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I[IPUMEHEHUE TEXHOJIOT'UN
BbICOKOIIPOU3BOJAUTEJ/IbHBIX BHIUMNCJJIEHUN
B 3AJTAYAX ®U3UKU BLICOKUX SHEPTUN
JJId TIPOEKTA NICA /MPD!

A.E. Bacaaaes, A.C. Boudapenxo, C.II. Mepu,
C.A. Hemmrweun, A.H. Tumodgees

IIpencTaBien moaAXon K ONTUMHU3ANNN BLIYUCJIEHNI, OCHOBAHHBIN Ha HajacTpoiike PROOF s
makeTa HaydHBIX Borauciennii ROOT. Meron ycmernmno mpuMeHSIICS B 3aa9aX, BOSHUKAIOMIUX B
mpoekTe NICA/MPD, Takux Kak MomenupoBamme ridge-adbdekTa W BLIYACICHTE DAIUATHOHHBIX
muma gerekTopa MPD. Tlofyuennl 3aBUCHMOCTH YCKOPEHHST OT PASIUYIHBIX TTAPAMETPOB.

Karouesvie caoea: NICA/MPD, MpdRoot, Ridge-effect, evbicokonpoussodumenvhvie ebiuucae-
nua, PROOF, UrQMD, HADGEN

BBenenne

JIr0boit coBpeMeHHbBII SKCIIEPUMEHT B 00J1acTi (DU3UKK DJIEMEHTAPHBIX YacTull Tpebyer Tira-
TeTBHOTO MosiesinpoBanus. Ha atom srtane npoucxoaur anpobalius NPpUMEHSEMBIX aJrOPUTMOB,
CPaBHEHHE HCIOJIb3YEMBIX MOJIEIEH, TECTUPOBAHUE U ONTHUMU3AINS HATHCAHHOTO TPOrPAMMHOIO
koza. llon onTuMuszanueit 31ech MOHUMAETCsT KAK AlTOPUTMUYECKOE YCOBEPIIEHCTBOBAHUE KOJIA,
TaK ¥ BHEJIPEHHE BBICOKONPOU3BOAUTENBHBIX U MAPAJIIETBHBIX TEXHOJIOIHH.

B pamMkax Hay4HOIl mpOrpaMMbl 110 U3YYEHHIO rOpaYeil U IJIOTHON 0APMOHHON MaTEPHUH B
OUNAN (O6venuuennniii Uucturyr Aaepubix WUccnenosanuit, [ybHa) peanusyercs mpoekT mo
CO3MIAHNI0 HOBOTO YCKOPUTETbHOTO KoMILIekca ¢ BerpeunbiMu mydramu NICA (Nuclotron-based
Ion Collider fAcility) [1, 2|. HoBblit ycKOPUTETBHBIH KOMIIJIEKC TO3BOJIUT HCCIEI0BATH B3ANMO/ICH-
CTBHUS TSXKEJIBIX HOHOB B IMTMPOKOM IMAINA30HE ATOMHBIX MACC: OT JIEIKHUX sifiep [0 sjep 30J10Ta
npu sueprun 3—11 I'5B/HYKI0H B cucTeME MEHTPA MACC M CBETHMOCTH 10%"cm2¢™! pu wacrore
6 xl'm.

Ha koJsunaiinepe npeiycMOTPEHBI JIBE TOYKY IIEPECEYEHUS TYYKOB, B OJIHON U3 KOTOPBIX Oyaer
pacronararbcs dKcmepuMenTanbhas ycranoska MPD (Multi-Purpose Detector, muoromenesoit
JIETEKTOD ), MPETHASHAUEHHAST [IJIsT UCC/IETOBAHUI CTOTKHOBEHUI TXKeIbIX HOHOB [3].

Herexrop MPD cocrout u3 munHIAPHYECKOil 1 ABYX TOPIEBLIX dacteil (puc. 1). OCHOBHBIM
JIETEKTOPOM JIJIsi PETUCTPALMK TPEKOB 3aPAKEHHBIX YaCTHIL 1 UX UJIeHTH(HKAIUN B [IEHTPAJIbHON
obnmactn MPD saBasierca Bpems-npoexrnmonnas kamepa TPC (Time Projection Chamber).

B nannoi paboTe paccMOTPEHBI 3818491 ONTUMU3AIINY ITPOTIECCa BLIYNCIEHNS, BO3HUKAIOMINE
npu Mojenuposanun paborsr yeranosku NICA /MPD.

st rereparnu coOBITHI, MOIeTMPOBAHNS PADOTHL ETEKTOPA U PEKOHCTPYKINH COOBITHI HA
ycrarnoske NICA /MPD paspabarsiBaercst mporpammubiii komiieke MpdRoot [4], ocHoBamHBIi
Ha makere st HaydHbix pactueroB ROOT [5]. aHHBIH KOMIJIEKC MPEIOCTABISIET MHOYKECTBO
HHCTPYMEHTOB Kak JiJisi paboThl ¢ JAHHBIME, TAK U JIJid MOJEJIUPOBAHUS B IEJIOM, U JOIYCKAET

MOJIKJIIOYEHUE BHEITHUX OUOJIHOTEK JiJis pacuiuperus (PYyHKIIMOHAIBHBIX BO3MOXKHOCTEL .

LCTaThst peKOMEHI0BaHA K Ty GIHKAIIT TPOrPAMMHEBIM KOMATETOM MEKIYHAPOIHOH CyTePKOMITBIOTEPHON KO-
depenmnnn «Hayarswni ceppuc B ceTn nHTepHET. [lonck HOBBIX pemmennit — 2012»
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Puc. 1. Cxema MHOrouesesoro gerekropa MPD

1. Hcnoap3oBaHue obJAYHBIX BbIYMCJICHIIA

B macrosiiee Bpemsi pecypcHblit BeraucanTesbabiil meHtp Cankr-IlerepOyprekoro rocymap-
CTBEHHOT'O YHUBEPCUTETA PACIIOJIATA€T HECKOJbKUMHU BBIYUCIUTEIbHBIMA CUCTEMaMU, OJHA W3
KOTOPBIX IIOCTPOEHA Ha MPUHIUIAX BUpTyaiu3anuu. Cucrema COCTOUT M3 JIBYX KOpP3uH blade-
cepsepoB HP BladeSystem 7000, Bxiouatorux B cebst o 16 momyneit BL460G7 — 2 mporieccopa
Intel Xeon X5670 u 96I'6 oneparuBnoit namsaTn Kaxxapiit. Jljis Xpanenust JaHHBIX UCIOJIB3YIOTCS
nse cucrembl HP StorageWorks P4500 G2 emkoctsio 240 TB kaxkmast. XapaKTePUCTUKU CHCTEMBI:
32 cepsepa, 64 nporeccopa, 384 sapa, 3 Thaiir O3V, 480 ThaiiT qucKOBOro IpoCTPaHCTBA, ITUKO-
Bas npousBoauTebHOCThL 4,5 Tdronc. Borauciurenbaas cucteMa HAXOMUTCS MO, YIIPABIEHUEM
VMWare vSphere [6].

st paborel u3 o0Ieit cucrembl ObLT BbIEeH MaccuB u3 10 BUPTyaJIbHBIX CEPBEPOB, KaXK-
Bl U3 KOTOPBIX OCHAIIEH YeThIpeXbsiiepHbIM mporeccopoM Intel Xeon Processor X5670 u 10 I'6
orepaTuBHOU mmamsTu. Vcrnoab3yeMblie CpeJCcTBa BUPTYAJIU3AIUN TIO3BOJISIIOT PEAJM30BaTh JIMHA~
MHYECKOe PacCIpeie/ieHle CePBEPHBIX PECYPCOB, 00ECIIeunBas MPEIOCTABICHIE HY2KHOTO PECypca
HY?KHOMY IPUJIOYKEHHUIO B COOTBETCTBUE ¢ ipropuTeramu. Cpeibl UCIIOTHEHNS TPUIOKEHII MOTY T
YBETMUIUBATHLCS U YMEHBINATHCST TPU HEOOXOIMMOCTH: €CTh BO3MOYKHOCTD «TOPSTIEros» J100aBJe-
uus 11 n mamMsaTi K BUPTYaJbHBIM MAITUHAM TPU HEOOXOJAUMOCTH U 663 TPepbIBAHUST, BO3MOK-
HOCTH «TOPSTIET0» PACITUPEHUsT BUPTYAJbHBIX JUCKOB 0DeCTieunBaeT J100aBIeHNEe TTPOCTPAHCTBA
JITsT XpaHEeHWsT TAHHBIX K paboTaromnM BUPTYAJTbHBIM MaIunHAM. Takas BO3MOKHOCTD JTHHAMU-
YECKOTO BBIJIEJICHUST PECYPCOB TIO3BOJISIET OMTUMU3NPOBATDL HATPY3KH U SHEPTOMOTpeHIeHNe, ITO

0CODEHHO BarKHO JJIsd BBICOKOHAI'DY?KEHHBIX HayYIHbIX BBIYUCJIUTEIBHBIX CUCTEM.

2. Pazpaborka wuHTepdeiica MeXay TreHepaTopaMn COOBITHUIA
u MpdRoot

Mogeinn sinepubix crosikHosenuit UrQMD (Ultrarelativistic Quantum Molecular Dynamics

model, yIbTpapesiTHBUCTCKAsT KBAHTOBO-MOJICKYJIsIpHAST AUHAMIYecKas Mojeb, |7]) 1 HADGEN
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(HADron GENerator, aapoHHBIN TeHepaTop) sIBJISAIOTCS 3aPEKOMEHIOBABIIMMU ce6si BO MHOIHX
SKCIIEPUMEHTAX WHCTPYMEHTAMU JJIsi MOJIE/IUPOBAHNST CTOJIKHOBEHUI TsI?KeJIbIX sijIep, HO paboTa ¢
HUMM He Bcerja yao6Ha. JlanHubie renepaTopbl paboTaioT B OJIHOM IIOTOKE, a BPeMsl, HEOOXOIUMOe
JIJIsE TEHEpAIU OOJIBIIOTO KOJIMIEeCTBA CODBITHI, BECbMa 3HAUUTEIBHO; [IOMUMO TOI'0, BBIXOJIHBIE
JIAHHBIE COXPAHSIOTCS B BUjie (bailJIoB, UTO yBEJUUUBAET 3aTPATHI HA ONEPAIMU YTEHHs /3alliCH,
u camu Qailyibl MOTYT 3aHUMATD JlecATKu rurabaitt. Mojeas siaepubix croiakHoBeruit UrQMD
daKTUIEeCKN ABJISIETCS CTAHIAPTOM B 00JaCTH (DU3UKN BBICOKU SHEPIHif; BLIOOP IMPOrPaMMHOIO
redeparopa HADGEN 06yciioBiieH ero BbICOKO TOYHOCTBIO OIIUCAHUS IIPOLIECCOB, IIPOUCXOIAIINX
upu sueprusx NICA (B gmamasomne ot 3 mo 11 I'sB/Hyk/0H), 1 TeM, 9TO OH SBJISIETCS COCTAB-
Hoit yacThio nakera SHIELD |[8], mianupyeMoro kK MCIIOJIb30BaHUIO JJIsl pacdera PaJualuoHHOI
3AIATHl YCKOPUTEJISI I MHOTHX €0 3JIEMEHTOB.

B nannoit pabore Ha npumepe jByx rereparopos UrQMD u HADGEN mnpemiaraercst mpo-
CTOI ¥ JOCTATOYHO YHUBEPCAJBHBIN CIIOCOO YCKOPUTH MOJEJMpPOBaHHe U 00pabOTKYy JaHHBIX 3a
CYeT UCIOJIb30BaHUs nHTepdeiica MOAKII0UeHNsT STUX OUOJIMOTEK K MPOTPAMMHOMY KOMILIEKCY
MpdRoot u ncnonbzosanust ero pacumpenust PROOF (Parallel ROOT facility, [9]).

Opurunajpabie ucxomabie kojbl rerepatopoB UrQMD u HADGEN nanmcanbl Ha sI3bIKe
FORTRAN; xpaHeHue JaHHBIX OCYIIECTBJISIETCS B TJIOOATBHBIX CTPYyKTypax (common-blocks).
Ucnonb3oBanue 1y106a/bHBIX [EPEMEHHBIX MMeeT JiBa OCHOBHBIX HEJIOCTaTKa: 1) CHUYKEHHEe Ha-
JIE2KHOCTH TIPOIPAMM, MX MOJYJBLHOCTH W IIPOTUBOpEYHE IPUHIIUIIAM WHKAICYJISANN, 2) OTCYT-
CTBUE BO3MOYKHOCTH PEAJIN30BATH MMapaulejin3M 3ajad TAKUMHU cpejcTBaMu s3bika, Kak POSIX
threads mian anaOrTIHBIME UHCTPYMEHTAMH.

B xagecTBe mepBoro mara ontuMu3anuu Obn pa3paboransl nHTEpdeiichl Ha s3bike C, pea-
JIM3AIS KOTOPBIX obecrednBaeT 6e30MacHblii JoCTyT K JaHHbIM (puc. 2). Vexommbie KoIbl reHe-

paTopoB BMecTe ¢ mHTepdeiicaMn cOOMpAaOTCcs B ANHAMUYIECKNE OHMOJIIOTEK.

~ . N
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Puc. 2. ApxuteKTypa Bpamnmepa Jjis MO siaepHbIX cronkaosermnit UrQMD

Bropeiv marom siBiisiercst co3manue B pamkax MpdRoot kiraccoB-obosouek (wrappers) Ha
sizbike C++, B3auMOEHCTBYIONMX ¢ HHTepdeiicamu 6ubmorek. JlaHHbIE KJTacChl COIEPXKAT Me-
TOJIbI, HEOOXOAUMBIE JIJIsT pabOTHI ¢ T€HEPATOPOM, BBE/IEHUsT HAYAIBbHBIX HApPaMeTPOB MOJIEIUPO-
BaHUA 1 HO.HyLIeHI/Iﬂ BbBIXOJHBIX JaHHBIX B CbOpl\Ia,Te, y,H‘O6HOM I ﬂaﬂbHeﬁﬂleFO HNCIIOJIB3OBAaHUL.

ﬂﬂﬂ JOCTHUZKCHU A MaKCUMaJIbHO IIPOU3BO/IUTECJIBHOCTHU 6I)IJI HCIIOJIb3OBaH HMHCTPYMEHT
PROOQOF — pacmmpenne nakera ROOT, mospoistioree peajin3oBaTh HHTEPAKTUBHYIO, APaJLIC/ b
HyI0 00pabOTKy OOJIBIIMX MaCcCHBOB JaHHBLIX HJIM, B OOINEM Ciydae, JOOUTBHCS MapaJsiie/bHOCTH

BBIIIOJIHECHHUA KOJa Ha YPOBHE 3a/a4Y.
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PROOF-kyacrep crpourest 1o crangapTHoii cxeme master-slave (puc. 3). Biarogapsi muOrO-
YPOBHEBOI apXUTEKTYPe, TO3BOJISIONIEH CO3/aTh nepapxuio u3 master u submaster y3ioB, Taxoit
IIOJIXOJ] MOXKET OBITD JIETKO JAlTHPOBaH K IINPOKOMY IHMAIa30HY BUPTYAJILHLIX KJIACTEPOB, I'eO-
rpaduydecKr pacupeeJIeHHbIX MexK/y joMeHamu u rereporenabivu Mamuaamu (GRID). Kimen-
TOM CHCTEMBI SIBJISIETCS [I0JIb30BaTE/b, KOTOPLIA XOUeT HCIIOIb30BATh PECYPCHI caliTa, YTOObI Bbl-
[IOJIHUTDL CBOIO 3amady. Master — 9To ToUKa BXOIa K BBLIYHCIUTE]ILHOMY CPEICTBY: OH pasbupaer
3aIIPOCHl KJINEHTa, PaclpelesseT paboTy MeK Iy pecypcaMu, COOUpPaeT U COeIUHSIET PE3YALTATHI.
Koopaunamnust paboThl OTAEIbHBIX CEPBEPOB JTOCTUTAETCS 38 CUeT HCIOJIb30BAHUS CIEIUAJBHOIO
nporokoJia nepegadn gapasix PROOF.

[TonszoBarens, paborast B ceccun nporpaMMbl ROOT, MoxKeT 3alycKaTh IIPOIECCHI, KOTO-
poie cesizpiBatorcst ¢ PROOF-kacrepoMm n nojaroT 3ampockl Ha 06paboTky 3ajganuit. [losyuns
3ampoc Ha 0OpabOTKy 3aJ/laHusl, Ha MacTepe W Ha pabouux y3Jjax Jjsd KaxkJIOH CecCHM I0JIb30-
Baresisi crapryer crnennajgbaoe ROOT-npuioxkenune - proofserv. Ilporece, ucnosHsronmiicss Ha
MacTepe, KOOPJAUHUPYET PabOTy MeXK Iy paboduMu y3jgaMu U OO0beUuHSIET PE3YbTATHI B €INHOE
nesioe. Ha pabounx ysmiax mporecc proofserv jiesiaer HEOCPEICTBEHHO BBIMUCIUTEIBHYIO pabOoTYy,

obpabarbiBasl OTIEJbHbIE 3aIaHUsI.

Knuenr Cybmacrep

Macrep %
cepsep

MNog4ynHEeHHbIN

Puc. 3. Cxema kinacrepa PROOF

Sananus gt obpaborku Ha PROOF-kmacrepe nutyTest ocobbiM 00pa3oM; Jjist STOr0 00bsiB-
sisiercs kiace C++, mnacaeayembiit ot Berpoernnoro B ROOT kiacca TSelector. B mannom kinacce
006s13aTEIHLHO JTOJI?KEH OBITDH IIepeolpeie/ieH Habop METOI0B, peaanldyonuit (PyHKIIMOHA BBIUNC-
JITEJIHOrO y3ia (puc. 4).

Mg paborer ¢ PROOF-kiacrepom cosnaercs sx3emiuisip kiaacca TProof (puc. 5). @yukuus
void Process(..) cityzkut st 3allycKa 3aJ[aHusl B IIapaJUIeIbHOM DEXKUME C 3a[aHHBIM KOJIIYe-
crBoM mTeparuii nlterations.

B xome pemrenust 3amaa npoekta NICA mnosBuiack morpebHOCTE B MojemnpoBanun Ridge-
sdderra [10] mst 1oApOo6GHOrO pacCMOTPEHHsT CTPYKTYPBI COOBITHST CTOJKHOBEHUS TAXKEJIbIX $1JIEP.
[Tpupoma marrOro 3¢ddexTa Ha JaHHBIE MOMEHT He OObSICHEHA, CYIIECTBYET HECKOJBKO TEOPHIii.
DddexT cocTouT B HAJUUNN KOPPEJISIU MEXKJY JaCTUIAME, OJIYUYAOIMIUMUICS TPU CTOJKHO-

BEHUM TsI?KeJIbIX sijiep. VMeercsi KOppeJsdanus M0 a3uMyTaJbHOMY YIVIy JaXKke “‘Majekux’ JIpyr
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7 | ] ™
void Begln() - MTHALMANM3aUna KNneHTa
WCMNOJIHAETCS OOWH pas Ha KJNeHTe
' N

void SlaveBegin() - uuuunanusaums ysna
WCMONHAETCA OAVH Pa3 Ha KaXKAO0M NOAYUHEHHOM y3ne

void Process(Long64 t entry) - suiuncnenue
yKa3aHHOE KOM4YecTBO pas (entry)
Ha KaXxXaoMm nog4YMHEHHOM y3ne

void SlaveTerminate() - koneuras o6paboTka Ha y3ne

9 nmcnonHAeTcAa O4AWMH pa3 Ha Ka>XX40M nog4MHeHHOM y3ne )

void Terminate() - 06paboTKa 1 BbIBOA OaHHBIX Ha KIIMEHTe
WCMNONHAETCHA OAUH Pas Ha KJINeHTe

/

Puc. 4. Uepapxusi BbI30BOB 00si3aTeIbHBIX MeTO10B pu pabore ¢ PROOF

TProof * p = TProof::0pen("proof.cluster.address");
p->SetParallel (nThreads);

p->Process("ClassImplementation.C", nIterations);

Puc. 5. [Ipumep paborsr ¢ PROOF-kmacrepom

OT JApyTa 4YacTHUll, IOKa3bIBAIONIEMY OTKJIOHEHHE 4acTul B cropony. s mabmonenus Ridge-
sderTa npeabABIAIOTCA HEKOTOPBIE TPEOOBAHNUS 110 OTOOPY YaCTHUIl: BEJIMYNHA UX [ONEPEYHOr0
UMIIyJIbCa JIOJIZKHA JIeZKaTh B OIPEJICJIEHHBIX IIpefieiax. 3a/1a4ua MOJeJIMPOBAaHUs JAaHHOTO P deK-
Ta BO MHOI'OM OOYCJIOBJIEHA HEOOXOAUMOCTBIO OObSICHUTD, IIOYEMY TOJIBKO YaCTHUIIBI C OILIPe/IeJIeH-
HBIM CIIEKTPOM MMILYJIbCOB UMEIOT HOJ00HbIe Koppesiun. [y aroro Tpebyercst MoJie/IMpOBaHUe
¢ 60JIBIIIM OOBEMOM CTATUCTHKHU (IIOPSIKA MUJITHOHOB COOBITHIT), MOSTOMY OBLT HCIOIB30BAH
kJtactep BupryaabHbix Mamuma PROOF. Biaromaps ToMy, uro HammcaHue KJjacca 0OOJOYKY Ha-
MHOT'0 IIPOIIe, YeM IIONBITKN BHEJIPUTD HapaJljIe/In3M B KOJ| CAMOI'O I'eHePATOPa, U HAJIMUNIO JIETKO
MAaCIITabUPyeMOil BEIYUCIUTEILHON CUCTEMBI, YIAJIOCH TOOUTHCS BBICOKOU ITPOU3BOAUTETHHOCTU
C MaJIbIMHM 3aTpaTaMH.

Yckopenue, Kak BUJIHO U3 puUc. 6, HUXKe TeopeThdecKoro mnpeiena Amugana. B paHHom mnpu-
Mepe, KaxKJIblil moToK mMogeanpoBa 100 cTOJKHOBEHU Ts2KeIbIX siaep 3070Ta. [Ipu yBenndenun
Harpy3Kn Ha IIOTOK Ha6.HIO,HaeTC5{ yBeJIMdeHne IIPOU3BOAUTE/IBHOCTU, TaK KaK IIOTepHU Ha IIepe-
CBUIKY JIAHHBIX U HAaKJIQ/IHbIE PACXO/bl Ha CO3/IaHUE M MOHUTOPUHI IIOTOKOB, CTAHOBSITCS MaJsIbIMU

II0 CpPaBHEHHNIO C BpEMEHEM BBIUHCJIEHUA.

3. Bpruncienue paJmnaliioHHBIX AJUH AJis JeteKTopa MPD

O/1HO# U3 aKTyaJIbHBIX 3a/a4 Ha cTajuu npoekTuposanus skcrepumerta NICA /MPD sasjis-
€TCsI MCC/IeIOBAHNE BO3MOXKHOCTH MTOMEITIEHNUS TOMOJTHUTEIbHBIX TPEKOBBIX JIETEKTOPOB 38 TOPIIe-
Bbimu credkamu TPC (eM. puc. 1), Ha KOTOPBIX pa3MeIeHa 3JIEKTPOHUKA Jjisi CheMa UHMOpMa-

. Bazxknoii saBistercst OIl€HKa BJIMAHUA allllapaTypPbl Ha TOPIEBbLIX CTCHKAX TPC na npoJieTa-
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3aBUCKMMOCTb YCKOPEeHWsA OT Yncia NoToOKOB
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Puc. 6. BaBucumocTsb yckopenusi rereparun coobrruit B UrQMD or uncjia moTOKOB P UCIIOJIh-

30BaHUM MHOTOsiiepHOil apxutekTypbl PROOF

fOIIe CKBO3b HUX YACTHIIBI. DTO BJIUSIHEE HOCUT CJIyUaiiHBIA XapaKTep U CKOPPEKTUPOBATH €ro
HEBO3MOXKHO. XapaKTEPUCTUKON MaTepuaJa, MOKA3bIBAIOIIEH, HACKOJIBKO BEJINKO 3TO BJIUSIHUE,
SIBJISIETCSl PaJUAIlMOHHAs JIJIMHA - CPEMIHSS TOJIIMHA BEIIEeCTBa, Ha KOTOPOH SHEPrusl SJIeKTPOHA,
YMEHBIIAETCS B € pa3, YMHOXKEHHasI Ha IJIOTHOCTh BEIIECTBa. Ké HeoOX0AMMO MUHUMU3UPOBATD.

Jlj1s1 BBIIOJIHEHHUSI 9TOI 3a/1a49i HeOOXOAMMO IOJIYYIUTh paclpeieacHue pafualiOHHbIX JIIHH
B JETEKTOPE M BBIYUCJINATHh MHTErpajbHyo paguanuonnyio mmuay s TPC. Tounocts pacaeron
3aBUCUT OT ILJIOTHOCTH ITOKPBLITUS TOYKAMU 00JIaCTH CKaHHpoBaHus. IlosroMy omHoli n3 3a1a4 B
JaHHOI paboTe OBLIO He IMPOCTO BRIMUCJINTEL pajuanuonHble AauHbl mjisg MPD, Ho caenars 310 ¢
BBICOKUM Pa3pEIIeHNEM.

JamHas 3amada Oblta pelreHa Ha BUpTyaJabHOM KjacTtepe B cpene MpdRoot. g yckopenust

pacueToB NMPUMEHSJIOCh pacnapaJiieauBanne ¢ nomombio PROOF.

40 S —— S A S S—
LT e e Raeh CELCEEEEEEEEE SRR BRERREP o ! : ! e
' ) i e
,,,,,,,,, | . | - 1
30 ] e et Loemio R SR --L-
25 SR L
z o Lo !
= 20 2 L da T |
T s ,9 o
S S Do
107 1fQ------- ,/
5 Plogy : : :
0 ' L ! ' - . : : : B : : : : . : : :
0 50 100 150 200 0 5 10 15 20

HUCcno 4acTul, ThiC. KO-B0 MOTOKOE

Puc. 7. AHaju3 OpoU3BOAUTE]IBHOCTH KOJA JJIsd pacdyeTa PalualliOHHbIX JIJIMH

Ucnonbzosanue PROOF Ipu IpoBeeHUN pacdeTa B OJJHOM IIOTOKE CUJIbHO CHU2Ka€T ITPOU3BO-
JUTEJIbHOCTH, KaK BHU/ITHO Ha PHUC. 7. O,ILHELKO IIpU UCITOJIb3OBaHUN 0OJIBIIIOr0 KOJIUIECTBA IIOTOKOB

Ha,6JHO,Z[a,6TCH BBIUTDBIINT B CKOPOCTU, IIPDHU 3TOM DPOCT IIPOU3BOJUTEJILHOCTH OJIN30K K JIMHEHHO-
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MYy. BGSYCHOBHO, KOHKDeTHas 3a/ava eIne Hy2KIaeTCsdAd B ,ZLOHO.J'IHI/ITG.J'H)HOIZ OIITUMU3aINU, OJHAKO

npeumyiectBo PROOF oueBuHo.

Ha puc. 8 npencrasien pe3yabraT MojeanpoBanus — Kaprtuna jgerekropa MPD B paguaru-

OHHBIX JJIMHaX.

MPD B paanauUNOHHbIX ANTMHAX
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Puc. 8. llpencrasienue MPD B pagumanuoHubix IjinHax

Aemopuv,  svipasicarom  64a200apHOCMY  PECYPCHOMY  UEHMPY <« Buoluuciumesvroili  yeHmp

CII6I'Y » 3a npedocmasAeHHBLE BHIMUCAUMEADHDBLE CUCTIEMDbL, HA KOMOPBIL ObLAU NPOUSCEIEHDL PAC-

wemal.
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USING OF THE HIGH-PERFORMANCE COMPUTING
TECHNOLOGIES IN HIGH ENERGY PYSICS TASKS FOR
NICA/MPD

A.E. Basalaev Saint-Petersburg State University (Saint-Petersburg, Russian
Federation),

A.S. Bondarenko Saint-Petersburg State University (Saint-Petersburg, Russian
Federation),

S.P. Merts Joint Institute for Nuclear Research (Dubna, Russian Federation),
S.A. Nemnugin Saint-Petersburg State University (Saint-Petersburg, Russian
Federation),
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The article deals with the approach to optimisation of calculation by PROOF. The method
was used successfuly in the tasks of experiment NICA /MPD. For example ridge-effect modeling and
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radiation lenght calculation for detector MPD. Acceleration dependencies of different parameters
are present.

Keywords: NICA/MPD, MpdRoot, Ridge-effect, high-performance computing, PROOF,
UrQMD, HADGEN
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