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1. Introduction

Fuzzy Rule Interpolation (FRI) methods (e.g. [1][3-11][15]) offer solution for the
problem of inference in sparse rule bases. While the traditional compositional reasoning
techniques demand a full coverage of the input space by rule antecedents FRI
techniques can give an interpretable result even in cases when there are no directly
applicable rules. In several cases the practical applicability of the FRI methods depends
on the time demand of the inference process and the tuneability of the rule base. This
paper offers a solution by introducing a new factor in the algorithm of the Fuzzy Rule
Interpolation based on Subsethood Values (FRISUV) [6] method.

The original version of FRISUV similarly the major part of the known FRI methods
did not support the weighting of the individual rules. Thus in course of the parameter
optimization only the parameters of the fuzzy sets and the ordinal number of the sets
included into the consequent part of the rules could be tuned. Although these parameters
give enough elasticity for the system in most of the cases, but one gets at the end of the
optimization quite often “strange shaped” fuzzy sets or partitions. It means that we lose
one of the main advantages of the application of fuzzy logic, namely the self-explaining
and humanly interpretable character of the rule base.

In order to solve this problem we enhanced FRISUV by including the weighting of
the individual rules in course of the calculation of the conclusion. Thus in several cases
the tuning of the rule base can be solved only by optimizing which sets are selected into
the consequent part of the individual rules and by modifying the weights associated to
the rules. The modification of the position and shape of the sets can remain as a last
tuning opportunity.
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The rest of this paper is organized as follows. Section 2 presents the enhanced version
of FRISUV containing the rule weighting possibility, and the conclusions are drawn in
Section 3.

2. Fuzzy Rule Interpolation based on Subsethood Values and Rule Weights

Fuzzy Rule Interpolation based on Subsethood Values and Rule Weights (FRISUVW)
has been developed aiming the creation of a fast technique with low computational
complexity and applicability in case of all the valid (convex and normal) fuzzy (CNF)
sets. The inference’s low time demand makes possible the application of the method in
real-time or embedded systems as well. FRISUVW extends the concept of fuzzy
subsethood values and applies it in conjunction with a relative distance aiming the
measurement of the similarity between rule antecedents and observations. Later the
conclusion is calculated based on this similarity. The method differs mainly from
FRISUV [Hiba! A hivatkozéasi forras nem taldlhat6.] in the application of rule
weighting.

2.1. Similarity Measurement using Fuzzy Subsethood Values

In order to measure the similarity between the current fuzzy input and the antecedents of
the known rules the antecedent parts of the rules as well as the observation can be viewed
as n-ary fuzzy relations of form

ﬁ:{(xl,xz,..., X b g (X1 X seees X JI(X1s X sees X ) € X X Xy X X, 1 (X3 Xy senes xn)e[o,l]}. (1

The similarity between the observation (n-ary relation 0 ) and the rule antecedent (n-
ary relation R) depends on two components, i.e. the shape similarity and the distance
between the reference points of the relations.

The shape similarity measure can be based on the fuzzy subsethood value [14], which
represents the degree to which a fuzzy set is a subset of another fuzzy set. In the multi-
dimensional case it can be expressed as

ZX,EX,ZXZEXZ"'Zx"ex" /u(jmﬁ(xl’XZ""’Xn) (2)
P
zx,sx,szexz"'ZX,,an’uﬁ(xl’xz""’x")

Further on, in order to keep low the computational complexity a simplified version
(SFSV) is going to be used. SFSV works with the projections of the relations in each
dimension

FSV(O,R) =

" FSv PO)P(R
SFSV (O, ﬁ)_W’ 3)

where Pj(.) is the projection of the relation to the dimension i, i.e. the component fuzzy
set of the relation in ith dimension. The value of SFSV belongs to the unit interval.

The second component of the applied similarity measure is the relative distance
between the observation and the rule antecedents.
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where RPj(.) is the reference point of the relation in the ith dimension, and dps is the
distance between the point defined by the lower endpoints of the input ranges and the
point defined by the upper endpoints of the input ranges.

The dissimilarity of the relation O describing the observation to the relation R
describing a rule antecedent will be

D(6,R)=1-sFsv (6,R)-0.5-(1-d,,(6,R)-05- )

2.2. Fuzzy Rule Interpolation based on Subsethood Values and Rule Weights

The key idea of the Fuzzy Rule Interpolation based on Subsethood Values and Rule
Weights (FRISUVW) is that one calculates the reference point of the conclusion from
the position of the known rules’ conclusion sets using the previously defined
dissimilarity as well as taking into consideration the weights associated to the individual
rules. The functional relationship is an extension of the well-known Shepard crisp
interpolation [15]

j=1 ' . T (6)

RP(BJ. ) otherwise,

where B; is the consequent fuzzy set of the jth rule, and w; is the weight associated to the
jth rule. Having the position of the conclusion determined its shape is simply copied from
the characteristic shape type of the consequent partition.

3. Conclusions

The presented fuzzy rule interpolation method ensures low computational complexity
and easy implementability. However, there is a constraint in its application. It can be
used only in cases when all the existent sets of the consequent partition share the same
shape and they differ only in their position. The application of rule weights introduces
an extra optimization possibility. This feature makes possible that in some cases a fuzzy
system with good performance can be achieved only by changing the sets included into
the consequent part of the rules and tuning the values of the rules. Further research will
cover application possibilities in fields of autonomous mobile systems [2], different
fuzzy controllers [13], decision making systems [12][16], etc.
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