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Abstract

Purpose: This paper proposes several innovative approaches to model evaluation after obtaining the reinforcement
learning model of scheduling with predictive maintenance. To train this model, its reward and loss function must be

determined according to the conditions of the workshop environment.

Methodology: This learning model is examined in different modes of work entry into the workshop and the results
obtained from other scheduling methods show better outputs.

Findings: The predictive maintenance model is evaluated by four learning methods and the quality of these models is
examined. By selecting and adding the best machine failure model to the scheduling reinforcement learning model, the
instant tasks entered into the workshop are assigned to the machines. By comparing the proposed method with the

previous ones, the best performance is found and shown.

Originality/Value: One of the innovations of this papet is to provide a definition of the reward function for the issue.
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Figure 1- Shop floor used in this research.
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Table 2- Parameters of the controlled orders.
bJL" Omax omin ODmax ODmin INT

1 25 15 60 40 20
2 60 40 60 40 20
3 25 15 60 40 10
4 25 15 60 40 5
5 25 15 30 20 20
6 25 15 15 10 20
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Table 3- Parameter setting with a high order size.
<> omax omin ODmax ODmin INT

10 120 100 60 40 20

11 200 180 60 40 20

12 300 280 60 40 20
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Table 4- Definition of the reward and loss reinforcement learning.
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Table 5- Maintenance data.

Cycle Op_setting_1 Op_setting_1 Op_setting_1 Op_setting_1 Op_setting_1

Cycle Op_setting 1 Op_setting 1 Op_setting 1 Op_setting 1  Op_setting_1

Cycle Op_setting_ 1 Op_setting_ 1 Op_setting_ 1 Op_setting_ 1  Op_setting_1

Cycle Op_setting_ 1 Op_setting_ 1 Op_setting_ 1 Op_setting_1 Op_setting_1
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Figure 3- Diagram of the importance of sensors.
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Table 6- Comparion of predictive maintenance models.

SO Je @upe s (Sl @l s Sl r-squared

Sholat > ygum )5, 1778.024 29.843 0.625
GLM Elastic Net 2043.031 34.600 0.867
Slari crbls o 1856.812 30.282 0.607
Gradient Boosting 1768.62 29.92 0.625
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Figure 3- Diagram of the ROC and random forest confusion matrix.
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Table 7- Outputs of the mean tardiness.

<l FIFO EDD SPT RL
1 -6146 -62.63 -57.98 -63.04
2 -29.13 -37.93 -25.68 -43.31
3 -56.80 -5246 -56.02 -57.24
4 -19.64 -20.20 -51.40 -58.46
5 -2451 -2650 -23.60 -28.08
6 -915 -906 -891 -9.84
7 -22.37 -21.04 -58.56 -64.85
8 -56.04 -50.03 -49.64 -54.27
9 -4287 -44.76 -45.97 -36.92
10 511 536 -23.07 -39.11
11 1762 2091 -10.66 -145
12 3569 38.09 3.57 3.57
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Table 8- Outputs of the mean flow time.
<> FIFO EDD SPT RL
1 8.48 7.97 7.55 7.54
2 43.08 39.74 27.79 20.38
3 14.78 13.64 1256 11.93
4 46.30 4898 1791 1394
5 8.95 8.51 8.62 7.85
6
7
8
9

9.06 8.77 893  8.69

4731 2693 11.23 948

2388 2397 7.61 16.82

8.03 718 863 6.33

10 69.47 68.63 53.02 3277
11 93.09 94.67 6155 44.53
12 108.28 108.62 7355 54.54

0520 Syl Lo wuoyd (1i0lse (o235 -1 Jgu
Table 9- Outputs of the average percentage of the mean tardy jobs.
oJ> FIFO EDD SPT RL

1 0.00 0.00 0.00 0.00
2 1841 1600 9.18 9.09
3 046 018 238 0.09
4 2541 2663 594 4.89
5 0.00 0.00 0.00 0.00
6
7
8
9

17.78 28.89 29.80 13.50
2931 26.00 321 0.00
575 412 961 526
457 406 313 6.67
10 3950 40.66 27.00 26.80
11 57.30 60.33 39.00 39.66
12 65.00 67.00 4450 43.50
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Table 10- Agent decision conditions.
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Figure 4- Decision tree of the agent reinforement learning.
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