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Scheduling of Parallel Offset Printing Process for Packaging Printing

Jaekyeong Moon and Hyunchul Tae*

Department of Digital Healthcare Research, Korea Institute of Industrial Technology

Abstract With the growth of the packaging industry, demand on the packaging printing comes in various forms. Cus-
tomers’ orders are diversifying and the standards for quality are increasing. Offset printing is mainly used in the pack-
aging printing since it is easy to print in large quantities. However, productivity of the offset printing decreases when
printing various order. This is because it takes time to change colors for each printing unit. Therefore, scheduling that
minimizes the color replacement time and shortens the overall makespan is required. By the existing manual method
based on workers’ experience or intuition, scheduling results may vary for workers and this uncertainty increase the pro-
duction cost. In this study, we propose an automated scheduling method of parallel offset printing process for packaging
printing. We decompose the original problem into assigning and sequencing orders, and ink arrangement for printing
problems. Vehicle routing problem and assignment problem are applied to each part. Mixed integer programming is used
to model the problem mathematically. But it needs a lot of computational time to solve as the size of the problem grows.
So guided local search algorithm is used to solve the problem. Through actual data experiments, we reviewed our

method’s applicability and role in the field.
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Table 1. Illustration of color

Solal 2Rl A S 185

Table 3. Variation of cleaning time by color change

Color A
(L":87, a":27, b":-34)

Color B
(L":35, a":27, b": -34)

Color C
(L":100, a": 80, b : —67)

Color D
(L":88, a": 80, b":67)

Table 2. Illustration of cleaning time by color

Color A B C D
A 0 4 2 5
B 6 0 3 2
C 7 4 0 3
D 1 2 5 0
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Fig. 2. Illustration of vehicle routing problem.
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Table 4. Actual order data used in the experiment
ol | b coDE INKCODE List Production
Orders Quantity
1 PL210402036 P1850, 020120002, 020120007, 020120014, P7644, 020120009, 020120015 266
2 | PL211008085 DS209, 020220009, 020220007 2182
3 | PL211008075 DS209, 020220009, 020220007 2657
4 PL210331060 H| o] X = 419, 020220009, 020220015, 020220014, 020220016, P199K 983
5 | PL211019001 020220013, 020220009, P200Y 70834
6 | PL210326037 DS333, P479A, 020120002, P412E, DS334, P569 600
7 | PL210709002 020120002, 020120007, 020120014, 020120015 2482
8 | PL210407036 020120002, 020120007, 020120014, P151F, 020120015 7011
9 | PL211019004 020120002, 020120007, 020120014, P9501 42013
10 | PL210916009 020220009, P297C, P5555 977
11 | PL210923025 020220013, 020220064, 020220015, 020220022, 020220023, P3415B 19039
12 | PL211103002 020220013, 020220009, DS293 2011
13 | PL210402037 DS475, 3|42, 020220009, 020220015, 020220014, 020220016, 3 =LHI T2, P410 400
14 | PL211103003 020220013, 020220009, DS293 2427
15 | PL210408134 |  0021}4115, 020220009, 020220015, 020220014, 020220016, P221B, P207N, 020220013 2800
16 | PL211019003 020120002, 020120014, 020120007, 020120015 35936
17 | PL210915058 P7533C, 020120002, 020120007, 020120014, P7530A, DS376, 020120015 3302
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Table 5. The time required between orders

2R -

Elj i

Tollde FAA ARE el F2
Fr2]2~¥] (meta-heuristics) W % kel Ao ¢hj

GLS= dAEE F4ste] whe
MAs] Yhs A9 g4 (Local Search) W Do sz,
A A dagFo]l Ao HAHo| sk BRS¢
3 57+ v]8& ¥<(augmented cost function)E ARE-SHC},
ol A9 HAol FHs 1 wjo HES T B9 F
7HETh #A] vEeo] Ao FHA A Hlojuxs fEgith
GLSS| 7414 daelEe] We2 v 2o

Algorithm 1 Pseudocode of Guided Local Search

I input: g, A, [L;, -, Iyl [cy, - ey, M

2: k<0

3: So < random or heuristically generated solution
4 fori=1toMdo

5: pi<0

6: endfor

7: while (! StoppingCriterion)
8

: h—g+A%pil;
9: Sk+1 < LocalSearch(sy, h)
10: fori=1toMdo
L1 utily < Ii(sg1) * ¢/ (1 +py)
12: endfor
13: for each i such that util; is maximum do
14: piepit1
15: endfor
16: kek+1

17:  endwhile
18: s « the best solution found with respectto g
19: returns”

O#rtd:rfs 0 1 2 3 4 5 6 7 8 9 10 11 12 3 14 15 16 17
0 0 11 13 5 354 3 12 35 | 210 5 95 10 2 12 14 | 180 | 17
1 0 0 185 | 187 | 155 | 528 | 138 | 102 | 117 | 322 | 182 | 246 | 185 | 142 | 187 | 153 | 270 | 81
2 0 62 0 13 44 | 395 | 66 76 99 | 274 | 50 | 155 | 53 40 55 52 | 244 | 77
3 0 62 11 0 44 | 395 | 66 76 99 | 274 | 50 | 155 | 53 40 55 52 | 244 | 77
4 0 122 | 136 | 138 0 | 480 | 130 | 150 | 167 | 350 | 133 | 197 | 137 | 37 | 139 | 49 | 318 | 140
5 0 61 51 53 43 0 64 75 98 | 273 | 49 | 136 | 31 38 33 35 | 243 | 76
6 0 99 | 151 | 153 | 126 | 495 0 132 | 147 | 330 | 149 | 214 | 152 | 114 | 154 | 128 | 300 | 115
7 0 1 96 98 82 | 441 | 63 0 35 | 232 | 94 | 171 | 98 76 | 100 | 89 | 180 | 17
8 0 19 | 125 | 127 | 103 | 470 | 85 42 0 262 | 123 | 194 | 127 | 95 | 129 | 108 | 210 | 35
9 0 17 95 97 81 | 439 | 62 33 55 0 93 | 170 | 96 75 98 87 | 201 | 32
10 0 59 50 52 42 | 393 | 62 72 95 | 270 0 151 | 49 36 51 49 | 240 | 74
11 0 123 | 152 | 154 | 109 | 477 | 129 | 149 | 168 | 349 | 151 0 133 | 98 | 135 | 92 | 317 | 139
12 0 62 52 54 44 | 375 | 65 75 98 | 273 | 48 | 135 0 38 12 34 | 243 | 77
13 0 172 | 195 | 197 | 104 | 539 | 184 | 207 | 224 | 407 | 193 | 252 | 196 0 198 | 95 | 375 | 189
14 0 62 52 54 44 | 375 | 65 75 98 | 273 | 48 | 135 | 10 38 0 34 | 243 | 77
15 0 173 | 196 | 198 | 105 | 520 | 185 | 208 | 224 | 408 | 194 | 234 | 177 | 84 | 179 0 376 | 190
16 0 1 96 98 82 | 441 | 63 12 35 | 232 | 94 | 171 | 98 76 | 100 | 89 0 17
17 0 61 | 182 | 184 | 153 | 526 | 136 | 102 | 115 | 321 | 180 | 243 | 184 | 138 | 186 | 151 | 270 0
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Table 6. Result of experiments on actual data

Algorithm  |Objective Value| CPU Time(sec)| # of Lines Work Schedule (makespan: min)

1 9-16 — 7 — 8 — 17 (493)

MIP 53212* 90 2 10-2-3-12-14 - 11 — 15 - 4 — 13 (502)
3 5-6—1 (517*%)
1 10-6-16-7-8—-17 — 1 (510)

SA 54132 10 2 3-2-5-—14 - 12 — 15 (496)
3 9 — 11 — 4 — 13 (526*%)
1 10 — 14 — 12 — 5 — 4 — 13 (521*%)

GLS 53636 60 2 9-16 —7 — 17 — 1 (501)
3 3-2-8-6-11 - 15 (514)

*: Optimal solution.
**: Maximum makespan.

Table 7. Illustration of scheduling result obtained by our solution

Line 1
Order Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
9 020120002 | 020120007 | 020120014 P9501
16 020120002 | 020120007 | 020120014 | 020120015

020120002 | 020120007 | 020120014 | 020120015
020120002 | 020120007 | 020120014 | 020120015 P151F

17 020120002 | 020120007 | 020120014 | 020120015 P7533C P7530A DS376
Line 2
Order Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
10 020220009 P297C P5555

020220009 DS209 020220007
020220009 DS209 020220007

12 020220009 | 020220013 DS293
14 020220009 | 020220013 DS293
11 020220064 | 020220013 | 020220015 | 020220022 | 020220023 P3415B
15 020220009 | 020220013 | 020220015 P221B P207N 020220014 | 0024¥F2715 | 020220016
o] 2| 4 A
4 020220009 19 020220015 020220014 P199K 020220016
13 020220009 P410 020220015 DS475 a2 | 020220014 3| A 020220016
Line 3
Order Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
5 020220013 | 020222009 P200Y
6 020120002 P412E P479A DS333 DS334 P569
1 020120002 | 020120014 P7644 020120007 P1850 020120009 | 020120015
Ay Y e AR I AEH ARE ol B AAE AT
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Fig. 3. Objective function change over computation time.
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Table 8. Result of experiment on generated data
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EEZF)JO Gurobi(Ver. 9.1.5)5 ©]&3}3it}.

T 17 dEH
AIZRE veRd. 39 EAE
o] = A W] B 2 AE A7E
ALFsIAAL, ool C’Jdﬂ nje=e} Hlglshes 13 A7k H

el e F

02 A I WA e

s 7IEeR 9 ol

ol Wl A% R

A=
5 9k g B, R

H-ohe ¢ 3

SSAT F

7 Qe AHCHRT e A7 3
o wd, Q) HlG) Be R s} F) FRow

Sk

29] <l o)F A%
2 Qs 45
WS AHEEA

N

N,

o

ro WY

MIP GLS
#;ir?efs 0#; dzrfs Objective value CPU time MIP Gap |Average objective value | CPU time Objective gap"

(makespan) (sec) (%) (makespan) (sec) (%)

30 57329 (536) 3600 0.9 57335 (536) 300 0

40 86440 (808) 3600 0.5 86650 (810) 300 0.2

50 101498 (949) 3600 0.9 101416 (948) 300 —0.1
60 128663 (1203) 3600 1.3 128378 (1200) 300 —0.2
7 70 143121 (1338) 3600 1.6 142595 (1333) 300 —0.3
80 186116 (1740) 3600 2.0 184106 (1721) 300 —-1.1

90 TIME** 3600 - 204985 (1916) 300 -
100 242822 (2270) 3600 1.2 241703 (2259) 300 —0.5

30 37338 (340) 3600 1.9 37349 (340) 300 0.03

40 58027 (528) 3600 1.1 57963 (527) 300 —0.1
50 68567 (624) 3600 1.7 68167 (620) 300 -0.5
10 60 87279 (794) 3600 1.2 87299 (794) 300 0.02
70 98262 (894) 3600 2.3 97414 (886) 300 —0.9
80 127400 (1159) 3600 1.3 127020 (1155) 300 -0.3
90 143345 (1304) 3600 1.9 142631 (1297) 300 -0.5
100 169283 (1540) 3600 1.5 169091 (1538) 300 —-0.1

30 22699* (199) 109.66 0 22699 (199) 300 0
40 36865 (322) 3600 3.0 36571 (319) 300 —0.8
50 43110 (376) 3600 2.7 42821 (373) 300 —0.7
60 56253 (491) 3600 3.1 55265 (481) 300 -1.8
15 70 63129 (550) 3600 2.9 62177 (541) 300 -1.5
80 84038 (733) 3600 2.9 82954 (722) 300 -1.3
90 97227 (851) 3600 53 94449 (823) 300 -2.9
100 112806 (983) 3600 2.8 111034 (966) 300 -1.6

Objective gap": {(Average objective value of GLS) — (Objective value of MIP)} / (Objective value of MIP)

*: Optimal solution.

TIME**: Any feasible solutions cannot be found during 1 hour.
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