(computer experiments)
(Design of computer experiments)
(McKay, M.D., Beckman, R.J. and Conover, W.J.

(1979))  “Technometrics’ : " (Latin Hypercube Sampling)
( LHYS)
" (Uniform Design) ( UD) 1978
LHS UD
(A)
" (space filling design) LHS
ubD
(B) “ ” (Overal Mean Model) LHS
ubD
© U-

(D)
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X1 e Xs
y="f0xx) x=(xx)eCe. (2.1)
cs=[0af y Cs
E(y)= [, f 0 x ) oo dx, (2.2)
Cs n XX, Y n
70,)-=3 (x). 23
Dn = {Xli' Xn} n
LSH D, y(D,)
E(y(D, ))=E(y)
Var(y(D,)) McKay, Beckman and Conover (1979) LSH
Drandom Xl L Xn Cs y(Drandom)
E(y) Var(f(x))/n x  Cs
Var(Dyys)=Var(f (x))/n+(n-1)Cov(f (x,), f (x,))/n , (24)
Var(Dys )< Var(f(x))/n
Cov(f(x,),f(x,))/n<0 LHS Cov(f(x,),f(x,))/n<0
n=8,s=2 LHS
1) ( ) 8
64=8°
2 (1,2,...,8) (25,1,7,4,8,3,6) (5,8,3,6,1,4,7,8)

12



S
5 8
13
7 6
41 25 (58) .. (62
8 4
3 7
_6 2_
8 1@
3) 8
1(b) 8 LHS
G (b)
1 LHS (n=8,s2)
LHS
Var(y(DLHS))znVar(f(x))—%+o(%j c>0 25)
LHS
Koksma-Hlawka
[E(y)-¥(D,) <V(f)D(D,) (2:6)
V(f) f Cs f V () f
V (f) D(D,) D, Cs
D(D,) Cs
n=8, s=2 ub
[i] 8 82 =64
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[ii] 64 8
N =8!x8! = 403202 ~ 1,625,702,400

2 (n=8,5=2)
LHS UD U-
n s U- nxs
] (=1,...,9 1,2..,q o]
U(n; g, x-+-xq,) q Ulm g <o) 1o,
N+--+r,=s Q,=--=0s=1q U(n;qs)
U- (Balanced design) (Lattice
design)
3 LHS
LHS Sack, Welch,
Mitchell and Wynn (1989), Betes, Buck, Riccomango and Wynn (1966), Koehler and
Owen (1996) LHS
3@ 3 (b)
D LHS (Centered LHS or Midpoint LHS) LHS (©))
LHS LHS
(2 LHS (Symmetric Latin Hypercube) LHS

3 LHS (n=6,s=2) @ (b)
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LHS

D6—l

De
(7,7)

Ye, Li and Sudjianto (2003)

LHS

(b)

@

LHS

LHS

3)

LHS

Ye (1998)

LHS

LHS

No

LHS

(4)

(t,m,s)

OA-based LHS

(randomly permuted (t,m,s) -net)
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y(D,)

n

lvar(f(x))_%w[n_ﬁé], d>0.

(5) LHS (Optimal LHS) LHS
LHS IMSE (
) (Entropy) (Minimax) (Maximin)
s (
) U-
Optimal Latin Hypercube Design Koehler and Owen (1969)
LHS
ubD Agus Sudjianto
LHS UD
4
LHS
(1)
“ LHS UD
( )
y="10x.x)=f(x), (4.)
(2.1) d >0
‘f(x1 X ) f(x1x51<5 xeCs.
f(x)= At (x) 4+ B f (%), (42)
fl’ 1fm 181’" ’ﬂm
e f (Xie and Fang (2000))

minimax
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y=Bufy(x)+ -+ B f(x) +hi(x) (43)
h(x) h(x)
MSE(D, ,h)= '[[f (x)- f(x)]zd X
i) f(x) h(x)

max[MSE(D, ,h)] Hickernell (1999)

Wein (1991) (4.3) (4.1)
“lack of fit test” (4.3) H

Hickernell and Liu (2002)

2
" (star discrepancy)
( )
Hickernell (1998) L, -
F(x) N Fa(x) D, ={X,, X, }
[F )= Fa(x)



K(x,t) N

N Hickernell (1998) L, -
(centered L, — discrepancy) L, - (wrap-around L, — discrepancy)
(€Y
(b)
(c)
N 1 i o 2q_—1 (discrete discrepancy)
29 2q 2q

Fang, Ge, Liu (2002b), Hickernell and Liu (2002)

©)
[1] (good lattice point method)
Korobov 1959
[2] Fang, Pan, Shiu (1999)
[3] (1995)
[4] (collapsing method) Kronecker

u Vv nxs mxt

Dyy =(1,®UiVe 1)

1, mx1 1 ® Kronecker

(Fang and Qin (2003) )

(@

I
7~ N\
N P
PN
N—

<

I
w NP

P N W
~—

P NP NP DN
R P NN W W

N P NP DN B
W W NN PP
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[9] (cutting method)

U,(p°) p U,(p?)
(Maand Fang (2003) ) “ ” p
n(<< p) U,(n°) U,(p*)
n U(ns)
[6] RBIBD (resolvable balanced incomplete
block designs)
RBIBD
RBIBD
U,(a")
( )

Lu and Meng (2000), Lu and Sun (2001), Fang, Ge and Liu
(20023; b), Fang, Ge and Liu (2003), Fang, Ge, Liu and Qin (2002, 2003), Fang,
Linand Liu (2003)

[7] (foldover) L,(22)
L(22) (resolution)
Ye (1998)
[8] P. Winker (Winker and
Fang (1998) )
(Fang, Ma and Winker (2002)) (Fang and Ma
(2001)) Fang, Lu and Winker
(2003) L,
(4)
[1]
S D n=2s°
s w(D)=(A(D).A,(D).-,A(D))

W (D)
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(2001) § 2.7

(Fang and Mukerjee (2000)) 25-p
D L, -
. (13 (3, (8], s AD)
[co(D)] _(Ej (32] +(9j [1+; 5 }
(Ma
and Fang (2001)) L, -

2001 Maand Fang (2001) , Xu and Wu (2001)

Lo(3) UL,(3¢) L, -
0.050059 00493645
Lo(3¢)

(Fang and Qin (2002))

(M1,(D),--,MI (D)) ‘ " (uniformity pattern)
W (D)
[2] 2
S
@ Winker 1998 L, -

Ma, Fang and Lin (2003)

(b) Fang, Ma and Mukerjee (2001) qsr D
(B.(D).+,B.(D)) B,(D) D 1
B,(D) D 2

L, - L, - (Bl(D)f" ’Bs(D))
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Lo(3¢)
ULy(3*) ULy(3*)
[3] d(n,a.s) s q n
d(n,q,s) d, d,
d(n,q,s)
n(q)’s d(n,g,s)
Ma, Fangand Lin (2001)
Fang
and Ge (2003)
36 392
[4]
( )
E(s?), Avez?),
Ave(f2), E(fyp)  Fang, Linand Liu (2003) E(fyop)
E(s?) E(fyp) Ave(y?) Fang, Ge, Lin (2002a)
E(s?) Ave(z?)
E(d2) ( Lu and Sun (2001))
5 (Modelling)
(2.1)
y="F0q.%) (5.1)
F(x0 %) “ Approximate model”, “metamode!”,
“model of the model” (2001)

y:ﬂlfl(x)+"'+ﬂm fm(X) (52)
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foee fo B B
foee £
(Fan
and Li (2001)) (penalized function)
(Li (2002))
Kriging (5.2)
z(x)
=B f (% %)+ 206 - %) (5.3)
=L
Z(X) 011... 79( 0-2 61’... ’et 0-2 181’“. ’ﬂm
MATLAB Kriging (MATLAB BOX) Li and Sudjianto
(2003) Kriging

Morris, Mitchell and Y lvisaker (1993) Kriging
y X;
“Sensitivity Analysis’
y= (¢, .%)= " +z fi(x )+ Z fi (Xi X )+"'+f12-..s(x1"" %) (5.4)
i=1 1<
Sobol (2001) ANOVA
[0 (6 ooex ik, =0, j=10 k. (5.5)
(5.9
J.[01] X )b, - x|,
.|‘[01] . I;Idxk
J‘[Ol]z l:(I:I[dek_f_f() f( )
fo fi(x) X f (% ’Xj) X
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X X
D;
Sj = F
th’...)('[k
Dy,
Stl"'tk :% .
S S S, (sensitivity indices)
FAST (Fourier amplitude sensitivity test) Fourier

Saltelli and Bolado (1998)

“Biometrika’
“Technometrics’ “Mathematics Computation” SIAM
6 Sigma
A. Sudjianto
In the past few years, we have
tremendous in using Uniform Design for computer experiments. The technique has
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become a critical enabler for us to execute “Design for Six Sigma’ to support new
product development, in particular, automotive engine design. Today, computer
experiments using uniform design have become standard practices at Ford Motor
Company to support early stage of product design before hardware is available. We
would like to share with you our successful real world industrial experiences in
applying the methodology that you developed. Additionally, your visit will be very
valuable for us to gain more insight about the methodology as well as to learn the latest
development in the area.
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