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Demo of NEDO Green Multicore Processor for Real Time Consumer
Electronics at Council of Science and Engineering Policy
on April 10, 2008

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html

W | TSR R (FR2004H 10H) Codesign of Compiler and
Multiprocessor Architecture
since 1985

4 core multicore RIPP1 (2007}, 8 core multicore P2 (2(M%)
and 15 core Heterogeneous multicore RPX (2010)
developed im NEDMD Projects with Hitachi and Renesas
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Prime Minister FUKUDA is touching our multicore chip during execution.




OSCAR Parallelizing Compiler

To improve effective performance, cost—performance
and software productivity and reduce power
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Automatic data management for distributed

shared memory, cache and local memory [

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




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




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
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» 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



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 ﬂ! branches and hasic blocks
Automation, Vol. RA-1,No. 2, Jun.{ . .
1985. -
H. Kasahara, H. Fuijii, 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. 8
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OSCAR Compile Flow for Simulink Applications Speedups of MATLAB/Simulink Image Processing on

/¢ Model ¢
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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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Automatic Power Reduction of OpenCV Face
Detection on big.LITTLE ARM Processor

6

4.9w

-67% (1/3)

3PE 3PE
W/O Power Control W/ Power Control

e ODROID-XUS3 m Cortex-A7 m Cortex-Al5

-« Samsung Exynos 5422 Processor
e 4x Cortex-Al1l5 2.0GHz, 4x Cortex-A7 1.4GHz big.LITTLE Architecture

- 2GB LPDDR3 RAM Frequency can be changed by each
cluster unit

Power Consumption [W]
O = N W A~ O
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Patents related with OSCAR Parallelizing Compiler & Hardware

High Performance & L.ow Power

1) Multigrain Parallelization for Embedded and
Heterogeneous Multicores & Hardware

Supports (Synchronization)
coarse-grain parallelism among loops, subroutines
& basic blocks among statements in addition to
loop parallelism

2) Data Localization:
Cache & Local Memory Optimization

> Automatic data management for distributed shared
memory, cache and local memory

> Software Cache Coherent Control
> Data Transfer Controller

> Data transfer overlapping using DMA
hardware & its compiler

3) Automatic Power Reduction HW&SW

> Reduction of consumed power by compiler |
control DVFS and Power gating with |.

hardware supports for Carbon Neutral.
» Accelerator See right figure

performance, cost-performance and software productivity and reduce power
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S8 international patents in USA, UK, China, Japan to improve effective

Green Accelerator
can be attached to any processor

cores, RISCV, arm, Infineon Renesas,
AMD, Intel, etc, without instruction
extensions.

» It works with automatic local
memory management and power
reduction control by OSCAR
Automatic vectorizing &
parallelizing compiler

Solar Powered Personal Supercomputer

Without Power With Power Control
Control (Frequency,

(Voltage : 1.4V) Resume Standby:
Power shutdown &
Voltage lowering 1.4V-

LOV)
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88.3% Powér Reduction
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Compiler Co-designed Interconnection Network ]
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