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OVERVIEW
• Brain criticality-basic ideas.

• Some open problems.

• Izhikevich (microscopic) neural network with STDP and time delay.

• Synaptic weights and synchronization.

• Avalanches and criticality.

• Conclusions.
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BRAIN CRITICLITY HYPOTHESIS

• Brain is considered to be operating at or near a critical point of a phase transition:
• many complex dynamical systems self-organize to a critical state
• loss of characteristic scale implies multi-scale and/or hierarchical behavior

• Much theoretical results support the functional advantage of criticality:
• optimal  information capacity
• optimal information transfer
• metastability
• maximum dynamics range  ….etc.

• There are also many experimental evidence:
• scale-free neuronal avalanches.
• scale-free functional brain network.
• time-series analysis of brain activity: branching ratio, DFA exponent, power spectrum.
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Criticality in a snapshot
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OPEN PROBLEMS
1)What is the critical point?

• conventional wisdom points to “activity-absorbing” phase transition.

• there is also a synchronization transition.

2)How does the brain find the critical point?

• evolutionary organization: balanced excitation-inhibition tendencies.

• extended criticality, e.g. Griffith’s phase.

• self-tuning via synaptic plasticity.

3)How can definitive oscillations coexistence with scale-free behavior?
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THE MODEL

• Network of Izhikevich spiking neurons with average frequency 23 Hz.

• Start from all to all network of N neurons with 20% inhibition.

• Impose STDP on (excitatory) chemical synaptic weights.

• Time-delay (axonal) is crucial in our considerations. 
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THE MODEL

• Izhikevich:

• Chemical synapses:

• STDP rule:
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Standard synchronization with no STDP
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Synchronization transition

• Synchronization, STDP and time-delay:
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Self-organization
• Synchronization and average synaptic weights:
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Synaptic weights
• Synaptic distribution:

11



Edge of order

• Raster plots:
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Critical oscillations?

• But is it critical?  

• M(t) = number of spikes.  Can define avalanches.                   ?
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Avalanche statistics

• Scale free avalanches at the edge of synchronization:
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Avalanche statistics

• Duration (d) statistics:
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Branching ratio

• Activity-dependent branching ratio as a sign of criticality:
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Finite-size scaling and exponent relation
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CONCLUSIONS

• A  microscopic, biologically motivated model of neuronal network seems to 
indicate that brain is on the edge of synchronization transition.

• STDP plus axonal time delays tunes and maintains the system at such a 
critical point with unimodal (dynamic) synaptic weight distribution.

• The critical point shows stochastic oscillations, scale-free avalanches, and 
critical branching ratio. Definitive frequency mode coexists with critical 
dynamics. 

• Time delay is crucial in such self-organization mechanism, while inhibition 
does not seem to play a crucial role.
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