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Abstract: This paper addresses a typical NP-hard problem, the two-dimensional (2D) rectangular packing
problem. The study makes improvements on a quasi-human approach, a caving degree algorithm proposed by
Huang Wen-Qi, et al., by defining the conception of action space such that the calculation of the caving degree is
simplified. Therefore, the evaluation on different placements is reduced considerably, and good layouts could be
obtained quickly. The experiments tested 21 famous instances of the 2D rectangular packing problem provided by
Hopper and Turton. The improved algorithm achieved optimal layout with a space utilization of 100% for each
instance, and the average computing time on a personal computer was within seven minutes. Computational results
show that the improvement strategies on the quasi-human caving degree approach are evident and effective.
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Table 1 Computing results comparison of different algorithms

R 1 HXREERTHEIR IR

INHETBHE | S TEHE R HRP? HA™ Ay
SO | s ﬂu‘ﬁ’(wxh) gz [ mBER | B | s e BT s | mes ] g
- IR 1R (%) | 1 1A (s) | S A |22 (%)| 1 IRl (s) | B A [ 58 (%)] iRl (s)
C1 16 20x20 400 100.00 | 0.05 400 100.00 | 0.02 400 100.00 | 0.02
C2 17 20x20 400 100.00 0.23 400 100.00 | 0.22 400 100.00 | 0.19
C3 16 20x20 400 100.00 1.12 400 100.00 | 0.04 400 100.00 | 0.00
C4 25 40x15 600 100.00 0.08 600 100.00 | 0.30 600 100.00 | 0.28
C5 25 40x15 600 100.00 0.10 600 100.00 | 0.09 600 100.00 | 0.05
C6 25 40x15 600 100.00 | 0.28 600 100.00 | 0.05 600 100.00 | 0.02
C7 28 60x30 1800 100.00 2.58 1800 | 100.00 1.16 1800 | 100.00 | 0.50
Cc8 29 60x30 1800 | 100.00 | 4.19 1800 |100.00 | 7.77 1800 | 100.00 | 1.27
C9 28 60x30 1800 100.00 2.50 1800 |100.00 | 2.51 1800 | 100.00 | 2.61
C10 49 60x60 3600 100.00 | 327.12 | 3600 | 100.00 | 265.58 | 3600 | 100.00 | 23.81
Cl1 49 60x60 3600 | 100.00 | 36.59 | 3600 |100.00 | 20.13 | 3600 |100.00| 0.17
C12 49 60x60 3600 100.00 | 135.60 | 3600 | 100.00 | 20.78 | 3600 |100.00 | 10.06
C13 73 60x90 5400 | 100.00 | 55.44 | 5400 |100.00| 72.09 | 5400 | 100.00 | 4.13
Cl4 73 60x90 5400 100.00 | 29.17 | 5400 | 100.00 | 5.25 5400 |100.00 | 0.17
C15 73 60x90 5400 100.00 | 51.13 | 5400 | 100.00 | 38.34 | 5400 | 100.00 | 11.66
C16 97 80x120 9 586 99.85 | 873.38 | 9600 | 100.00 |1 610.00{ 9 600 | 100.00 | 74.06
C17 97 80x120 9 600 100.00 | 327.61 | 9600 | 100.00 | 86.29 | 9600 | 100.00 | 2.92
C18 97 80x120 9594 99.94 | 577.59 | 9600 | 100.00 | 490.81 | 9600 | 100.00 | 15.28
C19 196 160x240 38 308 99.76 |4 276.82| 38385 | 99.96 (8 303.13| 38 400 | 100.00 |2 055.00
C20 197 160x240 38 355 99.88 |3 038.60( 38 400 | 100.00 {1 520.27| 38 400 | 100.00 1.56
Cc21 196 160x240 38 337 99.84 |3 980.65( 38 350 | 99.87 (9 288.21| 38 400 | 100.00 |6 381.91
Sy 8532.38| 99.97 | 653.37 (8 539.76] 99.99 (1 034.91|8 542.86| 100.00 | 408.84
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