BHAGETR 2012 4 $22 3% F11 #.1143 ~ 1148

doi ; 10. 3772/]. issn. 1002-0470. 2012. 11. 006

GEBERINNHREDSHREEAR®

R4 HARD

W =

B om FFEF m O#°
(ChEHEHEAAETELER
(" HEBLASHENRATFER

2% 100191)
2% 100101)

ATBAHSHECEFERBAGRE N ENA GRS HE XA HHEF

BEBHT —FEATAMNBEFETARKE SN SHEEE(WDPM) K&, # WD-
PM ZR REAREHEAZAHFGEE AL/ ATAR ISR B LRHE, £ HE

HESHETENER LE)

TETREFTANFREF ER LR A HEENF. UE

TREOZFELIRAGSBAFRPERTTRIULH, TEART WDPM Eed 5 @ w F e
WA A, TRERLH WOPM XSt EE RSP EHRAFAT, AR ES L
FHERHEAMRAET TARSTHRAS REFRRBLEESAHANTE,

RetiA

TRt ESE, TR CHT ZATS
JERFMER R, KELUR, TR EiE—
HR AR REEENERE . R, EERERE
Hy R TRE AR iR B Y B A B A
BEIRGERBEMEERS Y HL, R h
BOAEERHRETT R B — P E RS, 18
FEEELIHAT. SR EERE —MRIEREE
B B R G R FRIR ST R
SERRAE , AR/ YIS SR AR E SR/ DRI R Th e
RERGHE GRS MR TED . Xk
EABRRPNMATRNRET " R ERE. &
Foz s B EEN T ER a2 EEER
ST AREHEERL, LRSS, ARKH
AT, 3F H A S B Bl B R B9 7 R #B BT Al
M, SRR SR TECAER. MEH
CAHBFAHET @R, REERHIE
TR AL ER A W, BhAh, AE A E
FRHSSBERMERERR . B, &t —F
A LUARSE R e AR e AT B B MR B A3 A Tht
FATERELE. FENREREE SHTSR

e

WEHH.

@6

EiRMEE ,E-mail: xaolm@ buaa. edu. co
{ g5 H 85:2011-12-26)

HAHHEEE(WDPM), ARFH,

FeE, FRVLE, L8

T AT B ER E X R R T T BGE, B T —
Fh o7 % 5K 30 4 30 25 2 #8 F B ( workload-driven dy-
namic power management, WDPM ) KBS, ZIREELE
MR EHTEEMNER FRA T WMSET %, DR
PHTHARETHRSEAELER, AESIED
FEHEEMARFT RS EL, MAT REE
IEHLE, DS B s R, EAIERETRER,
POREE AT LI R (R B SR 5 R AL R, 3
BUD REEH T RAREB R HRTEL

1 MxIiE

"X B, SR e A CPU, Bl RS
FPLBE =9 EaciE' . CPU Sishsshie g
WK N 3 & 8 1Y (dynamic voltage scaling,
DVS) , E8iiEiE e R, BULRGEHD
BUFEERR SRR IRRIREE S
AR AR HU SR, EE N ke |
ETHNAE R R A TREILE RN KL
st ENUBERGS, WEARREMAY LT
ESRENIRSREE, XA RSP E RS HN

863 THEI(2011AA01A205) , & § ABEE S (61003015) , HE S ARE (2010110210018 ) FAL =TT B A#EE £ (4122042)
3, 1979 SR A W ST [ R HEREH Y s E-mail: liangah@ cse. busa. edu. en

— 1143 —



BHAER 20124117 F22% F114

Ek, ZEIAATTHEIBRRRSI BT
B, LT B R RSO T — = R,
VLA T A BT R

Elnozahy 25113l 55 28 ML SR I BY 5 Fhzhie
EHREEHAT TR0, X 5 FRE R My e RIR Y
{ independent voltage scaling, TVS) ScES; t A FE 18
7 ( coordinated voltage scaling, CVS) 5REE; 7724l
{ vary-on/ vary-off, VOVO ) 5KEE,IVS F1 VOVO #H&
B HIEE ;CVS 1 VOVO #4555 RYREE . SCP R
ST T WA #T. Dolz Z R THRED
EHAF AP FREGET Y S IR E R AR
B EA T S e R AEFE L EOE B {E
FER SR, EREVEEETDE—ER
E B EEMNEL, BTN R EAEL, A
BEIE AW 5SS 3T 8BS ARk PRAT R RER
Hu ' B T shB e S EA L ERPE
HE ST ENTFE SR RIS, ERIBEXRE
RELEEFREFREET BN RERERN TR
e, HTENEERE, SERT A FEER, &
mfEd AT, CRR[16 1R i T —Fp el i R HLEE
REEAEH, ARRENT S8 BAR AT
A, FEE TR A MBS R R TR
EREABNEEMN T AMERILE, EREHE
ARSI . SCRRO 17 ] i, FE R B R, T
D RRESIPET A LT, ARRZANE
AT S RHEUTE., BERTERRETYTRE RN
BRIEE. R I8 R A R XL
FERBEAR, A b R e , E R A
JEREFEFNIR 5 BT & ( QoS) MY E B3R, fUET i Th#E
SHEZRFRER,

FIGEN M ELREAENSW, BT T RE
R EBAM G, Ead B PaE e e R EEs,
HEeTBET EMREEIR , #7385
B, SLIEBFE R, ARSI EEY
AT DURE R S s iR SRE. X
TR, EE AR E LA E SRR
SN RIS E . TR R 220
HEERE

2 RERAE

PLRER ST, AER N E R, M RART
AEFEAT 4T, R i R (kLR R AT B MEh R
FEEEMNER, FHRENRERAEZHTRELE

— 1144 —

FRENHFTTEAFEE " FHAREEAT
R ERBEARHEHT T ¥
2.1 GFHEIEEA S

REIRETEE = MR FE, 252
H &3 (8 BB T6E) (B EsF ( ARBS THE) &
EFEF(FREBLTHE) ™, HbEmaaR
HRE®., A3 RS e oiris i B BEfER
.

HiEs i FEr—K 24 et S4B R
IR BT RAEL, D4 NMRENRAEEE
( OSC- Cluster, SDSC-BLUE., CTC-SP2, LINL-Altas
U1y Sl , RE & REB AR T EE AR, EBE L
TRAANIER A (1) A FEA P RZE L EEE A
FFEs , (B K EZEE P EIEE TIER RN, ET
TAeatEIfESI A S; (2) b FRZHE S 3RTE
At EEE R, B et HAa @ E ik
HEFHKHED , MARE FA-AE, BTN
Z28.

HEiES DB RKENILE A SFEHT
FM A RBNAE A, EEENAE NS
e EEES &M HETER, EHNEE
S R L e b T R I i T
e A afh. 8N LA ENRE
BIAMERS, HEREE RS S A F iR/ E
s, AL HIRE h B, HE S T RB M
A BEANEMD LA B, AREHT A
TRBT MG o ARER, BEL R EECY

Mx:k,0) =x Fr e
Hep i AERSE, 0 ARESE

nEH SRR AR A A EE LD
FMER. MiZdE AR, ARASTTEREEN
HRAERTEM. ATENREMRAET, X
FEF#A RIS AR ZRaEERRERF

FAfER LN Fz L — A g R el BAf RS
ToRAE,4 RGP A E H L (0SC- Cluster, SD-
SC-BLUE ,CTC-SP2 ,.LLNL-Altas ™" ) &b e H—Z
AR TIER+, ABEE AR A HE s, mER
AU FTEAEHEA TR, Hik, &35 i
A FAEF TR RS TE R EARMAX 4.
2.2 GiEEEHE

Ead BT, A H B IE M S 5
Fm. BRSE E ARESH 0 BFRIELRREH
E. AFEREHAKRRSE, ERATFiETURE

(1)



REEE NERINIERASHSRETENA

LR EAM ARG BETIE, hikB 3 £ HHE,
AEE TR ENARE . TRBERE XEHET
fESHhE B RIAIRIE . A& A e d R
A1 . AREEERRE R KBRS MR
B, AR A S BRI AN BT E R BT
EEAFRHREEE.

R
[
L
= iz
e
- L
i 2 . L € S
I.-"/_\ <_:1-‘_;—|-ij.*-r_ .L'JE;;I% <_|
/ 2 ~—~— ™

H1 HEFSEIREDE

FEEERER, REREMDSBEFHER
SRNRESH, GFETERET. FCRAET
FHRE ARG H . 3T S, JeE
| 24 s B a3 A FIEEPLSEE (%, = Xy ), oy
R — R & B o mh) B R R, h AR R
U248 IR, TR B A S SR ek, B EoRE R
=450 Hﬁﬁ;‘(ﬂlﬁ‘i’ﬁﬁﬁffﬂ

. 1 M4
0 24k = i )

ik BEERAE, TLEL T EE T ERE
HIEE . k fpisEA LR B RS, &

S—WLEa}LEmuJ 3)

B3k MR RLE A
3-s+/(5-3)" +24s
1:125 : )
RS EFMRESH owEE, I ERH
Mt ER, TR A, E G R EEE S
Mt EBIATHEBAAXRARENTEHE
(AvgN, g, T AvgN, o) , BEARMEN T IAEH
B L R A B

k=~

A = AvgN, oo/ AvgN, su (5)
3 RABRWIHNFHAGHEEE
3.1 HERE

RE#ER QS ZHEIERE. flln, £

S ECE 5H F# 0 (advanced configuration and power
interface, ACPL) FE N T =FiEh =, o3 2HE
2 ( Suspend ) . 3HE B N TE ( suspend to RAM, STR) .,
HEF|BEH (suspend to Disk, STD) . #HITEERCRM
B RARIK A Supsend . STR.STD, # &, BEHIHT
i TRl R A

FXFTERECEI AN, FFRCR.SH,
WER . R FATRLETETHE. s TFamkS
A A BACHES R OO E LR R S WA A
PEEEAMIET. FRERTESRFEFETEL.
B FHEdL ( Suspend ) BT R RETE X BT 46T
LRSI EFHIEAEM . REHFRAE
EI AR (STR) S 3|8 & (STD) M7 A,
STR 75 2 88 4 f) 3C fF, B SR B STD $Ril 5
E= 9

HERRETTAREERXR, RITESE
W REEHEA T LR B, B 2(a) NN SRERE S A,
A 2(b) hfa s R RE, _FNXKHETE

= Fiok | el HE T
?‘rFJ:T Fitik fAiiiFE'-. /Ilbjfﬂk f'EﬂkHF h
L ER ) R Gl P‘
{a::l Lh:'

2 BHAGSENRROTARSER

SRR S . RSN R, 5T R E R
[EIABIE BIE, WA RIRRE, il THREA R
b HEBA R, PRER T S B RRE . & SIS R,
2 W R A D B B E R O RIR . (KRB
TR BRAE AL HEBA I B MR R S, IR AT E R B EE . B
RETTWNRER R, S AT R FERERARTRK
GRUE -2k d B g N o O N -3 e ) )
5 1 s,

1 HERF
e Hik 5 ik
¢ NEPRETEDRE | o SHERENADE
p RRRETEDRE | o HRENAFRSHE
¢ LEIEE r  WEEES
& YR AR y AEFHREREA T AN
¢ BEVSHARE | T SHE#E
A FBEWER

— 1145 —



BHAER 20124117 F22% F114

AR e S R oo R ) R SR R TS RRE
—HESRE, FABIE O R REE, AR
S S S R ] (L o T S L A SRR
B W iR s = RSN E —E
BIThFE, EE— W R TR RN o, RIR—TFF
ARTFENERE N 0 . MELW B3, W SRR
BRAE T = WK B, B AR a P A A I
FEo AR, MARZE WA D BRI T a2t TR
A SRR = A SR B hFE , B i, 25 T R R
A, ER SR TREmR R R,
B AT B LA A RRar

o T=w-t (6)
HSRAE T BE A sRms AU i R
3.2 FMREE

STD Frc i Bt E K, —EBE L&
fEdbHER . Hik HRE R BB MMETR TR
R, B ER J7 15 (R AT R AR R R B Y R, 7T
ELa /el SEIR

FEENMAERY, RELEEERNES T
RERBATARR, FHATREAEBERR,
T ER A MR AT 5 . TR (Pre-wakeup) B
ERRT

Pre-wakeup H
I MGG TERRET A ¢ AmBRENT S
By
2. EARAEERITE (¢ +7) IENZERT A8
n=Af¢p+7:k8)
3. AR ERREER.ER, 7 = A -l +1:k.0)
H(g+y <)
BE (g -&-y) THR
Else
(& +y —n) D AFEA R
4. 5

3.3 RiRfELE

AR G R E s R T
SER, ERGETTARY, ARIIKNFEATER
AL, FEREER SRR ENRBER LR
. WRABEMEIEET P HERE, AR
RERERA, Hik, AMFERARERAEMAKR
%, FIREMA T BURBIEHUE . FER s T et
YrE R EEEE, IESMAER Y, WEEWEF 5T
EMRERRLE, BEKEEREEEARERS
. BIEABWE S Frn.
— 1146 —

¥
ﬁ§§§|

¥
shaszhis| (RS BlmREEE BIE T
wm [T BEra [T st ®EHO

ERBEESERD, FESARBIZENR
B EAE, b TREE s RERN RN AL, BB
WEH 0min, HEREERABAGHERE,
5 ( Feedback ) {5 IER LRI -

Feedback E 3
BACRAR (5, +x, + - +x,), BESEE, 0
ailHSE ke
1. BMERFBEEE JHLAES M BEIE
2. ERSEIHTMAREE (5, 5,2 PREFER
FE,EFENBE (BhhikRE)
HESEHEL = (5 +x + - +x5) /48
s=( 2 (x -p)(n-1) )i = 1,2, 48)
G, = (x, —p)/s
e KT o
(G > G,_(48))
x, AREE HHEE

Else
iCEEnBR(E/ ) A HEHE
BERSFS MRS
BIESHE, 6
3. &K

4 BEHER

AXFAC++ LA T ARES N SEIHEE
H(WDPM), R/ 4 TR EAE" (0sC-
Cluster, SDSC- BLUE, CTC-SP2, LLNL-Altas) By#s
Mk CLEANED F#fT THEBIZ®R. 4 ~HE
fEEmMFE2 R LR FHEIBORMARA HMEN

F2 BREFMAMNBEES

% T

0SC-Cluster 57

SDSC-BLUE 144
CTC-5P2 430

LINL-Altas 1152

80714 1020 3537
250440 6430 19133
79302 6639 20254
60332 1326 9149




REEE NERINIERASHSRETENA

g, T REER gy, EIER E5ER 30
KHZBEM90 X HEESR,

LR AR A AR N T E. HEETT
T AR R AL B P S fratE, FE T E R R A
PR F TR, AN ST T WA RE Sk
R/ A WRESFHRETHNIHRE (¢,0,
p,0) FSHEILIh I REN 8 BHBRE T 2RE
#% RS10 MR A BERIERIRIE . ALHHE WDPM 5
B AR A SRR AT TR . ARIERSERGT
HAT R, B R B E, N EA(6)HE
H/IAWT,

3 MR 4 IR 30 RAEF 90 RASAE
PR H P mEWDPMR RS 5 @ af REE IS

F3 WEXOBXRER

§:7:8 el FE WAETY
BE R T SREE RRGRE
(kW) (s) PWHE()
Faliog 56.0 60 31
0SC-Cluster WDPM 58.4 39 30
AH +4.3% -35% -3.2%
Faliog 501.1 67 515
SDSC-BLUE WDPM  503.9 19 458
AH +0.5% -71.6% -11%
Filicy 471.7 29 448
CTC-SP2 WDPM  475.0 10 391
*H +0.7% - 65.5% -12.7%
fFidl:ng 59 52 36
LLNL-Adas WDPM  101.2 36 35
FH +2.2% -30. 8% -2.8%
F4 WELBEIRER
§:7:8 el FE WAETY
BE R TFHIE SRNE ARGE
(kW) (s) PWHE()
Faliog 461.0 72 103
O0SC-Cluster WDPM  480.3 40 99
AH +4.2% —44. 4% -3.9%
#E|EF  1791.1247 37 2429
SDSC-BLUE WDPM 1791.1248 10 1969
H +0.00001%  -73% ~18.9%
Faliog 1586. 1 33 1529
CTC-SP2 WDPM  1596.5 13 1328
*H +0.66%  -60.1% -13.1%
fFidl:ng 969. 4 37 266
LLNL-Adas WDPM  988.9 19 258
FH +2.0% - 48. 6% -3.0%

FIEa . WEFR%EE, WDPM RS E KEER
D T ARk 8935S FritE], AT/ T FEk 3R
R B R ER R A —E R R,

FEShFETE, WDPM SRESAEXT TR m SR A
SEEEM. MNEHRE, 0 XAEMNEIER
ERHLT 30 Riad. X5 WDPM REEAIRIREE
PlElE R, BEER, MRIZRE, i T WDPM |
BEETLLH SRR SE A AV fk, TR T O 55 A B A #E
SRR &

5 % #

AEIAFIESHP EHIREERX AR
REH BRI FAR, ENES R ASEE, N
TR RGEITH £ EAE AT IR B R 2R
B RBELEL. SFEREESTTITBEERR
B, A5 EREIRENERA SRR, NER
TR, REWEREERTE, WAk
PR EESR AR R R B EVLRIET s E . B
B, ZOREE Rl T R RS AR E IR S

RHTTHER SR RERHAET SRALH . b
TERRGEMREERFHBIHRAR, Bk
HEERLT aHTRESAR BB REH™
HEW, SETUARESRH R RERA
SABTREEETE SHEd R S AR
HA AL RERR 8, R B BEFREM R A BT
FE

SE3E

[ 1] Chedid W, Yu C. Swrvey on power management tech-
niques for energy efficient computer systems. Technical
report, Mobile Computing Research Lab, Cleveland State
University, 2002

[ 2] TOPS00 Team. The 37th Edition of TOPS00 List. hitp.//
www. topS00. org/lists/2011/11, Nov 2011

[ 3] Moore J, Chase J, Ranganathan P, et al. Making schedu-
ling cool: temperature-aware resource assignment in data
centers. In: Proceedings of Usenix Annwal Technical
Conference, Anaheim, USA, 2005. 61-75

[ 4] Feng W C. Making a Case for Efficient Supercomputing.
ACM Queue, 2003, 1{7) . 5464

[ 5] Lerch J R, Smith A J. Software sirategies for portable
computer energy management. JEEE Personal Communi-
cations, 1998, 5. 60-73

— 1147 —



REAER

012411 2% F11 8

[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

Benini L, Bogliolo A, Micheli G D. A survey of design
techniques for system-level dynamic power management.
IEEE Transactions on Very Large Scale Integration Sys-
tems, 2000, 8(3). 299316

Augustine J, Irani S, Swamy C. Optimal power-down
strategies. SIAM Jowrnal on Computing, 2008, 37(5):
1499-1516

Platform. Green HPC. Dynamic power management in
HPC. A Technology Whitepaper, 2008

iLEr, 24, BRAEH. S5 ETEER NG HE
BfRALE . E=E5HE, 2008, 4(10) : 372377
Hwang C H, Wu A. A predictive system shutdown meth-
od for energy saving of eveni-driven computation. ACM
Transactions on Design Awtomation of Electronic Systems,
2000, 5(2) . 226-241

g, 88 ETSLFRTRERRNFGSEETEE
AR, BFHECREER, 2007, 36(3) . 521-523

Lam T W, Lee L K, Ting H F. Sleep with Guilt and
Work Faster to Minimize Flow Plus Energy. In: Proceed-
ings of the 36th International Collogquium on Automata,
Languages and Programming, Rhodes, Greece, 2009.
665-676

Elnczahy E N, Kistler M, Rajamony R. Energy-Efficient
Server Clusters. In: Proceedings of the 2nd Workshop on
Power Aware Computing Systems, Cambridge, USA,
2002. 179-196

[14] Dolz M F, Ferniindez J C, Mayo R, et al. EnergySaving

[15]

167

[17]

[18]

[19]

r207

Cluster Roll: Power saving system for clusters. In: Pro-
ceedings of the 23rd Architecture of Computing Systems,
Hannover, Germany, 2010. 162-173

Hu F P, Evans J J. Power and environment aware control
of Beowulf clusters. Cluster Computing -the jownal of
networks software tools and applications, 2009, 12(3).
299-308

Xue £, Dong X, Ma Si, et al. An energy-efficient man-
agement mechanism for large-scale server clusters. In:
Proceedings of the 2nd IEEE Asia- Pacific Services Com-
puting Conference, Tsukuba, Japan, 2007. 509-516
Bernhard S. Energy optimization of existing datacenters-
Save the planet and yon budget. Open Grid Forum, Ca-
tanda, Italy, 2009

HE, HE, fF SKERSTSETH: Wi,
BRI TEHSH, 2011, 34(4) . 593612
Parallel workloads archive. http.//www. es. huji. ac. il’
labs/parallel/workloads, Dec. 2011

Lublin U, Feitelson [} G. The workload on parallel super-
computers: modeling the characteristics of rigid jobs.
Journal of Parallel and Distributed Computing, 2003, 63
{11} . 1105-1122

Feitelson D. Workload modeling for computer systems
ae. il/

performance evaluation. http.//www. es. huji .

~ feit/wlmod , July 2011

Study of workload-driven dynamic power management

for high performance computing clusters

Liang Aihua®* , Xiao Limin*, Pang Yu®, Li Yongnan®, Ruan Li*
{ * School of Computer Science and Engineering, Beihang University, Beijing 100191 )

{ ™ Institute of Computer Technology, Beijing Union University, Beijing 100101 )
Abstract
A workload-driven dynamic power management { WDPM ) strategy is proposed to improve the tradeoff between

&)

power consumption and performance in homogeneous computing clusters. Through the empirical analysis of real
workload logs in production systems, the WDPM strategy integrates the load prediction-based pre-wakeup approach
and the dynamic feedback-based revising mechanism based on the improvement of the timeout strategy. By using

the data from real workload logs and practical systems, the extensive simulations were conducted to investigate the

performance and energy consumption of the strategy. The experimental results indicate that, as compared with the
timeout strategy, the WDPM strategy can effectively reduce the average wait time of jobs and the node state swite-

hing times of a system with a very litile increase of power consumption. Therefore, it can alleviate the performance

loss and achieve the better tradeoff of performance and power consumption.
Key words: dynamic power management { WDPM ), workload-driven, pre-wakeup, feedback mechanism,

cluster
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