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Predpoklady

(A1) Pozorovani Yk, j € {1,2}, k € {1,...,n;} jsou ziskana v Case
i,ie{1,...,n}
(A2) VSechna pozorovani jsou nezavisla.
(A3) E(T/ﬁ = 72,') = U+ (5((/ = ko)/n)+, ie {1 Sy n}, kde
1, § jsou nezndmé parametry a kg = nfy pro néjaké 6y € (0,1).
(Ad) Var(Yjx)=o05>0, je{1,2},ie{1,....n}, ke{1,... n}.
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Predpoklady

(A1) Pozorovani Yk, j € {1,2}, k € {1,...,n;} jsou ziskana v Case
i,ie{1,...,n}
(A2) VSechna pozorovani jsou nezavisla.
(A3) ]E(?*],‘ = 72,') = U+ (5((/ = ko)/n)+, ie {1 Sy n}, kde
1, § jsou nezndmé parametry a kg = nfy pro néjaké 6y € (0,1).
(Ad) Var(Yjx)=o05>0, je{1,2},ie{1,....n}, ke{1,... n}.

Predpoklad homoskedasticity.

|

(A4*) Var(Yy;— Ya) = 0?/m, i € {1,...,n}, kde o® > 0 je neznamy
parametr a m muze zaviset na n.
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Homoskedasticky pripad - odhady

fo— e e { [ZL(XH; ~ %) (Vi — Vzi)]z}
Ke{t,.—..n} 2 =1 (Xik = Xic)?
5. — > (X = %) (Vi — Vai)
> (X — X )?
n

1S o .
NZEZ(YH— Yai) — 0%

i=1
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Homoskedasticky pripad - odhady

A { [ (X — i) (Yai — Vzi)]z }

k, = arg max —
SRS el o (X — Xe)?
S (X = %) (Y1 — Yai)

> (Xik — Xk)?
n

1S o .
a= EZ;(Y” — Yai) — 0. X;
=

Ok =

n
S X

c < 12
ko = arg  max [27:1 Xi(Yai — Y2i)]
0 ke{1,...,n}
_ 2 X (Vi — Yai)

3o A
> i1 X3
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Homoskedasticky pripad - asymptotické rozdeleni

Véta 1
Necht plati (A1)-(A3) a (A4*). Potom plati

Oo(1 — 6o) k ko D,
1+ 369 n

\/—\/“90 1+£3%) 5. 5) 2 N0, 1),

\/_ — N(0,1),
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Homoskedasticky pripad - asymptotické rozdele
(znagent ... |

a_ (b =xe)” (S (i = X))
T O — Xe)? >t (Xiky, — Xig )2
_ (ZL O = Xi)er) (S (ke = Xi)%io) NSy %y
o= ST (Xik — Xk )? Z(Xlko Holth
n = 2 n
Cp = (i (xik — Xk)Xiy)~ S (o — X2

ST (Xik — Xi)? =

Posloupnost {r,} splfiuje, pro n — o,

e MR
" " rp/loglogn
no(1 — 9
Zn = n)X n)X
n Z (61 ik — 22’ 1(X1k0 2 Z iko

= k0+1

5/15 Krejcova, Vojtek Two-sample gradual change analysis



Homoskedasticky pripad - asymptotické rozdeleni

Necht plati (A1)-(A3) a (A4*). Potom plati

o (ko;k)2611+—3z< (ko k))

max A =0 1
ko—k|3rn6—1f{(ko |<5|| k|} o(1)

max
lo—k|<m|s)=1vn | Ko — vn
1< - i@ [
" > Xk, — Xip)? = ( 3 F 7T o(n™").
i=1
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Homoskedasticky pripad - asymptotické rozdeleni

Necht plati (A1)-(A3) a (A4*) a u = 0. Potom plati

5 1—90k0 Ko D
\/nm— -

()

\/_ = - )(30—5)£>N(0,1).
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Heteroskedasticky pripad - odhady

ko(72) =
o(7%) 203, (G2,

Z?:1 Xi%(/'ri2

{ (g xi(Yai — Vzi)/Tiz)z } }
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Heteroskedasticky pripad - odhady

2y _
fo(r®) = are max,

{ (o xu(Yii — Vzi)/Tiz)z }
Z?:1 Xi%(/Ti2

= arg, max T2 2(k)

ko(#?) = arg max s

ke(t,

{ (S0 xu(Vai — Yer)/72)° }
n)

5 A2
Dim1 X/
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Bootstrap algoritmus

® D;=do(5F).

@ be{1,...,B} D = D+ 7icip, kde i ~ N(0, 1)
@ Vypocet Eg zDjp,...,D;p

@ Vypocet kvantilt g z E* —k,.. .,E; —k
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Me]me Ho : ko > ki a Hy : ky < kq, pak pom00| nahodné veliciny
~ dist. (k ko) definujeme p-hodnota P(K < k — ko), a jako jeji

aproximaci E I(k* k<k-— ky).
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Simulacni studie

Algoritmus

@ Vybermesina 6y = ko/n.
@ Vyberme o2,. 03;, mj a n;.
2 2
Vv 2 __ oy a5
©Q Vypoctéme 77 = i+ 2
Q se{1,...,8}, pro Vi vygenerujeme
Di = Yii — Yai ~ N((i — ko)+,77).
‘712/Xi1,71 GSIX/%Z,-—1
mi(ni—1) " nmei(nzi—1)-

@ Vygenerujeme 77 ~

© Vypocteme Rés) a k tomu interval spolehlivosti, strannost (bais), a
MSE.

v
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Homoskedastické simulace

8 Eguuled E.'?"

ke ko BT k() | ke ke BT ko(7%)

0.1 | 888 952 933 940 | 895 939 937 945

0.2 | 924 959 928 949 | 917 948 943 956

n—10 | 04| 941 923 925 OL9 | 955 924 933 920
0.6 | 928 932 926 924 | 939 899 922  90.2

0.8 | 904 905 900  90.8 | 89.6 877 892 891

00 | 781 783 792 784 | 801 748 764  76.0

n=10 01 | 939 920 944 921 | 951 928 946  93.0
0.2 | 963 928 956 924 | 954 927 958 947

mo—op | 04935 920 923 9Ll | 927 916 920 908
J 0.6 | 876 90.1 90.1  89.8 | 89.3 8&7.1 889 884
0.8 | 88.8 89.0 8.7 87.8 | 89.9 8.9 872 884

09 | 721 704 749 701 | 724 709 726 703

0.1 | 965 943 940 949 | 949 935 958  93.1

0.2 | 971 941 950 937 | 969 930 950  93.6

0 | 04910 937 938 039 | o044 921 930 028
h 0.6 | 93.2 909 927 927 |[919 921 9L7 918
0.8 | 948 956 943 953 | 93.8 945 925 937

0.9 84.1 84.3 84.8 84.0 83.1 81.8 84.4 80.9

n=20 0.1 | 97.3 950 944 949 [ 97.0 935 934 953
0.2 | 951 943 941 943 | 935 939 941 940

mogp | 04930 931 931 0929 | 036 936 931 047
o 0.6 | 91.9 90.7 928 92.8 91.7  93.6  92.0 91.4
0.8 | 932 919 913 907 | 918 925 915  89.3

0.9 | 795 814 834 793 | 823 804 824 824
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Heteroskedastické simulace

o — 10
Bo Fioatea
¥, Fo RIS RalF) | R Ko (72D
0.1 | 65.1 58.0  G67.9 | ss.1 EERS
to1 | 01 | 69.9 67.7  TO.T | 96.3 051
o= | TaT 72,2 G685 | S8.5 914
0.9 | 84.1 TT.O mO5 | TR.G TR0
0.1 | 60.7 506 6G5.6 | =3.7 031
rros | 02 | 65 G63.9  69.6 | 90.6 o3.2
0.5 | 604 Ta1 720 |90 0.4
0.9 | s0.0 T7.2 837 | To.8 s1.9
0.1 | s0.0 92,4 94.0 | ss.8 95.3
1o | 04 | 9T 09,7  oo.7 | 027 o33
0.8 | s9.0 23.3 92z | 91.6 20.5
0.9 | 011 87.5 685 | 924 823
0.1 | 65.6 55.6 600 | so.o 0.2
i1 |02 | 710 674 To.8 | 924 293.3
0.8 | To.0 761 710 | o922 8O3
0.9 | 95.5 S4.6 TH.1 | 93.1 s0.1
0.1 | 589 499 640 | s8.3 931
F1o | 04| TOB 65.2  69.5 | 9000 0209
0.8 | To.6 TE.S T2 | 91.1 BEE
0.0 | 032 s1.7 TS0 | 913 822
0.1 | 809 910  o9.4 | s2.1 093
rrzo | 04 | 938 93.2  so.s | 93.0 992
o.s | 7.0 To1 Ta1 | Tao2 o1
0.9 | 90.6 S48 T8.3 | 90,0 Ta.4
0.1 | 588 as.s 669 | 6.6 933
rro | 04 | s06 G619 652 | 830 Q0.8
0.8 | 73.3 620 69.3 | To.9 BE.1
0.0 | o33 s1.8 825 | 87.6 TT.4
0.1 | as.= @94 69.1 | 61.6 030
proe | 04| 571 56.0 725 | 74.1 93.3
o= | 2.6 721 67.6 | 8206 s9.4
0.9 | o2.2 To.2 79.0 | ooz T6.8
Nr. of observations (¥n;.)
g =m | m{l 4+ 3I(i odd)}/2 | m{1 4+ 3I(i > n/2)}/2
oy constant (o, — o) HO1 HO2
o = a1+ 203 = ko)) H10 HI11 H12
Tii ol + 21(i even)) H20 H21 H22
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Jumping speed

Age girls boys p-values Age
cat. | Vi (1) ny| Ya(Fa) mo|ttest Bonferroni BH | k() E()

6-7 |189(0.17) 33 137(0 18) 1910780 1000  0.780 iggg 13003 g
78 200(021) 43/198(020) 38|0646 1000 0763 |\ o | g
89 201(021) 33(206(021) 380369 1000 0479 | ‘o ool | g
9-10{2.06(0.18) 42 214(018) 20{008L. 1000 0.17 0%l 038 |10
10-11(2.19(022) 421217(0.19) 45{073 1000 0773 | e e |y
1-12/2.23(0.15) 30|231(028) 37/0062. 0800 0400 | " ooy |
12-13|2.26(0.13) 41 230(023) 10[0047* 0615 0088, | oL, e | 13
13-1412.30(0.22) 32|2.53(0.21) 36{0.000*** 0.001*** 0.000*** | "oovums ( onoesr| 14
14-15/2.28(0.23) 31|2.66(0.19) 20{0.000"** 0.000*** 0.000°** |\ owen (' omer | 15
15-16 [ 2.37(0.17) 29 272(0.22) 20000 0,000 0,000 0.000°%* 0.000°%* | 16
16-17|233(0.19) 17|283(0.28) 9| 0.001%** 0.006** 0.001** | oLy ool 17
17-18|2.35(0.18) 25| 276 (0.16) 13| 0.000%** 0.000*** 0.000°** | ) on (power | 13
18-19(2.33(0.17) 34|2.87(0.10) 14]0.000*** 0.000*** 0.000***
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Jumping speed

Jumping speeds
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