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Abstract. Many experimental results suggest that more precise spike
timing is significant in neural information processing. We construct aself-
organization model using spatiotemporal patterns, where Spike-Timing
Dependent Plasticity (STDP) tunes the conduction delays between neu-
rons. The recurrent connections with a specific conduction delays are
strengthened when the input patterns are changing at a certain pe-
riod. We show that, by cooperating with short delays, long-delay connec-
tions realize topological mapping where the firing clusters are changing
smoothly in space.

1 Introduction

As a well-known clustering network in brain, there are column organizations
in cerebral cortex, where neurons are arranged to preserve sensory topological
structure [1]. Recently experimental evidence from several different preparations
suggests that both the direction and magnitude of synaptic modification arising
from repeated paring of pre- and postsynaptic action potentials depend on the
relative spike timing[2]. Song et al showed that an orderly topological map can
arise solely through Spike-Timing Dependent Plasticity (STDP) from random
initial conditions without global constraints on synaptic efficiencies, or addi-
tional forms of plasticity[3]. However, despite using the millisecond-scale model,
the patterns are composed of high firing-rate Poisson inputs, and the meaning
of temporal causal relationship is not clear.

On the other hand, many experiment results suggested that the more pre-
cise spike timing accomplish the key role in the brain. For example, multiunit
recording studies from the frontal cortex of behaving monkey suggested that a
spatiotemporal pattern of highly synchronous firing of neural populations can
propagate through several tens of synaptic connections without losing high syn-
chronicity[4]. This phenomenon is called "synfire-chain", which brings to that
the neurons with long time-constant can convey the information keeping with
the precise spike-time information. Diesmann et al showed that through multi-
layered Feed-Forward network with Integrate & Fire neuron model, the pulse
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packet can propagate stably in the presence of background noise if the number

of neurons in a pool is large enough and yet the igniting pulse packet is synchro-

nized strong enough [5]. This propagation is due to exact timing of the excitatory

inputs. Hence, it reflects temporal coding. Additionally, several studies provide

that the heterogeneous structure of the network such as the Mexican
-Hat-type

connectivity can convey the quantitative information [6]. Similarly, Aviel et al

showed that by adding inhibitory pool, synfire-chain can be embedded in a bal-

anced network [7]. This network can also utilize the q
uantitative information.

In primary visual cortex (V1), responses of neurons to a stimulus presented

in their receptive fields are modulated by another st
imulus concurrently pre-

sented in their surrounds. Such a contextual modulation suggests an interaction

between feedback connections to V1 from other areas [8].

In this paper, we show that, by using localized synfire-chain patterns, STDP

can strengthen the synaptic efficiencies having specific conduction d
elays and

then form self-organizing map whose patterns are expressed as firing clusters.

Next, we consider the case that a network is composed of synaptic
 connections

with two types of conduction delays. We show that, by cooperating with short

delays, long-delay connections cause topological mapping where the firing clus-

ters are changing smoothly in space.

2 Model

We use a simple Integrate & Fire neuron model, and the membrane potential V

is determined as

тVV = -(V – Vs) + Jg(t)(V – VE) + JJ(t)(V - V₁)

with V = V, = -70.0mV, Vg = 0.0mV, and y = 5ms. The synaptic inputs

GE and Gi are expressed as spatiotemporal integration of synaptic efficiencies

characterized by step rise time and exponential decay

J (0) = We(1-15) exp(-(t - t)/7.) ( = E, J) (1)

where O(t) is step function and the time-constant is chosen as TE = T1 = 5.01ms.

The synaptic strength W,, is a transmission efficiency of the connection. All effi-

ciencies from inhibitory neurons are assumed to have negative values (Inhibitory

synapses), while all from excitatory ones are positive (Excitatory synapses). W
corresponding to the inhibitory ones are chosen as the constant values whose

range is [0.18, 0.22]. On the other hand, We correspond to excitatory neurons

are modified via STDP whose range is [0, 0.05]. When the membrane potential
V reaches a threshold value Var = -54mV, the neuron fires and the membrane

potential is reset to Vrex = -60mV. After firing, GEJ is kept zero during 3ms

(absolute refractory period). On these conditions, about 20 coincident excitatory

spikes elicit firing.
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Fig. 6. (a),(b),(c),(d) Examples of raster plot of output neurons for various initial
conditions. (e) A regression line for center position of the neurons. (f) Average Error
for different probability valucs p.

changing smoothly.

5 Discussion

The neurons in a primary visual area show different behavior depending on
the stimuli concurrently presented in their receptive-field surrounds. Such mod-
ulations are considered to be caused by interactions from different area. We
investigate the effects of long-delay connections when the input patterns are
changing in a certain period. Recurrent connections are needed to form the fir-
ing clusters. However, such clusters are not always varying smoothly in space.
The long-delay connections help to interpolate clusters that might be changing
discontinuously. When the neurons receive discontinuously changing patterns,
the firing clusters can vary smoothly in space. Through STDP, synaptic efficien-
cies are modified depending only on the pre- and post-spike timing of each firing.
Respective changing in efficiency can not utilize information of the whole pat-
terns. A highly adaptable initial condition is needed to organize itself suitably
to environment. We showed that an appropriate existence of long-delay connec-
tions interpolates firing clusters, which leads to the organization of firing clusters
varying smoothly in space.

In pattern recognition, the network learns patterns by using only small set
of samples. It is important ability for a network to retrieve patterns similar to
learned ones without being affected by small perturbations. On the other hand,
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the receptive field of the neurons is confined only locally. Therefore, a mecha
-

nism to modify randomly changing patterns into smoothly changing ones is also

needed in the brain.

6 Conclusion

We demonstrated that self-organization with locally synchr
onized patterns can

be performed by tuning the conduction delays between neurons. Through STDP.

spatially and temporally random patterns are bunching. The long-delay connec-

tion causes a topological mapping where such bunching clusters are changing

smoothly in space. As an important point in neu
ral research, there is a ques-

tion of how the information is encoded and processed in the brain. These results

suggest that, as temporal rate is transla
ted into the firing frequency, the neural

network utilizes both of temporal and
 population codes.
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