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A Branch-and-price Algorithm for the Vehicle Routing Problem
with Time Dependent Travel Times

Yongsik Lee + Chungmok Lee + Sungsoo Park

Department of Industrial and Systems Engineering, KAIST, Daejon, Korea

Most of the models for the vehicle routing problems studied in the literature assumed constant travel times.
However, those approaches may give infeasible solutions when traffic congestion causes delays in travel time.
To overcome such difficulty, there have been some researches considering the change of the travel time which is
called the time dependent vehicle routing problem (TDVRP). TDVRP assumes that the travel time between two
locations is not only affected by the distance traveled, but by many other factors including the time of the day. In
this paper, we propose a branch-and-price algorithm to solve the TDVRP. The time dependent property of the
travel time is dealt with an enumeration scheme with bounding procedures in the column generation procedure
identifying a profitable route. The proposed algorithm guarantees the “Non-passing” property to be held in the
solutions. The algorithm was tested on problems composed of the Solomon’s benchmark instances for 25 and 50
nodes. Computational results are reported.
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Table 1. Vehicle capacities and service times

Type RI  ClI RCI R2 C2 RQ
0, 10 90 10 10 90 10
Q 200 200 200 1000 700 1000
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Table 2. Changes of travel velocities
Relative travel velocities
Case ) )
morning day evening
Wide case 1 2 1.25
Narrow case 1.2 1.7 1.35
Constant case 1.4167 1.4167 1.4167
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Table 3. Experimental results
) Wide Narrow Ratio(%) TD/C
Problem Set Time - - -
Time Dependent Constant Time Dependent Constant Wide Narrow
Travel 151.82 133.56 137.99 133.56 -13.68% -3.32%
C1/25 nodes Waiting 488.63 589.37 501.80 589.37 17.09% 14.86%
Total 2890.46 2972.92 2889.79 2972.92 2.77% 2.80%
Travel 166.92 150.20 152.04 150.20 -11.13% -1.23%
C2/25 nodes Waiting 2212.72 2087.78 2265.16 2087.78 -5.98% -8.50%
Total 4629.64 4487.98 4667.20 4487.98 -3.16% -3.99%
Travel 293.13 253.83 265.10 253.83 -15.48% -4.44%
C1/50 nodes Waiting 212.80 243.55 232.27 243.55 12.63% 4.63%
Total 4207.35 4205.03 4204.02 4205.03 -0.06% 0.02%
Travel 277.80 251.90 253.40 251.90 -10.28% -0.60%
C2/50 nodes Waiting 2655.80 2679.20 2671.50 2679.20 0.87% 0.29%
Total 7433.60 7431.10 7424.90 7431.10 -0.03% 0.08%
Travel 321.65 313.29 310.53 313.29 -2.67% 0.88%
R1/25 nodes Waiting 214.85 222.68 230.78 222.68 3.52% -3.64%
Total 786.50 785.98 791.31 785.98 -0.07% -0.68%
Travel 351.80 325.70 329.60 325.70 -8.01% -1.20%
R2/25 nodes Waiting 1782.40 2256.20 1793.80 2256.20 21.00% 20.49%
Total 2384.20 2831.90 2373.40 2831.90 15.81% 16.19%
Travel 656.93 611.63 617.40 611.63 -7.41% -0.94%
R1/50 nodes Waiting 344.05 476.05 416.93 476.05 27.73% 12.42%
Total 1500.98 1587.68 1534.33 1587.68 5.46% 3.36%
Travel 259.10 235.44 239.24 235.44 -10.05% -1.61%
RC1/25 nodes Waiting 92.82 115.70 112.10 115.70 19.78% 3.11%
Total 601.92 601.14 601.34 601.14 -0.13% -0.03%
Travel 299.00 253.40 263.60 253.40 -18.00% -4.03%
RC2/25 nodes Waiting 1784.90 1822.80 1774.80 1822.80 2.08% 2.63%
Total 2333.90 2326.20 2288.40 2326.20 -0.33% 1.62%
Table 4. Average computational times(Wide and Constant) © A%E BaoH AL Az AS o) s ARt s A
o 7] 0k O A O 3 = Ao
Case Solving Time  Master Time Sub Time F7F 2RA G& Aol HE Y e A%
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