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세부공정으로 구성된 LCD 모듈 라인의 다중스테이지 

메타휴리스틱 스케줄링 알고리즘 연구

서 정 대

가천대학교 산업경영공학과

A Multistage Metaheuristic Scheduling Algorithm in 
LCD Module Lines Composed of Processes

Jungdae Suh

Department of Industrial Engineering, Gachon University

This paper develops a multistage scheduling algorithm for the module operation of the LCD(Liquid Crystal 
Display) production systems and tests the efficiency of the proposed algorithm. The module operation is a 
multistage form composed of multiple sub operations of processes, and each stage is consists of multiple lines 
with the same kinds of machines. This paper presents a mathematical modeling reflecting the constraints of the 
LCD module operation and develops a multistage scheduling algorithm based on tabu search metaheuristic 
approach. For this purpose, an production order is assigned to a line of the sub operations and a sequence of the 
assigned order is rearranged to draw an efficient schedule. Simulation experiments test performance measures 
and show the efficiency of the proposed algorithm.
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2. 연구배경

2.1 공정현황
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CF , 
LCD 

(<Figure 1> ).

Figure 1. LCD manufacturing operations
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2.2 모듈공정

CP(Cullet, Clean and Polarizer), 
OLB(OnChip Lead Bonding), Assembly, Aging and Packing 

(<Figure 2> ). 

. 
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Figure 2. Processes of module operation
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Figure 3. Machine configuration of the CP process
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Figure 4. Machine configuration of the OLB process
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2.3 연구현황

LCD 
. 

, , 
<Table 1> .

Table 1. The current state of research

Topics Status of Research

Material Flow 
Control

Jang et al.(2001a), Suh et al.(2003), 
Ho and Su(2010)

ATP Jeong et al.(2002), Tsai and Wang(2009)

Planning Shen and Leachman(2003), Pai et al.(2004)

Fab Scheduling
Leu et al.(2010), Park et al.(2008), Lin et al.(2006), 
Jeong et al.(2002), Gartland et al.(2000)

Bottleneck 
Scheduling

Lu et al.(1994), Liao et al.(1996), 
Akcali and Uzsoy(2000), Koo et al.(2005)

Integrated 
Scheduling

Shen and Leachman(2003), Pai et al.(2004), 
Lee et al.(2002), Vargas-Vilamil et al.(2003), 
Chung and Jang(2009)

(Jang et al., 2001a; 
Suh et al., 2003; Ho and Su, 2010). 

.
ATP (Available-To-Promise)

. Jeong et al.(2002) LCD 
ATP . 

. Tsai and Wang(2009)
ATP 

.
. Leu et al. 

(2010) LCD TFT, CF, , 
, Park 

et al.(2008) TFT  
TFT . Lin et al. 

(2006) Jeong et al.(2002) LCD 
.

SemaTech Scheduler/ 
Dispatcher (Gartland et al., 2000), scheduler  
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.
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Shen and Leachman(2003), Pai et al. 
(2004), Lee et al.(2002) 

.
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3 . 
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. 
. 

, 

. Chung 
and Jang(2009) WIP 
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3. 생산계획 프로세스

3.1 프로세스 분석

(device) (model) 
. 

. 
. <Table 

2> .

Table 2. Example of the device and model of the module operation

Device Size Model Part

Device 1 12inch
Model 1 Part A, Part B
Model 2 Part C, Part D

Device 2 22inch
Model 3 Part E, Part F
Model 4 Part G, Part H

Device 100 45inch

CP, OLB, Assembly, 
Aging/Packing . 

. 

. , 12”~22” A ,  19”~32” 
B , 30”~42” C . 

. 

(setup) 30 ~1 .
CP, OLB, Assembly (lead time) 4.5

Aging 1 ~1 30 . 

, , , . 

. 
5 ~40 .

( )
3 , 1 , 1 ERP . 

3 , 1 , 1
. 3 1

. 1 . 
Assembly 

( ) . 
1

. 

. 
.  

.

3.2 모델링

ERP
 

. 
CP OLB

. 
. ,  

, (due date) . 
(sequence dependent setup 

time)

. 
(Pinedo, 

2008).  
IP 

.  

. 

.
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4. 다중 스테이지 메타휴리스틱 스케줄링

(tabu search)  
MSMST(Multi-Stage Module Scheduling Algorithm based on 
Tabu-Search) . 4.4

4.1 4.3
. 
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.

. , 
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. 
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.
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. 
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. , 
.

(intesification) (diversification) 
.

 

.
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. 
. 
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  ⋯   .

. 

. 

.
OSR 1. MDD(Modified Due Date) : 
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. ,    
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work
OSR 2.  MOQ(Min Order Quantity) : , 
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test Processing Time) .

OSR 3. SLACK(Least Slack Time) : 
,   

.
OSR 4. CR(Critical Ratio) : ( - )/

. CR 1.0  
CR
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.
OSR 5. ERD(Earliest Release Date) : 

. 

.
LSR 1. MSPT(Min Setup and Processing Time) : 

. 
 

  

   .
LSR 2. MLL(Min Line Load) : 

.
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.

(forward) .

. 
. 

.

. 
0 . 



   . 

 (8) .  

  .


 




∀  (8)

4.2 가능한 이동의 정의
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4.3 탐색 전략
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′
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4.4 알고리즘
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5.2 Step 2~Step 4    ⋯ 

(  
).

Step 6 : 
6.1 

 ⋯ 
   

 Step 2~Step 5
.

6.2 
 BTS   
(FBS)   .

5. 실험 및 결과

5.1 실험 대상 공정

CP OLB
2 . 

( ) 8 (<Table 3> 
). . Rolling 

planning horizon 1 (10,080 )
. 1 U(200, 

2000) , U(2, 7) . 
. 

250 .
10

( )
. 

<Table 2> ,  
4.5 . <Table 3> 2

.

Table 3. Tact times for devices and lines of the processes*(unit : sec)

b
a

1
(12”)

2
(19”)

3
(22”)

4
(27”)

5
(30”)

6
(32”)

7
(42”)

8
(45”)

L1 7,6 8,7 9,
L2 5,7 6,8 7,
L3 ,4 8,5 9, 10, 11, 12,
L4 7,6 8,7 9,8 10,9 11,
L5 6,5 7,6 8,7 9,8 10,
L6 ,4 ,5 ,6 11,7 12, 13,
L7 ,9 ,10 9,11 10,12 11,
L8 ,8 10,9 11,10 12,11 13, 14,
L9 9, 10,8 11,9 12,10 13,11

L10 8, 9,7 10,8 11,9 12,10
* : The tact times of processes are separated by comma(,).
a : Line, b : Device, The insides of () designate inches.

<Table 4>
. 

.

Table 4. Setup times for lines(unit : min)
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

CP 30 45 30 40 45 30 43 30 40 43
OLB 30 40 45 30 35 40 35 40 35 45

5.2 실험 내용

MSMST <Table 5>
. 

MSMST 
. 

MSPT

. 

. 2 1
ERD . 2

1 MSPT MLL .
(performance 

measure) average 
makespan( ), average flow 
time( ), past due 
average tardiness( )

ratio of tardy jobs, average WIP inventory 
( ) average total inventory( ) . (flow time)

, , 
. WIP inventory

, (average WIP 
inventory = / (makespan))

. Total inventory
(average total inventory =

/ ) .  
.

Table 5. Order selection rules and line selection rules
Candidate 

Solution List
Order Selection 
Rule of Stage 1

Order Selection 
Rule of Stage 2

Line Selection 
Rule

1 MDD ERD MSPT
2 MOQ ERD MSPT
3 SLACK ERD MSPT
4 CR ERD MSPT
5 MDD ERD MLL
6 MOQ ERD MLL
7 SLACK ERD MLL
8 CR ERD MLL
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Table 6. Combinations of order and line selection rules which 
give best schedules and the improvement of schedules

Iteration 
Number

a
(MOQ/
MSPT)

b
(MOQ/
MSPT)

c
(MDD/
MLL)

d
(MDD/
MSPT)

e
(MOQ/
MLL)

f
(MDD/
MLL)

1 8808.9 3542.9 567.06 0.39 192.03 284.18
2 8695.9 3502.8 554.35 0.34 191.33 283.77
3 8588.5 3467.1 543.73 0.32 190.72 283.38
4 8486.9 3414.6 533.43 0.29 189.97 283.04
5 8389.5 3392.0 524.37 0.27 189.44 282.71
6 8314.6 3373.4 515.73 0.26 188.91 282.41
7 8263.5 3354.2 507.36 0.25 188.44 282.16
8 8223.3 3339.1 499.01 0.24 188.03 281.90
9 8185.3 3332.8 491.01 0.23 187.67 281.62

10 8164.1 3326.7 483.08 0.23 187.32 281.39
11 8144.0 3318.8 475.51 0.22 186.96 281.14
12 8125.5 3313.6 468.03 0.22 186.61 280.90
13 8107.3 3310.0 460.79 0.21 186.27 280.68
14 8081.7 3307.3 453.90 0.21 185.96 280.47
15 8063.0 3304.6 447.18 0.21 185.66 280.29
16 8046.4 3302.2 440.84 0.20 185.36 280.12
17 8032.1 3300.4 433.91 0.20 185.06 279.97
18 8018.7 3299.0 427.58 0.20 184.77 279.81
19 8009.3 3295.3 421.72 0.20 184.49 279.69
20 7993.3 3295.4 415.90 0.20 184.23 279.53
21 7985.3 3295.3 410.34 0.19 183.97 279.41
22 7976.3 3295.4 404.81 0.19 183.71 279.30
23 7968.4 3295.3 397.86 0.18 183.46 279.19
24 7961.9 3295.4 392.56 0.18 183.12 279.09
25 7957.5 3295.3 385.69 0.18 182.89 278.98

Min 7957.5 3295.3 385.69 0.18 182.89 278.98
Reduction 
Ratio(%)

9.66  6.99  31.98  53.06  4.76  1.83  

a : average makespan, b : average flow time, c : average tardiness, 
d : ratio of tardy jobs, e : average WIP inventory, f : average total inventory

Table 7. Combinations of order and line selection rules which give
maximum reduction ratios and the improvement of schedules

Iteration 
Number

a
(MDD/
MSPT)

b
(CR/

MSPT)

c
(SLACK/
MSPT)

d
(SLACK/
MSPT)

e
(CR/

MSPT)

f
(SLACK/
MSPT)

1 8988.6 5137.9 856.87 0.41 282.20 331.22 
2 8845.1 4954.3 757.24 0.35  272.19 321.92 
3 8725.8 4794.4 701.85 0.32  263.40 318.95 
4 8644.3 4694.0 661.34 0.29  258.18 315.93 
5 8575.3 4598.8 637.78 0.28  253.10 313.90 
6 8517.8 4528.8 619.07 0.26  248.84 311.89 
7 8464.2 4481.7 585.20 0.25  245.90 310.96 
8 8426.6 4421.0 566.95 0.24  243.11 310.26 
9 8401.4 4376.7 545.92 0.23  240.62 309.44 

10 8377.3 4338.0 532.29 0.23  237.70 308.43 
11 8354.4 4303.6 522.67 0.23  235.83 307.82 
12 8332.0 4275.3 513.98 0.23  234.26 307.30 
13 8311.8 4250.1 506.75 0.22  232.86 306.94 
14 8293.7 4227.1 500.10 0.22  231.77 306.51 
15 8271.7 4206.9 493.15 0.21  230.69 306.26 
16 8249.5 4187.8 487.56 0.21  229.70 305.98 
17 8231.7 4169.7 482.23 0.21  228.80 305.71 
18 8213.9 4152.1 473.94 0.21  227.93 305.52 
19 8196.1 4134.7 468.76 0.20  227.12 305.32 
20 8178.7 4112.2 464.14 0.20  226.35 304.90 
21 8161.3 4087.6 459.50 0.20  225.64 304.72 
22 8145.3 4071.3 455.50 0.19  224.97 304.55 
23 8122.5 4059.1 450.70 0.19  224.34 304.45 
24 8103.9 4048.2 446.32 0.19  223.76 304.36 
25 8089.4 4038.1 442.36 0.19  223.19 304.27 

Min 8089.4 4038.1 442.36 0.19  223.19 304.27 
Reduction 
Ratio(%)

10.00  21.40  48.37  53.40  20.91  8.14  

LCD in-line 
flow shop . 

. 

.

5.3 실험 결과

MSMST <Table 6>~<Table 13>
. <Table 6>~<Table 9>

<Table 10>~<Table 13>
. <Table 6>

. 

. 
<Table 5> average makespan MOQ/MSPT 

. MOQ/MSPT 
average makespan 8808.90 7957.53
9.66% (reduction ratio) . Average flow 
time MOQ/MSPT 

average flow time 3542.94 3295.33 6.99% 
.

<Table 7>

. Average makespan MOQ/ MSPT 
MDD/MSPT 

10.00% . Average flow time
MOQ/MSPT CR/MSPT 
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Table 8. Schedules according to the order and line selection rules
Candidate 
Solution

a b c d e f

1 8089.4 4025.9 435.76 0.18 225.74 301.98 
2 7957.5 3295.3 601.27 0.25 189.56 319.18 
3 8120.4 3991.1 442.36 0.19 219.50 304.27 
4 8340.7 4038.1 766.00 0.28 223.19 319.08 
5 9322.1 4455.8 385.69 0.27 228.91 278.99 
6 9262.6 3493.1 661.86 0.26 182.89 293.70 
7 9250.4 4528.8 448.49 0.28 234.13 283.70 
8 9315.1 4911.1 1034.4 0.42 253.53 314.00 

Min 7957.5 3295.3 385.69 0.18 182.89 278.99 

Table 9. Reduction ratios according to the order and line 
selection rules(%)

Candidate 
Solution

a b c d e f

1 10.00 12.19  45.58  53.06  11.49  7.42 
2 9.66  6.99 24.13 18.54 5.74 3.97 
3 9.13  14.33 48.37 53.40 15.78 8.14 
4 8.38  21.40 37.74 43.37 20.91 7.69 
5 5.89  12.00 31.98 44.86 10.44 1.83 
6 6.17  7.87 24.83 23.08 4.76 2.44 
7 6.04  15.13 34.19 50.00 13.60 2.76 
8 5.91  19.78 37.45 29.39 18.00 7.43 

Max 10.00  21.40 48.37 53.40 20.91 8.14 

Figure 5. Reduction ratios according to the order and line selection
rules(%)

Figure 6. Maximum reduction ratios according to the performance 
measures

21.40% . 

. <Table 6>
MSPT .

<Table 8>

. Average makespan 9322.12 7957.54
. average makespan 

MOQ/MSPT . Average 
flow time 4911.11 3295.34
MOQ/MSPT . Average 
WIP inventory MOQ/MSPT 

. Average tardiness average total inventory
MDD/MLL, ratio of tardy jobs MDD/MSPT 

. average tardiness
. 

.
<Table 9> <Figure 5>

. 
Average makespan 5.89%~10.00%, average flow time 6.99%~ 
21.40%, average tardiness 24.13%~48.37%  

. average tardiness ratio of tardy jobs

MDD
SKACK MOQ CR

. Average makespan

. average flow time average WIP inventory 

 
Little’s formula . <Figure 6> 

. <Figure 6>
average tardiness ratio of tardy jobs 50% 

.
<Table 10>~<Table 13> <Figure 7>~<Figure 8>

(%) 
. 
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Table 10. Schedules with the application of intensification
Candidate 
Solution

a b c d e f

1 7949.4 3908.4 409.94 0.18 223.46 301.62 
2 7944.8 3295.3 601.27 0.25 189.56 319.18 
3 7945.0 3867.0 404.95 0.19 216.35 302.82 
4 8117.9 3917.6 668.33 0.26 217.25 315.65 
5 8970.9 4180.2 299.96 0.21 218.69 277.55 
6 8891.7 3350.1 548.29 0.22 179.59 290.96 
7 8896.0 4209.4 343.04 0.23 221.13 281.37 
8 8948.7 4465.5 783.92 0.35 233.37 303.62 

Min 7944.8 3295.3 299.96 0.18 179.59 277.55 

Table 11. Reduction ratios with the application of intensification(%)
Candidate 
Solution

a b c d e f

1 1.73 2.92 5.92 1.09 1.01 0.12 
2 0.16  0.00 0.00 0.00 0.00 0.00 
3 2.16  3.11 8.46 2.08 1.43 0.47 
4 2.67  2.99 12.75 7.80 2.66 1.08 
5 3.77  6.18 22.23 20.15 4.46 0.51 
6 4.00  4.09 17.16 14.62 1.81 0.93 
7 3.83  7.05 23.51 17.39 5.55 0.82 
8 3.93  9.07 24.22 16.75 7.95 3.31 

Max 4.00  9.07 24.22 20.15 7.95 3.31 

Table 12. Schedules with the application of diversification
Candidate 
Solution

a b c d e f

1 8039.3 4017.6 429.53 0.18 225.74 301.98 
2 7957.5 3290.2 598.95 0.25 188.46 319.18 
3 8070.1 3970.4 439.05 0.19 219.18 304.20 
4 8183.7 3978.9 724.05 0.27 220.52 317.49 
5 9001.4 4257.1 334.30 0.23 222.28 278.75 
6 9014.1 3433.1 588.36 0.25 181.50 291.58 
7 8956.2 4278.2 391.04 0.24 225.47 282.96 
8 9026.2 4567.6 824.05 0.38 239.77 307.94 

Min 7957.5 3290.2 334.30 0.18 181.50 278.75 

Table 13. Reduction ratios with the application of diversification(%)
Candidate 
Solution

a b c d e f

1 0.62 0.21 1.43 0.00 0.00 0.00 
2 0.00  0.16 0.39 0.00 0.58 0.00 
3 0.62  0.52 0.75 0.00 0.15 0.02 
4 1.88  1.47 5.48 3.55 1.20 0.50 
5 3.44  4.46 13.32 12.69 2.90 0.08 
6 2.68  1.72 11.11 3.85 0.76 0.72 
7 3.18  5.53 12.81 12.32 3.70 0.26 
8 3.10  6.99 20.34 9.57 5.43 1.93 

Max 3.44  6.99 20.34 12.69 5.43 1.93 

Figure 7. Reduction ratios with the application of intensification(%)

Figure 8. Reduction ratios with the application of diversification(%)

. 
tables figures

.

6. 결  론

LCD 

. LCD 
CP, OLB, Assembly, Aging and Packing 

. 

.

MSMST 
. average flow time 
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MSMST 
average tardiness ratio of tardy 

jobs 50% .
MSMST LCD

OLED Solar Cell 
. 

, 

. 
MSMST 

. LCD 

.
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