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Large deviations for random evolutions
with global balance conditions

Consider large deviations for random evolution in asymptotic small diffusion scheme
[1,2] with global balance conditions defined by stochastic differential equation [3,4]

du®° (t) = C(u™°(t); 2(t/e®)) dt + (e 7' + 6~ ") Co(x(t/e”)) dt, (1)
where the uniformly ergodic Markov process x(t), t > 0, is defined on the phase spa-

ce of States (X, X) with Statlonary distribution 7(B), B € X, [4,5] and the generator
Qo(x fX x,dy)[e(y)—p(x)] on real-valued test-functions with the norm ||¢(z)||:=

supmeX <p( ) [4]; u®°(t) — random evolution [5]; C(u; ), u € RY — regression function [3],
Ro potential by operator Q [4]. The global balance condition holds [ « Co(z) m(dx) = 0.

Lemma 1. The random evolution (1) is defined by the generator
L (2)p(u,x) = [e°Q + (¢ + 67 1) Co(x) + C(@)]p(u, ),
where Co(z)p(u) := Co(z)¢’ (u), Clx)p(u) := C(u; )¢ (u).

Lemma 2. A solution of the singular perturbation problem [4, 5] for the generator La’é(x)
g

on perturbed test-function ¢ (u,z) = @(u) + (¢ + 8)p1(u, ) + ®p2(u,x), where £ —
l,e — 0, has the form L¥°(z)p%°(u,z) = L’p(u) + 05 (x)p(u), where L° = TIC(x)II +
160%, 0 = 2l Co(x)Ro Co(z)I1, and a negligible term 07 (z)p(u) is defined by the ratio

supzex 07 (z)p(u) — 0,e — 0.

Theorem 1. The exponential generator H°p(u) = exp(—#)él}‘s exp(@) [1,2] the
limiting evolution du(t) = C(u(t)) dt + 620 dw(t) with the shift C(u) = fx w(dx)C(u; ),
converges to the limiting exponential generator Hp(u) = 10[¢' (w)]* + C(u)¢'(u), § — 0.

Corollary 1. The theorem solves the large deviations problem [2] for random evolu-
tion (1).
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