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,|��Æ2(o_Z^
f�D7U%� !I-� 
r|������V 7
hl��DY_ 5U�lI_Z-�7}u�cf, 
r|�r Kz7L/|
lYL�Æ�D7U%�n=�-� 
r|�rL/|l�YPNHf,xQr�
Y��RsG7��U��6lu����V�Ji[6sG;hlu�`\re�
5R�V �

AF=�  
r|������V�-�|��%�|lN�

x1 ]Y

�1����V (computer experiment), ��Cl���Y_�M7�V��H_Z7
j7YLCl*�7PN�MY_�����y�>�����V�op7 20 I` 65I
S�M
�`$$/�V|�7_Z$ZR���5Rr`% y57T�7:*~>E(�
r_2P%+@�Z)�m��HP%���w:\7�k�3�5U6al_���%P=
Y_��@�_Z����V �4�t�� x1; : : : ; xm ��:*7�) (Ch) y r;�Y
L+@�

y = g(x1; � � � ; xm) + �; (1)

e p� g �0�7� � ���6� (H_Zq@7YL� � 6a|/ 0). �K7Z7�Æ_
Zu	7!�YL

y = h(x1; � � � ; xm); (2)

=o2��7YL (1) (�Æ+ 1).
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x2 � ����� 2

:*

*�YL

- y �)�t
x1 -

� � � � � �

xm -

+ 1: ����V

/IÆ5_ZQb7!�YL (2), OZz<o_2�t�� P = fx1; : : : ;xng, e 
xk = (xk1; : : : ; xkm) 2 D; k = 1; : : : ; n, D /�t��8
�(o (1) 6a�) yk = f(xk) =

f(xk1; : : : ; xkm); k = 1; : : : ; n, ry�E!�YL (2). /.�Zm
(1) \)^ �zvpf��~m (space �lling design);

(2) \)_"�E�tr�)7�YPN�
/I�+y�GZ4$�k>)�zJ7�V|�PN�s<? EP%'Y (Latin hy-

percube sampling) (Mckay, Beckman and Conover (1979)), -�|� (P2� (1980), Wang

and Fang (1981)), 3F31|� (minimax design)r313F|� (maximin design) (John-

son, Moore and Ylvisakes (1990)):���YPNy�Riccmagno, Schwabe andWynn (1997)

#)IUE]|lYL (Fourier regression model), �z5��dl��o%=�Y�#�/
\spatial modeling techniques" (Sacks, Welch, Mithchell and Wynn (1989)) a�l Bayes

PN=�Y (Morris, Mitchell and Ylvisakes (1993)), Fang and Wang (1994) ��dl/
ID�|lYL�����V7.ud�2�wI�s�u*�-�0 (1994), Bates, Buck,

Riccomagno and Wynn (1996) r Koehles and Owen (1996) :�
Æ2B(o_ZY_�D7U%�{r!O-� 
r|������V 7hl�	;

_Z����V7|�r�'R7o%��YPN��|�PV�5U��l}u�cf, 

r|����YPV�5U��lID�|lYL�

x2 H_;7CME

 
r|� (supersaturated design) �_#�V/��0a)�f�e|�&�7J�
2�7&Gh7f,|���l 
r|�7&Z9gF�u�7$�N�lwz7�V/�
6l=U%��V/�_I7f,�qe�`\�V7(��GOZ�Mf,xQ�l�#|
��- Booth and Cox (1962) Æ/:*U%a=�ru[#|f���_G�
B�PV`
5�
{R��5!H`�ru`\*��V7,Ar�����7M
��>U%tS�M

� Lin (1993) #)I_#l Hadamard ���=d� 
r|�7PN��y)>I_
:J$Z7$n�sh�PV7|�*�rd�PN:�D�6�Æ Liu and Zhang (2000),

Fang, Ge and Liu (2002, 2003), Fang, Lin and Liu (2003) �e�g2?�Æ2�5A��



x2 � ����� 3

8 1: S(15; 3155) LD
Run 1 2 3 4 5 6

1 1 1 2 2 2 2

2 1 2 3 5 1 4

3 1 3 5 1 4 3

4 1 4 1 4 3 5

5 1 5 4 3 5 1

6 2 1 3 3 3 3

7 2 2 5 4 2 1

8 2 3 4 2 1 5

9 2 4 2 1 5 4

10 2 5 1 5 4 2

11 3 1 4 4 4 4

12 3 2 1 2 5 3

13 3 3 2 5 3 1

14 3 4 5 3 1 2

15 3 5 3 1 2 5

>s7hu 
r|�72?�,1I��0xH!���N7�E)MQo|�73
oN*��d�@h73o|�� Liu and Hickernell (2002) Æ/ !IL�c�>|�7
!���Nw-�N�
7:�h:� Fang, Lin and Liu (2003) �0!���Nr-�N
7�)�E#)I}u�cf,|�73oN*��d�I_:J3o7}u�cf,|��
J Fang, Ge and Liu (2002) ����-�N*�;d�I_:J3o7X�cf, 
r|
��"k-*7 
r|�&Z�l=5xQ�V7�r Fang, Ge and Liu (2002) r Fang,

Lin and Liu (2003) \)7PNd�7-� 
r|�[6al=5/����V7_# �
zvpf~m, f/�Y_Z|�7|�<-�;Rw��Vnx]�_Z)s n /�V� ki

Z qi �cf, (i = 1; : : : ; r) 7 
r|��l S(n; qk1
1
� � � q

kr

r
) =���e q1; : : : ; qr �

n 7~��� 1 \)I_Z}u�cf, 
r|� S(15; 3155), ���_Zs 15 /�V�
6a�b 1 Z 3 �cf,� 5 Z 5 �cf,7|����r_Z
r��� L25(5

6) l Fang,

Lin and Liu (2003) 7PNd�J=7�r Fang, Lin and Liu (2003) 6����_Z-�7
 
r|��;V5U�ClV S(15; 3155) = !-� 
r|������V 7�Y4
$�



x3 ��� (Night Detector) �� 4

x3 \NK (Night Detector) SQ

�+ 2 ��7 \3Mf (Steady Current Circuit)"  ��)=M y w 6 Z�t�Hs
h�=1� R1, R2, R3 r R4, =T� Vbe r Vcc. ]'=`R|?�Ch y r

y =
R1Vcc

(R1 +R2)R3

�
R3 + 2R4

2R3R4

Vbe; (3)

+@�e 6 Z�t�H7�Vnx D /�
R1 2 [500
; 1500
], R2 2 [2400
; 4800
], R3 2 [22
; 34
],

R4 2 [270
; 450
], Vbe 2 [0:6V; 0:8V ], Vcc 2 [17V; 19V ].

�t�Hr@h7�)�R�	/ x = (R1; R2; R3; R4; Vbe; Vcc) r y(x).

+ 2: ^
f

HVY_�D�s 6 Z�t�H�5Uo� 1 \)7 S(15; 3155) |�=�b�V�y�
`$�)���_Z-�7 
r|��HT_Z�t�H�e q Z�c (1; : : : ; q) reo�
n
] q Z:*7� (	;GZF<) 2&��Y657�VP�rra� (3) �)7@h7
y �J�� 2  �

5U|Bl x = (R1; R2; R3; R3; Vbe; Vcc) 7 KzL/YL7,YL=!���7YL
(3). 3VL/YLs 29 Z0����OZl|lR7 xQ�H7PNp>b?�='7D�
ru�V/� n < 29, �sh�N (forward procedure) r%�|lN (stepwise regression)

6l��V�DU% �%�|lN7�nouh�N�a;��{l%�|lN657�n�
r%�|lN�5U65;V	; 9 D7,YL�



x3 ��� (Night Detector) �� 5

8 2: OZ?6BV^>P<a y

Run R1 R2 R3 R4 Vbe Vcc y

1 500 2400 25 315 0.65 17.5 0.09366

2 500 3000 28 450 0.60 18.5 0.07229

3 500 3600 34 270 0.75 18.0 0.04111

4 500 4200 22 405 0.70 19.0 0.05919

5 500 4800 31 360 0.80 17.0 0.02482

6 1000 2400 28 360 0.70 18.0 0.16310

7 1000 3000 34 405 0.65 17.0 0.10508

8 1000 3600 31 315 0.60 19.0 0.11293

9 1000 4200 25 270 0.80 18.5 0.10883

10 1000 4800 22 450 0.75 17.5 0.10222

11 1500 2400 31 405 0.75 18.5 0.20441

12 1500 3000 22 315 0.80 18.0 0.23509

13 1500 3600 25 450 0.70 17.0 0.17122

14 1500 4200 34 360 0.60 17.5 0.11697

15 1500 4800 28 270 0.65 19.0 0.13715

y = 0:11862500 + 0:00010711(R1 � 1000) � 0:00003546(R2 � 3600)

� 0:00313784(R3 � 28) + 0:14061744(Vbe � 0:7) � 0:00000002(R1 � 1000)2

� 0:00000010(R1 � 1000)(R4 � 360) � 0:00009838(R2 � 3600)(Vbe � 0:7)

� 0:00819567(R3 � 28)(Vbe � 0:7)� 0:15849830(Vbe � 0:7)(Vcc � 18); (4)

e R
2 = 0:99961769. @h7P�R7 (ANOVA) �r� 3 \)�H��+ (�Æ+ 3) 74

�Ss=�e�k9�e�7�YPN[6a�l�sh 
r|�7�'R7PN7|gw
���l�Æ Li and Lin (2002, 2003).

� 3 �\)I_u7�n��Y7&ZZ7�/Iz
Ch y �Ss��j�57<
x 2 D ,7� y(x), �2? _��l-P6 (mean squared error, MSE) =EHz
7#
E��@c/

MSE =
1

N

NX

k=1

(y(xk)� ŷ(xk))
2
; (5)

e xk; i = 1; � � � ; N �0nx D  ��'o7 N ZCE)R�YÆ� ŷ(xk) � y(xk) �
!�YL;7z���/IEH5U7z��wYL��7�!%E�5U0 D y7-�R



x4 !� 6

8 3: JX (4) >?:@T8
=} -rE cPr -P F � p �
|l 9 0.04762178 0.00529131 1452.59 0.0001

6� 5 0.00001821 0.00000364

/r 14 0.04764000

�H ��f�� �*6 II LcPr F � p �
�* 0.11862500 0.00122245 0.03430157 9416.56 0.0001

R1 0.00010711 0.00000214 0.00913840 2508.70 0.0001

R2 -0.00003546 0.00000069 0.00968659 2659.19 0.0001

R3 -0.00313784 0.00013577 0.00194584 534.18 0.0001

Vbe 0.14061744 0.00848154 0.00100127 274.87 0.0001

R1R1 -0.00000002 0.00000001 0.00005073 13.93 0.0135

R1R4 -0.00000010 0.00000002 0.00006235 17.12 0.0090

R2Vbe -0.00009838 0.00001660 0.00012797 35.13 0.0019

R3Vbe -0.00819567 0.00283045 0.00003054 8.38 0.0340

VbeVcc -0.15849830 0.01334703 0.00051369 141.02 0.0001

)� R1= R1 � 1000, R2= R2 � 3600, R3= R3 � 28,

R4= R4 � 360, Vbe= Vbe � 0:7, Vcc= Vcc � 18.

� ��QoI 1000 ZYÆ<�@h7 y(x) �0 0.0357 5 0.2499. 5UHT_Z<�MI
z����Iz�76� y(xk)� ŷ(xk), �+ 4  \)I�H6�7v,+ (boxplot), @h
7 MSE / 2:4135 � 10�4. v,+r MSE ��X��Znx D yz�6B��q�

x4 cG

Æ2Clr Fang, Lin and Liu (2003) 7PNd�7_Z 15 /�V7}u�cf, 

r|��U%I^
f7�Y4$� !I-� 
r|������V 7hl��D 7
*�YL�l7� Kz7L/|lYL�ÆY_�D=�-� 
r|�rL/|l�YP
NHf,xQr�Y��RsG7��U��6lu����V�Ji[6sG;hlu�`
\re�5R�V �

bW

ÆU%65m
-r5R�� (10171051) r[21Rj`����7+(�5���I
b�



x4 !� 7

0 0.05 0.1 0.15 0.2 0.25
−2

−1

0

1

2
x 10

−3

Predicted Value of y

R
es

id
ua

l

−1.5 −1 −0.5 0 0.5 1 1.5 2

x 10
−3

0.02 
0.05 
0.10 

0.25 

0.50 

0.75 

0.90 
0.95 
0.98 

Data

P
ro

ba
bi

lit
y

Normal Probability Plot

+ 3: YL (4) 7��+r��WN+

−0.05

0

0.05

+ 4: YL (4) � 1000 ZYÆ<7z�6�



���� 8

9IRU

[1] Bates, R. A., Buck, R. J., Riccomagno, E. and Wynn, H. P. (1996). Experimental design and obser-

vation for large systems, Journal of Royal Statistical Society, Ser. B, 58, 77{94.

[2] Booth, K. H. V. and Cox, D. R. (1962). Some systematic supersaturated designs, Technometrics, 4,

489-495.

[3] Q3� (1980). /�~� | �PQO�
X~�"9jn� 
Æ���d, 3, 363{372.
[4] Fang, K. T. (Q3�), Ge, G. N. (Y^a) and Liu, M. Q. (LWg) (2002). Uniform supersaturated

design and its construction, Science in China, Ser. A, 45, 1080{1088.

[5] Fang, K. T. (Q3�), Ge, G. N. (Y^a) and Liu, M. Q. (LWg) (2003). Construction of optimal

supersaturated designs by the packing method, Science in China, Ser. A, in press.

(Q3��Y^a�LWg (2003). n'&QOe�4p"�t~�� �ju�(A l), 33(5), 446{458.)
[6] Fang, K. T. (Q3�) and Wang, Y. (.{) (1994). Number-theoretic Methods in Statistics, Chapman

and Hall, London.

[7] Fang, K. T. (Q3�), Lin, D. K. J. (Kc ) and Liu, M. Q. (LWg) (2003). Optimal mixed-level

supersaturated design, Metrika, in press.

[8] Johnson, M. E., Moore, L. M. and Ylvisaker, D. (1990). Minimax and maximin distance designs,

Journal of Statistical Planning and Inference, 26, 131{148.

[9] Koehler, J. R. and Owen, A. B. (1996). Computer Experiments, in Handbook of Statistics, Vol. 13,

eds. S. Ghosh, and C. R. Rao, Amsterdam: Elsevier Science B.V., pp.261{308.

[10] Li, R. (Av	) and Lin, D. K. J. (Kc ) (2002). Data analysis of supersaturated design, Statistics

& Probability Letter, 59, 135{144.

[11] Li, R. (Av	) and Lin, D. K. J. (Kc ) (2003). Analysis methods for supersaturated design: some

comparisons, Journal of Data Science, 1, 249{260.

[12] Lin, D. K. J. (Kc ) (1993). A new class of supersaturated designs, Technometrics, 35, 28{31.

[13] Liu, M. Q. (LWg) and Hickernell, F. J. (2002). E(s2)-optimality and minimum discrepancy in

2-level supersaturated designs, Statistica Sinica, 12(3), 931{939.

[14] Liu, M. Q. (LWg) and Zhang, R. C. (
v+) (2000). Construction of E(s2) optimal supersaturated

designs using cyclic BIBDs, Journal of Statistical Planning and Inference, 91, 139{150.

[15] McKay, M. D., Beckman, R. J. and Conover, W. J. (1979). A comparison of three methods for

selecting values of input variables in the analysis of output from a computer code, Technometrics,

21, 239{245.

[16] Morris, M. D., Mitchell, T. J. and Ylvisaker, D. (1993). Bayesian design and analysis of computer

experiments: use of derivatives in surface prediction, Technometrics, 35, 243{255.

[17] Riccmagno, E., Schwabe, R. and Wynn, H. P. (1997). Lattice-based D-optimum design for Fourier

regression, The Annals of Statistics, 25, 2313{2327.

[18] Sacks, J., Welch, W. J., Mitchell, T. J. and Wynn, H. P. (1989). Design and analysis of computer

experiments, Statistical Science, 4, 409{435.

[19] Wang, Y. (.{) and Fang, K. T. (Q3�) (1981). A note on uniform distribution and experimental

design, KeXue TongBao, 26, 485-489.

[20] 
v+�.�1 (1994). iv���
X9~�@Pt�(S8� 
Æhy�o, 10, 420{436.


