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On the Solution of a Non-linear Stochastic Prey-Predator
Equation

This paper is basically the stochastic version of [1]. The related deterministic prey-
predator model is the following semi-linear hyperbolic system in two variables

Dyuy(z,t) = (0 + 10z )ur(x,t) = Muq(x, t)us(z, t)
Doug(z,t) = (0 + 20, )us(x, t) = Aous (x, t)ug(x, t)
aj(z) =u;(z,0) =A;0(x—&); =12, MA<0
As the initial data are measures, u; and us are expected to be as singular as the initial data,

thus the product necessitates a non-linear theory of distributions like that of Colombeau.
For the stochastic case driven by the white noise a more realistic model could be

Dyuy = M (ug + 31)(162 + BQ)

D2u2 = )\Q(Ul -+ Bl)(UQ -+ Bg)

By, B, € (S)* (Hida distributions), their product is not defined in (S)* but meaningful
in the stochastic Colombeau distribution Gy along the lines introduced in [2] and [3]. We
try to solve the last sytem at the representatives platform where u; = a+N, us = B+N,
then show that «, 5 € Eyrs . Here Ny and &5 are the ideal of null germs and the algebra
of moderate members of the Colombeau algebra respectively. Hence their classes will form
a generalized solution. Considering

D1u1 = )\1(%1 + Oé)(UQ + 6)

Dougy = Ao(ug + a)(uz + 5)

and noticing that Dj(Auy) = Da(Aug), there exists X with Dy X = Auy, D1X = A\jus.
Following the Hashimoto’s method let Y = e and that \; = 1 = —)\, for simplicity,
we find that Y satisfies the wave equation

Yie = Yo + (@ + B)Y, + (a — B)Y; — aBY =0,
With the transformation E =x —t,n=x+1:

1 1
Yer, — 5(53/5 +aY,) + Zaﬁy =0.
Separation of variables Y, = F(§)G(n) yields

(F'(€) - 30F(©)(C () — 55Gm) = 0.

Under the natural and reasonable assumption that white noises propagate along the two
families of characteristics, i.e. a = a(x —t),0 = B(x +t), the system is completeley
solvable.
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