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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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A _PARALLEL PROCESSING SCHEME FOR THE SOLUTION OF SPARSE LINEAR
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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
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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
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1993 World No.1 Supercomputer NWT (Numerical Window Tunnel) VPP500

Mr. Hajime Miyoshi | ACM/IEEE SC1994 Washington, D.C. November, 1994
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Machine Cycle Time 9.5ns (105MHz)

PE Performance 1.68GFlops

PE Memory Size 256MB/PE -

Crosshar Bandwidth 4B/cycle x 2 {send/receive simultaneous)/PE
=421MB/s x 2 /PE

Number of PEs ~ 140PEs + C introl Proc.

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




METI/NEDO Advanced Parallelizing Compiler Technology Project

Millenium Project IT21 2000.9.8 —2003:3.31
Waseda Univ., Fujitsu, Hitachi, AIST!
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Improvement of
@ Effective performanc
@Cost-performance
@ Ease of use

APC Project

Effective
Performance
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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




		






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

Soft realtime K|

Multicore Arch. Compiler,

Practical Use

Waséeda Univ.z,
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Hitachi, Renesas,

Hetero Multicore Arch.
& Compiler R&D




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

		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





Up to 4 cores

		



Intel 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

		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





Up to 8 cores
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ARM and NEC Collaboration

MPCore™
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3.48 times speedup by OSCAR compiler against sequential processing
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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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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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		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.
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		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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Demo of NEDO Green Multicore Processor for Real Time Consumer

Electronics at Council of Science and Engineering Policy
on April 10, 2008

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html
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Codesign of Compiler and
Multiprocessor Architecture
since 1985

4 core multicore RP1 (2007), 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)
developed in NEDO Projects with Hitachi and Renesas

RP-1 (85CC2007 #5.3) | RP-2(1SS5CC2008 #4.5) RP-X($SCC2010 #5.3)
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90nm 8-layer, triple-Vih, CMOS

90nm, 8-layer, triple-Vih, CMOS

45nm, B-layer, tnple-Vth, CMOS

976 mm? (988 %988 mm)

1048 mm? (10,61 % 9,88 mm)

1538mm2(124x 124 mm)

10V (intermal), 1 83,3V (10)

1,014 (intemmal, 183 3V (10)

1.0-4.2V (intemal), 1.2-3.3v (10)
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AT (3)

B00MHz 4.32 GIPS, 168 GFLOPS

600MHz , 864 GIPS, 33,6 GFLOPS

11.4 GOPSW (32bH %)

18.3 GOPSIW (3204 1)

373 GOPSW (320 %)

Prime Minister FUKUDA is touching our multicore chip during execution.

B48MHz, 13.7GIPS, 115GOPS, 36.2GFLOPS




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

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

_ | Without Power With Power Control
: Control . (Frequency, -
(Voltage : 1.4V) Resume Standby:

Power shutdown &
T Voltage lowering 1.4V-1.0V)

B

Avg. Power 73 59, power Reduction AVE. Power

5.73 [W] wsss—————) 1.52 [W] ..



Green Computing Systems R&D Center

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

<R & D Target>

Hardware, Software, Application
for Super Low-Power Manycore | =
>More than 64 cores B e |
>Natural air cooling (No fan) Bt s

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 CO, (Carbon Dioxide) Emissions
~Creation Value Added Products

> Automobiles, Medical, IoT, Servers Beside Subway Waseda Station,
Near Waseda Univ. Main
Campus 14

ST 11it2chi SR16000:
E9  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) a.crc2015)

m Proposed method —Proposed method (Speed Up Ratio)
2012-05-16 11:00 - 2012-05-17 11: 00 VERl'II' lt :’_l axis Max is 1300) 25000 z_,f_;y:ﬂ}}y_,r{s;ﬁ.!moaMode’ vmi1y 120
[l KN
- 1107
S f I[ [ | /
— 1
——— 20000 "
P e s e A A M s i AR B I © AR
1112 13 14 15 16 17 1819 20 22T2ii 00 01 02 03 04 05 06 07 02 09 10 N g
3 - 80
€ 15000 -
= I
; 60
0
s 10000
v
h
00 217 -0
>*Fortran:15
3 thousand lines 1,000 370 19
-_'_— 0
First touch for distributed shared 0
memory and cache optimization over Tpe 32pe 6dpe 128pe
loops are important for scalable speedup

Speed Up Ratio



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



Performance on Multicore Server for Latest Cancer

Treatment Using Heavy Particle (Proton, Carbon Ion)
327 times speedup on 144 cores

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

toe | pwmeews | OO
0 {!_."f \ s ,/“ ‘ | M?ﬂ@%ﬁ IZOtEF:J | 0
S - IPE 32pe 64pe 144pe
l"‘/;ﬂ

> 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
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1.95 times speedup of Japanese automobile 8.7 times speedup of European Tractor Engine Control
engine control on Renesas Electronics two on Infineon 2 core multicore by memory usage
processor core ECU with Denso optimization and parallelization.

Englne Control by multicore with Denso Automatic Parallelization of an Engine Control
Thoughso fa parallelprocessingofthe engine contralon.~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.

L_

el

Abbreviations :

Infineon AURIX o, Sogmene

. . DSPR: Data Scratch -Pad RAM
» Hard real-time automobile TC277 PSPR.  Program Scratch-Pad RAM
PFlash: Program Fla:
DFlash: Data Flash (EEEPROM)

engine control by multicore

: SRI Slave Interface
E : SRI Master Interface

using local memories
= Paripheral Bus (SPB) __b
ar - Ry 0 |J 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
DURE 100 et 00 [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
i el o SRRS | e o e “% seg 8 (0x8): Cached '
pati PMUO
1 ﬁ |
|no O O L
t sn N coJ !! ore executl
0SCAR 1 Core execution b 145500
29700 cycles cycles
" 1core Jeores
B it B 0SCAR 2 Core execution(data mapped)
16400 cycles MTG - 16ms g
1




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 Vectorlzatlon agalnst NEC 1 core Vectorization

NEC lcore

Vectorization

mm Execution Time —e-Spe

1.24

56.92

2.03

8 core

5.44
-24 - 3.06
1 core 2 core 4 core
~OSCARP Hetizati NEC

Vectorization

60.00

50.00

40.00_%""
30.00J@’

20.00

E

Speedup

12

10.00

0.00
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| https://www.oscartech. jp/product

"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/

OSCAR Multig

Y
OSCAR Multicore Suite is a software suite for assist parallelizing applications. A sequential C code is accepted as input.

+ OSCAR Multicore Estimator : Analyze C code statically and estimate execution time. Data dependency and loop parallelization is reported.
« OSCAR Multicore Profiler : Assist software profiling. Automatically insert the code for time measurement to minimize its overhead.
« OSCAR Parallel Compiler : Automatically generates parallel C code from a sequential C code. This tool utilize both loop parallelism and task

parallelism.
-
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IEEE Computer Society
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ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019
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Cornel Univ. Prof. Steven Squyres: Mars Exploration, Caltech. Dr. Katie Bouman:Visualization of Blackhole




WASEDA University -2 faHKXZ

Number of
International Students
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Alumni CEOs in Japan
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95th Yoshihiko Noda
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Oxford University, 11/12-13,2019( CSTHRBH IR RV ERIGR)

Vice Chancellor Prof. Louise Richardson Merton College

(WOI 2020 CEF#EE) Warden: Prof. Irene Tracy (2020418 I(Z3k%)
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 Glbbons
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SISA II: Integrating HPC, Big Data, Al, Quantum Computing

and Beyond, Waseda University, Feb. or March, 2022
A Strategic Initiative of Computing: Systems and Applications

(SISA)- Integrating HPC, Big Data, Al and Beyond, Jan.18-19,2017
A Strategic Initiative of Computing:Systems and Applications
(SISA) --Integrating HPC, Big Data, Al and Beyond-- Jan. 18-19, 2017
OpenlngIProf Gao, Prof. Kasahara IIII 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

inne » Masaru Kitsuregawa, Nlland
Univ. of Tokyo, Japan

» S. Mikhail Smelyanskly Intel USA > Thomas Schulthess, ETH, Swiss

» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura,

» R. Govind, 1IS, India Oscar Tech, Japan

» H. Hironori Kasahara, &
Waseda Univ,

2021 No.1 Candidate USA
AURORA Leader ANL Dr.
Stevens(SISA2022 Co-Chair)
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ACM/IEEE ISCA _.in 2024 or 2025

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

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

Rahga Royal v v'R -\
— ¥ scapace AR

Okum Auditorium ;W

'\ g '.*mmﬂm‘ InnoationCotor

o Lunch, mner; iOOO
persons Banquet room S

several 200-300
] hundreds  persons

|
nmtrng rooms:A few # 180 persons *1
Sl tany 0 1F: 1120 persong 50 porsons *4 '
#B1: 300 Persons| e 40 persons meeting
v i ' A G R

.': # 180 persons*1
, R 1 030 (VIP Meeting )
i \ 040 persons *3

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




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

d

Smart phones Advanced medical systems
e ' e

Personal / Regional
Supercomputers

Ly

1

s e | L
-From everyday recharging to
less than once a week

Solar powered with more than 100
times power efficient : FLOPS/W
* Regional Disaster Simulators

- Solar powered operation in . saving lives from tornadoes,
* No cooling fun, No dust,

emergency condition . localized heavy rain, fires with
clean usable inside OP room
- Keep health earth quakes

Cancer treatment,
Drinkable inner camera
* Emergency solar powered
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