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We investigate in this paper approximate operations on sets, approximate
equality of sets, and approximate inctusion of sets. The presented approach may
be considered as an alternative to fuzzy sets theory and tolerance theory. Some
applications are outlined.

KEY WORDS: Artificial intelligence; automatic classification; cluster analysis;
fuzzy sets; inductive reasoning; learning algorithms; measurement theory;
pattern recognition; tolerance theory.

Apart from the known and the unknown, what clse is there?
Harold Pinter (The Homecoming)

1. INTRODUCTION

The aim of this paper is to describe some properties of rough sets, introduced
in Ref. 7 and investigated in Refs. 1, 2, 4, 5, 6, 8, 9, and 11.

The rough set concept can be of some importance, primarily in some
branches of artificial intelligence, such as inductive reasoning, automatic
classification, pattern recognition, learning algorithms, ete.

The idea of a rough set could be placed in a more general setting,
leading to a fruitful further research and applications in classification theory,
cluster analysis, measurement theory, taxonomy, etc.

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; an approximation space is
understood as a pair (U, R), where U is a certain set called universe, and
R < UX U is an indiscernibility relation. We assume throughout this paper
that R is an equivalence relation.
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My first encounter with Rough Sets

* Introduced to RS by Professor Andrzej Skowron in 1992.

* Professor Zdzistaw Pawlak visited Trondheim in Winter 1993 and
stayed in my house. Had lots of illuminating discussions. Decided
that implementations of rough sets are key to success.

* With contributions from Prof. Skowron’s team implemented
ROSETTA.

e Using ROSETTA the first significant publication in 2003 (Genome
Research, IF 10); predicting gene function from expression data.

J Komorowski






Al Magazine Volume 14 Number 3 (1993) (© AAAI)

The First
International Work-
shop on Rough Sets

State of the Art and Perspectives

Wojciech Ziarko

B The First International Workshop on
Rough ¢ ate of the Art and Per-
spectives was held on 2-4 September
1992 in Kiekrz, Poland. To stimulate the
discussion, the participation was limit-
ed to 40 researchers who are involved

in fundamental research in rough set

practitioners. This mixture is what
made this workshop exciting, with
theoretical papers interleaved with
application reports demonstrating
the utility of the presented method-
ologies. Applications presented dur-
i ap included data pre-
"heural net training,

ng, medicine, fault

1 diagnosis, drug

processing, and dii-

Workshop Report

Pawlak in the 1970s as a result of a
long-term program of fundamental
research on logical properties of
information systems that was carried
out by him and a group of logicians
from the Polish Academy of Sciences
and the University of Warsaw in
Poland. The methodology is con-
cerned with the classificatory analysis
of imprecise, uncertain, or incom-
plete information or knowledge
expressed in terms of data acquired
from experience. The primary
notions of the theory of rough sets
are the approximation space and
lower and upper approximations of a
set. The approximation space is a clas-
sification of the domain of interest
into disjoint categories. The classifi-
cation formally represents our knowl-
edge about the domain; that is, the
knowledge is understood here as an
ability to characterize all classes of
the classification, for example, in
terms of features of objects belonging
to the domain. Objects belonging to
the same category are not distin-
guishable, which means that their
membership status with respect to an
arbitrary subset of the domain might

INTELLIGENT
DECISION SUPPORT

Handbook of Applications and Advances
of the Rough Sets Theory

Edited by Roman Stowiriski

1992 | 2.5 By 73



Rough Sets, ... (RSFDGrC), Yamaguchi, 1999




* Early research on fuzzy sets — Silesian University of Technology,
Gliwice

* Around 1981 — first acquittance with rough sets through reports
published by Polish Academy of Sciences

* Meetings at conferences on fuzzy sets; interesting and insightful
discussions

W Pedrycz
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he Strongest Assets of Rough Set Theory

e Applications: started in medicine in 1986

Z. Pawlak, K. Stowiniski, R. Stowinski: Rough classification of patients after highly selective vagotomy for duodenal ulcer.
International Journal of Man-Machine Studies, 24 (1986) 413-433

* Applications of RST in Operational Research — the challenge of ordinal data

Z. Pawlak, R. Stowinski: Decision analysis using rough sets. Int. Transactions in Operational Research, 1 (1994) 107-114

* Breakthrough adaptation of RST to reasoning about ordinal data — DRSA

S. Greco, B. Matarazzo, R. Stowinski: Rough sets theory for multicriteria decision analysis. European J. of Operational
Research, 129 (2001) 1-47

* Representation of preferences using monotonic decision rules

R. Stowinski, S. Greco, B. Matarazzo: Axiomatization of utility, outranking and decision-rule preference models for multiple
criteria classification problems under partial inconsistency wrt dominance. Control & Cybernetics, 31 (2002) 1005-1035

R Stowinski



he Strongest Assets of Rough Set Theory

e Algebra and bi-topology of the Dominance-based Rough Set Approach

S. Greco, B. Matarazzo, R. Stowinski: Algebra and Topology for Dominance-based Rough Set Approach.
In]: ZW. Ras, T.-S. Lin (eds.), Advances in Intelligent Information Systems, Springer, 2010, pp. 43-78

* Probabilistic approach to the Dominance-based Rough Set Approach

W. Kottowski, R. Stowiniski: Statistical approach to ordinal classification with monotonicity constraints.
[In]: E. HUllermeier, J. Firnkranz (eds.): Preference Learning, Proc. ECML/PKDD 2008 Workshop, Antwerp, 2008

* Fuzzy-Rough hybridization and gradual decision rules

S. Greco, M. Inuiguchi, R. Stowinski: Fuzzy rough sets and multiple-premise gradual decision rules.
International Journal of Approximate Reasoning, 41 (2006) 179-211

e Statistical interpretation of VC-DRSA in machine learning terms

Y. Kusunoki, J. Btaszczynski, M. Inuiguchi, R. Stowinski: Empirical Risk Minimization for Dominance-based Rough Set
Approaches. Information Sciences, 567 (2021) 395-417

R Stowinski



ROUGH SETS (RS)

APPROXIMATE
DEFINABILITY OF SETS
RELATIVE TO PARTIAL

INFORMATION ;
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Zdzistaw was one of the giants who created the theory that underlies the digital revolution.
Rough Sets is one of the leading paradigms
for thinking about the information, as it is provided to us at the global village through the

World-Wide Web.

Victor Marek (University of Lexington)
A Skowron



RS

COMPLEMENTARY
NOT

COMPETETIVE TO
OTHER APPROACHES
LIKE FUZZY SETS, FCA,

BOOLEAN REASONING,

- ~
> Ly
e

COMBINATION OF RS WITH OTHER APPROACHES LEADS TO
A SIGNIFICANT IMPROVEMENT
OF THE QUALITY OF SOLUTIONS

helps in characterizing computational building blocks (granules) that are necessary for
A skowron Cognition — THE MAIN PROBLEM of Al (Leslie Valiant, Turing award winner)



GRANULAR COMPUTING

* Unified and comprehensive conceptual and algorithmic platform
aimed at representing and processing information granules

* Formation of a suitable level of abstraction and a knowledge
representation environment

* Formalisms: sets, intervals, rough sets, fuzzy sets ... and their
synergistic aggregates

* Ongoing intensive research with numerous conceptual
generalizations

CHALLENGES

* Design of information granules realized on a basis of experimental
evidence

* Assessment of quality of information granules
* Quantification of performance of granular models

W Pedrycz



Most important properties of Rough Sets (RS)

* In RS (and ROSETTA) all reducts are found, which is not the case for most of
other learning systems. This is particularly important in modelling of living
systems — biology is robust and redundant. Finding all reducts may show
alternative pathways.

* There is an ongoing discussion about interpretable versus explainable
machine learning systems (cf. C. Rudin, Stop explaining black-box machine
learning models..., https://doi.org/10.1038/s42256-019-0048-x). RS can
and should contribute to empowering the interpretable case. R.ROSETTA is
a step in this direction.

* RS models are intuitive and legible, essentially without any training in
discrete mathematics — the notion of reduct is easily grasped by non-
computational communities.

J Komorowski


https://doi.org/10.1038/s42256-019-0048-x

Most important properties of RS’s

* RS models allow studies of subgroups
* Hierarchical clustering of rules and objects

S Younes et al, Scientific reports, 2022

J Komorowski

* RS rule sets have informative

visualisation as rule networks — VisuNets
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PP-RAI'22 Contest for Rough Set Papers
Evaluation process and results

20 articles submitted (at least one co-author with Polish affiliation)
e Each article being evaluated by 3 (out of 5) members of the Jury
 Each member recommends 3 (out of 12) articles as excellent

* OQutcomes:
9 articles with one or two stars of excellence
1 article with three stars of excellence
* The contest winner will be announced at the Closing Ceremony

%



PP-RAI'22 Contest for Rough Set Papers
Distinctions (one or two stars)

* Patrick Doherty, Andrzej Szatas: A landscape and implementation framework for probabilistic rough sets using ProbLog. Information
Sciences 593: 546-576 (2022)

* Mateusz Garbulowski, Klev Diamanti, Karolina Smoliniska, Nicholas Baltzer, Patricia Stoll, Susanne Bornelév, Aleksander @hrn,
Lars Feuk, Jan Komorowski: R.ROSETTA: an interpretable machine learning framework. BMC Bioinformatics 22(1): 110 (2021)

» Jerzy Btaszczynski, Adiel Teixeira de Almeida Filho, Anna Matuszyk, Marcin Szelgg, Roman Stowinski: Auto loan fraud detection
using dominance-based rough set approach versus machine learning methods. Expert Systems with Applications 163: 113740 (2021)

* Maftgorzata Przybyta-Kasperek: Coalitions’ Weights in a Dispersed System with Pawlak Conflict Model. Group Decision and
Negotiation 29: 549-591 (5020)

* tukasz Patkowski, Maciej Karolak, Jerzy Bfaszczynski, Jerzy Krysinski, Roman Sfowinski: Structure-Activity Relationships of the
Imidazolium Compounds as Antibacterials of Staphylococcus aureus and Pseudomonas aeruginosa. International Journal of
Molecular Sciences 22(15): 7997 (2021)

*  Marcin Wolski, Anna Gomolinska: Data meaning and knowledge discovery: Semantical aspects of information systems. International
Journal of Approximate Reasoning 119: 40-57 (2020)

* Barbara Pekata, Teresa Mroczek, Dorota Gil, Michat Kepski: Application of Fuzzy and Rough Logic to Posture Recognition in Fall
Detection System. Sensors 22(4): 1602 (2022)

. I6(§z 2s(z)iéooj;Ropiak, Piotr Artiemjew: On a Hybridization of Deep Learning and Rough Set Based Granular Computing. Algorithms 13(3):

* Svea Stratmann, Sara A Yones, Mateusz Garbulowski, Jitong Sun, Aron Skaftason, Markus Mayrhofer, Nina Norgren, Morten Krogh
Herlin, Christer Sundstrom, Anna Eriksson, Martin Hoglund, Josefine Palle, Jonas Abrahamsson, Kirsi Jahnukainen, Monica Cheng
Munthe-Kaas, Bernward Zeller, Katja Pokrovskaja Tamm, Lucia Cavelier, Jan Komorowski, Linda Holmfeldt: Transcriptomic analysis
reveals proinflammatory signatures associated with acute myeloid leukemia progression. Blood Advances 6(1): 152-164 (2022)



ARTIFICIAL INTELLIGENCE AND GRANULAR COMPUTING

* Al — general directions of SYMBOLIC and SUBSYMBOLIC (NUMERIC)
* A quest for explainable Al (XAl)

* Information granules: duality of representation
*symbolic
*numeric

* Knowledge representation environment delivered by information
granules

W Pedrycz



Predictable Future of Rough Set Theory

e Associating RST with machine learning through fuzzy granularity

M. Palangeti¢: Machine Learning on Inconsistent Data and its Granular Properties. PhD thesis, Univ. Ghent, 2022

M. Palangeti¢, Ch. Cornelis, S. Greco, R. Stowinski: A novel machine learning approach to data inconsistency
with respect to a fuzzy relation, submitted, 2021.

* Monotonic decision rules as explanatory models in OR and Al

S. Corrente, S. Greco, B. Mararazzo, R. Stowinski: Explainable Interactive Evolutionary Multiobjective Optimization
(XIMEA-DRSA), submitted, 2022

* Applications of RST on imbalanced and partially missing ordinal data

J. Btaszczynski, A.T. de Almeida Filho, A. Matuszyk, M. Szelag, R. Stowinski: Auto loan fraud detection using dominance-
based rough set approach versus machine learning methods. Expert Systems with Applications, 163 (2021) 113740

e Software development

DRSA library: ruleLearn (https://github.com/ruleLearn/rulelearn)
RulLeStudio (http://www.cs.put.poznan.pl/mszelag/Software/RulLeStudio/RulLeStudio.html)
RuleVisualization (http://www.cs.put.poznan.pl/mszelag/Software/RuleVisualization/RuleVisualization.html)

R Stowinski



RS-models and genomic applications — the
need for statistics

* Data preparation, e.g. bias removal, is a significant step prior to RS-model
generation. Very few researchers, if any consider these steps.

* RS cannot directly cope with problems of 50K to 1M attributes which are
charateristic of today’s bioinformatics applications; there is no manual
alternative to selecting the informative attributes.

* Discretization is a blessing and a curse — gene expression analysis require
huge care in this step.

* RS mlodels need p-values (permutation tests), individual rules also require
p-values.

* While quality of prediction is most often assessed with various forms of
accuracy, cross-validation makes often inflated or even clearly wrong

assessments.

J Komorowski



Future of RS in Al

* Need to create state-of-the-art implementation that can be
customized to extensions of RS: speed, modern programming
environment, interface to other computational formalisms/languages

* Move to Big Data
* Theory is first, but applications have the last word

* Major application areas:
* Knowledge Discovery where interpretability is essential; no black-box
 Certifiable systems: health care, law, safe systems (cf. Rudin’s article)

J Komorowski



RS AND Al : WHAT NEXT?

DEVELOPMENT OF FOUNDATIONS OF Al AND RS BASED ON
INTERACTIVE GRANULAR COMPUTING

IS NECESSARY FOR CONSTRUCTING INTELLIGENT SYSTEMS DEALING WITH
COMPLEX PHENOMENA

Continuous interaction with the real-physical world for perceiving (understanding)

I~~~ _the situation on the way to make the right decisions
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Rough sets in IGrC:
- perceiving values of attributes are based on
interactions with the physical world.
attributes are not pure mathematical functions;
they are realised by ic-granules.

In the existing approach to rough

sets interactions with the physical

world are eliminated. Attributes
A Skowron are mathematical functions.



RS AND Al : WHAT NEXT?

Mathematics and the physical sciences made great The Turing test, as originally conceived, focused on
strides for three centuries by constructing simplified language and reasoning; problems of perception and
models of complex phenomena, deriving, properties  action were conspicuously absent. The proposed tests
from the models, and verifying those properties will provide an opportunity to bring four important
experimentally. areas of Al research (language, reasoning, perception,
This worked because the complexities and action) back into sync after each has regrettably
ignored in the models were not the essential diverged into a fairly independent area of research.

properties of the phenomena. It does not work
i C. L. Ortitz Jr. Why we need a physically embodied Turing test and what it might
when the complexities are the essence. ook Ik, Al Magazine 37 (2016) 5562,

Frederick Brooks: The Mythical Man-Month. Essays on Software Engineering.
Addison-Wesley, Boston, 1975. (extended Anniversary Edition in 1995).

RS:
DYNAMIC SPACE OF REASONING CONSTRUCTIONS OVER
INTERACTIVE GRANULAR COMPUTATIONS
(NOT PURELY MATHEMATICAL!)
AS THE BASIS FOR APPROXIMATE REASONING, IN PARTICULAR
FOR CONCEPT (CLASSIFICATION) APPROXIMATION
IN INTELLIGENT SYSTEMS

A Skowron



Dziekujemy!!!

2022 Int. Joint Conf. on Rough Sets (IJCRS’22)

19th Int. Conf. on Information Processing & Management
of Uncertainty in Knowledge-Based Systems (IPMU’22)
* The Anniversary Panel:
Rough Sets Turn 40 — Uncertainty Management Perspective

17th Int. Conf. on Computer Science & Intelligence
Systems (FedCSIS’22)
* The Anniversary Rough Set Lecture
* 4th Int. Symp. on Rough Sets: Theory & Applications (RSTA’22)
* 30th Int. Symp. on Concurrency, Specification & Programming
(CS&P’22)

2022 IEEE Int. Conf. on Big Data (IEEE BigData’22)

* Special Session:
40 Years of Rough Sets from Big Data Perspective

» 8th Special Session:
Information Granulation in Data Science & Scalable Computing

5



https://www.ijcrs2022.cn/
https://ipmu2022.disco.unimib.it/
https://fedcsis.org/
https://www.fedcsis.org/2022/rsta
https://fedcsis.org/2022/csp
https://bigdataieee.org/BigData2022/index.html

