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Rank System Cores Rmax (TFlop/s) Rpeak (TFlop/s) Power (kW)

1 Summit - IBM Power System AC922, IBM POWER9 22C 3.07GHz, NVIDIA Volta 2,397,824 143,500.0 200,794.9 9,783
G100, Dual-rail Mellanox EDR Infiniband , IBM
DOE/SC/Oak Ridge National Laboratory

United States

2N Sierra - IBM Power System S922LC, IBM POWER9 22C 3.1GHz, NVIDIA Volta GV100, 1,572,480 94,640.0 125,712.0 7,438
Dual-rail Mellanox EDR Infiniband , IBM / NVIDIA / Mellanox

DOE/NNSA/LLNL
United States

3 Sunway Taihulight - Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway, 10,649,600 93,014.6 125,435.9 15,371
NRCPC
National Supercomputing Center in Wuxi
China

A Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH Express-2, 4,981,760 61,444.5 100,678.7 18,482

Matrix-2000 , NUDT
National Super Computer Center in Guangzhou
China

54 Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries interconnect , NVIDIA 387,872 21,230.0 27,154.3 2,384
Tesla P100, Cray Inc.

Swiss National Supercomputing Centre (CSCS)
Switzerland

6" Trinity - Cray XC40, Xeon E5-2698v3 16C 2.3GHz, Intel Xeon Phi 7250 68C 1.4GHz, 979,072 20,158.7 41,461.2 7,578
Aries interconnect , Cray Inc.
DOE/NNSA/LANL/SNL
United States

7 Al Bridging Cloud Infrastructure (ABCI) - PRIMERGY CX2570 M4, Xeon Gold 6148 391,680 19,880.0 32,576.6 1,649
20C 2.4GHz, NVIDIA Tesla V100 SXM2, Infiniband EDR , Fujitsu

National Institute of Advanced Industrial Science and Technology (AIST)
Japan

8 SuperMUC-NG - ThinkSystem SD530, Xeon Platinum 8174 24C 3.1GHz, Intel Omni- 305,856 19,476.6 26,873.9
Path , Lenovo

Leibniz Rechenzentrum
Germany

9 Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini interconnect, NVIDIA 560,640 17,590.0 27,112.5 8,209
[K20x , Cray Inc.

DOE/SC/Oak Ridge National Laboratory
United States

10 Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom , IBM 1,572,864 17,173.2 20,132.71 7,890
DOE/NNSA/LLNL

l Inited <tatec



https://www.top500.org/system/179397
https://www.top500.org/site/48553
https://www.top500.org/system/179398
https://www.top500.org/site/49763
https://www.top500.org/system/178764
https://www.top500.org/site/50623
https://www.top500.org/system/177999
https://www.top500.org/site/50365
https://www.top500.org/system/177824
https://www.top500.org/site/50422
https://www.top500.org/system/178610
https://www.top500.org/site/50334
https://www.top500.org/system/179393
https://www.top500.org/site/50762
https://www.top500.org/system/179566
https://www.top500.org/site/48248
https://www.top500.org/system/177975
https://www.top500.org/site/48553
https://www.top500.org/system/177556
https://www.top500.org/site/49763
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Mockea 1696/64384  yznos: 1536 (Xeon E5-2697v3 [Acc: Tesla K40M] 2.6 GHz 64 GB RAM) 3,478.00 454575 T TMnardopssl
Mockosckuit yznos: 160 (¥eon Gold 6126 [Acc 2x Tesla P100] 2.6 GHz 96 GB RAM)

o rOCYAApCTEEHHE cete: Infiniband FOR/ Infiniband FDR,/Gigabit Ethernat
YHHESPCHTET HMEHH
M.E.Mlomonocoea
2018 r.

2 Mockea 1952/35136  yznos: 976 (2xXeon E5-2697v4 2.3 GHz 128 GB RAM) 1,200.35 1,253.00 T-Mnardeopssi,
Cnaesei ceTe: Aries{Aries + Infiniband/Aries + Gigabit Ethernet " e CRAY
BEIMMCTNTENEHEIT
ugkTp Benapansuoi

B1

upoueTeoponoM 1 79 Moscow State |Lomonosov 2 - T-Platform | 64,384 2,478. 14,946.8
MOHWTODUHIY i N
Sxeug cpeny University - A-Class Cluster, Xeon E5- 0

2 Mockea 1242282468  y=nos: 4160 (ZxXeon 5570 2,53 GHz 12 GB RAM) %0190 1.700.21 T-MNnardopas ReLarCh 2697V3 14C 2'66 H ZI | ntel
Mockosooait y=noe: 777 (2xXeon ESE30 [Acc 2xTesla ¥2070] 2.53 GHz 12 GB RAM) ' e g

€ rocymzpcreennwi yanos: 640 (2xXeon 5570 2,93 GHz 24 GE RAM) Com puting Xeon Gold 6126,
YHHESOCUTET MMEHH yznoe: 288 (2xxeon E5630 [Acc 2xTesla ¥2070] 2.53 GHz 24 GB RAM) .. R
[N —— yanos: 260 (2:eon 5570 2.3 GHz 24 GB RAM] Center Infiniband FDR, Nvidia
2012 r. yznoe: 40 (ZxXeon 5670 2,93 GHz 48 GE RAM) -

yanos: 30 (2xPowerXCell 8i 3.2 GHz 16 GE RAM) RUSSIa K40m P_loo

yznoe: 4 (dxx¥eon E7650 2.26 GHz 512 GE RAM)
ceTsi Infiniband QDR/Gigabit Ethernet/Gigabit Ethernst

T-Platforms

283 Main Cray XC40, Xeon E5- 35,136 1,200. | 1,293.0

Computing

2697v4 18C 2.3GHz, Aries

Center of

Roshydromet
Russia

interconnect
Cray Inc./T-Platforms

487

Moscow State

Lomonosov - T-Platforms

University - T-Blade2/1.1, Xeon
Research X5570/X5670/E5630
Computing 2.93/2.53 GHz, Nvidia
Center 2070 GPU, PowerXCell 8i
Russia Infiniband QDR

T-Platforms

78,660

901.9

1,700.2



https://www.top500.org/site/50104
https://www.top500.org/system/178444
https://www.top500.org/site/50769
https://www.top500.org/system/179439
https://www.top500.org/site/50104
https://www.top500.org/system/177421
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HYANA 32C, 2GHz, AMD like)
China Spills Details on Exascale Prototypes (BogsiHoe oxnaxaeHune, CPU D

Sugon Prototype

* Accelerated architecture using x86 processors and accelerators
* Protect legacy software assets

* Tested system:
* 512 nodes, 1024 H
* 6D Tours interconne
* Peak performance: 3.18PFlops,

ygon x86 processors 512 Hygon DCU accelerators

¢t network, 200Gbps/node
Linpack performance 2.274PFlops, efficiency 71.5%
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Each core (1.2GHz) is a reduced instruction set computer
(RISC) featuring an in-order pipeline with 8 to 12 stages. Supertiode (SN)
The core incorporates an extended 256-bit vector SR eaaeR e e eE e
Instruction set architecture along with two 256-bit vector i e [ i |
processing units (VPU). Each core is capable of i ;l:' ;
performing 16 double-precision floating point operations e 3 Xl ] — i !s
each Cycle_ 35.2 €2[z3[12]03] |Efea|22|12]03] |E| €223 | 12|02 |E]€3 |22 |12 0o

2.46/4.92Tflops (DP/SP), 240W


https://en.wikichip.org/w/index.php?title=in-order&action=edit&redlink=1
https://en.wikichip.org/wiki/pipeline
https://en.wikichip.org/w/index.php?title=vector_processing_units&action=edit&redlink=1
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B Poccum noasmnnocb NnepBoe cepBepHOe pelleHmne Ha OCHOBE OTeYeCTBEHHbIX
BOCbMMUAAEPHbIX NpoueccopoB «INbbpyc-8C». PaHee Ha «Inbbpyc-8C»
CYyLLLEeCTBOBAIN TO/IbKO O4HOMNPOLECCOPHbIe NepCcoHasibHble peLleHuns,

a aHOHCUPOBAHHbIE CEPBEPHbIE MMEN CTATYC MHKEHEPHbIX 06pa3LLoB.
HanomHuMm, yHMBepcanbHble MUKpONpoLeccopbl «I1bbpyc-8C» cepunitHo
BbINYCKAKOTCA NO TEXHONOTMYECKMM HopMmam 28 HMm ¢ 2016 r. Kpuctann Kaxxgoro
npoueccopa MMeeT BoCEMb AAep € 64-pa3psaaHOM apXUTEKTYPOI «Inbbpyc»
4YeTBEPTOro NOKOJIEHUA, K3W-NamAaTb L2 cymmapHbim o6bemom 4 MbB (8 x 512 KB)
M Kaw-namsaTb L3 o6bemom 16 MB. Paboyana yactoTa npoueccopoB «Inbbpyc-8C»
1,3 T, BblMMCAUTENbHAA MOLWHOCTb COCTaBAAeT nopAaaka 250 ruradpaonc Ha ymn
Ha onepaymax c oAnHapHoOM TouyHocTbio (FP32). Mo cpaBHeHMIO C
YyeTblpexaaepHbIMKU npoueccopamm «Inbbpyc-4C», NnMKoBas
NPOM3BOAUTENBHOCTb HOBbIX YMMNOB NpoLeccopa «I1bbpyc-8C», N0 AaHHbIM
pa3paboTyumnKos, Bbiwe B 3-5 pa3, NponycKkHaa cnocobHOCTb KaHAN0B BBOAA-
BblBOZa Bbilwe B 8 pas.

Mpoueccopbl «In1bbpyc-8C» paccumTaHbl Ha PaboTy ¢ NnamAaTbio cTaHaapTa DDR3-
1600 c noaaep*kon ECC (40 yeTbipex KOHTPON/IEPOB NamATH). BoamoXkHa
OpraHM3aumMa MHOTOMNPOLECCOPHbIX CUCTEM C NOAAEPHKON A0 YeTblipex
NpPOLEeCcCopOB B CUCTEME; ANA NOAAEPKKN KIL-KOrepeHTHOCTM peanm3oBaHa
dbunbTpaumAa CHyNMpPoBaHMA. [Ina mexnpoueccopHoro obmeHa npeaycMmoTpeHoO
TPW AyNNEKCHbIX KaHana ¢ NPonycKHOM cnocobHocTbio 16 IB/c Kaxabiii (8 TB/c B
Ka*kayto CTOPOHY).

MoapobHee: http://www.cnews.ru/news/top/2018-09-

24 sozdan pervyj server na vosmiyadernyh elbrusah



http://www.cnews.ru/search/%D0%AD%D0%BB%D1%8C%D0%B1%D1%80%D1%83%D1%81-8%D0%A1
http://www.cnews.ru/news/top/2018-09-24_sozdan_pervyj_server_na_vosmiyadernyh_elbrusah
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Hosoe runepkoHBepreHTHOEe pewieHne PCK no3ssonser
co3gaBaTb CUCTEMY XpPaHEHMA OaHHbIX «Mo TpeboBaHUO»
(storage-on-demand), obecneunBasi nepeqoBsble B
NHAOYCTPUN NoKasaTenu Npon3BoanUTENIbHOCTU U
NponyckHon cnocobHocTn Ha ypoBHe 1,1 Th/c Ha cTounky ¢
bonee yem 495 munnmoHammn onepaunn BBoaa-BbiBoaa B
cekyHay (IOPS, input/output operations per second).

BeluncnutensHbin y3en « PCK TopHago» MOXeT BKOYaTb
0o 12-tn TBepaooTenbHbix anckosB — Intel Optane SSD DC
P4801X M.2 Series nnu Intel SSD DC P4511 (NVMe,
M.2), npoueccop cemenctea Intel Xeon Scalable n
cepBepHyto nnarty Intel Server Board S2600BP. Takum
obpa3om, Ha 6ase o4HOro y3na MOXeT bbITb co3gaHa
cuctema xpaHeHust gaHHbIX oobemom 00 24 Tb ¢
BbICOKOW MPOMYCKHOM CMNOCOBOHOCTBI0 U HU3KOW
naTeHTHoCTb. OObeMbl XpaHeHUst ByayT pacTu rno mepe
NOSIBIIEHMA Ha pbliHKe TBEPLOTESNbHbIX AUCKOB bonee
BbICOKOW MJSIOTHOCTM.
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4608 cepsepoB IBM Power Systems AC922
cynepkomMmnbioTEpa Summit 3aHMMaloT nrowaab,
9KBMBANEHTHYIO niowaan AByX TEHHUCHbLIX KOPTOB. B
COCTaB 3TUX cepBepoB BXoauTt 9216 22-

aaepHbIx npoueccopos IBMPOWER9 n 27

648 rpacdmnyeckmnx npoueccopoB NVIDIA Tesla V100.

Bce a10 oxnaxgaeTtcs CUCTEMOMN, B KOTOPOW LIMPKYNUPYET
15 150 nuTpoB ounweHHoOW Boabl. A noTpebnser
CyrnepKoMnbloTep Summit CTONbLKO 3HEPrun, YTo eé
xBaTuno 6bl Ha cHabxeHne 8100 cpegHecTaTUCTUYECKUX
XUIbIX JOMOB.

Kaxxaobin y3en cogepxut 6onee 500 ['6 korepeHTHON
namaTtu (High Bandwidth Memory n DDR4 SDRAM),
KoTopas agpecyetca scemun CPU n GPU, nntoc 800

[6 3HEpProHe3aBMCUMON NaMATU, KOTOpPas MOXET
MCNOSIb30BaTbLCA Kak NakeTHbIM Bydep nnmn paclumpeHHas
namsaTb. [1poueccopbl U BUAEOKAPTLI NOAKITHOYATCA C
ncnonb3oBaHmeM WnHbl NVLINK. 9To no3Bonser
NCNONb30BaTh [ETEPOrEHHYI BbIYUCIUTENBHYIO MOOENb.



https://ru.wikipedia.org/wiki/IBM_Power_Systems
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/IBM
https://ru.wikipedia.org/wiki/POWER9
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/NVIDIA_Tesla
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B3%D0%B5%D1%80%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8
https://ru.wikipedia.org/wiki/High_Bandwidth_Memory
https://ru.wikipedia.org/wiki/DDR4_SDRAM
https://ru.wikipedia.org/wiki/CPU
https://ru.wikipedia.org/wiki/GPU
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D0%BD%D0%B5%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D1%8C
https://ru.wikipedia.org/wiki/NVLink
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
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NEC Vector Type 10A Type 10B Type 10C
Engine

Core specfication

Clock speed 1.6 1.4 1.4
(GHZ)

Peak 307.2 268.8 268.8
performance
(GigaFLOPS)

Average 150 150 94
memory
bandwidth

: I — (G8/s)
— “ S Processor Specifications
S m # of cores / 8 8 8

processor

E— ) 0/V/SQRT Peak 2.45 2.15 2.15
f At : performance
(TeraFLOPS)

Memory 1.20 1.20 0.75
bandwidth
- - - (TB/S)
64 fully functional vector registers per core (256bit) Cache capacity 16 16 16
. . : : (M)
192 double precision floating point operations per Memory 48 18 ”

CyC|e capacity (GB)

to memory
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[nsa adpdekTnBHOM paboThbl ycTaHOBKA OOMKHA ObITh
CUIbHO OXMaXkgeHa — 3TO YCrNOoBME BO3HUKHOBEHMUS
CBEpPXMNPOBOAUMOCTH, MPU KOTOPOWN paboTaeT YyCTPONCTBC
oT IBM. Ha nepBon cTyneHu ycTaHOBKM Temnepartypa
coctaenseT Bcero 4K (-269°C) — xonogHee, 4yem B
OTKPbITOM KOCMOCe, 1 Bnn3ko K aBCONMTHOMY HYIHO.
34ecb pacnonoxeH OQUH U3 YCUNUTENen curHana,
ncxogsALwero ot KybmuTos, 1 MUKPOBOSHOBbIE NINHWK
BBOJa KOMaHZ ynpasrieHust ocTanbHbIMU YacTsaMm
yCcTponcTBa. OTa CTyneHb oxnaxgaeTcs B TOM yucne
ONS HUBENMPOBaHWSA TeMNepaTypHbIX CKayKkoB Mpu
B3aUMOZENCTBUM C OPYrMMUN KOMMOHEHTaMM.

BTopas cTyneHb — 3TO Takxke NMHUK BBOAA, TPETbA —
CBEPXMNPOBOASLLME KOaKCcHarnbHble kabenu, cnocobHble
nepegaBaTb CUrHam Mexay KBaHTOBbIMW KOMMOHEHTaMU
N KNacCUYeCcKnM KOMMbIOTEPOM, KOTOPbIV yNpaBnsieT
KBaHTOBOW cuctemoin. B coctae kabenen BxogaT HNo6um
1 ero cnnae c TUTaHoM. [1pn CUNbHOM OXNaXAEHUU 3TOT
mMaTepuan nepexoanT B CBEPXNPOBOASLLEE COCTOSIHUE.

Takke Ha TpeTben CTyNeHn — KPUOreHHbIE U30MSTOpPbI U
cMecuTenbHas Kamepa, KoTopble OTBEYaloT 3a
noggepXxaHve TemnepaTypbl.

Ha yeTBepTOn, nocnegHen, CTyneHn HaxoasaTCcsa cam
NPOLLECCOP U KBAHTOBbIE YCUITUTENN, KOTOPLIE OAOT
BO3MOXHOCTb CYMTbIBaATb CUrHarbl npoueccopa u
YMEHbLLAKT «LYMbl», MELUAKLWMe BbIMUCTIEHUSM.
lMpoueccop HaxoauTCcAa B OTAENbHOW 3aLUUTHON Kamepe
— OHa He MponycKaeT 3IEKTPOMArHUTHOE MU3NyyYeHune,
KOTOpOEe MOXEeT BO3AENCTBOBATb Ha KyOUThbI 1 MOPTUTb
pe3ynbTaTbl BbIMUCIIEHWUNA.

Moagpo6Hee Ha PBK:
https://lwww.rbc.ru/magazine/2018/01/5a3940b09a79476
4894ch71c
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HBM HBM
8 GB core core 8 GB
scalar unit scalar unit
e 16 GB of HBM < EEEEEEEE +> EEEEEEE | <—>
e 600 GB/s mem BW EEEEEEEE | | | |-
e Scalar unit: 32b float Eiﬂ===i H-HHHH
o MXU: 320 float ESESEESE  EESSepes
accumulation but
reducgd precision for MXU MXU
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* 8 DDR4 channels per socket
* Up to 2 DIMMs per channel, 16 DIMMs per socket :': SHHE ::":::I'.'--
2 - - -y
* Up to 2667MT/s, 21.3GB/s, 171GB/s per socket ., [‘-L_;;_,, N l e
- — —— \ * Up to 278 per socket H Ll s == | LF | H
—= 3 i ‘i‘-;é = Supported memory - == -= LF
Yii % o b — ROIMM - [ -
o | S LRDIMM W WECHAR == '1
i . NVDIMM-N wl! - e o
s ” 3DS DIMM J I"-_!’!‘-" = U
‘ )‘ - i ::.lllli;llrll”;llllll - J i
“ \ na “ f ';;'“““i FURFROURRIUUOENIRAMY
B . e o & . . i =)
——ntlf]
—
= } 1.46
=r Y 7551P - ENTERPRISE-CLASS PERFORMANCE 1.35
1.28
1.22
PAL 1.12
MORE PERFOI?MANEE 1.02
* MORE CORES
* LESS POWER
52'386 * MORE MEMORY BANDWIDTH
= MOREI/O
2 x Xeon E5-2650 v4* 1 x EPYC 7551P** 389AMORE pERFORMANCEls
Extimated SPECI® rate, bavel008 (GLC comple)
8160 8180 8160 8180 8160 8180
N ‘ . ’ Baseline Performance Perf/watt Perf/Core

EPYC 7601

INTEL" XEON" PLATINUM PROCESSOR 8160 AND 8180
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7 kw+ Cooling Capacity
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World’s Largest

Immersion Cooling DC

o 60MWIT Load, 120 MW T Load by end of 2018
252 KW per Rack, 19-inch Standard

Fach 2U Stor-at 12 kW, 2.5mem between Board
PLE of 1.03 in Eastern Europe

Ambient Temperature of up to 43 °C or 109 “f

o Water-In Temperature of up to 48 *C or 118-5F

HEX Vo
tiveStor™ Ultra
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Targeted Delivery,

Innovation in Surgery

How can doctors treat remote parts of the
body without invasive surgery or inserting
long endoscopes into the body?

Our Research Will Impact the World

We developed a suite of tiny magnetic robots,

a new technique for powering and steering
them and we created the world’s first magnetic
manipulator cooled by liquid nitrogen. We have
patents filed are our work is showcased in key
Robotics journals.

How We Make This All Possible

National Science Foundation Grant No. 1646566,

CPS: Synergy: Collaborative Research: MRI
Powered & Guided Tetherless Effectors for
Localized Therapeutic interventions

Dr. Aaron Becker

Assistant Professor

Phone: 713-743-6671 | Fax: 113-743-4444
Email: atbecker@uh.edu

Brain Power

There are more than & million beople in the U.S. affected by paralysis due 1o spinal
cord injury (SCI), stroke and other lower-limb disabilities. Estimates indicate that an
individual affected with paralysis at 35 years of age will lead 10 life-time costs of
about $2.5 million not Including loss wages

Novel patient centered heurotechnologies engages and empowers the user promotes
brain plasticity for rehabifitation and is accessible for use at clinics and homes.

This tachnology will revolutionize physical medicine and rehabilitation in peopie
With desabelities,

Our Impact

Our lab is advancing neurotechnologies that directly Interface with the brain and
machines/robots to accelerate phrysical rehabilitation after $C1 and stroke. We were
the first to demonstrate a brain-machine interfac 10 a lower-body over-ground
walking powered exoskeleton for individuals with SCl

How We Make This All Possible

NINDS RoINSO75889-0v: Nandnvasive newra decoding of walking
SROWNSoB54-02; NRI-Smalt Collaboeative Research: 8Mi Control of 3 Therapeutic
Exoskeleton to Facilitate Personalized Robatic Rehabilitation of the Upper Limb
NSF HCC 1302339: HCC: Medium Collabarative Research: Neural Control

of Powered Artificial Legs

NSF 1650536: IUCRC for Building Reflable Advances and In novation in
Neurotechnology (BRAIN)

NSF 1IP s027769: PFI RP: Brain controlled Upper Limb Robot Assisted
Rehabilitation Device for Stroke Survivors

Mission Connect: A TIRR Foundation: several awards

for neurotechnologies for SC1 survivers

Dr. Jose Luis Contreras-Vidal

Professor

Phone: 137434429 | Fax; T3-743°4444
Emali; jlkcontreras-vidal@uh edy

Website: hitp://www.facebook.corry UMBRAIST

http: //oraln egr..

UNIVERSITYof HOUSTON
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