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Abstract
The classical vehicle routing problem consists of finding a set of routes to serve all given customers. However, in practice, it

is often necessary to select some customers from a set of potential customers and to find a set of routes to serve them. Also,

there exists practical cases where backhauls and time windows must be taken into account. In this paper, we consider a

selective vehicle routing problem with backhauls and time windows and propose a column generation-based algorithm to solve

the problem.
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Table 1 Characteristics of the benchmark problems
Type by maxq; | Xq Q s
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R2 3390 50 1458 1000 10
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RC2 960 40 1724 1000 10
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Table 2 Computational results (Type R1)

K=5 K =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
R101 1.00 1112.760 1112.760 25 131 10.0 10.0 1685.504 1696.128 52 251 56.6 56.7
R102 0.75 1428.724 — 34 244 1822.1 1822.1 1879.747 — 65 482 1821.1 1821.4
R103 0.50 1579.006 — 40 244 2059.7 | 2059.7 2073.624 — 68 482 1813.9 1814.0
R104 0.25 1727.620 — 45 298 2733.2 | 27332 2118.298 — 73 649 1854.5 1855.5
R105 1.00 1329.330 1376.203 34 201 59.7 59.7 1943.958 1950.706 60 433 136.8 136.9
R106 0.75 1557.884 — 39 270 2138.6 | 2138.7 2065.480 — 70 572 2011.4 | 2011.6
R107 0.50 1721.797 — 42 303 1823.6 1823.6 2158.181 — 75 668 1841.4 1841.8
R108 0.25 1751.254 — 43 338 1803.7 1803.7 2234.728 — 78 736 1820.8 1821.6
R109 1.00 1366.204 — 32 225 1975.1 1975.1 1979.373 — 61 505 1959.5 1959.6
R110 1.00 1544.040 — 38 240 21572 | 21572 2091.193 — 69 485 1829.0 1829.1
R111 1.00 1637.657 — 38 228 1839.1 1839.1 2028.195 — 68 462 1831.3 1831.5
R112 1.00 1731.566 — 39 262 2036.6 2036.7 2169.861 — 71 585 1802.4 1803.0

Table 3 Computational results (Type R2)

K=5 =10
Name f 7, 7y ne | Cols | time® | time® 7, 7y ne | Cols | time® | time®
R201 1.00 2143.158 — 78 1282 1800.1 1800.5 2242.014 — 86 842 778.3 778.4
R202 0.75 2137.523 — 73 909 2355.7 | 2356.9 2260.984 — 79 1020 1915.4 1918.3
R203 0.50 2143.594 — 70 978 1801.5 1803.2 2422.646 — 89 881 1802.2 1802.7
R204 0.25 2359.658 — 75 1182 1801.4 1803.1 2411.985 — 81 1152 1802.2 1805.9
R205 1.00 2220.226 — 75 1088 1804.3 1804.8 2419.569 — 88 1180 1967.2 1967.5
R206 0.75 2232.034 — 67 1227 1800.4 1802.1 2453.697 — 84 1234 1800.9 1802.0
R207 0.50 2198.664 — 68 1289 1800.7 1803.6 2372.486 — 83 995 1858.5 1862.5
R208 0.25 2359.849 — 78 1400 1801.4 1812.1 2506.566 — 80 1336 1801.8 1805.2
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Name f z zy ne | Cols | time® | time® z zy ne | Cols | time® | time®
C101 1.00 2215.401 2245.713 37 249 65.1 65.2 3353.590 3457.379 66 466 125.1 125.2
C102 0.75 2318.126 — 40 268 2328.7 2328.7 3425.226 — 71 654 3513.2 3513.4
C103 0.50 2577.873 — 39 340 2003.9 2003.9 3436.250 — 66 711 1875.7 1876.8
C104 0.25 2569.014 — 44 499 1927.5 1927.6 3517.126 — 78 718 1823.7 1824.2
C105 1.00 2282.907 2365.199 38 285 140.1 140.2 3470.680 3556.030 68 589 346.3 346.5
C106 1.00 2341.559 2393.869 38 407 1642.9 1642.9 3523.252 — 73 695 1822.2 1822.4
C107 1.00 2459.705 2511.391 40 323 318.6 318.7 3552.776 3630.186 69 599 706.5 706.6
C108 1.00 2397.715 — 40 360 1823.8 1823.9 3632.999 — 74 679 1808.7 1808.8
C109 1.00 2482.150 — 39 377 1834.3 1834.4 3438.845 — 71 643 1827.6 1827.8
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Table 5 Computational results (Type C2)

K=5 K=10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
€201 | 1.00 | 4616.510 | 4698.352 | 92 | 2341 | 481.5 | 482.1 | 4633.582 | 4732.639 | 95 | 2802 | 491.8 | 492.8
202 | 0.75 | 4145.106 - 82 | 1388 | 1802.0 | 1802.7 | 4518.105 - 94 | 1785 | 1803.6 | 1804.7
€203 | 050 | 3910.374 - 79 | 1114 | 1802.1 | 1802.7 | 4419.673 - 94 | 1562 | 1834.4 | 1835.0
C204 | 025 | 3815.727 - 81 | 1294 | 1800.2 | 1800.9 | 4320.233 — 94 | 1593 | 1800.6 | 1801.9
€205 | 1.00 | 4598.378 - 92 | 1823 | 1824.7 | 1825.1 | 4574330 — 96 | 2182 | 19224 | 1923.0
C206 | 1.00 | 4297.118 - 87 | 1649 | 1802.5 | 1802.9 | 4485.557 — 91 | 2053 | 1800.4 | 1801.0
€207 | 1.00 | 4151.891 - 83 | 1574 | 18002 | 1800.6 | 4332.178 - 96 | 1799 | 1800.5 | 1802.1
C208 | 1.00 | 4073.884 - 86 | 1327 | 1800.7 | 1801.1 | 4466.735 - 91 | 1643 | 18004 | 1800.9
Table 6 Computational results (Type RC1)
K=5 =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
RCI101 | 1.00 | 2119.297 | 2121.167 | 34 | 224 98.4 98.4 | 3356711 | 3455795 | 64 | 480 | 253.8 | 253.9
RC102 | 0.75 | 2306.489 - 36 | 258 | 2447.1 | 2447.1 | 3557.083 - 69 | 485 | 1846.7 | 1846.8
RC103 | 0.50 | 2388.170 - 44 | 337 | 19404 | 19404 | 3637.563 - 72 | 558 | 1806.4 | 1806.5
RC104 | 025 | 2252.773 - 38 | 271 | 1931.6 | 1931.6 | 3769.909 - 68 | 528 | 1808.7 | 1808.8
RC105 | 1.00 | 2118.420 - 38 | 286 | 1806.9 | 1806.9 | 3420.146 - 62 | 449 | 2588.5 | 2588.6
RC106 | 1.00 | 2265.120 - 32 | 305 | 1946.6 | 1946.7 | 3559.426 - 65 | 530 | 1808.7 | 1808.7
RC107 | 1.00 | 2393.268 - 37 | 749 | 18744 | 18744 | 3756.876 - 63 | 537 | 1960.4 | 1960.5
RC108 | 1.00 | 2370.963 - 39 | 292 | 1802.1 | 1802.1 | 3855.973 - 69 | 529 | 2450.6 | 2450.6
Table 7 Computational results (Type RC2)
K=5 =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
RC201 | 1.00 | 4238.314 - 82 | 1783 | 1814.7 | 18149 | 4498.474 - 94 | 1500 | 1824.4 | 1824.5
RC202 | 0.75 | 3915.139 - 71 | 1067 | 1856.0 | 1856.9 | 4610.419 - 96 | 1183 | 2069.3 | 2069.4
RC203 | 0.50 | 3948.842 - 66 | 1064 | 1865.0 | 1865.6 | 4316.583 - 90 | 1121 | 1827.0 | 18273
RC204 | 0.25 | 4263.031 - 82 | 1126 | 1803.9 | 1804.4 | 4250.040 - 93 | 1403 | 18024 | 1803.5
RC205 | 1.00 | 4060.455 - 74 | 1059 | 1829.2 | 1829.5 | 4465.257 - 95 | 1116 | 1800.1 | 1800.3
RC206 | 1.00 | 4022.818 - 71 | 1303 | 1825.0 | 1826.8 | 4575.669 - 95 | 1356 | 1835.1 | 1835.5
RC207 | 1.00 | 4047.205 - 77 | 1181 | 19418 | 1942.6 | 4508.778 - 93 | 1250 | 1801.8 | 1802.1
RC208 | 1.00 | 4010.867 - 70 | 855 | 1802.6 | 1803.0 | 4372.123 - 87 | 1292 | 1802.3 | 18029
Table 8 Relative errors WEEE no DWEMT 22 LE2RLTND.
Name | K 7 Zy € MzT, ZOBMEEROMEIL, REEOHAERED
R101 | 5 [ 1112.760 | 1112.760 | 0.000 KERS DI AR E (FIEO S0~S3) o 2B time®
RI101 | 10 | 3915.139 | 3915.139 | 0.000 THHILZRLTWAREYD, FHEEEOEMED -
R105 | 5 | 1329.330 | 1376.203 | 0.034 OITIE, A%, R0 & BES M T I
R105 | 10 | 1943.958 | 1950.706 | 0.003 KT HNEORMMEORERLETHDLZ L EREL
C101 | 5 | 2215.401 | 2245.713 | 0.013 TW5.
C101 | 10 | 3353.590 | 3457.379 | 0.030
C105 | 5 | 2282.907 | 2365.199 | 0.035 6. EHYIC
C105 | 10 | 3470.680 | 3556.030 | 0.024
Cl106 5 2341.559 2393.869 0.022 %H%T&i, ‘J%Uﬁ&ﬁﬁflﬂﬁﬂi%%@ LT:E%REE@T%
C107 | 5 | 2459.705 | 2511.391 | 0.021 R MEAZ Y B, SIAEREICE S o Pl fig ik
c107 | 10 | 3552.776 | 3630.186 | 0.021 ERELL., LT, ELEMEOFG M Z REET
C201 | 5 | 4616.510 | 4698.352 | 0.019 H1-0OMMERE I L. BMEFERTIE, REL
C201 | 10 | 4612.626 | 4732.639 | 0.021 TfREEZR TR TORBEN TEITIRMEELRD D Z
RC101 | 5 | 2119.297 | 2121.167 | 0.001 ENTER. e, ERENRRE - ZBEFIZEB W T
RC101 | 10 | 3356.711 | 3455.795 | 0.029 I, MXEEZE0.035LL FOMARE S Z L 2B L, 2
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