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 ZDZISŁAW PAWLAK (1926-2006)  

 

Pawlak, Z.: Rough sets. International Journal of Computer and 
Information Sciences 11 (1982) 
 
http://rsds.univ.rzeszow.pl/home: more than 20 000 articles 
 
Google scholar returns more than 2.9 mln references to the frase rough set with 
more tan 240 000 references quoted in the last 3 years 

http://rsds.univ.rzeszow.pl/home
http://rsds.univ.rzeszow.pl/home
http://rsds.univ.rzeszow.pl/home
http://rsds.univ.rzeszow.pl/home


The original arithmetic for the 
UMC1 computer system with 
base “-2” was due to Pawlak. 

UMC1: 1961 



Everybody associates his name with 
rough sets, but it is very little known  
that he is one of the pioneers of today 
molecular computing, by his 
chapter on genetics in his book in Polish 
"Grammar and Mathematics" 
published in the sixties.  

Solomon Marcus  
(Romanian Academy of Science) 



CONFLICT ANALYSIS 

1 – Israel 
2 – Egypt 
3 – Palestinians 
4 – Jordan 
5 – Syria 
6 – Saudi Arabia 

a – autonomous Palestinian state on the West Bank  and Gaza 
b – Israeli military outpost along the Jordan River 
c – Israeli retains East Jerusalem 
d – Israeli military outposts on the Golan Heights 
e – Arab countries grant citizenship to Palestinians who choose 
      to remain within their borders 

issues 

agents 



Kiekrz 1992 



RASIOWA - PAWLAK 
SCHOOL 



AGENDA 
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INFORMATION SYSTEMS AND INFORMATION RETRIEVAL 

 
INFORMATION SYSTEMS AND ROUGH SETS 

 
 INFORMATION SYSTEMS AND CONCURRENT SYSTEMS 

 
INFORMATION SYSTEMS IN GRANULAR COMPUTING (GrC)  

(e.g., HIERARCHICAL MODELING AND LEARNIG)  
 

WHAT NEXT? 
INTERACTIVE INFORMATION SYSTEMS  

IN INTERACTIVE GRANULAR COMPUTING (IGrC)  
 
 



INFORMATION SYSTEMS 
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• deterministic 

• non-deterministic 

• with missing values 

• stochastic (probabilistic) 

• distributed  

• incremental 

• … 



INFORMATION SYSTEMS 

• IS is a pair (U, A) 
• U is a non-empty finite 

set of objects. 
• A is a non-empty finite 

set of attributes such 
that                   for 
every  

•        is called the value 
set of a. 

aVUa →:
.Aa∈

aV

         Age      LEMS 

x1    16-30      50 
x2    16-30      0 
x3    31-45     1-25 
x4    31-45     1-25 
x5    46-60     26-49 
x6    16-30     26-49 
x7    46-60     26-49 



INFORMATION SYSTEMS 
AND  

INFORMATION RETRIEVAL 
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Z. Pawlak, Information Systems. Theoretical Foundations, PWM Warsaw 1983 (in Polish) 



INFORMATION RETRIEVAL 
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INFORMATION RETRIEVAL 

IS’ 

… 

… 

IS 
‘rough’ attributes 
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www.infobright.com/  



INFORMATION RETRIEVAL 

IS α
:languagenaturalinqueries

?



INFORMATION SYSTEMS 
AND  

ROUGH SETS 

19 







Metody wykrywania procesów z danych 



Metody wykrywania procesów z danych 
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UNCERTAINTY IN OBJECT PERCEPTION 
INDISCERNIBILITY RELATIONS 

a1 a2 … am 

x1 v1 v2 … vm 
… … … … 

x u=InfA(x) 

N(x)=(InfA)-1(u) 

information signature of x 
neighborhood of x )()()( yInfxInfiffyAxIND AA =

τ
tolerance or similarity 

information system (data table) 

 
},...,{},,...,{

),(

11 mn aaAxxU
AUIS

==
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})(:{][][
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ABforBIND

BBIND ∈==
⊆
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• missing values – different interpretations 

• uncertainty in attribute value measurement  

• noise  

• … 

UNCERTAINTY  
IN SIGNATURES OF OBJECTS 



DECISION SYSTEMS 
),,( dAUDT = Ad ∉

          Age      LEMS    Walk 
x1    16-30      50         yes    
x2    16-30      0            no              
x3    31-45     1-25        no 
x4    31-45     1-25       yes 
x5    46-60     26-49     no 
x6    16-30     26-49     yes 
x7    46-60     26-49      no 

d A 

)]([)}')'(')((':'{)( BB xdvxdxBxINDxvx ==∧∃=∂

condition 
attributes 

decision attribute 
dVUd →:

inconsistency 

Generalized decision: 
ABwhereVPU dB ⊆→∂ )(:

di ViforixdUxX ∈=∈= })(:{
decision classes 

U 

Remark. Possible generalization for many decisions. 
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UNCERTAINTY IN OBJECT PERCEPTION  
APPROXIMATION OF DECISION CLASSES 

a1 a2 … am d 

x1 v1 v2 … vm 1 
… … … … … 

decision system (data table) 
),,( dAUDT =

Ax][
X U

})(:{
][][ )(

yAxINDUy
xx AAIND

∈

==

}1)(:{ =∈= xdUxX

Ax][

X
U

Ax][ X
U

A-definable sets: unions of indiscernibility 
classes 
PROBLEM: Is a given decision class definable 
(relative to A)? 
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U 

set X 

U/B XB

XB

}0:/{ ≠∩∈= XYBUYXB 

}:/{ XYBUYXB ⊆∈= 

LOWER AND UPPER APROXIMATION 

XBXBXBNB \)( =
BOUNDARY REGION 

ABUX ⊆⊆ ,



ROUGH SETS 
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XBXBXBNB \)( =

BOUNDARY REGION 

CRISP SET 
∅=)(XBNB

ROUGH SET 
∅≠)(XBNB



INFORMATION SYSTEMS 
AND INDUCTION 

30 

DT 

CLASSIFIER 



TRANSFORMATIONS   
OF  

INFORMATION SYSTEMS  
WITH PRESERVING RELEVANT 

PROPERTIES 

31 
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REDUCTION OF INFORMATION (DECISION) 
SYSTEMS  
new features defined by formulas interpreted over 
relational structures: Boolean reasoning used in 

searching for relevant patterns (discretization, symbolic 
value grouping, association rules, dominance RS, …) 

DT 
DT’ 

...
)1,0,,),((

),(
),(

∩∪
≤
=

a

a

a

VP
V
V

reduction of the size with preserving 
(e.g., discernibility, quality of 
classification approximation) 

MINIMUM DESCRIPTION LENGTH 
PRINCIPLE (MDL) 
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EXTENSION OF INFORMATION 
(DECISION) SYSTEMS  

set of transformations 
preserving classification 

DT 

DT’ 



INFORMATION SYSTEMS 
AND  

CONCURRENT SYSTEMS 
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Zdzislaw Pawlak. Concurrent versus sequential - the rough set perspective. Bulletin of the 
European Association for Theoretical Computer Science (EATCS), 48:178-190, 1992. 





IS

INFORMATION SYSTEMS  
AND  

CONCURRENT SYSTEMS 

rulesofsetRulesDec :_

NetPetri
consistent with the maximal extension of set of 

states consistent with Dec_Rules 



CONFLICT ANALYSIS 

1 – Israel 
2 – Egypt 
3 – Palestinians 
4 – Jordan 
5 – Syria 
6 – Saudi Arabia 

a – autonomous Palestinian state on the West Bank  and Gaza 
b – Israeli military outpost along the Jordan River 
c – Israeli retains East Jerusalem 
d – Israeli military outposts on the Golan Heights 
e – Arab countries grant citizenship to Palestinians who choose 
      to remain within their borders 

issues 

agents 



DISTRIBUTED 
INFORMATION 

SYSTEMS 



DISTRIBUTED INFORMATION 
SYSTEMS 
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• relationships with the information flow by 
Bairwise 

• hierarchical learning 

• multi-agent systems 

• decomposition and synthesis  

• … 
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STRUCTURAL OBJECTS 
 

SEARCHING FOR RELEVANT 
FEATURES 

 
 
 



JOIN WITH CONSTRAINTS 
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IS1 ISk … 

      IS 

W 

Objects (granules) in IS are composed out of attribute 
value vectors from IS1…ISk satisfying W 

constraints 



INTERACTIVE HIERARCHICAL 
STRUCTURES 
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HIERARCHICAL LEARNING:  
RS BASED ONTOLOGY APPROXIMATION                      
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WHAT NEXT ? 
 

INTERACTIVE INFORMATION 
SYSTEMS 

 
 
 



INTERACTIVE INFORMATION 
SYSTEMS 

45 

x u=InfA(x) 

for complex physical objects we need to model interaction 
with them 

x 
1u

2u

3u

0u
u



INTERACTIVE INFORMATION SYSTEMS ARE 
LINKED WITH PHYSICAL OBJECTS BY 

COMPLEX GRANULES (c-granules) 

46 

IS 

IS’ 

IS’’ 



INTERACTIVE INFORMATION SYSTEMS ARE 
LINKED WITH PHYSICAL OBJECTS BY 

COMPLEX GRANULES (c-granules) 
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IS 

IS’’ 

G 

G’’ 

G’ 



C-GRANULES 
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1IS
5IS

3IS

4IS
2IS

6IS

7IS
8IS

9IS



WHAT NEXT ? 
 
 
 
 
 
 
 
 
 
 
 
 49 

COMPLEX GRANULES IN  
DEALING WITH 

PROBLEMS BEYOND 
ONTOLOGIES 

• EVOLVING LANGUAGES  
FOR PERCEIVING, 

REASONING AND ACTING 
TOWARD ACHIEVING 

GOALS 
• RISK MANAGEMENT 

BASED ON JUDGMENT ON 
COMPUTATIONS OVER 
COMPLEX GRANULES 
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INTERACTION RULE 



ECORITHMS 

51 

The algorithms I discuss in this book are special. Unlike 
most algorithms, they can be run in environments 
unknown to the designer, and they learn by interacting 
with the environment how to act effectively in it. After 
sufficient interaction they will have expertise not provided 
by the designer, but extracted from the environment. I 
call these algorithms ecorithm. 

Valiant, L.: Probably Approximately Correct. Nature’s Algorithms for Learning 
and Prospering in a Complex World. Basic Books, A Member of the Perseus 
Books Group, New York (2013) 



 
The Turing test, as originally conceived, focused on 

language and reasoning; problems of perception and 
action were conspicuously absent. The proposed 

tests will provide an opportunity to bring four important 
areas of AI research (language, reasoning, perception, 

and action) back into sync after each has regrettably 
diverged into a fairly independent area of research. 

 
 

52 

BEYOND THE TURING TEST 
&  

JUDGMENT  

C. L. Ortitz Jr. Why we need a physically embodied Turing test and what it 
might look like.  

AI Magazine 37 (2016) 55–62. 
 



53 

International Rough Set Society http://www.roughsets.org  
Group at Warsaw University: 

http://logic.mimuw.edu.pl 
RSES: http://logic.mimuw.edu.pl/~rses/ 

Rough Set Database System: 
http://rsds.univ.rzeszow.pl/  

RoughSets: Data Analysis Using Rough Set and Fuzzy 
Rough Set Theories (package in R) 

https://cran.r-
project.org/web/packages/RoughSets/index.html 

Journal: Transactions on Rough Sets 
http://roughsets.home.pl/www/index.php?option=com_conte

nt&task=view&id=14&Itemid=32  
http://scholar.google.com/citations?user=fYu9ryIAAAAJ&hl=

en&oi=ao 
http://scholar.google.com/citations?user=zVpMZBkAAAAJ&

hl=en&oi=ao 
 

http://www.roughsets.org/
http://logic.mimuw.edu.pl/
http://logic.mimuw.edu.pl/%7Erses/
http://rsds.univ.rzeszow.pl/
http://roughsets.home.pl/www/index.php?option=com_content&task=view&id=14&Itemid=32
http://roughsets.home.pl/www/index.php?option=com_content&task=view&id=14&Itemid=32
http://scholar.google.com/citations?user=fYu9ryIAAAAJ&hl=en&oi=ao
http://scholar.google.com/citations?user=fYu9ryIAAAAJ&hl=en&oi=ao
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THANK YOU ! 
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