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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
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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




ILLIAC IV, Univ. Ilinois at Urbana-Champaign & Burroughs
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Element,
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Array

1972-3, NASA
200 MIPS,

300 MOPS,

1 billion bits per
second of 1/O
transfer
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Cedar Supercomputer
University of Illinois at Urbana-Champaign, CSRD (Center for Supercomputing R&D)
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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
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1987 OSCAR PE Board
(32bit RISC: Reduced Instruction Set Computer )
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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
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19934 X—/\—a>E 1—%VPP500. HUEE;FE(NWT)
Mr. Hajime Miyoshi

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

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



OSCAR Parallelizing Compiler

To improve effective performance, cost—-performance

and software productivity and reduce

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.

power

mm DOALL mmm Sequential T,OOTI 1S
1

DRPO

CORE

MT2-3

MT2-4

MT2-6

MT3-5

Without Power With Power Control

(Voltage : 1.4V) Resume Standby:

Power shutdown &

gla
gle
‘ #7

88.3% Powél
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" Reduction
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METI/NEDO Advanced Parallelizing Compiler Technology Project

Millenium Project IT21 2000.9.8 —2003:3.31
Waseda Univ., Fujitsu, Hitachi, AIST!

Performance

IT
Hardware Peak
performance

<Purpose>

Improvement of
@ Effective performanc
@Cost-performance
@ Ease of use

APC Project

Effective
Performance

1G

1980

1990

2000 year

Theoretical maximum performance vs.
Effective performance of HPC

Background and Problems

(DAdoption of parallel processing as a core
technology on PC to HPC

@ Increase of importance of software on IT

@ Need for improvement of cost-performance
and usability

.

Contents of Research and Development

@D R & D of advanced parallelizing compiler
Multigrain, Data localization, Overhead hiding

@ R & D of Performance evaluation technology

for parallelizing com[ilers

Ve

Goal: Double the effective performance

Ripple Effect

@ Development of competitive next
generation PC and HPC

@ Putting the innovative automatic
parallelizing compiler technology
to practical use

@ Development and market acquisition
of future single-chip multiprocessors

@ Boosting R&D in the following many fields:

IT, Bio-tech., Device, Earth environment,
Next-generation VLSI design, Financial engineering,
Weather forecast, New clean energy, Space development,
Automobile, Electric Commerce, etc




		






Performance of APC Compiler on

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

Sequential execution
Automatic loop parallelization

: -O5 -qarch=pwr4

: -O5 -gsmp=auto -qarch=pwr4

— OSCAR compiler : -O5 -gsmp=noauto -qarch=pwr4
(su2cor: -O4 -gstrict)
12.0
34s 31s 3.5 @ XL Fortran(max)
00 3.5 times speedup 8 |gapcimax
in average
o 80
@
560
)
0
Q
D40
105,05
13.0s
2.0
23-’2_SI37.4 T 28245 321.4s
(I DN T w | KK
Jls B3k 28 Bk gl s N5 2 gs.ss s 1265 i0768%123 (%Zgn 2824 214
& q,<9 \oq’ & QQ ¢ £ L £ Y& &
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Performance of Multigrain Parallel Processing
for 102.swim on IBM pSeries69(0

—e— XLF(AUTO)
—8— OSCAR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Processors




Performance of APC Compiler
on Sun Ultra80 4 Processor Workstation

* Sun Forte Developer 6 Update 2

— Sequential execution : -fast
— Automatic loop parallelization : -fast -autopar -reduction -stackvar
— OSCAR compiler : -fast -explicitpar -mp=openmp -stackvar
10.0
21s O Forte6(max)
B APC(max)
Ultra 80
216s
878s
962s 1094s
579s 569s
58s  387s  98s 870s|i1035s . 763s  1313s
00 —S21s 198s  70s  141s  97s  172s 201s  58s  387s _ 98s  881s 1139s  846s 1453s _ 763s 1313s
Q. S > O O > N % - N - N “
IS Q S Qs S A\ oS 2 R Z & Q) &V y O Q
¢ N QO g X O R 3 N S N S
2 > N\ $ :



Graph3

		tomcatv		tomcatv

		swim		swim

		su2cor		su2cor

		hydro2d		hydro2d

		mgrid		mgrid

		applu		applu

		turb3d		turb3d

		apsi		apsi

		fpppp		fpppp

		wave5		wave5

		wupwise		wupwise

		swim2k		swim2k

		mgrid2k		mgrid2k

		applu2k		applu2k

		sixtrack		sixtrack

		apsi2k		apsi2k



Forte6(max)

APC(max)

Speedup ratio

1.2489137182

6.3403361345

1.7179620483

9.3128229216

2.2904591338

2.3556597455

1.8378870674

4.5998046239
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1

1

1

1

1

1
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Ultra80

				Forte6(max)		APC(max)

		tomcatv		1.25		6.34

		swim		1.72		9.31

		su2cor		2.29		2.36

		hydro2d		1.84		4.60

		mgrid		4.46		4.69

		applu		1.30		1.87

		turb3d		1.04		3.62

		apsi		1.00		1.00

		fpppp		1.00		1.00

		wave5		1.00		1.00

		wupwise		1.01		4.07

		swim2k		1.10		1.18

		mgrid2k		1.46		1.49

		applu2k		1.33		1.65

		sixtrack		1.00		1.00

		apsi2k		1.00		1.00
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Earliest Executable Condition Analysis
for coarse grain tasks (Macro-tasks)

Data Dependency
---------- Control flow 1
O Conditional branch .

1 BPA I
S BPA Block of Psuedo -
= _— Assignment Statements b .
‘ z e | ‘ 3 BPA ‘ RB Repetition Block O o

BPA

Bpé
L — I i 4

— Data dependency
""""" Extended control dependency  *. y
() Conditional branch 13

\"'-.\Ill'al R ~~ AND 14
i \ii“;‘ A MacrO FIOW Gra ph * Original control flow

14 RB

A Macro Task Graph

i




Main

Automatic processor assignment in
103.su2cor

Using 14 processors

— Coarse grain parallelization within DO400 of subroutine LOOPS

SWEEP

I ]
F | H ’ .
RB Re| b | 24} /| 2
: { jssr]:/
: 1 |[RB :
2 [N A I LEE1 Saai T
114\ | ==~
[1.14] \ [SBL
‘_=_~~"’-.
[1,14]

NeG, Nre = [PG,PE]

[1,14]

(4] (114104 E R

g

———

Triply nested loop

2,71

LOOPS
: LK o
: 1 || SB
RB S e
DO RB|| [RB| |[RB| [[RB||~ ~==~~|
900 DO DO| |DO L~
2] [la00|| |a00]| [400]| |LRE|[~—
R a

[7.1]

INT4V

[7.1]



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD = 4.3

Bl DOALL I Sequential LOOP [1SB BB



Data-Localization
Loop Aligned Decomposition

Decompose multiple loop (Doall and Seq) into CARs and 1.Rs
considering inter-loop data dependence.

Most data in LR can be passed through LM.
LLR: Localizable Region, CAR: Commonly Accessed Region

C RB1(Doall d N ( N ( N\ ( N( h
00 141101 LR |[ CAR]|[ LR CAR])[ LR
A(l)=2*1 DO I=1,33 DOI=34,35 || DOI=36,66 || DOI=67,68 || DO I=69,101
ENDDO ——

| DO I=1,33 /

C RB2(Doseq) N q
DO I=1,100 DO I1=34,34
B(1)=B(I-1) > \

+A(I)+A(1+1) DO 1=35,66
ENDD? \ DO 1=67,67

RB3(Doall) /I\ DO 1=68,100
DO I1=2,100 |
C(1)=B(1)+B(I-1) DO 1=2,34 DO I=35,67 DO 1=68,100
ENDDO - AN G AN PAS >

C




Data Localization

PET

FED

SRS
=Joffafalalajala

1

[ 12 ]

26

[22 |

8/l pl

L N

Data Localization Group

11

LN NN

G

| 14 || 12 || 13 |

Y

MTG

A schedule for two processors

MTG after Division



Roadmap of compiler cooperative multicore project

B Millennium Project IT21 00 | O1

10

NEDO Advanced
Parallelizing Compiler

(Waseda Univ. Fujitsu,Hitachi,
JIPDEC,AIST)

B STARC Compiler Cooperat_

Chip Multiprocessor ST

( Waseda UniV., Fuj itsu, NEC’(Waseda " TOS'hlba " Fll]ltSll "
Panasonic*Sony)

Toshiba, Panasonic,Sony)

ENEDO (2004.07-2007.06)
Heterogeneous Multiprocessor
(Waseda Univ., Hitachi)

ENEDO (2005.06-2008.03)
Multicore Technology for

Realtime Consumer Electronics

E Waseda Univ., Hitachi, Renesas,

Fujitsu, NEC, Toshiba, Panasonic
»Power Saving Multicore Architecture,
Parallelizing Compiler,API

ENEDO (2007.02-2010.03)
Heterogeneous Multicore for

Consumer Electronics Waseda Univ.,
Hitachi, Renesas, Tokyo Inst, of Tech.

Compiler development of

\ Apply for Supercomputer Compilers
ultiprocessor Servers

)eeeoeoe

Semiconductor
Technology Academic
Research Center
Fujitsu,Toshiba,NEC,
Renesas,Panasonic,

Soft realtime K|

Multicore Arch. Compiler,

Practical Use

Waséeda UlliV.E,

O ececccccccece

<
o

Hitachi, Renesas,

Hetero Multicore Arch.
& Compiler R&D




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




Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

» Shortest execution time mode

Ordinary scheduled results FV control Power control
PGO PGT PG0 PGt PGO0 PGT
T -l - -l -

MTT | | vfull | |} iy MTT .
Vfull i V:full i V:full n
B B =
MT3 | [m m .
N Vifull | | N 1 B 5
Time | Time “Time
« Realtime processing mode with dead line constraints
Ordinary scheduled results FV control Power control
PG0 PG PG0 PG PG0 PGl
- I I
V-full -
Time Dead Line Tie | Dead Line Tre | Dead Line



METI/NEDO National Project

Multi-core for Real-time Consumer Electronics

<Goal> R&D of compiler cooperative multi-
core processor technology for consumer
electronics like Mobile phones, Games,
DVD, Digital TV, Car navigation systems.

<Period> From July 2005 to March 2008

<Features> "Good cost performance

FO—3)

(2005.7~2008.3)**

ﬁ;?)lﬁ-:ﬁ’
=k R
JEHEEND

SEHW/SWEH
FHAM

ﬁ?"“/?if'ﬁﬂ'\@T
"Short hardware and software Al
development periods iR
| B
" Low power consumption LHIZHERER |
"Scalable performance improvement

with the advancement of semiconductor
"Use of the same parallelizing compiler
for multi-cores from different vendors
using newly developed API

API: Application Programming Interface **Hitachi, Renesas, Fujitsu,
Toshiba, Panasonic, NEC

BRINFIAFFvTARRRE |
[ =




Q

Sequential Application

Program in Fortran or C

(Consumer Electronics, Automobiles,
Medical, Scientific computation, etc.)

OSCAR API for Homogeneous and/or
Heterogeneous Multicores and manycores

Directives for thread generation, memory,
data transfer using DMA, power

Hetero

Manual
parallelization /
power reduction

Homogeneous

Accelerator Compiler/ User

Add “hint” directives
before a loop or a function to
specify it is executable by
the accelerator with
how many clocks

Waseda OSCAR
Parallelizing Compiler

Coarse grain task
parallelization

Data Localization

YVV VYV

DMAC data transfer

Power reduction using
DVFS, Clock/ Power gating -

Hitachi, Renesas, NEC,
Fujitsu, Toshiba, Denso,
Olympus, Mitsubishi,

Esol, Cats, Gaio, 3 univ.

managements
) - ) Low Power |
Parallelized Homogeneous
APIForC Multicore Code
program Generation
Proc0O API Existir;g :
] Analyzer | sequentia
Code with ye cc?mpiler
directives
Thread 0 Low Power
Heterogeneous
Proc1 Multicore Code
Code with neravon
directives Analyzer| sequentia
Thread 1 (Available | compiler
Accelerator 1 W;r;:gla)
Code .
Accelerator Server Code
Code Generation
d : OpenMP
Compiler

OSCAR: Optimally Scheduled Advanced Multiprocessor
APl : Application Program Interface

Shred memory

Muiticore Program Development Using OSCAR API V2.0

Generation of
parallel machine

codes using
sequential
compilers

Homegeneous
Multicore s
from Vendor A .
(SMP servers)

Heterogeneous
Multicores
from Vendor B

servers

Executable on various mult

1cores




Image of Generated Multigrain Parallelized
Code using the developed Multicore API

(The API is compatible with OpenMP)

1st layer
MT1_1
MT1_2
DOALL
MT1_3
MT1_4 >8
RB
N -~
N

Distributed
scheduling
code

—
~~~
—

T 3.5 3.9

2nd layer

2nd layer

SECTIONS

SECTION ~~~~=~-~-=~-~-======--- SECTION

TO ‘T1 ‘TZ ‘TB
| | | |
MT1 1

pSiCSe

Centralized
scheduling
code !

TS5 | T6 | T7

MT1 2

1I4If 1
1 Ali
143

144

FqiE

I

I
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!

N
w

!

N
N

T
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MF13| |

ER 1EE]
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Thread
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Performance of OSCAR Compiler Using the
Multicore API on Intel Quad-core Xeon

9 — — [ Intel Ver.10.1 |
8 ] : —1 HOSCAR —
. B ,
2 6 —
S 5 .
53
g 4
&> 3
2
1
0
z E | 5 3 T 2 3% ® & W E T =2 3
< = o ) E'b Q. o o > = E‘b o
g 2 Q| £ g g | = R = ) = = & | ©
8 5] E‘ ~—
SPEC95 SPEC2000

OSCAR Compiler gives us 2.09 times speedup on the average
against Intel Compiler ver.10.1
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Intel Ver.10.1

OSCAR

speedup ratio

1

4.2422907489

1.1649928264

7.9607843137

1

1.4465116279

1

3.1282051282

2.0740740741

3.5977653631

1

1

1.0252225519

3.4957841484

1

1

1.0023799221

1

1

1

1.3388128861

1.8182499251

2.1286927622

2.4139447236

1

1

1

1



Up to 4 cores

		Machine: opus7 Intel Xeon (8-way, quad core x2)

		Native compiler: Intel Fortran Compiler ver.10.1

		spec95

		time

				SPEC95																				SPEC2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel 逐次 チクジ		9.63		8.12		6.22		10.98		12.88		6.83		20.73		8.6		46.33		6.64		121.35		115.29		64.29		159.97

		Intel Ver.10.1		9.63		6.97		6.22		10.98		6.21		6.83		20.22		8.6		46.22		6.64		90.64		54.16		64.29		159.97

		OSCAR		2.27		1.02		4.3		3.51		3.58		6.83		5.93		8.6		46.33		6.64		66.74		47.76		64.29		159.97

		speedup ratio

				SPEC95																				SPEC2000								Average

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel Ver.10.1		1		1.1649928264		1		1		2.0740740741		1		1.0252225519		1		1.0023799221		1		1.3388128861		2.1286927622		1		1		1.1952982159						avg.

		OSCAR		4.2422907489		7.9607843137		1.4465116279		3.1282051282		3.5977653631		1		3.4957841484		1		1		1		1.8182499251		2.4139447236		1		1		2.4359668556						all		spec95		spec2000

		OSCAR / Intel		4.2422907489		6.8333333333		1.4465116279		3.1282051282		1.7346368715		1		3.4097807757		1		0.9976257285		1		1.3581060833		1.1340033501		1		1		2.0917495462						2.0917495462		2.4792384214		1.1230273583
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Up to 8 cores

		Machine: opus7 Intel Xeon (8-way, quad core x2)

		Native compiler: Intel Fortran Compiler ver.10.1

		spec95

		time

				SPEC95																				SPEC2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel 逐次 チクジ		9.63		8.12		6.22		10.98		12.88		6.83		20.73		8.6		46.33		6.64		121.35		115.29		64.29		159.97

		Intel Ver.10.1		9.63		6.97		6.22		10.98		4.82		6.83		20.22		8.6		46.21		6.64		90.64		53.83		64.28		159.97

		OSCAR		1.66		1.02		3.48		2.29		2.33		6.83		4.29		8.6		46.33		6.64		66.74		47.7		64.29		159.97

		speedup ratio

				SPEC95																				SPEC2000								Average

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel Ver.10.1		1		1.1649928264		1		1		2.6721991701		1		1.0252225519		1		1.0025968405		1		1.3388128861		2.1417425228		1.0001555694		1		1.2389801691						avg.

		OSCAR		5.8012048193		7.9607843137		1.7873563218		4.7947598253		5.5278969957		1		4.8321678322		1		1		1		1.8182499251		2.4169811321		1		1		2.9242429404						all		spec95		spec2000

		OSCAR / Intel		5.8012048193		6.8333333333		1.7873563218		4.7947598253		2.0686695279		1		4.7132867133		1		0.9974098856		1		1.3581060833		1.1285115304		0.9998444548		1		2.4630344639						2.4630344639		2.9996020427		1.1216155171
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ARM and NEC Collaboration

MPCore™

IIIII

| Timer || cpy
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NEC/ARM MPCore

Embedded 4 core SMP
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3.48 times speedup by OSCAR compiler against sequential processing
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		tomcatv (128x128)

		swim(128x128)

		hydro2d(100x40)

		mgrid(2^5)

		applu(10x10x10)

		time

				toamcatv								swim								hydro2d								mgrid								applu

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		3916								2794.06								3612								15705

		oscar		3896		1896.6		1282.14		959.48		2795.39		1416.31		954.54		716.17		3642		1918.49		1348.29		1021.97		15695		8022		5608		4083

		speedup

				toamcatv								swim								hydro2d								mgrid								applu

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		1								1								1								1

		oscar		1.0051334702		2.0647474428		3.0542686446		4.0813774128		0.9995242167		1.972774322		2.9271272026		3.9013921276		0.9917627677		1.8827306892		2.6789488908		3.5343503234		1.0006371456		1.9577412117		2.8004636234		3.8464364438

				1.0051334702		2.0647474428
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Sheet2

		applu(10x10x10)

		turb3d

		time

				applu								applu.acr

				1		2		3		4		1		2		3		4

		g77		1499.59								1499.59

		oscar		1489.97		968.36		843.7		711.74		1492.04		777.77		584.06		414.74

		speedup

				applu								applu.acr

				1		2		3		4		1		2		3		4

		g77		1								1

		oscar		1.0064565058		1.5485873022		1.7773971791		2.1069351168		1.0050601861		1.9280635663		2.5675273088		3.6157351594





Sheet2

		



g77

oscar

benchmark

speedup ratio



Sheet3

		tomcatv (128x128)

		swim(128x128)

		hydro2d(100x40)

		mgrid(2^5)

		applu(10x10x10)

		time

				toamcatv								swim								su2cor								hydro2d								mgrid								applu								turb3d								apsi								fpppp								wave5

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		3916								2794.06								1317.17								3612								15705								1499.59								12242

		oscar		3896		1896.6		1282.14		959.48		2795.39		1416.31		954.54		716.17		1317.17		698.08		683.09		596.2		3642		1918.49		1348.29		1021.97		15695		8022		5608		4083		1492.04		777.77		584.06		414.74		12311		6897		5013		3828

		speedup

				toamcatv								swim								su2cor								hydro2d								mgrid								applu								turb3d								apsi								fpppp								wave5

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		1								1								1								1								1								1								1

		oscar		1.0051334702		2.0647474428		3.0542686446		4.0813774128		0.9995242167		1.972774322		2.9271272026		3.9013921276		1		1.8868467797		1.9282524997		2.2092754109		0.9917627677		1.8827306892		2.6789488908		3.5343503234		1.0006371456		1.9577412117		2.8004636234		3.8464364438		1.0050601861		1.9280635663		2.5675273088		3.6157351594		0.9943952563		1.7749746266		2.4420506683		3.198014629

		speedup

				toamcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d

		oscar		4.0813774128		3.9013921276		2.2092754109		3.5343503234		3.8464364438		3.6157351594		3.198014629
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Performance OSCAR Multigrain Parallelizing
Compiler on a IBM p550qg 8core Deskside Server

2.7 times speedup against loop ,_ == . o
parallelizing compiler on 8 cores b el ==

m Loop parallelization
m Multigrain parallelizition

GX adapters share PCIX slots 4 and 5

speedup ratio
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spec95 spec2000




speedup ratio
W

Performance of OSCAR compiler on
16 cores SGI Altix 450 Montvale server

Compiler options for the Intel Compiler:

O 1 101 for Automation parallelization: -fast -parallel.
Intel Ver.10. for OpenMP codes generated by OSCAR: -fast -openmp
B OSCAR
: £ &5 % B £ 2% &z & v E T Z
S S ¢ 2 B T F E E B 2 B
) w2 > ~
= =

spec95 spec2000

OSCAR compiler gave us 2.32 times speedup
against Intel Fortran Itanium Compiler revision 10.1

apsi
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Sheet1

		

		spec95

		time

				spec95																				spec2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel 逐次 チクジ		9.74		4.93		6.2		7.29		6.42		5.62		24.16		10.47		45.66		8.67		59.89		67.67		49.1		100

		Intel		9.74		4.93		6.2		7.29		6.42		5.62		24.16		10.47		45.66		8.35		59.89		36.78		49.1		100

		OSCAR		2.04		1.02		6.2		4.09		4.95		5.62		4.67		9.72		49.39		8.67		10.94		17.58		43.55		100

		speedup ratio

				spec95																				spec2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi		avg.

		Intel Ver.10.1		1		1		1		1		1		1		1		1		1		1.0383233533		1		1.8398586188		1		1		1.0627272837						avg.

		OSCAR		4.7745098039		4.8333333333		1		1.782396088		1.296969697		1		5.1734475375		1.0771604938		0.9244786394		1		5.4744058501		3.8492605233		1.1274397245		1		2.4509572636						all		spec95		spec2000

		OSCAR / Intel		4.7745098039		4.8333333333		1		1.782396088		1.296969697		1		5.1734475375		1.0771604938		0.9244786394		0.9630911188		5.4744058501		2.0921501706		1.1274397245		1		2.3228130326						2.3228130326		2.2825386712		2.4234989363
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Peripherals

SH4A Multicore SoC Chip

Chip Overview

Process 90nm, 8-layer, triple-Vth,

Technology CMOS

Chip Size 97.6mm? (9.88mm x 9.88mm)

Supply Voltage 1.0V (internal), 1.8/3.3V (1/0)

Power 0.6 mW/MHz/CPU @

Consumption 600MHz (90nm G)

Clock Frequency | 600MHz

CPU Performance | 4320 MIPS (Dhrystone 2.1)

FPU Performance | 16.8 GFLOPS

I/D Cache 32KB 4way set-associative
(each)

ILRAM/OLRAM | 8KB/16KB (each CPU)

URAM 128KB (each CPU)

Package FCBGA 554pin, 29mm x

29mm

ISSCCO07 Paper No.5.3, Y. Yoshida, et al., “A 4320MIPS Four-Processor Core SMP/AMP with

Individually Managed Clock Frequency for Low Power Consumption”




Performance of OSCAR Compiler Using the Developed
API on 4 core (SH4A) OSCAR Type Multicore

4.0
3.50
3.5 —
/ /-. 3.17
3.0

3

2.5
| 100 |

1 2 | 3 4 1,2 3 | 4 1] 2 | 3 | 4
MPEG2dec MP3enc JPEG 2000enc

2.5

2.0

1.5
1.0
0.0

1 2 3 4
MPEG2enc

3.31 times speedup on the average for 4cores against 1core



RP2 Chip Photo and Specifications

| | |Process | 90nm, 8-layer, triple-
~ | Technology |Vth, CMOS

| Chip Size | 104.8mm?
4 (10.61mm x 9.88mm)
{| CPU Core | 6.6mm?

|| Size (3.36mm x 1.96mm)

Supply 1.0V-1.4V (internal),
|| Voltage 1.8/3.3V (I/0)

jil ||| Power |17 (8 CPUs,
SETTTOE®. | Domains |8 URAMs, common)




8 Core RP2 Chip Block Diagram

Share
Memory

Share
Memory

Cluster Cluster
#0 |C0re #3 Core #7 | #1
|g:Qrg #2 l Core #6 |
Core #1 " h—> Core #5 |
Core #0 Core #4
LCPGOI| CcPU| FPU "1|]| FPU| CPU ||[}£°%
PCR3 —t PCR
I$ | D$|CCN CCN DS 1
PCR2 J.6K|_L6KIBAR I 117 | BA K16 PCR
Local Memory — Local Memory
PCRI||I| 1:8K. D:32K | | [:8K, D:32K ||| PCR
PCRO||I [{URAM 64 -1 | URAM 64K ||| PCR4
i T T11t 1 1] T T1If 1 |
| v |
DDR?2 SRANI DMA LCPG: Local clock pulse generator
controll lcontroll lcontroll PCR: Power Control Register
Off-chi On-chi CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)
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Power Reduction by OSCAR Parallelizing Compiler

for Secure Audio Encoding
AAC Encoding + AES Encryption with 8 CPU cores

Without Power With Power Control
; Control , (Frequency,
(Voltage : 1.4V) Resume Standby:
] I ] Power shutdown &
S o Voltage lowering 1.4V-
R o 1.0V)

L™ W
0 [ N I

Avg. Power 88.3% Power Reduction Avg. Power

5.68 [W] we——————) (.67 [W] ..
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BEEERWER(FER20E4A10H)TH
NEDOUZ N a2 LIERREBAIINFATFVI(ER)—5—) FEDWEF

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
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CPUO CPU1 CPU2 CPU3
CORE | DTU | CORE | DTU | CORE | DTU | CORE | DTU
TMTC1 T T T TTLoAD |T T T T oAb Y
| MTG1 MT1-1 - or0— MT1-2 | =040
: SEND SEND
|
| UL MT1-4
'\ SEND
e LOAD SEND LOAD
MTG2 MT2-1 LOAD LOAD LOAD
LOAD LOAD
SEND MT3-1 LOAD
MT2-2
SEND LOAD
SEND LOAD
MT3-2 MT3-3 | LOAD
SEND
MT2-5 SEND
M2 MT3-4
SEND MT3-6
MT2-8
store | MT3-7 MT3-8
STORE
Y STORE

MTG3)

An Image of Static Schedule for Heterogeneous Multi-
core with Data Transfer Overlapping and Power Control

DRPO

CORE

DTU

MT2-3

LOAD
LOAD
LOAD

LOAD

MT2-4

SEND

MT2-6

SEND

MT3-5

SEND

SEND
STORE

JNIL




33 Times Speedup Using
OSCAR Compiler and OSCAR API on RP-X

(Optical Flow with a hand-tuned llbrary) 111[fps]
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f Engine Control by multicore with Denso
Though so far parallel processing of the engine control on
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The 25th International Workshop on Languages and Compilers for
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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)
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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
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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.

- 60 00Speed-ups on TILEPro64 Manycore

1core
10,00 10.0[s] 7 Q6
3.95
100 1.96 - I
0.00 — - : : : :
1 2 4 8 16 32 64

55 times speedup with 64 cores
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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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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' -
- 1/3 213
$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
B for 2 I | t0 2/5~1/3 aga i ! :

Q Waseda University
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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
AsLtcesatic Paradledlzac o for GPUs
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Depsandance Anakrsis
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Dynamic Paraleization
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Trve Pobsfvechra - Vector
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Tacachrgg Ceac
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P Ladsseceen
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—
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-
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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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2018 IEEE Computer Society Computer Pioneer Award
ote & Award Ceremony
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L July 26, 2018, Keynote,
Hitotsubashi Hall

July 25,2018 Award Ceremony
Rihga Royal Hotel Tokyo
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ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019
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Cooperation with International Organizations in 2018

| Japan (IPSJ), China(CCF), | Okawa Foundation CS Japan
Korea(KIISE) in March, Chapter, Multicore STC &
Waseda U., Tokyo Japanese Government Symp.

IPSJ Leaders, March,
IPSJ Convention, Tokyo

''''''
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with i'd be complete siding, China
please, God, do |, Madison and e
EERETAMRA RN E
2, BitLgreenflEAR
SER) ¢ IR B g

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&""EPEH“".
L AL =

) ;*‘\* " |’ _ @ moderated :Tence:.nt— |
' (I Waseda Univ. Joint Russian Academy of Science:

Russian Computer Science 70th

Anniversary, Nov., Moscow

Tencent_Waseda University Technical Tour
; Symposium, Nov.,

Waseda U., Tokyo
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Number of
International Students
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Alumni CEOs in Japan

ENROLLMENT ALUMNI
Graduate Employability (3] (eee)

49,436 | 630,000

in private university  FACULTY
of Japan (BR)
(22 in Japan, SI7 in the world) 3.
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(BEAS - 189 e d (48]

848 (93 countries) 5,800,000 8,3785 41'051 . ‘; - > o
HirOShi YAMAUCHI 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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Selence

Transitioning humanoid robots from laboratory to home:
From 3D printing to Al-driven computation

3 March 2021

Participating experts

RO [EEF Computer Socity President 2018

URL: http://www.kasahara.cs.waseda.ac.jp/

Sponsored by

Seience

WaASELA Universit ) _ .
@ :r:.-;n o - T Brought to you by the Science/AAAS Custom Publishing Office TG



IEEE Computer, Oct. 2020% (Open Access Article)
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EDUCATION

Computer Education
in the Age of
COVID-19

Juan-Lue Gaudiat, University of Califormnia, Invine
Hironori Kasahara, Wassda University

COVID-19 has been devastating across the

giobe, forcing profound changes in most
human interactions. Through an informal

survey of numerous educators worldwide,

we explore some of the disegse’s effects

on

the education communify and how the online

delivery of educational materials can meet

these challenges

4 many in the world continue 1 suffer from
tha devastating effects of the COVID-19 pan-
demic, solutions are continuously being
sought for dealing with its consequences and
the nead 1o reduce opportunities for infection, Stores of
all kinds have adapted by encouraging social distancing
requiring face masks, installing Plexiglas partitions in

Bugitai Otpect lirs i 10 0w W rove veunrr
Do rorrens verne, v Uetsber some

COMPUTER FUBLISRADEY Tel Bl (oMU iR SO0EFY

ciently off loaded to

In between tha
af higher learning
lemma with which
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ularly acute for edu
face-1o-face interac
tailor the delivery o
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Agthonzed loerasd e bmaed oo Hirnon Kasshara, Downioaced on September 20 2000 a0 21472

We have therefore endeavored to
find oul how our colleague educators
in computer science and enginesring
have approached this dramatic situa-
tion, what friit thelr afforts have bome,
and what support jor resistance) they
have met with the student population,
thair own colagues, and their admin-
istration Indesd, most universitios and
schools worldwide have had o quickly
retool and turn to long-distance edu-
cation to continue Mulfilling their edu
rational mission when faced with the
pandemic emergency and the resulting
stay-at-home orders. This has cansed
many tacthing problems, from necding
1o educate instnuctons, 1o deciding how
laly classes could be handled, all the way
1o designing secure environments for
exama. It 1 this the goal of thia column
to describe the reactions of educators
globally. W offer 3 small sample of how
our international colleagues have daalt
with the crisis, what thay regret, how
they will improve; in short, they relate
their exparionces tothe communify, pes-
haps providing some guidance to us all
for the future.

THE SURVEY

We contacted 4 small sample of col
leagues from a number of countries
around the world and presentad tham
with th a serof 10 questions.

Cuestion 1

Whor dasses did you reach during the
pandemic jundergraduate/graduate/lab|?
Hiow many sudents?

[~ Wa roceved raports for 24 com. |
puter science and engineering related
classes for 10-400 graduate and un-
dergraduate classes from 14 univer
girles in nine countries, including the
United States, United Kingdom, Bra-
zil, Russia, Australia, Spain, Japan,
China, Tamwan, and lran in addition to
a report for 18,000 clazses for 50,000
undergraduats and graduate students
from Waseda University, Japan.

Question 2
Did any ofé [opic lénd iself berter worse
o remate teaching?

Most respondents (with some ax-
cepriong) are sacizfied with online
teaching, and there appears to be no
spicific topic for which onling teach-
ing presants any disadvantages. On the
contrary, 3 numbor of respondaents felt
that it allowed the students o better
concentrate. Some even cited program-
ming courses 35 easier to manage on-
ling, On the negative side, some paopla
deplored the obvious lack of teacher-
student interaction. Lab classes can
also taks advantage of many onlina

EDUCATION

Studio, Opan Broadcastar Soft-
ware with a Vimeo platform,
BiC.

+ fior assisted content creation on
campus and content dalivery,
Milbi, etc. were utilized

for real-rime online lectures

and maarings with recording:

Zoom, Blackboard Collab-

arate, Microgoft Teams,

Cisco Wabex, Google Maet,

Skype, Tencent Meeting, Rain

Clagsroom, Jitsi, etc.; most

universities provided enough

licenses for faculty members
and staff

The problem is particularly
have long ralied upon fac
interpersonal feedback
high-quality

waching platforms with recording or
playback fumctions, which allow the
students to review difficult steps or
verify procedures beforehand.

Question 3

Whar tools did you use? How much

ramp-up effort was needed? What kind

of eappor T did vour home iRSCIEUTion pro

vide? W hat kind would you have lked?
The following tools were repartedly

used:

acule for educators, who
-lo-face interactions and
o tailor the delivery of
nowledge

s reporting and analytics for
LM3Ss: IntalliBoard, ¢1c.

+ smariphons scanner gensrating
PDFs for handwritlen answers:
Microsoft Office Lens, aic.

i EXdi proclors

Universitias offerad tha following
SUPPOTT 1o prepare and operate online
classes:

» “Teaching Anywhere™ sites for
teachars, providing information

v [Rarning management syems

[LMSs): Moodls, Canvas, atc.

v plagiarizsm detection: iThenti-
cate, Turnitin, Eludge, #tc

v on-demand video creation and/
ordelivery, including

* massive open onling courses,
YouTube, etc.

* for self-on-demand video
content creation in professors’
homes and content dalivery:
Panopto, Contents Creation

on how 10 prepare and oper-
ata online education with tha
lacturers’ ex periences during
classes

wabinars to explain how

1o prepare online lectures,
including on-demand video
lectures and real-time online
lectures (thess wera very
helplul 1o educitors who had
not uied network mesting sys-
tems o prepared on-demand

that the following additianal support
o cops with COVID-19 was provided at
Waseda University:

video materials from thair
homes)

*Learning Anywhere™ sites for
students, offering information
on how 10 prapara and recaiva
online lectured, including the
prevention of server overload
as a result of imultaneous log-
ing in the morning and after
luneh.

Asan addirional data point, we note

v free lending of Wi-Fl routars and
PCa o students with financial
issues slemming from the
pandemic

specially discountad ¥1
smartphones with tethering
functionality and one year
free data communication for
all students, faculty members,
and staff who naedad 1o reducs
home network bandwidih
problems

negotiation with major smari-
phona companies for the
piirpose of discounting data
communication fees for all
students in Japan during tha
EPTIng samestar

acoess 1o 4 halp desk for fac
lty and studefils 1o piepare,
operate, and/for participate

In onling classes from thelr
homés. The halp desks wera
operated by using “ home-based
call conter systems” so that
sraff and teaching assistants
[TAs). could answer from their
ow n homes.

oCToEEE 3030 [ L]

Aadhonzed lcermed wis Imided i Hiroron Kinahara Downloasied on Seplember 28 2000 at 214728 UTC from IEEE Nplore  Resbrcions apgly.

The University of California, Irvine

{UCT) also proactively assisted in the
transition:

» online classes for tha lecturers
and TAs prior 1o the quarter;
these classes were aimed at
lecturerswith content creation
and delivery, wehsite design, #1c,

COWPUTER
Fadhonged lcensed vae bmifed o Hiroron K
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Oxford University, 11/12-13,2019( CSTHRBH IR RV ERIGR)

Vice Chancellor Prof. Louise Richardson Merton College
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Head of Astrophysics:Prof. Rob Fender Fellow: Dr. Peter Braam
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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, 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
(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

Events

green computing, and this agreement will provide new opportunities for working together, particularly in machine
learning and programming languages.
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IEEE (Institute of Electrical and Electronics Engineers)
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IEEE President 2020. The first from IEEE President 2021

Asia in 135 years history. - ; . o
IEEE has 420,{)00 memb'g’,s_ To foster technology, innovation, and humanity

» More than 422,000 members in over 160 countries, 50+ % from outside the United States Engi
. . . . . 0 Neg,. .
> 339 Sections in 10 geographic Regions worldwide o@zﬁ\‘ i

» More than 123,000 student members 5%

» 2,200+ Student Branch Chapters of IEEE 45 Technical Societies
» 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 D vounaprofessionals
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