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

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

Practical Multiprocessor Scheduling Algorithms for
Efficient Parallel Processing

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

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

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

I of 30

tional Conference on Superecomput ing

2nad Interna May 3-8,1987

Santa Clara, CA, USA

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

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

b Dept. of Electrical En = -
Z.., Waseda Universit Tokyeo. 160, =l
** Dept. of Electrical En‘-.nnd Computer acl.:é-- r

University 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




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

A

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

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



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




OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER

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




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

Mr. Hajime Miyoshi

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

CMOS LSI

B FAVPP5000 ({AS & Frith)

F=—nrrr~aEgRn

Machine Cyclellu ime 9.5ns (105MHz)

PE Performance 1.68GFlops

PE Memory Size 256MB/PE :

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

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



Cedar Supercomputer
University of Illinois at Urbana-Champaign, CSRD (Center for Supercomputing R&D)

SYSTEM
Global Global Global
Memory || Memory [] Memory |]
Module Module Module
(7] 57 [57] CLUSTER
- ! , Cluster |{Cluster | |Cluster
: h . [{Memory|{Memory | |Memory|[~ /g
T T | |Module {[Module | |Module Subsystems
Stage2| 8x8Switch || 8X8Switeh | .| 8X8Switch / Memory BUS
R // COMPUTATIONAL ELEMENT
ek i [way iterteaved][ Global [ 7
e | Cache Interface = Globa ,’ L
 Stage!| 8Xx8Switch [ 8X§Swich |...| 8X8Switch |/ S Switeh T Instruction
O "o v / lrl[ / * CaChe
l . /A
/ Cluster Switch (Crossbar) ’
/l / E]Vector
: D Registers
Cluster Cluster Cluster Computational{|Computational] [Gomputational %

Element || Element [+ Element Soalar " D
Registers[__]
= ~Concurrency Control Bus

-~ -
-
~

SP": Synchronization Processor



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

ML LAC v

102688068

Integrated
circuits

Processing
Element

SIMD

64 Processor
Element,
Processor
Array

1972-3, NASA
200 MIPS,

300 MOPS,

1 billion bits per
second of 1/O
transfer




Prof. David J Kuck (Univ. lllinois, Intel)
I[EEE Computer Pioneer Award 2011

Ms. Diane B. Greene (VMware Cofounder & CEO)
IEEE Computer Society Computer Entrepreneur Award 2011

2018.03.08 WasedaUniv. Symposium on
Future of High Performance Green Computing
2018 (HPGC2018)

Prof. David Prof. Jaejin Prof. Hironori

Dr. Peter Prof. Vladimir Dr. David e e Kasahara

Braam Getov R




e —<wmeex  Larth Simulator
TR UK HifEi &
AR - BEXBRETL  (http://www.es.jamstec.go.jp/)
 Earth Environmental simulation like Global Warming,
El Nino, PlateMovement for the all lives onr this planet.
*Developed in Mar. 2002 by STA (MEXT) and NEC with
400 MS$ investment under Dr. Miyoshi’s direction.
(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, SX6)

Mr. Hajime Miyoshi

Image of Earth Simulator 4 Tennis Courts

: 40 TFLOPS Peak (40%10'2)
-'i-':_:fzr.fﬂ Cartridg?ﬁapeLibranfSystem | 35.6 TFLOPS L lnpaCk

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

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

NS [y
[Air Conditioning System] N 9

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

85yd

‘ Double Floor for Cables




Trend of Peak Performances of Supercomputers

1,000,000,000,000,000

Summit, 2018.06 ,188PFLOPS,8.8MW

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

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

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

100,000,000 \'% 1
R . .
16,000,000 Hr il ERNWT,1993.11, 2021 DokE will deliver
, , ]
236GFLOPS \ -ﬂ. Aurora by Intel & Cray
1,000,000 S - Exa-Flops Machine in 1T
[} .
100,000 sonne National Lab.
et ® ‘ >
10,000
=
1,000
. B 1G
100 (nted O~
10 https://www.anl.gov/article/us-department-of-energy-and-intel-to-deliver-first-exascale-supercomputer
1 T T T T T T T
1960 1970 1980 1990 2000 2010 2020 2030 2040
+ VPP700/512 B VPP5000/9.6G*512 A VPP500/222
B VP-2600 | VP-200 O==TI-ASC
B SX-8/16GF*8PE*512 = SX-5/512(16%32) - SX-4/512
® SX-3/44 B=SX-2 A STAR-100
B SR8000 B SR2201/2048 ® SP2/128
B SGlPleiades = S820/80 = $810/20
¢ S$3800/480 B RS/6000SP/512 PARAGON XP/S /4096
B Origin 2000/128 ¥ NASA SGI Columbia/16160 ® lapanese Earth Simulator
B lapanese K supersomputer #+ lapanese Fugaku € Cray XK7 Titan ORNL
# Tianhe-2, (MilkyWay-2) B Sunway Taihulight A [LLIAC-IW
*  IBM Roadrunner ® IBM Blue Waters ® IBM BG/Q Sequoia LLNL
® IBM BG/P IBM BG/L(04_11_70.7TF) = IBM Summit
© CYBER205 CRAY-1 CRAY/T90
CRAY Y-MP8 = CRAY XTS5 (Jaguar) © CRAY T3E/2048
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METI/NEDO National Project

Multi-core for Real-time Consumer Electronics
<Goal> R&D of compiler cooperative multi-

~ X Xk
core processor technology for consumer (2005.7~2008.3)

ﬁ;?)lﬁ-:ﬁ’
=k R
JEHEED

i A | sgaw/swes
FHAM
?7‘“}7@'@7
)ir—oay
H ATl
-E{EEN

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

**Hitachi, Renesas, Fujitsu,

Toshiba, Panasonic, NEC

API: Application Programming Interface



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 & |mapcimax
in average
o 80
@
560
)
0
Q
D40
105,05
13.0s
2.0
23-’2_SI37.4 oes g5gs  1gRl0 28245 321.4s
o LML LM 1 I \ il Wi
Jls B3k 28 Bk gl s N5 2 gs.ss s 1265 i0768%123 (%Zgn 2824 214
& q,<9 \oq’ & QQ ¢ £ L £ Y& &
N \ :
S @b AR @ §Q PO 6\4_\ &



Performance of Multigrain Parallel Processing
for 102.swim on IBM pSeries690

—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\ $ :
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Forte6(max)

APC(max)

Speedup ratio

1.2489137182

6.3403361345

1.7179620483

9.3128229216

2.2904591338

2.3556597455

1.8378870674

4.5998046239

4.456959707

4.6910843373

1.2972383174

1.87

1.0352377518

3.62

1

1

1

1

1

1

1.0122772732

4.07

1.1012457597

1.1845664445

1.4599354271

1.4862114421

1.3278889305

1.65

1

1

1

1



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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Forte6(max)

APC(max)

Speedup ratio




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 Univ.z,

O ececccccccece

<
o

Hitachi, Renesas,

Hetero Multicore Arch.
& Compiler R&D
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Earliest Executable Condition Analysis
for coarse grain tasks (Macro-tasks)

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

1 BPA
BPA Block of Psuedo
Assignment Statements b | |
) g

‘z BPA| ‘3 BPA‘ RB  RepetitionBlock :

6 RE ’.‘_'.- - =}l -
: /| BPA

BP&

Data dependency
""""" Extended control dependency
() Conditional branch

T OR -..\.\_‘_}‘n__- e

y.,\_\ “e‘ 12 BPA
"‘-._ "=.: T . AND 14

\iy A Macro Flow Graph > Original control flow
A Macro Task Graph

i



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD = 4.3

Bl DOALL I Sequential LOOP [1SB BB



Data Localization

PET

FED

SRS
=Joffafalalajala

1

[ 12 ]

26

[22 |
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L N

Data Localization Group

11

LN NN

G

| 14 || 12 || 13 |

Y

MTG

A schedule for two processors

MTG after Division

[ 23 |



OSCAR Multi-Core Architecture

CMP, (chip multiprocessor 0)
CMP _ I/0
PE Devices
0
CPU }—l PE, | . —
LDM/ ' ] o
' CMP
LPM/ " DTC X
I-Cache
FVR Network Interface CSM
: I [ = :
o Intra-chip connection network o
= (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.
DSM: distributed shared mem.
DTC: Data Transfer Controller

LDM : local data mem.

LPM : local program mem.

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



Muiticore Program Development Using OSCAR API V2.0

a
Sequential Application OSCAR API for Homogeneous and/or _
Program in Fortran or C Heterogeneous Multicores and manycores Generation of
(Consumer Electronics, Automobiles, Directives for thread generation, memory, paral(ljel machine
Medical, Scientific computation, etc.) data transfer using DMA, power coaes us_lnlg
- ’ managements sequentia
S TETTE compilers
P
- S parallelization/ | © ) Low Power ]
m . .
= power reduction Parallelized Homogeneous
§ APIForC Multicore Code
o | Accelerator Compiler/ User|[ Program Generation - *
%0 Add “hint” di . _ — Homegeneous &
= int” directives Proc0 API Existing Multicores &
S | before aloop or a function to . Analyzer | sequential from Vendor A .S
= | specify itis executable by Code with compiler (SMP servers) =
the accelerator with directives =
how many clocks Thread 0 Low Power T =
Heterogeneous el 2
A Proc1 Multicore Code ==L 3
Waseda OSCAR Code with neration = b D
s : ode 3 APl | Existi S
Parallelizing Compiler directives Analyzer se;:fem?al Heterogeneous >
> Coarse grain task Thread 1 (Available | compiler ouitcores
parallellzat_lon_ Acceleratord W;r;:c]a) k)
> Data Localization Code - :§
i EMAC dadta t:_ansfer_ Rccclorator Server Code =
ower reduction using : )
DVFS, Clock/ Power gating i Code Generation ><
o : OpenMP -
Hitachi, Renesas, NEC, Compiler | _
Fujitsu, Toshiba, D ) - -
Olllg,lnf;usaol\s/ﬁltsﬁbisfl?,so OSCAR: Optimally Scheduled Advanced Multiprocessor | ghred memory
Esol, Cats, Gaio, 3 univ. APl : Application Program Interface servers




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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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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				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

OSCAR

speedup ratio



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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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
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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
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OSCAR compiler gave us 2.32 times speedup
against Intel Fortran Itanium Compiler revision 10.1
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				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
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OSCAR Multi-Core Architecture

CMP, (chip multiprocessor 0)
CMP _ I/0
PE Devices
0
CPU }—l PE, | . —
LDM/ ' ] o
' CMP
LPM/ " DTC X
I-Cache
FVR Network Interface CSM
: I [ = :
o Intra-chip connection network o
= (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.
DSM: distributed shared mem.
DTC: Data Transfer Controller

LDM : local data mem.

LPM : local program mem.

FVR: frequency / voltage control register



8 Core RP2 Chip Block Diagram
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| 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)



Performance of OSCAR Compiler Using the Developed
API on 4 core (SH4A) OSCAR Type Multicore
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3.31 times speedup on the average for 4cores against 1core




Power Reduction by OSCAR Parallelizing Compiler

for Secure Audio Encoding
AAC Encoding + AES Encryption with 8 CPU cores
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33 Times Speedup Using
OSCAR Compiler and OSCAR API on RP-X

(Optical Flow with a hand-tuned library) 111[fps]
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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
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ly/ @ Engine Control by multicore with Denso
Though so far parallel processing of the engine control on
multicore has been very difficult, Denso and Waseda succeeded
1.95 times speedup on 2core V850 multicore processor.
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> Just more cores don’t give us speedup
> Development cost and period of parallel software are
getting a bottleneck of development of embedded
systems, eq. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National
Research Institute for Earth Science and Disaster Resilience (NIED)

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

»  Automatic parallelizing compiler available on the market gave us no speedup against execution time on 1 core on 64 cores
»  Execution time with 128 cores was slower than 1 core (0.9 times speedup)
» Advanced OSCAR parallelizing compiler gave us 211 times speedup with 128cores against execution time with 1 core
using commercial compiler
» OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization




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

—Proposed method (Speed Up Ratio)

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

Level [m¥]
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Fortran: 15
5 thousand lines
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First touch for distributed shared
memory and cache optimization over
loops are important for scalable speedup
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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 =y a2 ioeh EEEPROM)
' ' : 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
it Quad core, 3.5GHz~0.8GHz

1 2
1 core ]2 cores 41_983 cores

36.59

- . - 29.29
230 00 \ 70.1%
: N{/3)
57.9%

/)
</~247.37 1§_§

1/3) 12.218 9 6o

1 2 3 1 2 3 1 2 3 1 2 3
without power control| with power control |without power control| with power control

H.264 Optical flow

Power for 3cores was reduced to 1/3~1/4 against without software power control

Power for 3cores was reduced ta 2/5~1/3 against ordinary 1core execution
Q Waseda University




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

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

160 OSCAR Parallelization + NEC Compiler Vectorization 400

§63 1 7X (vs w/o Vectorization)

133948 By OSCAR Parallelization & NEC Vecto zatmn
)

Parallelization of Deep Leaning
C Code generated by TVM

CNN model information

Y

TV Generation

4
Generated C Code

Bypass OSCAR +OSCAR Parallelization

OSCAR Compiler ~ [Paraleization

350

[N
Y
j=

300

—
[
(=]

Joint Use of
OSCAR &
NEC Compilers 250

gave us 5.5X
against NEC 200
single Compiler

(=
(=]
=

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

0]
L ]

130.68x NEC Compiler Parallelization + Vectorization 150

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

(=2 ]
o

Inference Execution time |s]

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

40 65.37x ) 100
+ i 56.61x 5;2;: :
: 0.86 -
| Paralleized C Code ) : _
+ By NEC Parallelization & Vectorization
Vectorization, and 20410 320211 236401 102561 219200 06669 203909 0369
NEC Comp"er Parallelization if 0 e EEema —— —— m—— 0
not parallelized 1 2 4 8
+ Cores
B No Vectorization NEC Compiler Vectorization Only
VE EXECUt&b'B B NEC Compiler Parallelization + Vectorization B OSCAR Compiler Parallelization + NEC Compiler Vectorization
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The 25th International Workshop on Languages and Compilers for
Parallel Computing (LCPC2012), September 11-13, 2012
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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
Opening: Prof. Gao, Prof. Kasahara Il 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 1V Integration of HPC, Big Data, and Al .
» J. Sexton, IBM. USA Keynote: Thomas Sterling, Indiana Univ., USA

Il System Software and Applications ” Masaru Kitsuregawa, NI and
Keynote : Rick. Stevens ANL, UsA UM of Tokyo, Japan

> S. MikhalSmeTyanswy Teer Uon » Thomas Schulthess, ETH, Swiss
» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura, e
» R. Govind, IIS, India Oscar Tech, Japan LK Hl" H INNH

» H. Hironori Kasahara,

| \ L# 1’
Waseda Univ,




Practical Inmnovation

Multicore processors have Decome pervasive, but most soruggle to
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Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
W 2018 IEEE Computer Society Computer Pioneer Award
A IEEE COMPSAC2018 Keynote & Award Ceremony

“I: oo ] | “

INnternational Conferences

.|2 Magazines

" July 26, 2018, Keynote,
Hitotsubashi Hall

July 25,2018 Award Ceremony

Rihga Royal Hotel Tokyo @ -| 2 O O O +
!

35 Journals
Y Hocs ’ Volunteers
A \

4 Total
Publications
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‘ e = \ @ 73594 | Articles in CSDL
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Meetings/
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New Standards
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IEEE754
Active ’
Standards 802

373100+ s 168 634
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Satisfaction and
Sustainability

Hironori Kasahara, 2018, |EEE Computer Society President

The [EEE Computer Society’s role in the
advancement of computing is increasingly

HIRONORI KASAHARA

kasahara@waseda.jp.

e-commerce, cloud computing, em-
bedded computing, green computing,

important in all areas of our lives. By promaoting high-performance computing smart

efficiencies, accessibility, environmental
responsibility, innovations, and safety, CS
members and volunteers continuously

cities, medical applications, and more.

The CS should drive progress in
these technologies—and those srtill
to come—by providing the latest
science and information, along with
the places to discuss and methods to

contribute to a bright global future. Also, the CS deploy them. CS members, as well as

other IEEE societies’ members, inter-

faces a number of serious challenges, and looks national sister societies’ members,

to members to help implement changes and

pave the way for a strong future.

s the IEEE Computer Society's President in
2018, I would like to first express sincere ap-
preciation to the Computer Society members,
volunteers, and staff as well as the other
engineers, researchers, and students all over the world
who have made important contributions to CS activities.
Computing technology’s role our life has become increas-
ingly large and essential, thanks to advanced technol-
ogies, such as deep learning, Al, self-driving vehicles,
smart home, 10T, robotics, big data, computer rrading,

COMPUTER PUBLISHED BY THE IEEE COMPUTER SOCIETY

IEEE

@computer

soclety

and other interested individuals can
regularly contribute or simply con-
sume information through journals,
magazines, conferences, events,
websites, and so on. Indeed, through
our publications, conferences, and
educational offerings, it is our high quality content that
differentiates us from other organizations and free on-
line activities. All of our offerings are realized through
the dedication and effort of global experts and leading
researcherswho are committed volunteers and members.

To provide the above products and services continu-
ously and on time, the CS volunteers who serve as editors
in chief, editors, reviewers, program committee chairs
and members, technical committee chairs, program board
members, committee members, members of the Board of

oOI&-3162/18/533.00 & 2018 IEEE

¢ IEEE,



ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019
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Bjarne Stroustrup: Morgan Stanley & Columbia Univ.

2018 IEEE Computer Society Computer Pioneer Award
IEEE COMPSAC2018 Keynote & Award Ceremony

July 26, 2018, Keynote,
Hitotsubashi Hall

July 25, 2018 Award Ceremony
Rihga Royal Hotel Tokyo @'EEE




Bob Ramakrishna Rau Award Lunch in MICRO51
in Fukuoka Japan on Oct. 23, 2018.
ACM/IEEE CS Micro51 with record high 706 Participants
was operated by CS this year.
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Rau Award Winner Dr. Ravi Nair,
Rau Award Chair Dr. Kemal
Ebcioglu & CS President Hironori
Kasahara ANRE 5 —— " B

General co-chairs Profs Koji Inoue & Mark Oskin with CS distinguished IEEE

IEEE researchers and ACM SIGARCH CARE member in Banquet.

com pgé%fety 57 Admnd?(fr Letfg:;?;'g %




Seymour Cray: Father of Supercomputers using vector pipeline

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

IEEE
COMPUTER
SOCIERY

A

Seymour Cray Award

ny, | IEEE
' (1] F COMPUTER
SOCIETY

s l- ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ@ﬁ

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




6. Cooperating with other IEEE societies and international sister societies
LONG TERM : Outside Partners

MoU with UN ITU in Al for Good, May 16, 2018

(United Nations International Telecommunication Union)
» Cooperation in conferences, publication, and education

AlforGood &%

Global Summit 4

T

ACM President Vicki L. Hanson (new ED&CEO) & Pat Ryan Chief Operating Officer
IEEE Kasahara’s Remarks @IEEE
Computer Advancing Technology
SOCl ety 59 for Humanity




IEEE Young Protfessionals Panel on July 25

Panelists: CS Presidents: Roger Fujii, 2016(Moderator); John Walz, 2012;
Dejan Milojicic, 2014; Hironori Kasahara, 2018; Cecilia Metra, 2019

Planned by IEEE Tokyo Young Professionals Chair Dr. Mayumi

>

July 25, 2018 COMPSAC YP Panel

Panel Title
How joining a professional society can be
beneficial to the early and ongoing career

development of Young Professionals
60




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

COMPSAC
#201 atte 22a%2 % ©

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

IEEE-HKN

Graduation

CELEBRATION

2019-2020

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

Paolo’s talk on July 29, at Waseda U.




2018 CS PRESIDENT'S MESSAGE

Collaboration
for the Future

Hironori Kasahara, 2018 IEEE Computar Socicety Presidamt

i 2001 5, the IEEE Computer Sociefy (CS) leaders,

voluntears, and staff colloborafted o improwve » simplifying the June 2018 CSannual
. . awards cerermao ity Wirhout profes-
boftih the satisfacticon of CSs mermbers and the sicmal supportwhile maintaining
. - - - . - thegreatest respectfor the award
sustainabillity of the Society. T his joint effort el = 11 h posring rheir
drarmatically improved CS finances fo fhe extent articles onthe CS homepage and OS5
social network sites Twitter, Faoa-

that theyw are noww healf iy boclk, Instagram, and LinkedIn arnd
irmriting sormie of tThe winners oo S

conforenoes, which artracted Tmors
participants to these gatherings

he IEEE Computer Society [(CS5) started Z015 by » consideringextendingthelength ofthe presidential
implementing warious action irems to address fi- term o twowears, which was discussed in mestitigs
nancialchallenges, mMostofwhich were approwed of the Constitudomn and Bylaw Committee and &Ad
in the Mowermber 2017 BEoard of Gowvernors [(Bods) Hoco Commiittaes
meeting, with the Executive Committies (ExCom) and Bols » changing allin-person program board meetings to
members and staff. These include omnline from 21 &, alrhowugh the CSwould scill sup-
port expenses for meetings without travel expensas,
» reducingrhe marmber of BolG mermbers from 21 to for exampls, mecstings during confererncas
18 by changing the rules to elect six new mermbears » IMmerging or sunsetting sorme S publications
evaery yvear which was applied starting with the » inmstituting overlenpgrh page charges while relas
Z2018 electhon ingconditons for aurthors and editorial boards,
» reducingthe number ofin-person BEolc mestings from comparad tothe model that was approwed imn the BJo-
threse o two itn 20018 by having online Bodla mestings, wTember 2017 BEolaG mesting, to foster specialissues in
wrhich allows=s1s tomake prompt dedcisions transactions collaborating w ith conferanocaes

» sE@mrdnga ew surplus distributiorn sy sberm for con-

il OB e T o 2 o2 10 m BT —oam = g e ferorwees that improwed thoeir financial oormdirion arad
Dateof publication i Marchzoaa flex ibility

T COOMPUTER PUELIEHED EY THE IEEE COMPUTER SOCIETY EEIE:—DIE—Z!ID&!EI'DI
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University of Oxford signs Memorandum
of Understanding with Waseda University

Posted: 22nd April 2020

To support exchanges of graduate students and staff and to collaborate on research, a Memorandum of Understanding
has been signed between the Departments of Computer Science, Mathematics, and Physics at Oxford and Waseda University
in Tokyo. The new Memerandum of Understanding was established following the visit of Professer Hironeri Kasahara (senior
executive vice president of Waseda) in November to give a Lecture on green computing; Professor Jeremy Gibbons
(Computer Science) and Professor Peter Braam (Physics) made the return visit to Waseda in January to set up the
memorandum. Waseda is one of the top private universities in Japan, with particular strengths in robotics and

green computing, and this agreement will provide new opportunities for working together, particularly in machine

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

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

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

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

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

https://www.apple.com/jp/shop/buy-iphone
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‘ s o RIKEN Center for Computational Science,
Fujitsu (arm based processor)
Cores:7,299,072; Memory:4,866,048GB ;
Processor:A64FX 48Cores, 2.2GHz
Interconnect: Tofu interconnect D

Linpack (Rmax)415,530 TFlop/s;

2 c° 0 RO R Y P O P i P Theoretical Peak (Rpeak): S13PFLOPS
.!..ll .Ill. HPCG [TFlop/s]13,366.4; Power: 28.3MW

e 4837 /Fv7, 2.2GHz, 7 nm FinFET,
ek ;;;e %’97E3075:17, 28MW

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

Personal / Regional
Supercomputers

Smart phones Advanced medical systems
e | | i

| Ly A
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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

TS = I ey
-From everyday recharging to
less than once a week

Drinkable inner camera

* Emergency solar powered

Q Waseda University
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