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EFFECT OF SPIKE-TIMING-DEPENDENT PLASTICITY ON STOCHASTIC
SPIKE SYNCHRONIZATION IN AN EXCITATORY NEURONAL
POPULATION

Sang-Yoon Kim and Woochang Lim
Institute for Computational Neuroscience and Department of Science Education,
Daegu National University of Education, Daegu 42411, S. Korea

Abstract: We consider an excitatory population of subthreshold Izhikevich neurons which exhibit noise-
induced spikings. This neuronal population has adaptive dynamic synaptic weights governed by the spike-
timing-dependent plasticity (STDP); the synaptic weights vary via a Hebbian plasticity rule depending
on the relative time difference between the pre- and the post-synaptic spike times. In the absence of
STDP, stochastic spike synchronization (SSS) between noise-induced spikings of subthreshold neurons
was previously found to occur over a large range of intermediate noise intensities through competition
between the constructive and the destructive roles of noise. Here, we investigate the effect of additive
STDP on the SSS for various values of the rewiring probability p in the Watts-Strogatz small-world
neuronal network which interpolates between the regular lattice with high clustering (p=0) and the
random graph with short average path length (p=1) via random uniform rewiring. A **Matthew effect” in
synaptic plasticity is found to occur due to a positive feedback process. Good synchronization gets better
via long-term potentiation (LTP) of synaptic weights, while bad synchronization gets worse via long-term
depression (LTD). As a result, a step-like rapid transition to SSS occurs by varying the noise intensity,
in contrast to the relatively smooth transition in the absence of STDP. Furthermore, a **plateau’ of SSS
with nearly same degree is formed within the range of the SSS. Emergence of LTP and LTD of synaptic
weights are investigated in details through microscopic studies based on both the distributions of time
delays between spike times of the pre- and the post-synaptic neurons and the pair-correlations between
the pre- and the post-synaptic IISRs (instantaneous individual spike rates). Finally, a multiplicative STDP
case depending on the synaptic weights is also studied and compared with the above additive STDP case
(independent of the synaptic strengths).
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