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A STUDY ON MULTICRITERIA OPTIMUM DESIGN USING QUALITATIVE REASONING

I R ot
Masao ARAKAWA Hiroshi YAMAKAWA

Usually there are several objectives in design problems. So it will be natural and reasonable to formulate
them in a multi-objective formulation. In conventional multi-objective optimum design methods, de-
signers have to make important and difficult decisions concerning about local preferences quantita-
tively. To reduce the load of the designer in evaluating such quantities and to grasp the given optimum
design problem in a qualitative way, we use the qualitative reasoning. We modified the qualitative
reasoning to be able to use many design variables and introduced a concept of a qualitative trade-off
ratio and a fuzzy language to multicriteria optimum design. Through these modifications and introduc-
tions, wedeveloped a new method for multicriteria design probiems. From numerical examples, the
proposed method is shown to be applicable and effective for optimizations of complex structural sys-
tems by qualitative manners.

Key Words : Multicriteria Optimum Design, Qualitative Reasoning, Fuzzy Language,
Qualitative Trade-off Ratio
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TIT, RBIFBHTHY, FRENBRO, GREMNEGONZ MV, XEBRIEBRONS VTS
D, UWTFokiicFeEns,
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small: small & i3x, Dx 1233 2 WOHIHES NS Z & 2RT,

W(smally) = for y20

(4a)
same: same & idx, Dx 3T B L OBIHES NSV ERRT.
H(same,y) =1 for y20
1420 (y-1)* (4b)
large: large & Kx D x 123§ BLLOHEIFEA/NE VT L& RT.
1 Z for 0<y<2
Wlarge,y) = { 1-5002 (40)
1 for y>2
Z i,
=
y= X
ThbH. T/, "small",large" DEMEE L L THRFE Tl "very" VI EE2E X, UTOEKRSE-E 5.
very: EOBRICKELT7 774 BHEOEREVERD S,
RICAMBECBTRELAL 2207 7 V4 SHMEC B A HERREY, £2, 3dERMEERT.
£1 77 VAREoRERA £2 77 VABMOmMERE (1)
multiply small same large add +
small |very small| small same small | same large
same | small same large small | small | same large
large | same large | very large + [ same | same large large
large large large |very large
£3 777 ABMoMERA (2)
+
add small same large
small ? + +
very smalll  same large
same - ? +
. same small same
large - - ?
large same |small or same

F7:, ENMEBECBIIAEHE very'OWMERTROEBHET S,
Feih(C=very"A*very"B)IC 2T, (L2721, very"Ak lveryPAlCmf2 < & L 2 EHKT 3)
A=BDIGE C=very™™(A*B)
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A#BD#E4E m>n% 5 C=very™ (sign A*B)(mean A)
m=n% 5i¥ C=A*B
m<n’ &£ C=very™™ (sign A*B)(mean B)
Z I T(sign A) L IZADEE R, (mean AL BAD T 7 VA EELEKRTAIDOET S,
INE(C=very™A+very"B)IZ D\ T,
m=n=07% & I& F#2, R3fto LB
A or B=small’z 5 & HMFERENTE
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AFFR o, veryOFER LKA
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BHEEL T m>n m=m-nn=0 & L TEE

m=n m=n=0& L CE&
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WA Ebo el LIl VB LEROHEER L NHD L OMO/ZICKBEMATVAE, 2T}, B
BWrL—=F3 72V IHHEAL, 703V X A0BEEHET 5.
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1. H¥e 2 BRI & RAESx 28BS, ((LLRUTLI-HLTwELEEZY, )
2. offox LofjoxDILER®, ThE 77 V4{EHERF(Ex)TEY.
3-1. [df}="stdD & &
A)RF(f,x)?'small 2 &8 [dx} k'any & L, Eb%ilsd'e 15,
b)dX]D Y X PR any') A SN, £EBHEEOY X P2 b, any' B 0x 2 RIAEED
DAMPLEOBRE, QLo ET.
3-2. [df)='dir (dir='dec’ or 'inc)® & &
RF(f, x)®[0f /ox | A¥inc' % & if[dx Jid'dir L FH@E L, ‘dec'’z bIERFMET 5.
4, [AX]DVAMHEFIDY A P2 TRTHAGEERTL, 364, VA MIREN).
DX FEBRRTF—Y
1) t Pl g8 -+ 2 BHRABS 8.
2) x X, REBRIGRUUL A FEY A M ERET 5.
3) 2) TTELVALDORPPLA)=std %D bDEES,
1) A—VOEBTNVNIILADLI~NES,
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(1) RTHBERERD S,
min f(X) (7)
subject to
G(X)SO G= (g1(X)gxX),....gM(X)} "

where
X= (i Xz XL}

(2) MOFERZHWL, LEFSHE, SHNRERIMEL LTESMELLEL, LToFHE & 5.

FOX)= {610X),£200 .. LN T (8)
(3) EHEHIPL—FF7HERY, RVEBLTVWZEBMNEEKOET R+ Sh, BHEBOEE LK
HAh.

(4) FHEHERC L DBRALTROEHHEERD, F—IN—-ARFIC L), RHALRERETS.

(5) MEHHEZGT, Z2oBE»S, RIFBEFBRLLTRYLLY, COFKFMIIE> THBLIHED
2%, (2) ~EH»%(Eh3, 20, 77 VA EBCL2REDHEBE LT, REZOHWE
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5. BUASHHEM

£1 HEG L RITHRBILER

sub-reflector
Stage Initial GPM results
groupt [2.616x10*[1.683x107
group? |2.616x10?%|1.547x10?
design group3 {2.616x107{1.358x10
variables group4 |2.616x107[9.467x10"
group5 |2.616x107[8.506x10”

: (%] groups 12.616x10” 13.664x10™
supporting group7 12.616x10”18.298x10"
bar of Mass [Kg] 2.876x10° 19.582x10*
sub-reflector : RMS Dev.  [m] 3.262x10° [4.996x10°

center of Tensile Stress [MPa] 2.384 2.7200
antenna Compressive Stress Ratio] 2.600x10™ |8.254x10?
Bl NSRS 7r7ToheTn k2 HEEK
HEREHE LTRIO L) %87 KT 7 ¥ 7 F 0ofH = fmwm [k/]Vw“ .
e : 5 5 CE 3t e, = e B A ensity £ g/m ]| 7.860x10
AEEOBMLHIEEEA R, NTRFTT U FPICEK Young's Modulous £ [GPa] |2.050x102

ENPHEBELTE, BRELHREMEOMLENEL S Allowable Displacement  &max [M] | 5.000x10™
N3, TITRATHREELE LTHENEEXTLo _Alowable Tensile Stress oa [MPa] | 2.000x10
Ly eERbET - 72,

minimize M(x) (9)
- subject to
(x)<Brmin
Gmn(x)sal
-om;n(x)ScE,.;..(x)
ZIT,
M BB Sr.m.s AL 8 . i rmsEN OFEME
c. ERKRIEERIEN o, EFERN 0. RKEMEH
c A AT - OBBEILT
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. ZOHRLY, ZEHYORARGTHECERT 555, 20 decision

BRTRREM B E L CTRIISHBAEUIS G3444) D h LB R L ©

Et 5. K1 LHEBHEORMSEM 27 2 714 ThElf%&EE  calulatio I
,——3 GPM result

o TWwHDT, TN HMBBEFAZIEI LICLTERE  mdeey

dec-rms

=0

HRERAMEEELDIZ LTS, M2 EERRENKIE

I First Pareto I

= &3
K2 RHACOERETRT. oo iass
F2 AL OMER 4——
\
Stage First ParetoSecond Pareto ? +
group1 [1.698x10 2| 1.840x102 v ___ N
. group2 18.736x10 2| 6.913x102 Impossible to
design group3 16.913x10 |  5.891x10°; improve

variables group4 14.040x10%| 3.479x10°
group5 la.927x10°| 3.961x10°
groups |2.919x10*| 1.583x10*

Comparision

2
(m’] group? |5.727x10 3| 4.603x10° decision|
Mass (Kg] 5.937x10 ¢ | 5.333x10* Second Pareto solution
RMS Dev. [m] 4.152x105 | 4.663x10° [ will be preferred solution ]‘
- Tensile Stress [MPa] 1.111 2.220

Compressive Stress Ratio{1.062x10 2| 4.279x10

F2 FEgReRiE
I I T, BREFERTHRECER(GPMresults) ¥ 1 TH HGRMSEM # TiF, BELWIMEL2nweEx ik
5, BEY T ORMSEMAMME LAV E XKDV TEZTVAS, ZITH, 200X E~XTEFHD
BEE B REABEREL 2.
6. &8
EMHERLTECLT, LEOREARMECH L CEHMBECRAL T ED TV HEZRELA. o
SHRIT V7T OBFMBEEORERGTMEFBE LRELHELBALER, RO L) 2R HF R
ht.iﬁ%bv—Fi7m®§AK;cr,%ﬁ%ﬂ%fﬁ%&%ﬁﬁbn%tbk%ﬁ%ﬁﬁ#éﬁﬁ
, EITOLICETEENCTIBGLEBRL TRBREBRIN L, £/, RELERELHESO#
’*ME’S: EBb DL L THEREMEZREL, 77 VA BHEYAVAHEECAAL CRERY R SELZ L
KLk, Z0ZEiRE->T, SHNRERIHECE THBME 258 1)ELOEIIT) X4 7 — Balifbas
DBER D1 0DCEHERBE A FOETKBLEEI RO N, SROBRE L CTHERMEREOMLER
b b, REARKEBNRER Y LOBBRBERNIILIS IOt L ) RRETEROBF T 58
Rt BHATHFETH 5.
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