23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2015,26(7):1840—1852 [doi: 10.13328/j.cnki.jos.004706] http://www.jos.org.cn
O [ b I8 ARAH T ST RS A Tel: +86-10-62562563

e SE LI E A= rill
AoE % oL, % o8 IAE

(P R T B 5 s = (I B R R R K% TSR, W Kb 410073)
EWRAEE: X3, B-mail: liuxin12@nudt.edu.cn

W OE: ARSI ARAE B AR B R GIR R R R BAIR AT B 48 AR GO AT A A A Mo 4L 28
33 0 SRR KA 4 (e 4R R A9 484-4K. Cache 37 FIR S5, T AT AL BATAE A2 R AT 6948 X hAAERL 6 L
F AR GREBE A 5%V B ST A IE BRBYRRA FH S R s — L E R FEATHRE D
MK FEH AR BT S AKER AN IES T —A 5 5 R X 6 o D HAE AR AR ST A A4S I 4
SMT #9-F 4 L.i# it PARSEC #» SPLASH2 A~ A )i XAZ 5 L 04T T B A% ik £ 50714 3.01%F= 1.99% 43¢
BAFAT KA PR AR L T AT AN R LG RACE G F ik PTa- 6946 FARR se A ME LA S 5 P4 -F %
1L A% B AR dm R ARG K

KRR A MRS B A

REE2 S TP303

tac g R R e o, S e, o AR 0 2 A A B (0 TR Ak SR R PF 2% 41,2015,26(7): 1840-1852. http:/www.jos.org.cn/
1000-9825/4706.htm

G35 FH#%30: Liu X, Shen L, Su B, Wang ZY. Power estimation model on multi-core platforms. Ruan Jian Xue Bao/Journal of
Software, 2015,26(7):1840—-1852 (in Chinese). http://www.jos.org.cn/1000-9825/4706.htm

Power Estimation Model on Multi-Core Platforms

LIU Xin, SHENLi, SUBo, WANG Zhi-Ying

(State Key Laboratory of High Performance Computing (College of Computer, National University of Defense Technology), Changsha
410073, China)

Abstract: Accurate power consumption estimation can provide a significant guidance for OS scheduling and software/hardware power
efficiency optimization. Previous researches have indicated that power consumption can be estimated by monitoring the related hardware
events inside the CPU, such as instruction submission times and caches access times. However, those models which are based on hardware
are not able to provide accurate results; they often come with an error over 5%. This study first analyzes the hardware events provided by
the CPU, then chooses a set of events that are closely related to power consumption, and finally uses step by step multi-element linear
regression analysis to build our run-time estimation model. This model is not related to any applications and can be directly transformed
into the platforms that support SMT. The model is verified with the two benchmark suites PARSEC and SPLASH2, resulting in estimated
errors of 3.01% and 1.99% respectively. To address the issue of high time consuming in modeling, an optimization scheme with two-step
cluster is also presented in this article. The proposed estimation model can serve as a foundation for the intelligent power consumption
perception systems that dynamically balance power assignment and smooth peak power consumption at run-time.

Key words: power estimation; performance counter; multi-core
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Table 2 Selected hardware events in model
Fe 2 BRI R A A T

Unit Event
Clock logic UNHALTED CORE CYC
INSTRUCTION_RETIRED
MISPREDICTED_BRANCH_RETIRED
BUS_CYCLE
DTLB_MISS
MEM_UOP_RETIRED:ALL LOADS
MEM_UOP_RETIRED:ALL STORES
ICACHE:MISSES
DCACHE:MISSES
OFFCORE_REQUESTS
OFFCORE REQUESTS BUFFER

Data path

Cache

Others

22 ETEHSHMIIFEEDR

F8 A TE U7 1] 25 Th B85 A 1 K 7= A2 — 5 8 110 T AE LA 3 3508 4 1 T A /AR A8 T H T I B e, AR SO e
R 1) ) — A T B A B 7= A2 (1) DR Ry — AN 5 0 B % B AE — BRI 1) P9 1 3 25 D6 0T LA pH 37 1) 43 26 3fe LA
BRI SRR IS H P(U)R R U IS TIHRE, W T R 7Rl P(Uj)=Act;xavgP;. 3 Act; A4 U, V5 1)
AR R AR R B VE R B savg Py AR YT ) U, 18P ) D AR K 25 2 L REAR A 1R Bl 28 ThAE e kA st vy AR
BB ThFE.

dnaa® i{P(Ui) )
LA P FI . ST 9520 IR0 B LA 25 5 SE 4 M1 0, 35 A S B BB
P pmamic = S A +C+E )
s, B
R
o Be=| 2| hmRRAR RRIEHE D
W,
o =\ U RB RN T R RAE RO 00T U i T
Cl
o G| G| R T 0TSO R R B A BT R B O B 0 7 T TR G
e,
e M RSP SRR R I 7 B A SC B B4 SR 52 7R3 ) € e LA
Ay Ay Ay,
o =] Ao Al e g U 995 0 U B e A
At Ar o A )
Syu/Sampling Interval Sy S § ML IE BB 3 A BEIEIEREIISE k YOI Sampling Interval FER
FEJ5 3,

© HEBEERAET hipd/ www, jos. org. cn



X F E S AR B hEAE AR 1845

N BEHLR 2.

&

m J mx1
FERU RS b A 32 K2 B AT i T AR e/ TR S B SR AR 7, A4 92 B G 5 A S T RE I Bk
ZEFJ7 M Q 3K Bt /M.

0= (Pyuamic i — Pramic 1)’ )

3 KU SME

31 MiKTEE

ASCLA Intel Core I5 2300 1 13 2130 Py Ak BR A 4 S50 565 52,568 55 2 75 Hh (1) D FEAE BYBEAT T 30 3E. v 15
2300 4 4 1% 4 ZRFESE ;13 2130 SCHF SMT, 2 0% 4 LR FE 45138 3 Z1 HE T 3 PR AL #1881 3 4 S 40 2 AT L
Cache ¥J>K F#54 Cache FIELHE Cache 4325 (¥ M5 ol 45 #4945 N A% AT A 19 L1 Cache Hil L2 Cache,L3 Cache #f
BT A Ab PR S S T 1 S22 7E Ubuntul3.04 ¥4 R (WA 3.8.0) F 58 k.

Table 3 Configuration of experiment platform

Fz3 BT HECE

Processor Intel i5 2300 Intel i3 2130
# of core 4 2
# of thread 4 4
L1 caches 64KB Instruction,64KB Data,fAf§ ~ 32KB Instruction,32KB Data, fA 4
L2 cache 256KB, A 256KB, A1
L3 cache 6MB L7 3MB,JLZE
Size 32mn 32mn
TDP 95W 65W
Clock speed 5 2.8GHZ, i ik 1.6GHZ fix 71 3.4GHZ, (% 1.6GHZ

3.1.1 CRAEMERE IR

T I = g B M HEASIE B MSR(model specific register)®] LLIRENME BE T 2028 FO1EL(E H 7T 2 Fh sl BSR4
PEREVE B A% 19 T B B2 48, I PAPL Perfsuit Al Perfmon. A SCA# ] T libpfmd4 BB, &AL T2 FE LI K
CPU It $ a3 11 K 00 44 Bk 19 B 5 0 g 0 4 i 3k 2 11140 R 35, TS AR AR, DRI T mT DA {68 e 42 ik 38
F PR .

SR 1R) b 55 58 AL v 1) A A 00, 0 BB B s T THRERE AL IORE FE e TR e I T 11 AR g4,
EE SIS & AR AE T 4 AN P E A PE BEVT 08, 0 AR SCR A T 43 I5F 2 FH (% 05 4%, B by 4 A B 28 A% 43 i —
AT HCE A ) — AN SRR P 3N S A 0 ) I EAT SR AE, A AR 3R A 20ms IS I) bl 1 75 ZE 0]
11 A FAAE R RAE, T LICRAE B A 11 AN SRAE 8 .2 JT LT LA F o 15F 52, A2 b R 3 14D B T 5 3 12 Ji 2
FRAT AT LAIA Ay < A SR 1) B P9 B3 R8T AT g A AL AR 38 S 50 T DA A B 22 1) Sh REAR 10, AN T B 2230
T BLSE I THE AR 5 — J7 THT 23 18 KR A IR B, A3 73 SR ARG R 6, T A RAT Y 5 S Sk A 28 e s 10 50 AT LA
3.1.2 SIS DhREI &

Intel 7¢ Sandy Bridge MJ4¢ F4EK T RAPLIMIBEH 42 41t T SR HC9 I DhokE (42 113k RAPL,FRATT Al LA s )
AN RIS 72 UK (R DI AE 61 01 Package. DRAM 575198 . CPU K% &5 Tl DR WL I R P 40 2 B4R 2 0 b 3o 3 A
e vtis AT N R BT DIFE T R A Prcasure=PaynamictPidies e 1 Prncasurea 2 RAPL SR SE N DIKE: Poynamic
N ENZSIIHEPige T35 I B ZNFE Pigte=P ot Prronitort Potarics I ER S T FE . ME IR 5 DG L S BR A R GEhAE 3 #84>
2 . T4 AE R G0 ThRE LU /IS T FLAR X 2 43 5 1 ok, i Ay B T A2 0 sk S DR TP R A

© HEBEERAET hipd/ www, jos. org. cn



1846 Journal of Software #AF3F# Vol.26, No.7, July 2015

T E 3, AT R o A, DR bk AT DA 15 3 1B 0 43 DR DA 5 i 5 2 Th R 5 i R 3 4 O, 51256 v S/
HL IS A 5 A8 BT AR 6 8 B R P8 1 AR A B AT 4G L Ak P 02 30 s 97 208 AT A bR T U 2 U R 1 R Ak
FBR AT e I BT I A5 L BT S R e, 0 R e T 4] S 92 i Ik, 3F LU | LM-sensors $KHX CPU 5
e VL P, T )9 AN P R A2 AR 4K LM -sensors #2514 Linux 2248 it — @ A W6 90 0 =L o] DLsiz it W0 CPU H i BE
A AR 2 77, BATTAE BOIS HOGH T Intel WA A AR I+ HIE & T CPU IS A7 4. 8 ik M NSRS Pigte
R 2 E] 0 B B TR Pige SR R R P =Cix T+Co, Cy F Cy 394955 B0, T 49 7 W 1S 40 B
BARAEFLIS i A IR SR R AR HOOC R (H I 20 S, 7 A S S 00 PR B R AL B 2% i R AR KU R A 15°C
LA A, T £ i P A0 B /IS B 15 0 o L TR A il 2 R A R R 25 51N R K i 2,

3.1.3 A 1)

Shy T AR A SRR () TP DI R N R AT i 4 T b B 26 BT 3k S 1R R 1 42 28 1).SPEC 20061V — AN gy
PESEVERL P4, 5 T ok A TAESS . BEA it 50 DU Al 45 22 AN A5 (1 37 F, R 6 X Ak T 388 1) 55 AN 1 R GE AT
sEAG I IT LABRATTE L SPEC 2006 15 4 Y 2R, (5% i T i iR A2 48 Oy P2 5 3 B T E 6 A3 A R A 7 0
WIS AT 1~3 DR B A (A L858 — MR 7 RIA).

Sh T B DR R R A B A S AR AR ) I R 4R S 0 G R AL T R 1) AR A I O N AR A AR O AT T
PARSEC!+SPLASH2! I Jy iR 4. PARSEC HEUE MRS M ) 32 1 FH T VF4ili CMPs 11 fig, h 22 28 R R e 41 k.
— 22 ZSE ] T PARSEC 15 SPLASH2 7454 footprint BA K T4 5 K /N4 &5 Ky 5 4iE 5 10 474 AR K 22 S U9, [ i
{0 AKX PR AN SEME R 3 SR A D AR 4R, vT LU et B3R JUAN 5 T BE AT FLAb, 5 B ALIR 7.

32 RWHEREHI
3.2.1  BERIRIRGEE
Bl 3(a). [ 3(b) LA T 15 “F & R AR 1 (% i S DhRE AN SE i ThE. ik 7 BATT KB AL R K 0 4 5
A INFE X PARSEC Al SPLASH2 PIANFR)F A M- F Al B2 Z2 (1 4 E) 20 5l 3.01%F0 1.99%.83% ¥l 72
FE R il SR 22 0E 5% LA P9 38 B 25 2 BRI 1) ik 50 T K S 00 1 S0 52 TR 1T U7 A7 4008 10 R o Al B 08 22 AL X A8
KAESEXT T 45 S 5 25 1 facesim FEJF, iR ZAK T 8%. 18 4 4iz4T 1~3 /> Blackscholes(4£) 1 Streamcluster(£7)
T B A (10 0% 5 SR, B o T DA B B A R A G 88, ThRE S A0 B TR T 3 AN BH S8 1 T FE phasel!; i 4%
SCHR R E] [ B3 B R IS 1T B AN ) phase.
T PRSI R 2 1) R B R PR M AN R
1) A EAE R T ] K 22 0 2k ml H, 20 T AR R 364 A B 2 1) U A7 B R X R S B0 AR R 22 1
I BB

2) KR AR RS T S AT % (A T RE DA IS A0 T, B AT I B X A iR A RS TA R A 2
XA SRR X 40 K PR ALU TR (6 1 5K T

3) T UNZREE R 5T 5%, T BB () 2% ) 1 FE R E 78 4 B AT wl Al M LR AE VI 25 4R 1 £ RE TR (E
SPEC2006 T2l & F ALU 1 Memory ik, 5t = 1/0 Bound 2 JH;

4) TR O B AT 5 N 2 i S ALK S EORFE B AN R 1

5)  fRTAK R 2R PE A R 0L B S DN IR A DO AR £ 7 AR 3R 2, 9 L4 Wl A B B A SRR AR R v B A A BT 2

> b R R OK.

BEF LA B JUERLSt  HORE FH AR SO AR AR RS 5 3 AT R B 5, 81 Al canneal (K15 25 B2 AT 8%. 38 ik 43 A7 1T LA
KD :canneal F2JPLEHATEFEH swap_costOBR BT T 90% K $AT I 1] .12 PR A4 3 B2 58 e B A8 ¥, i T T AR 4R
K, 4% 2 Cache [ R AR 1, LLC (ORI GE B 2, 72 A2 Ko i Ah B A A, B W P 026 1) £ 58 3) a5 st
A 5 S S 45 R IR KR 2.

T B DB UF AR IR N G G, FRATI A e T R AE ANV ZR4E. Ll PARSEC R SPLASH2 1 24 Il 254, %
SPEC 2006 " A5 /7> HEAT 560 1iF, 52 56 45 B (it ) 5 977 )55 i T T 4k &5 SR 3 ARV B 05 22 05 D0 Al B 0 22 A SR L AT R
i 8%; FHIRZE N 3.39%.

© HEBEERAET hipd/ www, jos. org. cn



—Measured
Estimated

Power

X F S AR 5 ) A FAEA
mmm Measured Estimated <<%«
25
20 .
5 15 RS
% 0
£ 10 0
(5) Tl B 1]
fELzizciieis
E 8 EE & % g E E £ 9
> T a5 e 2 X ERRS]
3 o 3 32 & § B 151
EoE0L T4
s =
(a) PARSEC AL KAl 5 it 2%
35

Error

streamcluster —

10
8 ¢
S b
Sy E
4 2 £
2 m
0
Fig.3
K 3
5
2
[=]
(=9

1847
mm—\casured Estimated **®++ Error
25 6
20 5~
15 4 =
> -
10 o, 1 1P 3 g
5 » 31 & 2 H
0 1
585 E5828 ,7¢°
= g & g o £ T = §
3z § = 3 ¢e %
8 £ 0= 5
ER-
g S
(b) SPLASH2 Jh#E KAl 515 22
4
b —Measured
30 Estimated Wil
A
20 “’"“ i “‘

— e e e e =~ —

Fig.4 Power phase of Blackscholes (left) and Streamcluster (right)
K 4 Blackscholes(Z5)#! Streamcluster(47) ) Z)#E phase

8
6

4

Error (%)

S
hmmer =

leslie3d ==
cactusADM =y

bzip2 w0

sphinx3 w=a

astar ...

namd

gce L
milc
soplex oo
libquantum o)

bwaves o

Ibm oo

omnetpp

average

Fig.5 Estimation error of SPEC2006
K5 SPEC2006 fifT i 2

B AE—

HE—A

W BZ, DS TT R RO FAT T

TR & B

M 1. B2 A SER 462 B[R] — AN ERAZ P R [RDZ 42, LI AT 5 AN [R) 0 38 A% 1) T RE AR,
X SR S WL 6 02 13 2130 M A LB 8% 0. 2HA% 2 2 1. 2% 3 0 hldt

© PEEEEBAITT

S (5 22 24 SCHRE HH 1 0y REASE L A7 AR T DA Ay M A b i T Ak L 88 14 502 ) 3 5 o T L i A Y
ST TN T 0, B AN T A . T £ 5 50 A R A g 0, BT G T A R 6 R R AT T A B BE SR
BN WS R T AR 5 i A% e ) At B A T R 1
3.2.2  SMT KI5
I3 2130 L Fe [N 2 e R R, A 12 5 4%
R HE A SCEEST AR A 0] DL LA 8 Sos B AR 31 13 Ab B A% b F B A S50 0 2 AR R I8 BT P a5 .

eV AL SCRF R

http:// www. jos. org. cn



1848 Journal of Software #AF3F# Vol.26, No.7, July 2015

FEANYBAZ N 7 TR, B K N R R 4 B B R — AN AR Ol B SR T 43 A B (R4 B vh A A
Sl T8 3 S B AT, A FH B 5 I 1) DA ek 2 EUAR SR W A1, R (] — N R b IR AS [R] B ARAZ AT 1 2 ) I
BB ERAE WU E AT TIBE R IG. L1 2847 L2 2247 3805 T %R 20K N H B B A A E — )
PR P 25— AN AR S IR A 1T HE N DR BAGAY C-STATER) 32 11 1 1y 4 B AIT.

R 2. 4T Memory Bound A, %42 S 1T LA &gk /b BEHE; (B X T CPU Bound M T 5, KA UK
HAfE.

XF CPU Bound IV, %5 5 W AR B 7T DA FRAR DO AR, (H 2 1 T A R 3R A% 2 0] 56 4 JL = %8, 75| % Cache
JeE b, T B e BRI IS AT I TR KA 380, 4645 5 BB #E L. Memory Bound F2 /7 1T LI kK e 26 72 40 5F
AT 30 T A0 N B BB AR B ARG 2 B PR 457 2K 32 4T I T 365 000 190 70 T 5 ) A A LAV 45 I AR AL AT ke 1 e Ak A0 45 50
FEPEAL.

YIH%0 Yy
B0 i1
&2 W3
13 2130

Fig.6 Schematic plot of I3 2130
K6 132130 /"ik

! .

N1 N2

LB A LB %A WE%0 LB %A
EH0 BRI 2o |
a3 2
132130 132130
o Fato

Fig.7 Two policies of task assignment

K7 PS5 20 C SR s

3.3 llgEtiE ik

TE 256 1 A2 v FRATT AT A AR B (R LB N O T A IR AR R 2 5% TH 2 (R PR AR, AN SCIEBE T AR
PR 2 HARE N A1) SPEC 2006 75 8 I ZR A, BN 52 AR T 1~3 AN S5 3847 56 T 6 18 )7 75 22 2~3
DR B Iia) 7 396 38 T A A e B, 75 S0 AN [ %) A AT AN T 1) 5250, 7 5 0 A6 5 S 75 5% i A R AT
TR, K A Bl K (0 BT ) AR T B0 3 1) R 35T R SIS A T g N R A D T ) 48 9 3 R R Y 1/3.

5 50 AR I T ol ) e o S 1 D DR AR PR AR P K 22 G T U B v R 1) i v DA b B T A

© HEBEERAET hipd/ www, jos. org. cn



RFE 5B AR TR B0 A FARA 1849

THRE AELZ AT T PR 20 A7 v vy LU IR AR 60U W] Rl 20 s I 5 b D FERRAIE, 75 U £ 3 B Th FEAR I X 65 52 1)
TR R 21 IR IR 22 0 e, FRATT AT L3 A I 24k vh % 2 135 R DR ARF AL, 501 Bk 1 TO R IO R e, £ B o
NG T3 T AT DAY D IR AR TR ORE e 0 R A e S RN () 5y — i, B L) SRR (2 )y
SPEC 2006 H % F5 /7 (K112 AT IN A8 1, B 2 LAVR 3 AR H0RE . Cache 2R BCHURI A I 324 4 73 848 &, 93 il
BEAT I SR SE,H SPEC 2006 1 IFR /740 4 8 (LR 4). R AE A — R BEHLE £ — MUERRR 7 I ZOoR I gk
R R T8 4 8 A, b, (AR AR KRR b4 T YN ZRIN [a).
Table 4 Classification of SPEC 2006
% 4 SPEC 2006 [f) 5 45 1

S (i
1 400.perlbench,464.h264ref,456. hmmer
2 445.gbmk,458.sjeng
3 416.gamess,444.namd,454.calculix
4 434.zeusmp,459.GemsFDTD,433.milc,437.1eslie3d,450.soplex,470.1bm
5 435.gromacs,436.cactusADM
6 401.bzip2
7 410.bwaves,482.sphinx3
8 403.gcc,462.libquantum,471.omnetpp,473.astar

PR SRS 25 A TS P
(1) 2R ZRERAE (CF) M it w5 FE ARUE B SR REFE M (cluster feature tree, fij R CET), W KAEAKHMG 73 S 45

¥%%%%%ﬁ%lwCF4N¢E$LEWNwﬁﬁﬁEJS:Z@S:Zﬁ.

T SEHIUAAL — AR A 0 B BUR AR L(J), 4 )5 W0 B2 Y O B 5 2 S ARG 3
ST B IR 1 08 A I R ST — AN
(2)  CAZRZBUHRHEM N A F 20 2 58 2S00 AT 1 2R 288, Tl it BC 2% UL S 4 B ME DU (BIC) LA B o2 e 28 1A 3
KR
T SRR U ZR AR R AR LA R A RS B, RN B3R D vk AN SPEC 2006 (14— 2852 )7
Wi L B — MR 4B 222 (L 3% 5), 2391 L PARSEC,SPLASH2 HIR # 3% 7 Il 54K 1f) SPEC 2006 R )% 1 2y il
REELAT T I, 45 T W3R 5.5 2 i (RS AR Lb Al 55308 2548 B 88 K (B B 38 40 IR AT 1) T FE AL 7.

Table 5 Training set and test result

FT 5 INGRAERIR 45 3

45 e REC
- i 4 SPEC 2006 | PARSEC | SPLASH2
400.perlbench,445.gbmk,416.gamess,434.zeusmp,
! 435.gromacs,401.bzip2,410.bwaves,403.gcc 24 3.10 3.76
5 464.h264ref,458.sjeng,444.namd,459.GemsFDTD, 3.0 353 284
436.cactusADM,410.bwaves,482.sphinx3,462.libquantum 5 . i
456.hmmer,445.gbmk,454.calculix,437.leslie3d,
3 436.cactusADM,401.bzip2,482.sphinx3,473.astar 2.92 3.58 2.34
4 MEAXIE

Frank Bellsoa #& i W) A A1 < {F 42 37 Dy RE AR R F0) S5 AHL b 1 VO 803 0 S 0 AIE 1 P4 55 Th A 2 Tl 47
FE Lt 56 ZR U B A7 P B A 8 B8 Sk A S R R 0 T 1 L LA I A e ik 22 10 2 3 IR 800 T Il i A1
FEAF T DA SR (H R [ A AH SR W AR X B2

il O AT (3 TPk B VB8 1 DU FERE AL AT LU A B3 28— 28R Top-Down!® 5 12 A FH B ik 452 /b 11y Tt
PR GE R 5 P R T B B0 — B0, DA S — AN TR RIS IR S bR, AL — A R G ThFERSE
;55 2 A, 53 A — R Bottom-Up A5 823U 4 15 25 45 160 20 10 G A 350 1, LUK I ASE 50 52 2 FE A AR 5 OB AR
JRE 3oL KR () A 2 R W S AT RE 2 IR A R, LA S 1 1 8 e 1) DI R e A P o A 2R 2 A ) i, A SR )

© PEBEBSAITT  hip:/ www. jos. org. cn



1850 Journal of Software #AF3F# Vol.26, No.7, July 2015

BT G5 T 3X PR B0 s, TEABE B 55 % B RIORG 5 2 (R EAT T .

Singh®*>K ] Top-Down [ 77,51 %t 2 4672 2238 R /¥ 3kt 7 T A0 PR 88 A% 4 ) DhREAS Yy - 3L s it o
& HH 4 MEBETH A, Singh B TE AR HAE 0 W IF SR TR AN FEURE AR A IOX 4 28,0 Ml A A
i 5 INHEN Spearman FRAH I R 75 RF — 28 vk BUAH ¢ 2 Hosme K 10 4 14T @Al W B AT Miero-
benchmark M FHAEAE B EL T — AN BUI P RIH AT, L NAS,SPECOMP #1 SPEC 2006 1 4 Ml £, 735l 3k
3 5.8%,3.9%H1 7.2%1 V- 3515 25 . 5 A SO G N B AR AH LU A AT 1) ShFE AR A0 T RE P (W38 47 I RRAE, i 40 B
BRI HIORE) J, 1T FLARLAT] S 864G & HHAH B 1) B R 3R

Isci Fl Martonosi>> 3% - Zh R #5455 1 X1l 43 g 22 ASFEREREER 15 43 53 LU 2 (5 £ 50 0 A — AN b gl
SELFERETY ABATTAE £ X PE MR B T Micro-benchmarks, 346 1l 25 4% 4~ T B R X i 78 f) Bottom-Up #4572,
T 5N K PR A S T AR v B ARG 5 (E R b T IR Ak B 28 SRR A . BRI A A5 T BB S A A
SRR A AR AR ) — AN 3G BRI A AR (R AR 52 2% KR v 5 — 7 T D B B 30 K R A A 2l
5 SRR B BAN T4, AR T BEAT TR AL, 19 38 AR 2 ™ B AR T S5 00 S & B TR R 450, rT RS AR PR R 22
AR S IR R T b — A AR AR R sk AN A Th e R TR R 2 e v TR AL T @ I AR

W AR ST AR S O BT (LR 6), 1T LA 21, AT AR AL 4E A T Top-Down I Bottom-Up
PR 5 R T LA AR e el BRI R I g, Pl B B e v R A T )T T A R R e T
S AF— AN DY REF A B AR A b RIS T A ) 5 e P T (Y, TR AT R4S T 5 Bottom-Up J7 ¥ AH >4 1) K
JE 50 3 YN R AR TP AR P B AT SR S T R T I AR e 10— 2D el D T B AR A £ 2 3] B ) U T 2 R
WONT %44

Table 6 Comparison between different models

R 6 AIFAIFERIRL L (A {0 EE

B RaRFA & F5 R AR G
Karan fiE5E  Top-Down  AMD Phenom 9500 4 5.63% I
TDC #7201 Top-Down  Intel Core TM 2 Duo 4 4.53% %
BU #7420 Bottom-Up  Intel Core TM 2 Duo 9 2.53% 2
Isci [RE2 Bottom-Up P4 22+  Around 3W &
MICRO #7112} Bottom-Up  Intel Core TM 2 Duo 20 2.85% =
A SCI AR Zitr Intel 15 11 2.5% B

5 HRIE

H HT ) DVFS(dynamic voltage and frequency scaling)fl £k 23T #% ¥4 AT LU F S i D RE Bods 45 b i 1 4% U,
17 SIS (1) THAFEECHE T LAk B D FEAR 2 B s b &8 — FR ke U, i S A5 1 Dy R 0000 RS 1, 20 8 e A7 280t e 19 5
T B AT i B A 0 R AR 53— PO 4T 8 3L Power Capping!” 73 Aiirie ¥4 Sh A A
PR S AR S AR Y SR S D RE, I DR b B AT bG48 S B S D RE RN D RE b B ) ZE BE AR FEAE — AN R
ZIN R 30 FEL AR P o R AR L ORRE — B0 5 A A SO RS B T DA DX 3 A AN [R] Ak 28 A% 1) Th R, AT DL SIS I
ML Fa LA b K DR 43 BC 45 A [ 8% 83X T8 DR BARAR v 0 5000 0 oK R BRI & D A

ARSCHR T — Pl I A A P B T HRS A0 S A B 2 B A DR I I U, ST — A AT R AR 110 Al SR AR
B AZA5E B A T 0 4 DA P AT Y0 A BT HL W] DARS A 3 SR RIS 22 Ze R (101 6 1 Sl 45 SRR Wi LT
FEEOL T B AT A K R 2 ThFEAL SR (AR 6). 764 J5 I LA vh T 1k AN A T = A R4 Uy A 85 SR T
FH Al SR 8 — AR BN SR AR I 5 | N7 A7 2% B 2 1) R 3 X R, 40 3 i 11 2% S0 o B 0% 200 B o 35 % 4%
FEN T3 A 38 T LS 0 AEAH DG BB A Z A, LR HUSE 22 () U A2 RR AT, 802D U7 A7 4% R B Y T I D R A SR 22,
HIXAT W] RESG ALY (W S 2 B O T 1 — 2B IR AR SC T $R 7V 1R & AL P, A 138 T R i 8 A F # 31) AMD
Ab PR b AT MR B8

© HEBEERAET hipd/ www, jos. org. cn



RFE 5B AR TR B0 A FARA 1851

References:

[1] Yang P, Chern JH. Design for reliability: The major challenge for VLSI. Proc. of the IEEE, 1993,81(5):730-744. [doi: 10.1109/5.
220904]

[2] TOP 500 SUPERCOMPUTER SITES. 2013. http://www.top500.org/list/2013/06/

[3] THE GREENS500 SITES. 2013. http://www.green500.org/

[4] Lefurgy C, Wang X, Ware M. Server-Level power control. In: Proc. of the 4th IEEE Int’l Conf. on Autonomic Computing (ICAC).
1IEEE, 2007. 4-4. [doi: 10.1109/ICAC.2007.35]

[5] Joseph R, Martonosi M. Run-Time power estimation in high performance microprocessors. In: Proc. of the 2001 Int’l Symp. on
Low Power Electronics and Design. ACM Press, 2001. 135-140. [doi: 10.1145/383082.383119]

[6] Smith LD, Anderson R, Roy T. Power plane SPICE models and simulated performance for materials and geometries. IEEE Trans.
on Advanced Packaging, 2001,24(3):277-287. [doi: 10.1109/6040.938294]

[7] Chen B, Nedelchev I. Power compiler: A gate-level power optimization and synthesis system. In: Proc. of the *97 Int’l Conf. on
Computer Design: VLSI in Computers & Processors. Austin: IEEE, 1997. 74-79. [doi: 10.1109/ICCD.1997.628852]

[8] Martonosi M, Tiwari V, Brooks D. Wattch: A framework for architectural-level power analysis and optimizations. In: Proc. of the
27th Int’l Symp. on Computer Architecture (ISCA). Vancouver: ACM Press, 2000. 83. [doi: 10.1145/339647.339657]

[9] Tiwari V, Malik S, Wolfe A, Lee MTC. Instruction level power analysis and optimization of software. Journal of VLSI Signal
Processing Systems for Signal, Image and Video Technology, 1996,13(2-3):223-238. [doi: 10.1109/ICVD.1996.489624]

[10] Tiwari V, Malik S, Wolfe A. Power analysis of embedded software: A first step towards software power minimization. IEEE Trans.
on Very Large Scale Integration (VLSI) Systems, 1994,2(4):437-445. [doi: 10.1109/92.335012]

[11] Bellosa F. The benefits of event: Driven energy accounting in power-sensitive systems. In: Proc. of the 9th Workshop on ACM
SIGOPS European Workshop: Beyond the PC: New Challenges for the Operating System. Kolding: ACM Press, 2000. 37-42. [doi:
10.1145/566726.566736]

[12] Zhang J, Fan XY, Liu SH. Research of lowpower design techniques for multi-core and multithreading microprocessor. Computer
Science, 2007,34(10):301-305 (in Chinese with English abstract). [doi: 10.3969/j.issn.1002-137X.2007.10.079]

[13] 2013. http://zh.wikipedia.org/wiki/%E7%9A%AE%ES5%B0%94%E9%80%8A%E7%A7%AF%ET7%9F %A9%E7%9B%B8%ES5%
85%B3E7%B3%BB%E6%95%B0#cite_note-Buda-4

[14] David H, Gorbatov E, Hanebutte UR, Khanna R, Le C. RAPL: Memory power estimation and capping. In: Proc. of the 2010
ACM/IEEE Int’l Symp. on Low-Power Electronics and Design (ISLPED). Austin: ACM/IEEE, 2010. 189-194. [doi: 10.1145/
1840845.1840883]

[15] LiuY, Dick RP, Shang L, Yang HZ. Accurate temperature-dependent integrated circuit leakage power estimation is easy. In: Proc.
of the Conf. on Design, Automation and Test in Europe. Nice: ACM Press, 2007. 1526—-1531. [doi: 10.1109/DATE.2007.364517]

[16] Henning JL. SPEC CPU2006 benchmark descriptions. ACM SIGARCH Computer Architecture News, 2006,34(4):1-17. [doi:
10.1145/1186736.1186737]

[17] Bienia C, Kumar S, Singh JP, Li K. The PARSEC benchmark suite: Characterization and architectural implications. In: Proc. of the
17th Int’l Conf. on Parallel Architectures and Compilation Techniques. Toronto: ACM Press, 2008. 72—81. [doi: 10.1145/1454115.
1454128]

[18] Stanford Parallel Applications for Shared Memory. The modified SPLASH-2 benchmark suit. 2007. http://www.capsl.udel.edu/
splash/

[19] Bienia C, Kumar S, Li K. PARSEC vs. SPLASH-2: A quantitative comparison of two multithreaded benchmark suites on chip-
multiprocessors. In: Proc. of the IEEE Int’l Symp. on Workload Characterization (IISWC). Seattle: IEEE, 2008. 47-56. [doi: 10.
1109/TISWC.2008.4636090]

[20] Gupta V, Brett P, Koufaty DA, Reddy D, Hahn S, Schwan K, Srinivasa G. The forgotten ‘uncore’: On the energy-efficiency of
heterogeneous cores. In: Heiser G, ed. Proc. of the 2012 USENIX Annual Technical Conf. USENIX Association Berkeley, 2012.
367-372.

[21] Isci C, Martonosi M. Identifying program power phase behavior using power vectors. In: Proc. of the 2003 IEEE Int’l Workshop on
Workload Characterization (IISWC). White Plains: IEEE, 2003. 108—118. [doi: 10.1109/WWC.2003.1249062]

© HEBEERAET hipd/ www, jos. org. cn



1852 Journal of Software #AF3F# Vol.26, No.7, July 2015

[22] Intel® 64 and IA-32 Architectures Software Developer’s Manual. Volume 3A: System programming guide, part 1. 2011.
http://www.intel.com/content/www/us/en/architecture-and-technology/64-ia-32-architectures-software-developer-vol-3a-part-1-ma
nual.html

[23] Bertran R, Gonzalez M, Martorell X, Navarro N, Ayguadé E. Counter-Based power modeling methods: Top-Down vs. bottom-up.
The Computer Journal, 2013,56(2):198-213. [doi: 10.1093/comjnl/bxs116]

[24] Singh K, Bhadauria M, McKee SA. Real time power estimation and thread scheduling via performance counters. ACM SIGARCH
Computer Architecture News, 2009,37(2):46—55. [doi: 10.1145/1577129.1577137]

[25] Isci C, Martonosi M. Runtime power monitoring in high-end processors: Methodology and empirical data. In: Proc. of the 36th
Annual IEEE/ACM Int’l Symp. on Microarchitecture (MICRO), Vol.93. Vancouver: IEEE/ACM, 2003. [doi: 10.1109/MICRO.2003.
1253186]

[26] Bertran R, Gonzalez M, Martorell X, Navarro N, Ayguadé E. Decomposable and responsive power models for multicore processors
using performance counters. In: Proc. of the 24th ACM Int’l Conf. on Supercomputing (ICS). Tsukuba: ACM Press, 2010. 147-158.
[doi: 10.1145/1810085.1810108]

[27] MaK, Wang X. PGCapping: Exploiting power gating for power capping and core lifetime balancing in CMPs. In: Proc. of the 21st
Int’l Conf. on Parallel Architectures and Compilation Techniques. New York: ACM Press, 2012. 13-22. [doi: 10.1145/2370816.
2370821]

Ff R 3252 SRk
[12] R BEERL XFA Y. 2 4% . 2 Le TR AR BRAR IR T AE W vk BOR T I oF FHLR}4%,2007,34(10):301-305. [doi: 10.3969/j.issn.1002-
137X.2007.10.079]

X2 (1990 —), 4o, DU 1T HEA B 7, 3 R (1987—), U3 18 b A, 3 T U
LR ST A o T e A B B R R 4 8 i k 3 TSN G BE AR A R TR HLU K e v
TR, =A™
St
\ )

EIL(1974—), %, 4 @l 047, ,CCF @2
o3, B GUCh 2 R A
L gm B IBAT I R R

EEF956 ), 9, Wk HUT WLk
ULCCF 74 £ B, B L4080 i
U T2 16 R £ AR AP IR 57 40 P 2
it

© PEBEBSAITT  hip:/ www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


