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2
PacnapannenuBaHue nporpamm ¢ nomoubto OpenMP

[TapannensHas OpenMP-niporpamMmmMa COCTOUT W3 MOCIEAOBATEIbHBIX W MApaICIbHBIX CEKIUH.
['pannubl mapayienbHbIX ceKuuii o6o3HavyaroTcs aupektuBamu OpenMP. IIpouecc pazpaboTku
OpenMP-niporpaMMbl BKJTIOYAET CIIETYIOIINE STAIIbI:

e Pazpabotka rmocnenoBaTeIbHON MPOTrPAMMBI.

¢ BrIsBIEHUE YYaCTKOB NOTEHIIMAIBHOTO Mapasuiesn3Ma. Yarie BCero 3To UKJIbL.

¢ AHanmu3 TPYJOEMKOCTH TMapajUIeNbHBIX CeKIuid (MpouiIupoBaHUE MPOTPAMMEI).

HaunGonpmmii BEIMIPBIN B MPOU3BOAUTEIBHOCTH JIAeT pacnapajlieiiBaHUE CEKUUH, Ha
KOTOpBIE MPUXOASTCS HAauOOJBIINE 3aTPAThl IPOLIECCOPHOIO BPEMEHH.

¢ [lomaroBoe pacmapajieIiBaHie MPOTPAMMbI, HAUUHAS C HAUOOJIee TPYIOEMKUX CEKITHH.
[IpodunupoBaHre MOXKET MPOU3BOAUTHCS KaK C TMOMOINBIO CHEIHATBHBIX MPOTPAMMHBIX
WHCTPYMEHTOB, TaK U MPOCTBIMU CPEACTBAMH, HAllpUMEpP, C MOMOUIBIO BBI30BA CHELUATBHBIX
NOANPOrpaMM-TaMEpPOB, PA3MEUIEHHBIX B PA3JIMYHBIX MECTAX MPOrPAMMBI.
[Mukn »¢¢deKkTuBHO pacnapaiienuBaeTcs, €ClIM OTCYTCTBYIOT NEPEKpeCTHbIE 3aBUCHMOCTHU
MEXIY ero urepanusMu. M30aBUTHCS OT TaKWX 3aBHUCHMOCTEH WHOTJAa MOXKHO, BBITIONHUB
npeoOpa3oBaHKE IUKJIA.
HeobxonmuMo mpaBWIIBHO OMPENENIUTh 00JacTh BUAMMOCTH IEPEMEHHBIX B IMapaJlICIbHBIX
cekuusax mnporpammbl. [lapamerp uukia, Hampumep, IOHKEH OBITh OOBSBIEH JIOKATbHON
nepeMeHHoM. MHBapuaHT nMKia (BEIMYMHA, HE M3MEHSIOIIASACA IPU BBINOJIHEHUNA WTEpPaLUi
[IMKJIA) TOJKEH OBITH TI100aIBLHBIM.
[Ipu BbIYKCIIEHUH CYMMBI, HATPUMED, K EPEMEHHOM, KOTOPasi UCIOJIb3YeTCs JIJISl «HAKOTUICHUS»
CYMMBI, TOJIKHA ObITh IPUMEHEHA ONepalys MPUBEACHUS (PEIYKIUN).
Cnenyer oOpaTuTh BHMMaHWE HAa CHHXPOHM3AIMIO BBIYUCICHUW. [lo ymMom4yaHuWio B IHKIax
UCIIONB3YyEeTCsl  OapbepHas  CMHXpoHM3auMs. Hanmuume  CHUHXpOHM3AaUMHA — yBEIMYMBAET
IpeCcKa3yeMOoCTh OBEJCHUS TPOTPaMMBbI, HO 3aMEJIseT ee padoTy.
JloTIONMHUTENBHBIA  BBIMTPHII B MPOU3BOJUTENILHOCTH JaeT OO0bEIUHEHHE HECKOJIbKUX
napajuieIbHbIX CeKIUH B OJHY. B 3TOM cllyyae yMeHbIIAIOTCS HAKIAJHBIE PacXOJbl Ha 3aIlyCK
HUTEHN U UX 3aBEPIICHUE.

TpaHcnauua OpenMP-nporpamm

Tpaucnsauuss OpenMP-niporpaMMbl BBITIOJTHSAETCS CO CHENUATBHBIM KJIIOUOM. B omnepannoHHoi
cucteme Linux tpancnsarop Intel® Compiler ucnosns3yer kitou —openmp, HalpuMep:

#ifort -o my_prog prog_source.f90 —openmp

B onepaunonnoit cucreme Microsoft® Windows koMaHJHas CTPOKa BBITJSIUT CIEAYIOIIUM
obpazoM:

#ifort prog_source.f90 /Qopenmp



PeweHue cnucrtem nIMHeMHbIX anrebpanyecknx ypaBHeHUU
MeTtoaom laycca

KrnaccuyecknM 4MCICHHBIM METOJIOM PEIICHHUS CUCTEM JIMHEHHBIX allre0pandeckux ypaBHEHUI:

Ax=b

rae A:Haiiu - KBaJpaTHas MaTpuua KOd(QQHUIHUEHTOB, X - BEKTOpP HEH3BECTHBIX, a

ij=l,..n

b - BekTOp mpaBoil yacTy, siBngercs meton ['aycca. OH OTHOCUTCS K YUCILY «TOUYHBIX» METO/IOB,
TO €CTh NOTPEIIHOCTh MeToAa [aycca ompeaensieTcs TOJAbKO MOTPEIIHOCThIO MAaIlMHHON
apudmeTuku. «TOoUHBIE» METOABI PEIICHUS CHCTEM JIMHEHHBIX anreOpanyecKux ypaBHEHUH
OCHOBaHBI, KaK TMPaBHJIO, Ha NPEeoOpa3oBaHWM HCXOMHOW 3aJaud K TaKOW HKBHBAJICHTHOU
(MMeroIel TO JKe pelIeHHe), KOTopas JOoMycKajda Obl MPOCTOE BBIUMCICHHE KOMIIOHEHTOB
BEKTOpa HEU3BECTHBIX. DTO MOXKET OBITh CHCTEMa C JUAaroHAJIbHOW WJIH, Kak B MeTonae ['aycca,
TpeyroipHOW Matpuueil koadduuuenton. Ilepexox Kk cucTeMe C BepxXHEH TPEyroybHOM
MaTpHIlel TPOU3BOAUTCS IYTEM JIMHEHHOTO KOMOWHUPOBAHMS CTPOK. PereHue cucTemMbl mpu
STOM HE U3MCHSCTCS.

[IpuBeaem onucanue anroputMa aig metonaa ['aycca.

lNpsimol xod

1. Haiitn HanGonpImMii MO aOCONIOTHOW BEIMYMHE JIEMEHT MEPBOTO CTOJIONA U MTOMEHSTH
COOTBETCTBYIOIIYIO CTPOKY MECTaMU € NEPBOil.

2. BpiOupas mnogxonmsmuM o00pa3oM MHOXHUTEIH [JIi DJIEMEHTOB TIEPBOH CTPOKH H
CKJIaJ(bIBasI TTOJIyUYCHHBIC TPOU3BEACHUS C AIEMEHTaMU CTPOK €O 2-if 1o n-10, OOpaTHUTH B
HOJIb BCE€ DJIEMEHTHI MEPBOTO CTOJIONA, HAXOMSAIIMECS HIDKE TJIaBHOW awaroHanu. [lpu
BBIYUCIICHMHY KOMOMHAIMIA CIIelyeT YUUTHIBATh U BEKTOP MPABOIl YaCTH.

3. TloBTOpHUTH MAaHHYIO MPOIEAYPY JUIsl BTOPOI CTPOKH M BTOPOTO CTOJIONA U T. I.

O6pamHbIl x00 (06pamHasi noOcmaHoeKa)
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Od4eBHIHBIM YyCIOBHEM NPUMEHHMOCTH MeToia laycca B ero mpocrteifmell (hopMmylnupoBke,
NPUBEJCHHON BBIIIE, SBISETCS OTCYTCTBHE HYJEBBIX JJIEMEHTOB Ha TIJIABHOW JMaroHAJIA
MaTpUlbl  KO3(QQPUIIMEHTOB, B TMPOTUBHOM ClIydae BO3HHMKACT OMACHOCTh aBapUITHOTO
3aBEPIICHUs] NPOrpaMMbl NPU JE€JIEHUU Ha HOub. [lo 3TOM mpuumHE B peanbHBIX pacyerax
UCTIONB3YIOTCS Ooee ciaokHbie Moaudukauu meroaa ["aycca.



JlabopaTopHasa paboTta

B 3amanmsax mabopatopHoit pabotel 2.1 mpenaraercs BBIIOJIHUTH —pacrapalieIuBaHUe
[IOCJIEAOBATEIbHON  IIPOrpaMMBbl, IPEIHA3HAUEHHOW [UIsl pEIIEHHs CUCTEM JIMHEHHBIX
anreOpanvecKkux ypaBHEeHHMH. B 3amanum 4 pacmnapamienuBaHHe MPOU3BOIUTCS C IOMOIIBIO
MPICH 1.2.7. Llens paGoThI — MOXYYNUTh HAaBBIK aHAIM3a MPOTPAMM, BBISBICHUS B HUX YYaCTKOB
NOTEHLMAJIBHOTO  Mapajjienu3Ma ¢  HauOodblIed  TPYJOEMKOCThIO, TNPUMEHUTH IS
pacnapamienuBanusi OpenMP u  MPIL, cpaBHUTH TPYAOEMKOCTh O0OMX MOIXOAOB H
3 PEKTUBHOCTh TOIYYEHHOTO pe3yJbTara. 3BE3I0YKOM OTMEUYEHO 3aJaHHE IOBBIIICHHON
CJIOKHOCTH.

HeoOxoaumblii 1151 BBITIOTHEHUS JAaHHOM JIA0OpaTOPHOM pabOThI CIIPABOYHBIN MaTepraT MOKHO
HaiitTu Ha cr1p. 13 —24 wmemoouueckoco nocobus «CpenctBa NTPOTPaAaMMUPOBAHUS IS
MHOTOITPOIIECCOPHBIX BBIYUCIUTEIBHBIX CUCTEM».

3adaHus Onsi npaKkmu4yeckou pabomabi

3apgaHue 1

[omyunts y mnpenonaBaTens ¢aili ¢ HMCXOIHBIM TEKCTOM IMporpamMmbl (mpumep 1) wu
03HAKOMHTBCS C peanusalnuen npocroro metoaa ['aycca.

3apgaHue 2

OTkoMOMIMpOBaTh MPOTPaMMy, BBIOJHUTH pacueT. OmnpenenuTbh MPOILECCOPHOE Bpems,
MOTPAYEHHOE Ha BBIMIOJHEHUE pacyuera.

3apaHue 3

[Ipoananu3upoBaTh nocCieI0BATENbHBIN KOJ. BBISIBUTH Y4acTKU MOTEHUUAIBLHOTO MapajuieIn3Ma
¢ HauOosbIIeH TPYJOEMKOCThIO. {51 3TOro cienyer MOJCYMTATh KOJIMYECTBO OIepaiuil ams
npsiMoro xojaa metojia ['aycca 1 Xxo/1a 0OpaTHOM MOACTAaHOBKU. BBHIMOTHUTE pacnapayiyieInBaHue
¢ nomouipio OpenMP. Onpenenutsb mNpouecCOpHOE BpeMs, MOTPAYEHHOE Ha BBIMOJHEHUE
pacueta i1 pa3HOrO 4YMciIa TMOTOKOB (MEHBILIEro, pPaBHOrO W OOJBIIEr0, YeM YHCIO
nporieccopoB). CpaBHUTH C PE3yNIbTaTOM, MOTYYCHHBIM B 3aAaHuu 2. OOBSCHUTH MOTyYSHHBIN
pe3yJbTarT.

3apaHue 4*

Pacnapamuienuts nporpammy ¢ nomombio MPIL  Onpepenuts mnponeccopHoe Bpems,
MOTPA4YCHHOC Ha BBITTIOJIHCHUC pacycTa. CpaBHI/ITB C pe3yiibTaTaMi, MMOJTYYCHHBIMHA B 3aJaHUAX 2
u 3.

3apaHue 5

Ha ocHoBaHuM pe3ynbTaTOB, MOJYYCHHBIX NMPH BBHIMOJHEHUU 3aJaHUN JAaHHOW J1aOOpaTOpPHOM
paboThl, HamUcaTh OTYET, B KOTOPOM COJEpPXKATcs BHIBOABI 00 A(PPEKTUBHOCTH pa3IMYHBIX
CrocoO0OB  pacmapajyieIMBaHUsl HMCXOJHOTO IIOCIEIOBAaTENbHOIO KOJa M TPYIOEMKOCTHU
peau3aly TUX CIIOCOO0B Ha MPAKTHKE.



Mpumep 1

B nmporpamme Ha sa3bike Fortran 90 peanusoBan npoctoit metos ['aycca 0e3 BriOOpa Bemyliero

DJIEMEHTA.
program linear_algebra_gauss

integer, parameter :: n = 3
real, dimension(l:n, 1l:n t:a, left
real, dimension(l:n) X, b

data left/9 * 0./

data a/ .471, 4.27, .012, 3.21, -.513, 1.273,
4.175 /

data b/ 2.425, -.176, 1.423 /

! Pemenme: 0.07535443 0.6915624 -0.1297573

! Ilpamom xom MeToma I'aycca

do k =1, n -1
do i =k + 1, n
left (i, k) = a(i, k) / a(k, k)
b(i) = b(i) - left(i, k) * b(k)
end do

do j =k + 1, n
do i =k + 1, n

a(j, i) = a(j, i) - left(j, k) * a(k, 1)
end do

end do
end do

! OBbpaTHasa NomCTaHOBKA

x(n) = b(n) / a(n, n)
doi=n-1, 1, -1
x (1) b(i)
do j =1+ 1, n
x(i) = x(i) - a(i, J) * x(3J)
end do
x(i) = x(1) / a(i, 1)
end do
print *, (x(i), 1 = 1, n)

-1.307,

1.102,



