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Phase Diagram

Water in 3phases



The Landau picture :    
Spontaneous Symmetry Breaking 
 and   
Order parameters



Bifurcation in Dynamical systems: 
Stability and attractors
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f(x) = x**2 + c



 Rene F.Thom：The Catasroph Theory



A bifurcation describes a change in the stability structure of a 
dynamical system, whereas a phase transition describes a collective 
macroscopic change emerging from many interacting degrees of 
freedom, often in the thermodynamic limit.



What about Emergence?



Evolving Virtual 
Creatures 

Karl Sims 
https://
www.karlsims.com › 
papers › siggraph94 

 1994 · 

https://www.google.com/search?q=evolving+creatures+Karl+Sims&oq=evolving+creatures+Karl+Sims&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgIGB4yCAgCEAAYCBgeMgcIAxAAGO8FMgcIBBAAGO8FMgoIBRAAGIAEGKIEMgcIBhAAGO8FMgcIBxAAGO8F0gEJMTQyNTZqMGo3qAIIsAIB8QURRm6kGsE6Jg&sourceid=chrome&ie=UTF-8#fpstate=ive&vld=cid:ae001b72,vid:RZtZia4ZkX8,st:0


d~v

dt
= ~F1 + ~F2 + ~F3

cf. Reynolds, C. W. (1987). Flocks, herds, and schools: A distributed behavioral model. Computer Graphics, 21(4), 25–34.

 Boids model 

Takashi Ikegami, Yoh-ichi Mototake, Shintaro Kobori, Mizuki Oka, Yasuhiro Hashimoto: Life as an emergent phenomenon: studies from a large-scale boid simulation 
and web data, Phil.Roy.Soc.,375, pp.1-15, 2017.

(simulations)

Norihiro Maruyama,Daichi Saito, Yasuhiro Hashimoto and Takashi Ikegami: Dynamic organization of flocking behaviors in a large-scale boids model. Journal of 
Computational Social Science, pp.1-8 (2019). 
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Thompson’s evolved FPGA tone discriminator contained components that were not logically connected to the output, 
yet were functionally indispensable, apparently through subtle physical interactions in the silicon substrate.

Hardware Evolution: Automatic Design of Electronic Circuits in Reconfigurable Hardware by Artificial Evolution (Distinguished 
Dissertations) ‒ 1999/1/15 
  Adrian Thompson 

https://www.amazon.co.jp/Adrian-Thompson/e/B001K6LZKC/ref=dp_byline_cont_book_1


Martin M. Hanczyc, Taro Toyota, Takashi Ikegami, Norman Packard and Tadashi Sugawara:  
Chemistry at the oil-water interface: Self-propelled oil droplets. J. Am. Chem. Soc. 129(30): 9386 - 9391 (2007



Emergent Abilities of Large Language Models
Jason Wei, Yi Tay, Rishi Bommasani, Colin Raffel, Barret Zoph, Sebastian Borgeaud, Dani 
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Emergence is not merely the appearance of complexity; it is the 
formation of a new level of organization with its own effective 
variables, such as an order parameter, an attractor, a role, or an 
agent-level identity.

In ALife, emergence is not merely the appearance of complex 
patterns.
It is the formation of new effective descriptions: a strategy, a 
program, a role, a morphology, a collective behavior, or even 
an artificial organism.


