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ABSTRACT

Computer simulation models are in general quite complex and time-consuming to run, and therefore, a
simpler meta-model is usually constructed for further analysis. In this paper, JANUS, a war-game simulator,
is used to describe a certain tank combat situation. Then, second-order response surface and artificial neural
network meta-models are developed using the data from eight different experimental designs. Relative
performances of the developed meta-models are compared in terms of the mean squared error of prediction.
Computational results indicate that, for the given problem, the second-order response surface meta-model
generally performs better than the neural network, and the orthogonal array-based Latin hypercube
design(LHD) or LHD using maximin distance criterion may be recommended.

Keywords : meta-model, Full Factorial Design, Central Composite Design, Latin
Hypercube Design, Response Surface Methodology, Artificial Neural Network
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0.003 0.802 0.156 2106  0.846 0.555 0.574 0.611 0.796 3133 0.764 1.015
0.834 0.055 0.442 3600 0.525 0.761 0.722 0.204 0.574 3400 0.589 0.855
0.060 0.093 0.745 2208  0.541 0.978 0.907 0.648 0.167 3733 0.780 0.562
0.460 0.317 0.667 2929  0.637 0.922 0.463 0.870 0.056 2933 0.875 0.483
0.754 0.256 0.535 3458 0.611 0.827 0.167 0.019 0.093 2400 0.509 0.509
0499 0.751 0.406 2998  0.824 0.735 0.241 0.722 0352 2533 0811 0.696
0948 0962 0213 3806 0914 0.596 0.982 0.352 0.722 3867  0.652 0.962
0201 0.383 0.871 2463 0.666 1.068 0.796 0.833 0.130 3533 0.859 0.536
0.174 0.504 0.299 2413 0.718 0.657 0.500 0.574 0.870 3000 0.748 1.068
0.107 0.602 0.491 2292 0.760 0.796 0.759 0.759 0.426 3467  0.827 0.749
0352 0.884 0.462 2734  0.881 0.775 0.019 0.389 0.204 2133 0.668 0.589
0283 0.150 0.289 2609 0.566 0.650 0.426 0.315 0.685 2867 0.636 0.935
0.799 0.032 0.114 3537 0515 0.524 0.870 0.056 0.389 3667 0.525 0.722
0.583 0.356 0.906 3150  0.654 1.094 0.130 0.093 0278 2333 0.541 0.642
0415 0.721 0.928 2848 0.811 1.110 0.056 0.796 0.611 2200 0.843 0.882
1.000 0.834 0.576 3900  0.859 0.857 0.278 0.278 0.500 2600 0.621 0.802
0662 0.642 (.83t 3291 0.777 1.040 0.204 0.685 0.759 2467 0.796 0.988

(linear correlation coefficient), k= 31ZH 42
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3.24 Orthgonal Array-based LHD: LHD_orth
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(% 9) Xublig Ly25E 748 LHD
coded uncoded

Hoae] 95E wEy | Ao 95E ey
0.074 0074 0.111)] 2233 0533 0.522

0.185 0.148 0.667 2433 0565 0.922
0.037 0.259 0815 2167 0.613 1.028
0.222 0.630 0.037 2500 0.772 0.469
0.148 0.593 0.444 2367 0.756 0.762
0296 0.444 0.704 2633 0.692 0948
0.259 0.852 0.074 2567 0.867 0.496
0.333  1.000 0.407 2700 0931 0.735
0.111  0.926 0.926 2300 0.899 1.108
0.407 0.296 0.148 2833  0.628 0.549
0519 0.222 0.630 3033 0.597 0.895
0.630  0.037 0.963 3233 0517 L1135
0.667 0.407 0.259 3300 0.676 0.629
0.481 0.556 0.519 2967 0.740 0.815
0370  0.519 0.741 2767 0.724 0975
0593 0.704 0333 3167 0.804 0.682
0.444 0.741 0.593 2900 0.819 0.869
0.556 0.889 0.889 3100 0.883 1.082
0.704 0.185 0.296 3367 0.581 0.656
0.778 0.111 0.556 3500 0.549 0.842
0.815 0.333 1.000 3567 0.644 1.161
0.889 0.667 0.185 3700 0.788 0.576
0926 0.370 0.481 3767 0.660 0.789
0963 0.481 0.852 3833 0.708 1.055
1.000 0.778 0.222 3900 0.835 0.602
0.741  0.815 0370 3433  0.851 0.709
0.852 0.963 0.778 3633  0.915 1.002

A QA 3helr] Ao 27 ok 54
28E o3} o] oA

(E 10) zt AleAIof & Algajold Z1H(UER)

A% ccp_jcep_|eep. LHD_|LHD_|LHD_
W FFD RSt | RS2 | RS3 LHD maxi | corr | orth

1100710200 ) 0.200 } 0.200 | 0.389 | 0.080 | 0.389 | 0.067

26 | 1.000 | 0.182 | 0.286 | 0.571 [ 0.412 | 0.438 [ 0.067 | 0.500
27 | 1.125 {1 0.438 ] 0.154 | 0.227 | 0.250 | 0.069 | 0.238 } 1.000

y = Bo+ BTy + oy + 375
2 2 )
+ 81121 + BagTy + P3373
+ 81212y + B13T1 T3 T Oy3Zo23 H € (7)

AN, 2, 7y, 232 72 HRAAR, BF
5, w3ys vt B =FdAMe A9
full model 23] WAdd AL A ¥} 7
AFe 2ds &gt &, SAS[21]19 =&
715 3]9(all possible regression) 4215 43§35}
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(B 11) 27 cfg 3[7=2Y ofEE s

(F 12) 2I30dY 28 oj&3 bl

A 1 2 3 CH Al g7

0.02217 | 0.02187 | 0.01994 | 0.02133
FFD 0.02101
10 [ 0.02135 | 0.02024 | 0.02050 { 0.02070

cep | 5 | 003374 [ 0.03409 [ 0.06395 | 0.04393

0.04365
RS 11 10 | 0.05519 | 0.03665 | 0.03826 | 0.04337

AQAE (A4 39 4 A & MSEP
FFD 6 X1, %y, Xay XiXgs XiXa, X5, | 0.01424
CCD_RS! 5 X, X, Xy, XyXy, Xty | 0-02367
CCD_RS2 4 X, Xy, XiXg, XXy 0.02327
CCD_RS3 4 Xy, Xg) Xikg XXy 0.01934
LHD 5 Xy, Xg Xy Xy 6 | 003222
LHD_maxi 6 Xy Xy, Xy Xprg, 15, 25 | 0.01645
LHD_corr 6 Ty TiTg T, T2, 1, z2|0.03319
LHD _orth 5 Xy, % Xy ks | 0.01693

ccD |5 | 0.04192 | 0.04492 | 0.04352 | 0.04345

0.05109
RS 2} 19 | 0.05572 | 0.05401 | 0.06628 | 0.05867

ccp | 5 | 003303 | 0.03207 | 0.03345 | 0.03285

0.03438
RS 31 10 | 0.04185 | 0.03173 | 0.03418 | 0.03592
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LHD maxi¢} LHD orthg dlo]e]& AAlsle] 2
2 o} 3| ARY o AR d9 & e] &
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A58 L gk

QAT i o5 vz A= <
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5 1 0.03575 | 0.03198 § 0.03790 } 0.03521
LHD 0.03921
10 | 0.03686 | 0.03499 | 0.05776 { 0.04320

LHD { 5 { 0.02094 { 0.02123 | 0.02188 | 0.02135

- 0.02170
maxi | 10 | 0.02240 | 0.02214 | 0.02163 | 0.02206
LHD_ 5 {0.05636 | 0.02989 | 0.05573 | 0.04733 00515
com | 10 | 0.06721 | 0.03202 | 0.06566 | 0.05496 |
LHD_ 5 | 0.01885 | 0.01819 | 0.01988 | 0.01897
0.01941
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(E 13) HEIZY F%f Hin 24

99 71 | ARAAE | 2% o

A& g 2y AR
FFD 0.02101 0.01424
CCD_RSI 0.04365 0.02367
CCD_RS2 0.05109 0.02327
CCD_RS3 0.03438 0.01934
LHD 0.03921 0.03222
LHD_maxi 0.02170 0.01645
LHD_corr 0.05115 0.03319
LHD_orth 0.01941 0.01693

= FFD2F-2] dlolefo] A3A|7] 3] 239
A350] 71 $asielon, AR ARAYY
¢l LHD orth¢} LHD maxi®] o&=€%E 9434
Ao2 B9YE 4 ook FIDE Jguse) 47}
Bol 4939 471 348 2oleke 2AY
o] 9ler R FHFE AGAHH sl B3k
o, & =59 A dajMe AgAg ez
LHD maxiv} LHD orth, 18]3 2dg 7]ye
2 2% o HARYE FAT 5 ook

5.8 2

2 =EdMe gAY 2l dd derde
Y] s, WA gdedmA, 4o &
& Ayl %“—7}51 FA A, LHD, Hd
a2 7155 A43 LHD, 43A S 7188 4
4% LHD, Hasjd & ©] 43 LHDE 747 74
sich. 743 A njet JANUSE &4
3l dloelE Ak, FAE dlojelo] s
HHEEHENEIAEY) 2 AFAATE A4s
°1 HAAY E%oﬂ A3 oed s ok
-2 MSEPE 7]&22 w3}
“E} o A3, 21} 3 2ello] AFAAT
zRo dubg e g 943 33 L vyt o

Ao L AR, £ =89 EAq o
84+ LHD_maxit} LHD orthZ 433} d|o]¢]
ol A3t 22 e} S A RS A3 veled
2 3% 4 Qi

H|E &R —E’—zﬂ ZFEY ZAFe)A)ul, B QF
o Azt & F5¢ AL 21} HhEE 23 &
LA 73} 7-]0]1:]. =
A&} AR w2} <l /‘Js' Bet o 53 o
542 ATYE % Al—% Tz 23 g 2
B 239 4% Adoz golshd. geid,
et AL A shel S ke a4
3e¥ st ik

£ A7 AEHeldE Fo 4% HA
E dloJej g AHgste] dletude HFslgle
u, B} &) = AsiA= oA A
A3 Qe AR AP 2R doleE 84
& st Qlok okgE, B deAe Ax A%
Aseke gl e, £ AFdlA AR dee
2 S B} B3hsha ookt ﬂﬂ o 283}
of 2 B8NS AR 22 A A, ndd g
87} giek g B, ATFE FEEAE 23
JICM(Joint Integrated Contingency Model)% |
@ Fl 72 dikE "7 5 slE 2ol
o] 2dlg o] gale] mlg Alde) 227} Q1Y %
Alo] ohd ] FAe2 wsidcky Y& o A
Aol vlXe P& fdshs 4] ol X—i%ﬁﬂ
£ Uds Aol

=28

il

(1) Z&d, 2 4, 2=, “244 A2 949
3o FAA A< 2 A4”, 2004 IFFF
Agts] FA dedls] =E, 117- 121,
2004,

(2) Barton, R. R., “Metamodels for simulation
input-output relations”, Proceedings of the
1992 Winter Simulation Conference, 289-



(3]

(4]

(6)

(7

(8]

(9]

(10]

299, 1992.

McKay, M. D., Beckman, R. J., and
Conover, W. J., “A Comparison of three
methods for selecting values of input vari-
ables in the analysis of output from a
computer code”, Technometrics, 21(2),
239-245, 1979.

Stein, M., “Large sample properties of
simulation using Latin hypercube sam-
pling”, Technometrics, 29, 143-151, 1987.
Sacks, J., Welch, W. J., Mitchell, T. J. and
Wynn, H. P., “Design and analysis of
computer experiments”, Statistical Science,
4(4), 409-435, 1989.

Shewry, M. and Wynn, H., “Maximum en-
tropy sampling”,
Statistics, 14, 409-435, 1987.

Tang, B., “Orthogonal array-based Latin

Journal of Applied

hypercubes”, Journal of the American
Statistical Association, 88(424), 1392-
1397, 1993.

Ye, K. Q., “Orthogonal column latin hy-
percubes and their application in computer
experiments”, Journal of the American
Statistical Association, 93(444),
1430-1439, 1998.

Owen, A. B., “Controlling correlations in
Latin hypercube samples”, Journal of the
American Statistical Association, 89(428),
1515-1522, 1994,

Tang, B., “Selecting Latin hypercubes us-
ing correlation criteria”, Statistica Sinica,
8, 965-977, 1998.

Morris, M. D., Mitchell, T. J., “Explora-
tory designs for computational experi-
ments”, Journal of Statistical Planning

and Inference, 43, 381-402, 1995.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

- 73 -

Joseph, V. R., Hung, Y., “Orthogonal-
maximin Latin hypercube designs”, Stati-
stica Sinica, to appear, 2006.

Lunani, M., Sudjianto, A., and Johnson, P.
L., “Generating efficient training samples
for neural networks using Latin hypercube
sampling”, Intelligent Engineering Systems
Through Artificial Neural Networks, 5,
209-214, 1995.

Alam, F. M., McNaught, K. R, and
Ringrose, T. J., “A comparison of ex-
perimental designs in the development of
a neural network simulation metamodel”,
Simulation  Modelling  Practice  and
Theory, 12, 559-578, 2004.

Simpson, T. W, Peplinski, J. D, Koch, P.
N. and Allen, J. K., “Metamodels for
computer-based engineering design:
Survey and recommendations”, Engineer-
ing with Computers, 17, 129-150, 2001.
Allen, T. T., Kabiri-Bernshteyn, K., and
Bamoradian, K. K, “Constructing meta-
models for computer experiments”, Jou-
rnal  of Quality Technology, 35(3),
264-274, 2003.

Davis, P. K., Bigelow, J. H., Motivated
Metamodels, RAND, Santa Monica, CA,
2004.

£HE, #34
7lg ¥
2001.
Box, G. E. P., Wilson, K. B., “On the ex-

perimental attainment of optimum con-

, T, 01§ HFYY
FFE A, FETHAT,

ditions”, Journal of the Royal Statistic
Society Ser. B(Methodological), 13(1),
1-45, 1951.

Montgomery, D. C., Design and Analysis



of Experiments, 6th. ed., Chapter 11, John
Wiley & Sons Inc., New York, 2005.
(21) SAS/STAT 9.1 User’s Guide, 2004
{22) Phadke, M. S., Quality Engineering Using

Inc.,

1989.
(23] MATLAB v.7.0.1 Manual, Backpropaga-

tion in Neural Network Toolbox, 2004.

Englewood Cliffs, New Jersey,

Robust Design, p.293, PTR Prentice-Hall,

(ISPNEP/ |

4 U o (E-mail : kt330@kaist.ac.kn)

2003 SRR $43s E4(EHAD
2007 g ae7]e4d AR 444D
&4 STEysy P 28F

FAR  ARAYH, v 243 7y

d % A (E-mail : bjyum@kaist.ac.kr)

1971 Agdstz Zapet Aages (3
1977 odE FAde AdEst (A
1981 ostol 2 FAckst AbelTetat (hap
) gEneb) e Agests 24
BT} FAT, AHAT, doly) woly




