Applications of Mathematics

Eva LeSanska
Nonsensitiveness regions for threshold ellipsoids
Applications of Mathematics, Vol. 47 (2002), No. 5, 411-426

Persistent URL: http://dml.cz/dmlcz/134505

Terms of use:

© Institute of Mathematics AS CR, 2002

Institute of Mathematics of the Czech Academy of Sciences provides access to digitized documents
strictly for personal use. Each copy of any part of this document must contain these Terms of use.

This document has been digitized, optimized for electronic delivery and
stamped with digital signature within the project DML-CZ: The Czech Digital
Mathematics Library http://dml.cz



http://dml.cz/dmlcz/134505
http://dml.cz

47 (2002) APPLICATIONS OF MATHEMATICS No. 5, 411-426

NONSENSITIVENESS REGIONS FOR THRESHOLD ELLIPSOIDS*

Eva LESANSKA, Olomouc

(Received May 11, 2000)

Abstract. The problem is to determine nonsensitiveness regions for threshold ellipsoids
within a regular mixed linear model.
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1. INTRODUCTION

Many experiments in agriculture, geography, physics, etc. must be modelled by
a linear regression model with inaccurate variance components 19, because their true
values are not known, must be estimated or are known only approximately. In
such cases it is of some interest to know whether and how much the uncertainty
in 19 influences estimators of unknown parameters, the shape and the position of
confidence ellipsoids, the level of statistical tests and their power function.

These problems have been studied in [2], [3], [5], [7] in the case of regularity of the
model. In [4] the problem connected with estimators in the universal model with or
without constraints is solved.

The aim of this paper is to determine the set of all admissible differences 61 of
the parameter 1, which guarantee that the power of a test on the boundary of the
threshold ellipsoid decreases not more than a chosen value . Such a set is called the

nonsensitiveness region for the threshold ellipsoid.

* This work was supported by the Council of the Czech Government J14/98:153100011.
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2. DEFINITIONS AND AUXILIARY STATEMENTS
Let
(2.1) Y ~N,(XB,X(09)), B¢€ RF, 9= {9: 9 RP, 91 >0,...,9, >0},

where Y is an n-dimensional random vector (observation vector), X, x; a known
matrix (design matrix), 8 an unknown vector (parameter of the first order), 3(9) =

P
>~ 9, V; a covariance matrix, where ¢ is an unknown vector (parameter of the second

:);zier) and V;, ¢ = 1,...,p, are known positively semidefinite matrices of the type
n X n.
In the sequel, the mixed linear model (2.1) will be supposed to be regular, i.e. the
rank of the matrix X is r(X) = k < n and X(9) is positively definite for all ¥ € 9.
The notation
Cy=(HX'ES'99)X)tH) !

will be used. Let 9" be the true value of the parameter 9. Let the null hypothesis
concerning the parameter 3 be

(2.2) Ho: HB3+h =0,

where Hgxr is a known matrix with rank »(H) = ¢ < k and h is a known
g-dimensional vector. Let the alternative hypothesis be

(2.3) H,: H3+h=£+#0.

Lemma 2.1. Let us consider the regular mixed linear model (2.1) under the
hypotheses (2.2) and (2.3).
(i) If Hy is true, then the statistic

(2.4) Ty(Y,9%) = (HB(Y,9") + ) [H(X'S™(9")X) ' H']"!
x (HB(Y,9") +h),

where

B(Y,9") = (X'Z (9" X) ' X' (9")Y

has the central chi-square distribution with g degrees of freedom (Ty(Y ,9*) ~
2
X4(0))-
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(ii) If Hy is not true, then Ty (Y ,9¥*) has the noncentral chi-square distribution
with q degrees of freedom (Ty (Y ,9%) ~ x2(8)) and the parameter of its non-
centrality is

§=(HB+h)[HX'S'(9)X) 'H'|""(HB + h).

Proof. Both statements follow from the second fundamental theorem of the
least squares theory given in [8], p. 155. O

Let x2(0,1 — «) denote the (1 — )-quantile of the central chi-square distribution
with ¢ degrees of freedom. The statistic Ty (Y, 9*) has been used for testing the
hypothesis Ho against H,. If Ty (y, 9*) > x2(0,1 — «), where y means a realization
of Y, then Hj is rejected with the risk o. The power function of this test is

(2.5) B€) = PIX5(€'Cné) 2 x5(0,1 - o)}, &€=HB+h.

3. THRESHOLD ELLIPSOIDS

A threshold ellipsoid is defined in the space of an unknown parameter 8. This
region makes it possible to decide which values & of an alternative hypothesis are
distinguishable from the null hypothesis, i.e. from the value 0, with sufficient high
chosen power ;. The values B that cannot be distinguished from a null hypothesis
with the chosen probability x; on the basis of measurement are inside this region
while those distinguishable from a null hypothesis are outside. For details see [6].

Definition 3.1. Let us consider the model (2.1). Let By be the value of an
unknown parameter 3 assumed by the null hypothesis Hy: 3 = Gy tested against
the alternative H,: B # B under the risk a. Then the (k¢, «)-threshold ellipsoid
for 3 is

(31) Iﬁt,a(lg) = {/6 B € Rka (/6 - BO)IT(Ig 7/60) < 02}, ceE Rl,

where T is a k x k symmetric matrix and c is a real number, ¢ > 0 such that the
value of the power function of the used test must be exactly x; for the true value 3*
on the boundary of 7, .

Lemma 3.2. Let us consider the regular mixed linear model (2.1) under the
hypotheses (2.2) and (2.3). Then the (k¢, o)-threshold ellipsoid is

32)  T.a(B)={B: BER", (HB+h)[H(X'S'(9)X) 'H|!
X (HB 4+ h) < kit },
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where Oy is the value of the noncentrality parameter of the noncentral chi-square
distribution with q degrees of freedom defined by the relation

P{X2(6krit) = X2(0,1— @)} = k.

Proof. The statement follows from Section 4b.2 in [8]. O

4. NONSENSITIVENESS REGIONS FOR THE POWER OF THE TEST

Let 9* be changed into ¥* + §9. We will study how the change 9 influences the
power of the test. That is why in the following we will suppose H, to be true.

Lemma 4.1. Let the regular mixed linear model (2.1) and hypotheses (2.2),
(2.3) be under consideration. Let

OTr (Y, V)

6Ty = 69 .
99 9=0*

Then
(4.1) 6Ty = —2[HB(Y,9") + h)'CyFgX(69)T (9" (Y — XB(Y,9%))
— [HB(Y,9") + h]' Cu Fu=(69) Fyy Cu[HB(Y ,9") + hl,

where
Fy=H(X'S '(9)X) 1 X' (9").
The mean value of 6Ty is
(4.2) E(6Ty|B,9%) = — 89 [Te(UVh), ..., Te(UnV,))
—09'6'Z:€,... £ Z,¢],

where Uy = F};,CyFy and Z; = CyFyV;F;;Cy,i=1,...,p. Here Tr(Uy) means
the trace of the matrix Ug.
The variance of 6Ty is

(4.3) var(6Tx|B,9%) = 4 Te{UxgZ(69)[Mx Z(9*) Mx]|T=(69)}
+ 2Te{UrS(69) Uy 2(59)}
+4€' Cy FyX(09) [ Mx 2 (9*) M x| 2(69)F;,Cré,

where
[MxE(9*)Mx]" =271 (9*) - 19 X[X'E 19" X] L X'S 1 (9%).
Proof. Proof can be found in [3]. O
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We can use a linear approximation of the statistic Ty
Ty(Y, 9" +09) = Ty(Y,9%) 4+ 6Ty,

where a random variable 67y characterizes the change of Ty caused by the shift j
of the parameter ¥*. It is necessary to realize that “the dangerous movement” of
the test statistic Ty is to the left, which makes its power decrease. The movement
of Ty to the right is not interesting since the power of the test increases. Under H,
however, the movement to the right might change the significance level of the test
(for this problem see e.g. [3], [5], [7]).

The mean value F(6Ty) depends on 04 linearly and the term t\/m depends
linearly on the norm [|§9]| = 1/(69)'(09). Let a function ®¢(59), 39 € R?, be defined
as

(4.4) D (69) = —69 ag — t/59' A9,
where for i,j =1,...,p
: ag = [Tr(UgV1),..., Te(UaVp)|' + [€'Z1€, ..., §' Z,€],
(4.6) {Ac}i; =2Te(UnViUnV;) + A Te(Up V;[Mx 2 (9" ) Mx] " V;)
+4¢'CyFy Vi[Mx (9" ) Mx]" V; Fj;Cré.
Definition 4.2. Let
(4.7) Hee = {09: 09 € RP, Be(509) > —0..¢},
where 8. ¢ is given by the relation
P{x;(€'Cu€) > x5(0,1 — a) + 0.} = B(€) — <.

The set H. ¢ is called the nonsensitiveness region for the power of the test at the
point &.

Lemma 4.3. Let the regular mixed linear model (2.1) and the hypothesis (2.3)
be under consideration. Let H, be true and let ag and A¢ be given by (4.5) and
(4.6), respectively. The boundary of the set H. ¢ is

— 62 A2
(4.8) Hee = {519: 69 € RP, (69 + x0)' (t* A — acay) (69 + ) = L},
t? —apA; ag
where xy = ﬂ*‘iﬁ Agag, be¢ = Xo('Cr€ 1 —ki+e)—x2(0,1—a) and e, ¢

are chosen positive numbers. Here Af_ means g-inverse of the matrix Ag.

Proof. It follows from the solution of the equation ®¢(69¥) = —0d.¢ from
Definition 4.2 of the nonsensitiveness region. For details see [3]. g
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Lemma 4.4. Let the regular mixed linear model (2.1) and the hypothesis (2.3)
be under consideration. Let H, be true. Then

(4.9) 89 € Hee = P{Tu(Y,9" +09) > x2(0,1—a)} > B(§) —e.

Proof. Proof can be found in [3]. O

5. NONSENSITIVENESS REGIONS FOR THRESHOLD ELLIPSOIDS

From Definition 3.1 we can see that the problem of a nonsensitiveness region for
the threshold ellipsoid is closely connected with a nonsensitiveness region for the
power of the test. In the case of the power, we are seeking for the region of J19
such that the power 3(£) decreases by not more than the chosen value € at the fixed
point €. In the case of the threshold ellipsoid, we are seeking for the region of §1 such
that the power B(€) = k: decreases by not more than ¢ at all points &, & Cr€ = Oiit.
Thus, if we find the nonsensitiveness region for the power of the test independent
of &, it will be also the nonsensitiveness region for the threshold ellipsoid.

At first, let us suppose 7(H) = 1. Then r(Cp) = 1 and the equation Ci&? = G
has exactly two solutions &y = j:\/‘sc,::: . Thus the solution &t = |£o| is unique, since
the mean value and the variance of 6Ty are functions of ¢2. Hence, by Lemma 4.4,
He ¢1re 1 the nonsensitiveness region for the threshold region. More precisely, the
power of the test 3(&xrit) = ki decreases by not more than ¢ at all points 3y € 7,%&,
i.e. at all By, HBg + h = &iit-

Let r(H) > 2. In this case, the set of all solutions &, of the equation £&Cré =
Okrit is uncountable and for a different &irix we have a different region H. ¢, ... One
possible approach for determining a joint region He s,,,, for all &, &'Cr&€ = Oxyit is to
eliminate the dependence of the mean value and the variance of 67y on €. According
to the previous section, the problem is to determine the upper bound of the variance
and the lower bound of the mean value of the random variable §7T independent of &.

Definition 5.1. Let £’Cy€ = di,is and
(5.1) He opee = {00 09 € RP, D¢(69) > —0.},
where J. is given by the relationship
P{Xg(ékm) > Xg(O, 1—a)+ 0} =kt —e.
The set He s,.;, is called the nonsensitiveness region for the (k¢, a)-threshold ellipsoid.
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Lemma 5.2. Let E;j, i,j = 1,...,p, be the p X p matrix with the (i, j)-th
entry equal to 1 and with the other entries equal to 0. Then in the regular mixed
model (2.1) we have

(52) varg (6TH|B3 19*) < 619,(14 + Dékrit)éﬁ VEICHE = 5krita
where

{A}i; = 2Te(Uy ViURV)) + A Te(Uy Vi [Mx S(97) Mx] T V;),
Kij =4C FyVi[MxX(9")Mx]"V;F;Cr, i,j=1,...,p

D5kric = Z(skrit’}’rGrCHG;,

r=1
g;",l
G, = : , r=1...,s,
grp
P p S
Z Z(E” ® K;j) = Z Yrgrg.. (the spectral decomposition),
i=1 j=1 r=1
PP , 1 ifr=s,
where 7{ 3 Z(Ez‘j ® Kij) | =s<pq,g- € R, ggs = . gri€RY,
i=1j=1 0 otherwise,

9r=(9r1,---:9,,),i=1,...,pandr =1,...,s. Here ® means Kronecker product.
Proof. We will use a procedure analogous to that in [4]. It is true that
4¢'CyFuyX(69)[MxZ(9*)Mx] T 2(69)F;Cré

&K, ... §' K€
= 5 69

£/Kp1£," aEl pp£
p
= (69 ®¢) ZZ E;; © Kij)(00 ® £),

i=1 j=1

since

hS]

M=

P P
00 @)Y (B @ Kij)(09®€) = (00'Ey; @ €'K,;) (00 © €)]

i=1 j=1

-
Il
—

<.
Il
—

M-
NE

-
Il
—

<.
Il
—

(0V'E; ;69 ® &' K;;€)

M-
NE

-
Il
—

<.
Il
—

(00;00;€' K;§).
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S P P
Let > 7rgrg, be the spectral decomposition of >~ > (E;; ® K;;), where g, €
r=1 i=1j=1
1 if r=s,
Rre glgs = Thus we can divide the vector g, into p subvectors of
0 otherwise.

dimension ¢, i.e. g» = (g;.1,---,9;,), gri € R, i =1,....;pand r =1,...,5. Let
us denote

9rp
Then using the Schwarz inequality with the seminorm ||z| ¢, = vV&'Crx we get

p p
(69’ ® ¢ ZZ E; @ Kij) (09 ® €)

i=1 j=1

= (619/ ® E/) Z 'Yrgrg;" (519 ® 5)

r=1

=3 2 (59'Gre)?

r=1

< Y 1 (VECHE/59'G,CrGL39)°

r=1

= 5'19/ (Z 6krit7rGrCHG/r> 09
r=1

= §¥' Dy, ., 609
and the proof is complete. O

Lemma 5.3. In the regular mixed model (2.1) we have

Tr(Uy Vi) + k1 Okt
(53) E§ (5TH|B3 19*) P -6 ) VEICHé. = 5krita
Tr(UgV,) + kpOrit

where
r(Z;)

_1 _1 )
k; max{)\j: CL*Z:Cy* = > /\jfjf;}, i=1,...,p.
j=1

Proof. The problem is to minimize E¢(6Tf), i.e. to maximize [§'Z:€, ...,
&' Z,€])" subject to the condition & Cy€ = kit Using the method of Lagrangian
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multipliers, we get fori =1,...,p

(&) =&'Z:& — NE'Cr — dain),
o2& _ ., .
Toe = 27i& 20yt
Thus

0 = det(Z; — ACy) = det(Cpy2 Z:Cpy? — M),

1 1
Let A\ > ... > )\r(zi) > 0 be eigenvalues of the matrix C';*> Z;C;*. Then for all &,
¢'Cyé = bipiy we have

&' Z;€ < kidrit

and the proof is complete. O

Theorem 5.4. Let the regular mixed linear model (2.1) and hypotheses (2.2),
(2.3) be under consideration. Let matrices A and D, ., be defined as in Lemma 5.2.
Let

(5.4) (k1,....kp) € M(A+ Ds,.,),

where M(A + Ds,..) ={u: u € RP, 3x € R?, (A + Ds,,,, )x = u}. The boundary
of the nonsensitiveness region He s,,,, for the threshold ellipsoid 7T, o(8) is

242
53) P = {895 09+ 02) (P, — aa)00 4 20) = —— L.
| 2 — alA&krita

where 0. is given by the relation

P{C(Biit) 2 X201 — ) + 6.} = ky — &

and
Asy = A+ Ds,,,
a=[Tr(UgVh),...,Te(UaV,)|" + [k1, ..., kp| Oksit,
1)
=—" A a
2 — a/Aszma krit
Proof. The proof follows from Lemma 4.3, Lemma 5.2 and Lemma 5.3. O
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Remark 5.5. The presumption (5.4) in Theorem 5.4 cannot be omitted. The
boundary of the nonsensitiveness region H. s,,. is derived from the boundary of the
nonsensitiveness region H, ¢ for the power of the test (cf. Lemma 4.3). In the case of
the power, the presumption a; € M(A¢) is always fulfilled. Hence, if the presump-
tion (5.4) is not fulfilled, then we cannot apply the expression from Lemma 4.3 and
the boundary of the nonsensitiveness region H. s,,,, is given by the general quadratic

form
Fetn = {00+ (890 + 22) (£ A, — cock) 300 + 2
522
— 59, e1cy691 + 269,16, = 2,—}
= - coAékmCO
where
e _
To = co,
TR Ay e

a=co+c1, ¢ € M(As,,,), coler, (co, €1 are orthogonal),
09 = 699 + 691, 99 € M(As,,,,), 099 LdV.
Theorem 5.6. Let the regular mixed linear model (2.1) and hypothesis (2.3)

be under consideration. Let H, be true. Let £ Cy€ = Oxyit, where HG3 + h = £. If
09 € He 5, then

P{Ty(Y, 9" +69) > x2(0,1— )|} >k —e.

Proof. It is an obvious consequence of Lemma 4.4. O

Remark 5.7. With respect to the Chebyshev inequality it seems that the proper
value of the parameter ¢ lies in the interval [3,5], since

t=5: P{|6Ty — E(6Twu)| > 5v/var(6Ty)} < 0.04.

If 6Ty is approximately normally distributed, then
t=3: P{|6Ty — E(6Ty)| > 3y/var(6Tx)} ~ 0.003.

In the case that we want to find the optimum value of the parameter ¢, we must
determine the distribution of 7. The optimum value t* which maximizes the size
of the nonsensitiveness region is t* = max{tsy: ||09¥| = 1} subject to the condition

E(6TH|09) + tsy/var(0Ty|09) = q(1 — ),

where ¢(1 — a) is the (1 — a)-quantile of the distribution of §Ty with sufficiently
small a. Tt was found out that in some cases the sufficiently large value of ¢t can be
smaller than 3; for details cf. [7].
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Remark 5.8. If sets H. ¢ and H. s, are surfaces of ellipsoids, then nonsensi-
tiveness regions H. ¢ and Hcg,,,, are unions of H. ¢ and H. s, and their interiors,
respectively. If H. ¢ or H. s, is not characterized as an ellipsoid, the change of 9*
can be arbitrarily large in some direction.

In practice, if right-hand sides in the expressions of H. ¢ (cf. (4.8)) and H. s,.,
(ct. (5.5)) are positive, we get ellipsoids by replacing the negative eigenvalues of
matrices t? A — agca; and t2As, ., — aa’ by their absolute values.

If the right-hand side is negative, it is necessary to find a suitable subset of H. ¢,
He 5., including the point 589 = 0 (e.g. an ellipsoid, a sphere, a cube).

Remark 5.9. The boundary H. s, of the nonsensitiveness region for the thresh-
old ellipsoid in Theorem 5.4 is determined for the worst situation, since we consider
the maximum possible variance and the minimum possible mean value of the cor-
rection term §7x. This can make the region H. s, in some situation so small that
any permitted differences from the true value ¥* are negligible and thus values of
the parameter ¥ must be known more precisely.

6. NUMERICAL DEMONSTRATION

Example 6.1. Let a straight line be given in the plane. We have four mea-
surements at points x = 1,2, 3,4. The accuracy of measurement is characterized by
the standard deviation o7 = 0.004 (at points x = 1,2 and = = 2,3 in an experi-
ment I and II, respectively) and o = 0.001 (at points z = 3,4 and © = 1,4 in an
experiment I and II, respectively). Let the null hypothesis be “the coefficients of the
straight line are equal to one” and the alternative hypothesis be “the coefficients of
the straight line are not equal to one”.

Let two different designs of an experiment be under consideration. The process
of measurement if the error vector is assumed to be normally distributed can be
modelled by

Y ~ Ny[XB,%(9%)], i=11I,

where

_ (A
=)

P
Il
_ e e

N R
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and

16- 1079, 0, 0, 0
. 0, 16 - 10, 0, 0
2(97) = 0, 0, 1109, 0 ’

0, 0, 0, 1-1076

1-10-9, 0, 0, 0

X 0, 161076, 0, 0

B (07) = 0, 0, 16-10°5, 0
0, 0, 0, 1-10°

The null hypothesis is

w () (1) -ere

It is obvious that under Hy
Tu(Y,9%) ~ x5(0).

Let the risk of the test be & = 0.05. For the given power x; = 0.99 we determine the
critical value of the noncentrality parameter dy.i; by solving the equation

P{x3(0xkrit) = x3(0,0.95)} = 0.99.

Using the approximation of the noncentral chi-square distribution by the central
distribution (cf. [1], p. 27)

q+20
X§(5) ~ 7+ X2(q+o'>2 (0)

q+28

we get it = 19.31. Hence

fenoin= (5. [o- (oo ()] ).

where Cy = X'3;(9%)X,i=1,11.

Let 9" be changed into ¥* +04. Let us look at the nonsensitiveness region H. ¢ for
the power of the test and H. s,,,, for the threshold ellipsoid in more detail. We will
concentrate on their behavior, properties and correlations. In the case of the power,
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we restrict to 3(&) = Ky, i.e. to directions & subject to the condition & Cy€ = diyit,
which we will denote by &yt Then

6€,§km =0c = X%((skrit, 1— ke + 5) - X%(O, 1-— Oz),

Hence do.05 = x3(19.31,0.06) — x3(0,0.95) = 3.23.

In what follows, only the boundary of each nonsensitiveness region will be shown,
since we are in the situation with a negative right-hand side (cf. Remark 5.8). In our
case boundaries are characterized as hyperbolas.

First, we will engage in a power. Let Cy = A1 f1f] + Aafaf} be the spectral
decomposition. Hence, some interesting directions &i,i; are for example

51 fl /(Skrlt
1
52 f2 /(Skrlt
&= (Jo )y,
£4 _ (.f_ . _) / krlt

_h R
&5 \/—+\/_( Okrit — 1),

_ f2
& = \/— \/— (v Okrit — 1)

(the boundary of the threshold ellipse).
The dependence of ﬁg’gkm on the chosen direction &y is given for ¢ = 0.05 in

Figs. 6.1, 6.2. Designs with covariance matrices 3; and X;; are used in Figs. 6.2
and 6.1, respectively. Each nonsensitiveness region is the set around the origin of
the coordinate system bounded by the branches of the proper hyperbola. As we can
see, the design of the experiment plays an important role for the behavior of these
regions (for details see [5]). From Fig. 6.1, when we have a more precise measurement
at outer points of the straight line (at points x = 1,4), it follows that J¥; can be
arbitrarily large, i.e. it depends only on the instrument with ¢5. On the other hand,
from Fig. 6.2 we see that both instruments should have the true value of the standard
deviation approximately equal to o}, o5. For instance, let us consider direction &. In
the case X; (Fig. 6.2) shifts d1J; are admissible in the interval (—1.6-107°,0.3-1075)
(the lower bound follows from the assumption ¢; > 0) if §92 = 0. Shifts 6, are
admissible in the interval (—0.5-107¢,0.2-107%) if §9; = 0. If §9; > 0, the interval of
admissible shifts §¥s is smaller and vice versa. In the case X7 (Fig. 6.1) shifts of §1;
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%107

1 |
| |
0.8} " &
14
0.6 i ]
W&
0.4} \/53 4
0.2+ i
- L 6
B
—0.2+ i
—04+ i
:
—0.6F i 1
|
osl i &1 |
. ,
|14
—1 L L L | I
0 1 2 3 4 5 6
691 %1076

Figure 6.1. The boundary 7 for X7, kKt =0.99, « = 0.05, € = 0.05, t = 4.

€,&krit

%1076

52 &5

—8 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

591 %1075

Figure 6.2. The boundary 7, for ¥7, kt =0.99, a = 0.05, € = 0.05, t = 4.

€,8krit
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x10715

x10714

691
Figure 6.3. Asymptotes for ﬁ&gkm for ¥, k¢ =0.99, a = 0.05, € = 0.05, t = 4.

x10713

02

-2 1

Figure 6.4. The boundary ﬁ&(;km for 377, kKt = 0.99, « = 0.05, € = 0.05, t = 4.

-4

-2

0
691

x10713
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can be arbitrarily large. Shifts §9J5 are admissible in the interval (—1076,1.4-1077) if
d91 = 1.6-1076. If 61, is greater or lower, the maximum tolerable shift §95 is lower.

The joint nonsensitiveness region for all directions £’ Cy€ = 0i.it, i.e. nonsensi-
tiveness regions for the threshold ellipsoid, are given in Figs. 6.3 and 6.4. Figs. 6.3
and 6.4 correspond to the covariance matrices 3; and X, respectively.

As it was said, the nonsensitiveness region is a set around the origin of coordinate
system bounded by the branches of the hyperbola. Hence, in the case ¥;; (Fig. 6.4),
011 can be arbitrarily large. However, a shift in the direction of 62 must be very
small (it is to be remembered that ¢; > 0, J3 > 0).

In the case X; (Fig. 6.3), from graphical purposes asymptotes of the hyperbola
He 5., are given only. Points of intersection of axes and asymptotes are as follows:
Py =[-6.36-10713;0), P, = [5.29-107'3;0]" and P3 = [0.99 - 107!3;6.11 - 107 1],
For graphical reasons, a part of the nonsensitiveness region for é9s > 0 is shown
only. Under this assumption, the nonsensitiveness region is approximately equal to
the triangle given by points Py, P>, P5. It is obvious how the remaining part of
the nonsensitiveness region for §i¥ < 0 will look like. Hence, the movement in both
directions dv;, i = 1,2 must be very small.

Till now no experience is available on the nonsensitiveness region for the threshold
ellipsoid. In our example regions for a fixed £ can be used in practice only, since the
region H s, is very small.

An investigation of the region H s, is the aim of a further research.

References

[1] J. Janko: Statistical Tables. Academia, Praha, 1958. (In Czech.)

[2] L. Kubddcek: Criterion for approximation of variance components in regression models.
Acta Univ. Palack. Olomouc. Fac. Rerum Natur. Math. 34 (1995), 91-108.

[3] L. Kubddéek: Linear model with inaccurate variance components. Appl. Math. 41 (1996),
433-445.

[4] L. Kubdcéek, L. Kubdckovd: Nonsensitiveness regions in universal models. Math. Slovaca
50 (2000), 219-240.

[6] L. Kubdcek, L. Kubdckovd, E. Tesafikovd and J. Marek: How the design of an experi-
ment influences the nonsensitiveness regions in models with variance components. Appl.
Math. 48 (1998), 439-460.

[6] L. Kubdckovd: Joint confidence and threshold ellipsoids in regression models. Tatra Mt.
Math. Publ. 7 (1996), 157-160.

[7] E. LeSanskd: Optimization of the size of nonsensitiveness regions. Appl. Math. 47 (2002),
9-23.

[8] C.R. Rao: Statistical Inference and Its Applications. J. Wiley, New York-London-Syd-
ney, 1965.

Author’s address: E. LeSanskd, Department of Mathematical Analysis and Applied

Mathematics, Faculty of Science, Palacky University, Tomkova 40, 779 00 Olomouc, Czech
Republic, e-mail: lesanske@aix.upol.cz.

426



		webmaster@dml.cz
	2020-07-02T10:29:44+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




