5 5145 2] B o2 % Pk Vol.51, No.2

20084E 3 H ACTA MATHEMATICA SINICA, Chinese Series Mar., 2008
XEHS: 0583-1431(2008)02-0281-10 kARIREE: A

BI435 o iBA FESIAE Sk

57 %
EWAFHF A SN 510630
E-mail: chenpingyan@263.net

0 1 AR

EHAFRITFESR M 510630
E-mail: tliuxd@jnu.edu.cn
W B RETEI p BAFT NE TSRS KL T2 b E WA, 7 fo ikt
T EA MR
XKHEiE p BATI TaksE; EXedsE
MR(2000) &4 60F15, 60E05
b4 02114

Complete Moment Convergence for Sequence
of Identically Distributed p-Mixing Random Variables

Ping Yan CHEN

Department of Mathematics, Jinan University, Guangzhou 510630, P. R. China
E-mazil: chenpingyan@263.net

Xiang Dong LIU

Department of Statistics, Jinan University, Guangzhou 510630, P. R. China
E-mail: thiuzd@jnu.edu.cn

Abstract The sufficient and necessary conditions of complete moment convergence
for sequence of identically distributed p-mixing random variables are obtained, which
extent and generalize the well-known results.

Keywords p-mixing random variable; complete convergence; complete moment con-
vergence

MR(2000) Subject Classification 60F15, 60E05

Chinese Library Classification 02114

1 5IERFEE

SEAC PR BE &S H R A Robbins Ul 5IAHY, B ERCY T HERMSRIE R —
. FREEAREFS {Un, n > 1} 22T R C, MRIMER ¢ >0, A

ZP{\UH —C|>¢e} <.

n=1

Wk H: 2006-07-06; 3257 H 11: 2007-07-25
HEEWH: BRERRFESREIE



282 o % M O F LRk 51%

YFFEARA Robbins U e 5E3k18 72 (E 77 254 BR A 7R 43 A B BEH LS B 81300 A AR
HySERUSIESE . 245, TS RO &8kl 2 TIRZEIE, WiSC [2-5] o F MLt aY S2{E
T SIUET Banach ZSMMEREMZER, 3C [5-7] SR TREGHBMLR. FrlEs—itn i
Katz 2, Baum FI Katz ¥ K18 TA N RILER: # {X, X, n > 1} RASL R AR A RENLAS 7
Hl, SHEE n > 1, 0K S, =3 Xo. MR 0<p<2,r>1, 0 BIX|"? < oo 4 HAY

(oo}
an_QPﬂSn —nb| > ent/P} < 00, Ve >0, (1.1)
n=1
S5
oo
Zan{ max |Sy — kb > snl/p} < oo, Ve>0, (1.2)
— 1<k<n

HfY rp> 108 0=FEX; 3% 0<rp<1,b=0.

Chow I8 §5hif T A S22 WBUERI 455 3 {X, X, n > 1} M7 F A A BERLAS 1551,
MEE n > 1, FAFK S = D0 Xoo AR 0 <p <2,7>1,rp>1, N4H E{X]?+
| X[log(1 + |X[)} < oo, H

T;n’"_z_l/pE{ max. |Sk — kEX| — Enl/p}+ < o0, Ye>0, (1.3)
HrpmR o >0, W 2y = o; R 2 <0, W 24 = 0.

FEEMMIEE O Chow B {25 HE) 5 T A -p Banach A [HIfEIE, 1581 T 740 b B
Z55%. Chen MOV JEE g iR FRE 10 A2 S 20 T B0A B LA 4449 Banach 23 [H] 1
J&. Li fil Zhang M ZEESRATHEMF FIHE T AARHKBENLIAS 1750 3 P RIA 2551 £
At 12 e T SRR RS P8 A 56 i Sk, 183 T 7o 4 i A SR

Bt Li fil Spataru 19 3545 T 56 MBI ER: & (X, X, n > 1} BISLRSM Y
BENLAE R TS, SHER n > 1, #AIN S =300, Xo AIBR 0<p<2,7>1,¢>0, U

oo 00
| S PS> 2ty < oo, e 0
€ n=1

4 HALY
E|X|™ < o0, if 0<q<rp,
E|X|™Plog(l+ |X]) < o0, if ¢=rp,
E|X|? < o0, it g > rp,

HpY rp>10BL,0=FEX; % 0<rp<1,b=0.

78 USSR 58 SR R TE AN EAR 2 78 M SAs ARk, T2 2 (8] P DAt
SR, 192 F, Chen Al Wang M 85I T FE5R: # an > 0, b, >0, ¢ > 0, {Zn,n > 1} AL
—BEALAS A, R T RRIR S

/ ZanP{|Zn| > 21/, }dx < 0o, Ve >0,
€ n=1

ZanE{b;1|Zn| —e}d <oo, Ve>0.

n=1

ASCAEFSIG p RS T, He) Mg Chow Bl 8 Li Ml Spataru 13 25 5.
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B A X, n > 1} 2 LTEMRAE (Q,.7, P) LA RFY. & o & F BT o- R
¥, i LP() (p > 0) A « " p HEABRAFENLAS A 2. BRFS (X, n > 1} J&
p IRAH, IR

{ |[EXY — EXEY|

VEX _EXQ2E(Y _EY)? } e

p(n) = sup sup
k>1 X€L2(FF),Y €L (F,,)
Hor 70 =o(Xpm, ..., Xn).

p 1B A RS Kolmogorov il Rozanov 1) 7 1960 45| \RY. B HAT A, F5 p IREF
PIIRIRE R ER N EE, W p IRE TR ONRE R, J9A R, KBCER, et
FRAISR AL R (5B LA S O, B 71617 s W RS MIAKIE R A L35 [18]). X LBugh T
FIBAGIAT T— 25 p IREHEHIA R FF R A SR E AL, mebEw 7 18 7 T
SRS

S 1.1 % {X,,n > 1} & p IREWHEYAERFS, s > 2. # EX,, =0, EX? < 0o (n>1),
NIFAEFRT s fil p(-) IEFHE K = K(s,p()), M EE n>1, F

k

s [log n]
; s/2
. < 7 . 2
o [ 1] < o (1 3 ) o s )
[log n]
2/s (ot s
+ nexp (K Z; peE(2 )> lréliannE|XZ\ }7 (1.4)

Ht [2] FR o (EEGTS

T PRIRA SC R ELE R

B T4 S 2 SRR SE 2SR S, BRI RS A e 2 S 4558 it
5T WS ER B SE B SR R B X, T THT Y 8 B S i S Y.

FE 1.1 %r>1,0<p<2 ¢>0,{X,X,,n> 1} ZREGAMH p BREHHLRTE], X
B n > 1, 3N S, = >0 Xo IBRARBOHL >0 p¥/*(27) < oo, KA max{rp, ¢} < 2
W, s = 2; 24 max{rp,q} > 2 i, s > max{(r — 1)(1/p — 1/2)~", rp, ¢}, W TFHIFREBZEN

E|X|"™? < oo, if 0<q<rp,
E|X|™log(l+|X]|) < o0, if ¢g=rp, (1.5)
E|X|7 < oo, if q>rp,
= r—2—q/ 1/p ?
Zn ‘”’E{ max |Sy — kb| —en } <oo, Ve>0, (1.6)
— 1<k<n +
> q
an_2E{ sup k~Y/P| Sy — kb| — 5} < oo, Ve>0, (1.7)
k>n +

n=1

HbmRo<p<1,b=0; R 1<p<2,b=EX; 2{ = (x4)%

i r =1, MA
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q =2 1, s > q, MTHIFREFH

E|XPP < 0, if 0<q<np,
E|XPlog(1+ |X]|) < o0, if ¢=p, (1.8)
E| X7 < o0, if ¢>p,

o0

Zn_l_q/”E{ glkax |Sk — kb — snl/p} < oo, Ye>0, (1.9)

HbmBE o<p<1,b=0; WE 1<p<2,b=EX.

T 1.3 H0<p<2 ¢>0,{X, X, n>1} ZRDHA p IREHHAETS, MEE
n> 1, WaHN S, = Zi:l X, IRA RE0 2 Zn:1 p2/s(2n) <oo, Hift g <2, s =2 %4
q > 21}, s > q, WITFIBRBSFM

E|X[Plog(1 +|X|) < o0, if 0<g<p,

E|X[Plog?(1+|X[) < o0, if q=p, (1.10)
E|X|? < o0, if ¢>p,
Zn 174/P(logn)E { max | S — kb| —enl/”} < oo, Ve>0, (1.11)
Zn—lE{ sup k= Y/?|S, — kb| — 5}q < o0, Ve>0, (1.12)
k>n +

HfmBE o<p<1,b=0; W 1<p<2,b=EX.

ACARE, 1(-) RERMEREL, C REFEIEFEL TAEARFE T TR .
2 TIERYIEEA

FI 1B EIEIE (1.5) = (1.6). R b =0,

oo

E n“%q/pE{ max |Sk|75n1/p}
1 1<k<n +

n=

M2

nT*2*q/p/ P{ max |Sy| — en!/? >t1/q}dt
0 1<k<n

n=1

nda/p 0o
nr_Q_q/p( P{ max \Sk|>5n1/”+t1/q}dt+/ P{ max |5k|>€n1/p+t1/q}dt)
0 n SRS

1<k a/p

n"" 2P{ max. |Sk| >€n1/p} an 2= Q/p/

n

M

n=1

E%g

P{ max [S| >t1/q}d
q/p 1<k<

Il
-

I +I27
24 rp > 1 Bf, i Shao 7 Al B 3.1 B3¢ [18, #EL 8.4.1] I, B E|X|"? <00 Jt EX =0, H
I <003 24 0 <rp < 11, g1 Markov R BARUER 5T, A
k
> OXI(1X] < ntlP)| > snl/p}>
i=1

o0

< 1/p
7Zn (nP{|X|>n }—i—P{ [max.
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)

Z <nP{|X| >n'/P} + Cn~YPE max
— 1<k<n

k
> XX < 0Py
i=1

8

Z —1p{|X| >n1/p}—|—Can =P E|IX|I(1X]| < nl/P)
n=1

< CE|X|TP < 0.
4E|‘Z; &fnﬁ Il < o, 337\5/\ ﬁTIEH}g I2 < o0. Eh‘ﬂ:

P{ max |Sg| > tl/q} < nP{|X]|> tl/q}—l—P{ ma

>t1/‘1}.

k
> XX < t19)
=1

X
i 1<k<n
ES)lid
Z r—1— q/p/ P{|X| >t1/q}dt
= a/p
k
r—2—q/p _ i/ e
+Zn /nq/p P{lrgzgi(n ;XJ(|X1| <tH)| >t }dt
= I3 + I4.
> 0 (m+1)Q/P
I3 = an—l—q/p Z / P{|X| N tl/q}dt
n=1 m=n ma/p
> Can_l_q/P Z mQ/P—lp{‘Xl > ml/p}
n=1 m=n

(e} m
— Z mq/p—lp{|X| > ml/p} an—l—q/p
m=1 n=1

C > m'IP{X| > m!/ry, if ¢ <rp,
m=1
<8O log+m)P{IX|>m?). it g =rp,
m=1
C’Z:mq/p_lP{|X|>m1/p}7 it g>rp
m=1
CE|X|"? < o, if q<rp,
<4 CE|X|%1og(1+ |X]) < 00, if ¢g=1p,
CE|X|? < o0, if ¢>rp.

HRAGIEM] 1y < oo, TEREFIY 0 <p < 1 B, dEHCSUEH, A

k
max max t_l/qZEXiI(|Xi|§tl/q

< max nt~YIE|X|I(|X]| < t'/9)
t>na/p 1<k<n et

t>na/p

t>na/p

1
< max n/ P{IX| > tY/92} dx
0

1
§/ nP{|X| > n*Px}dx — 0;
0
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B1<p<2W, f EX =04
k

“YaNT pXI(1X;] < t1/9
tr>IiLaq)/{p1I§n/?§n t Z; (X <)
> 2

k
=19 EXGI(|X] > £7)

=1

= Imnax max
t>na/p 1<k<n

< max nt~ Vap|X|I(|X] > t'/9)
t>n

<n'"VPE|IX|I(|X]| > n'/P)
< E|X|PI(|X| > n*/?) — 0.

PRI o JEAEREE, % ¢ > /P A5
k
P L en]> e
k

< . o< /ey _ ) < $1/q 1/q . .
< p{ max S (KX £ #10) ~ XX < ¢ B (21)

I mas{rp,q} < 2, H (2.1) 2, Markov R4ER, 315 L1, B a5 BARERD 54

k
D (XGI(1X;] < t19) - EXGI(1X] < tl/q))’ > tl/q/Q}dt

2—
IL<cC E n' Q/p/ {1r<nkai<
nal/p n i—1

n=1

<Cznr 2 q/p/ —2/qu1332(

n—1 na/p

k
D (XGI(1X] < Y9 — BEXI(1X] < ¢1/9)
=1

2
dt

<cznr 2= q/p/ nt =B X21(|X| < tY/)dt

na/p

(m+1)4/?

_Cznr 1-q/p Z/ Q/qE|X|21(|X| Stl/q)dt

ma/p

<C’an 1- q/pzmq/p 2/p— 'BIX2I()X| <(m+1)1/p)
n=1 m=n

fCZmQ/” 2r=1B|IXPI(1X] < (m+1)Y/P) Z r—l-q/p

m=1 n=1

¢S m 2P BIXPI(X| < (m+ 1)), if g < rp,

m=1

C Y mtP el og(1+ m)EIXPI(X| < (m+1)Y7), if g =rp,

<
m=1
(o)
O3 mv/r 2 BXPI(X| < (m + 1)), it g >
m=1
CE|X|™ < oo, if g <rp,
<< CE|X|%1log(l+ |X]) < o0, if ¢g=rp,
CE|X |7 < o0, if ¢>rp.

W max{rp, ¢} > 2, i1 (2.1) &K, Markov AR, 51F 1.1 %t s > max{(r—1)(1/p—1/2)"1,7p, q},
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H

0o 00 k
~2-q/ TOX| < 9 — EXI(1X| < 1/
L, <CY n2e P/ P{ max Z;(XZI(|X1| < Y9 — EX;I(|X;| < t'/9)

n—1 na/p

> tl/q/Q}dt
> [eS)
<Oy / £/ 1 {n* (B X PI(|X| < £9/9)"/2 4 nB|X[°T(|1X] < t/9)}dt
na/p

n=1
< cznf+s/2—2—q/p/ 15/ B| X 2I(|X| < £1/9))*/2dt
n—1 na/p

+C> n’“flfq/P/ t=IB|XPI(|X| < tY/9)dt
n=1 ni/?
=I5 + Is.

H T max{rp, ¢} > 2, H
E|X|PI(|X] < t/9) < B|X|* < o0,
TEH

Is < Cznr+s/2727q/p(_tfs/q+1) 0o Cznr+s/27275/p < 0.

na/p
n=1 n=1

HAMEREIE mac{rp,a} < 2 W L < o0 WIHE s < oo. FLASEMT (15) = (1.6) HIIEW.
HWGE (1.6)=(1.7). BH
;nrzE{ 212113 k1S, | — E}j_ = nz::l nT72/0 P{ sup k~YP|Sy| > e + tl/q}dt

k>n

:Z Z nT*2/OOP{supk*1/p|Sk\>€+t1/q}dt
: - 0

k>n

<C 2“’“*1)/ P{ sup k*l/P|Sn\>s+t1/q}dt
N 0 kzzi—l

-5 [T ~1/p Vg
<0y 2 Z/ P{Qj_rpga;(djk el > =+ £/}t

o0 0o
<0 2j<r—1>/ p g (/4 2(j—1)/p}dt
<032 [ g I > o

r—1-a/p) [ G-1)/ 1/ _ o(i-1)a/
SC;QJ qp/o P{E;%'S’fbw Pe 4y q}dy (y = 20— Da/py)

<C § :nr—2—q/p/ p{ max |Sk| > 9=2/ppl/pe 4 yl/q}dy
n
n=1 -

_ r—2-q/p { _ 1/p}q _9-2/p
C’Z:ln E 11%1]?%<n\5k| gon +<oo(50 27%/Pg),

TR (1.6) H (1.7) L
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RIFIE (1.7) = (1.5). 1 (1.7) XBAH
r—2 1/p a
Zn E{supk |Sk+1 — (k+1)b|—5} <0, Ve>0.
n—1 k>n +
R (17) KAl
an_2E{ sup k=P X, — b| — E}q < oo, Ve>0. (2.2)
1 k>n +
B (2.2), E(supgsy k= YP|Xp — b)) < oo, ILAEFE M > 0, fHifExtEAS n > 1,
P{ sup k~/P| X, — b| > M} <1/2. (2.3)
k>n
{£%°¥U {maX2i§k<2(i+1> k‘_l/p|ch - b|7 12> 1} %_ I~ p { T“@L H| m %;ﬁ((ﬁ/@
Zp(z) < 00
i=1
Fre gk LRI 4R 1 (5 1HE A FISIE A6 AXHMEE m>1 X t>0, 4
3 P{ max k" YPIX, — b > M + tl/q}
= 2t <k<2(i+1)
< 2P{ sup  max Kk YP|X, -0 > M +t1/q}. (2.4)
i>m 20 <k<20+1)
H1 (2.3) REXHER @ > 1,
P{ Cmax X -0 > M2<i+1>/1’} < P{ max  kVP|X), — b > M} <1/2. (25)
21 << 2(i+1) 2i<k<20i+D)
FRAGIH 2.1 Bk rmmakm M f5HE A6, TR i >1 Kt >0, 4
i 1/q\9(i+1)/py « _ 1/q\9(i+1)/p
2 P{|X| > (M +t'/9)2 } < 2P{2i<iria2>(<i+l) Xy — b > (M + t1/9)2 } (2.6)
& (2.2) EWPEY e=M, i (2.4) & (2.6) X, FHFMHBIRHD HEEH, A
a
> n" B sup kTP |X; — b
00 T; {bup | X% — b — }+
= Z T72E{ supkil/p|kab|fM}q
m=1p—gm—1 k>n +
>C i 2’”“*1)1«7{ sup k~YP|X;, — b| — M}q
— k>2m +
=C 2’”“*1)/0013 sup k1P| Xy — b > M + ¢4 bdt
L P e
= me—1) [ E—1/p _ 1/q
sz=:12 / P{ f’fﬁzwﬁ%ﬁm | Xp — b > M+t }dt
m(r—1) -1/p _ 1/q
> C Z 2 Z / Qléﬂaﬁmk Xp bl > M4t kar by (24))

ZCZT(T‘”/ P{ max | Xy — b > (M+t1/Q)2i+1}dt
: 0

2i< k< 2(i+1)
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>0y 2/ P{|X — b > (M + t¥/9)20+D/P) gy (by (2.6))
0

i=1

= CZQi(T-—q/p)/O P{X —b| > MoG+D/p 4 Sl/Q}dS (s = t2(i+1)q/p)

i=1
> C«ZQi(rfq/p)/ P{|X —b| > M20+D/p 51/q}d5
i—1 Ma2ia/p
oo 0o MagGU+Da/p
=) 2ir=a/p) / P{|X —b| > M20+D/P 4 s/a}gs
; ]Z:Z Ma2ia/p {| | }
00 [eS) Ma2U+1a/p
> oilr=a/p) / P{|X —b| > M20HV/P 4 51/}
; ; Magia/p

> CZ 9i(r—a/p) Z 2jq/pp{‘X —b > M2(j+1)/p+1}

i=1 j=i
00 J
= CZ 29/PP{|X — b| > M2UTD/pHLY Z 9i(r—a/p)
j=1 i=1
i . .
CY YTP{X — b > M2UV/PHy > CEIX|P, if ¢ <rp,

j=1

OZ 297(1 + j)P{|X — b| > M2UD/PH1) > CE|X|9(log(1 + | X])), if q=rp,

Jj=1

v

CZqu/pPﬂX —b| > M2UTD/PH1y > CRE|X |9, it q>rp.
j=1
AT R BRARIE.

FERE 1.2 FIEEE 1.3 AYUERTZZRAMIAY, g 2.
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WA Rosenthal BURTHKAEASE (MC [5,20-21]), NMASCEHR 1.1- EH 1.3 XX
TR SR IR B BENIAS B SR L Y. 00, ZEAIIRTEIE T, ARG T g > rp SEER Y
2L, T MR 2 A
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