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U5A Ambassador  Chinese Fresident
Caroline Kenn Hu Jintan

USA President
Bill Clinten

WASEDA University
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WASEDA University -2 HiH X%

Number of
International Students

/942 125

countries and
termmus

Graduate Employability

ALUMNI
(FR4]

ENROLLMENT

[

)
" prialy Lnierty FACULTY
of Japan £
[#2 in Japan, £27 in the wold) 3
O i [eployacany R S

5,468
PARTNER NUMBER OF BOOKS GRADUATE UNDERGRADUATE
INSTITUTIONS LI STUDENTS  STUDENTS
(BEAS - B8] CKFhRE] (484

848 (93 countries) 5,800,000 8,3785 41’051

Ministers

Shigenobu Okuma
17th Shigenobu Okuma
55th Tanzan Ishibashi
74th Noboru Takeshita
76th Toshiki Kaifu
84th Keizo Obuchi
85th Yoshiro Mori
91st Yasuo Fukuda
95th Yoshihiko Noda
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Science Association (IPSA)  2018. The first president from \

|
President 2016 outside USA and Canada in 72 5 I The University Professor Waseda,
|

Waseda Alumnus, Prof. Emeritus
Nagoya Univ., Prof. Meijo Univ. &

IEEE President 2020. The first from .

Asia in 135 years history. Haruki
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Business
Leaders

CEOs of
global companies

ANA
(All Nippon Airways)

HONDA
Nintendo
UNIQLO
Shiseido
Nomura Securities Co., Ltd.

Tokio Marine & Nichido
Fire Insurance Co., Ltd.

Olympus Corporation
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I Waseda Alumni: Contribution for International Academic Societies

Toshio FUKUDA

Hironori KASAHARA

S

The University Professor 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

7
. ‘
The Electrochemistry Society, Federation of Asian Polymer A member of United Nations
President 2013-2014 Societies, President Human Rights Committee

@ Waseda University



IEEE (Institute of Electrical and Electronics Engineers)

18845 [Th—R-ITDVY TN L-R)VFEHERIL
Toshio FUKUDA World’s largest technical professional organization

IEEE 2020 [V Region 0 Region Region Region Region Region Regio Regio
] §f
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The University Professor Waseda,
Waseda Alumnus, Prof. Emeritus
Nagoya Univ., Prof. Meijo Univ.

IEEE President 2020. The first from Susan Kathy Lan

Asia in 135 years history. - IEEE President 021 |
IEEE has 420,000 membors. To foster technology, iInnovation, and humanity

» More than 422,000 members in over 160 countries, 50+ % from outside the United States Engin
W eel.l-

» 339 Sections in 10 geographic Regions worldwide O@%“ %0
» More than 123,000 student members f
> 2,200+ Student Branch Chapters of IEEE 45 Technical Societies & i 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 { IEEE

. > 1,800 conference proceedings via IEEE Xplore A vounagprofessionals




' IEEE Societies & Councils \l

\

*Aerospace and Electronic Systems Society
*Antennas and Propagation Society
*Broadcast Technology Society

*Circuits and Systems Society
Communications Society

*Computational Intelligence Society
Computer Society

*Consumer Technology Society

*Control Systems Society

*Dielectrics and Electrical Insulation Society
*Education Society

*Electromagnetic Compatibility Society
*Electron Devices Society

*Electronics Packaging Society
*Engineering in Medicine and Biology Society
*Geoscience and Remote Sensing Society
*Industrial Electronics Society

*Industry Applications Society
eInformation Theory Society
eInstrumentation and Measurement Society
Intelligent Transportation Systems Society
*Magnetics Society

*Microwave Theory and Techniques Society

*Oceanic Engineering Society
*Photonics Society
*Power Electronics Society
*Power & Energy Society
*Product Safety Engineering Society
*Professional Communication Society
*Reliability Society
*Robotics and Automation Society
*Signal Processing Society
*Society on Social Implications of Technology
*Solid-State Circuits Society
*Systems, Man, and Cybernetics Society
*Technology and Engineering Management Society
*Ultrasonics, Ferroelectrics, and

Frequency Control Society

*Vehicular Technology Society

*Biometrics Council

*Council on Electronic Design Automation
*Nanotechnology Council

*Council on RFID

*Sensors Council IE E E
*Council on Superconductivity 4

| *Nuclear and Plasma Sciences Society *Systems Council



https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#AES010
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#AP003
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#BT002
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#CAS004
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#COM019
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#CIS011
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#C016
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#CT008
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#CS023
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#DEI032
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#E025
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#EMC027
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#ED015
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#EP021
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#EMB018
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#GRS029
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#IE013
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#IA034
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#IT012
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#IM009
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#ITSS038
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#MAG033
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#MTT017
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#NPS005
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#OE022
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#PHO036
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#PEL035
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#PE031
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#PSE043
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#PC026
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#RL007
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#RA024
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#SP001
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#SIT030
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#SSC037
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#SMC028
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#TEM014
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#UFFC020
https://www.ieee.org/communities/societies/index.html?WT.mc_id=com_lp_soc#VT006
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#BIO046
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#CEDA044
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#NANO042
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#RFID741
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#SEN039
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#CSC041
https://www.ieee.org/communities/societies/about-technical-councils.html?WT.mc_id=com_lp_tec#SYS045
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Bjarne Stroustrup: Morgan Stanley & Columbia Univ. COMPUTER

b {’ 2018 IEEE Computer Society Computer Pioneer Award
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IEEE COMPSAC2018 Keynote & Award Ceremony BY ml "UM““S

_ July 26,2018, Keynote,
Hitotsubashi Hall

225000

July 25, 2018 Award Ceremony

~ ik Rihga Royal Hotel Tokyo
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ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019

IEEE & IEEE IEEE
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Practical Inmnovation

Multicore processors have Decome pervasive, but most soruggle to

e Them efMicieraly. Thars wivy we broughs togethes rencwred expens in the fald
for this video series 1o exarmine the inmovatdve
rechniguses they use 0o prove relabilicy and

e World’s best

Hear about scme of the Mmost advanced powes- -
e e, e | @ducational
Inchadng aucomobiles, big data, doud compusing,
e .. | CITIEEIT

Learn from the Worlds Leadimng Multicore Compller Expeaerts

Avtoparallelzation
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PO Husd = Computation
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vecornzavonuFaalelization
in ohe lmel Compiler

Peng Tu

Roundtabde Discussion
A Preseniesss

DREON

wWho Should watch these Videos?

Professkonals n arry indussry that demands real-tdrre processing. Hgh parformans<e,
and speed will find dhese videos an important ool for gettng Bettar resuils from their
myuhticore procassing systemrs and fusure-proofing thedir applications.

Educators and graduate students will alsc flrsd iraspiracicn from this window irco the
mienvds of scene of e Mmoast accompilsFad axpearts n mudbcore.

VIDEO SERIES

www . computerorg/multicore-video
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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

\\\ \\\\\\\\\\\\\\

AN
S

11




OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER

CONTROL & YO PROCESSOR CENTRALIZED SHARED MEMORY1
(Simultaneous Readable)

RISC Processor YO Processor

I I = I Banki BankZ || Bank3

) ) Addr.n| |addr.n||addr.n csmz | lesmz
Data Prog. Distributed
Memory Memory Shared l |
Memory
Read & Write Requesis
Bus Interface Arbitrator
Distributed
Shared Memory
{Dual Port)
(CP)

-SMFLOPS 32bit RISC A raey Py =3 ey
Processor (CH) =) ey ()
(64 Registers) B

-2 Banks of Program
Memory

-Data Memory

-Stack Memory

-DMA Controller

PE1 PES PEG PES PEe9 | |PE10O| |PE11 PE15| |[PE16

—— S5PE CLUSTER (SPC1) et sSPC2 o SPC3

-~ 8PE PROCESSOR CLUSTER {LPC1) e LPC2 -
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Jeffrey Ullman Geoffrey Hinton John L. Hennessy

2020 2018 2017 2
Alfred Aho Yoshua Bengio Tim Berners-Lee :
2020 2018 2016

Edwin Catmull Yann LeCun Whitfield Diffie

2019 2018 2015

Martin Hellman
2015

Pat Hanrahan David A Patterson
2019 ! 2017
-
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ACM/IEEE ISCA June, 2023 or June 18-22, 2024

in Waseda University, Tokyo, Japan
Co-Chairs:Jean-Luc Gaudiot (Prof. UCI, IEEE CS President 2017)
Hironori Kasahara (SEVP Waseda, IEEE CS President2018)

Waseda Univ. Main Campus Meeting Facilities
Waseda Open Innovation Valley
(Variety Sizes of meeting rooms in side 5 minutes working area)

" Rihga Ro al
bt 1SCA Place ";u c_]

| Okum Auditorium ;W

'\ '.*mmﬂm‘ InnoatonContr

o Lunch, mner; iOOO
persons Banquet room S

several 200-300
hundrm parsons

nmtrng rooms:A'lnw # 180 persons *1
mmum from  ISCA 0 1F: 1120 persong 50 porsons *4 '
#B1: 300 Persons| e 40 persons meeting

.': # 180 persons*1
0 | 030 (VIP Mesting )
R | # 40 persons *3

ACM/IEEE Internatlonal Symposmm on Computer Architecture L.T AV 2=-29H0
/=ARNVELEDNAFa-Y) v ERSR RS e R RAREAIRAETERTTE
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ILLIAC IV, Univ. Illinois at Urbana-Champaign & Burroughs

UL RC Y

102688068

Integrated
circuits

Processing
Element

SIMD

64 Processor
Element,
Processor
Array

1972-3, NASA
200 MIPS,

300 MOPS,

1 billion bits per
second of 1/0
transfer




Prof. David J Kuck (Univ. lllinois, Intel)
IEEE Computer Society Computer Pioneer Award 2011

Ms. Diane B. Greene (VMware Cofounder & CEO)
IEEE Computer Society Computer Entrepreneur Award 2011

2018.03.08 WasedaUniv. Symposium on
Future of High Performance Green Computing
2018 (HPGC2018)

imi i i Prof. Jagjin Prof. Hironori
Dr. Peter Prof. Vladimir Dr. David Prof. Dap\ggua 10 JLee i

Getov Kuck 16

Braam




Trend of Peak Performances of Supercomputers

SISA-II, @Waseda, Oct 2021 : USA, China, Europe,

Japan HPC, Al, Big Data, Quantum, Symposium

Summit, 2018.06 ,188PFLOPS,8.8MW

1.000,000,000,000,000 Sunway Taihu Light, 2016.06, 93PFLOPS, 15.4MW 17,
la nld 1 ~ SN 1 3 N L EEDEI-ODDC 1 _ONANXNNL Fu aku 2020006!
100,000,000,000,000 TTanhe-2; 2013.06, 5PrLOPS, 17.0M ///
7" Y/ /| 513PFLOPS, 28MTW
10,000,000,000,000 A |
Titan,2012.11,27PFLOPS82MW |~ | /' /7
1,000,000,000,000 Z "”\ 1E
Sequoia,2012.06, 20PFLOPS, 7.9MW || | £ Y¥/
100,000,000,000 — N ¥ |
3,2011.6&11, 8.7PFLOPS&TIPFLOPS, 11.3MW__|= 19 /
10,000,000,000 1 0Px=
1,000,000,000
vxalb—%2,2002.6, 41TFLOPS, 3.2MW E /
100,000,000 \" ﬁ
10,000,000 HriE A FNWT,1993.11, 2021 DoE will deliver
i -’ hJ
236GFLOPS \ = Aurora by Intel & Cray
1,000,000 %.%_' Exa-Flops Machine in 1T
100,000 oonne National Lab.
et ® =
10,000
' L
1,000 > .. % ENERGY 1G
100 vy (nted @ ==~
10 https://mwww.anl.gov/article/us-department-of-energy-and-intel-to-deliver-first-exascale-supercomputer
1 T T T T T T
1960 1970 1980 2000 2010 2020 2030 2040
+ VPP700/512 B VPP5000/9.6G*512 A VPP500/222
B VP-2600 | VP-200 O==TI-ASC
B SX-8/16GF*8PE*512 = SX-5/512(16*32) —  SX-4/512
* SX-3/44 B=SX-2 A STAR-100
B SR8000 B SR2201/2048 ® SP2/128
B 5Gl Pleiades = 5820/80 = $810/20
& 5$3800/480 B RS/6000SP/512 PARAGON XP/S /4096
B Origin 2000/128 ¥ NASA SGI Columbia/16160 ® lapanese Earth Simulator
B Japanese K supersomputer #+ lapanese Fugaku € Cray XK7 Titan ORNL
# Tianhe-2, (MilkyWay-2) B Sunway Taihulight A [LLIAC-IV
*  IBM Roadrunner ® IBM Blue Waters ® IBM BG/Q Sequoia LLNL
® IBMBG/P IBM BG/L{04_11_70.7TF) = IBM Summit
© CYBER205 CRAY-1 CRAY/T90
CRAY Y-MP8 = CRAY XTS5 (Jaguar) © CRAY T3E/2048



RIRNF—E&YOKET, 2021F9RICERAICTR /83, Al
Big Data, EFaVE1—T 1 VI HED-ODEBREESISA-IIFRETE
A Strategic Initiative of Computing: Systems and Applications

(SISA)- Integrating HPC, Big Data, Al and Beyond, Jan.18-19, 2017
A Strategic Initiative of Computing:Systems and Applications
(SISA) --Integrating HPC, Big Data, Al and Beyond-- Jan. 18-19, 2017 |
Opening: Prof. Gao, Prof. Kasahara Il Extreme Scale and Beyond [a
Waseda VP Shuji Hashimot&eynote: Paul Messina ANL, USA

|. Architecture and Applications » Motoaki Saito, PEZY, Japan
Keynote: William J. Dally, » Eiji Ishida, MEXT, Japan
NVIDIA and Stanford University, USk Depei Qian, BUAA, China
» Kimihiko Hirao, RIKEN, Japan » Toshiyuki Shimizu, Fujitsu, Japan
» G. W. Yang, Tsinghua Univ. China V. Integration of HPC, Big Data, and Al i & W :
> J. Sexton, IBM, USA Keynote: Thomas Sterling, Indiana Univ., USA N m -

Il . System Software and Applications ~ Masaru Kitsuregawa, Niland
Keynote : Rick. Stevens ANL, USA Univ. of Tokyo, Japan

> S. Mikhail Smelyanskiy Intel USA > Thomas Schulthess, ETH, Swiss

» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura, A
» R. Govind, IIS, India Oscar Tech, Japan 1 | H! \ ARMED L

» H. Hironori Kasahara,
Waseda Univ,
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https://en.wikipedia.org/
wiki/5_nm_process

MOSFET scaling
(process nodes)

*1.5um-1981
1l um—1984
*800 nm — 1987
*600 nm — 1990
*350 nm — 1993
*250 nm — 1996
*180 nm — 1999
*130 nm — 2001
*90 nm - 2003
*65 nm — 2005
*45 nm — 2007
*32 nm — 2009
*22 nm - 2012

*Future 3 nm ~ 2022
*2 nm~ 2023


https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/List_of_semiconductor_scale_examples
https://en.wikipedia.org/wiki/10_%C2%B5m_process
https://en.wikipedia.org/wiki/6_%C2%B5m_process
https://en.wikipedia.org/wiki/3_%C2%B5m_process
https://en.wikipedia.org/wiki/1.5_%C2%B5m_process
https://en.wikipedia.org/wiki/1_%C2%B5m_process
https://en.wikipedia.org/wiki/800_nm_process
https://en.wikipedia.org/wiki/600_nm_process
https://en.wikipedia.org/wiki/350_nm_process
https://en.wikipedia.org/wiki/250_nm_process
https://en.wikipedia.org/wiki/180_nm_process
https://en.wikipedia.org/wiki/130_nm_process
https://en.wikipedia.org/wiki/90_nm_process
https://en.wikipedia.org/wiki/65_nm_process
https://en.wikipedia.org/wiki/45_nm_process
https://en.wikipedia.org/wiki/32_nm_process
https://en.wikipedia.org/wiki/22_nm_process
https://en.wikipedia.org/wiki/14_nm_process
https://en.wikipedia.org/wiki/10_nm_process
https://en.wikipedia.org/wiki/7_nm_process
https://en.wikipedia.org/wiki/5_nm_process
https://en.wikipedia.org/wiki/2_nm_process

L—7 DXEADRE

L—T DiEBI(Moore's law): 4 U TILEIEZED—ATHA A I—F - L—TFhH,
1965 DX TR/ L= TFBEOKREBEEFI1I8HNA T2EICHE S &LV SRERA,

A bEa—32DEERELEEFERAELICERILFATHNBEA

E:

% ¢ DDRPAD I g e e au"‘. |

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 o< Frequency * Voltage?

:> (Voltage o< Frequency)
Power o< Frequency’

AR Frequency 1/4[Z9 5 &

(Ex. 4GHz->1GHz),

SHEBHIT 1/64I2 B

MREIE 1/4I2IETF .
<¥JLFa7>

8cores #F v JIZEET 5 &,
BT kA8 THERE (X2 £AE
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Seymour Cray: Father of Supercomputers using vector pipeline

2019 Seymour Cray Award Winner:
David Kirk, NVIDIA Corporation (retired)

IEEE
COMPUTER
SOCIERY
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!.
;
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Seymour Cray Award
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https://www.youtube.com/watch?v=Yc-VFuRWevw




19934 X—/\—Ia2E 1—AVPP500. F{EELRI(NWT)
Mr. Hajime Miyoshi

ACM/IEEE SC ‘94: Washington, D.C. November, 1994 TH%*

=HSTE
19934 X—/\—-1>YE1—-%5VPP5000. HUERE(NWT)DBIFE
19984F ks :Ll/ ’5’ (Earth Slmulator) B8

’ = 1 ]

el |

CMOS LSI

Machine CycleTime 9.5ns (105MHz)

PE Performan 1.68GFlops

PE Memory Size 256MB/PE =

C_(I;‘.ssbar Bandwidth 4B/cyc|e x 2 (send/receive sn'nultaneous}IPE

1SN F S ISPP2000@Waseda
A—IN— /R JLPFLOPS~AMDHE 22




VPP500/NWT
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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 MS investment under Dr. Miyoshi’s direction. - —
(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, SX6) Mr. Hajime Miyoshi

Image of Earth Simulator 4 Tennis Courts

: 40 TFLOPS Peak (40%10'2)
: : | Cartridgie.T-ape Library System ’ 3 5 .6 TFLOPS LlnpaCk

‘ Processor Node (PN) : _ '
Cabinets (320) [l L

i %network(lN)
Cabinets (65)

[Air Conditioning System] T

Power Supply System |




20114E6 520 A §E37E TOP500 R MR IME— LI %5
INT LI BAHED ISCE11 (International Supercomputing Conference 2011)
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https://www.top500.org/ Nov. 2020
500 ﬁ\l/%\!E A\ﬂ Lawerce By ISC crore top500.0rg

COMPLITING LABCRATORY 3 (L gLl National Laboratory Maving Forward.

The List,

SYSTEM SPECS SITE COUNTRY ~CORES  prioms "o
Fugaku Fujitsu AB4FX (48C, 2.2GHz), Tofu Interconnect D RIKEN R-CCS Japan 7630848 4420 299
Summit IBM POWERS (22C, 3.07GHz), NVIDIA Volta GV100 (80C), Dual-Rail Mellanox EDR Infiniband  DOE/SC/ORNL USA 2414592 1486 101
Sierra IBM POWER9 (22C, 31GHz), NVIDIA Tesla V100 (80C), Dual-Rail Mellanox EDR Infiniband DOE/NNSA/LLNL ~ USA 1572,480 946 744
Sunway TaihuLight  Shenwei SW26010 (260C, 1.45 GHz) Custom Interconnect NSCC in Wuxi China 10649600 930 154
Selene NVIDIA DGX A100, AMD EPYC 7742 (64C, 2.25GHz), NVIDIA A100, Mellanox HDR Infiniband ~ NVIDIA Corporation  USA 555,520 634 265

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)
W\§ Interconnect: Tofu interconnect D
" Linpack (Rmax)415,530 TFlop/s;
Theoretical Peak (Rpeak)513,855 TFlop/s : S13PFLOPS
HPCG [TFlop/s]13,366.4; Power: 28,334.50 kW(Submitted)

https://japanese.engadget.com/arm-super-
computer-fugaku-top-500-034015910.html 28



A ITHgE: IBM'7 I~‘// - Goog1e7)b77§
IBM Watson

[eopary] (&
011%, FUE0){FBkT 1

0118, Wetson 04 788 eopay! (32)(74 |) | T4 A T08ad Rt ke
JenningsfE L, BRILELE, Wasond, BB T, BRI, ORI, BER FRR
55 63 FRERC, B0 AR SRS TR ARR AR A L BB / T

A, : http://watson2016.com/

https://www.ibm. com/watson/jp-ja/what -is-watson.html 3. |5\ Power 750 —/ 3 —
https://www.ibm.com/watson/jp-ja/quiz/index.html > 2,880 N TOtyY—-aF
> 17 MHEIC80kE DR B/NE R

smmowa  Googe  mIuuwe R E(8OTFLOPS)
FESH BHES
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http://www.asahi.com/articles/phot
0/AS20170602000970.html

29



Self Driving Cars (B B)1£%5)
Connected, ecurit , Big Data, Traffic Qloud

-drivings.com/selt-c r|ving-car§-updated-market-analysis/

Deep Leaning (%E;?Jlx*“} B IZKVEBERE

y YA,

30

http://www.digitalartsonline.co.uk/news/creative-hardware/nvidias-water-cooled-supercomputer-helps-cars-drive-themselves/
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AR A [0 F 10F - FT—FTUOF ¥ (I —F) @R
| Bramigaiam (P04 10H) ‘ AR AP

4 core multicore RP1 (2007), § core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)

RP-1 (138CC2007 #5.3)

OM

{
P

il .3"_ ._"f-"" am
& 1Al SRR EROR (1)

Peripherals

SNC
=2

i | e

S0nm, &-ayer, ple-Vih, CMOS | %0nm, B-ayer, riple-Vih, CMOS 45nm, B-tayer, Inple-Vth, CMOS

GTomnl O86x08mm {1048 mn? (1061986 mm) {538mm (124x124mm)

{.0V (internal), 1833V (U0)  J1.0-1.4V (internal), 1 833 (U0) 1012V (internal], 1 2-3.3 (10)
600MHz 4.32 GIPS, 16,8 GFLOPS | 600MHz 864 GIPS, 336 GFLOPS | 48MHz, 13.7GIPS, 115GOPS, 36.2GFLOPS
{1.4 GOPSIW (32013 18.3 GOPSIW (3204431 3 3GOPSW (32081

o P

d
e

ST BAT TS R0R ()

BAEE AT EAOR ()
?_Waseda University 31




8 Core RP2 Chip Block Diagram

Share
Memory

Share
Memory

Cluster Cluster
#0 | Core #3 Core #7 | #1
IJM U Core #6 |
Core #1  —> Core #5 |
Core #0 —> Core #4
LCPGONI| CPU| FPU ||| FrPu| CPU [|[-£%
PCRIN [ 18 ‘ DS \CCN . TL CCEI D$‘ s ||| BEX
PCR2 BAR BA PCR|
Local Memory — Local Memory
PCRI||I| 1:8K. D:32K ||| 1I:8K, D: 32K PCR5|
PCROlIl [URAM 64K 4| URAM 64K |||[PCR4
1 K ti £l L0 A |
v v . v opc
LCPG: Local clock pulse generator
clglll)tl}()Zl c%ll}éol clgllz/tllé)l PCR: Power Control Register
OTichn On-chi CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)

32
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Patents related with OSCAR Parallelizing Compiler & Hardware

58 international patents in USA, UK, China, Japan to improve effective
nerformance, cost-performance and software productivity and reduce

High Performance & Low Power - j_;u “~5_|| Green Al Accelerator

1) Multigrain Parallelization for Embedded and | 2% el = || can be attached to any processor
Heterogeneous Multicores & Hardware ] '_‘_gaf_;l__'__&;-l_l_ | cores, RISCV, arm, Renesas, AMD,
Supports (Synchronization) "-:'~--*'\__ Wﬁm—-ﬁ;—;—}v Intel without instruction extensions.

coarse-grain parallelism among loops, subroutines

& basic blocks among statements in addition to . - > Kasy to use with local memorv.
loop parallelism e R management and power reduction

control by OSCAR vectorizing &
parallelizing compiler

2) Data Localization:
Cache & Local Memory Optimization

» Automatic data management for distributed shared
memory, cache and local memory

» Software Cache Coherent Control A= IN

e

Green Multicore with Accelerator for
Automatic Driving and Personal Server

> Data Transfer Controller

B Data transfer Overlapping using DMA :“‘:::L:Il Paower “(-.;E-QE;““,::\.NNN] Comp ler Co-designed Interconnection Network

¢¢mn ler

» Reduction of consumed power by compiler |,
control DVFS and Power gating with |
hardware supports for Carbon Neutral.

» s . ;\'Ulti e 1L4V) i{murr:h'la-uldh@':
hardware & its compiler < P \ | PR
L0V}
J) Automatic Power Reduction HW&SW i | ‘ : chlps

88.3% Powér Reduction

» Accelerator See right figure —
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The 25th International Workshop on Languages and Compilers for

—7 4

S )y—yvavEa

Computing (LCPG2012), September 11-13, 2012
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Cooperation with International Organizations in 2018

IPSJ Leaders, March, | Japan (IPSJ), China(CCF), | Okawa Foundation, CS Japan
Chapter, Multicore STC &

IPSJ COIIVCIltiOIl, TOkyO Korea(KllSE) in March,
Waseda U., Tokyo Japanese Government Symp.

''''''

o =
©anaE &P ane

and computer society, | have 2 C C F
new exeautive director, MS mery 4’ @ "V‘{-
;jdpumam'idmto&.
With i'd be complete siding, China
please, God, do |, Madison and =
EEEAETAIFARA
Hiit2, HitsgreenfBEAN
SER] ¢ s Beh

4 ) et

MoU with Baidu, July,
Green Comp. C., Tokyo

MoU with UN ITU
in Al for Good,
May, Geneva

CCF China Natlonal Computer
Congress, Oct. , Hangzhou

| IEEE CS China Office KQ&'_TEPEH.

moderated Tencent- \ b =
Waseda Univ. Joint Russian Academy of Science:

Russian Computer Science 70th
Anniversary, Nov., Moscow

& {*l * Nf

” | Tencent-Waseda University Technical Tour | .
() 5‘;""“ I} Torcers nu 20~ .
Symposium, Nov.,

Waseda U., Tokyo




OSCAR Parallelizing Compiler
To improve effective performance, cost—performance

Multigrain Parallelizationa.crci991,2001,04)
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 Transter Overlappingoie partiany)

Data transfer overlapping using Data
Transfer Controllers (DMAS)

Power Reduction

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

Reduction of consumed power by |
compiler control DVFS and Power |

gating with hardware supports.

GPU1 CPU2

CPU3

CORE | DTU | CORE ‘ DTU

GORE ‘ DTy

CORE | DTU

Tl I T
L0871 | L0
58

MT1-4

MTG3

MT2-7

MT2-8

MT2-3

MT2-4

MT2-6

Without Power
Control

(Voltage : 1.4V)

88.3% Powér Reduction

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘D'




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 criginal (sun studio)

< 250

o
'ﬁ"izm
B 2
32150
s £
g 8
: g
Eﬂ O
&

-

(=]

Level ]

M proposed method

2012-05-16 11: 08 — 2Z212-05-17 11: 00 VERT = (X

_i’f"

32pe

Bdpe

el

Fjitsu M9000 SPARC

Multicore Server

211.0

OSCAR
Compiler gives
us 211 times
speedup with
128 cores

128pe

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

39



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

Hitachi SR16000
(Power7 Based 128 Core Linux SMP) a.crc2015)

_‘ m Proposed method —Proposed method (Speed Up Ratio)
2012-05-16 11:00 - 2012-05-17 11:00 UERTIt (le Iaxis Max is 1300) 25000 R=Ii=F2=H /b 3~77SR16000 Model VM1 120
2 oo T PH /110.7
—_ I
= 1
—— 20000 "
011 1;1; 1:1 11:3“1‘}5”’1; 1IE, 1|9 2l|1 2:| 22 23 oo BI1 [I|2 lll3 ﬂ‘lt ﬂls BIB ul?m1 8
Tim °
T 80 %
£ 15000 - @
= o}
, 60 3
0 T
= 10000 v
0 )]
X
. u 5000 21.7 K 20
“Fortran:15
5 thousand lines 1’000 310 196
-_'_— 0
First touch for distributed shared 0
memory and cache optimization over Tpe 32pe 6dpe 128pe
loops are important for scalable speedup
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@ Engine Control by multicore with Denso
Though so far parallel processing of the engine control on

Automatic Parallelization of an Engine Control
C Program with 400 thousands lines on

multicore has heen very difficult, Denso and Waseda succeeded  AUTOSAR on 2 cores of Infineon AURIX TC277

1,95 times speedup on 2core V850 multicore processor.

» Hard real-time aufomobile
engine control by multicore
using local memories

& Millionsof lines C codes
W consisting conditional
branches and basic blocks

W TR e o e TR

e

dcores —

Abbreviations :

PCACHE: Program Cache

Infineon AURIX

DCACHE: Data Cache

DSPR: Data Scratch -Pad RAM

PSPR: Program Scratch-Pad RAM
T 7 7 BROM: Boot ROM

PFlash: Program Flas

Data Flash (EEEPROM)
: SRI Slave Interface
E : SRI Master Interface

System Peript | Bus (SPB) -
,,,,,,,,,,, el e
PMI Dmi PMI Dmi 32 KB
TC1.6P - s o TC1.6P _ RAM
o CPU1 120K8 O3 by cPU2 20K8 o3PR
uuuuuu EMEM
¢ TT SRI Cross Bar lnterconnec!TT(XBar_SRl) TT TT TT )El
| == 1 B
Lws | FPU Lws | Ls | s Ls 1
PMI bmi DFlash PFlasho | PFlash1 : ;
G ol i I O | Cean oy Carne
|| PMUO ‘ ‘
v
|no N L
grlglna COJ !! ore GXGCUtI
0SCAR 1 Core execution 145500
29700 cycles cycles

0SCAR 2 Core execution(data mapped)

16400 cycles MTG - 16ms
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B3I SMPJ L —F+—/\ BS500:
Xeon E7-8890 V3(2.5GHz 18core/chip) x8 chip §t144cores

297 60
350 Speed up ratios i
300
m GCC
m OSCAR 196.50
200
150 109.20
100
50
1.00 5.00
0 T T T
1PE 32pe 64pe 144pe

O AU 2F) iR EITIFR-EI2948F (#95093) HY.
OSCARO>)\AS(CKBD144 77 ML5WIB T,
OB (SN, 327.68MDiREM Lt




l Automatic Power Reuction on Intel Haswell

H. 264decoder & Optical Flow (3cores)

f H81M-A, Intel Core i7 4770k
] Processor E"ei":r :
e Quad core, 3.5GHz~0.8GHz
1 core ]2 cores 41_983 cores
36.59
S
o 29.0/ B 29.29
£30.00 N 710-;%
: N{/3)
3 2>-00 "57.9%
8 20.00 2/547.37 4 ¢
g 15.00 ‘%7' :
3 - 1/3 21
£10.00 /3) 9.60
gp 5.00 S
:% 0.00 1 2 3 1 2 3 1 2 3 1 2 3

without power control| with power control

H.264

without power control

Optical flow

with power control

Power for 3cores was reduced to 1/3~1/4 against without software power control
p for 2 I L0 2/5~1/3 i i , :

@ 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.
* LULEBro6a

(=

- 60 OOSpeed-ups on TILEPro64 Manycore

15.82
1core
1000 10-015] 7.86
[0 O 3.95
100 196 = I
0.00 — - : :
1 2 4 8 16 32 64

55 times speedup with 64 cores
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(AL, EvY 7—4, BENESRE., 35E G, HAE., E. oRvk)

HREEHEE-{EE HIEHBBEOSCARIY /NASLDIHER

IBM, ARM,
Intel, LR HBX

BHHEL=v

*TOEIL—SREF RISTRFRIIERTE

RIMIWT IS L—36FE -
HEARYBTILFATZ AT L
RE : STFLOPS, £AFE! : STB

T /1. 40W, ZhE,. : 200GFLOPS/W

2016211 A Green500 1{8NVIDIA DGX-1
9.46GFLOPS/W (Xeon E5-2698v4 20C 2.2GHz,
Infiniband EDR, NVIDIA Tesla P100)

E 77.03GFLOPS/W, Xeon E5-2618Lv3 8C & PEZY
SC (1024 core) , 605TFLOPS, Peak1.535 PFLOPS

I : 0.8GFLOPS/W
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> BHBEHNTEREICILILLENEAIE
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Mighty Atom (887" b A, Tetsuwan Atomu) A Humanoid Having Human Emotion

MANGA published by Osamu Tezuka from 1952 to 1968. TV Anime series Astro Boy was started in 1963.
Astro Boy was created at Takadanobaba, Hometown of Waseda Univ., in original Manga.

https://en.wikipedia.org/wiki/Astro Boy

. -, Astro Boy ke
N Volume Land 2\ aqEnA BEAR & ASTRO BOY  (©/Tezuka Productions/WASEDA University

compilation by )
* Dark Horse https://www.waseda.jp/top/news/68652

(©Tezuka Productions

I Waseda -7~
_.ﬂ-u I .-?r. Flag -J"-_."!"_-:_-'_'-_ e |
Al - < —
2@ | Y -



Humanoid Robots Led by Prof. Ichiro Kato, Waseda Univ.

Father of Japanese Humanoid

He started development of Humanoid late 1960
believing each family would have My Robot I|ke My Car

Conversation Conversation:
System with human: a4 Prof. Katsuhiko Shirai

Prof. Katsuhiko gl (EE. later CSE):
Shirai Face Recognition:

(EE, later CSE): i Prof. Kan Oteru
(Applied Physics)

Waseda U .
President j7) Fingering from Music
uoI%azno gce =1 | Score & Computer :

P # Prof. Seinosuke Narita
£ (EE, later CSE):

. Recognition

System:

B Prof. Kan Oteru
| (Applied Physics)

WABOT-1(1973)  Prof. Ichiro Kato (1925-1994)

WABOT-2 (1984)
_ Tsukuba Expo 1985
He was Dean of School of Sci. &Eng.  pjaying with

Orchestra




2000 : Humanoid Institute

Prof. Atsuo
TAKANISHI
Dept. Modern
Mechanical Eng.

2001 : WABOT-HOUSE Laboratory

WABIAN-II (2009) o

2005 : WABIAN-I g6 More Natural : 4
iped Robot 1o Legs Walking ; | ‘ " TWENDY-ONE
& 5007 ~_ (2007)
V@OT § TWENDY-ONE % nl 1% ForElderly Care
“Human Symbiotic Robot m o Safety Robot
N |
—=  Prof. Shigeki SUGANO

_ Dept. Modern
~ Mechanical Eng.

2015 : Future Robotics Organization

Conversation Robot

2009: SCHEMA

Prof. Tetsunori KOBAYASHI )
2015: Octopus
Dept. Computer Sci. & Eng. P
Disaster Robot
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https://www8.cao.go.jp/cstp/english/moonshot/sub3_en.html

ool £ Cainet Ofce

15 English Home > Science, Technology and Innovation > Moonshiot Research and Development Program > Moonshiof Goal #3

| Moonshot Goal #3

Realization of Al robots that autonomausly learn, adapt to their environment, evolve in intelligence and act alongside
human beings, by 200,

* Target of Moonshot Gol

+ Development of Al robots that humans feel comfortable wih, have physical abilfies equivalent to or greater than humans, and grow in hamony with human
fe, by 2030

o Development of Al robots that behave well with humans under certain conditions, and allow over 90% of peaple to feel comfortable with them, by 2030.

+ Development of an automated Al robot system that aims to discover impactiul scientfic principles and solutions, by thinking and acing in the field of naturel
science, by 200,

+ Development of an automated Al oot system that aims to supportthe process of aiscovery for scienific principles and solufions to specfic problems by
2000,

+ Development of Al robots that autonomously make judgements and act in envirorments where it s dificult for humans to ack by 2090,

+ Development of Al robots that operate unattended under human supervision in specfic circumstances by 2030. 50



AIREC (Al-driven Robot for Embrace and Care) Led by Prof. Sugano
Supported by Japanese Government “Moonshot” Project from 2020

Ai L— )ld“? Al I:l;j-:“/ I~ . ﬁIJ% %"(% %‘{%ﬁﬂjj E;%,‘i E:ﬁlﬂ-"ﬁ Jl =

caring sick
person

helping house business
helpmg remote

Universal Smart Robot cares Family’s
Life-time from baby shitting to
elderly care as a Family member.

caring elderly persons caring children house

keeping
51
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BHORZLOBTFEHOLEE (2018)
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6,000
StanfordDIRT - At RIETEUIHETE
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OEER
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5,000
3,970
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668
<
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*N
i_|_|3,OOO
il
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e
2,000 1,815
3302
1283
1,000
532
0
Waseda MIT Stanford

5,347

U
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CB

4000, HIR5300A

4%

= Engineering 8%
50\

30%

54%
m Science

= Architecture and
Planning

= Humanities, Arts, and
Social Sciences

= Management

BEFAEFI5000 A ETRFI3000.A

Stanford (2017-2018)

% <1%

= School of Engineering 34 7%

38%

= School of Humanities &

Sciences
= School of Earth, Energy &

Environmental Sciences
= School of Medicine

= Graduate School of Business
13%

= School of Law

= Graduate School of

Education
= Continuing Studies

4%
23%

Stanford®MJ57(F 1FRDIEL - TR SHI439N T, BEFEKTIIRL

Q Waseda University
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What the University of Oxford
has leamed during the pandemic

Vice-Chancellor of tae University of Oxford

iomTonsgason) WASEDA OPEN INNOVATION FORUM 2021
u e I'_n.....-unli §
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WWEAERSEZES Computer Science Symposium
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| Oxford University, 11/12-13,2019(CSTORFMMA RV MMM )

Merton College

Warden: Prof. Irene Tracy
Fellow: Dr. Peter Braam

Sub Warden: Prof. Judy Armitage
CS: Prof. Jeremy Gibbons

Vice Chancellor Prof. Louise Richardson
(WoI 2020 COERERE (FE))

Head of Astrophysics:Prof. Rob Fender

Dept. of Physics: Prof. Ian Shipsey

Astrophysics: Prof. H.Falche, et. al.
[_oia

candielighe
k 6.15pm’ 7_—5_[
‘}q%@g;.esday 13 Lt s
\

Choral Evensong, 750t Anniversary Room
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News

Latest News

University of Oxford signs Memorandum
of Understanding with Waseda University

Posted: 22nd April 2020

Inspired Research Newsletter
Media Wall

Blogs

News Archive

To support exchanges of graduate students and staff and to collaborate on research, a Memorandum of Understanding

has been signed between the Departments of Computer Science, Mathematics, and Physics at Oxford and Waseda University
in Tokyo. The new Memorandum of Understanding was established 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

Events

(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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