Quickest detection of intensity change for Poisson
process in generalized Bayesian setting
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Abstract

We observe a stochastic process X; = fg I(s < §)dNQo + fot I(s > 0)dN}",, Xo =0,
where Nf‘o and Nt)‘1 are Poisson processes with known intensities A\g and A1, A\g > Aq,
I(-) is an indicator function. Nonrandom unknown parameter § € [0,00] is a time
when the "disorder" appears. Let 7 = 7(w) be a finite stopping time with respect to
the filtration generated by the process X;. We interpret 7 as the decision that the
disorder has happened at the time 7(w). Let P; be the distribution of the process X;
under the assumption that the disorder happened at the time 8 = ¢. For every T > 0
we denote by M the set of stopping times with the mean time T' = E,,7 until the
false alarm. For 7 € M7 introduce the risk B(T;7) = % [~ Eg(7 — 6)*df. The stop-
ping time 75 € My is called optimal if B(T) = B(T;7}) = infream, B(T; 7). Let 9

be the Shiryaev’s process, 1; = fot f—zds, where L; = exp (log (f\—é) X — (M1 — /\O)t)

2 3
is the likelihood process. Denote p = 3 (’\1/_)\%‘0) . B=1 (’\1/_)\%‘0) , (—Fi(—x)) =

f:oo %tdt (x > 0) — integral exponential function.

THEOREM. For any T > 0 an optimal stopping time 75 exists in My such
that 75 = inf{t > 0 : ¢y > T}. Moreover, the generalized Bayesian risk B(T) =
V(SET) , where V(x; T) solves differential-difference equation (1— (A —Xo)x)V'(z;T)+
)\O(V(SE%;T) —V(x;T)) = —x, V(T;T) = 0. If A\¢g — o0 and A\y — oo such that
A1 = Ao+ CV/ g for some fized constant C' < 0, then B(T) = Bo(T) +eB1(T) + ...,
where ¢ = 1/v/Ag, Bo(T) = % {e/%T (—Ei (—i>) - (1 L[ Mdtﬂ,
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