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Summary

We give a brief introduction to computational intelligence. We review different
opinions on the very meaning of the term and discuss how computational intelligence is
related to artificial intelligence. To indicate developments in the field we give figures on
the number of relevant patents and publications. Furthermore, we discuss how various
topics treated by the other articles in this topic can be seen from different perspectives.

1. Introduction

The study of (human) intelligence has a rich history over three millenniums. In the
twentieth century the invention of computers provided a facility for building and
studying systems - that exhibit features or behaviour traditionally attributed to
intelligence, but are not natural in the sense that they are human engineered. The
emerging science, or engineering discipline, is usually called the field of artificial
intelligence (Al). Although the name itself is general enough to cover any approach to
human engineered intelligent systems, its meaning - at least its most common
interpretation - is restricted by the conventions of the Al research community. Roughly
speaking, traditional Al is strongly oriented to symbolic representations and
manipulations (reasoning) in a top-down manner. That is, the structure of a given
problem (environment, domain context) is analysed beforehand and the construction of
an intelligent system is based upon this structure. Think, for instance of expert systems
representing the problem domain in formal logical terms and applying formal reasoning
procedures to derive conclusions, determine actions, within the given structure.

Recently it has been argued that there is a group of alternative approaches to realize
intelligent features or behaviour. These approaches, although different from each other,
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share the property of being non-symbolic and operating in a bottom-up fashion, where
structure emerges from an unordered begin, rather than being imposed from above.
These fields, evolutionary computation (EC), fuzzy systems (FS), and neural networks
(NN) were grouped under the name computational intelligence (CI). The most
influential pioneering publication from Marks and Bezdek date back to the early
nineties. The major scientific event often seen as marking the birth of the new field has
been the IEEE World Congress on Computational Intelligence in 1994, Orlando,
Florida. It featured three simultaneous conferences, the IEEE International Conference
on Evolutionary Computation, Fuzzy Systems, and Neural Networks.

2. What is computational intelligence?

Although used fairly widespread, there is no commonly accepted definition of the term
computational intelligence. Attempts to define, or at least to circumscribe, Cl usually
fall in one or more of the following categories:

= Conceptual treatment of key notions and their roles in CI.
= “Relative definition" comparing CI to Al.
= Listing of the (established) areas that belong to it.

In the sequel we summarise various interpretations of the term CI along the lines of
development (quasi-chronologically). The first published definition is due to
J.C. Bezdek who states that:

(strictly) computational systems depend on numerical data supplied by
manufactured sensors and do not rely upon "knowledge"."

Later, in 1994, Bezdek offers that Cl is “low-level computation in the style of the
mind", whereas Al is "~ mid-level computation in the style of the mind". The envisioned
difference is that mid-level systems include knowledge (tidbits), while low-level
systems do not. According to this perception, computational architectures utilise sensor
data and the term artificial should be reserved for architectures that have a clearly
identifiable non-numerical component or knowledge. His proposal is to call a system
computationally intelligent when:

"It deals only with numerical (low-level) data, has a pattern recognition component,
and does not use knowledge in the Al sense; and additionally, when it (begins to)
exhibit (i) computational adaptivity; (ii) computational fault tolerance; (iii) speed
approaching -human-like turnaround, and (iv) error rates that approximate human
performance."

A particular aspect of Bezdeks view (discussed in more details in the next section) is the
importance of pattern recognition, especially the role of neural networks. Marks'
definition - falling into the third category - is listing neural nets as one of the building
blocks of CI, the others being genetic algorithms, fuzzy systems, evolutionary
programming, and artificial life. Let us remark, that contemporary terminology would
place genetic algorithms and evolutionary programming both under the umbrella of
evolutionary computing. In their seminal book on CI, Eberhart et al. elaborate further on
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the very notion of CI and relate their vision to that of Bezdek. Their view is summarised
as:

... Computational intelligence is defined as a methodology involving computing
(whether with a computer, wetware, etc.) that exhibits an ability to learn and/or deal
with new situations such that the system is perceived to possess one or more attributes
of reason, such as generalisation, discovery, association, and abstraction. The output of
a computationally intelligent system often includes predictions and/or decisions. Put
another way, computational intelligence comprises practical adaptation concepts,
paradigms, algorithms, and implementations that enable or facilitate appropriate actions
(intelligent behaviour) in complex and changing environments."

One of the main differences between this view and that of Bezdek is the emphasis on
adaptation, rather than pattern recognition. This is stated explicitly as:

“In summary, adaptation is arguably the most appropriate term for what
computationally intelligent systems do. In fact, it is not too much of a stretch to say that
computational intelligence and adaptation are synonymous.” (ltalics from Eberhart et
al.)

This line is carried further by Fogel.

“These technologies of neural, fuzzy and evolutionary systems were brought together
under the rubric of Computational Intelligence, a relatively new field offered to
generally describe methods of computation that can be used to adapt solutions to new
problems and do not rely on explicit human knowledge."

While the first part of this quote describes CI by listing the fields belonging to it, the
second part stresses adaptation as a key notion in computational intelligence. Actually,
Fogels view is an amplification of that of Eberhart et al. in the sense that he sees
intelligence and adaptation as synonyms (italics from the authors of this paper)
formulating it this way:

“Any system ... that generates adaptive behaviour to meet goals in a range of
environments can be said to be intelligent. In contrast, any system that cannot generate
adaptive behaviour and can only perform in a single limited environment demonstrates
no intelligence.” (Note that Eberhart et al. identify computational intelligence and
adaptation.)

It exceeds the scope of this paper to go into investigations of the notion of intelligence.
A detailed discussion of this and many related issues from a CI point of view can be
found in a later paper by Bezdek. We close this section with an “outlier', a particular
interpretation of computational (and artificial) intelligence after Poole et al., where the
authors state:

““Computational intelligence is the study of the design of intelligent agents. ... An

intelligent agent is a system that acts intelligently: What it does is appropriate for its
circumstances and its goal, it is flexible to changing environments and changing goals,
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it learns from experience, and it makes appropriate choices given perceptual limitations
and finite computation.”

Further reading discloses that the term computational intelligence is offered as an
alternative for artificial intelligence. We will further discuss this aspect in the next
section.
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