO 3HATH JHITL pasmep Hioka. Coxepaxumoe 6y0Ka (1. . THN
JIAHHBIX 9/IEMEHTOB) MpH TIEPECHIIKEe He BaKeH. TUIl JAHHBIX CTa-
HOBHTCH BaXXKHBLIM JIMNIL TOALKO f0Cj1e JOCTAaBKHM COODINEHHA, KO-
r/la JaHHbIe B JBOMYHOM (POPMATE TIPOLECCAa—OTIPABUTENS JOIKHE
6BITH DPeACTABIEHE B ABOMYHOM (hOpMaTe Nponecca-monyyaTesis.
Ec/H 9TH npolecchl paBoTaioT Ha IPOLECCOPAX PA3HOHN apXUTEKTY-
DBI, TO ABOWTHLIN GOPMAT JAHHBIX MOXKeT OTIHYarsesi (CM. TVIa-
By 4). Kak ornetianocs B IiaBe 4, BCe COBpPEMEHHBIE NPOLECCOPEI
HMEIOT eAMHBIN OpMaT 1A LeJIOYHC/IEHHBIX NAHHBIX H JaHHbIX
¢ naasalomeit Toukoil. OTAMYATECA MOXKET JHIUb C1nocob HyMepa-
Wi GANTOB B 9THX NAHHLIX, H TOrJA TOCJTE JOCTABKY COOBIICHHS
HeoBXOAUMO NpeobpasoBanie ABOMYHEIX JAHHBIX. Palil MOAIep:KKY
TAKNX TETEPOreHHbIX BRIMUCTHTE/IBHEIX YCTAHOBOK (T. €. COCTaBJIen-
HBIX M3 TIPOLECCOPOB pasioft apxuTekTypsl) cucrema MPI rpefiyer
VKaz3aHud THIA KaxKJ0TO IepechiaeMoro oObeKTa.

Oanako oka3anoce, uto paspaborka MPI-nporpaym sapnser-
¢ BECHMAa CJIOMKHON, U MOZaBJsAONiee BONBIIMHECTBO IPOrpaMMHOC-
ro obecrnedeHns CTPONTCA 1PH DAJE YIPOWAKINKX ero paspaboTKy
npeano;ioxennit. OCHOBHBIM U3 HAX ABJISETCA NPeANOJIOKEeRNe O Pa-
BeHCTEE [MPOH3BOJHTENBHOCTH BCEX HPOHECCOPOB, H3 KOTOPBIX Bbl-
monnaercs MPI-iiporpamma. CoBeTBenHO, 3TC NIpeano jaraeM H Mbl

|
:
|
|
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BO BCeX TPHMepax, pPa3fenss BhIMMCIHTENBHYI0 PaboTy NOPOBHY
MeX Ay Bcemu npoueccamu. CrenoBaTenbHO, €C/I1, HATIPUMED, OLHH
NPOUECCOP MMEET MEHBILYIO IPOU3BOAUTE/ILHOCTh, YeM OCTAJIbHbIE,
TO BCA NPOrpaMMa Gyner paboTaTbh MMEHHG C €r0 CKOPOCTBLI), JIO-
CKOJIBKY OCTaJIbHBIE NIPOilecChl OYAYT 0XKHAATH PAGoTaoMMit Ha HeM
Iponecc B ToYKaxX 06MeHa CoODIMIeHMsiMH. ITosromy B mHacToAuuit
MOMEHT Mojiapasmoiee 6OIbIIMHCTEG Hapaniensabx 9BM uenon-
3YHOT He ITPOCTO NMPOLECCOPBl OJHOM APXUTEKTYPH, 4 OAUHAKOBBIS
IIPOIIECCOPHE (T. €. OIHOH ApXMTEKTYPHI ¢ PAaBHOM TAKTOBOH uacTo-
TOl).

PaccmoTpuM 3amauy nepechiki CTPYKTYpPH! JAHHBIX HA OIHO-
pozHoOil B cnaboM CMBICAEe BEIYHCIMTEILHON YyCTAHOBKe (T. €. HC-
I0JIB30BAHK! TIPOLECCOPEL. OXHOM apXHTEKTYDHI, & HX, YaCTOTa HAM
He BaXKHa). JTY CTPYKTYPY MOMHO IEPECIATH KAK eZMHBIH 670K
anemenToB Tina MPI_BYTE paamepoM, paBHBIM PasMepy CTPYKTYpbI
B Gatitax. IIpuBesem 3akoHYeHHBIN NPHMED MEPECHUIKY CTPYKTYDBI
AaHHBIX THIA USERTYPE or nporecca 0 BceM 0CTATBHBIM HpoOLIeCcCaM:

/* 06bveRT mcxoguoro Tuna USERTYPE %/
USERTYPE t;

if (my_rank == Q)

{
/* Mponecc 0 3amocuT mauuMe B 06BHEKT t */
t.n=1;
strcpy (t.s, "Hello");
t.v =2,
}

/* PaccunaeM CTPYKTypy u3 npoiecca O BceM OCTAmbHHM */
MPI_Becast (&t, sizeof (USERTYPE), MPI_BYTE, O,
MPI_COMM_WORLD) ;

DTOT TEKCT ABJIAETCH CaMblM KOPOTKMM M BBICTPOIEHCTBYIOIUM 13
BCEX NIPUBEJICHHEIX BLIIIE, HO PAbOTAET He Ha BCEX BhiMHC/IHTEIbHBIX
YCTaHOBKAX.
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11.13.2. Nepecbinka pacnpefeneHHblX OAHCPOAHBIX AAHHbBIX

PaceMoTpum moapobHee paGoTy ¢ ABYMePHBIMH MaccUBamH. Ecnu
MBI XPAaHHM 7. X 7} MACCHB & Kax BEKTOD pasmepa n’:

double * a; /* Maccum n x 1 */,

TO AEPECJaTh k-10 CTPOKY 3TOT0 MACCHBA OT IPOIECCA SIC NPOUeccy
dest MONHO DOCPENCTBOM

if (my_rank == src)
MPI_Send (2 + k¥ » n, n, MPI_DQUBLE, dest, tag,
MPI_COMM_WORLD) ;
else if (my_rank == dest)
MPI_Recv (2 + k * n, n, MPI_DOUBLE, src, tag,
MPI_COMM_WORLD, &status);

Ecnm tpebyercst nepeciaTh k-if crondern, TO MOXHO CKOIHMPOBAThH
€ro 3MEeMERTL] B BEKTOP AJIHHBI 11 ¥ 3aTeM IepecyaTh ero; Ipolecc-
HOAYYaTe b APDHHHMAET AAHHBIE TaKXKe BO BCIIOMOTATE/bHBIA BEK-
TOp H 3aTeéM 33HOCHT MX Ha Mecto K-ro cronbua. Oanako Moxer
TIOTY9MTHCH, YTO JaHHBIE TPH OTNpaBKe BYIYT KOMMPOBATHCA MHO-
TOKPATHO: BHAYANe M3 CTONOIA MATPHIE! B HAIU BCOMOTATE/IbHbIH
BEKTOp, 3aTeM — BO BHyTpeHHul Gydep MPI nna dopmuposanusa
coobmienus. To ke, HO B 00OpaTHOM NOPAAKE, NPOHCXOIHUT HpH TMO-
JNydennu coobmenns. Ecnn Takie nepecsulKH NPOHCXOAHT YacTo, TO
HMEeT CMBIC Co3aTh HoBbi Tun MPI nna cronbua marpuiis. D10
MOXKHO CeNaTh ¢ noMowbio (pyakuun MPI_Type_struct, Kak ONMu-
cano B pazgene 11.13.1. Ho craaaapr MPI npenocrapaser aas storo
cayuast bostee yaoduywo gpyukmo MPI_Type_vector. Ee nporornm:

int MPI_Type_vector (int count, int blocklen,
int stride, MPI_Datatype oldtype,
MPI_Datatype *newtype);

rae BXOAHbLIe MapaMeTphl:

e count — KOJIHHTECTBO AEMEHTOB B CO343BAEMOM BEXTODHOM TH-
e,
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# blocklen — nMMHA  ONHOTO  YJIEMEHTA (B CMHULAX THIIA
oldtype) B €O34aBaEMOM BEKTODHOM THIIE,

® stride — paccTosHHE MeXay 3JeMeHTaMM (B eJHHHIUAX THIA
oldtype} B CO3MaBaeMOM BEKTOPHOM THIIE,

e oldtype — 5a30BLIit THII 3JIEMEHTOB B CO3LABAECMOM BEKTODHOM
THIIE,

¥ BLIXOZHON mapaMerp (De3y/ahrar):
e newtype — UJeHTH(HKATOP CO3TAHHOTG BEKTOPHOYO TUMA.

Qynkius co3AaeT HOBBIA TUI JAHHLIX: BEKTOP JJIHHBI count, 3je-
MEHTaMi KOTOPOTO ABAAIOTCA MacCHBBI OauHBEl blocklen 06beKTOB
TUMa oldtype; paccrosdave MEXAy dleMenTaMil — stride obnekTon
tuna oldtype. Hanmpumep, tun, coorsercreywoumii ctoabuy n X n
MATPHIbI, MOKHO CO3JATh CAENYIOLIUHM 00pa3oM:

MPI_Datatype column_t;
MPI_Type_vector (n, 1, n, MPI_DOUBLE, &column_t);

Co3naHHEI THN HeJb3d Cpasy HCOOJL3CBATL JUIA  TEpela-
yn coobmenuft, Ilepex sTuM HeobxoZuMO BbI3BATE (YHKIHIO
MPI_Type_commit, cM. pasgen 11.13.1:

MPI_Type_commit (&column_t);

Tlocne atoro mepecnats k-#t cromber; MaccuBa & 0T Ipouecca src
nponecey dest MOXKHO NOCPEICTBOM

if (my_rank == src)
MPI_Send (a + k, 1, column_t, dest, tag,
MPI_COMM_WORLD) ;
else if (my_rank == dest)
MPI_Recv (a + k, 1, column_t, src, tag,
MPI_COMM_WORLD, &status),

Ecyin noctpoeHBsiit BEKTOPHEIH THII He Tpebyerca aja AadbHel-
meii paboTel MporpaMMel, TO HeobxoguMO 0CBOBOIMTL BCE Bhlje-
JIEHHBIE B MOMEHT €70 I[IOCTPOEHHS PECYDChI C MOMOINBIY (hbYHKIIHH
MPI_Type_free.
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HanoMHuM, 4TO co3/iaHMe HOBOI'0 THIA — AOCTATOYHO ACpPOro-
CTOSIIIAA ONepanusa B K Hell mMeeT cMBICH npuberaTb, TOJILKO €CIH
Tin GyAeT HCHOAB30BATECA MHOTOKDATHO.

11.14. OrpaHnueHHe KOANEKTHBHOrO oBMeHa
Ha NOAMHOXECTBO NPOLECCOB

ITycTs HaM TpeByeTca MHOPOKPATHO HEPECHLIATL COOBIIeHNS MeX Iy
BCEMH NIPOLECCaMM HEKOTOPOH NOATDYINE! Beex npoueccoe. MoxHo
HCIOMB30BATE (PYHKIHH NonapHoro obMena coobuiennsamu, o Gonee
a(hheKTHBHEIM ABASETCH UCIOIb30BalNe PyHKIHK KOMIEKTHBHOIO
obmena (cM. pasgen 11.8), orpamwvennbix Ha a1y noarpymny. Jdaa
ITOTO HAM HeoOXOMHMO CO3JJaTh HOBBIH KOMMYyHHKATOP.

C KaxXapIM KOMMYHHKaTOpPOM (T. €. HIeHTH(PUKATOPOM TPYIIIIBE
npotieccoB) ceAsana coOCTBERHO TPYINA — CIICOK IPOLECCoB, BXO-
nammx B rpynny. CTpyKTYpa 3T0ro 06beKTa 3aBHCUT OT PeaTH3alui
MPI, u noTtoMy HeNOCTYIHA IJIsi HENOCPeICTBEHHOT'O HCIIOJL30BA-
HUsl B OPHKJI3AHBIX Tporpammax. ['pynna umer tano MPI_Group n
MOeT GBlTh HOJIVYeHa N0 KOMMYHUKATOPY C MOMOIbI0 (hyHKINY
MPI_Comm_group. Ke npororuim:

int MPI_Comm_group (MPI_Comm comm,
MPI_Group *group);

I/l BXOIHOH mapaMmeTp Comm — KOMMYHHUKATOD, H BBIXOAHON mHapa-
merp (pesynwrar) group — rpyuna. Co3zaTe HOBYIO TPYMIY, BKJIIO-
a0 BLIOPAHHOE TIOAMHOXKECTBO MPOLECCOB H3 CYUIeCTBYIOIIEH
rpymnst {AnH BCe, HO TIepeHYMEPOBAHHEIE TO-IPYroMy), MOMXKHO C
nomomsio pyaxkaun MPI_Group_incl. Ee nporornm:

int MPI_Group_in¢l (MPI_Group group, int n,
int * ranks, MPI_Group *newgroup);

rae BXOJHbIE NapaMeTpbL:

® group-— CYIIeCTBYIOIAd IpyIa,
® T — KOJIMYeCTBO I/IEMEHTOB B MAcCHBe ranks (K TeM CaMblM Pa3-
MEp HOBOH TI'PYIIIbL),
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¢ ranks — HOMepa NPONECCOB K3 CTapoil IPYIIb], KOTODLIE BONIYT
B HOBYIO,

U BHIXODHON Napamerp (pe3yiabTar):

® newgroup — CO3JaHHAdA IpPynma, opoiuece HoMep k B Hell uMmeer
HoMmep ranks{k] B rpymne group, rme k =0,1,...,n — 1.

Co3zare HOBBIE KOMMYHYKATOD, COOTBETCTBYIOIIMHN CO3QAHHOM
rpynne, MOKHO ¢ moMmousio (gpyuxund MPI_Comm_create. Ee mpo-
TOTHIL:

int MPI_Comm_create (MPI_Comm c¢omm,
MPI_Group newgroup, MPI_Comm *newcomm);

Ine BXOAHBIE HApaMeTPhL

e comm — CYUIECTBYHONIHE KOMMYHHKATOD,
® Newgroup — rpynla, SBNAKIAACA TOIMHOXKECTBOM TI'DYIIbI C
nzesTHgUKATOPOM Comm,

H BRIXOJHON NapaMeTp (pe3ynwTar):

® NewCOmn — CO3JaHHBIR KOMMYHHUKATOP, COCTOAWMA M3 nponec-
COR, BXOJAAUIMX B COMM M I'PYNIY NeWgroup.

HanprmMep, co3naTh KOMMYHHKATOD /I8 KOJLIEKTUBHOTO 06GMeHa
. MEXIy OPOLECCAMH € YeTHBIM HOMEDOM MOMKHO C HOMOILbIO CIIEILy-
wwero gparmenra (34eck p — pasmep MPI_COMM_WORLD):

MPI_Group group_world;

MPI_Group group_even;

MPI_Comm comm_even;

int * ranks;

int size; /% pasMep HOBOH rpymmu */

gize = (p + p % 2) / 2;
ranks = (int*) malloc (size * sizeof (int));
if (!ranks) ... /* obpaGorka omubxu */
for (i = 0; i < size; i++)
ranks[i] = 2 * i;
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MPI_Comm_group (MPI_COMM_WORLD, &group_world);
MPI_Group_incl (group_world, size, ranks, &group_even);
MPI_Comm_create (MPI_COMM_WORLD,group_even,&comm_even);

- IMocne okoH4aHHSA paloThl € CO3MAHHBIM KOMMYHHKATOPOM €ro
Heobxomumo yranuTh ¢ nomowplo ¢GbyHxkumn MPI_Comm_free. Ee
IPOTOTHIL

int MPI_Comm_free (MPI_Comm comm);

rJe BXOJHOH! M O1HOBPeMEHHO BLEIXOJHOH NapaMeTrp comm — yaajisde-
MBI KOMMYHHKATOP.

11.15. NMpumep MPIl-nporpammet, pewsaoued 3apauy
DOupuxne pgna ypaBHeHus lMyaccoHa

Pacemorpum pemenne 3anaum Jupnxae ans ypaBueHns [lyacco-
va (10.4) B gBymepuo#n obmactn (cM. pasgen 10.6). Hcmonnzyem
aJICOPUTM, ONMCAHBEIN B pasmene 10.6.

Mp1 ucnonbayeMm Takoe »Ke, Kak B pasgene 11.11, paszenenne
(1 + 1) x (ng + 1) Marpun u, f, r Mexay npoueccaMu. VMeHHO,
MpOLEeCce ¢ HOMEpOM my_rank u3 obiere konuvectea p paboraer co
CTPOKAMH MAaTPHI| C HOMEpaMy

(n1+1)*my_rank / p, ..., (ni+L)*(my_rank + 1) / p - 1,
T. e. ¢ 6aoxkoM rows x {n2+1)}, rme
rows = (nl+1)*{my_rank + 1) / p - (nl+1)*my_rank / p.

[MockoneKy B cuny Beipaxenus (10.7) ana onepatopa A npu Bol-
yucieHny i-f crpoky Marpuumsl Au (i =1,2,...,n31 — 1) Tpebyerca
3HATH NPERLAYINYIC B MMOCAENYIOLLY 0 CTPOKH, TO B IIPOLECccax ¢ Ho-
MepoM my_rank > 0 bl OygeM XpaHUTh NPEABIAYLIYIO K T€pBOH
CTPOKY, T. G. CTPOKY € HOMEDOM

(nl + 1) * my_rank / p - 1,

a B npolleccax ¢ HOMepoM my_rank < p — 1 MBl OyaeM XpaHHTH
CIEIYIOIYHO 33 Docdednell cTpOKY, T. e. CTPOKY C HOMEDOM
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(nl + 1) * (my_rank + 1} / p.

CregopaTebHO, PACHPEJLNCHHE JAHHBIX MEXK Y npoleccamMu Oyaer
CJIeYIOLIYM:

e B TepBoM lponecce (my_rank = 0) maxommrca 60K pasMepom
(rows + 1) x (n2 + 1), cOCTaBJEHHBIN B3 CTPOK ¢ HOMepaMH

(n1+1)*my_rank / p, ..., (nl+1)*(my_rank+1) / p,

® B «cpeguux» npoueccax (0 < my_rank < p— 1) Haxozurcs 60K
(rows + 2) x (n2 + 1), cocTapMeHHBIA U3 CTPOK ¢ HOMEpDaMH

(ni+1)*my_rank / p - 1, ..., (nl+1)*(my_rank+1l) / p,

e B mochegneM npohiecce (my_rank = p — 1) Haxogurca Oiok
(rows + 1) x {n2 + 1), cocTaBJeHHLIA U3 CTPOK C HOMEPAMH

(ni1+1)#*my_rank/p - 1, ..., (ni+1)*(my_rank+1)/p - 1.

CanenopaTennHo, BO BCexX OJIOKaX, KPOMe [EpPBOro, B NepBoit CTpo-

Ke HaxOoOHUTCA npheAnocnefHad CTPOKA IIPpeIbIAYIIETO GHOKa; BO BCEX

6J10KaxX, KpoMe TOCJIETHErO, B TIOC/IeIHel CTPOKE HAXOMMTCH BTOpPas

crpoxa ciaenyiomlero 6yoka. I[Ipn Boruncienny m060ro 0neparopa oT

MaTpuisl (T. €. BEKTOPA) 9TO COOTHOILEHHE Mex Ay OJoKaMH JOJIK-

HO BBITH COBMIONEHO B MOJYYHBINEMCA pPe3Y/ibTaTe. DTOI'C MOMXKHO
H00uTECH ABYM# CrocobaMu:

1. BeigMciauTh OTBET, HAXOIAMHNECA B CTPOKAX C HOMEPAMHE
{(ni+1)*my_rank / p, ..., (nl+1)*(my_rank+l) / p - 1,

a 3aTEM:

(a) npu my_rank > 0: mepecnaTh MepBYI0 M3 BLIMMCJIEHHBIX
crpok (. e. Bropyio B 6y0ke) npeasiaymemy (M0 HOMepy)
npoleccy;

(b) upu my_rank < p— 1: mepecsiaTh MOCIEHION K3 BbIHC/ICH-
HBIX CTPOK (T. €. mpeanocieanion B 61oke) ciegyomemy (no
HOMEpY) pOneccy.

3ToT crocod Mu GyaeM WCIOAL30BATL MPH BLIYHCIAEHHH ONEpa-

ropa A 8 (10.7).
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2. Ecim -10 ¢TPOKY OTBETA MOMKHO BBIYHMC/IUTDL, 3HAA TONBKO i-10
CTPOXY apryMeHTa (Kak, Haupumep, B (10.9)}, To: BBIYMC/IMTL
OTBeT 18 BCeX CTPoK Onoka. Ilpu aTOM 3HadeHuss B Ay6aupy-
ommxes ¢rpokax (r. e. B nepsoif cTpoxe upd my_rank > 0 u
B NOCJeJHell CTpoke npu my_rank < p — 1) Gyayr Bbryucie-
HBEI JBQXXJbl, HO PA’BBbIMH IIPOLECCAMK. ECTH BLIYHCIEHMS HE
OY€HB CJIOXKHBIE, TO TO JAET BHIMPPLIU B IPOU3BOAMTEILHOCTH
(¥3-32 OTCYTCTBHA LEPECHLUIOK) U YIIPOMmAeT mporpamMmy. Mei 6y-
JleM HCIIONB30BATE ITOT cnocol [PH BRIYHCIEHHUH onepatopa B
B (10.9).

Jnsa ynpoluenus DPorpaMMel Mbl 6yJeM BBIASAATE B KasKAOM ITpO-
necce BOKYM TAMATH OAMHAKOBOW JJIHHEI, HE YUHTHIBas, 94TO B Iep-
BOM H mocjeaneM (Mo HOMEepY) IIpOIeccaxX KONHYECTBO XPAHHMBIX
CTPOK MeHBIIle.

Daliab IpoeKTa:

® main.C— BBOJ| JIAHHBIX H BBIBOJ PE3YNLTATOB;

e init.c¢, init.h —uCXOAHBIN TEKCT M COOTBETCTBYIOMIMH 3aro-
J0BOYHBI dalin ans QYHKUHNE, HHUIMATUIHPYIOUIHX IIPABYIO
qacTh ypasHeHHs (10.4) i Beiqucasionmmx oumbKy peleHns;

e operators.c, operators.h — HCXOOHBI TEKCT U COOTBETCTBY-
foluit 3aronoBoYHBIN dhaltin Ansd QYHKUHH, BRIMHCISIONNX Pa3-
JIHYHEIE OHEPATOPHI,

¢ laplace.c, laplace.h— uCXOOHBIH TEKCT M COOTBETCTBYWOINUMR
3aroJI0BOYHBIN Gatul Ana GYUKUMK, perraiomed 3a1a4y.

o Makefile — i1a ¢fOPKH IPOEKTA.

@atin main. ¢ M0 CIPYKTYPE NOXOXK HA ONHOMMEHHEIH (a1 m3
paznena 11.11:

#include <stdio.h>
#include <stdlib.h>
#include "mpi.h"
#include "init.h"
#include "laplace.h"
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/* APTYMeHTH Ans 3ajauu */
typedef struct _ARGS

{
unsigned int ni; /* 4ECNO TOYeK 110 X */
unsigned int n2; /* qucno Todexk mo y */
double ht; /* war ceTkm no x */
double h2; [+ WAT CeTKM mo y %/
unsigned int max_it; /¥ MaKcUManbHO® YMCAO HTepaumi */
double prec; /% BemMuYMHa NafeMHs HEBASKH */
} ARGS;

/* Mony4uuTr OauHHe */
int get_data (char * name, ARGS *parg, int my_rank);

int

main (int arge, char **argv)

{
int my_rank; /* paHr Texyuero mpouecca */
int p; /* obmee YMCHO npoURCCOB */
double t; /* BpeMa paboTH BCced 3agaum */
ARGS arg; /* apryMeHTH */

unsigned int first_row, last_row, rows, max_Tows;

double *f; /* mpaBag wJacTp */
double #*u; /* pemenne */
double *r; /* HeRA3Ka */

int 1; '

/* HagaTts pabory ¢ MPI */
MPI_Init (&argc, &argv);

/* Tony4wTh HOMEpD TEKYymero npoumecca B Ipymne BCEX
npoueccos */
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);
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/* lonyuurs ofmee KOMMYECTBO 3ANYWEHHHX NPOLECCOB */
MPI_Comm_size (MPI_COMM_WORLD, &p);

/* Tlonyunte panawe */
if (get_data ("a.dat", &arg, my_rank) < 0)
{
if (my_rank == Q)
fprintf (stderr, "Read error!\n");
/* 3axamumpaeM pabory c MPI */
MPI_Finalize ();
return 1;

}

/* llepas yYacTBYNWAd CTpoKa */
first_row = (arg.nl + 1) * my_rank;
first_row /= p;

/* TMocnefHAs y4acTBy®mas CTIpoka */
last_row = (arg.nl + 1) * (my_rank + 1);
last_row = last_row / p - 1;

/* Konm4ecTBO y4acTBYWUHMX CTPOK */

rows = last_row - first_row + 1;

/* BuuMCEeM MAKCHMAJbHOE KONMYECTBO CTPOK Ha Npouecck/
max_rows = (arg.nl + 1) / p + (arg.nl + 1) % p + 2;

/* BuIenexue HaMATH NoN MACCHBH */
1 = max_rows * (arg.n2 + 1) * sizeof (double);

if ¢ '(f = (double*) malloc (1))
{] 1(u = (double#*) malloc (1))
If '(r = (double*) malloc (1)))
{

fprintf (stderr, "Not enough memory!\n");
MPI_Abort (MPI_COMM.WORLD, 1);
}
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if (my_rank == 0)
{
1 %= 3;
printf ("Allocated %d bytes (%dKb or %dMb) \
of memory per proceas\n", 1, 1 >> 10, 1 >> 20);
}

/* CHHXpOHM3AUMsK BCeX mpoueccos */

MPI_Barrier (MPI_COMM_WORLD);

/* BpeMs Havana */

t = MPI_Wtime ();

/* PeunmTb ypaBHeHHe */

laplace_solve (arg.ni, arg.n2, arg.hl, arg.h2,
arg.max_it, arg.prec, f, u, r,
my_rank, p);

/* CHHXDOHM3AUEA BCEX NMPOLECCOB */

MPI_Barrier (MPI_COMM_WORLD);

/* Bpemaz paboru */

t = MPI_Wtime () - t;

/+ 3pecs MoxHO paGoTaTh C PE3YMBTATOM */

/* BOCHMONb3IyeMCE TeM, YTO M 3HAEM OTEBeT */

print_error (arg.nl, arg.n2, arg.hl, arg.h2, u,
my_rank, p);

if (my_rank == 0)

{ .
printf ("Total time = %le\n", t);
}

/* OcBoboxmaeM naMsTb */
free (r);
free (u);
free (f);
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/* 3axkanuyusaeMm pabory ¢ MPI %/
MPI_Finalize ();
return 0;

}

/* CauTaThb fauume U3 ¢afina, roe maxomaTcH:
HUCAG TOYEK IO X
YUCAO TOYEK HmO ¥
LAKHA CTOPOHH, NMapannenbHoR ocH X
ANHHA CTOPOHH, IapannensHO# ocu y
MAaKCHMAZNbHOE 4ICJIO HTEPAnMH
BeNMYNHA [AJeHHHA HEBH3IKH
Hanpumep:
32 32 1. 1. 1000 le-6
*/
int get_data (char * name, ARGS *p, int my_rank)
{
/* KomtyecTro momeit B Tume ARGS */
#define N_ARGS 6
/¥ CIDYKTYps ZaHHHX, HeobXomummex I cosgamus MPI-Tuna
JaHHHX, COOTBeTCTBymmero C-tamy ARGS */
/* MPI-tun kamporo mons B ARGS */
MPI _Datatype ARGS_types[N_ARGS]} = { MPI_INT, MPI_INT,
MPI_DOUBLE, MPI_DOUBLE, MPI_INT, MPI_DOUBLE };
/* KonmuwecTBo 2MEMEHTOB 3TOrC THIO2 B KaxmoM nmoxe ARGS*/
int ARGS_counts[N_ARGS] = {1, 1, 1, 1, 1, 1 };
/* CMemenme Kax#oro NOAA OTHOCHTENBHO Havana
CTPYKTYpH */
MPI_Aint ARGS_disp[N_ARGS];
/% llepeMeHHHe, HCNONL3yeMHe INA BHYHCICHHSA CMemeHul */
MPI_Aint start_address, address;
/* Hosuit Ttun */
MPI_Datatype MPI_ARGS;

/* YuTaem pmanHwme B npouecce O */
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if (my_rank == 0)
{
FILE *in = fopen (name, "r");
double 11, 12;
static ARGS zero_args; /* uuunuaimsupyercs 0 */

if (Yin)
{
fprintf (stderr, "Error opening data file %s\n",
name) ; .
*p = zero_args; /+ obHynHTh Bce mona */

}
glse
{
if (fscanf (in, "YufullfAlf%u’lf", &p->ni,
gp->n2, &11, &12, &p->max_it,
&p->prec) != 6)
{
fprintf {(stderr,
"Error reading data file %s\n",
name);
*p = zero_args; /* OOHYNIUTbL BCe mona */
}
fclose (in);
/* BuumCnfeM WATH CEeTKE N0 HANPABJIGHMHM X M Y*/
p->hi = 11 / p->ni;
p->h2 = 11 / p->n2;
}

}

/*Coagaem MPI-Tum JaHHMX, COCTBeTCTBYlmui C-THny ARGS*/
/* BuMHCRISEM HAadYalno CTPYKTYDH */

MPI_Address (p, &start_address);

/* BuuHCafeM CMEUEHHME [IepBOTO moax #/
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MPI_Address (&p->ni, &kaddress);
ARGS_displ[0) = address - start_address;
/* BHYUMCHAEM CMelleHHe BTOPOTO TONR */
MPI_Address (&p->n2, &address);
ARGS_displ1] = address - start_address;
/* BruHcageM cMemeHWMe TpPeTbEro nons */
MPI_Address (&p->h1l, Zaddress);
ARGS_disp(2) = address - start_address;
/% BHMUCRSEM CMeN@HHEe YeTBEpPTOTO Ionsa */
MPI_Address (&p->h2, &address);
ARGS_disp[3] = address - start_address;
/* BuumCAAeM CMeULjeHme NATOrC NONA */
MPI_Address (&p->max_it, kaddress);
ARGS_disp[4) = address - start_address;
/* BWYHCNHEM CMEmeHMe WecTOrs mons */
MPI_Address (&p->prec, &address);
ARGS_dispfS] = address - start_address;

/* Coapaem MPI-Tun HAaEHHX C BRYMCICHHHMH CBOHCTBaMu */

MPI_Type_struct (N_ARGS, ARGS_counts, ARGS_disp,
ARGS_types, &MPI_ARGS);

/* JlenaeM ero DOCTYOHMM mpH ofMeHe coobmeHnamn */

MPI_Type_commit (&MPI_ARGS);

/* PacchnaeM faHHNMe M3 nponecca O OCTANBHEM */
MPI_Bcast (p, 1, MPI_ARGS, 0, MPI_COMM_WORLD);

/* Tun Ham Bonbume He moHazoburcs */
MPI_Type_free (&MPI_ARGS);

/* TMpomepsem, He Grno au ounbru */

if (p->n1 == 0 &% p->n2 == 0)
return -1; /% oumbra */

return 0;
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OcHoBHBIE OTJIMYHA OT NpHMepa u3 pasnena 11.11:

e [lo ananoruu ¢ pazgenom 10.6 mMBl uCIONB3CBANH CTPYKTYDY
JAHHBIX IJIA XPaHEHHS BCEX BXOJHbLIX NapaMeTpPoB alropHTMA.
Jnst mepechinku 910l CTpYKTYypH cozfgaercs MPI-tun pnanneix
(eM. pasmesr 11.13.1). Oro pewenne nexbPeKTHBRO I8 OJHO-
KPaTHON MepechblIKM K BEIOPaHO HCKIIKYHTEIBHO AJ1A ellle OTHOM
RAIOCTpanun co3ganus Hosoro MPI-tuna.

¢ B cayuae ommbku urenus w3 ¢aitta BCe npomecchl BymyT
KOPPEKTHO 3aBEpUIEHBl C KOAOM CWHOKN, NOCKOABKY (hyHKONA
get_data mepHeT Npu3Hax HEYAA4YH BO BCEX MPOHECCAX.

e B KauecTBe XapakTEPHCTHKH MOAYYEHHOTO NPHOJIHKEHUS BbI-
naercd HOpMa OMHOKH,

3arosiopounslil dadia init . h:

void

print_error (unsigned int nl, unsigned int n2,
double hl, double h2, double *u,
int my_rank, int p);

void init_f (unsigned int nl, unsigned int n2,
double hl, double h2, double *f,
int my_rank, int p);

B catine init.c HaxonaTcss QyHKIMM:

e solution — BBEIYNCAHET TOYHOE DENIEHHE;

e print_error — BHINHMCIAET HOPMY OLIMOKH IOJYHY€HHOrO IIPH-
OHAHXKEHUA, OJIB3YACE TEM, YTO MBI 3HAEM TOYHOE Delllenune; N4
YMEHbIIEH!s! BEIYUCAUTEILHOR TOTPEIHOCTH HCIONB3YETCH TOT
e mpueM, uTO B yHKuuu get_residual (cM. Huxe);

e right_side -~ BLIUNCIIAET NPABYIO YaCTh;

e init_f — 3ajjaeT mpaByX HACTh B Ka’KJIOM NpOuecce.

Qapn init.c:

#include <stdio.h>
#include <math.h>
#include "mpi.h"
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#include "init.h"

/* MEMUHan3anus npamRol YACTHE 3aKANH.
B Tecrax GymeM paccMAaTpUBATL 337auy B EAMHUNHOM
xeagpaTe [0,1]1x[0,1] ¢ oTeeToM
ulx,y) =x » (1 - x) +y* (1 -y)
XOTOPOMY COOTBETCIBYET NpaBaf RacTh
flx,y) =2 *x* (1 -x) +2+y* (1-y)

*/

/% TouHHit oTBeT */
static double

solution (double x, double ¥)

{

return x * (1 - x) >y *» (1 - y);

}

/* BHYHCAMTL ¥ HanmevyaTaTs L2 HopMy ommbxu
B mpomecce ¢ HOMepOM my_rank n3 ofmero xomuyecrea p.*/

void

print_error (
unsigned int nl,
unsigned int n2,
double hi,
double h2,
double *u,
int my_rank,
int p)

/%
Sx
/*
/*
/*
/*
/*

YUCAO TOYEK IO X */
YUCAO TOuEK 1o y */
mar CeTKH IO X */
WAT CETKM Ho y */
pemeHda */

HOMEp mpouecca */
BCETO TpOLeccoB */

unsigned int first_row, last_row, rows;
double s1, 82, t, error;
unsigned int i1, i2, addr;

/* llepsast y4acTByMmas CTpoKa */
first_row = (nl + 1) * my_rank,
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first_row /= p;

/* Mocmenuas y4acTBYRmAs CTPOKa */
last_row = (nl1 + 1) * (my_rank + 1),
last_row = last_row / p - 1;

/% Konu4gecTBO y4acTBYKIEX CTPOK */
rows = last_row - first_row + 1;

addr = (first_row » 0 7 n2 + 1 : 0); /* mauano Bnoka */
for (i1 = 0, s1 = 0.; il < rows; ii++)

{
for (i2 = 0, 82 = 0.; i2 <= n2; i2++)
{
t = uladdr++] :
- solution ((first_row + il) * hi, i2%h2);
82 += t * t;
}
sl += s2;
}

/* Cnoxurs BCce sl u mepemare mpomeccy 0 */
MPI_Reduce (&sl, &error, 1, MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD) ;

/* Hanewarats omubkry */
if (my_rank == 0)
{
error = sqrt (error * hi * h2);
printf ("Error = %le\n", error);
1
}

/* Touwas mpaBas yacTb */
static double

right_side {(double x, double y)
{
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return 2 * x * (1 - x) + 2 %y * (1 - y};

¥

/* 3anonEMThL NPABY® YAaCTh B Npouecce ¢ HoMepoM my_rank u3
ofmero KonmyecTBa p. */
void init_f (

unsigned int nt, /* qucno rodex mo x */
unsigned int n2, /* 4ucno TO4EK mo y */
double hi, /* War ceTK® mo x */
double h2, /* mar CeTRR mo y */
double *f, /* npasas wacTes */

int my_rank, /* HoMep mpolecca */
int p) /* Bcero mponeccop */

{
unsigned int first_row, last_row, rows;
unsigned int i1, i2, addr = O;

/* Mepsas y4acTByKmas CTpoka */
first_row = (nl + 1) * my_rank;
first_row /= p;

/* Tocnemuas y4acTBYNWAsd CTpoxa */
last_row = (nl + 1) * {(my_rank + 1);
last_row = last_row / p - 1;

/* KoauuecTBO y4acTBYOIUX CTPOK */
rows = last_row - first_row + 1;

/* TlepBaa cTpoka 6noka */
if (first_row > 0)
{

/* B nepsoM b610Ke HeT AyBaupoBaHMR NAHHHX B nepsoft
CTPOXe, B OCTANBHHX ONIOKAX B NePBOX CTPOKe
HAXOOUTCH NPejloCAeHAd CTPOKA Ipemyuoymleroc
bnoka */ '

for (i2 = 0; 12 <= n2; i2++)

fladdr++] = right_side ((first_row - 1) * hi,
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i2 * h2);
}

/* Cepenuna 6ioxa */
for (i1 = 0; il < rows; il++)
for (i2 = 0; i2 <= n2; i2++)
f[addr++] = right_side ((first_row + i1) = ni,
i2 * h2);

/* Tlocnemuas cTpoxa 6noxa */
if (last_row < nl)
{
/* B nocnenHeM 6noKe HET Ay6nuEpOBAHUA TAHHHNX B
mocnemHel CTpoke, B OCTANBHHX 6i0xax B nocnepHed
CTpOKe HAXONUTCH BTOPAX CTPOKA clegynomero
6noxa */
for (i2 = 0; i2 <= n2; i2++)
f[addr++] = right_side {((last_row + 1) * hi,

i2 * h2);
}
}
JarooBOYHBIH aitn operators.h:
double

get_residual (unsigned int ni, unsigned int n2,
double h1, double h2, double *r,
int my_rank, int p);
void
get_operator (unsigned int n1, unsigned int n2,
double hil, double h2, double *u, double *v,
int my_rank, int i3
void
get_preconditioner (unsigned int nl, unsigned int nz,
double h1l, double h2, double *v,
int my_rank, int pJ;
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double

get_optimal_tan {(unsigned int nl, unsigned int n2,
double hi, double h2, double *f,
double *u, double *r,
int my_rank, int p);

B aite operators.c HaxoAATCA OYHKIHH!

e get_residual —Bosppamaer Ly HOpMY HEBA3KH; OCHOBHBIE OCO-
fenHocTH OYHKLHH:

— CyMMa KBAJPATOB 3JIEMEHTOB BBIUHC/IAETCA B KaXKAOM NPO-
uecce Ansl CTPOK C HOMepamu .
(n1+1)*my_rank/p, ..., (nl+1)*(my_rank+1)/p-1,
3aTeM ¢ noMombio MPI_Allreduce monydaeTcda CyMMa KBa/i-
PATOB BCEX VIEMEHTOB MACCHBA, KOTOPAd HCIOJB3YETCH AJd
BLIMMC/JIEHAA Pe3YJbTaTa, BO3BPAINaeMoro dyHKunel B Kax-
JIOM TIPOLIECCe;

-~ PaHHYHBIE TOYKH HE YUUTBLIBAIOTCA;

— IS YMEHbIUEHMS BbIYHCIHTENILHOMH NIOrPEeniHOCTH, CBA3aHHON
C CyMMHPOBAHHEM YHCE/1, CHIIBHO Pa3/IMYAIOIHXCS 110 NIOPSA-
KY, BbITHCIAKTCA CyMMBl KB3/(PATOB 2IEMEHTOB IO CTPOKaM,
KOTOpbLIe 3aTeM NpPHOABASIOTCH K OKOHYATENBLHOMY PE3YJb-
TaTY;

e get_operator — BLIMMCASET IPOM3BEICHHE MATPHIBI A cHCTe-
mui (10.6) (1. e. (10.5)) ua BekTOp u: v = Au; OnepaTop BbIYMC-
nsieTcs corylactio popmyaan (10.7) omucaHHBIM BbILIE Cr1o0coboM
1; cxeMa nepecbllIKH NAHHBIX NpHBedeHa Ha puc. 11.2:

a) na neppon srane (puc. 11.2 a):

— p peproM npouecce (my_rank = 0) nepechuiaem cJe-
Jlyroteny npoueccy (my_rank+1) IpeanociejHIonR CTpo-
Ky, UM@OILyio HoMep rows - 1 (MOCKOJBKY BCero CTpOK
rows + 1), ¢ nomompw dyHKIME MPI_Send;

— B «cpennuxy uponeccax (0 < my_rank < p — 1) nepechl-
naeM caeayiolueMy npomeccy {my_rank+1l) npegmociiej-
HIOIO CTPOKY, MMEKOULYI0 HOMep rows (MOCKOJILKY BCero
CTPOK Tows + 2), W IToJydaeM OT [PejbLIyIIero npouecca
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(my_rank-1) IEpBYIO CTPOKY, HMEIOLLY 0 HOMED 0, € NoOMO-
mpio dbyakuunr MPI_Sendrecy,

— B mocnejHed upouecce (my_rank = p - 1) noayuaem
oT NPeALAYIIEro NPOoLecca {my_rank-1) mepByI0 CTPOKY,

HMeomy HoMep 0, ¢ MOMOIIBIO dyukmyn MPI_Recv;

6) Ha BTOpOM 3rame vTame (puc. 11.2 6):

~ B IepROM Dpoliecce (my_rank = 0) momyyaem OT Cleiy-
JOIEero mporecca (my_rank+1) HOCHeQHION CTPOKY, HMEHO-

{IYK HOMEp rows, ¢ NOMOIILH0 (byHKUHH MPI_Recv;

— B «cpeauux» npoueccax (0 < my_rank <p-— 1) nepechbi-
naeM npeaplUiyieMy nponeccy (my_rank-1) BIOpY0 CTpo-
Ky, UMEIOHIYI0 HOMED 1, it MOy 4aeM OT CIeAyIOMero npo-

nepsblit 610K
H3 rows+l crpok

 mpeanocieIHAs CTPOKa

nepeobiil 670K
n3 rows+l ¢TpPoOK

1I0C/IeaHAA CTPOKA

Npeaoc/e HAs CTpOKa

nepeas CTPOKA

nocjaeIHas CTpPoKa

BTOpasA CTPOKa

Heppas CTPOKS. -

BTOpas CTPOKA

HJ0K M3 rows+Z CTPOK

Tpe/Iocaeanasn CTPoKa

60K M3 rowst2 CTPOK

[IOCJIeAHAA CTPOKA

npeanocieaHAad CTPOKa

mepsasd CTPoxa

fnocaeaHad CTpOKa

BTOpad CTPOKA

nepeai CTPOKa

nocnenuuit 6nok
u3 rows+l cTpoK

BTOpas CTPOKA

nociaeHuit 60K
H3 rows+l CTPOK

a)

Puc. 11.2. CxeMa IePeChLIKA JAHHBLX MEAY 1IPOLSCCaMi npu

6)

BEIUHCJIEHHH OIIepaTopa Jarmnaca
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necca (my_rank+1) nocsiegHion0 CTPOKY, HMEIOLIYI0 HOMED
rows+1l, ¢ noMonipy ¢ryaxiyHE MPI_Sendrecy;

— B nocaeAneM mpoiecce (my_rank = p — 1) nepecbuia-
eM OpeAplayluieMy mpoieccy (my_rank-1) BTOpYio CTPOKY
HMelomyo HOMep 1, ¢ moMouiplo (pynxumid MPI_Send,;

STANBl He 3aBHCAT APYr OT JPYTa W MOIYT BHINOJHATHCA B

[POU3BONLHOM MODHAIKE;

get_preconditioner — BHIYHCAAET IMIPOM3BEACHHE MATPHIB]

B~! 5 (10.8) na mexTop u: v = B~ lu; oneparop BmuHCIA-

ercsa cornacHo dopmyaam (10.9) ana marpuner B onucanHbIM

BBIIIE criocobom 2;

get_optimal_tau — BO3BpamaeT ONTHMANbHOE 3HAYUCHIE HTepa-

HUOHHOTO Tapamerpa T B (10.8) cornmacno dopmynam (10.10);

OCHOBHEIE OCOOEHHOCTH hyHKUMHU! '

— cka/spHsie nponssenenus (f,r), (Ar,u), (Ar, r) BEUHCAAIOT-
€A B KasKIOM NPOLecce I8 CTPOK C HOMeDaMH
(n1+1)*my_rank/p, ..., (n1+1)*{my_rank+1)/p-1,
zaTem ¢ noMouisio MPI_Allreduce nony4aloTcs COOTBETCTBY-
IOIIME CKANSDHBIE [POH3BEACHUS IJIsT BCEX 3JIEMEHTOB Mac-
CHBA, KOTOPbIE HCIIONB3YIOTCH JJIS BRHIYHCJIEHHA PE3YNLTATa,
BO3BpaniaemMoro MyHKIuel B KaXXIol 3axaue;

— 3HaueHHe Ar BBIMHCIAAETCA B TOYKE M CPaly MCIOJAL3YETCH
ApH BLIYHCJIGHUH CKAJIAPHBIX npoussenenndt (Ar,u) n (Ar,r);

— INA YMEHLUIEHHH BHIYUCIUTEALHOH MOrPEIIHOCTH HCI0Ab3Y-
eTCA TOT »Ke NpHeM, 4To B get_residual.

Qaitn operators.c:

#include <stdio.h>
#include <math.h>
#include "mpi.h"
#include "operators.h"

/* Buyucants L2 HOPMY HeBASKY
B mpouecce ¢ HOMEpOM my_rank u3 obmero koJMuecTBa p.
IpanuyHte y3mm He BXoAdaT. */
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double

get_residual (
unsigned int ni, /* 4YHCMO TOYEeK No X */
unsigned int n2, /* 4ucno TOHeK Wo y */
double hi, /% mWar ceTKM no x */
double h2, /* war ceTKH 1o y */
double *r, /* HeBsmaka */
int my_rank, /* HoMep upomecca */
int p) /* BCero mpoueccoB */

{

unsigned int first_row, last_row, ToOwWs;
unsigned int i1, i2, addr;
double s1, s2, t, residual;

/+ Tleppas yvacTsyomas CTPOXa */
first_row = (ni + 1) * my_rank;
first_row /= p;

/* Tlocnemusas yYacTByKWA® CTPoxa */
last_row = (nl + 1) * (my_rank + 1);
last_row = last_row / p - 1;

/* B CUIy HyNeBHX KpaeBHX yCAOBUIl Ha TPaHKLE
Hepazra = O */
/* Anpec mavana paccMaTpHBAEMOH YacTH 6rxoka */
addr = n2 + 1;
if (first_row == 0)
first_row = 1;
if {last_row == nl)
last_row = nl - 1;

/% KonM4eCTBO yYACTBYRUMX CTPOK */
rows = lagt_row - first_row + 1;

for (i1 = 0, s1 = 0.; il < rows; il++)

{
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/* B nmeppoM 3neMeHTe HeBA3Ka = 0 B cuny
KPaeBHX YCJIOBUH */
addr++;
for (i2 = 1, s2 = 0.; 12 < n2; i2++)
{
t = rfaddr++];
s2 += t * t;
T
81 += 82;
/* B mocmenHeM 3jeMeRTe HeBAZKA = 0 B CHXy
KPAaeBHX YCNOBHHE */
addr++;

/* CnoxuTy BCeé 31 M nepelaTh OTBET BCeM mpoueccam */
MPI_Allreduce (&s1, &residual, 1, MPI_DQOUBLE, MPI_SUM,
MPT_COMM_WORLD) ;

return sqrt (residual = hl * h2);

)

/* BuwucauTh v = Au, rge A - oneparop Jlamnaca,

B UPOLECCe ¢ HOMepOM my_rank u3 oSmero KOMHYeCTBA p.*/
void
get_operator (

unsigned int ni, /* 4Mcno Towexr mo x */
unsigned int n2, /* umMenQ Todex mo y */
double hi, /% war ceTKM 1o x */
double h2, /* war ceTru mo y */
double #*u, /* pemenue */

double *v, /* pesynnraTr */

int my_rank, /* nomep nmpouecca */
int p) /* BCero npoueccos */

unsigned int first_row, last_row, rows;

e
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unsigned int i1, i2, addr;

double hhi = 1. / (b1 %= hi), hh2 = 1. / (h2 * h2);
int tag = 0;

MPI_Status status;

/* llepBas yYacTBYKWAR CTpOKa */
first_row = (nl + 1) * my_rank;
first_row /= p;
/* [ocneguasg yvacTsywmas CTpoka */
last_row = (nl + 1) * (my_rank + 1);
last_row = last_row / p - 1;
/* KomM4eCTBO y4acTBYNUMX CTPOK B CepefuHe 6ioxa */
rows = last_row - first_row + 1;
if (first_row == 0)
rows--; /* meppast cTpoKa Oy4eT BNUHCJGHA HUKE */
if (last_row == nl)
rows--; /% moCnejHas CTPOKA HyZeTr BHYHCNIERA Hume */

if (first_row == Q)
{
/* Neppas cTpoxa = 0 B CHIY KpaeBux ycnoemi */
for (i2 = 0, addr = 0; i2 <= n2; 1i2++)
viaddr++] = 0.;

else
{
/* Anpec wavana paccvaTpuBaeMof yacTe Gnoka */
addr = n2 + 1;
}

/* Cepenuna 61oKa */
for i1 = Q; i1 < rows; il++)
{
/* meppuil 37eMeHT = 0 B CUNy KPAeBHX yCnomui */
viaddr++] = 0.;
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for (i2 = 1; i2 < n2; i2++, addr++)
{
/% v(il,i2)
=~ (u{i1-1,i2)-2u(i1,i2)+u(it+1,i2))/(h1%h1)
- (u(i1,i2-1)-2u(i1,i2)+u(it,i2-1))/(h2*h2)*/
v({addr] = - (uf[addr - (n2 + 1)] - 2 * ufaddr]
+ uladdr + (n2 + 1)]1) * hhi
- (ufaddr - 1] - 2 * u[addr]
+ ufladdr + 1]) * hh2;
}
/* mocnennuR anemeHT = 0 B CHAY KPAEBHX YCJNOBHE */
v[addr++] = 0.;
}

if (last_row == nl)
{
/* Mocneanas cTpoka = 0 B CHMIy KpaeBHX ycnoBmit */
for (i2 = 0; 12 <= n2; i2++)
v[addr++] = 0.;

}
if (first_row == 0 && last_row == nl)
{
/* Cny4a#t ogmoro mpouecca: BCe CHeNaHo. */
return;
}

/* Konu4ecTBO yYacTBYMOUMX CTPOK */
rows = last_row - first_row + 1;

/* B nepeoM 6n0Kke mepsBas CTpPoKa paBHa O B CHNY Kpaesmx
ycnosuit, B oCTanbHHX O/lOKax B NMEpBOH CTpoOke
HAXOAWTCHA TNpenmocnenHdas CTpoKa npeaupymero Onoxa.

B nocnenxeM 6noke nocnmemmas CTPOKa paBxa O B cmay
KpaeBHX YCROBUI, B OCTanNbHHX 610KaxX B nocnenHen
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CTPOKE HAXOAWTCE BTOpPAR CTPOKa Caenyomero 6moka. */
if (first_row == 0)
{
/* TMocsnaeM OpeiNnocHefHON CTPOKY CAeAyRmeMy.
B nepsoM 6ioke rows + 1 cTpok */ '
MPI_Send (v + (rows - 1) * (n2 + 1), n2 + 1,
MPI_DOUBLE, my_rank + 1, tag,
MPI_COMM_WORLD) ;
}
if (last_row == nl)
{
/* [lpuHEMaeM NepBYK CTPOKY OT HpeOMAYUero.
B nocnenHeM Hmoxe rows + 1 cTpoxk */
MPI_Recv (v, n2 + 1, MPI_DOQUBLE, my_rank - 1, tag,
MPI_COMM_WORLD, &status);
}
if (first_row > 0 && last_row < ni)
{
/* TlocHnaeM HOpefANOCNEeIHKK CTPORY CAeLynueMy
M TPHEMMAEM NePBYR OT NpEemsIymero.
B 6noke rows + 2 CTpPOK */
MPI_Sendrecv (v + rows * (n2 + 1), n2 + 1,
MPI_DQUBLE, my_rank + 1, tag,
v, n2 + 1, MPI_DOUBLE, my_rank - 1,
tag, MPI_COMM_WORLD, &status);

if (first_row == Q)
{
/* TlpuHuMaeM NOCNEJHWR CTPOKY OT CIeRyKmeroc.
B nepBoM 6IoKe ToWsS + 1 CTPOK */

MPI_Recv (v + rows * {n2 + 1}, n2 + 1, MPI_DOUBLE,
my_rank + 1, tag, MPI_COMM_WORLD,
kstatus);

1

124017
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if (last_row == nl)
{
/+* TlochnaeM BTOPYH CTPOKY HpeislByueMy.
B mocnegmmem 6moke rows + 1 CTpox */
MPI_Send (v + (n2 + 1}, n2 + 1, MPI_DOUBLE,
my_rank - 1, tag, MPI_COMM_WORLD);
}
if (first_row > 0 && last_row < nl)
{
/* TocunaeM BTOPY® CTPOKY NpefnAymeMy
¥ OpHEEMAEM NOCAeIHNMD OT cnenymmero
B 6noxe rows + 2 CTpPOK */
MPI_Sendrecv (v + {(n2 + 1), n2 + 1, MPI_DOUBLE,
my_rank - 1, tag,
v, (rows + 1) * (n2 + 1), MPI_DOUBLE,
my_rank + 1, tag, MPI_COMM_WORLD,
gstatus);

/* Buaucmute v = B {-1}v, rae B - mpemobycmapnupaTens
Ans oneparopa Jlanmnaca B npouecce ¢ HOMepoM my_rank
H3 o6mero KoJMYecTBa p.
B xavecTBe B ucnonpayeTca ZMaroHanb MATpuum A. */

void

get_preconditioner (

unsigned int ni, /* yucpo TodWeK mo x */
unsigned int n2, /* umcno Touex mo y */
double hi, /* war ceTkd ma x */
double h2, /* war ceTkm mo y %/
double *v, /* apryMenT/pesynbTaT */
int my_rank, /* Homep mpouecca */
int p) /* Bcero mponeccos */

{

unsigned int first_row, last_row, rows;
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unsigned int il, i2, addr = 0;
double hhi = 1. / (hi * h1), hh2 = 1. / (h2 * h2);
double w = 1. / (2 * hhl + 2 = hh2);

/* TlepBag yyacTBymmas CTpoKa */
first_row = (nl + 1) » my_rank;
first_row /= p;

/* Tlocnepnusa y4acTay®ias CTpoKa */
last_row = (nl + 1) * (my_rank + 1);
last_row = last_row / p - 1;

/* KOmm4ecTBO YYACTBYWUMX CTPOR */
rows = last_row - first_row + 1;

/* Tlepsasz cTpoka 6soxa */
if (first_row == Q)
{
/* HYyNeBHE@ KpaeBHe YCHOBHI */
for (i2 = 0; i2 <= n2; 12++) .
v[addr++] = 0.;
rows--; /% nepeas CTPOKa y®e BHYHUCIeHa */
}
else /* first_row > Q %/
{ .
/* B mepBoil CTpoKe EAXOOUTCS NPeANOCNeNHAS CTPOKA
upedpgymero 6noxa */
for (12 = 0; 12 <= n2; 1i2++)
{
/* v(i1,i2) = v(i1,i2)/(2/(h1+h1)+2/(h2*h2)) =*/
v{addr++] *= w;
}
h

if {last_row == ni)
TOWsS--; /* TocnegHAR CTPOKA OyIeT BHYMCASHA Huxe */
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/* Cepenuua Gnoka */
for (i1 = 0; il < rTows; il++)
{
/* nepeuit 3meMeHT = 0 B CHiy Kpaesunx ycnoeuil */
v{addr++] = 0.;
for (i2 = 1; i2 < n2; i2++)
{
/* v(il,i2) = v(i1,i2)/(2/(h1*h1)+2/(h2¥h2)) */
v[addr++] #*= w;
}
/* nocnepHwit aneMenTt = 0 B CHAY KPAeBHX YCHIOBHA */
v(addr++] = 0.;

/* Nocneguas cTpoka bBnoka */
if (Qlast_row == nl}

{

/* HyTeBHe KpAeBHe yCIOBHA */
for (i2 = 0; 12 <= n2; i2++)
vi{addr++]} = 0.;
}
else /* last_row < nl */

{

/* B nocnemmedfl CTPOKe HAXOJUTCH BTOpad CTPOKa
cnegywmere Gmoka */
for (i2 = 0; i2 <= n2; i2++)

{
f% v{il,i2) = v(i1,i2)/(2/(h1*h1)+2/(h2*h2)) */

v[addr++] *= w;

}

}

/* Baumcanre ((f, r) - (Ar, u)) / (Ar, 1)
rxe A - omepartcp JNannaca,
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B Ipouecce ¢ HoMepoM my_rank n3 ofmerc KommuwecTBa p.
OYHKIMH U, I YAOBRETBOPANT HYNEBHM KPAEBHM YCIOBHAM */
double
get_optimal_tau (

unsigned int nil, /* 4UCHO TOYeK o X */
unsigned int n2, /* 4MCRO Todex NHO y */
double hil, /* ar ceTKHM N0 X */
double h2, /* war ceTku mo y */
double =*f, /* mpaBad wacTb */
double *u, /* pemenue */

double *r, /* HepA3IKaA */

int my_rank, /* HoMep mpouecca */
int p) /* BCero mponeccos */

unsigned int first_row, last_row, rows;

unsigned int il, i2, addr;

double hhi1 = 1., / (h1 * h1), hh2 = 1. / (h2 * h2);
double st_fr, s2_fr; /* cymmu mna (f, r) */
double sl_Aru, s2_Aru;/* cymmu znz (Ar, u) =/
double sl_Arr, s2_Arr;/# cymmm ans (Ar, r) */
double Ar; /* 3HayeHue Ar B TOUKE */
double a(3], b[3];

/* [leppas y4acTRY®Omas CTpoKa */
first_row = (nl + 1) * my_rank;
first_row /= p;

/* llocnenHasa ydacTBY®IAA CTpoKa */
last_row = {nl + 1) * {my_rank + 1);
last_row = last_row / p - 1;

/* B CHIy HyZneBHX KpaeBHX YCHAOBHHK Ha TpANMNG,
claraeMsle, COOTBETCTBYMIME IPaHMYHEM yanam = 0 */

/* Appec mavama paccmMarpubaeMoit wacTm Saoka *x/

addr = n2 + 1;

if (first_row == Q)
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first_row = 1; '
if (last_row == nl)
last_row = nl - 1;

/* Konm4ecTBO Y4YACTBYDmMX CTPOK B cepesuHe 6noka */
rows = last_row - first_row + 1;

for (il = 0, si_fr = 0., sl_Aruv = 0., sl_Arr = (.;
il < rows; il++)
{
/* B mepsoM 2neMeHTe cnaraemue = 0 B cuny
KpaeBuxX ycnosmil */
addr++;
for (i2 = 1, 82_fr = 0., s2_Aru = 0., s2_Arr
i2 < n2; i2++, addr++)

i}
o

i

{

/* Beuucnzen (f, r) */
g2_fr += fl[addr] * r(addr]; ;
/* BuumcnseM Ar */
Ar = - (r{addr - (n2 + 1)] - 2 * r[addr]
' + rladdr + (n2 + 1)]) #* hhi
- (r[addr - 1] - 2 * rladdr]
+ r(addr + 1]) * hh2;
/* Buumcngem (Ar, u) */
s2_Aru += Ar % uladdr];
/* Bwuncinsem (Ar, r)} */
" 82_Arr += Ar * rladdr];
}
si_fr += 52_fr;
sl_Aru += s2_Aru;
si_Arr += s82_Arr;
/* B nocnejHeM 3JeMeHTe cnaraemue = 0 B cuIy
KpaeBux yciuosuit */
addr++;
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al0] = si1_fr;
al1] = s1_Aru;
a{2] = si_Arr;

/* BHYNCAATE CYMMHW IO BCEM NpOoHeccaM */
MPI_Allreduce (a, b, 3, MPI_DOUBLE, MPI_SUM,
MPI_COMM_WORLD) ;

/* BHUYMCNHTE oTBET */
return (b[0] - b[1]1) / b(2];

3aronosouHblit haitn laplace.h:

int laplace_solve {(unsigned int nl, unsigned int n2,
double hl, double h2, unsigned int max_it, double prec,
double *f, double *u, double *r, int my_rank, int p);

B aiine laplace.c Haxonuted dynkuus laplace_solve, ocy-
LIECTBIAAIOIAA HrepatuoHHsil npouece (10.8), (10.10) ¢ maTpuua-
mu {10.7) u (10.9) no onucannsiM B paspene 10.6 pacyetnnm ¢op-
myaas. Par laplace.c:

#include <stdio.h>
#include <math.h>
#include "mpi.h"
#include "init.h"
#include "operators.h"
#include "laplace.h"

/* PemuTk 2asayy B npouecce ¢ HoMepoM my_rank m2 obumero
KOn#YecTBa p. :
BosBpamaeT KONKYeCTBO MOTPeSOBABUMXCA MTepaumi. */

int laplace_solve (

unsigned int ni, /#* MHCIO TOYEeK 1o X */
unsigned int n2, /* 4dHCIO ToueKk no y */
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double hil, /* mar ceTkm mo x */

double h2, /* war ceTxu mo y */

unsigned int max_it, /* MakcmmManeHOe €MCNO mrepauuit */
double prec, /* BeNuuMHEA NajfeHuT HeBA3KH */
double *f, /* npapas wacTb */

double *u, . /* pewenne */

double *r, /* Hemasga */

int my_rank, /* HOoMep mnpomecca */

int p) /* BCero mponeccos */

unsigned int first_row, last_row, rows, width, len;
unsigned int addr; :

/* HopmMa HeBZ3KM Ha NepBOM ware */

double norm_residual_l;

/* HopMa HEBAZKM HA OdYepelHOM ware */

double norm_residual;

/* HopMa HeBA3kM Ha mpeamaymeM mare */

double norm_residual_prev;

unsigned int it; ' /* Homep mrepanum */

double tau; /* UTepauwoHHsit rapamerp */

/* Tleppasg yuacTByouas CTpoka */
first_row = (nl + 1) * my_rank;
first_row /= p;
/* [ocnenuss y4acTBy®LmAs CTpoKa */
last_tow = (n1 + 1) * (my_rank + 1);
last_row = last_row / p - 1;
/* KonmnueCTBO yYacTBYHUMX CTIPOK */
rows = last_row - first_row + 1;
/+ MepBaii m nmocrneguuit OIOKE MMEWT IO rows + 1 CTpOK,

OCTanbHbie IO TOWS + 2 */
width = rows + 2;
if (first_row == 0)

width--;

if (last_row == nl)
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width--;
/* Inuua 6noxa */
len = width * (n2 + 1);

/* UmunuanuaupyeM IpaBy® HacTb */
init_f (ni, n2, hi, h2, f, my_rank, p);

/* Hawanenoe npubnuxenve = 0 */
for (addr = 0; addr < len; addr++)
ufaddr] = 0.;

/* Hep#3ka mpH HyJIeBOM HAYanbHOM npubnmxeHuu = f */

norm_residual_1 = norm_residual = norm_residual_prev

= get_residual (ni, n2, hl, h2, f, my_rank, p);

if (my_rank == 0)
printf ("Residual = }le\n", norm_residual_1);

/* UrepauuonHu# Nponecc */
for (it = 1; it < max_it; it++)
{

/% llar wTepalMoHHOTO mpouecca #*/

/* BuuucngeM r = Au */

get_operator (ni, n2, hi, h2, u, r, my_rank, p);

/* Buuucnmmenm HeBA3KYy r = f - r = f - Au */
for (addr = 0; addr < len; addr++)
r(addr] = f(addr] - rladdr];

/* BHYHCHAEM HOpMYy HeBA3KHM */

norm_residual = get_residual (nl, n2, hil, h2, r,

my_rank, p);
if (my_rank == () .
printf ("It # =%2.2d, residual=Y%ii.de, \
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convergence=%6.3f, average convergence=Y%6.3f\n",

}

it, norm_residual,
norm_residual / norm_residual_prev,
pow (norm_residual / norm_residual_1, 1./it));

/* TlpoBepseM ycnoBme OKOHYAHHR npouecca */
if {(norm_residual < norm_residual_1 * prec)
break;

/* O6pamenme mpepmobycnasmusaTens r = B~{-1} r */
get_preconditioner (nl1, n2, h1, h2, r, my_rank, p);

/* BHUMCII@HHe HTEPALMOHHOTLO NapaMeTpa
tan = ({(b, r) - (Ar, w)) / (Ar, r) */
taun = get_optimal_tau (ni, n2, hl, h2, £, u, r,
my_rank, p);

/* TlocTpoeHHue o4epemnoro mpubjmumenus u+=tan * r */
for (addr = 0; addr < len; addr++)
uladdr] += tau * rladdr];

norm_residual_prev = neorm_residual;

return it;

}




UCTOYHUKM AONONHUTENbHOM
UHoOpMaLIUK

SToT pazden sBASETCH aHAIOIOM Pa3felia ¢CIHCOK JIUTEPATYDhI?,
a HECKOJIBKO HeOGhIYHOEe HA3BAHHE CBA3AHO C TeM, YTO MpaKTH4e-
CKH BCH NEPEYUC/IeHHAs HMMKE JOKYMEHTAlRsA CYIIECTBYET TOJBKO
B 3JeKTPOHHOM BHJE.

OCHOBHBIM HCTOYHMKOM HOTIGIHHTENbHO! HH(OPMALHK O BCex
OIMCaHHBIX (PYHKUUAX, HX APTYMEHTAX, NOBEJCHUM B PAINMIHBIX
CUTYalMsX, 0 CBA3H € APYIHUME (QYHKUHSMH MOXKHO HOJTY4YUThL W3
ycranoenennoft 8 UNIX cupasousoit cucTemel (man pages). Jas
3Toro Hado HabparTe KOMaHIy:

man <uMa PYEKLIEH>
ui
man -a <uMs QyHKLHE>

ecJli HMs BCTPEIaeTCA B HECKOJIbKHX PasjiesiaX CripaBodHHKa {Toraa
Gy/yT BBIJIAHLL BCE BXOXKIEHMNS).

Jist Toro 9ToBEl 10 KOMaH/Ie man MOMKHO ObIJIO MOTYy4aTh MH-
dopmanuio o MPI-dyuknusx, He06X0ANMO YCTAHOBUTL HA KOMIIbIO-
tepe noacucreny MPIL. CysecTeyer HeckoabKo cBOBOAHG pacipo-
crpansiembix peasnm3amuit MPL

1. Peanuzanusa mpich, paspabortannas Argonne National Lab u
Mississippi State University, goctynua mo aapecy
)

ftp://info.mcs.anl.gov/pub/mpi
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2. Peammsamua LAM, paspaborannaa Ohio Supercomputer Center,
JIOCTYIHA [0 aapecy

ftp://ftp.osc.edu/pub/lam

3. Peammzauus  CHIMP, paspaborannas Edinburgh Parallel
Computing Center, nocTynHa 1o aipecy

ftp://ftp.epcc.ed.ac.uk/pub/chimp/release
Craunapr MPI sepcun 1 mocrynen no agpecy
ftp://ftp.netlib.org

kak Computer Science Dept. Technical Report (€5-94-230,
University of Tennessee, Knoxville, TN, May 5, 1994. Cranaapr
MPI gepcuu-1.1 nocryned nmo aapecy

ftp://ftp.mcs.anl.gov




10.

[Mporpamma Kypca

. CISC- wu RISC-npoueccopri. OcHoernie  4eprst  RISC-

APXHTEKTYPHL.

. ToBblueHne NPOUIBOIUTENREOCTH HPOHECCOPOB 34 CYET KOHBEH-

EPU3ATIHH. YCI0BUS ONTHMAIBHOIO (DYHKIMOHUPOBAHUS KOHBEIT-
epa.

Cynepkoupefteptble ¥ CYNepCcKaaApHLIE NPOIECCOPHl. DBobluene-
Hue nezasucumo paboraroninx yverpoicers: [U, FPU, MMU, BU.
MeToap! yMeHBIIEHUS HETATUBHOTO BNUANINS MHCTPYKIHI mepe-
X0J[3 HA TPOU3BOAHTENBHOCTL HIPOLECCODA.

[lopblluenne OPOH3BOIHUTEILIOCTH OPONECCOPOB 3d CYET BBEIE-
Hua kaw-namsT. Kamu: enpswii, lapeapackuil, ¢ npamoi 3a-
MUCHI0, ¢ 0DOPATHON 3aIHCHIO.

OpraHu3aiya KIM-IFaMsaT. AJIMORATMb]L 3AMEHBI JJAHHBIX B KILL-
namaTr. Crennaibiblie K.

Cornacopasme K3IlIe B MYJBTHUNPOICCCOPHBIX CHCTEMAax ¢ 06-
IeH NMaMATBIO.

Bujipt MHOTOIPOUECCOPHBIX apXHUTeKTY].

IoaepykKa MHOTOZAJAMHOCTH U MHOFONPOLECCOPHOCTH CIISIIH-
A/IHEIME WHCTPYKOUAMH TIpoueccopa. OpraHu3aums JaHiblX BO
BHETIHECH NaMATH,

Mporpamma, nponeccop, npouecc. OCHOBHbLIE COCTABIAIOLINE
npouecca, cocToARMa npoueccd. CTek, BHPTyaIbRas namsiTh,
MOXAUIH3MbB] Tpa.HCJIﬂ].IHI/I aﬂpeca.
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11,

12,

13.

14.

15.

16.
17.

18.

19.

20.

21.

22

23.

24.

Mexanuamel B3anMogeiicTBus nporeccos. PazgenseMas naMsiTh,
ceMagopbl, CHI'HAJTHI, TIOYTOBBIE SILWMKH, coObITHsA. 3agauu (thre-
ads)}. CpaBuenue ¢ npoueccamu. Pecypcest, npuopurers:. [lapan-
Jeibaple npolieccht. CpszbiBanne. CTaTH4ecKoe ¥ AMHAMHYECKOE
CBA3LIBAHHE.

Bujikl pecypcoB: annapaTHBIE, IPOrPaMMHBIE, AKTHBHBIE, HAC-
CHBHLIE, JIOKAJILHBIE, pa3fleNiseMble, MOCTOSHHLIE, BPEMEeHHEIE,
HEKPUTHYHDIC, KPHTHYHbIE.

Tune B3anMoAefiCTBUA ITPOUECCOB: COTPYAHMYANIINE ¥ KOHKY-
PUPYIOHME TIPOHECChl. KPHTHYECKHE CEKIlNH, B3AHMHOE HCKIIIO-
yeHHe Npoueccos (3anad).

IIpofnemel, BO3HUKAIOIIME NPH CHHXPOHHU3IALUY 33734 W WIeH
X DPa3pelleHns.

CoCTogHHS NPOIEctd ¥ MEXaHU3MEI [Iepexoaa U3 (IHOrO COCTO-
AHMA B JAPYroe.

Cranmaprer #a UNIX-cueremu.

Yupaeneune npoiteccamy. ®yaxunn fork, execl, execv,
waitpid. [IpaMeps! weroanzoBanus.

Pabora ¢ curnamann. Oyuxpns signal. Ilppsep ncnons3ona-
HS.

Paszjensiemas nanmsith, PyHiitin shmget, shmat, shmetl. Hpn-
MEpPhl KCIIONB30BAHIA.

Cenadoprr. Pynxknun semget, semop, semctl. [Ipumepsl ne-
HONB30BAHM.

Cobuitua. Ilpusmrusaslie onepanuy. Opradnzauns Bzapmoneii-
CTBHS KJHEHT-CEPBEP € NMOMOibI0 COGBITHI.

Ouepeau  coobmennii. ®yukuun msgget, msgsnd, msgrcv,
msgetl. Iipumeps ucnofibaoBanus.

Ynpasaenne 3ajadamu (threads). ®yuxkuuu pthread_create,
pthread_join, sched_yield. IlpuMeps! nenone3oBanus.
OObekThl cunxpors3anEl Tana mutex. PyHkUAK
pthread_mutex_init, pthread_mutex_lock,

pthread mutex_trylock, pthread mutex_unlock,
pthread_mutex_destroy. !Ipumepsl HCi10A530BaHIA,
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25,

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.
37.

38.

O6beKTh CHHXPOHH3AIMH THIIA condvar, DyHKumpm
pthread_cond_init, pthread_cond_signal,
pthread_cond_broadcast, pthread_cond_wait,
pthread_cond_destroy. ITpumepr ncnoab3osaHus.

[Tpumep multithread-nporpaMMbl YMHOXKeHUS MATPHUIBI HA BEK-
TOP. '

Message Passing Interface (MPI). O6was crpyxrypa MPI-npor-
pamMMbl. Pyuxnuu MPI_Init, MPI_Finalize. Coofimenus u mx
BUIEL. -

Kommynukaropsl. @ymxupua MPI_Comm_size, MPI_Comm_ranlk.
[Ipnmeps MCnOAB30BaHMS. ,

[Momapuetft obfmen coobmenusmu. Oyuxium  MPI_Send,
MPI_Recv. IlpuMepr ucnonb30BaBuA.

Onepanlun BBOXA-BBLIBOJIA B MPI—nporﬁaMmax. IIpuMepmr.
JoMo/HHTeNbHBIE BO3MOXKHOCTH JI# LIOMAPHOTO o0MeHa coub-
mennAvMu. Oyuxoun MPI_Sendrecv, MPI_Sendrecv_replace.
Jomonanrensanie BO3MOXKHOCTH A% 10NapHOTG OGMEH3,
coobennamy. Pynkuuu MPI_Isend, MPI_Irecv, MPI_Test,
MPI_Testany, MPI_Wait, MPI_Waitany

Konnektupupt 06Mmen coobimennamMu. @ynknuu MPI_Barrier,
MPI_Abort, MPI_Bcast,

Konnexktupneit obmeH coobmennsMu. @yuxkuun MPI_Reduce,
MPI_Allreduce, MPI_Op_create, MPI_Dp_free. Ilpumep MPI-
NPOrpaMMbl, BLIYHCISIONWIEN OIpe e eHHBIH HHTErpasl.

Bpems B MPI-iporpammax. @yukupu MPI_Wtime, MPI_Wtick.
Ipumep MCHOAB3OBAHUS.

[Tpumep MPl-nporpaMmel YMHOMXKEHHA MaTDHIBI HA BEKTOD.
JonoauuTenbusie BOSMOMKHOCTH AJ1g KOJIIEKTHBHOIO oOMEHa
maccuBamMu JgaHHerx. @yHrnum MPI_Gather, MPI_Allgather,
MPI_Scatter,

IMepecsvinka cTpyxkTyp Aanneix. Co3gamme woBoro MPI-tuma
JAHHBIX ¢ toMoitsio MPT_Type_struct. @ynxuun MPI_Address,
MPI_Type_commit, MPI_Type_free. IIpumep ucnonezosanns.
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39. Ynakopka/pacnakoBKa Pa3sHOPOAHBIX JAHHLIX AN ONOYHOR me-
pecbLIKY ¢ noMowlpiy GyHkuui MPI_Pack, MPI_Unpack. @yHK-
uuA MPI_Pack_size. [Ipumep HCOIOAB30BAHKS,

40. TereporenHnle # OZHOPOAHBIE BRIYHCANTEAbHBIE YCTaHOBKH, le-
PECBLIKA CTPYKTYD JAHHBIX B OJHODOJHLIX MNapajiiesbHBIX
IBM. Ilpumeps.

41. Ilepeceliki cTpok u cronbnoe marpui. Cosganue HoBoro MPI-
THIIA JAHABIX ¢ HoMouplo MPI_Type_vector. IIpumep uenons-
30BAHHUA.

42. OrpaHHYeHMe KOJJAEKTHBHOIO ofiMeHa HA HOAMHOMKECTBO
npoueccos. @yuxkuuu MPI_Comm_group, MPI_Group_incl,
MPI_Comm, create, MPI_Comm_free. IIpumeps! ucnonbiosanusa.
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Cnucok 3apau

. Hamucars nporpaMMy, BEIUHCAAIIY CYMMY 3JICMEHTOB 1 110-

CHeJ0BaTEe/IbHOCTEN BENIECTBEHHBIX YHCE]I, HAXONAINUXCA B N
chaitnax, UMeHa KOTOPHIX 3asaHbl MACCHBOM a. OTRET OOMMKEH
OblTh 3amucal B Qaiia res, txt. [IporpaMMa 3anyckaer n mopo-
IeccoB, BEIYHCITKIIMX OTBET A1 KaxJ0ro M3 (almaoB 1 npu-
GaB/ISIOINX €70 K PE3VALTATY, HAXOASINEMYCA B BHIXOAHOM (baii-
Je. Baauvuoe Hexmodenue npu gocryne K daiity obecrneunba-
eTcs ¢ MOMOIUBI0 ceMadopa.

Hamucars GyHKUHIO, DOAYYAOUYK B KadyecTBe a.pryueHTOB
Lenoe 4YHCIO 71 M MACCHB JJHHBL n ¢ MMeHaMH Qafinos, co-
JlepKAIUX €IUHYI [T0C1e0BaTe/bHOCTh BEIIECTBEHHBIX MHCEs
HeU3BECTHOR IJIMHbBI, ¥ BO3BPALLAMOILYIO KOIHYECTBO Y4acTKOB
HOCTOANCTBA 3TON TMocnenosarenbHocTH. PYHKIUA BO3BpAILa-
er —1, —2 W T 4., €CAM OHA HE CMOIVIA OTKPBITH KaKo#H-1HOO
daitn, npouuTaTs 3MeMeHT U T. A. PYHKINA JOTHKHA 3ATMYyCKaThb
n mpoueccor, obpabaTeiBaoiux cofi daiin u nepesaOIUX pe-
BYABTATH B OCHOBHOM IpOLECC Yepes odepent coobulenntt a71a
dopMAPOBaHMS OTBETA /s MOCJIEI0BATEIBHOCTH B NEAOM.

. Hamucars mporpaMMy, OCYIIECTB/ASOIYI) MOHHTOPHHT K Mepe-

3alyCK B Cliyyae 3aBepuredns paboThl 3a1aHHONO KOJIHYECTEA
npunokeHnfl. [TpunoxeHus 3aJa0TCA MACCHBOM CTROK, ABJSA-
UIMXCA HX [MOJIHBIM IIYTEeBbIM HMEREM, H HE HMEIT APryMeHTOB.

. HamucaTh peanu3aliMl0 CcTeka cTPOK B pa3jensemMoil maMsTH.

TIpn zanycke nporpaMma cosiaer GioK padjeasemMoil maMmsaTH
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{ecny ero ewe HeT) WiIM NPHCOEAMHSAETCH K CYWIECTBYIOLIEMY
6noky. IIporpaMma gomkHa 00eCeYHBATH OCHOBHLIE (PYHKIIHU
paboTn! co cTekoM (J06aBHTL H YAAJIHTBL 3JEMEHT) W BO3MOXK-
HOCTL 3ailyCKa CeBa BO MHOIMX 3K3eMIIApaX.

5. Hauncate peanusanuio Habopa koH(HrypallMOHHBIX HapaMeT-
POB 11 MROTYX OJHOBPEMEHHO pabOoTaIOMNX SKIEMILIAPOB IIpo-
rpammbl. Habop napamerpoB 3agaercst HEKOTOPOH CTPYKTYpoit
JaHHBIX M XPAaHUTCA B pa3jendeMoll maMaTH, Baok paszense-
MOH manATH CO37aeTca NPH 3anycKe [1ePBOTO 3K3eMIUIAPa Npo-
rpaMMbl B 3anonusierca w3 ¢adina. Iepen oxonyanuem pabo-
TBI TOCJIEAHEr0 SK3eMILIsipa Habop napaMeTpoB COXPaHSeTcs B
afine, a 610K pasgensiemMoll namaATH yAanaserca. [Tporpamma
AomxHa obecneduBaTh OCHOBHEIE (yHKImMU paboTel ¢ Habopom
NapaMeTpoB (IIPOMETATL H M3MEHHTH 3JIEMEHT), IpUieM B CIy-
4ae H3MEHEHHsA JAaHHLIX OJHHM W3 3K3eMILISPOB OH ONOBENIAeT
BCE OCTA/IbHbIE IKIEMILTAPH C NOMOIULBI CHIHAJIA.

6. Hanucare multithread-cyukipio, nosyvamoiyio B KadecTse ap-
TYMEHTOB Tt X 7T MaCCHB G BHIECTBEHHBLIX “HCEJ, IIEJ0€ YHCIO
n, Homep 3amaun (thread) k, obiuee xoauvecTro 3angaq {threads)

' P, U BO3BPALIAIONLYIO HEHYJIEBOE 3HAYEHNAE, €CJIH MACCHB G CHM-
MeTpuued (T. €. @;; = a;;), 0 B npoTuBHOM Cityuae. [Ipu sTOM
AomixHa ObIT obecievena paBHOMepHAs 3arpy3Ka BCeX 3ajad.
OcHoBHast Nporpasma J0MKHa BBOGHMTb YHCJIA P, 7 H MAaccHB
a (13 caitma WM 1o 3ajaHHONR dopMysie), 3anycKaTh 3a4atH,
BBI3BLIBATE ITY (DYHKIMIO U BHIBOAUTL HA 3KDaH PE3Y/IBTAT eec
paboThI.

7. Hanucars multithread-nognporpamMmy, nomyuamomyio B Kage-
CTBE apryMeHTOB i X 1t MACCHE @ BEIECTBEHHBLIX 4HCe, Len0e
wiico 1, HoMep 3anauu (thread) k, ofuiee komuyectso 3amay
(threads) p, 1 3aMeHSAIOLWLYI0 MATPHLY G HA €€ TPAHCTIOHHPOBAH-
nywo. Ilpu sTom aomkua 66Tk 06ecnedeHa paBHOMEPHAS 3arpys-
ka scex 334a4. OcHOBHAA NpPOrpaMMa JOJDKHA BBOJAWTL HHCIA,
p,n 1 MaccHB ¢ (u3 dafna WiM 1o 3aJanHol dopMyne), 3a-
NyCcKaTh 3aJa4Hl, BBI3bIBATbL STY [NOMIPOrPaMMY H BHIBOAUTHL Ha
BKpAN pe3yasTar ee paboThl
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10.

11.

. Hanucate multithread-nojuporpaMMy, noayvawoilyio B Kade-

CTBE APTYMEHTOB N X N MACCHB (. BELIECTBEHHBIX YMCE], lesoe
anesio 1, HoMep 3ajauu (thread) k, obiee kosuuecTBo 3amat
{threads) p, M 3amMeHSIOMYI0 MaTpHIy @ Ha Matpuny (o +af)/2,
riae a' - TpaHCroEMpoBaHHAs MaTpuua a. Ilpu 3Tom AosxHA
friTe Ofecredena paBHOMepHas 3arpy3ka Beex 3agad. OcuHos-
Hadg OpOrpaMMa AOJKHA BEOAMTE MMCJA P,7 H MACCHE a (U3
cpaira unu 1m0 3a7aHHON (GOPMye), 3aMYCKATh 33/a4H, BhI3bI-
BATh 9TY NOANDOrPAMMY H BEIBOJWTE Ha 3KDAH pe3ylbTaT ee
paboThI.

. Hamucare multithread-nognporpaMMy, TOAYYAOIIYH B Kade-

CTRe APTryMEHTOB MACCHB @ BELIECTBEHHBIX YHCEN, LEJI0e YHCIIO
n, ARJSIONLIEeCA AJIHHOM 3TOT0 MAccHBa, HOMep 3asaun (thread)
k, obmee xoaudecTro 3aja4 (threads) p, n 3aMEHSIOLLYI0 KaXK-
ABIA 3MEMEHT MACCHBA (IjIsl KOTOPOro 9TO BO3MOMKHO) HA Cped-
Hee apudpMeTHYeCKOe COCeJHUX 3neMeHTOB. I[Ipu aToMm JonkHA
fEITE Ofecedena paBHOMEPHAs 3arpy3Ka Beex 3a4a4. OcHosHasA
nporpaMMa JOJIXKHA BBOAMTh GHCAA P,n M Maccus a (13 daitia
WM O 33 aHHO GOPMYJIEe), 3alIyCKATh 33Ja4H, BHI3bIBATD ITY
TOZNPOrpaMMy U BBIBOIHTHL Ha SKpaH Pe3yNbTaT ee PaboTh.
Hanucare multithread-moanporpaMmy, IOMy4alomylD B Kaue-
CTBE apryMEHTOB 7 X N MACCHB & BENeCTBEHHBIX YUCE], BCIO-
MOTATE/IbHBI MacCUB b BEIleCTBEHHBIX YMCeN JIMHH N (B KaxK-
gom thread ceoit), mejoe 4mcio n, Homep 3aiaun (thread) X,
obmee koaudecteo 3adad (threads) p, ¥ 3aMeHSOILYIO KaxK-
JbI BNMEMEHT G;; MATPHUUEL @ (A1s KOTOPOro 3To BO3MOMHO)
H3 aip1,; + Q1,5 T Gig+1 + @i5-1 — 4a; ;. I[Ipn aroM domxHa
6LiTL ofecredyera paBHOMEpHas 3arpy3ka scex 3amad. Ocuos-
Hasi MPOrpaMMa JOMAKHA BBOMTb YHCJA P,7 ¥ MACCHB @ (M3
¢aitna waM 10 337aHHBIM DOpMyJIaM), 3aNyCKaTh 3aia4H, Bbl-
3LIBATH 3TY MOANMPOTPAMMY ¥ BEIBOIHTE HA 3KPaH PE3YJbTaT ee
paboThl. :

Hammcare multithread-noanporpaMmy, MOOJyHalolyl B Kaue-
CTBE APTYMEHTOB 1 X It MACCHB @ BEIIECTBEHHbBIX WHCEJ, BCIOMO-
raTeNbHbIE MAcCHB b BeIeCTBEHHBIX YHCEN JJUHBL 21 (B Kak-
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12.

13.

14.

Aom thread csoit), nenoe wneao n, HoMep 3agavu (thread) k,
obuiee konnvectTso 3axaw (threads) p, u samensiomiyx kax-
Aplil aaeMentT a;; MATPHUE ¢ (I8 KOTOPOrO 3TO BO3MOMKHO)
Ha Q4245 + @i—2,5 + Q42 + 04 -2 — 4(11":,.'. HpH ITOM JONKHA
6pITL 0feciledeHa PABHOMEPHAA 3arpy3ka Bcex 3a1ad. (JcHOBHAM
IPOrpaMMa, JO/KHA BBOAUTE YHCTA P, N M MACCHB a (U3 daiina
WM 110 33daHHBIM (HOPMYIaM), 3a0yCKATh 3aJa4M, BhI3bIBATL
3TY NOANIPOI'DAMMY W BBIBOAKTDL HA 9KPaH PEIVJLTAT ¢ paboTol.
Hanncare MPI-chynrumo, mony4anuyw B Ka4yecTBE apryMeH-
TOB COOTBETCTRYIOIYIO “1ACTh {OJOK) n X n MaccCHBa @ Bellle-
CTREHHBIX 9UHCEJ, UeN0e 4HCIO 7, HOMED rpouecca k, obuiee
KOJHYECTBO NIPOIECCOB P, M BO3BPALIAIOLIYI0 HEHYJEBOE 3Harie-
HII¢, €CNIU MACCHE @ CUMMeTpHYeH (T. e. ay; = aji), 0 B mpoTHB-
HoM cayuae. [Ipn sToM gomxua OpITE obecnieuena paBHOMEpHas
3arpyzKa Bcex npoteccos. OCHOBHAA NPOrpaMMa J0KHA HauH-
HaTb pabory ¢ MPI, sBoanTs 4mciio n 1 Maccus a (13 daitia nau
1o 2aJaHHOM hopMyne), BLI3BIBATE 3TY (BYHKIMK) M BLIBOIHTL
HA 3KPAH PE3yabTaT ee paborl.

Hamncare MPIl-noamporpammy, nomyuariiyio B ka4ecTse ap-
TVAMEHTOB COOTBETCTBYIOUIYIO uacTh (B/10K) m X n MaccuBa a
BEIIECTBEHHBIX HHCEJ, HeJoe MHCNO0 7, HOMEep Hponecca k, ob-
mIee KOJTHUECTBO [POLECCOB P, H 3AMEHIONIVIO MaTPHLY & Ha
ee TpaHcroEuporaunyw. Ilpu sToMm gomxda GhiTe ofecneuena
paBHOMEDHAA 3arpy3kKa Bcex nporeccoB. OCHOBHASA TPOrpaMMa
JomkHa HaduHath pabory ¢ MPI, seoauTe umcao n u mac-
cuB a (i3 ¢hafiza WM N0 33/jauHol (popMyse), BLI3LIBATL 3Ty
NOANPOTPAAIMY H BHIBOAHTL HA KPAH PE3yJbTAT €¢ paboThI.
Hanucars MPI-nognporpanay, moiyyalolylo B KauecTBe ap-
TYMEHTOB COOTBETCTBYIOUIYIO 4acTh (6s10K) m X n MaccHBa a
BeIIIECTREHHBIX HUCEeN, IeJjoe 4HCI0 72, HoMep Iiponecca k, ob-
11€e KOJINMECTRO npoueccos P, H 3aMEHSIOLIYI0 MATPULY G Ha
varputty (a + a')/2, rae o' — rpancnonupoBanHas MATpHUA G.
Ilpu srom nmomxHa ObITE ofecredeHa PABHOMEDHAH 3arpy3Ka
Beex npoileccos. OCHOBHAS NPOIPAMMA J0KH3, HAYHHATE Pa-
bory ¢ MPI, seosuTe “ncnio n v vaccun o (13 dpaiiaa uan mo
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16.

17.

3a0aHHOR opMysIe), BBI3BIBATL 3Ty NOAUIPOrPAMMY M BBIBO-
JUUTH HA IKPAH Pe3YJIBTAT ee paboThl.

. Hanucarr MPI-nognporpaMmMy, IOy Uy B KadecTse apry-

MEHTOB COOTBETCTBYIOUIYI0 4acTh (610K) MACCHRA @ BEIIECTBEH-
HBIX YHCEJ, LIEJI0e TUCIO 1, SBJSIONIeecH JIIMHOM 3TOr0 MAcCHBa,
HOMep Ipouecca k, ofinee KOJMHIeCTBO POTIECCOB P, B JAMEHAI0-
Iy KaXX/[blit 3/1eMeHT MacCHBa (AJI KOTOPOI'O 9TO BO3MOXKHO)
nHa cpejtee apu(pMETHUECKOE COCeIHUX 3yeMenToB. [Ipm atoum
JonxkHa 6eiTh ofecrieyeHa PABHOMEPHAA 3arpy3Ka BCeX IIpollec-
cos. OcHoBHAs nporpaMMa OOJKHA HadnHarhk pabory ¢ MPIL,
BEOJHTEL 9HCJIO 7 K MaccHB o (43 alla Ui no 3aJaHHOH
ropMyIe), BEILIBATE 3TY MOAIIPOrPAMMY U BBIBOAWTE Ha 3KPaH
pe3yaprar ee paboThl.

Hanmucars MPIL-noguporpaMyy, MoAy4dalollyly B KadecTBe ap-
FYMEHTOB COOTBETCTBYIOWIME dacTe (60KH) 7@ X 1 MaccHBa
@ BELIECTBEHHbIX YHCEN, BCIOMOraTelbHBIl Maccue b Bemre-
CTBEHHBIX 4MCEJ jUIHHBl 7t HeJ0e THCJAC 7, HOMEpP IIPOLECcca
k, obi1iee KOAUYECTRO NPOLECCOB P, M 3AMEHSIONIYI0 KaKIBIA
SJEMEHT @;; MATPHUBl @ (JI# KOTOPOTO 3TO BO3MOMKHO) Ha
Qit1,; T Qi1+ Gij4l + Qi j—1 — 40,1-,3'. [Ipu aTtoM mo.xkHa ObITE
obecreyena paBHOMEDHas 3arpy3ka ecex rpouecco. OcHoRHAsA
ApOrpaMMa J0/IKHA HavuHaTh padory ¢ MPI, BBoONTE 4HCIO 1
u Maccus o (u3 daftaa Win o 3aaakHoll HopMyile), BLI3BIBATE
3TV NOANPOrpaMMy M BBIBOAHTBL HA 9KPaH PE3VIILTAT ee paboTh.
Hamucare MPI-nognporpaMmy, Hoayyamwmiyio B KauecTBe ap-
rYMEHTOB COOTBETCTBYIOUWIME 4acTh (BJIOKH) m X 7 MAcCMBa
@ BEIIECTBEHHBIX YHCEN, BCIOMOTATeNLHBIH MaccuB b Bere-
CTBEMHBIX HMCe AMHHBL 211, UEe0e YHCI0 7, HOMEp NpolLecca
k, obuiee KONMYECTBO MPOUECCOB P, W 3aMEHSIYH KaXIblil
SMEMEHT Gjj MATPHIBI @ (1% KOTOpOro 3To BO3MOXKHO) HA
Gig2j + Ui j + Qi 42 + @ j—2 — 4ay ;. Hpn sTom nomxea OBITL
ofiecrietieHa paBHOMEPHAA 3arpyska Beex mpoieccos. OcHoBHAs
HpOrpaMMa AoMKHa HaduHath padory ¢ MPI, BeognTe yucno n
n MaccuB a (u3 daftna unn o 3agaduoil (opmyne), BhI3LIBATH
STY HOMIPOrPAMMY M BbIBOIHTH HA 3KPAH Pe3ynbTar ee paboTsl.
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