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A Methodology of Intelligent CAD using a Metric Space Concept
(2nd Report)
—A Mathematical Model of Conceptual Design Process and Convergence Policy—

Toshiharu Taura and Hiroyuki YosHmawa

The purpose of this study is to observe an ideal design principle with the characteristics of
generality, practicality and computability. In this study, the attention is paid to topology which
has a metric space concept in itself and the design knowledge is organized in the metric space.
In the previous paper, the mechanism of function operation is modeled mathematically. In this
paper, a mathematical model of conceptual design process is deduced and convergence policy
to generate the design solutions is discussed from the viewpoint of a metric in function space.
And a methodology of generating the component structures which satisfy the required functions
is deduced based on these mathematical models. This methodology is a kind of generate and
test methods, but it is distinct by paying attention to the metrized function space in searching

“for the starting point and refining the hypothesis. This paper also desc; ibes a computer system

developed and applied for mechanical field.

Key words : intelligent CAD, design, design process, metric space, function, computer system

1

ABrge o BB, NESBTCEEL R\ —E L e

B iERTRECTH A EMELYE L, o EMRELR
FREYRVCHTCETH S, mIHY T, —BESH
¥ DExHeEST, RFMBOEEL TOH
e ZE ECEBR L. BT 2EROEX
OEEIE, MHEZECRET SE#BOBSCERL,
FtAEOBE LY EMEM EcfTo o2 L TH 5.
AT, T, FBROBRYE T L CH&REHER
OB T L ORBEE L BEHRIPCREBUR 0 B H 2 e
EHEEOEBER L TT 5. KRIL, ThboER
= FAREKRLT, BEOBEM EXRROERLD

BEER) OB OBEYHE T 5B E LR
THE7TATY) XaENT S BRI, BRSE~D
BRGIERT.

YR ATHBD,
~EK%@T%%%%L@%%KEE?%:&K%@%,

* ERESA FRIE1H23B8. 190 FEEEEL¥SHK
FEASEMEES (FR2E9HA30B) tTHEE
** E & B FERRBBEO=vste=2 2WREH H
ﬁ)ﬁﬁ?}%ﬁﬁiﬂ 5-10-1)
*EXE £ B ERAFETHEE GERESREAL 7-3-1)

vy AR, ERBEEESA BT EREEL
THELhBERMEEL L TERLERB LEDbh T
59, AR BWCEBT BT AT XA EABIC
BERREE OB LI KT 5 —2DRERDO T L=
SRR O PR OFIRR CERH OB

H5b.
2. BT oo BER

BIRCIt, ¥, LRMARZeR] (BE1- %5 L%
SEREZeR (BE1-%9) REH L. AMRickt5
LB RGN TR ESE L TRET 28D
LThY, WoHEE L IREYBRT 5 &85 ORE
THBEDC L THD. Fi, EEENE (BEEAR -
BWESE NEHIh FE1-%10), ToREEL
T, ROBEELEHFHICHEE X hie,

t SIEYMRECT D, XD TEEOHE A X 558
REAZBFEROBE 1) oEsy E1-38), K
Ex @16 LB EFILthZhoBZBSirT. H

CORRIC, OB 2 T—RRERETEREL B, B8l

—66—



HE - H)) B0 BAK X 5 MBS EAEROME (B 28 1769

X Design component

Fig. 1 Design component

(BE 110 1) LSBT, SREEEzerl b cH -
AT, HoEEER L B W TR ER
Ehd. HHHE DI,

3. BIREEHEEoH¥HNETIL

3.1 BESHEHAROEFHNETIL

REZBITHHERIL, ROEENOHIET S,

(FF-212) FEtL i, MEEsEH LRI
HR NS 5B (B oSy EET 5

ZETHE. ‘ ‘ "

AL T, REBEEAELICED DM, T/
bbBHOEEBE L L UHRRCERT MY % 2
5. iF, S TER I CEENBEESES (B
1+F D wLT, WRETs TEoERLYRET
5. :

EHE1 BEURNOBEESES M OSBEES T
LT, EHSES SOLT, ToREHREOLIC
BLAOEESLSCBI V0%, TOBEREGD
o & 5.

FlziE, Ml Ts Qiﬁﬁaﬂ% M, TEE
THHH, LEE>TREVEWSIETHS. T
Ml ORFHOBRC BT AERCEL TR, 4180 @
EEBNTERFLLRBNS., ks, TE1 D [E&]
2, MROABETRNLIES R EBRERDOZ LT
5.

e 2
M, E@%&f&%ﬁAM@%&ﬁﬁ(&ﬂw
EEE.

T3 &ﬁ%ﬁﬁﬁ&u,&e&ﬁ%mﬁm&ﬁ
HRILLDTHS.

phase 1 ~£ABEEZEH LICR E h A IR NIT T

R Lo FEB L IRET 5.

phase 2 phase 1l TIEE X oo ez FofE

Bt A M Lo By i E T 5.
phase 3 phase 2 THRE & Ll H 22k Lo BRI
ST 5 BUZER Lo B 2IEET 5.
phase 4 phase 3 THE X hicBHZem LoFERIc
ST A e RN o EIRYIEE T 5.

MO REREELERE LT AR

Bl W R Y &

Phase 4
~Evaluation

Total function space Attribute space
i 1 | |

O jPhase 1 o Phase 3
1 ‘Function | Component
decomposition i iti

i ) Kcomposition

Phase 2
Componet
search

Partial
function space

Component space

Fig. 2 A mathematical model of conceptual design
process
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Fig. 7 A description of an assembly and its compo-
nents
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