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Abstract: This article presents a stochas-
tic modeling of random occurrences of
the miniature end-plate potentials by
self-exciting point processes, which of
intensity processes express a decrease
and an increase in the probability of
point occurrences dependent on the past
history.

1 Introduction

It has been investigated whether or not Minia~
ture End-Plate Potentials (MEPP) occurrences

constitute a homogeneous Poisson process. Some

literatures [e.g.1] have shown that homoge-
neous Poisson processes often fail to specify
the MEPPs occurrences in specific cases, im-
plying the necessity of alternative flexible mod-
els. In this article, we propose a stochastic
modeling based on Self-Exciting Point Pro-
cesses (SEPP) [2]. which depends merely on
the one previous occurrence times, i.e. a sin-
gle memory SEPP having aftereffects, unlike
homogeneous or inhomogeneous Poisson pro-
cesses, and also derives an expression for es-
timating the parameters which characterize
the SEPPs with the Expectation Maximiza-
tion (EM) algorithm [2].

where N(t) denotes the counting process of
SEPPs, W denotes the set of N(T) occurrence
times 0 < wy, wy, ..., wn, < T, and p and A(t)
respectively stand for a positive constant and
an absolute integrable function. Here, we as-
sume that h(t) is expressed as:

R(t) =1+ ae® 2)

where # > 0, and o > —1. The proposed
model realizes the point occurrences such that
the intensity process not only decreases but
increases simultaneously at where the point
occurs, and then recovers exponentially to
as time proceeds. In cases of an increase in
the intensity process set a > 0, whereas set
0 > a > —1 in cases of a decrease.

In practical situations, the short intervals
between the adjacent MEPP occurrences of-
ten disappear due to some aftereffects of the
MEPP occurrences in which the vesicle re-
lease is vigorous. In those cases, o should be
between —1 and 0 in our model.

3 EM algorithm to estimate the
parameters

2 Modeling of MEPP Occurrenceslhe problem is to estimate the parameter =

with SEPPs

Let us consider that the MEPPs can be mod-
eled as a single memory SEPP with the iten-
sity process expressed as follows:

i PriN@,t+ A) = 1|N@), W]

[, &, 3], given a sample path of the counting
process N(t), i.e., the set of occurrence times
lea Wz, ...y wN(T)l

The EM algorithm can be applied to solv-
ing this problem in which the log-likelihood
function of the complete data space is expressed
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as [2,3]:

T
Lea(N(8)|6) = “/0 p(l + aePOvne))dy

!
£ [ inla(1+ ae o) AN (o)

T
B / p(m — ae PN do
0

[ inlulm - e o) (3)

where dN°(t) and dN'(¢) are sample paths
of incomplete data spaces, and where m is
a positive integer. The conditional expected
value of the L.4, given the set of occurrence
times W and the parameter # of the previous
iteration, is calculated as (E-Step):

E[Lea|W, 0“9 = Q(ul0°) + Q(ae77|g°M)
(4)
where
N(T)-1
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and where
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where tn) = WN(o)+1 — Wn(o). Taking the
derivative of the conditional expected value
with respect to the parameters to be estimated
and equating it to zero give the formulas for
estimating ("), o) and gew) (M-Step):

' 1 4

wr = ey NV @) — 1 T
(old) - (old) N*(T)-1
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where t; = w;.1 — w;.

(N(T) — )po' D (m — PN A + mn,y

where
N(T)-1

np = Z; Iio,n)(t:) 9)

where A denotes the bin width of the his-
togram of ¢; in which the indicator function

I4(z) equals one if z € A, and zero otherwise.
For a specific I(= 7/A),

ﬁ(new) ~ _l_l& [lna(new)

+ Infnp@d (m — ae PN A 4 ny)
— In[-nopD (m — ae”? ") A + mny)] (10)

where
N(T)-1
ng = Z 1 00) (1) (11)
i=1
and where
N(T)—1
ng= > Inaaina(t) (12)
i=1

Averaging the estimates of 3("%) over some
I’s may improve the estimation accuracy. The
iteration continues until the parameters con-
verge. The convergence of the algorithm has
been proved in [2].

4 Concluding remarks

In this article, a stochastic modeling of MEPPs

ae (0 — wy () — T)dT]with the SEPPs having some specific intensity

processes is presented, and a procedure for
(6)estimating the parameters characterizing the
SEPPs with the EM algorithm is developed.
In conclusion, the SEPP modeling of MEPPs
will play an important role in understanding
the mechanism of synaptic vesicle releases.
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