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China)

Abstract: Nowadays, energy saving has become a focus in deploying clouds. Developing energy-aware cloud data centers can not only
reduce power electricity cost but also improve system reliability. Existing scheduling algorithms developed for energy-aware cloud data
centers are commonly lack of consideration of task level scheduling. To address this issue, this paper proposes a novel rolling-horizon
scheduling architecture for real-time task scheduling, together with a detailed task energy consumption model. Based on the novel
scheduling architecture, this work develops an energy-aware scheduling algorithm EARH (energy-aware scheduling algorithm) for
real-time aperiodic tasks. EARH employs a rolling-horizon optimization policy and can be extended to integrate other energy-aware
scheduling algorithms. Strategies for the resource scaling up and scaling down are also presented to make a good trade-off between task’s
schedulability and energy saving. Extensive experiments are conducted to validate the superiority of EARH by comparing it with three
baselines. The results show that EARH significantly improves the scheduling quality over the others and it is suitable for real-time task
scheduling in virtulized cloud data centers.
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BIE 1 WA E DAL S Dy ARG T,
1. for each new task ¢ do
2 O«NULL; R«NULL,
3 Add new task ¢; into set Q;
4 Update the ready time of v in Vector R;
5. for each task ¢, do
6 if st,5>a; and x,,;==1 then
7 Add task ¢, into set Q;
8 end if
9

Sort tasks in Q by their deadlines in a non-descending order;
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10. for each task ¢, in set O do

11. Schedule task #, by Different Energy-Efficient Scheduling Algorithm;

12. if x,4,==0 then

13. Reject task 7,;

14. end if

15. end for

16. Update scheduling decisions;

17.  end for

18. end for

LEIR BN AU SR TP 22 A 55 BA I JEHHAE S5 I BR B & 11 (LS5 1 58 347), IR 8l & DAL 954k
EH O FRos TR RSN UE 5 k45 I R (WL 128 4 A7) 3R )5 BT S5 A AT AR S # A E] 0 th(WE

15 6 4T~45 8 47).%F O P AT A5 MR H A E S REAT AR B HE P (LA 15 9 A7) 4 AT A [R5 A
JESPMEE O P AL 5%, 00 SR LEAT 55 ANRE 2 ROt FE 4 e AT T (LA 1 28 10 47~ 15 47).
3.2 PHRBEERZE
FEFRATT RS BE U B2 S5 b AT 555 s i 7 2 28 A% 328 B R AN LB BT 55 1 TRLE AT 55 o AE B SUML vy b
F T 4T ] s, 0 B2
Stj=max {rty,a;} (11)
For rty FOR UL v BIUER 28 0 ) B AL 08— ME S5 BB AUNL vy BB e Wl AL IR BT 55 1, BB
B v b KA vy 97 0000 2 5 )
rty=stgitety (12)
T RE Y L SV R D AR I 53 2 .
BiE 2. R B EL O AU,
1. for each task #; in set Q do
2 findTag<FALSE,; findVM<«NULL;
3. for each VM vj; in the system do
4 Calculate the start time sz, by Eq.(11) and the execution time ety by Eq.(1);
5 if sttet;=<d; then
6 findTag<TRUE
7 Calculate ec; by Eq.(4);
8 end if
9. end for
10.  if findTag==FALSE then

11. scaleUpResource(-);

12.  endif

13.  if findTag==TRUE then

14. Select v, with minimal energy consumption to execute ¢; findVM<«vg;
15.  else

16. Reject task #;;

17.  endif

18. Update the scheduling decision of #; and remove it from Q;

19. end for
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scaleDownResource(-)BEAT RN & I, T #E— 25711 .

AT ANBE T 43 B BV I A 1) KB RAAL B B, S R 8 scaleUpResource(-) B 8T KE BANL, 31 12 BANL BE 0% EAT:
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(13)

mt(vjk) =

a; +ct(vy), if Step 1
1P|
Sty =qa;+ct(v,)+ zlmt(vpk ), ifStep 2 (14)
=
a; +st(h) +ct(vy), if Step 3

B gt U5 1 Oy ACRS (R 2 scaleUpResource () W5 3 B s,

BIE 3. B vt Us SN Oy ACH.

1. Select a kind of VM v; with minimal MIPS on condition that #; can be finished before its deadline;
2. Sort the hosts in H, in the decreasing order of the CPU utilization;
3. for each host 4; in H, do

4 if VM v; can be added in host /; then

5. Create VM vy; findTag<-TRUE; break;

6 end if

7. end for

8. if findTag<FALSE then

9 Search the host 4 with minimal CPU utilization;

10.  Find the VM v, with minimal MIPS in A

11.  for each host 4, except A, in H, do

12. if VM v, can be added in host /4, then

13. Migrate VM v, to host &; break;

14. end if

15. end for

16.  if VM v; can be added in host 4, then

17. Create VM v;;

18. if #; can be finished in v, before its deadline then
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19. findTag<—TRUE;
20. end if

21.  endif

22. end if

23. if findTag==FALSE then

24.  Start a host %, and put it in H,;

25.  Create VM v;, on h,;

26.  if't; can be finished in v;, before its deadline then

27. findTag<—TRUE;

28. endif

29. end if
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34 1AT) ARG IEFE A TR MIPS T B8 1Y BN BN v (LB 3 28 2 AT~28 7 47). U R A B
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o, mHAT S5 o ANBEAEBOE I P 58 1 TR 5 Ah— & BN IFAEZ BN LGV B IUBL v, AR5 R AT 55 1 A2 kB U
HL vy 75T AR A LR 30 Y SE (LS00 3 5 23 47~ 29 17).

2 WL R AU (0 B8 22 R i R LR 3R B mT DUEOBT IR A B A OF BUR TR I BN AR S 6
P15 PR AR 2L, 34 T LA 2> 36 3 R A0 gl 2> R 40 2 800 P ) SRR G B85 4 &t T i ok B D ) DR AR

BIE 4. AR SN Oy ACRL,
1. SH«J; DH«J,
2. for each VM vy in the system do
3 if v’s idle time>THRESH then
4 Remove VM vy, from host %, and delete it;
5. end if;
6. end for;
7. for each host & in H, do
8 if there is no VM on 4y, then
9 Shut down host 4, and remove it from H,;
10.  endif
11.  Sort the hosts in H, in the increasing order of the CPU utilization;
12. SH«H,; DH«H, and sort DH inversely;
13.  for each host /; in SH do

14. shutDownTag<«TRUE; AH<J;
15.  for each VM v in h; do

16. migTag<FALSE;

17. for each host &, in DH except h; do
18. if vj; can be added in 4, then

19. migTag<—TRUE; AH<h,; break;
20. end if

21. end for
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22. if then

23. DownTag<FALSE; break;

24. end if

25.  end for

26.  if migTug==FALSE then

27. Migrate VMs in /i to destination hosts; SH«SH-AH—h;; DH<DH —hy;
28. Shut down host /; and remove it from H,;

29. endif

30. end for

TR 4 rp G SRR KR DU % 2 PR BT 1) KT 160 5 1R DM, 0 G P 3k 28 I FUUMLOIL B0 4 38 2 4T~38 6 47).2
S WA LB WL BN AETEIBAT BRI, DG P IX 28 - HLO S 4 38 7 47~55 10 47). 5503 4 v, SH F1 DH 43 3
FRTE R ENG LA (0 SH TP ENLIZ IR CPU I 2T, DH it ENFE T 5 SH AR (LS 4 3
1LAT 28 1247). 0 5% SH & ENL LT A RN BE T 8] DH i — &6 8lZ & B L 4 Kixes
SRR 2 H b5 WL E AR5 G TR EHLEE IR W0 N SH & DH R, 5 5 IR F ML 40 R
DH "R & L5 R ST AN B AT B RESUHLES AT DL 8 31 Al =01, W s AL (WL 4 28
13 47~% 30 17).

4 ZEMR

ARATI K BRI AR BARH W EESVE M8 5 non-RH-EARH(NRHEARH) YA FE 574 non-
Migration-EARH(NMEARH) i J& 5.3 1 non-RH-Migration-EARH(NRHMEARH) I /& 5.3 3E 47 EL 55

NRHEARH,NMEARH 1 NRHMEARH ) 5L 3R 40 R :

e NRHEARH: %575 EARH 5% 1 X A4 T 84 R R & MR AR,

o NMEARH: %55 EARH 8% X 7E T WA R B RNIT B AR,

o NRHMEARH:ZZ)H AE AR S BT BB AR A RS2 R .

A5 F LR JLAN R L EARH,NRHEARH,NMEARH #1 NRHMEARH {4 f¢:

(1)  5EH# (guarantee ratio, i #X GR): GR=H I B AT 55 B0/ 4 SR $E A8 AT 55 5 100%;

(2) FHHAT S BEHE (energy per task, & FX EPT): EPT=)&Ih il & AT 45 50/ 5 B 12 915

(3) A fE I FE(total energy consumption, [fj X TEC): FT LML AE w4 FEZ F1.
4.1 B AEFSHE

TEASC I 28 AR H CloudSim P & B = THE IS AR Bt & EHAT 4> CPU RIS RE J7 11
SR, PERE S BT LG 1 000 MIPS,1 500 MIPS B 2 000 MIPS, H %% 3 (1 4 K fig 2 T K8 2 43 1 24 250W,300W
5 400W.IF 3 — & AL G — A 1 R IUNLT T5 B 17 43591k 90s F 15s.

T S T F IR S 4L

(1) B taskCount FK7n— 50 LI HAT 55 B

(2) S baseDeadline J1 T HIAT 55 04 1 F AT 55 008 AR 2 K (15) v S 1M 43

d=a;+DeadlineTime (15)
H.rp DeadlineTime R N15)%2] 43 4ii U(baseTime,axbaseTime) AEA L 1552 a HIME N 4.
(3) A HF ] N BIIE BIAT 55 SR A ARA 53415, B 5K intervaTime 3278 WIAN 14 SEAT 45 18] A1 34 1 18] 1) .
SIS E WK L
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Table 1 Parameters for simulation studies
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ZH I (I 5 ) - (AR AED)
taskCount (104) (1)-(0.5,1.0,1.5,2.0,2.5,3.0)
baseDeadline(s) (250)-(150,200,250,300,350,400)
intervaTime(s) 3)-(1,3,5,7,9,11)
Tasklength (MI) (100000)

4.2 FEEFIEREREIE
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Fig.2 Impact on performance caused by task count
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U6 T A BRI R T ZE SR R I AT AT LR ILEARH FI NMEARH (91T 45 58 e 23 B 50 iy X 2 th TR TR
Bt DR G, AT LIS A L 348 40 PR AT 55 R AR 5 58 B A AR AT 45 58 R

ML 2(0)H T LR IR NRHEARH W] DUBE fHE 85 4 (1) 715 Re 280 L (H A 5% 58 ) 38 R (WL 1 2(a))34H
NMEARH 15 % i1 1) B8 5 V4 8, (H FAF 55 58 e et 75 vy b o SR 45 SR 3 W 3k V9 ol ) 8 00 i = AT 45 56
I RE T KE 2 VBT U ) g 0. e 4h, N ] 2(b) T LA H, EARH 5 NRHEARH 5 53 49 R S0 vk A T, BE 95 W
0 BEAR B T R, HLIXPI A 34 B A AT 25 B0 (0 19 n 55 0 B 8 X — 25 R WL AR R MU B EAR S, — 7
T AT DLAEAT 25 550 19 0 i 48 6 DA 2 SN, 6 O 16 FE ML 0] 3357 1 1 S0U0L, LA JRE 57 7F 32 WL 0 RE#E; 55 —
J5 T A LUK SR A/ 1 =L IR R RTS8, 3 00 X 26 = 1L, 1E— 2D k> REFE.

B 2(c) M2 R W] ,NMEARH 5 NRHMEARH (1) 35 51 55 e FE B A5 AT 55 0= 1K B9 A8 AT bk, 1T 53 P
KT REAIAL A B 4 A I 92 B AR AR i BRI T, A 55 00 1 0 A, 2 00 S 58 1) R UL DA 75 Al 3K 26 AT 4%
NMEARH 5 NRHMEARH #A % T E NI H A A EHLEA 28 25 B BRI I 5 T EHURCE Xt
REFUHL, BN T 9AT 55 BEFE; ] EARH 5 NRHEARH RH T B RINLT B AR, 0] LLFE 4 R & & R EHLR
RE 77, R A S I F ML AL AT 55 B R AR R — N I
43 EHELEEI R F G

AT DARAT 25 )35 26 6 09 5 08, 46 AR 40 S 6 P K 288 intervaTime E N 1 B0 E) 11,2004 2.8 3 B
7~ T EARH, NRHEARH,NMEARH #1 NRHMEARH 1k fig.
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Fig.3 Impact on performance caused by task arrival rate
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Fig.4 Impact on performance caused by task deadline
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,NMEARH 5 EARH b 55 A1 5 Fh 5030 0 56 ) 28 5w [l i) 70 48k LB 30 B A 55K i NMEEARH |1 30 R FH R U
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