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Practical Multiprocessor Scheduling Algorithms for [ SSEEuEs
Efficient Parallel Processing

HIRONORI KASAHARA, MEMBER, IEEE, 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
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A PARALLEL PROCESSING SCHEME FOR THE SOLUTION OF SPARSE LINEAR
EQUATIONS USING STATIC OPTIMAL-MULTIPROCESSOR-SCHEDULING ALGORITHMS

- -

- -
H.Kasanhara ., T.Fujii  , H.Nakayama™, S.Narita”, and Leon O.Chua
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PARALLEL PROCESSING OF ROBOT MOTION
SIMULATION

H. Kasahara, H. Fujii and M. Iwata

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




The First Compiler Codesigned Multiprocessor
OSCAR (Optimally Scheduled Advanced Multiprocessor) in 1987
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Father of Japanese
Supercomputer

Machine Cycle.'l'l'ime
PE Performance
PE Memory Size
Crossbar Bandwidth

Mr. Hajime Miyoshi,

Waseda Alumnus,
L.eader of NWT'T,
Earth Simulator

Earth Simulator,

: mMmur,cm.w.ﬁ;é.Lm:
40 TFLOPS Peak (40*1012)
35.6 TFLOPS Linpack

NWT : # {5 &8 /FH

1993,1.68GFLOPS
<Fujitsu VPP 500, 5000>

9.5ns (105MHz) :
1.68GFlops | ~g
256MB/PE

4B/cycle x 2 [send/receive simultaneous)/PE

- 421Mst x2 ,.o'PE

2002 3 2MW K Nst],
Disks — _ 2011
: Srorsamon oda (5 Vi CaeTap?Ll?ﬁ-’lw.shl's-‘fm_J 10PFLOPS
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2021 ACM A.M. Turing Award: Prof. Jack Dongarra, Univ. of Tennessee
"'t‘-\ https://amturing.acm.org/award winners/dongarra 3406337.cfin
The List, N For his pioneering contributions to numerical algorithms and libraries that
Y enabled high performance computational software to keep pace with
exponential hardware improvements for over four decades
SITE COUNTRY CORES R
Frontier HPE Cray EX235a, AMD Opt 3rd Gen EPYC (64C 2GHz), AMD Instinct MI250X, Slingshot-11 DOE/SC/ORNL USA 8,699,904 1,194.0 22.7
Fugaku Fujitsu A64FX (48C, 2.2GHz), Tofu Interconnect D RIKEN R-CCS Japan 7,630,848 442.0 299
LUMI HPE Cray EX235a, AMD Opt 3rd Gen EPYC (64C 2GHz), AMD Instinct MI250X, Slingshot-11 EuroHPC/CSC Finland 2,220,288 309.0 6.01
Leonardo Atos Bullsequana intelXeon (32C, 2.6 GHz), NVIDIA A100 quad-rail NVIDIA HDR100 Infiniband EuroHPC/CINEC Italy 1,824,768 238.7 7.40
Summit IBM POWERS (22C, 3.07GHz), NVIDIA Volta GV100 (80C), Dual-Rail Mellanox EDR Infiniband DOE/SC/ORNL USA 2,414,592 148.6 101

No. 1 June 2022-23 87085 7 A+t v H.,22. 7MW
. ' Frontier - HPE Cray EX235a, 8.699.904 total cores,
0K Ripcs IR AMD Optimized 3rd Generation EPYC 64C 2GHz,
1 AMD Instinct MI250X accelerators,
*) ENERO) ™ .‘v) INTTSI s Slingshot-11 interconnect 168 [BIJE&H /)
O e ———— Oak Ridge National LLaboratory (ORNL) , USA
AMODD Rmax: 1.19 (ExaFlop/s), Rpeak 1.68(ExaFlop/s)
HPCG:14.054[TFlop/s]

)
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Cornel Univ. Prof. Steven Squyres: Mars Exploration, Caltech. Dr. Katie Bouman:Visualization of Blackhole
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L — T Di;EBI(Moore‘s law):

42 TILRIEEFED—ATHASA I — kK2 - L—7F

(Gordon E. Moore: IEEE Computer Pioneer Award)HY, 1965fEDERZTIEMB L 7= N

TIEEE 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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https://en.wikipedia.org/
wiki/S_nm_ process

MOSFET scaling
(process nodes)

*10 pm — 1971
*6pum — 1974
*3 pum — 1977
*1.5pum—1981
*1l pm — 1984
800 Nnm — 1987
600 Nnm — 1990
350 nm — 1993
*250 nm — 1996
*1830 nm — 1999
130 nm — 2001
*90 nm — 2003
*65 nm — 2005
*45 nm — 2007
=32 nm — 2009
22 nm — 2012
*14 nm — 2014
=10 nm — 2016
*7nm— 2018
*Snm— 2020

*Future 3 nm ~ 2022
2 nm ™~ 2023
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151 : ARM.,IBM Power,Renesas RH850, Infineon,SPARC.,RISC V

Launched September 14, 2021
64-bit Designed by Apple Inc.
tPhone 13 Common manufacturer(s) : TSMC

2021

Max. CPU clock rate to 3.23 GHz in iPhone 13 Pro

Technology node: 5 nm

6 Cores: 2 “Avalanche“S14¥iE0 7 & 4 ’Blizzard”& T2 7
Instruction set: A64, Transistors: 15 billion (15{Z{&)

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

https://en.wikipedia.org/wiki/Apple A1lS5

https:/aaww . apple.com/jp/shop/buy-iphone
Y= -EZ—J S—O ./t :L—’;'-' 2020ﬂ56ﬁ MNi52021411 A FTHH R No.1
= ' RIKEN Center for Computational Science,
Fujitsu (arm based processor)
' https‘ﬁww I'-ccCS. llk(-:"]] ]pfenffugakufaboutf

Cores:7,299,072; Memory:4,866,048GB;
Processor: A64FKFX 48Cores, 2.2GHz
Interconnect: Tofu interconnect D

Linpack (Rmax)415,530 TFlop/s;
Theoretical Peak (Rpeak): S13PFLOPS
HPCG [TFlop/s]13,366.4; Power: 28.3MW

A48 )7 /FvF.2.2GHz, 7 nm FinFET,
#7EH305F 37 .28MW
1gakuTUUKel. jp/fugaku/ AR S ERES1IFEEEEI/N M AEE /P,

https://japanese.engadget.com/arm-super-computer-fugaku-top-500-034015910.html 2020 E 6 B E# .!'.l—;_l




Self Driving Cars (H Bh&E§E5)
Connected, ecurlt , Big Data, Traffic (;“loud

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

Deep Leaning (ZE— —7)|/;|"~‘J|'*) TV E{REEEEE
Z——= NVIDIA DRIVE PX 2 ,jpmi=,59-

http://www.digitalartsonline.co.uk/news/creative-hardware/nvidias-water-cooled-supercomputer-helps-cars-drive-themselves/
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Performance of METI/NEDO APC Compiler on

IBM pSeries690 16 Processors High-end Server
- IBM XL Fortran for AIX Version 8.1

— Sequential execution : -O5 -garch=pwr4
— Automatic loop parallelization : -O5 -gsmp=auto -qarch=pwr4
—  OSCAR compiler : -O5 -gsmp=—noauto -qarch=pwr4

(su22cor: -O4 -qgstrict)

12.0
@ XL Fortran(max)

0.0 3 S times speedup 288 |gapcmax)
in average
38.5s
3.8s
28.9s
i e e ae . 15.2¢{M107.4 105.0s
" 19.2s 21 Be 2325 7 4s _5 85 8s  1g.8.20s E‘Tﬂl 282.4s  321.4s

23.1s 38.3s 21.5s 303s 35 1s 2? 8s 39.5s 22 os 85 8s 18.8s 126.5s 307.6s 291.2s 279.1s 2824s 321.4s
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g— Cluster Ba r|ier Cluster
b #0 | Core #3 Sync| ILines Core #7_#]
- : I Core #1 Core #SI
I Core #0 E — Core #4
L= =T} LCPGql( cpu| FPU 2| BT FPU| CPU
BB, X7 — CRIM 13 ‘ D$ ‘CCI\’ =l NEETL CCED$‘ IS
k2. F—& [PCr2)| L LOKI1GKIBAR S IR E BAR
e A N | oY1 | T Y S E L | s
INFFLARI<IL _ - - 2 2 7 S
FaAFTFvTE PCROJl| [URAM 64K Al ||~ 4 | URAM 64K
L TRASE. i 1T 111 1 1 f1ff
70+t v | On-chip system bus (SuperHyway)
AEVET - v ¥ v LCPG: Local clock pulse generator
ILFED ., BEE PCR: Power Control Register
= ) = DDR2|| SRA DMA ] )
EEﬂ%ﬂﬁﬂs C¥a control | |control | |control |[CCN/BAR:Cache controller/Barrier Register
AEEE BT ) i) & a ~T Ol URAM: User RAM (Distributed Shared
INASDMTO = Memory  Memory Memory)

& E‘ __l- & L, T"" 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 RAMSs by an Automatic Parallelizing Compiler™ -
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33 Times Speedup Using

OSCAR Compiler and OSCAR API on RP-X

Speedups against a single SH processor

35 -+

| SH-4A |

1 [ SHwWY#D ~ddress=20Data=128) H SHWYFFT (Address—40 Data=128)
|

30

25

(Optical Flow with a hand-tuned llbrary) [ 111]
Cluster #1 e s e 0

Cluster #0

SAPB] |

Y. Yuyama, et a

4+— ISSCC2010

l., "A 45nm 37.3GOPS/W Heterogeneous Multi-Core SoC",

| | | | | |
DBSC DMAC Sp— FE |[DmAC|[Desc|[ mx2
#0-3 || #1 #1 || #0-1
SHWYHZ sddress=32.Data=64) |
| | | |
:f; sata |[spuz|[Lesc| [—HPB |

fps] I

32.65

3.4[fps] ] o
_\/1 2 29 3.09
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An Image of Static Schedule for Heterogenecous Multi-
core with Data Transfer Overlapping and Power Control

CPUO CPUI1 CPU2 CPU3 DRPO
CORE DTU CORE DTU CORE DTU CORE DTU CORE DTU
"MTG1 [ ioap -
| MT1-1 222 | MT1-2
| SEND SEND
|
| MTI1=3 MT1-4
'\ SEND
- LOAD SEND LOAD ~)
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD
SEND MT3-1 LOAD
MT2-2 MT2-3 COAD
SEND LOAD — SEND 1
SEND LOAD - =
MT3-2 =
MT3-3 [ 94D st |
SEND
MT2-5 SEND MT2-6
MT2-7 MT3—4 —
SEND | MT3-6 MT3-5
MT2-8
STORE MT3-7 MT3-8
STORE
A STORE Y v




Speedups & Power Reduction on RP-X Heterogeneous Multicore with 8 CPUs and 4 DRPs

33 Times Speedup Using OSCAR Compiler and APT on  Power Reduction in a real-time execution controlled

Renesas RP-X with 8 CPUs & 4 DRP Accelerators

Speedups against a single SH

processor

(Optical Flow with a hand-tuned library)

SH-4A
:Pu[m'u

Cluster#1

'-'!'E;.:.i % Without Power Reduction
'ﬁ"ﬁ

by OSCAR Compiler and OSCAR API on RP-X
(Optical Flow with a hand-tuned library)

With Power Reduction
by OSCAR Compiler
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4 core multicore RP1(2007), 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)

‘ - FT—XTFTOF ¥ \—F) iniE

%4 developed in NEDO Projects with Hitachi and Renesas

RP-1 (ISSCC2007 #5.3)

RP-2(185CC2008 #4.5)

RP-X(ISSCC2010 #5.3)
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Cored r’?

Core7 ‘

Cc-md g" Core5 [
________ et

80nm, B-layer, triple-Vth, CMOS

90nm, 8-layer, nple-Vth, CMOS

45nm, 8-ayer, tnple-Vth, CMOS

47 6 mm? (9.88 x 9.88 mm)

104 8mme (10 61 x 9 88 mm)

1538 mm? (124 x 12.4 mm)

1.0V (internal), 1.8/3.3V (VO)

{.0-1.4V (intemal), 1.83.3V (V0)

1.0-1:2V (intemal), 1.2-3.3V (VO)

600MHz 4.32 GIPS, 16.8 GFLOPS

600MHz , 8 64 GIPS, 336 GFLOPS

648MHz, 13.7GIPS, 115GOPS, 36 2GFLOPS

114 GOPSAWV(320183¥)

18.3GOPSW (32048 3¢)

7.3 GOPSMW (320438 )
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:;-'- 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 VB850 multicore processor.
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i EEmTL ¢ Power Reduction of MPEG2 Decoding to 1/4
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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)

= or:gnnal (sun studuo) i proposed method Fjitsu M9000 SPARC

Multicore Server

250 _ e R R T EL HRI OSCAR
; % i —— P — N ﬁ-*" f L2l - 2 1 1 .0 Compiler gives
15 e e us 211 times
g 8 zw s 12 13 14 15 --. L VT IEI 20 21 22 2.3 00 Q1 D2 93 04 05 06 97 o9 10 a1 Speedup ‘.“_ith
a 5 128 cores
g il L |
-
; g 2 Commercial
- o compiler gives
- 3 SO us 0.9 times
8 - 0 speedup with
8- .g = 128 cores (slow-
- 20 0o - downed against
S ipe 32pe 64pe 128pe S A

Ve 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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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
i %;

Automatic Parallelization of an Engine Control
C Program with 400 thousands lines on
AUTOSAR on 2 cores of Infineon AURIX TC277

Abbreviations :
H Program Cache

INnfineon AURIX

» Hard real-time automobile - BSPR ' DataScraich-PadmamM
: . 7_'\ Y —EQ TC 2 7 7 BROM Boot ROM B
engine control by multicore ’ PFlash.  Program Flash
HEHZE T SR Simve Intortace
using local memories Z SRI Masier Interface
A . . - System Perpheral Bus (SPB) —_
» Millions of lines C codes 105 e R - 1L __
et 1 . P TC1.6P ol Pl TC1.6P oMt A
consisting conditional ot v ) FEpe sezend  SR0F |ammeee| | SO
branches and basic blocks i S PeepeP— Tt i i
— s —— I T -1 [xean]
o r‘: w FFU ILI I = I l ] I = I .......... adimanasasasasmr s E s Ea e s -
b 3 N = el vciee |0 Seavs | PERREe | PERRST | i seg 10 (0xA): Mon-Cached |
iy P - skB PoAcHE SRYS, RS o ey ! Seg 8 (0x8): Cached :
o - ECU{T_& E = _ |_BFom L] Seeppee
I L fras T T L ) s
et g pol I | | A I e E AT
== T - 0SCAR 1 Core execution 145500
=S e e 29700 cycles cycles
|| m— W ' leore — 2cores
= = X TAE OSCAR 2 Core execution(data mapped)
16400 cycles MTG - 16ms



Android A< —h+7A4>2 ETOHOEN ﬁll ,JI

http://www.youtube.com/channel/UCS43INY EIkCS81 KIgFZYQBQ S

— E1E L T DI E,E5ICIE
| 4 XKEEXFEEZBHIELT

1/31Z 813k
0.37 (61.9%)

1 2 3
<tHFPH> =iy

B 3PEE HHIEH/GEZULEIPEE AHliEIdH Y TE HZ a5 K1/7IZHI
B 1PEEDHIE/ZLEIPEE DHIEIHY TEFHIZ1/31ZHIT



Automatic Power Reuction on Intel Haswell

H. 264decoder & Optical Flow (3cores)

ore fcore Hcore fcore 4 S | H81M-A, Intel Corei7 4770k
Grepidcs | | Quad core, 3.5GHz~0.8GHz

1 core 2 cores 3 cores
- - 4158

36.59 prm

29.29

}7.2%6
1/3)

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 to 2/5~1/3 against ordinary 1lcore execution



The 2b5th International Workshop on Languages and Compilers for
Parallel Computing (LCPC2012), September 11-13, 2012
at Waseda U. Green Computing Center




A Strategic Initiative of Computing: Systems and Applications
(SISA)- Integrating HPC., Big Data, AI 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

l. 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 IV. Integration of HPC, Big Data, and Al
» J. Sexton, IBM, USA Keynote: Thomas Sterling, Indiana Univ., USA

Il . System Software and Applications ~ Ma‘saru Kitsuregawa, Nlland
Keynote : Rick. Stevens ANL, USA Univ. of Tokyo, Japan

> S. MikhalT™STenansey e U » Thomas Schulthess, ETH, Swiss |" ” | I'HHFHI . |
» Fred. Streitz, LLNL USA » Moriyuki Takamura/ToshiakiKitamura, 7y e -——-——-——-———-— - ' m_,___m
> R. Govind, IS, India Oscar Tech, Japan A LR N | LW R L I L AALA AT A

» H. Hironori Kasahara,
Waseda Univ,

_!L_h ]




Sompuren https:// www.computer.org/product/education/multi-core-video-lectures-bundle

Multi-Core Lecture Series consists of 1l one-hour Multi—-core Rounmndtable Discussicorm
Created by Multicore STC ; : Wideo Lecture

Chair Hironori Kasahara lectures by some of the world's |CJGIHQ AL LT e 2

researchers in the field, This series is not a
course and it consists of the presentation for

those who are in the research field, This is more

M UIti-core Video intended for research information sharing than
, Bl cducational training. Topics that are covered
Lecture Series

—

Dependences and Deendehce

during these lectures are listed below. This AnNa Iys is Video | ecture

series also includes an hour discussion of the S 5
MULTI-CORE VIDEO SERIES

Dependences and Dependence Analysis by
uUtpal Banerjee Utpal Banerjee's research

t e
Video Presentations: lecturers.
o Automatic Parallelization by David Padua AT DarEsTS i CornBUTEr SClonce are I e uneral
area of parallel processing and he has published

four books on loop transformations and

Autoparallelization for GPUs by Wen-Meil Hwu

dependence analysis, with a fifth one on
instruction level parallelism on the way

Dependences and Dependence Analysis by Utpal Banerjee

Dynamic Parallelization by Rudolf Eigenmann Multigrain Parallelization and
¢ Instruction Level Parallelization by Alexandru Nicolau Power Reduction Video Lecture

rMultigrain Parallelization amnd Power
Reduction by Hironori Kasahara. Professor

Kasahara has been resecarchimng on OSCOCAR

Multigrain Parallelization and Power Reduction by Hironori Kasahara

} M " v . " Autornatic Parallelizing and Dowver Reducing
L] I e P"\_.['_..‘H“‘l:!'d[ .\|;_‘;i1|“| t)}' le‘l r P‘r]l]_r el Compiler and OSCAR Multicore architecture for
more Thamn 30 years, and led Tfour Japanease

f ' - [ T A ™ = ™ LW mational projects on paralleliring cormpilers,
¢ Vector Computation by David Kuck

rmulticores, and green computing

Vectorization by P, Sadayappan

-

Vectorization/Parallelization in the IBM Compiler by Yaoqing Gao

o Vectorization/Parallelization in the Intel Compiler by Peng Tu

Roundtable Discussion by all presenters




I [EEE Computer Society I The first President from outside North America in 72 years history of IEEE CS I

‘ Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
S 2018 IEEE Computer Society Computer Pioneer Award

IEEE COMPSAC2018 Keynote & Award Ceremony

Inmntermationmnal Conferences

IEEE

'-"f COMPUTER
7 soci@y 2 -‘ 2
- e Magazines
35 Journals
July 25, 2018 _-\'ard Ceremony ; _I‘ 4 m“;:;mw

—= d';‘;“:"‘":_ & :V-- == . 1 -:-,‘:" . Rihga Roval Hotel Tokyo b~y Total
e - —— | ety k 4 Publications
ah Computer CongrEss . e — :-.___ &

847,000+
Articles in CSDL

July 26, 2018, Keynote,
Hitotsubashi Hall

:12.000+

i Volunteers

230 - ® 615

Corr'm'uees."
Acttve IEEE754, i +
: Standards 802 °M23g§2

.. Teleconferences

373 1oo+ ‘e 168 634

Community Members Countries with CS Members Chapters

New Standards




The First IEEE Eta Kappa Nu (HKN) Student Chapter in Japan
Waseda Univ. Student Chapter Mu Tau on July 25, 2018
Eta Kappa Nuld19044E10 828 B [ZUniv. of Illinois at Urbana-Champaign|ZT &3, I DF T 2—ILF7 LT 7, PudueX. Ohio State

KEFET.2009FIC2EXT200DEBR - OV 1—42THEREH . 2010FEICIEEEQ LR BV H I ToL4Y, RE. HRTH260F v T42—,20
BAUEDER, ERICIXGoogleRIRELZIRH ., KEXEEDOHE -REZH . 2RITEE. Eta Kappa NuREDRFHRMNEZBND,

l - COMPSAC 7,
3 "201 P

- =]

S|

|EEE-Eta Kﬂﬂ‘a -

|

7

IEEE Directors: J n Walz (CS President 2012), Dejan Milojicic (CS President 2014)

IEEE CS Presidents: Sorel Reisman 2011 (COMPSAC Standing Committee Chair), Roger Fujii 2016, Hironori Kasahara 2018,
Cecilia Metra 2019, Waseda Univ. Ex-President Katsuhiko Shirai

IEEE-HKN

Graduation

CELEERATION

2015-2020

) @dﬂf?(éﬁy %ﬁ@étﬁr L% ards

Mu Tau Chapter 1t Activity:
Paolo’s talk on July 29, at Waseda U.




Oxford University CHD I ) —>2raEa—TFTa2 T I1ZB 9 5185558

2019511 /1213 (A Vv HORI7A—F X -BEfi A XZE XM EIZHE)
OxfordX[Zx. THEXSES > X 20743 B No.1

ATVice Chancellor Prof. Louise Richardson ¥ Vice Chancellor Prof. Irene Tracy
(WolI 2020 ThHEFFRFHE) AiMerton College Warden

Head of Astrophysics: Prof. Rob Fender Fellow: Dr. Peter Braam

Dept. of Physics: Prof. Ian Shipsey Sub Warden: Prof. Judy Armitage

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

77

- TH =
= 1i=
| |

Pl =~
% ME l',-l n,:‘"-: -I, OLLEGE
aPehi E\lﬂﬂq\lﬂ
by camdichght
L

: 6.15pm’
}g%}dﬁe’glcsda\, 13
|

Onvemier Al

Choral Evensong, 750t Anniversary Room



HE NS ZL{OEENT)—2a Ea—T a0 200t 202 —IZ3E5F Qo23a=Ekahnm)

Prof. Avi Mendelson (Technion, Israel, Purdue U. Prof. Somali Chaterji,
Ex-TEEE Computer Society BoG and Prof. Saurabh Bagchi ( IEEE
Ex-Intel Architect), Aug. 3, 2023. Prof. Maciej Ogorzalek (Jagiellonian Computer Society BoG) , July 21, 2023.

U., Poland, Ex-IEEE CAS Society
President),
Prof. Toshio Fukuda (the University
Professor at Waseda U., IEEE

| President 2020), on July 27, 2023.

S — e~
BRECN S,

Prof. Vladimir Getov B

(U of Westminster,

London,

IEEE CS Ex-BoG )

Dr. Radosveta Getov, _
May 11-22, 2023 . : \

Computer

Society Ex-BoG,
N Entrepreneur)
“1May 26, 2023.




https://iwww8.cao.go.jp/cstp/english/moonshot/sub3_en.html

# Cabinet Office AIREC (Al-driven Robot for Embrace and Care) Led by Prof. Sugano

(EMOONSHOT Supported by Japanese Government “Moonshot” Project from 2020

RESEARCH & DEVELOPMENT PROGRAM

" Universal Smart Robot cares Family's
Life-time from baby shitting to elderly
care as a Family member. 41
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Fa—U 2 EZERRESEENEESI NSO E A —2-
T—FTIOFrvOHFESEEFRE=FE ACM/IEEE Waseda Univ. Main Campus Meeting Facilities
IS GAG)ZOZE}EGE 218-25H Eﬁg H Eﬁ fﬁtﬁikﬁ (Variety Sizes nr\‘:1:.;:::r::gnrl::?:n!s“i:n:iﬂog n‘:lmms working area)

ISCAZOZS June 21-25, 2025, Waseda University, Tokyo Ja an ' R fhos foral TR R

A General Co-Chairs: Jean-Luc Gaudiot (Prof. UCI) Cmfemncetentu' c--!ﬁ" Hotel ¥ ISCA Place: 5"* 5 ]

Hironori Kasahara (Prof. Waseda) hoetiLh ' - Okum Auditorium S

#450 persons | 8 . .'voo nm‘ novation
# 100 persons ! : ,, - Conter

# B0 persons
* 50 persons

o Lunch, Dmnll:, iuon
persons Banquet room S
several 200-300

ﬁ ' ta] hundreds persons :
'f Waseda U ‘ mesting_rooms:A few g 1. 1190 persons ® 180 persons *1
M Ca i minutes from ISCA pe # 50 persons *4
Lr 113* ain mpus eB1: 300 Personsj e 40 persons meeting
--
P R I e e Can
( Waseda Arena

gh . #180 persons*1
W *30 (VIP Meeting )
\ 40 persons *3

AC/EEE Internatlonal Symposmm on Computer Architecture [IC T E 2 —X53EFD
J—=RIVEBELEODNSFa—) VI ERSHES*REEHAEKXIRBE TEREFE

AIEl O HABA{E: ISCA 1986: Tokyo, Japan
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What the University of Oxford
has learned during the pandemic

Vice-Chancellor of the University of Oxford
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