UH}KeHepHO-TeXxHMnYecKana wkona MMM
YyebHbiit ueHTp HAY BLUD "BopoHoBo», 7 dpeBpana 2016 r.

ApPXUTEKTYypa CynepKkomMmnbloTepos
U NPOPbLIB B 9IKCAD/IONCHYIO 3pY

Marucrepckaa nporpamma
"MatemaTtuyeckme metogbl MOAENIMPOBAHUA U KOMNbIOTEPHbIE TeXHoAornn"

B.B.Cterannos

npodeccop genapTamMeHTa NpukIagHoOn MaTteMaTukuy,
0.d.-M.H., 3aB. otaenom OVBT PAH

HBTAH)




Pa3Butue BbIYUCIIUTENIBHOU TEXHUKU

peak: 367000 GFlops
131072 CPUs
clock fq.: 700 MHz
memory: 250 Mb

peak: 0.0013 GFlops
1 CPU
clock fg.: 0.7 MHz
memory: 32 Kb




Cynepkomnbrotepbl 1986-87 rr.
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Thinking Machines CM-2: Meiko Computing Surface:
16384 ogHOOUTOBLIX 64 TpaHCNbOTEPHbIX Y3M0B C
npoLeccopa COBMECTHO npoueccopamm Intel i860

c 512 apudpmetndeckmumm
yckoputenamu Weitek



... W NapanmnersibHbie arroputmbl AnA nepBonpmHUMNNHbLIX pacyeToB

VOLUME 68, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1992

Ab Initio Theory of the Si(111)-(7 x7) Surface Reconstruction: A Challenge for
Massively Parallel Computation

Karl D. Brommer, ("’ M. Needels,® B. E. Larson, and J. D. Joannopoulos ‘"’ Th|nk|ng
M Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 q
D AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey 07974 MaCh Ines
®)Thinking Machines, Cambridge, Massachusetts 02139 C M _2

(Received 8 November 1991)

An ab initio investigation of the Si(111)-(7x7) surface reconstruction is undertaken using the state of
the art in massively parallel computation. Calculations of the total energy of an ~700 effective-atom
supercell are performed to determine (1) the fully relaxed atomic geometry, (2) the scanning tunneling
microscope images as a function of bias voltage, and (3) the energy difference between the (7x7) and
the (2x1) reconstructions. The (7x7) reconstruction is found to be energetically favorable to the
(2x1) surface by 60 meV per (1x 1) unit cell.

PACS numbers: 73.20.—r, 68.35.Bs, 68.35.Md

VOLUME 68, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1992

Ab Initio Total-Energy Calculations for Extremely Large Systems: Application to the
Takayanagi Reconstruction of Si(111)

I. Stich, M. C. Payne, R. D. King-Smith, and J-S. Lin
Cavendish Laboratory (TCM), University of Cambridge, Madingley Road, Cambridge CB3 OHE, United Kingdom

L. J. Clarke

Edinburgh Parallel Computer Centre, University of Edinburgh, Mayfield Road, Edinburgh EH9 3JZ, United Kingdom
(Received 8 November 1991)

We have implemented a set of total-energy pseudopotential codes on a parallel computer which allows

Melko calculations to be performed for systems containing many hundreds of atoms in the unit cell. Using

. these codes we have calculated the total energies and structures of the 3x 3, 5x5, and 7x7 Takayanagi

CompUtlng reconstructions of the (111) surface of silicon. We find that the 7x7 structure minimizes the surface en-

Surface ergy and observe structural trends across the series which can be correlated with the degree of charge
transfer between the dangling bonds on the adatoms and rest atoms.

PACS numbers: 68.35.—p, 31.20.—d, 71.45.Nt
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MHoromacwTabHLIU NOAXoA B TEOPUU U MOAENTUPOBAHUU
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Ctpaterusa passutua MO modeling&simulation

Kinetvka i MCC reoMeTpusi NOBEPXHOCTH

NMnacTtnyHoCTb HaHOKPUCTallJliIn4yeCKNX matepu

classical -VITbI C HaHOTpyGKamu
MMD NNacTUYHOCTbL U paspylueHne
MOHOKpPUCTanmos
“ab initio” OAVHOYHbIe AUCIOoKaLuu

. TeopeTunyeckas husumka,
3apoxgeHue nomnocrtem U agucnokKauuu, computer science
)
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[Henenune npoektoB INCITE 2014 r. no Tematukam
Innovative and Novel Computational Impact on Theory and Experiment

Nuclear cS
1 4
QCD Ab initio

12

Plasma
7

Astrophys

(@) oo
175

Yncno npoeKkToB Mo Kaxxaou
TemaTtuke

Nuclear
204.0 CS
162.0

Ab initio
1130.0

QCD
460.0

Plasma
835.0

Astrophys
415.0

(6)

CFD
1660.5

BblaeneHHoe Ha Kaxayto TeMaTuky
BbIYMCIIUTENBHOE BPEMSI B MUITITMOHAX
MpPOLIECCOPO-4acoB



SMITH: «cuabHaAsI» MacmITabupyeMoCTh,

Computational fluid dynamics

po T(N,po)
pT(N,p) °

Huxe po = 1024, MakcumanbHOe p = 262144, N = 4097°. CnromHast AMHAS
cooTBeTCTBYyeT 3aBucHMOCTE | = poT(N,po)/p-

Bpewms pacuera (¢)
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NpeanbHana kpuBas

B. B. UynaHos, C. A. [openHos,
A. E. AkceHoBa, B. A. lNepBunyko,
A. A. Makapesund (MBPA3, UBM PA

H) , 2013
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Estimates from the ISC-2015 Conference

Rough estimate of DNS flow over an aircraft
An airbus 310 cruising at 250 m/s at 10000 m
For 1 second of simulated flight:

1 teraflops machine — 8*10° years
50 exaflops machine — 1 weak

(based on John Kim, TSFP-9, 2015)



ONEKTPOHHO-CTPYKTYpHasa Moaenb 32 MOSeEKyn BOAbl

10 3@ Knactep ®MBE® MOTH
Bpems - g\ Dual 6 core AMD Opteron + Infiniband
Ha 1 MO war | pRS
(cek) . R
_ &
\
\\ .
(= \Q\ '\n
] . +_ Knactep M®TU-60
i N < *Dual 2 core Intel Xeon + Myrinet
- \\\ \EN N
- N ~ ﬂ -
1 o -
Knactep IBM BG/P BMK MY
RS
0.1 LI II 1 1 1 | I lqlMch'rIo ﬂnle 1 1 1
10 100

XKunsees N.A., Cmeeadtnos B.B. Bbi4. meTtoabl 1 nporp. 2012. T.13. C.37-45.



CRnOXHbIN NYyTb Pa3BUTUA
cynepKkomMnbloTepHOU oTpacnun Poccuu



PocT cynepkomMmnbioTepHou oTpacnu Poccuum
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[1B>XeHne B «3py aKk3adprnonca»
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Tononornss NUHTEPKOHHEKTA U apXUTEKTypa
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«MPP» vs «<SMP»

Tekyuwlero cnmucka Tond00 2013 r.

OcobeHHoCTU ycTponcTBa cynepkomMmnbioTepoB NeNe1-3

Y3en
Kout- KoJs-Bo CyMMapHas
BO BbIYMCIL. LITY Yckopurtenb HTE(I)/E'B
y3noB | agep HIIY | (kous-Bo simep) (koJ1-BO s17iEp) I;sna '
Tdnomnc
: 2 x Intel Xeon 3 x Intel Phi
Tianhe-2 | 16 000 384 000 (2x12) (3x57) 3.43
Nvidia Kepler
Cray | 15688 | 299008 | AMD Opteron (14 MOTOKOBbIX 1.45
Titan (16)
MyJIbTUIIPOLIECCOPA)
IBM IBM PowerPC
Sequoia 98304 | 1572 864 (16 +2) 0.205




AP hEeKTUBHOCTb

Rmax/Rpeak, ®nonc/BT

Rmax, Rpeak, Rmax/Rpeak, MBT ['®aormnc
[1dsonc [1dsomnc % /BT
Tianhe-2 33.7 54.9 61% 17.8 0.733
Cray XK7 «Titan» 17.6 27.1 65% 8.21 2.143
IBM BlueGene/Q «Sequoia» 17.2 20.1 81% — 85% 7.89 2.177
Knactep «JloMmoHOCOB» 0.9 1.7 53% 2.8 0.322

Top 500 Super Computers

| | Tianhe-2 (MilkyWay-2)
2 | Tian
3 | Sequoia
4 | K Computer
5 | Mira
6 | Piz Damt
Stampede
8 JJUQUEEN
9 | Vulcan
10 | SuperMUC

Graph 500

Sequoia

Mira

JUQUEEN

K Computer

Fermi

Tianhe-2 (MilkyWay-2)

Turning

Blue Joule

DIRAC

Zumbrota

Green 5(X)

TSUBAME-KFC

Wilkes

HA-PACS TCA

|__— Piz Daint

Romeo

TSUBAME 2.5

iDataPlex DX360M4 (University of Arizona)

1DataPlex DX360M4 (Max-Planck-Gesellschaft)

1DataPlex DX360M4 (Unnamed Financial Institution)

CSIRO GPU Cluster




Tononorns MHTEPKOHHEKTA
(4to ckpbiBaeT MPI?)
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Passutue cnucka Ton500
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Cray T3E

Uncno cynepkomnbroTepoB Cray T3E
B BepxHen 10-ke cnuckos Ton500
B 1996-1999 rr.
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Passutue cnucka Ton500
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Pa3sutue cnucka Ton500
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TopouganbHble CUCTEMbI B MUpE

PervoH/cTpaHa Ko | o anep >Rmay, Yoot HasBanue
BO Tdaonc | ZRmax
Poccus 1 8192 23.9 0.01 IBM - 1.
1406 240 IBM -8,
EBpomna 17 (+45 712) 14 371.6 6.4 Cray - 9.
ABcTpasnud, bpasuius, 194 944 IBM - 3,
Kanapa, Caya.ApaBus 4 (-8192) 14658 0.65 Cray - 1.
IBM - 18
4 810 064 ’
CIIA 35 (+367 416) 59 812.9 26.7 Cray - 16,
Sun - 1.
Fujitsu -3
Anonus 1042 688 ’
u 0>xHasa Kopes 10 (+23 808) 14202.9 6.3 IBM -2,
Cray - 5.
Fujitsu -3,
7462 128 IBM - 32,
HUTtoro: 67 (+428 744) 89877.1 40.1 Cray - 31,
Sun - 1.

Yncno n cymmapHble napaMmeTpbl CUCTEM C TOpouaanbHOM Tonosrornen nNo ctpaHam mmpa B cnucke Tons500 mnoHs 2013 r.:
Konmn4yecTBo NogobHbIX CMCTEM, CYMMapHOE YMcno saep (B Ckobkax — MPMPOCT MO OTHOLLEHUIO K MpeablayLemy ChnUcKy), CyMMapHas
NPoOn3BOANTENBHOCTb, BKNag B CyMMapHYyo Npon3BoanTENbHOCTL cnucka nioHa 2013 r. (224 MNMdnonc), pacnpegenexHme cuctem no
npoussogutensam. (Kutam noka He npeactasneH B Ton500 Takumm cynepkomMmnbioTepamm)



MPI: yTpaTa yHuBepcarnbHOCTU?

Faraj A., Kumar S., Smith B., Mamidala A., Gunnels J., MPI collective
communications on the Blue Gene/P supercomputer: algorithms and

optimizations // 17th IEEE Symposium on High Performance Interconnects.
2009. P. 63-72.

3a nepuod HemHorum 6onblue 3 net 6bina gaHa 31 cebinka B Hay4YHOU
nepuoanke (aBTopbl LUTUPYIOLLKX cTaTen n3 ABcTpuu, N'epmanumn, Uugun,
Utanun, Ucnanun, Kutaa, CLLUA n Typuum)

Chen D., Eisley N. A., Heidelberger P, Senger R. M., Sugawara Y., Kumar S.,
Salapura V., Satterfield D. L., Steinmacher-Burow B., Parker J. J. The IBM
BlueGene/Q interconnection network and message unit // Proc. Int. Conf. for
High Perf. Computing, Networking, Storage and Analysis (SC), 2011.

3a nepuog HemHornm borsblue 1 roga 6bino gaHa 21 ccbinka B Hay4YHOW
nepuoaunke (aBTopbl UUTUPYIOLWLKX cTaTen u3 benbrun, Frepmannn, UHaum,
Ucnanuu, Kutaa n CLLUA).



MPI: yTpaTa yHuBepcarnbHOCTU?

Adamosuy U. A., Knumos A. B., Knumos FO. A., Oprnios A. FO., LlieopuH A. b.
OnbIT pa3paboTKku KOMMYHMKaAUMOHHOMU ceTu cynepkomnbroTepa « CKUD-

ABpopa» // [lporpammHble cuctembl. Teopusa n npunoxenus. 2010. T. 1. Bein. 3.
C. 107-123.

Kopx A. A., MakazoH []. B., bopoduH A. A., XKabuH U. A., KywmaHos E. P,
CobipomssmHukos E. J1., YepemywkuHa E. B. OTe4yecTBeHHas
KOMMYHMKaLUMOHHas ceTb 3D-Top ¢ noaaepxkomn rnodanbLHO agpecyemMon

namatu // Becrt. lOYpl'Y - cepua «Mart. mogen. n nporpammupoBanue». 2010.
T.211. Ne 35. C. 41-53.



MHTEepKOHHEeKT

«Cepaue» coBpeMeHHOro cyrnepkomnblotTepa - KOMMyTaLUOHHaS
ceTb (MHTEPKOHHEKT) NMPoABIAeTCcAa Ha 3 YPOBHSX:

1. OBopyanoBaHMe 1 TOMOMNOINA CETU, T.€. NPUHLINMN PU3NYECKOTO
o0beanHeHns y3noB KaHanamm obmMeHa AaHHbIX.

l

2. CncrtemHoe nporpaMmmHoe obecnevyeHune, peanuaytoLlee
cTaHgapTHble npoueaypbl obMeHa AaHHbIMU (OQWH-OAHOMY, OO MH-

BCEM, BCE-BCEM U T.M.)

3. Anropntmbl napansnesnibHoro peLeHnsa matemaTuy4eckoun
3afayn, OCHOBaHHble Ha yKa3aHHOM CUCTEMHOM NPOorpaMmmMHOM
obecreveHnu.

UHepUMOHHOCTbL pa3BUTUA!




Hy>XeH nn B 4eNCTBUTENBHOCTU
MaCCOBbIW Napanenmam?



EU PRACE initiative

Home page Contact Site Map Web sites

PARTNERSHIP FOR

ADVANCED COMPUTING
IN EUROPE -

About PRACE RI

- PRACE RESEARCH INFRASTRUCTURE Register Now
PRACE in a few words

o - THE TOP LEVEL OF THE EUROPEAN HPC ECOSYSTEM - June 17, 2012
Organisation
Members
The PRACE Association Executive Office announces open position for HPC PRACE DaL

= Announcemwzi members of PRACE RI Technology Officer, Deadline: March, 31, 2012 i{l
PRACE Resources Visit the PRACE Training Portal and read about the PRACE whitepapers now online a:ng:lljlncements

How to apply

PRACE Peer Review ADVANCED TOOLS TO DESIGN FUTURE | NEW INSIGHTS INTO USING “THE @
JET ENGINES PROCESS THAT POWERS THE STARS” ERACE

Press releases




US DOE INCITE initiative

Innovative & Novel Computational Impact on Theory and Experiment

USDE ARTMENT OF ENERGY

I N c I I E HOME INCITE PROGRAM GUIDE TO HPC FAQS INCITE AWARDS CONTACT

COMPUTII

the way for
Scientific

INCITE supports computationally intensive, large-scale research

projects with large amounts of dedicated time on supercomputers at
DOE's Leadership Computing Facilities.

DOE Univeréity Government  Industry  International
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US DOE INCITE initiative

Bcero npoektoB lNMpoeKTbl N0 MONeKyNnApHOMY U % ot obLwero
aTOMVICTVI‘-IGCKOMy MoAeriMupoBaHUIO yucna

2006 40%
2007 45 11 24%
2008 58 16 28%
2009 66 20 30%
2010 70 23 33%
2011 57 18 32%
2012 60 23 38%
2013 61 24 39%
2012 roAa:

60 npoekToB = 1672 munnuoHa npoueccop-4yacos Ha IBM BlueGene/P n Cray XT5
23 npoekTa rno MOoSiekynapHoOMy 1 aTOMUCTUYECKOMY MoaenupoBaHunto = 518 MIH. vac.
31 % obuiero BpemeHu



US DOE INCITE initiative

[Mpumep pe3ynsraToB KOMOMHUPOBAHHOIO pacyeTa KpoBOTOKa C adhdeKTaMm OTNIOXKEHUS
XONnecTepUHOBLIX BrisilLeK B paMKax MHoromaclutabHon Mogenu, codeTaroLen
aTOMUCTUYECKOE MOodeNnMpoBaHne ¢ MoAeNbIo Xunakoctn Hasbe-CTokca

@kiar-aD 1o Nektar-3D

Nektar-3D to DPEELAMMPS

Grinberg L., et al. A new computational paradigm in multiscale simulations:
Application to brain blood flow // Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis (SC), 2011.



US DOE INCITE initiative

[leMOHCTpauns coxpaHeHnst apdPEKTUBHOCTU pacnapannennBaHnus peLleHus
ogHon 3agadmn Ha cuctemax BlueGene/P n Cray XT5

Yucsio aaep Bpewms 3arpysku LIIY, ¢ JPPeKTUBHOCTD
BlueGene/P (4 sapa Ha y3en)
28 672 3205.58
61 440 1399.12 1.07
126 976 665.79 1.02
Cray XT5 (12 sagep Ha y3ea)
17 280 (Kraken) 2194
25920 (Kraken) 1177 1.24
34 560 (Jaguar) 806 1.10
93 312 (Jaguar) 280 1.07
186 624 (Jaguar) 206 0.68

Grinberg L., et al. A new computational paradigm in multiscale simulations:
Application to brain blood flow // Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis (SC), 2011.



US DOE INCITE initiative

UccnepnoBaHue, BbINOSIHEHHOE B NpuBeAeHHON pabdboTe, COCTOUT U3
criegyromux YacTteu:

* CBA3b KOHTUHYAJIbHOIO U ANCKPETHOro asiroputmMmoB C pa3HbIMUA
BPpeéMEeHHbIMU LLaramMmm,

* OOMeH AaHHbIMU B npouecce pacyetTa mexay 4aCtAMmM CUCTEMbI U
MeXxay KOHTUHyalibHbIM U ANCKPETHbIM YPOBHAMM,

* ONTUMMN3AUNA NPON3BOANUTENILHOCTU C Y4E€TOM crneunmnkmn cuctem
IBM BlueGene/P un Cray XT5,

* aHanu3 napannenbHoun 3ccheKkTUBHOCTN Ha 060enx cucrtemax.

Grinberg L., et al. A new computational paradigm in multiscale simulations:
Application to brain blood flow // Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis (SC), 2011.



ITUN UMNDPbl AEMOHCTPUPYIOT
nepexon K HOBOU 3pe
MCMNOoSib30BaHMUS
BblYUCIUTENbHbLIX METOO0B
B HAyKe U TEXHUKE



Mpumep ns3 nporpammbl SC’13

TITLE: Petascale Direct Numerical Simulation of Turbulent Channel Flow on up to
786K Cores

SESSION: Extreme-Scale Applications

EVENT TYPE: Papers, Awards, Best Student Paper Finalists

TIME: 1:30PM - 2:00PM

SESSION CHAIR: Michael A. Heroux

AUTHOR(S): Myoungkyu Lee, Nicholas Malaya, Robert D. Moser

ROOM:201/203

ABSTRACT:

We present results of performance optimization for direct numerical simulation (DNS) of
wall bounded turbulent flow (channel flow). DNS is a technique in which the fluid flow
equations are solved without subgrid modeling. Of particular interest are high
Reynolds number (Re) turbulent flows over walls, because of their importance in
technological applications. Simulating high Re turbulence is a challenging computational
problem, due to the high spatial and temporal resolution requirements. An optimized
code was developed using spectral methods, the method of choice for turbulent flows.
Optimization was performed to address three major issues: efficiency of banded matrix
linear algebra, cache reuse and memory access, and communication for the global data
transposes. Results show that performance is highly dependent on characteristics of the
communication network, rather than single-core performance. In our tests, it exhibits
approximately 80% strong scaling parallel efficiency at 786K cores relative to
performance on 65K cores.



OpraHnyeckmne XnaKoCTu
(TpaHcpopmaTOpHblE MACna)



MeXXaToOMHble U MeXMOJIeKYNAPHble B3aUMOAENCTBUA
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Pa3nnyHble NnpmbAnKEHUA

KOJTINY4ECTBO MOJIEKYII

ogenb o6beguHEHHOTO MonHoaToOMHOe
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Cuctema

125-8000 monekyn — TraPPE-UA (240000 aTtomoB)

125-3375 monekyn — DREIDING, OPLS (330000 atomoB)

® A
® cH,
® cwm

[f %7 St et i 8
<Ar2> (v(0)v(1)) .

T=353K P~1atm
L= 4.8+19.2nm




[lonnmMepHble KOMMO3UTDI



Coarse-grained Molecular Dynamics

finite element
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- coarse-grained
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1 nm 1-10 nm 10-1000 nm  1-100 ym 1-10 mm
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CBepxKputnyeckan ¢asoBasa AMarpamma
(meTan+6yTaH, 330 K, TraPPE-UA)
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Methane Hydrates - Energy Source of
the Future?

Estimated resource 1-5 million cubic kilometers of
gas (500-2500 gigatones of carbon)



Lattice parameters of structure |

* Type: bcc

e Size *12x12x12 A
8 methane molecules (100% cage occupancy)
* Elementary unit cell formula

(512), -(51262), 46 H,0
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Interaction potentials for water

TIP4P - models SPC/E
T @ TN
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Time-to-solution ~




Time-to-solution t, sec

|deal world

Real life
o

log-scale

|deal scaling
t~ 1/Rpeax
R pears FlOpS
>
log-scale

Vladimir V. Stegailov, Nikita D. Orekhov, and Grigory S. Smirnov,
HPC Hardware Efficiency for Quantum and Classical Molecular Dynamics
// V. Malyshkin (Ed.): PaCT 2015, LNCS 9251, pp. 469-473, 2015.



Time for 1 MD step, sec
10° — IBM BG/P
SMP with no threads)
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[
summary

. Future HPC node design

_simple, efficient, COres
_DRAM & PCM—3D, on package, hierarchy

_Hierarchical, heterogeneous interconnect
.The biggest challenge:

Improve System effi cy




