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Fuzzy Flexible Job-shop Scheduling Optimization Approach Considering
Customer Satisfaction
LIU She LIJiaxin TIAN Zhigiang" ZHANG Shiman
School of Mechanical Engineering, Shenyang University of Technology, Shenyang, 110870
Abstract: To address uncertain completion times and low customer satisfaction in discrete manufactur-
ing with single-piece, small-batch, and highly customized production, this paper establishes a fuzzy flex-
ible job-shop scheduling model that minimizes makespan, maximizes average customer satisfaction, and
maximizes the minimum customer satisfaction. An improved multi-objective evolutionary algorithm is pro-
posed, which incorporates an adaptive crossover-mutation strategy based on population distribution to bal-
ance global and local search, and a knowledge-driven neighborhood search strategy that exploits the struc-
ture of customer satisfaction. By adjusting critical and non-critical blocks on the critical path, the algorithm
reduces makespan and enhances customer satisfaction. Comparative results on multiple benchmark in-
stances confirm the effectiveness of the proposed model and algorithm.
Key words: fuzzy flexible job-shop scheduling problem; customer satisfaction index; multi-objective
optimization; knowledge-driven neighborhood search
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Fig.1 An illustration of FFJSP considering customer

satisfaction
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Fig.2 The framework of the proposed algorithm
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Tab.3 Orthogonal matrix and average response values
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Tab.4 Average response values and ranks for each

parameter
KA max F, k T, N,
1 0.0845 0.0444 0.0465 0.0562
2 0.0429 0.0325 0.0600 0.0374
3 0.0373 0.0505 0.0340 0.0456
4 0.0348 0.0720 0.0589 0.0602
W2z 0.0497 0.0396 0.0260 0.0228
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Fig.10 Four parameter level factor change trend chart
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Tab.5 Statistical results of IMOEA and its variants on different test cases

1GD GD
=X
IMOEA IMOEA-1 IMOEA-2 IMOEA-3 IMOEA IMOEA-1 IMOEA-2 IMOEA-3
FMKO1 1.2X10? 3.65x 10" 1.60x10* 3.20x 10" 6.83X10° 2.96x10* 9.68x107 2.18x10*
FMKO02 1.76 X102 2.23X10* 2.20X10* 2.02x10"* 1.07X10? 1.77X10 1.12X10* 1.61x10°
FMKO03 1.69X10? 3.19%x 10" 2.32X10* 2.56 10" 1.20X10? 2.14X10* 1.57X10* 1.76 X 10
FMKO04 1.27X10? 1.86%x 10 1.60x10* 1.76 X 10* 3.30X10° 1.32x10* 9.30x 107 6.16 107
FMKO05 8.77X10° 1.62X10* 1.17x10* 1.50X10* 6.58X10° 1.09%10 6.70x 107 9.87x 107
FMKO06 9.97X10° 3.76 X 10" 2.28%10* 1.91X10* 5.96X10° 1.95%10 1.22X10* 1.32X10*
FMKO07 4.84X10° 1.08X10* 8.08x 107 1.20X 10 1.42X10° 7.84x107 2.01x107 7.81x10°
FMKO08 1.09X10? 1.70X 10 1.47%10* 1.53X10* 2.39X10° 1.35X10 5.68x107 1.12X10*
FMKO09 2.32X107 4.27X10* 3.24X10* 4.11X10* 1.12X10* 5.25X10% 2.02x10°* 2.29X10*
FMK10 1.45X10? 2.28X10* 2.08X10* 2.10x10%* 6.10X10° 2.27X10% 1.89x 10 1.95%X10*
Remanu01 1.07X10? 1.79X10°* 1.70X 10 1.27X10° 7.10X10° 1.17X10* 7.96x10° 9.82x10°
Remanu02 1.06X10? 3.04x10* 1.62x 10 6.91X10° 4.28X 107 3.33X10% 1.13X 10 2.19%X10*
Remanu03 1.50X10? 2.03X10* 1.57X10% 1.80x10? 2.48%X10° 1.49x10* 8.59E-03 1.04X 107
Remanu04 4.62X10° 1.62x10* 1.49x10* 1.11x10* 1.10X10? 2.79%X 10" 1.49% 10 1.11x10*
Remanu05 1.23X10° 2.73X10* 2.12X10% 2.21X10% 9.06X10* 3.06X 107 2.32X10% 2.35X10*
Remanu06 1.66X10° 1.05x 10 5.73X 107 5.08x 107 5.21X10° 1.35X10* 9.08x10° 1.10X 10
Remanu07 8.43%X10° 3.30X 10 1.95x 10 2.09% 10 2.80%X10° 2.73X10% 9.95x 107 1.17X10°
Remanu08 1.73X10? 3.11x107 2.79%10* 2.56 10" 9.86X10° 2.20X10* 1.55% 10 1.59X 10
%6 AREIEH TH Friedman B ME I (B (EEH40.95)
Tab.6 Friedman rank sum test under different indicators(confidence level is as 0.95)
IGD GD
Bk IMOEA IMOEA-1 | IMOEA-2 | IMOEA-3 IMOEA IMOEA-1 IMOEA-2 IMOEA-3
HIE 1.05%X 10 2.46>x10% | 1.81X10* 1.90x10* 6.57x<10% | 2.17X10* 1.18X10* 1.34X10*
Friedman 1.056 3.944 2.389 2.6111 1.056 4.0000 2.167 2.778
p-value 1.52x 107 6.84x107"
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Tab.7 1IGD of different algorithms on benchmark problems

=R IMOEA MOPSO MOEA/D QIEA MOTLBO MOEA/DCH
FMKO1 2.34X10° 4.23%10" 2.14x 10" 3.26 10" 3.89x 10" 4.00x10™"
FMKO02 2.12X10° 5.30X 10" 1.41x10" 1.87x 10" 1.99x 10 2.52x 10"
FMKO3 2.60X107 4.22%10" 1.78X 10 2.22x10™" 2.17x10" 1.76 X 10
FMKO04 2.72X107 4.98x 10! 1.94% 10 2.8410" 3.25% 10" 2.16 10!
FMKO05 1.63X10* 3.60x 10" 1.31x 10" 1.43x 10" 1.77x10™" 8.27X10*
FMKO06 1.84X10? 5.38X 10! 4.22x10" 5.04 %107 3.90x 10" 1.36X 10
FMKO07 1.76X10? 4.35x 10" 1.93x 10 1.66 10" 3.52X 10" 1.04x 10"
FMKOS8 1.97X10* 4.08x10" 1.85X10™ 1.89% 10 1.95%10™ 2.37x10"
FMKO09 2.09%X10° 4.86x10" 2.13%x 10" 2.31x 10" 3.84%10™ 1.69x 10
FMK10 3.18X10° 4.43%10" 1.49X10" 1.84%10" 1.77%X10" 1.57x10"
Remanu01 2.65X107 3.98% 10" 1.06 X 10! 1.56X 10! 4.52x10" 4.98x10™
Remanu02 1.28X10* 2.69x10" 9.75x 10" 1.07X10" 1.46X10" 1.52x10"
Remanu03 2.56X107 4.10x 10" 1.47X10™ 1.71%x10™ 2.12x10" 1.96x 10"
Remanu04 2.00X10° 3.72X 10" 1.21x10" 1.33x 10" 1.34<10" 1.85x10™"
Remanu05 2.83X107 3.40x 10" 1.36X 10 1.55%10™ 1.72%10™ 1.55X 10
Remanu06 2.00X10° 4.17x10" 1.16 X 10 1.56 10" 1.45x10" 1.41x10"
Remanu07 3.43X10° 4.77x10" 2.42x10" 2.2610™" 2.85x 10" 2.05x10"
Remanu08 4.29X10° 4.85x10" 2.12x10™ 2.67x10" 2.60x 10" 2.81x10™

®8 ABEEFEEMKHEAF L& GD
Tab.8 GD of different algorithms on benchmark problems

=R IMOEA MOPSO MOEA/D QIEA MOTLBO MOEA/DCH
FMKO1 1.86X10? 2.95%x10™ 2.21x10™ 2.90x 10" 3.19%x 10" 2.98x 10"
FMKO02 1.99X10° 2.45%10" 1.57X 10 1.96x 10! 2.00X 10" 1.95x10™
FMKO3 2.18X107 2.88x 10" 1.88% 10 2.23%10" 2.08x 10" 1.49x10"
FMKO04 2.47X10° 3.17x 10" 2.08x 10" 2.83x 10" 2.99x 10" 1.81X10™
FMKO5 1.34X10* 3.61x10" 1.62X10™ 1.79% 10 2.24x10™ 6.42x 10"
FMKO06 1.07X10* 3.86x 10" 3.06x 10" 3.29%x 10" 2.72x 10" 1.97x10™"
FMKO07 1.04X10* 2.14x 10" 1.07x10™" 1.32X10" 8.70X10* 7.85X10%
FMKO08 1.67X10? 3.54x 10" 1.74x 10" 2.00x 10" 1.98x 10" 1.69xX10*
FMKO09 2.63X10° 2.26X 10" 2.31x 10" 2.10x 10" 277X 10" 1.13x 10"
FMKI10 2.99X10° 3.29%x10™ 1.81x 10" 2.04%x 10" 2.09x 10" 1.29x 10"
Remanu01 1.95X10° 1.83x 10" 7.54%107 1.37%x10" 2.39%x 10" 3.04% 10"
Remanu02 1.04X10? 2.53x 10" 1.20X 10 1.32X10™ 1.64x10"! 1.64X 10
Remanu03 2.18X107 2.81X10" 1.76 X 10 1.99%x 10 2.4410" 1.68X 10
Remanu04 1.52X10* 2.10x 10" 1.26X 10 1.33%x10™ 1.28%10" 1.53X 10
Remanu05 2.50X10° 27010 1.40X 10" 1.59%x 10" 1.25%10 1.38x10"
Remanu06 1.07X10? 2.21x10" 1.22Xx10" 1.45%10™ 1.44%10" 1.26X 10"
Remanu07 2.49X10* 2.84%x 10" 1.60x 10" 1.75x 10 1.78 X 10 1.55x 10"
Remanu08 3.71X10° 2.58X 10" 1.94 %10 1.96x 10" 2.03%x 10" 1.69% 10"
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Tab.9 SP of different algorithms on benchmark problems
X0 IMOEA MOPSO MOEA/D QIEA MOTLBO MOEA/DCH
FMKO1 8.73X10° 4.85%107 2.79% 107 4.99%10* 4.83%107 5.69X 107
FMKO02 9.19X10° 2.97X 107 2.51x 107 2.79%10* 2.48X 107 4.48%10
FMKO03 1.46X107 8.32X 10 2.26 107 2.68X10™ 2.63X10™ 3.86> 107
FMKO04 8.11X10° 6.09X 10 2.93x 107 3.17x107* 3.02X10* 4.07%10*
FMKO05 8.22X10° 7.62X107 1.96 <107 2.76X10™ 2.45X10™ 2.34x107
FMKO06 6.34X10° 4.37%107 6.62> 107 2.36X10™ 2.90% 10 1.00x 107
FMKO07 1.33X10° 4.14% 107 246107 2.85%10™ 2.56X 10 2.84x107
FMKO08 1.17X107 4.08%10” 1.85x107 1.89x10” 1.95x107 5.37x 107
FMKO09 1.54X107 3.51X 107 2.61x107 4.17x10™ 2.62X10™ 2.87x107
FMK10 1.48X107 9.27X10* 2.18x107 2.27%10™ 2.39X 107 2.91x10™"
Remanu01 1.23X10° 8.18% 107 3.16x107 4.54x10™ 1.95x10™ 2.78X 107
Remanu02 9.64X10™ 4.56%10° 2.60x 107 2.34%10* 2.50% 10 3.11x107*
Remanu03 1.60X107 6.37X107 2.15X10* 3.39X 107 2.51X10* 2.85X107
Remanu04 1.52X10° 4.65X 107 1.96x 107 2.32X10* 2.07X10* 3.98X107
Remanu05 1.49X10° 5.91X10° 2.23X107* 2.15X10* 2.82X10* 3.63X107
Remanu06 1.86X107 6.38X 107 6.91X107* 7.11X107* 5.58X10* 5.06 X107
Remanu07 1.99X10° 5.64X 107 2.74X107 4.46X10* 2.99X10* 3.76 X107
Remanu08 1.98X10™ 3.29X10% 3.19% 10 4.28X10° 2.14X10* 3.81x10*
£10 AREIEFHRTHE Friedman %I (B (E)E R 0.95)
Tab.10 Friedman rank sum test under different indicators(confidence level is as 0.95)
8 b5 IGD GD SP
G R7S ¥ifa Friedman | p-value A Friedman | p-value ¥iH Friedman | p-value
IMOEA 2.41X10* 1.000 1.98x10” 1.000 1.32x107 1.000
MOPSO 4.28%10™ 5.889 2.76 10 5.778 5.57x 107 5.500
MOEA/D | 1.78X10" |  2.556 L | 1.69x10" | 2.333 | 2:59X107 | 2.500 "
QIEA 2.12% 10" 3.750 10810 1.96x10 3.667 bzt 3.36107 3.000 [z
MOTLBO | 2.56x10" 4.389 2.07x10™" 4.222 3.77X107 4.000
MOEA/DCH | 1.96x10" 3.417 1.55% 10" 3.000 5.03X107* 4.000
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Fig.11 Gantt chart of the optimal scheduling solution for FMK02 using IMOEA
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