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Abstract

In this article, the strong limit theorems for arrays of rowwise negatively orthant-
dependent random variables are studied. Some sufficient conditions for strong law
of large numbers for an array of rowwise negatively orthant-dependent random
variables without assumptions of identical distribution and stochastic domination are
presented. As an application, the Chung-type strong law of large numbers for arrays
of rowwise negatively orthant-dependent random variables is obtained.
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1 Introduction

Let {X,, n > 1} be a sequence of random variables defined on a fixed probability space
(€2, F, P) with value in a real space R. We say that the sequence {X,, n > 1} satisfies
the strong law of large numbers if there exist some increasing sequence {a,, n > 1}
and some sequence {c,, n > 1} such that

! Xn:(X,- —¢)—> 0 as.asn— oo.
an i=1

Many authors have extended the strong law of large numbers for sequences of ran-
dom variables to the case of triangular array of random variables and arrays of rowwise
random variables. For more details about the strong law of large numbers for triangu-
lar array of random variables and arrays of rowwise random variables, one can refer to
Gut [1], and so forth. In the case of independence, Hu and Taylor [2] proved the fol-
lowing strong law of large numbers.

Theorem 1.1. Let {X,,; : 1 < i < n, n 2 1} be a triangular array of rowwise indepen-
dent random variables. Let {a,, n > 1} be a sequence of positive real numbers such that
0 < a, 1 . Let g(t) be a positive, even function such that g(|t|)/|t|” is an increasing
function of |t| and g(|t|)/|t|’*" is a decreasing function of |t|, respectively, that is,

g(lth) g(lth)

T

I oastf 1t
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for some nonnegative integer p. If p > 2 and

EXyi =0,
g( |Xm|)
; 21: glan) ~

(3o <

where k is a positive integer, then

1 n
> Xni—> 0 as.
an i=1
In this article, we will consider the strong law of large numbers for arrays of rowwise
negatively associated (NA) random variables. A finite collection of random variables

X1, Xo, . .., X, is said to be negatively orthant dependent (NOD) if

n
P(Xl >x1,X2 >%x,..., X, > x,,) < HP(Xl > xi)
i=1

and

P(X; <x1, X2 <x3,..., Xy <o) < ﬁP(Xi < x;)
i=1

for all x1, x5, . . ., x, € R. An infinite sequence {X,, n > 1} is said to be NOD if every
finite subcollection is NOD.

An array of random variables {X,,;, i > 1, n > 1} is called rowwise NOD random vari-
ables if for every n > 1, {X,,;, i = 1} is a sequence of NOD random variables.

The concept of NOD sequence was introduced by Joag-Dev and Proschan [3].
Obviously, independent random variables are NOD. Joag-Dev and Proschan [3] pointed
out that NA (one can refer to Joag-Dev and Proschan [3]) random variables are NOD.
They also presented an example in which X = (X1, X5, X3, X;) possesses NOD, but
does not possess NA. So we can see that NOD is weaker than NA. A number of limit
theorems for NOD random variables have been established by many authors. We refer
to Volodin [4] for the Kolmogorov exponential inequality, Asadian et al. [5] for the
Rosental’s-type inequality, Amini et al. [6,7], Klesov et al. [8], and Li et al. [9] for
almost sure convergence, Amini and Bozorgnia [10,11], Kuczmaszewska [12], Taylor et
al. [13], Zarei and Jabbari [14] and Wu [15] for complete convergence, and so on.

The main purpose of this article is to study the strong limit theorems for arrays of
rowwise NOD random variables. As an application, the Chung-type strong law of large
numbers for arrays of rowwise NOD random variables is obtained. We will give some
sufficient conditions for strong law of large numbers for an array of rowwise NOD
random variables without assumptions of identical distribution and stochastic domina-
tion. The results presented in this article are obtained using the truncated method and
the Rosental’s-type inequality of NOD random variables.

The main results of this article are depending on the following lemmas:

Lemma 1.1 (c¢f Bozorgnia et al. [16]). Let random variables X1, X5, . . ., X,, be NOD,
fi, for - - -5 fu be all nondecreasing (or all nonincreasing) functions, then random vari-
ables {i(X1), /H(X2), - . ., fu(X,,) are NOD.
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Lemma 1.2 (c¢f Asadian et al. [5]). Let p > 2 and {X,,, n > 1} be a sequence of NOD
random variables with EX, = 0 and E|X,|° < for every n > 1. Then, there exists a
positive constant C = C(p) depending only on p such that for every n > 1

' <C {fmxm’ + (fEXf)p/z} .

i=1 i=1

E

n
> Xi
=1

Throughout the article, let I(A) be the indicator function of the set A. C denotes a

positive constant which may be different in various places.

2 Main results

In this section, we will give some sufficient conditions for strong law of large numbers
for an array of rowwise NOD random variables without assumptions of identical distri-
bution and stochastic domination. Our main results are as follows.

Theorem 2.1. Let {X,,; : i > 1, n = 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. Let {g,(t), n = 1} be a sequence
of positive, even functions such that g,(|t|) is an increasing function of |t| and g,(|t])/|t|
is a decreasing function of |t| for every n = 1, respectively, that is

gn(lt])

| Voasie 1.

ga(ltl) 1

I

Egn(|Xni|) -

20(an) 0, (2.1)

n=1
then for any ¢ >0,

1 n
me'

An =1

2

> 8) < 00. (2.2)

Proof. For fixed n > 1, define

X,-(n) = —aul(Xpi < —an) + Xpild (1Xnil < an) + anl(Xpi > a,), 121,

]
m _ 1 () () -
- > (x—ex™), j=12,...n
i=1

By Lemma 1.1, we can see that for fixed n > 1, {Xi("),i > 1}is still a sequence of NOD

1 n
ZXI.(") > ¢
an 3

l n
> e
an

random variables. It is easy to check that for any ¢ >0,

1 — 1
ZX,”- > ¢ | C | max |Xy| > a, | U
an = 1<i<n a

n
which implies that

1 n
P D X
an 3

n

>

i=1

> s) < P(max | Xni| > a,,) +P(
1<i<n

<Y P (Xl >an)+P(

i=1

(2.3)

T,(ln) > £ —

) |
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First, we will show that

(m)
EX

— 0 asn— oo. (2.4)

Actually, by conditions g,(|t]) 1, g.(|t])/|£| | as || T and (2.1), we have that

Z Ex("

< Zqum > ay) + ZE|xm|I(|Xm| < ay)

i=1 i=1 i=1
< Z Egn(|Xm|) Z Egn(|Xm|)I(|Xm| = an)
i1 gn(an) gn(an)
<2ZEg"(|Xm|) 0 asn— oo,
i1 gn(an)

which implies (2.4). It follows from (2.3) and (2.4) that for n large enough,

( . ;Xm > s) < ZP(le| > ay) +P< M| S 2).
Hence, to prove (2.2), we only need to show that
oo n
D P (Xl > an) < 00 (2.5)
n=1 i=1
and
> e
ZP( > 2) < 00. (2.6)
n=1

The conditions g,(|¢]) 1 as |¢| 1 and (2.1) yield that

Egn (|1 Xnil
ZZP(IXmI >an><ZZ sn(%ul) _ o,
n=1 i=1 n=1 i=1 (an)
which implies (2.5).
By Markov’s inequality, Lemma 1.2 (for p = 2), g,(|¢]) 1, g.(|£])/|¢t] | as |t] T and
(2.1), we can get that

T(") T(")

) <CZ <CZ Z
< CZ ZP<|xm| > a) + CZZ Elxm|21(|xm| < an)

n=1 i=1 n=1 i=1
< CZZ |Egn(|Xm|) ZZ E| Xyl I(|Xm| = an)
n=1 i=1 8n(an) n=1 i=1
Egn(|Xn1|) Egn(|Xm|)I(|Xm| = an)
<C
;; 8n(an) ;; 8n(an)

< CZZEgnUXmD < 00,

n=1 i=1 8n(an)
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which implies (2.6). This completes the proof of the theorem. &
Corollary 2.1. Under the conditions of Theorem 2.1,

1 n
ZX,,,- — 0 a.s.
an o

Theorem 2.2. Let {X,,; : i > 1, n > 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. Let {g,(t), n = 1} be a sequence
of nonnegative, even functions such that g,(|t|) is an increasing function of |t| for every
n > 1. Assume that there exists a constant 6 >0 such that g,(t) > ot for 0 < t < 1. If

o0 n an

> Eg <0, (2.7)
- an

n=1 i=1

then for any ¢ >0, (2.2) holds true.

Proof. We use the same notations as that in Theorem 2.1. The proof is similar to
that of Theorem 2.1.

First, we will show that (2.4) holds true. In fact, by the conditions g,(f) > dt for 0 < ¢
< 1 and (2.7), we have that

1 n n n |X |
LD Ex sZP<|Xm|>an>+ZE( - I(|Xm'|§£ln))
m =1 i=1 i=1 n

1w Xui\ 1w Xpi
5 2 Fen (a) + oD B ( a’”) 11Xl < an)
i=1 i=1

n n

n

2 Xm'
(SZEg”(a )—>0 asn — oo,

i=1 n

IA

which implies (2.4).
According to the proof of Theorem 2.1, we only need to prove that (2.5) and (2.6)
hold true.

When |X,,;| > a,, >0, we have g, (’;:) > gn(1) > 4§, which yields that

1 Xni
P(|Xni| > an) = EI(|Xni| > an) = aEgn ( am) .

n

Hence,
o0 n 1 o0 n X .
ni
E E P (|Xuil > an) < s E E Egn (an ) < 09,
n=1 i=1 n=1 i=1

which implies (2.5).
By Markov’s inequality, Lemma 1.2 (for p = 2), g,(¢) = ot for 0 < £ < 1 and (2.7), we
can get that

Page 5 of 10
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Z ( ) = CZ ZP(|Xn1| > Lln) +CZZE|X”1| I(|Xm| dn)

n=1 n=1 i=1 n=1 i=1
o0 n
E|Xni|1(|Xni| fan)
<C+C
=C+CY ). o
n=1 i=1
o0 n X .
sC+cZZEgn( "’)1(|Xm|san)
n=1 i=1 an
<C+CYY g, ( ) <o,
n=1 i=1

which implies (2.6). This completes the proof of the theorem. O

Corollary 2.2. Let {X,,;, i 2 1, n > 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. If there exists a constant 5 € (0,
1] such that

S5, )
< 00,

Lo 27\ Jay P+ Xl

then (2.2) holds true.

Proof. In Theorem 2.2, we take

gn()— 0<B<1,n>1.

Itlﬁ
It is easy to check that {g,(¢), n > 1} is a sequence of nonnegative, even functions
such that g,(|¢]) is an increasing function of |¢| for every n > 1. And

1 1
gn(t)zztﬂzzt, 0<t<1,0<pB<1.

Therefore, by Theorem 2.2, we can easily get (2.2). O
Corollary 2.3. Under the conditions of Theorem 2.2 or Corollary 2.2,

1 n
ZX,,,- — 0 a.s.
an o

Theorem 2.3. Let {X,;: i > 1, n > 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. EX,; = 0,i > 1, n > 1. Let {g,
(x), n > 1} be a sequence of nonnegative, even functions. Assume that there exist e (1,
2] and 6 >0 such that g,(x) = éxﬁfor 0 <x < 1 and there exists a 0 >0 such that g,(x) >
ox for x > 1. If (2.7) satisfies, then for any ¢ >0, (2.2) holds true.

Proof. We use the same notations as that in Theorem 2.1. The proof is similar to
that of Theorem 2.1.

First, we will show that (2.4) holds true. Actually, by the conditions EX,;; = 0, g,,(x) >
ox for x >1 and (2.7), we have that
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n
< ZP(|Xm-| > ay) + ZEXmI(|Xm| > ay)

i=1

< 2ZE(' il 11 > an)>

i=1

2 Xni
] ZE3”<J)’('X"” > an)
ZE <m>—>0 as 1 — 0o,

which implies (2.4). Hence, to prove (2.2), we only need to show that (2.5) and (2.6)
hold true.
The conditions g,(x) > dx for x >1 and (2.1) yield that

n
! > Ex"
an = !
i=1

iipﬂxnd > dp) = ii:il:EI(IXml > ay)
<ZZE(' *”'1<|xm|>an>)
n=1 i=1
< ZZE ( )I<|xm|>an>
n=1 i=1
< ZZE (m)<oo,
n=1 i=1

which implies (2.5).
By Markov’s inequality, Lemma 1.2 (for p = 2), g,(x) = 5xP for 1 < B<2,0<«x<1
and (2.7), we can get that

ZP( ) = CZZP(|Xn1| > dy) +CZZE|Xm| I(|Xm| < an)

n=1 i=1 n=1 i=1
<C+ CZZE|Xm|'BI(|Xm| =< an)
n=1 i=1 a”
<C+CZZE ( )I(|Xm|<an)
n=1 i=1
<C+CZZE ( m)<oo,
n=1 i=1

which implies (2.6). This completes the proof of the theorem. &

Corollary 2.4. Let {X,;, i 2 1, n 2 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. EX,; = 0, i > 1, n > 1. If there
exists a constant € (1, 2] such that

G
ZZ <an|Xm|’3 1+ﬂ§><oo’

n=1 i=1

then (2.2) holds true.
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Proof. In Theorem 2.3, we take

_
a(x) = ||ﬂ1, 1<p=<2,n=>1

It is easy to check that {g,(x), n > 1} is a sequence of nonnegative, even functions

satisfying
1 P 1
gn(x)z2x, 0<x<1 1<B<2 and g,,(x)z2x, x> 1.

Therefore, by Theorem 2.3, we can easily get (2.2). O

Furthermore, by Corollaries 2.2 and 2.4, we can get the following important Chung-
type strong law of large numbers for arrays of rowwise NOD random variables.

Corollary 2.5. Let {X,;, i = 1, n = 1} be an array of rowwise NOD random variables
and {a,, n = 1} be a sequence of positive real numbers. If there exists some 3 € (0, 2]
such that

o0
Z E|Xm|/3 < 00, (2.8)
n=1 i=1 a
and EX,; =0,i>1,n>1ifBe (1, 2], then (2.2) holds true and aln Yot Xpi = 0 as..
For B > 2, we have the following result.
Theorem 2.4. Let {X,;: i > 1, n > 1} be an array of rowwise NOD random variables
and {a,, n > 1} be a sequence of positive real numbers. Let {g,(x), n = 1} be a sequence

of nonnegative, even functions. Assume that there exists some 8 > 2 such that g,(x) >

oxP for x > 0. If
i 2”: [Eg (Xmﬂl/ﬂ <OO -
n=1 i=1 \a, I .

then for any & >0, (2.2) holds true.
Proof. We use the same notations as that in Theorem 2.1. The proof is similar to
that of Theorem 2.1. It is easily seen that (2.8) implies that

iiﬂgn(x"i)mo (2.9)
- May, '
n=1 i=1
and

o n N8

Z |:Egn( " )} < 00. (2.10)

First, we will show that (2.4) holds true. In fact, by Holder’s inequality, g,(x) = SxP
for x >0, (2.8) and (2.9), we have that
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n
! S Ex"
ap “ t
i=1

< iP(IXniI > dp) +
<§:E<
<CZEgn
<CZEgn

| m|

B

n

(.
(.

1(1 X > an)) Z[ (

ZE ('i:i'r(lxni| < an))

n B 1/B
I(1Xnil < an))]

|Xni|
B

i=1 n

) + CZ [Egn (i) 11Xl < an)] v
>+CZ[Eg,,( "1)}1/ﬂ—>0 asn — oo,

which implies (2.4). To prove (2.2), we only need to show that (2.5) and (2.6) hold

true.

By the condition g, (x

> 548 for x >0 again and (2.9), we have

DO P UXuil > an) =YD EI(IXuil > an)

n=1 i=1 n=1 i=1

>

n=1 i=1

PR

n=1 i=1

IA

(s

I/\

which implies (2.5).

By Markov’s inequality, Lemma 1.2 (for p = 2), g,(x) =

can get that

ZP(

7™

n=1 i=1

§C+C§:§5

n=1 i=1

o0 n
<C+CY >

n=1 i=1

o0 n
§C+c§:§:

n=1 i=1

|Xnil?
B

an

()=

1%l > a)

5xP for x >0 and (2.10), we

) = CZ ZP(|Xm| > dy) +CZZE|XHI|ZI(|X,”| < ap)

n=1 i=1
|ni|

r X B 2//3
E( 8 I(|Xm'| San))]

L ay

r X, 2/B
Egn( '“)I(|Xm-| < an)}

L An

r 2/p
I

X .
Egn < ni
L an

which implies (2.6). This completes the proof of the theorem. O
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