Advances in Fuzzy Mathematics and Engineering
Fe2y JgK
Dugratlues jisszeny

fuy Uzeksiug Suyyuss

Key Selected Papers

by Hans-Jurgen Zimmermann

o T

iyersity Press™ SRS




Fuzzy Sets and Operations Research

for Decision Support
-Decision Support under Uncertainty-

Key Selected Papers
by Hans-Jirgen Zimmermann

Edited by Da Ruan
Chongfu Huang

Beijing Normal University Press

Beijing



() weF 0428

A F R E

FBAWR. B-RUBLFARE. HAGH. Bl BHLUR
ARMITE. BR. TE, #E. EHSHASVULRAFN. $=
MARHER THBIE. T, R, SR, M TERASEX
28 TABUh R R

ABRTHELRMNLEEINME, RTHEEARKERR
MEN, BRESREERERFHESEIN.

RIEWR: T & FRHY

SR T it S
RARRTHMTELE 21 8)

WR TR BB
HEPERRRTB Rf

FF A 850X 1168mm!/s2 BI%k 13
¥ 33T FFE  EHIP|1—6, 630
19934 4 AR IRE 19934E 4 B 1 )EIR
ISBN 7-5020-0827-6/D - 4

-8 3595 HO055 SE4fr 12. 80 5%




Preface

Advances in Fuzzy Mathematics and Engineering is a new inter-
national series dedicated to the support and development of the
theory of fuzzy mathematics and related areas and their industrial
applications in general and in engineering in particular. The se-
ries is supported and published by Beijing Normal University
Press, Beijing, China.

Fuzzy Sets and Operations Research for Decision Support is a con-
gratulatory volume of Key Selected Papers by Hans-Jiirgen Zim-
mermann on the occasion of Professor Zimmermann's retire-
ment. This edited-volume is designed as a natural continuation
of the previous two dedicated volumes Operations Research (edit-
ed by B. Werners and R. Gabriel, Springer, 1994 to Hans-
Jurgen Zimmermann for his 60th birthday) and Fuzzy Logic
Foundations and Industrial Applications (edited by D. Ruan,
Kluwer Academic, 1996 to Hans-Jirgen Zimmermann for 25
years of contribution to fuzzy logic theory and applications). The
previous two volumes, captured the essence of Professor Zim-
mermann’s enormous contributions to each of these areas, have
proved to be great utility to anyone interested in Operations Re-

search, Fuzzy Sets, and related applications.



Considering the largest number of the readers related to Fuzzy
Mathematics and Engineering in China, we felt that a collected
version of key selected papers by Hans-Jirgen Fuzzy Sets and
Operations Research for Decision Support would fit well into the
book series on Advances in Fuzzy Mathematics and Engineering
by Beijing Normal University Press. The balanced approach of
this book, with 15 selected papers by Professor Zimmermann in
three parts of Basic and Historical Considerations, Fuzzy Sets for
Uncertainty Modeling and Fuzzy Sets for Uncertainty Modeling,
are important and a reflection of Professor Zimmermann's truly

own research activities.

In addition, the purpose of this book can be twofold. Firstly, it
is intended as a quick reference for those working in Fuzzy
Mathematics and Engineering in China as well as in the world.
Secondly, it is expected to play a major role in Research and De-
velopment of Fuzzy Mathematics and Engineering, as a useful
source of supplementary readings in this new book series. We

hope this volume will benefit many readers around the world.

Da Ruan, Chongfu Huang
Editors
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Cognitive Sciences, Decision Technology, and
Fuzzy Sets

1. Introduction

Cognitive Science focuses on one of the oldest subject areas
of scientific reflection, human thinking itself. What does it mean
that somebody thinks, imagines, or perceives? How does a hu-
man brain perform these functions, and can this behavior be imi-
tated by artificial constructions? For long time, the location of
scientific reflection on thinking was philosophy. This branch of
scientific endeavor included psychology. In the 19th century, sci-
ences split up into more focused disciplines, psychology parted
from philosophy and added an ”empirical leg” to its so-far-exist-
ing " philosophical leg. ” In addition, new scientific areas deve-
loped in the 20th century, such as decision theory, operations re-
search, management science, and artificial intelligence, which all
to a higher or lower degree were concerned with either cognition,
decision, thinking, or information processing. Nowadays the
meaning of cognitive science may be quite different from its defi-
nition in the 19th century, and so may be its semantic interpreta-
tion and scope. In the following, we will try to trace connections
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and differences between some of these similar but also different
areas with ”cognitive concern. ” It is hoped that this may avoid
misinterpretations of results in one of these areas by researchers

of another of these disciplines.

2. Cognitive sciences vs. decision technology

Let us first review the origin and the development of cogni-
tive science in somewhat more detail:as mentioned above, the
origin of psychology can be found in philosophy. Behaviorism
certainly opened psychology for approaches that before were used
in natural sciences. It opened the door to the use of experiments
and computer simulation to explore mental processes. On the
other hand, it reduced the perspective to only observing stimu-
lus-reaction schemes, regarding the human brain as a black box.
This prevented us from looking for and finding adequate models
for human mental processes. In this sense, the new cognitive sci-

ence did not start before the '60s of this century.

In cognitive psychology, the computer and the emergence of
programs like the logic thinker (LT )had a profound effect, even
though cognitive psychology does not share the enthusiasm of in-

formation-processing psychology for computer models :

" The activities of the computer itself seemed in some ways akin to cog-
nitive processes. Computers accept information, manipulate symbols,
store items in 'memory’ and retrieve them again, classify inputs,

recognize patterns, and so on. Whether they do these things just like



people was less important than that they do them at all. The coming of
the computer provided a much-needed reassurance that cognitive pro-
cesses were real. . . Some theorists even maintained that all psychologi-
cal thecries should be explicitly written in the form of computer pro-

grams. "{4]

These theorists were Newell, Simon, and J. C. Shaw.
Their position that computer programs can be psychological the-
ories is the point at which cognitive psychology and information-
processing psychology part company. For most cognitive psycho-
logists, information processing is a metaphor for human
thought, a means of focusing attention on new and interesting
questions about the mind. Very few cognitive psychologists have
implemented information-processing models—programs—of their
theories.

At the present time, two major paradigms in cognitive sci-
ences can be recognized, both of which claim to supply adequate
models for cognitive phenomena :

1. The more orthodox cognitive science has the basic
paradigm which is characterized by the ”computational theory of
mind. "Intelligent systems are regarded as ”physical symbol sys-
tems” and a necessary condition for their intelligent behavior is
the rule-inducted manipulation of internal symbolical structures.
This is an approach which is still very common in operations re-
search, in cognitive decision theory, and in " classical” expert
system technology.

2. A newer paradigm, on which the connectionism is based,
is the idea that cognitive systems consist of a very large number
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