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Assignment: Using a set of final solutions developed using one of the heuristic methods, try to estimate the global optimum solution value using extreme value theory. 





Due one week from today: A short memo (1 page or less) that contains your assessment of the extreme value theory process and the estimated global optimum (if obtainable). The following background information is from Bettinger et al. (1998)





Model Verification and Validation





	Model verification involves processes that determine whether the model is working as intended (Law and Kelton 1991). Our verification processes included the following three steps: 1) coding and debugging the model in steps, 2) checking and debugging the paths for data between parts of the model, and 3) checking model output results for reasonableness. Model validation involves processes which determine how closely the model represents the actual system (Law and Kelton 1991). Here, model validation is the process of determining how closely the results compare to optimal results for the problem specified. We are not concerned with validating whether the stream sediment and stream temperature models represent the actual aquatic system. Although we utilize established hydrologic models in our land management scheduling model, we feel the validation of the aquatic models should be left to professional hydrologists. Our objective will be to validate how well the land management scheduling model can obtain feasible and efficient solutions, by comparing the solutions generated to an estimated global optimum. Since heuristics cannot guarantee that the actual global optimum to a problem will be located, validation of heuristic solution methods to large combinatorial problems is difficult (Dannenbring 1977).


	Statistical inference can be used to provide an estimate of the quality of heuristic solutions (Reeves 1993). The techniques that can be applied to combinatorial optimization problems involve the theory of extreme values, and were first developed by McRoberts (1971), and later extended by Dannenbring (1977), Golden and Alt (1979), and Los and Lardinois (1982). Applications of extreme value theory are common in the study of size effect on material strengths, the occurrence of floods and droughts, and the study of what are known as "record values" or "breaking values" (Koltz et al. 1982).


	The theory of extreme values primarily concerns itself with the distribution of the smallest or largest values of a distribution. Two assumptions underlie the use of applying extreme value theory to the distribution of local optima. First, the sample observations, or set of local optima, must be statistically independent. This assumption cannot be rigorously justified here, since all of the samples share a common goal, that the heuristic process has tried to achieve the same global optimum (Los and Lardinois 1982). However, a random generation of initial starting solutions to the heuristic process may induce the creation of statistically independent samples (Golden and Alt 1979, Los and Lardinois 1982). Each run of our land management scheduling model starts with a randomly defined initial solution. Second, the theory of extreme values is valid for continuous distributions. Combinatorial problems possess a discrete solution value distribution, where the number of possible solutions is finite. The number of possible solutions, however, grows exponentially with increases in the number of decision choices, making the approximation of a continuous distribution by a discrete distribution acceptable in practice (Dannenbring 1977, Los and Lardinois 1982).


	If we assume that samples X1, X2, ..., Xn are independent and identically distributed from a distribution which is assumed to be continuous, we are concerned with the distribution of the largest value of X1, X2, ..., Xn. The probability that the largest value of this distribution is smaller than the extreme value, x (the true largest value), can be expressed as the probability that all n observations are smaller than x:





F(x) = Pr[X1 < x, X2 < x, ..., Xn < x]	(7)





Because of the independence assumption we can then say:


�EMBED Equation.3���	(8)





	In many cases, however, the distribution of x does not take a simple form when n becomes large. In fact, the distribution of F(x) is known as the asymptotic (or limiting) distribution of extreme values when n(( (Koltz et al. 1982). As n((, F(x) approaches the Weibull distribution,





�EMBED Equation.3���	(9)





where a, b, and c are (0 and a(Xm.





	We fit a three-parameter Weibull function to the distribution of independently generated solutions to estimate the global optimum NPV, using maximum likelihood procedures. The three-parameter Weibull probability density function is: 





�EMBED Equation.3���	(10)





Where:	Xm = local optima derived from an independent run of the heuristic


	a = Weibull location parameter


	b = Weibull scale parameter


	c = Weibull shape parameter


	Xm<a, b>0, c>0





	We developed a Quick BASIC program to follow the iterative process described in Sinha (1986). Here we are interested in the estimation of the location parameter (a), which may be assumed to be the extreme maximum of the distribution (Bailey and Dell 1973, Reeves 1993).
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