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1. network topology
2. network dynamics
3. examples for networks
4. synthesis (complex equilibria,

games, network evolution, 
trans-network effects)



• Le Chatelier principle of networks
and complex equilibria

• network catch-22 and 4 escape routes
• the Reward
• game theory of networks

Synthesis



WeakWeak linkslinks smoothsmooth
roughrough energyenergy surfacessurfaces

weak links

x-y plane: network parameters
(not emergent properties!)

z axis: energy, stability



NetworkNetwork comparisoncomparison

The network is rigid. The network is plastic. 

Large segments of the parameter 
space of the stability landscape 
are inaccessible for the network.

Chances to find the 
minimal energy state 
are high.

The transition is difficult.Saddles are transiently 
lowered

Error-proneErrors are isolated
The network is segregatedThe network is integrated
Noise stays.Noise is dissipated
Relaxation is disturbed, avalanchesRelaxation is good

Bottom networks are tightly coupled or 
behave independently

Bottom networks are
optimally synchronized

Sparsely connectedWell-connected

The network has few weak linksThe network has many 
weak links



WeakWeak linkslinks makemake punctuatedpunctuated
equilibriaequilibria less less punctuatedpunctuated

network punctuated equlibr. stability
protein protein quake energy
evolution evolutionary jump fitness
technology innovation originality
science paradigm-change (Kuhn) impact
firms reorganization value
economy cycles (Schumpeter) ???

Nature 366, 223

self-organized criticality (Bak)



Le Le ChatelierChatelier principleprinciple
ofof networksnetworks: : selfself--stabilizationstabilization

perturbations



LandscapeLandscape fluctuationsfluctuations

Temperature

Energy net
fluctuation

random
polymer protein

kinetic
barrier
against
denaturation

maximal
flexibility at
native state

www.arxiv.org/cond-mat/0603409



Time Time scalescale!!
What is unchanged and „rough”
at the minute/day timescale
may violently change and smooth
at the million-year timescale



ThermodynamicsThermodynamics
Here we examine networks
• networks have non-identical elements
• networks have strong links
the classical thermodynamical description is useless
(n.b. the classical probability description

is useless as well)



• Le Chatelier principle of networks
and complex equilibria

• network catch-22 and 4 escape routes
• the Reward
• game theory of networks

Synthesis



ComplexComplex organismsorganisms areare
trappedtrapped inin theirtheir

roughrough stabilitystability surfacesurface
Escape from this catch-22:
• local stability island extension

(error-safe diversity is allowed)
• jumps
• optimal jumps: Levy flights
• weak link modulation



JumpsJumps inin a a roughrough stabilitystability surfacesurface::
ChaperonesChaperones bufferbuffer diversitydiversity

174 174 ofof 10,226 Hsp90 10,226 Hsp90 mutantmutant DrosophilasDrosophilas
suffersuffer 23 23 typestypes ofof malformationsmalformations

Rutherford and Lindquist, Nature 396, 336
Drosophila Hsp70, Oecologia 121, 323
Arabidopsis Hsp90, Nature 417, 618
E. coli Hsp60, Nature 417, 398
yeast Hsp90, Science 309, 2185

+ geldanamycin



ComplexComplex organismsorganisms areare
trappedtrapped inin theirtheir

roughrough stabilitystability surfacesurface
Escape from this catch-22:
• local stability island extension

(error-safe diversity is allowed)
• jumps
• optimal jumps: Levy flights
• weak link modulation



WeakWeak link link modulationmodulation::
FocusedFocused andand fuzzyfuzzy
periodsperiods areare neededneeded forfor
thethe realreal successsuccess

bird-sleep erases part
of their songs

Nature 433, 710

• brainstorming
• operationalization



• Le Chatelier principle of networks
and complex equilibria

• network catch-22 and 4 escape routes
• the Reward
• game theory of networks

Synthesis



WhatWhat is is thethe rewardreward??stability

selection

self-organization

What happens?

What happens NOW?

element z-axis
protein energy
evolution fitness
firms value

Gaia?



• Le Chatelier principle of networks
and complex equilibria

• network catch-22 and 4 escape routes
• the Reward
• game theory of networks

Synthesis



StabilityStability landscapeslandscapes CHANGE: CHANGE: 
gamegame theorytheory

A

B

change A B provokes a change of
the other elements the landscape
also changes!

cognitive limits require games as
simplified landscape-sets



28 28 lineslines ofof a a NobelNobel--prizeprize

Nash equilibrium (1950)
Nobel-prize of economy 1994
(with John Harsányi and Reinhardt Selten)



WeakWeak linkslinks makemake
thethe gamegame--netnet continuouscontinuous

!!! !!!

rigid
game-rules

convergent
game-rules

weak
links



HierarchyHierarchy Hierarchy of nets. 
How many networks do we have?

1. network of players
2. a single player as a network
3. network of stability points (equilibrium conditions)
4. network of transitions (games)
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