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Abstract: In the running process of cloud computing system, the idle compute nodes will generate a large amount
of idle energy consumption. Furthermore, the unmatching task scheduling strategy will also cause a great waste of
energy consumption. This paper presents a policy of energy optimal management for cloud computing system based
on task scheduling strategy. First, use queueing system to model the cloud computing system for analyzing the mean
response time, mean power consumption of cloud computing system, and constructing the energy consumption
model of cloud computing system. In order to reduce waste of energy, a high service utilization task scheduling and
a low execution energy task scheduling strategy are propsed, which are used to reduce idle energy and “luxury”
energy respectively. Based on the idea of the strategies, an algorithm is designed which is called minimum
expectation execution energy with performance constraints (ME’PC). Repeated experiments show that this energy
management strategy can reduce the energy consumption considerably while meeting performance constraints.

Key words:  green cloud computing; stochastic task; energy management; task scheduling; queueing theory
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Table 1 Idle and peak power of different computers
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BT HR 55 # CPU A D H(W) WA D) 5 (W)
IBM x3400 Intel Xeon X5675 63.2 246
x3200 M2 Intel Xeon E3110 75.2 117
Supermicro 2021+ AMD Opteron 2380 138 269
1021+ AMD Opteron 2376HE 119 210

Table 2 Execution power of computer with different tasks
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PRIMERGY TX150 S6
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Fig.1 Task scheduling model of cloud computing system
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MR 2 3 CLOYII 23 BT 1T 01, B2 WA 25 IR HERE. E(Energy,)ares WL BEACTESEHL o) 105 R P SRSz
A2 MM/ BB o T SEHL ¢ 1 25 AR g P =1— E(p,), DRk, BERRARG P, T LLIE 3o 389 KT SEHL ¢ 10300 2

WS R B SEBLI E(p,) =3 p, oy T 1L BEAE E (o) 84K, WAL AS 15T SEHL ¢, 147 K M5 40 o 1025

PLIE I BERITH SR ¢; b SCBILAZ% Sn JE EE 0 2 PR sR o SOML KA 55 1R 38, () B AR S HL A PR PR R .
JEA 2V S T B A A% AR G T A U SR R AEATRROIR 2, DA REAR AR 8 v S A R I TR) 2% S ) S
it v 3 I G K R py VB2 SR BUE SRR S BE.
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3.2.2  PATREREACAL TR mE

AT 45 (187 55 1 ST A VT C B, AN B 47 (P B8, T HL 2 58/ I B AT BEFE. B AH DT BC 157 AL 1Y
PAT DI K BT 5 B BAT I TR) A 4R ] LA S AT REFE B /49 4, BEUZ AL AT 45 43 il 7 CPU Al GPU
AT I, B GPU FI3AT Zh &0 KT CPULH GPU T LLZE R A8 I 7] Y 52 %, 5 38 GPU 77 4E 1 6L BEFEAK SR 2K
T CPU.IA I, B3 AL FRAT- 45 F1 GPU A5 %8 K IR M %

He T NIAT BEFEROAE 55 W B2 SR <o, AT SSAE I ¢ WHRAT REFE TR N E(Energy,)y,., = P xi, iy
WL ¢ ST m AT 55 (M AT REFE T R 7R b

E(Energy Yy, = P x| £ v E(Energy ) (n
ner: . =" X —FX nergy..
gy] busy J “= E(ﬂ,) gyxj busy

FRR 28 L) A28 H7 17 00, T G L ¢, B 0T 4T B G E(Energy, sy, WIS HE T SEHL ¢, LT N
AT REFEIIAE S UL A T SUFHSEHL ¢, LRSI ¢, 3S4E 55 P I AT min {B(Energy, o 1 <j<n} IHSLHL.
TSR 2 ] o0 A T AR ORI B B T T SEAL AT 55U 2, H R B AR AT 55 $RAT IS U R 1) REFE . 122 SR 1 S
it P A kN Y FERE A py B2 S RUE 0 (R SE .

3.3 [HEEARBIR /N EIEH T REFE IR E B A MEPC(minimum expectation execution energy with performance
constraints)

MR SR 3.2 4 H IR BE RO T SR AR SOV R T — ol A2 P i 240 3R () S5/ 30T B 4R AT e FE A 13 575 MEEPC,
ZHE R T2 R R = SR G o SR OB B R T A LA B 3 MRS C={Clighis Crormals
Cheavy}» T 1, Crign={c;11 <j < n,0 < WS Wiigneh, Coommar={ 611 <J < 0, WiigheW Wieany b Chean™={ 11 <J <0, Wiy S Wy <
12T 55 ST VB, LIS i@ MUDRSE %5 FEHE A Copgne 1 IS, T T 59 1 4 556 12 S0,
X 1 AT 554 KR S5 53R BRIV SN ¢ A BRI R BEEA, I € Cligne IR Clign=D, H. Coropma D, 075 JEHEE
Corormar T IRITHEAL, IR AL T8N IAT BEFE (WA 55T B SRS AT 1, JEAE 5547 BN AT B FE IV TH BEML ¢, T BUR
(T BEME 2, I € Crommar- TR Crign= D, Crorma=D H. Chroany D1 Wiy < Vwy, 2o, 1 <j<n, R R T W AL
A T B BOIRAS IXHE AT 55 1 B I JUAT: 45 5 30 47 B fi /N R oE S0 L 12 SR W]l o PR AIG TR B py TR
A S HOBUE y (4R SE L B 2 MEPC S35 A X AN [l () 155 150, 30 5 25078 28 $ ar, B,y A SK VP A IV )
A JEE S P R 240 BRI Ja /N S BB T RS U B 575 MEPC IR DR ARt 3 4

BEL

L1: for all classes incoming tasks

L2: generate Qgopy using FCES strategy;

L3: end for

L4: for each task in Qgopa do

L5: for all computer j do, where je C

L6: calculate wy;

L7: create Crigni, Crormats Cheavys

LS: end for

L9: if Cign#d

L10: initialize the parameters a, S, y, y for class i, p<0;
L11: for each computer j do, where j € Cj;g

L12: pi=Calculate(a,,Br. x1,1);

L13: If p<p;; then

L14: D=Pij» 7>
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L15: scheduling #,—computer c;;

L1é: end for

L17:  else if (Ciign =) CrrormaD)

L18: initialize the parameters «, S, y, y for class i, p<-0;
L19: for each computer j do, where j€ C,pmar
L20: pi=Calculate( 0,5, 12,2);

L21: If p<p;; then

L22: PPy ¢

L23: scheduling #,—computer c;;

L24: end for

L25:  else if (Ciign=D) M Crorma=)YNCheary2D)
L26: initialize the parameters «, S, y, y for class i, p<-0;
L27: for all computer j do, where j& Cjeayy
L28: pi =Calculate(cs, [, 13, 13);

L29: If p<p;; then

L30: PPy ¢

L31: scheduling #,—~computer c;;

L32: end if

L33: end for

L34: endif

L35: end for

EIE 1. 0k BE L R BB N AT BE ARG R B S0E MEPPC B3R N A B2 2% 1 2 O(3mn), e, m AR 45 1925
¥ = RGP SN

WEUEE 5 2~ 8 35 X S S B AT VI B, R e R G B S AT 40 L B M TR S 0(2),— 35 n A
TEEAL, R UL, B R TR R R O(2n). 58 9 25~35 16 25 2 17 5~ 24 25, 55 25 35~3 33 35,3 P ATIE AT
1) B5e N I 8] 52 2% S 350 09 O(n) (2 6 T —AMESe, BT B 2 R e 2 3 R o P i) 1 i, BRI UG, 28 9 25~ 38 33 20 (1)
S TE TR Om), IEE 5 20~5 33 SPRIRETIFEh OGn). 55, BB —3fH m AT 4, R kg~

ME’PC Sk 1 I 1] 52 2% FE ol O(3mn). 0
4 £ B

4.1 LWINEMIEE

b T A MEPPC S35 (K145 %, A SC A A Matlab () 25 155 S 2F BP0 T HLgE AT A0l 06 S 30 SR B 95 I (1 AH 96
SR LA R B B S B L3R 3.

SR AT S5y b 4 28§ AT 45 A BT TR R I TR) IR AN 800 1/ A 1) SR F8 003 A 12 ) B I [ ] 3 3ot 47 48 4%
I3 A R EL exprnd(1/4,) 2K A2 B, e, Ay (BB AE[10,15]DX 18] Bl B AE Rl AR 41 AT 55 1) 21035 18 B, ) P B cumsum(-) 1]
RN | B BENLAT 55 BIE FR 50 1IN 2 53 0T B 8 A 6 000 ANT55 B8 R G IS Z) 3 HHWL ¢ X 1, KAE 5%
[ MR 55 B TR IR AN BN 1 gy TR S B850 TRVRE R 45 F ) 008 0 BR 30 exprnd (1/4) K A2 B, 5 8y WMELAELL,5]
DX [R] Bt L A= .

16 4
5,24 2, il H‘Jfﬁ&ﬁm;ﬁiﬁiﬁ%iﬁﬁ&%#0<p—i<l,Erﬁ,/1=/11+/12+/13+/14,ﬂ—zu u,.,), e
j=1 1

i=

PRAE T B R SIS AT AP RR .
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Table 3 Parameters of simulation environment

R3 RUSAESHORE

ZH i i
m 6 000 BEHLRIIE AT 55 3L
t 1<i<4 L4 R B
n 16 RGN A B
Ai [10,15] ERE RO E PN
1 [1,5] VSN ¢ % 6 FAT 55 11 B IR 55 %
Wy [1,10] 4 RS S
(1.1,5.2,1.5,1.3) 2 Clrgn# DI T BEME 2T 52 30 S 80 il
(a.B.2.7) (1.1,1.4,0.3,1.5) Y Cligh=D H. Crommart DI, 2 5 HUE
(1.2,1.1,1.3,0.2) Y Criah=D,Coorma=D H. Choan# DI, 2B
Wiighi 0.25 SR
Wheavy 0.75 AL R B
plte [50,60] ML ¢ S IR TR
Py [100,150] B ¢ X 6 AT S HIIAT )&

42 KWEERMN

SIS R Y AT S5 N RGN i S AT 45 288 3R NI 2 AR B 1 MEPPC AT 45 AT IR
A FAT 55 L BN LA T 294 55 HE N AZAILES 10 )R 384T 55 BA A, 1 BA 51 O 2%, RIAZ AL 2% b 25 IR I 2 A 55 1)
5E JI I 20 5 L BRI %1 55 AR 45 I IR) 2 R0 24 BR B A 25 B, B AL 28 A A fik i, JFG 25 455 ) (7] 5 F BA B R T — AT 55
(103 56 BRI 22095 25 12 AT 55 [ 2 3 B 20,12 A 55 (14 5 FS I 200 D0 48 Lk NI 200 5 A5 R I ()« R 45 I 1) 2 0 3 s AT
55 1) 58 IS 220 ek 25 238 NI 22 BRIV DAy 2R G312 A 25 (R WA N2 IR 8] 24 6 000 AN 25 4 T AT 58 B I RS 4L 52 56 45 0 e
AT 55 W) 1L N ] £ P 24 8 BRI A AT 45 701% R 40 vh 1) S 38) W IS ) Time o ARAE VS ¢ AT I IR AT 25 28 B A0 AH
IS A 45 B0 AH S BT Ty 26 IR 45 I 5, R 55 U SEAL ¢ FRIARAT I (1] Time!™ FIARAT BERE Energy™ 7511 5THL
¢ L BT AME S5 8 56 BN 2098 2 55— AME S5 IO BE NI Z0 0 U SEHL ¢; (8 56 BN 1] Time'™ sTHSEHL ¢ 1092 PR I
6] Time'" = Time" — Time"; VM S ML c; (1175 W BEFE N Energy'™ = p™ x Time'™; W F S HL ¢, 19 S BEFE N

total

. E ‘
"y Energy ™ WHEHL ¢ T BITNFA Power, = ool _ 348/ 5495, T 41 4T 46 1 76 7

total

Energy;™ = Energy; i Time}"’”l
Ml . ota . Y 1 o T . Pt 3
I 10 24 max{Time\"™ [1< j < n}, RGP N Power,,, =—" Power,. T, SBAMESAE R G b AT IR 1 F
nj:1

YIRERERN Energy s,e=Power g,gx Time g,

N T U MEPPC S IAT 280 AR S0 SCBETE T die /N RAT T %6 8 B S92 (minimum - execution power,
fij Fx MEP),J{-Kf ME’PC 55 MEP. £ it MIN-MIN 53347 e 20 MEP 1 5730 JBARUR 8 AT 45 18 B i BT
55 VA L BIFRAT Th A dne /AN HL RS b TS 2 REAZ T SO 2 T 10 47 280155 100 LA R AT 12 AT 55 1) JIR 45 B[R] MIN-MIN 52
BE XS JUSTAT 55 W s A5 T B G500, ) V2 I ] T ) A B 4 00 A 2O AT T SRR, A R U B PR e A SO A R
BPATES P ReFe. AR5 I FMRIN [ . RENFA TR AHCFER TS RIEX 5 AN HEXS 3 fiE
FEIEAT X LG43 A7 3L rp SR R T 3 Rk 43 AT 2 DU 25 20 m=6000, 1407 I [H) B35 AT- 45 204, v EALEL n=16 2
T, 7] EE A7) 8 I mlgai s> 3 AN S B, AT 8 R 52 36y, A 20 S 56 v Y 2 8 (m, A, n) R 3, T SE B8 K 2 4501
2 B (375,27 A,1),(750,27x4,2),(1500,272x 4,4),(3000,27'x 4,8),(6000,4,16),(12000,2x 1,32),(24000,2*x 1,64),
(48000,2°x1,128),(96000,2*x 1,256). 525 45 HL 4 &) 2~ 6 Fi7w.
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Fig.4 Average energy of one task running in system
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B IR BB BT EHLR TR M 5 58 B0 Sl P R R SR, DR R AR T AR 4 P o S5O HH B0 2 O P R 2 A R
LA % 5T MEP Al MIN-MIN. i SR MEPPC S92, R 407 4 1045 N AE A6 T 39 /& MEP 1 MIN-MIN
FE 81%A1 73%, 1018 5 FizR.(2) BT 500t 23 R R4 - S LIEA T U 3, B0 O PR 3 3t g 0 T 7 3OS A 11
PRI MEPPC S0ARAIE T 2 4 B 8 8 45, 40 18] 6(a) & 6(b)FT 7. T L, LA [ IS 2% e o)y 4 Tk B R 25 4 i
HIERR =i R AN RERE

MSEEG 5 Rrp ATRIL T — AN B M EHAECS 1 B3 MR NIRRT IR, 14T
Wi J87 B 1) R 4551 41 e A AR #0AH 25 AR B VT SEHL A B0 3 0, R PAT TS TR AR R R 2R ME R .Y
PEHAEON 8 B, R PATAE S 10 T3 REFE I /N B VI SN UA B 1 4k 42388 n, R AT AE 55 10V 3 BERE T 4y
K, H R FeH R K IR (1) ST EHANEON 1 380 E] 8 F il R o AT 4551 2w R 1) S B Sk >
Tl 3 Jrom) AH R R G- 3 Th A K A AR A T PR B 2 JR),1X 5 308 RRATAT 45 107 2 BEFETE %
T R AR R T AR B, 5 L T R R 0T 2 Th SR 2 B AN, R B R S R 2R PE.(2) M LA BN
8 MW INH 128 1 A b AT 45 ¥ 35 i I (] B f R A TP 22 (Un 181 3 T 7m) AR RGeS 3 D R g A 5
PRI Can 1] 2 7 ), 3K 5 3R GRAT AT 45 181 2 B AR 20 A2 o 2 i W B 0 10, 3 B el T RGP 1)
) S K 85 O, TR 8 K i 9 S R 5 . o G T DL 7R S5 BERE IR A AF T F LA 8 I R AT Il (i
P F SE R B = R G AR R RIR R . AT 45 2UIE R B R 40P N % T ) ko< T A HL A A
B, LT I8 8% RS AL 38 HEAT RERE I DAk 3 KGR 0 B — 2B A 7T A 25

5 HRE

AR 25 VAR S8 TP AFAE A REFEIR 2 190 A AN R AL W I 3R L BAT DA R L& 45 & 4855
FX I BEHUE, T SEHLRAT RS 19 8 &2 AR AL, 57 1 BEH UL 55 LR 22 o 57 R SEBE B P RE R T 4 9 75 1
MRV RGBT M IFEL T 2 R G BERERE R B0 A T BERE AT RAT RERE, 20 IR T KR 55 5
BERNRAT BEFEAT: 55 1 B2 SRS b L EAT DA KB S 36 3 WY, AR SR H 1) RE AR DL A 8 B 77 92 A ORAIE T P8 114 i
P& N RIEBEFAR T 2 RGEMBERE. 2V 1 TARRT SR 4 8 ML S I = TSR GAR R G 1, W T iR 3
55 BIIE R (K NG A U, DR HER G % A T3 AT RS IV LA B, 45 15 5% PR IR AR A0 i s 31 25 0
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