>\ :Y G[ CV Ld Bj $r AH $_ 9~ $s $@ G[ @~ %b %G %k 0k D> 9T � 0K F# @? y J? ED IY IW � � L> 8E 20 Bg 3X 9) 3X It ") 464-01 L> 8E 20 ;T @i <o 6h IT O7 D. y Cf 5~ Bg 3X >p Js 2J 3X It ") 470-03 0& CN 8) K- ED ;T 3- DE D. >2 N) 101 E-mail: fmiso@hirata.nuee.nago y a-u.ac.jp $" $i $^ $7 %W %j %s %H G[ @~ HD @_ 7W $d VLSI @_ 7W $K $* $1 $k G[ CV G[ @~ @_ 7W $O !" G[ CV $H G[ @~ $, AH 9g $o $5 $C $? J# ;( $J Ld Bj $G $" $k $? $a !" G[ CV =h M} $H G[ @~ =h M} $N #2 CJ 3, $K J, $1 $F 9T $J $o $l $k $N $, 0l HL E* $G $" $k !# $9 $J $o $A !" G[ CV =h M} $G $^ $: It IJ $N G[ CV $r ;C Dj E* $K 7h Dj $7 !" $= $N G[ CV 7k 2L $K BP $7 $F G[ @~ =h M} $r 9T $J $& !# $= $N $H $- !" G[ @~ =h M} $G $I $& $7 $F $b 7P O) $r 8+ $D $1 $k $3 $H $N $G $- $J $$ G[ @~ $, ;D $C $F $7 $^ $& >l 9g $, $" $k !# $3 $N >l 9g !" G[ CV =h M} $K AL $C $F $d $j D> $9 $3 $H $K $J $k !# G[ CV $N =$ @5 =h M} $O ?M <j $K $h $j 9T $J $o $l $F $$ $k $N $, 8= >u $G $" $j !" FC $K %W %j %s %H G[ @~ HD @_ 7W $O VLSI @_ 7W $K Hf $Y $F It IJ 7A >u $N <o N‘ $, B? $/ !" G[ CV 2~ A1 =h M} $N <+ F0 2= $O Fq $7 $$ !# K\ O@ J8 $O G[ CV 2~ A1 =h M} $N <+ F0 2= $r L\ E* $H $7 $F !" G[ CV =h M} $X $N %U %# !< %I %P %C %/ $r AH $_ 9~ $s $@ G[ @~ %b %G %k $r Ds 0F $9 $k !# K\ %b %G %k $G $O 35 N, G[ @~ 7k 2L $+ $i F@ $? 7P O) >p Js $r G[ CV =h M} $K %U %# !< %I %P %C %/ $7 G[ CV Jd @5 $r 9T $J $& !# OB J8 %- !< %o !< %I G[ CV !" G[ @~ !" G[ CV =$ @5 !" G[ @~ %b %G %k A Routing Mo del Com bining with the Detailed Placemen t Problem Nao yuki ISO � , Mak oto ITO y and T omio HIRA T A � � F acult y of Engineering, Nago y a Universit y F uro-c ho, Chikusa-ku, Nagoy a, Aic hi 464-01 Japan y School of Computer and Cognitiv e Sciences, Ch uky o Universit y 101 T ok o date, Kaizu-c ho, T o y ota, Aic hi 470-03 Japan Abstract Lay out design of prin ted wiring b oard(PWB) and VLSI generally consists of tw o stages. In the �rst stage, placement of comp onen ts is pro visionally decided. Then in the next stage, routing is done for this placemen t. There is often a case in whic h some wiring demands cannot b e satis�ed in this routing. In this case, correction of the placement must b e done. A t present this correction is done b y hand. Automatic improv emen t of placement is di�cult esp ecially in PWB design, since, in comparison with VLSI design, it m ust treat v arious shap es of comp onen ts. In this pap er, we prop ose a new routing mo del com bining with the feedbac k into the correction of placement. In this mo del, path information resulted from global routing is fed back into the placemen t pro cess, so that remaining routing pathes can pass through among the comp onents . 1Q J8 k ey w ords Placement, Routing, Correction of placement, Routing mo del

1 $O $8 $a $K 8= :_ !" VLSI $d %W %j %s %H G[ @~ HD $K $* $1 $k G[ CV G[ @~ Ld Bj $O !" :G E, $J G[ @~ $, $G $- $k $h $& $K It IJ $N 0L CV $r 7h $a $k G[ CV Ld Bj $H !" $= $N 7k 2L $r MQ $$ $F EE 5$ E* $J @\ B3 $r 9T $J $& 7P O) $r 7h $a $k G[ @~ Ld Bj $K J, N% $7 $F =h M} $5 $l $F $$ $k !# $3 $l $O G[ CV Ld Bj $H G[ @~ Ld Bj $N $= $l $> $l $, AH 9g $; E* $J Ld Bj $G $" $j !" $= $l $i $r F1 ;~ $K <h $j 07 $& $H Hs >o $K KD Bg $J 7W ;; NL $r I, MW $H $9 $k $? $a $G $" $k !# $= $N $? $a !" =h M} $r #2 CJ 3, $K J, $1 !" $= $l $> $l $K BP $7 H/ 8+ E* $J <j K! $r MQ $$ $F 6a ;w 2r $r 5a $a $F $$ $k !# G[ CV =h M} $G $O !" NO 3X E* %b %G %k $r Mx MQ $7 $? G[ CV <j K! [1] $J $I $, Ds 0F $5 $l $F $$ $k $, !" $= $3 $G $O G[ @~ 6X ;_ NN 0h 4V $N 6a @\ 4X 78 $N $_ $K Cm L\ $7 $F =h M} $r 9T $J $C $F $$ $k !J ?^ 1(a) !K !# $^ $? !" G[ @~ =h M} $G $O G[ @~ NN 0h $N J, 3d $+ $i F@ $i $l $k J? LL %0 %i %U >e $G 35 N, G[ @~ 7P O) $r C5 :w $9 $k G[ @~ <j K! [2] [3] $J $I $, Ds 0F $5 $l $F $$ $k $, !" J, 3d $5 $l $? >. NN 0h 4V $N NY @\ 4X 78 $N $_ $K Cm L\ $7 $F 9T $J $o $l $F $$ $k !J ?^ 1(b) !K !# $D $^ $j G[ CV =h M} $N CJ 3, $G 0l Dj $N I> 2A $r 9T $$ :G E, 2r $^ $? $O $= $N 6a ;w 2r $r 8+ $D $1 !" $= $N G[ CV 7k 2L $K BP $7 $F G[ @~ =h M} $, 9T $J $o $l $k !# $3 $N $H $- !" $I $N $h $& $K G[ @~ =h M} $r 9T $J $C $F $b G[ @~ MW 5a $N $9 $Y $F $r K~ B- $G $- $J $$ $3 $H $, $" $j !" $= $N $H $- $K $O G[ CV $N =$ @5 $r 9T $J $$ !" :F $S G[ @~ =h M} $r 7+ $j JV $5 $J $1 $l $P $J $i $J $$ !# $3 $N G[ CV $N =$ @5 $O G[ @~ =h M} $G $9 $G $K F@ $i $l $F $$ $k G[ @~ %Q %? %s $r 9M N8 $9 $k I, MW $, $" $k $N $G !" G[ CV =h M} $H G[ @~ =h M} $, J, N% $5 $l $F $$ $k $H G[ CV =$ @5 $N <+ F0 =h M} $O $G $- $J $$ !# FC $K %W %j %s %H G[ @~ HD @_ 7W $K $* $$ $F $O !" VLSI @_ 7W $K Hf $Y $F B? $/ $N It IJ 7A >u $r 07 $o $J $1 $l $P $J $i $J $$ $? $a !" %Z %" 8r 49 K! $J $I $N <+ F0 G[ CV 2~ A1 <j K! $r ;H $& $3 $H $, $G $- $: !" ?M <j :n 6H $K Mj $i $6 $k $r F@ $J $$ >u 67 $K $" $k !# ?^ 1: $3 $l $^ $G $N G[ CV G[ @~ =h M} %l %$ %" %& %H $N <A $r 8~ >e $5 $; $k $? $a $K G[ CV $H G[ @~ $r Bg 6I E* $K :G E, 2= $9 $k G[ CV G[ @~ F1 ;~ <B 9T Ld Bj $N =E MW @- $, ;X E& $5 $l $F $$ $? $, [4] !" 8= <B E* $K $O Hs >o $K Fq $7 $/ !" $3 $l $^ $G $N $H $3 $m $= $N J} LL $N 8& 5f $O $[ $H $s $I $J $$ !# K\ O@ J8 $O G[ CV G[ @~ F1 ;~ <B 9T Ld Bj $K 4X $9 $k :G =i $N ;n $_ $G $" $k !# K\ O@ J8 $G $O G[ CV 2~ A1 =h M} $N <+ F0 2= $r L\ E* $H $7 $F !" G[ CV =h M} $X $N %U %# !< %I %P %C %/ $r AH $_ 9~ $s $@ ?7 $7 $$ G[ @~ %b %G %k $r Ds 0F $9 $k !# K\ %b %G %k $O !" $9 $G $K It IJ $N 0L CV $, 35 N, E* $K 7h Dj $5 $l $F $$ $k $H $- !" It IJ $* $h $S J, 3d $5 $l $? G[ @~ NN 0h $N NY @\ 4X 78 $r J? LL %0 %i %U $G I= $7 !" $3 $N %0 %i %U $r J? LL 35 N, G[ @~ $H G[ CV =$ @5 $K 6& DL $7 $F Mx MQ $9 $k $3 $H $K $h $j G[ CV $H G[ @~ $r F1 ;~ E* $K 07 $& !# K\ O@ J8 $G $O !" 35 N, G[ @~ 7P O) $r >\ :Y G[ @~ $X JQ 49 $7 !" 35 N, G[ @~ $N 7P O) >p Js $h $j G[ CV 0L CV $r =$ @5 $9 $k <j K! $r Ds 0F $9 $k !# 0J 2< $G $O !" 2 >O $G MQ 8l $N Dj 5A $r 9T $J $$ !" 3 >O $G Ds 0F $9 $k G[ @~ %b %G %k $K $D $$ $F @b L@ $9 $k !# 4 >O !" 5 >O $G $3 $N %b %G %k $r G[ CV $* $h $S G[ @~ Ld Bj $K E, MQ $7 !" 6 >O $G G[ CV =$ @5 =h M} $X $N %U %# !< %I %P %C %/ $K $D $$ $F =R $Y $k !# 2 Dj 5A G[ CV G[ @~ Ld Bj $O ;X Dj $5 $l $? NN 0h Fb !J G[ CV G[ @~ NN 0h $H 8F $V !K $K AG ;R $d It IJ $r G[ CV $7 !" $= $l $i $N C< ;R 4V $r 7k $V G[ @~ 7P O) $r 7h Dj $9 $k Ld Bj $G $" $k !# 4J C1 $N $? $a $3 $3 $G $O G[ CV G[ @~ NN 0h $r J? LL >e $N M- 8B NN 0h $H $9 $k !# %W %j %s %H G[ @~ HD $N >l 9g !" G[ CV G[ @~ NN 0h $O G[ @~ HD $N #1 $D $N AX $K Aj Ev $9 $k !# 0J 2< !" %b %G %k $N @b L@ $N $? $a $K MQ $$ $k MQ 8l $r Dj 5A $9 $k !# G[ CV G[ @~ NN 0h $N Cf $G It IJ $r CV $$ $? $? $a G[ @~ 7P O) $H $7 $F ;H $& $3 $H $, $G $- $J $$ NN 0h $r G[ @~ 6X ;_ NN 0h $H $$ $& !# K\ O@ J8 $G $O G[ @~ 6X ;_ NN 0h $r FL B? 3Q 7A $H $9 $k !# G[ CV G[ @~ NN 0h $+ $i G[ @~ 6X ;_ NN 0h $r =| $$ $? NN 0h $r G[ @~ NN 0h $H $$ $& !# @\ B3 $9 $Y $- C< ;R E@ $N 0L CV $N =8 9g $r %M %C %H $H 8F $S !" %M %C %H $N =8 9g $r G[ @~ MW 5a $H 8F $V !# 35 N, G[ CV Ld Bj (Global Placemen t Problem) $H $O It IJ $N =i 4| G[ CV $r 35 N, E* $K 7h Dj $9 $k Ld Bj $G $" $k !# $3 $l $O It IJ $N 7A >u $r 87 L) $K 9M N8 $9 $k $3 $H $J $/ !" It IJ 4V $r DL 2a $9 $k $H M= B, $5 $l $k G[ @~ $K I, MW $J 6u 4V $r 3N J] $9 $k Ld Bj $G $" $k !# >\ :Y G[ CV Ld Bj (Detailed Placement Problem) $H $O !" 35 N, G[ CV $N 7k 2L $r $b $H $K !" G[ @~ $N $? $a $K I, MW $J 6u 4V $r 3N J] $9 $k $h $& $K It IJ $N >\ :Y $J 0L CV $r 7h Dj $9 $k Ld Bj $G $" $k !# $? $@ $7 It IJ 4V $N 0L Aj E* 0L CV 4X 78 $O JQ 99 $7 $J $$ $b $N $H $9 $k !# 35 N, G[ @~ Ld Bj (Global Routing Problem) $H $O !" G[ CV G[ @~ NN 0h >e $K It IJ $N >\ :Y 0L CV $H G[ @~ MW 5a $, M? $( $i $l $? $H $- !" G[ @~ 6X ;_ NN 0h $r DL $i $: !" $^ $? G[ @~ $I $& $7 $, =E $J $i $J $$ $h $& $K G[ @~ NN 0h Fb $G $9 $Y $F $N %M %C %H $N C< ;R E@ 4V $r 7k $V 0L Aj E* 7P O) $r 7h Dj $9 $k Ld Bj $G $" $k !# $3 $3 $G $O G[ @~ $O O@ M} E* $K 07 $o $l $k !# $D $^ $j !" G[ @~ $K $O I} $, $J $$ $b $N $H $9 $k !# >\ :Y G[ @~ Ld Bj (Detailed Routing Problem) $H $O !" 35 N, G[ @~ $G F@ $i $l $? 7P O) $r !" $" $k Dj $^ $C $? I} $H 7P O) 4V $N 4V 3V $r J] ;} $9 $k 7P O) $H $7 $F G[ @~ %Q %? %s $r 7h Dj $9 $k Ld Bj $G $" $k !# 0J 2< $G $O !" G[ CV G[ @~ NN 0h Fb $K It IJ $, 35 N, E* $K G[ CV $5 $l $F $* $j !" G[ @~ MW 5a $N 3F %M %C %H $O #2 $D $N C< ;R E@ $+ $i $J $j !" $= $l $i $N C< ;R E@ $O G[ @~ 6X ;_ NN 0h $N NX 3T @~ >e $K $" $k $b $N $H $9 $k !# 3 NY @\ 4X 78 %0 %i %U K\ >O $G $O Ds 0F $9 $k G[ CV G[ @~ %b %G %k $N 4p K\ %G !< %? 9= B$ $G $" $k NY @\ 4X 78 %0 %i %U $K $D $$ $F @b L@ $9 $k !# NY @\ 4X 78 %0 %i %U $O G[ @~ 6X ;_ NN 0h $* $h $S J, 3d $5 $l $? G[ @~ NN 0h $N NY @\ 4X 78 $r I= 8= $9 $k %0 %i %U $G !" >\ :Y G[ CV =h M} $K I,

MW $J G[ @~ 6X ;_ NN 0h 4V $N NY @\ 4X 78 $@ $1 $G $O $J $/ !" J, 3d $5 $l $? G[ @~ NN 0h $r DL 2a $9 $k 35 N, G[ @~ 7P O) $b I= 8= $9 $k $3 $H $, $G $- $k !# 0J 2< $G $O !" $^ $: G[ @~ NN 0h $N J, 3d $H NY @\ 4X 78 %0 %i %U $N 9= @. J} K! $K $D $$ $F @b L@ $7 !" <! $K $= $l $r MQ $$ $? G[ CV G[ @~ =h M} $K $D $$ $F 4J C1 $K @b L@ $9 $k !# 3.1 NN 0h $N J, 3d G[ @~ $N 0L Aj E* 7P O) $r I= 8= $9 $k $? $a $K G[ @~ NN 0h $r 7j $N $J $$ >. NN 0h $K J, 3d $9 $k !# $3 $l $^ $G G[ @~ Ld Bj 2r 7h $N $? $a $K MQ $$ $i $l $F $$ $k G[ @~ NN 0h $N J, 3d J} K! $H $7 $F Bf 7A J, 3d [2] $d ;0 3Q 7A J, 3d [5] $, $" $k $, !" K\ O@ J8 $G $O G[ @~ 6X ;_ NN 0h $N C< E@ $r D: E@ $H $9 $k ;0 3Q 7A J, 3d $r :N MQ $9 $k !# Bf 7A J, 3d $O G[ @~ NN 0h $, :Y D9 $$ Bf 7A $K J, 3d $5 $l $k $3 $H $, $" $j !" $= $N $h $& $J J, 3d $5 $l $? NN 0h $N 0L CV $d 7A >u $r #1 E@ $G Be I= $5 $; $k $H IT ET 9g $J >l 9g $, $" $k !# $= $l $K BP $7 $F ;0 3Q 7A J, 3d $G $O Hf 3S E* 7A >u $N B7 $C $? J, 3d $r F@ $k J} K! $, $" $j !" #1 E@ $G $= $N NN 0h $r Be I= $G $- $k !# $3 $3 $G MQ $$ $k ;0 3Q 7A J, 3d <j K! $O %I %m !< %M ;0 3Q 7A J, 3d (Delauna y T riangulation) $r 3H D% $7 $? @) Ls $D $- %I %m !< %M ;0 3Q 7A J, 3d (Constrained Delauna y T riangulation) [6] $G $" $k !# %I %m !< %M ;0 3Q 7A J, 3d $O J, 3d $5 $l $? ;0 3Q 7A $N 7A >u $, :Y D9 $$ $b $N $, Hf 3S E* >/ $J $/ !" ;X Dj $7 $? #2 D: E@ 4V $r 7k $V ;0 3Q 7A $N JU $K 1h $C $? 7P O) $O $= $N #2 E@ 4V $N %f !< %/ %j %C %I 5w N% $N Dj ?t G\ $K M^ $( $k $3 $H $, $G $- $k $3 $H $, <( $5 $l $F $$ $k [7] !# @) Ls $D $- %I %m !< %M ;0 3Q 7A J, 3d $O !" ;X Dj $5 $l $? @~ J, $r ;0 3Q 7A J, 3d $N JU $H $7 $F I, $: 4^ $‘ $3 $H $r @) Ls $H $7 $F IU $1 2C $( $? ;0 3Q 7A J, 3d $G $" $j !" 0J 2< $N $h $& $K Dj 5A $5 $l $k !# Dj 5A !J @) Ls $D $- %I %m !< %M ;0 3Q 7A J, 3d [6] !K G $r D> @~ J? LL %0 %i %U $H $7 !" T $r G $N ;0 3Q 7A J, 3d $H $9 $k !# G $N $9 $Y $F $N ;^ $, T $N ;^ $G $" $j !" T $N ;D $j $N ;^ e $K BP $7 $F <! $N @- <A $r K~ $? $9 1_ c $, B8 :_ $9 $k $H $- !" T $r G $N @) Ls $D $- %I %m !< %M ;0 3Q 7A J, 3d $H $$ $& !# (i) JU e $N C< E@ $, c $N 6- 3& >e $K B8 :_ $9 $k !# (ii) G $N D: E@ v $, c $N Fb It $K $" $k $H $- !" $= $l $O e $N C< E@ $N >/ $J $/ $H $b 0l $D $+ $i 8+ $k $3 $H $, $G $- $J $$ !# !J $9 $J $o $A !" v $+ $i e $N $= $l $> $l $N C< E@ $X D> @~ @~ J, $r IA $/ $H $- !" $= $N D> @~ @~ J, $N $& $A >/ $J $/ $H $b 0l $D $O G $N JU $H 8r :9 $9 $k !K G[ @~ 6X ;_ NN 0h $N NX 3T JU $r G $N ;^ $H $7 !" @) Ls $D $- %I %m !< ?^ 2: It J, NN 0h $H NY @\ 4X 78 %0 %i %U %M ;0 3Q 7A J, 3d %" %k %4 %j %: %‘ $r MQ $$ $F G[ @~ 6X ;_ NN 0h Fb It $H G[ @~ NN 0h $r ;0 3Q 7A J, 3d $9 $k !# <! $K G[ @~ 6X ;_ NN 0h Fb It $N ;0 3Q 7A JU $r <h $j 5n $j !" G[ @~ 6X ;_ NN 0h $r $= $N NX 3T JU $N $_ $G I= 8= $9 $k !# 0J 2< $G $O J, 3d $5 $l $F $G $- $? ;0 3Q 7A NN 0h $H $H $b $K G[ @~ 6X ;_ NN 0h $b It J, NN 0h $H 8F $V !J ?^ 2(a) !K !# K\ O@ J8 $G $O ?^ $r 4J 7i $K $9 $k $? $a !" It J, NN 0h $N 30 B& $N ;0 3Q 7A J, 3d $O >J N, $9 $k !# 3.2 It J, NN 0h 4V $N NY @\ 4X 78 $3 $l $^ $G $K Ds 0F $5 $l $F $$ $k 35 N, G[ @~ =h M} $G $O !" J, 3d $5 $l $? G[ @~ NN 0h 4V $N NY @\ 4X 78 $N $_ $r %0 %i %U $K I= 8= $7 !" $= $l $r $b $H $K 35 N, G[ @~ $r 9T $J $C $F $$ $k !# K\ O@ J8 $O $3 $N %G !< %? 9= B$ $r 3H D% $7 !" G[ @~ 6X ;_ NN 0h $H ;0 3Q 7A NN 0h $N 4V $N NY @\ 4X 78 $r $3 $N %0 %i %U $K DI 2C $9 $k !# $3 $l $K $h $j 35 N, G[ @~ $N 0L Aj E* $J 7P O) $r I= 8= $9 $k $? $a $K MQ $$ $i $l $k ;0 3Q 7A NN 0h 4V $N NY @\ 4X 78 $@ $1 $G $J $/ !" ;0 3Q 7A NN 0h $r Cg 2p $H $7 $? G[ @~ 6X ;_ NN 0h 4V $N 0L Aj E* $J NY @\ 4X 78 $b I= 8= $9 $k $3 $H $, $G $- $k !# G[ @~ =h M} $* $h $S G[ CV =h M} $K 6& DL $7 $F Mx MQ $G $- $k It J, NN 0h $N NY @\ 4X 78 $r I= 8= $9 $k NY @\ 4X 78 %0 %i %U $r 0J 2< $K Dj 5A $9 $k !# NY @\ 4X 78 %0 %i %U (Adjacency Relation Graph, AR G) $O <! $N $h $& $J @a E@ =8 9g V $H ;^ =8 9g E $r ;} $D %0 %i %U G = ( V ; E ) $G $" $k !# V $O 3F It J, NN 0h $N =E ?4 0L CV $* $h $S 3F C< ;R E@ 0L CV $K #1 $D $E $D 3d $j Ev $F $? @a E@ $N =8 9g $G $" $k !# E $O It J, NN 0h $, $* 8_ $$ $K JU $r 6& M- $9 $k $H $- $N $_ !" $= $l $i $N 4V $r 7k $V ;^ $N =8 9g $G $" $k !# E $K $O C< ;R E@ $N @a E@ $H $= $l $, B0 $9 G[ @~ 6X ;_ NN 0h $N =E ?4 $N @a E@ $r 7k $V ;^ !" $* $h $S C< ;R E@ $N @a E@ $H $= $l $, B0 $9 ;0 3Q 7A NN 0h $N @a E@ $r 7k $V ;^ $b 4^ $‘ $b $N $H $9 $k !# ;^ e $N N> C< $N @a E@ 4V $N %f !< %/ %j %C %I 5w N% $r W ( e ) $H 5- =R $9 $k !# AR G $O G[ @~ NN 0h $H G[ @~ 6X ;_ NN 0h $N NY @\ 4X 78 $r I= 8= $7 $F $$ $k !# NN 0h $r DL 2a $9 $k G[ @~ $N 2> A[ G[ @~ D9 $H $7 $F W ( e ) $, MQ $$ $i $l $k !J ?^ 2(b) !K !# 3.3 NY @\ 4X 78 %0 %i %U $r MQ $$ $? C‘ <! 2~ A1 =h M} AR G $O It J, NN 0h $I $& $7 $N 0L CV 4X 78 $H G[ @~ 7P O) $r I= 8= $9 $k $? $a !" G[ CV Ld Bj $H G[ @~ Ld Bj $G 6& DL $K Mx MQ $G $- $k !# $3 $3 $G $O !" ARG $r MQ $$ $? G[ CV G[ @~ C‘ <! 2~ A1 J} K! $K $D $$ $F 4J C1 $K @b L@ $9 $k !# >\ :Y $O <! >O 0J 9_ $G 2r @b $9 $k !# G[ CV =h M} $H G[ @~ =h M} $K $O L) @\ $J 4X 78 $, $" $k !# $D $^ $j G[ CV =h M} $r 9T $J $& $? $a $K $O 2? $i $+ $N 7A $G G[ @~ 7P O) $r I, MW $H $7 !" G[ @~ =h M} $r 9T $J $& $? $a $K $O G[ CV 7k 2L $r I, MW $H $9 $k !# $h $C $F !" G[ CV G[ @~ Ld Bj 2r 7h $N $? $a $K $O G[ CV =h M} $H G[ @~ =h M} $r $h $j Bg 6I E* $K $H $i $( !" $= $l $i $r $* 8_ $$ $K A2 6a E* $K :G E, 2= $9 $k $3 $H $, I, MW $H 9M $( $i $l $k !# K\ %b %G %k $G $O !" 35 N, E* $J G[ CV $N :Q $s $@ G[ CV G[ @~ NN 0h $r F~ NO $H $7 !" $^ $: ;C Dj E* $J =i 4| 35 N, G[ @~ 7P O) $r H/ 8+ $9 $k !# <! $K !" $= $l $K 4p $E $- G[ CV $N 2~ A1 $r 9T $J $& !# G[ CV 2~ A1 $O AR G $r MQ $$ $? G[ @~ 6X ;_ NN 0h $N 0\ F0 !" $D $^ $j It IJ $N 0\ F0 $K $h $j 9T $J $$ !" 8= ;~ E@ $G $N 35 N, G[ @~ 7P O) $K BP $7 $F >\ :Y G[ @~ $, <B 8= 2D G= $J $h $& $K 2~ A1 $, 9T $J $o $l $k !# <! $K $= $N G[ CV $N 2~ A1

7k 2L $K BP $7 $F G[ @~ =h M} $r 9T $J $& !# G[ @~ =h M} $O 35 N, G[ @~ 2~ A1 $H >\ :Y G[ @~ $N #2 CJ 3, $K J, $1 $F 9T $J $& !# 35 N, G[ @~ $O !" 8= ;~ E@ $G $N G[ CV $K BP $7 $F AR G $r MQ $$ $F G[ @~ MW 5a $r K~ B- $9 $k $h $& $J 35 N, G[ @~ 7P O) $N C5 :w $r 9T $J $& !# >\ :Y G[ @~ =h M} $r 9T $J $C $? $H $- !" 35 N, G[ @~ 7P O) $, <B :] $N G[ @~ $H $7 $F <B 8= $G $- $J $$ >l 9g $K $O $= $N 7P O) >p Js $r G[ CV 2~ A1 =h M} $X %U %# !< %I %P %C %/ $7 !" G[ CV 0L CV $N =$ @5 $r 9T $J $& !# $3 $l $i $N =h M} $O 6& DL $N AR G $r MQ $$ $F 2~ A1 $, F@ $i $l $J $/ $J $k $^ $G 7+ $j JV $5 $l $k !J ?^ #3 !K !# $3 $N $h $& $K !" K\ O@ J8 $G Ds 0F $9 $k AR G $O G[ @~ NN 0h $H G[ @~ 6X ;_ NN 0h 4V $N NY @\ 4X 78 $r 4^ $s $G $$ $k $? $a !" G[ CV Ld Bj $H G[ @~ Ld Bj $K 6& DL $7 $F Mx MQ $9 $k $3 $H $, $G $- $k !# ?^ 3: NY @\ 4X 78 %0 %i %U $r MQ $$ $? G[ CV G[ @~ =h M} 4 >\ :Y G[ CV 35 N, E* $J =i 4| G[ CV =h M} $, =* N; $7 $F $$ $k $H $- !" G[ @~ MW 5a $K BP $9 $k =i 4| 35 N, G[ @~ 7P O) $r 7h Dj $7 !" $= $N G[ @~ $, <B :] $K <B 8= $G $- $k $h $& $K G[ @~ 6X ;_ NN 0h $N 0L CV $r =$ @5 $9 $k J} K! $K $D $$ $F @b L@ $9 $k !# $3 $l $i $N =h M} $O ARG $r Mx MQ $7 $F 9T $J $o $l $k !# 4.1 =i 4| 35 N, G[ @~ G[ CV =h M} $G $O !" G[ @~ 6X ;_ NN 0h 4V $N 4V 7d $N Bg $- $5 $r Dj $a $k $? $a $K !" $= $3 $r DL $k 35 N, G[ @~ 7P O) $N ?t $r 8+ @Q $b $k I, MW $, $" $k !# K\ O@ J8 $G $O !" 35 N, G[ @~ 7P O) $, DL $k $H 9M $( $i $l $k ;0 3Q 7A NN 0h $K %i %Y %k $r $D $1 !" $= $N G[ @~ ?t $r 8+ @Q $b $k !# =i 4| 35 N, G[ @~ $G $O 3F %M %C %H $4 $H $K G[ @~ =h M} $r 9T $J $& $b $N $H $9 $k !# $D $^ $j !" Cm L\ $7 $F $$ $k %M %C %H 0J 30 $N G[ @~ MW 5a $r L5 ;k $7 $F 7P O) C5 :w $, 9T $J $o $l $k !# C5 :w $5 $l $? 7P O) $O !" 7P O) $I $& $7 $, $* 8_ $$ $K 8r :9 $9 $k $3 $H $b $" $k $, !" $3 $N $" $H 9T $J $& 35 N, $* $h $S >\ :Y G[ @~ =h M} $G J? LL G[ @~ $r <B 8= $9 $k !# $$ $^ !" %M %C %H $N #2 $D $N C< ;R E@ t 1 ; t 2 $K BP $7 $F =i 4| 35 N, G[ @~ =h M} $r 9T $J $& >l 9g $r 9M $( $k !# $^ $: !" t 1 ; t 2 $K BP 1~ $9 $k AR G $N @a E@ v t 1 ; v t 2 $r 5a $a $k !# $= $7 $F !" v t 1 ; v t 2 $r 7k $V AR G >e $N :G C; 7P O) P $r 8+ $D $1 $k !# $3 $N :G C; 7P O) P $r t 1 $H t 2 $r 7k $V 2> 7P O) $H 8F $V !J ?^ 4(a) !K !# 2> 7P O) P $N @a E@ $K BP 1~ $9 $k It J, NN 0h $N Ns $O !" NY 9g $& It J, NN 0h $, $9 $Y $F #1 JU $r 6& M- $7 $F $$ $k !# $? $@ $7 !" P $O G[ @~ 6X ;_ NN 0h $K BP 1~ $9 $k @a E@ $b DL 2a $7 $F $$ $k $? $a !" <B :] $K G[ @~ 2D G= $J 35 N, G[ @~ 7P O) $G $O $J $$ !# K\ %b %G %k $G $O 2> 7P O) P $, G[ @~ 6X ;_ NN 0h $r DL 2a $9 $k >l 9g !" $= $N G[ @~ 6X ;_ NN 0h $N >e 2< $^ $? $O :8 1& $N ;0 3Q 7A NN 0h $K $= $l $> $l 3N N( 1 = 2 $G 1* 2s $9 $k 7P O) $N 0l $D $, 35 N, G[ @~ 7P O) P 0 $G $" $k $H 9M $( $k !# $9 $J $o $A !" P $, DL 2a $9 $k G[ @~ 6X ;_ NN 0h $r 1* 2s $9 $k $$ $/ $D $+ $N 35 N, G[ @~ 7P O) P 0 $r 2> 7P O) P $, I= $7 $F $$ $k !# <! $K !" 35 N, G[ @~ 7P O) P 0 $, DL $k $H 9M $( $i $l $k ;0 3Q 7A NN 0h $N @a E@ $K <! $N $h $& $J %i %Y %k $r $D $1 $k !# %i %Y %k $O $= $N %M %C %H $r <1 JL $9 $k ID $H ?t ;z 1 $^ $? $O 1 = 2 $N BP $G $" $k !# $3 $N ?t ;z $O P $, DL $k ;0 3Q 7A NN 0h $K $O 1 $H $7 !" P $, DL $k G[ @~ 6X ;_ NN 0h $K NY @\ $7 $? 1* 2s O) $N ;0 3Q 7A NN 0h $K $O 1 = 2 $H $9 $k !J ?^ 4(b) !K !# ?^ 4: =i 4| 35 N, G[ @~ =h M} 4.2 >\ :Y G[ CV 0L CV $N 7h Dj <! $K ;C Dj E* $K 7h Dj $5 $l $F $$ $k G[ @~ 6X ;_ NN 0h $K BP $7 $F >\ :Y $J 0L CV $r 7h Dj $9 $k J} K! $K $D $$ $F @b L@ $9 $k !# G[ @~ 6X ;_ NN 0h $N 4V $K $O $= $3 $r DL $k G[ @~ ?t $K 8+ $" $C $? $@ $1 $N 4V 7d $, I, MW $G $" $j !" $= $N >\ :Y $O 0l HL $K @_ 7W 5, B’ $G Dj $a $i $l $F $$ $k !# $3 $N 4V 7d $r 3N J] $9 $k $? $a $K !" $3 $3 $G $O ?e J? $* $h $S ?b D> J} 8~ $N @) Ls %0 %i %U $r :n @. $9 $k !# $3 $N %0 %i %U $N ;^ $K G[ @~ 6X ;_ NN 0h 4V $r DL 2a $9 $k G[ @~ ?t $N 8+ @Q $j $r =E $_ $H $7 $F IU 2C $7 !" G[ @~ 6X ;_ NN 0h $N >\ :Y $J 0L CV $r 7h Dj $9 $k !# $^ $: !" 3F G[ @~ 6X ;_ NN 0h $N ?e J? J} 8~ $N G[ CV 0L CV $r 7h Dj $9 $k !# 3F G[ @~ 6X ;_ NN 0h $N Be I= E@ !J =E ?4 !K $N J? LL :B I8 $r ( x i ; y i ) ( i = 1 ; 2 ; � � � ; n ; n $O G[ @~ 6X ;_ NN 0h ?t ) $H $7 $? $H $- !" x i $N >. $5 $$ G[ @~ 6X ;_ NN 0h $+ $i =g $K ?e J? J} 8~ $N @) Ls %0 %i %U (Hor- izon tal Constained Graph, HCG) G = ( V ; E h ) $r <! $N $h $& $K $7 $F :n @. $9 $k !# HCG $O G[ @~ 6X ;_ NN 0h $N Be I= E@ $r @a E@ $H $7 !" =i 4| G[ CV $G x <4 J} 8~ $K G[ @~ 6X ;_ NN 0h $r $= $l $> $l <+ M3 $K J? 9T 0\ F0 $7 $? $H $- !" D> @\ @\ ?( $9 $k G[ @~ 6X ;_ NN 0h $N 4V $K M- 8~ ;^ e h $r CV $$ $? %0 %i %U $G $" $k !# e h $N J} 8~ $O x <4 @5 J} 8~ $H $9 $k !# $^ $? !" e h $K $O G[ @~ 6X ;_ NN 0h 4V $r DL $k G[ @~ ?t � ( e h ) $r <! $N $h $& $K Dj $a $k !# HCG >e $N 3F ;^ e h $N N> C< $N @a E@ 4V $r 7k $V AR G >e $N :G

C; 7P O) P s $r 5a $a !" $= $N 7P O) >e $N @a E@ $K IU ?o $7 $F $$ $k %M %C %H $N %i %Y %k $r D4 $Y $k !# P s >e $N %i %Y %k $N 8D ?t $r G[ @~ ?t $H $9 $k !# $? $@ $7 !" F1 0l %i %Y %k $, J# ?t 8= $l $? $H $- $O !" $= $N F1 0l %i %Y %k $N ?t ;z $, $9 $Y $F 1 = 2 $J $i $P 1 = 2 $H $7 !" $R $H $D $G $b 1 $N $b $N $, $" $l $P 1 $H $7 $F ?t $( $k !# $3 $N $h $& $K AR G $K $h $j #2 $D $N G[ @~ 6X ;_ NN 0h 4V $r DL 2a $G $- $k G[ @~ 7P O) ?t $r 6a ;w $G $- $k !# ?^ 5 $O !" G[ @~ 6X ;_ NN 0h A $H B $r 7k $V HCG >e $N ;^ $, B8 :_ $7 $F $$ $k $N $G !" ARG >e $G A !" B $N @a E@ 4V $r 7k $V :G C; 7P O) $K 1h $C $F $= $l $H 8r :9 $9 $k G[ @~ 7P O) $N ?t $r D4 $Y $F $$ $k $H $3 $m $G $" $k !# :G C; 7P O) >e $K $O #4 $D $N @a E@ $, $" $j !" ES Cf $N ;0 3Q 7A NN 0h $K BP 1~ $9 $k @a E@ $N $& $A $R $H $D $a $N @a E@ $K $O %i %Y %k a 1 ; b 1 ; c 1 = 2 !" $b $& $R $H $D $K $O a 1 $, IU $$ $F $$ $k !# E: ;z $O %i %Y %k $N ?t ;z $G !" ;0 3Q 7A NN 0h $r DL 2a $9 $k $H 8+ @Q $b $C $? G[ @~ ?t $G $" $k !# $h $C $F !" G[ @~ 6X ;_ NN 0h A $H B $N 4V $r DL $k G[ @~ 7P O) ?t � e h $O !" a $* $h $S b $N 3F #1 K\ $E $D $H c $N 1 = 2 K\ $N 9g 7W 2.5 K\ $H 8+ @Q $b $k !# ?^ 5: G[ @~ 6X ;_ NN 0h 4V $N DL 2a G[ @~ ?t $N D4 :: <! $K !" HCG $N 3F ;^ e h $K BP 1~ $9 $k G[ @~ 6X ;_ NN 0h 4V $K I, MW $J 5w N% ‘ e h $r ;; Dj $9 $k !# $3 $l $O !" e h $K @_ Dj $5 $l $? G[ @~ 6X ;_ NN 0h 4V $N G[ @~ ?t � e h $H e h $N N> C< $N @a E@ $K BP 1~ $9 $k G[ @~ 6X ;_ NN 0h $N Bg $- $5 $+ $i 5a $a $k $3 $H $, $G $- $k !# $D $^ $j !" G[ @~ 6X ;_ NN 0h 4V $r 35 N, G[ @~ $, 8+ @Q $b $C $? K\ ?t J, $@ $1 DL 2a $9 $k $? $a $K I, MW $J I} $H G[ @~ 6X ;_ NN 0h $N @a E@ $+ $i G[ @~ NN 0h $^ $G $N I} $r 2C $( $? $b $N $H $9 $k !# $3 $N $H $- !" HCG $K $* $$ $F x <4 @5 J} 8~ $K =g $K C5 :w $7 $? $H $- !" 3F ;^ e h $G 5a $a $i $l $? ‘ e h $N OB $, :G Bg $G $" $k 7P O) $r ?e J? J} 8~ $N %/ %j %F %# %+ %k %Q %9 P h $H Dj 5A $9 $k !J ?^ 6 !K !# P h $O G[ @~ 6X ;_ NN 0h $r G[ CV $9 $k $? $a $K I, MW $J ?e J? J} 8~ $N D9 $5 $r 7h Dj $9 $k G[ @~ 6X ;_ NN 0h $N Ns $r I= 8= $7 $F $$ $k !# $h $C $F !" P h $N 3F ;^ $K IU ?o $7 $? ‘ e h $N OB $r L h $H $9 $k $H !" L h $O G[ @~ MW 5a $r K~ B- $9 $k $? $a $K I, MW $J ?e J? J} 8~ $N D9 $5 $r I= 8= $9 $k !# ?^ 6: %/ %j %F %# %+ %k %Q %9 L h $, M? $( $i $l $? G[ CV G[ @~ NN 0h $N ?e J? J} 8~ $N D9 $5 $r 1[ $( $k >l 9g $K $O !" $3 $N 35 N, G[ CV $N $^ $^ $G $O G[ @~ $r <B 8= $G $- $J $$ !# L h $, G[ CV G[ @~ NN 0h $N D9 $5 $r 1[ $( $J $$ $H $- $K $O G[ @~ $O 2D G= $G $" $k $, !" G[ @~ 6X ;_ NN 0h $, 0l J} $K =8 Cf $7 $F $$ $k >l 9g $K $O !" >\ :Y G[ @~ =h M} $r 9T $J $& $H $- $K NN 0h E* $J M> M5 $, $J $/ $J $C $F $7 $^ $& !# $7 $+ $7 !" B> J} $K G[ @~ $N M> M5 $, B8 :_ $9 $k $N $G !" $= $N M> M5 $r 3F G[ @~ 6X ;_ NN 0h 4V $K J, G[ D4 @0 $7 !" G[ @~ 6X ;_ NN 0h $N 0L CV $r 7h Dj $9 $k !# J, G[ D4 @0 $O G[ @~ 6X ;_ NN 0h 4V $N G[ @~ ?t $K Hf Nc $7 $? M> M5 $r G[ @~ 6X ;_ NN 0h 4V $K J, G[ $9 $k !# F1 MM $K $7 $F !" ?b D> J} 8~ $N @) Ls %0 %i %U V CG(V ertical Con- strained Graph) $b 9= @. $G $- !" G[ @~ 6X ;_ NN 0h $N ?b D> !J y <4 !K J} 8~ $N G[ CV 0L CV $r 7h Dj $9 $k $3 $H $, $G $- $k !# $3 $N @) Ls %0 %i %U $r MQ $$ $k J} K! $O G[ @~ 6X ;_ NN 0h $N 0\ F0 NL $r D> @\ E* $K 5a $a $k $3 $H $, $G $- !" G[ @~ 6X ;_ NN 0h $N >\ :Y G[ CV 0L CV $, 7h Dj $5 $l $k !# 5 G[ @~ =h M} K\ >O $G $O AR G $r 35 N, G[ @~ =h M} $K Mx MQ $9 $k J} K! $K $D $$ $F @b L@ $9 $k !# AR G $r MQ $$ $F 8r :9 H= Dj $H 7P O) C5 :w $r 9T $J $$ !" 3F It J, NN 0h $N NX 3T @~ $K 1h $C $? 35 N, G[ @~ 7P O) $r 5a $a $? 8e !" $= $l $r >\ :Y G[ @~ $X JQ 49 $9 $k !# 5.1 35 N, G[ @~ 35 N, G[ @~ 7P O) $r 7h Dj $9 $k $3 $H $O !" $= $N G[ @~ 7P O) $, $I $N G[ @~ 6X ;_ NN 0h $H NY 9g $& $+ $H $$ $& 0L Aj E* $J 0L CV 4X 78 $r 7h Dj $9 $k $3 $H $G $" $k !# $3 $l $^ $G $K Ds 0F $5 $l $F $$ $k %0 %i %U $r Mx MQ $7 $? Be I= E* $J 7P O) C5 :w J} K! $N B? $/ $O !" #1 $D $N %M %C %H $r 7h Dj $9 $k $4 $H $K %0 %i %U $r 99 ?7 $9 $k I, MW $, $" $j !" $= $N $? $a $N 7W ;; %3 %9 %H $O Bg $- $$ !# K\ O@ J8 $G MQ $$ $? AR G $O =h M} $r DL $8 $F JQ 99 $5 $l $J $$ $? $a !" 7W ;; %3 %9 %H $, Bg I} $K 2~ A1 $5 $l $k !# 0J 2< !" AR G $r MQ $$ $? 35 N, G[ @~ =h M} $K $D $$ $F @b L@ $9 $k !# 35 N, G[ @~ =h M} $O G[ @~ MW 5a $N 3F %M %C %H $K BP $7 !" =g <! !" G[ @~ 7P O) C5 :w $r 9T $J $& !# $= $7 $F !" 3F %M %C %H $N 35 N, G[ @~ 7P O) $r <! $N $h $& $K $7 $F 5a $a $k !# $^ $: !" =i 4| 35 N, G[ @~ =h M} $G 9T $J $C $? $h $& $K !" #2 $D $N C< ;R E@ $K BP 1~ $9 $k @a E@ 4V $r 7k $V 2> 7P O) P $r ARG $r MQ $$ $F 8+ $D $1 $k !# $3 $N $H $- !" P $, I= 8= $9 $k 35 N, G[ @~ 7P O) P 0 $O 4{ G[ @~ $H 8r :9 $9 $k 2D G= @- $, $" $k !# 4{ G[ @~ $H $N 8r :9 $O ARG >e $G $N 2> 7P O) $I $& $7 $N 8r :9 $K Aj Ev $9 $k $? $a !" 35 N, G[ @~ 7P O) $I $& $7 $N 8r :9 H= Dj $O P $N @a E@ $K 1h $C $F D4 $Y $k $3 $H $, $G $- $k !# $b $7 35 N, 7P O) $I $& $7 $N 8r :9 $, $" $k >l 9g $K $O !" 35 N, G[ @~ 7P O) P 0 $O $= $N >c 32 $H $J $k 4{ G[ @~ $r

Hr $1 $J $1 $l $P $J $i $J $$ !# $3 $N >l 9g !" AR G >e $K $= $N 4{ G[ @~ $r Hr $1 $k $? $a $N 7P M3 @a E@ $r @_ Dj $9 $k !# $= $7 $F %M %C %H $r $3 $N 7P M3 @a E@ $G #2 $D $N %M %C %H $K J, 3d $7 !" $= $N $= $l $> $l $K BP $7 8r :9 $N $J $$ 2> 7P O) $r C5 :w $9 $k !# $3 $N $h $& $K $7 $F 5a $a $i $l $? AR G >e $N 2> 7P O) $r 2~ $a $F P $H 8F $V !J ?^ 7(a) !K !# $3 $N =i 4| 35 N, 7P O) C5 :w $N >\ :Y $J @b L@ $O ;f I} $N ET 9g $G >J N, $9 $k !# <! $K 3F %M %C %H $K BP $7 $F $= $l $> $l 5a $a $i $l $? 2> 7P O) P $r !" G[ @~ 6X ;_ NN 0h $r 1* 2s $9 $k 35 N, G[ @~ 7P O) P 0 $K JQ 49 $9 $k !# P $N 3F @a E@ $K BP 1~ $9 $k It J, NN 0h $N D: E@ $r @a E@ !" JU $r ;^ $H $9 $k %0 %i %U $r 9= @. $7 !" $= $N %0 %i %U $N >e $G %M %C %H $N #2 $D $N C< ;R 4V $r 7k $V :G C; 7P O) P L $r 8+ $D $1 35 N, G[ @~ 7P O) $H $9 $k !J ?^ 7(b) !K !# $3 $N >\ :Y $K $D $$ $F $b >J N, $9 $k !# ?^ 7: 35 N, G[ @~ 7P O) $N C5 :w 5.2 >\ :Y G[ @~ >\ :Y G[ @~ =h M} $N L\ E* $O !" O@ M} E* $J G[ @~ $G $" $k 35 N, G[ @~ 7P O) $r !" @_ 7W 5, B’ $r K~ B- $9 $k <B :] $N G[ @~ %Q %? %s $X ?^ 7A JQ 49 $9 $k $3 $H $G $" $k !# $9 $Y $F $N %M %C %H $K BP $9 $k 35 N, G[ @~ 7P O) $O G[ @~ 6X ;_ NN 0h $K 1h $C $F $$ $k $, !" F1 $8 0L CV $K J# ?t $N 7P O) $, B8 :_ $9 $k >l 9g $, $" $k !# $3 $N $h $& $J 35 N, G[ @~ 7P O) $O O@ M} E* $K 8r :9 $7 $F $$ $J $$ !# $h $C $F !" 35 N, G[ @~ $+ $i >\ :Y G[ @~ $X $N JQ 49 =h M} $O 4p K\ E* $K $O 0L CV $r 6& MQ $9 $k 7P O) $r G[ @~ 6X ;_ NN 0h $K 6a $$ B& $+ $i $= $N NY @\ $9 $k =g =x $K => $C $F G[ @~ %Q %? %s $r 7h Dj $9 $k $3 $H $K $J $k !# $3 $N $H $- !" 35 N, G[ @~ $G O@ M} E* $K G[ @~ 2D G= $J %M %C %H $G $" $C $F $b >\ :Y G[ @~ $X JQ 49 $G $- $: !" G[ @~ MW 5a $, ;D $C $F $7 $^ $& $3 $H $, $" $k !# $3 $l $O !" G[ CV =h M} $G F@ $? ;C Dj E* $J 7k 2L $K BP $7 $F 35 N, G[ @~ =h M} $H >\ :Y G[ @~ =h M} $r 9T $C $? $? $a $G $" $k !# 6 G[ CV =$ @5 $r AH $_ 9~ $s $@ G[ @~ =h M} >\ :Y G[ @~ $r 9T $J $& $H $- !" O@ M} E* $J 35 N, G[ @~ 7P O) $r JQ 99 $7 $J $/ $F $b !" >c 32 $H $J $k G[ @~ 6X ;_ NN 0h $r >/ $7 $@ $1 0\ F0 $5 $; $l $P >\ :Y G[ @~ 7P O) $r 3N J] $G $- $k $3 $H $O B? $$ !# $= $3 $G !" K\ %b %G %k $G $O !" G[ @~ >c 32 $, @8 $8 $? NN 0h $K 4X $7 $F G[ @~ $, 2D G= $K $J $k $h $& $K G[ CV 0L CV $N =$ @5 $r 9T $J $& !# G[ CV =$ @5 $O !" >\ :Y G[ @~ $X JQ 49 $9 $k $H $- $K IT B- $7 $? NN 0h $r 9- $2 $k $3 $H $G $" $k !# 6q BN E* $K $O !" 35 N, G[ @~ 7P O) $r >\ :Y G[ @~ $K JQ 49 $G $- $J $+ $C $? G[ @~ NN 0h $N @a E@ $K $D $$ $F !" $= $N @a E@ $K IU ?o $7 $F $$ $k DL 2a 7P O) ?t $r !" G[ @~ $G $- $J $+ $C $? 7P O) ?t $N J, $@ $1 %* %U %; %C %H $H $7 $F A} $d $9 !# $3 $l $K $h $j !" AR G $r $b $H $K 9= @. $5 $l $k @) Ls %0 %i %U HCG !" VCG $N BP 1~ $9 $k ;^ $N D9 $5 $, A} $( !" IT B- $7 $F $$ $? G[ @~ 6X ;_ NN 0h 4V $N 4V 7d $r $r $h $j 9- $/ 3N J] $9 $k $h $& $K %U %# !< %I %P %C %/ $, 9T $J $o $l $k !J ?^ 8 !K !# ?^ 8: G[ @~ IT G= NN 0h $X $N DL 2a G[ @~ ?t A} 2C 7 $* $o $j $K G[ CV =h M} $H G[ @~ =h M} $r F1 ;~ $K 07 $& $3 $H $N $G $- $k G[ CV G[ @~ %b %G %k $H $7 $F NY @\ 4X 78 %0 %i %U (ARG) $r MQ $$ $? G[ CV G[ @~ <j K! $r Ds 0F $7 $? !# AR G $r MQ $$ $k $3 $H $K $h $j !" 0L Aj E* 7P O) $r 7h $a $k A0 $K >\ :Y G[ CV $, $G $- !" >\ :Y G[ @~ $G G[ @~ IT G= $N $H $- $O G[ CV 2~ A1 $N $? $a $N >p Js $, ARG $r 2p $7 $F %U %# !< %I %P %C %/ $5 $l $k !# K\ %b %G %k $r MQ $$ $k $3 $H $K $h $j G[ @~ =h M} $K <: GT $7 $? $H $- $N G[ CV $N <+ F0 =$ @5 $, 2D G= $K $J $C $? !# $3 $l $K $h $j !" G[ CV =h M} $H G[ @~ =h M} $N F1 ;~ <B 9T $N 2D G= @- $r 3N G’ $G $- $? !# $3 $N %b %G %k $N M- 8z @- $r 3N $+ $a $k $? $a !" 8= :_ !" <B :] $N %W %j %s %H G[ @~ HD @_ 7W $K E, MQ $7 $F $$ $k !# <U <- K\ 8& 5f $K 4X $7 !" 5. =E $J 8f 0U 8+ $r ;r $o $j $^ $7 $? 3t <0 2q <R F| N) @= :n =j %* %U %# %9 %7 %9 %F %‘ ;v 6H It 4d K\ >‘ Fs I{ 5; ;U D9 !" ;3 ED B’ CK DA 1~ MQ @_ 7W It D9 !" 7x ED IR 9, <g G$ 5; ;U !" ?9 ;3 N4 ;V ;a !" $J $i $S $K L> 8E 20 Bg 3X 9) 3X It 0p 3@ 9/ A1 65 <x $K 46 <U $$ $? $7 $^ $9 !# ;2 9M J8 8% [1] 2< J? !" 0K F# , \ 2s O) ?^ $N AG ;R $N <+ F0 :F G[ CV <j K! " !" >p =h 8& Js D A42-6(1988). [2] W. L. Sc hiele, Th. Kruger, K. M. Just, F. H. Kirsc h, \A Gridless Router for Industrial Design Rules", 27th A CM/IEEE Design Automation Confer enc e, pp.626- 631(1990). [3] ED Cf Gn !" 6b Bt @5 Gn !" ED Cf =( I’ !" :4 F# @/ @8 !" Bg Im C$ IW , \ %9 %1 %C %A I= 8= $K 4p $E $/ B? AX G[ @~ %7 %9 %F %‘ " !" >p =h 8& Js DA70- 9,pp.63-70(1994). [4] Gr @P MN 0l , \VLSI %l %$ %" %& %H <+ F0 @_ 7W %" %k %4 %j %: %‘ $K $* $1 $k =t Ld Bj ", >p =h 8& Js AL19-6,pp.1-8(1991). [5] Charles E. Leiserson, F. Miller Maley , \Algorithms for Routing and T esting Routability of Planar VLSI La y outs", Pr o c. 17th Annual Symp osium on The ory of Computing,pp.69-78(1985). [6] L. P aul Chew, \Constrained Delaunay T riangulations", A lgorithmic a,4,pp.97-108(1989). [7] Da vid P . Dobkin, Steven J. F riedman, Kenneth J. Sup owit, \Delauna y Graphs are Almost as Go o d as Complete Graph", Pr o c. 28th A nnual Symp osium on F oundations of Computer Scienc e,pp.20-26(1987).