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Abstract: The computing evolution from high performance to high efficiency of the virtual cloud is an urgent need of environmental
protection and human sustainable developments. However, on the one hand, nowadays there are moderate extension demands of the
hardware energy-saving space; on the other hand, meta-heuristics scheduling algorithms, such as genetic algorithms and artificial immune
algorithms, underperform in the optimization dynamics with the balance conflict between convergence and distribution. In fact, there are
some inevitable and logical relationships between every candidate solution (scheduling scheme) and some physical feedback; and
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nonlinearity and heterogeneity of the allocated resources means a big discrepancy in the feedback effects between different scheduling
schemes, such as the energy-efficiencies related. Therefore, the research methods of this study are to respect the scientific laws, and to
ingeniously follow the hardware energy-saving principle, in order for injecting new energy into the algorithm optimization power, and
also for further enhancing the energy-saving dominance of software methods. Then, the green heterogeneous scheduling algorithm
through deep integration of hardware and software energy saving principles, is presented in this paper (i.e., GHSA_di/ll), with the multi
angle and all-round improvements of the internal drive of co-evolutionary simulation in the meta-heuristics algorithms. The experimental
results show that compared with the other three meta-heuristic heterogeneous scheduling algorithms, GHSA_di/ll algorithm has obvious
advantages in overall performance, energy saving, and scalability, for both data intensive and computing intensive instances.

Key words: virtual cloud; heterogeneous scheduling; green computing; co-evolutionary algorithm; dynamic equation; energy saving

principles; deep integration

AR R 2 T T 3500 A1 10 45 IS T A 5 050 (I ) sl SR R S A0 12 45 2 S8 56), TG st D P AR )
BEH L R ST e IS R I A E R AR, A 2010 4E JT 4R, 15 B 8 {5 1K (information communication
technology, i Fx ICT) Sk A J 4Bk 25%HE#E 2 [, & 2 4F B Attt e 5 ss il AH 24 189 CO, HFICEE, ek 35 11K
FERE ™ M1, 59 45 et S8, ICT 7 b A7 7R AR K BE U IR 2l v (5 808 v 0 PUE(power usage effectiveness) it K T
2.2( R3Sk s 3 R B0 rh o0 ) PUE B AR FF A 1.9). Bt A BR AE IR i o W 3t R S A B AT Ttk 28 5
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T o g5 VA SE ) R R B 5 1 A 00 UL T QoS Fi A i SLIW AN A 3 JEE B H 188 539 1182 R 50, A2 17 AR AR AR A
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AR A U R T A R A 1.
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di/N) AHTIUR T R TEAR R o 2 b TR A 2N DA BB A5 2 22 REAE X7 ), & SCHR[11])5 48 3 4F I i
WA,

1 #HxIE

H i, 38 1) 22 R W4k 2 2% (central processing unit, {7 Fk CPU)- & il g # 4k 2 2% (graphic processing unit, i
PR GPUYIR A 2R Ok TGk Pk Re it EHL—Fl Rk e i T4 76 DVFS it & J CMOS ffilli& 1. 255 7 1
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o 6 BRI AT 45 15 900 FLASE R i 74 1Ml P A7V, B AT 8 B 20, Al S48 0 2 A — A b R 3% 1t 70,

SRS B R S A2 4 MR R SCHER[12]3 R Y EEVS SR TR EE H AR BN IEAE A S 5
KB sE o KBS 3 2 00 4T 55 WSS 2] 5t A 31587, SR 386 n () 3845 =LK T P35 /5 K AR, W) B8 s e i
K B B 5 ELARAT 45 P 5%, AT 30 2k S 36 7ff 52 . SCHR [1314% HY 1 SR At dpe e A B 0 8 H 09, S B 77 AR FR ML
He H R R 10 RO B A B E B LR S B B, A A A N 4 1 A R e A EEHLEL H
(75 N T SEPAT IS 1) 1 24 2. GOA(greedy online algorithm) &2 TOAA(2-approximation online algorithm)
FESCHR[L41 50 ST 17 [RI R o S 2R 00 8 1Y 01 S I 3 A AR 45 5 1 45 1) S Bt 9. TO AAD VT S - 5 5 s 1) S g 1k
BEAAT 55 21 = 5215 4K B /M BEFE 1) gt A DT T, AT 55 49 T 56 4 256 T 7 s o0 2 R 52 1) 45 SR SCRR[A5] 38 H T e iy
B4 F AT 514 p-BFF(power-aware backfilling-first-fit):p-BFFM®T ZUns Vi 4514k 21 28 5 A b 4 &1L, 1A AL
A TIHE, AN IE A s 2 S N .

T A0, R T K 2 o 3T R & U (heuristic algorithm). X QoS widifebrdE sk, B kR RHES K £
HAR I — 58 & 5500 H bR 50 50, 75 31w 535 28 ) (0 — S W7 A0 MR AT T 0 MR 10 R 42, Bk = 3R 3 Mk Ay g g 6180,

I AT R BREABL IR JR ST IE 5 AR AR E AR AL B ) G 92 S AL 1) — S 07 AR A B R (st AR SRR VN T
SR ) I N T T 2 A JRE G b il D83 2 v U A A A (M 3 AR ) R A g/ A 6, G R R X (meta-
heuristics) 8 Z fif 27 1] , B 74 £ 45 38 4% 529 (genetic algorithms, T #% GA). A T fu 3% 5 ¥ (artificial immune
algorithms). ki 1 £ &% (particle swarm optimization, &k PSO). H[F £ (memetic algorithms, fai#x MA)FI1 41
JH 4% TR 459 (cellular MA T FR cMA)ZE, DL & JG i Rk aUS vk 5 0 fh — S8 57 R (1) Rl Bl o 4t 28 9 2% (neural
networks). 2544 # 22 (variable neighborhood search) %1 3 i £ 45 A (list scheduling techniques)i®2%.

JG R R EIR I IEAT 5 0 A U o B AR T R 24 32 OBE T (master-slave model). 41 k% JE 155 7 (fine-grained
model) R KL 52 4% 74 (coarse-grained model), - o R SRR 20 b B D A 455 28 (island. model), 8% )2 i FH 7E A A%
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WH, RO PR BRI 2 ROERE B2 B 1 TR 10 RSk a] A 7 AR 45 T 9T
AT M 25 5, — MR 8Ll DAG(directed acyclic graph) £ &y Hh B AR 7 ST VRNV IR B ATt 42 i 7 s B vh 4 A1
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Fig.1 General architecture of the virtual cloud
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BG4 o R 1 SR T A SCHE B )RR A I SR A R AR X

EX LNTEERE). M 0B DVFS it B ol sh SRR R IX 40, KRBT XI5 R 3 25,1
ve{1,2,3}. 45 L, 34 GEAE (ST :Wh) 55+ 2h 48 ThEE (A7 W) 5 $AT I 0] (FH AT, 32 7R) [ T A

X L B LA R 1) T A B2, T E % A ) ) AT 6 - W, s 55 4, e e ) TR A L 288 1) B 2% SE I Th FE T
B ZERNRR A SN S Bt O R R IR . AR S 5000 1 LA 2 s 36 2040 19 22 o AR 2k M A =4k S5 % 0
B SR OAZ AL BT S R R 1 B A RERE(H] D_energy(#)3 %) 0l & SUA A 3 (L):

D_energy(g)=3"* > Z"”{load [6.(F) =6 (F)]+5_(F)}xAT, 1)

FE X 2( e N7 B (). A A EE R R A SRR B QoS FE AR AR 2 —, TRA WA . I (1) 2 2 1 R UL A BAAT B
i), LA K 5 7 1T IR 25 AT R IML 0 25 B PIAT (K 4 4 0 B LR A B2 SUL I Fi 4 A B 6 g (LG s 0 ) Ak 3
(4544 H ). B8, e B ) (FF) R time(gzﬁ)%%/?ﬁi)‘(jb’\ﬁ(z)-

k
R_time(p) = mglx n2§1x max(N oy 2)
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Table 1 Related variables of evolutionary dynamic equation and their representative meanings
FT 1 BB Iy AR B AR X

Ak Hiii ik
v AL 20 DVFS 5 R3S BE AL R 7 1) 25 A B 2R 2 1Y
ny TR AAZAR Z P AR TN 2
ki, EEHE K TTHATAE S 051 4R
n BB K PARAT AR S5 I vk S A 2
F K w(ve{1,2,3}) AL B 8% 1 52 N A%
n. £ v(ve{l23})LI$2ﬁTWﬁHE’JIVEﬁﬁ?F%AE(m%’\M
load” ““*’ézﬂ v(ve{1,2,3}) AL B1LE% UL ARSI F 1847 N 3 D FE AN % R 5L
3.(F) TR RERCLL v(ve{1,2,3}) Kb B Bl % T ARSI Fy 1247 I S 06 3R 2 & D ke
S(F) R AEFEE v(ve{1,2,3) A B Gl s % ARSI F 3z 4T I SE e SRIN A 30 A5 T ke
N, K SULHL O U AT (1 4 4 H
o) T AL ke W (0 RSN ORE AP 42 TAR SR Fy i AT Ml db B 15 & 20 H
i PSS ke RIS
@) WSt BTSN 0 ke RTIIEBINLELH
ol T% aie{l,....m})FE jiie{l,....q3) T %475 R AUE
s/ fE5aie{l,.m})H je{l, .. qd) % 2T R AT HIU) 2 A0 2
pi 1155 ai(ie{l,...,mY) 315 i 7

EX (AT R ). X T EL A IR B G SR AR A BB R R B TR YE T Seal(@) Fm) R 2 IUE 17
B 505 A BS08RS85 0
FLYE I PR T BHL A ke RO AT 0 LR 4T
Seal(g) = {3 3" (b —afs } /(Z ) ®)
TN ARG AR, b T 19 26 MR R S0 3, R 0 B P (] Robust(¢) F4%) e 5 M52 T QoS 3
Hriv L EE b
LT A S A KL T S W B B S A ke R RIEE, T T S RS P A LB
HH:
mwm@{z S )ﬂz ) (4)
TN S(RLHE). BT QoS X T E IS bR AL KM AL T A o AL 25 1 2 A e % T 2 T 45
S A TSR 2 A 3T 2 O an(i e L, .., m})FE )0 52 A 35 T 522 X A4 34 (5):

7(@)=2" ols] ()
LT JIT 45 146 )% A 925 (1] Security(§)F6R) 7T 5 X4 24 3X.(6):
Security(¢) =37 pirti = 2 P2y, (0fs]) (6)

AT(6) A X 52 AT 45 TSR A7 AE AN B33 AL 1475 B0 (Lb 40 IR 45 28 38 5 61 3 40 K Z), pui e {1, ..., m}) R ™ AT 55
aie{l,...mY) B YW RE p=1Ge{l,... m})ERTSF aic{l,...mNP T 2, p=0@e{l,....m}PERTS o;
(fe{d,... m})EWHE.

3T 0 4 5 5 1) H ARl 2 7E 3 A2 QoS SRR I RII, F 3K 1 JE 7 % (pe @), M 2. Rl ad e flt, R4
VRSN, DU R 2 A R AR LR G EIR & R bR R E SO A SCREAR Bl T R A 1C(7) T R (A
F7R QoS Fa bR B E K T):

G(p) = 'ﬂip[/]l -D_energy(p) + A, - R_time(p) + A, - Robust(¢) — A, - Scal(p) — A - Security(p)] @)
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2.2 BMIERAEIRIERR A = 4 de/fRRD IR 1T
i BRI a0 AT BN T G B0, — AR R R JBE (M 328) 77 S8 76 A1 A BE DR A1 5 R AL A AR S0 v A 2 A (1
EAER)Ch, (ie {reRNINIEIRFFE G) (ie{reRNPLERIR A =R (X, Y], Z]) AARMNAT S X] ((e{reRNWi 5
BLBITF S A Z] ((e{reR)FIBHINL Y (ie{reR") .
W 2 Jrow, AN 37 7 AR AR R A 0 A AS T) A 5 1R B s 9B, v G v R €0 3 7 38 0 U 3R TR — AN A (17 AR A
), BV A7 AT 55 15 Uk S35 R S R AU G 1) S o R S LRI Ak B AR Chy (e {re R™) W] 90 A5 Sy = 4
(s 2(8)):
XYz
X; Y, Z;

cn =| ¢ : ; ®)

GXI ML THENARMT= LR “BE%”
ERENES o, BRI EBRILRTD

B

o-O—o oo O-0—o
EHUSIL BBl fEEUF2 BB, FESBSIn  RBlHl,

Fig.2 Three-dimensional coding of the candidate solution (bionic individual)
B2 A e (07 A2 AN 1 = 4 i i R o

S5 G A AT A B BT AT A A ARG — B B (X, XS XD X T X BT 45,2, ., m]
ST B 28 4R B 1 4 0 (R RUHL S 5 ) A0 L BN B e 1 BN R SO A e R 28 = 4R B g s (1Y
) 4 e AR U el T AR R O o X L m R B ATLAT 55 AN 5L

AR ARV A R 240 ) 2% S AN AT 25 43 B 38 [R] — R LML 4 155 .

(1) IR R AN [) O AT Y AL IR e DA ), L AT 45 2 ) I T 485 A 42 R A 2 B

(2)  BERIR AR ) A G IDCRR G oS HE P i W), L2 46 G B R A B B g s8R
23 ET=#RmEMhEHLEFEX

SEF =Y G A 1) Bk D 2 A BB A A AR B . AT L AR S DA KO R A A R AT e X

TLRE S TAE GHSA _dif 11 550325 v %of 45 €8, o ) ) JSE A6 i 2 22 °F Pk FTE A Mk AR 3 B A0 20 JE K47 A i
B Ch={Ch,,Ch,,...,Ch,.,...,Chy} W S BE#RAE T v LhE Lo 22 2(9):
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Ch™(t) = I ACh (1), Chy (1), Ch (1), Chyg ()}
=L (Chy(@) +...+ T (Ch, (1)) + ... T (Chy(,y (1)) 9)
={Ch(2), ChE (2), ey ChL (0), ooy C ()} e +{Cl (2), Chi (0);ves Chi (0), ey Chiy (D}
X CL(Chy(2)) ={CR (1), ChE (), .., ChE (1), B ()}, = 1,2, .., 0(2); 30 € [L,m,] F 7T 5 250, 70 70 B MR sm, S
voBEME R B 3i=1 AR Chy(a) AT se B #R AT
1 GHSA_di/ll 530 P REAN 7 AR T — B se B 3, 4 79 D0 Ao ao o o 1) P 47 3 S IE A AR RS )L
T B T ORFEAN A 2 R TR IS 3 v S A A i S LA 24 3 (10) s
Ch' (&) ={Ch (1), Ch{ (1), .., CIy ()} + ..+ {Chiy (1), Chg (0), -, Chiy (0} (10)
550 R AR I, RE SRR AR R AN R R 43 S AE B R B S i, H R AT AE Sl ] ik N — AR TR AT 7 2R A
Ch* (1)) Ch™ (), W R Ch*(0)ii 2 2> (L) R g A 55 i, 5 W) A2 5 i
—357%(1) = 6* () =1,2,.... 0,0 =1,2,...,3) €5 (1) : (Vi e {L,.... m}: £,(5 (1)) > £,(57% (1)) (11)
X A7 A AR R B PR A I, v 5 R 22 3((12):
Ch™ (1) = Iy(Ch™ (1))
= Iy ({Ch* (1), CI* (2),ee, C* ()3 + . +{C(y (1), Chi (2), -, Chyly (3)
= g ({CH* (1), CHE* (1), ecs O™ (1) Cl (1), iy (2), s Chity (03)
={Ch (1), CI; (1), ., Ch] (1), ., Chyy (0}
b, CH (1) (e=1,..., Os() RN VT AFIEE Ch™ (1) P K1 AR5 AN 4, Bs(2) 2 AR5 Ak 1 K5 H 8 3 By [0 308 Ak R SRR 4
ARSI 20 TR Al 129 (R BRI AT AR 4R, 98 U5 AR A8 A R 14 B A v B0 6 BT AT JE 25 R AR AT AR L $%.
T GHSA_di/ll SRR 25 2.1 79 52 SCRIREAL B )45 B B AR MoRE v 3 IR 25 0 AR A4, A O R K
Bt
55 8 [ I, SR AN [R) 010 66 DR A8 S A8 S SR, W AT T b e 22 R kAR 5 B A7 AR AN AR T ) BA R AS He.
GHSA_di/ll S35 05 A AN AR ) ik DA A T 7T 5 A 22 20 (13);
Ch™ (1)) = I"4(Ch™ (1))
= T ({Ch (1), Ch{ (1), Cl ()} . +{Chy (1), Chiy (0),., Chy (D)
={6(CRD) + To(CH W) + o T (C )+ o+ {06 (Chy o (0) + T (ChE (D) + o+ T (Chyy ()}
={Ch" (), CI* (@), CI* (D)} + .. +{Ciy (1), Chi (@), Chijly (0}
T P R AL R Go R — 33T X (SBX cross-over) 5 1 ik 22 1 X 48 7 (polynomial mutation)$5. 7. 2£ GHSA _
di/ 1 Bk b A8 O Bl S A A B IR RE v 0 26 2.1 75 s M EAL 3l 05 .
24 BEIERFEENXFIERE NS BXFITHEITREZER
H i, 18 2 A% 0 b B 2% 5 5 T P AL B AR R S R R TS T T AR @ PERe vF BN — Rl R J a3, DR,
ShIE T B IR 55 A 1 Ak A% A B S R A A AR R GHS A/ SR T AR A% 42 5 SRR BE ARl & 110 2 )2
RIAT 5 o A Bt
7 TR RORERL AR R Sk AN BEACRE AR R 0 1 T RECE 3 A0), T RERA L B AN R 1Y R AT AR
K 0 Rk A AR, 0 B SR A S I S (B 12 20 ~28 19 20); 59— 7 1l e — AN i b R a4k
BN 777 R (it A% 500 (9 3 I 82 o BB L A 8 S BT ) TH R ) CPU-GPU FEL 4e 1 BB (5 5 28~
11 20) X B RS54 2 CPULIM(E GPU A% bR B HAT I AT R 2 v B 1E & T .
GHSA_di/ll algorithm.
1: Initialize the iteration (z) and the subpopulation Z(z) ={Ch,(z), Ch,(z),...,Ch,_(1),...,Ch,(2)},
each subpopulation of @ individuals;
2:  While (<zmay) and (other termination criteria are not satisfied)

(12)

(13)
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3: Do in parallel for each island /*Obtain coarse-grained model, one of the parallel models*/

4: =1+1,;

5: Do in parallel /*Obtain master-slave model, another parallel model*/

6: Evaluate genome fitness on the dynamic equation (Eq.(7)) in the current subpopulation:
I(Ch(2))(reR",Chy(7) e X(1));

7: Sort the individuals fitness: 7{Ch,(7))(reR*,Ch,(7)e = 7)), and save the fittest individual Ch,;.(7)
in the external memory;

8: Perform local search strategies to ensure the Cesaro average convergence of the irreducible
aperiodic Markov chain of the population sequence;

9: Perform clonal operation;

10: Perform gene operations, such as crossover and mutation defined as Section 2.3;

11: End Do in parallel

12: If ==z (migration interval) then

13: Create ¥;for the current subpopulation;

14: Send ¥jto the neighboring subpopulation;

15: Receive ¥sfrom the neighboring subpopulation;

16: Construct the founding subpopulation =,

17: Select @ individuals into =,

18: Replace the subpopulation ¥swith ¥ ;

19: End If

20:  End Do in parallel

21: End While

22: Output the best individual.
25 BIEMBEERESH

BAERE—AREAL P e FeaNonPop F1 ModNonPop WIFUREHS 6,50 BE A EA 5,28 B 4ERCK £, 29 2%
AR, H bR & R m )

FEREUR 5 B R E ModNonPop Fit A2 2% % g O(36);

L XBAEFT TR EAE N O(£302);

A AR AR T A B O(£306);

THELFIRE Pop J DRSS AR (¥ [R] 52 4% FE Oy O(£30);

G H P #E ModNonPop P iti 2% FE A O(£6+ B 6+mb);

& IEFHE Pop i ANMARE R T 95 B A2 0 O(Bm(3+1) +2H(5+1)6);

T U SR AT AT A S BC AR SE T 5 S A4 BE N O((23+6+ms+2m) O+m(3+2)° F+(3+2)(m+1) Aog,((3+2) 9));
T MU BT AR S AR AR BT 7 S 2% g O((m+1)(5+1) O+ O+ m(3+1)> F+(m+1)(3+1) Aoga((3+1) 6)).

IR 0k, 559 GHSA_di/ll 1A 5 2% 5 ok %2 10 =X I [] (polynomial time).
3 HMEXKRRER

SERAE L AR W PR RE VT S R DB AT, FROL AT ST SR R AR L A A R A 2 B T AL 2 K S B
L2 I3 e 55 i SR TR) IR m A3 DA 5% T 4l s A I 48 3 0 55, mT gt 22 ol i N S 401 & T 6 € 90X 30 3 P2 1F 9, LA
PRALE L SIZ et FH . L A B 5 s P

WE 6O ek e v SR
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o R TS20000 ¥4 42 HF(6 4~ £4,24 Ml 1.3GHz Intel®Itaniumll CPU);

e HPDL580 i RENR 45 2%,

o Dell r720 %5 2% Dell AT AL 45 K H IR A BIF 5 ;

e IBM p690(32 4 1.7GHz Power4+CPU,128G 7,6 TB TE#);

e IBM NAS300G frfif % 4:(6.6TB 7% &);

o M%K% R (InfiniBand QDR, % 4 if % 40Gbps, % &7 % 69.6TB/s);

o #AE RS (Windows Server 2008);

o YiFRiEE KINEE(C-CUDA, Fortran, Java, MPI);

o TR H I (FE W FIIGH IE 8 T & £k).

31 XWBHKRE

SEIG oy AP ER AT 2R L SR BT GHSA_i/I B3 S S b 1 B U0 A e R0y 2 A Pk 8, 6 L ARV 0 B R 3R 1
3 AN I 8R4 Fe——PPADE 312, MOCTS-AI 5512:P251 MaOEA/C 3:231 58 2 3 43 I LL 5 40 7 4K
T 4 fig i B AR PS8 5 2 S A0 PR JE 0 A Rt A SR ) et 0 TR AR S 0 L8 40 S P (0 45 S 4900 B 46 - 48 42 700

(1) VHESERR 200 AN AR, AR L 3 FhBEFE R R (ve{1,2,3}), 1 HAEA K 5 1/3;

(2)  4EBEYm T REFEIS AR i B B REFESR Y v=1 JERFEMI 4R 5 45 T HELE AT R, 2R S5 A 2 REFESR Y v=2,

v=3 B G5

(3) AT RUAL BRI AL % B W AR H 2 R BGE 71 [10%,40%)];

(4)  TEJ5 BN “processor-optim” F1“disk-optim” 5} 7 7 78 FEBE 1T i B8 280 v ), A PR AR FIAEE AT & 5 1)

FRAS ELF) 2R AR {disk-optim:[0.75,0.8],processor-optim:[0.8,0.9],v: 1} /- % T REFEHL v=1 [
T AR i, JHC A R RO A B PR R 2290 B 23 ik [80%,90%] 1 [75%,80%), BE 25 45 =i ; [F] 2, X -
v=2 F1 v=3 W5 8 A7 AE B B U {H  {disk-optim:[0.6,0.65] processor-optim:[0.6,0.7],v: 2} f1{disk-
optim:[0.45,0.5],processor-optim:[0.4,0.5],v:3}.

32 BIKMERELLED

T8, SR GHSA_di/ N B35 SR gt S A 1A FE DA il 0P 3 A g, b B BV 2 B R 3R 1 3 AN e I R sk
I i i A8 3 PPADE 128 MOCTS-Al 57:P4 51 MaOEA/C 8=,

PP H6 BR ARG BEAEAE (A 30 (1)) BA K & 42 A4 M At (overall system performance, faij #X OSP).1X B, {#1F %
(guarantee ratio) e &l % S B AT 55 B2 SR A7 FE A g it A2 B9 1R O (bl 2 Al 25 4 38 B8 47 240 R 48 ), G v 19 RT i BEAT 453
T ol B A9 2R 45 e R P B R HE AL 1) 22 A 5 FRAIE R S FL

A BE T N 8 MBI A 256 A sEgb i fE e B 3 BoR T 4 BVE K FIK 4 TUERE VRN (.

AARuE e R R RS B REIX 3 WITT Fa b5 G, GHSA_di/Il S35 fi# i W 2. AL T PPADE
SR MOCTS-AL 5121 MaOEA/C S13EP 3% HL AN M ARAIE % F5 45 A, GHSA_di/Il $13% 5 MaOEA/C 41
EPE

BB S o0f b 3 Ff2y:——PPADE #3521 MOCTS-Al £:P2F1 MaOEA/C 1128 GHSA_di/ll 3
AL 5 35 1) v B RUOR A 1 A, i L B T 5 T AR AN 8 F1] 256 [ 3E n, ix FirAA FA E £R T
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Fig.3 Performance comparison between four meta-heuristics heterogeneous scheduling algorithms
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33 MBEHTHRREREMSHOEEBRMRLTIE

AR S T A B i R B R Rl 4 LA R R R (s AR SR . N T A SR S ) Ak
e 1 JE ARV A SR W RSN AR AL S i ) P ARV R A B SRS P B S GHSA_i/I S0V 2 5 ORAIF 2R 1 R dig
FRAE BT 1) MaOEA/C 42321
S 42 S I AT 5 S T Gy PR P R 43 v B A TR R i s A Y
331 TR BS AL AL SN AT 45 5 10 S5 A U B S 45 T K oy AT
o Tt S B L AT 55 AF AN I S50 5 %10 43 B 20 000 AN FAT 45, Bl m=20000, 344 2 UL B0 = % & >4 5 000.
o WM 4a)FT <200 AN F AR BERVE AT 3 Fhah A B FE S M 28R ) A0 FE A%, (H 28 MaOEA/C 43k ji
Jei, A AL BEBS R F 2R 2 [R5 W 2= 5
o R NEAb) 1T, GHSA i/ 45 S0 18 8 B2 DL AL 7,200 AT S AR 3 i S A A H 35 11 9 5 R
P04 45230 0.9,0.7 A1 0.5, 26 41 I (1 B8 fee DL A8 S FBL A
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Fig.4 Comparison of CPU utilization after scheduling computing tasks by MaOEA/C?* and GHSA_di/ll
4 MaOEA/C 5y:P3VH1 GHSA_di/ll 57 8 i V5735 SR AT 45 5 (1) A 25 ) ) 0k L

AN T At LA PR S0 VA PR ™ A R A A R I R 22 57 B (P 5 o).
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Fig.5 Comparison of disk utilization after scheduling computing tasks by MaOEA/C'?* and GHSA_di/ll
K5 MaOEA/C SAP VR GHSA_di/ll S35 15 T 57 8% S5 AT 45 J 1Al 43R FH 50 L

3.3.2 ¥R B 4R R SN AT 55 B 1 5 ) U 8 S 45 L I A3 AT
it T B s BT 4% A3 AN I 52 461 [R] A 4 &) 20 1 20 000 AN 14T 45, 35 e FUM L 80 i ¥ 4 5 .000.
o I 6(a). &l 7()FTn: B M R S U E A T KA, MaOEA/C ik PN J3g i, 57 g Ak 30 2%
TR FH 3R 2 B A W B 2
o RZ,NE 6(b)~ F 7(b) 5 HT, GHSA_di/Il 13345 3 (1 14 FE LA A% 55 715:200 ASTHEEAERE 3 Fft b My 40 10 1%
1) ¥ 5 R FH 2R 0T 43 3] 48230 0.8,0.6 1 0.4, A1 R A 48 fr) R 5 R FH 8 0] 43 i 23K 0.75,0.6 11 0.45, B 4 AH .
V16 B 8 d5 AR A S TR A
P56 EU O U GHS A i/ 3k LA 25 ek P 8 4 FRUAT: 45 S B 488 A7 it s A [ i 2 (0 2 A A 3 3
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Fig.6 Comparison of CPU utilization after scheduling data intensive tasks by MaOEA/C!?* and GHSA_di/ll
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Fig.7 Comparison of disk utilization after scheduling data intensive tasks by MaOEA/C'®! and GHSA_di/Il
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