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N ]\ 7k @%@i (Cross-Cascade Model)

Inventing new application idea from vast
clinical field knowledge and experience E&=

Precisely evaluate'the need for the
system performance and resources

Realizing the application and
clinical utiIizatiT

_Developing different type of
ardware and original OS ...

!

\ ‘
A

Inventmg new appllcatlon |dea

Continuous development of
various type of. technolo |es

Much Larger scale and/or totally‘

.'31 different application idea

t‘l ¢ e
Contmuously inventing new system

application, diagnostic devices
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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/
:(underdevelo R 2016 | 14/16nm TBD 1GHz| 2.4G+ | RISC+SMT (MIMD) | 4,096 Core | 8.2/16.4T | 100W Custom TCI
| . Stacked DRAM
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g7 TSMC 40G (40nm) TSMC 28HPM (28nm)
FAYAR 335mm?2 412mm?2
a7 kg B I 533MHz 733MHz
Frvyia L1: 128KB, L2: 1MB, L3: f£L L1: 1IMB, L2: 4MB, L3: 8MB
JA8 a1 B K 66MHz 66MHz
IPs PECPU ARMO26 x 2 ARM926 X 2

(BHE-F7Y7H)  Cache L1: 16KB*2, L2: None Cache L1:32KB*2, L2: 64KB

PCle Gen2 x 4Lane 6Port PCle Gen3 x 8Lane 4Port

Pl (2GB/s x 6 = 12GB/s) (8GB/s x 4 = 32GB/s)
DDR3 64bit 1,333MHz 4Port DDR4 64bit 2,400MHz 8Port
PR (10.6GB/s x 4 = 42.6GB/s)  (19.2GB/s x 8 = 153.6GB/s)
a7 (PE) 512 PE + 64 PE (redundancy) 1,024 PE

‘ 533G Flops (#ukspsizdh/hgsn)  3.0T Flops (Hoksps s/ EsR)
TR PERE
266G Flops (fsksicid/hgoi) 1.5T Flops (Rki sl L)

60W (Leak: 10W, Dynamic: 50W)
HEET S50W (Leak: 20W, Dynamic: 30W)
46W@533MHz (PEZY-1EL F)

Nl —Y DDRAk 40*40mm (1,517pin) 47.5*%47.5mm (2,112pin)
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SUPERMICR®’

1 1S in recognition of your organizatien’s achievements in reducing the
wironmental impact of high-performance computing.

High Energy Accelerator Research Organization /KEK

s ranked

2nd
1 the world's Green500 List of computer systems as o

November 2014
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“The compact size is the reason that we believe we will be able to create technology

quickly. The smaller the size of the device, the easier it is to build up momentum and
develop it faster. Instead of taking five years to design and build a concept, it takes only a

few months.” (A7 7 « U — 7 AR INRBLT— L3/ N 27 LR 45628
T, B EE N T IR T80, IR EIA NS a B EICa ' R)
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ENERGY CREATED
THROUGH FUSION IS 3-4
Compact Fusion ot TIMES MORE POWERFUL | |4
T THAN THE ENERGY A
RELEASED BY FISSION.

WE'RE ENGINEERING A BETTER TOMORROW

_— -— 8 N = R
~ / 2 \ N
g —_ N e !
4 t will mimic that process within a compact magnetic
s container and release energy in a controlled fashion to produce power we can use.
1 : t

RAPID DESIGN CYCLES ALLOW
FOR LESS CONSERVATIVE
DESIGN CHOICES, FASTER
CONSIDERATION OF
ALTERNATIVES, LESS CAPITAL,

FUSION, /o

ER THA

et that out fes

AND THE ABILITY TO MAINTAIN
MOMENTUM MOVING
FORWARD WITH CONSTANT

e ' i i =i PROGRESS.
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PNEECPU

PCle

DRAM

TSMC 28HPM (28nm) TBD(14-16nm FinFET)
412mm?2 400-500mm2
733MHz 1GHz

L1:1MB, L2: 4MB, L3: 8MB 50MB in total (TBD)

66MHz 66MHZz
ARM926 x 2 64bit CPU (TBD)
BTN H NHEREH

PCle Gen3 x 8Lane 4Port PCle Gen3/4 x 8Lane 6Port

(8GB/s x 4 = 32GBI/s) (48-96GB/s)
DDR4 64bit 2,400MHz 8Port Custom Stacked DRAM 8Port

(19.2GB/s x 8 = 153.6GB/s) (500GB/s x 8 = 4.0TB/s)

1,024 PE 4,096 PE

3.0T Flops (Hiksrcizs/hgs)  16.4T Flops (Buks e s /hEoR)
1.5T Flops (fs#spciz@hgos)  8.2T Flops (R KB/ EuL)
60W (Leak: 10W, Dynamic: 50W) 100W (Leak: 10W, Dynamic: 90W)

47.5%47.5mm (2,112pin) Multi-Die Package (TBD)
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@ Mapping HTM Algorithms to Hardware

HTM algorithms requires hardware matched to the algorithm’s needs
1. High Connectivity (more expensive than the computational requirements)

_FF'

2. Local Memory and Parameter Storage  Or. Dap,
3. Simple, Low Precision Computation Ha ers
4.  Configurable / Adaptable trom, , Nicg
5. Sparse activity 2014
Conventional processors are a poor Custom architectures can address HTM's
match to cortical algorithms: requirements:
+ Constrained: processor/memory + High-risk exotic devices unnecessary
partition, limited parallelism » Utilize conventional CMOS fabrication optimized
+ Excessive: high precision, tiered caches, for HTM architecture/computational model
complex instruction sets, pipelines, etc. « Can benefit from latest advances in CMOS.
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) ) Hierarchical Temporal Specialized HTM processor
Conventional Solutions Memory

Courtesy of Dr. Winfried Wilcke
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3D Wafer Scale Integration of wafers

frontside

wiring on Final wiring wafer

(e.g.- GMP-to-GMP communication)

inter-strata TSV (e.g, communication from GMP level to SSP level, and between SSPs, e.g, for power & ground)

] F Final wiring
B ) wafer
N
backside _,//"y I m m m B
| ] ] — ] e R SSP Wafer #4
on SSP wafer ] ! F
(e.g.- - . 5
power & ™ - -
ground, Hr—=U_—=+ =l ) SSP Wafer #3
4 :
frontside
e e 1 [ e | | I (W P \aer #2
(e.g- ' | P
SSP-to-SSP = — = B
communication) | — | = el ] = F | SSP Wafer #1
p—
bonding /
interface
B=backside

Shown here for 4 wafers

Courtesy of Dr. Winfried Wilcke
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NSPU:Neuro-Synaptic Processing Unit
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NSPU:Neuro-Synaptic Processing Unit
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