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In this paper, we propose a new fuzzy interpolative reasoning method for sparse fuzzy rule-
based systems based on ranking values of polygonal fuzzy sets and automatically generated
weights of fuzzy rules. First, the proposed method gets the characteristic points of the obser-
vation polygonal fuzzy sets and the characteristic points of the antecedent polygonal fuzzy
sets of the fuzzy rules, respectively, by using the «-cut operations, respectively, where o e
[0, 1]. Then, it calculates the ranking value of each observation polygonal fuzzy set and the
ranking value of each antecedent polygonal fuzzy set, respectively. Then, it calculates the dif-
ference between the ranking value of each observation polygonal fuzzy set and the ranking
value of each antecedent polygonal fuzzy set. Then, it calculates the weight of each fuzzy rule
based on the obtained differences between the ranking values of the observation polygonal
fuzzy sets and the ranking values of the antecedent polygonal fuzzy sets. Then, based on the
obtained characteristic points of the observation polygonal fuzzy sets, the obtained charac-
teristic points of the antecedent polygonal fuzzy sets, and the obtained weights of the fuzzy
rules, it gets the characteristic points of the fuzzy interpolative reasoning result represented
by a polygonal fuzzy set. The experimental results show that the proposed method can over-
come the drawbacks of the existing methods for fuzzy interpolative reasoning in sparse fuzzy
rule-based systems.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Fuzzy interpolative reasoning is a very important research topic for sparse fuzzy rule-based systems. In recent years, some
fuzzy interpolative reasoning methods [1-27,29-34,36-46] for sparse fuzzy rule-based systems have been presented. In [3],
Chang et al. pointed out some drawbacks of the existing fuzzy interpolative reasoning methods [3,19-21,29], shown as follows:

(1) The fuzzy interpolative reasoning methods presented in [20] and [29] have the drawback that they cannot preserve the
convexity of the fuzzy interpolative reasoning result.

(2) The drawback of the fuzzy interpolative reasoning method presented in [19] is that it only can deal with fuzzy interpolative
reasoning using triangular membership functions; the drawback of the fuzzy interpolative reasoning method presented
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in [20] is that it only can deal with fuzzy interpolative reasoning using triangular membership functions and trapezoidal
membership functions.

(3) The fuzzy interpolative reasoning method presented in [20] has the drawback that they cannot deal with fuzzy interpola-
tive reasoning with multiple antecedent variables.

(4) The fuzzy interpolative reasoning method presented in [3] and [21] have the drawback that they may generate the same
fuzzy interpolative reasoning result with respect to different observations by using representative values of fuzzy sets.

Moreover, in this paper, we also find that Chen et al.’s method [9] gets unreasonable fuzzy interpolative reasoning results in some
situations and Yang and Shen’s method [46] has the following drawbacks:

(1) If the observation fuzzy sets are crisp values, then it cannot get a crisp-valued fuzzy interpolative result, which is not
reasonable for fuzzy interpolative reasoning in sparse fuzzy rule-based systems.

(2) It gets unreasonable fuzzy interpolative results in some situations in terms of the shapes of the membership functions of
the fuzzy interpolative results.

Therefore, we need to develop a new fuzzy interpolative reasoning method to overcome the drawbacks of the methods presented
in [3,9,19-21,29,46].

In this paper, we propose a new fuzzy interpolative reasoning method for sparse fuzzy rule-based systems based on ranking
values of polygonal fuzzy sets and automatically generated weights of fuzzy rules. First, the proposed method gets the char-
acteristic points Qoo s gy and Qs q of the observation polygonal fuzzy sets A; and gets the characteristic points
Qi 0 Qi 1> - - - » Qi s> and ag ;¢ of the antecedent polygonal fuzzy set Ay, of fuzzy rule R; by the a-cuts of polygonal fuzzy
sets, respectively, where @ € [0, 1], 1 <i <n,1 <k < m and s is the number of the characteristic points of the polygonal fuzzy
set. Then, it calculates the ranking value Rank(A;) of observation polygonal fuzzy set A and calculates the ranking value
Rank(A;,) of antecedent polygonal fuzzy set A;,, respectively, where 1 <i <n and 1 <k < m. Then, it calculates the differ-
ence D((Rank(Ay), Rank(A;,)) between the ranking value Rank(A;) of observation polygonal fuzzy set A; and the ranking value
Rank(A;;,) of antecedent polygonal fuzzy set A;,, where 1 <i <nand 1 <k < m. Then, it calculates the weight W; of fuzzy rule
R; based on the obtained difference D(Rank(Ay), Rank(A;,)) between the ranking value Rank(Ay) of observation polygonal fuzzy
set Ay and the ranking value Rank(A;,) of antecedent polygonal fuzzy set Ay, where 1 < i < n. Finally, based on the obtained
characteristic points af . ay . ..., a; ;_, and gy of the observation polygonal fuzzy sets A%, the obtained characteristic points
ik 0+ Aik 1+ - - - » Gjje s and a,-,(',s,l of the antecedent polygonal fuzzy sets A, and the obtained weight W; of each fuzzy rule R;, it
gets the characteristic points bg, b5, ..., bt _, and b}_, of the fuzzy interpolative reasoning result B* represented by a polygonal
fuzzy set, respectively, where 1 <i <n,1 < k < mand s is the number of the characteristic points of the polygonal fuzzy set.

The main contribution of this paper is that we propose a new fuzzy interpolative reasoning method for sparse fuzzy rule-based
systems based on ranking values of polygonal fuzzy sets and automatically generated weights of fuzzy rules. The experimental
results show that the proposed fuzzy interpolative reasoning method can overcome the drawbacks of the methods presented in
[3,9,19-21,29,46].

The rest of this paper is organized as follows. In Section 2, we briefly review the definitions of fuzzy sets [47], a-cuts [28]
of fuzzy sets and polygonal fuzzy sets, where o € [0, 1]. In Section 3, we briefly review the definition of ranking values [15] of
polygonal fuzzy sets. In Section 4, we propose a new fuzzy interpolative reasoning method for sparse fuzzy rule-based systems
based on ranking values of polygonal fuzzy sets and automatically generated weights of fuzzy rules. In Section 5, we use some
examples to compare the fuzzy interpolative reasoning results of the proposed method with the ones of the existing methods
[3,9,19-21,29,46]. The conclusions are discussed in Section 6.

2. Preliminaries

In this section, we briefly review the definitions of fuzzy sets [47], a-cuts [28] of fuzzy sets, where « € [0, 1], and polygonal
fuzzy sets.

The fuzzy set theory [47] was proposed by Zadeh in 1965. A fuzzy set A in the universe of discourse U,U = {x1.X3....,Xn}, is
characterized by a membership function w4 represented as follows:

A= pa(X1) /X1 + (ha(X2) /X2 + -+ + La(Xn) /Xn, (1)

where wa(x;) denotes the membership degree of element x; belonging to the fuzzy set A, us(x;) € [0, 1] and 1 <i < n. If an
element x; exists, such that s (x;) = 1, where x;, € U, then the fuzzy set A is called a normal fuzzy set [14]. For all elements x;
and x, in the universe of discourse U, if the following condition holds, then the fuzzy set A is called a convex fuzzy set [14]:

1aCxs + (1= Mxa) = Min{ iza(x1), ()}, )

where (%) and 4 (x,) denotes the membership degrees of the elements x; and x, belonging to the fuzzy set A, respectively,
and A €0, 1].

Definition 2.1 [47]. Let A and B be two fuzzy sets in the universe of discourse U. The intersection between the fuzzy sets A and B
is defined as follows:

Ma n p(X) = min{ua (x), up (0}, VxeU, 3)
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