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Abstract 2. Spike Timing Dependent Plasticity

Epilepsy of the neuropsychiatric disorder is provoked from STDP is a temporally asymmetric form of Hebbian learn-
an imbalance in the long-term potentiation (LTP) versus lonigg induced by tight temporal correlations between the spikes
term depression (LTD) of the synapses in the hippocampakpre-synaptic and post-synaptic neurons. STDP provokes
The LTP and LTD are replicated by using the Spike Timirthe LTP of the synapses, if the pre-synaptic spike arrival a
Dependent Plasticity (STDP). Additionally, the spiking actifew milliseconds before post-synaptic spikes. Whereas, it
ity of the synapses in the hippocampus can be expressegimyvokes the LTD of the same synapse, if pre-synaptic spike
using the Rulkov Maps. In this paper, we consider some easyival after post-synaptic spikes.

simulation models which are constructed by using Rulkov
Maps with STDP. We explore the effect of 2 and 3 con- tPre : t
nective arrangements on spiking activity, as basic simula- "¢ j ! J_I_Z,mst §a t_pm_l_;
tion for constructing the approximate simulation model of post () L oop L
epilepsy. From the result, the coupled Rulkov Maps show

pre

AWL"
in-phase/anti-phase synchronization by relationship of pre- W—]]
synaptic and post-synaptic neuron. 0 42 W ..... o
: e
BleXel
1. Introduction 4 9°

Epilepsy is known as one of neuropsychiatric disorder and
involved with a large part of the hippocampus. The hip- i =
pocampus has the lowest seizure threshold in the brain, there-
fore it has indicated the beginning of most epilepsy seizurésgure 1: The STDP function of changing synaptic connec-
Moreover, the seizure-related neuronal electrical activity htien.
feature of synchrony arising regularly][ In the normal sta-
tus, some neurons suppress the abnormal firing. If the neufhe weight changé\w;; depends on the relative timing
ronal firing property of neurons or potentiation and deprdgetween pre-synaptic spike arrivals and post-synaptic spikes.
sion balance are altered slightly, the supranormal excitabilfthe total weight changéw;; induced by a simulation pro-
is diffused and lead to seizure. We consider that the each jsgol with pairs of pre-synaptic and post-synaptic spikes is
tentiation and the depression corresponds approximatelyd@scribed as following.
each long-term potentiation (LTP) and long-term depression

(LTD). N
In this study, we apply Spike Timing Dependent Plastic- o Ff
ity (STDP) to Rulkov Maps for constructing the small-scale Awi = fz:l wit; —#) @)

simulation models. STDP is a generic model used to repli-
cate the LTP and the LTDZ], and Rulkov Map produces,nere /() denotes one of the STDP functions in Fig.

two-dimensional spiking-bursting behavior like real biologirhe method to choose for the STDP functién(z) is shown
cal neurons],[4]. By incorporating the STDP into the orig-,4 following.

inal Rulkov Map, we can explore the synchronous behavior
like real biological spiking activity. We explore the effect

of 2 and 3 connective arrangements on spiking activity, as Apexp(—z/74) (2 <0)

basic simulation for constructing the approximate simulation W(z) = 2)
. —A_exp(z/7-) (x>0)

model of epilepsy.
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which has been used in fits to experimental data and modél4. CA3 Hippocampus Network Model

The parameterd , andA_ may depend on the current value The network model of CA3 hippocampus is shown in
of the synaptic weightv;;. In this article, the parametet; Fig. 2. CA3 hippocampus network consist of pyramidal cells
andA_ are fixed each 0.05 and 0.055, and the time constafegcitability) and intercalated cells (inhibitory). The pyrami-

are on the order of,. = 10ms andr_ = 10ms. dal cells are interconnected with 8 pyramidal cells of neigh-
borhood. Moreover, the intercalated cells are interconnected
3. Coupled Rulkov Maps with 16 pyramidal cells of neighborhood.

In recent years, a simple model which replicates the dy-
namics of spiking and spiking-bursting activity of real bio-
logical neurons has proposed by N. F. Rulkov. The model is a
two-dimensional map that produces chaotic spiking-bursting
neural behavior. It is demonstrated that the results of this
model are in agreement with the synchronization of chaotic
spiking-bursting behavior experimentally found in real bi-
ological neurons. The expressions of the Coupled Rulkov
maps are shown as following.

V Pyramidal cell (excitability)

@ Intercalated cell (inhibitory)

Figure 2:Network structure of CA3 hippocampus.
T+t = f(@mn, Tmn—15 Ym,n) Additionally, the pyramidal cells and the intercalated cells
exhibit spiking/bursting activity as shown in Fig We
+§wij (Tm+1,n = 2Tmn + Tm—1,n) set the parameter of Rulkov Maps for replicating the spik-
ing/bursting activity of the pyramidal cells and intercalated
cells. The parameter is set to4.7 = 5.5, ando is set to0.1
Ymont+1 = Ymn — W(Tmn + 1) + po + p10m n for the pyramidal cells. Moreover, the parameteis set to
4.5, ando is set t00.33 for the intercalated cells.

+§wij (xm—i-l,n - me,n + mm—l,n) (3)
100[ms]
wherez is the fast ang is the slow dynamical variables and I (1] [1]11]]]]
the parametew;; shows the coupling weight of the connec- H —
10[ms] 20[ms]

tion between the map. The coupling weights are updated
by STDP function. If STDP provokes the LTP, the coupling (@) (b)

weights are updated to positive direction. Whereas, if it pro-

vokes LTD, the coupling weights are updated to negative gfigure 3:(a) Spiking activity of pyramidal cells. (b) Spiking
rection. The nonlinear functiofi(z,., x»—1, y») is shown as activity of intercalated cells.

following:
4.2 2 Coupled Maps
F(@momny Tmn—1sYm.n) In this section, we observe fundamental synchronization
phenomena of the coupled Rulkov Map. Moreover, we de-
a/(1—zpn +u), (Tmn<0) fine the synchronization probability to provide quantitative

=qat+u, (0<zy,<atuand Ty, ,—1<0)  (4) analysis of synchronization accuracy. The synchronization
1, (@m0 or 2o 1>0) probability is defined as follows.

« and i, o shows the parameters of the maps. In this pa- I= X ()

per, we set parameter ando with arbitrary value, angl is whereX is the number of burst waveform, ahdis the num-

fixed t00.001. Here, these parameters are the control the dyer of synchrony burst waveform. The coupled Rulkov Maps

namics parameters and the behavior shows the typical of $hews inphase synchronization, if the synchronization prob-

neurons. Specifically, the amplitude of waveform is changiagility closes in the value td. Whereas, it shows antiphase

by parametedv. synchronization, if the synchronization probability closes in
the value td).
4. Network Models and Simulations We consider 2 coupled Rulkov Maps with STDP as shown

. . . . . in Fig. 4. We explore the spiking activity and synchroniza-
In this section, we consider some easy simulation mod r]s g P pixing Y y

to analyze CA3 hippocampus network model. ion probability, if the parameters are changed. The spiking
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activity of P-P model is shown in Fich. Moreover, Fig.6 #8005 m051
shows the synchronization probability if the parameigy.

and o,,.5; are changed from.7 to 5.5 each. The red area
of cubic graph shows synchronization probability, if it is big-
ger than0.5. Whereas, the blue area of cubic graph shows
synchronization probability, if it is smaller thanb.
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¥ Pyramidal cell (excitability) Figure 6:Synchronization probability of P-P model.

@ Intercalated cell (inhibitory)

Figure7 shows the synchronization probability of I-P and
Figure 4:Connective arrangements of 2 coupled maps. P-I models if the parametet,,,qmidal etz 1S changed from

4.7105.5.
Upre = 5.5, Apost = 4.7 0% —— 1P model
1 | g 0 ——P-I model
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o o200 sa00 000 “"‘{ %000 {9200 9400 9600 9800 “10000 Figure 7:Synchronization probability of I-P and P-1 models.
Time [ms]
e = 47, Byt = 55 From Fig7, the coupled Rulkov Maps show a anti-phase
‘ T synchronization to all of the value of Thus, the intercalated
. ! ] cells provoke the anti-phase synchronization, or decrease the
8 °f 1 synchronization probability.
© I I M ; UMMM
T . , , 4.3 3 Coupled Maps
s, . In this section, we consider 3 coupled Rulkov Maps with
£ , | STDP as shown in Fig8. We offer an explanation of phe-
g, nomena of 3 coupled maps from the result of 2 coupled maps.
= | } Figures9-12 show the synchronization probability between
‘ the neuron 1 and the neuron 3.
Time [ms] 1 2 3 1 2 3
Figure 5:Spiking activity of P-P model. P-P-P model 1-P-P model
. - I 1 2 3 1 2 3
Figure 5 shows spiking activities of P-P model between
8000 and10000[ms]. The upside of Figs shows anti-phase y - y y y &
P-I-P model P-P-I model

synchronization, and downside one shows in-phase synchro-

nization. From Fig6, the coupled Rulkov Maps show anti-

phase synchronization, if the parametey.. is bigger than Figure 8:Connective arrangements of 3 coupled maps.
apost- Whereas, the coupled Rulkov Maps show in-phase

synchronization, if the parameter valuegf.. is smallerthan ~ Figure 9 shows synchronization probability of P-P-P
Qpost- 1T apre IS SAME A%Yy0s¢, the coupled Rulkov Maps model, if the parameteyr; is fixed4.7 andas,, ag are changed
show perfect synchronism. from 4.7 to 5.5 each. From this result, we can see that the
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in-phase place of synchronization probability is increased as =005 mO51
compared with Figé. The neuron 1 and 2 show in-phase syn-

chronization because, is fixed4.7. Thus, the neuron 3 gets 8 1 - J
involved in in-phase synchronization of the neuron 1 and 2. § = ‘
-g g os
=
005 W051 ﬁ E P ;,/5,3
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;'g g o Figure 12:Synchronization probability of P-P-I model.
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o s v O 5. Conclusions
s ;

In this paper, we considered the simulation model which
is constructed by using Rulkov Maps with STDP. We have
explored the effect of 2 and 3 connective arrangements on
. L . spiking activity. From the result, the coupled Rulkov Maps

Figures10-12 show the synghronlzatlon probability qf I'show anti-phase synchronization, if the parameg is big-

P-P, P-I-P and P-P-I models if the parameteof pyrami- ger thana,.s:. Whereas, the coupled Rulkov Maps show
dal cells changed from.7 to 5.5. From these result, the-n_ hase synchronization, if the parameter valuexgf, is
in-phase place of synchronization probability is decrease ﬂ%ller thana,g.. I cése of 3 coupled Rukov Maps

. . post- ’
compared with Figh. Moreover, the peak values of SYNthe spiking activity and synchronization probability become

chronization probability are c_han_ged by po_s,?tion of interc Jore complex as compared with 2 coupled Rulkov Maps.
lated cell. Because synchronization probability represent the

different values if the intercalate cell is pre-neuron or post-
neuron, from the result of Fig.

Figure 9:Synchronization probability of P-P-P model.
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