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The minimum spanning tree problem is a very well-known combinatorial problem 

where the objective is to find a tree spanning all nodes in a network while minimizing 

the total costs incurred. This combinatorial problem is frequently used to model 

problems in several fields, such as transportation and telecommunications. 

The hop-constrained minimum spanning tree (HMST) problem is an extension of the 

MST. In it, besides finding a tree spanning all nodes at minimum cost, the number of 

links in each path from the source node to every other node must not exceed a given 

integer H value, which is called the hop parameter. The addition of a maximum number 

of links in each path is usually related to reliability and availability issues. 

Availability is usually associated with the probability of perfect functioning of all links 

between the central node and each one of the terminal nodes; whereas reliability can be 

seen as the probability that the transmission or transport will not be interrupted by any 

external factor resulting in the fail of a link. In addition, these constraints can also be 

associated to lower delay times, since the total delay time is, typically, dependent on the 

number of links between the origin and the destination node. 

Another tree network where hop constraints have been included is the Steiner tree. In 

this problem one wishes to find the minimum cot tree that spans a subset of nodes, 

possibly including other nodes. The main difference, between these two problems is that 

in the latter, extra intermediate nodes (and links) may be added to the graph in order to 

reduce the cost (or length) of the spanning tree. These new nodes are known as Steiner 

points. It has been proved that the resulting connection is a tree, known as the Steiner 

tree. There may be several Steiner trees for a given set of initial vertices. 

A recent extension of the HMST problem has been considered where in addition to 

minimizing total costs incurred and the constraint on the maximum number of links in 

the paths between the source node and each of the destination nodes, flows on the arcs 

have also to be determined. Therefore, the main difference between the HMST and the 

HMFST problem is that the latter problem allows nodes to have different flow demands. 

Furthermore, the costs to be incurred become now (nonlinearly) flow dependent, in 

addition to the link setup cost. 


