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Kornya approximation for dependent indicators

Vydas CEKANAVICIUS (VU)
e-mail: vydas.cekanavicius @maf.vu.lt

In probability theory, sums of dependent indicators play a very important role. Usually
such sums are approximated by the prelimiting Poisson law, see [2], [6]. In this note, we
shall explore Kornya type approximation. The Stein method is used.

Let W = Z;‘ I; be the sum of (possibly dependent) indicators, s be arbitrary chosen
fixed positive integer,
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In [5], Kornya proposed to use signed compound Poisson approximation D having the
following characteristic function
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Note that some of \A; are negative, which means that D is the signed compound Poisson
measure. In [4], [S], D and its generalizations were used for approximating of sums of
independent random variables. In the proofs, convolution property of measures was cru-
cial. Consequently, for the case of dependent summands we need a different approach.
The Stein method (especially its adaptation for discrete variables by Chen) is a relatively
simple tool fulfilling our needs. For a comprehensive discussion of the Stein-Chen met-
hod see [2]. Originally the method was developed for the Poisson approximation. For a
long time its adaptation for the compound Poisson case was far from satisfactory. The
breakthrough was achieved in [3], for further developements see [1]. We shall use some
ideas and results of [1], [3].
Further on we assume that

pi<1/3, i=1,...,n, 0
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and
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By V; we denote a random variable, having the same distribution as W, when X; = 1,
ie, P(V; =k) = P(W; =k|X; =1).

Theorem 1. Under conditions (4) and (5), given any bounded f: Z — R, the following
estimate holds:
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Here || f|| denotes the supremum norm.

REMARK 1. Itis evident, that for the estimate (6) to be small, the distributions of Vi and
Wi must be quite similar, which means that the dependence of the indicators can not be
very strong.

REMARK 2. Taking supremum over all f satisfying || f|| < 1 we get the estimate for the
total variation norm (for it we shall use the same notation || - ||). Hence, the following

corollary.

COROLLARY 1. Under conditions (4) and (5)
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Here L(W) denotes the distribution of W,

REMARK 3. For the sum of independent indicators the accuracy of approximation is of
the order O (30, pit1A—1/2),

The Stein-Chen method can be adapted for obtaining estimates in other, different from
total variation, distances, see [2]. We shall demonstrate this by considering the Wasserst-
ein distance, which is stronger than the total variation distance.
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Theorem 2. Under conditions (4) and (5), the following estimate holds:
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Here Fw = {f: Z — R:sup |f(k + 1) — f(k)] < 1}.

REMARK 4. Note that the estimate (8) does not follow from (7) directly, because the set
Fw contains unbounded functions as well as the bounded ones.

Proof. The Stein method depends on the properties of the solution of the so-called Stein
equation. In our case, the Stein equation is
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Take any bounded f: Z — R. If g solves (9) then
llgll < A2 £11/(1 - 26), | Ag < X~2l|f]1/(1 - 26), (10)

see [1]. Here Ag(k) = g(k + 1) — g(k) and g(k) =0,k < 0.
Now it remains to estimate the mean of the left-hand side of (9). We have
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It is easy to check that
|Eg(W: + k) — Eg(Vi + k)| < || AglE|W; — Vi, (12)
B + s+ DiXs = 1)| < gl (3)

Combining (11), (12) and (13) we get
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Taking into account condition (4) we can write
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Therefore, estimate (6) follows from (14) and (10).

For the proof of estimate (8) we need some analoguc of (10). If g solves (9) for
f € Fw then

lgll <3/(1-26), |lAgll < A~/23/(1 - 26). (15)

The proof of (15) almost coincides with the proof of Theorem 2.1 from [1]. One must
estimate (2.6) replace by its analogue from Lemma 1.1.5, [2]. Now (8) follows from (14)
and (15).
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Priklausomy indikatoriy Kornya aproksimacija
V. Cekanavitius

Priklausomy indikatoriy sumos skirstinys aproksimuojamas Zenkla keiian&iu puasoninés
struktliros matu, 1983 m. pasitilytu Kornya darbe. Ivertis gautas pilnosios variacijos ir Vaserteino
metrikoms. Rezultatams jrodyti taikomas modifikuotas Steino metodas.



