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Preface

This volume contains the proceedings of AI 2001, the 14th Australian Joint Conference
on Artificial Intelligence. The aim of this conference series is to support the Australian
artificial intelligence community with a forum for discussion and presentation. As
before, this conference not only brought together a great deal of Australian Al research,
but also attracted widespread international interest.

The conference this year saw an impressive array of about 110 submitted papers from no
fewer than 16 countries. Full-length versions of all submitted papers were refereed by
the international program committee. As a result, these proceedings contain 55 papers
not just from Australia, but also Canada, France, Germany, The Netherlands, Japan,
Korea, New Zealand, and the UK and USA.

The conference also comprised a tutorial program and several workshops, and featured
five invited speakers on theoretical, philosophical, and applied topics: Didier Dubois
of the Université Paul Sabatier, James Hendler of the University of Maryland, Liz
Sonenberg of the University of Melbourne, Peter Struss of OCC’M Software and TU
Munich, and Alex Zelinsky of the Australian National University.

We extend our thanks to the members of the program committee who processed a large
review workload under tight time constraints. We especially thank our host, Professor
Robin King, Pro Vice Chancellor of the Division of Information Technology, Engineer-
ing, and the Environment at UniSA, for providing infrastructure and financial support.
We are also grateful to the US Air Force Office of Scientific Research, Asian Office of
Aerospace Research and Development, and the Commonwealth Defence Science and
Technology Organisation for their financial support. Finally we would like to thank all
those who contributed to the conference organization, without their help the conference
could not have taken place.

December 2001 Dan Corbett
Markus Stumptner
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A Memetic Pareto Evolutionary Approach to
Artificial Neural Networks

H.A. Abbass

University of New South Wales, School of Computer Science, ADFA Campus,
Canberra, ACT 2600, Australia, h.abbass@adfa.edu.au.

Abstract. Ewvolutionary Artificial Neural Networks (EANN) have been
a focus of research in the areas of Ewolutionary Algorithms (EA) and
Artificial Neural Networks (ANN) for the last decade. In this paper, we
present an EANN approach based on pareto multi-objective optimization
and differential evolution augmented with local search. We call the ap-
proach Memetic Pareto Artificial Neural Networks (MPANN). We show
empirically that MPANN is capable to overcome the slow training of
traditional EANN with equivalent or better generalization.

Keywords: neural networks, genetic algorithms

1 Introduction

Evolutionary Artificial Neural Networks (EANNs) have been a key research
area for the last decade. On the one hand, methods and techniques have been
developed to find better approaches for evolving Artificial Neural Networks and
more precisely - for the sake of our paper — Multi-layer feed—forward Artificial
Neural Networks (ANNs). On the other hand, finding a good ANNs’ architecture
has been an issue as well in the field of ANNs. Methods for network growing
(such as Cascade Correlation [4]) and for network pruning (such as Optimal
Brain Damage [14]) have been used to overcome the long process for determining
a good network architecture. However, all these methods still suffer from their
slow convergence and long training time. In addition, they are based on gradient—
based techniques and therefore can easily stuck in a local minimum. EANNs
provide a better platform for optimizing both the network performance and
architecture simultaneously. Unfortunately, all of the research undertaken in the
EANN literature ignores the fact that there is always a trade—off between the
architecture and the generalization ability of the network. A network with more
hidden units may perform better on the training set, but may not generalize well
on the test set. This trade—off is a well known problem in Optimization known
as the Multi-objective Optimization Problem (MOP).

With the trade-off between the network architecture — taken in this paper
to be the number of hidden units — and the generalization error, the EANN
problem is in effect a MOP. It is, therefore, natural to raise the question of why
not applying a multi-objective approach to EANN.



The objective of this paper is to present a Memetic (ie. evolutionary algo-
rithms (EAs) augmented with local search [18]) Pareto Artificial Neural Net-
works (MPANN). The rest of the paper is organized as follows: In Section 2,
background materials are covered followed by an explanation of the methods
in Section 3. Results are discussed in Section 4 and conclusions are drawn in
Section 5.

2 Background Materials

In this section, we introduce necessary background materials for Multi-ob jective
Optimization, ANNs, Differential Evolution (DEs), Evolutionary Multi-objective,
and EANN.

2.1 Multi-objective Optimization

Consider a Multi- Objective Optimization Problem (MOP) model as presented
below:-

Optimize F(z)
subject to: 2 = {x € R"|G(z) < 0}

Where z is a vector of decision variables (z1, ... ,Tpn) and F(z) is a vector
of objective functions (f;(x), ... , f(x)). Here fi(z),..., Sfk(x), are functions
on R™ and 2 is a nonempty set in R™. The vector G(z) represents a set of
constraints.

In MOPs, the aim is to find the optimal solution z* € {2 which optimize F(x).
Each objective function, f;(x), is either maximization or minimization. Without
any loss of generality, we assume that all objectives are to be minimized for clarity
purposes. We may note that any maximization objective can be transformed to
a minimization one by multiplying the former by -1.

To define the concept of non-dominated solutions in MOPs, we need to define
two operators, 2 and 3 and then assume two vectors, z and y. We define the
first operator as * 2 y if 3z; € z and Y € y such that z; # y;. And,
zJyiff Vo, € zandy, € Y,Zi < i, and * ¥ y. The operators 2
and 3 can be seen as the “not equal to” and “less than or equal to” operators
respectively, between two vectors. We can now define the concepts of local and
global optimality in MOPs.

Definition 1: Neighborhood or open ball The open ball (e. a neighborhood
centered on z* and defined by the Euclidean distance) Bs(z*) = {z €
R ||z — =*|| < 6}.

Definition 2: Local efficient (non-inferior/ pareto-optimal) solution A
vector £* € {2 is said to be a local efficient solution of MOP iff 1z €
(Bs(z*) N 2) such that F(z) X F(z*) for some positive 4.

Definition 3: Global efficient (non-inferior/ pareto-optimal) solution
A vector * € {2 is said to be a global efficient solution of MOPiffdz €
such that F(z) 3 F(z*).



Definition 4: Local non-dominated solution A vector y* € F(x) is said to
be local non-dominated solution of MOP iff its projection onto the decision
space, =*, is a local efficient solution of MOP.

Definition 5: Global non-dominated solution A vector y* € F(x) is said to
be global non-dominated solution of MOP iff its projection onto the decision
space, x*, is a global efficient solution of MOP.

In this paper, the term “non-dominated solution” is used as a shortcut for
the term “local non-dominated solution”.

2.2 Artificial Neural Networks

We may define an ANN by a graph: G(IV, A, ), where N is a set of neurons
(also called nodes), A denotes the connections (also called arcs or synapses)
between the neurons, and 1 represents the learning rule whereby neurons are
able to adjust the strengths of their interconnections. A neuron receives its inputs
(also called activation) from an external source or from other neurons in the
network. It then undertakes some processing on this input and sends the result as
an output. The underlying function of a neuron is called the activation function.
The activation, a, is calculated as a weighted sum of the inputs to the node in
addition to a constant value called the bias. The bias can be easily augmented
to the input set and considered as a constant input. From herein, the following
notations will be used for a single hidden layer MLP:

— I and H are the number of input and hidden units respectively.

- XP ¢ X = («8,25,...,2%),p = 1,...P, is the p** pattern in the input
feature space X of dimension I, and P is the total number of patterns.

— Without any loss of generality, Y? € Y, is the corresponding scalar of
pattern XP? in the hypothesis space Y.

— w;p and wp,, are the weights connecting input unit ¢, ¢ =1...I, to hidden
unit A, h = 1...H, and hidden unit h to the output unit o (where o is
assumed to be 1 in this paper) respectively.

— On(XP) = olan); an = Y _owinz®, h = 1...H, is the h** hidden unit’s
output corresponding to the input pattern Xp where ay, is the activation of
hidden unit k, and o(.) is the activation function that is taken in this paper
to be the logistic function o(z) = —ﬂ-_e%l-;;, with D the function’s sharpness
or steepness and is taken to be 1 unless it is mentioned otherwise.

- Y? = o(a,); a0 = Zh 0 WhoOn(XP) is the network output and a, is the
activation of output unit o corresponding to the input pattern X?.

MLPs are in essence non-parametric regression methods which approximate
underlying functionality in data by minimizing a risk function. The data are
presented to the network and the risk function is approximated empirically Remp
by summing over all data instances as follows:

P

Remp(a) = Z(Yop - f/op)2 (1)

p=1



