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A Numerical Simulation on closeness under constraints

Akihiro Hashimoto

Information Science, Niigata College of Nursing
¥—U— K : L& (Closeness), fil# (Constraints)
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HARBZIZBWTIL, EFAEZEEL, EFLDORTIAZMELHAREOTTITH. A
& & Ui, EURSHTEE, AIC (Akaike's Information Criterion) (& & % tb#:, (Hashimto
[1974]), EROOWEETHD. ZDX I RFEERHFHFIELIFATHSLY, FHHRK
HHREZ T 2T, WIhd FEREEEERE CEXbEh?. Thbb, B&#Et
325 BRBEMPEREY L, LE, MBERETHEEEXDZENTEXD. LZAT, 1T
A ZIZBE LU TIXERN, 2R FRICEY, MSL0RKEEIEELN TS Z LAE
<, ZOHEE TR & OFRRBRELIIE 2B LEXDS. BHENEEDOT
TOMFEIZOWVWTIE, C. R. Rao [1986] %, < #HEIN TV DA, EREHPVEZLEDOT T
DI RELRBEIZ OV TIIRBER D BE L, EFENLRRESLH - T, EBENRIER
RSO T COFRBERBECRBEOFIEN 2 STV, £ 2T, HEMRFIKNE S
ZR LR X BELEONREEE 2, REEIITFTEHOEEBRHFE CHELIT-
DT, TNERNMLETOEREMZS.
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Description of our problem

The motivation of this study is to devise
a new method for improving predictive
validity of tests, such as entrance
examination

Measure of predictive validity

Yi : Score of subject i on external criteria Y
Z; : Score vector of subject i on p test items

Z = (21,2255 2,) Y = (V15Y250 V)

Zw and Y

: p dimensional weight vector

Measure=Correlation of
w
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Problem on sample space

Find the weight vector w which maximizes

the correlation R, of Zw and yunder the constraints

Aw=d and (w-w,)B (w-w,)<1

_ y'U, - 0,)Zw
W', -0)yIw'z2'U, - 0,)Zw
0, =11'n, 1=(1,5...,1y

W, : Fixed weight vector (e.g., current weight)

R,
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Using singular value dec position

(I, -Q,)Z =UAV'
where A is a diagonal matrix of non-zero singular values

and defining
x=AV'w,x,=AV'wy,and b=U"y,

we have a translated form of our problem
on parameter space; that is,
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Schematic illustration of translation

a i

ﬁﬂ?ﬁ :

i

-
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Equivalent problem on parameter space (1)

Find the vector which maximizes
[b'x|
bl

under linear and quadratic constraints

| R |=

Schematic illustration of translation

L
Fx=d, (x-x%,)G ' (x—xp) <1 ¥ . : v 2
n ; ! A
where i ¥ L4 .
-1 “1 _ A=l p=lpra=l ! i A <=
F=AVA", G =A"V'B VA . Yy :
By using singular value decomposition of , We have the ! f“f fra
following equivalent problem. g » N N
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Equivalent bl t 2 Relationship between two correlation
quivalent probiem on parameter space ‘ ! coefficients
Find the vector which maximizes R, =R, cos 8 0 :Angle between land the
S— e COlUMN space of '
|h'u| FF" . . e .
| Ry | —— J . 4{!'!3)‘11{] 50
EYIEX] : AT
k o h
under the quadratic constraint _{J'j e
4,
(u-up)H '(u-uy) <1 S
where U,,h and H dre vectors or matrix 5
definedby F,Gand X, Feod
Our problem equals the maximization problem undef
quadratic constraint!
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Optimal solution ) .
Computing u
Let u'be an optimal y then optimal weight vector w'
is given by As shown in our previous paper (Heshimoto etal.,
2000), the non-trivial optimal cgn be obtained by
, solving the correlation maximization problem under
. -1 A‘J,‘U fd the constraint specified by the union of two convex
w =VAV, R pointed cones.
u Convex Cone
where U 1 Vﬁnd A Are the matrices specified by the
singular value decomposition of ; F Quadratic [h'u|
\ constraint | R, |=——
F=u,(,0); [EYIEY
A ,: Diagonal matrix of o singul ! Quadratic constraint:
-1
O : Zero matrix (u—uy)H (u—-uy)<1
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Algorithm for computing optimal weight

Compute S.V.D. of
data matrix

l

Compute S.V.D. of
F =AVAT!

(I, -Q,)Z =UAV'

F=U/r.0);

Rewrite the problem as a
problem under one
|lquadratic constraint

I

Using Hashimoto'’s

lalgorithm, compute its

isolution to have optimal
ight vector

December 18-20, 2003

.
w'= VA"Vf[Afl{fd]
u
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Numerical example

Entrance examination data:

n : 198 candidates ; p : 5 subjects

w,= (0.2, 0.2, 0.2, 0.2, 0.2)'

B =01, o= (0.050, 0.063, ..., 0.250)
(W-wy)B'(w-w,) <1
A=(1,1,1,11) ; Aw=1
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Optimal weights compared with least squares solution

Least squares solution
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Correlation maximization and least
squares problems

If we translate the original problem defined on sample
space to the equivalent problem on parameter space, that is
the maximization of , thehRhé maximization of angle
between and
minimization of

isnpparehtlzv equivalent to the
la=hj

Convex Cone

Quadratic |h'u|
constraint

AN TYITY

(u-uy)H '(u-uy)<1
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Concluding remarks

However, this least squares problem is hard to solve by
traditional method, e.g., Lagrangean method.

So our main contributions are:
(1) Problem translation by Singular Value Decomposition

1Problem in sample space with parameter constraints

Cone Method for Optimization

t of Conv
Convex cone specified by the constraints

(2) Develop
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