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Abstract

In this research, 1 applied some commonly
used model selection methods to select
among two candidate nonnested normal
linear models, after removed the common
parameter space, the selection boundaries
based on the position of the observation
vector located in the combined parameter
space for each different theorems were
explored. The special symmetric coordinate
system suggested in Efron(1984) was used in
this research, by using the technique of
canonical analysis, the combined parameter
space was decomposed into several
orthogonal planes and lines , and the
selecting boundaries for different model
selection methods were discussed.

Keywords : nonnested , orthogonal

decomposition, canonical analysis.
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Let the true normal linear model be given by
Y=0+g, £~N(0,6°I) »

and let the two competing nonnested normal

linear models be referred to as:

Model A Y=0,+¢, 6, €0,.

and
Model B Y=0;,+€, 0, €0,.
®,NO, 0, and O, NO, #0O;.
Since ©®, and ©, may overlap, After
using orthogonal decomposition to remove
the overlap subspace, model A becomes:
Yip=mn4+&, My€ly;
model B becomes :
Vs =nz+e, ng €Ly,
here L, and I, represent the model parameter
spaces after the overlap subspace has been

removed from model A and model B
respectively, L, and I; only intersects at

the origin point, ie, L, NL, = {O};yA+B
represents the projection of the sample
observation vector y onto the combined
parameter space L, @ L.
Let ¥y, 5=Y 0ty =Y, tYs
And

N=n,+n,=n5 %0
is the orthogonal decompositions where y .

and 7, denote the projections of y,,, and

L, for

The p, dimensional

n, respectively, onto
K e{4,B,A*,B'}.
orthogonal complementof ® ,® ®, in R",
denoted by ®, is the portion of the error
space common to both models. The
projection of y onto ®, will be denoted by
y:- The symmetric coordinate system for
L,®L,, suggested in Efron (1984), is
adopted below. Let d, and d, represent

the dimensions of L, and L, respectively,

assume that the models are labeled so that

d,<d,. Decompose L, into d,
orthogonal one dimensional spaces, L, ,
Ly ..., Ly, and a similar decomposition of

L, into d, orthogonal one dimensional
spaces, Ly, Ly ,...., Ly, Note that L, is
orthogonal to I, for i# jand, L, and
Ly, is the ith pair of the canonical variables,
and «, denotes the smaller angle between
L,and L;. The

system will be defined in stages sarting with
the L, ® L, planes. Within such a plane,

symmetric coordinate

the axes of the symmetric coordinate system
will be called axis 1, and axis 2. Axis 2,

is the line which bisects the angle q,
between L, and Ly, while axis 1, is chosen
to be orthogonal to axis 2,.

AXisE,

La:® Ls;  plane



Assume that the axes are labeled so that the
positive direction on L,, is the first quadrant

of the symmetric coordinate. Let the
coordinates (4, ,.) and (y,7,.)

denote the projection
Y aivni =P(Y 405 1 Ly © Ly,) with respect to to

L,®L, and L, OL,,

the symmetric coordinates(y,;,,,) of ¥ ;.5

respectively, and

satisfy the linear relationships

sin & cosﬂ
(,VA, J= 2 2 (y“] ............. (1)
Y -cosZ sin% [\
2 2
and
sing'— c:osﬂ
(yai J - 2 2 (yl, ) ............... (2)
Vot cos  sin& |V
2
The symmetric coordinates

This™*sThaasMas " sThas Of 7 are defined in

the same fashion.
To select among two candidate models, the
ratio of the squared lengths of the projection
of y onto the space corresponding to the
violation of the two models are computed,
the selection rule can be written as :
select model A if

vl -l

where ¢, and c, are suitable constants.

2+02”y5”2 <O,eeeiniinnnnn. 3)

Twelve commonly used model selection
methods : the maximum likelihood method

(ML), the mean square error approach (MSE),
Mallow’s (1973) G, criterion, Efron’s (1984)

~

S criterion, Akaike’s (1973) AIC criterion,
Schwarz’s (1978) and Leonard’s(1982) BIC
criterion, Hannan’s and Quinn’s (1979)
HQIC criterion, Hurvich’s and Tsai’s (1991)
CAIC criterion, Aitkin’s (1991) POBJ and

POBN criteria, Shibata’s (1980) SIC criterion
and Laud’s and Ibrahim’s (1995) L,

criterion were applied and their appropriate
values of logc, and ¢, are provided in the

following table.

Table 1

Criterion |logc, )

ML 0 0

MSE !og(::i‘) 1- c

POBN  |2—tiog2 1-¢,

2n-p\(n-ps))[1-
POBJ 20, r( 5 )r( 5 J c
n 2n—p n-p
(5P )
AIC 2ps—py) 1—- ¢,
2(pp —p(n-1 _

CAIC T — l-¢

BIC (a2l oq, 1-c

SIC zlog[wgﬁJ 1-¢,

n+2p,+2

HQIC A‘!—’;1'_—p4lloglogn 1- ()

CP 0 2(p, "pg)
Pe

é‘: 0 2(p, = Ps)

Pr=2
. log[z-_zai) 0
n—ps—2

The above definitions and the relationships
of equations (1) and (2) yield

| A

2 dy
2_ i(— cos%yh +sin%y2i) + Zy; ...... “)

i=d +1
When d, =d,, all of the selection rules are
equivalent, their values of ¢,=1 and ¢,=0in

yAl

i=

Vg

i=

2-i[cosﬂy +sinﬂy Jz
; 2 u 2 2

table 1, the selection rule of equation (3)
becomes select model A if

2 2
Iv..| - ol <0 oo (6)
By the equations (4) and (5), equation (6) is
equivalent to
d, _
ZZSinaiy,,.yz,. >0 @)

i=1
This implies for i3{,--,d,}, on each
L,®L, plane, the selection boundaries




for all selection rules are the same, if y ,,,,

locates on the first or third quadrants on the
plane, then select model A, they are as

Li

. N
follow: L

7~

= AV,

A}(IISJ‘
AAL @) Lse plane

Consider the case when d, =land d, =2,

since ¢, 21, ¢, <0 and ”yEH2 >0, lety,

y, andy; denote the coordinates of y .,

with  respect to the coordinate
system{axisli,axis2,.,L32} onL,®L,, in
terms of the symmetric coordinate system,
the selection rule is

y32 +(s ), )Q(yl ] <=0 HYEHZ

2
where

o- (l—cl)cosz%'- -(l~c,)sin%‘-cos% . (9)
.o« 0
-(1-¢ )sm—2‘-cos—2L (t-¢)sin? -iL

and ¢, is the angle between L, and I, .

The eigenvector-eigenvalue pairs for Q are

d = (:lonsgj A= %[(1 - X1+cose, )~ (1+¢,)sine, tan 8]
and |
d, = [_ Zi)nsz) 2 %[(1 e X1-cose, )+(1 + ¢,)sing, tan f]

where (¢, +1)cot(28) = (¢, —1)cot e,
and 4, <0< 4,.

The following table shows the value of p

for each criterion.

Table 2
Criterion |/
ML,C,, %
MSE }/COt-l Py~ Py cota
2 2n—p, - py l
}écot" 2( . )_ cota,
2 " +1
POBJ r(Zn-pA )r(n—pn) -
2 2 -,
)
5 cot™ 2 2 —cota,
F(Zn-m)r("-ﬁa) .
2 2 +1
2n—pﬁ)r(n—pAJ
2 2
AIC g
%COt_l oo cota,
e " +1
2(pg-pXn-1)
CAIC | emrenenn )
2cot oa-piD) cota,
e P D-ps-2) |
}écot'l ﬁ(;—p—)—:—l cota,
n
SIC n+2p,,+2
cot™ nt2p,+2 cota
1
2 n+2p5+2
\\n+2p,+2
( 2pp-p.)
H IC 2Pp=P4)
D V| [ |
2¢0 2pry  |COIE
(logn) " +1
L _
" }écot"[ Ps~ Py ]cota,
\ 2n_pA—pE_4

Let {axislm,axis2m}denote the coordinate



system obtained by rotating the symmetric
coordinates {axisl, ,axis2, }for

L, ® Ly through the angle f. The
coordinates of y, ., with respect to this

rotated coordinate system are

L=y,sinfB+y,cosf ..ol (10)
and
L=y,cosf—-ysinff... 11

In terms of these coordinates, the selection
rules of equation(8) can be writen as

i+t + At <= lyel oo (12)
Whenc, =0, the quadratic surface of the

selection boundary is an elliptic cone. The
elliptical cross sections of this cone lie on

planes parallel to the plane determined by
axis2,,, and Lg,, and the centers of these

ellpses lie on axisl their graphs are as

follow:
Elliptic core (When C>=0)

» cl\‘mensu‘onaj Spree
on La®le ? \
Axlﬂnm)

the

Ife, <0, selection boundary is a

hyperbolid of one sheet, on the 3 dimensional
space, the new axes {axislnew,axis2new} of
these elliptic hyperbolid of one sheet which
is asymptotic to the elliptic cone described

above. In both cases, the selection region
includes axisl,,, .

)
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