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Strategical Issues in Multiple-Objective Optimal
Experimental Designl)
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Abstract

Many of statistical experimental designs have multiple goals. It is often
impractical to use the single-objective criterion for this purpose. It is necessary to
‘modify the existing optimum experimental design criteria. There exist three criteria
handling this problem in general: compound, constrained, maxi-min approach. This
paper extends Kahng and Kim's idea to develop another approach to incorporate
several experimental design criteria in accordance of their importance in practical
way. Furthermore this paper investigate its relationship with the maxi-min
approach. It shows logically that the often realized infeasibility can be still avoided
with the rank of importance of the objectives intact.
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GAEHE 7hd APAYL gRE AR 278 FHA7A R A ¥
o} B3 AAAYAYH 2L RPL JHAEy] BE EHA hF B} =
Asid 2x7F Dok 23 2380 ik spgo] gntEv studE Ays)F] I8
olZtd tEA Ay Adstd B F AL Aotk HHAFAYAA AL FFpe
AE7Fe D-AHo|Y ol B&EAd Fad Bl Aot ek AFAI} g E
2Ho Y7L FA GFd Tow BHFS Aotk Ry BFE AR o
A BRI B gRREe ASE SEAS dFd Fu A¥L AN oje gl
22 ¢t} ol ALoE tEEHe AFel 2T A} to] od FPEo] BF
Moz vehts A9 ALdE 2RHoZ e AYrFer dFE AL wS
g e Aotk B =89 2ddME dUZHL F AY/)F HE e £ ¥
e dolpm thEEA A Wede v 7EHoR dopig. 123 3dd|
He B =80 AAse gZ2AS d%d & 24848 stolMe dge 2¥3 3
T JAES B8 o] AHETY uxgo R 4doE FF AFHA 2 BES A
Al &he},
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HAAAFEEAE dEE JARES A o LAHE 7|H Fisherd HEHZE
(expected Fisher information matrix: ¥ 2& @3 FEPH)2 convex FTZA
AG7|FE0] HE BEAYSLE UE S og HAdEe EAZ AZIY 24
5o HZHAEF7|F(optimal criterion)2 HAAY 62 T £ =& FHA
oA ®o] 2ol AL A (continuous design) TS AT Euh A&5AYH 2
3 o (design space)dll ¥og #E vl (probability measure)2 A HH o]
(support point)# W3 Ao whst =R F(mass distribution)2 AFZo] A A} o
e APE B =FdME ¢ 3t ol E Y3 oo 22 IAREE A
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ylz)=f(z)B+e, 2€EX 1
A7)1H y(z)e z oA &= 7hed dWuk$ ¥4 (univariate response variable)©]®
flz) & AHER7E A A S (user-specified) 2@F S XM & FAFoI
X9 F7+e AR X=[-1,1]2 A} 2xe & HTo| 0ol TEAAN ATEXE

g madan PR exke] FR7b olR4ateln oxte] wakel EAS 4o Fge
(positive function)oll Bl &t 7HAsEEgE 9o nde s WEe S A
o2L HET F Ut o] EHel thE oo HAEAY ¢o] HrPAL veH #
of nd F Utk
M) = [ 1)) )
X
od7ix B™gd A5 EASG 28 B =EdAME 8] Eol{non-singular)¢)
ARy AHd APAYYL ny3o
&3 Zo] ol AFIFAE D— E~ 283 A—3F X (optimality)e] . D—
HAHL FolF mHP BF gol dE FHA BHAY o2 S = —InlM(E)l el
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. E- HAH L 6(¢) = maxs_ " ME) colth OE Fu2e JFoE FAHNLE
W (estimated response surface)®] #4Fo] Hhgts HAi3stE @—-HAol g} =
d(€) = max,c yd(z, )= fT(e) M(¢) ' f(z)& Hassle 71Fo|t) o 7]F& 94
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e o) =trLM () 'e2 AHE L-FFHot oA L& H L HE
(non-negative definite)3 Zolt}. Thet Lo] DA A= 4A-FHH & A=)
olZ Aol zol: L=f(z)f(z)70ld FolA A A2 FH L (estimated response)
o] A& HAgsE 71Fo] Fu olEd BE A¥/|Fe ARPY F3H(space of
information matrices) A E-Z3(convex) ¥Fo|th ol #FHP JFIEHoZANE
Pukelsheim (1993)¢] <]t}
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e @)= W a,ya7), [l @)= (", 2™) adm g= (87, D)ot oAl o
HotE AP g8 kv E¥o] Fgg Ao thHlsl B, 0 HI L FHE AF
ste S JMA ok @t olyd HIWEL Uy EdHoAM #Eeid £ gl
Atwood (1969), Lauter (1974), Atkinson (1972) 5<¢ £ F 3t} 23"9 =3
By(z)=f{(z)B,+f1(z)B, sl e ARFBE &7} o] 2 A F Q).

AZNM My (€)= Z717F r+1 ZH I My, (€)
s

G ARYe] AgHE F9E F 3% 5,9] FEAL M;Ye) otk @A
02 A5 m 9FIAREe] AFPIA 8,9 AaAF FAF] FTEA PP
My} (€) O1Th. AA71A My, (€) = My (€) — My, (€) My  (€) My, (€) ol th. o) e 43}
NME My, ()T (M, () B8 L3t Ag7|Fo] 279 Aotk ogdd &
Alo] 3 =9 Studden (1982)0] 2l&) 715 Q.

T3 2y dg BRad ® oolUzm AYrEE ZAs "Gk e 2y o
A o Ao 2P7F¢ AEsE A7 gtk D—HA o] ®o] ol Ao] ApA
U k& g HAHHA AFPstd £ o Y& AYL FT k. Wong (1995) 24
7b e BgHARGe dis D-HAR 4A-HHL AP REFHS Ay
o 22lm 2y T B5E AP BHd wEw o e 2948 =

)

Aol ohth olel @ 4yl D-HH & Lot AL W= wpTARA FE Roluh
olst gol g BHE W AWrEe) WaAL AR B
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sl e o] {7l SR EHAE UdF5EH HdINE
F A 55 AL
A3 Jd g FeAHNEg BE
Els & U3 ste Ade A4 F vt o
Aol Az AFAYHoI) Aty HEAYS
Stigler (1971), Lee (1987, 1998), Cook¥ Fedorov (1995), Dette®t Franke (2000) &
o & AF7t AYHU} 3BAME EdHAA dFE AFzA A¥EH Vg oF
2R Ao AANES AFF S UFEH AFAYe] /A e EAFES A

Hatn olg st el disl dFsA
3. Az A¥AHH

oeje] AHAF ¢o] s-—HAAY o Wl A= $-E & (efficiency) S
e(6.65)=0 (¢,)/ (&) = Aol Atk wek ol Held 2ol A47F m < HIAA
maed ALE g o D-HAogw o9 4¥ ¢9 D-¢ -EgAHe FF
{IM,, (€)/ M, (Y@ VR (m+1)/ d, (€) Tk o8 AP B&4do] 055
ANYT 2e AL AR GANE APo]l gAY A5 239 wEAF o]
gojo} gtz ojuolt, EAY wEAS $idtd AFAT & foleE T
convex Z2AEFFE st n Jokz AR aelm § o] g, ol M ¥ F/IT
sasitd Azd AAAGHL 6, (6) < cdtolA ¢,(¢) & Hastete Aotk

A5 o oIt BHsER A AgRAL
(

zro s Hagke] &, — AgAelH AP AAstof s grolth ol2id Az ARAEY
e @, 8,9 NFAFoR ojFAAE TS, S(¢IN) = 2P, (&) +(1- ), (£), A€ [0,1]
2 AAs st= Lauter (1976)9) 2§33 A 8 (compound optimal design), &, 3%
%790 Cook® Wong (1994)°] 23l FR =t digFg ez T J2F Ad=x
7ol Aol Hol gt AFAHYNAN EFHALIAYY R FHo] AU
7o)tk Cook® Wong (1994)2 & &4 1% (efficiency plot)elgte =T& °]&8hd]
Atz AFAYEY FHLS AL ol 252 AE, yFL £, 9 6,9,-%
24e agde adolth AzA AFAYEAM FARN BF e & yFoAA F32

€
(€, &) % Tuw vz dog £AAE 27 A& FAstn HAFgHE 4

=1

2 £5 e

aA"e Fas ot Actzad 4¥AFWE APHew Fae WwHrT o
PHe Ao olfE BYAFLY ¢ ¢ FASE We ol FAHE I 4
A 97 WEolt wek £Ae) AWAEY EA FUA £ 9 6, B, HEHL o=
$7 mASGE S9E0] Yo £F LAPE APIAE F AWNE el 2
a0 mede HUS s Wo) waHTh WA olad YHe Y (199)°]
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At maxi-min FHE didt RS dmElES Ascn B 5 gl x4
g W& Imhof$ Wong (1999)& 3% uladt}
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A B AFHAH LG A FAA #(explicit solution)7t LurA o
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feasible design)o] FolAE= & Fsted ool gt £ LHEY} e
AR7IEC] F Adrdez ¢AHer goljdozn APt AAH TeHL F
FAZ  gle FHo] vk wWekA Fold a&AdS FAHANIA 2 ¢+ E ggE
Atds @7l F AL st gk 2 B AN BE AFzAd P
2&4E Foste AEde won dddd

ey ol e WHE 9 JhA ZAHES AYz don sedd. A $AHe
A7 AL =2 A7)0l HA ok s 840 dF sEges A ge
Awol & ool ok 23S AYEY 5EAS BR2E A o2 AR
A 27ets AL Felolth wetA dPArte, & FrlsHT sdEdE odd He
st Aol dAsolol A F UAZE SHEAT B AYIIF B A4
Y ZEAET $AEA7T 2 4YUEY 8ol ARHer o B U
Atk W2 271 e wet 43 wE &4 A7 FaAr &
% dAE T o] TAE AorIZ o} dAe RE AL dFad @4

(200002 +HA dagFE ol &3t Fakrh
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A1 AEAdE 24 gARYS 954 T3 Ak z ey Wﬂo} Az =
FY Aol s D-F 84, e, &) & AR ¢, WF B Lolo} Fhm AL H
ool ® Zzistell A 22 R W el¢, &) & A st 4 (29 AFALS
Azrste]l 2o e, o ol 8L7%(=v2/3)RT WA AAFH Jow (g L)
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M 27AL wEste ¥ A Az 48 -T““Q Rolt}, o] dAgAM = 5()
o Fe e(6, ) =elg, &2) ol AN WMARA AL FAaTT oln E&4-E 0915523
o} o33 A¥gAAe F AgAel gXste AFste A t‘e e B2 01‘“
e (1993)¢] 4F3 maxi-min $HF 4
= Zt 091552380 EA AAE ATk F WA 204
Ad2G A gEo] H7) w&elth A8 9
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maxe (&, & ,) subject to e (¢, E; )= e, and e (¢, 54; Y= elg, 54;2)
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t |
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AN wlz, &) = @) M) fz) ol W= ff YT (z) Uldz) olth. 2882 2

@0l el HF o a8 A7 e(¢ &) 2 BT AFAE ¢ o qF go
2 09%E AdAs}AH &4 FHY HAV|EoE UL H¥YL ¢(—1)=0.281,
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i=1,2,3% 4z y=1,3,5 W3 ¢—=
5

i Holet shat. e
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