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6 ZettaScaler-1.x Supercomputer systems

. First ZettaScaler liquid imtheion Cofling Moy
SUITEN mngalled in October, zow.w/f's (,% ‘

Suiren (BEE) ZettaScaler-1.5 —NWNIARI RIS |

2014.10Install 2016.5 Upgrade " - ' , A

(32node to 48node) Shoubu (Ei#) ZettaScaler-1.6 Suiren Blue (FHEE)
2015.6Install 2016.5 Upgrade ZettaScaler-1.5

2015.5 Install

Ajisai (¥2B31E) 2016.5 upgrade

ZettaScaler-1.6
2015.10Install 2016.5Upgrade

44444

33035

S atsuki Configured with 2'0"b;fnst‘éad' of normal 16 computation bricks Sakura (a < ‘5)

First TOP500 Supéres; f opefated in a PRIVATE OFFICE
e e ZettaScaler-1.6
Satsuki (828) ZettaScaler-1.6 5016.5 Install

2016.5 Install
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Processor Year | Process [Die Size (mm)| Clock Gates Architecture Core number | FLOPS Power Memory
Version 1.0 1997 600nm 8.0*8.0 50MHz| 1.2M VLIW+SIMD 1 Core/8 ALU | Fixed Point W SDR
Version 1.5 1999 350nm 7.3*7.3 80MHz( 1.5M VLIW+SIMD 1 Core/8 ALU | Fixed Point 3wW SDR
3DVR Version 1.0 1999 350nm| 13.65*13.65 | 133MHz| 0.8M Hardwired Pipeline 2 Pipeline 32w DDR
Version 2.0 2001 250nm|  8.1*8.1 80MHz| 1.8M VLIW+SIMD 1 Core/8 ALU 160M 2W SDR
3DVR Version 2.0 2001 160nm| 15.6*15.6 250MHz| 3.2M Hardwired Pipeline 4 Pipeline 20w DDR
Version 2.0 shrink 2003 180nm|  6.5*6.5 167MHz| 1.8M VLIW+SIMD 1 Core/8 ALU 333M 1w SDR
Version 2.5 2003 180nm 6.5*6.5 167MHz| 2M VLIW+SIMD 1 Core/8 ALU 333M 2W DDR
DBF Version 1.0 2003 180nm| 11.5*9.6 40MHz| 2.5M Hardwired Pipeline 10w
Version 3.0 2005 130nm| 16.5*12.0 333MHz| 34M | RISC+VLIW+SIMD |8 Core/40 ALU 13.3G 19w DDR
Version 3.0 B 2005 130nm| 9.5%12.0 250MHz{ 20M VLIW+SIMD 1 Core/8 ALU 8G 6W DDR
3DVR Version 3.0 2008 130nm| 10.5*10.5 333MHz| 5.5M Hardwired Pipeline 2 Pipeline 10w DDR2
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Processor Year | Process [Die Size (mm)| Clock Gates Architecture Core number Double/Single Power Memory

PEZY-1 2012 | 40nm| 21.0%16.8 |533MHz| 220M | RISC+SMT (MIMD)| 512 Core | 166/333G | 35W | DDR3/Wide 10
PEZY-SC 2014 | 28nm| 21.1*195 |733MHz| 580M | RISC+SMT (MIMD) | 1,024 Core | 1.5/3.0G | 7ow | DDR#/Custom

Ultra-Wide 10
\PEZY-SC2 HMC or HBM/

2016 | 14/16nm TBD 1GHz| 2.4G+ | RISC+SMT (MIMD) | 4,096 Core 8.2/16.4T | 100W Custom TCI
Stacked DRAM

E(under development)
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Shoubu installed at RIKEN ACCC (in 2015)

ACCC: Advanced Center for Computina and Communication
== | 2nd generation ZettaScaler-1.4
‘ == based supercomputer “Shoubu”
dinstalled at Riken ACCC has 2.0
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Shoubu installed at RIKEN ACCC (in 2015)

ACCC: Advanced Center for Computing and Communication

Total
G’ﬁ‘;:ﬁ““ MFLOPS/W Computer* Power
(kW)
Shoubu - ExaScaler-1.4 80Brick, Xeon E5-2618Lv3 BC 2.3GHz,
7,031.58 RIKEN Infiniband FOR, PEZY-SC 2032
2 6.842.31 High Energy Accelerator Research  Suiren Blue - ExaScaler-1.4 16Brick, Xeon E5-2613Lv3 &C 28 75
! Drganizatiun /KEK 2.3GHz, Infiniband, PEZY-5C ’
3 6.217.04 High Energy Accelerator Research  Suiren - ExaScaler 32U2565C Cluster, Intel Xeon E5-2660v2 10C 7 59
! Organization /KEK 2 2GHz, Infiniband FOR, PEZY-SC )
ASUS ESC4000 FDR/G2S, Intel Xeon E5-2690v2 10C 3IGHZ,
4 h,271.81 G351 Helmholiz Center Infiniband FDR, AMD FirePro S9150 5715
5 4.757.88 GSIC Center, Tokyo Institute of TSUBAME-KFC - LX 1U-4GPUAM04Re-1G Cluster, Intel Xeon E5- 49,93
.................... venrrennnne e BOINOIOGY e eeeess 20202 6C 2. 100GHZ, Infiniband FDR, NVIDIAK20x s
6 4.112.11 Stanford Research Computing X5Stream - Cray C5-5torm, Intel Xeon E5-2680v2 10C 2.8GHz, 190.00
o Center Infiniband FDR, Nvidia K80 ’
Storm1 - Cray C5-5Storm, Intel Xeon E5-2660v2 10C 2.2GHzZ,
7 3,962.13  Cray Inc. Infiniband FDR, Nvidia K40m 44.54
. i . Wilkes - Dell TG20 Cluster, Iniel Xeon E5-2630v2 6C 2.600GHz,
8 3,631.70 Cambridge University Infiniband FDR, NVIDIA K20 5262
Taurus GFUs - Bull bulkx R400, Xeon E5-2630v3 12C 2 5GHz,
9 3,614.71 TU Dresden, ZIH Infiniband FOR, Nvidia K80 haM
10 3,543.32 Financial Institutiorn iDataPlex DX360M4, Intel Xeon ES-268002 10C 2. 300GHz, 54.60

Infiniband, NVIDIA K20x

Dominated Podium of Green500 list in July, 2015



Shoubu installed at RIKEN ACCC (in 2015)
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ZettaScaler-1.8 Is under intensive testin




ZS 1 6/2 0/3 0/4 0 performance scalmg

With the same size of immersion quuid cooling tank,
ZettaScaler-1.6: 0.25 PetaFLOPS/Tank (x1) in 2016

ZettaScaler-2.0: 1.5 PetaFLOPS/Tank (x6) in 2017
ZettaScaler-3.0: 8.0 PetaFLOPS/Tank (x32) in 2018
ZettaScaler-4.0: 20.0 PetaFLOPS/Tank (x80) in 2020




ZettaScaler-3.0/3.5 will exceed EFLOPS

Performance

Projected Performance Development
10 EFlop/s
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PEZY-SC2 with 4 of 3D stacked DRAM
For ZettaScaler-2.0 set up (mechanical sample

Quite mnovative “Wire-less”, “Ultra Wide-band and
“Ultra Energy-efficient” I/F with TSV free 3D stacked
Ultra-fast DRAM providing 2TB/s Data Bandwidth




PEZY-SCX Processor Roadmap

PEZY-SC PEZY-SC?2 PEZY-SC3 PEZY-SC4
Process 28nm 16nm 7nm snm
Die Size 412mm2 620mm?2 700mm2 740mm2
Number of Cores 1,024 2,048 8,096 16,192
Core Voltage 0.9V 0.8V 0.65V 0.55V
Core Clock 733MHz 1GHz 1.33GHz 1.6GHz
DRAM-IO DDR4 DDR4 DDRA4/5 DDR5
DDR Clock 2,133MHz 2,666 MHz 3.6GHz 4GHz
Port#4 8 4 4 4
Wide-10 Clock 2GHz DDR 2GHz DDR 3GHz DDR
Wide-10 Width - 1,024bit 3,072bit 4,096bit
Wide-10 Ports 4 8 8
Memory Bandwidth 153.6GB/s 2.1TB/s 12.2TB/s 24.4TB/s
Peripheral 10 PCI3e Gen3 PCle Gend Custom Optical Custom Optical
Peripheral 10 lane 24 32 128 512
Peripheral 10 Bandwidth 32GB/s 64GB/s 256GB/s 1TB/s
DP Performance 1.5TFLOPS 4.1TFLOPS 21.8TFLOPS 52.5TFLOPS
SP Performance 3.0TFLOPS 8.2TFLOPS 43.6TFLOPS 105TFLOPS
HP Performance - 16.4TFLOPS 87.2TFLOPS 210TFLOPS
Power Consumption 100W 200W 400W 640W
Power Efficiency 15GFLOPS/w 20.5GFLOPS/w 54 5GFLOPS/w 82.0GFLOPS/w
System Efficiency 6.7GFLOPS/w 15GFLOPS/w 40GFLOPS/w 60GFLOPS/w




ZettaScaler-3.0 system in 2019

We are plannmg to Iaunch 20-30 PetaFLOPS system
In 2017, which can easily go up to 100+ PetaFLOPS,

If we can get further funding

By the end of 2019, ZettaScaler-2.0 system will be
upgraded to ZettaScaler-3.0 by PEZY-SC3 and UM-2
3D DRAM, which should exceed 1ExaFLOPS







