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Integrated Circuit Design Using Multi-Characteristic
Robust Design

Kyung Mo Kim
School of Advanced Materials and Systems Engineering,
Kumoh National University of Technology

Abstract

The ever increasing demands for enhanced competitiveness of engineered
products require a “designing-in-quality” strategy that can effectively and
efficiently incorporate concepts of uncertainty, quality, and robustness into design.
Engineered design optimization approaches that are typically carried out with
respect to a single objective become inadequate to address these multiple set of
requirements. This paper presents a design metric for a multi-attribute robust
design problem with designer’s preferences on the performance accuracy and the
performance precision. The use of this design metric as the robust optimal design
criterion in multi-stage experimentation and modeling technique is presented. The
effectiveness of the overall design procedure and the performance of the proposed
design metric are tested with the aid of IC design and the results are discussed.
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1. A&

AzG AEFHARY Aojd F glE WEIs}, F) U AF A& ERS
2 e AL AAIE HAARY FH FAFY dtveltt. EAA FHEAHA
(statistical circuit design methods)e °]& & &S stolM 329 Heg& HAHI A
e ooz H 1 FeAo dAFHI . 7|E9 dFdAME 2 F2
(quality characteristics) “d 7 *(controllable variables), A& F ¢l
(uncontrollable variables), == gto] AA Ao olr] AAEH & YEEF(input
parameters)Eo that 23t E A %3 (quadratic model) &2 ZAst AA HA S A
231, 21 olBE EAFH gL He AgxPoz FIEASE FAY £ A
3 ol PRI EFAAMoY Ao & gle WFE AAdA nHE F
AA FTh,

A3 2(C, integrated circuit)?] Aol PSpice (Professional Simulation
Program with Integrated Circuit Emphasis, MicroSimAh ¢} 22 3|2 simulator 7}
BHAoz ALgETHAR 9, 1997]. A HAH3 FAAA 2 simulatorg ©]&F
FHAEA9 %7}7} Ao g er golax & FSd= simulatore] o
& A4 2¥(F, meta-modeD)S °l &3t o] A&Hot A, 7[Ee FTAH
Hqe éﬂ]‘ﬁ—?«] Hort F& A%dde f&3y, 2% dE A FEEA
& ZAEtEY oA exUt AgE EAE gx Y 2HERE, AAFH] WS
ASol A3 A 2P S Ty H3 AP st

e AAdE E75Y BEE g5y FA5A Jon, dutyer FAE
A AARSFE 948 H(nonlinear) F-BAE Zteth W, FAEAHL A" F
Qe Femoise)dl 28 34 HMEHERE ol BA 71EY vHdY HH3 AA
2 AFHoz HL3Ee AL BT AEH dAYHLE ¥Hez HE 73
7] 75 AU A x=8o] @ol =i ASd AHisw, ol HAWMS
(discrete design variables)tt &< AAFNAHN 4A =4 & JA ok FR
98 A AAE FALd EX(obust)@d AAZRAE APAH R FE PYHoly, T
ZAEA W3t 7823 (additive modeloll 71¥HE T3 17] Wl AAWESTYd F
AEAG7r AN o] AaAY, Tt EZEAA g =) Ao AW 3
o S5BAR Folxt MAA F(constraints)o] YE AFAE 1R HEE $ ¢l
Kunjur and Krishnamurty, 1997]. Alti7l, vl FAEA 0] A& ASode oS
o &4 ES 01%7" nED & A5H A AAHLE Agae] dx HAst dfof
g ZTAEA g5 Afde HAEE F glon, o7u FA7A Aol U=
EAQ A AAEA g d+E AY gl AdAo|t

gutd oz thee ETAEA i AdA HAHE EE AEVEHA AN
o2 UY¥E 4 Urt. A7) (generating method)S AAFEA ] tis] A £+ dF
9] ¥ A w3l (non-inferior solution set)E T3 F}HCohon, 1985). 22y, A7 Hd
A AARD vAEE A2 wasteor s FA7F A3 FA ok Ads7Ny)
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t”(preference—based method)& Ztzte] EFAEA O thdt HA M3 %(preferences)
Tt o] 2HE] MA AMIE = (overall preference)E AAIT, AA NI T AA
, EA HAEAs ddEH AAEARE wgdr} '

-r]—4 =& HHeR B dFE A e dEA AAEA 4T 5 = A
ZIRbZ71H el Z12d ZH AAEXRE Adslm, AL HXE o433y FLd 7

P JAH2E AAse YRS AN Ed 2 B 9o

jﬂml

I‘O{‘ }o{r

2. B4 AAAAH

33 A (robust design)ol e AF FHF7E S A3 A Qo 243
A 7l & (expected loss)E HAE st AAWMS S AgHor AAST o
#4 A EA(static characteristics)$! %% E A (nominal-the-best characteristics)¢] 7]

HELLS 4 (D) F 2o

L=Hd+(p—m)?] (1
A71M, k= FAEAG W& A5 L FEEA B uE TAEANY FIAY,
a2 me FAEAY HA ByAolth 4 (DellAM BE A ol sl F
a8a7] ddfAE 24 HaxFAI 3, o9 FAd FFEFH ZEAzte AANE
oot dth, F 9Y EZEA(single quahty characteristics)oll i3t ZAd HAAEA=
‘FAEAY EA(lE, AEm)H “FAEAY PFFH BRI BX(o)E}, A
5)E AA&EAH=E e 244 éﬁﬂv:*ﬂ(two attributes design problem)e]t}. o 7]

A, ol E3& Y] 98 “AEE"Y ‘AERE FoB “&a"oz AFs)
OE F39 FHAEA dHME 9 FA41F =971 5.

H, gdrAe FEEHY 7S 44 BEAE 245 AL Lolsig: AR
8t SN Hl(signal-to-noise ratio)e] tj3tE & 7d&AdS H2sad a1,
FEzAo] LE §39 TAEA, 193 BE AANRIN AAY stsd Re of
ot £, HAH3 $AolHEe SN Hld WASe AGE A= g AsE
[Iyer et al., 1998]e whe} &4 7ke) HZ(trade-off)o] o] Fojxch SN ulo] WAs A
IEE AR Aixee A Aomz AAEAH uwe AAHE Faw9)
ez e HAA HEEE wrdstE A A 77| F(design metric)e] .8 3T}

#HZ Iyer®t Krishnamurty(1998)7} A AA A5 52 u2ds AAHIN7FL AAs
Rey, 259 Hrp|Ee FASAEE g 4 U A8 AdDd giE A5

5% Sggo2 ngsx %s}f #A% AYD Utk F, ANY BE FASA
del AYE(CEE, FRE)) $4 AL Folof na, AR} S FEA
A AANE AUE $4 SAELE FUHLE Tl APE Fu € e
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FEAEAY daire AFd=d 4 cA@ TS FEAN FAH22 2HAINIE
dHE FuA & W ol AY HHEF UALLE AFH FA ZIh ofHF AA
g=g 2457 AMAME A7 £4d dI AR HEEE FHHeE 1Y
T e AAFIIEl Hostth & A7 3" oHF FFA AHEE 5 3
B AAYIES AN Agd AARPIES 244 HEskd, =
o] 4% FASAC diMe FFxd FHS T, UHA FEEA EHEHH“ ke
dEdd $He € 44 245 d¢ 5 A I+

3. AA A BEo]E

B HoMEe F&o]Z(utility theory) ol &3t th&Ade] dig AR F33F A
3 % (subjective preferences)E AAHAANAM HFHoz wgsls HAAE AA T
von Neumann¥} Morgenstern(1947)o] ol& ZAAA EA<9 dictgr7tE 3 AL
g2 E T HAULH A SE&3A e AETF HZ BHASA o Fof
A3 9tHThurston, 1991]. AA¢] EEo|EL o] &3le WHS 1) dIdEHAH 28%F
4=(SAU function, single attribute utility function)®] A& 3} 2) SAU &2 HE o
&4 F8£34+(MAU function, multiple attribute utility function)® 3= 271A A
A2 FAEY. AASAHY gk SAU 5+ D A0 g dARe] 5HA A
IEE ggEy. F SAU g5& HAY SA3% s &8 1 H ol iz &84 0
HM et Atolo) &Aghdl tiElAd 0% 1 Alele] E&#}E WSAZIY. a8z
MAU g9l AA S A= lottery question & E3 7z} &40 gk AR A
% 9 AH(trade-off attitude)S shotsledof e},

CAAAANA nEEE AASAHS & HiA AHE niet o] 7 FAEA 4

sk A ﬁEQ} AR solt), a2y, o2 AFste A d<Hdesign alternatives) A

A %k-J EAS ¢S gujdd. FASAo] HEEFAHQL AL AAdL

(i=1,2, : Fe2A 7 (G=12, -, DA A k k=12, -, K)o BZFXE vy, ’é
Vi 58 kY BEEAE m, &3 dh A

At i ez jolA el #&FX HES
gt EHAEAN Hyol AA FEXM Mg, E a2 Ades FASAHY £
2S5 E vgA3ez, AAY o 54 kol tidt A=) ALE(vy)
3= 01%3}04 H71sth, 38, 4ol E A (larger-the-better characteristics)
T3 A5 A (smaller-the-better characteristics)2.2 3 3}

@94011 te} g4 v s

(va)? , ¥ = smaller— the— better characteristics
L= (2)
(yp—mp? , vy = nominal— the— best characteristics
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Vig = J;(yijk‘—y_ﬂ;)z/(]— ) (3)

AR Bl FASAH kol WA 1,70 A, ool ABE e B
ol 0912 7t By olgeld AWEe] i Hgo] 0 o)y, EAEA kol & 3
29 FUSY BEFFE A @) O 2ol B & A AYA, ;% b= A
49 4od FLEE dehie 9 4524 of g 242 AgHez Fad
4o WU GFT 4gel U SAU B9 e <2y 153 2ok

A=ty a
——)" , 0t < A
SAU(ty) = { Ay B (4)
0 , ta > A,
SAUk4 (v { (BkB;’evik)bk o E s 5)
Vi) =
K+K\ Ui 0 s> B,
SAU,(t,) SAU.,,(v,)
A A
1 1
ak<1 bk<1
ak=1
ak>l bk>1
0 — tik 0 - Vik
0 Ak 0 Bk

< 3% 1> dAX g Mol wE SAU

gol el

AT Sl dig EAx AP F(risk attitude)ol whet ARHE @t be
<Z¥ 2>9] lottery questiong o] &3dte] Fath = FAEA ko] AT dis p,
o FECIAE EE lottery ol dig FE57etn 3HE FHA A (=07 2
A 1-pe FEE HG9 HAIY(t,=A)7 A= B lotteryol] s A AR
&5 7Hcertainty equivalent)7t  A,/2 o2t SAUWAL/2)=p, °IEZ q,=
log2(1/pp)7t B0t FAEo] HHAME o9} FAIY AAE B3t b= log,(1/gs)



A7 5 GEA ZAdAAEE o1& AHI=EA 83

7} "o}, olol Wdk MR A AxtE Keeney and Raiffa(1993)e] & ofFolx Ut}

Certainty Lottery Certainty Lottery

Pk 0 I ’
A, : B .
2 - 2
1-py Ay 1-qx B,
< O% 2> ZFEM ke SAU & ZAHE 2 Et lottery question
g =% AAZRAL 2z} EAEA A ARG FAUEE FAld His
Aoz dojx dtdew o5 Ztzt g AAzACdA Histdd F, 3
A AAZAL F317) g e SAE 749 AF(trade-off)o] Ba3stH, o2& A5
& MAU &9 wtdd AAR] AFexd wel o Fojxth oatAAd 9lolA
&7l A5 F 4 =Y (mutual utility independence)S At AAZTZolv, AR
HEZ gALAAEA YA AAAARI} o2& FgS BAY eu, AAS
A7te] A5 EEEYo] HFHEHE F9 oA MAU F5E 4 6)F 2L sHUF
3 g (multiplicative form)& 2tEtHKeeney and Raiffa, 1993). ¥ AFAAE EE &
A4 AdEe ATnE F3ALE5HIL /I

MAU(x) = —};0—[ ( ZEI’(kOkiSAU,-(x,») +1)—1] 6)

&, x=(x,%,..... Jx)E AAEA dEo|th Scaling A (&, i=1,2,...,1)

= 7t 4AEAY AdE FLEE w3l normalized scaling 5 (k)= 1+ &

=T+ kk)E BHANE 4524 MAU @& 0% 1 Aolel Fo2 FFst 4
e d8gg st} duE 0 F scaling AFE <I¥E 3> 2L lottery questiong ©|
g3t 7o A7 A, xiE &4 9 A A e Hote Adg ou@rh
olo tigh ARAH AxE Thurston(1991)0] AAHo] glomz B AFoAxe v
2 nia=

W, <29 3> 2L lottery question & AHE3E A AAAE n-1H9 £4
o] Hotolx 1708 £Awro] HAA AATSt] W A FE(quality)S B7Ha
o} stk 1Y, TEA ZA AL 2o £49 Ut ge& AF oy #Hos o
£ oELEE B AFdAE <9 4>¢ 2 A2% e 9 lottery questiong ©|
raid=
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Certainty Lottery
(XppmeerX; e X,) (E| O] £43L)

o * 1}
(X{ sores X geensXp) =~

1-pi (x;’,...,x?,...,x:) (Rlete] £43)

Ol
ok
)
T
T
2
o

< 1% 3 > Scaling & HHEE 2 2l lottery question

Certainty Lottery
(X ey X; oo Xy ) (22| 4 3E)

* 0 -
(Xpseens X gores X, )~

(X7 yoens X[ e Xp)  (E|2FO| ZA3)

< 33 4 > Scaling &+ ZX 2 st MZ2 lottery question
<3Y 4>¢9 o] n-1719 £A4o] HMolxm 1719 £Advto] Hobel MAviete] A4
AsES B7Heok e e <28 3> Afug JiFHes folsigdn & F 2
o <Y 4>e diF AR R FESIF (g)E o] &3t scaling A5 E
E3tH A (F 2o

k= LA+ koad) 77/ (14 g — 1] @

A7IN, ke 1+k=[ 10 +ka)]"" Vg Base 450,

A8Hoz B u, Md £Ao g dARS HIZEE SAU 42 Hris 3,
MAU & & ol &3l9 /MY £49 MIEE AA M3 E(overall preference)® E3t
oz HdAXe FRH XAIEE HdARAHNA FAFFHow wtdE = g}

4. AA A<k A

AARge] g B YA 2 (bound constraints)& A A 7A o)
e FBAZ FoAXE A% (constraints)o|} F
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AEA dig HYAFS AP 5 ok 2y, dFEEY AFLAAAAE H=H
ofdtE A k2ol Q7] wWEd, ol#F Age AL & dve F4 @ﬁl@ﬂ«] 7H‘ﬂ
o] Wad}, HZ Gold® Krishnamurty(1997)E A F= el HAEH o= HF3S
o, Ay HEATE ddEA TLIF(SAU &9)2 78 F 2 8)F 2o AHA
AT £A4737 Mg 52 Hrlstes WS AAsIEATh AL Aol
A" F=FE7A AHFHH AAAE 1 Xﬂ‘-’—F 712 AFsed FHS 2A &9
zetkst Ziolth

—r—‘

D= MAU(attributes, constraints) : (8)

G714, MAU( )&= £43 A% did td&A a&dsolth 4 (8)9 MAU #+E
A= FAA A7 Aol o AFol "asy, £AFRA AGpeE 748
lottery 9] 85712 AASE AL ¢ JE EAolth. 1822, & AdTdME &
A3 Aokzre] A2 wAEy] g8 HAFES £AWoR ¢4 Fristn AU
o] AFAL YutstE Axo] wel WA (penalty)S FIAdtE WHoR FA AEZEE
T3t} o] A AAicte] WF AA AZEE A (99 Zo] ZAHATH

D=[C_ SAU [ constraint) IMAU  attributes) (9)

3714, SAU (constraint) = A% clc=1, 2, .., O°l A dd&EA 585l
MAU attributes)= A %E AT AALA digd t&d addsoitt. 4 (9
A" HAo 716ke F 97142 (penalty-based decision model)2 A A thetell o &
AARe Azt A guAEs} A wet vEAx e AAsd A=Y
Aolrt. ‘

= T

22 23 EARYEY AHE= (model accuracy)7} gojd 7}5”01 . o

e A BARYY AZREE Foly] A AFHFor oA A H(multistage

experimentation)©| -ﬁ-%‘é‘]-\:’r[Bernardo et al, 1992, Box and Draper, 1969]. t-&-A|

A E AA AAFTA ) $4 FAH FARFE FIHIL olF o] &3 I

A7t SAY Ao dAFHe FEITHE

AEgs EARYE S T3 o]E o] &3t EEITLE US
o

S =3
s AR HAFTN FAPAE LA wF wEdozy AHHE FAH Ao

o

)

o S i
)

>

)

=2

>

i
o



36 F274 434 A28 A1 20009 3¢

A7 FH5 A (design space reduction)= FE3] A ARGl FaAF w7tx] v
E3tn, AAF0EF49 FAH BHE 62dA AtdolA AAE] dEsit & aAF ]
AMe dSa 28 i 23 2 283 A& Aksioh

9ALD AeF cle=1, -, Ol T dd&A a8 SAUconstrain) & T3t}

)

WA2) AAY HABLAA 23 VSEAS A% 4PAYL +Uatz, 7 gz
3 R HESE SlA FASYY g A%e g Tk

GA3) DA2)e FREARFeE REH 4 (2) 3)% o/ &3ty MAugE=R
(ti, v)& F3Y. 283, A Q) B)E o3ty HAUddz 7}
g SAU &ate 73k 971N, AU AAAH AlLHE=
A& ooz

2 ®

A b
oX oX

iz
"
N

©A4) SAUS thet scaling 445 <@ 4>9 lottery questionS o] &3t 73
5, o)A ERE zZ+ At g MAU attributes)E A A skt

GAS) AN T3 MAU attributes) FHS o]&3td MAUY 23 wLEdA &<
£ 3ttt dojA 22 vt wHe A wrt 2REH TAQE 7Hd

9A6) vy HAAS AAE olf3le AA HIED)/} AdsdE HAARS 3
< TG 9q7M, vAE HHE Axe zrEE d @A A Ao
A Hd MAU &g zte AAZAS A4dd A48 ga34 3 g9
FR3 o g SAU(constraint) e 2 ZAELZ2ANAN dolx SAU #9
B o2 7otk T e Ax Aaxes 4 ()2 g T}

AT AN T HAHAE FHAHLE MAARI Abd A v g wat
AAENE 4T F GAZE

©78) dA6) A} FUG WP HAHEAZAG T

6. AA 3= A

& Hol A AAG HHEIE o] &3l ¢AA A5 MYz 2 AAsE By e
A3t Aldl£ transducer/modulator®}t deflection indicator Aol Al interface® A}
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€5 € passive filter8 HHIJ2(IC)e dAloltt. 3z F2+ <I¥ 5> Zon
ol 3zZay ANEYolHN Z2 19l PSpiced YPo 2 AbGHT MANAN Hz g

3t FAEAL output distortion (W) 3 recording instrument output (V,) ©
129 A7 BEEAE 1A &7 o WAHY, 2 AdAE 684 (Hz)9}
1.69%10"%(V)g Zzt Abgdct AANGE §29 AY% R, Ry, R, ¢ 294 &
F Coltt. 39, V,=15.0x10 (N Ry=20(Q%& old AAgANN 2RH=
2, B Ao AE I gto] AHdd FolAE YRS, FAER W, Vo d@
DH2TE Aol Ak AAWSY APFEL <F 1>F Zov, ol ZA A
AL nPatd 7|£d BHAN B o) W W HH N A" 3]z
el AR WEolm, B APANE Lg(2)E o438t <xE 2>9

)
Zol &2 AAAY £ H%E FETTLE 1T

o
i

< 1% 5 > Passive filter network 2| sl 7=

R c R2 Ry
12 % 50 500 1 100
2=F 150 1500 50.5 300
3=&F 250 3000 100 500
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A dazd dig 24 HSEAERIL a7l A FAFHYAYCCD, Central
Composite Design)g Ah&gth. Simulator® ©]-€3 AFE AFHAE Ax] Ao
Aete 28 AE 2 AH(experimental error)7t §1222 1719 Z4 3 (center point)Tt
AHE8F1 3L, star pointsll & o %L A Erlsd AAure 2He Hx &
Adl e=12 FAHSchmidt, 1994]. SASS] RSREG routine[15]& o] &3t T3t uk
4 E7} FTEA Fowu(E /\}941011*13 R* > (.95 AHg389e), R
2 AAFTNE 5423 F OF @49 "“ﬂ% AT, dAF
d3 A (heuristic rule)e T 2o @ WA AN A
1HHA7E [, uf] o1z old) 2AE x,9 AHRL «x¢ a8z
ARG 24A+E R gn #0d, g vl Ay x;

e F2e F=R:2¢ H&std 4 107 o] AR H.

=3
— (i
kd
oft
SIS

A 2 oo
A

(A

X o
T ow
>
=2 B o
X~ o
4 é: e
e L obl o
o}m ﬂJ>’ U-‘-'

- {

1o
i
adh
'3

[2F, i1 = [max (If, xf — Fox (u = I7)), min (af, %5 + F . % (ui— I9))] (10)

d wAd AAge FHeE AAAI} Abdel 4AW
e TGS A 109 i dest 2e. 49 2
FAA Adael Aol 9 Aol sohn ww
1, 290 AREr} oW Ay AAaAs A4 Aol shel 9
91 #esoz @ 440 40 2AYE 448 F49T @, 4AR
& 3A AASE AFsel el $PsE W Qo AHee YBE
4 Jbaol glx, A AAsE ok BB sjol FHstE wE Be AY
2asd agnz, AR A BT 22 Fhat *gxgs}oqok ek,
o

3, el 2% 239 ARAH 095 18 B 4 @rlel AATHE 475 (%)
9g wA AATBEE Agu wel, 89 BN T¢ 29 2Ho] B¥
S5 NLP A€ ol§ete] A4 AAzAL Fad)

t

<E3>Z *74I—’|‘- TEO g MAAZL 44| E

0.95 0.9 0.85 0.8 0.75 0.7
|€(%)] 50 47.5 45 42.5 40 37.5 35

[= (1
x!
>

o Had Hg 347t
, Agxd g Ao

F o HA AAFR N 29F screening 2 Y
B FA54d 9% & W4ue 3289 8 2¥(nain experiment)d)
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35 058 AREARE o8 FHN=4A

By ok

b},

FAEAY A7) dE 24 (11) 12)3 2L AgS YHEAN 93

hard constraints& °F4™, AFutA wo] wel AA et i HAAR HzE Z
A A7) E soft constraints o] £ 4= 9 tH{Siddall, 1982].

i@

AHS

We

6.84 (Hz)

V, = 169 (mV)

(12)
91e] Aok hE SAU T4z 4 (13) (149 uidg Fd+E AL & Jon,
SAU 49 e <29 63 2o &59 duE AHsts 45 (b, b)v <2
g 2>9} 78 lottery questionS Ab-&3le ZAA T

SAU W)
A
1 .
b'|<|
b'|=]
b'|>]
0 _ . ! > We
3.84 6.84 9.84
SAU,(Vp)
A
1
0 » VO

0.85 149 254

!

=1
=1

< a3 6 > Aol tfE SAU

A
ne
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< E 4 > Passive filter network2 25+ A& A &
A=uhe
Hezy |Rs MEg | cweEs | R iss | Ry Biss

1 1 1 1 1

2 1 1 1 2

3 1 2 2 1

4 1 2 2 2

5 p) 1 2 1

6 2 1 2 2

7 2 2 1 1

8 ) 2 1 2
ML

AHHS Rs C R2 Rg

1 1 1 1 1

2 3 1 1 1

3 1 3 1 1

4 3 3 1 1

5 1 1 3 1

6 3 1 3 1

7 1 3 3 1

8 3 3 3 1

9 1 1 1 3

10 3 1 1 3

11 1 3 1 3

12 3 3 1 3

13 1 1 3 3

14 3 1 3 3

15 1 3 3 3

16 3 3 3 3

17 2 2 2 )

18 1 2 2 2

19 3 2 2 2

20 ) 1 2 2

21 2 3 2 )

22 2 2 1 2

: 23 2 2 3 2

24 2 2 2 1

25 P P 2 3

W.—3.84 .84 -W,

SAU(W) = max [0, min [(gg—5er)" (gar—pgp)’1] (3
Vo —0. 24—V
SAU,V,;) = max [ 0, min [(#_00?855)172, (_%EZT.GOSJ)@] 1 14
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44 5485(MAU)Y PR3 scaling AFE <Y 49 2L oz 74
& lottery o tiet BES7E ()8 ol&sted AR 2+ ¥z thF PSpice
Zzg oz RE T3 £A49 SAU oz RE MAU(attributes) #& AAT} I, o225
B MAU(attributes) o gt 23} wr3FH34E F3ch Ao g SAU g 4
(13) (10)E o] &3ty Toth FHs g “Frae] A4 AZ=D)"s °
SEAEFFIA 78 MAU(attributes) 2" Fo oA 78 “Ae] SAU %k%«]
Pa"e Fslod Faoh

ANE AR A}E st QAR Azt HLAD AFA7E <F 5> AT
Hﬂweﬂoﬂfﬂb EPW AAA AsEd st 2 @A olle wEoZ HAHH7
A FAEAS Zte AN BAZE Al“

rﬂ"

r Fﬂ

2
DE 34T OLT + AL AOE THAUL AT e BT ¢ FANA
2UY T S40] B2 FASAY T 4 2o o F2@ 4%e g, 43

_‘:"-.
AEA g Az oE 37E g, *JEE 3&
23 49¢ BEIY. 23, EF
£4¢ Adse AL v @

s = 4 (4) (5)e] b; @l 1 B
&

e do XA i —L rl

z

¥ 3]938 (risk averse) &5 71 4

I &Ao g AR AP AY T?&‘ (risk prone) 4 vl }Ei
a3d A0 gEAdE A @ B)Y b 32 07 1 Alo]g e ZtE el AFs
o B At AE Bey 99 89y mgdsol dAAE b e JEYOE 48
AL, 98 278 528850 e 1/4 & AHEEAT Aol tid SAU
g4 4 (13) (1WANE det 2 2A 7123t b, o2 49 1/4& AH439
o},

< E 5> HAX Mol o

e
B
l
I
0x
N

| HA
| MR MEE | MEE MBE 2
al 0.9 9
S8 st a2 0.9

a3
g4
We EEHX
(=¥ :6.84)] Sd3dH
Vo EFEHEX}
S5F 1.69)| Ed#EH
2 3 A _F 0.9824 0.9541 0.9784
gt 5 T 2 1 1




92 273953 A AH28¢ A1s 20004 3¥

o}

<EZ6>M2k 159 A BEECtAH oM MAU(attributes)2| H+S T H &4

D

MAU(attributes) off CH&F 2Xt B2 EHES

M5 T 5tA | MAU = 0.4847 + 0.0006Rs' + 0.0106C'+ 0.0044Rg’

X Him et o - 0.4105Rs'Rs' — 0.0044Rs'C'+ 0.0195C'C'~ 0.0406Rs'R2
MAU +0.006C'R2'+ 0.0595R2'R2'+ 0.0381Rs'Rg'— 0.0056C'Rg'

— 0.0394R2'Rg'- 0.0655Rg'Rg'

714, AAMFd AfsE <E 1> AN HAE ol &3t 4 (159 2o
o) FAXN (At stell BT XS Schmidt et al.(1994)& F2T A).

R = R,—(250+50)/2 c = -£=(3000+500)/2

(350—50)/2 (3000 — 500)/2
o R—(00+1/2 . R—(500+100)/2
B = —qoo-nr2 > Be= — G0-100)/2 (15)
<E 559 AR B ), A AdAE Ax NE=D)] g 223 ABH 9
SEAFSE 2 9 ool W2 (teration) 02 THEC. 1gm, AW SHd o
Aze BW 2} FES7b geHE £40 gd o Ue AT QojPe o &
9tk Lottery questiondl 8] & BEST} (g)r 2ARA AEFAHANA Y <

AE AANTNA dogE A YRR Be FEFIE R S40 ds 44
S2A AHAREI A UEd <F 5> AFgE $39 933 U=z
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