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Commuter Bus Routing Problem

Student: Shu-Shih Chang Advisor: Anthony Fu-Wha Han

Institute of Transportation Technology and Management
National Chiao Tung University

Abstract

Commuter Bus Routing Problem (CBRP) is defined as a multi-workplace and
multi-vehicle routing problem commonly faced by many companies for their employee’s daily
commuting. CBRP can be considered as a variant of Vehicle Routing Problem (VRP), but
traditional solution methods of VRP are not applicable to solve CBRP. School Bus Routing
Problem (SBRP) is similar to CBRP, but most of the research on SBRP only considered
single-school and single-vehicle. In this study, we presented an integer programming (IP)
formulation for CBRP, and developed heuristic methods for solving large scare CBRP.

We first formulated an IP model with the objective of minimizing total operating cost,
and then generated a bank of 24 small example problems for testing and validation of our IP
model. We also developed heuristic methods to solve the CBRP. The heuristic methods consist
of two phases. In route construction phase, we first selected seed nodes and applied nearest
neighbor procedures. In route improvement phase, we-considered surplus vehicle capacity and
surplus route time to improve the incumbent solution. Comparing the results of IP model and
the heuristic methods, we found that our heuristic methods can solve all the 24 small example
problems correctly in about 0.3 seconds.

In this study, we also tested a real-world problem of a company in Hsinchu Science Park.
There were 14 routes providing commuting services to 244 employees in the case problem,
and the annual operating cost was about 5 million. The case problem would have 38,296,776
variables and 2,247,204 constraints in the IP model, and is difficult to obtain the exact
solution. We applied our heuristic methods to successfully solve the case problem in 1.5
seconds, and the results could save about 20% total operating cost.

In this study, we only considered the objective of minimizing total operating cost. For
service consideration, further research may consider the objective of minimizing total travel
time or multiple objectives.

Keywords: Commuter Bus Routing Problem, School Bus Routing Problem, Heuristics
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Search)zc & g2 48 = & » 12 FAFE 43 enfz o Bif4e 1 K-Opt ~ Or-Opt & -

5 & Al(Composite) : 7 M-SR frie e L £ HREF - & - 5 SRR - 6 o
B0 e TR s A4 f242-0pt )~ TR ARUHEE A 45 f2+2-Opt+3-Opt ; & -

~

itz VRP @ S sV fR4E ﬁh’vf@i L M kFL @Jéﬁﬁa;; B oM F S
W ehlE & A F #-'4'1‘4#" pl=g Al EIE: P—n‘i?’?ﬂai#"@ Fog N Rz ey L

et b2 B o e AN R TSN AP REG IR BT e
-ﬁr,ﬁq: B L\ ‘-r“ FJ:,\—LA? 3"3 ’ HTI’( j\ﬁ 3@%&\:‘ ; h_f])\ %%Kﬁ}\fiﬁﬂl:ﬁ ‘:;i' e ﬂé}‘é—lﬁ If‘bﬁ@gl mﬁir’ °

=

223 BB IFZ

G4 iE - AR RS HEE 2V B TR > R REZ % WE-kopt
Or-opt ¥ Lin & Kernighan % % 4% 2 i& {7 w A o

1. K-opt & 4t= 4 ;% [15][35]

JLi %t 1065 £ d Lin[15]4% 4 B ¢ K & 71 5 =it (7 2 4 e sl — bk @ 7
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(b) 3-Opt:
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7o K R [35]
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(a) Or-Opt (p=1):

(b) Or-Opt (p=2):
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17 |271342.71|2752280.72 19, 10, 11, 16, 18, 22 6.657, 7.072, 7.633, 2.39, 1.394, 1.875
18 |271802.53|2751087.04 9, 10, 11, 17, 19, 20, 22, 25 7.575, 7.965, 8.526, 1.394, 0.98, 9.578, 0.593, 10.806
8.409, 8.799, 9.36, 10.912, 0.98, 9.682, 0.607, 11.64, 20.407,
19 |272513.36|2750727.32 19, 10, 11, 12, 18, 20, 22, 25, 94, 110, 111
36.496, 36.379
0.335, 2.609, 2.176, 1.961, 1.535, 1.284,9.578, 9.682, 2.316,
20 (272978.30|2759536.382, 3,6, 7,12, 13, 18, 19, 21, 22 9.217
21 |271570.21|2758094.08 19, 13, 14, 20 3.607, 1.074, 1.135, 2.316
22 (272299.51|2751291.41|12, 17, 18, 19, 20 10.448, 1.875, 0.593, 0.607, 9.217
23 [265476.58|2755605.34 |11, 24 1.42,0.201
24 1265314.06|2755585.99|23, 25 0.201, 0.801
10.806, 11.64, 0.801, 10.912, 6.566, 11.557, 17.89, 16.229,
25 1264528.57|2755458.30/18, 19, 24, 26, 30, 31, 44, 46, 50, 56, 101
14.895, 19.523, 20.395
26 [254490.96|2755007.32|25, 29, 30, 31 10.912, 4.448, 4.941, 0.68
27 1254024.61|2754685.88|28, 31 4.299, 0.079
28 1250603.95|2752320.33|27, 29, 30, 32, 48 4,299, 3.618, 8.631, 1.363, 8.975
4,448, 3.618, 5.751, 4.2, 7.466, 7.976, 7.39, 7.099, 7.367,
29 [253445.95|2751336.1826, 28, 30, 31, 35, 36, 38, 40, 53, 54, 110, 111
7.17, 15.356, 16.063
6.566, 4.941, 8.631, 5.751, 5.586, 13.03, 13.54, 12.954,
30 [258492.51|2753312.28|25, 26, 28, 29, 31, 35, 36, 38, 40, 50, 54, 101, 102

12.663, 11.393, 12.734, 17.889, 17.711
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W | XEE | Ya# 8 2 2:(P) BE 3 (dy)

(Pi)

31 (254088.47|2754735.27 |25, 26, 27, 29, 30, 110, 111 11.557, 0.68, 0.079, 4.2, 5.586, 18.524, 19.231

32 (249634.99(2751370.00 28, 33 1.363, 0.179

33 [249499.99(2751251.89 |32, 34, 38, 53 0.179, 4.279, 3.948, 2.665

34 [250546.45(2747923.82 |33, 35, 36, 38, 39, 40, 41, 47, 53 4.279, 0.917, 0.866, 0.524, 0.512, 0.597, 2.318, 4.66, 4.644

35 [250728.60({2747300.65 29, 30, 34, 36, 40, 41, 47, 48, 49, 51, 54, 111 7.486, 13.03, 0.917, 0.666, 0.665, 1.559, 4.462, 2.963,
19.468, 6.708,1.158, 9.188

36 [250276.00(2747129.40 29, 30, 34, 35, 37, 40, 41, 47, 111 7.976, 13.54, 0.866, 0.666, 0.122, 1.175, 1.514, 4.971, 9.143

37 [250207.07{2747128.06 |36, 58, 110, 111 0.122, 7.86, 8.558, 9.265

38 [250425.07(2748347.60 |29, 30, 33, 34, 39, 47,53 7.39, 12.954, 3.948, 0.524, 0.545, 4.386, 4.312

39 (250078.48|2748135.17 |34, 38, 47, 58, 110, 111 0.512, 0.545, 4.874, 9.059, 9.752, 10.459

40 |251013.89|2747620.88 |29, 30, 34, 35, 36, 41, 47, 48, 54, 111 7099, 12.663,0.597, 0.665, 1.175, 1.846, 4.095, 2.972,
0.505, 9.475

41 1251543.09|2746320.24 (34, 35, 36, 40, 48, 54, 57, 102 2.318, 1.559, 1.514, 1.846, 1.155, 1.602, 6.328, 7.787

42 1267898.17|2742793.389, 10, 11, 43, 49, 110, 111 16.113, 16.504, 17.064, 5.769, 0.519, 26.446, 26.355

43 1262999.37|2745158.74 9, 10, 42, 44, 49 19.891, 20.282, 5.769, 0.315, 6.24

44 |262687.66|2745248.85 (11, 25, 43, 50, 51 20.087, 17.89, 0.315, 5.946, 6.247

45 1256911.55|2746841.80 |46, 50 1.952, 0.202

46 |255228.49|2747706.08 |25, 45, 47 16.229, 1.952, 1.344

47 1254076.12|2748289.84 (34, 35, 36, 38, 39, 40, 46, 48, 54 4.66, 4.462, 4,971, 4.386, 4.874, 4.095, 1.344, 3.317, 4.069

48 (252972.49|2745832.08 28, 35, 40, 41, 47, 54, 110, 111 8.975, 2.963, 2.972, 1.155, 3.317, 2.614, 7.919, 7.685
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Bl | XA | Y AR i £ 2k (P) B4 (d;)
(Pi)

49 |267956.81|2742397.3519, 10, 11, 35, 42, 43, 54, 59, 60, 61, 62, 63 10.249, 16.64, 17.2, 19.408, 0.519, 6.24, 18.351, 16.3%,

16.117, 16.146, 16.089, 16.029

50 |257068.04|2746713.55 (25, 30, 44, 45, 51 14.895, 11.393, 5.946, 0.202, 0.318
51 |256780.80|2746577.49 |35, 44, 50, 54 6.708, 6.247, 0.318, 5.591

52 |245832.03|2750499.06 53, 58, 110, 111 1.882, 14.275, 13.852, 14.973

53 |247550.73|2750244.14 29, 33, 34, 38, 52 7.367, 2.665, 4.644, 4.312, 1.882

54 |251501.45|2747530.84 29, 30, 35, 40, 41, 47, 48, 49, 51 7.17,12.734, 1.158, 0.505, 1.602, 4.069, 2.614, 18.351, 5.591
55 |254863.37|2744359.04 56, 110 0.256, 10.032

56 |254979.96|2744131.63 |11, 25, 55, 57, 102 21.72, 19.523, 0.256, 2.062, 3.521

57 |256226.96|2742492.59 |41, 56, 109, 110, 111 6.328, 2.062, 0.315, 12.109, 11.875
58 |252949.82|2741597.53 |37, 39, 52, 103, 110, 111 7.86, 9.059, 14.275, 0.56, 4.33, 2.474
59 |258851.87|2736756.88 |49, 60, 61, 88 16.396, 0.3, 0.242, 0.299

60 |258766.53|2736983.83 |49, 59, 61, 62, 88, 105 16.117, 0.3, 0.109, 0.467, 0.644, 5.945
61 |258713.40|2736929.44 |49, 59, 60, 62, 105 16.146, 0.242, 0.109, 0.496, 5.974

62 |258480.48|2737352.47 49, 60, 61, 63 16.089, 0.467, 0.496, 0.055

63 |258446.40|2737396.26 |49, 62, 64 16.029, 0.055, 0.23

64 |258308.44|2737580.20 |63, 66 0.23,0.235

65 |258149.26|2737774.76 |66, 67, 103 0.017, 2.126, 7.657

66 |258146.08|2737751.33|64, 65 0.235, 0.017

67 |256565.51|2739110.07 |65, 68 2.126, 0.104
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W | XEE | Ya# 8 2 8:(P) BE 3 (dy)
(Pi)

68 [256469.83(2739152.87 |67, 91 0.104, 0.076

69 [256145.00(2739492.81|70, 91 0.327, 0.437

70 [255938.52(2739747.13|69, 71 0.327,0.019

71 [255908.30(2739744.61(70, 72, 103, 111 0.019, 0.468, 4.816, 6.236
72 [255605.89(2740098.81(71, 73, 89, 103, 111 0.468, 0.187, 13.273, 4.43, 6.073
73 |255478.55(2740219.08 (72, 74, 103 0.187, 0.212, 4.325

74 |255326.44(2740332.27 |73, 103, 110, 111 0.212, 4.244, 7.597, 5.741
75 [255663.78(2732636.44 76, 89 4.52,2.684

76 [258546.96(2735471.00(75, 77, 89 4.52, 0.056, 7.08

77 [258592.65(2735483.43|76, 78 0.056, 0.119

78 [258675.55(2735527.64 |77, 79 0.119, 0.747

79 (259261.43(2735157.3378, 80 0.747, 0.065

80 [259314.45(2735120.48|79, 81 0.065, 0.057

81 (259360.92(2735085.47 80, 82 0.057, 0.558

82 [259698.07|2735151.80(81,83 0.558, 0.24

83 [259570.95(2735356.30 82, 84 0.24, 0.024

84 [259560.22(2735378.33 83, 85 0.024, 0.279

85 [259421.22(2735620.06 |84, 90 0.279, 0.039

86 [259283.54(2735831.64 |87, 90 0.366, 0.213

87 (259061.94(2736119.05 |86, 88 0.366, 0.422
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W | XEE | Ya# 8 2 2:(P) BE 3 (dy)
(Pi)
88 (258962.41(2736491.58 |59, 60, 87 0.299, 0.644, 0.422
89 [253457.94/2732216.89(72, 75, 76, 110, 111 13.273, 2.684, 7.08, 18.823, 18.706
90 (259404.10(2735654.77 |85, 86 0.039, 0.213
91 (256401.80(2739186.17 |68, 69 0.076, 0.437
92 (268303.34(2733366.98 104 1.063
93 [266605.51(2734279.29 (94, 104 1.19, 1.349
94 (265678.17(2734410.13 19, 93, 95 20.407,1.19, 2.324
95 [263729.82|2735045.96 94, 105 2.324, 0.855
96 [261397.38(2734882.78 |82, 105 1.976, 2.101
97 (259944.22(2738181.52 105, 106 4172, 0.52
98 [258355.57|2740666.01 |99, 106 0.373, 2.497
99 [258126.79(2740928.48(98, 100 0.373, 0.119
100 |258026.56|2740997.0599, 107 0.119, 0.077
101 |257934.79|2741040.33 |11, 25, 30, 107, 108, 109 22.592, 20.395, 17.889, 0.028, 0.962, 2.029
102 |257398.92|2741951.44 |11, 30, 41, 56, 108, 109 22.415,17.711, 7.787, 3.521, 0.161, 1.147
103 |253110.39|2741617.01|58, 65, 71, 72, 73, 74, 110, 111 0.56, 7.657, 4.816, 4.43, 4.325, 4.244, 4.89, 3.034
104 |267519.57|2733558.92 (92, 93 1.063, 1.349
105 |263015.53|2735509.76 |60, 61, 95, 96, 97 5.945, 5,974, 0.855, 2.101, 4.172
106 |259690.59|2738636.66 (97, 98, 109, 110 0.52, 2.497, 5, 15.817
107 |257956.90|2741030.48|100, 101 0.077, 0.028
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W | XEE | Ya# 8 2 2:(P) BE 3 (dy)
(Pi)

108 |257526.08|2741864.32|101, 102 0.962, 0.161

109 |256490.73|2742319.46 |57, 101, 102, 106 0.315, 2.029, 1.147,5

11, 19, 29, 31, 37, 39, 42, 48, 52, 55, 57, 58, 74, [29.461, 36.496, 15.356, 18.524, 8.558, 9.752, 26.446, 7.919,
89, 103, 106, 111 13.852, 10.032, 12.109, 4.33,7.597, 18.823, 4.89, 15.817, 3.13

110 |249214.10|2740916.52

36.379, 16.063, 19.231, 9.188, 9.143, 9.265, 10.459, 9.475,
19, 29, 31, 35, 36, 37, 39, 40, 42, 48, 52,57,/58,

111 |251609.07|2739971.16 26.355, 7.685, 14.973, 11.875, 2.474, 6.236, 6.073, 5.741,
71,72, 74,89, 103, 110
18.706, 3.034, 3.13
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