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Finding optimal routes for several freight loads in a hub based logistics network with non-linear cost

In a hub-based logistics network configuration there are n nodes representing origins and/or destinations of freight loads or serve the network as hubs. From the operational perspective, freight loads are picked up from their origins and moved to a hub where they are sorted and consolidated before being transferred to their destinations or to another hub if needed. The transportation cost per load depends on the amount of loads that are shipped (i.e., as more loads are transported between two nodes, the transportation cost per load decreases due to economies of scale). If the transportation cost per load was constant regardless of the amount of flow between nodes, the optimal routes could be calculated using Dijekstra algorithm. 
In order to model the influence of economies of scale on the transportation cost for movements between hubs, a stepwise function that relates the per load transportation cost to the amount of flow between two nodes is utilized (Fig. 1).  The number of steps in this cost function can be arbitrary determined.  As a result, the stepwise function can realistically model the cost of transportation with relatively high precision.


Fig. 1. Stepwise function for transportation cost per load.
[bookmark: _GoBack]The question of interest is finding optimal routes for all freight loads in this logistics network.
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