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<R & D Target>

Hardware, Software, Application
for Super Low-Power Manycore =
Processors ke Ly === sl
>More than 64 cores S -

>Natural air cooling (No fan)
Cool, Compact, Clear, Quiet

>Operational by Solar Panel

<Industry, Government, Academia>
Hitachi, Fujitsu, NEC, Renesas, Olympus,
Toyota, Denso, Mitsubishi, Toshiba, etc

<Ripple Effect>
>Low CO, (Carbon Dioxide) Emissions
~Creation Value Added Products | '

Beside Subway Waseda Station,

~Consumer Electronics, Automobiles, . .
Servers Near Waseda Univ. Main Campus ,

Power7 128coreSMP
Fujitsu M9000
_ SPARC VII 256 core SMP
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Renesas-Hitachi-Waseda Low Power 8 core RP2
Developed in 2007 in METI/NEDO project

===l || Process | 90nm, 8-layer, triple-
1 Technology |Vth, CMOS
& || Chip Size | 104.8mm?
| (10.61mm x 9.88mm)
A" || CPU Core |6.6mm?
|| Size (3.36mm x 1.96mm)

|| Supply 1.0V-1.4V (internal),
|| Voltage 1.8/3.3V (I/0)

gL I | Power 17 (8 CPUs,
S DORPAD T D Domains | 8 URAMs, common)
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”
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8 Core RP2 Chip Block Diagram

Cluster #0 Barrier Cluster #1
Core #3 Sync|. LLines Core #]
Core #2 Core #6|
Core #1 o\ Core #5
Core #0 Core #4
CCPGO CPU FPU ‘ o - FPU CPU LCPGT
PCRJ 4T T 4+—b PCR7]
PCRY ]!gK 1%& ES\N le > g g —t>1 %(E\\IFL 1%$K fll.%K PCRY
Local memor — S S Local memor
PCRI 1:8K, D:32Ky o o 1:8K, D:32 PCRY
——— - o o o ———
URAM 64K i 2 2 _ URAM 64K ||| PCRZ
p) p)
i I TITt 1 111 T TIft
On-chip system bus (SuperHyway)
v v v LCPG: Local clock pulse generator
DDR2|| SRAM | DMA | PCR: Power Control Register
control| [control||control] ccN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)



Power Reduction of MPEGZ2 Decoding to 1/4
on 8 Core Homogeneous Multicore RP-2

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

8= Without Power With Power Control
- Control 7 (Frequency,
(Voltage : 1.4V) | Resume Standby: o

Power shutdown &
6 — Voltage lowering 1.4V-1.0V)

|

AvQ. Power 73 504 power Reduction AVY. Power

5,73 [W] e—) 152 W] .



Demo of NEDO Multicore for Real Time Consumer Electronics

at the Council of Science and Engineering Policy on April 10, 2008
CSTP Members
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OSCAR Parallelizing Compiler

To improve effective performance, cost-performance

and software productivity and reduce power

Multigrain Parallelization

coarse-grain parallelism among loops
and subroutines, near fine grain
parallelism among statements in
addition to loop parallelism

Data Localization

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

Data Transfer Overlapping

Data transfer overlapping using Data
Transfer Controllers (DMAS)

Power Reduction

Reduction of consumed power by
compiler control DVFS and Power
gating with hardware supports.

88.3% Powér Reduction

T —
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Sequential Application OSCAR API for Homogeneous and/or
Program in Fortran or C Heterogeneous Multicores and manycores
(Consumer Electronics, Automobiles, Directives for thread generation, memory,

@ Medical, Scientific computation, etc.) | data transfer using DMA, power
o managements
I3 Manual
” © parallelization / | g Low Power
I - .
- power reduction Parallelized Homogeneous
D APIFor C Multicore Code
c _ .
o | Accelerator Compiler/ User|| Program Generation
o Add “hint” directives ProcO API Existing
g before a loop or a function to . Analyzer [ sequential
T | specify itis executable by Code with compiler
the accelerator with directives =
how many clocks Thread 0 Low Power
— Heterogeneous
A Procl Multicore Code
Waseda OSCAR Code with Generation
Parallelizing Compiler directives AIP' EX'SUHQI
. Thread 1 Analyzer| sequentia
» Coarse grain task (Available [ compiler
parallellzat_lon_ N T Wgsoe'ga)
» Data Localization Code -
i gMAC da(;atr_ansfer_ MAceeleraiar o1 ESSREIEGE
ower reduction using :
DVFES, Clock/ Power gating nge Genernation
: OpenMP
Hitachi, Rer%esbas, NEC, Compiler
Fujitsu, Toshiba, Denso, : ,
OI)J/mpus, Mitsubishi, OSCAR: Optimally Scheduled Advanced Multiprocessor
Esol, Cats, Gaio, 3 univ. API : Application Program Interface

Shred memory

Multicore Program Pevelopment Using OSCAR APl V2.0

Generation of
parallel machine
codes using

sequential
compilers

Homegeneous

Multicore s

from Vendor A

(SMP servers)

Heterogeneous

Multicores
from Vendor B

|
Executable on various multicores

servers



Cancer Treatment
Carbon lon Radiotherapy

1000 — <
0 (@
B0 -
0 -
60
50
o
30
20
10
0

1(PU 2P 6CPU 12P

8.9times speedup by 12 processors

Intel Xeon X5670 2.93GHz 12
core SMP (Hitachi HA8000)

=
o
[ —1
[

National Institute of

Radiological Sciences
(NIRS)

~—
o
f—
[

Specedup Ratio
[
[—
[—
b1

1000

000 -
i 3P 04CPU

55 times speedup by 64 processors

IBM Power 7 64 core SMP
(Hitachi SR16000)




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.

Hard real-time
automobile engine

control by multicore
y 1.95
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OSCAR Compile Flow for Simulink Applications

i

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

intd2_T i
real _T ul;

=l /% DataTypeConversion: '<51>/Data Twpe Conversion’ incorporates:
# Inport: “<Root>/Inl’

Generate C code E R
using Embedded Coder

WesselExiraction_B.DataTypeConversion[i] = WesselExtraction_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

\Y’ \V’
4\

OSCAR COmpiler Eﬁinld WesselExtract ton_step I )

~

=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 ()

(1) Generate

oscar_thread join ( thri

.g oscar_thread join  thr2

oscar_thread _join ( thr3

PC2

'

)

:I !
B (3) Generate parallelized C code

MT10 MT12 | g |
MT9
MT6 MT11
MTS MT?

I

-> Parallelism pc1 [ wms
I
Pc3 |

sing the OSCAR API

(2) Generate gantt chart ce=w
- Scheduling in a multicore

!
4.0E-02

TvE f - 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 on Simulink Model

The parallelized C code can be embedded to Simulink using C
mex API for HILS and SILS implementation.

Call sequential C code from the S-Function block

e
g Sequenti Code
-}

»x \ 484
Vessel_1core hape1 - - 3.484
(=]

’—5 ) » Convert » >
O Cormart 70 1o 1-0 Data Tyre Comersiond T Weriaraase Divide
1 core speedup ratio
Inputhdode!
v b To Video
g & Display
) L i Lt pLt
[s] )
Convert 2D to 1-D1
4 core (.
To Video »
P Iraze Display Seops

input

Parall C Code

Call parallelized C code from the S-Function block
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OSCAR Compiler Accelerates Various Multicores

Performance Several Times Including Intel and IBM

On Intel Quad-core Xeon

On Intel 4core 2 .

Multicore, Compared
with Intel Compiler

1 times
Speedup

O Intel Ver.10.1

S| o~ = ™| o5 o=

(]
OD—’Q—_

hydr

SPEC95

WOSCAR

Lo
(=5) -

SPEC2000

On IBM Power Servers, such as
Power 4, 5, 6(4.2GHz), 7 and later

On IBM P6 595 3.3 times

Server, Compared

with IBM Compiler Speedup

| BE 0. Frrten e A bl T2 mﬂ‘|




Performance of OSCAR Compiler
on Intel Core 17 Notebook PC

4.50

4.00

Speesup Ratio

= N N w w
ul o ul o w1
o o o o o

=
o
o

0.50 -

0.00 -

. 4.12

@Intel Compiler Ver.14.0 - | CPU: Intel Core i7 3720QM (Quad-core)
@ OSCAR MEM: 32GB DDR3-SODIMM PC3-12800

| OS: Ubuntu 12.04 LTS

291
2.70
2.53
2.24
1.70
1.18

1.00 1.00 1.00

SPEC95 su2cor SPEC95 SPEC95 mgrid SPEC95 turb3d AAC Encoder
hydro2d

 OSCAR Compiler accelerate Intel Compiler about 2.0 times on
average



Parallelization of 2D Rendering Engine SKIA on 3 cores of
Google NEXUS7

http://www.youtube.com/channel/UCS43INYEIKC8i_KIgFZYQBQ

DrawRect :FPS DrawImage : FPS
60 60 52.88

xX1.91 43.57 X1.95

45

20 27.16

1Sj N
0 - 0 -

1 Core 3 cores 1 Core 3 cores

for DrawRect 1.91 speedup

On Nexus7, 3 core parallelization gave us
for DrawIlmage 1.95 speedup



110 Times Speedup against the Sequential
Processing for GMS Earthquake Wave

Propagation Simulation on Hitachi SR16000
(Power7 Based 128 Core Linux SMP)

2012-05-16 11:00 - 2012-05-17 11:00 VERT = (X axis Max is 1300) . PrOPOSEd methOd _Proposed mEthOd (SpEEd Up RatiO)
z ::: =k 25000 R t¥=7 2=l H—75 [ SR16000 Model VM1 120
S PR .-.20000 - 100
3
v - 80
2 £ 15000 -
=
g - 60
= 10000 -
0 1
Y
“ 5000 - 3
0 0

1pe 32pe 6dpe 128pe

Speed Up Ratio



Automatic Parallelization of Still Image Encoding Using JPEG-XR
for the Next Generation Cameras and Drinkable Inner Camera

O TILEPro64 60.00
50.00
| 40.00
1 i = o
ok : - 20.00
DD DD (]
2
ke = eolles S0 e2l
4 20.00
BT
B E
] B2] =] [ 10.00
(2] [} [} [
) o ) ) .
]
2]
HeH ]
Rl e
DDR2 DDR2

Speed-ups on TILEPro64 Manycore

0.18]s]
55.11
30.79
137 15.82
10.0[s]
7.86
1 00 1. 96 3 95 I
1 2 32 64
7§Sl

55 times speedup with 64 cores
against 1 core

Waseda U. & Olympus




Parallel Processing of Face Detection
on Manycore, Highend and PC Server

H tilepro64 gcc
| mSR16k(Power7 8core*4cpu*4node) xlc | 11.55

1 rs440(Intel Xeon 8core*4cpu) icc

6.46 6.46

1721.931.93

1.001.001.00

0.00 -

- 8

0 OSCAR compiler gives us 11.55 times speedup for 16
cores against 1 core on SR16000 Power?/ highend server.

6

Automatic Parallelization of Face Detection 20




33 Times Speedup Using

OSCAR Compiler and OSCAR API on RP-X

35 ~

1 SH-4A \

30

15

10

Speedups against a single SH processor

25 +—

T PCl |saral[spuz|[Lasc] —FPB__]

1 1SSCC2010

(Optical Flow with a hand-tuned I|brary) 111[fps]

Cluster#0 Cluster #1

32.65

[ SHWYHU sddress=10 Data=128) H SHwy#1 Address= 40 Data= 128

I I I
DBSC||IDMAC VPUS FE DMAC DBSC MX2
#0 #0 #0-3 #1 #1 #0-1
@ | SHWV# {Address=32 Data=64) |

exp

Y. Yuyama, et al., "A 45nm 37.3GOPS/W Heterogeneous Multi-Core SoC",

| .
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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]

2.5

N — 2

N
n

N

=
v

Power[W] / Voltage [V]

. —Voltage [V] 1 [_—| ! [ 1 —\Voltage [V]
—Power [W] —Power [W]
0.5 0.5 'I

o
o

200 400 600 800 1000 0 200 400 600 00 1000
Bl %l

o

1cycle : 33[ms] | [ (
->30[fps] J




Low-Power Optimization with OSCAR API

Scheduled Result
by OSCAR Compiler

VCO VC1

N,
|

Generate Code Image by OSCAR Compiler

void void
main_VCO0() { main_VC1() {

#pragma oscar fvcontrol ¥
(OSCAR CPU(),0))

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

}

23



Automatic Power Reduction for

MPEG2 Decode on Android Multicore

ODROID X2 ARM Cortex-A9 4 cores
http://www.youtube.com/channel/UCS43INYEIKC8i_KIgFZYQBQ

Without Power With Power
Reduction Reduction

3.00

N
U
O

N

U1

o
|

6.7%

c 2.00

1.50

il
K

1.00 1/4

0.46 (-75.5%)

(350% 3

' (-61.9%)

0.50 - 0.37

Power Consumption [W]

0.00 -

No. of Processor Cores 1 2 3
e On 3 cores, Automatic Power Reduction control successfully reduced power to 1/7
against without Power Reduction control.

e 3 cores with the compiler power reduction control reduced power to 1/3 against
ordinary 1 core execution.
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Power Reduction on Intel Haswell

for Real-time Optical Flow _
Intel CPU Core i7 4770K For HD 720p(1280x720) moving pictures

15fps (Deadline66.6[ms/frame])

B without power control & with power control

U
o

S
Ul

w b
Ul O

29.29

w
o

N
o
|

[N
92
|

[EEY
o
|

92}
|

0 _
number of PE 1PE 2PE 3PE

Power was reduced to 1/4 (9.6w) by the compiler power optimization on the same 3 cores
(41.6W).

Power with 3 core was reduced to 1/3 (9.6w) against 1 core (29.3w).

average power consumption [W]
on
|
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@ OSCARaAVINA FIc & BHaswellRIVF A7 LT u OSCAR Compiler
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Seed Up against sequential Processing

Performance of OSCAR Compiler Software Coherence Control

> Faster or Equal Processing Performance up to 4cores with
hardware coherent mechanism on RP2.

> Software Coherence gives us correct execution without
hardware coherence mechanism on 8 cores.

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

5.90

Cluster #0

Cluster #1

CPU | FPU
e | e [ 22 ]
Lac:lln\cn_l,ﬂfy

EcEd [| [oram 64k

u SMP
Non-Coherent Cache

o
()]
w

&
48 1 I"
On-chip system

bus (SuperHyway)
generator
SRAM DMA PCR an gister
rol [ CON/BAR:Cact oller/Barrier Register
r stributed Shared Memory)

3.59 3.90 |
5.04 3.36 3.34
2.54 |
1.92 245 210
1.89 1.62 1.85 |
02 1.01
1.00 l
- 4 8 \ > | 4

AAC Encoder

MPEG2 Decoder
No. of processor cores

MPEG2 Encoder

8
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OSCAR Vector Multicore and Compiler for
Embedded to Severs with OSCAR Technology

Compiler Co-designed Interconnection Network

Multicore Chip

Data
Transfer
Unit

| Power Control Unit I

\\\\\\\\\\\

o

Target:

> Solar Powered with

compiler power reduction.

> Fully automatic
parallelization and
vectorization including
local memory management

and data transfer.



Future Multicore Products

Next Generation Automobiles
- Safer, more comfortable, energy efficient, environment

friendly
- Cameras, radar, car2car communication, internet
information integrated brake, steering, engine, moter

control

4

: P | / Regional
Advanced medical systems ersonal / Regiona

Supercomputers

c treat " ¢ 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



Summary

Waseda University Green Computing Systems R&D Center supported by METI has
been researching on low-power high performance Green Multicore hardware,
software and application with government and industry including Hitachi, Fujitsu,
NEC, Renesas, Denso, Toyota, Olympus and OSCAR Technology.

OSCAR Automatic Parallelizing and Power Reducing Compiler has succeeded
speedup and/or power reduction of scientific applications including “Earthquake
Wave Propagatlon medical applications mcludmg “Cancer Treatment Using
Carbon lon”, and "Drlnkable Inner Camera”, mdustry application including
"Automoblle Englne Control”, “Smartphone and “Wireless communication Base
Band Processing” on various multicores from different vendors including Intel,
ARM, IBM, AMD, Qualcomm, Freescale, Renesas and Fujitsu.

In automatic parallelization, 110 times speedup for “Earthquake Wave
Propagation Simulation” on 128 cores of IBM Power 7 against 1 core, 55 times
speedup for “Carbon lon Radiotherapy Cancer Treatment” on 64cores IBM
Power7, 1.95 times for “Automobile Engine Control” on Renesas 2 cores using
SH4A or V850, 55 times for “JPEG-XR Encoding for Capsule Inner Cameras” on
Tilera 64 cores Tile64 manycore.

> The compiler will be available on market from OSCAR Technology.

In automatic power reduction, consumed powers for real-time multi-media
applications like Human face detection, H.264, mpeg2 and optical flow were
reduced to 1/2 or 1/3 using 3 cores of ARM Cortex A9 and Intel Haswell and ,,
1/4 usina Renesas SH4A 8 cores adainst ordinary sinale core execution.



