@_7WCN<1$KCmL\$7$?@_7W$N?dO@%b%G%k$NDs0F ( Bh 4 Js ) - @_7W$N?dO@%b%G%k$N7W;;5!>e$X$N<BAu$H8!>Z - A prop osal of design reasoning mo de that tak es notice of design kno wledge (the F orth rep ort) Implemen tation of a reasoning mo del in design and its v eri�cation Ln4V8} Bg ( El5~Bg ) @5 :J20 >4 ( Bg:eBg3X@hC<2J3X5;=Q6&F18&5f%;%s%?!< ) 5H2, ??<# ( 9qN)>pJs3X8&5f=j ) OIHx N4 ( Bg:eBg3X;:6H2J3X8&5f=j ) IpED 1QL@ ( 9qN)>pJs3X8&5f=j ) B<>e B8 ( El5~Bg3X9)3X7O8&5f2J ) IZ;3 E/CK ( El5~Bg ) Y utak a Nomaguc hi, The Univ ersit y of T oky o, Komaba 4-6-1, Meguro-ku, T oky o Akira Tsuma y a, Osak a Univ ersit y Masaharu Y oshiok a, National Institute of Informatics(NI I) T ak ashi W ashio, Osak a Univ ersit y Hideaki T ak eda, NI I T amotsu Murak ami, The Univ ersit y of T oky o T etsuo T omiy ama, The Univ ersit y of T oky o Since design knowledge pla ys a cucial role in design pro cess, w e are conducting researc h on design reasoning mo del that tak es notice of design kno wledge. T o mak e a design reasoning mo del, w e ha v e already prop osed a reasoning framew ork of design and analyzed basic op erations for the framew ork, and then prop ose a synthesis language for describing design op erational kno wledge. In this pap er, w e prop ose our implemen tation of this mo del, and v erify it to compare design pro cesses repla y ed in the system with ones of actual design sessions. Key Wor ds : Syn thesis, Design, Design Kno wledge, CAD 1 =xO@ @_7W $H $O!" @_ 7W <T $, ;}$C $F $$ $k MM!9 $J CN <1 $r MQ $$ $F!" M? $( $i $l $? MW 5a $+ $i $= $l $r <B 8= $9 $k ?M 9) J* $r ;: $_ =P $9 9T 0Y $G $" $k $H 9M $( $i $l $F $$ $k!# Cx <T $i $O!" $3 $N @_ 7W 2a Dx $r @_ 7W CN <1 $r MQ $$ $? ?d O@ $G $" $k $H B* $( $F!" A0 Js [1] $^ $G $K!" @_ 7W CN <1 $K Cm L\ $7 $? @_ 7W $N ?d O@ %b %G %k $N Ds 0F!" 5Z $S $= $N ?d O@ %b %G %k $K $* $1 $k CN <1 5- =R 8@ 8l $N Ds 0F $r 9T$C$F$-$?!# K\Js $G $O!" $3 $l $i ?d O@ %b %G %k $N OH AH $_ $r 7W ;; 5! >e $K <B Au $9 $k!# $5 $i $K!" <B :] $K 9T $o $l $? @_ 7W ;v Nc $K $* $1 $k @_ 7W <T $N ?d O@ 2a Dx $r 7W ;; 5! %7 %9 %F %‘ >e $G :F 8= $7!" $= $N 7k 2L $r @_ 7W ;v Nc $N 5- O? $H Hf 3S $9 $k $3$H$K$h$j!"2f!9$NDs0F$9$k?dO@%b%G%k$NI>2A$r9T$&!# 2 @_7W$N?dO@%b%G%k$NOHAH K\@a $G $O!" Cx <T $i $, A0 Js $^ $G $K Ds 0F $7 $F $- $?!" @_ 7W $K $* $1 $k ?d O@%b%G%k$NOHAH$_$K$D$$$F=R$Y$k!# Cx <T $i $, A0 Js $^ $G $K Ds 0F $7 $F $$ $k @_ 7W $N ?d O@ %b %G %k $O!" ?^ 1 $K <($9 3 $D$NMWAG$+$i9=@.$5$l$F$$$k!# � J#?t$N%b%G%k%Y!<%9?dO@ @_7W2a Dx $G $OMM!9 $J CN <1 $,MQ $$ $i $l$k!# $3 $l $i$N CN <1 $r$" $k 4QE@ $+ $i 8+ $? %b %G %k $K 0M B8 $7 $? 7A $G I= 8= $7 (Ob ject dep en- den t mo dels) !" %b %G %k %Y!< %9 ?d O@ $r 9T $&!# $^ $? $3 $l $i $N %b %G%k$r!" 6q BN E*$J @_ 7W BP>] %b %G%k $K $O 0MB8 $7 $J $$O@ M} E*$J %b %G%k (Ob ject indep enden t mo del) $rG^2p$H$7$FE}9g$9$k!# � %a%G%#%"CN<1$N<h$j07$$ %a%G%#%" 7? $N CN<1 I= 8= $K $h$j <B @$ 3&$K B8 :_ $9$k MM!9 $J CN<1 $d >pJs$r <h $j 9~$‘!# $3 $l $i$N >p Js$K $D $$ $F$O 2D G= $J8B $j %b%G %k 2=$r;Y 1g $9 $k$3 $H $K $h $j!"J# ?t $N %b%G %k %Y!< %9?d O@ %7 %9%F %‘ $N>pJs$HAH$_9g$o$;$k!# � ;W9M2aDx%b%G%k @_ 7W2a Dx FCM- $N @_ 7W2a Dx CN<1 $J $I $r;W 9M 2aDx %b %G%k $H $7 $F%b %G %k2= $9 $k $3$H $K $h $j!"@_ 7W BP>] %b %G %k$K $* $1 $k?d O@ $K BP$9 $k%a%?%l%Y%k$N?dO@$r9T$$!"@_7WBP>]$X$NA‘:n$r@)8f$9$k!# Fig. 1: @_7W$N?dO@%U%l!<%‘%o!<%/ $3 $N OH AH $_ $G $O!" %a %G%# %" %Y!< %9 $K $h $k B? MM $J @_ 7W >p Js $* $h $S @_ 7W CN <1 $N I= 8= $H MM!9 $J %b %G %k %Y!< %9 ?d O@ %7 %9 %F %‘ $r Mx MQ $9 $k $3 $H $K $h$C $F!" @_ 7W BP >] $K 4X $9 $k >p Js $N 5- =R $N <+ M3 EY $r 3N J] $G $- $k!# $^ $?!" J# ?t $N %b %G %k %Y!< %9 ?d O@ %7 %9 %F %‘ $r E} 9g E* $K 07 $& $3 $H $K $h $j!" B? ?t $N 8x M} 7O $r 07 $& $3 $H $, $G $-!" A4 BN $N OH AH $_ $H $7 $F %7 %s%;%7%9$N<+M3EY$r9b$a$k$3$H$,2DG=$G$"$k!# $^ $?!" $3 $N OH AH $_ $K $* $1 $k @_ 7W :n 6H $O!" J# ?t $N %b %G %k $K $h$C $F I= 8= $5 $l $? @_ 7W BP >] $N >p Js $* $h $S!" 3F %b %G %i $K $* $1 $k CN <1 $K BP $9 $kA‘:n$H$7$FB*$($i$l$k!# 1

3 %7%9%F%‘<BAu$N%"%W%m!<%A K\8& 5f $G $O!" A0 @a $G =R $Y $? OH AH $N 3F 9= @. MW AG $r 7W ;; 5! >e $K <B Au $9$k$K$"$?$C$F!"0J2<$N$h$&$J%"%W%m!<%A$r:NMQ$9$k!# � J#?t$N%b%G%k%Y!<%9?dO@%7%9%F%‘ Cx <T $i $N %0 %k!< %W $, 3+ H/ $r B3 $1 $F $$ $k KIEF(Kno wledge In tensiv e Engineering F ramew ork)[2] $rMQ$$$k$3$H$K$h$C $F!"J#?t$N%b%G%k%Y!<%9?dO@$r9T$&$?$a$NOHAH$rMQ0U$9$k!# � @_7WBP>]%b%G%k$NE}9g KIEF $K $*$1 $k %b%G %k E} 9g$N $? $a$N 5! 9=$G $" $k %W%i %, %V%k!& %a %? %b %G %k 5! 9= [3] $r MQ $$ $F 5! G= %b %G %j %s %0 %7 %9 %F %‘ $d 3F <o CAE %D!<%k$J$I!"@_7WBP>]%b%G%k$rE}9g$9$k!# � ;W9M2aDx%b%G%k J#?t$N %b %G %k%Y!< %9 ?d O@%7 %9 %F%‘ $r MQ $$$? @_ 7W 2aDx $r 7W;; 5! >e$G =hM} $9 $k $3$H $, 2D G= $J%b %G %k $H $7$F!" @_ 7W %7 %_%e%l!< %? [4] $K$*$1$k5-9fO@M}$K4p$E$$$?@_7W2aDx%b%G%k$rMQ$$$k!# 0J2<!"$=$N>\:Y$K$D$$$F=R$Y$k!# 3.1 KIEF $NMxMQ Cx <T $i $N %0 %k!< %W $O MM!9 $J <o N‘ $N CN <1 $r E} 9g E* $K ;H MQ $9 $k $3 $H $K $h$C $F!" @= IJ %i %$ %U %5 %$ %/ %k $N 3F CJ 3, $K $* $1 $k 9) 3X 3h F0 $r ;Y 1g $9 $k $? $a $N ?7 $7 $$ %9 %? %$ %k $N 9) 3X $G $" $k CN <1 =8 Ls 7? 9) 3X [5] $r Ds>’ $7 $F$$ $k!# KIEF $O $3$N %3 %s %;%W %H $K 4p$E $$ $F!"Cx <T $i $N%0 %k!<%W$,3+H/$rB3$1$F$$$k%7%9%F%‘$G$"$k!# KIEF $O!" <o!9 $N @_ 7W BP >] %b %G %k $r E} 9g $7!" $+ $D 3F %b %G %i >e $G $N %b %G %j %s %0 :n 6H $r ;Y 1g $9 $k %W %i %, %V %k!& %a %? %b %G %k 5! 9= $H!" KIEF $G MQ $$ $k CN <1 $r Ds 6! $9 $k CN <1 %Y!< %9 $+ $i 9= @. $5 $l $k!# ?^ 2 $K$=$N%7%9%F%‘9=@.$r<($9!# Fig. 2: KIEF $N9=@. %W%i %,%V %k!& %a%? %b %G%k 5! 9= ( ?^ 2 :8 >e ) $O!" %a %? %b%G %k $H$h $V @_ 7W BP >] $N 5- 9f I= 8= $K $h $k 35 G0 %M%C %H %o!< %/ $r Cf ?4 %b %G %k $H $7 $F!"<o!9$NBP>]%b%G%k$r!"35G0%l%Y%k$GE}9g$9$k5!9=$G$"$k!# %a %? %b %G %k $r 9= @. $9 $k 35 G0 $d!" KIEF $G MQ $$ $k CN <1 $O Bg 5, LO CN <1 %Y!< %9 ( ?^ 2 1& ) $K C_ @Q $5 $l $F $$ $k!# KIEF $N CN <1 %Y!< %9 $O J* M} @$ 3& $N 4p K\ E* %* %s %H %m %8!< $r Ds 6! $9 $k 35 G0 <- =q (Concept Base) !" KIEF >e $G MQ $$ $k %D!< %k $K 8G M- $N %* %s %H %m %8!< $r Ds 6! $9 $k Mo del Library !" $= $7 $F 35 G0 <- =q $, Ds 6! $9 $k %* %s %H %m %8!< $r MQ $$ $F %b %G %k $N :n @. $d %b %G %k >e $G $N ?d O@ $K 4X $o $k CN <1 $H $7 $F $N Ph ysical F eature $r Ds 6! $9 $k Ph ysical F eature CN <1 %Y!< %9 $+ $i 9=@.$5$l$k!# KIEF $r MQ $$ $k $3 $H $K $h $j!" MM!9 $J %b %G %k %Y!< %9 ?d O@ %7 %9 %F %‘ $r<h$j07$&$3$H$,$G$-$k!# 3.2 J#?t$NBP>]%b%G%k$NE}9g A0 @a$G=R $Y$?$h $&$K!"K\ 8&5f $G$O!" KIEF $N%W %i%,%V %k!&%a%? %b %G %k 5! 9= $K $h $k J# ?t $N BP >] %b %G %k $N E} 9g $r 9T $&!# $3 $N E} 9g $O!" %a %? %b %G %k $r I= 8= $9 $k J* M} 35 G0 $H!" %b %G %i >e $N %G!< %? $H $N 4X 78 $r 5- =R $9 $k $@ $1 $G!" MF 0W $K 9T $& $3 $H $, 2D G= $G $" $k!# $^ $?!" 3F %b %G %i >e $N %G!< %? $O %W %i %, %V %k!& %a %? %b %G %k 5! 9= $r 2p $7 $F ;2 >H 2D G= $G $" $k!# Cx <T $i $N @h 9T 8& 5f $G E} 9g $7 $F $- $? %b %G %i $K $O!" HF MQ ?t <0 =h M} %7 %9%F%‘ Mathematica 1 !" 3 <!85%=%j%C%I%b%G%i Pro/Engineer 2 !" 5!G=%b%G%j%s%0%D!<%k FBS %b%G%i [6] Ey$,$"$k!# $^ $?!" <B :] $N @_ 7W :n 6H $G $O!" 7W ;; 5! %D!< %k $@ $1 $G $J $/ <B 83 $d ;n :n 5! :n @. $J $I <B @$ 3& $K $* $1 $k >p Js $b Mx MQ $7 $F $$ $k!# K\ 8& 5f $G $O!" $3 $l $i <B @$ 3& $K $* $1 $k >p Js 8; $b 9- $$ 0U L# $G $N %b %G %i $G $" $k $H 9M $(!" <B @$ 3& $+ $i $N >p Js $r F~ NO $9 $k $? $a $N %D!< %k $r %W %i %, %V %k!& %a %? %b %G %k $K @\ B3 $9 $k $3 $H $K $h $j!" $3 $l $i $N >p Js $r 7W ;; 5! >e $K <B Au $5$l$??dO@$NOHAH$_$G07$&!# 3.3 7W;;2DG=$J@_7W2aDx%b%G%k K\ 8& 5f $G $O!" 7W ;; 2D G= $J ;W 9M 2a Dx $N %b %G %k $H $7 $F 5- 9f O@ M} $K 4p $E$$$FDj<02=$5$l$?@_7W2aDx%b%G%k$r:NMQ$9$k!# 3.3.1 @_7W%7%_%e%l!<%? Ip ED $i [4] $O!" @_ 7W BP >] $K 4X $9 $k O@ M} E* $J ?d O@ $H!" BP >] %l %Y %k $N ?dO@ $r@)8f $9$k %a%?%l %Y%k $N?dO@ ( 9T 0Y%l %Y%k$N ?dO@ $H8F $V ) $r AH $_ 9g $o $; $k $3 $H $K $h $j!" @_ 7W 2a Dx $r :F 8= $G $- $k @_ 7W %7 %_%e %l!< %?$rDs0F$7$?!# @_ 7W %7 %_%e %l!< %? $G $O!" @_ 7W 2r $N @- <A $r F3 =P $9 $k 1i eh!" @_ 7W 2r $N Ds 0F $r 9T $& %" %V %@ %/ %7%g %s $* $h $S!" CN <1 $N L7 =b $r 2r >C $9 $k %5!< %+ %‘ %9 %/ %j %W %7%g %s $N 3 $D $N ?d O@ 7A <0 $G @_ 7W 2a Dx $r Dj <0 2= $7!" CN <1 %Y!< %9 $N F3 F~ $N A‘ :n $K $h $j!" J# ?t $N 8x M} 7O $K $* $1 $k CN <1 $r 4I M} $9$k$3$H$,$G$-$k!# @_ 7W %7 %_%e %l!< %? $K $* $1 $k 4p K\ E* $J @_ 7W 2a Dx $O!"!I @_ 7W ;E MM $N F~ NO!I $+ $i ;O $^ $j!"!I @_ 7W 2r $N Ds 0F!I!" @_ 7W 2r $N E8 3+!& I> 2A $N 7+ $j JV $7 $K $h $j @_ 7W ;E MM $r <B 8= $9 $k 2a Dx $H $7 $F %b %G %k 2= $5 $l $k!# 0l HL $K @_ 7W 2a Dx $O ;W 9M :x 8m $r H<$C $F ?J 9T $9 $k $N $G!" @_ 7W 2r $N E8 3+!& I> 2A $N 7k 2L!" L7 =b $, H/ 8+ $5 $l $? >l 9g $K $O!" L7 =b $N 2r >C $r 9T$C $? 8e!" @_ 7W 2r $N Ds 0F $H @_ 7W 2r $N E8 3+!& I> 2A $N 7+ $j JV $7 $N %k!< %W $K La $k!# 9T 0Y %l %Y %k $N CN <1 $O!" @_ 7W BP >] $N >u BV $r >r 7o $H $7!" @_ 7W BP >] $K BP $9 $k A‘ :n Ns $r 9T 0Y $H $9 $k M% @h =g 0L IU $- $N %k!< %k $G 5- =R $5 $l $F $$ $k!# @_ 7W %7 %_%e %l!< %? $O!" $3 $N 9T 0Y %l %Y %k $N CN <1 $K 4p $E $$ $F 7W $N >u 67 $K 1~ $8 $F CN <1 $d A‘ :n $r @_ 7W <T $K Ds 6! $9 $k $3 $H $K $h $j!" @_ 7W :n 6H$r%,%$%I$9$k$3$H$,2DG=$G$"$k!# 3.3.2 9T0Y%l%Y%kCN<1$N3HD% @_ 7W %7 %_%e %l!< %? $K $* $1 $k 9T 0Y %l %Y %k CN <1 $N OH AH $_ $G $O!" BP >] %b %G %k $K 4X $9 $k A‘ :n $r == J, $K 07 $& $3 $H $, $G $- $J $$ $? $a!" Cx <T $i $O 2 @a $G =R $Y $? ?d O@ %U %l!< %‘ %o!< %/ $r <B Au $9 $k $K $" $?$C $F $= $N 3H D% $r9T$$!"%7%s%;%7%98@8l$H8F$VCN<15-=R8@8l$r3+H/$7$F$$$k [1] !# $3 $N %7 %s %; %7 %9 8@ 8l $G $O!" @_ 7W $N ?d O@ %b %G %k $K $* $1 $k @_ 7W BP >] $N >u BV $r H= Dj $9 $k $? $a $N A‘ :n!" @_ 7W BP >] %b %G %k $K BP $9 $k A‘ :n!" O@ M} %b %G %k $K BP $9 $k A‘ :n $r %W %j %_ %F%# %V A‘ :n $H $7 $F Dj 5A $9 $k!# $^ $?!" $3 $N @_ 7W $N ?d O@ %b %G %k $K $* $1 $k ?d O@ $r <B :] $K 9T $& $? $a!" @_ 7W 1 Mathematica $O!" W olfram Researc h, Inc. $NEPO?>&I8$G$"$k!# 2 Pro/Engineer $O P arametric T ec hnology <R$NEPO?>&I8$G$"$k 2

;E MM $N F~ NO $d!" J# ?t $N 8u Jd $, $"$C $? $H $- $N A* Br $J $I $N %f!< %6 $H %$ %s %? %i %/ %F%# %V $K 9T $& A‘ :n $K $D $$ $F $b Dj 5A $9 $k!# $3 $N %W %j %_ %F%# %V A‘ :n $N AH $_ 9g $o $; $H $7 $F @_ 7W 9T 0Y $N CN <1 $r 5- =R $9 $k $3 $H $K $h $j!" @_ 7W $N ?d O@ %b %G %k $N OH AH $_ $K $* $1 $k BP >] %l %Y %k $N ?d O@ $r @) 8f $9$k;W9M2aDx%b%G%k$r<B8=$9$k!# 4 %7%9%F%‘9=C[$H$=$N8!>Z A0@a $^ $G $N 9M ;! $r 85 $K %7 %9 %F %‘ $r 9= C[ $7!" %7 %9 %F %‘ >e $G @_ 7W 2a Dx$r:F8=$9$k$3$H$K$h$j!"$=$N8!>Z$r9T$C$?!# 4.1 %7%9%F%‘9=@. K\%7%9%F%‘$O Smalltalk 8@8l$N3+H/4D6-$G$"$k VisualW orks5i.2 3 >e $K9=C[$5$l$F$$$k!#?^ 3 $K%7%9%F%‘9=@.$r<($9!# K\ %7 %9 %F %‘ $K $* $$ $F $O!" KIEF $N %W %i %, %V %k!& %a %? %b %G %k 5! 9= $K @\ B3 $5 $l $? 3F <o BP >] %b %G %k $K $h$C $F @_ 7W BP >] $N >p Js $, I= 8= $5 $l!" 3F %b %G %i $N CN <1 $r MQ $$ $F @_ 7W BP >] %l %Y %k $N ?d O@ $, 9T $o $l $k!# 9T 0Y %l %Y %k $N CN <1 $K $h$C $F!" @_ 7W BP >] $N >u 67 $K 1~ $8 $F @_ 7W BP >] $K 4X $9 $k A‘ :n $, Ds <( $5 $l $k!# @_ 7W <T $O Ds <( $5 $l $? A‘ :n $N Cf $+ $i E, Ev $J $b $N $r A* Br $9 $k $3 $H $K $h $j!" BP >] %b %G %k $r A‘ :n $7 @_ 7W :n 6H $r ?J $a$F$$$/$3$H$K$J$k!# Fig. 3: %7%9%F%‘9=@. 4.2 <B9TNc %7%9 %F %‘ <B 9T $5 $; $k $K $" $?$j!" <B :] $K Bg 3X $N 8& 5f << $G 4 G/ 4V $K EO$C $F 9T $o $l $? %l!< %6!< %j %= %0 %i %U%#!< $N @_ 7W ;v Nc [7] $N 8& 5f!& 3+H/5-O?$rNcBj$H$7$F;HMQ$7$?!#K\@_7W;vNc$NFCD’$O!" � 2C9) @: EY 8~ >e $r L\E* $H $7 $?!" 4{ B8 $N %l!<%6!< %j %= %0 %i %U%#!< $N2~NI@_7W$G$"$k$3$H!# � :G=* @_7W 2r $K;j $k$^ $G $K!"@_ 7W2r 8u Jd$H $7$F 4 $D $N 0F$, 8!F$ $5$l$F$$$k$3$H!# $G$"$k!# ?^ 4 $K %7 %9 %F %‘ <B 9T 2h LL $r <( $9!# @_ 7W <T $O!" FBS %b %G %i ( :8 >e ) $K $h $k 5! G= %b %G %j %s %0 $d!" I= LL D% NO $N 1F 6A $r 9M N8 $7 $? 1U LL I= LL7A>u $N?tCM 7W;; %D!<%k ( 1& >e ) $r9T$$ $J$, $i@_ 7W:n6H $r?J $a$F$$ $k!# $3 $l $i J# ?t $N %b %G %k $r MQ $$ $? @_ 7W :n 6H $O!" 9T 0Y %l %Y %k $N CN <1 $N?dO@ %7%9 %F%‘ ( 1&2< ) $K $h$j @)8f $5$l $F$$$k!# $^$?!" %7%9 %F%‘$r DL$8 $F 9T $o $l $? @_ 7W 2a Dx $N %m %0 $, <+ F0 E* $K 5- O? $5 $l $k ( :8 2< ) !# $3 $N %m %0 $O!" K\ %7 %9 %F %‘ $K $* $1 $k %W %j %_ %F%# %V A‘ :n $H!" " MW 5a ;E MM $N @_ Dj " !" " Ld Bj Ds 5/ " !" " <B 83 " $J $I!" Cx <T $i $N @h 9T 8& 5f $K $h$C $F <} =8 $5 $l $? @_ 7W 3h F0 $r I= 8= $9 $k 8l WC [8] $H $N BP 1~ 4X 78 $r $" $i $+ $8$aMQ0U$7$F$*$/$3$H$G<+F0E*$K@8@.$5$l$?$b$N$G$"$k!# 4.3 @_7W;vNc$H%7%9%F%‘<B9T7k2L$H$NHf3S ?^ 5 $K %7 %9 %F %‘ <B 9T 7k 2L $N %m %0 $H <B :] $N @_ 7W ;v Nc $N 5- O? $H $N BP Hf $r <( $9!# <B :] $N 5- O? $K Hf $Y $F %7 %9 %F %‘ $N %m %0 $N J} $, N3 EY $, :Y $+ $$ $H $$ $& Ld Bj $O $" $k $b $N $N!" %7 %9 %F %‘ $N %m %0 $K $* $1 $k J# ?t $N A‘ :n 3 VisualW orks $O Cincom Systems <R$NEPO?>&I8$G$"$k!# Fig. 4: %7%9%F%‘<B9T2hLL $r $^ $H $a $k $H!" <B :] $N @_ 7W ;v Nc $K $* $1 $k 0l $D $N 9T 0Y $H $7 $F 2r <a 2D G= $G $"$C $?!# $3 $N 7k 2L $+ $i!" K\ 8& 5f $G 3+ H/ $7 $? %7 %9 %F %‘ $O!" <B :] $N @_ 7W 2a Dx $H F1 MM $N 2a Dx $r :F 8= $9 $k $3 $H $, 2D G= $G $" $j!" @_ 7W <T $K 0c OB 46 $r 46 $8 $5 $; $k $3 $H L5 $/ @_ 7W $r ;Y 1g $9 $k $3 $H $, 2D G= $H $J$C $F $$$k$H9M$($k$3$H$,$G$-$k!# 4.4 4{B8%7%9%F%‘$H$NHf3S <! $K!" $3 $l $^ $G $K Cx <T $i $, 3+ H/ $7 $? @_ 7W %7 %_%e %l!< %? $* $h $S KIEF $H $N Hf 3S $r 9T $& $3 $H $K $h $j!" K\ 8& 5f $G 3+ H/ $7 $? %7 %9 %F %‘ $N FCD’$K$D$$$F9M;!$9$k ( I= 1 ;2>H ) !# K\ 8&5f$G 3+H/$7 $?%7%9 %F%‘$O KIEF $H @_7W%7 %_%e%l!<%? $rE}9g $7 $F $$ $k $? $a!" J# ?t $N %b %G %k %Y!< %9 ?d O@ $K $* $1 $k @_ 7W 2a Dx @) 8f $, 2D G= $G $" $k!# $^ $?!" ?d O@ %U %l!< %‘ %o!< %/ $K BP $9 $k %W %j %_ %F%# %V $J A‘ :n $H @_ 7W 3h F0 $N 8l WC $H $r BP 1~ IU $1 $k $3 $H $K $h $j!" @_ 7W 2a Dx $N %m %0$r<+F0E*$K5-=R$9$k$3$H$,2DG=$G$"$k!# Cx <T $i $N %0 %k!< %W $G $O!" KIEF $K $* $1 $k @_ 7W :n 6H $r!" @_ 7W <T $H $N %$ %s %? %i %/ %7%g %s $N 2< $G H> <+ F0 E* $K J8 =q $H $7 $F 5- O? $7!" 4I M} $9 $k!" @_ 7W J8 =q :n @. ;Y 1g %7 %9 %F %‘ (DDMS; Design Do cumen- tation Managemen t System)[9] $N 3+ H/ $r 9T$C $F $$ $k!# DDMS $G :n @. $5 $l $k J8 =q $O!" $" $k @_ 7W %? %9 %/ $K BP 1~ $7 $? @_ 7W %f %K%C %H $K 4p $E $$ $F 9= B$ 2= $5 $l $F $* $j!" 8e $N @_ 7W $K $* $$ $F CN <1 $H $7 $F :F Mx MQ $9 $k $3 $H $, MF 0W $K $J$C $F $$ $k!# K\ 8& 5f $G 3+ H/ $7 $? %7 %9 %F %‘ $H DDMS $H $r E} 9g $9 $k $3 $H $K $h $j!" %7 %9 %F %‘ $, @_ 7W $r @) 8f $7 $J $, $i!" 9= B$ 2= $5 $l $? @_ 7W J8 =q $r @_ 7W <T $, :n @. $9 $k :n 6H $r ;Y 1g $9 $k $3 $H$,2DG=$H9M$($i$l$k!# T ab. 1: 4{B8%7%9%F%‘$H$NHf3S @_7W2aDx$N @_7W2aDx$N J#?t$N @_7W%D!<%k @)8f 5-O? %b%G%k?dO@ E}9g$N;X?K KIEF !_ !_ !{ !_ @_7W%7%_%e%l!<%? !{ !_ !_ !_ %7%s%;%7%9$N ?dO@%U%l!<%‘%o!<%/ !{ "$ !{ !{ 5 7kO@ K\ 8& 5f $G $O!" Cx <T $i $, Ds 0F $7 $F $- $? @_ 7W CN <1 $K Cm L\ $7 $? @_ 7W $N ?d O@ %b %G %k 5Z $S $= $N ?d O@ %b %G %k $K $* $1 $k CN <1 5- =R 8@ 8l $r 7W ;; 5! >e $K <B Au $7!" <B :] $K 9T $o $l $? @_ 7W ;v Nc $K $* $1 $k @_ 7W <T $N ?d O@ 2a Dx $r 3

7W ;; 5! %7 %9 %F %‘ >e $G :F 8= $7 $?!# $3 $N 7k 2L $r @_ 7W ;v Nc $N %W %m %H %3 %k %G!< %? $H Hf 3S $9 $k $3 $H $K $h $j!" 2f!9 $N Ds 0F $9 $k ?d O@ %b %G %k $N I> 2A $r 9T $$!" $= $N BE Ev @- $N 8! >Z $r 9T$C $?!# B> $N 8& 5f ;v Nc $K $* $1 $k @_ 7W %b %G %k ( Nc $( $P!" [10] $J $I ) $H $N Hf 3S $r DL $8 $F!" K\ 8& 5f $G Ds 0F $7 $? ?d O@ %b %G %k $N 5R 4Q @- $r 8! >Z $9 $k $3 $H $, 9M $( $i $l $k!# $= $N >\ :Y $K $D$$$F<!Js$GJs9p$9$k!# >0!" K\ 8& 5f $N 0l It $O!" F| K\ 3X =Q ?6 6= 2q L$ Mh 3+ Bs 3X =Q 8& 5f ?d ?J ;v 6H !V%7 %s %; %7 %9 $N %b %G %k O@!W %W %m %8%’ %/ %H (JSPS-RFTF 96- P00701) $N8&5fHq$K$h$C$F<B;\$5$l$?!# !|J}<0$NA*Dj : Set requirements: Stereo-Lithograph(product) Reorganaize Knowledge: FBSModeler Awareness of problems: Stereo-Lithograph(product) Use knowledge : FBSModeler Suggestion for solution: laser-lithography( Control(table) Control(surface) Photoform(resin) ) !|%^%$%/%m%^%7%s@=:n$K==J,$J@:EY$NAX$r<+M31ULLJ}<0$G:n$k : Awareness of problems: Control(table) Control(surface) Photoform(resin) Reorganaize Knowledge: FBSModeler Use knowledge : FBSModeler Suggestion for solution: freeSurface ( Control(hollow)on(surface) Measure(liquid_surface) ) !|6u5$N.$K$h$k1ULL@)8f : Awareness of problems : Control(hollow)on(surface) Measure(liquid_surface) Reorganaize Knowledge: FBSModeler Use knowledge : FBSModeler Suggestion for solution: air_flow( Form(hollow)by(air_flow) Operate(air_flow)) !D !D !|1U8|@)8f<B83 : Make prototype : #Prototype !| ( <B837k2L )10 &L#mDxEY$N@:EY2DG= : Experiment result : (0.00001 Accuracy Surface) Fig. 5: @_7W;vNc$N5-O?$H%7%9%F%‘<B9T7k2L$H$NHf3S ( 0lIt ) ;29MJ88% [1] 5H2, , OIHx , IZ;3 : @_7WCN<1$KCmL\$7$?@_7W$N?dO@%b%G%k$NDs 0F ( Bh 3 Js ) !] @_ 7W 9T 0Y $K 4X $9 $k CN <1 $r 5- =R $9 $k %7 %s %; %7 %9 8@ 8l $N Ds 0F !] , Bh 10 2s @_ 7W 9) 3X!& %7 %9 %F %‘ It Lg 9V 1i O@ J8 =8 , 2001. [2] 4XC+ , 5H2, , IZ;3 : %*%s%H%m%8!<$rMQ$$$?E}9gE*@_7W;Y1g4D6- $N<B8= , ?M9)CNG=3X2q;o , V ol. 14, No. 6, 1999. [3] 5H 2, , IZ ;3 : @_ 7W ;Y 1g $N $? $a $N E} 9g %b %G %j %s %0 4D 6- $N 8& 5f !] %W %i %, %V %k!& %a %? %b %G %k 5! 9= $N Ds 0F , ?M 9) CN G= 3X 2q ;o , V ol. 13, No. 2, pp. 312{319, 1998. [4] Ip ED , IZ ;3 , 5H @n : @_ 7W 2a Dx $N 7W ;; 2D G= %b %G %k $H @_ 7W %7 %_%e %l!<%7%g %s , ?M 9) CNG= 3X 2q;o , V ol. 7, No. 5, pp. 877{887, 1992. [5] T. T omiy ama, Y. Umeda, M.Ishii, M. Y oshiok a and T. Kiriy ama: Kno wledge systematization for a kno wl- edge in tensiv e enginnerign framew ork, In T. T omiy ama, M. M� an t yl� a and S. Finger eds., Know le dge Intensive CAD-1, Pr eprints of the �rst IFIP WG 5.2 Workshop on Know le dge Intensive CAD-1 , pp. 55{80, Chapman & Hall, 1995. [6] G_ED , IZ;3 , 5H@n : 5!G=@_7W;Y1g$N$?$a$N fbs %b%G %j%s%0$NDs 0F , @:L)9)3X2q;o , V ol. 63, No. 6, pp. 795{800, 1997. [7] <U : <+ M3 1U LL $N @) 8f $K $h $k %^ %$ %/ %m 8w B$ 7A $K 4X $9 $k 8& 5f , Gn ;N O@ J8 , El 5~ Bg 3X Bg 3X 1! 9) 3X 7O 8& 5f 2J ;: 6H 5! 3# 9) 3X @l 96 , 1998. [8] 5H 2, , IpED , :J 20 , B<>e , IZ ;3 : @_ 7W3h F0 $rI= 8=$9 $k 8lWC $K 4X $9 $k 8& 5f ( Bh 3 Js ) !] >p Js A‘ :n $N 4Q E@ $+ $i 8+ $? 8l WC $N @0 M} $H 0U L# IU $1 !] , 2000 G/ EY @: L) 9) 3X 2q =) 5( Bg 2q 3X =Q 9V 1i O@ J8 =8 , p. 259, 2000. [9] Y. Nomaguc hi, M. Y oshiok a and T. T omiy ama: Do cumen t-based design pro cess kno wledge manage- men t for kno wledge in tensiv e engineering, In The F orth IFIP Working Gr oup 5.2 Workshop on Know le dge In- tensive CAD , pp. 163{185, 2000. [10] R. V alk en burg and K. Dorst: The re ectiv e practice of design teams, Design Studies , V ol. 19, No. 3, pp. 249{ 271, 1998. 4