G[ CV =h M} $N $? $a $N NN 0h J, 3d $N 2~ A1 0k D> 9T J? ED IY IW L> 8E 20 Bg 3X 9) 3X It ") 464{01 L> 8E 20 ;T @i <o 6h IT O7 D. E-mail: fmiso@n uee.nago y a-u.ac.jp VLSI $d %W %j %s %H G[ @~ HD @_ 7W $K $* $1 $k 35 N, G[ @~ =h M} $G $O !$ G[ @~ NN 0h $r >. NN 0h $K J, 3d $9 $k $3 $H $, $h $/ 9T $J $o $l $k !% J, 3d $K $h $j F@ $i $l $? >. NN 0h $N NY @\ 4X 78 $r I= 8= $9 $k %0 %i %U >e $G 7P O) C5 :w $r 9T $J $$ !$ 35 N, G[ @~ 7P O) $r $= $N >. NN 0h $N Ns $G I= $9 !% 35 N, G[ @~ 7P O) $, 7h Dj $9 $l $P AG ;R 4V $r <B :] $K DL 2a $9 $k G[ @~ ?t $r 8+ @Q $b $k $3 $H $, $G $- !$ AG ;R 4V $K IT MW $J I} $r 3N J] $7 $J $$ $h $& $K AG ;R $N 0L CV $r D4 @0 $9 $k $3 $H $, $G $- $k !% $3 $N 8+ @Q $j $r == J, @: EY NI $/ 9T $J $& $? $a $K $O !$ G[ @~ NN 0h $N >. NN 0h $X $N J, 3d $N ;E J} $r 9) IW $9 $k $3 $H $, I, MW $G $" $k !% K\ O@ J8 $G $O !$ @: EY $N NI $$ G[ @~ ?t 8+ @Q $j $, 9T $J $( $k $h $& $K ;0 3Q 7A NN 0h J, 3d $r 2~ A1 $9 $k !% $^ $? !$ 2~ A1 $5 $l $? NN 0h J, 3d $r <B :] $N AG ;R G[ CV =h M} $X 1~ MQ $7 $? 7k 2L $K $D $$ $F $b =R $Y $k !% Impro v ed Sub division for Placemen t Na o yuki Iso and Tomio Hira t a F acult y of Engineering, Nago y a Univ ersit y F uro-c ho, Chikusa-ku, Nago y a 464-01 Japan In VLSI and prin ted wiring b oard(PWB) lay out design, global routing pro cess sub divides the routing area and �nds the top ological paths using a graph whic h represen ts adjacency of sub divisions. Using the obtained global paths, we can estimate the num b er of wires passing through the gaps b et w een opp osite comp onen ts and w e can adjust the p ositions of comp onents based on the estimation. In this pap er, trian- gulation of routing area is improv ed so that the gaps are estimated accurately . The improv ed sub division is applied to actual placement and its e�ciency is pro v ed exp erimen tally . 1

1. $O $8 $a $K VLSI $d %W %j %s %H G[ @~ HD $N %l %$ %" %& %H @_ 7W $K $* $1 $k G[ CV G[ @~ Ld Bj $O !$ G[ CV Ld Bj $H G[ @~ Ld Bj $K J, N% $7 $F 07 $& $3 $H $, B? $$ !% %S %k %G %# %s %0 %V %m %C %/ J} <0 $N $h $& $K AG ;R $N G[ CV 0L CV $r <+ M3 $K 7h Dj $G $- $k %l %$ %" %& %H $N >l 9g !$ G[ CV =h M} $O $^ $: AG ;R $N =i 4| 0L CV $r M? $( !$ <! $K E, Ev $K Dj $a $i $l $? G[ CV I> 2A $N $b $H $G C‘ <! E* $K AG ;R 0L CV $r 2~ A1 $9 $k !% $3 $N $h $& $K $7 $F F@ $i $l $? AG ;R G[ CV $, =i 4| G[ CV $G $" $k !% <! $K G[ @~ =h M} $r 9T $J $& !% G[ @~ =h M} $G $O >e $N G[ CV =h M} $G F@ $i $l $? AG ;R G[ CV $K BP $7 35 N, G[ @~ 7P O) $r 7h Dj $9 $k !% $9 $J $o $A 3F G[ @~ $, AG ;R 4V $r $I $N $h $& $K DL 2a $7 $F 7k @~ $5 $l $k $+ $r 7h $a $k !% <! $K $= $l $r $b $H $K $7 $F 7P O) $N >\ :Y $J 0L CV $r 7h Dj $9 $k !% $9 $Y $F $N G[ @~ $r C# @. $G $- $J $+ $C $? >l 9g $K $O $^ $: 35 N, G[ @~ 7P O) $r =$ @5 $7 >\ :Y G[ @~ $r ;n $_ $k !% $= $l $G $b $J $* C# @. $G $- $J $$ ;~ $O G[ CV =h M} $r $d $j D> $9 !% $3 $N %l %$ %" %& %H @_ 7W J} <0 $G $O G[ CV $N JQ 99 $, $? $H $( Hy D4 @0 $G $" $C $F $b G[ CV =h M} $r :G =i $+ $i $d $j D> $9 $? $a $= $N 7W ;; ;~ 4V $N %m %9 $O Bg $- $$ !% 2f !9 $O AG ;R $N G[ CV 0L CV $r 40 A4 $K 8G Dj $; $: !$ 35 N, G[ CV $N $b $H $G G[ @~ 7P O) $r C5 :w $9 $k ?7 $7 $$ %l %$ %" %& %H %b %G %k $r Ds 0F $7 $? [1] !% G[ CV 0L CV $, 8G Dj $5 $l $F $$ $J $$ $? $a >\ :Y G[ @~ =h M} $K <: GT $7 $? ;~ $K AG ;R G[ CV $N Hy D4 @0 $, MF 0W $K 9T $J $( $k !% $3 $N %l %$ %" %& %H %b %G %k $G $O !$ G[ @~ NN 0h $r >. NN 0h $K J, 3d $7 !$ NY @\ $9 $k >. NN 0h $N Ns $K $h $j 35 N, G[ @~ 7P O) $r I= 8= $9 $k !% 35 N, G[ @~ 7P O) $, 7h $^ $l $P AG ;R $N 4V 7d $r DL 2a $9 $k G[ @~ ?t $r 8+ @Q $b $k $3 $H $, $G $- !$ $= $N 4V 7d $N I} $, :G >. $H $J $k $h $& $K $= $l $i $N >\ :Y $J G[ CV 0L CV $r 7h Dj $9 $k $3 $H $, $G $- $k !% >e $N >. NN 0h $X $N J, 3d $O !$ 35 N, G[ @~ 7P O) $r I= 8= $G $- $k E, @Z $J NN 0h J, 3d $G $" $k I, MW $, $" $k !% =h M} ;~ 4V $N 4Q E@ $+ $i $O !$ AG ;R ?t $r n $H $9 $k $H $- J, 3d $K $h $j F@ $i $l $k >. NN 0h $N ?t $, O ( n ) $G $" $k $3 $H $, K> $^ $7 $$ !% $^ $? !$ AG ;R $N 4V 7d $K I, MW $J I} $r @5 3N $K 8+ @Q $b $k $? $a !$ 35 N, G[ @~ 7P O) $O :G =* E* $J G[ @~ 7P O) $K 6a $$ 7A >u $r ;} $D $3 $H $, K> $^ $l $k !% $3 $N $? $a $K $O !$ J, 3d $K $h $j F@ $i $l $k >. NN 0h $, JP J? $7 $? 7A >u $r ;} $? $J $$ $3 $H $, I, MW $G $" $k !% $3 $l $^ $G Ds 0F $5 $l $F $$ $k G[ @~ <j K! $G MQ $$ $i $l $F $$ $k NN 0h J, 3d $H $7 $F $O !$ Lee $N %k !< %? [2] $K $* $1 $k ?e J? $* $h $S ?b D> J} 8~ $N 3J ;R J, 3d !$ %A %c %M %k $* $h $S %9 %$ %C %A %\ %C %/ %9 $X $N J, 3d [3, 4] !$ $= $l $K Bf 7A J, 3d [5] $J $I $, $" $k !% $3 $l $i $N J, 3d J} K! $G $O !$ J, 3d ?t $, AG ;R ?t $N 2 >h $K Hf Nc $9 $k ?t $K $J $j =h M} ;~ 4V $, A} $( $? $j !$ $^ $? !$ F@ $i $l $? >. NN 0h $, JP J? $7 $? 7A >u $r ;} $D $? $a AG ;R $N 4V 7d I} $N 8+ @Q $j $N @: EY $, >e $, $i $J $$ $3 $H $, $" $k !% K\ O@ J8 $G $O !$ AG ;R 4V $r DL 2a $9 $k G[ @~ ?t 8+ @Q $j $r @: EY NI $/ 9T $& $? $a $N NN 0h J, 3d $N 2~ A1 $r Ds 0F $9 $k !% $3 $3 $G MQ $$ $k ?^ 1 %l %$ %" %& %H %b %G %k J, 3d $K $O @) Ls IU $- Delauna y ;0 3Q 7A J, 3d [6] $r MQ $$ $k $, !$ Ds 0F $9 $k NN 0h J, 3d $N 2~ A1 J} K! $O B> $N J, 3d J} K! $K $b E, MQ 2D G= $G $" $k !% $5 $i $K !$ 2~ A1 $5 $l $? NN 0h J, 3d $r <B :] $N AG ;R G[ CV =h M} $X 1~ MQ $7 $? 7k 2L $K $D $$ $F $b =R $Y $k !% 2. $G $O K\ O@ J8 $G 07 $& %l %$ %" %& %H %b %G %k $K $D $$ $F @b L@ $7 !$ 3. $G NN 0h J, 3d $N 2~ A1 J} K! $H %l %$ %" %& %H LL @Q :G >. 2= $r L\ E* $H $7 $? G[ CV =h M} $K $D $$ $F =R $Y $k !% 4. $G 2~ A1 $5 $l $? NN 0h J, 3d $r <B :] $N G[ CV =h M} $K E, MQ $7 !$ 2~ A1 $N 8z 2L $r D4 $Y $k !% 5. $O 7k O@ $G $" $k !% 2. %l %$ %" %& %H %b %G %k K\ O@ J8 $G $O !$ %V %m %C %/ $H 8F $P $l $k ?e J? $^ $? $O ?b D> $N NX 3T JU $r ;} $D 6k 7A NN 0h $, J? LL >e $K CV $+ $l !$ $= $N NX 3T JU >e $N C< ;R 4V $r @\ B3 $9 $k 7P O) $N %H %] %m %8 $, M? $( $i $l $F $$ $k $b $N $H $9 $k !J ?^ 1 !K !% %l %$ %" %& %H %b %G %k $O 7P O) $N %H %] %m %8 $r 35 N, G[ @~ 7P O) $H $7 $F I= 8= $7 !$ 7P O) $, $I $N $h $& $K %V %m %C %/ 4V $r DL 2a $9 $k $+ $H $$ $& >p Js $r J] ;} $9 $k !% 35 N, G[ @~ $O ?e J? ?b D> G[ @~ $d <P $a G[ @~ $H 8@ $C $? :G =* E* $J G[ @~ 7P O) $N 7A >u $^ $G $O 5, Dj $7 $J $$ !% 35 N, G[ @~ 7P O) $, 5a $^ $l $P !$ NY @\ $9 $k Fs $D $N %V %m %C %/ 4V $K I, MW $J 4V 7d I} $r !$ $= $3 $r DL $k 35 N, G[ @~ $N K\ ?t $+ $i 5a $a $k $3 $H $, $G $- $k !% $^ $? !$ %V %m %C %/ Fb $r 0l $D $N %l %$ %" %& %H NN 0h $H 9M $( $l $P !$ K\ %b %G %k $O 3, AX E* $J %l %$ %" %& %H %b %G %k $H $9 $k $3 $H $, $G $- $k !% 2.1 G[ @~ NN 0h $N J, 3d K\ O@ J8 $G $O [1, 7] $G ;H $o $l $F $$ $k @) Ls IU $- Delaunay ;0 3Q 7A J, 3d !J CDT !’ Constrained Delaunay T riangulation !K $K $D $$ $F 2~ A1 $r 9T $J $& !% CDT $O !$ $" $i $+ $8 $a Dj $a $i $l $F $$ $k JU !J @) Ls JU $H 8F $V !K $r J, 3d JU $H $7 $F I, $: 4^ $‘ Delau- nay ;0 3Q 7A J, 3d $G $" $k !% CDT $O J, 3d $5 $l $? ;0 3Q 7A $N :G >. 3Q $, $9 $Y $F $N ;0 3Q 7A J, 3d $N Cf $G :G Bg $G $" $k $H $$ $& Delau- nay ;0 3Q 7A J, 3d $N @- <A $r ;} $D $? $a !J @) Ls $H $7 $F M? $( $i $l $? JU $N IU 6a $r =| $$ $F !K G[ @~ NN 0h $r $[ $\ Ey JU $N ;0 3Q 7A $K J, 2

?^ 2 G[ @~ NN 0h $N ;0 3Q 7A J, 3d ?^ 3 NY @\ 4X 78 %0 %i %U ARG ?^ 4 35 N, G[ @~ 7P O) I= 8= 3d $9 $k $3 $H $, $G $- $k !% $^ $: !$ %V %m %C %/ $N NX 3T JU $r @) Ls JU $H $7 $F CDT $r E, MQ $7 G[ @~ NN 0h $r ;0 3Q 7A $K J, 3d $9 $k !% $3 $N $H $- !$ %V %m %C %/ Fb $N BP 3Q JU $O <h $j =| $/ $b $N $H $9 $k !J ?^ 2 !K !% <! $K !$ >. NN 0h !J AG ;R $* $h $S ;0 3Q 7A NN 0h !K $N NY @\ 4X 78 $r %0 %i %U $G I= 8= $9 $k !J ?^ 3 !K !% $3 $N %0 %i %U $r NY @\ 4X 78 %0 %i %U AR G !J Adjacency Relation Graph !K [1] $H 8F $V !% Dj 5A 1 NY @\ 4X 78 %0 %i %U $O <! $N @a E@ =8 9g V $H ;^ =8 9g E $r $b $D %0 %i %U G = ( V ; E ) $G $" $k !% V $O J, 3d $5 $l $? >. NN 0h $N =E ?4 $* $h $S 3F C< ;R E@ $G $" $k !% E $O >. NN 0h $, 8_ $$ $K J, 3d JU $r 6& M- $9 $k $H $- !$ $= $l $i $N >. NN 0h $K BP 1~ $9 $k @a E@ 4V $r 7k $V ;^ $N =8 9g $G $" $k !% E $O !$ C< ;R E@ $H $= $l $, B0 $9 %V %m %C %/ !J ;0 3Q 7A NN 0h !K $N =E ?4 $r 7k $V ;^ $b 4^ $‘ $b $N $H $9 $k !% 2 35 N, G[ @~ 7P O) $O !$ >. NN 0h $K BP 1~ $9 $k @a E@ $r 7P M3 $7 Fs $D $N C< ;R E@ 4V $r @\ B3 $9 $k AR G >e $N 7P O) $G $" $k !J ?^ 4 !K !% 35 N, G[ @~ 7P O) $O %V %m %C %/ Fb $r DL 2a $9 $k $3 $H $, $" $k $3 $H $K Cm 0U $9 $k !% 2.2 G[ @~ ?t 8+ @Q $j $H %V %m %C %/ 0L CV 7h Dj NY @\ $9 $k Fs $D $N %V %m %C %/ B 1 ; B 2 $N 4V 7d I} $r 7h Dj $9 $k $? ?^ 5 G[ @~ ?t $N 8m $C $? 8+ @Q $j $H @5 $7 $$ 8+ @Q $j $a $K !$ $= $3 $r DL 2a $9 $k G[ @~ ?t $r AR G >e $N 35 N, G[ @~ 7P O) $+ $i 8+ @Q $b $k J} K! $K $D $$ $F =R $Y $k !% ARG >e $G B 1 $N =E ?4 $+ $i B 2 $N =E ?4 $X $N :G C; O) P $r 5a $a $k !% <! $K P $H 8r :9 $9 $k 35 N, G[ @~ 7P O) $N ?t $r D4 $Y $k !% $D $^ $j !$ P $N @a E@ $K $D $$ $F $= $3 $r DL 2a $7 $F $$ $k 35 N, G[ @~ 7P O) $N =8 9g $r 5a $a $k !% $= $N =8 9g $N Bg $- $5 $+ $i P $H 8r :9 $9 $k 35 N, G[ @~ 7P O) ?t $, $o $+ $k $N $G !$ B 1 ; B 2 4V $N ?b D> $^ $? $O ?e J? J} 8~ $K I, MW $J 4V 7d I} $r Dj $a $k $3 $H $, $G $- $k !% $3 $N $h $& $K $7 $F !$ $9 $Y $F $N %V %m %C %/ $N G[ CV 0L CV $r 7h Dj $9 $k !% 3. NN 0h J, 3d $N 2~ A1 $H %l %$ %" %& %H LL @Q :G >. 2= A0 @a $N NN 0h J, 3d $G $O %V %m %C %/ $N NX 3T JU $r CDT $N @) Ls JU $H $7 $? !% 6K C< $K :Y D9 $$ %V %m %C %/ $, $" $k >l 9g $K $O D9 $$ @) Ls JU $, @8 $8 !$ J, 3d $K $h $j F@ $i $l $k ;0 3Q 7A $, JP J? $7 $? :Y D9 $$ 7A >u $H $J $k !% $3 $N $h $& $J ;0 3Q 7A NN 0h $O AR G >e $N 0l E@ $G Be I= $9 $k $3 $H $O Fq $7 $$ !% $D $^ $j !$ $= $N Be I= E@ $r DL $k 35 N, G[ @~ 7P O) $O $= $3 $G Bg $- $/ OQ 6J $9 $k $3 $H $, $" $j !$ %V %m %C %/ $N 4V 7d $r DL $k G[ @~ ?t 8+ @Q $j $, @5 3N $K $G $- $J $/ $J $k !% ?^ 5 !J a !K $O !$ %V %m %C %/ $N 4V 7d I} $r Dj $a $k Nc $r <( $7 $F $$ $k !% :G =* E* $J G[ @~ 7P O) $G $O %V %m %C %/ B 1 ; B 2 4V $, 1 K\ J, !$ %V %m %C %/ B 1 ; B 3 4V $, 3 K\ J, $N 4V 7d I} $G == J, $G $" $k $K $b 4X $o $i $: !$ $H $b $K 4 K\ J, $H 8+ @Q $b $i $l !$ %V %m %C %/ 4V $K IT I, MW $J 4V 7d I} $, 3N J] $5 $l $F $$ $k !% $3 $l $O B 1 ; B 2 4V $* $h $S B 1 ; B 3 4V $r DL 2a $9 $k G[ @~ ?t $r 5a $a $k $H $- $K !$ %V %m %C %/ $K BP 1~ $9 $k @a E@ $r 7k $V AR G >e $N :G C; O) P $, $H $b $K D9 $$ @) Ls JU $r ;} $D ;0 3Q 7A T $r DL $j !$ $= $l $> $l $N 4V 7d $K 4 K\ $N 35 N, G[ @~ $, DL $C $F $$ $k $H 8+ @Q $b $i $l $? $? $a $G $" $k !% 3.1 NN 0h J, 3d $N 2~ A1 $= $3 $G $3 $N $h $& $J JP J? $7 $? ;0 3Q 7A NN 0h $N @8 @. $r Hr $1 $k $? $a $N J} K! $H $7 $F !$ $= $N D9 $$ @) Ls JU $H $= $l $K NY @\ $7 $? %V %m %C %/ $H $N 4V $K @) Ls JU $r DI 2C $9 $k !% $9 $J $o $A !$ NY @\ $9 $k %V %m %C %/ $r D9 $$ @) Ls JU >e $K ?e J? $^ $? $O ?b D> J} 8~ $K <M 1F $7 3

?^ 6 C1 =c $J @) Ls JU $N DI 2C $H 8r :9 E@ $N H/ @8 $? $H $- !$ $= $N A| $N N> C< E@ $+ $i JU $K ?b D> $J @) Ls JU $r DI 2C $9 $k !J ?^ 5 !J b !K !K !% $7 $+ $7 !$ ?e J? $* $h $S ?b D> J} 8~ $N D9 $$ @) Ls JU $K BP $7 $F $= $l $> $l $3 $N =h M} $r 9T $& $H !$ DI 2C $7 $? @) Ls JU $I $& $7 $, 8r :9 $9 $k $3 $H $, $" $k !% G[ @~ NN 0h $r J? LL NN 0h J, 3d $9 $k $H $- $K $O $3 $l $i $N 8r E@ $b J, 3d NN 0h $N D: E@ $H $7 $J $1 $l $P $J $i $J $$ !% $9 $J $o $A $= $N 8r E@ ?t $O :G 0- $G %V %m %C %/ ?t $N 2 >h $K Hf Nc $7 !$ G[ @~ NN 0h $N J, 3d ?t $, A} Bg $9 $k !J ?^ 6 !K !% K\ O@ J8 $G $O %V %m %C %/ 4V $K 6a @\ 4X 78 $r Dj 5A $7 !$ 6a @\ $7 $F $$ $k %V %m %C %/ $N 4V 7d $N $_ $K @) Ls JU $r DI 2C $7 $F NN 0h J, 3d $r 9T $& !% 6a @\ $7 $F $$ $k %V %m %C %/ 4V 7d Fb $G $O B> $N @) Ls JU $H $N 8r :9 $, 5/ $3 $i $J $$ $3 $H $, J] >Z $5 $l $F $$ $k !% Dj 5A 2 %V %m %C %/ B $r ?b D> !J ?e J? !K J} 8~ $X 0\ F0 $9 $k $H $- !$ B $H =i $a $F @\ ?( $9 $k %V %m %C %/ $r B 0 $H $9 $k $J $i $P !$ B $O B 0 $K ?b D> !J ?e J? !K J} 8~ $K @\ ?( 2D G= $G $" $k $H $$ $& !% 3F %V %m %C %/ Fb It $K $= $N %V %m %C %/ $K BP 1~ $9 $k Be I= E@ $r CV $/ !% %l %$ %" %& %H NN 0h $N 6- 3& JU $b %V %m %C %/ $N JU $H $_ $J $7 $F >e 2< $K 0l 8D $: $D Be I= E@ $r CV $/ !% ?b D> J} 8~ $K @\ ?( 2D G= $J %V %m %C %/ $N Be I= E@ 4V $K B> $N %V %m %C %/ $H 8r :9 $7 $J $$ @~ J, $r 0z $/ !% %V %m %C %/ B $K $D $$ $F ?e J? J} 8~ $K @\ ?( 2D G= $J %V %m %C %/ $N $& $A !$ Be I= E@ 4V $K 0z $$ $? @~ J, $K <W $i $l $: $= $N 0l It $^ $? $O A4 It $r B $+ $i 8+ $k $3 $H $, $G $- $k %V %m %C %/ $r B $K BP $7 $F ?e J? J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $H 8F $V !J ?^ 7 !K !% ?b D> J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $b F1 MM $K Dj 5A $9 $k !% 2 6a @\ $7 $F $$ $k %V %m %C %/ $N Dj 5A $+ $i <! $N $3 $H $, 8@ $( $k !% @- <A 1 %V %m %C %/ B $K $D $$ $F !$ B $K ?e J? J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $H $N 4V 7d !$ $* $h $S $= $N 4V 7d $N >e 2< $K $O %V %m %C %/ $N C< E@ $, B8 :_ $7 $J $$ !J ?^ 7 !J b !K !K !% ?b D> J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $K $D $$ $F $b F1 MM $G $" $k !% 2 DI 2C $5 $l $k @) Ls JU $O %V %m %C %/ $N C< E@ $+ $i H/ @8 $9 $k $? $a !$ $3 $N @- <A $K $h $j ?e J? J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $N 4V 7d $K $O ?b D> J} 8~ $N @) Ls JU $, B8 :_ $7 $J $$ $3 $H $, J] >Z $5 $l $k !% $h $C $F !$ ?e J? J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ 4V $N 4V 7d $K BP $7 $F DI 2C $7 $? @) Ls JU $H ?b D> J} 8~ $N @) Ls JU $H $N 8r :9 $O 5/ $3 $i $J $$ !% ?b D> J} 8~ $K 6a @\ $7 $F $$ $k %V %m %C %/ $b F1 MM $G $" $k !% $5 $i $K !$ DI 2C $5 $l $k @) Ls JU $N ?t $N 9g 7W $O AG ;R ?t $K @~ 7A $G ?^ 7 B $K BP $7 $F 6a @\ $7 $F $$ $k %V %m %C %/ $" $k !% $3 $N DI 2C $5 $l $? @) Ls JU $H %V %m %C %/ $N NX 3T JU $r @) Ls JU $H $9 $k CDT $r MQ $$ $F G[ @~ NN 0h $r J, 3d $9 $k $3 $H $G !$ J, 3d ?t $O O ( n ) $N $^ $^ $G !$ J, 3d $+ $i F@ $i $l $k ;0 3Q 7A $, JP J? $7 $F $$ $J $$ ;0 3Q 7A J, 3d $r F@ $k $3 $H $, $G $- $k !% ?^ 6 $N Nc $G $O ?e J? J} 8~ $H ?b D> J} 8~ $H $b $K %V %m %C %/ $O 6a @\ $7 $F $$ $J $$ !% $3 $N $^ $^ @) Ls JU $r 8_ $$ $K DI 2C $7 $J $$ $b $N $H $9 $k $H !$ NN 0h J, 3d $N 2~ A1 $O F@ $i $l $J $$ !% $= $3 $G !$ ?e J? J} 8~ $+ ?b D> J} 8~ $+ $I $A $i $+ 0l J} $G $b @) Ls JU $r DI 2C $7 $? J} $, %V %m %C %/ 4V 7d 4V $r DL 2a $9 $k G[ @~ ?t 8+ @Q $j $, 2~ A1 $5 $l $k $3 $H $, 9M $( $i $l $k !% $D $^ $j !$ %V %m %C %/ $N ?e J? J} 8~ $N %V %m %C %/ $K $D $$ $F $O 6a @\ $7 $F $$ $k %V %m %C %/ $G $J $$ $b $N $K BP $7 $F $b @) Ls JU $r DI 2C $7 !$ ?b D> J} 8~ $K BP $7 $F $O 6a @\ $7 $F $$ $k %V %m %C %/ 4V $K $N $_ @) Ls JU $r DI 2C $9 $k J} K! $, 9M $( $i $l $k !% $3 $N >l 9g !$ ?e J? J} 8~ $K B? $/ $N D9 $$ @) Ls JU $, DI 2C $5 $l $k 2D G= @- $, $" $j !$ ?e J? !$ ?b D> $N $I $A $i $N J} 8~ $r M% @h $9 $k $+ $O H= JL $G $- $J $$ !% $7 $+ $7 !$ 6a @\ $7 $F $$ $k %V %m %C %/ 4V $K DI 2C $5 $l $k JU $@ $1 $O 3N <B $K @) Ls JU $H $9 $k $3 $H $, $G $- $k !% 3.2 4V 7d I} $N 8+ @Q $j $N 2~ A1 $3 $N @a $G $O %V %m %C %/ 4V $r DL 2a $9 $k G[ @~ ?t $N 8+ @Q $j J} K! $K $D $$ $F 2~ A1 $r 9T $J $& !% AR G $r MQ $$ $? %V %m %C %/ $N 4V 7d I} $N 8+ @Q $j $O !$ $= $N 4V 7d $r DL 2a $9 $k 35 N, G[ @~ 7P O) ?t $G I> 2A $5 $l $k !% $7 $+ $7 !$ <B :] $K $O %V %m %C %/ $N NX 3T JU >e $K C< ;R E@ $, B8 :_ $7 !$ 4V 7d Fb $N G[ @~ $K $O $= $N C< ;R E@ $H @\ B3 $7 $F $$ $k $b $N $b B8 :_ $9 $k !% $= $3 $G !$ %V %m %C %/ $N 4V 7d Fb $N C< ;R E@ $K Cm L\ $7 $F %V %m %C %/ 4V $K I, MW :G >. 8B $N 4V 7d I} $r 8+ @Q $k J} K! $K $D $$ $F =R $Y $k !% $^ $: !$ 6a @\ %V %m %C %/ 4V $N 4V 7d $r DL 2a $9 $k G[ @~ 7P O) $r ;0 <o N‘ $K J, N‘ $9 $k !% 0l $D $a $O 4V 7d Fb $N C< ;R $H @\ B3 $9 $k $3 $H $J $/ 4V 7d $r $? $@ DL 2a $9 $k G[ @~ 7P O) $G $" $k !J ?^ 8 !J a !K !K !% $3 $N 7P O) $O !$ $= $N %V %m %C %/ 4V $r DL 2a $9 $k $? $a $K $= $N K\ ?t J, $N 4V 7d I} $, I, MW $G $" $k !% Fs $D L\ $O 4V 7d $r :n $k Fs $D $N %V %m %C %/ $N 0l J} $N C< ;R $+ $i B> J} $X @\ B3 $5 $l $F $$ $k G[ @~ 7P O) $G $" $k !% $3 $l $O %V %m %C %/ JU $H ?b D> $J 7P O) $G $9 $Y $F G[ @~ $G $- $k ;~ $K I, MW $J 4V 7d I} $, :G >. $H $J $k !% $3 $N $H $- $O 4V 7d $r DL 2a 4

?^ 8 6a @\ $7 $F $$ $k %V %m %C %/ 4V $r DL 2a $9 $k G[ @~ ?t $N 8+ @Q $j $9 $k $@ $1 $N 7P O) $O $J $$ !% :G 8e $O !$ 4V 7d Fb $N C< ;R E@ $+ $i 4V 7d 30 $X @\ B3 $7 $F $$ $k 7P O) $G $" $k !% $3 $l $i $N 7P O) $, m K\ $" $k ;~ !$ :G >. $G d m= 2 e K\ J, $N 4V 7d I} $G G[ @~ $r <B 8= $G $- $k !J ?^ 8 !J b !K !K !% $9 $J $o $A !$ %V %m %C %/ 4V $K :G Dc 8B I, MW $J 4V 7d I} $O 4V 7d $r DL 2a $9 $k G[ @~ ?t $H Fs $D $N %V %m %C %/ $= $l $> $l $N 4V 7d Fb $N C< ;R ?t $N H> ?t $H $N OB $G $" $k !% $3 $3 $G %V %m %C %/ 4V $K 8+ @Q $b $k 4V 7d $, I, MW :G >. 8B $G == J, $G $" $k $3 $H $r @b L@ $9 $k !% 0l HL $K !$ <+ F0 %l %$ %" %& %H $G $O I, MW == J, $J %V %m %C %/ $N 4V 7d I} $r @5 3N $K $+ $D C; ;~ 4V $G 8+ @Q $b $k $3 $H $O Fq $7 $/ !$ 4V 7d I} $r I, MW 0J >e $K Bg $- $/ 8+ @Q $C $F $7 $^ $& $3 $H $, B? $$ !% $= $7 $F :G =* E* $J %l %$ %" %& %H $r F@ $k $? $a $K %V %m %C %/ 4V $N 4V 7d I} $r A} $d $9 $3 $H $O $" $C $F $b 8: $i $9 $3 $H $O $7 $J $$ !% $b $7 %V %m %C %/ 4V $N 4V 7d I} $, %A %c %M %k G[ @~ $J $I $N >\ :Y G[ @~ =h M} $G IT B- $7 $? ;~ $O %V %m %C %/ $N 0\ F0 =h M} [8] $J $I $G 4V 7d I} $r 3N J] $G $- $k !% $h $C $F !$ K\ %l %$ %" %& %H %b %G %k $O 3F %V %m %C %/ $K 6a @\ $7 $F $$ $k %V %m %C %/ $H $N 4V $N 4V 7d I} $O I, MW :G >. 8B $N 5w N% $@ $1 3N J] $9 $k $3 $H $r L\ E* $H $9 $k !% 3.3 J? LL J, 3d %" %k %4 %j %: %‘ ;0 3Q 7A J, 3d %" %k %4 %j %: %‘ $O 2 %9 %F %C %W $+ $i $J $k !% $^ $: %9 %F %C %W 1 $G $O !$ %9 %- %c %s %i %$ %s %" %k %4 %j %: %‘ $K $h $j 3F %V %m %C %/ $K $D $$ $F 6a @\ %V %m %C %/ $r 5a $a !$ DI 2C $9 $Y $- @) Ls JU $r F@ $k !% %9 %F %C %W 2 $G !$ 5a $a $i $l $? @) Ls JU $K BP $7 $F [6] $N %" %k %4 %j %: %‘ $r MQ $$ $F ;0 3Q 7A J, 3d $r 9T $J $& !% $^ $: !$ %9 %F %C %W 1 $N %" %k %4 %j %: %‘ $r 2r @b $9 $k !% %9 %F %C %W 1 $N %9 %- %c %s $O ?e J? $* $h $S ?b D> J} 8~ $= $l $> $l @5 Ii J} 8~ $K 9g 7W 4 2s 9T $J $& !% 0J 2< $G $O ?e J? @5 J} 8~ $N %9 %- %c %s $K $D $$ $F @b L@ $9 $k $, !$ B> $N J} 8~ $b F1 MM $G $" $k !% 3F %V %m %C %/ $N :8 C< E@ :B I8 $r Dd ;_ E@ $H $7 $F %9 %- %c %s %i %$ %s $r :8 $+ $i 1& J} 8~ $X =g <! 0\ F0 $5 $; $k !% %9 %- %c %s $N 3F %9 %F %C %W $G J] ;} $9 $k %G !< %? $O !$ %9 %- %c %s %i %$ %s $N :8 B& $K $" $k %V %m %C %/ $G %9 %- %c %s %i %$ %s $K 6a @\ $7 $F $$ $k %V %m %C %/ $N %j %9 %H $G $" $k !% $3 $N %j %9 %H $r 6a @\ %V %m %C %/ 8u Jd %j %9 %H L $H 8F $V !% L $O %l %$ %" %& %H J? LL $N 2< B& $* $h $S >e B& 6- 3& $b MW AG $H $7 $F ;} $D $b $N $H $9 $k !% %9 %- %c %s %i %$ %s $, %V %m %C %/ $N :8 C< E@ $G Dd ;_ $7 $? $H $- !$ $3 $N %V %m %C %/ $K $D $$ $F 6a @\ $7 $F $$ $k %V %m %C %/ $r L $+ $i 5a $a !$ @) Ls JU $K DI 2C $9 $k !% $5 $i $K L $r 99 ?7 $9 $k !% Ds 0F $9 $k J? LL NN 0h J, 3d %" %k %4 %j %: %‘ $r <! $K <( $9 !% J? LL NN 0h J, 3d %" %k %4 %j %: %‘ ( 1 ) @) Ls JU $N =8 9g E c $* $h $S !$ @) Ls JU $N D: E@ $N =8 9g V $r 6u $K $9 $k !% 6a @\ %V %m %C %/ 8u Jd %j %9 %H L $r 6u $K $9 $k !% ( 2 ) %V %m %C %/ $N :8 C< E@ :B I8 $K $D $$ $F ?e J? J} 8~ >: =g $K %= !< %H $9 $k !% ( 3 ) %9 %- %c %s %i %$ %s $r ?e J? @5 J} 8~ $K 0\ F0 $7 %V %m %C %/ $N :8 C< E@ $4 $H $K Dd ;_ $9 $k !% %V %m %C %/ $N :8 C< E@ $, $J $1 $l $P (6) $X !% ( 4 ) %9 %- %c %s %i %$ %s $, %V %m %C %/ B $N :8 C< E@ $K $" $k $H $- !$ 0J 2< $N =h M} $r 9T $J $& !% ( a ) L $r D4 $Y !$ B $H ?e J? J} 8~ $K @\ ?( 2D G= $J %V %m %C %/ $b $7 $/ $O B $h $j $b >e J} 8~ $G B $K :G $b 6a $$ %V %m %C %/ $r ‘ $H $9 $k !% ‘ $, B $H ?e J? J} 8~ $K @\ ?( 2D G= $G $" $k >l 9g !$ ‘ $H B 4V $K @) Ls JU 2 K\ $H $= $N N> C< $N D: E@ $r @8 @. $7 V $* $h $S E c $K DI 2C $9 $k !J ‘ $O B $K BP $7 $F 6a @\ $7 $F $$ $k %V %m %C %/ !K !% ( b ) L $r ‘ $+ $i >e $* $h $S 2< J} 8~ $K D4 $Y !$ B $K $D $$ $F ?b D> J} 8~ $K @\ ?( 2D G= $G $J $$ %V %m %C %/ $r L $+ $i :o =| $7 B $r A^ F~ $9 $k !% ( 5 ) (3) $K La $k !% ( 6 ) ?e J? Ii J} 8~ $* $h $S ?b D> @5 Ii J} 8~ $b F1 MM $K %9 %- %c %s $7 !$ DI 2C $9 $Y $- D: E@ $H @) Ls JU $r V $* $h $S E c $K DI 2C $9 $k !% ( 7 ) %V %m %C %/ $N D: E@ $H NX 3T JU $r V ; E c $K $= $l $> $l DI 2C $9 $k !% ( 8 ) D: E@ $r V !$ ;^ $r E c $H $9 $k %0 %i %U G = ( V ; E c ) $r @) Ls $H $9 $k @) Ls IU $- %I %m !< %M ;0 3Q 7A J, 3d T = ( V ; E ) $r 5a $a $k !% $3 $N :n 6H $r AG ;R ?t n $K BP $7 $F !$ O ( n log n ) $N <j 4V $G <B 8= $9 $k $? $a $K $O !$ 6a @\ %V %m %C %/ 8u Jd %j %9 %H $N %G !< %? 9= B$ $H $7 $F 6h 4V LZ [9] $r MQ $$ $l $P NI $$ !% K\ %" %k %4 %j %: %‘ $G $O J] ;} $7 $F $$ $k %V %m %C %/ $N I} $N 6h 4V $K =E J# $, $J $$ $? $a !$ J? 9U Fs J, LZ $G I= 8= $G $- $k !% 4. G[ CV =h M} $X $N E, MQ Ds 0F $7 $? NN 0h J, 3d $N 2~ A1 8z 2L $r 3N $+ $a $k $? $a !$ J? LL NN 0h J, 3d %" %k %4 %j %: %‘ $r 7W ;; 5! >e $G <B 8= $7 !$ %l %$ %" %& %H LL @Q :G >. 2= $r L\ E* $H $9 $k %V %m %C %/ G[ CV =h M} $K E, MQ $7 $? !% F~ NO $H $7 $F MQ $$ $? @_ 7W %G !< %? $O AG ;R ?t $, 30, 60, 124 $N <B :] $N %W %j %s %H G[ @~ HD @= B$ %G !< %? $G !$ %M %C %H ?t $O $= $l $> $l 1184, 1303, 3772 $G $" $k !% $^ $: J? LL NN 0h J, 3d %" %k %4 %j %: %‘ $K $h $j G[ @~ NN 0h $r >. NN 0h $K J, 3d $7 AR G $r 9= C[ $7 $? !% <! $K AR G >e $G 35 N, 7P O) C5 :w $r 9T $J $$ !$ %V %m %C %/ 4V $N G[ @~ ?t 8+ @Q $j $+ $i %V %m %C %/ 4V $K I, MW $J 4V 7d I} $r 5a $a $? !% $= $7 5

I= 1 G[ CV =h M} 7k 2L %l %$ %" %& %H 1 !’ AG ;R ?t 36 !$ %M %C %H ?t 1184 LL @Q [mm] G[ @~ D9 [mm] NN 0h ?t ;~ 4V [s] 4K OB K! !! !\ ?M <j =$ @5 72884 (51715) | | 25230 57212 230 8 AR G K! (100%) (100%) AR G K! 24336 58047 268 10 !! !\ J, 3d 2~ A1 (96%) (125%) %l %$ %" %& %H 2 !’ AG ;R ?t 60 !$ %M %C %H ?t 1303 LL @Q [mm] G[ @~ D9 [mm] NN 0h ?t ;~ 4V [s] 4K OB K! !! !\ ?M <j =$ @5 81878 (53878) | | 32712 75089 398 22 AR G K! (100%) (100%) AR G K! 31772 77297 443 26 !! !\ J, 3d 2~ A1 (97%) (118%) %l %$ %" %& %H 3 !’ AG ;R ?t 124 !$ %M %C %H ?t 3772 LL @Q [mm] G[ @~ D9 [mm] NN 0h ?t ;~ 4V [s] 4K OB K! !! !\ ?M <j =$ @5 343666 (281261) | | 203814 365144 846 183 AR G K! (100%) (100%) AR G K! 161022 293162 947 220 !! !\ J, 3d 2~ A1 (79%) (120%) 7W ;; 5! : Sun SP AR Cstation 10 $F %V %m %C %/ 4V $K I, MW $J 4V 7d I} $r @) Ls $H $9 $k G[ CV %" %k %4 %j %: %‘ [10] $r E, MQ $7 %V %m %C %/ G[ CV $r 9T $J $C $? !% G[ CV =h M} $N 7k 2L $r I= 1 $K <( $9 !% ;2 9M $N $? $a !$ G[ CV 2~ A1 <j K! $H $7 $F CN $i $l $k 4K OB K! [11] $r MQ $$ $? >l 9g $N G[ CV 7k 2L $b <( $7 $F $$ $k !% 2~ A1 $5 $l $? J, 3d $r MQ $$ $? G[ CV =h M} $G $O 2~ A1 A0 $K Hf $Y $F 3% $+ $i 21% $N %l %$ %" %& %H LL @Q $N =L >. $, $G $- $k $3 $H $, 3N G’ $G $- $? !% DI 2C $5 $l $? @) Ls JU ?t $* $h $S F@ $i $l $? >. NN 0h ?t $O AG ;R ?t $K BP $7 $F Bg $- $/ A} $( $k $3 $H $O $J $/ !$ => $C $F =h M} ;~ 4V $b Bg $- $/ A} 2C $7 $J $$ $3 $H $r 3N G’ $7 $? !% $3 $N 7k 2L $+ $i !$ G[ @~ NN 0h $N NN 0h J, 3d $N 2~ A1 $, %l %$ %" %& %H LL @Q $N =L >. 2= $K 8z 2L E* $G $" $k $3 $H $, $o $+ $C $? !% 5. $‘ $9 $S ?e J? $^ $? $O ?b D> J} 8~ $N NX 3T JU $r ;} $D 6k 7A $N AG ;R $, J? LL >e $K J# ?t G[ CV $5 $l $F $$ $k $H $- !$ AG ;R 4V $r DL 2a $9 $k 35 N, G[ @~ $N K\ ?t $+ $i $= $N 4V 7d $K I, MW $J I} $r @: EY NI $/ 8+ @Q $b $k $? $a $K !$ NN 0h J, 3d $N 2~ A1 $r 9T $J $C $? !% <B :] $N %W %j %s %H G[ @~ HD %l %$ %" %& %H %G !< %? $K BP $7 $F 2~ A1 $5 $l $? NN 0h J, 3d $r E, MQ $7 !$ %V %m %C %/ $N 4V 7d I} $N 8+ @Q $j $+ $i 5a $a $? AG ;R G[ CV $r 9T $J $C $? !% 7k 2L $O %l %$ %" %& %H $N LL @Q $, 2~ A1 A0 $K Hf $Y $F 3% $+ $i 21% >. $5 $/ $J $C $? !% $3 $l $K $h $j NN 0h J, 3d 2~ A1 $N M- 8z @- $, <( $5 $l $? !% <U <- K\ 8& 5f $K 4X $7 !$ 5. =E $J 8f 0U 8+ $r ;r $o $j $^ $7 $? 3t <0 2q <R F| N) @= :n =j %* %U %# %9 %7 %9 %F %‘ ;v 6H It 4d K\ >‘ Fs I{ 5; ;U D9 !$ ;3 ED B’ CK D A 1~ MQ @_ 7W It D9 !$ 7x ED IR 9, <g G$ 5; ;U !$ ?9 ;3 N4 ;V ;a !$ $J $i $S $K Cf 5~ Bg 3X >p Js 2J 3X It 0K F# @? 65 <x $K 46 <U $$ $? $7 $^ $9 !% ;2 9M J8 8% 1) 0k D> 9T !$ 0K F# @? !$ J? ED IY IW : >\ :Y G[ CV Ld Bj $r AH $_ 9~ $s $@ G[ @~ %b %G %k , >p Js =h M} 3X 2q 8& 5f Js 9p D A72{8, pp. 43{48,(1994). 2) C.Y.Lee: An Algorithm for Path Connections and Its Applications, IRE T r ansactions on Ele ctornic Computers , EC{10, pp. 346{365 (1961). 3) Alan T. Sherman: VLSI Placement and Routing: the PI Pro ject, Springer-V erlag , pp. 99{113 (1989). 4) Y oic hi Shiraishi, Jun’ya Sak emi and Kazuyuki F ukuda: A Global Routing Algorithm Based on the Multi-commo dity Net w ork Flo w Metho d, IE- ICE T r ans. F undamentals , vol. E76{A, No. 10, pp. 1746{1754 (1993). 5) W.L.Schiele, Th.Kruger, K.M.Just, F.H.Kirsc h: A Gridless Router for Industrial Design Rules, 27th A CM/IEEE Design Automation Confer enc e , p. 38- 1, pp. 626{631 (1990). 6) L. Paul Chew: Constrained Delaunay T riangula- tions, Pr o c e e dings of the thir d annual symp osium on c omputational ge ometry , pp. 215{222 (1987). 7) ED Cf Gn !$ 6b Bt @5 Gn !$ ED Cf =( I’ !$ :4 F# @/ @8 !$ Bg Im C$ IW : %9 %1 %C %A I= 8= $K 4p $E $/ B? AX G[ @~ %7 %9 %F %‘ , >p Js =h M} 3X 2q 8& 5f Js 9p D A70{9, pp. 63{70 (1994). 8) Edited b y T.Ohtsuki: Lay out Design and V eri�ca- tion, North-Hol land , pp. 191{198 (1986). 9) @u Ln E/ IW !’ 7W ;; 4v 2? 3X , D+ AR =q E9 , pp.46{58 !$ (1990). 10) Y.Z.Liao, C.K.W ong: An Algorithm to Compact a VLSI Symbolic Lay out with Mixed Constrain ts, 20th ACM/IEEE Design Automation Confer enc e , p. 9-1, pp. 107{112 (1983). 11) F# Be 0l @. JT !’ CAD/CAM, 4] A1 , (1990). 6 c