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OO0beHEeHHBI HHCTUTYT TIpobiem uHpopmaTuku HAH bemapycu

[IpuBoasTCcs pe3yabTaThl MPAKTHYCCKOTO HCIOJIB30BAHUS ANIapaTHO-MPOrPAMMHBIX KOM-
IUIEKCOB Ha 0a3e pacrpelesicHHON TPUI-UHPPACTPYKTYPhI CYIIEPKOMITBIOTEPHBIX PECYPCOB
(AIIK-TPU ) nnms pemieHus pa3idYHBIX PECYpPCOEMKHX NPHUKIATHBIX 3amad. B kadectse
HHCTPYMEHTAIBHOU CPEeZbl ISl MPOBEICHUSI UCCIICIOBAHNUN HCIIONB30BANICS IKCICPUMEH-
TaNbHEIA oOpa3zer] meHTpa oOpaborku maHHBIX (LIO) B cocraBe HammoHamsHOTO ['PUJI-
cermenTa Ha Oase kiactepa «CKUD-GPUy.

1. BBeaenue

Pacnipenenennsie rpua-uHOPaCTPyKTYPhl HMIMPOKO HCIOJB3YIOTCS IJIs XpaHSHHS M 00pa0OTKH
JAHHBIX MPH PeAM3alliH Pa3IMYHbIX MPoeKTOB. COBpeMEHHBIE paclpeelicHHbIe BBIYUCIHTEIbLHBIC
CHCTEMBI, KaK IpaBUjIo, UMEIOT TPH YPOBHs 0azoBoro mporpammuoro obecnedenus (I10): cucremuoe
[10O; npuknagHoe I10; T1IO npomexxyrounoro yposas (I1O ITY). IIpu BeiOope KOMIIOHEHTOB cO37a-
BaeMbix AIIK-I'PU/] u npoBeneHnyu uccieqoBaHul MX QYHKIIMOHAIBHBIX BO3MOKHOCTEH HEOOX0 -
MO KOMIIJIEKCHO OLICHHBATh MPHUHATHIC TEXHUYECKUE PEILEHUS: TUI apXUTEKTYpPhl CYNEPKOMIIBIOTEP-
HOT'O pecypca (Hampumep, KilacTepHas), TUI BBIYHCIMTEIBHBIX y3JI0B CYNEPKOMIIBIOTEPA, THIIBI HC-
noJb3yeMbIX mporeccopos (X86, GPU, APU u np.), ceTeBble penieHus | T.1I.

B nacTosmell craTbe MpUBEACHBI PE3yNbTaThl MpakTuyeckoro ucnoib3oBanus AIIK-I'PUJL
JUISL peLIeHUs] PAa3IMYHBIX PECYPCOEMKHX MPUKIAIHBIX 3a7a4. B KauecTBe HHCTPyMEHTAJIbHOM Cpeabl
JUTSL TIPOBEJICHHS UCCIICOBAHUI HCIIONB30BANICS dKCIepuMeHTalbHbI obopasen [{O/] B cocraBe Ha-
nuonaiabHoro 'PUJI-cermenta Ha 0ase kiacrepa «CKUD-GPUy» [1]. B knacrepe « CKUD-GPU» 34
BBIUMCIIMTEIBHBIX U 2 yhpaBidomux y3na. Kaxnaeii BY knactepa comepxut nBa 4-X sIEpHBIX MPO-
neccopa Nehalem Intel Xeon X5570 2,93 GHz ¢ apxutexTypoit x86-64 u rpaduueckuii npoueccop
NVIDIA GeForce GTX 295. IMukoas npousBoantenbHocTh kiactepa «CKUD-GPUy mist rpaduue-
CKHUX MPOLIECCOPOB NMPH BBHINOJIHEHUH BBIYMCIICHUH C IJIaBAIOILEH 3amsITOH OAMHAPHONW TOYHOCTH — HE
menee 60,0 Tduonc, nBoitHOl TouHOCTM — He MeHee 5,0 Tduromnc. PeanmbHash IPOU3BOAUTETHHOCTD
omnbiTHOTO 00Opasua cynepkomnbiorepa «CKUD-GPU» Ha Tecte Linpack na 36 y3nmax 6e3 rpaduye-
ckux mporeccopos - 3025 I'puonc npu nokazarene ¢ dexruBHoctr knacrepa Ueff = 89,62% ot nu-
koBoi 3375.36 I'prnomnc. Ilo pesynbratam TectupoBanus kinacrep «CKU®D-GPUy» 6b11 BkitoueH B 13
penaknuto cimcka TopS0 ot 21.09.2010 r. mox HOMepowm 45.

2. CynepkoMIbIOTEPHOE MOAEJIMPOBAHNE KOHCTPYKTHBHO-
TEXHOJIOTHYECKUX pPelieHUil NP NMPOeKTHPOBAHUY MEPCNEKTUBHBIX KOH-
KYPEHTOCIOCOOHBIX IIMH 0Te4eCTBEHHO! pa3padoTKu

OKcrnepuMeHTaIbHBIN 00pasel] creruanusupoBannoro 11O/l B cocraBe HammonamsHoro I'PU/I-
CerMeHTa NepBOHAYaIbHO OBLI CO3/1aH AJIS BBIIOJHEHHS paboT B paMKax xo3moroBopa mexay OUIIN
HAH Bbenapycu u OAO «benmmnay. [Ipu coznannu LIOJ] 6611 pa3zpaboTaH KOMIUIEKC TEXHOIOTHYE-
CKUX pelieHuil s obecrieueHuss (YHKIMOHUPOBAHUS CYNEPKOMITBIOTEPHBIX PECYpCOB W TPHII-
CepBUCOB (KOPHEBBIX CEPBHUCOB) HAIMMOHAIBHOU TPUA-CETH [2], 3aMeHCTBOBAHHBIX B YHCIICHHOM pe-
nieHuu 3agad gorosopa. s BemonHenus padot 6but coznan UNICORE-caiit SKIF_GPU, ncnosns-
3YIOIIMH B Ka4eCcTBE BBHIUMUCIUTENLHBIX pecypcoB 30 8-snepubix y3moB knactepa «CKUD-GPUy, ko-
TOPBIHA BXOJUT B COCTaB HAIMOHAIBLHOU rpua-ceTh. st obecrieueHns: BOSMOXKHOCTH TPOBEACHUS CY-
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MEPKOMITBIOTEPHOTO MOJICIIMPOBAHUS IJ1s1 OTPAOOTKU PELICHUH 10 CO3JaHMIO IIMHHBIX H3JeNUi ObLTH
BBINTOJTHEHBI YCTAHOBKA W HACTPOMKa MakeTa KOHEYHO-dyieMeHTHoro aHamu3a LS-DYNA Ha rpua-
caiite SKIF_GPU, co3man perno3uTopuii JaHHBIX 3a7a4 KOMIIBIOTEPHOI'O MOJICIIMPOBaHuUs, pa3padoTa-
Ha TEXHOJIOTHS 3alyCcKa 3a/1a4 KOMIIBIOTEPHOTO MOJeNpoBanus Ha rpua-caiite SKIF_GPU.

B pesynbraTte BITOTHEHHS pabOT OBUIM CO3MaHBI TEXHOJOTHYECKHE PEIICHHS, 00eCTIeYnBarOIIIe
npenocrapnenne nonb3osarensivm OUIIM HAH benapycu nu OAO «benmmaa» HanéxHOTO B O6€30mac-
HOT'O0 MHCTPYMEHTapHs AJsl IPOBEICHHUS HHXCHEPHBIX PacyéTOB B HAMOHAIBHOHM Trpua-ceTu. beuia
NpoBeieHa MPOBepKa PYHKIHOHUPOBaHUsI ciieayommx komnonentos LO/1:

1) Kimenr — ITons3oBarensckuii matepdeiic (User Interface);

2) Ilmo3 (gateway);

3) Caiir REGISTRY (Shared Registry Site);

4) Cepsep UNICORE/X;

5) Bbasa mannbix nmons3osareieir UNICORE XUUDB;

6) Wurepodeiic ucnonuurensHoit cuctemsl TSI (Target System Interface);
7) Cucrema monutopunra UNICORE-caiita.

[Ipoeepka pynxkumnonuposanus cepBucoB UNICORE-caiita SKIF_GPU Beimonasanacs Ha ympas-
nsroredt Marmuae (YM) kinacrepa « CKUD-GPUy.

Ha UNICORE-caiite SKIF_GPU 3anymien wuntepdeiic wucnonuaurensHoit cuctemsr (TSI)
tsi_linux_torque, mo3BossifOLIMiT BBIONHATH 331aHUS Yepe3 CHCTEMY YIpPABICHHUS 33laHUSIMU torque
Ha 30 8-smepubix BY kmacrepa « CKUD-GPU» cnenyromieit koudurypanun: OC Linux Fedora 12
(x86_64); nBa 4-snepubix nporeccopa Intel Xeon X5570 2.93GHz; 24 I'b O3VY; InfiniBand QDR. Ha
MOJIL30BATENIECKUX KOMIbIOTepax Obuto ycraHosimeHo kimeHTckoe 110 UNICORE, Brmrodatomiee
rpaduyeckuii kimeHT UNICORE RichClient u ¢aitnossiit meremkep UNICORE (UFM).

B pesynbrare mpoBeneHHBIX padOT YAaJOCh PEIIUTH CBA3aHHYIO 3aJady 0Opa3oBaHUs TeMIlepa-
TYpPHBIX TIOJEW ¥ ONpeleNeHUs] HaNpsHKCHHO-Ae(OPMHUPOBAHHBIX COCTOSHUI KPYIMTHOTaOapUTHBIX
mwH, BeimyckaeMbix OAQO «bemmmHay. Takxke Ha CyNEepKOMITHIOTEPAX HAIIMOHAIBHOMN TPUA-CETH ObI-
JI0 YCHENTHO MPOBEJICHO MOJICIMPOBAHKE MPOLIECCa CTEHIOBBIX UCTIBITAHUH IIIHH.

3. AIIK Ha ocHOBe O0MOJIHOTEKHU MaPaJJIebHOI 00padoTKH N300paKeHNH
PIPL

bubmuoreka PIPL (Parallel Image Processing Library), npenHa3nadeHHas JJisl HCIONIb30BaHUS B
BBICOKOIIPOU3BOIUTEIBHBIX MHOTOIPOIIECCOPHBIX CHCTEMAax C MapauleIbHOW apXHUTEKTYpOH, paspa-
6orana B OUIIN HAH Benapycu. OcHoBHOE Ha3HadeHHE — 00paboTKa M300paKEHHH, TOTYIEHHBIX B
CHCTeMax MHUCTAaHIIMOHHOTO 30HIUpOoBaHus 3emiu [3].

Bo3moxkHOCTH TIPOrpaMMHOTO KOMITIEKCa Ha OCHOBE OMOIMOTEKH MapauieIbHOW 00paboTKH H30-
Opaxennii PIPL tectupoBanucek B pamkax nporpammsl CI' «Kocmoc-HT» Ha 0aze kinacTepHOH KOH-
¢urypanun POLYGON_GPU mist oTpaboTKH TEXHOJOTHH MapauiedIbHOH 00padoTKu O0IbIINX 00b-
emMoB nH(opMalmu naHHbIX J[33, npeacTaBisiiomux co00l BRICOKOKAUYECTBEHHBIE MYJIbTHCIIEKTPAIb-
Hble n300paxenus. B uucno 3anau ungppooii 06paboTku N300pa’keHUH BXOISAT: BOCCTAHOBJICHHE 3a-
LIYMJICHHBIX M300pa’keHU; PEKOHCTPYKIMS 0OBEKTOB; MOBBILICHUE KaueCcTBa U CrIIa)KUBaHHUE; O0HA-
PYKEHHE SIPKOCTHBIX TIePETaIoB U JIMHUIA; TEKCTYPHBIH aHall3; CETMEHTAIHs 00J1acTH 1 pacro3HaBa-
HUEe 00pa3oB; MpeoOpa3oBaHKE TOITYTOHOBBIX HM300paKeHHI; KapTorpaduueckas TeHepain3aius;
reoMeTpruecKie TpaHchopMauy 1 JpyTrHe.

Kiacrepuas cucrema «POLYGON_GPU» Oputa co3mana Ha OCHOBE 4 BBEIYHCIUTEIHHBIX y3JI0B
(BY) cyneprxommpiotepa «CKU®D-GPU». B rpadudeckom pexume yrpapiieHHe paboToi mporpaMmm-
HOT'0 KOMIUIEKCa OCYIIECTBIIAETCS ¢ IOMOIIBIO Tpaduyeckoro perakropa Gimp.

Bubnmoreka napannensHbIX (YHKIUH COACPXKUT (DYHKIMH, MO3BOJISIONUINE YIYYIINTh KadeCTBO
n300paXeHnH, T.e. K3MEHUTh SPKOCTh, KOHTPACTHOCTh, YOpaTh 3allyMIleHHE U300paKeHUH, YCUIHTh
OJIHY ¥ MOJABHUTH APYIYI0 MH(POPMALHIO, TOTIEPKHYTh Kpasi, a TAaKXKe OCYIIECTBUTH IIOMCK OCOOEH-
HBIX 30H Ha H300paKEHUSIX.

[Iporpammuo-anmapaTtHas peanu3aius Ha 6a3e PIPL umeeT apxutekTypy KIHUEHT-CepBep, TAe cep-
BEpHAasi KOMIIOHEHTa pealli3yeT 3allpalliBaeMble OIepaliy MapajulebHOW 00pabOTKH HCXOTHOTO
n300pakeHus1, a KIIMEHTCKasi KOMIIOHEHTa MIPEJOCTaBIIsIeT ONepaTopy MOJIb30BaTENLCKUI HHTEpdeEiC.
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B kommiekce peann3oBaHbl CIEAYIONIME OCHOBHBIC ONEPAllMd HAJ PacTPOBBIMM CHHUMKAMH: YCpE.-
wsroumid GuibTp (Average), meaunanueii puiabTp (Median), rayccoBo pasmeitie (Gaussian blur),
oboctpenune/monuepkuBanue kpace (Unsharpen mask), rayccoBo uckakenue (Gaussian Noise), BbI-
pasauBanue rucrorpammsbl (Equilize Histogram), pactsruBanue nuamasona (Stretch Range), sposust
(Erode), nunaraums (Dilatation), ¢unstp Ha ocHoBe mpeobpazoBanus Pypoe (Fourier), KoppensiunoH-
HBIE METO/IBI TTOVCKA M300paxkeHui Mo mabdaony. Bo3aMoxxHO m06aBieHIe TI000T0 MOIB30BATEIECKOTO
¢unbTpa. s perieHus 3aaun MOUCKa STAJIOHHOTO ()parMeHTa Ha n300paKeHnH Oblila HCIOIh30BaHa
oTkpbITas 6nbnmmnorexka OpenCV.

B tabmumax 1 u 2 mpuBeaeHB! pe3ysbTaThl MCCIECIOBAHMS MAacIITAOMPYyeMOCTH 3a/1auyd MOWCKa
HYXHBIX YYaCTKOB Ha H300paKEHUSIX MPH yJAICHHOM 3aIlycKe 3aJaud Ha IOJIUTOHE.

B skcniepuMeHTe HCIONL30BaHbI JIBa MOJYTOHOBEIX (aiina (daiin 1, daiin 2, rpaganuu ceporo)
¢dopmara tif. B Tabmuiie 1 mpuBeaeHsI pe3yabTaThl (BpeMsl MOMCKA STATOHHBIX 30H B CEKYH/AAX) MPH
HIOCJIC/IOBATEIIbHOM YBEIMYECHUH KOJMYECTBA MapauIeIbHBIX MPOLECCOB HA YNPABIAIONICH MalinHe
nonurona. Kak BuaHO 13 TabIMIbI ¢ yBeTUUYEHHEM 33 CTBOBAHHBIX PECYPCOB BpeMs MIOKMCKA CyIIe-
CTBEHHO YMEHBINACTCS U PElICHNE 3a/1a41 MaclITaOupyeTCs.

Tadauua 1. BpeMs BbINOTHEHMSI IPU YBETUUEHUH YHCIIa IPOLIECCOB

Kon-Bo 1 2 3 4 5 6 7
MPOIIECCOB

daitn 1 23,972 15,049 12,401 9,867 9,375 9,032 7,185
13152*1478

®daiin 2 32,525 21,061 16,598 15,020 13,607 12,267 12,007
16384*1509

B tabnuie 2 npuBeeHb pe3yabTaThl IKCIICPUMEHTa (BPeMsl TIOMCKA ATAJIOHHBIX 30H B CEKYHJIaX) €
MOCIIEIOBATENIEHBIM ~ JO0OABIIEHUEM BBIYMCIUTENHHBIX Y3JIOB IMOJWTOHA. M3 TaOnwmbl BUIHO, YTO
16 mapaiiensHBIX MPOIECCOB Ha JBYX y3JaX JIOCTaTOYHO JJISl ONITHMAIBHOTO PElIeHus JaHHOH 3aja-
yn. JlanpHeiiee yBenTudeHHEe KOJUYECTBA MPOIIECCOB HE JAET YMEHBIICHUS BPEMEHH BBHITIOTHEHUS
3aJIa49M.

Tabauna 2. BpeMs BbINOJIHEHUS IPU YBEJIMUYEHUHU YHCTa Y3JI0B

KonnuectBo 8 16 24 32 40
MIPOIIECCOB
daiin 17,352 4,422 4,322 4,65 4,52
13152*1478

Daiin 2 12,010 8,093 8,227 8,675 8,288
16384*1509

PesynbpTarhl TeCTUpOBaHUS MPOrPAMMHOTO KOMILIeKca Ha ocHoBe Ooubmuorexu PIPL, mpennasna-
YEHHOTO JUIS NapajuieNIbHON pealn3aliy TUIIMYHBIX OIepaluni, OCYIIECTBIIEMBIX Hal H300pakeHHsI-
mu 133 win Hag NpoU3BOJIBHBIMU OOJIBIIMMHM MAacCUBaMHM JaHHBIX, MO3BOJISIIOT CAENATh CIECAYIOLINE
BBIBO/IBI:

- KOMIUIEKC COJEP)KUT TOJHOCTBIO paclapauIeJIeHHbI MPOTrPaMMHBIA KOA C XOPOIIMMHU
MOKAa3aTesiMi MaclITabupyeMOCTH;

- KOMIUJIEKC IOCTPOEH IO CXEME€ KIMEHT-CEPBEp C BO3MOXKHOCTBIO YIAIEHHOM paloThI
MI0JIb30BaTENEH;

- KOMILIEKC WUMEET BO3MOXKHOCTh WHTErpanuy (DyHKIHH KOMILIEKCA B TIOJNB30BATEIbCKHN
uHTep(eiic mporpamm 06padoTku m3obpaxenuii (GIMP, paznuunsie I'C u 1. 11.);

- (DYHKIIMOHUPOBAaHME KOMITJIEKCA MOXET OBITh OCYIIECTBIEHO Kak Ha OTJEIbHOM
MHOTOSIIEPHOM KOMITBIOTEPE, KIIACTEPHOM CYTIEPKOMITBIOTEPE, TaK U B JIOKATBHOM CETH OpraHU3alliH;

- KOMIUIEKC MPEIOCTaBIsET BO3MOXKHOCTH pPa3pabOTKH S(PQPEKTHBHBIX IOJH30BATEIBCKUX
¢byHKIMi 00paboTKU NaHHBIX 0€3 3HAHHUS TEXHOJIOTUH MapajlieIbHOr0 MPOrpaMMUPOBAHHS.

Haunbonee >¢ddexTuBHBIM SBIISETCS CKPUOTOBBIA PEKUM PpabOTHl KOMIUIEKCA, MO3BOJISIOLINNA
00paboTath 10 3apaHee 3aJaHHOMY Ha00Opy QHILTPOB 0OJIIIOE KOJHYESCTBO CHUMKOB (MHKPOKAIPOR)

605




CynepKOMNbOMepHble 6 Pocc 5 // Russian Superc ing Day: 5 // RussianSCDays.org
CynepkomnviomepHule onu 6 Poccuu 2015 // Russian Supercomputing Days 2015 // RussianSCDays.org

JUIsL yIOydIlIeHusT WX KadectBa. Takke npumenenue PIPL ompaBmaHo mpu moucke OOBEKTOB IO
mrabIoHaM B OONBIINX 0a3ax JaHHBIX.

4. AIIK o0padoTku u npegocrapjieHust JaHHbIX /33 Ha 0a3e
CylepKOMIbIOTepPHBIX U rpua-Ttexnosoruii (AIIK I'pua-/133)

OcHoBHas 1enb paOOThl Ha MEPBOM JTalle — MPOBEACHUE IPEABAPUTEIBHBIX HCCIEAOBAaHUN U
aHaiM3a MPUHIMIOB BBITONHEHHs MPHUKIAIHBIX PECypCOEeMKHX 3afad oOpaboTku maHHBIX J[33 Ha
OCHOBE peanbHbIX HUPPOBBIX (hoTOrpaduii MOBEPXHOCTH 3eMITH.

B xagectBe mporpamMmmuoro obecrieueHust mpomexxyroanoro yposus (110 I1Y) B AIIK I'pun-/133
ucnonbzyercs [10 TTY UNICORE [4]. dns mannoro 1O ITY B OUIIN HAH Benapycu B pamkax
nporpamMmbel CI' « CKU®-I'PUl» Obin pa3paboTaH KOMIUIEKT AMCTPUOYTHBA Ui YCTaHOBKH Ha
BBIYMCIIUTEIBHBIE PECYPCHI HALMOHAIBHOM IPUA-CETH, paOOTAOLINE MO OIIEPAllMOHHBIMU CUCTEMaMHU
Linux u Windows.

MuHUMaNBEHBIA HA0OP CEPBUCOB IPUI-UHPPACTPYKTYPHI JODKEH BKIIOYATH CIEAYIOMINE CITYKOBI:
BBIYUCIHUTECIBbHBIC CCPBUCHI, I/IH(l)OpMaHI/IOHHI)IC CCPBUCHI; CCPBHUCHI MOHUTOPHHI'A, CEPBUCHI YUCTa pe-
CYPCOB; pecypc-OpOoKepbl; IEMEHThl XpaHEHUs] JaHHBIX; CEPBUCHI YIIPABJICHUS BUPTYaJIbHBIMH Opra-
HU3anUsAMU. JIOJDKHBI Takke OBITh MPEIyCMOTPEHBI KOPHEBBIE IPUI-CEPBUCHI, KOTOPHIE BKIIOYAIOT B
ceOs1 cleayIone OCHOBHBIE CITYKOBI: €IMHBIN peecTp rPpUA-pecypcoB (peecTp rpui-cepBUCOB, PEECTP
MOJIb30BaTENICH, CEPBUCOB M PECYPCHBIX LEHTPOB); ciyxk0a Shared Registry; ciayxba TecTupoBanus;
ciry’x0a MOHUTOPHHTA; CITy>k0a ydeTa pecypcosB.

'maBHBIM TOTpeOHTENIEM pECypcoB CO3[aBaeMOW B paMKax HACTOSIIEro INpPOEKTa  TPHI-
MHPPaCTPYKTyphl sBIsieTcs: Oenopycckoe HayuHo-nHXeHepHOe peciyOIMKaHCKOE YHUTAapHOE Mpe-
npusatue «['eonnpopmarnmonnsie cuctembny (HUPYII 'MC). Ha stom mpennpusatuu co3nan Harwo-
HAJILHBIA [IEHTpP TpUEeMa M MEPBUYHOW 00PaOOTKH KOCMHYECKOH MH(OpMAalWH, YTO MO3BOJIET, TI0
CYTH, OTpabaThiBaTh ()YHKIIMOHAIBEHBIC BOZMOXXHOCTH MPOEKTUPYEMOW IPpUA-UHPPACTPYKTYPHI Ha pe-
anpHBIX MaccuBax AaHHbIX /[33. B mpouecce BhIMONMHEHMS TPEABAPUTEIBHBIX UCCAEIOBAaHUI onpee-
JIEHO, YTO HanboJiee pecypcoeMKOM NPUKIagHOM 3aa4yell u3 MpeaBapuTeIbHOI0 cocTaBa, chOpMHUPO-
BaHHOro Ha ocHoBaHuM gaHHbIX HUPYII 'UC, sBnsieTcs 3amaya BoccTtaHoBIeHus 3D n300paxeHuit
Ha ocHoBe 2D mudposbix ¢dororpaduii moBepxHoctu 3emin. B cBs3u ¢ 3TUM aHaNU3 TEXHOJIOTHYE-
CKuX onepauunii 00pabotku ganHbIx [[33 mpoBoawmiics Ha npuMepe TexXHoJIoruu nocrpoenus 3D moze-
JieH 110 U300PaKEHHIO.

4.1. YaocroBepsirommii HeHTp rpua-ceru /133

VY nocroBepsromyid neHTp GopMHUpyeT Ha OCHOBE MH(PACTPYKTYPHI OTKPBITHIX KITFOUEH IH(ppPOBHIE
cepTu(UKaThl CEPBUCOB U ToJb30BaTeNel rpua-cetu [133. Y aocroBepsitonuii neHtp rpua-cetu /133
BXOJUT B cocTaB ONeparioHHOTO IEHTPa HAMOHAIBHON TPU/I-CETH.

UNICORE-caiit Monitoring RS ucnosnb3yeT B KauecTBe BEIYUCIUTEIBHBIX PECYPCOB 4 8-AepHBIX
y3na creayromeii koupuryparmn: OC Linux Fedora 15 (x86 64); nea 4-sanepubix mporeccopa Intel
Xeon X5570 2.93GHz; ognomnporeccopusiii Buaeoagantep NVIDIA GeForce GTX 480; 24 T'b O3V,
InfiniBand QDR.

Ha UNICORE-caiite Monitoring RS 3amyIiensl cieayooiye CepBUCH: 1103 (Jateway); cepBep
UNICORE/X; 6a3a nannbix mons3oBareneid XUUDB; unTepdeiic neneBoit cucremsr TSI cucrema
MOHHUTOpPHHT2 (PUCYHOK 1).

Wnrepdeiic ucnonmaurensHoit cucremsl (TSI) tsi_linux_torque mo3BossieT BHIMOMHATH 3aJaHUsS Ha
IIEJIEBOM CHCTEME Yepe3 CUCTEMY YIPaBICHUS 3aJaHUSIMHU torque Ha 4-X 8-sIepHBIX BRIYUCIUTEIHHBIX
y3nax kinacrepa AIIK I'PU J133.
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Puc. 1. Cucrema MoHuTOpUHTa rpua-caiita Monitoring RS
4.2. TexH0JIOTMH BU3YAJTU3ALMHU JAHHBIX

HeorbemiemMoii 1 BakHEHIIEH 4acTbi0 COBPEMEHHOI'O aHAM3a Pa3JIMYHBIX MPOLIECCOB B JHOOOM
OTpacid €CTECTBEHHBIX HAyK SIBIACTCS BU3yanu3alusi JaHHBIX. CyIIeCcTBYET 3HAUMTEIbHOE YHCIIO
CPEJICTB BU3yalHM3allii HAyYHBIX JaHHBIX, 00IaJafoNMX IUPOKUMH (QYHKIIMOHAIEHBIMH BO3MOXKHO-
crsmu. K coxkanennio, 00b€M BU3yalnn3UpPYEMbIX C UX MOMOIIBIO JAaHHBIX €CTECTBEHHBIM 00pa3oM
OTpaHHMYEH pecypcaMu NepcoHanbHOro kommnetorepa. B mpoekre AIIK I'PUJI-/133 cuctema Busyanu-
3allU¥, peajrn30BaHHas Ha 06a3e TEXHOJOTHH KIHEHT-CEPBEp, BKIIOYACT: CYyNEePKOMITLIOTEPHBIE BBIYKC-
JUTENBHBIE PECYpPCHl B paMKaX paclipelielieHHOW Ipua-UH(PPpacTpyKTyphl; yaaleHHOe pabouee MEcTo
(KHMEHT cUCTEMBI); JIOKAJbHYIO (WM TTI00alIbHYI0) ceTh. B KauecTBe TEXHOIOTMYECKUX PELICHUH,
obecrieurBaloONINX padOTy CHUCTEMbI BH3yaln3aluu, ObUT BhIOpaH rpaduyeckuit mpotokon VNC u
nporpaMmMHbId makeT x11vnc [5].

OTANYUTENHHBIMA OCOOEHHOCTSMH JTAHHOTO PELLECHUS SIBISIOTCSL:

1) BO3MOXHOCTH 3allyCKa CEpBEpHOH KOMIIOHEHTHI BHM3yalM3allid Ha JIIOOOW ammapaTHON
wiatdopme, noanepxkusatorieli padory cepsepa X Windows (NVIDIA, ATI, Intel u 1.11.);

2) ammapaTHas TOJJIEP)KKAa pPabOThl MPUIOKCHUH, pEaTN30BaHHBIX C HCIOJIb30BAHUEM
texnonoruiit OPENGL, CUDA u OPENCL;

3) aBropu3amus [oJb30BaTeNedl ¢  ucmoib3oBaHWeM X509  cepTHdUKATOB, BBIIAHHBIX
YIIOCTOBEPSIOIINM IIEHTPOM HAIIMOHAIBHOU TPHJI-CETH;

4) BO3MOKHOCTH PabOThI KIMEHTCKONW KOMIIOHEHTHI B Ka4€CTBE OTICIBHOTO NMPHIOKEHHS SSNVC
Wim yepe3 web-unrepdeiic;

5) BO3MOXXHOCTb MOJIHOIICHHOW PabOThl B BHICOKOM Pa3pelICHUH CO CIOKHBbIMEH 3D Momensmu
IIPY UCIIONB30BaHUH 00bIYHBIX 3G KaHaJIOB MOOMIBLHOM CBA3H;
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6) HamMYKe MOJHBIX KCXOMHBIX KOJOB MPOIYKTA C BO3BMOXHOCTBIO UX MOM(DUKAIUH.

ITo cyTtu, ucmonb3yeMble CpeACTBA BU3YaIH3allMH MTO3BOJSIOT CO3aBaTh JIJIS MOJIL30BATEINS MOJI-
HOIIEHHBIN y/IaJeHHbIN rpadynyecKuii cTol, paboTaromuii Ha CYyIepKOMIBIOTEPHBIX pecypcax (cepBepe
BU3yaJIN3alliM) PACIPEACICHHON BBIUMCIUTENBHON cpeabl. [Ipy 3TOM HMCHONB3YOTCS €IUHBIC MeXa-
HU3MBI HTHGOPMAITMOHHOM 0€30IacHOCTH (TI0IB30BaTEILCKHE U CepBEPHBIC ITUGPOBHIE CepTU(HUKATHI)
YK€ pear30BaHHbIC B HAIMOHAILHON TpUja-ceTd. VCmonb30BaHHEe AHHOW CHCTEMBI BU3YalH3allud
MO3BOJISET EIMKOM WJIM YaCTHYHO M30€KaTh KOMMPOBAHUS IPOMO3JIKUX PE3yIbTATOB CYIEPKOMIIbIO-
TEPHOTO MOJICTUPOBAHUS Ha pabouee MEeCTO TOIb30BaTEeIs.

5. BKCHepI/IMeHTaJILHaﬂ TEXHOJIOI'id BOCCTAHOBJICHUA 3D-M0)1e.11ei71 MeCT-
HOCTH

Ha manHoM 3Tame TexHOJOTHYECKHe cXeMbl co3fmaHus 3D-Mozaeneii MecTHOCTH pealn30BaHBI Ha
OCHOBE WCHOJB30BaHMs MporpaMMHOro komruiekca — Agisoft PhotoScan Professional 1.0.4, mpen-
CTaBIISIIONIET0 cO00i crienuanu3upoBaHHOE MporpaMMHoe obecriedeHue it poTorpaMMeTpun U pa-
00THI ¢ a3p0POTOCHUMKAMHU.

IMporpamma Agisoft PhotoScan mo3BossieT mo HabOpy CHHMKOB OOBEKTa BOCCTAHOBUTH €TI0 TEK-
cTypupoBaHHyio 3D Mozenb. JTa Lenb JOCTUraeTCsl MOCPEICTBOM BBITIONHEHHSI CIEAYIONIUX dTaroB
00paboTKu:

1) 3arpyska ¢otorpaduii, onpeaeneHre MOJIOKEHUH U MapaMEeTPOB BHEITHETO M BHYTPEHHETO OpH-
SHTUPOBAHMS KaMep.

2) BreipaBauBanue ¢portorpaduii. Ha 310it cTragum nporpamma onpeessieT MoJoKeHUEe U OpUCHTa-
MO0 KaMepbl ISl KaXKJIOT0 KaJpa W CTPOHT pa3pekeHHOe 00Jako oOmmx Todek B 3D mpocTpaHCcTBe
MOJIEJH ¥ JaHHbIE O TIOJIOKEHUH ¥ OPHEHTALINH KaMep.

3) TocTpoenwe IOTHOrO 00JIaka TOUEK Ha OCHOBAHUH PACCUYMTAHHBIX ITOJIOKEHIH

KaMep M UCIOJIb3yeMbIX (hoTorpaduii.

4) TTocTpoeHHe TPEXMEPHOM MOTUTOHATBHON MOJIEIN 00BEKTa, KOTOPas OMHCHIBACT (HhOpMy OOBEK-
Ta Ha OCHOBAaHHH IUIOTHOTO 00JIaKa TOYEK.

5) TekcrypupoBanue 00beKTa W/IIH NOCTPOSHUE OPTO(OTOIIIaHA (PUCYHOK 2).
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Puc. 2. TexctypupoBaHHast MOJIeNIb 00BEKTa (B M3 CHCTEMBI BH3yaTH3aIINH )

[IpumensieMblil TpOrpaMMHBII IPOAYKT UMEET Bce HEOOX0ANMBIE (PYHKIIMOHAIBHBIE BO3MOKHOCTH
[t coznanus 3D-Mozenelt MECTHOCTH MO @3pOKOCMHYECKMM CHUMKaM. Co3faBaemast ¢ ero moMOIbI0
3D — mojens UMeeT mpueMIieMoe Ui MHOTHUX ToTpeduTeneii kauecTBo. Iporecc moctpoeHus Tpex-
MEpPHOH MOJIENIN Ha 3KCIIEPUMEHTAIILHOM CTeH[Ie TPH paboTe Ha OJHOM y3Jie ¢ rpadudeckuM npouec-
copoM BbIONHsIICS OT 20 10 100 MUH B 3aBUCMMOCTH OT KOJIMYECTBa 00pabaThIBAEMBIX CHUMKOB M
3aganHoro kavectBa mojenu (150-300 caumxkoB). [Ipu 5TOM Hcnosibp3oBaHUE Ha y3Jie TpadUuecKux
yckopureneit ¢ TexHonorueit OPENCL nozBonsiercst 3HaunTenbHO (B 8-10 pa3) cokpatuTh BpeMsi BbI-
MIOJIHEHUSI OTHENbHBIX 3TanoB noctpoeHus: 3D-mozenedt (Hanbosee 3((GEKTUBHO NPU MOCTPOCHUHU
IJIOTHOTO 00J1aKa TOYEK).

IIpuMmeHeHre TpUA-TEXHOJIOTUNA JUIsl OpraHu3alluy J0CTyINa K CyNepKOMIIBIOTEPHBIM pecypcaMm U
Hanmuue y koHeuHoro nosiszoBarenss HUPYII I'MC coGcTBeHHOrO GecMIoTHOro anmapara M03BOJIs-
IOT peaJin30BaTh MOJHYIO0 LENOYKYy HocTpoeHus: 3D-Moeneii: oT Bble31a Ha MECTHOCTh JUIS MOJy4e-
HHS CHUMKOB JI0 PEJAKTUPOBAaHMSI HAa MECTe MOCTPOSHHON MOJeNH cpeacTBaMu 3D-penakTopoB win
npyrux [HC.

6. 3akiIouenue

B mnpencraBneHHol pa®oTe NPUBEACHBI NPAKTUYECKHE PE3YNIbTAThl TPUMEHEHHUS alllapaTHO-
NPOTPaMMHBIX KOMIUIEKCOB Ha 0a3e pacrpelesieHHON TpuI-HHOPACTPYKTYPhI CYNEPKOMITBIOTEPHBIX
PEecCypcoB IS pemieHus] pECYpCOeMKHX MPHUKIAIHBIX 3a/1ad. B KauecTBe TakMX MPUKIAIHBIX 3a7ad
BBIJICTICHBI CIICAYIONINE: MOJACITUPOBAHUE HAIPSKEHHO-Ie(QOPMUPOBAHHBIX COCTOSHHIA KpYyITHOTa0a-
PUTHBIX IIMH, 00pabOTKa OONBIINX MACCHBOB PACTPOBBIX JAHHBIX M MTOCTPOEHUE TPEXMEPHBIX MOJIe-
ne#t MmecTHOCTH 1Mo cHUMKaM [[33. IIpuBeneHo onucanue TEXHOIOTHICCKUX PEIICHUN IS YAAICHHON
BHU3YyaJIM3allMU JAHHBIX CYNEPKOMIIBIOTEPHOI'O MOACIUPOBAHMUSL.
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Development of technological solutions in creating and using
specialized hardware-software complex based on grid
infrastructure supercomputer resources

Oleg Tchij, Nikolay Paramonov, Marina Kuleshova and Nadzeya Paramonova
Keywords: supercomputer, grid, data processing center

The results of the practical use of hardware-software complexes on the basis of a distributed
supercomputing grid infrastructure resources for a variety of demanding applications. As a
tool environment for research used an experimental model of the data center (DC) in the
National Grid Segment-based cluster SKIF-GPU.



