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Earliest Executable Condition Analysis for
coarse grain tasks (Macro-tasks)

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

BPA Block of Psuedo
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RB Repetition Block O g
J BF‘E-ﬁ :"4»
BPA RB
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T Extended control dependency '
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> Original control flow
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Automatic processor assignment in su2cor

« Using 14 processors
Coarse grain parallelization within DO400 of subroutine LOOPS

SWEEP
,° LOOPS
. ‘ "
Main ! N INTAV
’ [] 4 I" s
. ’ 1/ [1,14 : . e | -7
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[1.14] \ ~ k Tripl dl
—— S~ . '\ [1,14] riply nested loop
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Nrc, Nre = [PG,PE]
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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD =4.3
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OSCARaAVNASMNBEIEMT HILFIATAPI
(OpenMPE#E) FIFH. BEB<ILFI LAY

1 421 431|144

3rd layer

Ist layer
Distributed
MT1 1
/) T~ scheduling
MT1 2 code
DOALL
MTI 3
SB
MTI 4
RB
/ > N TN — == = -
N\
N 131
141

2nd layer

WHTOTSLDA A=

Centralized
scheduling
code
SECTIONS
SECTION ~—==========-==------- SECTION
10| T4 12| 73| T4 75| T6| T7
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Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

» Shortest execution time mode

Ordinary scheduled results

PGO PG1
1 MT2 | T
MT1 | | vful | |®
VAull 0
]
:
MT3 | [m
N P Vifull | |
Time

* Realtime processing mode with dead line constraints

Ordinary scheduled results

PGO PG1
MTI1
Vfull MT2
V-full -
ﬁ-l-ﬂlr;; _____ Dead Line

FV control
PGO PGi1

MT1
V:full

Time

BREEE

—_— .

FV control

Power control

PGO | PG1

MT1 .

V:full m

B

3%

)]

Time '

Power control
PGO PG1
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OSCAR API V2.0D$ER—E
Fortran & C FADN22EDNIE R H2EV METRX

it 5| 24T API y T —RERIEAPI

» parallel sections (*) » dma_transfer

» flush (*) » dma_contiguous_parameter
» critical (*) » dma_stride_parameter

» execution » dma_flag_check
AEYBEBAPI » dma_flag_send

» 7OtZL—A3API

» accelerator_task_entry
» Fyafl{HAP

» threadprivate (*)
» distributedshared
» onchipshared

» cache_writeback
RIAPI » cache_selfinvalidate O e
> groupbarrier » complete_memop ¢ E2METRX
& N HI{EHAPI » noncacheable » accelerator task
» fvcontrol » aligncache > oscar comment

» get_fvstatus
A4 —API

» get_current_time

(*) OpenMP$§RX
OSCAR: Optimally Scheduled Advanced Multiprocessor
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Low-Power Optimization with OSCAR API

Scheduled Result
by OSCAR Compiler

VCO VClI

Generate Code Image by OSCAR Compiler

void void
main VCO() { main_VCI() {

#pragma oscar fvcontrol ¥

( (OSCAR_CPU(),0))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPU(),100)) $
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Intel Stamp Size Solar Powered Processor “Claremont” Announced In
Intel IDF 2011 September 13
“Haswell” on Market in 2013

Bl#t&H CTO Dr. Justin Rattner
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Whole Chip Power Consumption executing Multiple
Middle Computational Load Applications (ZMPEG

4.00

3.50

3.00

2.50

2.00

Power Consumption [W]

Decoders) on RP2

_ 4PE IMPEG2dec reduce 49% power
Against IPE IMPEG2dec

242

1.99

1.49

1.60

\
X
i

1.46

1.0

1
N

.

N % | \

1PE

2PE 4PE 8PE
Number of Processors

Not-power
Controlled IMPEG2dec

IMPEG2dec
B2MPEG2dec

Power consumption of (4PE 1IMPEG2dec) x2
1s lower than 1PE IMPEG2dec.

At this time, 51% power reduction for one MPEG2dec.

21




Waveform of Power Consumption when executing Multiple Middle
Computational Load Applications
(IMPEG2 Decoder) on RP2

Waveform of 1PE 1IMPEG2dec
S NOT power-controlled
Average Power: 1.99W

3.5 3.5

Waveform of 4PE 1MPEG2dec
~ Average Power: 1.01W

3 3

2.5 2.5

2 I\/"\/\ I WaVad AW am AN NN AN 2
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Power Consumption[W], Voltage[V]
Power Consumption[W], Voltage[V]
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1 1 P
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05 0.5
0 | | | | O | | 1 L
0 20 40 60 80 100 0 20 40 60 80 100
time (x2u's) time (x2 u's)
——Power ——Chip Voltage ——Power —— Chip Voltage

49% power reduction against 4PE IMPEG2dec
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Waveform of Power Consumption when executing Multiple Middle

Computational Load Applications
(IMPEG2 Decoder) on RP2

1PE 1MPEG2dec

Average Power: 1.49W

Average Power: 1.46W

8PE 2MPEG2dec

4PE 1MPEG2dec

Average Power: 1.01W |

Power Consumption[W], Voltage[V]
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2 n /sl
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49% power reduction by using 4x cores 1s almost same as power consumption of IMPEG2dec
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An Image of Static Schedule for Heterogeneous Multi-core

with Data Transfer Overlapping and Power Control
CPUO CPU1 CPU2 CPU3 DRPO
CORE | DTU | CORE A DTU | CORE | DTU | CORE | DTU CORE | DTU
(AA 1T+l LOAD | ~ ~ = 7 T LOAD
MTGH1 LOAD LOAD
| MT1-1 | gap | MT1-2
| SEND SEND
|
| MT1-3 MT1-4
! SEND
e LOAD SEND LOAD I\
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
LOAD
MT2-2 MT2-3  5ap
SEND LOAD MT2—4 SEND | |
SEND LOAD - =
MT3-2 T0AD =
MT3-3 SEND
SEND
MT2=7 MT3-4
- SEND
SEND MT370 MT3-5
MT2-8 SEND
STORE
STORE MT3-7 MT3-8
STORE
A STORE Y, v
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337 NaviEngine )7 JLAA)LOS eT-Kernel Multi-Core EdltlonJ:'COD

3.00

2.50

2.00

speed up ratio
H
Ul
o

1.00

0.50 -

0.00 -

OSCAR APIZ FHL M= M SISAIRTERE G

NaviEngine (ARM11 MPCore) 400MHz 3 core SMP

(Renesas Electronics EC-4260)
2.45
2.05 2.03
1.95 1.95
1.75 1.77
1.64

_ W1PE

W 2PE

- 3PE

AAC Encoder MPEG2 Encoder  MPEG2 Decoder Optical Flow SPEC2000
(OpenCV) 183.equake

e 3O CIOTIZHREN237EDEE R L —/VHAHR

28



Speedup Ratio

2

2

1.5

0.5

Performance of OSCAR Compiler & API on
ARMv7-cores Qualcomm MSM8960 Android 4.0 for
Smart Phones

1.87 1.90
1.72 1.73
_ m 1PE
m 2PE

AACENC MPEG2 DEC OMPM equake MPEG2 ENC
Application

1.81 times speedup by 2 cores on the average against 1 core
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