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Engineering design method

Emergent design

Generation process

Optimization process

Design variables

known

unknown or known

known

Design conditions

many

a few

many

Objective function

design objective

low evaluation standard

design objective

Means to
obtaining solution

maximization or minimization
of the value of design objective

satisfaction of the low
evaluation standard

maximization or minimization
of the value of design objective

Design solution

a unique design solution

diverse design ideas

diverse design solutions
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REBEHATLICETARMIRERAEZDIRSE

31 %8

552 BT, AR EF LRI AR (0 AT RE 2R SRR D720 DRI I S SRRET T Ik
LT, BBLBREAEIERED 2 SO EA T ORI R T iEEREL. LT,
RIS R R 5 % BRI N TG~ 3572012, 20 HIEICE S 3 KooTBIk
AT DRGNS AT LOEAREEZ /R LT, AEIZBWTE, 5§ 2 EITBWT
IRULTES ARG VAT DT BT DR AT B R E T 5. KRR AERITIER, FrE
OHEMEEREREETICH CHMIICERZER T LV EE A 5. Sbig, 12
RT DR AR ITIEZ R T OTGREET ~EH L, TR OZERVEE IR IR R DR R
TR 24T 9 28020, BRI IT DA MOV THREET 5.

3.2 BIRETILER K E R ZERM

CAD ET 3 WItONEERBETLHIEICL, V=T AETVEVIYRET LRSS,
Y=z AET VL, FRax B RlimAZR B T, BIRERG~O8EHIZEALTWD,
HZE DT F REHREEZ AW FEREIEIARME R AN Z W, — 5, YIyRET L
TP R FEIN WD, HFREREZH W FEHERE S THY, BiEHio
#AICENTWD. RIFZEICB VTR, [ RIIITE IR R &R - A& 3R G o W
FITHEHATHZEEBELTCWD. 72720, ZITCIIEEREFME~0mEHZELLTH
EL, VIYRET AEZRANWHZEIZL.

F7o, VUYRETAD 1| DORBELTRIBARELRSS. K7L RBLLL, BikE
WONR L IR BEROERLLGELT2HIETHD. R7ELVRBEEZA NI, HiEW
DGR Z DS DEF G T DGR BB OB RIS W TIE, TBIROBNKRERDEH
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03 ZREEEIN AT ACBTDRA T IEORE

PREFAY L 2DPRINTLDIRMTHE E DK FIZEVAY L 2D E LR EERD. T
oG, EALORERRICA B AY Y 2 E A AT ZER R AT R THDH [H5H 93].
R ENVRBUL, BHEOGEWBIREZBRZREEL, AREREL W) AT 217
BRI AY Y 2 DERR A LB E LN 2D, Mk a0 A ICHENL TS, 20
728, AHFFEICB VT, R7BALRBEEZA WD EICLE.

LI, RT7EAVRBEHWDTD, BREAEKSEDHZEMEL TR THZINE 3 &
ORI AR ETD. 22T, BALIE, (RAEMZRLEVEEICIY X B SN2 7
KOZEHITHY, ZOZERBIZEPNLBRERB T D7D Di/NRL LD, 2RI
MBI R FEINTZbOEEFEMEW, Fig. 3-1 ITRINHIDIE, BREOEFICLVERE
KBTHZLET D,

33 LS F—-rI+CDIGH
3.3.1 IS -F—bTbY

AWFFRITIBNTIE, ZHRRTGREZERTDHIELRE T DO, R7BAVRBIZK
W HEIR B — a3 BT 2BV T A —h~ 1 [Wolfram96] (Cellular Automata,
LLF CA LIEFLT2)ICER LIz, A—h~vhodid, AREOREZAL, AIZEIVZED
REZZALIEDHERA — I~ DZETHYH A 95], CA 1L, ¥ TIRICEEIhoA
—h~hDES THLUMEE 98, Delorme99].

CAIZBWTIE, £7°, AILKEZOH —e Va2 B ET 5. 11 Cik, AR (n )

Fig. 3-1 Voxel model
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%3 SR AT AZBIT DT T EDR S

DRBESEAL, BERBRRERIAT Y7 t DT EEBITIFITEMET D8V (LT, IfF
TILERER) DARAE N 2 A 1T BRAT/L—/LIZHEW, H COREZZELSE TV, B
HENVORFI AT 7 t+1 IZB T AR CiX, ZORABIONIE L ORR AT >~
IZEITDIRRE VY, NS ES L, IRREER B FIckhik Ko doicFksng.

C[Hl] _ f(C[t]’N[f]) (3-1)
C={S,8,,--S,,S,}

n—-1>~n

DED, CA X, 2EDIHRFFHERL TN,

BV C OIREE S IX, BEHR 72 BIHEAT L LB ICT R TORIVERIRFIZEFEns.

BHHRFEIAT 7 HIZBIT DN ORI NNZED, >EORFAT 7 t+1 IZ81)

L ORE CHIRRESRD.

Hr CORBEAIL, IEFEL NPOOFERE AT LT HIREER B 12665,

FriZ, CA 1, BV OJRATHIAR AAE 2R BB B L L TRtk 35 2 LI ki 4
RBGERBLTHIEN AR, N LAEMOZTICEWTL, B MEMSICERE
FESELHHELLT, IKKHWOLATWS A 95]. ABFZEIZRBWTIE, 3 Rt CA %
Ry, BLOREE 2 RIEEL T, IRIED 0 DLEEXZTEHERL, | DLXEEEHVETHT
LIZED, BROESLELTUBREEKRTLHIEELZ. ZOIIICLTHNDER T, BV
D JF T Z2 R B A H 250 LR REE R B BT &0 A S IR BLE LS.

332 LT A—IIrUERAVEBRERICETIHE

CA ZHWIETIRAERICE T 07813, 162k, 2O ThitT&/z. CA ITBW
T, BR O &S, BRI ORI AN ZREEBEBEL TRRTOLEND
DK, BRICIR Uk 2« R BEB BRI 2SI T&72[Cao98, A H 98,
Santos98a, b, Hajiri99, Kita00, Halloy00]. ARIEIZIWTIE, CA & W =iE Rk D5t %
AT 2LEEHIT, ZNOLOMIEETHWON TWAIREEER IO W TELEITY. ZL
T, AWFFRICBIT DR EBER BB ORETEICOWTHREEZ/LIILET D,

Inou HIE, RO FHARNA T2 ISH2BREICER L, MEWE A kT
%5 CA BT NVEHEL TS Inoud0]. ZOET MIBWTIE, DED IR AEER B
BABRELTOND. IZUDIZ, BN R EROES TREINIZMHIRERE T
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D, OFIL, NS #EMEE 2, FERICHRAETHENEHE TS, &L, IS H1E
IZLIERNE BNV DY TR LS ED. £LT, PO ROMEITSCTRAEHAE, 13
WSED. UL EOFIEZ<VIR T LR, SRR A E LA TR gz TRl
TWD. LLns, ERESNDIRIEMHTERITESF 5. o Eicsn T, —
i, CA IV AERSNDIRIT, IR IR T2 L STV IKita00].
R EDWIIGIREZRE TDHZEIE, ERSNDIBIROFFH LR EL, ZERRIIR A LD
HiFonst&Ez6ns.

ZHIUTKIL, Oda BIE, AERSIDTEAR BT R IR AT T DM & [BhEE 5720

AR T LTV D% VW= # LB CA (Evolutionary Cellular Automata) Z#2 2L, H ¥

2kt D R B E R B A B AR B T LTV A LIZEDIEN TS [0da94]. LaL7s
NE, ZOHEIZLVERSNDTEIRIL, FFEDORMEIZBITOME R THY, LM ZE
I RN e AP

Fo, CA IZRBWTE, — RIS, RETOREEB BB OB KITRDEND R
ERHLTWD. WE, eV oz r, £ BLVORESREZ n L3508, EE2LORENS
#— PlT,

P=n" (3-2)
LB, BEIONDIRREER B O L 1T
L=n" (3-3)

L0, IRBEB RO L 1L, FHICREREEATLILIREND.

ML XY, RIFFRIZENTIE, ZHELRBIREZ B CHEMAICER T D720, BEFD
CA LT,

WHTERIAK A E TSR IR E AR T DZENTED.

i) D 72 F & TIRBEB 1T 2L TED.
LWV Z A TORBERHEEHRE T OLERHD.
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3.3.3  wLT-A—FILUOKREELEH

AHFIENCIBWTIE, HIHIT R IR TSR RIER A LT 272 DR BB E B B
WAERET D, LPLEns, PRI Z2VIEE 0T, REEBNE IS0, HDHD
T RTOEARECKREBICERE 75720, SRR ERS N EWI A
U%. 22T, ZOMBEZRRT 57212, RBaJEITVREEL T, H—EFE 291
FERELTRETHIEEL. £L T, H—ERNOOBRAERZATREL T 572012, CA
OIRREER ALk T H2Le LTz,

CA ZHWIERAEKR ORI NTIE, T XTOEBANREERELITIZEN K
HCTHDLDOIZKIL, RIFECBNTL, BHREPFET DRV OIHE OB EESL 21T
HZEELT. EBIT IZRWTIE, IREEB B O I nZD'L0OX OKEE
HZEITHL, KFEICBNTUL, REBEBBABOH N2 HR B EOFELIOESZL
FAEIELHMELTL. ZNHDFIEIZEY, B—FRNODO IR A B A 5B & 70 5 L[] IR
(2, SRR DR A R AN AT RE &£ 725

I, D 2 i R TR IBER 217570, RIBER IR T A5 )
BERET D, BAONDIREBERELO L 1%, NG3)IckvRshD. 22T,
FEOFMIZLD 3 WRIT CAEBZTCNDHIed, ITFHELVOH r % 26(=3°-1), FEL DI
BEX n % 2(EHEHY, 2L) ETD. ZOBE, BExONDREERLBEEOK LT

I = 2226 ~ 102.5><107 (3-4)

LY, WRIRMEEZF T 5720, TRTOREBESBERLLETLLITRNETHLHLEE
ZHID. T T, RIFIEICEBWTE, kD E R E CIREBEBRAZITI720I1Z, i
W EDILIREAT o7, BARKIZIE, IREEB O A I E#®E 7L TRBIL,
EBIT, NIMVEG, ¢ LWVIOBERIE TEL, BT LEITo7. ZhICKY, RIEER K
DL L, FLLEADTD. e, XVMERBEZHNWLZELIZEY, BArofiEZIC
WA I R DIEMARB T LN REL D, 7ok, IRBER T T2 KM )7k
I3, 3.4.3 HIZFRER T 5.

EROR AR R T HIOMREERB DO AN IERAERE T D201, 1 SOMAL
MDA A VIR L TR B 2R BL T DM DR A RIS A LT,
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Interaction between a cell
and neighboring cells

B

-

=

cell division phase

Fig. 3-2 Induction

3.4 EYOREFETCRALEBIRERGTE

FAEEYFZITBOT, MM Z<VIRL CEYM O EN I T 28R % BT ik
(morphogenesis) &V [HIIR 75, Hi)I1 91]. &AL, T EOMIL THDHINN, ZHEIZK
DRIy HABR L, ZRIBADOMIC/DEEH1T, MBI b & TR B 03
FREIU, EHEZR RS 2R o TR I 2 ETOWRER J &b TWA [ 86]. AT,
LM DOTRE L BRI 2 R ST D3 R ARl 3572912, ISM (interpretive structural
modeling) Z I WTAEY DI LR 2 FE L L, BB E 20 DY O 58 A4 R 4 #L
L7-[A5fE 02]. ZOfE 5%, AW OMIENICBIT A8 ML LT, 7% (induction) & TH B %
fit (apical dominance) DFMENTH SN2, 22T, KFEICBOTE, FERBIOTEE
XhLZ S LT IRAE R T AR R T 2.

341 FBOLHA

FFHLLIE, Fig. 3-2 WRENDIINZ, EWMOTERET IZI\W T, HDM MM O B HE
MR ~EH LT, 2O R8I0 % R & DI E ~EACIE L5 THY, il e 3 58 D 15 P
{bEAR TR METHD. ZOFMEIE, 8~ OISR AT 72/ B AR IZE- T, B
DIEN B G2 DR METHLLEZADND.

AR R ZEMICHFETITRTCOERICENC [EEOERLZH T 26 MOV GE
FHEEITHERZRIELTWDEE 2D, ZOEMICRY, inF vV IHE T DE R (L5
BRL, HOXIMEZITDLH. ZOXINVE, ERZRIETEZIOIEREZT5H
FEABPITHE, EHORESEETD. 220, WIRAERZEBANOEZORNT,
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<= Neighborhood information vector

Fig. 3-3 Neighborhood information vector

RREOHELATOERLEHBREESILETL. BHEOTFERLL O A ER
INZ T DIV, Fig. 3-3 1R $I0I8, T EEF DTN ENNEH ERIZHEZADHY
My EE R ULIZA_I VLD, ZOXZMVITHE B EREHFIZB T OE AR T 57290,
WG AT RV vy EFETY, IRAEADIDIZESND.

26
vV, = z:bl.wl.ei (3-5)
i=1

ZIT, i ERE S, b X 1 F20X 0 OMELLIEEOAE, w XEHDOKEE, ¢
(XI5 B D DHTE B B[00 7 B DAL MV AR T

AR AERZEMNOERIL, ZOMHBEERICHNEE 52 TEEFORAELERT. ZLT,
FAELLERIT, TOLFERICHEE G 25, UL EOBRBEAIRSNLZEICLY,
FICHAONLRH BRI EALL, BRI IR LA ATREIC 0D LB A BILD.

342 TREEBXEDIEHA

THE AL &1L, Fig. 3-4 [ZRSNAHEDIT, THES (apex) EFFIXALAE A7 A 2K il 35
B AR IZLY, LELHNIZTERBIZ R ZAT O R ToH Y, il ia #8510 O $1 il 2 {2 T %5
PETHD. ZOBLHIZRAERIL, THEALOBEBEEN T WVIEE RENEVDbIL TS, ZD7
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O, THE CEE, AN SRR T8 COMERFRZRMRTHIIEICIVELLESE
ZHND. ZONETE B EF M 2 AT, (L 1R 255 T 590 B 7/ /%
DLEELIR DN, FEAEAEY FIZBWTE, THEA L EFREREE T2V b TS, £
IT, RFRICBNTL, ZOMEFEHRE NIV TRBL, €7 Wbx1To72. LUTFIL,
ETT LD FEEZIR XD,

I E R Z2TEE L, THE TR A K 22 ISR T 5T RN COZEFRITR LT E 1
WMERBLCONDEE 2D, ZOMNBEFHERICEY, FEFITFig. 3-5 1R T L5, HDHY
MV EZTLH. FERNZT LIV, THENOIE B ER~md e, THEEE A
BEERLEOEEES U REZEZATDH. ZORIMVL, HEH ERIZES ZONANEE W)
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L TWDTD, MLEG WAZ MY vy, EFEDY, RADIDITREND.

v =(d

P

—d)e, (3-6)

max

ZZ T, dpa \ZTHERETHE D i DI WAV ED IR, d IXTAEETE H R EOHERHE, eq 13
TEEADOIE H BRI F ORI AR T, 728, MEFRSZML v, B0
T, HE OB ZREMZ XML ORESICEVRIL TS, DD, ZOXTLD
RESIE, THE EE B ERZDOBBED/NSWIEG & IZITRELARY, ZOHBENRENY

TIIh &%,

TEAR AR ZE N O TEEI NS B HRITH 2 NN E T RIT, 22N O E I E A
Tho. LTeRn->TC, HE X AZISH 756281080, BROBAENERNOLEICLLSE
BEAZITHIEITIRD. ZHUCKY, IREBEE PALEICKVE(L, EHEZRTZ IR A A 7T 6E
(2725 EEZLND.

3.4.3 BERXROFERLEBE

AT L7z 89512 WZRWTIE, ANEREBERBABIZIVERL, H1E2RkD5. 2
TR, EENZITATMVB AT LD, IRREER BB IV B IR FE A D I 1 AR E
SNHEBFRCOWTRHZTT.

T, A THOWIDREER ORI OW TR RS, CA OFFE /S BFIZBWT,
MIZRE AT v 7R L, a2 REBEB BB H WS THDD, RIFZEIZR
TIE, ANBRIMNTHLIZD, XTI AT LHIER A RB 2B EREN5. %
7z, ZRRIRIG IR AE R DT=D11E, N1 T 2T VO ZEAL D3 H TS R S ik
BEEBBEEMNEEL. ZhIE, AT OSREMENERZ A BRO LIS,
WY, TUDBEIHITTIR DL ERMEIZ DRNBDHEBZEZONDTeO THD. ZNOLDOFMEEEE
L, RBFFEIZIHWTE, IREBER BRI BB E R & (state transition table) EFEIXLDE

ICRVRBLL, EREADOHMAREEERICTTRLE.

WREB R, LiHOFICTXTORELEFES, LIHOTICTXTOANRLTEE
&, R p (TS T DITEANT) a [KHIGT 2O H DN EIER T &R o(p, a)
ELATLHEA 95]. ZORBEBROFFEELT, >EDRB’HITHND.
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AN BEECRBIND G A0, EEN THo THEE CRIAINL Y
BBV TURREER N AT THD.

ANZHRLCTHBICH A ZRE TEL0, HHRA R D OMRERR S5
MARETHD. 127120, RIEXTHISBERARIINDID, M &EE2RHIZLITTE
ANAY

AN NTE, XTIV TERBIND AN 2T KA RE OB TIN5 56T
HIETHKRBEBRLTH WL EE LT,

OEN, BRBEAED BRI R ITIELZLLTITRT.

F7T, AMSNDHXI V% Fig. 3-6 [ZR T E91T 3 IROTRJERE R TRELL, xy Fm k-
DFHERG, (0 < 6, <2n), xz Ll LOAEL, (-1/2 < ¢, < 1/2)ET5H. FLT,
Fig.3-7 DI, 2D, ¢ HEDRESIZEVZNZ A 8 H I LN 4 [ DA B I % 5
DOWFT NN ETHIEIC RV & TRBLT 5. T T A FE I 1A BRIk %
FRRESNTRY, ZNEOESHLRKUCIVIRERE B nyw 2HHL, ASEHDEN
JWVE 1935 32 ECOERELI-F FICEVIRS.

nsz‘ate = n& + 8(n¢ - 1) (3'7)

ZIT, ng &6, DAEBIRTE 5, ng & ¢, OALEBIRE S LT 5. XG-1)IE, #2722 A
NENDXIINEZDOFANCED 1705 32 DIREF I TIILZER TS, v,
A EEEIR OB B VT, A EEEE S ORWESOEELLZLELE. 2, AT
SNDRTIN 0 D6, RIEE 513 33 L35,

Fig. 3-6 Input vector to the CA state transition function
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Fig. 3-7 Angle region number

Table 3-1 Example of CA state transition table

Agate 46 (r/4) A¢ (m/8)
1 4 2

32 6 5

33 1 7

O, ZOREFSEREEBELZH O THAISNDEIMVERD D, REER K
[ZiE, ANSNDXTMVDENENOIREE SIS LI MEA RS TnWD. K
FiETHWHIREER K O H J1E1E, Table 3-1 (R T LI, 6, DEEINEAO & ¢, DI
IMEAp OFEFEEE S THE. KGN ICIVEHShREEE 1L, REEBEICK
NAO BLUAP ITEBHII, SHI, RAUTTV M ISNA IV REHENS.

6,=0, +A40

out

(3-8)
o = @ + A9

HASNHXT MV, BHEDOFEET LT ERT XTI THLHD, EERICEFR DI A
FTHHME, EHERZNHEEZLD 6 TR D5, HNESNHXTM RGN TTRERD.
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72720, HAEND IV DS BN T CICERZNFET D AT ELR V.
B, REEBRICFIRSINOEZIREE FITXE T 540, A9 O J1E% Fig. 3-8 1T
T 1 RITCEANCER 5. EHEIZZD 1 RITEINCTEWTEAETHZLER5.

344 MRERDERE

INET, BB LHWHBIREL TEERAELATIBRIZ OV TIHE AT, SEIZ
—HEENBEREAELDIRL, TRRDERSNDERIZ DN TR ~S.

PR FEANT, A MRBET SEER R A B> TIT s, £, 5% 4E
HARBUICB N TEFET LT R TOERICKHLT, TNETNERFE L E M TOND.
T, BERANELL, HOEHBN, TOMEBEIIGCTEATIESNOXIMVEZFE L, R

BEEREMNTHRAETLIEIOT MERETLIBERELERTD. 2B, TALNDE
FREAPEORE R CTITEFEFORAITEILT, BETLIEROEIEN T ERINDSTZT
Thd. FLT, TRTOEFRHENKE T LIERFET, iLERSN TS T R TOEFE DR
AL, BAEMREZEFHT5. ZORBEIRL, FA AR DT E Uiz i K38 A AR
BUTE LI TR 2T 775,

U EOBBTHERBAELZVIRL, BH—RNOIREREITOHIEERE L. 20
FORMIRAERR T 2 MWD ET, B ORI IR AR AT RELRY, ZERZRIIRE
RS DRINDHEB ZBID. 72F, RAEIEOT7m—F v — e Fig. 3-9 127 .

(26 directions) (33 directions)
Wi in Vy 33 arrangements A9
olel2] [1]s|{3]7]ol4] “[1]7]e
26 arrangements 10 33 arrangements

(33 directions)

Fig. 3-8 One-dimensional arrangement
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Input one-dimensional arrangement

seten =

¥

Calculation of
neighborhood information vector v,

¥

Calculation of
positional information vector v,

v

Calculation of input vector

:

Calculation of output vector

Judgment of element generation

Log coordinate of element generation

en—en+1 )
eg—eg+1 )

if en = enmax

Element generation

if eg = egmax

else
else
en : Element number
eg : Element-generation number
enmax : Maximum number of element
egmax : Maximum number of element generation

Fig. 3-9 Flowchart of form generation
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345 FELSUVEHNXEBECRAL-BRERSE
(1) BRERDEH

FT, BREAERSELEMELT, BATHTESNIZ3RICDOIIRAE K ZEMEZREE T
5. ZRRIRIGIRZ AR T D72DI21E, TBIR AR ZEMIZH DL —EDOREINERIND. B
WA ZEMPERORESITR LTINSV A ITIE, B 2E [ 2 P e BE (2B #E L
RIS, ZORERICE L ERIIZOMEITIh > TR 2/ 270, AlSh DR
DZEMOTRIZHESINDZLIZRD. ZRODTBIRIL, ZERTEROMHK 22 T 572D
HHEZRD, ZREMEBME T 32LEZ206N5. LI2R3oTC, TBRAERZEMIL, BEOK
FITHLTHOGRRESELODUERDHD. —F, WIREKZR N KRETEDLE, IR
AR TEDEATICHNBEEISNDFTROBAHENKRELRD. L EOFHEZEBELT, £
23 21 fH OB /AT KO B S IVD ST IR AT IR AR B 22 R 8 LTz

O, WHRFEARMGOKBK THLE ~URDANEZRETDH. ATIEICBWTX
R ORI IR & TR E T D0 BTV, AL EEZ R E T 2L ENDHD. ZOAL
X, ARTD2HEROB HEZE TSERWEIIZ, xR RICHEE L THEE T D07

EREELW. KTTEIZBWTL, ZOMELLT, IR AERZEROP REELE.

SHIT, ERBAICBIT DR KRB AEMARBEHRETD. R RBEMREDNSNGE
T, EHREPDIEAERATETIZ, BRBVAERSNRWATREMLRHD. —T7, e RFEAE
RN RETEDLL, IBRAERZEMANICERZENEAELTE, IBROZHEMEME T2
LEZABND. UL EXY, BAMAREZRITHERAICE ST URR AR EIT o 7o f R,
BRI EIZBIT DR RIE AL Z 20 L LT, £z, ARSNDBR ORI E, £ O M % fF
Hrd 272, 100 HLL EOZERNGRDIZIRD 10 HFELNLETHRITEIDIR L.

(2) EBEFEBAIVMLBLIVHEFRRIML O

CA DIRFEER I ~DANIFEHMEL T, (3-5) DIEFIFRAT ML v, D% N T
AR E A2 AT o T2t A, Fig. 3-10 (R $ o0 TR B ERR S, IR, SFEHCIR,
BHRBLOZENGDMAG DOE ORI N E RSN M DR Iz, Fio, ERS
NI TR 2 = BN B UTRE R, SRR O IR 3 i b % <A Rk S Lo 1) 23 e 78
Iz, ZhUE, I ST v, BT L OMRBEBIC IV R ITICE EH ML THD
7o, B—HEEPLELTEDOEDLVICEENBELLT-DTHLHEE ZBND.
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i rFFFFFF

(a) Sample 1

2228 A A A

(b) Sample 2

v 6 b B P

(c) Sample 3

Fig. 3-10 Form-generation process by neighborhood information vector v,

aadd 44 A

(a) Sample 1

ceaadd ddd

(b) Sample 2

YT Y VY ¥

Fig. 3-11 Form-generation process by positional information vector v,

—J7, CA DRIEEBB I ~DOATF#RELT, K (3-6) DILEIFTHR IRV v, & H W
TARERRZAT o7 fE &, Fig. 3-11 (R $TIOR@R TH Mt F SR 2 E kS i,
SRR OFAR DE LS DA AR S 2. 2T, MLERE WML v, 28, 22/
[ E SN TEE S O B BARICED — B IS E £D XML THDH T80, FAITTT PR
BTl ThDHEZZBILS.

42



W3 SHREHT AT AMCBIFARAER T EORSE

(3) EBEBEBRARIMLEICHBERAINLOE HIE DMK ER
SEB BT vy L B BT v, DB R & 2R ELT, AT vin
BRAAT LD ER L.

Va=kv,+(1-k) v, (3-9)

REBEB KOG HRDFLIBINZFE —D 1 WLl FZHWT, k fEOZE LIZEL R
FEIE WML vy BEONLEAF BRIV vy, OFEIRAE K ~DOEEIZONTRET L. &
DiE A, Fig. 3-12(a), () IR T X, bk EOZEAIZEY, BRENRZERZA TR
ARSI, ALE B WAV v, 1 X, B CIOEBCIR O IR & £ 5l 9 D 1 235523,
IEEIE RN ML vy 2B T HILITRY, BAROTAR 32 <A pRE I 17) A3 e 78
iz, Fo, B ERANIMV v, ZH WD Z LI L ALNABR OB ML, (7 & F #
RIMV v, ZE T HZEIZIVIHI S NDZEN RSN,

LLEXD, SRR O IR AR EITIH AT AR E k& 1,018 31, — 07, SEACRO
AR AR AT B BT LR k&2 0.0 1E S5, 2L T, BEKOIRAERE1TD
L E T AR k2 0.0 <k < 1.0 DFPH THERAIET2ZLI2ED, TR OEED W]
REL72%. ZNHORE REIT, WIHIZT, AR AR DL ML E OB AN DM
FERT %475,

3.4.6 EVMOREBEESALEBRERS EOE MR
(1) 2HHEOES

U R ST TIR O S KR M % TE RO I ARAT + 5. B2 TIE, & L OHE i 2% 3R
~OEFEELTHRENE S 25, R EHIB VT, AR IR T AR
Y QIR BB R DU BN DD, Z 0T, AMEICHENTIE, K7EAD
FERE (8 2 L B3 BA R T 50 LT RE A S R M FE IR % 2 5555
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chromosome 1 chromosome 2 chromosome 3

k=0.0

positional

information vector Vp

4

£ ¢

i

/

et ainle

(2) 0.0 < k<0.5

Fig. 3-12 Change of forms followed by composite ratio &
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#
i

chromosome 1 chromosome 2 chromosome 3

k=0.6
k=0.7
k=0.8
k=10.9
k=1.0
(Neighborhood

information vector v,)

() 0.6 <k<1.0

Fig. 3-12 Change of forms followed by composite ratio &
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F97, Fig. 3-13 () IR T I, RGENPDAKSIIZ 2 DO form i & form j 73

FAELTES AT, ZROOFEBIMEIERE S, # R NUCIVEFR T 5.
25k
_ (form i) N (form j) = (3-10)

y (form i) U (form j) m;;

5, = { for cell[][k] cell[]][]]

0, for cell[l][k];tcell[ ][

ZIZT, celllpl[qlZTBIR p DF g FHOBIALDIREE (BEHRELRLOBE A0, EEHVOY
A1), my% form i & formj OFEG OB LT,

ABFFRICEBNTIE, AR L72E918, FHEIL TS 2 SOFIRIE, FRUALEICFEEL T
WOERBNLNEEZD. LIZh-> T, RIUALEICAFFET S form i & form j DFEEE D
YA %% Fig. 3-13 (b) (2R T ECHIEL, Fig. 3-13 () IR TEHIRMBIROFES %
T DB my (26T 2EI A ERDDZEICIVEROEEEZ R H 5. ZoRick
DEHENDIROFEBINET, 2 2OBRBPESTZLFELTHIIL 1 L7220, $_XTHORL
DIRREN BRI DG G120 LD,

12, RIFEDBAERSNIIBIROEMICK LT, ZERMEEE D 2RXICEVER
T5.
5[ £

i=1\ j=i+l (3-11)

D=1-
nCZ

2T, n ZEMOME, i #RIRES (1 <i<n), C&2IEHRE, S; 2K i &R O
RN SR tab STYRAY DL cti=y: Rl Byl

ZOERIL, FNV—TRNIZFBIL 2 IBIRRD 2T EE DT NV —T DR LRI
BWET DB X FIZHESNTEY, 7 —T NI R COMAEDEOERUERIE DO
wlD, 1 PHELTAE L2 > TWD. ZOLERMESREE D 1%, 7 —7AOT N TORRKRD
[l — ChHEAEITH/MEO L2, T V—THNOED 2R DOMAE DI DN THIE—
DALEAZ BRI G G IR KE 1 8725,
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Elements of form

Form i Form

(a) Examples of form i and form j

. Element of (form 7) » (form j)

m;:

ij
(form i) N (form j) =53 =3

k=1

(b) Elements of (form i) N (form j)

Outline of (form i) U (form )

(form i) U (form j) =m; =13

(c) Elements of (form 7) U (form j)

Fig. 3-13 Similarity index
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B, ZOMREX, R e O EBRICEDEMZN M CTHH, RO
PESCEIR T E B I TV, 2L, BTl ORI, AW A i 5% & 1 ~ o3 A
ZELLTHRELZLD THY, HiEak s EIZIB W T, fof BRSO R AR E DAL E T
FRMTRE RO R EL R D12DTHD. ZORIEIL, BROZERMEZFTE T2 1 DOEEFEE
20550, TR DO ZARIEZ TN I 5B, 2o A F I K0FEM 5 ik E2 W4 TS
ZENM LD, BIAE, SRR FICRWT, EEALIROZ M A M T 5% A
(i, A, R, MRSV R E WAL NE 2 bNhD. —F, BIEZRFICREWD
T, BERENOIBIROZAEMEZ RN 325 61213, B EREZITIZEITEVEMEL WD
WEFEHEE A VDZENBZOND. RIFFRICBWTL, R EICED SR M %
B4 TEITTYTY, RBAFEMEIC LD 2RI MRAT 228 5 =10 TIT).

(2) BREBRDOHEMEDESR

RIFIENZ LD AL il D 3 M A i AT 327212, R AR D %h F A3 3 545
FEELT, RITREEE R L. BATRREEIE, 100 HLL EOEFRNSRDHEIRA 10
FEAERSNDETICLELTIRITE THD. 2F0, 2L, AITICHEELE 1 KR IThE
FIO#EETHY, BATIRE N D 2 VNEETR AR O RIEITE O ENZD.

(3) FUFLANYGMLERVEIIRERED S ML E

CA ICBITOREBEBEABA~DANERELT, FUF LIV ERWGELE, E
G AT vy BEORLEE RNV v, E H WG S LD AITH 2 8Ic kD, K
BIZBIDZAN T ~Z MV OA ISV TREEZTT ).

(@) IUFLRIMLVERW-BRERAEDEST

BWHRAANENDRI N ETH ARTVEL TR AR Z EIT 5. BRI,
Fig. 3-14 |Z/R 3891, x, y, z FMZENZNIC-1 006 1 FTOEEE G 2T, TNEHEHR
WCANSNDXTIVDE R DRESELT. ZHUCEY, FERICHEXHANNERET
VHENTTHIENFIRELRD.

RIFUEEFITUIRE R, Fig. 3-15 0O, SLROB R B E RSB m ARSIz,
ZHUE, T LIRANT) XTIV PR ICE RIS ThHEE I bND.
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Object element

Input vector

..........

Fig. 3-14 Set of random vector

48

(a) Sample 1 (b) Sample 2 (c) Sample 3 (d) Sample 4 (e) Sample 5

T4

(f) Sample 6 (g) Sample 7 (h) Sample 8 (i) Sample 9 (j) Sample 10

Fig. 3-15 Examples of form generation by random vector

(b) FEIKD B4R H S URSIK & B D %h F M F AT

CA ICBITDRBEBHEA~DANERELT, TV F LI EFWG G, T
HMANTIL vy BEOLENFTHRAT MV vy Z WG A& OZREICELT, 3 TR
B L ARRMESEAE D LOBIRICOWTIENT 21T 272, 22T, B R k DZALIZ I DT
TR E L ZREVESRE D L DR D EAIZ O W TN 24T9728, k% 0.0 725 1.0 £T
0.1 Zhicfbsdi. 2ok R % Fig. 3-16 1237
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TP, SHMERE D ZAWVTTIUE LRI MWKV E RSN TR O S AEEEfRATL
TR, 0.61 LN AIRVEEEZRL, 0.47 76 0.72 EREVIELDEERLI.
AR D2 B ME A EL B ARV MIE A 78 L7 1, SRR ok &2 A e 3 2 i 3R Siure
FERERBL WD, —F, AT IR EE D WICIE R A B D h S 2 fE AT L7265 2R, 10
EVIORMEE R UIZZEDD, SRISIRBERSNDZENHERSINZ. 2T, TRk
FFRBERFBEAEPIRAERERELIZZENB 261D, DL EXY, FUF LTV EE R
WCANESELZEIZEY, BRAEROHFERIZEVVEEZ R LD, mWEERME IR IR
MoTz.

O, EHHE ATV vy BEONLENF ]IV vy Z WL LIV A END
TEAR DL ERME B LOTR R LR DN RIE LA LTZ. T ORER, ToF DRI V& Nz
HBAIIIELNRVE VSN R ORI EN RSN, £, IHHEEHRAIML v,
ENLEF ATV vy, ZRLAEDELILIZLD, ZNHDOXIMVE M TH WS EIZ
RO VEWEHRERELNLZEDRENT.

SIHIT, MEEAF R ATV v ICIEEE AT ML v, 2T 228 I KD TR A e~ D

) )

1.00
Vi = kv, +(1=k)v, a
095
0.01 <k<0.09
090 | @@ Positional
informationvector v
Q 085 P
0.1<k<0.9 (k=10.0)
é 080 T Neighborhood
£ neighborhoo (k=1.0)
Z 075 information vector v, ®
5
E 0.70 -
Random vector
0.65 /
0.60
0.55 g g
0 50 100 150 200 166550 166600

Number of trial forms

Fig. 3-16 Relationship between efficiency and diversity followed by input vector
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EEIZOWTRITZITHI720IZ, k iz 0.0 2°5 0.1 OfIE 0.01 LB bE T, 31T
TERB L RRIESRIE D EOBIMRICOWTRENT 21T o7, ZORER, MEFHRIML v,
AN CTH WS AT, THEICLDER R AZME] T 5@ &R A 57D IR AL D
BRI FE LR T 2D L, MBI HRARZ MLV IS E 7ML v, 2432
ZEIZEY, EEE WAL v ZEMTTH WG A LIZIEE DRV TE W SR
DIFHNDTED RS,

3.5  WAREHEGE
3.5.1 HFORREZH~DEHA

TR LI R AR T 52 N TYRREHTE 32128720, AFRIZRB VTR, # A xE
SELUTR FEBRELL. W71, ZHRRIBIRDIFIEL, MBI, O #7823
DEFTLHOPLOMEE T ORI T, IUEEHEA TOMERE, kxR EZ5
ELTRESNRITNIT BV, 2070, £k 3 IoTBIROE A B & T 54400

BT AR ELTHE Y THLHEB ZHND.

ERLIZRAER T IEICBWTUL, BEOHHIBIRORELLELLZRWA, Fig.
3-17 \RTEIIT, FEEBONMMNEATLEMITIE, BRAEROHIRE 5272, %
7o, MRFARMBOMK TOHLHE —HREDONELZRETLLENDD. H—BHF DN
BELT, ARTDHEROBHEZIK FTIERNEINIZ, HOPLERFHRIZILEL THFE
THMENEEL. 207D, ILEOEHALEL T, Fig. 3-17 (R TX910Z, i H 4
(e S N AT VAT R g e St G VAR Byl

1050

. Restriction occupied

~  byahuman

1050,
Dimensions
[mm]
g Initial seed element
(525,425,375)

1050

Generation inside the space

Fig. 3-17 Form-generation space
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3.5.2 MKFFMEIER

ARBFFEIZBNTL, R L TROLNGTD DORIKBOFEAME B LT, JE#
O R, S O R, REE O IHE B AR EL. LTI, & MHEE 220
TOFAMDF H H1ExR <2

ANDBELE NI DOR R B E T 28, NDNEDERDNDHDLIENLEFMELRD. L
T2ido T, ERENDIERITE W T, BEEAEDORRER RS TWENFHEE H (2785
LEZLND. FEH DI EIZOWTE, BLFORICIVE N T 5. BIRAKZER I
W T ST RSN D RETT LB T DR AZEE S O' N EL, TR FHICE
NDHFEFOEN G H LR O RELLT-.

n

fy — _elem_ (3_12)
/ n

cell

Retem - JETERIZHE A LT FE OE
Necell FEJ‘BO)FEI 7f!j 'ﬁ: &L?L\_VIZ/I/O)%I

TR AE R ZE RN S TE R S TW e LT, ZRAMITIZEE L TWRITIE A%
JELEDZEITTER. Zo% A F IR T HER AR MO R ChLH —EHRIT
JE T O W R EBICAFAE T D720, ERENDTIRIZE > THIME ITHE LW G & 2RI
5. ZZT, M FELTOFME A LU T, #MmOWREZRE L. UL, ERSi
TERICENT, I TimICHLER NI ENZTF L TV D rEeER TRHEEE T
HY, U TORICEWE T 5.

d
S =1 (3-13)

delem @ﬁk%?ﬁ%g%@zﬁﬁ@%ﬁ%
deey  JEH &M (2 = 0) D& 2
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[ Ground surface ]

O Center of gravity of a form

|:| Element touching the ground
a, =max(a;,a,,0;,0,,05) = s

Fig. 3-18 Angle for judging stability

FEENFEEL, BEHIE L FEEL TWZELThH, ZEL TALo TWAIENTEARIT T,
R FELTCOBREEZRT-TIENTERWEE ZOND. BEEIZOWTL, D EL
EROHZEIZED, LTFORXICIVEHT5.

if a,<rn thenf, =1.0 (3-14)

sz =1-

o, —7

T

ZIT, AROL EMEEH BTS20, Fig. 3-18 [OR T L7 EMEHI B ) & E 55
T5. REMEINA oy llE, BIROBELEEML TWDEBZORT A EDORN TR K
TVNAETHY, BEMWHIBIA ay Brlb/hSWGA IR L EL THDEH B9
5. ZOFME A X, ARSI BROIMINCE LRS54 1.0 Riiiez0, Zofi
IZEODTEARDOEENAVXBENDIZE 0 1IZir3<. F72, IBIROWNMICE LRH -T2
A, 1.0 &5,

UEo3mBIZZENZEL, 0025 1 DfixLd. £LTC, 3 DOFHBE H 2 H W T, ARk
SNTTIR OB Z L T ORUCEWE T 5.
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(3-15)
f:fsf +fgr +fbl

ﬁf T DT R
Sor T BEHLTE O B E

Sl VR TEE

FHENZGHEES 3 THE X COFMAET R L, f= 3.0 IZRDIREFR ML
THIH 2. SRR L7272 2N 10 B HHENDET, Ik ARk a2<0iRLT-.

3.6 MERTIIIVXLDEA
3.6.1 BEMTILIIVILDOEA

BRI KRR IR R ZAT OO, IRRRT NIV LB NS L. fRERE T L=
UALELTIE, RIFFED B IS, B SNDREFHE A DL ERMEZ + 0 IR L7222
5, NRIRIEBREITZ AT NITIRLEE AT AHULENGL. F2C, KFFEIZEHBWT
3, SRR OT VTV ALELT, R ZRIEIR R ZATOZEN T RERB I T VT YR Ly
(genetic algorithm, UL F GA LHEFLT5) & H\WAHZEELT.

fRERIR T NIV X LEE A LT AT AO IR &% Fig. 3-19 IR, BARERELT
DB L& TR AE RS, TR DR 21T DM AR 2 R EEM R & L, RS a7 r— Ry
73 LRI GA Z W, Eo, GAIZBITH R EAIRIZIT CA DIRBER £ DOIF R
w7z Fig. 3-8 ITRESnsd 1 IRoehd sz vz,

362 RF—TWEOTIITIYXLDEA

ARHFFENCBNTIE, SHEMEHNEZBNELT, BIEREZITHIRREMICH T A KO
ZRRVEZ + 57 IR 37272012 GA DILIEA T, 22T, —M&AI78 GA &, KRR
T L THLRZAT 272 GA (2RI DfFHl ] J7 1L DEWIZ DWW TR~ 5.

—fRIIIZ, GA ICK DR R RETIL, IR OIURAE K T &ML T 5. 0w, B
OG- EARNE EFNDE O MR ORE R, FALZ K K& DM — DR, £zl
LR OEHNE N IND. LiL, RISV T, HKiERME— i TIiEk<, 28
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fREHZ RSl TRY, MZERICAFTET DM 4 R HMARE L, FIRFICZ kL
I 2HEPLETHD.

ZIT, HLBRIZONWT, iR DD — & DR EZ B X T LXK MR &L Tl
HTB2LEL, 1 DOMREHHL TR T 720 TR, MBI O Yk Z i+
DETRER <R ZEELT.

F7o, REHREM IS 20055 ITE B TR OMAE DEITRFELTEY, GAZH
WIZV AT DZEWTL, MlAEDERMEEZRNTNDIEIIRS. ZOoLE, Bin TR
BT HAF —~ (schemata) EPFIEALD — & D SLFFN D /34— 38, e BUR OB 7 B 1
ERBLTLIENHMONTND. AX—<52H T ORAEBEFHTICHFETHILICRY,
ZOYL AR, WIS O O Y R S L CEAR B E (genetic operations) O BEIZ 1
e TRINSNDT2®, AR AELVIRLAENHEFITEREL T 20K R, FEIL
TeAX —~ 50/ T HRREM PG N INDT-0, SRS N EZITOZENNEIZRDL

EZzbhb.
v:

Form generation (CA)

Genetic algorithm Mutation

Crossover

Selection

\

A
Form evaluation

Non-
satisfaction
k Evaluation/ j

y Satisfaction
/ Design ideas /
y

End

Fig. 3-19  Structure of the system in the generation process
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ZIT, RVATAZBWTL, £, —ELL L ORI 20 72 3 Y AR 2 3% 5 Hif e il &
LTIl T%. &6, HEOERAAT—<2 0 THRGEDBE T LIRS
W, Fig. 3-20(a) IR T IR FIETAFZF —~v O ELZITH LU, 2L, #HIZilEK
RS AR EE SR, LEATOEEOZHEMEZ R T 528072, KIFZEIC
BT, ZOT VIV RLEAT—< O T LTYXLEL, Fig. 3-20(b) (I3 3 X957
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Fig. 3-20  Search algorithm
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Fig. 3-20  Search algorithm
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Fig. 3-21  Structure of the system in the process
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Fig. 3-22 Examples of design ideas
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Fig. 3-25 Relationship between efficiency and diversity
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Fig. 3-26 Analytical results of diversity
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Fig. 3-27 Analytical results of efficiency
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Fig. 4-2 Modification for reducing weight
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Fig. 4-3 Flowchart of the system in the optimization process
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Fig. 4-5 Effect of number of generations on maximum equivalent stress and weight
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Generation process Optimization process
Generation of the forms with Optimization of the forms with
satisfying a few design conditions satisfying required design objective

Fig. 4-6 Forms obtained by generation process and optimization process

1500 Maximum
- | lo
E 1000 = Average
% 500 | lo
'g Minimum

Generation Optimization
process process

Fig. 4-7 Change in weight

5 50

5 = 20 T Maximum
=g

T= 30 | o

°2 = Average

£ % 20 - 10-

g 5 10 Minimum

§ ----- Allowable stress

Generation Optimization
process process

Fig. 4-8 Change in stress
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Fig. 4-9 Analysis of diversity by the diversity index
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* Design objective
Weight reduction

* Design conditions
Strength requirement

Existence of grounded surface
Existence of seating face
Stability

Optimization

* Loading conditions

B Direction of Seating : 10MPa
. Direction of back rest : 6MPa

Initial form

Fig. 4-10 A unique design solution obtained by the conventional optimality method
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Fig. 4-11 Diversity design solutions by proposed system
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Fig. 4-12 Change of weight
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Fig. 4-13 Change of stress
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Fig. 4-14 Comparison of the proposed system and the optimum design in terms of

weight and total strain energy
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Table 4-1 Evaluation in generation process
Evaluation in generation
process Law evaluation High evaluation
Processes (3 items) (4 items)
* Design conditions * Design conditions
* Existence of grounded surface * Existence of grounded surface
Generation process -Existence of seating face -Existence of seating face
= Stability = Stability
= Strength requirement
* Design conditions * Design conditions
* Existence of grounded surface * Existence of grounded surface
. * Existence of seating face * Existence of seating face
Generation process o .
+ Optimization process -Stability i - Stability .
* Strength requirement * Strength requirement
* Design objective * Design objective
* Weight reduction * Weight reduction
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Fig. 4-15 Examples of forms satisfied with low evaluation (generation process)
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Fig. 4-16 Examples of forms satisfied with high evaluation (generation process)
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Fig. 4-17 Analysis of diversity
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Fig. 4-18 Analysis of efficiency
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! 1- l ! ;Ii -
(a) Examples of forms satisfied with low evaluation

(b) Examples of forms satisfied with high evaluation

Fig. 4-19 Comparison of forms between low evaluation and high evaluation

( generation process + optimization process)
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Fig. 4-20 Comparison of diversity between 3 items and 4 items in generation process
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[ Optimum design solutions by optimization process ]

Design objective

Criteria in generation

\/\/ AWk

Candidates for des1gn solutions by generation process

Design variables

Fig. 4-21 Solutions space in case of setting low evaluation in generation process
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[ Optimum design solutions by optimization process ]

Design objective

Criteria in generation
process

Candidates for design solutions by generation process ]

Design variables

Fig. 4-22 Solutions space in case of setting high evaluation in generation process
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(a) 6 directions (b) 26 directions

Fig. 5-1 Expansion of directions of element generation
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Fig. 5-2 Comparison of generated chair forms
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Fig. 5-3 Comparison of generated forms with the same one-dimensional arrangement
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MERESEZDLIERSIGIROEHEILIITZDEZE R T, 22T, TNETOHERB LTI
BN EFREX T DIDICHEER LI EETD.

Line contact  Point contact

Fig. 5-6 Generated chair forms with point contact and line contact
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' Real Young’s modulus

Low Young’s modulus (x1077)

Fig. 5-7 Addition of the low Young’s modulus elements

WEH DV AT ATIE, SREHRMEHRIZB TR KO YR I E2ACTOLH R OREY
[CERAEAINL, \EEBAD AR TRDOH YIS N E2ELTOLEROREETT)
ZFhzxt L, AR FB T IEEILE LIV AT AZBW UL, BERICIDIEHRE IR ~D
WA DT HIDIT, MEHMAE RS LIOE &R ZRICE W TERTLHER T
FEFEOHET D, £z, BERBICLDMMBLOBEFE DR EIL, EHOIZNIIT.
LLEXY, FIRBRH I EEILRE LV AT AR W T, IR O #ME REEZD
CERIRBELEATOZ LN AT REL 72D,

542 HELBRICEBTIEHRMEHATLDELT
RELEFZMM T EZMOT, RE LEBROVAT LEEITL. Z O R, Fig.
SBUTRENDENNT, BWHRERREATT M A 26 7 AITHLR LI BIEFE DT AT LI A AL
SNIZTIRD, £ DR AR LIZEERE (LS.

Fi, WREBRGIEZ IR LS EH AT LOFNIECOWTERIT 2175720
(2, YRR LIV AT MDA RSV TEAR EAE R D IR 5 i D B DTZAR R B T iR I L0 4
RSN R ED B AT o7, ZDHKER, Fig. 5-9 [IRSNDIDNT, RO IRFH
FETRERTDZENE LTI Z A $TDRRLL, REO A HEPH LR
WL ARSI, TBRFIR T IEZILR LSRG S AT AOFRIEI RS,
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543 ARBKDSEREHER

TR KRBT EZILR LTV AT LD R 0% E mBIHIT 572012, ZERMERIED
EHWT, ZREMEMNT 21T o702, TORE R, Fig. 5-10 [RSNDENIC, IBIRF B T L%
LR LTV AT DIV AR SN IR O SRR MET, BEIERIZB W TERSNRRE
LT, IR F I 2 m A MRS, Zhid, RO L TWODE 2 130G 7
LHNAECDD, el bR ORI MZHIZ I ZORBERBPMIMS L, SR
FCRBERESNDEF DD ThHEEZOND. LInLnh, WIREBL T EZILERL
VAT DBV TAERSIIE R OSHRIEREE D OIT, FBE R B L O (il iz
DBRIFIZRBNT, FERDVAT AL L TEVMEEZ R 2R ST,

- -‘. 1
Generation process f .l :
TR -:'-5
: -
[ &

vv

e l L
Optimization process L =
P P a&é‘- {.s‘.'

Fig. 5-8 Examples of chair forms generated by expanded optimization system

Conventional system ‘ ﬁ é ‘
&, 22
Expanded system R ;
: o2

Fig. 5-9 Comparison of conventional system with expanded system

[ B

96



5 E SRR AT AORIEEHRED e EH R E A~ OIS

0.90 Maximum

} lo
B\ 5 Average
0.85 lo

B ) w Minimum
080 f—— ===

I N
|=| = = 6 directions
(Conventional system)

Diversity Index D

0.75

— 26 directions
(Expanded system)

0.70 ‘
Generation process Generation process
+ Optimization process

Fig. 5-10 Diversity analysis

55 EELHEEOHFRTEE~DIEHA

H 4 EETTORLESRIBE AT L2+ O B L8 1 O i i &1 R~
L7z, KU AT L0 % 7t o i 3% 5 B B~ i "l REME 2 M GE T 572012, AV AT
LEAERLIZEE (LLT, R AT LD &P T) ERER DB DA (LLF, KT AT A
DAE AR LB T) THRONDMR D Z AR AT LT,
551 ZHBEHIATLOFEAKICETIEERE
(1) BEEOERAE

T¥ETVALEHFLTLFE 19 £ITKL, KAT D&M HE TR RO G
R 10 EERk ST,
(2) REFEDEREH

fat F ORREFIREERSEDITHZY, REE AR, &EH2ER, BILUM BRI 2 5%

7. BREFRARIE, B4 EICBWTEITLERE(ERICIBIT LA EERRICREL, [#
HLTWaZE), THEERHDHZL], TBRELTWAZE ), BLOEEZZL TNDHIE]
VORISR LEBICITB RS T 2L EVOREFAE L B 27, £, REHZEMIX
93 EICHITD Fig. 3-17 LREERICER E LT, 7235, MOBHE, &, &R, & mfEs
VORI AR 52800, ITENTYRFHIBILEAIMEIELTERSATWS ™

Ty L BE LU TR REERSET.
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552 ZHMEHIATLOFERBIZEITIERER

(1) BEEOERAE

551 HEFH DO LETFA L 2 E LT LHF/E 19 LISk L, KRUVAT LTIV ARSI
TR AE 30 R RL, SRR LICAERIEIREL STk TR ORF RE 10 RS
7-.

(2) BEHEOHERES

FT, KVAT L FETTHIELITIY, R TLHBREAEMRTD. ZOBRIZ, TBARA AL
78, MOBHREE, BR O E G2 s E L. IR A R ZE M M E S F 1L, § 4 LM
RO EL LTz, £z, MBHE, ~7 3V U LEEL, Y27 % 44.7GPa, 7T V1 0.35,
BEBEE 1.74X10°kg/m’, FRIGS] 41MPa LR ELTZ. K AT AMCEVERENTTF

WK% Fig. 5-11 [Z7°7.

W e ¥ 2P

(a) Example 1 (b) Example 2 (c) Example 3 (d) Example 4

N2 I

(e) Example 5 (f) Example 6 (g) Example 7 (h) Example 8

Fig. 5-11 Examples of generated chair forms (from examplel to example8)
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L3
L8
L
(1) Example 9 (j) Example 10 (k) Example 11 (1) Example 12
[ 4
(m) Example 13 (n) Example 14 (o) Example 15 (p) Example 16
|
g % <
el
: w
(q) Example 17 (r) Example 18 (s) Example 19 (t) Example 20

(u) Example 21 (v) Example 22 (w) Example 23 (x) Example 24

Fig. 5-11 Examples of generated chair forms (from example9 to example24)
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(y) Example 25 (z) Example 26 (aa) Example 27 (ab) Example 28

(ac) Example 29 (ad) Example 30

Fig. 5-11 Examples of generated chair forms (from example25 to example30)

5.6 HRBLUER
56.1 BHINFHRHE

KU AT LOAREHRFICB W TE LR TR IR O G R OB % Fig. 5-12 1TRL,
R AT DO AR BN TR DI F 7 IR O G R OB % Fig. 5-13127 7. AR
T LDARME AR HB T DR FHRITIT, KPR IR RO TRE RS T2 IR 23 28 WO 7] 23
MERENDHZEITH L, R AT LD FREIZRIT D525 RICIE, LR/ EL IR
PRRBR DTE RS & ENTWDIENFER SN, TRHEDZLIE, KU AT LD 23,
BE Sk D 1 DRI~ 7 2T AOWM LW BER A & & F T35 5L L TR RW
THHEEBIZ, BIERGFTEMIERF O R EHIZEORDN > TNDLIEZRELTVD.
FEMIE 5.6.2 THICTC, @ ROSRMEDOBL R DI Z1T
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(a) Example 1 (b) Example 2 (c) Example 3

(d) Example 4 (e) Example 5 (f) Example 6

(g) Example 7 (h) Example 8 (i) Example 9

Fig. 5-12 Examples of the design ideas without referencing anything
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(a) Example 1 (b) Example 2 (c) Example 3 (d) Example 4

(e) Example 5 (f) Example 6 (g) Example 7 (h) Example 8

Fig. 5-13 Examples of the design ideas with referencing forms obtained by the system

(from examplel to example8)
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(i) Example 9 (j) Example 10 (k) Example 11 (1) Example 12

W W W
o W i
[T g
(m) Example 13 (n) Example 14 (o) Example 15 (p) Example 16

Fig. 5-13 Examples of the design ideas with referencing forms obtained by the system

(from example9 to example16)
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5.6.2 D ZIRIEMT

ZITIE, 4 BETTORULESHRME L AT LOBIER G~ ] ARz D
THRAET 5. TOTDIT, ERRENTERFI RO LI OV TR K B2 AV Cigir 2
179, REBRIZBWTIE, KT LOM R LA AR ICR LA RETR 20 O
FHA0 A2 T A AT LA BIZT 7 DRIEZR TRRSETZ. TN EHBRF B2 S, Table
5-1 12”3 23 THEIZDWT 3 Eifi SD 14 (semantic differential method) [Osgood57, &
T 83KV EREFM 21T O, ZLT, BN R ITH TLLERMEMAT 2170125
oo T, £, HUMEDOBIT 21T o 7o KBFRICEBWTE, HFREOHUMEEEELC
TWEWORH A A T2 Kot RERRIE (R 7612 VDI EICkY, G RIS T 57
fifize 2 o EAR - EICAE L, X at ZREOBENEAfET 9228807,

Table 5-1 Evaluation items

Beautiful / Not beautiful Hard ) Soft
(ELLY (ELLALY) (FEZ 51%) (FoMESH)
Refined ) Crude Heavy / Light
(E&%) (Fé@i) (BEZ57%) (EZ57)
Individual ) Not individual Slender / Fat
(&R 75) (BRI TAELY) (HELY) (K<ELY)
New ) Common Stable / Unstable
(B#FFLLY) (RiEhi) (REH) (RREL)
Functional / Not functional Tense / Lax
(BBERI7S) (BEBERITAELY) (B LT2) (g L 7<)
Symmetric / Asymmetric Gaudy / Restrained
R R) (GEXFRAR) GIRF13) €::1 29
Dynamic ) Static Warm / Cold
(Bhaa#) (%) ALY CAtzLy)
Well proportioned / Poorly proportioned Strong / Weak
(FER—T3onkly) (FEKR—2 3 V> DELY) (3&LY) (38LY)
Orderly ) Disorderly 3-dimensional / 2-dimensional
(FFOHD) (EFDELY) (GLIARITE) (FEm)
Voluminous ) Not voluminous Continuous / Discontinuous
(R a1—LDH5) GUERYN)YNRY (&) (FER )
Curvilinear / Rectilinear Fine / Coarse
(E#RAOT) (BB T T (L)
Complex / Simple
(EH7) (BEfl7s)
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XL DIT, FREFR T T 270 F O BEREA 72— 27Uy FEEBEICIDE L. &
DIEBEA S R ET R OBEEMEELRTZLITRD. 2 DOREFEHEOEBES/NESWEEZ
IHIFHEIL TWAZ &R, BEEEDR KR EWVZEZNLITFHIEL TWDHI &S, DXL,
BoNT T 2—2 Uy NiEEEZ VT, 2kt RIER A ICEDE R ET RIS T 55
filize 2 R TR i RIS E L7z, 2Ol RIZBWT, F ATk RISk 5 Rl 2
F7.

Z R TC REMERIEEZAWT, FRFFTEOMZ 2 RIoEE Fm EICmELZ. 20
fE A& Fig. 5-14 123, IR LI MIE, KA TLAORERHEE, fHHRFICBIT5
ZHEIR A 90% DM KRG 2 3. Fig. 5-14 X0, KL AT LTI A RSN T2 R0

3| H-axis
Design ideas with referencing

forms obtained by the system Design ideas without

referencing anything

-3
Stress =0.16 \J\
/ \
* Stable * Light
* Individual = Not voluminous
* New * Asymmetric

* Curvilinear
* 3-dimensional

Design ideas without referencing anything
A Design ideas with referencing forms by the system

Newly design ideas generating with referencing forms by the system

Fig. 5-14 Diversity analysis using multi-dimensional scaling
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WA TR THIEICEY, KU AT LOARMEARFICHITORGTRITT WA A 3 555
Rz, BARDFMAER THRFROH I EBONLIENERSNE. 22T, &
VAT LEM AT AL F IR N T R R TRl S, TR TORE RIS
B 25l L DFEICHONWT, A B AL 0.05 DGR EEIT 7. TOR S, ALK,
FEFTLW, THI#RAY 7R, TNARRG7Ze ), TIEXIFRZR ) LWV RIEE ICBDLE A LEBIC
(287, 2572, TRV a2— 2072\ eV Em I DATE B I L CH B MR p
< 0.05 THY, AEEDHERINZ. 2LV, HlllGoN -2, BIF e S
AR DOLH B IS L TE W2 A 528N R STz,

O, FHFH RIS TDFEMB O 22— Uy REEBEO Y, 51 OWE e F 2%
EHWTERSNIZZ RO ZEEMEICOWTRIT 21T o7, 2085 %% Fig. 5-15 1T
T ZIT, RV AT LOARME R &l RE 2381 24 58 31 2 M O BE#E D & B S\ T
A EKUE0.05 DRFREEIT o7, TORER, AEME p<0.05THY, AEEZVPHER
ST, Fo, KVAT LAORE ML LT, i RS0 B R EE O 2 A & OME
HIRLTZEND, KV AT Lz L TE KRR ZIRR 5281280, R ITHEER
TN A REMED RS L.

500

400
-[ Maximum

300 . } lo
H/H 5 Average
lo
200 I:[I l Minimum

100

T

Squared Euclidean distance

A B

A: Design ideas without referencing anything

B: Design ideas with referencing forms by the system

Fig. 5-15 Diversity analysis using squared Euclidean distance
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INBEDTEND, KV AT LATHERSN:, &EE BRSO GRS 2 2 T2 R
BRI HIEIZEY, KU AT AOAME R TIIAGSNRD -7 I 1 & 1 2B
Te SRR IR ST T\ DD DV RSN,

56.3 BIAEOERFBCELETERIATLOZERN
ARIEIZBWTL, KAT ARRFFRORFBICB LT THRICONT, BITEE
A G R A O e MRS OBLR DI 217D,

T, ERENTERH R OB RBEEIZOWT, BMERTHONE RIS
Lt 056, BIEO#H G HICBEDLFFMIEE THHIH B L (New) — RAIENTZ
(Common) JIZPFH 25 M &, #iE DR BALICE DL H H THH %572 (Light) —
H 572 (Heavy) |\ZPH 92502 2 40 AUfEdl, B{EhICARE L7, £ DR R, Fig. 5-16

Common
3.0
Design ideas
A = without referencing
= 2.5 k\ * anything —
8 4
[S) H
= LA
2 20
<
=
<
>
/M
1.5
Design ideas with referencing
\J forms obtained by the system
\ 4 \ |
New 1.0
1.0 1.5 2.0 2.5 3.0
Light < Heavy

Evaluation of structure

Design ideas without referencing anything

A Design ideas with referencing forms by the system

Fig. 5-16 Evaluation of form and structure (new and light)
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(RTINS, KV AT LD A IZIBWTIE, NMEMARLEELT, TREHLW &M
VIRIOR G OEBITH L TR Witz A+ 2R RBEONDLZENnMER SN, Lk
KV, KL AT O FIER G EM IS T Ot 2 A5 H T 9D T REME AR ST,

5.7 wE

REIZBWTUL, 3 BEBL0E 4 ETORLEZERME N L AT L2 B RS EOW
R MHE~NEH L., 22T, AVATADLE HEIN M2k it & IR RS 6
LIRS R STEHG B ITHRONDRFRICEAL T, 2ot R EMERIEEZ W TN
FEMT AT o7z, KU AT LOM R E AR R IZB T 5% R RMOSBIZOVWTHE
KHE 0.05 DIGGRIREZAT o TofE B, ABZEDHERINT. o, KIATLOE RO
T AE RS @ MEE R L7228 D, R AT LD HICEY, KBS R 2
Thil, RVATAORMHREEITWEGZ A T2 F RISz, B3 W26 75
B VAV VeI 2 - €& DoV g N/ A < gyl

BT, RVATLZMEHTHZLICROB I/ oI F RICE T 25 L, 3T
DO FFRICEAT LR AMEDZETOWT, A EKYE 0.05 OIFIREZAT 756 R, [EME
W7z, THETLWY, TH#RESZe ), TSERI 2], DI FRZR VO BIE IO A &
bz, TZER, TBRZES7), TR a—L07n | LWOMIEEICEDLHB I LTH
EEADMERIN. XY, BillcBone it 2103, BlRm e iEmicBEoLHE
XL CTE VRl &2 A 722 E BRI, ZHICKY, RUAT LD BT % Gt E A i
FEOW I ~OHF A E R LEBI, WG ORGSR AT AL TO A RN
HRIE LT,
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FHWBRIZE WL, FFEOHEEEZREETICH CHRIISEREEKT 5.
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LLTZ.

KIEENC SRR Z B T 572010, AF—< BB T LIV A LEE AL,
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(3) RBEERMEICSTIZHRBEHIRATLORE
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REFLARDOROE LSO ZEN MR SN, BERR B IO ELIERED 2 S0t
R T fFE DL ARMEMRAT ZAT S 7o R, OB (L AR 2 R 72 iR O 2 AR MRS, LR
RRAZBIT DD LRI L, REUR T DIE<LRMENREFSND ZED R
shie.

FHWEBLOREIBIED 2 SOWREZH TIHIARL AT LEWE RO REALIEID
VEHENDM DL ZIT>Te. ZORR, ATAT MMIIVEH S, 1Eko
RIEACIEIZIVFRONT IV BAL SN E ENDLEHIT, EHER THDL

110



B
(o)}
f
Eld

NIZ@m WS R RT3 RS, WIB AR D LITE0 R A 7 ff 7R R
DT, FERBATH B T2 OB G 2G5 MRS,
RYUAT JZIVE I T2 R 36 LONE Rk O B (LB 2 K08 H S v e — g 2
HELOTHTRAEORIMEDBERICOWTIHT L. 20855, REBETHD
BB L@ Wl 2 A LI 2R IR D720, BREFRFELTEERL THRND
FTHTRLFORIITK LTS, TERDO R EIEIZIVE S —fR Lt LT
BRI A A T AR EHE N B ENDHTEN RS
L EXY, RIS S 2SN TDZEN T RERAR VAT L0 F /REMEE LT, &%
REARAE RO A B TN D 2 L5 ik G M~ R E A L E &R T
ZEDSEEUER B RE A~ AT REE A R LT

(4) SHRBBHATLOEELBEDHARTHE~DIEA

KU AT LNBE NS RG E IR RS TS G LIRS ERD ST B 1T
BNDORFTRICBEL T, XL REMBIEZ NV TEHRMEMIT 21T o7, ZORE, L
T O RERFZ.

R AT LOfE LR A RFICBIT 28 R REOSBUIZOWTHEKYE 0.05
DAL AR TE EAT o TG 5, AR EN MR ENTZ. R AT LM KO J7 28 R fiE A
LS EUVMEZ R L2 8D, KU ATAOM T LD, KEEITRIER RN Thoh,
KU AT LORfE R LI VM2 H 2% G RIS, BRA55EME2H T25%E
EIRY TNSINE 2 CC 1Y (W Ny /A=Y g W
RUAT BEM AT HILICEDF BN R RICE T2 i L, 3 XT3
FRIZET 2RI E DT HOWT, A EKAE 0.05 ORFUIREZIT o7 A, TE MR
720, TEHAETLWY, THRRES7Ze ), TREARINZR ], IR FR72 ) &V BIEHE ICBE P HEH A &
EBIT, TZER], THBZI72], TRV 2—207\0  EWHREE IR AHE B2 LT
B EENHERINE.
VL EXD, iGN cR et 21T, BIRfmeMEmicBHo 2 B ISk L TEWEE
MAEHTOHIENHRIN, KVATLOBEIERGHEMIER T ORT ~0F Atz r+
EEBIT, MRk AR O R B AT AL TO R REMES R L7z,

111



A

A

AW Fea TR W EEE LB E R AR B LR ik T e A i sg 2
RATDIVEBOF 2R LET. MEERITIL, IFRICET2H5D 5 MICK LT
B D ORI IRELZTHWZIEND TR, MREE -BHEEHELL THLNELE
IZOWVWTHOIHREZBVELZ.

K LOPEICHEL, ZOEEARTIHY, THEEVEEEEL BB K
TR TR LGS RO, A KB TR TR AR SO
12, KB TERSATLAFFALTHR 5 ILSER, 725 0N KB T
etk TR /S B SR S L EOIAL I L B T

R TE 2 FH DD LLRINOIFFED 5 M Z[E D592 TORMBEZFNT T
SlBHANK (B RS A LB YR 7 F A ARE) 213L0 LT =D
MEETES IS R L BT ET. 28T R (B XY=y IEARf VAo —
AU AR S ), 8 EFERRICE, FREICASTZYHINLIFIEOED 123 L
TR R T B AW EEE L. D TUERHHOELRLET.

R K (Bl v U th) &3, &R LEICE T 5@ mAa o720 T,
AR O T LB DHZENTEEL. £, b7 ar 7 MMERIZBEL T
xR EEL. R LR (Bl MRS EMHEIE L~ RO AN T, Ay
AT LD REIERFT~O#E BT 2EBRICEALTH e WS EL. #61, B
JERBARFHEERITBNTS, BHEDOIFEICONT, WOBRUINTRIELRET T
SHELTE. HED L ReDW 172 LI, KA ElHHZ LT TEEHEATLE.
WO TEH OB ERLET.

112



A

HHBESER(ZrU=T 2Py 0 (K)) I20E, KREHTIEOY AT MBI
TEBERIBEREWEIEEEL. £, KB ER/ K (B BT 121, KVAT L
DEAEMATICB N T B W2 &EE L. 2L T, UL A K (BERRRF X
FRiie a7 P A THEERE LR 2 ) &3, AT AT L00 H "l EEIZ >N T
EGEMER DT LR, IFROANFTERDLHIENTEELL. ZIIEHH OB L
FLET. SHIT, RVAT L ZIRHFT~EH T 28RS, 2<DOTFA ATy TF %
LTWEEWERE R (B ERBRER RS T A L i ik s+
FRRE 3 M), EIRE AR (B by v T — AXRA S ), THERETLRE T
A LR DOFEDT #, ZUTRMEROWEIRFE 2B EZ T TLIES T B E
FABRFHTEMOFEOEFERITIT, LIVEHOFTZRLET.

WFEE R ORFE BB R LITFHE 2 F00ili L 3 FETO 8 FERORVWTEE
WTTD, BEWURERKEL T ZEA2ED TEWDELZ. AFLEBICTHE LR
i T LB DD B L E T, S5, BERATOMEAELIITHEIL
BB ER B R T TR M JE B O e# D7, METIIEANK
(B NT=T bRy RRASAL), BRIEH B ITRIRH B L £

EFIL, L 2 FLVBERARTFH T EHEN L PR FE2EOIE T
EEELE. FALHB AW SELI2 T, ZLOTRELZBVEL-BERA R Y
B LR o B T7, FHO L 2 1T LB L ET. i, WFD
FHETHLEARARITRITIT, WOBLEEZFELHIT TWIZEE, AREBIZKRER
HEFIZ/RDELT. DOBEH B L ET. o, MATTHRIK (B R L¥ERFRE

B LAATZERT B ), RME K (B BERBA R LR AT AT AL
FRBF) I, EELODOBIRPIEL TWEEEELL. Z2IWEHOEEZRL
7. ZLTC EHEEFITRELR T TLNUEZLORNZBILPL LT ET.

RHF N REM VWA AR T RS (B MSATEHEAN B ARZASEE
), IR R R BRI 6, MAHE LS R F B R 8 2 4, BEIEFE %

e B E IR IE v X — W R IR B L £ £, EBREMS o

113



A

FEMBEOERNZL TV EIENBIE L%, NNRASIRHOBEZRL
7.

BT, KWFRZEAT T DICH120, EFZERS B A TN R EITL L&
WEBELET. EHORHA B TE AT IS L THEfFEZ RL, #ICENASFoTL
n7es FEER, LT, WICEERICBEL TR E L <<, BRI
HHHCELBREL 5 2 TNl HF EIE T, &5, WOobiRWE ETEE L)
Flfe T TNl S EED, Bl SHEM, B SBFVNITHLT, DT
EH OB AR LIZWERNET.

il

2005 45 2 J

114



£E X8

[FRA 90]
[FRA 91a]
[FRA 91b]
[IRA 92]

[Bennet85]

[Bendsoe88]

[Burczynski85]

[Burks58]

[Ca098]

23 30k

IRAFAT, HEHEAME, HE XA AT LAOEBELIEH, 2v)
1, pp.6-13, 1990.

AR, HEFLF(F) —FLnarva—Fs Had, aei i,
pp.54-58, 1991.

RARFA, Het LF (L) —#FLnara—xs ik, aet i,
pp-10-12, 1991.

BRI, VAT LT =2 V=TV T VAT AOfENT EGEE, N7 H
Jit, 1992.

Bennet, J. A., Structural Shape Optimization with Geometric Problem
Description and Adaptive Mesh Refinement, Journal of AIAA, Vol.23,
No.3, pp.458-464, 1985.

Bendsge, M., Generating Optimal Topologies in Structural Design Using a
Homogenization Method, Computer Methods in Applied Mechanics and
Engineering, pp.197-224, 1988.

Burczynski, T., The Boundary Element Formulation for Multiparameter
Structure Shape Optimization, Appl, Math, Modelling, Vol.9, pp.195-200,
1985.

Burks, A., The Collected Papers of Charles Sanders Peirce, Harvard
University Press, Vol.VII-VIII, 1958.

Cao, Y. J., A Cellular Automata Based Genetic Algorithm and its
Application in Mechanical Design Optimisation, Proceeding of UKACC

International Conference on Control, 1998.

115



[ Chakrabarti96 ]

[Cross93]

[Delorme99]

[Diaz93]

[Dixon87]

(A% 02]

[Glegg69]

[Goel94]

[Hajiri99]

[Halloy00]

[ Hartshorne31-35]

[#k 76]

[Hemp72]

23 30k

Chakrabarti, A. and Thomas P. B., An Approach to Functional Synthesis of
Mechanical Design Concepts: Theory, Applications, and Emerging
Research Issues, Artificial Intelligence for Engineering Design, Analysis,
and Manufacturing, Vol. 10, No. 4, pp. 313-331, 1996.

Cross, N., Science and Design Methodology: A Review, Research in
Engineering Design, Vol.5, No.2, pp.100-123, 1993.

Delorme, M., An Introduction to Cellular Automata, Kulwer Academic
Press, 1999.

Diaz, A. R., On Optimum Truss Layout by a Homogenization Method,
Transactions of the ASME Journal of Mechanical Design, Vol.115,
pp.367-373, 1993.

Dixon, J. R., On Research Methodology Towards a Scientific Theory of
Engineering Design, Artificial Intelligence for Engineering Design,
Analysis, and Manufacturing, Vol. 1, No. 3, pp. 145-157, 1987.

i ARE, g, WO AR R SRV AT AD T DT R
TTVERIETT L, H A S S R (C #i), Vol.68, No.666,
pp.666-674, 2002.

Glegg, G.L., The Design of Design, Cambridge University Press, 1969.
Goel, V., A Comparison of Design and Nondesign Problem Spaces,
Artificial Intelligence in Engineering, Vol. 9, No. 1, pp. 53-72, 1994.
Hajiri, K., A Model on the Explanation Word Meaning Using
Autonomously Emerging Boundary Computation, Proceedings of IEEE
International Conf.Syst.Man.Cybern, 1999.

Halloy, J., Modeling the Dynamics of Human Hair Cycle by a Follicular
Automaton, Proceedings of Natl. Acad. Sci. USA, 2000.

Hartshorne, C. and Weiss, P., The Collected Papers of Charles Sanders
Peirce, Harvard University Press, Vol. I-VI, 1931-35.

MRk, a5k, 2R REMITE, (=24, 1976.

Hemp, W. S., Optimum Structures, Oxford, p.20, 1972.

116



[H 1 94]
[#h E 93]

[JtHE 95a]

[J*HE 95b]

[{JtEE 97]

[Inou99]

[Inou00]

[Inoue01]

[ 4 H 98]

A T 83]

[hnE 98]

[Kauffman95]

U1 98]

LB

AR —, BEVENE OB, A — Atk 1994

b, BIap 7 AT X LLRIGE R AL, SHRIEHIE, Vol. 32, No. 1,
pp. 63-68, 1993.

FREBCR, N PG« A St 328 A — b~ b (SES AL
AR E DL EZOTERE L), B AR 2 26 30K (A /), Vol.6l,
No.585, pp.1109-1114, 1995.

FFREAR, h¥iEm % B o358 -4 —b~vh (m—n L —
WNZESTHELDV AT A2 OEE)), H AR =6 CHE (A W),
Vol.61, No.586, pp.1416-1422, 1995.

FrRe R, HIEW O, B OFSE, pp.199-208, 1997.

Inou, N., Uesugi, T., Todoroki, K., and Ujihashi, S., Self-Organization of
Topological Structures by a Cellular Automaton, Synthesis in Bio Solid
Mechanics, Kluwer Academic Publishers, pp.21-32, 1999.

Inou, N., A Cellular Automaton Self-Organizing a Mechanical Structure
with L-System, Proceedings of IFAC Symposium(Modeling and Control in
Biomedical System), pp.257-362, 2000.

Inoue, M. and Matsuoka, Y., Evolutionary Form-Generation System Based
on Emergence, The Science of Design, Vol. 48, No. 2, pp. 1-8, 2001.
AR, B A —bvbra Wiz RGeS O ARG, H AR
Pk 2 SO (A ), pp.1895-1900, 1998.

HTFEEZ, SDIEICLDZA A=V ORIE, I B EFIE, 1983.

ISR, A — bk, BRACHIR, 1998.

Kauffman, S., The Search for Laws of Self-Organization and Complexity,
Oxford University Press, 1995.

CRRE £FER, B Mt (boimBl — 5 2 H EMER OIER,
B A% 75 BT 4L, pp. 51-59, 1999.)

JITEREE], MILIEM, RIS, K@ bHGmOERESH —GA B&

O'MDO % H .0 LT —, )4k, pp.68-70, 2000.

117



(%5 93]

[Kikuchi86]

[King91]

[Kita00]

LAE#t 95]

[dEAT 96]

/AR 93]

[Langton89]

[Levitt98]

[Lewes1874]

[Matsuoka97]

(R[] 02]

[ 97]

[Moore70]

25 3Lk

HHS, BIEAIEIC L DR e R B AR, S MBS, Vol.3, No.l, pp.2-26,
1993.

Kikuchi, N., Adaptive Finite Element Methods for Shape Optimization of
Linear Elastic Structures, Computer Methods in Applied Mechanics and
Engineering, Vol.57, pp.67-89, 1986.

King, R., Structural Analysis, Design, and Optimization with High/Order
Finite Elements, Rasna Corp, Vol.9, 1991.

Kita, E., Structural Design Using Cellular Automata, Struct Multidiscip
Optim, Vol. 19, No.1, pp.64-73, 2000.

LA HT =, AIZEAIBERRIE R D AT LAEEG 2T C, FHAIE 4, Vol.37,
No.7, pp.492-495, 1995.

A =, HHEREA AT A, HBE L2585, Vol62, Nosg,
pp.1087-1090, 1996.

INREEAE, $5EE BT ATV L, AR —a X UH—F, Vol. 38,
No.7, pp.328-329, 1993.

Langton, C. G., Artificial Life, Addison-Wesley Publishing Company, pp.
1-48, 1989.

Levitt, R. E., Toward Analysis Tools for the Engineering Process,
Artificial Intelligence for Engineering Design, Analysis, and
Manufacturing, Vol. 12, No. 1, pp. 13-28, 1998.

Lewes, G. H., Problems of Life and Mind, Trubner, pp.411-415, 1874.
Matsuoka, Y., Application of Simultaneous Process by Development of
Quantitative Design Methods, Proceedings of Asia Design Conference,
pp.63-68, 1997.

P b f =5, BEHESL, WSS EAEMOR EREZISHL
TR AR F 1, T A0, Vol.49, No.3, pp.93-103, 2002.
HAR R, 7855, ¥, 1997.

Moore, G.T., Emerging Methods in Environmental Design and Planning,

MIT Press, 1970.

118



[Mota84a]

[Mota84b]

[H Ak 86]
[FR 75]

[Nishiwaki98]

(B 1 95a]

(8 1 95b]

(% 1 98a]

(8 1 98b]

[KHT 89]

(KW 93]

[0da94]

[J& M 97a]

LB

Mota, S.C.A., Shape Optimal Structural Design Using Boundary Elements
and Minimum Compliance Techniques, Transactions of the ASME Journal
of Mechanisms, Transmission, and Automation in Design, Vol.106, No.4,
pp.516-521, 1984.

Mota, S.C.A., Optimization of the Geometry of Shafts Using Boundary
Elements, Transactions of the ASME Journal of Mechanisms,
Transmission, and Automation in Design, Vol.106, No.4, pp.199-203,
1984.

RS =, R, BHEE, 1986.

TG T, BRI DR, HEHEE, 1975.

Nishiwaki, S., Structural Optimization Considering Flexibility (Integrated
Design Method for Compliant Mechanisms), JSME International Journal,
pp.476-484, 1998.

B oM, ARGRIERPLDORFHMTHOARAELEROME—T 1
AR OHMIZE T 2552 (2D 1), TYAEH5E, Vol.42, No.l,
pp.51-60, 1995.

B AMFE, THAATHORFEELNCE ST AU RIS oM
— T VA RBIIEOBRMICE T 58 (LD 2), THAZHE,
Vol.42, No.1, pp.61-68, 1995.

B0 %, BRAEZENEOB M LS ROMRE—T P A BHEZT
LOWMGEDO—BE LT, 7AW 5E, Vol.44, No.6, pp.45-52, 1998.
B0, (SR OBLAENS RI-T Ay, T, Vol.44,
No.6, pp.53-60, 1998.

RWT = A, BMET S, WESCEL, 1989,

R T =/, ARG i o (R ME T2 0 R LIS ), S0, 1993,

Oda, J., Study of Structural Optimization Technique Using Evolutionary
Cellular Automata, JSME International Journal, pp.348-354, 1994.
BHEITIN, BREREEDIZOD bt T A —h=biZonT, BHA

BERR 23 SCHE (A ), Vol.63, No.605, pp.152-157, 1997.

119



(2 M 97b]

[ /M 98]

[E H 02]

L[] FH 96]
[ KN 95]

[ K H 87]

[Osgood57]

[Pahl88]

[Perkins94]

[Poon97]

[Pugh90]

[Reich93]

[Reddy95]

[ 73]

LB

BN, R —/VIZ XD R EY O KE A ICOWT, B AR
G U (A ), Vol.63, No.606, pp.425-430, 1997.

BHEN, Bt ELrT -F—h~hAZKDME R B ONTE, A A
W25 SCHE (A ), Vol.64, No.628, pp.1-6, 1998.

FETIN, SHEEE, MEEE TS 1, FEEE, 2002.

i 4, SRR, HIER, 1996.

RAT A —, E 11 1 TR oo /) B 8 18 (O o 45 L2 5 U 2 A 5 A6 0
ORI E), H AR 25 S (A Bi), Vol.6l, No.591, pp.2508-2513,
1995.

KHEATA, W3 ELERY, HiEEE, 1987.

Osgood, C.E., Suck, G.J. and Tannenbaum, P. H., The measurement of
meaning, University of Illinois Press, 1957.

Pahl, G. and Beitz, W., Engineering Design: Systematic Approach,
Springer-Verlag, 1988.

(REFTEMFET N =T R, TERGF—ERNT 7o —F, BEfE,
1995.)

Perkins, D. N., Creativity: Beyond the Darwinian Paradigm, Dimensions
of Creativity, Chap. 5, MIT Press, pp. 119-142, 1994.

Poon, J. and Maher, M. L., Co-evolution and Emergence in Design,
Artificial Intelligence in Engineering, Vol. 11, No. 3, pp. 319-327, 1997.
Pugh, S., Total Design, Integrated Methods for Successful Product
Engineering, Addison Wesley Publishing Co, 1990.

Reich, Y., A Model of Aesthetic Judgment in Design, Artificial
Intelligence in Engineering, Vol. 8, No. 2, pp. 141-153, 1993.

Reddy, G., An Improved Shape Annealing Algorithm for Truss Topology
Generation, Transactions of the ASME Journal of Mechanical Design,
Vol.117, pp.315-321, 1995.

W —, RS, AT AR, 1973,

120



[Santos98a]

[Santos98b]

[ % K 94]
[ i 98]

[#E 0 03]

[Shea97]

[HE)I 91]

[Simon69]

[#r % 68]

[Soufi96]

[Suh90]

[fEA 94]

[Suzuki91l]

[#n A 96]

[#B A& 95]

LB

Dos Santos, R. M., Immunization and Aging: A Learning Process in the
Immune Network, Physical Review Letters, 1998.
Dos Santos, R. M., Immunization and Aging: A Learning Process in the
Immune Network, Physical Review Letters, 1998.
Pern RAGE, MlEsY:, 5

. 1994,
R —, T A FiEmigE

DEY, & LY, Vol33, No.l0,
pp.18-24, 1998.

W R, RPN, SEEE, MREEE T 2, B R, 2003.

Shea, K., A Shape Annealing Approach to Optimal Truss Design with
Dynamic Grouping of Members, Transactions of the ASME Journal of
Mechanical Design, Vol.119, pp.388-394, 1997.

HNE—BE, BAEAWT (L), by, 1991

Simon, H. A., The Science of the Artificial, MIT Press, 1969.

(@', MR, PATLORE, FAYEUNtE, 1977.)

B R RME, ML, SR EE, 1968.

Soufi, B. and Edmonds, E., The Cognitive Basis of Emergence:
Implications for Design Support, Design Studies, Vol. 17, No. 4, pp.
451-463, 1996.

Suh, N.P., The Principles of Design, Oxford University Press, 1990.
CRBAS PR R BRBE AR, B T 0 Ji B — Al BB AR Bt am, W18 F )5, 1992.)
EARIE, av WV b2 V=TV TV AT AOMEE, BIRER AR, Vol.38,
No.5, pp.65-74, 1997.

Suzuki, K., A Homogenization Method for Shape and Topology
Optimization, Computer Methods in Applied Mechanics and Engineering,
pp.291-318, 1991.

AR E, BWEALFIEICRDIR, VAT U MG, IS AT, Vol.e,
No.4, pp.292-302, 1996.

WA, £ —r~b X EE, BRA, 1995.

121



(& L 85]

(&1l 01]

(=1l 02]

[ Tomiyama03 ]

[ EmHo01]

[HE4 76]

[ Wolfram96 ]

[l 95]
L) 93]
[k 95]

(&I 79]

()11 80]
(&)1 93]

[ AT 94]

LB

LTS, fkEEFORM (G 1 W), FMEMSM, Vol.51, No.d,
pp.147-153, 1985.

BIIHE, o AOFT M 7 aY = Mg s, A AR FEITIR
AR AT ZEHEHE F NP VRO LT B 2D R | G
TH%E, pp.7-60, 2001.

IS, sat oM, a3 E N, pp.61-63, 2002.

Tomiyama, T., Takeda, H., Yoshioka, M., and Shimomura, Y., Abduction
for Creative Design, Proceedings of DETC’03, Published by CD-ROM,
2003.

EmsER, TRIFEH S B AD TG Em 7 ny =7, HARZR I =
N BR R P FEHEME FE NP VRO A B AO R R T R
4, p.62, 2001.

M5 —, ER AL ICI DM EM O i B i i@ R ORE, H A
Pk 2 2 G SCEE, Vol.42, No.364, pp.3752-3762, 1976.

Wolfram, S., Theory and Application of Cellular Automata, World
Scientific, 1996.

WHEE, 7RI, B AT 25, p.111, 1995.

Wz, fei e 7 A, 85 EAE, 1993.

KRELRT, BHESERFT5, AEEIL, pp.106, 1995.

SNk, — iR EHFE L R R ORNERY T IE, R R R,
Vol.45, No.8, pp.20-26, 1979.

FNGLz, FEBEREHT:, B, Vol.47, No.7, pp.46-51, 1980.
FNELZ, AFSCER, §%5tE CAD, #i8 E5, pp.21-35, 1993.
AL, SEABLORVARIENS DML S AT LT3 T 50K - B RE DA
AR SRR, B AR & G SCHE (C ), Vol.60, No.571,

pp.1098-1104, 1994.

122



i C H

EBWX B &

1.
(1]

(2]

(3]

[4]

(3]

[6]

JR 2 R 3L

Masato Inoue and Yoshiyuki Matsuoka: Evolutionary Form-Generation System Based
on Emergence, The Science of Design, Vol. 48, No. 2, pp. 1-8, 2001.

BN, B A OF AR EZBR L -2 RS D720 O R AR
%, T AL ZHESE, Vol. 48, No. 3, pp. 39-48, 2001.

H AN, =4, b sE FEAERE A T DL RS D720 O R A T A
T I, THA RS, Vol. 48, No. 3, pp. 95-102, 2001.

Fabd i =, b A AIEZISH LIS ERE 2 27 4, Gk EF L%, Vol. 38, No. 8,
pp. 411-420, 2003. ((F-A% 15 % A ARG L CHZH)

b A, FKREFER, R b sE ISR EHIRBIT O RME H OT D ORIFE R G
AT A, H AR Y2 5 SCEE (C#), Vol. 70, No. 690, pp. 500-507, 2004.

Masato Inoue and Yoshiyuki Matsuoka: Simulation of Developmental Process of
Organism and Application to Structural Design, Journal of Advanced Computational

Intelligence & Intelligent Control, Vol. 9, No. 2, pp. 142-149, 2005.

123



i C H

2. ERRERER

[1]

(2]

(3]

(4]

(5]

[6]

[7]

Masato Inoue and Yoshiyuki Matsuoka: Evolutionary Form-Generation System Using
“Element Generation Method”, Proceedings of 9th International Conference on
Machine Design and Production (UMTIK 2000, Ankara, TURKEY), Published by
CD-ROM, 2000.

Masato Inoue and Yoshiyuki Matsuoka: Emergent Form-Generation System Using
Cellular Automata and Genetic Algorithm, Bulletin of 5th Asian Design Conference
(5th ADC, Seoul, KOREA), Published by CD-ROM, 2001.

Masato Inoue and Yoshiyuki Matsuoka: Form-Generation System Imitating the
Developmental Process of Organism for Obtaining Diverse Design Solutions,
Computer-Based Design (Engineering Design Conference 2002, London, UK), pp.
327-336, 2002.

Masato Inoue and Yoshiyuki Matsuoka: Form-Generation System for Obtaining
Diverse Design Solutions Supporting Early Process of Design in Structural Design,
Proceedings of 2003 ASME International Design Engineering Technical Conferences
and the Computers and Information in Engineering Conference (2003 ASME
DETC&CIE, Chicago, USA), Published by CD-ROM, 2003.

Masato Inoue and Yoshiyuki Matsuoka: Support for Obtaining Satisfactory Design
Solutions of Form and Structure by Applying the Emergent Form-Generation System,
Journal of 6th Asian Design Conference (6th ADC, Tsukuba, JAPAN), Published by
CD-ROM, 2003.

Masato Inoue and Yoshiyuki Matsuoka: Simulation of Developmental Process of
Organism and Application to Structural Design, Proceedings of Joint 2nd International
Conference on Soft computing and Intelligent Systems and 5th International
Symposium on Advanced Intelligent Systems (SCIS&ISIS 2004, Yokohama, JAPAN),
Published by CD-ROM, 2004.

Yoshiyuki Matsuoka and Masato Inoue: Emergent Form-Generation System,
Proceedings of 11th International Conference on Machine Design and Production

(UMTIK 2004, Antalya, TURKEY), Published by CD-ROM, 2004.

124



i 3 H %

b

3. ENMDERZZHERK

[1]

[2]

Masato Inoue and Yoshiyuki Matsuoka: Emergent Design System for Obtaining
Diverse Solutions, Proceedings of International Workshop on Digital Design
(International Workshop on Digital Design, Yokohama, JAPAN), pp. 53-67, 2004.

Yutaka Kameyama, Kimitaka Inaba, Osamu Hatano, Tokuhiro Moriya, Takeo Kato,
Kotaro Suga, Masato Inoue, Makoto Watanabe, and Yoshiyuki Matsuoka, Artificial
Joint System Interacting with Organism, International Workshop on Digital Design

(International Workshop on Digital Design, Yokohama, JAPAN), 2004.

4. BRFHER

[1]

[2]

[3]

[4]

(5]

[6]

[7]

[8]

[9]

HE2AN, B EYoRABBREBMUIBIRAR G EOHESE, | ARAEHRES
2000 4 & A7 YR R 2 5 T AR SCEE, pp. 511-512, 2000.
JHEAAN, MBS ZEREHO-ODOAIFTEIRER S AT, B AR

RS

T

2001 47 J& 38 = 92 98 22 7 8 2 5 A U2, pp. 53-56, 2001, (AR H R ELHZH)
N, AR RS Al E OSSR E H D72 O B ALK TR AR il s 2
T A, 6 Bl H ARFHR L7 2 i 2 5 SUEE, pp. 539-542, 2001.

AN, BEREZ S, B SE: BT A — b b T A W ROR £ Rk AR
AT L, BHART AL ERE 48 MINF 5 2 K25k G SUEE, pp. 278-279, 2001.

TR SE, RSN, KM m R AW ICHESEHEMYE N AT A, HRT A
T A8 [BIMFZE IS £ K 2 5 T Em SCEE, pp. 280-281, 2001.

H AN, B E ERORERBEFMBLZE CHEBMZHEME T AT 5, AR
e85 14 [BIGHR )3 2, pp. 317-318, 2001.

RIS, BN, M HE: BELZEOTLOORIFRBITBIRAER T AT L, H AR
T 12 IR EE L5 - 2 AT 0 P9 5 T 2 58 AR SCEE, pp. 77-78, 2002.

‘W, HR%, RERB, FE2A, BB AGBEHOT P A — 7 asLh,
AT —, R 16 FFJE A AT WA 22 2 FK TR A 1K 22 5 Gm SCAE, pp. 29-34, 2004.
TR, B Lk A, ARRE e ARSI DN B

5F =, SN, ED
B AT A, ik 16 4 H AR T A STk 24 oK 2 5 1 7R SCEE, pp. 73-80, 2004,

BB,
H

125



