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Abstract Green cloud computing has become a central issue, and dynamical consolidation of virtual
machines ( VMs) and turning off the idle hosts show promising ways to reduce the energy
consumption for cloud data centers. When the workload of the cloud platform increases rapidly, more
hosts will be started on and more VMs will be deployed to provide more available resources.
However, the time overheads of turning on hosts and starting VMs will delay the start time of tasks.,
which may violate the deadlines of real-time tasks. To address this issue, three novel startup-time-
aware policies are developed to mitigate the impact of machine startup time on timing requirements of
real-time tasks. Based on the startup-time-aware policies, we propose an algorithm called STARS to
schedule real-time tasks and resources, such making a good trade-off between the schedulibility of
real-time tasks and energy saving. Lastly, we conduct simulation experiments to compare STARS
with two existing algorithms in the context of Google’s workload trace, and the experimental results
show that STARS outperforms those algorithms with respect to guarantee ratio, energy saving and

resource utilization.
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@ of fHostlist<—all the off hosts in the system;

@ for KM FEHL h; €Eof fHostlist do

@ if EHL A R E L om e then

@ JA B FEBL ;SR B R AL om, IF

PR om, 5

® & [l vm, 5

@® end if

@ end for
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B 4 BN, BB ScaleUpResource O T
2 AR KR 2 IR 55 R GE1G IR Y R AL, SR 1
JETEE IR E AL LA H R R (B 4 AT O~
@)t sems 1 AT I8 416 H s EAL G188
PHLATQ ~@). W, 5 AFEME 2, i KM IT e 1
G M 1 FE ML AR5 B AR R AL (AT 0~ @) Hmg
2 W ERARINT c E 5 R 1A BE S AEAT 55 Lk
BN 58 IZAT: 55 19 K AU AL ASE Al o [8) i =% S8 T 3 3 Bl
AR JE AL XS 1Z AT 55 8L B 5200 5 SR 5 - DG ]
FHLRIBAFI P B 1 F RE 8 25 9 3% M S MLASE Al 1Y
FHATO~®) . KA 2 K UL

MRS R G AECT B HAF 7 S 26 40
BILA I [B] 25 PR A, AR St P Sk (4 e i) B 0 4 R
s R WA 4 R AULBIL AN FE AL A R, D)l /b 22 2 1Y g
3.3 HEEHESH

EIE 1. Bk STARS WE —~MESHEA T W
BFEEZ4E R O T X Ny X (N + Ny, Hof,
|\ TIRRESES T P AL 5 8E N, KR8 E
1155 BECRE s Now A1 Ny 23590 2 715 K2 UL AN AL 1Y

WL T 1 AME S AR R AL T 4R A
S5 RO E] Y B 1] 52 4% O O (N (LB YL 2 AT
Q~@). B 2 hiFT KA ScaleUpResource ()3
L& AL R I R 52 2R S OCNw. e B an T
TERE 4 o A BBIPLER S 1 aaEmEzE
PLEIF[R] B2 24 B2 S OCNL) (WHE 4 hiT O~ @)
Horp N, 3278 I8 3h B ALY ECE: s O K AL Ml 5 4%
1 G B AR IR 5 24 B S OCN,) CHLEE 3k 4
O~ Hh N, 2om i £ EcE. K4,
SR 4 By A 28 By OCN,+ N =0ONy) , BV e
B ScaleUpResource OBIBT R 24 B O(Ny). 57
A B 2 W PRE Find LashUp VMO AT 45 4%
1502 B LAY I R & 2 B OCN DL R4 B3k
STARS i JH B %t ScheduleTask O JE 1 AT 45 1
A & 24 ) O(N o+ Ny + N =O(N,, + N,
BT N.<Ny. WL, 5% STARS MEAESEA
WHEE 24 R OCl T[)OCN,) OCN,, + Ny) =
OCITIN,(Ny+Nu)). iE 5.

4 Hi% STARS Wi gEiTfl

H TR STARS (194 &b A il o £

@ http://www. spec. org/power_ssj2008/results

@ http://code. google. com/p/googleclusterdata/wiki/ClusterData2011_1

FLCH f 7L STARS WM RE 5 HoAth 2 A5k F
A7 A LB EARHYY HI Lowest-DVFS!?,

Ak EARH 58 % STARS (X I £ F: 1)
EARH TEAT: 55 8 B 350 1k i & A I 30 B[R] g 1Y) 36
W& s 2)EARH % [Bia 17 FHUE AU A #1797 RE.

Bk Lowest-DVFES 7 1§ /& 52 AT 55 3% 1k ) 2
SREYZAETT A8 LAY AR 22 8 5 3 Je IR, %k
B A R AP 5 SRS K 5 e,

TN AR LR 2 S HERE e AR Ok LA [A]
AL TERE.

1) fF % 52 % & (guarantee ratio, GR). £ 5 1F
R P 58 R LA

2) BB Y #E (total energy consumption, TEC).
PATR —MMES S n kS R DA EHLIEFE
) B RE .

4.1 ZIWIgHE

FEARSCH 92 5 v, CloudSim™™* )5 BLF- 75 Bk 1€ ok
Bl 2 R 55 R Ge b i L mh it o T ALl = I 55 &
G ENSECASCHEHUT 5 M ESENNS
% . PowerEdge R730,Sugon 1620-G20, RH2288H
V2,Altos R360, Express5800. & F £ #1 19 £¢ & #F
WH 2000 & RBE 3 EHLEEFE] N 30 s.

T ARE B MRS RGE A 6 A B LB AR
PIHLA A X E ML CPU SR (4 75 R 2 B4 1.0,
1.5,2.0,2.5,3.0,3. 5CBLfi; GHz). i FiI j& 0L HLASE
MR B R SUAIL Y 1] 1] g 30 s.

AATEIE Google = Ik 5% R 48 Hh H ST 55 1Y
PATECHE® e B0 BE L AT 55, A 21 5E 56 38 B O
timestamp=1468 890 F| timestamp=1559 030, Ik
11 955 626 ME: 55 By AT £

T 55 PA T BCE T A A AE 55 T Ceyele)
A A TR A A5 B 20T SR 24 1 A5 (8 A
THRRED 24385

XF AL 55 (0 5 4 L A SORHfdE T Google = i85 &
4 rp OCTAT: 55 I b I A) L 45 S ) Fn = AL CPU Y
- 25 ) ] 3 0 Bl R L =X (8) s

€ = (IStinish L Ssehedule ) X U v X Cepu (8
HA s 2500 R 25 seneaute 73 ) 3 75 AT 55 FF 163 TR 25 o) B B
) B 5 U e 78 AT IZAE 55 1 ML CPU Y- 1 41
M. DL E 3 A~ S 500T DN Google 24 FF 19 B4 3k
B, Copu3en E£HL CPU (AL RE J7 . FE L T A SCH
523 e E B B 1% Con — 1. 0 G Hz,



454

B S AR 2017, 54(2)

AL T SCHR 4 ] AR BAT: 55 75 i AL b i AT f
[B) S A5 45 1 R 1 5 R UL CPU iR 9 EeAEL, 4 =X
(D PTR :

/‘z‘.jk:Ci/fjk- €D

A g AR R W F UE (dead lineBase) S 15 il {T:
55 BB A 55 ¢ ORI J B A 2 X
(O P

d;=a; T (tSgnen — tSeheaue ) X deadlineBase. (10)
4.2 ESEIEBT NN

R TR AT 55 Ak X B R B A S e L AR A
S AT 45 4E P Y 350 000 M55 L IR B BTN
S8 deadlineBase )\ 1.1 #6383 3. 6, 254K K 0. 5. X
FAE 5 58 R (GRO FLEREFE(TEC) 5.7k STARS,
EARH. Lowest-DVFS ({525 45 R4 18] 5 iR

[0 STARS [O EARH HE Lowest-DVFS
100 = — — =
90
g
~ 80
o
70 |
60 1.1 1.6 2.1 2.6 3.1 3.6
deadlineBase
(a) Impact of task deadlines on GR
1.5
[0 STARS @O EARH @ Lowest-DVFS
=
g
S
Q Lot
[_‘
X
5
0.5

1.1 1.6 2.1 2.6 3.1 3.6
deadlineBase
(b) Impact of task deadlines on TEC

Fig. 5 Performance impact of task deadlines
BlS AT 55 0k 30100 4 8 09 52 el
M 5 HAf ISR B, B deadlineBase 1]
o, 3 AN AT 55 S R R 2 b T X ] DL
Bl :BiE deadlineBase BY¥E N . AT 55 1Y # 1k 31 9
A AT 55 118 I 280 SR WA AT (45 5 22 AT 55
AE 8% 76 R 9 S8 . 59 Ah B STARS 4T 55 58
R 1 EARH @& 13, 48% . b Lowest-DVEFS
5 19,1020, SR, I A Bk AT 55 58 IR I8 S i8R

F) 100%. 3% & i1 T7F Google W4T %54 v, 12 78 1
AT B (8] AR 45 19 AF 55 RIAE deadlineBase fR K, X 46
55 0 BOE A WBAR /N . ASRE S 2 32 )3 2h AL AN
HEAHLIE A S 3R . AF Google T 55 £ v, 4T 1) Ja)
/NF 10 s AT S5 i BAT 55 19 10 %6 2247 X F 3 S8 4k
TESREWNES TS, M deadlineBase i5 3|
3.6 B ETAER R B /N T 36 s, AR B I i 2B 4T 55
)AL 91N T 3l 3 LA A1 A R SDUAIL Y B TR T A
% STARS (1 iy 20 SUAL AT DL S B FF B $h A 7 ok 2
155« 1T RE 5 £ B BT A 4T 55 B A Lk 0. AR 4 S 56 2%
R BA LA 2 i E] R e ) i 5% STARS
FE AR I S B AT 55 B 801 O i HL AR S i P g

M S A AT LR 3] L i deadlineBase )
W0, Lowest-DVFS i 2>, EARH 3L 748 R 48, STARS
SeB S RE. A AN, B STARS {HFEMRE & 3 [t
Hyk EARH /> 15.23%, L8 ik Lowest-DVES />
24,4700, AR L] S 28 SR B L AR S UL A 45 5
A AR T RERE ST
4.3 EEHEXNHEBEN M

AL S5 Y H B2 AR A R AT 55 AR T AN T

[0 STARS @O EARH @ Lowest-DVFS
100 — = = =
90
g
80
]
70
60 —
4.5 5.5 6.5 7.5 8.5 9.5
1073 Task Count
(a) Impact of task count on GR
O STARS O EARH @@ Lowest-DVFS
1.5
- i —
E |
S
Q Lot
=
X
S
0.5
4.5 5.5 6.5 7.5 8.5 9.5
107°x Task Count
(b) Impact of task count on TEC
Fig. 6 Performance impact of task count
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(B335 A 1k BB AR 4 S 55 4 AF: 55 AN 350 000 33 3
2] 950000, 25 S 200 000, 1% deadlineBase=2.1,
S ZE AN 6 FT R,

WE 6Ca) fir 7R, AN AT 55 AR Gn o] A5 £k L 55k
STARS,EARH, Lowest-DVFS [ 1T % 52 1, 3% 43 3]
Fa B AE 99. 01%,88. 66%,82. 06%. X4 T &
RE ML I B P L S B MUY 8 R UL Y B E] OF
B HETR T — e ARk W A B AT 55 0 #1594,
B9k STARS AT % 58 U F ¥ LA EARH R
11.67% , & ¥ Lowest-DVFES { 20. 65%. £ 14
fRBEZAL T 5(a).

wE 6(b) fFrzs 3 A5 1k 1Y BE #E #5 bl & 1T 55 5K
WM K. X BT EALRE P, 3 ANEE NS
6 RS AR A 6 (a) Y ST 55w K
i, = R4 RGN S B b 2 e K . =
k5 ZGEMREFe S &0 TER W2 E K E R, 55,
7k STARS JHAERYfE = L 7 EARH /) 14, 98%,
B3 Lowest-DVFES /b 24, 22%.

5 HRIB

AR SCER S BIALY Rt #E b, e sh B AL B
JE FULATL F BsF 1] FF 4 52 M S BoF A 55 B 200 1 ) 8 2
T U Sl TR]EAT Y R ALY R O L S B SR R
PIHL CPU S % 0] LA sl 25 98 4% 149 58 71 . K AL 2% ) 3
i [F0) %o 380 81 3 S BT 45 A0 5 o 2 % 30 oAt B % 25 2
IER AT 5. SRS B LA b o s A 207K sl ik
e, SC IR S 55 R 9 IR 1 B A5 IR B BRI AL A
B SF [) % S B AT 55 B 801 1 5 ). e S 5 8 AR SC Y A
: STARS % 2] CloudSim B f5 . SCH 45 5L
7Bk STARS e A S i M AL = R B 52 I 4T
55 iR PE O BE 7 b 2 IR 45 R SRR RE R HE.
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