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A new exact algorithm to solve the Multi-trip vehicle routing problem with time windows and limited duration
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This article tackles the multi-trip vehicule routing problem with time windows and limited duration. A trip is a timed route such that a succession of trips can be assigned to one vehicle. We provide a two-phase exact algorithm to solve it. The first phase enumerates possible ordered lists of client matching trip maximum duration criterion. The second phase uses a Branch and Price scheme to generate and choose best set of trips to visit all customers. We propose a set covering formulation as the column generation master problem, where columns (variables) represent trips. The sub-problem selects appropriate timing for trips and has a pseudo-polynomial complexity. Computional results on Solomon's benchmarks are presented. The computional times obtained with our new algorithm are much lower than the ones obtained in the sole exact algorithm previously published on this problem.

instances have not been solved within a limit on computing time set to 30 hours. Tables 1 and2 present these results. For each instance, we have the root solution cost and the solution cost of the Branch and Price scheme used in Phase 2, the computation time for both phases (Total time), the computation time of Branch and Price root in Phase 2 (Root time), the computation time of Phase 1 (Phase1 time), the number of iteration (iter) and the number of generated columns (column).

We can note, as for the VRPTW, there is great variation for time resolution between instances of the same class. We can also note a significant increase of total computation time between the instances with 25 and 50 customers.

Impact of the dominance rule in phase 1

In this section, we evaluate the impact of the dominance rule when feasible trips are generated with the elementary shortest path algorithum with ressource constraints in Phase 1. The number of available vehicles (U ) was set to 2 for these tests.

In Table 3, for each instance, we compare the following criteria : the number of generated structures in Phase 1 (# trips), the computation time for both phases (Total time) and the computation time of Phase 1 (Phase1 time), with (Dom) and without (No Dom) dominance

Table 1 :

 1 

	Instance Root Solution Solution Total Time Root time Phase1 time	iter	column
	c201-25	646.51	659.02	1.561	0.046	0	64	124
	c202-25	634.772	653.37	45.819	0.499	0.031	564	555
	c203-25	626.017	646.4	247.189	1.795	0.031	1133	854
	c204-25	592.06	602.46	252.825	5.09	0.047	673	1268
	c205-25	607.913	636.39	38.325	0.141	0	1209	304
	c206-25	603.333	636.39	637.612	0.296	0.015	17034	576
	c207-25	588.783	603.22	98.273	0.718	0.015	1159	725
	c208-25	597.348	613.2	38.154	0.39	0.015	580	484
	r201-25	757.79	762.43	0.234	0.046	0	8	174
	r202-25	645.78	645.78	0.796	0.453	0.031	7	635
	r203-25	620.177	621.97	2.216	0.89	0.078	12	859
	r204-25	575.655	579.68	5.026	1.561	0.062	20	1005
	r205-25	626.48	634.09	0.827	0.202	0.015	21	375
	r206-25	596.74	596.74	0.686	0.515	0.031	4	713
	r207-25	583.658	585.74	3.496	0.577	0.046	18	783
	r208-25	575.616	579.68	6.681	1.53	0.047	23	1181
	r209-25	598.107	602.39	1.67	0.281	0.016	22	562
	r210-25	620.293	636.15	7.914	0.359	0.031	73	870
	r211-25	568.54	575.91	25.805	1.295	0.046	198	1538
	rc201-25	984.438	988.05	1.373	0.11	0	72	342
	rc202-25	837.557	881.49	25.664	0.483	0.031	894	880
	rc203-25	705.217	749.15	64.271	0.327	0.031	814	1088
	rc204-25	-	-	-	-	-	-	-
	rc205-25	808.579	840.35	3.746	0.249	0.015	137	598
	rc206-25	726.097	761.03	35.703	0.281	0	2006	767
	rc207-25	646.457	738.87	71807.37	0.859	0.031	452858	8212
	rc208-25	-	-	-	-	-	-	-

Results on the Solomon's benchmark (25 customers) with t max value set

(75; 220)