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2016 IEEE Computer Society Election Results| IEEE CS 704E D ESR D h TH)&H
Hironori Kasahara selected 2017 President-Elect (2018 President)| T+ ALK D o= RITEH

Hironori Kasahara has served az a chair or member of 225 society and government committees, including a member of the CS Board of Govemors;
chair of C5 Multicore STC and CS Japan chapter, associate editor of IEEE Transactions on Computers; vice PC chair of the 1996 ENIAC S0th
Anniversary International Conference on Supercomputing; general chair of LCPC;, PC member of SC, PACT, PPoPP, and ASPLOS; board member of
IEEE Tokyo section; and member of the Earth Simulator committee.

He received a PhD in 1985 from Waseda University, Tokyo, joined its faculty in 1986, and has been a professor of computer science gince 1997 and
A a director of the Advanced Multicors Research Institute since 2004. He was a visiting acholar at University of California, Berkeley, and the University
of linois at Urbana—Champaign's Center for Supercomputing RED.

Kaszahara received the C5 Golden Core Member Award, IFAC World Congress Young Author Prize, IPSJ Fellow and Sakai Special Research Award, and the Japanese
Minister's Science and Technology Prize. He led Japanese national projects on parallelizing compilers and embedded multicores, and has presented 210 papers, 132 invited
talks, and 27 patents. His research has appeared in 520 newspaper and Web articles.
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IEEE Computer Society

60,000+ members, volunteer-led organization,

200 technical conferences, industry-oriented "Rock Stars" ,
17 scholarly journals and 13 magazines, awards program,
Digital Library with more than 550,000 articles and papers,
400 local and regional chapters, 40 technical committees,
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e
Toward 2018

1.  Refining content and services to further improve the satisfaction of CS
members;

2. Considering an incentive for volunteers to further accelerate CS activities and
promptly provide technical benefits for people around the globe;

To express appreciation to volunteers: _
CS Point (Mileage) System: Annual & Life Time Honor,
Premier Seating, Premier Registration, Distinguished Reviewer, etc

3. Offering more attractive services for practitioners in industry;

4. Providing the world’s best educational content and historical treasures for
future generations, which only the CS can create with our pioneering
researchers (for example, the Multicore Compiler Video Series found at
www.computer.org/web/education/multicore-video-series);

5. Thinking about sustainable membership fees while considering the diversity of
economic situations within the 10 regions;

6. Cooperating with other IEEE societies and sister societies in a timely and
efficient manner;

7. Intelligibly introducing the latest computer-related technologies to younger
generations, including children, so that they can realize their technological
dreams.
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Trend of Peak Performances of Supercomputers
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International Workshop
A Strategqic Initiative of Computing:
Systems and Applications (SISA)
--Integrating HPC, Big Data, Al and Beyond--

Y Jan 18 and 19, 2017

,,}l,il | i) .

Green Computing Systems R&D Center, Waseda University

Sponsored by
Waseda Univ. international collaborative research in
MEXT SGU Embodiment Informatics Project,
Waseda Univ. Advanced Multicore Research Institute

In Cooperation with
IEEE Computer Society Japan Chapter
IEEE Computer Society Multicore STC
IEEE Computer Society Dataflow STC

Industry Supporter
Fujitsu Limited



SISA Program for Jan. 18-19, 2017

Opening: Prof. Gao, Prof. Kasahara
Waseda VP Shuji Hashimoto,

I. Architecture and Applications

Keynote: William J. Dally,

lll. Extreme Scale and Beyond

Keynote: Paul Messina ANL, USA
» Motoaki Saito, PEZY, Japan
» Eiji Ishida, MEXT, Japan

NVIDIA and Stanford University, USA 5 Depei Qian, BUAA, China

» Kimihiko Hirao, RIKEN, Japan

» G. W. Yang, Tsinghua Univ. China
» J. Sexton, IBM, USA

Il . System Software and Applications

» Toshiyuki Shimizu, Fujitsu, Japan
IV. Integration of HPC, Big Data, and Al

Keynote: Rick. Stevens ANL, USA
» S. Mikhail Smelyanskiy Intel USA
» Fred. Streitz, LLNL USA
» R. Govind, IIS, India

» H. Hironori Kasahara,
Waseda Uniy,

Keynote: Thomas Sterling, Indiana Univ., USA

» Masaru Kitsuregawa, NIl and
Univ. of Tokyo, Japan

» Thomas Schulthess, ETH, Swiss

» Moriyuki Takamura/Toshiaki Kitamura,




Multicores for Performance and Low Power

Power consumption is one of the biggest problems for performance
scaling from smartphones to cloud servers and supercomputers

(“K” more than 10MW) .

f ﬂ 55 |
|

5
|}

IEEE ISSCCO08: Paper No. 4.5,
M.ITO, ... and H. Kasahara,
“An 8640 MIPS SoC with
Independent Power-off Control of 8
CPUs and 8 RAMs by an Automatic
Parallelizing Compiler”

Power o Frequency * Voltage?
(Voltage o< Freguency)

mm) Power o< Frequency?

If Frequency is reduced to 1/4
(Ex. 4GHz->1GHz2),

Power iIs reduced to 1/64 and

Performance falls down to 1/4 .

<Multicores>

If Scores are integrated on a chip,

Power is still 1/8 and

Performance becomes 2 times.

10
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Fo7HAR 104.8mm?2 (10.61mm x 9.88mm)
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EERIRE | 600MHz

CPUtRE 8640 MIPS (Dhrystone 2.1)
FPUMEHE 33.6 GFLOPS
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of 8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”
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Earliest Executable Condition Analysis for Coarse

15 BPA

Grain Tasks (Macro-tasks)

Data Dependency
"""""""" Control flow
o Conditional branch

BPA Block of Psuedo
Assignment Statements

1 BPA
??/; 3 BPA
T
e; ------- RE
7 :RB
Q

RB Repetition Block
N
7 """"""" q RB
%
BPP;- ----- RB
RB ______
o

-

15

A Macro Flow Graph

- Data dependency
""""" Extended control dependency
O conditional branch
',"'"‘\ OR

-~~~ AND

> Original control flow

A Macro Task Graph

_______
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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD = 4.3
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B DOALL [ Sequential LOOP [CJSB BB
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OSCAR Compile Flow for Simulink Applications

T

Generate C code
using Embedded Coder

/% Model step function #/
E\Eoid VesselExtract ion_steplvaid)

intd2_T i
real _T ul;

=l /% DataTypeConversion: '<51>/Data Twpe Conversion’ incorporates:
# Inport: “<Root>/Inl’
#
for (1= 0; 0 < 16384; 1++) {
YesselExtract ion_B.DataTypeConversion[i] = YesselExtraction_U.In1[i];

/% End of DataTypeConversion: <81>/Data Type Conversion® #/

[

Sx Outputs for Aamic SubBystem: “<S1>720f(lter’ x/

Jx Constant: <B13/h1” %/

VesselExtract ion_Df i IteriVesselExtract ion_B.DataTypeConversion,
Vessel|Extraction_P.h1_Value, &YesselExtraction_B.Dfilter,
(P_Dfilter _MesselExtract ion_T x)d¥esselExtraction_P.Dfilter);

=l /% End of Qutputs for SubSystem: "<S10/20Filter’ #/

A+ Qutputs for Stomic SubSystem: "<§1>/2Dfilter]’ +/

/% Constant: "<813/h2" =/

VesselExtract ion_Dfi IteriVesselExtract ion_B.DataTypeConversion,

Vessel|Extraction P.h2 _Value, &WesselExtraction_B.Dfilterl,
(P_Dfilter_WesselExtract ion_T #)&esselExtraction_P.Dfilter!};

C code

(1)

‘Y’i\"
4\
\

- Parallelism

PC3

(2) Generate gantt chart oo

| 10 | owmz
| s [ wm
| MT6 ‘ MT11

I 7

|
4.0E-02
TIME [s]

= Scheduling in a multicore

OSCAR COmpiler Eﬁinld WesselExtract ton_step I )

B (3) Generate parallelized

~

=void thread_function_001 ( void )

int thrl ;
int thr2 ;
int thrd ;

Yessel|Extraction_step PE1 () ;

_—

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 !

C code
sing the OSCAR API

- Multiplatform execution

(Intel, ARM and SH etc)
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Speedups of MATLAB/Simulink Image Processing on
Various 4core Multicores
(Intel Xeon, ARM Cortex A15 and Renesas SH4A)

356 348
|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/
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Parallel Processing of Face Detection on Manycore, Highend
and PC Server

1200 1 S .
400 :‘ _— — -
‘ | : a0 H tilepro64 gcc
12.00 -+— : ' | mSR16k(Power7 8core*4cpu*4node) xlc | 11.55
A\ 1 rs440(Intel Xeon 8core*4cpu) icc
10.00 +— ) > .21
(
& VoA
# 8.00 — \ ]ﬁ -
Er( | 3 6.466.46
% 6.00 - 3 >-74
- B 2
4.00
3.01
1.931.93
2.00 1.72
1.001.001.00
0.00 -

1 2 £ 8 16

e OSCAR compiler gives us 11.55 times speedup for 16 cores
against 1 core on SR16000 Power7 highend server.
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An Image of Static Schedule for Heterogeneous Multi-

core with Data ~

CPUO CPUT CPU2 CPU3
CORE | DTU | CORE | DTU | CORE | DTU | CORE | DTU
“MATA~4l____ | TLOAD |~~~ ~ | LOAD
MTGTF oo MT1-2 A0
SEND SEND
MT1-3 MT1-4
SEND
LOAD SEND LOAD
MTG2 MT2-1 LOAD LOAD LOAD
LOAD LOAD
SEND MT3-1 LOAD
MT2-2
SEND LOAD
SEND LOAD
MT3-2 MT33 |LOAD
SEND
MT2-5 SEND
MT2=7 MT3-4
SED MT3-6
MT2-8
store | MT3-7 MT3-8
STORE
A STORE

MTG3

‘ransfer Overlapping and Power Control

DRPO

CORE | DTU

LOAD
LOAD
LOAD
LOAD

MT2-3

SEND

MT2-4

JNLL

SEND

MT2-6

SEND

MT3-5

SEND
STORE

%9



RPXLETOATT14AIL72O—FFEIZHE LT, 8DDSH4LA
Aty Ed D7 oS —FFEGA (BIRIB R AT RE
Zatvyy) FlFE #LJZJKL I:f\331 EE1E

) SR s i e 32,65

b= |

w
o

Cluster #0 Cluster #1

N

o
”
%
9
b3
o
a
g
0
L
o
o]
Iy
by
i
I
&

DBSC|IDMAC| vpus FE |IDMAC||DBSC|| MX2
#0 # #0-3 #1 #1 #0-1

SHwWYH2 ~ddress=32 Data |

—_
(5]

I
'U__
0

-
1 g
9]
0

1}
HVg

SATA || sPU2

Y. Yuyama, et al., "A 45nm 37.3GOPSNVV Heterogeneous Multi-Core SoC”,
1ISSCC2010

Speedups against a single SH processor
S

(]

1SH 25H 45H 85H 25H+1FE 4SH+2FE 8SH+4FE 30



Power Reduction in a real-time execution controlled
by OSCAR Compiler and OSCAR API on RP-X

(Optical Flow with a hand-tuned library)
- - With Power Reduction
Without Power Reduction by OSCAR Compiler

70% of power reduction

Average:|.76[W] » Average:0.54[W]

Power [W]/ Voltage [V]
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N
n

N

=
v
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o
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO VC1 main_VCO() { main_VC1() {

#pragma oscar fvcontrol ¥

( ((OSCAR_CPU(),0))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPU(), 100))$




Power Reduction by Power Supply, Clock Frequency and Voltage
Control b¥ OSCAR Compiler

Frequency and Voltage (DVFS), Clock and

ower gating of each cores are scheduled considering

the task schedule since the dynamic power proportional to the cube of F (F?) and the leakage power

(the static power ) can be reduced by the power gating (power off).

e Shortest execution time mode
Ordinary scheduled results

PGO PGT
B MT2 | T
MT1 | | vifull | |®
VAull n
B
B
MT3 | [m
_______ Viull | |

W

Tim

—

FV control

PGO PGt

Time

BREESSE

€

Power control
| PGO | PG

Time

* Realtime processing mode with dead line constraints
Ordinary scheduled results

PGO

PG1

MT1
Vifull

MT2
V:full

FV control

BRESSH

[
'

Power control

PGO PGl

In this Fig.

Frequency
Full, Mid,
Low

Power OFF:

Power
Gating
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ARM CortexA9 417 Android L TTOEHIR

http://www.youtube.com/channel /UCS43INYEIKCS8i_ KIgFZYQBQ

H.264 decoder & Optical Flow (3a7{#EH)

ODROID X2
Samsung Exynos4412 Prime, ARM Cortex-A9 Quad core
1.7GHz~0.2GHz, used by Samsung's Galaxy S3

[11 core []12 cores 3 cores
3.00
2.45
2.50 2.23
2.00 -79.20 \

1.69
— 1.50

1.50 o - 86.5%
100 : 0.95 (1/7)
. . 0.5 - Yo.970 0.72

0.51 ~ 1/3
0.50 % —> \(/) 036 530

;1/ 2) ——

Average Power Consumption[W]

0.00 1 2 3 1 pJ 3 1 2 3 1 Z 3
without power control with power control without power control with power control
H.264 Optical flow

3PEE N HIHELEIPEER A HIHIHY TEHZEL/5~1/7IZHIRK
1PEE N FlE7ZLE3PEE NFIH D Y TEHZL/2~1/3(ZHIiR



Intel Haswell E TODOEHHIM
H. 264 decoder & Optical Flow (3a7{&F)

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

Processor

| 1 core 2 cores 3 cores
50.00 = = -
41.58
40.00 36.59 N\,
- (0)
29.29 7 6}3)/"
30.00

24. D\
. ~67.2% \\
\\51/3) 10,21

\

9.60

1 2 3 1 2 3
without power control‘ with power control

Average Power Consumption[W]
N
o
o
o

without power control| with power control

H.264

1 2 3 1 pA 3

Optical flow

3PEE NHIEHIELEIPER AHIHIHY TEHZEL/3~1/4IZHIRK
1PEE N Fl 7L E3PEE NFIEH S Y TEHZE2/5~1/31ZHIiR
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2014411 A Green500 14

L-CSC:5.27 GFLOPS/W using Intel Ivy Bridge
CPUs, AMD FirePro GPUs

I : 0.8GFLOPS/W
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