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CopeprKaHue

* KpaTKaAa UCTopmA pa3BUTUA
CynepkomnbtoTepHoro ueHTpa OMBT PAH

* 3ayemM HaMm CyrnepKomnbloTepbl?

* O TecTMpoBaHUN HOBbIX TEXHO/IOTUI

— [Mpoueccopsl, rpadunyeckne yckopmtenm
— VIHTepKOHHeKT AHrapa, GPU-aware MPI
— ®annoBble CUCTEMDI
— Ab initio pacueTbl
— JHeproadpPeKTUBHOCTL



CYNEPKOMMbIOTEPHbIN LLIEHTP
OUBT PAH
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BoiuncauntenoHaa texHuka B UBTAHe

1969 r. - BBeaeHa
E3CM-4 (20Kdnonc),

B MCMOJIb30BaHUM
YPA/1-14
(10-25 Kdnonc).




BoiuncauntenoHaa texHuka B UBTAHe

1969 r. - BBeaeHa 63CM-4 (20Kdpnonc), B ucnonbsosaHnm YPAJ-14.
K 1977 r. - B3CM-6 (1Mdnonc), EC-1020 (20Kdbnonc), HP-2000
B 1978-79 rr. - HP-3000

B 1980-85 rr 1 no3»e Ha BACM-6 pabotaet UBTAHTEPMO,
n Ha HP-3000 paboTtaeTt baHK aaHHbIX No T/l cBOMCTBaM.

B 1986 r. — EC-1045 (0,8 Mdnonc), M10 (5M®Pnonc), VAX-6000 (8-
63M®dnonc)



AxkagemuK B.E.®PopToB
23.01.1946 — 29.11.2020

[0 UHMUMATMBE aKadAeMUKa
dopTosa B 1999 roay 6bin OTKPLIT
Me»KBeJOMCTBEHHbIN
CYnepKomnbloTepPHbIN LeHTp PAH,
rae 6bia1 yCTaHOBAEH NEPBbIN
POCCUNCKMI CyrnepKoMNbIOTEP.
3TO 0AHO N3 HEMHOTMUX HAayYHbIX
MEpPONPUATUIA, KOTOPOE NOCEeTUN
TOrAQWHNIM NPEMbeP-MUHUCTP
B.B. lNyTnH. Ha TOT MOMeHT, uTO
noATBepPKAEHO cepTUPUKaTaMU,
K/1aCTep BOLWE/ B COTHIO CaMbIX
MOLLIHbIX KOMMbIOTEPOB MUPa.




Pa3ssutue cynepKomMnblOTEPHOro LEeHTPa

Cynepkomnbtotep MBC-1000 6bin
noctasneH 8 OMBT PAH 8 2001
roay HUUN «KBaHT».
Cynepkomnbtotep nmen 16
BbIYMCAUTENbHbIX Y3/10B 1 OAWNH
YNPaBAAOWNIA, Ha KaXKAOM y3ne
6b1N10 YCTAaHOBAEHO MO 2
npoueccopa C TaKTOBOW YaCTOTOM
1My wnll6 onepaTuBHOM
namATH.

[NTMKOBaA NPOU3BOANTENbHOCTb
Knactepa coctasnsana 32 [pnonc.




Pa3ssutue cynepKomMnblOTEPHOro LEeHTPa

Cynepkomnbtotep NWOS5 6bin
noctasneH 8 OMBT PAH B 2005 roay Ha
cpeacrtsa PODU.

Ha Knactepe HacTpoeHOo NporpaMmmHoe
obecneuyeHune gna nposeaeHUA
pacyetos B GRID-cucremax.
CynepkomnbloTep coctomT U3 13
BbIYNC/IUTENBHDBIX Y3/10B, UMEHLLUX
c/iefyoume XxapakTepucTukm: 2
npoueccopa Intel Xeon 3.0 My, 2 16
OonepaTMBHOM NAMATU HA Y3€N, XKEeCTKNI
ANCK Ha 160 6, ceTeBble MHTEPdENCDI
Fast Ethernet n Gigabit Ethernet.
Mpon3BoaMTENbHOCTb K/1acTepa Ha TecTe
LINPACK cocTtasnsaet 108 l'pnonc.




Pa3ssutue cynepKomMnblOTEPHOro LEeHTPa

CynepkomnbtoTtep T-MNMnatdpopmbl TEdge-
48 komnaHum T-Mnatdopmbl bbin
noctasneH 8 OUBT B 2008 rogy m
COCTOMUT U3 24 BbIYUC/INUTENbHbIX
Mmoaynen.

Kaxabin moaynb COAepKUT 2
yeTblipexaaepHbIx npoueccopa Intel
Xeon 5445 c TaktoBomn yactotom 2.33 Iy,
n 8 NbanT onepaTUBHOM NaMATH.
Mpon3BoaMTENbHOCTb K/1acTepa Ha TecTe
Linpack coctaBnsiet 1.4 Tflops.
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A SAHEM HAM
CYNEPKOMIMbIOTEPbI?



[ANna KaKMX 3a4a4 HYXXHbl CYynepKoMnbloTepbl
B OUBT PAH?

MonynapHbie NnpuKknaaHblie naketbl 4ns HPC (c OTKpbITbIM

NPOrPaMMHbIM KOAOM):

* MonekynsapHaa gnHamuka (GROMACS, LAMMPS,
OpenMM)

* Ab-Initio pacuétbl (VASP, CP2K, CPMD)

* [a30- u lmgpoanHammka (FlowVision, OpenFOAM)

* [nasma (PIConGPU, VLPL)

12



Cynepkomnbiotep DESMOS

.
..
k
11
[}
[

BeefeH B akcnayaTauuto B KOHLUe 2016 T.

Knactep coctonT 13 32 rubpuaHbIX BbIMUCAUTENbHbIX Y3/10B U
OZHOrO roN0BHOTO.

Ona obbeanHeHMa y3n0oB UCNoNb3yeTca ceTb AHrapa B
TOMOIOTNKM 4-X MepHbIN Top.

2016: npoTtotnn Ha yckoputenax Nvidia GTX1070,

2018: anrpeiig Ha yckopuTtenm AMD FirePro S9150
#45 B Ton50 ceHTA6pa 2018 roga — 52.24 (90.75) Tdnonc

2020: anrpeig Ha yckoputenu AMD Instinct MI50
#39 B8 Ton50 mapTta 2021 roga -
85.26 (221.85) Tpnonc

#37 8 Ton50 mapTta 2023 roga -
123.38(221.85) Tononc




MopTnposaHne LAMMPS Ha TexHonoruto ROCm HIP

13th INTERNATIONAL CONFER
ON PARALLEL PROCESSING

3 AND APPLIED MATHEMATICS

Diploma

PPAM Best Paper Award

The International Conference on Parallel Processing and Applied
Mathematics (PPAM) Best Paper Award is given in recognition of the
research paper quality, originality and significance of the work in high
performance computing.

The PPAM Best Paper was first awarded at PPAM 2019 in Bialystok upon
recommendation of the PPAM Chairs and Program Committee.

PPAM 2019 Winner

Evgeny Kuznetsov, Nikolay Kondratyuk, Mikhail Logunov,
Vsevolod Nikolskiy and Vladimir Stegailov

Performance and portability of state-of-art molecular dynamics
software on modern GPUs

CHAIR OF PROGRAM COMMITTEE VICE-CHAIR OF PROGRAM COMMITTEE
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Science :
Foundation intel bxt;e': GAMBIT oMLt o e ) Springer
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Cynepkomnbtotep PULLIEP

Cynepkomnbtotep PULLEP BBeaeH B
aKcnayatayuio B 2018 r.

CermeHT C BO34YLWHbIM OX/1aXKAeHNEeM
cocTomT 13 18 aByxnpoueccopHbIX
BblY4MCAUTENbHbIX Y3/10B HA NpoLeccopax
AMD Epyc u Infiniband FDR.
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B mapte 2019 roaa B8 OUMBT PAH 6bin 3anyLieH cermeHT
cynepkomnbiotepa PULLIEP ¢ X KMAKOCTHbIM OXNaXXAeHUem
(Ha 6a3e kKommyTaTtopa AHrapa u ogHonopTtoBbix naat PCle)
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MorpyxHasa cucrtema Ha npoueccopax AMD Epyc u
WHTepKkoHekTe AHrapa

‘\

Cynepkomnsbtotep PULLEP
OWUBT PAH
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O TECTUPOBAHUM
7
CPABHUTEJIbHOM AHAJIU3E
HOBbIX TEXHOJIOIMK



MPOLIECCOPBDI



[pyrne HoBble apPXUTEKTYPbI NPOLLEeccopoB
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Floating-point performance of ARM cores
and their efficiency in classical molecular
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MHTEPKOHHEKT
AHI'APA



CynepKoMnbOTEPHbIA UHTEPKOHHEKT:
MeXAyHapOoaAHbIU KOHTEKCT

X

TECHNOLOGIES

C=RANY

Slingshot Interconnect

At®S FUjITSU e

Bull eXascale Interconnect Tofu D Interconnect Sunway TaihuLight
(BXI)

Sunway Interconnect



AO HUALUIBT: ceTb AHrapa
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TEXHONOIMNA
GPUDIRECT RDMA



TexHonorna GPUDirect RDMA

No GPUDirect RDMA GPUDirect RDMA
- N = & o-
e B

InfiniBand GPU InfiniBand
Memory Memory

Peanunsauua nogaepsKKu cememncrsa

TexHonormm GPUDirect ana cetn AHrapa
n rpadpunyeckmnx yckoputenem AMD

R A DE O N INSTINCT

26
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PesynbTatbl pa3spaboTtkn nogaepxkmu GPUDirect RDMA
anst cety AHrapa

osu_mbw_mr, device-to-device

& OpenMPI4.1.1,UCX,I1B,no GDR 4 OpenMPI4.1.1,UCX, IB,GDR @ MPICH 3.2 Angara, SAR
MPICH 3.2 Angara, LMT A OpenMPl 4.1.1, UCX-Angara, SAR A OpenMPI 4.1.1, UCX-Angara, LMT (MR)

5000

4000

higher is better!

3000

2000

Bandwidth, MB/s

1000

T S T & ,3, R P o> @ P D «@ ;;, >
AP g Q"v A @S ’% O ’50 mw\ W (S

¥ S
EIARNN SR

Msqg size, Bytes

Ncnonb3oBaHue rocm_copy (GPUDirect) no3sonaetr 4obUTbLCS YCKOpEHUA B
~10 pa3 npu P2P-nepecbinkax mexay namatbio GPU

YcKopeHue ¢ ucnonb3oBaHnem nNpoTokosa Rendezvous B cBA3Ke ¢ API
pkba_reg_mr (GPUDirect RDMA) gocTturaet ~68 pas

27
Cm.: LNCS 13708, p. 591, 2022



NAPAJENbHBLIE ®AUNOBLIE
CUCTEMDI



Slowing down of MD calculations with LAMMPS due to massive data output

600 300
Run time [s] Angara-K1 Run time [s] Desmos
.
.. ~23GB -~ output
mpi-io L
output - e
400 Lo . 200 |- e
_-”_ - output b
v - /
i ~1568 " -~ i )/
n/ P rd /
~13GB ¢ .-® 4 ~23 GB
o - - y e _.Aa
~10GB-"®"~ _--"  nooutput .7 -~ mpi-i
200 | oo e p 100 |- . 5GB _ - - mpi-io
.l 8T . ~3GB g -~ output
TesLhn -t ~10GB_ . 4~
A | 6568 . O~ no output
- ga-~ aa-- ®
_-e---""
N atoms [M] o----®" "¢ N atoms [M]
o J A A S T Y S A g J A T Y T Y S S T
30 40 50 60 70 8 90 100 110 30 40 50 60 70 8 90 100 110
Single dedicated storage server (Lustre) Distributed storage on the nodes (BeeGFS)
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CermeHT cynepKomnbloTepa
Fisher (OUBT PAH)

Hardware ’ Gigabit Ethernet switch ‘

Number of nodes 20 CTTTTTTTTT
SSD M2 NVMe Apacer —
AS2280P2

OS OpenSUSE Leap

15.2 —
Kernel 5.3.18-Ip152.87- » /\

preempt ( 2x EPYC 128 GB
Ethernet over Angara 2.1 301 RAM

240 GB
BeeGFS 7.2.3 | ;I NVME )
N

30
Cm.: LNCS 13708, p. 423, 2022



Latency, us

IIporpammusiii ctexk TCP/IP
IUIsl KHTEPKOHEKTa AHTapa

® EoA A Angara @ 1 GbitE

400
300
200
100
(R - . N . . " " . " A . //
1 10 100 1000 10 000 100 000

Size, bytes
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10500: 16 storage nodes, 4 client
nodes, 16 MPI / node

Tect XapakTepuctuka 1 Gbit Ethernet EoA / 1 Gbit
Ethernet

ior-easy-write GiB/s 0,459 2,612 5,69
mdtest-easy-write kIOPS 15,180 17,170 1,13
ior-hard-write GiB/s 0,171 0,419 2,44
mdtest-hard-write kIOPS 5,101 3,808 0,75
find kIOPS 175,189 124,549 0,71
ior-easy-read GiB/s 0,448 6,498 14,50
mdtest-easy-stat kIOPS 74,599 73,687 0,99
ior-hard-read GiB/s 0,456 2,908 6,38
mdtest-hard-stat kIOPS 67,311 70,303 1,04
mdtest-easy-delete kIOPS 14,203 10,181 0,72
mdtest-hard-read kIOPS 14,592 15,033 1,03
mdtest-hard-delete kIOPS 4,187 5,952 1,42
SCORE

Bandwidth GiB/s 0,356 2,132 EEs
IOPS kKIOPS 22,205 21,042 095
Total 2,812 6,698 2EE

32
Cm.: LNCS 13708, p. 423, 2022



CYNEPKOMIMBbIOTEPDI
Aa5sA AB INITIO PACHETOB



MOAHOCTBIO HEIMMUPUYECKNI NEPBONPUHLMMAHDBIA METOA, A1 KOHAEHCUPOBAHHbIX Cpea,
C y4eTom obmeHa un Koppenaumm Ha yposHe HF+MP2

Table II. Average time for the evaluation of the energy (single MC cycle) at the various level of
theory considered. The computational setups are those specified in this section. Timing measured
on a CRAY-XC30 machine, each node is equipped with 8-core CPU and a graphics processing unit

(K20X GPU).
Number of Nodes ~ Time [s]
GGA 32 7.9
meta-GGA 32 17.4
vdW-DF 32 12.0
hybrid-GGA (ADMM) 48 213
meta-hybrid-GGA (ADMM) 48 27.9
hybrid-GGA 128 51.0
PWPB95-D3 200 198
RPA 200 200
MP2 (MC: energy only) 512 163
MP2 (MD: including forces) 2048 257

64 H,0 molecules in a cubic box under periodic boundary
conditions

We see the non-trivial prediction that ice floats
on water, with a quantitatively correct ratio of liquid and
solid density

TABLE II. Equilibrium volumes and energies (at 0 K) for ice 1h expressed
per molecule. The calculated values are obtained from the minimum of the
curves of Figure 5. No corrections for the quantum nature of the nuclei and
zero point energies (ZPEs) have been considered. Experimental values are
from Refs. 6 and 158.

Econ (kJ/mol) Vinot (A%) p (g/ml)
PBE -62.8 30.69 0.975
MP2 —58.7 31.34 0.955
PWPB95-D3 —58.5 32.15 0.930
(EEX+RPA)@PBE -52.5 32.37 0.924
Expt. -58.9 32.05 0.933

Mauro Del Ben et al., 2015



BbluMcnuTenbHbIN CKPUHUHI MaTepuarnoB
(high-throughput ab initio calculations)

2503 SCF-pacueToB

5214 penakcauMOHHbIX pac4eToB
171370 orpybneHHbix M pacyeToB
11525 ab initio M, pacyeToB

Bellatrix (69k) Fidis (34k)

) Fitting
Structural pfperties EPMD
——e R T\ a—
Band structure
¥ rinball Pinball
4

Daint-XC40 (266k) Daint-XC50 (140k)

Pinball
VC-Relax Fitting
Pinball
FPMD

WUroro: 509 TbIC. y310-4acos
=15 MmsiH. agpo-yacos (!)

Kahle, L., Marcolongo, A., & Marzari, N. (2020). High-throughput computational screening for solid-state Li-ion conductors.
Energy & Environmental Science, 13(3), 928-948.



Cynepkomnblotepbl 1986-87 rr. ¢ maccoBo-napannesribHOun
apXuUTeKTypoun

o e, WP B OSSN BN S S EESSSSSSSN O
A R S ® WP W D O _SE———
- d—
_”_L

—’_

Thinking Machines CM-2:
16384 ogHOOUTOBBLIX

Meiko Computing Surface:
64 TpaHCNbLIOTEPHbIX Y3I10B C

MpoLIeccopa CoBMECTHO npoueccopamu Intel i860

¢ 512 apudpmeTtnyeckumm
yckoputenamm Weitek

B. B. Cterannos, . 3. HopmaH. [pobnembl pa3BuTnsa cynepkoMnbTEPHON oTpaciy B Poccuu: B3rnsg

nonb3oBaTensi BbICOKONPOU3BOAMTENbHbIX cucTem // MporpaMmmMHble CUCTEMBI: TEOPUS Y NPUINIOXKEHNS: NIEKTPOH.
Hay4H. )ypH. 2014. T. 5, Ne 1(19), c. 111-152. URL.: http://psta.psiras.ru/read/psta2014_1_111-152.pdf



... N NapannesibHbie anroputmMmbl AnNA nepBonpmMHUMUNHbLIX pac4yeToB

VOLUME 68, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1992

Ab Initio Theory of the Si(111)-(7 x 7) 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 .
@D AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey 07974 Machines
O Thinking Machines, Cambridge, Massachusetts 02139
(Received 8 November 1991) CM'Z

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 (1x1) 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 étich, 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 3x3, 5x5, and 7x7 Takayanagi
Computlng reconstructions of the (111) surface of silicon. We find that the 7X7 structure minimizes the surface en-
ergy and observe structural trends across the series which can be correlated with the degree of charge

Surface 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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Energy per iteration (J)
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dHeproadpdekTuBHoctb CPU ana koga VASP

—— E5-1650v3 Intel Xeon

—A— E5-2620v4 Haswell/Broadwell
—6— E5-2660v4

—e— E5-2660v4 (turbo boost) E5-1650v3

6 cores at 3.5 GHz
15Mb of L3 cache
S583

E5-2620v4
8 cores at 2.1 GHz
20 Mb of L3 cache
S417

E5-2660v4
14 cores at 2.0 Ghz
35 Mb of L3 cache

200

, I , | , I , | $1445
400 600 800 1000 with turboboost

Time for iteration (sec) .
Cm.: LNCS 10778, p. 81, 2018



VASP: speed and energy consumption

30000 @
32 LH IRUS17 (dual E5-2698v4, RAPL)
O  DESMOS (single E5-2660v4, RAPL)
o FISHER (dual Epyc 7551, IPMI)
- o JUPITER (dual P8+P100, IPMI) 5
o v Jetson TX2 (Tegra, Smartpower)
32 8
g (0]
= 20000 —
c
2 T ¢
f |
= 4 = LREAL = FALSE ) 2 v
Q 16 122 O v
> @)
9] 4 4 MPIx 3 OpenMP
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0 A\
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FIGURE5 The energy-to-solution for the GaAs test model calculation on different platforms: LREAL=TRUE points are shown in red,
LREAL=FALSE points are shown in blue. The number of active cores in a single node is shown as a number above a data point. A number below a
data point shows the number of nodes used for the calculation (assuming in each case the optimal configuration of MPI processes and OpenMP
threads at the nodes)

Stegailov, V., Smirnov, G., & Vecher, V. (2019). VASP hits the memory wall: Processors efficiency comparison. 40
Concurrency and Computation: Practice and Experience, e5136.



3dPeKT — BbICOKMM YPOBEHDb PE3Y/IbTAaTOB N MPU3HAHME
pabot OMBT PAH no matemaTnyeckomy moae/IMpoOBaHUIO
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3aKknyeHue

OWUBT PAH akTuBHO BeAET nccnenoBaHUA

no onTUMMU3aLMM NPON3BOANTENIbHOCTM HAYYHbIX KOA4O0B Ha
COBpPEeMeHHbIX KOMIMOHeHTax, BKAoYaa nepeHoc Ha AMD HIP,

no nogbopy onTMManbHOM KOHGUIYpPaL MM NPOLLEECCOPOB (BKAOYasA
EPYC 2), yckoputenein n gpyrmx KOMNOHEHT ANA Hay4YHbIX 3a4au,

no paspabotke nogaepxkn GPUDirect RDMA gna cetn AHrapa,

3HeproadPeKTUBHOCTU BbIYUCAUTE/IbHbBIX CUCTEM C BO3AYLIHbIM U
MMMEPCUOHHbBIM OX/TaXKAEHUEM.

CKL, OUBT PAH nccnepyet nepcnekTUBHble Hanpas/ieHUA
cynepkomnbloTepHbIX TexHonorm (AMD EPYC2, MI50,
AHrapa, ARM, 3nbbpyc u ap). Mbl roToBbl AENNTHCA
ONbITOM U NPeAOCTaBNATb TECTOBbLIN AOCTY.



