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TexHonoaus npo2pamMmuposaHus
OpenMP




OpenMP

OpenMP — TexHoNOrMs napanieabHOro
IpOrpaMMHUPOBAHMS JIJIs1 KOMIIBIOTEPOB C OO0IIEH
namsaThto. Ctangapt 5.0 npunsT B Hosi0pe 2018 roaa.

OauH BapyuaHT OpOrpaMMbl IJIs HApaJLICIIbHOTO U
IO CJIEAOBATEILHOTO BBITTOJIHEHUS.




OpenMP

Maxkpoc OPENMP onpezen€t B popmare yyyymm,

rjae YYyY ¥ mm — uudpsl rojia 1 Mecsia, korga Obul
OPUHAT ojaaepkuBaeMblid ctangapt OpenMP.

Yci1oBHAS KOMIWIALUA;
#include <stdio.h>




OpenMP

PacnapannenuBanue B OpenMP: BcTaBka B TEKCT
IPOrpaMMBbl CHEUAIbLHBIX JUPEKTHUB, 4 TAK)KE BHI30B
BCIIOMOT'aTEJIbHBIX (DYHKIIHH.

SPMD-mooens (Single Program Multiple Data)

apauICIbHOrO MPOrPaMMHUPOBAHMS: I BCEX




OpenMP

[IporpaMma HaUMHAETCS C NOCIE008AMENLHOU
oonacmu — pabOTAET OHA HUTh, IIPU BXOJC B
napaienvHyio 001acms MOPOKIACTCS €IIE HECKOJIBKO
HUTEH, MEXKY KOTOPBIMHU PACIIPEACISIOTCS YacTh
KOJIa.

[1o 3aBepiieHnM ITapajuIeIbHONM 00JIaCTH BCE HUTH,
KpOM€ OJHOM (HUTH-MacTepa), 3aBEPIIAIOTCSI.




OpenMP

B OpenMP nepemeHHEbIE B ITapaIeabHbIX 00JaCTIX
IporpaMMBbl pa3AeIIsIFOTCS HA JBa OCHOBHBIX Kjacca.

shared (0o6wue; Bce HUTH BUIAT OJHY U TY 3KE
[IEPEMEHHYIO);

private (roxanvhble, TpUBATHLIC, KaXKAasl HUTh
BUJIUT CBOM DK3EMILIAP JAaHHOM IIEPEMEHHOM).

Ilo yMon4aHur0, BCE€ MEPEMEHHBIE, TOPOKIEHHBIE BHE
napajiieIbHOM 00IaCTH, IIPU BXOJI€ B HEE OCTAIOTCS
oOImMMu. VICKII04eHNE COCTABIISIIOT IEPEMEHHBIE,
ABJIAOIIUECSA CYUETUMKAMU UTEPALIUN B ITUKIIE.
IlepeMeHHbIE, HOPOKAEHHBIE BHYTPH ITapaJLICIIbHOU
00JTaCTH, IO YMOJTYAHUIO SIBJISTIOTCS JIOKAJTIHHBIMH.
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Jlupextuel OpenMP B s1361ke Cu 3agar0TCs

YKa3aHUAMU PETPOLIECCOPY, HAUNHAOIUMUCA C
#pragma omp

#pragma omp directive-name
[onmumst[[,] onmmsi] .. .]
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YUtoO0nI 3a1€iCTBOBATh (hyHKyuu oudbauomexu OpenMP
nepuooa evinojiHeHus (CIOIHSIIOMICH Cpeabl), B

IporpaMMy HY>KHO BKJIFOYMTh 3ar0JIOBOYHBIN (Daiii
omp . h (a1 nporpamm Ha sa3bike DopTpaH — daiin
omp lib.h nau Moxyns omp lib).

Hy>XHO 3a/1aTh KOJIMYECTBO HUTEU, BBIITOIHSIOIINX

napajiieIbHbIE 00aCTH IPOrpaMMBbl, OTIPEACIINB
3HaYECHHUE ITIEpEMEHHOU cpenpl OMP NUM THREADS :

export OMP NUM THREADS=n
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OyHKIMM 1719 pa00ThI C CUCTEMHBIM TaWMEPOM:

double omp get wtime (void);

BOBBp&H.IaCT ACTPOHOMHNYCCKOC BPCMs B CCKYHIAX,
IMpomcamec ¢ HCKOTOPOIro MOMCHTA B IIPOIIJIIOM.




OpenMP

[TapannenbHbIE U TOCIEN0BATEIbHBIE O0ACTH:

#pragma omp parallel [ommusi[[, ]
onumusi] ... ]

Ilopokmarorcst HoBple OMP NUM THREADS-1

HUTEU, KAXKIasi HUTh MOJYYaeT CBOM YHUKAJIbHBIN
HOMED, IPUUEM OPOKAAIOIIAS HATH IMOJy4aeT HOMED
O ¥ CTAHOBUTCS OCHOBHOUW HUTHIO TPYIIIIbI
(«mactepom»). [Ipu BeIxoae u3 nmapaaieibHOU
00JIaCTH NPOU3BOJAUTCS HESIBHASI CHHXPOHHU3AIUS U
YVHAYTOXKAKOTCA BCE HUTHU, KPOME IMOPOAUBILIEH.



OpenMP

if (ycnoBmue) — BBHIIOJHCHUE ITAPAIICILHOMN
00JIaCTH 110 YCJIOBHIO;

num threads (uenoumcrnennoe
BHPAaXeHMe) — IBHOE 3aJIaHUE KOJIMYECTBA HUTEH,
KOTOPBIE€ OYIyT BBINOJIHATH NapaJlICIbHYH 001aCTh;

default (shared|none) — BCcEM IIEPEMEHHBIM B

napajielibHOM 00JacTH, KOTOPBIM SIBHO HE Ha3HAYCH
KJIacC, OydeT Ha3HauyeH Kjlacc shared; none — BceM

[IEPEMEHHBIM KJIACC HA3HAYAETCS ABHO;

private (comcok) — epEMEHHBIE, 1JIs1 KOTOPBIX
IIOPOXKIACTCS JIOKAJIbHASI KOS B KAXKA0W HUTH;
HadaJbHOE 3HAYECHHE HE ONPEICIICHO;
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firstprivate (cnmcok) — nepeMEHHBIE, 1A
KOTOPBIX MOPOKIAACTCS JOKAIbHAS KOMHUS B KaXKI0M
HUTH; JIOKAJIbHBIC KOIUW HHULIAATU3UPYIOTCS
3HAYCHUSIMU 3TUX IEPEMECHHBIX B HUTH-MAaCTEPE;
shared (comcok) — IIEpeMEHHEBIE, OOIIME JJISI BCEX
HUTCH;




OpenMP

reduction (onepaTop: COMcok) — 3a1a€T
OmnepaTop U CIUCOK OOIIMX MEPEMEHHBIX; IS KaXKI0M
IIEPEMEHHOM CO3JIAK0TC JIOKAJIBHbBIEC KOIIMU B KAXXI0U

HUTH; OHU UHULMATIU3UPYIOTCS COOTBETCTBEHHO THUILY
oreparopa (I aaauTUBHBIX — 0 WJIW aHAJIOTH, JIJIs

MYJIBTUIIMKATUBHBIX — 1 WM aHAJIOTH); OCHE
BBIIIOJIHEHUS BCEX ONEPATOPOB MapaLICIbHOU
00J1aCTH BBIIIOJIHSICTCS 3aJJaHHbBIN OepaTop;
omepaTop 3T0: Ijd si3blka Cu — +, *, —, &, |, *, &&,
| | ; IOPAMOK BBIIOJIHEHUS OIIEPATOPOB HE OIIPEIAECIIEH,
IIO3TOMY PE3YJIBTAT MOXKET OTIIMYATHCS OT 3allyCKa K
3aI1yCKY.
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#include <stdio.h>
int main(int argc, char *argv][])

{

printf ("llocnemoBaTrensHas o6nacTte 1\n");

#pragma omp parallel
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#include <stdio.h>
int main(int argc, char *argv][])
{
int count = 0;
#pragma omp parallel reduction (+: count)

{

nt++;




OpenMP

Ecnu BHYTpH napaniaeabHOM 00JIACTU COACPIKUTCS
TOJIBKO OJIMH ITapaJICAbHbBIN IIUKJI, OJHA
KOHCTPYKLMA sections Wiu OJHA KOHCTPYKIIHS
workshare, TO MOXHO UCIOJIB30BaTH
YKOPOYEHHYIO 3allicCh. parallel for,
parallel sections wiu parallel
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void omp set num threads(int num);

#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv([])

{

omp set num threads(2) ;

#ipragma omp parallel num threads(3)
{
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[TapannensHbIie 001aCTH MOT'YT OBITh BJIOKCHHBIMU;
10 YMOJIYaHHUIO BJIOKEHHAS MapaijeabHas 00J1acTh
BBIIIOJIHSECTCSI OJHOM HUTBIO. ITO YIPABISCTCS
yCTaHOBKOH IlepeMeHHOH cpeibl OMP NESTED.

export OMP NESTED=true

3menuTs 3HaueHue nepeMmeHnor OMP NESTED
MO>KHO C HOMOIIBIO BBI30BA (DYHKIIHH
omp set nested().

void omp set nested(int nested);

Y3HaTh 3Ha4YeHHUe nnepemeHHor OMP NESTED
MO>KHO IIpY MOMOIIM (DYHKIIHH
omp get nested().

int omp get nested(void);



OpenMP

Oynkuus omp in parallel () Bosspamiaer 1,
€CJIM OHA ObI1a BbI3BAHA U3 AKTUBHOW MapalICIbHOM
00J1aCTH MPOrPaMMBI.

int omp in parallel (void);

void mode (void) {

if (omp in parallel()) printf ("lapannencHas
o6racTe\n") ;

else printf ("llocnemoBaTenkHast oBiacTe\n") ;
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Eciu B mapajuieIbHOM 00JIaCTH KaKOM-JIMOO y4aCTOK
KOJia JOJKEH OBITh BBIIIOJHEH JIMIIb OAUH Pa3, TO €ro
HY>KHO BBIJCIIMTh JUPEKTHUBAMU single:

#pragma omp single [omums [[, ]
onumusi] .. .]

private (cnmcok) ;
firstprivate (comcox);

copyprivate (crnmMcok) — HOBBIC 3HAUCHUS
[IEPEMEHHBIX CIIHUCKA OYIyT JOCTYIIHBI BCEM
OJHOHMMEHHBIM YaCTHBIM IIEPEMECHHBIM (private u
firstprivate); onmus HE MOXET UCIIOJIb30BATHCS
COBMECTHO C ONIMEH nowai t; nepeMeHHbIEC CIHCKA
HE JOJKHBI OBITh IEPEUYHCIICHBI B OIIUAX private
u firstprivate gannou JUpPEKTUBBI single;
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nowait — nocJse BhINOJHEHUS YYaCTKaA MPOUCXOINAT
HesIBHAsI OapbepHasi CHHXPOHM3AIIMS HUTEH: MX
NajbHEHIIIEE BBIIIOJIHEHHUE IMIPOUCXOIUT TOIBKO TOT/A,
KOI'/la BCE€ JOCTUTHYT JAHHOM TOYKH; €CJIM B 3TOM HET
HEOOXOAUMOCTH, OIS nowait M03BOISET HUTSM,
JOLIEAIINM JI0 KOHIIA y4acTKa, IPOJ0JIKUTh
BBIMIOJTHEHUE 0€3 CHHXPOHHU3ALMH.

#pragma omp parallel

{
printf ("Coobwmenmne 1\n") ;

#pragma omp single nowait
{

printf ("Ogua HMTHE\n") ;

}
printf ("Coobwenmne 2\n") ;
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JlupekTriBa master BhIJICIACT YYaCTOK KOAA,
KOTOPbIN OyAET BBIIOJIHEH TOJbKO HUThIO-MACTEPOM.
OcTajibHbIE HUTH NPOITYCKAIOT JAHHBIM Y4aCTOK 1
IPOAOJIKAKOT padOTy € oIepaTropa, pacloI0KEHHOTO
cjieIoM. HesIBHOM CUHXPOHM3ALMKU HE IIPEANO0JIaraer.

#pragma omp master

#pragma omp parallel private (n)
{




OpenMP

Bce HuTH B mapasieabHOM 001aCTH HYMEPYIOTCS
OCJIEA0BATEILHBIMHU 1EJIIMU YrciiaMu oT O 10 N-1,
riae N — KOJUYECTBO HUTEH, BBITOJHSIOIINX JAHHYIO

00J1aCTh.

Be13oB (pyHKIuu omp get thread num()
MI03BOJISICT HUTHU MOJIYYUTh CBOM YHUKAJIbLHBIN HOMEP
B TEKYIICH NapajeabHON 00JaCTH.

int omp get thread num(void);
Be130B (pyHKIIMM omp get num threads ()

[I03BOJISICT HUTH MOJYYUTh KOJIUUECTBO HUTEH B
TEKYIIEH MapajuIeIbHOM 00JIACTH.

int omp get num threads(void);
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#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv]|])
{
int n=1;
printf ("B nmocn. ob6macTm (1l): %d\n", n);
#pragma omp parallel private (n)
{

printf ("3nHavenme n Ha HuTm (1l): $d\n", n);
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#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv]|])
{
int n=1;
printf ("B nmocn. ob6macTm (1l): %d\n", n);
#pragma omp parallel firstprivate(n)
{

printf ("3nHavenme n Ha HuTm (1l): $d\n", n);




OpenMP

Ecnu B mapaaienbHOM 00JIaCTH BCTPETHIICS ONEepaTop
[[MKJa, TO, COTJIACHO OOIIEMY IpPaBUily, OH OyET
BBIIOJIHEH BCEMHU HUTSIMH TEKYIEH IPYIIIIBL, TO €CTh,
Ka)kJ1asi HUTh BBIIIOJIHUT BCE UTEPAIlUN JAHHOIO
nukia. s pacnpeaeneHus nTepauui MUKiIa MexXIy
pa3JIUYHBIMUA HUTSIMU MOXKHO HCIIOJIb30BaTh
nupekTuBy for.

#pragma omp for [omums [[,]
onumsi] .. .]
DJTa IUPEKTUBA OTHOCUTCS K UAYIIEMY CIECIO0M 34

JAHHOM TUPEKTUBOM OJIOKY, BKIKOYAKOIIEMY
orneparopsl for.
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private (cnmcok) ;
firstprivate (comcoxk);

lastprivate (cnmucok) — IEPEMEHHBIM,
[IEPEUYMCIIEHHBIM B CITUCKE, IPHUCBAUBACTCS
pPE3YIbTAT C MOCIIEAHETO BUTKA IIHUKIIA;

reduction (onepaTop : CIMCOK) ;

schedule (type[, chunk]) — omus 3aga€r,
KakKUM 00pa30oM HUTEpAIH IIUKJIA PACIIPEaCIIAIOTCS
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collapse (n) — onmnus yKa3bpIBacT, 4YTO N
[IOCJICIOBATEIIbHBIX TECHOBJIOKECHHBIX [TUKJIOB
ACCOLIMUPYETCA C JAHHOW JUPEKTUBOM; IS IIUKJIOB
o0pa3zyeTcs 00I1ee IPOCTPAHCTBO UTEPALIMIA, KOTOPOE
NEJIUTCA MEXKIY HUTSAMM; €CJIA onud collapse He
3aJ1aHa, TO JUPEKTUBA OTHOCUTCSA TOJIBKO K OJTHOMY
HEMOCPEACTBEHHO CIEAYIOIIEMY 3a HEU [IUKITY;

ordered — oMM, TOBOPAIIAA O TOM, YTO B ITUKJIC
MOI'YT BCTpEYaThCAd TUPEKTUBLI ordered; B 3TOM
CiIy4ae OIpeaesieTcs: 070K BHYTPH Tea IUKJIA,
KOTOPBIN JIOJIKEH BBIOJIHATHCSA B TOM MOPSJIKE, B
KOTOPOM UTEPAIMH UIYT B IIOCIECA0BATEIILHOM
[UKJIC;

nowait.
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Ha By nmapajieabHbIX IIUKIOB HAKJIAIBIBAOTCS
IOCTAaTOYHO XECTKUE OrpaHnuYeHUA. B yacTHOCTH,
[IPEAIIOJIAracTCs, YTO KOPPEKTHAS IIpOTrpaMma He
IOJIKHA 3aBUCETH OT TOI0, KaKasg MMEHHO HUTh KaKYyIO
UTEPAIIMIO TTapaJUICIIbHOTO [IUKJIA BBITTOJIHUT. Henb3s
MCIIOJIb30BaTh NOOOYHBIN BBIXO U3 NAPaJICIBHOTO
nukJa. PazMep 0J0Kka utepanuii, yKa3aHHbIM B OIIIUH
schedule, HE JOKEH U3MEHATHCA B paMKax IIUKJIA.

dopmar napaieabHbIX [IUKIOB YIIPOIIEHHO MOXKHO
IPEACTaBUTh CICAYIOIIAM 00Pa30M:

for ([menoumncisieHHsM THUII] 1 =
MHBaApMaHT ukKiaa; 1 {<,>,=,<=,>=}
MHBaApMaHT IMKJIa, 1 {+,-}= mMHBapmMaHT
LIMKJIA)



OpenMP

HrepaTuBHad mnepeMEHHasd pacOpelesieMOro IMKIia
10 CMBICIY JOJDKHA OBITH JOKAJIbHOM, MO3TOMY B
cly4ae, €ClIM OHa CIeUM@uIMpoBaHa OOIIEH, TO OHA
HESIBHO JIEJIa€TCS JIOKAJbHOM IIPU BXOAE B IUKI.
Ilocne 3aBepieHUs [UKIA 3HAYEHUE HTEPATHUBHOM
IIEPEMEHHOM IUKJA HE ONPEICIIEHO, €CIM OHAa HE
yKa3aHa B oniuu lastprivate.
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#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv([])

{

int A[10], B[10], C[10], i, n;

for (i=0; i<10; i++) {A[i]=i; B[i]=2*i; C[i]=0;}
#pragma omp parallel shared(A,B,C) private (i, n)
{

n=omp get thread num() ;
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B omun schedule napamerp type 3anaét
CJICAYIOIIUN TUII PACIIPEACICHUS UTEPALIUN

static — 0J10YHO-IIUKIMUECKOE pacIpeacICHUE
UTEpalni [UKIIa; pa3Mmep 010ka — chunk. I[lepBoiii
0110k 13 chunk utepainuii BEIIOJIHSIECT HYJIEeBask HUTD,
BTOPOM OJIOK — CIICAYIOIIAS U T.JI. 40 HOCIICIHECH
HHUTH, 3aT€M pacOpeAcICHUE CHOBA HAUYMHAETCS C
HyJIeBOM HUTH. Ecin 3HaueHne chunk He ykas3aHo,
TO BCE MHOKECTBO UTEPALIMU JICITITUTCS HA
HEIPEPHIBHBIC KYCKHU IIPUMEPHO OJUHAKOBOTO
pa3Mmepa (KOHKPETHBIN CIOCO0 3aBUCUT OT
peaan3alun), U IOJIyYCHHbIC HOPILAN UTEePaALIU
PACIIPEACISIOTCS MEXKAY HUTSIMH.
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#include <stdio.h>

#include <omp.h>

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

{

int 1;

#pragma omp parallel private (i)

{

#pragma omp for schedule (static, 2)
for (i=0; i<10; i++) {
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dynamic — IMHAMHAYECKOE paCOpEeacICHNUE
UTepanuil ¢ GMKCUPOBAHHBIM Pa3MEPOM OJIOKA:
CHayaJia KaxJ1ast HUTh nmoay4daer chunk urepanuu
(mo ymoia4anuio chunk=1), Ta HUTb, KOTOpas
3aKAHYMBAECT BBIMOJHEHUE CBOEU TTOPLIUM UTEPALIUH,
oJIy4aeT IEPBYO CBOOOAHYIO mopiyio u3 chunk
urepanuii. OCBOOOAMBIIMECS HATH MOJY4YatOT HOBBIC
MOPLUM UTEPALIMHU JIO TEX IIOP, ITIOKA BCE MOPIIMU HE
OynyT ucuepnansl. [locieaHss nopuus MOXET
COJICPKaTh MEHBIIIE UTEPALIMK, YEM BCE OCTAJILHbIE.
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guided — AMHAMHUYECKOE paCOPEACICHUE UTEPALIUU,
[P KOTOPOM pa3MepP HOPILIMU YMEHBIIIAETCS C
HEKOTOPOT0 HAYAJIILHOTO 3HAYECHUS 10 BEJIUYNHBI
chunk (mo ymonuaauio chunk=1)
IIPONOPIIMOHATIBHO KOJIMYECTBY €IIE HE
paCIpEACIEHHBIX UTEPALIUM, IEIEHHOMY HA
KOJIMYECTBO HUTEHU, BBIMIOJHAOIIMX [IUKII. Pazmep
[IEpPBOHAYAJIBHO BBIICISIEMOro OJIOKA 3aBUCUT OT
peanu3aiuu. B psAae ciydaeB TakKOe paciupeaeIeHUe
IO3BOJISCT AKKypaTHEE pa3ACIuTh padOTy U
cOaJlaHCHPOBATh 3arpy3Ky HuTen. KoandaecTBo
UTEPALIMU B OCJICIHEU ITIOPILIMU MOXKET OKA3aThCs
MEHbIIIE 3HAaY€HU chunk.
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auto — cnoco0 pacopeneicHUs UTepalui
BBIOMPAETCSI KOMITMJISTOPOM H/WUJIM CUCTEMOM
BeIOJIHEHUA. [lapameTp chunk 1ipu 3TOM HE

3a71a€TCHl.

runtime — cnoco0 pacnpeaencHus nTepaun
BBIOMPACTCS BO BpeMsl paOOThI IPOrpaMMBI 11O
3HAYEHUIO IIEpEMEHHOM cpesibl OMP SCHEDULE.
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3HAYECHHUE IO YMOJIYAHUIO IEPEMEHHOMU

OMP SCHEDULE 3aBUCHUT OT peajau3aluu. Ecian
nepeMeHHast 3ajaHa HEMMPAaBUILHO, TO ITOBEICHNE
IporpamMMbl IPpU 3aJaHUU ONIMK runtime Takxke
3aBUCHUT OT pEeaIM3alluH.

3anaTh 3Ha4CHUE IepeMeHHON OMP_SCHEDULE B
Linux B komanaHOI 000104Ke bash MokHO TIpH
MOMOII KOMaH/ bl CAEIYIOIIEro BU/IA:
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3menuts 3Havyenne nepeMeHnon OMP  SCHEDULE
M3 IPOrpaMMbl MOKHO C IOMOIIBIO BBI30BA (DYHKIIUH
omp set schedule().

void omp set schedule(omp sched t
type, int chunk);

JlomycTuMble 3Ha4€HUSI KOHCTAHT OMKCAHBI B (paitie
omp . h. Kak MuUHUMYM, CI€ayIOIINE BAPUAHTHI:

typedef enum omp sched t {
omp sched static = 1,

omp sched dynamic = 2,

omp sched guided = 3,
omp sched auto = 4

} omp sched t;
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[Ipy moMo1y BbI30Ba (DYHKITAM

omp get schedule () nmoan30BaTeIIb MOXKET
Y3HATh TEKYIIEE 3HAYCHUE TIEPEMEHHOM

OMP SCHEDULE.

void omp get schedule (omp sched t*
type, int* chunk) ;

[Ipu pacnapanieIMBaHUM LIMKIA HY>KHO YOSIUTHCS B
TOM, YTO UTEpAIlUU JAHHOI'O LIUKJIa HE UMECIOT
MH(OPMALIMOHHBIX 3aBUCUMOCTEN. B 3TOM Cciiydae
€ro UTepallMy MOXKHO BBIIOJHSATH B JIFOOOM HOPSIIKE,
B TOM YMCJIC TTapajijieabHO. KOMIUIATOp 3TO HE
IIPOBEPSIET. ECIM 1aTh YKa3aHUE KOMITUIATOPY
pacrapajuieInuTh UK, COACP KA 3aBUCUMOCTH,
pe3yabTaT padOThI MOXKET 0Ka3aThCsl HEKOPPEKTHHIM.
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JlupekTuBa sections onpenaesuseT HAOOp
HE3aBUCUMBIX CEKLIMU KOAa, KaXK1asl U3 KOTOPhIX
BBITNIOJIHSACTCSI CBOCH HUTHIO.

#pragma omp sections [omums [[, ]
onumsi] .. .]

private (cnmcok) ;
firstprivate (comcox);

lastprivate (cnmcok) — NepeMEHHBIM
IIPHUCBAUBAETCS PE3YJILTAT U3 MOCIECIHEN CEKIIUU;

reduction (onepaTop : CIIMCOK) ;

nowailt.



OpenMP

JlupekTrBa section 3a1a€T y4acTOK KOJia BHYTPH
CEKIIMM sections i BbIINOJIHEHUA OJHON HUTHIO.

#pragma omp section

Ilepen nepBBIM y4acTKOM Koja B OJIoOKe sections
nMpeKTHBa section He oOsa3arenbHa. Kakue HuTH

OyayT 3aJIcICTBOBAHBI JIJISI BBIIIOJHCHUS KaKOU
CEKIUM, He crieuuuuupyercs. Eciim koamuecTBo
HUTEN OO0JIbIIIE KOJIUYECTBA CEKINIM, TO YaCTh HUTEU
115 BBIIIOJTHEHMSI JAHHOTO OJIOKA CEKLUK HE OyIeT
3aJeCTBOBAaHAa. Eciin KOIMYeCTBO HUTEHU MEHBIIIC
KOJIMYECTBA CEKIUH, TO HEKOTOPBIM (HJIA BCEM)
HUTIM JIOCTAHETCSA O0JIEE OJHOU CEKIIUMU.
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#pragma omp parallel private (n)
{

n=omp get thread num();

int n;

#pragma omp sections

{

#pragma omp section

printf ("lleppast cekumusi, npouecc %d\n", n);
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#pragma omp parallel
{

#pragma omp sections lastprivate (n)

{

#pragma omp section

int n=0;

n=1;

ragma omp section
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JlupektuBa task NpuMEHSAETC AJIS BBIICICHUS
OTJEILHOU HE3ABUCUMOM 3aJ1aUH.

#pragma omp task [ommmst [[,]
onumusi] ... ]

Texyuras HUTh BBIJICISIECT B KAYECTBE 3a1a4n
ACCOLIMUPOBAHHBIN C JUPECKTUBOM OJIOK OIIEPaTOPOB.
3amaya MOYKET BBINOJIHATHCI HEMEJICHHO ITOCJIE
CO3JIaHMS UJIH OBITh OTJI0KCHHON HAa HEOIIPEACIEHHOE
BpEMS M BBIIIOJHATHCS IO YacTsM. Pa3mep Takux
YaCTEU, a TAKKE MOPIIOK BHIIIOJIHEHUS YacTEN
PA3HBIX OTJIOKEHHBIX 33144 OIPEACIICTCS
peajin3alueH.



OpenMP

if (ycnoBme) — NOpOXIEHUE HOBOU 3a/1a4u
TOJIBKO IPH BBINOJHEHUHA HEKOTOPOI'O YCIOBHUS, €CIIU
YCJIOBHE HE BBINIOJHAETCS, TO 3a7a4a OyIeT
BBIIIOJIHEHA TEKYIIEH HUThIO U HEMEIJICHHO;

untied — oniusa 03HAYAET, YTO B ClIyyae

OTKJIaAbIBaHHUS 3a4a49a MOXKET OBbITh MPOI0JLKEHA
1000 HUTHIO U3 YMCJIA BHITOJIHSIOIIMUX JaHHYIO
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default (shared|none);
private (cnmcoxk) ;

firstprivate (cnmucox);

shared (cnucok) .
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I[J'I}I I'apadHTUPOBAHHOI'O 3daBCPIICHUIA B TOUKC BbI3OBA

BCEX 3aMYIIEHHBIX 3a71a4 UCII0JIb3YETCI TUPECKTHUBA
taskwait.

#pragma omp taskwait
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CaMmblIil pacOpOCTPAaHECHHBINA CIIOCO0 CUHXPOHU3ALUH
B OpenMP — 6apwep. On opopmitsieTcs ¢ MOMOIIBIO
IUPEKTUBEI barrier.

#pragma omp barrier

HuTH, BRINOJHSIONIME TEKYIYIO IapajeibHYIO
001aCTh, TOMS 10 ATOM IUPECKTUBBI,
OCTaHABJIMBAIOTCS U KIYT, ITIOKA BCE HUTH HE JOUAYT
110 3TOU TOYKH IPOTPaAMMBI, IIOCJIE YETO
Pa30JIOKUPYIOTCS U OPOI0JIKAOT pad0TaTh AAJbIIIE.
Kpome Toro, aj1s1 pa30JIOKUPOBKH HEOOXOIUMO,
4TOOBI BCE CUHXPOHU3UPYEMbIC HUTH 3aBEPILNIIN BCE
OPOKAEHHBIC UMM 3a7a4ud (task).



OpenMP

#include <stdio.h>

#include <omp.h>

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

#pragma omp parallel

{

printf ("Coobmenmne 1\n") ;
printf ("Coobwenne 2\n") ;
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JlupektrBa ordered onpeaenseT OJJOK BHYTPH Tella IUKIIA,
KOTOPBIN JTIOJKEH BBIOJHATHCSA B TOM HOPAJIKE, B KOTOPOM
UTEpaLUUA UAYT B IIOCIECAOBATEILHOM IIHKIIE.

#pragma omp ordered

OTHOCHUTCSI K CaMOMY BHYTPEHHEMY U3 O0BEMITFOIINX
[IMKJIOB, & B MapaJUICJILHOM IUKJIC JOJIKHA ObITh 3aJ/1aHa
ornius ordered. HuTh, BEINOJHAIOIIASA IIEPBYIO UTEPALIUIO
[IAKJI4, BBIIIOJHAET Oollepalnuy JaHHOro Oyioka. Huts,
BBITIOJTHSIIOIIAS JTIO0YIO CIEAYIONIYIO UTEPALIHIO, JOIXKHA
CHaudaja JI0KJIaThCs BHIITOJHEHUS BCEX OIEpanui 0J0Ka
BCEMU HUTSAMU, BBITIOJTHAONIUMEI MPEABIAYIINE UTEPALIUH.
MoOXEeT UCTI0JIL30BATHCA, HAIIPUMED, IS YIIOPSAAOUYCHUS
BbIBOJIA OT MAPAJUICIIbHBIX HATEH.
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#pragma omp parallel private (i, n)
{
n=omp get thread num() ;
#pragma omp for ordered
for (i=0; i<5; i++)
{

printf ("Hure $d, urepaums $d\n", n, i);
#pragma omp ordered
{
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C nmoMoIpo JUPEKTUBLI critical odopmigercs
KPUTHUYECKAs CEKIUS IIPOrPaAMMBI.

#pragma omp critical

[ (<MMs1_kpuTHMYECKOM CeKUMM>) ]

B KaXablii MOMEHT BPEMEHU B KPUTUUECKOU CEKIITUUA MOXKET
HaXOJAUThCs HE 0ojiee 0JHOM HUTHU. Bce Ipyrue HUTH,
BBIIIOJIHUBIINAE JUPEKTUBY IJIs1 CEKIIUHU C JITAHHBIM HUMEHEM,
OyayT 3a0JJOKMPOBAHBI, IOKA BOLICAINIAS HUTh HE 3aKOHYMUT
BbINOJIHCHHE. Kak TOJIbKO paboTaBIIas HUTh BBIMJIET U3
KPUTUYECKOM CEKIIMH, OJHA U3 3a0JJOKUPOBAHHBIX HUTEH
BOMIET B He€. Ecin Ha BXOZie CTOSJIIO HECKOJIBKO HUTEH, TO
CIIy4YaliHbIM 00pPa30M BBIOMPAETCS OJIHA U3 HUX, A OCTAILHBIE
IIPOJOJIKAIOT OXKHUIAHHE.
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Bce HEMMEHOBAHHbBIE KPUTUYECKHUE CEKIIUU YCIIOBHO
ACCOLIMUPYIOTCA C OMHUM U TEM KE UMEHEM.
HMmerorye 0qHO U TOXKE UM paCCMaTPUBAKOTCSA
CIIMHOM CEKIIMEU, TAXKE €CIIM HAXOIATCS B Pa3HbIX
napajuieabHbIX 00J1acTsaX. II0004YHEBIE BXOABI U
BBbIXOJIbl U3 KPUTHUYECKOH CEKIIUU 3aPEIICHBI.

int n;
#pragma omp parallel

{
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#pragma omp atomic

JlaHHAas TUPEKTHBA OTHOCUTCS K UAYIIEMY
HETIOCPEACTBEHHO 3a HEM OIIEpaTOPy MPUCBANBAHUS
(Ha UCIIOJB3YEMBIE B KOTOPOM KOHCTPYKIIUHU
HAKJIaJbIBAIOTCS JOCTATOYHO MOHATHBIE
OrpaHUYCHUS ), TApaHTUPYSI KOPPEKTHYIO PadOTY C
0011IeH NepEMEHHOM, CTOSIIECH B €ro JieBoM yacTu. Ha
BpEMs BBIIIOIHEHHUS OllepaTopa OJIOKHPYETCst JOCTYIL
K JAHHOU IMEPEMEHHOM BCEM 3aIYIIIEHHBIM B JaHHBIN
MOMEHT HUTSAM, KPOME HUTH, BBIIOJIHSIIOIICH
ornepaiun. AToOMapHO# SIBIISIETCS TOJIBLKO padoTa ¢
IIEPEMEHHOM B JIEBOU YAaCTU Omeparopa
IPpUCBAWBaHUsI, IIPA 3TOM BBIYHCJICHUS B IIPABOM
4aCcTH HE 00s13aHbI OBITh AaTOMAPHBIMH.
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#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv|])

{

int count = 0;
#pragma omp parallel
{
#pragma omp atomic
count++;
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OuH u3 BapuaHTOB cHHXpoHu3auu B OpenMP
peanmsyercs yepe3 MmexanusM zamkos (locks). B
Ka4yeCTBE 3aMKOB MCIOJb3YIOTCS OOIIME IIEPEMEHHBIE.
JlaHHBIE TEPEMEHHBIE NOKHBI MCIIOJIL30BATHCSA
TOJIbKO KaK ITapamMeTpbl IPUMHUTHUBOB
CUHXPOHU3ALIMH.

3aMOK MOKET HaXOJIUTHCS B OHOM U3 TPEX
COCTOSIHUM: HeUHUUUATUZUPOBAHHDIU,
Pa3010KUPOBAHHBIU WA 3A0JIOKUPOBAHHDLII.
Pa30J10KkMpOBaHHBIN 3aMOK MOXKET OBITh 3aXBa4YCH
HEKOTOPOM HUTHIO. IIpr 3TOM OH nEepexoauT B
3a0JIOKUPOBAHHOE COCTOsIHME. HUTh, 3axBaTuBIIAs
3aMOK, U TOJIbKO OHA MOKET €ro OCBOOOAUTH, ITOCIIE
4ero 3aMOK BO3BpAIACTCsS B Pa30JI0KHUPOBAHHOE
COCTOSIHUE.
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ECTh ABa TUIIA 3aMKOB: HpOCmble 3aMKU U
MHOOHCEecmeeHHble 3amku. MHOXECTBEHHBIN 3aMOK
MOKET MHOTOKPATHO 3aXBaThIBATHCS OJHOM HUTHIO
epes ero 0CBOO0XKICHUEM, B TO BpeMs KaK IPOCTOU
3aMOK MOKET OBITh 3aXBa4Y€H TOJIBKO OJHAXKbI. [[J1s
MHOKE€CTBEHHOT'O 3aMKa BBOJUTCS HOHSATHUE

Koo uyuenma 3axeavennocmu (nesting count).
M3Ha4ajbHO OH YCTAaHABIMBACTCS B HOJIb, IIPHU
Ka)KJIOM CJICAYIOIIEM 3aXBATHIBAHUM YBCIMUYMBACTCS
Ha CIMHUILY, 4 IPH KaKJIO0M OCBOOOXKICHUM
YMEHBIIACTCA Ha €AUHULYY. MHOXECTBEHHBIN 3aMOK
CUHUTACTCS Pa30JIOKMPOBAHHBIM, €CIIM €TI0
KO3(P(PUIHEHT 3aXBaY€HHOCTH PABCH HYIIIO.
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J1d "HUaIM3ay IIPOCTOTO WM MHOXKECTBEHHOT'O
3aMKa UCTIOJIb3YIOTCSI COOTBETCTBEHHO (DYHKIIAM

omp init lock() u

omp init nest lock().

void omp init lock(omp lock t
*lock) ;

void

omp init nest lock(omp nest lock t
*lock) ;

ITocne BeimoaHEHUS (PYHKIIUHM 3aMOK IIEPEBOJIUTCS B
pa30JIOKHUPOBAHHOE COCTOSIHUE. J[J1s1
MHO>KECTBEHHOI'0 3aMKa KO3(PDUITECHT
3aXBAYCHHOCTH YCTAHABIIMBACTCS B HOJIb.
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Oyuknun omp destroy lock () u

omp destroy nest lock () uCHONB3YIOTCS IS
IepeBEACHIUS MPOCTOTO MIIM MHOKECTBEHHOIO 3aMKa
B HCHHUILIMAIM3UPOBAHHOE COCTOSHUE.

void omp destroy lock(omp lock t
*lock) ;

void omp destroy nest lock
(omp nest lock t *lock);
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JIJ1s1 3aXBaThIBaHUS 3aMKa UCHOJIB3YIOTCS (PYHKIIUM
omp set lock() nomp set nest lock().

void omp set lock(omp lock t *lock);

void omp set nest lock
(omp nest lock t *lock);

Bri3BaB1Ias 5Ty PyHKIIUIO HUTh JOKHIACTCSA
OCBOOOXICHMS 3aMKa, a 3aTEM 3aXBaTHIBAET €TO.
3aMOK IIPH 3TOM IIEPEBOJUTCS B 3a0JIOKUPOBAHHOE
COCTOsAHUE. ECiin MHOKECTBEHHBIN 3aMOK YKE
3aXBAY€H JJAHHOM HUTHIO, TO HUTh HE OJIOKUPYETCS, a
KO3(P(DHUIMEHT 3aXBaY€HHOCTH YBEIINYMBACTCS HA

CAUHUILY.
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J11 0cBOOOKACHUS 3aMKa MCIIOJIb3YIOTCS (DYHKIIUU
omp unset lock() u
omp unset nest lock().

void omp unset lock(omp lock t
*lock) ;

void omp unset nest lock(omp lock t
*lock) ;

BbI130B 3TOM (DYHKIIMM OCBOOOKAAET MPOCTOM 3aMOK,
€CJIA OH ObLI 3aXBAa4Y€H BbI3BaBIICH HUTHIO. JIId
MHO>KE€CTBEHHOTI'O 3aMKa YMEHBIIIACT HA €AUHUILY

KO3 (P pUIHEHT 3aXxBaueHHOCTH. Ecinu ko3P duipmeHT
crtaneT paBeH 0, 3aMok 0cBOOOXxaeTcs. Eciu mocie
OCBOOOXKICHHUS €CTh HUTH, 3a0JJ0KHPOBAaHHbBIC HA
Omepalnu, 3aXBaThIBAIOIICH JaHHBIA 3aMOK, OH OYJIET
Cpa3y 3axBayc€H OJIHOM M3 OKHUIAOIINX HUTEH.
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omp lock t lock;

int n;

omp init lock(&lock);
#pragma omp parallel private (n)

{

n=omp get thread num() ;

omp set lock(&lock);

printf ("Hauano Bakpsiro cexuum, 3$d\n", n);
sleep (5) ;
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JI1s1 HEOMOKHUPYIOILIEH MOIIBITKM 3aXBaTa 3aMKa
HCIOIb3YIOTCA GyHKIMY omp test lock () u
omp test nest lock().

int omp test lock(omp lock t *lock);

int omp test nest 1ock(omp lock t
*lock) ;

JlanHas (yHKIUS IIpOOYyEeT 3aXBaTUTh YKa3aHHBIN
3aMOK. Eciu 310 yaanock, TO i1l HPOCTOro 3aMKa
(yHKLIMS BO3BpaIaeT 1, a I MHOKECTBEHHOI'O
3aMKa — HOBBIM KO3()(DUIIMEHT 3aXxBaueHHOCTH. Eciaun
3aMOK 3aXBaTUTh HE y1aJ0Ch, B 000UX CIIy4asx
Bo3Bpataercs 0.
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omp lock t lock;

int n;

omp init lock(&lock);
#pragma omp parallel private (n)

{

n=omp get thread num() ;

while ('omp test lock (&lock)) {
printf ("Cexkums sakpsra, $d\n", n);
sleep(2) ;
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