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Preface

Volume V of the Transactions on Rough Sets (TRS) is dedicated to the monu-
mental life and work of Zdzistaw Pawlak!. During the past 35 years, since the
introduction of knowledge description systems in the 1970s, the theory and ap-
plications of rough sets have grown rapidly. This volume continues the tradition
begun with earlier volumes of the TRS series and introduces a number of new
advances in the foundations and application of rough sets. These advances have
profound implications in a number of research areas such as adaptive learning,
approximate reasoning and belief systems, approximation spaces, Boolean rea-
soning, classification methods, classifiers, concept analysis, data mining, decision
logic, decision rule importance measures, digital image processing, recognition
of emotionally-charged gestures in animations, flow graphs, Kansei engineering,
movie sound track restoration, multicriteria decision analysis, relational informa-
tion systems, rough-fuzzy sets, rough measures, signal processing, variable pre-
cision rough set model, and video retrieval. It can be observed from the papers
included in this volume that research concerning the foundations and applications
of rough sets remains an intensely active research area worldwide. A total of 37
researchers from 8 countries are represented in this volume, the countries being,
Canada, India, P.R. China, Poland, Japan, Taiwan, UK and the USA.

A capsule view of the life and work of Zdzistaw Pawlak is included in an article
at the beginning of this volume. During his lifetime, the research interests of
Pawlak were rich and varied. His research ranged from his pioneering work on
knowledge description systems and rough sets during the 1970s and 1980s as well
as his work on the design of computers, information retrieval, modeling conflict
analysis and negotiation, genetic grammars and molecular computing. Added to
that was Pawlak’s lifelong interest in painting, photography and poetry. During
his lifetime, Pawlak nurtured worldwide interest in approximation, approximate
reasoning and rough set theory and its applications. Evidence of the influence
of Pawlak’s work can been seen in the growth in the rough-set literature that
now includes over 4000 publications as well as the growth and maturity of the
International Rough Set Society.

TRS V also includes 15 papers that explore the theory of rough sets as well
as new applications of rough sets. In addition, this volume of the TRS includes
a complete monograph on rough sets and approximate Boolean reasoning sys-
tems that includes both the foundations as well as the applications of data
mining, by Hung Son Nguyen. New developments in the foundations of rough
sets are represented by a number of papers in this volume, namely, Rough Truth,
Consistency and Belief Change (Mohua Banerjee), Rough Set Approximations
in Formal Concept Analysis (Yiyu Yao and Yaohua Chen), Rule Importance
Measures (Jiye Li and Nick Cercone), Generalized Rough-Fuzzy Approximation
Operators (Wei-Zhi Wu), Rough Set Flow Graphs (Cory Butz, W. Yan, and

! Prof. Pawlak passed away on 7 April 2006.
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B. Yang), Vague Concept Approxnnatlon and Adaptive Learning (Jan Bazan,
Andrzej Skowron, and Roman Swiniarski), and Arrow Decision Logic (Tuan-
Fang Fan, Duen-Ren Liu, and Gwo-Hshiung Tzeng). Applications of rough sets
are also represented by the following papers in this volume: Matching 2D Tm-
age Segments with Genetic Algorithms and Approximations Spaces (Maciej
Borkowski and James Peters), Rough Set-Based Application to Recognition of
Emotionally-Charged Animated Characters Gestures (Bozena Kostek and Piotr
Szczuko), Movie Sound Track Restoration (Andrzej Czyzewski, Marek Dziubin-
ski, Lukasz Litwic, and Przemyslaw Maziewski), Multimodal Classification Case
Studies (Andrzej Skowron, Hui Wang, Arkadiusz Wojna, and Jan Bazan ), P300
Wave Detection Using Rough Sets (Sheela Ramanna and Reza Fazel Rezal),
Motion-Information-Based Video Retrieval Using Rough Pre-classification (Zhe
Yuan, Yu Wu, Guoyin Wang, and Jianbo Li), Variable Precision Baysian Rough
Set Model and Its Application to Kansei Engineering (Tatsuo Nishino, Mitsuo
Nagamachi, and Hideo Tanaka).

The Editors of this volume extend their hearty thanks to the reviewers of the
papers that were submitted to this TRS volume: Mohua Banerjee, Jan Bazan,
Teresa Beauboeuf, Maciej Borkowski, Gianpiero Cattaneo, Nick Cercone, Davide
Cuicci, Andrzej Czyzewski, Jitender Deogun, Ivo Diintsch, Reza Fazel-Rezai,
Anna Gomoliriska, Jerzy Grzymata-Busse, Masahiro Iniguichi, Jouni Jarvinen,
Mieczystaw Klopotek, Beata Konikowska, Bozena Kostek, Marzena Kryszkiewicz,
Rafal Latkowski, Churn-Jung Liau, Pawan Lingras, Jan Maluszyriski, Benedetto
Matarazzo, Michat Mikolajczyk, Mikhail Moshkov, Maria Nicoletti, Hoa Nguyen,
Son Nguyen, Piero Pagliani, Sankar Pal, Witold Pedrycz, Lech Polkowski, Anna
Radzikowska, Vijay Raghavan, Sheela Ramanna, Zbigniew Ras, Dominik Sl@zak
Jerzy Stefanowski, Jarostaw Stepaniuk, Zbigniew Suraj, Roman Swiniarski, Piotr
Synak, Marcin Szczuka, Daniel Vanderpooten, Dimiter Vakarelov, Alicja Wiec-
zorkowska, Arkadiuz Wojna, Marcin Wolski, Jakub Wréblewski, Dan Wu, Wei-
Zhi Wu, Yiyu Yao, and Wojciech Ziarko.

This issue of the TRS was made possible thanks to the reviewers as well as to
the laudable efforts of a great many generous persons and organizations. The ed-
itors and authors of this volume also extend an expression of gratitude to Alfred
Hofmann, Ursula Barth, Christine Giinther and the other LNCS staff at Springer
for their support in making this volume of the TRS possible. In addition, the ed-
itors of this volume extend their thanks to Dominik Sleak for his help and sug-
gestions concerning extensions of selected RSFDGrC 2005 papers included in this
volume of the TRS. We anticipate that additional RSFDGrC 2005 papers now
being reviewed will be included in future volumes of the TRS. We also extend our
thanks to Marcin Szczuka for his consummate skill and care in the compilation
of this volume. The Editors of this volume have been supported by the Ministry
for Scientific Research and Information Technology of the Republic of Poland,
research grant No. 3T11C00226, and the Natural Sciences and Engineering Re-
search Council of Canada (NSERC) research grant 185986 respectively.

June 2006 James F. Peters
Andrzej Skowron
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Zdzistaw Pawlak: Life and Work
1926-2006

James F. Peters and Andrzej Skowron

In the history of mankind, Professor Zdzistaw
Pawlak, Member of the Polish Academy of
Sciences, will be remembered as a great hu-
man being with exceptional humility, wit and
kindness as well as an extraordinarily innova-
tive researcher with exceptional stature. His
legacy is rich and varied. Pawlak’s research
contributions have had far-reaching implica-
tions inasmuch as his works are fundamental
in establishing new perspectives for scientific
research in a wide spectrum of fields.

Preamble

Professor Pawlak’s most widely recognized contribution is his incisive approach
to classifying objects with their attributes (features) and his introduction of ap-
proximation spaces, which establish the foundations of granular computing and
provide frameworks for perception and knowledge discovery in many areas. He
was with us only for a short time and, yet, when we look back at his accom-
plishments, we realize how greatly he has influenced us with his generous spirit
and creative work in many areas such as approximate reasoning, intelligent sys-
tems research, computing models, mathematics (especially, rough set theory),
molecular computing, pattern recognition, philosophy, art, and poetry. This ar-
ticle attempts to give a vignette that highlights some of Pawlak’s remarkable
accomplishments. This vignette is limited to a brief coverage of Pawlak’s work
in rough set theory, molecular computing, philosophy, painting and poetry. De-
tailed coverage of these as well as other accomplishments by Pawlak is outside
the scope of this commemorative article.

1 Introduction

This article commemorates the life, work and creative genius of Zdzistaw Pawlak.
He is well-known for his innovative work on the classification of objects by means

J.F. Peters and A. Skowron (Eds.): Transactions on Rough Sets V, LNCS 4100, pp. 1-24, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 J.F. Peters and A. Skowron

of attributes (features) [25] and his discovery of rough set theory during the early
1980s (see, e.g., [11,22,25,27]). Since the introduction of rough set theory, there
have been well over 4000 publications on this theory and its applications (see,
e.g., [6,35,36,37,39,71] and Section 12).

One can also observe a number of other facets of Pawlak’s life and work that
are less known, namely, his pioneering work on genetic grammars and molecular
computing, his interest in philosophy, his lifelong devotion to painting landscapes
and waterscapes depicting the places he visited, his interest and skill in photog-
raphy, and his more recent interests in poetry and methods of solving mysteries
by fictional characters such as Sherlock Holmes. During his life, Pawlak con-
tributed to the foundations of granular computing, intelligent systems research,
computing models, mathematics (especially, rough set theory), molecular com-
puting, knowledge discovery as well as knowledge representation, and pattern
recognition.

This article attempts to give a brief vignette that highlights some of Pawlak’s
remarkable accomplishments. This vignette is limited to a brief coverage of
Pawlak’s works in rough set theory, molecular computing, philosophy, paint-
ing and poetry. Detailed coverage of these as well as other accomplishments by
Pawlak is outside the scope of this commemorative article.

The article is organized as follows. A brief biography of Zdzislaw Pawlak is
given in Sect. 2. Some of the very basic ideas of Pawlak’s rough set theory are
presented in Sect. 3. This is followed by a brief presentation of Pawlak’s introduc-
tion of a genetic grammar and molecular computing in Sect. 8. Pawlak’s more
recent reflections concerning philosophy (especially, the philosophy of mathe-
matics) are briefly covered in Sect. 9. Reflections on Pawlak’s lifelong interest
in painting and nature as well as a sample of paintings by Pawlak and a poem
coauthored by Pawlak, are presented in Sect. 10.

2 Zdzislaw Pawlak: A Brief Biography

Zdzistaw Pawlak was born on 10 November 1926 in Lédz, 130 km south-west from
Warsaw, Poland [41]. In 1947, Pawlak began studying in the Faculty of Electrical
Engineering at L6dZ University of Technology, and in 1949 continued his studies
in the Telecommunication Faculty at Warsaw University of Technology. Starting
in the early 1950s and continuing throughout his life, Pawlak painted the places
he visited, especially landscapes and waterscapes reflecting his observations in
Poland and other parts of the world. This can be scen as a continuation of the
work of his father, who was fond of wood carving and who carved a wooden
self-portrait that was kept in Pawlak’s study. He also had extraordinary skill in
mathematical modeling in the organization of systems (see, e.g., [20,24,28]) and
in computer systems engineering (see, e.g., [16,17,18,19,21]). During his early
years, he was a pioneer in the designing computing machines. In 1950, Pawlak
presented the first project of a computer called GAM 1. He completed his M.Sc.
in Telecommunication Engineering in 1951. Pawlak’s publication in 1956 on a
new method for random number generation was the first article in informatics
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Fig. 1. Snapshots of the UMC1 Computer System

published abroad by a researcher from Poland [13]. In 1958, Pawlak completed
his doctoral degree from the Institute of Fundamental Technological Research at
the Polish Academy of Science with a Thesis on Applications of Graph Theory
to Decoder Synthesis. In 1961, Pawlak was also a member of a research team
that constructed one of the first computers in Poland called UMC 1 (see Fig. 1).

The original arithmetic for the UMC1 computer system with base “-2” was due
to Pawlak [14]. He received his habilitation from the Institute of Mathematics at
the Polish Academy of Sciences in 1963. In his habilitation entitled Organization
of Address-Less Machines, Pawlak proposed and investigated parenthesis-free
languages, a generalization of polish notation introduced by Jan Lukasiewicz
(see, e.g., [16,17]).

In succeeding years, Pawlak worked at the Institute of Mathematics of Warsaw
University and, in 1965, introduced foundations for modeling DNA [15] in what
has come to be known as molecular computing [3,15]. He also proposed a new
formal model of a computing machine known as the Pawlak machine [21,23] that
is different from the Turing machine and from the von Neumann machine. In
1973, he introduced knowledge representation systems [22] as part of his work on
the mathematical foundations of information retrieval (see, e.g., [11,22]). In the
early 1980s, he was part of a research group at the Institute of Computer Science
of the Polish Academy of Sciences, where he discovered rough sets and the idea
of classifying objects by means of their attributes [25], which was the basis for
extensive research in rough set theory during the 1980s (see, e.g., [7,8,12,26,27,
29]). During the succeeding years, Pawlak refined and amplified the foundations
of rough sets and their applications, and nurtured worldwide research in rough
sets that has led to over 4000 publications (see, e.g., [39]). In addition, he did
extensive work on the mathematical foundations of information systems during
the early 1980s (see, e.g., [24,28]). He also invented a new approach to conflict
analysis (see, e.g., [30,31,33,34]).
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During his later years, Pawlak’s interests were very diverse. He developed a
keen interest in philosophy, especially in the works by Lukasiewicz (logic and
probability), Leibniz (identify of indiscernibles), Frege (membership, sets), Rus-
sell (antinomies), and Leéniewski (being a part)). Pawlak was also interested in
the works of detective fiction by Sir Arthur Conan Doyle (especially, Sherlock
Holmes’ fascination with data as a basis for solving mysteries) (see, e.g., [35]).

Finally, Zdzistaw Pawlak gave generously of his time and energy to help oth-
ers. His spirit and insights have influenced many researchers worldwide. During
his life, he manifested an extraordinary talent for inspiring his students and col-
leagues as well as many others outside his immediate circle. For this reason, he
was affectionately known to some of us as Papa Pawlak.

3 Rough Sets

If we classify objects by means of attributes,
exact classification is often impossible.
— Zdzislaw Pawlak, January 1981.

A brief presentation of the foundations of rough set theory is given in this section.
Rough set theory has its roots in Zdzistaw Pawlak’s research on knowledge rep-
resentation systems during the early 1970s [22]. Rather than attempt to classify
objects ezactly by means of attributes (features), Pawlak considered an approach
to solving the object classification problem in a number of novel ways. First, in
1973, he formulated knowledge representation systems (see, e.g., [11,22]). Then,
in 1981, Pawlak introduced approximate descriptions of objects and considered
knowledge representation systems in the context of upper and lower classifica-
tion of objects relative to their attribute values [25,26]. We start with a system
S = (X, A,V,0), where X is a non-empty set of objects, A is a set of attributes,
V' is a union of sets V, of values associated with each a € A, and o is called a
knowledge function defined as the mapping o : X x A — V, where o(z,a) € V,
for every z € X and a € A. The function o is referred to as knowledge func-
tion about objects from X. The set X is partitioned into elementary sets that
later were called blocks, where each elementary set contains those elements of
X which have matching attribute values. In effect, a block (elementary set) rep-
resents a granule of knowledge (see Fig. 2.2). For example, for any B C A the
B-elementary set for an element x € X is denoted by B(z), which is defined by

B(z) ={y € X|Va € B o(z,a) =0(y,a)} (1)

Consider, for example, Fig. 2.1 which represents a system S containing a set X of
colored circles and a feature set A that contains only one attribute, namely, color.
Assume that each circle in X has only one color. Then the set X is partitioned
into elementary sets or blocks, where each block contains circles with the same
color. In effect, elements of a set B(x) C X in a system S are classified as
indiscernible if they are indistinguishable by means of their feature values for
any a € B. A set of indiscernible elements is called an elementary set [25]. Hence,
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Fig. 2. Rudiments of Rough Sets

any subset B C A determines a partition {B(z) : x € X} of X. This partition
defines an equivalence relation Ind(B) on X called an indiscernibility relation
such that xInd(B)y if and only if y € B(xz) for every x,y € X. Assume that
Y C X and B C A, and consider an approximation of the set Y by means of the
attributes in B and B-indiscernible blocks in the partition of X. The union of
all blocks that constitute a subset of Y is called the lower approrimation of Y
(usually denoted by B.Y), representing certain knowledge about Y. The union
of all blocks that have non-empty intersection with the set Y is called the upper
approximation of Y (usually denoted by B*Y), representing uncertain knowledge
about Y. The set BNg(Y) = B*Y — B.Y is called the B-boundary of the set
Y. In the case where BNg(Y) is non-empty, the set Y is a rough (imprecise)
set. Otherwise, the set Y is a crisp set. This approach to classification of objects
in a set is represented graphically in Fig. 2.2, where the region bounded by the
ellipse represents a set Y, the darkened blocks inside Y represent B.Y, the gray
blocks represent the boundary region BNg(Y'), and the gray and the darkened
blocks taken together represent B*Y .

Consequences of this approach to the classification of objects by means of
their feature values have been remarkable and far-reaching. Detailed accounts of
the current research in rough set theory and its applications are available, e.g.,
in [35,36,37] (see also Section 12).

4 Approximation

Some categories (subsets of objects) cannot be
expressed exactly by employing available knowledge.
Hence, we arrive at the idea of approximation
of a set by other sets.

—Zdzistaw Pawlak, 1991.
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One of the most profound, very important notions underlying rough set theory
is approximation. In general, an approzimation is defined as the replacement
of objects by others that resemble the original objects in certain respects [4].
For example, consider a universe U containing objects representing behaviors of
agents. In that case, we can consider blocks of behaviors in the partition U/R,
where the behaviors within a block resemble (are indiscernible from) each other
by virtue of their feature values. Then any subset X of U can be approximated
by blocks that are either proper subsets of X (lower approximation of the set
X denoted RX) or by blocks having one or more elements in common with X
(upper approximation of the set X denoted RX)!. In rough set theory, the fo-
cus is on approximating one set of objects by means of another set of objects
based on the feature values of the objects [32]. The lower approximation op-
erator R has properties that correspond closely to properties of what is known
as the Il topological interior operator [27,77]. Similarly, the upper approxi-
mation operator R has properties that correspond closely to properties of the
IIy topological closure operator [27,77]. It was observed in [27] that the key to
the rough set approach is provided by the exact mathematical formulation of
the concept of approximative (rough) equality of sets in a given approximation
space.

5 Approximation Spaces

The key to the presented approach
is provided by the exact mathematical formulation,
of the concept of approximative (rough) equality
of sets in a given approximation space.

—Zdzistaw Pawlak, 1982.

In [32], an approximation space is represented by the pair (U, R), where U is a
universe of objects, and R C U x U is an indiscernibility relation (denoted Ind
as in Sect. 3) defined by an attribute set (i.e., R = Ind(A) for some attribute
set A). In this case, R is an equivalence relation. Let [z]; denote an equivalence
class of an element x € U under the indiscernibility relation R, where []
{yeU: zRy}.

In this context, R-approximations of any set X C U are based on the exact
(crisp) containment of sets. Then set approximations are defined as follows:

R:

e x € U belongs with certainty to X C U (i.e., x belongs to the R-lower
approximation of X), if [z], C X.

e x € U possibly belongs X C U (i.e., z belongs to the R-upper approximation
of X),if [z],Nn X # @.

! In more recent years, the notation R. X, R* X has been often used (see, e.g., Sect. 3)
to denote lower and upper approximation, respectively, since this notation is more
“typewriter” friendly.



