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6. Conclusions and further work

We have proposed a new formulation and a new solution meth-
od to the frequency optimization problem. Based on the model
proposed in (Constantin & Florian, 1995), we derived a mixed inte-
ger linear programming (MILP) formulation which is equivalent to
the bilevel nonlinear one proposed in the original study. The nature
of our formulation enables to solve the problem exactly using MILP
techniques.

By means of the proposed model, we are able to compute opti-
mal or near optimal solutions (with estimation of its accuracy) for
a case relative to a real small-sized city. Although its public trans-
portation system has 13 lines, we obtained improvements of
around 3% by applying the model. This shows that even in small
cases, there is room for improving the efficiency of the system.
Although manual solutions benefit from the experience of the
planner, they are not necessarily optimal; therefore, the optimiza-
tion model may suggest changes that are not obvious or intuitive.
Moreover, we note that our percentages of improvement are sim-
ilar to the ones reported in the literature (Constantin & Florian,
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