Chapter 12 Logic Expressions and Fuzzy Logic Networks: Exercises and problems

1. For the fuzzy neural network with feedback shown below. 
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The expressions describing this network are as follows

x(k+1)= AND([x(k) y(k)], w)

y(k+1)= OR([y(k) x(k)], v)

The values of the connections are w = [0.3 0.1] and v = [0.9 0.8]. Start with x(0) =0.3 and y(0) =0.9. Show the values of x (k) and y(k) in 10 successive discrete time moments. 

2. Show that AND and OR neurons subsume digital AND and OR gates as their special cases.

3. Consider an implication operator induced by the Lukasiewicz and connective that is min (1, a+b-1). Show that the similarity measure realized with its use realizes a Hamming distance.

4. Discuss how you could model the tolerance relationship, tol(x, a, b) which return 1 if x is located in–between a and b, a <b and becomes a monotonically decreasing function  for the arguments below “a” and above “b”. In your construct use the predicates of inclusion and dominance combined with the use of some t-norm.  Next use this predicate in the development of a tolerance neuron. 

5. With the use of the tolerance neuron constructed in the previous problem, show how you would model the region of the unit square illustrated in the figure below. The shadowed region comes with the value of 1 while the values assumed outside this region are equal to 0.
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6. Given is the following fuzzy neural network 
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The connections of the OR neurons (ordered from x1 to x3) are the following:

OR-1: [0.1  1.0 0.7], OR-2: [0.9  0.7  0.1], OR-3: [0.8 0.7 0.9]. 

Proceed with its reduction by eliminating the weakest connections. Develop a relationship between the number of eliminated connections and the reduced performance. To express performance, consider combinations of input data uniformly distributed in each input at a step of 0.2. 

7.Consider a network composed of 4 sensors providing data about the status of a system. The readings of the sensor are located in the unit interval. Propose a warning system that evaluates an overall status of the network (expressed in the unit interval) given the following constraints existing there

(a) variable x1 should not exceed threshold “a”

(b) variable x2 should not fall below threshold “b”

(c) variable x3 should be similar to the setpoint “c”

(d) variable x4 should not exceed threshold “d”

The above variables are measured by sensors 1-4. The variables themselves contribute to the overall evaluation of the status of the network to a different extent. The contributions are quantified by running a pairwise comparison leading to the following reciprocal matrix
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The more evident is the violation of the constraints, the higher the value of the output of the warning system. 

8. A two-input fuzzy multiplexer (2-to-1 FMUX) forms a generalization of the well-known functional units used in digital systems is described by the following expression 

y = FMUX(x; c0, c1) = (c0 t 
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where “x” serves as a switching variable and c0 and c1 are two input variables. See also the figure below
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(a) Discuss how FMUX functions; in particular assume the values of the switching variable to be equal to 0 and 1

(b) Plot the input-output characteristics of the FMUX treating the output (y) as a function of “x” and “c0”; take c1=1-c0. 

(c) How would you realize switching of four inputs; discuss the use of 2-to-1 FMUXs

9. Rule-based systems can be represented in the form of a fuzzy neural tree. There are two commonly encountered structures shown below. Interpret them by discussing what type of rules they represent and how the learning in these structures becomes reflected in the calibration of the rules. 
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