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VYMH®, mOoCKOIBKY YCTOMIMBBIN XapakTep OIleH -
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Bamaya maeHTUAUKAITIN BO BCEX MOJICISIX UMeeT
peleHue TPUMEPHO OIMHAKOBOTO KauecTsa. Llpu
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5 Numerical Example

Let us conveniently fix all the transition intensities and
look at how the obtained estimates look like. Assume
that

Aat) = % A= % (9.5 4+ 2sin(2rt)), Ao(f) = AE);

#n(t) = min(n, 90)(2.5 — cos(2mt));
a(t) =0; B(t) = 1.5+ sin(2nt).

Therefore, the Markov chain X (¢) is 1-periodic, i.e.,
for any initial condition p(0) for a probability py(t),
there exists a periodic function, say, 7,,(t) (i.e., 7, (t)
= mn(t+ 1)), such that lim; oo (pn(t) — mn(2)) = 0.

Computation of the perturbation bound starts with
the computation of the logarithmic norm y(DA*D)
of the operator DA*D which is equal to v(DA*D)
= —(1.5 + sin(27t)). Given that, the values of the
other constants are as follows: a > 1.5; M < 1.4;
and f < 3.51. Therefore, if ||f(¢) — f(¢)|1p < €2 and
|B(t) — B(t)|1p < €1, Theorem 1 yields

5.6 (3.51e1 + 1.5¢5)

li ) —pit)| <
imsup [p() ~ PO < 57T e 1o

Proceeding to the truncation bounds, in order to
compute the constants M, M, a, and @ required in
Theorem 2, it is necessary to obtain the logarithmic
norms y(DA* DY) and y(DA* DY) of the operators
DA*D~ and DA*D—1, respectively. This can be per-
formed using Theorems 1 and 2 from [21] that yield

¥(DA* DY) = — (1.5 + sin(27t)
— e (9.54 2sin(27t))), M <14, a>1.49;

¥(DA* DY) = — (1.5 + sin(2rt)
—£(9.5+2sin(271))), M < 1.4, @>0.075.

Let ¢ = 107 and & = 0.15. Then, since
sup,, sup, A, (¢) < 11.5, for the initial condition
pn(0) = p(0) = (1,0,0,-- )T, one has from (5) that

14.11.5-107¢
1) — | < ——
Ip@ —pr(®] < 1.49.1.15N1

1.4.25.1.15
40075 . <
 (Lae0o o) 5 + M4 20 <

< 0.000579888 - 1.151N.

Therefore, for example, for N = 90, the truncation
error (in {;-norm) is less than 2.2974 - 10~°. The trun-
cated system of Kolmogorov forward equations can be
solved numerically with any known differential equation

=
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Figure 1 Convergence of the probability po(t) under two

different initial conditions: I — Xgo(0) = 0; and 2 —
Xo0(0) = 90
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Figure 2 Limiting version of the probability po(¢) under
two different initial conditions: I — Xoo(0) = 0; and 2 —
Xo0(0) = 90

solver. For illustrative purposes, the graphs of the prob-
ability po(¢) under two different initial conditions as ¢
increases are given in Figs. 1 and 2.

6 Concluding Remarks

One of the possible ways to generalize the Markov
chain X(¢) is to allow for state-dependent catastro-
phes with intensities {c,.(t),n > 1} and {8 (¢),n > 2}.
Prior to the analysis of perturbation and truncation
bounds, one needs to have some estimates of its con-
vergence rate. Let p*(¢) and p**(¢) be two solutions
of the Kolmogorov forward equations for such a chain,
corresponding to two different initial conditions p*(0)
and p**(0). It is possible to show that the following
statement holds.

Theorem 3. Assume that Ba(t) + pa(t) > Ao(t) + Bo(t)
and Bn(t) 2 Bo) + Ao(t) for n > 3. Denote
Y(@®) = Ao (@) + Bo(t) + inf, an(t). Then, for any initial
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