Chapter 11 Rule-Based Fuzzy Models: Exercises and problems
1. Consider the function y = f(x) = 2x2 +2 for x([0,4].  Develop a rule based model to approximate f(x) in this interval. Assume that f(x) is to be approximated through fuzzy graphs. Experiment with rule development using different t-norms.

2. Assume a fuzzy rule of the form “if X is A then Y is B” and suppose that inputs are points x(X = [0,4] while A and B are triangular fuzzy sets A(x, 1,2,3) and B(y, 2,3,4). Using the compositional rule of inference, determine the inferred fuzzy set B’ assuming that the rule is interpreted as the implication R(x,y) = 1 (( min[A(x), 1 ( B(y)]. Graph the inferred fuzzy set of conclusion.

3. Repeat the previous problem when interpreting the rule as an implication of the form R(x,y) = max[1 (( A(x), B(y)].

4. Repeat Problem 3 and determine the inferred fuzzy set B’ considering the Zadeh implication,, that is  R(x,y) = min[1, 1 ( A(x) + B(y)].

5. Assume now a fuzzy rule of the form “if X is A then Y is B” and suppose that inputs also are points x(X = [0,4] and A and B triangular fuzzy sets A(x, 1,2,3) and B(y, 2,3,4). Using the compositional rule of inference, determine the inferred fuzzy set B’ assuming that the rule is interpreted first as the min conjunction R(x,y) = min[A(x), B(y)] and next as the algebraic product R(x,y) = A(x).B(y), illustrating the results graphically.

6. Compare the inferred fuzzy sets of conclusion produced in the previous problems in terms of the resulting fuzzy set of conclusion (say, shape, support, convexity and normality). Discuss the boundary cases in which the input is empty set and an entire universe of discourse. Offer a comparative analysis of the results. Are they intuitively appealing? Justify your answer

7. Show that fuzzy min-max linguistic models whose consequent fuzzy sets are degenerate sets (singletons) are equivalent to zero order functional fuzzy models.

8. Assume you are given the function below. Develop the simplest fuzzy linguistic rule-based system that can exactly approximate the function f.(i.e., with no approximation error)
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9. Suppose that in a gradual rule of the form

- the more X is A,  the less Y is B,

where the consequent the less Y is B is understood as the standard complement of B. In this case, what is the constraint that should the membership functions of A and B satisfy to retain semantics compatible with the linguistic description of the rule?

10.  Consider the problem of approximating the function y = f(x) = x2 using a functional rule-based model. Assume that the membership functions shown below were chosen to granulate the input universe.
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Given the following two rules

R1:
if X is A1 then y = ax + b

R2:
if X is A2 then y = cx + d

determine the values for parameters a, b, c and d such that the rule based model approximates the function f exactly for x([-2, 2].
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