BERIIFarTayvSIZ BT B ESE

& 5 bt

)= IFAF AV 2 —T 42T -

B R

=2

HTZifREHFEIZHFEHREIZH B4R
FENDRR-2ILFa7 -7y YRR FiE
IEEE Computer Society¥2Z - Multicore$F Al EMEE K
FR1EE

19854 B HXFIELRET IFEtL
D) ITAIN=ZTRKREN—HYL—FAEWMREE
19864 B KIE T E{TEEEM, 19884 Bh#iz
19974 #i%. T BI R BeigRBE I EFH
19894F ~19904E ')/ 4 K% Center for
Supercomputing R&DEE MK E

19874F IFAC World Congress Young Author Prize

19974 {FRNBZIRH B SR E

20055 FER BT EZHR U 2HEBEHR

20084F LSI* A7 ¥ - /v — 2008 #& 5 5>F1)

20084E Intel Asia Academic Forum Best Research
Award

20104EIEEE CS Golden Core Member Award

20145 R FL P K B R BRI FHEATE R FCHIF

SRS 1974, B EE1214, BHEF A B 7244 (BEER

152614), 518 - WebiRE - TVE AT« 7188 47044

B -2SFTE8EBEEH 2264
[{FFEZEE-NEDO] FHRREBEAVILFIATRY
AvASETOaTHM)—4  NEDOOVE 1 —4
B (O—KIy))ZERSE

[REF)] R—/\—arEFa1—48KREES, BT
FEEERSER, REHERTEZBHEEP
T iR EREEHRtX1I)T1-VIMNRHES
[ZERFI A B I IR S S 2 L—4 (ES)
SHEE A . BHRAlFERTER, HP C | sTE#EE
Z B R/ (R) hRFEMEE 8 -2 5%E
SMEE, RS SaL—FES2B AR M TR/
1)—FER%H




=

EiGEFT:J)—> - Ea—T42 0 U RAT LW ERE R 2—
2011F48138¥% T, 2011F5H13BEFR
B E L2000 EE LM RN R RERES -
Gl g ) R— PR R | |
I — . - A S
<BE> - | B
AIEE M TEREITEET " |2 i

vvvvvv

REIT7UDRER - | S T
BIEAEEN-SERERYILFIT/ i N == = ==
A=—a7 7Oty ON—FOI7, e BUEEEEE i =
YIr0z7 . R OMERFE - - :

1 FVTEIZEMOTOEyHaTE

KRETHIXRMEKTIILFaTTOEVY
<EFEHE>
BiL, E+&, LY X,NEC, 4, _
ToU—, FUVINZR, . = L”
ZEBH(ENTFRAVER) F oo T ——
<BKEBERHMR> lISSSS8' o LRI T T AR skl
BEHRENA=—a7 e s S T T T,
> CO, HEtH EHI _, -' immlmmmm I =S
>4f—/\lilll$ R 581k ' . (RTINR | O R |||| |tr T
rEAEDERFREZZSD UL Lol L INLLHE R DL

FHRE BBEFOEMMIEL PUL BTN LN RIGE R s LY




2012.4.2 (Clear) Power Generation and Server Consumption: One day Trends
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Earliest Executable Condition Analysis for Coarse

15 BPA

Grain Tasks (Macro-tasks)

Data Dependency
"""""""" Control flow
o Conditional branch
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A Macro Flow Graph
A Macro Task Graph



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD = 4.3
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Parallel Processing of Face Detection on Manycore,
Highend and PC Server
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Performance of OSCAR Compiler
on Intel Core i7 Notebook PC

4.50 _—
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SPEC95 su2cor SPEC95 SPEC95 mgrid SPEC95 turb3d AAC Encoder
hydro2d
e OSCAR Compiler accelerate Intel Compiler about 2.0 times

on average 16
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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 | |®
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B
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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
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PG1

MT1
Vifull

MT2
V:full

FV control

BRESSH
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Power control
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In this Fig.
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Power OFF:
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Gating
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Power Reduction Scheduling

_PGO i PGl i PG
[MT1_] I

[ 3 |1
MT?;MT\LMN
[ MT5 ]}

e Given Dead Lme

Phase 1

Phase 2

Phase 3

A macrotask graph assigned to 3 cores

Realtime scheduling mode

MTs 1,4,7,8 are on Critical Path (CP)

O - PEO
DOAL LS
L O 10
200M
400M
600M =

PGD:PGI'FGE:FGB
MTI|--|
I mT3 [ |
M| o 1] VT
M1 1/ | |
IR UETY L
MID || | |
,_,-- MTE )

fime
A power schedule for fastest execution mode

1) Reduce frequencies (Fs) of MTs on CP considering
dead line.

2) Reduce Fs of MTs not on CP. Idle: Clock or Power
Gating con3|der|ng overheads.

clock
A power schedule for SPEC95 APPLU for fastest execution mode

Doall6, Loop 10,11,12,13, Doall 17, Loop 18,19, 20, 21 are on CP



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))$




Average Power Consumption[W]

ARM CortexA9 47 Android L THDEIHIR

3.00

2.50

2.00

1.50

1.00

0.50

0.00

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

@1 core 2 cores 3 cores
2.45
2.23
i, N\,
1.69
1.50
107 - 86.5%
' 0.95 (1/7)
: 05 - DO.S70 0,72
~ 0.51 -~ (1/3)
i S R 0-36-6.30——
1 5 3 1 2 3 . 2 3 1 2 3
without power control with power control without power control with power control
H.264 Optical flow

3PEE AHIEHZLESPEE AHIEHHY CTEHZE1/5~1/7I1ZHIHE
IPEBAHIEHZLESPER AFIHBHY TEHZE1/2~1/31ZHIRE

24



H. 264 decoder & Optical Flow (337 {%

Intel Core 17 4770k
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