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Beenexnue

B Hacrosuei  nekipuu GyOyT  KPaTHO  PACCMOTPEHE!  OCHOBHBIE  THTIEI
COBPEMEHHEIX  NAPALIEMEHEIX  BEMHCIMTEIEHEIX CHCTEM M CPEJCTBA
MARLATENEHOM NPOrPaMMHApORAHHA I8 HHX.

Knaccudmkars napanienbHbIX apXUTEKTYP

Moppofnei anams # of30p COBPEMEHHLIX APXMTEKTYP MapanIenLHbLIx
BHIYHCAHTENLHBIY CHOTEM MOMHO HaiTH B kHHrax | L1-1.2]. B arol neskusd
pacCMaTpHBaHTCA THIIL Te oCoBeHHOCTH dpXHTeRTY]P, KOTOpEIE HEOﬁm.EI,HMﬂ
YUHTHIBATE NPH CO3N2HHH NapaliensHBIX MPOrpasm. OITMETHM, uUTD 3TH
OCOGEHHOCTH B 3HAUMTEARHON Mepe  OnpeiendsioT  HHCTPYMEHTApHI
MapaEILHOrD NPOTPaMMHPORIHH, Moy HHCTPYMEHTAPHEM
MAPLVIEIEHOTD MPOrPAMMHPOBAHEA NOHMMIETCA Habop anropuTMHYSCKHY
HEBLKOE (B TOM YMCIE M PAClUMpPeHHs CTAHOAPTHRIY AAI0pHTMHYEeCKHY
HJBIE{I'_'IB:], HCMOMESVIONTRCA 418 HalHCAHHA [Mapd/UTeNBHEIX MpOrpamMM, o
TAIGKE CHeUManM3MpoBaHHble OubauoTern (WHKUMA, 3JanTUPoOBaHHBIE K
APXHTEKTYRE KOHKPETHOH MApaaneIsHOi BEIMHCTHTENEHOR CHCTeME, Kpome
TOTD, K HHCTPYMEHTAPHIO MAPAUETEHOMD TPOrPaMMHPOBAHMA OTHOCHTCA
CPEACTEE  OTAQJKH W ONTHMH3AUHH  OGRICTPOUSICTEMA  MapanieisHbIX
MPOrPaMM, 8 THCKE CPEACTEE BHIVAIHMIALMH W NPEACTARIEHM PE3VIETATOR
MapaUieNsHblx  BRIMHCIeHHA. B HacTodAlle  BpeMA  pasiHuYHble
NPpOH3IBOAWTENH CHCTEMHOID NporpaMmMHOro obeCnedeHHA npejnarawT
MHOMECTED  PAIHOOOPAIHLIX  HHCTPYMEHTOR,  KOTOPLIE  MOTYT  OITh
HCMOMB30RAHL B MPOLECCE COIEHHA MaparensHux nporpass. [osromy
AN NOAYMEHHA  MakCHMMansHoro  sdebexta HeofaopMMo  xopowo
OPHEHTHPOBATECH NPH BIDOPE KOHKPETHBIX HHCTPYMEHTOE N3PaiIeIbHOre
MPOTPAMMHPOBAHHA CPEIH MHOMECTER CYILECTEYHOLPX,

B Hacroslge BpemMs CYLECTBYIOT PA3/HUHBIE METONbl  KI3CCH(MKALIMK
APXMTEKTYP  MApanienbHblX  BRIYHCIHTENBHBIX  cHcTeM.  [logpobHo
PA3THUHBEIE — METOOE  KIACCHOMEALHH — apXHTeRTYP  MapaielsHbIN
BERHYHCAWTEARHBIX CHCTEM HITOEHE B I]_.E].

Ogua WP BOIMOMHEIY  KIACCHOMEALIMH  apXMTeKTVD  MapalieIEHLIX
ELYMCIHTENLHEX  CHCTEM  COCTOMT B PARIENEHHH  NAPaIIeikHEX
ELIYHCIHTENEHEIX CHCTEM N0 THOY namsre (kKnaccudurauyun Troncona). B




HMenim ML TNMapatsenbiae: nporpaviaHponaiie © Bosasicnaiies OpenddP
ITOM  CAOV4aer B KMOCTBE  OAHOMD  HI  KIAOCOE  MOMHD  BLIETHTE
MapauieNbHbI2 BRIYHCAHTENEHLIE CHCTEMBL C ]}EII:‘I'I'I]I:"I.Il'EII'I:"HHEIﬁ MAMATERY
(distriibuted memory) woM MaccHBHO-NapanmensiLie  cicreMel  [MPP)L
OOBLIYHD TAKME CHCTEMBl COCTOST M3 HHGDPH BLIUHC/IHTE/IBHBIX YHIOE -
Kbl H3 HHX COABPRAT OUHH HH HEeCKDBRD NPOLeCcCopos, ORANEHYHD
[MaMATE, HPHMDH A0CTYI K W]TUPDH HEBOIMOMEH H3 JApPYIHX  Y2I0E,
mHM}rl'lHKﬂJJ,HOHHHﬁ npoueccop HiH CETEROI AarITep, @ TaAEEE MOGKET
COAepHaThL ARCTHEAR AHCEH H j.l'(TpDﬁI:,TFtEI EROJ/BELIROIA, B
MACCHEHOMARATENLHEIX CUCTEMAX MOCYT OEITE W CNENHANTHIHPORAHHLIE
VIPABSHOLLHE  V3Ibl W Y3Ikl  BEOA/BLIBOOA. Wikl B MACCHEHO-
Mapa/UTeNEHEIX CHCTEMAX CEATaHRBL MeR Ty o0 Hepes KoMMYHHEALIHOHH YRy
Cpeny (BblmmcmpDﬂHﬂﬂ CETh, HOMMYTATODE nHBo - KX pazMHYHbIE
KOMOHHALIHH).

B kauectee BTOPOrD KNaCCd MOMHD BBIAENHTE dPXHTERTVPED Napdlie/bHbLIX
BRIMHCIMTEARHEX CcHCTeM ©  obmedl  naMarsie (shared memory) wm
CHMMETPHYHEIE MWIETHIPOLUECCOpHLE cHoTeMil (SMP). Takne cxcremil,
Kk TPABHIG, COCTOAT H3 HECHIIBKAX OIHOPOIHELX MPOLECCOpoE 1 MACCHBA
obwei namari. Kasgpiil w3 npoyeccopos umeer npsamoll gocryn & moGoi
AYEHKE MaMATH, [IpHYeM CEOPOCTE QOCTYIIA K MaMATH A8 BCeX NpoLeCcCopos
ojiHaKoea, OOBIUHO NPOLeccopsl NOAKTKMAKTCA K NaMATH € NOMOLBI
ofEi UBMHE AHO0 © MOMONER CTELHATEHEIN KOMMYTATOPOR,

OHAKD  KpOME  JIBVY  BLINETICPOUMCICHHEIY  KIACCOB  CVIIECTEVIOT M
HEKOTOPLIE WX THOPH L

B kawecTee nepeoro FHﬁD}':I,.'J,HDFD Klaccd Ha30BeEM  CHCTEMbI  C
HEQIHOPOIHEIM A0CTYTOM K namaTd (Non-Uniform Memory Access) - Tak
HasupaeMeie NUMA-cucTemul, Takie nmapaniaensHele BREYHCTIHTETEHLE
CHCTEMBL O0OLIYHO COCTOAT H3 OUHOPOIHEIX MOAyIel, Kasislil 13 mTopbIx
COAEPAHT OUHH HIH HECKDIBKD NPOUBCCOPOs W JIORAIBHBIA A Kas4000
MomynA Gnok namati, ObeegHHeHHe MoTyIed Mexay coboll oCYECTBARTCA
[PH MOMOLIE CIELHATEHEX BRCORICHOPOCTHEX KoMmMyTaTopoe (Mumalink),
B Takux BEMHCIHTENEHEIY CHCTEMAX AJPECHOE MPOCTPAHCTRO ARAETCR
obupn. Tlpavoil qocTyn K yoaneHAoil NaMaTH, T e K J0KIEHOH naMsTe
ApyTHx Mogyiell, nopgepameasTca annapardo. OgHako Bpema gocTyna
Apolleccopa OOHOTO MOIVIA K MaMATH JPyroro MoOyia 3aMeTHo Gofble
BPEMEHH JOCTYNA K JOKANBHOW NaMATH MOOIHOMD MOgyna, JTo BpemMA
MOMET CVILPCTBCHHO paslHvaThCAd W 3ABMCHT [ABHBIM  0BpasoM ot
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TONOMOrHHA  COoeJHHEHHA HWEH. U'-lE‘BH..!'J,HC'. YT 3ITOT TDETHH Knacc
ARTACTCA HI:‘FH.'.ITﬂFlDﬁ KOMOH Hﬂlll‘l(‘ﬁ NEpROrD W BTOROID KIacCoR.

B KatecTee BTOPOre THOPHAHOTO KIACCA OTMETHM PA3THYHEE KOMOHHALIHH
COEJHHEHHA CHCTCM TPEX BRIIICTICREYHCACHHBIX THITOE, TEF{HE" CORJHHEHHA
MOCYT HMETE BECLMA CIMKHLIT HEpapxMYeckHil xapaxrep. Boimosno Takwe
COEOHHERHE KNACTEPOE HIIH HX OTAR/BHBIX YACTEH Hepes I"]H'I'E]_JHE'E Takwne
BLIYHCAHTEMLHBIE CHCTEMBI PasEHBAOTCA B PAMEAX  MeIyHapOIHOTO
npoexta GRID (cm., Hanpumep, [1.4-1.51).

CoBpemeHHLI® HarnpaB/leHHMs pPa3BHTHA MapallebHBIX
BBIMHC/TMTE/TBHBIX CHCTEM

B wacTomnge BpeMs  HaMANOCE UHMPOEDE WCMOTRIORIHHE JIEVACDHBIX
rmukponpodeccopor Pentium D, Xeon, [taniom 2, Opteron u [BM POWERS. B
Basmaiwed  NeponekTHEe  OMMIEETCA  [OABJEHME TIPOLBCCOPOE W C
GonsumM KoaHUecTEOM saep. [lpeqcTaguTenH momnaniy nel ywe ofuaeHmm
O MNpejCTOALEM Hauade BblNycka B Onusaiee ppema  G-AiepHbix
npoteccopor Clovertown, K 2009 rogy womnanus Intel npeanonaraet HauaTk
MPOMIBOICTED  250- apepisix npoieccoporR. @upma IBM e 2007 ropy
Hauana ewnyck npogeccopa Cell © 9 agpamu, kakJoe W3 KOTOPBIX
BBITTOHAET QD,HUBPEMEHHO no Jgsd NoTokd. KJ]EE'I'E'[J, IIOC'I'pDE‘HHh.Jﬁ Ha 3THX
npotieccopax, Gbil NpojeMoHCTpHpoBaH Ha BeicTagke CeBIT B mapte 2006
roja B 'aHHOREDE,

OITMETHM, UTO BCE SIPa - KAK HERDTOPEIX VAKE BBINYCKAEMBIX NPOLECCOpoE,
HanpuMep Pentiom D w 1BM POWERDS, Tak 0 nepcnekTHEHBIX NPOLeCoopos
Cell - moryT BRNOAHATE QIHOBPEMEHHO MO JR3 NapAnIensEHBIX NOTOKD.
Takum obpazom, gawe NEPrOHANLHBI HOMIBOTER C OOHHM MPOLECCOPOM
Pentium D nossonser BeINONHATE gquospeMedHo qo 4 npogeccos. To ecrs
O0BIUHBIA NEPCOHANBHBIH KOMIIBIOTED C OQHHM H3 TAaKHX [POLECCOPOB
ABAETCA TApaiinefbHod BeIVHCIHTENBHOH cHcTemoll ¢ obigl namaTbio
(SMP-cucresmoi ). [losToMy oCROPHHE 3MPEKTHEHOID HHCTPYMEHTAPHA 118
IT[]'JDTPEIMT-TH]'.II.'}REIIIHH Ha TaEHX CHCTEMaX ABMACTCH OYEHIE EIH"I'}?BHI:E'[I."IE H
BaHHMT 330a4ei NOATOTORKH M NEPENQIroTORKH CTIELHAMHITOR B 0f1acTh
[POrPaMMHpOBaHiA.

B cemmn PAIEWTHEM NapanienkHREIX EOIMOHHDCTER COBPEMEHHLIX
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MHEDOMPOMIECCOPOR B HACTOAUEE BRPCEMA MOABHO BRIOCTHTE TPH GCHOBHLIX
HaAMPaBAEHHA B DAZBEHTHH NMapanigibHLIX BEIYHCTHTENEHBIX CHCTEM,

Bo-neperix, 3T0 MHOTOAZepHOCTE  (Mulicore), worma HeckodskD  Aqep
HANIATCA B KDQOYOE OHOTD NPOLeCoopa,

Bo-BTOpEIY, 3T0 TEXHONOTHH © ABHBIM IapaiieawsMomM soMasg (EPIC -
Explicithy Paralle]l Instruction Computing). ApxHTerTYpa BCeX coRpeMeHHEN 64-
paspaanex npogeccopoe Intel nocTpoera Ha MCNOALIDBAHHA TEXHOIOTHN
EPIC. [lapammenusv cerggHs cTal  [MEBHBIM - PECYPOOM  HApaLMBAHHA
BEIUHCTHTEILHOH MOLHCTH EOMITBHTEPOE. {:F'LI.ECTB EHHEIM MperATCTEHEM
K TNapanielsHOMY BRIMOAHEHHH NporpaMy  ABTAKTCA Tk HasbiBaeMbie
TOUKH BOTRICHWA, B KOTODREIY PEURCTCA BOTIPOC, IO KAKDMY H2 HECEDTREEHX
BEOIMOMHEY NYTe NofAeT BMNOAHCHHE MPOTPaMMEL TOCTE ITOH TOWKH,
Yen Gones COBEPUEHHLIM ARASETCA MEXAHWIM TPEACKA3aHMA BETEIEHME,
TEM Ayulle Moker OblTe pacnapannensHa nporpasma. [pn Hanouamn
HIOBITOUHBIX BRIYHCTHTETLHEIX pecypCoB MOMHO HUATh BREIMOAHATE Cpasy
JBd BOIMOMHEIY HANPARIEHHA DEHE!OTI:-[ nporpaMmMel, He Q04K 08ACK, NOKS g2
OCHORHAA BETEL A0HAET A0 Toukd meTeieHud. [Mocne Toro kak nporpamma
JOCTHTHET TOUKHM  BETRIBHHA, MOMHOD VAHE OHIHYATENRHO BLIOPATE
PEIWIETATEL, MOIYYEHHBIE 10 QIHOH H3 BOSMORHBIX BeTEEN. Cywpocts EPIC
SAKIHUAETCA B TOM, 4To GA0K NpejckasaHuii BETEAEHMH BBIHOCHTCH M3
ANMapaTHoH AOTHKH NMPOLECCOpa B HOMITHAATOP. AHANHIHPYA [TPOTpaMmy,
EOMITHIIATOR €aM ONPeJeiaeT NapulieIsHee YIACTEH H JA6eT TIPOLeccopy
ARHEIE WHCTPYKIHW MO0 WX BRNMOIHEHWH - OTCHJIA W CIRIYET HaIRaHHE
apxuTerTypsl EPIC. Monepuuzanus soMnuaaTopa rHOUE W npomg, uem
MOOUIMEALIMA  ANMEPATHON  9acTH  NAPanIeIsHOR  BRIYHCTHTENLHOR
CHCTEMBL. Hanpumep, MOMHO YCTAHOBWTE HOBYH BEPCHHD KOMITHASTOPE M
MOCMOTPETE, HaK 3TC OTPAIHTCA Hd  CROPOCTH paﬁnm MpHETaOHBIX
MPOTPAMM, CO3JARACMEIX C MOMOLE 3TOM0  KoMOHagropa. [pH sTom
CASYET WMETE B EMJY, YT0D WIMEHWTE YCTPOHCTED TPOIECCOPA B VHE
PAbOTAIOUEH  BEMACTHTEALHON CHCTEME HEROSMOMKHO. YCTaHOBNEHHLIA
[POUECCOR MOMHD TOABKD 3aMEHHTL Ha HOBLI, NOIOIRELpi 4um jaHHoil
CHCTEMBL  NPOLUECCOR, BCid  TakDBOH  HMeeTci B Haniuvd. Tlostomy
apxuTexTypa EPIC  nozsonser Gonee  addexTHEHO  mogMdsMpoBaTE
DﬂﬁDTﬂ}'D].[J}'!f_‘ BEMHCAATEALHBIE  CHCTEMEL  3d CHOT  YWCTAHOBEH fonee
CORCPIENHEY BEPCHI KOMITHAATORA,

B-tpethux, 310 MHoronoToMHoCTR (TLP - Thread Level Parallelism), worga r
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K omM giape NpoUecCcopa BeINOAHAETCA OQHOBREMEHHD HECKDNBRD NOTOKDE,
KOHEYPH PV Mesy cobod,

I'mapHaAa 3aga4a B PasBMTHH  BREIDCOCPCUHCICHHBIX HE.II'IDHB,’I[‘HHFI -
CYIUPCTEEHHOE  MOBBILEHHE  NPOHIBOIMTEARHOCTH  BEIMHCIHTENEHBIY
crcTeM.  Bes  pasBMTHA  NApaENEHLEIXY  TEXHOAOTHH  PELMTE 3304y
[OBLILEHN NPOHIBOOHTENBHOCTH BRIYHCIHTENLHEIX CHOTEM B HACTOALPE
BpeMA  He NpeqcTagndeTcd BO3MOAHBRIM, NOCRWIBRY  COBpeMeHHBIE
TEXHOAOTHH MHEDOZIERTPOHHEA  MTOO0LIH K TEXHOAOTHYECKDMY Eﬁ-'lpl:lE'p‘g".
MPETATCTEVIOLEMY AATEHEHIEMY CVIECTECHHOMY YBE/IHUCHHIO TAKTOBOH
YacTOTW  pafioThl  NPOUEccopa W HAMOTORACHWH)  NIPOLECCOPOE 1o
TEXHOAOTHAM, CYLIPCTBEHHO MEeHLIMM 15 HanoMeTpos.

MEPK}'?J]DB]J.IE‘ COEJHHEHHA B NApa/lNe/IbHbIX CHCTEMAX

ELLI'.LI:-\LLL}-'I'U Pk B CoBpEMEHHBLX BBICORMIPOHIBOAHTEIBHBLX
BBIUHCIHTENBHEIX CHCTEMAX HIPAKT TOMONOMHE COeJHHEHHA TIPOLecCopoR
W MesyEnoese coegdHeHmAa, Ha puc. 1.1 npeacTagiedHbl HEWOTOPbIE
THNMHYHEIE TOMOLTOrHH COeHHEHHA BEIMHCTHTENEHEIX YanogR B
BEICORDIIPOHIBOAHTENLHLIX  BLRIYHCOTHTEMEHRLIX CHCTEMAN. ﬂTF-'[E'I']-!M, UTO
BLI'EDP TONoAOIMKY B COOTBETCTEMH €D LT[EL[HL[:MWJﬁ PELAEMBIX 30044
BEHHE'J"}'I:O NO3B0aReT 'C_'!.-'LLQEII'I'BEHHO MNOBEBICHTE ﬁblCTpﬂ,.‘J,E‘ﬁl:'l'BHE CHCTEMEI
[pH pellieHHE KOHKPETHOTO KIacca 3afad. ECTecTReHHO, epexny K pelieH o
JpyTOro  Wiacca  3agad  MoMeT noTpefoBaTh  MIMEHEHHA  TOMOIOTHH
COEAHHOHHA YINOE CHCTCMEL.,

KoMMYHHKALMOHHBIE TEXHONOTHH HIPAKIT BAKHYID PO B ORICTPOAeHCTEHI
BRIYHCAWTEABHBIY CHCT2M, B HaCTOALR: BRPEMA Ha NPakTHEE MOOYYHAIH
PACAPOCTPAHERHE CIEAVIOWHAE THME! TPOTOKVI0E MERYIIOREIX COBAHHEHH!
Ethernet, Myrinet, Infiniband, SCI, Quadrics 1 Numalink s cucrem ¢ NUMA-
namatsto, paspabarsieaemby dwupmoii Silicon Graphics. Ha  dwianueckom
YPOBHE MEKYIN0BBIE COBAWHEHHA OPTaHH3I0BAHE! C NOMOLLBH CHEeLHanbHbIX
Kabeneid, KOMMYTATOpOE MW HHTepdeRcHBIX  T7aT,  COOTBETCTEYVHIILHX
FOHERETHOMY THOY Mexyanoporo  coeguienns. Hotepdeficime naats
AOTAHLL OBITE YCTAHOBIEHLI B KasOeHA yien wiacrepa. Kak npasdno,
[TPOTORLY MERYINOBOID coelMHEHHA COOTBETCTEYHIT CleH dllbH ble
CHCTeMHBIE BHONHOTERH QWHELHIT obMeHa coobILEHHAMH, NMOCTABIAEMEE B
KOMITEKTe ¢ Kabenamd M HHTepdelicHBIMA nnatamu. Jaa nomyuyeHHA

MaKCHMATRHOR NpOHZEIHTENEHCTH BRIMHCIHTETRHOMH CHCTEMEL
a
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E[Eﬂﬁmﬂ“h‘[ﬂ HCMONLIORATE  HMEHHD 23TH  OMOGTHOTERHM B npogecce
FIEBPHEIHTI{H NMpPorpasmMHor nﬁ{'{noqvuun, NOCKIBRY TNPHMEHEHHE HHBIX
GHMOMMOTER MOMET I'ID".II.'.Iﬁ NPHEBECTH K BECLMA IHAHHUTENLHOMY CHHAHEHHWID
[IPOHSBOIHTETEHDCTH BBIUHCIHTENEHOH CHCTEMEL.

fm,

HeyxMepHEm TOp lunepryt

S S— |

ToncToe
NEpeno

Puc.  1.1. TonoaorHH  coeTHHEHHA  BREMHCIHTENLHEIX  YUIDOR B
BRICORDIPOMSE M TENEHBIX BRIYHOIHTEIBHEIX CHOTEMEX

HHCTpyMeHThL CO3aHKs lapasvie/bHbLX [1POrpamMm

B HacToAwpe BpeMa NpH COZNEHHM NApanieisHbiX NPorpamM, HoTopbie
npejHazHaIeHbl 408 MHOronpolecCopHbly BEIMHOIHTENLHBIX CHETEM MPP
PACMPEAeTeHHONH MAMATER, 119 00MEHA JAHHEIMH MEKIY TapaTIeTEHEIMHA
npoUeccamu,  patoTamipEmMy B PasHRIX V304X CHOTEMBL,  LMPOKD
npHMeraeTca uaTepdeiic obMena coobwenuavy (Message Passing Interface,
MPI). Tlpx umcnonssoBaHUM 31010 WMHTepdelca ofmMeH JaHHBIMH MexTy
PATHYHBIMH MpoUecCaMd B NporpaMme  OCVIIECTEARETCA C MOMOLIRRDY
MEXaHHIMA Nepefdaud M npuemkd coobwenwii. Kpome MPL npu coznadmm
MAPIEIEHELY TPOTPAMM BOIMOMHEL H JIDVTHE MeTOIR! 00MeHa, HANPHMED,
OCHOBAHHEI® HAa HONOALIORAMUH wHKLME nporpaMMHoi cucressl PV
(Paralel  Virtual  Machine)  wan dwyesguid Guboumoresn SHMEM,
paspaboraHHoi komnaduame Cray u Siicon Graphics,

HPH COITAHHH napanmeniHiLIx  MPOrpaMsM, MPpEJHdIHAYEHHEIX  OMH
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MHOTOMPOUECCOPHEY  REMHCIHTENRHEIX CHCTeM ¢ obmpd namateio, B
HACTOALEE BREMA J0A ob0MeHa JaHHLIME MERILY NPOLECCOpaMH ODLIYHG
HOMOAB3VIOTEA MO0 METOOR  MHOTONOTOYHOTD  TROTPEMMHPORAHAA  ©
noMolplo HUTel ( threads ), mido gupextiesl OpenMP [1.6-1.13].
Auperktiesl  OpenMP  ABRAAIOTCA  CNEUHANBHBIMH - AMDEKTHBAMH 108
KOMITHIATOPORE. OHK CO30AHOT H ODPraHH3YIOT BRINOVIHEHHE Napa/le/IEHBIX
npoueccor  (HHTEA), a Take 00MEH  JAHHBIMH  MEALY  NPOLECCAMM.
OTmeTum  Tawke, uTo  00OMEH  JaHHBIMH - MEXIY NPOUBCCaMH B
MHOTONPOLECCOPHEY BRIMHCIHTENRHELY CHCTEMAX ¢ 00LeH NaMsTh MOKeT
OCYLECTEANTBCH 1 C IpuMeHermrem dwariui MPLyu SHMEM.,

B wonye 2005 rogs somnaddna Inel ofbasHiaa o CO3LAHHH NPHOOMKEHHA
Chster OpenMP 408 KOMIOBKOTEPOE € TIPOLECCOpaMH  CobCTBEHHOTO
npoH3eoacTea, Cluster Open™MP peaniayer pacipedse OpenMP, noseonser
DOBARMATE OOAACTH JAHHEIX JOCTVIIHRIMH BCEM YdlaMm KIacTepa M TeM
CAMEIM  pacnpocTpadaeT Meroisl OpenMP ma cosjanve napanaensHbx
NparpdamMs 408 napd/uienbHeElX BEMYMHUIHTENEHBIX CHOTEM C PHE,L],EJ’IEHHU]E
NamATeo. D70 CpeacTeo obiataeT paioM NPEHMYLIECTE 10 CPABHEHHI C
MPI, maBHEIM H3 KOTOPBIX ABMAETCA NPOCTOTA paspaloTHH NporpamMM s
Chster OpenMP, nockoabky Nepefada JaHHBIX MEXDY v3IaMH KIacTepa
npoucxoauT HeaseHo, no npotokny Lazy Release Consistency, OTwmeTum, uro
roManmna Intel ne senaeTcr HmﬁpETaTE'JIEM ITOrD MOIxIE - paHese TdrkHe
MOMBITHY  npegnpadaManice B Anosws  (om., nanpusmep, [L14]) n
HERDTOPBIX APYIHX CTPaHax).

OCHOBHEIMH AMMOPHTMHYECKHMH AIBIKAMH MaPa/LTENLEHOT
NpOrpaMMHpOBaHHa  © Wonode3osaduem OpenMP B Hacrosge Bpems
ApmmoTcA  Forman | C/C++, CYVIECTEVIOT MHOMOUHCIEHHBIE BepCcHH
KOMITHIIATOPOR, pazpaboTaHHBIE PATTHUHEIMH MPOHIBOTHTETAMH
NPOrpaMMHOrD 00ecneyeHud, NOIROASIONNAE ORICTPO W EMED OPraHHI0EATE
MAPLUTENLHEE  BRIYHCIEHHA © noMougo  Metoqos  OpenMP Ofeiumo
JHMPEKTHER] pacnapalenHEaHHA OpenMP NPHMEHRIOTCS IR
pacnapaiienveanms  NO0CIEL0BATENEHBIX  nporpamy. Tpn 31oM
nocnefopaTeNbHBIE NPOrpaMMbl He TEPAKIT CROEH pEEDTOCHOCDﬁHDCTH.
BepHYTRCA K MOCAEJ0BATENRHOE BEPCHH OYEHE TIPOCTO: JOCTATOMHO TIPOCT
yOpaTe OmHIo - openns BoOREIORE KOMTHAATOPa TIPH  EOMITHIAITHA
[POrPaMMEL.

Kpome soMOHAATOROE, NPH COZTAHHH TEAPA/UIEILHLEIX TROTRAMM L PORD
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HCMOAB3YHITCA CNELHANHIHPOBAHHBIE OTAA0MHEM H CpealTEa HE.ETDDF{HH H
ONTHMHIALWH NMPOrpaMM, a Takke PAATHYHBIE CPEJICTES B TOMATHYECKDTD
PacnapanieniBaHH,

B HacToAlpe BpeMA HA PhIHES NPOrPaMMHOM oDecnedeHHA NPejcTaRieH
AOCTATOMHO WHPOKHH CIEKT) KOMMEPYECKHX MPOrPEMMHLIX TPOIVETOR 1718
dBTOMATHHECKDID PACHaPa/VTe T BdHEHH. Kak NPasHilg, 3TH CHCTeMbB! COCTOHAT
H3 rpaduueckix  CpejcTE  TIPeNCTaBNeHHA MapallelbHBIX  TpOTpamMM,
MpenpoleccopoR 118 reHepaliHH NporpaMM Ha a3wikax Fortran (77, 30, 93) W
CACH, CNelHATHIHPORAHHBIY TPACCHPOBUMKIE H OTIAJUHKDE, a Takse
CREJCTE BHIVATHIALHH,

Komnauwa Intel paspabaTHIBAET HE TOARKD MPOLECCOPLL 1A MAPALIETEHLLY
BLYHCTHTEALHEIX CHCTEM, HO W BRI CIeKTR HHCTPYMEHTOR AAA OTAa/RH,
ONTHMUZALHMH M HacTpoidky  sdeperTienoid  paboTel  napanaensHbix
nporpams. B HacTospe BpeM B KOMIIAHHH paspaboTadbl HOMITHIGITOPGL
Fortran W C/C++ ¢ BOSMOMEHOCTHMH CO30aHHA napanfieleHBIX NporpaMM
cpegcTramy OpenMP va noaTdopmax Linux ¥ Windows, a Takke cpeicTea
AHATHIA NPOMIBOIMTeNEHOCTH Nporpasy VTiune Performance Analyzer u Intel
Theead Checker, noamoAmonpe HaXMyUTE  KPHTHUBCKHE CEKIMH R
MHOTOMOTOYHEIX NPOTPAMMAX M CYLECTEEHHD VORDPATE MX BRINOJHEHME,
Kpome Toro, paspadoradsl GubaMoresn cradgapraei gyaeugmii Intel Math
Kermel Library, Intel Closter Math Kemel Library s Intel Integrated Performance
Primitives, NOIROIMONMHE CVIIECTEEHHO YCEODHTE paboTy MapaiieisHLIE
nporpamy no opaboTke Kak yMcnoroi, Tak W rpadwueckoi Madopmann, B
some 2005 roga KoMNanHa aHoHCHPOBANa ToSRTeHre npopykTa [ntel Cluster
OpenhP, nosponmowEnd  pacnpocTpaddTs  TexHonorud OpenMP wa
KIACTEPHBIE CHCTEMEI € PAFIRNEHHON MAMATRIO.

].-.[PH. OT/dke NdpALIe/lEHBIX [POrPpaMM Tdiske HCIIOBIVETCH ].'I,E'.'Ihlﬁ PHA
CHEHAMHEHPOBEAHHBIX OTN4YHRDE, CPE,LI,H HHX OTMETHM:

* idb - cumBoaMuECKHE oTaagurE, paspaboTaniei KEDpnopauyei Intel
Mocrasnsercs BMecTe ¢ BoMouarropamy. Toglepsusaet oTaaxy
nporpaMm, HalHCAHHBIX Hd  aTFMOpHTMHYECKEHK A3bIEdX Fortran ®
CIC++;

¢ gib - cerobogHO pacnpocTpaHAemeld oTaaguuk GNLU. [logoepsieaet
OTAAKY MROTPaMM, HATTHCAHFEIX Ha aMTOPHTMHHMECKHY faskax C/C++
u Modula-2, a Tawse wa anropuTMmHveckoM Aieke Fortran 95 npn
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YCTAHOBKE JONOAHHTENBHOIO Moy gdbS5;
¢ ddd - rpadwueckiil uTepdedic K oTnagunky gdb B HeKDTOPEIM JApVTHM
OTAAAUHEKAM;
¢ TotalView - JHUeHINOHHBIE rpagmueckiil oTnajguue Qs oT1a0Ke
npuaoHeHni g cpejax OpenMP u MPL
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OcHogHble KOHCTpYKUHK OpenMP

Hacrodugsa Jesda  MOCBALEHA  HITMKEHWI) OCHOB  TapajienbHoro
MPOTPAMMHPORAHHA ¢ HConokaoeaHueM OpenMP. B vanane oficywgaroTes
OCHORHEIE MPHHLIMOE Nporpavvypoeakna B OpenMP » pacomarpuraetcs
MPHHLMOHANLHAA  CxeMa nporpamuupoBanns. [IpueogsTes  sOHKpeTHBIE
peanuIauy ynpasnsoumx adperrns OpenMP nia nporpass, HanucaHHbIR
Ha anropHTMHYecKHX a3pikax Fortran W C/C++, TlepeudciaoTed ocHOBHER
npagnaa npUMededua gupektie OpenME, HCNONBIYVIOWHCA 408 OTTHCAHHA
JAHHEIX W OPTaHH3AHH  MapaniensHeX  BRMHCTEHHE,  O6cywgarToa
BOMNPOCE BHAMMOCTH  JaHHBIX W KDOPPEKTHOCTH  JI0CTYNAa K JIAHHBIM,
PHCEMH’TFIHBE]UT‘C!I METOAED  PACTIAPAMAEIHBEAHWA  HHEIDE W KOHTPOMA
pacnpegenesus  paborel  mexgy npoueccopamu.  [pusogares cnocobs
BamaHcHpoBKH paloTel ApPOLECCOPOB C MOMOLRK JHpekTHe OpenMP, a
TAIGKE 333HHA BHELUHMX MePEMEHHBIX OKPYHEHHA © NOMOLBH (yHKIHI
CpenhP,

OcnosHble npuHUrnsl OpenMP

OpenMP - 3mo uaTepdeiic NpUKNaHOM NPOMPaMMHPORAHHA [T COXAHHA
MHOTOMOTOUHEIX  TIPH/IGKEHHE, NPEJHATHINEHHEIX B OCHOBHOM IR
NEPAUIEIGHBIX BBIYHCIMTENBHEK cHcTem © obweid navsmew. OpenMP
COCTOMT W3 Halopa JUpeKTMB 1A KOMOHAATOpoR W OHOMHOTER
CHEHANEHEX dyHKkEi. CTadgapTtel OpenMP pazpaGaThBATHCE B TEUEHHE
NoCAeHUE 15 BT NPUMEHWUTENLHD K APXHTEKTYRAM C OOLEH TaMATERD,
Ormcanse ctangaptor OpenMdP v ux peann3anmy npH NporpaMMHpoBEaHHA
Hia anropyTmMrdecsdx sasikax Forran o C/C+H+ mosHo Haiita B [2.1-2.6].
HauGosnee noiHo BONpock nporpaMMyposadus Ha OpenMP paccmorpedsl B
mMoHorpadeiax  [27-2,8]. B nocneaHe  rogbl  BeCkMa  aKTHEHO
paspafaTHBACTCA PacCIIHpeHHe cTaHjapToE OpenMP and napanielsHbIR
BRYHCAHTENRHEX CHCTEM © DACMIPEENeHHOH MamMATER (CM,, HanpuMep,
pabore [2.9]). B sonoe 2005 roga somnaswa Intel anoncaposana npogysr
Chster OpenMP, PEATHIVHILLAH PACiMpeHHe OpenMP aaa
BBIYHC/AHTENBHBIX CHOTEM © PacnpefeneHHol namaTeio. 3T0T [POLYKT
NOABOAAET o0bABAATL O0IACTH JAdHHBIE, JOCTYNHBIE BCEM ¥3/0dM K1aCTepad, H
OCYIECTRIATE Nepedady  JaHHBIX MEAyY V3IaMH  KIACTEpa HesBHO ©
nomMongo npotomta Lazy Release Consistency.
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OpenMP  noseoadaeT  Aetko W GBICTPO  CO3JARATE  MHOTOMOTOUHBIE
MPHAGHKEHHA Ha anropHTMHYeckHx makikax Forran w C/C++. Tlpu aTom
aupertiekl OpenMP ananorvyisl JHPEKTHEAM MPENPOLECCOpPa I8 ALK
C/CH+ W ABAMKOTON AHANOMOM HOMMEHTAPHUEE B afTOpHTMHUECKDM H3kIKe
Fortran. 3710 nozeoaser B 000 MomedT paspaborid  napanieisHoi
peani3ayMM MPorpaMMHOND NPOaYETa NpW  HeofuguMOCTH BEpHYTBCA K
MOCIeJ0RATEARHOMY BADHAHTY MPOTPabMMEL.

B Hacroawge epeda  OpenMP  nogaepaMeaetcid  GONBILUHHCTBOM
DEBDﬂﬁOT‘iI‘IH}B MAPLIENBHBIX BRIMHCTHTEMEHEIN CHCTEM, ROMITAHHAMH Ireel,
Hewlett-Packard, Silicon Graphics, Sun, TBM, Fujitsu, Hitachi, Siemens, Bull n
Apyremi, MuorHe H3BecTHRE KOMOAHWH B 0b1acTH paspaboThe CHCTEMHOTD
[pOrpaMMHOIT  00BCIIEYEHHA TaKKe YIEeIM0T SHaUMTelbHOE BHUMaHHE
paspaboThe CHCTEMHOIO MporpamMMHoro obecneueHna ¢ OpenMP. Cpegu
3THX KoMnadHi otmerim Intel, KAL PGI, PSR, APR, Absofi u HewoTOpbie
APYTHE, JHMHTENREHOE YHCOI0 KOMOAHMH #| HiayHHO-HOCAC 0RATEIBCKHX
OpraHnzanni, pazpadaTHBAIOUFX MPHKTYIHOE NPOTPaMMice obecnedeHne,
B Hacromuee  Bpema  uononesver  OpenMP npa paspaborke  ceonx
FpOrpaMMHBIx Npoaykros. Cpein 3THX KoMIaHHi ¥ OpraHi3anni oTMmeTim
ANSYS, Flent, Oxford Molecular, NAG, DOE ASCI, Dash, Livermore
Software, a Tawke W poccHAckHe womnadud TECHC, LenTpansHyw
reofEiIMHeckyl 3KCAEHIHID W POCCHHCKWE HAy4HO-MCCIEA0BaATE/ThCKHE
Oprafrzanue, Takde kak Hocturyr marematiueckoro mogendpoearnua PAH,
Hucrwmyr npurnagnoi matemarurs uv. Kenpeie PAH, Briascmerensrei
pentp PAH, Hayuno-vconegosareibciii BRIMHOIHTENBHBIH Lentp MDY
MHCTHTYT 3MMdeckoil gisnen PAH u apyrue.

[TpuHUMNHanEHas cxema nporpaMmupoeadua B OpenMP

Joban NporpamMsa, NOCIeA0BaTEIEHDA HIK IapaliinefikHad, COCTOHT H3
Habopa ofnacTed JEYY THNORE: NOCARIORATEALHEY obnacTeld W obnacred
pacnapannenueanug,  [pH BRINODAHEHHH  NOCIEI0BATEALHEX - 00nacTed
MOPOAIAETOR TOMRKD OIUH IMaBHeH noTok (Mpogecc). B sToMm #e noToke
HHHUHHPVETCH BBIMNOJIHEHHEe MPOIpdMMEBl, d Takde OPOHCRIHT e
JBeplUeHHE, B ﬂﬂCﬂE,ﬂ,DBaTEﬂbHDH Mporpanse B ofnacTax
PACNAPATLIETHRAHHA MOPOAIACTCH TakoKe TOMBKD OOHH, DABRHBLIA MOTOK, W
ITOT NOTOK ARMACTCA EGHHCTREHHEIM HA MPOTAKCHHW BRIMOIHEHHE BORi
nporpaMMel. B napannensHoi nporpamMye B o0nacTax pacriapaineHEaHis
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MOPOAIAETCA ek pag  mapanaensielx moTosos.  [loposgennnie
MApaAneIbHE e MOTOKH MOMYT BRIMOAHATECA KAK HA PAFHLIX NPOLECCOpa,
TAK M HA OJHOM MPOUECCOpe BLIUHCIHTENRHOR cueteMul. B nocnegpem
CAyUae napaiiefsHele NPoUecthl (NOTOKH) HOHEYPUPYIOT Mexsay cobol 3a
JOCTYIT K Npoueccopy.  YpasneHHde  KOHKYPEHUHER  OCYLRCTBASeTCR
MAdHHPOBLLMEDM DI'[E[}ELI,HDI-]HGFI CHCTeMBI € NOMOWBHY CNelHaNBHLIX
ammopHTMoE, B omepauMoHHol  cucTeme  Linx  nAAHMpORLME 32084
OCVIECTEAACT  00pafoTky  NPOoLeccoR  ©  NOMOURD  CTaHjapTHOR
kapycensdoro { round-robin ) anropdrMa. TIpH 3ToM TO0BKD
SAMHHHCTPATOPE] CHOTEMBL HMEHT BOMOMHOCTE H3MEHHTE HIH 3aMEHHTE
ATOT A/IMOPHTM CHCTEMHBIMH CPeaCTEdMH. Takwm DﬁPEEDM. B NapaniebHbIX
mporpaMMax B o0dacTAX  pacHapaLUIeIMBAHHA  BREINOIHASTCA  pPA
Mapaamensiely  noTokoe,  [IpHAIENUansRas cxeMa  mapanmiensHoi
MporpamMmel H3odpdacena va puc.2. 1.

" namaeah nomox

W=\
=

X a

| ObnacT PRI R MR AN |

Puc, 2.1, llpHHUHMNKHAILHAR CXEMa NAPALISNEHOH NPOTPaMMBl

[pi BBIMOMHEHHH [ApauienbHoil nporpavMel  paboTa HAaUMHAETCA C
HHHLUHATHIANHH H BRITTOIHEHNA [MARHOTO TTOTOKA (TTpOLecca), KOToPEH 1o
MERE  HeODMYIHMOCTH  COJAET M BRINOVHACT NapaaieikHEIE NOTORH,
Mepefagans WM HeooguMee gandee, [lapanieniee NoTokM W3 OIHoi
[EApLUIEnsHoi 00NacTH NPOrPaMMel MOIYT BRITOJIHATBECH KdK HE3QRHCUMO
ApYr OT Apyra, TAK W C NePechLIKOH M noaydyeHHem cooDweHuil or apyrux
napaanenbHbix noTokos. MocieaHee obCTOATENLCTRED VOTOMHAET paspaboTry
MPOTPAMME], TOCKDARKY B 3TOM  COy4ae NPOrpaMMHCTY  [IRHXOIHTCR
IAHHMATECA TUTAHHPORAHHEM, OPTAHHIAWER W CHHXPOHHIANHEH MOCKUTRA
coOBIWENHA  Medgy napauiensHeiMe noTokaMu.  Tawam  ofpaszom, npa
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pazpafoTHE NAPAMIENLHONH TPOrpAMMBEl  AKENATeNLHO  BREIJISAATE TakHe
oOAacTH  pacnapanieqHEAHHA, B KOTOPRIX  MOMHO  OpraHHInEaTh
ELINOIHEHHE HEIABHCUMEIX Napae:HeX noTorne. [na obMena qanisivm
MERY TTapLUUeNbHBIME poleccami (noTokamu) B OpenMP nenonesyrores
obupe nepemeqsbie. Tpu o0paweHsl K oM NepeMeHHEBIM B PaziduHbx
NapaienbHelX NOTOKAX BO3MOAEHD BOZHHEHOBEHHE W]HC]JJ'IHKTHH:'& E‘HT}'ELI,HH
MpH J0CTYNE K JaHMBM. JUIA NpeJoTEpallEHHa  KoHGUIHKTOR  MOMKHO
BOCMONBIORATECA MPOUETYPOH CHHXPOHWIANHK [ synchronization ).
IMpu sToM Halo MMETE B BHAY, 4TO NPOLEAYPa CHHNPOHM3AlHH - OueHb
JOpOras  onepanda [0 BPeMEHHBIM  3ATPATAM M KENATENBHO 10
BOIMOAHOCTH H30eraTh ee MM MPUMEHATE KaK MOEHO Dese. Jna aTore

HeolMyIMMO  OUEHR  TIATEARHO NPOIVMBIEATE  CTPYETVDY  JAHHBIX
MIPOTPAMMET.

BrinonHeHHe TapaiiedbHRX MOTOKIE B MapaTiensHoH o00acTH MporpaMMe
HaYHHAeTCA © HX HWHHIHATH3AIHH, Ona  sakmoHaeTed B CO3IaiHNI
ASCKPHOTOPOE MOPpOMA4eMbIX NOTOKDE H KONMHPOBAHHH BCEX OAHHLIX M3
Uﬁ!lﬂf’l’}':l OdHHBX [MAaBHOI® NOTOKa B obnacTH AdHHEIX CO30aBdeMblX
NapuUIeNbHBIX MOTOKOR, JTa ONepalHa JpesBbMaiiHo TPyIoeMEA - OHa
IKBHBANEHTHA MNpPHMepHO TpygoeskocTH 1000 onepaumi., DTa oUeHKa
UPEIBLIYANHD BAXHA TIPH paIapaloTe NapanIesHEX NPOTPAMM © MOMOLRI
OpenMP, mocknaLKyY o8 HMHOPHPORAHWE BEJET K COITAHHI0 HeypherTHRREIR
I.'[HPH.."I.-'[E'."]L]-IB-IX rIFIDr]}HMM, HUTDPHE OEAILIBARITCR 3[1‘-]&:1!‘_'1}10 MEATNEHHEE HX
[lﬂC.']E,fJ,DBﬂTE‘JIthIX dHANOIOE. E Canonm ,LI.E.I'IE': AUTH TOr "-I'I'lelbl I]DJI}"-lIr'l'I'b
BBIAIPLIL B BRICTpodeiicTEMH NapanielsHold nporpaMMer, HeoxoaMmMo,
yrTolbl  TPYIOEMKOCTE — MApalienbHelX  TNpoleccor B 00AaCcTAX
PACNAPANIETHRAHUA  TIPOTPAMMEl  CYILECTREHHO — MPEROCMYTHIE Okl
Tp}';:l;L']-EH[ﬂ'JETI; nﬂpﬂ}ﬁ'ﬂlﬂlii{ﬂ HEPE.HJIEF[I;E[LIX TIOTORDE. B I'Ipl'JT']f!E]!HI'-'[ D‘[}'T-IBE'
HHEARKOITY Eb[Hl‘_pI:llLlii §{4] EII:[LTFIU,LI;E'EL'IEHHJ llUJI}“-[F{Th He }HH.LTL'H, d ':IEl"-J.frlT_'I}"I‘U
MOHHD OKA3aThCH JJ,E.."KE' HEBE [lpDHI]}bILLE.

[Mocae aBepLEHWS  BRIIOJHEHUA [EPULIEIEHEX [OTOKDE \IIPaBIeHHe
[POrpaMMoil BHOBR NEPeiaeTci [MaBHoMy noToky TIpH 3T0M BOSHHKAET
I.'I]_ZIU’EJ'IE'ME W]ppEKTHElﬁ nepejaud  JaHHBIX 0T [OapaineibHblX MOTORDE
CIARHOMY, 300CH BAMHYI0 POJIE HIPAET CHHXPOHWIALMA JABCPIIEHNHA PaboThl
MApAITENEHEE TIOTOROR, TIOCKNIRKY B CHAOY [enoro paga obcToaTenscTR
BPEMA BRIMOHEHHA Ja#e OIHHIKDBELIX 10 TPYIOEMEDCTH MaPa/IensHLIY
[OTOKOE HENpeckasyeMo (0HO olpeje/meTcd Kak HCTOPHe KDHEVPEHLIHK
NAPAIIENBHBIE TIPOLECCOB, TAK H TEKYLMM COCTORHHEM BhIMHCAHTENBHONA
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cHeTeMel), TIpH BRNOIHEHHH ONEPALMH CHHXPOHHIALHHE NapaniensHbLe
MOTOKH, YHE FABEPUMEBLIHE CROP BRINOAHEHHE, NMPOCTAMBAKIT H OHMAOT
FREPIEHWA PaboTel CaMoro nocaeguero noroka. EcTecTReHHo, npH 3TOM
HewslekHa noreps MpdekTHEHOCTH padoTel NapaLieIsHOH NPOrpammMbl.
Kpome Toro, onepalyi CHHXPOHHIALAK HMEeT TPYI0EMKDCTD, CPABHHMYID C
TPYVAOEMEDCTRED HHHUHWAIH2aUHH napannensHbIX NOTOKDE, T. e,
IKEHBATEHTHA TIPHMEPHO TPYIOEMEICTH BRIMoAHeH s 1000 onepaiymii.

Ha ocHOBAHMH HIN0HEHHOID BhILE MOAKHO® CIe0aTh EIIE',DJ'I-DLI.WITI BamHbIHA
BHIBQT: MPH BEEICHHH TapaiiekHeE o0nacTell nporpaMMel H pazpaboTre
MNAPAAIEIEHEIX  TPOUECCOB  Heolxogumo,  9Tofkl  TPAIOEMEDCTE
napaensiex npogeccos Owna ne wedee 2000 onepauwit genenunn. B
NPOTHEHOM  Cly4ae NapalleisHblil  BapHadT  nporpamwsr  Gyaer
MPOHTPBIBATE B OBICTPOAEHCTERH MOCNefoBaTeNbHoH nporpamMme. [
aperTreHol  paloTarowel  napannensHoi  NporpaMMel  3TOT  [pefen
J0HEH ORITh CYLECTEEHHO MPERBILIEH,

CuHrakcuc gupektus B OpenMP

Ocnopnete souctpysiue OpenMP - 2To AUPERTHREL KOMTTHAATOPa A
nparMel  (OHpeRTHER] npenpoygeccopa) ssmka C/C++. Huswe npueegen
0B B aupertiesl OpenMP nparmst.

#pragma omp KOHCTRYEUMA [npegaosxenne [npepnosendne] ... |
fMpumep 2.2. OSmpoi Bxn OpenMP oparmm msmka C/C++

B sskike Fortran aupestiesl OpenhP ssomes CTpokamMi- KoMMeH TapHAMH
creguanbHore THna. Huse B npumepe 2.5 NPUSEJedbl NPHMEDLL TAKHE
CTpOK B OﬁU.EM BHae. Jna OOBIUHBIX NOCaea0saTeNeHBIX  NPOrpaMm
JHpeKTHRRL OpenMP He HIMEHAIOT CTPYETYPY H NOCIEI0BRATENABHOCTE
BHMOJHEHHA onepatopoR. Takdm ofpazom, o0wYHAA NOCAEI0BATETLHAA
OpOrpaMMa  coxpanseT o paboTocnocofHocTe. BoJToMm B cocTOMT
FHOKOCTE paciapa/UVIeIHEaHHA ¢ noMolpio OpenhE.

Boncumucrso gupextue OpenMP npumensercas k cTpykrypHniyv Grnokam.
CrpysrypHele GaoKin - 3T0 NOCIEMOBATEIEHOCTH ONEPATOPOE ¢ OMHOI
TOUKDA BROAA B Hadame Baoka W aqHoR TOURDH BeIXNN0E B KOHLE DaoKa.
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cHOMp KOHCTPYRLHA [mpegnowenne [npegnosenne] ... ]
ISomp koHcTpykLMa [npepnoxenue [npepnosenns] ... ]
*Homp KoHCTpYKUHA [npegamkenue [mpegmosenne] ... ]

Opuuep 2.3. OfopE Bun gupexTHE OpenMP B nporpamMme Ha ASEKHe
Fortran

B npumepax 2.4 ¥ 2,5 NOKa3aHbl MPHMEPH! CTPYKTYPHOTD H HECTPYRTYPHOTO
G10KDE COOTBEETCTEEHHO BO @MMCHTIED{ NPOrparM, HAlHCAHHBIX Ha A3LIKE
Forman, Bugpo, wTo B NeprosM TPHMERE PACCMATPHREAEMEIH GNOK ARIAETCR
CTPYKTYPHLIM, MOCKMILKY HMEET QIHY TOHKY BX}IE M OIHY TOuky Bnixnga. Bo
BTOPOM [pHMEpe paccmarTpHBaeMsiil 0O0K He ABASETCH CTPYKTYPHEIM,
MOCKOMABRY HMeeT [Oke TOYKH BROAA. CrnefoBaTe/lkHO, HCIOIB30OBAHHE
KoHCTpYRLYKA OpenMP gna ero pacnapannenHBaHHA HekoppesTHO. M3 3Tix
[PHMEPOE BHOHO, 4To JHpekTHER OpenMP, npHMeHacMee K CTPYKTYPHEIM
OnokaMm,  ananoryyHLl  ONepaTopHeEM  ckobkam begm w oend  m
AMMOPUTMHYECKHX A3pkax Algol n Pascal.

chomp parallel

10 wrk (id) = junk (id)
res (id) = wrk {id)**2
if (conv (res)) goto 10

chomp end parallel
print *, id

Npumep 2.4. [puxep CTPYETYPHoro GAoxa B OporpadMe Ha A3LKa
Fortran

chomp parallel
10 wrk (id) = junk (id)
30 res (id) = wrk (id)y**2

if {conv (res)) goto 20
aoto 10

chomp end parallel
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if (not_done) goto 30
20 print *, i

Opumep 2_.5. lpuMep HecTpYETYPHoDo GRoKA B NDpoPpaMMe HA ASLKe
Fortran

B caegytowes dparmedte nporpammel (pumep 2,6) norasad obupil Bug
OCHOBHBIY gHperTHE OpenMP Ha aswike Fortran,

chomp paraliel

chompd: shared (varl, var2, ...)

chomp& private (varl, var2, ...)

chomp&: firstprivate (varl, var2, ...)

chompde lastprivate (varl, var2, ...}

chompés reduction {operator | intrinsic: varl, var2, ...}

chompd if (expression)

chompéz default (private | shared | none)
[CTpYKTYPHELR G10K NMporpamMse |

chomp end parallel

Opueep 2.6. OOmMA BMI OCHOBHHX »guperTHME OpenMP Ha Asuxe
Fortran

B paccmarpuBaemoM  dparmente npegaoxedde  OpenMP  shared
HCMOIBIYETCA 08 ONHCAHHA 00X nepeMeHHiy, Kak ywe oTMeuancock
panee, oDIpe NEpeMEHHEE MOIBOATIOT OPraHMIoBaTE ODMENH JIAHHEIMHA
MeERy napaniensisivi npoteccasy B OpenMP [pegnosenne private
HCMOIB3YETCA TR ONHC3AHHA BHYTPEHHHX (MOKANEHEIX) nepeMeHHbBIX J18
KaA0rD  napannenedHoro  npogecca.  llpepnoserHde firstprivate
MPHMENAETCA 1A OMACAHHA BHYTPEHHHX TEPEMEHHEIR MapaIelEHLLE
[OPOUECCOE, OMHAKD JdHHBIE B 3TH  [IEPEMEHHBIE MMIOPTHRYHITCH M3
mapHoro notoka, Tpegaomenne reduct 1on nossoaser cobpare BMECTE B
CTABHOM TOTORE PEIVTETATH BRIMHCACHWH YacTHUHB CYMM, DﬂEHOETEﬁ HT.
M. M3 NapanienskHelx notosns, [lpepnmkedue 17 ABAASTCA  VCIOBHRIM
ONEpaTOpoM B napaueisHom Gnoxe. H, naroney, npegiosense default
onpedendaeT no YMONYaHHKD THN BOEX MepeMeHHbIX B NOCHIE0YVHIEM
MapUIEIEHOM CTPYKTYDHOM 0A0Ke nporpammel. [anee MexaHHImM paboTs
ITHE TpejoHerHid Gyner paccMmoTpen Goaee nmoapofno. B axmouende
OTMETHM, 4TO CHMBOA  aMmnepcad; &\ WEcToH  NoIMUHK  CTPOKHA
HOCIOUIBSYETCR IR NPOOOIHEHHE  UIHHHBIY gupestas OpenMP, e

11
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YMELRA LM XCA HA QIHOH CTpOKe B porpaMmax Ha Fortran (oM. pre.2.6).

Huse Bo dparmente nporpamwel (Tpusep 2.7) npuseged obumi Buj
OCHOBHELX JHpekTHE OpenMP Ha Aawiwe CACH

# pragma omp paralle] i
private (varl, var2, ...) |
shared {varl, var2, ...}
firstprivate (varl, var2, ...}
lastprivate (varl, var2, ...)

copyin (varl, var2, ...} )
reduction (operator: varl, var 2, ...}
if (expression) Y
default (shared | none) 4
{
| CrpyirypHbli Grok nporpaMme |
}

Npumep 2£.7. OBWA BMI OCHOBMMX ISupexTHs OpenMF na ssixe
CS/CH+

o cpagHeHHEe © NPeIEAYIHM, B PACCMATRHEAEMOM (ParMenTe NOABHI0CE
BIE O0HO JOMVIHHTENBHoe npegiosende OpenMP - copyin, Owo
[OZB0IAET Jelkd H OpOoCTo JNepelfdBdTh AdHHBIE H3 [MABHODY IIOTOKD B
napanneneHele, B Forran Takse CVECTBYET aHalOrH4YHAA BOIMOMHOCTh,
OJHAKD MEXAHM3M €2 PeaiH3alMH  Heckoekn  HHoi. TTogpobves 3TH
BOIMOHOCTH  OyIyT paccmoTpensl ganee. Kpome Toro, OTMETHM, STO
emecTo Fortran-gupexties OpenMP

chomp end parallel
B C/C+H+ wononkayiores obkiddbie durypHee ckobkd. JIns npoioaseHHa
JUTHHHEX JUPEKTHE Ha CAEIVIOUMX CTPOKEX B nporpammax wa C/C++
[PHMEHAETCA CHMEBON "DOpaTHeH s’ B KDHLE CTpokH (oM. npuuep 2.7).
Paccmorpennuie B HacToawem paggene gupestues OpenMP we oxsateizaior

BeCh CHERTp Aupertie. B oiefyompx  pasgenax  pacemorpum Dosee
naapobo ocHosHble gHpertiesl OpenMP 1 mexanusm Wx paboTsl.

OcoBeHHO CTH peamM3aliuM AHpeKTHE OpenMP

2
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B stom pazqene pacCMOTPHM HEREDTODBIC E‘HEIJ;MdMqQEIMQ 0COGeHHOCTH
peanH3auy gupektie OpenhP,

KomuecTeo NMOTOKDE B MapULIEIBHOH TIpOrpaMMe onpeaendercd AHoo
IHAUCHWEM  TEPEMEHHON  OKpy#eHWA  OMP HUM THREEADS,  ambo
cHeydNbHbBIMH !I.I_','HI(I.[HSI’.MI"I. Bbhl3blBdEMBIMH BHYTPH CAMOM HPOrpdhybl.
3ajlaHHe NepeMeHHOH OKpY#eHHA OMP UM THREADS B OnepalHoHHOM
cHETeMe Liny oCcyIeCTEIASTCH CAEIVIOLMM 0GPaz30M © MOMOILEH KOMAH/IE

export OMP_NUM_THREADS=256
37eck ObLIO 3a8aHo 2 56 MaparielbHBIX MOTORDE.

[IpoCMOTPETE COCTOSAHHE TMEpeMeHHO ONpyKeHHs OMP NUM THREADS
MOMHO, HAPHMED, © IOMOLLEI CEIYHILEH KOMaH Ik

export | grep OMP_NUM_THREADS

Ka#Ipii noTok HMeeT ceoli HoMep thread number, HAUHHARIMICT 0T
HWIA (1A IABHOTO NOTOKA) M JakaHMHMBaOUMACA CME HUM THREADS-
1. OnpegenuTe HOMEP TEKVIETD NOTOKD MOMHO C MOMOLER (VHELHH
omp get thread numi).

Kamapiii NoToK BLIMOMHAET CTPYETYPHBIH GI0K NporpaMmel, BRIOUeHHEH B
napanienbHbli perHod, B obiieM ciyiae CHHXPOHHIALHN MEKLY MOTOKAMH
HET, W 3apaHot NpejckazaTh IARCPIICHWE NOTOKA HENRIA, WPJHJ'IL‘HHE
EL1II}q'JﬂE[H33LI|HEﬁ NOTOKDE W JaHHEX OCVIOPECTENRETCA  NROTPAMMHCTOM
EHYTPH NpOrpaMMel. MMocne FaBepIIEHHA  BLIIOVIHEHHS &P/ ALHOID
CIPYKTYpHOIO 070K [porpaMsel  BCE  NapaniensHele  NOTOKH 33
HCKTHMeHHEM DIABHOTO NPeKpallpioT CBoe CYIIPCTBOBAHHE,

Mpumep BETBAEHHA Bo (IParMeHTe NPOIPAMMbL, HANHCAHHON HA A3bIKE
C/C++, B 33BHCHMOCTH OT HOMEDE NapanielsHOre noToka NOKd3EH B

mpumepe 2.8,
#pragma omp parallel
{
myid = omp_get_thread_num { } ;
if (myie == 0]
do_something { J;
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eke
do_something_else (nvid) ;
}

Opumep 2.8. [dpuMep BeTEISHMA B NPOoTpaMMe B S3aBMCHHOCTH OT
HOMEPA NAPANNENLNOrO NOTOKA

B 3ToM npMepe B Nepeoil CTpoke napannenkHoro GN0KA BeI3LIBAETCA
(VHKLIHA omp_get thread num, BO3E DAL LU HOMED
MAPTENLHOTD  NOTOKd,  23TOT  HOMER  COXPAHAETCR B JIOKLILHOA
nepeMerHoil my 14, Janes B 3aBHCHMOCTH 0T 3HA4EHHA NepemedHoi myid
BHI3BIBAETCA MHOO dWwHKLUMA do something () B NepBOM NapaniensHoM
noToke ¢ nomepom [, mubo dquusma de something else (myid) Bo
BCEX OCTANBHBIY [EPa/UEbH B IIOTORANL

B OpenMP cywpcmyior pazmmunsie pesvsbl Buinoadends (Execution Mode)
[Ap/UIeIbHbIX CTPVRTYPHBLX Diokoe, BosMomHbl clegyrowme peaiiMbl:

¢ Tunamuyeckdid pexan (Dynamic Mode), 3ToT pesyM yCTaHoRIEN 110
YMOTHEAHHK) W ONPejemiercs 3aaHHeM NEePEMEHHOH OKPYMEHHA
OMP_DYNAMIC B onepagmodnod cicreme Linus  3apare sty
NepeMeEHHYI0 MOMHO, HAIpHMED, C OMOLIBIO CAEIVEOLEH KOMAaHIEL
OMEPALMOHHOH CHOTeMBI Linux:

export OMP_ DY NAMIC

Kposme Toro, CYLECTEVET BOIMOMKHOCTh 43T 3TOT PEMHM M CAMY
NepeMeERHYI0 BHYTPH TPOTPaMMb], BRIIBEAE qYHKLHIO

omp_set_dynamic()

OrmeTHm, uTo Ha komnpioTepax Silicon Graphics S350 1 Krafiway G-
Scale S350 propas BOIMOMHOCTL OTCYTCTEVET. B AMHaMM4eCkOM
PEXHME HOIHUECTBO MOTOKDE ONpegelaeTcd camoii DTIEPHI.IPIDHHDﬁ
CHCTEMOH B COOTEETCTEHH CO IHAMEHHEM ]'JL"DEM("HHGF[ OEPVAHCHHA
OME NUM THREADSB npoyecce BENDAHEHHA NapaienkHOR
NpOrpaMMel TPH [EPexye o7 oiHoil obJacTH paciapaiie/HBaHHA K
ApYToi 378 NepeMeHHan MOMKET HIMEHATE CBOE 3HAUSHHE;

* CratHueckdH pesum (Slatic Mode). Stor pesus onpegensercs

2
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330AHHEM NEPEMEHHOH OKpyKeHHa CME STATIC & onepalHoHHoH
cucrenme Limm B arom Cy4ae HMIHHECTED NMOTOEDE ONpPefenaeTcs
NporpasMMECTOM, Sarrl'i!Tlu NepeMeHHYID  OKpVHEHHA M |"'_S TATIC
MOAHO, HAMPHMED, C MOMOLLLEDY CHEMWLLEH KOMAH Ok DﬂEpauHDHHDﬁ
CHCTEMEI Lim:

export OMP_STATIC

Kpome Toro, CYIECTBYET BOIMOMKHOCTE 3afjaTh 3TOT PEKHM H CaMy
nepeMeEHHYIO BHYTPH NPOTPaMMBl, BbI3BaE QyHKLHIO

omp_set_static()

OgHamy Ha womnesorepax Silicon Graphics 5350 1 Kraftway G-Scale
5350 BTOpasd BOSMOMHOCTE OTCVTCTEVET,

* TlapanienbHble CTPYKTYPHBIE GRokM MOryT OblTh BAGHMEHHBIMH, HO
FOMITHIATOR HHOTAa Mo pAdy [IpHYHH MOeT BbIMNOMHATE HX H
NocnejoeaTebH0 B paMEax QJHOM NOToRD. BnoseHHbIH pexHM
BRIMOIHEHHA NapaUlIeTkHEX  CTPYETYPHEIX  GAOKDR  ONpeIeiseTes
IANANHEM NepeMenHoH OKPYHETHA OMEP NESTED=
[FALZE |TRUE] (mo  ywmonuwandw  3agaercs  FALSE ) B
ONepalMoOHHOR cHoTeme Linux, 38aTk 3Ty NepeMeHHYHD MOMHO,
HAMPUMER, © TIOMOURY  CASIYVHINER  KOMAHOR  ONEepalHoHHON
cHCTEmMEl Limos

setery OMP_NESTED TRUE

Kpome Toro, CVIIECTEVET BOIMOMKHOCTH 3AJaTh ITOT PEMHM H CamMy
NEpEMEHHYHY BHYTPH NPOTrPamMel, BeIIBAR qyHKLHID

omp_set_nested{ TRUE | FALSE )

OgHake Ha wkomneoTepax Siicon Graphics 5350 v Kraftway G-Scale
5350 BTOpasd BOIMOKHOCTE OTCYVTCTREVET,

Hupextiesr OpenMP

Teneps nepedifien & noapobdoMy paccMoTpendn gHpekTHE OpenMP u

Z3
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MENIHHIMOR WX PeaIHZalHKA.
Jupexther shared, private 1 default

St mapextuenl (npegaosxedns OpendP) ncnonesyvioren s onMcaHns
THIOE MEPEMEHHBIX BHYTPH MAPAUIEIbHbIX MOTOKDE,

Mpegnoxenne OpenMP
shared( varl, var2, ..., varM )

ONPEIEnaeT MepeMeHdEe varl, wvar?, .., vard kak obope
[epeMeHHble A0 BreX norokos, OHM pasMelorod B oqHOd | ToH e
o0AaCTH NaMaTH OA BCEX TTOTOROE.

Mpeanoxenme OpenMP
private{ varl, var2, ..., varlN )

ONPeJendeT nepeMennse varl, varZ, .., varbkl KKk ’NOKansbe
MEpEMEHHBIE 0 KaHO0I0 H3 NapaaiensHbix notosos. B kaspgom wus
[MOTOKDE 3TH [MepeMeHHBIE HMEHT cobCTBeHHbBIE IHAUEHHA H OTHOCHTCA K
PA3THUYHEIM OfIacTAM MAMATH: NOKATBHEIM OGTACTAM  TEAMATH KA 0T
FOHEPETHOTO NaRaTIeTEHOI MOTOR.,

B KauecTEe WANHICTRALMH HONOARIOBAHKA jJupekTHe OpenMP shared #
private paccMorpuM dparmenT nporpasail (Opumep 2.9). B aToM
MPUMEpPE  MepeMeHHas a  ONpejeneHa  kKak obwas W sBasercs
HACHTHIMEATOROM OQHOMEPHOMD  MaccHea, [lepeMedHble myid Moo=
ONpegeneibl KK MOKLIBEHEIE NMEPEMEHHLIE A KaXIOID HI MapauienikHiix
norowos. B RAAAOM W3 1IAPAIEIbHBIN [IOTORDE JAORLILHBIE [IEPEMEHHBIE
[lﬂ.l]y'-lﬂlﬁ‘]' CﬂﬁCTBE'HHbIE' JHaueHHA. TTocne yero IIPH EBINOJIHEHHH ].-'C.'II}BHH
x<1.0 3HaueHHe NOKANBHOH MepeMeHHOH x  NpHCBaHBaeTCA myid -#
FOMITOHEHTE nﬁnpm AN BOEX MOTOKDE MaCCHBA . IuaueHre E'l;.ﬂl’!T
HealpeaeiieHHbIM, ©01H HE OIpEde/IHTE X Kik  [IEpeMeEHHYH)  THILA
private. OTMeTHM, UTe 3HaUeHHWA private -NepeMeHHBIX He
OMPeIEneHesl 10 H nocne Do MapIIeTLHEIX BLIYHCACHHA,




HMenim ML TNMapatsenbiae: nporpaviaHponaiie © Bosasicnaiies OpenddP

chomp parallel shared (a)
chomp& private (myid, x)
myid = omp_get_thread_num [ )
x = work (myid)
if{x < 1.0) then
a (myid) = x
endif

Opumep 2.9, [Opumep HCOOALSBOBAHMSE SupekTHE OpenMP shared =
private B napannensHoH CONACTH OPOTRPAMME

Mpeanoxenne OpenhP
default [ shared | private | none )

IJAET  THM  BOEX  NEPEMEHHBIY, OMPEJemaeMBlX Mo YMOTYHanHiD B
MOCAEMYIOMLEM MAPALTENLHOM CTPYETYpHOM Dnoke kak shared, private
M none, Hanpumep, ecid Bo (jparMeHTe IporpamMMmel (OpHMepe 2.9)
BMECTO

private( myid, %)
HAMHCATE
defauli private )

TO OHNpEJeidemMble Jalee 10 YMOT4aHHi [epeMerHsle myld W o Gyt
dBTOMITHYECKH ONpPefeTeHb Kak o r ivate.

Hupexthenl firstprivate u lastprivate

Aupextiesbl (npeyioserdt) OpenMP firstprivate n lastprivate
HCMONB2YHITCA A OTTHCAHHA NOKANBHEIX NepeMeHHbBIX,
HHHLUHATHINPVEMELX  BHYTPH  MapAUIENEHEIE  NoToRDE,  [lepeMendiie,
DITHCAHHEE® Kak firstprivate, noAyamT CcEOM  IHAUCHHA  H3
[nociegoBaTensHoil  Jact  nporpamsel.  [lepemedsble, ONHCIHHBIE  Kak
lastprivate, COXPAHSIOT CEOM 3HAUEHHA NPH BBIXOLE HI NAPANIEIBHEX
[MOTOKDE NMPH YCAOBHH WX TTOCHEI0RATEARHOM BEIMOTHEHHA.
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Ipegnoxenye OpenhbP
firstprivate( varl, var2, ..., varN )

ONPEAeIneT nepeMediee varl, wvar?, ..., wvarll KaK NoKkansHbe
MEPEMEHHBIC  ITH KA J0TO  H3  [&pUVIEIBHEIX  TIOTORDE,  TIPHYEM
HHHIHATHIAIAA IHINEHHHA ITHX MepeMeHHEX TROHCKYIHT B caMoM Havane
MAPATENLHOTD CTPYKTYPHOTD GA0Kd N0 SHAYEHHAM HI NPeJIecTEYIOWETD
MOCAEMOBATENLHOID CTPYKTYPHOrO BI0KA [POrpaMMel.

B kauecTEe MAMOCTpEUMM pacoMmoTpusm dparmenT nporpamsel (Tpasep
m:] B arom HpHMEPE B KdAaO0M [Iapa/LIeflbHOM [HOTOKE HCTLIVIBIVETCH CBOH
nepeMeHHas ©, HO 3HaYeHHe 3ToH TepeMeHHoN Tepe] BXOIOM B
MapLuIensielii - 60K OporpaMsMel  GepeTcd M3 NReIUECTEVHILIETO
mocnedoRaTeNEHOTD QoK.

program first
nteger myid, ¢
integer, external 3 omp_get_thread_num
c=08
ISomp paralle]l private {mvid)
ISompde firstprivate (c)

myid = omp_get_thread_num ( )

write (6, *) T2, myid, 'c=, ¢
ISomp end parallel

end program first

Npuuep 2.10. Npumap HMCOONLICBAHME AMPEETHEE OpanMP
firstprivate B napannentHod oGNACTH NPOIDAMME

T:1 ¢=98

T3 =98

T2 c=98

T c=98
Mpeanoxenne OpenhP

lastprivate] varl, var2, ., varM )

OMPEJIETACT NepeMedtsle varl, wvard, ..., varh KK JORLTEHLS
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MepeMeHHBIE O0R Kas40rD W3 MapdielbHbBx MOTORDE, NPHUEM IHAYEHHA
ATHX  NEPEMEHHEIY  COXDAHAKITCA  NPH BRINIE  W3E NapaiiaeibHOTD
CTRYRTYPHOID Anoka TR YOIOEHH, HMTD  MapanmenikHLIE  OTORH
EBILIVIHUIHCE B IIOCIEA0BATE/IHOM ITODSIRKE.

B KauecTBe MAMOCTPALMH PACCMOTRHM gparMedT nporpaMmer (Tpuasep
2.11). B 3m0oM nNpHMeps NOKLILHEA NepeMeHHal 1 NPHHHEMEET pasidyHbe
JHAUEHHA B KdAA0M NOTORE NMapalaelbHOre CTPYRTYPHOrO fnoka. [locne
IABCPIIEHAA MAPAIETEHOTD CTPYKTVPHOM /0K MepeMeHHAT 1 coXpaHAeT
CROE MOCAETHEE IHGMEHHE, MOIVHEHHOE B MOCIETHEM MAPaUIENEHOM
[NOTOKE,  [pH VOIOBHH - NOCIEA0DBATENBHOID  BhUIOMHEHHA  BCOEX
MapaIeIbHbIX MOTOKOE, T. €. n=I1+1.

chomp do shared (%)
chompd lastprivate { i)
doi=1, N
x(i)=a
enddo

n=.i

Npuuep 2.11. Npsmep HCNoML3CBAHMA OHMPeKETHBE CpanMP
lastprivate ® napannentHol ofnacTH NpOrPaMML

JupexTuga if

Oupertiea (npegnosedde) OpenMP if HCNoAB3YeTCA A7A OpraHHalHH
YCAOBHOID BERIMOVIHEHHA MNOTORDE B NapaIeneEHOM CTRYETYRHOM ﬁ.l'lt‘.IKl.‘.

Ipegnoxenne OpenMP
ifi, expression )

ONPEAEIHET YCIO0BHE BRITIOJHEHHA NAPAILNEIBHBIX NOTOKDE B NOCIELYVIOLEM
NapaaiensHoM  CTPYKTYpHOM Gnoke, ECiH  BeIpaseHMe expression
NPHAHMAET 3uaende TRUE  (Moctumna), To NOTOKH B TOCTEIYROIIEM
[ApULIENbHOM CTPVETYPHOM Gioke BoinoiHaoTed. B nporHeHoM ciydae,
KOTAA BRIPEMEHHE cxpression NPHHAMAET 3HadeHdwe FALIE (JTome),
MOTOKH B MOCIeIyIoIEM NapalieisHoM  CTPYRTYPHOM  Ooke  He
BEITTOMHAKITCA,
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B kmecTee HMHICTPALHH  pacCMOTDHM d]}tm'[EHI [MPOrPaMMET UIEHMEE
2.12),

chomp parallel do if {n .ge. 2000)

doi=1,n
a(il=b{)*c+=di
enddo

Npumep 2.12. [pMMep HCNONBE3CBAHMA ITHpeETHEHM OpenMP if =B
fapannensHol oSNacTH NporpaMMs

B 3ToM NpUMepe KN PACTIAPALIETHRACTCA TOMRKD B TOM Ciaydae | 2000
1, HOCOA NApannensHan BepeHa Syner sasenomMo OLCTPes NoCneoBaTeNLHOH.
I'Iin:l[[i.ll'lllll-]I'r:II!.u!lr HTO TPRLOEMEOCTE UGPH;-HJBH.HHH NnaparefbHbIX  IIOTORDE
IKBEHBATEHTHA MPHMEpHO TpydoemincTH 1000 onepatiiid.

JupekTHea reduction

HAuperkrnea OpenMP reduction nomsonser cofpate BMECTE B DIABHOM
MOTOKE PEFVIETETE BbIYHCIEHHH YACTHYHBIX CYMM, PAsHOCTER W T 1. W3
NapauienbHBIX  [OTOKOE  [OCIEAVICLIETO [apaillebHOre  CTPYKIVPHOID
Dnoka,

B npegnosenun OpenhP
reduction| operator | intrinsic: varl [, var2,..., varN])

onpegenseTot cperator - onepaudud {4+, -, *, 0 MO IL) MM dyHELHE,
AR ROTODBIX 5}&\"[‘ BEIUHCOATECA COOTEETCTEYHILME YaCTHYHBIE IHAYEHHA B
MAPAMIEIEHEN  MOTOKAX  TOCASIVIOIWETS  NAPALIEIEHOTD  CTPYKTYPHOTO
Gnoka, Kpome Toro, onpeiefaeTos CHCOK J0KLTRHEIX NEPEMEHHRIX varl,
VALZ, ..., varl, B kmopoM Oy1yT COXpaHAThOd COOTBETCTEYHLHE
YACTHYHBIE 3HaueHHA. [Moche JdBEpIEHHA BCEX NapalienbHBIX NMpoUeccos
YACTHYHEIC 3HAUCHHA CHIAIBIEANTCA (BRIMHTAKTCA, NMEPeMHOMANTCA H T.
M.}, U PEIYILTAT COXPAHACTCA B QYIHOMMEHHOH oDLeH nepeMeHHoi,

B KauecTRe HUTIOCTPALMH PACCMOTPHM (DarMeHT MporpaMMel (IRHMED
2.13),
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chomp do shared (%) private (i)
chompd: reduction (+ : sum)

doi=1, N
sum = sum + X (1)
enddo
Opumep 2.13. [puMep BHYHCHEHMAE CYMME C HCOOALICBAHHSM

AupexTHEN OpenMP reduction B napannencHol oBRacTH NpOoTPAMME

B atom MPHMEPE B KGKJOM MAPATENEIOM MOTOKE OMPpeqsaeHa TOKATEHOR
nepeMerHHds sum AnH BEYMHCIEHHA YdCTHYHEIX CYMAB. Mocne JEBEPUEHHA
MapaUTeNEHEIX MOTORDE BCOE JORLIEHBEE MepeMeHHBEe sum CYMMHPYHOTCH, a

PEIVIKTAT COXPAHACTCA B QOHOHMEeHHOH ofmpl (mobansHoH) nepeMeHHoR
S,

Bo dparmenTe nporpammi (npamep 2,14} BRMHCIAETCH  MHHHMATRHOE
SHAYEHHE [0 PEIVILTATAM — BRIMHCAEHHS  HACTHUHBIX  MMHMMYMOB,
BRIMHCIEHHBIX B lapaiie/bHblX norokax B srom npumepe B Kasgom
MapamienbHoOM  NOTOKE  ONpedefdoTcd  ToKATbHbBle MHHHMYMEL  TI0
pe3ynIkTaTaM CPABHEHHA IHaUeHHH x (1) M gmin. Nocne 3aBepieHuA BCex
MAPATENLEHEX NOTOKDE BLIMHCIRETCA 3HaMenHe obiield nepeMennoi gmin
MO Pe3VIETATAM CPABHEHHHA 3HAYEHHIA NOKANbHEIX NEpeMeHHbIX gmin B
NapailenbHBLX NOTORAX,

chomp do shared (%) private (i)
chomp& reduction {min : gmirn)

doi=1,N
ggmin = min (gmin,  (3)
enddo

Opumep 2.14. MpuMep BHYWHCASHMA MMHEMMYMa © WHCOOOIL3CBAHMEM
avpexTHEy OpenMP reduction B NapantensHol OGMACTH NPOTDAMMLY

B mpie Foroan B KaMeCTBEE MapaMeTpoR cperator W intrinsic B
npepiEenray reduction  AONVCKAOTCA  CAEIYIOMME ONERAUHM M

(WHKITHH:

* papaMeTp operator  MmokeT  OWTh  OIHOi W3 CIegyioump
apHMETHUECKHX MM IOMMYECKHX onepaywii: +, =, *, .and., .or.
LBV, , . Regy.
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* QapaMeTp ot rins o MOAET DRITE OHOH HI COeTyionpy dy KL i
max,min,iand, ior, ieor.

B mnige C/C++ B KauecTBe napaMeTpos operator m intrinsic
B Npeiiosedtsy reduction JONYCKAKITCH CRedyHILMe OrepaliH

M WHELHH:
* napaMeTp operator  MmKET ObITh  0QHOH W3 COEOVHOLLX
APHIPMETHHBCKHX HH NOTHYECKHX ONepalMi: +, —, %, &, ™, &4, |
* napaMeTp intrinsic MOKeT DRITE OGHOH M3 CHeyonpy @yvHELH:
max, min ;

* VEARITETH W CCRUTRH B TIPEAOMCHWSX reduction HOMOILIOBITR
CTPOID SanpeleHo!

JupekTHEa copyin

Jupekrnea OpenMP copyin WONoNeIVeTCA 08 Nepeiaydd JaHHEIX W3
[MABHOIM MOTOKE B NAPAIENBHBIE [OTOEM, HE3LIBISMOH  MHIpaLHe
AanHeX. Mexanusmel peann3agu IToi gupestHesl B aseikax C/C++ u
Forwan pa3nHudbl. PaccMOTPHM jafee peaiHzaliMH  3TOH JHPEKTHEEL
noovyepegHo g CAC++ W Fortran.

IMpeanoxenme OpenMP e A3cike C/C+H+
copyinl varl [, var2[, ...[, varN]]] )

OHPegenaeT CIOHCOK NOKUIBHBIX NEpeMeHHmX varl, wvarZ, ...,
varl, FOTORBIM  TIPHCEAHBIHOTCA  3HAYEHHA H3 OIHOHMEHHBIX DEH.IJHH
MEPEMEHHEIY, JAHHBIX B MODATEHOM NOTOKE,

B Fortran B KaMeCTEC MapaMeTpoR AMpekTHER OpenMP copyin 3agarwoTed
uMeHa common -onowoe | cbl, chZ, ..., ckN ], B HOTOpLIX
ONHUCEHE! MHIPHPYHLLHE NEPEMEHHBIE

copyinl Jcbl/ [ feb2d [, L iebMNE )

T.E. TAKHE NMEPEMEHHLIE HI MoDANEHOTD NOTORA, HOTOPLIE NMEPEIaT CROH
HAUEHH CBOHM KOMIMHM, OIpEJeEHHBIM B NAPpUNIEAbHBLX [IO0TOKAX B

&)
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KaueCTee NOKATLHBIX MepEMEHHBIX.

B KauecTBe MW/UTHOCTPALWH MHTPALHH  JaHHBIX paccMOTpAM  dparMeHT
Forran-nporpaMmel  (Lpemep  2.15). B 3Tom  TpHMEpe  MHTPHPVIOIRA
HEeMOYHCIEHHad NEPEMEHHAA X XpAHHTCA B common —ﬁ.l']ﬂ](l: mine,
3Hauerue 310 oDWEl nepemeHHON AT B DIAEHOM N0ToKe, B Kasgom
MapaUiebHOM MOTOKE HCMOMb3VeTCA CBOS  JTOKANbHad [epeMeHHad X,
HOTOPOI NPUCEAHBAETCA 3HaueHMe 0wl nepeMeHH 0N .

integer - : x, tid
integer, external = omp_get_thread_mam { )
COTImOn mine!’ x

! $omp threadprivate (/mine/}
x=33
call ormp_set_num_threads (4)

! $omp parallel private (tid) copyin (/minef)
tid=omp_get_thread_mum { )
print *, "T:tid, ' x =", x

! $omp end parallel

Opuuep 2.15. [IpuMep HCOONBSCBAHWA IHReETHEH OpenMF copyin
ANA OPrAHMSALMM MMPDAUMM RAHHUX B Forbran-nporpaMse

PeaynkTaThi patoThl MpOrpaMmbl:

T1x=33
T:2x=33
T0x=33
T:3x=33

Hupektuea for

JAvpertiea OpenMP Sor MOMOABIVETCA WA OPTaHH3IALHH MapaanenbHore
BEIMOAHCHHA NETENE HHKNOE B NPOrpaMMax, HANMHCAHHBIX Ha A3kIKE CACH+,

Ipegnoaenne OpenMP g nporpamme Ha C/C+H

#pragma omp for
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03HAMACT, UTO onepaTop for, C,rlfm'}ﬂmﬁ 3d ITHM NpeIaoseHHEM, E[‘!:'],('T
BLIMOVHATECA B MApanienHoM pesdMe, T. e. ](EI}KP‘EIﬁ NeTae ITOrog UHET2
OyeT COOTEETCTBOBATE CODCTBEHHBNL NapaneisHLI N0TOK.

B sauecTRe MUMOCTPALMH  MCONONLIDBEANHS  gupexTHRel OpenMP fox
pACCMOTPHM (iparMeHT mporpavmel Ha sspike C ([Ipumep 2.1G). B atom
NpHMEpPE TETAM  WHKNa onepatopa for peanusyiorca  Kak  HabBop
napaanenkiely notokoe, o yMOIuaHHio B OKDHIE LMKIA Peaau3veTcs
fnHKIMA CHHXpOHMIaUMH barrier (Dapeep). dna oTMeHsl  dnueHE
barrier Cheiyer BOCNOALIoOBATECH npepnoseHied OpenMP nowa 1 €.

#pragma omp parallel shared (a, b) private (j)

{
#pragma omp for
for (j=0; j=N; j++)
aljl=aljl+bI[jk

Npuuep 2.16. [pHMep HCOOABL3CBAHMA IJUpeETHBEH OpenMPF for pna
OPraHMBALNNK NapaffiensHoll oSpaBoTKM NeTeNk UMEMACE B APOTDAMME
Ha msmEe C/C+H+

JupextHea do

Jupexkrnea OpenMP do vononk3yeTcs Q08 OpraHdzalHgy napaiieikHon
BRIMMIHEHHA NETETL HKIOE B MPOrPaMMax, HAMUCAHHEIX Ha a3ske Fortran,
Mpepnosenns OpenMP s nporpamme Ha assike Fortran

chomp | parallel | do [ npegnosenye [ npegnosedne | . ]
do loop
[c%omp end do [nowait]]

o3Hayaet, 4ro nerid ( loop ) oneparopa do GyuyT PeaTHIOBAHBL Kk
MapuIeIsHEe NpoUecckl, [locnegHee npejio#eHHe, cogepskamee ernd
de, IAREPIAST napaniens sE Kt do. 0RO He aBAseTcr oDRIaTenLHLIM,
HO  MOAET BRIKYATH [lpE,L[;'IO)tRE'HHE' mowait ANH OTMEHEL EIJ}fHH.Ll,HH
CHHXPOMHAIHH ba rrier, HedBHO NPHCYTCTRVIOIEH B KoHLIe [HEMA do. B
KAYECTEE MNPelIeseHHd B aupesTHEe  do BOSMOMHLL  COegyiompHe

KOHCTPYKLHH:
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* private( list )
o firstprivate{ list )
¢ lastprivate( list }
* reduction{ operator : list } o ordered
* schedule{ kind [,chunk size] |
* nowalt

Bonbumscreo 13 3rax OpenMP-poHcTpysumi wie ObLID  pAcCMOTPEHO
[EHee. A HEROTOpBIE, TakHe Kak ordered W schedule{ kind
[,chunk_sizel ), GyyT paccMoTpeHEl Jance.

lprmep dparMeHTa NpoTpaMMel Ha  fS3wKe Forman © DpHMEHEHHEM
aupesTHRRl OpenMP do ans pacnapanneMMBaHHA BRIMOTHEHHA TICTEMhR

LHEAE NpHBEAeH B IpHmepe 2,17,

chomp paralel do
doi=1n
a(D=b ()*c+d (@
enddo

Opumep 2,17, [Opuxep HCOOARSOBAHWS OWpexTHEl OpenMP do gns
OPTaHHSaOMH NApannensHoHd oBpaBoTkH NeTenk UHMEACSE B NROSTPaMMe
Ha asuxke Fortran

Hupextrea workshare

Juperriga  OpenMP workshare WONOAB3YETCH U1 OPraHM3alMM
[MapITeENEHOTD  BRIMOTHEHHA NeTeNE IHEIOE TOORRD B [POrPaMMay,
HamWCaHHLIX Ha fakkax Fortran 90095, 371a QMpekTHRa NOARMAACE B
crangapre OpenhP wausmian ¢ gepoun 2.0,

CuuTakcue npegnmsenus OpenhP workshare B nporpamsax va agwikax
Fortran 90/95 umeeT cnegyiowpi Bua;

chomp [ parallel | workshare
loop
cSomp end workshare [nowait]
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B penymETaTE BCC METITH -_C}:JIE! PLATHIVHOTCA KaK MapaiieTkHEIC TPpOoLeCCh].
PBCHPE',D‘E}'IE'IIHE' NeTen No NPpoOUeccan OCVIIPCTEMASTCH  HOMITHITATOROM.
HII;'IE,D,HEE' npeiiisede, Cofepasalpes end workshare, JABEpIIAST
napanienbHoe BbIMGIHEHHE MeTelk 1 oop C HeABHO “p“f?TCTB}"l'DuJ;Eﬁ
E'HII)q'Jﬂ'EIH]EIT'[H{.‘ﬁ barrier. IJ1-||,"I!I3.| OTMEHE  CHHXPOHHIATWH - OIeaveT
BRIHMHTE NPEI0HeHHe Nowa it.

B chegyionps npuMepe  WUBOCTPHPYETOS HOIOAB30BAHUE JIHPEKTUEEL
workshare:

chomp parallel workshare
A=A+RB
cSomp end workshare

B amom npHMepe A W B ABAAKTCA MACCHBAMH OJHHAKOBOH pazMEpPHOCTH,
Hampuwmep M. OTMETHM, YTO PACCMOTPEHHRINA TIPHMER MOXHO TakHe
[ERENHCATE, HANPHMED, B CASIYHILEM BHAE C HONONB3OBAHHEM ONEPATOPA
LHEIa H OMP-npegiosedia parallel do;

chomp parallel do private (1)

dol=1,N
AMy=AM+B(I
enddo

cSomp end parallel do

Bamuo oTMETHTE, UTO B KoMnuasTopax Fortran wsnanuu [ntel appexrina
wWworkshare He noggepsnsaetca. OTMETHM TAKKe, YTO KOMIHIATODE
Fortan 90795 womnanyii [BM 4 SUN nogiep#iBar0T 3Ty AHpeKTHEY. Takse
CUE pa3 OTMETHM, 4TO B [pOrpaMMax Ha mSkkax CAC+H+ JUpexkTHRa
workshare HEIONYCTHMA,

HupektHea sections

Aupertiea OpenMP sections HOCNoAB3VeTCH 004 BeIGENEHHA YUACTHOB
MPOTPaMMEl B obmacTH NapanIeTEHEX  CTPYKTYPHRIX  Gnokne,
BLIMOIHANKNIMNCA B OTAEILHLIX NAPAITENLHLIX MOTORAX.

Onucanue cuaTakcHea npegnodedna OpenMP sections B nporpamde

34



Memm ML Taparsenbiae: rporpasiviip © HCTHRR: OipenSdP

Ha A3bike C/C++ npHeeseso B Opumepe 2,18,

#pragma omp sections [mpegnoxenye [mpegnoxenie ...]]
1
#pragma omp section

structured block

|#pragma omp section
soucired block

|

}

Opueep 2.18. CHHTAKCKS OpelnoxeHM® OpenMFP sections B
nporpamme Ha O/C++

Kawaprii cTpvkTypHEl 00K { structured block ), cnegyioupii 3a
mparmof

Hpragma omp sections

BHITOMHACTCA B OTAeABHOM NapannefieHoM noToke. O0upe e uHCIo
MapaiienbHblX MOTOKIE PARHO KOTHAMECTBY CTPVKTYPHBIX Dnokoe (section),
MEPEUHCAEHHEIX MOCE MParkl

#pragma omp sections [ npepgnosedne [ npegiosedne ... | ]

B KauecTBe NpPeLImKeHHi JonyoKaToA chedyiipe OpenMP Q1 pekTHEDI:

private{list), firstprivate(list),
lastprivate{list), reduction{operator :1list) H
nowait.

Onucanne cuarascuea npegnosesus OpenMP sections B nporpamme
Ha A3bike Fortran npieejeso B opaMepe 2,19,

chomp sections [mpegnoxenue [, npegnomenne] ...]
chomp section
code hlock
[cSomp section
another code block
[cSomp section
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-l

chomp end sections [nowait]

Opumep 2.15. CHHTAKCHC OpefnoseHHds OpenMP sections =B
nporpaMma Ha mauxke Fortran

B kavectee npelioaeHHd  QONYCKEKOTCH  BCE  NEPeYHCIEHHBIE  BhILLE
AupertHesl OpenhdP,

Jns BOMBILEH SCHOCTH PACCMOTPHM (parMeHT MporpaMMel Ha A3kike Fortran,
NpHeEefeHHBIA B Npumepe 2,20. B 3ToM NpHMepe Kax/as napanieibHas
CEKLMA BHIMOJHAETCA B OTAENbHOM NapaielkHOM NoToke, Bcero B
IT[EIPEIJIHE‘J']I:]IEIﬁ ofmacTi OnpeneTeHD TpH MAPaTIeTLEHEX NOTOKEA,
PEATHIVIOUMX B JAHHOM Caydde q]}"llﬁl'l,[r{ﬂllﬂ.l'[h![}’lﬂ JERDMITOEHL M.

OTMETHM, YTO BHIpaKEHHE Cciomp end sectlons HEABHO PEATHIVET
WHKLMID  CHHXPOHM3aUMM barrier. Jlia  ee  OTMEHBl  CAELYVET
BOCNONB30BdTRCA NPELN0HEHHEM oW it.

chomp parallel
chomp sections
chomp section

call computeXparn ()
chomp section

call compueYpart { )
chomp section

call compuieZpart ()
chomp end sections
chomp end parallel

call surm )

Npurep 2.20. Honoas3oBaHnwe npeancoxedHms OpenMP sections =
nporpaMMe HA Aasuxe Fortran

HupektHea single

Auperktiea OpenMP single HCNOABIYETCA O0A BBIOLAEHWA YYACTHOB
MPOTREMME] B 00JacTH NMapaIIeTEHEX  CTPYKTYPHRIX  GIOHDE,
BLIMOIHAKINIHNCA TONBED B OOQHOM HI D4ApATIeNbLHEIX MOTORDE. BD BLEX
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OCTANBHBIX NMapaMIeNbHELX [MOTORAX Bbl,ﬂ,EﬂEHHblﬁ ,.'.'[HPE‘HTHBDH single
YHACTOK NPOrPaMMEl HE BLITOJAHAETCR, OAHAED MapanienkHbLie Npouecchl,
BLINVIHAKMIHECA B OCTANBHLIX [I0TORAN, #AYT ZaBeplieHHA BRITONHEHHA
BRIAEIEHHOID YYaCTRE NPOrpamMsMbl, T. €. HEABHO PEAfH3VETCH [pousiypa
CHHADOHH 2 LHH. ,||],.|'|F| NpefoTBpallitHHA  3TOM kM aHKHAe B Cioyuae
HeoOMHMOCTH MOAHO HCNOALI0BATE NpegioxkedHe OpenMP nowa i £, Kak
EI!.I',Il'ET MOKAIAHD HHAE,

OnucaHde cHHTakcHca npegnosedda OpenMP = ingle B nporpavMe Ha
sipike C/C+H+ npHBeteHo B npusepe 2,21,

#tpragma omp single [npegnosenue [npegmosenie L] |
structured block

Npuwep 2.21. CunTarcuc npegncxeHns OpenMF single B nporpamme
Ha wsupe CC++

CTpvKTYpHEIH Bnok [ sLructured block ), cnegyiolipi 3a nparmoi

#pragma omp single

BRIMOIHAETCA TOMNBKD B QUHOM M3 NoTokoE, B kauecTee J'JDE,.'.I.I'[DH{EHHH
Aonyokaiores  cnegyioupie  OpenMP gupextueer, private (1ist),
firstprivate (list). Onucanke cunTakcHca npegnosxenus OpenhP
single B nporpamMe Ha Azeike Forran npueeiedo B Opumepe 2,23,

chomp single [mpegnoxense [mpeanowenme ...] ]
structured block
chomp end single [nowait]

Opuuep 2_22. CMHTARCHMC OpeanoxeHds OpenMP single B nporpamme
Ha mamee Fortran

CTpykrypHetid Bnok { structured block ), COeiyiLpi 38 AHPeKTHEOR
chomp single

EBLIIVIHAETCH TOMRRD B OQ4HOM H3 [I4apd/UiefIbHBEIX  IIOTOMDE. B kauectee
OpelIoMeHdil  JonycHaloTed  Cleayionpie  OpenMP  THPeKTHEBLL
private{list),firstprivatei(list).
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3arpyska u cMHxpoHusalua 8 OpenMP

B HacToMed JeKlMH  pacCMATPHBAETCA  3aTPy3Ka, CHHXPOHW3ALMA M
BamaHCHPORKA NapaLIeIkHE MoTokoe B OpenhE

BawHO  OTMETHTL, UTO HEVIIHOE pelleHde TIpoGneM  3arpyakH,
CHHXPOHM3ALMH H OATAHCUPOBKH MAPAUIENEHELK NOTOKIE MOMET CBECTH Ha
HET BOP VOHAMA Mo paspadoTke mapannenkHol BepcHy nporpavuer. B
PEIILETATE MARAUTENLHAR BEPCHA NPOrpamMMil MOMET OKA34TECH HE GL.]L'T']_'.IE'E',
d CYIECTEEHHO Mel/IeHHee IIUUlE',{lUBH'l'EthHDﬁ BEPLHH LPOUPpaMMEL. B cessn
C 3THM TIpH paspafoTke MapaiiefbHOH BEpPCHH TNpOTpaMMel TIpoGIesaM
3ATPY3HM, CHHXPOHM3ALMH W GanaHcHpPOBKM TPOLECCOB CNEIVET VIENATE
CAMOE TIPHCTATRHOE EHHMaHHe, B cmyuae paafanaHCHPOBRKH, KOLOA He BCe
MPOIECCOPEl MBEPIRAIOT CROWD  paboTy oqHoBpeserio, MphekTHRHOCTE
HCMONB30BAHWA  MHOMOPOUSCCORHLIX  NDApAIeIbHEIX - BEIYHCIHTENEHBIX
CHCTEM  pPpESRD CHHAOETCH H o MOMKET  HEe O0lPp4aBABRIBATL  34TPdT Hd
MpHOGPETEHHE TAKHX A0POTOCTORIRIX CHOTEM.

PaccMoTpeHnio NPoLeccos DanaHCHPOBKH NPOLECCoB B BEIYHCIHTENBHBIX
CHCTEMAX TIOCBALEHO MHOTO HTepaTypel (cM., Hanpumep, paborsl [3.1-
A14]) B HacTOAEE BREMA MOMHO BBIJETHTE JIBE OCHOBHBIX TPYMNbI
METOI0R PELIEHMA TPoBAeM DANaHCHPORKH: CTATHYECKHE W JHHAMHYECKME,
B ocHoRe CTATHYECKHX METOOBE JIERHT TIPHHIHO  TEOMETPHYECKDTD
MApaUIenMsMa, KOMIE BEIUHCIHTENBHE NPOLECe NPegcTaenaeTen B BHAE
B3peleHHoro rpada, a sarem stor rpad pasbUBaETCH HA IKBMBANEHTHBIE
uactH [1.1-2.9]. /lnd pelenHa TakHX 33134 MCTONLIYIOTCA paTHUHbIE
CHeKTPpanbHLIEe H SBEPMCTHYeCKHE NOJX00bLI, 8 TaEke HX KOMOHHALHH.
DTMETHM, YTO 108 NOCTROEHUA TPpadan, oMHCKIBAIOIMY BRYHCIHTENLHLI
MPOUEcs, BEKHD HMETH M YUHTHIBSTE KaK MOKHO GOLIE anpHopHoi
HHIPOPMALHH O IPOLECcs, NOCKDIBKY B 3TOM CIVUde NOBLILESTCA TOYHOCTE
OIHCAHHA.

B merogax guHamddeckol DalaHCHpPOBKW  anplopHad vHgopMalmus He
HCnoiibsyercd. B HHX  Npoueccel  3arpymaiorcid B 0CBODOOMELMECH
NpoLeccopel No Mepe oceoboaeHHA nocneqaux [3.10] TpH 3tom Gonee
PARHOMEPHAA 3arpyIka MPOLECCOPOE MOTYHMAETCA NPH J0CTATOMHO GO/TRILM
HOTHHECTEE HEIABHCHMETE TIROIECCOB, PRINEHHE O 3arpyase TpoLeccopon
MIGKET NPHHHMATECA T0-PAIHOMY: THO0 B OIHOM OTJENLHOM YT PaBISIHLEM
npouecce, MHE0 B PAIHELY YIPAB/IAHOWMY [IPOLECCAY, KKABI W3 KOTOPLIX
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ACCOLUHHPOEAH € BbIMHOAMTENBHBIM  NPOLeCCOM. ”U{ﬂE,U,HHH TTOULRO
HIBECTEH TaKWE KaK MEeTdy KWIIEKTHBHOMD pelueHWuE, JToT (RIet ke |
PAIBHBAETCA H pa:ipaﬁm'an B M![ETHT‘}'TE‘ MATEMATHUECKDTD MOJETHDORAHHA
PAH [3.11] Anpofauus jHHaMuuecknil DanaHCHpoBKH, OCHOBAHHOI Ha
HASHY HOMIEKTHEHOMD PELEHHA, [1ORd3A0d 3¢II:EK['HBHUCI'I:- Nogxsaa npA
PelEHHE  pa3THYHBIX KNaCCOE BBIYHCIHMTEABHBIX 3d /M MaTEMATHUECKDH
(P 3HEH,

OTMeTHM Tak#e, YTo B DHbaMoTeke PYM MMEIOTCA CPeacTBa YNpaBaeHH A
npoteccamy  (Process  Management), paGoTamiiMe B paMEAX  CHCTEMBI
ynpaeneHus  pecypoami  (General Resource Manager - GRM) [3.12].
Henoneaopanwme iy cpegcme cosmectno © Oubnnoresoid PVM MPI
[OBOHET CYLECTECHHD YIVULETL GH.']HHL'HPUH-K}' H NpoM3B0dH TEIBHOCTR
MapaLiensHex kiactepos [2,13-3,14].

CHHXpoOHM3aKA niporeccor B OpenMP

[lpoGnema CHHXPOMHIALMKH NApalIeNBHBIX TOTOKDE BAMHA HE TOOBKD 1A
MAPAAAENRHOTD MPOrPAMMHRORAHHA C HCMok3oeadHeM OpenMP, vo v ans
BCEMD MapauiensHore nporpavMMHpoeanna & renosM. [podnema coctonT B
TOM, 4TO M0D0H CTPYRTVPHEL NapannensHei 610K N0 ONpejeneHuo HMeeT
OUHY TOUKY BeINKE, 33 HOTOPOH ODBIYHO HANMMTCA NOCHEN0BATEILHBI
CTPYRTYPHEIH G710k, BeluncieHHa B NOCTE0BATENEHOM GI0KE, KaK MPaBHIo,
MOTYT GBITE TIPOAGTHCHE], €CTH JAREPIIEHE] BOE TIPOLECCE B MAPATIEIEHOM
CTPYRTYPHOM  GAOKE W HX  PEIVIETATHEL  KOPPEKTHO — MepejaHsl R
nocnegoratentislil Gnok. Mmenno gna ofecnevenua Tasniil  moppexTHON
ONepesadd  JaHHBIX W Heofoguma npouesypa  CHHXPOHH3AUHN
MAPLVIEIBHBIX TOTORDE.

B npeguectevioned TeKUHE IPH H3YYeHHH JUPEKTHE paboTel © LHK1aMi
npofileMa CHHXPOHHIALMK Ve 3aTparneanacs. Bo-nepesix, Obio yrasauo,
U4To 3Ta NpoUeavpa HABNRETCA BeCkMd pr;aoemmﬁ H CconocTdeHMa C
TPVIOEMEDCTERY  HHHUMATHIALNHH — NapaulielsHBX  MOTOKDE (T, o
IKBHBANPHTHA  nNpuMepHe  Tpyoemeoctd 1000 onepaymi).  TMostomy
HENATENEHD MOLI0BATECR CHHEPOHHIAWEH KK MOAHO PEHE,

Bo-sropnix, Ge110 oTMEHEHO, MTO HEARHO (0 YMOTHaHWIO) CHHXPOHHIAIHA
MAPATENLHEY NPOLEccol 0DECTEUHBAETCA NPH BLIMMMIHEHHK LHKIOE B
[apauensiom  pesuse. bolla  VIOMAHYTE  JHpeKTHBEE nowalt M
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YCTPaHeEHWA HEARHOH CHHXPOHH3AUHKA NPH 3aBRCPUEHHH IHETORE. Dmlam
MOILIOBATECA  ITOH JAHPEETH RO CnegyeT BOCEMA H o BECEMa aKKVPATHO,
MPEARAPHUTENLHD  MPOdHATHIHDOBEAR  TTORAT0E ]_'.IE.ﬁl]Thl nporpaMMel H
EEEJJ,HBI.LI'IT_']:, UTO OTMEHI CHHXPOHHZALHK He HNPpHEBEAET K IMTOpUe JaHHBIX 1
HENMpelCka3veMbiM pesyvibTaTdM.

Mexannim paBorTbl CHHXPOHH3ANN MOMHD ONMCATE CIeAyIouMmM ofpasom.
[pi WHHLHATHIAUWH Hafopa NapamiebHEIX TMPOLeccoB B MpoTpaMme
YCTaHdBHEIETCA KOHTPOIEHAA TOYKD '[EIHE.."J'DFI-'I'-IH-EIH mHTpﬂﬂbHDﬁ TOUKE B
OTIAIUMEE), B KOTOPOH  NporpaMMa  OMHIACT  3ABCPIECHHA  BCOEX
MOPIHIEHHBX  NApanaenkHeIX  npogeccor,  OTMETHM, 4TO NOKa  BCE
MAPENEHEE NMPOUECcsEl CBOK) paboTy He 3aBepumMaH, NPOrpaMMa He
MOGHET NPOIMEANHTE paboTy 33 TOYKDH CHHXPOHHIAUHH. A NOCKMILEY BCE
COBpeMEHHEIR BEICORDTIPMOH 3B OOHTEIEHEIE nponeccopsl HBTHHITCA
npoueccopamMH ]{!HBE'I-"I'EPHOFD THI&, CTAaHOBWTCA NMOHATHOH W BBICOKSA

TRYIOEMKOCTE  TIPOLEAYPEL CHHXPOHH3aUMH, B caMom Jene, noka He
JAREPUEHL] BCE NMAaparienkHLIE MPOLECCE, MPOrpaMuMa HE MOMET HAY4aTh
NOIrOTOBKY 3arpyisd soHBedepoe npoueccopoe. Bor sto-to 1 oeeger w
&JIlbLI.lH.M IIUTEP}IM ]]l}H 'CHHHPDHHEHLI.HH IIPULI.E'.‘CCUB, AHANMOTHYHBIX J]U'['Epilh‘l.
npH paboTe YCIOBHBIX onmepatopok B obbluHOE  MociefoBarelbHOMR
MpOTpaMme,

Beero B OpenMP cVILECTEYET 1HECTE THITOE CHHXPOHK3AIIHH:

critical,

atomic,

harrier,

master,
ordered,
flush.

-

Janee noapofHO PACCMOTPHM ITH THITEL.

CHHXpOHM3aIMA THMa atomic

JTOT THN CHHXPOHWIALMH  ONPEejenseT NepeMedHyio B JeRoid  4acT
DIepaTopd  [PUMCBAMBAHMA, HOTOpAs AO/4HA  KOPPEKTHO oDHOBASTHCA

e
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HECKIVTLEKHMH - HUTAMH, B 2TOM Cnydae NpoMCMYIHT NpeJoTERAlLEHHE
MPeEPEEAHAA JOCTYIIA, YTCHHA W 3anHCH JIaHHEBIN, HAXOIAILMYNCA B ﬂﬁ'lll;[_‘ﬁ
MMEMATH, CO CTOPOHLI APYTHX MOTORIE,

JnA 3ajaHua 3Torn THNE CHHxpoHM3auMe B OpenMP B nporpamma,
HAMHCAHHEX HA meKe A0+, HOMDALIYETCR nmparma

#pragma ormp atomic
<OMEPATOPL MPOCPEMMEL=

B NporpaMMax, HamHCAHNBEIX Ha A3LIEE an'a:n, IAJAHHE CHHXPOHHIANHHA
THMA atomic OCYIIECTRNAETCH C NMOMOWLID CNESVIOLEND NpesnoskeHHs
OpenhP:

chomp atomic
<OMEepPaTopbl MPOrpaMmMbl=

DTME‘THM_. HTO CHHAPOHM3ALIHA atomic HBEJIHETURL ii..'lh'l'E'[JHi:lTHBUﬁ
AHpekTHELl reduction. JIpHMeHARTCA 3Ta CHHXPOHH3IALMA TOMLKD 118
ONEpaTOPORE, CNEAVIONMX  HENOCPEACTEEHHO 33 ONpeleldnued  ee
,L[HFI-EKIHBﬂﬁ. CHH.‘EPDHHBHLI,HH atomic - OYEHE AOpOrds onepayns © TouEd
3peHHA  TPMVIOEMEOCTH  BBRINOAHEHHA [IpOrpamMyel. OHa  BbIIOAHAETCA
ABTOMATHUECKH N0 YMOMUAHHK NMPH 3aBepleHHH LIHKIOR B NApaniensHom
pesmme. [Ina Toro uTobel e HCKIHMHTE, COSIYET HCMONBIORATE AHPEKTHRY
nowait.

]-[l'}I-1ME]_'.I YCTAHODBKEH  CHHXDOHH3IALUHWH  THNAE atomic NpUBEIEH BO

hparmerTe nporpaMvel B (puvepe 3.1,

integer, dimension (8) = a, index

data index’1,1,2,3, 1,4, 1,57
chomp parallel private (1), shared (a, index)
chomp do

dol=1,8
chomp atomic

alindex(D)) = alindex( 1)) + index(T)

enddo

chomp end parallel

Npumep 3.1, YoranoBxa CHHXpOHMBAUMM THna atomic

4l
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B NpHECACHHOM TIpHMEDE B MaPIISIEHOM DERHME CHHXPOHHIHPYHOTCR
TOMEKD BLIYHCACHWA ONepaTopa

alindex( 1)) = a{index(1)) + index(1)
CHHXpOHUW3aIs THNa critical

JToT  THI CHHXPOHH34AUNH  HOIIVIBIYETCH A8 OIHHCAHHA CTPYKTYPHBLX
ﬁnamn, BEIMOMHAKMHACH TOMBKD B OQOHOM TOTOEKE H3 BCOETO Haﬁnpa
MapaienbHEeLX NOTOROE.

JnA 3alaHHA CHHEPOHH3AWHH THNA critical B OpenMP B nporpamma,
HaMHCAHHBIX Ha A3kiKe C/0+H+, HETIONRIYETCA Mparsa

#pragma omp critical [ name |
<CTPYRTVPHEIE GI0K NPOrpampsg =

B nporpaMmax, HanMcaMHsx Ha A3bike Fortran, 3ajaHHe CHHXPOHHIALHH
THOA critical OCYIECTRASETCA C NOMOILERD COSIVIOILETO NREIT0HMEHHA
O penhP;

chomp critical [ name |
< CTPYRTYPHEIR DA0K nporpamme =

chomp end critical [ name ]

3pece name - MMA KPUTHUECHDH ceskpme [ critical section )
Pasxwie EPHTHYeCKHEe CeKLHH He3dBHCHMBL, eC1d OHH HMeT pasHbe
HyeHa, He nonMeHoRaHHBIE EPHTHYECKHE CEKIIHH OTHOCATCA K Cl;ﬂ,HDﬁ H Toi
e CEKLHH,

IpeMep HCNOMEIORAHKA CHHXPOHMIAMH THNA critical TPHBEIEH BO
fparmenTe nporpavMsel (npusep 3.2). B stom npuMepe onpeieneHsl qpe
KPHMTHUBCKMX CeKUMM namel W name?, Kamian 13 KTOPRIX BRIIOJIHARTCR
TOMBKD B OOHOM W2 NMapaiieNbHBIX MOTORDE. ITOT THN CHHXDOHH2ALHH
OUEHE BOHCH 008 JOCTHHEHWA MHHDEOH MPOH3ROARTEIEHOCTH TTPOTEMM.

integer = cntl, cntd
chomp parallel private (i)
chompé shared (cntl, cm2)
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chomp do
doi=1,n
o tdo work .
if (condition1) then
chomp critical (name1)
cnel =cntl + 1
chomp end critical (namel)
ele
chomp critical (name1)
cntl = ontl - 1
chomp end critical (name1)
endif
if (condition2) then
chomp critical (name2)
cni2 = cni2+1
chomp end critical (name2)
endif
enddo
chomp end parallel

Opuuep 3.2. NpuMep CHHXPOHMSADMKM THOA critical

CuHXpoHU3aLMs THIIA barrier

P

oL HOT A

CHHXPOHH3AUMA THNA barrier VCTAHABIMBAET DPEMHM
]EBEPELE‘E[HS[ PBECITI.-:[ BOEX JE.F[}"I.LF_'IIHI:[X B ]'.IPD]T.IE.MME I'IEPE.I'.I.:"IEI'IE-CI!I.-.[X

[IOTOKDE HpH A0DCTHAEHHH TOYKH barrier.

OipenSdP

DHHIAHKHA

Jns 3aJaHia CHHXPOHH3aUMK THNA barricer B OpenMP & nporpammax,

HAMHCAHHEIY Ha A3pIKe CiC++, HETIOBIYETCA Nparsia

#pragma omp barrier

B nporpammax, sHanMcadHeix Ha aseike Forran, sagjasde CHHXPOHH3ALHE
THNA barrier OCYILECTBLETCA © MOMOLEBK CUEIVIOLETO NPelioKeH s

OpenMP;
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ch omp barrier

ﬂpnmep HNOAL30BaHHA CHHXPOHW3dLUMWH THITd barrier NpHESIEH BO
fhparMeHTe Nporpamyel (DpusMep 3.3). B 3T0M NPHMEPE CHHXPOHHIHPYETCH
ELIMOIHEHHE OA0Kd onepaTopoR <asslignment>, Caegyowpil  Gnok
<dependent work> HAUHHAET CBOK paboTy BO BCEX MapanielbHbLX
NMOTOKAX JTHILE TOIBRD NMOCIE TOND, KAk BO BCEX MAPLLIENEHEX MTOTOKLX ﬁfﬂﬂ}"[
IARCPUIEHO BRIMOIHEHHE GN0Ka <assignments,

fJTMI:"I‘HM, HTO HEHABHO CHHXPOHW3ALMA THIA barrier no YMOMHAHH D
YCTAHABIHBAETCH B KOHLE HHKIIOB. ,[[IIJ[ £ OTMEHDB! MOUEHO BOCIIONBIOBATHCHR
JaperTHBoil OpenMP nowait, Bonpockl NpHMeHeHHA 3T0i JHPEKTHEERI

nogpobHO  PACCMATPHBAIMCE B NPeALIVIEH /CKIMH B paziene,
MOCEANEHHOM ONepaTopan IHETOR,

chomp paralle]
chomp do
doi=1,n
<assignment==
chomp barrier
<dependent work=
enddo
chomp end parallel

Opuuep 3.3. NpuMep CHHXPOHMSAOMM THOA barrier

Ineck e OTMETHM, YTD Ha A3kke Forran onpefensiHe JHPeKTHRE
nowalt BeITSNT Tak:

chomp end do nowai
g Ha gasge CAC+H = TaKs

#pragma omp for nowait
CHHXPOHUW3aLMA THIa Master

CHHXPOHHBHL[HH THIIA MASEr HCNOARZYeTCA 1A ONpede/leHHA CTRPYRTYPHOID

Bnoka NporpamMel, WJTDPI:-IH ﬁ}ﬁ:l,ET EBIMHATECA HCKIHUHTENEH O B TTaBHOM
FT]
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MoToKe (MapanienbHOM TOTOKE C HYNEBLIM HOMepom) M2 Bcero Habopa
MARLIEILHE X NOTOKDR. 3TOT CTPYKTYPHEIA GA0K CAeiveT 3a JiHPeKTHROA

#pragma omp master

B TIPOrpaMMax, HanmuMcaHHeIXx Ha A3bike C/C++, B nporpavmax Ha A3bike
Fortran CHHXPOHHIAIIHA THIA Mastelr YCTAHARTHRASTCA CNeIyOLIHM ofpazom:

chomp master
<CTPYKTYPHEI GioK=
chomp end master

B nopumepe 34 npMBedeH  [PHMER  gparMeHTa  TPOCPAMMEL,
HILMIOCTPHPYIITEHE HCTOILInEIHHE CHHXPOHHIAHE THa master. B aTtom

MPHMEPE ONEpatTopel print W read BRINONHAKTCH HCKIKUHTENRHD B
[MABHOM NOTORE,

I $omp parallel shared (c, scale)
! $ompd&: private (j, myid)
myid = omp_get_thread_num ( )
! $omp master
print *, "T:", myidl, " enter scale’
read *, scale
! $omp end master
! Somp barrier
! $omp do
doj=1,N
C(j) = scake * ¢ (j)
enddo
! $omp end do
I $omp end paralk]

ﬂPI!bﬁ.P 3.4 . ﬂPmF I:I!ILHPQHI!!!.I;H.‘H THAA master
Cunxponusanus THna ordered

CHHEPOHH3AUHA THNA orde red HONoIb3yeTCa 008 onpefeleH A MoTORDE

B MapatiensHoil oflacTd nporpaMMel, KOTOPhIE BRIMOIHAKITCA B OQATKE,

COOTRETCTEYVIDIEM NMOCTEA0BATENEHOH BERCHH TTROTREMMEL.
o
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chomp parallel default (shared) private (1, J)
chomp do ordered

dol=1. M
dol=1M
=40+ X(LIO*Y(.1)
enddo
chomp ordered
if (1=21) then
print*, 'Z (,1,) =", Z (1)
endil
chomp end ordered
enddo

Npsuep 3.5, Npeddep CpofpadMHi ¢ CHEXpOMMSaumed THOa ordered
PeayneTarsl padoTel NpOrpamMme!:

Z (1) = 1007.167786
Z(2) = 1032.933350
7 (3) = 10233125610
Z (4) = 1009.944641
Z(5) = 1016547302
Z (6) = 1005.789124
Z (7) = 1025.048584
7 (8) = 1003.904358
7 (9) = 995.5405273
Z (10) = 991.2892456
Z (11) = 1011.334167
Z(12) = 1010.631897
Z (13) = 1009.581848
7 (14) = 976.2397461
7 (15) = 978.1119385
7 (16) = 977.7111816
Z(17) = 971.2011719
Z (18) = 998.4275513
7 (19) = 1018.487000
7 (20) = 978.0640259

B nporpammMax Ha Aseike CJ/C++ CHHXPOHH3AUHA THNA ordered
OMHCHIBAETCA CAEAYIUM obpazom;
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#pragma omp ordered
<CTPYKTYPHBIEA GnoK>

a4 B NpOrpaMMax, HalHCaHHBIX HA A3biKe Forran, CHHEPOHH3ALWA THIIA
ardered VCTAHABIWBACTCH Tak:

chomp ordered
SCTPYKTYPHLIN Gnoxs=
chomp end ordered

B npumepe 3.5 npueegen  npuMep  parMedTta nporpamsb,
H/UTHICTPHPYHOLME NPUMEHEHHE CHHXPOHM3AUMA THIA orderad,

BuaHo, 4to B NPUHBEAEHHOM NPHMERE BhIBOJ PEIVIETATOE IEMEHTOR
MacCHBa 7 OCVIECTBENASTCA B NMOPRELKe BO3PACTAHHA HHAEKCOB 3MeMEHTOB
MACCHEE, KaK B 00RIMHOH NOCHe0BATENEHOR NpOTpamMMe,

Cunxponnsanus tina flush

CHxpoHuzanns tHna £ lush HCnoaesyerca A8 ofHOBISHMS 3HaUeHHIT
JNOKANBHEIY NepeMeHHBIY, NepeudcieHHBIY B KauecTRe apryMeHTOoR ITOH
KOMAH L, B OMepaTHEHOH namati. [Tocne BRINOAHEHHA 3TOH HPEKTHRE
BCE MEepeMeHHbIE, MEPEYHCIEHHEIE B 3TOI AHPEKTHRE, HMEKT OJHO H TO e
SHAUEHHE [U1A Brex apaliebHELK 0TORDE,

B nporpammax va saske C/C+H+ cupxporyianes Tina £1ush onucLIBaeTeR
CABLYVHILLNM 00pazom:

#pragma omp dush{varl, [var2, [..., varlN [])

Ha sswike Fortran 3ma gupextiea CHHXPOHHIaUHA THoa flush Bemsgur
TaK:

chomp fush varl, [var2, [..., varMN ]])

Jpece varl, wvarZ, ..., wvarl - COHCOK TEPEMEHHEIY, JHAYEHHR
ROTORBIE COXPEHAMOTCH B ONEPATHEHOH NEMATH B MOMEHT BhRINOIHEHHA
AHpekTopHH £1lush,
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Iprmep dDﬂI']l'[{.‘HTﬂ nporpaMmMbl, WLIIHNCTPH pji‘mlUHi'i HITTOB30BEAHHE
CHHXPOHWIALHKE THNA £l ush, NpHBEICH B DPUMEDE 3.6. B atom npHmMepe
HaueHHWH llEFIEH‘E'H.HUﬁ done SalHCHBEAKITCN B OINEPATHEHYH) [IAMATE [1/13
TOTD, UTobk BCE APYTHE NpoUeCCsl HMETH OOCTYT K akTYaIbHEBIM 3HAUEHHAM
ITOH NepeMeHHoil.

program flush
integer, parameter 3 M=1600000
integer, dimension (M) = c
mteger - stop, sum, td
imeger, dimension (0:1) = done
integer, external = omp_get_thread _mim

call omp_set_num_threads (2)
=1
c(345)=9
1Somp parallel default {private) shared (done, ¢, stop)
tid=omp_get_ thread_num { )
done (tidy =0
if (tid == () then
neigh = 1
else
neigh =0
end if
'Somp harrier
if (tid == () then
doj=1,M
iicjy==9)sop = |
enddo
endif
done (tid) =1
1Somp flush (done)
do while (done(neigh) .eq. 0)
Somp fush (done)

enddo

if (tid == 1) then
sum=i)
doj=1,stop- 1

sum = sum + ¢ (j)
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enddo
endif
ISomp end parallel
end program fsh

Opuuep 3.6, MNpumep cuHxpoHMsamps Tena flush

3arpyzka npoueccos B OpenMP. [Tupektiea schedule

[poGaema 3arpy3sd NapaiieisHbBY NOTOKOE ABIAETCA BEMHOH Npodnemoi
HE TOMEED 008 MapaiaaeidsHOrD [NporpamMyMHpoORaHEAE © HCMOOE20BAHHEM
OpenhP, 1o W 418 BCETO TapaanenkHOT TPOTPAMMHPORAHHA B 1eA0M. 3T
npofinema  TecHo ceEszaHa ¢ npobaedol GanaHcHpoBKH  3arpyIKM
[POUECCOROE apUUIEIEHEX BRICORDIPOMIBOIHTEILHEIX BEIUHCANTENBHELY
CHCTEM, & TawKe C [podaeMoil NopblneHHA MPQERTHBHOCTH paboTsl
napanienbiels nporpass. [IOHATHO, YTO N4 BBICOKDN POHIBEOOHTEIRHON
H{IDHJIIIEJ]LHUE BRIMHCAHTENEHOH CHCTEME] VOMeUHOoe peieHue Hpﬂﬁﬂ(‘h'[hl
GamaHCHPORKH 3AMPYIKH MPOIECCOPOR SRAFCTCA KTIOH0M K PRIRHHID 337391
MOBLILEHWS  HPPEKTHEHOCTH BEIYHCTHTENLHOA CHCTEMEL B uenom, Kak
MIBECTHO, TNPOLUEBCCH N0-PAIHOMY MOIYT HCNOB30BETE BBIYHCIMTENBHLIE
BOIMORHOCTH NpouecCopoE. Tak, Ha CTaIHH HHTEHCHEHLLX
APHIMETHHECKHY  BRIMHCIPHHH  HOOMUMEHT 2arpy3kd  NpOLeccopoR
obkvHo Gamzok K 100%. Ha cTagiu MHTEHCHEHKIX ONepaldi BEOa REIEOIA
EDMITHENT 3arpyIse NPOIECCOPOR MEHAETCA B JMATA30HE OT HECKTEKHY
OPOUEHTOE [0 JECATROR NPOUEHTOB. KpoMe Toro, Nponeccopsl Moryt
NPOCTAMBATE H B TOM CIY4a e, KOG NPOUeccsl, NEepesaHHbIe UM, YHe
obpaloTansbl, a APyTHE MPOLECCOpPEl BCE BME NPOAokanT ofpadaTeeaTh
MNpoLeccsl Tol e 3agadd. 08 MCKToMeHHA NPOCTOSE WM YMEHBIEHHA
EPEMEHH  TIPOCTOER  NPHMCHAWT  PARIHYHBIE  METOOL  0aNaHCHPOBKA
npoteccos. Cyinecteyionpe B OpenMP pazniyseie  MeTOEL  3arpyssd
[POUECCOE TAk#e MOryT ObITE MPHMEHEHL! A WIYHLEHHA DalaHcH posKd
PaBoThl NAPAIENEHEL BRIYHCIHTEIBHEIX CHOTEM,

Jna pacnpepenenus pabortel Mmesy npoveccamit B OpenMP useerca
gupertHea  schedule ¢ napaMerpamMu, NOIBOAMIOWMMH - 3343BATE
PAITHUHEIE PEHHME] 3arpvasH nponeccopor, Hise npueenen obipi eug
npeamkerna s chedo le B OpenMP

schedule( oype [, chumk ] )
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3,:[!_"[‘5 Lype - NapaMeTp, DHDE,.EIEHH}DIIMFI THIT 3arpyVakMd, a chunk -
napamMeTp, anleﬁ OMPEAENAET NOPUHE JaHHEIX, NMEReCchITaeMEIY MERTY
[IPpOLECCanME {:[[U YMOMHAHH KD 3HAYEHHE [apaMeTpd chunk PdBHO 1 }

B OpenMP napamerp type NPHHHMAET QIHO W3 CREIVIOLMX SHaUeHWH:

static,
dynamic,

gquided,

runtime,

Jarpys3ka THna static

B 310M CIvuae BECA COBOKYTTHOCTE 3arPyAaeMely IPoLeccop paziHeaeTC Ha
PARHEIE TOPIHH paiMepa chunk, W 3ITH TOPIHH  TOCTEI0RATETRHD
PACTIPEAETRKOTON MEAIY NPOLECCopami (WK NOTOKEMH, KITOPLIE 33TeM W
BRITTOVIHARITCA Had 3THX HPD].],E'E‘CGP&K} C nepeoro oo nocnefHero M T. 4.

B kauecTee npUMepa MCNONBIOBEHHA 3aIPYIEH THNE sTat1lc paccMoTpHM
(hparMeHT NporpamMsMsl Ha a3sike Fortran, npHeegeddei B npumepe 3.7,

chomp do shared (x) private (i)
chompd& schedule (static, 1000}
doi=1, 12000
owork ..
enddo

Opumep 3.7. Npumep sarpysxm schedule (static, chumk=1000})

CxemMa pacnpefe/ieHus 3arpyski NpoLeccos 10 NpoLeccopam (MIH NoTokaMm
[ threads ), HOTOpBIE 38TEM BRINOAHAKTCH  Ha  [poUeccopax),
COOTRETCTEVIOURA 3TOMY TIPHMEDRY, NMpHEegeHa Ha pucd]l. Kak BHAHO H3
Aol cxemel, Boe 12000 npoueccor paituTel Ha 12 nopuwi nmo 1000
npoveccos { chunk=1000 ). 3arpyika nopumil 8 notoxu ([ threads )
OPOHCAYINT Nociejosatensio. CHavana nopuMd B NOPRLKe HYMEpaluu
3ArPYAAOTCA B NepBeli, BTOPOH, TpeTHWE W deTBepTwiil NOTOKH, a 3aTeM
IATPVIKA TIPOMIBOAMTCA OTETE B TOM JEE TTOPAIEE, HAHHAA € MEePROT
MOTORS W T. [,
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Thread 0
(1, 1000, (4001,5000), (3001, S000)

Thread 1
{1001,2000), (500160007, (9001, 10004)

e of

Thread 2
(2001,3000), (6001,7000), (10001, 11000)

Thread 3
(3001 4000), (7001,8000), (11001, 12000)

Puc. 3.1, CxeMa sarpyikd NPOUeccopos 4 NporpaMMel, NpHEEIeHHOH B
nmpHMepe 3.7

3arpyzka Tina dynamic

B arom cioydae BCA COROKYITHOCTE JArPyaeMelX TIPOLECCOR, Kak H B
OPEILVILEM BEAPHAHTE, pasiMBAETCH HA PABHBIE TOPLMK pasmepa chunk,
HO 3TH MOPLHH 3aTPYy#AIOTCA NOCTEL0BATENBHO B OCBODOIHBIMECA TOTOKA
(npoueccops).

IMpymep NpMMEHEHWA FTPYIEH THNA dynamic NPHBEAEH B CIeyHOLEM
thparMeHTe nporpaMyMel (Dpuwep 3.8).
chomp do shared (%) privace (i)
chompés schedule (dynamic, 1000)
doi=1, 10000
owork L

enddo

Npurep 3.8, MNpumep sarpysxd schedule (dynamic, chunk=1000)
3arpyska Tvna guided

B 2710M cyuae BCH COBOKYITHOCTE 3AMPVAHAEMEIX OPOLECCOE paidHBaeTCH Ha

Al
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MOpUMK,  pazMep  EOTOpBIX  ONpeieiseTca onepaluoH HOM  cHCTeMOR
JHHAMHYECKH W Me NpPeBbllReT pagMep chunk, 3arpyisa nopouii
[IPOHCHYIAT, KAk H B AHHAMHYECKOM pessHMe, B [[EPBHH oCBOOOIMBILIHECH
[OTOK, 3ATeM CNeYHIMA OCBODOIHBLIMHCH NOTOK 1 T 1,

[Mpumep NPHMEHEHUA 3arPyikd THNA guided OPHBEIEH B CABIYIOWEM

diparMeHTe NporpamMibl, W200paKeHHoOM Ha NpHMep 3.9,

chomp do shared (x) private (1)
chompd schedule (guided, 55)
doi=1, 12000
LLowiorl L.

enddo

Npuuep 3.9. MNpumep sarpysxd schedule (guided, chunk=55)

B arom PesHME OfeCTIEUHBAETCS ADCTATOYHD {E:IH.I'.IH]!I'_'H[.II'.'IBHII]!H.F[ 3drpyaKad
AOTOKOB € HeDOMBILMMH  33JepHEAMH TP  33BEPLIEHHH  NapaieibHOM
ofpaboTid.

Jarpy3ka TUma runtime

B arom  coydae  ZJarpyika  MOPUME - NPOLECCOB N0 NOTOKAM  (MJHA
NPULECCOpaM)  ONPedenseTcd  SHaHeHHeM  NepeMeHHOH  OKpY:HeHHA
CHMP SCHEDULE. 3HaueHHe 3TOH NEpemeHHOR NPOBEPRETCH  nepejy
KapkA0H 3arpyasnil Npolecco B MOTOKH BO BpeMA padoThl NporpaMMer. [lo
YMOAYAHHED OHO SLal L,

JlBa npumepa 3afaHWA PERMMOB 3ATPYIEM THNA runbime © NOMOLGR
BOMAH,| OMEepaLHORHOE CHCTEMEL Linux npusejern HHmEe,

5 seteny OMP_SCHEDULE static, 1000
5 setenv OMP_SCHEDULE dynamic

B neprom npuMepe 4epes IHateHHe TEREMEHHOH OKPYHEEHHA B KaUeCTRE
SUCPYIHH runtime 3a0aeTod pesHM stat o © pasMepoM NOpLHH pasHbIM
1000, Bo BTopoM #e NIpHMEPE B KEUecTEe 3arpyikM runtime 3a0aeTcd
pedmM dynamic ¢ paiMepoM MOPIHA, M0 YMOTUaHHI0 38JaHHEIM PARHEIM
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Hononxurensxble Bo3MoxHo cti OpenMP

B 3Tol  NeKyWH  paccMaTPHBAKOTCA  JOMGIHHTENBHBIE BOIMOMHOCTH,
HOTOPEIMH ~ MOWHO  BOCTIOJIBIOBATECA TMPH  HATHCAHHH  OPOTPAMM  C
npuseHennen OpenhP. Tlepenid pazgen HacToAUEH 1EKUMH NOCEAILEH
PACCMOTPEHHID BONPOCOE 347dHHS NEPEMEHHLIX OKPVHEHHA © TOMOLLLI
fyHiiHi Bubnnoress peansHoro spesedd runtime OpenMP. Bo stopom
pasfiene pacCMaTpHBAKTCA BOMPOCE PHMEHEHHA HPeRTHELL treadprivate
MpH  OpraddzalMyd Nepeiaud  OaHHBIX B NOpOCpaMMeay, HaNHCaHHBIX C
Honome3oBaHeM OpenMP. B TpeTeeM  paziene MNekHH  NPHBOIHTCA
YOTAPERIKAA KOHCTPYKIHA NEPEIaiH JaHHER B gupekTiee OpenhP paralle]
do. Hakonew, veTeepTii pasgen HaCTOALER NEKUHN NOCEAIEH H3YHEHWI
ponpocos Gnokuposkl 8 OpenhMP.

3ajaHde TIepeMeHHBIX OKPYKeHHS € TIOMOIIBH) (DYHKI[HA
runtime OpenMP

B npejbiiyiiHs JeKLHAK Ve 3TParHBaIHCE BONPOCK! 34/jAHHA MepeMesHbIx
OKPYHEHWA, OTPEJIENAIIIAE  PERMMEL  paboTel  NapaniedkHeY  HacTed
npoarpaMM. B0 mokazano, 9To A8 3Q0aHHA HX SHEUEHWH  MOMHO
BOCMOMNEIOBATECA  KOMAHJaMHM  OMEpaUHOoHHOH  cocTemel Limx wom
Auperrvsamy OpenhP. Ognaro 8 OpenMP  cywecrever  ewe  ogHa
BOIMOAHOLTE FaJdHHA NEPeEMEHHBIX OKRYHEHWAD C MOMOLLIBH l'.'l:I}“I-IF{L'I,HH
oubmuoTekH  runtime OpenMP  OfpamesHe K 3THM  qWHEIHAM
OCYIECTEIRAETCA HEMOCPEICTEEHHO B MPOTPaMME H HHYEM HE OTIHYAETCA OT
BLI30BA O0BIMHEIX fivHRUME, OgHaRD CNegyeT UMeTE B BHILY 4TO nogobHan
BOIMOAMHOCTE CYIECTEYVET He BO Boex peanmsayusax OpenMP. Tak, B
peanszaurax OpenMP, nogaepxHeaenmblx komnanddeil Siicon Graphics, Takas
BOIMOMHOCTE OTCYTCTEVET, JTO e 3aMeYaHHe OTHOCHTCA M K Peaili3amHamM
OpenMP Ha MHOrONPOUECCOPHEIN BEIMHCIHTENRHEX CHoTeMax G-Scale s-
350 rmonmnanmm Kraftway.

B nporpammax, Hanucaduelx Wa C/C++ o wcnoasaoeaddes Openh P
CVILECTEYIOT CNEAYIOUME BO3MORKHOCTH 33J3aHHA NEPEMEHHLIX OKPYHEHWR ©
MOMOLLERS CpeleTe BUOMHOTERH peantHoro Bpemedd runtime OpenhP

C noMolpo BM30B (WHELHH
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{void) omp_set_num_threads(int mm_threads)

MOKHO 330dTh YHCIO NOTOKOE B 0BmacTH MmapanienbHbIx BHHHC.FIEHHH, T. &,
OTNPeLeTHTE IHAMEHHE TIepeMeHHOR OKPVAHEeHHA CMEP NUM THREADS,
Mpn szasepiesdy paboTel 3Td @WHKLHA HE BOIEPALKAET B NPOrpaMmMy
HHEKAKMX SHAUEHHH,

bynkLa
int omp_get_mam_threads()

HAMPOTHE, BOBPALECT B IPOTPAMMY LENOMHCICHHOE 3HAMCHHE, PABHOE
KNTHHECTREY Mapa/utelLHE X MOTORDE B TEH}"I’IME MOMEHT BERPEMEHH.

Coegyromga qwHELHA
int omp_get_max_threads()

BOZBPAllEeT B MporpamMsy LemoYHCIeHH e FHAUEHHE, PaBHOE
MaKCHMANBHOMY KOAHYeCTRY MNapalieNbHblx NOTORIE, KOTOPOE MOMET ObITh
BOIBpalEHD dyHkuMed omp get num threads,

Jina onpepencHUA HOMEpa NAPLIENEHOND MOTOKE B TEKYIFA  MOMEHT
BPEMEHH MTROTRAMMEL MOHHD BOCTTOTLIOBATLCA qVHKIHER

int_omp_get_thread_num{}

OHa BOIBPALLAET LENOYMHCISHHOR 3HEIEHHE B JHana’ode or O J0
CMP_NUM THREADS-1.

OmpegenHT: KUTHYECTRO TPOIECCOPOR, AOCTVITHEIX NPOTPaMME B TEKVIIE
TOUKE, MOMHD C OOMOLER QyHELHH

int omp_get mam_procs()

Craegayougd WHELHA NO3BONAET MAPHTHEMUHPORETE, B Kakoi obnacTd
MpOrpaMMel (NAPaTneasHoH HAH MOCNEI0BATENLHOH) B TEKYLHA MOMEHT
BReMEHH POBOIATCE BRIYHCIEHHA

{intlogical) omp_in_parallel)
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CHa BOAEpAIEeT IHAMeHHe TRUE HAH 1 B TOMKe "-EDEIHJ]EJTEHDﬁ ofmacT
nporpaMMel o FALSE wam 0 B TOMKE NOCNEJOBATENLHON ofnacTd
[POrpamMmbl.

36,.'.[."1Th- HJAHW OTMEHHTE ,D,HH&J.'MH"-[E‘L'KJ-iﬁ PERHM FI&IEIUT]:-I NporpaMmbl MOMHD,
BOCMOMEI0EABIMCE (WHEL[HeH

{void) omp_set dynamic{ TRUE | FALSE )

Jna 3aganun JHHAMHYECHITD DEKHMA CeIVeT HONoIL0BaTE NapaMmeTp
TREUE, a jam ero oTMeHbl - napamerp FRLSE. [Ipy stoMm B ClHHCKe
MepeMeHHBIY  OKpYHREHHA  ONpPefeNaeTca WA YO0aAAeTcd  NepeMmeHHaR
ORpYeHHA OME DYRAMLIC HIH 3aJaeTCH ee IHBIEHHE, COOTRETCTEEHHOD
pasuoe TEUE i FALSE,

Cregyiolga qyHKLHA NOSEOIRMET HASHTHMLHPOBATL, KakDH pesum paboTsl
MapLUiesHol  4acTH  NporpaMmMel  (IHHAMHUECKHE MAM  CTATHYECKH)
OCYIECTEARTCH B TEKYLLBEIT MOMEHT BDEMEHH [PH BBI30EE (WHKLIHK

{intIogical) omp_get_dynarmic()

Ora  dynruma  Bosspauger  sHadende TEUE wom 1, ecnn pesHm
JHHAMHUECKHE, H FALSE HAH 0 B CIY4ae CTATHUECKDID PEHHMA.

3a7aTh MIH OTMEHHTL BAOMEHHBIH pexMM napaniencHoil oSpaboTeM
MPOLECCOB B MapaniensHoH o0AacTH MporpaMMel MOMHO © MOMOLLBH

fvHKL K
{(void) omp_set_nested{ TRUE | FALSE )

Owa VCTaHABMHEIET HIH OTMEHAET BAOWEHHBIH pesHM ITapEIJ'IJTE'J'IbHEIﬁ
obpaboTy. [lpe 3TOM B CTHCKE NEPeMeHHBIE OKPYKEHHA OTIPEIETIeToa HIH
WIANACTCA NEPEMEHHAA oKpys#eHua OME NESTED ambo  sajpaetce ee
SHAUEHHE, COOTBETCTEEHHO pasHoe TEUE wiw FALSE,

Cregyromas yvHELMS N03B0/RET HAeHTHMLMPOBATL, YCTAHOBIEH HIH HeT
BAMKEHHEE PeXHM NapaiieIsHoi oDpaloTki B MOMEHT BhI30BE QIYHKLHHK

(intlogical) omp_get_nested()
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O7a dWHELHA RBOBPALRET IHaueHHe TRUE WIH 1 118 BIGHEHHOTD PEAHMA

napaanensioi obpaborse B oamauenwe FALEE wnn 0 NpH OTCYTCTEHH
TdROBOMD.

Ipu obpatpHUl KD BCeM BRILENSPEUHCIEHHEIM (WHELHAM B 3armJ/I0BKd
MpOTpany Ha A3bike C/C++ HeoOMyMMo BETHAIATE CTPOKY:

#inclode <omp.h>

B nporpammMax, HaMMCaHHEX Ha aieike Fortran, cylugcTayioT oqHoHMeHRLE
aHanoriuHete @yHENHH. TIpH ToM yHENHE, BOSEPALEKLIME SHAUeHM,
peaTHIoBaHkl B BMAe WHELIMI, a OVHKIHH, VCTaHABTUBAIONME 3HAYSHIA
nepeMeHHbBIX  OKDVAHEHHA W He PBOIBPALBHUME HHKIKHX EIHH'-IEHHﬁ.
PEATHIORAHEL B RHJe nNoanporpaM™.  Tum  dyHENHA B OporpamMma,
HAMHCAHHETY HA MkKe Forman, gomged GEITE ONpeJencs B CODTRETCTEHH ©
THIOM BOIBPEILIAEMEIX JAHHLIX,

[Mepesaua gaHHbIX C HOMOLUBH JHpekTHBBI threadprivate

MMpoGnema nepegaud JaHHBIX B NEPauieibHBIX NPOrpaMvay, HalHMCaHHBIX C
HonoszoBaHEeM OpenMF, viKe paccMaTpHEANacE B NpebLIVIIHY pasieias.
OJHakD Dbl WANOHEH ML BADHAHT MEpPedaud (MHTPALMH) JAHHBIX W3
MAaRHOMD NOTOKa NPpOrpamMsel B napaaiensHbIe. B ITOM e paznenes Mkl
OCTAHOBHMCA Ha npﬂﬁ-.’lEME nepenayd JaHHBIX MEHRAY MapaniaensHBEIMHA
[IOTOKAMHK H3I GAHOID [1apa/lTeflbHOrD CTPYETYPHOO D0K nporpdmMmbl B
JAPYTOE, MHHYA [IPOMERYTOUHEIH NOCIEoBaTENEHBEI CTPYRTVPHEIH Dok,
Ana pealM3allHd TAKOrD MeXaHH3Ma nepefaud JaHHBX B OpenMP uMeeTcn
CreHansHan JHpekTHRa threadprivate,

JuperThea Lhreadprivate NPHMEHARTCA K MOOATEHRIM TEPEMEHHBIM
MPOrpaMsl, FEOTORLIE HYMHEHO COBTETE NOKATEHLIMH NEREMEHHLIMH 0718
RO Qo H3 Mdpalle/IbHBIX ITOTORDE. KPUME TOrn, 3Td JHPEKTHEd 1TO03BWIHET
[lEpE‘,LI,ﬂBEI'I'h NOKIbHBIE AdHHBIE H3 OOHOID IIEPE.']..'IETII:HD[‘U CI'P}"I{I'_}-'PHUH]
Gnoka B Apyroi, a TAKMe COXPAHATL NOKANEHBIE JaHHBIE H3 MapannensHbx
MOTOKDE Ha NPOTAKCHHEH BCel nporpaMMel. B nporpaMmay, HanHCaHHEIX Ha
LT an'an., Ii"I;JTF[ IATOr iIl’!DﬁmﬂHMﬂ- TMOMECTHTE I'[l'!|'.l|'."'|'|.'l|:"i[]!E=T|:" E COmmon-
Eﬂﬂ[{, d 34TEM OMUCAThL ATOT ﬁﬂﬂ[{ C nDMDLL]L.ID ,C;HPEHTHELI
threadprivate cnegyionpm obpaom:

14
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chomp threadprivate (fich 1/, [/ch2/ [, ..., /chiN/]]

3peck chl, chZ, ..., cbiN-WMeHa common -DNOKDE, 008 HOTODEIX
COAAHITCA NOKANBHEIE KOMHK BO BCEX MAPANNeILHLIX NoTokax, B peaynkraTe
C mepRoi  #e napaanensuoil  obnacti, coegviowpi | i@ JMpPeKTHBONR
threadprivate, Oyyr CO3gaHbl NOKANBHEE KOIHH Ccommorn -010KE,
BakHo OTMETWTE, UTO B TNpolecce nepefsdd  JaHHbIX  COXPaHAETCA
COOTECTCTEWE MEHAY IHAMCHHAMH NMepeJaBacMbBIE MEPeMEHHEIX H HOMCDaMHA
NAPAAIEIEHEIX MOTORDR.

llpamep dparMedTa TNPOTPaMME], HAaMHCAaHHOH Ha  #3wke  Fortran ©
HCMOMBEIORAHHeM HpekTHBE OpenMP threadprivate, npueeen B

npumepe 4.1,

Kak Buauo w3 9Toro nNpuMepa, 08 Nepejadd JaHHLIX M3 OHOro
MAPLUIEIEHONG  CIPYKIYPHOID Gooka B apyroil B JaHHoM  npuMepe
HCMOMB3YeTCA MepeMeHHad =, ornpelefeHHad B commo-Gaoke mine, FMua
3TOMG COMMON-GA0KA OMHCAHD C NOMOWER JHPEKTHER Lhreadprivate,
B nepeom napannensHoM CTPYETYPHOM GA0KE NPOrPaMMEL BEIMHOTAKITCR 1
BLIBOAATCA Ha NEYaTh JHAUEHHA MEepeMEHHOH X B KaWI0M H3 YeThbipes
NapaaienbHe E NOTOKDE. [Ioche 3agepleHHA NePBROre NapanielsHoro Gnoka
IHAYCHWH ITOH MEPEMEHHOH BRIBOOATCA B CASAVIOWEM NOCNEA0BATETEHOM
Broke MpoTpaMMEL. OTMETHM, HTO B 3TOM CTYHae HANEYaTaHHOE IHAYeHHE
COOTEETCTEYET MIABHOMY NOTOKY NPOrpaMMel (0o MHAERT © 1 d BOER1a pased
), B KOTOpEIA NepefaeT CBOE 3HAUEHHe » Nepeblil MapanielbHelil NoToK ¢
HHACKCOM &1 of, paRHBIM O,

Bo pTOpoM napannenkHoM CTPYKTYPHOM GN0KE IHAYEHHA NEPEMEHHOH = He
HIMEHHAHTCH H BRIBOIATCA Hd 11EY4Th B TOYHHOM COOTBETCTEHH O HHOERCAMHA
Ilapﬂ.'l.l'lE'J]thIX MoToKDe 2 CII, I;lr"l:TﬂHﬁIIiJ]EHHJ:\.IJ". B IIEPBGM na pEJ]JIEI'IbHUM
Gnoke © HHAeRCoM L1 d=0.

B nporpaMMax, HalHCaHHBIY  Ha  AIWke  Fortran, npegioseHHe
threadprivate HMEET CIeyIOUME BT

Program region
integer, external - omp_get_thread num
integer = td, x
COMTOmine
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Somp threadprivate (/mine/)

call omp_set_num_threads (4)
ISomp parallel private (tid)

e = omp_get_ thread_num ()

=tid * 10+ 1

print *,"T2", tid," inside first parallel region x =" x
1Somp end paralle]

print *,"T, tid," outside parallel region x =",x
ISomp parallel private (tid)

tel = omp_get_thread_num( )

print *,"T7", tid," inside next parallel region x =" x
Somp end parallel

end program region

Npsmap 4.1. PparHeHT NporpaMMM 2 HA @ sLuxe Fortran e
HCOoNBIOBAHHEM OWpexTHBEH OpenMF threadprivate

Pesyikrarst paboTel [porpamMel:

T: 0 msice first parallel region x= 1
T: 1 mside first parallel region x = 11
T 2 inside first parallel region x = 21
Tt 3 inside first paralle]l region x = 31
T: 0 outside parallel region %=1
T: 0 mside next parallel region x =1
Tt 2 inside next parallel region x = 21
T: 3 inside next parallel region x = 31
T 1 inside next parallel region x = 11

3pece ckbl, ckZ, ..., cbN - CIHCOK NEpeMeHHBIN, I8 KOTOPLIK
CO3TaTCA AOKV/IBHEIC KOITHH BO BOCX IMdPArIMe/TEHBIX TTOTORX.

OTMETHM, UYTO 3NEMEHTaMH CIIMCKa HEe MOTYT ObITh  CCBITKH  WIH
MEePEMEHHEIR, HE TIOIHOCTRED ONpefeneHHEe. KpoMe Toro, Apeca KoHCTaHT
TAKKE HEAONYCTHMEBI B CITHCKE,

Boe nepeMeHHBIE, BEIHMCHHEIE B CIIHCOK JHPEKTHE Lhreadprivate,
AOMTHEH OBITE NPOHHHUHATHIHPOBAHEL 40 Hd4a/1d NEpeoro ndapdaneabHorg
oKD, H WX HHHUHAAM3AUHA BOSMOMHA TO/IbKD GUHH pa3 Hd NPOTSEHEHHH
Bcel mporpamyel. KpoMe Toro, nepemeHHEBle, BRTHMEHHBIE B CIOHCOK, He

5
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MOryT QUrypHpoBaTe B apyrkx npegnoseddas OpenMP, 3a uckiioueHem
copyin, schedule wam 10, KaTeropuueckd  3anpempHo  HX
HOMOABIOBAHME B JUpeKTHBRaAY  private, firstprivate,
lastprivate, sharedH reduction.

He nonyckaeTcA npuMeHeHHe Nepeiaud 3HAUSHWH NepemMeHHBIX M3 OIHOTO
MAPLUTENEHOMD CTPYRTYPHOMD Bioka B gpyvroii B ouHaMuueckoM ( dynamic
) pesume paboTel napannensnoil nporpammel. Ha Boem  npoTsskenwn
JecTeMa  gupekTMBERl threadprivate goosed ObTh  YCTAHOBAEH
CTAaTHUeCKHH pesiy paboTsl NapaniensHoH NporpaMmb,

B npumepe 4.2 npHBegeH NpHMep diparMeHTa NMapanielbHoi MporpamMmel,
HamWCaHHoi Ha #Aseike C/AC++ © Wonons3opaHuem gupekTHes OpenMP

Lhreadprivate. B atoM npuMmepe 48 OTMEHR JHHAMHYCCKOTD PEHMMA
ABHO BBIFLBAETCH (IVHKLHA W3 OHONHOTEKN PEABHON BpeMenH tunt ime
OpenMP omp set dynamic c napamerpoM O,

#nclude <omp.h=
int alpha [10], beta[10], i
#pragma omp threadprivate (alpha)
=
{
M BRIKMOMEHWE JHHAMHYMECKDTD pesaHma ™!
omp_sel_dynamic (0);
#*1-ii napannensHeld Gnok */
#pragma omp paralle]l private (i, beta))
for (=0 i=<10; i++)
alphali] = betali] = i
*2-1i napannensHBIH Gnok®/
#tpragma omp parallel
printf ("alpha3]=%d and beta [3] =%d'n", alphal3], beta|3]);

&l
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}

Opumep 4.2, $parMednT DADAMNEeILHON NporpamMy Ha ssuxe C/C4++ o
HOOONBESOBAHHEM OWpeETHEN OpenMF threadprivate

Yerapesllad KOHCTPYKLIMA Tiepefiaud [aHHbIX B JHPEeKTHEE
parallel do B OpenMP

B OpenMP uMeeTCA BOIMOMHOCTE NEPeIadH JaHHEX H3 TIARHOM MOTOKA B
MapaamenEHE e W HAZY| HEPe3 BRIBOR (WHKITHH B TapaniefsHoM Peamme.
ITa EDMCTPYKLMA CHMTASTCH YOTAPEBINEH H B HACTOSLLEE EPEMA PEIRD
Hﬁllﬂﬂh?}-’é’l‘ﬂﬂ Ha [[PH.ECI’HI{E. D,LI,HEH:I jJ,i:L'IEE A1 IIVIHOTE HAN0DMEHHA BOE e
PacCMOTPHM BOIMOMHOCTE MPHMEHEHHA 3TOH KOHCTPYRLIHH B NMPOrPaMMax
OpenMP.

[pHmep NapamientHod NporpaMMbl, HaNHCaHHoH Ha Aspike Fortran
HCMONB30BAHHEM BHI30BA QYHKLHM 1A NEpejadd JaHHbIX B NapanieisHele

MOTOKH, TIPHBEACH B OpMMepe 4.3,

program orphan
integer, parameter = M=8
integer, dimension{M) = x
integer o myid, i
common/global’ x, myid, |
call omp_set_num_threads (4)
ISomp paralke] shared (%)
call work ()
ISomp end parallel
wrile (6, *) x
end program orphan

subrouting work ()

integer, parameter : M=8

integer, dimension (M) = x

integer, external = omp_get_thread_num
commonglobal’ x, myid, i

ISomp do private (i, myid) ordered
doi=1.M
myid = omp_get_thread_mim ()

Al
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write (6, *) "T*", myid, " =", |
% (i) = miyid
enddo
ISomp end do
refurn
end subroutine work

Npumep 4.3, Mpumep nepegayws JAMHKX B grpexTesy parallel do =
OpenMF c noMoWwsE BES3OCEBEA NOONPOTPAMME

B srom npumepe B ynpagnmowgeH nporpamme orpharn onpegeineTes
YHCIO  NapanielbHelX  MOTOROE  OMP_ NUM THREADS=4. 3areM B
MapUIEIEHOM  PERHME  OCYIIECTRIAETCA  0OpallPHHE K NOANpOrpasme
weor k. B oamol nognporpamse nHea do i=1, M npH M=2 BENOIHACTCA B
MApL/UIENbHOM PEkHME Tak: 8 nerenb 371000 UHKIE PAacrpejgisiorcs B
MoCneJoBdTENBHOM MOPALRe COMacHO JHPEeRTHEE orderedno noTokaM |
MOTOKH BBIMONHAKTOA B NOCAEA0BATENBHOM NOpagke. B KoHLe Nporpammel
B NOCAEJORATEARHOM — CTPYETYPHOM  GIO0KE  OCYIECTBIACTCA — BRIBOJ
WIEMEHTOR MaccHBa . [ToaToMy pensTaTr paboThl ITOH MporpaMMEn Gyier
TAKHM, KK NOKA3aHO B OpUmeps 4.4,

0=
0=
li=
1i=
2i=
2i=
3=
3=
o112 2
3

00 =] @ U o I P

waARAFSHAA

Npumep 4.4, PeasyasTaT padoTH [OporpaMMu, $OpyMBefeHHoR B
npuMepe 4.3

IMouemy #e Takan FOHCTPYKUMA pegid npumedserca Ha npakrike? deno B
TOM, 9TO 30eCk B I'IEI]}H.H}IIZ-“_I'TEHDﬁ ofIacTH NporpaMMel  BBEISBIBALTCA
noanporpaMsa work, a DﬁPEiLLE'HHE' K NOANPpOrpamMmMe HMeeT NOUTH Takyie
HE TPVROCMEDCTL, KAK W OTEPRITHE MapdlIeibHEX NOTORDE. r[nf]TﬂM}'
EMECTO BLIZOED NOANPOrpaMmM HIH IIJ}I'EIHI.lHﬁ AEMATEMNEHD NMOOCTAEIATE HX

L
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TEKCT B ONOpelgideHHOe MeCTO NporpamMmMbl, T £, Qe0daTh inline -
MOACTAHDBREY B NMPOTHEHOM  CAYYAE 3a4acTyE}  MOGKHO  TTOIVHHTEL
HE':ILMJ:‘mi BHYHY 112 Pallie/IEHYHD 1IP0I MM

D yHKIHH O1oKMpoBKKH B OpenMP

DyHEUMKH GIOKMPOBKW WIPAKDT OUEHb BRKHYID POb [IPH  HANMCAHHM
MapaienbHBLX Mporparm. Ana nocnefoeEdaTenbHbIX nporpars
HeoDMyIHMOCTE  dWHELME  G10KMpoRKH  oDWCAORIEHA B OCHOBHOM
MHOTOMIOMEIORATENLCKAM  PEMHMOM,  FDIZIA Ha  OfHOM  [POLeccope
OIHOBPEMEHHD  MOTYT  BRIMVIHATECE  HECKIVILED  330aHWE  PasiHuHBLIY
nonszosarened. B rakol cuTyauMl odeHs BaxkHO oBeCnEudTh KOPPEKTHEIA
JOCTYIT K J@HHBIM H HX KOPPERTHYH MOTH(HMKALMED CO CTOPOHB paziHuUHbLX
3daaH HAW nofkaceaTensd, B NapannesHoM NporpaMMHEApPOBIHHE - ddse
OYIHO 330AHHE NOPOAIACT HECKVILHD TTARAUIENRHEIX TIPOLECCOE, KAHIRIH 13
FOTOPLIY MOWKET OTIEPHPORATE © OHAMH H TeMH ke Jandeiva. [las
DDECOEYEHMA  KOPPEKTHOCTH  JOCTYId K JAHHEIM M MX  KDPPEKTHON
MogHfmEatHi B OpenMP cylecTevioT clelaibible dvHELHH BIoKHPOBKM,
DﬁE‘Cl’[E'-.[HBEEDU.[I{E PelEHHE 33044 BOPPEETHOCTH  AOCTNVIA, 3alHCH H
OOHOBIEHHA AdHHBIX.

CHauana pacemorpim qaHkiuy Gnokposki B OpenMP B nporpamma,
HAaMHCAHHBIK Ha A3biKe CAC+H=,

MVHELHA
void omp_init_lock ( omp_lock_t *lock )

[pegHasHaueHa I HHHIHATHSaUMK DiokMposky oDbekTa ¢ yrasaTelem
loclk. OHa He BO3BPALLAET HHKAKMX 3HAYEHH.

Crnegyiowas dvHELH
virie omp_destroy_lock { omp_lock_1 *lock )

FAPAHTHRYET, 4T0 obLexT © ykasaTensm lock B JaHHBIH MOMEHT HE
HHHUHATH3HPOEAH.

C noMolpi fyHKuHKI
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void omp_set_lock { omp_lkeck_t *lock )

MOHHD OpPraHW30BdTh ﬁﬂﬂlﬂ{pDBK}' BBINOHEHHA NMOTOKa 40 TeX Nop, MOk
OOBEKT OTKPBRIT 1A ONepalMid  uTeHHA-3amdcH.  [locie  sapepieHis
OMNepalHi - YTeHMA-3aNHOH  0OREKT  pazbnokMpyeTcs W NPOIOIIKAETCH
BEIMIHEHHE MOTOK,

Jna otkpeTra abnomporanHore 00LEKTA © YKadaTeneM lock MOSKHD
BOCIO/BIOEATHCA dyHEL el

vivicl omp_unset_ock [ omp_lock_t *lock )
PyHKIa
int omp_test_lock { omp_lock_t *lock )

NO3R0IAET NMONBITATHECA BEﬂﬂﬂKI{DDBaTb DEI:E‘HT, He NpepblBdad BeINOAHEHHA
notoka. OMa BOIBpALRAET 3HaueHue TEUE wWad 1, eCiM  NONLITES
JABEPUMAACE VCTIELHO. B npoTHEHOM Cydas BOIBPANEETCR  IHAYEHHE
FALSE um 0.

Hanomuum, yro npu obpawgeduu K QyHKyMaM ON0KHMPOBKH B 3arojioBke
TERCTd [IpOTPAMMB]  QOTEHO COOepAHdTRECA BRAKYEHHE OINHCAHHA 3THX

(WHKL M
#include < omp.h =

B npumepe 4.5 npueeged npumep GparMedTa nporpammel Ha nasike C/C+H,
H/LTHCTPHPYIOLBE NpHMeHeHHe qyHELE GnoKkMpoBKM.

#include <omp.h=
void main ( )
{
omp_lock_t lock;
int myid;
omp_initlock (&lkock);
#pragma omp parallel shared{lock) private(myid)
{

myid = omp_get_thread_num ( );
omp_set_lock (&lock);
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printf {"Hello from thread %odn”, myid);
omp_unset_lock (fdock);
while (! omp_test_lock (&lock))

{

skip (myid):

'

do_work (myid);

omp_unset_lock (dock);
}
omp_destroy_lock (&lock);

}

Npurep 4.5. [pumep ¢parmesTa #porpamMs Ha =Asuxe OSCH,
HIANCTRHPYREME NpMMeHeHHe $YHEUMA GNoKMpoBEM

B nporpammax, HanwcaHHeK Ha aike Fortran, nepemenias 1 ook qomena
BbITh LEAoYHCAeHHOR THNa ETHD 1 HMeTh PASMEPHOCTE, AOCTATOUHYHD 1115
3AMHCH aipeca.

IMoanporpamma
subrowtine omp_init_lock { omp_lock_t lock )

Kak 1 B maeike C/C++, MCOONBEIVETCR 08 MHMLMATHIaLHK BnokMposKn
ofnerTa C yrazarenen Lock.

Cneayrign nognporpasMma
subrowtine omp_destroy_lock { omp_lock_t lock )

obecneuHBaeT OTCYTCTEHE OnokupoBrd ofwekta © ykazaTenem lock B
AAHHbIH MOMEHT BPEMEHH,

IMopnporpamma
subroutine omp_set_lock { omp_lock_t lock )

YCTaHARTHBART GAOKHPOBKY ERITIOIHEHHA MOTOKD A0 TeX MOp, Moka 00ReKT
OTKPEIT 08 onepaudil urenss-sanuck, [locne sagepoesma onepauyil
YTEHHAZANHCH OFbERT GIOKHPYETC! H NPOI0EKAETCH BRIITOIHEHHE OTOKE,

L
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C noMolRio DoanporpaMMel MOMHO OTEPBITE 3ab/I0KHpORaHHEIH OGREKT C

yrazartenem lock:

subrouting omp_unset_lock [ omp_lock_t lock )
PyHKLMA

logical omp_test_lock { omp_lock_t *lock )

KAaK W B M3biKe CAC++, MOBOMAET NMONBITATRCA Hﬁﬂﬂlﬂdpﬂﬂa’l‘b 0BLeKT, He
Npepulgad BBINMOIHEHHA NOTOKD. Ha BO3BpAlLpET IHaueHWe TEUE, ecnM
MOMHTE:  3EREPIMHAACE Yonenso., B npoTHRHOM Clyvdae BOIRPapeTCR
sHaueHne FALSE,
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Ornagka nporpamm s OpenMP

B 3Toil NEKLME PacCMaTPHBARTCA PAL MPoGIeM, BOIHHKIIOWMY NPH OThaIKe
MapaaneIkHerx nporpaMy B OpenMP. Tlepesid pazien HacToANEH TeRITHA
MOCEALEH PACCMOTPEHHID YOIORMA cocTRIaTensHoCcTH. Bo BTopom paznene
HamEKena npofnema Mmepreol Gnomposi. M, nakoney, B tpeteem pasnens
[pHEEIEHE] CPEACTEd ABTOMATHIMPOBAHHON oanki B OpenbP.

Mpy wanucanuu v ornaare nporpams B OpenMP peofoanmo obecneunti
BRUIGIHEHHE Uenoro paga cioeguduuecsax tpefosaduii, Ge3 wTopblx
HEBOIMOMKHO TaPaHTHPOBATh KOPPERTHOCTE pafioThl Nporpammel. [Jdanee
paccMoTpHM ITH TpeDoBaHuA NogpoiHee,

Bo-nepebly, Heo@ogHMo obecneddTh, uTobbl BCE  MCNOAbIYEMEIE B
nporpamsmax. SuGaMoTekd Geind Be30NacHel C TOUKH 3PEHHA NOTOKDBOTO
BRNOIHeHHA, [IpH 3ToM CiASIveT MMETE B BHIY, YT0 BCE CTaHJapTHHIE
OUOMMOTERH BCEIIA WIOBMETROPSIOT 3TOMY Tpeboranuio, Takwm obpazom,
BaxiH L'IEE'E['[E"-IP{TI.-. BEIMOAHEHHAE 3TOND TF'E'EDBEI]!P{H TOLEY MO OTHOLIEHH R
K Tem OHBNHOTEKAM, KOTOpBIE COZMAeT CaM paspaboTuK MK ero KoJUIerH.

PazpafaTeiean u oTnaxusan nporpammel 8 OpenhP, Heofogumo noMHATE,
UTo ONepatiy BBOAABRBOLA B NApaiieibHbIX NOTOKEX 3EBEpLIAKTCH B
HenpeCckasyeMoM nopagke. MosToMy Gonelne BHHMaHHE CIeyeT VIenaTs
npodneMe CHHXPOHHIALHH NApaAIeisHeix NPOLeccor, NMOMHA TRH 3TOM,
YTO CHHXPOHMIAIMA - OUeHE foporad onepauus, [MostoMy e coenver
MOMLEIOBATECA KAK MOXKHD DEKE W TIVIEKD B CyYae Kpaiined HeodomumocTH,

IMpu  pazpaboTke nporpamM ©  Honoae3oeaddes  OpenMP coeaver
BHHMATENBHO NPOCASHKHEITE NEPECEHEHHE NOKAEHEIX TMEPEMEHHLIN THITA
private B NdpUUIEbHEX [OTOKAX © MODWIEHBIMH  [EpeMeHHBIMH.
K[.'N]M'E TOID, HEOﬁ}ﬂD,HMI} THETEIBHO  OTCI2HHEATE CBOSBPEeMEHHOE
OOHOBICHHE 3HAYEHHH NepeMeHHBIX B o0IeH namard. a8 3Toro no mepe
HEXIHMOCTH CIEIYET NONEIRATECA JHpekTHROH OpenP £1ush.,

lMpoekTHpys nNporpaMMel, COEYET  NOMHWTE, YTO  WWAAHTE  HEABHO
YeTaHOBNenHue Dapeepul ( barrier ) B ONEPaTOpax LMWK MOMHO C©
MoMOLsR npegnosesdd OpernMP nowait,

YCIoBMA COCTAZATeNEHOCTH




HMenim ML TNMapatsenbiae: nporpaviaHponaiie © Bosasicnaiies OpenddP
Ilpy pabote nporpaMs © ofmEd NaMaTsio BOIHHEAST pA CeiHiHIecKHs
OUMBOK, OIHa W3 KDTOPRIX CRATAHA C TaK HA3LIBAEMEIMH  YCIOBRHAMA
cocTazaTeNLHOCTH [ race conditions ) Oumbkd, CEAIEHHBE C
WONOBMAMH  COCTH3ATENRHOCTH, COCTOAT B HENPEJCKATVEMOM  BPEMEHH
FApepLIeHKA napanienbHbX NOTORORB, H3-3d uero BOIMOMHEI
HETTPEICKAIVEMELE PEIVIKTATEL BLIYHCTEHHE, ARTOMATHYCCHDE
pACHApAnAeHRAHHE B TaKHX  CHTYALMAX  JaTPYIHEHO,  TOCKRILKY
KOMITUAATORY  AuBo  Tpyamo, AubGo eooblp HEROIMOMHO PacnosHaTL
EIMMO3IBHCHMOCTH (10 JaHHBIM, BOSHHKZHOWHE B [polecce napaiieibHbx
BLIUMCIEHHH  1IPH  HENPeACKA3veMOM  BPEMEHH  3aBeplueHWs  paboTel
MapaNienbHEelX MOTOKDE, B Taxmx CHTYALIMAX BaKHD NPdEHABHD ONpeagiHTs
NoCnegopaTeMEHOCTE  BRITOVIHEHHA  M&ApULIENEHEIX TIOTOKDE, yTOOEL
HADEWATE HEMPEICKAIVEMEIY PEITYTETATOR,

B HauecTee MpHMEPA  BOIHHEHOBEHHA  YOIOBHA  COCTAZATENRHOCTH
PACCMOTPHM (RarMEHT MROTPaMME], MOKA3AHHER B OpaMepe 5.1,

chomp parallel sections
A=B+C

chomp section
B=A+C

chomp section
C=B+A

chomp end parallel sections

ﬂPI!BﬁEP 5.1, WP&HEII.!‘ nnpmemhunﬁ NporpaMMi C BOSHHEHOBSHHEeM
YCACBRHA COCTHIATRIRHOCTH

Pesynerar BeIMHCARHWI B 3TOM npumepe Gyler 388MCETe OT TOIM, B KakDi
MNoCNefoBdTENBHOCTH  BRNOAHAKTCA  NapaiiefibHble NOTORH, ]-[pH ITOM
HMKAROH AHATHOCTHEM  FOMIHIATORE O BOIHHEHOBEHHH  YOIOBHA
COCTHRATENEHOCTH B NPOrPAMME HE BELIASTCH, 3TO CYILECTECHHD YONOMHAET
OTA3AKY Napa/ienbHeX TRAI0KEHHI, BCTH MNPOrPaMMHCT 3apaHee  He
ro3aboTHTCR 0 HCKIHMEHHH TAKHX CHTYALMIL MCTPaHHTh HERDPPEKTHOCTE
B BRIUHCTEHHAX B pacCMaTpHBaeMOM TpHMepe MOMHO, HalpHMep, C
MOMOIERY  CHHXPOHH3AUHH  NapaniefbHbIX TOTOKDE WK O [MOMOLLLRY
JUPCKTHE 3arpyakd MapauiensHeX nporeccoe B OpenMP. Hitse B npuMepe
5.2 npuRegeH NpUMEp OIHOH HI BOIMOEHLEIX MOTHfueagyi gparMeHTa
nporpamMMe! (npusep 5.1), B KOTOPOM YCTPaHEHB! HEJOCTATEH, CEAJAHHLIE C
HAMHYHEM  YOIOBHMA CoCTasaTe]sHOCTH. B stoll  mogudeikagun aim

Lti]
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NpejoTepalEHda VOIOBHA COCTAZATEABHOCTH BBEASEH CURTUHK COOLITHI
[COUNT WMo Menoas3orada gupestdea OpenMP FLUSH ans opradHyzalHM
oppexTHore  obpawpesna K gauHeM. Cuerynk coberruil TCOUNT
YCTaHaBTHBAET NOCIEN0BATENBHOCTE BRIUMCIEHHH: CHaYana BRIUHCTASTCR
A=E+C, NoToM BE=24+C M JMIE 3aTeM C=E+24, Mcnonk20Baqie coueTaHHa
onepatopoe LE v COTC B coveTandd © jupexkTtHBoil OpenMP FLUSH
MO3BOIHAG B 3TOM [PHMEPE [POBECTH CHHXPOHHIALMID TPEX NapaiieibHbLE
MpoLeccos,

Eug  ogud  (pUMeEp  BOIHHKHOBEHMH  YOIOBHMA  COCTHISTEJIBHOCTH B
MporpaMMe MpeicTapned Bo gparmenTe B npumepe 5.3. B 3Tom npumepe
YCOIOBHE COCTAIATEAEHOCTH BOIHMEACT W3-3a HENpaBHIEHOID B JaHHOM
CAVHAR MCTOALIOBAHKA npegaosenus OpenMP NOWAT T, [Ina woppextroii
paboTel  [OpOrpaMmbl  JOCTATOUHG  NPOCTO0  HCWIHMWTE  [PEI0HEHHE
NOWATIT.

ICOUNT =0

chomp parallel sections
A=B+C
[COUNT =1

c$omp fush ICOUNT

chomp section

1000 CONTINUE

chomp flush ICOUNT
TF (ICOUNT LT, DGOTO 1000
B=A+C
ICOUNT = 2

chomp flush ICOUNT

cHomp section

2000 CONTINUE

chomp flush ICOUNT
[F (ICOUNT LT 2)GOTO 2000
C=B+A

chomp end parallel sections

Npuuep 5.2. Mpumap §JparsesnTa napanienkHOH NPOTPaMME @ C©
YOTpaHeHHMeH YCONOBHE COCTHSATeNbEHOOTH

chomp parallel shared (X)
chompée private (TVP)
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[D=omp_get_thread _num ()

chomp do reduction (+ 1 X)
DO 100 1= 1, 100
TP = WORK(T)
X=X+TMP

100 CONTINUE

chomp end do nowait
Y(ID)=X

chomp end parallel

Opumuep 5.3. [peMep BOSHHMEHCOBEHHMA YCMOBME COCTHASATENBHOCOTH B
nporpaMMe HS-3a HeNPaABMARHOTO HCNOALIOBANMA OMpexTHEM NOWAIT

B ppumepe 5.4 yoioBHA COCTAZATEABHOCTH MOMKHO H3IDEWaTh, ONMCAB
nepeMerHy 1M E B napaainensHoH obnacTi Kak private,

BEALTMEP, X

chomp parallel do reduction (+ : X)
DO 100T=1, 100
TMP = WORK(T)
X=X+TMP

100 CONTINUE

chomp end do
YD) =X

chomp end parallel

Npuuep 5.4. [puMep BOSHMEHCBEHHMA YCHOBHE COCTHASATENRHOCTH B
NporpaMMe HS-53 OTCYTOTEHA ONMCAHMS & nNepeMeHHod TMP kak
private

Meprteas G/I0KHPORKa

B NpoUecce  BRIMOJHEHHA  TNROCpamMM C 'DEIIU.EE'H MaMATEHY  BOIMOMHI
CHTYALIHA, KOTIA OHH M3 NAPLUTIETEHEIE MOTOKIE OAHIALT OCROBOHIEHHA
AocTyna K obLekTy, KOTOpeA HUEDDE He DyIeT OTKPRIT. Takaa cHTyauus,
BOSHHKAIDMEA B NapaiensHoil  NporpaMse,  HaILlBaeTod  MepTBOi
Baokuposkii { deadlock ).

B kauecrse WMOCTPALMA MEPTEO ONOKMPOBKM PaccMoTpHM dparmedt
[pOTpaMMEl Ha a2kike Foran, npHeeleHHBH B OpHyepe 5.5,

B
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call omp_init_lock (Icka)
call omp_init_lock (lckb)
chomp parallel sections
call omp_set_lock (lcka)
call omp_set_lock (lckb)
call useAandB (res)
call omp_unset_lock (kkb)
call omp_unset_lock (kcka)
chomp section
call omp_set_lock (lckb)
call omp_set_lock (lcka)
call useBand A (res)
call omp_unset_lock (kcka)
call omp_unset_lock (kkb)
chomp end parallel sections

Npuuep 5.5. I[pMMep BOSHHEHOBEHHMA MepTBOH GAOKHPOEEM B
ﬂﬁPMn.ﬂhHﬂﬁ nNporpaM-e

B 3ToM npumepe NpH BLINOAHEHHH MapaiieibHely NMOTOKDE BOIMOMHA
CHTYaLMA, kora obbekT A 3abn0KMpoBaH B OHOM NapannenLHOM NOTOKE, 3
ofkekr B - B apyrom. B pemyneTare BOINMEKAST MEPTRAR ONOKHPORKA W
BLINOIHEHHE NOAOPOMPaMM uselandE W useBandl HE NPOHCMYIHT.
O HaKD 3T0 He eJMHCTBEHHAA HENPHATHAA CHTYALMA, BOSHHKAOUEA B 3TOM
MpOTPaMME,

BozmomHo, uTo MpH BEIMOJIHEHHHA NapaTENBHEBIX MOTOKDE B OQHOM [TOTOKE
ORAFNTCH 3a0n0KH POBAHHEIMMK ofa ofibekTa 2 H B, TOMAE NPY BEINOJHEHHA
PACCMATPHRAEMDIT TIROTPAMMEI  BOIHHEAET VOIOBWE  COCTAIATENRHOCTH,
PACCMOTPEHHOE B MPEILLVILEM Pasaens faHHoi nexguu. i nenpagnedns
BOIHHKILEH B nporpamme oumdouHoil chTyauumu coegyer wsDasuTec o1
PAITHUHBIY BEAOHKEHHBIX ﬁ.ﬂﬂlﬂ-‘lPDBOH.

PaccMOTPHM ELUE OUHH NPHMER MepTBEOH GN0KMPOBKH, KOTOPBIH BOIMOMEH
npw pafioTe NporpamMmel, NokazaHHo# B npaMepe 5.6,

call omp_init_lock (LCKA)
chomp parallel sections
chomp section

call omp_set_lock (LCKA)
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IVAL = dowotk ()
if (VAL .E0). TOL) then
call omp_unset lock (LCKA)
else
call error (TVAL)
endif
chomp section
call omp_set_lock (LCKA)
calluse B and_A (RES)
call omp_unset_lock (LCKA)
chomp end sections

Npureap 5.6, [piMep BOIHMEHOBBHMA MepTBOK GROKHMpOREM ®B
napannenkHol NpolpamMse

B atom npuMepe NpH BEMOTHEHHH TapATIeTEHEX TOTORDE BOIMOMKHO
BOSHHEHOBEHHE — KaK  MEPTEOH  DIOKMpOBEM, Tak M yOIOBMA
cocTazateieHoCcTH. Mepreas GNOKMPOBKA BOZHMKAET, eCiM B NEpBOM
MapanienbHoM MNOTORe YWCTaHOBIEHA EL"IﬁlﬂipDB]{ﬂ olberTa A, a IVAL He
parHo TOL, B 3moM coviae yCTaHORWTE DAOKHPORKY 00BEKTA A BO BTOPOM
MAPLAMENLHOM TOTOKE HEBOSMOMHO, NOCKYILKY NPOrPaMME #IET OTMEH I
BIOKHPOBKH, YCTAHOBIEHHON B IEPEOM NEPALIEILHOM IOTOKE,

Ecnn e B nNepeoM NdpamensHOM  NOTOKE VCTdHOEBEHd El.."IDI{H]]DB](ﬂ

obwekra &, @ IVAL papHo TOL, TO B NPOrPAMME BOIHHKIET YOIOEHE
COCTAZATENBHOCTH.

A1 HCNpaeieHHa BOSHMKIIER CHTYVallHH HeolMoIHMO VCTPaHHTL He TONBKD
MEDTEVHD DI0KHPOBKY, HO H YCI0BMA COCTAZATENBHOCTH.

CpeacTea aBTOMaTM3HpPOBaHHOM 0TI KW B OpenMP

.I'I'H.KT}'EJ'TI:H'HETH PE3BEHTHA  MHOMNOTOYHBLX 'I'IPHJ'ID}K{‘HH'FI Oﬁ}"{'ﬂﬂﬁ-ﬂ["Hﬂ
OLICTPEIM  PAIBHTHEM M BCE  QOMIEE  LWHMPOKHM  PacTIpOCTRaHEHHEM
MHEPOIPOUECCOPOE,  PEAIMIVHLME  MHOoMmgigepHele  (mulicore) n
mMHOronoTouHete (hyper-threading) TexHonorimm.

HDL'HJHB\K}" BHOIOII TN H ds HporpamMmMa CYIECTEEHHD C/HEE
U,EI,HI'.'I]TDTD'-THI:]F[_. BeCTH OTHaAKY TakHX TI'pH.i‘ID}KE'HHﬁ BeCkMa H BeCkRMA
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Henpocro, TpuMedeHde 00RIYHE (CTAHJAPTHEIX) OTAQUHEDRE HE MOMET
PEUMTE M Manoi oM npofaeM,  BOIHHEOUMY  TpH OT03jKe
MHOTONOTOUHEX NpUnoaedil. [ToIToMy CTAHOBHTCA BECLME AKTYLILHOI
3MAUE CO3JAHUA ABTOMATHIHPOBAHHEIY CPEACTE OTAQKHM © HammIHbIM
rpadwiveckim uaTepdeicom. OQHHM M3 TAKKX CPEICTE HENRETCH pazpadoTka
komnadny Intel - nporpamma Intel Thread Checker. D1a nporpamma umeer
pPAIBMTHIA rpadsiueckiiil HuTepdefic © noipoaaeT ObICTpD W deKTHEHO
PEUATE OCHORHEIR MPOGIeMEl OTAAJKH MHOTONOTOUYHEIX NPOPAMM, Haxys
M YCTPEH AR COHHEIE, HEEHIHMEIE HA NEPRELIT B3R oumOKH.

C nomoupro nporpamsel Intel Thread Checker pazpaoramk moser B
ABTOMATHHECKOM PEMHME OCVIEPCTENTE NOHCK OWMO0K B MHOMOMOTO4HOI
[porpamMme, NPodHANHIHPOBATE  VCIOBHA  J0CTVIE K JdHHbIM B
Mapa/UTeNEHEIX MMOTORAX, BRIABEHTE TYIIHREOEBRIE CHTYALIHH E TIpOTpamMe H
YCTEHOBHTE NMPHYHHE! 2dBHCAHHA NOTORDE, KPOME TOrQ, C NOMOWEH 3TOTe
HHCTPYMEHTA PaZpadoTaHE MOMKET PORECTH MOGEPHHIALHEY MapaieIsHoi
MPOTPEMME], PYHIBOYCTRYACE Noyckazkami nporpamail Intel Thread Checker.

lNMporpamma  Iniel  Thread Checker paforaet  nog  ymparRaeHWemM
onepaHoHieE cHereM Windows B Liux # NoIsoagseT RecTH OTAZIKY ©
Windows-oMNEHITEPA HA WIATEHHEIX LiNUX-KOMNBRTEPEX.

B nponecce anganMia nporpaMyel pazpaboranka nporpamda Intel Thread
Checker HaxuMT CTPOKM TERCTd ¢ oum0KaMM M OTMEYAET camu oussfie.
Kpome toro, nporpamwva Intel Thread Checker Haxogut HekopperktHo
HCMOMB3YEMBIE  TIEPEMEHHBIE W HX  ONHCaHHA, I:.-.:-I'IPIIEIB{:I"-IHIEI!FI CHCTEMa
MPOTpaMMEl HE TOMBKD OTOOPA#AET NMPHYHHBL HAHJEHHBIX OWHO0K, HO W
MPEAAArAET BOIMUKHEIE TYVTH HX YCTRAHEHHH,

Iporpasmsa Intel Thread Checker nog ynpapneHHes oneparMoHHOH CHCTEMB
Windows paBoraer B cpege  paipaoTed © NHOOBIMH KOMIMHJIATORAMHA
romrannit Intel m Microsoft. Kposme Toro, Intel Thread Checker paBortaer B
cpege paspaboren Microsoft Visual Studio NET 1 nosso/ser aHainsMposarts
[POrpaMMel, OTTPAHCIHPOBAHHBIE €  [NOMOLEE  CABAYVIOLMY  BEPCHA
kommunATepos Microsofi: Visual C++ NET Compiler pepoiii 2002 wmu 2003,
a Tak#e Visual C++ Compiler 6.0, [porpaMma Nopiep#HeaeT aHATHI CTEKA
BERIZOROR, qnmmpei waTepdeiica Win32 APl wonommsesmerx GubauoTex
mieika O, gupextse  OpenMP. Tasum  obpazow, aHAIHI  OXBATHIEAET
fonbWHHCTED  0pobaeM, © HOTOPLIME  Hd  NPakiMEe  CTalKHEAeTCH
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paspafoTYHK MHOMONOTOUYHBIX IPOTPAMM,

Nporpamma Intel Thread Checker nozeonseT BuBOIUTE WHGOpMaumw 0f
OUMOKAY © PAFIHYHBIME YPOBHAMH JIeTanHzaiMd. Boero B nporpasme
HMEETCH LECTE PaiHYHELX VPOBHEH JeTanM3aiHe cooBipHui of onmdxax;
0T OUMODE ¥ NPEIYNPEKIEHHA 00 CofepsaTensiLix soMMenTapues, Boe
BOSHHEAIOWME  OWMOKH  MOMKHO  KIACCHIMUMPOBATE  [10 KaTEropHAaM,
MNPHCBOHE  HM  ONpeJeneHHBI  crarye.  CHOHCOK  oUMO0K  MOEHO
OTCOPTHROEATE  Pd3/THYHBIMH crocofanu, Hanpumep e CreneHdH  HXx
BAAHOCTH, 3aTEM MOMHHO YCTAHOBHTE NMPHYHHE OMMO0K H JaAe TNV IHTER
PEROMEHJALIHH M0 HX YOTpaHeHHw., Boe 1o peanuiaoeado B wpoGHoM
FPadiIHECKDM PERHME,

lMporpamma Ineel  Thread Checker nosgonseT we  ToNLED  HANYETE,
AHATHIMPOBATE W HCTIPABNATL OUMOKH B MHOMOMOTOMHBIX MEPAniensHbix
[POrpaMMax, HO M aHAIHIMPOBATE [IOVIHEIH %00 BRIIOAHEHHA NPOrpammbl,
HaxOqd H BhLIENA" KPpHTHUeCKHE TTYTH. ]'locne,qymuuifr dHATH3 KPHTHUECKROTD
OYTH BhIMOAHEHHA MHOTOMOTOMHOH NPOrpaMMel NOIBOIAET YCTAHOBHTE €8
yikMe MecTa ( bobttle nack ), YCTPAHWTE MX H TeM CaMbIM NOBRICHTE
OLICTPOIEACTEHE MPOrPaMMEL

lMporpanma Intel Thread Checker monnocTio COBMECTHME © TEXHOIOMHEH
OpenMP, Oprasn npu 9T10M OHad MOMeT o0Hapy#HMBATE W ouMOEM B
OAHONOTOMHOH Bepoud nporpavmel. s otobpamedns QoNoaHHTEIbHbLY
CBE,EI,EHHH of YRAFATENAX NPH 3aNYCKE ROMIWIATORA CNegyeT HCNOIbI0EdTh
HacTpoHky /Ot check oMnuasTopa Intel

Ecnu pessm OpenMP we wenonesverca, nporpamma Inel Thread Checker
PACTIOIMAET NPAKTHYECKH RBCE  MHOMOMOTOUHRIE BOPCHM  CTAHAPTHRIX
gyt Wind2 APl w samka C/C++, Tak, nporpamma onpegenser Bpems
CO3/AHNA, BPEMEHHON OCTAHOBKWM M BpeMs [IpepelBadHua notows. Kpome
TOrO, OHA Bbylenner nognorokd | fiber ), EpHTHYECKHE y4acTRH
critical paths ), dyasgue cobeITHH, cONOKHpORaHHBE (ATOMAPHELE)
gnH K MY, DOBEKTEL QAOKHPOBKH | MU T ex ), DDLEKTRI CHHXPOHH3AHH, TIYIL
MOTORDE, qWHKLHK CHHXPOHH3aIHH H JpVIHe,

Ha puc.5.1 cxemartiuecsy w300pasieda NMOITAIHAA CNEMA [POSKTHPOBAHHA
MapanfenbHoil NporpaMMel ¢ TepeuyHCieHHeM HHCTPYMEHTOB, KOTOphIe
MOrYT BLITE NPHMEHEHBI Ha Kad00M M3 3Tanoe,
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Kag BHIHO W2 3700 CXEMEL, HA 3Tane paspaboTEH NapauIesHoH TROTRaAMME
B KAHECTRE CPEJICTE PaIpaboTkH MOTYT HCTIOARIORATECA KOMIHAATORL! Intel 1
nporpamma Intel YVTune Performance Analyzer; va srane TecTHpORaHHA W
oTaaaE - nporpamsa Intel Thread Checker 1 Tectel paspafoTunka; Ha sTane
HacTpoiikn - nporpammel Intel VTune Performance Analyzer w Intel Thread
Profiler. Ormerim, uro nporpammel Intel Thread Checker, Intel VTune
Performance Anahzer w Intel Thread Profiler sxogatr B cocTae naketa
nporpamm Intel Threading Tools. TMporpasma Intel ¥Tune Performance Analyzer
ARIAETCH WHCTPYMEHTOM HACTPOHKH NPOMIBOAMTEALHOCTH TIPOTPaMM, a
nporpamma  Inel Thread Profiler - gHcrpymedTom  HacTpoiisn  paBotsl
Mapa/UTeNEHEIX MOTORDE.

Paapaborka
Kosmwasropes Intel
Litel VTune Performance Analyzer

.

TecTaponanie ¥ OTHAIKA
[ntel Thread Checker

TecTia

Her pOrpaMMa

KopperTHa?

Hacpofika
Inte] ¥ Tune Performance Analyzer

Intel Thread Profiler

Puc. 5.1, [Mosranuas cxeMa NPOSKTHPORAHAA Mapa/uTent ol nporpaMmsl 1
CPECTEa PpaspaboThM, HCIIIbIVEMBIE Ha 3Tallax

Ha prc.5.2 maolpaxeno okno 3anyeka i HacTpoilkn nporpasume [ntel Thread
Profiler.
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Iocae zanvexa Bonporpasse Theead Profiler soddo BRIGpaTL GOHH H3
HETRIPEX B 0B T‘]}EIE".H"—'I{'(_‘I'I'IFD npeacTagieHua HH'!tl'.IPME!'I[HH:

Overview (ofmi sy

Bar Chart (auarpamMma noaoc);
Speedup Plot (aHarpaMsa yoKOpeHHA);
Legend (yonoenuie oboinavenma).

o e =

Onpegenue Activity (pasnduHble pPeand3alMH TPOTPaMMB), MOMHO
MepedTH K aHamW3y  rpafeueckod  HHpOpMalie,  COOTRETCTEVIOIET
AHATHIMPYEMOH BEPCHH MPOrPaMMEL

[ [
" Thueaded (windows" AP o Pihveads]

R Launch an spplc-stion Ferncte .. |
-

|E Saarmples mppime]ewe _._TI

“wioiking dreclon

|C Nsamples omppimre]exe J
LCommanding anguments

]

[ Run Activity when done with wzard
™ Modly defauk conlfiguration when done with wizad

Hi [nm chtwesds |2 ]

Select a piogram teeaded with Windows” 8F1 o &n DpenP™ sxecutable.

| oo | |[(E] v |

Puc. 5.2, OTHpbITHe NpoekTa W BuIBOp HacTpoek B nporpamye Intel Thread
Profiler

Ha puc.5.3 nokazad 3kpad o0wWwero BuJa NyTEBOIMTENR N0 MPOEKTY B
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nporpasme Thread Profiler.

-7 @esDEHMD

Bar Chart

4| |

Puc. 5.3, Dxpan obupro BMSE NYTEROQIHTENA N0 NPOEKTY B nporpasmme [ntel
Thread Profiler

Ha srom swpane B caatol opme npejerasiedsl TPH OCHOBHBIX OKHA
nporpamsmel: Bar Chant (guarpamma nonoc), Speedup Plot (guarpamsa
yekoperuA) W Legend (yonoeHeie oBosHavenwd). 3aknaakk Data, Threads,
Regions MNO3BOAAKIT OCYLUECTBHTE Gonee noipobHbIA  aHanki  paboTsl
HCCIEIYEMOH TIPOTRaMMEL,

Ha puc.5.4 npejcraried nogpodkeli aHanu: guarpamsel nonoc (Bar Chart)
ana woxoaHoil (AD) v smoguduouporaddoi (Al) eepouid MooneyesMoi
nporpasmye B Intel Thread Profiler.
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AD: ompPrime | exe [ 2 threads [ Wed Feb 05 11:5 ) 2003 ] : Summary
-=».-.F ez Reference Run: Al: o
[0 inbsiance v.6%905]

) 1 3 3 " 5 B 7
Help, press F1 | Ji

Puc. 5.4, AHanus guarpammel 1nd doonpoi (A0) 0 somqudsudpoBaHHOMR
(Al) pepori Hocnegyemod nporpamssl g Intel Thread Profiler

KaK BHIHO W3 3TOM0 PHCYHEE, B HCNWHOH BepCHH NpOTrpaMMel YCTAHOBIEH
AMchanaHc MOTOKDE, YCTPEHWTE KOTOPBIA MOMHO MNOCHE MOogMdmEalmu
MPOrpamMmk.

Teneps paccMOTPHM OCHOBHEIE MOMEHTEL 3TTVCKA H padoThl © NPorpaMMoil
Imel Thread Checker, Ha pucS5.5 nokazamel 37anel COZMAHHA HOBOTO
TIPOEKTA.

IMocae zanycka nporpassel Intel Thread Checker sa skpade nosarnswTeR
OKHE © PEIVIETATAMH aHANHIA MCCNegyeMod nporpasMel (oM. pucS5.6).
Hasae Ha kpacHbiil dnaxsok B BepXHed CTPOKE MEHKD, VEHIMM CREqyRILLH
KAPTHHY:

JTa KApTHHA HWUTHCTPHPYET dHAMHI Sarpyikd [aMsrd, [oaydeHHsIH ©
nomougio nporpammbl Intel Thread Checker. Ieaxnys nesoil KiasHiue
MBILH Ha odHol W3 qwHELHA B rpade Context, MOXHO OTKPBITE OKHO C
ACCEMATEPHEIM TEKCTOM BRIGPAHHOH GYHKLHK, 3 TAKKE ¢ TEKCTOM Ha A3bIKAR
C/C++ wmn Forran. 31o ommo nokazno #@a pucsd. Jlanee mosHo
BLI'EHFIHTI: PHAMTHYHLIE  PDERHMBLL NOPpOCMOTRd H  4dHATHIA [OpOUeCcCcoB B
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HapﬂﬂﬂEﬂb}lUﬁ nporpamme. B kavuecTee npuMepa Ha M NpHBEIEHA
TRACCHPOREKD CTCEA B JHMHEHD}TMGF{ NporpanmMe,
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as)

rﬁl Quick Performance Analysis Wizard
1~ Cickly creste a project and anatyze your sppication.

~txl New Project

Selact & wizard to easly walk you through creation of a propsct

'@ Browse for Existing File

| Browse to afik or double-cick on a project from the st below
Fe | Feider |

g View Getting Started tutorial
View a huioral on how o use the product

=

™ Dot desplay this screen on startup Qo [ Help |

Select ore of the lollwang o help pou create & proect and an Actily. 0K [
Categone | Thisading ‘wizands | |Create ar dctvity wath the
N | B Inket® Thissd Checker ___’:'_""__l
Theead Profler \Wizard |collescion, The VTure{TM]
Inket® Thomad Checker Wiza g Wﬂ;“*‘“ wil LI
i Asvanced Activiy Corfigure rttumerded ether by the nie®
compiler of he Intel® Theead
Checkei, The dats is then
displayed o show whee in the
paalel peogram there e
potential sarors
Propect [ ame: I“Tpfﬂi*d‘
Froject Locaton it.\P‘i'u‘l.l'TF'mie-:ﬂ

Pue. 5.5. Cosgande Hosoro npoekra B nporpasse Intel Thread Checker
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| Dawsi
4 | 1L 1Ir| *F Greapan by Contea esi]
Cnbid & i Costs ' Beoes
< Towd
= Omup i Cdhghasmc® 17
Mgy serssn of urkorosn w chaghang ©
dgmme W 0@ P 1 ;f::"‘"“‘"' |
- Misaray Booass of kom0 “dhaghea o
mgmpo S T = : L~y
Mgy prem of urkeren o dighaa ©” __ AR Ereert
“dbghemap ™ 1257 : @ ey 1!
ey scras o urinosn o dhgham =
dgmmc W 3 @ 1900 reaked 1 ;"'.:f""-'
“dhgheap &7 1557 '@ mmdm—n.'mc‘ 1_ﬂ:ﬂdnm
= up 2 pege” 12
Missrory s o wrkroren @ pcpp” | 13 2
Tplae” 12 L ] . rfhoin evith @ e ey e o ke A mgn
ot plope” 48 flow
Misaricary syl o oo o i opp ™ 30
e 12 N | confici with s prior resmony weie of unknoen 1067847 Fifunc
A e 00 e
Memory wile of unbges o poge” | 23
e 1 T conficty with s peior mesmony wrts of unkrnosen 1067807 Plfun:
at “picpp” | 9 joutp depersierca)
= Ciroup 3 Whols Fragees 1
& Theseal o e - 50 huss s ol o 1
Firodn Prograr 1 ED rare than S sscoreh g o oo s 1 e
e Sevied by & Bvesd B o |40
BT 3 34 E
o
Errer
Wi Q
Cauten
B ez

Puc, 5.6, Anaans sarpyacu namatd & nporpamme [ntel Thread Checker
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" Deme
= Cortwt [Bmd]| < 1D Sovwety | Duscrbon == 1nhnuh#-||ijl Craeped iy Cament Best
= O 1 . “lghaap =" | 1267
wpwms T 1@ %Tmuu—oma “dpheap . ﬂwﬂu—- e
b KT 1 mhu:k-q'mu g s 1 W al

Stack Trace: | FiFenc =plagg = 13 -

Ox1050

= [

=11 BRER| L &7 & @

Addzeas SausEE 18
const §At sawTEeesds = 4 ; L
doukle dStep ¢
double d¥a ; ]

[DHCAT WIHAFT FiFuno (LEVERIC pAzgl
L

it Starers
doussle de

L]
atarz = myTtresdiosil : _

fordint i = stercy 1 < maaxlzeraticas; i-+=maxThe

Comr | Deini | Imiccem | 3nd

e m A0 BE % ASEen: | B
e ] BE| T e
oy Trree
i Fermatenal

Puc, 5.7. Anaans sarpyacu namatd & nporpamme [ntel Thread Checker
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Demo

[Conet s+ 10| Severty | Evmcption [Comts | e Aecmse Pt [ B3] | revsost b Ceruest pea
R TR T -

o 1367 | & e acesel i o bghin e e

‘dohmpc 1HT 1 m:r“m‘wf' 1=

-

-

Y

-

-

| - Trace | 1

|1
> In-l:t? .L

_é* Hced N

-

{§
g
-_-'--_I'-I'

a
[
[®
-
[

ErfryPoirt "c_| % main"pipe” | % BIEIRE el | N
|

e

Vaming
ool | [olelon | WADs | B Aol | Semak Trsiem Caubon
oo | e ] s e ’

1 X

Puc. 5.8. Anamuz TpaccHporkd creka B nporpamme Intel Thread Checker

B zakmouenwe 3Toro paylena ckamem, uto wHTepdelic nporpammer [ntel
YTune Performance Analyzer aHanoriuen ve paccMOTREHHOMY HHTepdeiicy
nporpammel Intel Thread Profiler. Taoxe otMerim, uro ObUIM paccMoTpeHEL
JuiE wHTEpdedcsl nporpasms, padoTAKWMY B ONEPaLMOHHOH CHCTEME
Windows. [118 aHanoTHUHBIX NporpaMM, paboTaonpx B onepayHoHHOR
cHeTeMe  Linx, moka He papaboTadHo efHMHoH rpadeideckndl  obomouks.
3aNyCK ITHX NPOrPaMM B oNepalHoHHoE cHeTene Linux B HacToage Bpema
OCYIECTE/IAETCA W3 MOMAHHOH CTPOKH © MOMOTIRI0 CTIEIHAMEHEIX HACTPOEK.
Peaynerarel pafoTel NpOrpaMM 3aiMCLIBAOTON B CHEHULILHBIH pasgen Ha
MMECTHOM  JJMCKE, W JIMILB  33TEM  MOMHO 3aNYCTHTE  NPOUPAMME!  JUIH
MPOCMOTPA B rpadiueckom pesHMe MoNyUeHHbIX PE3VIETaTOR,

OTnagka MHOTOMOTOYHBIX TPOTpaMM € TIOMOILBIO
oTnagurka Total View
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Hamauue  CORPEMEHHEIX  ARTOMATHIMPOBAHHEIY — CPeICTE  OT/A0KH
MHOTOMOTOUHLIK TROPAMM HE VCTRAHART HEODMHMOCTH HCNOALI0RAHHA B
npovecce  paspaboTkd M ODLIUHBIX  CPEACTE  OTA30KH - CEPRMCHBIX
[porpaMM-oTaaauHEoE. OaHakD cTaddapTHele oraaguikn ddd, kb w1 n. ve
OueHb  WIODHBI M MHOIMONOTOUHBIX  (PHIOKEHMIL, — NOCKIBKY
paapaﬁamnanm:b B OCHOBHOM J0A I'IPHJ'IDJHEHHH OAHONOTOMHEIX, Ha PBIHKE
CHCTEMHOIMD NpOrpaMMHOIG obecneueHHA CYLUECTBVHOT M CNelHATEHRIE
OTAAUHEKN, NPEJHATHAYEHHLIE J0A OTIAIKH MHOTONOTOMHEIX NPHI0KEHHN.
K num wak paz u omnocures otnaguuk TotalView, paspabarteizaemslii m
nogaepaHeaeMelii omnadmeld Eus, OH opHEHTHPOEAH B IIEPEYH OUSpelh
Ha 4aH4MH3 H HaE‘I’]JﬁﬁK}’ MHOMOMOTOYHLBIX  TTEPATTENEHEX  [ROCpamM.
Ornagume TotalView - KOMMEPUECKHH NMPOLYKT, H 404 pafoThl © HWM HY#KHO
OpHOBPECTH AMLeH3|Ke. OfHakD CYVIUPCTEYET M ero OecriaTHas yuedHan
BEEPCHA, TOIROASIONES OTTEHHRATE MaPUTTENLHEE TPOTPaMMLL, B KOTOPRLIX
peanuayeTes Ao 8 napannensnLix noToks. Jdanee nogpodues ocTaHoEMMOR
Ha BOSMOMHOCTAX ITOID OT8049H K.
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FR=hEffdhel [
Fp=hfffdhal
FR=hfffdcIR
FP=hfffdcal

__libc_start_mean. FP=bEffddan ] 5
laes Enfl: count DxdlldFede (1

'lim:.d fork_wragper (int fork_count)
pthread t n'r_pn: pthread_self ().

pthresd t

pthread atks B akkc;

int whogps;

int local fork count;
thread ptids[0] = wy_phid;

if (!fork_lata)

lacal ferk_court k_cont - 1:
prinkf ("Pid % thresd to fark'n"”. (ink) (ge

prinkf (*rant_ph ang) (e pbadd.  (int) (getpadi)
naw_tid = 0;
#if |defaned {_ Ly
thread_attr_ira-
folse
pthrasd_stks_cee:

fork_loop. coows54 walt_a mle*mz
fork loop. cow#G55 anores

fork_loop crobSl nurﬁhtﬁ
fork_loop com#l04]l  fork_wrappec+Ox21

PHc. 5.9, OcHOBHoe 0KHO oTTa 9HKa TotalView

Tocie sanycka OTNa UHKS HI KOMAHOHOH CTPOKH ONepalMoHHOH CHeTeMBL
Linux Ha 3IKpaHe KOMTIEIOTEpa TOABIAETCH OCHOBHOE OKHO TIPOTPamMME,
a5




HMenim ML TNMapatsenbiae: nporpaviaHponaiie © Bosasicnaiies OpenddP

HIohpaseHHoe Ha pUe,5.9,

3arpysHTh NporpaMMy ATA OTAaOKH MOMHO B MeH File, [Mocne sarpyzed
MOWHO HAYaTe OTAAJKY, HATPHMER, BOCTIONBIOBARLIMCE KOMaH0H Step,
KOTOPYHD MOSHO HAHTH HA BTOROH CREPXY NaHend HHCTpyMmenToR, Kpome
TOMD, MOWHO B OKHE MPOCMOTPA TEKCTA NPOTPaMMEL YCTAHOBHTE KYPCOp Ha
HYMHYH) CTPOKY M Hamarh Ha sHonky Run To Ha nadend HHCTPYMEHTOB
orraquvka TotalView. B pesynbraTe mporpanMa BEIMOIHATCA 10 TOH CTPORM,
Ha KOTOPOH YCTaHOBIeH Kypoop. Ewe ofmMi cnocod 3anycka nporpaMmer noj
VIIPARIEHHEM OTIAIMHEA COCTOHT B PACCTAHOBKE TOUCK Npephisadia (Break
Points). [InA yCTAHOBKH TOYKH NPEPRIBAHHA HAJLO0 LETKHYTE NEROH KHOTKDA
MBI Hd HOMERE CTPOKH B OKHE MPOCMOTRE nporpamsel. B pesynurate B
OKHE NPOCMOTPE BMECTO HOMEpPa CTPOKH [OHABHTCH JKedTas CIpeilka Ha
KpacHoM (oHe (0f03HaTeHHe TOUKH TTpepeiBaHia). JeficTEVA aHaIorHYHEIM
DEIPHIJH. MOMHD PACCTABHTE TOUKEH MpPepbiBaHHA NO BCEH OTNAMHEIEMOH
OporpaMMe, 3aTeM, HAAMMAaA Ha KHOMKY GO HA MaHeIM HHCTPYMEHTOR,
MIBKHO TTPOIATH N0 BCeH MPOTPAMME © OCTAHORKAMH B TOUYKAX NPEPLIBAHHA.

DTME_‘THM, HTO B 3ITOM JHATOTOBOM OKHE MOEHO OMpeietTiaTek HE TOObED
Eh}"lll'ﬂll‘ll-!, HO W M00LIE BEIMHCISHWA © nepeMeHHEIMH - TTROTPEMMIL,
onpegentHHBIMH B TOYKE dETHEHOCTH. nFIH ITOM B JHAMOMOBOM OKHE HAOO
30 04Th ﬂJ]IUpH'I.'MH'-IECHHﬁ H3bIK, HA EEITCI[J!JM HAlMHCaHa Ilpﬂ]'piiMMH, Hd¥aB
COOTEETCTEVIONED KHOMKY Belbopa (Check Box), a Taicwe aKTHEMPOBATE
KHOMKY Evaliate,
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]!:nnii{"l'hn walue of i is %dwn”, T);

Puc, 5,10, Juanor onpejeneHya GyHKLMH Pring B TOYKE aKTHEHOCTH

IlpocMaTpHEATE 3HAMEHHA TEPEMEHHBIX B TOUKE TPePhIBAHHA MOMHD B
okHax Stack Trace w Stack Frame B OCHOBHOM OKHE OTAAJ4MEKE,
uanfpamennom Ha puc5.10. B wmwmen dparMedte 3T0r0 OKHA ECTR
BOIMOMHOCTH U1 MOPHTHGMEALME [ApAUIEILHOTO0 TI0TOKD, B HOTOPOM

MPOCMATPHEAKOTCA  MepeMeHHbIe, a Takke CPeICcTEd  MepenHCcTHBAHH:A
noTokos, leaus neeol KHOMKM MBILM Ha AaHHBIY B okHe Stack Frame

HHHLUHMPYIOT OTKEPRITHE BCIARBAKILHY OHDH OO IHSCHHAMH HCCIeTYEMBIX
MEPEMEHHEIY OTALHHEAEMOHA NMPOrPaMMEl, KAK NOKAZaH0 Ha pue.5.11.
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P —
]

00000000 (0)
int (00000000 ()
_pthread_descr 0x00000000

int (00000000 (0)

0=00000000 (0]

r_.

;

EBE
)

B83383

=1

Puc. 5.11. [Juanor npocmotpa suadenni nepemeninix & TotalView
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Eile  View Window

Puc. 5.12. TlpocmMoTp SHAaYBHKI SNEMEHTOR MACCHEA B rpadumueckom BHLe
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Flie Edit View Tools Window Help
!l ID/| Rank | Host | Status | Description I
@ 1 <locals T fork_loopLinus (5 active threads)
$ 4 <local> T fork_loopLinu<.1 (5 active threads)
|:Ib 3 =locals T fork_loopLinu<2 (5 active threads)
a_—_—-

| L4 <local> T in __salact

| 41-.2 <locals T n __salect

L 43 <locals T n __salect

| L 44 <lpcal> T n __salect
rb- a <local> T fork_loopLinu 1.2 (5 active threads)
@ 6 <local> T fork_loopLinu<1.1.1 (S active thread
|$l- ' <local= T fork_loopLinus.2.1 (5 active threads)
@8 <local= T fork_loopLinu=3 (5 active threads)

Puc. 513, TlpocmoTp v eibop NpOUECCOE B KOPHEROM DKHE

OTMETHM, YTO NMPOCMATPHRATE NepeMeniie B To@lView MOKHO He TOARKD B
YHENOBOM BHJE, KAK NMOKa3dH0 HA puc.5.d1, Ho v B rpadeueckom. Tpumep
NPOCMOTPA IIEMEHTOE Maccuea B rpaduueckom Buge W3oDpamed Ha

PHC5.12.

IMpy 3anycke MHOMONOTOMHOA NPOIPaMMEl 104 VIIPABJEHHEM OTa44HKa
TotalView Ha 3KpaHe nNOABARETCA KopHeeoe okHo (Root Window) ¢
HepapxHuecknil HHGOpPMallHel MO BOOM 3aNVIEHHRIM M 3A0VCKAEMEIM B
npoecce pabork npoyeccam, Buj 3Toro okHa npejcTasaed Ha puc.5.13,
Bee npotjecckl Mo#HO payiemuTE Ha JBe DOALIBE TPYIINEL JORATEHLE
(local) u wypanensee (remote). JlokanbHele Npoyeccel - 3TO0 NPOLECCH],
FANYLEHHBIE HA TOM e NPOLeccope, Ha KOTOPoM 3ayLyeH W Cam oriaiuHK.
YianeHHbIe MPOLECCH 3NYIEHI Ha OPYIWY Npoleccopax. [Jna oTnaguika,
B TIPHHLIHNE, De3paziiuHo, KAKHEe NPOLeccsl NPOCMATPHEANTC: YIaNeHHbE
MM nokankHee, [lporpavma B OCHORHOM OKHE NPOCMOTPE  BRIBOMHT
HHIPOPMALHIO 0 HUX B eguaoobpaznom suge. Joctatouno npocto BebpaTs
[POLEct, KK I0Kasano Ha puc.5.13.

B zawmouenue OTMETHM, 4YTO Goneg ﬂﬂ,ﬂ]’.lll’.'lﬁllﬂ C BOIMODAHOCTAMHA OTHAAA4YHES

k]



Memm ML Taparsenbiae: rporpasiviip © HCTHRR: OipenSdP
TotalView MOKHO [03HKOMHTLCA, BOCNO/bI0BABLUMCE BT0 JOKYMEHTALMEH.
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Hacrpoiika 1 yckopenue nporpamm g OpenMP

Hacrosilgs NeKlHA NOCBALEHA PACCMOTPEHHRY BOTIPOCOE HACTPOHKA M
YCROPEHHA TPOTPaMM, pazpaboTaHHBIX © HONoTki0RaHHeM OpeniP,

B npotecce paspaboTkM NpOTpamMM 3Tan HacTPoORKH M YCKOPEHHA paGoThl
MporpamMM  IaHHMacT  BawHOP wMecTo, Mo 3Toro  3tana  nporpaMmMa
MPEICTARTAET COD0H CIE CRIpDI MaTepHan, NOCKWILEY, Kak MPaEMan, ee
XAPAKTEPHCTHEN BILE JA0EKM OT XapakTEPHCTHE, JaMUIaHWPOBRIHHEX TTEPES
Hauanom  paspaborsn.  MHOMia  CHTVALMA  OHASBIBAETCH  BLUP  KYIKE:
XAPAKTEPHCTHEH — TPOTPaMMBl  Tepej  3TanoM  HacTpolkH — BooOing
CVILECTEEHHO HHM¥e, UemM Te, FOTOPLIE ORHIdTHCh. HDBTDM}’ Ha FTane
HACTPOHKH M VCHOPEHHA MPOrpaMs, NPpoaHaTHIHPOBAR © pazHblX CTOPOH
COWIAHHYI0  TIPOTRAMMY,  HWKHO 10 BOIMOKHOCTH - JIOBECTH €8
XAPAKTEPMCTHEN A0 SaMIdHAPOBAHHOND YPOBHA, @ EIIE NYYLE - NPeEInHTH
ux Bamso ormerdrs, uro o0bMHO JOBOAKA [POUPEMMblL CONSDKEHA ©
MQD,HWIEELU;HEﬁ' eg TeKCTd H OYeHb YdlTo - © H3MeHEHHeM dllopHTMOE.
IloaToMy NPoLEece HACTPOHKH W VCKODEHHA TECHO CEAZAH C© NPeibiiyiLHMH
ITanaMH pazpaboTri: KOMIHIALHER H TECTHpORaHHeM. B caMom aene, Befk
BE MPOLEcce HacTPOHKH B TEKCT pa3pabarHBaeMoil NporpaMMEl BHOCATCH
HIMEHEHHHA, H NOITOMY NPOTPAMMa JOI4HS ObITE BHOBL OTHEOMIHIHPOBAH
M NPOTECTHPOBAHA.

[Mpouece HACTPOKM M YCREDPEHMA NPOrpams,  pa3pabarTwiBacMeix  C
uenonesosander  OperMP, TecHo CBA3AH C© AHANH30M  [APANIEIBHLIN
ANrOPHTMOB. TIOATOMY Janee B HACTOAILEH MeKLMH 3ToMy Bonpocy Gyier
VIENEHD 3IHAYMTENBHOE BHHMadHHe, Takwe OyieT 3aTPOHYT BOMPOC
ARTOMATHIALIMH NPOLIECCA HACTPOHKH M YCKDPEHHA,

OCHOBHBIE TIPHHLIMITBL HACTPOHKH WM YCKOPEHHS TIPOrPaMM
B OpenMP

B stoMm pasgene OCTAHOBHMCOH HE OCHOBHBIX CTPATErd#axX HacTpoikn M
WCROPEHHA TIPOTPaMM C HCNOb3osaHHem OpenMP.

B nepeyio odepels clegyeT OTMETHTL, YTO NPH HAcTpoike [porpaMs B
OpendP no BO3MOMHOCTH CeayeT MPHMEHATE CpencTea
ABTOMATHIHPOBAHHOTD PACNapalenHBaH|A NporpaMM. B HacToAlee Bpema
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BECE DCHOBHBIE KOMIOHARTODL Fortran c."C'f"', npegHazHauYeHHBIE 108
FIEBPHEIHTI{H NApanAeNEHLIX NPOrpaMs C HCNONLEIDBEAHHEM npl.‘l'lh‘m HWMET
EOIMOMHOCTH aBTOMATHUECKDTD PDACapaIenHBaHHA, Bonee I'IEI.:'.“'.I['.IEIIEI ITH
BOIMOAHOCTH G}:ll‘_r‘ﬂ PacCMOTPEHLRL B E.'IWLULLPH JIERLIHH.

Yrobu HalTH ¥ N0KEIH30BATE HAHDOMEE TRPYIOEMEHE YHACTKH TIPOIPamMMEl,
MOMHO  BOCHOAB30BATECH  BOSMOMKHOCTBIO  npoduuinposanna  (profiling)
nporpaMsel. B HacToAlee Bpems 3TOT MPOLECC TAKDKE B 3HAUMTEIBHOH
CTEMEHM  ABTOMaTHIWpOBRAaH, CVIECTEYIOT — PA3HUHBIE  CEPBMCHBIE
MPOTPaMMEL, NOIBQIAHLIHE NPOROIHTE npofeTHpoBaHHe
pazpabaTEIBAEMEIX NAPALIETEHEIX NPOrpamMM. TakHe CEPEUCHRIE MPOrPAMME
CO30dHLIL  PAINHYHBIMH - OPOUIBOQHTETAMH  CHCTEMHOIMD  NPOrpaMMHOID
ofecriededus, B ToM ducie H koMiaddell Inel Kak ye rosopuiock s
npedelAyieHd nekid, B coctae Habopa nporpamm Intel Threading Tools
exoauT nporpamsa Intel Thread Profiler. Ormetsm Takke, uto B CocTape
nporpaMmel [ntel V1ime Performance Analyzer umeloTca B gpyrue CpegcTea
npoduuporanua nporpams. [lpe npodemHpoBanl NPOrpavMMEl BaKHO
BLIZENHTE BE KPHTHYMECKHI MyTh. KpuTHueckHil nyTh B MHOTOMOTOWYHOIN
[lPUI'PﬂMME' - 10 Had Donee IIPI{I']'EL?KE‘HHHE YTk Hd ,El,.l-'!li:'l['paMME' BRINMONHEHKHA
noTokoE. [nd ero onpefeleHHA HeoBnIHMo NPOBECTH AHATH? JHArPAMMEL
BHINONHEHWA TNOTOKOE B NapaiienbHoil  nporpamwme, llpamep  Takoii

JAHArpaMmMil NpHBCACH Ha PHC Iﬁ 1,

Time —
wait fior i !
L T2 & T3 |
relcase i |
lock . 5 :
T2 Q : |
wait for ﬂlcimi:
wait for Frent i i
- lock 1 5
E0C EI E2 E3 E4 ES E6 ET EBE% EI0 EINl El2

Puc. 6.1, JuarpaMsa noTokos B MEOTONOTONHOE Nporpaye

Ha amom pucynke wepes T1, T2 w73 o00IHaMeHEl NOTOKM B NpOrpaMMe, a

a3
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wepez E1, B2, ..., E1Z - cofeiTHA B nporpasse. JINHHA OTPE3KOR Ha
AWarpasMmse  COOTBETCTEYET DBREMEHH  BLIMOAHEHWA NOTORDE. Oﬁpa"rme
EHHMOHHE, T UBPHHDBHHHE Napa/eneHbBIX NoOTOROE TPEE}-'EI

ONpedeneHHBIY BpEMEHHBLE 33TPAT, YTO W OTPAKEHD Ha JHalrpamme.

Mocae  npoduaqpoBadds OporpaMuel M aHanHsa  pesyisraTos B
HACTPaHBaEMYH) [TPOTPAMMY PERDOMEHIYETCA A0GaBHTE HHCTPYELHH OpenMP
IR pacnapanieniBaiia Hanbones 3aTPaTHeIX yMacTkoe. B nepeyio ouepes
3T0 KACAETCA NOTOKDE, COCTARMAILIY KPUTHUCCKHH TYTh B POTPaMMe,

B cnyuae HegocTaToudo 3depeKTHBHOM pacnapanieHBaHHA NPorpaMmMel C
HenomkzoRaHHeM  OpenMP cnenyer  ofpaTHTE  caMOE  TIPHCTATBHOE
BHHMAITHE:

* Ha pacnapainenHeaHHe KOHCTPYKUMA do/ for. Hago obazaTentHo
YUHTEIBEATE BREICOKYIO TPYIOEMEDCTE HITHITHATHIALHH MapammenkiLIx
MOTOEOB]

* Ha HEBL]_.'I#HKI'HBHDC’[]: PEcrnapa/uIeNHEdHHA HE‘E'IJ.I'[I:LLIHJ'L LIHESTOE
Ha HecDalaHCH POBAHHOCTE NOTOKDE;

HA HeAONyCTHMOCTE MHOTMOMMCAEHHBIX CCBUIOK K MEPEMEHHBIM B
OHURPHA MaMATH;

Ha n]"]'JEII[I-!'—I(.‘I!I[I:Iﬁ obLeM EQT-TTaMATH

Hd BRICOKYH) CTOHMOCTE ONEpAalH CHHXPOHH3dLHE]

* HA 3HAYHTENLHBIE 3EPHEN Q0CTYNA K ylaneHHol obugil namatu (Ha
NUMA-roMnsioTEpax).

]-[pPT PacnapaneTHeaHiH BRI EHHLIX HHKTOR CNERYET CHa4Yama
paciapd/uieiiBdTe BHEHHHWE T1ET/AH. Tasce LegyeT HMETE B BHOY, 4HTO
[ETIH LHKEIOE (W[4 UE‘I::EM}' BLIYHCIEHHHA MK ¥ Eihl'['h 33‘43121'}'10
"rpeyronbHBIMKA" M NOpoRdaTe  HechanaHCMpoBaHMbBIE  NapanielbHble
noTokH. YTobel H3lexaTs HechanaH CHPORAHHOCTH NIPH padoTe TIPOTPamMMEl,
CASJIYET MPABHMEHO WCNONLIOBEATE BOIMOMHOCTH JHperTHER OpenMP
schedule,

HMepapxus maMsaTH

CoBpeMeHHBIE TAPANIENEHBIE CACTEMBI MOTYT HWMETh BECHMAE CIOMNH Y
uepapxu  naMamuy.  Hume gaHa NpHMEpHas  KnaccHMEALLHA  NaMATH

B2
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COBpEMEHHBIY BBICORMIPOHIBOAHTEABHBIX CHOTEM 110 Mepe BO3DACTAHHA
EREMEHH JOCTVTA K MaMATH:

perHCTpR

K3 NAMATE 1-r0 YPORHA,

KIIEMaMaThL 2-ro YPORHA,

K- MaMATL 3= YPORHA,

NOK4ANBEHAH [TAMATh;

YlANeHHAN Namare (€ gocTyioM  uepes wuTepdeiic MexyznoBoro
coOeHHeHH [nterconnect).

- &% & * * »

Bpema gocTyna K MaMaTH CYLECTEEHHO BOSPACTAET NPH OBMMEHHH 10
HEPEPXHH CBEPXY BHHS - NOPoi Jade B Heckwbeo pas. B oceasy © 3THM
CTAHOBWTCA BeChbMa akTyalbHoM 3atada sdperTHBEHOI 3arpy3EH K3I-NaMATH
H PErMCTPOR, 3 TAKOKE MHHMMHIALIHMA J0CTYNA K YOANeHHOH NaMATH.

HacTpoiika Ka1-naMaTv

Ana dppekTHEHON 3arpyIe KIFNaMAaTH HeobuiEMo B IEpEVID OUepeh
OPHHHMATE CHELHANEHEIE MEPEL N0 BRIPAEHHBAHHE CTPOK WM CTOnDUOR

MaccHeos., B J]pUJ'_[JH.MMH.K, HATIHCAHHLIX H4 HJI[UPH'['MHHE(H.I-’:IX HIbIKAX
C/C++, cnefiyeT BHIPaBHWBATE CTPOKH MacCHBOB, a B [pOTpaMMay,
HaMUCAHHEIX Ha ANTOPHTMHYECKDM A3bike Fortran, - cTonbusl.

Jna 3dbeKTHEHOTO NPHMEHEHHA K3LFNAMATH PERDMEHAVETCA HCTIOABIOBATE
MHOTOMEPHEIE MACCHER] B OHOMEPHOM BHIE,

BroxeHHble UHKILI Clefyer Mogudwiiypobate Tak, uTobbl ofecreunTs
NocefoBaTeNbHbH GICTPBIA JOCTYIT K 2IeMEHTAM MAacCHBA 603 CKaMEDE Mo
HH/IEKCAM.

PaccMoTpUM  TIpHMep  parMedTa  NapAVIensHOH  NpOrpammbl,
NpecTaBAeHHLIA B OopuMepe 6.1, B 3T0M NpUMepe 31eMEHTh MaccHRa
prss, HCNONeBIVEMBLIE B NMETAAX LHHEIA Mo |{, PAIHECEHE] MEFTY coDoi oo
SHAYHTEEHEIMH  CRAYKAMM. ,[[.I'Iil J]pEﬁ,ﬂ,D.'IEHHH }'KﬂﬂﬂHHGﬁ '.I'p_}",.'J.HUfI.'H H
VIVULEHHA  3arpy3kH - K3LFMAMATH  MOMKHO  TIPHMEHHTh  NMEPECTAHOBKY
LIMK/IOR, KAK MOKAZAHO BO (IPAMMEHTE NPOrPaMMEL, MPHEEICHHOM B [DHMEDE
6.2,
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I5omp paralke] do
Sompé: private (r1, r2, k, j)
do j = jlow, jup
do k=2, kmax- 1
rl = prss(jminu(j),k) + prss(jphus(j),k) - 2. * prss(j,k)
r2 = prssijminuj),k) + prss(jplusij),k) - 2. * prss{j,k)
coef (j,k) = ABC (rl1/fr2)
enddo
enddo
ISomp end parallel

Opuep 6&.1. [pumep ¢JparMeHTa NPOTPAMME @© 2UHEIOM, DeTIH
KOTOpOro cofgepxatr OGpANEHMA K 2 3NUSMEHTAM  MACCHEA oo
SHAYHTENBHHMHM CEAYEAMH N0 HHISECAaM

ISomp paralke] do
Sompés private (rl, 12, k, j)
do k=2, kmax - 1
do j = jlow, jup
rl = prss(minu(j),k) + pros(iphis(i).k) - 2. * prss(i.)
2 = prss(jminuj),k) = prss(jphis(j).k) - 2. * prss(j.k)
coef (j.k) = ABC (r1/12)
enddo
enddo
ISomp end parallel

Opumep 6.2, [Ipeeep HoOMPHMEAUMM $pAPMEHTE OPAPPAMML &
NePacTAHORKCH UMKIOE, ONTHMHSHPYRUEH JaATPyIxy KE3U-NaMaTH

OuyeHe 4aCTO  3AIPYIKY  KILFMAMATH  MOKHO  WIVULMTE C  [1OMOLUBHD
TRPAHCMIOHHPOBAHHA 3MEMEHTOR MaCCHBOE B NMETAAX BACHEHHBIX LWEIOE.
PaccqoTpuM Tamoil npumep. B npusepe 6.3 nokasaMel MCXOOHBH M
MonugmporaHHsli HoxogHeld BapHanT:

HexnHeH BapHAaHT:

real rx (jdim, idim)
ISomp paralkel do
doi=2,n-1
doj=2,n
i, j) = (i j-1) + .
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enddo
enddo

MopugmiMposaHHEI BapHaHT:

real rx (idim, jdim)
ISomp paralke] do

doi=2,n-1
doj=2,n
raj, D=mx(j-1, 0+ ...
enddo
enddo

Mpiiep 6.3. MpeHep MogHdMkalMHd OpOTpaMMl ¢ MepeonpeieneiHes
HaCCHEa ONA COOTHHMHIAOHM 3arpy3kH E3WE-OaMATH

IZi:[.IH.l'ME‘IIT'LI l'IéIpE.."I.I'IE'J'ILIIEIﬁ NporpaMmMir ¢ BNOGKEHHLIMH - LHHKTdMH, B
N:rmpmx Cll:}'lJ.EC'I'BJ'lSIE"IfH OE'PELLEHHE'.' K 3MeMeHTaM MACCHBOB 1. ,EL;'ISI
ONTHMHIALHH  3arpy3Ikd  K3FNaMATH B 3TOM NpHMepe  MalCHBE X
TRAHCTIONHPORAH.

Ha womnsiorepax cepun NUMALINK  (non-uniform  memory access) c
HEQIHOPOMHEIM 10 BPEMEHH  JA0CTYIOM K TEMATH  BOXHD  YUHTEIREATE
CABYHILME oCoDeHHOCTH:

HAD XDPOLK NPeCTaARIATE, [AE IATYIEHLL MTOTOKH;
HAIm HETHD MMOHHMATE, KAEHE OJAHHLIE JArpyserhl B JTORATRITYI0
NAMATL,

* HeolNIMMO 3HATE CTOMMOCTE ADCTYNA K WIAMeHHOHR namsrd. e
cHcTem ¢ NUMALINK Bce BrillenepeudcieHHble 0cobeHHOCTH oUeHb
CH/ILHO JBHCAT OT HX APXHTEKTYDEL,

B nporpammas, HanucaHHeIX © Honodbsosaddes OpenMP, cywecrepor
CReYHOIIHE BOSMOMRHOCTH YIPaBIeHHA MOTOKIMH:

* PMOGKEHD FANYCEATL NOTOK HA ONMPEAENEHHOM PO ECCORE;
* MOGKHO PAIMEIATE AdHHBIE B OIIPpeQe/IeHHOM MECTe HaMHTH.

OTH 3819MH PRIIRIOTCA © MOMOTIER CHCTEMHEIX WHCTPYRIHEA, HOTOPEE MOTYT
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BbiTh PAZNHYHBIMH  HE  PA3IHYHBLY II.'IH'.I'@'}MEIX H  33dBHCETE  OT
HCMOABEZYEMOTD CUCTEMHOID NPOrpamMMHOr oBecneueHHA,

JABHCHMOCTH 110 AdHHBIM

lpn pacnapanienHBaHUd NPOTPEAMM, HAMHCAHHLIX C HCMOABEIDBAHHEM
OpenhP, Hafgn CTPEMHTRCH K MAKCHMANLHO GONBIEH He3sBHCHMOCTH
Mapa/UeNbHBX MOTOKDE Jpyr oT gpyra. [lpe 3ToM  clegyeT WsberaTs
E‘HT}'E!LI,HH, EOTAd QOHH nNdpaniensHble NOTOEH HCNOABIVIOT JaHHBIE M3
JpYTHX. ECIH TAKHX CHTYALHA HeT, TO TOROPAT, YTO NapauIesHEE TIOTOKH
HEIARHCHMET TIO JIAHHEIM.

Takum ofpazon, IpH pazpaboTke NapATIEARHEX NPOTPAMM C IPHMEHEHHEM
OpenMP pasco, aHaATHINPYA NMapUUTENLHEE ATMOPHTMEL, HANNIHTE B HHX
3ABMCHMOCTH M0 JaHHEIM H CTAPDATLCH YOTPAHATE HX M0 MEPE BOIMOGKHOCTH,
Hacro 3aBMCHMOCTH [0 JAHHEIM MEXAY NETAAMH UMKI0B MoryT ObilTh
HCKMTHMEHBl C TOMOLIRRDY MU,EI,H{I:HKHH,HH AfFOPHTMOE. Huzree npegcrakied
NpHMep UHKTD C 3aBHCHMOCTERY TI0 AaHHBIM MeAdy NeTAAMH LH KA,

DOl=2.5
Afl)=C*A(l-1)
ENDDO

Janee NpeicTapeHo FeMEHTAPHOR PAcnapanieNHBaHHe 3TO LHKNA;

chomp parallel sections

chomp section
A2)=C* A1)

chomp section
AI=C*C*A(])

chomp section
Ad)=C*C*C*A(1)

chomp section
AB)=C*C*C*C*A(1)

chomp end sections nowait

PaccMoTpUM elUE OfMH MPHMER NPOTPaMMEL © LHKIOM, TETIH KOTOPOTD
COAEPHAT JABHCHMOCTH N0 Jauikiv, Hoxomueii dparmenT 370i nporpasmms

[pHBELEH B npHmMepe 6.4,
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B npHpepe 6.5 nNpejcTagicH TIpHMED ﬂafﬂapﬂﬂﬂﬂ'ﬂfHHUﬁ BCpCHA
MporpaMmMel . an' pacnapanneMHiEaiii BeIYHCIEHHA HWHJPKCOR MacCHEOR
On1IH YCTPEAHEHE! OMEPATOPREl BLIMHCOIEHHA HHOPKCOE M0 DERKYPPEHTHLIM

thophymam.

Eige ogus xapakTepHuid npumep fparMenTa NporpaMMel © 3aBHCHMOCTLIG
[0 JaHHBIM [PHEENEH B DpHMepe 6.6,

Pacnapanaenneanue  3moro  parMedTa MOKHO  OCVIECTBHTE  OYTEM
npusMeHennn Jupektissl OpenMP roduction K unkny do.

iLt=a
iZ=0

doi=1,n
il=il +1
B(il) = ..

2=+
Ali2y=...
enddo

Opssep 6.4. [puMep (PATMeHTA N[POPDAMMU € ULHEROH, [$eTH
EQTOROI'o COOep®aT 3aBHCHMOCTH NC OaHHBM

chomp parallel do
doi=1,n

Bli)=..

A#*2 +)2) = ...
enddo

Opuuep 6.5. [OpuMep §$pardeHTa OPOTrPaMHE C S3ABMCHHMOCTRE OO
AannLe

doi=1,n
XELm = xsum -+ oa (i)
xmul = xmul * a (i)
NITEX = max (xmax, a (i)
ximin = min (xmin, a (i)
enddo
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Npumep 6.6. [OpuMep ¢pardeHTa OPOTPAMHE C S3ABMCHMOCTRE OO
Adnnn

M3 CKalaHHOTD BEILE Chedyet, uTo g04 3¢l:]:EFZTHBHDFD pacrapanneiHeaH A
HEIOE HYWHO 10 BOIMOHHOCTH OBECTIEYHTE HE3ABHCHMOCTE  TTETEh
BEAMKEHHEY UHKToR, TIpH 3ToM H30 HMETE B BHJIY YTO WKW ©
VCNOBHEIMH - BEIDOOAMH, [PHMED  KOTOPLIX  MOKE3EH B0 (parMeHTs
nporpaMMe! (DpuMep 6.7), He paciapa/ie/ MBa TR,

HPH PacnapdeniBdinHA BIGKEHHEIY  UHKIOBE H4AQO0 CTREMHTRCH K
EblHECEHHHE) HEFABHUHMBLX 110 JdHHEIM [IETE L UHRIOE Had BE‘P.“[HHﬁ YPOBEHE
H MPOBOIHTE paclapa/lIelHBAHHE TOABED Ha 3ToM ypobHe, [IpHMep Takoro
LMKIa  TIpHBEOEH  BO  (parMeHTe  mporpamMmbl  (npumep  6,8),
PacnapanienHBaHHe TAKOID LJHKIA BO3MOAHO TOIRKD Ha CAMOM BEpXHEM
YPOBHE, T. & TI0 HHIBKCY k.

doi=1,n
afij=hil+c(i
if (a(i) .GT. amax) then
ali) = amax
goto 100
endif
enddo
100 continue

Opuumep 6.7. lpuMep HepACOHAPANNEeIMBASMOTD UMEIA C© VCOIOBHEM
NepexofdoM

dok=1,n
doj=1,n
doi=1,n
afbjl=a(ij+bii k) *cikj)
enddo
enddo
enddo

Npemep 6.8, Mpuuep LHEDE © 2 HeSABHCHMOCTRE 0O SaHHMM,
BHHECEeHHOH Ha BepXHMH YPOBEHB

SpdeKTHEHOCTE rapaxieTbHBIX MpoTpaMm H

100
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MacluTabHMpyemo CTk

Mocne  cozgadds paloraroweil  napanieisHol  nporpamMmel  00BIUHO
BO3HWKAET npoOnema oueHkd ee 3ddperTHBHOoCTH. Tlon 3ddeKTHEHOCTEID
MapLUIeIsHoH NporpaMMel MOHMMAOT OLEHKY YCROPEHMA, KOTOPOe YOaeTcA
MOAYHHTE MOPH Tepesyle oT NOCAEI0RaTEIRHOR BepcHH MpoTpaMMel K
I.'[H[.IEJ'IJ'[E'."]L]IUﬁ. nl:l]!ﬂ'l'ilﬂ, YT TdkdA OLUEHKD ﬁ}ﬂE’l’ FBEHMCETE OT YHCNd
[dpd/iiebHBLE II[.JUI.[ECCUPUB.

MMon  macumraBHpyeEMOCTL)  NapaIeIsHOH  NPOTPaMMBl [OHAMAIOT
HIMEHEHHE 3T0H OUEHKEHM B S3BHCHMOCTH  OT YHCNA  [apauiefbHbLE
[POLeccopok.

Brepeele TeopeTHYECKan OLEHKD 3EKTUBHOCTI NEPaUIEILHEIX IPOrPaMm
npefiokeda B padoTe [6.9). B HacTodlEe BpeM:A 3Ta OLeHKa HIBECTHA Kak
3AKOH  AmMgana, COmMmacHo KOTOROMY  MaKCMMAAbHO? YCOROPEHHE & Ha
MApAITETEHON BEMHCTHTEALHON CHOTEME, COIEKAIRi p MpoLeccopoR,
WIOENETEOPAET COS/VIOILEMY HEPABEHCTRY

1

A< : :
g+ (1l —3)p

348ck = - CYMMAapHan A00d NOCHeJoBATENbHBIX GA0KDE B NapanieibHoi
nporpamme, [oHatHo, uto O<s<1,

M3 zawoHa AMjana CAeaveT, uTo MpH YHCIe NapaiieibHbx Npoueccopoe,
CTPpeMALIEMCA K ﬁE‘CW'JHI:"'-IHﬂl:'TH, MAKCHMANEHOR YCRODEHWE B HEP NpeEBLICHT
BEIHUHHEL 1 /S BHE JABHCHMOCTH OT KA4eCTEd pPedaHEdIHHA I'[HPH..I'IJ'IEJ'JLHUﬁ
UacTH nporpaMMel. TIpH 3TOM, 2CIH NOA0BKWHA NPOTPAMME] NPEICTaRIAET H3
ceff NoCIeoRATeTRHY0 YACTE s5=1/2, TO VCHODHTL TAKYK) NPOrpaMMy
fonee 4weM B ABa paid He \OacToa np Mo0oM  YHCTe MapaIeNEHLIX
[IPOLECCOPOE.

Eip ogma wWHTEpeCHAs OUEHES, CIEIVIONER M3 JakpHa AMiana: gas Toro
yrolbl VEROPUTE [IpOrpaMyy Ha B napaiieibiblx NPpOUeccopay, HanpuMep 5
YEThIpe pdsad, HEDﬁJﬂ]ﬂHMU l:llﬁﬁEI'I!'-‘."'-IH'I"I:nJ qrodkl NoCnefoBarTe/TbHad YacTh
MpOrpammbl HE MPEBbILENa 1/7 YacTH NporpamMmb,

Takim obpasom, M3 3aK0Ha AwMjana BWIHO, UTO [pH HATHUHH B
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MapaienbHbl X MpOrpasMmMa s Jde BEChMA HESHEUHTETBHbIX
MOCNEADRATENLHEX YACTEH MPOHCNKIWT BOCEM CVIIECTECHHODE CHHMHEHHE
BLICTPONEACTREMA TAKHX MPOTPaMM.
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CpeacTBa  aBTOMATH3MPOBAHHOIO  pacriapa/uie/MBaHusl
nporpamMm

B 3T0f AeKDMH GYINT PAcCMOTPEHEL CPEOCTEA  ABTOMATHIHPOBAHHOTO
pPACnapanaeTHRAHHEA NPOrPaMmM.

Kak  w#e  oTMeuanock B [OPEARJVIIMX  pa3ienax,  CpeicTea
ARTOMATHIHPOBAMHOTG  PACTAPAMIETHBAHHA  CIEIVET  HCIWNTLIOBATE  Ha
MEPEOM ITane paipaoThd NapuuTensHod NporpaMMel, ©CIH Y HEE yiEe
CylpcreyeT paboTamwpil nocnegosare]steld adanon Bosrom ciyaae Ha
MepBOM  3Tane pazpadoTEH  MapaniefbHoll NporpaMMel  PeRDMEHIVeTCR
MPHMEHHTE  CPEACTEA  ABTOMATHIHPOBAHHOMD  pacnapdiie/HBdHHA K
HCXOOHOH MMoCNeqoRaTeARHOR NPorpaMMe,

B HacToAllee BpeMA BCe OCHOBHBIE HoMnuaaTopel Forttan u CiC++,
OpeIHazHMeHHEIe I8 paspafoTKH  NApamielsHeIX  [pPOrpaMM  C
HCMOTREIORAHH M D]’.I[‘HJ':"'P, HWMeDT BOSMOHHOCTH ABRTOMATHYCCEDT
pacnapanieniBdHHA. Kl'.ICIME TOr, 3TH EDMIHAATOPLD J00YCKAIDT YCTAHOBRY
FIHEI-.I'[H'-IHI:JH }"pUH-HEH ABTOMATHYS KD pﬂfllﬂpa;‘UIEﬂHBﬂHHH, d  TdHA&Ee
FeHepHPYIOT OTUETh] M0 Pe3yIETaTaM PachapaiieTHEaHHA

TMocne aBTOMATHYECKDID  PAcNapanielHBaHHa  PeRDMEHAYETCH  TIPOBECTH
MpOHAHPOBAHHE MPOTPaMMEL, H eCIH OKGKETCH, UTO HauOo/Iee TPVIOEMKHE
MECTA XOPOLLD paciapainenessl, 70 paboTy Mo CO3AHHKD NapaiiensHof
BEPCHH  MPOrpaMMel  MOGKHO  3akoHYHTH, B npotHeHoM  caydae
PEROMEHIYETCH BOCTIONLI0EATECA cpegcTeamu OpenbP gns ganeaedmero
pacnapaulenHeaHis Haubonee TPVIOEMEHX VHACTHOE NporpaMyel, O0sMHO
TAK W [POHCKOAHT, NOCKIVIBRY A8 CAMKHBIX NPOIPAMM ©  NOMOLE
dBTOMATHUSCKOTD pacnapanienHedHHA PEaRD FOaeTCH MIVUHTE
MAKCHMAEHBIH 2jubekT, YUTolb veThD pazolpaTeCd B 3TOM BONPOCE, Janee
PACCMOTPMM  HEKDTOPHIC OCHORHEIE CPEICTBA  ARTOMATHIHPOBAHHOTG
PACMapAIETHBAHHA H IPHHLHOL HX PaboThL,

OCHOBHBI® CpeicTBa ABTOMATH3HPOBAHHOTO
pacrapa/uie/TMBaHuA M MPHHITHTIBL UX paboTh

OCHOBHEIM  OOBEKTOM AdBETOMATHIHPOBEAHHOTD  paclapaineHBaHid  C
MOMOLERY CHELHANBHBIX HACTPOEK KOMOHAATOPOR ARAAKITCA UMHKILL [1pW
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PACNAPANASTHBAHMH  LHKIOE  KOMIHAATOR,  BO-TMIEPRLIX,  BhIJCTAET
HEIABHCHMEIE MO0 JJAHHEIM NeTAH 1 HKT0R. BO-RTOPRIY, OH OLEHHEAET
npHbmHanTeasHEE 3ddekT o7 pacnapannenHBanug gukna. Ecov ouewka
Toro  seKTa  COOTBETCTEYET  3QJaHHOMY  VDOBHH), TO  KOMITHISITOR
ONPeAeaeT  AokaIbHBE  nepeMednsle. M,  HawoHel, ToAssD 3aTem
MPOH3IBOAHTCA CaMo paciapaniedHedHHe UHKNd © NOMOLLERD GHOAHOTER
npoteccop. [lo pemwnsTaTaM NpoeefeHHol HIH He NPOReIeHHON paboTh
ELJAETCA COOBIEHHE B @A OTYETa O PACNAPANNENHEAHHA ¢ O0BACHEHHEM
MPHYHH.

Kak  npaeuno,  JpyrHx  BOIMOMHOCTEH ABTOMATHIMPOBAHHOTO
pacnapaiienHBaHia GOILUMHCTED KOMOHAATOPOE He HumeeT. Boe 210 B
[OJHGH Mepe OTHOCHTCH K soMinusropas Fortran w C/C++ somnanuy [ntel
H HEROTOPBIM ADYTHM. Kaxk pHaHm, ERUETIEQEYHCTEHHBIE BOIMOMHOCTH
dBTOMATHIHPOBAHHOID Pachdpa/eIHEdHHA CaBHHTENBHO HEBEAHEH.

OTMETHM, YT 3HAUHTENEHO bonee IEPOEHMHE BOIMOMKHOCTAMH B ofmacTi
ARTOMATHUSCKITD PACTAPAALIHEAHHA 0bnagaeT komnunaTop Fortran 95 jgaa
onepalHoHHoil cucTemel Linux komnasud Lahey, H3pecTHRIR nof HaZRaHAeM
LaheyTujitsu Fortran 95 for Linux. B amoMm EDMIOHASTOPE  3HAUHTEIRHO
WIVULEH NpPOLecc ONTHMH3INHH OpOrpaMM, 4 Tawke obecneunBaeTcs
NOIAepHya  annaparHeiy gwHrLMil HoBeix  nipoueccopoe. Kpome Toro,
NOANepHHEAETCH dETOMATHUECKDE PacnapafeTHBdHHe H JOIIONMHHTeIBHEIE
HHCTpYRIME S5E2 pma npoteccopoR Intel Xeon 1 Pentium [V, KoMnuaarop
Fortran Lahey/Fujitsu 3aHMMaeT oqHy W3 THIHDYIOIMY MO3HIHE B oGnacTax,
e HeofylHMel  GoiabiMe O0LEME  MaTEMATHYUECKMX REIMHCIEHHR #|
oCyvugecTEARETCA  pabora ©  DONBWMMI MACCHEAMM.  3TOT  KOMITHASTOP
OCYIECTERET dBTOMATHUBCKDE PACNApa/IENHBEHHE NPOrpaMM, B ToM
udCne M ¢ Monoabioeadien OpenMP gepcii 2.0, ONTHMH3ALWA NPOrpaMm
OCVIIECTEMACTCA A MPOIECCOPOR KAK KOMIAHKH Intel, Tak W RoMIaHHA
AMD, npH 3TOM NOIEPAHRAETOA ONTHMH AW KOHBEREDa yIpesaaiei
ewbopi. Kpome Toro, AN oTia s NapauTensHEN MPOrPamMsM KDMITHIATOR
COBMECTHM C NapalieibHbIM oTiaauuEny TotalView.

Kpome soMOomaaTopos cylpcTEVIOT M O0EE MPOIEMHYTEIE TROTPAMMHLIE
CHCTEMBL B 00UIACTH aBTOMATH SHPOEAHHOID Pacilapaiie/idBaHn.

B kauecTee npaMmepa OTMETHM  nporpaMsueii npogyer Bent77,
paspabarsiaemelii komnanueil Paralogic. Mporpamma Berl77 apromMarnueci
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pacnapannendeaer Forran-nporpammsl B ocpegax PYM o won MPL
PacnapannienyBaHue OCVIECTRAACTCA © HCNOARIOBAHHEM  MENIHMIMA
obmena coobwprnuavu. [Nporpamdma Bert?7 - 210 soMMepueckdiil npogykT,
CYIHEKD CVILPCTEYET W ero ynpoleddasn BecrnartHas sepous (le-sepous).

B noapazaenenun somnanun Intel - KAL Software Lab (Gwiewas Kook &
Associates Inc.) paspaboTaHbl H NPOSOLKEIOT COBEPLLEHCTBOBATLCR:

¢ KAPPro Tooket -  wHabop  nporpaMMHsiX CPEJCTE R
PACTIAPATIIEHEAHNA  DOABILMY  PAacHeTHLIX  NPOTPamMm Ha
AOPALIEABHBIX BBULCTUMENLHBIX CUCMEMas © 0DIWE [aMATBH);

* KAl C++ - moMmnungrop C/C++ ¢ HMPOKHMH  BOIMORHOCTAMH

ONTHMHIALHKH H pacnapanaendeaHBa;

* Visual KAP - nporpaMMa  apTOMATHYMECHOMD  paclapaiiie/IHBaHHA
Forran-nporpaMm B pesiMe BHIVATEHOM JHAT0T:;

s Visual KAP gnan OpenMP - HHCTPYMEHT BHIVANLHOH redHepauHn
Nporpams ¢ Henonezosandes OpenhP.

Komnanua  Applied Parallel Research Inc. npepnaraer nporpamsy  spf,
ARTOMATHYECKH PAcTapanieTHBaioinyie MPpoOTPaMMEl 18 NapauielsHL
ELIYHCAHTENBEHEIX CHCTeM © obwged namarteie © npavenennes OpenMP ann
POSIX.

Komnanua Pacific-Sierra Research  paspaborana umnTepecHnie M oueHs
adperTHBHBIE CpegCTBA:

* VAST/Paralle]l - nporpamMy aETOMATHHECKDTD pPacTiapaiuile/THEAHHS
nporpass Ha  aseikax Fortran o w C/C+H+ im napaniensHbix
BRIMHCIMTRABHEIY CHCTEM © ODWEH NaMiaTsio © HCNonB30BaHHEM
OpenMP;

* VASTioOpenMP - mporpamsy,  aRTOMATHYMCCKH  PacTliO3H RO
NAPAIEIHIM H reHepupyviolyo aupektiesl OpenMP r nporpammax
Ha manike Fortran

OTMETHM TagKe pazpadoTaHHYI0 3TOH KOMIAHKHEH Cpeny TpoCKTHPOBAHHA,
OTABJAKH W AHAIHIA TMPOMIBIHTENLHOCTH MAapAUIEILHEIX MPOrpaMM B
CHCTeMax © pacnpegenenHol 1o obupd namareie DEPP (Development
Environment for Parallel Programs), peaassyviowyio aupertissl OpenMP.
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CVIIECTEVET W el uﬂﬂb[ﬁ pAaa ApYTHX CpeacTE aRTOMaTHIHMPOBRaHHOTD
pACNapanieTHBaHHe, DAHAKD 318k GL1IH NepeyHCIeHbLL THLUL Te CPeaCcTRa,
KOTORLIE OCVIECTEAAKIT dBTOMATHYECKDE PpaCnapanaenHeaHue C
Henoiesosadies OpenhP.

ABTOMaTHYECKOe  pacrapajuie/IMBaHHe  TiporpamM ¢
NOMOLIBH KOMITHAATOPOR Intel

PHCCMOTPHM BOIMOMHOCTH dBTOMATHUYECKOMD pacnapane HeaH
NPOTPAMM © MPHMEHEHHEM COBPEMEHHEIX HOMIHIATOPOR KOMIAHHM Iniel
OTtmeris, wro B mommunaTopax  Imel  peanmzopana Toomkn  ogpa
OPHHLUMIHATEHAR — BOIMGKHOCTL  PACTIAPAIENHBAHMAT  3TO  CO3JaHHE
MHOIOINOTOYHBIX NPHIOKEHHA paciapalieHBadien UHEIE © [OMOLLLED
BHOAHOTER NPOLECCoE.

Janee  paccmoTtpes  nogpobHes HaCcTPOAKH  pEXMMa  aBTOMATHUSCKOID
pacnapanieTHBaHig, HMewnMecd B loMmouadropax Forran w1 C/C++
KoMmaHiy Intel:

* —parallel - 3Ta  HACTPOHKA  NOSBONSET  KOMITHIARTOPRY
dBTOMaTHYECKH CO31aBdTe MHOMONOTOUHBIE BepCHH Nporpams C
BEIONACHEIM PACTIADATIEIHEAHHEM LIMKIOR (NOJUEPKHEM, YTO KpOME
LHETOR B 3TOM PEAHME GOTLIE HHYETD HE PACTIaparieTMBasTCA);

* -par report{0[1[2]3} -3Td HACTPOIKD NOIBOMRET COYIABATE
OTUETHl pasiHuHoro yposHa - 0, 1, 2 wan 3 (Haubonee nogpoBHbI
OTYET  HMEET  VPOREHR 3} TI0  peawikTaTaM  ARTOMATHYECKOTO
pacnapannenHeaHia.  PekoMeHIyeTcAd  TURTENLHD  aHANHIHPOEITE
TAKHE OTHETEI, WTOOL HETHD MOHATL, KAKME EIE MECT TPOrPaMMEl
MOTH Bkl OBITE PACNAPAINENEHEL 1 MOMEMY 3T0 He D0 caenado.
BO3MOMHO, KOMNHAATOPY HE XBaTWAC MHMOPMALMKH A8 [IPHHSTHA
pelieHHA O pacnapa/aileHBEaHHH Takiro YUalTea NporpamMmbl. B oM
CITVHAE 3TO MOHHO Ce0ATh BPVUHVI,

* —par thresholdin] - 3Ta HACTpOHKA NepejaeT KOMMHAATOPRY
LEoe YHOIo 1 B gManazode or O go 100, 0 #8AseTes oljeHED
pdekTHEROCTH  paciapanienHBaHiA LHKIOB B TPOLEeHTax. Ty
OLIEHEY BOMITHIATOD TTPOH3B0IHT CAaMOCTOATENEHD.
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Hacrpoiku komnunatopos Intel gns pacnapannenvieaHus
MporpamMm ¢ Henoik3oraHieM OpenMP

B npegeiayueM  naparpade  ObidW paccMoTpEHBl  BOIMOMKHOCTH
ARTOMATHYCCHOTD  PACTIAPA/UICHEAHHA TMPOrpaMM 474 NapainelbHBIX
BELIYHCAHTEALHBIX CHCTEM C© DEI[["ﬁ NaMATEHD, DH'HUWJ, KdK npaednn, B
AdBTOMATHHECKDM PERHME HEMLIA BEJEI‘PHTL BCE MMEIIHMECH BOIMOMHOCTH
A 'SII.I'.tI'_‘]ﬂ'HHHUlU pdacilapd/UTe IHEdHHA IPOrpanMs. HUB'J.'UM}’ A1
Mapa/ieNbHBIX BEYHCTHTENEHER CHCTeM © oBIeH TMaMATEE HCToIb3yioT
cpedcrea OpenMP gna Gonee myBoKoTo pacnapanieHBaHHA Nporpamm.

CoBpeMeHHBIE KOMIHIATOPEL Intel cofepskaT CAelviompe cheldanbHse
HacTpOHKM A4 CO30aHMA NapaielbHblx NPOTPaMM  ©  TpHMEHEHHEM
cpefdere OpenMP 018 Dapaiie/isHEX BEYHCIHTENRHEY CHCTeM © ofwpi
TTAMATEI

* -openmp - 3Td HaCTpl]i»iKa MO3IBOAAET KOMITHIATOPY dBTOMaTHUeCKH
COFABATE MHOMOMNOTOYHEIE BEQCHH TIPOTPAMM © HCNOMEZ0BRAHHEM
Aupexktie OpenMP;

* -openmp_profile - 3Ta HaCTpoHEKa JODAENAET B CO3AEBAEMYIO
nporpaMMy  CpeacTea  Opode/IMpoBAHHA — OporpaMMbl 7R
NOCASVIILETD AHANH3A C NoMoER nporpaMyel VTune Performance
Analyzer;

* —cpenmp sTubs - 3Ta HAcTpoilka TOIROASET OMIHIHPOBATE
OpenMP nporpamsel B nociegoearensHom  pesmve. Tlpn srom
npeqnoxenda OpenMP wrHopupyiorca, a Oubnuoreka OpenMP
HCMOL3VETCA PEAAKTOPOM CBAZEH B MOCASA0BATENBHOM PRMKHME,

* —gpenmp_report{0[1[2} - 3Ta  HACTpOHKA  NOIBGAAET
CO3ABATE OTYUETH! pasiuuHoro ypoema - 0, 1 wm 2 (Hawboaee
nogpodblii  OTY4eT  WMEeT  ypoBeHe 2} no pe3wibTaram
dBTOMATHUECKOTD pacnapanielvieaHida © HOMOAbI0BAHHEM GpETiMP.
PeromenayeTcad TURTENEHO aHATHIHPOBATE TAKME OTUETR], WTOOEL
HETHD MOHATE, KAKHE EIE MECTa TROMpaMMEL MOTH 061 ORITE
pacnapannenseHsl Mo nodeMy 91o He Gumo caenano. Boamosoo,
HOMITMIIITORY He XBaTino HHpOPMALHM 408 NPUHATHE PeleHHs o
pacnapaineiHBaiii TOM MK HHOTO YYacTHa nporpamsst. B srom
CAYUIE ITO MOMHO CORNaTE BPYUHYID,




Menimi M_TL IMipavmibing AposplMbpaainme © rokeanseanes Opehi
Hrak, BhINENEPETHCICHHEIE Hﬂmﬂﬁ]’m FOMITH/IATOPOE  MO3BOJIAKIT
COJABATE NARANIENEHBIE BERCHA NPOTPaMM Kak NpoCTo © MHDMNOTOYHBEIM
PACMAPANIeTHEAHHEM LHEIOE, TdKk H C NOMOULED JHDEKTHB D[.IE]'IM P.
BosMosHO Takke codeTaHHe oBoMx aTHX PEMHMOE PaCIldpalLie/IHBaH .

B JaENTHYEH e ,JZI|.."I:H MOTHOTE HIMHEEHHAH FIPP{EE',Il'EM I'Ipl.']l:TE'ﬁ].UIr'IE' EON AL Ijl|hl
KOMITHAALHH NPOrPaMM prog.c H prog. D © NOMOLWRIYD KOMIIMIATOPOE
Intel:

ice -openmp prog.c
H

ifort ~openmp prog.f

Jpeck prog.c W oprog.f - COOTRETCTEEHHO TEKCTRl  TIROTPanM,
HAIlMCAHHBIX HA aNropHITMHYeckHy aseikax C/C++ 1 Fortran ¢ npuMmedensem
AupertHe OpenMP. Tna nporpams, HanmwcadHelx Ha Fortran, soMimdmaTop
pacnosHaeT Tawxe pacluperyn Qaiinoe © TekcTamu nporpamM for W £90
(1A TEKCTOE NMPOrPaMM, HaNHCAHHBIX HA anrOpHTMHYECKIM A3sike Fortran
00). B pesyneraTe OMOHAALMH B CPEJe OMNepalHOHHOR cucremel Linux
co3gaeTcd Banosinsemeli gaiin a . out, OTMeTHM TAKOKE, 4TO JNH CO3AHHA
BRMNMIHAEMEIX (AHACE C HMEHEM o9 CISIYET HCNONLI0BATE CAEIYHILLHE
FOMEH B EOMITHASIHA U TROTPEMM, HamHCamiex Ha amropHTMHYECKHN)
stsblkax C/C+H 1 Forlran cooTBeTCTEeHHD!

iCC -openmp progo -o prog
H
ifort -openmp prog.f -o prog

Hacrpoiiku komnunaTopoe Intel gns pacnapannenusanus
MPOrpamm /7151 KIaCTepoB C pacrpee/leHHOH NaMAThIo

B npegeigyipm naparpade  OGwom paccMOTPEHEL  BOIMONCHOCTH
ABTOMATHUBCKOID  PACHAPUUIEUEAHK  nporpams, sekriedse  1m
Mapa/UTeNEHEIX BEIUHCTHTENEHBIX CHCTEM C Oﬁﬂ.ﬁﬁ MaMATERD. ]-[]]]-'I CO3TaHHHA
nporpams 108 NapaiienbHelx EBIYHCIHTEABHBIX CHCTEM C pEICﬂPE',EI,EJTEHHDH
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MaMATER), KAk OeII0 OTMEYEHO  paHes,  MPHMEHAKITCA  METO/LI
pacnapanaevraHug © wenonsdosadued MPT v PVM. Opuan B HOoBO#A
gepcHH  koMnunATopor  Intel, waumman © eepoun 9.1, peandsoBaHo
pacumpenne  OpenMP,  npegnassHadeHdoe s paciapaliie/]IHBaHHsa
[POrPEMM UIH BEIHHCIHTENBHBIX CHOTEM C PACTIPESeeHHOH NaMATEID. 310
pacimperHe WIBECTHO niog HaeaHwem Cluster OpenMP. B wem mmeeTcs
BOIMOMHOCTE OORARAATE ODIACTH MAdHHEIX OOCTYTTHEIMKA 0708 BOEX V2RO0R
KAACTEPA. 3Td  BOIMOMKHOCTE  PRATHIVETCH © NOMOWERY  [PEII0HEHHR
sharable, kworopoe Dyier paccmoTpedo ganee. [loka e 0TMETHM, Y4TO 3TO
[PEUIOHEHHE DEUIHIYET HEHBHVHD [epeiady  JaHHBIX  MEAILY  Y31aMH
knactepa no  npotokony  Lazy  Release  Consistency o wzfaenser
IpoOrpaMMHCTOR  OT YTOMHTEARHOMD MPOHECCa aHAMH3a MOCELNACMBIY H
MPHEHMAEMETY coofimesni, neofmogrumore npe dononsiosanun MPL B
PEIVILTATE MPOLECE MAPATIENEHOMD MPOrPAMMHADOBAHAR I8 MAPATIENEHBIX
BRIMHCIMTEABHEIY CHETEM ©  paclpefefleHHOH  [aMITei)  CYIECTEEHHO

VIIPOLRETCA.

Komnuiaropsl [ntel, Haundan ¢ sepoun 9.1XKK, NONYYHIH CAedyiowpe
AOMOIHHTETbHEIE HECTPC'F[KI-'I.. npejHazHa4eHHbIE ANA CORMAaHHA
NapaleNbHblx NpOorpamMsM G718 Napalie/lbHblX BEIMHCIHTENBHBIX CHCTEM C
pacnpefencHHoN NaMATER (K1acTepos );

* -cluster—-openmp - 3Ta HAcTPOHKD NO3BOAAET KOMITHIATOPY
CORABATE MHOMOMNOTOYHEIC BEQCHH TIPOTPAMM © HCNOMEIOBRAHWEM
JHPERTHE pacumperdtol gepoay OpenMP - Clister OpenMP;

¢ —cluster-gpenmp-profile - 3Td HacTpoika Aobasnser B
COJABAEMYH NporpamMmy © npumedenen Closter OpenMFP cpeacTea
NpodMIHpoOBRAHKA TIPOrpaMMEl A NOCIEIVIOIETo  aHaiddsa  ©
nosolsm nporpamse VTune Performance Analyzer;

¢ —[no-Jolomp-sharable-propagation - 3Ta HacTpoiika
NOFBOIRET COZOETH OTUET CO CITHCKOM NEPEMEHHBIX, KOTOPBIE J0/THH b
ObITh OOLARIEHE NporpaMmMACcToM DﬁLLE,E[DET}ﬂHI:-IHH AR BCEX Y3N0B
KIacTepa,

¢ —[no-Jolomp-sharable—info - 3Ta HacTpoika NOIBGAAET
CO3aTh  OTHET  CO CIMCKOM  [EPeMeHHBIY,  HEOTOpble  Oblim
ABTOMATHYECKH ODBSBIEHBl KOMITHANTOPOM OOLEIOCTYIHBIMH /15
BCEX Y3NOB WiacTepa. [flanee paccMOTPHM, KAk TPHUMEHHTE 3TH
HacTpoHEH 08 CO3faHMA  HapaaleidbHbiX  [IporpaMs 08

BEMHCTHTENEHEIX CHCTEM C ]'.Ir]Cﬂ]'Jl‘ﬂEﬂEll]’iDﬁ TaMATE,
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Bo-meperRiY, OTMETHM, YTO M4 KOMIHAALMH [POTPAMM prog.o H
prog. f, HANWCAHHLIY COOTBETCTREHHO Ha A3wkax C/C++ w Fortran ©
HCIOB30BAHHEM Cluster OpenhP, MOAHO BOCITOABIOBATEA
COOTBETCTRBEHHO CNeVHOLIHMM KOMEaH JaMH.

ice ~Cluster-openmp prog.c -o prog
K
ifort ~cluster-openmp prog.f -o prog

B pesystaTe OWIVT CORIAHEL BREIMOIHAEMBIE (AN C HMEHAMH prod.
OgHarn urolil 3a0yCTUTe NPOPAMMY DEOQ HA BBUIOIHEHHE C NOMOLLO
EOMdH Okl

Jprog

HeofxoguMo, urobel B SUPEKTOPMH, OTKYIA SA0YCKAeTold  [IPOrpaMMa,
cofepianca daiin kmp cluster.ini. ECTH e B 3ToH JHPEKTOPHH 3TOT
thailn OTCYTCTBYET, TO ONepalHOHHAA CHCTEMa MupeT daiin , kmp cluster
B JAUPEKTOPHH  © HMEHEM, ONPEJENEHHBIM  3HAYEHHEM  [EPEMEHHOI
ORpy#eHHs EMP CLUSTER PATH. Ecin we 97a nepeMeHHasn okpyHeHHs
OTCYTCTEVET HJAH HE ONpejeneHda, TO ONepalHOHHAA CHCTeMa HILET .
kimp cluster dqaia B gomanmes katanore noawaosatens, B daiine
kmp cluster.ini M ero aHanorax NepedHcisioTed yalkl KIacTepa, Ha
KOTORBIE BRIMONOHACTCA 3dldHHE, H ROIHYECTED NapanielbHbIX NOTORXE Ha
yinax. B cnegyiomem OpuMepe 7.1 npejcTaEieHa pacnedatsa NpocTeHiero
kimp cluster, ini -gaina,

[tt1@hpc] clomp_samples] 5 cat kmp_cluster,ini
--hostlist = hpel, hpe2 hped hped --process_threads=2

[tli@hpel clomp_samples)$

Npumep 7.1. PacnedvaTEa OpocTerwers kmp cluster.ini-jafmna

B srom daiine noone wnodesoro cloka noestlist clgiyeT clMook yinos
KAaCTEpa, a Neche KINUeBore COioBa process threads - uMdcio
(MIMUECKAK MaPaAIIeIEHEIX MOTORDE B Y3IE (0HO PARHO YHOTY TROLECCOROR
B Y18 KiacTepa).
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Teneps PACCMOTPHM BONPOC HCTIOMNBIORAHNA TpeTREH H3
ELILENEDEUHCAEHHEIY UBTHIPEX HACTROPK 08 nepenactpoikd OpenMP-
nporpass nog Chster OpenMP.

IMepe TeM Kak HaYaTh NEPeHACTROHKY, COeAVeT vOe WTECA, YTO NMporpaMmMa
nppextHo paboraer nog OpenMP. 3artem cnegyerT oTTpaHCIMPOBATE W
cobpars nporpamMmy © HacTpoHkoi -cluster-openmp. Ecin noche sroro
nporpaMsMa  yger pafoTaTe  KOPPeKTHO, TO MOMHO CUHTaTe, YT
MepeHacTpoiika VCNelWHo 3asepleHa, B NpPoTHEHOM  Ciydae  Clefyver
MPOIUTHHTE TPOLIECT TEREHACTPOHER CIeIYHIEM 00pazoM.

]:'."H::Il-I'I'IE‘|:IlBl:-I:|{J Hagdx  onpeleiHdTs MNepeMeHHBIe  NporpaMMel,  KOTODbIE
HeoGMIMMO COedaTh OOUMMH T4 BCEX VIIOB KlacTepa. 3TH obnpe
MEPEMEHHEIE UMEOT THN sharabl e, [lng wx omucanug B Chster OpenMP

HMEHITCA CIeLHATEHEIE [IPedI0MeHHs CASIVIOWEND BI A
#pragma intel omp sharable(varl, var2, ..., varN)

B TPOTpaMMax, HamHCaniex Ha aasme G0+, 1
Idirf omp sharable(varl, var2, ..., varMN)

E MporpaMmay, HanMCAHHWY Ha Aeike Forran, 3pece varl, war:s,

. varll - CHHCOK NMEPEMEHHLIX, KOTOPRLIE OOLARMEHL obupMlE o8
Brex yanoe wiacrepa. B onporpammax Ha nseike Fortran B kauecrse
MepeEMEHHEIE MOTYT ObITE HCMOML30BAHEl HMEHa common-01okE. [Ipu 3ToM
MpH ONMHCAHWH © TOMOIER npegiokeans Chister OpenMP sharable
HMEHA COMMOn-0N0knE ADMTHHE] ObLITE 3AKIHOUYEHE] B CIIIM, KdK MOKA3dHD
HHHEE

Idir$ omp sharable( /chlockl/, feblock2, ., /ohlockN/)

Ba®Ho OTMETHTE, YTO NMEREMEHHEIE, KDTOPRIE MPHMEHAKITCA B ONMHCAHHAK
EQUIVALENCE B nporpaMMax, HAMHCAHHEIX Ha meeike Fortran, ne soryt
BbiTh OOBLABNEHL Kak sharable.

Jna onpegensuun sharakble -NepemMedHbIX B NPOrpaMMe, HANHCAHHOH C©
OpenMP, MOMKHO BOCTIONEIORATRCA CASAVIONEH HACTPORKDE KOMITHIATOROR
Intel:
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~clomp-sharable-propagation

Ty HACTPOHKY CreayeT WCMOALI0BATL 00A33TeNLHO BMECTE C HacTpoiwoii -
fpo. B pesvikTaTe MOMIOHIALMH © TakoH HacTpoiisoid OMP-nporpasmM
MOCYT NOABHTLCS COOOWEHHA O HeofIMMOCTH onpegeneas sharable -
nepeMeHHER. [IpHMep Takoro cooGleHHA NOoKasaH B IpHMepe 7.2,

lortcom: Waming: Sharable directive should be nserted by user
as "1dirs omp sharable(s)' in file p2.£ line 2, column 18

Npumep 7.2. [Npumep coobS@HMA O 2HeOSXOOMMOCTH ONpeIeTeHHE
sharable-nepemeHHEX

Ha atomo mpuMepa BHAHOD, 9T CODDIEHHE HOMTHIATOPA  VEAILIEAET
HOHKPETHOE MECTD B MPOrPaMME, I8 JOMKHE ORITE ONpefenessl obiwpe 18
BCEX YRI0B KNacTepa nepemedHble, a take Closter OpenMP-nupexktuey
EOTORYVHY CIIeAVeT HCMONB20OBATE AMH ONpedefeHHA HMeH [MepeMeHHBIX B
MNPorpaMmax Ha A3bike C++ HapAAY C NpelioseHdHaMd sharable
HeotoyHMo 0DaRHTE BRTIOMEHHE CCRUTEM Ha daiin, B KoTopoM ONMHCAHBL
nepeMerHee sharable, 3Ta COLUTKD HMBET CIEAVIOWIH B

#tinchude <kmp_sharable.h>

Ha eropom atane nepenactpoiixy nporpamumer noy Cluster OpenMP cnenver
B (@igax NporpaMMel PACCTABHTE  HeoDM)IMMBIE  QMPEKTHBLL  J19
onpegeteHa oDILMY I8 BCEX YII0B KIACTEpa MEPeMEHHELX, NOCe Yero
HeoMOIHMO NepeRsMIHIHPOBATE H Mepecobpars MporpaMMy H YoeIHTsoA B
ee KOpPEeKTHOH paboTe,

OTMeTHM, uTO NpeliokeHHe sharable - eIHHCTEEHHOE HOBOE
JONOIHUTENRHOE  Npegaoxedie, oTaddaomge  Clster  OpenMP or
crangapraorn OpenMP. Ogpasn B Cluster OpenM P uMesTCa IHaUHTENLHDE
MO0 QONOIHMTEABHLIY  CHEUMOMUeCKHX  HACTpoek,  TdkMX,  Kak
kmp cluster.ini -daiin W 1. N, KOTOPBIE W PACCMOTPMM Janee.
Haunen c Bogee nogpodHore M3yueHHA HACTpoRK B kmp cluster. ini -

thaitne.

JononHurensHele HacTpoiiku B kmp_cluster.ini-thaiine

1z
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B 2ToM pasfens paccMoTpHM Dosee nogpofHo HacTpoHKH, KOTOPLIE MOMHO
3apaeatk B kmp_cluster, ini -gaiinax, Hactpoiikm ——hostlist w -
-process threads ywe ObUIM paccMoTpeHsl paHee. OTMETHM JIMIL,
uTo MO YMOTUAHHED 3HaYeHWe process threads pasHo 1, a8 CIHCOK
hostlist Mo YMOTHAHHIO TOMJAECTEEHEH YITV KIAcTepd, Ha KEOTOPOM B
JAaHHBI MOMEHT ocyilpcTENReTC paboTa.

Hacrpoiika --omp_num_threads B daiine kmp cluster.ini
NOBOARET  OnpesendTs  uucao  notokoe  OpenMP 10 e sHaveHwke
nepeMeHHOi oKpy#ednua OMEP NUM THEEADS. [lo yMOMUAHHID 3HAUYEHME
atip_nun_threads panHo NPOWIREAEHII0 IHTIEHHIT HACTPOCK

processes * process_threads

Hactpoiika —-processes NOIBOIACT 3AJARATE YHOIO MAPAIASIEHLIK
npoueccos. [To yMon4adnio oHo NPHHAMEET 3HaHEHHE, THE0 DABHOE YHCTY
YIN0B B CHHCKe hostlist, Mo, eciH onpejiensHo sHaueHHe HacTpoHKH
omp_num_ threads, - paBHOE YaCTHOMY

omp_num_threads / process_threads

OTMETHM, YTO eC/H 3HaueHHe omp num threads He PABHO IHAYEHHID
MNpoMIBEAEHHA processes *  process threads, To  onenyer
MEPEOTN PEENHTE HACTPOHKY process threads KAK
omp num threads [/ proceasses.

HacTpoiika --transport ONpefendeT NPOTOHDI CBASH MEHIY Y3MaMH
KAacTepa. Jta HJETDDEKH no YMOMYaHWHEY TMPHHWUMACT SHAYCHWe —-—
transport=tcp, wro cooteercreyer npotokony TCP IP. Kpome toro,
JOMYCTHMO 3HaueHHe ——transport=dapl. B 3ToM ciyuae HacTpoiika -
—adapter aomkHa OHITH onpeieneHa CAEIYIOIMM obpazom:

adapter=0penib-ib0

B nociegHes CIydae BoOEOMAHAY KOMITHIALHH NPorpasMMel J0T#EHE OLITh
NoDaRmeHk HaCTPOHKN MPHMEPHO CIETYIIETO BH/IA: -
Liusr/local /ibgd/lib w -1ldat, nepeas HI KITOPEIX ONPEJEIRET
nyTe K OMDHoTeRe, a Bropas - camy Dudnuorery dat,
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Hactpoiika --launch onpegenaeT meTon zamycka Chister OpenMP-
MPOrpaMMEl Ha VIAMEHHLIX yanax knactepa. (OHa MOdeT NPHHEMATL qRa
BOSMOMHELY SHAUEHHMA - r2h HIH =2 H ]]E'PBL'I‘E JHAYUSHHE SBIASTCH TeM

IHAUSHWEM, KOTOPOE 3Ta HECTPDHKEI MPHHHMaET Mo YMOoIUaH kD,

Hactpoiika -- sharable heap  OnNpegendeT YHCI0 CTPaHHL,
BRIACTSCMEX MO OG0 A8 BCEX VHI0E KIACTeDa NaMaThk, Lo yMondaHm
Cf IHAYEHWE DABHOD [ 6384,

Hactpofika —-su 001 x NoIBoaseT onpeieidts cyifdmee, somopeid Gyer
AobaBIEH CAEBd K MMEHAM YII0B KlacTepd. 3Ta HACTPOHKA [ONesHa B
CTVae HATHUHA PasiTHUYHBX THNOB MEesV3TOoBBIX COE,EI,TTHEHHﬁ B KTaCcTepe.
Mo yMonUaHKIe =0 f 11 x HMeeT IHaueH e null,

JnA 3a0aHHA 3A0EpKKH TIPH 3aNYCKe WIANEHHLIX NPOLECCOBR  MOMKHO
BOCIO/BIORATECA HAcTpolkDH —-startup timeoutl, 3HaMeHHe 3ToH
HACTPOHKH 3aJ8eTra B CEKYHAEX, H N0 yMon4adn oo pasao 30, Eom
MPOIEecc He VCMeBaeT CTAPTOBATE 33 3aJaHHOE BPEMA, TO BhIMOIHEHHE
[pOrpamMMel 1 PepbIBEALTCA,

Hactpoiika --I0={system | debug | <files} mnNo3BoIAET
MEPEONPeieaaTh BRXHMEIE NOTOKH stderr W stdout coegyoupm
obpasom. Hacrpoiika no ymMondanni =y stem onpegenseT nytH K daiinam
stderr M stdout B COOTBETCTEMH C NpaBilaMd obonouk shell, B
cayuae debug NPoOHCDANT NEpPeajpecallHA NoTokoeE s Lderr W sbdaul ¢
WIAMEHHBIX  yIM0B  HA  paboumil  y3en  wnacTepa, npMo 3TOM A
HASHTHOMEALHH (aiiN0E, COOTBETCTEVIOWMK yOaIeHHEIM NPOYECCaM, B KX
HyeHa gofaenAeTca npedMkc Frocess =i, TE x - HOMep ydadenHozo
npoyecca, B ocnydae [iles oCYWRCTREASETCA nepeajpecanya  daiinos
stderr ¥ stdout B daine clomp-<process idr-stdout #
clomp-<process ild>-stderr COOTRBETCTBEHHO, (e process id
BCTH WIEHTHAMKATOD Nponecca.

Hactpoiika —- [ne] heartbeal NOIBOIACT BRIHEHTE HIH BHIKTFOMHTE
MENTHHIM EDHTPOAR TOMD, YT BCE 3AMNYILEHHEE NPOLECCH §yHELHOHHPWIOT
HOPMLIBHO, [To yMonadin yCTaHABINBAETCR HACTpOHKE - - heartheat,

Jnn sagaHus MMeHH JQUPEKTOPHH, B HOTOpOR passewperca dain obvena
CTPaHHL, JWHAMHUeCKoi, obmpil gna BCex MpoleccopoB MaMaTH, B
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kmp cluster.ini -daiiie WMeeTCA cneudansHad HacTpoiika --
h:.l('l"x_& Lora= <M A J::z'lpel‘\"l'{:l:':rldl."] afMeHa l:_'.'I'I_'l&l.HV.IL
naMaTH=. Ilo YMOTYAHHED afimen CTPAHHL] M4aMATH OCYIIECTENASTUR B
JUPEKTOPHH 7 tmp.

Hawkouer, MNoCAeHAR HACTpOiiKa -=-[no=-]ldivert twins
MPEIHATHMEHA /1A PEIEPEHPORAHWA JIBYX CTPAHWL] B JMPEKTORPHH o0MeHa
crpandy ana dafina ofmena  crpasdy namame. o ymonuasvo 31a
HACTPOHKS HMEET 3HaueHHe --no-divert twins, COOTBETCTEVIOLEE
OTKIHMEHHH DEEHME PEZCPBHPOBAHKHA,

B sakmoueHHe oTMeTHM, 4To B kmp cluster.ini -dafine crporo
INPLIACTCA  MCONOIBI0BATE  MepemeHHsle  FATH,  SHELL  n
LD LIBRARY PATH,

Jlono/THUTebHBIE  HACTPOHKH KoMrnuasTopa Fortran B
Cluster OpenMP

B MpoOTRPaMMax, NalnmucanieBIX Ha A3LIKE ]'-'nrn'an, HMEITCH JOTIOAHHTETEHLIE
HHLTFIUFIHH KOMIMHAATOPRA AN ]]i:lﬁ'UIh[ H dHATH 3 NepeMEHHEBLX,
PAIMELLEHHBIX B obwei gns Boex VA0B KAacTepa namard. OTMETHM, YTO
EOMIIMAATOpEL Forran mommanui  Intel HauwHad ¢ BepcuM 9.1.00 0o
YMOIUAHHKD  ONPeJefsioT Kak sharable nNepeMeHHEBE TPOTPamMMB],
cCoAepHaHecs B EDD‘ITI]H-EI[DI{E?Q d TdkHe MNepeMeHHLIe NPpOrpaMMHLIX
MOOYIEH, NOKANLHBIE NePEMEHHBIE THNA SAVE W BPEMEHHEIE MNEepEMEHHBIE
JIA BBIUMCIEHHA BHPE#MEHHE B BBIZ0RAX (WHKLMH W nogmporpamm. [ns
HIMEHEHMA ITOMD PeMMMa ONpejenedHda no yMmoadaddi B Intel Fortran
KOMITHAATOPE UMEKITCA HEeTRIPE JONONHHTENEHBIE HElI:'T]:JDﬁKH.

Hactpofika — [no ] —clomp-sharable—common NOIBMIAET OTKIHAMHTE
MITH BRTHMHTE PERNAM OMPEIeIeHHa Mo YMOTHAHHKD TEPEMEHHEIX COMIMOn-
Onokns Kak sharakble.

rI'I.I'L‘J. OTHIHAMEHHA HIH BRIKMEHHHA PDEAHMA ONIpege/itHHA 110 YMOIHaHHHD
NOKANEHBIY  MepeMeHHBIX  THMa SAVE  Kak sharable oiegver
HCMOIB30RATE HACTPOHKY — [no] —cleng-sharable-localsaves.
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Hactpoiika —[na]l-clomp-sharable-modvars MOIRMIAET
OTKTHMUTE  WIH  BRAKMWTE  DERHM  ONPESETeHda  1no YMOTHaH I
[epeMeHH bR NPOrpaMMHEBIY Mogyied Kak sharable.

,ﬂ.ﬂ.‘l OTHIHAMEHHA HIH BRIHMEHHA pEdHM4d Olpege/leHHA 110 YMOJIHaH HHD
BpeMEHHELX TIepeMEHHBIX /1A BEITHCIEHHA BEIPAAHEHHI B BBI30BAX (WHELTHI
M MOINporpamMM Kak sharable coegyerT WCNOALIOBATH HACTPOHKY -
[no]l-cloempsharable-argexprs.

B 3akmisedHe 3TOMD pazjena OTMOTHM, Y4TO N0 YMOAYaAHWHE) BCOC YeThIpE
BREIETTEPEYHCIEHHBIE ]iE.E"I'[.II.'}ﬁI(H YCTAHABMHBEAITCH C ]'IFIEEII-{KCDM no, T. e.
B BRKTHUEHHOM DedHMe,

[MepemeHHEBIe oKpy#eHus Cluster OpenMP

[Mpy nporpamsuporadid © Honoakzopaddes Chster OpenMP moxcio
ONPESENUTE PAA NEPEMEHHBIX OKPYAEHMA, NMOIBMIAIOLMY KOHTPOUIHPORATE
M HIMEHSTE [POLECCE BBINTOITHEHW POrPaMm.

Ana sananma pasmepa cresos notoxos 8 Chster OpenMP moseo
BOCNONBI0BATHCA NEPEMEHHOH  OKpyedua KME STACKSIZE. Pasmep
CTeka 3agaeTcA B kuMaobadTax (K) wnd merafairax (M), o yMoadaHmi
aaeTcl KME STACKSIAE=1M, OnpeiensTk paiMep CTeKA MOWHO HE
TOABED VA OTJAEMBHEIX  [MApUUIeNbHEX NOTOKDE, HO M an obups
MepeMeHHBIX THIA sharable. B nochegHem cioydae cIeiyer onpeseiiTs
MEPEMEHHYH) OKDYHEHHA KMF SHARABLE STACHKSIZE, [lo yMONuaHMk
IHAUEHWE ITOH NEPEMEHHOH TAKOKEe pagHo 1M,

lNepemennan  ompysenna XMEP STATSFILE  npeguaiiadena  ans
ornpejgeneHns uvedn aing, 5 Topslil GyIer BblBOIHTHCH CTATHCTHYECKaN
HH(OpMALWA NpH NpofTHPOBRaHHKM TTPOTPAMME], CO3LAHHOH ¢ HacTpoi kil
—gluster-openmp-profile, Lo YMOTHAHH D
KMP STATSFILE=guide.gvs,

Mpn ornagre Clster OpenMP  nporpamsm wmeofaoguMo  3a0aTh HM=

oTaaaHHEa, Jnn 3Tore MMEeeTCH  CHelHAIbBHAA NepeMeHHan ORPYHeHH:

EMP CLUSTER DEBUGGER., 37Ta [NEPEMEHHAA MOKET [PHHHMATH

sHaveHud Ldb (oTnaguMy Intel), odb (ornagumk GNU) wian totalview
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(oraaguuk TotalView). SHaueHMe No YMOMUAHHID 1A 3TOH MepeMeHHOH
OKPYHEHHA OTCYTCTEVET.

llepeMeHHanA OKpy#eHHA HMEP WARNIMNGS N03R0ASCT BEIHAMHTE { 1 HIH
GI ) HAM BRIKTHOMHTE (O Wi of £ ) pesin BLIBOTE NPEIyTIPEsIaiomHx
coobiEHHE OHOMHOTEKH BRIMTOMHeHMA | runtime library ) Closter
OpenME. [lo yMomuanuio w@aaetcd KMEP WARNINGS=on,

ANA 3aJaHHA peNcUMa BLGo0d TIpeIyTIpesIapy coobinprni of obmpx
AR BCEX VIIOE KnacTepa nepemedHbix B Cluster OpenMP umeercs
NepeMentan  oxpysenns  EMEP SHARABLE WARNINGES. Ona  Tawsxe
MOMET MPHHAMATE 3HaUeHHA "BRIHUHTE" [ 1 HIH on ) HAH "BRIKTHMHTE" [ O
MM off ) pesHM BREOTA Opedyiipesgaoupy coobiesuid. Ho no
YMOTUAHHIO 3303eTCd pesnmM KMP SHARABLE WARNINGE=off.

MMepemennan  ospymenus  KMP CLUSTER SETTINGS NO3BMIAET
OpradHHz0BdTh BBIBO] Hd 3KpdH BCEX [IEPEMEHHBIX OKDYHREHHA, B TOM YHCIE
onpegenedHele B kmp cluster.ini -daiine, a Tawse HACTPOKM,
3IAHALE B 3TOM #e daiiae. Jna 31oi nepeMenioil oTCYTCTEYET IHaHEHHE
M0 YMOTHAHHIO.

Hepemennan  owpysenna EME CLUSTER PATH onpenenseT NyTh K
kmp cluster.ini -daiiny ecan stor daiin orcyrcrever B pasjene, W3
KOTOQOMD 3aMyCcKaeTed nporpaMsa, [1o yMOAYaHK 3T0 NYTh K A0MallHeMy
PAICNY KaTanora NONLEI0BATENH,

Ana ewieogs dHGOpMaiMM o WCNONBIOBAHMM  HAcTpoeK B
kimp cluster,ini -gaine coejiyerT 3ajatk NEPEMEHHYD OKDYHEHHA
EMP CLUSTER HELF. Ewg ogHa cepBHCHad NepemMeHHs ORpYHeHH:
EMP VEERSICH No3eondeT BLIBOIHTE HHEIJUPMEI.[HFD O BEQCHHA B NpoUedce
PaboTRl GHOIMOTERH BRINOAHeHUs (run-time [ibrary).

HakoHetl, nNocnegHas MepemMeHHAs OKPY#eHHA KMP DISJOINT HEAP
AMEET  PAIMER  HECHMMETPHUHO — DAclpefenesHHOd Mo npogeccam
AuHaMuueckoil  namatd B knobaiirax (K) wne meraBaiitax (M)
MUHHMANEHEIA pasMep HECHMMETPHUHO PacrpeienedHol no npoueccam
,II,HHEHH'—IECW]ﬁ MNaMaTH - pageH 2K, 3JnaueHHe Mo WMOTUaHHHD FTON
MEpEMEHHOI HE ONpeAenens,
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OcobeHHOCTH  peanM3alMH  [EPEMEHHBIX  OKPYKEHHs
OpenMP g Cluster OpenMP

B 3ToM paziene pacCMaTpHBAKITCA oCODEHHOCTH PealisalMu NepeMeHHbIx
okpywenna OpenP e cpege Clister OpenviE.

B Cluster OpenMP  makcMManbHoe udcio  NapaiienbHbBIX MOTOKIE B
NapuieIsHoH 00aacTH MporpaMMel ONpedeIAeTCA 381aHHEM HACTPoKM ——
omp_nu IT._t hreads. D,quam HHCMO MAParneibHBLIX MOTORDE MOMET OLITE
H MEHBLE MAKCHMATEHOMD, eClH OHO ONpefjeleHo © MoMOLEH 3aJaHHA
NepeMeHHOI OKpy#eHMA OME NUM THREADS WAW C NOMOLBH BBIZ0BA

geuamM omp_set num threads () w3 GHOGAHOTERH BREIMOTHCHHSA
(runtime library).
Uncno MPOUECCOPOE, KOTOROE BOEEPAlLEET KL HA

omp_get num procsi},

- 310 CYMME NPOLECCOROE, BLIYHCIEHHAR 110 BCEM Y31aM BIYHCAHTENBHONA
ccTembl. Clster OpenMP He nogjep#HBacT BAOMEHHBIH Napaiiemnism.
losToMy  BAOKEHHBIE MapainelbHEEe ofNacTH  BRINOAHAKTCA — Kak
NOCNeA0RaTCARHOCTE MOTOKDE, MPHYEM Ha TOM HE MPpoueccope, Ha KOTOROM
ELINMOHAETCA HX POAMTENLCKHHE noTok. Tamm oDpazoM, BEEOE (VHEITHA
omp_set nested WM 33gadne nepeMesHo okpysedss CME NESTED
HE HMERIT HHKSROTD BITHAHHA.

IMpi  330aHKK  NepeMEHHEBIX  OKPYKEHHH,  ONPEJeisony  3arpyaky
BEIYMCIHTENLHOH CHCTEeMBI, ChedyeT HMeTk B BHOY, UTO eClH NepeMeHHaR
OEpy#eHHA OMEF SCHEDULE He onpedenceHa, TO 3T0 0IHAAET, 4T Mo
YMOMUAHMID  I303eTCH  CTaTHUeckHi [ sthatic ) pesuM  Jarpyisd
MApaINenbHEIX 1POLECCos.

CneupansHeie gyHkIH Cluster OpenMP

B Chster OpenMP wseeTca 1jensiid paj cnenMankHe X gWHKLMA 108 32)1aHHR

HEROTOPLIX MEPEMEHHLIX OKPYVHKEHHS B NPOLUECCE BLINOIHEHHA NPOrPaMMLI,

A TAKKE A0 BhIgeleHHA M ocBobOReHMn NamETH B npoyecce paboTel

MpOTpamMMEl W Mepeiaud CHIHAN0E. PAccMOTpeHHe 3THX (WHKLIHI HauHeM C
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PACCMOTPEHHA IIJ"_r"E[I‘.'I.l'I-!r'I FAJAHHA MEPEMEHHLIX OKDVIEHNHA H l:]]}’![]ﬂ.liﬂll:.l,
HHPOPMHPYIOUMX 00 OKPYAHAI0INER Cpeje.

PYHEITHH

void kmp_set_warmnings_on { void )
H

void kmp_set_warnings_off ( void )

MPeTHAsHAMEHLl 018 330aHHA  PEOCLMO  8R8o00  MpegyTIpesIaimHs
coofiwensii B npouecce pabors GubnnoTekM  BeinonHeHHs. [lepeasn
(WHEIHA YCTaHABTHEAET MepeMeHHYVI0 ORpYKeHH KMP WARNTINGE=on, a
BprOopad - KMP WARNINGS=of [ oTMeHaeT ee.

Caemyionga dyHepan
omp_int_t kmp_get_process_num { void }

BO3BPALEET HOMED TEKYLLIETD BRITOIHASMOTO POLecca. (VHKIH
omp_int_t kmp_num_processes ( void )

BOSBPAKEET OOIWPE uHCAD NOTOKDE B TEKYUMI MOMEHT BPEMEHH.
CAeAyHLLEn qWHKLIH

omp_int_t kmp_get_process_thread_num { void )
BOIBPALEET HOMED TERYILEID MOTOKS B BRINOAHAEMOM MPOLECCE,

Teneps nepedgem K pAaCCMOTPEHHID (WVHKIMIA nepejady curHanoe B Cluster
OpenMP. Boero Takux dyHsLHH WECTL,

lMepraa dwmkma
viid kmp_lock_cond_wait ( omp_lock_t *lock )

NpegHasHaueHa 408 NPUOCMAaHOEK ELINOAHEHUA NPOYeccd, CONepMHallEro
JAHHBIH OmepaTop, A0 MOMEHTA PazinokMpoREM o0hekTa, OJAOKHPORKA
KOTOPOM YCTAHORAEHA NepeMerHni 1ok,
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Bropas dwHsLHa
void kmp_lock _cond_signal ( omp_lock © *lock )

NOCEUIAET CHIHAN O EJIUHHPGBHE ﬂﬁ'bﬁlﬂ'ﬂ, }'CI'EHUBJ'[EHH'UE C NOMOLLHDY
nepeMeHHoil lock,

TpeTed dyHKLHA
void kmp_lock_cond_broadcast ( omp_lock_t *lock )

pacChLIaeT BCeM NPpOLECCdM CHI'HAT O G.UUKH[.JUBK.E UE'bE'Kl’H, }"L‘I'H.HUBJ'[EHHUﬁ
€ MOMOLIER NepeMeHHoH lock,

UeTeepTad (WHELIHA
void kmp_nest_lock_cond_wait { omp_nest_lock_t #lock )
F[]JE,L[HH.EH&F{E‘H&I AnA HPHUI’_'H'.IE.IIIUEKU EEINOTHEH LS HpUqL‘L’L’U, E[ﬂEFIH(HlLF]’ﬂ

JaHHBI oneparop, A0 MomenTa pasfnokuposkn  obnexra, BAOMEeHHaR
GoKHPOBKA KOTOPOTO YCTAHOBAEHA MepeMeHHol Lock,

Tlsrran drymHa
void kmp_nest_lock_cond_signal { omp_nest_lock_t *lock )

[OCBUIAET CHIHAN O BAGHeHHOH OnokMpoBke olbexra, YCTaHOBIEHHOH
MOMOLLLHY NepemedHoi Lock.

HakoHeLy, wecran gy ki us
vioied kmp_nest_lock_cond_broadeast { omp_nest_lock_L ®lock )

PACCHLTART BOEM MPOLECCEM CHTHAN o BamkenHoil Onomapobke obnesra,
YCTAHOBAEHHOH © NOMOLEBR NepemedHol ook,

Jna paborer ¢ namaren B Clster OpenMP iMeeTcn JeBSTE CHIEHHANBHBLY
ke, TTanee paccmoTprm 3TH QyHKL K.

D VHEL S
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void *kmp_sharable_malloc ( size_t size )

npegHasHaueHa ANA BhiJeeHHA QHHaMHUeckol, ofumgHd JnA BCeX yanow
KNacTepa ITamATH. Oinem BI:r],EI,(‘J'[H{.‘MDﬁ TNaMATH ONpefeMacTe] 3HauCcHHeM
NepeMeHHoN 51 ze,

Cregyonga qyHkima
void *kmp_aligned _sharable_malloc ( size_t size )

NpeiHasHaueHa A0 BbIAENEHHA AWHaMHueckod, oblwed AnA BCEX yanos
KIACTEPa MaMATH. ato BELACTCHHE OCVIIECTE/ACTCA © BRIpABHHBAHHEM I10
TRAHHIE CTRPAHWIE maMard. O6LeM BLIJETAeMoH NaMATH OnpeeiaeTes
SHEUEHHEM NEpeMeEHHOR siza.

byurLR
vivicl *kmp_sharable_calloc ( size_t n, size_t size )

NpeAHAZHIeHa 08 BEETIEHUA B AHHAMHYeCKDH, obipl A48 Boex yanom
KIACTEPA TaMATH MECTa T MACCHE HI 1 JNMEMEHTOR paimepa size. [pn
FTOM BCE JEMEHTEI ITOMD MACCHEA JANOJHAKITCH HYAMH.

Eip opHa s

vivicl *kmp_sharable_recalloc [ void *ptr, size_t size )
NpeAHasHavyeHa 418 NEePeHHWLHAIW3ALMKY  BRIJIENEHHA  MECTE B
JHHAMHYECKDH, ODIMEH 78 BCOEX VIIOB KIacTepa MaMAaTH 1oj MaccH@
pasmepa s1ze. AJpec STOM MecTa ONpejenseTc yrasatenem *ptr. [pa
ITOM BCE I/TEMEHTEI 3TON MaCCHED 3aMOTHAKTCA HMTAMA.
PyHEL M

voird *kmp_sharable_free { void *pir )

MpEIHAZHTIEHS A0 0CR000HIEHNA B JHHAMHYeCKIH, 0Bed 408 noex yanos
KIACTEpd AMATH paziea, onpejeeHHOIm YRasarenem *ptr,

Chegyronsee fyHKLHK
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vioid *kmp_private_mimap (char *file,size_t *len,void **addr)
H
void *kmp_private_munmap { void *start )

npefHasHauedsl 408 otobpasenus duiinoe B obnactd MHAMBMAVLUIEHON
BAPECHON NAMATH NPOLECCHR, HAYHHAR € GIHOID W TOrD #e agpeca. Tlepean
dwHELMA kmp private mmap orobpasaer £ile gnuuoi len Galit B
MAMATE, HadHHAa c ajipeca addr. Bropas iy
kmp private munmap yianser Bee orolpameHus W3 3ajaHHoil
of1aCcTH NaMATH © HaYANbHBIM dipecoM sTar T, MoChne erd Boe CCBINKH Ha
Janayio obaacTs MyyT BLRIELIRATE ONMOKY “HenparuneHoe obpaimgpiie ®
namary”.  Orofpamende  yIanaeTcs ARTOMATHUECKM [PH  3aBEPILEHHN
npouecca. OgHan sakpsitie gaing He NPHBOLKT K CHATHEO 0TOOPaMEHMs.
OTH (WHELMH BOSEpAURIOT [ B CIVdae VCMEHOTo 3aBeplleHHAs H -1 B
NPpOTHEHOM  CTVYae, OTMETHM, HTO HX MOAHO NPpHUMEHATE TOORED B
nocneoraTensHoil obnacty nporpavye. B napannensnoil ofnacm onu we
nopaeprmeaoTen. Kpome Toro, stH gge fyvHKUHH UMERT TN read-
only, Te. mocie ylaneHHA OTODPEHEHHA C MOMOLER BTOPOH (WHELIHH
copepaHrmoe qaina He odHORIASTCH COMEPHHMEM O0NACTH NaMATH,

PVHEITHH

void *kmp_sharable _mmap { char *file, size_t *len, void **addr )

visiel *kimp_sharable_mummap ( void *start )

npegHasHayeHtl an8 orobpaxenns dainoe 58 obaacTH afgpecHol namsTi
[EBHOID NPOLECca, HaUHHAs © aiHoro 0 Toro e agpeca. [epsan dynsiun
kmp_sharable mmap ortobpakaer £1le QiHHOH len BalT B NaMATh,
HaUHMHAA © agpeca addr. Bropaa dwukmsa kmp sharable munmap
YIAMAET BOe OTOOPEeHMH M3 3aJanuHoH 00nacTH NaMaTd © HauaibHLIM
gapecoM start, NOCE 4Yert BOE COBUIKM Ha JaHHyio ofinacts Gyaye
BbI3BIBATE OWMOKY "HenpaeunbHoe oDpaledye K namati”. OToDpaseHue
WIATACTCA  ARTOMATHYMECKM TIPH  ZABEDIUEHHH  mpolecca, ©YHEIHH
BEOIRPANEIOT 0 B CAVYAER VCTISIMOTO 3ABepUEANS W — 1 B TIPOTHEHOM

122



Menimi M_TL IMipavmibing AposplMbpaainme © rokeanseanes Opehi
cayuae. ITH JBe (WHKLMH UMEIOT THN read-write, T e Nocne YianeHHs
orofpaseHs  © oMo BTopo  dwHkgue cogepavoe  daiina
OOHOBARETCH COOEpRHMMEIM  ofnacTi namatd. OTMETHM Tak#e, 4To HX
MOMKHO TIPHMEHATE TOABKD B NOCIEi0BaTeNsHOR ofnacri nporpamme. B
napa,rmenb}mn 0fAACTH HX HCTIOALI0BATE HEMh3A.

3arpyska jadHeIX B 0DWIyHO A71A BCEX Y3/I0B Kjactepa
namaTsk B Cluster OpenMP

[lpy paccMoTpeHny NpobiemMsl 3arpysKH JaHHBIX B ofwyio ( sharable )
A0A BCEX YINOB KlacTepa NaMAaTh Npedsns piere cejyerT MMeTE B BHOY, UTO
HAHMEHRIME pazMep 21eMeHTOR, © KOTOPRIMH omepupyer Cluster QpenbP,
panen 4 GafdTam. Ecnd o oee paiMep oMeMenToOR 0 KAKHM-TO TRHYHHIM
OKAIBIBAETCA MeHbLe 4 BallT, TO ONepaynH ¢ HHMK He nponseoiaTea. Takum
o0pazom, ecii B NPOrpaMMe, HanpuMep, onpeteieHbl MACCHBBL CTPOKDBEIX
nepeMeHHBIX

char al 100], b 100]

4 3aTEM ITH TEPEMEHHLIE ONPEfefeHbl KAk sharable, TO gyl
NapaUiensHblii 610K B MporpaMme BEITONHATECA He GyIeT:
#pragma omp parallel for
for{ i=0; i=N; B+ )
{
alil = blil;
}

Jna puHamuyMeckoH 202pyIKy nepeMedtsx B obuyio | sharable ) ans
BOEX V0B KIACTEPd [IaMATE B NPOrPaMMax, HallHCaHHbBIX Ha Aselke A0+
MOMHO BOCIIOUIB30BATLCH QUHOH M3 ABYX Cnedyip s dyekyrii:

void * kmp_sharable_malloe { int skee )
HITH

viridl * kmp_aligned _sharable_malloc { it size )
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O6e 9TH WVHELTHHE CnpefeifioT B IHHAMEUCCKDM pesHMe B obied gna ecex
YINOR KNACTERA NaMATH 00NACTH 33JaHHOMD PAIMEpa H BOIRPALLADT AJIpeca
atux obnacreil. [lpu 2TOM CROBIVET HMETE B BHAY UTO BETORIA M3 ITHX
LIJ}"I-IKJ.],HZE OCYLECTENAET BhIpdBEHHEAHHE H-I:[,t[EJIHEMUﬁ ODJIACTH [AMSTH (10
(PAHHLE CTPaHMLBl W TEM CaMbiM - CYIECTBEHHO  VCREDPHET  NpOoLecc
obpawenma K namati. [na oceoDo#JeHia BbLOEIEHHONR NaMATH Clegyer
HCMOBI0ORATE (WHELMIO

void kmp_sharable_free ( *pir )
37eck ot r - VKasaTeb Ha oCBoDOMaeMyto 061aCTE MaMATH.

AunaMuueckoe epldeieHue NOMAML B 0Ded { sharable ) 108 BoeX yanos

KIACTEPA MaMATH B TpOrpaMMax, HamMCAHHBIX HAa  A3wke  Fortan,
DCVIIECTRAACTCA CASAVIONIM DOpazonm:

integer, allocatable == 2 )
Idir$ omp sharable (x)
allocate] = 500 1))

B 3mom npuvepe & ofingil A BCEX VIIOR KNACTEPa MAMATH JHHAMHYECKH
PAIMELLEETCA LEOMHCIEHHBIA MACCHB, cocToapit u3 500 snemenTtos.

B MpoTrpaMMax, HanmdCaHHLIX Ha  A3LIKE C++, npH JHHAMHYE CKOM
PEIMELLIEHHN MEPEMEHHEIX M 0DLEKTOB B 0DWEH 118 BCEX VANODE KIACTEpa
namMAaTy Heofuoguvo go0aENTE BRIMUBHHME CCBUIKM Ha (aiin, B HOTOpOM
OMMCAHE! MepEMEHHEIE sharable. 3Ta CObLIKG WMEET CREIVIOLLMIA BHI:

#include <kmp_sharable b=

Teneps paccMOTPHM BOMPOC CO3MAHHA JHHAMMUYeCKHX ofnekroe B oD
AnA BCEX Y3INOB KhaCTepa NamMAaTH. "}'CTI: B HCXOAHOM TeRCTe MpOorpamMmk
JHHAMHUECKH ONMpeIenaeTod oiReKT Klacca oo, HaNpHMep, CIeIyionimM
obpasom:

zon * fp = new zoo (10);
B Cluster QOpenMP 310 onpegencHye MOTHEHLHPYETCA TAK

zoo * fp = new kmp_sharable zoo (10}
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Teneps PaccMOTPHM ROMNPOC COFAHMA KIacca OOROKTOR, JHHAMHUCCKH
pazMelpeMex B obed 408 poex yanor Knactepa naMari. [Tyvers B WoxoaHoi
MPOrPEMMe 3TOT KIA0C COAMARANCH, HAMPUMED, CAenyomms odpazom:

class zo0 ; public zo0_base
{
[ copepRaHie KIacca 200

B nporpamme, HandcanHoi © uenoissosadded Clster OpenMP, cozpanie
ITOrS Knacca oCYIIECTEIASTCA Cne Y ROIIHM GEPEBDM':

class zoo @ public 2oo_base, public kmp_sharable_base
{
.. LONepEaHHe KNacCa 200
b

Mpr auHamuyeckom cosnanii STL (Standard Template Library) sonTeiinepos
B ofwWEd 118 BoeX Y3I0R KIACTEPA MaMATH CASOVET HMETE B BHIY, HTO, BO-
I.'[El'.IB]:IZl'.'.| 'I!E'I.'.IE?G'J{IIHMD OTTHCATE l."l|]n'!E[ﬂhn!]-'!"-'H’.'!IZ]"]'.IE' Pa]MEI[EIIH’E ['I'.I]!TEﬁIIE]'.IE. EaK
EIE'I:.E'KT&I H, KPEIME' T, HEUE[MHMU OMHCATE AWHAMHAYeCRDEe PH':IMEI.L"EHHE
ero cogepaadHn. Ecnm B MOxgqHoR nporpamMe EOHTERHED co3gasanc,
HanpHMep, CTeayiommMmM obpason:

std:vec<int= * vecp = new sid  vec<ini>;

TO B NMPOrPaMMe, HanHeaHHod © nenonssosanneM ChsterOpen™MP, cospanne
TAKDID HOHTEHHEPa A0THHO DbITh OIHCAHD, HANPHMED, Tak:

stdevec<int kmp_sharable_allscator<int==>*vecp=new
kmp_sharable std = vec<int, kimp_sharable_allocator<int>>;

Hacrpoiiki omnaguukor B Cluster OpenMP

Jna oTna kM MHOTONOTOMHER NApanIenkH Ky nporpamy B Clister OpenMP
MIGKHO HCTIORI0BAETE Kak Oecnaatiwil oraagune GNU gdb, Tak »
NHIEHHOHHBE OTIATUHEH 1idb soMnandd Intel B TotalView soMnadHe
Etms, Oauagn A1 Toro, 4Tobbl KOPPEKTHO — [ONRIOBATECA  STHMH

OTTaHHEAMH, TTE"I.'}ﬁmlr{Mﬂ CAenaTh CNeNHATRIEIE ]!-EIET]'.II.'.I-ﬁHI-{ B CHCTEMILIX
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daiinax. [lanee paccMoTpuM NoapobHO ITH HACTPOMEM MPHMEHWTENLHO HD
BCOM RRILENEPEUHCACHHEIM oTAa uHKaM, TTpe/IBAPHTENLHD OTMETHM, YTO
AnA KOPPEKTHON paboTel BCEX 3THX OTA3IHMMEDE HeolXOAHMO OTKIHMHTE
[pepelBadie No cCHrHany oumbid agpecaguy SIGSEGVY (Signal Segmentation
Violation). TIpHuKHA B TOM, YTO ITOT CHIHAN HCIONBIYETCH 715 BHYTPEHHHX
Hyvieg Clister OpenMP, noatomy oH He ABAAETCH ABapHIHLIM W HE HeceT
HHpopMaHe 0b oumMbkax aoctvia K namard (B Chster QOpenMP uMeeTca
CrROH coGCTEeHHEIA  obpaboTudk 2Toro curdana). OTKIHMEeHHe  3Toro
CHIHAME MPOWIBOIHTCR NMO-Pa3HOMYy A% PACCMATPHBIEMEIX OTNaJUHKDE M
Gyner pacomoTpeno ganee. [Ina Boex oTnaguuios B8 kmp cluster.ini-
daiine Heol¥DAMMO MCOOAB30BATE  HACTPOiKy --no-hearthbeat,
DTETHMAIONYID PEKHM ARapHANOTD FREPIEHHA TapaIIenEHEX TOTORIR
OpH  OTCYTCTEMH B TEUEHHE  ONPEAEIEHHOND  NPOMERYTES BEPEMEHN
OTBETHRIX CHIHANOE OT [apUUIeIbHBEX NOTOKDE. TakumM CHIHA1aMH B
Chster OpenMP NocTosHHO o0MEHHMBAIOTCH BCe NapanienbHele TMOTORM.
Ecnw B TeUueHHE ONpejeneHHOre NpoMesyTEA BpeMeHH OTBETH bIH CHMHAN oT
KAKDIO-MHE0  moToka OTCYTCTRYET, TO 3ITO CHMTACTCH CEWOCTENRCTROM CTO
aRapHilHorD  3apepimEnnA. B 3ToM  CTyyae  NpOMCKVIAT - apapHiiioe
FABEPIEHNE BOEX NOTOKIE PACCMATPHBAEMON 3a7aun.

B Gecnimatiom otnapumke GHNU gdb 408 oTHTIOMEHHA CHTHANA apapHiiHOT
AOCTVIIA K [aMATH, BO-TNEPBbIY, Heolxogumo B cucremHom  daiine
.gdbinit, HAMYIALEMCA B JIOMAlIHEM pasiene ToIb30BaTeNd, q00aBHTh

CTPOKY
handle SICSEGY nostop noprint

Bo-BTOpEY, HeofXoqMMo ONPeaeiHTs OTA3IYHE C MOMOLIBI MepeMeHHOM
OEPY#EHHA  KMP CLUSTER DEEUGGER,  HampHMep  clefyiompM
obpazom:

export KMP_CLUSTER_DEBUGGER=gdb

B-TpeThHx, HeofMyqHMo OOpeeiHTh TEPEMEHHVIO OKpY#eHHAa DISPLAY,
yrazmBaouye Ha [P-agpec somneorepa, © sotoporo crapryer X Windows.
STy nepeMEeHHYHY MOMHO onpegeiuts axbo B kmp cluster.ini -
thaiine, HanpHMep Tak:

DISPLAY= 10.0.6.191:0
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JTHGO C TOMOLIEHY KOMAHIE
export DISPLAY= 10.0.6.1910

KOTOPYID COABIYET MMOMECTHTL B CHCTEeMHbIF daiin, OTKYla CUNTEIBAKTCR
MEPEMEHHBIE OKPVHEHHA NPH CTApTe Nporpammel xterm, [Mocne 3anycka
DTAIHHES gdb cneayeT HalpaTs KoMaHIy

break __itmk_segv_break
JUTA TIEPEXBATA OIWHO0K aOpecalMH TAMATH.

B ornagunke 1db somnaddi Intel gna OTKAHOMEHHA CHIHANa aeapHiiHOTo
JOCTYNa K TaMATH  HeoldyiHMo B cHCTeMHOM  dadine . dbxinit,
HEXOIALEMCH B A0MALLHEM Pasiene noib3oBaTens, 100asHTh CTPORY

ignore segy

Bo-pToOpRIX, Heo@DIMMO ONPEJETHTE OTIAIHHE C MOMONEI TepeMeHHoi
oipywenua KMP CLUSTER DEEUGGER CReayHiLpm oOpazom:

export KMP_CLUSTER_DEBUGGER=#lb

[Mepemennan okpyskenna DISPLAY ama 3TOT0 OTAATHHE 33738TCA TaK e,
Kak M s oraggunea goo, Moche sanyeka ornagunka 1db cnegyer Habpars
KOMAaH, 1Y

stop in__immk_segv_break
S NEpexBaTa OWHBOK apecatm NamMaTH,

B ornamuuie TotalView womnasds  Eios gas OTROMEHHA  CHIHAM3
ABAPHITHOID QOCTYNA K NamaTH HeofxoguMo & cuctemHom daiine . cvdre,
HANQIALPMCA B AOMALHEM Paziene noik0BaTend, A00aEHTE CTPOKY

dset TV:signal handling mode { Resend=SIGSEGY }
Mocae 3anyeka ornagunea TotalView cnegyer HaDpars KoMaHay

breakpoint in _ itmksegv_break
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JU1A TIepeXBATa OUMG0K ATPecaliHH TTaMATH,

Hacrpoiika auHamMHueckoid namaTty npy otiagke B Cluster
OpenMP

MMpy  MCNONB3OBAHHK  AHHAMHUYECKDH NaMard B [porpaMMmax
ucnonbzopadiem  Clster OpenMP  pozmoxHa  clegyiowgad  oumGouHan
CHTYALMA: HEKOTOPEIC JaHHEIE OIHOTD THOA B NAPALIEIEHELX [IOTOKAX
PAIMBIIEHE B TOKATEHOR TaMATH © OTHHME W TeéMH e agpecaMu (T. e.
HEKOTOPELIE JAHHLIE HI MdPANAeNEHLIX NOTOKDE CUMMETPHYHO DAd3MELLEHLI B
JIOKABHOR ]I&hﬁ[l'ﬂ]. HPH ITOM VEA3dTE/IE HA 3TH JdHHBIE B OOHOM H3
NapaUiebHBX MOTOKE CUMODYHO MepefaeTcd B ApYyTol NoTOK, H M3 3T0T0
MOCAefHere NMOTOKA OCYILECTBAAETCA AOCTYN K JAHHBIM MO NepejaHHoMY
agpecy. B Tawom ciydae oumbid  Q0cTyNA K JAHHBIM  MOKET H o HE
BOIHHKHVTE, T. e curman SIGSEGY nme Gyoer wauumuposan, OjgHann
JAHHLIE, KOTOPLIE GWIYT WIENEUEHED M3 APYIOID NOToKD, GyiyT HEBEPHEIMKA
1A HOXOHOTD noTokd. s

Toro urolbl BRIAEMTE Takke oumbounnle cuTyaguu, B8 Clster OpenMP
peanuIoeaH

MEXIHHIM HECHMMETPHUHOM BLIAETEHHS JUHaMuuecsoil namsra (Disjoint
Heap).

rII;.I'.I.FI BRAHMEHHA MEXdHH3MA HECHMMETPHYHOITD BLIAENEHHA J’.[HHH.MH'-lECH’.'Iﬁ
NdMATH B ]]ﬂpﬂIIJIEIlebIK NOTOKAX I:J'lE',.'.l\}"ET 34/1dTh ILEPE‘MEHH}!’[’D ﬂﬁp}’mEHHH
KMP DISJOINT HERFSIZE, HANPHMED, CIeIyHOWpM obpazom:

export KMP_DISJIOINT_HEAPSIZE 128M

Jpeck  Owina  sagana  ofnacrs e HECHMMETPHYHOID  BhIIBIEHHHA
JuHamiueckoil mavaTH, pagHas 12 8 meraGaiitTam. [pW BBIZENeHHN pasvepa
Aol obmacTH cnemyer Mow:boTHTRCA o ToMm, uToOel ee pasMep Gra He
MEHLLLE, YeM MPOHIBEAEHHE pPAIMEDd obnacT ,C[HI!HMH'-IECHUH IMAMATH,
Bbl,.'J,EILS[EMUﬁ AGIE OQHOPO NapVIeIEHOND [MOTORD, Hd YHO0 [apd/iieflbHbBLX
norosos. B srom Chyuae of1acTH ;J,HHEMH'-IECHL‘IH [EMATH B NapdiiefbHbBLX
NOTOKaY GYIVT pasmelleHsl B 3JipECHOM NpPOCTpaHCTBe De3 nepeceueHWid M
Hano#eHui. Torga obpaweHne B kAKOM-TM00 W3 NAPALNEAEHEIY NOTOKDE K
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of1acT! ,ﬂ,HHaHHllE‘:W]ﬁ MNaMATH MO YEAISTENH, NepelaHHoMY W3 JDYTore
MOTOE, MPHBEJIET K O1LH BEE A0CTYNA K JJAHHEIM H BOZHHEHOREHH KD CHIHaNa
SIGSEGY. 3o w Gyrer nobymrensiod npuudnoi Gonee THETEALHOTO
dHAMH3d FI-HGD'I'.I:I C JQdHHBEMH B HNAPLULIENBHBIX [IOTOKAX JJIHA YWCTPdHEHHA
TdKHX HERDPPEKTHRIX CH']'}'HLLH}T:I.

B sakmoueHue OTMETHM, HTO [0 YMOAYdHHH) 3HAYYHHE I[EpE‘MEHHUﬁ
ORPYHEHHA KMP_DISJOINT _HEAFSIEE 30 deTCH paBHBIM 2
MerabafTam. [1p# 3, JaHHH MEHBLIEH BESTHMHHE paIMep
EMP _DISJOINT HEAPSIZE ABTOMATHYECKH YBEIHYHBAETCA 0 2
merafaiT.

Moguepknen eme  pas,  uTo  33JaHME  MEPEMEHHOH  OKDYHEHHS
EMP DISJOINT HEAPEIZE HeofIMMO  TOMBKED Ha STale oTiaisd
NpOrpamMsMel 408 NOMCKa  owMOoK  HekoppekTHore  o0palleHHa &
,D,HHG}!I.HHIL‘CWI":I [MAMATH B NapIAeNsHEN noTorax. [locne BRARICHKA BOEX
TAKHNX ONEO0K W CO3MAHHA ORDHYATENLHOH ONTHMHIHPORAHHOH BEpPCHH

MPOrpaMMel 3TY MEPEMEHH I OEPVHEHNA CEIVET YIdIH T,
Ceojka nepemenHbix okpykenus Cluster OpenMP

B npegsiayipx  pazaenas Obll Ve paccMOTPEH pAjA CrelHgHYecki s
nepeMeHHbly  okpysedus  Clister  OpenMP. Huse nepeydcieHsl  Boe
MepeMeHHBIE OKpYHeHHA, gonycriMiele B Chster OpenMP, v onvcans
CHoCobBl WX PHMEHEHHA.

* TlepemeHHas okpyseHHA KMP STACKS 125 3anacT ofkem cTeka B
napannensdkix noTokax Custer OpenMP. Bennwunna s1oll nepeMeHHOI
sanaerc B kuaobaiitax (K) wam merabaiirax (M), Tlo ymonuanu
IHAUYEHHE 3TOH MepeMeHHON papHo 114,

¢ TlepomedHas owpyskeHMA KMP SHARABRLE STACKS1ZE sapaer
ofbeM CcTeka 8 pasMelednd sharakble (ofumx amm Boex yanoe
Knactepa) JaHHbix  Aans  OpenMP  notokoe.  Benwudda  3Toil
nepeMedHOR aaeTcd B KMaobafTax (K) win merabadtax (M) [lo
YMOTUAHHIG IHAMeHHE ITOH NepeMeHHoR parin 1M,

* [lepemeHHan okpyseHHs EMEP STATSFILE safaer HMa  daiina
CTATHCTHEH MPH WCMONB30BaHHH Ha:’.‘TFIOﬁF{'H —cluster-openmp-
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profile. [Mo ymonuaHuio Mma storo (ailna guide . gvs.

* JagaHue  SHaUEHWR  MEpeMedHol  okpysenna  EME WARNINGS
seiiouaer [ 0 vl off ) van erwaer (1 WM on ) BeILAWY
COODINEHME  GHOMHOTERH  BRNOAHeHMAa (nm-fime  library) Closter
OpenMP. (Mo ymomuanyio sHaHeRHe IT0H NepeMerHoH papno 1 W
on.

* 3JagaHHE 3HAUEHHA MepeMeHHOH  OKpyAeHHA KMP WARNINGS
BRIKIHMAET | 0 vad 00 ) Aan exnesaet | 1 WK on ) BeEWY
NpefyIpesianHy cooblEHH O NepeMEHHBIX B [apaiielbHbls
NOTOKAX, KOTOPEIE JOMHHEL BT OOLFMH /1A BCEX V3I0B KiacTepa |
sharable ), HO He ABAAKTCA TAKOBBIMH. [10 YMOAUAHHID 3HAYEHHE
ITOH NepeMer ol papHo O Wil o .

¢ JlepemeHHan  okpysedda  EMP CLUSTER SETTINGS  sagaer
PERKHM EBBIEQLd NEQEMEHHBIX OEDVHEHHA W HACTPOEK, ONpeieJeHHBIX
B kmp cluster.ini daiine. IHMCHHUA N0 YMOTHaHHIO QA 3T0M
NEPEMEHHOR HET.

¢ JlepemeHHas OKpyaeHHA KME CLUSTER FPATH 3agaer OVie K
kmp cluster,ini -geiiny ecid OH OTCYTCTEVET B TEKYLEM
pazgene. [lo yMOIMaHWIo B KaWECTEE ITOrD NYTH 33738TCH NVTh K
AOMALHEMY PA3IETY NOALI0BATEN,

* 3agaHde nepemMeHHoR okpysenus KMP CLUSTER HELF nossosser
BLIBOJHTE ONHCAHHE HACTPOEK, AONVCTHMBIX B kmp cluster.ind
-thaiine. 3HAUEHWA 0 YWMOTHAHHID IR 3TOH NepeMerHoi HeT.

* [lepemennan okpywennn EME CLUSTER DEBUGGER 3agaeT MmMa
HCnonHAemoro qaiina oTnaguuka (Hanpumep, ido AIA OTIaUHER
Intel). 3HaueHHA MO YMOTUAHWKY 1A 3TOH MEpEMEHHOH HEeT,

¢ [lepemennan okpysenma KME CLUSTER VERSION 3ajaer pesmHm
BRIBOMA COODWEHWI O BEPCHN CHCTEMBl. JHAYEHWA [0 YMOIYAHHK
1A 3Tok NepeMeHHoH HeT,

* [lepemennan  oxpysenus  KMP DISJOINT HEAPEIZE  sagaer
IHAMEHWE PAIMER JMHAMHYECKDH MaMATH B NaPALTENLHEIX MOTOKAX W
srodaer mexadusM  Disjoint Heap, Benwunna stoil nepemensoi
sagaerci B wdaoBaidrax (K) wam merabafrax (M), Tlo ymonuanui
3HadeHHe 3TOH nmepeMeHHod pasHo ZM. Ecn 3ajaHHOoe 3HAaueHHe
MEHBIE 21, TO OHO ABTOMATHHECKH YRETHYHBARTCR J0 2 M,

Ha »Tom zapepumerca aHakomcTRo © Clster OpenM P OTyeTHs, wToo 408
HIVUCHHA JOMOTHATENLHEX MATERQHATOR, OCTABINCA 34 PaMEAMH JaiHOorg
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HATOMEHHA, CleflyeT 0DpaTHTLCA K pyRoBOACTEY [7.9].
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