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The printing process can have to print various colors with a limited capacity of printing facility such as ink containers that

are needed cleaning to change color. In each container, cleaning time exists to assign corresponding inks, and it is considered

as the setup cost required to reduce the increasing productivity. The existing manual method, which is based on the worker’s

experience or intuition, is difficult to respond to the diversification of color requirements, mathematical modeling and algorithms

are suggested for efficient scheduling. In this study, we propose a new type of scheduling problem for the printing process.

First, we suggest a mathematical model that optimizes the color assignment and scheduling. Although the suggested model guarantees

global optimality, it needs a lot of computational time to solve. Thus, we decompose the original problem into sequencing orders

and allocating ink problems. An approximate function is used to compute the job scheduling, and local search heuristic based

on 2-opt algorithm is suggested for reducing computational time. In order to verify the effectiveness of our method, we compared

the algorithms' performance. The results show that the suggested decomposition structure can find acceptable solutions within

a reasonable time. Also, we present schematized results for field application.
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<Table 1> lllustration of Color Requirements for Jobs

Color
Job g M v K 0 G
1 1 1 1 1 0 0
2 0 1 1 0 1 0
3 1 0 1 0 0 1

{Table 2> lllustration of color-to-color Cleaning Time

Color C M Y K O G
C 0 1 2 3 4 5
M 3 0 2 5 1 4
Y 4 2 0 1 3 5
K 2 4 5 0 4 1
0 1 3 4 5 0 2
G 5 4 3 2 1 0
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{Table 3> Variation of Total Cleaning Time by Color
Change when ink Container 1 was Cleaned

Color change Cleaning time Total

0O—-CM—G 1+4=35 4+5=9
0—-CK—-G l1+1=2 4+2=6
0—>G, M—C 2+3=5 4+5=9
O0—->G K—C 2+2=4 4+4=28
M—-CK—>G 3+1=4 4 +4=238
M—>G K—>C 4+2=6 4+6=10

{Table 4> Variation of Total Cleaning Time by Color
Change when Ink Container 4 was Cleaned

Color change Cleaning Time Total
M—>G 4 4+4=38
0—G 2 4+2=6

<Table 3, 4>9] 914) A=
whel A AlF Akl e,

o AA 2 wA oA =2 i, 5ol AAE &=

A, 2] =1 Aol

Hh=t} <Table 1>3} <Table 2>2] o] 2 thA] Bol7}A, o]
Uell= A9 £AE -3 - 2’9}‘3- 2- 2 7AgaHA.
T AS BE FE 3 A3 FE 25 Adds= A9t
=AskaL, o Lﬂ%i’% Hl’—ﬂ kds 0324 ?iﬁ}% [
<Table 5> Variation of Cleaning Time by order which is
1-3-2
Order :\lumber c;‘ the |nk300nta|ne; Ch;,\ii?éng
1 C M Y K
1—3 C M Y K— G 1
3—>2 | C~0 M Y G 5

1-3-29 £AE Ak A4 wA 78
a1 9181 C, M, ¥, K& 9% SHe), 79
7,78 39 A2 995 Uhel JaFe Aol k.



Scheduling of Printing Process in which Ink Color Changes Exist 35

A7) K7} 271 49
7hg gt 1 ok, A 20 e 0E
A= Cc7F 23 19 o
0’ "3k AF A

N
-~
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(A) Method of generating partial order when step_size is 4
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(B) Method of encoding objective value in Ist step

A A A A
B B B D
C C D E

The number of colors used 4 times: 1; A
The number of colors used 3 times: 1; B
The number of colors used 2 times: 2; C, D

<Figure 1> lllustration of upper-level algorithm
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<Algorithm 1> Pseudocode of upper-level problem

1: Input: jobs, color requirements, step_size
2:  N<Jjobs| // number of jobs
3:  Generate initial solution .S
4:  best_value—f(S) // objectivefunction value of 9
5: repeat
6: change = 0
7: for s=1 to N—1 do
8: for e=s+1 to NV do
9: add S[1] to S[s—1] in order to S
10: add S[s|to Sle] in reverse order to S
11: add Sle+1]to end in order to S
12: if best_value < f(S') then
13: clear solution_list
14: add S to solution_list
15: best_value<—f(S)
16: change = 1
17: else if best_value = f(S') then
18: add S to solution_list
19: endif
20: Endfor
21: Endfor

_ S—S"E solution_list

" /I choose a solution randomly
23: until change = 0

24: if size(solution_list) =1 then

25: return S*Esolution_l'ist

26:  best_value<0

27 g1

28: while (step_size —¢>1)

29: for z<Esolution_list do

30: if best_value <fq($) then
31: clear optimal_list

32: add z to optimal_list
33: best_valuerq(w)

34: else if best_value:fq(ac) then
35: add z to optimal_list
36: endif

37: Endfor

38: if size(optimal_list) =1 then

39: break

40: Endif

41: solution_list<—optimal_list

42: qg+=1

43: Endwhile
44: return S" Eoptimal_list
/I choose a solution randomly
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<Table 7> Result Comparison between MIP and Our Solution

39

MIP Our solution

|71 IC1 | Objective CPU time (seyl  MIP Gap | Objective CPU time (sec)" MIP Gap Gap?
value ime {sec (%) value Upper level | Lower level (%) (%)
10 53" 27.92 0 54 0 0.22 0 1.89
5 20 126" 545.11 0 143 0 2.83 0 13.49
30 157 7200 67.52 163 0 12.84 0 3.82
10 101" 1730.01 0 125 0.02 22 0 23.76
6 20 148 7200 65.54 153 0.02 13.2 0 3.38
30 196 7200 88.27 199 0.02 29.01 0 1.53
10 104" 6312.88 0 148 0.03 2.08 0 4231
7 20 163 7200 7791 150 0.02 14.14 0 -7.98
30 218 7200 99.08 242 0.04 56.12 0 11.01
10 85 7200 44.70 90 0.05 2.84 0 5.88
8 20 261 7200 89.27 245 0.07 14.52 0 -6.13
30 207 7200 100 204 0.05 81.08 0 -1.45
10 91 7200 72.53 98 0.08 0.98 0 7.69
9 20 221 7200 96.83 260 0.1 4434 0 17.65
30 369 7200 100 337 0.07 102.62 0 -8.67
10 121 7200 71.07 201 0.08 11.67 0 66.12
10 20 355 7200 99.71 266 0.13 27.65 0 -25.07
30 478 7200 100 440 0.13 105.28 0 -7.95
10 117 7200 94.02 182 0.25 16.05 0 55.56
12 20 505 7200 100 465 0.23 3327 0 -7.92
30 620 7200 100 521 0.15 104.34 0 -15.97
10 134 7200 98.51 161 0.47 19.28 0 20.15
14 20 425 7200 100 371 0.46 1097.701 0 -12.71
30 593 7200 100 536 0.42 241.14 0 -9.61
10 270 7200 99.63 338 0.74 2443 0 25.19
16 20 555 7200 100 419 0.68 124.08 0 -24.50
30 903 7200 100 649 0.69 227.16 0 -28.13
10 197 7200 100 249 0.97 33.02 0 26.40
18 20 655 7200 100 489 1 303.26 0 2534
30 769 7200 100 513 1.09 7198.91 5.65 -33.29
10 280 7200 100 265 1.42 14.43 0 -5.36
20 20 852 7200 100 587 1.67 165.97 0 -31.10
30 1299 7200 100 924 1.53 491,27 0 -28.87
10 394 7200 100 545 8.19 225.53 0 38.32
30 20 1022 7200 100 704 8.23 7191.77 0.99 31,12
30 2474 7200 100 1096 7.67 1669.33 0 -55.70
10 472 7200 100 429 27.8 71722 5.83 9.11
40 20 2179 7200 100 1074 27.04 7172.96 1.4 -50.71
30 4566 7200 100 1262 33.03 7166.97 1.66 7236
10 776 7200 100 667 69.63 7130.37 1.65 -14.05
50 20 2910 7200 100 1347 53.34 7146.661 542 -53.71
30 5589 7200 100 1701 53.39 7146.61 3.12 -69.57
10 3436 7200 100 1237 1039.7 6160.3 13.74 -64.00
100 20 7191 7200 100 2749 949.71 6250.29 67.55 -61.77
30 12870 7200 100 3278 963.67 6236.33 79.80 -74.53
10 4577 7200 100 5443 5574 1626 90.83 18.92
150 20 14504 7200 100 6037 5713 1487 87.54 -58.38

30 TIME™ - - 13430 5781 1419 95.26

Note: 1) (CPU time of upper-level) + (CPU time of lower-level) < 7200
2) {(Objective value of MIP) - (Objective value of our solution)} / (Objective value of MIP)
* Optimal solution of a certain case.

** Any feasible solutions cannot be found during 2 hours.
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<Table 8> lllustration of Color Requirements for Jobs

Job # Using color

Job 1 Y, K

Job 2 MY, K GV

Job 3 VM, M, Y, LK, O, G, V
Job 4 C, LK, K

Job 5 C, VM, M, Y, LK, K
Job 6 LC, M, LK, K, O, G, V
Job 7 C, Y, LK, O, V
Job 8 MY, KV

Job 9 C K, 0

Job 10 VM, G, V

Job 11 LC, M, LK, K, O, G
Job 12 LC, VM, Y, LK, K, O, V
Job 13 LC, C, VM, M, Y, LK, K
Job 14 LC, C, M, LK, G, V
Job 15 LC, M, Y, LK, O, G, V
Job 16 CY, KOG

Job 17 LC, VM, M, LK, K, G
Job 18 LC, VM, M, Y, G
Job 19 LC,C, M, Y, LK, O
Job 20 LC, VM, LK, O, G, V
Job 21 VM, G

Job 22 LC,C, M, Y, LK, G
Job 23 LC,C, Y, K, O,G, V
Job 24 C, VM, M, LK, G
Job 25 LC, C, Y, LK, K
Job 26 M, LK, K, G, V
Job 27 LK, O, V

Job 28 VM, M

Job 29 VM, LK, K

Job 30 Y, LK

<Table 9> lllustration of color-to-color Cleaning Time

Color| LC| C |[VWM | M Y | LK | K 0| G "
LC 0 28 | 22 | 24 | 24 | 22 |19 | 25| 16 | 17
C 26 0 26 | 15 | 18 | 21 | 28 | 21 | 26 | 18
VM | 26 | 16 0 17 129 | 21 | 22 | 27 | 27 | 18
M 30 | 21 | 20 0 18 | 20 | 27 | 26 | 26 | 29
Y 16 | 20 | 25 | 19 0 15120 | 20 | 16 | 30
LK | 28 | 28 | 17 | 16 | 27 0 21 | 25 | 22 | 18
K 21 15116 | 27 | 15| 27 0 28 | 20 | 26
0 26 | 18 | 15 | 29 | 17 | 25 | 16 0 20 | 21
G 27 | 17 | 25 | 18 | 24 | 15 | 28 | 18 0 23
vV 15 |23 | 24|29 |16 | 25| 28 | 29 | 16 0

<Table 10> lllustration of Color Assignment Plan

Obtained through Our Solution
Order slof Number of the ink container
K 2 3 4 5 6 7

1]Job 1
2| Job 8 Yellow
3 (Job 2
4 |Job 26 Magentaj blacK

Green
5(Job 6 Lish
1ght .

6 (Job 11 Cyan nght

[ 7 [Job 12 blacK Vivid | Violet
8 |Job 3 Magenta

Magenta
9 |Job 15 Orange
10 |Job 23
Green

11|Job 16

12| Job 9
13| Job 4 Cyan

141Job 25 blackK
15| Job 5

Yellow
16|Job 13 .
17|10b 18 Vivid
Magenta

18|Job 17

19|Job 24 Green Light

20(Job 14 Cyan

21 |Job 22 Light

Cyan

22|Job 19|Magental black

23| Job 7

24 |Job 27 o

25/Job 20 I Violet

26|Job 10

27|Job 21 Vivid

Green
28 |Job 28 Magenta
blacK

29 |Job 29

30|Job 30 Yellow
Objective 377
value
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