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Abstract

Purpose: The order-picking problem is important as one of the warehouse's logistics activities. This problem is defined
as collecting orders from different warchouse locations to respond to customers' orders quickly. This paper aims to
provide a multi-objective mathematical programming model for integrating the decisions of batching, routing, and
scheduling of selectors with the packaging problem in a multi-warehouse environment. The objective functions include
depreciation of the delivery times and total order picking costs.

Methodology: In this research, first, by reviewing the literature in the field of order picking, the research gaps of the
problem have been identified. Then, taking into account the main constraints of the problem, a multi-objective
mathematical model has been formulated for the multi-warchouse order-picking problem. The classic Benders
decomposition algorithm and the accelerated Benders decomposition algorithm have been used to solve the problem.
The data related to the warehouses of a company producing sanitary products in Iran was used as a case study to validate
the applicability of the proposed model, and its results were reported in the article.

Findings: The proposed model's results indicate that CPLEX can solve these problems up to small sizes in an acceptable
time. Also, the numerical results show the performance of the Benders decomposition algorithm and the accelerated
Benders algorithm as suitable alternatives for solving the model in large-sized problems. The calculation results obtained
from the implementation of the solution methods for the proposed model showed that in terms of the number of
iterations and the calculation time, the accelerated Benders algorithm had better results than the classic Benders
algorithm.

Originality/Value: In this research, the order-picking problem with the integtity of operational decisions has been
formulated as a multi-objective mathematical model for a multi-warehouse environment for the first time. Also, in this
article regarding the solution method, exact solution approaches have been used for the first time considering the
structutre of the problem. The computation results show that the proposed algorithms are efficient and suitable methods
for problem-solving.
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Figure 1- The proposed multi-warehouse order picking system.
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Figure 2- Flowchart of the solution procedure.
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Figure 3- The studied warehouses.
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Table 1- The size of problems.

OgeolS olaxi  caiiSClbld g olaxi alwo dlawi by gylaw oluwi Ll e sloxi alue Slul  diged o yleds

1 3 3 7 20 1
2 3 4 10 20 2
2 3 5 13 25 3
2 3 6 15 30 4
2 3 6 18 30 5
2 3 7 20 40 6
2 3 9 23 40 SasS 7
3 4 9 25 40 8
3 4 10 27 45 9
3 4 10 28 45 10
3 4 10 30 50 11
3 4 12 35 50 12
4 4 14 40 50 13
4 4 15 45 55 14
4 5 15 50 60 15
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Table 1- Continued.

ool dlaxi caliSCllop dlawi wwo dlaxi by pylaw olawi g Lol o oluwd alue olal digs 0 ylos
4 5 18 55 70 16
4 7 18 61 80 17
5 7 20 65 85 18
5 7 20 70 95 19
5 8 22 75 100 20
6 8 25 80 105 21
6 8 30 84 110 22
6 9 34 90 120 by 23
7 10 34 95 120 24
7 10 36 100 130 25
7 12 40 110 135 26
8 12 45 115 135 27
8 15 50 120 140 28
9 18 55 126 145 29
9 20 60 130 150 30

10 20 65 135 155 31
10 20 65 140 160 32
10 24 70 145 165 33
11 24 70 148 170 34
11 24 73 150 170 35
11 26 75 155 175 36
11 26 75 160 180 37
12 30 80 165 185 )3 38
12 30 80 170 190 39
13 30 85 175 200 40
13 32 85 180 210 41
14 32 90 185 220 42
14 35 90 190 230 43
15 35 95 195 240 44
15 40 95 200 250 45
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Table 2- The classical Benders decomposition algorithm, the accelerated Benders decomposition
algorithm and CPLEX solver results.

oSbin 0dl &9 g ) iy A 32 POTPPC IS PRSI E A oyl Wloo Slasl  igod 0ylouis

Z1 Z2 Z1 Z2 Z1 Z2
725 1488909 725 1488909 725 1488909 1
83.8 1651230 83.8 1651230 83.8 1651230 2
93.1 1852124 93.1 1852124 93.1 1852124 3

1024 1987632 102.4 1987632 1024 1987632 4
136.7 2394165 136.7 2394165 1367 2394165 5

NA NA 165.6 2412365 1702 2737108 6

NA NA 208.4 3521478 2127 3978073 7

NA NA 251.6 4156328 263 4673376 Sz 8

NA NA 260.7 4785214  279.8 4880120 9

NA NA 281.3 5012362 3015 5179024 10

NA NA 305.6 5215632  314.6 5366346 11

NA NA 327.6 5805952 3765 6059219 12

NA NA 3985 7126325 4426 7284590 13

NA NA 445.2 7356214 5154 7955460 14

NA NA 610.4 8241632  731.2 9860458 15
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Table 2- Continued.

Q"SJ*W LE ('3)"‘“’ Jyo “")"’“ ﬁ%)ﬁg‘” BT 4’)"’“ l°'.’.?3)5§J| oo .>lag| 435&3 o)w

Z1 72 Z1 Z2 Z1 z2

NA NA 851.6 10125636 926.5 10874371 16

NA NA 985.6 11234215  1089.7 11584208 17

NA NA 1125.4 12125632  1136.4 12723634 18

NA NA 1204.5 12825362  1312.3 13105144 19

NA NA 1542.6 13325369  1625.6 13565140 20

NA NA 1852.7 13751452  2110.4 13974476 21

NA NA 2251.2 14102365 2650 14402318 22

NA NA 2714.3 14625324 29442 14941948 Lbgie 23

NA NA 3012.5 15214369 3615 15622382 24 Voun
NA NA 3214.5 15825321  3960.5 16425916 25

NA NA 4259.6 16985421 4650 17712493 26

NA NA 4852.7 17985652  5485.4 18124780 27

NA NA 5804 18541239  6011.8 19197701 28

NA NA 6243 19254789 6453 19579909 29

NA NA 6725.3 19654328  6840.8 20220735 30

NA NA 7412.5 20596328 85115 21265656 31

NA NA 8741.6 21452149 94035 21951111 32

NA NA 9525.8 22740362  9661.8 22900660 33

NA NA 101235 23621459 10448.5 24995879 34

NA NA 10842.4 25002328 11157.2 25931506 35 Y3
NA NA 12012.6 26541265 12637.5 27377824 36 \i
NA NA 12825.2 27412563 13743.2 27859746 37 EN
NA NA 14213.7 27952364 14662.6 28388930 Sy 38 g
NA NA 15251 28714256  16344.7 29698548 39

NA NA 16415.6 31205956 16622 32030736 40 e
NA NA 17125 33256214 17844.6 35032756 41 -
NA NA 18245.3 34018412 19823.3 35819036 42 i
NA NA 20259.5 36214102 219245 37704517 43 y
NA NA 22746.3 37854632 24336.4 38148731 44 \\'l;
NA NA 24129.2 38156328 26584.7 39527628 45 :?
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Table 3- Computational results under different importance weights =
of objective functions. §
(Sl ol iyl Gas gl 39 e =
Zy Z >
212 5616214 0.917 (1,0) -
2155 5214632 0.841 (0.9,0.1) :
217.5 4985145 0.825 (0.8,0.2) e
231.2 4785623 0.868 (0.7,0.3)
240.4 4325159 0.746 (0.6,0.4)
251.6 4156328 0.905 (0.5,0.5)
270.5 3985214 0.876 (0.4,0.6)
280.3 3621452 0.847 (0.3,0.7)
295 3012365 0.789 (0.2,0.8)
315.2 2921546 0.835 (0.1,0.9)

345 2754643 0.862 (0,1)
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Figure 4- The reciprocal performance of model objective functions.
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Table 4- The results of the classic Benders decomposition algorithm and the accelerated
Benders decomposition algorithm

SedlS 5 yiiz o2 55! oo gy o0 S o
J
o s Slexs obe) o> N Bl olasi ol o b g03
ot Ybo%) LS (e omb (%) IS () )
0.916 0.916 0 804 3856.17 0.916 0.916 0 165 2752.48 3571.22 1
0.904 0.904 0 751 4216.25 0.904 0.904 0 138 2938.21 5924.73 2
0.873 0.873 0 769 453193 0.873 0.873 0 142 2851.39 6482.94 3
0.892 0.892 0 729 458525 0.892 0.892 0 168 2958.54 7596.28 4
0.859 0.859 0 831 18000 0.859 0.859 0 189 4201.27 7825.67 5
0.829 0.873 5.31 630 18000 0.854 0.854 0 118 5417.54 >18000 6
0.849 0.901 6.12 627 18000 0.863 0.863 0 94 6053.82 >18000 7
0.830 0.864 4.09 811 18000 0.854 0.854 0 118 4415.37 >18000 8
0.868 0.946 8.99 906 18000 0.911 0.911 0 282 5721.62 >18000 9
0.814 0.870 6.88 887 18000 0.842 0.842 0 194 5930.41 >18000 10
0.747 0.812 8.70 841 18000 0.796 0.796 0 182 6751.52 >18000 11
0.766 0.836 9.14 872 18000 0.801 0.801 0 191 7254.13 >18000 12
0.836 0.894 6.94 899 18000 0.857 0.857 0 205 9382.67 >18000 13
0.785 0.795 1.27 925 18000 0.791 0.791 0 159 8256.21 >18000 14
0.841 0.872 3.69 1025 18000 0.866 0.866 0 109 6362.25 >18000 15
0.851 0.894 5.05 1256 18000 0.884 0.884 0 183 7591.58 >18000 16
0.901 0.924 2.55 1423 18000 0.913 0.913 0 208 8546.36 >18000 17
0.871 0.902 3.56 1270 18000 0.892 0.892 0 251 7259.45 >18000 18
0.759 0.789 3.95 1384 18000 0.781 0.781 0 239 7145.26 >18000 19
0.821 0.846 3.05 1126 18000 0.832 0.832 0 208 7265.33 >18000 20
0.812 0.862 6.16 1085 18000 0.834 0.834 0 174 7362.21 >18000 21
0.749 0.824 10.01 1026 18000 0.811 0.811 0 218 7852.36 >18000 22
0.812 0.856 5.42 1356 18000 0.842 0.842 0 283 8629.67 >18000 23
0.832 0.874 5.05 1289 18000 0.867 0.867 0 219 9825.36 >18000 24
0.840 0.881 4.88 1405 18000 0.850 0.850 0 341 8742.58 >18000 25
0.756 0.789 4.37 1326 18000 0.763 0.763 0 320 8815.21 >18000 26
0.745 0.768 3.09 1009 18000 0.762 0.762 0 365 9016.32 >18000 27
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Table 4- Continued.
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371 925949 >18000 28
401 9526.18 >18000 29
425 9763.25 >18000 30
448 10269.32  >18000 31
409 10569.21 >18000 32
458 10454.25 >18000 33
410 10259.36  >18000 34 VA

0.716 0.743 3.77 1425 18000 0.735 0.735 0
0.697 0.715 258 1409 18000 0.711 0.711 0
0.782 0.802 2.56 1371 18000 0.793 0.793 0
0.825 0.836 1.33 1256 18000 0.830 0.830 0
0.814 0.872 7.13 1352 18000 0.863 0.863 0
0.832 0.862 3.61 1308 18000 0.854 0.854 0
0.843 0.867 2.85 1421 18000 0.871 0.871 0
0.825 0.871 5.58 1453 18000 0.863 0.863 0 452 10841.78 >18000 35
0.817 0.864 5.75 1468 18000 0.854 0.854 0 436 11056.25 >18000 36
0.795 0.834 4091 1520 18000 0.824 0.824 0 359 11256.47 >18000 37
0
0
0
0
0
0
0
0
0

0.712 0.746 4.78 1502 18000 0.735 0.735 408 11415.36  >18000 38
0.835 0.875 4.79 1563 18000 0.865 0.865 446 11795.25 >18000 39
0.854 0.894 4.68 1632 18000 0.884 0.884 509 11854.63 >18000 40
0.814 0.873 7.25 1654 18000 0.832 0.832 543 12056.71 >18000 41
0.852 0.874 258 1605 18000 0.865 0.865 567 12095.32 >18000 42
0.874 0.883 1.03 1662 18000 0.877 0.877 579 12145.25 >18000 43
0.911 0.942 3.40 1641 18000 0.935 0.935 638 12452.32 >18000 44
0.772 0.804 4.15 1712 18000 0.798 0.798 657 13015.62 >18000 45
0.820 0.854 4.30 1205.11 16781.99 0.841 0.841 312.84 8430.78 >18000 Awverage
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Figure 5- Convergence process; a. Bandarz decomposition algorithm, b. pareto optimal cut algorithm.
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Figure 6- The effect of changes in the number of pickers on each objective functions.
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