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7’0t A 90nm CMOS, 8/Z*4)l, 3f&Vth
Fo7HAR 104.8mm?2 (10.61mm x 9.88mm)
BREE 1.0V-1.4V(17), 1.8/3.3V(l/O)
EERIRE | 600MHz

CPUt4RE 8640 MIPS (Dhrystone 2.1)
FPUERE 33.6 GFLOPS
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-CPUa7DYAvH%ELLET S
Core#t6 Corett/ RA)—FE—K

- CPUa7 D—8DI/AvIZEELL

TEHEMNFYyaab—LrY
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0 — WHEEELETELO1—LER
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ISSCCO8FE Z&: 1ISSCCO8 FM X FEF F4.5, M.ITO, et al., “An 8640 MIPS SoC with Independent Power-off Control
of 8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”




8 Core RP2 Chip Block Diagram

Cluster #0 BaL"rier Cluster #1
Core #3 Sync. Liines Core #1
Core #2 Core #0|
Core #1 o\ Core #5
Core #0 Core #4
LCFGOH( cpu | FPU I__: =l [|-# Fpu | cpu  (|[TCPCT]
P R
[PCR 15 | Ds TCON ‘Tl ETTT conl bs s PCRT)
IPCRY] 16K |16K |BAR] e > = £ et 16 16K IPCRd
= =
Local memor — = S — Local memor
[PCR1] ||| 1:8K, D: DK = o I:8K, D:32 PCRS
—— - S (=) o ———————
PCR0 || [URAM 64K _ H I E _ URAM 64K ||| PCR3
i T 111 ti 1 0
On-chip system bus (SuperHyway)
v v v LCPG: Local clock pulse generator
DDR2|| SRAM/ | DMA | PCR: Power Control Register
control| [controlf fcontrol] CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)
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Parallel Processing of Face Detection on Manycore, Highend

14.00 — |

12.00 -

10.00 -

REM LR

4.00

2.00

0.00 -

« OSCAR compiler gi

and PC Server

8.00 -

6.00 -

| “— )  tilepro64 gcc

5 ) 1 rs440(Intel Xeon 8core*4cpu) icc

| mSR16k(Power7 8core*4cpu*4node) xic | 11.55

5.74

1721.931.93

1.001.001.00

2 -

6.46 6.46

8 16

ves us 11.55 times speedup for 16 cores

against 1 core on SR16000 Power7 highend server.
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OSCAR Compile Flow for Simulink Applications

/% 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 S L s - ettt o
using Embedded Coder

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

[

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

i

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

OSCAR co piler ﬁx&nld YesselExtract ron_step L) \
int thH : =void thread_function_001  vaoid ) ‘
int thr H { Vessel|Extract ion_step_PE1 () 3
i{nt thr3 ; !

‘ S TS Dscar_thr@:reate & thE1 ) "
»z ‘,.— _., thread function 001 , (voids)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 |
_thread_join { thri
= Parallelism pc1 | TS | = LH oscar thread Join { thro
I
I

MT10 | MT12 | E |

oscar_thread join ({ thr3

s
)
:I !
we [ w [ (3) Generate parallelized C code
we [ ww sing the OSCAR API

(2) Generate gantt chartess—"&ma 3y pMyltiplatform execution
-> Scheduling in a multicore (Intel, ARM and SH etc)

PC2

PC3

16




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/

o0 3.20

500 L8575 273"

25 2.292-0%- . 995 o6 2.33 20&'152'48
" ' 1.85 '
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Google NEXUS7 (ARM Coretex A9
317) L TD2:/R B DrawRect,
DrawImage®ili 5| {1

DrawRect FR;<FPS{# DrawImage (2{&&7%) RRFPS

60 60 52.88
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO0 VClI main_VCO0() { main_ VCI() {

#pragma oscar fvcontrol ¥

( ((OSCAR_CPU(),0))

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




ARM CortexA9 417 Android L TTODOEHIR

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

H.264 decoder & Optical Flow (337 &)

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

[11 core []2 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 =52.3% —> & 036 539

Average Power Consumption[W]

(1/2) T o—=3
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 NHIEHIELEIPER AHIHHY TEEHZEL/5~1/7IZHIRK
1PEE N FlEH7ELE3PEE NFIEHH Y TEHZEL/2~1/3(ZHIiR



Intel Haswell E TOEHIR
H. 264 decoder & Optical Flow (337 {£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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OSCARa VN1 Flc &k BHaswell? IV F a7 LT x OSCAR Compiler
. - m Intel Haswell
HENEEEE N |:(In_te| 437 ) Ay
Wasea Usivensmy = iﬁﬁ!h&2/5h—g‘1ﬁ =
Intel Haswell 417 L TOEER 7045 5 L BHE | BR# 7045 LOLFINE
L 4 .
[ﬁi%ﬂﬁ%m tRowsagn BEAHEEL eT/HEGY AAiE  lenPut .
41.35 ) )
% {-50.2%'17“ YA REEZTER -7 | |
;m X, yAEIEEIL—7 _OSCARaYIN1 3
g: P—— TE¥FHE
—
RENE — |— 2T LA
a7 output
T LonE |

= = r ~
[ﬁi%ﬂﬂﬂﬁmmma Intel Haswell 417 DE/THE e
# 20 2[R CPU : Intel Core i7 4770k *
E 48.801msec! 2784
b 20 'm B2 - 3.5GHz~0.8GHz
H 150 TH—K— }:ASUS H8TM-A
93.06/msec .

1.00 - "

0.50 : -

0.00 - PMIC&CPURIIS

1 ) 3 - BHAIEERZEER )




33 Times Speedup Using

OSCAR Compiler and OSCAR API on RP-X

35

30

15

10

Speedups against a single SH processor

| & ‘ nﬁ
1 SH-4A SH-4A\ % ———

25 +—

T PCl |saral[spuz|[Lasc] —FPB__]

1 1SSCC2010

(Optical Flow with a hand-tuned llbrary) 111[fps]

Cluster#0 Cluster #1

32.65

| SHwy#O Address 40 Data 128) H SHwy#1 Address= 40 Data= 128

DBSC DMAC 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",

| .

3.4[fps] ] 5.4

'\/ 2.29
1

4SH 8SH 2SH+1FE 4SH+2FE 8SH+4FE



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]

N
n

2.5

N — 2

N

=
v

S
2
s
. —Voltage[V] =z ] ] 1 —Voltage [V]
—Power [W] § 1 —Power [W]
0.5 0.5
WW\J A
0 0 T T ]
0 200 400 600 800 1000 0 200 400 600 00 1000
Bl B %
—
1cycle : 33[ms] | ===
->30[fps] J




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

Cluster #0 Barrier Cluster #1
i Core #
ore # g i
“ore

Core #1

No. of processor cores

= .'%C P:;UB&FPUCN “SMP 003
iz | | fo [ 2R [
590 [= ““M““‘" Non-Coherent Cache |
(" as) " |
3.4 3.36 3.34
2.54 |
1.92 2.45 2.10
1.89 1.62 1.85 |
02 1.00 1ot 02
1.00 1.01 l
1 ‘ ‘ 4 ‘ 8 ‘ 2 ‘ 4 ‘ 8
AAC Encoder MPEG?2 Decoder MPEG?2 Encoder
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