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Abstract: Key notions from statistical physics, such as & quot;phase transitions& quot; and & quot;critical phenomenag& quot;, are providing important
insights in fields ranging from computer science to probability theory to epidemiology. Underlying many of the advances is the study of phase
transitions on models of networks. Starting from the classic ideas of Erdos and Renyi, recent attempts to control and manipulate the nature of the
phase transition in network connectivity will be discussed. Next, the influence of self-organization on phase transitions will be presented, as well as
connections between the jamming transition in models of granular materials and constraint satisfaction problems in computer science. Finally,
turning to network growth, | will show that local optimization can play a fundamental role leading to the mechanism of Preferential Attachment,
which previously had been assumed as a basic axiom and, furthermore, resolves a long standing controversy between Herb Simon and Benoit
Mandelbrot.

Pirsa: 09050004 Page 1/78









My journey into complex systems

Thermodynamics and Sensor networks. random  Qptimization origins of PA
computation walks and imescales
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A typical web domain
(Web search/organization and growth
centralized vs. decentralized protocols)
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The Ising Model (Lenz 1920, Ising 1924)

e 2-D lattice, ateach site s; = {—1.+1}.

e Nearest neighbor interaction:

H == ;i Ji5i5; — 2 hs:

(High T)

e Probability of configuration with H = E;

f_}( EI) — [_Et ;11'_; >

(High energy configuration more likely at high T)  rwezm


























































































































































Extensions: Optimization and Network Growth

e Different cost functions and geometries:
— Biological choices? (modularity versus efficiency)
— Open-source software (“systems’ motifs”)
— Economics/financial trades (trust versus value)

e Hierarchy and feedback
(D'Souza, Roy PRE 78 045101(R) 2008.)

Preferential attachment from
optimization

¢ Interacting networks.
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Extensions to networked systems
(The physics of networks)
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Blologlcal networks
- protein interaction
- genetic regulation

Social networks

- Immunology

- Information
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Extensions to networked systems
(The physics of networks)
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