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Anboranusa

Pazpaborka n peasimsaiiyst aJropurMa paciapasiie THBaHus
dopTrpaH-1porpaMM Ha ODOIILYIO ITaMATh

Kouwapmun Muzxaua Imumpuesuy

B nannoit pabote paccMaTpuBaeTcs penieHne 3a/1a9 aBTOMAaTHIeCKOT0 paciapaJiie-
JIMBaHUS (POPTPAH-TIPOrPAMM /I CIydas IeJeBON CUCTeMbl ¢ 00Ieil onepaTuBHOM
naMAThio. 3ajada pemraercd B paMkax jgopaborku cucrembl SAPFOR ¢ ncnosb3bzo-
BanueM Mojiesin DVMH B KadecTBe TeXHOIOrNM pacrapaJiie TABaHus .

Bo BBejeHnu npuBOAATCS HEKOTOPBIE CBEJIEHUSA O PaclapaiieuBaHun, Kak 00-
IIENPUHATHIE, TaK ¥ Te, 9TO OTHOCATCA TOIbKO K cucreMaMm SAPFOR u DVM, npu-
BOJUTCs OIHUCaHue 3TuUX cucreMm. /lamee, Bo BTOPOii rjiaBe OIHUCHIBAETCs HIPObHIIEMa
pacrnapaJiie/;iInBaHud Ha OOIIYIO IMaMATh ¢ TOYKH 3peHns DVM u ¢ Touku 3peHus
aBTOMAaTU3aIlnM, PacCMaTPUBAIOCA TIOJIXO/IbI K €€ pelleHuio. B 3Toil riiaBe Tak ke
OIIPE/IEJISTIOTCS OCHOBHBIE TeJIU pabOThI, OIUCHIBAIOTCS OCHOBHBIE CIIEHAPUU HMCIIOJIb-
30BaHUs pa3padaTbiBaeMoro (gpyHImoHa a. B Tperbeii riase 1moapoOHO OIUCHIBAETCS
XOJI PeIleHus IMOCTABJIEHHON 3a/la9, KOTOPBIi ObLI pa3OuT Ha TPU dTAla — Teope-
TUYIECKYIO ITOJArOTOBKY, peajl3alliio 1 TecTupoBaHue. B 4eTBEépToil ritaBe mpuse/ie-
HO OIHMCAHWE CYIIECTBOBABIINX U JIOOABJICHHBIX AJTOPUTMOB, O KOTOPBIX IILIa Pedb
B myiaBe 3. B msaToil riiaBe MpUBOJIATCS pe3y/IbTAaThl HCC/IeI0BaHuA 3(PHEKTUBHOCTH
IIOJIy9aeMOoro pachapaJjiieTuBans Ha npuMepe mporpamMm u3 nakera NAS Parallel

Benchmarks.
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1 BBenenne

B coBpemennom mupe Crpoc Ha BBIYUCCHUS PACTET ObICTpee, YeM TaKTOBas YacTOTa
paboThI TTPOIECCOPOB, YTO OOYCJIOBICHO (PU3MIECKUMU TTPOOIeMaMi U OrpaHndeHusMu. 13-
38 9TOTO BBIYUC/IUTETbHBIE CHCTEMBI HAPAITUBAIOT CBOIO MOIH 3a CUET YBEJIMYEHUS JHCIA
BBIYUC/IUTE/IHHBIX SAJIEP. DTO MPUBEJIO K TOMY, YTO B HACTOSINEE BPEMs CTaja aKTyabHa
TeMa MapaJIeIbHBIX BhIUHUCIeHN. Pasimanble TeXHOJIOTHH MTapasljIeIbHOIO TPOrpaMMUpPO-
BaHUA JIAIOT JIIOJIAM BO3MOXKHOCTH 3(MEKTUBHO UCIOJIb30BATH MHOTOsIIEPHbBIE TTPOIIECCOPHI
u rpaduvecKne yCKOPUTEIN.

Cozanue napaJsiebHOro Kojia — 3a/ia4a, TpedyIolas O0JIbIINX TPY/I03aTPaT U BHICOKOI
kBasuduranun. Ecrs Texnomornn, KoTopbie TPEOYIOT OT pa3pabOTINKOB OOJIHIIIOIO BHUMA-
HUs K JeTajidaM pacnapajuiesnBanus. OHU UHTErPUPYIOTCH B JIOTHKY IPOrPAMM, UTO I103-
BOJISIET MUCATH MaKCUMAaJbHO 3(MD@PEKTUBHBIN KOJ, YTO, B CBOIO O4Y€PE/b, BEJIET K JOIOJI-
HUTEJILHOMY, WHOI/IAa OI'POMHOMY, YCJIOXKHEHHIO CTPYKTYp mnporpamm. [Ipmmepamu Takmx
TEXHOJIOTUIl SBJIAIOTCsST OUOJIMOTEKY TapaJsiie/ibHOro mporpamvuposanus pthreads, CUDA,
HIP, OpenCL.

it 60pbOBI CO CJ0XKHOCTBIO pa3pabOTKU IapaJslieIbHOINO Kojia, OBLIN CO3JaHbI CPE/l-
CTBA, C IIOMOIIHIO KOTOPBIX MOXKHO JIOOMTHCs paclapaslie/IMBAHU HE U3MEHsIs JIOTUKY Pa-
601wl porpamM. [Ipu TakoM MOIX0/1e MOYXKHO MOTEPATH B 3(PHEKTUBHOCTH IO CPABHEHUIO C
HMPEJIBIIYIIAMIA TEXHOJOTUSIMI, HO COKOHOMUTD Ye/I0BEUECKIE pecypChl. Takme TeXHOJIOrun
OOBIYHO TIPEJIOCTABJIAIOT IIPOIPAMMUCTY JETKUN y yA00HDbIN mHrepdeiic, opopMIeHHBII B
BUJIE CIIEIUABHBIX JUPEKTUB KoMIuaaTopy. Croja MokHO oTHecTn TexHosjorun OpenMP,
OpenACC, DVM.

Haxkowner, cymecTByIOT MHCTPYMEHTHI, KOTOPBIE €IE CHIbHEe CHUYKAIOT TPYI03aTPATHI
mporecca pacnapaJuieuBanns. C MOMOIIBIO HUX MOYXKHO B aBTOMATU3UPOBAHHOM PEXKIME
MOJTyYaTh MapaJsjiebHble IPOIPAMMBbI U3 MTOCJIEI0BATETBLHBIX. 1aCcTO 9TO HAKJIAIBIBAET Or'pa-
HUYEHUS Ha BO3MOYKHOCTH pacliapaJuIe/InBaHusl, HO BBU/Ly HEXBATKU YeJIOBEYECKIX PECYPCOB
TaKO MOJIXOJ B OIPEIEJIEHHBIX CJIydasX MOYKeT OBITh onpasjan. K sTomy Kjaccy oTHOCAT-

cst uacrpymenTsl Takue kak CAPTools/Parawise, FORGE Magic/DM, ParalWare Trainer,
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SAPFOR.

Bousbinx ycrexos B HallpaBJIeHUN SKOHOMHUHU YEJIOBEUYECKUX PECYPCOB JIOCTHUIIA yUé-
Hble n3 MucturyTra npukiaajanoit marematnku uM. M.B. Kesima Poccniickoii akajiemun
Hayk [1|. B Uncruryre 6611 pazpaboranbl 1 aKTHBHO MOJJIEPKUBAIOTCS JiBa CPEJICTBA 1A~
paJjutesibHOro TporpamMupoBanus: 310 DVM-cucrema [2| — nmporpaMMHBIA KOMILIEKC JIJIst
KOMITHJISITIAY, BBITIOJTHEHUS W OTJIAQJIKU MAapaJslIe;IbHOrO KOJa, a TaK»Ke MHCTPYMEHT JIJIS aB-
TOMATH3UPOBAHHOTO pacrapaJsuesmBanns nporpamm — cucrema SAPFOR (3], [4].

[Tepe TeM, Kak niepeiiTi K OCHOBHOI TeMe JJaHHOW pabOThI, B 9TOH Iy1aBe Oy IyT OIMCAHbBI
HEKOTOpbIE CBEJICHUSI O IapaJije/IbHOM IIPOrPaMMUPOBAHHUM, KaK OOIEN3BECTHBIE, TaK U

otHocamuecs nckarounTeabHo K DVM u SAPFOR, #Ha 6a3e KOTOPBIX 1 IPOBOAMIACE PAOOTA.

1.1 OOmme cBegeHUS W TEPMUHBI U3 MapaJljIeJbHOr0 MpPorpaMMu-

pOBaHUS

KOF,ZL& pPe9Ib I/I;LeT O J0CTaTOYHO BbICOKprOBHeBbIX TEXHOJIOTUAX pacliapaJljieJIMBaHuA
(OpenMP, OpenACC, DVM), roBopsiT 0 pacnapa/jieJIuBaHiu BUTKOB ITUKJI0B. Ha 910 ecTh

HECKOJILKO IIPpUYINH:

[ ] O6bI‘{HO, 00JIbIIAasl YaCTh BBIYUCINTECILHON pa6OTbI B IIporpaMmMax HaXOJAUTCA MMEHHO

B IIUKJIaX;

® AaHaJIM3UPOBATDH a6CTpaKTHbIG IIocJjae10BaTe/JIbHOCTU OIIEpaTOPOB € TOYKHU 3pEHUA BO3-
MOZKHOCTHU UX ITapaJljIeJIbHOI'O BBIIIOJITHEHUA CJIO2KHEEe, YeM aHaJIM3UpPOBaTh 3aBUCHUMO-

CTU MeXK/1ly BUTKaMU IUKJIOB;

e JBHOE yKa3aHUe paclapaJsijie/IMBaeMbIX YacTeil Koja BJIeYET 3a cOOO M3MEHEHHS B
CTPYKTYype KOJ/ia, B TO BpeMs KaK yKa3aHue 1apaJsijie/IbHOTO MUK/ OOBIYHO BBITJISIUT

KaK JUPEKTUuBa IIepell €ero 3aroJIOBKOM;

BoJiee TOr'o, IMPpUHATO pacCMaTpUBaTb TOJIbKO HUKJIbI, HaXOIAIIUECA B KAHOHUYECKOT
¢0pM€, TO €CTb IUKJIbI, Y KOTOPBIX €CTh UTE€EPAIIUOHHAsA II€pEMEHHaAd, ITPOXOIAIITaA BaﬂaHHbII'/JI

Analla30H 3HAYECHUA C 3a/JaHHbIM IIIaroM:



DO i = 1, 10

ENDDO

Tt = W NN =

Jlucrunr 1: mpumep muK/Ia B KAaHOHUYECKOH hopMme Ha sA3bIKe (OpPTpaH C UTEPAIMOHHOI

IepeMeHHoll i, npuHuMalonasa Bce 3HadeHusd oT 1 mgo 10.

WNuorta npuxoauTcd UMeTh JIeJI0 C BJIOKEHHBIMU IUKJIaMU, Y KOTOPBIX HET OIEePaTOpPOB
MeXK/Ty 3aroJIOBKaMHU U KOHIAMHU ITUKJIOB. VX COBOKYIIHOCTH HA3BIBAIOT 2€300M MECHOBAO-
AHCEHHBIT YUKA0G, WU TPOCTO THE3A0M NMUKJIOB. C TOYKHU 3peHHs MapaJuie/in3Ma, B 00IIeM
cJlydae BBIT'OJIHee pacliapaJliejluBaTh HE TOJIBKO CaMblil BepXHUII IIUKJ B T'HE3Jle, a I'e3J10

OEeJINKOM, yBe/JIMIUBasd T€M CaMbIM UTEPallMOHHOE IIPOCTPAaHCTBO.

ENDDO

1
2 DO i = 1, 10

3 DO j = 2, 20

4 DO k = 3, 30
5

6 ENDDO

7 ENDDO

8

9

JInctunr 2: IpuMeEp ruesia U3 TpéX TECHOBJIO2KCHHDBIX ITNKJIOB.

ByﬂeM IroBOpUTDL, 9YTO BUTKU IUKJIQ (I/IJII/I TrHe3aa HI/IKJIOB) IMEIOT 3a6UCUMOCTIL N0 OGH-
HbIM, €CJIN B HEM CYHIECTBYIOT JBa BUTKa i() n Z‘l TaKue, 9TO B HOCJ’IG,ZLOB&TGIH)HOIZ IporpaMme

BHTOK io 3aIIMCBHIBACT KaKne-JInbo JaHHbIE€, & BUTOK il X CHUTBIBACT.




DO i = 3, 10
A(i) = A(i - 1) + A(i - 2)
ENDDO

Tt = W NN =

JInctunr 3: npuMep nuKJjia ¢ 3aBUCUMOCTBIO 11O JTaHHBIM, TJIE Ka)K,ILbeI BUTOK C HOMEPOM 1

3allUChIBAET JlaHHbIE, KOTOpbIE YUTAIOT BUTKU ¢ + 1 1 ¢ + 2.

B obmem cityvuae Takme IUKJIBI HEJIb3s paclapaJsile/IiBaTh, TaK KaK B HUX BaKeH I10-
PAIOK UTepalnii, HO CYIeCTBYeT HECKOJIBKO Pa3HbIX IIPUEMOB, MO3BOJIAIONINX B HEKOTOPBIX
cIydasgx n3deraTb 3aBUCUMOCTH 110 JIAHHBIM.

BakuabIM 3TarioM pacnapasiie/IMBaHus SBJIETCS OIpPeJIeJIeHne TOro, KaKue JaHHbIe sB-
JIAIOTCA JIOKAJIbHBIMUA WJIX OOIUMU 110 OTHOIIEHUIO K BUTKaM IUKJIOB. Ecym ckaigapHas
HepeMeHHasl WM MaCCHUB Iepe]l MCIOJIb30BaHUEM [epeolpeieseTcs (lepe3anuchlBAIOTCs
3HAYEHUsI JIEMEHTOB COOTBETCTBEHHO) Ha TOM Ke CaMoil UTeparuu, TO TOBOPSIT, 9TO TaKast
IIepeMeHHAs SIBJISIETCS NPUSAMHOT nepemerHoli NN NPUusamHbM MACCUSOM COOTBETCTBEH-

mo. 13 olnpeaejieHud cjaejayeT, 9ToO CIETINK MUKJIa BCeTrda IIpUBaTEeH.

1
2 DO i = 1, 10

3 DO j = 1, 100
4 TMP(j) = j
5 ENDDO

6

7 t = TMP (100)

8

9 ENDDO

10



JlucTunr 4: mpuMep 1UKJIa 110 1 ¢ TpUBaTHLIM MaccuBoM TMP u NpUBATHBIME IT€PEMEHHBIMU

i (cuérunk), j, t.

[ToxoxkuM siBJIIeTCsT KJtacCe pedykuuorhoir nepemertoir. OH COCTOUT W3 MEPEMEHHBIX,
3HaUYEeHUs] KOTOPBIX TOCJIEe THUKJIAa 3aBUCAT OT KaKJ0W WTepaluu IUKJa, HO He 3aBUCAT OT
HopsA/IKa MX BbIIOJHEeHUA. [Ipn 9TOM OnHapHast oneparys, ¢ IOMOIIbI0 KOTOPBIX 00beINH-

I0TCA 9aCTUYHbIC SHAYCHUA, Ha3bIBACTCA pedymguomwzi.

sum = 0
DO i =1, 10

sum = sum + A(i)
ENDDO

write(*x, *) sum

0 N O Ot k= W NN

JlucTunr 5: npuMep IUKJIA ¢ PeJyKIIMOHHON TIepeMeHHON sum (pejyKIMOHHAs Olepariust —

CJIOZKEHNE).

1.2 DVM-cucrema 1 Moaejib MapajijieJn3Ma o JaHHBIM

DVM-cucrema (Distributed Virtual Memory mmm Distributed Virtual Machine) mpes-
crasjigeT coboit Habop HPOrPAMMHBIX CPEJICTB, KOTOPBIE HO3BOJISIOT 110/Ib30BATEIIO IIPOU3-

BOJIUTH CJIEJIYIOIINE OIEPAITAN:

e KOMIIUJIMPOBATH apaJuie/ibHble porpaMMbl Ha a3bikax C-DVMH (paciupenue s3bi-

ka Cu) u Fortran-DVMH (pacmmipenue sisbika dboprpan);

® 3allyCKaTb CKOMIIMJIMDOBaHHbIE IIPOI'PaMMbI;

9



® OTIaKHBAaThb CKOMIIMJIMPOBaHHBIE IIPOI'PaMMbI (Ha npeaMeT IIPpOU3BOJUTE/ILHOCTU K

KOPPEKTHOCTH PaCHapaJIIe/TMBAHNA);

DVM-cucrema BeJIéT paboTy ¢ mporpamMmmamu, HanucanubiMu Ha s3bikax C-DVMH wim
Fortran-DVMH, koropsie mnpejicraBisgior coboit pacimpenns i 3bikoB Cu u dhoprpan
cooTBeTcTBeHHO. OHM TIO3BOJISIOT PacCHapaJslIe/IMBATh OCAEI0BATE/IbHbIC ITPOrPAMMBI IIPU
nomoInu Jo0aBieHns JUPeKTB — mparm (jyist g3bika Cu) wim crierkoMMeHTapues (st
si3bika poprpan). [Toxoxuit nojgxon ucnosbsyercs B rexuosorusx OpenMP, OpenACC u
Ap-

[HesteBas BeraucauTenbuas cucrema mojean DVMH paccmarpuBaercst Kak COBOKYITHOCTD
V3JI0B, KazKJIblil U3 KOTOPBIX MMEET CBOIO OIEPATHUBHYIO MaMATh. alie Bcero takme y3Jibl
COCTOAT W3 IPOIleccopa, K KOTOPOMY IOJIKJIIOU€HO HECKOJIBKO YCKOPHUTEEH.

[Ipu sTom, DVMH-Moze/16 OCcHOBaHa Ha TapaJuie/in3Me M0 JaHHBIM. JTO O3HAYAET, ITO
DVM, B cooTBeTCTBUU C 3aJIaHHBIMU ITOJIb30BAaTE/IEM JTUPEKTHBAMU, PACIPEIEIIET JTaHHbIe
(B JJAHHOM CJTydYae 9JeMEeHThl MaCCUBOB) TI0 JOCTYIHBIM Y3JIaM BBIUUCIUTETHHON CHCTEMBI.
[Tocse sToro, Mo MPUHITUITLY COOCTBEHHBIX BBIYUCJIEHUII, COTVIACHO KOTOPOMY KaXKJIBI y3e
BBITTOJTHSIET T€ U TOJIBKO T€ BBIYHCJIEHUs, KOTOPblE OTHOCATCA K JIAHHBIM, PAaCIOJIOKEHHBIM

B €ro OllePaTUBHOI MaMsTH, IPOUCXOIUT PACIpe/iejieHNe BhIUNCIEHUI].

1.3 SAPFOR

Cucrema SAPFOR (System FOR Automated Parallelization) npennasnadena s
ABTOMATH3AIUU TIPOIECCa PaCHapasICIMBAHIS IPOTPAMM € HCIIOJIb30BAHUEM TEXHOJIOTUU
DVMH. Omna, Tak ke kak 1 DVM cucrema, nogaepkuBaet 1361k Cu u poprpan. Cucrema
SAPFOR pasmeniena Ha JBa IpPOeKTa, KaKIblii UX KOTOPBIX OTBEYaeT 3a CBOH S3bIK. B
JIAaHHON paboTe paccMaTpPUBAETCS TOJBKO YaCTh, CBI3aHHAS C SI3BIKOM (hOPTPaH.

C nmomorpio cucrembl SAPFOR M0XXHO TTpou3BOAMTHL HE TOJBKO CaMO paclapaJLien-
BaHUE, HO U MHOXKECTBO JIPYTUX MPeoOpa30BaHUil, TO3BOJIAIONINX IPUBOIUTH IPOIPAMMBI K
NOMEHUUAALHO NAPAANEALHOMY 6UdY — K (HOpMe, B KOTOPOil OHA MOXKET ObITH aBTOMATHIE-

CKU TIepeBeJieHa B MapaJsiebHyIo 0e3 ydacTus rojb3oBaresd. /s yao0cTBa mpoBeieHns
10



TAKMX MAHUIYJIANNN Obla co3/iana rpadudeckas 000J09YKa, KOTOPas MPEIOCTABIIAET O0JIb-
30BaTEJISIM CUCTEMbI YI00HBIN nHTepdeiic s ucrnoib3oBanus cucremMbl SAPFOR.

Takxke cucrema SAPFOR nipesocrasiisier Habop JUPEKTUB, ¢ MOMOIIBIO KOTOPBIX MOJIb-
30BaTe/Ib MOXKET yIIPABJIATH MOBEJICHUEM CUCTEMBI Ipu 00paboTKe mporpammbl. Hampumep,
C MOMOIIBIO TAKUX JUPEKTUB MOXKHO 3a/[aBaTh PAa3/UIHBbIC CBOICTBA IPOIPAMMBI, JTaBATh
yKa3aHUsl Ha PACCTAHOBKY KOHTPOJIBHBIX TOYEK, OI'PAHUYUBATHL pactapasuienuanue. Ceii-
YaC CUCTEMOI TOJIJIEPKUBACTCS OKOJIO JIECSTU PA3IUIHBIX JIUPEKTHB.

Paccmorpum mojipobHee jiBe U3 HUX, KOTOPbIe Oy/IyT YIIOMSHAThCA jaJjee B pabore, 60-
Jiee TMPUCTAIBHO. DTO JUPEKTUBLI IPUBATU3AIMN U PeIyKIuu. /upekTuBa mpuBaTU3aIium,
kak u Bce jgupektuBbl cucteme SAPFOR, mpeacraBiena B Buje KOMMEHTApHs, HAYMHHA-
ormerocst ¢ npecdurca $SPF. [lastee uaér teso JTupeKTuBbI, KOTOpoe mMeeT Buji ANALYSIS
(PRIVATE(...)), rjie BMECTO TPOETOYMS JIOJIZKEH OBbITh yKa3aH CIIMCOK NPUBATHLIX IIepe-
MEHHBIX (CKAJIAPOB WM MAcCHBOB) depe3 samsaryto. Cremyromuii npumMep JeMOHCTPUPYeT

ncnoJib3oBanne mupekTuBbl PRIVATE cuctembr SAPFOR:

1
2 !$SPF ANALYSIS(PRIVATE(B))
3 DO I =1, N

4 DO J =1, N

5 B(J) = J

6 END DO

7

8 ACI) = B(A(I))

9 END DO

10

Jluctunr 6: mpuMmep 3ajaHUsd IPUBATHOTO MaccuBa B Jij1g 1uk/ia Ha cTpoKe 3 ¢ MOMOIIBIO

mupekTuBbl cucreme SAPFOR.
XoTs CKaJIsIpbl U MOYKHO OOBSBJIATH B JUPEKTUBE IPUBATU3AINN, HA IIPAKTUKE OOBIYHO

11



9TO HE MCIOJIb3yercs, moromy 4to B cucreme SAPFOR npu pacmnapasiiesmBannu aBroMa-
TUYECKU TTPOU3BOJIUTCS AHAIU3 MPUBATHBIX CKAJISIPHBIX EPEMEHHBIX.

Anasornuno ycrpoena gupektuBa !$SPF ANALYSIS (REDUCTION(OP(...))), 3aia-
I0Iasi PEJYKIMIO 10 TIePEMEHHBIM U3 CIMCKA, CTOSIIEM BMECTO TPOETOUrsi ¢ OMHAPHOI

peayknuonnoit omneparueit 0P. lajee npuBesiéH NpUBEJIEH TPUMEDP HCIOJIb30BAHUA ITOMN

JAUPEKTUBDI:
1
2 !$SPF ANALYSIS (REDUCTION (MAX(EPS)))
3 DO I =1, N
4 DO J =1, N
5 EPS = MAX(EPS, ABS(B(I,J) - A(I,J)))
6 ACI, J) = B(I, J)
7 END DO
8 END DO
9

Jluctunr 7: mpumep 3amaHus peaykKiun mo nepemennoit KPS ¢ penykimonnoit oneparueit

B34ATHUA MaKCUMYyMa.

12



2 PacnapannenuBanue Ha OONIyI0 MaMATh

[Ipu nanucanuun napaJsuienbabix DVMH-iporpaMm mosib3oBaTesib perraeT JiBe 3a/1a4u:
OH JIOJIZKEH HafTH ONTUMAJILHBIN CIOCOO pacIpejie/ieHus JaHHbIX U ODO3HAYUTH ITUKJIBI,
KOTOPBIE MOTYT BBIIOJHATHCA MapasiieabHo. Ha mpakTnke HepeIKO BOSHUKAIOT CUTYAalUH,
KOTJIa JIJIT PAcCCMaTPUBAEMOIl ITPOrpaMMbl PENTUTD IEPBYIO U3 3TUX 33129y CIUIIKOM CJIOZKHO
WM HEBO3MOXKHO, HO BTOpas 3ajlada pelraeTcsd YCIENIHO, TO eCTh IporpaMMa o0Ja/aeT
XOPOIIUM MTOTEHIINAJIOM JIJIsl PaclapaJiie TMBaHus.

OcHoBHOIT 11p0O6JIEMO#I, BOSHUKAIOIIEN MPU IOMBITKE MOCTPOUTH CXEMY PACIpe/IeIeHIs
JIAHHBIX, SBJISETCS TO, 9TO Pa3Hble IUKJIbI JIJId UX paclapa/ule/IuBaHus MOIYyT TpebOBAThH
pPa3HbBIX, KOHMJINKTYIONINX, CXeM pacIipejie/ienns JanubiX. [Ipu pacnapasiesmBanum mpak-
TUYECKU 3HAYUMBIX ITPOIPAMM, B CHJIy UX OOBLEMHOCTH, TaKue KOHMJIMKTH BOSHUKAIOT I10-
BCEMECTHO. DTa pobJieMa MoJpobHO paccMaTpuBaeTcs B [5).

BrixomoM n3 Takoit cuTyanyum ABJISIETCS PACCMOTPEHNE YaCTHOTO ciIydas — pacrapaJiie-
JIMBaHUA Ha 00IIyIo namMaTh. [Ipu TakoMm pacrnapaJieITMBaHuy TPeIo/IaraeTcs, YTo 1eJieBas
BBIYUC/IUTE/IbHAST CUCTEMA COCTOUT U3 €/IMHCTBEHHOI'O YCTPOMCTBA. DTO OrpaHUYCHUE T03BO-
JigeT 00OUTHU TOTPEOHOCTH B PaCIpE/Ie/IEHUN JIAHHBIX, TaK KaK BCE JIAHHDbIE PACIIO/IAraloTCs
B 00III€eli OIepaTUBHON AMATH yCTPONCTBA.

B kagecTBe ycTpoiicTBa /71 3aITycKa IIPOrPaMMBI, paciapaJsieJeHHON Ha OOy o TaMsTh,

MOXKHO PaCcCMaTPUBATh MHOTOIMOTOYHBIN HPOICCOP WM IMPAGUIecKuii yCKOPUTEIb (BUIE0-

KapTy).

2.1 Peagmzammsa 8 DVM-cucreme

Kak ommcriBasioch BO BBejeHnH, pacnapaJjemBanne B Mojgean DVM mpoucxoauT npn
IIOMOIIH CHEIUAJIbHBIX JUPEKTUB. [Ipu npuBbIdHOM pacnapaJsiie/IMBAHIH C PacipeaeeHueM

JaHHBbIX, B OCHOBHOM, HMCIIOJIB3YIOTCA CJIEAYIOoIIue JUPEKTUBDBI:

e DISTRIBUTE — npeana3znadena jijist pacipe/ie/ieHus 3JIeMEHTOB MAaCCHBOB 110 y3J1aM
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e ALIGN — orobpazkaer 3JieMeHThI HECKOJILKUX MACCHBOB Ha 3aJaHHBI pacipeieiéH-

HBIIl MaCCHB U PacIpeiessgeT X Ha COOTBETCTBYIONINE Y3JIbI
e REGION - ompejessier 06/1acTh Kojia, KOTOPYIO CJI€yeT BBITOJIHSITH ITapaJlieIbHO

e PARALLEL ... ON — omnpejiessier UK/, BATKA KOTOPOTO CJIEJIyeT BBITOJHATH MapaJi-
JIeJIbHO, IIPU 3TOM 3a/laBasi 0TOOpasKeHHe IIPOCTPAHCTBA BUTKOB ITMKJIa Ha paclpee-

JIEHHBIIT MaCCUB.

1
2 !DVM$ DISTRIBUTE (BLOCK,BLOCK) :: A

3 !DVM$ ALIGN B(I,J) WITH A(I,J)

4

5 !DVM$ REGION

6 !DVM$ PARALLEL (I,J) ON A(I,J), REDUCTION (MAX(EPS))
7 DO I =1, N

8 DO J =1, N

9 EPS = MAX(EPS, ABS(B(I,J) - A(I,J)))

10 ACI, J) = B(I, )

11 END DO

12 END DO

13 !DVM$ END REGION

14

JlucTuar 8: npumMep pacrapasaeaeHHoro B mojgean DVM raesaa mukaoB. 316Ch IPOUCXOIUT
oToOparkeHne 3JIeMEHTOB MaccuBa B Ha 3memeHTH MaccuBa A, pacipejesienne maccuBa A
U pacliapaJjijiejuBanue THe31a uK/I0B. [Ipu 3amycke Ha KjaacTepe KaxKIbIi y3e TOJTYIUT
HEIIPEPBIBHBIE U IPHUMEPHO pPaBHBIE CEKIMM MaccuBa A, TOYHO Takme ke ceKnuu B u

COOTBETCTBYIOIIME 3TUM 3dJIEeMEHTaM HUTepalluu IMUKJIA.
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Yrobb! J1aTh MOJIB30BATENI0 BO3MOXKHOCTD PaCHapaJsIe/IMBATh IPOrPAMMbBI Ha OOILYIO
naMsTh, B cuHTakcuc s3bika DVM-cucrembl Oblia jgobaiiena HoBasi hopMa JIMPEKTUBBI
PARALLEL s pactnapaJuiesinBanusi 6e3 pacipejie/ieHus: JaHHbIX.

Hogerit Bapuant jgupexktusbl PARALLEL orimyaercss or MCXOJHOTO TeM, 9TO B Heil
orcyrcTByer Kiaysza ON. Ilpu wucnosib3oBanHuu Takux JIUPEKTUB HE HAJI0 YKa3bIBATh
pacrtipeiesiéHabie MaccuBbl. CaMu JTUPEKTUBBI PACIIPEJIC/ICHUsT JTAHHBIX TaKKe He HYKHBI
B Takux mporpammax. bosiee Toro, B Takux mupektuBax PARALLEL ne moyxubl mpu-

CYTCTBOBaTh KJay3bl JIOCTylHa K yAaaéHHbIM jgaHHbix, Takune kKak SHADOW RENEW,
SHADOW COMPUTE u REMOTE ACCESS.

1
2 !DVM$ REGION

3 IDVM$ PARALLEL (I,J), REDUCTION (MAX(EPS)), TIE(A(I, J),
— B(I, J))

4 DO I =1, N

5) DO J =1, N

6 EPS = MAX(EPS, ABS(B(I,J) - A(I,J)))

7 ACI, J) = B(I, J)

8 END DO

9 END DO

10 !DVM$ END REGION

11

JImcruar 9: nmpumep pacmapapaJiieTMBaHus T'HE3/a IUKJIOB Ha ODOIIYI0 MaMsTh. 3J1€Ch He
JTIOJI?KHO OBITH HU JIUPEKTUB pacIlpeie/ieHust JaHHbrX, Hi Kiaay3sl ON orobparkeHns BUTKOB

IUKJIa Ha MaCCHUB.

Tak xe B Takom BapuanTe qupekTuBbl PARALLEL moxker npucyrcrBoBars Kiaaysa TIE,
COTIOCTABJIATONIAST UTEPAINN IUKJIA C MACCUBOM, KOTOpas uctoab3yercd B DVM-cucreme jijist

yiaydmeHud IIpou3BoAuTe/IbHOCTU BbIXOAHOI'O HMCIIOJIHAEMOI'O KO/a.
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2.2 MoTuBanus IOAAEPKKH PeXKnNMa pacliapaJijieJnBaHnus Ha 00-

myio namMsaTh B cucteme SAPFOR

[Tockosbky cucrema SAPFOR He crmocobHa mpoaHaIn3upoBaTh BCe TOHKOCTH JIOTUKI
pabOTHI ITPOTPAMMBI, ITPOIECC MOCTPOEHUS ONTHUMAJBbHON CXEeMbI pacIpeleseHus JTaHHbIX
sarpyaasercs. [losTomy amamorudnast moTpeOHOCTH B (DYHKITHOHAJE paclapaJlie/InBaHusI
Ha 00myto mamMaTh BosHukaeT u B cucreme SAPFOR. Takum obpaszom, peatmsalinsg HOBOIO
pexkuma paborer cuctemMbl SAPFOR mist pacnapasienmmBanns Ha OOIIyIO MaMsTh CTaja
JUTsT TAaHHOW pabOThl OCHOBHOM TI€JIBIO, KOTOPas JIeTaJbHO OINNCHIBAETCA B IMOC/IETYIOIIIX

nmaparpadax.

2.3 llocraHoBKa 3ama4dm, olpejeieHne 1iejieii paboThbl

Tak BosHukaer 3ajada gobasiaenns B cucremy SAPFOR jponosmauTesHOrO crienapus
paboThI — pacnapasuieTuBanus hopTpaH-IporpaMM 06e3 IOCTPOEHMST CXEMbI PACIIPE I/ IEHUs
JIAHHBIX U ¢ ucnojb3oarreM gupekTns PARALLEL 6e3 kiray3er ON.

Tpebyercsi, 9T0OBI HOBBIN PEKUM MOT' OOXOJIUTH OUPAHUYEHUs, HAKJIAJbIBAEMbIE DAC-
HpeJieJIeHNeM JIAHHBIX, TEM CAMBIM PACIIUpsis KJIACC Paclapasiie/IMBAEMbIX TPOrPAMM Ha
OOIIYIO TIAMSTH 110 CPABHEHHIO CO CTaHIAPTHBIM pacliapaJuie/inBaHueM Ha Kjacrtep. B gact-
HOCTH, BCTaB/IsIEMbIC JTUPEKTUBBI JOJ?KHBI KOPPEKTHO OIMHUCHIBATEL BCE JIAHHBIC, UCIIOJIb3ye-
MbI€ B IUKJE, uX 00jacTh XpaHeHus B mnamsatu u 3aBucumoctu tuna ACROSS, eciu onn
€CTh.

Takxke ot j00aBsieMoro (hyHKIIMOHAIA €CTECTBEHHO MOTPEOOBATH €r0 KOpPeKmHOCMb:
PN YCJIOBUH, €CJIN BXOJIHAS ITporpaMMa KoppekTHasi, To cuctemMa SAPFOR momkua BbIIA-
BaTh [IPABUIBHYIO MAPAJIIETBHYIO IIPOIPAMMY, KOTOPasi JOJZKEH YCIIENTHO KOMITIINPOBATHCSI
1 BBITIOJTHATHCS.

[ToMuMoO 3TOTO, PE3y/ILTUPYIONIEE paclapaslIeIMBAHIE JTO2KHO ObITh 9((MEKTUBHBIM, TO
€CTb JIaBaTh MPUEMJIEMBIIl TPUPOCT MMPOU3BOIUTETHHOCTH 38 CUET MHOTOIMIOTOYHOT'O BBITIOJI-

HEHUA: HE 3aMEJIATH IIPOTrpaMMy CyHI€CTBEHHO B XY/AIIUX CJIyYdadX U IIOJIy49aThb pacliapaJijiie-
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JINBaHUe, KOHKYPUPYIOIIUe C PYYHBIM B JIYUINIUX CIydasx. B 9To TpeboBaHue JOMOTHUTE b=
HO BXOJIUT paccTaHoBKa onTumusupyiomux kiaays TIE B qupektusst PARALLEL Be3ne, re
9TO BO3MOKHO.

[TockobKy pabora BeJéTcst B paMkax jopaborku cucrembl SAPFOR, pemerue 101KHO

ObITH B HEE MHTEIPUPOBAHO JIOJIKHBIM 00Pa30M:

e B cucreme SAPFOR kaxkmoe mpeobpaszoBanne ogopMmisieTcs B BUE TOCIEI0BATE b
HOCTU NPox0do6 — AJITOPUTMOB, KOTOPBIE JIOTHYECKH pas3jieeHbl Ha Oaoku. [Tosromy
HOBBIIT (DyHKIMOHAJ JIOJIZKEH ObITh peajin30BaH B BHJIE HOBOIO Mpoxoja (WM B BUJE

I10CJIe10BaTEeJIbHOCTU HOBBIX HpOXO,H‘OB);

® HOBBII PEXKUM pacrapaJieuBalnsd, JOKEH YINThIBATL U TPABUJILHO 00pabaThIBATh

nupektuBbl cucrembl SAPFOR;

e J0/IKHA OBITH /I00aBIeHA BO3MOYKHOCTH BBI30Ba 9TO PEKUMA Uepe3 JIMAIOrOBYIO I'pa-

duuecKyo 000JI0UKY;

e BMeECTe C CAMHM paclapasiieJIMBaHueM J0JKeH ObITh J100aBseH (PyHKIMOHA AaHAJIU-
3a BXOJIHOT'O KOJIa, KOTOPbIN BbIIaBasl Obl MH(MOPMAIUIO 110 PaclapaJsie MBaHui0 6e3
daxTugeckoit BctaBku jupekTuB. Anasornunbiii anaau3 B cucreme SAPFOR ects u
JUTsL PeXKUMa pacriapasuienBanus Ha Kiaactep. OH CIyKUT JjIs BBIABJICHUS 11POOJIEM

IIpU aBTOMATU3UPOBAHHOM paclapaJlie/InBaHuN;

Emgé omuoit mommenbio paboThl sIBJIsI€TCS TPOBEPKA BBITIOJHEHUsT 9THX TPeOOBAHUIT ITy-
TEM TIPOBEJIEHUSI TECTUPOBAHUS HA BBIOPAHHOM MHOXKECTBE IPOTPAMM, KOTOPBIE TOJIZKHBI
COJIEPZKATD JIOCTATOYHOE KOJTMIECTBO pacClapaJlIe/InBaeMbIX [IUKJIOB PAa3HbIX BHIOB.

PaccmoTpuM HEDOJIBINON TTPUMEP OKUIAEMOI0 paclapalie/IiBaHnusl Ha ODIILYIO IaMsITh
Ha OTPBIBKE MPOrpaMMbl, peanusyiorniei ajropurm fkobu (em. Puc). Cucrema SAPFOR
JIOJIZKHA, YCIIEIITHO BCTABUTH Bce IpucyTcrByiomue qupekTuBbl DVM-cucrembr. [1pu 3amycke
aHaJM3a KoJa JIMajioroBasl CUCTEeMa JOJI?KHA COOOIUTH, UTO BHEIIHHWI IUKJI paciapaJiie-
JIUTH HeJib3sl (M yKa3aTh MPUYKMHY), U YTO BHYTPEHHUE IUKJIbI PACIapaJlIeInBAIOTC 0e3

OPEHATCTBUNA.
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do it = 1,itmax
eps = 0.
!DVM$ REGION
!DVM$ PARALLEL (j,%), PRIVATE (4i,7),TIE (a(i,7),b(%,7)),
— REDUCTION (maz (eps))
do j = 2,1 -1
do i =2,1 -1
eps = max (eps,abs (b(i,j) - a(i,j)))
a(i,j) = b(i,j)
enddo
enddo
!'DVM$ PARALLEL (j,%), PRIVATE (<,35),TIE (a(%,7),b(%,35))
do j =2,1 -1
do 1 =2,1 -1
b(i,j) = calculate (a(i - 1,j) + a(i,j -
— 1) + a(i + 1,j) + a(i,j + 1))
enddo
enddo
!DVM$ END REGION
if (eps .1lt. maxeps) goto 3
enddo

3 continue

Jluctunr 10: mpuMep 02KUJIAEMOr0 paciapaJiie TuBaHus.

B JOIIOJIHEHNE K OIIMCaHHOMY, CyHIeCTBY€ET emé HECKOJILKO ClieHapHueB UCIIOJIL30BaHud CH-

creMmbl SAPFOR, 1ipu KOoTOpoM MOKET MPUTOINTHCA HOBBIN (DYHKIIMOHAJ. BO-11epBhIX, ¢ 110-
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MOIIBIO PEeXKUMa paciiapaJjiieMBaHns Ha OOIIYIO IMaMATh MOYKHO OyJ/IeT paciapaJiie/inBaTh
IporpaMMbl, Haltmcanble Ha Texnoorun MPI, aTo MoxkeT gaTh J0MOJTHUTETIHHOE YCKOPEHNUE.
Bo-BTOpBIX, JaHHBI PEKUM MOXKET OBITH II0JIE3€H U IPU OOBITHOM paclapaJsiie/IuBaHIl C
pacupejieieHueM JIAaHHBIX: C €0 TTIOMOIIBI0 MOYXKHO TIPEJIBAPUTEIHHO OIEHUBATH ITPOrPAMMObI
Ha [IpeAMeT MOTEeHIHa/a K pacliapaJjlieJIBaHnIO, HAIIpuUMep 3apaHee y3HaBaTh, KaKue ITUKJIbI
MOI'YyT OBITh paclapaJiIe/IeHbl, a Kakne HeT. Vcrmoab3ys moaydeHHy o nHpOpMaInio, MOKHO
OIIEHUBATH BEPOATHOCTDH TOI'O, UTO pacliapaJslieIMBaHUe JIacT MOJIOXKUTEIbHBIN 3hdeKT eré

A0 CO3JaHNnd CXEeMbl pacClipelde/JICHUA JaHHbIX.

2.4 O030p CyHIECTBYIOIINX PeIIeHnit

WccenenoBanust 1o TeMe aBTOMaTH3NPOBAHHOTO PacHapasiIe TMBAHNSA TPOTPAMM By TCS
JIOCTATOYHO JIaBHO. Ha JaHHBI MOMEHT CYIIEeCTBYeT HE TaK MHOTO IMMPOKO UCIOJIb3YeMbIX
CPEJICTB, TIO3BOJISTIOIINX TOIyYaTh MapaJuie/ bHblil Koa. Cpeau cpecTB, KOTOPhIe B TOM WIN
MHOI CTEeIeHN TOMOraloT B IIPOIecce paclapaJlie/INBaHus TPOrPaMM MOYKHO BBIJIEIUTH CJie-
mytorue: Polaris, CAPO, WPP, SUIF, VAST /Parallel, OSCAR, ParallelWare, Intel Parallel
Studio XE.

O/ 1HaKO, OTKPBITHIX pean3alyii aJropuTMOB paclapalIe/IBaHus IOYTH HET, II09TOMY
3a OCHOBY peleHusi ObLI B34T y2Ke cyiecryiomue B cucreMe SAPFOR pexxum pacmapasi-
JIEJIMBaHUsS C PACIpele/IeHueM JIaHHbIX. DTOT HOIXO0J, He TOJIHKO IOMOI' YIECTh CHUIUPUKY
s13bIKOB (popTpad 1 DVM, HO U 1I03BOJIMI MUHUMU3UPOBATHL OOBLEM BHECEHHBIX B CHCTEMY

SAPFOR usmenenuii.
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3 IlocTpoeHue pernieHud

Ber IIpOoIecC IIOCTPOCHUA pelIeHnd MOXKHO pa3/Je/IMTh Ha TPHU OCHOBHBIX JTalla — UCCJIe-
noBanme Ko10Boit bas3wl cuctembl SAPFOR, BHeceHne HEOOXOIUMBIX IPABOK M TECTUPOBAHIE

pean30BaHHOrO (DYHKITMOHAJIA.

3.1 IlepsBrplii 3Tarr — DOATrOTOBKA

OCHOBHOI TIEJIBIO JIAHHOTO 3Talla CTaJ aHaJu3 BHYTPEHHEI'O YCTPOWCTBA CHCTEMBI
SAPFOR, Tak kKak ObLIO IPHUHATO peIIEHHE Peau30BbIBATh paclapaslie/uBaHue Kak
JacTh €€ pyHKIuonaaa. Ha gaHHOM 3Tale ObLIO IPOBEIEHO MCCIEI0BAHIE NCXOTHOIO KOJIA

CHUCTEMBI, KOTOPOE J1aJI0O OTBETHI Ha CJIEAYIOIIHNE BOIIPOCHI:

® KaK IIPOUCXOJUT 3allyCK pPacCllapaJijie/JIMBaHUsA C paclpeaejieHueM JaHHbIX,

® KaKO#l KOJI U B KaKOil Ioc/Ie/IoBaTe/IbHU PadOTaeT NPpH paclapasl/Ie/IMBAHIU C Pacipe-

JejieHneM TaHHbIX;

® KaKre OpraHuYIMBAIOIINE TPOBEPKH IJIAHUPYETCH yOpaTh B IPOXOJIE paciapaJLie/ nBa-

HUs Ha OOIIYIO TTAMSTh;
® KakKue CTPYKTYPbI JAHHBIX MCIIOJIB3YIOTCS;
® TCIIOJIb30BaHNE KAKNX CTPYKTYP JIAHHBIX HY?KHO H30€7KaTh;

® KaKe CyIEeCTBYIONIIE aJrOPUTMbL (¢ MOKuMUKAIUIMA WK 6€3) MOXKHO (M HY?KHO)

[IEPEHCII0Ib30BATh B J00aBISIEMOM PEXKUME;

[TyTém aTeHns HCXOTHOTO KOJIA, JTIOKYMEHTAIIUN U OOIIEHNs C ABTOPAME CUCTEMbBI BCE 9TH
BOIIPOCHI ObLTN pa3perenbl. Jlaee w3araioTcs OCHOBHbBIE TIOJIyYeHHBIE CBEJIEHUS .

Kak yxe ynomsaasaocs panee, crpykrypHo cucremMa SAPFOR cocTroutr m3 muoxkecTBa
AJICOPUTMOB, KOTODbIE JIOTMYECKU PAa3/IeJI€Hbl Ha OTJe/bHbIe OJIOKU — IPOXobl. Karkibrit

IIPOXO/I BBIIIOJIHAET CBOIO (byHKILI/IIO 1 MO2KET 3aBUCETDL OT APYTI'HUX IIPOXOIO0B. HpI/I 3allyCKe
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[IPOXO/Ia Ie€PeJ HUM 3aIlyCKAIOTCS BCE MPOXO/IbI, OT KOTOPBIX OH 3aBUCUT HEIOCPEICTBEHHO
WIN TPAH3UTUBHO, IPU YEM KarKJIbII ITPOXOJT 3aIyCKaeTCs He DOJIbIe OJIHOTO pasda. 1aKum
0bpa30M B CHCTEME BBICTPAMBAETCs JIEPEBO 3aBUCUMOCTEN Mpoxo0B. Ha JaHHBII MOMEHT B
cucreMe uX yxKe 00JIbIlie COTHHU.

KonednbiM 11poxo/1oM [pu paciapasiie IMBaHIN C PACIPEICTICHIEM JIAHHBIX SBJIETCS IIPO-
xog1, ¢ HazBarueM INSERT PARALLEL DIRS, kotopsiit Tpou3BOUT BCTABKY CO3/IaHHBIX
qupekTuB B Kox. [masabie ero 3aBucumoctu — mnpoxojs CREATE PARALLEL DIRS co-
3/IaHMs] TApaJIeIbHBIX JTUPEKTUB (6€3 BCTaBKHU) 10 TOJIyYeHHOM nH(GOpMAINT U3 aHAJIN3a

[IAKJIOB. AHAJIN3 UKJIOB IIPOU3BOINTCS CAEIYIONIEH TPYIIIOi IPOXOI0B:

e LOOP ANALYZER COMP DIST;
e LOOP_ANALYZER DATA DIST S2;
e LOOP ANALYZER DATA DIST SI;

e LOOP ANALYZER DATA DIST S0;

OHu 3amn0JIHAIOT CTPYKTYPbI, OIMUCHIBAIONINE IUKJIbI, aHAJIM3UPYIOT OOPAIEHUs K Mac-
cUBaM BHYTPHU IUKJIOB, OTOOparkaioT oOpalleHns K MacCHBaM Ha IUKJbL. BMecre ¢ 3Tum
poucxoauT Ber30B mpoxojga CREATE TEMPLATE LINKS, koTopblit co3maér cTpyKTypy
JIAHHBIX, TIO3BOJIAIONILYO0 CTPOUTH PACIIPE/IE/ICHUE JAHHBIX. DTa CTPYKTypPa JIAaHHBIX HA3bIBA-
erca epagdom uameperut maccusos. Kpome storo B pabore pacnapaJieMBaHus yIacTBYeT
eré MHOYKECTBO JIPYTUX IPOXOJIOB (BCEro MOPSIKA CEMUIECITH ), KOTOPble He OTHOCATCS K
pacrapa/ijieJIMBaHUI0 HAIPSAMY. DTH TPOXO/bl HE KaCAlTCs PACIPE/IeSIeHUsT JTAHHBIX, 10~
9TOMY OHU IIPUCTAIBHO HE PACCMATPUBAINCE. JacTh JepeBa 3aBUCHMOCTEN ITPOX0/1a BCTABKI

napaJiieJIbHbIX JTUPEKTUB u3o0pazkeHa Ha Puc. 1.

21



LOOP_ANALYZER_DATA_DIST_SO
LOOP_ANALYZE§£DATA_DIST_Sl
LOOP_ANALYZE§£DATA_DIST_S2
CREATE_TEMéLATE_LINRS
LOOP_ANALYZER_COMP_DIST
CREATE_PA§;LLEL_DIRS
INSERT_PA§;LLEL_DIRS

Puc. 1: yupoménnas cxema pabOThI IIPOXO/IOB IIPH paclapaJlIe TMBAaHUN C PacipegeeHueM

JaHHDbIX.

Takum 06pa3oM, OBLTIO YCTAHOBJIEHO, YTO JIJIsl YCIEITHOM peasin3anuy paciapaJljienBa-
Hud Ha O6H.[yIO IIaMdATb HeO6XOILI/IMO 1 J0CTAaTOYHO BHECTU U3MEHEHUA B 9THU CEMb ITPOXOJI0B,
a ot npoxogja CREATE TEMPLATE LINKS crout mo/siHOCTBIO OTKA3aThCAd B HOBOM pe-

KHMe.

3.2 Bropoii aTan — peajn3alusi

Takum o6pazoM, HOBBIH pexkuM paboThI ObLT 0bOpPMIIEH KaK OT/Ie/IbHBIX Tpoxo/l. [1o ana-
jiorun s1ot poxoj 6611 HazBan INSERT PARALLEL DIRS NODIST, uro noguépkuBa-
eT oTcyTBHUe ocTpoenus pacipesenenus JanubiX. [lockoabky INSERT PARALLEL DIRS
OCYIIECTBJISIET TOJILKO BCTABKY CO3JIAHHBIX 3apaHee JUPEKTHUB, ero (PyHKIMOHAT MEHSITh
He npuiioch, modtomy BayTpu INSERT PARALLEL DIRS NODIST BbI3bIBacTCs KOI
npoxoga INSERT PARALLEL DIRS.

Camo cozjianme TeKCTa MapasilesibHBIX JUPEKTUB, KOTOPOE IPOUCXOJIUIO B IPOXO-

e CREATE PARALLEL DIRS, moasepriiocs mupaskam. OTTyja OJHOCTBIO yOpaH
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KOJI, OTBEYAIONINil 3a JUPEKTUBLI paCIpeJe/ieHns JIaHHBbIX. Takyke W3MEHEH KO, JIJIsd
KOHCTPYUPOBAHUS TapaJIeIbHBIX JTUPEKTUB: yOpano cosznanue npuctasku ON B aupek-
TUBE W KJIay3 YJaJEHHOrO J0CTyla K JjaHHbIM, cpean Kotopbix SHADOW RENEW u
REMOTE ACCESS. Takzxke 6bu1 niepepaboran ajaroutm 3amnojHenus kiay3 TIE (koropsrit
ObLI peajin30BaH JIJIs CTAPOrO peXKUMa paclapaJsile/lMBaHus Ha OOIIYI0 ImaMsTh). B HEM
UCII0JIb30BAINCH MACCUBBI, COTJIACHO KOTOPBIM PACIPEIC/IS/INCh BUTKY IUKJIa, & B HOBOM Pe-
JKHMe 0TOOparKeHUsl BUTKOB ITUKJIOB HA MacCUBbI HeT. HOBBI a/iropuT™ HAIIPSIMYO UCTIO b=
3yeT obpallleHnsl K MaCCUBaM, IIPOUCXOJIAIINE BHYTPH IuKIa. OKa3a/10Ch, YTO HOBasi BEPCHUsI
CREATE PARALLEL DIRS crasa zaMHOr0o KOMIIAKTHee U OBLIO PEIEHO He CO3/IaBaTh
JUTst He€ oTjiesibHbI mpoxoj u ¢aesnarh dactbio INSERT PARALLEL DIRS NODIST.

Taxzke, HOBBIN TTPOXOJT HE YHACIEIOBAJ 3aBUCUMOCTH OT ITPOXOJIOB
CREATE TEMPLATE LINKS n LOOP ANALYZER DATA DIST S* mnockoabko
OHM OTBEYAJIM TOJBKO 3a PACIPE/IeIeHNe TaHHBIX.

Emé npunutocs mepepaborars mpoxon LOOP  ANALYZER COMP _DIST. On orse-
JaJI 3a aHaJIm3 oOpallleHuil K MacchBaM BHYTDH IIMKJIa U paclapaJjjenBaHie, Ha OCHOBE
sToit mHMOopMaIluu. [J1aBHOE YTO MPUIILIOCH U3MEHUTH — yOpaTh YacTh ¢ BHIOOPOM MACCH-
Ba, COIVIACHO KOTOPOMY PACIIPEJIEISIOTC BUTKY UKJTa. [[peodpazoBaHHbBIN TPOXOJT TTOJTY U
nazpanne LOOP ANALYZER NODIST.

B pe3yJjibTaTe CXeMa 3aBUCHUMOCTE N3MEHNJIACh CJIEe 1Y IO M 06pa30M:
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LO\OP\_ANALYZER_DATA_DI _S0
1

L00P_ANAEV2£57DATE_DIST_s1

)
LOOP_AN ZER_DNIST_S2
{

CREATE_TEMPLATE_LINKS
!

LOOP_ANALYZER_COMP_DIST {---------- '{ LOOP_ANALYZER_NODIST
{

CREATE_PARALLEL_DIRS -

] ) (

INSERT_PARALLEL_DIRS {------- - INSERT_PARALLEL_DIRS_NODIST

Puc. 2: cpaBHenme cxeMbl pabOTHI ITPOXOJIOB PEXKUMa, pacliapaLIe/IMBAHUS C PACIIPeIeIeHuEM

JAHHBIX (CJIeBa) ¢ HOBBIM PEKUMOM PacHapasiIenBaHis Ha OOIIYIO TTaMsTh (crpaBa).

asee, ciemyeT cka3aTh O eIlé OJIHOM HEMAJIOBAXKHON YacTU PA0OTHI — UHTEIPAINH C WH-
CTPYMEHTOM JIJIs BU3yasm3alun (auaaorooit obosoukoit) cucrembl SAPFOR. 3nech Tpe-
60BaJIOCh peajn30BaTh JBa OCHOBHBLIX ciieHapus paboTbhl. [lepBuiit ocHOBHON clieHApUiT —
3allyCK pacrapaJsiie/IuBaHus Ha OOILyIo maMsaTh. TpeboBasioch mpeocTaBuTh wHTEPdEic
JUTsL BBI30Ba TPOXoja Bu3yasm3aTopoM. C 9THUM He BO3HUKJIO CJIOXKHOCTEH, Tak Kak JiIs
9TOro MoTpedboBaIOCh HaNMcaTh NpocTyio (gpyuknuio SPF_SharedMemoryParallelization,
KOTOPYIO BBI3BIBAET JIMAJIOrOBasg 000JI0YKA U KOTOPasg B CBOIO OYEPE/Ib 3aIlyCKAeT ITPOXO]T
INSERT PARALLEL DIRS NODIST. Bropoit crienapuii paboThl mpemoiarai 3amycK
aHajIM3a pacrapasiienBanus 6e3 (haKTUIeCKOl BCTABKH JUPEKTUB. AHAITUIHO 3aIyCKy

paciiapaJijie/InBaHnd, ObLIA ILO6&BJ'I€H& BOBMOXKHOCTB BBLISBIBaTb U3 BU3YyaJI3aTOpPa IIPOXOJL

LOOP_ ANALYZER NODIST.
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3.3 Tperwuii aTan — TecTupoBaHNE U PelIeHNe BO3HUKIINX IIPOdJIeM

[TockostbKy paboTa BeJIETCs ¢ UCXOIHBIM KOJIOM (bOPTPAH-IIPOIPAMM, MHOXKECTBO BO3-
MOXKHBIX BapUAHTOB BXOJHBIX MPOI'PAMM CJIMIIKOM BEJIUKO, YTOOBI IIPELyCMOTPETh abco-
JIOTHO BCE CHUTyaIluu Ha 3Talle peajusarnuu. V3-3a 310oro ObLIO HEOOXOJIMMO IIPOU3BECTU
TIIATETbHOE TECTUPOBAHME, YTOOBI BBISBUTH OCHOBHBIE CJIyYaud HEKOPPEKTHOI'O ITOBE/IEHUS
cucrembl SAPFOR.

Bouio mpoBesieHo TiaTebHOE TECTUPOBAHME J100ABJIEHHOTO (PYHKIIMOHAJIA HA [IPEIMET
koppekTHocTu. OHO TPOBOUIOCH KAK Ha HEOOJIBIITIX MOJE/IHHBIX IPUMepax, TaK U Ha 00JIb-
[IUX [IPUMEpPaX MPAKTUIECKH UCIO/Ib3yeMbIX mporpaMm. CyMMapHO 3a BCE TeCTUPOBAHUE
OBLIO ODHAPYKEHO MOPs/IKAa TPUINATH PA3JIUIHBIX TPUMEPOB HEKOPPEKTHOIO ITOBE/IEHUSI
nobaseHHoro pexkuma. [lasmee ommcanbl Hanbosiee cojepzKaTeIbHBIX U3 HaWIEHHBIX OIIIN-
OOK ¥ TO, KaK OHU OBLTU UCIIPAB/IEHBI.

[IepBas n3 Hux Kacajgach 00pabOTKH IMPUBATHBIX MacCUBOB. [Ipu pacipe e ieHun JaHHbIX
B DVM-cucreme 3amnpernaercs paciupeiesisiTh MACCUBbI, KOTOPbIE ABJIAIOTCS IPUBATHBIME XO-
Ts10B1 1711 oHOrO TmKJIa. [losromy B cucreme SAPFOR Takme maccuBbl He 0TOOparKaioTCst
Ha IUKJIbI DU [TOCTPOEHNN CXEeMbI pacipejiesieHns maHHbIX. [Ipn pacmapasuienmBanum Ha
obrryto mamaTb DVM cucrema J1omycKaeT MCIOJIb30BAHUE OJIHOINO MacCUBa B KadecTBE MPU-
BATHOT'O M HEMPUBATHOTO I PA3HBIX NUKJIOB. [losToMy 115t perkuMma pacrapaJuie/inBaHus
Ha OOIIYIO0 MaMATh OBLIO J100aBJIEHO OTOOparKeHWe Ha, IUKJI BCeX HEIPUBATHBIX JJIsI HETO
MacCHBOB (B 9aCTHOCTH, 3TO HYYKHO JijIs 3anojiHenns kiaay3bl TIE). 13-3a 3roro npuiocs
Bruectu npaBku B npoxos LOOP  ANALYZER NODIST.

Emgé onna nmpobiema cBsazana ¢ 00pabOTKOI mepejaBaeMbIX B IIPOIEIYPhl CEKIINN Mac-
cuBoB. /leno B ToMm, uro B DVM-cucreme 3amperneHo UCIOJIb30BaHUE B PA3HBIX ITUKJIAX
MIEPECEKATOTIUXCH 110 TAMATH Pa3IMIHBIX CEKIil MaccuBOB. Paccmorpum ciretytomnuii mpu-

Mep:

1 program p
2
3 integer:: A(100)
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4 call foo(A)

)

6 !DVM$ REGION

7 !DVM$ PARALLEL (<), TIE(A(%))
8 do i =1, 100

9 ACi) =

10 endo

11 !'DVM$ END REGION

12 end

13

14 subroutine foo(A)
15 integer:: A(50)
16

17 !DVM$ REGION
18 !DVM$ PARALLEL (<), TIE(A(<))

19 do i =1, 50
20 A(i) =
21 endo

22 !DVM$ END REGION
23 end

Jluctunr 11: npumep, BBI3BIBAIONINI OMMMUOKY BBIITOJTHEHUS.

B HéM HEM ecThb JBa HapaUieabHbIX MUKIa (cTpoku 8 u 19). OnuH U3 HUX HCIOJIL3Y-
er moJHbIi MaccuB A (KOTOpbIil 00bsiBIeH Ha crpoke 3). JIpyroil e uCHOIb3yeT CEeKIUo
MaccuBa A, KoTopasi cofep:KuT ero nepsble 50 aemeHToB (00bsiBIeHNe HA cTpoke 15). 3a-
IIyCK 9TOTO IIPpUMeEpa IPUBOIUT K omunOKe BoioHeHus cucremMbl DVM. Ilpu aTom eciin 661 B
nozporpamme £oo 6bLI0 00bsIBIIEHO, UTO MaccuB umeer pasmep 100 (To ecth dakTudecKn
repeiaBaJicsd Obl MACCHB IEJMKOM ), TO OMMOKHU ObI He OBLIO.

B ClIyda€ aHaJIOTUIHOI'O DpacCllapaJuleJIMBaHudA C pPacClIpe/ieJIEeHUuEM, oInOOK BBI-
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nosivennss DVM  ne Bosnukaer. I3-3a 3Toro B Ienb IPOXOJOB pacHapaJiienBa-
HUs Ha OOIIYI0 HaMATh OBbLT JI00ABJEH HOBBII IPOXOJ, KOTOPDLIN IOJYyYH/I HA3BAHUE
SELECT ARRAY DIM CONF. On 3amyckaercs mocjie aHaJn3a IMUKJIOB U (PUIBTPYET
napaJiiebHbIe TUKJIbI TAK, YTOObI B HUX HE OBLIO ME€PecedeHuii M0 MaMATH HCIOIb3yeMbIX
maccuBoB. lIpu obnapy:kenune KOHMIUKTHON I'PYIIILI UKJ/IOB, BIOUPACTCH OJIMH U3 HUX,
KOTODBIIl OyJIeT paciapaJiiesieH, a JIpyrue K paclapaJjile/IMBaHIiO He JIOIYCKAIOTCs.

Takum obpazom cxemMa TPOX00B HOBOT'O PEXKMMA TTOJTy IijIa OKOHIATETbHBIN BUJI, IIPE/I-

craBjeHubiil na Puc. 3:

LO\OP\\ANALYZER_DATA_DI _S0
1

L00P_ANAL\Y%E\R7DA’WA_DIST_51

)
LOOP_AN ZER_DNIST_S2
1

CREATE_TEMPLATE_LINKS
!

LOOP_ANALYZER_COMP_DIST -+~ -{ LOOP_ANALYZER_NODIST
1 l
CREATE_PARALLEL_DIRS :---. SELECT_ARRAY_DIM_CONF
\l/ ) « Jl
INSERT_PARALLEL_DIRS {------- - INSERT_PARALLEL_DIRS_NODIST

Puc. 3: uroroBasi cxema pabOTBI ITPOXOJIOB IIPHU PACIIPE/IC/IEHUH Ha, OOIIYIO TaMATh.

Onucanne pPeain30BaHHbIX aJI'OPUTMOB MO2KHO CIO/1a ,ZLO6aBI/ITI>, IIpAM 110 IIPOXOJaM
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4 Omnucanme aJropuTMoOB

B npeapiayieit riaBe moBEpXHOCTHO OINUCHIBAJIMCH (DYHKIUU ITPOXOJIOB, PAOOTAIONINX
IPU pacrapaiieJIMBaHuN ¢ Paclpejie/ieHneM JaHHBIX U UX aHAJIOTOB I CiIydas obmeit
naMATu. B 9Toif TiraBe MPpUBOAUTCS TOAPOOHOE OMICAHIE AJITOPUTMOB, C TTIOMOIIHIO KOTOPBIX
pPeain30BaHbl 3TU TPOXOJIBI.

Becob ncxomubrit Koz cucrembl SAPFOR nanmcan na s3pike C++-. [Iporpamma, mocryra-
I0ITasi Ha BXOJI CUCTEMe, IePEBOJUTCH B aOCTPAKTHOE CHHTAKCUIECKOE JIEPEBO OIEPATOPOB
(ACT). B kauecrBe peasmsanuu abCTPaAKTHOIO CHHTAKCHYECKOIO JIEPEBA MCIIOJIb3YeTcs G1b-
soreka Sage++ [6]. Vcrosb3ys 910 npejicTaBienne, BXOJHYIO IPOrPaMMy MOXKHO aHAJIH-
3UPOBATH, MOJUMPUIIMPOBATH U TIEPEBOJIUTH 0OPATHO B KOJI HA popTpaHe.

[Tomumo 6ubmorerku Sage++, B cucreme SAPFOR BBeIEH psiji THIIOB JIAHHBIX, YIIPO-

IIaIOIMMX pa3pa60TKy. Cpe;u/l HUX MO2KHO BBIJICJIUTH CJICAYIOIIUE HanboJiee HCIIOJIb3YEMbIE!

e Array — TuI, OTpaxKaloluii MaCcCUB, UCIOJB3YEeMbIil BO BXO/IHOI rporpamMe. [Tomumo
[IPOYEro, COMEPXKUT UH(MOPMAIUIO O €r0 UMEHU, Pa3MEPHOCTU, MeCTe OIIPeJIe/IeHNUs,

MeCTaxX HCIIOJIb30OBaHUI;

e FuncInfo — orparkaer (OYHKIHIO BXOIAHON mporpaMmbl. ComepKuT MHMOPMAIUTO O
UMEHH, MeCTe OIIpeIesIeHNUsI, TOUKaX €€ BbI30Ba, IMMOJAK/IIOYEHHBIX COMMON-0/I0KOB, NMe-

HaxX e popMaIbHBIX apTr'yMEHTOB, HH(MOPMAIINIO O HAJTHINE TOOOUHBIX 3(DPEKTOB 1 T.

-3

e LoopGraph — orpaxKaet 1ukJi. VmeeT nndopMalimio 0 MecTe PacloIoKeHns, BJIOKEH-
HBIX [HUKJIaX, BbI30BaX (DYHKIMI BHYTPHU IUKJIA, OEPAIUAX HAJ[ MACCUBAMU BHYTPH
nuKJIa. Ecam UK HaxoauTesd B KAaHOHUYIECKOH (bopMe, JIOMOTHUTETHHO COJIEPKUAT Ha-
3BaHUE UTEPAIMOHHON ITepEMEHHON, TpaHUIlax U Iare NTePUpoBaHus, IIyOUHy rHe3/1a
TECHOBJIOYKEHHBIX IUKJIOB. Kpome 3TOoro crpykrypa comaepKuT Habop ¢JiaroB, orme-

HaoNIUX UHTEPECYIONINE C TOYKHU 3pEeHNs paclapaJslieInBaHnusI CBOUCTBA;
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e ParallelDirective — CTPYKTypa, OTpazKalllasd CO3[IaHHYIO JIUPEKTUBY pacliapaJi-
sgesmBaaus. Colep:KUT MHMOPMAIIMIO O pasMepe paclapaJsiieIiBaeMoro THe3ga, O

kiaaysax Tuma SHADOW RENEW, ACROSS, REMOTE ACCESS, REDUCTION,

PRIVATE u ucnonb3yemMbix B HUX MacCUBaX;

4.1 AJjropuTmbl pacliapaJuieJ;IMBaHUA C pacnpeejieHueM JTaHHbIX

Paccemorpum 11o/1pobHee yeTpoiicTBO POXOI0B, OTBEYAIOINIUX 34 ITOCTPOEHUE CXEMbI pac-
IpeJiesieHnst JaHHBIX U pacriapasuiesuBanun (eM. Puc. 1).

Hauném c¢ mpoxoma LOOP ANALYZER DATA DIST S0. Ha Bxox on mnosydaer
ACT, zanosinennsie cTpyKTypbl FuncInfo u LoopGraph /i Beeil mporpaMMbl. Pesysibratom
JIAHHOT'O IIPOXO/Ia ABJISIETCS 3aII0OJIHEHHBIN Irpad n3MepeHunii MacCuBOB.

B npoxosme mpoucxouT ureparus no BceM crpykrypaMm FuncInfo, To ecTh 1Mo KazKoi

dbyukiun. g kaxKk a0 YyHKIUNA BBIOJIHAECTCA CJIEJyIOIIee:
® BBINOJIHAETCS IIPOXO/I 110 BCeM olrepaTropaM (DyHKIIUH;

® CCJIM 9TOT OIIepaTop COAEPKHUT 3allUChb B JJIEMEHT MaCCHBa HJIM YTEHHE U3 MacCCUBa
n 3TOT MaCCHUB pacnpeﬂeﬂﬂeMmﬁ, TO €CTb OH HE€ ABJIACTCA HUTJIEC IIPUBATHBIM HJIA

PEIYKIIMOHHBIM, ITPOUCXO/IUT OTOOparKeHne 3Toi onepalun Ha CoJeprKaliue eé Kb,

e OTOOparkeHue 3aK/II0YACTCA B COXPAHEHUH 3aluceil BUjia <yuk.a, MACCus, mun onepa-
yuu, Homep uamepenus, A, B> Bo BpeMeHHYIO CTPYKTypy. Takas 3ammch co31aéTcs
JUTA KarKJIOT0 U3MEpPEeHHs, OOpaIlleHre 110 KOTOPOMY B TEKYIIEH OIeparuu UMeeT BH/

A*+B, rne A u B - neable 4ncia, i - CITINK IUKJIA.

e II0cjle IIOXOJa 110 OllepaToOpoOM, I KaxKJIOTo IHMKJa IPOBOJAUTCSH aHAJIU3 3aBUCHMO-
cTeil 110 TaHHBIM. 10 ecThb IPOBEPKA Ha TO, YTO HUKAKON BUTOK IUKJIA HE UCIIOJIb3YeT
JIaHHBbIE, 3alIUChIBaeMble JIPYTUMU BUTKaMU. VICKIIIOUeHnsT COCTABIISIOT 3aBUCUMOCTH C
(PUKCUPOBAHHBIM PACCTOSTHUEM MEKJIY 3aIlUCHIBAIONIMM U YUTAIONIM BUTKAMU IHK-
JioB. [Ipm Ha/mmaum 3aBucCUMOCTEl B IIUKJIE, B CTPYKTYPY LoopGraph 3aHOCHTCH COOT-

BETCTBYIOIIlasd ITIOMETKA.
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e Jlajiee MIPOUCXO/IUT JI00ABJIEHIE TI0JIyYeHHBIX 3aIuceil 00 0OpaIleHnsIX K MACCUB B CIie-
[MUAJLHYIO CTPYKTYpa JIAHHBIX — rpad m3MepeHnuii MAacCUBOB. DTa CTPYKTYPa HCIOJIb-
3yeTcs Jjis IOCTPOEHUsI CXeMbl PACIIPE/IEICHIS JIAHHBIX U IIPEJICTaB/IsgeT coboil rpad,
BEPIINHAMHI KOTOPOT'O SBJSIOTCS U3MEPEHUsl MaCCUBOB, B JIyTaMU — CBA3U MEXKLY W3-
MEpEHUSIMUA MaCCHBOB COIVIACHO MX UCIIOJIB30BAHUIO B IIUKJIAX [IPOIPAMMBI (CM. IPUMEP

ua Puc. 4). [logpo6Ho nocrpoenune rpada MaccuBoB onmcano B |7);

e 110csie 00pabOTKH BeeX (DYHKINN MTPOXOJT 3aBEPIIACT PabOTY;

Maccmue fO_3_b

f0 3. b.0) (fo_3_b.1

Maccme fO_3_a

Puc. 4: nmpumep rpacda n3amepenunit MaccuBoB.

Hasee 3anyckaerca nmpoxonx LOOP  ANALYZER DATA DIST S1. Bxoaubie nannbie
y mero takue ke, kak u 'y LOOP ANALYZER DATA DIST S0. Ero mesnb — cobpathb
UHOOPMAITIIO O 3aBUCAMOCTSX 110 JIAHHBIM B IUKJIAX U OOHABUTH COOTBETCTBYIOMINE (JIaru
B CTpyKTypax LoopGraph.

B sToM mpoxojie Takzke UJAET UTepaIus 1Mo BeeM (DYHKITUAM TPOrPAMMBI U TTPOM3BO/ISITCS
CJICIYIOIIUE JAEeHCTBUI:
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® OIIATBb BBIIIOJIHAETCA IIPOXO/I II0 BCEM OllepaTOopaM (1)yHKH‘I/II/I7

® TOYHO TaK Ke 00padaThIiBaIOTCs oOpallieHus K MacCuBaM ¢ COXpaHEHUEM 3aIuceil Buia

<UUKA, MACCUB, MUN ONEPAUUU, HOMED udMepenus, A, B>;

e BMeCTO JI00aB/ieHns nHMOPMAIUU B I'pad U3MepeHnit MacCUBOB, BbISIBJIAIOTCS 3aBUCHU-
MOCTH IO JIAHHBIM BHYTPH IUKJIOB IIyTEM IIOCTPOEHUs CIEIUAJLHOrO rpada 3aBucu-

MOCTeil;

® JJId KaxKJI0I'o IUKJIa, KOTOprfI numMeeT 3aBUCUMOCTU 110 JaHHBIM, 3aHOCHUTCHA IIOMETKa B
CTPYKTYDPY LoopGraph O TOM, YTO ITUKJI UMeeT 3aBUCUMOCTD II0 JaHHbIM W HE€ MOXKeT

OBITH paclapaJiie/ieH;

® UCKJIFOUEHUsT COCTABJISIIOT 3aBUCUMOCTH (PUKCHPOBAHHOMN JIIMHHBI, TO €CTh TAKHE, ITO
HOMEpa 3aIUCHIBAIOIINX U IUTAIONINX BUTKOB OTJIHIAOTCS HA (DUKCUPOBAHHYIO BEJIU-
quny. Takne MUKJIbBI MOTYT OBITH paciapaJsuiesiensbl ¢ noMorbio aupekTusbl ACROSS

(cm. mpumep Ha Puc. 5 B riaBe 5);

e 110csie 00paboOTKH BeeX (DYHKIINN IIPOXOJL 3aBEPIIAET PaboTy;

[Tpoxox LOOP ANALYZER_ DATA DIST S2 nosyuaer Ha BX0J I'pad usMepeHuit
MAaCCHBOB. Pe3ysibraToM mpoxo/ia siBJIsieTCs yCeueHHbII Tpad n3Mepennii MaccuBoB (TaKoro
rpada u3MepeHwuii MacCUBOB, KOTOPBIN HE COJEPZKUT IUKJIOB, TOPOXKIAIONINE KOH(MDITUK THBIE
CUTYaIUN) JJIs TIOC/IE LY IOIIEro CO3/IaHus PACIPEIe/ICHUsT JTaHHbIX.

OH uMeeT cjIeIyonuil aJroOpuTM:

e paccMmarpuBaeTcs rpad U3MEpPEeHnil MacCUBOB;
® IIPOUCXOJIUT IOUCK IUKJIOB B I'pade;

e u3 rpada yJIajadioTcs JIyI'u Tak, 9TOObl Pa30pBaTh IMUKJIbI, TPUBOJIAIINE K KOHMJIMK-
TaM pacIpe/ieJieHus JaHHbIX. B mocaencTBun yaajieHne Iyr MPUBENET K IOSBIECHUIO

JIUPEKTHUB YJIAJIEHHOIO JIOCTYIIa K JIAHHBIM;
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[Ipoxogq CRATE TEMPLATE LINKS nosygaer #Ha BXOJ ONTHMU3UPOBAHHBLIA I'pad
U3MEpPEHuil MacCHBOB, B KOTOPOM OTCYTCTBYIOT IMUKJIbL. [locko/ibKy B 9TOM rpade HeT 1muk-
JIOB, BCE €r0 KOMIIOHEHTBI CBA3HOCTH IIPEJICTABJIAIOT COOO JiepeBbs. B KaxK/IoM TakoM je-
peBe HAXOJUTCS MACCUB C HAUOOJIBIIEH PAa3MEPHOCTBHIO U 110 HEMY CO3IAETCS CJIyKeOHBII
MacCUB-1IA0JIOH, Ha KOTOPBII BHIPABHUBAIOTCS BCE MACCUBBLI PACCMATPUBAEMOro jiepeBa. Ta-
KM 00pa30M, Ha BXOJI 3TOT IPOXOJ IpUHUMAET rpad u3MepeHuil MacCUBOB, a HA BBIXOJIE
[OJTY YaI0TCs JINPEKTUBBI PACIIPE/IC/IEHUS U BHIDABHUBAHUS JIAHHBIX, TTPEJICTAB/ICHHBIE CTPYK-
Typoit DataDirective, XpaHsdineil BCIO HEOOXOIUMYIO HH(MOPMAIIUIO.

[Tocste sToro zamyckaercs npoxon LOOP  ANALYZER COMP _DIST pacnpenenenus
BBIUMC/IEHUI COIVIACHO TIOCTPOEHHOMY PAacIpee/leHnio JIaHHbIX. Ha BXOx OH moJydaer
ACT nporpamwmsbr, nonydaer ACT, crpykrypsr FuncInfo, LoopGraph, rpad wusmepenuii
MaCCHBOB U IIOCTPOEHHOE pacipejenerne mpaHHbX. OOmast cxema pabOThI COBIAIAET
¢ LOOP_ANALYZER DATA DIST SO um LOOP_ANALYZER DATA DIST Si:
MIPOMCXOIUT UTepaIys M0 BceM (DYHKIUAM U 3aIllOJTHEHNe KOPTeXel <Uyuka, Maccus, mun
onepayuy, Homep usmepenus, A, B>. Tlocse 3amomHenus: 3Toit nHGOPMAIITHT, TTPOUCXOIAT

caenyouye JIeicTBud:

® IO OTJC/JIbHOCTU pacCMaTpUuBacTCA K&)K,ZLBIfI MU KJI]

e 110 rpyme ¢GpaaroB cTpykTypbl LoopNode ompejiesisiercs, ecTb Ju (hDaKTOPHI, MPEIAT-

CTBYIOIIIHE pacCIllapaJiJICJIMBaHUIO ITUKJIA.

® CpeUu BCEX MaCCHUBOB, UCIIOJIb3YEMbBIX B ITUKJIE, BbI6I/IpaeTCH Hy‘{HH/Iﬁ IJId TOro, YTOOBI
OTHOCHUTEJIbHO HEr'O pacClipeae/JIMTb BUTKU ITUKJIBI. Hpe,ILHOqTeHHe OT,ILaéTCH MacCCHuBaM,
B KOTOPbIE IIPOUCXOJUT 3allMCb U MMEIOT HanboJIbIIIee KOJIMYIECTBO HSMepeHHﬁ. Ecim

TaKHUX HET, BbI6I/IpaIOTCE{ MaCCHUBbI, U3 KOTOPbLIX IITPOUCXOAUT YTECHHCE.

e JIJIsi KaXKJI0ro IUK/I1a 6e3 orpaHuveHuil Ha pacrapaJuie/IiBaHue co3/IaéTcsd CTPYKTypa
Tuna ParallelDirective, B KOTOPYIO 3allUChIBAETCS BBIOPAHHBIN MACCHUB WM JIPyTras
nndopmanusa, Takas kak ACROSS-3aBucuMocT u Jp., n3BjaeKaeMas B TOM YHUCJIE U3

rpada u3MepeHnii MacCUBOB;
32



e [[0JIy4eHHble CTPYKTYypbl ParallelDirective coOxXpaHAIOTCd B COOTBETCTBYIOIINAX

cTpykTypax LoopNode.

® II0CJIe CO3JIaHUE BCEX JUPEKTUB, I KaXKJ0I'0 TECHOBJIOXKEHHOI'O THE3/a IapaJlie/lb-
HBIX IUKJIOB IIPOUCXOAUT oObeannenne ParallelDirective mjis TOro, YToObI pacia-

paJLe/InBaJICsI He TOJIBKO CaMbIil BEDXHUI IUKJI, 8 BCE THESZJO.

Ciesom BoizbiBaetcs mpoxoj, CREATE PARALLEL DIRS. Ha Bxo on nostydaet 1mo-
CTPOEHHbBIE TUPEKTUBBI PacIpeeIeHns JaHHbIX U JUPEKTUBBI Pacrapasie TMBaHus ITUKIIOB
B BuJie BHyTpeHHUX cTPYKTYyp cucreMbl SAPFOR DataDirective u ParallelDirective.

CuavaJia paccMaTpUBaIOTCH JUPEKTUBBI PacHpeseieHns JTaHHbIX. s KaxKoil Jupek-
THUBBI, IO NTHPOPMAIIUH U3 CTPYKTYPbI, CTPOUTCS €€ TEKCTOBOE IPeICTaBIeHne, B BIIEe CTPOK
koHcTpyupytorcsa takue DVM-nupektussl kKak ALIGN u DISTRIBUTE.

Jlajlee aHAJIOTMYHBIN MIPOIECC MTPOUCKOJUT C JUPEKTUBAMU pacliapaJuie/iuBanus: (Hop-
mupytorest gupektuBbl PARALLEL ON u Bce my:xHuble Kjaysbl, takue kak PRIVATE,
REDUCTION, ACROSS, SHADOW RENEW, REMOTE ACCESS.

Tekcrosble mupexkTuBbl DVM-crucreMbl coXpaHSIOTCA B BHUJIE MHOXKECTBA CTPYKTYP
CreatedDirective, KOTOpble XPaHAT TEKCT JUPEKTUBBI U CTPOKY, Iepej] KOTOPOu e€
HEe0OX0IMMO OyJ/IeT BCTABUTh.

Haxkomner, npoxon INSERT PARALLEL DIRS, noxydatoruii MHOXKECTBO CO3TaHHBIX
JINPEKTHUB, TTPOU3BOIUT UX BCTaBKY B Buje komMmentapueB B ACT obpabarbiBaemoii mpo-

I'pPpaMMBI 11€pe/] COOTBETCTBYIOIMUMU OllepaTOpaMU.

4.2 AJsropuTMbl pacliapaJiie/;IMBaHUA Ha OOIIYI0 MaMsTh

Kak 6buto ommcano panee, npoxogbl LOOP ANALYZER DATA DIST S* u
CREATE TEMPLATE LINKS oreeuator cyrybo 3a pacupejieseHne JaHHBIX, I10-
9TOMY paboTa 10 pacrnapasile/IiBaHUI0 Ha OOIIyI0 [MaMATh HAYUHAETCA Cpa3y C
anayiora npoxoga LOOP_ ANALYZER COMP_ DIST, koropblii mmojiydus Ha3BaHUE
LOOP_ANALYZER NODIST.
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Ha Bxoy on Takxke npunnmaer ACT mporpammbr, MHOXKeCTBO cTpyKTyp LoopGraph u
FuncInfo (Ho 6e3 rpada uzmepennii MmaccuBos). OTinaus B paboTe HAUUHAIOTCSI CO CLOCOOA
[IOCTPOEHUsT KOPTEXKENH <Uuk.A, MACCUS, MUN ONEPAYUL, HOMED uamepenus, A, B>: npn
pacIpe/ie/IeHUN JAHHBIX TAKUEe 3alUCU He COXPAHSJIACH JIJIsi MACCUBOB, KOTOPbIE SIBJISIIOTCS
HPUBATHBIMU B KAKOM JIHOO 1uKJIe mporpammbl. [Ipu paciapasuiesinBanum Ha OOIILy IO TaMsITh
€CTh BO3MOYKHOCTH CHSATH 9TO OTpAHUYEHNE M OTOOPaXKaTh Ha UK/ BCE €r0 HEIPUBATHDLIE
MaCCUBBI, JIAKe €CJIN JJIsl JIPYTUX IUKJIOB OHU SIBJISTIOTCS] TTPUBATHBIMU.

laiee, osiBUIaACh BO3MOXKHOCTH ODONTH OTOOpaKeHue BUTKOB IMKJIA HA pacIpejiesis-
embIiii MaccuB. [Ipeobpa3oBaHHBII aJrOPUTM HE 3aIlyCKAeT IMOUCK HAWUIYUIIEero pacipeie-
JIBHHOTO MaCCUBa I paclpeie/IeHns] BEITUC/ICHN U He 3aII0JTHSIeT COOTBETCTBYIOIIEE 0JIe
B cTpyKType ParallelDirective, xors 3amojiHenue japyrux moseit, tTakux kak ACROSS-
3aBUCUMOCTH, OCTAEbCA aKTyaJIbHbBIM.

Ha cnemnyromem stame paboraer woebiit mpoxon SELECT ARRAY DIM CONF
permaronuii mpobyieMy pacrapaJiyleIMBaHus IMKJIOB, WCIOJIB3YIOMNX CEKIINH MAaCCHBOB.
[Toapobuo mnpobiiema ormmchiBajIach B Hpeblaymieil riiase. Ha BXoj ajaropuT™ TpUHUMA-
€T MHOXKECTBO CTPYKTYp LoopNode ¢ 3amoJIeHHBIMU TIOJSIMH TapaJjiebHbIX JUPEKTHB
ParallelDirective. Tak ke mepemaércs rpad cBga3eil Mexky MaccuBamu. BeprimHamun
9TOTO OPUEHTUPOBAHHOIO rpada sBJIAI0TCA CTPYKTYpbl Array. [lyru crposrtces 1o ciaemyro-
IeMy IIPaBUIIY: IIyCTh MaccuB B apisercs hopMaabHbIM apryMenToM mporeaypst F. Torma
B rpade cyiecTByer jayra oT MaccuBa A Kk B B TOM U TOJIbKO TOM CJIydae, €CJIi €CTh BbI30B
poreypbl F' ¢ npejadeii ceknun MaccuBa A B KadecTBe (haKTUIECKOTO apryMeHTa s B.

[Tepes Tem Kak paccMaTpuBarh paboTy ajaropuT™a, BBEJIEM JBa MOHATUS. ByjeM Ha3bI-
BaTb MACUB 2.446HbILM, €CJIU OH HE dABJsgeTCs (DOPMAabHBIM apryMeHTOM (DYHKIUU, B KOTO-
pOit OH OIpeJIe/IEH. 3aMeTuM, 9TO B I'pade CBI3eil MeXK Iy MAaCCUBAMU IJIABHBIMU OyJIyT T€ U
TOJIBKO T€, KOTOPbIE He UMEIOT BXOIANMNX JAyT. TakxKe Ha30BEM Kon@duzypanueti N-MEepHOIO
MacCHUBa KOPTEXK U3 N IUCENT (;, B KOTOPOM @; SIBJISIETCs JJTUHHON i-TO M3MEpEeHUs.

AnropurMm paboTaer CJIeLYOMIM 00Pa30oM:

® J[JIsi KaXKJIOr0 IJIABHOI'O MAaCCUBa CTPOUTCS MHOYKECTBO KOH(MUTYpPAIUil MACCHBOB, J10-
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CTH2KMMDbBIX K3 IVIaBHOI'O B rpa(be cBs3ell MaCCHBOB;

® JIJIs KaXKJIOr'O TVIABHOTO MAaCCUBa BLIOMpAETCs JIydlnas KOHMUryparus — Takas, KOTO-
past COOBTBETCTBYET HAUOOJIBIEMY CyMMAPHOMY KOJHYECTBY JIEMEHTOB (CyMMapHOE

KOJI-BO 3JIEMEHTOB BBIYHNC/IZAETCA KaK IIPOU3BEIACHUE 9JIEMEHTOB KOpTG)K&);

® DACCMATPUBAIOTCS BCe HEeBbIOpaHHbIe KOHMuUrypamuu. Bee MUKIIbI, KOTOPBIE UCIOJIb-
3YIOT XOTb OJWH MaCCUB, KOH(MUIYpaIUs KOTOPOro He OblLia BhIOpaHa Ha IMPOILIOM
mare, OTCTPAHAIOTCS OT paclapaiIe UMBaHus IMyTEM MOTHATHSA CIEIUAJILHOTO hiara
hasAccessToSubArray B crpykrype LoopGraph u ymasder B Hell TUPEKTUBY paclia-

paJiieIMBanusd, ecjii OHa ObLIa;

Takum obpaszom, mocse JaHHOTO IIPOXOoJa OT pacHapasieMBaHus Oy/IyT OTCTPaHEHBI
IIUKJIBI, KOTOPBIE MOT'YT CIIPOBOIMPOBATH OIMMUOKY BBITIOJTHEHUS cucTteMbl DV M.

Hamee B mpoxome INSERT PARALLEL DIRS NODIST zamyckaercss ajiroputs 1mo-
JIy4EeHUd TEKCTOBOI'O IIPEACTaBJ/ICHUA IUPEKTUB pacliapasuiennsanud ParallelDirective,

KOTOpO€ UMET cJjeayronue OTJIndud OT CIyYdasd pacCllapaJijieIMBaHusd C pacClpeac/ieHueM:

® JIUPEKTUBBI PaCIpeJIe/IeHns JAHHBIX HE UCIOJIb3YIOTCA MPOXOJIOM U He obpadaTbiBa-

F0TCH;

e B rapaJule/IbHbIX JIMPEKTUBAX He IMPOUCXOAUT KOHCTpyupoBaHue Kiay3bl ON;
e e mpoucxoauT KoucrpyupoBanue kiaays3 SHADOW RENEW u REMOTE ACCESS;

e j00aBjieH0 KoHcTpyupoBaHue kiays TIE. Il 3amosHeHus: crmcka 0TOOparKaeMbIxX

MaCCUBOB HUCIOJIb3yeTCsd coXpaHEHHasd uHopMalysa o0 0OpallleHusX K MacCuBaM C

mpoxojga LOOP ANALYZER NODIST.

B pesynbrare mosaydaercs MHOXKECTBO co3MaHubIX jqupekTuB Created Directive, conepza-
1ee TOJIBKO JIMPEKTUBBI paciapaJiie/ TMBaHus Ha OOILYIO TaMsTh.

SBaBepimaeT pacrapaJiieliBaHne Ha OOIILYIO IMaMdATh BCTaBKa JIUPEKTUB IIyTEM BBI30BA
koza npoxojia INSERT PARALLEL DIRS c nepejiadeit MHOYKeCTBa CO3/IAHHBIX JINPEKTUB

CreatedDirective.
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5 MWccanemoBanne 3¢hbPeKTUNBHOCTHU

HewmasioBazkHy10 pOJIb B Oll€HKE KavueCTBa BBITIOTHEHHOW PAOOTHI HT'PAET TECTHPOBAHUE Ha
npeiMeT 3hPEKTUBHOCTH MOy 4aeMOro paciapaJieauBanusd. s stux nesreit ObL1 BEIOpaH
CIIENUAJIBHBIN MTaKeT MMPOrpaMM, KOTOPBIH IUPOKO HCIOJIbL3YeTCcsd B cepe MCCie/I0BaHns
sdpdexrusHOCTH pacnapaienuBanus — naker NAS Parallel Benchmarks 8|, koropsiit nasee

OyJeT JeTaabHO PACCMOTPEH.

5.1 NAS Parallel Benchmarks

NAS Parallel Benchmarks — 3o maker u3 jecstu nporpamm, pazpaboTaHHbIX /IS TECTH-
poBaHUs TPOU3BOUTETLHOCTH MHOTOIIOTOYHBIX BBIMUCIUTEIbHBIX CHUCTEM, BOCEMb U3 HUX
HaImcaHbl Ha opTpaHe, ocTajabHble — Ha sa3bike Cu. Tecrwr Ha opTpaHe BKIIOYAIOT CJIe-

JTYIOIE TTPOTPAMMBIL:

e BT, SP, LU — Block Tri-diagonal, Scalar Pentadiagonal, Lower-Upper. Pemator cun-
TETUYIECKYIO CUCTEMY HEJTMHEHHBIX T PUpEHIaIbHBIX YPABHEHNN B YACTHBIX [IPOU3-
BOIHBIX (3-MepHast cucrema ypasHenuit HaBbe — CToKca J7Is CKUMAEMOil KUJIKOCTH
WM Ta3a), UCHOJIb3ys TPH AJrOpUTMa: OJOUHAsT TPEXMArOHAJIBHAS CXeMa C MEeTO-
oM 1epeMenHbix Hanpasiennii (BT), ckansiprast nsarunnaronanbaas cxema (SP) u
MeTO/[ CHMMETPUIHON [OC/IeI0BaTeIbHOI BepxHeil perakcanuu (agroputm SSOR, 3a-

nada LU);

e CG — Conjugate Gradient. [Ipubsnkenue K HaMMEHBITIEMY COOCTBEHHOMY 3HAYCHUIO
OOJIBIIION Pa3peKEHHON CHMMETPUIHON MOJI0KUTETHHO-0IPEeICIEHHON MATPHUIIBI C UC-
[I0JIb30BAHUEM METOJIa OOPATHBIX UTEPAINii BMECTE C METOIOM COIPSIYKEHHBIX I'Da/IN-

€HTOB B KadecTBe moinporpaMmmbr jiist perrenust CJIAY;

e EP — Embarrassingly Parallel. 'enepanus HezaBucuMbIx HOpMaJILHO PACIIPE/IEIEHHBIX

Cﬂy‘{aﬁHle BEJIMYMH;
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e F'T — Fourier Transform. Perrerue TpéxMepHOro ypaBHEHUsT B YACTHBIX ITPOU3BOIHBIX

pu oMoIu ObicTporo npeodbpazosanus Oypobe;

e MG — Multi-Grid. Anmpokcumarust perenns TPEXMEPHOTO JTUCKPETHOTO YPABHEHHS

[Iyaccona mpu oMoty V-IIIKI0BOTO MHOTOCETOYHOI'O METOJIA;

e UA — Unstructured Adaptive mesh. Perienne ypaBHeHUsT TEILIOTPOBOHOCTH C yIETOM
nuddy3un n KouBeKIuu B Kybe. VICTOYHUK Terlia MOJBUZKEH, CeTKa HEpery/spHa u

MeEHACTCA KazKJIbIe 5 1aros;

Kaxkmast mporpamma mmakera nmeer napaJiiesbabie Bepcun Ha OpenMP u wa MPI. Kpo-
M€ TOr'0, HEKOTOPBIE TeCThl UMEIOT TAKzKe HECKOJIbKO BAPUAHTOB paclapaJiie/imBanns. Tak,
Harpumep, s tecra LU M0KHO BBIOpATh KOHBEEpPHOE pacliapaJijie/IMBaHue, paciapaJiie-
smBanue 1o runepiriockocTssM 1 DO-ACROSS Bepcuro. 91o pacnapasuienmBasne ObLIO IPO-
U3BEJIEHO CO3JIATE/ISIMU MTaKeTa, MpodeccroHaaMn B 00/1aCTH TapaJlie/IbHbIX BBIYUC/IEHUII,
MTO3TOMY OBIJIO TIPUHSITO PEIeHNe B3ATh 9TH BEPCUU 3a ITAJOH Paclapasiie TMBAHMII.

Tak>ke 3TOT MakeT MO3BOJIAET 3AIyCKATh BCE TECTHI HA PA3HBIX KAGCCAT, ITO JTACT BO3-
MOKHOCTB TTOJIONpaTh J/Isi KOHKPETHOW BBIYUC/IUTEIBHON CHUCTEMbI ONTHUMAJIbHBIA pa3Mep
3318491, 9TOObI TECT paboTas He CJIMIITKOM OBICTPO W HE CJAUIIKOM J1oJro. isa yiobcTtBa B
KaXK/IyI0 IIPOrpaMMy BCTPOEHBI CPEJICTBA JIJIsd 3aMepa BpeMeHH pabOThl TeCTa U CaMOIIPO-

BEPKA Pe3yJIbTaTOB BBIYUCJIEHU].

5.2 llpoiecc pacnapaJijieJIMBaHUSA

YacTo jij1s TOro, 9TOOBI MOy IUTh (MDMOEKTUBHBIN Mapa/lIe/IbHbI BAPUAHT ITPOrPAMMBI
¢ nomortipio cucrembl SAPFOR, tpebyercst npoBectu psiji mpeodbpa3oBaHuil UCXOIHOTO KO-
na. Ilpu pacrnapasutenuBanun TectoB NAS npuxo/inioch COBEPINATHL MHOTO ITPEOOPA30BAHMI
TPEX BUJIOB: cugHue (hailjioB, MOJICTAHOBKA IPOTIEIYP, YKa3aHUe TPUBATHBIX U PEIYKITUOH-
HBIX MaCCHUBOB.

Chausiane (aiiioB mpeacTaB/sieT cob0i HeCIOKHOe Tpeodbpa30oBaHme, 00beIMHSIIOIIIE BCe

daitiel TporpamMMbl B OIH. DTO Mpeobpa3oBaHue HYKHO U3-3a MPOOJIeM TIPU pas3/ebHO
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koMImAnuu goprpan-daitioB cucremoit DVM. [lpu nmomoru juaioroBoit 000JI09KH 9TO
peoOpa3oBanie MOYKHO JIET'KO JIeJIaTh «B OJIMH KJIUK>.

B HekoTopbIx MecTax pacriapaJuie/iiBaHue IUKJI0B OCJI0KHEHO HAJIMYUEM B TeJjle IUKJIa
BBI30BOB POIEYP. UT0ObI pacnapasieuTh TaKue IUKJIbI, MOYKHO IOIBITATHCS MOJICTABUTH
TEJIO MPOIEIYPhl BMECTO €€ BbI30Ba. Tak Kak B JIUAJIOIOBOI 0D0JI0UKE €CTh IIPOXO/Ibl AHAIN3a
KOJ[a U [IOJICTAHOBKH IIPOIIEIYP, MOXKHO TaK2Ke 6€3 OOJIbINNX YCUIUH HANTH IUKJTbI, KOTOPHIE
HE paclapaJlie/InBalOTCs U3-3a BBI30BOB IMPOIE/ILYD U ITPOU3BECTH TOJCTAHOBKY B HYZKHBIX
MeCTaX.

Hepenko B Kojie BCTpedaroTCcsi IPUBATHBIE U PEIYKIIMOHHBIE MACCUBBI. Tak Kak cucTe-
vMa SAPFOR B jnansblii MOMEHT He TOJJIEPXKUBAECT aBTOMATHYIECKOE OOHAPYKEHNE TaKUX
MaCCHUBOB, WX TPHUXOJUTCS BPYUIHYIO yKasbiBarTh npu mnomornu aupektus SPF ANALYSIS
(PRIVATE) u SPF ANALYSIS (REDUCTION).

OtnenpHOro BHMMaHus norpedboBasa nporpamma LU. OcHoBHast BbIYucuTebHAS Ha-
Ipy3Ka IporpaMMbl mpuxoauTes #Ha agroputym SSOR, (MeTos ciMMTPUIHOMN TIOCTIeI0BATE b
HOIT BepxHeii pesakcarun). OH npejcTapiisier coboil mapy rHé3 I UKJIOB TIyOnHbL 1Ba. Pac-
CMOTPHUM II€pBO€ U3 ITHX T'HE3J, TaK KaK BTOPOE PaCHapalIeIMBAETCs MOJTHOCTHIO aHAJIO-
rudHo. BO3MOXKHOCTH MapaJuie/IbHOrO BBIMOJHEHUS BUTKOB 3TOrO IMKJIA MEIIAaeT TOJIHKO
3aBUCHMOCTH 110 JIAHHBIM MaccuBa rsd: Kaykjas WTepaius ¢ HOMEPOM (i, j) MCHOJb3yer
9JIEMEHTDI, KOTOPbIEe BBIYUCIISIIOTCA BUTKamMu (i - 1, ), (i, j - 1). B makoii curyanun BuTKu
UMEIOT YACTUIHBIN TMOPSIOK U HEKOTOPBIE I'PYIIIBI BUTKOB MOT'YT BBIIOJTHATHCS ITapaJlie/b-

Ho. B mmakere ectb TpU peaJin3alliil TaKOI'0 pacCllapaJljie/IMBaHMUA:

® BEPCH{A C UCIIOJIb3OBaHUEM TaK Ha3bIBa€MOI'O ’K?OHGG’[Z@])HOZO napasieaAUu3ImMa. B neix 1101~
JAep2KaHnue KOppeKTHOfI IIocJje 10BaTE/JIbHOCTU BUTKOB IUKJI& OCYIIECTBJIAECTCA 3a CYET
HCIIOJIb30BaHMA CJIy)Ke6HOI‘O CHUHXPOHU3AaIIMOHHOI'O MaCCHUBa U IIPUMUTUBOB CUHXPOHU-

zanuu OpenMP atomic read u atomic write;

e B Jsipyroii Bepcum, KoTopas HasbiBaerca DO-ACROSS, ucrnosnb3yercs moxoxkasi cxe-
Ma, TOJIbKO CHHXPOHU3AIINs Pean30BaHa MEXaHU3MOM YIIOPSIAOYEHHOTO BBIIIOJHEHUST

BUTKOB 1uKJIa. s sToro B OpenMP ectb cnienmanbnast qupektusa ORDERED;
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® 1I0CJ/Ie/THSSI BEPCUS UCIOJIB3YeT NAPaALeAudm no eunepniockocmanm. 1lpn nammanm ta-
KOIl 3aBUCHMOCTH, BUTKU C HOMepaMu (i, j), y KOTOPBIX CyMMa i + j coBIajaeT, obpa-

3YIOT I'HIIEPIIOCKOCTHU U MOT'YT BBIIIOJIHATHCA ITapaJlJIeJIbHO (CM. Puc. 5),

/ / 7 s
’ / 7 7

Puc. 5: pa3znenenne nrepaninoHHOTO MPOCTPAHCTBA HA TUIEPILIOCKOCTH. BHYTpH 0HOI ru-

IIEPIIJIOCKOCTHU 3JIEMEHTBI MOT'YT CHUTATLCA ITapaJlJICJIbHO.

B cuiy Toro, uro SAPFOR He criocoben mpoaHaM3upoBaTh JIOTUKY CHHXPOHUBAIMA 1
3aBUCUMOCTH MEXKJIy Pa3HBIMU THIEPILIOCKOCTSAMU, MEPBBI U TPETUIl BApUHTHI paciapaJi-
JlesuTh He ynajaoch. Omgaako Bo BropoM Bapuante cucrema SAPFOR ycremio pacrnosnaga

3aBUCHUMOCTD 110 JaHHBIM KW pPacCllapaJijie/jinjia MUKJI C UCIIOJIb3OBaAaHUEM KJIAay3bl ACROSS:

1
2 IDVME REGION
3 !1DVMS PARALLEL (k,j), PRIVATE (...), TIE(..., rsd(*,#*,
— j5,k)), ACROSS (rsd(0:0,0:0,1:0,1:0))
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4 do k = 2,nz -1

) do j = jst,jend
6

7 enddo

8 enddo

9 IDVM$ END REGION

10

Jluctunr 12: mpumep Berapaennoil Kiaay3sl ACROSS, 3amaro1y o 3aBUCHIMOCTD pa3Mepa 1 1o
IIOCJICAHUM JIBYM HU3MEPEHUAM MacCCHUBa rsd. B TeJie IUKJIa IIPOUCXOAUT YTeHue 3JIEMEHTOB
MaccuBa rsd(k,*,j-1,k), rsd(*,%,j,k-1), rsd(*,%,j-1,k-1) u 3an0UCh B 3JTEMEHTHI

MaccuBa rsd(kx,*,j,k).

Takum obpazom, B pe3ysbTaTe aBTOMATH3NPOBAHHOIO Paclapaslie MBaHus ObLIN TOJTY-
venbl napaJuienasasie Bepeun tectos BT, CG, EP, FT, SP, LU. Ocrasnbhble TecThl (TO €CTh
MG u UA) pacnapaieurh He yJIajioch, JlayKe MpH MOMOIH npeobpasosanuii. [IpuanHoii
9TOMY CJIy’KUT HAJIMYINE B 9TUX TeCTaX HETPUBUAIBHON JIOTHKH, KOTOpas He TO3BOJISIET CH-

creme SAPFOR npouseoiuth pacrnapasiiemBanue.

5.3 Pe3yabTaThl 3aITyCKOB

[Tocsie nostyvuenus pacrapaJuie/leHHbIX Ha OOIIYIO MAMSATh BEPCUIl TECTOB OBLI MPOBEEH
UX 3allyCK Ha Pa3/IMYHbIX BBIYUCIUTEIbHBIX ycTpoiicTBax. [Ipomsseseno cpaBnenne mosry-
YEHHBIX Bepcuii ¢ napaJuiesibubiMu Bepcusgmu Ha OpenMP. Samnyck na nporeccope Intel Core
i7 980x (6 simep, 12 morokos, KommusiTop mpiifort ¢ yposuem ontumuzarmu -03) mokasast

corepyronue pesyabrarel (eM. Puc. 6 u 7):
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YcKopeHue 0THOCUTENbHO nocsiegoBaTeNibHoM nporpaMmsl (12 noToko., knacc A)
9 813 B Yckoperue SAPFOR + DVMH
8 735 : @ YckopeHue OpenMP
7
6
o 5
©
o
o 4
?
5 3
X
2
1
0
BT 6 EP FT LU SP
YcKopeHue 0THOCUTENbHO NocsiefoBaTenbHoW nporpamMmsl (12 noTokos, knacc B)
10 B Yckoperne SAPFOR + DVMH
9 871 g53 B YckopeHue OpenMP
8
7
6
2 5 443
a 4,29 .
8 4 3,93 3,76
=
g 3 261 212 224 229
2 17172
1
0 T T
BT c6 EP FT LU SP
YcKopeHWe 0THOCUTENbHO NMocsiefoBaTesNibHOM nporpaMmsl (12 noTokos., knacc C)
10 B Vckopenue SAPFOR + DVMH
8,65 853
’ B YckopeHue OpenMP
8
6
o™
©
o
2 4 3,79 3,79
=
(=]
¥
2
0
BT C6 EP FT LU SP

Puc. 6: 3amep Bpemenu paboThbl mnoJiydeHHbix Bepcuit Ha DVMH u stajonnsix Bepcuit Ha

OpenMP na nporeccope Intel Core i7 980x (12 moTokos).
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BT, knacc C CG, knacc C
1200 250
B SAPFOR + v ESAPFOR +
Y000 DVMH 2,00 DVMH
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@ 2150
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3 3 100
0400 o
s s
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Puc. 7: CpaBHEHHE BpEMEHU pa6OTbI TECTOB Ha Pa3/IMYHOM KOJIMYECTBE IIOTOKOB Ha IIPOLEC-

cope Intel Core 17 980x (ksmacc C).

Ucciienys nannabie rpaduk, MOXKHO CJie/IaTh CJIEYIOIINEe BHIBOIbI:

e camu 110 cebe TecThl yeKopsioTes ne oanHakoBo: Tectbl CG, FT, SP mator makcumasib-
HOe yCcKopenue npuMepHoB JiBa pas3a, BT u LU — B weTwipe ¢ nosiounoii, EP — B Bocemb
C IOJIOBUHOI];
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® Ha OJHOM M TOM 2Ke KJIaCCe€ pa3Hbl€ TECTbl CUJIbHO OTJIMYalOTCAd 110 BpeMEHU pa6OTI>I

(mampumep, Tect BT ma 12 morokax paboraer okoso 400 cexynn, a EP - okoso 20tu

CEKYH]L);

e pazpuiB Mex 1y DVM-Bepcusymu u OpenMP-Bepcusimu Ha Kitacce A cocTaBiisieT OKOJIO

10-20% B mosnb3zy OpenMP; na tecre FT paspeiBa Her BoBCe;
e C POCTOM pasMepa 3a1a4d paspbls yMenbinaerca 10 0-5% na knacce C;

e ma kjacce C recrer F'T, LU, SP nokaseiBatoT oannakoBoe yckopernne, Ha BT u CG co-
xpansgercd 3ameieane DVM-sepcuit, DVM-Bepcus EP yckopsierca memnoro Jrydre,

qeMm OpenMP-Bepcust;

e Bpemsi paborel DVM-Bepcuit 1 OpenMP-Bepcuit Ha pa3amaHOM KOJTHIECTBE UCIOJIb-
3yEeMbIX MTOTOKOB TaKKe OTJIUYACTCH HECYIIECCTBEHHO, C POCTOM KOJUYECTBA MOTOKOB

9TO Pa3jindue yMEHbIIIAECTCI;

® B IIEJIOM, €CThb IpUMepbl, Ha KOTOpbIX DVM-Bepcun ObicTpee, dem Bepcun na OpenMP

1 HA0OOPOT;

JlomoTHUTETHHO OBLIN TIOJIy9IeHbl PE3YIbTAThI pabOThl Ha I'PAMUIECKUX YCKOPUTEIISAX.
[Ipu TectupoBanmu ucnosibzoBauch Bugeokapthl Nvidia GeForce GTX 1660 Ti u Nvidia
GeForce GTX 1050 Ti.

B mnporecce 3aryckoB Bo3Hukm mnpoodsiembl ¢ Tecrom FT. ITapasienbHast Bepcusg 3Toro
TeCTa COJIEPKUT MPUBATHBIE MACCUBBI DOJIBIINX PA3MEPOB, UTO IPUBOJIMIIO K TIEPEIIOTHEHUIO
MAMSATH BUIEOKAPTHI. [109TOMY OBLIO TIPUHSTO pelieHne 0TKA3aThCsI OT 3aIyCKa TPOrPaMMBbL
FT nma yckopuresrsax.

Pesynbrarsr npegcrasienst Ha Puc. 8:
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Puc. 8: nemoncrpanus yckopeHnusi pabOThI ITOJIyYeHHBIX Bepcuii Ha yckopuTteaax Nvidia or-

HOCHUTEILHO 3aIlyCKa, MMOC/IeI0BaTeIbHON TTporpaMMbl Ha mporieccope Intel Core i7 980x.

OrHOCHTEIHHO PE3YJILTATOB pa6OTbI IIOJIy9eHHBIX BepCI/IfI Ha BHUJIEOKapTaX CIIaBE€IJ/JIMBbI
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caejytonme (pakThr:

e tect BT na Bujeokapre yckopuiics B 15,3 pa3 (nporus 3,6 pas Ha 1211 notokax Ha

kiacce C);
e CG — yckopenue B 8,6 pa3 nporus 2,7,
e EP — yckopenne B 39,7 pa3 nporus 8,5 — caMoe BBICOKOE YCKOPEHUE;

e LU — yckopenue B 5,4 pa3 npotuB 3,8 — BHJICOKAPTA IMOYTH HE JAET BBIMTPBHIII 110

CPaBHEHUIO ¢ MHOTOITOTOYHBIM ITPOIECCOPOM;
e SP — yckopenue B 10,4 pa3 nporus 2,5;

® C DOCTOM MOIIHOCTU BHJICOKAPTHI pacTéT u yckopenue (Mmogens GeForce GTX 1660 Ti

cospemenneii n Mormmeit geM GeForce GTX 1050 Ti);
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6 3akJirouyeHue

Nrak, ObL1a 1poBejieHa paboTa M0 UCCACTOBAHUIO U YJIYUIICHUIO CUCTEMbI aBTOMATH3H-
poeannoro pacnapaJsemuBaang SAPFOR. B kagecrse pazynbrara B cucremy SAPFOR 6b11
JI006aBJICH HOBBIN PEKUM PA0OTHI paclapa/lIeJIMBaHus Ha, OOIIYI0 TaMATh, YTO TO3BOJIIIO
PACIINPUTH KJIACC PACIIapasIeINBAEMbIX TTPOTIPAMM.

Paszpaboranubiii mpoxo ObLT JOKHBIM 0O6pa3oM umHTerpupoBan B cucremy SAPFOR.
Boumm nopmep:kannl kKak gupekTusbl cucreme SAPFOR, Ttak u B3ammojeiicrBue ¢ auasio-
roBO# 000JI0YKOM, B 9aCTHOCTH (DYHKIIMA 3allycKa IMPoXoja aHa n3a Koja. JlobaBieHHbI
IIPOXO/T UCIIOJIB3YeT KaK IIPeodpa30BaHHble BEPCUN YK€ CYIIECTBOBAIINX aJrOPUTMOB, TaK U
HOBBIE PEIeHUs.

JlobaBieHHBIN KO OBLT TIIATEIHLHO IPOTECTUPOBaH. BBIIO BBIIIOIHEHO TECTUPOBaHUE Ha
OOJIBIIIOM MHOXKECTBE PA3/JIMYIHBIX IIPOrPpAMM Ha IIPEJIMET KOPPEKTHOCTU IOJIYIaeMOIo Ia-
pasneabaoro DVMH-koma. Takzke ¢ TOMOIIBIO HOBOT'O IIPOXO/1a OBLIN paciapasiieHbl TeCThI
u3 nakera NAS Parallel Benchmarks.

Pacnapasuieusanue nporpamm u3 nakera NAS Parallel Benchmarks sbizsasio Hekoro-
pble TPYJIHOCTH, OOJIBIMMHCTBO U3 KOTOPBIX YJIAJIOCH MPEOJIOJIETh C MOMOIIbIO rpadutieckoit
obosoukn cucrembl SAPFOR. B pesyabrare mjs Oosibleil gacTit T€CTOB OBLIN IIOJIYI€HbI
s dekTuBHBIE TapaJIeIbHble Bepcun Ha a3bike DVM, KOHKypupyrorme ¢ 9TaJOHHBIMI Bep-
cusgmu Ha OpenMP. B nokazarenberBo nx 3ddekTuBHOCTH OBLIN PUBEIEHBI PE3Y/IbTATHI
3aITyCKOB HA Pa3IUIHBIX YCTPOWCTBAX: HA MHOIOIIOTOYHOM IIPOIECCOPe M Ha IPadUIeCKIX
YCKOPHUTEJISIX.

Pesynbrarsl paboThl ObLIN Ipe/icTaBACHb Ha KOHMepeHun «/lomonocosckue wmenus,
2024» n onybauKoBaHbI B €€ cOOpHUKE Te3ucoB |9)].

Taxum obpazoM, Bce TOCTaBICHHBIE 11EJT OBLITH BBITIOJTHEHBI, UTO JIAJI0 PEIIeHIE UCXOTHOM

3a/a491 aBTOMaTU3allUN pacCllapaJljie/JIMBaHd Ha O6HIYIO IIaMATh.
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