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We comment upon the very essence, roots, potentials, and applicability of computational intelligence
and soft computing. We followed a different path than those traditionally employed, and which are so
well and in a deep and comprehensive way documented in other papers in this special issue. First, we
consider relations between computational intelligence and artificial intelligence, starting from a reference
to different kinds of views if how intelligence is meant in science, and whether it has a general nature or
many different types. Then, we consider the issue of symbolic and numerical calculations, and the two
attitudes for problem solving: a general one and problem specific. Then, we discuss soft computing —
which is in our view a narrower area than computational intelligence — and consider two aspects implied
by the inclusion of the two words: “computing” and “soft”. First, we discuss how soft computing relates to
the traditionally meant computing [in the sense of (a theory of) computation]. Second, we pursue a novel
path that has not been practically considered in the literature, that is — first - relations of soft computing
to soft sciences, and — second — relations of soft computing to Checkland’s soft systems methodology.
We hope that this paper will trigger a discussion and stimulate a new line of research with both soft
computing and computational intelligence communities, on the one hand, and a broadly perceived soft
science communities, on the other hand, that can bring about new ideas and novel problem formulations
and solutions.

1. Introduction and deeper involvement in the analysis and discov-
ery process it has always become obvious that situa-
tions and cases considered have been too specific to
be dealt with using the same general paradigms and
tools. In such a way, though the terms like “social
sciences”, “natural sciences”, etc. still exist as de-
notations of general, wide categories characterized
by some common characteristic features like the ob-
jects of interest exemplified by the human individ-
ual and social behavior, issues related to the chem-
ical structures or relations, living organisms, etc.,

The very essence of human nature is the exis-
tence of an unstoppable quest for discovering rules
that govern what is going on in our world, both ma-
terial and immaterial, from a close distance from
us, exemplified by our neighborhood, distant coun-
tries and continents, to distant other planets, galax-
ies,etc. that are too far away to be comprehensible.
This endless human curiosity has always led to the
establishment of new areas or branches of science
and technology because in the process of a deeper
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more and more specific branches of science have
been founded, like sociology, psychology, cognitive
science, chemistry, physics, biology, medicine, etc.
The same general specialization type path occurs in
technology in which branches (sciences) like elec-
trical engineering, civil engineering, mechanical en-
gineering, on the one hand, and control, power engi-
neering, mechatronics, etc., on the other hand, have
emerged.

A special place in this process resulting from the
human nature, acquisition of more and more knowl-
edge, a need for specialization, etc. concerns also
all kinds of issues related to mental, notably intel-
ligent functions of the living organisms, in particu-
lar the human being. Since the very beginning of
the mankind, people have been aware of that spe-
cial faculty of an intelligent behavior they possess,
either developed in the process of evolution or cre-
ated, depending on a personal opinion. This faculty
has made it possible to survive, adjust to adverse
conditions, create great artifacts, and solve complex
problems.

All the above have clearly triggered dreams that
intelligent behavior of a human being will be mim-
icked and machines will be developed which will
be able to perform tasks that have so far been re-
served for the human beings. People have tried to
achieve this since the early time, and have built (real
or fake, with a bigger or smaller success) automatic
“machines” for solving problems like human like
movements, music playing, speaking, etc. However,
more advanced human specific functions and activ-
ities like those related to natural language under-
standing and processing, learning, cognition, story
summarization, playing non-trivial games, and the
like have been found very difficult, if not impossible
to grasp by using existing tools, mostly developed
for mechanistic, inanimate systems.

It has become evident that, first, no success to
even properly analyze such sophisticated processes,
not to speak about their automation, is possible with-
out, first of all, a study of the very nature of intelli-
gence. Then, as a next step, one should mention the
one concerned with what should and what can be
done to automate those intelligent tasks, and which
tools and techniques are to be employed. This, from
the point of view and purpose of our presentation,
has resulted in the establishmentadfificial intel-

ligenceas traditionally meant, i.e. involving mostly
symbolic computation and attempting to solve what
may be calledyeneral problems

To be more specific, we will summarize the very
essence of how intelligence is meant, and then will
proceed to the summarization of what is meant by
artificial intelligence in the traditional, strict sense.
Then, we will point out some unfulfilled promises
of that pure and orthodox approach to building ar-
tificial systems that can exhibit human like intelli-
gent behavior, notably related to the lack of atten-
tion paid to numerical calculations, instead of (or in
addition to) symbolic calculations. From this per-
spective we will discuss how, why and wheam-
putational intelligencehas been conceived, or has
emerged, and how it has reshaped the scene of hu-
man endavor to develop systems, tools and tech-
niques that could somehow mimic or perform tasks
requiring intelligence. In particular, we will discuss
areas in which numerical calculations have qualita-
tively changed the applicability and implementabil-
ity of tools employed so far.

We will then proceed to the area sbft comput-
ing, but will not consider it to be equivalent twm-
putational intelligencethe latter being —in our opin-
ion, and in the perspective assumed in this paper —
a broader area. Moreover, we will present soft com-
puting as an area of modern computer science that
involves: fuzzy logic (and rough sets), neural net-
works, evolutionary computation, and biologically
inspired computation (like ant colony optimization,
swarm intelligence, immunologically inspired sys-
tems, and the like). We do not think that the in-
clusion of probabilistic reasoning and, notably, ma-
chine learning is proper here, and this is different
from what many people think; we will provide argu-
ments in this respect.

Then, we will discuss another path related to soft
computing which has not been practically consid-
ered in the literature. Namely, if one uses a word,
like “soft” in our case, that has been used for a long
time in some contexts, one should refer somehow to
those contexts and how and why the term “soft” is
employed. In this paper we will discuss two issues
in this respect. First, since there exists a commonly
used term “ soft sciences”, meant often as “inexact
sciences”, an opposite concept to “hard sciences”,
meant as “exact sciences”, then a natural question is
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whether there is a relation of (some aspects of) soft
computing with soft sciences.

Second, in an area that is maybe closer to the area
of interest of soft computing and its applications,
namely broadly perceived operations research, sys-
tems analysis, even management, there is a powerful
and well established general approach to complex
problem solving that includes “soft” in its name,
namely Checkland’soft systems methodologWe
will explore some conceptual relations between it
and soft computing.

In principle, we will not repeat arguments in-
cluded in other papers included in this issue, no-
tably that by Magdalend?, which are remarkably
deep and provide much insight into the very essence
of computational intelligence and soft computing.
Clearly, and what is very valuable, those views of the
particular authors differ somehow so that the reader
can gain a full and comprehensive view of what var-
ious opinions are, which can later imply his or her
own opinion.

We will also not repeat the arguments included
in other papers on general issues related to soft com-
puting, exemplified by first of all the seminal papers
by Zadeh, which are too many to be cited in full but
which are given in the list of literature, papers by
Bonissone?, Duch?, etc., and also books and vol-
umes on computational intelligence and soft com-
puting exemplified by Engelbrecht, Rutkowski®?,
PedrycZ®, Duch and Mahdziuk?, etc.

Since this special issue is a very special event
in the scientific literature that attempts to provide
the reader with a state of the art of modern view
of what computational intelligence and soft comput-
ing is, we will to some extent repeat views of other
contributors, which are consistent with ours, but also
provide arguments for some unorthodox views.

We hope that our views, that differ from those
most often assumed by the authors discussing the
contents and essence of computational intelligence,
soft computing, and related topics, will trigger dis-
cussion, and clarify many existing, already discov-
ered links, and suggests some not yet discovered

etc.

We will not provide a long and comprehensive
list of references, and just concentrate on some ba-
sic ones that would serve the purpose of supporting
our claims and justifications. Many other references
may be easily found in other papers of this special
issue that present a more common view as well as in
the books cited above.

2. Natural intelligence and attemptsto mimic it

The first question that should be considered and
answered in the context of our discussion is to con-
sider what the particular words occurring in both
“computational intelligence” really mean so that the
essence of their combination could be properly un-
derstood. We will start with “intelligence”, and then
provide some thought on “ computing”. naturally,
we will limit the scope of our analysis to those as-
pects of the respective fields only which are rele-
vant for our purposes, and many relevant papers and
books will therefore be omitted here by obvious rea-
sons.

Roughly speakingjntelligenceis a term usu-
ally employed to describe a property, cognitive or
mental capability of a living species (first the living
species have been considered in this respect, then
people started to talk about inanimate systems, to be
briefly called “machines”, or “intelligent machines”)
related to its/his/her capacity to reason, think in ab-
stract terms, comprehend and understand, learn from
experience, acquire knowledge, plan, solve prob-
lems, etc. This general view implies clearly vari-
ous approaches to and definitions of intelligence, de-
pending on the background, attitude of the observer,
and the specifics of tasks meant.

Among researchers who have been focused on
the behavior of the living organisms and their func-
tioning in an environment, intelligence was related
to an ability to adjust to the environment, to survive,
and to act purposefully.

It is quite natural that the human beings have
been aware of the existence and utmost relevance of
intelligence since the very beginning of conscious

ones between many approaches that have emerged life, and it has been obvious that various theories

in diverse areas. In such a way, we hope to somehow
help diminish the dangerous, yet still common frag-
mentation of science that is still implying so many
repetitions, the so called rediscovering of the wheel,

of intelligence have been gradually proposed. The
first, obvious question, that is very relevant for our
considerations, has become: is there gareral in-
telligenceor is there aremultiple intelligence® In
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other words: do intelligent species posses a general,
one capacity that drives the performance of all those
intelligence related abilities exemplified by an abil-
ity to reason, comprehend, learn, plan, solve prob-
lems, or, do they possess multiple, different kinds
of intelligence, each one being behind some specific
ability?

As it can be expected, scientists have presented
here different views. Among good sources of infor-
mation on all kinds of aspects of intelligence, one
can cite here the following: Carrofi Gardner!?,
Guilford °, Legg and Huttet®. Sternberg?®, Stern-
berg and Saltet®, Wake, Gardner and Kornhalfé;
etc. We will now briefly summarize main concepts
and opinions of various researchers and scholars,
and schools, and more information can be found in
the above references.

The view of one,general intelligencehas been
probably first mentioned by Galton in the second
half of the 1800s who viewed intelligence as an abil-
ity characteristic to living organisms that could be
studied by measuring reactions to certain cognitive
tasks. However, Spearman is generally considered
to be the first who has discovering general intelli-
gence in the early 1900s. Based on some studies he
came to a conclusion that that there was a common
function(s) within human intellectual activities that
clearly included intelligence, and he called this com-
mon ageneral intelligence and he also proposed
some tools for measuring it.

Quite naturally, extensions to that simple gen-
eral intelligence models have been proposed, For in-
stance, Thurstone proposed a model of intelligence
that included seven unrelated factors (verbal com-
prehension, word fluency, number counting facil-
ity, spatial visualization, associative memory, per-
ceptual speed and reasoning). Cattell proposed two
types of cognitive abilities in a revision of Spear-
mans general intelligence: fluid intelligence as the
ability to discriminate and perceive relations (e.g.,
analogical and syllogistic reasoning), and crystal-
lized intelligence as the ability to discriminate re-
lations that had been established originally through
fluid intelligence, but no longer required the identi-
fication of the relation. Carroll proposed a hierar-
chical model of intellectual functioning with three
different levels of generality: the lowest, which is
represented by narrow, highly specialized abilities

exemplified by induction or spelling ability), the
medium, which is represented by moderately spe-
cialized abilities in different domains that include
moderate specializations in various domains, includ-
ing fluid intelligence, crystallized intelligence, gen-
eral memory and learning, broad visual perception,
broad auditory perception, broad retrieval ability,
broad cognitive speediness, and processing speed,
and the upper one which generally boiled down to
Spearmans general intelligence.

However, the concept of one general intelli-
gence, even with its extensions as mentioned above,
was not acceptable, and not consistent with many
experiments. The concept ofaultiple intelligence
has been therefore conceived in recent decades
(though some ideas in this respect are much earlier),
and among many different theories and views here
one can cite the following.

Gardner proposed to break down intelligence
into at least eight different abilities: logical, lin-
guistic, spatial, musical, kinesthetic, interpersonal,
and intrapersonal. Sternberg proposed the so called
Triarchic Theory of Intelligencehat involves three
fundamental aspects of intelligencanalytic in-
telligence which comprises the mental processes
through which intelligence is expresseggative in-
telligencewhich is needed when an individual faces
a challenge that is nearly, but not entirely, novel or
when an individual is concerned with the perfor-
mance of a task, angractical intelligencewhich
is related to “survival” in the environment. Basi-
cally, the triarachic theory argues that general intel-
ligence is part of analytic intelligence, but to fully
comprehend intelligence, all three aspects should be
accounted for. Sternberg has recently defined intel-
ligence as an individuals assessment of success by
his/her own standards, with the success achieved by
using combinations of analytical, creative, and prac-
tical intelligence, callegbrocessing skills

It should be noticed that those few approaches
to the capturing of the the essence of intelligence,
and its various aspects, have appeared in psychol-
ogy, cognitive and social sciences. A natural ques-
tion to ask would be: what about views of intelli-
gence that have appeared in computer science, arti-
ficial intelligence and the like?

There are a multitude of definitions and one can
quote some of them. Many of them are referenced
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in the general books and review articles on artificial
intelligence cited in the list of literature so that they
will not be explicitly referenced. Notably, intelli-
gence is viewed as the ability to achieve goals in
the world (environment). This implies clearly many
immediate questions. What are the goals, and how
to define them, how to know if they are attained.
usually, this is up to the judgment of an observer.
Russell and Norvig® define intelligence in a sim-
ilar way, calling itrationality, and they consider a
system to be intelligent (rational) if it does the right
thing, which is usually the best one (or, at least, good
enough) that can help attain goals, We can quote
many more definitions but they are similar. One
should obviously remember that in each definition,
when one speaks about a task, one means a complex
task that need some intelligence, or ingenuity, for
solution.

In this context one should also mention that arti-
ficial intelligence (Al) as a field that is heavily hu-
man centered, and refers to many human specific ca-
pabilities, should be a multidisciplinary field. Forin-
stance, SlomaR has putitas: “... It should be clear
from all this that insofar as Al includes the study of
perception, learning, reasoning, remembering, mo-
tivation, emotions, self-awareness, communication,
etc. it overlaps with many other disciplines, espe-
cially psychology, philosophy and linguistics. But
it also overlaps with computer science and software
engineering ...".

Again, if we look at the essence of all those def-
inition from our point of view, they represent rather
the one intelligence type of an approach, even if
the authors sometimes mention that for the solution
of various tasks different types of intelligence are
needed.

This very brief account of some aspects of in-
telligence is by no way comprehensive but it will
serve our purpose of analyzing in a somewhat dif-
ferent some aspects of artificial and computational
intelligence. For more information on those general
theories of intelligence, both related to humans and
animals, and also to some extent to machines, we
refer the reader to, for instance: one can cite the lit-
erature as given in the beginning of this section.

Looking at the various views on intelligence out-
lined we can clearly see that the human attempts to
build a machine, notably a computer system, that

could perform various tasks in a way similar to the
way the human being would do, or to mimick an in-
telligent behavior of even an animal, not to speak
about a human being, can follow two basic lines of
reasoning. First, we may wish to develop a system
that would exhibit a “general intelligence” which
would make it possible to use it for solving a mul-
titude of tasks requiring intelligence, meant as men-
tioned before. This is clearly an ambitious task. It is
maybe also in line with the traditional, “old school”
of scientific inquiry that is oriented towards devel-
oping general tools going beyond the frontiers and
limitations of particular problem classes or fields of
science.

A second approach would be to assume that
while developing and implementing systems ex-
hibiting some sort of an intelligent behavior we
should go a more modest, but more pragmatic way,
that is, to try to assume that there are many different
tasks areffective and efficient solutiaf which may
require different types of intelligence (capabilities,
tools and techniques), or multiple intelligence(s),
and we should therefore use whatever may be ef-
fective and efficient tasolvethe problem. In this
case the effectiveness and efficiency, and an ability
to solve the problemnot “pure and beautiful” gen-
erality, is our primary concern. This may be viewed
to be in line with virtually all modern approaches to
scientific inquiry, notably in the modern, most rel-
evant fields in high technology which are decisive
for the social, economic and technological progress
in the modern world. However, this is by no means
limited to those technological areas as virtually all
modern approaches in biology, human and social
sciences, natural sciences also emphasize that con-
structive attitude and importance of having an abil-
ity to solve real world problems that are crucial for
sustainability and development of our world.

In this perspective one can clearly see both the
essence, differences and specific features of artifi-
cial intelligence and computational intelligence, and
we will briefly comment upon this now.

Artificial intelligence (Al) appeared as a more
or less well defined field in the 1950s when — in a
golden period for many fields of science and tech-
nology, to a large extent caused by Cold War and
a fierce competition between the American and So-
viet researchers and scholars to show their techno-
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logical edge and advantage — some famous people,
like Minsky, Simon, McCarthy, Turing, Rochester,
Newell, etc. at top American universities exempli-
fied by MIT, Yale, Stanford, etc. tried to fulfill an
old dream to build machines that would exhibit some
sort ofintelligencein their behavior, and would au-
tomate tasks like cognition, learning, problem solv-
ing, etc. that have been so far reserved for the hu-
man beings, and maybe to some limited extent for
some animals. The terartificial intelligenceis at-
tributed to John McCarthy who proposed it at a con-
ference in 1956 at Dartmouth College (according to
many reports even earlier, at a talk at MIT, where the
field was “officially launched” (cf. McCarthy, Min-
sky, Rochester and Shann#). The basic assertion
and claim of the conference was that: “...aspect of
learning or any other feature of intelligence can be
so precisely described that a machine can be made
to simulate it ...".

Unfortunately, the founding fathers of artificial
intelligence were too optimistic and this did not ma-
terialize, and hence step by step both funding and
media exposure became lower and lower, with some
occasional changes of trends like the eruption of ex-
pert systems in the 1980s.

Later, many other people proposed various defi-
nitions of artificial intelligence, and in our computer
science related context some of better known ones
are those of (we will not give references, for brevity,
but they can be found in the papers and book on Al
and its history listed in the paper):

e Bellman (1978): “...the automation of activ-
ities that we associate with human thinking,
activities such as decision making, problem
solving, learning ...”,

e Stottler (1999): “...Artificial intelligence is
the mimicking of human thought and cogni-
tive processes to solve complex problems”,

e Whinston (1992): “Artificial Intelligence is
...the study of the computations that make it
possible to perceive, reason, and act. From the
perspective of this definition, Artificial Intel-
ligence differs from most of psychology be-
cause of the greater emphasis on computation

e to name a few becase there are many more.

In this short note there is not enough space for a
detailed discussion on why that failure has occurred,
would it have been avoidable, etc. We will only fo-
cus on some aspects that seem to be relevant in this
respect, and also for our purpose.

Since the very beginning of artificial intelligence
as a recognized field of science and technology, the
basic philosophy was related to the assumption that
human intelligence, to be mimicked, can be formal-
ized using mathematical, maybe even more specif-
ically — logical, tools. Another point of departure
was clearly related to a what we have called as a
traditional, old school type scientific attitude, that
is an attempt to develop general tools which would
make it possible to solve problems related to cogni-
tion, learning, planning, problem solving, decision
making, etc. in different areas, without an explicit
accounting of their very specifics or domain knowl-
edge. This has resulted in a huge and extremely
costly research effort on all kinds of theorem prov-
ing systems, general problem solvers, etc. It is quite
obvious that such a generality of problems to be deal
with in an uniform way has called for more gen-
eral, symbolic computation based approaches based,
at least in the beginning, on traditional two-valued
logic. Many powerful theoretical results have been
obtained, and also some implemented systems have
been offered, but the success had been far from what
had been promised.

Another important error of the developments in
artificial intelligence, notably in the first, early pe-
riod, was that not enough attention was paid to the
dealing with imperfect information, in particular un-
certain, imprecise, vague, etc., imperfect reasoning
schemes, etc. In this context one can also mention
that not enough attention was paid to logics going
beyond the traditional Boolean one, like multival-
ued, temporal, modal, non-monotonic, etc. logics.
These aspects had first become topics of intense re-
search much later.

From our perspective we can clearly see that the
paradigm adopted by the founding fathers of artifi-
cial intelligence, and later followed by their disci-
ples, can be viewed in the context of various kinds
of theories of, and perspectives on intelligence as a
reflection of a single type intelligence attitude. Vir-
tually all kinds of early efforts in artificial intelli-
gence were closely focused on a how to develop
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general paradigms, and then their related tools and
techniques.

As already mentioned, the optimistic promises
of the founding father of artificial intelligence, and
then their top disciples and followers, did not mate-
rialize. Maybe, looking from what we know now, it
was quite obvious that the very reason for all those
failures was too strong an emphasis on generality,
mainly on the development of means that could be
applicable and solve all kinds of problems, and be
not domain specific. Moreover, one can also now
claim that concentration on symbolic computation,
ignoring the importance of numerical computation,
was also a relevant cause of failure and unfulfilled
promises.

These apparently obvious facts have not been
clear to the artificial intelligence community for so
many years. The best proof for this is when one
looks at articles published iArtificial Intelligence
by far the most prestigious journal in the field. It
took much time until articles on many relevant is-
sues and problems that are both inherent to, and cru-
cial for artificial intelligence, like on pattern recog-
nition, vision, etc., which require numerical calcula-
tions have found their way to artificial intelligence
and similar journals. Finally, however, more and
more people have become convinced that numerical
calculations are to be an essential part of the mod-
els. An example may here be David Marr from MIT,
working on vision, who even rejected all symbolic
approaches (exemplified by McCarthy’s logical ap-
proaches and Minsky’s frames), and stated that what
artificial intelligence really needs is to understand
the physical machinery of any real problem or field
from the bottom up before any symbolic processing
can occurs.

These few remarks related only to one cru-
cial characteristic feature of artificial intelligence,
namely an emphasis on symbolic computations, can
be complemented by other remarks of many other
examples of new directions, paradigms, tools and
techniques, which have been neglected by the tra-
ditional artificial intelligence community. These ex-
amples can be found in many books on artificial in-
telligence and computational intelligence.

As the importance of, first of all, numerical com-
putations (either alone or as complementing sym-
bolic computations) has become more and more ev-

ident, new areas have been advocated as promising
tools to solve problems. Moreover, ideas and re-
sults from many modern fields of science, notably
cognitive science, psychology, economics, behav-
ioral science, brain science, systems science, philos-
ophy, etc. have found a fertile ground in a broadly
perceived artificial intelligence community meant as
those who intend to build intelligent machines capa-
ble of performing tasks reserved so far for the hu-
man beings. This process has lasted many years
and its history is fascinating showing a huge power
of multi-disciplinary research and how dangerous is
the traditional segmentation or fragmentation of sci-
ence.

The time has therefore come for many new scien-
tific disciplines who have been in a position to cap-
italize on the good and bad experience of the tra-
ditional artificial intelligence, new developments in
many other areas, and also a change of a general
attitude in applied sciences towards problem solv-
ing, problem specific approaches, incorporation of
domain knowledge, hybrid approaches, scalability,
etc. We will speak in this perspective ab@ampu-
tational intelligence

From our point of view there are the following
aspects are important for defining what computa-
tional intelligence is, by knowing first why it has
emerged.

First, as we have already mentioned, the tradi-
tional approach to artificial intelligence is heavily
focused on an one intelligence type attitude because
to a large extent it has tried to develop some general
problem representations, search techniques, prob-
lem solvers, methods of learning and knowledge ac-
quisition, etc.

For sure this quest for generality is an impor-
tant cause of failures because the proverbial “what
is good for everything is good for nothing” seems
to be valid in general. We would therefore rather go
for a problem specific tools and techniques, and then
maybe try to hybridize particular tools and tech-
niques.

These different tools and techniques may be
viewed as a reflection of the multiple intelligence
type approach because most, if not all nontrivial
problems to be solved have multiple aspects whose
solution may require different capabilities and skills,
that is, a sort of multiple intelligence.
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We would readily give up generality in exchange
for an effective and efficient solution of the problem.
This would imply that we would pay less attention
to more general, symbolic type approaches and com-
putations, and would go to a large extent for numer-
ical computations.

We would emphasize a crucial role of handling
imperfect information of all types, notably uncer-
tain, imprecise, vague, incomplete, missing, etc.

Finally, all these aspects can be somehow sub-
sumed that they are closely related to the very pur-
pose of virtually all efforts to build intelligent sys-
tems, that is, those which can solve non-trivial prob-
lems in a human consistent, intelligent way. And
then, there is a natural step to use first nature inspi-
rations, and then finally human inspirations to derive
effective and efficient tools.

This agenda is what we think determines the very
essence of computational intelligence and show that
it is a natural consequence of a long time develop-
ment of artificial intelligence and related fields.

In our view, computational intelligence may be
best viewed as a new field of science and technol-
ogy that includes:

e neural networks,

e evolutionary computations of all kinds,
e fuzzy logic (with rough sets),

e ant and swarm type algorithms,

e “deeper” nature inspired paradigms like the
immunological paradigm,

e chaotic systems and computations,
e harmony search algorithms,
e probabilistic reasoning.

Referring briefly to the agenda given above,
we can very roughly summarize how the particular
fields in computational intelligence respond to the
issues raised above as follows. First, neural net-
works can be viewed as a tool for the representa-
tion of relations between relevant features and vari-
ables which should be available to the animate and
inanimate system to be able to somehow construct
part of a formal model of relations that are rele-
vant for the modeling and solution of the problem

considered. Evolutionary computation, swarm in-
telligence, immunological paradigms, etc. are ex-
amples of our attempts to fully employ, maybe to
mimick to some extent some very specific features
and courses of actions that nature uses to solve prob-
lems and to best satisfy general goals related to sur-
vival and evolution. Chaotic systems are tools that
can help model and mimick many phenomena oc-
curring in nature whose essence boils down to the
so calledemergencgthat is the occurrence of some-
thing unexpected that may qualitatively change the
status of the system, ways of behavior or common
courses of action; an example may here been cre-
ative activity, inventions, etc. Harmony search al-
gorithms, with clearly Eastern roots and philosophy,
are gaining importance and popularity in some deci-
sion and optimization tasks. Finally, which is most
relevant for our purposes, fuzzy logic, rough set, etc.
are tools that make it possible to formalize and op-
erationalize the use of imprecise concepts and rela-
tions in the problems and systems considered, and
to implement some more sophisticated and human
consistent types of logics that underly the behavior
of human beings, either individuals, groups or even
institutions. A similar role is played by all kinds
of probabilistic reasoning that can provide tools and
techniques to represent and handle uncertain data,
information or relations.

To summarize, we would see computational in-
telligence as a new “meta-area” of computer sci-
ence (or information technology) that employs some
newly developed tools and techniques which the
traditional artificial intelligence — heavily symbolic
computation driven, binary logic based, and without
a proper account for uncertainty and imprecision —
has somehow not appreciated enough, maybe even
neglected.

We have therefore presented our view on how
computational intelligence should be understood.
Now,we will proceed to present our view on the very
essence asoft computingvhich is a strongly related
concept.

3. Soft computing: isit really computing?

Now, we will briefly present our view on how
soft computing should be understood. First, one
should bear in mind that the concept has been in-
troduced by Professor Lotfi Zadeh. He used to start
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mentioning it probably as early as the late 1980s,

and often 1991 is said to be the year when soft com-
puting appeared. Then, Zadeh had set a more rigor-
ous framework (cf. for instance Zadéh

Since the main constituents of soft computin-
gand its essence have been presented in an expert,
comprehensive and insightful way by other contri-
butions inthis special issue, we will present some
other aspects which — in our opinion — are often
overlooked, or to which not enough attention is paid.

We will therefore assume as a point of depar-
ture the view that is common in literature, and also
emphasized by most of the contributors to this spe-
cial issue, thasoft computings a consortium of the
following areas: fuzzy logic (with rough sets), neu-
ral networks, and evolutionary computations. Some
people add in this context probabilistic reasoning
and machine learning though, in our view this is not
proper. First. machine learning concerns a differ-
ent type of problems and procedures that are of a
more fundamental and general nature and purpose,
and probabilistic reasoning — though may be viewed
as handling similar problems that fuzzy logic and
rough sets do, i.e. providing means for dealing with
imperfect information and relations, in this case of
a probabilistic uncertainty type — may be a proper
choice. However, though the neural network, evo-
lutionary computation and fuzzy logic (rough sets)
communities have found some common grounds to
at least organize joint conferences (notably the WC-
Cls - World Congresses on Computational Intelli-
gence), these scientific gatherings are rarely widely
attended by representatives of the broadly perceived
probabilistic reasoning community. So, at least for
the time being, in my opinion the inclusion of prob-
abilistic reasoning into soft computing is certainly
reasonable, but maybe more desirable than exist-
ing. The future may however change this situation
as more and more people are aware of an utmost im-
portance of both unifying and hybrid approaches in
the context of many areas, in soft computing too.

First, though it is a common practice that names
of everything — including areas of science and tech-
nology — are often given in a strange, not to say im-
proper way, it is always look at some relations to ar-
eas that are included in the “new name”. In our case
these are: “computing” and “soft”. It may be there-
fore interesting to look how the new name, in our

case “soft computing”, is related to the very mean-
ing of its traditional components, namely “comput-
ing” and “soft”.

Let us consider the first constituent of the term
“soft computing”, namely “computing”. Basically,
is should be understood in the sense of a (theory of)
computationwhich may be described as an area of
modern computer science and mathematics which is
—roughly speaking — concerned with how to formu-
late and solve various problems in science and tech-
nology using formal models and algorithms which
have roots and foundations in mathematics and log-
ics.

From this perspective, soft computing is a legit-
imate term. First, though it involves tools and tech-
niques of non-traditional computational paradigms
like fuzzy logic (rough sets), evolutionary computa-
tion, neural networks, and the like, these tools con-
stitute legitimate models of systems and processes!
To be more specific, in the case of fuzzy logic based
rule based modeling, a model — that is a relation be-
tween some input and output variables — is known,
and must be known, in order to be able to use such
fuzzy rule based models at all! Clearly, what some
authors cited in other contributions in this issues say
that in soft computing the availability of models is
not required is some obvious misunderstanding and
misconception. Itis easy to see that without a model
we would not be able to perform any inference, i.e.
to perform any analysis between the input and out-
put variables. However, the models are of a differ-
ent type than the ones traditionally used, exemplified
by ordinary or partial differential and/or difference
equations, traditional logical inference schemes, etc.
The same concerns evolutionary computation. The
models and algorithms do exist but they are just of
a different nature that the traditional ones like those
propose in the area of optimization because they em-
ploy a different scheme of searching the solution
space in question, and a different way of moving in
the direction of better solutions, and finally reach-
ing best (optimal) ones. The same concerns neural
networks. They constitute an architecture and a col-
lection of appropriate weights, and in this essence
they are a model though of a different type than the
traditional models employed in, for instance, opera-
tions research, systems modeling, automatic control,
etc. These models, at the level of their ability to be

Published by Atlantis Press
Copyright: the authors

231



Janusz Kacprzyk

used by tools of soft computing, are explicit, indeed.

There is a different aspect, which is probably
meant by the authors who emphasize that models
employed or needed by soft computing need not be
explicit (so, presumably, they may be implicit), is
that the soft computing tools do include as an inher-
ent ingredient an ability to learn those models in the
course of their use. It is true, notably in the case of
neural networks, but also in a sense in evolutionary
computations and fuzzy rule based systems, notably
in their hybrid settings. However, this is not a new
idea because — for instance — more than half a cen-
tury ago a concept of dual control was born which
is similar in spirit. In many other areas similar con-
cepts have also been advocated!

Therefore, to operationally use soft computing
tools and techniques explicit models are needed but
their development may proceed somehow during the
computational and solution process.

Another question is related to the scope of prob-
lems soft computing is concerned with or is best
suited for. We do fully agree with the opinion of
most proponents of soft computing that it may be the
proper (maybe the best?) set of tools and techniques
to formulate and solve problems for which:

e an essential aspect is to adequately and fully
capture uncertainty and imprecision (and all
kinds of information imperfection) in the
sense that a commonly use simplification of
the broadly perceived “certainty equivalent”
type is too big a simplification; this should be
meant in the sense that, if we use mathemat-
ical programming as an example, the use of
a simpler and easier to solve linear program-
ming instead of maybe a more adequate but
much more difficult to solve nonlinear pro-
gramming may not be a good solution; this
concerns fuzzy logic in particular,

e traditionally used models of a process or sys-
tem under consideration — like ordinary (par-
tial) differential equations — do exists and
may be built, though maybe the difficulty and
cost of their building is too difficult or pro-
hibitively costly; in such a case we allow for
“less accurate and less adequate” models but
less costly or time consuming;

e though formal mathematical techniques and

algorithms for solving problems of the class
considered exist and may be in principle used,
they usually require exact and explicit mathe-
matical models of processes and systems un-
der consideration, and their operation is based
on well founded and strict mathematical and
algorithmic procedures; however, this pro-
cedures deliver the best results only in the
case when all formal requirements are ful-
filled, and in the are of interest of soft com-
puting there is too much imprecisely stated
and specified values, relations, models, goals,
constraints, etc. so that maybe the use of tra-
ditional methods does not make much sense,
and presumably much more robust and adap-
tive nature inspired solution techniques can
do.

Therefore, soft computing may be viewed as a
proper paradigm for all kind of problems in which,
first, both the values of variables, parameters, re-
lations, etc. are too imperfectly (mostly with “too
much” uncertainty and imprecisely) known to be
able to enter the traditional models and algorithms.
Second, in which though explicit models are needed,
they do not need to be precise and may be somehow
refined or adjusted in the course of problem solution.
Third, the use of traditional models in such an over-
whelmingly imperfect, ill-specified and formally de-
ficient situations and problem settings considered
may preclude the use of traditional solution tech-
niques based on optimization of formal logical infer-
ence. So, a commonly encountered claim that soft
computing is a proper set of tools and techniques
for solving problems when there are no effective
algorithms, should rather be changed to “...when
they are no efficient enough algorithms ...”. This
somehow improper use of words is that in many lan-
guages “effective” and ‘efficient” are mixed, though
they mean something different.

4. Soft computing: isit really soft?

Therefore, we have expressed above our view of
how soft computing should be meant in the context
of computing, as a way for solving problem. Now,
we will briefly comment upon the second ingredi-
ent of the name “soft computing”, namely a tiny, yet
relevant term of “soft”.
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The first question one should ask is whether there
is something in science that is termed “soft”, no mat-
ter of in which area, then one should think about its
very meaning and connotations, and finally of rela-
tions to our area or field of interest.

For a long time there has been in science an in-
formal (but widely used) rough division into “hard
sciences” and “soft sciences” though many philoso-
phers of science do not support this distinction since
they consider it artificial and not taking into account
the very nature of scientific inquiry, though maybe
using different tools (cf. Feyerabedgior Kuhn'®).

Basically, hard sciences, exemplified by mathe-
matics, physics, chemistry, astronomy, most techno-
logical sciences, etc. are described as the ones that
are based on, and employing more rigorous and ac-
curate premises, lines of reasoning, tools and tech-
niques, and hence providing more rigorous, accurate
and in many cases more definite conclusions. On the
other hand, soft sciences, exemplified by social sci-
ences, humanities, anthropology, management, etc.
are described as the ones whose point of departure
and foundations are less rigorous and accurate, and
provide less definite answers. There are of course
examples of sciences which may be viewed as some-
thing in between like economics.

Traditionally, hard sciences have often been con-
sidered more relevant, a target which all sciences
should eventually follow, and one could even find
statements by some well known mathematicians
and/or physicists that for them science begins when
mathematics starts playing a crucial role. Though
it is difficult to overestimate the role of mathemat-
ics, and more generally formal approaches in sci-

difficult, soft sciences are clearly more difficult in
the sense that hard sciences deal with much well de-
fined and much less complex problems, and the main
difficulty is of a rather technical type related to the
use of sophisticated formal tools. On the other hand,
soft sciences concern issues and problems related to
incomparably more complex systems, notably with a
human being as a key element, whose description is
usually unknown. And these problems are of much
more relevance to the society and the world.

Let us briefly comment upon soft computing,
whether it is a “soft” or “hard” science. Unfortu-
nately, it is not so clear. First, soft computing is
certainly hard in the sense that in any case we use
hard, well defined, rigorous and accurate mathemat-
ical modeling and solution tools. Just to give an
example, fuzzy logic - which was so often and ex-
plicit mentioned by Professor Zadeh - is not fuzzy
per se and is a set of precise tools and techniques to
formally handle imprecisely specified data and re-
lations. The same can be said, from this point of
view, about neural networks and evolutionary calcu-
lations. They are all areas based on precise math-
ematical and algorithmic constructs. What is rele-
vant is that they are based on some perceptions or in-
terpretations of the problem specifics, or intentions
of the user as to what a solution should be or what
would be sufficient for solving the problem. And
these perceptions are soft, indeed, as they are related
to issues that are subjects of interest and inquiry in
inherently soft sciences related to the human mind.

It is easy to see that, from the above perspective,
soft computing is at the crossroads. On the one hand,
even if it is termed “soft ...”, it is based formally

ence, such statements are certainly exaggerated and on rigorous and accurate modeling paradigms, tools,

do not take into account the (present) reality that, on
the one hand, non-trivial and operational mathemati-
cal models are not available for all kinds of problems
our world and society face, and — on the other hand

techniques, algorithms, etc. Therefore, for many
people in the areas of really soft sciences it would
be clearly an example of a hard science. However,
if we look from the perspective of perceptions of the

—many soft sciences have made a huge progress and very user perceptions, intentions of the users, accep-

developed much understanding and models (though
of a different kind that the formal ones) that are in
a position to describe and explain many phenomena
in or world, and often provide constructive answers
and hints. Therefore, we would be very cautious to
overestimate one and underestimate another type of
science, they just use different paradigms and tools.
Though many people consider hard sciences more

tance of relaxed procedures and solutions, etc. this
may be viewed as an example of a soft science. One
should however bear in mind that soft computing
can be viewed from that perspective neither as an
orthodox hard science nor as an orthodox soft sci-
ence. Maybe, a proper description would be to term
it like a “soft+ science” (i.e. “soft plus science) and
“hard- science” (i.e. hard minus science)? However,
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if so, then it may pose some problem to the philoso-
phers of science who have already had some prob-
lems with some cases of sciences like all technologi-
cal sciences which are more and more important yet
do not follow the traditional paradigm of scientific
inquiry.

One thing that should be mentioned in this con-
text is that, as we have already mentioned, hard sci-
ences have been often considered superior to soft
sciences, much more scientific, specific and con-
structive. this all has resulted in the fact that “soft” in
the context of science has been generally considered
in a pejorative sense. The same situation has clearly
been with soft computing! For so many years the
scientific establishment in many, if not most, coun-
tries has been quite apprehensive, to say the least, to
fully recognize, not to speak to appreciate the power
and virtues of soft computing. Luckily enough, due
to many strong foundational advances and — above
all — industrial applications, exemplified by so many
implementations of fuzzy, evolutionary, neural, etc.
tools and techniques for solving a multitude of prac-
tical problems, the situation has been greatly im-
proving.

While considering relations of soft computing to
other areas, paradigms or methodologies that have
been proposed in science and have proved to be
successful, and which contain “soft” in their name,
one should definitely mention the so-calsaft sys-
tems methodologfor SSM, for short) developed by
Checkland and his collaborators (cf. Checkl&od
Wilson 4Y), which has been widely employed in
many organizations around the world. Basically,
soft system methodology is an approach to organi-
zational (business) process modeling which can be
applied for both usual problem solving and intro-
ducing of changes. It is meant for solving difficult
problems exemplified by: how to reduce poverty,
how to improve the educations system, etc. Obvi-
ously, these situations are characterized by a multi-
tude of criteria, value systems, parties involved, etc.
and even the (more or less formal, or maybe even
more specific) problem formulation is difficult not
to speak about its solutions. Needless to say that
this is clearly a soft problem, from many points of
view!

The process of arriving at a problem formulation
and then reaching a solution goes via some steps ex-

emplified by discussions, reaching agreements, de-
veloping conceptual models, finding feasible actions
and eventually good solutions, and finally proposing
some good (it makes no sense to speak about opti-
mal!) solutions that may then be implemented. The
soft systems methodology has been very well docu-
mented and analyzed from many angles, and numer-
ous real world applications have been reported.

Notice that if we look at soft systems method-
ology and if we wished to try to introduce some
more formal tools and techniques to its repertoire,
a natural choice would be to try to tailor our soft
computing tools and techniques. Yet, for a strange
reason nobody has done this! For instance, in most
cases data, information and knowledge available is
uncertain and imprecise, and — for instance — fuzzy
sets may be of use. Second, conceptual models that
are looked for in soft systems methodology con-
cern very sophisticated situations and for sure fuzzy
rule based modeling or neural networks could help
very much to build those models so that they could
be meaningful and operational. Third, evolutionary
techniques should help attain realistic solutions un-
der such uncertain and imprecise data and problem
formulations that should give at least better, if not
good solutions. And last but not least, soft comput-
ing should help formalized intentions of the user in
the sense of what a good solution should be, what is
really sought, and what real constraints, goals, etc.
exist. Unfortunately, there has not been any more
comprehensive and serious attempt to use soft com-
puting tools and techniques in soft systems method-
ology, and vice versa. This is another example of
a fragmentation of science that has done so much
harm to the progress in so many scientific areas.

In this section we will try to just indicate some
relations of soft computing, a relatively small area
within (as traditionally considered) computer sci-
ence and/or information technology, with soft sci-
ences, a huge set of various areas and fields in sci-
ence. This analysis is by no means exhaustive, even
comprehensive, and its purpose is to indicate the rel-
evance of bridging the gap between branches of sci-
ence, and going beyond strict confines of scientific
disciplines. This may be viewed as a suggestion for
a new research direction that can bring about results
that can be of use of both soft computing and soft
sciences in general.
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The same concerns our remarks on soft systems
methodology. We wished to show that there is a

widely used paradigm or methodology, with clear 2.
roots in broadly perceived soft sciences, and soft
computing can clearly be of help it by providing 3

more formal tools and techniques to obtain more
specific analyses and maybe results. And vice versa,
soft computing would gain very much by finding a
well known methodology, with a very good applica-

. . . 5
tion record, that would claim that soft computing has
provided answers and solutions to its crucial prob- g,
lems.
7
5. Concluding remarks 8
We have tried to comment upon the very essence,
roots, potentials, and applicability of computational 9

intelligence and soft computing. We have fol-
lowed a different paths than those traditionally em-
ployed,and which are so well and in a deep and com- 10.
prehensive way documented in other papers in this
special issue. First, we have considered relations be-
tween computational intelligence and artificial intel-
ligence, starting from a reference to different kinds 12,
of views if how intelligence is meant in science, and
whether it has a general nature or many different
types. Then, we have proceeded to the analysis of 1
soft computing — which is in our view a narrower
area than computational intelligence — and consid-
ered two aspects implied by the inclusion of the two
words: “computing” and “soft”. First, we discussed
how soft computing relates to the traditionally meant
computing (in the sense of a theory of computation).
Second, we pursued a novel path that has not been ;-
practically considered in the literature, that is — first
- relations of soft computing to soft sciences, and —
second —relations of soft computing to Checklamd’s
soft systems methodology. We hope that our finding,
remarks and suggestion will trigger a discussion and
stimulate a new line of research with both soft com-
puting and computational intelligence communities,
on the one hand, and a broadly perceived soft sci-
ence communities, on the other hand, that can bring
about new ideas and novel problem formulations and
solutions.
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