
3.5 Dendritic Plasticity

3.5.2 Local and Global Reset on Dendritic Excitability

We used different input patterns to verify that our local control feedback and

global control feedback pathways are working properly. In addition, we investi-

gated how these reset mechanisms would impact each dendritic branch and the

neuronal output and observed the global effect from bAP (back-propagating Ac-

tion Potential) and local effect from dspikei (dendritic spike). We tested our

prototypical dendritic arbor with the configuration depicted in Figure 3.41. This

prototypical neuron was designed in order that when two out of three branches

initiate a dendritic spike, the neuron will generate an AP (action potential). For

the experiment setup, we assigned AP1 to the synapses on Branch1, AP2 to

Branch2, and AP3 to Branch3. The overall dendritic potential at each branch

is named as Vden1, Vden2, and Vden3. The timing we assigned inputs is denoted

as t1, t2, t3, etc and each time stamp is 100 ps apart. We first tested the local

and global reset mechanisms separately by enabling one pathway and disabling

the other in our neuromorphic circuits. Then we tested our prototypical neuron

with and without the reset mechanism and compared the neuronal firing patterns

between the two.

Figure 3.41: Prototypical neuron two-stage model - A neuron is presented
in a two-stage model. The red circle represents the nonlinear integration within a
single dendritic branch. The big blue circle represents the integration at the soma.
Vden2 is the dendritic potential at Branch2. dspike represents the local control
feedback and bAP represents the global control feedback. For simplicity only the
detail of Branch2 is shown in this figure.
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•  Each neuron module has circuit components: synapses, 
dendritic branches, soma, and axon hillock 

•  Circuit designed using CNFET (carbon nanotube field-effect 
transistor) SPICE model 

•  Two-layer active dendritic arbor constructed:  
1.  Super-linear integration within branch (spiking mechanism) 
2.  Non-linear location-dependent among branches (at soma) 

•  Two feedback pathways control a short-term dendritic 
plasticity 
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Neuron Module Setup Simulation Results 

Motivation & Introduction 

Discussion 

•  Pyramidal neurons are principle neurons in the cortex where information 
processing, learning, and memory formation taking place in the brain 

•  They have unique dendritic structure that contributes to complex 
computations 

•  It is essential to include these complex intra-neuron computations in 
neuromorphic circuits to mimic neural signaling, learning and memory 
formation 

•  These computations include non-linear integration, spiking mechanism 
and plasticity 

•  Dendritic spikes are results of spatio-temporal clustered input 
activation  

•  Dendritic spikes and action potentials can reset the dendritic 
excitability locally and globally respectively 

 

synapse 
dendrites 

soma 

axon hillock axon 

* 

* 

* 

* 

* 

* 

* 

* 

printed Fri Jun 15 2012 18:09:05 by hsuchihc on aludra.usc.edu Synopsys, Inc. (c) 2000-2009

null direction                                                  06/11/2012       22:27:24
waveview 16

0

0

100p

100p

200p

200p

300p

300p

400p

400p

500p

500p

600p

600p

700p

700p

800p

800p

900p

900p

1n

1n

sec (lin)

0
0.2
0.4
0.6
0.8

1

vo
lt (

lin
)v(ap1) new

v(dspike1) 

0
0.2
0.4
0.6
0.8

1

vo
lt (

lin
)v(ap2) new

v(dspike2) 

0
0.2
0.4
0.6
0.8

1

vo
lt (

lin
)v(ap3) new

v(dspike3) 

0
0.2
0.4
0.6
0.8

1

vo
lt (

lin
)v(ah_out) n

t1          t2           t3            t4            t5          t6          t7            t8           t9          

Branch1 
AP1 
Vden1 

Branch2 
AP2 
Vden2 

Branch3 
AP3 
Vden3 

Output 
AP 

•  Ｉt requires both spatially- and temporally-clustered inputs in 
our prototype dendritic branch to initiate spikes 

•  Branch excitability suppressed by both local and global 
activities (decreased excitability in shaded area) 

•  The global and local reset mechanism (short-term plasticity) 
imposes the limit on how fast the stored information can be 
retrieved 

•  The excitability of the dendrite can be up-regulated to 
emulate branch potentiation (long-term plasticity) which 
interacts with synaptic plasticity and makes the memory 
retention more robust 
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