Variants to a Heuristic Knapsack Approach for Solving Pharmaceutical R&D Pipeline Management Problems
Brianna Christian, Selen Cremaschi
Department of Chemical Engineering, University of Tulsa, 800 South Tucker Drive, Tulsa, Ok, 74104, USA

	With the rapid expiration of big selling pharmaceutical drug patents, pharmaceutical manufacturers are under pressure to improve the efficiency of the pharmaceutical research and development (R&D) pipeline. One of the ways to improve efficiency is to improve the management through scheduling and planning of clinical trials.  The characteristics of the pharmaceutical R&D pipeline management problem include a set of new drug development projects, resources and expenditures associated with each project, and returns that will only be realized once the drugs reach market. To reach market the products are required to complete a stage-gate process where if a product fails to successfully complete a stage, the product does not continue through subsequent stages. Often the returns, the necessary resources, and whether or not each product will reach market are not known with certainty at the time of the pipeline planning. Decisions are made to maximize the returns by determining which projects to pursue and how to allocate resources to the chosen projects (Subramanian et al., 2001). The R&D pipeline management problem is challenging due to the endogenous nature of the uncertainty, i.e., decisions on whether or not to invest impact the realization of the uncertainty. The pharmaceutical R&D pipeline management problem can be formulated as a multistage stochastic program (Colvin and Maravelias, 2008). Literature on multistage stochastic programs (MSSPs) with endogenous uncertainty is limited, and often the available approaches can only successfully solve small problems.
	Goel and Grossmann (2004a) presented  an approximation method that searches the feasible solution space to find a “good” solution . The algorithm is applied to an offshore oil planning problem where the objective was to determine the optimal placement of production platforms given a limited investment budget. The decisions were whether or not to install well and production platforms. The uncertainty in the problem is the production amounts of each well and is realized after the installation of the platforms. Goel and Grossmann (2004b), considering the same offshore oil planning problem, proposed a Lagrangean duality based branch-and-bound approach. A valid lower bound is obtained by solving the Lagrange dual problem with relaxed non-anticipativity constraints. Colvin and Maravelias explored several formulation and solution procedures to handle larger instances of the pharmaceutical R&D pipeline management problem. One approach, a branch-and-cut algorithm (Colvin and Maravelias 2010), initially adds a percentage of non-anticipativity constraints and then iteratively adds constraints based on violations. More recently, Gupta and Grossmann (2014) proposed a Lagrangean decomposition scheme that utilizes a scenario grouping strategy. The scenario grouping strategy allows of partial decomposition of the full space model that may be useful in large problems. The scenario grouping strategy was applied to the oilfield planning problem from Goel and Grossmann (2004a) and a process network problems originally presented in Goel and Grossmann (2006). The process network problem consists of finding the optimal expansion and operation decisions for a fixed planning horizon. In this problem, the yields of the process equipment used for expansion are not known with certainty.  Gupta and Grossman (2014) concluded that their scenario grouping strategy performed well on medium sized problems but that further work would be needed to show its effectiveness on larger problems.
	In their previous work (Christian and Cremaschi, 2014), the authors presented a heuristic approach to solving the pharmaceutical R&D pipeline management problem using a series of knapsack problems. The knapsack solution approach yields implementable solutions, and was demonstrated to improve the solution times by several orders of magnitude for large instances of the R&D pipeline management problem. The solutions were within 3 % of the global optimal for small instances, while they degraded as the problem size increased.  The degradation in the solutions with problem size is hypothesized to be a combination of the method’s inability to see the entire planning horizon and methods inflexibility in knapsack sub-problem generation.  Sub-problems for the original knapsack solution method are created at the realization of all uncertainties.  The work presented in this talk explores several techniques to improve this knapsack heuristic approach. 
	The first approach relaxes the times at which the knapsack sub-problems are solved, allowing for knapsack sub-problems to be generated when there are sufficient resources available for decision making. Preliminary results show that the relaxed planning horizon solutions are identical or better to the solutions of the original heuristic approach for smaller instances of the pharmaceutical R&D pipeline management problem.  In this talk, we will discuss how the flexible sub-problem generation affects the solution quality and time with different problem sizes. 
	 The second approach implements a hedging approach where the knapsack problems are allowed to pack items in violation of the constraint used to prevent the greedy solution at the cost of penalizing the knapsack objective. The approach appears to be very sensitive to the parameters used to penalize the objective function.  When penalty parameters are small the solution is prone to overscheduling yielding solutions that are worse than the original knapsack solution. When penalty parameters are too large the solution becomes identical to the knapsack solution. The talk will present how the solution quality changes with penalty parameters. 
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