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Network design problems are central to planning in many types of systems, such as 
telecommunication systems. Most network design research focuses on extracting from a 
network an optimal subnetwork that will satisfy various requirements. The most 
common looked for subnetworks are trees. The Minimum Spanning Tree problem is one 
of the best-known network optimization problems, in it one attempts to find a minimum 
cost tree network that connects all the nodes in a given network. Usually, only setup 
costs are incurred. There might be other constraints imposed on the design of trees such 
as the number of nodes in a subtree, the number of nodes in any path from the root node 
(hop-constrained), degree constraints on nodes (degree constrained), flow and capacity 
constraints on any arc or node, and type of services available on the arcs or nodes. We 
consider a new problem which is an extension of the Hop-constrained Minimum 
Spanning Tree problem (HMST), since in addition to the hop-constraints we also must 
satisfy node demands by finding the flow that is to be routed along each of the arcs. 
Furthermore, the costs to be minimized include a general nonlinear flow dependent cost 
as well as a setup cost. Nonlinear cost functions arise naturally as a consequence of 
taking into account economic considerations. For this problem we propose a hybrid 
metaheuristic that includes an Ant Colony Optimization algorithm to deal with the 
exploration, and a Local Search procedure to cope with the exploitation of the search 
space. In order to test the algorithm we have used problems that were previously solved 
by other authors using other population based heuristics and our algorithm was able to 
improve upon their results, both in terms of computing time and solution quality. 
 


