Journal of Computational and Applied Mathematics 235 (2011) 4532-4536

Contents lists available at ScienceDirect

Journal of Computational and Applied
Mathematics

journal homepage: www.elsevier.com/locate/cam

On a characterization of the uniform distribution by generalized
order statistics

G. Arslan

Department of Statistics and Computer Science, Baskent University, 06810 Ankara, Turkey

ARTICLE INFO ABSTRACT
Article history: In this paper a new variant of the Choquet-Deny theorem is obtained and used to prove
Received 28 January 2010 a characterization of the uniform distribution based on spacings of generalized order
Received in revised form 18 February 2010 statistics. This result extends two recent characterizations of the uniform distribution.

© 2010 Elsevier B.V. All rights reserved.
Keywords:
Characterization

Generalized order statistics
Uniform distribution

1. Introduction

The characterization of the uniform distribution has been considered by many authors and is also an important problem
in applications. For some recent examples, one may refer to the papers of Hamedani and Volkmer [1], Arslan et al. [2] and
Ahsanullah [3], among many others. In this paper a characterization of the uniform distribution is obtained using generalized
order statistics.

Let {X;, i > 1} be a set of independent and identically distributed (i.i.d.) random variables and denote the corresponding
order statistics by X1.n, X2:n. - . ., Xn:n. The upper record values will be denoted by Xy (1), Xy(2), - . .. For recent developments
in the theory of order statistics, one may refer to [4]. For details on the theory of order statistics, see also [5-8].

Although several characterization results involving spacings of order statistics can be found in the literature we note
that, as pointed out in [9], there are only a few results involving identical distributions of linear forms. Puri and Rubin [10],

for example, investigated the relation X;.; = X,., — X1, and showed all possible distributions satisfying this relation. Later

Gather [11] considered a more general relation; Xj_;.,; 4 Xi., — Xi:n. There are even fewer results based on spacings of
record values. Arslan et al. [2] have, for example, considered a characterization of the uniform distribution based on the

relation Xy ) — Xur—1) 4 Xwr), where Xy and X, are the rth upper and lower records, respectively. Note that the result
obtained in [2] is an example of a mixed type (lower and upper records) of characterization. A related result is also given
in[12, p. 175].

The main objective of this paper is to obtain a new variant of the Choquet-Deny theorem and to use it to prove some
characterization results for the uniform distribution, based on spacings. This result may be considered as a further example
of variants presented in [ 13]. Using this theorem two characterizations of the uniform distribution, one obtained using order
statistics [ 1] and other obtained using record statistics [2], are combined in one theorem by using generalized order statistics.

After presenting some basic notations and a variant of the Choquet-Deny theorem in the next section, an application to
a characterization of the uniform distribution is given in the third section.
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2. Some notations and a variant of the Choquet-Deny theorem

Generalized order statistics were introduced in [ 14]. Let F be an absolutely continuous distribution with density function
f. The random variables X (1, n, m, k), X(2, n, m, k), ..., X(n, n, m, k) are called generalized order statistics based on F if
their joint density function is given by

n—1

n—1
FHOmRRXORE () =k (]"[ y,> (H (1— F(xl-»mff(xi)) (1= Fa) ™ f (xa),
j=1

i=1

where F71(0) <x; <---<x, <F '(),neNn>2,k>0m=(ml,...,m_;) e R" ! and M, = Z;:rl m;, such that
Yy = k+n—r+M, > Oforallr € {1, ..., n — 1}. Choosing the parameters appropriately, different models, such as ordinary
statistics, record values, progressive-type Il censored order statistics may be obtained. In this paper we only consider the
special case wherem = my,foralli € {1,...,n — 1}.Note thatifm = 0and k = 1, then X (r, n, m, k) reduces to the ordinary
rth order statistics. On the other hand if m = —1 and k = 1, then X(r, n, m, k) reduces to the rth upper record value.

In a similar way, the lower (dual) generalized order statistics can be defined. The random variables X;(1, n, m, k), X;(2, n,
m, k), ..., X (n,n, m, k) are called lower (dual) generalized order statistics based on F if their joint density function is given
by

n—1 n—1
ﬁXl(l,n,m,k),..A,Xt(Tl,n,m,k) (X], o, Xn) — k (1—[ ')/j) (1_[ (F(x'))mf(x!)> (F(Xn))’<_1f(xn)y
j=1 i=1

where F1(1) > x> --- >, > F'(0),neN,n>2k>0m>—1,andsuchthat y, = k+ (n — r)(m+ 1) > O forall
r € {1,...,n— 1}. For details on generalized order statistics, one may refer to [ 14], and for details and some applications
of lower generalized order statistics one may refer to [15,3].

It has been already shown in some papers that many characterization results proved by several approaches can also be
proved by using some version of the Choquet-Deny theorem. Some examples may be found in [13]. For information about
some versions of the Choquet-Deny theorem one may refer to [16,17], among others.

The main result may be considered as a variant of the following theorem [13].

Theorem 1. Let p be a positive integer and A be a non-empty subset of [0, co)? \ {0} with the property that X € A implies
[0,x] \ {0} C A where® = (0, ...,0). Also, let for each x € A, B, = [0,x]\ ({x}|UJ{0}) and {s, : x € A} be a family of
probability measures (on RP) such that for each X, 11y is concentrated on B,. Then a continuous real-valued function H on A, such
that H(x) has a limit as ||x|| tends to 0+, satisfies

H(x) = / Hx — yue(dy), x €A
Bx

if and only if it is identically equal to a constant.

Arslan [2] have used the following corolloray of Theorem 1 to prove some characterization results.

Corollary 1. Let A = (0, B) and for each x € A, By = (0, B — x). Also, let {11y : x € A} be a family of probability measures such
that for each x € A, uy is concentrated on By. Then a continuous bounded nonnegative real-valued function h on A such that h(x)
has a limit as || x|| tends to B—, satisfies

heo = / Bt Y i(dy), x €A
Bx

if and only if it is identically equal to a constant.
The next theorem represents another variant of the Choquet-Deny theorem that is used to prove some recent
characterization results, which will be given in the next section.

Theorem 2. Let A = (0, ) and foreachx € A, By = (0, B — x). Also, let {11y : x € A} be a family of (nondegenerate) probability
measures such that for each x € A, uy is concentrated on By. Then a continuous bounded nonnegative real-valued function H on
A satisfies

H(ﬁ—X)z/ Hx+ Pia(dy), x €A, 2.1)
Bx

if and only if either H = 0, or H(x) is constant on A.

Proof. The “if’ part of the theorem is trivial. To show the “only if” part suppose that H satisfies the integral equation (2.1)
and assume that H(x) > 0 for some x € (0, 8), and H(x) is not identically equal to a constant on A. It will be shown that this
leads to a contradiction.
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Integral equation (2.1) can be rewritten as

B
H(X)Z/ H(t)ve(dt), (2.2)
B

—X

where for any pg_,-measurable set B, vx(B) = ug_x(B).
Since (2.2) holds for every x € A, 3xo € Aand a Borel set By C (8 — Xo, B) such that vy, (By) > 0 and

H(xo) < H(y), Vy € Bo. (2.3)
Hence
H(xo)vx, (Bo) < / H(t)vy, (dt). (2.4)
Bo

Using the Kolmogorov consistency theorem, it follows that there exists an infinite sequence {X,, : n =1, 2, ...} of 0-1
valued exchangeable random variables such that for eachn > 1

P{x1=1,...,xn=1}=[H(xo>r1f / H 1+ Y2 4+ V) v (y) - iy (dy). (25)
Bo Bo
Now, it can be shown that (see the proof of the theorem in [17])
PXi=1,X%=1,....Xn =1} > PX; = 1)¥, n>1 (2.6)
Consequently,
PXi=1,X%=1,....Xn =1 PiX; =11\
X 2 - 2 }><{1 }>’ -1, 27)
(Vo (Bo)) Vxo (Bo)

leading to a contradiction since the left-hand side of (2.7) is bounded relative to n while the right-hand side tends to oo as
n — oo. Using (2.2), (2.5) and the fact that H is bounded there exists a positive constant C such that

C on
P, =1.X =1,....Xn) < —— [v.B)]* .
X 2 an} Hxo) [Vxo (Bo) ]

from which the boundedness of the left-hand side follows. The unboundedness of the right-hand side of (2.7) follows from
(2.4) and (2.5). This contradiction proves the theorem. O

3. A characterization of the uniform distribution

In this section we consider a relation characterizing the uniform distribution based on spacings of generalized order
statistics. This generalizes some previous characterization results and uses upper as well as lower generalized order
statistics.

The uniform distribution with cumulative distribution function (CDF) F defined on (a, b), where a < b will be denoted
by F ~ U(a, b).

Hamedani and Volkmer [1] have investigated the following relation

d

Xon — Xrin = Xs—rins
where 1 < r < s < n. They obtained several characterizations of the uniform distribution by considering special families
of distributions such as subadditive and symmetric families. On the other hand, Arslan et al. [2] have shown that

d

Xury — Xue—1) = Xy,
where 1 < r, is also a characteristic property of the uniform distribution, if the family of distributions is assumed to be
symmetric.

In the next theorem it will be shown that, under suitable conditions, the relation

X(ron,m k) —X(r—1,n,m k) 2 X(r.n,m k), r>1 (3.1)

implies that the random variables X; are from a Uniform distribution.

Theorem 3. Let X1, X, ..., X, be a sequence of i.i.d. nonnegative random variables with an absolutely continuous distribution
function F and symmetric about /2. Given the following statements:

(1) X(r,n,m, k) —X(r — 1, n,m, k) iX,(r, n, m, k) is true forsome y, = k+ (n—r)(m+ 1) > 1withr > 1.
(2) yr =1andF ~ U(0, B),

it follows that (1) = (2).
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Proof. The pdf of X(r, n, m, k) — X(r — 1, n, m, k) is given by

Cr—1
(r—2)!

where y, = k + (n — r)(m + 1). After some simplifications, this may be written as

B—x
fro1r(0) = / [1—FO)I"gh *FW) x [1—F @ +01""'fo)f (v +x)dy,
0

Cr—1
r(r)

B—x _ _
frorr ) = / [Fo+0]" "' f o +0dg Fo).
0

where ¢,y = []i_, ¥, and

1
() = m[l—(l—x)"”'l], m# —1
—In(1 —x), m=—1.

The pdf of X;(r, n, m, k), on the other hand is given by

% _ Cr—1 r—1 % r—1
f; (x)—i(r_])!FV ® [gnF@)] ™ f, (32)
where
1

- _,mtl _
gn(x) = m+1(1 ), m
—In(x), m=—1.

Thus, relation (3.1) implies that
B—x _
Fr ) [gh(Feo)] ™ f) = / [Fo+x0]"""f o +xdg " Fy)
0
and, since g,,(F()) = g% (F(¥)),

B—x _ B S
Fr=' 0 [ga(Feon] ™' fxo) = / Fo+0]" " fo+0d[gEon] .
0
or

B—x _ B dle* F r—1
FVr”(x)f(x):/ [Foy+x]" ]f(y-|-x)[g’“(7(y));|_l’
0 (g (F(0))]

Since f is symmetric about /2, this can be written as

x e (0, B).

d[gzFon]
ERGON
This functional integral equation can be solved by using Theorem 2. Let H(x) = F”~'(x)f (x), and define
d[gzFon]
px(B) = N S
s [ (F(0)]
where By, = (0, 8 — x). Then Eq. (3.3) can be written as

_ p—x _ _
(B —xf (B —x) = /O [Fo+x]" "fo+n x € (0, B). (3.3)

HE =0 = [ HoH @), xea
Bx
where A = (0, B).
From Theorem 2 it follows that
H(x) = F" 1 (0)f (%)
is constant on A. The symmetry of F implies that y, = 1and F ~ U(0, 8). O

Note that y, = 1 leads to two characterizations, which correspond to characterizations with order statistics (k = 1,
m = 0,and n = r) and record values (k = 1and m = —1). The relations resulting from this special case are given below:

d
Xon — Xn—1:n = X1 (34)
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and

d
Xuey = Xug—1) = X1y (3.5)

Relation (3.4) corresponds to the special case for r = n — 1 in Theorem 5.2 given in [1], and (3.5) corresponds to the
result given in [2], respectively.
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