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IEEE Computer Society President 2018 ;

1976 RBAXFESEFFRE

1980 EXESTFHI2E, 1982 FHELRIET

1985 BAXRFRIELRET ITFIEL, FIRSE—EIPD
HUIANZFRKZEN-IL-BEEHRRE

1986 R AH T E{E5ERD. 19884F BB

1989~1990 fUJ1KZECenter for
Super computing R&DZESHARE

1997 %, 1 BT FiMbeEiRE T FH

2004 7 RNV AMRIVFIFREPPRE

2017 BXIE7H7Z—-88 (2020LDHE) |
BAZiIEREESES

2018 IEEE Computer Society &K, BXFIRE

2019 FEERFHBHE(COCN) HE

BHfIEwm 23144, BEF#ER2264F. EFRISETEIS6 744 (K- -
B%5). #ild-WebitE -TVEAT 17165 6954F

I BERFREER(FR20E48108)TO
NEDOUZ NS LIEHRBAZNFATFY I (ERI—F—) - TEOET
1985F L YA F (VI F)

S F—XFoF e A—F) BE | ¢
BETLFIOL v OBR

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.htmi
I BAERENPHIELR [FR209F4A 10H)

(BT -FREEE] EEH 2834
IEEE Computer Society President 2018, Executive

(Z2E]
1987 IFAC World Congress Young Author Prize
1997 G BFERIFH SRS
2005 ¥ E54B T ZHRR I YHRERARE
2008 LSI- A7 -¥-1/¥— 2008 #535>7V,
Intel Asia Academic Forum Best
Research Award
2010 IEEE CS Golden Core Member Award
2014 XHHRFEXEREZENERRIITERFTEPF
2015 [FENEFERTIIO-
2017 IEEE Fellow, IEEE Eta-Kappa-Nu
2019 IEEE CS Spirit of Computer Society Award
2020 [RENEZERINGEE. 7L 1A KRR SZIE
>4 —(SCAT)EE: 2RXE

CommitteeES R, HE(2009-14). HBIENIEESER,
Nomination CommitteeZ &, Multicore STC £&R.

IEEE CS JapanZ&R. IEEEiES. IEEE Medali#EZS.
ACM/IEEE SC21 B8R REEESE

(FRHEEZEA -NEDO)IBERKXEBAVIVFI7 - 7 RINO A MEFHET> KA
5. 9U=>2YE1-F714>9 -2’ D¥1I M=%, NEDOIYE1—-FHBEE
8RE

(REFA-)(-0VE1-SHIEE S, B RESEBREES., BEa8
FRITRBIHBEPT ARMAREEMAIGEFIVT1- VI MIFIES.
BAERFRSEEEZS

[ZEPRIZESA - iBiFR ] thEk>=1L—4 (ES) HREIFHMEES. BIRFFER
fiE8., HPCIFtE#EE®EZS., RIEKZ/)(T>Y (R) PREFEMES -8
SRS, RS S —YES2B AR RN TV -EB RS,
JST: A—>33yhG30O/HRYM&KAI Vice Chair, SBIRJI-X1ESERE

F9V)—=2 0 Ea1—T1 7 B7 ) —*+)7HRRERKS 1 20225F9A1H



USA President
Bill Clinten

U5A Ambassador  Chinese Fresident
Caroline Kenn Hu Jintan

WASEDA University
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WASEDA University t
Eﬂﬁ Ex$ Center of Tokyo, Shinjuku \-.......q

rlll.-tlli.ﬁ.l-llll

Number o
International Students Alumni CEOs in Japan 9 Prime g
‘ I

Ministers

/942 125=-| 10,606 =3

|
“Luﬁ" Alumni

Graduate Employability *8 Prime
630,000 Ministers

*
i ke Founders

Japan PARTMNER
r:;- R Jayp— IHSTITUTIGHS ?Jstlal?.% Hiroshl YAMAUCHI ¢ M i fitkpa/ fwve. kantel go ja/lp/rele
, o Maru BUKA 4 i

e L e L 7NN LT T l — ira kg feelen el

gqa..... ... | Mercari

FACULTY ENROLLMENT UNDERGRADUATE GRADUATE
1| Tin STUDENTS STUIJEHTS-

0,468 49 436 41051 § 8 335
NUMBER OF BOOKS
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AN S oIt scs Ui, Main Capus Meetg Facie

ISC AO) 2025&6 ﬁ Eﬁgm Eﬁ{& bﬁi’ki (Variety Sizes urnre\;ili:v |']:=|ni:1|sﬂilrllﬂ:i?190‘l‘1 ml:nfl"cs working area)
Co-Chairs:Jean-Luc Gaudiot (Prof. UCI, IEEE CS President 2017) i 7*”—““.\'%;\
) Himnori Kasahara (SEVP Waseda, IEEE CS Presiglentl()lS) - " Conference Center " LA N J;C:ﬂmum ;}u; ,_'“,] |

g Nmﬂmm‘lnmﬁnncmr

# Lunch, Dinner, 1000
persons Banquet room S
several 200-300
'u hundreds  persons

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
'-'1" B 1| 930 (VIP Meeting )
\ 040 persons *3

ACM/IEEE International Symposium on Computer Architecture IcTaAvEa=-429H0
RVELEDNGFa-Y) /T ERSRER RHAREARBETERTE




Turnng Award Winners by Year hroips./famtunng.acm.org, byyear.cin

ACM Fa—UY Y45 E
OAVEaA—38HD/ —RILE

BAODRGIE LD
e SafdE iesaE
% IS -1 paeilSiFey
Turing Award » Winners e
ARB T+ — FRATER -
'j‘ | Alphabet(Googlefi&tH) & |
Jeffray Ullman \_j (eoffrey Hinton John L. Hennessy
7»:”}7(%?: OV Ea—4S R
e PA= A A1 W., 2l f,f F e S5—=u45 2l RISC:R T 7R-R/8a Y
Alfred Aho Yoshua Bengio Tim Berners-Lee
FILIYXLE Al .
2020 IRy s e 2018 F T S 2016 World Wide Web
TAR=—-TF7= ;l oz *i é
REOF&KEDH—D
?wﬁ;tmuII? 73! i—Sa sy Yann LeCun Whitfield Diffie
IDT37499 R
Mm;% h—U—FVRE—X A7 | Sl é-l,f 7-5—=245 i W axphge S

AYITHIL=ZFKRKIN—=9 L—
%D#ﬁ ACMITE
avid A Patterson

N7 AvEar—4iERE
RISC: AT HKR-R/8a Y

Martin Hellman
N5 DERES

Pat Hanrahan
Ny TEA—=Pave
3IDTS5 7499 R

.




4070ty S igIE12 kAR (20214F) : FF200{BEL EOTOEy Y M4 E
TIILFaAT IOty AIRFTLYNIoTT /N1 X, BEN B, —/\, R/8a %
{51 : ARM,IBM Power,Renesas RH850, Infineon,SPARC,RISC V

Launched September 14, 2021
64-bit Designed by Apple Inc.
‘;;';‘;“e 13 Common manufacturer(s) : TSMC

Max. CPU clock rate to 3.23 GHz in iPhone 13 Pro
Technology node: 5 nm

6 Cores: 2 “Avalanche“B14$8ET 7 & 4 ”Blizzard”& T+ 7
Instruction set: A64, Transistors: 15 billion (15{&{&)

GPU(s): Apple-designed S core GPU in iPhone 13

https://en.wikipedia.org/wiki/Apple A15

https://www.apple.com/jp/shop/buy-iphone

EEBTEEX—/ \—:ul: :L—’st 2020£|56ﬁ M 52021411 A ETHRNo.1

| RIKEN Center for Computational Science,
Fujitsu (arm based processor)
Cores:7,299,072; Memory:4,866,048GB ;
Processor:A64FX 48Cores, 2.2GHz
Interconnect: Tofu interconnect D

§ Linpack (Rmax)415,530 TFlop/s;
| Theoretical Peak (Rpeak): 513PFLOPS
H

HPCG [TFlop/s]13,366.4; Power: 28.3MW

——— M- 4807 /F 7, 2.2GHz, 7 nm FinFET,
ool %’97E3075:17, 28MW

' https: //www r-ccs. rlken Jp/en/fugaku/about/

ps://tugaku ei.jp/fugaku/

https://japanese.engadget.com/arm-super-computer-fugaku-top-500-034015910.html 2020 $6ﬁ H#ﬁ 6
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Susan Kathy Land K
IEEE 2021 President
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Some of papers in and just after Ph.D. Course in Waseda U.

JEEE TRANSACTIONS ON' COMPUTERS, YOL. -3, N0. 11, NOVEMBER 1984 ) [T

Practical Multiprocessor Scheduling Algorithms for
Efficient Parallel Processing

HIRONORI KASAHARA, MEMBER, 1EEE, AND SEINOSUKE NARITA, SENIOR MEMBER, IEEE

104 IEEE JOURNAL OF ROBOTICS AND AUTOMATION, VOL. RA-1, NO. 2, JUNE 1985
Parallel Processing of Robot-Arm Control Computation on a

Multimicroprocessor System
HIRONORI KASAHARA MeMBER, IEEE, AND SEINOSUKE NARITA, SENIOR MEMBER, IEEE

I of 30

tional Conference on Superecomput ing

2nad Interna May 3-8,1987

Santa Clara, CA, USA

A _PARALLEL PROCESSING SCHEME FOR THE SOLUTION OF SPARSE LINEAR
FQUATIONS USING STATIC OPTIMAL-MULTIPROCESSOR-SCHEDULING ALGORITHMS

- -
H.EKasahara™, T.Fu}ii®, H.Nakayvama®, S.Narita®,., and Leen O.Chua

Japan

b Dept. of Electrical En
=- Waseda Universit Tokyeo 160,
- S-TK. of Electrical En‘-.nnd Computer ﬂcl.:é--. r
niveraslity of California, Berkeley, CA 94720, U.S.A.

Copyright © IFAC 1O0th Triennial World Congress,
Munich, FRG, 1987

PARALLEL PROCESSING OF ROBOT MOTION
SIMULATION

H. Kasahara, H. Fujii and M. Iwata

Department of Electrical Engineering, Waseda University, 3—4—1 Ohkubo
Shinjuku-ku, Tokyo 160, Japan




OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER

CONTROL & IO PROCESSOR CENTRALIZED SHARED MEMORY1
(Simultanaous Readahla)
RISC Processor 'O Processor
I I | = I EBank1l BankzZ || Bank3
- ) Addr.n| |aAddr.n||aAddr.n CSMZ2 CSM3
Data Prog. Distributed
Memory Memory Shared l |
Memory
Read 8 Write Requesis
Bus Interface Arbitrator
Distributed
Shared Memory
{Dual Port)
(CP)
_EPTE:I:-ESPBEFSZE,” RISC (CP) (CP) {CP) (CP)
(64 Registers) i
-2 Banks of Program
Memory
-Data Memory
-Stack Memory
-DMA Controller
PE1 PES PEG PES PE9 | |PE10O| |PE11 PE15| |PE16
--=— S5PE CLUSTER (SPC1) s SPC2 - SPC3
-—— 8PE PROCESSOR CLUSTER {(LPC1) ey LPC2 -

10



1987 OSCAR PE Board
(32bit RISC: Reduced Instruction Set Computer )

11



1987 OSCAR(Optimally Scheduled Advanced Multiprocessor)
YIboxz7 (AQURL43) EN—Fox7 (7—FTOFv) ORBAKE LE=-2ILFIOoLyH
Co-design of Compiler and Architecture
Looking at various applications, design a parallelizing compiler and design
a multiprocessor/multicore-processor to support compiler optimization

A

D. Lenoski, J. Laudon, K Gharachorloo, A. G{lﬁta,.J . Hennessy, “The directory-based cache coherence protocol
for the DASH multiprocessor,” ACM SIGARCH Computer Architecture News 18 (2SI), 148-159, 1990

H. Kasahara, "OSCAR Fortran Multigrain Compiler", Stanford University,
Hosted by Professor John L. Hennessy and Professor Monica Lam, May. 15. 1995.

12



19934 X—/\—a>E 1—%VPP500. HUEE;FE(NWT)

Mr. Hajime Miyoshi

ACM/IEEE SC ‘94: Washington, D.C. November, 1994/Z T # 3

CMOS LSI

B FAVPP5000 ({AS & Frith)

F=—nrrr~aEgRn

Machine Cyclellu ime 9.5ns (105MHz)

PE Performance 1.68GFlops

PE Memory Size 256MB/PE :

Crossbar Bandwidth 4B/cycle x 2 {send/receive simultaneous)/PE
- 42LMB/s 12 /PE

* NAL computer center, Chofu, Tokyo, Feb. 1, 1993



Trend of Peak Performances of Supercomputers

1,000,000,000,000,000

Summit, 2018.06 ,188PFLOPS,8.8MW

Sunway Taihu Light, 2016.06, 93PFL.OPS, 15.4MW 17

100,000,000,000,000 Tianhe-2, 2013.06, SSPFLOPS, 17.8MW|,// | Fugaku. 2020.06,
Y/ /| 513PFLOPS, 281IW
10,000,000,000,000 | [ /
/000,000,000, Titan,2012.11,27PFLOPS §2MW | |
1,000,000,000,000 M w A 1 E
o oo 000 000 Sequoia,2012.06, 20PFLOPS, 7oMW || | 4 2%/
’ ’ '’ - N ‘ /
o sn0000000 || F2011.6&11, 8.7PFLOPS&TTIPFLOPS, [1.3MW |~ Ja b
N’ / 1p

1,000,000,000 - =30 —%,2002.6, 4ITFLOPS, 3.2MW

100,000,000 \'% =
R . .
16,000,000 Hr il ERNWT,1993.11, 2021 DokE will deliver
, , ]
236GFLOPS \ -ﬂ. Aurora by Intel & Cray
1,000,000 S - Exa-Flops Machine in 1T
[} .
100,000 sonne National Lab.
et ® ‘ >
10,000
L
1,000
S r 1G
100 @ o
10 https://www.anl.gov/article/us-department-of-energy-and-intel-to-deliver-first-exascale-supercomputer
1 T T T T T T T
1960 1970 1980 1990 2000 2010 2020 2030 2040
+ VPP700/512 B VPP5000/9.6G*512 A VPP500/222
B VP-2600 | VP-200 O==TI-ASZ
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 SGlPleiades = S820/80 = $810/20
¢ S$3800/480 B RS/6000SP/512 PARAGON XP/S /4096
B Origin 2000/128 ¥ NASA SGI Columbia/16160 ® lapanese Earth Simulator
B lapanese K supersomputer #+ lapanese Fugaku € Cray XK7 Titan ORNL
# Tianhe-2, (MilkyWay-2) B Sunway Taihulight A [LLIAC-IW
*  IBM Roadrunner ® IBM Blue Waters ® IBM BG/Q Sequoia LLNL
® IBM BG/P IBM BG/L(04_11_70.7TF) = IBM Summit
© CYBER205 CRAY-1 CRAY/T90 14
CRAY Y-MP8 = CRAY XTS5 (Jaguar) © CRAY T3E/2048



e —<wmeex  Larth Simulator
TR UK HifEi &
AR - BEXBRETL  (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)
-'i-':_:fzr.fﬂ Cartridg?ﬁapeLibranfSystem | 35.6 TFLOPS L lnpaCk

| Processor Node (PN) ~ _ >
Cabinets (320) e

~a =
% |nterconnection®etwork (IN)
B Cabinets (65)

NS [y
[Air Conditioning System] N 9

.‘r- . _.. 3 h\. d
Power Supply System | Nl »
Prsayseen | Y

85yd

‘ Double Floor for Cables




20115E6 A20 8 $37EI TOP500 AR IME— (i E R
INT LB D ISCE11 (International Supercomputing Conference 2011)

[RIOHEA . FAEBEE SHDOEFEHIFZE
52T ) B CLINPACK M BEZ &I
68,544{E D CPU(E—- 1t BE
8.774PFLOPS: 6725v%) Z L\,
LINPACKTEEE 8.162PFLOPS (E1T
PhEE 93.0%) FER
20125E6 AR : BE10PFLOPSERL
2012411 A O # AR
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Frontier

LLIMI

Summit

Serra

https://www.top500.org/ June 2022

2021 ACM
AM. Turing 1
50 l Award LILI v/ il
/ k|
J—— ISCior  top500.0rg 3
ME%UHE BEELEY i [ [P, ‘:w, e del
https://amturing.acm.org/award_winners/dongarra_3406337.cfm L
Tl-‘l[l |5[| For his pioneering contributions to numerical algorithms and libraries that
- DR. JACK DONGARRA cnabled high performance computational software to keep pace with
exponential hardware improvements for over four decades S N
SYSTEM SPECS SITE COUNTRY CORES proms W
WPE Cray EXZ35 AMD Opt 3rd Gan EPYC 840 26Hz, AMD nstinct MI250, 3 ngamat-¥ U0 S FONL LS 87301 11020 213
Furisy Abar X [ C 2 2GHr] Tl Imerconnact D ANEN LGS &pan J a3 Bed .0 2939
HPE Cray EXZ35a, AMD Opt 3rd Gan EPYC 540 2GHz, AMD nstinct MI250X, 3 ngaat-il HroHFLILSL Finkand 1,268, 73 1519 194
B8 POWERS (Z2C, 1005 Mz), NVA DA Vol GV100 (80C] Dual- Fasl Mellenax EDR infiniband LI 3 IUHNL LA FEALR LK 1286 101
A0 POWERS (Z2C, 2GHz] MVIDIA Teska V100 (80C), Dual-fial Melianan EDA infiniband UOE/NNGULLANL LS 1574 84 9L T4

No. 1 June 2022 8735 70 vH, 21IMW
Frontier - HPE Cray EX235a, 8,730,112 total cores,
AMD Optimized 3rd Generation EPYC 64C 2GHz,
Syl AMD Instinct MI250X accelerators,

r H{,U INTTEIN TS Slingshot-11 interconnect 168.55 [BIJEE/#

e Oak Ridge National Laboratory (ORNL) , USA

: Rmax: 1.102 (ExaFlop/s), Rpeak 1.685 (ExaFlop/s)
Power:21.1 MW, Efficiency: 52.23 gigaflops/W

18



AMDEFHF v TDH :

JatyY - FyvyITLy Fnm,

6437 Zen2 FvILvw MERTOLEYY

AEY -FyITLy bk

12nm

Technology-optimized Chiplet Organization

Keep in mature

12nm process

Four “Zen 2”

Cores+L3
o _cow

Four “Zen 2”
Cores+L3

DDR DDR DDR DDR

Four “Zen 2”
Cores+L3
-...“q
Four “Zen 2”
Cores+L3

ddd ¥ad ¥aa uaa
A
\

Four “Zen 2”

Cores+L3
[ e |

Four “Zen 2”
Cores+L3

Four “Zen 2”
Cores+L3

Four “Zen 2”
Cores+L3

22 | AnOverview of Chiplet Technology for the AMD EPYC™ and Ryzen™ Processor Families | |EEE Industry Spotlight

Move cores and
cache to 7nm

R ErEe
= ""’ﬁﬂ—ﬁ_f’ﬂ&qg

86% of die area benefits

AMDZ1



IBM Watson
eopary] (48
NE, FUE0)FEkT -

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 / e Y - FLoEE Y N

ik, T g http://watson2016.com/

https://www.ibm.com/watson/jp-ja/what-is-watson.htm| > |BM Power 7050-&_/{_
_ > 2,830 7Oty HY—-07
https://www.ibm.com/watson/jp-ja/quiz/index.html > 1F0E(=80JkE DT B/ ik &
smmowa  Google HIanwm FUESE (B0TFLOPS)
FESHEH BHES
A?;Future of c-é;uriinn in wuzim 1|~-- —E— 7) l/77 %

g B — 7 IVE T —T (VR
TA—T5—=2T
8201745 23~27H
2R REE T THHIRNRIZIER

http://www.asahi.com/articles/photo
/AS20170602000970.html
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IBM Power 7 (8 core) 256 core Board for PERCS (Blue Waters)
_Water Cooling




Self Driving Cars (B E)12¥5)
Connected Security, Big Data, Traffic Clqud

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

Deep Leaning (glﬁ——7)lx*“}|~) [CKVERRH

NVIDIA DRIVE PX 2 7K /NEY
AR/

http://www.digitalartsonline.co.uk/news/creative-hardware/nvidias-water-cooled-supercomputer-helps-cars-drive-themselves/



NVIDIABEBIERA7 % 5 L—4%4 DRIVE PX XAVIER
DRIVE PX XAVIER NVIDIA DRIVE #EERE P —FFT D F v

BASERS : DRIVE PX2 e Sy
B = : DRIVE PX XAVIER ‘ el SR AMELHR

¥y .,_)— e

_.ii'l":"'? h
JRMRR) A -7 — FEA DL
73‘{‘“ riab =23, TAR BEEEG
DRIVE PX

DRIVE PX 2 20 TOPSDL | 16 3 ==

(20 TOPS DL 20WILLERE s o LALA OOPXTEaL—%a)
2 PARKER SoC + 2 PASCAL GPU
| 20 TOPS DL | 120 SPECINT | 80W

et

DRIVE AGX PEGASUS

NVIDIA END TO END DRIVE 7'5Y MJA—A ROBOTAXI DRIVE PLATFORM
DRIVE TSTADI LAS 2B &

(Training, Simulation, Testing for Autonomous Driving Infrastructure) DRIVE Al

Xavier (Volta GPU integrated) x 2 ,{.’- -~

I
E Next generation discrete-GPU x 2 ) ": -‘
I 320 TOPS CUDA TensorCore -

' ASIL D Certification *d E }/’

: Combined Memory Bandwidth: >1TBytes/sec ’
: Automotive 1/0s

: * 16X GMSL High-speed Camera Inputs

: * Multiple 10Gbit Ethernet

: * CAN, Flexray

: 400W

Late Q1 Early Access Partners

* Supercomputing Data Center in your Trunk

https://news.mynavi.jp/article/20181003-700546/
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(Gordon E. Moore: IEEE Computer Pioneer Award)®®, 1965 DX TIRE L= IF
BEOEBEERTISMAT2EICHES] LS5 EERE,

‘

5@,‘ DDRPAD  B— ,.7__7»_A_d. =S ;;l.

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”
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| Power < Frequency * Voltage?

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

AR Frequency 1/4I129 5 &

(Ex. 4GHz~>1GHz),

|48 B A 1/641=BIR

EEIL 14I2IETF .
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8cores ZFF v JIZEFET 5 &,
ENE &R 1/8STHEERE (32 5L
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OSCAR Multi-Core Architecture

CMP, (chip multiprocessor 0)
CMP 1/0
PE Devices
0
CPU ’_I PE,
CSM ;
LDM/ rE i J vo
' CMP
LPM/ " DTC X
I-Cache
FVR Network Interface CSM
E I . [ :
m Intra-chip connection network m
= (Multiple Buses,lCrossbar, etc) ~ = =
E CSM / L2 Cache FVR E FVR E FVR FVR FVR
Inter-chip connection network (Crossbar, Buses, Multistage network, etc) FVR
CSM: central shared mem. LDM : local data mem.
DSM: distributed shared mem. LPM : local program mem.

DTC: Data Transfer Controller FVR: frequency / voltage control register
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http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html  1985FE XY a4 5 (VT )

AR (TR0 10F cF—XFIF % (N—F) %
| Bramgareetiliam [(Fak2064/ 10H) ‘ A I S AN S

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

RP-1(856C2007 #5.3) | RP-2(85CC2008 #45) |  RP-X(SSCC2010 #5.3)

OM

i
Cura i

H0nm, B-4ayer, riple-Vth, CMOS | %0nm, Bayer,triple-Vih, CMOS 4énm, B-ayer, fiple-\th, CMOS

OomntO8x08mm 1048 mmd (1061988 mm) {538 mnt (124x 124 m)

1.0V (internal), 1833V (U0)  |1.0-1.4V (internal), 1 833 (I0) 1012 (internal), 1.2-3.3V (10)

' 0 (6o 4 3205 158GFLOPS [s00z, 654 GPS TS GFLOPS {4 1371 1560PS 36261078
i 2
® [ ER OHRFRNS ﬁ”ﬁf 3) %Hl"'& ’F# UrDLS 1) AGOPSWOE)  |183coPS i) 30PN
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B #:&#zDeep Learning.
ADAS -MATLAB/ Simulink
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ly/ @ Engine Control by multicore with Denso
Though so far parallel processing of the engine control on
multicore has been very difficult, Denso and Waseda succeeded
1.95 times speedup on 2core V850 multicore processor.

“‘2 Hard real-time i
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Cancer Treatment
rbon Ion R:ld otherapy
speedup o
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6 processors -«m: hand optimization)

8.9time: pm)n by 12 processors

Intel Xeon X5670 2.93GHz 12 IB\IP ower 7 64 core S’\[F
core SMP (Hitachi HA8000) (Hitachi SR16000)

BRIFHiREBHIL

R

Ty

ﬂﬁ@*&’\wﬁm '[riﬁi'|mmu T 0 ST EAT
RERDEFGRR-Y—ER i 30 i T : TR

(EE2LEE- D Fr—) ‘_-—————-——

T RREXFIV—->aYEa1—-F 120t s —

9')— /7'—9 77'7I~"J'—I v

& KEDSBETD|

1,000 2
ol _4 —_ STOL ﬂ lo
32pe 1
12827 T1a7(CRLT110. 71‘3@JEFHJ:

EEE TR IR LR,
1R

Power Reduction of MPEG2 Decoding to 1/4
ou 8 Core Homogeneous Multicore RP-2

by OSCAR Parallelizing COIIIp!lEl
WPEG2 Decoding with 8 CPU c
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¢~ Voltage lowering L4V-1.0V)
5
] .

-Wvg. Power 73 504 power Reduction AVE- Power

5.73 [W] =eee—— 1.52 [W]

KHBREAIL




J)y—oavEa—TF427 03 —TCOEEBARY
The 25th International Workshop on Languages and Compilers for
Parallel Computing (LCPC2012), September 11-13, 2012
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EfEMI=THPC, Al, Big Dataffi& o> 1= 0 EE

A Strategic Initiative of Computing: Systems and Appllcatlons
(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, AI and Beyond-- Jan. 18-19, 2017
Opening: Prof. Gao, Prof. Kasahara  lll. Extreme Scale and Beyond

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

» J. Sexton, IBM, USA Keynote: Thomas Sterling, Indiana Univ., USA

Il . System Software and Applications > Masaru Kitsuregawa, Niland

Keynote : Rick Stevens ANI USA Univ. of Tokyo, Japan
» S. Mikhail Smelyanskiy Intel USA » Thomas Schulthess, ETH, Swiss

» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura,
» R. Govind, IS, India Oscar Tech, Japan

» H. Hironori Kasahara,
Waseda Univ,




IlEEE Computer Society | 20185 TR KERAIEEE CS (19465 R N2EDERDO R THH T, LR LS HSERITEH |

Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
W 2018 IEEE Computer Society Computer Pioneer Award
l IEEE COMPSAC2018 Keynote & Award Ceremony

INnternational Conferences

.I 2 Magazines
3 5 Journals

July 25,2018 Award Ceremony

Rihga Royal Hotel Tokyo

e ' : e ¥ ' NP Y Publications

July 26, 2018, Keynote,
Hitotsubashi Hall

QuEAt Volunteers
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Meetings/
New Standards

Teleconferences
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ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019

IEEE
@ COMPUTER
SOCIETS

Kennedy Awarg

) Sue iy
= UTER Ylw f *’sum
SG,IETY GEOFFpgy CiH:xR w

vl'y

Ken Kennedy Award
@ © Siwves
SOCIETV

Cornel Univ. Prof. Steven Squyres X £##&. CalTech.

IEEE
COMPUTER
SOCETY

Sidney Fernbach Award

IEEE
COMPUTER
SOCIETY

d

IEEE
@ COMPUTER
SOCIgY .

E,
g iy

5 SC19
I-‘.';-..-.

Seymour Cray Award g, LT

IEEE
COMPUTER F
SOCIETY

Dr. Katie Bouman7 5 v Y /R—/LA[{R{ERDIDERSE



Seymour Cray: Father of Supercomputers using vector pipeline

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

IEEE
COMPUTER
SOCIERY

A

Seymour Cray Award

ny, | IEEE
' (1] F COMPUTER
SOCIETY

s l- ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ@ﬁ

https://www.youtube.com/watch?v=Yc-VFuRWevw




IEEE Eta Kappa Nu (HKN) BfiEXZICBXRADEEF v T2 —
Waseda Univ. Student Chapter Mu Tau on July 25, 20185% 3L X
Eta Kappa Nuld19044E10 8 28 B [ZUniv. of Illinois at Urbana-Champaign|ZT &3, R DF T2 —
[X7 L7, Pudue X, Ohio State KZHE T, 2009F(ZL£ KX T200NER O E1—2TFREH. 2010
FIZIEEEDQ R EYHIToL4Y, ME., HRTH2600FvT4— 205 ALLLDELE ., £BIZ1FGooglefl
REZIRD. *.jﬁﬁiw*iﬁ ZE 2, SRIIXEE. Eta Kappa Nue EDRRNSEZ 5N,

COMPSAC
#201 atte 22a%2 % ©

IEEE #35: John Wal (CS Presidet 2012), Dejan Milojicic (CS President 2014)
IEEE CS££: Sorel Reisman 2011 (COMPSAC Standing Committee Chair), Roger Fujii 2016,
Hironori Kasahara 2018, Cecilia Metra 2019, EfEH XF:AHRETELE

IEEE-HKN

Graduation

CELEBRATION

2019-2020

M @d}fwﬂ(éﬁy %ﬁ@tw % ards
Mu Tau Chapter 1%t Activity: @ I E E E

Paolo’s talk on July 29, at Waseda U.
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| Oxford University, 11/12-13,2019(CSTORFMA RV MMEM)
Oxford X[, 202159RB#E. THERES > > J 6FE&E§HNo.1

Vice Chancellor Prof. Louise Richardson vvert:“ Fg"efge:[ .
(WoI 2020 TCHOERHE(FE)) arden: Prof. Irene Tracy
ics- Fellow: Dr. Peter Braam
Head of Astrophysics:Prof. Rob Fender Sub Warden: Prof. Judv Armit
Dept. of Physics: Prof. Ian Shipsey u arden: Prof. Judy Armitage

Astrophysics: Prof. H.Falche, et. al. CS: Prof. Jeremy Gibbons
r" = .

— NOVEIDE

Choral Evensong, 750" Anniversary Room
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University of Oxford signs Memorandum
of Understanding with Waseda University

Posted: 22nd April 2020

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 Memerandum of Understanding was established following the visit of Professer Hironeri 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

leamning and programming languages.

Photos
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© University of Oxford 2020
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> 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) M proposed m Eth od Fjitsu M9000 SPARC
ZP1Z-05-16 11: 00 — Z012-05-17 11: 00 VERT = (X axis Max 13 0a) Multicore Server
250 T _ | e i OSCAR
E % ] i 2 1 1 . ﬂ Compiler gives
= — us 211 times
.E E 200 speedup with
Elu'l:l e 128 cores
m @ j5p
o =
T E
E_ E 100 Commercial
? o compiler gives
= E SO us 0.9 times
: = speedup with
E. _-E 128 cores (slow-
ol 20 o downed against
§ =
(= 1pe 32pe Gdpe 128pe | lcore)

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

—Proposed method (Speed Up Ratio)

Hitachi SR16000
(Power7 Based 128 Core Linux SMP) wcrc2s)
I Proposed method
2012-05-16 11: 00 - 2012-05-17 11:00 VERT = (X axis Max is 1300) 25000

Level [m¥]

20000 -

T s e e S R T i TR

. N
1112 13 14 15 16 17 1819 20 21 22 23 00 01 02 03 04 05 05 07 02 03 10 N
Tims

15000 -

120

A—/=F7=7NY~/1SR16000 Model VM1,

- 100

- 80

- 60

= 7
VT o) ) o) ) o P e e ) ) Bt

xecution Time(sec)

- 40

E
w
e
S
S

Fortran: 15
5 thousand lines

19

- 20

First touch for distributed shared
memory and cache optimization over
loops are important for scalable speedup

1pe

1,000 370
- .
32ne blne

128ne

Speed Up Ratio
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e TILEPro64 (MITNHUF1—tCVYWIRKERNFv—0D6417FwVv )

60.0

OSpeed-ups on TILEPro64 Manycore
|

55.11

15.82
1core
10.0(s] 7 26
3.95
100 1.96 I
T - T . T T T
1 2 4 8 16 32 64

55 times speedup with 64 cores
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Sl 200
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Engine Control by multicore with Denso Automatic Parallelization of an Engine Control
Though so far parallel processing of the engine control on 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.

Abbreviations :

Infineon AURIX o, Sogmene

. . DSPR: Data Scratch -Pad RAM
» Hard real-time automobile TC277 PSPR. Program Scratoh-pad RAM
PFlash: Program Fla:

engine control by multicore %h g;tgﬁ;s;,ggﬁg;mw
' ' : SRI Master Interface
using local memories
= Paripheral Bus (SPB) __b
ar - Ry 0 | 1
L% Millions of lines C codes i L] . Fru_TTE=T] [
’ .o "oy 32 KB PSPR TC1|'_|6-|P 120KB DSPR R PR TC1|'J6P ZO0KB DSPR RAM
Y consisting conditional e IR b B s I CR t o I P
braHCheS and baSlc blOCkS TT SRI Cross Bar lnterconnec(TT(xBar_SRl) TT TT TI_@
- || = | Il
VORI 431 0001 [zl R | E| FPU [ws ] =TT =17 =1
L‘;% = e TC1.6E ,,QKD:':S,R ?I.D;Ia:g P:':,fahn p:':,.sé” Seg 10 (OxA): Non-Cached
o oA SEUS | e o e “% seg 8 (0x8): Cached '
pati PMUO
'—l |
|no O O L
" gn na coJ !! ore execut|
0SCAR 1 Core execution b 145500
29700 cycles cycles
" 1core Jeores
B it B 0SCAR 2 Core execution(data mapped)
16400 cycles MTG - 16ms
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http://www.youtube.com/channel/UCS43INYEIkC8i_KIgFZYQBQ _ g
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I Automatic Power Reuction on Intel Haswell

H. 264decoder & Optical Flow (3cores)

H81M-A, Intel Corei7 4770k
Processor
Quad core, 3.5GHz~0.8GHz
m 1 core [] 2 cores 41_983 cores
36.59
S
o £9.0/ _ o 29.29
£30.00 \é%)/"
3 2200 57.9%
g 20.00 2/537.37
g 15.00 ‘%7' -
' 1/3 12.218
$10.00 /3) 9.60
gp 5.00 B
:% 0.00 1 2 3 1 2 3 1 2 3 1 2 3
without power control| with power control |without power control| with power control
H.264 Optical flow

Power for 3cores was reduced to 1/3~1/4 against without software power control
Power for 3cores was reduced ta 2/5~1/3 against ordinary 1core execution

Q Waseda University
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Speedups of Deep Learning Winograd 2D-Convolution generated by TVM on

NEC Personal Vector Supercomputer SX-Aurora TSUBASA 8 Core Type 10C
OSCAR Parallelization and NEC Vectorization gave us 363x Speedup against a Scalar Core

160 OSCAR Parallelization + NEC Compiler Vectorization 400

§63 1 7X (vs w/o Vectorization)

133948 By OSCAR Parallelization & NEC Vecto zatmn
)

Parallelization of Deep Leaning
C Code generated by TVM

CNN model information

Y

TV Generation

4
Generated C Code

Bypass OSCAR +OSCAR Parallelization

OSCAR Compiler ~ [Paraleization

350

[N
Y
j=

300

—
[
(=]

Joint Use of
OSCAR &
NEC Compilers 250

gave us 5.5X
against NEC 200
single Compiler

(=
(=]
=

httpe://www.google.com/url?za =t&ret=j& g=Recrc =cks 201.03%
ource=web&ed=8&ved =2ahU K Ewig0 p70kvHzAhXnyYzBH
eTqDBIQFnoECAIQAQ&url =htt ps %3A %2F %2 Fwwwi.hpe. 3.06x
nec%2Fapi%2Fvl%2Ff orum%2 Ffile %2F downl oad %3 Fid %
3DXPIhkX&uzg=A0wWaw2kGHpDtuloN PObepB3k73x

0]
L ]

130.68x NEC Compiler Parallelization + Vectorization 150

65 . 69)( (vsw/fo {/ectorization}

(=2 ]
o

Inference Execution time |s]

Speed-ups against
NEC compiler sequential execution w/o vectorization

40 65.37x ) 100
+ i 56.61x 5;2;: :
: 0.86 -
| Paralleized C Code ) : _
+ By NEC Parallelization & Vectorization
Vectorization, and 20410 320211 236401 102561 219200 06669 203909 0369
NEC Comp"er Parallelization if 0 e EEema —— —— m—— 0
not parallelized 1 2 4 8
+ Cores
B No Vectorization NEC Compiler Vectorization Only
VE EXECUt&b'B B NEC Compiler Parallelization + Vectorization B OSCAR Compiler Parallelization + NEC Compiler Vectorization
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Future Multicore Products with Automatic
Parallelizing Compiler

-From everyday recharging to
less than once a week

- Solar powered operation in
emergency condition

- Keep health

Mo R B e

Cancer treatment,
Drinkable inner camera

d

Next Generation Automobiles

- Safer, more comfortable, energy efficient, environment
friendly

- Cameras, radar, car2car communication, internet
information integrated brake, steering, engine, moter
control

Personal / Regional

Advanced medical systems
I Supercomputers

Solar powered with more than 100

times power efficient : FLOPS/W

* Regional Disaster Simulators
saving lives from tornadoes,
localized heavy rain, fires with
earth quakes 49

Emergency solar powered
No cooling fun, No dust,
clean usable inside OP room

Q Waseda University
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