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* [EEE Computer Society President 2018

1980 EXBERITFEHZE, 1982EELT

1985 E R KFIRIELTHRIET IFEL
H)IAIL_TFRKEN—HL—BEHEE

1986 B KR T E{F3E6M, 19884 BhEi%

1997 #i%, BT BIFMREREI SRS

1989~1990 1'!) /4 K%Center for
Supercomputing RRDEEWE S

2004 PRNVAMRILVFIATHAEFRAE

2017 BRI 7hTI— HAEMNESEHEESS

BRfTER2164, 1B1EEE176(4,
EFIERESHER-KXE-EEH-dEH),

HiE "WebSCE - TVEAT 47155 6094

Bf-FRESFEAE 245

1987 IFAC World Congress Young Author Prize
1997 FFHR U BFZRH LS E

2005 F EFRBETEHR L 2HAREHARE

2008 LSI*74 7 -4+ ¥— 2008 #5571,
Intel Asia Academic Forum Best Research Award
2010 IEEE CS Golden Core Member Award

2014 XEFEFREREZHFEIE R &8P
2015 EHUEFETIzA—,

2017 IEEE Fellow, 2017 IEEE Eta—Kappa—Nu

IEEE Computer Society President 2018, Executive
CommitteeZE B &, IHE(2009-14), IRt EHEE S
B, Multicore STC ZAE R, RHNEESEER,
IEEE CS Japan & & f (2005-07) ¥
[#RFERXE-NEDO] BEHRREARTILFITE
TR ZXREFEa /457 aocHo8)—4,
NEDOOVE1—4HIREERSE
[RERFIR—/—arE1—48IKREE, BFFHE=E
BHERAER, BEHNFERNTEEEHEEPT IR
FRREREEIEXL) T4 VIMRFERE, BAE
[SCERFI A - iR JHhBR S S 2 L—4 (ES) B ] 54
8. FHRAEFEHTES, HPCIFTE#EZ 8, it
KRV () PREFMEES - B ZHREFEERS,
BROSAL—FES2BARMT7RNA(F()—REERESH




IEEE CS (19464 8%3L)724F DER D
IEEE Computer Soc1ety hTHIH T, LRI D SR EISE

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

mmmm:hmdof MS memy - -
o Co.

[oF oL i
and computer society, | have 3

*480 chapters
*168 countries

*31 technical
committees
) & councils

2
@ COMPUTER
SOCIETY




4
CS HPC Award Ceremony on Nov. 13 in SC2018, Dallas
having 13.000 participants  ACM/IEEE-CS Ken Kennedy Award

Prof Sarita Adve

Seymour Cray Award
Dr. David E Shaw

IEEE

computer
psoaety
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Bjarne Stroustrup: Morgan Stanley & Columbia Univ.

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

LI

July 26, 2018, Keynote,
Hitotsubashi Hall

July 25, 2018 Award Ceremony
Rihga Royal Hotel Tokyo @lEEE




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.

of W
ol

Rau Award Winner Dr. Ravi Nair,
Rau Award Chair Dr. Kemal

Ebcioglu & CS President Hironori e aam, ., 5 RS o « |
Kasahara & 11 s =t
General co-chairs Profs Koji Inoue & Mark Oskin with CS distinguished
IEEE researchers and ACM SIGARCH CARE member in Banquet. @IEEE
computer Advancing Techno.'?gy

SOClety S for Humanity




IPSJ Leaders, Marc,
IPSJ Convention, Tokyo Korea(KIISE) in March,
Japanese Government Symp.

Okawa Foundation, CS Japan
Chapter, Multicore STC &

Japan (IPSJ), China(CCF),

Waseda U., Tokyo

MoU with UN ITU
in Al for Good,

May, Geneva

v Tencent-Waseda University Technical Tour

) Tencen i 20

o | mm
(3 compurer
5| socery

i
PPPPP

&P aNcC

@ BEAE
and computer society, | have 3 CCF *m ;‘ ﬁ"‘
new executive director, MS meny c'? @ "Vr

cad ot S T China National Computer ¢ Cong_ress

With i'd be complete siding,
please, God, do |, Madison and

EEE T RARR
HEtE, HftAgreentZEAL

MoU with Baidu, July,
Green Comp. C., Tokyo

CCF China National Computer
Congress, Oct. , Hangzhou

| IEEE CS China Office KQH“’EPEH%___

moderated Tencent- \ b o
Waseda Univ. Joint Russian Academy of Science:

Symposium, Nov., Russian Computer Science 70th
Waseda U., Tokyo Anniversary, Nov., Moscow




Cooperating with other 1EEE 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

ACM President Vicki L. Hanson (new ED&CEOQO) & Pat Ryan Chief Operating Officer
IEEE Kasahara’s Remarks @lEEE
computer Advancing Technology
SOCIEty 7 for Humanity
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IAB: Industry Advisory Board on May in Intel

Intel, Google, Microsoft, Aerospace Companies, Hitachi, etc
(Photo is just with some of committee members)

[I
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EEE <¥IEEE

@ computer . l . . - Advancing Technology
. SOCIEty 8 for Humanity
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ANX—kI2A22E7ILFOT

iPhone SE® W’&B/,-

Twister core:
http://ggsoku.com/2016/07/tsme--" " ARM  v8-A-com patl ble

reportedly—to—start—ship,pingfélo- _EEZE T el

processor/ _.-

...~ <Apple iPhone SE>
) ¢0S:i0S9.3
*CPU:Apple A9
1.85GHz
*RAM:2GB
*ROM:16GB. 64GB
o TART LA 44>
F. 1,136 X 640,
326ppi
o1 45:1,200 A E %
(iSight) . 1205 B3

(FaceTime)
o /\YyT—:
o 1,624mAh i e
httpS!//WWW.IpI"OS.j p/technote/column- o<17%£:123.8x58.6 X http://investorshub.advfn.com/boar
teardown-iphonese/ 7.6mm ds/read_msg.aspx?message_id=120

eEH=:113g 544036 10



XD SMP 7—FTOF~v
Traditional SMP Architecture

Processor @ Processor Processor

Snoopy Snoopy oo o Snoopy
Cache Cache Cache

Central Bus

11



AN I HgE: IM'7 I~‘J‘/'ogle7)b77§
IBM Watson | .0 oF7 @

Joparcy!] Ik VL
A / §1,000,000 $20ﬂ onﬂ
J0E, FUE0I4REkTr -
DR, Wtson 04 T8 Tleoprty! (53/674 1) | T4 AT 08 Rt Uken ' ” '
g ¢ L, BALEUE, Wasoold, BHCBE0T, BEGIAAL, Rowht, BER BRE 3
55 03 FRRAC. VR 0BT e MR AR ALY : . N
=i | ST http://watson2016.com/

> IBM Power 7500 —/\—

. o > 2,880 MDAty —-a7

https://www.ibm.com/watson/jp-ja/quiz/index.html > 1FDRSI-80JK[E O IR B/ NS
e Sl By U EE (S0TFLOPS)

FTESHR EHES

Ay O TILI7E
VT—ITVNET—TIAUF#

T4—T53—=7

8201755 A 23~27H

A R R T THHRNRIC3ER

http://www.asahi.com/articles/photo
/AS20170602000970.html

https://www.ibm.com/watson/jp-ja/what-is-watson.html




IBM Power 7 (8 core) 256 core Board for PERCS (Blue Waters)
_Water Cooling

\\\\\\
------------------------------------------------

13



Self Driving Cars (B EN:&E Ex)
Connected Security, Big Data, Traffic Clqud

-drivings.com/selt-driving-cars-updated-market-analysis/

Deep Leaning (ZE=a21—F LR YR) ICKYE B R
Z

http://www.digitalartsonline.co.uk/news/creative-hardware/nvidias-water-cooled-supercomputer-helps-cars-drive-themselves/

14
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Flynn’s Classification of Parallel Processing Systems
1.1 EHNIBAKXDIEFE (FlynnD 758)

SISD (Single Instruction stream Single Data stream)

1B /INATZA4> Instruction Pipelining (¥4 BE :Fine grain)
QEHEFE I =vk *x Multiple Operation Units (MALFE: Fine grain)
3. R—/IN\—RHT * Superscalar (#¥#IEE: Fine grain)
4 VLIW (Very Long Instruction Word) * (#HFLEE: Fine grain)
SIMD (Single Instruction stream Multiple Data stream)
S5EENATSA42 (RIRL FA+YH) * Vector Processor (HRFLEE: Fine grain)
6.7ty 7L A Processor Array (FHLE: Fine grain)
T AR) Y7L A % Systolic Array (GE#ARIEE : Near Fine grain)

MIMD (Multiple Instruction stream Multiple Data stream)

8.7 IILF7OtyY Multiprocessor  (IT#ll. #. #A%iEE: Near Fine, Medium,, Coarse grain)
9.7 —278—<TL 2 (/AR E 2—4) Data Flow Machine: Non-von-Neumann (H#1E)

x MDD EEEHET EHTESHIEZRT : * shows it can be classified into another type.

15



Stanford Univ. Prof. Michael Flynn

16



Trend of Peak Performances of Supercomputers

1,000,000,000,000,000
100,000,000,000,000 -
10,000,000,000,000 -
1,000,000,000,000 -
100,000,000,000 -
10,000,000,000 -
1,000,000,000 -
100,000,000 -
10,000,000 -
1,000,000 -
100,000 -
10,000 -
1,000 -
100
10 +
1 }
1960
VPP700/512
VP-200
SX-4/512
SR8000
$820/80
PARAGON XP/S /4096
Japanese K supersomputer
B IBM Roadrunner
IBM BG/L(04_11_70.7TF)
CRAY Y-MP8
- CRAY (90/16

= ASCI Purple
Sunway Taihulight

1 Bl He

Summit, 2018.06 ,188PFLOPS,8.8MW

Sunway Taihu Light, 2016.06, 93PFLOPS, 154MW

Tianhe-2, 2013.06, SSPFLOPS, 17.8MW

Titan,2012.11,27PFLOPS,8.2MW

Sequoia,2012.06, 20PFLOPS, 7.9MW

-

3,2011.6&11, 11PFLOPS, 11.3MW

|__eh

*A

1980
B VPP5000/9.6G*512

b H I He

LN

TI-ASC

SX-3/44
SR2201/2048
$810/20

Origin 2000/128
Cray XK7 Titan ORNL
IBM Blue Waters
CYBER20S

CRAY XT5 (Jaguar)
CM5/16384

ASCI Blue P/8*512  LL(IBM)

o A’*’- ':

pe o

https://www.anl.gov/article/us-

1990

<~ ¢ @ 0 HD»>

*

2000
VPP500/222

_1Z

1E

1P

.‘

National Laboratory

7
2021 DoE will deliver
Aurora by Intel & Cray Exa-
Flops Machine in Argonne

1T

Ar3onn: &

* JENERGY

2010

SX-8/16GF*8PE*512

SX-2

SP2/128

$3800/480

NASA SGI Columbia/16160
Tianhe-2, (MilkyWay-2)
IBM BG/Q Sequoia LLNL
CRAY-1

CRAY T3E/2048
CM200/65536

ASCI BLUE M99: 6144({128*48) LANL(SGI)

2020

HeomEE)>» N

1G

department-of-energy-and-intel-to-deliver-first-exascale-supercomputer

2030
SX-5/512(16*32)
STAR-100
SGI Pleiades
RS/60005P/512
Japanese Earth Simulator
ILLIAC-1V
IBM BG/P
CRAY/T90
CRAY T3D
ASCI Red/9072 Sandia(Intel)
ASCI Blue M98: 3072 LANL(SGI)



ILLIAC 1V, Univ. llinois at Urbana-Champaign & Burroughs
SIMD

64 Processor
Element,
Processor
Array

1972-3, NASA
200 MIPS,

300 MOPS,

1 billion bits per
second of 1/0
transfer

Integrated
circuits

Processing
Element




174 PE AR

L
—

ILLIACIV |

ILLIAC IV Inter-PE Connection Network

oy
SR
Q0100
SEloeRoe
QB0
SlB00e
SISO
oleBisiod

19
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Prof. David J Kuck (Univ. lllinois, 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)

o A
Dr. Peter Prof. Vladimir Dr. David Prof. David Prof. Jaejin

Lee
Braam Getov Kuck Padua 20




Seymour Cray

Seymour Crug with the CRAY.3 Supercompiter



NOMILINA TS
Vector Pipeline

Floating Point Addition

°--A(7 A(6)—( \ A5 A (3) o
g _*O jB(JB(B o(z C (1)

R (112 B T"ﬁﬂ:
tEER
Comparison of Sifting of || Addition || Normalization

exponent mantissa

22



Machine Cycle J ime 9.5ns (105MHz)

PE Performange 1.68GFlops

PE Memory Size 256 MB/PE _ : :

‘Cressbar Bandwidth 4B/cycle x 2 (send/receive s1multane0us)/PE

' " = 421MB/s X 2 /PE -
i *f_, s - ] Proc.

.ﬂ“m

.___‘_\_\--

-

NAL‘ébrflp.ﬁter céhfér, Chofu, Toi;yo;xFeb. 1, 1993 (Fujitsu VPP500) 23



19934 R—/\—I2E 21 —24VPP5000. #UERR(NWT)

(Y NS E

19934%F A—/{—-1>E1—-49VPP5000, ZUERFR(NWT)DBIHE
19984F ithkks =1L —4 (Earth Simulator) ##18

2004 AL ELBMRAIIO- (BE)

Mr. Hajime Miyoshi

h

CMOS LSI

Y
o= -
Machine Cycle/me 9.5ns (105MHz)
|

PE Performan ce 1.68GFlops

PE Memory Size 256MB/PE —

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

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

JSPP2000@Waseda
A—/X—/\FRJLPFLOPS~MDE



Earth Simulator

(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)
| 35.6 TFLOPS Linpack

h
Processor Node (PN) .
Cabinets (320) 3

Interconnec ion \
Cabinets (65)

~ Double Floor for Cables




2011456 8208 E37ETOP500) AN INE — (L ES
N> T ILBAHE D) ISCE11 (International Supercomputing Conference 2011)

[RIDEA . SAEETE SEIDEARNRE

52 T ) Bf i CLINPACK T REZ 5181
68,544{E D CPU (E— 14
8.774PFLOPS: 6725v%7) Z AL\,
LINPACK$#E 8.162PFLOPS (31T

BhEE 93.0%) EEM
20125E6 AR : H¥Z10PFLOPSE K
2012511 A O H A5G

Fiir!"

A
LT
MM &

i

R Eaiy

[5212011.6.20

VATLHEATI 2=
2006£E 2007#E 2008%E 2009%E 20105£E 2011€E  2012%E
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OHATrAVER

SPARC64™ VIIifx
(R ELTEH)

IBIb R MEAR—M745>KF 10PFLOPS D7 —XT9F

'_.'_-

| A AE 2=

ZOtw T i SPARC 6™ VIIIfx
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June 20, 2016
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50 PN AIOVATIVE _‘\II‘I Fepe— o ISC crove
ot by —hoya R AT el T Matienal Labarabery - g Faetr
The List.
HAME SPECS SITE COUNTRY CORES Ty FORR
1 Sunway TaihuLight Shenwel SW2E010 (260C 1.45 GHzl Cusiom interconnect MSEE in Wi China 10,649,600 83.0 154
2 Tianhe-2 (Milkyway-2) Intel bey Bridge {12C 2.2 GHz) & Xeon Phi (S7C 1.1 GHz), Customn interconnect MSCC in Guangzhou  China 3,120,000 330 174
3  Titan Cray XH7, Opteron 6274 (16C 2.2 GHz) + Mvidia Hepler GPU, Cusiom interconnect  DOE/SCAORML usa 560, 640 176 a2
L Sequola IBM BiusGens/Q, Power BQC (16C 1,60 GHz). Cusiem interconnect DOEMMSALLNL USA 1 572 664 172 74
5 K computer Fujitsu SPARCSES Vit (3C 2.0 GHz). Custom interconnect RIKEM AICS Japan 705 024 105 127
PERFORMANCE DEVELOPMENT PROJECTED
T e — e ===
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https://www.top500.org/

Rank System

1

Summit - IBM Power System AC922, IBM POWER?S 22C 3.07GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband , IBM
DOE/SC/0ak Ridge National Laboratory

United States

Sunway TaihulLight - Sunway MPP, Sunway SW26010 260C
1.45GHz, Sunway , NRCPC

Mational Supercomputing Center in Wuxi

China

Sierra - IBM Power System S922LC, IBM POWER? 22C 3.1GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband , IBM
DOE/NNSA/LLNL

United States

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz,

TH Express-2, Matrix-2000 , NUDT
National Super Computer Center in Guangzhou
China

Al Bridging Cloud Infrastructure (ABCI) - PRIMERGY CX2550 M4,
Xeon Gold 6148 20C 2.4GHz, NVIDIA Tesla V100 SXM2, Infiniband
EDR , Fujitsu

Mational Institute of Advanced Industrial Science and Technology
[AIST]

Japan

No. 1 since June 2018

network.

Cores

2,282,544

10,649,600

1,572,480

4,981,760

391,680

June , 2018

Rmax Rpeak Power
(TFlop/s) (TFlop/s) (kW)

122,300.0 187,659.3 8,806

?3,014.6 125,435.9 15,371

71,610.0 119,193.6

61,4445 100,678.7 18,482

19,880.0 32,576.6 1,649

Summit, an IBM-built supercomputer now running at the Department of Energy’s (DOE) Oak
Ridge National Laboratory (ORNL), captured the number one spot with a performance of 122.3
petaflops on High Performance Linpack (HPL), the benchmark used to rank the TOP500 list.
Summit has 4,356 nodes, each one equipped with two 22-core Power9 CPUs, and six NVIDIA
Tesla V100 GPUs. The nodes are linked together with a Mellanox dual-rail EDR InfiniBand

29



mBshmn http://www.asahi.com/science/intro/TKY201203070434.html
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Li—T7 DERDRE
aAVEL—2DOEMHEEIEEIEEEEAHIIC
(X< ILFaF7hwhiaE

oS Power < Frequency * Voltage?

j ‘ (Voltage < Frequency)
" Power < Frequency?
| Cores6 | o FERE Krequency Z1/4|129 5B &
igaed x40z >1GH7,
f HEENIT /6412515
HEREIX 1/4I21ETF .
IEEE ISSCC08: Paper No. 4.5, <X ) I/;J-F - 7>

M ssiomis sec o |8cores #F v TICRIRT B &,
CPUS and 8 RAMS by an automatie | 22,21 | #KFR1/8 THERE (X2 fFMAL

Parallelizing Compiler”
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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

..\1\\\\\\\\\\\\\\

(ARLE

SR

W
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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, eg. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National

Research Institﬁe for_Earth Science and D1s er Res1llice (NIED)
origina sun stud

ZR1Z-05-16 11: 00 — 2@12-@5-17 11: 00 VERT = (X axis Max is 1300)

proposed rnethcl-n:I

Fjitsu M9000 SPARC

Multicore Server

'
LA
o

Level [uV]

2

211.0

=1
L
=

2

LA
o

Speed-up ratio against
original sequential execution
o

1lpe 32pe Bdpe

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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Earliest Executable Condition Analysis for Coarse
Grain Tasks (Macro-tasks)

Data Dependency
""""""" Control flow
) Conditional branch

BPA Block of Psuedo
Assignment Statements ? O

RB Repetition Block
7 """"""" ’ RB
" o
BPP: I;B
15 FPA 7 !?B "F‘QB" I
o, 15
__________ - L2
Data dependency

) e Extended control dependency .
O Conditional branch . {3
— OR e
13 :RB .~ AND 14

“ rB > Original control flow

L A Macro Flow Graph
Y A Macro Task

Graph
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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD =4.3
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Parallelization of Dose calculation

Environment

*  HPCT W210s

CPU: Intel(R) Xeon(R) CPU E5-2699
v3 2.30GHz Turbo-boost OFF (18 X 2
core)

MEM: DDR4-2133(16GB) X 7
gfortran v5.4.0

00
o

~
o

(o2}
o

v
o

M original

W oscar

speed-up ratio
w H
o o

N
o

[
o

o

1pe 36pe

Seqguential execution by OSCAR run 3.8x faster than original sequential
execution.

Parallel execution by OSCAR using 36 cores run 69.3x faster than original
sequential execution.
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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 35SmW power consumption is required.
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OSpeed-ups on TILEPro64 Manycore
|

60.0

55.11

20.00 15.82
1core
3.95
100 1.96 - I
0.00 — - : : : :
1 2 4 8 16 32 64

55 times speedup with 64 cores



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

Hitachi SR16000
(Power7 Based 128 Core Linux SMP) w.crc2o1s)

M Proposed method —Proposed method (Speed Up Ratio)
25000 120
% = I f T 21’704 / 110.7
— — 0
"0
$ 80
£ 15000 - 14
- 6 S
210000 - i
0 40 o
3 )]
w 5000 7 N 20
19
0- 0

First touch for distributed shared '
memory and cache optimization over Tpe 32pe 6dpe 128pe
loops are important for scalable speedup




Parallelization of 3D-FFT for New

Magnetic Material Computation on
Hitachi SR16000 Power7 CC-Numa Server

140
120
100
80
60
40
20
0

Speedup

FFT size 256x256x256 120 x

moriginal W OSCAR optimization
Original version (Parallelized using OpenMP)

169 s . I 6X
2

1 3 64 128

OSCAR optimization

* reducing number of data transpose with interchange,
code motion and loop fusion
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ETILAR—REKE

(Embededcorder,TagetLink4E

Generate C code
using Embedded
Coder or TargetLink

+ i
L o
R . b 2

" =

Simulink m&:lel

pa—

7 045 L MATLAB/Simulink

—R)D B &)t FI4E

/+ Model step function #/
\Emd Yesse|Extraction_step(void)

intd2_T is
real _T ul;

S DataTypeConversmn '<81>/Data Type Conversion’ incorporates:
# Inport: *<Root>/Inl’
#
for (i = 05 0 < 163845 1+4) {
YesselExtraction_B.DataTvpeConversionli] = YesselExtraction_U.In1[1];

5 /% End of DataTypeConversion: "<81%/Data Type Conwersion® #/

A+ Qutputs for dtomic SubSystem: "<B13/2Dfilter’® =/

/% Constant: "<315/h17 %/

VesgelExtraction Dfilter(VYesselExtraction_B.DataTypeConversion,
YesselExtraction_P.h1_Value, &/esselExtraction_B.Dfilter,
(P_Dfilter_VesselExtraction_T #)&VesselExtraction_P.0filter);

= /% End of Outputs for SubSvstem: '<B1>/2Dfilter’ =/

/% Outputs for Atomic SubSystem: "<B13/20Filterl’ /

J% Gonstant: *<813/h2” %/

VesselExtraction_DfilteriVesselExtraction_B.DataTypeConversion,

VesselExtraction_P.h2_Value, &'esselExtraction B.Dfilterl,
(P_Dfilter_VesselExtraction_T #)&VesselExtraction_P.Dfilter!});

C code

el

OSCAR Compiler

(1) Generate MTG

+
MT12 |E|

s

) i1 PCO | MT10
-> Parallelism pc1 [ wms
PC2 | MT6
PC3 | MTs

(2) Generate gantt chart oo
= Scheduling in a multicore

|
4.0E-02
TIME [s]

vold vesselExtraction_step L)

~

Svoid thread_function_001 { woid )

int thrl ;
int thr2 ;

Yessel|Extraction_step PE1 () ;

int thrd ;

i
{
oscar_thréad create { & thrl ,

thread function 001 . (vaid#)l ) ;
oscar_thread create ( & thr? ,

thread_function_002 . (void#)2 1 ;
oscar_thread create { & thrd ,

thread_function_003 . (void#)3 1 ;

VesselExtraction step PED ()

oscar_thread join ( thri
oscar_thread join  thr2
oscar_thread join ({ thr3

)
)
:I !
wn  [E] (3) Generate parallelized C code
MT7

using the OSCAR API
- Multiplatform execution
(Intel, ARM and SH etc)

48
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(Intel Xeon, arm Cortex A15 and Renesas SH4A)

4.00

3.56 343
|312|
Road Tracking Buoy Image Color Edge Optical Flow Vessel

Detection Compression Detection Detection

M Intel Xeon E3-1240v3 m ARM Cortex A15 m Renesas SH-4a

Road Tracking, Image Compression : http://www.mathworks.co.jp/jp/help/vision/examples
Buoy Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/44706-buoy-detection-using-simulink
Color Edge Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/28114-fast-edges-of-a-color-image--actual-color--not-converting-

to-grayscale-/

Vessel Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/24990-retinal-blood-vessel-extraction/

3.50 3‘20

3.00 2.842.75 73 2.92

25 2.292.01 . 5-9& ) o6 2.33 20&.152'48
2.0 ’ 1.85 '

15

10

05
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J—0Ov/\AUTOSARI > VHIETI OIS L (408
17) DInfineon AURIX TC277(217) LTHOBES
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- I 1 I
> Original sequential execution time on 1 core: 145,500 cycles

> Sequential execution time by OSCAR on 1 core: 29,700 cycles

> 4.9 times speedup on 1 core against original execution by OSCAR Compilers
automatic data allocation for local scratch pad memory, flush memory modules

> 2 core execution by OSCAR Compiler: 16,400 cycles

> 1.81 times speedup with 2 core against 1 core execution
with OSCAR Compiler

» 8.7 times speedup against original sequential execution.
110 m MTG-—16ms 5

0 10 0 0 40 80 0 0 20 %0 100
|2 s | e v e LR I (= B T |

Original code 1 Core execution

W LN OSCAR 1 Core execution 145.500

i I 29,700 cycles oyl

i =l e
16,400 cycles OSCAR 2 Core execution(data mapped) T ] e gy I
=y "

‘I'\[ SRI Cross Bar Interconnect T T(XBar_SRI) TT TT - ﬂ x: XBAR I
s FPU s L= T =17 =1
PMI DMI D PFlash0 | PFlash1




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 (ISSCC2007 #5.3) RP-2(1SSCC2008 #4.5) RP-X(ISSCC2010 #5.3)

DAA
Core O H Core 1

L
i
@

F —
=1

=
@

o

90nm, 8-layer, triple-Vth, CMOS 90nm, 8-layer, triple-Vth, CMOS 45nm, 8-layer, tnple-Vth, CMOS
97 6 mm? (9.88 x 9.88 mm) 104.8 mm?Z (1061 x 9.88 mm) 1538 mm? (12.4 x 12.4 mm)
1.0V (internal), 1.8/3.3V (I/0) 1.0-1.4V (internal), 1.8/3.3V (l/0) 1.0-1.2V (internal), 1.2-3.3V (I/O)

600MHz 4.32 GIPS,16.8 GFLOPS | 600MHz , 8.64 GIPS, 33.6 GFLOPS 648MHz, 13.7GIPS, 115GOPS, 36.2GFLOPS
114 GOPS/W (32b#a5) 18.3 GOPS/W (32b¥a5%) 37.3 GOPS/W (32b#a 5%)




B https://www.top500.0rg/25years/

ar: Dak ridge
nal Laboratory
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Center in Tianji
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2011 2012
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Titan: Oak Ridge
National Laboratory
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Later
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(MilkyWay-2] National
University of Defense
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2013 2014 2015

Thoughts on
Augmenting the
TOPS00 Project

Additi
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e
2016

November 13, 2017

Shoubu System B Most

Energy-Efficient
Supercomputer

The most efficient of these ZettaScaler
supercomputers is the Shoubu system B installed at
RIKEN's Advanced Center for Computing and
Communication. It achieved a power efficiency of 17.0

gigaflops/watt.
Sunway Ta'i ' 1st TOP500 & SC1é
National Press Briefing
Supercomp
NewGreend  Shoubu System B
announced Most Energy-Efficient
Supercomputer
4
TOP500 Tsuban Summit at
merge Green§ DOE/SC/0ak Ridge
National Laboratory
= L ]
2017 2018 2019
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https://www.top500.org/lists/2019/06/
TOP 10 Sites for June 2019

For more information about the sites and systems in the list, click on the links or view the complete list.

1-100 101-200 201-300 301-400 401-500

Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)

1 Summit - IBM Power System AC?22, IBM POWER? 22C 3.07GHz, 2,414,592 148,600.0 200,7924.9 10,096
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband , IBM
DOE/SC/Oak Ridge National Laboratory
United States

2 Sierra - IBM Power System S922LC, IBM POWER$ 22C 3.1GHz, 1,572,480 94,640.0 125,712.0 7,438
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband , IBM /
NVIDIA / Mellanox
DOE/NNSA/LLNL
United States

3 Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C 10,649,600 93,014.6 125,435.9 15,371
1.45GHz, Sunway , NRCPC
National Supercomputing Center in Wuxi
China

4 Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, 4,981,760 61,4445 100,678.7 18,482
TH Express-2, Matrix-2000 , NUDT
National Super Computer Center in Guangzhou
China

3 Frontera - Dell C6420, Xeon Platinum 8280 28C 2.7GHz, Mellanox 448,448 23,516.4 38,745.9
InfiniBand HDR , Dell EMC
Texas Advanced Computing Center/Univ. of Texas
United States

6 Piz Daint - Cray XC50, Xeon E5-26%90v3 12C 2.6GHz, Aries 387,872 21,230.0 27,154.3 2,384
interconnect , NVIDIA Tesla P100, Cray Inc.
Swiss National Supercomputing Centre (CSCS)
Switzerland
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¥ Engine Control by multicore with Denso @ Eoon = §
< Though so far parallel processing of the engine control on 5 60 3
multicore has been very difficult, Denso and Waseda succeeded gmm I 40 E
1.95 times speedup on 2core V850 multicore processor. & 5000 - — =T 20
_— 1000 370 196
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by OSCAR Parallelizing Compiler
Without Por 02 Decodin ing with 8 CPU cores
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8.9times speedup by 12 processors 55 times

1 t 1 )\eon X5670 2.93GHz 12 IBM Pmrer 7 64 S\[P
SMP (Hitachi HA8000) (Hita: hSRlGﬂﬁﬂ)
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OSCAR High Performance and Low Power Vector
Accelerator and Compiler for ADAS and
Self-driving Vehicles with OSCAR Technology

Target:

> Solar Powered

> Compiler power reduction.
>Fully automatic parallelization and
vectorization including local memory

Compiler Co-designed Interconnection Network management and data transfer.

Vector Accelerator

Multicore Chip

Features
Attachable for any CPUs (Intel, ARM, IBM)
x 4 * Data driven initiation by sync flags

Function Units [tentative]
* Vector Function Unit
8 double precision ops/clock
64 characters ops/clock
Variable vector register length
Chaining LD/ST & Vector pipes
Scalar Function Unit
Reglsters[tentatwe]
Vector Register 256Bytes/entry, 32entry
* Scalar Register 8Bytes/entry
* Floating Point Register 8Bytes/entry
= Mask Register 32Bytes/entry

Transfer
Unit




OSCAR Technology Corp.

Started up on Feb. 28, 2013:
Licensing the all patents and OSCAR compiler from Waseda Univ.
CEO: Mr. Y. Yamada , (Senior Manager of Automotive Engine Part Company)

Executives: Dr. M. Ohashi : COO (Ex- OO of Ono Sokki)
Mr. A. Nodomi : CTO (Ex- Spansion)

Dr. K. Shirai (Ex- President of Waseda U., Ex- Chairman of Japanese
Open U.)

Mr. S. Tsuchida (Co-Chief Investment Officer of Innovation Network
Corp. of Japan)

Auditor: Mr. S. Honda (Ex- Senior VP and General Manager of MUFG)
Dr. S. Matuda (Emeritus Prof. of Waseda U., Chairman of WERU INVESTMENT) ‘;\
Mr. Y. Hirowatari (President of AGS Consulting) : =y
Advisors: Prof. H. Kasahara (Waseda U.) | '
Prof. K. Kimura (Waseda U.)

Dr. T. Ono (Ex- CEO of OSCARTECH & First Section-listed Company,
Director of National U., Invited Prof. of Waseda U.)

Mr. K. Ashida (Ex- VP Sumitomo Trading, Adhida Consult. CEO)

Copyright 2019



| 2@EA—7> -t /R—av-NL—R

2020 F F R TE1HIREAR 72—
HBITEI00EM(KEEE)
11@165%11@?25%%@&@%%’918,ooom2
(GtEhE 28 EEahE5HE3AmM?)
F%E?’EU/RF w7RO, -
ERE&, TLO, 22X E, 1o F1—~—
Ay, TN —FHEeEHE

_5,9

l[#

57 b il
< ’f“ﬁm

i [T
I

iu

ol
po 7

61



| REEAY ELEMA—T (/NI

> DFL-BEBESAOETHMENSEAORS %M
LT 2%, KEQOHISF)F EEHFAL.
EERAHSOEMHERREAETICENBE

> HBILA B MEER RSO XS E DI FH
ZICEIZEL, MEBRCEATA(EER-LROZHE)
S rtic, EER-—XeET HRE— B
MORHELFARRL. CheBLNEAOMERDS
WMERLANVETEE R, SENESHEERET,

> BRREAZE. A—T24/R—2a - INL—EROF.
ETS S TIEEEGNE -7 AN 7RO, NEH
EEAMBR. #E-—XERELAFREE. EREM
BIERiS EAXIE. AV Fr—BRSESEA—T1/
R—a B L. EXREOEOSERYBRZTIVR
> LEEEEIET,

62



AF=2ong9sh
Sl L b o Tre—
FREXPDERT F—T oA SR— LV CHT S
[ F=T A SN =B I AT A BEEHAE A~ DN
ki
et m:n:r:.;iﬂ
ey e n SN, MR e ey LN R
RRERS —T oA Ji—Lay
¥ - =
Society 5.00RRE . R TR OO N & - e
g AT Ue IO | i
e sannsassans [ M by o Fop T i — DR
ﬁ purreoesan e Pl MR
cr—— p— e - - p— -
1= L=}
BREnne Ea—7 0 FOM e
Suten megsees prggmats e, { -
[ S — " BUTEE EES DTE R0 T R
s ity B nite o -~ 1:.!"-- T
[ 18
A F T RTEET S ARG REICE T
AllCEBN— S P O+ R E0 R & RS RMER DR
X ey
L S S Ry AT TRl
vl hm
BRI S ICHME 2 =lm || Qi@ S=Traz ki
¥ % TEm SRS Eeks ol e e
r.:-gq"—u:_".:u_ﬂ A crasE RS ?_‘. - Eﬁ".m
WRSNIAT MATR . N
BEEA =T oA S —a DR APT avramane oo cowes sea (EPE B —n
H_T.EQ":'.':'.".'.. g4 T s A Wit
#mam -":::.-qh walE L TE EE
e N ] i Bln o % ENn

I " - BT T — oo g i fra

/ I = Tt f i Ty =S L 210N
I ﬂ-ﬁ“ eeon (A ST T E T 3 — S
W S TELTH-SX00-0007 E-maitcavenmu washdi,

I BiEA—T A/ R—=230-T73—F L WOI 2020.3.10FH{&EFE

A TARABLL
- DEVELOPSERT
v GOALS

PREF—T A /-3 T74—542019

HIHE) 10:00~18:00 5
ft‘UL-' H— L7 ora-n |

= T ISERENIR RS i B Lt

https://waseda-oif.jp

63



I Waseda Alumni: Ventures including Unicorn and Students’ Startups

@ mercari Shintaro YAMADA (LLI H € A EB

r— X

@

@ niconico

Be a Game-changing
L= o

COMPANY
in Genomics

= Gen SAKAEDA (3¢ i (27))

(41)) Genics CEO, Developed fully-automatic,
Mercari CEO, Unicorn company, Stock mouthpiece-type toothbrush, PhD
listed at June 2018, Education (2001) course student at

Advanced Sci. & Eng.

Takeshi IDEZAWA (Hi% Fll (46))

LINE CEO, freeware app for instant Ta!Chi MURAKAMI (WJ:. A—(32))
communications (over 600 million users in Livesense Founder & President,

the world) , The youngest listed record (TSE
Political Sci. & Economics (1996) Mothers)

at the age of 25,
Political Sci. & Economics (2009)

Yuya TAKETANI (18 #h# (30))
Gunosy Representative Director and CEO,
Optimally deliver information to people
around the world, Creative Sci. &

Takeshi NATSUNO (R %F Fll (54))

DWANGO President, Comprehensive _
internet-based entertainment enterprise, Gunosy &0
Political Sci. & Economics (1988) =S

Engineering (2011)
Masato HOSOKAWA (#JIl IEA (35))
bitBiome Director, CSO, e s 2
The Commendation for Science and N )
Technology by the MEXT, The Young HE }\( y7 Takahiro HAYASHI (#% &34 (42) )
Scientists’ Prize, HEROZ CEO, smartphone apps such as
Research Institute for Sci. and Eng. “Shogi Wars”, “CHESS HEROZ" and

“BackgammonAce”, Education (1999)

Q Waseda University
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5,  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

Personal / Regional
Supercomputers

Advanced medical systems

c treat " t Solar powered with more than 100
a.n cer re? ment, times power efficient : FLOPS/W
Drinkable inner camera : : .
* Regional Disaster Simulators
* Emergency solar powered .
saving lives from tornadoes,

* No cooling fun, No dust, . L .
o localized heavy rain, fires with
clean usable inside OP room
earth quakes

s e\

-From everyday recharging to
less than once a week

- Solar powered operation in
emergency condition

- Keep health



