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ABSTRACT

Recently, manufacturers have been struggling to efficiently use production equipment as
their production methods become more sophisticated and complex. Typical factors hindering
the efficiency of the manufacturing process include setup cost due to job change. Especially,
in the process of using expensive production equipment such as semiconductor / LCD process,
efficient use of equipment is very important. Balancing the tradeoff between meeting the
deadline and minimizing setup cost incurred by changes of work type is crucial planning
task. In this study, we developed a scheduling model to achieve the goal of minimizing
the duedate and setup costs by using reinforcement learning in parallel machines with duedate
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and work preparation costs. The proposed model is a Deep Q-Network (DQN) scheduling
model and is a reinforcement learning—based model. To validate the effectiveness of our

proposed model, we compared it against the heuristic model and DNN(deep neural network)
based model. It was confirmed that our proposed DQN method causes less due date violation

and setup costs than the benchmark methods.
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(Figure 2) Example of Machine
Scheduling Considering
Setup Cost Only

(Figure 1) Example of Machine Scheduling
Considering Job Change Only
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Warm up 200
Gamma 0.77
Epsilon 0.1
Target Q update frequence 200
Minibatch size 64
Buffer size 5000
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(Table 2) Number of Job Changes and Due Date Violations in (M=16, P=5, N=50, K=15)

Scheduling|
Mathod DQN DNN EDD - LPT EDD - MOR | SLACK - EDD
Applyed
. #Job |#Duedate| #Job |#Duedate| #Job |#Duedate| #Job |#Duedate| #Job |#Duedate
Trials . . . . . . . .
changes| violations |changes| violations |changes| violations | changes |violations| changes |violations
1 5 0 9 0 26 0 21 0 30 0
2 3 0 5 0 21 0 23 0 24 0
3 11 0 14 0 30 0 38 0 35 0
4 7 0 10 0 26 0 29 0 30 0
5 1 0 5 0 20 0 20 0 21 0
6 5 0 9 0 34 0 30 0 36 0
7 5 0 9 0 30 0 31 0 29 0
8 1 0 4 0 24 0 22 0 21 0
9 6 0 10 0 29 0 34 0 35 0
10 4 0 9 0 28 0 24 0 29 0
average | 48 0 84 0 26.8 0 212 0 29 0
cost 96 16.8 53.6 54.4 58
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(Table 3) Number of Job Change and Due Date Violation in (M
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(Table 4> Number of Job Change and Due Date Violation in (M=16, P=5, N=50, K=13)

Scheduling
Mathod DON DNN EDD - LPT EDD - MOR | SLACK - EDD
Applyed
Trials #Job #Due(.iate #Job #Due(.iate #Job #Due(.iate #Job #pue(.iabe #Job #Due(.iate
changes| violations [changes|violations|changes|violations| changes |violations| changes [violations
1 14 14 1 12 5 16 3 18 2
2 6 0 8 1 17 1 13 4 16 1
3 7 1 1 16 4 13 4 15 3
4 22 0 11 1 18 7 13 3 12 1
5 10 0 11 0 17 1 16 3 16 0
6 6 0 0 11 1 11 3 9 0
7 9 0 1 11 2 16 4 19 0
8 8 2 12 1 17 7 19 8 19 3
9 9 1 7 1 15 2 12 5 18 0
10 7 0 0 14 3 12 5 12 1
average 9.8 04 9.3 0.7 14.8 3.3 14.1 42 154 1.1
cost 236 25.6 62.6 70.2 418
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(Figure 9) Cost Graph of (M=20,
P=7, N=100, K=22)

60

36.1 354

EDD-LPT EDD-MOR  SLACK-EDD

DQN DNN
B Due date violations EEERJob changes  ==e=Cost

(Figure 10) Cost Graph of (M=20, P=7,
N=100, K=20)

(Table 6) Number of Job Change and Due Date Violation in (M=20, P=7, N=100, K=22)

Scheduling
Mathod DQN DNN EDD - LPT EDD - MOR SLACK - EDD
Applyed
Trials #Job #Duec:late #Job #Duedate #Job #Dueglate #Job #Duedate #Job #I')ue('jate
changes|violations|changes|violations|changes|violations| changes |violations| changes | violations
1 25 0 16 0 33 1 28 3 38 0
2 19 0 14 0 36 3 33 3 33 0
3 17 0 18 0 37 0 34 1 42 0
4 14 0 15 0 27 0 33 1 39 0
5 20 0 26 0 36 1 33 1 43 0
6 11 0 15 0 32 0 22 1 36 0
7 25 0 23 0 41 3 37 2 37 0
8 20 0 24 1 42 2 40 5 44 1
9 17 0 17 0 31 0 32 2 39 0
10 19 1 28 0 36 1 35 5 40 0
average | 187 0.1 196 0.1 35.1 1.1 32.7 24 39.1 0.1
cost 384 40.2 81.2 894 79.2
AE vas) | SLACK Wie] w1y UEbsk ek 2= WA Sl vhE Al )
S oZl Sl P AL Aew YEiTh & A2 Ao yeskow, F Hl&ke 43s}st
o, stk 7Inke] dAAgo] AF AN s 7Iuke] A g0l B A2 A= gl
7|eke] AR A 2ol wlste] FrdE o B¢ th 53], MOR el Blalixs= 2uf 717ko] 2t
= BARE FEjag Ao nlE) e slow ojtf= Aow S
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(Table 7> Number of Job Change and Due Date Violation in (M=20, P=7, N=100, K=20)
Scheduling
Mathod DON DNN EDD - LPT EDD - MOR SLACK - EDD
Applyed
. #Job |#Duedate | #Job |[#Duedate| #Job |#Duedate| #Job |#Duedate| #Job [#Duedate
Trials . . . . . . . . . .
changes| violations |changes|violations|changes|violations| changes |violations| changes |violations
1 24 2 24 0 36 4 39 5 27 0
2 21 1 23 0 30 1 34 3 34 0
3 22 1 22 2 31 4 30 6 33 0
4 31 0 30 1 36 2 36 5 39 0
5 16 2 17 1 32 3 36 4 28 0
6 25 0 21 0 34 5 40 8 34 1
7 24 1 22 1 34 4 33 5 35 0
8 17 0 19 0 35 2 36 1 35 0
9 14 3 24 0 36 2 37 5 42 0
10 27 1 25 1 43 3 40 7 42 0
average 22.1 11 22.7 0.6 34.7 3 36.1 49 354 0.1
cost 55.2 51.4 9.4 121.2 718
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