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Some of papers in and just after Ph.D. Course in Waseda U.
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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

Easy to Use, Collaboration of Software and Hardware, Useful for World People



1993 World No.1 Supercomputer NWT (Numerical Window Tunnel) VPP500
Mr. Hajime Miyoshi
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METI/NEDO Advanced Parallelizing Compiler Technology Project

Goal:  Double the effective performance

1980 20001990

Contents of Research and Development
① R & D of advanced parallelizing compiler

Multigrain, Data localization, Overhead hiding
② R & D of Performance evaluation technology

for parallelizing compilers

Slow 
down

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

Ripple Effect
① Development of competitive next 

generation PC and HPC
② Putting the innovative automatic

parallelizing compiler technology 
to practical use

③ Development and market acquisition
of  future single-chip multiprocessors

④ Boosting R&D in the following many fields:

Background and Problems
①Adoption of parallel processing as a core

technology on PC to HPC 
② Increase of importance of software on IT
③ Need for improvement of cost-performance 

and usability
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Roadmap of compiler cooperative multicore project
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（Waseda・Fujitsu・NEC・Toshiba）

Apply for Supercomputer Compilers
Compiler development of
Multiprocessor Servers

Millennium Project IT21
NEDO Advanced 
Parallelizing Compiler 
（Waseda Univ. Fujitsu,Hitachi,

JIPDEC,AIST）

STARC Compiler Cooperative 
Chip Multiprocessor
（ Waseda Univ., Fujitsu, NEC,
Toshiba, Panasonic,Sony）

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

NEDO (2005.06-2008.03)
Multicore Technology for 
Realtime Consumer Electronics 

Waseda Univ., Hitachi, Renesas,
Fujitsu, NEC, Toshiba, Panasonic
Power Saving Multicore Architecture,

Parallelizing Compiler,API
NEDO    (2007.02- 2010.03)

Heterogeneous Multicore for   
Consumer Electronics  Waseda Univ., 
Hitachi, Renesas, Tokyo Inst, of Tech. Mar.Mar.

Plan
Hetero Multicore Arch.

& Compiler R&D

Waseda Univ., Hitachi, Renesas,



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

・Short hardware and software 
development periods
・Low power consumption
・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
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(2005.7～2008.3)**

**Hitachi, Renesas, Fujitsu,

Toshiba, Panasonic, NEC
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Intel Ver.10.1
OSCAR 

Performance of OSCAR Compiler Using the 
Multicore API on Intel Quad-core Xeon

• OSCAR Compiler gives us 2.09 times speedup on the average 
against Intel Compiler ver.10.1
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Up to 4 cores

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

		Native compiler: Intel Fortran Compiler ver.10.1
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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
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NEC/ARM MPCore Embedded 4 core SMP

3.48 times speedup by OSCAR compiler against sequential processing
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Performance OSCAR Multigrain Parallelizing 
Compiler on a IBM p550q 8core Deskside Server
 2.7 times speedup against loop 

parallelizing compiler on 8 cores
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Performance of OSCAR compiler on
16 cores SGI Altix 450 Montvale server

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

Compiler options for the Intel Compiler:
for Automation parallelization: -fast -parallel.
for OpenMP codes generated by OSCAR: -fast -openmp


Graph1

		tomcatv
spec95		tomcatv
spec95

		swim		swim

		su2cor		su2cor

		hydro2d		hydro2d

		mgrid		mgrid

		applu		applu

		turb3d		turb3d

		apsi		apsi

		fpppp		fpppp

		wave5		wave5

		swim
spec2000		swim
spec2000

		mgrid		mgrid

		applu		applu

		apsi		apsi



Intel Ver.10.1

OSCAR

speedup ratio

1

4.7745098039

1

4.8333333333

1

1

1

1.782396088

1

1.296969697

1

1

1

5.1734475375

1

1.0771604938

1

0.9244786394

1.0383233533

1

1

5.4744058501

1.8398586188

3.8492605233

1

1.1274397245

1

1



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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http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html
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Demo of NEDO Green Multicore Processor for Real Time Consumer 
Electronics at Council of Science and Engineering Policy 

on April 10, 2008

Prime Minister FUKUDA is touching our multicore chip during execution.

Codesign of Compiler and 
Multiprocessor Architecture
since 1985



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

by OSCAR Parallelizing Compiler

Avg. Power
5.73 [W]

Avg. Power
1.52 [W]

73.5% Power Reduction
13

MPEG2 Decoding with 8 CPU cores
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Without Power 
Control
（Voltage：1.4V)

With Power Control 
（Frequency, 
Resume Standby: 
Power shutdown & 
Voltage lowering 1.4V-1.0V)



＜R & D Target＞
Hardware, Software, Application 
for Super Low-Power Manycore 
More than 64 cores
Natural air cooling (No fan)

Cool, Compact, Clear, Quiet
Operational by Solar Panel
<Industry, Government, Academia>
Hitachi, Fujitsu, NEC, Renesas, Olympus,
Toyota, Denso, Mitsubishi, Toshiba, NTT,
NTT Data,  OSCAR Technology, etc
＜Ripple Effect＞
Low CO2 (Carbon Dioxide) Emissions
Creation Value Added Products
Automobiles, Medical, IoT, Servers

Green Computing Systems R&D Center
Waseda University

Established by Prof. Kasahara supported by METI (Mar. 2011)

Beside Subway Waseda Station,
Near Waseda Univ. Main 
Campus 14

Hitachi SR16000:
Power7 128coreSMP

Fujitsu M9000
SPARC VII 256 core SMP



110 Times Speedup against the Sequential Processing for 
GMS Earthquake Wave Propagation Simulation on 
Hitachi SR16000
（Power7 Based 128 Core Linux SMP） (LCPC2015)

15

Fortran:15 
thousand lines

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



64cores
0.18[s]
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Speed-ups on TILEPro64 Manycore

1core
10.0[s]

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.

Waseda U. & Olympus 16

• TILEPro64

55 times speedup with 64 cores



Performance on Multicore Server for Latest Cancer 
Treatment Using Heavy Particle (Proton, Carbon Ion)

327 times speedup on 144 cores

 Original sequential execution time 2948 sec （50 minutes） using GCC was 
reduced to  9 sec with 144 cores（327.6 times speedup）
 Reduction of treatment cost and reservation waiting period is expected

17

Hitachi 144cores SMP Blade Server BS500: 
Xeon E7-8890 V3(2.5GHz 18core/chip) x8 chip

1.00 5.00 

109.20 

196.50 

327.60 

0
50

100
150
200
250
300
350

1PE 32pe 64pe 144pe

327.6 times speed up with 144 cores

GCC



8.7 times speedup of European Tractor Engine Control 
on Infineon 2 core multicore by memory usage 
optimization and parallelization.

1.95 times speedup of Japanese automobile 
engine control on Renesas Electronics two 
processor core ECU with Denso

18



Speedup of NPB/CG by OSCAR Compiler on 
NEC SX-Aurora TSUBASA A100-1 8 cores 10C VE

57 times speed up for 8 core Parallelization by OSCAR Compiler 
& NEC Vectorization against NEC 1 core Vectorization

OSCAR Parallelization +  NEC 
Vectorization  

19



"OSCAR Multicore Suite“ is a new product from OSCAR Technology based on the 
OSCAR Parallelizing Compiler developed by Prof. Hironori Kasahara & Prof. Keiji
Kimura Group at Waseda University.
The research OSCAR Compiler has functions, such as Multigrain Parallelization using 
coarse grain task parallelism, loop parallelism and statement-level fine-grain parallelism, 
memory access optimization over tasks for coherent cache, no-coherent cache and 
distributed shared memory, power reduction using DVFS, Clock & Power Gating. It can 
generate parallel machine codes for various multicores from Intel, AMD, IBM, arm, 
RISC-V and so on.   https://www.linkedin.com/in/hironori-kasahara-b6712855/detail/recent-activity/shares/

20



21

IEEE Computer Society

21

2018年に早大笠原がIEEE CS (1946年設立)72年の歴史の中で初めて、北米以外から会長に選出

The first President from outside North America in 72 years history of IEEE CS
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ACM/IEEE SC(SuperComputing)19, Denver, Nov.17-22, 2019

Cornel Univ. Prof. Steven Squyres: Mars Exploration, Caltech. Dr. Katie Bouman:Visualization of Blackhole
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WASEDA University -早稲田大学-

Founder
Shigenobu
OKUMA

8 Prime
Ministers

Masaru IBUKA Tadashi YANAI

Hiroshi YAMAUCHI

Haruki
MURAKAMI

Hirokazu
KOREEDA

Yuzuru HANYU

S. ARAKAWA

Daiya SETO
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THE World Academic Summit, チューリッヒ工科大学,2019.9.10

世界リーディング大学学長・ノーベル賞受賞者パネル
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Oxford University, 11/12-13,2019（CSでの招待講演及び連携協議）
Vice Chancellor Prof. Louise Richardson

(WOI 2020で基調講演)
Head of Astrophysics：Prof. Rob Fender
Dept. of Physics: Prof. Ian Shipsey
Astrophysics: Prof. H.Falche, et. al.

Merton College
Warden: Prof. Irene Tracy (2020年1月に来学）
Fellow: Dr. Peter Braam
Sub Warden: Prof. Judy Armitage
CS: Prof. Jeremy Gibbons 

Choral Evensong, 750th Anniversary Room
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2021 No.1 Candidate USA 
AURORA Leader ANL Dr. 
Stevens(SISA2022 Co-Chair）

SISA II: Integrating HPC, Big Data, AI, Quantum Computing 
and Beyond, Waseda University,  Feb. or March, 2022
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ACM/IEEE ISCA in 2024 or 2025



Future Multicore Products with 
Automatic Parallelizing Compiler

Next Generation Automobiles
- Safer, more comfortable, energy efficient, environment 
friendly
- Cameras, radar, car2car communication, internet 
information integrated brake, steering, engine, moter
control

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

-From everyday recharging to 
less than once a week
- Solar powered operation  in
emergency condition
- Keep health 

Smart phones

28

Cancer treatment, 
Drinkable inner camera
• Emergency solar powered
• No cooling fun, No dust ,

clean usable inside OP room

Advanced medical systems Personal / Regional 
Supercomputers
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