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Time Capacitated Arc Routing Problem

 The Time Capacitated Arc Routing Problem (TCARP) represents a
problem where a time restriction, rather than a volume limitation,
provides a capacity restraint for the problem.

 This typically arises in problems where volume constraints are not
relevant, for instance meter reading, rail inspection or road inspection.
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Time Capacitated Arc Routing Problem

 In TCARP, either traversing or servicing an arc will exhaust the time capacity of
a vehicle. The travel time of an edge is related to its length, and the service
demand is equal to the travel time plus the time for visiting all customers on the
edge.

 Both travel and service demands use the vehicle capacity Q.

 A simple approach to a TCARP problem is to substitute units of time for units of
volume and apply techniques devised for volume-constrained problems.
However, this approach does not recognize the specic characteristics of TCARP.
In a volume-based problem, the capacity of the vehicle is used up by servicing
arcs, but the mere transit of an arc does not add any volume to the route.
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Previous Works

There has been a very limited set of work directly on the TCARP:

 Some experiments have been performed using heuristics on rural postal delivery
problems (Keenan and Naughton, 1996; Keenan, 2001).

 Keenan (2001, 2005) tested graph theory based lower bounds for the TCARP.

 Bartolini et al. (2013) addressed the more general CARPDD, and developed lower
bounds and an exact algorithm for this problem based on cut-and-column generation
and branch-and-price. Bartolini et al. (2013) tested the datasets used by Keenan
(2005) and provided superior lower bounds and introduced a new medium sized
TCARP dataset. These authors provided lower bounds and some optimal solutions for
this new dataset, but excessive execution time prevented other solutions being found.
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Contributions

Against this background where computation time remains an obstacle, the aim
of this paper is to tackle the TCARP using heuristic and metaheuristic algorithms
in order to obtain solutions that improve previous results in the literature in
short computational times.

Therefore, the main contributions of this work are:

1. A savings-based heuristic, TSHARP, which is able to generate reasonably
good solutions for the TCARP in milliseconds even for the largest
instances considered

2. A Biased-Randomized Simulated Annealing algorithm capable of
improving previously published results on the TCARP both in quality as
well as in computing times

3. A new set of large-scale instances based on real-life cases.
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TSHARP
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BR-SA

 The biased-randomization of the heuristic is obtained in the following way.

 Firstly, the savings list is constructed and sorted as in the TSHARP procedure.
Then, each edge in this list receives some probability of being selected
according to a skewed probability distribution (in our case, a geometric
distribution is used).

 Thus, at each step, instead of making a greedy choose of the next merging
edge, the assigned probabilities are used to select the next edge during the
solution-construction process.
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Shaking
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Computational Experiments

Two set of classical TCARP benchmarks have been employed. Additionally, new
benchmarks regarding large-scale instances (which are based on real-live cases)
have been proposed and solved with our algorithms.
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Computational Experiments
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Computational Experiments
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Analysis of Results
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Analysis of Results
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Conclusions

 This paper discusses realistic applications of the Time Capacitated Arc Routing
Problem (TCARP), in which large-scale instances have been solved for the first
time in the related literature.

 On the one hand, the TSHARP heuristic is capable of providing reasonably good
solutions in just a few milliseconds.

 On the other hand, the BR-SA metaheuristic (which combines a biased-
randomized version of the aforementioned TSHARP heuristic with a Simulated
Annealing framework) shows an excellent trade-off performance of quality
solution versus computing time. Thus, the BR-SA algorithm outperforms
previously published approaches in the literature while, at the same time, is
relatively easy to implement in practice.

 A new set of well-deffined large scale instances that can be used by other
researchers to test their solving approaches.
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Future Work

 Additional capacity constraints could be considered, e.g., a time-based as well
as a volume based constraint for each vehicle

 Additional realistic goals could be included in the objective function, e.g., route
balancing goals

 A multi-depot version of the TCARP, considering a limited capacity per depot,
could be explored

 It could be worth considering the effects of parallel and distributed computing
techniques on the algorithms’ performance

 A stochastic version of the problem, in which either customers' demands or
traveling/servicing times were modeled as random variables, would make the
problem even more realistic
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