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e Burstings with the Slow and Fast Time Scales M
Bursting: Neuronal activity alternates, on a slow vy
timescale, between a silent phase and an active e R e—
(bursting) phase of fast repetitive spikings ot s
Representative examples of bursting neurons: e

chattering neurons in the cortex, thalamocortical
relay neurons, thalamic reticular neurons,
hippocampal pyramidal neurons, Purkinje cells in N
pre otzin ger bursting neuron (in vitro)

the cerebellum, pancreatic B-cells, and respiratory
neurons in pre-Botzinger complex JWL JW

e Complex Brain Network

Network Topology: Complex (Neither Regular Nor Random)

Effect of Network Architecture on Burst and Spike Synchronization



Burst and Spike Synchronizations of Bursting Neurons

e Synchronization of Bursting Neurons
Two Different Synchronization Patterns Due to the Slow and Fast Time Scales

of Bursting Activity

e Burst Synchronization
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Small-World Network of Inhibitory Bursting Hindmarsh-Rose Neurons

e Small-World Network of Inhibitory
Bursting Hindmarsh-Rose Neurons

Regular Small-world

Start with directed regular ring lattice with N
neurons where each neuron is coupled to its
first k neighbors.

Rewire each outward connection at random
with probability p such that self-connections
and duplicate connections are excluded. p=0 > p=1

Increasing randomness
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e Bursting Activity of the Single HR Neuron
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Synchronization in Random Neural Network

e State Diagram
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¢ Instantaneous Population Firing Rate Kernel Estimate
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Burst and Spike Synchronization

e Emergence of Burst Synchronization for J=0.35 (Route A)

Unsynchronization (D=0.02)

Burst Synchronization
Bursting bands in the raster plot
Slow oscillation in R(t)
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e Emergence of Burst & Spike Synchronizations for J=0.6 (Route B)
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Effect of Network Architecture on the Burst and Spike Synchronization

With decreasing the rewiring probability, the region of burst synchronization
decreases slowly, while the region of spike synchronization shrink rapidly.

— =0
0.15 p=0.2 . 0.15 - i
Complete Unsync. i Complete Unsync.
b
A 0.08 | Burst Sync. N 0.08 |
Burst
Complete Sync.
Sync. i
, ' 0.01 - ' : '
0.01~ 02 0.7 0.1 0.4 0.7
J J



Characterization of Burst and Spike Synchronizations via Separation
of the Slow (Bursting) and Fast (Spiking) Time Scales
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Raster Plot of Neural Spikes:
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| Separation of the Slow and Fast Timescale of Bursting Activity via Frequency Filtering
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Describing the Slow Bursting Behavior Thermodynamic Intraburst Spiking Order Parameter

‘l' Characterization of Intraburst Spiking Transition

Thermodynamic Bursting Order Parameter Statistical-Mechanical Intraburst Spiking Measure
Characterization of Bursting Transition Characterization of Degree of Intraburst Spike Sync.
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Characterization of Bursting Transition Based on R,

e Investigation of Bursting States via Separation of Slow Timescale
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e Thermodynamic Bursting Order Parameter

0= (R, (t) = Ry (1))?

Unsynchronized Bursting State: N—o, then 0,—0
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Characterization of Burst Synchronization Based on Bursting
Onset and Offset Times
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Characterization of Bursting Transition Based on R!°” and R

e Investigation of Bursting States Based on Bursting Onset and Offset Times

Another Raster plots of bursting onset and offset times and smooth IPBR kernel estimates R°and R{"
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Statistical-Mechanical Bursting Measure Based on Réon)and RéOff)

e Bursting measure of ith bursting
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Characterization of Intraburst Spiking Transition Based on R,

e Investigation of Intraburst Spiking States via Separation of Fast Time Scale

¢ IPSR R, via band-pass filtering [lower and higher cut-off frequencies of 30Hz (high-pass filter)
and 90 Hz (low-pass filter)]
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e Thermodynamic Intraburst Spiking Order Parameter

Mean square deviation of R, in the ith global bursting cycle: 0% = (R, (t) — R, (t))?

Thermodynamic spiking order parameter:

O,

1 i)
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Unsynchronized Spiking State: N—o, then 0,—0
Synchronized Spiking State:

N—oo, then O~ Non-zero value




Intraburst Spiking Measure Based on IPSR R,

. Sp|k|ng measure of jth global spiking M(s) O(s) P(s)
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Summary

e Investigation of The Effect of Network Architecture on the Burst and
Spike Synchronization

Occurrence Burst and Spike Synchronization in Random Network

Investigation of Burst and Spike Synchronization with Decreasing the Rewiring
Probability

Burst synchronization decreases slowly, while spike synchronization shrink rapidly.

Characterization of Burst and Spike Synchronization by Using the Realistic
Thermodynamic Bursting and Spiking Order Parameter Based on the IPBR and IPSR
Kernel Estimates through Frequency Filtering.

Characterization of Degree of Burst and Spike Synchronization by Using the Realistic

Statistical-Mechanical Bursting and Spiking Measure Based on the IPBR and IPSR
Kernel Estimates through Frequency Filtering.
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