
A continuous approach to Multi mode Resource Project Scheduling Problems  
 
In any enterprise the solution to every decision related problem has the objective of 
maximizing some measure of profit. Many such problems can be reduced to the so-called 
Resource Project Scheduling Problem (RCPSP) due to their time dependence and 
resource constraints. Of the different types of RCPSP the multi mode case displays the 
most realistic picture of the decision options involved in today’s highly flexible business 
environment. Different levels of renewable resources (i.e. personal, equipment, etc) can 
be allocated to the same activity depending on the “state of the world” at each time period. 
However, the indexing approach used in the literature to handle renewable resources has 
a major scaling limitation, in terms of the number of decisions and allocation levels that 
can be considered, due to its combinatorial nature. Also, the  use of reduced sets of levels 
to make some of the problems tractable is an unreliable strategy. It is not really possible 
to predict which part of the solution space is disregarded when selecting the set. 
Therefore, the lack of resolution or the inadequate range size of the decision space may 
generate solutions that are far from optimal.  In this work we present a series of  
mathematical formulation that overcome such issues by using a continuous representation 
for renewable resources. The idea here is that the number of resources in a real life size 
problem is in the hundreds and therefore rounding will not significantly degrade the 
optimality of the solution.  The proposed approaches are based on the use of “balances” 
that keep track of each resource usage in a way similar to a material balance. Though 
each of the formulations avoid the use of a mode index, which reduce the combinatorial 
nature of the problem, they represent in a different manner the time dimension. The first 
approach uses a discrete time representation, the second one completely disregards time 
in favor of sequencing constraints, and the third one uses a continuous time 
representation. Therefore, the reduction in the complexity of the problem and the 
limitations of the model are different.  For example if 3 resources have to be scheduled to 
complete 4 projects, which 5 different stages each, the mode based approach (considering 
only 3 different modes and 40 time periods) would require in the worst possible scenario 
the solution of 27200 LPs. The discrete time approach  would require de solution of 22401 , 
while the sequence based approach and the continuous time one would require 2360 and 
21201 (using 20 time slots) respectively.  In any case the complexity is overwhelming; 
therefore in this work we highlight the advantages and disadvantages of each formulation, 
and explore their performances with a problem drawn from the product development 
pipeline management domain. 
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