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In the Vehicle Routing Problem (VRP) it is assumed that all customers have
a demand which should be delivered. Moreover, since the considered network is
assumed to be complete, all customers are only visited once. In this research, both
assumptions, all customers have a demand and a complete network, are dropped.
We call this new problem the Steiner Vehicle Routing Problem (SVRP). In this
problem only a subset of the known customers in an incomplete road network
has a demand which should be delivered by one of the available vehicles. Due
to the incompleteness of the network, the vehicles are allowed to visit customers
more than once. This problem with multiple vehicles is not investigated in the
literature yet. However, the variant with only one vehicle, the Steiner Traveling
Salesman Problem (STSP), is studied in literature. The STSP is introduced
by Fleischmann in [1], which has presented a MIP formulation for the problem.
Since the number of restrictions of this formulation increases exponentially in the
number of customers, Letchford et al. introduce in [2] two compact formulations
for the STSP, of which the number of restrictions increases quadratically in the
number of customers. We have extended one of these compact formulations and
the formulation of Fleischmann [1] to the SVRP with multiple vehicles.

Furthermore, we have investigated what would be the best improvement of
the considered incomplete network, such that the total travel time of the vehicles
is minimized. There are multiple possibilities what this improvement can be. It
can be the construction of a new road between two locations which have yet no
direct connection in the incomplete network. Another possibility is to widen a
road between two locations, whether or not in combination with the transposition
of that road into a one-way street. As a result of one of these changes in the road
network the distance and consequently the travel time between these two locations
will be decreased. However, when the widened road is converted into a one-way
street, this has negative e�ects on the travel time for the tra�c in the opposite
way. Up to this far we have only investigated the possibility to add an extra
road to the road network. We assume that this road can be constructed between
each pair of locations. Since the transport company serves every day a di�erent
subset of the known customers in the network, the best improvement should be
determined over a group of days. We have assumed that the demand of the
customers is cyclic, with a common cycle time of one month. As a result we can
consider this problem as around 20 SVRPs which should be solved simultaneously
in a modifying network. We will call this problem the Steiner Vehicle Routing
Problem with Arc Changes (SVRPAC). A compact formulation for this problem
is presented based on the compact formulation for the SVRP.
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Due to the complexity of the SVRPAC, a heuristic is used to look for the best
possible extra road. This heuristic contains two phases, the construction phase
and the analysis phase. During the construction phase the network is made
complete by adding a connection between each pair of locations which are not
connected yet which is equal to the shortest path in the original network. Sub-
sequently, for each day, only the customers which have a demand are considered
in the construction of the routes of the vehicles for that day. To construct routes
for the vehicles for each of the considered days a Variable Neighbourhood Search
(VNS) is applied to the selected part of the completed network. Note that as re-
sult of the way of the completion of the network, all pairs of consecutive locations
in the planned routes are connected by a direct arc.

During the analysis phase the constructed routes are used to look for the best
possible improvement of the existing road network. This is done by analysing all
subsets of unique customers which are visited consecutively in the constructed
routes. Each subset of customers should have a starting point and an ending point
for which hold that there is only one connection between them and the rest of the
subset. For each of these subsets the number of appearances is determined. Also
the di�erence in travel time between traveling on the existing roads and traveling
on a direct connection from the starting point of the subset to the ending point
is determined for each subset. The total decrease in travel time by adding the
road from the starting point of the subset to the ending point is determined as
the computed di�erence multiplied by the number of appearances of that subset.
The connection between the starting point and ending point with the largest
reduction in travel time is set as the best improvement.

In a preliminary testing phase, this heuristic is applied to a road network of
51 customers and a depot. To test the heuristic on di�erent instances, from this
road network four di�erent test instances with a di�erent number of customers are
constructed. On each of the 20 considered days for each test instance a random
chosen part of the customers has a demand. As result of the heuristic, for each
test instance the total travel time of the vehicles over the 20 considered days in
the network where the improvement of the heuristic is made, is calcuated. As
a benchmark the total travel time over these 20 days is also determined in the
network where the optimal improvement is executed. This optimal improvement
is determined by solving the SVRP for each of the considered set of days for
each possible road which can be added. Obviously, this way of determining the
optimal improvement can only be applied to small test instances. Prelimary
results show that the total travel times of the vehicles in the network where the
heuristic improvement is made are for all test instances only slightly longer than
the total travel times in the network where the optimal improvement is made.
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