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Multi-objective optimization of energy and performance management in
distributed data centers

HU Cheng-yu, YU Guo, YAN Xue-song', GONG Wen-yin, CAI Jun-yi
(School of Computer Science, China University of Geosciences (Wuhan), Wuhan 430074, China)

Abstract: In data center operations, operators need to consider how to maximize profits, reduce carbon emissions and
improve service quality. However, the balance between these objectives is a huge challenge, and in practical problems,
we need get a group of solutions with good distribution quickly. Aiming at this problems, this paper establishes a
multi-objective optimization model for distributed data centers energy and performance management, and proposes an
improved adaptive mutation non-dominated sorting genetic algorithm (ICDA-NSGA-II) which improves the crowding
distance and crossover operator. The crowding distance is improved in order to improve the dispersion and convergence
speed of the algorithm based on the NSGA-II algorithm. Meanwhile, normal distribution crossover (NDX) operators
and adaptive adjustment mutation operators are introduced to enhance the diversity of the population, so that the Pareto
solution set can be obtained quickly and accurately. The experimental results on benchmark problems show that the
improved algorithm has better convergence and distribution compared with the NSGA-II and the MOEA /D, and further
results on the model of data centers show that the proposed algorithm can solve this problem quickly and accurately.
Keywords: data center; workload scheduling; multi-objective optimization; crowding distance; adaptive mutation
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SeUh #E BRI A AL G I A 2 B AL E DTLZ2  5.600le-2—  5.7643e-2— 5.4279e-2

s ST i Tk i \ it DTLZ3  1.8826e+0+  8.7725e-1+ 1710 7e+1

5, R AR 9 ICDA-NSGA-TH I Ay HE S A DTLZ4 293392+  52476e-2= 5.6432¢-2

H T USC ST PR 5, 9 ) SR ARk th Y S B PR A DTLZS ~ 13931e2—  9.7059%-3—  8.7067¢-3

S e, BT 518 LR 35 28 BT S DILZG  4563e2=  LI6e2— 8997563

DTLZ7 1788 le-1—  6.8589e-2= 7.3513e-2

7. MR . . i ik
AR, P A 3 RS TRI7E T 1 26, B 0 9 0 S

BB S AV 1 W St A 4 o s SR S, NDX 1Y DTLZ9  2.7938e-2— 3811 le-2= 2.606 3¢-2
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P 1D [ B R B PR b R 21 F G B, et Ja 1
A5 53 7 AT A AR R ()3 R A S, 7R Il
ST 11 [ B 82 R P ) 22 A M SR R i, 42
w1 IR R SR TERE.
34 IOIRBLS S

A 5256 % NSGA-IT Al ICDA-NSGA-IT i3k 47 %} Lt
Iy M. SEESHCHE Sk H STk (211, B4 4 A 2 o
FE— R LA (] B 1) S2Brig 47 B, xF 347 T
ANEIHL DX S FRAEAH R AR 55 00 O s AT AT
H5 A, Sza6 e SR 1 SLA S0 78 SCHk [22] f 3
fithh - AR % S B A LA H T R, P R B R A £ I )
D = 100ms, it K HLEE Myax = 50000, 4%
SERIR SIS o = Tx107° K I0/ 5%, K 56 R
ZAE B = 3.5x107° K In/ %k HE R 55 AR
P2 1) IR 5517 SR Bk 2R\, BRI — AN [ [R] B
T = 15 min Ji&, % 5 80E B A7 0B, 200 A0 ik 55
B[/SHW L TIR R4

x4 BEPORESHLETIR

€ Pyeax/W Piqie /W A/ (request/s)
0.1 120 80 0
5 200 120 5000

Szg b B 4% L ICDA-NSGA-IT A NSGA-II 43
BITE 4 FPAS ] 25005 b0 S AR AR R, f 43 A =04
P BRIR S RS B BVE R, RSAH T
SLFAERACKETY 1 SRS SPT- {8 DA K 45 SR b
ZRPFFS “47 “ [ XA RS T B
& H I ICDA-NSGA-TT7E 4 Fl & T T IR EE 2> Sk 45
R T NSGA-II.

5 EIAXMELPRCIREAISPLER

NSGA-IT ICDA-NSGA-IT
problem
mean SP std SP mean SP std SP
1 3.2024e-1— 7.37e-2 2.061 6e-1 1.66e-2
2 2.4389e-2— 2.72e-2 2.080 8e-1 1.65e-2
3 2.381 6e-2— 2.66e-2 2.042 6e-1 1.18e-2
4 2.2667e-2— 1.97e-2 2.008 1e-1 1.95¢-2

TE S BRI U H X B s 47 8 B AL B AR
165 5 AU vT AR 52 B 1% 400 1 4, 78 R AIE R 45 5
AT NIRRT & BHERCE AR IE 47 B,
AT DR S A A B AT 8. R 6 4h LSS
2 4 ICDA-NSGA-I1 =K 3 [f] Pareto Hif ¥, 2K H §i —#f
P fF EAT IR B 5 SR [21] J5 VRS L i 285 B 0K, Bk

T AE ] 1 HP ICDA-NSGA-IT (4 Ak 45 5 REFEH 157 LA
b, 78 HoAth ) 8B ARAL J5 125 00 H AR AR AR AT LG
H, R FHASCHR 1 2 BARAER AL 5 H R 13 2
B e E T DR S A (1 25 2R

6 ERREEMIULER

revenue emission Qos

problem algorithm

(dollars) (kg) (ms)
SCHR [22] P9 R 14.68 272.1 26.6

1
ICDA-NSGA-II 15.15 275.5 11.5
SCHR [22] P ik 14.34 228.9 23.8

2
ICDA-NSGA-II 14.80 219.6 19.8
SCHR [22] P9 R 13.17 248.5 25.1

3
ICDA-NSGA-II 13.33 246.4 19.8
ik [22] P ik 16.20 308.4 24.4

4
ICDA-NSGA-II 16.59 3015 14.3

4 & ®
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SRR W] ZEENEREIL TR S 2 B s Sk,
B L E R DIE A T I SRR WY, P 2 ) 5
R F T HEGZ H SR NSGA-IL HALL 4,
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