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FURTHER STUDY ON COMPLETE CONVERGENCE
FOR WEIGHTED SUMS OF ARRAYS OF ROWWISE
ASYMPTOTICALLY ALMOST NEGATIVELY ASSOCIATED
RANDOM VARIABLES

Hatwu HUANG, HANJUN ZHANG, QINGXIA ZHANG AND JIANGYAN PENG

In this paper, the authors further studied the complete convergence for weighted sums
of arrays of rowwise asymptotically almost negatively associated (AANA) random variables
with non-identical distribution under some mild moment conditions. As an application, the
Marcinkiewicz—Zygmund type strong law of large numbers for weighted sums of AANA random
variables is obtained. The results not only generalize the corresponding ones of Wang et al.
[19], but also partially improve the corresponding ones of Huang et al. [§].
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1. INTRODUCTION

Firstly, let us recall the definitions of dependence structures.

Definition 1.1. A finite family of random variables {X;,1 < i < n} is said to be
negatively associated (NA) if for every pair of disjoint subsets A; and A of {1,2,--- ,n},

Cov(f1(Xi,i € A1), f2(X;,j € A2)) <0, (1.1)
whenever f; and fy are coordinatewise non-decreasing for every variable (or coordi-

natewise non-increasing for every variable) such that this covariance exists. An infinite
family of random variables {X,,,n > 1} is said to be NA if every finite subfamily is NA.

An array of random variables {X,;,7 > 1,n > 1} is called rowwise NA if for every
n>1, {X,;,i> 1} is a sequence of NA random variables.
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Definition 1.2. A sequence of random variables {X,,,n > 1} is said to be AANA if
there exists a nonnegative sequence u(n) — 0 as n — oo such that

Cov (f1 (Xn) fo (Kurr,-+ X)) < uln)(Var (f1(Xn)) Var (fo (s, Xogr))) 2,
(1.2)

for all n, k > 1 and for all coordinatewise non-decreasing continuous functions f; and f>

whenever the variances exist. {u(n),n > 1} is the so-called mixing coefficient sequence.

An array of random variables {X,,;,i > 1,n > 1} is called rowwise AANA if for every
n > 1, {Xn;, i > 1} is a sequence of AANA random variables with the mixing coefficients
{u(i),i > 1} in each row.

The concept of NA was introduced by Joag-Dev and Proschan [I1], and the concept
of AANA was introduced by Chandra and Ghosal [5]. These concepts of dependent
random variables are very useful in reliability theory and applications. The family
of AANA random variables contains NA sequences and independent sequences (with
u(n) = 0,n > 1) and some more sequences of random variables which are not much
deviated from being NA random variables.

Since the concept of AANA random variables was firstly introduced by Chandra and
Ghosal [5], in the past decades, many authors have studied this concept and provided
some interesting results and applications. For example, we refer to [5] (6] [7, 8, 12 [14] [15]
18|, 19, 20, 22| 23], 24], 25, 26]. Hence, extending the limit properties of AANA random
variables has very important significance in the theory and application.

As Bai and Cheng [3] remarked, many useful linear statistics based on a random sam-
ple, for example, least-squares estimators, nonparametric regression function estimators
and jackknife estimates are weighted sums of i.i.d. random variables. In this respect,
studies of limit properties for these weighted sums are meaningful. But in many practi-
cal applications, the assumption of independent is not plausible. So, it is of interest of
many authors to extend the independent case to the dependent cases.

We will introduce the definition of stochastic domination in this paper.

Definition 1.3. A sequence of random variables {X,,,n > 1} is said to be stochastically
dominated by a random variable X if there exists a positive constant C' such that

P(1X,| > #) < CP(X| > ), (13)

for all z > 0 and n > 1.

An array of rowwise random variables {X,,;,7 > 1,n > 1} is said to be stochastically
dominated by a random variable X if there exists a positive constant C such that

P (|Xni| > 2) <CP(IX| > x), (1.4)
forallz >0,7>1and n > 1.

In the following, some hypothesis conditions are introduced:
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(H1) There exist some ¢ with 0 < § < 1 and some a with 0 < a < 2 such that
Z?:l lani|* = O (n‘s) and assume further that EX,; =0if 1 < a < 2.

(H2) The mixing coefficient sequence {u(n),n > 1} satisfies o0 | /M =1 (n) < oo for
some M € (3 Sok=1 g 2’“_1]7 where k is a positive integer.

(H3) For some h > 0 and v > 0,

Eexp (h|X|") < oo.

(H4) There exists some o with 0 < a < 2 such that Y., [a,:|" = O (n) and assume
further that £X,; =0if 1 < a < 2.

Wang et al. [19] proved the following theorems for weighted sums of arrays of rowwise
AANA random variables.

Theorem 1.4. Let {X,,;,7 > 1,n > 1} be an array of rowwise AANA random variables
which is stochastically dominated by a random variable X and {an;,% > 1,n > 1} be an
array of real numbers. Suppose that the above conditions (H1) - (H3) are satisfied, then

for Ve > 0,
o0
E n® 2P | max
1<m<n
n=1 - =

where s > 1/a and b, = n/*(logn)"/".

m
E anani
i=1

> ebn> < 00, (1.5)

Theorem 1.5. Let {X,,;,i > 1,n > 1} be an array of rowwise AANA random variables
which is stochastically dominated by a random variable X and {an;,7 > 1,n > 1} be an
array of real numbers. Suppose that the above conditions (H2)— (H4) are satisfied, then

for Ve > 0,
oo
Zn%P ( max
1<m<n
n=1

where b, = n'/%(logn)*/7.

m
§ anani
i=1

> sbn> < 00, (1.6)

Recently, Huang et al.[8] consider the cases of & # v and @ = v for 0 < a < 2
respectively under much weaker moment conditinons, and obtain the following results.

Theorem 1.6. Let {X,,,n > 1} be a sequence of AANA random variables which is
stochastically dominated by a random variable X, and let {a,;,1 <i <n,n > 1} be an
array of real constants satisfying.

1 n
Ag = nh_)rréo sup Agp, <00, Agn= - Z |am-|57 (1.7)
i=1
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where f=max («a, y) for some 0 < o« < 2 and v > 0. Assume that EX,, =0for1 < o <2
and E|X|” < co. Then,

oo
1
E —P | max
n \1<j<n
n=1

where b, = n/*(logn)"/".

J
E aniX;
i=1

> Ebn> < oo for Ve >0, (1.8)

Theorem 1.7. Let {X,,,n > 1} be a sequence of AANA random variables which is
stochastically dominated by a random variable X, and let {a,;,1 <i<n,n>1} be
an array of real constants satisfying (1.7) for § = a and some 0 < a < 2. Assume
that EX,, = 0 for 1 < a < 2 and E|X|“log(1+ |X|) < oo. Then (1.8) holds, where

by, = n'/*(logn)"/*.

For more details about the strong convergence theorems for weighted sums of depen-
dent sequences, one can refer to Cai [4], Jing and Liang [10], Zhou et al. [27], Wang et
al. [21], Huang and Wang [9], Shen and Wu [13], Sung [16] 7], and so on.

Inspired by the above theorems obtained by Wang et al. [19] and Huang et al. [§], in
this work, we will further study the complete convergence for weighted sums of arrays
of rowwise AANA random variables under some mild moment conditions, which are
weaker than the above hypothesis condition (H3). Some complete convergence for the
maximum weighed sums of arrays of rowwise AANA random variables are obtained
without the assumption of identical distribution. As an application, the Marcinkiewicz—
Zygmund type strong law of large numbers for weighted sums of AANA random variables
is obtained. The results not only generalize the corresponding ones of Wang et al. [19],
but also partially improve the corresponding ones of Huang et al. [g].

2. MAIN RESULTS AND PROOFS

The proofs of our main results in this paper are based on the following lemmas.

Lemma 2.1. (Yuan and An [25]) Let {X,,n > 1} be a sequence of AANA random
variables with the mixing coefficients {u (n),n > 1}, let {f,,n > 1} be a sequence of
all non-decreasing (or all non-increasing) continuous functions, then {f,(X,),n > 1} is
still a sequence of AANA random variables with the mixing coefficients {u (n),n > 1}.

Lemma 2.2. (Yuan and An [25]) Let {X,,n > 1} be a sequence of AANA random
variables with the mixing coefficients {u (n),n > 1}, EX,, = 0. If the mixing coefficient
sequence satisfies 70, ul/(M =1 (§) < oo for some M € (32871 4. 2871] where k is a
positive integer, then there exists a positive constant C' = C' (M) depending only on M
such that for all n > 1,

i M

>

i=1

F | max
1<j<n

n n M/2
<C (> EX|M+ (Z EXE) . (2.1)
=1 i=1
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Lemma 2.3. (Adler and Rosalsky [I]; Adler, Rosalsky and Taylor [2]) Suppose that
{Xni,© > 1,n > 1} be an array of rowwise random variables which is stochastically dom-
inated by a random variable X. For Va > 0 and ¢t > 0, the following statements hold:

E1Xni|*T (| Xni| <1) < CL(EIX|"T (IX] < #) +1°P (|X] > 1)), (2.2)

B X1 (| Xni| > 1) < C2E|X["T (|X]| > 1), (2.3)

where C7 and Cy are positive constants.

Throughout this paper, the symbol C' represents a positive constant whose value
may be different in various places, and a, = O (b,) stands for a, < Cb,. Let I (A)
be the indicator function of the set A. Let {X,;,4 > 1,n > 1} be an array of rowwise
AANA random variables with the mixing coefficients {y (7),7 > 1} in each row, and
{ani,i > 1,n > 1} be an array of real numbers. Let {X,,,n > 1} be a sequence of AANA
random variables with the mixing coefficients {y (n),n > 1}.

Theorem 2.4. Let {X,;,7 > 1,n > 1} be an array of rowwise AANA random variables
which is stochastically dominated by a random variable X and {a,;,i > 1,n > 1} be
an array of real constants. If there exists

1
A>max{a2p7 a+2, a+%, a(ap—1)+25}

and ap > 1 such that
E|IX|* < . (2.4)

When the hypothesis conditions (H1) (with 0 < & < 2) and (H2) are satisfied, then,

o0 m
E n?7 2P [ max E niXni
1<m<n |4
n=1 - i=1

where b, = n'/*(logn)'/? and v > 0.

> abn> < oo for Ve >0, (2.5)

Proof. For fixed n > 1, define

X™ = b I(Xps < —bn) + XniI(|Xi| < bp) + bpI(Xps > by), 0> 1,
Tr(nn) = Z (aanl(n) - Eaanz(n)) , M= 1727 N,
=1
A= (Xm» - Xf")) , B=4A=| (Xm- ”] X}")) U (1%0il > ba)

=1 i=1 i=1

Zam ni >€b>

max
1<m<n
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It is easy to check that for Ve > 0,

E,=FE,AUE,B C ( max

1<m<n

i=1

> Ebn> U (&nax | Xnil >0 )

> €bn> + P < glax | X ni| > bn)

which implies that

m

P(E,) <P ( max

1<m<n

(n) ™).y |
§P<lgln§><<n T ‘ >€bn71mnzﬁ})<(n ZEamX ) +ZlP(|Xm\ > by) .
(2.6)
Firstly we will show that
12173,)2" ZEam —0 asn— oc. (2.7)

By maxi<m<n |ani|® < E?:l lani|* = O(n?), we know that maxi<m<n |ani| < Cnd/

for 0 < a < 2. Hence,

n n
Z lans|* = Z @i || ani|F 7 < Cndndth—a)/o — opdkla for v k> a. (2.8)

i=1

For 0 < a < 1, it follows from (2.2) of Lemma [2.3] (2.8) (for k = 1), the ¢, inequality,
the Markov inequality and (2.4) that

-1 (n)
b, 1?n%)<(n ZEam < Cb, Z‘EamX
< Cbgl Z |am|E‘Xm|I(|XM| < bn) =+ CZ |ani‘P(|Xni| > bn)
i=1 i=1
< COb ' E|X|I(|X] < b)) + Cnd/*P(|X]| > by)
< Cb,'n N EIX|I(bp-y < |X| < by) + Cn/ b, E| X
k=2
< Cb,'n ) b E|IX M2, + Cndon M (log n) MY
k=2
< Cb, 'Y kY (log k) (k — 1) "M (log(k — 1)) MY + Cn/*n =N (log n) =M
k=2
n
< Cb;lné/azkl/a—)\/a_|_Cn5/o¢n—>\/o<(logn)—>\/'y
k=2
< On~Ylogn)~Yrpd/apttt/a=l/A L opdlap=Aa(logn)™7 - 0 asn — occ.

(2.9)
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It follows from Y i | |an:|* = O(n®) and the Holder inequality that
k a—k
> anil® < (Z (am|k)(’:> (Z 1) <Cn forl1<k<a. (2.10)
i=1 i=1 i=1

For 1 < o < 2, it follows from EX,, = 0, (2.3) of Lemma [2.3] (2.10), the ¢, inequality,
the Markov inequality and (2.4) again that

f: Eanx™
=1

1<m<n |4

b, ' max < Cb;' max
1<

<m<n

> Bapi (Xnid (| Xni| Sbn)+bal (|Xni| >bn))
i=1

< Cb "D anil EIX il T( Xl > bn) + C Y lani P(|Xnil > by)

i=1 i=1

Co " Y lani | EIX|I(IX| > by) + CnP(|X| > by)

<
i=1
_ ElX]?
< COb,'nE|X|I(|X|>b,) +Cn i
= Cb,'n Y BIX|I (b < |X| < brsr) + Crn™(logn) 7
k=n
oo
< Cb'n Z bri1 P (|X| > br) + Cnn=*(log n) M7
k=n
—1 . E|X|>\ - a =2/
< Cb,n Z kaT +Cnn (logn)
k=n
= (k+ 1) (log (k + 1))/ _
< Cb;lnz (kt1) " (log( ;/— ) + Cnn~M*(logn) Ay
k=n A (log k) K
< Cbyt YT RNty G N (logn) MY
k=n
< Cn®>M(logn) 7 + Cn'"M(logn) M7 -0 asn — .
(2.11)
By (2.9) and (2.11), we can obtain (2.7) immediately. Hence, for n large enough,
b n
< )| < € ,
P(E,) <P <1‘<“73’<‘n | > = ) +2P(|Xm| > by). (2.12)

To prove (2.5), it suffices to prove that

23" 07723 P(1X o] > ba) < o0, (2.13)
n=1 =1
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™| >

A — ap— eby,
J= E n*P=2p (1glnz;u<<n 2> < 00. (2.14)
n=1 -~

It follows from (1.4), the Markov inequality and (2.4) that

= Zn‘w 2ZP | X il > by)
n= 1
< C’Zn‘”’ 2ZP 1X| > by,)
(2.15)
E|X|A
ap—1

< oy Bl

n=1 n
< CZn“”_ln_)‘/o‘(logn)_)‘/AY < oo (since A > a?p).

n=1

For fixed n > 1, it is easily seen that {X(") EX(") 1> 1,n > 1} is still a sequence
of AANA random variables by Lemma [2.1] Hence, it follows from Lemma [2.2) and the
Markov inequality (for M € (3 x 2k=1 4 x 2’“ 1] where the integer number k > 1) that

R ()| < E0n
J Z:ln P<1£nn211><<n T, > 5
n= - ) "
< ap—21—M (n
< C'Zn b, " E (121732(71 T >
n M2
< Cznap 2b M Z|anz|ME‘X(n) (ZGEME(XZ(”)V)
n=1 =1
M o n M2
= C Z noP=2p, M Z anil ME X[ 4 €Y ner 2 M (Z aan(Xi(")f)
n=1 =1 n=1 =1
CN

(2.16)
Take a suitable constant M such that

-1 A\ — a2
{3271 LD Car <o {4 22 4 - A2 2L,

which implies that

A M A M6
A>a+M, Z——>1, A>a’p—a+Ms, = —ap+2—— >1,
a o« e e

M M
op—2+——-——<-1, M>a.
«a @
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It follows from (2.8), (2.2) of Lemma[2.3] and the Markov inequality that

J1

IA

IN

IN

IA

IA

IN

IN

cznap 2p-M Z lani| ™ (E|X|MI(|X| < b))+ by P (|X]| > bn))

CZno‘p 2, MZ|am| EIX[MI(1X] < by)

n= 1
+CZn‘”’ QZ\am (1X] > bn)

Cznap anM MJ/aE|X| I(|X| < bn)+cznap72nM5/ap(|X‘ > bn)

n=1 n=1

n
CZno‘p_2+M‘s/0‘bT—LM ZE"X|MI (bp—1 < |X| < by)
n=1 k:2A
o ElX
+ C Z nap—Q—&-Mti/oc%

n=1

CZbQ/[P(‘X‘ > bkfl) Znap—2+]\/l6/a—M/a(10gn)*M/’Y

k=2 n=~k
et nap—2+M6/a
ot nA/a(logn)/\/V
© kM/a log k M/ o ap—2+Mb/a
C Z ( 0g ) C E n

—_— < 0.
= (k—1)"*(log (k — 1) = n*o(logn) ™

(2.17)

The final inequality is based on the fact that A > o+ M and % —ap+2— MT‘S > 1.
It follows from (2.2) of Lemma (2.8) and the ¢, inequality again that

Ja

IN

IA

IN

IA

M/2
Oznap 2p—M (ZamEX2 (| X i < bp) + 02 P(| X0i| > bn))

M2
C Z noP=2p-M (Z a2, EX?I(|X| <b,) +b2P(|X| > bn))>
n=1 =1

O ner=2 MM/ (BX21(X] < b,)) "

n=1
+ O nerm2pM/e (p(|X| > b,)) M2
n=1
C Y nor 2, MM B X IMI(IX| < by) + C > nP MY P(IX| > by)
n=1 n=1
oo (see the proof of (2.17)).
(2.18)



Complete convergence for weighted sums of AANA random variables 969

Hence, the desired result of (2.6) follows immediately from the above statements.
The proof of Theorem is completed. O

In Theorem if the hypothesis condition (H1) (with 0 < « < 2) is replaced by the
hypothesis condition (H4) (with 0 < a < 2), assume that there exists some A > a + 2
satisfying (2.4). Then, we can get the following result for the special case of ap = 1.
The proof is similar to that of Theorem [2:4] so we omit the detailed proof.

Theorem 2.5. Let {X,,;,7 > 1,n > 1} be an array of rowwise AANA random variables
which is stochastically dominated by a random variable X and {a,;,7 > 1,n > 1} be an
array of real constants. When the hypothesis conditions (H2), (H4) (with 0 < o < 2)
and (2.4) for some A > a + 2 are satisfied, then

o0 m
E n ' P | max E AniXni
1<m<n |4
n=1 =1

where b, = n'/%(logn)"/” and ~ > 0.

> sbn> < oo for Ve > 0, (2.19)

In Theorems [2.4]-[2.5] the array of rowwise AANA random variables is replaced with
the sequence of AANA random variables, i.e. let {X,,,n > 1} be a sequence of AANA
random variables which is stochastically dominated by a random variable X. We can
provide the following Marcinkiewicz—Zygmund type strong law of large numbers for
weighted sums Z?:l an; X; of AANA random variables. Their proofs are similar to that
of Theorem so the details are omitted.

Theorem 2.6. Let {X,,,n > 1} be a sequence of AANA random variables which is
stochastically dominated by a random variable X and {a,;,7 > 1,n > 1} be an array of
real constants. When the hypothesis conditions (H1) (with 0 < o < 2), (H2) and (2.4)
are satisfied, then,

9]
E n*?7 2P | max
1<m<n
n=1

m

> aniX;

=1

n
E aniX;
i=1

where b, = n'/*(logn)"/” and v > 0.

> ebn> < oo for Ve > 0. (2.20)

1
W =0 as., (2.21)

lim
n—oo

Theorem 2.7. Let {X,,n > 1} be a sequence of AANA random variables which is
stochastically dominated by a random variable X and {a,;,7 > 1,n > 1} be an array of
real numbers. When the hypothesis conditions (H2), (H4) (with 0 < o < 2) and (2.4)
for some A > « + 2 are satisfied, then

o0 m
E n~ 1P| max E Ani X
1<m<n |4
n=1 i=1

and (2.21) hold, where b, = n/®(logn)"/” for some v > 0.

> &?bn) < oo for Ve >0, (2.22)



970 H.W. HUANG, H.J. ZHANG, Q.X. ZHANG AND J.Y. PENG

Remark 2.8. Wang et al. [I9] investigated the complete convergence for weighted sums
of arrays of rowwise AANA random variables and AANA random variables under an
exponential moment condition, respectively. Compared with Wang et al. [19], it is worth
pointing out that our conclusions are obtained under much weaker moment conditions.
In addition, in Theorem and Theorem we consider both of the cases of a #
and a = 7. The only defect is that our moment condition E|X |A for some A > o+ 2 is
stronger than the corresponding ones of the above Theorem and Theorem So,
our main results partially improve the results obtained by Huang et al. [§].

ACKNOWLEDGEMENT

The authors are most grateful to the Executive Editor Prof Fajfrova and the anonymous referee
for carefully reading of the paper and valuable suggestions, which greatly improved the ear-
lier version of this paper. This work is supported by the National Nature Science Foundation
of China (11371301, 11401127, 11526085), the Humanities and Social Sciences Foundation for
the Youth Scholars of Ministry of Education of China(15YJCZH066), the Guangxi Provincial
Scientific Research Projects (2013YB104), the Nature Science Foundation of Guangxi Province
(2014GXNSFBA118006, 2014GXNSFCA118015), the Construct Program of the Key Disci-
pline in Hunan Province (No.[2011]76), the Science Foundation of Hengyang Normal Univer-
sity(14B30).

(Received August 1, 2014)

REFERENCES

[1] A. Adler and A. Rosalsky: Some general strong laws for weighted sums of
stochastically dominated random variables. Stochastic Anal. Appl. 5 (1987), 1-16.
DOI:10.1080/07362998708809104

[2] A. Adler, A. Rosalsky, and R. L. Taylor: Strong laws of large numbers for weighted sums
of random variables in normed linear spaces. Int. J. Math. Math. Sci. 12 (1989), 507-530.
DOI:10.1155/s0161171289000657

[3] Z.D. Bai and P. E. Cheng: Marcinkiewicz strong laws for linear statistics. Stat. Probab.
Lett., 46(2) (2000), 105-112. DOL:10.1016/50167-7152(99)00093-0

[4] G.H. Cai: Strong laws for weighted sums of NA random variables. Metrika 68 (2008),
323-331.|DOI:10.1007/s00184-007-0160-5

[5] T.K. Chandra and S. Ghosal:  Extensions of the strong law of large numbers of
Marcinkiewicz and Zygmund for dependent variables. Acta Math. Hung. 71 (1996), 4,
327-336. DOI:10.1007/bf00114421

[6] T.K. Chandra and S. Ghosal: The strong law of large numbers for weighted av-
erages under dependence assumptions. J. Theor. Probab. 9 (1996), 3, 797-809.
DOI:10.1007/bf02214087

[7] X.P. Hu, G.H. Fang and D.J. Zhu: Strong convergence properties for asymptoti-
cally almost negatively associated sequence. Discrete Dyn. Nat. Soc. 2012 (2012), 1-8.
DOI:10.1155/2012 /562838

[8] H. W. Huang, G. M. Deng, Q. X. Zhang, and Y.Y. Jiang: On the strong convergence for
weighted sums of asymptotically almost negatively associated random variables. Kyber-
netika 50 (2014), 3, 393-407. DOI:10.14736 /kyb-2014-3-0393


http://dx.doi.org/10.1080/07362998708809104
http://dx.doi.org/10.1155/s0161171289000657
http://dx.doi.org/10.1016/s0167-7152(99)00093-0
http://dx.doi.org/10.1007/s00184-007-0160-5
http://dx.doi.org/10.1007/bf00114421
http://dx.doi.org/10.1007/bf02214087
http://dx.doi.org/10.1155/2012/562838
http://dx.doi.org/10.14736/kyb-2014-3-0393

Complete convergence for weighted sums of AANA random variables 971

[9]

[10]

21]

[22]

[23]

[24]

H.W. Huang and D.C. Wang: A note on the strong limit theorem for weighted sums
of sequences of negatively dependent random variables. J. Inequal. Appl. 2012 (2012), 1,
233. DOI:10.1186/1029-242x-2012-233

B.Y. Jing and H.Y. Liang: Strong limit theorems for weighted sums of negatively asso-
ciated random variables. J. Theor. Probab. 21 (2008), 4, 890-909. DOI:10.1007/s10959-
007-0128-4

K. Joag-Dev and F. Proschan: Negative association of random variables, with applica-
tions. Ann. Statist. 77 (1983), 1, 286-295. |DOI1:10.1214/a0s/1176346079

M. H. Ko, T.S. Kim, and Z.Y. Lin: The Hajeck-Reényi inequality for the AANA random
variables and its applications. Taiwan. J. Math. 9 (2005), 1, 111-122.

A.T. Shen and R.C. Wu: Strong convergence results for weighted sums of p-mixing
random variables. J. Inequal. Appl. 2013 (2013), 1, 327. DOI:10.1186/1029-242x-2013-
327

A.T. Shen and R.C. Wu: Strong and weak convergence for asymptotically almost
negatively associated random variables. Discrete Dyn. Nat. Soc. 2013 (2013), 1-T.
DOI:10.1155/2013/235012

A.T. Shen and R.C. Wu: Strong convergence for sequences of asymptotically al-
most negatively associated random variables. Stochastics 86 (2014), 2, 291-303.
DOI:10.1080/17442508.2013.775289

S.H. Sung: On the strong convergence for weighted sums of random variables. Stat. Pap.
52 (2011), 447-454. DOI:10.1007 /s00362-009-0241-9

S.H. Sung: On the strong convergence for weighted sums of p*-mixing random variables.
Stat. Pap. 54 (2013), 773-781. DOI:10.1007/s00362-012-0461-2

X.F. Tang: Some strong laws of large numbers for weighted sums of asymptotically
almost negatively associated random variables. J. Inequal. Appl. 2018 (2013), 1, 4.
DOI:10.1186/1029-242x-2013-4

X.J. Wang, S.H. Hu, and W.Z. Yang: Complete convergence for arrays of rowwise
asymptotically almost negatively associated random variables. Discrete Dyn. Nat. Soc.
2011 (2011), 1—11. | DOI:10.1155/2011/717126

X.J. Wang, S. H. Hu, W.Z. Yang, and X. H. Wang: On complete convergence of weighted
sums for arrays of rowwise asymptotically almost negatively associated random variables.
Abstr. Appl. Anal. 2012 (2012), 1-15. DOI:10.1155/2012/315138

X.J. Wang, X.Q. Li, W.Z. Yang and S.H. Hu: complete convergence for arrays of
rowwise weakly dependent random variables. Appl. Math. Lett. 25 (2012), 11, 1916—
1920. [DOI:10.1016/j.aml.2012.02.069

X.H. Wang, A.T. Shen, and X. Q. Li: A note on complete convergence of weighted sums
for array of rowwise AANA random variables. J. Inequal. Appl. 2018 (2013), 1, 359.
DOI:10.1186/1029-242x-2013-359

Y.B. Wang, J.G. Yan, F.Y. Cheng, and C. Su: The strong law of large numbers and
the law of the iterated logarithm for product sums of NA and AANA random variables.
Southeast Asian Bull. Math. 27 (2003), 2, 369-384.

W.Z. Yang, X.J. Wang, N.X. Ling, and S.H. Hu: On complete convergence of mov-
ing average process for AANA sequence. Discrete Dyn. Nat. Soc. 2012 (2012), 1-24.
DOI:10.1155/2012/863931


http://dx.doi.org/10.1186/1029-242x-2012-233
http://dx.doi.org/10.1007/s10959-007-0128-4
http://dx.doi.org/10.1007/s10959-007-0128-4
http://dx.doi.org/10.1214/aos/1176346079
http://dx.doi.org/10.1186/1029-242x-2013-327
http://dx.doi.org/10.1186/1029-242x-2013-327
http://dx.doi.org/10.1155/2013/235012
http://dx.doi.org/10.1080/17442508.2013.775289
http://dx.doi.org/10.1007/s00362-009-0241-9
http://dx.doi.org/10.1007/s00362-012-0461-2
http://dx.doi.org/10.1186/1029-242x-2013-4
http://dx.doi.org/10.1155/2011/717126
http://dx.doi.org/10.1155/2012/315138
http://dx.doi.org/10.1016/j.aml.2012.02.069
http://dx.doi.org/10.1186/1029-242x-2013-359
http://dx.doi.org/10.1155/2012/863931

972 H.W. HUANG, H.J. ZHANG, Q.X. ZHANG AND J.Y. PENG

[25] D.M. Yuan and J. An: Rosenthal type inequalities for asymptotically almost negatively
associated random variables and applications. Sci. China. Ser. A 52 (2009), 9, 1887-1904.
DOI:10.1007/s11425-009-0154-7

[26] D.M. Yuan and J. An: Laws of large numbers for Cesaro alpha-integrable random
variables under dependence condition AANA or AQSI. Acta Math. Sinica., English Ser.
28 (2012), 6, 1103-1118. DOI:10.1007/s10114-012-0033-3

[27] X.C. Zhou, C.C. Tan, and J. G. Lin: On the strong laws for weighted sums of p*-mixing
random variables. J. Inequal. Appl. 2011 (2011), 1, 157816. DOI:10.1155/2011/157816

Haiwu Huang, School of Mathematics and Computational Science, Xiangtan Univer-
sity, Xiangtan 411105 and College of Mathematics and Statistics, Hengyang Normal
University, Hengyang 421002. P. R. China.

e-mail: hatwuhuang@126.com

Hanjun Zhang, School of Mathematics and Computational Science, Xiangtan Univer-
sity, Xiangtan 411105. P. R. China.
e-mail: hjz001@Qztu.edu.cn

Qingria Zhang, School of Sciences, Southwest Petroleum University, Chengdu 610500.
P.R. China.
e-mail: zqr121981Q@126.com

Jiangyan Peng, School of Mathematical Science, University of Electronic Science and
Technology of China, Chengdu 610054. P.R. China.
e-mail: jiangeeryl@163.com


http://dx.doi.org/10.1007/s11425-009-0154-z
http://dx.doi.org/10.1007/s10114-012-0033-3
http://dx.doi.org/10.1155/2011/157816

		webmaster@dml.cz
	2018-01-10T11:11:38+0100
	CZ
	DML-CZ attests to the accuracy and integrity of this document




