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Zprévy a informace

SYMPOZIUM PRO JAROMIRA ANTOCHA
SYMPOSIUM FOR JAROMIR ANTOCH

Michal Pesta

Diia 12. méja 2023 sa konalo sympdzium pre profesora Jaromira Antocha
k oslave jeho Zivotného jubilea. Oslavy 70. narodenin doyena ceskej Statis-
tiky sa uskutocnili na pode jeho alma mater v Karline. Pri tejto jedinecnej
prilezitosti vystupili pozvani zahrani¢ni i ¢eskoslovenski kolegovia, spolupra-
covnici a priatelia pana profesora, ktori ovplyvnili jeho Zivot — konkrétne
(v chronologickom porad{ vystipeni, bez titulov a s ndzvami prednasok):

e Jana Jureckova (UK) — Score functions rediscovered in Jaromir’s dis-

sertation.

e Noél Veraverbeke (Hasselt University) — Conditional residual quantiles.

e Daniela Jaruskovd (CVUT) — Changepoint analysis of Klementinum
temperature series.

o Pascal Sarda (University of Toulouse) — Some incursions into nonpara-
metric statistics and functional data analysis.

e Gejza Wimmer (Slovak Academy of Sciences) Straight-line error-in-
variables calibration model.

e Jean-Marc Deshoulliers (University of Bordeaux) — Video pozdrav na
dialku.

e Marie Huskova (UK) — Change point — asymptotic and computational
issues.

e Francesco Mola (University of Cagliari) — Some personal considerations
about Jaromir.

e Michal Cerny (VSE) — Life and work with JA.

e Viktor Witkovsky (Slovak Academy of Sciences) — Numerical inversion
of characteristic functions for exact probability distribution.

e Michal Pesta (UK) — Last doctorand.

Prof. RNDr. Jaromir Antoch, CSc. (8.5.1953), sa ako medzinirodne uzna-
vany vedec a oblibeny vysokoskolsky pedagdg obrovskou mierou zasadil o roz-
voj matematickej a v§pocetnej Statistiky v Ceskej republike.

Bol okrem iného prezidentom International Association for Statistical
Computing TASC (2007-2009), predsedom European Regional Section of
TASC (1992-1996), predsedom Ceské statistické spole¢nosti (2001-2007), &len
rady International Statistical Institute (2007-2011).

Informaéni bulletin Ceské statistické spolecnosti, 3/2023

Pro akademické a védecké pracovniky (a moznd i pro dalsi zdjemce)
bude jisté zajimava sedma kapitola nazvanda ,Véda a temna data: povaha
objevovani“. Zajimava je v ni zejména diskuse tykajici se replikac¢ni krize
(str.158-183). Hand obhajuje nazor, Ze ,k naruseni védeckého procesu nedo-
chdzi* a ze ,véda prokazatelné funguje“. Zajimavé je, Ze po tomto prohlaseni
predklada dlouhy vycet neduhti, kterymi véda trpi, a které by bylo mozno
povazovat za protiargumenty vyse uvedenych tvrzeni. PiSe napf. o publikac-
nim zkresleni (s. 160), p-hackingu resp. problému mnohondsobného testovani
(s.165), HARKingu (Hypothesis After the Result is Known, s. 168). Problému
(ne)replikovatelnosti vysledkt vysvétluje principem regrese k prameéru. Hand
(s pro mé prekvapivym klidem) konstatuje: ,Neméli bychom byt pfekvapeni,
pokud anomalni vysledek zmizi, a méli bychom ocekavat ze ‘deklarované vy-
sledky vyzkumu jsou casto falesné’... “. Hand tedy védeckému procesu véri
navzdory jeho ¢etnym neduhiim, jichz si je védom. Pozornost vénuje také pod-
vodum ve védé. Za povsimnuti v této souvislosti stoji citace témér 200 let
starého dila Charlese Babbage [1], ktery v roce 1830 psal o tom, ze ,, Védeckd
zkoumani jsou vice nez jakakoliv jina vystavena nédjezdum podfukaia.“ Po-
psal pfitom ¢tyfi (hlavni) druhy podvadéni: mystifikace, padélani, ofezévani
a vafeni. Hand tyto pojmy (resp. ,,techniky“) detailné vysvétluje (s. 171-180).

Zatimco v prvnich sedmi kapitolach knihy se Hand vénuje ,,ptivodu a dis-
ledkiim“ temnych dat, ve druhé ¢asti knihy tvorené tfemi kapitolami vy-
svétluje nejprve, jak s temnymi daty nakladat (kapitola 8 je ivodem k tématu
prace s chybé&jicimi hodnotami) a ,jak mit z temnych dat uzitek* (v kapi-
tole 9 pojednéava o technikéch jako napi. simulace, boosting, bootstrap, ale
také o bayesovské inferenci). V zavéreéné desaté kapitole pak nabizi , katego-
rizaci* temnych dat (je zminéno patnédct raznych pfipadi temnych dat).

Kniha je psana popularné, bez matematickych vzorct, je plna zajimavych
prikladi. Kdyz jsem si vSak polozil otdzku, zda je publikace urcena Siroké
verejnosti, dospél jsem k presvédceni, ze spise ji oceni lidé, ktefi s daty sami
pracuji. Rozhodné bych ji doporucil studentim oborid matematika, informa-
tika, statistika, data science, a pochopitelné také nejrtznéjsich pfirodnich
véd, jako motivaci k dal$imu studiu, resp. k zapsani prednasek tykajicich se
pokrocilych statistickych metod.

Reference

[1] Babbage, Ch. (1830): Reflections on the Decline of Science in England,
and on Some of Its Causes. Londyn, B. Fellowes, 1830. https://www.
gutenberg.org/files/1216/1216-h/1216-h.htm cit. 29

[2] Kulich, M. (2021): O datech. http://www.statspol.cz/wp-content/
uploads/2021/02/0_datech_publ.pdf cit. 28
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Zprévy a informace

GRATULACE Z JAPONSKA
CONGRATULATIONS FROM JAPAN

Ryozo Miura

Adresa: Professor Emeritus Hitotsubashi University, Japan

I would like to sincerely congratulate Professor Jaromir Antoch on his 70th
birthday and would also like to thank him for his friendship, kindness and
hospitality provided to me for years.

In the middle of 1980s, I came to know the name of Jaromir Antoch as
a young statistician working on the asymptotic theory of statistics which
I was also working on, in a conversation with a Czech probabilist Dalibor
Volny who was visiting Osaka. Then I wrote a letter to Jaromir to start
exchanging our research papers. Based on these communications, I brought
up a plan of visiting Prague in 1988, but this was not realized regrettably for
some reason: my physical conditions.

In 1989, I moved to Tokyo from Osaka, from Osaka City University to
Hitotsubashi University and then I became very busy on working in a new
field of now so-called Financial Engineering/Mathematics. Thus, I was quite
absent from statistical meetings and journals for a long time. However, 20
years later in 2008, I found the name of J. Antoch in the list of main par-
ticipants at the International Conference for Computational Statistics held
in Yokohama, Japan. After making sure that this is the statistician I had
known during 1980s, we met each other in Yokohama. There, Jaromir asked
me if T still want to visit Prague. I said “Oh, Yes!”, and my visit to Charles
University was realized the following year.

My interests in visiting Prague and Czechia were two-fold; academics and
history/culture. Academic interest is in Rank statistics, Asymptotic Theory
of Statistics. I used to read the book Theory of Rank Test by Hajek and
Sidak, and I knew Prague is the center for Rank statistic. Cultural Interests
is, as well as Music performances, History/Culture of Czechia especially the
Introduction of Christianity (by Saints Cyril and Methodius) during the 9th
century and the movement by Jan Hus, Petr Chelcicky and their followers,
with the related matters.

On my first visit to Prague in November 2009, Jaromir arranged a meet-
ing with Professor Jana Jureckova, it was my first time to meet her. During
1980s she recognized my work on adaptive estimates of location which I pub-
lished in a very local journal of my department of commerce (in English),

Informaéni bulletin Ceské statistické spolecnosti, 3/2023

RECENZE KNIHY TEMNA DATA
BOOK REVIEW: DARK DATA

Ondfej Vencalek

E-mail: ondrej.vencalek@upol.cz

e
Tt

MNA DATA

PROC ZALEZ{ NA TC M

*» DAVID J. HAND «

DAVID J.HAND

Nakladatelstvi Academia letos (2023) vydalo pfeklad knihy Temnd data pied-
niho britského statistika Davida J. Handa. Kniha mé 272 stran. Anglicky
origindl je z roku 2020. A jde o zajimavé Cteni, které bych doporudcil vsem,
kdo pracuji s daty.

Slovy temnd data oznacuje Hand data, kterd z nejriznéjsich davodi (at
uz védomé ¢i nevédomé, zamérné ¢ nechténé) nejsou k dispozici. Neni proto
divu, Ze takto Siroce chdpand (nepozorovana) data nachdzi prakticky ,na
kazdém rohu*, tedy spise ve vSech moznych situacich, a to véetné téch, kdy
zdanlivé mame k dispozici pozorovani vSech statistickych jednotek. Autor,
ktery cely zivot pracoval jako statistik, tézi ze svych bohatych zkusenosti — na
fadé zajimavych a ¢asto netrividlnich priklada vysvétluje, proc zdlezi na tom,
co nevime (tak zni podtitul knihy). Pravé zdiraznéni dilezitosti pfemysleni
o tom, co v datech neni, ¢ini knihu vyjimec¢nou. Hand nabadé nejen vSechny
analytiky k ostraZzitosti a vede je k pochopeni rizik, ktera s sebou temnéa data
nesou.

Poselstvi knihy velmi dobfe vystihuje vtipné pfirovnani v samotném za-
véru knihy: Vypravi starou anekdotu o opilci, ktery hleda kli¢e pod sloupem
vefejného osvétleni. Pro¢ zrovna tam? Kupodivu nikoliv proto, Ze by mu
spadly pravé tam, ale proto, Ze jediné tam je dost svétla, aby je uvidél. Hand
pak uzavird: , Vyzkumnici, analytici a vlastné vsichni, kdo se snazi z dat
ziskat vyznam, jsou jako onen opilec, omezi-li se jen na data, kterda maji
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Zprévy a informace

the weekend to experience a Japanese open door hot spring (Iwa-buro): a rock
bath with a pretty river-side view. Also, we discussed on the development of
rank statistics for linear regression models and I made many questions about
the theoretical assumptions set for deriving properties of the tests and esti-
mators, especially about the assumptions set for the independent variables
(explaining variables). He explained me the most recent form of the theo-
retical assumptions. A summary of this will be coming up as a paper for
publication.

Since 2009, I visited Czech every year (except in 2013) until 2019. In 2020,
a meeting of “Robust Statistics” was planned to hold in Bardejov, Slovakia
where I wanted to join. But because of the Covid-19 Pandemic this meeting
was cancelled for the year. For me, every visit to Czechia starts from arriving
at the airport in Prague: Vaclav Havel Airport, then stay for a few days at
least to visit the department of statistics to meet Jaromir. Every time I vis-
ited his office, it was my opportunity for gaining my knowledge to recover my
absence from the field of theory of statistics for 20 years. I questioned him on
recent developments on theory of Rank Test and Estimation, then he kindly
guided me to the related papers and the related chapters of books. Alongside
to academics, Jaromir guided me to many places to attract my cultural/his-
torical interests such as Rudolfinum, Vysehrad, Strahov Monastery /Library,
Japan Garden, etc. And he also took me even for a long drive to visit mon-
umental places outside of Prague area. Most recent and memorable one is
Mitsuko exhibition at Horsovsky Tyn.

Yes, I owe him a lot and had a good time with him. I would like to thank
him again and wish him good health and his continued success in research
and teaching.

Ryozo Miura, September 2023

Informaéni bulletin Ceské statistické spolecnosti, 3/2023

to improve its precision with growing data size. The method of Koul et al.,
however, has again demonstrated that the large variability of “synthetic”
data can cause an instability of trend estimation.

5. Concluding remarks

We have recalled three “historical” methods analyzing the LRM with cen-
sored data, compared them mutually, with a direct (numerical) solution via
the MLE under assumption of normally distributed errors, and also with a so-
lution in the framework of the semi-parametric AFT regression model. The
results seem to support a conjecture that the BJ estimator is the most reli-
able from the three traditional approaches. Very good results were achieved
by the last two methods. It could be said that they represent contemporary
approaches to the problem of linear regression with censored data. A vari-
ant methods are nowadays based on the Bayes approach and the use of the
Markov chain Monte Carlo (MCMC) procedures (as for example in Volf and
Timkova, 2014).

Let us here also mention a connection of the LR problem with the Cox
model, at least with its special case. Let us assume that the baseline dis-
tribution is the Weibull one, with the distribution function Fy(t) = 1 —
exp{—(t/a)’} defined for t+ > 0 and with positive parameters, scale a and
shape b. Further, let the dependence on a covariate x follows the Cox (propor-
tional hazard) regression model, let us denote the Cox regression parameter
by 7. Then the cumulative hazard rate equals:

b
t
HUIX =) = Holt) - exp(0) = (t/a) - xntrn) = ()L (12
where a(z) = a - exp{—7yx/b}. Thus, the scale parameter a(z) depends on
covariate, while the shape parameter remains b. Simultaneously, H(t|X = x)
can be rewritten as

.a
mgxnsnﬂwmﬂkhmvn;aa%a@y A§

which corresponds to the AFT model with regression parameter 8 = 7/b.
Hence, if in the case of Weibull baseline distribution the estimation uses the
Cox model framework, we then obtain the estimate of v = [ - b instead
of 3, while the estimates of Hy(t) in both Cox and AFT models should be
close one to each other (because both are consistent, both should tend to the
Weibull(a, b) cumulative hazard rate).
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GRATULACE ZE SLOVENSKA "—

CONGRATULATIONS FROM SLOVAKIA oL |

Karol Nemoga st 1
:c MATEMATICKY USTAV TEL: (0) 57510414, 5249 7316 * il L 1

SLOVENSKA AKADEMIA VIED, v. V. . g T

—— E-mail: mathinst@mat.savba.sk £

Stefanikova 49, 81473 Bratislava http://www.mat.savba.sk m

Vazeny pan Bratislava, 8. V. 2023

Prof. RNDr. Jaromir Antoch, CSc.

Katedra pravd&podobnosti a matematické statistiky - ,v ,. ,. , | : ,. ,. :

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
MFF UK X
Sokolovské 49/53
Praha Figure 3: Values Y X (X) reconstructed via the Koul et al. method (covariate

x is on horizontal axis). All censored values, denoted by ‘0’, were set to zero.

Vizeny pdn profesor,
Estimate of Ho, dashed "true” Ho
5 T T T T

dovolte mi, aby som Vam za seba, za Matematicky ustav SAV, v.v.i., za celd slovensku

matematicku obec, Specidlne za bratislavskych aj mimo bratislavskych Statistikov, zaprial vel'a 45F B
spokojnosti, profesionalnych a osobnych uspechov pri prileZitosti Vasho vyznacného
Zivotného jubilea. 4 1

Ste jednou z najvyznamnejSich ceskych vedeckych osobnosti, ktora sa zasliZila o velmi
plodni spolupracu medzi Ceskou a slovenskou Statistickou obcou, o odborny rast naSich
Studentov, aj doktorandov a post-doktorandov Statistiky, ale aj vedeckych pracovnikov a
pracovnikov pdsobiacich pri rieSeni aplikacnych Statistickych problémov v praxi a pri

vyucovani Statistiky. Toto vSetko ste dokdzali predovSetkym tym, Ze ste dlhodobo duSou 25l ]
pravidelnych konferencii ROBUST. V ramci tychto konferencii existuje vyborna mozZnost
neustaleho kontaktu slovenskych Statistikov sich Ceskymi kolegami, moZnost' nadviazat 2F 1
odbornt spolupracu, realizovat’ konzultacie. Patri Vam za to, vaZeny pan profesor, velka
vdaka. 151 1

Zeldme Vam, vazeny pan profesor, vela pevného zdravia a eSte vela tvorcich tispechov
a spokojnosti v rodinnom kruhu.

Ad multos annos !

Figure 4: AFT model: Nonparametric estimate of the baseline CHR, (full

doc. RNDr. Karol Nemoga, CSc. curve) and its comparison with ‘true’ log-normal CHR (dashed curve).

riaditel MU SAV, v.v.i.

10 23
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How to configure your Antoch (continued)

How to configure your Antoch (continued)

» \usepackage [RedWineLover=0n]{Antoch}

» \Antoch
= v

» \usepackage [WhiteWineLover=0n] {Antoch}

» \Antoch

» \usepackage [WhiteWineLover=0n, Russian=On]{Antoch}
» \Antoch

wart

M. Cern. M. Hia

My first

© A model for biological growth process of pathogens (bacteria, fungi)
in dairy products

What we have been interested then. ..

Interval-valued data
@ Say that a distribution Dy samples triplets (x;, x;,X;) such that

X <X <X; as

@ We can observe only (x;,X;) but not x; itself [i.e., estimators and
statistics are only allowed to be functions of (x;.X;)]

@ We want to learn the “latent” distribution of x; (or some
characteristics theoreof)

@ The cru
the relation of x; w.r.t. (x;

| question is whether we can make some assumptions about
— usually are not testable
ifficult”

o Even simple cases, such as one-dimensional data, are

@ Often one gets only partial-identification results (e.g. zonotope
estimators in linear regression with interval-valued dependent variable)

What we have been interested in then. ..

Computational and complexity-theoretic properties of statistical
problems and algorithms
@ Rank-estimators in robust linear regression

@ A new algorithm for mini ation of Jaeckel's dispersion

o M.C., M. Rada, @m;u M. Hladik: A class of optimization problems
motivated by rank estimators in robust regression (Optimization)

@ Remark: Jaeckel's dispersion is a nonsmooth function

@ J.D. Kloke and J.W. McKean: Rfit: Rank-based Estimation for Linear
Models (The R Journal)

o Rfit uses package optim with option BFGS to minimize the dispersion
function. We investigated other minimization methods (e.g.,
Nelder-Mead or CG), however the quasi-Newton method works well in
terms of speed and convergence.

» The documentation of the optim package: BFGS is a quasi-Newton
method (... ). It uses function values and gradients to build up a
‘picture’ of the surface to be optimized.

»

M. Cen

Then we did a lot of things

What we have been interested in then. ..

Interval-valued data (continued)

\usepackage [AsymptoticsAllowed=0ff] {Antoch}

\AntochProvingTheorem

\usepackage [AsymptoticsAllowed=0n] {Antoch}
\AntochProvingTheorem

@111111414&L8

@ My very first paper — a tiny contribution to nrm:mmuc;.©
@ Binary segmentation and Bonferroni-type bounds
@ Max-type statistics: bounds are often derived in terms of Bonferroni

bounds N N
U »; <Y pra)
et =

Pr

@ One can get tighter lower and upper bounds by adding second-order
terms

Pr ? \; > M..U PriA] = Y PrAcn A
Pt =1 k<t

Pr ? Al < W PriA] =3 Pr{Ac N Acia]
et p=t «

e M.C., M.H. and @” On the possibilistic approach to linear
regression models involving uncertain, indeterminate or interval data
(Inform Sci)

o M.C. and M.H.: The ity of ion and i of
the t-ratio over one-dimensional interval data (Comp Stat Data Anal)

° @ M. Brzezina, R. Miele: A note on variability of interval data
(Comp Stat)

o M.C., M. Rada and O. Sokol: The NP-hard problem of computi
maximal sample variance over interval data is solvable in almost
time with high ility (to appear in C jonal C ity)

, then, with a very high

ear time algorithm. (However,

For the lovers of asymptotics: if  is large er

Informaéni bulletin Ceské statistické spolecnosti, 3/2023

4.1. Example 1

First, just one set of data was generated, model parameters were estimated
from them with the aid of all methods described above. Figure 1 shows the
data before and after censoring.

From the non-censored data, estimates were a = 2.0282 (1.9911,2.0653),
b = —1.0269 (—1.0596, —0.9942), with 95% confidence intervals in parenthe-
ses, standard deviation of residuals was estimated as s, = 0.0978. Optimal
line is displayed in Figure 1, left side. For comparison, parameters were esti-
mated also from censored data, not taking censoring into account, in order
to show the bias of such a ‘naive’ approach. The following estimates were
obtained: @ = 1.6172, b = —0.7868, s,, = 0.3568, corresponding line is shown
in the right part of Figure 1. These values were later used as initial estimates
in the BJ procedure.

25 2.5

Y(X), no censoring
Y (X),"o"-censored

_05 I I I 05 I . .
0 0.5 1 15 2 0 0.5 1 1.5 2

X X

Figure 1: Values of Y before censoring (left) and after, censored values of Y*
are denoted by ‘o’ (right).
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with €; assumed to be the i.i.d. variables with zero mean. The primary type of
censorship considered here will be the random censoring from the right side.
It means that there exist random variables C;, say, independent mutually and
of Y;, and instead Y; the values of Y;* = min(Y;, C;) are observed. As a rule,
it is known whether an observation is censored or not, which is denoted with
an indicator §; = 1if Y; < C;, §; =0if Y; > C;.

After the introduction of the Cox model (Cox, 1972), the effort of statis-
ticians has concentrated also to the solution of linear regression problem with
censoring. In the present overview we shall recall several most important and
more or less successful approaches provided in Miller (1976), Buckley and
James (1979), and Koul et al. (1981). It is also interesting to follow these
methods development from the point of view of their assumptions and of
their real performance. Let us summarize first certain common assumptions:

1. Residuals ¢; are assumed to be i.i.d. with zero mean and finite variance.
2. Censoring variables C; are independent mutually and of ¢;.

3. In general, C; can depend on covariates X;, however some approaches
do not allow it, namely that of Koul et al. There the i.i.d. C;-s are
required.

4. When the estimation is based on the maximum likelihood principle, it
has to be assumed that variables C; do not contain any information on
model parameters (this is called “non-informative” censoring, see also
the assumptions for estimation in the Cox regression model); only then
we can omit the likelihood part containing distribution of Cj.

This contribution recapitulates the above mentioned approaches first.
Then the approach based on the MLE is presented (based on assumed type
of the distribution of residuals). Further, the relationship of the linear model
with the Accelerated Failure Time (AFT) regression model is shown. The
performance of all methods is illustrated and compared with the aid of an
example. Finally, also the Cox regression model is recalled, in order to show
a connection of its parametrized version (with Weibull baseline distribution)
with the linear regression problem

2. Overview of methods

All three traditional methods described bellow have one common feature,
they all use the Kaplan-Meier “Product Limit Estimate” (PLE), though in
slightly different ways. As the PLE is a nonparametric estimator of distri-
bution function (from censored data), its use may lead to a lower precision

14
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Gumbel (doubly-exponential, obtained by the logarithmization of the Weibull
distribution), normal, logistic, exp-gamma, and other similar distributions.

Thus, depending on assumed distribution of errors ¢;, a direct maximiza-
tion of the log-likelihood function corresponding to this distribution, with
the aid of a convenient optimization procedure, could be a good choice. Let
us recall that the “relevant” log-likelihood in the right-censored data case
has the form (provided the censoring is “noninformative”, only then the part
concerning the distribution of variables C' may be omitted):

N
L= [6; - In(fi(Y;",0) + (1= 6;) - In(1 = F(Y;",0))], (9)

=1

where f; F; now denote the density and distribution function of variables Y;,
hence they depend on covariates, 6 here denotes the model parameters. The
MLE, via solving equation dL/df = 0, can sometimes be found quite easily
(in several steps of the Newton-Raphson algorithm); this is, among others, the
instance of the Gumbel (log-Weibull) distribution, while the case with normal
distribution has to be solved with the aid of a more clever iterative search
procedure including repeated evaluation of normal distribution function.

3.1. Semi-parametric AFT regression model

Let us recall here also a general version of this model. For more informa-
tion see e.g. Bagdonavic¢ius and Nikulin (2002). , The accelerated failure time
model is often considered as an alternative to the popular proportional haz-
ard model of Cox, when the proportionality of hazards does not hold. The
model assumes that the individual speed of time is changed by a factor de-
pending on covariates. Standardly this factor has the form exp(Sx), where
x is a covariate, mostly constant in time. It follows that the distribution of
time to failure T; of an object with covariate value x has the distribution
function F(t) = Fy(t - exp(Bx)), where Fy characterizes a baseline distri-
bution (of a random variable Ty with covariate = 0). It also means that
To; = T; - exp(Bx;) is an i.i.d. representation of Ty. The logarithmic transfor-
mation of the model then leads to the linear regression model as shown in
(8). Notice also changed sign of parameter 3 in both models.

Hence, the statistical inference in the AFT model setting has to deal with
unknown baseline distribution of Ty, the analysis is often complicated by the
presence of censored data. As we have seen, the estimation in a linear model
with censoring is not quite easy task (especially when the distribution of
errors is not known). Therefore, similarly like in the case of Cox model, the
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Védecké a odborné ¢lanky

where FXM is now the PLE of the distribution of residuals €(a,b) for given
a,b (the increments AFXM are 0 at censored values).

There is no problem to find optimal solution numerically, with the aid of
a convenient search method. Further, notice that for fixed b the minimum
with respect to a can be computed directly without any iteration, a just
shifts the PLE. Similarly like in the standard case, the minimizing a equals
the average of Y;* — bX; w.r. to the PLE, namely

@ =Y _&1(0,b)* AF*M(7(0,0)), 3)

with €7(0,b) = Y;* — bX,. In such a way the search can be divided into two
iterated steps, each solving just an one-dimensional problem.

Unlike Miller’s, the following two methods are based on attempts to re-
construct censored data first, then these reconstructed values are used in the
ordinary least squares.

2.2. Buckley and James

This method of analysis in the linear regression model with right-censoring, in
fact the most popular one, has been proposed by Buckley and James (1979).
It consists in a version of the EM (Expectation-Maximization) algorithm.
Namely, the E step reconstructs censored values via conditional expectation,
the M step then recomputes the model parameters from these values, using
the least squares method.

Let the model have again the form (1). Again, no specific parametric form
is assumed for the distribution of the error terms ¢;. They are just assumed
to be i.i.d. Buckley and James have proposed to use weighted observations

Vi =Y 6 + E(Yi[Yi > Cy) - (1= 6y). )

It is seen that uncensored values are preserved, while censored are “cor-
rected”, increased. It is easy to show that for each x E(YV|X = z) =
EY|X = 2):

For each fixed z (let us omit it for the moment) and for each fixed C' we
have that

EY"|IC)=E(Y -§|IC)+ E[EY|Y >C)-(1-9)|C] =

|Q@.&u@§.| 8@.a$§‘||
|\‘8‘§9 waL_Q:\q Ve P =00) =
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C o0
H\ y-dF,(y) +\ y-dF,(y) = EY,
o) C
independently of C, hence E(Y") = E(Y) as well. Here F}, denotes the
distribution function of Y for given fixed X = z.

The procedure of estimation starts from an initial estimate of a(), (1,
obtained for instance by the least squares method from values (Y;*, X;), and
computes corresponding residual values ¢, which again represent censored
values of m&?ﬁ:u@ﬁvvq with preserved indicators ¢;. The nonparametric es-
timator of their distribution, F¥M is again obtained via the Kaplan-Meier
PLE. From it we can “reconstruct” censored residuals,
Mumemw DNUNZAWMV ’ mw
1 — FRM(g¥) ’

W= E(gile > ¢}) =

3

(5)
Hence, censored outputs are then reconstructed as well, namely
vV =6 4 (@ + 00 - X, + M) - 5)). (6)

Then new estimates, a(®, b3 are computed via the least squares from inno-
vated outputs M\&E. Quite similarly,
M\wm =Y, 5, + AQGV +@. X, + meva —6;),

where ms@ =Y; —a® — b . X,. This procedure could be repeated several
times till convergence.

Later on, James and Smith (1984) have established the conditions and
arguments for the consistency of the BJ estimator. However, the problem lies
in the practical computation, in its iterative scheme. The convergence is not

guaranteed, it is known that the iterations may end in oscillation between
two or more set of values (see for instance Jin et al., 2006).

2.3. Koul, Susarla, and Van Ryzin

While the Buckley—James estimator uses (repeatedly) reconstructed censored
values, the estimator of Koul et al. (1981) reconstructs all values, creates
“synthetic data”. This does not seem to be an ideal concept, as it changes the
basic features of the data. Namely, they propose, instead of original censored

data, to use
0-Y*
vE = = — (7)
G(Y™)
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