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Background of Fuzzy Constraint Satisfaction


Constraint satisfaction problems for a wide variety of problems all share certain characteristics: given a list of constraints, find a solution that satisfies them. However, in hard constraint satisfaction, the solution is only valid if every constraint is perfectly satisfied (this is called inflexible and imperative). In some situations, like the N-Queens problem, the 4-color map problem, or Sudoku puzzles, this is ideal. However, in the real world, many problems do not have perfect solutions and thus hard constraint satisfaction fails. However, with fuzzy constraint satisfaction, although finding a perfect solution is impossible, a optimal "best  try" solution can be produced.

Description


Consider a group of individual voters, each with different preferences and opinions. No single policy is going to perfectly please everyone, there will always be disagreement. Instead, it becomes important to find optimal solutions, where most voters are reasonably satisfied. This is the goal of this project.


The most basic problem is a small group of Voters that each have one vote. Every potential solution is generated, and the Voters get to evaluate (vote) on the solution by giving it a number between 0 and 1; zero being the worst rating and one being the best. The solution that gets the highest number of votes is the winner and is the optimal solution.


With a large group of voters, in the neighborhood of a several thousand, it is no longer possible to generate each potential solution. Instead, pruning is used to eliminate obvious non-optimal solutions (such as solutions on the fringes of society). By reducing the number of potential solutions up for vote, runtime can be dramatically improved, and the efficiency improves from O(n2) to approximately O(1).


Another complication to the model is that idea that some constraints are more important than others: this is the key idea of prioritized constraint satisfaction. In the context of the problem, the people of California should get more of a vote than the people of Alaska. Each voter is assigned a priority value, and voters with larger priorities are given more weighting in the evaluation function.


One real world application of these ideas is a proposal to raise the federal income tax on

 wealthy families and using the increased revenue to extend unemployment benefits. The Senate and the House can be modeled. Each state is compressed into a single voter, and its preferences are based on the taxation and unemployment statistics in that state. The voters than get to evaluate potential responses: the optimal solution is that they are moderately in support of the proposal.


The model itself can also be evaluated: simpler models are easier to code, but more complex models better simulate the complexities of the real world. Constraints can be either sympathetic (two voters that share similar values) or antagonistic (two voters that have opposite ideals). Societal evaluation heuristics can be either simple (a basic distance-based function) or complex (several-layered piecewise functions that take into account several different variables). Different models will create different results, so the model is just as important as the solution it produces.

