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Multi-objective Flexible Job Shop Dynamic Scheduling Strategy
Aiming at Scheduling Stability and Robustness
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Abstract: A dynamic FJSP aiming at scheduling stability and robustness was studied. Firstly, an
optimization mathematical model was proposed based on scheduling stability and robustness. Second-
ly, by analyzing characteristics of dynamic FJSP, a job arrival generator and a predictive maintenance
generator of machine breakdown were presented. In each rescheduling points, periodic and event driv-
en rescheduling strategies were employed, and a complete rescheduling strategy combined with right-
shift rescheduling strategy was proposed. In order to preserve the good characteristics of paternal gen-
erations, an improved differential evolution algorithm was designed to solve the dynamic FJSP. The
validity of the proposed strategies and algorithm was verified by instances.

Key words: flexible job-shop scheduling problem (FJSP); multi-objective; dynamic schedule; ro-

bustness; differential evolution algorithm
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Tab.3 Makespan under different arrival rate of jobs
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S 40 2060 2469 2061 2060 2065 2069 4158 5186
1/2 M 60 4365 4388 4397 4387 4379 4388 12 241 13 274
80 6983 6994 6996 6990 7102 6994 12 320 15 328
100 6902 7121 7193 7104 7269 7121 12 368 14 451
L 200 11 324 11 743 30 136 11 712 22 149 11 743 118 046 321 874
20 2142 2643 2547 2156 2344 2243 2768 5642
S 40 4063 4163 4124 4065 4166 4163 8143 10 484
60 5068 5078 5108 5068 5214 5078 11 176 23 432
! M 80 8492 32 291 8689 8498 8684 32 291 32 626 94 168
100 16 742 17 107 16 978 16 765 16 783 17 107 41 325 77 210
L 200 22 143 90 136 41 134 24 231 82 131 90 136 92 683 144 498
R4 AEIGHEXETAREEHN CPU K E
Tab.4 CPU time of different algorithms under different jobs arrival rates S
Y T MODE_L MODE_NL MOEA SPT LPT ABC HPSO
20 0.97 0.53 0.53 0.002 0.008 0.006 0.004
S 40 0.58 0.52 0.52 0.006 0.003 0.009 0.007
1/8 M 60 0.61 0.55 0.55 0.002 0.006 0.007 0.004
80 0.71 0.58 0.58 0.008 0.009 0.006 0.009
100 0.76 0.62 0.62 0.002 0.005 0.007 0.005
L 200 0.61 0.67 0.67 0.002 0.006 0.012 0.006
. 20 1.89 0.65 0.65 0.004 0.015 0.005 0.007
S 40 1.91 0.74 0.74 0.007 0.012 0.006 0.002
60 1.46 0.86 0.86 0.001 0.007 0.004 0.006
L4 M 80 1.39 0.93 0.93 0.002 0.003 0.005 0.008
100 1.61 0.90 0.90 0.008 0.020 0.015 0.014
L 200 1.41 1.18 1.18 0.008 0.011 0.017 0.019
20 4.46 4.85 0.85 0.005 0.003 0.002 0.004
S 40 9.1 8.03 1.03 0.005 0.002 0.004 0.001
12 M 60 20.0 18.37 1.37 0.007 0.004 0.003 0.002
80 39.1 27.88 1.88 0.006 0.006 0.003 0.005
100 31.9 16.93 2.93 0.007 0.003 0.006 0.007
L 200 155 163.62 3.62 0.009 0.010 0.018 0.013
. 20 7.3 8.94 0.94 0.002 0.002 0.006 0.006
S 40 23.1 24.46 1.46 0.001 0.004 0.008 0.004
60 39.4 45.84 1.84 0.005 0.005 0.007 0.003
! M 80 64 32.49 2.49 0.004 0.003 0.002 0.006
100 88.1 52.78 2.78 0.004 0.007 0.005 0.010
L 200 295 224.14 4.89 0.003 0.014 0.019 0.013

ST A4 v BCHE R0, 4 Rl R T Y P i 7R L JE BE R B K KT A T CPU B[R], {H
CPU i}a) izt /N F GA B .M ODE_NL 53 fl fe K58 TN R 3EK 7E — 5 B b AR T 91 B 1Y
MODE L & frd CPU BFE], R, 36 4 ik SRR E M, U HAE TR ER Ky =1/2,
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D) AR BB T AR5 35 (J, = 100,200 M T,
MODE NL 53k A % I8 RFHEE, i CPU
BfE) 5 GA LR . /T MODE_L &k . X
Bt 4 o] A D0 60 G At 98 5 4503 BT 0, M ODE_L
SEVERY CPU B[R [H 32 58 0 7 4 e 7 5
PR E M R B, LKA F B, 7
SRR 3 RS M ODE_L ) CPU i [f] J2 n] 42
ZH,
42 ITHIEZRMFIGHETAEMED
=AU

Sk 3 B T AR 3 2k SRR T A B8 6 8 B M R
(5 . 2 2% SCIRC13 . 8 58 R A 5 25 3 B (anal-
ysis of variance, ANOVA) J7 3% FIWi UL | 2 4 [
RGP ERE A B, ANOVA JF
Gt PRSI ST T 2 4 AR v R A A
SRR WRI A% A 2  e  AE i, — RIS R, P-
value /N T 0.05 RIRFZMZ W FHR, R5.K6 0T
NG EM T AR b R A SRR T
FN3R%, B R B TSR AB R 38 Z B FE7E
FHEFZMR . SS FR T 25, MS R 7 22, F #om it
M2 R B KF P-value RR K5 K-,

*5 HAEESEMONEEFENN

Tab.5 Two-factor variance analysis of scheduling

robustness
S SS MS F P-value
A 1159.15 10 811.31 386.95 <0.01
B 21 833.55 1560.75 55.86 <20.01
AB 21 622.63 606.12 21.69 <20.01

Fo6 HEREMNEERAEDHR

Tab.6 Two-factor variance analysis of scheduling stability

5B SS MS F P-value
A 13 122.6 6561.3 642.83 <<0.01
B 621.99 310.99 30.47 <<0.01
AB 1125.89 281.47 27.58 <<0.01

5. 6 KU, & HE DI P-value H/)
F0.05, UL B T4 31 35 2 R8T 44 505 X 6
P T R B R R A AE P S e IR UE T AR SCHI
T Y A,

B 7 K8 T s S A ) A 3 3k 2 6 i B A
SE T A B R Y S

FeE Pk B AR & X Rl b 2 5 E M T
A B FF i T T ) i 22 AL 2% O 22 00 B2 RRURI, B
A TAFRIEAR v BB, BALIN (8] N 2 5 &
(9 A 3G 0 b6 hn T () i 22 2R RIS R Pl
i 22 1 B2 AR AL 1 o DT 5 A5 180 2 2 2 P B B
IR gk fa oA R R AR 1 Y I A
2% ~15% 2 [a), Ul I3 IS 2R A . H &1 8 AT
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Fig.7 Result of schedule stability under different
arrival rates of jobs
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Fig.8 Result of schedule robustness under different

arrival rates of jobs
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Fig.9 Result of schedule stability and robustness under

different number of new jobs
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