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1. BbinosiHeHWe 3agaHui B napansnenbHOM pexnme:
MPI1Proc3

1.1. YcmaHoska 3adayHuka PT for MPI-2 u cesi3aHHbIX C HUM
cped rnpoepaMmupo8aHuUs

Crangapt MPI onpenenen nns nByx si3pikoB: @opTtpana u C (BapuaHT Asis
s3pika C MOXKET OBITh HMCIIOJB30BaH 0€3 KaKMX-TH0O0 M3MEHEHUH U B MPOTPaM-
Mmax Ha s3pike C++). [lo Bepcun 2.2 crangapt MPI comepskan Tak:ke 0ObEKTHO-
OpUEHTUPOBaHHBIN BapuaHT Oubamoreku MPI mis si3eika C++, HO 3aTeM jaaH-
HBIM BapuaHT ObUT MCKJIIOYEH W3 cra”napta. Mwmetores peanuzammu MPI s
APYTUX S3BIKOB (Harpumep, 1ist si3bika C#), 0JHaKO B IMOAABISIONIEM OOJIBIINH-
CTBE CUTyallMil NapajiesibHbIe MTPOTrpaMMBbl, UCTIOIb3YyIolue TexHojoruo MPI,
paspabatsiBatoTcs Ha si3bikax C/C++ u DopTpaH.

JIist TOro 4To0bl JOCTHYh MaKCUMaIbHOU 3()(PEKTUBHOCTH, MapaslieIbHbIE
MIPOTPaMMBI JIOJDKHBI BBITTOTHATHCS Ha CYMEPKOMITBIOTEPAX WM BBIYHCIATEIIb-
HBIX KJIacTepax, MO3BOJIAIOMMX d()PEKTUBHO pacHpeneuTh 3aIlyCKaeMbIe MMPo-
IIECCHI TI0 TPOIeccopaM CYMEpPKOMITBIOTEpa WM y3iIaM kjactepa. OaHako s
HayaJbHOTO M3YyYEeHHUS BO3MOXXHOCTEH TexHosoruu MPI BmosiHe nocTatoyHO
HCITOJTh30BaTh JIOKAJILHBIN KOMIIBIOTED, 3aITyCKas Ha HEM BCE MPOIIECCHI Mmapall-
JeNbHOTO MpuiIokeHus. OXKUaaTh B TAKOH CHUTYaIlMH CYIIECTBEHHOTO BBIUTPHI-
1ma B OBICTPOJICUCTBUH aJITOPUTMOB HE MPUXOAUTCS, HO C TIOMOIIBIO TTOJTOOHBIX
Y4EOHBIX MPOTPaMM MOKHO IMMO3HAKOMHUTECS ¢ Mexanuzmamu MPI u ompoGoBath
uX B aercTBun. IMEHHO ¢ 3TOM 1enbio U ObLT pa3paboTaH 21eKMpPOHHbILL 3A0ay-
HUK no napaiieiviomy npocpammuposanuro Programming Taskbook for
MPI-2 (PT for MPI-2).

3agaunuk PT for MPI-2 mo3BosisieT pa3pabarhiBaTh MapajuieIbHbIC MPO-
rpaMMebl Ha si3bike C++ ¢ mpumenenuem untepdeiica MPI mst si3pika C. Jlomon-
HUTEIBHBIC BO3MOKHOCTH si3bIka C++ HCIOIB3YIOTCS, B OCHOBHOM, I OoJee
yI00HOM OpraHW3aIyy BBOJIa-BEIBOAA (C MPUMEHEHHUEM TTOTOKOB), XOTSI B HEKO-
TOPBIX CUTYaIMsIX OKAa3bIBAIOTCS YIOOHBIMU U Ipyrue cpeactBa C++, Hampumep
madnonnbie pynknuu (M. 3amanus MPI12Send22-25). TTockonbky 3amaunuk PT
for MPI-2 sBasieTcs crieluan3upOBaHHBIM JTOTIOJTHCHHEM Il YHUBEPCAIBHOIO
3aJJayHKKa 110 mporpaMmupoBanuio Programming Taskbook, on MoxkeT ncmosib-
30BaThCsl COBMECTHO CO BCEMH CpelaMH MPOTpaMMUpOBaHUs aJisd si3bika C++,
KOTOPBIC MO KUBaeT 0a30BbIi 3amaunuK. [y Bepcuu 4.17 6a3oBoro 3agad-
nuka Programming Taskbook, HaunHas ¢ KOTOpoi K HEMY MOYKHO TOAKIIOYATh
sagaunuk PT for MPI-2, sto cpeasr Microsoft Visual Studio 2008-2017 u
Code::Blocks Bepcuu 13 u BbiiIe.

Takum 00pazoM, mpexke BCETO Ha KOMITBIOTEPE JOJKHA OBITh YCTaHOBJIE-
Ha OJIHA U3 YKa3aHHBIX Cpel MPOTPaMMHUPOBAHUS.



OpHako AJi 3aIllycKa MapauieldbHBIX MPOTrpaMM, pa3pabOTaHHBIX Ha OCHO-
Be TexHosiornu MPI, Hanmuus cpeasl nporpaMMupoBaHus (Jaxke NpH YCIOBUU
MOJKJIIOYCHHS TONOJHUTEIbHBIX OnOmuoTek MPI) HemocTarouno. HeoOxoauma
CHCTEeMa, TMO3BOJSIONIAs 3alMyCKaTh MPOIECCHl MapajieIbHON MPOTrpamMMbl H
o0ecrnieunBaroas 0OMEeH COOOIMIEHUAMU Mexay HUMH. OTHON U3 MOMYJISPHBIX
CBOOOIHO pacmpocTpaHsieMbix cuctem mnoanepxku MPl saBnsiercs cucrema
MPICH, pa3pabaTsiBacmasi B AproHHCKOW HanmoHanbHOU nabopatopuun CIIIA.
Bamaunuk PT for MPI-2 MOXeT HCIOIb30BaThCS COBMECTHO C ABYMsSI BEPCHSIMU
naHHO# cuctemsl st Windows:

e MPICH 1.25 (ftp://ftp.mcs.anl.gov/pub/mpi/nt/mpich.nt.1.2.5.exe),

noajaepxkuBaet ctangapt MPI 1.2;
e MPICH2 1.3 (http://www.mpich.org/static/downloads/1.3/mpich2-1.3-
win-ia32.msi), nognepxuBaeT crangapt MPI 2.1.

[Ipn ncnonp3oBannu cucreMsl MPICH 1.2.5 MOXHO BBINOJHATH TOJIBKO T€
3aJlaHus, KOTOpbIE TIpeIHa3HaYeHbl it u3ydeHnus cpeactB MPI cranmapra 1.x.
Cuctema MPICH?2 1.3 no3BoJigeT BBIIOJHATL BCE 3aJaHMs, BXOIAIIME B 3a1a4-
uuk PT for MPI-2.

st yeranoBku MPICH 1.2.5 noctato4yHo 3amyCTUTh YCTAHOBOYHBIN (haiii
U CIIeJIOBATh €r0 PEKOMEHIAIUAM (CUCTEMA 10 YMOJTYaHUIO YCTAHABIMBACTCS B
noakatanore MPICH karanora Program Files mis 32-pa3psiaHbix mporpaMm).

st koppektHOM yctaHOBKH cucteMbl MPICH2 neobxooumo 3anycmume
yemanogounwiil gatin mpich2-1.3-win-ia32.msi ¢ npasamu aomunucmpamopa.
Ecnu cooTBeTCTBYIOMMN MYHKT KOHTEKCTHOTO MEHIO Ui JaHHOTO (aiina oT-
CYTCTBYET, TO MOXKHO, HalpUMEp, 3aIyCTUTh KOMAHIHYIO CTPOKY C IpaBaMH
anmunuctparopa («Ilyck | Bece mporpammsl | Crannaptaeie | Komananas crpo-
Ka», UCIOIb30BaTh KOMAaHIy «3ammyCK OT UMEHH aJIMHUHUCTPATOpPay» M3 KOHTEK-
CTHOTO MEHIO JaHHOW MPOTPaMMBbI), a B HEH OCYIIIECTBUTH 3aIyCK YCTAHOBOYHO-
ro ¢aitna mpich2-1.3-win-ia32.msi. [Ipu HaaMuuu Ha KOMIbIOTEpPE (aiIoBOro
menemxepa FAR ynobHee 3amycTuTh ¢ mpaBaMu aJMHHHCTpPATOpa 3Ty MPO-
rpaMMy, ¥ B HEW BBITIOJIHUTH 3allyCK ycTaHOBOYHOTO (haiina. Ecnu npu ycra-
HOoBKe cuctembl MPICH2 He ucnonbp3oBaTh mpaBa aJIMHHUCTpaTOpa, TO yCTa-
HOBKAa TIPOWJET HOPMaJIbHO, OJHAKO MPHU TMOIBITKE 3allyCKa MapaijIeIbHOTO
OPUJIOKEHHUSI C TIOMOIIbIO MPOTrpaMMbI mpiexec.exe Oy/eT BBIBEIEHO CO0O0IIe-
Hue «Unknown option: -d», BbI3BaHHOE T€M, YTO CUCTEMa HE CMOKET 3alyCTUTh
MeHepkep nponeccoB smpd.exe, Bxoaamui B coctaB MPICH2. 1o ymonuanuto
cuctema MPICH2 ycranaBnuBaercs B noakatanore MPICH2 katanora Program
Files mst 32-pa3psaHbIX IPOTpaMM.

Ipumeuanue. MHorna Bo3HKUKaeT cuTyanus, koraa cucrema Windows Ha-
YUHAEeT OJIOKMPOBATh BHI30B KOMMOHEHTOB cuctembl MPICH2, obecnieun-
BAIOIMX 3allyCK MpOrpaMM B TapajuiebHOM pexume. B sTom crmyuae
OOBIYHO OBIBAET JOCTATOYHO nepeycmarosums cucremy MPICH2, 3amyc-
THB YCTaHOBOYHYIO IpOrpaMMy M BbIOpaB B Hel BapuaHT «Repair




MPICH2». Hekotopble BUABI aHTHUBHUPYCHBIX MPUIOKEHUH TaKKe MOTYT
MBITATHCS OJIOKMPOBATH BBIMOJTHEHUE TTAPAILIEIBHBIX MPOTPAMM, CUUTAST HX
MOI03PUTEITLHBIMHU.

[Tocne Toro xak cpema mporpammupoBanust mis C++ u cucrema MPICH
YCTaHOBJICHA, CJIEAYET YCTAHOBUTH 0A30BbI BapUaHT JIEKTPOHHOTO 3a/ladyHUKA
Programming Taskbook Bepcun He Huxe 4.17 1 3neKTpoHHBIH 3agadnuk PT for
MPI-2 (B ykazaHHOM MOpsiKe). Y CTAaHOBOYHBIC MPOTPAMMBI JIJISI ATHX 33 auHU-
KOB MOJKHO CKayaTh C caiTa 3JIeKTpOHHOro 3amadnuka ptaskbook.com (6o B
paznene «CkauyuBaHue TUCTPUOYTUBOBY, IMOO HA IIaBHBIX CTPAHUIAX Pa3/IeNIoB
«I'maBHas» u «PT for MPI-2». Ha rnaBuo#t crpanuie pasgena «PT for MPI-2y»
coliepKaTcsl TakKe CChUIKM JUIsl CKAuMBaHHS AUCTPUOYTHBOB OOEHX BepcUid
cuctembl MPICH, nmonaepxuBaeMbix 3agaunukom PT for MPI-2.

[Tocne yctaHOBKM 0a30BOTO BapuaHTa 33/JayHUKA Ha SKpaHE MOSBUTCS OK-
HO TiporpaMmbl PT4Setup, B koTopom OyayT NMEPEYUCIECHBI BCE CPEIBbI MPO-
IPaMMHPOBaHHS, B KOTOPBIX MOXET HCIIONB30BaThCsa 3amadyHuk. [locie ycra-
HOBKH 3ajaynuka PT for MPI-2 B 3ToM OKHE JOMOJHUTEIBHO MOSBATCS TE BEP-
cun cucteMbl MPICH, koTopsie 00Hapy keHBI Ha KOMIbIOTEpE (puc. 1).
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Puc. 1. Oxno mporpammsl PT4Setup co crimckoB HalICHHBIX Cpel pa3paboTKu

[Tpu nammuuu aByx Bepcuit MPICH onna Oyaet aktuBHOI, a npyras (¢ 3a-
TEHEHHBIM (JIAKKOM) — BPEMEHHO OTKJIIOYEHHOW. [[Jsi akTUBM3aIMu Ipyroi
Bepcun MPICH crieyeTt BBITTOTHUTS IMIETYOK HA €€ 3aTCHEHHOM (priaXkke.

[Tocne ycTaHOBKHM BCEX YKa3aHHBIX MPOrpamMM MOKHO MPUCTYIATh K BbI-
[MOJIHEHMIO 3amaunii u3 3agauynuka PT for MPI-2.



Bynem cuuTtaTh sl ONPEEIEHHOCTH, YTO TIPU BBITIOJTHEHUH 3a/IaHUi HC-
nose3yetcs cpexa Microsoft Visual Studio .NET 2015, a B xauecTBe akTHBHOM
Bepcun cuctembl MPICH BoiOpana Bepcust MPICH2 1.3.

1.2. OcHosHble noHsmus MPI-nipoepammuposaHusi

3HAKOMCTBO € MapajvieIbHBIM MPOTPAMMHPOBAHHEM HAYHEM C PacCMOTpe-
HUS CIeAYIoNIe npocToi 3a1aun u3 HavansHou rpynnsl MPI1Proc. 3to no3so-
JUT HaM HE TOJBKO O3HAKOMHTHCS C OCHOBHBIMHU MOHSTHSIMHU MapalieIbHOTO
POrpaMMHUPOBAHMs, OCHOBAHHOIO Ha TMepenaye COOOIEHWH, HO U H3YUUThb
BO3MOXHOCTH AJIEKTPOHHOTO 33J]a4HHKA, CBSI3aHHBIE C BBOJOM M BBIBOJOM JIaH-
HBIX, a TAKXKE C MeYaThI0 OTIAJ0YHON HHMOPMALIHH.

MPI1Proc2. B kxaxaoM ©3 MPOIECCOB, BXOASAIINX B KOMMYHHKATOD
MPI_COMM_WORLD, npodecTb 0JIHO 11€710€ YUCIO A U BBIBECTH €r0 YIBO-
eHHoe 3HaueHue. Kpome toro, misa ernasroco nmpoyecca (npornecca panra 0)
BBIBECTH  KOJMYECTBO  TMPOIECCOB,  BXOMAIIMX B  KOMMYHUKATOP
MPI_ COMM_WORLD. /Ins BBOJA U BbIBOAA AAHHBIX MCIIOJIb30BATh MOTOK
BBOJIa-BbIBO/Ia pt. B rmaBHOM mporiecce mpoyOaupoBaTh BBIBOJ JaHHBIX B
pasziesne OTJIaJiIki, 0TOOpa3uB Ha OTACNIbHBIX CTPOKAX YABOCHHOE 3HaueHue A
U KOJMYECTBO IMPOIIECCOB (MCMOIB30BaTh JiBa BbI30Ba (yHKmMH ShowLine,
OTIPE/ICICHHOM B 3aJlauHUKE Hapsay ¢ pyHKIueH Show).

[Ipexne Bcero pa3bsiCHUM TEpMUHBI TapauiensHoro MPI-porpammupoBa-
Hus. [Ipyu mapannenbHOM BBITIOJHEHUH TPOTPaMMBI 3aITyCKaeTCs HECKOIbKO K-
3eMIUIIPOB 3TOM IporpamMmbl. KaxkIbli 3allylIEeHHBIN SK3EMILUIAP MPEACTABISIET
co00# OTAeIbHBIN npoyecc (aHTI. ProCess), KOTOPHIH MOMKET B3aMMOACHCTBO-
BaTh C JPYTMMH Mpoleccamu, oOMeHHUBasCh coobuwenusmu (messages). MPI-
GyHKIMM TIPEAOCTABISIOT PAa3HOOOpA3HBbIE CPENCTBA ISl peaju3allid TaKoro
B3aumozeiicteus (a06peBuatypa MPI pacmudposreiBaercs kak «Message Pass-
ing Interface» — unmepgeiic nepedauu coobuenuil).

s uneHTUGUKAUK KaKI0To Tpollecca B TPYIMIE MPOIECCOB MCIONb3Y-
eTcst ousatue panra (rank). Pane npoyecca — 3TO MOPSIKOBBIN HOMEp TpoIiec-
ca B TPYIIIE MPOIECCOB, OTCYUTHIBAEMBIM OT HYNs (TaKUM 00pa3oM, TEPBBIN
nporiecc umeeT padr 0, a mociaeaHuit npouecc — panr K —1, rae K — konuue-
CTBO TporieccoB B rpymme). Ilpu 3ToM rpynma mpoueccoB MOXKET BKIIIOYATh
JIMIIIb YacTh BCEX 3aMyIIEHHBIX MPOILIECCOB MapallIeIbHOTO MPUIIOKEHUS. 3aMe-
TUM, 4TO B (GOpMYIMpOBKaxX 3ajaHuil OykBa K ncmnons3yercss 0ObIYHO AJist 000-
3HAYEHUS KOJMYECTBA MPOIIECCOB.

C rpymnmoii mpoIeccoB CBs3bIBaeTCa ocobas cymHocth oubmuorexku MPI,
HasbIBaeMasi kommynukamopom (communicator). Jlro6oe B3aumoeiicTBre mpo-
IIECCOB BO3MOHO TOJIbKO B paMKaxX TOTO WJIA WHOTO KOMMyHHKaropa. CtaH-
JTApTHBIA KOMMYHHUKATOpP, COJIEPIKAIUM BCE MPOIIECCHI, 3aIllyIICHHBIC MPHU Ta-
paJUIeIbHOM BBIMOJTHEHUU Tporpammbl, umeer ums MPI_COMM_WORLD.
«[lycToit» KOMMYHHKATOp, HE COACpIKAIIWA HU OJHOTO IMPOIecca, UMEET HMS




MPI_COMM_NULL. KomMMyHHKaTOp MOXHO MPEACTABIATH ceOe Kak KaHal,
COETUHSIONNI MEXAy COO0OM HEKOTOpYIO TPYMIy MpOIeccoB. B HEKOTOPHIX
cilydasx ObIBaeT yJOOHO OpraHM30BBIBATH JOMOJHUTEIBHBIE KaHAbI, KOTOPHIE,
HAIpUMep, COJIEPKaT HE BCE MCXOAHBIE MPOIECCHl MU B KOTOPBIX U3MEHEH I10-
PSAOK UX clieoBaHMs. B 3TO#l cuTyaluu cO3/al0TCs HOBBIE KOMMYHHKATODBI.
Bbonee monpo6HO paboTa ¢ KOMMYHHUKATOpaMH paccCMaTpPUBAETCs B TpyMmax 3a-
nanui MPISComm u MPI8Inter. B 3aganusx HayagbHBIX YETBHIPEX TPYIII BCe-
r/1a UCIOJIb3yeTcs cTanaapTHhIM kommyHukatop MPI_COMM_WORLD.
[poriecc panra 0 9yacTo Ha3BIBAIOT 21asHbIM npoyeccom (Master process), a
ocTajbHBIC TMpoLecchl — noduunennvimu npoyeccamu (sSlave processes). Kak
IPaBUJIO, TJIABHBIN MPOIIECC UTPAET OCOOYIO POJIb MO OTHOIICHUIO K MOAYUHEH-
HBIM IIpolieccaM, MepefaBasi UM CBOU JaHHbBIE WIM IOJy4yas JaHHbIE OT BCEX
(v HEKOTOpBIX) TOJYMHEHHBIX NPOIECCOB. B paccmarpuBaeMoM 3aiaHUM
MPI1Proc2 Bce mporiecchl JOIKHBI BBIOJIHUTH OJHO U TO XK€ ACUCTBUE — IPO-
YeCTh OJTHO IIEJIO€ YMCIIO U BBIBECTU €T0 yIBOSHHOE 3HAYCHHE, a TTIaBHBIM MPO-
IECC, KPOME ITOTO, JOJKEH BBHITIOIHUTH TOMOJHUTEBHOE IEHCTBUE — BBIBECTH
KOJIMYECTBO BCEX 3aIMYyIICHHBIX MPOIECCOB (MHBIMH CJIOBAMH, KOJTMUYECTBO BCEX
nporeccoB, Bxoaammx B kommyHukarop MPI_COMM_WORLD). O6patute
BHUMaHHE Ha TO, YTO B 3TOM MPOCTOM 3aJIaHUU TMpoleccaM He TpeOyeTcsi oOMe-

HUBAThCSI COOOIIEHUSIMU JIPYT C APYTOM (TaKOBBI BCE 3a/IaHUsI BBOJHOM T'PYIIIIbI
MPI1Proc).

1.3. CosdaHue 3a2omosku Osis naparsnenbHou rnpoapamMmmsl

[Tporiecc BBIMONHEHUS 3aJaHus ¢ MpUMEeHeHHeM 3aaadnuka PT for MPI-2
HA4YMHAETCS C CO3J]aHMsI 3arOTOBKU MPOEKTa AJisi BIOpaHHOTro 3afaHus. K atomy
MIPOEKTY yXke OyIyT MOJKIIOYEHbl BCE HEOOXOIMMbIE OMOINOTEKHU (CBSI3aHHBIE C
3alayHUKOM U ¢ BeIOpaHHOU cuctemoir MPICH), kpome Toro, ocCHOBHO# (haiin
ATOrO MpOeKTa OyAeT colepkaTh BaXKHbIE (PparMeHThI KOJla, HEOOXOAUMBIE TIPU
BBITIOJTHEHUH JIF000H MapasuieIbHOW MporpamMMBl.

JInst co3nanus 3aroTOBKH MpeIHa3HaueH MmporpaMMHbIi Mmoaysie PT4Load,
BXOJSIIIMIA B COCTaB 3ajayHuka. I[Ipoine Bcero BhI3BaTh 3TOT MOJYJIb C IOMO-
b0 spibika Load.Ink, koTopklil aBTOMaTHYECKU CO3/1aeTCsl B paboueM Karayo-
re ydJarierocs (1o yMoJa4aHuio padounii katamor umeeT umst PT4Work u Haxo-
nutcs Ha jaucke C). Tlocne 3amycka MOIyist Ha DKpaHE MOSBUTCS €0 OKHO

(puc. 2).



%l PT4 Load [Microsoft Visual C++ 2015] o B [

— Al [l
KaTanor: CAPT4Work o | OTMEHA

KBaHoB MNeTp

Mpynnel aaganuii- Begin, Integer, Boolean, If, Case, For, While, Series, Proc,
Minmaox, Array, Matrix, String, File, Text, Param, Recur, Dynamic, Tree,
MPI1Proc, MPI2Send, MPI3Coll, MPI4Type, MPISComm, MPIEFile, MPITWin,
MPI8Inter, MPI19Matr, MPIDebug.

BeeauTE MMA rPYNML 3a4aHKA.

Puc. 2. Oxno moxyns PT4Load

Tak BBITVIIIUT OKHO, €CJIM TEKYLIEH NMPOTPaMMHOM CPEAOU 3aJayHUKa SB-
asercst cpena Microsoft Visual Studio 2015 nns s3eika C++. [t u3MeHeHUs
TEKYIIEH Cpelibl JOCTATOYHO BBINOJHUTH B OKHE IIETYOK MPABOW KHOIMKOW MBbI-

i (MM HaXKaTh KHOIIKY ﬂ win kiapumry Shift+F10) u BeIOpath u3 mosBUB-
IIerocss KOHTEKCTHOTO MeHI0 HOBYIO cpeny (Hampumep «Code::Blocks (C++)»;
IPY 3TOM B 3aroJIOBKE OKHA TMOSBUTCS Ha3BaHWE BBIOPAHHOW CPEIbl).

Bua KOHTEKCTHOrO MEHIO MpHUBEAEH Ha puc. . KpoMme crnucka HOCTYMHBIX
Cpell KOHTEKCTHOE MEHIO COJEPKUT CIUCOK JTOCTYIHBIX BapHUAHTOB CHCTEMBI
MPICH (c yka3aHueM TeKyllero BapHaHTa), MO3BOJISICT BHIOpATh SI3bIK WHTEP-
deiica (pycCKUl WM aHTJIMICKHI), a TaKKE BBIMOJHUTD Pl JOTOJHUTEIBHBIX
NEHCTBUM MO HACTPOIKE paboyero Karaaora.

5] PT4 Load [Microsoft Visual C++ 2015] == o @]

3aganme: | | E I:l © Microsoft Visual C++ 2015

Microsoft Visual C# 2015

Katanor: | C\PT4Work ) OTmena Microsoft Visual Basic NET 2015

MBaHoB MNeTp Code:Blocks (C++)

Free Pascal Lazarus
Ipynnel 3ananwii: Begin, Integer, Boolean, If, Case, For, While, Series, Proc, . .
Minmax, Array, Matrix, String, File, Text, Param, Recur, Dynamic, Tree, Microsoft Visual C++ 2008
MPHProc, MPI2Send, MPI3Coll, MPI4Type, MPI5Comm, MPI6File, MPITWin, Microsoft Visual G# 2008

MPiginter, MPISMatr, MPIDebug. Microsoft Visual Basic NET 2008
BEEAUTE MMA TPYNNbI 3a0aHNi. Wing IDE Personal (Python 3)
Wing IDE 101 (Python 3)
MNetBeans 7 (Java)
NetBeans 7 (Ruby)
IDLE (Python 2)
IDLE (Python 3)

MPICH 1.2.5
© | MPICH213

English interface
© | Russian interface

M3mennTs AaHHble B Gaine pesynsTatos
MoaknoumTe Gain BapyMaHTos
HacTtpowts KaTanor obHoOBNEHWIA

Puc. 3. Moaysne PT4Load ¢ pa3BepHYThIM KOHTEKCTHBIM MEHIO



OOpartute BHMMaHHE Ha TPYIIHI 3aJaHUl, HaYMHAIOMIHECS ¢ Tpedukca
MPI (MPI1Proc u T. 1.). OHH TIOSIBATCS B CITUCKE TOJILKO TOCJIC YCTAHOBKH 3a-
Ja4HUKa 0 MapaienbHoMy nporpammupoBanuio PT for MPI-2 u Tonbko B ToM
CiIyJae, €CiM B Ka4eCTBE TEKYIIEH cpeapl MpOorpaMMUPOBAHUS BBIOpaHa cpena
1A s13bpika C++.

Onpenenumcst ¢ BBIOOPOM Cpeibl TPOrpaMMUPOBAaHUS, TIOCIIE YErO BBEIAEM
B moje «3amanue» TekcT MPI1Proc2 (mosHOe WMs Tpymiibl BBOJUTH HE 00s13a-
TEJBHO; JIOCTATOYHO BBECTH TEKCT MPI1, OHO3HAYHO ONpPENEHSAIOIIAN TPYIINY,
TIOCJIC Yero HakaTh MPOOEI U yKa3aTh HOMEp 3ajaHus 2). B pe3ynbTaTe KHOIKA
«3arpy3ka» CTaHeT JOCTYIHOW; KpoMe TOro, B HUKHEN 4acTu OKHa OyaeT mpu-
BEJICHO KPAaTKOE OMHCAaHUE BHIOPAHHOW T'PYMIBI U KOJIMYECTBO BXOJAIIUX B HEe
3a/ilaHuii (CM. puc.).

3zl PT4 Load [Microsoft Visual C++ 2015] o B (S

3anaHve:  |MPI1Proc| | E
Katanor: |[CA\PT4Work i OTmeHa

BaHoB MNeTp

Mpynna MPI1Proc: npougcchl U WX paHri.
KonwyecTeo aagaHui: 10.

BeeauTe HOMED 3a4aHMA W HAKMWTE KHONKY "3arpyska” unu [Enter].

Puc. 4. Bun okna PT4Load nmociie BBO1a UMeHa 3a0aHUS

HaxaB xHoOmKy «3arpy3ka» wiM kiaBuiry ENter, Mbl co3magum 3aroToBKY
JUIS YKA3aHHOTO 3aJjaHusl, KoTopast OyJeT HEMEJIJICHHO 3arpy>KeHa B BHIOPaHHYIO
IIPOTrPaMMHYIO Cpey.

[Ipoekt, co3maHHbIi 3a7auHIKOM JIs si3bika C++, Beerna uMeet umst ptpry;
9TO TO3BOJIAET, B YACTHOCTH, CYIIECTBEHHO YMEHBIIUTH KOJMYECTBO (ailyios,
CO3/1aBaeMbIX B paboueM KaTajore MpH BHITOJHEHHH OOJBIIOTO KOJIWYECTBA
pa3nuuHbIX 3agaHuii. OH BKIIOYaeT psaja (aiaoB, OCHOBHBIM M3 KOTOPBIX SIBIIS-
eTcst Cpp-Gaiii, UM KOTOPOTO COBIMAJAEeT C MMEHEM BBIMIOJIHAEMOTO 3a/1aHus (B
HameM ciydae MPI1Proc2.cpp). DToT (haiin aBTOMaTHYECKHU 3arpyKaeTcsi B pe-
JaKTOp KOJa Cpelbl MPOrpaMMHUPOBAHUS;, UMEHHO B HEM HEOOXOAMMO BBECTH
pemenue 3anaun. [IpuBenem tekct daitmta MPI1Proc2.cpp:

#include "pt4.h"

#include "mpi.h"

void Solve()

{
Task("MPI1Proc2");



int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPI Comm size(MPI COMM_WORLD, &size);
MPI _Comm_rank(MPI_COMM_WORLD, &rank);

)

B naudane mporpaMMbl copepKatcs AUPEKTUBBI MOAKIIOUEHUS K HEH BCIIO-
MOTaTeIbHBIX 3aroJIOBOYHBIX (QaiiioB ptd.h m mpi.h. 3arem pacmnosnaraercs
¢dynknus Solve, kotopas TOHKHA COJIEPKATh PEIICHHUE 331a4H.

[Tpu anammze daiima MPI1Proc2.cpp Bo3HUKAaEeT €CTECTBEHHBIN BOIIPOC: T
HAXOJIUTCS «CTapTOBask» (PYHKIUS MPHUIOKEHHS (OOBIYHO MMEoImas uMsi main
win WinMain)? JlanHast QyHKIMS pa3MmeniaeTcs B ApyroM Qaiisie mpoekra, mo-
CKOJIBKY €€ COJIepXKMMoe He TpeOyeT penakThupoBaHus. B Heill mpousBoguTcs
VHHIIAATM3AIKs 3aIa9HUKa, [TOC]e Yero MPOUCXOAUT BbI30B (GyHKIHU Solve ¢
pelieHreM, Mpu HeOOXOAMMOCTH TIEPEXBATHIBAIOTCS UCKIIIOUEHUSI, KOTOPHIE MO-
I'yT BO3HUKHYTH TPU BBIMOJHEHHH (GYHKIHUK SOIVE, U B KOHIIE BBITOJIHSIOTCS
3aBeplIaloIINe AEMCTBUSI, CBA3aHHbBIE C AHAJIM30M MOJTYYEHHOIO PELICHUSI.

[Iporpamma-3arotoBka Juisi 3aJJaHui 10 MapauieIbHOMY MPOTPaMMHUPOBa-
HUIO COACPXHUT JOIMOJHUTENBHBIE OMEepPaTOPhl, OTCYTCTBYIOIINE B 3arOoTOBKax
JUISL «HEMApaJUIeNbHbIX» 33aJaHuid. DTH ONepaTopbl JOJIKHBI HCIOJIb30BaThCS
MpaKkTUYEeCKU B JIr000# mapamiensHoit MPIl-nporpamme, moatomy, 4ToObl y4a-
nieMycst He TpeOOoBaIoCh HAOUPATh UX KaXIbIH pa3 3aHOBO, OHM aBTOMAaTUYECKU
N00aBIIIOTCS K IpOrpaMMe IIPH €€ CO3JIaHuUU.

Oobcynum conepxumoe pynknuu Solve moapooOuee. [lepBeiM ee oneparo-
pPOM SIBJISICTCS OmepaTop BbI3oBa (yHKIMU Task, WHUIMATM3UpYOIEH Tpedye-
Moe 3aanue (CM. I. ). DTOT onepaTop UMeeTCs B MPOrpaMMax-3aroTOBKAX ISt
BCEX 3a/IaHHI, B TOM YHUCJIE U HE CBSI3aHHBIX C MapajuieIbHBIM MIPOTrpaMMHUpPOBa-
nuem. Oynkuusa Task peanusoBana B sape 3amaunuka Programming Taskbook
(TMHAMHYECKOW OMONMOTEKE) M JOCTYIHA B MPOrpaMMme ydJaierocst oixaroaaps
MOJKIIOYEHHOMY K Hel 3arojioBodHomy daitny ptd.h. ITomumo 3arosoBoYHOro
daitna pt4d.h B pabouem karaiore ydarerocs J0JDKeH HaXOAUThCs (aiin ptd.cpp,
coziep KaIui onpeaencHus QyHKIHA, 0ObSIBICHHBIX B (haiiie pt4.h.

OcraBimecs oneparopbl (yHKIMU SOlve cBsizanbl ¢ Oubnuorekoit MPI.
Mpl1 yke oTMeuaiu, 4yTo 3aJlauHuK Hcnojib3yeT oudamorexky MPI, Bxogsiiyto B
cuctemy MPICH — mupoko pacnpocTpaHeHHYI0 OeCIIaTHYH MPOrpaMMHYIO
peanuzanuio crangapra MPl st pa3nuuHbIX ONEpalMOHHBIX CHUCTEM, B TOM
yucne u s Windows. ®yHkimu U KoHCTaHTbl Oubnuotekn MPI goctymHb
nporpamme Onarojapsi MOAKIIOYEHHOMY K Hell 3aroiioBouHomy aitry mpi.h.
Peanuzanus dynkiuii w3 daiima mpi.h cogepkurcs B 00bekTHOM (haiine



mpich.lib, kotoperii TpeOyeTcs MOAKIIOYaTh K JIFOOOMY MPOEKTY Ha S3bIKaxX
C/C++, ucnons3yromemy ouommoreky MPIl. Onrako B HameMm cirydae 3TO IMOJ-
KITIOUCHUE Yoice 8bINOJHEHO B XOJIe CO3JJaHHS MPOCKTA-3ar0TOBKH, MO3TOMY JI0-
MOJTHUTEIIBHBIX JCHCTBHIA, CBA3aHHBIX C 3THM IOJKIIFOUYEHUEM, BBITIOJHATH HE
TpedyeTcs.

Mpumeuanue 1. O6bextHbIA lib-daiin mis cucremsr MPICH2 1.3 conep-
xutcs B moakaraaore MPICH2\lib u umeer ums mpi.lib, ogHako 3agadnuk
UCIOJB3YeT JJIs 3ToW OmOmmoreku HaszBanume mpich.lib, cosmagaromiee ¢
Ha3BaHMEM COBIIQJIAIONICE C HA3BAHMEM AHAJIOTMYHON OMOIMOTEKH IS
Bepcun MPICH 1.2.5 (310 mo3BossieT 3a1aBarh s MPOEKTOB OJIMHAKOBBIC
HAaCTPOMKH HE3aBUCHMO OT TOro, ¢ Kakoil Bepcueil cucrembl MPICH onu
JIOJDKHBI OBITH CBSI3aHBI: K TPOEKTY BCErla MOJIKIOYACTCS TOT BapUaHT
oubmmorexu mpich.lib, KoTopeIil conepkUTca B paboueM KaTayore).
Mpumeuanue 2. s mOAKIIOUEHHS] K TPOCKTY AomnoiHUTETbHOTO lib-
daitra B cpeae Visual Studio Hamo BBI3BaTH OKHO CBOWMCTB IpoeKTa (KO-
MaHaa «Project | <ums npoexma> Properties...»), mepeldTH B 3TOM OKHE B
paznen «Configuration Properties | Linker | Input» u ykazate ums moxiro-
gaemoro (aiina B mojie BBoaa «Additional Dependenciesy. Ecnu mepeiitu
Ha JaHHBIN pa3jie]l B CO3JIaHHOM IPOEKTE, TO Ha4aJbHBIA TEKCT B ATOM IIO-
7e BBoja OyaeT uMethb Bug «mpich.lib;».

Amnanoruunblie IedcTBHsS Haao npojenath u B cpeae Code::Blocks; B Hei
HaJO BBINOJIHUTH KoMaHIy «Project | Build options...», B mosBuBiiemcs
OoKHe mepeiitn Ha BKiaaky «Linker settings» u ykaszate TpeOyemyro Ouo-
aroTeky B pazaeie «Link librariesy.

Beizor ¢ynkuuun MPI_Initialized no3Bossier onpeaenuTb, HHUIMATH3IUPO-
BaH JUIS MPOrPaMMBbI TapajuIeIbHBIA PEKUM WM HET. ECITU pe)KuM WHUIHAH-
3MpPOBaH, TO BBIXOAHOW MapamMeTp (pyHKIHUK MPUHUMAET 3HAYCHHUE, OTIIMIHOE OT
HYJIS; B IPOTUBHOM CjIydac mapaMeTp IojiaracTcsl paBHbIM Hymo. Clieayer oT-
METHUTh, YTO WHHUIHAIHA3ALMS [TAPAIICIIBHOTO PEeXKUMa BBITOIHACTCS (QyHKIIUEH
MPI_Init, koTopass B MPUBEJACHHOM KOJI¢ OTCYTCTBYET. JTO OOBSCHSICTCSA TEM,
YTO 32 MHHIMAIU3AIMI0 OTBEYACT CaM 3aJa4HHMK, M BBIOJHACTCS OHa Tepen
TEM, KakK MporpamMma MepexoJuT K BBITOJHEHHIO Koja ydaiierocs. OaHako Ta-
Kas WHHUIMAIM3AIKs BBIMOJHACTCS 33JauHUKOM He Bceraa. Hampumep, ecnu
nmporpaMMa 3aryilieHa B JEMO-PEeKUME (I 3TOTO JOCTaTOYHO TPH BBI30BE
¢byukuun Task 1omonmHUTh UM 3a7aHuss CUMBOJIOM «?»: Task("MPI1Proc2?"), 3a-
TAYHUK He blNoJHsen WHUITNAIN3AINIO MMapajuIeIbHOTO PeKUMa, IMMOCKOJIBKY B
HEM HeT HeoOXOAMMOCTH. B 3T0il cuTyaruu BbI30B B KOJIE yyalierocst GpyHKIun
MPI (otnuunsix ot MPI_Initialized) moxet npuBecTH K HEKOPPEKTHOH padboTe
nporpammbl. Be3oB dynkiuun MPI_Initialized u cienyromuii 32 HUM yCIOBHBIH
orepaTop MpeaHa3HAYCHBI JJI1 TOTO, YTOOBI «IIPOMYCTUTH» IPHU BBIOJHCHUH
POrpaMMBbI BCE OIIEPATOPbI, BBEJACHHBIC YUAIIUMCS, €CII IporpaMMa 3amyiieHa
HE B Mapajlie]IbHOM PEeKUME.




JIBa mocienHuX OmepaTropa MPOrpaMMbl MO3BOJISIOT ONPEAETUTh JIBE Xa-
PaKTEPUCTUKH, HEOOXOAUMBIE /Il HOPMAJIbHOM paboThI 0000 IpoIecca Jko-
00i1 coliepxaTeNbHON MapalyIeIbHON MporpaMMbl: 00Iee KOJIUYECTBO MPOlLieC-
coB (¢yakmus MPI_Comm_size) u panr Tekymero mpomecca (QyHKIusS
MPI_Comm_rank). Texymmm cuuTaercss mporecc, BEI3BaBIIMN JaHHYIO (yHK-
nuio. TpeOyemasi XxapaKTepUCTHKA BO3BpAIIaeTCsl BO BTOPOM IMapaMeTpe COOT-
BETCTBYIOIIECH (DYHKIIMH; MEPBBIM MapamMeTpoM SIBISETCS KOMMYHHUKATOp, 3a-
naroiui Habop rnpoiieccoB. brarogaps BeI30BYy 3THX (QYHKIUNA MBI MOXKEM Cpa-
3y MCMOJB30BaTh B HAIIECH Mporpamme 3Ha4eHUs size (0011ee YuClIo MPOIECCOB
B kommyHukarope MPI_COMM_WORLD) u rank (panr Tekymiero mpoiecca B
kommyHukarope MPI_COMM_WORLD; 3nauenue panra o0s13aTeIbHO JICKHUT
B auamnazoHe ot 0 mo Size — 1). OGpatuTe BHMMaHWE Ha TO, YTO BTOpPBIC Mapa-
METPBI 3TUX (PYHKIIMH SBISIOTCS yKazamenamy Ha COOTBETCTBYIOLINE MTEPEMEH-
HBIC.

IMpumeuanue 3. Jlro6as ¢pyakuus MPI Bo3Bpamaer nadopmanmio 06 yc-
MEITHOCTH CBOETO BBIMOJIHEHUS. B 4aCTHOCTH, NIPH YCIEIIHOM 3aBEPIICHUN
¢bynxmus Bo3Bpamaet 3HaueHue MPl_SUCCESS. Onnako, kak mpaBuio,
BO3BpamaeMble 3HaueHus ¢Gyukiuid MPl He ananusupyrorcsi, a BO3HH-
Karolye ommOKy 00pabaThIBAIOTCS CIICHIUATBHBIM 00pabomuuKom oumubox
(error handler). IIpu BBIIOJHEHUU 3aJlaHHI 1O MApaUICTIBHOMY MPOrpaM-
MHUPOBAHMIO ¢ MpUMeHeHueM 3anaunnka PT for MPI-2 ucnonbe3yercs cre-
UAJIbHBII 00pabOTUMK OIIMOOK, KOTOPBIN OIpeneiaeH B 3aJauHUKE U
obecrieunBaeT BbIBOJ MHpoOpMaIu 00 ommbKax B 0COOOM pasjielie OKHa
3alayHuKa — pazoene omaaoxku. Hexotopsie Bo3moxknoctu MPI, cBsizan-
HblE C 00paboTkoil  OmUOOK, paccMaTpuUBaIOTCS B  3aJaHUSAX
MPI15Comm23-24, 6omnee noapodHoe onrcanne cpeactsa MPI, cBs3aHHBIX
¢ 00paboTKOM OMMOOK, TPUBOIUTCS, Harpumep, B [4, . 8]; [6, rr. 11].
IIpumeuyanue 4. B Oubnuoreke MPl npenycmorpena QyHkius
MPI_Finalize, 3aBepmmaroriast mapayuiebHyl0 4YacTh MPOrpaMMbI (TIOCie
BbI30BA 3TOM (DYHKIMM HENb3s HUCIOJIb30BaTh OCTaJbHbIE (PYHKUUU OMO-
aroteku MPI). OmHako B TO¥M 4acTH MPOrpaMMBbl, KOTOpast pa3padaThIBaeT-
Csl y4JallluMCsl, BBI3BIBATh ATy (PYHKIIMIO HENIb3sl, TaK KaK TOCJE BBIMOTHE-
HUS JAHHOW YacTW MPOTpaMMBbl 33JJaYHHUK JOJIKEH «COOpaTh» BCE PE3yib-
TaThl, MOTYyYEHHBIE B MOJYMHEHHBIX Tpoiieccax (YTOOBI MpOaHATU3UPOBATh
UX U 0TOOpa3uTh B OKHE TJIABHOTO MpoIEecca), a JUisl 3TOro MporpaMmma
JIOJDKHA HAXOJUTHCA B MapayjieibHOM pexume. [loaTomy 3amaunuk Oepet
Ha ce0s 005S3aHHOCTh HE TOJHKO WHHIIMAIU3UPOBATH MapaiIeNIbHBINA pe-
*uM (Bb13oBoM ¢yHkiun MPI_Init B Havasie BBIOIHEHUS IPOTPAMMBI), HO
¥ 3aBepnTh ero (Bbi3oBoM ¢ynkinuu MPI_Finalize B koHIie mporpaMmeri).




1.4. 3anyck npoepaMmbi 8 rapassiesisHoM pexxume

Tenepsr BBISICHUM, KakuM 00pa3oM AaHHBIA MPOEKT MOXKHO 3aIyCTHUThH B
napajuieIbHOM pexkuMme. [Ipy KoMmwIsimuwM W 3alyCKe W3 WHTETPUPOBAHHOMN
Cpelbl JII000H IporpaMMBI (JIaxe ¢ oAKIIoYeHHON ondmoTekoir MPI) ona Oy-
JIET 3amyIieHa B MHCTBEHHOM JK3eMIUIIpe. B e AMHCTBEHHOM SK3EMITISIPE OHA
OyzZer 3amyleHa W B cliydae, €ClId Mbl BBIMJEM M3 WHTETPUPOBAHHOU CPENIbI U
3allyCTHM Ha BBIOJIHEHHWE OTKOMITMJIMPOBAHHBIA €Xe-(aill JaHHOW Mporpam-
MBI

Jl7is 3amycka mporpaMMbl B MapajuieIbHOM pPEeKUME HeoOXoauma «yIpaB-
Jsronias» nporpamMa (anri. host application), koTopasi, BO-TIepBBIX, 0OeCIeUn-
BAeT 3aIyCK HY)KHOTO KOJMYECTBA SK3EMIUIIPOB MCXOTHOW MPOTpaMMbl U, BO-
BTOPBIX, IEPEXBATHIBACT COOOIICHUS, OTHPABICHHBIC JTHMH HK3EMIUIIPAMHU
(npoyeccamu) M IepechUIaET UX 1O HA3HAYCHHUIO.

Ms1 yKe OTMEUalH, 9TO SK3EMIUIIPBI «HACTOSIINX» TMapajuIeIbHBIX IPO-
rpaMM OOBIYHO 3aITyCKAIOTCS Ha Pa3HBIX KOMITbIOTEpaX, OObCTUHEHHBIX B CETh
(BBIYMCITUTEIIBHBIN KIIACTEP), WM Ha CYNEPKOMIIBIOTEPAX, CHAO0KEHHBIX OO0JIb-
IITUM YHCIIOM TIpoiieccopoB. IMEHHO B CHTyaIuu, KOT/a KaKIIbIi TPOIECC BbI-
MOJTHSIETCS HA CBOEM COOCTBEHHOM TPOIIECCOPE, U 0OECTIIEUNBACTCS MAaKCUMAIlb-
Hasg 3((PEKTUBHOCTh TapaJlIeNbHBIX MporpamMm. Pasymeercs, s mpoBepKH
MPaBUJILHOCTH HAIIMX y4E€OHBIX MPOrPaMM BCE UX IK3EMIUISPHI TOCTATOYHO 3a-
MyCKaTh Ha OJHOM JIOKaJIbHOM KOMITbIoTepe. OTHAKO yHpaBIISIoONIas IporpaMma
HE00XoaMMa U B 3TOM CIIy4ae.

B kadecTBe ympaBIsIonieil mporpaMMbl I MapaJijIeIbHBIX MPOrpaMM 3a-
gaunuk PT for MPI ucrone3yer npunoxkenne, sxoasiiee B cucremy MPICH. B
Bepcur MPICH 1.2.5 ono umeer umss MPIRun.exe (1 comepxutcst B Karajore
MPICH\mpd\bin), B Bepcun MPICH2 1.3 — ums mpiexec.exe (1 coaepxuTcs B
karajgore MPICH2\bin). Jlnsa 3amycka ucnosiHsemoro (aiija B MmapaieIbHOM
peXUME TOCTATOYHO 3aIyCTUTh COOTBETCTBYIOIIYIO YIIPABJISIONIYIO MPOTPAMMY
(MPIRun.exe win mpiexec.exe), nmepeaaB eil moiHoe ums (daiiiaa, Tpedyemoe
KOJIMYECTBO TIPOIECCOB (T. €. 3aMyMICHHBIX IK3EMIUBIPOB MPOTPAMMBbI) M HEKO-
TOpBIC JOTOTHUTEIbHBIE TTapaMeTphl. [10CKOIBKY TTPU TECTUPOBAHUH MPOTPAM-
MBI TaKWe 3ayCKH MPUIETCSA OCYIIECTBIATh MHOTOKPATHO, YKEIATeIbHO CO3/1aTh
nakeTHbIN ¢aitn (bat-haiin), cogepxaiiuii BBI30B yIpaBsIOIIeH MPOrpaMMbl CO
BCEMH HEOOXOIMMBIMU Mapamerpamu. OHAKO U B 3TOM CIydae MpoIecc TeCTH-
POBaHUS MapauIeILHON MPOrpaMMbl OyIET HE CIUIIKOM yI0OHBIM: KaXKIbIi pa3
MOCJIC BHECCHHSI HEOOXOMMBIX HCIIPABICHUI B MPOrpaMMy €€ MPUIETCS Tepe-
KOMITHJIMPOBATh, MOCJE 4Yero, MOKWUHYB WHTETPUPOBAHHYIO Cpedy, 3aIllyCKaTb
bat-gaiin. IIpoaHanu3upoBaB pe3yynbTaThl PabOTHI MPOrPaMMBI, MOTPEOyeTCs
OIISITh BEPHYTHCS B MHTETPUPOBAHHYIO CPEAy JJII BHECCHHUS B HEE OYCPEITHBIX
W3MCHEHUH, U T. JI.

IMpumeuanue 1. B cpene Microsoft Visual Studio mpemxycmorpen Mexa-

HU3M, YIIPOIIAOIINA TECTUPOBAHUE TIPOTPAMM, IS 3aITyCKa KOTOPBIX Tpe-



OyeTcs ympasisitonias nporpamma. B HacTpoiikax mpoekra (KoMaH/aa MEHIO
«Project | <umsa npoexma> Properties...») B pa3aene «Debugging» moxHO
yKa3aTh 3Ty YIPAaBISIONIyIo mporpammy (moie «Commandy; B HamieMm ciry-
gae 310 Oymer MPIRuUNn.exe mimm mpiexec.exe) u mapaMeTpsl e¢ 3amycka
(mome «Command Arguments»; TpeOyeMbie B HaIlleM Cllydae MapaMeTph
OITMCBIBAIOTCS Jjaliee B 3TOM ITyHKTe). [locie 3amanust moJ00HBIX HACTPOCK
3aIyCK pa3pabaTbIBaeMOr0 TPHIIOKEHUs OyIeT MPUBOAUTH K 3aIyCKy
ympasisitonieil mporpaMMbl. Takum o0pa3oM, HEOOXOAUMOCTh B OTHEIb-
HOM 3amycke bat-gaiina ornamaer. [IpaBaa, mpu 3ToM morpedyercs a00a-
BUTH B MporpaMmy (pparMeHT, 00eCIeUnBaOINN €€ TPUOCTAHOBKY B KOH-
1€ BBIMTOJTHEHHUS, TIOCKOJIBKY TPU €r0 OTCYTCTBUHU OKHO YIPAaBISIONICH Mpo-
rpaMMbl Oy/I€T HEMEJUIEHHO 3aKpbITO, U HE Y1aCTCsl 03HAKOMUTHCS C IMOJTY-
YeHHBIMU pe3ynbTratamMu. CienyeT TakKe OTMETHTh, YTO B OOJBIITUHCTBE
cpen pazpabotku (B yactHoct, B Code::Blocks) ymnpasisromnryto mporpam-
My MOXXHO YKa3bIBaTh TOJBKO MPU TECTHPOBAHUH OMOJIMOTEK, MOITOMY
IPY UCTIOJIH30BAHUU MOIOOHBIX Cpejl 00OUTHCH Oe3 BCIoMoraTenbHbIX bat-
daitnoB i 3amycKa TECTUPYEMOM POTpaMMBbI HE yIaCTCsl.

Jlnst Toro 4yToOBbl AEUCTBUS MO 3aIMTyCKy NapaJjIeIbHOWM MPOrpaMMBbl HE OT-
BJICKAJIM OT pemeHus 3aaaun, 3aaadyauk PT for MPI-2 BeimosHseT UX caMOCTOS-
TenbHO. [IponeMoHCTpUpyeM 3TO Ha MpUMEpPE HAIIEero MPOeKTa ISl pelIeHUs
3amaun MPI1Proc2, xotopsiii y>xe rotoB k 3amycky. Haxkmem knaBuiry FS B
cpene Visual Studio; B pe3ynbrare OyieT BBINOJIHEHA KOMIIISIIHS IIPOTPAMMBbI
U, B Cllydyae ee yCIICIIHOr0 3aBepUIeHMs], IporpaMma OyleT 3amylieHa Ha BbI-
nosiHeHue. [TockonbKy MBI HE BHOCHJIM B 3arOTOBKY HUKAKUX U3MEHEHUH, KOM-
NWISIIKS JOJDKHA 3aBepLIMThCs ycnemHo. [Ipu 3amycke mporpaMMbl Ha SKpaHe
MOSIBUTCSI KOHCOJIBHOE OKHO, TIOJJOOHOE MTPUBEACHHOMY Ha PHC.




ﬂC:‘\Windows\systemﬂ\cmd.exe || (S|

A npnrpir .
Ctr1+C unu h_rT+ErHaL.

OT NOAYMHEHHLIX Mpo E PaBHO 37K ¢
2. [LNA WM3MEHEHWA B 1 OXMAIHWMA

M AnA Ao A5 -thamnn OMAaHAE Paus

MCNONb3Y KOMaHAs M3 KOHTEKCTHOIO MEeHH OKHA 3aAadqyHuKa.

“Program Files MPICH2bin'\mpiex

lork\ptprj

Puc. 5. KonconpHoe 0kHO ¢ nHbOpMaIuei o 3alycke mporpaMmbl B TapajIeIbHOM PEXUME

[Tocne HECKOJBbKUX CTPOK HH(GOPMAIIMOHHOTO COOOIICHUS B 3TOM OKHE
oToOpa)xkaeTcss KOMaH/IHasi CTPOKa, KOTOpas 00ecleurnBaeT 3amyCK MPOrpaMMbI
ptprj.exe B mapauieIbHOM peXXUME IO YIIpaBieHreM Mmpiexec.exe. Uucio «5y,
YKa3aHHOE Mepe]l MOJTHBIM UMEHEeM eXe-(paiina, o3HayaeT, YTO COOTBETCTBYIO-
M Mporiece OYICT 3amyIieH B AT dk3emiusgpax. [Tapamerp —nopopup_debug
OTKJIFOYAET BBIBOJ COOOIIEHUI 00 OIIMOKAaX B OTAEIBHOM OKHE (MOCKOJBKY 3TH
COOOIIICHUSI B KOHEUHOM HTOTe OYAYT BBIBEJCHBI B OKHE 3aJJaYHHKA), TapaMeTp
—localonly obecmneunBaeT 3amyck Bcex IK3EMIUISIPOB Ipollecca Ha JIOKATbHOM
KOMIIBIOTEPE.

Cpa3zy mnocne mnosiBJ€HUsS KOHCOJBHOIO OKHA, €CIU paHee MapalijieibHas
nporpaMma ¢ MMeHeM PIprj.exe He 3amyckajiach, Ha 9KpaHe MOXET MOSBUTHCS
eire oaHO OKHO (puc. ).



ﬂ OnogelleHve CUCTEMBI Be3onacHocTi Windows @

@ bpanamaysp Windows 3abnokupoBsan HekoTopble

BO3MOXHOCTW 3TOW nporpamMmabl

BpaHgmaysp Windows 2abnokupoean HekoTopele dyHkuMK Process launcher for MPICH2
applications 8o Bcex 0GLLECTBEHHEIX M YACTHEIX CETAX.

Hms: Process launcher for MPICH2 applications|
Waparens: Argonne National Lab
MyTh: C:\program files (x86)\mpich2\bin\mpiexec.exe

PazpewuTs Process launcher for MPICH2 applications cBA3b B 3THUX CETHX:

|| YacTHele ceTw, HanpuMep, AOMAWHAR WM paboyan ceTh

[ | ofuiecTeenHbie ceTH, HaNpUMeD, B a3ponopTax W Kade (He pekoMeHayeTos,
NOCKOMEKY TAKWE CETH 3aUacTyH aLUMLLEHE! HEAOCTATOUHO WK HE 33LUMLLEHEl BOBCE)

OnacHoCTW Nponycka nporpamMMel Yyepes Bpanamaysp

l PazpelunTe oCTyn l l OTMeHa l

Puc. 6. OkHO ¢ 3a1TpocOM 0 OJIOKHPOBKE 3aMYIICHHOW NapajieIbHOW POTrPaMMBI

B atom okHe cienyet BeIOpaTh BapuaHT «Pa3pemurs 1oCcTyIm.
Hakonert, Ha skpaHe MOSIBUTCS OKHO 3aJJadHuKa (puc. ).



@ Programming Taskbook - SnekTpoHHbIA 3a4auHWK NO NporpaMmnpoBadnio [C++] @

MPOLECCH M UX PAHTW PeayneTatel (F2)  LlgeT (F3) Pexum (F4)
3apanwe: MPI1Proc2° BhinonHAeT: MBaHoB NeTp

Bbixog (Esc)

O3HAKOMHTENBHLIR 3anyck: ‘

HE BbIMONHEHA HW O4Ha M3 OI'IEDELI'HIH BBOAa-BbIBOAA.

Beoa 0 u3 5 BoiBog: 0 M3 6 TecTsl: 1 M3 5
I

B Ka®mIOM M3 IpPOLEeCCOB, BXOAAMMX B KOMMyHMKaTop MPI_COMM WORLD,
NpoYecTs OIHO LEeJioe YMCIo A ¥ BHBECTM €T'0 YIBOSHHOE SHadeHME.
KpoMe TOTO, OJIA DRIABHODO npoluecca (npouecca paxdra 0)

BEHIBEECTH KONMYECTBO NPOLECCOB, BXONANMX B KOMMyHMRaTop MPI COMM WORLD.
ImAa BEOOA M BHBOOA OAHHHX MCNOJIBS0BATE NOTOK BBONA-BHEOOA DPL.

B DIAaBHOM MpOlLEeCCe NPOOYyOIMPOEATE BHEBOMN OAaHHEX B pasielle OTIamKHM,
oTOOpasME Ha OTHOESNIEHEX CTPOKAaX YIOBOSHHOE SHauYeHMe A UM KOIMYUECTEO
NpolleCcCOB (MCHONBS0OBAaThH OBa BHSOBa OYHRUMKM ShowLine, onpemelleHHON
B SaladYHMKEe HApAODY C QyHKIMel Show) .

MCXOIOHEE IOaHHHE

pouecc 0 L = 38
Ipouecc 1: L = 33
Ipouecc 2: L = 20
pouecc 3 A = 20
Ipouecc 4: L = 43
Comep®uMoe pasiella OTIagKM OOJIRHO OHTE CJeTYDINM:
0l 1> 76
0l 2> 5
[IpMMED BEPHOTO pPENEeHMH
Mpouecc 0: 76 5
Npouecc 1: 66
Npouecc 2: 40
Ipouescc 3: 40
Npouecc 4: 86

Puc. 7. O3nakoMuTenbHbIl 3anyck 3aaanus MPI1Proc2

BHeniHe 3T0 OKHO HU4EM HE OTJIMYAETCA OT OKHA, BO3HUKAIOIIETO P BBI-
MOJIHEHUH OOBIYHOM, «HEeMapauieabHo» nporpaMmbl. OgHAKO OTIMYKE UMEET-
csi: B JaHHOM ciiydae MH(popMals 0 TOM, YTO He OblIa BBINOJHEHA HU OJIHA U3
omnepalui BBOJA-BbIBOJIA, OTHOCUTCSL KO 8CeM NPOYeccam, 3anyujeHHviM 6 na-
DPANNENbHOM pedcume.

Jlnia 3aBepuieHus pabOThl MpOrpamMMmbl Hall0, KaK OOBIYHO, 3aKPBITh OKHO
3aJ]a4yHKKa (HarpuMmep, MEeIKHYB MBIIIbIO Ha KHOTKEe «Bbixox (ESC)» win HaxxaB
knaBuiry ESC). Ilocne 3akpbITHsi OKHa 3aJjauHHKa HEMEJJIEHHO 3aKpOeTcs U
KOHCOJIbHOE OKHO, M Mbl BEpHEMCSI B HHTETPUPOBAHHYIO CPEAY, U3 KOTOPOil ObI-
J1a 3aIlylleHa Hallla mporpamma.

Taxum 00pa3oM, OTKOMIMJIMPOBAB U 3aIyCTUB MPOTPAMMY U3 UHTETPUPO-
BAHHOMW CpeJIbl, Mbl CMOTJIM Cpa3y 00€CIeUUTh €€ BHIMOJHEHUE B apaJlJIEIbHOM
pexuMe. ITO MPOUCXOIUT Onarogapst AOCTATOYHO CIIOKHOMY MEXaHU3MY, KO-
TOPBIN peaan3oBaH B sape 3amaunuka Programming Taskbook. s Toro 4to0sl
YCIEIIHO BBIMOJHATH y4eOHbIE 3aJJaHusl, HE TpeOyeTcs IeTalbHOr0 MOHUMAHMUS
ATOr0 MEXaHM3Ma, MOATOMY JAJUM 3JEeCh JIMIIb €ro KpaTkoe omnucanue (moj-
POOHOCTH MPHUBEICHBI B 1I. ).



«Ha camom pene» mporpamma, 3amyli€HHash U3 MHTEIPUPOBAHHOM CpEIbI,
HE TBITAETCS PEIIUTDH 337a4y U BBIMOJIHSICTCS B OOBIYHOM, «HEMAapalICITbHOM)
pexxume. OOHapyKUB, YTO 33/a4a OTHOCUTCS K TPYyMIe 3aJaHuil 10 mapaieb-
HOMY MPOTrPaMMHUPOBAHUIO, OHA JIMIIb CO3JMaeT MakeTHbIA (ain $pt_run$.bat,
3aMKChIBAsl B HETO CTPOKA KOMMEHTApUs U KOMaHJIHYIO CTPOKY, 0OecleunBaro-
IIYIO BBI30B MPOTpaMMBbI MPIeXec.exe ¢ HeoOXOIMMBIMH MapaMeTpaMu, MOCe
Yero 3amycKaeT 3TOT MAaKeTHBIM (ailyl Ha BBIMIOJIHEHHE W MEPEXOJUT B PEKUM
OKUJIaHUsl 3aBepIIeHUs] pabOThl MakeTHOro daina. 3amynieHHas ¢ MOMOIIbIO
MaKETHOTO (aiisia mporpaMma MpPIexec.exe 3amyckaeT, B CBOIO 0Yepe/lb, Hy)KHOE
KOJIMYECTBO IK3EMILISIPOB IIPOrpaMMbl (ITPOLIECCOB) B MapaJICIbHOM PEXUME, U
3TH MPOIIECCHl AEUCTBUTENBHO MBITAIOTCS PEIINTH 3a1a4y. B wacTHOCTH, 3a/1a4-
HUK IpeaaraeT KaxaoMy Mpoleccy ero Habop MCXOTHBIX JaHHBIX U OKUIAET
OT HETO HabOp pe3yJIbTATOB.

[TockonbKy B HallleM Cily4ae HU B OJHOM IpoOIEcce He ObUIa yKa3zaHa HU
OJIHa omepalys BBOJIa-BbIBOJA, JAHHBIN 3aIlyCK MapajuieIbHON NporpaMMbl ObLI
NPU3HAH O3HAKOMHUTEIBHBIM, O Ye€M M OBUIO COOOIIEHO B MH()OPMALMOHHOM
pazzene okHa 3ajayHuka. OTMETUM, 4TO JAHHOE OKHO OTOOPaKAETCS 21d8HbIM
npoyeccom NapajyIeIbHONW MPOrpaMMBbl, B TO BpeMs KaK BCE€ MOAYUHEHHBIE MPO-
LECCHI (a TaK)Ke camblil IEPBBIA IK3EMIUIAP MPOrpaMMBbl, 00ECIIEUNBILINNA CO3/a-
HUE U 3aIlyCK [TAKETHOTO (ailna) paboTaloT B «KHEBUAUMOM» PEXKHUME.

[Ipu 3aKppITHHM OKHA 3aJa4HHKA IMPOMCXOIAUT 3aBEPIICHHUE BCEX MPOLIECCOB
NapaJyIeIbHON MPOTrpaMMBI, IOCJE 3TOTO 3aBEPIIACTCS BBITOJIHEHHUE IMAKETHOTO
daiina u, HaKoHeI, OOHAPYKUB, UYTO MAKETHBIN (aiiil yCrenHo 3apepuiui pado-
Ty, 3aBepuIaeT paboTy U TOT 3K3EMIUISp HaIIe MporpaMMbl, KOTOPbIM ObLT 3a-
NYIIEH U3 UHTETPUPOBAHHON CPEIBI.

Ipumeuanue 2. «CTapTOBBII IK3EMILISIP IPOrpaMMbl 00ECIIEYNBACT BbI-
MOJIHEHHE €IlI€ OJTHOTO JIEUCTBHS: OH aBTOMAaTUYECKH BBITPYKAET U3 Mamsi-
T BCE MPOLECCHI MapaieNbHON MPOrpaMMBbl, €CIU B pe3yibTaTe HENpa-
BUJILHOTO TPOrPaMMHUPOBAHMS MPOUCXOIUT UX «3aBucaHuey». Ecau mpu
BBITIOJTHEHUH TapayyienbHoil mporpammbl B TedeHne 20-30 cekyHJ OKHO
3aJlayHUKA HE MOSBISAETCA, TO 3TO, KaK MPABUIIO, O3HAYAET, YTO OHA 3aBUC-
ja (MHOTIa 3aBUCaHUE MPOTPaMMBbI MPOSIBISETCA B TOM, YTO MOCIIE 3aKPbI-
TUS OKHA 33JJaYHUKA HE IPOUCXOJUT HEMEIJIEHHOTO 3aKPBITHS KOHCOJIBHO-
ro OKHa, T. €. 3aBepIICHHs paboThI makeTHoro (aitna). B sToil cutyaruu
HAJI0 3aKpbITb KOHCOJIBHOE OKHO, CI€Ays NPUBEIECHHBIM B HEM YKAa3aHUAM
— Ha)KkaB HECKOJIbKO pa3 komOuHarwio kinasuin Ctrl+C wumm Ctrl+Break.
Ecnu cTtapToBBI 9K3eMIUISIp TPOTrpaMMbl OOHAPYKUT, YTO MAKETHBINA (haii
3aBEepIIMJI CBOIO padOoTy, a B TaMSTH OCTaJIMCh 3aBUCIINE MTPOLIECCHI Mapal-
JIEIbHOW POTPaMMBbl, TO OH aBTOMAaTHYECKH BBITPY3UT U3 MaMATH BCE ITU
IpoLecChl. JTO JEUCTBUE SBISETCA BAXKHBIM, TaK KAk, NTOKa B MaMITH OC-
TaIOTCS POLIECCHI, CBA3AHHBIE C UCTIONHIEMBIM (paliiioM, 3TOT (ailn Hellb3s




W3MEHUTH (B YaCTHOCTH, yJIaJUTh WJIA 3aMCHHUTHh Ha HOBBIA OTKOMITHIIHPO-
BAHHBII BAPUAHT).

Ilpumeuanue 3. MlHoTa 3aBUCAIOT JIMITHL HEKOTOPHIE TTOYNHEHHBIE TTPO-
[[ECChl MapauIeNFHOTO TMPWIOKEHUA. B 3TOM cilydae TIaBHBIN Mpoliecc
OOBIYHO BBIBOJIMT CBOE OKHO M COOOIIAET, B KAKUX MMEHHO MOTUYNHECHHBIX
mpoleccax MPOU30ILIO0 3aBUCAHUE (a Tak)Ke BBIBOAUT PE3YJIbTAThl, MOJIY-
YeHHBIE M3 TEX MOJYMHEHHBIX MPOIIECCOB, KOTOphIE HE 3aBUCIH). Takas
uH(poOpMaIUsT MOXKET OKa3aThCsl MOJIE3HOW MpU IMOUCKE M HUCIPABJICHHUU
OIIHUOOK.

['aBHBIN MPOIECC CYUTAET MOAUYMHEHHBIN MPOIIECC 3aBUCIIUM, €CJIU OH HE
MOJIy4aeT OT HEr0 OTKJIMKA B TEUEHHE HEKOTOPOrOo MPOMEKYTKa BPEMEHH
(MpoNOPIHMOHATBHOIO KOJMYECTBY IpoieccoB). Ilo ymomuanuto 310 mpo-
MexyTok paBeH 3*K cexynp, rae K — konndecTBo mporeccoB (00 3ToM
coo01aeTcss B KOMMEHTapuH, KOTOPBIA BEIBOJUTCS B KOHCOJILHOM OKHE). B
HEKOTOPBIX, OYCHb PEIKHUX, CIIyYasX MPH BBHIMOJHEHUU 3aJaHUN HAa KOM-
NBIOTEpPaxX C HU3KUM OBICTPOJICHCTBHEM BO3MOXKHA CHTYyAIlHs, KOT/Ia HEKO-
TOpBIC MMOAYUHEHHBIE TPOIIECCHl «HE YCIEIOT» 3aBEPIINTh CBOIO YacTh pa-
OOTBI 32 OTBEJICHHOE BPEMsI OKUJAHUS, U TJIaBHBIN MPOIIECC COUYTET UX 3a-
BHCIIIMH, XOTsI PEIICHNE 3a/1aU SBISICTCS IPABMIIBHBIM. B Takux ciydasx
MO>KHO YBEJIMYUTH BPEMs OXKHJIaHUSI, UCTIOJIb3YsSd KOMaHJbl KOHTEKCTHOTO
MEHIO OKHA 33/IauHUKa «YBEJIWYUTh BPEMS OKUJIaHUSA OTKIUKA OT MO4YH-
HEHHBIX MPOIECCOBY» U «Y MEHBIIUTh BpeMs OKUJAHUSI OTKIIMKA OT TOIYHU-
HEHHBIX TTPOIIECCOBY.

1.5. BbinonHeHue 3adaHus MPI1Proc2

[lepeiinem K BBIMOJHEHUIO 3ajaHus. Tenepb, KOraa Mbl TOAPOOHO MO3HA-
KOMUJTUCh C MEXAaHU3MOM pabOThl IPOrpaMMbl B MAapaIEIbHOM PEKUME, pelie-
HUE 3TOW MPOCTOM 3a/1auu He OyAEeT MPeACTaBIATh JJIsl HAC 0COOBIX MPOOIIEM.

HaunewMm c BBOga ncxonnsix gaHHbiX. [1o yciioBuio B kaxaom mporecce Ja-
HO IO OJIHOMY Lienomy uuciy. IlepeiiieM Ha MycTyI0 CTPOKY, PACHOIOKEHHYIO
Huke Bbi3oBa pynkuuu MPI_Comm_rank. Eciiu npu BBITOJIHEHUH TPOTPAMMBbI
OyJeT JOCTUTHYT JAaHHBIM y4acTOK KOJa, TO 3TO 03HAYAET, UTO IporpamMma Oblia
3amyIieHa Kak OJMH U3 MPOIECCOB MapaIeTbHOTO MPUIIOKEHHS (B TPOTUBHOM
citydae ObLT OBl BBITIOJTHEH OTIEPATOP BHIXO/A, YKa3aHHBIN B YCIIOBHOM OTIEPaTO-
pe). Takum 006pa3oM, B 3TOM MECTE MPOTrpaMMbl MOKHO BBECTH JIEMEHT UCXOJ-
HBIX JAHHBIX, MPEIBAPUTEIIBHO onucaB ero (31ech M jaajaee OyaeM MPUBOIUTH

TOJILKO cojiepskumoe GyHkimu Solve):
Task("MPI1Proc2");

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;



int rank, size;

MPI Comm_size(MPI COMM_WORLD, &size);

MPI _Comm_rank(MPI_COMM_WORLD, &rank);

int n;

pt >> n;

Jlsi BBOZIa MCXOJHBIX JAHHBIX MBI WCIOJIB30BAJM CHEIUATBHBIA MMOTOK
BBO/Ia Pt, onpeencHHbIN B 3aa4HrKe (CM. T1. 8.2). DTO MOTOK MO3BOJISIET BBO-
JTUTHh JaHHBIC JIIOOBIX CKAIIPHBIX THUIOB, B YacTHOCTH, it m double, xoToprie
0OBIYHO M TPeOYIOTCS MPH BHIMOIHCHUH 3a1aHuil u3 3agaunuka PT for MPI-2.

3amycTUB MOJyYEHHYIO TPOrpaMMy, Mbl YBUIMM Ha SKpaHE OKHO 33JJa4HU-
Ka (CM. puc. ).

@ Programming Taskbook - InekTpoHHBIF 334a4HWK N0 NporpaMMUMpoBannio [C++] @
MPOLIECCHI M WX PAHIA PesynsTaTel (F2)  LiBeT (F3)  Peskum (F4)
3ananne: MPI1Proc2° BbinonHAET: MBaHOB MeTp
3anyck ¢ NpaBuNbHBIM BEOAOM AaHHbIX: B E
BCe TpeGyemble NCXOAHbIE AaHHBIE BBEAEHL!, PE3YNLTaThl HE BhIBEAEHEI. Exoal(E=e
Beoa: 4 uz 4 M| BbiBog: 0 M3 5 TecTol: 1 M3 5

— —

B XKa®OOM M3 IPOLECCOB, BXONANKMX B KOMMyHMKaTop MPI_COMM WORLD,
Npo4YecThs OMNHO IIEJIoe YKMCIo A M BEHEBECTHM €70 YIOBOSHHOE SHAaUeHUE.
KpoMmMe ToToO, OJIA DTRIAEHOTO mOpolecca (mnpouecca paxdra 0)

BEIBECTH KONMYECTBO NPOLECCOB, BXONANMX B KOMMyHHMKaTop MPI_ COMM WORLD.
ImAa BEOOA M BHBOJA OAHHHX MCNOOJIBSOBATE NOTOK BBEONa-BHEOIOAa DPL.

B TJIAaBHOM IMpolecce NpoAIyOSIMpPpOBATE BHEOI OaHHHX B pasielle OTIAaIKHK,
oToBpasMBE Ha OTISNBHEX CTPOKaxX YIBOSHHOS SHAauYeHMe A UM KOJMMUESCTEBO
npoleccoB (MCHNONBS0BATH [OBEa BHSO0BAa OYHKUMKM ShowlLine, onpemeleHHON
B SafadyHMKe HApPAOY C OyHEUMel Show) .

VMCXOOHEE OaHHHE

Npouecc 0: L = 33
Ipouecc 1: B =49
lpouecc 2: L = 32
lpouecc 3: L = 33
Comep®EMMOe paslefyla OTIalKM IOJNEHO OHTE CIeIyDIMM:
ol 1> 66
ol 2> 4
[IpuMMep BEPHOTO pPENEeHMS
Npouecc 0: 66 4
Npouecc 1: 98
Npouecc 2: 64
Ipouecc 3: 66

Puc. 8. OxHo 3aJa4HHKa C HH(I)OpMaHHCﬁ O IMpaBUJIbHOM BBOAC MCXOJHBIX JaHHBIX

3aayHiK OOHApPYXKHUJI, YTO BBOJ| JAHHBIX BBIITOJIHEH, W, TAKUM 00pa3om,
nmporpaMMma MpUCTYIuIa K perieHnio 3agaun. OIHAKO HU OJWH PE3YyIbTHPYIO-
M 3JIEMEHT JaHHBIX He ObUT BbIBeAeH. CTPOro roBOps, 3TO CBUACTEILCTBYET
00 OMMOOYHOM PEIICHUH, OJTHAKO TIEPBHIH IIar K MPaBUIBHOMY PEIICHHIO HAMH
ClleJlaH: TPaBHJILHO BBEJICHBI BCE MCXOJHBIC JaHHBIC. B mogo0HOW cuTyanuu
3aJJaYHUK BBIBOJHT COOOIIEHUE HA CBETIIO-CHHEM (POHE «3anyck ¢ npasuibHuiM
86000M OAHHBIX: 8ce mpebyemble OaHHbLE 86€0€Hbl, PE3YIbMaAMmMbl He 8blBEOEeHbI



OOpartute BHUMaHHE HAa TO, YTO JAOOABJICHHBIC HaMH JCHCTBUS MO BBOIY
JTAHHBIX BBITIONHSIOTCS 80 8CeX NPOYeccax napaiieibHoco npunodicerus. OTMe-
THAM TaKKe, YTO MPHU JAHHOM 3aITyCKE TIPOrPaMMBbI KOJTUYECTBO IMPOIIECCOB CTAIIO
apyruMm. [Ipu BBITOTHEHUH 3a7aHUST YHCIIO TPOIECCOB MOXKET M3MEHATHCS, MO-
ATOMY pEIIeHUE OYIAET CUMTATHCS IPABUIHLHBIM TOJIBKO B CITydae, €I OHO JaeT
BEPHBIN pe3yabTaT MPH JFOOOM JTOMYCTUMOM KOJIMYECTBE MPOIIECCOB.

3akpoeM OKHO 3aJlauHMKa U BEepHEMCs K Hamlel nporpamme. B xaxiaom
MpoIECCe HaM HaJI0 BHIBECTH yJIBOCHHOE 3HAYCHUE BBEJEHHOIO YKCIIa, TOITOMY
n06aBuM B KoHeI pyHKIHK SOIVe ere ofuH oneparop:

pt << 2 * n;

Jyist BBIBOJIAa TAHHBIX TIPU PEIICHUH 337249 UCITOJIB3YETCsl TOT JKe TTOTOK Pt;
TaKUM 00pa3oM, 3TOT TIOTOK SIBISICTCSI HOMOKOM 8800A-8b1800A.

3amycK MCIPaBICHHOTO BapyaHTa MPUBEET K MOSBICHUIO OKHA C cO00IIe-
HUeM 00 ommuoke (puc. ).

@ Programming Taskbook - SnekTpoHHbIA 3a4auHWK NO NporpaMmnpoBadnio [C++] @
NMPOLIECCHI 1 WX PAHT PesyneTatel (F2)  LiseT (F3) Pexum (F4)
3ananwe: MPI1Proc2® BrinonHAeT: VBaHoB MNeTp

BbiBeeHEl He BCe pesynsTUPYIoWHe aHHbIe.

Owwmbka npousoLuna B npouecce 0. EEm (=)

Beog 4u3d W BriBog 4 35 W TecTel: 113 5

-] —

B Xa®mOOM M3 NpPOLECCOB, BXOOANMX B KOMMyHMKaTop MPI COMM WORLD,
NpodYecTb OOHO LEJIOE YMCIO A M BHBECTHM €U0 YyIBOEHHOE SHadYeHME.
KpoMme ToOTO, ONA DPAIABHOTO NOpounecca (npouecca paHra 0)

BEBECTM KOIMYECTBO MNPOLECCOB, BXONANKMX B KOMMyHMKaTop MPI COMM WORLD.
Ina BBOOa M BHBOINA OAaHHEX MCIOJNBS0BATH IOTOK BBOIa-BHEBOOa pPt.

B DJaBHOM Ipoliecce NpoIyGIMpoOBaTbh BHEOJN OAHHEX B pasIelle OTIagKM,
oTofpasuMBE Ha OTHOENbHHEX CTPOKAX YOBOESHHOE SHadYeHMe A M KOJIMYECTEO
npoleccoB (MCOOMB30BAThH OBa BHSO0BAa OYVHKUMKM ShowLine, onpemeleHHON
B SaladyHMKE HapAIy C OYHEUMeH Show) .

MCXOIOHEE IOAaHHHE

Ipouecc 0: L = 36
Ipouecc 1: L = 43
Ipouecc 2: L = 32
Ipouecc 3: n =10
Comep®uMoe pasiella OTIagKM OOJIRHO OHTE CJeTYDINM:
0l 1> 72
ol 2> 4
IoNMy4YeHHEE DESYIbTATE
Ipouecc 0O:
Ipouecc 1: 5]
Npouscc 2: 64
pouecc 3: 20
[IpMMED BEPHOTO pPENEeHMH
Ipouescc 0: 72 4
Npouecc 1: 86
Npouecc 2: 64
Mpouscc 3: 20

Puc. 9. OxHo 3a1aunnKa ¢ HHPOpMaIeH 00 ommoOKe B TJIABHOM IPOIIecce



Tenepr BO BCceX MOTYMHEHHBIX IMPOIIECCAX BBIBEICHBI TPEOyeMbIC PE3YITh-
taThl. KpoMe TOro, yIBOGHHOE YHCIIO BBIBEICHO M B TJIAaBHOM MpOIEcce. ITH
JAHHBIC SBIISIOTCS] IPABUIILHBIMHE, B Y€M MOKHO YOSIUTHCS, CPAaBHUB 3HAYCHUS,
BBIBEICHHBIC B pa3/ielic pe3yIbTaTOB U MMOKA3aHHBIE B pa3jielie C MPUMEPOM Bep-
HOTO PEIICHUS.

OnHako B TJIABHOM Mpoliecce TPeOOBAIOCh TAKXKE BBIBECTH KOJIWYECTBO
MPOLIECCOB, BXOSAIIMX B KOMMYHUKATOP, a 3TO cenano He Obuto. [losTomy uH-
dbopmalMoHHasl TIaHEb COJICPKUT COOOIICHUE «Bblsedenbl He 8ce pe3)yibmu-
pyiowue oannvle. Quiubra npousouiia 6 npoyecce (», IpudeM cooOIIEHUE BbI-
BOAMUTCS Ha opaHkeBOM (poHe. OpaHKeBbIN LIBET UCIIOJIB3YETCS ISl BBIACICHUS
OIIMOOK, CBSI3aHHBIX C BBOJOM WJIM BBIBOJIOM HEOOCMAMOYHO20 KOJIMYECTBA
naHHbIX. [Ipy OMBITKE BBECTH WITH BBIBECTH JIUUHIE TaHHBIE HH(DOPMAIMOHHAS
TIaHEeJ b BBIJCISICTCS] MAJTMHOBBIM I[BETOM, €CJIM BO3HUKAIOT OIIMOKH, CBSI3aHHBIE
C UCTIOJIb30BAaHUEM JAHHBIX He8epHO20 Mund, TO 1BET MaHeIn CTAaHOBUTCS (puo-
JeTOBBIM. [[J1s1 BCEX MPOYMX OMMUOOK UCIIOJIB3YETCSI KPACHBIN IIBET.

KonryecTBO MpoIecCOB XpaHHUTCS B NepeMeHHOU Size. IlombiTaeMcs BbI-
BECTH 3HAYCHHE ITOW NEPEMEHHOM B KOHIIe QyHKIMK Solve:

pt << size;

OKHO 3aJlayHUKa MPUMET BU/I, MPUBEICHHBIN HA PUC. .



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

MPOLECCH M UX PAHTW PesynsTaTel (F2)  LiBeT (F3)  Pesum (F4)
3anaHwe: MPI1Proc2° BbINONHAET: VBaHOB NETp
MONbLITKA BHIBECTH MUILHWE PEIYNETUPYIOWME AAHHBIE.
OlWNBKa Npou3oLLNa B NpoLeccax 1-2. BeonlE=a)
Beoa 3m3d M BriBog: 4 n3 4 W TecTwl: 113 5
- - ] ——

B Ka®mIOM M3 IpPOLEeCCOB, BXOAAMMX B KOMMyHMKaTop MPI_COMM WORLD,
NpoYecTs OIHO LEJIoe YMCIo A M BEHBECTHM €70 YIBOSHHOE SHadeHUE.
KpoMe TOTO, OJIA DRIABHODO npoluecca (npouecca paxdra 0)

BEHIBEECTH KONMYECTBO NPOLECCOB, BXONANMX B KOMMyHMRaTop MPI COMM WORLD.
ImAa BEOOA M BHBOOA OAHHHX MCNOJIBS0BATE NOTOK BBONA-BHEOOA DPL.

B DIAaBHOM MpOlLEeCCe NPOOYyOIMPOEATE BHEBOMN OAaHHEX B pasielle OTIamKHM,
oToBpasME Ha OTHOENIEHEX CTPOKAaX YIOBOSHHOE SHauYeHMe A UM KOIMYUECTEO
NpolleCcCOB (MCHONBS0OBAaThH OBa BHSOBa OYHRUMKM ShowLine, onpemelleHHON
B SaladyHMKE HapAIy C OYHEUMeH Show) .

MCXOIOHEE IOaHHHE

Ipouecc 0: L = 44
Mpouecc 1: A = 45
Ipouecc 2: L = 36

CoOep®RMMOE pasOella OTIaOKM OONRHO OHTE CJeIVOINM:

0] 1> &8
o1 2> 3
MoJy4eHHHE PESYJIBTATE

Npouecc 0: 88 3
lIpouecc S0
Npouecc 2: 72

[y

[IpMMED BEPHOTO pPENEeHMH
Npouecc 0: 88 3
lIpouecc S0
Npouecc 2: 72

[y

] 1> !'MIpy HamM4uy oMOOK B NOIYMHEHHHEX OpPOLECCaX

0] 2> ! pemeHMe IONA DJABHOTO [IpOlleCcca He NpOBEDASTCH.
1] 1> !TonuTka BHEBECTM JIMIHME PEeSYJIbTHMPYOLME IAaHHBE .
2] 1> !NoneTra BHEECTM JMIHME pPeSyJlbTHDYDIME TaHHHE.

llo 12

Puc. 10. Okno 3aJa4yHHKa C I/IH(I)OpMaHI/IeI‘/'I O ITOIIBITKE BBIBOJA JIMIMHUX AAHHBIX

MosxHO yOeauThCss B TOM, YTO BCE PE3YJIbTHUPYIOIINE JaHHbBIC BHIBEICHBI.
OnHako pelieHne No-MpeKHEMY CUUTAETCS OIIMOOUHBIM, TOCKOJIBKY TETEPh MBI
HOMBITAIUCH BBIBECTH JIMIITHUE JTAHHBIC (2 MMEHHO 3HAuUCHHE SIZ€) B noOyuHeH-
Hulx Tipolieccax. Kak yxe oTMevasioch BbIII€, 7Sl BBIJCJIECHUS OLIMOOK, CBSI3aH-
HBIX C MOMBITKOM BBOJAA WJIM BBIBOJAA JIMIIHUX JTAHHBIX, UCIIOJIb3YETCS MaJIMHO-
BBIM IBET.

Ecnu ommbku oOHapyXeHbl B MOJAYMHEHHBIX Ipoleccax, TO B OKHE 3aJ1ay-
HUKa 0TOOpa)kaeTcs JOMOIHUTEIBHBIN pazoen omaadku, B KOTOPOM ISl KaXKI0-
ro MOJAYMHEHHOTO TMpoliecca BBIBOAUTCS OoJiee ToapoOHas uHbopMmainus 00
OIInOKe.

Omnpenennuth, ¢ KAKUM TPOIECCOM CBSI3aHO TO WJIM MHOE COOOIIEHUE, BbI-
BEJICHHOE B pa3Jiesie OTIaKH, MOKHO TI0 HOMEPY, YKa3pIBAeMOMY B JICBOHM dac-
TH CTPOKH (TIepea CUMBOJIOM «|»). Bce cTpoku, cBsi3aHHBIE C OMPEACICHHBIM
MPOIIECCOM, HYMEPYIOTCS HE3aBUCHMO OT OCTaJbHBIX CTPOK; X HOMEpa YKa3bl-



BAIOTCS TIOCJIE HOMEpa IpoIecca U OTACTSIOTCS OT TEKCTa COOOIIECHUS CHMBO-
JOM «>». JIy1st TOro 4To0BI 0TOOPA3UTh B pa3zeiie OTIAIKHA TOJIBKO COOOIICHUS,
CBSI3aHHBIC C KaKUM-JIHOO OJHUM TIPOIIECCOM, JOCTATOYHO IIEIKHYTh MBIIIBIO
Ha MapKepe ¢ HOMEPOM (PaHrOM) TOTO Tpoiiecca (BCe MapKePhl PaCIONOKEHBI
Ha HUKHEH TpaHWIle OKHA) WM HaKaTh COOTBETCTBYIONIYIO ITU(POBYIO KIIaBU-
mry. Jlns oToOpakeHuss CBOAHOW WHGOPMAIIMU 1O BCEM MpoIleccaM Haao BHI-
OpaTh Mapkep C CUMBOJIOM «*)» WM BBECTU ATOT CUMBOJ C KJIaBHATYphI (Tiepe-
OupaTh MapKepbl MOXKHO TaK)Ke C TIOMOIIBIO KJIABHIII CO cTpeikamu [<«—] u [—]).
Ecnm cTpoka coobtieHust B pa3fese OTiIa ki HAYWHACTCS C CUMBOJIA «!», TO 3TO
O3HAYACT, YTO JIAHHOC COOOIICHUE SIBISCTCSA cooOujenuem 0o owudKe u 100aB-
JICHO B pa3jeNl OTIAJKHA CaMHUM 3aJadHuKoM. [Iporpamma ydamerocss MOXeT
BBIBOJIUTH B Pa3jiell OTJIAJIKU CBOM COOCTBEHHBIE COOOIIEHUS; 00 3TOMH BO3MOXK-
HOCTH OYJeT MoApOOHO pacckaszaHo jaajee (CM. Takxke 1. 8.3).

Ecnu 3agauyHnk oOHapy X ui omUOKY XOTsI Obl B OTHOM IMOJYMHEHHOM MPO-
1ecce, To OH He aHAIM3UPYET pe3ysIbTaT, MOJIyYeHHBINH B TJIaBHOM mporecce (00
ATOM TaKKe COO0IaeTcs B pasjiesie OTIAIKH).

Jlnis Toro 4toObl 3Ha4YeHUE SiZe€ ObLIO BBIBEJCHO TOJBKO B IJIABHOM IIPO-
1ecce, HeoOXO0MMO TIepe/] BBITIOJIHEHUEM 3TOTO JEHCTBUS yOSIUTHCS, YTO PaHT
Tekyuiero mnpoiecca paBeH 0. JJo6aBUB COOTBETCTBYIOIILYIO MPOBEPKY, MBI I0-
JYyYUM pEIICHHE, KOTOPhIN 3aJaYHUK COUTET MPABUIIBLHBIM:

Task("MPI1Proc2");

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;

MPI Comm size(MPI COMM WORLD, &size);

MPI Comm_rank(MPI_COMM WORLD, &rank);

int n;

pt >> n;

pt << 2 * n;

if (rank == 0)

pt << size;

[Tpu 3amycke 3TOro BapuaHTa pelIeHUs Ha KpaHe OyayT MOCIe0BaTEIbHO
BBIBOJAUTHCS MSATh KOHCOJIBHBIX OKOH, Ka)KJ0€ M3 KOTOPBIX CBSI3aHO C BBIMNOJI-
HsEMOM NapajuieNbHOW mporpammoil. Takum 00pa3oMm, OJHOKPATHBIA 3aIlycCK
porpamMMbl M3 Cpefbl pa3pabOTKU MPUBOIUT K IIEJIOM CEpUU 3aIyCKOB 3TOM
porpamMMbl B MapajuieIbHOM PEKUME, YTO IMO3BOJISIET Cpa3y MPOTECTUPOBATH
MOJIYYEHHOE PEIlICHHE Ha HECKOJIbKUX Ha0opax MCXOAHBIX JaHHbIX. Cepus Tec-
TOBBIX UCHBITAHUN 3aBepIIAETCs JINOO MPpU 0OHAPYKEHUHM KaKo-11u00 OouImokKw,
MO0 TPH YCHEUTHOM MPOXO0XKJIEHUU TPeOyeMOro KOJIMYeCTBa TECTOB (ISl BCEX
3aganni, Bxoasammx B 3amadduk PT for MPI-2 xoanuecTBO TECTOBBIX HCIIBITA-



HUW paBHO TATH). /[aHHAs BO3MOXHOCTH €IIe OoJjiee YIpoImaeT MpoIece mpo-
BEPKHU NPABHJILHOCTH TOJIyYCHHOTO PEIICHHS 3a/1a4H.

[Tocite MATH YCHENIHBIX TECTOBBIX HMCIBITAHWA Ha dKpaHe MOSBHUTCS OKHO
3aJlayHrKa ¢ cOOOIIeHneM 00 YCTICIITHOM BBITIOTHCHHUH 3adaHus (pHUC. ).

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
MPOLIECCH! M WX PAHI A PeaynbTaThl (F2) LigeT (F3) Pemum (F4)
3agaHwe: MPI1Proc2° BbinonHaeT: MBaHos MNeTp

Beoa 5u3s M BriBog 6 u3 6 W TecTol: 5u3 5 W

—

B Ka®mIOM M3 IpPOLEeCCOB, BXOAAMMX B KOMMyHMKaTop MPI_COMM WORLD,
NpodYecTh OOHO LEeJioe YMCIOo A M BHBECTM eI'0 YIBOSHHOE SHadeHME.
KpoMe TOTO, OJIA DRIABHODO npoluecca (npouecca paxdra 0)

BEHIBEECTH KONMYECTBO NPOLECCOB, BXONANMX B KOMMyHMRaTop MPI COMM WORLD.
ImAa BEOOA M BHBOOA OAHHHX MCNOJIBS0BATE NOTOK BBONA-BHEOOA DPL.

B DIAaBHOM MpOlLEeCCe NPOOYyOIMPOEATE BHEBOMN OAaHHEX B pasielle OTIamKHM,
oTOOpasME Ha OTHOESNIEHEX CTPOKAaX YIOBOSHHOE SHauYeHMe A UM KOIMYUECTEO
NpolleCcCOB (MCHONBS0OBAaThH OBa BHSOBa OYHRUMKM ShowLine, onpemelleHHON
B SaladyHMKE HapAIy C OYHEUMeH Show) .

MCXOIOHEE IOaHHHE

34
36
38

Ipouecc 0
Ipouecc 1:
Ipouecc 2:
pouecc 3: 43
Ipouecc 4 11
Comep®uMoe pasiella OTIagKM OOJIRHO OHTE CJeTYDINM:

0] 1> 68

0l 2> 5

ol S S

MoNly4YeHHEE pPEesSYIbTaTH
Mpouecc
Mpouecc
Mpouecc
Mpouecc
Mpouecc

N =]
Al

Puc. 11. OxHo ¢ coobmeHnem 06 ycrenHoM BeImoHeHnd 3aaanus MPI1Proc2

B naHHOM ciydyae BCce MHAMKATOPBI, PACIIOJIOKEHHBIE HA NIAHENIM WHUKa-
TOPOB (101 UHPOPMAITMOHHOM MAHEIBIO), UMEIOT 3€JICHBIN IBET.

[Ipu kaxxaoMm 3amycke y4eOHOU MporpaMMBbl 33JJaYHUK COXPAHSET Pe3yiib-
TaThl ee paboThl B crnernuaabHOM (haie pesynbraToB results.dat. Dror daiin
MOJKHO MPOCMOTPETH ¢ momolIbio Moyt PT4Results, Bxozsimero B coctas 3a-
JTavYHMKA (JIJIs1 3aImycKa 3TOro MOAYJIsl B pabodeM KaTajaore mpeayCMOTPEH SIPIIbIK
Results.Ink). Kpome Toro, pe3yibraTsl MOXHO MPOCMOTPETh U HEMOCPEACTBEH-
HO M3 OKHa 3aJauyHuKa, HaXkaB B HeM METKYy «Pesynbrarel (F2)» win knaBuiny
F2. Ha skpaHe mosiBUTCS OKHO C IMPOTOKOJIOM BBITIOJIHEHHSI BCeX 3aAaHuil. B
HallleM cliy4ae OHO OyeT CoJiepKaTh MPUMEPHO TaKOM TEKCT:

MPI1Proc2  c04/09 15:44 O3HaKOMUTENbHbIA 3aMyCK.

MPI1Proc2  ¢c04/09 15:49 3anycKk C nNpaBuSibHbIM BBOLOM NAHHbIX .

MPI1Proc2  c04/09 15:54 BbisefeHsl He BCe pesynbTupyolmne aaHHble .

MPI1Proc2  c04/09 15:59 [lonbiTKa BLIBECTW NIUWHWE DPE3yNbTUPYOWNE [AHHbIE .



MPI1Proc2  ¢c04/09 16:03 3apaHne BbINOJHEHO!

[Tociie MeHM 3a1aHus YKA3bIBAE€TCS CUMBOJI, COOTBETCTBYIOIIEN HCIIOJIb-
30BaHHOMY $I3BIKY ITPOTPAaMMUPOBAHUS (B TAHHOM CIIy4ae — CHUMBOJ «C», O3Ha-
YaOIIHiA, YTO UCIOJIB30BaJICs s13bIk C++), maTta ¥ Bpems 3amycka IporpaMMbl U
OIIMICaHWE pPe3yJIbTaTa €€ BhIIIOJHEHUS.

1.6. Ucnonb3oeaHue dornosiHUmMesbHouU UHgopmMmayuu 8 pasoersn
omaodku

Ecnu BHUMAaTENpHO MpOaHAIM3UPOBATH MOJYUYEHHOE PELICHHE, TO MOXKHO
3aMETHTh, YTO OHO SIBJISICTCS HETOJIHBIM, ITOCKOJILKY B 3aJlaHUH TPEOyeTCs BbI-
BECTU HEKOTOpBIE JaHHbIE HE TOJILKO B pasjielfie pe3yibTaToB, HO U B pasielie
OTJAKH.

Mp1 yxe BCTpedalliuch C UCTIOJIb30BAHUEM pasjielia OTJIAJKU: B HEM BBIBO-
uach JOMOJHUTENbHAS WHMOpMaIus 00 omuOKax, BO3HUKIIUX B MOJTYUHEH-
HBIX Mporieccax. Bropas 3aaua aToro pasnena — J1aTb BO3MOXKHOCTb B MPOIIEC-
CE pelleHUs 3a/1aud BBIBOJHUTH HA DKPaH pa3iIMyHbIC OTJIAJIOUYHbIE JaHHBIC. DTa
BO3MOXKHOCTb SIBJISIETCSI 0OCOOCHHO BaYKHOW MPH pa3pabOTKe MapayjieIbHbIX MPO-
rpaMM, TaK Kak I HUX HEJIb3s HCIIOIh30BaTh TAaKWE CTAHIAPTHBIC CPEICTBA
OTJIaJIKH, KaK TOYKH OCTaHOBA M OKHA IIPOCMOTpPA COACPKUMOTO.

JlortoauTebHAS YacTh 3amanus MPILProc2 (u apyrux HavaabHBIX 3aja-
Uit rpynmel MPI1Proc) mocsiena 3HaKOMCTBY C pa3iIHMYHBIMU BapHUaHTaMH
BBIBOJIa OTNIAA0YHON MH(MOpManuu. XOTs 33aYHUK HE aHATU3UPYET COICPIKU-
MO€ pasJiena OTIaIKH, 9Ta YacTh BBIIIOJHEHUS 3a/IaHus SABIISETCS TAaKOH ke 00s-
3aTeNbHOM, KaK M BBIBOJ] MOJYYEHHBIX PE3YyJIbTaTOB, MIPOCTO MPOBEPSATHCA OHA
OyZeT He caMUM 3aJIaYHUKOM, a TpernojaBaTesieM. 3alayHuK JIUIIb OTMEYaeT,
YTO «C €ro TOYKM 3PEHUS» 3aJaHuE BBITIOJIHEHO, OKOHYATEIILHOE PEIICHHE O
TOM, CIIEJIyeT JIM 3a4eCTh JAHHBIM BapuUaHT PEIICHUS, MPUHUMAET MpernogaBa-
TeJb (MPU 3TOM OH, B YACTHOCTH, OOpalllaeT BHUMAaHUE HA TO, KAKUMH CPEJICT-
Bamu MPI pemanace 3agada, siBAsieTCS U MOJMy4YeHHOE perieHue dPQexTuB-
HBIM, U T. I1.). 3aMETHUM, YTO OTOOpakaTh JJAHHBIC B pa3jielie OTIaIKku TpeOyeTrcs
Takxke B 3amaHusx rpynmnel MPI2Send, cBsi3aHHBIX ¢ U3ydeHUEM HEOJIOKUPYIO-
mmx (yHKIUN TEepechUTKH JaHHBIX, a Takke B 3amanusx rpymmel MPI8Inter,
CBSI3aHHBIX C BO3MOYKHOCTSIMU JMHAMHUYECKOTO TOPOXKIACHHUS TIPOIECCOB B XOC
BBITIOJTHEHMSI TTAPAJICIIBHON POTPaMMBI.

Hamomuum 3akmrountenbHyro 4dacth 3amanus MPI1Proc2: «B anasnom
npoyecce npooyoIupo8ams 6vl800 OAHHBLIX 8 pazdeie OMIAOKU, OMooOpPaA3U8 Ha
OMOeNbHbIX CMPOKAX Y08oeHHoe 3HaueHue A u koruvecmeo npoyeccos (Ucnono-
308amb 06a 6vi308a Qyukyuu Showline, onpedenennoll 8 3a0aunuxe Hapsoy C
@yuxyueti Show)». ObpaTuTe TaKkke BHUMaHUE HA TO, YTO B pasjieiie pe3yibTa-
TOB OKHA 33/IauHUKa BBIBOJAUTCS KOMMEHTAPHA, TIOSICHSIONINHN, KaK JOJIKEH BBbI-
TJIAIETh pa3zell OTIAIKUA TIPH MPAaBUILHOM PEIIeHUH (CM. JIF0OOW M3 TIPUBEICH-
HBIX B MPEBIIYIIEM IYHKTE PUCYHKOB C OKHOM 33JJaUHHKA).



Jl7is BbIBOJIA JIaHHBIX B OKHE OTJIAJKU B 3aJaUuHUKE MPETyCMOTPEHBI JIBE
¢dbyakmuu: Show u ShowLine, kaxxaas U3 KOTOPBIX HMEET HECKOJIBKO Meperpy-
’KCHHBIX BapHUaHTOB, MO3BOJIIONIMX HACTPaWBaTh BHUJ BBIBOJMMBIX JTaHHBIX U
CHa0XaTh UX JOMOJHUTEIHLHBIMU KOMMEHTAPHUIMH (ITOJIPOOHOCTH TPUBEICHBI B
n. ). Onmyarores 3tu QyHKIMHA TeM, 4to GyHKIws ShowLline mocne BeiBOAa
JaHHBIX aBTOMATHYECKU MEPEXOIUT Ha CIETYIOIIYI0 CTPOKY pasjiena OTIaaKHU,
Torjaa kak ¢yHkuuss Show storo He nenaer (OAHAKO MPH JOCTHXKCHHUU TPABON
IpaHMIIbI pa3zesnia OTJIAAKU TaKKe IMPOUCXOAUT IEPexo1 Ha HOBYIO CTPOKY).
Ipumeuyanue. [lonHoe omnrcaHue BO3MOXHOCTEH, CBA3aHHBIX C BBHIBOJOM
OTJa0YHON MH(OpPMAIUH, TPUBEACHO B MH(MOPMALIMOHHOM OKHE B pa3ie-
ne «Otnaaka». Ecay okHO 3aladyHMKa aKTUBHO, TO Ul OTOOpa)KeHUs MH-

(OpMaLIMOHHOTO OKHA JAOCTATOYHO HAXaThb KHOIKY B IPaBOil yacTu
3aroJioBKa OKHa 3aJayHuKa uiu kinasumy F1.

JIsst TIOJy4YeHUsT HY)KHOTO COJEPKMMOTO OKHA OTJAJKH HaM JIOCTaTOYHO
n00aBuTh B KoHen (GyHKIMU SOlve mo ogHOoMy BBI3OBY ¢yHkmmid ShowLine u
Show. TTockoibky TpeOyemble TaHHBIC HAJO0 BBIBECTH TOJIBKO B TOW YaCTH pPa3-
Aena OTIaaKd, KOTOpas CBsi3aHa C IJIaBHBIM IPOILIECCOM, BBI3OBBI ATHX (YHKIIHNA
CIIeZlyeT MOMECTUTh B YK€ HMMEIOIIUIICS B MpOrpamMMe YCJIOBHBIN omepaTop.
[MpuBenem 3akmoUMTENbHYIO YacTh (yHKIuMU SOlve, comepikaiyro MOIHBINA
TEKCT peIICHUS 3a/1a4H:

int n;

pt >> n;

pt << 2 * n;

if (rank == 0)

{

pt << size;
ShowLine(2 * n);
Show(size);

}

ITocne 3amycka HOBOTO BapHaHTa M IMPOBEPKH €ro Ha IATH TECTOBBIX HA0O-
pax JaHHBIX Ha dKpaHe MOSBUTCS OKHO 3aJlauHUKa (CM. PHC.).

CpaBHUBas COJIEPKUMOE OKHA OTJIaJKU ¢ 00pas3IoM, MPUBEAECHHBIM B pa3-
Jiene pe3yabTaTroB, yOekIaemcs, 4TO Terephb 3aJlaHUE BBIMOJHEHO MOJHOCTHIO.
O6paTuTe BHUMaHHUE Ha TO, YTO MOCKOJIbBKY B JJAHHOM Clly4ae pasziesl OTJaIKH
COJICPKUT TOJIbKO JaHHBIC, BHIBEJCHHBIE B TJITABHOM IpoOIecce, Ha HUKHEN Tpa-
HUIIE OKHA OTOOpakaeTcs €IUHCTBEHHBIN Mapkep «(0», COOTBETCTBYIOIIUHN ITO-
My TIPOIIECCY.

Nrak, Mbl mojgHOCTHIO BeIMoMHMWIM 3aganue MPI1Proc2. B mporecce pe-
IIIEHUSI MBI TTO3HAKOMIUIUCH C JACHCTBUSMHU IO CO3JaHHUIO 3arOTOBKH, M3yUYWIIU
0COOCHHOCTH BBHITIOJTHECHUS MapaJlISIALHBIX IIPOrpaMM M T€ BO3MOXKHOCTH 3a7a4-
HUKa, KOTOpPHIE YIPOIIAIOT MX 3aIMyCK W3 Cpeabl pa3padoTKu. Mbl y3HAIu O
CpeACTBax 3aJayHuKa, MpeIHa3HAYCHHBIX IS BBOJA MCXOIHBIX JaHHBIX, BHIBO-



Jla pe3yibTaToOB U OTOOpaXEHHS JOMOJHUTEIbHON MHPOpPMAIMHN B pa3jene OT-
naaku. Kpome Toro, Mbl yBUAEIH, KaK 3aJadHUK pearupyeT Ha Pa3IN4HbIE BUIbI
omun6OoK. Bes aTa nHOpMaIus okaxkercs MoJIe3HOM, KOTJa Mbl OyAeM BBINOJ-
HATH 33JaHusl, NOCBALIEHHBIE TTTaBHOMY B TexHosoruu MPI: paznuunbiM crioco-
0am 0OMeHa COOOIIEHUIMU MEX/Ty MPOIIECCaMU MapaUIETbHOTO MPUIIOKEHHUSL.

@ Programming Taskbook - SnekTpoHHbIA 3aauHnK Mo NporpaMmnposadnio [C++] @
MPOLIECCH! W WX PAHI A PeaynbTaThl (F2)  LiBeT (F3) Pexum (F4)
3apanue: MPI1Proc2® BbinonuAeT: MBaHoB MNeTp

Beog 3u33d M BriBon 4 n3 4 W TecTe: Su3 5 M

— -

B XKa®OOM M3 IPOLECCOB, BXONANKMX B KOMMyHMKaTop MPI_COMM WORLD,
NpoYecThs OJOHO IIeJioe YKMCIo A M BHBECTM €TI'0 YIOBOSHHOE SHadeHUE.
KpoMmMe ToToO, OJIA DTRIAEHOTO mOpolecca (mnpouecca paxdra 0)

BEIBECTH KONMYECTBO NPOLECCOB, BXONANMX B KOMMyHHMKaTop MPI_ COMM WORLD.
ImAa BEOOA M BHBOJA OAHHHX MCNOOJIBSOBATE NOTOK BBEONa-BHEOIOAa DPL.

B TJIAaBHOM IMpolecce NpoAIyOSIMpPpOBATE BHEOI OaHHHX B pasielle OTIAaIKHK,
oTofpasMBE Ha OTISNBHHEX CTPOKaxX YIBOEHHOS SHAUYeHMe A UM KOJIMYUECTBO
npoleccoB (MCHNONBS0BATH [OBEa BHSO0BAa OYHKUMKM ShowlLine, onpemeleHHON
B SamadYyHMKe HApPAODY C OyHERUMel Show) .

VMCXOOHEE OaHHHE

lIpouecc 0: L = 40
Ipouecc 1: L = 4d¢
lpouecc 2: L = 42

COoOEpXMMOE pPasIella OTJAOKM LOJMEKHO OHTE CJIEIYOLMM:
0] 1> B0
0] 2> 3

[Iony4YeHHHE DPEe3SYJbTaTH
Npouecc 0: 80 3
Npouecc 1: 92
Mpouecc 2: B4

o] 1> &80
o 2> 3

Puc. 12. OKHO C TOJTHBIM BapUaHTOM pPEIICHUS



2. Mpumepbl pa3paboTkn napannenbHbIX NporpamMm

2.1. [llepecsblinka coobweHult mexdy 08yMs rpoueccamu:
MPI12Send11

Tenepsr paccMoTpuM 3a7aHNe, CBI3aHHOE C MEPECHUTKONW COOOIICHUN MEeK-
Ay pa3MMYHBIMH IPOLIECCAMU MapauIeTbHONW MPOrPaMMBbI, U MO3HAKOMHUMCS C
0COOCHHOCTSIMHU MCTIONIBb3yEeMbIX JUIst 9Toro Gynkumii MPI.

MPI2Sendl11. B kaxmom mpoliecce JaHO BelleCTBEHHOE umcio. Ilepe-
CJIaTh YKCIJIO W3 TJIABHOTO MpOliecca BO BCE MOJYMHEHHBIE MPOIIECCHI, a BCE
Yyclia U3 MOJYMHEHHBIX MPOIECCOB — B TJIABHBIN, U BBIBECTH B KaXJIOM
Ipolecce MOMyuYeHHBbIe Yncia (B TJIAaBHOM IPOLIECCE YUCIAa BBIBOAUTH B IO-
pS/IKE BO3pacTaHUs PAHTOB MEPECIIABIINX UX MpoieccoB). [ oTnpaBku co-
oOeHuit ucnosib3oBath GyHkuno MPI_ Ssend.

YkasaHue. @ynkius MPI Ssend oGecrieunBaeT cunxponHwlil pesxcum 1e-
PECBUIKM JaHHBIX, IPU KOTOPOM ONEpalus OTHPAaBKU COOOIIEHUs OyaeT 3a-
BEpILIEHA TOJIBKO IIOCIE€ Hayajla IMpueMa 3TOro COOOILEHUs IPOLECCOM-
noJsryyateneM. B ciayyae mepechlIky JaHHBIX B CHHXPOHHOM PEXKHME BO3HU-
KaeT OINAaCHOCTh 63aumuulx Onoxuposox (deadlocks) u3-3a HempaBHIBHOTO
NOpsJKa BbI30Ba PYHKIMHA OTIPABKU U MOJyUYEHUsI COOOILIEHUH.

CozmaanM MpOEKT-3ar0TOBKY JJI BBIMIOJHEHUS 3TOTO 3a/IaHUs U 3aITyCTUM
MoJlydeHHYI0 Tporpammy. llosiBHBIIEeCS Ha JKpaHE OKHO 3aJadyHHKa OyJeT
UMETh BUJI, TPUBEACHHBIN Ha PUCYHKE 9.

JIJist 9TeHWs WMCXONHBIX JAHHBIX HaM OyJeT JOCTaTOYHO HCHOJIb30BaTh
€IMHCTBEHHYIO MEPEMEHHYIO BEIIECTBEHHOIO0 THUIIA, TOCKOJIbKY B KaXKIOM IpO-
LIECCE JIAHO TOJIBKO OJTHO BEIIECTBEHHOE YHCIIO.

Hcxonnble NaHHBIE HANO IEpeciaTh B JPYrue IMPOLEcChl MapauiedbHOU
nporpammel. Jjis 3Toro Tpedyercs MCIMOJIb30BaTh mapy (PyHKIui OMOIHOTEKH
MPI: onny nnst oTnpaBKHU COOOIEHUS, IPYTYIO i ero mpuema. [lockonbky B
naHHOW moarpymnmne rpynmel MP12Send u3yuarorcst GOKHpyrOIIME BapHaHTHI
MEPECBUTKH COOOUIEHMH, sl MpUeMa HEOOXOAUMO HCIOJIb30BaTh (YHKILHUIO
MPI_Recv. Jlns Toro 4To0bl OTOPABUTH COOOIICHUE B OJIOKUPYIOIIEM PEKUME,
MPEeyCMOTPEHO HECKOJIBKO BUIOB (DYHKIIHIA;, YaIle BCETO MCIOJIb3yeTcsl (yHK-
mus MPI_Send, omHako B HameM cilydae HaJ0 HCIOJIb30BaTh (PYHKIIHMIO
MPI_Ssend, mockosbKy 00 3TOM SBHBIM 00pa30oM CKa3aHO B 3a/IaHUU.

®ynkius MPI_Ssend (kak u apyrue QyHKIUM 1)1 OTHPABKH COOOIICHUS,
nanpumep MPI_Send) BbI3bIBacTCsS MepegaroIiuM MPOLECCOM M OMPEAeseT,
KaKoMy IIpolLlecCy M Kakue JaHHble OH coOupaeTcs mnepecnaTb. DyHKIUSA
MPI_Recv BbI3bIBaeTCSI MTPUHUMAIOLIMM MPOLIECCOM; B HEH yKa3bIBAKOTCS MPO-
[[ECC-OTIPABUTENb U TEepeMeHHas-0ydep, B KOTOpyI0 OyayT 3alucaHbl MOIY-

YEHHBIC OT HEro JaHHbIe (MMOAPOOHOE OMHUCAHUE TTAPAMETPOB ITUX (DYHKIUH CM.
B 1. 7.3).




@ Programming Taskbook - InekTpoHHBIF 334a4HWK N0 NporpaMMUMpoBannio [C++] @

BNOKUPYIOLLAA NEPECHINKA OAHHBIX PesyneTatel (F2) LUseT (F3) Pexum (F4)
3ananue: MPI2Send11® BhiNonHAeT: MBaHoB MeTp

O3HAKOMHUTENBHBIA 3aNyCK:
Y Bbixog (Esc) ‘

HE BbINONHEHA HW O4HA M3 OI'IEDELLHIH BBOAa-BblIBOAA.

Beog 0 w3 5 BoiBog: O M3 8 TecTsl: 1 M3 5
—

B xa®mOoM IIpollecce IaHO BEeNEeCTBeHHOe YMCIO. [lepeciaTh YMCIO M3 DIIaBHOTO
npolecca BO BCe MNONYMHEHHHE IIPOLECCH, a BCe YMcia M3 [NOOYMHEeHHHX [IPOLEeCCOB —
B TIJaBHHI, M BHEECTHM B Ka®IOM [IpOleCCe NOJydYeHHHEe YKcia (B TINaBHOM Npollecce
4y Ccla BEHEBOOMTE B IIOPHAOKE BOSPacTaHMA PaHTOB [epeclaBlIMX MX IIPOLECCOB) .
Ina oTnpaBkM coobmeHuit MCOONMbS0BaTh QYHKIMD MPI_ Ssend.

YxasaHmne. oyHRUMA MPI_Ssend ofecnednMBaceT CHMHXPOHHHNA PeXMM [eDECHIKM NaHHHX,
IpM KOTOPOM ONepalMfa OTIpaBXM coobmeHMA OyIeT =SaBeplleHa TONBKO IIOCNe Hadana
npMeMa 3TOr0 CcOODmeHMA NPOLEeCcCOoM-IIOoNydYaTelleM. B ciydae [NeDPEeCHIKM IaHHHX
B CHMHXDOHHOM peXEMMe BOSHMKAEeT OINacCHOCThH BSaMMHHX G6IokMpoBok (deadlocks)
M=-%3 HENPABMIBHOTO NOPALKAE BHSOEA QYHKUMI OTNPABXM M NOJNYYEeHMA COODMEHN.

VMCXOOHEE OaHHHE

Npouecc 1: 1.20
Ipouecc 0: 8.83 Ipouecc 2: 8.0%
Ipouecc 3: 0.79%
Npouecc 4: 0.96
[IpuMMep BEPHOTO pPENEeHMS
Ipouecc 1: 8.83
Npouecc 0: 1.20 8.09% 0.79% 0.9%¢6 Ipouecc 2: 8.83
Ipouecc 3: 8.83
Ipouecc 4: 8.83

Puc. 13. O3nakomuTenbHbIi 3amyck 3aganus MPI12Send11

Brauane 3alimeMcsi mpueMOM M TEPECHUIKOW JAHHBIX ISl MOJYMHEHHBIX
MIPOIIECCOB, HE peasiu3ysl MOKa JACUCTBUSI, KOTOPBIC HAJIO BHIMOJHUTH B TJTABHOM
npoIiecce.

Jlo6aBuM B koHel[ pyHKIHH SOIVe crneayronmii pparMeHT Koja:

double a;

MPI Status s;

if (rank > 0)

{

pt >> a;

MPI Ssend(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD);
MPI Recv(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD, &s);
pt << a;

}

OOpaTuTe BHUMaHHE Ha TO, YTO B KayecCTBE IEPBOro IMapaMerpa 00eux
GyHKIIUN yKa3bIBaeTCsl adpec TOU MEPEMEHHOM, KOTOpasi COAEPKUT (MU JTOTXK-
Ha MPUHATH) MepeChlIaeMble JaHHBIC.

3anyctum Hamry nporpammy. Uepes 20—30 ¢ mocse nosiBiaeHUsT KOHCOJIBHO-
ro okHa ¢ mH(popmalueln o ToM, 4TO MporpamMma 3alylieHa B NapaijieIbHOM
peXKUMeE, Ha dKpaHEe IMOSBUTCA OKHO 3aJ]adHHKa ¢ COOOIIeHHEM 00 OIMOKe B
MOJYMHEHHBIX TIporieccax (puc. ).



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

BNOKMPYIOLLAS MEPECHINKA JAHHBIX PesynsTaTsl (F2)  LIBeT (F3)  Pexum (F4)
3agaHwe: MPI2Send11® BbinonHAET: MBaHoB MeTp
MPI error.
MpoLecchl 1-4 He OTBEYAIDT. Beixoa, (Esc) ‘
Beog: 013 5 Bbigoa: 0 u3 8 Tectbl: 1135 M|

—

B KamIOOM IIpollecce JOaHO BeNeCTBeHHOe YMCNo. [lepeciaTh YMCIO M3 DTIABHOTO
npollecca BO BCe [NOOYMHEHHHE IIPOLECCH, a BCe YKMcia M3 [IOOYMHEeHHHX IIPOLEeCCOB —
B TJaBHHI, M BHEECTHM B Ka®IOM IpOLEeCCe NOJYyYeHHHE YHCIa (B TINaBHOM NpOIEcCe
4yciia BHBOOMTE B IIOPAIKE BOSPacTaHMA PaHTOB IIepeclaBIIMX MX IIPOLIECCOB) .
In1a oTnpaBkKM coobmeHui MCHONBS0BaTh QYHRIMD MPI_ Ssend.

YxasaHme. odyHRUMA MPI Ssend ofecneduBaeT CHMHXPOHHHNM PEeXMM [EDECHIKM NaHHHX,
nopM KOTOPOM ONepalMfa OTNpaBkM coobfmeHuAa GyIeT SaBeplleHa TOJBKO [OCe Hadala
npmMeMa 3Toro coofmeHMA NpolLecCcoM-IIoNydaTelleM. B clydae NepPeCHNKM TaHHHX
B CHMHXDOHHOM pe®MMe BOSHMKAaeT OIAaCHOCTLE BSaMMHHX GmormpoBok (deadlocks)
M3-3a HENPABMIBHODO NOPANKA BHSZ0BA OYHKUMII OTNPABKM M NONYYEeHMA COOBmeHM.

MCXOIOHEE IOaHHHE

Mpouecc 1l: 6.01
Npouecc 0: 9.64 Npouecc 2: 7.5%6
Npouecc 3: 3.65
Mpouecc 4: 1.11
IoNy4YeHHEE pPEeSyJIbTaTH
pouecc 1:
Npouecc 0: lIpouecc 2:
Ipouecc 3:
lIpouecc 4:
[IpMMED BEPHOTO pPENEeHMH
Mpouecc 1l: 9.64
Npouecc 0: 6.01 7.%6 3.65 1.11 Npouecc 2: 9.64
Npouecc 3: 9.64
Mpouecc 4: 9.64

Puc. 14. OxHo 3anaynuka ¢ nuHopmanuen o OJOKHPOBKE MOTUYNHEHHBIX NTPOLIECCOB

Coobmenne 06 ommbke Buma «MPI error. [Ipoyeccor 1-4 ne omeeuaromy»
03HAYaeT, YTO IJIAaBHBIA MPOLECC HAUIEH MapaJUIeIbHOM MPOrpaMMbl HE CMOT B
TE€YEHHE ONPEIECIIEHHOTO BPEMEHH «CBSI3aThCS» € MOJAYMHEHHBIMU MPOIIECCAMHU C
IIEJIBI0 TIOMYYUTHh OT HUX WH(GOPMAIMIO O BBEACHHBIX W BBIBEACHHBIX B HUX
JTaHHBIX (O TOM, KaK OMPEAEIUTh M WU3MCHHTH BpPEMs OXKHIAHUS OTKIHUKA OT
MIOTYMHEHHBIX MTPOIECCOB, CM. ipuMedanue 3 B 1. 10.4).

Kak cnenyer u3 BTOpoil CTpOKH COOOIEHUs, OIMMOKAa BO3HUKIIA MPHU TO-
MBITKE CBS3AaThCS CO BCEMU MOTYMHEHHBIMU TPOIieccamMy (KOTOPBIX MPH JAHHOM
3aIycKe MporpaMMbl ObLIIO YETHIPE).

[Tpuumna ormmOKu cocTouT B ToM, 4to (yHKIiws MPI_Ssend otmpasku co-
oOmieHust OyneT 0XXKHuaTh, MOKa MPUHUMAIONUK (B JAHHOM CIIy4ae TJIaBHBIN)
MIPOIIECC BBI30BET COOTBETCTBYIONIYIO (hyHKImio npueMa (MPl_Recv), u Tonbpko
MIOCJIE ATOTO BBIMOJHUT MEPECHUIKY JAHHBIX C 3aBEPLIUT CBOIO pabOTy (TOBOPSIT,
yro ¢pyukuus MPI_Ssend obecrieunBaeT cunxponnslil pesxum nepecsbiiku). Ho B
HaIeil mporpamMMme moka He cojepkutcs Bei3oBa Qpynkiuu MPI_Recv B rnas-
HOM Tiporiecce. [Toatomy oxunanue Gpynkimu MPI1_Ssend Gyaer anmutbest BeuHO
(To4yHEe, TOKa BBHIMOJHEHHWE MOJAYMHEHHBIX MPOIECCOB HE OYAET MpeKpalieHo



«HAaCUJILCTBEHHBIM 00pa3oM»). OTO TpUMEp 3a6ucanus TapajuIeNbHOU Mpo-
IpaMMbl, BO3HUKAIOLIETO OOBIYHO M3-3a TOTO, YTO OAMH MJIM HECKOJIBKO MPOIIec-
COB OJIOKMPYIOTCSI B OKHJAAHUU WH(GOpPMAIMU, KOTOpast UM He mociaHa (B JaH-
HOM ciydae pynkmus MPI_Ssend oxxumaer nHpopManuio 0 TOM, YTO TJIABHBIN
MIPOIIECC MPUCTYIHII K IEHCTBHSIM TIO TIPUEMY JTAHHBIX ).

3aMeTuM, 4TO eciau Obl Mbl UCTIOJIB30BAIH AJI OTIIPABKU COOOIICHUS APY-
ryio ¢yukiuio, Hanpumep MPI_Bsend, koropas He moskumaeTcss uHbOpMaIuu
OT MPUHUMAIOIIETO Mpollecca, a MPOCTO MEPEChUIAET JAHHbIE B CHEIUATbHBIN
Oydep oTnpaBku U cpa3y MOCje 3TOT0 3aBepliaeT padoTy (Tak Ha3bIBaeMasl ne-
pecwlika 6 6ygepuzoeannom pexcume), TO MporpaMma Bce paBHO Obl 3aBHCIIA,
HO yXe 1o Japyroi npuunHe: Tenepb pynkuus MPI_Recv BeuHo sxmana Ob1 Tex
JTAHHBIX, KOTOPBIE TOJKEH ObLT OTHPABUTH €11 TJIaBHBIN MPOIIECC.

OOpatruTe BHUMaHWE HA TO, YTO TIPU 3aKPBHITUHA OKHA 3a/JaYHUKA KOHCOJIb-
HO€ OKHO OCTaHEeTCs Ha dKpaHe. [[pruunHa MOHATHA: KOHCOJIBHOE OKHO YIIPaBIIf-
eTcs MporpaMMor MPIEXec, KoTopas 3aBepIiiaeT padoTy TOJBKO MPH 3aBepIiie-
HUH 6cex TPOIECCOB 3aMyIEHHON MapaieIbHON MPOTPaMMEI, a B TAHHOM CITy-
Yae 3aBEepIIMJICS TOJBKO TTIABHBIM MpoIecc (TTOJYMHEHHBIE TPOIECCH OCTAIOTCS
3a0JIOKMPOBaHHBIMU). [IJIsI 3aBepIIeHUsT IporpaMMbl MPIEXEC U 3aKPBITHS KOH-
COJBHOTO OKHa HEOOXOIMMO HaXaThb HECKOJIBKO pa3 KOMOHMHAIMIO KIIABHUII
Ctrl+C umu Ctrl+Break (kak cka3aHo B KOMMCHTApHH, BHIBEJICHHOM B KOHCOJIb-
HOM OKHE).
Ipumeuanue 1. [Ipu «aBapuitHOM» 3aBEpIICHUU MPOrpaMMbl MpPIiexec B
MaMATH MOTYT OCTaThCs 3aMyIIeHHbIC (M 3aBUCIIINE) MPOIIECCHI Mapaslieb-
HOU mporpaMmbl. DTO B JajbHEHIIEM OyIEeT MPEMnsITCTBOBATh NMEPEKOMITH-
JSUW HAIIeH MporpaMMbl, TTOCKOJIbKY, TTOKa MPOIIECC HAXOAUTCS B TMamsi-
TH, CBSI3AHHBIA B HUM €Xe-(ailn HegocTyneH s u3MeHenusa. OaHaKo mpu
BBINIOJIHEHUHU 3aJaHUN C MCIojib3oBanueM 3agauduka PT for MPI-2 takoii
npoOJeMbl HE BO3HHMKAET: BCIIOMHUM O TOM, YTO Iporpammy Mpiexec 3a-
MycTHJIa Haia mporpamMma (KoTopasi cama Oblia 3amylleHa U3 HHTETPUpO-
BaHHOM cpefibl). DTOT «HEemapajuIeNIbHbI» IK3EMIUISIP HAIlleld MpOrpaMMbl
OCTaeTcs B MMaMSATH, TIOKa ITporpaMma Mpiexec He 3aBepuIuT padoTy, mocie
9Yero OH BHITPYXAeT U3 MaMsITH BCE 3aBHCIIUE Mpolecchl. Ecau Ob 9Ta 1mo-
Je3Hass paboTa HE BBITIONHUIACH 3aIaYHUKOM, TO BBITPYXKAaTh KaXKIbIH W3
3aBUCIIMX MPOIECCOB MPHUIILIOCH ObI BPYUYHYIO, UCIIONB3YS JUCTIETYED 3a-
maa Windows.
WTak, MbI IO3HAKOMWIKNCH C CUTYyaIMel, KOoraa OANH WM HECKOJIBKO IO /T-
YUHEHHBIX MPOIIECCOB OKA3bIBAIOTCS 3a0JIOKMPOBAHHBIMU. Takas ®e «HETPHUsT-
HOCTBY» MOXXET MPOU30UTH U C TJIABHBIM TporieccoM. [lomomHuM Hamry mpo-
rpamMMmy (parMeHTOM, CBS3aHHBIM C TJIABHBIM IIPOIIECCOM, NPHYEM B 3TOM
dbparmenTe Takxke opranuzyeM Bei3oB MPI-¢dyHkIuii B TOM e camoM («ecTecT-
BCHHOM)») TTOPSAKE — BHAUajIe OTIPaBKa TaHHBIX, 3aTEM TIPHUEM

else




pt >> a;

for (int 1 =1; 1 < size; ++1)
MPI Ssend(&a, 1, MPI DOUBLE, i, 0, MPI COMM WORLD) ;

for (int 1 =1; 1 < size; ++1)

{
MPI Recv(&a, 1, MPI DOUBLE, i, 0, MPI COMM WORLD, &s);
pt << a;

}

}

Ecnu 3anmycTtuTth 3Ty mporpaMmy, TO MOCHE MOSBIEHUS KOHCOJIBHOTO OKHA
MOKHO 0KHJIAaTh CKOJIBKO YTOJTHO, OJHAKO OKHO 33JaYHHMKa Ha dKpaHEe HE Mosi-
BUTCSI. DTO CBSI3aHO C TE€M, YTO 3a0JJOKUPOBAHHBIM OKAa3aJiCsl TJIABHBIM MPOIIECC
Haleil mnapaieIbHOM MpPOrpaMMBbl: Mepej] OTOOPaKEHHEM OKHa 3aJlayHuKa
[JIaBHBIA TPOLIECC JOJKEH BBIMOJIHUTH TOT (PParMEHT MPOrpaMMbl, KOTOPHIii
pa3paboTaH JIJIsl HErO y4dalllMMCs, a B HAIlleM cliy4ae 3TOT (parMeHT MPUBEN K
osokupoBke. [loaToMy raBHBIN Mpoliecc MPOCTO HE AOLIET O TOTO MecTa IMpo-
IpaMMBbI, B KOTOPOM BBITIOJTHSETCS BBIBOJT OKHA 33JJadHMKA HA DKPaH.

[Touemy omsATh Bo3HUKaeT OjokupoBka? Benb Tenepb, Kazanoch Obl, Kak-
IBI TIpOIIeCC TOTOB M OTHPABUTH, U MPUHATH coodmeHue. OMHaKO AJiS TOrO
qyT0o0BI 3aBepunmiack GyHkius MPI_Ssend, peamusyromas cunxpoumsiil pexuM
OTIIPaBKU, HEOOXOIMMO, YTOOBI B TpOIECCe-TIONydaTeNe yice Ovlid 8bl36aHA
¢bynkuust npuema MPI_Recv, a moitTu 10 3Toil (PyHKIIMU MpOLIeCcC-TIOTy4YaTeNb
HE MOJXKET, TaKk Kak B HeM Toxke Bbi3BaHa (yHkiuss MPI_Ssend. Takoe siBneHue
HOCHUT Ha3BaHue ezaumnou orokuposku (anri. deadlock).

Ecimu B Teuenne 20-30 ¢ OKHO 3aJjauyHMKa HE MOSBUIIOCH, TO MOKHO CUH-
TaTh, YTO MPOM3OIILIO 3aBUCAHUE TIIABHOTO Tpoiiecca. B Takoil cuTyanuu, Kak u
B CUTYalllH, ONIMCAHHON paHee, HeOOXOAMMO SIBHBIM 00pa30M IpepBaTh BbITIOJI-
HCHHME TMapajuIeIbHOM MporpaMMbl, HakaB Heckoiabko pa3 Ctrl+C  wum
Ctrl+Break.

Ipumeuanue 2. JIro60# U3 OMUCAHHBIX BBIIIE «aBaApUHHBIX» CIIOCOOOB 3a-
BEpIICHUsS] MPOrpaMMbl (PUKCUPYETCS 3alayHUKOM B (pailie pe3ynbTaToB.
OpmHako B ciIy4ae e€clid MPOU30IUI0 3aBUCAHKUE TOJHKO TOTYUHEHHBIX TIPO-
EeCCOB (M Ha SKpaHe MOSBUIIOCH OKHO 3a/JauHuKa), B (ailll pe3ynbTaTtoB
Oyner 3anucan TekcT «MPI errory, Torga kak B ciydae 3aBUCaHUs TJIaBHO-
ro mporecca TeKCT OyJeT APYTruM: «Boinonnerue 3a0anus npepeaHod.

[Ipocreitmmii crioco® UCTIPABUTH HAITY MPOTPAMMY — 9TO CTEPETh BTOPYIO
OyKBY «S» B UMeHHU xoms 6b1 0onou Gyukimu MPI_Ssend, T. e. 3aMeHUTH JIMOO
B IO JYMHEHHBIX, JTMOO B TJIaBHOM Ipoliecce Bbi3oB pyHkimu MPI_Ssend Ha BbI-
30B Gyukuuu MPI_Send, peanusyrorieli He CHHXPOHHBIN, a cmaHoapmmublil pe-
KUM OTIIPABKH JIAHHBIX. DTO CBSA3aHO C TeM, 4yTo B Oubimmoreke MPI cuctembl
MPICH crangapTHbIil pexuM, Kak U pexxum ¢ Oydepusanmeit, HCIoab3yeT 0y-




dep s XpaHEHUs OTMPABISIEMBIX JNAaHHBIX (TOJBKO B OTJIMYHE OT PeXUMaA C
Oydepuzamueit 3TOT cTaHAapTHBIN Oydep co3maercs aBTomarmuecku). [locme
NePECHUIKU JAaHHBIX B cTaHIapTHBIA Oydep dynkmus MPI_Send 3aBepmiaer pa-
00Ty, aXe €CJIM K 3TOMY MOMEHTY IIPUHUMAIOIINUN TPOIecC He BhI3BAT (DYHK-
muto MPI_Recv. TlomydaeTcss Takas MOCiemIOBaTeIbHOCTh JEHCTBUN (Oymem
cuuTath, 4To Mbl m3MeHmwn Qynknuto MPI_Ssend ma MPI_Send B mogunHeH-
HBIX Ipolieccax). B kaX10M 13 NOJYMHEHHBIX MTPOLIECCOB BBI3bIBACTCS (QYHKIIUS
MPI_Send; ona obecrieurBaeT KOIMMPOBAHUE MEPECHUIAEMBIX JaHHBIX B CTaH-
napTHbIA Oydep, mociae yero HeMeUICHHO 3aBepIlaeT padoTy; MOCe 3TOrO Bbl-
3piBaeTcs Gyukius MPI_Recv, kotopas o’kuaaeT rnmprueMa JaHHBIX OT IJIaBHOTO
npoiiecca. B 910 e BpeMsi B rJIaBHOM IMPOIIECCE B IIUKJIE BbI3bIBACTCS (HYHKIIMS
MPI_Ssend, koTopas mpuoCTaHaBIMBACT BBIMIOJHCHHE, MOKA B IOJYMHCHHBIX
npoueccax He Oyner Bbi3BaHa (GyHkuus MPI_Recv. Ho ¢pynkuus MPI_Recv B
MOJYMHEHHBIX Mpoleccax 00s3aTeabHO OYyJET BbI3BaHA, B 3TOT MOMEHT (PYyHK-
st MPI_Ssend B rimaBHOM mpoliecce OCYIIECTBISCT OTHPaBKYy JAaHHBIX W 3a-
Bepmaet padboty. Takum oOpasom, Bce ¢pynkmmu MPI_Ssend B ke ycnemrHo
popaboTaroT, MOCJIE Yero B IIIaBHOM IIPOIIECCe BO BTOPOM ITHKJIE OyayT BhI3BA-
Hbl (pyHkuun MPI_Recv, kotopble NpUMyT T€ JAaHHBIE OT MOJYMHEHHBIX IMPO-
LIECCOB, KOTOPHIE paHee ObLIM NMOMENIEHbI B cTaHAapTHHIN Oydep. Hakonen, no-
cie 3aBepiueHus padotel GyHkimin MPI_Ssend B rimaBHOM mporiecce yCIenHo
BBITIOJTHATCS Y OKHUJIAIOIIUe mojydeHus: faHHbIX GyHkiun MPIl_Recv B mogun-
HEHHBIX Tpolieccax. MTak, HuKkakoil B3auMHON OJIOKMPOBKH HE MPOU3OMICT.
[Ipu 3amycke MCHpaBiIeHHON MPOTpaMMbI OHA OyAET YCHEIIHO MPOTECTHU-
pOBaHa Ha MATH HA0OPaX MCXOJIHBIX JIAHHBIX, TOCJIE YeTr0 OYJET BHIBEIEHO OKHO
3a/TaYHMKA ¢ COOOIIIEHNEM O TOM, UTO 3aJIaHKE BBITIOJIHEHO (CM. pHC. ).
OnmHaKko OMMCAaHHOE BBIIIE MCIPABICHUE HE BIOJHE COOTBETCTBYET YCIIO-
BUIO 33/1a4M, TIOCKOJIBKY B YCIOBUHU TPEOOBAIOCH MUCTOIB30BaTh TOJIBKO (YyHK-
mun MPI_Ssend. BapuanT ucnpasnenus ¢ coxpanenneM ¢pynkuun MPI_Ssend
COCTOHWT B TOM, YTO .60 BO (hparMeHTe MPOTpaMMbl JJIsl MOAYUHEHHBIX TMPO-
IIECCOB, 1160 BO (pparMeHTe mMporpamMMmbl AJisl TIABHOTO MpoIecca Hamo H3Me-
HUTh NOpsA00K 6b1306a (HYHKIMK OTHpPaBKU U TpueMa cooOmieHus. Hampumep,
MO>KHO U3MEHUTH MOPSIIOK BbI30Ba (PYHKIIMA B TIIABHOM IIPOIIECCE!
double a;
MPI Status s;
if (rank > 0)
{
pt >> a;
MPI Ssend(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD);
MPI Recv(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD, &s);
pt << a;

}

else



for (int 1 =1; 1 < size; ++1)

{
MPI Recv(&a, 1, MPI DOUBLE, i, 0, MPI COMM WORLD, &s);
pt << a;

}

pt >> a;

for (int i =1; 1 < size; ++1)
MPI Ssend(&a, 1, MPI DOUBLE, i, 0, MPI COMM WORLD) ;

}

B nanHoii cuTyanuu B3auMHasi OJOKMPOBKA TaKkke OYJET OTCYTCTBOBATD.
JleificTBUTEIHLHO, B TJIABHOM ITpoliecce cpa3y Bbi3biBatoTcs pynkimu MPI_Recv,
MO3TOMY B TOJYMHEHHOM Tpoliecce cooTBercTByromue ¢ynkuumu MPI_Ssend
YCHEIIHO MPOpadOTarOT U MepenaayT JaHHbIE B TJIABHBIM MPOIECC, KOTOPhIE B
HEeM OynyT NMpUHSATHL. 3aTeM B MOJAYUHEHHBIX MPOIECCaxX, B CBOIO O4epe/b, Oy-
nyT Bei3BaHbl yHkimu MPI_Recv, koTopbie MO3BOJSAT YCHENIHO MPOpadoTaTh
¢dbyuakuusm MP1_Ssend B rimaBHOM mporiecce.

Ilpumeuyanue 3. OnucaHHBIM BapuWaHT WCIPABICHUS WMEET €IIe OJIHO
npeumyuiectBo. leao B Tom, uto B ctangapre MPI uwe eapanmupyemcs,
gro ¢yukuus MPI_Send o6s3amenvno Oyner ucmonb3oBaTh Oydep s
MIPOMEKYTOUYHOTO XPAHCHHS MEPEChIIAEMbIX MAaHHBIX. DTO OMPEAEIICTCS
camoil ucnonusironieit cpenoi MPI, moaromy Bo3MoxkHa cutyalrusi, Koraa
¢yukuus MPI_Send Gyner npumeHsTh He Oydepru30BaHHBIN, a CHHXPOH-
HBIM PEXUM TEPECHUIKH; B ATOM Clydae MO-TpekHEeMYy OyJeT BO3HUKATH
B3aMMHas OJIOKHMPOBKA.

[Tony4yeHHyIO0 MpOrpaMMy MOXKHO YIPOCTHTh, €CIM B paszeic else Boc-
M0JIb30BAThCsl BCIIOMOTATEIbHON BEIICCTBEHHOW MIEPEMEHHOM D st mosmyueHus
JAHHBIX W3 TIOJYMHEHHBIX MPOIECCOB. ITO MO3BOJUT PA3ZMECTHTH OIEPATOP
BBOJIa pt >> a neped yCIOBHBIM OIEPATOPOM, a TaKXKEe JAaCT BO3MOXHOCTH BbI-
MOJIHUTH BCE JCHCTBHS B pasjelie else B enuHcTBeHHOM nukiie. [IpuBeneM coot-
BETCTBYIOIINNA BapUAHT PEIICHHMS:

double a;

MPI Status s;

pt >> a;

if (rank > 0)

{

MPI Ssend(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD) ;
MPI Recv(&a, 1, MPI DOUBLE, 0, 0, MPI COMM WORLD, &s);
pt << a;

}

else
for (int 1 =1; 1 < size; ++i)



double b;
MPI Recv(&b, 1, MPI DOUBLE, i, 0, MPI COMM WORLD, &s);
pt << b;
MPI Ssend(&a, 1, MPI DOUBLE, i, 0, MPI COMM WORLD);
}
}

Emie oqHOro HeOOIBIIOrO YIPOIIEHUS MOXKHO TOOUTHCS, YAIUB OIMMCAHHUE
nepemenHoil S tuma MPI_Status u 3amenuB mnapamerp &S B (QyHKUIHUAX
MPI_Recv Ha cnenmanbhblil ykazaTtenb-«3araymky» MPl_STATUS_IGNORE.
3unauenue MPI_STATUS_IGNORE yno0H0 Hucmonb30BaTh B CUTyalllH, KOTAA B
nporpamMMme He TpeOyercs oOpaluatbes K MHQOpMAIMK, IPeJoCTaBIseMOl ma-
pamerpom tuna MPI1_Status.

IIpumeuanue 4. Koncranta MPI_STATUS IGNORE nosiBuiIace B cTaH-

napte MPI-2, mostomy nipu ucnonb3oBanuu cucreMbl MPICH 1.2.5, pea-

mu3ytomned ctangapt MPI-1, ee mpuMeHsTh HE cileayerT.

3ametuM, uTo Oosee 3(h(PEKTUBHOE pELICHHE 3TOTO 3aJaHUsI MOXKHO IOJY-
YHTh, UCIIOJIb3YS KOJUICKTHBHEIC OTICpAIH NIEPEChIIKU TaHHBIX (CM. 1. 7.6).

2.2. Onepauuu pedyKkyuu u cocmagHble muribl OaHHbIX:
MPI13Coll23

[Ipu BBIMOJIHEHUM OYEPETHOTO 3aJaHUSI Mbl TTO3HAKOMUMCS C KOJUICKTHB-
HBIMH ONEpalMsIMU  PEAYKIIMM M C MpuUMepoM ucnoib3oBanus B MPI-
porpaMMax COCTaBHBIX TUIIOB JJAHHBIX (CTPYKTYD).

MPI3Coll23. B kaxxaom nporiecce aan Hadop u3 K + 5 gmcen, rome K—
KoudecTBo mporeccoB. Ucnonb3ys pyukmuio MPI Allreduce nns onepanuu
MPI MINLOC, HailTh MUHMMaJIbHOE€ 3HAYCHHE CPEAM DJIEMEHTOB JaHHBIX
HAOOPOB C OJTHUM M TEM K€ TIOPSAIKOBHIM HOMEPOM M PaHT MpoIlecca, COIep-
KaIlero MUHUMaJIbHOE 3HaYeHue. BHIBECTH B IJ1aBHOM IMPOIIECCE MUHUMYMBI,

4 B OCTAJIBHLBIX IIpoLHECCax — pPaHIru MmpoueccoB, COACPKAIINX 3T MUHHUMY-
MBI.

bonpmas rpynna ¢ynxuuii MPI npegnazHauena 11 opraHusaiuu Ko.i-
JIeKMueHo20 83aumooeticmaus npoyeccos (cM. 1. 7.6). «Komnexkrusueie» MPI-
¢yuknuu, B ommure ot Gynkiuit MPI_Send, MPI_Ssend u MPI_Recv (pac-
CMOTPEHHBIX B MPEABIAYIIEM MYHKTE), TTO3BOJISIIOT OPraHU30BaTh 0OMEH CO00-
HICHUSAMHU HE MEXKIYy ABYMS OTJEIbHBIMU IMpoleccamMu (OTHPABUTEIEM U MOJY-
yaTeaeM), a MEXIy BCEMU MPOLECCaMU, BXOASIIMMU B HEKOTOPbIA KOMMYHHUKA-
TOP. B YaCTHOCTH, npu WCITIOJIb30BAaHUU KOMMYHHUKaTOpa
MPI_COMM_WORLD mo»xHO0 opraHu3oBaTh KOJJIEKTUBHBIH 0OMEH c00OIIe-
HUSIMU MEXTy BCEMH 3aIyIIEHHBIMHU MTPOIIECCaMHU MapaJlIeIbHON MPOrpaMMBl.



Cpenu xomnekTuBHBIX MPI-GyHKIMI BBIIENSIOT rpynny (QyHKIHA, obec-
MIEYMBAIOIINX BBINOJIHEHUE onepayuii pedykyuu, T. €. Olepaluid, CBI3aHHBIX C
MEPEChUIKONW HE MCXOIHBIX TAaHHBIX, & PE3yJNbTaTOB MX O00paOOTKH HEKOTOPOM
epynnosou onepayueti: Haxoxuaennem cymmbl MPI_SUM, mnpowusBeneHus
MP1_PROD, makcumansaoro MPI_MAX wmn muanmansaoro MPI_MIN 3na-
4yeHus U T. 4. — Bcero B cra”aapre MPI npenycmorpeno 12 onepaumii peayk-
uu (cMm. 1. 7.1), KpoMe TOro, NpoOrpaMMHUCT MOKET ONPEeesTh U CBOM COOCT-
BeHHbIe onepauuu. Cpeau onepanuii peaykuun ocodoe MECTO 3aHUMAIOT OIle-
pauun MPI_MAXLOC u MPI_MINLOC, no3Bosisitoiiiie HalTH He TOJILKO MaK-
CUMAaJIbHBIM MJIM MUHUMAJIBHBIN 3JIEMEHT CPEAU JIEMEHTOB, IIPEI0CTaBICHHbIX
Ka>KJIbIM TIPOLIECCOM, HO U €ro HoMep (B KauecTBE HOMEpPA OOBIUHO MCIIOJIb3YET-
Csl paHr IMpoliecca, IPeJOCTaBUBILErO ATOT 3KCTPEMATIbHBIN HJIIEMEHT).

[Ipu 3amycke mporpaMMbI-3arOTOBKH, CO3JaHHOM JUIsl BBIMOJIHEHUS 3a]1a-
Hust MPI3Coll23, mbl yBuanM Ha 3KpaHe OKHO 3aJlayHUKA, MOA0OHOE MPHUBE-
JICHHOMY Ha pHC. .

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
KONNEKTWBHEIE ONEPALIMIK PEOYKLIMIA PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3agadwe: MPI3Coll23° BbINonHAeT: MBaHoB MeTp

O3HaKOMHMTENbHbLIA 3anycK:
Y Bbixog (Esc) ‘

HE BbIMONHEHA HW O4Ha M3 OI'IEpEiLl'HIﬁ BBOAa-BblBOAA.

Beoa: 0 w3 50 BbiBog: 0 M3 50 TecTsl: 1 M3 5
—
B KamOOM Ipollecce OaH Hafop 3 K+5 uucen, roe K — KOIMYUECTEC NPOLECCOB.

Mcnonbsya OyHRUMD MPI Allreduce nma onepaluuu MPI MINLOC, HaliTM MMHMMalbHOE
SHAUYEeHMEe CpPelM SJeMeHTOE JaHHHEX HabopoB C OIHMM M TEM ®e NOPAIKOBEM HOMEDOM
M paHD Ipolecca, COoIepRANET? MMHMMAJBHOES SHAaUYeHMe. BHEECTHM B TJIABHOM MPOLECCEe
MMHMMYME, & B OCTAJIBHHX MpPOLeccax — PaHTM MNPOLUECCOB, COISPRAMMX STHM MUHMMYMH .

MCXOMHEE ITaHHHE

Mpouecc 0: 3.02 B.62 7.62 2.78 5.44 7.78 5.29 9.76 9.87 4.8¢6
Mpouecc 1: 6.71 4.20 3.41 8.96 9.81 5.38 4.01 2.77 1.66 8.52
lIpouecc 2: 6.50 6.87 9.53 3.74 9.35 8.65 5.82 9.86 8.15 3.00
Mpouecc 3: 3.01 7.33 5.44 7.54 3.30 7.07 8.34 7.22 8.83 9.02
Mpouecc 4: 5.21 1.30 4.29 2.11 5.03 4.18 5.46 6.37 9.60 €.73
[IpMMED BEPHOTO pPENEeHMH
IMpouecc 0: 3.01 1.30 3.41 2.11 3.30 4.18 4.01 2.77 1.66 3.00
Ipouecc 1: 3 4 1 4 3 4 1 1 1 2
lpouecc 2: 3 4 1 4 3 4 1 1 1 2
Ipouecc 3 3 4 1 4 3 4 1 1 1 2
Npouecc 4 3 4 1 4 3 4 1 1 1 2

Puc. 15. O3nakomurensHbIi 3amyck 3aganus MPI3Coll23

KosnekTuBHas onepanus peayKuuu MOXKET IPUMEHITHCA OJJHOBPEMEHHO K
HECKOJBKUM Habopam JaHHbIX. Eciii KaxIblil mpouecc MpeaocTaBiisieT MacCuB
yucen (OJHOTO M TOTO K€ pa3Mepa), TO onepanusi peAyKIuu MpUMEHseTcs 10
OTAEIBHOCTH K DJIEMEHTaM IPEIOCTABICHHBIX MAaCCUBOB C OJIHUM U TEM K€ UH-
JEKCOM; B pe3yibTare OyJeT MOJy4yeH MAcCUB TOTO K€ pa3Mepa, KaKAbli diie-
MEHT KOTOPOTO OyJET ABIATHCS PE3YJIbTaTOM MPUMEHEHHS OTepallui PeIyKIuU
K 3JIEMEHTaM MCXOJHBIX MaCCUBOB C 3TUM € HHJIEKCOM. B 3aBucHMoOCTH OT HC-



noib3yeMoid MPI-gpyHKkIMM nosydeHHbI MacCUB MOXKET OBITh MEpECiaH KakKo-
My-100 KOoHKpeTHOMY mporeccy (dhyrakmust MPI_Reduce) mimm Bcem mporec-
cam anHoro kommyHnukaropa (pyakmus MP1_Allreduce).

[Tpu ucnonszoBanum onepanuiit MPI_MAXLOC u MPI_MINLOC wucxon-
HbIe HAOOPBI TaHHBIX JOJKHBI COACPKATh nApbl YUCEN: COOCTBEHHO YMCIIO, KO-
TOopoe Hajo 006paboTaTh, 1 ero Homep. [loaTomMy B mporpamme HE0OXOUMO OTI-
peAEnuTh BCIIOMOTAaTENbHYIO CTPYKTYpPY AJIi XpaHEHUs Takux nap. B Hamem
cllydae JI0JKHbI 00pabaThIBaThCS BEILIECTBEHHBIE YHCIIA, TO3TOMY IIEPBBIN 3ie-

MEHT Hapbl OyJIeT BEUIECTBEHHBIM, & BTOPOI — IIEJIBIM:
struct MINLOC Data
{
double a;
int n;
b
JI1st XpaHeHus1 UCXOHBIX JAHHBIX B KaXKJIOM IpoLEecce JOJIKEH ObITh BbI-
nened maccuB dmeMmenToB turma MINLOC Data, u Ttakoi e MacCuB JOJIKEH
UCITIOJIB30BATHCA U1 XPAHEHUs Pe3yJIbTaTOB BBINOJIHEHUS ONEpalui peayKIUH.
Pa3mep Habopa naHHBIX, KOTOPBIA MPUIETCS XPAaHUTh B 3THX MACCUBAX, 3apaHee
HEU3BECTEH, TaK KaK OH CBS3aH C KOJMYECTBOM IIPOIECCOB MapaIEIbHOMN Mpo-
rpammbl. [I03TOMYy MOKHO AMOO BBIAEHATH MAMSTh JJII MACCUBOB IMHAMUYECKU
(Tocite TOro Kak mporpaMme CTaHeT U3BECTHO YHCIIO MPOIECCOB Size), mrbo mc-
NI0JIb30BaTh CTATUYECKUE MACCUBBI, Pa3Mep KOTOPBIX OKAXKETCS JOCTATOYHBIM
JUIsT  TIOOBIX HAOOpPOB HMCXOAHBIX JIaHHBIX. [IpW BBITTOJIHEHWH 3alaHUS
MPI3Coll23 mb1 Oymem HCHOIB30BaTh CTATUYECKHE MAacCHUBBI (OCOOEHHOCTH,
CBSI3aHHBIE C UCIIOJIb30BAHUEM JTUHAMHYECKUX MAcCCHUBOB, OyIyT paCCMOTPEHBI B
CJIIEIYIOLIEM ITYHKTE). 3allyCTUB CO3JaHHYIO IIPOrpamMMy-3arOTOBKY HECKOJIBKO
pa3, Mbl MOXEM YOeIUTbCS B TOM, YTO JUISl IaHHOTO 3a/1aHusl KOJIMYECTBO IMPO-
LIECCOB MOXET MEHSThCS B Auamna3zoHe oT 3 g0 5. Takum oOpa3zoM, y4uThIBas,
YTO pa3mep HaOOPOB MCXOAHBIX AaHHBIX paBeH K+ 5, rae K — konnuecTtBo
IPOIIECCOB, HaM JIOCTAaTOYHO onucath B pyHkuu Solve maccussl pazmepa 10:
MINLOC Data d[10], res[10];
Wuunuanu3amnms UcxoaHoro MaccuBa d J0JDKHA BBITIOJIHATBCSA B KaKIOM
IPOLIECCE NapaJIEIbHONU POTrPAMMBI:
for (int i =0; 1 <size +5; ++7)
{
pt >> d[i].a;
dliJ.n = rank;



@ Programming Taskbook - SnekTpoHHbIA 3a4auHWK NO NporpaMmnpoBadnio [C++] @

KONNEKTMBHGLIE ONEPALIMIA PEOYKLIMN PesyneTatel (F2)  LiseT (F3) Pexum (F4)
3apaHme: MPI3Coll23° BeinonHaeT: MeaHos MeTp
3anycx C NpaBMNbHBIM BEOAOM AaHHBIX B E
BCE Tpeﬁy"EMbIe MCX0OHBIE OaHHbIE BEEAEHDI, PESYNBLTATEI HE BhlBEdEHbI. e ( SC}
Beoa: 24 w324 Al BriBoa: 0 u3 24 TecTbl: 1 M35
] |
B KamOgoM Opolecce OgaH HabGop uz K+5 ducesn, rie K — ROIMYECTBO NpOLECCOB.

Wcnonesya @yHkuuo MPI Allreduce nma onepaumuyu MPI MINLOC, HalTH MMHMMaIbHOE
SHadYeHWe Cpell SIEeMEeHTOB OaHHHX HabopoB C OOHMM U TeM Xe NOPALKOBEM HOMEDOM
U paHT Npollecca, CONEepXRaNelo MUHMMAIBHOE SHauyeHMe. BHBECTHM B DIaBHOM Opolecce
MUHMMYME, & B OCTANbHHX [NPOLECCAX — PAaHDM NPOLECCOB, CONEPRAMMX STH MUHUMYMEH .

MCXOIOHEE IOaHHHE

Mpouecc 0: 3.84 2.09 ©.23 ©.49 32.37 7.71 9.78 9.34
Mpouecc 1: 6.83 2.22 6.01 €.50 9.57 1.02 2.65 2.07
Mpouecc 2: 1.09 1.03 4.32 9.73 9.09 7.01 2.41 1.42

MpUMep BEPHOTO PEUNEeHMHA

Mpouecc 0O: 1.09 1.03 4.32 6.49 3.37 1.02 2.41 1.42
Ipouecc 1: 2 2 2 0 0 1 2 2
lIpouecc 2: 2 2 2 0 0 1 2 2

Puc. 16. OxHo 3agaynnka ¢ uHPopManuei 06 ommdKax BBOIa-BbIBOIA

3amycTUB 3TOT BapHAHT MPOTPaAMMBbl, Mbl IIOJTYYHM COOOILIEHHUE O TOM, YTO
BCE UCXO/IHbIE JIaHHBIE YCIIEIIHO BBEAEHHI (pUC. ).

[lepen BBIBOJIOM pe3ysIbTaTOB HEOOXOAUMO BBIOJIHUTH COOTBETCTBYIOIIYIO
KOJUIEKTUBHYIO omepanuio peaykuuu. OHa JoJbKHA OBITh BBIIOJIHEHA BO BCEX
Mpolieccax, Mmocje 4ero B riiaBHOM Impouecce (panra 0) Hago BBIBECTH MOJIE a
KQKJIOTO DJIEMEHTA Pe3yJIbTUPYIOLIEro MaccuBa lesS (T. €. MUHUMAaJIbHOE 3Haye-
HUE, BBIOPAHHOE U3 BCEX JJIEMEHTOB MCXOIHBIX MACCHUBOB C IAaHHBIM UHJEKCOM),
a B OCTaJbHBIX (MOJYMHEHHBIX) MpouLeccax — Moje N (T. €. paHr mpouecca C
ATUM MUHUMAJIbHBIM 3HaYE€HUEM):

MPI Allreduce(d, res, size + 5, MPI DOUBLE INT, MPI MINLOC,

MPI COMM_WORLD);
for (int 1 =0; 1 < size + 5; ++1)

if (rank == 0)
pt << res[i].a;
else

pt << res[i].n;

OOparute BHUMaHUE Ha JBa BaXXHBIX MOMEHTAa. BO-TIiepBbIX, MACCHUBBI HC-
XOJIHBIX U PE3YJNBTHPYIONINX JaHHBIX mepenatorcs B MPI-byHkumnm kak ykaza-
menu Ha UX HAYaibHulU INeMeHm, TI0O3TOMY B KaueCTBE MEPBbIX JABYX MapaMeT-
poB pyukiuu MPI_Allreduce npocto ykasansl uaeHTH(GHUKATOpbI MaccuBoB d u
res. Bo-BTOphIX, UM TUTA, yKa3bIBaeMOE B KadyeCTBE UETBEPTOTO TapameTpa,
JIOJKHO COOTBETCTBOBATH THITY AJIEMEHTOB 00padaThIBAa€MbIX MAaCCUBOB (B JaH-
HOM cllydae HaJ0 YyKa3aTh OJMH W3 CcTaHaapTHeix TunoB MPI:
MPI1_DOUBLE_INT, cooTBETCTBYOIIUI CTPYKTYPE M3 ABYX ITOJIEH — BEIIECT-



BEHHOT0 U 11eJ0r0). B cutyanusax, Korjga CTaHAapTHBIX TUIOB JIAHHBIX, PEOC-
TaBysieMbix 0ubnnorexkoit MPI, oka3biBaeTcsi HEIOCTATOUHO, MPUXOAUTCS OTpE-
nensath HoBble TUIIBI MPI (3T0i TeMe nocBsieHa rpyma 3aganuii MP14Type).

[Tpu 3amycke MoTyd4eHHOW MPOTpaMMEBI OYET BBIBEACHO COOOIICHUE O TOM,
YTO 3aJJaHUE BBITIOJHEHO.

B 3akimodueHne npuBeaeM noiaHbIH TekeT perenus 3aaaun MPI13Coll23:
struct MINLOC Data

{
double a;
int n;

'

void Solve()
{
Task ("MPI3Co1123");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPI Comm_size(MPI COMM_WORLD, &size);
MPT_Comm_rank(MPI_COMM_WORLD, &rank);
MINLOC Data d[107, res[10];
for (int i =0; 1 <size +5; ++1)
{
pt >> d[i1].a;
d[i].n = rank;
}
MPI Allreduce(d, res, size + 5, MPI DOUBLE INT, MPI MINLOC,
MPI_COMM_WORLD);
for (int 1 =0; 1 < size + 5; ++1)

if (rank == 0)
pt << res[i].a;
else

pt << res[i].n;

}

2.3. KonnekmuseHkie onepauyuu u co30aHue Ho8bIx
kommyHukamopos: MPISComm3

YacTo mis 3¢ heKTHBHON peann3aluy MepechbulKd JaHHBIX ObIBaeT YI00HO
BOCITOJIB30BATHCSI BCIIOMOTATEIbHBIMI KOMMYHHUKATOPAMU, KOTOPHIE BKIIOUYAIOT



HE BCE MPOLIECCHI MapauIeIbHOrO MPUIIOKEHUS, a TOIBKO TPeOyeMyI0 UX 4acTb
(epynny mpoueccoB). 3agaHus HAa MPUMEHEHHE BCIIOMOTATEIbHBIX KOMMYHHUKA-
TOpOB coOpanbl B Tpex moarpymmax rpymnmsl MPI5Comm. Cnegyer 3amMeTHTb,
yro B 3aganusx rpymmne MPISComm paccmarpuBaioTcss TOJBKO TakK Has3bIBae-
MBbI€ UHMPAKOMMYHUKAMOPbL, CBI3aHHBIE C OJIHOW rpymnoi npoueccos. B MPI
MOKHO CO3/1aBaTh M JPYroi BUJ KOMMYHUKATOPOB — UHMEPKOMMYHUKAMOPH,
KOTOpBIE CBSI3aHBI HE C OJHOM, a C IByMs IpylmnaMu mpoueccoB. MaTepkomMmy-
HUKaTOpaM IocBsIieHa rpymmna 3aganus MPI8Inter (m. ), OONBIIMHCTBO M3 KO-
TOPBIX MOXKHO BBINOJHATH TOJbKO B cucteme MPICH2 1.3, nonnepxuBaromeit
ctangapt MPI-2,

PaccmoTpuM ofHO M3 3aaHMM, BXOJAIIUX B MEPBYIO MOATPYIITY TPYIIIbI
MPI5Comm: «['pymiibl mpoieccoB ¥ KOMMYHUKATOPBD» (3aJaHusl U3 JIBYX Clie-
OYIOIIMX MOATPYII, CBSI3aHHBIE C BUPTYATbHBIMH TOTIOJIOTHSIMH, O0CYKIAI0TCS
B CJICTYIOIIEM ITYHKTE).

MPISComma3. B kaxaom mpoliecce, paHT KOTOPOTo JeNUTcs Ha 3 (BKIIO-
yasi TJIaBHBIA MpoOIlecC), NaHbl TpH IHenbix uyucia. C moMormipio (QyHKIUU
MPI_Comm_split co3iaTh HOBBIIF KOMMYHUKATOP, BKIIOYAIOIIUN MPOIIECCHI,
paHT KOTOpbIX aenutcs Ha 3. Mcnonb3ys oJIHy KOJUIEKTUBHYIO OIEpaIluio me-
PECBUIKM JTaHHBIX JJIs CO3JJaHHOTO KOMMYHHUKATOpa, MepeciaTh UCXOHBIC
Yyclia B TJIaBHBIA MPOILIECC W BBHIBECTH ATH YMCIA B MOPSAIKE BO3PACTAHHS
PaHroB MEPECIaBIINX UX MPOIECCOB (BKIIOYAs YUCIIA, TTOTYICHHBIC U3 TIIaB-
HOTO MPOIIECcCa).

YkasaHue. [pu Be3oBe ¢pynkuuu MPI_Comm_split B mporneccax, koTo-
pbie HE TpeOyeTcs BKIIIOYATh B HOBBIM KOMMYHHKATOP, B KAYECTBE MapaMeTpa
color cnenyet ykaspiBaTh koHcTanty MPI_UNDEFINED.

[TpuBeneM OKHO 3aJaYyHUKA, TIOSBUBIIEECS HA YKPAHE MPH O3HAKOMUTETb-
HOM 3aIlyCKe MPOrpaMMbI-3arOTOBKH JIJIsl 3TOTO 3aAaHus (puc. ).




@ Programming Taskbook - SnekTpoHHbIA 3a4auHnK Mo NporpaMmuposadnio [C++] @

CO30AHWME HOBBIX KOMMYHWEATOPOB PesyneTatel (F2) LUseT (F3) Pexum (F4)
3agaHne: MPISComm3® BbINonHAET: MBaHOB MNeTp

O3HAKOMHUTENBHBIA 3aNyCK:
Y Bbixog (Esc) ‘

HE BbINONHEHA HW O4HA M3 OI'IEDELLHIH BBOAa-BblIBOAA.

Beog 0 w39 BbiBog: O M3 9 TecTsl: 1 M3 5
I
B Ka®OOM MpOlLEecce, PaHT KOTOpOTDo IOelMTCA Ha 3 (BRIDYAaA TJIABHHEN Opolecc), IaHH

TPM LEeNHX 4Mcha. C NoMombR QyHKUMM MPI Comm split co3IaTh HOBHIM KOMMYyHMKAaTOR,
BKIDYADMKI NPOLECCH, PAaHT KOTODHX IelMTCA Ha 3. WCHoNb3yA OOHY KOINNEeKTHBHYD
olepalMp MNepecHIKM OaHHHX IOJIA COSOaHHOTO KOMMYyHKMKaTopa, [NepeciaTh MCXOLHHE

4yCiia B TJABHHM OPOLECcc M BHEECTM 3THM YKMCJIa B NOPAOKE BOSPAaCTaHMA PAHTOB
IepeclaBmMX MX MNpolleccoB (BRIDYaAA YMCla, NOIYy4YeHHHEe M3 IJIaBHOTO Ipolecca).

Yxasanme. [Ipu BESOBe QyHRUMKM MPI Comm split B npolleccax, KOTOpHe He TpebyeTca

BKIDYATE B HOBHM KOMMYHMKATOP, B KadecCcTBe napaMmeTpa color CcIelyeT YKaSHBATH
KOoHCTaHTy MPI UNDEFINED.

VMCXOOHEE OaHHHE

pouecc 0 63 47 17
Ipouecc 3 69 322 28
lIpouecc 6 16 26 37
[IpuMMep BEPHOTO pPENEeHMS
Ipouecc 0:

63 47 17 €9 32 28 le 26 37

Puc. 17. O3nakomutensHbid 3anmyck 3aganus MPI5Comma3

[Tpu 5TOM B KOHCOJIBHOM OKHE OBLT BBIBE/ICH TEKCT, TOKA3bIBAIOIIHUH, YTO B
napajuieJIbHOM MporpaMme ObLIO 3aIyIIEHO BOCEMb IPOIIECCOB:

C:\PT4Work>"C:\Program Files (x86)\MPICH2\bin\mpiexec.exe"

-nopopup_debug -Tocalonly 8 "C:\PT4Work\ptprj.exe"

Takum oOpa3om, B 3aJaHUM HAJIO HMCIOJL30BATh JIMIIb YaCTh MMEIOIUXCS
npoiieccoB. Pazymeercs, Mbl MOkeM Bocmofib3oBaThes GyHkuusmu MPI, obec-
NICYMBAIOIIMMHA OOMEH MaHHBIMH MEXIy JABYMs MpolieccaMu (Kak B PEIICHUH
sagaun MPI2Send11, npusenennom B 1. 3.1), HO Oostee 3PpPEKTUBHBIM OyaeT
BapHaHT, MCIIOJIb3YIOIINN MOIXOISIIYI0 KOJUIEKTUBHYIO OMEPALUIO MEPECHUIKH
JAHHBIX (3aMETHM, YTO MMEHHO TaKOW BapHaHT pPEIIeHHs yKa3aH B (HOpMyJIu-
poBke 3amanusi). OJHAKO KOJUICKTHBHBIC OIMEPAIMU BBIMOJHAIOTCSA I 6Cex
IPOIIECCOB, BXOMSIINX B HEKOTOPHI KOMMYHHKATOP, IIOATOMY B IIpOTrpamMMe
HEOOXOIUMO IPEIBAPUTEIHHO CO3AaTh KOMMYHHKATOP, BKIIOYAIOIINN TOJIBKO
MPOLIECChI, PAHT KOTOPBIX AenauTcs Ha 3. Cruenatb 3TO MOYKHO HECKOJIbLKUMHU
crmocobamMH; OJMH W3 HHUX CBS3aH C  KCIOJB30BaHHUEM  (DYHKIIUH
MP1_Comm_split, ymomsinyToii B (hopMyTupOBKe 3a/1aHHS.

®dynakus MP1_Comm_split mo3BosiseT «pacuienuThy HCXOMHBIA KOMMY-
HUKATOP Ha HA0OpP KOMMYHHKATOPOB, KaX/Iblii M3 KOTOPBIX CBSA3aH C HEKOTOPOM
YacThIO TPOIIECCOB, BXOISIINX B MCXOIHBIH KOMMYyHHUKATOp. ClaenyeT y4uThI-
BaTh, YTO MACCUB HOBBIX KOMMYHHKATOPOB B ITPOrpaMMe HE BOSHHKAET; BMECTO
3TOT0 KaXJI0My U3 mporieccoB mporpammbl ¢pyukmnus MP1_Comm_split npemoc-
TaBJIIET UMEHHO TOT KOMMYHHUKATOP M3 CO3JaHHOI0 Habopa, B KOTOPBIHA BXOIHUT
JOaHHBIH mpomecc. [IpeaycMoTpeHa Takke CUTyaIs, KOraa HEKOTOphIE MPOLec-



ChI HE OYyT BKIIFOUCHBI HA B OJIMH M3 CO3/IaHHBIX KOMMYHHKATOPOB; IS TAKUX
nporeccoB pynkuus MPI_Comm_split Bo3Bpariaer «IrycToi» KOMMYHHKATOP
MPI_COMM_NULL.

Jlnst  pa3OmeHHsT TPOIECCOB HA  HOBBIE TPYNIbBl B (QYHKIHUH
MPI_Comm_split ucnonms3yercst mapamerp color («Bet»). Bee mporecchl oa-
HOTO I[BETa BKIIIOYAIOTCS B OJWH M TOT K€ HOBBIM KOMMYHHUKATOP; MPU ITOM
00011 1IIBET MPEACTABIAET cO00M 00bIUHOE 11es10e YKucio. [IpenycMoTpen Takxke
«reonpenenennsli BeT» MPI_UNDEFINED; ero mamo ykassiBaTh 115 IIpo-
1[ecca, KOTOPBIA HE CIEyeT BKJII0YaTh HU B OJIMH M3 HOBBIX KOMMYHUKATOPOB.
Bropoii xapakrepuctukoi, ucnoiaszyemoit B ¢yakiuu MPI_Comm_split mpu
CO3JIaHMKM HOBOTO Habopa KOMMYHHKATOPOB, ABJsCTCs napaMerp Key («Kirow»).
OH onpenensieT NopsAI0K, B KOTOPOM OYJIyT pacmioaratbCs MpoIecchl B KaXKI0M
13 HOBBIX KOMMYHHKATOPOB: MPOIIECCHI B KAKIOM KOMMYHHKATOPE YITOPSA0YH-
BAIOTCS IO BO3PACTAHHIO UX KJIIOYEH (€CITM HEKOTOPBIE MPOIECCH UMEIOT OH-
HaKOBBIE KJIIOYH, TO UX MOPAJIOK onpeaenseTcs cpenoit MPI, koTopast ynpasisi-
€T mapajulesIbHOM mporpammoit). Jljig coxpaHeHus B KaXKJIOM U3 BHOBb CO3/aH-
HBIX KOMMYHHKATOPOB MCXOIHOTO MOPSIKA CIECOBAHUS MTPOIIECCOB IOCTATOYHO
B KavecTBe mapameTpa Key muis KakJIoro mpolecca yKa3aTh paHT 3TOTO MPoIec-
ca B UCXOJTHOM KOMMYHHKATOPE.

[Mpenycmotpennas mis Gyukimu MPI_Comm_split BO3MOXHOCTH HCIIOJb-
3oBanusa koHcTanTel MPI_UNDEFINED mo3Bossier co3gaBath HOBbIE KOMMY-
HUKATOPBI TOJIBKO JIJI HEKOTOPHIX U3 UMEIOIIUXCS TpolieccoB. BBuay BaskHOCTH
ATOM BO3MOKHOCTH O HEW CKa3aHO B YKa3aHHUH K JAHHOMY 3aJIaHUIO.

YuuteiBas mnepeuyucieHHble ocodenHoctd ¢ynkmuu MPI_Comm_split,
CO37Ia/IUM C €€ MOMOIIbI0 KOMMYHHUKATOP, B KOTOPBIN OYyAyT BXOIUTH TOJIHKO
MIPOIIECCHI PaHTa, KPAaTHOTO TPEM:

MPI Comm comm;

int color = rank ¥ 3 ==07 0 : MPI_UNDEFINED;

MPI Comm split(MPI_COMM WORLD, color, rank, &comm);

if (comm == MPI_COMM NULL)

return;

MO>XHO 3aITyCTUTh JaHHBIH BapHaHT MPOTPAMMBI, YTOOBI YOEIUTHCS, UTO
MIPU CO3JIJaHWK HOBOTO KOMMYHHUKATOpa MbI HE JONMYCTHJIA OIMUOOK (3alauHUK
MO-TIPEeXKHEMY OyJIeT CUMTATh 3aIllyCK MPOrpaMMbl O3HAKOMUTEIHHBIM, TaK Kak
BBO/I ¥ BBIBOJI JAHHBIX B HEW HE BBHITIOJIHACTCS).

[Tocnennuii yCOBHBIN omepaTop oOecrneurnBaeT HEMEIJIECHHBIN BBIXOM U3
mpoliecca, eCii ¢ HUM OKa3ajiCsl CBS3aH «HYJIEBOI» KOMMYHHUKATOp COMM (pa-
3yMEeTCs, B HAIIeM CJIy4ae B YCJIOBUU BBIXOJIa MOXKHO ObLIO Obl aHATM3UPOBATH
OCTaTOK OT jejcHus rank Ha 3, 0JIHAKO MCIIOJIb30BaHHBIN BapHaHT ABJSICTCS 00-
JIe€ YHUBEPCAIIBHBIM).

Bo Bcex ocTanpHBIX TIpoIieccax OCTajaoCh BBECTH TPH IEIBIX YHCIIA, TEpe-
CaTh BCE BBEACHHBIC UYMCJIA B TJIABHBIM IPOIECC, UCIIONB3YS KOJUICKTHBHYIO



¢ynkuio MPI_Gather, u BeiBecTH mosrydeHHbIe uncia. J[s BBOJa UCXOIHBIX
qHCeNl B KOKIOM IPOIECCEe JIOCTATOYHO OINrcaTh MaccuB data W3 Tpex ameMeH-
TOB. Pa3zmep pe3ynbTUpYyIOLIEro MaccuBa €S, KOTOpPbIi OyJEeT MOJyYeH B IJaB-
HOM TIPOIIECCE, 3aBHCHUT OT KOJIMYECTBA IMPOIIECCOB MAPaLICILHOTO MPHIIOXKE-
Hus. [lpu obcyxnennn 3amanus MPI3Call23 mbr yxe ormedanu, 9To B Takoi
CUTYaIllMF MOKHO HCIIOJIb30BaTh JTUOO CTATUYECKUA MACCHB JOCTATOYHO OOJTb-
1I0ro pasmepa, TM00 TUHAMUYECKUM MACCHUB, pa3Mep KOTOporo OyAeT orpeze-
JIEH TIOCJI€ TOTO, KaK CTAHET U3BECTHO KOJUYECTBO MpoueccoB. B 1. 3.2, BbImoi-
usas 3aganue MPI3Call23, mbl ucnonp3oBany cratuueckuii MaccuB. Temeps B
KauecTBe pe3yJIbTUPYIOIIEro MaccuBa €S Oy/leM HCHOJIb30BaTh TUHAMHYECKUI
MaCCHUB:

int datal3];

for (int 1 =0; 1 <3 ; ++1)

pt >> datal[i];

MPI Comm_size(comm, &size);

int *res = new int[3 * size];

MPI Gather(data, 3, MPI INT, res, 3, MPI INT, 0, comm);

it (rank == 0)

for (int 1 =0; 1 <3 * size; ++1)
pt << resl[i];

deletel[] res;

JIns HaxoJeHus OOILIEero 4uciia MOJyYeHHBIX 3JIEMEHTOB Mbl MpPEBApH-
TEJILHO OIPEICITAIN KOJMYECTBO MPOIIECCOB B KOMMYHHKATOpe COMM (¢ momo-
mpto Gyukimu MP1_Comm_size), 3anmcaB ero B nepeMeHHyto Size. [TockobKy
KQKJIBIM MPOIecC KOMMYHHKAaTOpa COMM mepechliaeT B TJIaBHBIN MPOIECC TPH
SJIEMEHTA, pa3Mep JWHAMHUYECKOTO MacCHBa €S IoJjiaraeTcsi paBHbIM Size * 3.
Jy1st BBIZIETICHUS! TAMSITA MBI HCTIOJIB30BaJIA omiepatop NEW s3bika C++.

3arem Bb3biBacTcs (ynkius MPI_Gather (cm. 1. 7.6). O0patute BHUMA-
HHUE Ha TO, uTo B pyHkuuu MPI_Gather B kadecTBe msTOr0 mapamerpa ykasbiBa-
€TCSl HEe pa3Mep MaccuBa €S, a KOJIMYECTBO dJIEMEHTOB, TPUHUMAEMBIX OT KAJiC-
0oeo miporiecca. 3ameTuM Takxke, yto pynkuus MPIl_Gather monydaer naHHbIC
OT BCEX MPOIECCOB KOMMYHHKAaTopa COMM, B TOM YHUCJIE M OT TOTO MpoIiecca,
KOTOPBIH CIY)KWT TIIOJydaTeldeM BCeX JaHHBIX. [lpm yka3zaHuum mporecca-
moJiydatesis Mbl  y4iad, dro Tpomecc panra 0 B KOMMYHHKaTope
MPI_COMM_WORLD sBnsiercs oqHOBpEMEHHO U TpolieccoM paHra 0 B KoM-
MyHHKaToOpe Comm.

B koHIIe mporpaMMbl MBI ¢ TIOMOIIIBIO orepaTopa delete ocBoboxmaem 1u-
HAMUYECKYIO MaMsITh, paHee BBIJCICHHYIO OIIepaTopoM NEW.

3amycTuB MOJYYCHHYIO MPOTPAMMY, MBI TIOJyYUM COOOIIEHHUE O TOM, YTO
3aJIaHHU€ BBITIOJTHEHO.

[IpuBeaeM NMONHBIN TEKCT MOJTYUYEHHOTO PEIICHUS:

void Solve()



Task("MPI5Comm3") ;

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;
MPI Comm_size(MPI COMM WORLD, &size);
MPI Comm_rank(MPI_COMM_WORLD, &rank);
MPI Comm comm;
int color = rank ¥ 3 ==0 7 0 : MPI UNDEFINED;
MPI_Comm split(MPI_COMM WORLD, color, rank, &comm);
if (comm == MPI COMM _NULL)

return;
int datal[3];
for (int i =0; 1 <3 ; ++1)

pt >> datal[i];
MPI Comm_size(comm, &size);
int* res = new int[3 * size];
MPI Gather(data, 3, MPI INT, res, 3, MPI INT, 0, comm);
if (rank == 0)

for (int 1 =0; 1 <3 * size; ++i)

pt << res[i];

deletel] res;

J

2.4. Ucnonb3oeaHue supmyarbHbIX Morosioaul:
MPISComm1l7, MPI5Comm29

[Ipy BBINOJHEHMM NAPAUIEIBHOW MPOrPAMMBI KAXKIBIA IMPOLECC MOKET
0OMEHMBATHCS JTAHHBIMU C JIFOOBIM IPYTUM MPOIECCOM MOCPEICTBOM CTaHIAPT-
Horo kommyaukaropa MPI_COMM_WORLD. Ecimu TpeOyeTcss BbIIECTUTh Ka-
KYI0-TH0O Yacmb WMEIOIUXCS MPOLIECCOB NIl OPTaHM3AIMKA B3aMMOJICHCTBUS
MEXIy HUMH (Hampumep, Ui KOJUIEKTHBHOTO OOMEHa NaHHBIMH B TIpeesiax
TOJIBKO 3TOM YacCTH MPOLECCOB), TO HEOOXOAUMO ONPEAECIUTD JIsl HYyKHBIX MPO-
[IECCOB HOBBIM KOMMYHHUKATOp. B mpenpinymieM MyHKTe AJii CO3AaHHUSI HOBBIX
KOMMYHHUKATOPOB MbI Hcnonb3oBain Gyukimo MPI_Comm_split. B oubmuore-
ke MPI npemycmoTtpeH erie ouH croco0, MO3BOJISIONINN 00BEIUHUTE HYKHbBIE
MPOLIECCHI; OH COCTOUT B OINpPEAENICHUH ISl MPOIIECCOB MapajuIeIbHOTO MPHUIIO-
XeHus supmyanvrot monoaoeuu (Virtual topology).

BupryanpHas Tomosiorus 3ajaeT Ha MHOXKECTBE MPOLECCOB HEKOTOPYIO
CTPYKTYpPY, OTPEICICHHBIM 00pa3oM YIOPSIOUYMBAOIIYIO 3TH Tpolecchl. Mme-



I0TCS JIBa BUJAa BUPTYAIbHOW TOTOJOTUM: JEKAPTOBA TOIOJOTHS M TOMOJIOTHS
rpada. B ciayuae dexapmosou mononoeuu (Cartesian topology) Bce mporecch
UHTEPIIPETUPYIOTCA KaK y3Jbl HEKOTOPOM N-MEPHOW PEHIETKH pa3mepa
ky x Ky x ... x Ky (ecimm N = 2, TO TpoIiecchl MOXKHO paccMaTpHBaTh Kak 3JIeMEH-
ThI TIPSIMOYTOJbHON MaTpullbl pa3mepa Ky x k;). B cimyuae mononocuu epagpa
(graph topology) mporecchl HHTEPHPETUPYIOTCS KaK BEPIIMHBI HEKOTOPOTO
rpada; mpu 3TOM CBsI3U MEXKIY MPOIECCaMH ONPEACIISIOTCA TOCPEACTBOM 3a/1a-
HUs Habopa pebep (ayr) mist aToro rpada.

Eciau koMMyHUKAaTOp CHA0XEH BUPTYaJIbHON TOMOJIOTUEH, TO U3 BXOIAIINX
B HETO TPOIIECCOB MOXHO BBIACNATHh Pa3UYHBIC MOJMHOXKECTBA PETYISIPHOM
CTPYKTYpBI. B 4acTHOCTH, U3 N-MEPHBIX PEIICTOK, 3a/1aBaeMbIX C IMTOMOIIIBIO JIe-
KapTOBOM TOMOJIOTMH, MOXHO BBIACIATHh Pa3UYHbIC ceueHus pa3MepHOCTH M,
re M MOXeT MEHIThCs OT 1 10 N — 1 (Hampumep, U3 AByMEPHBIX MaTPHI] MOXK-
HO BBIJICTISITH OJTHOMEPHBIE CTPOKHU WIJIM CTOJIOLIBI).

Bocrnonb3yemcsi MEXaHU3MOM BUPTYaJIbHBIX TOMOJIOTHMA ISl BBITIOJIHEHUS
CJICTYIOIIETO 3aIaHusl.

MPI5Comm17. Yucno mpoueccoB K kpatHo Tpem: K=3N, N>1. B
npoueccax 0, N u 2N gano nmo N uensix yucen. Onpeaenuts s BCeX Mpo-
IIECCOB JICKApTOBY TOIOJIOTHIO B BUJE MaTpHIlbl pazmepa 3 X N, mocie uero,
ucnosib3ys ¢pynkuuo MPI Cart sub, paciienuts MaTpuIly NpoIeccoB Ha TPU
onHOMepHbIe cTpokH (ripu 3ToM mporiecchl 0, N u 2N OyayT riiaBHbIMU TTPO-
[[eccaMy B TIOJYYEHHBIX CTpokax). Mcmonb3ysi OfHYy KOJUIEKTUBHYIO Orepa-
IIAIO TIEPECHUTKH JTaHHBIX, TIEPECIaTh M0 OAHOMY MCXOIHOMY YHCITY M3 TJIaB-
HOTO Tporiecca KaKI0W CTPOKH BO BCE MPOIECCHI ATON K€ CTPOKU M BHIBECTH
MOJTyYEHHOE YHUCIIO B Kax10M nporiecce (Bkimouas mporiecchl 0, N u 2N).

[Ipy 03HAKOMUTENBHOM 3aIyCKE ATOTO 3aJaHHs OKHO 3aJayHUKa TPUMET
BU/I, IPUMEPHO COOTBETCTBYIOIINN MTPUBEIEHHOMY Ha pUCyHKe 17.




@ Programming Taskbook - SnekTpoHHbIA 3a4auHWK NO NporpaMmnpoBadnio [C++] @

BUPTYAMNLHBIE TONONOMAM PesynsTaTel (F2)  LiBeT (F3)  Pesum (F4)
3aganme: MPISComm17°® BbInonHAeT: MBaHoB MNeTp

O3HAKOMHTENBHLIR 3anyck:

He BbIMONHEHA HU OfHA M3 ONepaLWii BBOAA-BbIBOAA. BeonlE=a) ‘
Beog: 0 13 12 BeiBoa: 0 m3 12 TecTsl: 1 M35
I
Umucno OpoleccoB K KpaTHo Tpem: K = 3N, N > 1. B npoueccax 0, N 1 2N gaHo

no N UenHX 4YuceN. ONpelelNMTbh ONA BCEX IIPOLUECCOB OEeKApPTOBY TOIOJNOIME B BHIE
MaTpule pasMmepa 3 x N, nocine 4ero, MCHONb3yA OyHERUME MPI Cart sub, pacmenurTsh
MaTpHMLUY IPOLECCOB Ha TPM OOHOMEpDHHEE CTPOoKM (npM sToMm npouecce 0, N u 2N
BYyOyT IJABHEMM IIpOLEeCCaMM B [IOJYYEHHHEX CTPOKax). MCHNONBE3YA OOHY KOJIEKTHMEHYD
ONEepalMpn NepPeCcHJKM IaHHEX, [IepeclaThk 10 OIHOMY MCXOOHOMY YMCIY M3 TJaBHOTO
npollecca Ka®Ooll CTPOKM BO BCEe MPOLECCH 3TOM ®e CTPOKM M BHEHEECTH IIONYUYEeHHOE
YMCJI0 B Ka®OOM [Opollecce (BrIDYaA Opoleccw 0, N m 2N).

MCXOOHEE IaHHHEE
Npouecc 0: 88 60 47 96
Mpouecc 4: 72 21 82 64
Ipouecc B8: 91 50 96 31

[IpMMep BEepPHOTO pPENEeHMA
Ipouecc 0: 88 lIpouecc 1: 60 Npouecc 2: 47 lIpouecc 3: %6
Ipouecc 4: 72 lIpouecc 5: 21 lIpouecc 6: B2 Npouecc 7: 64
Ipouecc 8: 91 lIpouecc S: 50 Npouecc 10: 96 Npouecc 11: 31

Puc. 18. O3nakomuTenpHbIi 3anmyck 3aganus MPI5Comm17

Bapuant, npuBeneHHBINM B OKHE, cOOTBeTCTBYeT ciydaro N = 4. umeercs
12 nporeccoB, KOTOpbIE CIEAYET WHTEPHPETUPOBATH KaK SJIEMEHTHI MaTPHIIbI
pasmepa 3 x 4. IIpu 3ToM B mpo1ieccax, ABISIIOIINUXCA HaYalbHBIMU 3JIEMEHTaMU
CTpPOK (MHa4€ TOBOPS, B MpoIleccax, BXOASIIUX B MEPBbIA CTOJIOECI] MaTpHUIIbI),
JAHO M0 YETHhIPE YMCIIa, KaKJ0€ U3 KOTOPBIX HA/I0 MepeciaTh B COOTBETCTBYIO-
WA IPOLIECC IMOU JHce CMPOKYU MATPULIBI IPOLIECCOB.
Ha mepBoM stare pernieHus 3a1ayu HEOOXOAUMO OIPEACIUTh TPEOyeMyIo
JIEKapTOBYy  Tomojoruto. Jlis 93TOro Hamo0  HCMOJIb30BaTh  (YHKIIUIO
MPI1_Cart_create, koTopasi UMeeT CIEAYIOIINEe apaMeTphl:
® CXOJHBI KOMMYHHKATOp, JUISl ITPOLIECCOB KOTOPOTO ONpEAeIsieTcs Ae-
KapToBa Tonojorus (B HameM ciydae MPI_COMM_WORLD);

® UHCIIO Pa3MEPHOCTEH CO3aBacMOM JEKapTOBOW pemerku (B Hamiem
ciyyae 2);

® [[CJIOYMCIICHHBI MAacCUB, KaKJIbII 3JIEMEHT KOTOPOTO OINpEAENseT pas-
Mep M0 KaXJI0My H3MepeHHIo (B HallleM CITydae MAcCHB JOJDKEH COCTO-
STh U3 JIBYX DJIEMEHTOB CO 3HAUYCHUsIMU 3 U Size/3);

® [ICTIOYMCIICHHBI MacCUB (JIAroB, OMPEACISIONINX MEPUOIUIHOCTh Ka-
KJ0r0 U3MEpeHus (B HallleM cllydyae AOCTaTOYHO MCIOJIb30BATh MAaCCUB
U3 JIByX HYJICBBIX 2JIEMEHTOB);

® I[ICJIOYUCIICHHBIN dar, onpeaensonuii, MoxkHo ju cpeae MPI aBroma-
TUYECKU MEHSTh MOPSII0K HyMEpaIluu MpoLeccoB (B HAIIEM cilydyae He-
00X0/IUMO TIOJIOKHUTH 3TOT MapaMeTp paBHbIM 0);



® PE3YJbTUPYIOMIUM KOMMYHHKATOp C JE€KapTOBOW TOMOJOTHEH (eauH-
CTBEHHBIN BBIXOJHOU mapamerp).

[TeproanuHOCTD 7151 HEKOTOPBIX U3MEPEHUN JEKapTOBOM PEIIETKH yI00HO
UCII0JIb30BaTh, HAIPUMED, MPHU BBIMOJIHEHUH IUKINYECKOr0 MEPEeHOca JTaHHBIX
MEXIy MPOIECCaMH, BXOASIIMMH B 3TH HU3MEpeHHs (CM. omucaHue (QYHKIIMH
MPI_Cart_shift); B 5Tom ciiydae cOOTBETCTBYIOIINN 3JICMEHT B MacCHBe ()jIaroB
HAJI0 33/1aTh OTJIMYHBIM OT 0.

ABTOMaTH4ecKasi IepeHyMepanus MporeccoB MpH ONPEIEICHUH JAeKapTO-
BOM TOMOJIOTUU TO3BOJIAET Y4YEeCTh (DPU3MUECKYI0 KOH(PUTYypalMio KOMIbIOTEp-
HOM CHCTEMBbI, Ha KOTOPOW BBIMOJIHIETCS MapajijiesibHas IporpaMma, U TeM ca-
MBIM TOBBICUTH 3 (PEKTUBHOCTD €€ BhIMoMHeHHA. OIHAKO B yU4EeOHBIX MPOrpaMm-
MaX, BBITIOJHSIEMBIX O] yrpaBicHueM 3agaunuka PT for MPI-2, mopsmok npo-
LIECCOB B CO3/IaHHBIX JIE€KapPTOBBIX TOIMOJOIHUSAX JOJDKEH OCTaBAThCS HEU3MEH-
HBIM, I03TOMY NIEPEHYMEPALIIO MPOLECCOB CIIEYET 3aIPETUTh.

[IpuBenemM pparMeHT MporpaMmbl, ONPEACIAIONINI JEKAPTOBY TOMOJIOTHIO
Y CBSI3BIBAIONINIA €€ ¢ HOBBIM KOMMYHHKATOPOM COMM (3TOT (parMeHT Hajo
MIOMECTHTD B KOHIIe (yHKIMH SOlve):

MPI Comm comm;

int dims[] = {3, size / 3},

periods[] = {0, 0};

MPI Cart create(MPI COMM WORLD, 2, dims, periods, 0, &comm);

KoMMmyHuKaTOp COMM, CO3JaHHBIM B PE3yJIbTaTe BBINOIHEHUS (DYHKIIMH
MPI_Cart_create, Oyaer comepxkaTh T€ K€ MPOIECCHI, UTO U UCXOTHBIA KOMMY-
nukarop MPI_COMM_WORLD, npuuem B Tom xe mnopsake. OIHaKO 3TH
KOMMYHUKATOPBI SIBIIIFOTCS pA3IU4HbIMU. DTO TPOSBISECTCS NMPEXIE BCETO B
TOM, 4YTO ONEpaLMU NEPECHIIKA TAHHBIX, OCYIIECTBIISIEMBIE C TOMOIIBIO KOMMY-
HukatopoB MPI_COMM_WORLD u comm, BBIMOJHAIOTCS HE3aBUCUMO M HE
BJIMSIIOT JIpYT Ha Japyra (pa3indyHble KOMMYHUKATOPBI, COAEpKaIIe OJUH U TOT
e OJMHAKOBO YMOPSAIOYEHHBIH HAO0Op MPOLECCOB, HA3bIBAIOTCS KOHZPYIHMHbI-
mu; ipu ux cpaBHeHnn Qynkmueir MP1_Comm_compare Bo3Bpaiaercs pe3yib-
TaT, paBHbIA 3HaYeHUIO kKoHCTaHTEI MPI_CONGRUENT). Kpome Toro, ¢ KoM-
MYHHKAaTOpOM COMM JOIMOJHUTEIBHO CBSI3aHA BUPTYyaJIbHAsI TOMOJIOTHS, & KOM-
mynukarop MPI_COMM_WORLD nHukakoil BUpTyanbHOI TONOJIOTHEN HE 00-
nagaet (MIPOBEPUTH, CBSI3aHA JIM C KOMMYHHMKATOPOM BHUPTYyaJIbHAsl TOIMOJIOTHS
OIPEICIICHHOTO THIa, MOXHO ¢ momortbio Gyrkiuun MPI_Topo_test).

bnaronaps HanMuMIO 1€KApTOBOM TOIMOJIOTHH, C KaXIbIM IPOLECCOM KOM-
MyHHKaTopa COMM CBS3bIBAETCS HE TOJIBKO MOPSAKOBBIA HOMEp (paHr Mpoliec-
ca), HO ¥ HaOOp LENbIX YHCEN, ONPEACIAIONIUX KOOpOUHAmyl 3TOTO Mpoliecca B
COOTBETCTBYIOIIEH nekapToBO# pemieTke. Koopaunatel HymepyroTcs oT 0.

KoopanHatel mpouecca B I€KapTOBOK TOIMOJIOTMH MOXHO ONPEAEIUTH 110
ero panry ¢ mnomomipio ¢yakmuu MPI_Cart_coords (3ametum, uto (GyHKIHS
MPI_Cart_rank mo3BossieT pemutb o0paTHyro 3aaa4y). [{iist BRITOIHEHUS Hallle-



ro 3amanus ucnoib3oBats Gynkiuo MPI_Cart_coords me Tpedyercs, oHaKO B
psae ciiydaeB (B YaCTHOCTH, IPH OTJIAJIKE MapauIeSIbHbIX POrPaMM) OHA MOYKET
OKa3zaTbcs nosie3HOM. [loaToMy npuBeeM npuMep €€ UCIOJIb30BaHMs, BBIBENS B
pazzien OTJIaJIKK OKHA 33JJayHUKa KOOPJMHATHI BCEX MPOLECCOB, BKIOYEHHBIX B
JeKapTOBY pemeTky. Jljis 3TOro JOMOJHUM TEKCT MPOTPAMMBI CIEAYIOIIUMHU
ONepaTopamHu:

int coords[2];

MPI Cart coords(comm, rank, 2, coords);

Show(coords[0]) ;

Show(coords[1]);

[Tpu 3amycke MOMOIHEHHON MPOrpaMMbl OKHO 3a/ladyHUKa MPUMET BH, CO-
OTBETCTBYIOIIHNI NMPUBEACHHOMY Ha puc. 18.

@ Programming Taskbook - 3nekTpoHHbIA 3a4auHKK Mo NporpaMMyMposannio [C++] @
BUPTYANBHBIE TONONOr MW PesynsTaTel (F2)  LiBeT (F3) Pewum (F4)
3apaHue: MPISComm17° BeinonHAeT: MBaHoB MNeTp

O3HAKOMHTENBHLIR 3anyck:

He BbIMONHEHA HU OfHA M3 ONepaLWii BBOAA-BbIBOAA. BeonlE=a) ‘
Beog: 0 13 12 BeiBoa: 0 m3 12 TecTsl: 1 M35
I
Umucno OpoleccoB K KpaTHo Tpem: K = 3N, N > 1. B npoueccax 0, N 1 2N gaHo

no N uennx 4duces. ONpPemelMTbh O BCeX IIPOLECCOB OeKapTOBY TOIOJOIMD B BHIE
MaTpule pasMmepa 3 x N, nocine 4ero, MCHONb3yA OyHERUME MPI Cart sub, pacmenurTsh
MaTpHMLUY IPOLECCOB Ha TPM OOHOMEpDHHEE CTPOoKM (npM sToMm npouecce 0, N u 2N
OYyOyT I'JaBHEMM IIpolleccaMM B [OJNYYEeHHHX CTPOKax). MCHONBE3YA OOHY KOJNIEKTMBHYD
ONEepalMpn NepPeCcHJKM IaHHEX, [IepeclaThk 10 OIHOMY MCXOOHOMY YMCIY M3 TJaBHOTO
npollecca Ka®Ooll CTPOKM BO BCEe MPOLECCH 3TOM ®e CTPOKM M BHEHEECTH IIONYUYEeHHOE
4MCJIO B Ka®OOM IIpollecce (BriIpYad npoueccu 0, N u 2N).

MCXOIOHEE IOaHHHE

Npouecc 0: 23 82 2 35
Npouecc 4: %7 &85 53 37
Npouecc B8: 72 77 65 21

IpMMeED BEPHOTO pPENEeHMH
Ipouecc 0: 23 lIpouecc 1: 82 Npouecc 2: 28 lIpouecc 3: 35
Ipouecc 4: 97 lIpouecc 5: 85 lIpouecc 6: 53 Npouecc 7: 37
pouecc B: 72 Mpouecc 9: 77 Mpouecc 10: 69 Mpouecc 11: 21

0] 1> 020
1] 1> 01
2] 1> 0 2
3] 1> 0 3
4] 1> 1 0
5 1> 11
6] 1> 1 2
717 1> 1 3
8] 1> 2 0
9] 1> 21
0] 1> 2 2
111 1> 2 3

llo 12345467 8 91011

Puc. 19. BeiBox AeKapTOBBIX KOOPAWHAT MPOIIECCOB B pa3zesie OTIaJIKH

Hanmomnaum, 4t0o mepBoe 4MCIO B KaXJA0W CTPOKE paszielsia OTJaiKu (mepen
CHMBOJIOM «|») 00O3Ha4YaeT paHr mpoiiecca, B KOTOPOM ObUIM BBIBEIACHBI JaH-



HbI€, YKa3aHHbIE B 3TOM CTpoke. Bropoe uucio (mmocie KOTOpOro yKas3bIBaeTCs
CUMBOJI «>») 0003Ha4yaeT MOPSAKOBBII HOMEpP CTPOKH BBIBOAA ISl JTAHHOIO
npouecca. B HameMm ciaydae Kakablii IPOLIECC BBIBEN MO OJHOW CTPOKE, COAEP-
YKaIIeil 1Ba yncia: CBOM KOOPAMHATHI B IEKAPTOBOM TOIOJIOTHUH.

Mps1 BuguM, uyto nponecc panra 0 umeer koopauHatsl (0, 0), T. €. ABiseTCs
NIEPBBIM 3JIEMEHTOM IIEPBOIl CTPOKHU MaTpHUIIbl, a mpouecc panra 11 umeer koop-
JTUHATHI (2, 3), T. €. SIBJISETCS MOCIETHUM (YETBEPTHIM 10 CUETY) DIEMEHTOM I10-
cienHen (TpeTbeil 1o cuery) cTpoku. Kpome Toro, B JaHHOM cilydae B IEpPBYIO
CTPOKY MaTpHIIbl BXOAIT mporiecchkl panroB 0, 1, 2, 3, a B mepBbIit cToJ0CI] —
npoueccol panros 0, 4 u 8.

Bepuemcs k Hamelt 3agade. [y ee pemieHuss HE0OXOIMMO BHAYalle pas-
OUTb MOJIyYEHHYIO MaTPUILy MIPOLIECCOB HA OT/AEIbHBIE CTPOKH, CBA3AB C KaXK10M
CTPOKOW HOBBIM KOMMYyHHUKATop. [locne 3Toro cimemyer BBIOIHUTH JJIs BCEX
MIPOIIECCOB, BXOAMINX B OJHY CTPOKY, KOJJIEKTUBHYIO omeparuio MPI_Scatter,
pacchUIaoIIy0 (PparMeHThl Habopa JTaHHBIX U3 OJHOrO IMpoliecca BO BCE MPO-
IIECCHI, BXOSAIINE B KOMMYHHUKATOP.

Pacmenienue nekapToBoil pemeTkn Ha Habop MOAPENIETOK MEHbIIEH pa3-
MEPHOCTH (B YaCTHOCTH, pa30MeHUe MaTpUIbl HA HAOOP CTPOK WIIM CTOJOLIOB) U
CBSA3BIBAHME C KAKJIOM MOJYYEHHOM MOAPENIETKOM HOBOIO KOMMYHHKATOPa BBI-
nojHsiercs ¢ momoiisio Gyrkiuun MPI_Cart_sub. B kauectBe ee mepBoro mapa-
MeTpa cIeayeT yKa3aTh UCXOAHbI KOMMYHHUKATOP C I€KapTOBOW TOIOJIOTUEH, B
KayecTBE BTOPOI0 — MacCUB (JIaroB, ONpeAeAIONInN HOMEPA TeEX U3MEPEHNUH,
KOTOPBIE JTOJKHBI OCTaThCS B MOJPELIETKaX: €CIM COOTBETCTBYIOLIEE H3MeEpe-
HUE JIOJDKHO BXOAMTDH B KaXKyIO MOJAPEIIETKY, TO Ha €r0 MeCTe B MacCUBE yKa-
3bIBAETCSl HEHYJIEBOM (byar, eciii k€ MO JTaHHOMY HM3MEPEHUIO BBIMOJIHSIETCS
pacuiernieHue UCXOJHON PelIeTKH, TO 3HaYEHUE CBA3aHHOTO C ATUM M3MEPEHU-
eM (pyiara JOJKHO OBITh HYJIEBBIM.

B pesynbrate Bemonnenus ¢pynkuun MPI_Cart_sub co3maercs mabop Ho-
BBIX KOMMYHHUKATOPOB, KaXIbIi U3 KOTOPHIX CBSI3BIBACTCS C OJHOM M3 MOTyUYeH-
HBIX TIOJIPEIIETOK (BCE CO3/IaHHBIE KOMMYHUKATOPhl aBTOMAaTHYECKH CHA0XKAI0T-
csl JeKkapToBoil Tomnosiorueit). OnHako Bo3BpamaeTcsl JaHHOW QyHKIuen (B Ka-
YECTBE TPETHEr0, BHIXOJAHOIO MapaMeTpa) TOJIBKO OOUH U3 CO3JAAHHBIX KOMMY-
HUKAaTOPOB — TOT, B KOTOPBIM BXOJUT IMPOLECC, BBHI3BIBABLINI 3Ty (YHKIIHIO.
3aMeTHM, YTO aHaJOTHYHBIM 00pa3om BeneT cebs u pyrkius MP1_Comm_split,
paccMOTpEHHas B MPEbIAYIIEM ITyHKTE.

Jlnis pa3bueHns UCXOAHOM MaTpHIlbl MPOLIECCOB Ha HaOOp cmpok Halo B
KadecTBe Broporo napamerpa ¢pyukmuu MPI_Cart_sub ykasaTh MaccuB U3 ABYX
LEJIOYHUCICHHBIX 3JIEMEHTOB, MEPBBIA U3 KOTOPHIX paBeH (), a BTOPOIl sSBIsETCS
HEHYJIeBbIM (Hampumep, paBeH 1). B 3ToM ciyuyae Bce aieMEeHThl MAaTpPUIbI C
OJIMHAKOBBIM 3HAYEHUEM nepeoil (yAansieMoil) KoOOpauHAThl OyayT 00bEIUHEHBI
B HOBOM KOMMYHHKAaTope (Ha3oBeM ero comm_sub).



[lepBbIil mponecc Kaxaoui CTPOKH (TOT, KOTOPBIN JIOJKEH MO YCIOBHIO 3a-
Jla4M TIepeciiaTh CBOM JIaHHBIE BO BCE OCTAJBHBIE MPOILECCHI ITOU K€ CTPOKH)
Oyzser UMeTh B OJYYCHHOM KOMMYHHKaTope COMm_sub panr, paBusrii 0. s
OTIpe/ICIICHUs] paHTa CJeayeT Bocronb3oBatbes (ynkmmerr MPI_Comm_rank.
ITocne 3toro, ecmm panr paseH 0, HALO NMPOYECTh UCXOAHBIE JAHHBIE U NEpe-
CJIaTh IO OJTHOMY 3JIEMEHTY JIaHHBIX KaKJOMY MPOLECCY ITOrO K€ KOMMYHHUKa-
Topa, ucnoiniys ¢pyakuuro MPI_Scatter. B koH1ie octaHeTcst BHIBECTH DJIEMEHT,
NOJIYYECHHBIN KayKJbIM IPOLECCOM.

IIpuBeneM 3aBepIAONIyIO YaCTh PEIICHHUS

MPI_Comm comm_sub;

int remain dims[] = {0, 1};

MPI Cart sub(comm, remain dims, &comm sub);

MPI_Comm_size(comm sub, &size);

MPI_Comm_rank (comm sub, &rank);

int b, *a = new int[size];

if (rank == 0)

for (int i = 0; 1 < size; ++1)
pt >> ali];

MPI Scatter(a, 1, MPI INT, &b, 1, MPI INT, O, comm sub);

pt << b;

deletel[] a;

3anmycTUB MOJYYEHHYIO MPOTPaMMYy, MbI MOJYyYHUM COOOILEHHE O TOM, YTO
3a/laHU€ BBINIOJHEHO. Y ajsATh (pparMeHT, 00eCreunBaOMIUA OTIAJOUYHYIO Te-
YaTh KOOPJMHAT MPOLIECCOB, HE TPEOyeTCs, TaK KaK BHIBOJ OTJIAJOYHBIX JTAHHBIX
HUKAaK HE BIUSET Ha MPOBEPKY NPABUIBHOCTU PELICHHUS.

[IpuBeneM nonHbINA TEKCT NOJYUYEHHOTO perieHus (0e3 0TIalouHON MevaTu

KOOpJIMHAT):

void Solve()

{
Task("MPI5Comml7") ;
int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;
MPI Comm_size(MPI COMM _WORLD, &size);
MPI Comm rank(MPI _COMM WORLD, &rank);
MPI_Comm comm;
int dims[] = {3, size / 3},
periods[] = {0, 0};
MPI Cart create(MPI_COMM _WORLD, 2, dims, periods, 0, &comm);



MPI_Comm comm_sub;

int remain dims(] = {0, 1};

MPI Cart sub(comm, remain dims, &comm sub);

MPI Comm_size(comm sub, &size);

MPI Comm_rank(comm sub, &rank);

int b, *a = new int[size];

it (rank == 0)

for (int i =0; 1 < size; ++1)
pt >> alil;

MPI Scatter(a, 1, MPI INT, &b, 1, MPI INT, 0, comm sub);

pt << b;

deletel[] a;
}
IIpumeuanue. PacnpocTpaneHHOM OMMUOKON, CBA3aHHON C UCITOJIb30BAHU-
em ynkiuun MPI_Cart_sub, siBiisseTcst HelmpaBHIIbHOE YKa3aHHE €€ BTOPOTO
napameTpa — MaccuBa (uaros. Eciu, Hanmpumep, B IPUBEACHHOW BHIIIE
porpaMMe MOMEHATh MECTaMH AJIEMEHTHI co 3HaueHusiMu O u 1 B MaccuBe
remain_dims, To mpu 3amycke mporpaMMbl B OKHE 3aJjauHUKa OYIyT BBIBE-
JIEHBI COOOIIEeHNS 00 OIMMOKaX, MoA00HBIE TIPUBEACHHBIM Ha puC. 19,
[Ipoananu3upyem 3tu cooOuieHusi. M3-3a HEBEpHOTrO yKa3zaHHsS MacCHBa
¢dmaroB pynkuus MPI_Cart_sub BeimonHuIa pa3oueHHEe UCXOTHON MaTpH-
IIbI HE HA CTPOKH, a HA cmo/IOybl; B pe3yabTaTe ObUIM CO3MaHbl 4 HOBBIX
KOMMYHHUKATOPA, KXl U3 KOTOPBIX COAEPKUT 3 MPOIIEcca, BXOJAIINX B
OJIMH W TOT ke cTosbern MaTpuilsl. [Ipu aToM mporiece, sBsStonuics nep-
BBIM B CTOJIOIIE, cuuTaeTcsi mpoieccoM panra O Il COOTBETCTBYIOIIETO
KoMMyHHuKaTopa. [TosToMy ycroBue B mociennem onepatope if Oyaer uc-
TUHHBIM 181 TIporieccoB 0, 1, 2 u 3, 1 UMEHHO Il HUX OYJIyT BBIMOJHSTh-
Csl OTEpaTOpPbl BBOJIA UCXOAHBIX AaHHBIX. OnHAKO B npoueccax 1, 2 u 3 uc-
XOJIHBIX JIAHHBIX HE MPEIYCMOTPEHO, MOATOMY MPU BBIMIOIHEHUU MPO-
rpaMMbl JJI 3THX MNPOLECCOB BBIBOJUTCS cOo0OIIeHne o0 omubke «/lo-
nvlmKa 66ecmu TuwiHUe Ucxoonvie dannvie». C Ipyroil CTOPOHbI, IPOLIEC-
cbl 4 U 8 (ABIAIOIIMECS HAYaJbHBIMHU MPOIECCAMU BO BTOPOM M TPEThEH
CTpPOKE MaTpHIlbl) B HOBBIX KOMMYHHUKATOpaxX MMEIOT HEHYJICBOW paHT, U
MOATOMY JJIsl HUX BBOJ| JAHHBIX HE BBITIOJHSIETCS, YTO U OTMEUEHO B CO00-
meHUH 00 OMMOKe ISl TUX TPOIECCOB: «BsedeHwbl He 6ce mpebyembie Uc-
xXoouwle dannvle. Konuuecmso npouumarnnoix oannwvix: 0 (uz 4)». O6parute
TaKk€ BHUMAaHUE Ha TO, 4To mpoiecc O mepeciaan CBOM UCXOHBIE TaHHBIC
HE B MPOIIECCHI, BXOMAIINE B MEPBYIO CTPOKY MaTpHIlbl (KaKk TpeOOBaIOCh
M0 YCJIOBHIO 337a4d), a B TPOIIECCHI, BXOMASINNUE B TIEPBBIA cTosder. Tak
Kak B mporueccax 1, 2 u 3 uCXo/IHbIEe TaHHBIE OTCYTCTBOBAJIU, B OCTAJIbHbBIC
MIPOIIECCHI COOTBETCTBYIONIUX CTOJIOIOB OBLIM MEpPECIaHbl HYyJIU. 3aMETHUM,
4YTO B caMux mpoueccax 1, 2 u 3 nonxydeHHbIe HYJIU HE ObUIM BBIBEJICHBI,



TaK KaK paHee B KaXJIOM W3 ATHX MPOIECCOB 3aJaYHMK BBISBUIJI OIIMOKY
BBOJIa M IOATOMY 3a0JIOKMpPOBaJl BCE MOCIEAYIOIIME ONEpalud BBOJA-
BBIBOJIa /ISl 3TUX MpolieccoB. TakuM oOpa3oM, MPUBEIECHHONW B OKHE 3a-
Ja4yHuKa WHGOPMAIMU BIOJHE TOCTATOYHO, YTOOBI PACIO3HATH MPUUHHY
OLIMOKY ¥ BHECTU B IPOrPaMMy HEOOXOAUMBbIE HCTIPABIICHHSL.

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
BUPTYANBHBIE TONONOr MW PesynsTaTel (F2)  LiBeT (F3) Pewum (F4)
3apanme: MPISComm17° BeinonuaeT: MeaHos MeTp

BeefeHbl He Bce TpeDbyeMble UCXOAHEIE AaHHbIE.

OwudKka npousoLwna B npoueccax 4, 8. Eem (=)

Beog: 3wz 12 W Beisoa: 9 m3 12 TecTbl: 1KM3 5 ‘

I — —

Umucno OpoleccoB K KpaTHo Tpem: K = 3N, N > 1. B npoueccax 0, N 1 2N gaHo
no N uenwnx 4Yuces. OINPemelMTbh OJA BCEeX [IPOLECCOB OEeKapTOBY TONOJOTHME B BHIE
MaTpule pasMmepa 3 x N, nocine 4ero, MCHONb3yA OyHERUME MPI Cart sub, pacmenurTsh
MaTpHMLUY IPOLECCOB Ha TPM OOHOMEpPHHEE CTpPoXKM (npu sTom npouecce 0, N u 2N
BYyOyT IJABHEMM IIpOLEeCCaMM B [IOJYYEHHHEX CTPOKax). MCHNONBE3YA OOHY KOJIEKTHMEHYD
ONEepalMpn NepPeCcHJKM IaHHEX, [IepeclaThk 10 OIHOMY MCXOOHOMY YMCIY M3 TJaBHOTO
Npolecca Ka®xgoll CTPOKM BO BCE NPOUECCH 3TON ®e CTPOKKM UM BHBECTH NONYUEHHOE
YMCICO B Ka®EOOM Npollecce (BrIpYad npolecch 0, N um 2ZN) .

Npouecc 0: 64 68 13 68
Npouecc 4: 85 11 7% 25
Npouecc B: 32 42 3e 72

IoNy4YeHHEE pPEeSyJIbTaTH
Ipouecc 0: 64 lIpouecc 1: Ipouecc 2: Npouecc 3:
Mpouecc 4: &8 Mpouecc Mpouecc 6: 0 Mpouecc 7: 0
Ipouecc 8: 13 lIpouecc G 0 Npouecc 10: 0 Npouecc 11: 0

wn
]

[I[pMMED BEPHOTO pENeHMH
Ipouecc 0: 64 lIpouecc 1: 68 Npouecc 2: 13 Npouecc 3: 68
Ipouecc 4: 85 lIpouecc 11 lIpouecc 6: 79 Npouecc 7: 25
Mpouecc B: 32 Mpouecc 9: 42 Npouecc 10: 36 Mpouecc 11: 72

)]

] 1> !'MIpy HamM4uy oMOOK B NOIYMHEHHHEX OpPOLECCaX
0] 2> ! pemeHMe IONA DJABHOTO [IpOlleCcca He NpOBEDASTCH.
1] 1> !MonuHTrka BBEECTH JIMIIHME MCXOIHHE IaHHEE.

2] 1> !MonuHTrka BBEECTH JIMIIHME MCXOIHHE IaHHEE.
31 1> !MonuHTrka BBEECTH JIMIIHME MCXOIHHE IaHHEE.
4] 1> !BeefeHH He BCce TpefyeMble MCXOOHHE IaHHHE .

4] 2> ! KoMUecTBO NpOYMTAHHHX OaHHHX: 0 (s 4) .
81 1> !BBegeHu He BCce TpebyeMble MCXOOHEE IAHHEE .
8] 2> ! KoMUecTBO NpOYMTAHHHX OaHHHX: 0 (s 4) .

llo 123 4 8

Puc. 20. OkHO 33ja4HAKa TPU OMTUOOIHOM BhITIOTHeHHH 3a1anus MPISComm17

Tenepp paccMOTpUM Ipyrou BHUJ BUPTYaIbHBIX TOMOJIOTUN — TOIOJIOTHIO
rpada.

CnenyeT OTMETHUTH, YTO AJIsi PabOTHI C TOMOJOTHSIMHU Tpada OubnuoTexa
MPI mpenocraBisieT CynecTBEHHO MEHBIIIE CPENICTB, YeM JIJIsi pabOThI C JieKap-
TOBBIMH TOIOJOTUAMU. HartoMHUM, 4TO JJ1 MPOLIECCOB, BXOAAIIMX B IEKAPTOBY
TOMOJIOTHIO, MOYKHO OIPENEIUTh I€KapTOBBI KOOPAUHATHI [0 UX paHraM (1 paH-



TH TI0 JICKAPTOBBIM KOOPJAMHATAM); KPOME TOTO, MPEAYCMOTPEHA BO3MOKHOCTh
BBIICJICHUS TTOAPEIIETOK MEHBIIICH pa3MEepHOCTH (ITPUYEM Ka)KIas MOperieTKa
aBTOMATHYECKH CBSI3BIBAETCS C HOBBIM KOMMYHHUKAaTOpoM). Takke wuMeercs
cnenmanbHas Gynkus MPI_Cart_shift, mo3Bossromas onpeneauts «cocemei
mporiecca BIOJb OJHOMW W3 JIEKapTOBBIX KOOPAWHAT (HMCIOJIL30BAaHUE OSTOMN
GYHKIIMHA yIPOIIAET MEPEChUIKY COOOIIEHUN BIIOJIb YKa3aHHOW KOOPIUHATHI).
Yro e KacaeTcsi TOMOJIOruH Tpada, To IJs Hee MPeIyCMOTPEeHA JIUITh BO3MOXK-
HOCTb, aHaJlornyHas Bo3mokHoctn pynkuun MPI_Cart_Shift, a umenno ompe-
JICJICHHEe KOJUYECTBAa M PAHIOB Beex IpolieccoB-cocedeti (Neighbors) nexotopo-
ro mpoiiecca B rpade, onpenensieMoM JaHHOW TOTIOJIOTHEH (COCEIsIMA CUUTAIOT-
Csl TIPOIIECCHI, CBSI3aHHBIC pedpaMu ¢ JaHHBIM TporieccoM). [lo3HaKoMuMCs ¢
HTOM BO3MO>KHOCTBIO Ha MPAKTHKE, BHITIOJHUB CJIEIYIOIICE 3aaHue.

MPISComm29. Yucno mnpomeccoB K sBiasercs uyetHbiM: K =2N
(1 <N < 6); B kaxa0M Ipoliecce aaHo 1enoe ynciao A. Mcnomb3yst QyHKIHEO
MPI_Graph create, onpenenuTs Jyuisi BCEX MPOIECCOB TOMOJOTUIO rpada, B
KOTOPO# BCE MPOIIECChl YUETHOTO paHra (BKJIOYasi TJIABHBIN MPOIIECC) CBS3aHbI
B 1enouky: 0 — 2 —4 —6 — ... — (2N — 2), a Kax/pIil IPOIeCC HEYETHO-
ro panra R (1, 3, ..., 2N — 1) cBs3an ¢ nponeccom panra R — 1 (B pesynbrare
KaXKJbI MPOIECC HEYETHOro paHra OyJIeT MMETh €IUHCTBEHHOTO COCE/a,
MIEPBBIN 1 MOCETHUA TPOIIECCH YETHOTO paHTa OyayT MMETh I10 JIBa COCEa,
a OCTaJIbHBIC — «BHYTPEHHHE» — TPOIECCHl YETHOTO paHTra OyIyT UMETh 10
TPH COCEA).

2'?"6
ONO.

[lepecnaTh unciao A U3 Kaxa0ro npouecca Bcem npoieccaMm-cocensam. Jis
OnpeaeIeHUs KOJIMYECTBA IIPOLIECCOB-COCENEH " 1754
panroB  ucnonb3oBaTth  ¢yHkuun  MPI Graph neighbors count u
MPI_Graph neighbors, mnepecbliky BBIIOJHATH C TOMOLIBIO (PYHKIUU
MPI_Sendrecv. Bo Bcex mporneccax BBIBECTH MOJyUYEHHbIE YUCHA B TOPSIKE
BO3pacTaHUs PAHIOB MEPECIABIINX UX IPOLECCOB.

[Ipy 03HAKOMUTENBHOM 3aIyCKE 3TOT0 33JaHUSl OKHO 33Ja4yHUKa IMPUMET
BUJ], IPUMEPHO COOTBETCTBYIOIIMN MpuBeaAeHHOMY Ha puc. 20. 3ameTum, 4To
OJTHOBPEMEHHO C OKHOM 3aJJayHHMKa B IIPABOM BEPXHEM YTIIy dKpaHa 0TOOpa3uT-
Csl PUCYHOK M3 (OPMYJIUPOBKHU 3aJaHMsl, WUTIOCTPUPYIOUIUI HCHOIb3YyEMYIO
TOMOJIOTHIO.




@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

BUPTYAMNLHBIE TONONOMAM PesynsTaTel (F2)  LiBeT (F3)  Pesum (F4)
3ananme: MPISComm29° BbINONHAET: VBaHOB NETp

O3HAKOMHTENBHLIR 3anyck:

HE BLINONHEHA HU OJHA M3 ONEPALMIA BBOAA-BLIBOAA. BeonlE=a) ‘
Beoa: 0 u3 10 BbiBog: 0 M3 18 TecTsl: 1 M3 5
—
Uucao npoleccos K ABIAeTcA YeTHHM: K = 2N (1 < N < 6); B KaRIOM MpPOLECCe

IaHo Ueloe 4Yucio A. McnonbsyAa OyHRUME MPI Graph create, oNpedeluTs ONA BCEX
NpoleCcCoOB TONONOTHME Tpada, B KOTopol BCe NPOLECCH YeTHOTDO paHra (BRIDYAA
TIAaBHHN Opolecc) CBASAaHH B Lenodry: 0 — 2 — 4 — & — ... — (2N-2), a KamOmi
npollecc HedeTHoT'o paHra R (1, 3, ..., 2N-1) cBAZSaH c nOpoleccoM paHra R-1
(B pesylbTaTe Ka®ROHI NPOLUECC HEYUETHODO pPaHDa OYIOeT MMEThH EIMHCTBEEHHOTO COCeIa,
NepBHI M NOCTeOHMN OPOLECCH UYeTHOTO paHra OYIOVT MMeTk [0 IBa COCEIa,
a4 OCTalbHHE — «BHYTPEHHME» — IPOLECCH YeTHOTO paHra OYyOYyT MMETb IO TPH
cocegma) . IlepecyaTbh YMCIO A M3 Ka®OOT'0o IPOLECCa BCEM IIpolleccaM-cocenaM. Insa
ONpemeleHMA KOJIMYEeCTBa NPOLeCCOoB-Cocemeil M MX PaHTOB MCIONRSOBATE QYVHKIMK
MPI Graph neighbors count u MPI_ Graph neighbors, nepecHIRy BHIOIHATH
c noMmMombe @OyHrUMM MPI Sendrecv. Bo BCeX NpOlLEeccax BHBECTH NONy4YeHHHE
4yycia B NOPAIKEe BOSpPacTaHMA PaHTOB IepeclaBIMX MX NPOLECCOB.

MCXOIOHEE IOaHHHE

Npouecc 0: A = 66 Npouecc 1: & = 77
Npouecc 2: A = 51 Npouecc 3: A = 50
Npouecc 4: A = 23 Ipouecc 5: A = 13
lIpouecc 6: A = 41 Npouecc 7: A = 14
Mpouecc 8: A = 39 Mpouecc %: A = 24
[IpMMeD BEPHOTO DPEIEHU
Mpouecc 0: 77 91 lIpouecc 1: 66
Npouecc 2: 66 50 23 Npouecc 3: 91
Npouecc 4: %1 13 41 Ipouecc 5: 23
lIpouecc &: 23 14 39 Mpouecc 7: 41
Npouecc B8: 41 24 Npouecc 9%: 39

Puc. 21. O3nakomuTensHbIN 3anmyck 3aganus MPI5Comm?29

Jlsist GonbIe HArasAHOCTU U300pa3UM MPOIECChl BMECTE C MX UCXOJIHBI-
MU JIaHHBIMU B BUJIE Tpada Toi CTPYKTYpbl, KOTOpasi OmucaHa B (OpMyITHPOBKE
3ananus (puc. 21).

Mpouecc 0 Mpouecc 2 Mpouecc 4 Mpouecc 6 MNpouecc 8
66 91 23 41 39
Mpouecc 1 Mpouecc 3 Mpouecc 5 Mpouecc 7 MNpouecc 9
77 50 13 14 24

Puc. 22. Tononorus rpada, onucanHas B 3agannu MPI5Comm?29

ITockosnbky mpoiiecc panra 0 uMmeeT ABYX coceneit (mpoueccsl panra 1 u 2),
OH JIOJDKEH OTIPAaBUTh UM YHUCIO 66 u momyuuTh oT HuX uucia 7/ u 91. Ilpo-
necc panra 1 umeer ToJbKO oAHOro cocena (mpouecc panra (), mo3ToMy OH
JOJHKEH OTHPAaBUTh €My YHMCIIO 7/ W MOJIy4YUTh OT Hero yucio 66. [Iponecc pan-
ra 2, UMEIOUUNA TpU cocela, JOJKEH OTIPaBUTh UM 4yuciao 91 W moayduTh OT
HUX yKcaa 66, 50 u 23, u T. 1.



Ecnm O6b1 kaKap1id Tiporiece uMen HHOOPMAIHI0 O KOJUIECTBE CBOUX COCE-
neH, a Takke 00 X paHrax (B MOPSAKE BO3PACTAHUS), TO 3TO TO3BOJMIIO OBI
eIMHOOOPA3HO 3aMpOrpaMMHUPOBAThH JACHCTBHS MO MEPEChUIKE AAHHBIX IS JIIO-
Ooro mpoiiecca, HE3aBUCUMO OT TOTO, CKOJIBKO cocefiel oH numeeT. TpeOyemast
uHGOpPMAIIUS O COCENIX MOXKET OBITh JIETKO MOJTy4YeHa, €I Ha MHOXKECTBE BCEX
IpoIeccoB OyIEeT orpeiesieHa COOTBETCTRYIONIAs TONOMOTus rpada, a st 3TOro
He00X0auMO Bocmoib3oBaThes GyHkiueit MPI_Graph_create. Jlannas ¢yHKIus
UMeEeT CJeAYIoUe apaMeTphl:

® UCXOJIHbI KOMMYHHUKATOP, JIJIsl IPOLIECCOB KOTOPOTO OMpEIEsieTCs TO-

nosiorus rpada;
® YuCJIO BepiwH rpada;
® IICIIOYHCIICHHBIN Maccus cmenenell depuiut, i-i 3JIEMEHT KOTOPOTo pa-
BEH CYMMapHOMY KOJIMUECTBY COCEACH IS TIEPBBIX | BEPIIIHMH rpada;

® [EJIOYUCIICHHBIN Maccus pebep, COJEpKAIUNA YIOPATOUCHHBINA CITUCOK
pedep s Bcex BEpIIMH (BepIMHbI HymMepytoTcs ot 0);

® [[EJIOYMCIIEHHBIN (rar, onpenenstonuii, MoxHo Ju cpeae MPI aBroma-
TUYECKHU MEHSTh NOPSAJOK HyMEpPAalUU MPOLIECCOB;

® PE3YJbTUPYIOMIUN KOMMYHHUKATOP C TOTOJIOTHEH rpada (€IuHCTBEHHbBIN
BBIXOJTHOM MmapameTp).

Kak v npu BRIMOTHEHUU MPEABITYIIETO 33aJaHus, CIEYyeT 3alpeTUTh mepe-
HyMEpaIuio IpoIECCOB, MOJIOKUB COOTBETCTBYIOMIEH (har paBHbBIM 0.

UToOB! Jyullie MOHATH CMBICI TTAPaMETPOB-MACCUBOB, 33/IaI0IINX XapaKTe-
PUCTHKU OTIpeieiieMoro rpada, mepeunciuM ux dJIEeMEHTHI s Tpada, mpuBe-
nenHoro Ha pucyHke 21. IlepBas Bepmmna rpada (mporecc panra () mmeer
JIBYX COCEJIed, MOATOMY MEPBbIN AJEMEHT MaccHBa CTENEHEH BEpIIMH OyIeT pa-
BeH 2. Bropas BepmmHa rpada (mpouecc panra 1) uMmeer ogHOro cocezaa, mo-
ATOMY BTOPOM AJIEMEHT MacCuBa CTENEHE BepIIuH OyAeT paBeH 3 (K 3HAUEHUIO
npeabayiero aneMenta npudasnsercs 1). Tperbsa BepmrHa (mpouecc pasra 2)
UMEET TPEX COoceeil, MOITOMY TPETUH 3JIEMEHT MaccuBa CTENEHEN BeplInH Oy-
net paseH 6, u T. 1. [lonydaem cnenyromuii Habop 3HaueHuit: 2, 3, 6, 7, 10, 11,
14, 15, 17, 18 (mpeamnocneaHuii 3IeMeHT MaccuBa paBeH 17, Tak Kak MpoIiecc
panra 8, kak u nporecc panra 0, UMeeT AByX cocesieil). 3aMeTuM, YTO 3HAaYCHUE
MOCJIEZIHETO 3JIEMEHTa MacCHBa CTENEHEW BepUIMH Bceraa OyAeT B /Ba pasa
OombIIIe 001IeT0 KoTnuecTBa pedep rpada.

B maccuBe pebep HE0OOXOIMMO yKa3aTh PaHTH BCEX COCEIEH A KaKIou
BEPIIUHBI (111 OOJIbIIEH HATTIATHOCTH OyAeM BBIIETSATH TPYMIBI COCEACH KaxkK-
JIO BEPIIHUHBI JOMOJHUTEILHBIMU TTpo0eIaMu, a CBEPXy B CKOOKAaX yKa3bIBaTh
PaHT BEPILUHBI, COCEU KOTOPOM MEepEeUnCIeHbl HUXKE):

© @O @ & @ 6 e O 6 9

12 0 034 2 256 4 478 6 69 8

Pa3mep monyueHHOro MaccuBa peOep paBeH 3HAYEHUIO IMOCIEIHEro 3Jie-
MEHTa MacCHBa CTETEHEW BEpIIUH.



Ecim umcio mporeccoB paBHO SiZ€, TO MacCHB CTEIICHEH BEPIIHMH JODKCH
coJiepkaTh Size ayeMeHToB. PasMep MaccuBa pedep 3aBHCHT OT CTPYKTYpHI Ipa-
¢a; B HaleM cirydae pa3Mep MaccuBa pedep paBen 2-(Size — 1), rae Size — uwc-
JI0 TIPOLIECCOB.

[Ipu 3amonHeHMH MacCHUBOB YAOOHO OTIEIBHO 00paboTaTh (hparMeHTHl,
COOTBETCTBYIOIIME ABYM IepBbIM (panra 0 u 1) u AByM mnocnenHum (paHra
size—2 wu Size—1) BepumHaMm rpada, a OCTaJbHBIC BEPIIMHBI MEPEeOUPATH
B IMKJe, oOpa0OaThiBas 1mo jaBe BepiuuHbl (panra 2 u 3, 4 u 5, ..., size—4 u
size — 3) Ha Ka)KIOW UTEPAIIUU.

Cnenys onucanuio pyakuuu MPI1_Graph_create B crangapre MPI [7], Oy-
JIeM HCIIOJIb30BaTh JJII MAaCCUBa CTETICHEH BEPIIMH M MacCHBa peOep Ha3BaHWSI
index u edges coorBeTcTBeHHO. [IpW 3amoJIHEHUH TUX MAcCCHBOB YIOOHO HC-
MOJIb30BaTh BCIIOMOTATEIILHYIO TIEPEMEHHYIO N, paBHYIO MOJOBUHE KOJIMYECTBA
nporieccoB. [IpuBenemM pparMeHT mporpamMMbl, 3alOTHSIONICH MacCUBBI INAEX U
edges:

int n=gsize / 2;

int *index = new int[size],

*edges = new int[2 * (size - 1)];

index[0] ;

index[1]

edges[0]

edges[1]
edges[2]
int j=3;

for (int i =1; 1 <=n - 2; ++1)

{

Il
O~ LW

index(2 * 1] = index[2 * 1 - 1] + 3;

edges[jl =2 * 1 - 2;
edges[j + 1] =2 * 1 + 1;
edges[j + 2] =2 * i + 2;

index[2 * 1 + 1] = index[2 * i] + 1;
edges(j + 3] =2 * 1;
J =4

}

index[2 * n - 2] = index[2 * n - 3] + 2;

index[2 * n - 1] = index[2 * n - 2] + 1;

edges[j]l =2 * n - 4;

edges[j + 1] =2*n - 1;

edges[j + 2] =2 *n - 2;

JIns mpoBepKU IPaBWIBHOCTU TAHHOM YacTH ajrOPUTMa BBIBEJIEM B pa3ell

OTJAaAKN OKHa 3aJaYHHMKAa 3HAYCHHUA DJJICMCHTOB HOJ'Iy‘IGHHBIX MaCCHUBOB (HO—



CKOJIBKY ATH MacCHUBbl ()OPMHUPYIOTCA OJAMHAKOBO BO BCEX Mpolleccax, JOCTa-
TOYHO BBIBCCTHU UX 3HAUCHUA TOJILKO B I'’'TABHOM HpOHGCC@):
if (rank == 0)
{
for (int 1 =0; 1 < size; ++1)
Show(index[11]) ;
ShowLine() ;
for (int 1 =0; 1 < j + 3; ++i)
Show(edges[i]);
}

Ecnu npu ouepenHoM 3amycke MporpamMMbl YUCIIO MPOLECCOB OYyAET paB-
HO 10, To B pa3zaene OTIaAKU Mbl YBUIUM HAaOOpBI 3HAUEHUM, COBIAJIAIOLIUE C
TEMH, KOTOPbIC OB HAMH TOJTy4eHBI paHee (cM. puc. 22). UtoObl yMEHBIIUTH
pa3Mepbl OKHA, Ha IPUBEJIEHHOM PUCYHKE ObUI CKPBIT pa3zell ¢ (OpMyIUpPOBKOM
3amanus. J{is 3TOro J0oCTarouyHO Haxarh KiaBuiry Delete wimum menkHyTh Ha
MapKkepe, pacIoioKEHHOM B IMPABOM BEPXHEM YTy 3TOTo paszzena. [loBropHoe
Hakatue kiapumy Delete wmym miendok Ha 3TOM MapKepe BOCCTaHABJIMBACT Pas-
nen ¢ GopMyJIUpPOBKOIA.

@ Programming Taskbook - InekTpoHHBIF 334a4HWK N0 NporpaMMUMpoBannio [C++] @
BUMPTYANBHBIE TONONOr AW PesynsTaTel (F2)  LiBeT (F3)  Peskum (F4)
3ananve: MPI5Comm29° BbinonHseT: MBaHoB MNeTp

O3HAKOMHTENBHBIR 3aNYCK:

Bbixog (Estc) ‘

He BbINONHEHA HU OfHA W3 ONepaLMi BBOAa-BbIBOAA.

Beog: 0 w3 10 BbiBoa: O M3 18 TecTsl: 1 M3 5
—

VMCXOOHEE OaHHHE

Ipouecc 0: A = 80 Npouecc 1: A = 10
Ipouecc 2: A = Ipouecc 3: A = 56
Npouecc 4: A = 52 Ipouecc 5: A = 44
Ipouecc 6: A = 41 Npouecc 7: A = 418
Ipouecc 8: A = 28 Npouecc %: A = 87

IpuMep BEpPHOTO pEemNeHH

Ipouecc 0: 10 38 Npouecc 1: S0
ODpouecc 2: 90 56 52 Mpouecc 3: 38
Npouecc 4: 38 44 41 Npouecc 5: 52
Ipouecc 6: 52 48 28 Npouecc 7: 41
Npouecc 8: 41 87 Ipouecc 9: 28

o] 1> 2 3 6 7 10 11 14 15 17 18
2» 1200342256447 86¢6298

Puc. 23. Otnago9HbIi BBIBOJ 3JIEMEHTOB MacCHUBa CTETIICHEH BEPIIIMH U MacCHBa pedep

YO6eauBImMchy, 4T0 MacCUBBI CHOPMHUPOBAHBI MPABUIBLHO, CO3aJUM TOIIO-
aoruro rpada, Bei3BaB Gynkuuio MPI_Graph create B xaxmom mporecce ma-
paJICIILHOIO NPUIIOKECHHUS:

MPI Comm g_comm;

MPI Graph create(MPI COMM WORLD, size, index, edges, 0, &g comm);



OcTanoch peain30BaTh 3aBEPIIAIOIIYIO0 YaCTh aJTOPUTMA, HETIOCPEICTBEH-
HO CBSI3aHHYIO C MEPECHUIKOW MaHHBIX. B 3TOM WacTu mjisi TEKyIIero mporecca
(mpomecca panra rank) ciemyeT onmpeaenuTh KOJIMYECTBO COUNt ero coceneit u
maccuB Neighbors ux panroB B Tekymeil Tomosoruu rpada (MCroib3ysi GyHK-
. MPI_Graph_neighbors_count u MPI_Graph_neighbors), mocie yero opra-
HU30BaTh OOMEH JaHHBIMH MEXIY TEKYIIHM TPOIECCOM M KaXIbIM U3 €r0 CO-
cenelt (corimacHo (GOpMyYITMPOBKE 3aJaHUs IS TOTO HAJ0 MCIIOIb30BaTh (QyHK-
o MPI_Sendrecv, kotopas o0ecrieunBaeT Kak MprueM COOOIIEHUsI OT HEKOTO-
pOTO TpoIiecca, Tak U OTIIPABKY €My JIPYToro COOOIIESHHUS ).

[IpuBenem 3aBepIiaronlyro YacTh PeIICHUs .

int count;

MPI Graph neighbors count(g _comm, rank, &count);

int *neighbors = new int[count];

MPI Graph neighbors(g comm, rank, count, neighbors);

int a, b;

MPI Status s;

pt >> a;

for (int 1 = 0; 1 < count; ++1)

{

MPI Sendrecv(&a, 1, MPI INT, neighbors[(i], O,
&b, 1, MPI INT, neighbors[i], 0, g comm, &S);
pt << b;

}

delete[] index;

delete[] edges;

delete[] neighbors;

3amycTUB MpOrpaMMy, MBI MTOJTYYUM COOOIIEHHWE O TOM, YTO 3aJaHHUE BbI-
ITOJTHCHO.

B 3akmodeHne 1aHHOTO MTyHKTa OTMETUM, 4TO B cTaHaapTe MPI-2 mosBuii-
Csl HOBBIM BHJ TONOJOTUHU TpadoB: mononocus pacnpedenennozo epagpa (dis-
tributed graph topology). Eif mocBsmieHsl 1Ba 3aJaHus, BXOJSIIUE B TPEThIO
noarpynmy rpymmsl MPISComm (cm. 1. ).

2.5. lapannenbHbit 8800-8b1800 (MPI-2): MPI6File26

OnHuM U3 BaXHBIX HOBOBBeneHu ctanaapta MPI 2.0 seisieTcs moanepx-
Ka napaneibHo2o ¢aiinosoco 6600a-6vi600d.

B mapammenbHBIX mporpaMMax HMCXOJHBIC JIaHHBIC, KaK IMPABHIIO, CUUTHI-
BarOTCs U3 (pailyioB, a pe3ybTaThl, COOTBETCTBEHHO, B (haijIbl 3alMCHIBAIOTCS.
N3-3a oTcyTCcTBUS CpeACTB MapauieabHoro (aitmoBoro mocrtymna B MPI-1 mpu-
XOJIMJIOCh OPTraHW30BBIBATh YTECHUE JTAHHBIX B KAKOM-JIHMOO BBIJCICHHOM (0OBIU-
HO TJIAaBHOM) TIPOIIECCE, MOCJIE YEro BBIMOJHATH UX MEPEChUIKY BO BCE OCTalb-
HBbI€ TIPOIIECCHl MapaJUICILHOTO MPUIIOKEHUS. AHAJIOTUYHO, JJISI COXPaHCHUS



MOJTyYEHHBIX PE3yIbTaTOB TPEOOBAIOCH MPEABAPUTEIBHO MEPECHIIATh 3TH pe-
3yJNbTaThl B HEKOTOPBIM MPOIECC U YKE B 3TOM IPOIECCE OPraHU30BHIBATH UX
3anuch B ¢aitn. Ecnu xe B mapamienbHOM MPHIOKEHUH TpeboBanock obecrie-
YUTH JIOCTYI K OJTHOMY U TOMY ke (hailily A1 HECKOJBbKUX MPOLIECCOB, TO IS
KOPPEKTHOM OpraHu3aiiy noJo0HOT0 J0CTyna ObUIO HEOOXOIUMO BBIMOTHSITH
0C00bIE CHHXPOHU3UPYIOIIUE TCHCTBUS.

C nosBiennem cranaapra MPI-2 nosiBunach BO3MOKHOCTh CYUTBIBAThH WM
3aMrCchIBaTh (DailyIoBBIC JaHHBIC B KXKIOM IPOIIECCe MapalIeIbHOTO MPHIIOKE-
HUS, HE TIPEIIPUHUMAS CIEIUAIBHBIX YCHJIUN MO0 CHHXPOHW3AIMU JOCTYIa K
Gaiiny.

MexaHn3mbl (aiiI0BOTO YTEHHUS-3aMNCH, OTIpeiesieHHbIe B cranaapTe MPI-
2, SIBJISIOTCA 4Ype3BblYaiHO THMOKMMHU. OHU BKIIIOYAIOT KaK JOKAIbHble, TaK U
KoJLlekmusHvle GYHKIIUHU AOCTyMA K (ailiy, mpudeM sl KaXKI0TO BUAA TOCTyIa
PETyCMOTPEHBI TPU BapHaHTa NO3UYUOHUPOBAHUS: TUOO0 SIBHOE, C TIOMOIIBIO
yKazaHus (pailjioBoi MO3UIIMU B CIEUATBLHOM MapameTpe QpyHKiuu, b0 He-
SIBHOE, UCTIOJIB3YIOIIee TeKyIlee 3HAaUeHNEe MHINBUIYaIbHOTO (CBOETO IS KaXK-
JIOTO TIpoliecca) WM o0IIero (pasaeiisseMoro BCEMHU MPOIECCaMM) pailiosoco
ykazamens (Mpy 3ToM 00a BUAA (aiIoBbIX yKazaTeleld MOTYT NPUMEHATHCS Kak
JUTSL IOKAJMBbHBIX, TaK U JIJIS KOJJIEKTUBHBIX (pyHKIMK qoctyma). Kpome Toro, Bce
ONKCaHHBIE BBILIE BUJBI HapauieIbHOro (ailyioBOro I0CTyna peaju30BaHbl B
JIByX BapUaHTaX: O1oKupyrouem u Heorokupyiowem (pa3indusi MEXy KOTOPHI-
MU TOJOOHBI pa3IUuusiAM MEXAY OJOKUPYIOLIIMMHU U HEOJIOKUPYIOIIUMHU Onepa-
[IUSMHU TIEPECHUIKHU TAHHBIX ).

Takum 006pazoM, KOMOMHHPYs OTIMCAHHBIE BBIIIE MEXAaHU3MbI, MOXHO YKa-
3aTh 24 (= 2:2-3-2) pa3au4HbIX BapHaHTa MapauielbHOro (HaiIoBOTO A0CTyNA:

® UTCHHE wiu 3amuch (2 BapuaHTa); B UMCHU (DYHKIMI YTEHUS UCTIONB3Y-

eTcs CioBo read, B uMeHu QyHKIIUH 3amucu — WrIte;
® JIOKQJIbHBIA Uiy KOJUICKTUBHBIA MOCTyI (2 BapuaHTa); B UMCHU (DyHK-
U KOJUIGKTHBHOTO JOCTYyIa Jo0apisercs cioBo all (3a uckimrodyenueM
(GyHKUMNA, UCTIONB3YIOUX o0ue (hailyioBble yKa3zaTenu, AJI1 KOTOPBIX
B CJIydae JIOKaJLHOTO J0CTYyIa UCIoJb3yeTcs ciioBo shared, a B ciydae
KOJUIEKTUBHOTO JocTyma — ordered);

® SBHOE IMO3UIMOHUPOBAHUE, UIU WHIUBHUAYaIbHbIA (hallJIOBBIN YyKaza-
TeNb, uay obmi (aiinoBelii ykazarenb (3 BapuaHTa); B MMEHH (YHK-
Uil 1S SIBHOTO MO3UIIMOHHUPOBAHMS JOOABJsIETCsl CIOBO at, B UMEHHU
GYHKIMM, HCHONB3YIOUIMX OOUIMI yKa3zaTedb, JO0aBISETCS CIOBO
shared wnm ordered,;

e OJOKHUPYIOUIMHA w1y HEOJOKUPYIOMMK mAocTyn (2 BapuaHTa); IJIS JIO-

KaJbHBIX (PDYHKIMH B Cllydac HEOJOKHPYIOIIErO IOCTYIa K cioBaMm read
u Write noGarnsercs npedukc 1 (iread u iwrite), KoeKTUBHBIE HEOJIO-
KUpyomue (pyHKIUN SBISIOTCS TMapHBIMH, UM TIEPBOM W3 HHUX 3aBEp-
raercs ciaoBoM begin, a ums BTopoit — ciioBom end.



C xaxapIM BapuaHTOM (pailyioBoro AocTyma cBsa3aHa cBosi ¢pyHkius MPI
(unm mapa QYHKIMA 711 BAPHAHTOB KOJUIEKTUBHOTO HEOJIOKUPYIOLIETO JOCTY-
ma), ModTOMYy 00111ee KoTudecTBO QPyHKIui paBHO 30.

[To umenn QyHKIMU JETKO ONpPENETUTh CBA3aHHBIN ¢ HEW BapuaHT (aiiio-
Boro jaocrtyna. Hampumep, ¢dynkums MPI_File_read_at_all obecneunBaer 6.10-
Kupyrowuti Bapuant umenus (read), OCHOBaHHBINA Ha S6HOM NO3UYUOHUPOBAHUU
(at), u sBasercs kowrekmusnou (all), a pyaxkuus MPI_iwrite_shared o6ecnieun-
BaeT HeOnoxkupyowuil BapuanT 3anucu (IWrite), uCroab3yeT obwuil gatinossiil
yKazamenv U SBIAETCA J0KaabHOU (00€ MOCIeAHNE XapaKTePUCTUKU ONpenens-
forcs coBom shared). Ipocrefimmii BapuanT GyHKIUH (PaitioBOro yreHus (3a-
nucu) umeet umsg MPI_File_read (coorBerctBenno MPI_File write), atu pynk-
WU SIBIISIIOTCS OJIOKUPYIOWUMU, JTOKATbHbIMYU U WCTIONB3YIOT UHOUBUOYAIbHbLE
¢gaiinosvie ykazamenu.

[ToMuMO pa3nUYHBIX BapUaHTOB OpraHM3allMK 4YTeHUs-3amucu, B MPI-2
MPEyCMOTPEH THOKUI Ccrioco0 HacTporKkH suda ¢haitnosvix oannvix (file view; B
PYCCKOSI3BIYHON JIUTEPATYpPE TAKKE HCIOIB3YETCS MOHATHE «o0pa3 (ailioBhIX
JaHHBIX») — OT MPOCTEUIIIEro, MIPH KOTOPOM (haiiyl HHTepIpEeTUPYETCs KaK Ha-
0O0p MocCIeI0BATEIbHO PACIONOKEHHBIX 0alTOB, 0 BEChbMa CJIOXKHBIX, B KOTO-
pBIX (QailyIOBBIN BUJ MOXET BKJIIOYATh MOCIEAOBATEIHHOCTH 3JIEMEHTOB, MpPH-
4yeM He 00s3aTelIbHO HEeMpEephIBHBIE (M B Hadalle, U B KOHIIE, U MEXIy HEKOTO-
PBIMH AJIEMEHTaMH JIOIYCKAIOTCS IMMyCThIe TPOMEXyTku). Kpome Toro, A Kax-
JIOTO TMPOIECCa MOKHO ONPEIEIUTh CBOM BUJI (PAilIOBBIX IaHHBIX.

[Tpu BeImoaHeHun 3amanuii rpynmnsel MPIGFile MoxHO TO3HAKOMHUTBCS C
OOJIBIIMHCTBOM BO3MOXKHOCTEH MapalljieIbHOTO (DailIoBOro BBOJA-BBIBOJA. B
nepBoit moarpymnmne 3toit rpynnsl (3aganus MPI6Filel-MPI6File8) usyuarotcs
JokanbHule GainoBeie onepamnuu, Bo Bropoir (MPI6File9—-MPI6Filel6) — xoax-
Jexkmuenvle (paiyioBble omnepanuu, a 3aBepiaromias noarpymma (MPI6Filel7—
MPI6File30) nocBsiieHa pa3jiMyHbIM CIIOCO0AM OMPEACIICHUS CIONCHBIX U008
gaiinosolx oannvix. B 3aaHusIX KaXaA0M U3 IBYX MEPBBIX MOATPYII UCIOJIb3Y-
IOTCSI BCE TPU MEXaHU3Ma NO3UYUOHUpo8anus (OCHOBAHHBIE HA SIBHOM yKa3aHUU
MO3UINH WJIM HA MPUMEHEHHUH JIOKABHBIX WU pa3essieMbIX (aiIoBbIX yKa3a-
TeJei); B TpeThed Ipylie MPUMEHSIOTCS KOJUIEKTUBHBIE (DaiiJIoOBBIE OIEpaluu,
MCIIOJIB3YIOIINE, B OCHOBHOM, JIOKaJbHBIC (haiIoBBbIC yKa3aTeNH. 3a paMKaMH
rpynnbsl MPIGFile octanuch nmuib TOMOTHUTENBHBIE BOBMOXKHOCTH, CBSI3aHHBIC
C HEOJOKUpYOMUM (HalJIOBBIM JOCTYIIOM, HEOOXOAMMOCTh B KOTOPOM BO3HU-
KaeT CPAaBHUTEILHO PEJIKO.

B xauecTBe mpumepa 3amaHus, CBS3aHHOTO C IMapajuIebHBIM (hailIoBEIM
BBOJIOM-BBIBOJIOM, paccmoTpuM 3aganre MPI6File26, Bxomsiiee B TpeThio moO/I-
TpyIImy.

MPI6File26. B rimaBaom mporecce gano ums ¢aitna. Kpome Toro, B Kax-

JIOM TIporiecce JaHo 1o 4 BemecTtBeHHBIX uucia: A, B, C, D. KomuuectBo
npoiieccoB paBHO K. Co3naTh HOBBIN (haiii BEIIECTBEHHBIX YMCEN C yKa3aH-




HBIM MMEHEM M 3allicaTh B HETO HMCXOJHBIC YHCIA B CICAYIOIMEM IOPSIKE
(MHAEKC yKa3bIBaeT paHr mporiecca): Ag, Ay, ..., Ax1, Bk, -.., B1, Bo, Co, Cy,
..., Cka, Dk, ..., Dg. Jlyst 5TOr0 MCHOJIB30BaTh CAUHCTBEHHBIN BBI3OB KOJI-
nextuBHOM ¢yHkimu MPI File write all, mpenBaputenbHo ompenenuB HO-
BbIN (DaityToBBIN BU daHHBIX ¢ 0a30BeIM THHoM MPI DOUBLE, nmomxons-
IIUM CMEIIEHWEeM (CBOMM I KaXJO0To MpOoIlecca) U HOBBIM (PailioBBIM TH-
IIOM, COCTOSIIIUM W3 JIBYX BEIIECTBEHHBIX AJIEMEHTOB (C JOIMOJIHUTEIbHBIM
MYCTHIM MPOMEKYTKOM MEXY STUMHU dJIEMEHTAMH) U 3aBEPIIAIOIIETO MyCTO-
ro MPOMEXYTKA MOAXOISAIIETO pa3Mepa.

[Ipy BBIMOTHEHWUU 3TOTO 3aJaHUS] MBI MMO3HAKOMHMCS M C JEHCTBHSIMH,
TPEOYIOMUMHUCS 1711 OTKPHITUSA (Daiiyia B apaJICIbHOM PEXUME, U C OTHOU U3
HauOojiee  paCIpPOCTPAHCHHBIX  KOJUICKTUBHBIX  (DailJIOBBIX  OIepaiuii
MPI_File_write_all, u ¢ nmpuemamu ompenencHus cIoXHOTO Buaa (ailIoBBIX
JTAHHBIX.

[Ipy 03HAKOMHUTEIBHOM 3aITyCKE ATOTO 3aJaHHS OKHO 3aJadyHUKa IPUMET
BH/I, COOTBETCTBYIOIINN MTPUBEIICHHOMY Ha puC. 24.

@ Programming Taskbook - InekTpoHHBIF 334a4HWK N0 NporpaMMUMpoBannio [C++] @
HACTPOWKA BMOA OAHHBIX ONA GAANOBOC BBOOA-BLIBOIA PesynbTaThl (F2) LiBeT (F3) Pexum (F4)
3ananve: MPIGFile26° BbinonHseT: MBaHoB MNeTp

O3HAKOMHUTENBHBIA 3aNyCK:
Y Bbixog (Esc) ‘

HE BbINONHEHA HW O4HA M3 OI'IEDELLHIH BBOAa-BblIBOAA.

Beog: 0 w3 21 TecTsl: 1 M3 5
I

B DIABHOM MpPOLECCe OaHOo MMA dalina. KpoMe TOTDoO, B Ka®IOM IIPOIECCe OaHOo
no 4 BemecTBeHHHEX uucia: A, B, C, D. KoIMuecCcTBO NpPOLECCOBR paBHo K. CosIDaThb
HOBHIT @alff;l BemeCTEEHHHEX YMCE]Jl C YyKaSaHHEM MMeHeM M SalMCcaTh B HEDO MCXOIHHE
YyCijia B CJIeOYRIeM NOpPAIKe (MHIOEKC yKasSHBaeT paHrT npouecca): Bo, Bi, ..., Br-1,
B¥k-14 ..., B1, Bo, Co, Ci, ..., Cg-1, DE-1, ..., Do. IOma sTOTO
MCHONbZ0BaTh EOMHCTBEHHHI BHSOB KOJNNERTHBHON OyHrIMM MPI File write all,
npefBapMTEebHO ONpEeAelMB HOBHI QaliNoBHl BMI HaHHHX C OasoBeM TunoMm MPI_DOUBLE,
NoOXOOAMMM CMEemMeHKMeM (CBOMM ONA KaXIOoTo NPOIECcCa) M HOBHM DAMIOBHM THIIOM,
COCTOANMM M3 OBYX BEHNEeCTBEHHHX SJIEMEHTOB (C OONOJNHMTENBbHHM OYCTHEHM IPOMEXYTKOM
MEXOY STHMKM SJIEeMeHTaMM) M SaBepHapmero NYyCTOoTo IPOMEXRYTKa NOIOXOOANETO pasMepa.

VCXOOHEE OaHHHE
Npouecc 0: "gyo3r0.tst"”

Ipouecc 0: 68.06 47.593 42.80 20.05 Ipouecc 1: 69.70 59.57 ©4.61 42.53
lpouecc 2: 55.38 50.43 62.862 T76.44 Ipouecc 3: 42 .16 45.13 .55 18.71
lpouecc 4: 63.79 €3.48 S0.66 22.18

IpuMep BEPHOTO PENEeHUA
1: 68.06 ©9.70 55.38 42.16 63.79
6 63.48 45.13 50.43 59.57 47.93
11: 42.80 6d4.61 62.62 25.55 50.606
lé: 22.18 18.71 76.44 42.53 20.05

Puc. 24. O3nakomuTenbHbIN 3ammyck 3ananus MPIGFile26

3agaHus Ha MapajiyiebHbIN (aliIoBbIi BBOA-BBIBOJ UMEIOT Psij 0COOCHHO-
creil. Bo-miepBhIX, B 3TUX 3aJJaHUSAX BIIEPBbIC MOSBJISFOTCS CTPOKOBBIE UCXOIHBIE
JaHHBIC, cojeprKaIue uMs (aitra. DTo UM BCerja JaeTcs B IJIaBHOM MPOIIECCe;
JUTsL TOTO YTOOBI TIepecsiaTh €ro B APYTHE MPOIECCHl MapalljIeIbHOTO MPUIIOKE-



HUs, TIPOIIE BCETO BOCIIOIB30BaThCA KoJuiekTuBHOU (yHkmumert MPI_Bcast. B
npeamOyie k rpynne MPI6File ykazano, uto ums ¢aitna conepxut He 6oiee 12
CUMBOJIOB, TOATOMY IS €r0 XPaHECHHsI JTOCTATOYHO HCIOJIb30BaTh MAaCCHB
char[12], a mpu mepecbuike ykaswsiBath THH MPI_CHAR. 3ameruMm, 4to s
BBOJIa CTPOKH S (THma char* wim char[]) B 3aga4Hrke 10CTaTOYHO MCIIOIH30BAThH
eodurncmeeHHoe o0palleHrue K TOTOKY BBoja pt: pt >> s.

Btopoif 0coO€HHOCTBIO 3a/1aHMsl SIBJSIETCS BKIIIOUEHHE B HETO Patiioguix
OoanHbulx. B HEKOTOPBIX 3ajaHuAX (PailioBbIe JaHHBIE YKa3aHbI B pa3jiesie UCXO/I-
HBIX JaHHBIX (€C/IM B 3alaHUU TpeOyeTcs 00paboTaTh CyIIEeCTBYIONIUN (haiii), B
JIPYrUX — B pasjese pe3ysbTaTtoB (eciu TpedyeTcs mpeodpa3zoBaTh UMEIOLTUN-
cs Qaiin uiau, KaKk B HalleM cliydae, COo3/laTh HOBBIM). daiijoBbie JaHHBIE OTO-
OpakaroTcsi B OKHE 3aJJadyHMKa Ha HECKOJBKUX CTPOKAX, MPUYEM B Hayaje Kax-
JIOM CTPOKHM YyKa3bIBAaeTCS TEKYIIMH HOMep (hailioBOro 3jieMeHTa (3JIEMEHTHI
HyMmepyroTcs oT 1). Bo Bcex 3alaHuSX HCTIOIB3YIOTCS MUNUUPOBAHHbIE 08OUY-
Hble ¢hatinbl, cocTosIUE MO0 U3 LENBIX, JIMOO U3 BEIIECTBEHHBIX YHCEI. 3ame-
THM, 9TO COAEPKUMOE TaKuX (DAIOB HEIIB3ST MPOCMOTPETh B OOBIYHBIX TEKCTO-
BBIX PEAAKTOpPax, MOAITOMY BO3MOYKHOCTh MX OTOOPaKEHHS B OKHE 3aJladHHUKA
OKa3bIBaeTCAd 0COOEHHO Mose3Hoi. Criocod pa3OueHus pannoBbIX JJIEMEHTOB Ha
CTPOKH B OKHE 3aJJaUHMKa 3aBUCUT OT OCOOEHHOCTEN 3aAaHus. B Haliem ciydae
TpebyeTrcs 3amucath B (aill BHayaje MEpBbIE AJIEMEHTHI, JIaHHBIE B KaXKIOM
mpoliecce, 3aTeM — BTOPBIE AJIEMEHTHI (B 0OpaTHOM MOPSAKE), 3aTeM — TPEThU
AJIEMEHTHI U, HAKOHEII, YETBEPTHIC DJIEMEHTHI (Takke B oOpaTHOM mopsiake). [1o-
ATOMY yA0OHEe BCETro MPEeJACTaBUTh CoIepKUMoe (aiiia B BUIIEC Yemblpex CTPOK,
KaXJas U3 KOTOPBIX COIEPKUT DJIEMEHTHI BCEX MPOIECCOB, UMEIOIINE OJIUH U
TOT € MOPSAKOBBIM HOMED.

Crnenyet Takxe 0OpaTUTh BHUMaHHUE Ha OCOOBIN BUJl UHOUKAMOpA 818004,
KOTOPBIH B JAaHHOM CJIydae OTOOpaKaeTCs CEPhIM IIBETOM W HE COACPIKUT CO-
MyTCTBYIOIIETO TEKCTa. ITO O3HAYACT YTO, PE3YNbTATHI, MMOTYYCHHBIC TIPH BHI-
MTOJTHCHUH 3a/IaHMsI, HE CJIEIYET MePechuIaTh 3aaYHUKY (MCIIONB3YS MTOTOK BHI-
Boja pt); HeoOX0IUMO JIHIIL TpeOyeMbIM 00pa3oM 3amoJHUTh (aiiil ¢ yKa3aH-
HBIM UMEHEM, IIOCJIe Yero 33aJadyHUK caM MPOBEPUT MPABUILHOCTh CO3JaHHOTO
(aitna.

[Tpuctynum K BBIMOJTHEHUIO 3a/anus. Ha mepBom sTame oprau3yem BBOJ
MCXOJTHBIX JJAHHBIX U TIEPECHUTKY MMEHU (haiisia BO BCE TPOIIECCHI:

char name[127;

if (rank == 0)

pt >> name;

MPI Bcast(name, 12, MPI CHAR, 0, MPI COMM WORLD);

double a[47;

for (int i =0; 1 < 4; ++i)

pt >> ali];



[Tocre 3amycka JaHHOTO BapuaHTa B OKHE 3aJIaYHKMKa OyJIET BBIBEJICHO CO-
OOITIICHHE O TOM, YTO BCE MCXOIHBIC JAaHHBIC BBEICHBI, @ PE3YJIbTUPYIOINN (haii
He co3nal (puc. 25).

7| Programming Taskbook - 31eKTPOHHBIF 334aUHMK N0 MPOFPaMMMPOBaHKI0 [C++] @
HACTPOWKA BMOA OAHHBIX ONA GAANOBOC BBOOA-BLIBOIA PesynbTaThl (F2) LiBeT (F3) Pexum (F4)
3ananve: MPIGFile26° BbiNonHAET: MBaHOE MeTp

3anyck ¢ NpaBHNbHbIM BEOOM JaHHBIX: T z
BCE TPEOYEMbIE MCXOAHBIE JaHHBIE BBEEHBI, PESYNETUPYIOLMIT (haiin He cosaaH. bixoA (Esc)

Beoa: 17 317 M| TecTol 113 5

I —

B DIABHOM MpPOLECCe OaHOo MMA dalina. KpoMe TOTDoO, B Ka®IOM IIPOIECCe OaHOo
no 4 BemecCcTBeHHHX uucia: A, B, C, D. KoJIMuecCcTBO IIpOLEeCCOB paBHO K. Co3IaThb
HOBHIT @alff;l BemeCTEEHHHEX YMCE]Jl C YyKaSaHHEM MMeHeM M SalMCcaTh B HEDO MCXOIHHE
YyCijia B CJIeOYRIeM NOpPAIKe (MHIOEKC yKasSHBaeT paHrT npouecca): Bo, Bi, ..., Br-1,
BK-14 +...r B1, Bo, Co, Ci1, ..., CE-1, DE-1y ..., Do. IOma sTOTO
MCHONbZ0BaTh EOMHCTBEHHHI BHSOB KOJNNERTHBHON OyHrIMM MPI File write all,
npefBapMTEebHO ONpEeAelMB HOBHI QaliNoBHl BMI HaHHHX C OasoBeM TunoMm MPI_DOUBLE,
NOOXOOANMM CMelleHMeM (CBOMM [ONA Ka®OoTOo [POLEecca) M HOBEM 0QaMJIOBEM THIIOM,
COCTOANMM M3 OBYX BEHNEeCTBEHHHX SJIEMEHTOB (C OONOJNHMTENBbHHM OYCTHEHM IPOMEXYTKOM
MEXOY STHMKM SJIEeMeHTaMM) M SaBepHapmero NYyCTOoTo IPOMEXRYTKa NOIOXOOANETO pasMepa.

WCcXOOHEE OaHHHEE

Ipouecc 0: "hvyyxt.tst"
Ipouecc 0: 80.46 90.24 45.68 18.38 Ipouecc 1: 76.43 87.00 24.77 83.10
lIpouecc 2: 83.30 B88.69 ©1.39 94.33 Ipouecc 3: 43.51 ©9.03 51.25 50.71

IpuMep BEpPHOTO PEMNEeHUA
1: 80.46 76.43 83.30 43.51
5: 69.03 88.659 B87.00 50.24
9: 45.68 24.77 61.39% 51.25
13: 50.71 94.33 B83.10 18.38

Puc. 25. [TepBbiit aTan BeimoaHeHus 3aaanus MPI6File26 (BBoa MCXOTHBIX TaHHBIX)

Ha crnenyromem srtare BBITIOJHUM JIEHCTBUSI, CBSI3aHHBIE C OTKPBITHEM U
3aKpbITHEM (aiina:

MPI File f;

MPI File open(MPI COMM WORLD, name,

MPI MODE WRONLY | MPI MODE CREATE, MPI INFO NULL, &f);

MPI File close(&f);

Brayaine onuceiBaetrcs ¢aitnoBast nepemennas f, koropas 0yaeT UCIOIB30-
BaTbCsl BO BCeX (DYHKIMSIX, CBSI3aHHBIX C (halJIOBBIMU OIEpaIusiMU. 3aTeM IS
OTKpBITUS (haiiia Be3biBacTcs pyHkius MPI_File_open. Dta ¢yHkuus sBiaseT-
Csl KOJIJIEKTUBHOM ¥ JTOJDKHA BBI3BIBATHCS BO BCEX MPOIECCaX KOMMYHHUKATOPA,
YKa3aHHOTO B KauecTBE e€e TepBoro mapamerpa. Mms daiina ykaspiBaeTcsi BO
BTOPOM TapaMeTpe, a PeKUM JO0CTyla — B TPETbeM; 00a 3TH apaMeTpa JA0JK-
HBl UMETh OJIMHAKOBBIC 3HAUEHUS BO Bcex mporeccax. s KoMOMHMPOBAHHMS
XapaKTEPUCTHK PEKUMA JOCTyIa OHU JTOJDKHBI 00BEIUHATHCS onepanueii |. Ha-
npuMep, B HAIlleM cliydae HeoOxoaumo co3aats ¢aitn (MPI_MODE_CREATE),
nociie 4ero oTkpsITh ero Ha 3anuck (MPI_MODE_WRONLY). U3 uucna apy-
rux xapakrtepuctuk MoxHo otmetuth MPI_MODE_RDONLY — otkpbiTue
tosbko st yrenuss 1 MPI_ MODE_RDWR — oTkpbiTHE Ha YTEHHE U 3aIUCh.



Caenyromuii mapamerp tua MPI_Info mo3Bossier 3a1aTh TONOIHUTEIBHBIC Xa-
pakTepucTUku (paiina; eciv B ’TOM HET HEOOXOAMMOCTH (Kak OOBIYHO U ObIBa-
€T), TO B KauecTBe Hero ykaswiBaeTcs koHcTanTa MPI_INFO_NULL.

®ynkius MPI_File_open Bo3Bpariaer nepeMeHHY0, CBI3aHHYIO C OTKPHI-
ThIM (paiimom. DTa mepeMeHHasi SBJSETCS BBIXOJHBIM MapaMeTpoM, MOSTOMY
JOJHKHA TIEPeIaBaThCs C OMOIIBIO YKa3aTelsl.

[Tocrme 3aBeprieHuss pabOTHI ¢ (ailioM €ro Hauo 3aKphITh (QYHKIHEH
MPI_File _close, xotopas, kak u MPI_File_open, sBisercs KOJJICKTUBHON H
JIOJHKHA BBI3BIBATHCS BO BCEX IMPOIIECCaX, B KOTOPBIX (ail OblT OTKpHIT. Daii-
JIOBasi TIEPEeMEHHAs TIepeIacTCs B ATY (PYHKIIMIO TaKKe B BHUJIC YKa3aTells; B pe-
synbrare BbinojaHeHus ¢yukiuu MPI_File close 3madenue aiigoBoii mepe-
MeHHOM ctaHoBuTcs paBHbiM MPI_FILE NULL.

[Ipu 3amycke HOBOro BapuaHTa MPOTPaMMBI COOOIICHHE Ha HMHQpOpMAIIHU-
OHHOH TaHEeNIH HEMHOTO M3MEHUTCS: «3anyck ¢ npasuibHbiM 68000M OAHHBIX!
8ce mpebyemble UCXOOHbIE OAHHbIE 88E0EHbl, Pe3YTbMUPYIOWUL (DAl A811emcs
nycmuimy. ITO COOOIIEHUE MOKAa3bIBAET, UTO (ailil IeWCTBUTEILHO ObLI CO3/aH.

3aMeTuM, YTO TOCJE 3aBEPIICHUSI MPOTPAMMBI, BBHITOJIHSIONICH 3a7aHHe,
3aJJaYHAK aBTOMATHUYECKU YAAJseT Bce (ailyibl, CO3aHHBIE B XOJ€ €€ paboTHI.
Yo6enutbest, uTo TpeOyeMblid (pailn IelCTBUTEIBLHO OBLIT CO3/aH, MOXHO, €CIIH
IPOCMOTPETh COAEPKUMOE pabovero Karajora nepeo 3aKpbITUEM OKHA 3ajad-
HUKA.

Crnenyromuii 3Tan penieHusi COCTOUT B HacTpoiike Buja (HalaoBBIX IaH-
HeIX. [y aToro npeaycmorpena ¢yukuus MPI_File_set view ¢ GosbiiuMm Ko-
JUYECTBOM MapaMeTPOB:

int MPI File set view(MPI File f, MPI Offset disp, MPI Datatype

etype, MPI Datatype filetype, char* datarep, MPI Info info)

B kadectBe mepBoro nmapamerpa ykasbpiBaeTcs (ailiioBasi iepeMeHHasi, CBs-
3aHHAs ¢ OTKPBITHIM (haitiom. TpH creayromux napaMmerpa OnpeaestoT OCHOB-
HbIE XapaKTePUCTUKU BHUJIa (DAMTOBBIX JaHHBIX:

disp — nHawaneHOe cMmemeHue (B OaiiTax), KOTOpoe OyAeT BBITOJHEHO B
JaHHOM TIPOIIECCE Mepel CYNTHIBAHUEM TEPBOTO (aiIOBOTO DJIEMEHTA;

etype — 0a30BbIl (2JIEMEHTAPHBIN) TUI JAHHBIX, HA OCHOBE KOTOPOTO OTl-
penensercs ¢paiaoBblid TUI (BO BCEX MpoOLEccax, UCTIONb3YIONINX TaHHbIN (haidl,
HE00XO0IMMO YKa3bIBaTh OJIUH M TOT k€ OA30BBIN THI IaHHBIX);

filetype — ¢aiinoBbIil THI, UCIIONB3YEMbIH MPH HEMOCPEICTBCHHOM 4YTE-
HUUW WK 3anUCcH (DailIoBBIX JaHHBIX; MPEACTABISIET COO0 HabOp MaHHBIX 6a30-
BOTO THIIA, a TAKXE MYCTHIX MPOMEKYTKOB (pa3Mep KOTOPBIX TaKXe JIOJDKECH
OBITH KPAaTHBIM pa3Mepy 0a30BOTO THUIIA).

[To3unmonupoBanue B (haiije Bceraa BBHIIOJHACTCS B 3JIEMEHTaxX 0a30BOTrO
(T. €. PJIEMEHTAPHOT0) THIIA, PUYEM ITYCThIC TIPOMEKYTKH, BXOASIINE B (haiisio-
BB THUII, HE YYHUTHIBAIOTCS. 3aMETHUM, YTO IO yMOJYaHUIO (eciau (yHKIIHS



MPI_File_set view He BbI3BaHA) HadaibHOE cMmelmieHue JiSp mosaraercss pae-
ueiM 0, a Tune etype u filetype momararorcs paBasivu MP1_BYTE.

[TapameTp datarep ompenmensier, kakuMm 00pa3oM CJeIyeT WHTEPIPETHPO-
BaTh (haijIoBbIC JaHHBIe. B mpocTeiiiem ciydae, KOra Bce MPOLECChl BBITIOJ-
HSIOTCA Ha OJHOM M TOM >K€ KOMITbIoTepe (WM Ha Pa3MYHbIX KOMIBIOTEpaXx,
UMEIONINX OJIMHAKOBYIO apXUTEKTYPY), AOCTATOYHO MCIOJIB30BaTh BApHAHT «Na-
tive», npu koTopoM (haiiIoBOE MPEICTaBICHUE B TOYHOCTH COBIIAAAET C Mpe/I-
CTaBJICHUEM TaKUX K€ JAHHBIX B ONEpaTUBHOU mamsTH. B Ooree CloXXHBIX CU-
Tyalusx (B 4aCTHOCTH, KOTJa MPOrpaMMa BBITIOJIHAETCSI Ha T€TEPOreHHOM 000-
PYIOBaHUM) IPUMEHSIOTCS IPYTUe BapUaHThl MIPEICTABICHUS JAHHBIX, TIPU KO-
TOPBIX JIaHHBIE, XpaHAIIMECs B MaMATH, TIEpe]l 3aluchio B (ail moaBepraroTcs
JIOTIOJIHUTEIBHOMY NpeoOpa30oBaHUIO (M aHAJIOTMYHOE MpeoOpa3oBaHKUE BHINOJI-
HSIETCA MPU CUUTHIBAHUU JAaHHBIX W3 (haiina B namsaTh). B Hamewm ciayyae nocra-
TOYHO UCTIOJIB30BaTh BapuaHT «Nativey.

Haxowern, mapamerp info mo3sosnseT yka3arh JOMOJHUTEIBHYIO HHPOpPMa-
IIUI0, CBSI3AHHYIO C ONpPEAENSEMbIM BHIOM JaHHBIX. OOBIYHO B Ka4ECTBE 3TOTO
napameTpa ykazsiBaetcss MPI_INFO_NULL.

Onpenenum Bu (GaioBBIX JAHHBIX, KOTOpPbIA OyneT HamOolsiee yaoOeH
JUTS pelieHus Hairel 3amaun. Eciu 0003HaunTh yepes [R] daitnoBbie a5meMeHTHI
(ruma MPI_DOUBLE), kotopsie TpebyeTcs 3ammcath B mpomecce R (R = 0,
1, ..., K-1), To pacmpeneneHue 3TuX 3JIEMEHTOB B (aiisie OyIeT CeayOIIHIM:

[011]12]...[K-1][K-1]...[2][1][0]1[0][1] [2]...[K-1][K-1]...[2][1][O]

Takum oOpaszom, daiin Oyner coumepkarh JBa ¢parMeHTa OJMHAKOBOMU
CTPYKTYpBI (TIEpBBIN (PparMeHT BbIAEIEH MOTY>KUPHBIM ipudTom). Ham mocta-
TOYHO OMNpPENEIUTh (PailIoBBIN BUJ, MO3BOJSIOMINNA MPABUIBLHO MPOYECTh J1aH-
HBIE U3 NEpBOro ¢parMeHTa U neperuTu Ko BTOpoMy (hparMeHTy.

B kaudectBe 6azoBoro tumna ecrectBeHHo BeiOpaTth Trm MPI_DOUBLE. B
ATOM ciiydae (pailioBbIM THIT [Ji J1000TO Mpoliecca JOJDKEH UMETh pazmep 2*K
BEIIECTBEHHBIX JJIEMEHTOB (T. €. pa3Mep ¢parMeHTa, BBIACIEHHOTO TMOYXKHP-
HbIM WpudTom). ITpu 3TOM B 3TOT (hailyioBBIN TUIT OYAYT BXOAUTH JBA BEIIECT-
BEHHBIX YHCIIA, MEKIY KOTOPBIMHU pacrojiaraeTcsl mycTol MpoMeKyToK. Pazmep
IPOMEXKYTKa 3aBUCUT OT paHra mpoiecca, s mporecca 0 oH HauOONIBIINNA |
paBeH pasMmepy 2*K—2 BemecTBeHHBIX umcel, A nporecca K—1 mpomexyTok
MEX1y 3JIEMEHTaMH OTCYTCTBYET.

Taxum oOpa3zom, eciu 175 porecca panra R 3anaTh HauaabHOE CMEIIeHHE
disp pasusim R*dbl_sz, rae dbl_sz paBen pasmepy tuna MPI_DOUBLE B 6aii-
Tax, TO (paiIOBBIC TUIIBI JJISI PA3JIMYHBIX MPOIECCOB MOXKHO OYAET MPEICTaBUTh
cneayromm odpasom (anement tunma MPI_DOUBLE o6o3nauaetcst uepes [*], a
B KPYTIJBIX CKOOKAaX YyKa3bIBaeTCsl pa3Mep IYCTOTO MPOMEXKYTKa B DJIEMEHTax
tuna MP1_DOUBLE):

nporecc 0:  [*](2*K-2)[*]

nporiecc 11 [*](2*K—4)[*](2)



mpouece 11 [*](2*K-6)[*](4)

nporecc K-1: [*][*](2*K-2)

OOpartute BHUMaHHE Ha TO, YTO pasMmep (alIoBOro TUIA JJIsS BCEX IMPO-
IIECCOB  SBJSCTCS OJMWHAKOBHIM MW paBeH 2*¥K (B as;memMeHTax TuHIa
MPI_DOUBLE); onquHakoBbIM TaKkKe SBISICTCS M CYMMAapHBIA ITyCTOW MPOMeE-
KYTOK, paBHbIN 2*K-2.

Onuiem J1Ba BapuaHTa ornpeAesieHus: TpedyeMoro (haiaoBoro Tua, npes-
roJjiarasi, 4To 4McIIo mporeccoB K XpaHHUTCs B IEPEeMEHHOM SiZe, paHT mpolecca
R xpanutcs B nepeMmenHoit rank, a pasmep tuma MPl_DOUBLE xpanuTcs B mie-
pemennoii dbl_sz. B mepBoM BapuaHTe OyneM HCIOJIB30BATh TOJBKO CPEICTBA
crangapta MPI-1:

MPI Datatype t;

int block cntl] = {1, 1, 1};

MPI Datatype block type[] = {MPI DOUBLE, MPI DOUBLE, MPI UB};

int block displ[] = {0, (2*(size - rank) - 1)*dbl sz,

2*size*dbl sz} ;

MPI Type struct(3, block cnt, block displ, block type, &t);

B nanHoM ciydae Mbl CO3/1aTi CTPYKTYpPY U3 TpeX OJOKOB pasmepa 1, npu-
YyeM JBa MEpBbIX OJ0Ka cojepkKaT MO OJHOMY BEIIECTBEHHOMY 4YHCIY, a IO-
cienHuii 6110k conepxkuT «GuxktuBHbIN 31emMeHT MPI_UB — memxky nynesozo
pasmepa, 61arogaps KOTOPOH MOXKHO 33/1aTh 3aBEPIIAIOIINI MTyCTOW MPOMEKY-
TOK JJIS OTIPEIEIAEMOTO THIIA JaHHBIX. HammoMHUM, 9TO CMEIIeHHsT TSl KaXK10-
ro Oyoka (3amaBaeMblie B MaccuBe block displ) ykaspiBaroTcst B 6aiiTax M OTCUH-
TBIBAIOTCS OT Hayaja nepBoro OJoka.

B crangapre MPI-2 nosiBUIMCh HOBBIE CPEICTBA, MO3BOJISIONINE OTIPEIe-
JSTh HAa4YaJbHBIC W KOHEYHBIC MYCTHIC MPOMEXYTKHU JJIS MPOU3BOIHBIX THUIIOB
0osiee yanoOHBIM crioco0OM (10 3TOM MpuyuHe B 3ToM crtanaapre tun MPI_UB
OOBSIBJIEH yCTapeBIIMM M HE PEKOMEHIOBaH K MCMOJIb30BaHUIO). Vcmonb3ys
MOAXOJ, peKOMEH1I0BaHHBIM B MPI-2, MBI TOJDKHBI BHAYalle ONPEACIUTH THII,
coJiep Kallnii IBa BEMIECTBEHHBIX YHUCIIA C HEOOXOIUMBIM TIPOMEKYTKOM MEKITY
HUMH, a 3aTE€M JIOTIOJHUTH ATOT TUIT 3aBEPIIAIONTUM MTPOMEKYTKOM:

MPI Datatype t0, t;

MPI Type vector(2, 1, 2*(size - rank) - 1, MPI DOUBLE, &t0);

MPI Type create resized(t0, 0, 2*size*dbl sz, &t);

B »TOoM BapuaHTe HaMm He MOTPEOOBAIOCH UCIIOIB30BATh MACCUBHI, TaK KaK
JUTSL CO3JTaHUSI TUTIA M3 JIBYX BEIICCTBEHHBIX YHCEI C MMPOMEKYTKOM MEXTY HU-
MU JOCTATOYHO BOCIHOJb30BaThes (ynkiuer MPI_Type vector (mamomuuM,
YTO TPETHH MapaMeTp dTOH (YHKIIUU ONPEACISICT PACCTOSTHIUE MEXKTy HadaloM
coceqHuX OJIOKOB, KOTOpOE M3MepsieTcsl He B Oaiftax, a B anemeHTax). Ilocie
CO37laHusl ATOTO BcromorareabHoro Tumna t0 Mbl MpUMEHWIN K HEMY (PYHKITHIO
MPI_Type_create_resized, kotopas nosiBuiack B ctangapte MPI-2 u mo3BosisieT



JOTIOJTHUTH JII0O0N THUIT HEKOTOPHIM HadaJIbHBIM W KOHEYHBIM ITyCTHIM TIPOME-
KYTKOM: BTOPOH TTapaMeTp ONpeesieT HOBYIO «HIDKHIOI TPAHUITY» THIIA (€CTTH
N00aBJIATh HAYAJbHBIM MPOMEXKYTOK HE TPEOyEeTCs, TO BTOPOM MapaMeTp moJjia-
raetcst paBHbIM (), a TpeTHid ONpeAeIsieT CYMMAapHYIO MPOTSKEHHOCThL HOBOTO
TUmna (TMPOTSKEHHOCTh YBEIMYHMBACTCS 3a CYET M00ABIICHHUS 3aBEPIIAIOIIECTO
MyCTOT0 MPOMEXKYTKA); 00a mapaMeTpa yKa3bIBalOTCs B OailTax.

Hns onpenenenust pasmepa tuna MPI_DOUBLE noctaTodHo ucmosib3o-
Bath GyHkiuio MPI_Type size:

int dbl sz;

MPI Type size(MPI DOUBLE, &dbl sz);

[Tocne ompeaenenus Tuna t HaMm ocTaHeTCs HACTPOUTH BU (PAISIOBBIX JdaH-
HbIX, BbI3BaB (yHkimio MPI_File_set view, u BbI3BaTh KOJUICKTUBHYIO (YHK-
muro 3amucu MPI_File write_all, mepenas B Hee MaccuB a U3 4 BBCIACHHBIX Be-
IIECTBEHHBIX YUCEN:

MPI File set view(f, rank * dbl ext, MPI DOUBLE, t, "native",

MPI INFO NULL);

MPI File write all(f, a, 4, MPI DOUBLE, MPI STATUS IGNORE);

Pazymeercsi, Bce 3T IEUCTBUS HAIO BBHITIOJHATH MEXKTY ONEPAIUIMU OT-
KPBITHS ¥ 3aKpBITHS (aiia.

[IpuBeneM TOJHBIN TEKCT PEIICHUS, B KOTOPOM HCIIOH30BaH BTOPOU W3
OMHMCAHHBIX BAPUAHTOB ONpeesieHus (pailyloBOro Tumna:

void Solve()

{

Task("MPI6File26");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPT Comm_size(MPI COMM_WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
char name[20];
it (rank == 0)
pt >> name;
MPI Bcast(name, 20, MPI CHAR, 0, MPI COMM WORLD) ;
double a[4];
for (int 1 =0; 1 <4; ++1)
pt >> alil;
MPI File f;
MPI File open(MPI COMM WORLD, name,
MPI MODE WRONLY | MPI MODE CREATE, MPI INFO NULL, &f);



int dbl sz;
MPI Type size(MPI DOUBLE, &dbl sz);
MPI Datatype t0, t;
MPI Type vector(2, 1, 2 * (size - rank) - 1, MPI DOUBLE, &t0);
MPI Type create resized(t0, 0, 2 * size * dbl sz, &t);
MPI File set view(f, rank * dbl sz, MPI DOUBLE, t, "native",
MPI INFO NULL);
MPI File write all(f, a, 4, MPI DOUBLE, MPI STATUS IGNORE);
MPI File close(&f);
}
3aHyCTI/IB InporpamMmy, MbI IIOJIYYUM COO6H1€HI/I€ O TOM, 4YTO 3aJaHUC BbI-
IIOJIHEHO.

2.6. OdHocmopoHHue kommyHukauuu (MPI1-2): MPI7Win13,
MPI7Win23

OonocmopoHHue KomMmyHukayuu, nossusiuecs B cranpapre MPI-2, no-
3BOJIIIOT OPraHU30BaTh MEPECHUIKY JAHHBIX MEXKIY MPOLIECCAMU, HE BBITIOJIHSS
CHelUaIbHBIX JEHCTBUN HA CTOPOHE O0OMX YYaCTHUKOB B3aumojeictBusa. Ha-
MIOMHUM, YTO B TPAJIUIIMOHHON CXeMe B3aUMOJICUCTBUS JIBYX MPOLIECCOB TpeOy-
eTcs BbI30B ofHOM M3 ¢yHKimi noceuika (MPI_Send winu ee BapuaHTOB, Kak
OJIOKUPYIOIIETO, TaK M HEOJOKUPYIOIIEr0) Ha CTOPOHE MPOIeCcCa-UCTMOYHUKA
(source process, i sender), a Taxxe onHoi u3 ¢ynkuumii npuema (MPI_Recv
WK €€ HeOJIOKHPYIOILEro BapuaHTa) Ha CTOPOHE mpouecca-npuemnuxa (destina-
tion process, mau receiver). OgHako BO3MOXKHA CHTyallMs, KOTJa IpOIecC-
HUCTOYHHUK «HE 3HAET», KaKas 4acTh M3 €ro JaHHBIX MOTPeOyeTCs APYTUM MPO-
1eccam, WM, Hao0opoT, MPOIECC-NIPUEMHHK «HE 3HAET», KaKUe JaHHbIe OyayT
MOCIIaHbl €My IPYTHMH TpolieccaMu. B mocnegHem ciywae, mpaBia, UMeEeTCs
BO3MOXKHOCTh ~ HCIIOJIb30BaTh  MapameTpbl MPI_ANY_SOURCE #u
MPI1_ANY_TAG, no3Bosstonue nojydarb JaHHBIE OT MPOU3BOJBHBIX HUCTOY-
HUKOB, a TaK)XE OMPENENSATh XapaKTep MOJYyYEHHBIX JaHHBIX Ha OCHOBE Tepe-
JTaHHOW ¢ HUMH MeTKu Msgtag. Ho momoOHas BO3MOXHOCTH TpeOyeT, Kak Ipa-
BUJIO, TPEBAPUTEIIHLHOTO aHAM3a IMOJYYEHHOTO COOOIIeHUs (TyTeM BBI30Ba
¢byukuun MPI_Probe win ee HeOJIOKHPYIOIIEr0 BapuaHTa) M, TEM CaMbIM, yC-
JIOKHSAET AITOPUTM JCUCTBHIM Ha CTOPOHE Ipolecca-puemMHuka. Eciau ke npo-
IIECC-UCTOYHUK «HE 3HAET», KOMY MOTYT MOTPEOOBAThCSA €ro JaHHBIC, TO IMPH-
MEHEHHUE TpaJuliMoHHOro Mexannu3dMa MPI| «oTnpaBka—I101ydeHe» CTAHOBUTCS
MIPUHITUTITHATBEHO HEBO3MOYKHBIM.

Mexay TeM, B TEXHOJOTHH MHOTOIOTOYHOTO MPOTPAMMHUPOBAHUS UMEHHO
OJTHOCTOPOHHHUE B3aWMOJCHCTBHUS SBJSAIOTCS CTaHIAAPTHBIM CIIOCOOOM OOMEHa
uH(pOpMaIMel: MOTOK MOXKET 3amucaTh JaHHBIE B HEKOTOPYIO 00JacTh pazoe-
JIemMol namsamu, Mocje 4ero JIFOoM Apyroi MOTOK CMOXKET 0OpaTUTHCS K ITOU
MaMATH U TIOJIYYUTh TPEOyeMyl0 4acTh JaHHBIX. TakuM 00pa3oM, OJTHOCTOPOH-



HUE B3aUMOJICHCTBUSI OCHOBAHBI HAa KOHILENIMU pazoensemoti namamu. Creno-
BaTEJIbHO, JUISl pealiu3allid TaKoro BUJa B3auMmopeiicTBuil B TexHonoruun MPI
HE00X0MMO, YTOOBI TpoIecchl mapamienbHoro MPI-ipunoskenuss UMenu BO3-
MO>KHOCTb OTIPEEISITh «Pa3AeiiieMble YIACTKI» CBOCH MaMATH, K KOTOPBIM Ha-
IpsIMYI0 MOIUIA Obl 0OpamaThCs Ipyrue MpoLecchl 3TOTo ke npuioxenus. [1o
ATON MpPHUYMHE MEXaHW3M OJHOCTOPOHHMX KOMMYHHWKanui (one-sided commu-
nications) B MPI taxke HasbIBacTCs yoanenHbviM docmynom K namsmu (remote
memory access, RMA).

YyacTok mamsiTd HEKOTOPOTO Mpolecca, K KOTOPOMY MOXET OOpaTHThCS
000k mporece mapamienbHoro MPI-nipunoxkenus, HasbiBaeTcs oxrnom (Win-
dow). Jlns co3maHuss OKHA TpeJHA3HAYCHA KOJUICKTUBHAS  (DYHKIIUS
MPI_Win_create, koTopast 10J’KHA BbI3BIBATHCS IS BCEX MPOIIECCOB HEKOTOPO-
ro kommyHukatopa. OAuH BBI30B 3TOM (PYHKIIMU TO3BOJIAET CO3/1aBaTh pasie-
JSIEMBIE YYaCTKU MaMATH (T. €. OKHA) BO 6cex MPOIECCax, BXOIIIINX B YKa3aH-
HBI KOMMYHUKATOP; TIPH 3TOM BCE 3TH YYaCTKU OyAyT CBSI3aHBI C OJHUM U TEM
xe oeckpunmopom okna Tara MPI_Win. Wcronb3ys TaHHBIN ASCKPHIITOP, JIHO-
00l TpoLecc MOXKET MOJIYYUTh TOCTYIl K OKHY JIF0OOro apyroro mnporecca. Ok-
Ha, OMpEJEICHHBIC B PAa3HBIX IMPOIEccaxX, MOTYT MMETh Pa3IMYHBIE Pa3MEphI,
€CIIM JIJIsl HEKOTOPBIX MPOIIECCOB CO3/IaBaTh OKHO HE TpeOyeTCs, TO MPU BHI30BE
¢yuknun MPI_Win_create B 3ToM mpoliecce J0CTATOYHO MOJIOXHTH PaBHBIM
HYJIIO TTapaMeTp SiZe, OTBEYaroIui 3a pa3Mep OKHa.

Jns noctyna x okHy B Oubiamorexke MPI mpeaycMoTpeHsl Tpu (PYHKITUH:
MPI_Get (moctyn Ha urenue), MPI_Put (moctyn Ha 3amuce) u MPI_Accumulate
(moctynm Ha m3menenue). Ilporiecc, BBI3BIBAIOIIMN 3TH (DYHKIIMH, HAa3bIBACTCS
unuyuupyrowum npoyeccom (Origin process), mporiece, coaepKaiiuii To OKHO, K
KOTOPOMY BBITIOJHSICTCSL JIOCTYII, Ha3bIBaeTCs yenesvim npoyeccom (target pro-
cess). IMeHHO MHUIMHUPYIOUIHIA TTPOIece 00eCIIeYrBAET OJHOCTOPOHHIOK KOM-
MYHHKAIIMIO, B TO BPEMS KakK IIEJIEBOM MPOIIECC WUTPaeT MACCHBHYIO POJb, HE
BBINOJIHSS HUKAKUX CHEHUAIBHBIX JeUCTBUM. [Ipy 3TOM M MHMUMHUpYIOIUNA, U
IIEJICBOM TPOIECCHI MOTYT BBICTYIIATh KaK B POJIM UCTOYHHKA, TAK U B POJIU MIPHU-
eMHHKa AaHHbIX. Ecnu ucnonsiyercs oneparus MPI_Get, To nannmupyrommit
MIPOIIECC SIBISCTCS MPUEMHUKOM JaHHBIX, a IEJIEBON MPOIecC — HWCTOYHHKOM,
ecnu ucnonbdyercss omeparuss MPI_Put momu MPI1_Accumulate, to unuImu-
PYIOIIHI MPOIECC SBISAETCS UCTOYHUKOM, a IIEJIEBOM MPOIECC — MPUEMHUKOM
JTAHHBIX.

Ouenp BakHBIM (M HambOOJEE CIOXHBIM) aCIEKTOM MEXaHW3Ma OJIHOCTO-
POHHHX KOMMYHHKAIIUN SIBJISICTCS CUHXPOHU3Aayusi TOCTyTa K okHY. [TocKOombKY,
B OTJIWYHE OT CTaHJAPTHOM CXEMBbI JBYCTOPOHHEro OOMEHa «OTIpaBKa—
IIOJIy4YE€HUE», LIEJIEBOU ITPOLIECC HE BBINOJHIET CIICHUAIbHBIX JIEUCTBUN IPU OJI-
HOCTOPOHHHMX OOMEHAax, HeOOXOJAMMO MPEANPUHUMATEH JTOTOJHUTEIBHBIC YCH-
JIUS TIO COTUTACOBAHMIO JIOCTYyTA K JaHHBIM, Pa3MEIIICHHBIM B OKHE. B wacTHOCTH,
€CIIM 1IEJICBOM MPOIIECC UTPaeT POJIb MPUEMHHUKA TaHHBIX (B 3TOM CiIydae OH Ha-



3BIBACTCSl AKMUBHLIM Uelesblm npoyeccom — active target), To oH moipkeH
3HATh, KOT/Ia MOKHO OOpPaTUTHCS K OKHY JUIsl YTEHUS TIOJYICHHBIX JTAHHBIX, €C-
JY K€ MPUEMHHUKOM JAHHBIX BBICTYNMAET MHUIMUPYIOIINI MPOLecC, TO OH J0JI-
KEH 3HaTh, KOTJIa MOXXHO OOpaTUTBhCSA K JAHHBIM, MOJTYYEHHBIM U3 IIEJIEBOTO
mporecca. B oboux ciydasx TpeOyeTcss CHHXpOHU3amus. EAMHCTBEHHBIM HC-
KJIFOYEHUEM, NPU KOTOPOM Ha CTOPOHE IIEJIEBOT0 MPOIECCa CUHXPOHU3AIUS HE
TpeOyeTcs, SBIAECTCS BapUAHT OJHOCTOPOHHETO B3aMMOJICUCTBUSI C TaK Ha3bl-
BAaEMbIM NACCUBHbIM yenesbim npoyeccom (passive target), mpu KOTopoMm Iieiie-
BOH Tpoliecc BOBCce HE oOpaiaercs K cBoeMy OkHy. OKHO MacCUBHOTO 11€JIEBOTO
poliecca UCHOJIb3YETCSl B POJIM XPAHUIUUA OAHHBIX, K KOTOPOMY OOpaIlaroTcs
JIpyrue MpoLecChl MapalljIeIbHOTO MPUIOKEeHUs! (MI0JOOHBIA BapUaHT OJHOCTO-
POHHUX KOMMYHHMKallUi Haubosiee OJM30K MOJEIU C pa3lieiisieMOd MaMsThlo,
MIPUMEHSIEMON B MHOTOTIOTOYHOM MPOTPAMMUPOBAHUN ).

OYHKIMY CHHXPOHU3AIMH TTO3BOJIIOT 3a1aBaTh TaK HA3bIBAEMbBIEC nepuoobl
oocmyna (access epoch) Ha cTOpoHe WHHUIMHPYIOIIMX IMPOIECCOB H Nnepuoobl
npedocmasnenuss docmyna (EXposure epoch) Ha cropoHe aKTUBHBIX IEICBBIX
nporeccoB. Bee pe3ynbTrarsl OAHOCTOPOHHUX B3aUMOJICHCTBUM, BBINOJIHEHHBIX
B TEUEHME MEPHOJIa TOCTyNa (M COTrJIaCOBAaHHOTO C HUM Iepuoja MpeaocTaBie-
HUA IOCTyMa) OyAyT JOCTYIIHBI IPOLECCY MOIbKO NPU 3a8epuieHuUd OaHHO20 ne-
puooa. HpIMu croBaMu, MOKa HE 3aBEPIICH TEKYIIUI Mepuoj JA0CTyra, WHU-
UUPYIOMIMKM TIpoliece HE JOJKEH 0OpamaThCs K JaHHBIM, MOTYYEHHBIM C I10-
motibio pyukiuit MPI_Get, u moka He 3aBepliieH Nepuo/l MPeA0CTaBICHUS 10C-
Tyna, aKTUBHBIN 1IEJIEBOM MPOIECC HE JOJKEH 00pamarhcsi K CBOEMY OKHY IS
YTEHUS JaHHBIX, TIEPEIaHHBIX B 3TO OKHO ¢ momoibelo ¢pynkiud MPI_Put umu
MPI_Accumulate.

[Ipocreiinii  BapuaHT CUHXPOHU3ALMHU  MPEAOCTaBIACT  (DYHKIMSA
MPI_Win_fence (aurmuiickoe ciioBo «fence» MoxkeT ObITh MEPEBEACHO KaK «OT-
paza», Ui «3abop»). DTO KOJJIEKTUBHAs (PYHKIMS, KOTOpas JOJKHA BBI3bI-
BATBCS BO BCEX IPOLIECCAX, B KOTOPBIX ONpeNeiaeHO OKHO. [IepBblil BBI30OB ATOM
(yHKIIMM HAUMHAET MEePBbIA MEPHOJT N0CTyNa (U CBA3aHHBIA C HUM MEPHO/I Mpe-
JOCTaBJICHUSI JOCTYMA) JJIsl JaHHOTO OKHA. KaXkbIii mocneayonmii BbI30B 3TOM
(yHKIIMHU 3aBeplaeT NPeabIAYyIIUi Iepruoa 10cTyna (U CBI3aHHbBINA ¢ HUM MEepU-
OJ1 MPEIOCTABJICHUS JOCTYNa) U OAHOBPEMEHHO HAYMHAET HOBBIN MEpUOM JOC-
Tyna (M CBSI3aHHBIM C HUM HOBBIM MEPHOJ MPEAOCTaBICHUS TOCTyna). Takum
o0pa3oM, TP HCTOIH30BAHUM JAHHOW (PYHKIIMU CHUHXPOHU3AIMH B KaXKIOM
MPOIIeCcCe C OKHOM HEO0OXOIMMO BBITIOTHUTH IO KpaltHEeH Mepe 08a BbI30BA 3TOMN
¢bynkuun. [ToqoOHBIN BapuaHT CUHXPOHU3AITUHU UCIIOJIB3YETCsI, KOT/Ia B TCUCHHE
nepuoaa JOCTYIa MHOTHE MPOIECCHl BHICTYNAIOT B POJIM aKTUBHBIX IIEJIEBBIX
nporieccoB. Ero orpanndyeHueM sBISE€TCS II00ANbHBIA XapaKkTep: €IUHasi CHH-
XPOHM3AIIMSI YCTAaHABIIMBACTCS JIJII BCEX IMPOIIECCOB, ISl KOTOPBIX OIMpPEeIeHO
JAHHOE OKHO.



Jlpyroif BapuaHT CHHXPOHHU3AIIUN TIO3BOJISIET BBITIONHITE €€ JIOKAIbHO, OTI-
penesnssi Iepuol TOCTyIa (M CBSI3aHHBIM C HUM MEPUO]T MPETOCTABICHUS JOCTY-
11a) TOJIBKO JIJIsi HEKOTOPBIX U3 MPOIIECCOB, B KOTOPHIX OMPEEICHO OKHO. 3a T0-
JTOOHYIO0 THOKOCTh MPUXOAUTCS TJIATUTh 00JIee CIOKHBIM CIIOCOOOM HACTPONKH
MIEPUOJIOB JOCTYIIA, TP KOTOPOM JIsl Havajla U OKOHYAHUS KaK Mepuoja J10c-
Tyma, TaK U MEpUOAa TPEIOCTaBICHUS JIOCTyIa MPEAYyCMAaTPUBAIOTCS OCOObBIE
GbyHKIUU:

e ¢yukusa MPl_Win_start HaunHaeT neproa J0CTYyIa I BCeX MPoIec-

COB, B KOTOPBIX OHa BBI3BaHa, MPUYEM B HEW yKa3bIBACTCsI TPyMIa Mpo-
IIECCOB, KOTOPHIE MOTYT BBICTYIIATh B POJIM aKTUBHBIX IIEJIEBBIX MPOIIEC-
COB JJIsl 3TOTO TIEPHOJIA;

e ¢yukmusa MPI_Win_complete 3aBepmraer mepuoa IocTymna, HadaThId

¢ynkuueir MP1_Win_start;

o ¢yukmusa MPI_Win_post HaunmHaeT mepuoj MpeaoCTaBICHHUS JTOCTyIIa

JUTSL BCEX MPOIECCOB, B KOTOPHIX OHA BbI3BaHa, MPUYEM B HEH yKa3biBa-
€TCsl TPYIIa MPOIECCOB, KOTOPbIE MOTYT BBICTYNaTh B POJIM WHUIIUH-
PYIOIIUX MPOIIECCOB JIJIsl TOTO MEPUO/a;

o (yuxuus MPI_Win_wait 3aBepiiraet nepuo1 mpeocTaBiIeHUs 0CTyIIa,

Havatheli pynkmuerr MPI_Win_post.

O0a pacCMOTpPEHHBIX BapHaHTa CHHXPOHHU3AIUH MPEIIOJIararoT, 4To Ieje-
BBIC TMPOIIECCHI SBJSIOTCS aKTUBHBIMH. {11 BapwaHTa OJHOCTOPOHHUX KOMMY-
HUKAIM, B KOTOPBIX IIEJIEBBIE MPOIECCHI SIBISAIOTCS MAaCCUBHBIMU, T. €. HE 00-
pamaroTcs K CBOMM OKHaM, MPEIyCMOTPEH TPETHl BapUAHT CHHXPOHU3AIINH,
OCHOBAaHHBIN Ha 0.10kuposke. OCHOBHOM OCOOCHHOCTHIO OJIOKHPYIOIIETO Bapu-
aHTa CUHXPOHU3AIMU SIBJISIETCS TO, YTO B 9TOM BapHaHTE ILIETEBOM MpoIecC He
JIOJDKEH BBI3bIBATh HUKAKUX (PYHKIIMN CUHXPOHU3AIMH (U, CIETOBATEIBHO, IS
HEro He 3aJaeTCsl MEepUoj MPEAOCTABICHUS OCTYIA); CHeIUaIbHble (QYHKIINH
CUHXPOHU3AIIMKA B 3TOM BapHaHTE MpeAHa3HaYeHbl TOJBKO JIJIsi Havyajla U OKOH-
YaHUs TIEpUoja JOCTyINla B WHHUIIMHPYIOMUX Mporeccax. Jis Havama OIOKH-
PYIOIIETo TepHoa J0CTyIa WHUIIMAPYIOIINN TPOIecC AOJKEH BhI3BaTh (QyHK-
o MP1_Win_lock, nis 3aBepiieHust OJIOKHPYIOMIETO MEeproia TOCTyIa MPe/-
HazHaueHa Qynkous MPI_Win_unlock. Ha mnpoTsbkeHu# naHHOTO Ieprojaa
OJIOKUPYFOIIETO JOCTYIa MHUIIMUPYIOITUI MPOIIECC MOXKET 00paIIaThCs TOJIBKO
K OKHY YKa3aHHOTO II€JIEBOTO Tporiecca. bIOKUpOBKa MOXKET OBITh IKCKIIO3UG-
nou (exclusive lock) umu coemecmnori (Shared lock). Ecnu kakoii-nmu6o mporecc
MBITACTCSI OPTaHU30BaTh JOCTYIT C SKCKIIO3MBHON OJOKHUPOBKOHN K IIETIEBOMY
mpolieccy, s KOTOPOro B JaHHBIM MOMEHT JKCKJIIO3MBHAs OJOKMPOBKA YXKE
YCTaHOBJICHA (APYTUM TMPOIIECCOM), TO MPETOCTABICHUE JOCTYIA OTKIIAIbIBACT-
Csl 0 TOTO MOMEHTA, KOTJla paHee yCTaHOBJIEHHAs YKCKIIO3WBHAsI OJIOKUPOBKA
OyZeT cHATa (PEeKUM C IKCKITFO3UBHOU OJIOKMPOBKOW OOBIYHO MPUMEHSETCS, €C-
JIM HECKOJIbKO MHUIIMUPYIOIINX TPOIECCOB OPTaHU3YIOT JIOCTYI K OKHY I1E€JIEBO-
ro Tpoliecca Ha 3aluch WM U3MEHEHUe). B oTimune oT SKCKITFO3MBHOM OJIOKH-



POBKH, HECKOJIbKO MPOIIECCOB MOTYT OJAHOBPEMEHHO OPraHU30BaTh JOCTYI C
COBMECTHOM OJIOKHPOBKOM K OJJHOMY U TOMY K€ I€JIEBOMY IPOIECCY (PEXUM C
COBMECTHOM OJIOKMPOBKOW MPUMEHSETCS, €CIIM MHUIIMUPYIONTUE MPOIECCh 00-
palarTcs K OKHY LIEJIEBOTO MPOIlecca TOIbKO IS YTCHUs).

3amanus rpynnsl MPI7Win mo3BossSioT MO3HAKOMHUTBCS CO BCEMH acIieK-
TaMU MEXaHH3Ma OJHOCTOPOHHHX KOMMYHHUKalMWi. B mepBoW moArpyIire 3Tou
rpynnsl (MPI7Winl- MPI7WIinl7) ucnonbs3yeTcss mpocTelnas CHHXPOHH3a-
I[{s, OCHOBAaHHAs Ha MCII0JIb30BaHUU KoJutekThBHON pynkuuu MPI_Win_fence;
IIPU 3TOM PAaCCMATPUBAIOTCS Pa3IMUHbIE BApUAHTHI IPUMEHEHUS BCEX TPEX BU-
JI0OB OJTHOCTOPOHHUX KOMMYHHUKAIMI (C AOCTYNIOM Ha YTEHHE, 3alliCh U U3Me-
HCHHE); IpH 3TOM B HaydaJbHBIX 3amadax 3Tod moarpymmsl (MPI7Winl-
MPI7Win6) pa3znenseMas nmamsTh B paMKax OKHa JOCTYIa CO37aeTCs TOJBKO B
OJTHOM TIpOIIECCE, a B OCTAJIBHBIX 33/a4ax pasleisieMble YIaCTKH MaMsITH CO3-
JAr0TCs B TPYyIMIax MpoLEeCcCOB MIIM BO BCEX MpoIleccax mpuiiokeHus. Bo BTopoi
MOATPYIINE U3YJaroTCsl O0JIee CI0KHBIE BUIBI CHHXPOHHU3AIUMH: JIOKAJTbHAS CHH-
XpOHHU3AIMs, OCHOBAaHHAS HAa MPUMEHEHUHU 4erbipex ¢yHkumid MPI_Win_start,
MPI_Win_complete, MPI1_Win_post, MPI_Win_wait (MPI7Win18-
MPI7Win23), u cuaxpoHu3amus ¢ OJIOKUPOBKOM, OCHOBaHHAsI Ha MPUMEHEHHH
¢byakmuit - MPI_Win_lock u  MPI_Win_unlock (MPI7Win24-MPI17Win27,
MPI7Win29); B nByx 3amauax (MPI7Win28, MPI7Win30) tpeOyeTcs HCIOb-
30BaTh 00a BapraHTa CUMHXPOHM3AIMHU, PACCMATPUBAEMbBIX BO BTOPOM MOATPYII-
mne.

UtoOBl MPOAEMOHCTPUPOBATH PA3IMUHBIE BO3MOXKHOCTH, CBSI3aHHBIE C OJI-
HOCTOPOHHUMH KOMMYHUKAIIMSIMU, PACCMOTPUM JBE 3aJa4d — [0 OJHOW W3
Ka10# moarpymmsl rpymmel MPI7Win.

Haunem ¢ 3amaun MPI7WIinl3, B KOTOpOH HCHOJB3yeTCS MPOCTEHIIas
CHUHXpOHM3aIMs, ocHoBaHHas Ha ¢ynkumu MPI_Win_fence u, xpome Toro,
npUMEHseTcss HauOoyiee cliokHas w3 ¢yHkmuii gocryma MPI_Accumulate,
oOecreynBaronias T0CTYM K OKHY Ha peoOpa3oBaHHE.

MPI7Winl13. B xaxmom mporecce ganbl TpH neibix guciaa Ni, Ny, Na,
KaXJ10€ U3 KOTOPBIX JISKUT B auama3one ot 0 1o K — 1, rme K — konnuectBo
MPOIIeCCOB (3HAYEHUSI HEKOTOPBIX M3 ITUX YUCET B KaXIOM IPOIECCe MOTYT
coBnaaarh). Kpome Toro, B Ka)Kaom Iporiecce JaH MacCUB A BEIICCTBEHHBIX
yucen pazmepa R + 1, rie R — panr npornecca (0, ..., K—1). Bo Bcex mpo-
[eccax OINMpeaeNuTh OKHO JIOCTyIa, CoAepKallee MaccuB A, U, UCTIONB3Ys 110
Tpu BbI3oBa ¢yHkumu MPI Accumulate B xaxxaom mponecce, 100aBUTh KO
BceM 3jieMeHTaM MaccuBa A B niporieccax panroB Nj, N, u N3 BemecTBeHHOE
yucio, paBHoe R+ 1, rme R — panr mnporecca, BbI3BaBILIErO (PYHKIUU
MPI1_Accumulate (marpumep, ecnu gucio N; B mporecce padra 3 paBHO 2, TO
KO BCEM DJIEMEHTaM MaccuBa A u3 mporiecca 2 Hajo 100aBUThH BEIIECTBEHHOE
yncio 4.0). Ecniu vexkoropeie u3 uncena Ni, N,, N3 B niporiecce R coBmaaaror,




To yncna R + 1 Hamo no0aBiATh K 3JIEMEHTaM COOTBETCTBYIOIIMX MAaCCHBOB
HECKOJIBKO pa3. BeiBecTr n3MeHEeHHbIE MACCHBBI A B KaXKJI0M IIPOLIECCE.
[IpuBeneM OKHO 3aJlayHUKa IPH O3HAKOMHTEIBHOM 3aITyCKE MPOrPAMMBI C
3arOTOBKOM JJIs1 JaHHOTO 3ananus (puc. 26). JIins yMeHbIIeHUs] pa3MepOB OKHA B
HEM CKpBIT pazjiell ¢ popMyIHUPOBKON 3a/1aHHUSL.

@ Programming Taskbook - InekTpoHHbIA 3a4auHnK Mo NporpaMmMnpoBadnio [C++] @

OOHOCTOPOHHWE KOMMYHWKALIMK C MPOCTEMLLEN CUHXPOHWU3ALIMEW PesyneTatel (F2)  LiBeT (F3)  Peium (F4)
3aganune: MPI7Win13° BeinonHaeT: MeaHos MeTp

O3HAKOMHUTENBHBIA 3aNyCK:
Y Bbixog (Esc) ‘

HE BbINONHEHA HW O4HA M3 OI'IEDELLHIH BBOAa-BblIBOAA.

Beog: 0 w3 39 BbiBog: 0 M3 21 TecTsl: 1 M3 5

—
O

WCXOOHEE OaHHHEE

Ipouecc 0: 3 2 4 1.52 Npouecc 1: 151 &.78 3.55

lpouecc 2: 3 2 5 9.23 2.62 2.44 Ipouecc 3: 551 3.45 7.82 3.68 3.92

lpouecc 4: 3 4 4 2.71 %.61 1.80 9.31 8.71

Ipouecc 5: 312 8.25 7.66 2.88 68.15 1.03 B8.87

[IpuMMep BEPHOTO pPENEeHMS

lIpouecc 0: 1.52 pouecc 1: 20.78 17.55

lpouecc 2: 19.23 12.62 12.44 Ipouecc 3: 168.45 22.82 18.68 18.52

Mpouecc 4: 13.71 20.61 12.80 20.31 19.71

Mpouecc 3: 21.29% 20.66 15.88 21.15 14.03 21.87

Puc. 26. O3HakomuTeNnbHbIN 3amyck 3aaanus MPI7Winl3

Tpebyemoe B 3aaHuu MpeoOpa3oBaHUE UCXOIHBIX MAacCUBOB A J10CTaTOy-
HO CIIO)KHO (XOTS W BO3MOXKHO) pEaIM30BaTh C IOMOIIBIO TPaJIMIIMOHHBIX
cpeactB MPI. OcHoBHOl mpoOsieMOil SIBIsIETCSI TO OOCTOSATENBCTBO, YTO MPO-
I[eCC-IPUEMHUK HE 3HAET, OT KaKUX MPOIECCOB-UCTOYHUKOB OH TOJIYYHT JaH-
HbIC, KOTOpBIC HAJ0 T00aBUTH K dJIEMEHTaM CBoero maccuBa A. B To ke Bpems,
C MPUMEHEHHEM MEXaHHU3Ma OJHOCTOPOHHMX KOMMYHHUKAIM Tpedyemoe mpe-
o0pa3oBaHUE pean3yeTcsl TOCTATOYHO MPOCTO. [IOCKONIBKY B JaHHOM cCllydae
BCE€ MPOIIECCHI BHICTYNAIOT B POJIM MHUIIMUPYIOIIUX TPOIIECCOB U, KPOME TOTO,
OOJBIIMHCTBO TPOIECCOB OJHOBPEMEHHO SIBIISIOTCS TaK)Ke U IIEJIEBBIMHU IPO-
[[eCCaMU, KOJIJICKTUBHBIA BapHaHT CUHXPOHU3AIMU SIBIISIETCS Hanbosee omnpas-
JTAHHBIM.

B npumepe, npuBeaeHHOM Ha puUC. 26, TOJIBKO OJHH NPOLECC HE SIBISAETCA
1eneBbIM: ATO Tiporiecc 0, U1t KOTOPOTO CoJiepKUMOe MaccuBa A HE U3MEHUTCS
(maHHOE OOCTOSTENLCTBO CBSI3aHO C TEM, UTO CPEAM IIEJbIX YHCEN, JIaHHBIX B
npolieccax, HeT HU OJIHOro yucia, paBHoro 0). Cienyer Takxke oOpaTUTh BHU-
MaHHE Ha TO, YTO B HEKOTOPBIX CIIy4asiX OJUH U TOT K€ MPOIIECC BHICTYIIACT U B
POJIM MHULIMMPYIOIIETO, U B POJIE 1IEJIEBOT0 (HApUMep, MpoIece 2 A0JKEH yBe-
JUYHATH AJIEMEHTBl CBOETO MAacCHBa, TaK KaK CPEIW IENbIX YHCell, JaHHBIX B
ATOM TIporecce, umeercs auciio 2). Kpome toro, mis 00IbITHHCTBA MPOIIECCOB
coJiep Kalimuecs B HUIX MAacCHBBI OyIyT M3MEHEHBI HECKOJBbKHUMH HHHUITUUPYIO-
UMY TIpoIieccamMu (HarpuMep, MacCUB U3 Tpoliecca 5 OyAeT u3MeHeH Mporiec-
camu 1, 2 u 3, npuuem nporecc 3 U3BMEHUT 3TOT MacCUB ABAXK/bI; B PE3yJIbTaTE



AJIEMEHTHI MacCUBa U3 Ipoliecca 5 OyayT yBeIM4YeHbl Ha Benuuuny 2 + 3 +4 + 4
=13).

Ha mawambHOM 3Tame pemieHws] OMUIIEM BCE HEOOXOIMMBIE MAaCCHBBI U
obecrieunM MX 3aroJIHEHUE UCXOAHBIMU AaHHBIMU. [lomMuMo MaccuBa a, JaHHO-
ro B YCIOBHM 3aJauyd, OMHUIIEM MacCMB N M3 TPeX 3JIEMEHTOB, COAEp Kallluil
nannable nenble yncaa N1, N2, N3, a taxke maccuB b, koTopblii Oyaer coaep-
KaTh 3HAYCHUs, 100aBIsIEeMble HHUIIMUPYIOIIUM IPOLECCOM K MacCHMBaM a lie-
JICBBIX MPOIIECCOB; B KAa4eCTBE pa3Mepa MaccuBa D J0CTaTOYHO 3a1aTh MAKCH-
MaJbHBIM U3 pPa3MEpPOB MACCHUBOB &, PaBHBIM MAaKCUMaJbHOMY paHry Iuioc 1,
WM, MHBIMH CJIOBAaMH, PaBHBIN KOJIMYECTBY IPOIIECCOB SiZe.

[IpuBeneM nepByro 4acTh pelICHUs:

int n[31;

for (int 1 =0; 1 < 3; ++1)

pt >> n[i];

double* a = new double[rank + 1];

for (int i =0; 1 <rank + 1; ++1)
pt >> ali];

double* b = new double[size];

for (int 1 =0; 1 < size; ++i)

b[i] = rank + 1;

[Ipu 3amycke 3TOro BapraHTa NpoOrpaMMbl MbI TIOJIYYHM COOOIIEHHE O TOM,
YTO BCE TPeOYyeMble UCXOHBIE JaHHBIC BBEJICHBI, & PE3YJIbTaThl HE BHIBEICHBI.

Teneps HEOOXOAUMO ONPEAETUTH OKHO JIOCTYIIA, COJIEpKAIIEe T€ YYACTKH
MaMsTH, K KOTOPBIM MOTYT 00pallathCs APyrue Mpoiecchl npuioxeHus. B Ha-
IeM CJIy4ae B OKHO JIOCTYyIA JOKHBI BXOJAUTh MAacCUBBI @ U3 KaXJ0TO MpoIlec-
ca. [IpuBenem cooTBeTCTBYIONMIMI (hparMEHT KOja, a 3aT€M IMPOKOMMEHTHPYEM
ero:

int dbl sz;

MPI Type size(MPI DOUBLE, &dbl sz);

MPT Win w;

MPI Win create(a, (rank + 1) * dbl sz, dbl sz, MPI INFO NULL,

MPI _COMM WORLD, &w);

Buayane wMbl  onpeaensem B mnepemenHoir dbl Sz pasmep Tuma
MPI1_DOUBLE B 6aiitax (Mcronb3ysi OTJIaIOYHBIA BBIBOJ, MOKHO YOEIUTHCH,
YTO B HAIlIEM CIly4a€ OH paBeH §). 3aTeM MbI CO3/1a€M OKHO W, HCHOJIb3Ys
¢byukumuo MPI_Win_create. Beiiie Mbl y)ke oTMeYasid, YTO JaHHAS (QYHKIIUSA
SIBJISIETCS KOJUIGKTUBHOM M MOJTOMY JOJDKHA BBI3BIBATHCS BO BCEX IpoOIEccax
TOr0 KOMMYHHUKATOpPa, JUIsl KOTOPOTO CO3/1a€TCS OKHO (MBI CO3Ja€M OKHO IS
kommyHukatopa MPI_COMM_WORLD, koTopsiii yka3bIBaeTcsi B KadyecTBE
MIPENOCIIeAHETO MTapaMeTpa JaHHON (DYHKITHN).

[TepBriii mapametrp GYHKIMU 3a7aeT aJpec Hayajga ydacTKa MamsiTd, CBS-
3bIBAEMOr'0 C OKHOM B JaHHOM IPOLECCE; B HAIlIEM CJIydae 3TO BCErJa Hadalo



MaccuBa a. 3aTeM YKa3bIBaeTCs pa3Mep ATOTO ydacTKa MamsTdh B OalTax (Ha-
MMOMHUM, YTO JIONMYCTUMO YyKa3bIBaThb pa3Mep, paBHbIM (; 3TO O3HA4yaer, 4To B
JTAHHOM ITIPOLIECCE C OKHOM HE CBSA3BIBAETCS HUKAKOM y4acTOK MaMATH). TpeTuit
napametp pynakuun MPI_Win_create umeer ums disp_unit; on npemaHa3HadeH
JUTSL YIIPOITICHUS apecHON apu(PMETHUKH, UCTIOIB3YEMOM TP BBI30BaX (DYHKITUI
JIOCTyTa: BEIMYMHA CMEIICHUS OH Havaljla OKHA, yKa3biBaeMmasi B QYHKIHUAX J0C-
TyIla, aBTOMaTHYECKA YMHOXaeTcs Ha 3HaueHue disp_unit. Takum oOpa3om, ec-
M B KadecTBe mapamerpa disp_unit ykas3ate pa3mep siieMeHTa MaccuBa (Kak B
HaIlleM Ciy4ae), TO B JlajJbHEeHeM /uisi oOpalieHusl K TOMY WJIM UHOMY AJIEMEH-
Ty MaccuBa B (PYHKIIUSX JOCTyIa OyJEeT TOCTAaTOYHO yKas3aTh €ro uHoexc (eciu
B KauecTBe mapametpa disp_unit ykasath 1, To cMeleHue B QyHKIUAX TOCTYyIA
NpUCTCS YKa3bIBaTh B Oatimax, 4To MeHee yao0Ho). HeTBepToiii mapametp info
tuna MPI_Info mo3Boiiser cBs3aTh ¢ CO3/1aBacMbIM OKHOM JIOIIOJHHUTCIIBHYIO
uH(pOpMaIIO; 0OBIYHO OH HE MCHOJIb3YETCS U B 3TOM CIIy4ae MOJiaraercsl pas-
oM koHcTaHTe MPI_INFO_NULL. B mocrmegaeM mapaMeTpe BO3BpaliaeTcs
JECKPUIITOP CO3JAAHHOTO OKHA, KOTOPBIM HEOOXOIMMO YKa3blBaTh BO BCEX
(GYHKIUAX, UCTIOJIB3YEMBIX TIPU pabOTE C JAHHBIM OKHOM.

[locne 3aBepiieHHss padOTBI C OKHOM JOCTyHa €ro HeoOXOOuMO pa3py-
IMTh, BbI3BaB pynknuo MPI_Win_free; neckpurnrop pa3pylieHHOrO OKHa IT0-
naydaet 3HaueHue MPI_WIN_NULL, o3navaroiiee, 4To ¢ JaHHBIM OKHOM HEJlb-
3s1 BBIMIOJHATh HUKakue orepanuu. Kpome Toro, B Hamieil mporpamme HeoOXo-
JMMO OCBOOOJHMTH MaMATh, BBIICICHHYIO I TUHAMUYCCKMX MAcCHBOB & U D.
[TosToMy mobaBum B yHKIMIO SOlVe crnenyrolne 3aBepiiarolinue OnepaToph:

MPT Win free(&w);

deletel[] a;

deletel] b;

Pe3ynpTaT 3amycka HOBOIO BapHaHTa MPOrpamMMbl HE OyZI€T OTIMYAThCS OT
npexxHero. Bee mocnenyronme AOMOTHEHUS K PEUICHUI0 HEOOXOAMMO YKa3bl-
BaTh nepeod (pparMeHTOM, MPUBOAAIIMM K Pa3pYLIEHUIO OKHA TOCTYIIA.

Tenepr HaM HEOOXOAMMO OPraHU30BaTh JOCTYI K CO3JAaHHOMY OKHY W3
pa3inuHbIX TpoieccoB. [I0CKONbKY Takoil JOCTYN BO3MOKEH TOJIBKO B Mpeie-
Jax mepuoda JAOCTymna, HaJAO0 HayaTh TaKOW TMEpuoJ, BBI3BAB (YHKIIHIO
MPI_Win_fence:

MPT Win_fence(0, w);

Kpome ocHOBHOTO nmapameTpa W, ONpeAessitoliero OKHo, AJisi KOTOPOTo Ha-
YUHAETCS MepUo JOCTYyIa, JaHHas (PYHKIUs BKIIOYAET mapameTp assert, koro-
PBI MOKET cofiepkaTh HA0OP KOHCTAHT, YTOUHSIOLIMX XapaKTep OMpenensieMo-
ro nepuonaa nocrtyna (Hamnpumep, koHctanta MPI_MODE_NOPUT o3nauaer,
YTO B T€UEHHWE JAHHOTO MEepUoja JIOCTyma He OyAyT BBITIOJHSATHCS NEUCTBUS,
CBS3aHHBIC C U3MeHeHuem CoAaepkuMoro okHa Qyskmusmu MPI_Put wmm
MPI_Accumulate). ITogoOHbIe KOHCTAHTHI IMO3BOJSIOT YIPAaBJSIOIICH cpeie
MPI ontumusupoBaTh ACHCTBUSI, BBINOJHSIEMbIE TP OJJHOCTOPOHHUX KOMMY-



Hukarusax. Ecou xapaktep nepuoma 10CcTyra He TpeOyeTcs YTOYHSATh, TO B Ka-
YyecTBe MmapameTpa assert ykaspiaetcs uucio 0.

HauaB mepuon goctymna, Mbl MOKEM BBI3BIBaTh (PYHKITUW JAOCTyIA K OKHY.
B manHOM ciryuae HaM TpeOyeTcst TprK bl BeI3BaTh (yHkimo MP1_Accumulate
B KaXKJI0M Tporiecce. [t 5Toro opraHu3yem UKL

for (int 1 =0; 7 < 3; ++1)

MPI Accumulate(b, n[i] + 1, MPI DOUBLE, n[i], 0, n[i] + 1,
MPI DOUBLE, MPI SUM, w);

BonbmmacTBO mapamerpoB Bcex (pynkuuii moctyna (MPl_Get, MPI_Put,
MPI_Accumulate) siBistroTcst oquHaKOBBIMU. [lepBhie TpH MmapameTpa OIpeje-
JSIOT JIaHHBIE «HA CTOPOHE» HHUIIMUPYIOLIEro mpolecca (M MOAITOMY HMEIOT
uMmena origin_addr, origin_count u origin_datatype). I[TepBbIii U3 HUX yKa3bIBaeT
aapec Hayaio Oy(epa TaHHBIX, BTOPOM — KOJIMYECTBO 3JIEMEHTOB B Oydepe, a
TpeTuil — Tun 3JeMeHTOB Oydepa. Crenyroiire YeTbipe napameTpa onpeens-
10T JIaHHBIE «HA CTOPOHE» IIENIEBOTO Mpoliecca (M MOAITOMY MMEIOT MMeHa tar-
get_rank, target_disp, target_count u target_datatype). IlepBsiii mapamerp 3aaa-
€T paHT IEJEeBOr0 MpoIecca, BTOPOl — CMEIeHNe OT Hayaia OKHa B 9TOM Iie-
JeBoM mporiecce (B eauHumax disp_unit, ykasaHHBIX MPH OMPEICTICHUN OKHA —
cMm. Bbite onucanue Gynkiuun MP1_Win_create), TpeTuii u 4eTBepTHIi onpee-
JISFOT KOJIMYECTBO U THIT DJIEMEHTOB OKHA, K KOTOPBHIM BBIMOJHSAETCS JOCTYI
(moyepKHEM, YTO KOJIMYECTBO H3MEPSETCS B AJEMEHTaX YKa3aHHOTO THUIA U
HUKaK He cBs3aHo ¢ equHunamu disp_unit). TTocneqnuM mapameTpoM BO Bcex
GyHKIMSIX JOCTyINa YKa3bIBaeTCA JECKPUIITOp OKHA. EcCiM THIIBI 3JIEMEHTOB B
Oy(epe MHUIMUPYIOUIETO Mpoliecca U B OKHE LEJIEBOro Mpolecca COBMAAal0T
(kak B HaImeM ciy4ae), TO JOJDKHBI COBMAJaTh W YKa3bIBaGMbBIE pPa3MEphI
(origin_count u target_count).

EnuncrBennoit ocodennocteio dynkiuun MPI_Accumulate sieisiercst yka-
3aHHWE JOMOJHUTENBHOTO (Tipenrnocnennero) napamerpa op tuna MPI1_Op, ko-
TOPBIN ONPEeIIIeT XapaKTep N3MECHECHUS dJIEMEHTOB OKHA. [[0CKONIBbKY B HalIeM
ciydae TpeOyeT J00aBUTh K MCXOIHBIM 3HaUYEHHUSIM 3JIEMCHTOB OKHA HOBBIE CJla-
raeMble, Mbl UCTIOJIB30Basn oneparuo MPl_SUM.

Crnenyer 3ametuth, uto Qynkuus MPI_Accumulate peamuzoBana Takum
o0pa3oMm, YTO €€ MOKHO 0€30IacHO MCIO0JIb30BATh B CIy4yae, KOrJAa OKHO OJJHOTO
M TOTO € IIeJIEBOr0 MPOIecca M3MEHSETCS HECKOJIBKUMU WHUIUUPYIOIMIUMHU
nporeccamu (dyaknus MPI_Put, oueBumHo, TakuM CBOMCTBOM HEe 0OJajacT:
€CJIH JIBa MHUITMUPYIOMIUX MPOIIEcca B X0JIe OJJHOTO MEePHOo/Ia JOCTyIMa MOMbITa-
IOTCSI 3aITMCaTh CBOM JIAaHHBIC B OKHO OJTHOTO M TOTO K€ IIEJIEBOTO Mpoliecca, TO B
ATOM OKHE COXPAHATCS TOJBKO JAaHHBIC OJHOTO M3 MHUITUUPYIOMIUX TPOIIECCOB,
pUYeM 3apaHee Helb3sl CKa3aTh, KAKOTO UMEHHO).

JI1st TOro 9T0OBI MOYKHO OBLIO TOJYYHUTH JTOCTYI K M3MCHCHHBIM DJICMEH-
TaM OKHa JIOCTYyTMa, He0OX00UMO 3asepuiums nepuod oocmyna (A CBS3aHHBIN C
HUM TIEpUO]I TIPEIOCTABICHUS TOCTYIa Ha CTOPOHE IEJEBBIX MPOIIECCOB), B TE-



YCHHUC KOTOpOFO BBITITOJIHAJINCH I[GflCTBPIH 110 UBSMCHCHHUIO OKHA. HO3TOMy Hepez[
BBIBOJIOM M3MEHEHHOTO MAacCHBa a HeoOXoO0umo €Iie OJWH pa3 BhI3BAaTh (PyHK-
o cuaxponm3anuu MPI_Win_fence:
MPI Win fence(0, w);
for (int 1 =0; 1 <rank + 1; ++1)
pt << alil;
Ilocie 3allyCKa IIOCJIICAHCTO BapHuaHTa IIPpOrpaMMbl MBI ITIOJIYUHUM COO6H1€-
HHC O TOM, UTO 3aJaHHNC BBIIIOJIHCHO.
HpI/IBG,Z[eM MMOJHBIN TEKCT peUICHUA:
void Solve()
{
Task("MPI7Winl13");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPI _Comm_size(MPI COMM_WORLD, &size);
MPI _Comm_rank(MPI_COMM_WORLD, &rank);
int n(3];
for (int 1 =0; 1 <3; ++1)
pt >> nli];
double* a = new doublel[rank + 1];
for (int i =0; 1 <rank + 1; ++1)
pt > ali];
double* b = new double[size];
for (int i =0; 1 < size; ++1)
bli] = rank + 1;
int dbl sz;
MPI Type size(MPI DOUBLE, &dbl sz);
MPT Win w;
MPI Win create(a, (rank + 1) * dbl sz, dbl sz, MPI INFO NULL,
MPI COMM WORLD, &w);
MPT Win fence(0, w);
for (int i =0; 1 < 3; ++1)
MPI Accumulate(b, n[i] + 1, MPI DOUBLE, n[i], 0, n[i] + 1,
MPI DOUBLE, MPI SUM, w);
MPI Win_fence(0, w);
for (int i =0; 1 <rank + 1; ++1)
pt << alil;
MPT Win free(&w);



delete[] a;

delete[] b;
)
Mpumeuanus. 1. Eciu pynxkuus MPI_Win_fence Bei3siBaeTcst TOIBKO ISt
TOr0, YTOOBI 3aBEPIIUTh MOCIEAHUN IEPUOJ] TOCTYIIA, TO ITOT (PAKT MOKHO
OTMETUTh, YyKa3aB B KadecTBe IapaMmerpa assert ocoboe 3HaueHHE
MPI_MODE_NOSUCCEED:

MPI Win fence(MPI MODE NOSUCCEED, w);
2. O0a Be13oBa pyakmur MPI_Win_fence B mpuBeneHHO# porpamMme siB-
JSI0TCS 00s3amenvHbiMu. ECIU 3aKOMMEHTHPOBATh XOTS Obl OJIUH U3 HUX,
TO TIporpaMMa 3aBepuIuT paboTy 0e3 coobmenuit 06 ommbdkax MPI, onna-
KO MOJIyYEHHbIE PE3YNbTATHI OYIyT OTINYATHCS OT TPEOYyEMBIX.
Tenepsr oOpatumces k 3amanuo MP17Win23 u3 BTOpoil moArpymiel, B KO-
TOPOM TpeOyeTCsl NCNOIb30BaTh IPYroi ClI0OcOO0 CUHXPOHU3ALIUY.

MPI7Win23. Bo Bcex mporieccax JaHbl BEMICCTBEHHBIC MAacCHBBI A pa3-
Mepa 5. Kpome Toro, B r1aBHOM MpoLI€cCe JaHbI 1IETOYUCICHHBIE MacCUBBI N
u M pa3mepa 5 kaxnpiii. Bce anementsl MaccuBa N nexat B quanaszoHe ot 1
10 K, rne K — KoIu4ecTBO MOJYMHEHHBIX MPOIECCOB, BCE DJIEMEHTHI MACCH-
Ba M nexat B auanazone ot 0 10 4; HEKOTOPBIE JIEMEHTHI Kak B MaccuBe N,
Tak U B MaccuBe M MoryT coBmajgaTh. B KakJoM MOJAYMHEHHOM IIpOLECCE
OIPENEIUTh OKHO JIOCTYIIA, COJIEpKallee MacCUuB A, U, UCIIOJIb3Ysl TpedyeMoe
KoJm4ecTBO BbhI30BOB (hyHKIMu MPI Get B riiaBHOM mpoiiecce, MoJTyduTh U3
nporiecca panra N, (I =0, ..., 4) anement maccusa A ¢ uniaekcom M, u noba-
BUTh €r0 3HaUY€HUE K 3JIEMEHTY MaccuBa A riaBHOro mpoiiecca ¢ uHjaeKkcom I.
[Tocne u3meHeHust maccuBa A B IIaBHOM IPOLIECCE BBIMOJHUTH CIAEAYIOLIYIO
KOPPEKTUPOBKY MacCUBOB A BCeX MOJUYMHEHHBIX MPOIECCOB: 3aMEHUTh B HUX
T€ 3JIEMEHTHI, KOTOpbIE OOJIbIIIE AEeMEHTa MacchBa A C TEM ke MHJIEKCOM U3
IJIaBHOTO TMpOIiecca, Ha 3TOT 3JIEMEHT, UCIOJIb3ysd TpeOyeMoe KOJIMYECTBO
BbI30BOB (yHKkunu MPI Accumulate B rmaBHom mporecce. B kaxaom mpo-
1[eCCe BBIBECTH MpeoOpa3oBaHHbIe MAacCUBbI A. J[JI1 CHHXpOHU3aLUH UCTIOJIb-
30BaTh J1Ba BbI3oBa mapbl GpyHkuuu MPI Win_post u MPI Win_wait B noa-
YUHEHHBIX Mpolleccax M JBa Bbi3oBa mapbl QyHkuuun MPI Win start u
MPI_Win_complete B rimaBHOM mporecce.

Ha puc. 27 npuBeieHO OKHO 3ajlauHuKa IS JaHHOTO 3adaHusd. Kak u jjs
MPEebIAYIIEro 3a/laHusl, B OKHE CKPBIT pa3zel ¢ GopMyIUPOBKOM.




@ Programming Taskbook - SnekTpoHHbIA 3aauHnK Mo NporpaMmnposadnio [C++] @

OONONHUTENBHBIE BMABI CMHXPOHW3ALIMIA PesyneTatel (F2) LUseT (F3) Pexum (F4)
3agaHne: MPI7Win23° BbINonHAET: MBaHOB MNeTp

O3HAKOMHUTENBHBIA 3aNyCK:
Y Bbixog (Esc) ‘

HE BbINONHEHA HW O4HA M3 OI'IEDELLHIH BBOAa-BblIBOAA.

Beoa: 0 u3 55 BelBoa: 0 n3 45 TecTol: 1135
I
O

WCXOOHEE OaHHHEE
pouecc 0: 1.27 1.05 1.80 1.%6 1.19 N: 4 48 1 6 M: 4 2 2 0 2
Npouecc 1: 9.44 7.32 5.86 2.18 9.30 Npouecc 2: 4.5%0 1.77 4.27 B.5%5 6.66
Mpouecc 3: 2.68 7.66 9.50 9.36 8.21 Npouecc 4: 7.52 9.84 6.73 €.60 5.01
Mpouecc 5: 7.87 5.22 2.87 9.55 2.39 Mpouecc 6: 1.71 7.21 ©.73 3.34 4.58
Npouecc 7: 9.5%0 4.9%1 4.37 .79 1.19 Npouecc B8: 7.62 9.43 6.20 5.%4 5.57
[IpuMMep BEPHOTO pPENEeHMS

Ipouecc 0: 10.28 7.78 7.9%9% 11.40 7.92
Npouecc 1: 9.44 7.32 5.86 2.18 7.92 Npouecc 2: 4.90 1.77 4.27 B.9%5 6.66
Npouecc 3: 2.68 7.66 7.99 9.36 7.92 Npouecc 4: 7.52 7.78 6.73 6.60 7.52
Ilpouecc 5: 7.87 5.22 2.97 9.55 2.39 Mpouecc &: 1.71 7.21 ©.73 3.34 4.58
Npouecc 7: 9.90 4.9%1 4.37 .79 1.19 Npouecc B8: 7.62 7.78 6.20 5.5%4 5.57

Puc. 27. O3HakomuTeNnbHbIN 3amyck 3aaanus MPI7Win23

B nanHoMm ciyuae TpeOyeTcsi co3aTh OKHO JJis JOCTyna K mMaccuBam A B
MOAYMHEHHBIX MPOIECCax; TAKUM 00pa3oM, B POJIM MHUITMHUPYIOLIETO Mpolecca
BBICTYIIAET IJIaBHBIN MPOIECC, @ B POJIU EIEBBIX MPOLIECCOB — MOAUYUHEHHBIC
npouecchl. B mogoOHON cUTyalluu MMEET CMBICI HCIOJIb30BaTh CHUHXPOHM3A-
[[MI0, YYUTHIBAIONIIYIO YKa3aHHYIO cielupuKy onepainuii oOmeHa.

Crnenyer oOpaTuTh BHUMAaHHE €I1I€ HA OJIHY OCOOCHHOCTh 3TOTO 3aJaHUS: B
HEM TpeOyeTcs peai30BaTh JBa HaOopa MOCIEAOBATEILHO BBITOIHIEMBIX O/I-
HOCTOPOHHHMX 0OMeHOB. BHavane HE0OX0aMMO M3MEHUTh MacCHB A B IJITaBHOM
MPOIIECCE; MOCKOJIBKY CaM 3TOT MPOLIECC BBHICTYNAET B POJIM MHUIUUPYIOLIETO,
JUTSL  BBITIOJIHEHUSI TIOJ00HOTO JEHCTBUS CJIENYET WCIOIb30BaTh (YHKIIUIO
MPI_Get. 3atrem u3MeHEHHBI MacCcMB A M3 TJIABHOTO IMpOIecca CIICIYyEeT HC-
MOJIB30BATh /I KOPPEKTUPOBKU HEKOTOPHIX AJEMEHTOB MaccuBa A B TOIYH-
HEHHBIX Tpolleccax; IMOCKOJIbKY B POJIM HHUIIMUPYIOIIEro IMpolecca Io-
MpEeKHEMY BBICTYIAET TJIaBHBIM MPOILIECC, B JAHHOM Ciydae TpeOyeTcsl mpume-
HuTh Qynkouo MPI_Accumulate. Tak kak HayaTh KOPPEKTHPOBKY MAacCHBOB B
MOAYMHEHHBIX MPOIEcCax HEOOXOAMMO TOJBKO TOCJI€ W3MEHEHMS MacCHuBa B
TJIABHOM IpoIecce, B MporpaMmme TpedyeTcsi KCIO0JIb30BaTh JBa MEpUOJia T0CTY-
na: B IEPBOM TEPHOJE BBHITIOJIHIETCS KOPPEKTUPOBKA MAcCHMBA B TJIABHOM IIPO-
1ecce, a BO BTOPOM — KOPPEKTUPOBKA MACCHUBOB B MOAYMHEHHBIX MPOIECCAX.

Ha HauanpHOM 3Tare opraHu3yeM BBOJ BCEX MCXOJIHBIX IAHHBIX U OTpeIe-
JIEHHWE OKHA JI0CTYyIa:

int wsz=5;

int n[5], m[5];

double a[5];

for (int 1 =10; 1 <5; ++1)

pt >> alil;



if (rank == 0)
{
w sz =0;
for (int 1 =0; 7 <5; ++1)
pt >> nli];
for (int 1 =0; 7 <5; ++1)
pt >> m[i];

}

int dbl sz;

MPI Type size(MPI DOUBLE, &dbl sz);

MPI Win w;

MPI Win create(&a, w sz * dbl sz, dbl sz, MPI INFO NULL,

MPI _COMM WORLD, &w);

// BbINONHEHNE OQHOCTOPOHHUX OOMEHOB 1 BbIBOA PEe3yNbTaTta

MPT Win_ free(&w);

3anyck JaHHOTO BapHaHTa MIPOrPaMMbl PUBEJET K COOOLIEHUIO O TOM, YTO
BCE€ UCXOJIHbIC JaHHBIC BBEJICHBI, @ PEe3YyJIbTaThl HE BHIBE/ICHBI.

Cnenyer oOpaTuTh BHUMAHUE HA TO, YTO HEKOTOPHIE MCXOIHBIC JAHHBIC
(MaccuBBI N ¥ M) BBOAATCS TOJBKO B IJIABHOM TIpoIlecce, a TaKKe Ha TO, 4TO B
TJIABHOM TIPOIIECCE HE CO3AAaeTCs pa3ieisieMblil y4acTOK MaMATH (BTOPOM mapa-
meTp Size pynakuuu MPI_Win_create B riraBHOM okHe nmMeeT 3HaueHue 0).

OcTaBmrasicst 4acTh pelIeHHsI T0JDKHA ObITh MOMEIICHA B MO3UIIMIO, TTIOME-
YeHHYI0O KOMMEHTapueM «BbIMoJHeHre OAHOCTOPOHHUX OOMEHOB M BBIBOJ pe-
3yJIbTaTaY.

B ¢dynkumsx cuaxponuzaiuu MPI Win_start 1 MP1 Win_post, koTopsie
TpebyeTcs UCIONIb30BaTh B JAHHOM 3a/IaHUM, HEOOXOJAMMO yKa3aTh TPYIIY I1e-
JIEBBIX MPOILIECCOB U TPYIIY MHULHUUPYIOUIUX MPOLIECCOB COOTBETCTBEHHO. [1o-
N0OHBIE TPYMIBI YA0OHEE BCETO MOJYyYUTh U3 TPYIIIBI IPOLIECCOB, CBI3aHHOM C
kommyHukatropom MPI_COMM_WORLD:

MPI Group g0, g;

MPI Comm_group(MPI COMM WORLD, &g0);

Nmes rpynmy g0 Bcex mpoiieccoB, Mbl MOKEM JIJIsI TIOyYEHUSI TPYIIIBI 11e-
JIEBBIX MPOILIECCOB MPOCTO yoanums u3 rpynmnsl g0 mponecc panra 0, a ans no-
JTy4eHUs TPYNIbl HHUITUUPYIOIINUX MPOIIECCOB B3STh MEPBBIN AJIEMEHT TPYIIIbI
g0 (t. e. mporuiecc panra 0).

Takum oOpaszom, Ass peanu3aliy MEepBOrO TMepruoaa AO0CTyMa B TIIABHOM
nporecce (M CBA3aHHOTO C HUM TEPHOAA MPEIOCTABICHUS JOCTyMa B MOMYHU-
HEHHBIX MPOIIECCaX ) JOCTATOUYHO BBHIMTOJIHUTH CICAYIONINE ACHCTBUS:

int b =20;
it (rank == 0)
{
MPI Group excl(g0, 1, &b, &g);



MPI Win start(g, 0, w);
MPI Win_complete(w);
J

else

{

MPI Group incl(g0, 1, &b, &g);
MPI Win post(g, 0, w);
MPT Win wait(w);

}

[epBeM mapamerpom Gyukuit MPI_Win_start w MPI_Win_post sBiser-
Csl TpyIIa MPOIECCOB, BTOPBIM — MapaMeTp asSert, MMEIOIUil TOT K€ CMBICIH,
9T0 U ogHOMMeHHbIH mapamerp ¢pynkmmu MPI_Win_fence (ero gocrarouno mo-
JOXHUTH paBHBIM (), TPETHA TapaMeTp OMpPENeisieT UCIIOIb3YeMOe OKHO JIOCTY-
na. ®yakmun MPI_Win_complete u MPI_Win_wait, 3apepmiaroriue TeKymui
TIEPHUOJ TOCTYIIA, SBISIOTCSA OoJiee MPOCTBIMU: B HUX YKa3bIBACTCS JIMIIb OKHO
JOCTYyTIA.

Mexay BeizoBamu pynkiuit MP1_Win_start u MP1_Win_complete mosxHo
yKa3bIBaTh (PYHKIIMHU JOCTYyIA, B JaHHOM cinydae — ¢yHkuuu MPI_Get, mo3Bo-
JSIFOIIKE TTOTYYUTh DJIEMEHTHI M3 MOJIYMHEHHBIX MPOIIECCOB, KOTOPHIE CIEAYET
N00aBUTH K JIEMEHTaM MacCHBa & TIaBHOTO Tporiecca. s XpaHeHHs JaHHBIX,
MOJTyYEHHBIX M3 IMOAYNHEHHBIX MPOIIECCOB, BBIJCINM BCIIOMOTAaTeIbHBINA Oydep
BemecTBeHHBIX uncen al pasmepa 5 (pasmep Oydepa COOTBETCTBYET KOJUYECT-
BY MOJYYa€MbIX U3 NOJYMHEHHBIX MpoueccoB uncen). O0pamarbes K CoepKu-
MoMy Oy(depa MOKHO TOJIBKO MOCIE 3aBepLIEeHUs Nepruoa qocryna (T. €. mocie
Bb13oBa Gynkmuu MPI_Win_complete), takum oOpa3om, JUIT U3MEHEHHUS U BbI-
BOJIa MaccHMBa & B TJIABHOM TMPOLECCE JOCTATOYHO TIepea ONepaTopoM
MPI_Win_complete(w) no6aButh hparMeHT

double a0[5];

for (int 1 =0; 1 <5; ++1)

MPI Get(&a0[i], 1, MPI DOUBLE, n[i], m[il, 1, MPI DOUBLE, w);
a ociie oneparopa MPI_Win_complete(w) — cienyromuii ¢pparMeHt:
for (int i =0; 1 <5; ++1)
al1] +=a0[1];
for (int i =0; 1 <5; ++1)
pt << alil;

B mepBoM ¢parMeHTe B MUKJIC 3aNOTHSAIOTCS SJIEMEHTHI BCIIOMOTaTeILHOTO
MmaccuBa a0: 3HaYCHHE JICMEHTA C WHJIEKCOM | TI0JIaraeTcsi paBHbIM 3HAYCHUIO
3JIEMEHTa MaccHBa a ¢ uHaekcoM M[i], pacmomokeHHoro B mporecce padra Nn[i].

Bo BTOpoM (pparmenTe nmosrydeHHbIe deMeHThI MaccuBa a0 100aBISIIOTCS K
COOTBETCTBYIOIIIUM 3JIEMEHTAM MAacCHBa & IJIABHOTO IMPOILECCa, TOCIE Yero BbI-
TIOJTHSICTCSL BBIBOJ] N3MEHEHHOTO MacCHBa.



[Tpu 3amycke JaHHOTO BapHaHTa MPOrPaMMBI B OKHE 3aJJaYHHMKA ITOSBUTCS
COOOIIIEHUE O TOM, YTO B TOJYMHEHHBIX IPOIIECCaX HE BBIBEACHBI PE3yJIbTH-
pyIoIye JaHHbIe, OJIHAKO COACPIKUMOE MACCHBA, BBIBEJICHHOTO B TJIABHOM IIPO-
1ecce, OyJIeT MpaBHILHBIM (pHc. 28).

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
OOMNONHUTENEHLIE BUOLI CUHXPOHU3ALMM PesyneTatel (F2)  LiseT (F3) Pexum (F4)
3agaHue: MPITWin23° BeinonHAeT: MBaHoB MeTp

Beoa: 55 13 55 M| BoiBog: 5 u3 45 M TecTel: 1135

1 —

D S
MCXOOHEE IaHHHE P
Mpouecc 0: 1.5% 1.11 1.77 1.57 1.%9 N: 8 7 2 37 M: 4 3 201
INpouecc 1: 3.17 7.45 1.80 5.81 2.70 Mpouecc 2: 1.21 5.01 1.58 &.15 8.53
Ipouecc 3: 8.18 6.05 8.13 5.14 1.24 Npouecc 4: 5.51 5.14 7.4% 6.19% 9.&0
Ipouecc 5: 9.04 6.80 6.31 2.9%1 6.52 Npouecc 6: 4.48 3.37 4.56 7.30 2.42
Npouecc 7: 7.55 4.4% 1.74 6.54 3.66 Npouecc B8: 8.51 4.79% .51 6.71 2.3¢ =
Iony4YeHHEE pPEe3YyJbTaTH

Ipouecc 0: 3.95 7.65 3.35 S.74 6.48
Ipouecc 1: lpouecc 2:
Ipouecc 3: Ipouecc 4:
pouecc 5: lpouecc 6: [
Mpouecc 7: Mpouecc 8:
[IpMMED BEPHOTO pPENEeHMH
Ipouecc 0: 3.85 7.65 3.35 6.74 6.48
Npouecc 1: 3.17 7.45 1.80 5.81 2.70 Npouecc 2: 1.21 5.01 1.58 6.15 6.48
Ipouecc 3: 3.95 6.05 3.35 59.14 1.24 Npouecc 4: 3.95 5.14 3.35 6.19 6.48
Mpouecc 5: 3.95 6.80 3.35 2.91 6.48 Ipouecc 6: 3.95 3.37 3.35 7.30 2.42
Ipouecc 7: 3.95 4.49% 1.74 6.54 3.66 Npouecc B8: 3.95 4.79% 3.35 6.71 2.3¢6
Blc:12325¢67s8 1 | »

Puc. 28. Buj okHa 3a1auHUKa [MOCJIe TIEPBOTO JTarna BeinonHeHus 3aaanus MPI7Win23

3ametuMm, 4TO Mexay BbizoBamu  pynkunuid  MPI_Win_post u
MPI_Win_wait B mom4rHEHHBIX TIpoIleccaXx HAM HEe MOTPeOOBAIOCH BBITOJIHSTH
HUKAKHUX JICUCTBHIA.

OcTanoch BBINOIHUTH BTOPYIO YacTh OJJTHOCTOPOHHUX OOMEHOB: JOOABHUTH
M3MEHEHHOE COJIEPKMMOE MacCHBa & U3 IJ1aBHOTO MPOLECCa KO BCEM MacCHUBAM
B NIOJJYMHEHHBIX Iponeccax. [ 3Toro Hago HavyaTh HOBBIM MEPUOJ 1OCTYIa B
IJIAaBHOM IIPOLIECCE M COOTBETCTBYIOIIMI €My MEPUOJ IPEIOCTABICHUS TOCTYIIA
B [TIOJAYUHEHHBIX MPOLECCAX.

B mpenenax HOBOro mepuwojsa MOCTyma TpeOyeTcsl BBIOJHUTH (PYHKITUIO
MPI_Accumulate, mepenaB gaHHBIC W3 MacCHBa @ TIABHOTO NpoIiecca B OKHA
BCEX MOJIYMHEHHBIX ITPOLIECCOB:

MPI Win start(g, 0, w);

for (int 1 =1; i < size; ++i)

MPI Accumulate(a, 5, MPI DOUBLE, i, 0, 5, MPI DOUBLE,
MPI MIN, w);
MPI Win complete(w);



B cooTBeTCTBHMM ¢ yClIOBHEM 3aJadd MbI HWCIIOJB30BaIM B (DYHKITUH
MPI_Accumulate omreparturo MPI_MIN.

B npenenax HOBOro mepuoja MpeaocTaBiICHUs JOCTyna (B MOAYMHEHHBIX
mporieccax), Kak | JiyIs IEPBOTO Tepruoja MpeIoCTaBICHUS 0CTyna, He TpeOy-
€TCs BBIMIOJHATh HUKAKUX JIEMCTBUM, OJTHAKO MOCIIE 3aBEPUICHUS 3TOrO MEPHOIA
MBI MO’KEM BBIBECTH U3MEHEHHOE COAECPKMMOE MaccuBa a:

MPI Win post(g, 0, w);

MPT Win wait(w);

for (int i =0; 1 <b5; ++1)

pt << alil;

3amycTUB MaHHBIA BapUAHT MPOTPAMMBI, MBI TIOJIy9UM COOOITIICHHE O TOM,
YTO 3aJJaHUE BBIMOJIHEHO.

BriBo pe3ynbTaToB B IVIABHOM MPOIECCEe U B MOAYMHEHHBIX Mpolieccax
MOXHO OOBEIUHUTH, €CJIM BBIHECTH COOTBETCTBYIOIIMM IMKJI U3 JABYX YacTeu
YCJIOBHOTO OIEpaTOpa U pa3MECTUTh €r0 HEMOCPEACTBEHHO MEPE ONepaToOpoOM
paspyurenus okaa MP1_Win_free(&w).

[IpuBenemM OKOHYATENbHBIN BApUAHT PELICHUSA:

void Solve()

{
Task("MPI7Win23");

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;
MPI _Comm_size(MPI COMM WORLD, &size);
MPI Comm rank(MPI_COMM_WORLD, &rank);
int wsz=25;
int n[5], ml5];
double a[b];
for (int i =0; 1 <b; ++1)
pt >> ali];
if (rank == 0)
{
w sz =0;
for (int 1 =0; i <5; ++1)
pt >> n[i];
for (int 1 =0; i <5; ++1)
pt >> m[i];



}
int dbl sz;
MPI Type size(MPI DOUBLE, &db1 sz);
MPI Win w;
MPI Win create(&a, w sz * dbl sz, dbl sz, MPI INFO NULL,
MPI COMM WORLD, &w);
MPI Group g0, g;
MPI_Comm group(MPI COMM WORLD, &g0);
int b=20;
it (rank == 0)
{
MPI Group excl(g0, 1, &b, &g);
MPI Win start(g, 0, w);
double a0[5];
for (int 1 =0; 7 <5; ++1)
MPI Get(&a0[i], 1, MPI DOUBLE, n[i]l, m[i], 1,
MPI DOUBLE, w);
MPI Win_complete(w);
for (int 1 =0; 7 <5; ++1)
a[i] += a0[i];
MPI Win start(g, 0, w);
for (int 1 =1; 1 < size; ++1)
MPI Accumulate(a, 5, MPI DOUBLE, i, 0, 5, MPI DOUBLE,
MPI MIN, w);
MPI Win _complete(w);
}

else

{
MPI Group incl(g0, 1, &b, &g);
MPI Win post(g, 0, w);
MPT Win wait(w);
MPI Win post(g, 0, w);
MPT Win wait(w);

}

for (int 1 =0; 1 <5; ++1)
pt << alil;

MPT Win free(&w);

}



2.7. lHmepKkomMmyHUKamopbl U OuHamu4eckoe co3daHue
npoueccos (MPI-2). MPI8Inter9, MPI8Interl5

Humeprommynuxamopwr (inter-communicators) mosBHIIMCh YK€ B CTaH-
napte MPI-1. B otnuuune 06 «00BIYHOT0» KOMMYHHUKATOPA, HA3bIBAEMOTO TaKXKE
UHTpaKoMMyHHKaTopoM (intra-communicator), KOTOphIii CBS3BIBAETCS C HEKO-
TOPOM TPYMNMON MPOIECCOB U 0OECTIEYMBAET PA3IMUHbBIC BUJIBI B3aUMOJACUCTBUS
MEXIy JIFOOBIMU TIPOIIECCAMHU, BXOSAIUMHI B 3Ty TPYIITY, HHTEPKOMM YHUKATOP
CBSI3BIBACTCSI C 08YMs TPYIIIaMU MPOIECCOB U MpeaHa3HAUYEH Ui 00eCIIeUeHHUs
B3aMMOJICHCTBHS MPOLIECCOB M3 PA3IUYHLIX TPYIIL;, TPU ITOM HUCHOIB3YIOTCS
PaHTHU MPOIIECCOB B ATUX IpyImnax. Takoil cnoco0 B3auMOJICHCTBUS OKa3bIBAETCS
yIOOHBIM, €CJIM MapajuIebHBIN aJTOPUTM IIperoaraeT pacnpeaeieHue qencT-
BUI MEXIY HECKOJIBKMMHU TPyNIaMHU MPOIECCOB U MPHU 3TOM Tpedyer oOMeHa
uHdopMaIuen Mex Iy mpoleccaMu, BXOASIIMMU B Pa3IMYHbIE TPYIIIIHL.

B crangapre MPI-2 koHueniuss ”HTEpPKOMMYHHUKATOPOB MOJYUYUIIa J1alb-
Hellee pa3BUTHE: OBLUTM PACIIMPEHBI BO3MOXKHOCTH TIO CO30QHUI0 WHTEPKOM-
MYHHUKaTOPOB, CTaJld BO3MOKHBI KOJLIEKMUBHblE B3aUMOJICUCTBUS MIPOIIECCOB B
paMKaxX MHTEPKOMMYHUKATOPOB UM, HAKOHEI], MHTEPKOMMYHHUKATOPBI CTAU TEM
WHCTPYMEHTOM, KOTOPBINA OBLI MOJIOKEH B OCHOBY MEXaHHM3Ma OUHAMUYECKO20
CO30aHUsl NPOYeccos.

C m100bIM HMHTEPKOMMYHHKATOPOM CBSI3BIBAIOTCS JIBE PABHOIPABHBIC
rpynmnsl mporeccos. [Ipomiece u3 ar000 Tpynmbl MOKET UHUIIMHPOBATH OOMEH
uH(pOpMaIEH ¢ MPOIECCOM U3 APYToi TPYNIbl B paMKaX MHTEPKOMMYHHKATO-
pa, CBA3BIBAIOINIECTO ATH Tpynmbl. [Ipw 3ToM Ta rpymnma, K KOTOPOH OTHOCHTCS
MPOIIECC, BBI3BIBAIOMINN (DYHKIMIO JJIsi TIOCBHUJIKMA WM TOJYYEHUSI COOOIICHHS,
Ha3bIBaeTCs okanvhou epynnou (local group), a rpymma, coaep kariie mporec-
Chl, C KOTOPbIMH YCTAHABJIMBACTCS CBSA3b, HA3bIBACTCA yoaneHHoU epynnoi (re-
mote group). Takum oOpa3zom, AJis MPOIecCca-OTIPABUTENS yIATICHHON TPYIIION
SBJIIETCSI Ta, B KOTOPOM HAXOAMTCS TMpoIlecC-ToaydyaTenb, a Jis Tpolecca-
MOJIy4daTessl yYAAJeHHOU TPYIION SBIISIETCA Ta, B KOTOPOW HAXOAUTCS MPOLIECC-
OTIIpaBUTENb. B KauecTBe paHra yenesoco npoyecca (T. €. mpouecca, OTHOCSIIE-
rocs K yJIaJIeHHOM TPYIINe) YKa3bIBaeTCA PaHT Mpolecca B yAaJIEHHOW IpyIIe.

CranmaptHas ¢yakmus MPl_Comm_Size nmns ompeneicHHs] KOJUYECTBA
IIPOIIECCOB, BXOIANINX B KOMMYHHUKATOP, MOYKET MCIIOJIB30BaThC U IS HHTEP-
KOMMYHHMKATOpa; B 9TOM CJlydae OHa BO3BpaIlaeT pa3Mep JOKAIbHOW TPYIIIHI,
T. €. TOH TPYNIbl HHTEPKOMMYHHUKATOpPa, K KOTOPOH OTHOCHUTCS TPOIIECC, BBI-
3BaBmuil 9ty QyHkiuo. Oynkuus MPI_Comm_rank ans mHTEpKOMMYHHKATO-
pa BO3BpAIIla€T PaHT MpoIlecca B JOKAIBHOU rpyrime. Mimeercs Takxe JOTOTHU-
tenbHas ¢yakius MP1_Comm_remote_Size, mocTymHas TOJBKO I HHTEP-
KOMMYHHUKATOPOB; OHA BO3BpAIA€T pa3Mep yAaJeHHOM TPYIIIbI, T. €. TOW TpyI-
bl THTEPKOMMYHHUKATOPA, K KOTOPOI He omHocumcs Mpolecc, BbI3BaBIIMMA 3Ty
byHKIHIO.



JI71s1 3HAKOMCTBA C OCHOBHBIM CIIOCOOOM CO3/1aHHSI UHTEPKOMMYHUKATOpa
Y IPOCTEUIINMU TpUEMaMU OpTraHU3allid B3aUMOJEHCTBUSI MEXIY €ro rpyrna-
MU PaCCMOTPHUM CJEAYIOLIEE 3a/IaHUE.

MPI8Inter9. KoauuectBo mporeccoB K — dyeTHoe umcio. B kaxmom
npoiiecce aHo 1enoe uncio C, nexaree B Auana3zone ot 0 10 2, npudeM us3-
BECTHO, 4TO B mpoiiecce panra 0 gano yucio C =1, a mepBoe U3 3HaYCHUH
C=2 wumeercas y mpouecca panra K/2. Hcnomesys ¢yHKIHUIO
MPI_Comm_split, co3naTh KOMMYHHKATOPBI, IEPBBII U3 KOTOPBIX COAEPIKUT
nporiecchl co 3HadeHussMU C = 1 B TOM ke MOpsiaKe, a BTOPOH — MPOIIECCHI
co 3HaueHmsiMu C =2 B TOoM ke mopsake. BeiBectn panrm mporieccoB R B
CO3/ITaHHBIX KOMMYHUKaTOpax (€CJIid MpoIlecC HE BXOAUT HU B OJUH HU3 CO3-
JTAHHBIX KOMMYHHMKATOPOB, TO BBIBECTH JUIsl HEro uucio —1). 3atrem oObenu-
HUATHh CO3[IJaHHbIE KOMMYHHUKATOPbl B HMHTEPKOMMYHHUKATOP C IOMOUIBIO
¢bynkuuu MPI Intercomm_create. Ilocne aToro BBecTH B mporeccax rnepBoi
IpyNIbl CO3JaHHOTO MHTEPKOMMYHHKATOpa (COOTBETCTBYIOIIEH 3HAYEHUSIM
C=1) nmo ogHOMYy 1E€JIOMYy YHCITy X, a B Ipolleccax BTOPOH T'PYIIIBI — IO
onHOMYy TienoMmy uuciny Y. Hcmone3ys TpeOyemoe KOJMYECTBO BBHI30BOB
dbynkuuii MPI _Send u MPI _Recv nnst Bcex mpoiieccoB CO3JaHHOTO MHTEpP-
KOMMYHHUKATOpa, Mepeciarh Bce 4uciia X KaXJIOMYy W3 IMPOIIECCOB BTOPOH
TPYIIbl 3TOTO KOMMYHHKATOpa, a Bce yuciaa Y — KaKJIOMYy U3 IMPOIECCOB
MEePBOM TPYIIIBI U BHIBECTHU MOJYYCHHBIE YUCTIA B MOPSAJIKE BO3pacTaHUs PaH-
T'OB MIEPECIaBIINX X MPOIECCOB.

[Ipy 03HAKOMHUTENIBHOM 3aIlyCKE€ MpOrpamMMBbl C 3arOTOBKOW ISl JAHHOIO
3Q/IaHUSI Ha JKpaHE IOSBUTCS OKHO, MOJ00HOE MpHUBEACHHOMY Ha puc. 29 (B
ATOM OKHE CKPBIT pa3zen ¢ GopMyInpoBKOM 3a/1aHus).

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
CO30AHVME MHTEPKOMMYHWKATOPOB PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3agadwe: MPI8Intera® BbinonHAET: MBaHoB MeTp

O3HaKOMHMTENbHbLIA 3anycK:
Y Bbixog (Esc) ‘

HE BbIMONHEHA HW O4Ha M3 OI'IEDELI'HIH BBOAa-BbIBOAA.

Beog: 0 u3 17 BelBoa: 0 u3 34 TecTsl: 1 M35
—
O
MCXOOHEE IOaHHHEE
Npouecc 0: C=1 ¥=58 lpouecc 5: C=2 ¥=78
Npouecc 1: C=0 lpouecc 6: C=0
Mpouecc 2: C=1 ¥X=12 pouecc 7: C=2 ¥=47
Npouecc 3: C=1 ¥=12 lpouecc B c=2 Y=57
Npouecc 4: C=1 ¥=4¢6 lIpouecc 9%: C=0
[IpMMED BEPHOTO pPENEeHMH
Npouecc 0: R= 0 Y: 78 47 57 Ipouecc 5: R= ¥: 58 12 12 46
pouecc 1l: R=-1 lIpouecc €: R=-
Ipouecc 2: R= 1 Y: 78 47 57 Ipouecc 7: R= ¥: 58 12 12 46
Ipouecc 3: R= 2 Y: 78 47 57 Npouecc B8: R= 2 X: 58 12 12 4¢
lpouecc 4: R= 3 Y: 78 47 57 Mpouecc %: R=-1

Puc. 299. O3nakomutenbHbIi 3amyck 3ananus MPI18Inter9



Ha nepBom stare pemeHns 3a1ady HaJAO0 CO37aTh IBa HOBBIX KOMMYHHKA-
TOpa, COJEPXKAIUX TMPOIECChl C OAMHAKOBHIMU HEHYJIEBBIMH 3HaueHHsIMH C.
[Ipu3HakoM YCHENIHOTO 3aBEPIICHHS ATOTO dTama OyAeT BBIBOJ MPABHIBHBIX
3HaUYeHUN R paHTOB MPOIECCOB B HOBBIX KOMMYHHUKATOPAaX.

[TockonpKy Ha JaHHOM 3Tare He TPeOyeTCs NCIIOIh30BaTh HOBBIE CPEICTBA
oubnuoreku MPI, cpasy mpuBeneM COOTBETCTBYIOUINI (PparMEeHT MPOrpaMMBI
(ocobennoctu npumenenns Gynkmuu MPl_Comm_split panee moapoOHO 00-
CY>KIanuch B 1. 11.3, MOCBSIIIEHHOM CO3/1aHUI0 HOBBIX KOMMYHHUKATOPOB):

int c;

pt >> c;

if (c ==10)

c = MPI UNDEFINED;

MPI Comm local;

MPI Comm spl1it(MPI_COMM WORLD, c, rank, &local);

if (Tocal == MPI COMM NULL)

{

pt << -1;
return;

}

int Tocal rank;

MPI Comm_rank(local, &local rank);

pt << local rank;

[Tocne BBosa C MBI cpa3y KOPPEKTUPYEM €€ 3HaU€HUE, €CIM OHO paBHO 0,
3amensst ero Ha MPI_UNDEFINED, uto0b1 He co3iaBaTh KOMMYHUKATOP JJIsI
nporeccoB ¢ C = 0. HoBbIii KOMMYHUKATOp, COACPIKAIIUN TEKYITUH TPOIECC,
CBsi3bIBaeTCs ¢ mepemeHHoi local, 4ToObl MoaYepKHYTh, YTO B JaJIbHEHIIIEM
UMEHHO TPYIIIa 3TOT0 KOMMYHHKATOpa CTAaHET JIOKAJTLHOW TPYIIIONH MHTEPKOM-
MyHHKaTopa. Ecii ¢ mporieccoM He CBSI3bIBA€TCS HOBBI KOMMYHHKATOp, TO B
HEM BBIBOJIUTCS 3HAYCHUE —| W BBIMOIHACTCS BBIXOJ M3 MPOTPAMMBI; B IPOTHB-
HOM cilydae ompenessieTcs W BbiBogauTcs panr local _rank mporecca B HOBOM
KOMMYHHUKATOpE.

[Tpu 3amycke mporpamMmbl OyJET BHIBEIEHO COOOIIIEHHE O TOM, YTO B HEKO-
TOPBIX TPOIIECCaX BBEIECHBI HE BCE PE3YJIBTUPYIONIUE JaHHbBIE (TOCKOJBKY B
Halllel mporpamMme eille He OpraHu30BaH BBOJ 4mced X), OJHAKO 3HaueHUs R
JUTS BCEX MPOIIECCOB OyayT HaiteHsl mpaBuiabHO (puc. 30).



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

CO30AHWME MHTEPKOMMYHWKATOPOB PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3apanue: MPIBInterg® BeinonHAeT: MeaHos MeTp
Owwubka Npou3oLna B npoweccax 1, 3, 5-6, 9-10.
Beoa: 1213 19 M| BelBOA: 12 13 36 TecTbl: 1KM3 5
] — —
D S
VMCXOIHEE IaHHHE
Npouecc 0: c=1 ¥=72 lIpouecc 6: c=2 ¥=91
Ipouecc 1: c=1 ¥=29 lpouecc 7: c=0
Ipouecc 2: c=0 Ipouecc #: c=0
Ipouecc 3: c=1 ¥=66 pouecc 9: c=2 Y=76
Ipouecc 4: c=0 Npouecc 10: C=2 ¥=20
Mpouecc 5: c=1 X=T71 Mpouecc 11: C=0 =

NoMy4YeHHHE pPEe3yJIbTATEH

Ipouecc 0: R= 0 ¥: lIpouecc 6: R= X

Ipouecc 1: E= 1 ¥: lpouecc 7: R=-—

Ipouecc 2: R=-1 lpouecc B: R=-1

Ipouecc 3: R= 2 Y: lIpouecc 9: R= X:

Ipouecc 4: R=-1 Npouecc 10: R= ¥: —
pouecc 5: R= 3 ¥: Ipouecc 11: R=-1

[IpMMED BEPHOTO pPENEeHMH

Npouecc 0: E= 0 ¥Y: 581 7¢ 20 lIpouecc 6: R= ¥: 72 29 g6 71
Ipouecc 1: ER= 1 ¥: 51 7¢ 20 lpouecc 7: R=-1

Ipouecc 2: R=-1 lpouecc B: R=-—

Ipouecc 3: R= 2 ¥: 581 7¢ 20 pouecc 9: E= 1 X: 72 29 66 71
Ipouecc 4: R=-1 Npouecc 10: RBR= 2 X: 72 2% 66 71
pouecc 5: R= 3 ¥Y: 581 7¢ 20 Ipouecc 11: R=-1

.01356910 1 »

Puc. 30. Bua okHa 3aauHuKa 1mocie nepBoro dTama BeinoiHeHus 3aganus MP18Inter9

[IpucTynmuM K OCHOBHOMY JTally PEIICHHS: CO3MaHHI0 MHTCPKOMMYHHKA-
TOpa, coaepkamiero obe co3laHHbIe paHee TPyHIbl mpoiieccoB. OCHOBHBIM
CPEICTBOM JUIS  CO3JaHUS HHTCPKOMMYHHMKATOPOB  SBISICTCS  (DYHKIIHS
MPI1_Intercomm_create. 1o koJuieKTUBHASI (YHKIUS, KOTOpasi JOJIKHA BBI3bI-
BaThCsl BO BCEX IPOIIECCaX, KOTOPhIC TpeOyeTcs BKIOYUTh B CO3JaBaeMbIi MH-
TepKOMMYHHUKATOp. HBIMU CIIOBaMHM, €€ HaJ0 BbI3BaTh BO BCEX IMpOIECCaxX TeX
JIBYX «OOBIYHBIX» KOMMYHHKATOPOB, KOTOpPBIC COJEP)KAT TPYIIBI MPOIECCOB,
BKJIFOYaEMbI€ B HHTEPKOMMYHHUKATOP.

OcHOBHO# TPOOJIEMO TTPU CO3TaHUH UHTEPKOMMYHHUKATOPA SBIISICTCS OTI-
penelieHne yaajJeHHOW Tpynmbl. B kadecTBe JOKaNbHOW TPYMIBI JOCTATOYHO
yKa3aThb COOTBETCTBYIOIINK KOMMYHHUKATOP, B KOTOPBIA BXOJHT IPOIIECC, BBI-
3piBaromui pynkiuo MPI_Intercomm_create, onrHako KOMMYHUKATOpP, CO3/1aH-
HBIW Ul MPOLIECCOB APYIrOW I'PYIIIbI, B TaHHOM Ipolecce HexoctyreH. IIpo-
OJleMa pemaeTcsl ¢ MOMOINBIO 3aJaHMs MPOIIECCOB-«IpeacTaButecii» (leaders)
KXo u3 nByX rpymi. [Ipu a3Tom HeoOXxoamumo, 4To0bl 00a BEIOPAHHBIX TIPE/I-
CTaBHUTENSI BXOAWIM B KaKOW-JIMOO OOIIMI KOMMYHHKATOP-TIOCPEIHUK (PEer).
EcTecTBEeHHBIM KaHAWIATOM Ha POJb TOCPEIHUKA SIBIISCTCS YHHUBEPCATBHBIN
kommyHukatop MPI_COMM_WORLD, ognako mms Toro 4ToObl H30€XaTh
BO3MOXXHBIX KOH(IMKTOB IPH TMEPEChUIKE JaHHBIX, CICIYEeT HCIOIh30BaTh KO-



nuio kommyHukaropa MPI_COMM_WORLD, co3naB ee ¢ moMoIbio GyHKIUU
MPI_Comm_dup. Ilepeunconm mapamerpsl pynkiuun MPI_Intercomm_create
(Bce oHH, KpOME TOCIETHETO, SIBISIFOTCS BXOAHBIMU):

e |ocal — xommynwukaTop (tuma MPI_Comm), cBs3aHHBIN C JIOKAJIBHOU
IpyNIou co31aBaeMoro HHTEPKOMMYHHUKATOPA;

e local_leader — riemourcacHHBIN paHT MPEACTABUTES JIOKAILHOMW IPYII-
bl (YKa3bIBAETCS PaHT 3TOTro Mpolecca B kommyHukaTope local);

e peer_comm — koMMyHHKaTop-niocpenauk (tuma MPI_Comm); stor
napaMeTp YYUTHIBAETCS TOJIBKO B TOM IPOIIECCE, KOTOPBIN SABISETCS
IpeCTaBUTENIEM JTOKATbHOW TPYIIIBL;

e remote_leader — 1enmoYnCIIEHHBI paHT TPEICTABUTENS YAAJICHHOM
rpynnsl  (yKa3blBaeTCs pPaHr 3TOr0 IMpolecca B KOMMYHHKATOpE
peer_comm); 3TOT napameTp, Kak U NPeAbI YU, YIUTHIBAETCS TOJIBKO
B TOM IIpOILI€CCEe, KOTOPBIH SBISETCS MPEICTaBUTEIEM JIOKAJIBHOU TpyI-
113K

e tag — LIENOYUCIIEHHAs «METKa OE€30MaCHOCTH», KOTOpas I0JKHA ObITh
OJIMHAaKOBOM  BO  BCEX  IMpolleccax,  BbI3BaBIIMX  (DYHKIUIO
MPI_Intercomm_create mjist co3gaHus JTaHHOTO MHTEPKOMMYHUKATOpPA
(mpu co3aHuU APYTUX UHTEPKOMMYHHKATOPOB CIEAYET HCIOIb30BaTh
JpyTHe 3HAYEHUS TSl JTaHHON METKH);

e intercomm — yka3arenb Ha CO3JaHHBI MHTCPKOMMYHHUKATOP (THIA
MPI_Comm¥*).

Takum o0pazom, JJIsi CO3AaHUSI UHTEPKOMMYHHKATOpPA KaXKIbIi TpecTa-
BUTEIb TPYMIBI JODKEH 3HATH PAHT MPEACTaBUTEINS Apyroi (yaajaeHHOW) Tpy-
bl B KOMMYHHKATOpe-TIOCpEeIHUKE. B Hamiem ciydae MBI MOXEM BOCIIOJIb30-
BAThCS CIEIYIONIEH YacThIO YCI0BHUS 3a1a4un: «B nponecce panra 0 gaHo yucio
C =1, a nmepBoe u3 3HaucHmit C = 2 umeercs y nporecca panra K/2» (K 00o3Ha-
yaeT o011ee KOJIMYECTBO MPOLIECCOB). DTO 3HAYUT, UTO B MEPBYIO U3 CO3AAHHBIX
Hamu rpymi (s nporeccoB ¢ C = 1) rapaHTHpOBaHHO BXOJIUT Mpoliecc panra ()
kommyHukaropa MPI_COMM_WORLD, npuyem 3TO mporiecc SBISETCS Tep-
BbIM IPOLIECCOM CO3JIaHHOM rpymmsbl (T. €. uMeeT paHr 0 B COOTBETCTBYIOLIEM
KOMMYHHKATOpPE), a BO BTOPYIO M3 CO3JaHHBIX rpymmn (ajs mporeccoB ¢ C = 2)
rapaHTHPOBaHHO  BXOAWUT  mporecc  panra  K/2  xomMMmyHHKaTOpa
MPI_COMM_WORLD, npuuem 3T0 mpoIiecc Takke SBISICTCS IEPBBIM IPOIIeC-
COM CO3JaHHOM TI'PYIIIIBI.

CnenoBatenbHo, npu BbizoBe (ynkmuu MPI_Intercomm_create Bo Bcex
npoiieccax HaM J0CTATOYHO MoJokuTh mapametp local leader paBubim 0. Uto
KacaeTcsi mapaMmerpa remote leader, To ero 3HaueHHE MOYKHO ONPEICIHTH IO
paHry BbI3bIBaroliero npoiecca B kommynukatope MPI_COMM_WORLD: ec-
79 3TOT paHr paBeH 0 (3TO 03HAYAET, YTO MPOIIECC SIBISIETCS MPEACTABUTEIEM
NIEPBOI TPyIIbI), TO Mapamerp remote_leader Hamo monoxuth paBHbIM K/2, a
eciu paur mnporecca B kommyHukatope MPI_COMM_WORLD pasen K/2, To



napametp remote leader Hago monokuTh paBHbIM 0 (B OCTAJLHBIX MpOIECCaX
3HaYeHWe mapaMerpa remote_leader moxeT OBITH NMPOM3BOJLHBIM, HAIPUMED,
takoke paBHBIM (). MOKHO TIOCTYIHTh M IO-APYTOMY: aHAJIU3UPOBATh HE PaHT
nporecca B kommyHukarope MPI_COMM_WORLD, a 3nauenue C; B 3TOM
cirydae it nporieccoB ¢ C = 1 mapamerp remote_leader Hago moyioxuTh paB-
HeiM K/2, a mist octanbHbIX mporeccoB (¢ C = 2) — paBHbiM 0.

YroObl yOemuThCs B TOM, YTO TPeOyeMbli MHTEPKOMMYHHUKATOP CO3IaH
NPaBHJILHO, MOYKHO BOCTIOJIB30BAThHCS CICAYIOIICH MPOCTOM MPOBEPKOIA: Ompe-
JCNUTh Il KaXJO0ro Tpollecca HWHTEPKOMMYHHUKATOpa pa3Mmep yIaJleHHON
rpynmnsl, Bbi3BaB ¢yHkimio MPlI_Comm_remote sSize (1 BbIBeIs MOJTYYEHHOE
€10 3HaUCHHE B pa3jiesic OTIaKH). 3aMETUM, YTO JaHHBIN pa3Mep BIIOCICICTBUH
HaM TOoTpeOyeTcs MPU OPTaHU3alUY TIEPECHUIKH U TTPHEMa JaHHBIX.

[Tpu peanu3anmu BTOPOTO dTAla PENICHUS 3a7adu JIETKO JOMYCTUTh CEPb-
€3HyI0  OIMOKY, TOMBITABIIMNCH  CO3/JaTh  KOMHIO  KOMMYHHKAaTOpa
MPI_COMM_WORLD nocre moeo, xak HEKOTOpHIE MPOIECCHI BHIMAYT W3
¢byaknun Solve. 910 Hen30eKHO MPUBEACT K 3aBHCAHUIO MApAIIICILHOTO MPH-
noxeHus. Takum oOpa3oM, ONPEICIIUTH BCIIOMOTATCIIBHBIH KOMMYHHKATOP-
MOCPETHUK HEOOXOIUMO JI0 TOTO YCIOBHOTO OTEpaTOpa, B KOTOPHIM BBITIOJHSI-
eTcsl oneparop return (Hampumep, B caMOM Hadvalie perieHus).

[TpuBeneM JOMOTHEHHBIH BapUaHT PEIICHUS, B KOTOPOM HOBBIC (pparmeH-
ThI BBIZICIICHBI ITOJTY>KHPHBIM MIpU(TOM:

MPI_Comm peer;

MPI Comm dup(MPI COMM WORLD, &peer);

int c;

MPI Comm local;
pt >> c;

if (c == 0)

c = MPI _UNDEFINED;
MPI Comm split(MPI_COMM WORLD, c, rank, &local);
if (Tocal == MPI COMM_NULL)
{
pt << -1;
return;
}
int Tocal rank;
MPI Comm_rank(local, &local rank);
pt << local rank;
MPI _Comm inter;
int Tead = 0;
if (rank == 0)
lead = size / 2;



MPI Intercomm create(local, 0, peer, lead, 100, &inter);

int remote size;

MPI Comm remote size(inter, &remote size);

Show(remote size);

[Ipu 3amycke 3TOro BapHaHTa peUIeHHE COOOIIeHHE B MH()OPMAIIMOHHOM
paszfene He U3MEHUTCS, OJJHAKO B pa3fiesie OTIAKU, Hapsay ¢ COOOUICHUSIMH 00
ommoOKax, JIsl KaXJ0To IMpolecca ¢ HeHyJleBbIM 3HaueHneM C OyaeT BbIBEICH
IPABWIBHBIN pa3Mep COOTBETCTBYIOLIEH yAAT€HHOW IPYIIIbI B CO3/JaHHOM KOM-
myHukarope (puc. 31; B nanHom ciydae ais nponeccoB ¢ C = 1 pasmep yna-
JICHHOM TpyIIbI paBeH 2, a A mnpoiieccoB ¢ C = 2 pa3mep paseH 3).

@ Programming Taskbook - InekTpoHHBIF 334a4HWK N0 NporpaMMUMpoBannio [C++]
CO30AHVE MHTEPKOMMYHUKATOPOB PesyneTatel (F2)  LiBeT (F3)  Peium (F4)
3apnanue: MPI8Interg® BeinonHaeT: MeaHos MeTp

BeefieHbl He Bce TpebyeMble UCXOHbIE AaHHbIE.

Beog 121317 M| BblBoA: 12 M3 24 TecTol: 1 M35 ‘

- ] —

D S
VMCXOOHEE IaHHLEE P
Ipouecc 0: c=1 ¥=10 lIpouecc 6: c=2 Y=80
Ipouecc 1: c=1 ¥=57 Ipouecc 7: c=2 Y=46
Ipouecc 2: c=0 Mpouecc B: c=0
lpouecc 3: c=0 Ipouecc 9: c=0
Ipouecc 4: c=1 ¥=38 Npouecc 10: C=0
lIpouecc 5: c=0 Mpouecc 11: C=0
[Iony4YeHHLHE pPEe3SYJbTaTH
pouecc 0: R= 0 ¥Y: Ipouecc ©: R= 0 X:
Ipouecc 1: E= 1 ¥: Ipouecc 7: R= ¥
lpouecc 2: E=-1 lpouecc 8: E=-1
lpouecc 3: E=-1 Ipouecc 9: R=-
Ipouecc 4: E= 2 Y: Ipouecc 10: R=-1
lIpouecc 5: E=-1 Ipouecc 11: R=-1
[IpuMMep BEPHOTO pPENEeHMSA =
Ipouecc 0: E= 0 Y: 80 46 lIpouecc 6: R= ¥: 10 57 38
Ipouecc 1: E= 1 ¥: B0 46 Ipouecc 7: R= ¥: 10 57 38
lIpouecc 2: R=-1 Ipouecc 8: R=-1
lpouecc 3: E=-1 Ipouecc 9: E=-1
Ipouecc 4: E= 2 Y: 80 46 Npouecc 10: R=-
lIpouecc 35: R=-1 Ipouecc 11: R=-1
o] 1> 2
0] 2> !Ipy Hammuuy omMOOK B NOOYMHEHHHEX [IpOLEeCcCax
0] 3> ! pemeHMe IONA TJIABHOTO [pOlecca He NpOBEDHASTCH.
1] 1> 2
1| 2> !BeepgeHun He Bce TpefyeMEle MCXOOHEE IaHHEE .
1| 3> ! KomMuecTBO [NPOYMTAHHHX OaHHHX: 1 (M3 2).
41 1> 2
4| 2> !BeegenHn He BCe TpebyeMble MCXOOHEIE IAHHEE. L
4| 3> ! KomMiecTBO NPOYMTAHHHX OaHHHX: 1 (M3 2).
6l 1> 3
6| 2> !BeegeHH He BCe TpebOyeMele MCXOOHEIE ITAHHEE.
6| 3> ! KomMiecTBO NPOYMTAHHHX OaHHHX: 1 (M3 2). =
Wo::er 1 | »

Puc. 31. Bua oxHa 3ajauHuKa 1ociie BTOPOTo ATamna BbINOJAHEeHus 3aaanus MPI8Inter9



3aKIIOUMTENbHBIN 3Tall PEHICHUs 33aJa4M SIBJISETCS CaAMbIM MPOCTHIM, IO-
CKOJIbKY B HEM TpeOyeTcsi HCIOJb30BaTh XOPOIIO 3HAKOMBIE (YHKIHH
MPI_Send u MPI_Recv mist oOMeHa COOOIEHUAMI MEXTy ABYMSI TIPOIICCCAMH.
EnnHcTBEHHO# 0COOEHHOCTHIO SIBISIETCA TO, YTO B JJAHHOM CITy4ae 3TU (QYHKITUH
BBI3BIBAIOTCS JIJIS1 HHTEPKOMMYHHUKATOPa, U TO3TOMY B Ka4e€CTBE paHra IMpolec-
ca-nonyuarens (B ¢ynkruun MPI_Send) u panra mpomecca-ornpaButens (B
byukuun MP1_Recv) cienyeT yka3plBaTh PaHT Mpoliecca B yOaieHHOU TPYIIIE:
MPI Status s;
int a, b;
pt >> a;
for (int 1 = 0; 1 < remote_size; ++i)
{
MPI Send(&a, 1, MPI_INT, i, 0, inter);
MPI Recv(&b, 1, MPI INT, i, 0, inter, &s);
pt << b;
}
OOparutre BHHMaHHME Ha TO, YTO KOJUYECTBO UTEpAIMil B IUKIIE PaBHO
pa3Mepy yJajieHHOH IPYIIIIbI.
[Tocne 3amycka JaHHOTO BapHaHTa IPOrpPaMMbl Mbl ITOJIyYUM COOOLIEHHE O
TOM, YTO 33JJaHUE BBIIIOJIHEHO.
IIpumeuanus. 1. B pemennn ucnoiab30BalIuCh TOJIBKO T€ CpeacTBa OuO-
muoteku MPI, xoTopelie yxxe nmerorcs B crangapre MPI-1, noatomy nan-
Has mporpamma OyJeT ycmemHo paboTaTh W MO yNPaBIECHHUEM CHCTEMBI
MPICH Bepcun 1.2.5. Kak ormedeHo B mpeamOyine K Tpymie 3aJaHuit
MPI8Inter, 8 Bepcun MPI-1 MOXHO BBITIOJHSATH TATH 3aJaHWN JTaHHON
rpynimsl (¢ Homepamu 14 u 9).
2. B 3amanusax MPI8Inter5-MPI8Inter8 paccmarpuBaroTcs HOBbIE BO3ZMOXK-
HOCTH, CBSI3aHHBIE C CO3JaHMEM MHTEPKOMMYHHUKATOPOB, MOSBHUBIIHUECS B
crauaapre MPI-2. B stom crangapre ¢ynkmuu MPI_Comm_create u
MPI_Comm_split MoryT nucmonb30BaThCs HE TONBKO IS CO3MaHUS HOBBIX
MHTPAaKOMMYHHKATOPOB Ha 0a3e CyIIECTBYIOLIUX, HO U I CO3JaHUs HO-
BbIX MHTEPKOMMYHUKATOPOB (Takke Ha 0ase cymiecTByronmx). Oco0eHHO
ruOKre BO3MOXHOCTH TPEAOCTaBISIET B O3TOM OTHOLIECHUH (PYHKIIHS
MPI_Comm_split, kotopast mo3BosiseT co3aaBaTh Ha 0a3e MMEOIICTOCS
MHTEPKOMMYHHKATOPA 1EI0e cemelicmao HOBBIX HMHTEPKOMMYHHKATOPOB C
MOMapHO HEMEPECeKAIUMHUCS TPYIIIaMH MPOIIECCOB.
Cnenyer, olHaKo, UMETh B BUy, 4To B peanuzauuu MPICH2 Bepcuu 1.3,
ucronb3yemMon B 3amaunuke, ¢pynkius MPI_Comm_split Beger ceds He-
KOPPEKTHO B HEKOTOPBIX CHUTYAIIHSIX, CBA3AHHBIX C CO3/IAHUEM HOBBIX HH-
TEPKOMMYHUKATOPOB. DTU CUTYyaIlMH TOJPOOHO OMUCAHBI B IPUMEUAHUH K
3amaue MPI8Inter7.




3. Eme oganM BaKHBIM HOBOBBeneHHWEM ctaHmapta MPI-2 sBnsercs Bo3-
MO>XHOCTb HCITOJIb30BaHUS JJISI WHTEPKOMMYHHUKATOPOB KOJIICKTUBHBIX
omepanuidi. OTUM BO3MOXHOCTSIM mocBsmensl 3amadn  MPI8Interl0—
MPI8Inter15. Ilpu BHIMOMHEHUH KOJIJICKTUBHBIX OOMEHOB JJII HHTEPKOM-
MYHHKAaTOPOB HCIOJB3YIOTCS T€ K€ (DYHKIIMH, YTO W JJIT MHTPAKOMMYHH-
KaTOpOB; CJIEIYET JIMIIb yYUTHIBATh, YTO KOJUICKTHBHBIE OOMEHBI BCETAa
BBITIOJIHAIOTCS. MEXJY pa3IMYHBIMU TPYNIAaMH HWHTEPKOMMYHHUKATOpa
(MHBIMU CITIOBAMH, MPOLIECCHI OJHOM TPYNIbl OOMEHUBAIOTCS JAaHHBIMU C
MPOLIECCAMHU JIPYTOMl TPYIIIIbI).

OcoOble mpaBuiIa MPEeayCMOTPEHBI B Cllydae, KOT/la KOJIJICKTUBHbIE (PYHK-
MU JIJ7I1 THTEPKOMMYHHUKATOPOB UCIIOIB3YIOT OCOOBIN Mpoliecc, 3ajaBae-
MBI TIapameTpoM 00t (takoBwl, Hampumep, Gyakimuun MPI_Bcast,
MPI_Scatter u MPI_Gather). HanmomauM, 9TO JUIsI HHTPaKOMMYHHKATOPOB
mapameTp oot Bo BceX IMpolieccax J0DKeH MPUHUMATh OJTHO M TO YK€ 3Ha-
YeHHUE, paBHOE PaHTy 0co00To0 mporiecca. [T THTepKOMMYHUKATOPOB PaHT
0co00T0 TIpoIlecca YKa3bIBAETCS TOJBKO B MPOIIECCAX YOAleHHOU TPYIIIHI,
TOI/Ia KakK B MpoIleccax JOKaJbHOM TPYMIIbI (T. €. TOH TPYMIIbI, B KOTOPYIO
BXOJUT OCOOBIM TMpOIECC) B KAYeCTBE MapaMeTpa oot yka3bIBaeTCs OJHO
U3 JIBYX TMPEIONpeIeIeHHBIX 3HAYCHHU: B CaMOM 0COOOM TIpoliecce mapa-
MeTp root nomken umetrh 3HaueHne MPl_ROOT, a B ocTainpHBIX IIpoliec-
cax 3ToH ke rpynnsl — 3Hauenne MPI_PROC_NULL. ITpumeps! ucnosib-
30BaHMS MOJI0OHBIX KOJUIEKTUBHBIX (DYHKIMI OyAyT MPUBEICHBI HUXE, IPU
pemennu 3agaun MPI18Interl5.

NHTEepKOMMYHUKATOPHI UCTIONB3YIOTCS TAKIKE TIPU OUHAMUYECKOM NOPOIC-
OeHUU HOB8bIX NPOYecco8 B XOJI€ BBIMOIHEHUS MapajuIeIbHOTO MPHIIOKEHUS.
B03MOKHOCTB cO3/1aHUsT HOBBIX ITPOIIECCOB MosiBUIachk B ctanaapte MPI-2. Tlo-
n00HasT BO3MOKHOCTh TIO3BOJISIET PEANM30BBIBATh MapaJlICIIbHBIC aJITOPUTMEI,
JUTSI KOTOPBIX KOJIMYECTBO HCIIOIB3YEMBIX MPOIECCOB MOXKET OBITH YBEIMUYEHO
HETOCPEJICTBEHHO B X0J1¢ paboThI MpuiiokeHus. KpoMe Toro, BKIIFOUEHHUE ATOM
Bo3MOXHOCTH B ctanaapt MPI ynpomaer nepexon na texnosoruto MPI Tex
pa3pabOTYNKOB, KOTOPBIC paHee MPUMEHSIN IPYTrHe MapaylIeIbHBIC TEXHOJIO-
T'HH, JOIyCKaroIIKe MopokacHUe mporeccoB (Hanpumep, PVM — Parallel Vir-
tual Machine).

Jlnst  co3maHdsi HOBBIX TPOIIECCOB  MPEAYCMOTPEHBI JBE (YHKIIUH:
MPI_Comm_spawn u MPI_Comm_spawn_multiple (aura. to spawn — nopo-
arcoamy). TlepBast U3 3TUX (YHKIHH O3BOJISIET CO37aBaTh TPEOYEMOE YUCIIO HO-
BBIX TIPOIIECCOB, 3aIyCKas I KaXI0TO U3 HUX 0OUH U MOM Jice UCTIOTHSAEMbIN
baiin ¢ oouraxkosviMu TIapaMeTpaMyd KOMaHJIHOW CTPOKHU (TakuM 0Opa3oMm, OHa
nercTByeT aHaioruyHo cpeae MPI, BeinmonHsONIed HaYaJIbHBIN 3ayCK Hapa-
JenpHOTO TIpuiiokeHusi). Bropas GyHkius sBisieTcs 6ojiee THOKON: OHA MO3BO-
JSET WCTOIB30BaTh JUIS Pa3IMYHBIX MPOIECCOB CO3MaBAEMOM TPYIIIBI pa3iuy-




Hble HabOopbl TAPAMETPOB KOMAHIHOM CTPOKH U JIAXKE paziuiHbie UCTIOTHIEMbIE
¢aiinbl. MBI OrpaHUYUMCs] pACCMOTPEHUEM MEPBOM (PYHKIINU.

Oynkrus MPl_Comm_spawn uMeeT ciaeayromuii Habop mapaMeTpoB (Bce
napaMmeTpbl, KpOMe JABYX MOCTEAHUX, SBISIOTCS BXOJIHBIMHU):

command — ctpoka (tuma char*), onpenensirommas 3amyckaeMbIid (aiin

(3TOT mapaMeTp y4YuTBhIBAaETCsA TOJBKO B Mpoliecce Foot — cm. painee
oInMcaHue mapamMeTpa root);
argv — cTpokoBblii MaccuB (Tuma char**), comepxaimuii mapameTpbl

KOMaHHOW CTPOKH (3TOT MapaMeTp TaKKe YUUTBIBACTCS TOJIBKO B IPO-
1ecce root); ecimm mapaMeTpsl He TpeOYIOTCs, TO B KadecTBe argv JocTa-
TOYHO yKa3aTh HyseBoi ykazarenb (NULL wumu nullptr);

Maxproc — MaKCUMaJbHOE KOJMYECTBO 3aITyCKAaeMbIX MPOIEeccoB (11e-
JIO€ YHMCII0; TTApaMeTp YUUTHIBACTCS TOJIBKO B Mpoiiecce root);

info — mapametp tuna MPI_Info, mo3Bossttomuii 3a1aTh JOMOJIHATEIb-
HYI0 WH(}OpMaIuIo, CBA3aHHYIO C 3amyckaeMbiM (aiaom (mapamerp
YUUTBIBAETCSA TOJBKO B Ipoiiecce 00t); eciu IomogHUTEIbHAs HHDOP-
MaIisl He HCIIONIBb3yeTcs, TO B kKadecTBe INfO yka3piBaeTcs KOHCTaHTa
MPI_INFO_NULL;

root — IIETOYMCIICHHBIA PAaHT TOTO IMPOIECCa U3 POIUTEITHCKOTO KOM-
MyHHKaTopa COMM, B KOTOPOM O0S3aTE€IbHO JOJKHBI OBITh yKa3aHbBI
3HAYEHHUS YEThIPEX MPEIbIIYIINX MapaMeTPOB;

comm — poautenbckuii kommyHukatop (tuma MPI_Comm), oGecre-
YHBAKOIIWKN CO3JJaHUE HOBOM IPYIIIIbI IPOIECCOB;

intercomm — ykasaTenb Ha Pe3yJbTUPYIOIIMHA HHTEPKOMMYHHKATOP
(BerxogHoU mapametp trrma MPl_Comm*), ogHol W3 rpymnn KOTOPOTro
SIBJISICTCS TPYTITa MPOIECCOB POIUTEITHLCKOTO0 KOMMYHHKATOPA, & IPYTOM
— I'pYIIa CO3/IaHHBIX MPOIIECCOB;

array_of errcodes — 1eounciaeHHBI MacCHB, COJCPIKAIMA KOJIbI
OIUOOK, CBSI3aHHBIX C KaXIIBIM U3 CO3/I1aBa€MBbIX IPOIIECCOB (€CIu BCe
IPOLIECCHl YCTEIIHO CO3/IaHbl, TO BCE JJIEMEHThl MacCHBa pPaBHbBI
MP1_SUCCESS); B cityuae, ecinu B mporpaMme He TpeJInoiaraeTcs uc-

NOJIb30BaTh JaHHBIE, BO3BPAIAEMbIE 3THUM MapaMeTPOM, BMECTO HETO
noctaTtouHo yka3atb koHcTanty MPlI_ERRCODES IGNORE.

Oyukuus MPI_Comm_spawn sBisieTcst KOJUIEKTUBHOM; OHA JAOJKHA OBIThH
BbI3BaHA BCEMH IPOIECCAMU POIMTEIHCKOIO0 KOMMYHHKaTopa COMM (ogHaKo
3HAYEHUS MapaMEeTPOB, OIMPEIEISIONMX CBOMCTBA CO3JaBa€MbIX MPOIECCOB,
JOCTAaTOYHO yKa3aTh JUIIb B OJHOM IPOIECCE 3TOr0 KOMMYHHUKATOpa, UMEIO-
IIeM paHr root). YcmemrHslii BBIXOA M3 ATOW (PYHKIMU TMPOU30MAET TOJBKO B
cilydae, Korjaa OyAyT 3aIlyllieHbl Bce TpeOyeMble HOBBIE MPOLIECCHl U MIPU 3TOM
KaXIbIi U3 3TUX HOBBIX MPOIECCOB BbI30oBeT GyHkuuo MPI_Init, naunumanusu-
PYIOIIYIO MMApaJuUIeIbHBIN PEKUM.



[To ymomuanuto 3amyck gyakmuu MPI_Comm_spawn cuurtaercs ycmer-
HBIM, €CIIM 3amylIeHO TpedyeMoe 4HuClIo MpoieccoB Maxproc. Mmeercs Bo3-
MO>KHOCTh U3MEHUTH MOA0OHOE TIOBEICHUE 3a CUET YKa3aHHUs JOTOIHUTEIbHBIX
HacTpoek B mapametpe info; B 3TOM citydae mpu yCIeniHOM 3aBepiieHHH QyHK-
murn MPI_Comm_spawn MoxeT ObITh CO3/1aHO MEHBIIIE MPOIIECCOB, YeM yKa3a-
HO B MapaMeTpe Maxproc (Mel He Oyjaem OoJiee MOAPOOHO OOCYKIATh ATy BO3-
MOYHOCTB ).

CBsI3b M@Ky UCXOJHBIMU (POTUTEIBCKUMHE, Parent) 1 HOBBIMH (JIOUYCPHH-
mu, child) mporeccamu ycTaHaBiIMBaeTCs ¢ MOMOIIBIO HOBOTO MHTEPKOMMYHH-
Karopa intercomm, BosBpaimaemoro ¢yukiueir MPl_Comm_spawn. MmenHo
Onaroyapsi JaHHOMY HHTEPKOMMYHHUKATOpa OKa3bIBAE€TCS BO3MOKHBIM OOMEH
uHpopMaluen MeXy POJIUTENbCKUMH U JJOUYEPHUMHU IIPOLIECCAMH.

Bmpouewm, B pe3ynbTate BeizoBa pynkuuu MPI_Comm_spawn gaHHbIi UH-
TEPKOMMYHHUKATOp Oy/eT TOCTYNEH TOJBKO POIUTENbCKUX mporeccaM. Kak mo-
JYYUTH JOCTYN K 3TOMY UHTEPKOMMYHHUKATOPY AJIs TOYepHUX mporeccoB? Jlms
ATOTO TIpemaHa3HadyeHa crenuanbHas ¢ynkmus MPI_Comm_get parent ¢ equn-
CTBEHHBIM BBIXOJHBIM mapameTpom parent tuma MPI_Comm*, B koTopom Bo3-
BpalaeTcsi IEeCKPUNTOP JAHHOTO MHTEPKOMMYHHMKATOpa, €CIU (PYHKIIHIO BBI-
3BaJl OIMH M3 JJOUYEPHUX MPOIIECCOB, T. €. MPOLIECCOB, CO3/IaHHBIX YK€ TOCTE 3a-
IycKa MapajuieIbHOr0 IPUIIOKEHUS.

Ecnu ke dynxkumus MPI_Comm_get_parent BbI3bIBaeTCSI OJJHUM U3 UCXO/I-
HBIX IPOLIECCOB MapajuIeIbHOTO MPUJIOKEHUS, TO OHA BO3BPALLACT «ITyCTOW»
kommyHukatrop MPI_COMM_NULL. Tlockoyibky OOBIYHO OJUH U TOT K€ HC-
NOJIHSAEMBIN (paiin UCoab3yeTcs U Uil 3allyCcKa UCXOIHBIX, M JUISl 3allyCKa HO-
BBIX (ouepHUX) nporeccoB, umeHHo pynkius MPl_Comm_get _parent mo3Bo-
JISIET «pacro3HaTh» MCXOJHBIE MPOIECCH M, TEM CaMbIM, OOECIICUYUTh BBITIOJIHE-
HUE Pa3UYHBIX (PPAarMEeHTOB KO/AA JUISI UCXOTHBIX M HOBBIX MPOIIECCOB.

3aMeTuM Takke, YTO IS HOBBIX MPOIIECCOB TaKXKe OMpeAesieH KOMMYHH-
karop MPI_COMM_WORLD, xoTopbrii BKIIOYaeT BCE MPOIECCHI, CO3IaHHbBIE
npu ouepenHom 3amycke ¢ynkruun MPI_Comm_spawn. MoxHO cuuTath, 4TO
WHTEPKOMMYHHKATOP, Bo3Bpamaemsenii pynkuueir MPI_Comm_spawn, o0benn-
HSET JBa «0OBIYHBIX» MHTpakomMmyHukaropa MPI_COMM_WORLD, oann u3
KOTOPBIX COJEP’KUT BCE POJIUTENBCKHIE MPOLIECCHI, a APYTroil — BCe T0OUEpHHE.

Ecnu B poauTennbckoM KOMMYHUKATOPE BBIMOJIHUTH JBA BbI30Ba (DYHKIIHH
MPI1_Comm_spawn, To B mapauieIbHOM MPUIIOKEHUU OYIyT CO3/IaHbI IBE HO-
Bbl€ TPYMIbI MPOILIECCOB, KaXKIash U3 KOTOPBIX OyJET CBsi3aHA C POAUTEIBCKOM
IpyMNION NOCPEACTBOM CBOETO COOCTBEHHOTO MHTEpKOMMYHHKaTOpa. Bo3moxHa
U Jpyras cxema, MpH KOTOpoi AodepHss rpymma mnpoieccoB childl cama BbI3bI-
BaeT ¢yukiuo MPl_Comm_spawn; B pe3yibTaTe CO3/a€TCs HOBas TpyIna
nporieccoB child2, mis koTopol ponuTensckoi rpymmoit Oynet rpymma childl.

Wrak, 1yt co3gaHusi HOBBIX MPOIECCOB U 00ECTICUEHHS UX MOCIEAYIOIETO
B3aMMOJICHCTBHSI C POAUTEIHCKUMU MPOIIECCAMU JJOCTATOYHO HCIIOIh30BATh JBE



¢byakumn MPlI — MPI_Comm_spawn u MPI_Comm_get_parent — u mpume-
HATHh T€ CPEACTBA NEPECHUIKA JAHHBIX, KOTOPHIE NMPETYCMOTPEHBbI ISl HHTEP-
KOMMYHHUKaTOPOB.

B kayecTBe MIUIIOCTPALIMK ONMMCAHHBIX BBIIIE BO3MOYKHOCTEH paccCMOTPUM
NepByI0 3amady W3 Tod moarpymmsl rpynmsl MPI8Inter, kotopas mocBsieHa
CO3JaHUIO HOBBIX MPOLIECCOB.

MPI8Interl5. B kaxmoMm mpoiiecce JaHO BEIIECTBEHHOE Yucio. Mcmomnb-
3yst pynkuuo MPI Comm_spawn ¢ mepBbIM mapaMeTpoM «ptprj.exe», co3-
naTh OAWH HOBBIM mpouecc. C  TNOMOIIBIO KOJUIGKTUBHOW  (YHKITHH
MPI_Reduce mepecnaTh B CO3MaHHBIN IMPOIECC CYMMY HCXOJHBIX YHCET U
0TOOpa3uTh €e B paszfelie OTIAJKH, UCIOIB3YS B 3TOM Ipoiecce (yHKIUIO
Show. 3arem ¢ momompbio koymekTuBHOW (yHkunun MPI Bceast nmepecnarhb
HAlJICHHYI0 CYMMY B HCXOJHBIE IIPOLECCHI M BBIBECTH 3Ty CYMMY B Ka)KJIOM
poLecce.

IIpu 3ammycke 3aroTOBKH JUIsl TaHHOTO 33JaHUs MBI YBUJIUM Ha DKpPaHE OK-
HO, MOJ00HOE PHUBEACHHOMY Ha PHC.

@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @
OMHAMWHECKOE CO30AHVME NPOLECCOB PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3agadwe: MPI8Inter15° BbInonHaeT: MBaHoB MeTp

O3HAKOMHTENBHLIR 3anyck:

Bbixog (Esc) ‘

He BbINONHEHA HKU OfHA M3 ONepaLKii BBOAa-BbIBOAA.

Beoa: 0 w3 4 BoiBog: 0 13 4 TecTsl: 1 M3 5
—

B Ka®IOoM NpOllecce TaHO BemMeCTBeHHOe YMCIo. JMCHoNb3yA OYHKUMD MPI_ Comm_ spawn
C NIEepBHM [IapaMeTpoOM «ptprj.exew», COSOaTh OOMH HOBHI Opolecc. C DOMOMBD
KONNEeKRTUBHON QyHKRUMKM MPI_ Reduce nepeciaTh B COSHAaHHHN NPOLECC CYyMMYy MCXOIHHX
4yycen M OToDpPasMThE €€ B pasIelie OTIaOKM, MCIONBSYHA B 5TOM OpPOLEeCCe QYHKIIMD
Show. 3aTeM C NOMOMBE KOJNMEKTUBHON OyHRUMKM MPI_Bcast NepeclaTh HalifeHHYD CYMMYy
B MCXOIHHE NPOLECCH M BHBECTHM 3Ty CYMMYy B KaXIOM IpOlLecce.

MCXOIOHEE IOaHHHE

Npouecc 0: 12.54
Npouecc 1: 19%.85
Npouecc 2: 13.55
Npouecc 3: 10.52

CoOep®RMMOE pasOella OTIaOKM OONRHO OHTE CJeIVOINM:
al| 1> 56.9¢

IpMMep BEDHOTO pENEHMHA

Npouecc 0: 56.96
Npouecc 1: 56.96
Mpouecc 2: 56.96
Npouecc 3: 56.96

Puc. 32. O3nakomutensHbIi 3anyck 3aganus MPI8Interls

Crnenyet oOpaTuTh BHUMaHHE Ha 0Opasel] CoAepKUMOTo paszjiena OTIaaKu,
NpUBENCHHBIN B paszneiie «McxomHble NaHHbIe». YKA3aHHBIM B HEM PaHI IPO-
1ecca COACPKUT, TOMUMO YHUCIOBOTO 3HaueHus «0», npedukc «a». ITOT mpe-
(UKC O03HAYaeT, YTO JAHHBIM MPOIECC OBLI CO3/IaH YKE€ BO BPEMs BBITIOJHEHUS
MapajlyIeIbHOTO MPWJIOKEHHUS (€Cd B MapajjIeIbHOM INPUIIOKEHUH CO30aeTCs



HECKOJILKO TPYII HOBBIX MPOIIECCOB, TO B pa3jieiie OTIAIKA C HUMH CBS3BIBAIOT-
Csl pa3in4yHble OyKBEHHBIE MPEPUKCHI: «@», «by», «C» u T. 11.).

[IpuctynuMm K BBIIOTHEHUIO 3aAaHus. [Ipexe Bcero, Hago co3aaTh HOBBIU
nporecc. Bo Bcex 3amaHusIX MaHHOW MOATPYIIBI B KAYECTBE POJUTEIHCKOTO
KOMMYHHUKAaTOpa CJEAyeT HCIOJb30BaTh CTAHIAPTHBIA  KOMMYHHUKATOD
MPI_COMM_WORLD. Kpome Toro, BO BCeX 3aJaHUSIX HAJ0 YKa3bIBaTh OJHO
U TO K€ MMs MCIIOJIHAEMOro (aiisa Ptprj.exe, mocKoIbKy Takoe UM UMEET JIFO-
0ol mpoekT, co3maBaeMblii mporpammoii PT4Load. KonmnuecTBo co3maBaeMbIX
MPOLIECCOB orpeaenserca B GopMyIupoBKe 3aJaHus, a MPOYHUE HACTPOUKHU yC-
TaHABJIMBAIOTCS IO YMOJIYaHUIo (cM. mpeamOyiy k rpymme MPI8Inter — 1. ).

[Ipu BBIMOJIHEHUH 3aJJaHUN Ha CO3/IaHHME MPOLECCOB HEOOXOIUMO YUUTHI-
BaTh, 4TO KOJ GyHKIHU SOIVE OyJeT BBINOIHIATHCS HE TOJIBKO B UCXOIHBIX TPO-
1eccax mapauieIbHOTO MPUIIOKEHHUS, HO U B CO3JIaHHBIX Tporieccax. [Ipu atowm,
KaK B CIIydae MCXOJHBIX IPOIECCOB, HE TpeOyeTcsl SBHBIM 00pa3oM BBI3BIBATH
¢ynknuto MPI_Init, Tak kak 3TOT BBI30B aBTOMATHUYECKHU BBITIONHSICT 3aJauHUK
nepe]1 Bei3oBoM (yHKIMU SOlve ¢ perieHremM 3a1aqm.

Jlist Toro uto0s! Be130B GyHKimn MPI_Comm_spawn, co3garoriieii HOBBIH
MIPOIIECC, BBITOTHUICS TOJIBKO JIJIST HCXOTHBIX MPOIIECCOB MPHIIOKEHUS, HE00X 0-
JIAMO [IPOAHAIU3UPOBATH pe3yJibTar, BO3BpaLCHHBIN dyHKUIKEH
MPI_Comm_get_parent. Eciii ona Bo3Bpamaer 3aauenue MPI_ COMM_NULL,
3HAYUT, JTAHHBIM MPOIECC BXOAUT B YUCIIO UCXOAHBIX, U JUIsl HETO HAJI0 BHI3BATH
dbynkuuro MP1_Comm_spawn; ecnu »e BO3BpallaeTcs HEMyCTOW KOMMYHHUKa-
TOp, TO 3TO O3HAYAET, YTO MPOIIECC SBISAETCSA JOYECPHUM, U STOT KOMMYHHUKATOP
MO>KHO MCIIOJI30BATh JJIS CBSI3U C POJUTEIHCKUMH MPOIIECCaMHU.

J{nst Toro 4To0BI YOSAUTHCS B TOM, YTO HOBBIM IPOIIECC ObLT ACHCTBHUTEIIb-
HO CO3JIaH, BBIBEICM B pa3Jiesl OTJIAJKH 3HAYCHHS SiZe u rank mist ka)maoro mpo-
1iecca napayienbHoro npuiaoxkenus. [lomydaem ciaenyromuii pparmMeHT Koaa:

MPI Comm inter;

MPI Comm_get parent(&inter);

if (inter == MPI COMM NULL)

{

MPI Comm_spawn("ptprj.exe", NULL, 1, MPI INFO NULL, O,
MPI COMM _WORLD, &inter, MPI ERRCODES IGNORE);

}

Show(size);

Show(rank) ;

[Tpu 3armmycke TaHHOTO BapyaHTa MPOrpaMMbl OKHO 3aJa9HUKa TIPUMET BUI,
MOT00HBIN MMPUBEICHHOMY Ha PHC.



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

OMHAMWHECKOE CO30AHVME NPOLECCOB PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3ananue: MPIgInter1s® BrINOnHAET: MBaHOB MeTp

O3HaKOMHMTENbHbLIA 3anycK:
Y Bbixog (Esc) ‘

HE BbIMONHEHA HW O4Ha M3 OI'IEpEiLl'HIﬁ BBOAa-BblBOAA.

Beoa: 0 w3 4 BoiBog: 0 13 4 TecTsl: 1 M3 5
—

MCXOOHEE IaHHHEE
lpolecc 14.37
lpolecc 11.31
lpolecc 10.69
Npouecc 3: 14.74
Comep®uMoe pasiella OTIagKM OOJIRHO OHTE CJeTYDINM:
ai| 1> 51.11

(S I - ]

IIpMMEp BEDHOTO pENEHHUHA

Npouecc 0: 51.11
Npouecc 1: 51.11
Npouecc 2: 51.11
Npouecc 3: 51.11

0] 1> 4 0
1] 1> 4 1
2] 1> 4 2
3l 1= 4 3
al| 1> 1 0
llo 12 3a0

Puc. 33. Bua okHa 3aa4HmKa 1OCIIe IEPBOTO ATana BeinojaHeHus 3aaanus MPI18Interl5

HarmmoMunM, 9TO B Havase KakJI0i CTPOKH B pas3fieie OTIAAKN yKa3bIBaCTCs
paHT Tporiecca, B KOTOPOM Obla BBIBEJCHA COOTBETCTBYIONIAs WHGOPMAIIHS.
Hapsiny ¢ «oObruyabiMu» panramu 0—4 B paszzene NMpHCYTCTBYET paHT, Hayu-
Haromuiics ¢ npedukca «a». Kak Obl10 cKa3aHO BbINIE, TAKUM 00pa3oM IMOMe-
YaloTCAd JTUHAMMYECKH CO3JaHHBbIC Mpolecchl. MTak, B Hamem ciydae B Mpo-
rpaMMy BXOJAT 4 UCXOJAHBIX Ipolecca (Ui HUX Size = 4, a paHTW U3MCHSFOTCS
oT 0 10 3) 1 oauH HOBBIM TIporiecc. C AITUM MPOIECCOM TOXKE CBSI3BIBACTCS CTaH-
naptHeii kommyHukatop MPI_COMM_WORLD, ogHnako B HEro BXOJIUT €AUH-
CTBEHHBIN mporiecc (mockoyibky mpu BbizoBe ¢GyHkuuu MPI_Comm_spawn B
KauyecTBE mapameTpa Maxproc Mbl ykazalud 3HaueHHE 1), MOITOMY B JTaHHOM
CTPOKH BBIBEJIeHBI 4Hucina | (KOMMYecTBO MPOIEecCOB B KOMMYyHHKaTope) u ()
(panr nporecca). Mtak, Halia mporpamma MpaBHJIbHO CO3/1a€T HOBBIM MpoIece.

Ha BTOpOM »Tame pelmieHHsl TOJydHUM B HOBOM IIPOIECCE CyMMY YHCEl,
JAHHBIX B UCXOMHOM Tiporiecce. [lo ycimoBHIO JUIsi 3TOTO HAAO KMCIOJIL30BaTh
kosutekTuBHYIO QyHknuio MPIl_Reduce. OdeBuaHo, €€ HEOOXOAUMO PUMEHUTh
K HHTEPKOMMYHHUKATOPY INter, KOTOPhIA OMpeaeacH U B UCXOAHBIX, © B HOBOM
polecce.

BcomarMm 06 0coOeHHOCTH TPUMEHEHHUS 11 WHTEPKOMMYHHUKATOPOB
KOJIJICKTHBHBIX OMEPAIUil C BBIICICHHBIM MTPOIIECCOM 00t (CM. BBIIIE MpUMeya-
HUe 3): BO BCEX UCXOJIHBIX Mpolieccax (MepechbUTaroInX CBOU JaHHBIC B APYTYIO
TpynIny MHTEPKOMMYHHKATOpPA) HEOOXOAMMO YKa3aTh «HACTOSIIUI paHT MPHU-



HUMAIOIIETro Tporecca root B ynmaneHHod rpynmbel (B naHHoOM ciaydae (), a B
MpUHUMAIOIIEM Tporiecce Tpedyercst ykazath ocoboe 3nauenne MPI_ROOT
(ecm OBI TpyIITa HOBBIX IPOIIECCOB COJeprKaia 0ojiee OJHOTO JIEMEHTA, TO B
OCTaJILHBIX AJIEMEHTaX B KauecTBe mapameTpa oot Hajo ObLIO0 OBl yKa3aTh 3Ha-
yeane MPI_PROC_NULL).

Takum oGpaszom, 10 Be3oBa pynknun MPI_Reduce mam HeoOXoaumMo BHI-
MOJTHUTH BBOJI JIAaHHBIX (B MCXOAHBIX MpPOIlECCax) M MPAaBHIBHO yKa3aTh Mapa-
meTp root. Ilocie BbI30Ba 3TOM (PyHKIIMU BBIBEAEM IMOJYYCHHBIH pPe3ylbTaT B
paszzene OoTiaJKu, COOTBETCTBYIOIIEM HOBOMY mporieccy. [IpuBesiemM HOBBINM Ba-
pHUAHT PEIICHNUs, BBIICIUB B HEM HOBbIC (DparMEeHTHI MOTYKHUPHBIM MIPUPTOM:

double a, sum;

int root;

MPI Comm inter;

MPI Comm get parent(&inter);

if (inter == MPI COMM NULL)

{

MPI Comm_spawn("ptprj.exe", NULL, 1, MPI INFO NULL, O,
MPI _COMM WORLD, &inter, MPI_ERRCODES IGNORE);

pt >> a;
root = 0;
}
else
{
root = MPI ROOT;
}

MPI Reduce(&a, &sum, 1, MPI DOUBLE, MPI SUM, root, inter);

if (root == MPI ROOT)
Show(sum) ;

[Ipexxaue orepaTopsl OTIAJ0YHONM TMEYaTH Mbl 3aMEHUJIM €IMHCTBEHHBIM
oreparopoM ShOW, BBIBOASIIIUM B HOBOM IPOIECCE MOJYYECHHYIO CYMMY HC-
XOJIHBIX YHCeJ. 3aMeTHUM, YTO MbI MCTIOJIb30BaAJIM 3HAUCHHE 00t Tak»ke AJid TOTO,
YTOOBI «OTJIMYUTHY HOBBIM MPOIECC OT MCXOAHBIX (pasyMeercs, MOKHO ObLIO
OBl BBECTH JIJIsl ATOU 1M ¥ 0OCOOYIO IEPEMEHHYIO).

B pesynbraTte 3amycka 3TOro BapWaHTa IMPOTPaAaMMbI OKHO TPUMET BHI,
IIPUBEACHHBIN Ha PUC.



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

OMHAMWHECKOE CO30AHVME NPOLECCOB PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3ananwe: MPIBInter15® BhINONHAET: VBAHOB MeTp

3anyck ¢ NpaBUNbHLIM BBOAOM JAHHBIX T z

BCE TpeDbyEMbIE MCXOAHLIE AAHHBIE BBEAEHSI, PE3YNETATHI HE BRIBEAEHE!. bixof, (Esc)
Beon 6 w36 M BoiBog: 0 M3 6 TecTol: 113 5
- —

MCXOIOHEE IOaHHHE

10.11
11.1¢6
15.01

Ipouecc

Ipouecc

Ipouecc

lpolecc 16.4%

lpolecc 14.25

Npouecc 5: 16.06
Comep®uMoe pasiella OTIagKM OOJIRHO OHTE CJeTYDINM:
ai| 1> B83.08

N =]

IIpMMEp BEDHOTO pENEHHUHA

83.08
83.08
83.08
83.08
83.08
83.08

lpolecc
lpolecc
lpolecc
lpolecc
Ipouecc
lpolecc

(93 TSR S T G S

all 1> 83.08

Puc. 34. Buna okHa 3aa4HKKa ITOCJIE BTOPOTO 3Tarna BeimoaHeHus 3aaanus MPI8Interl5

Crnenyer oOpaTuTh BHUMAaHHUE HA TO, YTO COAEPKUMOE pa3zesia OTJIAKH B
TOYHOCTU COOTBETCTBYET 00pasily, MPUBEAECHHOMY B pa3/iefie UCXOIHBIX HaH-
HbIX. CoolOmieHne B HHGOPMAIIMOHHOM pasJieie UMeeT BUJ «3aIlyCK ¢ IPaBUiIb-
HBIM BBOJIOM JaHHBIX», MMOCKOJBKY B MPOTPaMMe BBEJEHBI BCE TpeOyeMbIe HC-
XOJIHbIE€ JJAHHbIE, HO HUKAKUE JAHHBIE HE BHIBEJICHBI HU B OJJHOM U3 MCXOIHBIX
IIPOLIECCOB.

Ham ocTanochk BBINOJHUTH MOCHEAHIO YacTh 3a/JaHUS: MEpeciiaTh Hail-
JEHHYI0 CYMMY M3 HOBOT'O IIPOLIECCAa BO BCE MCXOIHBIE ITPOLIECCHI M BBIBECTHU
MOJYYEHHbIE JaHHble. J[JIs1 3TOro Takke HaJ0 HCMOJb30BaTh KOJUIEKTUBHYIO
¢byuakuio (B manHom ciydae MPI_Bcast), oqnako Tenepb MoChUIAIONIAM TTPO-
neccoM OyZeT HOBBIM (IOYEpHMIl) Mpolecc, a TPUHUMAIOUUMU — HCXOJIHbIE
(ponutensckue) nponeccol. UutepecHo, uro nis pynkuuu MPI_Bcast tpeGyer-
Ccsl 3aJaTh T€ € 3HAYEHUs mapaMmeTrpa root, yTo U AJid paHee BbI3BaHHOU (PyHK-
muu MPI_Reduce: aeiicTBUTEIbHO, B JAHHOM CJIy4yac BBIJACICHHBIM MPOIECCOM
(mochUTAOUIMM JTaHHBIE) SBJSIETCS HOBBIM MPOIECC, MOTOMY B HEM HaJ0 HC-
nmoyib30BaTh mapametrp root, paBasiii MPI_ROOT; Bce e mporecchl B MPUHU-
MaroIlel Irpymnne AOHKHBI YKa3aTh, YTO OHHM OKMJAOT JaHHbIE OT mporecca 0
MOCBUIAIOIIEN TPYIIIBI.

Takum 06pasom, gocrarouno mnocie BeizoBa MPI_Reduce no6aBuTh BbI30B
HOBOM KoJutekTuBHOU (pyHKIMKU MPI_Bcast u nonoiaHuTh nocnegHuil ycaoBHBIN
orepaTop BETKOM €else (BBImoIHsAEeMOM B MCXOIHBIX IPOIECCax), B KOTOPOi Op-



TaHW30BaTh BBIBOJ MOJYYEHHOM CyMMBbI SUM. IIpuBeneM OKOHYATENbHBINA Bapu-
aHT PEIICHNUs, BBIICIUB MOIYKUPHBIM MIPU(PTOM HOBBIE ONIEPATOPHIL:

TOM,

double a, sum;
int root;
MPI _Comm inter;
MPI Comm_get parent(&inter);
it (inter == MPI_COMM NULL)
{

MPI Comm_spawn("ptprj.exe", NULL, 1, MPI INFO NULL, O,

MPI COMM_WORLD, &inter, MPI ERRCODES IGNORE);

pt >> a;

root = 0;
}
else

root = MPI ROOT;
MPI Reduce(&a, &sum, 1, MPI DOUBLE, MPI SUM, root, inter);
MPI Bcast(&sum, 1, MPI DOUBLE, root, inter);
if (root == MPI ROOT)

Show(sum) ;
else

pt << sum;
[Tocrne 3amycka JaHHOTO BapHUaHTa IPOTPaMMBbI MBI TTOJIYIUM COOOIICHHE O
YTO 33JJaHUEC BBITIOJIHEHO.
IIpumeuanus. 1. KommyHukaTop, KOTOpbI CO3[a€TCs MPU MOPOKICHUU
HOBBIX TIPOIIECCOB, SIBIIICTCS WHTEPKOMMYHHKATOPOM, OJHA TPyIIa KOTO-
pOro BKIIOYAET UCXOMAHBIE, a Apyras — HOBBIE Mporecchl. MHorma mociue
CO3[aHMsI HOBBIX MPOIIECCOB OBIBACT YJIOOHO 00beOuHUmMb UCXOTHBIE U HO-
BbI€ IIPOLIECCHI B OJIMH OOIIMIA HHTpakoMMYHUKaTop. s atoit nenu B MPI
npenycMoTpena cnenuanbHas pynkuus MPI_Intercomm_merge ¢ tpems
napamMeTpaMH: HCXOIHBIM HHTEPKOMMYHUKAaTOpoM, TlapameTpom high, om-
PEAETSAIONIUM TOPSAIOK CIIETOBAHMs TMPOIIECCOB B CO3IaHHOM HHTPAKOM-
MYHUKATOpE, U BBIXOJHBIM TApaMETPOM — CCBUIKOW Ha CO3/JIaHHBIA WH-
TpakommyHukarop. ®yukius MPI_Intercomm_merge nokHa BBI3BIBATh-
Csl BO BCEX MPOIIeccax UCXOAHOTO HHTEPKOMMYHHUKATOPA.
[Mapametp high sBasiercs nienmouncieHHsIM ¢hraeom; Bce MPOLECCHl B Kax-
JIOW TPYIIIIEe HCXOTHOTO WHTEPKOMMYHHUKATOPA JTOJDKHBI YKa3bIBaTh 0OUHA-
ko6oe 3HadeHue mapamerpa high. Eciau B omHO# u3 rpymnn 3HaueHHe mapa-
meTtpa high pasuo 0, a B npyroi paBHo 1, TO B CO3JaHHOM HHTPAKOMMYHH-
KaTope BHaYajie pacroJararoTcs npoiiecchl nepBoit rpymmsl (¢ high = 0) B
HOPSIKE MX CJICJIOBAHUS B JTOW TpyIIe, a 3aTeéM — IMPOILECCHl BTOPOM
rpymisl (C high = 1) Taxke B mopsijike UX cieoBaHus B 3Tou rpymie. Eciu



3Ha4yeHue napametpa high oanHaKoOBO BO BCEX MpoOIeccax MHTEPKOMMYHHU-
KaTtopa, TO MOPSIOK CIICIOBAHUS TPYII SBIISCTCS HEOMPEICICHHBIM, OTHA-
KO U B OTOM CJTydae MOPSAOK CJIETOBAHUS MPOIECCOB U3 KAXKION TPYIIIBI
COBIAJACT C MOPSAKOM TPOIECCOB B ATOU T'PYIIIIC.

Ucnonp3oBannto pysakuu MPI_Intercomm_merge mocBsimeHbl 3aaaHus
MPI8Inter19— MPI8Inter20.

2. Bo3moskHa cuTyalusi, Korjia y JByX I'pYIII MPOIECCOB OTCYTCTBYET 00-
MU UTHTEPKOMMYHUKATOP (Hampumep, €Ciau Kaxaas U3 3TUX Tpynn Obuia
CO3/1aHa C IOMOIIBIO OTAeabHOro Bbhi3oBa (yHkimu MPI_Comm_spawn).
JUJIst yCTAaHOBKM CBSI3U MEXKIY TaKUMHU TPYNIaMU MOKHO HUCIOJIb30BaTh
CHEIUATbHBIA MEXaHU3M KIUEHM-CEePEEPHO2O 83AUMOOEUCMBUs, PEATTn30-
BaHHbI B MPI-2. Onna u3 rpymm, Mexay KOTOPBIMH TpeOyeTcsi YCTaHO-
BHUThH CBSI3b, UTPACT POJIb cepsepa, a Apyras — poib kiuexma. IIporecchl
IpymIbI-cepBepa co3naroT mopt A cBss3u (pynakmuerr MPI_Open_port) u
nyOIMKYIOT uMst 3Toro mopra (¢ momomkto Gyrkiuu MPI_Publish_name),
MIOCJIE Yer0 HAYMHAIOT MPOCIYIIMBATh 3TOT MOPT B OKHUJIAHUH TTOIKITIOUC-
Hus  ximeHta (dynkmueir MPI_Comm_accept). Ilpomeccer rpymibl-
KJIMCHTA TIOJyYaroT TOPT, CO3aHHBIN TPYIIIONH-CEPBEPOM, HCTIONB3YS 1Ty0-
JUYHOE UM 3Toro nopta (¢ nomoipio ¢pyakiuu MPI_Lookup_name), mo-
Clie 4Yero TOJKIIOYAITCS K CepBepy MO HToMmy mopry (dyHKIHeEH
MPI_Comm_connect). Ilpu  ycmemHoM  3aBepuicHMHM  (YHKIIHMA
MPI_Comm_accept u MPI_Comm_connect oun Bo3BpaIialOT HHTEPKOM-
MyHHUKaTOp INtErcomm, oObeAMHSIONINI TPYIIY-KIUEHT U TPYIITy-CEPBEP.
[TopT (mapameTp POrt) mpeacTaBiseT COOOH TEKCTOBYIO CTPOKY, T'€HEpH-
pyemyto cpenoit MPI nipu Bbi3oBe dyukuuu MPI1_Open_port; mopt gocra-
TOYHO CO3/aTh B OJHOM W3 IIPOIIECCOB TPYMIIbI-CEPBEPa U MOTYIUTH B OJI-
HOM W3 TIPOIECCOB TpyIIbI-KiueHTa. [lyOommanoe ums mopTa (mapamerp
public_name), B oTiuune oT mapameTpa POrt, JOHKHO OBITH M3BECTHO 3a-
paHee Kak TIpolieccaM TpyNIbI-cepBepa, TaK W TpoIeccaM TPYMIIbI-
KJIMCHTA; TO HEKOTOPBIA «IapOJIb», KOTOPHIM OOMEHUBAIOTCS 3TH T'PYIIITHI.
B xaxmoit u3 dyakuuii MPI_Comm_accept u MPI_Comm_connect mo-
MIOJTHATENILHO YKa3bIBaCTCs MmapaMeTp 0Ot — paHr mporiecca, B KOTOPOM
W3BECTEH MOPT, — U TapamMeTp COMM — KOMMYHHKATOP, COAEPKAIIHI BCE
MPOIIECCHI TPYNIIBI-KJIIMEHTA WU, COOTBETCTBEHHO, TPYTIIBI-CEPBEPa.

Bo Bcex mepeuncneHHbIX (DYHKIHMSX MPEAyCMAaTPUBACTCS JTOMOJHUTEIb-
HeIi mapamerp INfO, KOTOpBIA JOCTATOYHO  MOJIOKUTH  PABHBIM
MPI1_INFO_NULL.

[IpuBenemM CTaHOAPTHYHO NOCIEAOBATEIBHOCTh JIEMCTBUM Ha CTOPOHE
IpyIIIBI-CepBepa:

char port[MPI MAX PORT NAMET;

MPI Open port(MPI INFO NULL, port);

MPI Publish name("password”, MPI INFO NULL, port);



MPI Comm accept(port, MPI INFO NULL, root, comm, &inter);
[TocnenoBarenbHOCTh AEUCTBUN HAa CTOPOHE TPYHIbI-KJIMEHTA BBITJISAIUT
CJIEYIOIUM 00pa3oM:

char port[MPI MAX PORT NAMET;

MPI Lookup name("password", MPI INFO NULL, port);

MPI Comm_connect(port, MPI INFO NULL, root, comm, &inter);

Baxxno cormacoBath BbI30BBI (DYHKIIUH TakKHUM 00pazoM, 4yTOOBl (DyHKIHS
MPI_Publish_name B mporecce root rpymmsi-cepBepa Oblila BbI3BaHA IO
BpeMeHu pasbine, 4em ¢ynknus MPI_Lookup_name B mpormecce root
TPYHIIbI-KINCHTA.

MexaHu3My KIUEHT-CEPBEPHOTO B3aMMOJCHCTBHUS TMOCBSIIEHBI 3aJaHus
MPI8Inter21-MPI8Inter22. B mpumedaHusx K 3THM 3aJaHHUSIM OIHCAHBI
BapHUaHTHI COTJIACOBAaHUS mMopsiaka BeizoBa ¢pynkuuid MPI_Publish_name u
MPI_Lookup_name, ocHoBanHbIe Ha npuMmeHenun Gynkiuun MPI_Barrier.

2.8. [lapannenbHbie MampuyHbele anzopummsel: MPI9Matrl,
MPI9Matr2, MPI19Matr24, MPI9Matrl9

B 3aBepiaromeit rpymnmne yueOoHbix 3aganuii MPI9Matr, B otiuuaue ot npe-
JBIIYIIMX TPYII, U3y4aloTcsl HE TOT WiK WHOM pasnen oubmmoreku MPI, a na-
painesibHble aneopummbl, B KOTOPBIX MPUMEHSIOTCS pa3HOOOpa3HbIE CpPe/ICTBA
ATOM OMOIMOTEKH, B TOM YMCIIE PAa3IMYHbIC BAPUAHTHI B3aUMOJICHCTBUS MPOIIeC-
COB, HOBBIC MPOU3BOJIHBIC THUIIbI, KOMMYHUKATOPHl C BUPTYaJbHBIMU TOTMOJIO-
TUSIMU, TapajuleNibHbINA  (palIoBBIA BBOJ-BBIBOA. TakuMm 00pa3om, Tpynmy
MPI9Matr moxHO paccMaTpuBaTh KaK MUTOTOBYIO TPYIITY, MO3BOJISIONIYIO ITO-
BTOPHUTHh M 3aKPEMHUTHh OOJBIIMHCTBO M3 paHEe M3YYCHHBIX TEM, CBS3aHHBIX C
texHosorue MPI.

I'pynmma MPI9Matr mocssiimeHa napaIeIbHBIM MAMPUUHBIM  AI2OPUNTL-
Mamv — OJHOMY W3 HamOoJiee M3BECTHBIX BHUAOB MapajuIeNIbHBIX aJIrOPUTMOB,
peanuszyeMbix ¢ npuMmeHeHueM texHojoruu MPI. Cnexyer 3aMeTuTh, 4To OUO-
mnotreka MPI conepxut psii CpeacTB, CEHMATBHO MpeAHa3HAYEHHBIX ISl pa-
00THI C MaTpUIlaMH; K TaKUM CPEJCTBAM MOXXHO OTHECTH IPOW3BOJIHBIE THUIIBI,
CBS3aHHBIC C PA3TMYHBIMU (PparmMeHTaMu MaTpuil (CToIOIamMu, HabopaMu
CTOJIOIIOB MJIM OJIOKaMHM), a TAKXKE JOTOTHUTEIIbHBIE BO3MOKHOCTH KOMMYHHKA-
TOPOB C J€KAPTOBOM TOMOJIOTUEN.

XapakTepHbIM TPEICTABUTEIIEM MATPUUYHBIX AJITOPUTMOB SIBJISIETCS ajro-
puUT™M Mampuyroeo ymHoxcernus. B rpynne MPI9Matr paccMoTpeHbl 1Ba OCHOB-
HBIX BHJIa MMapajUIeIbHBIX paclpeae/IeHHbIX aJlfTOPUTMOB MAaTPUYHOTO YMHOXKe-
HUSL: JIeHMOYHble ane0pummpl, B KOTOPBIX paclpe/eICHUE BBIUUCICHUN MEXITY
MPOLIECCAMH JOCTUTACTCS 3a CUET pa30MEeHMs] MAaTPUI] HA 10J10Cbl, BKIIOYAIOLTUE
HA0Opbl CMEXHBIX CTPOK HIJIM CTOJOLIOB, U O10YHbIE AN2OpUMMbL, B KOTOPBIX
MPUMEHSETCS pa30MEeHUE MaTpHUIl Ha MPSIMOYToibHBIE O0ku. Kpome Toro, B



rpynmy BKJIIOYeHO BBoaHoe 3ananue MPI9Matrl, B koTopom ommchIBaeTcs
dbopmaT XpaHEeHUS MATPUYHBIX JAHHBIX, IPUBOASATCS HEOOXOIUMBIE (DOPMYIIBI U
TpeOyeTcsl pea30BaTh MPOCTEUIINI HelmapayIebHbII aaropuT™M MaTPUUHOTO
YMHOKEHHS.

JUIsl KaKJT0rO M3 BUAOB MApaLIEIbHBIX aITOPUTMOB MaTPUYHOIO YMHOKE-
HUS pacCCMaTPHUBAIOTCA JIBA BAPUAHTA, OTIIMYAIOIIUECS JETAISIMU pPEeaTU3aLiH.

B nenmounom ancopumme 1 (3apanus MP19Matr2— MPI9Matrl10) ucnois-
3YIOTCSI TOJIbKO TOPU3OHTAIBHBIE MOJIOCHI (HAOOPBI CMEKHBIX CTPOK), IS Mepe-
CBUIKM KOTOPBIX HE TpeOyeTcs BBOJUTH JIOMOJHUTEIbHBIC TUIBI JaHHBIX. B
nenmounom aneopumme 2 (3amanus MPI9Matrll- MPI9Matr20) npumeHsiroTcst
KaK TOPU30HTaIbHbIC, TAK U BEPTUKAJIbHBIE MOJIOCKI, YTO, C OJIHONH CTOPOHBI, He-
CKOJIBKO YIPOIIAET PEATU3alii0 CaMOT0 aJITOPUTMA YMHOKEHHUS (ITIOCKOJIBKY OH
OCHOBaH Ha YMHOKE€HUU CHPOK OJJHOW MaTpHIIbI HA cmobysl PYyroi), a ¢ Apy-
roil CTOPOHBI, TpeOyeT MPUMEHEHHs] HOBBIX THUIIOB, OOECIEYMBAOIIUX Ooee
3O PEeKTUBHYIO MEPECHUIKY BEPTUKAIBHBIX IMOJOC (T.€. HAOOPOB CMEKHBIX
CTOJIOIIOB).

B nepBom Bapuante 0si04HOTO anroputr™ma (areopumm Kosnnona, 3aganus
MPI9Matr21-MPI9Matr31) mepen UTeparMOHHBIM BBIYHMCICHUEM (DparMeHTOB
UTOTOBOTO MaTPUYHOTO MPOU3BEICHUS BBINOJHAETCS ATall HA4aJlbHOTO Mepe-
pacnpezeneHus: 6JJOKOB MEXIy Ipoleccamu, 6iaroiaps KOTOpoMy yIpoIlarT-
Csl TIOCJIEAYIOIIME JEHCTBHS 10 MEPECHUIKE JTAHHBIX; MPU 3TOM JUISl YIPOILLEHUS
JIEUCTBUM, CBSI3aHHBIX C MEPEChUIKON OJIOKOB (KaKk Ha HAYaJIbHOM 3Tarie, Tak u
Ha 3Tarne BBIYMCIICHUS MPOU3BEICHUS), UCIOIb3YEeTCS BCIIOMOTaTeNbHBIM KOM-
MYHUKATOp, CHA0>XCHHBIA TOIMOJIOTHUEH KBaapaTHOW MaTpHIlbl MpoleccoB. Bo
BTOPOM BapuaHTe OJouHoro anroputma (areopumm @Dokca, 3aJaHUSA
MPI19Matr32— MPI19Matr44) ocoOwlii 3Tal HAYaIBHOTO MEepepacpeIeACHHS OT-
CYTCTBYET, OJHAKO KaXKJIbIi 1Iar BBIYUCIEHUS UTOTOBOTO MAaTPUYHOIO MPOMU3BE-
neHust TpedyeTr 0osee CI0KHBIX ACUCTBUH MO MEPEChUIKE OJIOKOB; IPU ITOU Me-
PECBUIKE MPEAJIaraeTcsl UCHOJIb30BaTh HE TOJIBKO KOMMYHUKATOP C TOMOJIOTUEH
KBaJpaTHOM MaTpUIbl IPOLECCOB, HO U MOPOKIEHHBIE HA €r0 OCHOBE KOMMY-
HUKATOPBI, CBSI3aHHBIE C OTJEIbHBIMU CTPOKAMH M CTOJOLIAMH ATOW MaTpPHIIBL.
JIOTIOTHUTENBHO B KaXJAOM W3 BapUAHTOB OJIOUHOTO allrOpUTMa TpeOyeTcs OIl-
penenuTh HOBBIM MPOW3BOJIHBIA THII, YNPOILAIOUIUN MEPEChUIKY OJIOKOB MaT-
puil; B anroputMme KoHHOHA 17151 mepechUIKM OJOKOB IpeJIaraeTcsl UCIOIb30-
Bath ¢ynkuuu MPI_Send u MPI_Recv, a B anropurme ®okca — KOJUICKTUB-
nyto pynkiuo MPI_Alltoallw (mpu ycnosuu ncnonabs3oBanus 6ubamorexku MPI-
2).

B kaxx1oM U3 pacCMOTPEHHBIX AJITOPUTMOB MATPUUYHOTO YMHOKEHUS MOXK-
HO BBIJIETTUTH TPU OCHOBHBIX ATana:

® 9Man pacculiKu UCXOOHBIX OGHHbLIX. HadalbHas pacchlika ()parMeHTOB

UCXOJHBIX MaTPHI] BO BCE MPOLECCHI;



® 9Man vlYUCAIeHUl: TOCIIE0BATEIBHOE BBIYUCICHUE (PPArMEHTOB UTO-
TOBOI0 MATPUYHOT'O MPOU3BEIEHUSA, KaKIblil IIar KOTOPOI'O COMPOBOXK-
JaeTcsl MEePEeChbUIKON (PparMEeHTOB MCXOAHBIX MATPHIl MEXIY Mpoiiecca-
MU (s anroputMa KaHHOHA 3Tany BBIUKCICHUM NMPEALIECTBYET 9man
UHUYuaIu3ayuy, CBSI3aHHBIM B Ha4YaJIbHBIM IIepepacrpeneacHuemM 0J10-
KOB MEX]y MpoLeccaMu);

e oman cbopa pe3ynbmamog: TEPeChUIKa BBIYMCIECHHBIX (DparMeHToB
MaTPUYHOIO MPOMU3BENCHUS B TJIABHBIA MPOLECC C LEIbIO MOITYYEHUS
WTOTOBOW MaTPHULIBL.

C KaXXapIM U3 3THX 3TAOB CBS3bIBACTCA OTIEIBHOE 3aJlaHue (W Cepus
3aJlaHul); IPY 3TOM B Ka4€CTBE MCXOJHBIX JAHHBIX B Ka)KJIOM 3aJlaHUU Mpe]ia-
raercsi HabOp JaHHBIX, KOTOPbIE JOJKHBI OBITh COPMHUPOBAHBI B PE3YyJIbTATE
BBINIOJIHEHUS MIPEABIAYLIEro 3Tana. DTO YIPOIIAeT pa3pabOTKy U TECTUPOBAHUE
KKJOT0 3Tara, MO3BOJIIET pa3pabaTbiBaTh pPA3iIMYHbBIE 3Tallbl alropuT™Ma B
IIPOU3BOJIBHOM IOPSAKE, & TAKXKE 1aeT BO3MOXKHOCTb PEAJIM30BBIBATH TOJIBKO
OTJEJIbHBIE 3Talbl alroputMa 0e3 HEeOOXOIMMOCTH MpEeBAPUTENILHON pa3pa-
OOTKH BCEX MPEABIIYIINX ITATIOB).

Cepuu 3a1aHMil CBS3BIBAIOTCS C JTAIlOM BBIYMCIIEHUM, KOTOPBIN SBIIECTCS
HauboJee CIOKHBIM; IPU STOM B HaYaJIbHOM 33JJaHUU KaXJI0H CepuH TpedyeTcs
pa3paboTaTh NMPOCTEHIINI BapuUaHT BBIYUCIICHUS, UCIOJIb3yEMbI Ha MEPBOM
niare ajaropuTrMa, a B MOCIEAYIOMMX 33JaHuAX JaHHbIA BapuaHT MOIU(ULIHPY-
eTcs ISl BO3MOXKHOCTH MPUMEHEHHUST Ha KaXKJIOM IIIare dTara BeIYUCICHUH (¥c-
KJIFOUEHUE COCTaBIIAET aNroput™ KoHHOHA, JUIsl KOTOPOTO JAEUCTBUS HA KaXKIOM
IIare He 3aBUCAT OT HOMepa Iara — CM. puMedanue K 3aganno MP19Matr25).

[IpenycMOTpeHBI TakKe 3aJjaHusl, B KOTOPhIX HAYAIBHBIN U 3aBEPIIAIONIUN
ATamnbl KaXJA0ro auroputMa TpedyeTcss MoAU(pUUIUPOBaTh TAKUM 00pa3oM, 4To-
Obl B HUX MCHOJIb30BAJICS MapajlieabHbIN (ailioBbIii BBOJ-BBIBOJ:

® oman umeHus @ariosvix OAHHBIX: KXl mpolecc moiyyaeT ¢par-
MEHTBl UCXOJHBIX MaTPHULl HEMOCPEACTBEHHO U3 (PaiilyioB, copep aiinux
3TH MaTpPHLIBL;

® Sman 3anucu 6 umo208blll aun: KaxIblil IPOLECC 3alKChIBACT MOJY-
YeHHble (parMeHTbl UTOrOBOIO NPOU3BEACHUS B COOTBETCTBYIOIILYIO
4acTh pe3yIbTUpYIOIIero daia.

Kpome Toro, ass Tex aiaropuTMoB, B KOTOpPBIX TpeOyeTcs HMCHOJIb30BATh
HOBbIE TUIBI AaHHBIX MPl wnM KOMMyHUKATOpBl C JAEKapTOBOW TOIOJIOTHEH,
IIPELYCMOTPEHBI JOMOJHUTENbHBIE 3aJaHUs], CBSI3aHHBIE C CO3JaHUEM COOTBET-
crByrommx 00bekToB (tuna MPI_Datatype wiu MP1_Comm).

Bo Bcex 3aJaHusAX, MOCBAIIEHHBIX pEAM3allMM OTAEJIbHBIX ATArlOB Mart-
PUYHBIX aJTOPUTMOB, a TAKXKE CO3/IaHUIO BCIIOMOTATEIbHBIX OOBEKTOB (HOBBIX
IPOU3BOJHBIX TUIIOB WJIM KOMMYHHKATOpPOB), TpeOyeTcsi 0pOPMUTH COOTBETCT-
BYIOIIHME JICHCTBUS B BUAE 6cnomozamenvHou @yHkyuu. OyHKINH, CO3aI0IIne
HOBBbIE€ OOBEKTHI, UCIOJB3YIOTCSA B JaJbHEHIIEM MpU peanu3aluiu pa3IudHbIX



ATANOB aJITOpPHUTMa, a GYHKIIUU, CBSI3aHHBIE C CAMUMH 3TAllaMH, IPUMEHSIOTCS B
WUTOTOBBIX 33JIaHUSX, TPEOYIOIMHNX PeaTU3alii COOTBETCTBYIOIIETO MATPUIHOTO
aJIrOpUTMa B MIOJHOM 00OBEME.

B npuBoguMbIx Huxke Tabnunax 1 u 2 yka3plBalOTCS HOMEpA 3aJlaHUi, CBSI-
3aHHBIX C peaNHn3aIuell pa3InIHBIX dTANOB KKIOTO aaropuTMa, U, KpOMe TOoro,
MPUBOJATCS UMEHA (QYHKIUI, KOTOphIe TpeOyeTcs pa3paboTaTh B 3TUX 3a/laHU-
ax. Tabmuuma 1 comepXUT JaHHBIE JICHTOYHBIX aJTOPUTMOB  (3aaHUs
MPI9Matr2-MPI9Matr20), a Ttabawma 2 — g OJOYHBIX (3aJaHHUS
MPI9Matr21-MP19Matr44).

Tabnuya 1
3apanus rpynnsl MPI9Matr, cBsizaHHble ¢ JIEHTOYHBIMH AJITOPUTMAMU

Jlentounnbiii anroput™ 1 | JleHTOUHBII aJropuT™m 2
JTan ajaropurmMa (ropu3oHTAILHBIE (ropu3oHTAIBLHBbIE
110JIOCHI) M BEPTHKAJbHBIE MOJO0CHI)
Onpenenenue Omcymcmeyem MPI9Matrll
HOBOTI'O MPOU3BOJI- Matr2CreateTypeBand
HOT'O TUIA JTAHHBIX (P, k a, 1)
DTan pacchbUIKU MPI19Matr2 MPI9Matr12
HMCXOIHBIX JAHHBIX Matr1ScatterData() Matr2ScatterData()
DTtan BIYUCICHUIN MPI9Matr3 MPI9Matrl3
Matr1Calc() Matr2Calc()
MPI9Matr4—MPI9Matr5 | MPI9Matrl14—-MPI9Matrl5
Matr1Calc(l) Matr2Calc(l)
Oran cbopa MPI19Matr6 MPI9Matrl16
pE3yIbTaTOB Matr1GatherData() Matr2GatherData()
[Tomnas peanuzamus | MPI9Matr7 MPI9Matrl7
aJropuT™Ma
Dtamn 4TeHUs MPI19Matr8 MPI19Matrl18
(haiiJTOBBIX TAHHBIX Matr1ScatterFile() Matr2ScatterFile()
Dran 3anucu MPI19Matr9 MPI19Matr19
B UTOTOBBIN (haiin Matr1GatherFile() Matr2GatherFile()
[Tomnas peamuzamus | MPI9Matrl0 MPI9Matr20
ajaropuTMa ¢ mpu-
MEeHEeHHeM (paitioBo-
ro BBOJA-BbIBOJA
Tabnuya 2
3apanusa rpynnsl MPI9Matr, cBsizanHble ¢ 0J10YHBIMU AJITOPUTMAMU
baouHbIi aaropuTm BaounbIi aaropuTm
JTam aaropuTmMa
Ksnnona dDoxkca
Onpenenenue MPI9Matr21 MPI19Matr32
HOBOT'O IPOU3BO/I- Matr3CreateTypeBlock Matr4CreateTypeBlock




HOTO THIIA TAHHBIX (m0, p0, p, t) (m0, pO, p, t)
Omnpenenenue MPI9Matr22 MPI9Matr33
HOBBIX KOMMYHHKa- Matr3CreateCommGrid Matr4CreateCommGrid
TOPOB C ACKaPTOBOMH (comm) (comm),
TOTIOJIOTHUEH Matr4CreateCommRow
(grid, row)
MPI19Matr34
Matr4CreateCommCol
(grid, col)
DTarn pacchbUIKU MPI9Matr23 MPI9Matr35
HCXOJIHBIX JaHHBIX Matr3ScatterData() Matr4ScatterData()
Oran MPI9Matr24 Omcymcmeyem
WHULHATIA3AITAN Matr3Init()
DTan BBIYHCICHUI MPI9Matr25-MPI9Matr26 | MPI9Matr36
Matr3Calc() Matr4Calc1()
MPI19Matr37
Matr4Calc2()

MP19Matr38—MPI9Matr39
Matr4Calc1(l), Matr4Calc2()

JITOPUTMA C TIPH-
MEHEHHEM (HaisToBO-
T'0 BBOJIa-BBIBOJIA

Orarm coopa MPI9Matr27 MPI19Matr40
pPE3yIbTATOB Matr3GatherData() Matr4GatherData()
[Tonmnas peanuzamus | MPI9Matr28 MPI9Matr41l
aJropuT™Ma

OTamn 4TeHUs MPI9Matr29 MPI9Matr42
(haiI0BBIX TAHHBIX Matr3ScatterFile() Matr4ScatterFile()
Dtan 3anucu MPI19Matr30 MPI9Matr43

B UTOTOBBIN (haiii Matr3GatherFile() Matr4GatherFile()
[Tomnas peanmzamus | MPI9Matr31 MPI9Matr44

Eme oxgnolt ocobenHocThio 3amanuii rpynmnsl MPI9Matr ssisiercst cosna-
HUE Cneyuanu3upoB8aHHbiX npoekmoe-3a20moeoK, B KOTOPBIX YXKE COIepKaTcs
OMHUCAHUS TJIOOATBHBIX MEPEMEHHBIX JJII XPAaHEHUS Pa3IUYHBIX OOBEKTOB, HC-
MOJIb3YEMBIX TIPU BBITIOJIHEHUHU 3aJaHus (3Ta OCOOEHHOCTh OTMEUEHA B Ipeam-
OyJie K JaHHOM TPyIIIe 3aJaHuil — CM. II. ).

Haunewm ¢ paccMmoTtpenust BBojiHOTO 3ananus rpynmnsl MPI9Matr, kotopoe
NpeHa3HAYEHO JI1 O3HAKOMJIEHUS! C IprUeMaMu paboThl ¢ MaTpUllaMH, HEOO-
XOJMMBIMU TIPU BHITIOJIHEHUY JIIOOBIX 3aJJaHUM TAaHHOU TPYMIIbI.

MPI9Matrl. B rnaBHoM nporuiecce gansl uncia M, P, Q u matpuiet A u B
paszmepa M x P u P x Q coorBeTcTBeHHO. HaliTi 1 BBIBECTH B IIaBHOM IMPO-

necce matpuily C pasmepa M x Q, sSBISIONIYIOCS MPOU3BECHUEM MaTpull A 1
B.




dopMmyna aJis BBIYUCICHHUS 3JeMEHTOB MaTpuilsl C B IPEANOI0KEHUH,
YTO CTPOKHM W CTOJIOIBI BCEX MATpHUI] HyMepyroTcs ot (0, WMeer BHI:
C|‘\] = A|‘0‘BO"] + A|’1'B]_’J +...+ A|,p_1'Bp_1,\], roe | = O, ceey M — 1, J= O, ceey
Q-1

Jns xpanenust Mmatpunl A, B, C ncnosib30BaTh 0JJTHOMEPHBIC MAaCCHUBBI pa3-
Mepa M-P, P-Q u M-Q, pa3merias B HUX 2JIEMEHTBI MaTpHIL O CTpoKaM (TIpu
9TOM 3JIEMEHT MaTpullbl ¢ HHAeKcaMu | 1 J OyaeT XpaHUThCS B DJIEMEHTE CO-
OoTBeTCTBYIOIIEro MaccuBa ¢ uHaekcoM |-N + J, rme N — koaudecTBo cT0JI0-
110B MaTpuIlbl). [Ipu BEIOJIHEHUU JAHHOTO 3aJIlaHUsI TTOAYMHEHHBIE TTPOIIECCHI
HE UCIIOJIb3YIOTCSI.

®aiin MPI9Matrl.cpp, co3aaHHbIi B Ka4eCTBE 3arOTOBKH IS BHIITIOJTHCHUS
JTAHHOTO 3aJ[aHus, COAEPKUT CJICAYIOIIHNI KO/

#include "pt4.h"

#include "mpi.h"

#include <cmath>

int k; // KOnW4ecTBO NPOLECCOoB
int r; // paHr TeKyuwero npouecca
int m, p, q; // pasmMepsl MCXOAHbIX MATpUL

int *a_, *b , *c_;
// MACCUBbI N7 XPAHEHUSA WUCXO[LHbIX MATPKUL B FNIABHOM MNpouecce

void Solve()
{
Task("MPI9Matrl");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPI Comm_size(MPI COMM _WORLD, &size);
MPI Comm rank(MPI _COMM WORLD, &rank);
K = size;
r = rank;

)

[Tepeuncium 0COOCHHOCTH CO3/IaHHOM 3aroTOBKU. Bo-TiepBhIX, B HEM MOJ-
KJIFOYAeTCsl CTaHJAPTHBIA 3arojoBOK CMath, mockoJibky BO MHOTHX 3aJaHHUSX
rpynnel MPI9Matr tpeGyercst ncnosb3oBath GyHKIHIO OKpyriieHus ceil, 00b-



SBJICHHYIO B 9TOM 3arojioBke. Bo-BTOpBIX, ¢aiiin cofaepXuT omucaHus Habopa
JI00ABHBIX TTEPEMEHHBIX, CBSI3aHHBIX C BBHITIOJHICMBIM 3aJjaHUEM (Ha3HAYCHUE
MIEPEMEHHBIX MPUBOJIUTCS B KOMMEHTAPHSIX, PACIIONIOKEHHBIX PSIOM C OIHKCa-
HUsMH). B 9acTHOCTH, BBOAATCS Oojiee KpaTKWe MMEHA IS KOJUYECTBA MPO-
IIECCOB M paHTa TEeKyIIero mporecca: K u r coorBeTcTBeHHO. [lepemennbie K u T,
B OTJIMYHE OT TIEPEMEHHBIX Size u rank, no0GaBisieMbIX B 3arOTOBKY JIFOOOH ITpo-
rpaMMbl, CBsi3aHHO#M ¢ 3amauynukoM PT for MPI-2, MOXHO HCIOIB30BaTh HE
TOJILKO B (pyHKIMU SOIVE, HO ¥ BO BCIIOMOTAaTEIbHBIX (DYHKIIUAX, KOTOPBIE Tpe-
Oyercs pa3paboTaTh TMpU BBHIMOJHEHUU OOJBIIMHCTBA 3aJlaHU  TPYMIIBI
MPI9Matr.

Crnenyer oOpaTuTh BHUMAHUE HA TO, YTO MMEHA MEPEMEHHBIX-yKa3aTeeu
a_, b_, c_, xoTopbie TOIKHBI CBA3BIBATHCS C MACCHBAMM, COJICPIKAIIIMMHU UCXOI-
Hele MaTpuilsl A u B, a Ttakke pesynbrar ux ymHoxkeHus C = AB, cHaGxeHbI
CUMBOJIOM MTOAYEPKUBAHUSA. ITO CBSA3aHO C TEM, 4TO OoJiee KpaTKUE MMEHa Tie-
peMeHHBIX a, D, C Bo Bcex 3amaHusax (kpome BBoaHOro 3amanus MPI9Matrl)
CBSI3BIBAIOTCA C (ppaemenmamu mampuy (IMOJIOCAaMU WU OJIOKaMH), KOTOPBIC
oOpabaTeIBarOTCS B KaK1aoM mpoiiecce. I[lepemennbie @ , b, C , B oTiIu4me OT
IIEPEMEHHBIX a, D, C, JODKHBI UCIHOJIL30BAaTHCS TOJBKO B TJIABHOM IIPOIECCe U
TpeOYIOTCS JIWIIb B TE€X 3a/JaHMSIX, B KOTOPBIX BBITIONHSACTCS TMepechbuika (par-
MEHTOB UCXOJHBIX MATPHI] BO BCE MPOIIECCHI, a TaKkKe Mepechbuika (parMeHTOB
MOJIy4YeHHOTO MaTPUYHOTO MPOU3BEACHUS B TJIABHBIN MPOIIECC.

[Tpu 3amycke TaHHOM 3arOTOBKM Ha SKpaHe MOSBUTCA OKHO 3a/IauHUKA, BU]I
KOTOPOTO MPUBENICH Ha pUC. (711 yMEHBIIICHUSI Pa3MEPOB OKHA B 3TOM U IOCJIe-
OYIOIIMX PUCYHKaX B JAHHOM IyHKTE CKPBIT pas3zes ¢ (PopMyJIUPOBKON 3aja-
HUSA).



@ Programming Taskbook - InekTpOHHBIF 334a4HWK NO NpOrpaMMUMpoBaHmnio [C++] @

HENAPANNENBHBIA ATOPUTM YMHOMEHWSA MATPKLL PesyneTaThl (F2) LiBeT (F3) Pexum (F4)
3aaanue: MPI9Matr1® BbINoNHAET: VBaHOB NeTp

O3HAKOMWTENBHLIRA 3anyck:

HE BBINONHEHA HW OJHA W3 ONEpaLMi BBOAA-BLIBOAA. Boixoa (Esc) ‘
Beoa: 0 U3 75 Brigog: 0 u3 18 TecTsl 1135
—
O
VCXOOHHE HaHHHE
Ipouecc 0: M = 3 E =8 Q=8
L:
-2 7 -4 4 -5 -1 -4 0
1 3 1 1 o -2 4] 4
-5 -1 o -1 -z 3 7 0
B:
-5 -5 -1 7 0 7
5 5 2 1 6 -3
6 2 3 -5 5 0
2 & -1 -3 -2 3
o -6 -4 -5 1 -8
-3 -4 -2 2 4 5
-4 4 -2 -2 -5 5]
-2 -1 4] 4 -5 -3

[IpMMED BEPHOTO pPENEeHMH
Npouecc 0: C:
48 B85 34 37 24 -1¢
-8 46 23 2 -37 15
-19 42 -8 -31 -29 34

Puc. 35. O3nakomurtenbHblii 3amyck 3aganus MPI9Matrl

XOTsl CO3AaHHBIA MPOEKT, KAK M BCE OCTAIBbHBIE MPOEKTHI IS 3aJIaHUM,
Bxomsamux B 3amauauk PT for MPI-2, 3amyckaeTcst B Buje mapajuieabHOrO MpH-
JIO’)KCHUS, B HEM HE TpeOyeTCs HCIOJb30BaTh MOJYMHEHHBIC MPOIECCHI: BBOJ
JTAHHBIX, X 00pabOTKY M BBIBOJI PE3YIbTaTOB HEOOXOJAMMO BBIMIOJHATH TOJBKO
B I'JITaBHOM IIpOIIecCe.

Bo Bcex 3amanusax rpynnel MPI9Matr matpuiibl 10mKHB XpaHUTBCS ¢ O1-
HOMEPHBIX JHHAMHUYECKHMX MaccuBax (IO CTpokam). JIByMepHBIE MacCHBBI B
JAHHOM CJTydae MCI0JIb30BaTh HE CJIEIYET, TaK KaK 3TO CYIICCTBEHHO 3aTPyIHUT
MePEChUTKY ()parMEeHTOB MATPHUIl MKy Pa3INIHBIMH MPOIIECCaMHU.

Ha mepBom sTame pemieHuss OpraHW3yeM BBOJI MCXOIHBIX JaHHBIX. J[1s
3TOTrO JOMOJHUM (QYHKITHIO SOIVe crenyIonMu onepaTopamMu:

if (r 1=0)

return;

pt >>m > p >> (q;

a_ = new int[m*p];

b_ = new int[p*q];

for (int 1 =0; 1 <m*p; ++1)

pt > a [i];
for (int i = 0; 1 < p*qg; ++1)
pt > b [i];



B nauane nanHOTO (pparMeHTa MBI MPOBEPSIEM, B KAKOM TMPOIECCE HAXO-
JTUMCSI, 1 HeMeJIEHHO BhIxoauM u3 GyHkimu Solve B cirydae, eciu mporiecc He
ABJISIETCA TJIABHBIM TMpolieccoM (T. €. mpoiieccoM panra (). 3atrem BBOASTCA pas3-
Mepbl MaTPHIl U BBICISACTCS TaMATh JIJI UCXOAHBIX MacCHBOB a_ W D_, mocie
YEero B AT MACCHBBI CUNUTHIBAIOTCS dJIeMEHTHI MaTpull A u B. Tak kak 3agauank
BCeT/Ia TIepeiaeT AJIEMEHThI MAaTPHUIIBI IO CTPOKAM, JIJIsl BBOJIA OTUX 3JIEMEHTOB B
KK M3 OJJHOMEPHBIX MAaCCHUBOB JIOCTATOYHO HMCIIOJIb30BATh €0UHCMBEHHbII
UK.

[Ipu 3amycke JaHHOTO BapHaHTa MPOTPaMMbl B OKHE 3a/IaUHHMKA IMOSBUTCS
COOOIIIEHHUE O TOM, YTO BCE UCXOJIHbIE JJAHHBIE YCTICIITHO BBEICHBI.

Ha BTOpOM 3Tare pemeHus: BbICINM MMaMATh IS MaccuBa C_, TIpeHa3Ha-
YEHHOTO ISl XpaHEHHUs Pe3yJIbTHPYIOLIEr0o MaTpu4Horo npouspeacHus C, o6-
HYJIAM €TO 3JIEMEHTHI ¥ BBITIOJIHUM TIEPEMHOKEHHUE MATPHII, UCIIOIB3Ys popMy-
7y, IPUBEACHHYIO B (hOPMYIUPOBKE 3aMaHus (dmeMeHT Matpuilel C ¢ mHaeKca-
My | m J momydaeTcs B pe3ysbTare MOMapHOTO MEPEMHOKECHHS dJIEMEHTOB |-if
CTpoKH MaTpulpl A 1 J-ro crosidua mMaTpuibl B 1 cyMmmMupoBaHus NOTYyYEHHBIX
IIPOU3BEICHUN):

Ciu=ABos+tA1Bis+ ...+ Ap1Bpay

[TockonpKy BCE MATpHUIIBI XPAHATCS B OJHOMEPHBIX MaccuBax (IO CTpO-
KaM), a MHACKCUPOBAHUE KaK AJIEMEHTOB MAaTpHIl, TaK M 3JEMEHTOB MacCCHBOB
HaunHaeTcs ot 0, JUIs JOCTYyIIa K DJIEMEHTY MaTpHIIbl ¢ uHAekcamu | u J ciemyer
o0paTuThCs K AnemMeHTy MaccuBa ¢ uHaekcoM |-N + J, roe cumBonom N 0603Ha-
YaeTCs KOIUYeCmB0 CMoI0Y08 MaTPHUIIbI.

[Tocne HaXOXJICHHS MATPUYHOTO IPOM3BEJACHUS HAJ0 BBIBECTH BCE €r0
aneMeHThl. TakuM o0pa3oM, BTOpas 4acTh pelieHus OyJIeT MMETh CIIeTYOIIHi
BH/I:

C_ = new int[m*qJ;

for (int 7 =0; 1 <m*q; ++1)

c [1] =0;
for (int 1 =0; 1 <m; ++1)
for (int j =10; J <q; ++J)
for (int n=0; n <p; +Mn)
c_Li*q+j] += a_[i*ptn] * b_[n*q+j]1;
for (int 1 =0; 1 <m*q; ++1)
pt << c [i];

OOparuTe BHUMaHWE HAa TO, YTO JUIS BBIBOJA IOJYYCHHBIX PE3yJIbTaTOB
(kak ¥ JUIsI BBOJIa DJICMEHTOB HMCXOJHBIX MAaTpPHI]) JOCTATOYHO HCIIOIH30BAThH
CAMHCTBEHHBIM IUKII, TIPH 3TOM 3aJa4HUK caM 00ECIIeUuMBaCT HAIJISTHOE OTO-
OpaxeHre pPe3yJIbTUPYIOIICH MaTPHUIIBI B CBOEM OKHE.

B pesynbrare 3amycka JaHHOTO BapHaHTa MPOTrpaMMbl B OKHE 3a/JadHUKa
OyZeT BBIBEJCHO COOOIIEHNE O TOM, YTO 33J]JaHUE BHITIOJHEHO.



Htak, paccCMOTpeHHOE 3a/laHue IMO3BOJIMIO TO3HAKOMHUTHCA C MpUEMaMU
BBOJIa U BBIBOJAa MATPUYHBIX JAHHBIX, & TAKKE MPOJEMOHCTPUPOBAIO CTaH-
JApTHBINA aJrOPUTM MAaTPUIHOTO YMHOKECHHSL.

Teneps obpatumcst k 3amanuto MPI9Matr2, ceszanHomy ¢ peanusanueit
MEPBOTO ATara aaropuT™Ma — BBOJOM HCXOHBIX TaHHBIX B TJIABHOM IPOIIECCE U
MEPECHUIKON UX B JPYTHE MPOLECCHl MapalieIbHOTO MPUIOKEHHS. ITO 3a/1aHue
SIBIISICTCS TIEPBBIM B MOATPYIIIE, MOCBSIICHHONW IEPBOMY BapHAHTY JIEHTOYHOTO
anropuT™a (B KOTOpoM 00€ MaTpuIlbl pa30MBAIOTCS HA TOPH3OHTAIBHBIC TOJIO-
CBI).

MPI9Matr2. B rimaBaom nporecce nansl uucia M, P, Q u matpunst A u B
pazmepa M x P u P x Q cooTBeTcTBeHHO. B mepBoM BapuaHTe JIGHTOYHOTO
aJITOpUTMa IEPEMHOXKEHUS MaTPHUI] KaXKIasi MaTpUIla-COMHOKHUTENb pa30nBa-
eTcst Ha K ropu30HTaNbHBIX 0JIOC, TAe K — KOJIM4ecTBO MPOLECCOB (B ajb-
HEHIIEeM MOJIOCHl PaclpenessloTCs M0 MpoLeccaM U MCHOJB3YIOTCS TSl Bbl-
YHCJIEHUS B KaX/I0M MPOLECCE YACTH UTOTOBOTO MATPUUHOTO MPOU3BEACHUS).

[Tonoca nnst marputiel A comepkut N CTpoK, moJioca Jyuist MaTpuilsl B co-
nepxkut Ng crpok; umcia Np u Np Bbeuucnstores 1o  Qgopmyniam
Na = ceil(M/K), Ng = ceil(P/K), rae omeparusi «/» 03HayaeT BEIICCTBCHHOEC
nenenue, a PyHkius ceil BEIMOIHAET OKpyTieHue ¢ u30biTkoM. Eciu maTpuiia
COJIEP>KUT HEIOCTATOYHO CTPOK JIJISl 3aMOTHEHHS MOCIEIHEH MOIOCHI, TO TO-
J0ca AOTMOJHACTCS HYJICBBIMU CTPOKAMHU.

CoxpaHUTh UCXOTHBIC MATPHUIIbI, TOTIOJTHEHHBIE MPU HEOOXOAUMOCTH HY-
JIEBBIMH CTPOKAMH, B OJHOMEPHBIX MacCHBax B IIIaBHOM IIpoIiecce, MOCTe de-
rO OpPraHu30BaTh MEPECHUIKY MOJOC M3 STUX MAacCCHBOB BO BCE MPOIIECCHI: B
nporecc paara R (R=0, 1, ..., K— 1) mepecburaercs mojioca ¢ MHICKCOM R,
Bce nonockl Ag umerot pasmep Na X P, Bce monockl Bg umerot pasmep Ng X Q.
Kpome Toro, co3matk B kKaxaom mpoiiecce nosnocy Cr anst xpanenus ¢par-
MeHTa MarpuyHoro mpousBeaeHuss C = AB, koTopoe OyAeT BBIYHCIATHCS B
»TOM TIporiecce; kaxaas nmonoca Cg umeer pasmep N X Q u 3anonHseTcs Hy-
JICBBIMU DJIEMEHTAMH.

[Tonockl, Kak ¥ UCXOJHBIE MATPHUIILI, JOJKHBI XPAHUTHCS MO CTPOKAM B
OJTHOMEpHBIX MAacCHBaX COOTBETCTBYIOLIETO pa3mepa. i mepechbulKu pas-
MEpOB MaTpHUIl UCTIOIb30BaTh KOJUIEKTUBHYIO (PyHkiuto MPI Bcast, ais ne-
pecbuiku mojoc Matpull A u B ucnonb3oBaTh KOMIEKTUBHYI (YHKIHUIO
MPI_Scatter.

OdopmuTth Bce onucanHble AeicTBUSA B Buae pynkuuu MatrlScatterData
(6e3 mapaMeTpoB), B pe3ysibTaTe BbI30BAa KOTOPOH KaXKIbIi MPOIECC MOJydaeT
sHaueHust Na, P, Ng, Q, a Takke oTHOMEpHBIE MACCUBBI, 3aMIOJTHEHHBIE COOT-
BeTcTBytomuMu nosocamu Matpuiy A, B, C. Ilocne Bb3oBa ¢yHKIIUU
MatrlScatterData BbIBECTH B Ka)0M MPOILECCE MOTYyUYCHHbIE JaHHbIE (Yncia
Na, P, Ng, Q 1 monocer matpuir A, B, C). BBog HCXOIHBIX TaHHBIX OCYIIIECTB-




a1 B ¢yHkuuu MatrlScatterData, BbIBOA pe3yibTaToB BBIMOMHITH BO
BHelIHel Qpynkuuu Solve.

YkasaHue. Jlns ymenbmenus uncia Be3oBoB (pyHkimn MPI Bceast Bce
[IepEChUIAEMBbIE pa3Mepbl MATPUL] MOXKHO IIOMECTUTh BO BCIIOMOIaTEIbHBIN
MacCHB.

3aroToBKa JIsl 3TOTO 3aJJaHUSI UMEET CICIYIOIIMN BU;
#include "pt4.h"
#include "mpi.h"
#include <cmath>

int k; // KOnW4ecTBO NPOLECCOoB
int r; // paHr Tekywero npouecca
int m, p, q; // pa3mepbl MCXOLHbIX MATPUL
int na, nb; // pasmepbl MONoOC MaTpul

int *a_, *b , *c_;

// MACCuBbl [NA XPAHEHUA WUCXOLHbIX MATpML B TFNABHOM Mpolecce
int *a, *b, *c;

// MACCuWBbl [NA XPAHEeHUA NOjoC MATPWL B KAKAOM npouecce

void Solve()
{
Task("MPI9Matr2");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPT Comm_size(MPI COMM _WORLD, &size);
MPI Comm rank(MPI_COMM_WORLD, &rank);
kK = size;
r = rank;

)

B nanHOM ciydae B 4KMCIIO TJIOOQIBHBIX IEPEMEHHBIX JTOTOJHUTEIBHO BXO-
JSIT MAacCHUBHI @, D, C JIJIsl XpaHEHUs TI0JIOC MATPHI] B KAKIOM MpoIlecce, a TAKKe
niepeMeHHbIe Na 1 ND, orpeensomue pa3Mepsl 3TUX MOJIOC.

IIpu 3amycke CO3JaHHOM 3arOTOBKM Ha JKpaHE MOSIBUTCSA OKHO 3aJa4HUKa
(puc. 36 u 37). Ha nepBoM pucyHKe MPHUBEIEH pa3/iesl C UCXOJHBIMU JaHHBIMH,
Ha BTOPOM — Pa3Jiell ¢ IPUMEPOM MPABUIIBHBIX PE3YIIBTATOB.



@ Programming Taskbook - InekTpOHHBIR 3a4a4HWK MO NporpaMMUMpoBaHni [C++] @

NEHTOYHBIA ANTOPUTM 1 (TOPW3OHTANBHEIE NONOCHI) PeayneTatel (F2) LUeeT (F3) Pexum (F4)
3angaHue: MPI9Matr2® BhiNonHAET: MBaHOB MeTp

O3HaKOMHMTENbHbLIA 3anycK:
Y Bbixog (Esc)

HE BbIMONHEHA HW O4Ha M3 OI'IEDELI'HIH BBOAa-BbIBOAA.

BEO,[I,I 0wn3 124 BbIEO,El,I 0 un3 168 TecTel: 1HM3 5
|
- D F
+ HMCXOOHEE OaHHHE
/ HNpouecc 0: M = & P=11 g =5
A
7 0 5 6 4 1 -1 -3 -2 ) 6 |
-5 ) 5 -4 5 -4 3 2 -7 0 -1 3
-3 -7 0 -6 1 2 =7 4 -3 4 -7
-6 -1 -2 -& -1 6 -5 -1 5 3 2
2 -2 -2 4 3 -5 3 7 3 2 -2
-1 -2 7 -5 1 4 -5 -7 -1 2 1
B:
6 -7 6 -2 0
-3 -1 -4 1 -2
-2 -2 6 7 -2
5 -5 6 -2 0
7 7 -5 6 -7
3 ) 6 -1 3
-6 7 3 -6 -4
-5 0o -7 0 6
6 3 -1 7 )
2 7 7 -2 -5
7 -5 -5 -5 6
4 - i 3

Puc. 36. O3nakomurensHbIil 3amyck 3aganus MPI9Matr2 (pasmen ¢ ucXxoaqHbIMHU JaHHBIMU)




@ Programming Taskbook - SnekTpoHHbIA 3aauHnK Mo NporpaMmnposadnio [C++] @
NEHTOYHLIM ANMTOPUTM 1 (TOPW3OHTANBHLIE NONOCHI) PesyneTatel (F2)  LiBeT (F3)  Peium (F4)
3ananve: MPI9Matr2® BbinonHseT: MBaHoB MNeTp

O3HAKOMMTENBHBIA 3anyCK:

He: BLINOMHEHA HU O/IHA M3 ONEpaLNii BROJA-BLIBOAA. BezoniiE=n) ‘

Beog: 0 w3 124 BebiBoa: 0 M3 168 TecTel: 1 M35

I
- HNpouecc 0: HNp = 2 P =11 Ns = 4 Q=5 -
+ Bo:
/ 7 0 5 5] 4 1 -1 -3 -3 5 6
-5 5 -4 5 -4 3 2 =7 o -1
Bo
6 -7 6 -3 0
-3 -1 -4 1 -3
-2 -2 6 7 2
5 -5 6 -3 0
Co
0 0 0 0 0
0 0 0 0 0
Npouecc 1: Na = 2 P =11 Ns = 4 Q=5
%)
-3 -7 0 -6 1 2 =1 4 -3 4 -7
-6 -1 -2 -6 -1 6 -5 -1 5 3 2
B1
7 7 -5 e -7
3 5 6 -1 3
-6 7 3 -6 -4
-5 o -7 0 6
C1
0 0 0 0 0
0 0 0 0 0
Mpouecc 2: Nz = 2 P =11 Nz = 4 Q=25 =
Bz
2 -2 =2 4 3 -5 3 7 3 2 -2
-1 -2 7 -5 1 4 -6 -7 -1 2 1
Bz
5] 5 -1 7 5
3 7 7 -2 -5
7 -5 -5 -5 6
0 0 0 0 0
Cz
0 0 0 0 0
0 0 0 0 A
4 I 2

Puc. 37. O3nakomutensHbIi 3anyck 3aganus MPI9Matr2 (mpumep BepHOTo perieHus)

PucyHku moka3bIBaioT, 4To B 3ajaHuax rpynmnsl MPI9Matr moxeT ucmosis-
30BaThCsl OOJBIIOE YUCIIO KaK MCXOJHBIX JAHHBIX, TaK U pe3yJbTaToB (MJis Ba-
pHAaHTa, IPUBEICHHOIO HA PUCYHKAX, KOJUYECTBO UCXOIHBIX YHCEN paBHO 124,
a KOJIMYECTBO PE3YJbTUPYIONIUX JTaHHBIX paBHO 168). OgHako, HECMOTpPS Ha
OO0JIBIIIOE KOJIMYECTBO JAHHBIX, BCE OHM OTOOPAXKAIOTCS B OKHE 3a/layHMKA B Ha-
TJIATHOM BUJEe Oyarofiapsi cnenuaibHOMYy (hOpMAaTUPOBAHUIO U KOMMEHTAPUSIM.

Bce ncxonnble gannpie TpeOyeTcs BBECTH B INIaBHOM Ipoliecce. B kauecT-
B€ pEe3yJbTaTOB ISl KaXIOro MpoLecca Hal0 BBIBECTH pa3MEphl MOJIOC (I3TH
3HAYEHHU SBIISIIOTCS OAVMHAKOBBIMU JJIA BCEX MPOLIECCOB) U CAMHU IOJOCHI; IPH
3TOM MOJIOCHI JJIi UTOTOBOTO Mpou3BeneHus: C O KHBI ObITh HyJEBbIMU. B He-
KOTOPBIX IPOLECCaxX MOI'YT OKa3aThCs HYJEBBIMM M 3aBEPIIAIOLINE CTPOKU I10-
JI0C, CBSI3aHHBIX ¢ MCXOAHBIMH MaTpuuamu A u B. B Hamem ciydae HyJeByrO



CTPOKY COAEpXKHT I0JIoca MAaTpHIlbl B, cBsi3aHHAas C MOCIETHUM IMPOILIECCOM
(panra 2).

CornacHo yCIOBHIO 33J]a4i, BCE ACHCTBUS, CBSI3aHHBIC C BBOJIOM HCXOIHBIX
JaHHBIX M HMX PacChUIKOW, HeoOxomumo odopmuth B BUAE (GYHKIUH
MatrlScatterData 0e3 mapameTpoB (B 3TOM (yHKIHH OYyIyT HCHOJIB30BATHCS
rio0anpHbIe IEPEMEHHBIE, YK€ OMHCAHHBIE B 3arOTOBKE Iporpammel). Ha mep-

BOM J3Tall€ BBIITIOJIHUM BBO/JI JIdHHBIX B I''TABHOM HpOHGCCG:
void MatrlScatterData()

{
if (r==10)
{
int m;
pt >>m >> p >> q;
na = (int)ceil(m / (k*1.0));

nb = (int)ceil(p / (k*1.0));

a_ = new int[na*k*pl;

b = new int[nb*k*q];

for (int 1 = 0; 1 < m*p; ++1)
pt >> a_[1];

for (int i = m*p; 1 < na*k*p; ++1)
a [i]=0;

for (int 1 = 0; 1 < p*q; ++1)
pt >>b_[1];

for (int 1 = p*q; 1 < nb*k*q; ++1)
b_[i1] =10;

J
J

OOpaTtuTe BHUMaHHE Ha TO, YTO B MacCHBBI @_ U D HE0OX0auMO 3aHECTH
HE TOJIBKO 3JIEMEHTHI HCXOHBIX MaTPHII, HO ¥ 3aBEPIIAIOIINE HYJIEBbIE CTPOKH,
KOTOPBIC TTO3BOJIAT MOJYYUTh B KaXKJIOM MPOIIECCE MOJIOCH OAUHAKOBOTO pa3Me-
pa.

dyukuuro Solve Hamo monoaHuTh BeI3oBoM Gyukiuu MatrlScatterData.

[Tpu 3amycke maHHOTO BapHaHTa MPOTrpaMMbl OyIeT BHIBEACHO COOOIICHHE
0 TOM, YTO BCE UCXOHBIC IAHHBIC YCITCIITHO BBEICHBI.

Teneps gononnum Qynkuuto MatrlScatterData 3aBepiiaronum dparmen-
TOM, 00ECIIEYMBAOIINM MTEPECHUIKY JaHHBIX:

MPI Bcast(&na, 1, MPI INT, 0, MPI COMM WORLD) ;

MPI Bcast(&p, 1, MPI _INT, 0, MPI COMM WORLD);

MPI Bcast(&nb, 1, MPI INT, 0, MPI COMM WORLD) ;

MPI Bcast(&q, 1, MPI _INT, 0, MPI COMM WORLD);

a = new int[na*pl;



b = new int[nb*q];
C = new int[na*ql;
MPI Scatter(a_, p*na, MPI INT, a, p*na, MPI INT, O,
MPI COMM_WORLD) ;

MPI Scatter(b_, g*nb, MPI INT, b, g*nb, MPI INT, O,
MPI COMM_WORLD) ;

for (int i =0; 1 < na*q; ++1)
cfil = 0;

B nanHom ¢parmeHTe Mbl HE BOCIIOJIB30BAINCH YKAa3aHUEM K 33JIaHUIO U HE
CTaJI MIOMEIATh MepechuIaeMble pa3MepPhl BO BCIOMOTraTeIbHbIA MaccuB (UUTa-
TEJII0 PEKOMEHAYETCS CaMOCTOSITEIbHO BBINOJHUTH MOJAOOHYI0 MOJIU(DUKAIINIO
anroputma). Kpome nepecwuiku mosioc marpuil A u B MBI co3iaem B KaxKoMm
poliecce MojoCcy AJisi UTOTOBOro MpousBeaeHus: C u 0OHYJIsIeM €€ AIEeMEHTHI.

Pe3ynbTaT 3amycka 3Toro BapuaHTa He OyJIeT OTIMYaThCA OT MPEIbIayIile-
ro.

Ham ocTanoch BBIBECTH MOJYYEHHBIE PE3ybTaThl. DTO JACHCTBHE HE Clie-
nyeT BKIo4aTh B GpyHkmmio MatrlScatterData, mockonbKy B JanpHEHIIIEM TaH-
Hast QpyHKIMA OyAeT MUCTOIh30BaThCs B UTOroBoM 3aaanun MPI9Matr7, B koTo-
pOM He TpeOyeTCsl BEIBOAUTH PE3YJIbTaThl, IOTYUYCHHBIC HA TIEPBOM JTalle ajiro-
putma. [TosToMy OMECTHM OmEepaToOphl BbIBOJA B KOHel (GyHKnuu Solve (mo-
OaBJICHHBIC OMIEPATOPHI BBIACICHBI TTOTYKUPHBIM HIpUPTOM):

void Solve()

{

Task("MPI9Matr2") ;
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPT Comm_size(MPI COMM _WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

kK = size;
r = rank;
MatrlScatterData();

pt << na << p << nb << q;

for (int i = 0; i < na*p; ++i)
pt << a[i];

for (int i = 0; i < nb*q; ++i)
pt << b[i];

for (int i = 0; i < na*q; ++i)
pt << c[i];



)

3amycTuB MpOrpaMMmy, Mbl MOJTYYUM COOOIIEHUE O TOM, YTO 3aJaHHUE BbI-
MOJIHEHO.

3aMeTHM, 4TO MPHU pealiu3aluu CIASAYIONIUX ATANOB aIrOpUT™Ma HaM He I0-
TpeOyeTCsl BBIMOIHATH BBOJI UCXOAHBIX JAHHBIX B IVIABHOM IPOIECCE U MEPEChI-
JaTh UX B JIpyTUe MPOIIECCh MPUIIOKEHHUS, TTOCKOJIbKY B MOCIEIYIONIUX 3a/IaHU-
X B KOXKJIOM TIpoliecce cpa3y OyayT AaHbl CBSI3aHHBIE C HUM MUCXOJHBIC JaHHBIE.

B kauecTBe momoOHOro mpumepa paccmorpum 3aganue MPI9Matr24, no-
CBAIIIEHHOE JTaIly, KOTOPBI TpeOyeTcsl BBIMOJIHUTH Cpa3y IOCIEe HadaabHOU
PACCBHUIKM MCXOJHBIX JAHHBIX (B JAHHOM CITydae BRIOpAHO 3aaHuE W3 TOATPYII-
IbI, CBS3aHHOW C OJHHUM W3 OJIOYHBIX aJTOPUTMOB, @ UMEHHO airopuTMoM KoH-
HOHA).

MPI9Matr24. B kaxmaom mpoiecce aanbl uncia My, Pg, Qo, a Takxke oj-
HOMEPHBIE MaCCHUBBI, 3aII0JTHEHHBIE COOTBETCTBYIOIIMMHU OJIOKAMH MaTpHIl A,
B, C (Takum 00pa3oM, HCXOHBIC TAHHBIE COBIIAAIOT C PE3YJIbTaTaMH, TOJTY-
yeHHbIMU B 3aganuu MPI9Matr23). PeanuzoBaTh HauanbHOE mepepacnpesie-
JeHrue OJI0KOB, UCIONIb3yeMoe B anroputMe KsHHOHA OGJI0YHOTO MEepEeMHOMKeE-
HUSI MaTPHUIL.

Jlnst 3TOrO 3a/1aTh HA MHOKECTBE MCXOJIHBIX MPOIIECCOB JIEKAPTOBY TOIO-
JIOTUIO ABYMEPHOW KBaJpaTHOW LUKIMYECKOM pemeTku nopsaka Ko (rae
Ko'Ko paBHO KOJIMYECTBY MPOIIECCOB), COXPAHUB MCXOJHBIN MOPSIIOK Hyme-
paiuu MpoIECCOB, U BHITIOIHUTD JIJIS KaXKI0W CTPOKH |o momydeHHOo# pemiert-
ki (Ig =0, ..., Kg— 1) nmuknuaeckuii caBur 0710koB Ar Ha |y mo3uiiuii BjIeBO
(T. €. B HaMpaBJICHUHU YOBIBAHKS PAHTOB MPOIIECCOB), a JIJISl KAXKIOTO CTONOIA
Jo pemretku (Jo =0, ..., Ky — 1) mukaudeckuii casur 6;10k0B Bg Ha Jo mo3uiuii
BBEpX (T. €. TAaK)Ke B HANIPABJICHUH YOBIBAaHUSI PAHTOB TIPOIIECCOB).

Hns onpenenenust kommyHukatopa MPI COMM_GRID, cBsizanHOro c
JIeKapTOBOM TOMoOJIOrMeH, ucnosyib3oBath ¢GyHkiuo Matr3CreateCommGrid,
peanmn3oBaHHyo B 3agaHuu MPI9Matr22. [Ipu BBINOJHEHUH LUKIMYECKOTO
caura ucnonb3zoBath  ¢yHkuuu MPI Cart coords, MPI Cart shift,
MPI Sendrecv_replace (cp. c MPI9Matr22).

Odopmuths onucanHele AeicTBUsA B Buae QpyHkuuu Matr3Init (6e3 mapa-
MeTpoB). BeiBectn B kakaoMm miporiecce 0yioku Ag u Bg, monydeHHbIE B pe-
3yJibTaTe CABUTA (BBOJ M BBIBOJ JJAHHBIX BBIMOJIHATH BO BHEIIHEW (DYHKITUN
Solve).

3aFOTOBKa JJIA OTOI'O 3adaHNsSI UMECT CJ'ICILYIOI]_[I/Iﬁ BHUO:
#include "mpi.h"
#include "pt4.h"
#include <cmath>

int k; // KONMW4ecTBO NpPOLECCOoB
int r; // DaHT TeKywero npouecca



int m, p, q; // pa3Mepbl UCXOLHbIX MATPUL
int m0, p0, q0; // pa3mepbl ONOKOB MATPWUL
int k0; // NOpANOK [EeKapTOBOW peweTku, paBHbin sqrt(k)

int *a_, *b , *c_;

// MacCUBbl [N18 XPAHEHMA WCXOMOHbIX MATPUL B TJIABHOM mpouecce
int *a, *b, *c;

// MacCusbl g xpaHenuqa OSOKOB MATpUL B KaxAaoM npouecce

MPI Datatype MPI BLOCK A; // Tun paHHbIX Ans Onoka matpuubl A
MPI Datatype MPI BLOCK B; // Tun paHHbIX Ana Onoka matpuubl B
MPI Datatype MPI BLOCK C; // Ttun paHHbIX ans 6noka matpuusl C

MPI Comm MPI COMM GRID = MPI COMM NULL;
// KOMMYHUKATOD, CBA3AHHbIA C [BYMEPHOW [EKAPTOBOW pEWETKOI

void Solve()
{
Task("MPI9Matr24");
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPT Comm_size(MPI COMM _WORLD, &size);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

k = size;

r = rank;

kO = (int)floor(sqrt((double)k) + 0.1);
}

B gncno rimobanbHBIX IEPEMEHHBIX, YKE OMUCAHHBIX B 3aTOTOBKE, BXOJST
HE TOJIbKO MacCHBHI @, D, C /11 XpaHeHHs: OJIOKOB MAaTPHIL B KaXKIOM MPOIIECCE U
nepemennasie MO, p0, q0, onpenenstomue pazMepsl ITUX OJIOKOB, HO TAKXKE U
OOBEKTHI, CBSI3aHHBIE C HOBBIMU MUNAMU OAHHLIX U KOMMYHUKAMOPAMU, WC-
noJib3yeMbIMHu B anroputme KonHOHa. 3aMeTum, 4TO B 3aJaHUSX Ha peain3a-
IIMI0 OJIOYHBIX AJITOPUTMOB KOJMYECTBO TiporieccoB K sBiseTcs noaHvim k8ao-
pamom: K = Ky-Kp; ipu 3TOM 1151 XpaHneHust 3HaueHus Ky (mopsiaka nekapToBoi
pELIeTKH TPOIIECCOB) MPEeIyCMOTpeHa crielraibHas nepemenHas KO, yxe co-
nepxamias TpedyeMoe 3HaueHue (CM. TIoCIeIHUI oniepaTop B GyHKIMH SOlve).



IIpn 3amycke CO3MaHHOW 3arOTOBKHM Ha 3KpPaHE MOSIBUTCS OKHO 3aJayHUKA,
MIPUBEIEHHOE HA pUC. U  (TEPBBIA PUCYHOK COAEPNKUT HAYAIBHYIO YaCTh pa3-
JieNa ¢ UCXOAHBIMUA JaHHBIMHM, @ BTOPOM — pazlen ¢ IPUMEPOM MPABHIBHBIX
pEe3yJabTaTOB).

@ Programming Taskbook - InekTpOHHBIF 334a4HWK NO NpOrpaMMUMpoBaHmnio [C++] @
BINOYHEIN ANTOPUTM K3HHOHA Pesynetathl (F2)  LBeT (F3)  Peium (F4)
3agadue: MPI9Matr24° BbINONHAET: MBaHOB METp

O3HAKOMWTENBHLIRA 3anyck: ) ) Buiox (Esc) ‘
HE BbINONHEHA HK OfHA W3 ONepaLuii BBOAA-BbBOAA.

Beoa: 0 w3 324 Beisog: 0 M3 216 TecTbl: 1 M3 5

—
- D o
+ MWcxXoOHHE QOaHHHE
/ IHpouecc 0: Ipouecc 1: Ipouecc 2:
Mo= 3 Po= 4 Qo= 3 Mo= 3 Po= 4 Qo= 3 Mo= 3 Po= 4 Qo= 3
Bo: La: Lo
4 6 o -2 -2 -7 -3 -4 4 -4 0 0
-3 4 -2 -1 1 5 -1 6 -1 7 0
0o -5 -2 6 -6 3 -6 2 -4 0 0
Bo: Bi: Bz:
7 -3 -6 -5 -7 5 1 0 0 3
4 1 -6 1 2 -2 -6 0 0
-4 -7 4 1 -5 4 3 0 0
1 2 =2 0 4 6 2 0 0
Co: C1: Cz:
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
Ipouecc 3: Mpouecc 4: Ipouecc 5:
Mo= 3 Po= 4 Qo= 3 Mo= 3 Po= 4 Qo= 3 Mo= 3 Po= 4 Qo= 3
A3z B Ls:
-2 3 4 -6 -4 -8 7 5 2 5 0 0
6 -2 -4 -7 -4 -5 -4 3 0 2 0
-6 7 -1 -3 -7 4 2 0 -2 -6 0 0
Bz Bag: Bs:
-6 7 -4 2 -1 -7 -2 0 0
-2 3 -1 4 6 0 -2 0 0
7 [ [ 1 -6 -7 4 0 0
-5 -1 3 4 -6 -6 2 0 0
Cs: Ca: Cs:
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
lIpouecc 6: pouecc 7: Ipouecc B:
Mo= 2 Po= 4 Qo= 3 Mo= 3 Po= 4 Qo= 3 Mo= 2 Po= 4 Qo= 3
Be: L7 Bs:
3 7 5 -6 0 5 -6 -3 5 1 0 0
4 4 -5 4 1 7 -2 -4 -5 -3 0 0
0 0 0 0 0 0 0 0 0 0 0 0 -
4 I »

Puc. 38. O3nakomutensHbIN 3anyck 3aganus MPI9Matr24 (pa3men ¢ MCXOMHBIMU TaHHBIMU )



@ Programming Taskbook - InekTpoHHBIF 334a4HWK NO NporpaMMUpoBannio [C++] @
BNOYHBIA ANTOPUTM K3HHOHA PesynsTaTel (F2)  LigeT (F3)  Peskum (F4)
3anadue: MPIOMatr24® BeinonHAeT: MBaHos MeTp

O3HaKOMWTENBHBIRA 3anycK: ) ) Boixon (Esc)

He BbINONHEHA HU OfHA W3 ONepaLiil BBOAa-BLIBOAA.
Beoa: 0 w3 324 Beisoa: 0 u3 216 TecTbl: 113 5
I
" puMep BEDHOTO DEelleHHUA b
* Ipouecc 0: Npouecc 1: Ipouecc 2:
/ Rp: Ai1: Az:
4 6 o -2 -2 -7 -3 -4 4 -4 0 0
-3 4 -2 -1 1 5 -1 6 -1 7 0 0
0 -3 -2 6 -6 3 -6 2 3 -4 0 0
Bo B1 Bz
7 -3 -6 2 -1 -7 3 0 0
4 1 -8 4 6 0 1 0 0
-4 -7 4 1 -6 -7 0 0 0
1 2 =2 4 -6 -6 0 0 0
lpouecc 3: Ipouecc 4: Ipouecc 5:
A3z B Lz
-4 -8 7 5 2 5 0 0 -2 3 4 -8
-4 -5 -4 3 0 2 0 0 e -2 -4 -7
-7 4 2 0 -2 -8 0 0 -6 7 -1 -3
Bs: Ba: Bs:
-6 T -4 3 -5 6 1 0 0
-2 3 -1 4 -2 -1 -6 0 0
7 6 6 0 0 0 3 0 0
-5 -1 3 0 0 0 2 0 0
lpouecc € Mpouecc 7: Mpouecc 8:
Be: L7 Ls:
5 1 0 0 3 7 5 -8 0 5 -6 -3
-5 -3 0 0 4 4 -5 4 1 T -2 -4 =
0 0 0 0 0 0 0 0 0 0 0 0
Be B7 Bse
-2 7 1 -5 =1 5 -2 0 0
5 -7 -1 1 2 -2 -2 0 0
0 0 0 1 -5 4 4 0 0
0 0 0 0 4 6 2 0 0
4 1 3

Puc. 39. O3nakomutensHbIi 3amyck 3agaaus MPI9Matr24 (mpumep BepHOTO penieHus)

B nanHoMm ciydae umcno mpoueccoB K paBHo 9, a mopsaok nekapToBOU
pemeTku Ky, COOTBETCTBEHHO, paBeH 3.

JleiicTBUs, CBA3aHHbBIE C BBOJIOM HCXOJHBIX JAHHBIX, HUYEM HE OTJINYAIOT-
csi oT paccMoTpeHHbIX B 3amanHusx MPI9Matrl u MPI9Matr2, onnako Tenepsb
OHM JOJIKHBI BBIOJHATHCS JIsl KQKI0TO U3 MPOLECCOB MapajiieIbHOro MpHIIO-
KeHUs (TaHHBIA (PparMeHT Hallo 100aBUTH B KOHel QyHKIH SOlve):

pt >> m0 >> p0 >> q0;

a = new int[m0*p0];

b = new int[p0*q0];

c = new int[m0*q0];

for (int 1 =0; i <m0*p0; i++)
pt >> ali];

for (int 1 =0; i < p0*q0; i++)
pt >> b[i];

for (int 1 =0; i <m0*q0; i++)



pt >> c[i];
Crnenyert 3aMeTUTh, 4TO coJiepkuMoe 010koB MaTpuilbl C B TaHHOM 3aj1a-
HUU HE UCIOJIb3YETCs, OJTHAKO €ro TpedyeTcs BBECTH, MOCKOJIbKY BO BCEX 3aja-
HUSIX, CBS3aHHBIX C ATAlIOM BBIYMCIICHUS MATPUYHOTO IIPOU3BEACHUS, TIpesiara-
€TCSl OJIMHAKOBBIA HA0Op MCXOJHBIX JAHHBIX, COBMAJAIONIMKA C Pe3ysibTaTaMu,
MOJIYYCHHBIMA HA 3Tale PacChUIKM HCXOJHBIX JAHHBIX O BCEM IMpoleccam
npuaokeHus (Cp. ¢ MPUBEACHHBIM BhIIIE peliecHreM 3aaaun MP19Matr2).
[Ipu 3amycke HOBOro BapuaHTa IMporpamMmbl OyAET BbIBEACHO COOOIIEHUE O
TOM, YTO BCE UCXO/HBIC TaHHBIEC YCIICIIHO BBEICHBI.
OObpaTtumcs K peanu3aluy HauaibHOTO MepepacipeeieHus OJI0KOB.
[Ipexxne Bcero, HEOOXOAMMO OMHCATH BCIIOMOTATENbHYIO (DYHKIUIO
Matr3CreateCommGrid, npegHa3Ha4eHHYIO JJIsl CO3/IaHUsI KOMMYHUKATOpa C
TOTIOJIOTUEH JBYMEPHON KBaJpaTHOHM Iukiamdeckoi pemierku mopsiaka KO. C
naHHOW (yHKIMEN cBs3aHO crenuanbHoe 3amanue MPI9Matr22, mpencras-
nsolee co0oi, Mo cymiecTBy, 6osee npoctoi Bapuant 3amganust MPI9Matr24.
[Tockonbky ™Mbl  He BbmoJHIKM  3aganue  MPI9Matr22,  dyukumro
Matr3CreateCommGrid nmpujercsi peain3oBaTh HEMOCPEICTBEHHO MPHU BHINOJI-
HEHUU HAIIEeTo 3aJlaHus, UCIOJIb3ys PEKOMEHJalliU, PUBEACHHBIC B 3aJaHUU
MPI19Matr22:
void Matr3CreateCommGrid(MPI_Comm &comm)
{
int dims[] = {k0, kO};
int periods[] = {1, 1};
MPI Cart create(MPI COMM WORLD, 2, dims, periods, 0, &comm);
}
B ommcanum ¢yskimu Matr3CreateCommGrid Mbl HCTIOIB30BalU TJ10-
OanbHy0 nepeMennyro KO, coepxaniyro mopsoK JeKapTOBOW PEIICTKH.
Teneps onwmiiem ocHoBHYIO GyHkuuto Matr3Init. Buadasne B Helt HE0OX0-
JUMO CO37IaTh KOMMYHUKATOP ¢ TpeOyeMoil eKapTOBOW TOIMOJIOTHEN (3aMeTHM,
YTO CBsI3aHHAs ¢ 3TUM KomMMmyHukaTopom nepemennas MPI_COMM_GRID yxe
omrcaHa B pOrpaMMe-3aroTOBKe). 3aTeM HEOOXOAMMO ONpEeAETUTh KOOPAUHA-
Thl TEKYIIEro IMpolecca B 3TOM KOMMYHHUKATOpE, HCIONb3ySd (YHKITHIO
MPI_Cart_coords. KoopauHatel OyjieM XpaHHTh BO BCIIOMOTaTeIbHOM MaCCHBE
coord ¢ nByms anmementamu: (coord[0], coord[1]). Ucnomnb3ys 3TH KOOPIUHATHI,
ClIelyeT BBIMOJIHHUTH MEePechUIKy 0J10k0B MaTpullel A Ha CO0rd[0] mo3uruii eze-
60, T. €. B HallpaBJICHUU yOBIBAaHUS 6mMOpoli KOOPAWHATHI PEUIECTKH (COOTBETCT-
BYIOIIIEH HOMEpaM CTOJIOIOB) M YUHUTHIBAS €€ IUKIMYHOCTH MO ATOW KOOPAHUHA-
Te, a 0;10k0B MaTpuilbl B — nHa coord[1] mosunmii ésepx, T. €. B HalpaBJICHUH
yOBIBaHUS nepsoll KOOPAMHATHI PEIIETKH (COOTBETCTBYIOIIEH HOMEpaM CTPOK) C
Y4E€TOM €€ IUKINYHOCTH. UTOOBI BBITIOJIHUTH YCJIOBHS 3aJaHUs, paHTH TOCHI-
JAIONIMX U MPUHUMAIOIIUX MPOLIECCOB CIEAYET OMPEICIUTh C UCIOIb30BAaHUEM
¢dyukiun MPI_Cart_shift, a camy nepecbuiKy OCYIIECTBUTh ¢ TIOMOIIBIO (DYHK-



mun MPI_Sendrecv_replace (6marogapss npuMEHEHHIO 3TOM (PYHKIIMH, TPUHHU-
MaeMblii 010K OyneT pa3MelleH Ha MeCTe MPeKHEro OJoKa, MepecIaHHOro B
JpyroM mpoiiecc):

void Matr3Init()

{

)

Matr3CreateCommGrid(MPI_COMM GRID);

int coord[2];

MPI Cart coords(MPI COMM GRID, r, 2, coord);

int src, dst;

MPI Cart shift(MPI COMM GRID, 1, -coord[0], &src, &dst);

MPI Sendrecv_replace(a, m0*p0, MPI INT, dst, 0, src, O,
MPI COMM_GRID, MPI STATUS IGNORE);

MPI Cart shift(MPI COMM GRID, 0, -coord[1l], &src, &dst);

MPI Sendrecv_replace(b, p0*q0, MPI_INT, dst, 0, src, O,
MPI COMM GRID, MPI STATUS IGNORE);

B dynaxmun Matr3Init mer ucronb3oBany, HapsIy ¢ JOKATLHBIMU TIEPEMEH-
HeIMH COOrd, src u dst, rmobansable Iepemenasie MPI_ COMM_GRID, r (panr
TEKyIIero mporecca), a, b (maccuBbl ¢ 6okamu matpun A u B) m m0, p0, g0
(pa3mephl TaHHBIX OJIOKOB).

OcTanoch BBI3BaTh 3Ty (QYHKIIMIO BO BHENIHEeH GyHkimuu SOIVe u BeIBeCTH
HOBOE cojiepkumoe 01okoB Matpull A u B B kaxxmom niporniecce. [IpuBenem uro-
rosoe cozepxumoe GyHkiuu Solve (mo0aBiIeHHBIE ONMEPAaTOPhI BBIACICHBI TO-
JTY>KUPHBIM MIPUDTOM):

void Solve()

{

Task("MPI9Matr24");

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;

MPT _Comm_size(MPI _COMM _WORLD, &size);
MPI Comm_rank(MPI_COMM_WORLD, &rank);

kK = size;

r = rank;

kO = (int)floor(sqrt((double)k) + 0.1);
pt >> m0 >> p0 >> q0;

a = new int[m0*p0];
b = new int[p0*q0];
Cc = new int[m0*q0];



for (int i =0; i <m0*p0; ++i)
pt >> ali];

for (int 1 = 0; 1 < p0*q0; ++1)
pt >> b[i];

for (int 1 =0; 1 <m0*q0; ++1)
pt >> c[i];

Matr3Init();

for (int i =0; i < m0*p0; ++i)
pt << a[i];

for (int i = 0; i < p0*q0; ++i)
pt << b[i];

)

[Tocne 3amycka JaHHOTO BapHaHTa IMPOrpaMMbl B OKHE 3a/ladyHHKa Oyner
BBIBEJICHO COOOILIEHUE O TOM, YTO 33JaHHE BHIIIOJHEHO.

Ipumeuanusi. 1. CMbIcT MHUIMAIU3UPYIOIIEH MEPECHUIKM OJIOKOB MaT-
puil A u B 3axirodaercst B TOM, YTO B PE3yJIbTAaTE 3TOM NEPECHUIKH KaXKIbIi
IPOLECC MOJIYYUT Hapy OJIOKOB, IEPEMHOKEHUE KOTOPBIX MO3BOJUT OIpe-
JEJINTh YacTh ClIaraéMbIX JJISl 3JIEMEHTOB COOTBETCTBYIOIIETO OJI0OKa MaT-
puaHoTO npon3BeneHus C.

2. Peanm3oBanHas B janHoM 3ananuu Gyuknus Matr3Init 6yaer ncnons3o-
BaThcs aanee B 3amanusax MPI9Matr28 u MPI9Matr31, kotopeie nocasiie-
HbI peanu3aliuu anroputma KaHHOHA B TOJIHOM 00beME.

Ha 3aBepmatoiiem stamne 000ro MaTpUYHOTO ajiropuT™Ma TpedyeTcs 00b-
eIMHUTH (PPAarMEeHTHI UTOTOBOTO MaTpu4yHOTO mpousBeAeHust C, moyueHHbIEC B
pa3JIMUHBIX Tpolieccax. Pe3yapTaroM mogo0HOro 00beIMHEHUS MOXKET SIBISTh-
Csl, HallpuMep, MacCUB, MOJIYYEHHBIA B TJIABHOM MPOLECCE U COAECPKALIUN BCe
aneMeHThl MaTpullbl C (KOTOpble MOXKHO BBIBECTH HA 3KpaH WM COXPaHWUTH B
¢aiine). [lpu peanuzanuu JaHHOTO dTama ¢ npuMeHeHueMm OubOmrorekun MPI
craggapra 2.0 MOXHO TMOCTYIUTh IMO-IPYrOMYy, Cpa3y 3alucaB OTIEJIbHbIC
¢bparmenTsl MaTpuilbl C B TBOMYHBIN (haiisi, UCTIOIB3YS MOSIBUBIINECS B ATOM
CTaHJapTe CpPeACTBa MapajlieNbHOIrO (PaiIoBOro BBOJA-BbIBOJA. DTO MO3BOJIUT
n30eXKaTh JOMOJIHUTENbHBIX JIEUCTBUM, CBSI3aHHBIX C IEPECHUIKOW pe3ylbTH-
PYIOIIMX JAHHBIX B IVIABHBIN MpOILIECC.

B xauectBe mpumepa paccmotpum 3ananue MPI9Matrl9, B koropom tpe-
OyeTcs COXpaHUTh B pe3yJbTUPYIOIIEM (ailie MaTpUuHOE MPOU3BENCHHE, TO-
JYYEHHOE C MOMOUIBI0 BTOPOr0 BapUAHTA JIEHTOYHOTO aIrOPUTMA.

MPI9Matrl9. B xaxmom mpomecce manbl uncia Na, Ng, a Takke omHO-
MepHbIe MacCUBbI, 3anoHeHHbIe ojocamu Cr (pasmepa (Na'K) x Ng), mosy-
YEeHHBIMH B Pe3yJibTaTe BbINOJHEHUs K 1IaroB JEHTOYHOTO aJIrOpUTMa Tepe-
MHOeHHus1 MaTpull (cM. MPI9Matrl5). Kpome Toro, B rimaBHOM mporuiecce a-
HO yucia0 M — KOJMYECTBO CTPOK PE3yIbTUPYIOIIET0 MATPUYHOTO MPOU3BE-




AeHHs 1 uMsl (paiina Uit XpaHeHUs 3TOTO MPOU3BeaeHUs. JJOMOTHUTENBHO 13-
BECTHO, YTO KOJMYECTBO CTOJIOIOB Q pe3yapTHUPYIOIIEr0 MAaTPUYHOTO MPOU3-
BEJICHUS KPaTHO YHCITY TPOIECCOoB (U, clieoBarebHO, paBHO Ng-K).

[lepecnate uncino M u umsa daitna Bo Bce mpouecchl (UCTonb3ys QyHK-
nuio MPI Bcast) u 3anucath Bce (pparMeHThl MaTpUYHOTO MPOU3BEICHHUS,
conepkamiuecs: B monocax Cg, B pe3ynbTUPYIOMUN (aiii, KOTOPBIA B UTOTE
oyner conepxkath Marpuily C pazmepa M x Q.

Jlnst 3anucu mojoc B (aiisl 3aaTh COOTBETCTBYIOIIMNA BUJI JAHHBIX, HC-
nonb3yss  ¢yuknuio  MPI File set view u©  HOBbI  (paloBBI  THM
MPI_BAND C, oTpeIeICHHBIN c [IOMOIILIO byHKIIUN
Matr2CreateTypeBand (cm. MPI9Matrl1), mocie 4ero HCIOJIb30BaTh KOJI-
nextuBHy0 ¢pyHkiuo MPI File write all.

Odopmuth cunTbiBaHue UMEHU (aiiia, nepecbliKy 3HaueHus M U umeHun
(aiina, a TakkKe BCE ACUCTBUS MO 3amUCU NoJIoC B (aiim B BUJE (DYHKIHH
Matr2GatherFile (cunTbiBaHHE BCEX MCXOJHBIX JAHHBIX, KpOME MMEHM (haii-
J1a, JOJKHO OCYILECTBIISTLCA BO BHENTHEN QyHKIuu Solve).

YkasaHue. [Ipu 3amucu JaHHBIX B PE3yIbTUPYIONIHIA (Haiiin HeoOX0aUMO
YUUTBIBaTh, 4TO N0JI0CHl Cgr MOTYT COZIEPKATh 3aBEPILAIOLIUE HYJIEBbIE CTPO-
KU, HE CBSI3aHHBIE C IOJIyYEHHBIM NPOU3BEACHUEM (MMEHHO Ui MPOBEPKU
9TO cUTyanuu TpedyeTcs MepechuIaTh BO BCe poiecchl 3HaueHue M).

3aroToBKa A1 JAHHOTO 3aJaHMs OyAeT coaepkaTh T€ Ke III00aTbHBIC TIe-
pEeMEHHBIC, YTO W TPUBEICHHAS BBINIE 3aroToBKa s 3amanus MPI9Matr2, B
gacTHOCTH, K (konmuecTBO mporieccoB), I' (paHr TeKymero mnpoiecca), m, p, d,
na, nb (pasmepsr matpur A, B, C u ux monoc), a, b, ¢ (MaccuBbI 111 XpaHCHHS
nosioc Matpuil A, B, C B xaxxaom niporiecce). Kpome Toro, B 4nciio riio0abHBIX
nepeMeHHbIX OyayT BKItoueHsl nepemennsie MPI_ BAND B u MPI_BAND_C,
MpeIHa3HAYCHHBIC I XPAHEHHS] HOBBIX THUIIOB JAHHBIX, CBSI3aHHBIX C BEPTH-
KaJIbHBIMH T10JI0camMu MaTpuil B u C.

Ha puc. 40 npuBeneHo OKHO 3aJlayHUKA, KOTOPOE TMOSBUTCSA TPH 3aITyCKe
CO3JIaHHOM MPOTPaMMBbI-3aTOTOBKH.



@ Programming Taskbook - SnekTpoHHbIA 3a4auHWK NO NporpaMmnpoBadnio [C++] @

NEHTO4HBIN ANTOPUTM 2 (TOPW3OHTANBHLIE M BEPTUKANEHBIE NONOCHI) PesyneTatel (F2)  LiseT (F3) Pexum (F4)
3apanme: MPIOMatr19° BeinonHaeT: MeaHos MeTp

O3HAKOMHTENBHLIR 3anyck:

HE BLINONHEHA HU OJHA M3 ONEPALMIA BBOAA-BLIBOAA. BeonlE=a) ‘
Beoa: 0 w3 62 TecTsl: 1 M3 5
I
O
MCXOIOHEE IOaHHHE
pouecc 0: Na = 2 Ng = 3
Co:
106 7 -89
-25 -56-152
-56 22 10
-45 -37 77
0 0 0
0 0 0
M = 4
MMA daima gnmd MaTpuus C: "Ctrigd.tst”
Mpouecc 1: Na = 2 N = 3
C1:
-40 2 70
-110 63 51
72 -80 -10
-49 75 -45
0 0 0
0 0 0
Npouecc 2: Na = 2 N = 3
Cz
-35 -65 26
-110 0 14
20 -2 16
42 -1 -20
0 0 0
0 0 0
IpUMep BEPHOTO pPENEeHUA
daltn ¢ MaTpuuel C:
1: 106 7 -89 -40 2 70 -35 -65 2@
10: -25 -56-152-110 63 51-110 0 14
15: -56 22 10 72 -80 -10 20 -2 lé
28: -45 -37 77 -4% 79 -45 42 -1 -20

Puc. 40. O3nakomuTensHbIN 3anmyck 3aganus MPI9Matrl9

[Ipu BBIMOSHEHUU AAHHOTO 3aJaHUs HE TPeOYyeTCs BBIBOJUTH PE3YyJbTaThl,
UCIIOJIb3YsI TIOTOK BBIBOJIA Pt; HEOOXOAMMO JIMIIb 3aMMCATh DJIEMEHTHI MOTYYEeH-
HO#l MaTpuilsl C B IBOMYHBIN (hali 1ebIX yucen (00paTute BHUMaHUE Ha TO,
YTO B paszfiesie MHANKATOPOB HE YKA3bIBAETCS KOJWYECTBO AJIIEMEHTOB JIAHHBIX,
KOTOPBIC HAJIO BBIBECTH). 3a/JauHUK OTOOPA3UT COMEPKUMOE CO3aHHOTO (haiina
B CBOEM OKHE M MPOBEPHUT €ro MPaBWILHOCTh. OTMETHUM TaKXe, YTO B TIABHOM
MpoIlecCe YKa3aHbl JOMOJHUTEIBHBIC HMCXOJHBIC JAaHHBIC, OTCYTCTBYIOIIUC B
MOTYMHEHHBIX TIPOIIeccax: 3TO YUCIO0 CTpok M pesynprupyrormieit Matpuisl C u
ums aiina nis ee xpanenus. Kpome toro, cieayer oOpatuTh BHUMaHHE Ha TO,
9TO Moaockl MaTpullbl C, JaHHBIE B KAKIOM TpOIEcce, COAEpKaT He TOJIBKO ee
AJIIEMEHTBI, HO U «JTUIITHUE» HYJEBBIE CTPOKH, KOTOPHIE HE CIICYyEeT COXPAHSTh B
pe3ynbTHpyoieM (aitie (HaTuIue dTUX CTPOK OOBICHSIETCS TeM, YTO TPOU3BE-



nenne Na-K, roe K — KoJnuecTBO MPOIECCOB, B JAHHOM CiIy4yae MPEBBIIIACT
KouecTBO cTpok M matpuiisr C).

Ha mepBoM 3Tare pemeHus Haao, Kak 0OBIYHO, OPTraHW30BaTh BBOJ UCXO/I-
HBIX JTAHHBIX. B ycrmoBUM CKa3aHO, YTO BCE MCXOJHBIC JaHHBIC, KpPOME UMCHH
daiina (koTopoe AaeTcs B INIABHOM IIpoliecce), Halo BBecTd B GyHKIuU Solve.
CrnenmyeTr Takke y4ecThb, YTO 4YMCIO CTpoK M pesynbrHpyromieit marpumbl C
Tak)Ke JJaHO TOJIBKO B TJIABHOM Tiporiecce. MM haiina cieqyer BBeCTH B Havale
BcriomorarensHolt pynknuu Matr2GatherFile. TpeboBanue BBOIWTH BCE AaH-
HBIE, KpOME MMEHU (aiina, BO BHENIHEH QyHKIMU SOIVe CBS3aHO C TeM, UTO MpH
peanu3alnyy anropuTMa MAaTPUYHOTO YMHOXKEHHUS B TOJHOM OOBEME BCE ITH
JTaHHbIE K MOMeHTY BbI3oBa (yHkimm Matr2GatherFile yxxe OymyT BBemCHBI
(MM BBIYHCIICHBI) B COOTBETCTBYIOIIMX IPOIIECCAaX, MOITOMY HMX TOBTOPHBIN
BBOA B Qynkuuu Matr2GatherFile mpuBen Obl k HenmpaBWJIBHON paboOTEe MPO-
TPaMMBL.

Wrak, onuiem BcriomoraTensHyto dyHkiuio Matr2GatherFile, B kotopoii
BBITIOJIHUM BBOJ MMEHM ¢aiiia B TJIAaBHOM MPOIECCE, U JIOMOJHUM (PYHKIUIO
Solve ¢parmeHTOB, B KOTOPOM BBITIOJHSICTCS BBOJ BCEX OCTAJbHBIX JAHHBIX U
Be3bIBacTCcs GyHkuus Matr2GatherFile (moGaBiieHHBIC OmepaToOpbl BbIICICHBI
MOJTY>KUPHBIM IIPUPTOM):

void Matr2GatherFile()

{

char cname[12];
if (r = 0)
pt >> cname;

void Solve()

{
Task("MPI9Matr19");

int flag;
MPI Initialized(&flag);
if (flag == 0)

return;

int rank, size;

MPT _Comm_size(MPI _COMM _WORLD, &size);
MPI Comm_rank(MPI_COMM_WORLD, &rank);
kK = size;

r = rank;

pt >> na >> nb;

c = new int[na*k*nb];

for (int i = 0; i < na*k*nb; ++1)



pt >> c[i];
if (r =10)

pt >> m;
Matr2GatherFile();

)

ITpu BBOAE MMeHM (haiima CNAME MbI Y4Id, YTO 3TO UMsI COCTOUT HE OoJee
yeMm u3 12 cuMBOJIOB (CM. IpeamOyIty K rpyie 3aganuii MPI9Matr).

3anyCcTUB JAAaHHBIM BapUaHT IPOrPaMMBbl, Mbl MOJTYYHUM COOOLIEHHE O TOM,
YTO BCE MCXOJHBbIC JIaHHBIE YCIEIIHO BBEACHBI, a PEe3yJbTUPYIOUN (ailn He
CO3/aH.

OcranpHble neiicTBus 3amporpammupyeM B Qynknuun Matr2GatherFile.
[Ipexxne Bcero, B He HEOOXOAMMO BBINOJHUTH MEpPechbUIKy uncia M u umenu
(haiisia BO BCE MPOILIECCHI:

MPI Bcast(&m, 1, MPI INT, 0, MPI COMM WORLD);

MPI Bcast(cname, 12, MPI CHAR, 0, MPI COMM WORLD);

3areM HaJ0 omucaTh (PaillIoByI0 MEPEMEHHYIO M CBA3aTh C HEW co3aaBae-
MBIH (aiii1, OTKpPBIB €ro Ha 3amuch ¢ momoinrsio Gyakuuu MPI_File_open. Lemne-
coo0pa3Ho cpasy 100aBUTh B IporpamMmy U (YHKIMIO 3aKpBITHS JaHHOTO (aii-
na:

MPI File f;

MPI File open(MPI COMM WORLD, cname,

MPI MODE WRONLY | MPI MODE CREATE, MPI INFO NULL, &f);

MPI File close(&f);

Bce npyrue nedictBus ¢ QaityioM Hago BBIMOJTHATH MEXKIY BBI30BAMU
dbyuaxuit MP1_File_open u MPI_File_close.

3anmycK JaHHOTO BapyWaHTa MPOrpaMMBbl MMPUBEAET K HOBOMY COOOIIEHHUIO, B
KOTOPOM, KpoMe UH(pOpMAIUU O TOM, YTO BCE UCXOJIHbIC TAHHBIC BBEJCHBI, OY-
JI€T OTMEUYEHO, UTO PE3YIbTUPYIONTUI (pailst sIBAsSETCS MyCThIM. DTO MOKA3bIBAET,
YTO MEepeCchUIKa UMEHU (paiiia BO BCe MPOILECCHl U ACHCTBUS MO €ro CO3/IaHUI0 U
3aKPBITUIO B KaXKJIOM ITpoIlecce ObLUINA YCIEUTHO BBITTOJTHEHBI.

Ocranock 00ecneuuTh MPaBUWIBHYIO 3aMKUCh MOJIOC PE3YIbTUPYIOLIEH MaT-
pHULIBI B co3AaHHBIN (aitn. s 3Toro He0OXOIUMO OMPENEIUTh CIeIHATbHBIN
BU/JI JAHHBIX, TTOCKOJIbKY KaXKIbIM MPOIIECC NODKEH 3amucaTh B ¢dailia He Habop
MOCJIEIOBATEILHO PACIIOIOKEHHBIX 2JIEMEHTOB (Kak ObLIO ObI, eciiu OBl B MPO-
1IeCCe COIEPKAIUCh CMPOKY MATPUIILI), 3 HECKOJIBKO (PPAarMEHTOB C «IIPOITyC-
KamMu» (KOKIbI (parMEHT COOTBETCTBYET AJIEMEHTaM OTIEIbHOW CTPOKH, a
MPOITYCKH O0ECMEeYMBAIOT MEPEX0Jl K COOTBETCTBYIOIIUM 3JIEMEHTAM CIIEIYTO-
et ctpoku). Kaxmas nmonoca Cr umeet pasmep (Na-K) x Ng; Takum odpazom,
oHa coziepkuT Ng coceJHUX CTOJIOIOB. DTO O3HAYaET, YTO (PparMeHT JJis Kax-
JIOM CTPOKHU JOJDKEH conepkath Ng coceaHux anemeHToB. KakoBO KOJIMUYECTBO
takux (pparmenToB? Kazanoch Obl, OHO JOJKHO OBITH PAaBHO YUCITY CTPOK B IO-



noce Cg, T. €. 3HaueHHIO No'K, 01HaKO He ciemyeT 3a0bIBaTh, YTO YHCIIO CTPOK B
M10JIOCE MOKET OBITH OOJIBIIE, YEM YHCIIO CTPOK M B pe3ysIbTUpYIOLIEH MaTpULE
(«rIunIHEe» CTPOKH SIBJISIOTCS HYJIEBBIMH, U MX HE CJIEIyeT 3alMChIBATh B pPe-
3ynbTUpYyIomui ¢aiin). Takum oOpa3omM, YKCIIO 3amUChIBaeMbIX B ¢ain (par-
MEHTOB JOJKHO OBITh paBHO 3HaueHu0 M.

Wtak, Kaxaplid poriecc TODKEH 3anuchiBaTh B ¢daiiin M ¢parmenToB mo Np
MOCJIEIOBATEIBHBIX YHUCEN B KaXKIOM (PparMeHTe, MPUYEM PACCTOSHUE MEXKITY
HaYaJIbHBIMU TIO3UIUSIMU COCEIHUX (PparMEHTOB JIOKHO ObITh paBHO Q, T. e.
yucty cmoabyos pe3yabTUPYIONIeH MaTpullbl (3TO MPUBEIET K TOMY, 4TO (hpar-
MEHTBI, 3alMChiBaeMble B (aill KaXIbIM IpoleccoM, OyAayT 0Opa3oBHIBATH
CcmoabYybl UTOTOBON MaTPHIIBI).

[TonoOHbIE cOCTaBHBIE THUIIBI JAHHBIX (CBA3aHHBIE C HAOOPOM COCETHHUX
cmoabyoe MaTpUIlbl) TPEOYIOTCS U MPU pealii3aliy IPYyTUX 3TANOB JEHTOYHOTO
ITOPUTMA, UCTIOJIB3YIOLIEr0 BEPTUKAIbHBIE MOJOCHL. B yacTHOCTH, OH ynpo1ia-
€T MEepPEeChUTKY MCXOAHBIX IMOJOC MaTpullbl B (KoTopbie Takke MpeCTaBISIOT
co0o0if HabOpBl CTONOIOB) M OOBEAUHEHHE MONYYCHHBIX Mojioc MaTpuibl C B
IJIaBHOM TIporiecce (€Ciau B aJiropuTME HE UCIOJIb3yeTcsl (palioBbI BBOI-
BbIBOJT). [ToaTOMY OBLTO OBI 1IETIECO00pa3HO onKcaTh BCIOMOTaTEIbHYIO (yHK-
nuto Matr2CreateTypeBand, koTopast ynpoctuna Obl CO31aHHE THIIOB, CBSI3aH-
HBIX C BEPTUKAJIBLHBIMU T10JIOCAMHU.

Peanuzanuu pynkiun Matr2CreateTypeBand nocssiieno ocoboe 3aganue
MPI9Matrll, ssnstoieecs MepBbIM B CEpUU 3aJaHUM, CBSI3AHHBIX CO BTOPHIM
BApUAHTOM JIEHTOYHOTO airoputma. [1OoCKOIbKY MBI HE BBIMOIHSIIM 3a/JaHHE
MPI9Matr22, ¢yuxmuto Matr2CreateTypeBand npuaercs peannzoBaTh Hemo-
CPEIICTBEHHO TPH BBHITIOJIHEHUM HAIETO 3aJaHusl, HCIOJb3Yys PEKOMEHIAIINH,
npuBeacHHbIC B 3aganuu MPI9Matrll (mramoMHMUM, 9TO ¢ aHAJOTUYHOM CHUTYa-
IIUEel MBI CTaTKUBAIUCH paHee mpu pemeHuu 3anaun MPI9Matr24, B xoropoit
HaM MPUILIOCH pean3oBaTh BCIIOMOTaTEIbHYIO byHKIHIO
Matr3CreateCommGrid, onpenenstonlyto HOBblii KOMMYHUKATOpP C JE€KAPTOBOM
TOIIOJIOTHEN).

Kak ckazano B 3amanuu MPI9Matrl1, nns peanu3zaiuy npou3BOIHOTO THIIA
JAHHBIX, CBSI3aHHOTO CO CTOJOIIaMU MATpPHIIBI, CIIEAYET UCTIOIb30BaTh (YHKITHIO
MPI_Type_vector. HamoMHUM CMBICT TIEPBBIX TPEX MapamMeTpoB 3TOH (PYHKIIUN
(BCe OHM MMEIOT LETbIN THI):

® YKCIO (PparMeHToB, COAECPKAIIUX MOCIEI0BATENIbHbIE 3JIEMEHTHI;

® pasMep Kakaoro ¢pparMenTa (B dJeMEHTaxX);

® pacCTOSIHME MEXAY HauyaJbHOU MO3ULKEN coceqHUX (pparMeHTOB (TOXe

B DJIECMEHTAX).

Crnenyromuii mapamMeTp OINpeAessieT THI JJIEMEHTOB, BXOIANMX B (par-
MeHT (B HamieMm ciydae 310 MPI_INT), a mocrneanuii mapaMeTp SIBJISE€TCS BbI-
XOJIHBIM — 3TO CO3/ITaHHBIN THUIT JTAHHBIX.



[Tpu onucanuu BcriomoratensHoi GyHkiuu Matr2CreateTypeBand yno6-
HEe WCMOJIL30BaTh MapaMeTPhl, CBSI3aHHBIE C XapaKTEPUCTUKAMH BEPTUKAIBHBIX
nosioc. B 3amannu MPI19Matrl 1 npenyiaraeTcst ucroyib30BaTh apameTpsI P, N, d,
r7Ie P ¥ N ompeaesieT YUCIO CTPOK U CTOJIOIOB MOJIOCH, @ (] — YHCIIO CTOJIOIOB
MaTpPHIIbI, U3 KOTOPOW 3Ta ToJioca M3BJIeKaeTcs. HeTpymHO 3aMeTUTh, YTO ATH
napamMeTpbl B TOUHOCTH COOTBETCTBYIOT IO CMBICITY TPEM IEPBBIM HapaMeTpam
dbyukun MPI_Type_vector. [lonydaem creaymoniyro pean3anuio (QyHKIHH
Matr2Create TypeBand:

void Matr2CreateTypeBand(int p, int n, int g, MPI Datatype &t)

{

MPI Type vector(p, n, g, MPI INT, &t);
MPI Type commit(&t);

}

BxitoueHnblit B gaHHyr0 ¢GyHKIHIO BbI3oB (GyHkumu MPI_Type _commit
HEOOXOJMM, €CJIM HOBBIN THUI OYyJET MCITOJIb30BATHCS MPHU MEPECHUTKE JTaHHBIX.
[Tpu BemoaHeHnu 3axanus MPI9Matrl9 seizoB MPI_Type _commit He TpeOy-
€TCsl, OJIHAKO MBI TPHUBEIM WMEHHO TaKOW BapHaHT pean3aluu (yHKIHHA
Matr2CreateTypeBand, mockoJibKy OH MOKET MCIOJIb30BaThCSI BO BCEX 3a/IaHU-
SIX, CBS3aHHBIX CO BTOPHIM BapHAHTOM JICHTOYHOTO aJIrOpPHTMA.

Onucas pynkuuro Matr2CreateTypeBand, Bepaemcs k onpeaeneHuto daii-
JIOBOTO BHUAA MaHHBIX. JIIsI 3TOrO ompenencHus TNpeaHa3HadeHa (OYHKIHSL
MPI_File_set view, xotopas paHee moApoOHO paccMaTpWBaiach B II., MOCBS-
IIIEHHOM 3a/IaHUsIM Ha (palIoBBIM BBOJ-BBIBOJ. HarmoMHMM, 4TO ISl Onpesene-
Hus $aioBOro BUAA JAaHHBIX HAJO yKa3aTh HadalbHOE CMelleHHue (B OaiTax),
snieMeHTapHbId THM (B Hamem ciydae MPI_INT) u coOcTBeHHO (aitoBbIi THII,
LTSI onpeeIeHUs KOTOPOTO MBI BOCIIOJIb3yeMCSI byHKUIHEH
Matr2CreateTypeBand. Uto kacaercs Ha4aJlbHOTO CMEIICHUS, TO JUIsl Mpoiiecca
paHra I oHO JOJDKHO OBITH paBHO INt_SzZ*nb*r, rae int_Sz — 310 pa3mep 6a3oBo-
ro turma MPI_INT B Oaiitax, a b — uucio cron01moB Kaxmaoi moaockl. Jis or-
peneneHuss 3Ha4YeHWs INt_SZ mpoimie BCEro BOCIOJIB30BAThCS  (PYHKIUEH
MPI_Type_size. Takum o0pa3zom, ¢parment ¢yakiuu Matr2GatherFile, cBs-
3aHHBIN ¢ ompejeneHueM (aiaoBOTO BUAa, OY/ET BBITJIAIETh CICAYIOIIUM 00-
pazom:

MatrZ2CreateTypeBand(m, nb, nb*k, MPI BAND C);

int int_sz;

MPI Type size(MPI INT, &int sz);

MPI File set view(f, int_sz*nb*r, MPI INT, MPI BAND C,

"native", MPI INFO NULL);

HamomuuMm, uto mepemennyto MPlI_BAND_C onuceiBath He TpeOyercs,
TaK KaK OHa YK€ OINHMCaHa B HaIllEl MmporpaMMe Kak TiIo0alibHas TepeMeHHasl.
[Ipu ompenenennn tuma MPI_BAND_C wMpl ywin, 9TO0 B KaXXJIOM MPOIECCE
BEpPTUKAJIbHAS TT0JIOca C diemMeHTaMu MaTpuilbl C (6€3 3aBepIiaroniux HyJIeBbIX



cTpok) umeet pasmep M x Ng, a ancno crondmoB Q matpuier C paBHO TpoU3Be-
nennto Np'K, roe K — Koam4ecTBo mpoieccos.

[Tocne ompenenenus (HaidjIoBOro BUIa MBI MOKEM pPEaU30BaTh 3allMCh B
Gaim BceX 3JEMEHTOB KaXKJIOH IOJIOCHI C IOMOIIBIO €0UHCMEeHH020 BHI30Ba
kosutektuBHOM Qynkmmu MPI_File_write_all:

MPI File write all(f, ¢, m*nb, MPI INT, MPI STATUS IGNORE);

B 3TOM BbI30BE MbI YKa3bIBAEM MACCHUB, COACPIKALIHI MTOJIOCY, U KOJIHYECT-
BO T€X €r0 JIEMEHTOB, KOTOPhIC HAJI0 3amucath B (ailyl (HAIIOMHHUM, YTO MaCCHB
MOJKET TaK)Ke COJIeP)KaTh 3aBEPIIAONINE HYJICBBIC 3JIEMEHTBI, KOTOPBIC 3aITUCHI-
BaTh B (paitm He TpedyeTcs).

[TpuBenem oxoHuaTenbHBIH BuA ¢yHKIME Matr2GatherFile, Beienus B
HEM OIICPaTOPhI, CBA3aHHBIC C ONpeIeIcHHEeM (aiIoBOTO BHJIA M 3aIIUCHIO JTaH-

HBIX B (haii:
void Matr2GatherFile()

{
char cname[12];
if (r==20)
pt >> cname;
MPI Bcast(&m, 1, MPI INT, 0, MPI COMM WORLD);
MPI Bcast(cname, 12, MPI CHAR, 0, MPI COMM WORLD) ;
MPI File f;
MPI File open(MPI COMM WORLD, cname,
MPI MODE WRONLY | MPI MODE CREATE, MPI INFO NULL, &f);
Matr2CreateTypeBand(m, nb, nb*k, MPI BAND C);
int int sz;
MPI Type size(MPI INT, &int sz);
MPI File set view(f, int sz*nb*r, MPI INT, MPI BAND C,
"native”, MPI INFO NULL);
MPI File write all(f, c, m*nb, MPI INT, MPI STATUS IGNORE);
MPI FiTe close(&f);
}
3aHyCTI/IB I[aHHBIfI BAapHUaHT MMpOIrpaMMbl, MbI IIOJY4YHUM COO6H.I€HI/IC O TOM,
YTO 3a1aHUEC BBITIOJIHCHO.
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