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Uvod oy o
Linearny regresny model

Simultanne toleranéné intervaly

Viacrozmerna regresia

Y =XB+0cZ =(1,X,)B+0Z
Yi= B0+ fiXin + ...+ Bg-1Xig-1 +0Z, i=1,....n

@ Y = (Y1,...,Yn)" - n x 1 vektor nezavislych pozorovani
@ X -n x @ -zndma matica planu, h(X) =q, n>gq
@ 3= (0o,... ,ﬁq,l)T , 0 > 0 - nezname parametre

@ Z =(Z4,...,Zy)", predpokladame Z ~ N(0,1,)
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Lineé el /) model
Simul € intervaly v LRM

(7,1 — a) nesimultanny tolerancny interval v LRM

@ Uroven spofahlivosti 1 — «, pokrytie v (coverage alebo content)
@ pozorovanie pre pevné x (vysvetlujica premennd)
Y(X)=xTB+0Z = o+ X1+ ...+ Bq—1Xq +0Z, Z ~N(0,1)
@ pouzivany tvar obojstranného tolerancného intervalu pre Y (x)
LxTB = A(x)S,xTB + A(x)S)
@ pokrytie
C(x:B,8) =Py (xTB = A(x)S < Y (x) <x"B+A(x)S|B,S)

w

5s(C(x;8,8)>7)=1-«

lB — (XTX)_leY, S2 — (Y_XB)T(Y_Xé)

n—g
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Uvod CeArMY rearesny mode
Linearny regresny model

Simultanne toleranéné intervaly v LRM

Simultanny obojstranny tolerancny interval v LRM

Pﬁ,s(C(X;B,S) >y ¥)=1-a
Pas(MinC(x;3,8) 27) =1~a
Klasicky postup
Y ()~ N(TB,0%), Y28 N (0, 1)

Pokrytie
C(x;B,S) = Pypy(x" B —A(X)S < Y (x) <x'B+Ax)S|B,S)
= d(x b+ A(X)u) — d(x b — A(x)u) = C1(x b, A(x)u)

Pivotné premenné

=28 ON(O,(XTX)™), u=2, (n—au® ~xiq

o?
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Confidence-set pristup Metddy: Wilsonova, Limamova-Thomasova, modifikovana Wilsonova

Princip confidence-set pristupu

Simultanne tolerancné intervaly
Pou(MinCy(x T, A(x)u) > 7) =1~ a
X

G - (1 — «)-pivotn& oblast
Konfidentna oblast pre parametre modelu

{(B,0): (B—-bS/u,S/u) V(b,u) G}

ToleranCny faktor pre x
A(X) =min{\: C1(x"b, A(x)u) >~ V(b,u) € G}
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Confidence-set pristup Metddy: Wilsonova, Limamova-Thomasova, modifikovana Wilsonova

Wilsonova metdda

Wilsonova pivotna oblast

Gw = {(b,u) :b"(X"X)b 4+ 2v(u — k) < c}
c=x5nu(l-a), k=y/22 v=n—q

R. A. Fisher (1928), Statistical Methods for Research Workers, 2nd Edition,
pp. 96-97.

(2x¢-g)"? ~ N([2(n —a) - 1]*/2,1)
u~ N(V/2v = 1)/(2v),1/(2v))

(n - q)u2 ~ Xﬁ—qa b~ N(Oa (XTX)il)
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Confidence-set pristup Metddy: Wilsonova, Limamova-Thomasova, modifikovana Wilsonova

Limamova-Thomasova metdda

Pivotna oblast
Gg ={(b,u):b(X"X)b <u?k? a u>ky}.
@ (1 — «/2)-konfidencné oblast pre 3

Er={B8:(8-8) (X"X)(8 - B) <S’k{}, ki =qFqn-q(l—a/2)
Ef = {(b,u):b"(X"X)b < u’kZ}

@ zhora ohrani¢enu (1 — «/2) konfidencnu oblast pre o

E; ={0:0< 0 <S/k:}, kz2 = Xﬁ—q(a/z)/(n*Q)
E; ={u:k; <u}
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Confidence-set pristup Metddy: Wilsonova, Limamova-Thomasova, modifikovana Wilsonova

Modifikovana Wilsonova metdda

Wilsonova pivotna oblast

Gw = {(b,u) : b (X X)b+2v(u—k)* < x§411(1—a) =c}, k = /(2v —1)/(2v)

IXxTh| < v/c —2v(u —k)Zy/xT(XTX)~1x = Ac(u) pre kazdé x

C1(x"b,\u) > C1(Ax(u),Au) pre (b,u) € Gw

Guw = Guw1 U Guw2

Guwi = {(b,u) : bT(X"X)b +2v(u —k)> < cm k —+/cm/(2Vv) <u <k}
Guwz = {(b,u) : bT(X"X)b < u’cm/k® u >k}

Konstanta cn je dopocitand, aby platilo P(Guw) =1 — «
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Diskusia

Testovacia Statistika

Hypotéza
Ho : (B,0) = (Bo, 00) versus Hy : (B,0) # (Bo, 00)

Testovacia Statistika pre napozorované y

%0

Dy 1X) = 5y ~X o) (y ~Xfh) -1 log (n(y XAy —Xﬂ)>_n7

Rozdelenie testovacej Statistiky
D(Y) ~ Qq + Qn-—q — nlog(Qn—q) + n(log(n) — 1)

Qq ~ Xa and  Qn_q ~ Xﬁ—q
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Diskusia

Distribuéna funkcia LRT

Fir(x) =P(D(Y |n,q) <Xx)
= P(Wq <X —Wy_q + nlog(Ws_q) — n(log(n) — 1))

/ Fig (X = Wn_q + nlog(wa_q) — n(log(n) — 1))
X

fngq (Wn—q) Wn-q,

Fir(D1—a) =1 -«

Ho zamieta na hladine vyznamnosti « € (0,1) D(y) > A1—a
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Diskusia

Kritické hodnoty

Tabulka: o = 0.05

n/q 1 2 3 4 5

10 | 6.6103 | 9.2228 | 12.0691 | 15.3518 | 19.3464
20 | 6.2825 | 8.4408 | 10.5656 | 12.7292 | 14.9765
30 | 6.1817 | 8.2174 | 10.1695 | 12.1014 | 14.0460
40 | 6.1328 | 8.1115 | 9.9864 | 11.8187 | 13.6384
50 | 6.1038 | 8.0497 | 9.8809 | 11.6577 | 13.4094
60 | 6.0847 | 8.0092 | 9.8122 | 11.5537 | 13.2627
70 | 6.0712 | 7.9806 | 9.7640 | 11.4811 | 13.1606
80 | 6.0611 | 7.9594 | 9.7282 | 11.4274 | 13.0855
90 | 6.0533 | 7.9429 | 9.7006 | 11.3861 | 13.0279
100 | 6.0470 | 7.9299 | 9.6788 | 11.3534 | 12.9823
oo | 5.9915 | 7.8147 | 9.4877 | 11.0705 | 12.5916
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Diskusia

Pomocou presného testu pomerom vierohodnosti pre testovanie
nulovej hypotézy

Ho : (8, 0) = (8o, 00) proti alternative H; : (8, 0) # (8o, 00)

mbézeme skonstruovat konfidencni oblast pre vSetky parametre
linedrneho regresného modelu simultanne. Presn& (1 — «)-oblast
spolahlivosti pre parametre 3 a ¢ je dana

Ci—a(Y | X)={(B,0) : D(Y | X) <Di1_4}-

Chvostekové, M., Witkovsky, V. (2009), “Exact Likelihood Ratio Test
for the Parameters of the Linear Regression Model with Normal
Errors.” Measurement Science Review, Vol. 9, No. 1, pp. 1-8.
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Diskusia

Dakujem za pozornost!
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