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1 Introduction and main results

In past decades, the almost sure central limit theorem (ASCLT) has been studied for in-
dependent and dependent random variables more and more profoundly. Cheng et al. [1],
Fahrner and Stadtmiiller [2] and Berkes and Cséki [3] considered the ASCLT for the maxi-
mum of i.i.d. random variables. For more related works on ASCLT, see [4—12]. An influen-
tial work is Cséki and Gonchigdanzan [13], which proved the following almost sure limit

theorem for the maximum of a stationary weakly dependent sequence.

Theorem A Let {X, : n > 1} be a standardized stationary Gaussian sequence with r, =
Cov(X1, Xps1) satisfying r,Inn(Inlnn)** = O(1) for some constant & > 0, as n — o0o. Let
My = max;< X;. If

1
a, = (21nn)"?, b, =2Inn)"? - 5(2 Inn)™*(Inlnn + In(47)), (1.1)
then
lim 1 z": lI(ak(Mk - by) <x)=exp(-e*) as, (1.2)
n—oo Inn = k -
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where I denotes an indicator function. Furthermore, Chen and Lin [14] extended it to the
non-stationary Gaussian sequences. Chen et al. [15] extended the results to the multivariate
stationary case.

Lin [16] considered the following theorem which is ASCLT version of the theorem
proved by Leadbetter et al. [17].

Theorem B Let {X,, : n > 1} be a sequence of stationary standard Gaussian random vari-
ables with covariances r, = Cov(Xy, Xy1) satisfying |r, — . |Inn(lnln n)*¢ = O(1). Let
M, = max;<, X, then

n oo

lim 1 Z %I(Qk(Mk —by) < x) = f exp(—e_x_r+‘/272)¢(z) dz as., 1.3)

k=1 o
where a,, b, are defined by (1.1) and ¢ is the standard normal density function.

If » = 0, then (1.3) becomes (1.2). Thus Theorem A is a special case of Theorem B. The
purpose of this paper is to give substantial improvements for both weight sequence and
the range of random variables of Theorem B.

Throughout the paper, let {Z; = (Z;(1), Z;(2),...,Zi(d)) : i > 1} be a standardized station-
ary Gaussian vector sequence with

EZ, = (EZ,(1),EZ,(2),...,EZ,(d)) = (0,0,...,0),
VarZ, = (VarZ,(1), Var Z,(2),..., Var Z,(d)) = (1, 1,...,1),
ri(p) = Cov(Zi(p), Zi(p)) = ri-(p),
ri(p,q) = Cov(Zi(p), Z(q)) = i (p,9)-
We write M, = (M,(1), M,,(2),...,M,(d)) and M,(p) = max;<;<, Z;(p) and shall always

take 1 < p #q < d; u, = (u,(1),u,(2),...,u,(d)) will be a real vector, and u, > u; means
uy(p) > ur(p) forp =1,2,...,d. For some ¢ > 0, suppose

ri(p)In|j-il —>r=>0, rip,q)Inlj—il >r>0, asl|j—i|— oco. (1.4)
{Z, : n > 1} is called dependent: weakly dependent for r = 0 and strongly dependent for

r>0.Letn=1j-i,

r

Pn = 1_’ (15)
nnzn

r is defined by (1.4). In the paper, a very natural and mild assumption is

’l”n(P) _ ,0n| Inn(lnD,)**® = O(1), |r,,(p, q) - p,,| Inn(InD,)** = 0Q), (1.6)
where
exp(In® k) “ 1
di = — D,,:de for0§a<§. (1.7)

k=1
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We mainly consider the ASCLT of the maximum of stationary Gaussian vector sequence
satisfying (1.4), under the mild condition (1.6), which is crucial to consider other versions
of the ASCLT such as that of the maximum of non-stationary strongly dependent se-
quence and the function of the maximum. In the sequel, a < b stands for a = O(b). We
also define the normalized real vectors a,, = (a,,ay,...,a,) and b,, = (b,, b, ...,b,), where

ay and b, are defined by (1.1). The main results are as follows.

Theorem 1 Let {Z, : n > 1} be a standardized stationary Gaussian vector sequence with

covariances satisfying (1.6) and max,.,,(sup,q [7.(p, q)|) < 1. Suppose 0 < o < 1/2, then

n d
. ]- —x(p)-r+ rz
lim D k§=1 dil (ap(My - by) < x) :p|:1| /R exp(-e PV dd(z)  as. 1.8)

Sforx = (x(1),%(2),...,x(d)) € RY, where ®(z) denotes the distribution function of a standard
normal random variable.

By the terminology of summation procedures, we have the following corollary.

Corollary 1 Equation (1.8) remains valid if we replace the weight sequence {dy : k > 1} by
{df -k =1} such that O < di < dy, Y jo, di = 0.

Remark 1 Our results give substantial improvements for the weight sequence in Theo-

rem B.

Remark2 We extend Theorem B to the stationary Gaussian vector sequences under some

regularity conditions.

Remark 3 If {Z, : n > 1} is a standardized stationary Gaussian sequence and « = 0, then

(1.8) becomes (1.3). Thus Theorem B is a special case of Theorem 1.

Remark 4 Essentially, the problem whether Theorem 1 holds also for some 1/2 <« <1

remains open.

2 Auxiliary lemmas
In this section, we present and prove some lemmas which are useful in our proof of the

main result.

Lemmal Let{Z,:n>1}and{Z, : n > 1} betwo d-dimensional independent standardized

stationary Gaussian sequences with
0 _ 0 —
(p) = Cov(Zip) Z (), 13p.q) = Cov(Zip). Z(a)),

and

ry(p) = Cov(Zi(p). Zi(p)),  1}(p.q) = Cov(Zi(p). Zi(q)).
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Write

By(p) = max(|r(p).

r(p)

) Bilpq) = max(|ri(p,9)|, |7, )])-

’

Assume that (1.6) holds. Let u; = (4;(1), u;(2),...,ui(d)) for i > 1 be real vectors such that
n(l - ®(u,(p))) is bounded where ® is the standard normal distribution function. If

max Bi(p) <1 and  max Bip.q) <1,
<i<j<n

1<i<j<m

l<p=d 1<p#q=d

then

P(Zj <u;,Vj=12,...,n)-P(Z; <u;,Vj=1,2,...,n)|

d w2(p) + 12 (p)
K ) =1} <——1)
< E%ﬁnm )=l =505 0
ui (p) + u(q)
NS |r§’,(p,q)—r£j(p,q)|exl’<‘m>’
ij\P>

1<p#g<d1<i<j<n
where K1, Ky, are absolute constants.
Proof See Lemma 3.1 of [15], we get the desired result. O

Lemma?2 Let{Z,:n > 1}beastandardized stationary Gaussian vector sequence such that
condition (1.6) holds, and further suppose that n(1 — ®(u,(p))) is bounded forp =1,2,...,d
and max,,(sup,.- [7:(p,q)|) < 1. Then, for some & > 0,

d n 2
u,(p)
sup k ri(p) — pn| €x <—"4) <« (InD,,) 19, (2.1)
15k£n ;;] iw | P 2(1 + w))
and
- w3 (p) +12(q) e

sup k Z Z|r;(p,q)—pn|e><p avon )< (InD,) , (2.2)
1=k=n ) pg<d jo1 (1+a)

where w; = max{|r;(p)|, px}, @; = max{|r;(p, q)|, pu}.
Proof Using (1.6) and Lemma 2.1 in [17], we get the desired result. O

Lemma 3 Let {Z,: n > 1} be a standard stationary Gaussian vector sequence with con-
stant covariance p,(p) = r/Inn for p =1,2,...,d and {Z, : n > 1} satisfy the conditions of
Theorem 1. Denote M,, = max;<, Z, and M,, = max;<, Z;. Assume that n(l — ®(u,(p))) is
bounded forp =1,2,...,d and (1.6) is satisfied. Then

|E(I(M,, < u,) —Im, < u,))| < (InD,)" ) for some ¢ > 0. (2.3)

Proof Using Lemmas 1 and 2, the proof can be gained simply. O
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Lemma 4 Let {Z, : n > 1} be a standardized stationary Gaussian vector sequence with
covariances satisfying (1.6). Suppose that the assumptions of Lemma 1 hold. Then

n—00

d
lim IP’(an(Mn -b,) < x) = H/ exp(—e’x(p)’”ﬁz) d®(z) a.s., (2.4)
p=1"R

where x = (x(1),%(2),...,x(d)) € R%.

Proof Let {Z{(p), Z},(p),...,Z,(p)} have the same distribution as {Z;(p), Z>(p),...,Z,(p)}
forp=1,2,...,d,but {Z](p), Z,(p), ..., Z, (p)} is independent of {Z](q), Z}(q), ..., Z,(q)}, as
p #q. Further, M,(p) = max,<;<, Z;(p) and M, (p) = max,<;<, Z;(p). By Lemma 1, we have

d
HD(an(Mn - bn) = X) - Hp(ﬂn (Mn(p) - bn) = x(p))'

p=1
= |P(an(Mu(p) - by) <x(p),p=1,2,...,d)
— P(an(M,(p) - by) <2(p)p=1,2,...,d)|

; u?(p) + u}(p)
- lpz;ls%:sn|rl](p) r,,(p)|exp< 2(1 + pi(p))
2(p) + u7(q)
+K; Z Z |r2(P;q)—r£j(p,q)|exp(_:aT%>
ij\P»

1<p#q=<d1<i<j<n

=: Al +A2, (25)

where u,(p) = x(p)/a, — b,.

Since {Z{(p),Z(p),...,Z,(p)} has the same distribution as {Z1(p), Z2(p),...,Z.(p)},
which implies rg )= r;/ ). Therefore, A; = 0.

Notice that {Z](p), Z}(p), ..., Z,(p)} is independent of {Z](q), Z5(q),..., Z,(q)}, as p # q,
thus r;(p, g) = 0. Using Lemma 3.2 in [15], we have

ul(p) + ul(q)
0 L —(1+¢)
L > D |rl.j(p,q)\exp< 2(1+pi,-(p,q))> & (InD,)" 1) = 0.

1<p#q<d1<i<j<n
By (2.5), we get

d
lim P(a,(M, - b,) <x) = Tim [ [P(an(Ma(p) - ba) < (p)). (2.6)

n—00 i1
From Theorem 6.5.1 of [17], we obtain
d d
lim [[P(a.(M.(p) - bs) <)) =] | / exp(-e PV dd(z)  as. 2.7)
n—00 a1 el R

Combining this with (2.6) and (2.7), the proof is completed. O
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Lemma5 Let ¢1,82,...,Cn ..., be a sequence of bounded random variables. If
D?
Var(z dk§k> (m> for some € >0, (2.8)
then
Jim — de(ck ~E)=0 as. (2.9)
Proof The proof can be found in Lemma 2.2 obtained by Wu and Chen [18]. d

3 Proof of the main result

Proof of Theorem 1 Let u,(p) = x(p)/a, + b, satisty n(l — ®(u,(p))) — 17, for x(p) € R,
0<7t,<o0and p=12,...,d. By Lemma 4 and the Toeplitz lemma, note that (1.8) is
equivalent to

lim — de (I(M; < u) —~P(M <up)) =0 as. 3.)
}‘l*)OO n P
From Lemma 4, in order to prove (3.1), it suffices to prove that
n D2
Var kXZI:de(Mk <u) <W) for some ¢ > 0. (3.2)

Let A,A1,As,... be a d-dimensional independent standardized stationary Gaussian se-
quence with A,Aq,Ag,... and {Z; : k > 1} are independent Obviously (1 — px)Y2A; +
,0,1/ 20, (L= )2y + p,l/ 2,... have constant covariance py = iz Define

max ((1 - px)"*A; + pi*A)

1<i<k

M (ox)
= (1 - :0/()1/2 max(llr Aa,.. An’() + iOl/ZX
=: (1 - o) *Mi(0) + p* .

Obviously, {My(px) : k > 1} and {My : k > 1} are independent.
Using the well-known ¢,-inequality, the left-hand side of (3.2) can be written as

Var(Z Al (M < u) = > did (Mi(or) < ui) + Y did (Mi(pe) < uk))

k=1 k=1 k=1

& Var (Z did (M (px) < Uk))

k=1

+ VaI(Z drl(My < ug) - Z dild (Mi(px) < uk))

k=1 k=1

=: Ll + Lg. (33)
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We will show L; <« 1,2. Let z = (2(1),2(2),...,z(d)) be a real vector. Clearly,

(In D 1+s’l

. 2
L = E(Z die(I(Mi(pr) < ui) —P(Mi(px) < Uk)))

k=1

= E(Z di(I(M(0) < (1 - ) ™2 (ux - p2))

k=1

2
OO0 = )

/ (de (Mc(0) < (1 - pi)” 1/2( ,01/22))

2
- P(M(0) < (1 - )™ (ux p“zz)))> dd(2)

- (denk) d0(2) (3.)

where 1 = I(Mi(0) < (1 - px) ™2 (uy — pi2)) = P(Mi(0) < (1 - pr) ™2 (ux - p;*2)).
Write

n 2 n
E(de) <Y dEIml>+2 Y didi|E(un)| = Hy + Hy. (3.5)
k=1

k=1 1<k<l<n

Noting that |nx] <1, exp(In® x) = exp(fx ‘“% du), we have that exp(In® x) (@ < 1/2) is

a slowly varying function at infinity. Hence,

" ex (21n N & 21n k)
H<Yd- Z P <y 2P . (3.6)
k-1 k=1 k=1

" for 0 <x<1,i<n, weget

. . . —i i
Using the inequality "~ —x" <

[E(menn)| < [CovI (Mi(0) < (1 - o) ™2 (ux - p}%2)),
1(My(0) < (1 - p) ™2 (u; - p?2)) = I(M10) < (1 - p) 2 (u; - p}%2))|
< E[1I(M)0) < (1 - p) ™ (u; - p)*2))
— I(My(0) < (1 - p) ™ (- p}22))|
= P(Mi(0) < (01— p1) ™2 (u; - p}%2)) = P(M,(0) < (1 - p) ™ (u; - p}*2))

q> ((1 _ pl)—l/Z( pl/Zz)) l((l _ pl)—l/Z( ,01/22))

~I >
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So, we have
H, < de/f— > dd’f+ de’f—~T+T (3.7)
2 = ki = ki ki =it Lo .
1<k<l<n 1<k<l<n 1<k<l<n
é >In2 D, % <In2D,
For T, we have
did D?
T Y st (3.8)

In’D, ~ In’D,

1<k<l<n
According to Wu and Chen [18], for sufficiently large #, for « > 0, we have

aD,

2 (39)
(InD,) =

1
D, ~ — (lnl"a n exp(lna n)), InD,, ~ In* n, exp(ln"‘ n) ~
o
Since o < 1/2 implies (1 - o)/ > 1, letting 0 < & < (1 — )/ — 1, for sufficiently large n, we

get

n k%D,

neY gy 2D

k=1 1=k

<exp(In®n) ) di <exp(In® n)D, InInD,
- D?InlnD, - D?

T (InD,) T (InD,)e’ (3.10)

Combining with (3.7)-(3.10), we can get

D2
Hy < —~% ., 3.11
> = (InD,)%+ (3.1)

By (3.5), (3.6) and (3.11), we have

2

D
L K 2

YR (3.12)

Clearly,

L = Var(z die(I(Mi(px) < ui) —I(M < Uk)))

k=1

< Z di Var(I(My < up) = I(Mi (1) < uy))
k=1

+2 Z did; Cov(I(M; < u;) — I(M;(p;) < u;), I(M; < u)) — I(M;(p)) < u;))

1<i<j<m

= Ji + 2. (3.13)
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Similarly to (3.6), we find that ; < 2, d < oc. Note that

h<| > didiCov(I(M; < u;) - I(Mi(p) < u;), I(M; < u;) — I(My(p)) < uj)
1<i<j<n
- (M) < u)) — 1(M(0)) < uy)))
+ Z did;i Cov(I(M; < ;) — I(M;(p)) < u;), (I(M;; < w)) — I(M;;(p;) < uy)))
1<i<j<nm
=: o1 + J22. (3.14)

For /51, we can get
Jor < Z didi{|Cov(I(M; < u;) — I(My(p:) < u;), [(M; < u)) - I(M;; < )|
1<icj<n
+ |Cov(I(M; < u;) — I(Mi(p;) < w;),1(M;(p) < uy) —I(M;;(p) <uy))l}
<2 Y didi{E[I(M; < ) - [(M;; < u)
1<icj<n
+E|1(M;(0) < u)) — 1(M;;(0) < u))|}

=2 Y did{(PM;; <u) - P(M; < uy))

1<i<j<n
+ (P(My(0) < w) —P(M;(p)) < uy))}
<2 ) didi{[P(M;; <) -P(My(p)) < u)]

1<i<j<n
+ [P(M; < u) ~P(M;(p) < uj)| +2[P(M;(p)) < u;) ~P(M;(p) <w;)|}.  (315)
By Lemma 3 and (3.9), for « > 0, we have
2 )" did{|PM,; < u) - P(My(p) < u)]
1<i<j<nm
+ [PM; < u)) - P(M;(p)) < wj) |}
n j

In® j)
did;(In D;)~1+) = X d;
< Z 1( n 1) Zj(lnDj)“E ;

1<i<j<n j=1

n n

exp(In®j exp(21n®j)(Inj)t-«
=Z~ p(In®) ,<<Z p(( ‘1)( J)
}(lnDj)Hs ](ln])(l+8)a

j=1

n 21 o 1 l-a
N/ exp(21n® x)(Inx) dlnx
e

(ll’l x)uﬂxa

Inn
=/1 exp(zyat)yl—Za—aa d_)/

2-30—-oae

Inn
~ [ exp(zya)yl—Za—us + exp(zy(x)yl—?)a—as dy

2-3a—ae

1 o
= 5o oxp(2)y
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D2
< exp(21n® n)(Inn)* 3" « u

D,
. 3.16
< D) (3.16)

Let z = (z(1),2(2), . ..,2z(d)) be a real vector. By (3.7)-(3.11), we obtain

> didi|P(Mij(p) < w;) - P(My(py) < )|

1<i<j<n

= > dd( / M;;(0) < (1 - p) ™" (u; - p}’z))

1<i<j<n

~PM0) = (- ) (- 8 do )

- 3 da [ (@ (-0 - 57)

1<i<j<nm

(- ) - 0}72)) do(2))

<> d,»d,-(/Rd;dcb(z)> > dd()

1<i<j<n 1<i<j<n

D2
3.17
= D) (3.17)

By (3.15)-(3.17), we have

2
—r 3.18
Ja K (InD,)" (3.18)

For /i, noting that {M; : i > 1} and {M;(p;) : i > 1} are independent, by Lemma 3 and
(3.16), we get

Jo = | > did{Cov(I(M; < u)),I(M;; < w))

1<i<j<n

+ Cov(I(Mi(p;) < u;), I(M;;(p) < u;))}

Z didi(P(M; < u;, M;; < u)) — P(M;(p;) < u;, Mij(p)) < uj)

1<i<j<nm

- P(M; < u)P(M,; < u)) - P(Mi(p:) < w;)P(M;(p)) < uj))‘

Z didi{|[P(M; < u;, M;; < up) — P(M(p;) < ui, Mij(p)) < uy)|

1<i<j<m

+ |P(M; < u;) - P(Mi(p;) < wy)| + [P(M;; < uy) - P(M;;(0)) < )|}

Z did; Cov(I(Mi(p;) < u;),1(M;;(p)) < "j))’

1<i<j<m



Zeng and Wu Journal of Inequalities and Applications (2015) 2015:224 Page 11 of 12

< Y did(inDy) ) 4

1<i<j<nm

Z did; Cov(I(Mi(p;) < u;),1(M;;(p)) < “j))‘

1<i<j<nm

+| Y didiCov(I(Mi(p;) < ui), I(Mij(p)) < u)) ‘ (3.19)

1<i<j<n

(]nD )1+5

By (3.17), we have

Z did; Cov(I(Mi(p;) < u;),1(M;;(p)) < Uj))’

1<i<j<m

Z didi{ Cov(I(Mi(p;) < u;),1(M;;(p)) < uy) —I(M;(p)) <uy))

1<i<j<m
+ Cov(I(M;(p;) < u;),I(M;(p)) < "i))} ’

< Y ddE[I[(M(p) < w) - [(M;;(0)) < u)]

1<i<j<m

> didy Cov(I(Mip)) < u;), I(My(p)) < “j))‘

1<i<j<mn
< Y didi(P(My(p) < uy) - P(M;(p)) < w)))
1<i<j<n
+ Var(z dil(Mi(p;) < u; ) + Zd2 Var(I(M(p;) < u;))
i=1
D2
(1 D )1+8 + Var ;d! (o) < ul) (3.20)
By (3.4)-(3.12), we have
n D2
Var ;dll(Ml(pl) < ui) < (lnDn)“E . (3.21)

Together with (3.20) and (3.21), we obtain

D2
Z did; Cov(I(Mi(p;) < u;),I(M;;(p) < uj))| < (l D, )i (3.22)
1<i<j<n
Hence, by (3.19) and (3.22), we have
D2
Joo K m (3.23)
By (3.13), (3.14), (3.18) and (3.23), for « > 0, we get
2
(3.24)

< (InD,,)'*¢ !

Thus (3.2)-(3.24) together establish (3.18). The proof is completed. O



Zeng and Wu Journal of Inequalities and Applications (2015) 2015:224 Page 12 of 12

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
XZ conceived of the study and drafted, completed the manuscript. QW participated in the discussion of the manuscript.
XZ and QW read and approved the final manuscript.

Authors’ information
Xiang Zeng is a lecturer, Master, working in the field of probability and statistics.

Acknowledgements

The authors were very grateful to the editor and two anonymous referees for their careful reading of the manuscript and
valuable suggestions which helped in significantly improving an earlier version of this article. Supported by the National
Natural Science Foundation of China (11361019), project supported by Program of the Guangxi China Science
Foundation (2013GXNSFDA019001, 2014GXNSFAA118015, 2013GXNSFAA278003), and the Support of the Scientific
Research Project of Education Department of Guangxi (YB2014150).

Received: 31 October 2014 Accepted: 23 June 2015 Published online: 15 July 2015

References
1. Cheng, SH, Peng, L, Qi, YC: Almost sure convergence in extreme value theory. Math. Nachr. 190(1), 43-50 (1998)
2. Fahrner, |, Stadtmuller, U: On almost sure max-limit theorems. Stat. Probab. Lett. 37(3), 229-236 (1998)
. Berkes, I, Cséki, E: A universal result in almost sure central limit theory. Stoch. Process. Appl. 94(1), 105-134 (2001)
. Wu, QY: Almost sure limit theorems for stable distribution. Stat. Probab. Lett. 81(6), 662-672 (2011)
. Wu, QY: An almost sure central limit theorem for the weight function sequences of NA random variables. Proc. Indian
Acad. Sci. Math. Sci. 121(3), 369-377 (2011)
. Wu, QY: A note on the almost sure limit theorem for self-normalized partial sums of random variables in the domain
of attraction of the normal law. J. Inequal. Appl. 2012, 17 (2012)
7. Wu, QY: Almost sure central limit theory for products of sums of partial sums. Appl. Math. J. Chin. Univ. Ser. A 27(2),
169-180 (2012)
8. Wu, QY: An improved result in almost sure central limit theory for products of partial sums with stable distribution.
Chin. Ann. Math,, Ser. B 33(6), 919-930 (2012)
9. Peng, ZX, Li, N, Nadarajah, S: AlImost sure convergence of extreme order statistics. Electron. J. Stat. 3, 546-556 (2009)
10. Peng, ZX, Tan, ZQ, Nadarajah, S: Almost sure central limit theorem for the products of U-statistics. Metrika 73(1), 61-76
(2009)
11. Peng, ZX, Wang, LL, Nadarajah, S: AlImost sure central limit theorem for partial sums and maxima. Math. Nachr. 282(4),
632-636 (2009)
12. Tan, ZQ, Peng, ZX: AlImost sure convergence for non-stationary random sequences. Stat. Probab. Lett. 79(7), 857-863
(2009)
13. Csaki, E, Gonchigdanzan, K: Almost sure limit theorem for the maximum of stationary Gaussian sequences. Stat.
Probab. Lett. 58(2), 195-203 (2002)
14. Chen, SQ, Lin, ZY: AlImost sure max-limits for nonstationary Gaussian sequence. Stat. Probab. Lett. 76(11), 1175-1184
(2006)
15. Chen, ZC, Peng, ZX, Zhang, HY: An almost sure limit theorem for the maxima of multivariate stationary Gaussian
sequences. J. Aust. Math. Soc. 86(3), 315-321 (2009)
16. Lin, FM: AImost sure limit theorem for the maxima of strongly dependent Gaussian sequences. Electron. Commun.
Probab. 14, 224-231 (2009)
17. Leadbetter, MR, Lindgren, G, Rootzén, H: Extremes and Related Properties of Random Sequences and Processes.
Springer, New York (1983)
18. Wu, QY, Chen, PY: An improved result in almost sure central limit theorem for self-normalized products of partial
sums. J. Inequal. Appl. 2013, 129 (2013)

[S N NIV}

(o)}

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	The improved results in almost sure central limit theorem for the maxima of strongly dependent stationary Gaussian vector sequences
	Abstract
	MSC
	Keywords

	Introduction and main results
	Auxiliary lemmas
	Proof of the main result
	Competing interests
	Authors' contributions
	Authors' information
	Acknowledgements
	References


