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Chapter 1 

Introduction 

In 1986, Rumelhart and his colleagues (Rumelhart et al., 1986) inventeral Net-

works (BP). It adopted the layered feed-forward network structure, named 

Multi-Layered Perceptron (MLP). The invention of BP resulted in the resurgence of 

ANNs because it could solve the nonlinearly separable problems that remained un-

solved by the previously-invented Artificial Neural Network (ANN), such as Percep-

tron (Rosenblatt, 1958). Since then, a variety of ANNs have been widely used in 

many fields, but, in many applications, it is desirable to extract rules from the trained 

ANN for the user to gain a better understanding of how the ANN solves the problem.  

A rich source of literature review on different rule extraction approaches can be 

found in the writing of Neter et al. (1996). All of these approaches can be classified to 

one of the following categories (Taha and Ghosh, 1999) (Zhou et al., 2000): 

(a) Link Rule Extraction or Architecture-Analysis-Based techniques: They all extract 

rules from the trained ANN regarding the type or the structure of the ANN. For 

example, Partial-RE (Taha and Ghosh, 1996), Full-RE (Taha and Ghosh, 1996), 

NeuroLinear (Setiono and Liu, 1997), KT (Fu, 1994), MofN (Towell and Shavlik, 

1993), and NeuroRule (Setiono and Liu, 1996). 

(b) Black-Box Rule Extraction or Function-Analysis-Based techniques: They all ex-

tract rules from the trained ANN regardless of the type or the structure of the 

ANN. For example, BIO-RE (Taha and Ghosh, 1996), and STARE (Zhou et al., 

2000). 

In literature, most existing researches (Taha and Ghosh, 1996) (Setiono and Liu, 

1997) (Zhou et al., 2000) (Setiono et al., 2002) work on extracting (symbolic) rules 
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for solving classification or regression problems via data analysis. That is, they use a 

set of data instances to identify the rules. As Zhou et al. (2000) mentioned, if the data 

instance set S which could be generated from the network system is considered, the 

function of network system is encoded in S. Thus, if a comprehensible rule set R can 

be extracted from S, the function of R will approach that of the network system while 

the size of S approaches infinity. 

The rules generated from the ANN for regression problem normally take the 

form: if (condition is satisfied), then predict y= f(x), where f(x) is among a constant, a 

linear function and a multivariate polynomial function of the input pattern x, whose 

power values could not be restricted to integers. These types of rules are acceptable 

because of their similarity to the traditional statistical approach of parametric regres-

sion. The treatment of many topics using traditional statistical approach is made to 

strip away nonessential details and to show clearly the fundamental assumptions and 

the structure of reasoning. 

To extract rules from the ANN for regression problem, Setiono et al. (2002) do 

not stand on the generated set of data instances but the original one to approximate 

activation values of hidden nodes. We think it is better to approximate activation val-

ues of hidden nodes via the generated data instance set because the original data in-

stance set is usually smaller. But, if the size of the generated data instance set ap-

proaches infinity, it will resemble to approximate the activation functions (tanh(t)) of 

hidden nodes without any data instance set. That is to say, it is better to extract rules 

via function analysis. And, if a method of rule extraction is not relative to a set of data 

instances but instead the structure and weights of the ANN, it does not extract part 

rules presented by a set of data instances but all rules interesting us in the ANN. In 

addition, it is more efficient in a large-sized data instances set. 

Moreover, these rules extracted from the ANN for regression problem are hard to 
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identify the nonlinear characteristic embedded in the ANN. The multivariate polyno-

mial regression rules whose maximum power values are two may be better than rules 

of others form (constant, linear) because they are easy to analyze and can get some 

nonlinear characteristics. The similar multivariate polynomial regression rules have 

been proposed by Saito and Nakano (2002), but the power values of their extracting 

rules are not restricted to integers and may be greater than two.  

With the above ideas, we propose a new method to extract multivariate polyno-

mial regression rules from the ANN with tanh(t) activation functions in hidden nodes 

for the regression problem via function analysis. By the method, all interesting rules 

embedded in the ANN are read clearly without any data measurement and we gener-

alize nonlinear characteristics from these extracted rules. In the method, I present a 

way of identifying and analyzing the rules associated with the ANN. 

This thesis is organized as follows. Chapter 2 shows some literatures about rule 

extraction approaches. Chapter 3 gives details of our rule extraction method. Chapter 

4 makes an empirical study on the bond-pricing to examine if this method works. Fi-

nally, Chapter 5 offers some discussions and future work. 


