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problem with transportation aisles
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Abstract: With the development of manufacturing workshops toward double-floor and high-density configurations,
traditional single-floor parallel row ordering methods are inadequate for addressing the complex constraints introduced
by elevators and longitudinal transportation aisles in inter-floor material handling. To address this issue, a double-floor
k-parallel row ordering problem with transportation aisles is proposed. First, a collaborative layout structure integrating
facilities, elevators, and longitudinal transportation aisles is established. A material handling distance metric based on
physically feasible transportation paths is developed, and a mixed-integer linear programming (MILP) model is
formulated to minimize the weighted material handling distance between facilities by jointly optimizing row
assignment, intra-row ordering, elevator entrance and exit selection, and aisle interference avoidance. Then, to improve
the solution efficiency for medium-and large-scale instances, an incremental evaluation-guided local search memetic
algorithm is proposed. The algorithm incorporates material flow information into a randomized variable neighborhood
descent procedure to guide neighborhood exploration and employs a row-level incremental fitness evaluation strategy
to eliminate redundant computations, thereby improving both search efficiency and solution quality. Computational
results demonstrate that the proposed algorithm obtains the same optimal solutions as the exact method for small-scale
instances and outperforms the conventional genetic algorithm for medium- and large-scale instances. A case study of a
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crane manufacturing enterprise shows that the optimized layout reduces the material handling cost by 22.42%,

demonstrating the effectiveness and practical applicability of the proposed method.

Keywords: facility layout; parallel row ordering problem; dual-layer workshop; elevator and aisle optimization;

mixed-integer linear programming; memetic algorithm
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TER 5 /N B H, IGLSMA T 15 H A5 bR
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DKPROP_E, - Rk 154w s i, AT SeiE 1
R R IR .

PROP #H A 5T 1 1) Q-learning 7% 41 3 4% 2% 18t 1% x4 EEsH
B9 (QVGA) ™ 1 nf Ee853%:, % DKPROP_E fI 1 s n P bw S, ke m. m
1R 12~80 H )35 AN GG JHEAT SR M, Wit () B 2<n<18 20 20 08 6 3 200 40
L)&%/ﬁi%ﬁﬁiﬁﬂﬁifﬁk [13]‘ n=30 30 30 0.8 6 3 300 60
n=40 40 40 0.6 8 3 400 80
éﬁéﬁj‘\‘%ﬁ@i%{ﬂﬁiﬁ, E%/—*HET IGLSMA E@%’/I\ n=60 60 60 0.6 8 3 600 120
SNk 4 fiR, GA, QVGA 1 IGLSMA = A5y n=70 70 70 04 9 3700 140
AR S B — 2 O T ERIESE G 45 R v 5 780 0% 02 9 3 %0 10
5 Gurobi RfZEE, GA, QVGA K IGLSMA HI/NRE R fiRLE R
K o Gurobi GA QVGA IGLSMA
Obj t/s Gap Obj t/s SD Obj t/s SD Obj t/s SD
3 IAm12a 5015.5 36.13 0.00% 5015.5 34.04 0.00 5015.5 19.88 0.00 5015.5 18.42 0.00
3 IAm13a 6884.5 42.22 0.00% 6884.5 39.73 0.92 6884.5 27.59 1.43 6884.5 26.92 0.00
3 IAm15 8176.0 56.44 0.00% 8176.0 63.24 3.25 8176.0 39.26 4.66 8176.0 38.52 0.00
3 IAm18 13278.8 82.31 0.00% 13278.8 85.92 4.45 13278.8 47.26 5.86 13278.8 4571 0.00
% 6 Gurobi Kf#25, GA, QVGA X IGLSMA FU AMEE KR4 R
Gurobi GA QVGA IGLSMA
k il Obj Gap Obj t/s SD Obj t/s SD Obj t/s SD
3 IN40 1 58398.8 21.10% 58394.7 161.62 126.25 58648.0 138.53 125.36 58293.8 137.68 94,76
3 IN40_2 47667.0 29.68% 47626.0 200.67 254.47 47616.0 144.68 230.74 47590.5 136.21 123.60
3 IN40_3 38930.5 22.20% 38920.0 125.14 287.72 38820.5 464.89 191.83 38830.5 427.54 136.36
3 AKV 60 01 368437.5 78.55% 365646.7 600.80 684.04 363318.0 628.26 657.14 363032.2 408.38 513.21
3 AKV_ 60 02 225157.5 73.79% 221279.8 503.89 664.35 220257.0 445.55 603.12 220503.5 376.38 507.10
3 AKV 60 03 169625.5 74.66% 165825.5 468.03 667.38 163729.2 489.19 583.79 162 049.5 401.72 492.30
3 AKV_70 01 390862.5 82.94% 378525.7 804.52 1000.98 375846.5 800.22 937.76 375415.6 697.26 502.35
3 AKV_70 02 353034.0 80.56 351355.0 805.93 1175.71 346093.0 787.64 1257.35 346276.0 698.67 589.02
3 AKV 70 03 394731.8 79.83% 377597.5 701.61 979.16 375016.0 689.16 898.86 369834.0 601.35 482.54
3 AKV_80 01 520602.2 82.73% 510571.3 1209.55 959.58 509423.2 949.23 938.47 505417.3 970.84 467.00
3 AKV 80 02 528265.0 79.14% 508902.0 1329.94 947.19 498841.0 1315.76 923.87 497582.0 1020.34 438.83
3 AKV_ 80 03 552028.2 83.71% 551231.0 1197.63 997.61 550895.0 1174.17 980.50 548345.0 934.21 483.75
5 IN40_1 68238.6  46.30% 68127.6 151.32 136.15 68017.6 128.43 135.26 67913.8 129.18 124.36
5 IN40_2 53062.0 43.28% 52962.0 184.17 264.37 52802.0 134.78 230.34 51390.7 128.11 193.50
5 IN40_3 43630.1 34.22% 43520.1 123.12 297.42 43479.2 414.39 231.13 42830.5 419.57 186.26
5 AKV 60 01 568437.5 86.25% 567437.5 670.20 773.24 566927.3 738.16 757.24 560032.2 417.18 623.31
5 AKV_60 02 429137.6 87.72% 429126.7 603.19 754.45 428126.6 747.15 703.22 426103.3 476.18 603.10
5 AKV 60 03 369823.0 84.26% 368812.0 568.03 737.21 365722.0 779.39 694.29 365049.1 501.22 592.70
5 AKV_70 01 6703225 91.74% 670102.3 974.42 1300.23 669201.7 1280.52 1237.26 651415.6 101736 1002.15
5 AKV_70 02 654024.0 87.56 653814.0 945.83 1361.82 6527142 1276.14 1227.35 648276.5 1038.17 979.12
5 AKV 70 03 694831.8 89.83% 693721.3 878.51 1289.47 691021.4 1113.26 1278.86 687824.0 100135 1022.34
5 AKV_ 80 01 720102.2 92.73% 718071.3 1309.25 1050.58 7174232  1029.23 978.37 705417.3 989.44 887.00
5 AKV 80 02 728265.0 89.14% 726902.0 1419.34 907.19 725841.0 131576 1022.17 717582.0 1220.74 937.23
5 AKV_80 03 752028.2 93.71% 750131.0 1297.63 1007.31 749395.0 1294.17 1020.30 740345.0 112431 1053.75
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