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Abstract: For the flexible job shop rescheduling problem with %e breakdown, an improved Imperialist
Competition Algorithm (ICA) was proposed. Firstly, a flexible joh dynamic rescheduling model was established with
the maximum completion time, machine energy consumptien C{al delay time as the objective functions, and linear
weighting method was applied to three objectives. Then, the improved ICA was proposed to retain the excellent information
for the next generation. A roulette selection mech &/a.s added after the assimilation and revolutionary steps of the
general ICA, so that the excellent genes in t@&

better and closer to the optimal solution. Fina

>mpire were able to be retained, and the updated empire quality was
, after the machine breakdown, the event-driven rescheduling strategy was
adopted to reschedule the unprocessed job procedures after the breakdown point. Through production examples, simulation
experiments were carried out on three hypothetical machine breakdown scenarios, and the proposed algorithm was compared
with improved Genetic Algorithm (GA) and Genetic and Simulated Annealing Algorithm (GASA). Experimental results
show that the proposed improved ICA is effective and feasible.
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Fig. 7 Gantt chart of initial scheduling scheme
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Tab. 6 Comparison of experimental data
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Tab. 7 Performance comparison of three algorithms

Ak BAEEM C, /min E/] Dimin  i&1THF[A]/s
EHE 31.70 798.89 5.70  10.301 1
GASA %/jfa
Wik 6.01 3114.15 6.01 2.4405
S35 32.70 795.63  6.70 1.3802
ot GA ¥ /jﬁ
Ji 22 4.81 3252.06 4.81 0. 098 7
S35 29. 80 758.82  3.80 1.9770
miea M
i % 1.76 1508.90 1.76 0.0056

B LI LS LA REF AL 0 0 I A S 57
WRHET LA, A 024500 A2 R 6 TR 00 Ak
ST 1] R AESEL ] L RERE A e — /B0 2
PR B SRR

5 %iE

Z]

AR ST X A M - TRI WL i e 1) 3l 25 0, % [l 5
PO IEAT U AL HLRIRAE , 255 S 0F UK 3 SR L L%
FRORSE TN ] BEFEAILESEIR I 18] =4 F AR eR &, X% 2K 378
(I REEA TR AR o X 48 H B = b A [ WL B ) 37 S A TS


http://www.joca.cn
http://www.joca.cn

2248 P EH A

% 41 %

PO A R RS RO A5 SEBRAE 77 2, TRk 1ICA
5 PR [R] A9 Sk 2R AT HOARE, Sk T R R A AL AT
1Tt

FNEAR L A ) 2R 77 i R TR R 5 32 B A R A2 2R R 52

Wi, T — 2D R ki [ 5 4 Sk AT et , O as B H AR

RS AS T BE rf, Andi A R 20T TSR G S S S

SELHK (References)

[1] NELSON R T, HOLLOWAY C A, WONG R M L. Centralized
scheduling and priority implementation heuristics for a dynamic job
shop model with due dates and variable processing time [J]. AIIE
Transactions, 1977, 9(1): 95-102.

(2] Sk IMVRAR, R, A BT st Bk Y AL ) B 2 A
BELT]. MUBCT 4440, 2005, 41(10): 23-27. (CHAI'Y S, SUN S
D, YU J J, et al. Dynamic shop scheduling based on immune
genetic algorithm[.”. Journal of Mechanical Engineering, 2005, 41
(10): 23-27.)

B] #EZE, R, AN, BT IRA N TR N L Bin i
PR 2 1) 98] BE IR R 5 [T ). S FEEHLN HWFSE, 2019, 36(4) :
972-974, 979. (MENG G J, YANG D C, TAO X P. Study on multi-
objective flexible job-shop scheduling problem based on hybrid
artificial bee colony algorithm [J].
Computers, 2019, 36(4): 972-974, 979. )

[4] SHAHRABI J, ADIBI M A, MAHOOTCHI M. A reinforcement

learning approach to parameter estimation in dynamic job shop

Application Research of

scheduling[J]. Computers and Industrial Engineering, 2017, 110:
75-82.

[5] HE W, SUN D H. Scheduling flexible job shop problem subject to o
machine breakdown with route changing and right-shift strategie
[ ]
E [16]

[J]. The International Journal of Advanced Manufactdi
Technology, 2013, 66(1/2/3/4):501-514.

[6] AREE, ZfE% i, . ST 2 WO R E H iR
PEFEML % el B2 77k [0 ). LA T, 2015, 26(21) : 2873-
2879, 2884. (ZOU P, LI B Z, YANG ] G, et al. Hierarchical ant-
genetic algorithm-based multi-objective intelligent approach for
flexible job shop scheduling [J]. China Mechanical Engineering,
2015, 26(21): 2873-2879, 2884. )

(7] SRIEAE, IR, S, 45 . Al AL SRR Y SR VAR AL 7 1] 3l 2%
PHEELT). MLABET S5 HF5T, 2015, 31(3): 94-98. (WU ZJ, HE
H Y, HUANG C C, et al. Flexible job shop dynamic scheduling
problem research with machine fault [J]. Machine Design and
Research, 2015, 31(3): 94-98. )

[8] PhENES, BeR]. LU AF T B3 A5 232 P Ml 2 ] 0 50
[J]. # I T/, 2020, 27(11) : 1921-1929. (SUN L Z, BI L.
Dynamic flexible job shop scheduling problem under multiple
constraints [J]. Control Engineering of China, 2020, 27 (11) :
1921-1929.)

[9] NOUIRI M, BEKRAR A, JEMAI A, et al. Two stage particle
swarm optimization to solve the flexible job shop predictive

scheduling problem considering possible machine breakdowns [J].

Computers and Industrial Engineering, 2017, 112: 595-606.

[10] AI-HINAI N, EIMEKKAWY T Y. Robust and stable flexible job
shop scheduling with random machine breakdowns using a hybrid
genetic algorithm [J].  International Journal of Production
Economics, 2011, 132(2): 279-291.

[11] NOUIRI M, BEKRAR A, TRENTESAUX D. Towards energy
efficient scheduling and rescheduling for dynamic flexible job shop
problem[]]. IFAC-PapersOnLine, 2018, 51(11): 1275-1280.

[12] AP e i REFEHLH 102 H AR MR 42 ) W BE LT .
FESEHLRL B9, 2017, 34(12) : 3617-3622. (BAO Z R, XU
H. Multi-objective flexible Job-Shop scheduling based on energy-
consumption mechanism[J]. Application Research of Computers,
2017, 34(12): 3617-3622. )

[13] B, EH " CHR % . W) BEFEAY Ml 7 18 Sl 25 98 2 4
FELI). R G5 B i, 2017, 29 (9) : 2168-2174, 2181.
(CHEN C, WANG Y, YAN D H, et al. Research on dynamic
flexible job shop scheduling problem for energy consumption [J].
Journal of System Simulation, 2017, 29(9): 2168-2174, 2181. )

[14] P SRIENT AR R . 55T GASA AYZRYEAR Y 4[] 2 4594 B2
W50 ]. AL TR A (A SRR AR) L 2019, 36(2): 91-
96. (CAO Q K, ZHANG X L, REN X Y. Research on dynamic
scheduling of flexible job shop based on GASA [J]. Journal of
Hebei University of Engineering (Natural Science Edition) , 2019,
36(2): 91-96. )

[15] ﬁw A ) R R el o
JHECRIEZE ()], HLBE TRE224R, 2019, 55(21): 139-149. (LI M,
‘a.]) M. Research on flexible job shop low carbon scheduling

0 with setup times and key objectives [J]. Journal of Mechanical

Engineering, 2019, 55(21): 139-149. )

BV BRBERR . S 2 ] ] BE R AR PR e Sk (0. 3
FEALI L 2018, 38(7) : 1882-1887. (LYU C, WEI K L.
Cooperative hybrid imperialist competitive algorithm for flexible
job-shop  scheduling  problem [J].
Applications, 2018, 38(7): 1882-1887. )

Journal of Computer

This work is partially supported by the National Natural Science
Foundation of China (U1904167, 71871204, 51905494) , the
Humanities and Social Sciences Planning Fund of Ministry of Education
(18YJAZHI125) , the Supporting Project of the Innovative Research
Team in Colleges and Universities of Henan Province (21TRTSTHNO18).

ZHANG Guohui, born in 1980, Ph. D., professor. His research
interests include intelligent scheduling.

LU Xixi, born in 1998, M. S. candidate. Her research interests
include intelligent scheduling.

HU Yifan, born in 1997, M. S. candidate. His research interests
include intelligent optimization algorithm, job-shop scheduling.

SUN Jinghe, born in 1995, M. S. candidate. His research interests

include intelligent scheduling, intelligent optimization algorithm.



http://www.joca.cn
http://www.joca.cn

