191 ATAEF2LEARR (E5ED

ZEMHF* A7k EREomE I X 3 UL 18-12

Formalization of Design Processes by Logic with Multiworlds
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ABSTRACT
This paper discusses building a logical design process model, which is a prerequisite for
realizing intelligent computer-aided design systems. This model consists of abduction,
deduction, circumscription and meta-level reasoning in the logical framework, and it rep-
resents human designing processes as logical processes. Furthermore, we introduce data
logic to represent design objects that are gradually detailed in design processes. Data logic
is modal logic with partial semantics, i.e, there are three truth values (¢, f and u) and
possible worlds. In our model, every possible world contains descriptions of the design
objects at a certain moment in design processes, and an accessibility relation represents
evolution of the design objects. Formulae including necessity and possibility modals can
be used to represent knowledge about how to proceed design. Based on the logical model,
we implemented a design simulation system by which we show the model is appropriate

for representing design processes.

1 L&z

EES L nFEtcs3wT CAD(Computer Aided De-
sign) LN B L5 ICh>TE e, 20E< R BRVESE
DXBILEEE->TEHY, H2BETHERCIET S~
ZFh (A7 YV=vt CAD) BBELER TN, L
ZTeRAv7) Y2 CAD v X7 ADFERCH 7> T
HEARETH IREHBEOET Y v 7OV THRL 3,
VAT LARTEIBBOEFARAET S LicX Y, FE
EoTAEYBERLC, BNAXBYFTASCLHTES L
Eibhd,

APFFECR AT (1) CRITAR  REWBEI 0P TR
AL L., HRBTRETH B LR LAk ABTHR, 22T
DHEREIOCRBE ¢, SEUFROLMEI>EFIAL T,
it ABFCcoONE L AROHEIL R L BEHT 5 HHLkCD
T3,

2 EEHBEORENFEAICEIZETL

T Tik#HE % abduction L FEEOEVIELIC X 3R
DAL ARBL LTEF 1T 3, TAb B, abduction
IC X ) BEOKRITHREHAT 5 & FERERREELL .
WBIC L ) 2oMERE S OUE L HH LT, BRERCE

BT 20l %P AR5, £ L CERERCHITOHICHE
RLTWwhIE, SRIER% & o FHEEET 3,
ThiRBAREITERT 3 &, LT X5 Bk
ARETH B, MRICBFT 35 Ko & ik, JEtfZoKLR
Ds o2 OREZDYOHE P 2 EHFT 50 TH B LT
3, Thbb,
DsUKokF P (1)

THd, CDLE, ZEttrHRCHETIHEE Kond L

T, BESRHEE R 2RE i L &,
DsUKotF R (2)

il T REIARITR Ds kKD BT L h b, 2R CTD
FEHBROUEDIR Pk R % BLRFTH 3,

PO R (3)
»RATONREDIER Ds; - HROEEDICR P;\ *f
FE% Ko, . ROBETONEDIRR Dsiyq ~ HHD
fait Pipy « SBEES Koy &30 727U, Ko 2
Ko; £33,

Abduction kK X 3 R OFMIL & X
Dsiy1 U Koiyy - D; (4)
T 5% Dsip kAT ETH B, EL T,

B AR TR REERRTER. T 113 XCARASE 7-3-1, FEE 03(3812)2111 AR 6481,
FAX: 03(3812)8859, E-mail: takeda@pe.u-tokyo.ac.jp

725



191 EEAT AR ELLEARS (E5ED

Action Level Inference )
Deduction

Ka: Knowledge on Actions

Conditions

Ds: Design t
Soglution bject Level Inference

P: Properties and | L Deduction
Behavior of ircumscription

Design Solution CKO U DS l_ P

Ko: Knowledge

on Objects
! Abduction

X 1: REBROBRBIC X 3 ETAL

FAHC X 3 RO B & 1t
Piy1={p: Dsiy1 UKo F p} (5)
A3 PiRkparcEehs,

COX5 LT, JHK Ds #Z(LE T, EONE
BETHEXNTRELAERIC A L &, FEBKTT 3,

BERBC X > TFEHBEL B, 2B OFRED 3,
¥, 202 2 OAERRBFELBEIOTH 54
|BTHY. COBERFNOBERT . 3k, FOR
THEIO AN T LOFETHIHEETHY, COBER
MBEFOEER A E N D, AIFH R backtrackic kv, #
&t circumscription [2] KX W FINEFEEHEL T, %
BRICfHinT3Ceick BT 3,

Eoic, FIAT ZHBOEILCOVTIA X LA #ER
VS BTERL T3, WRICR & & ORI g
FTEHBESBFREE AL LALORBER L LTiBRL T,
ARURADHERRTAS T L THEVATFIHT 35
BEELE 2, 4, BV %k L, AEv=1%k L,

LT LE,
DsUK + 1 P «—F 1, .demonstrate(Ds, K, P) (6)

LEHERT DL, DAt ds L RHBL~AORBRES
Ky 5BBL T3 T &%, A X LXAREE# demonstrate
¥HWCTIART & 5 g 3,

demonstrate(Ds;i, Ki, P;) A ds € Ds;
— demonstrate(Ds;, K; U Ky, P;)  (7)

#HBROLEE LTRE1IDES5 KR 3, ThbnH#HRo
B (3] CARL T 3,
3 HETARECEIIWNRORIRETIL

T Tk, REEMEILT 2 RIBRLHFROMHEICR*
YD X5 cEBETInhctconTiRRS,

726

Rt CORFENICEALIC 33~ T BERE % FaHIRAE & PP
ciict s, RIiCRR X 5K, BIRAES; KBWT,
t ZToOMRILR Ds; . SBOUHEIR P; - FIATAER
g Ko; Mcswc,

Ds; U Ko; - P; (8)
DEFHD Do KOWRE Sitr KL &, K (8) 2ilirT X
51CHc?k Dsip1 KD 25, Abduction DFEREHD 3
LER. RORBEEBFET 2. TBEECTFEERA
L7, 2 ERERSFE I N AL Ao BE. B#Y
EBEDREE THRY, TOREILLVETC LD
3o Lad>T, £kt LTrREOMFRIARMEC K 3,
2T T, TOX 5 REROREL RIERBEOTREHAY
FIALTEET 3, ccriieicy— 23R (data logic)
(5] &5 REGUREFIAT 3. cORBRERNICIZ, B
Ho » 3 o3 (partial logic) Td 3,

FoARBECRERED H(E). f(1B). u(RKE) L)
SEXD D, ToOuREERNICIK TERE] L5 EKRTD
D, WFREE MR 2 & »)5 B5HfFh 2 BHEET
H3, coRBECHENT, t Ju. fJusni¥E
FFEo, TIREHFARE D ZEERERMFRR 2 c CoFRT
DEARGHECE AT I B INB L EDROH LN,
Thbb, HIAREHT» CEETREA R TR, b LD
HRCuCTHIEAGER ¥k fcEDboTwTh &
W, 1R fTHIZHOREIELTnENENRS T ETH
b, EEMCR TL)EBEEE > REE) TH 3,

TDF— 4 RBIC I 5 ATREHRFR % FEHREBICHISE ¢
%o AIEICR~7Z X 5 ZffRc# T, Ds; & Dsiy1 @
RENREOBRETHB P L Py 1

Pii1 2 P (9)
Fhbb, abdcution I k 2 RITR % FHMELT 2 58,
HHEORRIMIBENT 3 (ChETHINT AT L 5B
B lidnv), LiaxosT, EOMRR%EME L T 5
HREELNE, T2 RECOTREHTFE 2 3,

Abduction Ic & ) H L WIRERIFEKRT X T {BA,
D483 AR FROE R Eo T T L itk 3 (M 2BM).
Abduction LISV i< & Y B D ICRHFERTIICEILT 3 54
(circusmcription Ic X 3¥BROLEAR &), BFL bick
385 aBEPAMNEE CARE RO ER > TH L T8
#HFHREOL 3 (X 2BME),

3.2 KMEEAVAMERER

CoLEFHEESSURAICI 2 BRRKRDL S5 %
-t T e

+resin g

T S Py TOn S

e

o o ot S i ST o8




1915EEATAEF22EAE (B5ED

M 3: 7— 2 REIC BT 5

CORBICEWT, H3AECLRILSEOTHE,
rOHEHEOBEHNEE A HRCHFEL AL EFICRT
»3 (M3BM). Lad>T, BRICE X DT @mEDE
8] (assertion) Rk £ DHBEO BT BN SHARHFI AV EVS
ﬁ%(ET55%§KKW)?®D\%X&§®x5mwf
nicxhadhEabhrnc L2 KHRT 5,

ER BN L &, BERELRGETHE L5 2K
. AR HAMET B EER R IERT B C LR TE B, i
B DREBEO I % b, B S L RET 2HETH Y.,
*5chghiE, 2eToRHHEORELFALTHL
BRSO INL BEERTH B, FlAE, [ERBEHRE
FZCRFT Ky 7 XARBHTRE I ] &5 HERF
s

Otransmission(z) «— Ogearboz(z) (10)
LigRT s L HBTE S,

»3AECTRERS Y DT BE. T OMEIEETRE
R0 5 b DOHFCHET BhETRERSE D
BeRERETHS (M3BHE). LaR-T, BEDDOMR
rLTHEHxhAeboEERE D LRIOHRTREDOEE
T AECTIREEE 2 o0 b DHEL K Do

LAEO B CHEFRE L vk & nd T LD TOR
1 TR R SA KR CRRT 5 C L #TE B FIXA,L
(EHEEE LTRFT Ky 7 RHBARETH ] L &,

transmission(z) — ogearboz(z) (11)

LIERT B L HTE B, AREREEOTAREYES

7217

LA EHTF B, LiKoT, LBORFBBTTEC L
PHELT W3, EDFITlk, ogearbor(al) BEZTh
s FRLBOHAD Y ChT, gearboz(al) Bk
InhdhEnabiv,
CCTOBERBRHERYEL L ¥, EREFD. T
bbb, ZEHBETY S HS »CEKFLT. BERMNTDL
nTwd, FlxE, X(10),X(11) rEHLD FTHy

7 AREEBTHE] Tk, ThDD,
transmission(z) — gearboz(z) (12)

¥RLTW3, L L, EXRELFT Ky 7 XTHBEN
5C L EHEEE RS B EERBOFHER 2% 2
okl R¥ERLT, B3R LTHRBREN D,

LTI EEEL R, Bic Mol e, b0l & Td
D PMFRCET IERET TR RIFTES AV
PHEOTHEEE>T S, Lo T, TOXS R
BifiocitRr 2 0—WEEHL T D,

4 ZEMREAVERTYIaL—S
4.1 YRTFLOERK

HBBEOEFARFIALCREIARYER T L
Wy Ial—va v EfER, 2T TR BlERBRR X
5 AHBREYFTIBRH Y Iav—2EER Lo TOYRT
LR (1] Py A7 LR BEMFERS L5 CERLAD
DTH 5o

v 257 LR %X 41CFF . Abduction It X 3 X%
RoOZE & HFRE ORI Morris(6] 0 HBERFIAL S
FttFic g s ATMS #ER L TEEL T3, Abduc-
tion ¥ EMICITA 5 HELDOWTEWL DRI T
w325, ¢ Tk Poole o default #3 [7] FIAic X Y
EHLTW3, TAhbb. Poole ® fact 25F|fTBE A %G
<H b, BENnK default BFHLNERFTD 3,

BERER AR RRO L X CFIAT s LB TE
3. Thbb, BEESESUXEERT LKLY,
FOREFT AR HAOBEERRT 2L HTE o
APBEDLC A, Bt SURENAHFEO L EDOAT
geT, HEge LCiRBRT I LRTER .

2 25 &tk Sun-4 £ Allegro Common Lisp, X11,
CLX(Common Lisp X Interface) # w4 ¥ 7'V A
v EffRoTW 3,

4.2 BHitvrial—ra ol

RIHER 8] OFEtO T w b A O—WEFIA L THER
R—ZFVERLT, COVRATFLERAWTHIFY 12—
vavEfFhork. CCTHOREARKEFORETHY,




19914 A Tt Ea2EAS GE5ED

Design Simulator
[ ction-level Inference

Knowledge

Multiworld system Base on actions
manageme e
system Workspace

Conditions

Object-level Inference
system

apg 014

Knowledge
Base
on objects

4: v 27 LDRRK

& 5: 4R X hic TRERESR

FIF L7 = b 2 A OISR b EAME (4. K
S EOBI~DRE) FhoTnb, COTEFIN
% abduction & #i® & circumscription O#kY &L TEH
L& c?, M3CRTAREMFYER Lo TOHLCEN
T LRFPEHRECLT %, X RSB I NEDo Vid
CERRLT D, ¥, KEOHFIZEOHST circum-

scription 23fFA b e T & &R T o #HE 1T HzDOTa b

TN CORKERTH B, i, HHR20RX T2 FariChl
K. Mo b MIHTTRERRGRTH 5o H5R17 & #F 20

DB F R EFEHEICH NS 2, 52K ) HAIICHN
Z2DBENTH B,

c OREETEEY SUXEFIA L TR L BT 5
cerEL, 20FEHEEICRT . TOFITH,

o (push(X, Y) A pull(X, 7)) (13)

R AT AR R ERL TS, C nEo R xE
ﬁﬁWMES%ﬁamoﬁDﬁﬁmﬁsaﬁm%ﬁTém
DRIEFEHRLTE Y, TR 2, 12, 1 4 B x0%HE

i LT VB LERLT VD,

[® -2 DR - W-16" TR 1> & w->" R W-b"
S e LT Sy
usptions Assumptions Assusptions susptions p
(DI o DISPLACEMENT 5| (DISPLACEMENT S (DISPLACEMENT 4 (DISPLACEMENT
WEIGHT 100KG) | (WETGHT 100KG) ] (WEIGHT 100KG) J (WEIGHT 100KG) § (WEIGHT 100KG)
TND1CATOR - 129) | (TRANSLATE SC1 || (TRANSLATE SC1 §§ (TRANSLATE SC1 J (TRANSLATE SC1
HAS SC1 129) | (SUPPORT SC1 10 (SUPPORT SC1 10§ (SCALE SC1) SCALE SC1)
HAS 129 H_G32)| (INDICATOR 129)§ (CAN MEASURE SC Derived facts [ Derived facts
MANY_GEARS 1334 (HAS SC1 129) INDICATOR [29) not expand not expand
HAS T29 133) | (HAS 129 H_G32)J (HAS SC1 129 ESCALE SC1) §scu Sc1)
HELICAL_GEAR H] (MANY GEARS 133l (IS_EASY TO_SEER (TRANSLATE SC1 TRANSLATE SC1
HAS SC17SP38) 1 (HAS 129 133) | Derived facts | good property § sood property
PULL SC1 SP38)| (HELICAL_GEAR Hf (SCALE SC1) bad property
SPRING SP38) | Derived facts § not e Ancestor world
(HAS SC1 R ANPB SCALE SC1) CAN MEASURE SC #<W-1>
(RACK_AND_PINIOY (CAN MEASURE SCY (SUPPORT SC1 104 342>
Derived facts | (IS_EASY TO_SEEJ (TRANSLATE SC1
(SCALE SC1) [S_UPWARD T29) %ood property
(TRANSLATE SC1 | (NOT (1S_EASY_\§ (IS_EASY_TO_SEE!
SCAN ) t_expand bad property
SUPPORT SC1 108 (SUPPORT SC1 10§ Ancestor world
bt ukel oo
| pr Y
Els UPWARD 129) ﬁg‘imv_m_sa W12
NOT (IS_EASYM bad proverty
W S e A,

5

& 6: B TIREHSTED LK

FEH
AR CRBIBEY OREN EREIOPTET 1L

¥Fn, EOEFACESS VAT LR BETHTLTE
HAEYHER L CERT LB TE . SkiEETL

it
%

¥ X bIcBEAT 3 L Iic, SEREHEOHEBZ L HA2EDYE
ceeAvyFYd=zv bt CAD 2ET2FETH %0

BHEHR
(1] RE%H, FEHEZ, BILES, S/IELZ. HEHBRO

(8]

728

HETREEFAICE S KE v Iar—vay. 1990
g ANTHBE2S (F5E) #RXH, pp. 583-386,
1990.

J. McCarthy. Circumscription —a form of non-
monotonic reasoning. Artificial Intelligence, Vol.
pp. 27-39, 1980.

H. Takeda, P. Veerkamp, T. Tomiyama, and
H. Yoshikawa. Modeling design processes. Al
Magazine, Vol. 11, No. 4, pp. 37-48, 1990.

F. Veltman. Data semantics. In J.A.G.Groenendi
T.M.V. Janssen, and M.B.J.Stokhof, editors, For-
mal methods in the study of language, pp. 541-
565. Mathematisch Centrum, Amsterdam, 1981.

F. Landman. Towards a Theory of Informa-
tion: the Status of Partial Objects in Semantics.
Foris, Dordrecht, 1986.

P. Morris and R. Nado. Representing actions
with an assumption-based truth maintenancesys-
tem. In AAAI-86, pp. 13-17. Philadelphia,

1986.

D. Poole. A logical framework for default rea-
soning. Artificial Intelligence, Vol. 36, pp. 27—
47, 1988.

RE%HE, BILES, FELZ. fv7 ) Y=+ CAD
DredOHEBROST L REIC L 3L BEL
2ozt Vol. 57, No. 6,, 1991. (ENRIR) .




