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APPROXIMATION  

OF COMPLEX VAGUE 

CONCEPTS  

AND  

REASONING ABOUT THEM 

ÅMaking progress in constructing of the high quality 
intelligent systems  

ÅExamples of tasks:  
ïapproximation of complex vague concepts  such as 

guards of actions or behavioral patterns 
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UAV 

OBSTACLE AVOIDANCE 

ROBO-CUP 



REAL-LIFE PROJECTS 
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UAV control of unmaned helicopter (Wallenberg Foundation, 

Linkoeping University) 

 

Medical decision support (glaucoma attacs, respiratory failure,é) 

 

Fraud detection (Bank of America) 

 

Logistics (Ford GM) 

 

Dialog Based Search Engine (UNCC, Excavio) 

 

Algorithmic trading (Adgam) 

 

Semantic Search (SYNAT) (NCBiR) 

 

Firefighter Safty (NCBiR) 

 

é 
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LESLIE VALIANT: TURING AWARD 2010 

March 10, 2011:   

Leslie Valiant, of Harvard University, has been named the winner of the 2010 

Turing Award for his efforts to develop computational learning theory. 
http://www.techeye.net/software/leslie-valiant-gets-turing-award#ixzz1HVBeZWQL 

Current research of Professor Valiant 
http://people.seas.harvard.edu/~valiant/researchinterests.htm 

A fundamental question for artificial 

intelligence is to characterize the 

computational building blocks that are 

                necessary for cognition.  

INFORMATION GRANULES 

http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
http://www.techeye.net/software/leslie-valiant-gets-turing-award
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Plays a key role in 
implementation of the 
strategy of divide-and-

conquer in human 
problem-solving ï Lotfi 

Zadeh 

Zadeh, L.A.  (2001) A new direction in 

AI-toward a computational theory of 

perceptions. AI Magazine 22(1): 73-84 

Zadeh, L. A.  (1979) Fuzzy sets and 

information granularity. In: Gupta, M., 

Ragade, R.,  Yager, R. (eds.),  

Advances in Fuzzy 

Set Theory and Applications, 

Amsterdam: North-Holland Publishing 

Co.,  3-18 



ELEMENTARY GRANULES  

+ OPERATIONS ON 

GRANULES =  

CALCULI OF GRANULES 

9 

é 



DEFINABLE GRANULES 

 

ROUGH GRANULES 

 

APPROXIMATION OF 

GRANULES 
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ROUGH SETS  
Pawlak, Z.: Rough sets. International Journal of Computer and Information 

Sciences 11 (1982) 

Pawlak, Z.: Rough sets. Theoretical Aspects of Reasoning About Data. 

Kluwer (1991) 

Now thousands of papers http://rsds.univ.rzeszow.pl/ 
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INDISCERNIBILITY RELATIONS 

t

a1 a2 é am d 

x1 v1 v2 é vm 1 

é é é é é 

x u=InfA(x) 

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

information signature of x 

neighborhood of x 

)()()( yInfxInfiffyAxIND AA =

t
tolerance or similarity 

infromation system 

(data table) 
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LOWER AND UPPER 

APROXIMATION 



ROUGH SETS  

AND  

VAGUE CONCEPTS 
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VAGUENESS IN PHILOSOPHY 
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Discussion on vague (imprecise) concepts 

includes the following : 

   1. The presence of borderline cases. 

   2. Boundary regions of vague concepts are not 

       crisp. 

   3. Vague concepts are susceptible to sorites 

       paradoxes. 

Keefe,  R. (2000) Theories of Vagueness. Cambridge 

Studies in Philosophy, Cambridge, UK) 



ROUGH SETS AND VAGUE 

CONCEPTS 

ADAPTIVE ROUGH SETS 
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time 
1RS 2RS 3RS

4RS 5RS ...

adaptive 

strategy 

Boundary regions of vague concepts are not crisp  

ADAPTIVE ROUGH SETS 
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STRUCTURAL OBJECTS 

 

CONTEXT INDUCING 

 

SEARCHING FOR RELEVANT 

FEATURES 
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GENERALIZATIONS OF GRANULES:  

TOLERANCE GRANULES 
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GENERALIZATION 

from  v to r(v) 

invariants over tolerance classes; compare 

invariants in the Gibson approach 
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GRANULES REPRESENTING 

STRUCTURES OF OBJECTS 

t  t T a1 é 

é é é 

x  i mod (i,T)  V1,i  é 

é é 

a 

é 

é 

Vi=(v1,i,é,vm,i) 

properties of time windows 

1 j T 

v1 vj vT 

é é 

TIME WINDOWS 



JOIN WITH CONSTRAINTS 
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IS1 ISk é 

      IS 

W 

Objects (granules) in IS are composed out of attribute 

value vectors from IS1éISk satisfying W 

constraints 



(INTERACTIVE) HIERARCHICAL 

STRUCTURES 
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ROUGH SET BASED  

ONTOLOGY APPROXIMATION  

Expertôs 

Perception 

Ld LE 

Knowledge transfer from 

expert using positive and 

negative examples 

Feature Space 
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UAV 
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COMPLEX CONCEPT  

APPROXIMATION 
fC1 fC2 fC3 d 

J. Bazan, S.H. Nguyen. H.S. Nguyen,  

A. Skowron (RSCTC 2004) 
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SUNSPOT CLASSIFICATION  

solar image close-up (hi-res) 

T.T. Nguyen, C.P. Willis, D.J. Paddon, S.H. Nguyen, H.S.  

Nguyen: Learning Sunspot Classification. Fundamenta 

Informaticae 72(1-3): 295-309 (2006)  
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HARD SAMPLES 

Nguyen, T.T., Skowron, A.: Rough-granular computing in 
human-centric information processing. In; Bargiela, A., Pedrycz, 
W. (eds.), Human-Centric Information Processing Through 
Granular Modelling, Springer, Heidelberg (2009) 1-30 
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MEDICAL DIAGNOSIS AND THERAPY 

SUPPORT 

 RESPIRATORY FAILURE 

Jan Bazan et al, Cooperation with Polish-American Pediatric Institute,  

Jagiellonian University Medical College, Cracow, Poland 



IN DEALING WITH   

COMPLEX SYSTEMS:  

 

MORE COMPLEX VAGUE CONCEPTS 

SHOULD BE APPROXIMATED  

AND  

NEW KIND OF REASONING ABOUT  

COMPUTATIONS  PROGRESSING  

BY ITERACTIONS AMONG 

LINKED MENTAL AND/OR PHYSICAL 

OBJECTS IS NEEDED 
 

 



EXAMPLES OF COMPLEX 

SYSTEMS 

 
SOFTWARE PROJECTS 

MEDICAL SYSTEMS 

ALGORITHMIC TRADING 

SYSTEMS INTEGRATING TEAMS OF ROBOTS 

AND HUMANS 

TRAFFIC CONTROL SYSTEMS 

SYSTEMS IN ACTIVE MEDIA TECHNOLOGY 

PERCEPTION BASED SYSTEMS 

é 
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INTERACTIONS 



31 

[é] interaction is a critical issue in the 

understanding of complex systems of any sorts: 

as such, it has emerged in several well-

established scientific areas other than computer 

science, like biology, physics, social and 

organizational sciences. 

Andrea Omicini, Alessandro Ricci, and Mirko Viroli, The 

Multidisciplinary Patterns of Interaction from Sciences to Computer 

Science. In: D. Goldin, S. Smolka, P. Wagner  (eds.):  

Interactive computation: The new paradigm, Springer 2006 

INTERACTIONS 


