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Ćıl: Nab́ıdka vlastńıch statistických metod a optimalizačńıch
postupů p̌rijatých k publikaci ve významných zahraničńıch
matematických časopisech.
Teoretický výzkum (publikace v časopisech, 2005-2009)
Algoritmizace (výzkumné zprávy, 2006-2008)
Programováńı (2005-2008)
Experimentováńı (publikace, výzkumné zprávy, 2006-2009)
Uživatelská finalizace programů (2009)

Statistické metody a postupy:

1 Odhadováńı stochastického modelu P datového zdroje

2 Testováńı jednoduché hypotézy H : P

3 Testováńı složité hypotézy H : P ∈ P
4 Klasifikace do ťŕıd daných modely P1, P2, . . . Pm

Vše na základě empirie P̂ źıskané z dat daného zdroje.
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Odhadováńı: P = argminPD(P, P̂)
Testováńı jednoduché: D(P, P̂) ≥ Dkritické,α

Testováńı složité: minP D(P, P̂) ≥ Dkritické,α

Klasifikace: argmini D(Pi , P̂)
D(P, P̂): divergence modelu P a reality P̂.

D(P, P̂) ≡ Kullback ⇒ MLE, LRT, GLRT
Rozmach divergenćı - zdroj starost́ı

EOTEST (Empirická optimalizace testu): maximalizace citlivosti

1

m

m∑
i=1

(
π(Pi )− π(P)

d(Pi ,P)

)2

P1, . . . , pm alternativńı hypotézy
π(Q) relativńı četnost zaḿıtnut́ı simulovaných p̌ri zdroji Q
EOEST (Empirická optimalizace estimátoru)
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Program A1: DIEFEM (Diskrétńı eficientńı metody)
P. Boček, T. Marek

D. Morales, L. Pardo, I. Vajda (2003): Asymptotic laws for
dispersity statistics in product multinomial models. Journal of
Multivariate Analysis 85, 335-360

D. Morales, L. Pardo, I. Vajda (2005): Efficient estimation in
continuous models based on finitely quantized observations.
Comunications in Statistics - Theory and Methods

Metrika (2003) 57, 1-27
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Ai1 Ai2 . . . Airi

X

p̂i = (p̂i1, . . . , p̂iri ) relativńı četnosti z ni realizaćı
qi = (qi1, . . . , qiri ) hypotéza Hi

testujeme H = (H1, . . . ,Hk)
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Statistika

Tk =
k∑

i=1

ni

n
D(p̂i , qi )

n =
k∑

i=1

ni , r =
k∑

i=1

ri

nTk

cD

L−→ χ2
r−k když min{n1, . . . , nk} → ∞

nTk

cD
√

r
−
√

r
L−→ N(0, 2) když min{r1, . . . , rk} → ∞
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B. Optimalizace pomoćı divergenćı

Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Odhadujeme θ ∈ Θ ⊂ Rk na základě D(pθ, p̂n) kde

pθ = (pθi
≡ Pθ(Ani ) : 1 ≤ i ≤ rn)

p̂n = (pni ≡ Pn(Ani ) : 1 ≤ i ≤ rn)

Pn =
1

n

n∑
i=1

δXi
,

rn
n
→ 0 když n →∞

Ani = [Xn:i+1,Xn,i )

p̂n =

(
1

n
,
1

n
, . . . ,

1

n

)
, rn = n
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Ćıle a metody
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Program A2: ROME (Robustńı metody)
T. Hobza

F. Liese, I. Vajda (2003, 2004): A general asymptotic theory
of M-estimators, I, II. Mathematical Methods of Statistics 12,
454-477; 13, 82-95

T. Hobza, L. Pardo, I. Vajda (2004): Median estimators of
parameters of logistic regression in models with disrete or
continuous response. Výzkumná zpráva ÚTIA č. 2124,
prosinec 2004.
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Yi ∼ Fπ(x′
iβ0)(y), 1 � i � n,

Fπ(y), π ∈ (0, 1) distribučńı funkce na R

xi známé regresory v Rk

β0 neznámý parametr v Rk

Při π(t) = et/(1 + et) jde o model logistické regrese, jinak jde o
zobecněný lineárńı nebo obecněji pseudolineárńı model. Jde o
robustńı M-odhady parametru β0 a robustńı testy hypotéz H : β0

resp. H : β0 ∈ B0 ⊂ Rk
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Program A3: ANASIG (Analýza v́ıcerozměrných signál̊u)
P. Tichavský, J. Nielsen

P. Tichavský, Z. Koldovský, and E. Oja, “Performance
Analysis of the FastICA Algorithm and Cramér-Rao Bounds
for Linear Independent Component Analysis, submitted to
IEEE Trans. on Signal Processing, partially presented at
ICASSP’2005 Philadelphia, submitted to IEEE SSP Workshop
Bordeaux 2005

Z. Koldovský and P. Tichavský, “Efficient Variant of
Algorithm FastICA for Independent Component Analysis
Attaining the Cramér-Rao Lower Bound”. Submitted to IEEE
Statistical Signal Processing Workshop, Bordeaux 2005.
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Program A.3.1. Analýza nezávislých komponent (ICA)
Aplikace: Odstraňováńı artefakt̊u v EEG a MEG datech.
Spolupráce: Doc. Krajča, fakultńı nemocnice Bulovka,
Doc. Stančák, 3. fakultńı nemocnice Univerzity Karlovy

Program A.3.2. Slepá separace konvolutorńıch směśı
Aplikace: zpracováńı řečového signálu, odšumováńı, coctail party
problem.
Spolupráce: FEL ČVUT, Prof. Sovka,
TU Liberec, Prof. Nouza
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Program A1: DIEFEM
Program A2: ROME
Program A3: ANASIG

Lineárńı model pro analýzu nezávislých komponent

Lineárńı ICA model: X=AS

S =

 s1
...
sd

 =

 s1(1) . . . s1(N)
...

...
sd(1) . . . sd(N)


si (t) jsou nezávislé realizace náhodné veličiny s distribučńı
funkćı Fi (x) = P(si (t) < x) a hustotou fi (x).

A - neznámá regulárńı matice o rozm̀ırech d × d

X - mě̌rená (pozorovaná) data

Separace konvolutorńıch směśı: X(t) = A(t) ◦ S(t)
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

Program B1: EXPROPO (Exponenciálńı procesy a pole)
L. Fajfrová

D. Morales, L. Pardo, I. Vajda (2000): Renyi statistics in
directed families of exponential experiments. Statistics 34,
151-174.

D. Morales, L. Pardo, I. Vajda (2004): Renyi statistics for
testing composite hypotheses in general exponential models.
Statistics 38, 133-147.
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

fθ(x) = exp{θ′T (x) + C (θ)}, T : X → Rk , θ ∈ Rk

C (θ) = ln

∫
eθ′T (x)dµ(x)

Rα(θ, θ̂) =
C (αθ + (1− α)θ̂)− α C (θ)− (1− α)C (θ̂)

α(1− α)

Renyiho divergence řádu α ∈ R − {0, 1}
Exponenciálńı sekvence x = (x1, . . . , xn) ∈ Rn

Lévyho náhodné procesy a náhodná pole
x = (xt : t ∈ [0,∞)), nebo t ∈ [0,∞)2, xt ∈ Rk
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

(δ,Σ, ν)− charakteristický triplet

C (θ) = δ′θ + 1
2 θ′Σθ +

∫
Rk [e

x ′θ − 1− τ(x)′θ]dν(x)

τ(x) =
(

x1

1+x2
1
, . . . , xk

1+x2
k

)
Odhadováńı parametru θ0

Rozhodováńı: testy hypotéz, identifikace model̊u
EODIT pro Rényiho statistiky Rα(θ, θ̂)
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

Program B2: MIDIA (Minimálńı divergenčńı adaptace)
K. Vrbenský, T. Marek

I. Vajda, E.C. van der Meulen (2005): On minimum divergence
adaptation of discrete bivariate distributions to given
marginals. IEEE Trans. on Information Theory 51, 313-320.
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

P̃ = argminP∈Pa,b
Dφ(P,Q)

Pa,b = {P̃ : a, b marginály P̃}

Dφ(P,Q) =
∑
i ,j

Qijφ

(
Pij

Qij

)

ROZHODOVAĆI PROCESY A KLASIFIKACE
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Program B1: EXPROPO
Program B2: MIDIA
Program B3: DIBARI

Program B3: DIBARI (Divergence a Bayesovská rizika)
I. Vajda, T. Hobza
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