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Abstract

Based on Wu (J. Appl. Math. 2012:104390, 2012), the complete convergence for
weighed sums of pairwise negative quadrant dependent (PNQD) random variables is
further studied under weaker weighted condition. Sufficient and necessary
conditions of complete convergence for weighted sums of PNQD random variables
are obtained. Our results generalize and improve those on complete convergence
theorems previously obtained by Baum and Katz (Trans. Am. Math. Soc. 120:108-123,
1965), Wu (J. Appl. Math. 2012:104390, 2012) and Zhang (J. Inequal. Appl. 2014:353,
2014).
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1 Introduction and lemmas
Random variables X and Y are said to be negative quadrant dependent (NQD) if

PX <xY <y) <P(X <x)P(Y <) 11)
for all x, ¥ € R. It is important to note that (1.1) and
PX>xY >y) <PX>x)P(Y >y) (1.2)

for all x,y € R are equivalent. Obviously, if f and g are Borel functions both of which are
monotone increasing (or both are monotone decreasing), then f(X) and g(Y) are NQD.
A sequence of random variables {X,;n > 1} is said to be pairwise negative quadrant de-
pendent (PNQD) if every pair of random variables in the sequence is NQD. This definition
was introduced by Lehmann [1]. Obviously, PNQD sequence includes many negatively
associated sequences, and NA and pairwise independent random sequence are the most
common special cases.

In many mathematical and mechanical models, a PNQD assumption among the random
variables in the models is more reasonable than an independence assumption. PNQD se-
ries have received more and more attention recently because of their wide applications
in mathematical and mechanical models, percolation theory and reliability theory. Many
statisticians have investigated PNQD series with interest and have established a series of
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useful results. For example, Matula [2], Li and Yang [3] and Wu and Jiang [4] obtained the
strong law of large numbers; Wang et al. [5] obtained Marcinkiewicz’s weak law of large
numbers; Wu [6] obtained the strong convergence properties of Jamison weighted sums,
the three series theorem and complete convergence theorem; and Li and Wang [7] ob-
tained the central limit theorem. It is interesting for us to extend the limit theorems to the
case of PNQD series. However, so far there has not been the general moment inequality
for PNQD sequence, and therefore the study of the limit theory for PNQD sequence is very
difficult and challenging. In the above-mentioned conclusions, only the Kolmogorov-type
strong law of large numbers obtained by Matula [2], Theorem 1, and Baum and Katz-type
complete convergence theorem obtained by Wu [6], Theorem 4, achieve the correspond-
ing conclusions of independent cases, and the rest did not achieve the optimal results of
independent cases.

Complete convergence is one of the most important problems in probability theory. Re-
cent results of the complete convergence can be found in Wu [8], Chen and Wang [9] and
Li et al. [10]. In this paper, based on Wu [8], we establish the complete convergence theo-
rem for weighted sums of PNQD sequence, which extend and improve the corresponding
results of Baum and Katz [11], Wu [8] and Zhang [12].

2 Main results and the proof

In the following, the symbol ¢ stands for a generic positive constant which may differ from
one place to another. Let a, < b, (a, > b,) denote that there exists a constant ¢ > 0 such
that a, < ¢b, (a, > cb,) for all sufficiently large #, and let X; < X (X; > X) denote that
there exists a constant ¢ > 0 such that P(|X;| > x) < cP(|X| > x) (P(|X;| > x) > cP(|X]| > x))
foralli>1andx>0.

Theorem 2.1 Let {X,;n > 1} be a sequence of PNQD random variables with X; < X. Let
forap>1,0<p<2,a>0,and EX; =0 for o <1. Let {a,x; k < n,n > 1} be a sequence of
real numbers such that

n
Z lawl? < 1™ for somep' > p. (2.1)
k=1
If
EIXJ? < o0, (2.2)
then
oo
Z rl“p_ZP(mI?x S| > 8) <00, Ve>0, (2.3)
1<k<n
n=1 -

where S, = Zle aniX;.

Theorem 2.2 Let {X,;n > 1} be a sequence of PNQD random variables with X; > X. Let
fora>0,ap>1,0<p<2. Let {au; k < n,n>1} be a sequence of real numbers such that
> it i > nl‘“l’,for some p' > p. If (2.3) holds, then (2.2) holds.
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Remark 2.3 Obviously, if |a,x| < n7® (or |a| > n™*) for all k < n, n > 1, then (2.1) (or
Yk law|? > n'=?") holds. Hence, Theorems 2.1 and 2.2 in Wu [8] are the particular
cases of our Theorems 2.1 and 2.2.

Remark 2.4 Theorems 2.1 and 2.2 remain valid if we replace (1.1) by P(X <x,Y <y) <
MP(X < x)P(Y <) for some M > 0 and all x,y € R. Hence, our Theorems 2.1 and 2.2
improve and extend Theorem 1.1 in Zhang [12].

Proof of Theorem 2.1 For n > 1, let a,, = a;, if |a,;| <n™*, a,; = 0 otherwise, and a,, = a,;,

— 1"

if |ay| >n%, a,; = 0 otherwise. Then

o0
) nap-zp( max | S > 28)
1<k<n

n=1

o0
52 n?2p| max
1<k=<n

n=1

= 11 + 12.

k

Z @, Xi

i=1

00 k

>e |+ E n“P72P( max E a,.X;
1<k<n|%
n=1 i=1

Since |a,,;| < n™*, by Theorem 2.1 in Wu [8], we have I; < co. Hence, in order to prove (2.3),
it suffices to prove I, < co. For convenience, we still use the symbol a,; said /. Without
loss of generality, assume that a,x >n™* for k <n,n>1,and (2.1) is

n
Z a <n  forsomep' > p. .1y
k=1

Let g > 0 such that (1 + 1/ap)/2 < g <1.Forall i <un, let

 — _ g1, 0(g-1) . -1,a(q-1)
Yoi = =i 175 g i coneta-0) + Xilg, i, <nota-0) + @i 10 g, x5 peta-0)
k
unk = ZaniYni~
i=1
Write

n

Ay = J(lanXi| = ),

i=1

B, = U ((anXi > 19, a,X; > n* DY U (a,:X; < —n*947Y, 2,5 < —n*@7V)).

1<i<j<nm

Using (2.15) in Wu [8], in order to prove I, < 00, it suffices to prove that

Z notp—ZP(An) < 00, (2.4)
n=1
o0
Z n*P~2P(B,,) < 00, (2.5)
n=1
o0
3 n"P—i’P(ln%ag; Uyl = 2¢) <00, Ve >0. (2.6)

n=1
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Forl<j<mn-landn>2,let
D,j= {i;l <i<mn, nl‘“p/(i +1)7l< aﬁ; < nl‘“p/j‘l}.

Then {D,;1 <j < n -1} are disjoint, and U” 1Dn] ={1,2,...,n} from (2.1) and a,; > n™%,
i<n.
Forl1<k<mn-1,by(2.1),

n n-1
1-ap’ ' v
n z § ;= i
i=1

j=1 i€Dy;

1
> Z P (A V=

j=1 i€Dy

where the symbol A denotes the number of elements in the set A. We have

k
Y #Dy <k forl<k<n-1. (2.7)
j=1

Let B7'=a —1/p/, by (2.1), (2.2), (2.7), X; < X, it follows that

o) o0
n=2 n=2 i=1
- an ZZZ Xi| = ea})

j=1 i€Dy;

oo n
< Y n"? Y P(XI = enf?)2D
n=2 j=1

= Zn““ZﬁDm > Pek < |X|P <k +1))

k>njblr’

oo o0

= Z nP=2 ZP(sk <X <e(k+1)) Z #D,j

n=2 k=n j<min(m,(k/m)?'1B)

oo e} P//ﬂ
< Zn""’_z ZP(sk <X <e(k+1)) min(n, <5> )

n=2 k=n

. K\""*
< Znap—z Z P(ek < |X|? <e(k+1))<;>
n=2

n<k<nl+BIr'

N vafp—Z Z Pk < |X|P <e(k +1))n
n=2

k>nl+Blp 41

= 11 +12. (28)
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Byap-2-p'IB=-ap'-p)-1<-1,Bp'/|B—ap'(p'-p)/(' +B)) = p,and app'B/(p'+ B) =
p, we get

o0
L« Zn“p’z’p//ﬁ Z P(ek < |X|F <e(k + 1))kp//’3

n=2 ngkgnl*ﬂll’/

o]
= ZP(sk < |X|P <elk + 1))/<P’/ﬂ Z noer-2-'1p
= n=k?! 10/ +6)

o0
< Y P(ek < |X|F < e(k + 1))k 1B WD)
k=2

< ZE|X|”I(ek < IXI# <&k +1))
k=2

L EIXP < o0, (2.9)

and

L=Y n"" > Pek<|X|P <ek+1))

kznhﬂ/p/

n=2
oo

< ZP(sk <X <e(k +1)) Z nr1
k=2 nskp’/(p“rﬂ)

oo
< Y P(ek < |XIP < ek + 1)k /P
k=2

& ZE|X|PI(sk < |XIP <e(k+1))
k=2
< Q.

This together with (2.8) and (2.9) implies that (2.4) holds.
Yo (Y < Zle(%)pl <nfrom (2.1), a, >n*, and p’ > p. That is,

n
> dh<nr. (2.10)
i=1
By (1.2), (2.2), (2.10), X; < X, and the definition of ¢, ap(1 — 2g) < -1,

i n*?~2p(B,)

n=1

o0
< Z nP=2 Z P(aniXi > n"’("_l))P(aanj > n"’("_”)
n=1

1<i<j<nm

o0
+ Zn"‘p‘z Z P(amXi < —na(q‘l))P(an,-X/ < —n"‘(q‘l))
n=1

1<i<j<nm
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2

(o] n
< Z nor-2 Z n%q-p a’ E|X|P

n=1 i=1

o0
< Z 1129 < oo,
n=1

That is, (2.5) holds.
Finally, we prove (2.6). Using (2.10), similarly to the proof of (2.21) in Wu [8], we can
prove maxi<j<, |EU,j| — 0,n — 00. Hence, by Lemma 2 in Wu [6] and -1 -a(1-¢)(2-p) <

-1,
o0
Zn‘””zP(max [Uj| > 28)
n=1 1sj=n
[o¢] [o¢] n
ap-2 L . ap-2 2 2 y2
< Zn P(lm;gl |U,; — EUy| > 8) < Zn log HZE‘ZW’Y"/’
n=1 n=1 j=1
[e¢] n
21152 2 y2 2a(g-1 -1
<Y nPlogtn Yy (EayXiLy, i <metan) + 124 P(ay) X > 7))
n=1 j=1
[o¢] n
< Z ner-2 10g2 n Z(Elan;X; |Pna(q*1)(2*17) + n2a(q*1)*ap(q*1)E|aanj|p)
n=1 j=1
[e¢]
& Z(nap—l—ap+a(q—l)(2—p) ¥ n—l+ap—apq+2aq—2a) 10g2 n
n=1
o0
=2 e (1-9)2-p) 10g2 n
n=1
< 00.
This completes the proof of Theorem 2.1. d

Proof of Theorem 2.2 Taking |a,«| 3> n™ forall i < n, n > 1, then {a,;} satisfies > |, aﬁ; >
nt=v', According to Theorem 2.2 in Wu [8], (2.2) holds. This completes the proof of The-
orem 2.2. (]
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