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Darba mçríi

Konstruçt empîriskos procesus daþâdiem strukturâlo attiecîbu
modeïiem;
Pierâdît ðo empîrisko procesu asimptotisko sadalîjumu;
Ar simulâciju palîdzîbu iegût kritiskâs vçrtîbas pie daþâdiem
nozîmîbas lîmeòiem un veikt pârklâjumu precizitâtes analîzi.
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Empîriskais process

Glivenko-Kantelli teorçma

sup
−∞<x<∞

(|Fn(x)− F(x)|) as−−−→
n→∞

0

Kolmogorova-Smirnova statistika

sup
−∞<x<∞

|
√
n(Fn(x)− F(x))| −→as sup

−∞<x<∞
|B(F(x))|
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Empîriskais process

Brauna tilts

Par Brauna tiltu sauc Gausa procesu {B(t) : t ∈ [0, 1]}, kura
kovariâciju struktûra ir cov(B(s),B(t)) = s(1− t), kur s < t. Ðî procesa
sadalîjums ir tâds pats kâ ar W(t)− tW(1) sadalîjums, kur W -
standarta Brauna kustîba.

Juris Cielçns (LU) Empîrisko procesu pielietojums strukturâlo attiecîbu modeïos 11.06.2010 4 / 20



Empîriskais process

Brauna kustîbas un Brauna tilta piemçri
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Empîriskais process

Empîriskâ procesa konverìence uz Brauna tiltu
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Tiek aplûkots process
√
n(Fn(x)− F(x))
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Empîriskais process

Pnf =
1
n

n∑
i=1

f(Xi), Pf =
∫

fdP.

Vispârinâts empîriskais process
√
n(Pnf − Pf)
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Strukturâlie modeïi

Lokâcijas-skalçðanas modelis

F1(x) = F2

(
x− µ
σ

)
:= F2(x,h), x ∈ R

F−11 (t) = σF−12 (t) + µ, t ∈ [0, 1]

Lçmaòa alternatîvu modelis

F1(x) = 1− (1− F2(x))1/h := F2(x,h), x ∈ R

F−11 (t) = F−12 (1− (1− t)h), t ∈ [0, 1]
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Strukturâlie modeïi

Vispârîgâ forma (Freitag, Munk 2005)

Pieòemsim, ka H ⊆ Rl un φ1 : R×H → R, φ2 : [0, 1]×H → [0, 1].
Funkcijas F1 un F2 ir saistîtas ar strukturâlu attiecîbu, kuru veido φ1
un φ2, ja (F1,F2) ∈ Uφ1,φ2 =: U , kur modeïu klase U tiek definçta kâ

U :=
{
(F1,F2) ∈ F2 ×F2| h ∈ H tâds, ka

F−11 (t) = φ1(F−12 (φ2(t, h))), t ∈ [0, 1]}
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Strukturâlie modeïi

Mallova attâlums lokâcijas-skalçðanas modelim

M(F1,F2) :=

∫ 1

0

(F−11 (t)− σF−12 (t)− µ)2dt

Mallova attâlums Lçmaòa alternatîvu modelim

M(F1,F2) =

∫ 1

0

(F−11 − F−12 (1− (1− t)h))2dt.
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Lokâcijas-skalçðanas modelis

Lokâcijas-skalçðanas empîriskais process

PPLS(t) :=
√
n(F1n(σ̂F−12m(t) + µ̂)− F1(σF−12 (t) + µ)).

Empîriskâ procesa asimptotiskais sadalîjums

∀ε > 0 lim
n,m→∞

P( sup
0<t<1

|PPLS(t)− (B(n)(t) +
√

n
m
B(m)(t)

+
√
nf2(F−12 (t))((µ̂− µ) + F−12 (t)(σ̂ − σ)))| > ε) = 0 g.d.
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Lokâcijas-skalçðanas modelis

Kritiskâs vçrtîbas (izlases apjoms n=500)

Parametri tiek novçrtçti Parametri zinâmi
1. sad. 2. sad. 90% 95% 99% 90% 95% 99%
N(0,1) N(2,16) 1.159 1.258 1.456 1.697 1.880 2.234
N(1,4) N(-1,9) 1.159 1.258 1.456 1.697 1.880 2.234
U[0,1] U[-2,4] 1.173 1.286 1.499 1.711 1.895 2.262
U[3,5] U[4,9] 1.173 1.286 1.499 1.711 1.895 2.262

Exp(0.5) Exp(0.25) 2.333 2.743 3.521 1.682 1.866 2.276
Exp(1) Exp(2) 2.333 2.743 3.521 1.682 1.866 2.276
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Lokâcijas-skalçðanas modelis

Pârklâjumu precizitâte

Fiksçti parametri N(0,1) un N(15,9)
n 90% 95% 99% 90% 95% 99%
20 0.924 0.970 0.999 0.970 0.970 0.996
50 0.938 0.968 0.993 0.953 0.953 0.998
100 0.931 0.961 0.991 0.915 0.960 0.994
200 0.906 0.948 0.983 0.908 0.942 0.985
500 0.904 0.955 0.997 0.877 0.955 0.984
1000 0.900 0.950 0.989 0.896 0.938 0.989
5000 0.884 0.939 0.989 0.894 0.943 0.987
10000 0.903 0.950 0.992 0.884 0.938 0.991
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Lçmaòa alternatîvu modelis

Empîriskais process

PPh(t) :=
√
n(F1n(F−12m(1− (1− t)ĥ))− F1(F−12 (1− (1− t)h)))

Empîriskâ procesa asimptotiskais sadalîjums

∀ε > 0 lim
n,m→∞

P( sup
0<t<1

|PPh(t)− B(n)(F1(F−12 (1− (1− t)h)))

+

√
n
m
B(m)(1− (1− t)h)−

√
n((1− t)h − (1− t)ĥ))| > ε) = 0 g.d.,
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Lçmaòa alternatîvu modelis

Kritiskâs vçrtîbas (izlases apjoms n=500)

Sadalîjums h 90% 95% 99%
N(0,1) 0.5 1.9453 2.1689 2.6162
N(0,1) 1.5 1.6546 1.8335 2.2137
N(1,4) 0.5 1.9453 2.1689 2.6162
N(1,4) 1.5 1.6546 1.8335 2.2137
Exp(0.5) 0.5 1.9453 2.1466 2.5938
Exp(1) 1.5 1.6546 1.8559 2.2137
U[-2,3] 0.5 1.9230 2.1466 2.5714
χ24 1.5 1.6546 1.8335 2.2137
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Lçmaòa alternatîvu modelis

Pârklâjumu precizitâte

N(2,9), h=0.5 Exp(2), h=1.5
n 90% 95% 99% 90% 95% 99%
20 0.923 0.966 0.997 0.905 0.969 0.990
50 0.916 0.966 0.996 0.908 0.954 0.994
100 0.914 0.953 0.989 0.908 0.950 0.986
200 0.907 0.961 0.990 0.890 0.937 0.994
500 0.891 0.945 0.994 0.890 0.951 0.987
1000 0.893 0.947 0.990 0.917 0.95 0.993
5000 0.901 0.950 0.990 0.894 0.942 0.988
10000 0.910 0.956 0.991 0.889 0.952 0.993
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Pielietojums reâliem datiem

Izlaðu histogrammas

Sausas urbsanas histogramma
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Pielietojums reâliem datiem

Hipotçþu pârbaude
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Secinâjumi

Tika iegûti asimptotiskie sadalîjumi Lokâcijas-skalçðanas un
Lçmaòa alternatîvu modeïiem;
Pârklâjumu precizitâtes pârbaude uzrâda labus rezultâtus;
Metode veiksmîgi pielietota reâliem datiem;
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Atklâti jautâjumi

Mallova attâluma asimptotiskais sadalîjums;
Empîrisko procesu butstraps;
Empîrisko procesu asimptotika citâs funkciju klasçs.
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