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A Study on Orthogonally Rotatable Two-Dimensional Cutting Stock Problem:
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Abstract: The loading of non-unit load device in aircraft holds is crucial to air cargo transportation, and
ensuring efficient loading of such cargo remains an important and urgent problem. Among the theoretical
approaches to address this problem, the two-dimensional rectangular cutting stock problem serves as a key
methodology. Although the two-dimensional rectangular cutting stock theory is widely applied to problems
such as raw material cutting and packing, the lack of efficient solving algorithms hinders practical
implementation, as their computational speed often impedes the whole production procedure. Therefore, this
paper proposes a mixed-integer linear programming (MILP) model for the two-dimensional cutting stock
problem, aiming to maximize both the utilization rate of the rectangular plane area and the value of the cutting

stock. The model incorporates constraints such as boundary adherence, non-overlapping, and orthogonal
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rotation. A heuristic grouping strategy-based solving algorithm is designed. First, heuristic methods are used
to partition the rectangular items into smaller subsets, thereby reducing the variable scale and computational
complexity. Second, an exact MILP algorithm is employed to solve the cutting stock problem for each subset.
Using classic Benchmark experimental data, the proposed Gurobi grouping method is compared with Gurobi,
CutlLogic2D, and a hybrid algorithm combining genetic algorithms and the lowest horizontal line algorithm.
The experimental results show that CutlLogic2D performs well in terms of both solution quality and speed.
The Gurobi grouping method, as a heuristic algorithm, generally shows slightly inferior proformance than
CutLogic2D. In contrast, the genetic algorithm and the lowest horizontal line algorithm, as the heuristic

methods without grouping strategies, along with Gurobi, exhibit relatively long solving times in some cases,

reaching up to 7 200 s, which is unacceptable for practical applications.
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Logic2D KEAHIH], HAL T Gurobi #1 GA+LHL.
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Table 3 Results of the BENG arithmetic example
1l Gurobi 434 Gurobi CutLogic 2D GA+LHL
S/% Vv, T/s S/ % Vv, T/s S/% \% T/s S/% Vv, T/s
1-1  88.66 1585.00 43.27 97.60 1681.00 7320.39 98.80 1801.00 35 93.73 1706.00 13.31
1-2 94.56 2758.00 48.72 96.34 2810.00 7217.33 97.26 2720.00 59 87.97 2715.00 27.41
1-3  94.00 4563.00 106.98 95.12 4293.00 7210.25 96.38 4433.00 123 81.37 4217.00 40.27
14 92,51 5614.00 110.96 90.61 5447.00 7203.25 96.93 5575.00 104 77.18 5302.30 52.37
1-5  96.14 7310.00 71.94 90.00 6919.00 7242.72 9531 6579.00 47 72.54 6517.40 63.89
1-6  89.85 2607.00 12.23 95.78 2512.00 7201.30 97.84 2642.00 46 91.15 2597.10 24.51
1-7  88.51 4564.00 24.70 89.3¢4 4235.00 7520.56 95.78 4468.00 110 85.22 4531.40 41.22
1-8  86.22 6108.00 38.92 87.21 6262.00 7241.22 93.41 6 146.00 44 81.08 6187.70  56.91
1-9  80.92 7762.00 6591 75.08 7077.00 7219.74 93.98 8304.00 29 78.36  7906.00  73.32
1-10  85.27 7228.00 59.39 73.67 6382.00 720249 94.26 7714.00 43 75.74  7271.30  94.51
YIE  89.66 5009.92 58.30 89.08 4761.80 7257.93 96.00 5038.20 64 82.43 4895.12  48.77
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st T BB
= i
o 90 i
00 |
)
75 -
Gurobi%4l Gurobi CutLogic2D GA+LHL
10 BENG i BUF I %
Fig.10  Area utilization of BENG
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3.3.3 N_T(n) ¥4l FEAE Y P B it 200 17.25.,29.,49.73 .97 1197,

A A ST VG ERAR K/ EEE A BIE R A~G 7T TRk R gl
79200/200, HEEUIRIHERE R RN Z NS RE A SR B ALY 1.2.3 .4 5K FmR,
M T AR S AR TR o NCT () 534610 408 4K 40 715 1 %) 4N N_T (n) SEBIEE R, A A 1w AR
HERERE D e B B0l 0 o T4 S AL R DD RIHE O7 T, 4 Bb J7 ik CF B 43 5 D 91,2096 88.06 %%
F4 N_TmEHEBHIER
Table 4 Results of the N_T(n) arithmetic example
Gurobi 4341 Gurobi CutLogic2D GA-+LHL

W0y /s S/% v, /s S/% V. T 5% v, T/

A-1 90.51 2115.00 4.80 93.44 2075.00 510.12  96.96 2185.00 53 94.89  2072.00 580
A-2  95.87 1636.00 3.25 92.43  1435.00 14.75 96.56 1614.00 28 94.69 1622.10 489
A-3  92.71 1848.00 6.60 88.56  1743.00 73.62 97.81 1680.00 31 93.95 1652.80 465
A-4  91.29 2 286.00 5.80 97.34  2013.00 6.95 97.41 2209.00 27 93.56  2263.90 422
A-5 88.21 2211.00 19.69 97.63 2277.00 7201.07 96.64 2233.00 22 93.81  2353.50 436
B-1 93.64 2728.00 11.85 92.28 2732.00 472441 94.25 2603.00 90 95.47  2665.00 668
B-2  92.71 2955.00 9.49 94.32  2994.00 217.33  96.20 2589.00 43 95.64  2367.60 666
B-3 94.76 2822.00 10.41 98.85 3059.00 7200.53 94.12 2516.00 24 94.61  2268.50 723
B4 93.68 3036.00 13.89 98.17 3192.00 7200.59 95.92 2821.00 44 94.75  3062.30 613
B-5 98.21 2788.00 141.70 9540 2667.00 7200.76 97.53 2699.00 56 94.00 2620.50 616
C-1 93.32 3921.00 2.34 97.15 3733.00 7200.31 9645 3560.00 70 94.57  3487.50 682
C-2 9216 3375.00 882 88.45  3241.00 534.05  94.83 2718.00 43 94.46  3266.70 715
C-3 87.06 3521.00 10.29 97.44 3593.00 7200.26 93.83 3148.00 30 95.27  3499.20 743
C-4 92.00 3462.00 7.83 97.67 3669.00 720046 95.21 3240.00 61 95.75  3410.90 762
C-5 90.94 2989.00 13.11 9743 3141.00 7201.68 95.62 2664.00 52 95.34  2947.50 679
D-1 99.28 6127.00 13.24 93.18 5827.00 720844 94.81 5026.00 159 94.78 5805.30 1273
D-2  85.37 5732.00 7.95 97.23 6103.00 7372.03 94.22 5371.00 97 95.07  6000.90 1218
D-3 86.93 5704.00  8.63 97.74 6033.00 7205.80 9556 5246.00 115 95.89 5824.70 1382
D-4 91.62 6050.00 4.61 94.52 5916.00 7203.20 9444 5270.00 71 95.28  5958.00 1365
D-5 8599 5960.00 2.70 97.74 5850.00 7201.05 9453 5313.00 113 94.52 5834.60 1383
E-1 87.42 9129.00 18.33 92.26 9629.00 7217.86 94.24 8778.00 118 94.36  9914.60 2239
E-2 89.93 9505.00 14.23 90.22 9136.00 721448 9458 8734.00 110 96.75  9504.00 1750
E-3  94.20 9241.00 35.88 87.79 9017.00 7212.14 93.43 8522.00 128 96.14 9343.00 1672
E-4 86.86 8804.00 54.72 86.25 8704.00 7273.37 93.75 8444.00 153  95.31  9323.00 2508
E-5 87.98 8531.00 19.74 79.56 8506.00 7210.76 9543 8549.00 124 93.30  8876.00 1687
F-1 94.90 11261.00 39.42 84.66 11600.00 7296.43 92.07 10643.00 49 95.81 11500.00 2715
F-2 90.62 1133.00 92.39 79.69 11641.00 7255.43 94.85 10729.00 76 93.17 11980.00 2747
F-3  87.49 12986.00 50.51 75.78 12134.00 7208.19 93.88 11810.00 55 96.44 13104.00 2462
F-4 87.44 12036.00 26.46 80.29 12426.00 7203.38 94.13 11536.00 76 94.82 12684.00 3033
F-5 90.38 11905.00 46.22 82.79 11625.00 7223.41 93.51 11202.00 91 96.84 11695.00 2624
G-1 92.55 24987.00 4044 62.83 22751.00 7232.15 92.51 23788.00 77 94.77  25500.00 5947
G2 93.56 24765.00 38.56 64.95 23410.00 7224.17 92.31 24673.00 59 93.62 25854.00 5674
G-3 94.33 25054.00 7094 70.17 22204.00 7219.00 92.14 22867.00 66 94.19 24 707.00 5290
G4 87.69 24012.00 2843 69.74 22792.00 7222.29 92.14 23362.00 81 94.32  25131.00 5274
G-5 90.44 24197.00 30.68 68.17 23516.00 7260.00 91.97 23811.00 38 93.90 24714.00 6182
Y)fH 91.20 8543.17 26.11 88.06 8296.69 5952.87 94.68 8061.51 72.29 94.86 8651.80 1933
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Table 5 Results of the BKW arithmetic example
Gurobi 4341 Gurobi CutLogic2D GA-+LHL
o S/% v, T/s S/% v, T/s S/ % v, T/s S/% v, T/s
1-1  95.00 7233 245  93.25 6679 0.75  100.00 7 950 4 100.00 7950 309.90
1-2 90.80 17 068 1.20 87.07 16 329 0.22 98.66 17 227 75 100.00 17770 613.76
1-3  92.40 21 329 8.32  98.07 22840 7208.74 98.93 23 241 62 100.00 23936 686.54
14 94.14 25879 10.02  98.30 26784 7201.49 98.18 27 580 77 100.00 28033 1282.71
1-5  94.33 33 304 15.72 95.56 33359 7206.66 90.64 30938 79 96.31 33105 1384.68
1-6  93.22 24 983 26.46  96.58 25423 720347 97.70 24 688 104 98.80 26690 1425.14
1-7  95.85 49 494 24.73 92.67 47684 7201.30 93.30 51302 58 98.61 52209  2836.67
1-8  90.59 55365 28.19 85.55 53754 7206.85 95.25 56 091 134 96.49 57963 2787.18
1-9  89.66 72 360 30.22 64.19 55456 2163.74 96.97 71140 142 100.00 76381 2212.23
1-10  90.98 139 824 59.66 54.55 109233 1500.06 91.73 149005 98 99.35 137494 4 586.17
1-11 91.35 227853 76.94 56.37 146922 1400.44 89.77 226 826 135 95.84 229995 6 590.80
1-12  88.33 321097  135.65 55.33 210951 1006.74 91.73 365 369 429 100.00 370347 15014.59
1-13 86.43 1864566 943.78 49.30 1153760 957.24 91.55 2282013 3673 98.35 2353578 72 000.90
¥IH  91.78 220027.33 104.87 78.98 146 860 3865.98 94.95 256 413.07 390.00 98.75 262727 8594.71
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Table 6 Results of the HT arithmetic example
gl Gurobi 4341 Gurobi CutLogic2D GA-+LHL
S/ % vV, T/s S/% Vv, T/s S/% Vv, T/s S/% vV, T/s
-1 94.36 4 946 2.45  98.50 5018 7200.27  100.00 5325 5 100.00 5325 523.29
1-2 94.81 4528 2.66  99.00 4670 7 200.36  98.00 4 477 16 100.00 4 814 515.06
1-3 95.23 4 863 8.32  100.00 5178 27.8 100.00 5178 3 100.00 5178 520.51
1-4  96.84 7642 19.55  98.30 7 824 7200.41  99.66 7 850 77 100.00 8195 808.32
1-5 94.36 8695 18.36  100.00 9215 2182.26  99.50 8829 51 82.67 8 580 827.49
1-6 97.91 10616 22.78 100.00 10944 538.87  100.00 10944 40 100.00 10944  776.36
1-7 95,51 9696  39.68 94.67 9521 7 201.3 98.00 9 668 5.25 100.00 10528 931.39
1-8 95.36 12637 33.65 97.78 13048 7201.85 96.11 13 190 46 99.78 12 958 911.04
1-9 89.66 11158 4.13 98.44 11 835 2163.74  99.63 11634 5.99 98.67 11751 884.45
W 92.78 8257.38 16.84 98.52 8584.63 4546.32 98.99 8566.11 27.69 97.90 8697.00 744.21
. 100 |_:| —
A=
% L i 0 10 20 20 40 50 60
B el 4 131 HT %4 1-9 Gurobi 441
Fig.31 Gurobi group of test 1-9 of HT
] T —— commeees ===
Gurobi%4H Gurobi CutLogic2D GA+LHL
P28 HT (i FAF) 1%
Fig.28 Area utilization of HT
10F -
8 — T
3 [
R ' |
T 2|
_% 0 10 20 3£ 40 50 60
° F132 HT %45 1-9 Gurobi
g — S : Fig.32  Gurobi of test 1-9 of HT
Gurobis4H Gurobi CutLogic2D GA+LHL
129 HT AHX {8 i 2
Fig.29 Relative value deviation of HT
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Fig.30 Solving time of HT

Fig.33 Conventional Gurobi of test 1-9 of HT
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3.3.6 AN

e 702 5 AL A 1 AR U0 EHERE M
KA B A9 253, P N_T(n) A~N_T(n)G
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4o Hor B 4 41 5 W B9 Gurobi 4341 1 R L 4%
N FH Gurobi 3K fi #50 5Y ( 15 Bh 52 56 2% {4, P #k
fif BF 8] 43 9] &y 35.63 F1 5 418.19 s, X % B Gurobi
Ay 4107 ¥k R R T 99.33 % i ] AR R
B 53 20 5 W 1 ol PR T SRR ABE /D, AR T AR
TR T FE A5 SR Ak B R R AR T o DA IE B
Ja K 3oy 21 R W HAT — i A At T DL R oK i
W

xRT ZESW
Table 7 Comprehensive analysis
Gurobi 2341 Gurobi CutLogic2D GA-+LHL

o S/% Vv, T/s S/% V) T/s S/% V, T/s S/% v, T/s

GCUT 87.06  3559.31 40.30 84.46  3567.00 2231.31 88.34 3559.92 50.46 79.32  3291.90 644.03

BENG 89.66 5009.92 58.30 89.08 4761.80 7257.93 96.00 5038.20 64.00 82.43  4895.12 48.77
N_T(n)A 91.72  2019.20 8.03 93.88 1908.60 1561.30 97.08 1984.20 32.20 94.18 1992.86 479.02
N_T(n)B 94.60 2865.80 37.47 95.80 2928.80 5308.72 95.60  2645.60 51.40 94.90 2596.78 657.61
N_T(n)C 91.09 3453.60 848 95.63 347540 5867.35 95.19  3066.00 51.20 95.08  3322.36 716.71
N_T(n)D 89.84 5914.60 7.43 96.08 5945.80 7238.10 94.71  5245.20 111.00 95.11  5884.70 1 324.62
N_T(n)E 89.28 9042.00 28.58 87.22  8998.40 7225.72 94.29  8605.40 126.60 95.17  9392.12 1971.64
N_T(n)F 90.16 11904.00 51.00 80.64 11885.20 7237.37 93.69 11184.00 69.40 95.42 12192.60 2716.68
N_T(n)G 90.44 24197.00 30.68 68.17 23516.00 7260.00 91.97 23811.00 38.00 93.90 24 714.00 5673.93

BKW  91.76 219 923.87 104.87 78.98 146 860.57 3 865.98 94.95 256 413.08 390.00 98.75 262 727.00 8 594.71

HT 95.63  8350.80 20.96 98.52  8583.63 4546.32 98.99  8566.11 27.69 97.90  8697.00 744.21

PIE 90.76  31964.55 35.63 88.04 20220.93 5418.19 94.62 30010.79 92.00 92.92 30882.40 2142.90
4 %= @ S 2L — B VS L

AR SR B 5E AL e B AR 4 2 2 1 2 R T 16 )
R SE T HEOE e 4R U0 HEAE R L AR TR
5t
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2 ES T

(2) WRAE S MR 27 B SR W, 3 i 22 3 B0
RIS T 2 H b o 4l R s 19 Ja & R4l
o [R5 50 4K B 1Y Gurobi 0 4 ik 5
L4 18 Gurobi J7 35 A e AT AT, 43 4 36 4 5%
T T 0 1 52 % B RN R e 3s A7 I ) 3 0 T B Al
T AR T 28, B8 3 17 8 ) R L 3 G SR R AR 1
B R 1 B HE R ) A
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B A ATE
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