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Set-Based Multi-objective Design Optimization at the
Early Phase of Design(The First Report) :
Theory and Design Support System

Yoon-Eui Nahm*

Department of Mechanical Design Engineering, Hanbat National University, Daejeon, Korea

The early phase of design intrinsically contains multiple sources of uncertainty in describing design, and nevertheless the deci-
sion-making process at this phase exerts a critical effect upon drawing a successful design. This paper proposes a set-based
design approach for multi-objective design problem under uncertainty. The proposed design approach consists of four design
processes including set representation, set propagation, set modification, and set narrowing. This approach enables the flexible

and robust design while incorporating designer’s preference structure. In contrast to existing optimization techniques, this approach
generates a ranged set of design solutions that satisfy changing sets of performance requirements.

Keyword : Concurrent Engineering, Computer-aided Design, Optimal Design, Preliminary Engineering Design, Uncertainty

.M B

A, 253 dANME ot JAs A B
o FATA stollA FoTF= Wgke} ALEA 279
g%zt dsstdA £9 FES okt 3 wW$
off A A Jx, gFUAd Headg
EAFEAM Au| g9 AEAE @) AdsiE A
ol & o FadMAL ek AL, o9 £ 8Ad
F-&817] % ke Wi o2 A FAlF8H(concurrent

~
=
A

22011 06 01

E2ysd
WAIA A} nahm@hanbat.ac.kt
e

¥

o,

AMeEY 20113 068 24

Engineering, CE)] 7ldo] A& =0}, AF gho]ZA}
o|Zo] &3t ARAY FUS T4 HPFHoR Ay
& daio] AANEHL T

F#e] AAdAE <2 12> UeHd Hhek 2o
FA 33 (concurrent) 0] £ A A 8] A (sequential/se-
ria) o] € Z7|GANAM Yoje] TAE Fog FAH
= A A8 (point solution)E T3k, 1 7t B3 &
TFANE 2 AGE BEA T =R RE Fristed B}
A7t 2AAG Afde 2 7 AR =28

2 =5dA AgE AAYE 48 AFA 71£3JSAE)Y TREA V& FE Y43 AM AEAL FAE A HaEwE
2N HEH g AAe & AANE Fested oM =33 2AL oA 4L 943 WeEdA 2 e =
el



LI EASAHOIML 2L HO|A TIEX &7 £

WA F4E HEOISE o] o]&H g o

g, olgg ZTIAE Hﬂol_’: ’é A% (point-based de-
sign approach)| A& th3 2 Ao 4.

o AFate 27 AARANME FAXE tAl

ALHE ity 27 Bk ot AF 3

74 Wstel o3 xFAY 1 AATE FEH o

7] W&o, Qd AA 2 FAES AAsE A

o EaBTE A, AW FEAL LAY

o w5E HAHY dd AANE HAse= Al

Ao A, Az 9 29 A5y #HA, AE

51'7494 LE}, 2 ¥$OETE14 AAEY HF

FE Bl *"Zﬁd‘:} FIE

Zq’éo}ﬂ] 5401 /‘474]5]14 TAoIY 1 F44 9
g gl o3 ojn AAT W& WAL ¢
84o] BAste A9t vt 53, FAIFEH
AFNE Z2A| 20 oiME 2 dFe 4A
o] 22 AARRE A3t glE B4e
B FAd AR gEg A 2244, 3349
A HANZAE AN, 4 A=2 g3
T 8l Afde 72 #4d AT HdAE Xe
FE A & ot itk AAY 4 Wed
TR wEbA |zt 4 bl 58 SoAZ
gl237 gle Aol dadel},
<, ol5 ] AsIAM <2 169} o] 27w
AZRE ZE gro] ope} thfgt BN S s
A ZEE JirozAe] HAHE Fatn A Ayl
utel A o2 daAo] BEF e AYrPezM
Hzxo A IS S48 7he= A wlolx FAFE
(set-based concurrent engineering)©] A<= AT, 2].
o]3}, Al Ho] 2 A AW2(set-based design approach)o] 2}
FE7| I ZE wlo]2 MAMA vlg] AA 27
SANME AR [ Aol o= Fr A7k de
Z SpARE AAle] F79AAE B} Gazdel] HE5HQ
A FEMNE 7 U TFHo2E v} AEH ol
T 5 Uk A Hol2: AR A= A 27
T2 TASE BE Hquantity)S 4 A3E ==
?Z_})Oi FoJ37] giEo gt BEHE8E adse
o) 7hesttt. g, HFH) AANE HEo2AM 9 9
7} TR 7] WE F FAo A AAWA <) AA
4ol Bag Ao ov] Ao HAS AFE =2
(narrowing)A| P o 2H TS A&ste o] shEsich
o3 ouj2 g FEAJ ol Aote] B FA| B

==

r_8,

XK E) 113

Z2A2E 53 o] RgEH=
o oixe Al HlolA
Azterct.

ole} o] FH < EUE wo|x HA A H|3 o
& 71A] o)) AARE Al Hjo]A FAFEEY BE )

dit dEE AFH o8 2% 7]"*8‘:} WS oy &
Heol oA Foh g, HAo|E& Ho|2= g Y
(fuzzy-based approach)(3, 4, 5], :r"ﬂ s gl
H-9 (interval-based approach)[6, 7], B+E& wWo]AZ2
19 (probability-based approach)[8, 9] 3 o] &4
Aol tg-3 ZHA AAl(robust design)7t T A
Koy, AA 2 27T I HH(set representa-
tion), A A8 32l A Fset propagation) 2 A A3 F
gho] Z(set narrowing)®} Z2 Al wlo]x A A Q]
BE T2E AYE 7 e e oA EAEA g1

A

gAY} 2L AE )
AYA S £0] LHH ol

Designer
///'/ @

design iterations /

infeasible solution

\ feasible solution

incorrect

. inference
solution space

(2)

Designer

/“\

eliminating infeasible solution sub-spaces

. __narrowing
¢ solution space

solution space

(b)

<3 1> Z2E H|0|A HAH(a)zt A HIo|A HAR(b)



114 =1

2 =M E A volx dA9 RE F2 48y
a9 AFE A4S EEE & A2 E A dojx A
A 2. 24 PSD(preference set-based design)H-& Aot
gtk PSDHS 27] AAGANA Y tgd B
&, AARe AE, gt 1) B3 58 9
A tErdd 4 add Adstn AR AHA
g Age 28402 EE £ AW A2AdAME
PSDH A AtEHE M2 AdE 7esty, A 33
A PSDRY 7128 Al o] AARY Azdd) of
A aMETh nixgo g A 47 E PSDEY &
AE QGFFOEN I FEAS AN

2. M22 4 Hio|~ MAE(PSD)e] gt
21 7R

<3¥ 2>& PSDR ¥ AdA Z2A2E e
o WA, AAze 48 dANTe 29 ATHs
#ARE JehNE o224 EE 2A}(analytical or
approximate formulae)& FH|TIT. TFoZ2 IJE
Hol2: AALA TG Zo] AAAS L AeAgd st
of ddo] AL FEe 2 FAGE FASE Ao
ofel, AAWNE AAEE BE %& Jd99 ¥4
22X gtez BE3Th(set representation). °] RS X
7} AAGA dlME B4 75 FsdEn
AL BEIE 717U @YY HdAde duigt
(alternatives)o] B EAqgtie A gigte] ZAH
AN thFojol & QT Tl A S B &
T #ole 71282 Bgdyol EA3ly] wFEolnt
3, Zztel wgd dis WY Wl o= RES
Bod A AVt 2 AAAY 9gxEE Jeh)
e ¥(old, A% g4 (preference function)d} H-E
712 HE AAwY ol A Fhd YoM A4
28¢ dAott. &g, HAFse HgdE AR
o3 Ao} 753 M (controllable variable)o} Ao} B
7Fs3t M (uncontrollable variable)?} A gt oF

9, Azxd #g eaht e g3t o 2A4H
o 52 AAR QoM Ao} E74d Wt
%, B84 dAdY 274%E ¥ YA
e, Msx @4 F AortedE ol &3

ojs} o] MAWSF AWy ulste A
Adeolvt a7As A¥ol A=W, dge "
oo} ZAG o] &ste x7] AAH Hgel o
3 242 F de ASXE FEiset propagation).
ol W, A3 FAo] MIZxg Zo|] EXEA FAE

¢

o

9

7] W&o aRe ¥ AR EEXEA FoIn
(13}, 7FsA EE(possibilistic distribution)g} F+27]|2
3. BE AT QXY 7hed BXS 274w
A Alolol FFF o] EASH(Is there overlapping
region?) X7 AAS g <tol f-asl(feasible solutions)
7b dtkn gad ¢ vk a2y, el As s
ANEgE FEAFel EASA Fv Ade Hzd 4
Axe] o FAdE A AE 4 et A
Th(set modification).

BE Aeugd oA FFIYel EAdte B¢
A= ZE 7}5A 237 74T JEY FEFT
old AL(7hsAd X HA a74% JF ¢ £
o7t QA & A, F 7teA EEY ol= FEo
LT749% AFe2RE Yoy g Bede 27 4
A g <ol FraEdA EL 3l(infeasible solutions)
7 EAgtn @9 & vk wEkA, 27 dAE
APozRy HAHozm fE3A &2 Y IS
AAGo 2N AN JFS 43 Trhset narrow-
ing). I AAY AF F4 ZIAzgAE 27 A
A Age 2EATY 2L A, 449 =
ol o3 459 7teA EX9 74T A o
g =5y ZAA(robustness) S H7HEHo 2 A (Satisfy
performance requirement?) #F2<Q AAS 3 F(feasible
solution set)yS XAt} o]} e HF dAHe v
F3t BN dis] A JFeRA I Ko
A7) Wi F TR LAY & de AARBA
T deE & g3, EBF HAAY H3=E M
A REAF T e AL & F UTHrobust,

flexible and preferred solutions).

Given:
Analytical or Approximate Formulae

'

Set Representation

I Set Modification ]rSet Propagation l

3 !

NO|

Is there
overlapping region?

YES
l
Satisfy performance
requirement?
Feasible Selution Set
(Robust, Flexible & Preferred Solutions)

<3 2> PSD¥{Off 2J8t HA ZE2hA~

NO



TI| EASTAOIMLY AL HIo|A TIEE &7 XS ) 115

2.2 A5 Het * 2745 HEe B¥ 2 ()% o] AIE=S(PN) thalel BF3} HEx
FQPN)E ol &3 =X Jh7Re] A Mol thit Ao

AARFEA FHjol & e AFE nEd 44, FeAde wEsA BdstE ol st At dE
dito s F F{H JFE AAE 4 U d&F 59, Az B 23y g2 @Rt 9 @ A=)
3 o]itekolth. PSDHAAME YL o]EE o] L3 = AAE 5, AARS dEtAe AAATE Ao &
ol Al did MARY] Aexg x| Hg bed Mgt EAste AU A, ol 22 A4
Aol AFAR FAWHE Atstar o, 2 Weo] BEAE FoIR A BFE HEAIE A
oM &% Aol dig A wolx HA ANE TFajorst gt 1 A AIEFE AAVSE
Aated duEr|E gk A& g Az A ol &ate] Aot mg, AAR Q) Ao e
=8 Ay M+ Fik(interval setyH HE AWM disiME H 7155 ol&dt Ao,
T 3= A& HZ =S (preference num- N 2 ASE %"JE}E AARE 1 AAE A

ber, PN)Zt R27|2 gy #7ke] AAE AE 7 oz HE M ¢ 31 o} EgH AN
eom)S 1848 da st A Aatwat ozl Ao thd QA%

| gejhrh TR o= A ZFst ﬁiEnﬁ% oj-ggo =N &I

A QFAIYE B8 F Stk wabA, 739 874

X= (& p@)lzeX, ple) z-0,1]) (1) © FESHEASEF Yi(j=12n)sh T 228
ya 3 87T AYS AisEee g 2

A7NA, pl2)E HEESFS HET Aod <z O BEH
d 3> <1 30pE AAEFE xF xd 0 o
A 47t AZE 5 p()9 p()E AYF S B Y= QY 3)
YERAT Y= {{y, p;(u) Iy E ¥, pily) : y—10,1]} 4)
o; Preference ";% Preference <:'a 3(C)>9’]' <j‘a 3(d)>*—- lg_ -/T: Y‘l’]' Yo“ E:HEH
- Fmeasn 2 F&?%‘S“\ . A 2V AET 5 p (y) o py(y) & BY3 A& YER
’ o}, oj3}, AAE A 2L LTAE AT Ao A
N / ® = A NEEFE 247 A A3 T (design QPN),
B G 27 X3 T4 (performance QPN)E} F27]2 i}, o]}
\ Design Variable X, Design Variable X, - ~ R - “
@ ® 7ro] pSDHANE AA S 2 2FAIGE HEET} Fof
nn O B OH9RA FATH SAC 2 A5 Aofrksae o

el oo aMn Azt Eu} Aok wtgds

. " Possibilistic
», Distribution

031
, Preference
: Function

" Possibilistic
-Distribution

<

?3%* B1) —w o @16 § L @) Ao} 7hssttt
7 " 1 Lo e S
Tl ! ’ ©:0) 2.3 dAloH Egtel HMul
" S
© @ AAEF(x) 2 ATRAR(Y)d dF A HEES
<3 3» zIS%DEﬂﬁJIi\PI gt =9, Feth ®o), JE +3 ¥ g 2F NFEss) AAgw AA NEE4o 9F
S 2HE & e AEAE ANT et Ao 1 W,
AR AA Ases7t d9 FEAHIE FH)E
H&o] A3 AAl(quantified relations)[6, 7] 713 A FolA 7] W&, FHEAE Joe BEX(MFA #
< =Y3td ARVIS(AAIZ(v), EAVE(I)HE HEA TR <2 3(c)>% <aF dpole F
ojgdoeM AzrsE AFsert 1 AT Ao AEE A Azngd g% AT JteAd X
% 4*(quantified preference number, QPN)= Th&3 2 () ¢ A5 Jedth AA Asesg 5
° Eddnt Ad BANIY 39 AF F)E F3 AFNA &
#2459 7tsAd £XE Adse oM PSDH
= QX, Q={v, 3} @ AME HA AN a—cut AP EYFIT BE A



ol
£l
1o

116

A NEESFE a—cutd) I3 FFE FEIHA LT
W(Ap), &I 2ol 99 HNIE #E k(pholAM <
d H(level setyo] FaArh

Xr= [t 2% (5)

U222 Zpzte] H Al gistd 73k A4Kinterval
arithmetic)& 33} 2 Ao & 2T N A
59 7beA £XE 7Y & ok 2, B4 72
A AA S EY THE FE ALdstE Aol B
nH JeHe, 7]. &, :E FHoHH7Hoverestimation) 3}
Aol Atk WA, PSDHAANE F49 37
Z} g Ao Agste diddel W ey A
1715, 7122 E8EHE Ao7ts4)E o
¥ interval propagation theorem(IPT)[6~7]& =
CIPTE ol 8302y AYY Jogrte 9
3 B 7 dadelME o] 2§l o
A sok A, PTE 2319 Ao s hsdt
AFE EoJET IPTE 01838 %59 754 %
A ZEAAE USE 2

Sl

A

s
o

)
——
2

[

[«

4>
X

ﬁ.&%-ﬁm{%nﬂmdﬂr.&rlr
&
T

RO - 1 -1

in

e

uo,
1o
L.
=)
)
i
-~

Atk

Step 2 : T{Ro] 7} AAWES FAHAE A 42
T ARr|s(v, 3) w1, 1, Dy,
D 9 v F7Y ¥adoz EF%M o
NA, LY v 9237t 459 S
A 47 AANS(v)S EA7E(3)E A
F3te AETs 9vga, b % Do v
Z3A AFFH(D) FoNAM 47 AA75e
EA7EE AFsE AFTE vk o
£ B9, X3 5nE AAE(V)R Y, X,
XE EA75(3)2 AYgdEda 34, |
TE L ={X%}, L={Y, X}, D, ={X},
Dy = {Xx,} ¢ Zol £ & k.

Step 3 : o ATHN(Y)Y Ax= 9 kel
A9 Hd e 87 A3esd] A S
o Wi g A& oj&st T

7|4, under bar$} upper bart TS FE #)
Zbzt AAMF(Xx)S Hd A X FEAE A
£30E A guidth 99 AdAE YTHER(Y)
o 8F ME=F7t E47|2E AoHR A7) HEl
A (Mg o) 8FeEA g 22 ded d@d AL
78 & Stk

v; = (- X 2+ XD, (K- - X+ x| ®)

Step 4 : T2 @d Aol dAME Step 39 S
3t m thg} o] dAite AR A
7 Az gddAe g 2gFeR
A A o2 HFAQ A5Y 7t £
X5 AEY 5 U4

= U v ©)

J
k=0, 1]

2.4 Aol Eetel ¥

ek 22 AAH JFY A PHE ol§Few
W EE Aeugolre steAd EXE 78 & Utk
o o, BE AsHFd Ao e BES 87
NEESF Alold] FHHE 990 EAY BSdE
z9 AA Hzxs o fFEs EATe R
& ok a8y, <adg 3> 2ol el A
A MElE FEdge]l EAA e Afdde
E A5AE UEAIEE Hxd AR o5 Tt
B HA HEEFE $HE &I Ak PSDHE
e g 2ol F HA FATHE Agdd.

e BRE QT HIZFe) FEYPYGe] EXNF
H7tx AA HMEESFE WIE Aotk tE Fus
A et AAESFY] F=)H(sensitivity anal-
ysis)S st 7 AW g Ud I¥=
(A=) F7tgezi FAgor e AARTE A

g o o



LI EASANMLY 2 Hlo|A TIEX 2 KX2HX2) 117

Alshe wWiolth ey, B4 WHoeRE AA A
TEe) o] BEAAS Zhe E¥XEA FoxE A
Avgd s Aeside F3 5 gt o9 e o
oo By zAe JFAIZE F9)F} 280t B

A

3
=
(4]
a
=
(¢
=3
o
[¢]
)
=
o
w2
-t
&
o
=3
=

~
a
o

'

ure[10], y—level measure[3] 53 S BFHAY =

we AR e
et 2o oz gdAY
_ 17!
PSM(X)= CY,PS(p,(z)) (10)
length(X?)
a area(),(?) th

p,(@)n(p, (z))+ 1 —p,(@))n(1 —p,(z)) -

In(0.5), if 0 <p; (z) <0.50r 0.5 <p,(z) <1
—In(0.5), if p,(z) =0or p,(z) =1 (12)
0, if p, (z)=05

PS(p, (@)=

714, ¢ MZE & Fol& 2t EIE 4% +
AAL11]01Z, lengthS}t areat 42 AZE ¥ 00
Ao Hd Aol Aolet 29 WHE vtk &
PSM-Z Shannon’s entropy measure S A3} A A S
£ N ot} v EFAA Ax9 & PSM
deole) F¥7 drby M3 % G 03} 19]) 2A ¥}
A YEAE YEblE HEol7] Wl 03 | ZAd &
WA #3E] Qo PSME H7kxE AR whebA,
PSM ] gho] ZoW Z&45 BFgAAo] Arha & &
ATk PSMoll 7|28 AA HiTgeo FANYEL &

% 2

-

Step 1 : 4eje] AT Ao g =g 3
7Yet7) laiM 2 gl diEAdE Az
TARE AA MZ=EsFE M-S g2 A
A daire Jdsert b 5 2
M FJAE X109 stgA e A
A BAA HEFozA 4= 7}
T BEE 7L

Step 2 : T o2 BRE AAWS disiA dA A
ZETE ALY A9 T BERY
PSMell thalA Step 194 TR bsA
E¥ 9] PSMS A7t 3Hnormalizing) 31}, 1
A= A9 e EXO dig 7 A
A =g Aod dxE vepda g

o] AW F4E AA Asrsd £}
o] o] EA3| %
RE #4& & 2 .
. Step 20014 9] Ao XS} A
TATE AT A 28
& A fEiA AAESE x4
4 v Alole HFHBA( Ve XS
quantitative dependency[12]E L)%t
, B 9 A A2 b 2
X9 #E % HMEAEE W vy
#e HES A OEN & 4 gtk

Step 3

o N i

- —YI_YO(l) 13
Uy y=1n, n= v, 7 (13)

7|1A, v 8F ve dA goln v
T ¥ XY %E % HEAAA LolA
= MEF ol

gy, AFA dEAL 4 (13)F 2ol
g 2AE 7HEE] Wil BiAdE e
#AA o] FolH ALdE 8745 S
EA1717] 9% A& BAN FAFE
TFake o] sttt webd, PSDHO
Me 28A FEHEE o8 = HY
s Al A
F, o] &H(bisection method)S
o AE FAES AAAAA

Step 4 :

of
il

=

.
(¢}

>,
)
X
fo
I
¥,
o
o
oo

Aswgd ded 27 Azkad 7}

&
+
A
oo
2 gl o,
S
b1k
—m’m\l‘\!l—’
Lﬁ_{r’
=
E gy 2
1o
yo @
éé_ﬂmioﬁoir-.‘l'rlr
@ B o
o bol WY o O Ml Y M oox

H‘.?L'
0,
R

[e]
-0,
=2
o
ol
oft
ol
N
52
rlo
2
N
X,
3=l
ok
o mN
i meb R o r

o2k
rok
v
g
[¥]
|w}
i)
£
>

I
.
k)
2

M

2,

ML ‘

3

il

Y i it o
2o 9
oX X ofp

&

i
dlo
(o
it
jalc H
it
il
]
-
AN
L i
o3l
o
flo off
BN
s
o
ox %
ol
e g
s

oe] 2ol &% Jie TH5

M
b
i



of
E3]
1o

118

L7 AsEFd dd HE=g B8] ) PSDHY
e th&F 22 DPI(design preference index)[8]3
o] &gttt

G714, i e TTREY SRS FEAE
vehdrt, & DPIE 38999 HHE o AR
ojth

a3y, DPI= A5EA0 754 BEXEA X
< AASNE Hrtar] sjdM e A Bt R
g F AR s BEo 244 dig
g 5 3l “H'r°ﬂ Sut2x] gL JtE g

L E B¥ MR U8 AXE 23 gox
oo HHo] FY3Y FYF H/IE e EFAH
Atk 37 AAl(robust design)®] TP ZHE Az}s}
W ¥FY QS Higste MAANE Fike Ao
ukgha sjet,

PSDHIAE DPIS PSMSE E8TozH 87 A

Zg i wETe A A(robustness) S F Ao
Bk HEEA preference and robustness index(PRI)
g ARSr} o] W By & pPSME Bu & 744
& JeRY] w2 PSME Hoh 2 ghe] PRIY)
Brh 34 7193 Apsejor @t E3, HT9
AAN Jske] 28 Atele AdisEztg 87 AsiA
DPISt PSM2 77} DPI9] Hdix|¢} pSM 9 A=
Aitsdth. &, PRIE th Ao g3 78 4 9o

o I

2 ot T ood SH et

L off ¥ o ki 4

=

(DPIY))/ Maz,_, ., (DPI(Y))))
Yy NDFT _ —
PR = x (Min,_,,..(PSM(Y,)) | PSM( Y)) (13

NPSM

o]714, NDPI(normalized DPI)$} NPSM(normalized
PSM)2 Zt7} A33tE DPISF PSME vebdit)

T it oz tEA AA EAdME Bs9
450l AEH7] gl 429 A5 g PRIZ %
getel 2= Aol e ¥k ¥ Fest o PSD
HolMe g3 FE Ag o] &)

APRI((PREL,w,),-, (PRI, w,)) =
w,(PRE)5++uw, (PRL)S\"* (16)
w +tw,

2 (16)9] d&vel s WHIAZLOZHN min, har-
monic mean, geometric mean, arithmetic mean, quadratic

mean¥} 2 YAl Hd ARE 7T F 9, o9
2ol Z+ Aol i8] 71ExE FoI5kaL APRI(aggregated
PR)E AlMgozH d7gte] F9971E Bech

3. PSD X|¥ A|AHS] Il

A, Excel® 22 EAN 2ZEH e Aitd A}
£ 489 Ao g £¥9 ALAH} AF
Ho ANHATE Holu AHS WY T ojFe=
BE AR AloloA ZWA AMEEHI L, AA
Aol QoA F&& =47t Ha Utk 53], Excel
MicrosoftA2] Office #1Eol #7|A 5o} J7|%=
o gutd oz pC AMEREE AMEIE TheAe] =
t} 28w, Excel X33 dEA FALN £2ZEY
ol g¥xEAN EE i FHFE 4 gz B
=R A A¢HstE PSDEOIAY A HixdFy &
T AEESFY At 23S o8¢ didde TR
A48 4 gk

"
10 Prstorrmaesie Vaciubi
"

I
1 ek prafaranca whn welarenos ki
w -az o 0 o

IR 4> Excelg 7|X2 § HAXIY AlLRIS 5

oj9} Z& FHPoRRE B dAFlMe <a¥ 49
o] Excel?] wla2 210jQl Visual Basic® C#E ©]
&3] pSDHOIAMY Y TIAYYE, JF A,
A AUy 2 AF AU &% pSD A ¥
Nz g Adsrdnt. psD A4 A}*ﬂ% F2 Visual
Basicoll 98] A=) 9Oy Visual Basice A&

7t %7 WE PT S uhE 741’%11% AAstA]
gk wEM, o - &9 oo FAEE RS
Visual Basico. 2 AA3t: IPT 77 G4 59 A4t

101.
& dste FES c# dojd =] AFsATE Excel
& AAAE T G2 AU Atolelq de A



x|

=3 Q7] i AEfso] A2 A Exceld o] &30 2K

AHZESoY] A} 5EF AE
E AAor B A2YS st ARE

]/\]_Q. Zr3 o];(} OJ-H

oh:]_.

WA, dARE <Y 4> 2L B4 Excel Al
E(Sheet)tt <19 4(b)>st %2 AHAIXGUNE |

3o AA HEESF 87 HAZESF

BAY B2

Aoy, ohgo, uwlFEEE Set Propagations &

sY¥oRs 27 BA HEEF

4

of 9 Ase s

TEL FEAL RE AswFd oig 27 ME

=} 7hed FEF MRS NEY BAET 1 2

HERE BZE
E Afode
&3] AA HIEF9 4
o|\} APRIS] Ab&wt
BeE WEATL AR Az g
AAE 2.
o] A=HErh o9 o] AARE Axde
7 olaigd dart glo] B4 Exceld AHgdt
o} Zo] A ~"g o] g F

AT oA FEFGo] 43}
[Set Narrowing; S & Qe Ho|AS

& dH¥eEA RE &

.71

=
SN

do) BRoRRE HAHA AA

o
R

—u_4
d =¥ o 4

fr B

AEEF Ho Sl

ERAME 27 AARANN] G B
desHaA Aas A8 4AE da) d@
o & AN

t} PSDH L A4S AYs)
71 9% 1F AW, AAG A g8 4=
T de AT e EEEZ T 99 A A
B BN g8 A AT 20 A
A AFo2HE FALE REATS Ao
AAS7) A JE FaUgoer FAdIY A9
7&75. AA 71l EA HAMA 18I v s
He o e 4o gk
o A 2 87T 4L AAA Aol ¢
o] ﬁ”ﬂ(d% A 4 9l
e Azx e MHAFozN F4T A
L7485 AAAY gxg wgdd & gl
o AAElE Folz7 2FATE W= HYY
2 98Ee HHlE dojHch

TofH AdAse MY elM 27T E wE
gk a7k doiAA ¥ AS- SRS &)
A} A TEHOE AR

AA 2EAL AAHE 3 dAS 2L 3§
g 22 T ASH A 2AAY 9g=g A

clr b

=

EATANME X Hjo)A

A
'—lﬁ B

| EEOHHE) 119

Zdroz wgdeE A
e AYE EHE 5 Uk

o HAFAHY AANT oo HHARA oA
o] geFe WA ¥ R Boh Fas
A g 5 Aok

10] 7hsskr]l w2

A

k!

I]

{1] Antonsson, E. K. and Otto, K. N
Engnieering Design,” Transactions of the ASME Journal
of Mechanical Design, 117(B) : 25-32, 1995.

[2] Chen, W. and Yuan, C.; “A Probabilistic-Based Design
Mode! for Achieving Flexibility in Design,” Transactions
of the ASME Journal of Mechanical Design, 121(1) :
77-83, 1999.

[3] Finch, W. W. and Ward, A. C.; “A Set-Based System
for Eliminating Infeasible Design in Engineering Pro-

“Imprecision in

blems Dominated by Uncertainty,” Proceedings of
1997 ASME Design Engineering Technical Conference
(DETC'97), DETC97/DTM-3886, Sacramento, CA, 1997.

[4] Finch, W. W. and Ward, A. C.; “Quantified Relations
: A Class of Predicate Logic Design Constraints among
Sets of Manufacturing, Operating and Other Variables,”
Proceedings of 1996 ASME Design Engineering Technical
Conference(DETC’96), DETC'96/DTM-1278, Irvine, CA,
1996.

[5] Scott, M. J. and Antonsson, E. K.; “Aggregation Func-
tions for Engineering Tradeoffs,”
Systems, 99(3) : 253-264, 1998.

[6] Sobek II, D. XK., Ward, A. C., and Liker, J. K,;
“Toyota’s Principles of Set-Based Concurrent Engineering,”

: 67-83, 1999,

“Fuzzy Set Theory and Its

Fuzzy Sets and

Sloan Management Review, 40(2)

{71 Zimmermann, H. J,;
Applications,” Kluwer Academic Publishers, 2001.

[8] Ward, A., Liker, J. K., Cristiano, J. J., and Sobek II,
D. K.;
Decisions Can Make Better Cars Faster,”
ment Review, 36(3) : 43-61, 1995,

[9] Kusiak, A. and Wang, J; “Dependency Analysis in
Constraint Negotiation,” IEEE Transactions on System,
Man, and Cybernetics, 25(9) . 1301-1313, 1995.

[10] Luoh, L. and Wang, W. J; “A Modified Entropy Measure
for General Fuzzy Sets,” International Journal of
Fuzzy Systems, 2(4) : 300-304, 2000.

{11] Wallace, D. R., Jakiela, M. 1, and Flower, W. C.; “Design
Search under Probabilistic Specifications using Genetic

“The Second Toyota Paradox : How Delaying

Sloan Manage-



oc
P
1o

120

Algorithms,” Computer-Aided Design, 28(5) : 405-421, 1996. Background and Theory, ASME Journal of Mechatronics,
[12] Wood, K. L. and Antonsson, E. K.; “Computations with Transmissions, and Automation in Design, 111(4) :
Imprecise Parameters in Engineering Design” 616-625, 1989.



