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Abstract: This paper briefly described the definition and characteristics of cloud computing, and focused the high energy con-
sumption problem of cloud datacenter. Based on the classification of the energy saving algorithm, it researched the three kind of
energy saving algorithms in a big way, including the energy saving algorithm based-DVFS, energy saving algorithm based-vir-
tualization and the energy saving algorithm based-turn off/on of hosts, and made a comparative analysis of the advantages, dis-
advantages and applicable scene of these algorithms. Finally,it sumed up the further research problems for energy consumption

management in cloud computing datacenter.

Key words: cloud computing; datacenter; energy saving and environmental protection; DVES; virtual machine

0 3l

il

ZAEE R % B TS S g P B B A T
07 R T B AR AR FI QoS ARk 55, T LUK HE Ly
—FET Internet (3Tl XA, K 5T Internet
FOREOC 1T BE 7 LUIR S i 5 s b 25 1 P, P 62T 1 f 4 it
RSSO AN, AN HA AR L 18 %l R P DA R R 4 AR g
J1, it Internet IR B MRS st Rl dL
PR AN R IREY PN N & Y A Y 2 T E NS N K
FELI B S . B VPR IT R AR T 45 A
1 B4 , Google App Engine””’  Amazon EC2'°' IBM Blue
Cloud"™ J% Microsoft Azure'™ 45 7 1425 2Ll 35 it 174 o7 4 458
JZ o T A TSI BT 32 2 A PR R R A TR
R AT 55 R B B D W RESE L e m AT I
AR SOR AT 5 B G O B RERE IR LR T RS .

REABIRIE C 22 J8 0 ] 29 2= T H 50 JR 1 S B ) T, EPA 1Y
A AE H,2006 4F-S5E[E L RETR KA 1. 5% $R7E 80 o,
I Hax Al #els 0 ™, 2007 45 4 A s, G855
A BOARGUR T2ER CO, HECR Y 2% , STl 155

IFS B EE: 2012-06-30; {&E HER: 2012-09-21

FHHIFSE 2, CO, HEM AR S 15% ~30% 9 F B A BE A
2020 ARG & ERA IR TR T 2°C. 2010 4F, Google M HEGL T
146 J7 A Wif CO,,100 553 R0 F s AH 2 F 60 W AT o f54k
5228 min, 0] A, MOk = R GBI o0 B R RERE ) A E 4
L — AR B

1 HIEFOTREEESE

H AT, 2 A0 AR AL 3 BRAS IR 23 25 hm A AN TR 1) 43
2o HIRYPRE AR Ty 2 B0 43 Ry 3 5 3R (dy-
namic power management, DPM ) £ 7R Fll # 25 ) 45 H ( static
power management , SPM ) 42 A 1% 28 ; 42 B B A% BE A I B 19 AN [F)
A4y R S /I 8 £ AR (resource hibernation ) | 3 2% B3, &/ $i %
&4 ( dynamic voltage and frequency scaling, DVFS) "7 3 A& L &
RE AL (virtualizaion ) FAR =&, i FERFEAKES INFEFE, )5
B EBEMAT S ATRERE. DPM () R E AT = R4 B ini
e 4 S BBPR DL S B P (B AN TS AB  , 8 SR VR AR S BT A PERE S
KX FR G IEAT SR, 8T DPM HOR ) T 24 DVFS
SR W R PLAL SR o A BE T 5, SPM = S ) o 281 Bl A7 i3
.40 CPU BB LA W28 82 7% | UPS MIREIR IR AR 5 55, B i

HE4WA: BRARAFLELF T A (60970064 ,60773211,61171075) ; B F 2 FH 3R+

M FAF IR F BT B (NCET-08-0806) ; #5447 & 335 B K £ & 52 35 % 30384 (SKLSDE-2009KF-2-02 ) ; 3% AR 2 A A2 %877 B (121067)
EER IR R (1984-) , 7 LA A, LR 5 @A =3 5 (axquzy@ whut. edu. en) s &%, B, £ (6), LR F @4 =&
A BRI G EEMA T AMATEREE B AR IR, MR TN RERS R A, 224

K @A =5



- 962 - AN NI S L R

% 30 %

AR H A A T REDR D BEFE
2 ETDVFS WTREHEZE

DVFS i AR BERS ] CPU DIHERY G 40717 fiE
Tz —, H A 2 CPU Rk 58 4 A T, 3 i BRI
CPU ke, v F FTR b 430 % 32 B AR CPU R B, X B AT LAY
KL TT BRI S S IFERRAR, IF EXTEREA 2™ A . 1]
W25 A R GAUH —ME ST, SR 10 AN JE 01 58 1L, T
1155 LRI TE] 2 100 s, 33 R 40 T 4b 245 7T RER 22 1/10
JA/s R T ARUE B TR A1 48 T RERE . X RS 1 AR
A AR Lt DL SRR G# SRIB AT AT 55 SR 5 ZE R Ax f 18] N TR B CPU
EINA R, DVFS T 764045 78 3 2 o B A DL K IR 55 2 1 Y
CPU 135 Tz 1]

SCHRL10 J 7RSI 2 IR 55 BR58 vh 4t = AT DVES Ry fE
R R R . = RSB E SCH AT, (ry e, d;,
piof)li=12, nt, Hn JAES5EGr, FoRE5 i TT R
NI s ¢, Fon B 22 IRBLATIRATIN ] 5 ; s AR BOL N ] 5 p; 2
AR, FORGE ] . TALSS T JT 4G T i o, HEOR R
ZEPATIS A ¢, S SE N B AR, T, WAE 1 +d; W5EGp;: 47
T B EEAR T 1+ kp, RO S — S AT I (]
¢; BTAESs, HVAE o+ khp, +d; (k=0,1, - ) IS8, HEAIHL
BERE LRV, (g ymy o d) 1= 1,2, 0t o Hodtu, R80T
TR CPU FIAIAS, m, 7R B UALERE MIPS, d, F7R 81k I
6] P A Ss BB , BEUR S AL FI T DVES St i
IHLLAIS D BEFE , LA T 24 i 1) =R 5L T DVES 19717 BRSNS «

a) Lowest-DVFS, % CPU 4 5 e AI%, I & HE AP 1L
I TR] g HE B RE LB LA 5K B MIPS $RATAE 55, IR ug 7E 4T
55 FIR R BRI A 3R HOL T BEFESR D

b)8-advanced-DVFS, N 7ifilk Lowest-DVFS M4 i1 A 55
PSR [R5, 12 SR Ay 24 B RE PP 3 5K B9 MIPS 428755 6 % o
SEFRZROINGE s BH T PR A2, X T 458 1Y B SALIE SR AE i A
% T, AEMSE ¢ T, A BRI I B T w,/(d, 1) o

s:min{l (142t g M }
1007 T QuviEnd, —t

FHorr 8% KU R g8 R B I T3E Lo

¢) Adaptive-DVFS, iR B3k 38 K B AT 04 ik 55 B[] 2 i
TENES , 7T LA 4775 B R LA I PP . 25 T — A FA % A
FR S 28w () M/M/1 BABIRETRY 5 A FE 45 1) T SR AR AR TN s,
TR 2 AR BAF I RLHL T 0, S 25 0 7 B[] RT = 1/sp = A, W) g B
[F] RT B /N F 55 F 57 B8R 1k B 1) o, DA A2 5 B IR 55 37 5K
Vs -Asd, R, mRAMES ™ h

5 :%()l +0)

Adaptive-DVFS 8 LI 55 T R AF LM ] b 197 1 51 1k i 4
ACEBIMRS 2 o FPE AR ETE] &, B AR ¢ R 45 i SR 4
T, B AR N 2R A P g

’év%rkd[ it}
SCHR S 25 R 32 W] 8-advanced-DVFS 75 54 FE P B9 i
ti BT b o T CPU PERE AT DUAR I R 8 548 A 8 i
BT Adaptive-DVES 144 2D 52 21 K AR BA S LAY g KR
SCHRL 11 BT DVES SOREE I 1T — RS A M EE L,

s:maxlmin{l,%(ﬁ +%)}
m

R BEACHATIE S5 AR AT P AT A I RBAE . IR TR Xt
AT S5 B Al CRE B A2 AT 55 TEASE AT 55 S8 Jl it
[ RTHR T, BEARAE SCEEAT 55 T E CPU (14 H HOK FAIG B
SCHRL 12 JhE AT T 28U 5, S 18 T SERER IR P i 25 T g
SR AT 55 R 3 T, 3 e A I Y L R R
iFE. SCHER[ 13 ] £ xR AR Z AL BUEE R4, 8 H T3 T REFE
TRHN g kAT 55 R B S EGMS Hil EGMSIV, 7k [l i) 2%
ST AT 55 VR E N R HE 4 Sl AR VRS, 4 R R BERE B 1 £
AT 55 B PN FE bR, EGMSIV 72 EGMS [ 387k S8 T[]
— A 55 PA IS 1 L P B A TR

SCHR[ 14 10158 T HAT DVS f8 7719 240 348 F- & R
F o A ST 45 11 R e me /MK AL L, 322 SR F 3 BETRL BE L
il , RS L — S, — BAR S LA A R 2%
150t sh AL FBS A FOAL ], W BEAE , R PRIE R 6 1

DVFS [f) H 1 2RI TRERE . PATREFERE SR AR 5575
AL BB T, 482 S 3R sh T B MU s 1 B A Y RE
Feo [l —MESFESATIERR T, AT U R S BT B B
PUTHEHE RS LTS 6 o T CMOS MR A th R ol
5 SRR b, K CPU /Y L 5000 R v] LLFE A CPU
MIFRATEIER . 207 6 M B S 46 T RE AR CPU 19 A R B 401 38
J&i ,CPU P RE L 2Bl 2 A ™

3 ETEMUHTREX

T3 — T GE R FH A< AT R AR Zh R 19 T B ME AL 7
ARo BPAHEARZTTH PN RBEEARAZ —, ERFE—TE
HLEBUEEZ A HE AL, PRI/ 7 Al 1 9 5 e P S, it
THEPRIRIAR o MR AS AT LA A5 6 S A ) T 5849 i B
P Z 18]S BEE RE R B 5, i ELIdS ] A A5 s s L B HoAR
SR EAUMLA— 1T G 5 — D G Z TR, ML 19
FUMLE 3 e v] LASE B 25 0 S 3 9, IR REAUPL AT A 9 21
B/ INECEE P L TR A5 PR B9 O T RE AR S

2B G LRSI B P 2 BE B IR, P e i
1T HEAUNLIRAT AR SS o BEAULBIL IR0 3 I B 2 25 ol v B A
HLRE R PO A B Y F 22 R, 1] 1 2 R AUBLASE RS i 7

L2 |

FEHL2

| EHL 1 | FHl 2 ‘

| EBL2(EH) |
1T LT RS Y Ay v

CHK[ 16 P REAEE MBI AR 5 BHRME B L &k, AR
FELE R L R T — R ReRE UL S BT i VirtualPower, 3%
JTE SR RIS 32T B B W RERESE I ik, HERE & MR
AFE BTG Z [ LA Rl —A B & LA R gL
[] /Y REAE T il oK, SEBX BERE AV SR A o

SCHRL L7 ] 2 okl 2 vl ™) o) i LU B R AT A
AR AR IR S SR, Lk Bl R A e iy H
B SEELEAR R Kb as N BEALER , i i 56 4] 25 IR A R 241

FHL

—_




%4 M

R, F &2 AL PRI P SH T RITEL - 963 -

RATHRER .
REAUAILFR 2 7] AU AT LA 2% J S — >4 Jmy R 48U BIL 4 T 6

R, =[Ry . R, R, 1R FRREAUNL j 70 B2 e
i TR s W SAL 3 R FULAIL ) IR S5 46 R BV g DL 1) 3 285 el 4
P3IR,P,, e 10,1}, 248 1 I 2R MEAUAL o 43 O 2 ¥ B
b b EBE MG T SR AN T 2 S A

Yhe{l,2,,n} X! P, xCPU(V,)<CPU(H,)

Yhe{l,2,,n} %', P, , xmem(V,) <mem(H,)
B4 Be 304 ERUML 1 CPU A7 B AE D AL AR AL 1
CPU FINAERIBE B Z o H AR R B0 fc R b 23 TR g 4 3
HLEL N, R

n
max  Ng, = ]zlxh
=

1
1 if Y Ph,:, =0
s.t.oxy, = v=t
0 otherwise

HE FUBIL VAR 25 ) RO — > 259 (R RS S 491, £ T 249 T A2
(RIS AT DAARAS 5y o 5 | ARSI R L 249 3, A BE 24 ORI 26 24
WA o A I LA AT K7 T2 D FUURIL A o i A
M55 S5 G MR RT3 R, iR B fe /NREURAE 9 9 H 9. (U 1%
SR BRI B (A P AR (], 25 (] Ul R, AR
WEFF R R TT 5

SCHRT 19 T3 i K 2= 550 85 H kg e 4005 90 I ) AU 5
PR —A> B AR AL S T AL, 8 1T — ol e B8 1Y 23 RC R Mg EE-
VRAS, e e 152 BROKS 4 5 s 1) IR 28 498 A I G A 1) 9 90 7
BC 558 , AR 1 55 i ol T RICHE I R RERE

DAL 5 % 3% 2 A0/ Al 55 s 1) (o6 P K D H B SCRR
[20 J 4R ol HEIHLAY B IE RS ™! 15 00 2 DRV SR G5 A
(975 3, 34 e M BRSO R 4 Sy i s AP RE IR 9 7 5K %
SCHEH T S HE SLHE 7 BO AL , B Sops BT R0 A S HE Y
He BV A0 N P B 3L b 4 R DU L /) v o 38 o it
DNIERS 25 RS PRI B D B LG AT, 0 vl . SCRRSS HH Y
TR AR RO [ 5 9 EHLBTIR S A, e LT R i F s 2
U o AP o5 R A B FRAT BRAEZ 18], 3272 HE U
BLIY 1 £33 1% Oy HPG SR, LA JU AR . 2 b JRE ()
HPG ST 4 M B AR T REAILS R0 1 U CPU BE T 4
A CPU i AR BB &, SN

[SISeP(V) ;= %, u,(v) <T,, z,‘&f;"g;’iﬂmm; ifu,>T,

f if u;>T,

(%) otherwise

Horbrow, (o) AL v WIERIE R I CPU BB T, 2 A HE UL

SCHR T BR A AR T AR ] =ML CPU i A O,
TR T TRR IC A 2 A5, Sl it 2k 5286 43 vl LA
FRBN T TR A A o P18, HL SO A e i UL B8 1 A f
[T

XHR[23 ] H R T —F a2 aeAEE R R4, & 18 F X
FRAPRT RS, WUE ARS8 RO B8 R 58 R4 T & 340
B, LA A5 R ML AT REFEAS B A2 1 BR 5 J5 3 £ e B2
RO B LR (4 BRI T A L, RS A P AR S5 T AR I REREAS
B R,

RERMEE AR T Y8BT IRE B R 2 BRAR T AT RERE,
EHBSETRNT ZREEHNE &M%, T AERLE

AR, GRS B 5 K i S AL H2 43 (virtual machine provision )
FE BB (virtual machine placement) FiA 5 Y, B &
LT LA LA 2 BT 55 40 ORI, i B Be— ik 54
I SLA AHOC, HLARHBEPLE dy P4 68 B b5 BT 8k sl , P68 H #5
TeFE— BN -1 B8 A 55 W) DO P 8], RS P ] 52 B A1 oMb OF Fif
S5 F ST U AL B A 3L 3 AL R A I, R LRI B
[1) Ty 55 6 A B AN A DG ) B8 80E v A SR BT 3R 5l

4 ETENXAFBHTEREZE

BT UL/ IF IR B 59715 BE A AT L4 S BE AL R
I oS A T 2 SR Y = B L SR e IR B 7 14
SR/ TE IR AL — A BEAL D AT , 1) P BE AL 2R SR A 1 3%
TR I USRS BUC I B — RPN B R, 5 Fp sk =S
VRIS () Ao R M, A0 A 55 A DD e B S AT [l 1 T LA
[E 5 ANt T LR AR 8 0 2k 1 T A o B OO S 7R ) e
B Bl X AR Y 2 PRI 1] 647 0000 , — LB AR AL 68 O, At 4%
IR S PR = B 1) AR 3 2 i R B B2 i o G 25 PR
AEFE, 1B AL T A3 HRLR S K I, & S B fE— e e
YRR . XM Y T 2R A

SCHRE25 13, i TP RPL AR G0l 55 i SR HoA A AL,
PECEET SR P/ TR B B (LT BE SRS o I SR 5 4 i
TSR A LA 55 Pareto 3 Af N, 56 TR 4 (Hk /DA
TEBLT , Pareto Zp A AR S B RR A 8 Al S E N T4 11
RN B TE AR 555K T 19 DPM # i 3vk

SCHRL26 1 51 A S BIEBLE], $2 1 1 —Fh /e i 404 158
- BB AT RESE R Sl A TR AL C I AN T A AL
TRGORLBARE . 5 REHLR NS AN TS SRR SR A L, %
TIEAEARIE QoS T4 T il $1 i REFEAL R o

BT EHUCH/IEIR 71 BEEOA ] 5 RE UL b 9 K ST
R 7 L Es SRR, 25T UTIUR FA 3845 R, 3% 07 X mT AR
AT Ly 23 R EHLI RN RERE .

5 HftwaeE=x

RENRGL L = o0 BREAE Y 40% , THEE IR
MU ATFBOR AR T, MRS o A R R el
FEVE T H 23080 B i A T o R, A 06 2 B8 O
Ve BB R, A RO I8 Ve I RE B, X o B TP i AR
SEIBATHIT A R R A S

SCHRL27 4R K B P R B R R B BAE N, R IR 55 4%
P 2 P R T I A% s, AR I 95 4 11 UL 1 o XU 1)
el BEIIE T Z2 XTE HE,

SCHK [ 28 ] 48 R ESCHE rv o 148 4 5000 T B 97 i 8 A B 4
R 55 e de S i 0 as ) 1 25 JH B TR , 12 SO0 X SE 4
PEIHEAT 0T, SR AL T 1T B RS R AR AR 45 1 T B A
FV A R GERC T AT o0 O A, SRR S BT S
ERABE RS

SCHRL29 ] £2 T B4 rh o0 Gy vl B R0 A 0 B AR e
22 ,PTM ( power and thermal management) 5| % 278 V% 3 iR 55 4%
AR H AL TR T AL P v R B $E B T R oy
RERL

SCHRE30 2t 1 42 i 280 vh oo KU B RS 40 7 =X, 4L
2R XU AR AR G 1 B AR G R R A 1 S R X



- 964 -

WA N R A R

% 30 %

A

SCHRE 31 1 &5 78 i s ] R /IS ATLZR XU 9 428 350 DA B =5
SIS T T AR R 0 22 U e BB
THE, JE X2 S AR S e AT A 5 4005 L, S i oo A
JRPRAEIIR S

SEA B OB LA TR I 3l 2508 R0 KA RERE
X F4b FRAR A IR 55, T LGS 24 56 P — S ) ¥4 8 it 5 i 7%
B I, AT RAR T L SClik [ 33 T A3 2 B R P
Fia IO AN K 10 [ L, 1 R L ) TG 22 I A A% J i T 4%
(WMSNs ) S 0003 o8 R4, I ) A 95 3 6 45 Dy ik IR A1 4
R ARG R, DL PR R I — R — R R B — AR
THERT S 2k, B RRGR A IE B2 R R BRI H Y

BRI 22 A1, shZs2H 1444k ( dynamic component deactivation ,
DCD) 7 i S AE B ol P ) 7 224 T B

DPM 1] FH S Fry 8 U5 FEDIR B0 00 FH 97 AR B0 %) REFE S5
T A Z A A T T — B A TR, IR IE AN g
W .

2B T RR ALY LU SR 1 R .

F 1 B OITRERIE N R

Sckokmg e BARRS  RSEWIE UkHAR WRESRNE
Lowest-DVFS[10] Vv ST RS CPU HATHERE  DVFS,DPM
S-advanced-DVFS[10] / SHINERS CPU HWATHRERE  DVFS,DPM
Adaptive-DVFSI10] /' SzHf RS CPU  fAfTfiE#E  DVFS,DPM
SR 11,12] x HERERL CPU  fFfEtE DVFS,DPM
EGMs!13] x  ZUPEARS CPU HATHERE  DVFS,DPM
EGMSIVL13] X  ZPEERS CPU PATHERE  DVFS,DPM
k[ 14] X S RGE CPU ATHEFE  DVFS,DPM
Virtual Powerl 16] Vv M54 A2 50 CPU PATRERE  HEHl4L, DPM
cspl17] Vo REEHAL CPU,mem FTRERE MMk, DPM
EEVRAS[19] Vo S HAE4%  CPU PUTRERE ML, DPM
wik0] Vo WEmEE v gk o B0
SCHik[ 23] Vo RERES CPU PATRERE B HIML,DPM
k25 ] x EHRG CPU ZEINAERE CH/JF ) , DPM
k[ 26] Vo S REL CPU ZEINARERE KM/ IF ), DPM
CHR[27 ~31, 33] - - W WEREE SPM
HR[27] - - Bfr Bk DCD

6 HiENMAZmRSH

AN IRV RE SR Wl A AN R B DT 5 . & T DVES
AT B A IR AR B 5 3 5 4 CPU Y H R il
HAEA R B BEHA AR B9 3/ PR RE , AN R B9 23/ P REAL B
AR B B R BN ) 353 ek (AT 55 FE R A T REAE Y[R P
PRSI TIERE . MEAUAL 1Y RET 1 S B 13 S ML BT U A 2 5
PREN SRR I, 48 1 BT G R SR, M L
AT RS LA B AT I e B RS RE AR, DR R S oA i i
X2 B A 3 o 2 e 5 IO ) 2 J2 R AU, i — ) R DLAR AN T
e S T R RE R BIAE o SR IR/ T 19 RE SRR R B0 il
55 i 1 & AL/ T IR e LAY 1 el F , (R X 6 75 e 7Y
AT GEIR A d HB R G &, A AR A5 [ 38 2% PR AT 55
i DR E O AR 55 A R, A S AT i 55 46 55 [ AL, 460
SR/ FE IS YT RE SIS SR T e

7 HRIB

ARLEEMNTE T iR RGO RER I OF Ho
FIAT A A SR L AT 1 0 28 B BB i, T LA Y, 2 T

AN NIRRT A BB . S A Y

WFFE, TR PO REFE Y 05 T3 AR AT 0k — 20 B BIF 5 o

a) WM TEL S E LR ARG, AR 5528 8 Bk 1

IR B E ML B AT RS, IR 45 & DVES A EHLEH/TT

JAHRRX RGEIATREBAAL 3 b) 25 S 1 11 JIR 55 1, 3K a6 i R

Wi 2 —E R QoS T 3K, Afal & SL—Fh QoS/RERUF AR L it =

RGN BB HAR, I BN Z B EARR, WRRTEAR

R E 2L TR

Sk

[1] WEISS A. Computing in the clouds[ J]. Networker,2007,11(4):
16-25.

[2] xImg. =3 F[M].2 jR. b7 & F T b sk paAk 2011,

[3] http://zh. wikipedia. org[ EB/OL].

[4] GARG S K,BUYYA R. Green cloud computing and environmental
sustainability[ EB/OL]. http://www. buyya. com/papers/Cloud-Env-
Sustainability2011. pdf.

[5] Google app engine[ EB/OL]. http://appengine google. com.

[6] Amazon elastic compute cloud (EC2) [ EB/OL]. http://www. ama-
zon. com/ec2.

[7] IBM blue cloud[ EB/OL]. https://www. ibm. com/developerworks/
cloud/.

[8] Microsoft Azure[ EB/OL]. http://www. microsoft. com/azure.

[9] MAGKLIS G,SEMERARO G, ALBONESI D H, et al. Dynamic fre-
quency and voltage scaling for a multiple-clock-domain microprocessor
[1]. IEEE Micro,2003,23(6) :62-68.

[10] KIM K H,BELOGLAZOV A,BUYYA R. Power-aware provisioning of

virtual machines for real-time cloud services[ J]. Concurrency and

Computation: Practice and Experience, 2011,23 (13) . 1491-

1505.

WANG Li-zhe,Von LASZEWSKI G,DAYAL J,et al. Towards energy

aware scheduling for precedence constrained parallel tasks in a cluster

with DVFS[ C]//Proc of the 10th IEEE/ACM International Confer-
ence on Cluster, Cloud and Grid Computing. Washington DC: IEEE

Computer Society,2010:368-377.

Von LASZEWSKI G, WANG Li-zhe, YOUNGE A ], et al. Power-aware

scheduling of virtual machines in DVFS-enabled clusters[ C]//Proc of

(11

[

(12

[a

IEEE International Conference on Cluster Computing and Workshops.
2009 :1-10.
GOH L K, VEERAVALLI B, VISWANATHAN S. Design of fast and

efficient energy-aware gradient-based scheduling algorithms heteroge-

[13

[

neous embedded multiprocessor systems[ J]. IEEE Trans on Parallel
and Distributed Systems,2009,20(1) :1-12.
[14] ALENAWY T A, AYDIN H. Energy-aware task allocation for rate
monotonic scheduling[ C]//Proc of the 11th IEEE Real Time on Em-
bedded Technology and Applications Symposium. Washington DC:
IEEE Computer Society,2005:213-223.
BLUME H, Von LIVONIUS J,ROTENBERG L, et al. OpenMP-based
parallelization on an MPCore multiprocessor platform: a performance
and power analysis[ J]. Journal of System Architecture,2008,54
(11) :1019-1029.
NATHUJI R, SCHWAN K. VirtualPower: coordinated power manage-
ment in virtualized enterprise systems [ C]//Proc of the 21st ACM

[15

[

(16

—

SIGOPS Symposium on Operating Systems Principles. New York : ACM

Press,2007 :265-278.

Van NGUYEN H,TRAN F D,MENAUD ] M. Performance and power

management for cloud infrastructures[ C]//Proc of the 3rd Interna-

tional Conference on Cloud Computing. 2010 :329-336.

[18] EA4#, X4, M. K TR LMY B ERELT]. T H
HLI#2,2010,36(7) :276-278. (F%% 970 )

[17

[



- 970 -

WA N R A R

#30 %

[11] Bt e M%) R A5 H (M) LR FEX
5 #2007 ;:35-40.

[12] P2P-next[ EB/OL]. http;//www. p2p-next. org/.

[13] SENTINELLI A, ANSELMO T, FRAGNETO P, et al. Packetizing
scalable streams in heterogeneous peer-to-peer networks[ C]//Proc of
IEEE International Conference on Multimedia and Expo.2011:1-6.

[14] SHEU T L, WANG Y H. Dynamic layer adjustments for SVC segments
in P2P streaming networks [ C]//Proc of International Computer Sym-
posium. 2010 :793-798.

[15] LEE T C, LIU Pin-chuan, SHYU W L, et al. Live video streaming
using P2P and SVC [ C]//Proc of the 11th IEEE International Con-
ference on Management of Multimedia and Mobile Networks and
Services. 2008 :104-113.

[16] ABBOUD O,ZINNER T, PUSSEP K,et al. On the impact of quality
adaptation in SVC-based P2P video-on-demand systems [ C]//Proc of
the 2nd Annual ACM Conference on Multimedia System. New York:
ACM Press,2011:223-232.

[17] LIU Zheng-ye,SHEN Yan-ming, ROSS K W, et al. Layer P2P; using
layered video chunks in P2P live streaming [ J]. IEEE Trans on
Multimedia,2009,11(7) :1340-1352.

[18] SONG Jun-ping, ZHOU Xu, ZHANG Yan,et al. A playback length
changeable segmentation algorithm for SVC based P2P streaming sys-
tems [ C ]//Proc of International Conference on Communications.
2012:2032-2037.

[19] ASIOLI S, RAMZAN N, IZQUIERDO E. Efficient scalable video
streaming over P2P network[ C]//Proc of International UCMedia Con-
ference. 2010 :153-160.

[20] DING Yan, LIU Jiang-chuan, WANG Dan, et al. Peer-to-peer video-
on-demand with scalable video coding[ J]. Computer Communica-
tion,2010,33(14) :1589-1597.

[21] LIU Zheng-ye,SHEN Yan-ming, PANWAR S S, et al. Using layered
video to provide incentives in P2P live streaming [ C]//Proc of Work-
shop on Peer-to-Peer Streaming and IPTV. New York: ACM Press,
2007:311-316.

[22] HU Hao, GUO Yang, LIU Yong. Peer-to-peer streaming of layered
video: efficiency, fairness and incentive[ J ]. IEEE Trans on Circuits

and Systems for Video Technology,2011,21(8) :1013-1026.

[23] ZHANG Gui, YUAN Chun. Self-adaptive peer-to-peer streaming for
heterogeneous networks using scalable video coding [ C]//Proc of the
12th TEEE International Conference on Communication Technology.
2010:1390-1393.

[24] MUBASHAR M, AHMED T. Smooth video delivery for SVC based
media streaming over P2P networks[ C]//Proc of IEEE Industry Ap-
plications Society Annual Meeting. 2008 :447-451.

[25] ZHANG Meng, XIONG Yong-qiang,ZHANG Qian, et al. On the opti-
mal scheduling for media streaming in data-driven overlay networks
[ C]//Proc of Global Telecommunications Conference. 2006.

[26] XIAO Xin,SHI Yuan-chun, GAO Yuan,et al. LayerP2P:a new data
scheduling approach for layered streaming in heterogeneous networks
[ C1//Proc of IEEE INFOCOM. 2009 :603-611.

[27] COHEN B. Incentives build robustness in BitTorrent[ C]//Proc of the
st Workshop on Economics of Peer-to-Peer Systems. 2003.

[28] CHU Yang-hua, CHUANG J,ZHANG Hui. A case for taxation in peer-
to-peer streaming broadcast[ C]//Proc of ACM SIGCOMM Workshop
Practice Theory Incentives Networked Systems. New York: ACM
Press,2004 ;:205-212.

[29] HSU C H,HEFEEDA M. Achieving viewing time scalability in mobile
video streaming using scalable video coding[ C]//Proc of the 1st An-
nual ACM Conference on Multimedia System. New York: ACM Press,
2010:111-122.

[30] CRANLEY N, PERRY P, MURPHY L. User perception of adapting
video quality [ J ]. International Journal of Human-Computer
Studies,2006,64 (8) :637-647.

[31] ZINNER T,HOHLFELD O, ABBOUD O, et al. Impact of frame rate
and resolution on objective QoE metrics [ C]//Proc of the 2nd Inter-
national Workshop on Quality of Multimedia Experience. 2010 :29-34.

[32] MONTEIRO J M,NUNES M. A subjective quality estimation tool for
the evaluation of video communication systems [ C]//Proc of the 12th
IEEE Symposium on Computers and Communications. 2007 :75-80.

[33] SINGH K D, KSENTINI A, MARIENVAL B. Quality of experience
measurement tool for SVC video coding [ C]//Proc of IEEE Interna-

tional Conference on Communications. 2011 :1-5.

(3% 964 W)

[19] %R, % H. =3 5P &Hak ey BBF R 5B ke [J]. 31
A% p A, 2011,20(12) :55-60.

[20] BELOGLAZOV A, BUYYA R. Energy efficient allocation of virtual
machines in cloud data centers[ C]//Proc of the 10th IEEE/ACM In-
ternational Conference on Cluster, Cloud and Grid Computing. Wash-
ington DC;IEEE Computer Society,2010:577-578.

[21] ximfe. ZH AP RS S EHGAA[D]. L. LB X,
2009.

[22] VOORSLUYS W,BROBERG J, VENUGOPAL S, et al. Cost of virtual
machine live migration in clouds:a performance evaluation| C]//Proc
of the 1st International Conference on Cloud Computing. Berlin:
Springer-Verlag,2009 :254-265.

[23] STOESS J,LANG C,BELLOSA F. Energy management for hypervisor-
based virtual machines| C]//Proc of USENIX Annual Technical Con-
ference. 2007 : 1-14.

[24] Van HIEN N, TRAN F D,MENAUD J M. Autonomic virtual resource
management for service hosting platforms| C]//Proc of ICSE Work-
shop on Software Engineering Challenges of Cloud Computing. Wash-
ington DC;IEEE Computer Society,2009 :1-8.

[25] &, fakF EFHAAMLSFTALERSSAHETR[T]. &

23R, 2005,16(8) :1499-1505.

RODERO I,JARAMILLO J,QUIROZ A, et al. Energy-efficient appli-

cation-aware online provisioning for virtualized clouds and data centers

(26

—

[ C]//Proc of International Conference on Green Computing. Wash-
ington DC:IEEE Computer Society,2010:31-45.
[27] MEISNER D,GOLD B T,WENISCH T F. PowerNap : eliminating server

idle power[ J]. ACM SIGPLAN Notices,2009,44(3) :205-216.
[28] MOORE J, CHASE J S, RANGANATHAN P. Weatherman : automa-
ted, online and predictive thermal mapping and management for data
centers[ C]//Proc of IEEE International Conference on Autonomic
Computing. Washington DC:IEEE Computer Society,2006 :155-164.
PAKBAZNIA E,GHASEMAZAR M,PEDRAM M. Temperature-aware

dynamic resource provisioning in a power-optimized datacenter[ C]//

[29

[

Proc of Conference on Design, Automation & Test in Europe. 2010
124-129.

[30] TOLIA N,WANG Zhi-kui, MARWAH M, et al. Delivering energy pro-

[

portionality with non energy-proportional systems: optimizing the en-
semble[ C]//Proc of Conference on Power Aware Computing and Sys-
tems. Berkeley: USENIX Association,2008 ;2.

[31] SAMADIANI E,JOSHI Y ,MISTREE F. The thermal design of a next

[

generation data center:a conceptual exposition[ C]//Proc of Interna-
tional Conference on Thermal Issues in Emerging Technologies : Theory
and Application. 2007 ;93-102.

[32] CHEN Gong,HE Wen-bo,LIU Jie,et al. Energy-aware server provisioning

[

and load dispatching for connection-intensive internet services| C]//Proc

of the 5th USENIX Symposium on Networked Systems Design and Imple-

mentation. Berkeley ; USENIX Association 2008 :337-350.

x| A%. WMSNs 2 =3+ 5L s ¥ 4k HE b 89 2 RAFA[D]. K

%, KR T KF,2011.

[34] #—o8, % E I, T4 MAES A= AT & PG RAEZ
Ir &[], 4 $4R,2012,23(2) :266-278.

[33

[



