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About WASEDA -EHgHXEF
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I Waseda Alumni: Contribution for International Academic Societies

Toshio FUKUDA Aiji TANAKA Hironori KASAHARA

The University Pro' essor Waseda,
Waseda Alumnus, Prof. Emeritus

President Senior Executive Vice President
Nagoya Univ., Prof. Meijo Univ. International Political IEEE Computer Society President
IEEE President 2020. The first Science Association (IPSA) 2018. The first president from
from Asia in 135 years history. President 2016 outside USA and Canada in 72
IEEE has 420,000 members. years CS history. CS has 84,000

members from, 168 countries.

Tetsuya OSAKA Hiroyuki NISHIDE Shuichi FURUYA

;

atl) A0
The Electrochemistry Society, Federation of Asian Polymer A member of United Nations
President 2013-2014 Societies, President Human Rights Committee

Q Waseda University 5



IEEE (Institute of Electrical and Electronics Engineers)
1884F(ICh—T R IOV TTINLRIIVEHNERIL
Toshio FUKUDA World’s largest technical professional organization

Region Regio Region Region Region Region Regio Region

Regio
O

The University Professor Waseda,
Waseda Alumnus, Prof. Emeritus
Nagoya Univ., Prof. Meijo Univ.

IEEE President 2020. The first from

EEE has 420000 membes To foster technology, innovation, and humanlty

» More than 422,000 members in over 160 countries, 50+ % from outside the United States

» 339 Sections in 10 geographic Regions worldwide @@“\“Engmee”'go
» More than 123,000 student members be
» 2,200+ Student Branch Chapters of IEEE Technical Societies é’ 1 e
» 3,200+ Student Branches at colleges and universities in 100 countries

» 200 transactions, journals, and magazines IEEE

» 1,900 conferences in 103 countries each year :

: : ~y) IEEE :
I > 1,800 conference proceedings via IEEE Xplore ( vounagprofessionals
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News

University of Oxford signs Memorandum

Inspired Research Newsletter

of Understanding with Waseda University

Blogs
. Posted: 22nd April 2020

News Archive

To support exchanges of graduate students and staff and to collaborate on research, @ Memorandum of Understanding
Events has been signed between the Departments of Computer Science, Mathematics, and Physics at Oxford and Waseda University

in Tokyo. The new of L ling was i following the visit of Professor Hironori Kasahara (senior
executive vice president of Waseda) in November to give a lecture on green computing; Professor Jeremy Gibbons
(Computer Science) and Professor Peter Braam (Physics) made the return visit to Waseda in January to set up the
memorandum. Waseda is one of the top private universities in Japan, with particular strengths in robotics and
green computing, and this agreement will provide new opportunities for working together, particularly in machine
learning and programming languages.
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I Future Robotics Organization

- Waseda University established the Humanoid Robotics Institute in April 2000 to promote
research activities which aim to construct a new relationship between humans and machines in
the advanced information society.

- Counter disaster, Health care, Human-robot interaction.

Integration of mechanism and control systems(mechanical engineering) and conversation and vision systems(CSE & ICT)

1973 1984 1996 2012 2014

WABOT-1 WABOT-2 WABIAN KOBIAN-RII WABIAN-2R1II

The world’s first A robot capable of Biped robot capable of Emotion Expression The robot is able to perform
humanoid robot playing keyboard network connection Biped Humanoid Robot a stretch-knee gait as well

as human being does.
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I RO ZRFFRE BT /O 7L (Waseda Key Researchers, 2015-)
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I IEEE Computer Society IEEE CS (19465 8% 31) 72 DEEL D
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Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
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I ACM/IEEE SC (SuperComputing) 19, Denver,
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Trend of Peak Performances of Supercomputers
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VPP700/512
VP-200
SX-4/512
SR8000
$820/80

1 Bl He

PARAGON XP/S /4096
Japanese K supersomputer

B IBM Roadrunner

IBM BG/L(04_11_70.7TF)

CRAY Y-MP8
- CRAY (90/16
= ASCI Purple
Sunway Taihulight

1960

Summit, 2018.06 ,188PFLOPS,8.8MW

Sunway Taihu Light, 2016.06, 93PFLOPS, 15.4MW

Tianhe-2, 2013.06, 55PFLOPS, 17.8MW

Titan,2012.11,27PFLOPS,8.2MW

Sequoia,2012.06, 20PFLOPS, 7.9MW

},2011.6&11, 11PFLOPS, 11.3MW

*A

1980
B VPP5000/9.6G*512

b H I He

LN

TI-ASC

SX-3/44
SR2201/2048
$810/20

Origin 2000/128
Cray XK7 Titan ORNL
IBM Blue Waters
CYBER20S

CRAY XT5 (Jaguar)
CM5/16384

ASCI Blue P/8*512  LL(IBM)

o A’*’- ':

pe o

https://www.anl.gov/article/Us-

1990

<~ ¢ @ 0 HD»>

*

2000
VPP500/222

1z

1E

1P

2021 DoE wiil deliver
Aurora by Intel & Cray Exa-
Flops Machine in Argonne

National Laboratory

1T

% |ENERGY

2010

SX-8/16GF*8PE*512

SX-2

SP2/128

$3800/480

NASA SGI Columbia/16160
Tianhe-2, (MilkyWay-2)
IBM BG/Q Sequoia LLNL
CRAY-1

CRAY T3E/2048
CM200/65536

ASCI BLUE M99: 6144({128*48) LANL(SGI)

2020

HeomEE)>» N

1G

department-of-energy-and-intel-to-deliver-first-exascale-supercomputer

2030
SX-5/512(16*32)
STAR-100
SGI Pleiades
RS/60005P/512
Japanese Earth Simulator
ILLIAC-1V
IBM BG/P
CRAY/T90
CRAY T3D
ASCI Red/9072 Sandia(Intel)
ASCI Blue M98: 3072 LANL(SGI)
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https://www.top500.org/ June . 2020
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The List.
SYSTEM SPECS STE  COUNTRY CORES  prews
Fugaku Fujitsu AB4FX (48C, 2.2GHz), Tofu Interconnect D RIKENR-CCS ~ Japan 1288072 4155 283
Summit IBM POWERS (22C, 3.07GHz), NVIDIA Volta GV100 (80C), Dual-Rail Mellanx EDR Infiniband  DOE/SC/ORNL ~ USA 2414592 1486 101
Sierra IBM POWERS (22C, 31GHz), NVIDIA Tesla V100 (80C), Dual-Rail Mellanox EDR Infiniband ~ DOE/NNSA/LLNL  USA 1572480 946 14
Sunway TaihuLight Shenwei SW26010 (260C, 145 GHz) Custom Interconnect NSCCinWud  China 10649600 930 154
Tianhe-2A (Milkyway-2A) Intel vy Bridge (12C, 2.2 GHz) & TH Express-2, Matrix-2000 NSCC Guangzhou China 4981760 614 185

No. 1 since June 2020
Supercomputer Fugaku: A64FX 48C 2.2GHz, Tofu interconnect D,
RIKEN Center for Computational Science, Fujitsu
Cores:7,299,072; Memory:4,866,048GB;
""" Processor:A64FX 48C 2.2GHz (arm based)
LWl Interconnect: Tofu interconnect D
Linpack (Rmax)415,530 TFlop/s;

M | Theoretical Peak (Rpeak)513,855 TFlop/s
https://japanese.engadget.com/arm-super- HPCG [TFlop/s]13,366.4; Power: 28,334.50 KW(Submitted)

computer-fugaku-top-500-034015910.html
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I Seymour Cray: Father of Supercomputers using vector pipeline

2019 Seymour Cray Award Winner:
David Kirk, NVIDIA Corporation (retired)
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https://www.youtube.com/watch?v=Yc-VFuRWevw
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19934 X—/\—3aE 1 —4VPP5000. FUEELR(NWT)
Mr. Hajime Miyoshi
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19934%F A—/{—-1>E1—-49VPP5000, ZUERFR(NWT)DBIHE
19984F ithkks =1L —4 (Earth Simulator) ##18

2004 AL ELBMRAIIO- (BE)

Machine Cycle,[me 9.5ns (105MHz) === e 5 CMOS LSI

PE Performan g‘e 1.68GFlops
PE Memory Size 256MB/PE = |
Crossbar Bandwidth 4B/cycle x 2 (send/receive simultaneous)/PE
= = 421M8/5 X2 /PE
1 nt
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Earth Simulator

(http://www.es.jamstec.go.jp/)
 Earth Environmental simulation like Global Warming,
El Nino, PlateMovement for the all lives onr this planet.
*Developed in Mar. 2002 by STA (MEXT) and NEC with
400 M$ investment under Dr. Miyoshi’s direction. N— :
(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, sx) M- Hajime Miyoshi

Image of Earth Simulator 4 Tennis Courts

40 TFLOPS Peak (40*10%2)
T— Camidg_eTapeLibra”_svstem ’ 356 TFLOPS I—InpaCk

Processor Node (PN) .
Cabinets (320) e

[AirConditioning System] ~

[Power Supply System |
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Self Driving Cars (B B):&EE)
Connected, Security, Big Data, Traffic Cloud

il
(“‘Ll

-drivings.com/self-driving-cars-updated-market-analysis/

Deep Leaning (ZE=a21—F LR YR)ITKYE B R
Z

26
http://www.digitalartsonline.co.uk/news/creative-hardware/nvidias-water-cooled-supercomputer-helps-cars-drive-themselves/
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Fowoo 2
¥ Engine Control by multicore with Denso E’“‘” o §
“ Though so far parallel processing of the engine control on 5 L
multicore has been very difficult, Denso and Waseda succeeded 3 10009 40 E
1.95 times speedup on 2core V850 multicore processor. & 5000 +— ST = 2
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8.9times speedup by 12 processors 85 ¢
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SMP (Hitachi HA8000) (Hitachi SRlGﬂﬁ'ﬂ)
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1987 OSCAR(Optimally Scheduled Advanced Multiprocessor)

Co-design of Compiler and Architecture
Looking at various applications, design a parallelizing compiler and design
a multiprocessor/multicore-processor to support compiler optimization

i \,\\.\\\\\\\\\\\\\\\

NNV

AN
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OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER
|

CONTROL & I/O PROCESSOR CENTRALIZED SHARED MEMORY1
(Simultaneous Readable)

RISC Processor | |I/O Processor

[ — I | I Bank1 || Bank2||Bank3
| | el | e s | B
— Addr.n||Addr.n||Addr.n csvz | lesms
Data PI’Og. Dlstrlbuted .............................................
Memory Memory ||| Shared | I
Memory
Read & Write Requests
Bus Interface Arbitrator
Distributed
Shared Memory
(Dual Port)
(CP)
-5Phﬁ|(|):(|:_(aOSFS’§}32blt RISC (CP) (CP) (CP) (CP)
(64 Registers) - N -
-2 Banks of Program
Memory
-Data Memory
-Stack Memory
-DMA Controller
PE1 PES | | PE6 PE8 | | PE9 | |PE10| [PE1l| [PE15||PE16
-— 5PE CLUSTER (SPC1) — SPC2 — SPC3 —

~— 8PE PROCESSOR CLUSTER (LPC1) > LPC2 > 29



L—7 DERDERE

aAVEL—2DOEMHEEIEEIEEEEAHIIC
(X< ILFaF7hwhiaE

IEEE ISSCCO08: Paper No. 4.5,
M.ITO, ... and H. Kasahara,
“An 8640 MIPS SoC with
Independent Power-off Control of 8
CPUs and 8 RAMs by an Automatic
Parallelizing Compiler”

Power oc Frequency * Voltage?

m=)> (Voltage o< Frequency)
Power o< Frequency?

4

(Ex. 4GHz->1GHz2),
SHEB AL 1/641Z 85
HREIE 1/4I12IET .
<XJLFaA7>

=RE Frequency Z#1/4129 % &

8cores ZF v FIEET S &,

E NI KRS THERE (X2 =

m) b
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I Parallel Soft is important for scalable
performance of multicore (LCPC2015)

> Just more cores don’t give us speedup

> Development cost and period of parallel software are

getting a bottleneck of development of embedded

systems, eq. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National
Research Institute for Earth Science and Disaster Resilience (NIED)

M original (sun studio)

< 250

2
'E'Eimu-
B 2
22159
s £
;glﬂl}
: g
9 2 50
&
“Y s o

j -

e

Level [uV]

ZR1Z-05-16 11: 00 — 2@12-@5-17 11: 00 VERT = (X axis Max is 1300)
L

M proposed method

32pe

Bdpe

128pe

Fjitsu M9000 SPARC
Multicore Server

OSCAR

2 1 1 l:' Compiler gives

us 211 times
speedup with
128 cores

Commercial
compiler gives
us 0.9 times
speedup with
128 cores (slow-
downed against

1 core)

» Automatic parallelizing compiler available on the market gave us no speedup against execution time on 1 core on 64 cores
»  Execution time with 128 cores was slower than 1 core (0.9 times speedup)

» Advanced OSCAR parallelizing compiler gave us 211 times speedup with 128cores against execution time with 1 core

using commercial compiler

» OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization
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I wasFRihaR(FKR20E4A10H)TH
NEDOUZ Va1 LGHRRBANFIAT7FI7 - TEDHRF

http://wwws8.cao.go.jp/cstp/gaiyo/honkaigi/74dindex.html 1985 L Y g /845 (YT )

| srampanHiam (k0 10A) CTP=RTFOF v (N—F) %A
BREIALF IOV HOWMR

4 core multicore RP1(2007),, 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)
developed in NEDO Projects with Hitachi and Renesas

RP-1 (155CC2007 #5.3) | RP-2(1SSCC2008 #45) |  RP-X(SSCC2010 #5.3)

DA
¥
ofon

Core 3

P g3

2
B
g
£
=
5
a

SNC

acre-CI |||

G0nm, 8-layer, trple-Vth, CMOS [ %0nm, B-dayer, triple-Vth CMOS 45nm, B-layer, trple-Vth, CMOS

976 mm(9.88.x 988 mm) 1048 mm? (10,61 9.88 mm) 1538 mm? (1241124 mm)

10V inlemal) 185V (10) | 1.0-1.4V (ntemal), 183 3 (10) 1.0-4.2V (intemal), 1.2-3.3V (10)

600MHz 4 32 GIPS, 16.8 GFLOPS |600MHz, 864 GIPS, 336 GFLOPS | 648MHz 13 7GIPS, 115GOPS, 36 2GFLOPS
1.4 GOPSW (32013 18.3 GOPSIW (320.31) 373 GOPSIW (32043

%?-ﬂﬂlﬁz A S ROBT [4}
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OSCAR Parallelizing Compiler

To improve effective performance, cost—-performance
and software productivity and reduce power

Mu |t|g rain Paralleli |Zat|0n(LCP01991 2001,04)

coarse-grain parallelism among loops and
subroutines (2000 on SMP), near fine grain
parallelism among statements (1992) in
addition to loop parallelism

Data Localization

Automatic data management for distributed

shared memory, cache and local memory
(Local Memory 1995, 2016 on RP2,Cache2001,03)

Software Coherent Control (2017)

Data Transfer Overlappingozs partially)

Data transfer overlapping using Data
Transfer Controllers (DMAS)

Power Reduction

(2005 for Multicore, 2011 Multi-processes, 2013 on ARM) | -

Reduction of consumed power by |.
DVES and Power |

compiler control
gating with hardware supports.

——— - -

_9

SEB e BB

CPU3 DRPO

CORE ‘ DTU

88.3% Powér Reduction

I ——




110 Times Speedup against the Sequential Processing for
GMS Earthguake Wave Propagation Simulation on

Hitachi SR16000
(Power7 Based 128 Core Linux SMP) (ceczois)

%

M Proposed method —Proposed method (Speed Up Ratio)
25000 z—/r—iyzz/p#—/rf§n16§aa Model VM1, 120
s EEE= /110.7
— 20000 - 0
S w g .
T -
£ 15000 2
- 6 S
2 10000 - i
0 40 g
2 )]
w 5000 ] N 20
196
0- 0

First touch for distributed shared '
memory and cache optimization over 1pe 3pe 6dpe 128pe
loops are important for scalable speedup
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Xeon E7-8890 V3(2.5GHz 18core/chip) x8 chip Ef144cores

Speed up ratios

) ‘f\ .“,, A MEROEA: 12080 [ | OSCAR 196.50

200
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109.20
| 1.00 5.00 l
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ETILAR—REKE

(Embededcorder,TagetLink4

Generate C code
using Embedded
Coder or TargetLink

+ i
L o
R . b 2

" =

Simulink mc?clel

pa—

7 045 L MATLAB/Simulink

—R)D BE) i FI4E

/+ Model step function #/
\Emd Yesse|Extraction_step(void)

intd2_T is
real _T ul;

S DataTypeConversmn '<81>/Data Type Conversion’ incorporates:
# Inport: *<Root>/Inl’
#
for (i = 05 0 < 163845 1+4) {
YesselExtraction_B.DataTvpeConversionli] = YesselExtraction_U.In1[1];

5 /% End of DataTypeConversion: "<81%/Data Type Conwersion® #/

A+ Qutputs for dtomic SubSystem: "<B13/2Dfilter’® =/

/% Constant: "<315/h17 %/

VesgelExtraction Dfilter(VYesselExtraction_B.DataTypeConversion,
YesselExtraction_P.h1_Value, &/esselExtraction_B.Dfilter,
(P_Dfilter_VesselExtraction_T #)&VesselExtraction_P.0filter);

= /% End of Outputs for SubSvstem: '<B1>/2Dfilter’ =/

/% Outputs for Atomic SubSystem: "<B13/20Filterl’ /

J% Gonstant: *<813/h2” %/

VesselExtraction_DfilteriVesselExtraction_B.DataTypeConversion,

VesselExtraction_P.h2_Value, &'esselExtraction B.Dfilterl,
(P_Dfilter_VesselExtraction_T #)&VesselExtraction_P.Dfilter!});

C code

el

OSCAR COmpiler —xEnld wesselExtract ton_step I )

= Scheduling in a multicore

(1) Generate I\.,ITG % Pco | MT10 | MT12 E]
= Parallelism pc1 | s | o
PC2 | MT6 ‘ MT11
PC3 | MT8 | MT?
(2) Generate gantt chartoew it

B (3) Generate parallelized

~

Svoid thread_function_001 { woid )

int thrl ;
int thr2 ;

Yessel|Extraction_step PE1 () ;

int thrd ;

i
{
oscar_thréad create { & thrl ,

thread function 001 . (vaid#)l ) ;
oscar_thread create ( & thr? ,

thread_function_002 . (void#)2 1 ;
oscar_thread create [ & thrd ,

thread_function_003 . (void#)3 1 ;

VesselExtraction step PED ()

oscar_thread join ( thri
oscar_thread join  thr2
oscar_thread _join ( thr3

K
]

:I !

C code
using the OSCAR API

- Multiplatform execution

(Intel, ARM and SH etc)
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ZETILFOT (437F) L TOMATLAB/Simulinka—F ) B &yt 514b (=
KHEER L (EEXFETAY S LEZEHR - EaIXFTCIILFOT7IL)

(Intel Xeon, arm Cortex A15 and Renesas SH4A)

4.00

3.56 343
|312|
Road Tracking Buoy Image Color Edge Optical Flow Vessel

Detection Compression Detection Detection

M Intel Xeon E3-1240v3 m ARM Cortex A15 m Renesas SH-4a

Road Tracking, Image Compression : http://www.mathworks.co.jp/jp/help/vision/examples
Buoy Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/44706-buoy-detection-using-simulink
Color Edge Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/28114-fast-edges-of-a-color-image--actual-color--not-converting-

to-grayscale-/

Vessel Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/24990-retinal-blood-vessel-extraction/

3.50 3‘20

3.00 2.842.75 73 2.92

25 2.292.01 . 5-9& ) o6 2.33 20&.152'48
2.0 ’ 1.85 '

15

10

05

0.0

o

o

o

o

o

o
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IAutomatic Pallalelization Tool of MATLAB/ Simulink:
OSCAR Tech “OSCARator”™ nttps://www.oscartech.ip/en/

« (OSCARator is a simulation accelerator of MATLAB/Simulink on multicore processor

— based on “OSCAR Compiler” Automatic Parallelization Technology developed by Kasahara and
Kimura Lab. Waseda University

Original Simulink Model

L HybridVehicle | make a “Subsystem” with blocks

OSCARator will automatically configure
) settings.

ol rf———— — Er mE[Ra OstAmsEmT
=
P CahatheckH Do VATLAGHGSS T S8R it Ser
ireamns St ar

New Accelerated Simulink Model

W
a
| \
b A
Fou| pL TG A
bl N 1 il
o0 B0 o0 00
)

™
EEBEEE

Drvrg Cice

Replacing Subsystem with S-Function Block

Same Result and ) ’ L2 <FULLY AUTOMATIC>
Shorter Simulation Time L,—o i e Simulink Coder C-Code Generation
— L . — — » Automatic Parallelization
i \;" ,,q,il o F j'i ‘ e S-Function MEX Build
j ] v -.J'ul | °

MEX: Dynamically linked subroutine executed in the MATLAB environment.

Q Waseda University 41



|Speedup of Simulink Models by OSCARator
on 4 cores Intel Core i5 Processor

https://www.oscartech.jp/en/

6.51 times speed up on 4 cores against 1 core MATLAB Accerelator
Mode for VesselExtraction

E i | e Sdation
4

7.00
6.00
B : MATLAB Accelerator Mode
5.00
I : OSCARator (using 2 cores)
g : OSCARator (using 4 cores)
S 4.00
°
©
[a's
Q.
3 3.00
3 2.53
o
wv
2.00
1.00 1.00
1.00 I I
0.00

3.79

6.51

1.75

1.00

| RoadTracking | |

VesselExtraction

| [ HybridVehicle |

Intel Core i5 7400T 2.4GHz (4 cores)
16GB (SODIMM 2400MHZz)
Windows 10 Pro (1903)

MATLAB R2019a Update 5

MinGW GCC 6.3

* RoadTracking
from Computer Vision Toolbox
https://jp.mathworks.com/help/vision/exam
ples/color-based-road-tracking.html
* VesselExtraction
e from MATLAB Central
modified for Simulink Model

https://www.mathworks.com/matlabcentral/
fileexchange/24990-retinal-blood-vessel-
extraction

* HybridVehicle

Hybrid Vehicle Powertrain

developed by Kusaka Labh. Waseda
University

http://www.f.waseda.jp/jin.kusaka/

Waseda University
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JLow-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO0 VC1 main_VCO0() { main_VC1() {

#pragma oscar fvcontrol ¥

(((OSCAR_CPU(),O))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPUY(), 100))$

’ Waseda University 43




I Automatic Power Reuction on Intel Haswell
H. 264decoder & Optical Flow (3cores)

e s B H81M-A, Intel Core i7 4770k
! Graphics . Quad Core, 3.5GHZ~O.SG HZ
1 core ]2 cores T %3 cores
36.59
%30'00 29.67 -70.1% 29.29

E o N{/3)

2 <> ~ 57.9%

N
: -76.9%
N

S <Y 2/517.37 .

> 00 \\ 1% ~— “67.2%

3 \\ - 1/3) 1 21‘9 60
$10.00 ~— :

& 5.00 > B _—
g 0.00 1 2 3 1 2 3 1 p) 3 1

without power control‘ with power control

H.264

‘ with

Optical flow

pA 3 ‘

out power control| with power control

Power for 3cores was reduced to 1/3~1/4 against without software power control

. for 3 uced to 2/5~1/3 agai ' : :

Q Waseda University
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Automatic Parallelization of JPEG-XR for

Drinkable Inner Camera (Endo Capsule)
10 times more speedup needed after parallelization for 128 cores of

Power 7. Less than 35mW power consumption Is required.
* JILEPro64

eed-ups on TILEPro64 Manycore
60.OOSp| p y

1 .1.;-:.-;_ ~ Il 55.11

sesooe

8

g

FEREREEET | fik
3 (|3 (61 15 (3115 (3 12 (e 2 ) ¢ e
Wil o, E

20.00 15.82
1core

100 196 >° I
0.00 — - n . | |
1 2 4 8 16 32 64
55 times speedup with 64 cores
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HASEMEE-IEE H{LBWEEOSCARAVINISEDIR RIMNLTFTHESL—LEE -

HEARYBIIILFaTFIRTL
£ gE : STFLOPS, £ AE! : 8TB

T 40W, $HZF, : 200GFLOPS/W

2016411 A Green500 1{4iZNVIDIA DGX-1
9.46GFLOPS/W (Xeon E5-2698v4 20C 2.2GHz,
Infiniband EDR, NVIDIA Tesla P100)

E %7.03GFLOPS/W, Xeon E5-2618Lv3 8C & PEZY
SC (1024 core) , 605TFLOPS, Peak1.535 PFLOPS

I : 0.8GFLOPS/W

NIWVFIA7FVT
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OSCAR Technology Corp.

Started up on Feb. 28, 2013:
Licensing the all patents and OSCAR compiler from Waseda Univ.
CEO: Mr. Y. Yamada , (Senior Manager of Automotive Engine Part Company)

Executives: Dr. M. Ohashi : COO (Ex- OO of Ono Sokki)
Mr. A. Nodomi : CTO (Ex- Spansion)

Dr. K. Shirai (Ex- President of Waseda U., Ex- Chairman of Japanese
Open U.)

Mr. S. Tsuchida (Co-Chief Investment Officer of Innovation Network
Corp. of Japan)

Auditor: Mr. S. Honda (Ex- Senior VP and General Manager of MUFG)
Dr. S. Matuda (Emeritus Prof. of Waseda U., Chairman of WERU INVESTMENT) ‘;\
Mr. Y. Hirowatari (President of AGS Consulting) : =y
Advisors: Prof. H. Kasahara (Waseda U.) | '
Prof. K. Kimura (Waseda U.)

Dr. T. Ono (Ex- CEO of OSCARTECH & First Section-listed Company,
Director of National U., Invited Prof. of Waseda U.)

Mr. K. Ashida (Ex- VP Sumitomo Trading, Adhida Consult. CEO)

Copyright 2019



uture Multicore Products with

Automatic Parallelizing Compiler

Next Generation Automobiles
- Safer, more comfortable, energy efficient, environment

friendly
- Cameras, radar, car2car communication, internet

information integrated brake, steering, engine, moter
control

d

: Personal / Regional
Advanced medical systems / Reg

Supercomputers

Solar powered with more than 100
times power efficient : FLOPS/W

ey S By = 4
-From everyday recharging to

Drinkable inner camera . . .
less than once a week * Regional Disaster Simulators

L * Emergency solar powered .
- Solar powered operation in . saving lives from tornadoes,
* No cooling fun, No dust,

emergency condition . localized heavy rain, fires with
clean usable inside OP room 49
- Keep health earth quakes

Q Waseda University
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