
http://www.fineprint.cn
http://www.fineprint.cn


PDF 文件使用 "pdfFactory Pro" 试用版本创建 www.fineprint.cn

http://www.fineprint.cn
http://www.fineprint.cn


PDF 文件使用 "pdfFactory Pro" 试用版本创建 www.fineprint.cn

此为试读,需要完整PDF请访问: www.ertongbook.com

http://www.fineprint.cn
http://www.fineprint.cn


� 

WZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1?})L7PfO℄/� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1;`t JTY38�*�A� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1TIM SC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1TgM XAV'7!!t(J4RP%�'7
:PDe} . . . . . . . . . . . . 3TEM X'{(J=�4RP%�'7
:PDe}*TW . . . . . . . . . . . 13TqM Xy%
:=�4RP'7
:+o�PDe} . . . . . . . . . . . . . . . .17;Gt nM
W	/'8JTY38z�qwTz . . . . . . . . . . . . . . . . . . . . . . . . 37TIM SC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37TgM X(J=�4RP'7
:PW7�6e}7 . . . . . . . . . . . . . . . . . . 41TEM X(J=�4RP'7
:

m
PW7AV7 . . . . . . . . . . . . . 61TqM Xt(�=�4RP'7
:P[�6e}7 . . . . . . . . . . . . . . . . . . 83

1



<E��"�6K:n}N�UV;!t n I.I.D. W	/'8JTY3Vq}8z�qwT . . . . . . . . . . . . . . . . . .89TIM SC*Ss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89TgM X I.I.D. =�4RP'7
:[PW7�6e}7 . . . . . . . . . . . . . . 95TEM X I.I.D. =�4RP'7
:[

m
PW7AV7 . . . . . . . . 111;1t VqJTY3%>Si8
GTz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .135TIM SC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135TgM ja:(JP7N '7
:J�V�/P'&7	 . . . . . . . . . . 137TEM ja:(JP7N '7
:d�V�/P'&7	 . . . . . . . . . . 151TqM j6:(JP7N '7
:�V�/P'&7	 . . . . . . . . . . . . 169,�?E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

2



X [
v�
aDm�FBYy%#+P	
7P�f�|j�8f��-jf���sf��^Y��lPTW�RCD 20_3 30 HMn�hqP�Au�f-'bY1Po~�fV=�v�'&s
Za'�Go~�I�Hav��/�f�'�
GPs
$?�s{��v�
�vGnedenko � Kolmogrovpo
��v�
P=X
P8��Y�
'&Zs,��J℄��Y'&ZsZ'g�4sOv�
P$�v!Px{ÆQ�� XW'&s
av�
hqFP
G8��f
V:=���℄H#7P�4�I—— '7
:{r'&7	PBYaVHv�'&s
BY�Pm*�I��hZa
'7
:PD'&7	�,'&7	M*j�V�PTWU6�OBPBY�'7
:jV:=�o��℄Yn5
GPS��YG��$^�
�'7
:P{�7	�|
\X.��:*�s�f^Y�''�lPTW�RC�d�v�z\BY'7
:P�3)��'���V'7
:P'&Zs�xAM�3)�#3y%��=� (Fakhre-Zakeri(1997)), �3)�, �y%��=� (Birkel (1993)) M*�3)j'7!!{(J (LPQD) ��&� (Tae-

Sung (2001)), LXON�(TP�\'7
:P�2'&Zs (CLT) �l��2'&Zs (FCLT). jI/bMP�� �
\'7
:�Y�d'&N���A� Burton � Dehling (1990) ON�'7
:PG$3
s� Yang (1996)By��2'&ZsM*

m
� Li et al. (1992) � Zhang (1996) ^ON��6e}7m�PN���h�Ga
X{�(Jy%��4RP'7
:P{r'&7	U6��
�Æz���#WR!�hRP`.Gd%'a�'(wP�fa�C�:
1



<E��"�6K:n}N�UV℄Y��{�P�{7SWm�mj�kw�(�7�ZgMWm� —— wIW7P�℄n
`�U6W7SBY�XCg>�BYn_yPy%��=�Y�UoOhPs
�W1OQ�'W��\(Jy%��P'&7	PBYgM�vN 20 _3gEU H�MVZY Bernstein (1927) � Hopf (1937) �
Robbins (1948) R�v(2
'U6BY�I�N#j�>Y1P(J��r4*'N�1='0��hPTIrZ'7
:De}m�PN�U6�OBP�
�'�TgM�G�
�XAV'7!!t(J (ALNQD) y%��=�4RP%�'7
:�"O�Izl��2'&Zs�TEMna}���G��'�Iz�?P'R\�'7
:P�3)j�d�(J��P7N �^gZ^TgM(�Pl��2'&Zs8y�%-TEM�<k�Iz<JTW�ZaCCN�TW\/�X.�I��5W
: ——J�}
:;E��/�P'&o(�8f

j;dW1�����3)'aIz<JPW�y%���55aIz
:�TqM�
PZaI�X ρ−  �P
:=�4RP'7
:�ON�+o�PDe}7�~-my%
:PDe}7M*y%�!�PDe}�jTg�Er�����
��\'7
:P,'&7	�jTgr���GBYX~�I�5>P(Jy%��=�4RP'7
:P,'&7	��6e}7Pv!aX Hsu � Robbins (1947) SBP� Erdös (1949, 1950) �
Spitzer (1956) H �(TPBY�N� 20 _3 60  H�Katz (1963) * Baum� Katz (1965)	��{�PN��ONA N
�N X1, · · · , Xn, · · ·� i.i.d. y%��=��0 Sn =

n∑

j=1

Xj . � p < 2, r > p. ��
∞∑

n=1

nr/p−2
P{|Sn| > εn1/p} <∞, ε > 08yP<G��� E|X1|r < ∞, -M r > 1 V EX = 0. 
�[�sB (1985) 
wN�U6UI*P	�^uU�'� Davis (1968) }���
<O ε > 0,

∞∑

n=1

logn

n
P{|Tn| > ε

√
n logn} <∞8yP<G��� EX1 = 0 - EX2 <∞. y��[4R�{�{FPFkN�P	�5\��V� Chen (1978) * Gut � Spǎtaru (2000a) �
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Preface

Theory of Probability is a science of quantitatively studying regularity of ran-

dom phenomena, which is extensively applied in natural science, technological sci-

ence, social science and managerial science etc. Hence, it has been developing

rapidly since 1930’s and many new branches have emerged from time to time.

Limit Theory is one of the branches and also an important theoretical basis of

science of Probability and Statistics. As stated in the classical book ”Limit distri-

butions for sums of independent random variables”(1949) by B.V.Gendenko and

A.N.Kolmogrov, ”The epistemological value of the theory of probability is revealed

only by limit theorems. Without limit theorems it is impossible to understand the

real content of the primary concept of all our sciences — the concept of probabil-

ity.” Classical limit theory is the signify achievement in the progress of Probability.

The linear processes are the most representative model in time series. Studying

various limiting properties of linear processes is one of orientations of the current

study of Limit Theory. Some significant results of the linear processes about weak

limit properties, strong limit properties and application in change-points problem

have been reached through deep research in this dissertation.

The linear processes are of special important in time series analysis and they

arise in a wide variety of contexts. Applications to economics, engineering and

1
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<E��"�6K:n}N�UV
physical sciences are extremely broad and a vast amount of literature is devoted to

the study of the limiting theorems for the linear processes under various condition

on errors. For example, under the martingle difference assumption on error, under

the strong mixing condition on error and under LPQD condition on error, the

central limit theorem (CLT) and the functional central limit theorem (FCLT) of

the linear processes are proved. Under some suitable conditions, other limiting

results have been obtained for the linear processes. For example, Burton and

Dehling (1990) have obtained a large deviation principle for the linear processes,

Yang (1996) has established CLT and the law of the iterated logarithm (LIL), Li et

al. (1992) and Zhang (1996) have obtained the results on the complete convergence

etc.

Some kinds of limiting properties of the linear processes under various de-

pendence assumptions are discussed in this paper. As is known to all, everything

has correlations between one another in the world. If we can properly describe

these correlations by mathematics, we can analyze subjects accurately by the pre-

cise tool– mathematics. Hence one can see that, the study on dependent random

variables has momentous significance. In fact, the study on the limit properties of

dependent random variables may be dated back to 1920’s and 1930’s. At that time,

scholars such as Bernstein (1927), Hopf (1937) and Robbins (1948) had carried on

studies on this topic. Till now, new kinds of dependent random variables and their

corresponding conclusions have emerged in a endless stream.

The first chapter presents a insightful discussion over the results about weak

convergence of the linear processes. In the second section of this chapter, the

stationary linear processes generated by asymptotically linear negative quadrant

dependent (ALNQD) are considered, and the FCLT is obtained. The third section

considers a more general linear process with dependent errors. It is shown that if

the dependent errors satisfy a key inequality, the FCLT is also true. As a simple

2



Preface

application, the limit distribution of the statistics in testing the unit-root process is

obtained. The unit-root process is a important process in theory of econometrics.

However, the error involved in many practical problems is usually a process rather

than a simple real random variable. The forth section copes with such a linear

process in question, which generated from a sequence of ρ-mixing processes, and

obtains the weak convergence about the partial sums of this process, two parame-

ters stochastic process and the random sum.

The second and third chapters are about the strong limit properties of the

linear processes, and the second one mainly considers the strong limit properties of

the linear processes generated by two common dependent random variables. The

results on this two chapters are related to the well-known complete convergence.

Erdös (1949, 1950) and Spitzer (1956) have carried out the relevant research on the

concept of the complete convergence, introduced first by Hsu and Robbins (1947),

and later in the 1960’s, Katz (1963) and Baum and Katz (1965) popularized the

outcome and came to the following conclusion, Let 1 6 p < 2, r > p, then

∞∑

n=1

nr/p−2
P{|

n∑

k=1

Xk| > εn1/p} <∞, ε > 0

holds, if and only if E|X1|r < ∞, and, when r > 1, EX = 0. Davis (1968) proved:

for any ε > 0,

∞∑

n=1

logn

n
P{|

n∑

k=1

Xk| > ε
√
n logn} <∞.

holds, if and only if EX1 = 0 and EX2 < ∞. Bai et al.(1985) established a

more general result on this topic. Subsequently followed by a variety of ways to

popularize. Furthermore, Chen (1978) and Gut and Spǎtaru (2000a) have studied

the precise asymptotics of i.i.d. random variables in the Baum-Katz and Davis laws

of large numbers as ǫց 0 (Theorem 2.B). Some Chinese scholars have also studied

the precise asymptotics. As to the linear processes, Zhang (1996) have obtained

the result of the complete convergence in the form of Baum-Katz and Davis laws

3
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(Theorem 2.A). However, the precise asymptotics results about the linear processes

are very few. In section 2, chapter 2, the purpose is to show that the kind of precise

asymptotics result such as Theorem 2.B also holds for the linear process under ϕ-

mixing and NA dependence assumptions. On the other hand, it is well-known that

LIL is a very propounding result in Probability Limit Theory. It is the precise

phenomenon of the strong law of large numbers. Many scholars have always paid

close attention to the study of LIL and a lot of classical conclusions have been

drawn. Recently, Gut and Spǎtaru (2000b) published an article regarding the

precise asymptotics in LIL of i.i.d. random variables (see Theorem 2.C). But few

results for the precise asmyptotics in LIL about the linear processes are known. In

section 3, we shall prove that the kind of precise asymptotics result on LIL such

as Theorem 2.C also holds for the linear process both under ϕ-mixing and NA

dependence assumptions. By replacing
√
n log logn by

√
n logn, this section also

gives the result for the precise asymptotics on the law of the logarithm such as

Theorem 2.D.

The moment type convergence of the complete convergence was introduced

first by Chow (1988), and this convergence of i.i.d. random variables was discussed

(Theorem 2.E). Then Wang and Su (2002) established the moment convergence of

i.i.d. random elements on Banach space. In section 4, the moment convergence of

the linear process under NA dependence assumption will be studied. Enlightened

by Chow’s result, Jiang (2004) discussed the precise asymptotics properties on

moment convergence and LIL about i.i.d. random variables. Then, with the help

of Jiang’s research, we mainly consider whether the precise asymptotics on moment

about the linear processes also hold in Chapter 3. In section 2, we obtain the result

of the precise asymptotics on moment convergence for the linear processes of i.i.d.

random variables. In section 3, the precise asymptotics on moment LIL is also

studied.
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The fourth chapter is on the applications of the linear processes in change-point

problems. Generally speaking, change-point is� the point which some quantities

suddenly change in the models �� such a sudden change is usually a qualitative

change of things, which is common but important in nature, society and various

fields. Although, from the statistical viewpoint, the project of statistical analysis of

change-points can not be considered the most developed, it is vital in many appli-

cations. As a result, several effective ways to common problems are emerged, which

is useful for the applications. Once a change point is properly located, the original

model should be modified accordingly to provide better interpretation of data and

more accurate forecasts. Therefore change point estimation plays a extremely ac-

tive role in econometric modeling, and there are many articles about change-point

problems in statistical and economic literature. As for all-around literature, we

can turn to Csőrgö and Horváth (1997). Among various issues, estimation of the

single mean shift is no doubt a popular research topic, which arouses long-range at-

tention in academic field. Sen and Srivastava (1975a, b), Hawkins (1977), Worsley

(1979, 1986), James et al. (1987) and Srivastava and Worsley (1986) proposed tests

for testing a shift in a sequence of normal means. Hinkley (1970), Bhattacharya

(1987), Yao (1987) and many others considered the estimation of the shift point

in a sequence of independent variables. For serially correlated data, Picard (1985)

estimated a shift in Gaussian autoregressive process with a known order. These

authors considered maximum likelihood estimation (MLE). This chapter discusses

the least-square (LS) estimator of the unknown change-point in the linear process,

which has been proposed by Bai (1994). Unlike the MLE, the LS method does not

need to specify the underlying error distribution function and is computationally

simple. The LS procedure also allows a broader specification of correlation struc-

ture in the data than MLE can typically permit. Bai (1994) has considered a linear

process of i.i.d. variables by the LS method. However, it is undoubtedly more in-
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teresting to study change-points about dependent random variables. In section

2, we consider the limit properties of the change-point estimation for the linear

processes under dependence assumptions, and at the same time, Bai’s (1994) out-

comes are improved from two aspects: (i) to weaken the condition
∑∞

j=0 j|aj| <∞

to
∑∞

j=0 |aj | < ∞, (ii) similar limit properties are obtained under more depen-

dence assumptions. Most early efforts have been devoted to the detection of a

unique change-point. In comparison, less studies have been carried out on the

issue of multiple structural changes in multiple changes. The problem is much

more intricate when the number of changes is unknown, and only a few papers

are published on this problem. Many people only consider the particular case of

changes in a sequence of independent random variables. In particular, Yao (1988)

estimated the number of jumps in an independent normal sequence via ’Schwarz’

criterion. Some others also considered the problem of dependent data, for example,

Bai (1994); Davis et al. (1995); Horváth (1993, 1997); Picard (1985); Epps (1988)

and Bai and Perron (1998) and so on. In section 3, we discuss the consistency and

the rate convergence of the multiple change-points estimation of the linear pro-

cesses under various dependence assumptions. When the number of change-points

is known, the configuration of change-points is estimated by LS method, which has

been proposed by Bai (1994). When the number of changes is unknown, it is es-

timated by using penalized least-squares approach. This method of change-points

detection can be seen as a problem of model selection via penalization (see Schwarz

(1978)). One of the key tools in change-point analysis is to make use of a weak (or

strong) invariance principle for the observed sequence and to develop an asymp-

totic test. Horváth (2000) derived asymptotic CUSUM tests for detecting changes

of weak dependence processes for which a weak invariance principle is available.

The main aim of the section 4 is to derive the asymptotic CUSUM tests (based on

least squares residuals) for detecting changes in the mean or variance of a strong

6
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dependence process such as a linear process with long memory.

It should be pointed out that some subjects mentioned in this article, such

as the precise asymptotics in LIL and the limit properties of the long memory

processes, are hot topics in field of limit theorems. And we try our best to make

each of our results as perfect as possible. For instance, in Chapter 2, the results

on linear process are established under minimal conditions. These conditions are

sufficient and necessary for partial sums of i.i.d. random variables. However, due

to the limitation of academic ability, some results in the paper may not come to

the optimality.
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