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Rough Sets 1982-2022



Approximations, their
calculus and examples



Towards decision reducts (how
approximations change when

we add / remove attributes)



THEORY OF 
COMPUTING

FIRST MEETING

AUTOMATED 

THEOREM 

PROVING

• APPLICATION ORIENTED RESEARCH

• SIMPLICITY OF SOLUTIONS

• EXTRAORDINARY TALENT IN INFECTING 
OTHERS WITH THE CONDUCTED BY HIM 

RESEARCH

He was not just a great 

scientist – he was also a 

great human being. 

Lotfi A. Zadeh

A Skowron



BEGINNING OF 
ROUGH SETS 

(RS)

CLASSIFICATION 

OF 

TOYS

FIRST APPLICATIONS OF RS
CONTROL OF A ROTARY 

CLINKER KILN IN A CEMENT 
PLANT

A Skowron



◼ My first meeting with Rough Sets: 

◼ April 1994: I started to work at the University of Catania

◼ May 1994: Roman Słowiński gave a seminar in Catania

◼ May 1995: I went for one week to Poznań

◼ …

XV A.M.A.S.E.S. Conference Grado, September 26-29, 1991

S Greco



◼ My first meeting with Professor Pawlak: 4th International Workshop on Rough Sets, Fuzzy Sets and 

Machine Discovery, Tokyo, 1996

From the left to the right: Jerzy Stefanowski, Shusaku
Tsumoto, Lotfi Zadeh, Wojciech Ziarko, Zdzisław Pawlak
and Roman Słowiński

S Greco



The first time 
I met with 
Professor 
Pawlak (Sept 
1995)

E Menasalvas



Ernes first meeting 
with Rough Sets.

E Menasalvas



2002 First meeting with rough 
sets = my first conference

2003 Meeting with Z. Pawlak: 
International Workshop on Rough Sets in Knowledge Discovery and Soft Computing
in Warsaw

2015 received from A. Skowron the whole collection of Pawlak’s works 

D Ciucci
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D Ślęzak

M Wnuk, S Stawicki, D Ślęzak: Reinventing Infobright's Concept of Rough Calculations on 
Granulated Tables for the Purpose of Accelerating Modern Data Processing Frameworks. 
IEEE BigData 2020: 5405-5412

SQL select statement to 
be computed

Rows in data table
stored in partition

blocks

Partition blocks
enriched with

statistical metadata



What are the strongest 
points of rough sets?

• Tool for dealing with imperfect knowledge, vague concepts

• It does not need any preliminary or additional information 
about data

• It naturally can deal with:

• finding hidden patterns in data,

• data reduction

• evaluation of the significance of data

• generation of decision rules from data

• easy-to-understand formulation

• straightforward interpretation of obtained results

• Use to induce classifiers or clusters

E Menasalvas



What are the strongest points of rough sets?

• Wide applicability
• Uncertainty is ubiquitous

• Granularity is a natural way to deal with complex problems

• Lower/upper bounds are easy and powerful concepts

• Natural use with other theories
• Fuzzy sets, belief functions, formal concept analysis, …

D Ciucci



An example

badmediumbadbadS8

badbadbadbadS7

goodgoodgoodgoodS6

goodgoodmediumgoodS5

goodmediummediummediumS4

mediummediummediummediumS3

mediumbadmediummediumS2

badbadmediumgoodS1

Overall classLiterature (L)Physics (Ph)Mathematics (M)Student

S Greco



◼ Set of decision rules in terms of  {M,Ph,L} representing preferences:

If L  good, then student  good {S5,S6}

If M  medium & L  medium, then student  medium {S3,S4,S5,S6}

If M  medium & L  bad, then student is bad or medium {S1,S2}

If M  bad, then student  bad {S7,S8}

If L  bad, then student  medium {S1,S2,S7}

Greco, S., Matarazzo, B., Słowiński, R.: Axiomatic characterization of a general utility function 

and its particular cases in terms of conjoint measurement and rough-set decision rules. 

European J. of Operational Research, 158 (2004) no. 2, 271-292

Rough Set Approach to multiple-criteria sorting

S Greco



Good properties of Rough Set Approach

▪ Rough set approach has a lot of good properties:

▪ Transparence

▪ Possible use of qualitative evaluations

▪ Explainability and interpretability

▪ Traceability

▪ Users gives preference information by answering easy 

questions, and obtains transparent feedback („glass box”)

in a learning oriented perspective

S Greco
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ROUGH SETS (RS)

APPROXIMATE 
DEFINABILITY OF SETS 
RELATIVE TO PARTIAL 

INFORMATION
ABOUT OBJECTS

Zdzisław 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, 

…

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 
cognition – THE MAIN PROBLEM of AI (Leslie Valiant, Turing award winner)A Skowron



D Ślęzak

Thursday 16:45

Friday 11:00

Ensembles of Rough-Set-
Based Decision Reducts



What is the future of such scientific areas as rough sets, 
approximate reasoning and uncertainty management?

• The world is imprecise, so 
these approaches are 
required

• Health sciences such as in 
patient diagnosis and 
disease classification

E Menasalvas



Integrating rough sets, fuzzy logic and machine learning

◼ Granularity and graduality are basic concepts in human 

reasoning.

◼ They call for putting together rough set theory and fuzzy logic.

◼ Having the necessity to handle big data we need probability 

theory methods and statistical approaches.

◼ A statistic approach to gradual granular fuzzy-rough models is

the basis of the next generation machine learning models.

◼ For a methodology in this perspective see: 

Palangetić, M., Cornelis, C., Greco, S. and Słowiński, R., 2021. A

Novel Machine Learning Approach to Data Inconsistency with

respect to a Fuzzy Relation. arXiv preprint arXiv:2111.13447.

S Greco



What is the future of such scientific areas as rough sets, 
approximate reasoning and uncertainty management? 

• Dynamical systems – granular computing – interaction
• A. Campagner, D. Ciucci, V. Dorigatti, «Uncertainty representation in 

dynamical systems using rough set theory», Theor. Comput. Sci. 908: 28-42 
(2022)

• A. Skowron’s keynote

• Rough Sets + other theories to cope with different forms of 
uncertainty… still a lot to do

• Rough Sets extensions 
• Covering, three-way decisions, partition with uncertainty (orthopartition), …

D Ciucci



RS AND COMPLEX PHENOMENA: WHAT NEXT?
REASONING ABOUT CHANGES: ROUGH CALCULUS

Two main problems
of 

Computer Science:

What is a state?
What is a transition 

relation?

What's an algorithm?
Yuri Gurevich

https://www.youtube.com/watch?v=FX2J24
u92GI

Mathematics and the physical sciences
made great strides for three centuries
by constructing simplified models of
complex phenomena, deriving,
properties from the models, and
verifying those properties
experimentally. This worked because
the complexities ignored in the models
were not the essential properties of
the phenomena. It does not work
when the complexities are the
essence.
Frederick Brooks:  The Mythical Man-Month: Essays on Software

Engineering. Addison-Wesley, Boston, 1975. (extended 
Anniversary Edition in 1995).

𝑑𝑠

𝑑𝑡
= 𝐺(𝑡, 𝑠 𝑡 , 𝑒 𝑡 )

𝑑𝑒

𝑑𝑡
= 𝐻(𝑡, 𝑠 𝑡 , 𝑒 𝑡 )

?

?

?

A Skowron



RS AND COMPLEX PHENOMENA: WHAT NEXT?
REASONING ABOUT CHANGES: ROUGH CALCULUS

ROUGH SETS 
IN INTELIGENT SYSTEMS 

DEALING WITH COMPLEX PHENOMENA: 

DYNAMIC SPACE OF REASONING CONSTRUCTED OVER 
INTERACTIVE GRANULAR COMPUTATIONS 

(NOT PURELY MATHEMATICAL!)
AS 

THE BASIS FOR APPROXIMATE REASONING, 
IN PARTICULAR FOR CONCEPT (CLASSIFICATION) 

APPROXIMATION IN INTELLIGENT SYSTEMS

A Skowron
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PP-RAI’22 
Contest

for Rough
Set Papers
2020-2021







Thank you!!!

• The 2022 International Joint Conference
on Rough Sets (IJCRS’22)

• The 17th International Conference on 
Computer Science and Intelligence
Systems (FedCSIS’22)
• The Anniversary Rough Set Lecture
• The 4th International Symposium on Rough 

Sets: Theory and Applications (RSTA’22)

• The 2022 IEEE International Conference 
on Big Data (IEEE BigData’22)
• Special Session:

40 Years of Rough Sets from Big Data 
Perspective

• The 8th Special Session:
Information Granulation in Data Science 
and Scalable Computing

https://www.ijcrs2022.cn/
https://fedcsis.org/
https://www.fedcsis.org/2022/rsta
https://bigdataieee.org/BigData2022/index.html

