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In the statistical analysis of data, which possibly contain a "structural change'1 in the
underlying model, there are essentially two main approaches. In the first one, called off-
line approach, a given data set is analyzed a posteriori for detecting possible change-points
and/or magnitude of changes etc. The thesis under review deals wit h the second approach,
called on-line or monitoring approach, where data come in sequentially and a decision is
taken step by step, based on I ho observations which are available at that time.

Typically the testing procedures in change-point analysis are very complex and critical
values axe derived via. distributional asymptotics, if sample sizes are relatively "large".
The latter asymptotics, in turn, can be deduced from invariance principles, usually from
an embedding into a Gaussian framework. This, however, also means that principles for
deriving suitable test, statistics or estimates are often ba.sed on asymptotic normality.
For example, in the change analysis of linear regression models, ordinary least squares
estimators are used, which are not very robust with respect to possible deviations from
normality.

The main motivation of Alena Koubkova's thesis conies from a paper of Ilorvath et al.
(2004), in which two classes of sequential test,ing procedures have been suggested to detect
a change in the regression parameters of a linear model. According to the work of Cliu
et al. (1096). the first, class of procedures is based on (so-called) CUSUM's of residuals,
whereas, for the second class, CUSUM's of recursive residuals are taken into account. In
any case, the residuals are based on ordinary least squares (L-2) estimates, which work
very well if the data are normally distributed, but. are sensitive wi th respect to outliers.

A. Koubkova. suggests to use more robust, approaches. The first one discussed in her
thesis is an /^-approach, in which sums of absolute deviations are minimized instead of
sums of squared deviations. The corresponding sequential change analysis is developed
in Chapter 5 and wil l be described in more detail below. Both, L\- and /^-estimators,
belong to the class of (so-called) ^/-estimators, so that a natural extension of the above
approaches is to consider monitoring procedures based on A/-estimators. This is done
in Chapter G of the thesis and thus provides a very general framework for the on-line
monitoring of regression models in statistical change-point, analysis.

Here arc some details of what is treated in the dissertation: After a brief introduction into
the change-point problem in general, A. Koubkova provides in Chapter 2 a view into the
oil-line approach, gives a motivation for traditional test statistics used therein, and shows
some typical asymptotics.

The on-line approach is explained in Chapter 3 and is again divided into two subsections,
one describing sequential procedures based on average run lengths (ARL's), the other one
trying to control the type 1 error (false alarm rate) and to minimize the type II error (if



possible). The thesis is u ininlv concerned w i t h the second class of procedures, in which
stopping times are constructed such that the false alarm rate stays (asymptotically) below
some prescribed level a, and so that the procedures are consistent, that is, that they have
asymptote power 1.

In Chapter 3.4 the present state of the art is described in some detail, in particular the
works of Chu et al. (1996) and Horvath et al. (2004), which are the starting points for
this Ph.D. research, and which are extended herein to a much broader class of procedures.
Before doing so, Chapter 4 specifies the models which will be discussed and for which more
robust sequential change-point procedures are to be developed.
The first main results of the dissertation are contained in Chapter 5, in which monitoring
procedures based on /^-residuals arc derived. Theorem 5.1 extends, in a location model,
the null asymptotics of Horvath et al. (2004) to a CUSUM approach using /^-residuals.
Theorem 5.2 shows that this procedure is also consistent under certain assumptions. The
proofs are divided into a series of lemmas and are presented in a clear way. In addition to
the above results, Chapter 5.4 discusses the possible delay of the change-point detection
based on L]-rcsiduals. Theorem 5.3 proves that, similar to the L2-case, the stopping time
is asymptotically normal under certain alternatives. This also provides convergence rates
under different orders of magnitude of the underlying change-point (cf. Theorem 5.4). A
comprehensive simulation study has also been conducted and is presented in Chapter 5.6.
The results support the theory developed in the previous sections.
In Chapter 5.7 the corresponding monitoring procedures in the linear regression model
are discussed, first using CUSUM's based on ordinary /^-residuals (Theorems 5.5-5.6),
then statistics based on weighted residuals (Chapter 5.9, Theorems 5.7-5.8). Again the
theoretical results are illustrated and supported by a comprehensive simulation study
presented in Chapter 5.11.
Finally, in Chapter 6, the results obtained for //i-procedures are generalized to ones based
on M-estimators. This is achieved in the location model (Chapter 6.3, Theorems 6.1-6.2,
using ordinary M-estimators, and Theorems 6.3-6.4, based on Studcntized M-estimators)
as well as in in the linear regression model, in which also ordinary M-estimators (Chap-
ter 6.5, Theorems 6.5-6.6) and Studentized M-estimators (Theorems 6.7-6.8) have been
taken into account.
A. Koubkova's thesis is clearly written and the mathematics are correct. Although the
methods turn out to be very technical in various places, she is able to handle not only
the demanding theoretical background from probability and mathematical statistics, but
also the practical implementation of the developed procedures on a computer.
In conclusion, Mgr. Alena Koubkova has derived in her dissertation a series of new results
on the (robust) statistical monitoring in change-point analysis. All theorems of Chapters 5
and 6 nicely extend the existing literature and greatly widen the applicability of sequential
change-point methods in various fields. The procedures are robust with respect to devia-
tions from distributional assumptions and thus open new perspectives to practitioners.
The thesis clearly proves the author's ability for creative scientific work in mathematical
statistics. From my point of view, there is no doubt that this work fulfills all requirements
of a Ph.D. thesis in mathematics (statistics). I strongly recommend acceptance of this
work.
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