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A Two-Machine Flowshop Scheduling with
Outsourcing Strategy Allowed

Ik Sun Lee+

School of Business, Dong-A University

This paper considers a scheduling problem in a two-machine flowshop with outsourcing strategy incorporated. The jobs can

be either processed in the first machine or outsourced to outside subcontractors. This paper wants to determine which jobs to

be processed in-house and which jobs to be outsourced. If any job is decided to be outsourced, then an additional outsourcing

cost is charged The objective of this paper is to minimize the sum of scheduling cost and outsourcing cost under a budget

constraint. At first this paper characterizes some solution properties, and then it derives solution procedure including DP (Dynamic

Programming) and B&B (Branch-and-Bound) algorithms and a greedy-type heuristic. Finally the performance of the algorithms

are evaluated with some numerical tests.
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<Figure 1> The Job-Process Work-Flow in this Paper
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<Table 1> The Test Summary of DP Algorithm Y, Branch-and-Bound and Greedy Heuristic

DP algorithm Y B&B algorithm Greedy heuristic Gap

job number of states time(s) No number of states time(s) %

aver. max. aver. max. aver. max. aver. max. aver. max.
5 59 62 0.00 0.00 20 12 35 0.00 0.00 35.40 114.0
10 1705 2046 0.00 0.00 20 37 67 0.00 0.00 35.50 90.6
15 38409 64806 0.03 0.05 20 89 223 0.00 0.00 29.07 59.5
20 837411 2029839 0.62 1.49 20 316 1412 0.00 0.00 37.78 66.4
25 10109285 43742832 7.62 32.69 20 441 3564 0.00 0.01 31.44 50.5
30 128367893 | 509200806 100.02 389.51 20 756 6445 0.00 0.01 29.98 68.0
35 * *) * *) 18 3350 43175 0.00 0.05 28.98 52.9
40 *) *) *) *) 18 1883 17699 0.00 0.02 26.65 483
45 * *) *) *) 18 2384 18053 0.00 0.02 26.59 573
50 *) *) *) *) 19 2697 24572 0.00 0.03 23.93 453
55 *) *) *) *) 16 45770 873480 0.05 0.97 2223 35.6
60 * *) *) *) 17 48922 749421 0.06 0.85 23.11 435
65 *) *) *) *) 5 132438 2504523 0.16 2.92 21.41 342
70 *) *) *) *) 3 13584 139658 0.02 0.18 21.92 37.6
75 * *) *) *) 1 320998 5971369 0.40 745 20.16 36.8
80 ™ *) *) *) 1 68037 876343 0.09 1.19 20.24 37.7

(*) indicates the case that the optimal solutions are not found within the computation time.

<Table 2> The Test Summary for the Outsourcing Budget

Greedy heuristic Gap(%) B&B algorithm
K n number of states time(s)
aver. max.
aver. max. aver. max.
10 31.30 65.42 53 216 0.00 0.00
30 35.99 70.47 216 702 0.00 0.00
[50, 100] 50 22.61 50.51 1013 5570 0.00 0.01
Aver. 29.97 62.13 427 2162 0.00 0.00
10 35.64 97.30 47 176 0.00 0.00
30 4225 79.09 260 1005 0.00 0.00
(100, 150] 50 3235 62.48 1716 27299 0.00 0.03
Aver. 36.75 79.62 674 9493 0.00 0.01
10 41.98 92.73 50 125 0.00 0.00
30 44.61 98.35 230 1099 0.00 0.00
[150, 200] 50 42.09 88.92 422 850 0.00 0.00
Aver. 42.89 93.33 234 691 0.00 0.00
10 44.11 99.32 43 102 0.00 0.00
30 41.55 86.74 270 1069 0.00 0.00
[200, 250] 50 47.59 73.51 736 2478 0.00 0.00
Aver. 44.42 86.52 349 1216 0.00 0.00

<Table 3> The Test Summary for the Outsourcing Cost

Greedy heuristic Gap(%) B&B algorithm
K n number of states time(s)
aver. max.
aver. max. aver. max.
10 19.38 56.90 23 73 0.00 0.00
30 18.35 61.96 100 538 0.00 0.00
(10, 30] 50 14.76 58.13 415 5959 0.00 0.01
Aver. 17.50 59.00 179 2190 0.00 0.00
10 6.06 52.22 14 65 0.00 0.00
30 451 22.95 30 111 0.00 0.00
(20, 40] 50 3.88 25.78 62 364 0.00 0.00
Aver. 4.82 33.65 35 180 0.00 0.01
10 0.41 8.18 10 17 0.00 0.00
30 0.63 12.59 20 34 0.00 0.00
[30, 50] 50 0.19 3.80 30 47 0.00 0.00
Aver. 0.41 8.19 20 32 0.00 0.00
10 0.00 0.00 9 10 0.00 0.00
30 0.00 0.00 19 20 0.00 0.01
(40, 60] 50 0.00 0.00 30 41 0.00 0.00
Aver. 0.00 0.00 19 23 0.00 0.00
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