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3JIEKTPOHHBIN 3AJJAYHUK
110 MAPAJLIEIbHOMY ITPOI'PAMMUPOBAHUIO
HA OCHOBE TEXHOJIOI'MMU MPI

AHHOTALUA

B craThe paccMaTpHBaeTCst OAMH U3 MTOIXOI0B K pa3paboTKe AEKTPOHHBIX 33 JaUHUKOB
10 napasiensHomMy MPI-mporpaMMupoBaHHIO 1 pealM30BaHHbIN HA OCHOBE 3TOTO ITOIX0/IA
nporpaMMHbIi Komiuieke Programming Taskbook for MPI (www.ptaskbook.com). [Tpuso-
JUSITCS TPUMEPBI Y4eOHBIX 3aIaHU# Y OMTUCHIBACTCS KOHCTPYKTOP, MO3BOJISIONIHI pa3padaThl-

BaTb HOBBIC I'PYTIIIbI 3aJaHUH.

KiroueBble ci10Ba: 37IEKTPOHHBIN 32TAYHHK, TAPAILISTEHOE TPOT PAMMHUPOBAHUE, TEXHO-

norust MPI.

OB OJIHOM U3 T10/IXO/10B
K PA3PABOTKE DJIEKTPOHHBIX
3AJIAYHUKOB TTO ITAPAJUIEJIBHOMY
MPOI'PAMMMPOBAHUIO

O0111en3BECTHO, KAKYI0 BaXKHYIO POJIb IPH
M3y4YEHUH ITPOrPAMMHUPOBAHUS UTPAIOT MTPAK-
TUYECKHE 3aHATHUS. Y BEpEHHOE BJIaIeHHE pa3-
JIMYHBIMH QJITOPUTMAMU U CBSI3AHHBIMU C HUMU
CpPeICTBAMHM TOTO MJTM MHOT O SI3bIKa IIPOTrpaM-
MUPOBAHUS MOXKET OBITh TOCTUTHYTO JIUIIb
TIOCJIE BHITOJTHEHUSI OOJIBIIIOTO YKCIIa TPAKTHU-
YEeCKMX 3a/IaHUi, CBSI3aHHBIX C pa3pabOTKO
y4EOHBIX TPOrpaMM.

Hanunuue cennanbHbBIX TPOTrpaMMHBIX
CPE/ICTB, YIPOIIAIOIINX Pa3pabOoTKy yIeOHBIX
MIPOTPaMM, TO3BOJIMIIO ObI CIIENIaTh TPOLIECC
MIPAKTUYECKOT 0 U3yUEHUS TPOT PAMMHUPOBAHHS
6o1ee ObICTPBIM U 3¢ hekTUBHBIM. KoMmIiekce
MOT0OHBIX POT'PAMMHBIX CPEICTB (KOTOPHIi
€CTECTBEHHO HA3BATh 2IeKMPOHHbIM 3A0aYHU-
xom [1]) Mor OBl aBTOMAaTHYECKH CO37aBATh
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MPOEKTHI-3arOTOBKH JJIS peLIIEHH S ITOCTABJIEH-
HOTO 33JJaHMs, IPEIOCTABIISATH UCXOAHbIE 1aH-
HBIE /1151 TECTUPOBAHUSI CO3JaHHOM Mporpam-
MBI 1 0OecrieunBaTh ABTOMATHUYECKYIO ITPOBEpP-
Ky MPABUJIBHOCTH NMPETIOKEHHOTO PEIICHHS.
[TepeuncrneHHbIe BO3MOKHOCTH OKa3bIBAIOTCS
MOJIE3HBIMU HE TOJIBKO IIPU N3yYEHUH «OObIY-
HOT'O», HENApaJUIENIbHOT O, TPOrpaMMUPOBAHHS,
HO U IIPY 3HAKOMCTBE C METOAAMU U CPEICTBA-
MH [TApaJUIETIbHOTO TPOrPAMMHUPOBAHHSL, OCHO-
BAHHOT0 Ha Iepeiaue COOOIIEHMI (TEXHOIOT ST
MPI [2]). ITpu BeIMOTHEHNH 33 JaHIH 1O TTapaJl-
nensHOoMY MPI-nporpaMMupoBaHuUIoO 31€KT-
POHHBII 33 JaUHHUK JOMOJHUTEIBHO MOT ObI aB-
TOMATHUYECKHU 3aITyCKaTh TpeOyeMOoe YHCIIO Ia-
PpAIIEBbHBIX MPOLIECCOB, MMPEAOCTABIISATH KaXkK-
JIOMY U3 3TUX ITPOIIECCOB CBOI HAOOP UCXOI-
HBIX JAHHBIX U OJIy4aTh OT KaXKIOIrO MpoLec-
ca pe3yIbTUPYIOIINE JAHHBIE IS TPOBEPKU UX
MPAaBUIBHOCTH U BBIBOZA Ha 3KpaH. OcoOeHHO
MOJIE3HBIM OBLIO OBl UCITOJIH30BAHUE TAKOTO
3aJaYHMKA Ha HaYaJIbHBIX 3Tarnax u3y4eHus
MapaUIeIbHOTO MPOr PAMMHPOBAHMSI.
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IMTockombKy mporpaMma pa3padaTsBacTCs B
KOHKPETHOMH cpejie, 11e1ecoo0pa3Ho HHTETPH-
pOBaTh 3aTAYHHK B U3y9aEMYIO IIPOTPAMMHYIO
cpemy. OmHAKO IPUHITAIT MHTET PALTN 33 IaUHH-
Ka ¥ IPOTPaMMHOM CPEJThl HE O3HAYAET, UTO JIIS
KaXKJI0M cpefibl HAJ0 pa3pabaThiBaTh CBOM Ba-
puaHT 3amayHKa. Mcrionp3ys coBpeMeHHbIE
CpEJICTBA IMPOT PAMMHUPOBAHUS, MOJKHO CO3ATh
YHHUBEPCATBHOE «SAPO» 3aIaYHKa 1 HAOOP
MOTyJIeH-«ITOCPETHUKOBY, C IOMOIIBIO KOTO-
PBIX 3TO PO OYIIET MHTETPUPOBAHO B pa3JINy-
HBIE TPOTPAMMHBIE CPEITBI, B TOM YHCIIE U OPH-
SHTUPOBAHHBIE HA PA3HBIE SI3bIKU TIPOT PAMMHU-
poBanusi. B oreparmonnoii cucreme Windows
«SIIPO» 3aJAYHUKA ECTECTBEHHO Pealln30BaTh
B BHJIE IMHAMIYECKH ITOAKITIOYaEMOI O1OIIHO-
teku (dll), TocKoTbKyY CpeacTBa ITOAKITIOUCHHUS
TaKuX OMOJTMOTEK K IIPOrpaMMe IPeTyCMOTpe-
HBI B ITOJIABIISTIOIIEM OOJIBIITMHCTBE IIPOT PAMM-
HBIX cpeft, GYHKITMOHUPYIOIINX MTOJT yITpaBIIe-
HueM Windows. I[TomuMo niporieyp, yrpasiis-
IOINX PA0OTOM 3aJaUHHKA, «SITPO» JOIKHO
COJIEPKaTh JOCTATOYHO OOIIMPHBIN 02a30BbIN
Ha0OP 3aJaHUH ITO pa3TIMIHBIM Pa3/eam mpo-
rpaMMHpOBaHus. BecbMa jkeaTeTbHbIM ITpei-
CTaBJISIETCS TAKXKE BO3MOYKHOCTB PACIITUPEHUS
3a7JaYHHKA, TO €CTh JIOTIOJTHEHUS UMEIOITIEr OCsT
0a30BOr0 HA0OPA HOBBIMU IPYIIIAMH 33 JAHUH.
HoBsie rpymimsr MokHO Ob1TO OBI TAKkE 0hOp-
MJISITh B BUJIE TMHAMUYECKUX ONOIINOTEK, aB-
TOMATHYECKHU TOIKITFOUAEMbIX K SIIPY 33 TauHH-
Ka [TPH eT0 MHUIIAATA3AIIIH.

OCHOBHBIE BO3MOKHOCTHA
SJEKTPOHHOI'O 3AJAYHUKA
PROGRAMMING TASKBOOK FOR MPI

[TepeuncrnieHHbIE BBIIIIE TIPUHITAITHI peajTi-
3aITUH IEKTPOHHOT O 3a/TAYHHUKA OBLTH MTOJIOKe-
HBI aBTOPOM B OCHOBY Pa3pabOTaHHOTO UM IPO-
rpaMMHOT0 Komintekca Programming Taskbook
[3]— yHHBEpCATBHOTO 3IEKTPOHHOT O 33 JaUHH-
Ka 110 TPOTrPaMMHPOBAHUIO, TOCTYITHOTO TSI
WCIIOJTH30BAHUS B PA3IIMYHBIX TPOTPAMMHBIX
cpemax. Ha 6a3e storo 3amauanka Ob1UT0 pa3pa-
©0TaHO ero JOTOIHEHHNE — KOMITIEKC «DJIeKT-
POHHBIN 3a1aYHUK N0 NTapasuiensHomy MPI-
nporpamMMupoBannio Programming Taskbook
for MPD» (PT for MPI). /laHHBII KOMITIIEKC CO-
TIEPIKUT JTOTTOJTHUTETbHBIE KOMITOHEHTHI 32,14~

Hrka Programming Taskbook, koTopbie mo3Bo-
JISTIOT BBITIONTHSITE 33/IaHUS HA Pa3paboTKy na-
paUIETTbHBIX TPOTPAMM C TPUMEHEHUEM TeX-
Honorvu MPL

3ananus o napawiensuomy MPI-porpam-
MHUPOBAHUIO C UCTIOJIb30BAHNEM 3a1auHuKa PT
for MPI MoryT BeITOITHATECS Ha si3bIKax Pascal
u C++ B ClIeAyIONIUX MPOTPAMMHBIX CPeJIax:

+ Borland Delphi 7.0 u Turbo Delphi 2006;

» Free Pascal Lazarus 0.9 [4];

+ Pascal ABC.NET [5];

« Microsoft Visual C++ 6.0;

« Microsoft Visual Studio .NET 2003, 2005,
2008 1 2010.

[TomMumo o1HOI U3 TIEPEYNCIIEHHBIX TTPO-
TPaMMHBIX CPell, HA KOMITBIOTEpE IOJKHA OBITh
Takxe ycraHoBjeHa cucrema MPICH mns
Windows Bepcuu 1.2.5 [6], ncnionb3yemast 1jis
3aITyCcKa MPOTrPAMM YUAIIUXCS B TAPAIIIETBHOM
pexume.

K mporpammam yuainierocst JoJKHA MOA-
KJIIOUaTbCsl AUMHAMu4eckas Oubiamoreka
mpich.dll, Bxomsimas B cocTaB KOMITIEKca
MPICH. Jyia nporpamm Ha sizbike C++ goctyt
K 6mbnmoTtexe obecreunBaeTcsl ¢ TOMOIIBIO
(haiima mpich.lib u Habopa 3aroI0BOYHBIX (hali-
JI0B (Takxe BXxoasmmx B komruiekc MPICH), a
JUTS TIPOTpaMM Ha si3bike Pascal — ¢ moMorpro
Moyt MPIL.pas, koTopblii paspaboTan aBTopomM
3amaynuka PT for MPI u comepxuT onmucanust
KOHCTaHT, TUTIOB U OoJiee 120 ¢pynkimit MPI
crangapta MPI-1.1. Bkirouenue si3pika Pascal
B 33JaYHVK IO MAPAJUIETbHOMY IIPOT PAMMHUPO-
BaHMIO CBS3AHO C TEM, UTO 3TOT SI3bIK AKTUBHO
HCIIOIB3YETCs B YUEOHBIX LETSAX U SBIISIETCS
TUTTUYIHBIM TIPEACTABUTEIEM UMITEPATHBHBIX
SI3BIKOB C BOBMOYKHOCTBIO IIPSIMOTO JTIOCTYIIA K
JMHAMWYECKOM MaMSITH ITOCPEACTBOM yKa3aTe-
JIeH, TO €CTh OTHOCUTCSI K TOW KATETOPUH SI3bI-
KOB IPOrPAMMHUPOBAHMS, HA KOTOPYIO ¥ OPU-
entupoana texHojiorust MPL. Takum oOpazom,
3HAHWS, TOTy4eHHbIe py n3yuyeHn MPI c mpu-
MeHeHreM si3b1ka Pascal, MOKHO B TalThHEMIIIeM
HCMOJIb30BaTh U IPU pa3paboTKe napasuieb-
HBIX ITPOTPAMM Ha IPYTHUX SI3bIKAX.

3amaunuk PT for MPI mpenocrasmnsier mpu
BBITIOJIHEHUH 33/IaHUM Te K€ BO3MOKHOCTH, UYTO
1 0a30BbIi 3a1auHnK Programming Taskbook;
B YACTHOCTH, OH MIEPEAET MPOrpaMMe yJarrie-
TOCSl ICXOJTHBIE TAHHBIE, TPOBEPSIET IIPABHITh-
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HOCTb PE3YJIbTATOB, TOITyYEHHBIX TPOrPAMMOI,
U COXPAHSIET CBEIEHUS O KAXOM TECTOBOM
WCIIBITAHUH ITPOTPAMMBI B CTIEIMATTBHOM (haii-
Jie pe3ynnbpTaToB. KpoMme Toro, B 3amaunuke PT
for MPI nipenycMOTpEHBI JOTIOTHUTEIIHHBIC
BO3MOYKHOCTH, CBSI3aHHBIE CO CITEIIU(HKON BbI-
TTOJTHEHU S 38IaHUH 110 TapaJlIeIbHOMY ITPO-
TPaMMHPOBAHUIO:

— IEMOHCTPAILIMOHHBIN ITPOCMOTP 33 JaHUI,
He TPeOYIOIMIA NCIIOTB30BAHMS TAPATIIETBHO-
T'O peKuMa;

— CO3/IaHUE /17151 BBIOPAHHOT O 3a/IAHUS TPO-
€KTa-3arOTOBKH C MOJKIIOUEHHBIMU K HEMY
MoaysiMy onomoteku MPI;

— 0COOBIM MeXaHM3M, 00eCITeUnBaIOIINIA
BBITIOJTHEHHE TPOTPAMMBI yHAIIIErOCs B Tapall-
JIETbHOM PEXXHME IPH €€ OOBIYHOM 3aITYCKE U3
Cpe/ibl pa3paboTKu: 3aIMyIEHHAS TPOorpaMMa
BBINTONHSET 3amyck npuwioxeHnd MPIRun.exe
3 koMmiiekca MPICH, koTopoe, B cBOIO 04e-
pelb, 3aIlyCcKaeT IpOorpaMMy B IapajljIeIbHOM
pexxuMe (Bce MPOIIeCChl BHITTOIHSIOTCS HA JI0-
KaJIbHOM KOMITBIOTEPE);

—TIepenaya Kax1oMy Iporieccy Napasuielib-
HOW TPOTrpaMMBbl €ro cOOCTBEHHOTO Habopa
HCXOJHBIX JAHHBIX;

— IOJIyYeHHE OT KaKI0T0 Mpoliecca Tpedy-
€MBIX Pe3yJIbTaTOB U UX aBTOMaTUYeCcKas Ie-
PEChUIKA B [IABHBIN ITPOIIECC [JIsl TPOBEPKU U
O0TOOpakeHNS B OKHE 33/1aYHUKA,;

— BbIBOJ1 MH(hopMaImu 06 ommbdKax Bpeme-
HU BBITIOJTHEHUSI (B TOM UHCIIE OIIMOKAX, BO3HUK-
IIMX NPU BbINOTHeHN! GyHK1wii MPI) u orm6-
Kax BBOJIA-BBIBO/IA C YKA3aHUEM PAHTOB ITPOIIECc-
COB, B KOTOPBIX 3TH OLLIMOKH IPOU30LLUIH;

— BO3MOYKHOCTbH BBIBOJIA OTJIAJIOYHOM MH-
(bopMaIiu [T KaXKI0TO MPOIIecca B CIieIUaITh-
HOM pa3/ieJie OKHa 3a/1a4UHUKa;

— aBTOMATUYECKasl BBITPYy3Ka U3 aMATH
BCEX 3aIlyLIEHHBIX POLIECCOB IAKE B CIIyyae
3aBHCaHNs TAPAJUIEIIBHOM ITPOrPAMMBI.

IlepeuncieHHbIe BbIIIE BO3MOKHOCTH U3~
OaBJIAIOT y4aIlerocsi T He0OXOMMOCTH BbI-
TTOJTHEHWS1 TOTIOJTHUTENIBHBIX IEUCTBUI, CBA3aH-
HBIX C 3aITyCKOM €0 ITPOrpaMMBbI B [TapaJljieiib-
HOM PEXHUME, U yIIPOIIAIOT BBISBICHUE U UC-
MIpaBJIeHHIE CTAHAAPTHBIX OIIIMOOK, BOSHUKAIO-
IMX B TApaJUIENIbHBIX TPOrpaMMax.

Hcnonp3oBaHne NCXOOHBIX JAHHBIX, TIO1-
TOTOBJIEHHBIX 33JAYHUKOM JJ1s1 K&KIOTO IPO-

1iecca napajuieIbHOM MPOrPaMMBI, HATTISITHBIN
BBIBO/I B OJTHOM OKHE BCEX PE3yJIbTATOB, ITOJTY-
YEHHBIX KQJK/BIM ITPOIIECCOM, M X aBTOMATH-
yecKas MpPOBEPKa, a TAKKE TOMOTHUTEITbHbBIE
CpEICTBA OTJIA/IKHY TTO3BOJISIOT yUAIIEeMYCsI CO-
CPeIOTOUYMTHCS HA PeaTM3aliK AJITOPUTMA Pe-
HIEHUS 3312491 1 00eCTIeUnBAIOT HA/IE)KHOE Te-
CTHpOBaHHE pa3pabOTAHHOTO AJITOPUTMA.

BA3OBBII1 HABOP 3AJTAHUI
M OCOBEHHOCTU BBIITOJHEHHAS
VUYEBHBIX 3AJAHU
C UCITOJIb30BAHUEM
SJIEKTPOHHOI'O 3AJAYHUKA

B cocraB 3amaunnka PT for MPI BkiTrove-
Ha rpyrmma yuyeOHbIx 3aqanuit MPIBegin, koTo-
past cogepxut 100 3a1aHMIA, MpeTHA3HAYSHHBIX
Jutst ocBoeHus onomorexkn MPI. 3aganus pas-
OUTBI HA CIIETYIOIIKE IO PYIIIHI (B CKOOKaX
YKa3aHO KOJIMYECTBO 3aJaHUI B KaX 10U MO~
rpyIe):

« «[Tpotteccol u ux panrm» (6),

+ «OBMeH COOOIICHUSIMU MEXTY OTAEITbHbI-
MU npoueccamm» (23),

+ «KomrekTuBHAS TIepechlIKa TaHHBIX»
(13),

+ «KoIexTHBHBIE OTIepaIiuy peayKIumy
(10),

+ «[Tpou3BOIHBIE TUIIBI M YIIAKOBKA JTaH-
HBIX» (13),

+ «["pynIibl mpo11eccoB 1 KOMMYHUKATOPbD
(12),

« «BuptyanbHbie Tonogorum» (18).

B xauecTtBe mprmMepa rpuBeeM GopMyITH-
POBKY IOCTATOYHO MPOCTOT'0 3a/1aHUS U3 MO~
rpymiisl «OOMeH COOOILEHUSIMU MEKITY OT/IENb-
HBIMH ITPOIIECCAMID.

MPIBeginl7. B xaxxgom mpoiiecce 1aHO
BellecTBeHHOe unciio. Ilepeciate yncino us3
[JIABHOT'O IIPOLIECca BO BCE MOAUMHEHHBIE TPO-
LIECCHI, & BCE YMCIIA U3 OJUMHEHHBIX ITpoliec-
COB— B [IABHBIH 1 BBIBECTH B KAXKJIOM IPOIIEC-
ce TOJIyYeHHbIE YA (B INIABHOM ITpoliecce
YHCIIa BBIBOJUTD B IIOPSAKE BO3PACTAHUS PaH-
r'OB [IEPECIIaBIINX UX IIPOLIECCOB).

ITpucrynas K BHITOIHEHUIO 3a1aHMS, y4a-
LIMICS MOKET BEIOpATh TPEOYEMYIO Cpety ITpo-
rPaMMHUPOBAHUSI U3 UMCIIA UMEIOLIMXCS Ha J1aH-
HOM KOMITBIOTEPE U CO3/1aTh B HEW ITPOEKT-3a-
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TOTOBKY JIJI51 Hy)KHOT'O 33 JTaHHS, UCIIONB3YSI CIe-
[IUATBHBIHN poTpaMMHBI Moy Th PT4Load,
BXOJISIIHIA B COCTaB 3a/1auHKa Programming
Taskbook. Ecimi mpoekT npeHa3zHaueH st
BBITTOJIHEHUS 33/IAHUSI IO TTAPAJUIEIEHOMY TTIPO-
rPaMMHUPOBAHHUIO, TO K HEMY aBTOMATHUECKU
MOAKITIOYAIOTCS MOYJIH C peann3anuen 6uo-
motexkn MPI, a B ero xox mo6aBIIstoTCS OTIe-
PpaTopbl, HEOOXOMMBbIE ITPAKTHUECKH B TIOOOM
napajuiesbHOM mporpamme. [ IprBenem Havab-

HYIO 4acTh Kofa ay1s si3b1ika C++, CO3IaHHOTO
ABTOMATHYECKH TIpU BBIOOpE 3aJaHUs
MPIBegin17 (uctuHr 1, cpena mporpaMMupo-
Banus Microsoft Visual C++ 6 mmu Microsoft
Visual Studio .NET 2003, 2005, 2008, 2010).
B nanHOM (pparmMenTe yka3pIBatoTCst HEO0-
XOIMMBIE 3aTr0JIOBOYHBIE (DaITBI M OTIPEIIETIs-
eTcs (hyHKIMS Solve, B KOTOpo# TpedyeTcs 3a-
MIPOrpaMMHPOBATBH peltieHue 3aaa4n. [lepBbiM
orepaTopoM GyHKIIUH Solve SBIISeTCs BEI30B
¢bynxmm Task, nHUTMATIBUpPYIOTIEH

JIuctunr 1

#include <windows.h>
#pragma hdrstop
#include "pt4.h"
#include "mpi.h"

void Solve()
{
Task ("MPIBeginl7") ;
int flag;
MPI Initialized(&flag);
if (flag == 0)
return;
int rank, size;
MPI Comm size (MPI_COMM WORLD,
MPI Comm_ rank (MPI_COMM WORLD,

&size) ;
&rank) ;

BBIOpaHHOE 3aaHue. [ [poune onepa-
TOPBI MO3BOJISIFOT OTIPEAETIUTD, 3aITy-
IIEHO JIN 33/JaH1E B IAPAILIETIHHOM pe-
KHUMe, a TAKXKE Y3HATh YUCIIO MTPOIIec-
COB TMAPAJUIETBHOTO MPUIOKEHUS U
paHT TEKyIIEro mporiecca (BhI30B (hyH-
ki MPI_Init, vaunmansupyromeit
NapaJuieIbHBINA PEXUM, OTCYTCTBYET,
TaK Kak TaHHas QyHKIHS aBTOMATH-
YECKHU BBI3BIBAETCS TPU MHUIMATIA3A-
LU JTI0O0T0 33/TAHNUS 110 TAPAJIIETb-
HOMY ITPOrPAMMHPOBAHUIO).

Jnst  BBIMOTHEHUS]  3aaHUS
MPIBeginl7 B ¢pynkimio Solve moc-
TATOYHO JOOABHUTH CIIETYIOIIHNIA (hpar-
MEHT KOJia, TPUBE/ICHHBIN B JIUCTUH-
re 2 (MOKHO TaKke BOCIIOIb30BATHCS

JIuctunr 2

double a;
MPI_ Status s;
pt >> a;

if (rank > 0)
{

MPI_COMM_WORLD) ;

MPI_COMM WORLD, &s);
pt << a;
}

else

{
double b;

MPI_COMM WORLD, &s);
pt << b;

MPI_COMM_WORLD) ;

MPI Send(&a, 1, MPI_DOUBLE, 0, O,

MPI Recv(&a, 1, MPI DOUBLE, 0, O,

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

MPI Recv (&b, 1, MPI DOUBLE, i, O,

MPI Send(&a, 1, MPI DOUBLE, i, O,

KOMOWHUPOBAHHOM hyHKIHICH
MPI_Sendrecv).

OmnepaTopbl BBOAA-BBIBOIA, MC-
TTOJTB3YIOIIIE CIEITUATLHBINA ITOTOK pf,
TIO3BOJISTIOT IIPOTPAMME YUAILIerocsl Io-
JTy4aTh UCXOIHBIE TAHHBIE, TIOIT OTOB-
JICHHBIC 3aJAYHUKOM, U TIepe1aBaTh
3aJIAYHUKY PE3YJIbTATHI TS FIX IIPOBEP-
KU ¥ OTOOpaXkeHUs Ha 9KpaHe. Takum
00OpazoM, O1aromapst IPUMEHEHHFO 3a-
JTAYHUKA, CYIIIECTBEHHO YIIPOIIAIOTCS
T€ 3TAIThI BEITOJTHEHUS 3a]IaHuUs, KOTO-
phble He CBSI3aHbI C COOCTBEHHO pa3pa-
OOTKOM aJIrToprT™Ma, 8 IMEHHO BBOJT HIC~
XOJTHBIX JAHHBIX ¥ BEIBOJI PE3Y/IETATOB.
3aMeTrM, YTO TP JaIbHEHIIIEM H3Y-
yeHnn onbdmotekn MPI MmosxHO Bep-
HYTBCS K 3TOMY 33JIaHHIO 1 BBITOJTHATD
ero JApPYruM CIocoOOM, HCTIOJIB3YS
(hYHKIIUHU KOJTEKTUBHOM IMEPECHITKH
JTAHHBIX.

J1s yckopeHUs TECTUPOBAHUS U
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OTJIAJIKH POTPAMM, BBITIOJTHSIIOLINX 33/TAHHUS
TI0 ApaJUIEIbBHOMY IPOT PAMMHUPOBAHUIO, B 3a-
naunnke PT for MPI peanmizoBaH crieliaibHbINH
MEXaHW3M, TO3BOJISIIOLININ 3aITyCTUTH MTapa-
JIENTbHOE IPUJIOKEHNE HETIOCPEACTBEHHO U3 HH-
TErPUPOBAHHON MPOTpaMMHOM cpensbl. I1po-
rpaMma, 3aIylieHHast U3 HHTeTpPUPOBAHHON
Cpenpl, BBICTYIIAET B POJIN «3ArPy3urKa» apal-
JIEJTBHOTO MPUIIOKEHHUS, TPUYEM BCE €€ Aeii-
CTBUSI ITO 3AITyCKY TAPAJUIEITEHOTO ITPHITOKEHUS
OCYILIECTBIISIIOTCS aBTOMaTU4decK. OCHOBHBIE
3TAIbI BHITOJIHEHUS IPOTPAMMBI, PELIAIOIIEH
NapajuieNbHYIO 3a71a4y, TPUBEACHBI HA puC. 1.
Pe3ynpTaThl KaKIOr0 TECTOBOTO 3aITyCKa
MIPOrpaMMBbl HEMEITIEHHO OTOOpaXKAIOTCs HA
skpasne (cM. puc. 2). [Tpu aTom yuamnmiics mo-
JKET O3HAKOMUTHCSI C ITPETIOKEHHBIM HAOOPOM
HCXOJHBIX TAHHBIX, PE3YIbTUPYIOLIUMU JaH-
HBIMH, TIOJTyYeHHBIMU KaKIbIM ITPOLIECCOM €T
MapajyIeIbHON MPOTrpaMMBl, a TAK)KE KOHT-
POJIBHBIM («ITPABUIILHBIMY») HAOOPOM pe3yiibTa-
TOB. 33JaYHUK ABTOMATHYECKH ITPOBEPSIET Mpa-
BUJIBHOCTH OTEpalliii BBOJA-BBIBOJIA U MIPU
BBITTOJTHEHUH OIIIMOOYHBIX JIEHCTBHIA (HATIPH-
Mep, IIPH MOTIBITKE BBECTH JIMIITHUE UCXOTHBIE
JTAHHBIE WA UCIIOJIb30BATh JaHHBIE HEBEPHO-

HHTerpupoBanHas cpea
(mamprnep,
Microsoft Visual C++ 6)

[porpamMma yyaurerocs
MPIBeginl7.cpp
|

'O TUIIA) BBIBOAUT COOTBETCTBYIOIIHE COOOIIIE-
Hus. [ToMuMo BbIBOJIa HA SKPAH PE3yIbTATHI
KaXXJIOr0 3aITyCKa IPOrpaMMbl (PUKCUPYIOTCS B
CIIeLMATIbHOM 3aI(pOBAHHOM (paiisie pe3yIib-
TaTOB, IPOCMOTPETH KOTOPBII MOKHO C TIOMO-
11bk0 TiporpaMmHoro Moyt PT4Results, Bxo-
JSIIETO B COCTAB 3aJa4UHUKA.

[TpuBenem hopMyIUpPOBKY €1Lie ABYX 3aa-
Hui w3 rpymnmel  MPIBegin. 3amanue
MPIBegin73 otHOCUTCS K moArpyie «I pym-
ITbI [TPOLIECCOB U KOMMYHHMKATOPBD», 4 3aJJaH1E
MPIBegin87 — x noarpymnmne «BupryanbHble
TOIOJIOTUID.

MPIBegin73. B xaxxaoM npotiecce, paHr
KOTOPOTO JIENUTCA Ha 3 (BKJIIOYAs [TIaBHBIH IIpo-
1iecc), AaHbl TpH LienblX yucaa. C moMoIbo
dyaxkmr MPI_Comm_split co31aTh HOBBIHT
KOMMYHHUKATOP, BKITFOUAIOIIIA ITPOIIECCh, PAHT
KOTOPBIX ienuTces Ha 3. Micrionb3ys ogHy Kod-
JIEKTUBHYIO OIEPALIHIO IEPECHUIKU TaHHBIX IS
CO3IAHHOTO KOMMYHHKATOPA, IepeciIaTh UCXOI-
HBIE YMCTIa B TJIABHBIN TPOLIECC U BBIBECTH ITH
Yycia B MOPSAIKE BO3pACTaHUs PAHIOB Iepe-
CJIABLLIUX UX ITPOLIECCOB (BKJItOYAs YKcia, o-
JIy4eHHBIE U3 TJIAaBHOTO IIpoLiecca).

[Iporpamma MPIRun.exe
3 xkomiuekca MPICH

MPIBeginl7.exe B poim

[JIABHOTO IIPoLecca
(mporecca paura 0)

A
=

MPIBeginl7 exe

OKHO
3aIauHHKa

MPIBeginl7.exe B pomt
npomecca panra 1

A

B POII 3arPy3dIKa

[NakeTHEII (alin
$pt_run$.bat

(6——

MPIBeginl7.exe B pom1
TIpoItecca paxra 2

A

MPIBeginl7.exe B pomt
nponecca panra N — 1

A

Puc. 1. MexaHu3M BBIIIOJIHEHUS 33 1aHUS B napaJijieIbHOM PEXKUME:

1. 3amyck U3 UHTErPUPOBAHHON CPEIBI.

2. OnpezeneHye Yucina IpoLeccoB NN, cO31aHue 1 3aITyCK TAKETHOT O (paiina.
3. 3amyck mporpamMMsl B MapayuelIbHOM PEXKUME Ha IOKAJIbHOM KOMITBIOTEPE.
4. B3anmoeicTBIE NapauieTIbHbIX TPOLIECCOB MPH BBIMOIHEHUH 3a1aHHSL.

5. OrobpaxeHue pe3yIbTaToB.

6. 3aBepiuarorye AeicTBYS (B YACTHOCTH, BBITPY3Ka 3aBUCIIMX IIPOLIECCOB).
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0BMEH COOBWEHMAMK MEA OY 0T OENEHBIMWA NPOLECCAMM
SanaHue: MPIBegin 7

Brinonnset: MeaHoe MNetp

[[E

Lara, eperan: 10405 13:51

B KammoM Npolecce OaHO BelleCTBeHHOS 4YMcJo. [lepeclarTh 4Mcio M3 DJABHODO
npolecca BO BCe MNOOUMHEeHHHES Npolecch, a BCe 4MCia M3 MOOUMHEeHHHX OpOLeCCoB —
B DNJ&BHHIM, M BHESCTHM B Ha¥IOM NpOLSCCE NONYUSHHHE YMCIa (B DJABHOM NpOLECcCe
YMCN& BHEOOWMTE B NOPAOKE BOSPACTAHMA PAHIMOE [NepeclabliMy MX IPOLEeCcCOB) .
Mpouecc 1: 2.23
Mpouecc £: 5.84
Mpouecc 0: 4.72 Mpouescc 3: 9.90
Mpouecc 4: 0.55
Mpouecc 5: 9.13
Mpouecc 1: 4.7Z2
Mpouecc 2: 4.7Z2
Mpouecc 0: 2.2Z3 5.84 9.80 0.55 9.13 Mpouecc 3: 4.7Z2
Mpouecc 4: 4.72
Mpouescc 5: 4.7Z2

% Mptiep BepHOre peweHMa i NoaydeHHels pesyisTaTel

[Ctrl+T ab)

Bexon [Esc)

Puc. 2. Buy okHa 3a1aunnka Programming Taskbook npu ycnieniinom BoimosHennu 3aaanus MPIBeginl7

MPIBegin87. Yncio mporieccoB K KpaTHO
tpem: K = 3N, N > 1. Bnponeccax 0, Nu2N
naHo 1o N 1enbIx urcenn. OmpenenmTs 115 BeeX
TIPOIIECCOB JIEKAPTOBY TOTIOJIOTHIO B BUJIE MAT-
puIisl pazmepa 3 X N, TTocIIe 9ero, UCIoab3ys
¢ynkiro MPI_Cart_sub, paciienuts MaTpu-
Iy TIPOIIECCOB HA TPU OTHOMEPHBIE CTPOKU
(mpu aTom nporiecchl 0, N 1 2N OynyT rl1aBHbI-
MM ITPOTIECCAMU B TIOJTYYEHHBIX cTpokax). Mc-
TIOJTB3YsI OJTHY KOJIIEKTHBHYIO OTIEPALIUIO ITepe-
CBUTKH JTAHHBIX, TIEPECIIaTh IO OTHOMY HCXO/I-
HOMY YHCITy U3 TJIAaBHOTO TIpoIlecca KaXIou
CTPOKH BO BCE MPOIIECCHI ITOH K€ CTPOKH U
BBIBECTH ITOJTyICHHOE YHCIIO B KJKIIOM ITPOIIEC-
ce (Bimrouas mporiecchl 0, N u 2N).

s oTHaAKy mapauielbHBIX TTPOTpaMM
3aJTaYHUK MIPEIOCTABIISET JOTTOTHUTEIbHBIC
cpencTBa, oOecrieurBaroIre BEIBOI MH(DOpMa-
UM B CTICIIMATTLHBIN pa3/iesl OTIIaIK1A OKHA 3a-
JTAYHUKA (B 3TOM Xe pa3/iesie BBIBOISITCS CO00-
HIeHUs 00 oMmMOKaX, KOTOPbIE MPOU3OILIN B
Ppa3IMUYHBIX TIpo1ieccax). B pa3aene otmaaku
MOJKHO ITPOCMATPUBATH MH(DOPMAIINIO, BHIBE-
JICHHYI0 KaKUM-TTHOO TTPOIIECCOM TTapaslielTb-
HOW IIPOT PaMMBI, a TAK)KE CBO/THYIO HH(pOpMa-
IO TIO BceM Tporieccam. [Ipu mpocmoTpe
MO>KHO CKPBITh BCE pa3ZIeibl OKHA 3aJAYHUKA,
KpoOMe pa3zJielia OTIaaKu (CM. puc. 3).

PeammzoBannsie B 3amaunnke PT for MPI
CpeIcTBa aBTOMATHUECKOTO 3aITyCKa M OTJIA]I-

KU MapajuieIbHbIX TPUIOKEHUHN MTO3BOJISIOT
HCIIOJIB30BATH €r'0 JIJ1s pa3pa0O0TKH U TECTUPO-
BaHMSI TAPAILIENTBHBIX TPOrPaMM, HE CBSI3AHHBIX
C KOHKPETHBIMH yueOHbIMH 3agauaMu. C 3Toi
nenbto B 3anagnuk PT for MPI BkitroueHa Bero-
MoratenbHas rpymma MPIDebug u3 36 3a1a-
HUH, KQXKI0€ U3 KOTOPBIX 00eCTIeunBaeT aBTO-
MAaTUYECKUH 3aITyCK NMapauIeIbHON TPOrpam-
MBI, TPUYEM KOJIMYECTBO MTPOLIECCOB OIpe/ie-
JISIETCS TIOPSIIKOBBIM HOMEPOM 3a7aHusl. Takum
00pa3oMm, 3T 3a/IaHUS TO3BOJISIIOT 3aITyCKATh
T00BIE NapaJuleIbHbIE TPOTrPaMMBI ¢ TpeOye-
MBbIM KOJIMYECTBOM ITPOLIECCOB HETTOCPECTBEH-
HO U3 UHTETPUPOBAHHOM CPEJIbI U MTPEIOCTAB-
JISTIOT 17151 UX OTIIAJIKH CPENICTBA, UMEIOIIIUECS
B 3aJIa4UHUKE.

CPEACTBA PACILIMPEHHA
BA30BOI'O HABOPA 3ATAHUI

C moMoIIIBI0 KOHCTPYKTOPA YIeOHBIX 3312~
Huit PT4TaskMaker [7], BXozs111ero B coctan
3amauHnka Programming Taskbook, mperoma-
BaTellb MOXKET pa3padaThIBaTh TOTIOTHUTEITb-
HBIE TPYIIITHI 33JTaHHIA, B TOM YHCIIE CBSI3aHHbBIC
c napaensHeiM M PI-niporpammupoBanueM.
Texky1ast Bepcusi KOHCTPYKTOpa MO3BOJISIET Pas-
pabaTsIBaTh 3a1aHMs Ha si3bIKe Pascal B cpemax
Delphi n Lazarus, mpudem pazpaboTaHHBIE 3a-
JaHUs OyIyT TOCTYITHBI JIJIs1 BHITIOJTHEHUS B
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9,76/\"”7[70/1//(7”7 300AUHUK NO napaiieioHom) npocpammuposaHulo Ha OCHO8€ MexXHOoJ102UU MPI

JII000H MPOrPaMMHOM cpefie, B KOTOPYIO UHTET -
pHUpoBaH 3aJauHuK. [ Tpu peanuzaimu Kasxaoro
3aJ1aHusl HEOOXOIMMO yKa3aTh €ro (hopMyiu-
POBKY, CT€HEpUPOBATH (C KICTIOJIb30BAHUEM JTAT-
YMKa CITyJaiHBIX YHCEIT) HA0OP NCXOTHBIX JaH-
HBIX U OIIPEICIUTh HA0OP KOHTPOJIBHBIX, TO
€CTh «IIPABUIIBHBIX» PE3YIbTUPYIONIUX TaH-
HbIX. B 3ananusix no mapamiensHomy MPI-ipo-
TPaMMUPOBAHUIO JOTIOTHUTEIHLHO TpedyeTcs
OTIPEIENTUThL KOJIMYECTBO MTPOIIECCOB, KOTOPhIC
OyJyT 3aITyIIEeHbI ITPU BBITTOTHCHUH 33 TaHUS
(3TO KOTMYECTBO TAK)KE PEKOMEH/TYETCSI OTIpe-
JIETIATH CITyYalHbIM 00Pa30M 13 HEKOTOPOTO J10-
ITyCTUMOTO JIMana3oHa, JUIsi TOTO YTOOBI aJIro-
PHUTM pelleHus 3a/1a4u ObLT TPOTECTUPOBAH
Ooee HasteXxHO). KpoMme Toro, B 3a1aHUSIX 11O
NapauIeIbHOMY IPOT PAMMHUPOBAHHIO HEOOXO-
JTMMO TS K&KIO0TO JJIEMEHTA UCXOIHBIX (MITH
PE3YIIbTUPYIOIINX ) TAHHBIX YKA3bIBATh PAHT
pol1iecca, KOTOPBIN JOJIKEH MOJIYUYUTh OT 3a-
JlauyHUKa (W1, COOTBETCTBEHHO, TIepenaTh 3a-
JTAYHHKY) 3TOT JJIEMEHT JIaHHBIX.

Co3naHHbIe TPy 331aHIi 0OPMIISIOT-
cs1 B Buzie nuHamMmdeckux onommorek (dll-paii-
710B). 1715 TOAKITIOYEHHSI CO3aHHOM TPYIITIBI K
3aJaYHUKY JOCTaTOYHO pa3MecTuTs dll-paiii ¢
ee peanuzanueit B moakatanore LIB cucrem-
HOT'O KaTajora 3aJlauHuKa UiIu B paboyeM Ka-
tasnore yyauierocs. [locre aToro Bee 3a1aHus
HOBOW TPYIIIBI CTAHYT JIOCTYITHBIMU JJIS BBI-
TTOJTHEHHMSI, a MTH(pOpMaIus 00 3TOH rpyre 0y-
JIET BKITIOYEHA B POTrPAMMHBIE MOJTYJIH 3314~
arka PT4Demo u PT4Load, obecnieunBarorye
COOTBETCTBEHHO ITPOCMOTP 38/ IaHHIA B IEMOH-
CTPAIIMOHHOM PEXKUME U CO3/IaHNe TIPOTPaAMM-

Hl Programming Taskbook - Inex TpoHHBIA 3aa4HWK N0 NporpaMMMposaHduho [Pascal]

ol 1> Paur nopouecca: 0O

] Z» SNeMeHT HMCHOOHHX ISHHEN: 37

1] 1> Panr opouecca: 1

1] Z» ONeMEHT HMCHOIOHHX IaHHHX: 60

1] 3=

1] 4> !BHMBEOSHH HE PBCe PESVIBTHPVIWME TaHHHE .

1] 5» ! KonMdecTEBO BHESIOESHHHX IaHHHX: O (M= 1).
Paur mnponecoa: 2
AneMeHT MCXOOHHXY TaHHHX: Z3

2] 4> !BHBEIeHE He BCe DPeIVIETHPVIIMEe OaHHHE .
2] 5> ! KonmmdecTBO BHEBENeHHHX OaHHHEX: O (M3 1) .
Paur npouecca: 3

ANeMeHT MOXODHHX OaHHHX: 79

3 4> !BHBEOeHH HE BCE DEeSVAbRTHRVIWME TRHHEHE .
3 5> | KonMuecTBEO BHEEINEHHHX IaHHHX: O (K= 1).

3aroTOBOK JIJIs1 BBITIOJIHEHUSI 33 JAHUH B Pa3IIiy-
HBIX IPOTPAMMHBIX CpeAax.

B 3amgaunuke Programming Taskbook nero
pacumpennu PT for MPI mpeycmoTtpena Bo3-
MO>KHOCTh aBTOMATHYECKOH reHeparmu html-
CTpaHMLII C OTIMCAHUEM JIFOOOM I'PYIIIbI 38 IaHUI
(kax BXOJISIIIIEH B 0a30BBII HAOOD, TaK U pa3pa-
OOTaHHO C TOMOILIBIO0 KOHCTPYKTOpA yUeOHbBIX
3aanuii). [TomrMo TexcTa GopMyIHpPOBOK BeeX
3a/IaHUI 1 3ar0JI0BKA IPYIIIbL, CTPAHUIIA MO-
JKeT COAEPKaTh 3ar0JIOBKU MTOJITPYIIII B IIPE/Ie-
JIaX TAHHOM IPYIIIbL, a TAK)KE KOMMEHTAPUH KO
BCEU rpymIle 3aIaHUil U ee noarpynnam. s
reHepanuy html-cTpaHuIIbI 1 ee HeMEIJICHHO-
ro 0ToOpaXeHus B CTaHAapTHOM BeO-Opay3epe
MO>KHO UCITOJIb30BATh MPOTPAMMHBIN MOYJIb
PT4Demo, Bxoasmuii B COCTaB 3aJaUHNKA;
KpOMe TOT'0, CTEHEpUPOBATh TPEOyeMyIo cTpa-
HUILY MOXHO Y HEMIOCPEACTBEHHO U3 [TPOrpam-
MBI, BBIIOJIHSIIOIIEH yueOHOe 3a/JaHue, BbI3BAB
COOTBETCTBYIOLIYIO IPOLIENYPY. ITa BO3MOXK-
HOCTb 33JaYHHKA JIEJIAET ero «CaMOJOKYMEH-
TUPYEMBIM» U YIIPOILAET O3HAKOMIIEHUE C IMe-
FOLIMMMUCS TPYIIITAMHU 33 IaHUH.

[TonpobHas nHpopMaIst O BOSMOKHOCTSIX
3amaynnka PT for MPI copgepskutcs Ha caiite
http://ptaskbook.com/. Tam ke mpuBOIATCS
(hopmymupoBkH rpymi 3aganuii MPIBegin u
MPIDebug, petienns THIOBBIX 3a/1a4 U IPH-
MepbI peaTn3alii HOBbIX 3aJaHUH C UCIIOIb-
3oBaHneM KoHcTpykTopa PT4TaskMaker. C
3TOr'O CaiiTa MOKHO 3arPy3UTb IOCIIETHUE Bep-
cuM Kak 3a1aunrka Programming Taskbook, Tak
u ero pacumpenus PT for MPL

VADAAZA3/

Puc. 3. Paznen otiaiku okHa 3a1aunnka Programming Taskbook
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Abstract

One of the approaches to the educational parallel software development is discussed and
the Programming Taskbook for M PI system (www.ptaskbook.com), which is an electronic
book of educational training tasks on parallel programming, is described. The paper contains
examples of training tasks. The task constructor for additional tasks development is outlined.

Keywords: educational software, parallel programming, Message Passing Interface (MPI).
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