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Abstract: Designed to provide pervasive access to distributed resources in parallel ways, heterogeneous scheduling is extensively
applied in large-scale computing system for its high performance. Conventional real-time scheduling algorithms, however, often overlook
energy-efficiency while focusing on stringent timing constraints. To engage in green heterogeneous computing, a reusable energy-aware
cloud model is first presented via mathematical formulation and quantization of the system parameters such as dynamic voltage and
frequency scaling (DVFS), and dynamic power management (DPM). In addition, multidisciplinary context for multi-objective global
optimization meta-heuristic is proposed and accomplished based on the supercomputer hybrid architecture. Furthermore, some

technological breakthroughs are achieved with respect to boundary conditions for different heterogeneous computing and cloud
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scheduling, and descriptions of real-time variation of scheduling indexes (stringent timing constraints and energy-efficiency). Extensive
simulation experiments highlight higher efficacy and better scalability for the proposed approaches compared with the other three
meta-heuristics; the overall improvements achieve 8%, 12% and 14% for high-dimension instances.

Key words: heterogeneous scheduling; green computing; co-evolution; hierarchical parallelization
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Fig.1 Cloud scheduling framework integrated with energy-efficiency awareness
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Table 1 Model description and notation
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Fig.2 Algorithm architecture of global and multi-objective optimization for cloud scheduling problems
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3.2 EiEfmik
MCMC &%,
1: Initialize the iteration (z) and the subpopulations {5(2),05(2),...,841),...,0¢,(1)}, each of s individuals;

(1n

2:  While (1<t,,y) and (other termination criteria are not satisfied)
3: Do in parallel for each island /*Obtain the coarse-grained model (also named as island model), one of

the parallel and distributed models*/

4. =itl;

Do in parallel /*Obtain the master-slave model*/
6: Evaluate the affinity between the antibody and antigens (Eq.(6)) in the current population:

KA (A peX);
7: For (every couple of antibodies denoted as A and Ay)
If (Pdy)>PAy)
: For (C=1; C<=N; C++)

10: For (K=1; K<=Z; K++)
11: (4, Grch<> 4y Gyo)
12: Update 4, meme vectors:
13: My ()=(1-p)xMc(t=1)+ AMkc;
14: AMy=Q(0)/ AAy);}
15: Update 4;, other meme vectors M,;c(J<>K):M;c(£)=(1-p)xM;c(t-1);
16: EndIf
17: EndFor
18: EndFor
19: EndIf
20: EndFor
21: End Do in parallel
22: Perform clonal operation 5(1)=FC{§1(1),52(1),...,65(1),...,69(,)(1)};
23: Perform gene operations based on meme matrices & (2)=/5(3 (1));
24: Perform clonal selection operation & (1))=I%(8" (2));
25: Save the best solution in the generation;
26: If =7 (migration interval) then
27: Create ¥ for the current subpopulation;
28: Send ¥;to the neighboring subpopulation;
29: Receive ¥ from the neighboring subpopulation;

30: Construct the founding subpopulation oy;
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31: Select s individuals in oy
32: Replace the subpopulation ¥swith ¥ ;
33: End If

34:  End Do in parallel

35: End While

36: Output the best individual.
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SRR SR 1) BE T IR P 1) IR AT AT 8 2.
33 BAMERE DN

Ve —ARBEAL TP Rl #E FeaNonPop Tl ModNonPop W FSHR g 0,50 B 35 B0k 5,48 w W 4EH k£, 40 45
f, H AR RSN m, )

o {ERFIRTEBEFEE ModNonPop T IE L O(50);

o IRIEFTTREAREN O(£2072);

o RRBAEIT RN O(£0);

o UFECREE Pop FERISERNBEE I I S AN O(£0);

o BIFIBE ModNonPop FT i 24 O(£0+h0+m6);

o BIEFIEE Pop TANMRREEUE T HE B AR OGBm(5+1)6+20(5+1)0);

o RN TP AT AT AR S RS T T L ARE A O((25+6+m+2m) G+m(+2) G +(5+2)(m+1) Alogy((5+2) 6));

o RO BT AR SRR T T AR O((m+1)(5+1) 0+ 6+m(5+1) @ +(m+1)(5+1) Alogy((5+1)6)).

4 HEXBRER

S AR 1L A4 T M e U S A 3R AT SR VR R AR TS10000 1M AE SR AL R 48, D /R 8 5600 R 51 A F g8
(2.66GHz,12MB Cache),CPU+GPU I8 & 45 ¥, 3545 960 SR v SIS TEBERD 10 J5AZ IR UK BE 77 IS 5,
Wi 40Gb/s 7 %6 lps~2us A8 G GE 3R (1) v B 4% BRI R AT e B R T C-CUDA 4 F2 38 = M
MPICH-VMI(MPICH 1.2.7p1 fitA)?7 36 2 J g T el AR B S S 5 &

Table 2 Simulator and simulation parameters

R2 LRSS HBE

4Bk 2 H{H (Fixed)-(Varied)
CPU 3 /& (100 million instructions/second or MIPS)-(100,200,...,800)
SIS AT 25 A e ) (1000ms)-(1000,2000,...,100000)ms

AEEE (64)-(8,16,32,64,96,128,256)

(IBM,2.13,675)(IBM,2.13,670)(IBM,2.66,1440)(IBM,2,1350)
=Y R (IBM,1.86,1975)(IBM,2.33,310)(IBM,?2.26,670)(IBM,3,400)(HP,2,460)
(Severs,F(GHz),P(W)) | (HP,2,750)(HP,2.4,460)(HP,2.4,300)(HP,2.4,920)(DELL,2.4,345)(DELL,2.4,305)
(DELL,2.13,345)(DELL,2.26,1100) (DELL,2.33,345)

4.1 EKMRELLR
SCHR[25158 T B85 (R A0 v AR AR 2 U 8 54 4, O w] A3E S W9 il http://www. fing.edu.uy/inco/grupos/



2422 Journal of Sofiware ¥AF 33k Vol.27, No.9, September 2016

cecal/hpe/HCSP T & W . 136 26 R A 2 < 8 SCHR[2 8133k 1 A A% 7 vk B AL 7= 2 119, 6 B R AL 52 2% 0 e Ay ol
TR Sz 4 B (1T 55 x WL 38 45 1024x32,2048x64,4096x128 K 8192x256, MAH I KT SCHR[6]10 4 Lty 12 4
S

T 560 v A S R ARORAT: 55 25 R B ) B MICMIC 42 SE 1 1 —B0bk 2 — 30k RO — 301 4328 5 50925 Min-
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Fig.3 Time comparisons with deterministic heuristics
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Fig.4 Time comparisons with the meta-heuristics

B4 Lo ke A i i Tl 1 e LL A

bW N=200 GRS ARG RS A A VEIR AR 3 ). T DR E Rk 45 A 1 s A
BT WA A P T 7 S L, BRI U 173 (R IR 55 2% B R A 2500 (0.8,0.9), R CPU AL ) I 2243 53l Ay
80%HI1 90% T, H: REVE A H 2 J5 i A 1/3 (19 Ik 55 2% B d5e A8 25 0.(0.65,0.7), 0 4% 1/3 14 Ik 45 e I 10 41(0.5,0.5).

TR 45 2 (4] 46 A 45 ) FH 22 55 [0,0. 3196 [l A I B WL, W) 4 CPU AT 28 2410,0.35150 [l 9 IR BE LS. T 58 4
AR IR VE A B, AT B T — AR BRI RS A, AR CPU R 2 43 4 an T :CS[5]1=0.5,C8[25]=0.7,
CS[451=0.9,CS[75]=0.5,CS[95]=0.7,CS[115]=0.9,CS[145]=0.5,CS[165]=0.7,CS[195]=0.9; [A) £ 3t T A1 1 ¥ & T 5 —
2R R (1) IR 45 2%, ATT (R 4 ) P SR 4 39 4n R <HS[101=0.5,HS[30]=0.65,HS[50]=0.8,HS[80]=0.5,HS[100]=0.65,
HS[120]=0.8,HS[150]=0.5,HS[170]=0.65,HS[190]=0.8. A 14 A 342 HH ¥ 573 MCMC 5 Pu-CHC W 5 5733047
T3 g xt Ll S A 20 S A A RSO AZ AT 30 K, LASREOFIE S SE I 45 R

o PFSEASCIRIM AL Pu-CHC TE48 = IR 5545 1 BV I FH 26 75 T B8 A 230, D51 DA AR 745 32 H i 400, 3L

FETR TG R AR 2R 0.496 3,111 Pu-CHC 3R15K BEVR JC 4(H =ik 13.638 3;

o LR MCMC ST LKL BT 45 10%50E A Hi AL AT 28,1 Pu-CHC WA EE.

o FIRGIRS BRI N 3 A3 AR AL CPU FIH A2 0.9,0.7 F1 0.5, 35 A A 451 FH 2643 531
& 0.8,0.65 F1 0.5. 5256 B4 % 0,1 AL T Pu-CHC.MCMC H ¥ 5,3 2R 45 #% 19 CPU I 43 Wil T
0.9,0.7 1 0.5 Ze A7, #B45x T o U AL ) 6 A 3850 FH 643 A7 T 0.8,0.65 F1 0.5 7 A5 AR e T e A
B 3XR BB O 0 3G 41 38, Pu-CHC 3 A 25 S8 IR 25 28 10 B8 R FH 3 0 9 6 IR 45 48 U 1 R4 3



IHE F AR EFMI F e B A B b Fik 2423

Yyt 1) =X W s AT 55
43 AIEM

S 1 SN SCRR (251,55 1 B2 B2 AT (K S AR I TR B E 52 0 9083 AR I B R B4R 1) — S L~ — e A A
— B SR AN TR ) 7 AN B ([2, 161 BEAT S 56, T 21 B AR08 AT IS T B {3 HL A 55 R B2 I 1) B s oA
AR n AT RESEDUR ()55 — A7 RESC LN 1] (9 2B 5 o AR S SE 3R 45 2R

¥R ReR

g _‘: A - -
..... L
R Co4 THM 2, Tl T 008X 64
T -~-'\5"uz ° s 10 Ll i) 4 4 BE
o [l
VY S & FEAE D 12 4, 1; 512X 16
(a) (b)

YRk RRILSY

©
Fig.5 Improvements of MCMC over the algorithms summarized for scalability analysis and parallel performance
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