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This thesis explores the potential of heuristic methods to speed up the semi-exact approach of
Fischer (2023) to solve the capacitated vehicle routing problem with intermediate facilities (CVRP-IF).
The CVRP-IF instances come from the context of municipal waste collection. Fischer’s approach
builds on column generation (CG), which consists of an alternating solution of the routing master
problem (RMP) by a classic linear programming problem solver (CLPS) and the solution of the pricing
sub problem (PSP) by dynamic programming candidate route generation (DPCRG). The thesis
proposes two novel heuristic methods. The fi rst method is the heuristic solver (HS), which can
replace the CLPS. The HS transforms a given RMP into another valid RMP with a trivial solution and
then improves this solution. The HS provides approximate dual values that are used to set up the
PSP instances. The second method is a heuristic candidate route generation (HCRG), which can
replace or support the DPCRG. The HCRG builds a depth-fi rst search tree that creates a branch for
each sequence of the base set (BS) that leads to lower reduced cost for an incomplete candidate
route (represented by a root to node path). The BS contains sequences of collection points that are
likely to be found in routes of optimal or near-optimal CVRP-IF solutions. Single-node sequences
(consisting of one collection point), inter-facility sequences (collection points that can be visited with
little additional travel cost when traveling between two intermediate facilities), and nearest- neighbor
sequences (short paths that visit many collection points) have been implemented. The HCRG was
complemented by an optional clustering method that creates clusters in the form of non-exclusive
travel cost ellipses. The clustering can be used to heuristically reduce the problem complexity of the
PSP instances. The developed heuristic methods were tested in the form of 17 algorithm setups on
712 CVRP-IF instances. The setups used either the CLPS or the HS relying on the BS to solve the
RMP and were combined with the DPCRG, HCRG or/and clustered HCRG to solve the PSP. The
computational experiments demonstrated the correct functioning of the developed methods in all
setups. The results for the different setups based on the HS(BS) combination were very similar.
Compared to the approach of Fischer, on average 5.1% higher (i.e. inferior) objective values and 25%
shorter computation times were observed. However, looking at the trend for increasing CVRP-IF
complexity, the solution quality deteriorated linearly while the relative computation time decreased
exponentially. For the largest instances, solutions with 20% higher objective values were computed in
about 0.01% of the time. Thus, for large problem instances, the objective value gaps are high, but the
computation times are low. For CLPS based setups, it was observed that replacing the DPCRG with
the HCRG consistently leads to inferior results compared to the HS(BS) setups. However, when the
HCRG was used as a support strategy for the DPCRG, the computation time could be reduced by
about 10% on average without losing solution quality.
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