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1 Introduction

First, we consider the following stochastic system of differential equations

d

dt
ui (t) =

∑
r∈D

ji−rur (t)− ui(t) +
∑

r∈Z\D

ji−rgr (t) + bσi(ui(t))
dwi

dt
, i ∈ D, t > 0, (1)

ui (0) = u0i , i ∈ D,

where wi (t) are independent Brownian motions and b > 0 is the intensity of the white noise. We
will assume the following assumptions on the kernel {ji} and the functions {gi(·)}:

(H1) ji ≥ 0 for all i ∈ Z.

(H2)
∑

i∈Z ji = 1.

(H3) g ∈ C([0,+∞), l∞2 ),

where l∞2 = {(ui)i∈Z\D : supi∈Z\D |ui|}.

We take into account two specific type of noises. Namely: 1) σi(v) = v (linear case); 2)
σi(v) = v(1 − v). The choice of the noise in the second case is motivated by the fact that we are
interested in studying variables like the probability of death, which take values in the interval [0, 1].

Second, we study the following stochastic system of differential equations with delay{
d

dt
ui (t) = [J(t, ut)]i − ui(t) + bσi(ui(t))

dwi

dt
, i ∈ D, t > 0,

ui (τ + s) ≡ ϕi (s) , i ∈ D, s ∈ [−h, 0],
(2)
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where h > 0, wi (t) are independent Brownian motions, b ≥ 0 is the intensity of the white noise,
σi : R → R, and J : R+ × C([−h, 0],Rm) → Rm is the non-autonomous convolution operator
defined by

[J(t, ut)]i =
∑
r∈D

∫ 0

−h
ji−ru

r(t+ s)αi(s)dµ(s) +
∑

r∈Z\D

∫ 0

−h
ji−rgr (t+ s)αi(s)dµ(s), if i ∈ D,

where u (t) =
(
ui (s)

)
i∈D , ut = u (t+ s) for s ∈ [−h, 0], j : Z → R, g : R × Z\D → R and

dµ(s) = ξ (s) ds being ξ (·) a probability density. We assume the following conditions:

(H1) jk ≥ 0 for all k ∈ Z.

(H2)
∑

i∈Z ji = 1.

(H3) g ∈ C([0,+∞), l∞2 ).

(H4) αi ∈ C([−h, 0],R), αi (s) ≥ 0 for i ∈ D, s ∈ [−h, 0].

We study the properties of solutions of these systems and perform some numerical simulations
related to life tables.

2 Results

First, we obtain some theoretical results concerning the properties of solutions. In the linear case,
we show the existence of a unique positive solution whenever the initial datum is positive. In the
second case, we establish that if the initial condition takes values in the interval (0, 1), then the
solution remains in this interval for any future time. Finally, we analyse the asymptotic behaviour
of solutions, showing under certain assumptions that for large times they remain in a neighborhood
of the unique fixed point of the deterministic system.

Second, we perform numerical simulations of solutions and analyse the efficiency of these models
for prediction of mortality using data from Spain.

The results for problem (1) were published in [1].
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