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The aim of the Tutorial is to give a two hours overview of the most relevant aspects in the area of fuzzy rule extraction supported by neural networks. Attendees to the Tutorial are expected to have a basic knowledge of feedforward neural networks and approximate reasoning in the frame of fuzzy logic. (If requested, the tutorial may be extended (to a total of 4 hours) to include these introductory aspects).

Introduction:


The tutorial will discuss first the “when” and “why” of data-driven modeling and introduce some of the classical approaches, like the Wang-Mendel algorithm [WaM 92] or statistical regression. Following this, the motivation for the neuro-fuzzy approach will be given [TMB 99].

Core: (The “how” of data-driven modeling)


The discussion of neuro-fuzzy rule extraction begins with an analysis of the ANFIS-System [Jan 92], [Jan 93], [JaS 95], [Jan 97] and of ANFIS-like systems (e.g. [GBB 92], [KTT 92], [YiO 92], [MoH 96]) including the case of using triangular fuzzy sets to represent the linguistic terms of the premises [God 97] Positive aspects and constraints for the rule extraction with ANFIS will be discussed. Possibilities of alleviating constraints by clustering or by an evolutionary design [MeM 96], [MFS 99] of the front end of ANFIS will be considered. Special emphasis will be drawn upon the intepretability of the obtained rules [ADT 97],[Rot 99]. ANFIS architectures with direct crisp outputs (Takagi-Sugeno, Tsukamoto) and fuzzy outputs (including possibly a defuzzification module) will be shown [Bra 93].


The second important approach to neuro-fuzzy rule extraction is based on the NARA-System [TaH 91], [TSK 92] and NARA-like systems [HaM 96]. A comparative analysis will be done between NARA and ANFIS as well as between NARA and neuro-fuzzy systems based on RFB-networks [JaS 93] [BeB 97]. Refinements of NARA leading to splitting or chaining of rules will be presented [MoH 96]. A discussion on the interpretability of the extracted rules will close this chapter [Cra 96].


ANFIS and all ANFIS-like systems extract fuzzy if-then rules such that the premises are connected by a t-norm [Men 42], [ScS 83], [Web 83]. The t-norm being used is the product, because it is continuous and all over differentiable. It will be shown with simple examples, that there are real world problems that cannot conveniently be modelled by using t-norms to connect the premises [Mor 00a], [MoT 01]. Compensating operators are required [Dom 82], [DuP 85], [KMP 96]. It will be shown that fuzzy if-then rules using the compensating operator symmetric sum [Sil 79] may be extracted by using feedforward neural networks with one hidden layer using the standard logistic activation function [Ben 98], [BCR 97]. It will further be shown that there is a whole class of S-shaped activation forms supporting a similar transformation [THM 99], [MoT 01]. Furthermore it will be shown [Mor 00b], [Mor 01] how to modify an ANFIS system to extract rules using the additive Gamma operator [ZiZ 80], [ZiZ 83] as well as weighted connectives [Dub 83], which are compensating operators.


 The Tutorial will close with a discussion on achievements, limits and trends.
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