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INTEGRAL LIMIT THEOREM FOR THE FIRST
PASSAGE TIME FOR THE LEVEL OF RANDOM
WALK, DESCRIBED WITH AR(1) SEQUENCES

Abstract

In the paper the integral limit theorem is proved for the first passage for a
level of random walk described by an autoregression sequences AR(1).

1.Introduction. Let ξn; n ≥ 1 be a sequence of independent identically dis-
tributed random variables determined on some probability space (Ω, F, P ).

As is known, the autoregressive sequence of first order AR(1) is determined as
the solution of the equation

Xn = βXn−1 + ξn, n ≥ 1, X0 = x, (1)

where x and β are non-random constants, and we’ll suppose x ≥ 0 and |β| < 1.
Assume

Tn =
n∑

k=1

Xk−1Xk, n ≥ 1

and consider the first passage time

τa = inf {n ≥ 1 : T > a} (2)

of the process Tn, n ≥ 1 for the level a ≥ 0.
The first passage time of type (1) was an investigation object in the papers [1-5],

where different boundary problems for AR(1) sequences were studied.
Sufficient conditions for exponential boundedness of the first passage time for

the level of AR(1) sequences are found and an identity for the mean time of the first
passage is obtained in the paper [1].

In [5], the limit distribution of the first overshoot for the level of the AR(1)
sequence is found.

In the present paper we prove an integral limit theorem for the first passage time
τa of the form (2) under which we understand any assertion on the convergence in
distribution

τa −A(a)
B(a)

d→ η,

where η is some non-degenerate random variable, A(a) and B(a) > 0 are normalized
non-random constants dependent on a. Integral limit theorems play an important
part in theoretical and applied problems of theory of random walks. The role and
value of these theorems are explained in [2], [3] (see also [9]).

2. Conditions and formulation of the main result
At first we give the following definition that plays a fundamental role in investi-

gation of weak convergence of the sum of the random number of random variables
([6], [9]).




