st2EAsts =2 DOI: http://dx.doi.org/10.5351/CKSS.2012.19.1.065
2012, 1949, 1%, 65-75
(0] AFALI G (=1 ll=;]
OI'OI UaI Co:l I'" _l|: I (A Eolz-ll 7:"%! =
Zygyte sy st
“EUCH St AYSE, PR AL &t S| 5t}
o Ok
BT |
AP ol ol o) BAFS 48 S A-H A4 LAIE 2P0 B3I WAISL Art
5. AW G olbl A R Y| $RAY 0] pobn g mye) By o & ddstelobAnk £ o
Foll A= 9 i (extrapolation) 4] Sell A 7182191 3744 A7, = AloF AW HehH 4 A, 2] 7w B3
A9 5§D Mze ArAY 4Y 271X E xﬂc&s}w. 223 ARG ele) uigo] 128 1o
A7 AE G EE doht Mool w2 AP Al st JFEE 13t Bodrt. A 54%
4 g S o) g3l sl T
FR2E0(: MAMY, DHERAMY, Mo, SetAY, FAF MY, G LdT2|E

1. M2
2 A28 A 2] (optimal experimental design)2] 27] =EE- Zo]X B3 oA $£3HFQ A7)
ol e AFE AREAPNA AlFshe AE0]l 52 olFAh 2t o]d o9 Al A2 AR
A H o)A ofrt. shupstd A Ak Belof A3k 2H4lo] 100% A ok # ot AP 7E o
Al shzt obd B-9-7F W) w2 olth 53] AP GG Blojd HollxY it Aol Eohd o ¥
3 Al v 2wttt A ddolAe RS APATL Sl AL AR gtk s = AR
oé“’—.ﬂ% Hojupd 2ol that 2244 o] S718H7] wiEolth. Box 2} Draper (1975)2] =w< 7132

O

2 o|#3 o] 20 H AN AT HL t}ok3l B2 vl vheko 2 44 Hew 9t}
tow WY ook Ao A (L) 2 mA YR P57 2L 7S

YO =0+ ) 0 = fl+e, (xeQ), (1.1)

i=1
A71A (o RS, () = (Lx,..., X0, 07 = (60,61, 0,)> BFHE 08 22|30 e 7]
ko] 0013 BAL AW £4 glol o = 19 FEAZolth. 0F APAolrk. & AoA

EQ=[-1,112 243k AFAY BAE 4RI Qo i s7he] Mol FRA T A ®
oshe B8 AFPS, £2 76T 5 ATk AFAYolNE BS @) A5 no] BE AFVSE 7
Sk né(xp), i = 1,2,..., 57} Bgolofof = A2 A dthd o] & A& F (exact design), L& ]
32 395 AL 3 (approximate design)©] 2} gtk AL RE o] @A AN A G Lok A7
SAYE 7te 2 Frt

o &£ 20101 % Foh st Ul st ] A 9L wop -3 2.
PAAARY: (456-756) B 71 % HAA HEE Y] At 40-1, TN A2 A GER, L
Email: yikOl @cau.ac.kr
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A (LD BY f03tl A 538 A4 29 B4L 4 (12)9 2ok

vi(€.2) = f] QM (&) [,

—~
—
3]

~

714 Mj(x) = fgfj(x)ij(x)f(dx)i A B 8 & (information matrix)©]t}. o] AHPH-L2 A sufjof] &
T AH] FS SAs= 2 AFodlA = vl 5] (nonsingulan) 2 71 sitE. iR A Q1 H AL EA
Y7182 M09 72 Histels ARAY, D-H 4, z € Q1 A% F4ke] AF, maxeqvi(€ )=
Haslele AFAY LS G-FF, 283 uMHE H43} = AP7E, A-HF 5L AFE 5+
. D-3 A3} G-H AL FAolth. 181 G-HA StollAe AP IS Hollxe 4k Az =
2] Mg, m + 13 dA$e} Kieferel Wolfowitz (1960)2} Fedorov (1972) 5ol 23Hd ol& &
A (equivalence)& EQleHs 27 o] Hr). |3 & A7 13 & o A7 EL 43
2 (extrapolation optimal) ot} %, THISI TR G o] () Stol A /b AB e whgel 1 2. < ¢ Qo

2hd 4 (1.2)9) 2 HAsshe 2872l
A 28NN B AT AFT A4HH A 0B BAGH o1 A% 27H4 T AP Ge

A
B23o] SdTEA 7ol enk=

52
¢
oY,
o
N
N
(i)
==
ol
>
X
i)
)
B
T
>
Qe
)
o
rlo
LY
NI
o
[
2
o
>
i)
o

] 60 dt) AF= Yt} Kiefere} Wolfowitz (1964), HoelZ} Levine (1964) S5-& t}a3] A 2 & of tis
A AR S E FE33TE o Uolrt Studden (1971)-2 thitha}s] 7 ol tf st s & gt
ul gl 2eju AR Q ol e A 2 ¢ 0ol B3t BALS H 43} sl ARE A143 R
B S o ae 5= ok djubstd AP g S Hojus 2o 71 o] §-2| 7} H of oF 317 wo]
th o3 A5 Aol £ Aol &9 A (obust) APtk 5 whe ] Ry o] 7H3 ByYh
sEC S S8 HollA 28 A vz ok A9E ARdl Fsks Witk o] 9% A WA
A=7} Huang#} Studden (1988)°] 2]3l Al=7} = gt Fol7 RYoA ojg= & BPES st
gAY Yo R B o|&E &= P AlF L XHMSE)2] Hujghe 2 Aslehs o] 24 =g %
Feh b gloh ey o] w2 BAZF 0 R go| AMEHE AF FoE AP B8 S V|FOE =7
< AE Zo] oprh
B AT TAA AW 95 A (1.1)2] B8-S 4] (2.1)3 o] &3 3te] B},
y=fr0+e=fl00+ > 6x +e, @.1)
i=j+1
A7|A BEAE 07 = (0),61,....0)% j+ 13EE 7HATh 4 2.)2 4] (1L.1)9] BFAGE 470
T Aoz o] Byo] A (L)Y 4 & Yo} Aol mebd e 4 2.1)9] &2 23
y=fl (00 +e€ (2.2)
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Qitom wgol vk BeAge) £4) s A5 Baol: 3744 el EAF Aok
& (constrained experimental design), 5§ & (compound experimental design), 1&8]1 ] 4-Z A
¥ (mini-max experimental design)©] ZZAE o]t} A2 F-L Stigler (1971), Cook¥} Fedorov (1995)
)30 Lee (1987) 5] 15 =217} 6l k. ole) Ao AR AR 5B E S A A2k
£ S F-2 Lauter (1974) 0] o] 3 A <= 9128 Cook ¥} Nachtsheim (1982) 5ol &J 3l 75 30w
A2-HYAFL F o] ALE F43IA] 7= B4R vbE 0 2 Wong (1992) 0] E0)] A| =7} Bo| =
At ol WS Ao Ao Zaol sl o 2ot Atk
at-F8: Aie AT AY 9] AA-1E82 tha ) 2ol Fo et

N Vi€
(Pé (fj) = vjj(é.f, 2) ’

o3 714 §vzéd Qoll A fi(x)°ll T3t 2] 44z A A F (optimal extrapolation design)©]t}. ©] &2 03} 1
Aol €] %)Coi Ao P2 HAAEA 22 EES 7HA7] A= AE 2 o] BEY 5 uhE v
Fofof stth= Q)& 7HA 2 itk HIREHAl D-71EE AT AY £9] D-2 &9 G-E82 v 2
o] el Hrt.

D-82&: D-ZAL Y38t A ¢o] p-F&L t}23} o] A3t}

Jj+1
" |M(&)]
(&) = { 3 ] .

(&)

o714 & & fi(x)° thek D-2] 24 3 (D-optimal design) ©] .
G-28: G-HAE AT AH ¢ G-T&2 3 2ol st}

. Jj+1
#6)= o e

o 7]1A4 &x fi(x)oll thek G-2 24 8 (G-optimal design) ©] t}.
= AL AR7E, yoleA Ao & Al FLate] 2 A7 = A4
¢g(§ B Z718c) 7de] AWEiH AfVE g VISR HAFAY, o s A3 o] THA=
E&olth
oA \_TSL'G]"’GIEO] B35 2702 7Hgskal F By EHEPJP‘ AR, & 0= 1,200 thsl AE &7
7WAe BEE ¢:(&), i = 1,22 Shobd H A A FLFA G2 th3 22 Al ekx 5]’01]/\%-4 B
e Az o= A Y % 7;%%-5'— A7F =t

max ¢ (£5)  subjectto ¢ (£]) = c,

A7 BA A 12 APA ALY SAR o B IA S HES Gl £ 2L uls
T AE 2 2 BRIl B Ao shgeh AWI1EL etk Eok ek ARAT SAA 0T S5
A o 58 gelth BAHOE AUA o] SIS B A 21 FEE T el 20

slgets =aol 4 (Lol 4 .12 ARl o2d At PALL Lee (1987), Cookt
Fedorov (1995) 5ol ]8) @177} A% ik, Tejup Aok de] A2 2 ok 2 7o) st} oful
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2 ni=1,.. m
7] wjzoltt. o] —E—Xﬂ% uangJJ— Wong (1998)4 %Ug%s'/} 7 OEI (2002) S-0] Tg-zi} =3}
o] |11 (2007) 0] AIFsEAR o] HA-Hoh W Al kA A o] Z3HE FE)

%Z“e‘fé‘ 1 = Liuter (1974)°] 9J3)) Alzo2 45 3o o= 75‘01 AvgE. ol A5
<=

ohe AR L 2 AL AAUD, 6 1= 12 kA A 4H 1A
S8 . 1= 1,2.... ke TP BePAT £8 k23 2ol Ho)m = Agelth

o
38
M
&
m]o

max @19 (€1) + aadps (&) + - -+ + r (&),

A7V are ABAT} BASFAoF Bl 0} 1A}ol2] ol T ¥ay = 100]Th. BTR o, 1/k2 3T}
TSl = A 7 ihe) BE Bl thek H A APl ofs /bt BeL A gk APAS A4
St o & AT A2 oYty 28 Xil%gsu ] 37 o] Ae] RS AT Frgs 753t
71& o]t} E4314 Dette$} Huang (2000)2] =82 t}3tR 3] x}57t ma} 2m$l A )4k B34l
Hg chio] Bkt

53 Cook 7} Wong (1994)0] ©J5) B3AUAL L 448 AlkxAe] Y4so] glom tjekgo
= AR AL st sl (solution) = FRAHT. T AR7Ee) 5Ag0] Bk AL gL 1S
o =BE B v

upAl ke 2 ) 4-F o (maxi-min) A& theat Zo] AW ETh k7R Ry e ALY, &,
i=12. . kol thell AE 7} 7MA = 82 ¢e(é),i = 1,2,... ket hd H 4 ¢
Zol Zgejdrt.

m;lxmin%(ff), i=1,...k

o] 4P v B Yoz wYo) k= 2749 B9 ImhofSh Wong (2000)0] 7 35150]

0e&) = 0e&)7H 1o MTTE. o WL A9 F ol wls) AFATE BASHE R Gl ek 7HEA
£ Polahx) 23k walol Atk

1472 4 -2 ©]7] Hoel3} Levine (1964)°] €13} AHAo] BHEI7R T £,(0€ 2 ek 7

4 Bol A ABIAL Aol H, ¢ Qo BT 4H- = A £, 42 AZTe glek. 14k He)

A m+ RS WP oNA DL 7 of AR T (1 - ), (1)9] 2(roots) © 2 o]

Atk o714

sin{m arc cos x}

Um—l(x) = .
sin{arc cos x}

£ 2% (second kind)®9] (m — 1)HA] Chebyshev that4]o|th. 18|31 Li(x)E jHA T HolA 215
A Y4t thak4] (Lagrange interpolating polynomial) o] g} Shchd &) 28] HojAje] Ao tj3-3}
SESEES
|Lj(Z)|
St L@l

Tk AolA AFatRel olEd S f,(0°] APFAL ol helehs ehga Aol oful Bk,
aejihz ¢ Q7FQE ol Mol 9ol rhE olej @ 4L BUAo R Bebgs Ak o Sof

(j=0,1,...,m).
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Q= [-1,1]°]2 z = L.19]A] z = 2022 FoJZthy Fo|X BF o] AL {FA7F Ak 212 o H
Dette 2} Wong (1996)> 01X T3] A P9 ap7F 270 o|Fstol® 7 ¢ Q7F AT IGS 2
Hojud I 5 o4f-a&o] F43] vhibdS En) 9lok webA Kussmaul (1969)9] £ A5
AGFo & Ad HPHLS gALUxﬂo] AL 280 gk Wong (1995)= JAr-Z Auke] EA| oA Hol}
i-H A D-F A (T2 A-F )0 g2 74 BFAEE veste] Byt a8y aE D-HHL
T3 2o EH@-J“ AR7)Eolet Ry o] B2 A& the A7l 28 = sty wehA
Dette2} Wong (1996)¢] oj2] 2| thdt oJ4-H A 50 EFAF7|ES LRt o] 2AA & +
ottt &, vt 22 BATSE AU o A @750l tist o] 24 s & 5 vk ATk

g (£) + @t (€.1) + -+ anpud (62).
A7NA ke FoIX B fi(x) ks A7 52 filto= S8 FAfolth. gutder ‘C jEr/P lo]‘/‘r
27} 2 Ao Tt liﬂuro]a@élﬁdﬂLﬁﬂﬁ‘ﬂiﬂ@@@o]ﬂi_‘%ﬁé ]% fll=
2] Wong (1995)°] Al QFat3ix o] < 4F-2 A k] EA ol A Hojut & 4-2 A3 DG -4 J4'-4 5@’@
@& 7717 (robustness)= 112 5to] ThE3 o] Al bt
Holl. t23 22 A3 8 2 fi(nol the E3-Al<F 2] 44 3 (compound-restricted extrapolation
design) o] 2} st}

i)

m‘?xa1¢£ (‘f ) + a’z(f)g (§/+1) + o4 a'k_j+1¢’§c (62)

subject to ¢y (§ ) + ) (§;+1) o g (fZ) zc
Ol 2. T} 22 A £2 B fi(x)oll tht H A of-A) <k 2] 414 3 (maximin-restricted extrapola-
tion design) o] 2} 3tt}.

mfinmaxd)g(f;‘), I=j,....k

subject to maxmln >c, l=j,...,k
] : ¢f (f) J

9] 13+ 29] AFRANNA et R g et PR A o] of Skl AR7IFl 27
ol w0l Alokz7 AP A4 ¢, 0 < ¢ < 19} Zo] A3k ok ALk, o] F AAsY] Ash =
Az Aol 448 @71+ HAhghe vig] grEstojof vk a2|ar o] FETh FA & AA st
ofof gt} o]= 3- oA o & B3 DI =T St

Ao Azl Yee AdVEE D-FHHoR /§7§‘8}0ﬂx]ﬂl—-?40ﬂ/\1 ggs}ﬁc o] D-#=A
I G-H AL FH012t 37| W G-E 825 AAT 4 vk T3 Atwood (1969)+ Fol X &g
of 3 G-F&-L D-EL] 313 S Al Fdrh 319 ong D-F§S AR AFehe ﬁi% G-
&< HAIGY] D-E8S 2ol P E AAste] B 4 Joh. 28y & AFeAs D-28NE Ve
o= 3},

8] 17} 49 29 A2 2RO hes 3 AR A7k 3714 S e9e AY
olgt B 2= 9l ﬂ’S—rXﬂ% TIH% QAR A 2pAH 2 ol gl B of THet BEAAS 785t
7] wjZolth. webA AT F 9l w325 (exchange algorithm)2 28-7] o] ¥ty Ss T
A = AFM e FR duEe At 1 85 Feidnh. FRGYES o] 1§
AZout 9th. Yum¥} Nam (2000), Park S (2005) #18}7] vigich. Fud oz B oA
oloj 7 wuj &} SAM &L 747} 0.10,0.058 ATt Al 3ENAE Ao 17} B 204 AF
HAFo st A E z>1,2=1.1,2,4, Q = [-1,1]& FALSZ LolH T = 3T} o] A 7] 39
A2 Dette 2} Wong (1996)2] =F< w2 Zlo|t}.

fr



~)
(=]
N
02
1°
0z
ul
o

B 93 RE DG4 9 o)A 4
D(G)-3 & =D =£0) =
AHA, =11 £(=1) = 0.0455, &(1) = 0.9545
A4, z=2 &-1)=025 &1)=0.75
QA A, z=4 £(=1)=0.375, &(1) = 0.625
E2: 224 3AEE DG)-FA 9 Y424
D(G)-H A &(£1) = £(0) = 0.3333
AAHAA, 7= 1.1 £(-1) = 0.0387, £0) = 0.1479, £(1) = 0.8134
AR, z=2 £(—1) = 0.1429, £(0) = &(1) = 0.4286
AN A, z=4 &(—1) = 0.1935, £(0) = 0.4839, &(1) = 0.3226
E3 4 AYg 24 3 ARY D-H A EFAY
@ ¢
0.2 £(0) = 0.3018, &(x1) = 0.3491
0.5 £0) = 0.2296, &(x1) = 0.3852
0.8 £(0) = 0.1005, &(x1) = 0.4497
E4 AZI B s A= 2L AN SFEE
@ G # &) a1gg (€) + (1 - a)gf (&)
0.2 0.8356 0.9976 0.9653
0.5 0.8776 0.9726 0.9251
0.8 0.8188 0.9484 0.9225
3. oflAl

2 Aol weiste BYY et 2AR wesjaith. AP WA R G 2% )7
B8 Z oju 2] Fo] Bao] Yx mex Ae|olty. o|#d AL Dette} Wong (1996)2] =5
A WX utE 7)E o2 ARGH Ak 2EAl 2 ¢ QF z = 1.1,2,49] 3714 k& 1eidith 24804 4
4 37 7he] Mz Al tigt s & Folr]del ool Eae T B 7HA AF S oAlA 15E A

40| A © 7] 5] Hrt.

oAl 1. T3] = Ho) ofs) D(G)-2 A 21412 4 8.

PGS Q = [-1, 11904 BRG] ths) DG)-H AT A4H-H A AP E 19} 2ok <
Q7} 19 A7 ARESS £ gl ARG L 4 Gtk z ¢ Q7 194 Ho) A4F AY
D(G)-AA, (1) = 0.590 A7),

oA 2. 2 }ﬁﬂ ol thall DG)-H A3} A2 A A3
AEID Q=[-1,11914 22 F A 2o thal] DG)-H A7} 9|42 2 AP 5 29} e

oA 3. D317 w P} 2% 87 B Pol vhs] D-H % B,
BHFARIE a0l + (1 - gl ATheshe W72 APS £ 339 2k 2 AR <
ot e 172 T A A 27 SR golth 1w A4R B Yol e B8 L 7o)

A ) BPEEoITh Fo ot oo g E 49 Aol BFE LR WA 4B,
7

B 22 3712l v D-2 A HaFH LY.

o w

.L/
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FFl

5 D3 AR F 22 BT R ol sl D-H A HAH A

£ AGY # &)
£(x1) =0.4191, £(0)=0.1618 0.9155 0.9155

D EEAG AL E =02

s
o

z &
1.1 &(—1) = 0.1653, £(-0.0747) = 0.1828, &(1) = 0.6519
2 &(-1) = 0.1504, £(0) = 0.3987, &(1) = 0.4509
4 £(-1) = 0.2052, £(0) = 0.4528, £(1) = 0.3419
27 B-ALFd44E =05
z I3
1.1 &(—1) =0.1761, £(-0.06281) = 0.1797, £&(1) = 0.6442
2 &(-1) =0.1702, £(0.0003) = 0.317, £(1) =0.5119
4 &(-1) = 0.2392, £(0.0003) = 0.3619, £(1) = 0.3989
8 E-AlF 4 o=08
z 3
1.1 £(—1) =0.2158, £(-0.0694) = 0.0787, &(1) =0.7055
2 £(—1) = 0.2296, £(-0.0003) = 0.0872, &(1) = 0.6887
£(—1) = 0.3646, £(0) = 0.0280, &(1) =0.6075
29 2o tis] BFAFAFH] 7MA = D-E&H 4 &, a=02
z #2(&}) L&) G #(&)
1.1 0.7711 0.8072 0.7283 0.9005
2 0.7148 0.9004 0.6013 0.9963
4 0.7270 0.9502 0.5472 0.9961
H10: Z 2o tis) EFAFLHo) ARXNED-TEH 4 E8,0=05
z G # (&) G ¢:(&)
1.1 0.7825 0.8173 0.7221 0.8893
2 0.7514 0.9068 0.6821 0.9450
4 0.7827 0.9769 0.6381 0.9395
w3l mlngmalxl(b‘f ), =128 7|02 3Tt A% 2 7t 23] tfst B &2 E 59 2t &
gol F el A= 2 gt &2 A3 Fol 2t ¢ e & 52 09155E T} WA

o
ATk 24014 AHe 4P Ak,

aﬂ;(-]]5 E’Cﬂ- xﬂolzgﬂ- 1@.
A kzA0)| RS = 4 = F 40X AFST D-HH BT B &
oz dAstth @ = 0.2,0.5,0.800 whe He-Alek A de 7 £ 6, &
—'—'—9 10 l‘ﬂ—'-——u-ll\_ Eo% ioﬂtH—Hﬂ'Z]LE‘g ]Q’
7F2t 23l A-L i o)Ak 00] ofUt}. o] Wong (1995)°] A &3+
Ao g doju= ddolth. o 3ol AVAA 38 By o' XA

SR} 2 0.894 o
7, 183 E 83 2t}

9)41-2 A3} D-2 A o]

o]
I 3¢ 2> 170] 194



7 2B, Fi

Olok

B 11: 7 2ol tia) BRA kR o] AN D-E g 94t £, a=08

z BLED # (&) $(ED ¢:(&)
1.1 0.8297 0.6843 0.7798 0.8404
2 0.8409 0.7175 0.9128 0.4058
4 0.9554 0.5512 0.9720 0.1158

E 120 HAHT-A % 4P, ¢ = 08

L ¢
L1 £(—1) = 0.1984, £(—0.0331) = 0.2149, &(1) = 0.5868
2 £(=1) = 02019, £(—=0.0009) = 0.2142, £(1) = 0.5839
4 £(—1) = 0.2818, £(—0.0194) = 0.2422, £(1) = 0.4760
B 13 A2 d-A k44, 0 =09

: £

L1 £(-1) =0.3770, £(—0.0873) = 0.1900, &(1) = 0.4323
2 £(-1) = 0.3781, £(—0.0769) = 0.1859, £(1) = 0.4324
4 £(=1) = 0.3865, £(=0.0336) = 0.1892, &(1) = 0.4243

H 14 7t 2ol thsl] H oAl o P o] 7HAl= D-B &9 $4-88,c=0.8

z G ¢ &) $ED ¢:(£)

1.1 0.8 0.8767 0.7852 0.7852

2 0.8 0.8802 0.7852 0.7852

4 0.8497 0.9570 0.7579 0.7579
H2 15 ZF 2ol el HaHu)-A F A o] 7R = D-2& 9 4-28,c=09

z #LED # &) ¢ D) $:(E)

1.1 0.9 0.9338 0.6954 0.6927

2 0.9 0.9309 0.6964 0.6926

4 0.9 0.9420 0.7827 0.6333
ojg= Y B4 7t Byl Tk a0l oAl s Aol Aot wEbA @A ZFol tiek 2l o)
RNE 87 a8 #2052 stdA] F2 & AFolA A e 7+ A AP 720l ¥ = 5 & 2ol

oAl 6. HAZh-A|F AR,

Aol Fol= s A cv & 594 5T A 24PN U BE, 091558t} 22 3t
°2 083} 095 99z F e 2H3 c = 0.8, ¢ = 099 F= = H4F
of-Al ek At et & 14, 283 & 1 ol thall 7HAl+= B&olth

a3 9] & 149 E 158 vt B =2 o3t D-E88 wo|uA Fo|n&E o8B o] ¥
oRXITh= ojujojt}. o]&} T2 =2l AW A AR D-A|oF 4t B3 Ao E A§o] =
th EESE E 14004 BopAg] w2 cgtoll Al H 4 o)-A oF A E stell A= F Y 4282 7
A d = Sdstey. 52k 4atd Aot vlashd ZF By tial] 4714 0] o= A= ¢
Hol 22 & e Zolth. HaFH-Al ok AR (z = 4,¢ = 0.8)014] Lh2 3k 0.8497, 0.9570,
0.7579, 0.7579 (3& 149] vt £)E vl th/do] == (@ = 0.5,z = 4,¢ = 0.8) 4 wlf E-3-A) oF 244
& Blo| A Y& gk, 0.7827, 0.9769, 0.6381, 0.9395 (& 10 u}x| 2t 2=} v W 3hH 2 A of-A) oF 444
o] B0 o ALY S &5 Ak
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Fol A 24t-A AolA ehbs RAHE st A2 AF71E 2448 AT
PG Q) B B4 GF E AP/1E) oh/] WRe] g = Fol 3t 28
o 80 < ¢ 07} 0ol 13 2ol At w2 AYYSAH Aol Yol L
£ 6 ST AEk 2 e Dettes) Wong (1996)°] A= 4318719) /)
O1E T A St 24H-H AR oklet BPo h3t BAAYE ]
N2 %4 U VA A £ DAY ol AAA LRGN e}
HE ARAEE B ol=rka B 4 glont B dFolA tEhd Aok 49
Aoz PRETh 9 AT INIZES {4 FuIZOZ FHF (oxact
oA A ofd7h ek, S Aol AR} olel s sl
OEEA 499 492 49T 199 Qo02)e] Akt 2 xiE el
e 7}01 =S & 5 gt ATATE 4Zel 2 5 9L Aolrk

>
=

o 2

Mo it ©
>

o il r]o
i r{n
{ o, =
_0|L
L &
i—m
32
u}

o
°

o,
N
B 0 b gy

o 20 K4y ox
R
=
2 9
ml

1o, I-

-l Wy
d
q,
o
o
ol
Fi;

[oN
o
w2
&
[0)°]
[=}
N
o

L.

T
i
n?L

i 1o

to
2
=2
r_‘:‘_]l }‘.‘O ﬂ![ﬂl
o>
o T
N
X
'..
i

re

o,
ofo
X<l

o

m)
n9L

<, 72934 (2002). Multiple constrained optimal experimental design, The Korean Communications

in Statistics, 9, 619-627.

294, 484 (2007). Hybrid approach multiple objective experimental design, The Korean Communi-
cations in Statistics, 9, 619-627.

Atwood, C. L. (1969). Optimal and efficient designs of experiments, The Annals of Mathematical Statistics,
40, 1570-1602.

Box, G. E. P. and Draper, N. R. (1975). Robust design, Biometrika, 62, 347-352.

Cook, R. D. and Fedorov, V. V. (1995). Constrained optimization of experimental design with discussion,
Statistics, 26, 129-178.

Cook, R. D. and Nachtsheim, C. J. (1982). Model-robust, linear optimal designs, Technometrics, 24, 49—
54.

Cook, R. D. and Wong, W. K. (1994). On the equivalence between constrained and compound optimal
designs, Journal of the American Statistical Association, 89, 687-692.

Dette, H. and Huang, M. (2000). Convex optimal designs for compound polynomial extrapolation, Annals
of the Institute of Statistical Mathematics, 52, 557-573.

Dette, H. and Wong, W. K. (1996). Robust optimal extrapolation designs, Biometrika, 83, 667-680.

Fedorov, V. V. (1972). Theory of Optimal Experiments, Academic Press, Inc, New York.

Hoel, P. G. and Levine, A. (1964). Optimal spacing and weighting in polynomial prediction, Annals of
Statistics, 35, 1553—-1560.

Huang, M. L. and Studden, W. J. (1988). Model robust extrapolation designs, Journal of Statistical Plan-
ning and Inference, 18, 1-24.

Huang, Y. C. and Wong, W. K. (1998). Multiple-objective designs, Journal of Biopharmaceutical Statistics,
8, 635-643.

Imhof, L. and Wong, W. K. (2000). A graphical method for finding maximin designs, Biometrics, 56,
113-117

Kiefer, J. and Wolfowitz, J. (1960). The equivalence of two extremum problems, Canadian Journal of
Mathematics, 12, 363-366.

Kiefer, J. and Wolfowitz, J. (1964). Optimum extrapolation and interpolation designs, Annals of the Insti-
tute of Statistical Mathematics, 16, 79-108.

oE

o Ot
K
le
r



74 Zldal AthE

Kussmaul, K. (1969). Protection against assuming the wrong degree in polynomial regression, Technomet-
rics, 11, 677-682.

Lauter, E. (1974). Experimental planning in a class of models, Mathematishe Operationsforshung und
Statistik, 5, 673-708.

Lee, C. M. S. (1987). Constrained optimal designs for regression models, Communications in Statistics,
Part A-theory and Methods, 16, 765-783.

Park, Y. J., Montgomery, D. C., Folwer, J. W. and Borror, C. M. (2005). Cost- constrained G-efficient
response surface designs for cuboidal regions, Quality and Reliability Engineering International, 22,
121-139.

Stigler, S. M. (1971). Optimal experimental design for polynomial regression, Journal of the American
Statistical Association, 66, 311-318.

Studden, W. J. (1971). Optimal designs for multivariate polynomial extrapolation, The Annals of Mathe-
matical Statistics, 42, 828—-832.

Wong, W. K. (1992). A unified approach to the construction of minimax designs, Biometrika, 79, 611-619.

Wong, W. K. (1995). A graphical approach for the construction of constrained D and L-optimal designs
using efficiency plots, Journal of Statistical Computation and Simulation, 53, 143—152.

Yum, J. K. and Nam, K. S. (2000). A study on D-optimal design using the genetic algorithm, The Korean
Communications in Statistics, 7, 357-366.

20114 82 T4 20114 102 R{EH



75

Hybrid Constrained Extrapolation Experimental Design

Young Il Kim'-4, DaeHeung Jang®
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Abstract

In setting an experimental design for the prediction outside the experimental region (extrapolation design),
it is natural for the experimenter to be very careful about the validity of the model for the design because the
experimenter is not certain whether the model can be extended beyond the design region or not. In this paper, a
hybrid constrained type approach was adopted in dealing model uncertainty as well as the prediction error using
the three basic principles available in literature, maxi-min, constrained, and compound design. Furthermore, the
effect of the distance of the extrapolation design point from the design region is investigated. A search algorithm
was used because the classical exchange algorithm was found to be complex due to the characteristic of the
problem.

Keywords: Extrapolation design, model uncertainty, constrained design, compound design, maxi-
min design, genetic algorithm.
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