$35 % 456 it " HL =2 Eire Vol. 35 No. 6
20124 6 A CHINESE JOURNAL OF COMPUTERS June 2012

SUITE RS PEMET REEE R R
kS %O ERL TR

B
(PR A KSR RATREATRE K 110073)

W E BV R RGP R TT 8 R s R AT AR R R BT R N T
FE VAT 2 R W 00 2 T AT 5 A0 Aoy 1 E T 228 W8 T XA 55 5 I 1] A9 3 B 5 A AT A5 AT 8OR 32 BB R . 2
ARG BTN TR Bz A R T BRSO R (IR SR AT 55 AT RIOR A TR L SO
Pty — P 5 RE IR S (Elastic Energy-Aware Scheduling, EEAS) . I F 8l 25 18 B2 5 44 1 50 & &8 b AE A 300 L
SLAT S5 EEAS 5w AR i 28 48 00 48018 B 7E R GE T RE 5 0 01 B 2 AL AT AL L D 25 R 8 G R EL L EEAS (RSB %
ST U L 3 5 3 25 R R B AR IR BA S P A R AT 5 B FRAT LU TR 4R AR 55 SR R s Y RS BRI L EEAS
TE A A P Y S B G R e R PR M B AR AT 55 AT PR TR LSBT R SRl I R I BELL SE 9 U AR T EEAS,
GEAHVEA #1 LVEA B TERE. SE80 45 R R W] EEAS Y98 B2 ST &0 T H AR Sms . 7T A3 002 o R GT e

REW  SPTTR RGP G E s S R R
HEESEKS TP393 DOI 5 10. 3724/SP. ]. 1016. 2012. 01313

An Elastic Energy-Aware Scheduling Strategy for Heterogeneous Computing Systems

ZHU Xiao-Min HE Chuan WANG Jian-Jiang JIANG Jian-Qing

(Key Laboratory of Information System Engineering , National University of Defense Technology, Changsha 410073)

Abstract  Energy saving has become a major issue for heterogeneous computing systems to minimize
electricity cost, improve system reliability and protect environment. Conventional energy-aware
scheduling strategies developed on heterogeneous computing systems concentrated on energy sav-
ings regardless of the user expected finish times of tasks while making scheduling decisions. As a
result, the user expectations by such strategies will be affected greatly especially when the sys-
tems are heavily loaded, which results in inferior system adaptivity or, in some situations, (e. g. »
emergency service) it is even not tolerated. In this paper, we developed a novel dynamic schedu-
ling strategy named Elastic Energy-Aware Scheduling (EEAS) for aperiodic, and independent
tasks on heterogeneous computing systems with dynamic voltage scaling. The EEAS strategy
aims at adaptively adjusting voltages according to the system workload, thereby making trade-offs
between energy conservation and user expectation. i.e., when the system is under heavy work-
load, to meet user expectations, EEAS not only considers the voltage for a new task., but also
takes the voltages to run tasks waiting in local queues into account; in contrast, EEAS degrades
voltage levels to reduce energy consumption while holding higher user satisfaction rate in terms of
user expected finish time. We conducted extensive experiments to compare our EEAS with three
schemes— GEA, HVEA and LVEA. Experimental results show that EEAS significantly im-

proves the scheduling quality of others, and is able to effectively enhance the system elasticity.
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EEAS e A7 1 8 v 1 45 RE 1 11 #6 A1 A% fai AE 1 TH A
I /D BT R LA 2R G Y RE T AE.
EEAS i B2 5 g 1) Dh A% I35k 1 s,

_f’f;/\,]‘:«gf;z/‘—i_e[;]’:stgj_._ (20)
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ik 1. EEAS EREHALRT.
WA AR5 B @ W 8 S HLJE PR LB I S LR
i, I 25 5

i B R

1. FOR EACH new task ¢; DO

2. mSelected Node <—NULL; nMSelected Node <—NULL;
SurtherAdjust<TRUE; energyCons<—co;
meetEx pectation< FALSE;

3. FOR EACH computational node p; IN a heteroge-

neous computing system DO

4. Calculate the transmission energy consumption
ecii™ using Eq. (8);

5. Calculate the start time st;; using Eq. (18);

6 v;; <V

7. IF st;; +et;; >eft; THEN

8. adjustPhasel () ;

9 IF furtherAdjust==TRUE THEN

10. adjustPhase2() ;

11. END IF

12. IF meetEx pectation==FALSE THEN

13. noMeetExpectation( ) ;

14. END IF

15. ELSE

16. noNeedAdjust() ;

17.  END IF

18. END FOR
19. IF mSelected Node A NULL THEN
20.  Allocate t; to mSelected Node and update sched-
uling information;
21. ELSE
22.  Allocate t; to nMSelected Node and update sched-
uling information;
23. END IF
24. END FOR
EEAS i B 5 W 1 5 i 53 1% i BE 2 7 46 AL 55
JFa AT RN 4~5 47, 59k D, ZJa EEAS i
R GER ] B AR FL s 2 15 R LA 2 37 4 55 19 T P
WL 6 ~7 17, 580 1) an Bl 45 S o R i
ICH T AN BE W A2 BT AT 55 0 7 0B U9 T R g
adjustPhasel ().
&£ 2. adjustPhasel O) BRENACHD.
BN AL TR R p, ERERTR S E o,
i . furtherAdjust, meetEx pectation 1 mSelected-
Node {HHUH
WHILE v; <V, DO
Increase one supply voltage level o} <—v; ++ ;
IF st;; +etl;<<eft; THEN
furtherAdjust<FALSE;
meetEx pectation< TRUE;

= w o=

wl

node

6. Calculate the node energy consumption ec;;

using Eq. (2);

7. IF ec™ 4-ec <energyCons THEN
8. energyCons < ecti™ 4 ecy™ ;

9. mSelected Node < j ;

10. BREAK;

11. END IF

12. END IF

13. END WHILE

TE R BT adjustPhasel () ¥, EEAS & Wi & &
1155 A B AT HL T 20 R R P IR (L 2~5 47 5%
2 2). ZJ5 . EEAS BEFERE S FE i D 1 19 s (L 6~
147,581 2), WHILE G Z 5, 2R A8 & fur-
therAdjust 55T TRUE, Bk B & AL BE
AP R4 EEAS ¥ B8 %L adjustPhase2 () ,
HE— 25 8 B Jay 8 BA A T S AT 55 1 BT L

&£ 3. adjustPhase2 O RN CHS.

A : WA p RIS P ER S R EEE E S

e HoJm vk

i . meetEx pectation I mSelected Node H)BUE

1. FOR EACH task 7, IN the local queue of p, DO

2. WHILE v,, <V, DO

3. Increase one supply voltage level
Uy <—0,; ++3

4, Calculate ¢,,”s new start time .s'z‘ﬂ,, and execution
time et,/,lj ;

IF st,,; +ety; <eft, AND st}; tet;; <eft; THEN

[@2]

6. meetEx pectation< TRUE;
7. Calculate the new node energy consumption:
pec;=eci + > ech s
w, =1
8. IF ec;/" + pec;<<energyCons THEN
9. mSelected Node<j;
10. END IF
11. BREAK;
12. ELSE
13. Upy = Uy — — 3
14. BREAK;
15. END IF
16. END WHILE
17. END FOR

Xt T Sy BA B H B A5 R AT 55 A 2R AT LR
BEAT IR B e EEAS 1 Jo i m T i R (L 2~
34T BE 3. SR M R A AN RE B AT 5 A
B v S AT 55 1 A P P S B DD v e A [ S (I
12~13 47503k 305 & W 3k W3R AT 55 ] 76 1 ) 4]
AN ) A 52 B CILER 6 47, Bk 3). Z A . EEAS §
FRAE LI AE I D AT Y R 7~10 17,5803k 3.
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L
&

5 K%L adjustPhasel () fll adjustPhase2 ()14
ANEEi s ig meetEx pectation Jy FALSE, B Fi A i
JE V8 & S5 AN R DR AIE 7 AT 55 76 1 P 40 B2 |) N 5 8
D78 A B EL noMeetExpectation( ).

% 4. noMeetExpectation() pREL A,

A ARG o X EYE W p KB 0 B p, BEEE

B

Hi i . nMSelected Node 1B

1. IF ect + e (v, =V, ) <energyCons THEN

2. aMSelectedNode < j;

3. END IF

TE BB E noMeetExpectation() 1, EEAS 3k £ fix
E R EMHE A DR EIEFAEM IR A (L 1~3
.08 4.

0 2R AT 55 >R FH S5 AR Hs /] A 2 ] P B
)3 FH 2R %0 noNeed Adjust().

% 5. noNeedAdjustO) pRELHCHS.

HA A5 o KR W p B B p, BEBE

B

Wit . mSelected Node 1B

1. IF ez,‘:f"‘—Fez‘f‘fd“(v,-_,v =V ) <energyCons THEN

2. mSelected Node < ;

3. END IF

TE BB noNeedAdjust() H , EEAS £ B A &
b RE e T R B T AR A

o] Jo5 B8 1, QSR AR i mSelected Node SN %5
& WY L S+ YT AT DAAE W 2 T P I B A 5 A T R
FTHAE 55 - W EEAS 4T 55 43 e 21 e &t T4 A8 B 2 19
PR AR b AR T AT AR R T P
FAF T PATIZHAT 55 . IF 4 EEAS % £ — 1> g &
THAE S B TR s (I 19~23 47, 553 D).

EE 1. EEASHBEEZREN O P|]Q]
| K[ i, | PR S5 | QI R BL
S5 RHAT 55 8 [ K| o v IS 9 4R

W, B adjustPhasel O) f B[R] &2 2= & ol
OC| K ), adjustPhase2 () (# I [i] &£ 44 £ O] Q|
| K|),noMeetExpectation( ) fl noNeedAdjust () ¥
B 22 o O g AT i B [ 52 44 B 2 OCD).
K EEAS BBt [a] &2 Z= By OC| P D (OCIK|) +

OUQDOUK|»H=0(P||IQIIK]). JIF e,
5 gk
AT 3 o K B SE 5 I X EEAS 1 e R B

/F\ZT*){(%AE

W 0 HE B 05 5 7 A
Aware, GEA) I# F B ¥ I & W E 35 fiE

(Greedy Energy-
(Highest

Voltage Energy-Aware, HVEA) & B 5 i il A% iy
JE 35 g (Lowest Voltage Energy-Aware, LVEA) i
S AT AR

GEA,HVEA fil LVEA (8 kiR 1T .

GEA . 38 2 8 5 2T 55 09 A7 W R L S il
JEFH P U1 B 5E JRG TR] [ I s /0 RE H I AE 5

HVEA: Bra it sl L s i s 47, 2473
BE— BT 55 I e PR RE T AE B D YT 585 15

LVEA: Fr A iF 589 m Ui R R s 47, 250
PC — AN B AT 55 I B B B 1 TH A Jc b 1 T H B AL

ARILEBNLLF LA D5 H A T EEAS GEA,
HVEA 1 LVEA BJ1ERE .

(1) F P B % (User Satisfaction Rate, USR) ;
USR = i & F P 31 B2 09 AF: 55 50/ 4 3 A 55 8 X
100%

(2) B e ar JH # (Total Energy Consumption,
TEC) : fEEHFEZ A

(3) JA LB ) (Makespan) : {E55 365 i )a —
AME 55 19 58 BN (6]

AR SCH) B RE R TH AR I — AL BE B IH AR, R U
Ab B 75k 0 SCHRC 19 JAn (25 .

5.1 #\EAFEMSH

R RN L AT S R A N DL N R
MO0.9V~1. 5V 2K 0. 1 V. AR 1) 4b 345 5E &
THFER 43512 140 MW F] 1000 MW. 4b 3 &5 58 & 14 #E
FRAG IS S5 RN 2] o3 A e Ah AR B 0.9V I
1.5V 43 B %t W &b B 3 BF 350 Kbps £1 1000 Kb-
st A FEHRE 1 43 A AT R ST AR R A0 AT

T 28 H S5 v i A AU S 4

(D R R G35 BB 1 0 el 1k 4
minSpeed /N ATHLE T A9 AL PR L E . &1
SRR H s T A AL B8 BE T minSpeed N 5] )
fii s b, maxSpeed Sy fi i AT L IE R B AL
PR L A R B TR T RY AL B R AR
mazxSpeed W55 53 A by A B 45 4% iy 32 1)
e S S5 band Width Sy W 45 4% iy 236 . I
JIE AR B A T T AL i R AE band Width N1
)53

(2) Z 80 processing Power T Jx W85 &
B AR L 3 B e H T Y BB B H AR R HL S 4L
transmission Power iy M\ fiw 22 18 15 6% % 2] i £ 38 15
I 1 A AR T . ELRE R O A R T 1 B B 1R
MM 5 5341

(3) B taskSize FonAT 55 KM, AT K
T 3 FpR/NIIATSS - BI/IME S5 L h 8 AT 55 T RAT: 55 4
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I ,0KB~500KB Jg& F/ME 45,500 KB~1000 KB J&
T H (1%, 1000 KB~1500 KB J& T K155

(4) ZH0 expected Timebase JH T 15 i AF 55 1) #
BASE s ). 20210 o P 30 B2 58 B [ e fz B
AT SCHRL34 ]

efti=a;,+(1+expected TimeBase) X ™ (21)
Horp, e WAL 55 ¢ 1 fe K BAT IS [

e =max{e; (V;)} (22)

(5) B I [] P9 30 35 B9 4F: 55 500 IA 4 20 A
BB interval Time 378 WA 18 S2 4T 55 (8] 1Y S 35 B
Ii] 5] .

®1 XBRBHYX
2 WA I 5 D - CEE AT

R (32)-(8,16,32,56,64,96,128)
15 %k (512)

e ([250,450])-([300,400]) ,
minSpeed/Kbps ([250,4507).([200.,5007)
xS peed /Kbps ([900,1100])-([950,1050]) ,

([900,1100]),([850,1150])
([1250,14000])

(2.0)-(2.0,4.0,6.0,8.0,10.
0,12.0,14.0,16.0)

bandWidth/Kbps

interval Time/s

([500,10007])-([0,500],

taskSize/KB [500,1000].[1000,1500])

(2.0)-(2.0,4.0,6.0,8.0,10.0,
12.0,14.0,16.0)

([140,10007)
([10,20D

ex pected TimeBase/s

processing Power/s

transmissionPower/s

5.2 FAHTERMNE

TEARYL S, R Ik EEAS 58 B /Y 0l 45
PR S BN 8 A b F] 128. B 7 En T GEA,
HVEA.LVEA I EEAS 7£ ] J i 2 2 BORE 7Y
FERN IR B 25 3 S Jy T A 1 BB X L.

Bl 7Ca) BoRs T BT A SR W 1 P 0 R BE Y
SRR RS T £ T 3k 2 R TR 2 A 1 AT DU IR
BT W AT 55 A P P R ) 9 58 B IR 7 Ca) BT LA
RILCHVEA — 1 e g HAT 5 m i i &
FL P HVEA G5 200 i 3% 8 o J sl 3 8UE
55 HLA 5 B BT R[] 0 A8 B G TR D OB
JEH SRR MR . . T LVEASRA T
AR e 5 BURAR A P I = e Ah & 7 () B
7~ T EEAS 8 B SR W A2 F P i 2 R 0 AL T GEA
kL xn] UL EEAS 784> ) T 7 25 5 35 BA
H AT 5505 B AT LA i 45 15 BA 1 o AT 55 i AT
HL DA AR 8 P 6 % i GEA (U8 21 35 AE 55

P AT B 2 AT 98 YT, Z B T JRy B BA B T AR 55
22

Ao

EEEAS
EEGEA

80 JLvEA
C_JHVEA

8§ 16 32 56 64 96 128

B g RE /10"
(=) (8] =

§ 16 32 56 64 96 128

A A
(b)
2.0
HlEEAS
EGEA
15 [ JLVEA
- [ JHVEA
=t
=
gg 1.0
izl
B
0.5
0

8 16 32 56 64 96 128
(c)

B7 5 O E B R R

M7 (b)) ] LR B S48 HVEA /] DL 4t
e B P R E I RE R R 2= (LR T
(a)); M. LVEA HAG /b 1 Re B I #E (AL H P
T T R AR I b S 3 4 SR 3 W R SR e 3 AN B A
SRCPE L Bl = A FH I T ORI R B T RE 22 R) 2R AT AL
I RE J1. A IR 7 (b) AT L& L 2G5 A
/NF 96 BFL R GEA o EEAS W35 e R 4.
e K AT 55 1 FH P R 0 A5 200 2 (LR 7 (a))
R R 2 R G R T EEAS S $2 5 i
BRI T RE R AR, BLAN MR S BOK T 96
i EEAS fil GEA HA MM RE M AR, X &l T
RGN K E N, EEAS 78 R IE R 40 48 1 45 5 F P
TR A 0> T ARG RE RN AR (R HE R
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JE L Y RO 8 A fEF 64 B, EEAS [ 5 AE 5 31
FEZ Wik D PR BE I R 48 1 3R A 5% EEAS FE AR IIE
RE RGBS PR RN SR L T R e
THAE. M7 S BOR T 64 B EEAS 1Y B8 B 7 #E 1
T 33X 2 R R RS 2R G0 A B AR B AT (ELBE % 1 A
o o, & 20 S F A AR A GEA B
EEAS Bl (02 & HBe B 24T 55 1 1
AT HEL R T S R R %8 25 Rf BA B TP AT 5 1 BRA T H 1, B
I R G AR AL I R RS AIE L EEAS 5148 19 H
FA B

Kl 7o m g /LY LVEA HA e 22 0 8 B 85
JE N LVEA R & 3 B He , (i3 1 55 B A
e K AT B8] S PR 0 7™ A e A R B B R s A
HVEA 98 B85 B i /D R B RERIHAE — H &
FH R RE R RE. X — 25 A, R R
48R H1Z Hmg AN B A8 AT o] 5P, 505 SEUN T 96
L. EEAS o GEA HAT 54 09 4 B2 85 52, 3 mT DL g
B Y R 0 00 B T I Sy RS TR R P R
EEAS ] i 18 $2 &5 5 35 BA B b & R 4T 55 10 9047 L R
K45 AT 55 0 AT B[] fHR GEA il = X JR) & BA
H AT 55 BRAT HL R 9 0R 5 R . BRI, SR AT EEAS
E BE SR W AT 55 A N SR T GEA SR (W4T 55 A 4
B AAT I R]. 2 1S s B H R T 96 B B R
FH B AR - RS8BT R B DR T 3 AR AT 55 4

A7 s ] 3 A A [
5.3 EHFEEMNMENAR

Sy T AT 55 B 3k 20 Pk R B 52 A 7E A 21 52
S h B interval Time BIEM 2 254 3] 16, 2
KHN2. K8 E/~RT GEA.LVEA.HVEA 1 EEAS
1) £ RE.

K 8(a) Brn T ¥ ZSE interval Time /N, /T
55 B 3K BE R A A5 58 2 AT 55 78 R BA A HEBA
PR I — S 6 31 35 AT 55 P RE 4 2R G 1) B8 58 B I [] . B
& interval Time RGN 78 Jry 5 BA 51 v 45 75 41 55 1)
B b AT 55 BAT BRI T IR IR L I R G 17 2
B RSB A BN PR R A,
HVEA Al LVEA J3 5l B A f5c 8 F 5 I P w6 2
F. EEAS WA W B2 & T GEA M P,
HE5 R G 7 ) v i s 1 B 1 i B — 2.

8(b) B /R T HVEA JHFEMBE & I £ . 1M
LVEA JHfEM et i /b, R B 2E EEAS Hf
FEOR AR FL R PE. B0, 280 interval Time /NTF 8
Bf P R G i # A §) , EEAS JS 38 1 34 1 5 R
PR BAS H S AT 55 0 PIOAT H TR 4R o P ol R Y

100

80

60

40

FH P /o

(=}
(S}
S

I

20

6 8 10 12 14 16
intervalTime

(a)

BEEEAS
EEGEA

cHCTOLVEA
C_JHVEA

ERERIRE/ 10"
o o S

I

2 4 6 8 10 12 14 16
intervalTime
(h)
10
BEEAS
g ERIGEA
[JLVEA
[IuvVEA

R /107
o ) ~ =

2 4 6 8 10 12 14 16
intervalTime
(c)
B 8 AT 55 B3k F X 1 g 1Y 52

intervalTime KT 8 It %5 515 3 B 6 (B TR 5
A ED I EEAS 119 5 Rg B 15 FE 8 s O
F G0 AR A3 RIS [B] 38 0 o 365 0 6 2 PR B[] 75
F G810 SORE B TH FE M IO .

K 8(c) gt KB , M B E interval Time M\
2 AR 8 I, Fr A SR A R 32 B R G . X 2 A
% interoal Time 9311, FF % 1 3% 04 [ o s 75
K TR £ 25 06 T B4 B 5 S0 0 135 55 1
52 JSGIN [ 48 WG A 7 £ 9 38 B85 R 084 An. 1k A1 HVEA
) 3 B B SR /0N L T LVEA TR S AH 2. % R R AN 8
O PHIRBEENL. MBS interval Time /NT 8 B,
EEAS 75 & 15 B 7 At T GEA L X al fiff B 24 &
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S8 BB I EEAS (5T 2 T IR L AR 55 A
AR AT I T o PR R B D)
5.4 HAEE 5% B B IE) X 1 BE B R M

A AL S5 1 A2 g 1 0 ) B 5 A e fa] X
GEA.HVEA.,LVEA #1 EEAS #8005 M. 24
expected Timebase WZEAL M 2~16. K 9 B~ T 52
Kb 4 FhO7IE R PERE.

100
80
§
¥ 60
i
3=
4. 40
E
20
0 Ll Ll Ll Ll
2 4 6 8 10 12 14 16
ex pected’TimeBase
(a)
7
6
-~ 5
=4
2
B 5
1
o L L ;
2 4 6 8 10 12 14 16
ex pected TimeBase
(b)
10
ElEEAS
ENGEA
$IICTLvEA
- |[CHVEA
=6
i
BN
oy
=
2
0

2 4 6 8 10 12 14 16
expected TimeBase

(c)
&9 015 58 FRC R TR X P BE Y B e

ME 9Ca) Ha] DL & B, fEE expected Timebase
(3 i CRP I 22 A2 45 5248 . GEALHVEA [ LVEA
A EEAS 1 il 25 b 2 3 00 31X 02 X AT 55 1
10 53 5 o I (] B i) 28 A5 T8 b o A A AT 55 ] D) AR 58
A AN 9 on T HVEA FiI LVEA 23 51 LA

I e AR AT Y T P 1 2 38, EEAS /Y HI P il = 505
T GEA 19 HI 3 58 3% . 3 55 Al 1 52 56 /9 45 2R 26
(UL 7Ca) FE] 8Ca)).

SR expected Timebase B3 INH 15 £ 48 11 25,
AR IR 9(b) AT LA & B, XY ex pected Timebase
AIE/N T 10 I R EEAS SIS 1 RE 1t 1 #E 12 9
L I H A B R R T XY ea pected Timebase
AR OR T 10 I, JHG 52 36 45 2R 15 iy ok 52 56 45 2R 2 0.
R GEA 5 EEAS (8 (L8 #0024 R 4L i
BRI TP S AR T EEAS. fAh, i &
G B AN A2 L, HVEA #l LVEA A R8> &
S fE i N AE.

9()7n T LVEA B W HERLEKEN
PR RS 2 L X2 O LVEA B 258 IR AR A9 AT 55
e B 55 A e K Y SRAT I ), 10 HVEA
H M. EEAS B H GEA B 4F 1) 3 )3 85 18, 3
J PR g 1 DR IE A v B P T R M 4 L T R A
55 W RAT I 1]

5.5 ESXKMFERERRIT

A SLE K 1AL 55 R/ X P RE 9 B2 WL 3 B
55 KBtk 1 s AR AT 55 KN 514y
fi B 10 B T /ME 5 b & AR 55 F R AE 55 0
GEA.HVEA.LVEA F1 EEAS 468 /)52 1.

K 10Ca) R 1 28 AE 55 N /ME 55 i) il TAE 55
PAT I ) 5 i i A 5 12 X 4 A0 o 8 P 0 R
AT 55 O AR AT 55 KA 45 B L AT 55 0 AT B ) AR
K P E R TR B 10 1 a DLA
HVEA 5 2 B A i B9 M P il & %, T LVEA H
A FAR R P R AR X2 Y HVEA il LVEA
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PR HERRE ). EEAS HA I GEA Bm i ] i
AR ATE R G BRI, EEAS A LUaE i 1
T BE 1 AR Ok B2 i P R R

K 10(h) s 1 Bl & AT 45 B0 BE i 3 . R T 4
Foft A [vi) 34 W 19 2 ¢ B A T AR 2 189 o, 3 02 I Oy R AT
55ty B AR R PRAT I A], T AR R RE B A 2. AR
% N PSR AT 55 1, EEAS 1 5 BE 52 0 A I i T
GEA 1 S RE TN #E, N8 EEAS 15 R 40 7 B H IS
L5625 1 0 Pl B L H 2, AL 5 S /ME S,
EEAS fl GEA JeA F HLA7 A [A] (19 fiE 12 T #E.

Bl 10Ce) s 73R F 4 Fi A [ 3 52 5 s i AT:
F5 RIS TR B8 55 B2 B R ). S G 25 R 3R W] EEAS H
A i S



e 2012 4

1324 i "
100
BEEEAS
BEEGEA
80 CJLVEA
x C_JHVEA
3 60
i

H P %

i

0~500 500~1000 1000~1500
taskSize
(a)

(=}
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EEEAS
ERGEA
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taskSize

(c)
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R F 28 46 17 280 0 6 3 30 3K AT 45 0 Ry 3 BA B o 45 oy
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