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ROSENTHAL TYPE INEQUALITIES FOR RANDOM VARIABLES

PINGYAN CHEN AND SOO HAK SUNG*

(Communicated by X. Wang)

Abstract. 1t is shown that if the higher order upper Rosenthal inequality holds for the sum of
random variables, then the lower order upper Rosenthal inequality also holds. The same result
is also established for the maximum of partial sums of random variables. No additional assump-
tions are made on the random variables. As a corollary, we obtain that the upper Rosenthal
inequality implies the Marcinkiewicz-Zygmund type inequality.

1. Introduction

One of the most interesting inequalities for independent random variables is the
Marcinkiewicz-Zygmund inequality. It gives relations between moments of sums and
moments of summands. For a sequence {X;,1 <i < n} of independent random vari-
ables with mean 0 and E|X;|P < oo, 1 < i < n, for some p > 1, there exist positive
constants A, and B, depending only on p such that

p/2 . |P /2

AyE ixf <E|Y Xi| <B)E ix,? . (1.1)
i=1 i=1 i=1

Using the Marcinkiewicz-Zygmund inequality, Rosenthal [10] obtained a moment in-
equality for independent random variables. For a sequence {X;,1 <i < n} of indepen-
dent random variables with mean 0 and E|X;|P < oo, 1 < i < n, for some p > 2, there
exist positive constants C, and D, depending only on p such that

n ,, p/2 ,, p
Cymax{ Y EXi|?, [ Y EX} <E|YX
i=1 i=1 i=1
" " p/2
<Dpmax{ Y E[X;|P, | Y EX? , (1.2)
i=1 i=1

where C,, = 277, Burkholder [3] proved that the Marcinkiewicz-Zygmund inequality
holds for the maximum of partial sums of martingale differences. Using Burkholder [3]
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inequality, we can see that the Rosenthal [10] inequality also holds for the maximum of
partial sums of independent random variables with mean zero and finite p-th moments
for some p > 2. That is, there exist positive constants C,, and D), depending only on
p such that

p

k
>

n " p/2
Cymaxq Y E|X|?, <2EXi2> < E max
i=1 i=1 i=l1

i 1<k<n

i=1

" " r/2
< Dimax{ Y E[X|, <2EXi2> . (1.3)
= i=1

Since (x| + |y|)/2 < max{|x|,[y|} < |x| + |y| for real numbers x and y, the term
max {Zl’-’zl E|X;|P, (2, EXiz)p/z} in (1.2) and (1.3) can be replaced by 7, E|X;|P +

(xr, Ex?)” /2 Of course the constants in (1.2) and (1.3) may vary.

The right-hand side of (1.2) is called the p-th order upper Rosenthal inequality for
the sum of random variables. The right-hand side of (1.3) is called the p-th order upper
Rosenthal inequality for the maximum of partial sums of random variables.

The upper Rosenthal type inequalities have been established for dependent random
variables. We refer to Shao [12] for p-mixing, Peligrad and Gut [9] and Utev and
Peligrad [14] for p*-mixing, Shao [13] for negatively associated random variables,
Hu [6] and Wang et al. [17] for negatively superadditive dependent random variables,
Asadian et al. [1] for negatively orthant dependent random variables, Wang and Lu [18]
for asymptotically negatively associated random variables, and Yuan and An [19] for
asymptotically almost negatively associated random variables.

When 1 < p <2, we can obtain from (1.1) that

p

<B, Y EXi|P, 1<p<2. (1.4)
i=1

n

The inequality (1.4) is called the p-th order Marcinkiewicz-Zygmund type inequal-
ity. It is known that if the g-th order Marcinkiewicz-Zygmund type inequality holds
for the truncated and centered random variables {X;(x) — EX;(x),1 <i < n,x > 0},
where X;(x) = XiI(|Xi| < x) +xI(X; > x) —x[(X; < —x), then the p(l < p < q)-th
order Marcinkiewicz-Zygmund type inequality also holds for the random variables
{X; — EX;,1 <i<n} (see Chen and Sung [4] and Fazekas and Pecsora [5]). Note
that no additional assumptions are made on the random variables {X;}. Inspired by
the above result, it is natural to consider that the above result holds for the Rosenthal
inequality.

In this paper, we prove that if the g-th (¢ > 2) order upper Rosenthal inequality
holds for the sum of random variables, then the p(2 < p < ¢)-th order upper Rosenthal
inequality also holds. We also prove the same result for the maximum of partial sums of
random variables. As a corollary, we obtain that the upper Rosenthal inequality implies
the Marcinkiewicz-Zygmund type inequality.
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Throughout this paper, I(A) denotes the indicator function of the event A.

2. The main results

The following theorem shows that if the higher order upper Rosenthal inequality
holds for the sum of random variables, then the lower order upper Rosenthal inequality
also holds.

THEOREM 2.1. Let {X,,n > 1} be a sequence of random variables with finite
means. Assume that for some q > 2, there exists a positive function oy(x) > 1 such
that

E[S (Xi(x) — EXi(x))
i=1

q/2
ZE\X (ZEX ) V> 1,¥x >0, (2.1)

where X;(x) = X;I(|X;| < x)+xI(X; > x) —xI(X; < —x). Then for any p with 2 < p < q,
there exists a positive constant C depending only on p and q such that

p

i(X,- —EX;)

i=1

E

p/2
< Coy(n EE\X P+ <2EX|2>

Proof. Without loss of generality, we may assume that E|X;|? < o for 1 <i < n.
Let

i=1

q/2
A={x>0: ZE\X <2E|X ) ,

; . q/2
B=<{x>0: Y EXx)< <2E|Xi(X)I2>

i=1 i=1

Set Y;(x) = X; — X;(x) forall i > 1 and x > 0. We proceed with two cases.
Case 1. B is an unbounded set.
By the Lebesgue convergence theorem, Holder’s inequality, and (2.1), we get that

p
= lim FE

x—o0 XEB

n p

;(Xi(X) —EXi(x))

ix EX;)
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q\ P4
< limsup (E )
Xx—o0 XEB

q/2\ P4
n n
< 0y (n)P/9 limsup Y E[Xi(x ‘1+<2EX, )

x—oo XEB \ =] i=1

n /2
< (Zaq(n))”/q limsup (ZEXl(x)|2>

x—oo x€EB \ j=1

" p/2

= (204 (n))"" <2E|xz-|2>
i=1

r/2

<2090, (n <2EX|2> :

since oy (n) > 1.
Case 2. B is a bounded set.
Set m = sup,.px. Then m € B or m ¢ B. We now proceed with two subcases.
Subcase 2.1. m € B.
By the ¢, -inequality, we have that
)

P n
<or! {E Y (Xi(m) — EXi(m))
i=1

=2 (I + I).

p

+E|Y (Yi(m) — EYi(m))

i=1

ix EX;)

By Holder’s inequality, (2.1), and m € B, we have that

q\ Pl4
I < <E )

. . q/2\ P4
< oy(m)?/4 | Y E|Xi(m q+<ZE|X, )
i=1

i=1

e

(Xi(m) — EXi(m))

i=1

p/2
< (20, (n))P/ <2E|X )
=1

" /2
< (204(n))"" <2E|xz-|2> .
i=1

For I, we first observe that ¥;(m)I(|X;| < x) =0 if 0 <x < m and Y;(m)I(|X;| <
x) = Xi(x) — Xi(m) 4+ (m — x)I(X; > x) + (x —m)I(X; < —x) if x > m. We also observe
that Y¥;(m)I1(|X;| > x) = (Xi —m)I(X; > xVm)+ (Xi+m)I[(X; < —(xVm)), where x\VVy =
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x) dx

max{x,y}. It follows that

L :p/omxplP< i (m))| >

gp/:xplp<i V(1Xi| < x)— EY.(m)I(1Xi] < x)) >x/2> dx

+p/ N 1P<il V(IX| > x) — EY(m)I(|Xi] > x)) >x/2> dx
=p/:xp—lp<§i (X < x) — EY;(m)I(]X;] < x)) >x/2>dx

+p/ N 1P<§1 V(IX| > x) — EY(m)I(|Xi] > x)) >x/2> dx
<p/:xp—lp<§1 ) >x/8> dx

+p/ X~ 1P<lil(X( ) — EXi(m)) >x/8>dx

+p/m°°xﬂ 1P<lil((m WDIX > x) — E(m—x)I(X; > x)) >x/8> dx
+1za/:x1’1 (lil((x m)[(X; < —x) — E(x—m)I(X; < —x)) >x/8>dx
+p/ X 1P<lil((x m)[(X; > x\Vm) — E(X; —m)[(X; > x\Vm)) >x/4> dx

g((XmLm)I (X; < —(xvm)) —E(Xi+m)I(X; < —(xVm)))

>x/4>dx

+p/ x”_lP<
0

=D + 1o+ b3+ Iy + hs + L.

For I;, we note that x € A if x > m. It follows by Markov’s inequality, (2.1), and the
Fubini theorem that
q

dx

oo

b < pgq/ xP4E

m

i(Xx—

i=1

o n /2
< p8loy(n / P 1{2 |q+<zE|X ) }dx

1

x))

< 2p870,(n) / A=11Y E|X(x)]7 d
m i=1
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X HE|X ()X < x) +xIP(|X;| > x)} dx

E[\Xi|q /ﬂ;{m lX_‘}xp_q_l dx] +E {I(|Xl| > m) /m|Xixp_1 dx] }

p
[nmx PI(1X;| > m) + —E\X 91(1X;| < m)

= 2p8oy(n )

-
s

= 2p870y(n)

- i
——

=2p8lay(n)

—_

1
S EXIPH(X| > m) - 7P(|X,-\ > m)]

11 n
<o (D) am e,
g—p p) * ;

since mp—qE|Xi‘tII(‘Xi| < m) < E‘Xi|p1(|Xi‘ < m)
For I, we note that 2m € A. It follows by Markov’s inequality and (2.1) that

Y (Xi(m) — EXi{m))

i=1
" /2
E|X;(m)|7+ <2EX,(m)|2> dx

i=1

q

Iy < p8‘1/ x4 E dx

m

-

I
—_

Squaq(n)/ xPa1

m

'M=

n q/2
E|X;(2m)|? + <2EXi(2m)2> dx
i=1

< p8lay(n / xP—a!
m

i=1

oo n
< 2p8lay(n) / xP*‘f*IEE\X,-(zm)V dx
m .

< 2p81(2m)* P oy(n ZE\X\P/ xP47 1y

= 2pRIIP
q—

n) ZE\Xi\p.
i=1

By Markov’s inequality, we obtain

123 g 8[)/ xp_zE dx
m

é((m—x)I(Xi > x) — E(m—x)[(X; > x))
161’2/ P2 (x—m)P(X; > x) dx

16p2/ xP7IP(X; > x) dx

and

i (x—m)[(X; < —x) —E(x —m)I(X; < —x))| dx

by < 8p / x’2E
i=1

m
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16p2/ X2 (x—m)P(X; < —x) dx

16p2/ xP7IP(X; < —x) dx,

which imply that

b+ Iy < 16p2/0 UP(IX] > x) dx =16 E|X;|7.
i=1 i=1

By Markov’s inequality, we obtain

i((X,-—m)I(X,- >xVm)—EX;—m)I(X; >xVm))| dx

bs < 4p/ x"’E
0 i=1

<8p2/ XP2E |X; — m|I(X; > x\Vm) dx
_8p2/ xP2E(X; — m)I(X; > m dx—|—8p2/ xP2E(X; — m)I(X; > x) dx
SpZ/ xP2E|X;|[(X; > m) dx+8p2/ xP2E|X|[1(X; > x) dx

and

i (X +m)(X; < —(xVm)) — E(X; +m)[(X; < —(xVm)))| dx

I < 4p/ x’2E
0 i=1

n oo
<8p2/ XP2E X+ m|I(X; < —(xVm)) dx
=Jo
n m
=53, / W 2E (=X — m)I(Xi < —m) dx
+8p2/ XP2E(—X; —m)[(X; < —x) dx
8p2/ xP2E|X1(X; < —m) dx+ 8p2/ xP2E|X;|1(X; < —x) dx,
=1

which imply that

n m n o0
Ds+De < SpZ/ XP2E|X|I(|1Xi| > m) dx—|—8p2/ XP2E|X|1(1X;] > x) dx
=170 i=1/m

< 8p2/0 XP2E|X|1(1X;] > x) dx
i=1

8 n
=P S Exp.
pP—Liz
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Thus, we get

p

ix EX;)

" p/2
<2p_1{ (204 (n))P/4 (ZEXi2>
i-1

1 1 1
+<2p8’1 (— + —) oy(n) +2p87217°
q9—p P q—

8p z
oy (n) + 16+pT1 ZE|Xi|p

i=1

p/2
<Coy(n ZE\X P + <2EX |2> ,

i=1

where €= (20430 2%) L4 200 4 gp3q 4 90t3,

Subcase 2.2. m ¢ B.

In this case, m is a point of accumulation of the set B. Hence, there exists an
increasing sequence {my} in B such that m/2 < my | m. Then my +m/2 € A and
(mg+m/2)/my <2.

The proof is similar to that of Subcase 2.1. By the ¢, -inequality, we have that, for

all k> 1,
P P P}

-

ix EX;) (Xi(my) — EXi(my)) Z — EYi(my))

e {E

= 2PNy (k) + o (K)).

i=1

By Holder’s inequality, (2.1), and my € B, we have that
( q) r/a

. . q/2\ P/a
<o)/ [ Y E|X;(my)| + <2E|Xi(mk)|2>

i EX mk))

i=1 i=1

" p/2
< (204(n))" (ZEXi(mk)|2>

i=1

" p/2
< (204(n))" (ZEXi|2> :

i=1

Since J, (k) is the same as I, except that m is replaced by my, we have that

Jo (k)
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<p xp 1P<§ EX;(x)) >x/8> dx
—|—p/’ xP~1p ii(x( v) — EXi(my)) >x/8> dx
+p mjxpflp lii((mk—x)l(X,->x)—E(mk—x)I(X,->x)) >x/8> dx
+p mwxpflp (= m)I(X; < —x) — E(x — m)I(X; < —x)) >x/8> dx

-

—

((Xi—mk)I(X,- >xV mk)—E(X,-—mk)I(X,- >xV mk))

>x/4> dx

+p/ xPlp
0

>x/4> dx

i((X, + mk)I(X,- < —(x\/mk))
1

7 N N N N N
T

+p/ xP1p
0

—E(X;+m)[(X; < —(xVmy)))

= (k) +Jxn (k) +J23 (k) +Joq (k) + Jos (k) + Joe (k) .

By the definition of J»1(k), we obtain that

<p x”fl dx+ b

my

D1 (k) = " a-ip ( (x))

>x/8> dx+ Iy

=mP —ml + 1.

It follows that

1 1 L
limsupJs; (k) <bh < 2p8q (— + —) qu(n) 2E|Xi‘p.
koo q9—pP P i=1

Since my +m/2 € A and (my +m/2)/m; < 2, we have by Markov’s inequality
and (2.1) that

q

i —EXi(my))| dx

Jay (k) < p8? / x4 IE
i=1

s

5 R " q/2
<p8‘1(xq(n)/ PN E X (my) |+ <2Exi(mk)|2> dx

M i=1 i=1

oo n q/2
<p8qocq(n)/ xP—a-1 2 i(mg+m/2)|94+ <2EX (mg+m/2)| ) dx
my i=1

i=1
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oo n
< 2p8‘1(xq(n)/ xPa1 EE\Xi(mk +m/2)|? dx

<2p8q<mk—|—2> ZE\XV’/ xPa7 1 gy

q— P m
=28 (me+5)" " oyln) 3 EXip q"
i=1

—-p
(n) Y EIX|".
i=1

< 2pRI2IP 1
q—
As in Subcase 2.1,

Jo3(k) +Joa(k) <16 Y E|Xi|?
i=1

and
Jas (k) +Ja6 (k) —zE\X P.

Thus, the upper bound of E |3 | (X; — EX;)|” is the same as that of Subcase 2.1. [J

The following corollary shows that Theorem 2.1 still holds for 1 < p < 2. Butin
this case, the term of the sum of second moments has disappeared. That is, the upper
Rosenthal inequality implies the Marcinkiewicz-Zygmund type inequality.

COROLLARY 2.1. Let {X,,n > 1} be a sequence of random variables with finite
means. Assume that (2.1) holds for some q > 2 and oy (n) > 1. Then for any p with
1 < p <2, there exists a positive constant C depending only on p and q such that

p

ix EX;) gCaq(n)iE|X,-|1’.

Proof. Let y > 0 be fixed and let ¥; = X;(y). Then Y;(x) = X;(x) if x <y and
Yi(x) = X;(y) if x > y. By the assumption, (2.1) also holds for ¥;(x). By Theorem 2.1,
there exists a positive constant D depending only on ¢ such that

2
E

3 (Xi(y) -

i=1

< Doy (n EE IX:(y (2.2)

Since D is independent of y, (2.2) holds for all y > 0. By Theorem 2.1 of Chen and
Sung [4], we can see that

g 2

4 n
< <4Daq(n)2_p + [ﬁ) 2E|Xi‘p
i=1

ix EX;)
i=1
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<< 8D +— 4 ) 2E|X|P

2=p p-
Thus the proof is completed. [

A collection of random variables is k-wise independent if every k random vari-
ables of the collection are independent. When k = 2, it is also called pairwise inde-
pendent. The k-wise independent random variables are used in computer science for
derandomizing algorithms because they can be constructed with less randomness than
fully independent random variables (Berger and Rompel [2] and Motwani et al. [7]).
They are also used in cryptography because k-wise independent permutations allow
perfect secrecy if one allows k queries to the encryption oracle (Russell and Wang [11]
and Vaudenay [15, 16]).

COROLLARY 2.2. Let 1 < p <4 and let {X,,,n 1} be a sequence of 4-wise
independent random variables with E|X,|P < o for n > 1. Then there exists a positive
constant C depending only on p such that

ix EX;)

Poo(es ElXxlr, 1<p<2,
= c{z;;lmx,-\u(zy:15|x,-\2)"/2}, 2<p<4

Proof. Since {X,,n > 1} is a sequence of 4-wise independent random variables,
we have

E

= ;E X(x) - EX()[* + Y EXi(x) - EXi(x)PE |X;(x) — EX;(x)|”

I<i#j<n

<

2
E|X:(x) — EX;(x)|* + (ZE |X; (x) —EXi(x)|2>

i=1

IM-

<24§IE|X (2 )2

Hence (2.1) holds with ¢ =4 and a,(n) = 16. If 1 < p < 2, then the result follows
from Corollary 2.1. If 2 < p < 4, then the result follows from Theorem 2.1.

REMARK 2.1. Corollary 2.2 does not hold for 2-wise (pairwise) independent ran-
dom variables (see Theorem 3.1 in Pass and Spektor [8]).

The following theorem shows that if the higher order upper Rosenthal inequality
holds for the maximum of partial sums of random variables, then the lower order upper
Rosenthal inequality also holds.
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THEOREM 2.2. Let {X,,n > 1} be a sequence of random variables with finite
means. Assume that for some q > 2, there exists a positive function Bq(x) > 1 such
that

X q
E max 2

1<k<n P

(Xi(x) — EXi(x))

q/2
ZE\X <2E|X ) ,Vn>1,¥x >0, (2.3)

where X;(x) = X;I(|X;| < x)+xI(X; >x) —xI(X; < —x). Then for any p with 2 < p < q,
there exists a positive constant C depending only on p and q such that

p

E max
1<k<n

p/2
< CBy(n) 2E\X\”+ <2EX|2>

k
ZX EX;)
=1

Proof. The proof is similar to that of Theorem 2.1. Without loss of generality, we
may assume that E|X;|” <o for 1 <i<n. Let

/2
A={x>0: zE\X <2E|X ) ,
" n /2
B={x>0: Y E|X;(x)|? < <2E|X,-(x)|2>
i=1 i=1
Set Y;(x) = X; — X;(x) forall i > 1 and x > 0. We proceed with two cases.

Case 1. B is an unbounded set.
By the Lebesgue convergence theorem, Holder’s inequality, and (2.3), we get that

q) rlq

q/2\ P/a
EXi(X)2>

P P

k

E max Z
1<k<n i—1

n

= lim FE max Z
x—oox€EB  1<k<n i—1

(X; — EX;) (Xi(x) — EX;(x))

™M=

(Xi(x) — EXi(x))

< limsup | £ max
X—00 XEB 1<k<n

Il
-

=

< B, (n)?/4 limsup Y E[Xi(x |’1+<

x—oo x€B \ j=1

T

" p/2
< (2B,(n))"/9 limsup (ZEXi(x)2>

x—oXEB \ j=1

" p/2
= (2By(n))"" <2E|xi2>
i=1
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p/2
<278, (n 2E|x|2

Case 2. B is a bounded set.
The proof of this case is similar to that of Theorem 2.1 and is omitted. [

The following corollary shows that Theorem 2.2 still holds for 1 < p < 2. Butin
this case, the term of the sum of second moments has disappeared.

COROLLARY 2.3. Let {X,,n > 1} be a sequence of random variables with finite
means. Assume that (2.3) holds for some q > 2 and Bq4(n) > 1. Then for any p with
1 < p <2, there exists a positive constant C depending only on p and q such that

k p n
E max 2 (Xi —EX;)| <CPBqy(n) Y EIXi|P.
=1

1<k<n | -
i=1

Proof. The proof is the same as that of Corollary 2.1 except that Theorem 2.1 of
Chen and Sung [4] is replaced by Theorem 2.2 of Chen and Sung [4]. [

Acknowledgement. The authors would like to thank the referees for the helpful
comments. The research of Pingyan Chen is supported by the National Natural Science
Foundation of China (No. 71471075). The research of Soo Hak Sung is supported by
Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education (2017R1D1A1B03029898).

REFERENCES

[1] N. ASADIAN, V. FAKOOR AND A. BOZORGNIA, Rosenthal’s type inequalities for negatively orthant
dependent random variables, J. Iranian Stat. Soc., 5 (2006), 69-75.

[2] B. BERGER AND J. ROMPEL, Simulating (logn)-wise independence in NC, J. Assoc. Comput.
Mach., 38 (1991), 1026-1046.

[3] D.L.BURKHOLDER, Martingale transforms, Ann Math. Statist., 37 (1966), 1494-1504.

[4] P. CHEN AND S. H. SUNG, Generalized Marcinkiewicz-Zygmund type inequalities for random vari-
ables and applications, J. Math. Ineq., 10 (2016), 837-848.

[5] 1. FAZEKAS AND S. PECSORA, General Bahr-Esseen inequalities and their applications, J. Ineq.
Appl., 2017 (2017), 191.

[6] T. HU, Negatively superadditive dependence of random variables with applications, Chinese J. Appl.
Probab. Statist., 16 (2000), 133—144.

[71 R. MOTWANIL, J. NAOR AND M. NAOR, The probabilistic method yields deterministic parallel algo-
rithms, J. Comput. Syst. Sci., 49 (1994), 478-516.

[8] B. PASS AND S. SPEKTOR, On Khintchine type inequalities for k-wise independent Rademacher
random variables, Statist. Probab. Lett., 132 (2018), 35-39.

[9] M. PELIGRAD AND A. GUT, Almost-sure results for a class of dependent random variables, J. Theo-
ret. Probab., 12 (1999), 87-104.

[10] H. P. ROSENTHAL, On the subspaces of LP(p > 2) spanned by sequences of independent random
variables, Tsrael J. Math., 8 (1970), 273-303.
[11] A. RUSSELL AND H. WANG, How to fool an unbounded adversary with a short key, IEEE Trans.

Inform. Theory, 52 (2006), 1130-1140.



318

[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

P. CHEN AND S. H. SUNG

Q. M. SHAO, Maximal inequalities for partial sums of p -mixing sequences, Ann. Probab., 23 (1995),
948-965.

Q. M. SHAO, A comparison theorem on moment inequalities between negatively associated and inde-
pendent random variables, J. Theoret. Probab., 13 (2000), 343-356.

S. UTEV AND M. PELIGRAD, Maximal inequalities and an invariance principle for a class of weakly
dependent random variables, J. Theoret. Probab., 16 (2003) 101-115.

S. VAUDENAY, Provable security for block ciphers by decorrelation, Lecture Notes in Computer Sci-
ence, 1373, 249-275, Springer Berlin/Heidelberg, 1998.

S. VAUDENAY, Decorrelation: a theory for block cipher security, J. Cryptology, 16 (2003), 249-286.
X.J. WANG, X. DENG, L. L. ZHENG AND S. H. Hu, Complete convergence for arrays of rowwise
negatively superadditive-dependent random variables and its applications, Statistics, 48 (2014), 834—
850.

J. F. WANG AND F. B. LU, Inequalities of maximum of partial sums and weak convergence for a class
of weak dependent random variables, Acta Math. Sin. Engl. Ser., 22 (2006), 693-700.

D. YUAN AND J. AN, Rosenthal type inequalities for asymptotically almost negatively associated
random variables and applications, Sci. China Ser. A, 52 (2009), 1887-1904.

(Received January 25, 2019) Pingyan Chen

Department of Mathematics
Jinan University

Guangzhou, 510630, P.R. China
e-mail: tchenpy@jnu.edu.cn

Soo Hak Sung

Department of Applied Mathematics
Pai Chai University

Daejeon, 35345, South Korea
e-mail: sungsh@pcu.ac.kr

Journal of Mathematical Inequalities

v.ele-math.com

jmi@ele-math.com



