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4 core multicore RP1 (2007), 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)

RP-1 (I85CC2007 #5.3)
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Core H Core 1

3 l Core2 Cnra:!
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Core4 Cores
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Peripherals
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Core 3

a1 || L

90nm, 8-layer, triple-Vh, CMOS | 90nm, 8-layer, riple-Vth, CMOS 45nm, B-layer, riple-Vih, CMOS

97 6 mm? (9,88 x 9.88 mm) 104.8 mm? (10.61 x 9.68 mm) 1538 mm? (124 x 12.4 mm)

1.0V (intemal), 1833V (U0)  |1.0-1.4 (intemal), 1.83.3V (VO) 1012V (intemal), 1.2-3.3V (VO)

600MHz 4.32 GIPS, 16.8 GFLOPS | 800MHz , 8 64 GIPS, 336 GFLOPS | 648MHz, 13 7GIPS, 115GOPS, 36 2GFLOPS

“Bm - 114 GOPSW (320183 183 GOPS (3261 %) 373 GOPSI (320 M)
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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 o { Frequency,
(Voltage : 1.4V) ' Resume Standby:

Power shutdovwn &
1 WVoltage lowering 1.4V-1.0V)
F-" R

N

Avg. Power 73 59, power Reduction AVE. Power

5.73 [W] e 1.52 [W]



OSCAR Parallelizing Compiler

To improve effective performance, cost—performance
and software productivity and reduce power

- - - - __’;-_ (2] 1
Mllltlgl'alll P ara]]ellzatlon(chc1991,znm,n4) — T & Elel = e = oml
. . [P SEE ST S eeas s sNnme s e

coarse-grain parallelism among loops and e L, TICT T JCE T T MINCC NIt ze=ll

subroutines (2000 on SMP), near fine grain s Mo ===l o i

parallelism among statements (1992) in IINE 3 | - _TEs i

- - - - ——— “ - . - =
addition to loop parallelism . TR T Ve nan il EOOE . e T
7 cPuz | cPua DRPO

Data Locallzatlon o [[eore [or [ cose [oru | come Joru cose [or0

Automatic data management for distributed

shared memory, cache and local memory [

(Local Memory 1995, 2016 on RP2 . Cache2001,03) e Ty —

Software Coherent Control (2017) ) e Y e O
Data Transfer Overlapping2ois partian oo I PO o [ e N

( P ¥)

Data transfer overlapping using Data - = e Ml o f

Transfer Controllers (DM AS) ; Witou Power A T Controt
Power Reduction * ] L

(2005 for Multicore, 2011 Multi-processes, 2013 on ARM)
Reduction of consumed power by

compiler control DVFS and Power
gating with hardware supports.

88.3%0 Powér Reduction




vid VAP |~7)|/3‘-:|77’|:| ST D X E R

HIiZI NTT,=Z NEC,ARID—F o/ — F>V—, A%, IJILRH X NSITEXE, & LT\, AV _./nz

i EXET
S mam ERTE |

"HiL 4 U—/Zﬂ:l

F

7Pz~t:zz#-?)b$:77nt~y:&ﬁfﬁﬁ
7 OSCARTILFOF/IA=——2OF ’

HR(T 2 HIE
B EhiE#EDeep Learning-
ADAS- MATLAB;/SimuIink
B &iasidk) 77—,

V) —2 02
& REWHERETS

B TSP R PR W S oL L LAGM SO SRIG000 VM _E Tk S e
Proposedmethod = —Propesedmethod( Spsed Up Ratio)

&7\ v s

B ZANEC | ]
¥ Engine Controlb Iti ith D p

2 Though sa far paralll processing of the angine controlon DS . p| £

multicore has been very difficult, Denso and Waseda succeeded g |

1.95 times speedup on Zcore VB850 multicore processor. 000 +

— o

1 1
7t b o A 19} 12807 T1AF ML T110.7EODEER £
’J J 7 ancer Treatment I

7R

bon Ion Rﬂdwthc: a]}\

EMEE T EIHh R A STFEBE,
&SR

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

by OSCAR Parallelizing Compiler

MPEG2 Docodngmn !:-C cores

Without Power
Comtrol

ﬁ‘a

J times speedup on
.‘:I ) & L =

(1]
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“"! Avg. POWer 3 504 power Reduction AVE- Power
5.73 [W] oesssssssssssssssm—)p 1.52 [W] .
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Parallel Soft is important for scalable

performance of multicore (LcpPc2015)

> Just more cores don’t give us speedup

> Development cost and period of parallel software
are getting a bottleneck of development of
embedded systems, eg. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National

Research Instit for_Earth Science and Disaster, Resilignce (NIED !
Wonguna? (sun studio) S‘ 8sed method Fjitsu M9000 SPARC

Multicore Server

= = s o EFEE e 3 O | oAk
o e = T i : - Compiler gives
= I e e T us 211 times
g 2m 0‘|| 1 1 148 1 17 OIE 19 20 231 2Z 23 00 o1 0‘2 03 04 95 06 ©F 02 09 1 LA ] .
8 ey speedup with
.g > = 128 cores
s @ 150
2 S
<
S 100
oL g Commercial
= g compiler gives
g wv SO us 0.9 times
8. 2 speedup with
D == 128 cores (slow-
20 O - downed against
S lpe 32pe 64pe 128pe 1 core)

Y

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
¥ o OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization




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.
« JILEPro64

Speed-ups on TILEPro64 Manycore
|
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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 E7-8890V3(2.5GHz 18core/chip) x8 chip

§ X —/ BHRESTEF \ 50
VoA TA BEORA: 1208A 0 : : :
— \\ 1PE 32pe 64pe 144pe
scal)

» 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



Parallelization of 3D-FFT for New

Magnetic Material Computation on
Hitachi SR16000 Power7 CC-Numa Server

140

FFT size 256x256x256 120 x
120 m original ~ ® OSCAR optimization
100 -
S 8o
O
60
3 —
o 40
m 10 o
20 1O=>S oX
0 | — | | |

1 22 R4 128K

OSCAR optimization

* reducing number of data transpose with interchange,

code motion and loop fusion
10



Hironori Kasahara has

started collaboration with \f 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.

robot Group and research
of hard-realtime Control
and Simulation since 1982.

. » Hard real-time automobile
H. Kasahara, S. Narita, "Parallel 1 P engine control by multicore
Yo

Processing of Robot Arm Control | ¥ ¥  using local memories
Computation on a &
Multimicroprocessor System”, .'."‘ ‘.1. consisting conditional
IEEE Journal of Robotics and W' branches and basic blocks
Automation, Vol. RA-1,No. 2, Jun.{ . .
1985. -
H. Kasahara, H. Fujii, M. Iwata, .
"Parallel Processing of Robot
Motion Simulation", Proc. IFAC
10th World Congress, pp.329-336, : l core 3 cores
Jul. 1987. "IFAC World Congress =|| X T
Young Author Prize", 1987. 11
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OSCAR Compile Flow for Simulink Applications Speedups of MATLAB/Simulink Image Processing on

/¢ Model ¢

— R Various 4core Multicores

real T ul;

/+ DataTypeConversion: '<§1>/Data Tyve Conversion’ incoroorates:
* Inport: " Root>/Int’
'

Generate Ccode | duiimins o ssesus (Intel Xeon, ARM Cortex A15 and Renesas SH4A)
using Embedded Coder) . ui . wsmumso astss st

h /& Outputs for Monic SubSysten: '<SD>/20filter” 4/ 3'55 3_43
7 v /% Constant: *¢S1>/h1” 4/ EL]
VesselExtraction_Dfilter (YesselExtraction_B.DalaTypeConversion, 3 lﬂ
Vesse|Extract ion P.hi Value, dVesselExtraction §.Dfilter, i 3 12
(P_Df i Iter VesselExtraction T *)&VesselExtraction P.0fi Iter); 92 !
/o End of Qutputs for SubSysten: "SI/Dfilter” 1/ ™ 235 ?5 2 ?3 !
/& Qutputs for Atonic SubSysten: '<S15/2Dfilter!” #/ X .
/% Constant: "<S1/h2” 4/ 2 43
erares VesselExtraction_Dfiter (YesselExt raction_B.DalaTypeConvarsion, -
Yesse Extraction P.h2_Value, SesselBxtraction B.0f i ltarl, o 2 33
[P0 ter VesseExtrict ion T +)@fesselExtraction P.0fi lterl); L 2.9 2.5 ' 15
209 g7 2.06 206
Ccode : 1.85
OSCAR C 'I V010 VESSeTLXLraction step ()
ompiler
) int thl ; E‘oidlhread_functinn_ﬂﬂl (void ) \
- H N
] int thr? H l VesselExtraction_step PEI () 3
S int thrd ; ’ I
oscar_thréad_create ( & thrl
thread_function 001 , (void¢)1 ) ; !
f /// oscar_thread_create { & thr? ,
thread_funct ion_002 , (void«)2 ) 5
oscar_thread_creale ( & thrd , i

thread_function 003 , (voide)3 ) ;

Lo
=

=

=

iy
=

(1) Generate ‘ VesselExtract ion_step_PED () ; Road Tracking  Buoy Image  Color Edge Optical Flow  Vessel
3 Parallelism — ., G B { osear {hresd Join ( Uhrl ) Detection  Compression  Detection Detection
[ w [ w oscar:threadJ'oin_( thed ) ;
P2 [ [ (3) Gerierate parallelized C code B Intel Xeon E3-1240v3 W ARM Cortex A15 M Renesas SH-4a
S — i : Rosd Tracking, Image Ca it fwrww. msthworks
h ! | .ﬁ SIng the OSCAR API Huay Dr:t::m&n Tl:tgtlpﬂr:np::r::?mrk;mﬁmaﬂﬁ;trwﬂluxchmg:jﬂdi‘ﬂ&hu:q-d!t::hurrmlm-ﬂlhk
(2) Generate gantt chart ww s < Multiplatform execution Coar dge Detecion - it fwwathweeks.co oo lleeschange/281 1ddast e ofa-cck-image—act-coloe-not-converting-

- Schedulingin a multicore (Intel, ARM and SH etc) mm




Automatic Power Reuction on Intel Haswell

H264decoder & Optical Flow (3cores)

H81M-A, Intel Corei7 4770k
Quad core, 3.5GHz~0.8GHz

11 core [] 2 cores 41_%3 cores

36.59

-70. 1% 29.29

9.60

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

H.264 Optical flow

Power for 3cores was reduced to 1/3~1/4 against without software power control
Power for 3cores was reduced to 2/5~1/3 against ordinary 1lcore execution
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3.00

2.50

2.00

1.50

1.00

Average Power Consumption[W]

Automatic Power Reduction on
ARM CortexA9 with Android

http://www.youtube.com/channel /JUCS43INYEIKCS8i KIgFZYQBQ
ODROID X2

Samsung Exynos4412 Prime, ARM Cortex-A9 Quad core
1.7GHz~0.2GHz, used by Samsung's Galaxy S3

1 core 12 cores 3 cores
[HH.264 decoder & Optical Flow (on 3 cores)
2.23
1.69
1.50
107 - 86.5%0
: 0.95 (1/7)
- (1/3)
- R 0.36 539
(1/2) '
1 2 3 1 pJ 3 2 3
without power control with power control without power control with power control

1 2 2 1 2 3 ‘

H.264 Optical flow

Power for 3cores was reduced to 1/5~1/7 against without software power control
Power for 3cores was reduced to 1/2~1/3 against ordinary 1lcore execution
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The 26th International Workshop on Languages and Compilers for
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A Strategic Initiative of Computing: Systems and Applications

(SISA)- Integrating HPC, Big Data, AI and Beyond, Jan.18-19, 2017

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

Opening: Prof. Gao, Prof. Kasahara lll. Extreme Scale and Beyond ) G ,‘; '
Waseda VP Shuji Hashimot&eynote: Paul Messina ANL, USA M‘ \VA v

l. Architecture and Applications » Motoaki Saito, PEZY, Japan e, 1 r;;‘

Keynote: William J. Dally, » Eiji Ishida, MEXT, Japan | / :
NVIDIA and Stanford University, US#& Depei Qian, BUAA, China X’

» Kimihiko Hirao, RIKEN, Japan » Toshiyuki Shimizu, Fujitsu, Japan =

> G. W. Yang, Tsinghua Univ. China IV. Integration of HPC, Big Data, and Al r/

> J. Sexton, IBM, USA Keynote: Thomas Sterling, Indiana Univ., USA

Il . System Software and Applications » Masaru Kitsuregawa, Niland

Keynote : Rick. Stevens ANL, USA Univ. of Tokyo, Japan

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

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

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

> H. Hironori Kasahara,

Waseda Univ,
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Future of High Performance Green Computing (HPGC2018)
201853 H 8B

Prof. David J Kuck (Univ. Illinois, Intel)

IEEE Computer Society Computer Pioneer Award 2011

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

2018.03.08 WasedaUniv. Symposium on
Future of High Performance Green Computing

2018 (HPGC2018)

Prof. Vladimir

Dr. Peter
Getov

Braam




The first President from the outside of USA and Canada in 72 years history of IEEE CS

IEEE Computer Society
‘ é%hpursn

! M
‘ Bjarne Stroustrup: Morgan Stanley & Columbia Univ.

88 2018 IEEE Computer Society Computer Pioneer Award :
TIEEE COMPSAC2018 Keynote & Award Ceremony SOC|ETY BY THE NUMBERS

_ ' July 26, 2018, Keynote,
Hitotsubashi Hall

225,000

: U= R o O R i = = SemiliE ‘ July 25, 2018 Award Ceremony
2L FS S S g M T L - | J 14 D
=E i@ ,vcc;.h - = Rihga Royal Hotel Tokyo COMMUNITY MEMBERS
@ —.am d
@nmrs : G o N & 2
CCF 1 [V L) .' & )
= @ it FAL I~ A g © A
ﬂ’.%”l'::&:lﬁi?i: = cnma National Computer CONIIESS = S OV E o f $l|00 000 ‘
please, God, do |, Madison and o : = LNIRAEEETAY e . ) !
EERETIRRARGE B T v AWARDS AND SCHOLARSHIPS 5
e 18 s u - *480 chapters & T »
o3 e 7‘ - WP =4 - } *r- \
SR ¢ A2 ahg = = . JOURNALS
2 ' §3,000,000
: ARTICLES INTHE FREE CONTENT DEIVERED N THE WAKE OF COVID9
d 1 68 co u nt rl e S CS DIGITAL LIBRARY VIA CONFERENCES, DIGITAL LIBRARY ACCESS,
EDUCATIONAL COURSES, AND WEBINARS.
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*31 technical
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I Cooperatlon with Internatlonal Organizations |n 2018

IPSJ L.eaders, March,
IPSJ Convention, Tokyo

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

MoU with UN ITU

in Al for Good,
May, Geneva

£ . -
< Tm_w;eda University Technical Tour 1 v
Symposium, Nov.,

L] fr

I Torsowes mu 20—

3 I CINCC
CrmEEE EF
and computer sodiety, | have 2 =cE
new executive director, MS memy g? @ '¢V+
sﬁd;-oumam-idmtotu.
With i'd be complete siding, China
piease,Ga:tdoLMad'Emand = -

EHERRETARFA RN

mﬁkﬁ'z{aemﬁig‘-‘ - . N e e
W\ mmme— e MoU with Baidu, July,
= — Green Comp. C., Tokyo

SR § Tit= B
4 wEsf .

T EL L

CCF China National Computer
Hangzhou

Congress, Oct. ,

| IEEE CS China Office
moderated Tencent- < u v
Russian Academy of Science:

Waseda Univ. Joint
Russian Computer Science 70th
Anniversary, Nov., Moscow

20
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IEEE Eta Kappa Nu (HKN) BEfiH XZEICHXRKVIDELEF v T2 —
Waseda Univ. Student Chapter Mu Tau on July 25, 20185% 37 =X

Eta Kappa NulX1904410H 28 H[ZUniv. of Illinois at Urbana-Champaign|ZT B3I, IO F T 32—

X7 ILT77, PudueX. Ohio State KE KX T. 2009F [T LK T200NER - O —4ATERZER . 2010

FICIEEEDRBE VY I T3V, BME. R TH260F v FT2— 205 AL ELDE B ., £8I1Z1XGoogledl
FZEEZWHRO. . KEBXRXKEEOHE-HEZ#H . EHITEE. EaKappa NuS BN E XIS,

COMPSAC

20155
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*
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-
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|
|

e

IEEE ¥ 55 : John Walz (CS President 2012), Dejan Milojicic (CS President 2014)

IEEE CS= £ : Sorel Reisman 2011 (COMPSAC Standing Committee Chair), Roger Fujii 2016,
Hironori Kasahara 2018, Cecilia Metra 2019, 2 EE"’I%"‘:E HrRExLE

L i Ll 1

i

! = T Irl-h-.r- (ke » L : \
- o =3 .
) & 2 8 _ s = ol

3

Pr o

Mu Tau Chapter 13" Activity:
Paolo’s talk on July 29, at Waseda U.
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Oxford University, Nov. 12-13,2019 (Invited Lecture in CS & Research Collaboration)

Vice Chancellor Prof. Louise Richardson Merton Follege
Head of Astrophysics : Prof. Rob Fender Warde?. Prof. Irene Tracy
Dept. of Physics: Prof. Ian Shipsey Fellow: Dr. Peter Braam

Astrophysics: Prof. H.Falche, et. al. Sub Warden: Prof. Judy Armitage
CS Prof. Jeremy Glbbons
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Univ. of Oxford and Waseda U. Signed MoU for CS, Mathematics & Physics in April 2020

DEPARTMENT OF

COMPUTER

SCIENCE

MEWS & EVENTS ABOUT US ALUMBMI OUR STUDENTS INNOVATION

MNews

University of Oxford signs Memorandum
of Understanding with Waseda University

Posted: 22nd April 2020

exchanges of graduate s and staff and to collaborate on research, a Memorandum of Understanding
igned 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 Movember to give a lecture on green computing; Professor leremy Gibbons:

science) and Professor Peter Braam (Physics) made the return visit o Waseda in January (o 5et up the

(Computer 5
memorandum. Waseda is one of the top private universities in lapan, with particular strengths in robotics and
green computing, and this agreement will provide new opportunities for working together, particularly in machine
learning and programming languages.
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