VK 519.63

O HEKOTOPBIX ITPOBJIEMAX «3AOBJIAYHOTI'O»
MATEMATNYECKOT'O MOJEJIMPOBAHN !

B.II. Uavun

PazpaboTka WHTerpUpoBaHHOTO TPHAKIATHOTO TPOTPAMMHOTO OKPYXKEHUS JIJIsT MaTeMaThde-
CKOTO MOJIETUPOBAHUS, OPUEHTUPOBAHHOTO Ha pellleAne MeXKINCIUTITHAPHBIX MPSIMBIX U 06paT-
HBIX 33/1a9 MMAPOKAM KPYTOM MOAL30BaTeNell B paMKax oOJadHBIX BEIYUCIEHNN Ha CYTEPIEHTPax
meTadIOMCHOTO YPOBHSI CTABAT OOMBINOH KPYT BOMPOCOB METOAMIECKOTO, TEXHOJOTHIECKOTO B Op-
TaHW3AIMOHHOTO XapaKTepa. B paoTe paccMaTpuBaeTcsd KOHIENNAS 6a30BOM CHCTEMBI MOJEAAPO-
Banmsa (BCM), byHKnHOHIpOBaRTe KOTOPOil MPeMIoIaraeTces B pAMKaX BEITHCIHTENBLHOTO MEHTPA
KosmekTHBHOrO moabsoBamus (BIIKIT). BCM mpencraBiasger coboit HHTErPHPOBAHHOE TPOTPAMM-
HOe OKpYXKeHWe, TMOIIePKUBAIOIIee BCe OCHOBHBIE TEXHOJIOTHYECKHE STANBI KPYTHOMACIITAOHBIX
BEIIUCTUTENRHBIX 9KCTIEPAMEHTOB, aJalTUPYeMOe K SBOJIONAN MOJeNel W aJTOPUTMOB pellleHus
387184, & TAK¥KE APXUTEKTYD MHOTOMPONECCOPHBIX BRITACIUTENRHEIX cucTeM (MBC) n opuenTupo-
BaHHOE Ha JJUTeNBHBIN YKW3HEHHBIN MUK, obecieunBaeMblil 3pdeKTUBHOM TeHepamneil MakeToB
mpuKIagubx mporpamM (TTTITT) 1t KOHKPETHBIX MPeAMeTHBIX obmacTeii. [IpobieMa TocTHKEHHsT
BRICOKOI cymMapHoit nponsBoguTenbraocTn BIIKII paccmaTpuBaeTcst Kak 3ajada yCIOBHOW ONTH-
MU3aIMUN PACIUCAHNS MIOTOKA PACUETHHIX 33/I]aHUIT ¢ YI€TOM UCIOMB3YEMBIX PECYPCOB KOHKPETHBIX
HIPUATOXKECHAT.

Karouesvie caosa: macuumabupyemuill napaiteiusm, OOAQUHDIE BBIMUCAEHUA, MAMEMATUYE-
CKOE MOOEAUPOSAHUE, MHOZONPOUECCOPHAA SBIHUCAUTEALHAA CUCTEME, OA3080A CUCTEMA MOOEAU-
POBAHUA, NPUKAAOHOE NPODAMMHOE OBECTEYEHUE.

BBeneunne

OnaHa u3 akTyaJIbHBIX MPOOIEM BBITUCIATEILHOTO COODMIECTRA 3aKMIOIAETCT B KAPIHHATb-
HOM TOBBIMTEHNH BOCTPEOOBAHHOCTH KOMIILIOTEPHBIX PACIETOR KAK TPETHEro MyTH TO3HAHKS MPO-
MIECCOB W SIBJICHUH, HAPSITY C TEOPETHIECKUMH MCCIETOBAHUSIMA W HATYPHBIMHI IKCITEPUMEHTAMHE.
Hpyrumu cjioBaMu, MATEMATH3AIAS PA3TUIHBIX HAYK W MOJETUPOBAHNE JTOKHBI ChITPATH 3HA-
YUTETHHYI0 WHHOBAIIMOHHYIO POJNb B MHOTOUYMCIEHHBIX MPOU3BOICTBEHHBIX W COTMAILHBIX cde-
pax, CpaBHUMYIO IO MacImTadaM ¢ WHMOPMAIMOHHBIMH TIOTPSICEHUSIMH, TTPUBHECEHHBIMI MaCCO-
BBLIM BHeIDeHHEeM MOOWILHEIX TeIe(OHOB U HHTEPHETA B TeUeHNEe IOCIEIHNX TeCITUIeTHI,

C TOYKM 3PEHHsT MATEMATHIECKOTO MOJCIHPOBAHNS, TPEOYIOMEro BLITOTHEHST KPYITHOMAC-
MTAOHLIX BLIUACAUTENLHLIX SKCIEPUMEHTOR IIPH PEIIEHNH IPIMLIX U 0OPATHLIX MEXKIUCIIHILIN-
HAPHBIX 38,71a%, OPUEHTHPOBAHHBIX Ha, TOCTHKEHUE KATECTBEHHO HOBOTO YPOBHSI MONYIEHNUS TTPHUH-
MUTTHATBLHBIX (PYHIAMEHTATLHBIX 3HAHAN 1 MTPOUZBOICTBEHHBIX PEIMEHHil, B CYTEePKOMITHIOTEPHOM
PA3BUTHH CIEAYET OTMETHUTE JBE TVIaBHbIe TeHaeHnu. C OHOH CTOPOHBI — HTO KOHIEHTPAIIHST
9KCTPEMAIBHBIX PECYPCOB B PaMKaX IMEHTPOB KoJleKTuBHOrO nonb3osanust (Data Centers, [1])
IOCT—TIeTA(DIONCHBIX MACIITAO0B ¢ MIJLIMOHAME DPA3HOPONHBIX KOMIIOHEHT, BKJIIOUAsl MHOIO-
SITIEPHBIE TIEHTPATBHBIE YHUBEPCATLHBIE U CIEIUATH3NPOBAHHBIE YCKOPUTETHHEIE MTPOIIECCOPHBIE
YCTPOiicTBa, MPOrpaMMupyeMble Jorndeckue narerpaibabie cxembl (ILJIUC), a TakyKe BRIYUCTH-
renbhbie cetn (Grid), obbeauHsgOMue yaaneHHbIe PACIETHBIE MOITHOCTH.

Hpyras tengentinss — 310 GHOPMUPOBAHNE MATEMATHIECKOTO U MPOTPAMMHOTO 0bece e st
B PaAMKaX MHOIOIOJIL30BATEILCKOH BLIYUCIUTEILHON HHTErPUPOBAHHON CPEIb], MOMIePKUBAIO-

H.IGf/i OCHOBHBIE TEXHOJIOTUYECKUE 3TAllbl PDeaJn3alluil HayKOCMKUX HpO6J'I€MI TreOMETPpHUHICCKOE U

ICrares PeKOMeHIO0BaHA K MyOJAWKAITNH TPOTPAaMMHBIM KOMATETOM MeXK nyHapomHoil HaydHo! KoHpepermnn «Ila-
pasleTbHBIE BEIUNCINUTENBLHEBIE Texaomornn — 2014 »
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(QYHKIIMOHATBEHOE MOIETHPOBAHIE, TEHEPAINs CETOK, AMMPOKCUMAINS W TUCKPETH3ANNS HCXO-
HBIX YPABHEHHUIl, Perenne aaredpaniecKnx 3a1a49, ONTHMUAZAINOHHBIE MOIXO0/IbI K PEIICHUIO 00-
paTHBIX 33184, MTOCT—00PAbOTKA U BU3YAIU3AINs PE3YIBTATOB, CPEJICTBA IPUHATHS PEMEHH 10
UTOTAM PACYeTOB, CM. [2—4|. B HEKOTOPOM CMBICIE MpUMEPAMH MTPOTPAMMHBIX MPOTOTHIIOB MO-
IyT CIyXRuTh Takue Komiekcesl, Kak OpenFOAM [5] u DUNE (Distributed Unified Numerical
Envirenment [6]), uiun Gosee y3ro nampasientabie OpenCascade [7] u Salome [8] .

MoTuBaluyu TAKOTO MyTH PA3BATHS 3aKIIOUAIOTCS B CIEIYIOMEM:

e HajM4ne OOIIX HBOIONHOHHBIX HAIPABIECHUIH CO3MAHNsT OTKPBITHIX TPOTPAMMHBIX CHCTEM
(Open Source), B COOTBETCTBUH € PA3pabOTAHHON MEKITYHAPOIHBIM KOMUTETOM IO PYKO-
BozicTBoM k. JIOHTAPPBI «IOPOKHON KAPTHI» IK3ABBIYUCACHUIT (9], & TakyKe TPUHITUIIOB
OTKPBITHIX WHHOBAIMIA, cM. [10, 11];

e HECOOTBETCTBHE COBPEMEHHBIM YCIOBHUSIM CYNEPKOMITBIOTEPHOTO PA3BUTHS IMIHPOKO DPAC-
IPOCTPAHEHHBIX TPAJUIIMOHHBIX TPOOJIEMHO—OPHEHTHPOBAHHBIX TAKETOB MPUKJIAIHBIX MTPO-
rpamm (HTHT) tuma ANSYS [12], NASTRAN [13| u MHOrEX ApPYyIuX, HMEOIMNX HCTOPHIO
PasBUTHS €ITe ¢ MPOILIOTO BEKA, a TaKyKe y3Kasi 001aCTh MPUMEHUMOCTH PAZIHIHBIX -
rOPUTMHUIECKUX OMOMNOTEK (anrebpantdeckux, rpahudecKux u T.1.);

e HACYIIHAS TOTPEOHOCTD CO3MAHUS BBIYHCIUTEIHHBIX HHTEIPUPYEMbIX TPOTPAMMHBIX OKPY-
JKEHUH ¢ JJINTETbHBIM JKUSHEHHBIM IIHKJIOM, aJAlTHPYEMBIX K IBOJTIONUN KOMITBIOTEPHBIX
n1aTopM, JIETKO PA3BUBAEMBIM U DEIIAIOIINM TPOOIEMY B3aMMOJCHCTBUS ¢ BHEMTHUMU
paspaboTKaMi, a TaKyKe CKPBIBAIOMINM OT KOHEUHBIX MOJIB30BATENECH H3IUITHIE TEXHIYIE-
CKHE JIeTaIi MyTeM TPEJIOCTABICHUsS JPY’KECTBEHHBIX HHTEIEKTYATbHBIX HHTEPGhEHCOB;
dakTHIeCKn 31€Ch UAET PEYb O PE3KOM TOBBIMEHUH WHTE/IEKTYAJBHOCTH MPUKJIATHOTO
nporpammuoro obecrnedenust (I1110), cBsizanHOl ¢ aBTOMATH3AINEH TOCTPOCHUST MATEMATH-
YECKUX MOJIeNEil 1 AITOPUTMOB WK, 0OPA3HO TOBOPs, O MEPEXO/e OT Maaeo-nH(MOPMATHKI
K Heo-nH(popmaTnke [14].

Lenbio pazpaboTKi TAKUX MHCTPYMEHTATBHBIX CPEJ SBISIETCS CO3AHNE MPEATOCHIIOK st
MHHOBAIMOHHOTO BHEIPEHUsST 1 MACCOBOTO MPUMEHEHH ST MATEMATHIECKOTO MOJIETHPOBAHUS Ty TEM
OTIEPATHBHOIN TeHEPAINHU MPHIOKEHNH HOBOTO MOKOJEHUsST isi (DYHIAMEHTATBHBIX HCCIEI0BA-
HUI WM aHAIU3a W ONTHMU3AINNH TPOU3BOJACTBEHHBIX MPOIeccoB. Heobxoammo nMeTs B BHILY,
9TO TEMIbl PA3BUTHS COBPEMEHHBIX M OYAYNINX BBICOKOTEXHOJOTHMYHBIX MPOU3BOJACTE (HOBBIE
MaTepuasbl, 60— U HAHO-TEXHOJOTHH, U IP.) HANPIMYIO 3aBHCAT OT YPOBHS MATEMATH3AIAHN U
KOMITBIOTEPU3AINY TAHHBIX ¢hep AeATeTbHOCTH, 8 TJIABHBIM OPYAHEM MO3HAHWS 3/1€Ch CTAHOBUT-
cs1 Mogienuposanue. Crienyer naxke MoA9epKHYTh, 9TO KOMITBIOTEPHOE MOAETUPOBaHIE Hanboiee
AKTYaJbHO HMEHHO B TPOPBIBHBIX TEXHOJOTHSAX, [/I€ TPATUIHOHHbIE TIOIX0/IBI HCCIETOBAHUIT nMe-
10T OTPAHIYEHHYO TPUMEHHMOCT. JIpyras BaXKHAsT THATIEKTHYIECKAsT TEHICHIINS 3aK/TI09aeTCS B
TOM, 9TO HAPSIY C AKTHBHBIM DA3BUTHEM PA3JIHIHBIX HAYIHBIX JUCIUTLINH, B OCIEIHUE TECITH-
JieTns uaeT OYPHOE HAKOIJIEHHE PE3YJIBTATOR B TEOPETHYECKOH, TPUKIAIHON U BEIYUCIUTEIbHOM
MaTeMaTHKe, KOTOPBIE YKIYyT CBOETO KOMIBIOTEPHOTO BOILIOMEHHs. A 9TO 03HAYAET, YTO HOBOE
[TTO 101KHO OBITH «KUBBIM OPraHU3MOM», KOM(OPTHAS MEPMAHEHTHAsST YBOJIONNS KOTOPOTO
Tpebyer caMoil CEPhE3HON TOIIEPKKH.

B namnoii pabore m3maraeTcs KOHIENIHs KOJIEKTHBHON (MHOTOTIOIB30BATENBCKOI ) Ha30B0i
cuctembl mMomenuposanus (BCM), BKIOUas apxuTEKTYpPy MOCTPOCHHUsT PA3PAbOTKH U 0CODEH-
HOCTEll ee (DYHKIMOHHPOBAHMST B PAMKaX O0JAYHBIX BBIYUCACHUI M TEXHOJOTHIl TPOrPAMMHO—
BRIYUCIUTENBHBIX yeayr (SaaS — Software as a Service). B m. 1 paccMmaTpuBatoTcsi BOMPOCHI

CTPaATErn4eCKOro n TakKTHYECKOTI'O INIaAaHUPOBaHHA ITapPaJlICIbHBIX BBIYHUCJICHUN ¢ TOYKH 3PECHUA
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Pa3INIHBIX TeNeBbIX (DYHKINI B OlleHKaxX 3 hDeKTUBHOCTH UCTIONB30BAHNS TEXHUIECKOTO 060DY-
JIOBAHWUST BHIYHCIUTENBHOTO TIEHTPa KoJtekTuBHOTO nosnb3osanus (BLIKIT). Hamo ckazath, 4ro
HOBOE — 3TO XOPOIMO 3aOLITOE CTApoe, U B ONPEJENEHHON CTENeHN aHAJOrMIHBIE TPOHIEMBI 00-
cyxkpaanuch B pabore [15] 1988 roma. ITyHKT 2 MOCBSAIIEH HEKOTOPBIM CHCTEMHBIM ACIEKTAM, BO3-
HUKAIOMUM MDY PEATU3aIUN TPEIIATaeMbIX PUIIOXKEHNH, & TAKZKe UX BO3MOYKHBIM 0000TIEHU M

)il ,ZLaJ'IbHefILHHM IyTdM Da3BUTULA.

1. Texuonoruum m Kputepum 3PEPEKTUBHOCTA PACTAPAJIECTINBAHUS

OiHO#t U3 rIABHBIX XaPaKTEPUCTHK MAPAJIJIETH3MA BBIYUCIUTEIBHOTO MPOIECca WIH aJro-
purT™Ma (MM ¥Ke PermaeMoil 3a/1atn) siBASETCsT MacCITadUuPyeMOCTh, KOTOPasi, BOOOIIE TOBOPH,
MOXKET MOHUMAThcd 10 pasHoMmy. Cama 3a/@a4a, C TOYKH 3PEHHUS €€ BBIYHCIUTENHHON CJIOXK-
HOCTH, WJIH PECYPCOEMKOCTH, CHENU(PUIMPYETCH KOJUYECTBOM HEOOXOMMMBIX apu(METHUECKIX
onepanuit C' u mamaTun M, KOTOPbIe €CTECTBEHHO M3MEPSATh BO uionax (AeicTBus ¢ MIaBaio-
mieit 3anAToi) U MANTHHHBIX CJIOBAX, MPHYEM B COBDEMEHHOM MOJIETUPOBAHUN CJIEIYET MOHNMATH
cranaprTHbie 64-paspsiiHbIE NPEJICTABICHUS YUCENT, TOCTATOYHO HAJIEXKHO MaPAHTHPYIOIIIE Tpe-
OyeMyI0 Ha HPAKTHKE TOYHOCTH. B cBOO ouepenb, Bejquuunbl C' u M 3aBUCHT OT KOJHYECTBA
creneneil ¢cBobosbl IV, KOTOPOE MOXKET ONPEAESAThHCH, HATPUMED, YUCIOM Y3JI0B CETKH HJIH T10-
PSIIKOM CHCTEMBI JIMHEHHBIX anrebpandeckux ypasuenuit (CJIAY).

[Tox MacmTabupPyeMOCThIO MOXKHO TOHHMATH B HPOCTEHINEM Cy4Yae YCKOPEHHE PacdeToB,
MPOTIOPIHOHAIBHOE YBEJIMYEHHIO KOJIMYeCcTBa mpoieccopos P. HeckosibKO OTIHYHOE OT 3TOr0
MOHATHE — COXPAHEHUE BPEMEHM PEIIeHMs 3aJa4u [PHU OJHOBPEMEHHOM YBEJIMYEHUH €€ PECYp-
COEMKOCTH M KOJIMYECTBA IPOIECCOPOB B OJIMHAKOBOE YHC/I0 pa3. Boobiie roBopst, 3a4acTyio B
pacrnapaJuie/IiBaHu [JIABHOE — TO BO3MHOXKHOCTb HHTEIPUPOBAHUS AMSTH JIJIs PEIIeHUs O0/Th-
MO 3812491, KOTOPYIO IIPH MaJIOM KOJIMYECTBE MPOIECCOPOB IPOCTO HEJIb3s PEATH30BATH.

st HEKOTOPOro abCTPAKTHOIO PACCMOTPEHUS] MHOIOIEIEBOTO MCIOIb30BAHMS KOLIEKTHB-
HBIX KOMITBIOTEPHBIX PECYPCOB HEOOXOJHUMO B MEPBYIO O4Y€PE/b BHIOPATH (DOPMATIbHYIO MOJENb
MHOTOIIOJIb30BATENLCKON BBIYUCIUTEILHONH CHCTEMBI, 8 TAKXKE M CAMOI0 BBIYHCJIUTEILHOTO ITPO-
ecca.

B nocrarouno obmieM BujEe MBI MOXKEM DPACCMOTPETH HEOTHOPOJHYIO, HJIM T'€TEPOreHHYIO,
MHOTOITPOTIECCOPHYIO — MHOTOSIIEPHYIO BBITHCIUTEIBHYIO CHCTEMY (HJTH CETh), KOTOPYIO Oymem
cokparienuo HaszeiaTe MBC, KaK COBOKYITHOCTb COEIHMHEHHBIX MEXKJY CODOH Pa3IMYHBIX KJa-
crepoB u ceprepoB. Kiacrep, B CBOIO Ouepe/b, MPEACTABIAETC HADOPOM MHOTOMPOIECCOPHBIX
Y37I0B, B KOTOPBIX TPOIECCOPBI MOTYT OBITH HJIM «CTaHAapTHBIe» (neHTpanbhbie, CPU), comep-
JKaIie OTHOCUTETHHO HEDOIBINOE KOJTMIECTBO BBIYHCIUTEIBHBIX saep (Hampumep, 8 win 12) ¢
00ITIell TaMsAThIO, W ClenuaIbHble (Hanboiee pacIpocTpaHeHHbIE — 3TO rpadUuecKie MpoIec-
copsl obmiero Hazuadenunsi, GPGPU), HacuuTHIBAIOIINE HECKOIBKO COT sifep (Hampumep, 5H12).
Ilpencrasisemvast Jijisi PacyeToB HAMsATh HMEET, KAK IMPABUJIO, HEPAPXUYECKYIO CTPYKTYDPY U
BKJIIOYAET ONIEPATUBHYIO MAMATH ITPOIECCOPOB U TPH YPOBHS K3ITIa, OTVIMYAIONIHECH MEXKTy cobOil
obbemoMm 1 OpicTpoaeiicTueM. OTnenbHbIH cepep POPMAILHO MOKHO CIHTATH KIACTEPOM, CO-
CTOSIUM M3 OJHOTO «DOJIBITIOTO» Y3Jia, COIEPKAIIETO JOCTATOYHO EMKYIO ODIIYIO OIEPATHBHY O
MaMSATh U 3HAYUTETbHOE KOJMIECTBO MHOTOSIEPHBIX TPOIECCOPOB PA3IHYHBIX THIIOB.

BrrauciurenbHublii ceanc Ha Takoit MBC 3akiiouaercs B ylpaBisieMOM AUCIETYEPOM BbITO/I-
HeHuu apuMETHYECKUX JeHCTBUNH HA COOTBETCTBYIONIMX YCTPOUCTBAX, 8 TAKXKe B MH(OPMAIU-

OHHLIX 0bMeHnax MEXKIYy HUMU. I/I,ZLeaJH)HI)IM ABJIAETCHA BBIIIOJHEHNE PDacY€TOB HEIIOCPEACTBEHHO B
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[IPOIIECCOPE € UCIIOIB30BAHUEM TOJIBKO CBEPXOBICTPHIX PEMHCTPOB HAMSATH, OJHAKO UX KOJTHYECTBO
OTPAHNYINBAETCA HECKONBKUMU AECATKAMUA.

OrpanuvnBasich TPUBHAIBHON MOJENbIO BhIUucaeHuil, Bpemst t(A) peammzanuu (parven-
Ta aaroputMa (Wan 3a71a9n) A HA KAKOM-TO OJHOM MPOIECCOPE KOMITBIOTEPA MOYKHO BBIPA3UTH

dopmyoit

HA) =ty + e+l ta=TaNa, te= (10 + TeNe)me, (1)

rje 7, U N, — CpenHee BPeMsi BBINOJHEHHs OJHOIO JIEHCTBUS U 0DINee KOJUYeCTBO apudMeTu-
YECKUX OTEPAIUil, I, — BPEMs PEATH3AIUN MEXKITPOIECCOPHBIX HH(POPMAITMOHHBIX 0OMEHOB, T, —
BPeMS MEKIIPOIECCOPHOM Nepeiaun OAHOTO Yucaa, N, — KOJNIeCTBO NepeJaBaeMbIX HuCes, Tg —
BpeMs 3aJIePKKH (HACTPOIHKIY ) OMHOM TPAH3AKIINH, M, — YUCTIO OOMEHOB, a t,, — BPeMsl TIPOCTOEB
(oKuIAHNS) TPOLECCOPA, KOTOPBIE MOYKHO PACCMATPUBATH KAK HEM3OEXKHYIO MIATY 32 PACCOTIa-
COBAHHOCTDb CTPYKTYPbI KOHKPETHOTO aaroputTma u apxuteKTypbl MBC, Ha KOTODOil OH BHITIOJIH -
ercd. s pealbHBIX BRITYUCIUTEILHBIX CUCTEM UMEIOT MECTO COOTHOIMEHNS T, K T, < Tp, B CUITY
Y€ro MOBLIMMEHNE TPOU3BOAUTEILHOCTH PACYETOB B 3HAMUTEILHOM CTENEHN CBA3AHO ¢ MUHUMHU-
3ammell KOMMYHUKAIH. 3JIeCh CAeIYeT OTMETHTh W JIPYTOil HEMAJIOBAXKHBIH (haKTOP: Oneparuu
nepeiadn JaHHbIX ABJISAIOTCS HAMHOTO DOJiee SHEPro3aTPATHLIMHU, B CPaBHEHUN C apudMeTunye-
CKUMU JEHCTBUSIMH, YTO CHJIBHO BJIMSET HA CTOMMOCTH dKcmayararmun MBC (morpebienue siek-
TPOIHEPIUY CYNEPKOMITBLIOTEPA MOCTIETA(DIONCHON MPOU3BOIUTETBHOCTH JOCTUTAET HECKOIBKUX
MEraBarr).

Hecosepmencrso (opmyn B (1) ¢ BBEICHHEM BETHYIUHBI T, CPOJHU MOHITHIO «CPEIHEH TeM-
ePaTypPhI 10 OOJBHUIIEY, TIOCKOJIbKY PeaIbHAS JAJIUTEIbHOCTD PA3JIMYHBIX apU(PDMETHUECKUX Nei-
CTBUH CHJIBHO OTJIMYAETCH JIPYT OT APyra u, Dojiee TOro, Ha CaMOM Jiejie HeOOXOUMO YUUTHIBATh
COBOKYIIHYIO CKOPOCTb BBINOJIHEHHS apu(pMETHYECKUX BHIPAXKEHU I HA ITPOIECCOPHOM KOHBeHepe.

Peanbuo enunurieit m3amMepenusi BpeMeHN B KOMIILIOTEDPE ABIAETCA «TaKT», TIATEILHOCTL KO-
TOPOTO ONpPEeAeNseTcsS JaCTOTOH IAEKTPOIUTAHAA U COCTABASET HECKONILKO Turarepil. JInntenn-
HOCTb BBINOJIHEHHsT KAXKJIOTO apU(pPMETHYECKOTO NEHCTBHS XapaKTEPUIYETCHd KOJUYECTBOM TaK-
TOB U, HAIPUMED, IPH «XOPOITEil» OPraHu3allii BhIYHCJIEHUI BhIpaXKeHus y; = ax; +b,i = 1, ...,
3HAYEHHE KAXKIOr0 ¥; OyJIeT 3aHUMAaTh TOJBbKO OIMH TAKT.

Bropoe rpyboe npubinkeHnne 3aKII0YAETCH B TOM, UYTO To U T TOXKE NPEACTABIAIOT coboil
YCPEIHEHHBIE XaPAKTEPUCTHKI CKOPOCTEN 0OMEHOB MEXKIy Pa3JIM4HbIME ycTpoiicTBamu. B npe-
genax ogHoro CPU — 310 ¢Bsi3u yMHOXKHUTEJIEH U CyMMAaTOPOB C IPOIECCOPHBIMU PErUCTPAMH,
0OMEHBI MEXKJY PErHCTPAMH U KIIEM, 8 TAKXKE MEXKIY Pa3JIMYHBIMH YPOBHAMHU ONEPATHBHOM
0bmmeit namsiTu. Hamuoro memiennee ujger nepepada ganubix Mexay CPU u GPU, mexy BbI-
YUCJIUTEBHBIME Y3JIAMH OJIHOTO KJIACTEPA U TeM 0oJiee — MEXKJy Pa3/IMYHbIMU KJIACTEPAMH,
coenunasieMbiMu B pamkax BUKII ¢ nomomnisio Grid-rexuosoruii. B nocnennem ciydyae uroro-
BOE OBICTPOJIEHCTBUE ONPEJETIETCH TEXHUIECKUMI XaPAKTEPUCTHKAMH TEJIEKOMMYHUKAITMOHHBIX
KAHAJIOB.

C mpyroii CTOPOHBI, 3HAYUTETLHOTO YMEHBITIEHUST PACIETHOTO BpeMeH t( A) MOXKHO 0O THCsT
[MyTEM CIEIHATbHON OPraHU3aIMK BRIYUCIUTEIBHOTO MIPOIECCA: COBMEITIEHIE 00MEHOB 1 apudme-
THYECKHUX OIlepaIiil BO BpEMEHH, OPraHu3aIus HH(QOPMAIMOHHBIX 0y(DEPOB, PA3JIHYHbBIE TPHEMBI
ONITUMHU3AINH TPOTPAMMHOTO KOJa TUMA «Pa3BePTKA MUKIOBY», U T.J.

KamecTso pacnapasnenusanus 3aaa491 A wa, P mporieccopax B MePBOM MPUOIHYKEHTH MOYKHO
OXapaKTEPU30BaATh JIByMs napaMerpamu — Kodpduimnertom yckoperus Sp u 3(p(eKTHBHOCTHIO
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HCITOJIb30BAHUSI TTPOIECCOPOB:
Sp(A) = —=, Ep(A)=5p(A4)/P, (2)

rae tp(A) — BpeMsi BBIIOJHEHUs 3a7a9u Ha P mponeccopax. EcTecTBeHHO, B JAHHOM CIy4ae
MPOIIECCOD MTOAPA3YMEBAETC ONHOSIEPHBIM, Y€ro Ha MPaKTHKE yxKe nouTu He bbiBaer. Bein ke
B (2) 3a P IpuHUMATH KOJTHIECTBO S/IEP, TO 3/1€Ch HAMO YIUTHIBATH BO3MOKHBIE KOH(MIUKTHI TTPH
pabote ¢ 001mell maMsTho. B 3T0 cUTyaluu HAM0 UMETH B BUJLY, YTO OIEHUBAEMAs TEOPETHYECKIX
MUKOBas TPOU3BOAUTEILHOCTL MOXKET CUABHO OTAMYIATLCS OT PealbHOM.

B onpenenernom cMbIcTe HaeaNbHBIM CINTAECTCS JTUHENHOE pacapaileInBanne, KOTIa YCKO-
penue Sp IPOMOPIMOHATIBLHO YHCTY Iporieccopor P, a adpdekTuprocTh Kp O/iM3Ka K €IUHUIIE.
Ha npakTuke 3adacTyio cuurtaiTcs npuemieMbiMu 3uadenus Fp = 0.1 <+ 0.5. OgHako uHOTIA
CYyYAOTCa W dyzeca co 3HadeHusMu Fp > 1 (cBepx/mHEiHOE YCKODEHHE), KOria, HAIpUMED,
¢ yaBoenneM P anropuTM™, W3HAYAJBHO BBLITOJHSIEMBIN B MeIJIEHHON MaMaTH, HAUUHAET <yMe-
IMATHCA> B KIITIE.

37ech U HUXKE IO/, 9MCJIOM IOHUMAETCS BEIECTBEHHAs IEPEMEHHAS CO CTAHIAPTHOH JIBOHHOM
TOYHOCTHIO B 64-OMTOBOM MTPEJCTABIECHNH € TJIABAIOIIEH 3aIsITOMH, UTO SIBISIETCS HEOOXOAUMBIM (1
3a9aCTYIO TOCTATOYHBIM ) PH PermeHnn OONbIIX 3a1a4, Hanpumep — npu pemennn CJIAY ¢ pas-
MEPHOCTBIO MOPSIKA MUJITHOHA. OTMETHM, YTO B TaMsiTH 00beMOM OuH rurabaiiT pazmernaercs
128-10% Taxux uncen. Orciona, HAIpUMep, CJSAYeT, YTO I8 XPAHEHHS 3IEMEHTOB Pa3PesKeHHO
KBAAPATHOH MATPHILI ¢ pasMepHocThio N = 107 1 €O cpeqHnM YHCIOM HEHYIEBLIX JIEMEHTOB B
cTpoke, paBubiM 100, Tpebyercsi OKOJIO OIHOTO TepabaiiTa MaMsiTH. JTO O3HAYAET, BO-IIEPBBIX, YTO
pPasMeIneHne TaKoro 00rbeMa naMaTi TpedyeT OOJIbIIOTO YHC/Ia MPOIECCOPOB, 8 BO-BTOPBIX, YTO
COOTBETCTRYIOIMNE MEKIIPOIECCOPHBIE TEPECBIKN MPEACTABIIIOT BeChbMa TOPOTYIO OMEPAITHIO.

Heobxonumo 3aMeTHTh, 9YTO PECYPCOEMKOCTb BBIMUCIUTEIbHBIX 337184 U KOMIIBLIOTEPOB 3BO-
JIIOIMOHUPYET IPH COXPaHEHUu OajaHca Mexnay OwicTpozeiicTBueM u 0b6bemom mamsitu MBC:
TepadioncaM COOTBETCTBYIOT TepabailThl, neradyioncam — nerabaire!l u T.1. Takas 3akoHOMED-
HOCTb MPUBOJUT K TOMY, 4TO peajusalius 00Jbmioi pacyetHoi 3ama4uu va MBC — sto dakru-
YEeCKM KOMILIEKCHAsST BRITHCTUTETRHO-nH(bOopMaImontas npobsema (Intensive Data Computing).
XoTs CTOUT NMOTYEPKHYTH, 9TO YHCTO MH(MOPMAIMOHHBIE 330249 TPAJUIIHOHHO OTHOCATCH HE K
MaTEMATHYECKOMY MOJETHPOBAHUIO, 8 K JAPyroi npobiemaruke — Big Data unu Data Mining.

[TapaiokcaIbHBIM, HA MEPBBIH B3TIs/, SABJISETCH TOT (PAKT, YTO AHAJTUTHIECKUE OIMEHKH KOM-
MbIOTEPHON MTPOU3BOIUTEIBHOCTH SABJISIOTCH «TEPPaA MHKOIHUTOY BBIYUCIUTENLHOM nHbOpPMaTH-
ku. PeayibHble onepaliny py HAJTHYHH KOHBEHEPOB, MHOTOYPOBHEROM MAMSITH U BHYTPEHHUX 0CO-
OEHHOCTIX KOMITHJISITOPOB HACTOJIBKO CJIOXKHBI. 4TO JAXKe CMOJIETUPOBATH BHIMOJIHEHNUE TPOCTEH-
IMUX BEKTOPHO-MATPHYHBIX BHIPAXKEHUI HE MPEJACTABISAETCH BO3MOXKHBIM. lloaromy mpobiema
ONTHMU3AIHE TPOTPAMMHOIO KOJIA MPUOTKPHITA TOJBKO HEMHOI'MM MTOCBSIIEHHBIM, & €JIMHCTBEH-
HLIY peaJbHBIM MYyTh €€ UCCAEOBAHNS W MOHUMAHUS — JTO CUCTEMATHIECKNN IKCIEPUMEHT C
KBaJIN(PUIIMPOBAHHBIMH U3MEPEHUSAMU, B KOTOPBIX JIOJ2KHbBI OMOTIaTh HHCTPYMEHTAIBHBIE 1TPO-
(hUAUPOBIIMKHI BBIYUCIUTEIbHBIX MPOIECccOB. CHPABEIIMBOCTH PAIM HAJM0 CKA3aTh, 4TO MHO-
rHe YaCTHBIE TPUEMbI PACIAPALIEIHBAHUS TO/IEPXKUBAIOTC JOCTATOYHO TPO(ECCHOHATIBHO WK
KOMITHJIATOPAMU, Ui OMOJTHOTEYHBIMU (DYHKIMAME, 9TO 334aCTYI0 0CBODOKIAET OT U3JIUITHELHN
rOJIOBHO# DOJIM TPUKJIAAHBIX MATEMATHKOB 1 MPOIPAMMUICTOR.

OTMeTHM, YTO HOIBITKH MOCTPOEHUS CUCTEM ABTOMATHYECKOTO PACHIADPAJIIETHBAHIS AJIT0-
pUTMOB (THIA IOJT0 PA3BHBAEMOTO, HO 3aTeM 3akpbiToro, npoekra HPF — High Performance
Fortran) moka He 3aBEPIMINCH CO3TAHNEM TPOMBINIIEHHOTO KOMIHIATOPa. CyIIEecTBYOMIE XKe
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CPEeICTBa, PACIAPATLIECTNBAHNS — PA3JINYIHbIE BAPUAHTEI CUCTEMBI tepeaadn coobmennit MPI gis
pacipeselenHoil o KIaCTePHBIM y3aaM naMaTi u uHeTpyMeHTs OpenMP uwan CUDA s 06-
meit namstu MuOTOsiepHbix CPU win GPU umetor «moiaypyuHoit> npunnun ynpasjienus. [Ipu
9TOM KJiaccumieckas mpobieMa «0ToOparXKeHne ajJropuTMOB Ha apxuTekKTypy DBM»> dakruuecku
CBOJUTCSH K HHTYUTHBHOMY corocTtapiennio MPI-poieccoB 1 BRIYHCIUTEIBHBIX MOTOKOB KOH-
KPETHOMY JOCTYIHOMY COCTABY MPOIECCOPOB. BOIPOCH 2Ke BBICOKOIPOM3BOUTEIbHBIX BBIYHCIIE-
HUil B «00JIaKaX» U B CETEBBIX TEXHOJIOTHAX B OOJIBINIOI CTENEHH OTHOCSTCH HE HEOCPEICTBEHHO
K 3DPeKTUBHOCTH paciapasieinBanus alrOPUTMOB, & K yIPABJICHUIO PACYETHBIMU 33 [aHISAME
1 K HHTEIPUPOBAHUIO KOMITBIOTEPHBIX PECYPCOB, cM. [16].

B zakmioyenne TanHOrO MyHKTA YKAXKEM, YTO B Pa3Hble TOIBI M300PETAIOCH OOIBINOE KOIM-
YECTBO CIENHUATH3UPOBAHHBIX BIYHCIUTEILHBIX YCTPOHCTB, KOTOPbIE I8 ONPEIEJIEHHOTO KIac-
€a 3aJ1a9 WA aJTOPUTMOB JTOCTUTANN PEKOPAHBIX cKopocTeil. OJHAKO 3TH CIEITPOIECCOPL] He
BBIJIEPKAJIH PBIHOYHON KOHKYpeHIuu ¢ yHubepcaabubiMu MBC. BO3MOXHBIM HCKJIIOUYEHHUEM SB-
nstiorest pekordurypupyembie [LJIUC [17], onHAKO BOMPOCH BBICOKOTPOM3BOIUTETEHBIX BBHITHC-
JIEHUHl ¢ UX WCIOJNBL30BAHUEM ITPEJCTABALAIOT COOOH CaMOCTOSATENbHYIO TPODIEMY, BBIXOSITYIO
38 PaAMKHU JaHHOU cTaThbu. B Wjeane NmpencTaBisgercs MPOIECC KOHBEPIEHIIUN MEXKY CO3/aTe-
JISIMH KOMITBIOTEPHBIX APXUTEKTYD U pa3paboTdMKaMi MATEMATHYECKOrO U IPOrPaMMHOro obec-
NeveHns, pe3yIbTaTOM 4ero OLIo Obl OCYIECTBIEHNe TOIyO0i MEYTH U MATEMATHKOB, U KOH-
CTPYKTOPOB — OIIEPATHBHOE TPOEKTHPOBAHIE CBEPXOBICTPHIX YCTOPOUCTR IO/ 381249y » HJIH <TI0/,

AJICOPUTM ».

2. O koHpDmenmum «3a00JIAYHOTO» MOIEJIMPOBAHUS

Hnst kauecreennoro 11O, koropoe Moryio 6b1 CrOCOOCTBOBATH WHHOBAIIMOHHOCTH, MACCO-
BOil BOCTPEOOBAHHOCTH U MPAKTHYECKOH (PPEKTHBHOCTH MATEMATHYECKOTO MOJETHPOBAHUS Ha
coBpemennbix MBC, MoxkHO copMyITHPOBATE CHEAVIONHE TEXHUYECKHE TPebOBAHMS:

e [PUMEHMMOCTb K PEIIEHUIO MIMPOKOro KJjacca npobjeM: MpsMble U 00PATHBIE MEXKHC-
MUIJIHHAPHBIE 331941, OIUChIBaeMble cucreMamiu JudQepeHInajbHbIX 1 HHTEPAJIbHBIX
YPaBHEHWH B MHOTOMEPHBIX PACUYETHBIX 00JIACTIX CO CJIOXKHON reoMeTpueil i KOHTPACTHBI-
MU MATEPUAIbLHBIMU CBOHCTBAMH, BKJIIOUAI CTAIMOHADHBIE W AWHAMUYECKUe, NTUHENHbIE 1
HeJTMHENHbIE TTOCTAHOBKH;

® BBICOKOE pa3perneHne YUCIEeHHBIX PeImenuil, onpeaensieMoe aIeKBaTHOCTLIO MaTeMaTHIe-
CKPUX MOJeNell 1 anmpOKCUMAIIMOHHBIMU KA9eCTBAMHI METOAOB, aJalTUPYEMBIX MO, CBOMU-
CTBA 33J1a4H, & TAKXKe POOACTHOCTHIO (HAIEKHOCTHIO U HE30TKAZHOCTHIO) aITOPUTMOB;

® BBICOKAs MPOU3BOJIUTENIBHOCTh PACUYETOB, BKJIIOYAsS MACIITADUPYEMYIO ITaPAJIEIBHOCTD C
0TODOpaXKEHHEM AJITOPUTMOB HA APXUTEKTYPY METEPOTEHHBIX MHOIOIPOIECCOPHBIX H MHOTO-
SAIEPHBIX BBITUCIUTENLHBIX CUCTEM;

® UHTEJUIEKTYAJIBHOCTE POIPAMMHBIX peaJin3alinil, 00ecnedynBatonas aBToMaTudeckoe hop-
MUPOBaHNE MOJeell 1 TOCTPOEHNE aJITOPUTMOB, VIIPABJIEHNE BLIUUCIUTEILHBIM TPOTIECCOM
U CO3JIaHNE JIPYKECTBEHHBIX TPO(ECCHOHAIBHBIX HHTEP(EHCOB /i PA3JIHYHBIX KATErOpUii
[IOJIb30BaTENeH;

e rubKue KOH(pUIYyPaAIMOHHBIE CBOICTBA, CIIOCOOCTRYIOIIIE JJTUTEIBHOMY XKUZHEHHOMY [HKJTY
[IT1IO ¢ HenpepbIBHBIM IOIOJIHEHHEM COCTABA MPUMEHSIEMBIX MOJEJNEH U aJrOPUTMOB, a
TAKXKE aJANTAINYE K U3MEHEHUAM KOMIIBIOTEPHBIX I11aT(HOPM;

® OTKPBLITOCTb K BHEITHHM IPOTPAMMHBIM Pa3pabOTKaAM U BO3MOXKHOCTD HEPEUCITIOIb30BAHUS

CTOPOHHUX TIPOJAYKTOB.
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HepeLH/ICJ'IeHHI)IG IKCTPEMAJbHBIC YCJIOBULA OPUEHTUDOBAHLI [NIaBHBLIM o6pa30M Ha penieHue

CyTep3a/iad Ha CYNEPKOMITBIOTEPAX NOCTHETAMIONCHOTO YPOBHS, & UX BOTJIOIIEHNE TPeoaara-

eT co3/lanne MPOEKTa He OTAENbLHOM I'PYNITBI Pa3pabOTINKOB, a COODIMEeCcTBa PAa3HONPOMUILHBIX

CIIENIMAACTOB C MIPOKOH KOOPAMHAINEH U KOOIEpaleil MHOTOIETHETO (PPOHTA, PAbOT.

Peanuzanus nanHOro aMOMIIMO3HOIO Kpyra HpodJIeM PacCMATPHBAECTCH B pPaMKax 0a30BOil

CUCTEMBI MOJCINPOBaHNA, CTPYKTYDa KOTOpOfI BKJIIOHaCT CJIeJylomne OCHOBHBIE YaCTH:

HHTErPHPOBAHHOE HHCTPYMEHTAJIBHOE s/IPO, COCTaB KOTOPOTO ONIPEIENAET KIACC PermaeMblx
38724 U TPUMEHSIEMBIX aJITOPUTMOB;

KOH(PUTYPAIIMOHHBIE CPEJICTBA, OTBETCTBEHHBIE 38 YPOBEHB HMHTEIJIEKTYAJTbHOCTH U IOJIb-
30BATENBLCKON HocTynHOCTH pazpabarsiBaemoro 11110;

cemeiicto IITIT u anropurmudeckux OubIMOTEK, XaPAKTEPUIYIOMINX KOHEUHYIO ITPAKTH-
YECKYIO HAIPABJIEHHOCTh U 3(MPEKTUBHOCTD CO3/IABAEMBIX IIPUIOKEHUIA.

Anpo BCM npencrasisier coboit METOI0-OPHEHTHPOBAHHOE OKPY:KEHUE, MPEIHAZHAYCHHOE

JJ1d TIOAAEP2KKH BCEX OCHOBHLIX TEXHOJJOTHMYECKHX 3TaIIOB prnHOMaCH_ITa6HOFO BBLIYHCJIIUTE/Ib-

HOT'O 3KCIIEpHUMEHTa, a €ro (bYHKLH/IOHaJ'H)HOG HallOJTHEHNE OoNpeaeyideTcd CAeAYIONInM Ha60pOM

KOMIIOHCHT, UJIH IIOJCUCTEM:

reoMeTPUYecKoe u (PYHKIIMOHAIBHOE MOJIETHPOBAHNE, HA OCHOBE KOTOPOT'O PEAJIUZYETCS aAB-
TOMATU3AINS KOTHUTHBHBIX METOINK, (hopMupyioTcs npodeccuoHa/bHbIE M0b30BATE b-
ckue nHTEePdEHCH s KOHKPETHRIX MPUIOKEHnH, a Takyke nMmmopt-skcnopt ¢ CATIPavun
U BHEIMTHUMHU I'PAPUIECKIMU TAKETAMHU;

reHepannio aganTUBHBIX HECTPYKTYPUPOBAHHBIX CETOK, ¢ IOAAEPXKKOM NapayIeIbHBIX Me-
TOJOB JIEKOMITO3UITHH CETOYHBIX 110100/1acTell, MHOTOCETOUYHBIX MMOJIX0I0B U JIOKAJIbHBIX CI'y-
MEHUH OUCKPETUZAIUNA B OKPECTHOCTH CUHTYIAAPHOCTEH pEIleHuil, Ha OCHOBE allPUOPHOrO
1/ AMOCTEPHOPHOTO AHAJN3A PEIAaeMOoil 3a1adm;

CETOYHBIC U CIEKTPAJIbHLIC aJrOPUTMBI PDA3JINYHBIX [MOPANKOB AIIPOKCUMAINN HCXOIHLIX
337194, 0DECNEYNBAIONINE BHICOKOE PA3PEIIEHUE YHUCJEHHBIX PEMIEHU 1 alnoCTePUOPHBIE
OIEHKN TOYHOCTH (METOJbI KOHEYHBIX OOBEMOB, KOHEUHBIX 3JIEMEHTOB, METOMIbI TDAHUY-
HBIX WHTETPATBHBIX YPABHEHHIT, PA3PBIBHBIE CXeMbI ['ajiepKuHa 1 ap. );

napaJiiebHbie ajJredpanvyecKie PermaTe/iu Jijisd BOSHUKAONNUX B MPAKTHYECKHX 3324aX
DOJIBIUX 1JIOXO OOYCJIOBJIEHHBIX CHCTEM CETOUYHBLIX JMHEHHBIX U HEJIMHEHHBIX ypPABHEHMUIT,
a TakKKe Jjid pemieHus 1pobjeM cOOCTBEHHBIX 3HAYEHUH COOTBETCTBYIONIUX MaTPHIL;
METO/BI ONTHMU3AINNN JJIs PEIleHusi npodJieM yCJIOBHON MUHHUMH3AINNH, JOKAJIBHON HJIK
r100aBHOI, KAK OCHOBHOI MOIX0/ K PeATH3aIin 0OPATHBIX 384a4 (MAeHTH(DUKAINST Tapa-
METPOB MOJEJH, aBTOMATU3AIUA IPOCKTUPOBAHNA, OITUMU3ALNA SKCIIYATAIIUOHHBIX Pe-
JKUMOB U T.J.);

00paboTka U BU3YAJU3AINS PE3YJIBTATOB YHCJIEHHBIX PACYETOB;

yIPABJIEHNE BBIYHCIUTEBHBIM MPOIECCOM, (DOPMUPOBAHUE U PeAIU3allius CIEHAPUER MO-
JEeJIUPOBAHUSLI;

AHAJIU3 PE3YJILTATOB MOJACIUPOBAHNUA U CPEACTBA IPUHATUA PEINCHUI.

Baxxuo MOJYEPKHYTh, YTO KaxKJasd U3 MOACUCTEM dJipa sABJIACTCA OTKprTOfI 1 JIErKO IIOIIOJI-

HAEMOU MHCTPYMEHTAJIBHON cpeloil [ist COOTBETCTBYIOMICH TEXHOJIONYeCKOl cTaauu, KoTopas

MMPpaKTUYECKN HE 3aBUCUT OT APDYTUX KOMIOHEHT, a BSaI/IMO,ZLefICTBI/IG MEXKJAY HUMU MTPOUCXOJNT Ye-

pe3 yHuunupoBaHHbie CTPYKTYPHI Jauubix: reomerpudeckue (I'C), dyuxmuonansusie (OC/I),

cerounwie (CC), anrebpanteckue (AC) u T.0., — O MHOXKECTBEHHBIMHU MTPEJICTABICHUSIMU 1

BO3MOYKHOCTSIMH KOHBEpTH3AIWY, Jjid obecrieyeHns TMOKUX BHYTPEHHHX WHTEPREHcoB MeXy
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PA3JIMYHBIMYE BapUAHTAMK METOJOB WM MOJEJEH M BHENIHUX KOHTAKTOB CO CTOPOHHUME ITPO-
rpaMMHBIME IPOAYKTaMu. [lomuepKHeM, 4T0 MHOTOBEPCHOHHOCTD JIAHHBIX U AJITOPUTMOB TPedyeT
CHENUAJIBHBIX CPEACTB MOJJIEPXKKH, HO 3aT0 MO3BOJISET JO0CTHYEL TAKOTO YHUKAJBHOIO KAYECTBA,
KAK COBMEIIEHNE YHUBEPCAJbHOCTH U 3(pdeKTuBHOCTH pa3pabOTKi, 38 CYET €€ aJalTHBHOCTH K
crenuduIecKuM CBOHCTBAM 39/1a4H.

[ToMuMO TEpEYHCTIEHHBIX AJITOPUTMHYECKUX KOMIIOHEHT, (DYHKIHOHAJIBLHOE HAOJHEHUE
JIOJIZKHO BKJIIOYATH CPEACTBA METOIMYECKOH MOJJIEPKKH MATEMATHYECKOTO U I[POIPAMMHOIO
obecniedyenus: BepuPUKAIMNA, TECTHPOBAHHUS, CPABHUTEIbHOIO aHAJN3A, T.€. IKCIEPUMEHTAh-
HOT'O MCCJIEJOBAHUsA. DTO M0/IPA3YMEBAET CO3/IAHIE KATAJOIH3HPOBAHHOM Oub/IMOTEKH TECTOBBIX
MPUMEDPOB U THIIOBBLIX 33124 C apXMBAMU PACYETHBIX PE3YJIbTATOR U COOTBETCTBYIOIMIMME OIHCA-
HUASMA.

Cpencrea kKOHDUIYPAIMOHHOTO YIPABJIEHNS COCTABIAIOT cucTeMHoe HamnosHenne BCM u
0becneYnBaOT aBTOMATHIHPOBAHHOE MOMOJHEHHE COCTABA MATEMATHYECKIX MO/IENIEil PEIrmaeMbIx
3a/199 ¥ TPUMEHSEMBIX aJITOPUTMOB, KOHCTPYHPOBAHUE BBIYUCIUTENBHBIX ¢xeM B coctase [IITI1
JUTS KJIACCOB MPUJIOXKEH U, JIHAJIOTOBBIX I'PadpnaecKux HHTEPQERcoB s 1podeCcCHOHAIOB B IPH-
KJIQJIHBIX 00/IaCTX, 8 TAKXKE aJallTAIHI0 Ha, KOHKPETHBIE KOMIbIOTEPHBIE ILJIAT(OPMBI U OlIIEPa-
nuoHHble 00cTaHoBKK. DakTuyeckn HADOP CUCTEMHBIX CPEJCTB ONPEIEIIeT HHTE/IEKTYATbHBIH
ypoerb BCM, a ux peajiuzanys npeanoiaracT ak THBHOE HCIIOJIb30BAHIE CIEIMATH3HPOBAHHBIX
SI3BIKOB TIporpamMupoBanus [14]. [iaBHOe HA3HAYEHTE CHCTEMHOTO 610K — 9TO MOIIEPIKKA JIJTH-
TETBHOIO *KU3HEHHOTO [THKJIA BCETO MIPOEKTA, KOTOPLIH JIOJI?KEH 00ECTIETNBATLCS T0Ib30BATEAME
BBICOKOT'O YPOBHsI — pa3paboTYHKaAMK HOBBIX aJITOPHTMOB U IPHJIOXKEHWH B coctaBe BCM.

Cewmeiicreo I, obpaszyemoe koH(MUIYPATOPOM U3 HMHCTPYMEHTAJbHBIX MOAyJEH siapa,
npeJicTaiser coboil HEMOCPEICTBEHHOE OPYANE MATEMATHYECKOTO MOJIETMPOBAHUS W OIIPENEIIAET
MPOU3BOACTBEHHDIE chephbl ero peanbroro 3hdMEeKTUBHONO NPUMEHEHHS.

B 1nenom xourjomepar npejgiaraembix B coctabe BCM npusioxkenuit — 310 U €CTh HENo-
CPEJICTBEHHBII MAKET DEIeHuil I KOHEYHOTO MOJb30BATENs, KOTOPOMY HEMHTEPECHBI (& B
OTIPEJIC/IEHHOM CMBICTIE — JIayKe BPEIHBI) 3HAHWSI O <«BHYTPEHHEl KyxHe» HHODOPMAIHOHHO-
BBIUMC/IUTENBHBIX TEXHOJIOTHH, 8 HYXKHBI PEATbHBIE BO3MOXKHOCTH MPOJYKTA JIJIsi UCCJIEIOBAHIS
ero KOHKpeTHo# npobaeMbl. B HEKOTOPOM CMBIC/IE HAeANbHLIM dBagerca npeactasaenue 1111 B
BHJIE «YEPHOIO SAMUKA» C MUHUMAJbHBIM HAOOPOM KHOMOK U MHCTPYKIMii. OHAKO HA MPAKTHKE
HEN30EXKHBI U KOMITPOMUCCHBIE BAPDHAHTHI B (DOPME «CEPBIX SAMMKOB» € BO3ZMOYKHOCTSME MO/IH-
duKkanuii peKUMOB MOJIEJIMPOBAHNS I 3aHHTEPECOBAHHBIX TPOJIBUHYTHIX KOHEYHBIX 10JIB30BA-
TEJen.

TunoBasi BEIMUCANTENbHAS OIOK-CXeMa JIJIs PEIeHns] CTAIMOHAPHON THHEHHON KpaeBoil 3a-
JIAY¥ PEJACTABISETCS CaeAyonuM 0bpazomM: (HGOPMUPOBAHIE C TOMOIIBIO IPAPUYECKOT0 PEIAK-
TOPA MCXOMHBIX JAHHBIX O PACYETHOIH 00sacTh u pemaeMbix ypapaenusx (B suge 'CH u OC/I),
nocrpoenne cerku (CCJ), peanuzanus annpokcumanuii u popmuposanne ACIL, permenne CJIAY,
mocT-06paboTKa, BU3yaAIU3AlUs U AHAJIU3 MOJYUYEHHBIX PE3Yy/abTaToB. Kcjiu nocrasieHHas 1TPO-
OJieMa SIBJISIETCsT HEJTMHEHOI, TO HeoOXOMMBbIE STAlbl (4 BO3MOXKHO, H BCE) MOBTOPSIOTCS ¢ MPO-
BEJIEHHEM UTEPAIUI 10 HEJIMHEHHBIM YjieHaM. B ciiyuae HeCTalmoHAPHOCTH MOJIEJIHPYEMOTO 1TPO-
[[ECCA PACCMOTPEHHBIE ITAIBI BBITOJHAKTCH TOCAEI0BATENBHO JIJI PA3JIMYHBIX ITIANOB 110 BpeEMe-
Hu. U nakower, njisi 06paTHBIX 33089 ¢ (DOPMYIUPYEMBIM TEJIEBLIM (DYHKIIMOHAIOM, 38BUCITIIM
OT HEKOTOPBIX MMAPAMETPOB B MCXOJHBIX JAHHBIX, BCE MPEAbIAYINHE CTAJINU, ITPEACTABJISIONINE
c0boil pertierre ONHON TPAMON 381a4u, UKJIHYECKH TOBTOPSIOTCS B COOTBETCTBUU C ONTHMHU3-

IMUOHHLIMH aJITOPUTMaMHA yCJ’IOBHOfI MHUHUMHA3AIN (byHKLH/IOHaJIa.
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Takum obpaszom, GopMaIbHO BRIYUCINTENbHAS CXEMa PEIIeHnsd ONHOU abCTPAKTHO! OOMb-
Mo 387241 B ODITIEM CJIyYae MPEICTABJSETCH BJIOXKEHHBIMU MUKJIAMH, B KAXKJOM H3 KOTOPBIX
pacrnapaJuie/iiBaHue aJrOPUTMOB MOXKET OCYIIECTBJIATHCS B COOTBETCTBUH CO CBOUMH TAKTHKAMHE
1 CTPATET UM,

HauaTh paccMoTpenne cieayeT ¢ HUXKHEro ypoBHs — srana permennst CJIAY, koTopbril ur-
paerT KJIOYEBYIOD POJIb B CHJIY TOIO, 9TO €r0 PECYPCOEMKOCTH HEJHUHEHHBIM 00pa30M pacTeT C
YBEJIMYEHUEM TIOPSIKA CUCTEMBI, MJIM YHCJA CTEleHel cBoDOJbI. [VIaBHBIM OpyIueM pacrapai-
JICIUBAHWST 3/1€CHh SBJISIETCST METOJ JEKOMIIO3UIMA PACUETHOH 00/1acTH Ha TOA06IacTH (¢ mepe-
ceueHusIMI Win 0€3), B KaXKJ0il M3 KOTOPBIX HE3aBUCHMO M CHHXPOHHO (B MIEAJBHOM Cjydae)
PEMIATCs COOTBETCTRYIONINE MOACUCTEMbI, & C UX TOMOIIHIO YCTPAHBAECTCH HTEPAITMOHHBIN 1TPO-
LIECC 10 MOH0DIACTAM.

OJ1HO M3 BayKHBIX YCJIOBHII pacrapajjielnBaHs METOJOB PEIEHNsI COBPEMEHHBIX CBEPX00JIb-
mux CJIAY na MBC — 970 oTCyTCTBHE TPOTPAMMHBIX OTPAHUYEHAN HA MOPSIIKA PEMaeMbIX CH-
CTEM M HA KOJIMYECTBO HCIOJIB3YEMBIX TPOIECCOPOB U /1an saep. 1o 3Toit mpudnte peasnsario
AJITOPUTMOB HAJIO JEeJaTh B CTPOTO PACHpEEIEHHOM BapuanTe, 63 4pe3MePHOil KOHIEHTPAIMY
pecypcoB Ha KOPHEBOM mporiecce cucteMbl MPI.

OTMeTHuM eIme OJIMH CEPhE3HBIM MOMEHT: BO HM30€XKAHME MPOCTOS BBIYHUCIUTEIBHOIO 060-
PYIOBAHNUS [PH OJHOBPEMEHHOM PEIMIEHHH BCIOMOTATEIbHBIX 33J1a4 B MOM00IACTAX PA3HBIME
MPI-npomneccamMu 1eKOMIO3HUINS PAcIeTHON 001aCTH TOIXKHA OBITHL ¢Ienana cOamIancupPOBAHHOM.
[Tocennee mousiTHE, CTPOTO FOBOPsi, O3HAYAET, YTO aJredbpanvyecKue MoJICUCTEMBI JJisd 1010018~
cTell TOJRKHBI PEIMATHCH 38, OJHHAKOBOE BPEMsi, KOTOPOE B NEPBOM MPUOIHKEHUN OIIPENE/IAETCs
MOPSAJIKOM, T.€. KOJIMYECTBOM CTPOK B COOTBETCTBYIOIMIEM OJIOKE IJI00aJbHON MATPHIILI.

Pazbuenne kpaepoit 3a7a4u Ha MOA33a0a4UH MOYXKET PACCMATPUBATLCH B TPEX MIIOCTACAX: ['€0-
METPHYECKOM, CETOUHOM U ajirebpandeckom. Haubosiee 6iu3ku Mexk 1y coDOM JBE TOC/IEHUE HH-
TEPIPETAINH, MTOCKOIBKY KAXKJIOMY Y3JIy CETKH COOTBETCTBYET CBOsSI CTPOKA MATPHUIILI, a Pebpy
CETOYHOr0 Irpada COOTBETCTBYIOT CUMMETPUYHO PACIOJIOKEHHBIE HEHYJIEBbIE BHEIMATOHAIbHBIE
5JIEMEHTBI MATPUIIHI.

AnrebpantecKast JEeKOMIIO3UIIHST TPEAMONATAET, ITO JaHa TOIBLKO HHMOPMATINS 0 TOPTPeTe
0OJIBINON pa3pexKEeHHO MaTPUIlbl OpsifKka [N, MPEJCTABJIEHHON B OJHOM M3 CXKATHIX (DOPMATOB,
manpumep — CSR (Compressed Sparse Row), Korja XpaHSTCs TOJBKO HEHYJIEBBIE 3JE€MEHTHI
MaTpuibl 1 uHMOpMaIus 06 UX PACIIOIOKEHIH. 38,/1a49a B IAHHOM CJIy4Yae CBOJAUTCH K (DOPMUPO-
Banuio CSR-dopmaros st 3aaHHOT0 dncsia 6j109HbIX CTPOK P < N, npuyeM B OIHOM OJIOKE
JIOJIZKHBI ObITH COOPaHbI HAMDOJIEE TECHO CBI3aHHBIE MexK1y coboil MaTpuyHbie cTpoKu. [Ipobiema
9Ta pernaercsd MeToJaMu npeobpazosanus rpadoB U ABJISETCH JTOBOJIBHO PECYPCOEMKOI.

BoJjiee nepcrneKTUBHBIM SBJISETCH CETOYHAS JEKOMIIO3UINS HA, STAlle NUCKPETH3AINN Pac-
qeTHO 00sacTu. CeTovHasi CTPYKTYPA JAHHBIX siBISETCS HAMHOTO 0O0Jiee DKOHOMUYHOU, YeMm
ACJI, mosromy mocTaToqHo GOMBINTYIO CETOUHYIO PACIETHYIO 00JaCTh MOXKHO CO3JaTh B KOPHE-
BoM MPI-tporiecce, a 3atem u3 Hee chOPMYIHPOBATH CETOYHBIE MOA00JACTH B PACHPEAEIEHHOM
[0 IPOIEcCcCopaM BapuaHTe. bojiee TOro, mocje reHepalui HCXOAHBIX CETOK B MOA0DIACTAX K HIUM
MOXKHO [IPUMEHHUTH HECKOJIBKO Pa3 MPOLELYPY CIYIIEHNs U MOJYYUTh CEMENCTBA NEPAPXUIECKIX
BJIO2KEHHBIX ceToK. 1oc/ie OkoHUYaHMS ITana AUCKPETH3AINE BBITOJTHEHIE ITANA ANTPOKCHMAIIIH
u popmvuposanus AC/ 115 momgobracTeil MPOBOAUTCS CPa3y B MapaJLIeTbHOI (pacipeae/eHHoil )
Bepcuu, b6e3 upesMepHoil neperpysku kopuesoro MPI-miporecca.

OrmeruM, 9T0 TPOOJIEMA JNEKOMIIO3UIIUN HA CAMOM BEPXHEM — FEOMETPHYECKOM — yPOBHE
¢ uHGOPMAIMOHHONW TOYKH 3PEHHs BOOOINE HE NPEACTABJSAET TPYIHOCTEH, MOCKOJIBKY O0BEMBI
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ganubix B I'CJJ u @C Majbl, Tak 9TO OHHU JIETKO MOIYT ObITh PACTHPAXKHPOBAHBI 110 BCEM
MPOTIECCaM.

PaccmoTpennas BBIITE aNTOPUTMAYECKAA CTPYKTYPa MOMKET COCTABIIATE YaCTh CXEMBI pacte-
TOB CEPUH OJHOTHUITHBIX 33J1a4, KOTOPBIE JOJI>KHBI BBITOJIHATbCS HJIH OJHOBPEMEHHO, WJIH TOJhb-
KO HOCJIEI0BATENBHO. TaKIe BBIMUCIUTENbHBIE CEAHCHI C PEMEHUSIMU OJJHOTUITHBIX [TPUKIAHBIX
pobJieM MOTYT ObITh KaK IMU30AMIECKUE, TAK 1 COCTABIATL PErYJISPHYIO 00JIacTh AEATETBLHOCTH
HEKOTOPOI TPYIIBI NOAb30BaTeNell. B Takux cayydaax nenecoobpasno opMupoBanne HEKOTOPOTO
«4aCcTHOTO 00/1aKa» C BBIJEIEHHEM BUPTYAJIBHOTO KJIacTepa Ipod/IeMHO-OPHEH THPOBAHHON KOH-
duryparuu, Mpou3BOIUTEBHOCTh KOTOPOTO MOXKET ObITH ONTHMHU3HPOBAHA HA OCHOBE aHAJIN3a
COOTBETCTBYIONIETO BHIUNCINTENHHOTO MPOTECcca.

Crenyomuil ypOBEHb OPraHU3aIUN BRIYUCJIECHHUN B aOCTPAKTHOM IIJIAHE — JTO PEIHIEHNE HE
CBSI3AHHBIX MEXKy cO00I0 38194 HE3ABUCHMBIMHU TI0JIB30BATEISIMU, O0'bEIMHAEMbBIX TOJILKO 0OIII-
HOCTBIO HCIOJIB3YEMOTO IIPUKJIAIHOTO IporpaMMuoro obecnedenus, 1.e. BCM. 3nech npobiembr
ynpaBaenns naTerpupoBanubiMu pecypcamu BUKII u nnannpoBannsg KOMIOBIOTEPHBIX 3KCIEPU-
MEHTOB TPeOYIOT CO3/aHIs HEKOTOPOH HHMPACTPYKTYPHI C HCIOJb30BAHHEM HE TOJBKO 00j1ad-
HBIX, HO U CETEBBIX TEXHOJIOTHI. COOTBETCTBYIONINE PEIIeHIs TPEDYIOT €Ile CaMUX OlpeesIeH i
U ONTHMU3AIMOHHBIX [TOCTAHOBOK, IIOHUMAHUE H aKTYaJbHOCTb KOTOPBIX HEM30EXKHO MPUXOUT C

MOrpyzKenneM B NPpakKTUKy MaCCOBOT'O MaTEMaTUYECKOI'0O MOJAE/INDOBaHUA.

3aKJII0UYeHue

I'napHbIi BEIBOA TaHHOM PAabOTHI COCTOUT B TOM, YTO MATEMATHYECKOE MOJIETIHPOBAHUE [TPE/I-
CTaBASET AKTYAIBHEANTYIO HHHOBAIIMOHHOYIO ITPODJIEMY /1T BCEBOZMOXKHBIX C(ep YeI0BeTeCKOi
JIESITEBLHOCTH, U JIJIs €€ PEIEHNs HMEITCsS BCE OObEKTHBHBIE MPENOCBHIIKHA B JIOCTHXKEHUSAX CY-
MEPKOMITBIOTEPOB, HH(OPMAIIMOHHBIX TEXHOJOTHN M MATEMATHYECKHX MeTOM0B. OHAKO BOILIO-
IMEHIE BIIUMBIX 3/IECH [IEPCIEKTHB B PEAJILHOCTD [IPEACTABISIET CODOH CAMOCTOSTENIBHYIO 33,029y
MOMCKA HOBBIX IPOPBIBHBIX PEMIEHHH, B KOTOPBIX MOJIOXKUTEIBHBIH PE3YJIbTAT HEBO3MOXKEH 0€3
HHTErPUPOBAHHBIX II€JIEHATPABJIEHHBIX YCUINH PAZHOIIAHOBLIX TPOGECCHOHAIOB BRIYHCHTE -
HOTO COODIMECTBA; KOMIBIOTEPIUKOB, MPOIPAMMUICTOB, MATEMATHKOB M IIPEJICTABUTEEH KOH-

KPETHBIX ITPUKJIIHBIX 00/1acTeil.

Paboma noddeporcana epanmom PODU M 14-07-00128, a maxorce epanmamu Ipesuduyma
PAH N 15.9-} uw OMH PAH X 1.3.3-4.
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ON SOME “OVER-CLOUD” PROBLEMS OF
MATHEMATICAL MODELLING

V.P. Il’in, Institute of Computational Mathematics and Mathematical Geophysics
of Siberian Branch of the Russian Academy of Sciences, Novosibirsk State University
(Novosibirsk, Russian Federation)

The development of integrated applied software environment for mathematical modelling,
which is oriented onto solving interdiscipline direct and inverse problems by the wide circle of
users in the framework of cloud computing at the supercomputers of petaflops level stands the big
set of issues of methodical, technological and organizational types. In this paper, we consider the
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conception of basic system of modelling (BSM), whose functionality is supposed in the framework
of collective using computing center (CUCC). BSM presents the integrated software environment
which supports all main technological stages of large scale computational experiments, adapted
to evolution of the problem models and algorithms, as well as to architectures of multi-processor
computational systerms (MCS), and intended to the long life circle, which is provided by the efficient
constructing of applied program packages (APPs). The achivement of the total high performance
of CUCC is considered as the constrained optimization problem for the schedule of computational
tasks, under taking into account the necessary resourses for the particular applications.

Keywords: scalable parallelism, cloud computing, mathematical modelling, multiprocessor
computational system, basic system of modelling, applied software.
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