Journal of System Simulation

Volume 34 | Issue 9 Article 7

9-23-2022

Energy-Efficient Scheduling of Multi-objective Flexible Job Shop
Considering Interval Processing Time

Hongliang Zhang
School of Management Science and Engineering, Anhui University of Technology, Ma'anshan 243032,
China;, hlzhang@ahut.edu.cn

Renman Ding
School of Management Science and Engineering, Anhui University of Technology, Ma'anshan 243032,
China;

Gongjie Xu
School of Management Science and Engineering, Anhui University of Technology, Ma'anshan 243032,
China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

Cf Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol34
https://dc-china-simulation.researchcommons.org/journal/vol34/iss9
https://dc-china-simulation.researchcommons.org/journal/vol34/iss9/7
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss9%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages

Energy-Efficient Scheduling of Multi-objective Flexible Job Shop Considering
Interval Processing Time

Abstract

Abstract: Based on the comprehensive consideration of economic indicators and environmental factors,
the energy-efficient scheduling problem of multi-objective flexible job shop with uncertain processing time
is studied. The interval number is used to describe uncertain processing time of the workpiece, and the
optimization model for energy-efficient problem of interval flexible job shop scheduling is established to
minimize the maximum interval completion time and total energy consumption. According to the
domination relation of interval possibility degree, an effective interval multi-objective evolutionary
algorithm is designed. The simulation experiments of the interval multi-objective evolutionary algorithm,
SPEA-Il and NSGA-II are carried out through 15 groups of test problems, and the feasibility and
effectiveness of the proposed algorithm are verified by two performance indexes, the inverse generation
distance (IGD) and the covering set measure (C measure).

Keywords
flexible job shop scheduling, multi-objective optimization, interval number, possibility degree, energy
consumption

Recommended Citation
Hongliang Zhang, Renman Ding, Gongjie Xu. Energy-Efficient Scheduling of Multi-objective Flexible Job
Shop Considering Interval Processing Time[J]. Journal of System Simulation, 2022, 34(09): 1976-1987.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol34/iss9/7


https://dc-china-simulation.researchcommons.org/journal/vol34/iss9/7
https://dc-china-simulation.researchcommons.org/journal/vol34/iss9/7

Zhang et al.: Energy-Efficient Scheduling of Multi-objective Flexible Job Shop

5534 55 9 ] R E¥IRO Vol. 34 No. 9
2022459 A Journal of System Simulation Sep. 2022

% S8 X B LI #922 H bn SRR 2 18]35 RE 1R B

Rk, TIZ, BaR
CEBCTR BTRSEL TR, 2B S 243032)

WE: EREH BAFAFRIREREZ AR L, AT T4 Do R R 69 % B A7 FHAE L £ 19
PR B, LT LAY ] #5125 K], TR AER KX X E] 5 AT X L& FEAE
29 B F7AgE [X )] T/ E AL F] R Z 77 FE TR AEAR A AT 1R 3B X )] TTRE/EiG X e K 7, KT
— Tl K AELZ A5 X ] # B Arit e A, iBid 15 R FE AL, A3 R % B AR ik
SPEA-II & NSGA-II #4745 & 5%, R F R4EHXIE B (inverse generation distance, IGD)f=& £
SE M (C M E)FAFE b AR IEATIRIE T BT Sk 04 T AT M Aoy 201

RERI: MR E N % BARAL; RS THRE; AL

W 4r25%5: TP301; TP391 SCHRPRERS: A YEST: 1004-731X (2022) 09-1976-12
DOI: 10.16182/j.issn1004731x joss.21-0395

Energy-Efficient Scheduling of Multi-objective Flexible Job Shop
Considering Interval Processing Time

Zhang Hongliang, Ding Renman, Xu Gongjie

(School of Management Science and Engineering, Anhui University of Technology, Ma’anshan 243032, China)

Abstract: Based on the comprehensive consideration of economic indicators and environmental
factors, the energy-efficient scheduling problem of multi-objective flexible job shop with uncertain
processing time is studied. The interval number is used to describe uncertain processing time of the
workpiece, and the optimization model for energy-efficient problem of interval flexible job shop
scheduling is established to minimize the maximum interval completion time and total energy
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Table 3 Parameters of the horizontal

K PS CR MR
1 50 0.6 0.05
2 100 0.7 0.1
3 150 0.8 0.15
4 200 0.9 0.2

R4 IELRMNIGD
Table 4 Orthogonal table and IGD values

K PS CR MR IGD
1 1 1 1 279.3389
2 1 2 2 84.262 3
3 1 3 3 160.174 2
4 1 4 4 113.116 8
5 2 1 2 49.983 0
6 2 2 1 113.116 8
7 2 3 4 102.391 0
8 2 4 3 238.586 0
9 3 1 3 74.320 0
10 3 2 4 215.115 4
11 3 3 1 314.163 7
12 3 4 2 133.028 8
13 4 1 4 286.812 3
14 4 2 3 162.841 0
15 4 3 2 4774230
16 4 4 1 165.190 2
x5 HSHWBNE
Table 5 Response value of each parameter
KF PS CR MR
159.2 172.6 218.0
2 126.0 143.8 186.2
184.2 263.5 159.0
4 273.1 162.5 179.4
ez 147.1 119.7 59
S5 1 2 3

=5 PHIR BRSPS IERK, FHA 1,
R ZSER FIEERER MR K, CR IRZ, MR
SRR /N FHEE 5 ATAL PS WANAEAEKS 2 ik

/I, CR WANAEFEK 2 Ffeslh, MR WHRAETEK
F 3 B

BT UL EE S5 AT LA1S 2] IMOEA K S
e PR PS=100, A2 XA# CR=0.7, &5
R MR=0.15. X T4 L5 7L NSGA-II. SPEA-II &
B 5 IMOEA MR, =Mk RiERIRECH
200, W& My BN T REFE pe, €[10,15]kW ,
Wt My AL A2 R RERE de, e [1,31kW , A JLREFE
ce=2 kW e IRBEHL IR ZE X5 SEG R s, o = Fob
BRI IZAT 10 KECTIIME, AN 9] R B
g R LR .

33 SEREREST

KSR IGD K C Wl B R R R AR 23 Sl %o
IMOEA. NSGA-II. SPEA-II & = ki T &
R, VR A YRR, T R X R SRR 4
(7 8 5 ) R 25 E b bR U 3 R IX T, R A 7
fETHE IGD A, 5 DU 7] 338 o0 B AS [F) SV B
73S AR 1 X [B] H b bR BUE # #  X ) H
PRERECR SUE . KRGS R R 6, 7 FivR.

F 6 =P & I R R AR IGD W EEI A

Table 6 Mean values of /GD measures obtained by three
algorithms for each test problem

i 5t nxm IMOEA  NSGA-II SPEA-II
MKOI  10x6  19.2267 955133 54.045 2
MKO02  10%6 0 2271537  129.1557
MKO3  15x8  31.0047 505.8017 545750 1
MKO04  15%8 55717  412.0857  732.2039
MKO5  15x4  49.9523 2509678 4753958
MKO6  10x15  88.7212  199.3288  882.548 1
MKO7  20x5  301.0618 303.9251  277.0565
MKO08  20x10 0 226.1601  129.1127
MKO09  20x10  31.9426 150.1221  143.5807
MKI10 20x15 4582505 17733176 2269.466 9
MKI11  30x5  183.2705 424.8215  693.5013
MKI12 30x10 3237196 5919586  1231.9702
MKI13  30x10 181.7463 316.7285  852.8650
MK14 30x15 128.6478 4050716  707.7403
MKI15 30x15  31.9426 537.8989  1098.573 6

T n FoRTAEG m FoRHLEEL.
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Table 7 Mean value of C measure obtained by three
algorithms for each test problem

EX RIS
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C(IMOEA, C(NSGA-II, COIMOEA, C(SPEA-II,

FA nxm

NSGA-I) IMOEA) SPEA-I) IMOEA)
MKO1 10x6  1.000 0 0 1.000 0 0
MKO02 10x6  1.000 0 0 1.000 0 0
MKO03 15x8  1.000 0 0 1.000 0 0
MKO04 15x8  1.000 0 0 1.000 0 0
MKO5 15%x4  1.000 0 0 1.000 0 0
MKO06 10x15 0.9100 0.1317 1.000 0 0
MKO7 20x5  1.000 0 0 0.900 0 0.360 0
MKO08 20x10 1.000 0 0 0.8250 0.200 0
MKO09 20x10 1.000 0 0 1.000 0 0
MK10 20x15 0.970 0 0.2300 0.880 0 0.2400
MKI11 30x5 1.000 0 0 1.000 0 0
MK12 30x10 1.000 0 0 1.000 0 0
MKI13 30x10 0.7200 0.260 0 0.3000 0.500 0
MK14 30x15 1.000 0 0 1.000 0 0
MKI15 30x15 1.000 0 0 1.000 0 0

T n ZoR TG m FoRhLEE.
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