AHANN3 2MMEKTUBHOCTU apXUTEKTYP x36_ 64
npoueccopoB Intel n AMD ans
DACYETOB M3 NEePBbIX MPUHLMNTMOB:
nccnenoBaHme naketa VASP

Beyep B.C., Cteraunnos B.B.




[ lonynapHOCTb 3a4a4 Bbl4YUCANTENBHOTO

MaTePUanoBeeH S

* ARCHER - cambI MOLLHbBIN aKageMUYeCKNN CynepKOMNbIOTEP B

BennkobputaHum
Code Usage on ARCHER (2014-15) by CPU Time:
Rank Code Node hours Method GPU Acceleration
1 VASP 5443924  DFT -
3 CP2K 2121237  DFT Partial
4 CASTEP 1,564,080  DFT Partial
9 LAMMPS 887,031 Classical +
10 ONETEP 805,014 DFT Partial
12 NAMD 516,851 Classical +
20 DL_POLY 245322 Classical +

52% of all CPU time used by Chemistry / Materials
Science / Biomolecular Simulation




MnpoBble TEHAEHLUMNM CHUKEHA

SHepronoTpedbneHns

Green500
Rank

1

10

MFLOPS/W Site

6673.8

61952

6051.3

52721

4778.5

41121

37755

37755

37755

37755

Advanced Center for Computing
and Communication, RIKEN

Computational Astrophysics
Laboratory, RIKEN

Mational Supercomputing Center
in Wuxi

GS| Helmhaoltz Center

Institute of Medern Physics [IMP),

Chinese Academy of Sciences

Stanford Research Computing
Center

Internet Service (B)

Internet Service (B]

Internet Service [B]

Internet Service [B]

System

ZettaScaler-1.6, Xeon E5-2618Lv3 8C 2.3GHz=,
Infiniband FDR, PEZY-5Cnp

ZettaScaler-1.6, Xeon E5-2618Lv3 8C 2.3GHz,
Infiniband FOR, PEZY-5Cnp

Sunway MPP, Sunway SW24010 250C 1.45GHz,
Sunway

ASUS ESC4000 FDR/G2S, Intel Xeon E5-26%0v2
10C 3GHz, Infiniband FOR, AMD FirePro 59150

Sugon Cluster W780I, Xeon E5-2640v3 8C 2.6GHz,
Infiniband QDR, NVIDIA Tesla K80

Cray C5-5Storm, Intel Xeon E5-2680v2 10C 2. 8GHz,

Infiniband FOR, Nvidia K80

Inspur TS10000 HPC Server, Intel Xeon E5-2620v2
6C 2 1GHz, 10G Ethernat, NVIDIA Tesla K40

Inspur TS10000 HPC Server, Intel Xeon E5-2620v2
6C 2.1GHz, 10G Ethernet, NVIDIA Tesla K40

Inspur TS10000 HPC Server, Intel Xeon E5-2620v2
6C 2.1GHz, 10G Ethernet, NVIDIA Tesla K40

Inspur TS10000 HPC Server, Intel Xeon E5-2620v2
6C 2.1GHz, 10G Ethernet, NVIDIA Tesla K40

Total
Power(kW)

tGREEN

50Q

150.0

46.9

15371

57.2

65

190

110

110

110

110



KBaHTOBbIE ab-initio pacyeTsl (VASP)

* VASP (The Vienna Vienna Ab initio simulation package) — Cambln
NONyASiPHbIV MAaKeT A1 KBAHTOBbIX PACYETOB B Mupe (15 -
20% BCEN BbIYMNUCANTEIBHOU MOLWHOCTM TPATATCS Ha

pacyeTbl B VASP )

* Ansetca memory bound n compute bound kogom



MacwTabupyemocTb VASP

Time for iteration (sec)
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MacwTabupyemocTb VASP

Time for iteration (sec)

\ —@— MVS10P
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MacwTabupyemocTb VASP

h —&— MVS10P

\ \ —— MVS1P5
\ h —=— IRUS17

- - = ideal scaling

Time for iteration (sec)
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MacwTabupyemocTb VASP

—&— MVS10P

—&— MVS1P5
—af=— |RUS17
—F}— Boreasz

- — — ideal scaling

Time for iteration (sec)

Number of nodes



Pa3HO0bpasne COBPEMEHHbIX APXUTEKTYP

CPU type Necores Nmem.ch. LLC CPUfreq DRAMfreq
(Mb) (GHz)  (MHz)

Single socket, Intel X99 chipset

Xeon E5-2620v4 8 4 20 2.1 2133
Xeon E5-2660v4 14 4 35 2.0 2400
Single socket, AMD B350 chipset
Ryzen 1800X 8 2 16 3.6 2400
Nvidia Jetson TX2 (2 Denver + 4 Cortex-A57 cores)
Tegra “Parker” 2+4 4 (32-bit) 242 2.0 1866
Dual socket, Intel C602 chipset (the MVS10P cluster)
Xeon E5-2690 8 4 20 2.9 1600
Dual socket, Intel C612 chipset (the MVS1P5 cluster)
Xeon E5-2697v3 14 4 35 2.6 2133
Dual socket, Intel C612 chipset (the IRUS17 cluster)
Xeon E5-2698v4 20 4 50 2.2 2400

Quad socket, IBM Power 775 (the Boreasz cluster [21])
Power 7 8 4 32 3.83 1600
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OUN3BOANTENBHOCTW MOaenbio Roofline

* Pa3Hble anropmTMbl XapaKTEPU3YHTCA Pa3HOM BbIMUCAUTEIBHON MHTEHCUBHOCTDIO —
OTHOLWIEHMEM KOJINYEeCTBA apUPMeETUYECKMX ONepauni K 06beMy nepegaHHbIX AaHHbIX.

* MakcuManbHas MPON3BOANTENIbHOCTb PA3HbLIX aITOPUTMOB OepaHU4uUBdaemcs NMKOBOW
npon3BoAUTE/IbHOCTbO A NPONYCKHOM CNOCOHOHOCTbIO NaMATMU.

N
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TOAHbI, beicTpoe nepobpazoBaHne Oypbe Taec?’ﬁlb ; nfm

M0THaSa INMHEeNHas
anarebpa




BAVAHVE apXUTEKTYPbl y3/1a Ha
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[ IpMep — BAUAHKWE YiCa KaHanoB NaM4aT Ha

CKOPOCTb pacyeTa (8core Xeon E5-2620v4 )

Time for iteration (sec)

w

o

o
I

Lower - Better

A4

o
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—4x— 4 Channel DDR4
A — 2 Channel DDR4
- 4 = 1 Channel DDR4

' I
4

I ! I
8 12

Number of cores per socket



BEeim sl T e IeT D CHCTEY N T sl

SPMEKTUBHOCTb pacyeTa’?

* PasHble cnctemMbl paHXxXupyem no napameTpy banaHca mexay
NPON3BOAMTENbHOCTbLIO NPoLeccopa U NaMsATu

TeopeTnyeckasa nNuKosas
npou3BOANUTE/IbHOCTD (Rpeak ) [ FLOP/sec ]

BanaHc

MponyckHasa cnocobHocTe [ Megabytes /sec ] [ FLOP / byte ]
namaTu

* Hea(pheKTMBHOCTb pacyeTa Ha KOHKPETHOU CUCTEME
OLLlEHNBAEM KaK

TeopeTnyeckas nukosas R BpeMs UTepauum T. — HYHCNIO0 ONepauuu, KoTopoe
NpPou3BOAUTE/ILHOCTD ( peak ) X VASP iter === MoOrJs10 bbl 6bITb BLINOJIHEHO

[ FLOP /sec ] [ sec] [ FLOP ]



BEeim sl T e IeT D CHCTEY N T sl

SPMEKTUBHOCTb PacyeTa-2

* icnonb3ys annapaTHble cHeTYMKM nnaTtdopm NHTen, bbino
N3MEPEHO peasibHO BbIMOJIHEHHOE KO/IMYECTBO onepaLunm c
nnasatowen 3anaton — 5.5 Tepadnon 3a utepaymto

* CpaBHMM KONMYECTBO BbIMO/IHEHHbIX OMepaLlunm, 1
KOIMYECTBO OrnepaLunn, KOTOPbIX MOXXHO ObI10 Obl
BbIMOJIHUTb.

— YewM BblllIe 3TO COOTHOLWEHME, TeM bonee 3dhdDeKTUBHO paboTaeT
noacucTemMa NaMaTu




BnvsHue banaHca Ha CKOPOCTb PacyeTa
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BnvsHue banaHca Ha CKOPOCTb PacyeTa
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BnvsHue banaHca Ha CKOPOCTb PacyeTa
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BnvsHue banaHca Ha CKOPOCTb PacyeTa
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BnvsHue banaHca Ha CKOPOCTb PacyeTa
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BnvsHue banaHca Ha CKOPOCTb PacyeTa
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JHepronoTpebneHme

* BONbLWNHCTBO PaboT NOCBALWEHO NOTPEONEHNIO OAHOIO
KOMMOHEHTa CUCTEMbI — LLeHTpPasibHOro npoueccopa niu
namMsaTu.

* B3Ton paboTe Mbl annapaTHO N3MepPSNN NnoTpebneHune
BCEro BbIYNCINUTENBHOMO YCTPOUCTBA.



JHepronoTpebaeHme PasHbIX M1aTMOPM
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JHepronoTpebaeHme PasHbIX M1aTMOPM
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JHepronoTpebaeHme PasHbIX M1aTMOPM
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JHepronoTpebaeHme PasHbIX M1aTMOPM
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JHepronoTpebaeHme PasHbIX M1aTMOPM
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JHepronoTpebaeHme PasHbIX M1aTMOPM
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TexHonorma Turbo Boost

* TexHonorusa Turbo Boost no3BonsieT aBTOMaTUYECKN YBENNYMNBATD

TAKTOBYH 4YaCTOTY NPOL,ECCOPa CBbILLE HOMUHAbHOW, eCiv NO3BOJISIET
CUCTEMA OXJ1aXKAEeHUS

* YeMm MeHblle 33eCTBOBAHO AAep — TeM 60/bllie aBTOPA3roH

Intel® Turbo Boost Technology 2.0

“Dynamic” Range @ Turbo
3 Frequency [Imits®

‘f’ Tubo bins

by ﬁ Base Frequencies

.-_-.- Rdle mode

Four-Core Turba Dwal-Care Turbo Single-Core Turbo

Efficient. | Dynamic. | Intelligent.

-+ Adapts by varying turbo !requu‘:nc'g.- i} + Boosts power lavel to achieve -+ Power averaglng algodthm
consene energy depending upen the performance gains for high intensity manages power and thermal
type of Instructions ‘dynamlc” workloads headreom to optimize performance

Intel® Turbo Boost Technology 2.0 delivers intelligent and
energy efficient performance on demand



JHepronoTpebaeHme PasHbIX M1aTMOPM
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NVIDIA. N\/ld |a DGHV@I’

* Nvidia npegcTtaBmna cBOKO e

apxuTekTypy CPU nog Im LT

HanMeHoBaHmem Denver

HW

ARM HW Decoder Prefatch

— CoBMecTUMa C HabopoMm
MHCTPYKUnN ARM-32/64bit

— OtcyTcTByeT out-of-order - L1 Data Gache
. chequler 64 K - 4 Way
execution, NpUCyTCTBYyeT

OUHAPHbIN PEKOMNUNATOP
018 oNnTUMKU3aymu

BbINMOJ/IHEHNA KOAA




JHepronoTpebaeHme PasHbIX M1aTMOPM
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BbIBOAbI And VASP

* 1. Ha ogHOM TeCcTOBOM 3a4a4e NpoBeaeHO CpaBHEHNE 8 TUMOB NPOLLECCOPOB
pa3nu4Hbix nponssoauTtenen (Intel, AMD, IBM n Nvidia).

* 2. Ansa Intel Xeon Broadwell npoBeaeHo BapbnpoBaHMe 4acTOT Npoueccopa n NamaTu,
a TaKXe 4ymncna kaHanos DRAM.

* 3. YCTaHOB/IEHO Hann4ne yHMBepcanbHoro TpeHaa R .., *Ti., OT 3Ha4eHMs banaHca
dnon/bauT.

* 4. [1nga pacyeToB VASP onTMManbHbIM ABNSAeTCA MCNONb30BaHue 1-2 aaep Ha OAnH
KaHan namaTtu. bonblee 4Yncno agep He NPUBOAUT K YCKOPEHUIO, HO MOBbILWaeT
noTpebneHmne sHeprumu.

* 5. CyleCcTBEHHbIN BbINTPbIW B 3P PEKTUBHOCTK AaeT bonbliee 3Ha4YeHme L3 Kawa Ha
100 M BO3MOXHOCTb pa3roHa sigep 3a cyeT TexHonornm TurboBoost.

1. Stegailov V., Vecher V. Efficiency analysis of Intel and AMD x86_64 architectures for ab initio calculations: a case study of VASP // Communications in Computer and Information Science,
Springer. MpuHaTo B Tpyabl KoHdepeHunu RuSCD 2017.

2. Stegailov V., Vecher V. Efficiency analysis of Intel, AMD and Nvidia 64-bit hardware for memory-bound problems: a case study of ab initio calculations with VASP // Lecture Notes in
Computer Science, Springer. MpuHaTo B TpyAbl KOHMepeHunn PPAM 2017.



YckopeHHad Ha GPU KnaccryecKkad MmonexkynapHas

OMHaAMMKa

* [lporpamMMHbIM nakeT - LAMMPS

* MuHnkomnbroTepbl Nvidia Jetson TK1 ,TX1 n TX2
— TK1: ARM Cortex A15 4 agpa, rpadumnyeckoe sapo Kepler (128 agep ) + 2 6 LPDDR3 RAM
— TX1: ARM Cortex A57 4 aapa, rpacdmyeckoe agpo Maxwell (256 sagep) +4 M6 LPDDR4 RAM

— TX2: ARM Cortex A57 4 agpa + Nvidia Denver Il 2 appa, rpadpunyeckoe sapo Pascal (256
agep) + 876 LPDDR4 RAM




PYYHaa peryinmpoBKa 4acToT

°* MMHMKOMNbKOTEPLI NO3BONAIOT
NO/b30BAaTENI0 BPYYHYIO 3aaBaTh
YyacToTbl rpacdumnyeckoro aapa (GPU) u
onepaTnBHou namatu (DRAM)

P= O CLoad VIZDD f

-

~

R

.

YacToThl:

GPU

852 Mly
804 Ml'y
756 Ml'y,
708 Ml'y
684 My
648 Ml'y
612 My
540 Ml'y
468 Ml'y,
396 Ml'y
324 Ml'y,
252 Mly
180 MI'yy
108 Ml'uy,

72 My

DRAM

924 MI'y,
396 Ml'y,
204 Ml'y,
102 Ml'y,



Cnocob MrUHUMKU3aUMM 3HepronoTpebnerms GPU
(4yacToTa NnamMAT 924MTI L)
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BbiBOAb! A1 ycKOpeHHoM Ha GPU knaccudeckon M/]

CyLlecTBYyeT NpUHLUKNMANbHAsA BO3MOXHOCTb NOA0OPATh TaKyto
KOMOWHALMIO YaCTOT NaMATU U Aaep, NPy KOTOPOU CKOPOCTb
pacyeTa bygeT HEMHOIO MeHbLLEe, a SHepronoTpebneHne —
3HAYUTENIbHO MEHbLLE.

1.Nikolsky V., Stegailov V., Vecher V. Efficiency of Tegra K1 and X1 Systems-on-Chip for Classical Molecular Dynamics // Proceedings of the 14th
International Conference on High Performance Computing & Simulation (HPCS-2016), Innsbruck, Austria. 2016. P. 682-689.

2. Vecher V., Nikosky V., Stegailov V. GPU-accelerated molecular dynamics: energy consumption and performance // Communications in
Computer and Information Science, Springer.

3.Nikosky V., Vecher V., Stegailov V. Performance of MD-algorithms on hybrid systems-on-chip Nvidia Tegra K1 & X1 // Communications in
Computer and Information Science, Springer
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