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Heuristic Search Method
for Cost-optimized Computer Remanufacturing

Hong-Bae Jun'

- Gapsu Sohn

Department of Industrial Engineering, Hongik University

Recently, the optimisation of end-of-life (EOL) product remanufacturing processes has been highlighted. In particular, computer
remanufacturing becomes important as the amount of disposed of computers is rapidly increasing. At the computer remanufacturing,

depending on the selections of used computer parts, the value of remanufactured computers will be different. Hence, it is important

to select appropriate computer parts at the reassembly. To this end, this study deals with a decision making problem to select

the best combination of computer parts for minimising the total remanufacturing computer cost. This problem is formulated with

an integer nonlinear programming model and heuristic search algorithms are proposed to resolve it.
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<Table 1> Comparison of Previous Studies
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de Ron[5] profit on parts cost, energy cost, financial cost model
. Optimization of . Economic, Social and MCDA (multiple
Bufardi et al[7] Telephone EOL scenarios EOL scenario Environmental constraints criteria decision aid)
Bufardi et al.[8] | Vacuum cleaner Opt1mlzat10n‘ of EOL scenario . Economic and . ‘M(':DA(II'IL}ltlple.
EOL scenarios Environmental constraints criteria decision aid)
Refrigerator and Maximization of Reuse rates of WEEE(Waste Electrical and
Lee et al.[9] . . . . Expert survey
television reuse rate electronic products Electronic Equipment)
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<Table 2> CPU Compatibility Information Definition
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INTEL 1567 1
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INTEL 1155 4
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AMD 16
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<Table 4> Test Results in Small-sized Problems

Opt. ACNS DACS

Problem - - -

Sets Time | Time | Aver. 4 Time | Aver. "

(sec) | (sec) | PE (sec) | PE

(5,1, H)* 0.01 0.84 1.30 8 0.17 1.30 8
(5,1,2) 0.01 1.10 0.22 8 0.23 0.22 8
(5,1,3) 0.00 0.12 1.15 9 0.10 2.89 9
6,1,1) 0.02 0.89 0.65 8 0.17 0.65 8
6,1,2) 0.02 1.34 1.69 7 0.23 1.69 7
6,1,3) 0.04 0.26 1.26 9 1.29 1.26 9
6,2,1) 21.92 2.07 2.61 6 0.38 2.61 6
(6,2,2) 2.87 2.04 5.38 6 0.41 5.38 6
(6,2,3) 2.55 3.07 3.26 7 0.66 3.26 7
(7,1, 1) 0.02 0.90 291 8 0.16 291 8
(7,1,2) 0.03 1.13 2.32 8 0.21 232 8
(7,1,3) | 0.02 0.27 0 10 | 1.06 0 10
(7,2,1) 157.04 2.14 3.97 4 0.36 3.97 4
(7,2,2) 8.24 2.38 495 6 0.54 495 6
(7,2,3) 4.87 3.23 2.93 6 0.78 2.93 6
8,1, 1) 0.03 0.94 247 9 0.17 2.47 9
8,1,2) 0.06 1.23 0.55 9 0.29 0.56 9
(8,1,3) 0.02 0.40 1.37 8 1.84 1.37 8
8,2,1) 46.69 1.93 4.03 5 0.32 4,03 5
(8,2,2) 34.97 2.53 6.94 4 0.54 6.94 4
(8,2,3) 47.08 3.23 5.46 5 0.91 5.46 5
9,1, 1) 0.03 0.94 4.11 6 0.21 4.11 6
9,1,2) 0.07 1.10 1.67 8 0.20 1.67 8
9,1,3) 0.02 0.30 2.65 7 0.99 2.65 7
9,2,1) 157.04 2.14 3.97 4 0.36 3.97 4
9,2,2) | 12991 2.23 3.49 6 0.41 3.50 6
9,2,3) 76.73 7.43 2.35 6 10.52 1.58 6
(10,1,1) | 0.081 1.00 3.28 7 0.19 3.28 7
(10,1,2) 0.11 1.12 0 10 0.19 0 10
(10,1, 3) 0.09 0.41 1.72 8 1.34 1.72 9
(10,2,1) | 440.73 2.07 6.63 4 0.36 722 4
(10,2,2) | 601.19 2.55 10.69 | 3 1.03 10.69 | 3
(10,2,3) | 151.30 3.21 8.63 5 1.16 8.63 5
ajeorf;e 57.08 1.71 3.17 | 6.8 0.84 322 | 6.8

*(m, N, t) m=the number of part, N=the number of ordered
computers, ¢ = warranty period, # the number of optimal solutions
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<Table 5> Test Results in Large-Sized Problems

ACNS DACS

Problem

Sets Time | Aver. " Time | Aver. "
(sec) | RPE (sec) | RPE

(20, 5, 1)* 0.69 0 10 0.19 1.54 8
(20,5,2) 2.95 4.07 2 12.91 0.99 8
(20,5,3) 4.06 1.22 6 12.67 2.07 4
(20, 10, 1) 2.32 1.13 5 13.51 2.05 5
(20, 10, 2) 3.44 1.74 3 16.41 0.36 6
(20, 10, 3) 8.67 1.15 5 27.02 1.35 5
(50, 10, 1) 2.37 4.29 5 1.16 1.25 5
(50, 10, 2) 9.23 3.03 2 31.56 0.84 8
(50, 10, 3) 18.08 4.85 2 42.25 0.38 8
(50,20, 1) 42.62 0.67 6 13.46 2.08 4
(50, 20, 2) 15.59 2.79 3 60.23 0.35 7
(50, 20, 3) 42.41 1.35 4 87.61 0.48 6
(100, 20, 1) 7.98 3.38 7 6.90 5.83 3
(100, 20, 2) 60.93 2.27 4 83.34 1.27 6
(100, 20, 3) 92.66 4.99 2 105.11 0.17 8
(100, 50, 1) 101.66 1.09 4 173.23 0.60 6
(100, 50, 2) 116.38 0.55 4 190.72 0.41 6
(100, 50, 3) 268.26 4.16 0 271.42 0 10
(300, 50, 1) 1873.56 0.63 2 920.84 0.68 8
(300, 50, 2) 1788.39 2.40 2 999.29 0.10 8
(300, 50,3) | 2850.07 | 10.92 0 1765.36 0 10
(300, 100, 1) 107.99 0.72 7 187.11 2.61 3
(300, 100,2) | 1230.07 6.29 0 1220.34 0 10
(300, 100,3) | 2396.42 | 11.59 0 2677.1 0 10
Total average | 460.28 3.14 3.5 371.65 1.058 | 6.8

*(m, N, t) m=the number of parts, N=the number of ordered

computers, ¢=warranty period, # =the number of best solutions.
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