Chapter 4 The Design of Fuzzy Sets: Exercises and problems

1.In the horizontal mode of construction of a fuzzy set of safe speed on a highway, the yes-no evaluations provided by the panel of 9 experts are the following

	x
	20
	50
	70
	80
	90
	100
	110
	120
	130
	140
	150
	160

	No of yes responses
	0
	1
	1
	2
	6
	8
	8
	5
	5
	4
	3
	2


Determine the membership function and assess its quality by computing the corresponding confidence intervals. Interpret the results and identify the points of the universe of discourse that may require more attention. 

2. In the vertical mode of membership function estimation, we are provided with the following experimental data

	
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	range of X
	[-2,13]
	[-1,12]
	[0, 11]
	[1, 10]
	[2,9]
	[3,8]
	[4, 7]
	[5, 6]


Plot the estimated membership function and suggest its analytical expression.

3. In the calculations of the distance between a point and a certain geometric figure (as discussed in Section 8), we assumed that the boundaries of the figure is well defined. How could you proceed with a more general case when the boundaries are not clearly defined, viz. the figure itself is defined by some membership function, Figure 23. In other words, the figure is fully characterized by some membership function R(x) where x is a vector of coordinates of x. If R(x) =1, the point fully belongs to the figure while lower values of R(x) indicate that x is closer to the boundary of R.  
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Figure 23. Forming a fuzzy set of distance between a geometric figure with fuzzy boundaries and a point

4. Construct a fuzzy set describing a distance between the point of (5, 5) from a circle

    x2 + y2 =4. 

5. We maximize a function f(x) = (x-6)4 in the range of [3, 10]. Suggest a membership function describing a degree of membership of the optimal solution which minimizes f(x). What conclusion could you derive based on the obtained form of the membership function?

6. The results of pairwise comparisons of 4 objects being realized in the scale of 1-5 are given in the following matrix form 
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What is the consistency of the findings? Evaluate the effect of the lack of transitivity.  Determine the membership function of the corresponding fuzzy set.

7. In the method of pairwise comparisons, we use different scales involving various levels of evaluation, typically ranging from 5 to 9. What impact could the number of these levels have on the produced consistency of the results? Could you offer any guidelines as how to achieve high consistency? What would be an associated tradeoff one should take into consideration here? 

8. Construct a fuzzy set of large numbers for the universe of discourse of integer numbers ranging from 1 to 10. It has been found that the experimental results of the pairwise comparison could be described in the form 
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(for x < y we consider the reciprocal of the above expression).   

9. In the fuzzy c-means (FCM) algorithm, the shape of the resulting membership function depends upon the value of the fuzzification coefficient (m). How does the mean value of the membership function relate with the values of “m”. Run the FCM on the one-dimensional data set 

{1.3  1.9  2.0   5.5  4.9  5.3  4.5  -1.3  0.0  0.3  0.8  5.1  2.5  2.4  2.1   1.7}

considering c = 3 clusters. Next plot the relationship between the average of all membership grades and the associated fuzzification coefficient. For which values of “m” the average of membership grades differ from 0.33 for less than ? Consider several values of , say 0.2, 0.1, and 0.05. What could you tell about the impact of “m” on the resulting average? 

10. Consider a family of car makes, say C1, C2, …, Cn. We are interested in forming fuzzy sets of economy, comfort, and safety, say Aeconomy, Acomfort, and Asafety. Use a method of a pairwise comparison to build the corresponding fuzzy sets. Next using the method of pairwise comparison, evaluate the car makes with respect to the overall quality (which involves economy, comfort and safety). Given the already constructed fuzzy sets of the individual attributes and the overall quality Aoverall, what relationship could you establish between them?  

11. The method of membership estimation shown in Section 8 is concerned with one-dimensional data. How could you construct a fuzzy set over multidimensional data?  Consider using one-dimensional constructs first.

12. Consider a fuzzy set of a safe speed on an average highway, Figure 24. 


[image: image4.wmf] 

60         80            100         120        km/h

 

membership

 

 

              1

 

 

 

 

 

 


Figure 24. A fuzzy set of a safe speed on an average highway

How could this membership be affected when re-defining this concept in the following settings of (a) autobahn (note that on these German highways there is no speed limit), (b) a snowy country road. Elaborate on the impact of various weather conditions on the corresponding membership function. From the standpoint of the elicitation of the membership function, how could you transform the original membership function to address the needs of the specific context in which it is planned to be used?  
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