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The jaguar stands for the 
complexity of the world 

around us, especially as 
manifested in complex 

adaptive systems. 

In much of today's research on complex adaptive systems, 
mathematics plays a very significant role, but in most 

cases it is not the kind of mathematics that has traditionally 
predominated in scientific theory. 



Etymologically: complexity – plexus in Latin (interwoven). 
Complex system: the elements are difficult to separate. 
This difficulty arises from the interactions between 

elements. Without interactions, elements can be 
separated.  

But when interactions are relevant, elements co-
determine their future states. Thus, the future state of 
an element cannot be determined in isolation, as it co-
depends on the states of other elements, precisely of 

those interacting with it. 
Gershenson, C. and Heylighen, F. (2005). How can we think the 

complex? In Managing Organizational Complexity: Philosophy, 
Theory and Application, K. Richardson, (Ed.). Information Age 

Publishing, Chapter pp. 47-61. 

COMPLEX (ADAPTIVE) SYSTEMS 



COMPLEX ADAPTIVE SYSTEMS (CAS) 

• Exhibiting internal boundaries dividing any of such 
system into a diverse array of semi-autonomous 
subsystems called agents; agent has a ``program" 
guiding its interactions with other agents and other parts 
of its environment.  

• CAS are signal/boundary systems.The steering of CAS 
is expressed by modifying  signal/boundary hierarchies. 

• Interactions are basic concepts of the approach. 
Categories of interactions in signal/boundary systems: 
diversity, recirculation, niche, and coevolution.   

 
John Holland: Signals and Boundaries. Building Blocks  

for  Complex Adaptive Systems MIT Press 2012. 



We can find examples of complex systems all 
around us :  

• cells are composed of interacting molecules,  
• brains are composed of interacting neurons,  

• societies are composed of interacting 
individuals,  

•ecosystems are composed of interacting 
species. 

COMPLEX (ADAPTIVE) SYSTEMS 
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A cyber-physical system (CPS) is a system of 
collaborating computational elements controlling 

physical entities.  
 

Cyber-Physical Systems will transform how we 
interact with the physical world just as the Internet 

transformed how we interact with one another. 
 

Applications with enormous societal impact and 
economic benefit will be created.  

 
 

CYBER-PHYSICAL SYSTEMS 



CYBER-PHYSICAL SYSTEMS (CPS) 
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European 
Research 

Consortium 
for 

Informatics 
and 

Mathematics 

Smart Medical Technologies:  
e.g., Personal Heart Monitoring 
System Using Smart Phones To 
Detect Life Threatening 
Arrhythmias 
Firefighting, e.g. on-line 
decision support for fire 
commander  
Coordination (e.g., air traffic 
control, road traffic control) 
Autonomous Vehicles and 
Smart Transportation 
Smart cities 
Security 
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… the size of cyber-physical systems of 
systems and their ‘multimodality’ or hybrid nature 

consisting of physical elements as well as 
quasicontinuous and discrete controls, communication 

channels, and local and system-wide optimization 
algorithms and management systems, implies that 
hierarchical and multi-domain approaches to their 

simulation, analysis and design are needed.  
These methods are currently not available. 

CYBER-PHYSICAL SYSTEMS 



WISDOM WEB OF THINGS (W2T) 
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[Hyper world] consists of the cyber, social, and physical 
worlds, and uses data as a bridge to connect humans, 

computers, and things. ... [Wisdom Web of Things] W2T 
focuses on the data cycle, namely "from things to data, 
information, knowledge, wisdom, services, humans, and 

then back to things." A W2T data cycle system is 
designed to implement such a cycle, which is, 

technologically speaking, a practical way to realize the 
harmonious symbiosis of humans, computers, and things 

in the emerging hyper world. 

N. Zhong, J.H. Ma, R.H. Huang, J.M. Liu, Y.Y. Yao, Y.X. Zhang, and J.H. 
Chen: Research Challenges and Perspectives on Wisdom Web of Things 
(W2T). Journal of Supercomputing, Springer, Volume 64(3) (2013) 862-882.  



WHAT IS A COMPUTATION ? 
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It seems that we have no choice but to recognize the 
dependence of our mathematical knowledge (...) on 
physics, and that being so, it is time to abandon the 

class independent of that of computation as a 
physical process.  

 
David Deutsch, Artur Ekert,and Rossella Lupacchini, 

Machines, logic and quantum physics.  
Neural Computation 6 (2000) 265–283, p. 268 
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WHAT IS A COMPUTATION ? 

Constructing the physical part of the theory and 
unifying it 

with the mathematical part should be considered 
as one of  

the main goals of statistical learning theory  
 
Vladimir Vapnik, Statistical Learning theory, Wiley 
1998,  (Epilogue: Inference from sparse data, p. 
721) 
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WHAT IS A COMPUTATION ? 

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=FX2J24u92GI 

 



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 
ecorithms. 

 
Leslie Valiant: Probably Approximately Correct. 

Nature’s Algorithms for Learning and Prospering in a 
Complex World, MIT Press 2013 
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INTERACTIONS 

 
 A system is “an aggregation or assemblage of objects 

united by some form of interaction or 
interdependence.” 

              Webster’s Dictionary 
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[…] 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 



 
 
 

[…] One of the fascinating goals of 
natural computing is to understand, 
in terms of information processing, 
the functioning of a living cell. An 
important step in this direction is 
understanding of interactions 

between biochemical reactions. … 
the functioning of a living cell is 
determined by interactions of a 

huge number of biochemical 
reactions that take place in living 

cells. 
  
 

Andrzej Ehrenfeucht, Grzegorz Rozenberg: Reaction Systems: A Model of 
Computation Inspired by Biochemistry, LNCS 6224, 1–3, 2010 

INTERACTIONS 

A human dendritic cell (blue pseudo-
color) in close interaction with a 
lymphocyte (yellow pseudo-color). This 
contact may lead to the creation of an 
immunological synapse.  
     The Immune Synapse by Olivier  
     Schwartz and the Electron Microscopy 
     Core Facility, Institut Pasteur 

http://www.cell.com/Cell_Picture_Show 

http://www.cell.com/Cell_Picture_Show
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INTERSTEP vs INTRASTEP 
INTERACTIONS 

s1 s2 s3 

intrastep interactions 

… time 

interstep interactions 

Gurevich, Y.: Interactive Algorithms.  
In: D. Goldin, S. Smolka, P. Wagner  (eds.): Interactive 

computation: The new paradigm, Springer 2006 



FOUNDATIONS 
BASED ON 

INTERACTIVE GRANULAR 
COMPUTING (IGrC) 

19 
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Information granulation 
plays a key role in 

implementation of the 
strategy of divide-and-

conquer in human problem-
solving – 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 

Zadeh L.A. (2004), Foreword, In:  S.K. Pal, 
L. Polkowski, A. Skowron (red.), Rough-

Neurocomputing: Techniques for 
Computing with Words, Heidelberg, 

Springer, p. vii 
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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


ELEMENTARY GRANULES  
+ OPERATIONS ON 

GRANULES =  
CALCULI OF GRANULES 
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… 



 
 

 ROUGH GRANULES: 
 

ELEMENTARY GRANULES  
 

DEFINABLE 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 

τ

a1 a2 … am d 

x1 v1 v2 … vm 1 
… … … … … 

x u=InfA(x) 

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

information signature of x 
neighborhood of x 

)()()( yInfxInfiffyAxIND AA =

τ
tolerance or similarity 

infromation system 
(data table) 
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U 

set X 

U/B XB

XB

}0:/{ ≠∩∈= XYBUYXB 

}:/{ XYBUYXB ⊆∈= 

LOWER AND UPPER 
APROXIMATION 



ROUGH MEREOLOGY 

MEREOLOGY 
St. LEŚNIEWSKI (1916) 

x is_a_ part_of y 
ROUGH  MEREOLOGY 

L. Polkowski and A. Skowron (1994-…) 
x is_a_ part_of y in a degree 

L. Polkowski, A. Skowron, Rough mereology, ISMIS’94, LNAI 869, Springer, 1994, 
85-94 

L. Polkowski, Reasonng  by parts: An outline of rough mereology, Springer 2011 
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STRUCTURAL OBJECTS 
 

CONTEXT INDUCING 
 

SEARCHING FOR RELEVANT 
FEATURES 
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GRANULES REPRESENTING 
STRUCTURES OF OBJECTS 

t tT a1 … 

… … … 

x i mod(i,T) V1,i … 

… … 

α 

… 

… 

Vi=(v1,i,…,vm,i) 

properties of time windows 

1 j T 

v1 vj vT 
… … 

TIME WINDOWS 



JOIN WITH CONSTRAINTS 

30 

IS1 ISk … 

      IS 

W 

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

constraints 



INTERACTIVE 
 HIERARCHICAL STRUCTURES 

31 
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LESLIE VALIANT: TURING AWARD 2010 

 
A specific challenge is to build on the success of 

machine learning so as to cover broader issues in 
intelligence.  

This requires, in particular a reconciliation between 
two contradictory characteristics -- the apparent 

logical nature of reasoning and the statistical nature 
of learning.  

Professor Valiant has developed a formal system, called robust logics, that 
aims to achieve  such a reconciliation.  

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

CONCEPTS  
AND  

REASONING ABOUT THEM 
• Making progress in constructing of the high quality 

intelligent systems  
• Examples of tasks:  

– approximation of complex vague concepts  such as 
guards of actions or behavioral patterns 
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HIERARCHICAL LEARNING:  
RS BASED ONTOLOGY APPROXIMATION                      
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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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MEDICAL DIAGNOSIS AND THERAPY 
SUPPORT 

 RESPIRATORY FAILURE 

Jan Bazan et al, Cooperation with Polish-American Pediatric Institute,  
Jagiellonian University Medical College, Cracow, Poland 



IN 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 
 
 

J. R. Anderson: How Can the Human Mind Occur in 
the Physical Universe? Oxford University Press 2007 



A long-standing concern when 
constructing models of cognitive systems 

is 
how to characterize the relationship 

between the states inside the system, and 
the objects in the external world that they 

purportedly represent. 

SYMBOL GROUNDING PROBLEM  
Stevan Harnad: Symbol grounding problem.  

Physica D 42: 335-346, 1990 

SEMANTIC POINTERS 
Chris Eliasmith: How to build a brain.  

Oxford University Press, 2013 



INFORMATION GRANULES 
(INFOGRANULES)   

COMPLEX GRANULES  
(C-GRANULES) 

 
COMPUTATIONS TROUGH 

INTERACTIONS OF PHYSICAL OBJECTS 
PERCEIVED AND CONTROLLED BY C-

GRANULES 
 

CONTROL OF COMPUTATIONS: BASED 
ON ADAPTIVE JUDGEMENT 40 



TOWARD COMPUTATIONAL MODELS OF 
INTERACTIVE COMPUTATIONS BASED 

ON COMPLEX GRANULES  
(C-GRANULES) 

C-GRANULES 
 

internal hunks  
(with infogranules) 

 
external hunks 

 

links 



x3 
x2 

x1 

t1 

t2 

t3 
t4 

t5 

t6 

t7 

Links  to a spatiotemporal hunk specified  by the agent control using ‘windows’,  
pointing to different  fragments  (portions of matter )  

of the in 3 dimensional physical world  
in different moments (or periods) of time t1 ,…, t7 

FROM  HUNK TO  C_GRANULE: INTUITION 



INTERACTIVE INFORMATION 
SYSTEMS 

43 

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) 
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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’ 



t1 

sensor, 
e.g., 

camera 

physical 
structure 

link(s) creating 
a transmission 

channel for 
transmitting 

interactions to 
soft_suit 

hard_suit 

link_suit 

soft_suit 

More  

          details 

perceived 
structure 

a attribute recording  
sensory measurement 

C-GRANULE : INTUITION 



C-GRANULE : INTUITION 
C-granules generated by ag are configurations linked by ag in a 
special way  using hunks. The control of an agent ag is using 
her/his  c-granules for accessing fragments of the surrounding  
her/him physical world.  Any c-granule consists of three layers: 
1. soft_suit , i.e., configurations of hunks representing properties 

of the ag activity environment  (among them properties of 
present, past, and expected phenomena as well as expected 
properties  of results of some interactions potentially activated 
by the c-granule); 

2. link_suit , i.e.,  communication channels (links) transmitting 
results of  interactions among accessible fragments of the ag 
activity environment and results of interactions among 
representations of properties in the soft_suite;  priorities mab 
be assigned to links reflecting the results of judgement by ag 
of their weights relative to the current needs hierarchy of ag; 

3. hard_suit, i.e., are configurations of hunks accessible by links 
from link_suit. 



C-GRANULE : INTUITION 

C-granules of ag  support such activities of ag as 
1. improving by ag  representation techniques of her/his 

hierarchy of needs and her/his techniques of perception of 
needs as well as relations between them;  

2. interpretation and judgement by ag of importance of 
phenomena taking place in her/his  activity environment;  

3. judgement by ag of phenomena in her/his  environment (in 
particular, of causes and consequences of the phenomena 
from the perspective of her/his  hierarchy of needs;  

4. construction, initialization, realization, verification, 
adaptation, and termination of interaction plans by ag; 

5. communication, cooperation and competition of ag with 
other agents. 



EXAMPLE OF COMPLEX GRANULE  
(C-GRANULE) 



C-GRANULES 
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1IS
5IS

3IS

4IS
2IS

6IS

7IS
8IS

9IS
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INTERACTION RULE 



ECORITHMS 

52 

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) 



A niche is a diverse array of agents that 
regularly exchange resources and depend 
on that exchange for continued existence. 
[…] The niche, then, is made up of physical 
and virtual boundaries that determine the 

limits of [these] interactions.  
[...]. The invisible boundaries that define 

niches are a complex topic, still only partly 
understood. 

NICHES 
J.Holland: Signals and Boundaries. 

 Building Blocks for Complex Adaptive Systems, MIT 2012 



COMPLEXITY OF ONTOLOGY 

Ontologies of agents or their societies are 
complex. One can understand better the 

complexity of such task referring to the research 
on the cognitive systems such as  

SOAR or ACT-R  
aiming at constructing a general cognitive 

architecture for developing systems that exhibit 
intelligent behavior. The research on 

development of such systems, initiated many 
years ago, is still very active and carried out by 

different groups of researchers.  



INTERACTIVE COMPUTABILITY  
vs  

TURING COMPUTABILITY 
The operations of aggregation of c-granules are 

computationally admissible, only if we can realize 
them in the physical world. 

 
Computations on c-granules run in environments 
unknown to the agent, and they are allowing for 

learning by interacting with the environment how to act 
effectively in it. After sufficient interaction they lead to 

the agent expertise not provided by her/him, but 
extracted from the environment. 



INTERACTIVE COMPUTABILITY vs  
TURING COMPUTABILITY 
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A Disruptive computing paradigm: 
 
 Compute f(x) by a gedanken experiment: 

1. Grow a crystal  C tailored for f, x  
2. Shine an optical wave on C  
3. From the diffraction pattern, figure out f(x) 
 

 Magic of quantum software simulation: 
           exponentially speedup over classical hardware 

THE CASE FOR QUANTUM COMPUTING 
Andrew Yao (WIC 2014 Panel) 



JUDGMENT 
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DEDUCTION 

INDUCTION 

ABDUCTION 

… 

figures in: 
explanation of behavior,   

inference,  
experience. 

 
Hence the theory of 

judgment has a place in: 
psychology,  

logic,  
phenomenology. 

 
Wayne M. Martin: Theories of Judgment. Psychology, Logic, 

Phenomenology. Cambridge Univ. Press (2006). 



 
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. 
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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. 
 



JUDGMENT 
[Per Martin-Löf] explains what a judgement is from a 
constructivist point of view. The meaning of a judgement is fixed 
by laying down what it is that you must know in order to have the 
right to make the judgement in question. Starting with one of the 
basic judgemental forms A is true , where A is a proposition, we 
can say that A is true if there exists a verification of A , that is, if a 
proof of A has been constructed. We thus have obtained a 
verification principle of truth. […] the idea of a judging agent 
and that of an objective reason or ground play a central role in 
Martin-Löf’s theory. 
 
 

M.van der Schaar (ed.), Judgement and the Epistemic Foundation of Logic, 
Springer 2013, xiv 



PRACTICAL JUDGMENT 
• Judgments are holistic  
 

• Judgments are contextual 
 
• Judgments denote: they make it possible to connect an agent with the 
outer world by determining the actions or plans and predicting the results of 
them (due to the uncertainty the predictions may be not correct); hence, the 
PRACTICAL JUDGMENT can be only learnt from the experience of actual 
practice.  
 

• Judgments are defeasible (or fallible)[ADAPTIVE JUDGMENT] 
 

• Judgments include problem identification 
•  
• Judgments are socially shaped 

D. Beckett, P. Hager: Life, Work and Learning: Practice in Postmodernity. 
Routledge, London 2002, p.185  



PRACTICAL JUDGMENT 
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Practical judgment is not algebraic calculation. Prior to 
any deductive or inductive reckoning, the judge is 
involved in selecting objects and relationships for 

attention and assessing their interactions. Identifying 
things of importance from a potentially endless pool of 
candidates, assessing their relative significance, and 

evaluating their relationships is well beyond the 
jurisdiction of reason 

Leslie Paul Thiele: The Heart of Judgment Practical Wisdom, 
Neuroscience, and Narrative. Cambridge University Press 2006 



ADAPTIVE JUDGMENT 

[…] a judgement is a piece of knowledge, and you have to clarify 
what knowledge. 
 

Per Martin-Löf: Verificationism Then and Now.  
In: M.van der Schaar (ed.), Judgement and the Epistemic Foundation of Logic, 

Springer 2013, 3-14 



ADAPTIVE JUDGEMENT 
• Searching for relevant  approximation spaces  

– new features, feature selection  
– rule induction 
– measures of inclusion 
– strategies for conflict resolution 
– … 

• Adaptation of measures based on the minimal description 
length: quality of approximation vs description length 

• Reasoning about changes 
• Selection of perception (action and sensory) attributes  
• Adaptation of quality measures over computations relative to 

agents 
• Adaptation of object structures  
• Strategies for knowledge representation and interaction with 

knowledge bases 
• Ontology acquisition and approximation  
• Language for cooperation development and evolution 
• … 



  

  

  

    

  

  

DATA 

RELEVANT 
ATTRIBUTES 

DOMAIN 
KNOWLEDGE 

ADAPTIVE 
PLANNING EXPERIMENTS 

& PRODUCTION 

CLASSIFIERS & 
OPTIMIZERS 

SENSORS & 
ACTUATORS  

INTERACTIONS 
+ 

ADAPTIVE 
JUDGEMENT 

(with  GRANULATION - in particular 
AGGREGATION)  used by agent for control of 

perceived interactions) 
.... 

PROBLEMS 
identification, 

classification & 
prioritization 



 
Aristotle’s man of practical wisdom, the phronimos, does not ignore 

rules and models, or dispense  
justice without criteria. He is observant of principles and, at the same 
time, open to their modification. He begins with nomoi – established 
law – and employs practical wisdom to determine how it should be 
applied in particular situations and when departures are warranted. 

Rules provide the guideposts for inquiry and critical reflection. 

Leslie Paul Thiele: The Heart of Judgment Practical Wisdom, 
Neuroscience, and Narrative. Cambridge University Press 2006 

power of judging rightly and following the soundest course of action, based on knowledge, 
experience, understanding, …  

Webster’s New World College Dictionary 



ADAPTIVE JUDGMENT 
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JUDGEMENT  
is a reasoning process for reaching 
decisions or drawing conclusions 

under uncertainty, vagueness and/or 
imperfect knowledge performed by 

agents on complex granules  
ADAPTIVE JUDGEMENT is based on 
adaptive techniques for continuous 

judgement performance improvement. 



 COMPLEX GRANULES  
IN  

DEALING WITH PROBLEMS 
BEYOND ONTOLOGIES 

 
EVOLVING LANGUAGES  

FOR PERCEIVING, REASONING AND ACTING 
TOWARD ACHIEVING GOALS 

 
*** 

RISK MANAGEMENT IN COMPLEX SYSTEMS 
 68 



JUDGMENT IN APPROXIMATION  
OF LANGUAGES 

69 

• JUDGMENT FOR ONTOLOGY 
APPROXIMATION  

 
• JUDGMENT FOR 

APPROXIMATION OF REASONING 



COMPUTING WITH WORDS 
LOTFI A. ZADEH 

70 

[…] Manipulation of perceptions plays a key role in human 
recognition, decision and execution processes. As a methodology, 
computing with words provides a foundation for a computational 
theory of perceptions - a theory which may have an important 
bearing on how humans make - and machines might make – 
perception - based rational decisions in an environment of 
imprecision, uncertainty and partial truth. 
 
[…] computing with words, or CW for short, is a methodology in 
which the objects of computation are words and propositions 
drawn from a natural language. 
 
Lotfi A. Zadeh1: From computing with numbers to computing with words – From 
manipulation of measurements to manipulation of perceptions. IEEE 
Transactions on Circuits and Systems 45(1), 105–119 (1999) 



JUDEA PEARL- TURING AWARD 2011 
for fundamental contributions to artificial intelligence through the development 

of a calculus for probabilistic and causal reasoning. 

71 

Traditional statistics is strong in devising ways of 
describing data and inferring distributional parameters 
from sample.  
Causal inference requires two additional ingredients: 
     -  a science-friendly language for articulating 
        causal knowledge, 
and 
     -  a mathematical machinery for processing that 
        knowledge, combining it with data and drawing  
        new causal conclusions about a phenomenon. 

Judea Pearl: Causal inference in statistics: An overview. 
Statistics Surveys 3, 96-146 (2009) 



COMPUTATIONAL SOCIAL CHOICE  
design and analysis of methods  
for collective decision making 

The rapidly growing field of computational social choice, 
at the intersection of computer science and economics, 
deals with the computational aspects of collective 
decision making. 
 
Topics:  
preference aggregation, voting theory, resource  
allocation and fair division, coalition formation, judgment 
aggregation and belief merging, … 

 
Brandt, F., Conitzer, V., Endriss, U., Lang, J., Procaccia, A.D. (eds.):   

Handbook of Computational Social Choice. 



JUDGMENT TO CONTROL 
COMPUTATIONS IN INTERACTIVE 

INTELLIGENT SYSTEMS (IIS)  
*** 

RISK MANAGEMENT  AND 
COST/BENEFIT ANALYSIS IN IIS 

73 

Jankowski, A., Skowron, A., Wasilewski, P.: Interactive Computational Systems. CS&P 
2012 

Jankowski, A., Skowron, A., Wasilewski, P.: Risk Management and Interactive 
Computational Systems. Journal of Advanced Mathematics and Mathematics 2012 
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Vulnerabilities 

Threats 

Security 
target 
expressed by a 

value hierarchy of 
needs and assets 

THREATS AND VULNERABILITIES 

vulnerabilities used by threats 

controls 
 



RISK IS THE EFFECT OF UNCERTAINTY 
ON OBJECTIVES (ISO 31K)  

 
In practice risk management inference requires two 

additional ingredients  
(slightly modified the Judea Pearl sentences): 

 
a science-friendly language for articulating risk 

management knowledge,  
 

and   
 

a mathematical machinery for processing that 
knowledge, combining it with data and drawing new risk 

management conclusions about a phenomenon. 



EXAMPLE OF BOW TIE DIAGRAM FOR UNWANTED 
CONSEQUENCES 

Wisdom = Interactions+ Adaptive Judgment + Knowledge 
Adaptive Judgement = Adaptive Hierarchy of Needs & Values + Adaptive Linking + Adaptive Inference  

Adaptive Inference = Inference  + Inference Evaluation & Adaptation 
Inference = Reasoning + Modelling + Assessment + Planning + … 

Reasoning= Induction + Deduction + Abduction  + … 
Knowledge = Scope + Ontology + Rules of Language Use + Judged Language  Expressions +   

Judged Adaptive Judgement Rules and Reasoning Schemes 



DISCOVERY OF COMPLEX 
GAMES OF INTERACTIONS 
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. . . 

complex vague concepts initiating actions 

actions 
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WISDOM TECHNOLOGY (WisTech) 

WISDOM= 
INTERACTIONS + 

ADAPTIVE 
JUDGEMENT + 
KNOWLEDGE 

BASES 

IGrC = systems based on interactive  computations on 
complex granules with use of domain (expert) knowledge, 

process mining, concept learning, … 

Jankowski, A. Skowron: A wistech paradigm for intelligent systems.  
Transactions on Rough Sets VI: LNCS Journal Subline,  LNCS 4374, 2007, 94–132 



SUMMARY 
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THE ROLE OF RS IN  
INTERACTIVE GRANULAR COMPUTING  

IS AND WILL BE  
IMPORTANT 

 
 

IN REAL LIFE APPLICATIONS WE ARE 
FORCED TO DEAL WITH MORE AND MORE 

COMPLEX VAGUE CONCEPTS.  
DUE TO UNCERTAINTY THESE CONCEPTS 

CAN BE APPROXIMATED ONLY. 



This work was done in cooperation with  
dr Andrzej Jankowski 
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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 
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