
11. KOMPLEKSSÜSTEEMID 

 
 

1. General ideas 
 

 

OF  INITIAL  IDEAS 
 
 

simple is that which consists of one thing or element 

complex is what is composed of more than one or many parts 

        Chambers,    1961 

 

“The question is,” said Alice, “whether you can make words 

mean different things.” 

        L. Carrol,     1871 

 

“Dissection is one of the most highly developed skills in 

contemporary western civilization:  the split-up problems into 

their smallest possible components. We are good at it. So good, 

we often forget to put the pieces back together again.” 

        A. Toffler,    1984 

 
   simplicity  ↔   complexity 
 
 
 



Chambers Dictionary 
 
 
 
 
simple   – consists of one thing or element  
 

complex  – composed of more than one or many parts 

 

 

 is simple sometimes just simplified? 

 what is the difference between 

 simple and simple? 
 complex and complex? 

 how simple is simplicity? 

 how complex is complexity?  

 

 

 

 

 

 

 

 

 

 



Of simplicity 
 

 

simple rules 
proportionality 

causality 
 

          Hooke’s  law 
       Ohm’s  law 
       Fourier’s  law 

        …………. 
 
 
 
 
 
 

Questions: 

 

(i) is simple sometimes just simplified? 

(ii) what is the difference between simple and simple? 

 

 
Deepness: 

 
“the simplicity of Fourier’s  mathematical description of heat 

propagation stands in sharp contrast to the complexity of matter 

considered from the molecular point of view.” 

 
 
 
 



  
Of complexity 

 
 
 

com  =  together 
 

plectere  =  to plait 
_______________ 

complexity 
 

There is nothing more simple than what was discovered 
yesterday but there is nothing more complicated than what will 
be discovered tomorrow. 
 
 
 
      parts → subparts → subsub … 
       hierarchy 

              ↑ 

A complex system  is composed of  parts 

interrelated in a way which is hard to understand. 
  ↓       ↓ 
 interactions         model 
 scaling          prediction  
 
 
 

conclusion: 

  different structure is observed at different 

  depth in the hierarchical description 



 To understand complexity:  
 

multiple viewpoint: 

 real space + phase space 

 system theory + computation 

 

 

mathematical ”anatomy” in a high – dimensional  phase space 
 

low – dimensional phase space →  geometrical methods 

high – dimensional phase space → generalize 
 

 

naturalists’ viewpoint 

 make a collection of complex behaviours 

list them up 

classify them 

 

       
 

 
       
 
 
 
 
 



Of creating complexity 

- building hierarchies 

- using recursive algorithms 

- using coupling between structural elements 

- taking into account memory effects 

………… 

   

 

Nonlinearity – essential property 

of complex systems 
 

 
“Linearity means that the rule that determines what a piece of a 

system is going to do next is not influenced by what it is doing 

now.” 

       M. Feigenbaum, 1992 

 

 

 

Nonlocality  –  another property 

of complex systems 

 



Concluding remarks 

 
 

“Common sense usually so good at distinguishing 

between true and false 

fails in situations in which … 

logic no longer suffices” 

 
      H. Scheid,  1993 
 
 
 
 
Characteristic of contemporary world: 
 

“… the need to grasp a complex system 

without reduction to an ensemble 

of simple elements …” 

      Kaneko & Tsuda, 1994 
 
 
 

if nonlinear elements are put together then 
   

“the whole is bigger than its parts” 

 

      Aristoteles 



2. Terviklus / complexity 
 

1. T/C süsteemid koosnevad  paljudest seostatud osadest, mis 
võivad interakteeruda 

2. T/C süsteemides võib esineda kriitilisi olukordi, kus 
väikesed välistõuked võivad viia süsteemi tasakaalust välja 
ja uue oleku tekkele 

3. T/C süsteemides võib esineda iseorganiseerumist, mis 
algab lokaalsetest muutustes kuid süsteemi uue oleku 
omadused on globaalse iseloomuga 

4. T/C süsteemid on avatud ja adaptiivsed ning tihti määratud 
lihtsate reeglitega 

5. Muutused T/C süsteemides tekivad kitsas parameetrite 
vahemikus, nn kaose piiril 

... – kord – T/C – kaos – T/C – kord – ....   
6. T/C süsteemid on mittelineaarsed 

 
 
Lihtsate mudelite käitumine? 
 
   universaalsus – ? 
   ennustatavus – ?  
   bifurkatsioonid – ?  
   sümmeetria rikkumine – ? 
 
 
Lihtsaid mudeleid 
 
   liivakuhik 
   pendlite süsteem 
   metsatulekahjud 
   maavärinate blokkmudel 
   maastike kujunemine 
 



Liivakuhik, kuidas tekivad varingud? 
 

 
 



 



Maavärinate blokkmudel, Burridge-Knopoff 
 



Võrgustikud, kujunemine 
 

 

 



Internet, skeem 

 



Internet, astmerida 

 
Nähtused 
 
   dramaatilisted sündmused – varingud, katastroofid... 
   fraktalid 
   1/f müra  
   Zipf’i seadus 
 
Sünkroonsus 
 
loodus: 
   jaanimardikad –fireflies  
   südame sinuatriaalsõlm  
  
tehissüsteemid: 
   Huygensi pendlid  
   Josephsoni efektid 
   Millenium Bridge Londonis 
 



Sünkroonsus – Millenium Bridge, London 
 

 



 
 



Kas intuitsioon töötab? Rakuautomaadid 
 

 
 
 
 



Mittelineaarsus 
 
Lihtne seletus – puuduvad võrdelised seosed 
 ehk: 
Aristoteles: summa on suurem kui üksikosad kokkuliidetuina 
Hundertwasser: sirgjoon viib inimkonna mandumiseni.... 
Mandelbrot: pilved pole kerad, rannajooned pole kaared, 
puukoor pole sile...  
 

Oluline printsiip - maailm on mittelineaarne ja lineaarsus on 
lähendus, mitte aga vastupidi 

 



Boids – bird swarms 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Boids – rules 
 

Cohesion:   steer to move toward the average  position of local flockmates 

Alignment:   steer towards the average  heading of local flockmates

Separation:   steer to avoid crowding  local flockmates



Boids – simulations 
 
 
 
 
 
 



 
 

 
 



 
 



 
 
 
 
 



 
 

E.Estrada. The structure of Complex Networks 
 

 
 
 
 
 
 
 

 



 
 

 
 
 





 

 
 
 
 
 



 
 

 

 



 
 
 

 

 



FuturICT 
 

 


