=$;NO@J8 Bg5,LOHs9=B$3J;R%G!<%?$NJBNs2D;k2=$K $*$1$kF0E*Ii2YJ,;6 ;XF36541 IYED bC<# 65<x 5~ETBg3XBg3X1!>pJs3X8&5f2J =$;N2]DxDL?.>pJs%7%9%F%‘@l96 9b;3 @,Bg J?@. 16 G/ 2 7n 6 F| i Bg5,LOHs9=B$3J;R%G!<%?$NJBNs2D;k2=$K$*$1$kF0E*Ii2YJ,;6 9b;3 @,Bg FbMF9<35 6aG/ $NHF MQ PC $N @-G= 8~>e $O $a$6 $^$7 $$$b $N $,$" $j !$ $3$l$r JBNs $K O"7H $5$; $k$3 $H $G Bg $- $J =h M} G= NO $r F@ $k PC %/%i %9 %? $N 9= C[ $, @9 $s $G $" $k !% $3 $& $7 $? PC %/ %i %9 %? $N MQ ES $H $7 $F !$ ?t CM %7 %_ %e %l !< %7 %g %s $, $" $k !% $= $7 $F !$ ?t CM %7 %_ %e %l !< %7 %g %s$N7k2L$r !$?M4V$KM}2r$G$-$k$h$&$K?tCM$+$i2hA|$KJQ49$9$k:n6H$N$3$H $r2D;k2=$H$$$$ !$K\8&5f$G$O!$$3$l$i?tCM%7%_ %e %l!<%7 %g %s$H$=$N7k2L$N2D;k 2=$H$r$R$H$D$N PC %/%i%9%?$G9T$&%7%9%F%‘$N9=C[$rL\;X$7$F$$$k!% $3$N$h $&$J %7%9%F %‘$K $*$$$F $O !$%7%_ %e %l!<%7%g%s $,@8 @.$9$k %G!<%? $O8D !9 $N %W %m %; %C %5 $K J, ;6 $7 $F =P NO $5 $l $k !% $= $7 $F !$ $= $N G[ CV $O 2D ;k 2= $K $H $C $F I, $: $7 $b:GE, $J$b$N $H$O8B $i$: !$ 7k2L$H$7$F Ii2Y$N Hs6Q9U $J$I$N LdBj$r $b$?$i $9 !%$7 $+$7 !$$3$l$^$G$K$3$N%G!<%?$NG[CV$K<+M3EY$,$J$$>u67$G$N2D;k2=$K$D$$$FO@ $8$i$l$k$3$H$O$J$+$C$?!% K\ 9F $G $O !$ $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K F0 E* Ii 2Y J, ;6 $r MQ $$ $? >l 9g $N 9M ;! $r 9T $C $?!%$$$/$D$+$NF0E*Ii2YJ,;6J}?K$r8!F$$7 !$I>2A$r9T $C$?$H$3$m !$Ii2Y$N6QEy 2=$rC#@.$7 !$A4BN$N=hM};~4V$N:o8:$K@.8y$7$?!% $^$?!$9o !9 $H%G!<%?$r@8@.$9$k?tCM%7%_ %e %l!<%7 %g %s$K1~$8$F<B;~4V$G2hA| $r=P NO $G $-$k %7 %9 %F%‘ $N 9=C[ $r L\ ;X$7 !$2D;k 2=$r 9b B. 2=$9 $k $?$a $K Early Ra y T ermination(ER T) 5; =Q $K 4X $9 $k 9M ;! $b 9T$C$? !%K\8& 5f $G :N MQ $9 $k 2D ;k 2= %" %k %4%j %: %‘ $G $" $k Cell Pro jection K!$K $* $$ $F!$ ER T $r9T $C $? Nc $O $J $$!% K\ 8& 5f $G $O !$ Cell Pro jection $G $N ER T <j K! $G $" $k ER T-table K! $r Ds 0F $7 !$I> 2A $r 9T$C $?!%$=$N7k2L !$:GNI$N>l9g$K$*$$$F 3 : 86 G\$N@-G=8~>e$rC#@.$7$?!% $5$i $K !$JBNs2D ;k 2=$K $*$1 $k ER T $K $D $$$F $b9M ;!$r 9T $$ !$ ER T >p Js $r6& M- $5$;$k $3$H $K$h $C $F 9bB. 2=$r ?^$k <j K!$r Ds0F $7!$ I> 2A$r 9T $C $?!% $= $N7k 2L!$ 1 : 9 G\$N@-G=8~>e$rC#@.$7$?!% $=$7$F!$0J>e$GDs0F$7$?<jK!$rA4$FAH$_9g$o$;$?>l9g$K$*$$$F!$Ds0F<jK!$r MQ$$$J$$>l9g$HHf3S$7$F 4 : 32 G\$N@-G=8~>e$rC#@.$7$?!% ii Dynamic Load Balancing on P arallel Visualization of Large Scale Unstructured Grid Motohiro T AKA Y AMA Abstract There is the remark able impro v emen t in p erformance of general-purp ose PC in recen t y ears, and the construction of the PC cluster is getting p opularit y b ecause it obtains a big pro cessing p erformance b y co op erating PCs in parallel. There is a n umerical sim ulation as a usage of suc h a PC cluster. And, the w ork con v erted from the n umerical v alue in to the image so that man ma y understand the result of the n umerical sim ulation is called visualization, and this researc h aims at the construction of the system whic h do es b oth n umerical sim ulations and visualization of its result with one PC cluster. The data whic h the sim ulation generates distributes to an individual pro- cessor and is output in suc h a system. And, this arrangemen t do es not alw a ys �t for visualization, and bring the problem of load-im balance etc. Ho w ev er, this problem has not b een discussed y et. In this pap er, w e considerd for using dynamic load-balancing to solv e this problem. Some dynamic load-balancing p olicies w ere examined, and ev aluated. As a result, the go o d load-balancing w as ac hiev ed, so w e succeeded in the reduction in the en tire pro cessing time. Moreo v er, to aim at the construction of the system whic h can output the im- age in real time according to the n umerical sim ulation b y whic h data is second b y second generated, and to sp eed up visualization, w e considered the Early Ra y T ermination(ER T) tec hnology . In the Cell Pro jection whic h is the visual- ization algorithm adopted b y this researc h, there is no example of ha ving done ER T. In this researc h, the ER T-table metho d whic h w as the ER T tec hnique in Cell Pro jection w as prop osed, and ev aluated. As a result, 3.86 p erformance times impro v ed w ere ac hiev ed in case of the b est. In addition, the tec hnique to sp eed up parallel visualization b y sharing ER T information w as prop osed, and ev aluated. As a result, 1.9 p erformance times impro v ed w ere ac hiev ed. And, when all the tec hniques prop osed ab o v e w ere com bined, 4.32 p erformance times impro v ed w ere ac hiev ed compared with the case where the prop osal tec hnique is not used.

Bg5,LOHs9=B$3J;R%G!<%?$NJBNs2D;k2=$K$*$1$kF0E*Ii2YJ,;6 L\<! Bh 1 >O $O$8$a$K 1 Bh 2 >O GX7J 3 2.1 ?tCM%7%_ %e %l!<%7%g%s$N2D;k2= . . . . . . . . . . . . . . . . . . . . . . . 3 2.2 %G!<%?$NG[CV$K<+M3EY$,$J$$>u67$G$N2D;k2= . . . . . . . . . . . . . 4 2.3 Hs9=B$3J;R%G!<%? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.4 Cell Pro jection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2.5 Cell Pro jection $NJBNs2= . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2.6 9g@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2.6.1 ItJ,9g@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2.6.2 :G=*9g@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.6.3 BSC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.7 Early Ra y T ermination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.8 Ii2Y$NHs6Q9U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2.9 $^$H$a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 Bh 3 >O Cell Pro jection $X$N ER T $N1~MQ 16 3.1 ER T-table K! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 3.1.1 %G!<%?9=B$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 3.1.2 H=Dj%"%k%4%j%:%‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 3.1.3 ER T-table $N99?7 . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 3.1.4 9MN8$9$Y$-=t85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 3.2 ER T >pJs$N6&M- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 3.2.1 %"%k%4%j%:%‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 3.2.2 9MN8$9$Y$-=t85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 3.3 $^$H$a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 Bh 4 >O F0E*Ii2YJ,;6 25 4.1 Ii2YJ,;6J}<0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 4.2 J}?K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 4.3 Aw?.85 WN $NA*Br . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.3.1 random . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 4.3.2 max-remain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 4.3.3 b ounding-b o x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 4.3.4 OcT ree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 4.4 $^$H$a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 Bh 5 >O I>2A 34 5.1 Ii2Y$NHs6Q9U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 5.2 ER T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 5.2.1 ER T-table $NBg$-$5 !$99?7$N%3%9%H . . . . . . . . . . . . . . 37 5.2.2 ER T-table $N99?7IQEY . . . . . . . . . . . . . . . . . . . . . . . . 39 5.2.3 ItJ,9g@.$K$h$k ER T $X$N1F6A . . . . . . . . . . . . . . . . . . 39 5.2.4 ER T $K$h$k scan con v ert =hM}$N:o8: . . . . . . . . . . . . . . 40 5.3 ER T >pJs$N6&M- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 5.3.1 ER T >pJs$N6&M-$K$h$k scan con v ert =hM}$N:o8: . . . . . . 42 5.4 BSC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 5.5 F0E*Ii2YJ,;6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 5.5.1 OcT ree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 5.5.2 3FJ}<0$NHf3S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5.6 Am9gI>2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 5.7 $^$H$a$H9M;! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 Bh 6 >O $*$o$j$K 51 <U<- 53 ;29MJ88% 54

Bh 1 >O $O$8$a$K 6aG/ !$HFMQ PC $N @- G=8~ >e $O$a $6$^ $7 $$$b $N$, $" $j !$ $+$D$F $O%9 !< %Q!< %3%s %T %e !<%? $rI, MW$H $7$? $h$& $J1i ;;$b !$0B2A$J PC $G9T $($k $h$& $K$J$C$F $-$F $$ $k !%$=$7$F !$$3$&$7$? PC $r J#?tBf%M%C%H %o!<%/$G7k $V$3$H$K $h$j !$ Bg$-$J7W ;;G=NO$rF@$h$&$H$$$& PC %/%i%9%?$N9=C[$,@9$s$G$"$k!% PC %/ %i %9 %? $K $h $k JB Ns 7W ;; 5! $O!$ => Mh $N %9 !< %Q !< %3 %s %T %e !< %? $H Hf 3S $7 $? >l 9g !$%O!<%I%&%’%" !$ %=%U%H%& %’ %"6&$K 05E] E*$K0B 2A$G$" $k$H $$$&Nw 2A@- !$7W;; 5!$r9=@.$9$kItIJ$rD4C#$9$k:]$KMF0W$KF~<j2DG=$G$"$k2DMQ@- !$>.AH?%$G$b9= C[$G$-$k$3$H $K$h$j !$ 7W;;G=NO$rM_$9$k$H $-$KMxMQ$G$-$k $H$$$&@lM-@- !$$J$I $NE@$GM%$l$F$$$k!% $3$& $7 $? PC %/ %i%9 %? $N MQES $N 0l $D $H$7 $F !$Bg5,LO $+ $D 9b @:EY $J ?t CM%7 %_ %e %l!<%7 %g %s$,$"$k!%$=$7$F !$$=$N%7%_ %e %l!<%7 %g %s7k2L$r !$?M4V$KM}2r$7$d$9 $$$h$&2hA|$K$7$FDs<($9$k2D;k2=5;=Q$O !$?tCM%7%_ %e %l!<%7 %g %s7k2L$N0UL#$r M}2r$7 !$$^$?<!$N%7%_ %e %l!<%7 %g %s$rJ}8~$E$1$k$?$a$N0l=u$H$J$kLr3d$r;}$D $H$$$&E@$G !$Hs>o$K=EMW$G$"$j !$ $3$l$^$G$KB?$/$N8&5f$,9T$o$l$F$$$k!% Cf$G$b<B;~4V$N?tCM%7%_ %e %l!<%7 %g %s$N2D;k2=5;=Q$O!$Bg5,LO$J;0<!85%G!< %?$r I, MW $H $9 $k 0e NE $J $I $N J, Ln [1] $K$* $$ $F!$ 9b EY $J 5; =Q $, MW 5a $5 $l $F $$ $k J, Ln $G$"$k!%$3$l$^$G$K$b !$JBNs7W;;5!$rMxMQ$7$?!$%7%_ %e %l!<%7 %g %s$H$=$N<B;~ 4V2D;k2=$N$?$a$N%7%9%F%‘$,3+H/$5$l$F$-$?$, !$<!@$Be$N%7%_ %e %l!<%7 %g %s5; =Q$H $7 $F!$ =>Mh $N <B 83 $N Be BX <jCJ $H $J $j $& $k !V 2>A[ <B 83 7? / 2> A[ BN 837? $N %7 %_ %e %l!<%7%g%s 4D6- !W $N9=C[$,K> $^$l$F $$$k !%$3$3$G $O !$%*%Z%l!< %?$K$h $k%7%_ %e %l!<%7 %g %sBP>]$X$N%$%s%?%i%/%F %# %V$JA‘:n$KBP1~$7$F!$<B;~4V$G%7%_ %e %l!< %7 %g %s$r9T$&$H$H$b$K !$B(;~$K$=$N7k2L$r2D;k2=$J$I$N<jCJ$K$h$jDs<($9$k$3 $H$,5a$a$i$l$F$$$k!% $= $N $h $& $J <B ;~ 4V %$ %s %? %i %/ %F %# %V %7 %_ %e %l !< %7 %g %s 4D 6- $N <B 8= $K $‘ $1 $F !$ %7 %_ %e %l !< %7 %g %s $H 2D ;k 2= !$ $= $7 $F N> <T $N O" 7H $K $D $$ $F 8& 5f $r 9T $C $F $$ $k !% Ev LL $O !$ 4096 3 5,LO$N%G!<%?$r!$ SHD 5,3JAjEv$N%9%/%j!<%s (2048 2 ) $K !$ IC4V 30 Kg$N%U %l!<%‘%l!<%H$G=PNO$9$k2D;k2=%7%9%F%‘$r9=C[$9$k$3$H$r !$L\I8$H$9$k!%2D;k 2=<j K! $H$7 $F $O!$ %7 %_ %e%l !<%7 %g%s 7k 2L $rEy CM LL $KJQ 49 $9 $k Surface Rendering $G$O$J$/ !$ ?tCM$r?’>pJs$KJQ49$9$k V olume Rendering $rMQ$$$k !% JBNs V olume Rendering 4D6- $N <B 8= J} K!$H $7 $F!$ 3 $D$N J} ?K $G8& 5f $r 9T $C $F $$ 1

$k!%$^$: !$ =hM}BP>]$K1~$8$F =hM}FbMF$r=@Fp $KJQ99$G$- !$=hM}$N9b5!G=2= $bMF 0W $G $" $k %= %U %H %& %’ %" $K $h $k J} K! !% <! $K!$ :r :# CPU $h$j $b @- G= 8~ >e $, 82 Cx $G $" $j !$ :# 8e $N H/ E8 $, 4| BT $G $- $k GPU $K$h $k J} K!!% :G 8e $K D6 9b B. 2= $r L\ ;X $7 $? @l MQ %O!<%I%& %’ %"$K$h$kJ}K!$G$"$k!% K\9F$O !$$3$l$i 3 $D$NJ}?K $N$&$A$N !$%=%U%H%&%’%"$K $h$kJ}K! $K$D$$$F=R $Y $k$b$N$G$"$k!%BP>]$H$9$k%G!<%?$N<oN‘$O !$?tCM%7%_ %e %l!<%7 %g %s$H$7$F0lHL E*$JM-8BMWAGK!$J$I$,@8@.$9$kHs9=B$3J;R$H$7 !$%G!<%?$N5,LO$OJBNs2=$,IT2D 7g $G $" $k Dx EY $H $9 $k !% $= $7 $F !$ Hs 9= B$ 3J ;R %G !< %? $r PC %/ %i %9 %? $G JB Ns $K 2D ;k 2= $9$k>l9g$K$*$$$F@8$8$kLdBj$K$D$$$F=R$Y !$$=$NLdBj$r2r7h$9$k$?$a$NF0E*Ii 2YJ,;6 5;=Q $K $D$$ $F=R $Y$k!% $^$?!$ 9bB. 2=5; K!$H $7 $F!$ Early Ra y T emination <j K! !$ Binary Sw ap Comp osition <j K! $K $D $$ $F $b =R $Y $k !%$=$7 $F !$ PC %/ %i %9 %?>e$K<BAu$7$?3F<jK!$NI>2A !$9M;!$r9T$& !% 2

Bh 2 >O GX7J K\ >O $G $O !$ K\ 8& 5f $N GX 7J $H $J $k =t MW AG $K $D $$ $F =R $Y $k !% $^ $: !$ ?t CM %7 %_ %e %l !< %7 %g %s $H $= $N 7k 2L $N 2D ;k 2=!$ FC $K V olume Rendering K!$K $D $$ $F 35 4Q $7 !$ N> <T $r F1$8J,;6%a%b%j7?JBNs7W;;5!Fb$G9T$&$H$-$K@8$8$kLdBj$r;XE&$9$k!%<!$K !$K\ 8&5f$G07$&Hs9=B$3J;R$N@-<A$r@bL@$7 !$Hs9=B$3J;R$r2D;k2=$9$kJ}K!$N0l$D$G $"$k Cell Pro jection K!$K$D$$$F=R$Y!$ $= $NJBNs 2=<jK!!$ 9g@. $K$D$$ $F$b8@ 5Z$9 $k!% $^ $?!$ Bh 3 >O $N GX 7J $H $7 $F !$ Early Ra y T ermination <j K! $K $D $$ $F $b =R $Y $k !% :G8e$K$3$l$i$r$^$H$a$?>l9g$K@8$8$k !$Ii2Y$NHs6Q9U$NLdBj$r;XE&$9$k!% 2.1 ?tCM%7%_%e%l!<%7%g%s$N2D;k2= ?tCM%7%_ %e %l!<%7 %g %s$N7k2L$G$"$k?tCM%G!<%?$r2D;k2=$9$kJ}K!$N0l$D$H$7 $F!$ V olume Rendering $, $" $k !% V olume Rendering $H $O !$ M? $( $i $l $? ;0 <! 85 %G !< %?$rJL7A>u$N %G!<%?$KJQ49 $9$k$3$H$J$/ !$ $=$N$^$^$N7A>u $G?tCM$+$iF)L@ EY$r H<$&?’$KJQ49$r9T$$ !$H>F)L@>u$N2hA|$rF@$k<jK!$G$"$k!%%G!<%?$rEyCMLL$KJQ 49 $7 $F 2D ;k 2= $r 9T $& Surface Rendering $G$O !$ J* BN $N I= LL $@ $1 $r 2D ;k 2= BP >] $H $7 $F $$ $k $N $K BP $7 !$ V olume Rendering $G $O J* BN $N Cf $, 5M $^ $C $? $^ $^ 2D ;k 2= =h M} $r 9T$&$?$a !$6qBNE*$J7A$r$H$i$J$$%,%9>u$KJ,I[$9$k%7%_ %e %l!<%7 %g %s7k2L$N2D ;k2=$d !$J*BN$NFbB&$r4Q;!$9$k$3$H$,I,MW$H$J$k0eNE%7%_ %e %l!<%7 %g %s7k2L$N 2D;k2=$J$I$K$*$$$F !$M-8z$J2D;k2=<jK!$G$"$k!%?tCM%G!<%?$O!$$J$s$i$+$N7W ;;<0$K$h$C$FF@ $i$l$k%9%+%i CM !$$"$k$$$O%Y%/%H%kCM$G$" $j !$ 0J9_$3$NCM$N$3 $H$r4X?tCM$H8F$V!%$^$? !$4X?tCM$+$i?’>pJs$rF@$k$N$KMQ$$$k4X?t$rEAC#4X?t $H8F$V!%$3$N4X?t$rG$0U$KJQ99$9$k$3$H$K$h$C$F !$$"$k4X?tCMHO0O$K$"$k%G!< %?$@$1$r4Q;!$7$?$$$H$$$C$?MW5a$K1~$($k$3$H$,2DG=$G$"$k!% 3F%T%/%;%k$G$N?’CM$O!$<!<0$K$h$C$F7W;;$G$-$k!% I = Z D 0 c ( v ( � )) exp( � Z � 0 � ( v ( � 0 )) d� 0 ) d� (1) I $O 5a $a $k ?’ $N 51 EY !$ � $O 6u 4V >e $G $N 0L CV !$ D $O %G !< %? $N B8 :_ $9 $k 0L CV $N >e 8B!$ v ( � ) $O0LCV � $G$NF~NO4X ?tCM!$ c () $OEAC#4X?t$G5a $^$k?’@. J,!$ � () $OEAC# 4X?t$G5a$^$kITF)L@EY@.J, !$$G$"$k!% $3$N@QJ,<0$r7W;;5!$G07$($k$h$&N%;62=$9$k$H!$<!$N<0$,F@$i$l$k!% I = n X i =0 � ( v i ) c ( v i ) i � 1 Y j =0 (1 � � ( v j )) (2) 3

� $O i $K !$ n $O D $K !$ � () $O � () $K !$$=$l$>$lAjEv$9$k!% $3$N>v$_9~$_1i;;$O!$1i;;6h4V$r$$$/$D$+$NItJ,6h4V$KJ,3d$7!$$=$l$>$l$N 6h4V$KBP$9$k7W;;7k2L$KBP$7$F !$:FEY>v$_9~$_1i;;$r9T$&$3$H$G7k2L$rF@$k$3 $H$, 2D G= $G$" $k!% $9$J $o $A!$ V olume Rendering $O%G!< %? JB Ns @- $,9b $/ !$ JB Ns 2= $9$k$3$H$K$h$C$FMF0W$K9bB.2=$,4|BT$G$-$k$H$$$&@-<A$,$"$k!% V olume Rendering $N%" %k %4 %j %: %‘ $O!$ =h M} $N J} 8~ $K $h $C $F Bg $- $/ Fs $D $K J, N‘ $9$k$3$H$,$G$-$k!%0l$D$O !$8eJ}Ej1FK!$H$$$$!$%9%/%j!<%s>e$N%T%/%;%k$4$H $K =h M} $r 9T$C$F $$ $/ $b $N $G !$Be I= E* $J $b $N $, Ra y Casting K! [2] $G $" $k !% Ra y Casting K! $G $O !$$^$: ;k E@ $H %9 %/ %j !< %s >e $N 3F %T %/ %; %k $H $r 7k $V 8w @~ $r %G !< %? ( %* %V %8 %’ %/ %H ) $K Ej $2 $+ $1 $k !% <! $K !$ 8w @~ $, %* %V %8 %’ %/ %H $r DL 2a $9 $k :] $K !$ Jd 40 $K$h$C$F$=$NE@$G$N4X?tCM$r5a$a$k ( %5%s%W%j%s%0 ) !%$=$7$F !$ (2) <0$rMQ$$$F!$ 8=:_$N 0LCV$G $N?’>p Js$H ITF)L@ EY$r7W ;;$9$k !%0J>e$N =hM}$r !$8w@~$,%*%V%8%’ %/%H$r DL $j2a $.$k $^$G B3 $1$k $3$H $K$h $j !$ :G =*E* $K 1 %T%/%; %k$N ?’ >pJs $rF@ $k!% $3$l$r !$%9%/%j!<%s>e$N3F%T%/%;%k$KBP$7$F9T$&$3$H$G!$:G=*2hA|$rF@$k!% $b $& 0l $D $O A0 J} Ej 1F K! $H $$ $$ !$ %* %V %8 %’ %/ %H 6u 4V $G 2D ;k 2= =h M} $r 9T $C $? 7k 2L $r !$ %9 %/ %j !< %s $K Ej 1F $9 $k $H $$ $& =g $G =h M} $r 9T $& !% $3 $N J} K! $K $O !$ Cell Pro jection[3] K!!$ Shear-W arp[4] K! !$ Splatting K! [5] !$ T exture-based K! !$ Scanline K!!$ Sw eep K!$J$I !$?tB?$/$N%"%k%4%j%:%‘$,H/I=$5$l$F$$$k!% K\8&5f$G$O!$Hs9=B$3J;R$rBP>]$H$7$F$$$k$3$H!$$^$?%G!<%?$NG[CV$KBP$9$k <+ M3 EY $, 9b $$ $3 $H $+ $i!$ A0 J} Ej 1F K! $N 0l $D $G $" $k Cell Pro jection K!$r :N MQ $9 $k!% 2.2 %G!<%?$NG[CV$K<+M3EY$,$J$$>u67$G$N2D;k2= $$ $^ !$ ?t CM %7 %_ %e %l !< %7 %g %s $, PC %/%i %9 %? $N $h $& $J J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $GJBNs$K<B9T$5$l !$$=$N7k2L$r2D;k2==hM}$9$k>l9g$r9M$($k!%?tCM%7%_ %e %l!< %7 %g %s$H$7$F0lHLE*$KMQ$$$i$l$kM-8BMWAGK!$G$O !$7W;;NL$O0lHL$KMWAG?t$KHf Nc$9$k!%$=$N$?$a !$?tCM%7%_ %e %l!<%7 %g %s$G$O !$MWAG?t$r%W%m%; %C%54V$G6QEy $K$9$k$h$&$J@EE*Ii2YJ,;6J}?K$,M-8z$G$"$k!% $H$3$m$,!$?tCM%7%_ %e %l!<%7 %g %s$K$H$C$F8zN($NNI$$%G!<%?J,;6$,!$I,$:$7 $b2D;k2==hM}$K$H$C$F8zN($NNI$$%G!<%?J,;6$G$"$k$H$O8B$i$J$$!%Bh0l$K !$MW AG?t$,%W%m%;%C%54V$G6QEy$G$"$C$F$b !$2D;k2==hM}$K$*$1$kIi2Y$,6QEy$G$"$k $H$O8B $i$J$$!% Bh Fs$K!$ 2D;k 2=$9$k %G!< %?$N 8D !9 $N3J ;R ( %;%k ) $,6u4VE*$K $I$N $h $& $J J, I[ $G $" $k $+ $H $$ $& $3 $H $, !$ 2D ;k 2= $K M? $( $k 1F 6A $, Bg $- $$ E@ $G $" $k !% Ra y 4

Casting K! $N $h$& $K !$2D;k 2=%" %k %4 %j %:%‘ $K $h$C$F $O NY@\ $9 $k %; %k$K BP $9 $k%" %/%;%9$,IQHK$KH/@8$9$k!%0lJ}$G !$?tCM%7%_ %e %l!<%7 %g %s$G$OIi2YJ,;6$r?^$k $?$a!$ <B:]$K $OI} w $N%V%m %C%/%5%$ %/%j %C%/J, 3d$r9T$&$3 $H$,IaDL $G$"$j !$ $= $N$h$&$J >l9g $K!$ 2D;k 2=B& $ONY@\ %;%k$r =hM} $9$k w 2sKh$K%W%m %; %C%54VDL ?.$r $9$kI,MW$,$"$j !$ 8zN($,0-$/$J$k!% $3$N$h$&$K!$%7%_ %e %l!<%7 %g %s7k2L$H$7$F@8@.$5$l$?%G!<%?$r!$$=$N$^$^$N J,;6G[CV$G2D;k2=$7$h$&$H$9$k$H !$Ii2Y$NHs6Q9U!$DL?.NL!$DL?.IQEY$NA}Bg$K $h$C$F !$A4BN$N=hM};~4V $,D9$/$J$C$F$7 $^$$ !$Bh 1 >O $G5a$a$i$l $F$$$k$h $&$J %$ %s %? %i %/ %F %# %V@- $r <B 8= $G $- $J $$ !% PC %/ %i %9 %? $N $h $& $K %M%C%H %o !< %/ $, Dc B.$G$"$kJ,;6%a%b%j7?JBNs7W;;5!$K$*$$$F$O !$2D;k2==hM}$r9T$&A0$K2D;k2=$K $H$C$F8zN($NNI$$$h$&$K%G!<%?$r:FJ,G[$9$kJ}K!$r$H$k$H !$%G!<%?NL$NBg$-$5 8N$KDL?.$N %*!<%P!<%X%C%I$, Bg$-$/$J$j !$ 7k2L$H$7$F%$ %s%?%i%/%F %# %V@-$r<B 8=$G$-$J$$!% $3 $l $^ $G $N JB Ns V olume Rendering %"%k %4 %j %: %‘ $G $O !$ $3 $N %G !< %? $N G[ CV $K <+ M3 EY $, $J $$ Ld Bj $K $D $$ $F 9M N8 $5 $l $k $3 $H $, $J $+ $C $? !% Nc $( $P !$ %7 %_ %e %l !< %7 %g %s $H$= $N2D ;k2= $r9T $&F1 MM$N %7%9 %F %‘$H $7$F !$ GeoFEM 2D;k 2=%5 %V%7 %9%F %‘ [6] $,$"$k$, !$$3$l$O6&M-%a%b%j7?JBNs7W;;5!>e$G$N<BAu$G$"$k$?$a!$>e=R$N$h$& $JLdBj$O5/$3$i$J $$!%B>$NF1MM$N%7%9%F%‘$G $"$k V Gcluster[7] $G $O !$%G!<%?$N NN 0h J, 3d $r @E E* $K 9T $& $3 $H $K $h $j !$ Ii 2Y $N Hs 6Q 9U $N 2r 7h $r ?^ $C $F $$ $k !% $^ $? !$ J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $G JB Ns V olume Rendering $r 8z N( $h $/ 9T $& %" %k %4 %j %: %‘ [8] $bDs0F $5$l $F $$$k $,!$ =i4| G[ CV$H $7 $F%G !< %?$r <+ M3 $KJ, G[ $G$- $k $3$H $, A0Ds $H$J$C$F$$$k!% 2.3 Hs9=B$3J;R%G!<%? V olume Rendering $, 07 $& ;0 <! 85 %G !< %? $O !$$= $N MW AG $G $" $k 3J ;R $N 7A >u $d JB $SJ}$K$h$C$FFs<oN‘$KBgJL$G$-$k!%0l$D$O !$8D !9 $N3J;R$,5,B’E*$KJB$s$G$$$k 9= B$ 3J ;R $G $" $j !$ Nc$( $P MRI $d CT %9 %- %c %s $J $I $N 7k 2L $H $7 $F F@ $i $l $k ( ?^ 1 (A)) !%$b$&0l $D$O !$8D !9 $N3J;R$NJB $SJ}$, IT5,B’ $G$" $j !$ Bg$-$5 !$7A>u$bHs 6Q <A$J Hs9= B$ 3J;R $G$" $j !$ M-8BMW AGK! $J $I$N =EMW $J?t CM %7%_ %e %l !<%7%g%s $K$h$C $F@8@.$5$l$k ( ?^ 1 (B)) !% $=$l$>$l$N%G!<%?7A<0$K$O!$<!$N$h$&$JF@<:$,$"$k!% %G!<%?NL 5

?^ 1: 3F3J;R 0l$D$N3J;R$r7hDj$E$1$k%G!<%?$H$O !$:BI8CM$H3J;R$r0O$‘D:E@$N4X?tCM$G $"$k !%9=B$3J;R$K$*$$$F$O!$G$0U$N3J;R$N:BI8CM$O!$%G!<%?A4BN$NC<E@$N :B I8CM $+$i !$C1=c$J7W;; $K$h$C$F 5a$a $k$3 $H$,$G $-$k !%$7$? $,$C$F !$8D !9 $N 3J;R$,:BI8CM $r;}$DI,MW$O $J$/ !$ %G!<%?A4BN$K$*$1$k0lD: E@$N:BI8CM$r ;}$D$@$1$G$h$$ !%$=$l$KBP$7!$Hs9=B$3J;R$G$O!$NY@\$9$kD:E@$K4v2?3XE* 9=B$$,B8:_$7$J$$$?$a !$7W;;$K$h$C$FNY@\$9$kD:E@$N:BI8CM$rF@$k$3$H$, $G$-$J$$ !%$=$N$?$a!$3FD:E@$,:BI8CM$r;}$DI,MW$,$"$k!%$^$?!$3J;R$N7A >u$,<+M3$G$"$k$?$a !$3J;R$r9=@.$9$kD:E@G[Ns!$3J;R$,$I$N$h$&$J7A>u$G $"$k$+$N>pJs$bI,MW$G$"$k !% $7$?$,$C$F !$Hs9=B$3J;R$O9=B$3J;R$h$j$bB?$/$N%G!<%?NL$rI,MW$H$9$k!% 7A!$Bg$-$5 9=B$3J;R$O !$7A$bBg$-$5$b6Q<A$G$"$k$?$a!$8D !9 $N3J;R$r=hM}$9$k$N$KC1 =c$JH?I|$7$+MW$5$J$$ !%0lJ}!$Hs9=B$3J;R$O$=$l$>$l$N3J;R$,<+M3$J7A$H Bg$-$5$r$H$k$3$H$,2DG=$J$N$G !$8D !9 $N3J;R$N=hM}$,J#;($K$J$k!% $7$+$7 !$Hs9=B$3J;R$O$=$N<+M3EY$K$h$C$F!$G$0U$N7A>u$rI=8=$9$k$3$H$, 2DG=$G$"$k !%$=$l$KBP$7!$9=B$3J;R$GJ#;($J7A>u$rI=8=$9$k$K$O!$B?$/$N >.$5$J3J;R$rMQ$$$kI,MW$,$"$j !$ %G!<%?NL$,A}Bg$9$k$H$$$&7gE@$,$"$k!% %=!<%H $" $k 6u 4V <4 J} 8~ $K BP $9 $k %= !< %H $r 9M $( $k $H $- !$ 9= B$ 3J ;R $G $O !$ 8D !9 $N 3J ;R $O 9= B$ >e 4{ $K %= !< %H :Q $_ $G $" $k !% $= $N 0l J} $G !$ Hs 9= B$ 3J ;R $G $O B? MM $J 7A >u $, $" $k$? $a !$ %= !< %H $r 9T $& $N $, :$ Fq $G $" $k !% $^ $? !$ 3J ;R $N 7A >u $K $h $C $F $O !$ %= !< %H $, IT 2D G= $J >l 9g $b $" $k !%Nc $( $P !$;MLL BN $+ $i @. $k Hs 9= B$ 3J ;R cel l 1 ; cel l 2 6

?^ 2: Cell Pro jection $r !$$"$kJ}8~$+$iEj1F$7$?Ej1FLL$K$D$$$F9M$($k!%$3$N$H$-!$Ej1FLL$K4^ $^$l $k E@ P a $G$O cel l 1 $,<j A0 $K $" $k 0l J} $G!$ $^ $? JL $N E@ P b $G$O!$ cel l 2 $,<j A0$K$J$k !$$H$$$&>l9g$,B8:_$9$k!% 0J>e$N$h$&$K!$Hs9=B$3J;R$O07$&$N$,:$Fq$G$"$k$,!$7A>u$NI=8=NO$KM%$l$F $$$k$?$a !$?tCM%7%_ %e %l!<%7 %g %s$G$h$/MQ$$$i$l$F$$$k!%A0=hM}$K$h$C$F !$Hs 9= B$ 3J ;R $r 9= B$ 3J ;R $K JQ 49 $7 $? 8e $K V olume Rendering $r 9T $& J} K! $b Ds 0F $5 $l $F$$$k$, !$9=B$3J;R$X$NJQ49$OMF0W$J$b$N$G$O$J$$$?$a!$A0=hM}$KMW$9$k%*!< %P!<%X%C%I$,LdBj$H$J$k!%K\8&5f$G$O !$?tCM%7%_ %e %l!<%7 %g %s7k2L$N2D;k2=$r 07$C$F$*$j !$ 2D;k2=BP>]$H $J$k%G!<%? $O9o !9 $HJQ2=$9$k!%$7$?$,$C$F !$Hs9=B$ 3J ;R $r 9= B$ 3J ;R $K JQ 49 $9 $k $3 $H $J $/ !$ D>@\ V olume Rendering $9 $k <j K! $r A* Br $9$k!% 2.4 Cell Pro jection K\@a$G$O!$ K\8&5f $GMQ$$ $k2D;k 2=%"%k %4%j %:%‘$G $"$k Cell Pro jection K!$N%" %k%4 %j%:%‘ $K$D $$$F=R $Y$k !% Cell Pro jection K!$N=h M}A4 BN$N N.$l$r !$?^ 2 $K<( $9 !% $^$?!$0J9_$G$O3J;R$H%;%k$H$rF15AE*$KMQ$$$k!% pro ject $^$: !$ M? $( $i$l $? ;0 <!85 %G !< %?$r %9 %/ %j!< %s $K Ej1F $9 $k!% $3$N Ej 1F =hM} $O!$ <+ ?H $N %* %V %8 %’ %/ %H :B I8 7O $r ;} $C $F $$ $k 85 %G !< %? $r !$ ;k 4D 6- >e $G $N %9 %/ %j !< %s:BI87O$K:BI8JQ49$9$k$3$H$r0UL#$9$k !% 7 scan con v ert <! $K !$Ej 1F $5 $l $? 3F %; %k $K BP $7 $F !$ scan con v ert =h M} $r 9T $& !%Ej1F $5 $l $? %; %k $K $O !$%9%/ %j !< %s >e$N E@ P ( x; y ) $+$i =P $k 8w@~ $K BP $7 $F !$8w@~ $, F~$C $F$/$kLL$H=P$F9T$/LL$H$,$"$k !%$3$l$i$r$=$l$>$lA0LL!$GXLL$H8F$V$3$H $K$9 $k!% $= $l $> $l $N LL $K $* $$ $F!$ %9 %/ %j !< %s >e $N E@ P $K$* $1 $k 4X ?t CM v $H!$ 1| 9T$-$N:BI8 CM z $r !$LL$r9=@.$9$kD:E@ $+$i@~7AJd 40$9$k$3$H $K$h$C$F5a $a$k!% A0 LL!$ GX LL$N v ; z $r$= $l $> $l v f r ont ; z f r ont ; v back ; z back $H$9$k $H!$ P $K $*$1$k?’CM$HITF)L@EY$O !$<!$N<0$K$h$C$F5a$a$k$3$H$,$G$-$k!% I = c ( v f r ont ) c ( v back ) � � (1 � exp( � ( z back � z f r ont ))) (3) � = � ( v f r ont ) � ( v back ) � � (1 � exp( � ( z back � z f r ont ))) (4) $O!$ o v er 1i;;;R [9] $H8F$P$l$k!$ (2) <0$K$*$1$k >v$_ 9~$_ 1i;;$H F1MM $N7W ;;$r9T$&1i;;;R$G$"$k !% $3 $N $h $& $K $7 $F 5a $a $? %; %k $N P $G $N ?’ CM ( R GB ) !$ IT F) L@ EY ( � ) $H !$ z f r ont; z b ack $H $r $R $H $^ $H $a $K $7 $? %G !< %? 9= B$ $r ra y-segmen t $H 8F $V !%$D $^ $j !$ scan con v ert =hM}$H$O%;%k$+$i ra y-segmen t $r7W;;$9$k=hM}$H$$$&$3$H$G$"$k!% scan con v ert =hM}$O !$2hA|=hM}$G0lHLE*$J scan line %"%k%4%j%:%‘$HF1MM$N =h M}$r 9T$& !% $D$^$j !$ NY@\$9$k%T %/%;%k $N7W ;;$r9T $&:]$K !$0l$D$N%;%k$r 40A4$K=hM}$7@Z$k$?$a !$%a%b%j$N%3%R!<%l%s%7$r3hMQ$G$-!$%a%b%j8zN($, NI$$ !% ?^ 3: ra y-segmen t %j%9%H comp osite $3$N scan con v ert =hM}$r !$ 3F%;%k$KBP$7$F9T$& !% 7k2L$H$7$F!$%9%/%j!<%s 8

>e$N 3F E@ $4 $H $K !$ =g <! ra y-segmen t $,@8 @. $5 $l !$ $3 $N ra y-segmen t $r1| 9T $- =g $K JB $Y $? %j %9 %H$H $7 $F J] ;} $7 $F $*$/ ( ?^ 3) !%$3 $N %j%9 %H $K $* $$ $F !$NY@\ $9$k ra y-segmen t $O1|9T$-=g$G 1i;;;R $K$h$C$F>v$_9~$_9g@.$9$k$3$H$, 2DG=$G$"$j !$ $3$l$rItJ,9g@.$H8F$V ( ?^ 4) !% ?^ 4: ItJ,9g@.$K$h$k ra y-segmen t %j%9%H$N=L>. ItJ, 9g @. $7 $? 7k 2L $b $^ $? ra y-segmen t $H $J $j !$ 7k 2L $H $7 $F ra y-segmen t %j%9 %H $r =L >. $9$k $3 $H $,$G $- $k !%?7 $7$/ ra y-segmen t $r %j%9 %H $K A^F~ $9 $k :] $K $O !$4{B8$N%j%9%H$KBP$7$F1|9T$-=g$KE,@Z$KA^F~$9$k$?$a!$%j%9%H$N@hF, $+ $i$?$I$C$FA^F~ $r9T$& !% $7$?$,$C$F !$ItJ,9g@.$K$h$C$F%j%9 %H$ND9$5$r C;$/$G$-$l$P !$A^F~$KMW$9$k;~4V$,>/$J$/$F:Q$_!$9bB.2=$K$D$J$,$k!% $= $7$FA4%;%k $N scan con v ert =h M}$,40N;$7 $?;~E@$G !$%j%9%H$N$^$@It J,9g @.$5 $l$F $$ $J $$ A4 ra y-segmen t $r 1i;; ;R $K $h $C $F 40 A4 $K 9g@. $9 $k $3 $H $G!$ %9%/%j!<%s>e$N%T%/%;%kCM$rF@$k !% 0J>e$N$h$&$K$7$FA4%T%/%;%k$N9g@.$,=*$o$C$?$H$- !$:G=*E*$J7k2L$H$7$F ;0<!85?tCM%G!<%?$r V olume Rendering $7$?2hA|$,F@$i$l$k!% K\ 8& 5f $G $O !$ BP >] $H $9 $k Hs 9= B$ 3J ;R $O !$ C1 =c 2= $N $? $a $K ;M LL BN $N $_ $H $9 $k !% $7 $+$7 !$%"%k%4%j%:%‘<+BN$OB>$NB?LLBN$K$b1~MQ2DG=$J$b$N$G$"$k$3$H$KCm0U$5 $l$?$$!% 2.5 Cell Pro jection $NJBNs2= Cell Pro jection $O !$%G!<%?$NG[ CV$K4X$9 $k<+M3EY $,9b$$$? $a !$MF0W$KJBNs2= $,2DG=$G$"$k!%0J2<$K !$J}K!$r<($9 !% $^$: !$ JB Ns7W;; 5!$N3F%W %m%; %C%5$K%G !<%? ( %;%k ) $rJ,G[$9$k!% 3F%W%m %; %C%5 9

$O!$ 3d $j Ev $F $i $l $? %; %k $r scan con v ert $7!$ <+ ?H $N ra y-segmen t %j%9 %H $r 9= C[ $9 $k !%<!$K!$A4%W%m%;%C%5$,3F <+$N%;%k$r A4$F scan con v ert $7=*$o$C$? 8e$K !$A4 %W %m %;%C%5$N ra y-segmen t %j %9 %H $r !$%9%/ %j !< %s>e $N %T %/ %; %k Kh $K 0l$D $N ra y- segmen t %j%9 %H$K %^ !<%8 $9$k !%$=$N8e !$%^!<%8 $5$l $? %j%9 %H$r @h F,$+ $i =g$K 9g @. $7 $F $$$/ $3 $H $K $h $j !$ %j%9 %H $r 0l $D $N ra y-segmen t $K $9 $k !%$3$N 2a Dx $r :G =* 9g@. $H 8F $S !$:G=* 9g @.$5 $l $? ra y-segmen t $N ?’ CM $, !$$=$N %T %/%; %k $G $N?’ $r I= $9 !% 0J>e$N7k2L!$:G=*E*$K2hA|$rF@$k ( ?^ 5) !% ?^ 5: ra y-segmen t %j%9%H$N%^!<%8 !$:G=*9g@. %^ !< %8 $9 $k :] !$ %W %m %; %C %5 4V $G $O %9 %/ %j !< %s $N 2r A| EY $K 1~ $8 $? NL $N ra y-segmen t %j %9 %H $, DL ?. $5 $l $k !% $7 $? $, $C $F !$ It J, 9g @. $K $h $C $F %j %9 %H $r C; $/ $G $- $l $P !$ DL ?.NL$N:o8:$K$D$J$,$j !$ :G=*9g@.$N9bB.2=$K$D$J$,$k!% 2.6 9g@. 2.4 $G =R $Y $? $h$& $K !$ Cell Pro jection $G $N <g MW$J =h M} $N0l $D $, !$ ra y-segmen t $N9g@.$G$"$k!%K\>O$G$O !$ItJ,9g@.$H:G=*9g@.$K$D$$$F=R$Y$k!% 2.6.1 ItJ,9g@. ItJ,9g@.$,2DG=$J$N$O!$%j%9%H$KH4$1$,$J$$>l9g$N$_$G$"$k!%$9$J$o$A!$<! $NFs$D$N$&$A$N$I$A$i$+$N>l9g$K8B$i$l$k!% 1. %j%9%H$GNY@\$9$kFs$D$N ra y-segmen t seg 1 ; seg 2 ( 1|9T$-=g ) $K$*$$$F !$ seg 1 :z back = seg 2 :z f r ont 10

$H$J$j !$ seg 1 $H seg 2 $N4V$K ra y-segmen t $,F~$kM>CO$,$J$$>l9g 2. seg 1 ; seg 2 $K$*$$$F !$ seg 1 :z back < seg 2 :z f r ont $G$"$k$,!$ seg 1 $H seg 2 $N4V$K ra y-segmen t $,B8:_$7$J$$$H$$ $&J]>Z$, $"$k >l9g !%$9$J$o$A!$%I!<%J%D>u$N%*%V%8 %’%/%H$N$h$&$K !$%;%k$H%;%k$N4V$K 6uF6$,B8:_$9$k>l9g H4$1$N$"$k%j%9%H$O!$Fs$D$N>l9g$K@8@.$5$l$k!% $^$: !$ 6u4VE*$KNY@\$9$k%;%k $,0[$J$k%W%m %;%C%5$KJ,G[$5$l $F$$$k>l9g$G $" $k !% $3 $N $H $- !$ $" $k %W %m %; %C %5 $G $O H4 $1 $N $" $k %j %9 %H $, @8 @. $5 $l !$ $= $N H4 $1 $r Kd $a$k ra y-segmen t $O!$ JL $N%W %m%; %C %5$G @8@. $5$l $k!% $7$? $, $C $F!$ ra y-segmen t $rDL?.$7$J$$$3$H$K$OItJ,9g@.$,$G$-$J$$!% <!$K!$ %; %k$N 1| 9T$- =g %= !<%H $, IT @53N $G $"$k >l 9g $G$" $k!% 9= B$3J ;R $H0[ $J $j !$ Hs 9= B$ 3J ;R $G $O !$ 2.3 $G =R $Y $? $h $& $K !$%;%k C1 0L $G 6u 4V $G $N =g =x $r 7h $a $k $3 $H $,IT2DG=$J>l9g$,$"$k!%%9%/%j!<%s$N%T%/%;%kC10L$K$*$$$F$O !$%;%k$N1|9T$- =g$O0l0U $K7hDj$9 $k$, !$ Cell Pro jection K!$G$O%; %kC10L$G =hM}$r?J$a $k !%$7$? $,$C$F !$%;%k$N%=!<%H$OIT@53N$K$J$i$6$k$rF@$J$$!%$3$N$h$&$J>l9g!$F1%W%m %; %C%5Fb$K!$ H4$1$r Kd$a$k ra y-segmen t $KJQ49$5$l$k %;%k$,$"$k $K$b4X$o$i $: !$ $=$N%;%k$N=hM}$,CY$l$k$?$a !$0l;~E*$K%j%9%H$,H4$1$N$"$k>uBV$K$J$k!% Cell Pro jection K! $K $* $$ $F It J, 9g @. $, 2D G= $J >l 9g !$ :G =* 9g @. ;~ 4V $N C; =L!$ ra y- segmen t $N A^ F~ ;~ $N %j %9 %H Av :: ;~ 4V $N C; =L $J $I !$B?$/ $N Mx E@ $, $" $k !%$7$? $,$C $F !$2DG=$J8B$jH4$1$N$J$$%j%9%H$r$D$/$k$3$H$,=EMW$G$"$k!% 2.6.2 :G=*9g@. $$$^ !$$"$k%W%m%;%C%5$,<+?H$N C4Ev$9$k%; %k$r$9$Y$F scan con v ert $7 $?$H$9 $k !%$3$N $H $- !$:G=*9g @. $H F1 MM$K $= $N %W %m%;%C%5 Fb $G ra y-segmen t %j%9 %H $r A4 $FItJ,9g@.$9$k$3$H$,$G$-$l$P !$:G=*9g@.$KMW$9$kDL?.NL$O%9%/%j!<%s2rA|EY $K 1~ $8 $? ?’ CM $@ $1 $G $h $/ !$ ra y-segmen t %j %9 %H $r DL ?. $9 $k $h $j $b MZ $+ $K DL ?. NL $r M^$($k $3 $H$, $G $-$k!% $7 $+$7!$ 2.6.1 $G=R $Y$? $h$& $K!$ H4 $1$N $"$k %j %9%H $OIt J, 9g@.$G$-$J$$$N$G !$%W%m%; %C%5Fb$GH4$1$N$"$k%j%9%H$,A4$/$J$$>l9g$r=|$$$F $O !$%W%m%; %C%5Fb9g@.$r9T$&$3$H$O$G$-$J$$!% $7 $? $, $C $F !$ :G =* 9g @. $O 7k 6I ra y-segmen t %j %9 %H $r DL ?. $9 $k I, MW $, $" $j !$ %j %9 %H$,D9$$>l9g$ODL?.NL$,Bg$-$/$J$k!%$=$N$h$&$JBg$-$J%j%9%H$r0l2U=j$K=8$a 11

$k$H !$%W%m%;%C%5 ?t$,B? $$>l 9g$KDL ?.BS0h $,IT B-$9$k !%$^$? !$0l$D$N %W%m%;%C %5$@$1$,%j%9%H$N9g@.=hM}$r9T$&$H$$$&$3$H$G !$Ii2Y$NHs6Q9U$,H/@8$7!$A4BN $N=hM};~4V$NDc2<$r>7$/ !% 0J>e$N$h$&$JLdBj$KBP$7!$DL?.NL$N:o8:$H9g@.=hM}$K$*$1$kIi2Y$N6Q9U$r$H $k$?$a!$ Binary Sw ap Comp osition T ree (BSC) [11][12] $K$h $C $F!$ :G=* 9g @.$r9T$& !% 2.6.3 BSC N Bf$N %W%m %; %C%5 $G!$ :G =* 9g@. $r 9T$& >l 9g$r 9M $($k!% BSC $O!$ 8r 49 (sw ap) !$ 9g @. (comp osite) !$ <} =8 (gather) $H $$ $& ;0 $D $N %U %’ %$ %: $+ $i 9= @. $5 $l $k ( ?^ 6) !% ?^ 6: Binary Sw ap Comp osition T ree sw ap 1. 3F%W%m%;%C%5$O !$9g@.$9$Y$-%9%/%j!<%s$rFsJ,3d$9$k 12

2. <+?H$HF1$8NN0h$r;}$D%W%m%;%C%5$H !$8_$$$,0[$J$kNN0h$rC4Ev$9$k$h $&$h$&$K !$J,3d$7$?%9%/%j!<%s$r8r49$9$k $3$N8r49$r !$ log 2 N CJ7+$jJV$9 !% comp osite log 2 N CJ$N 8r 49 8e $K $O!$ 3F %W %m %; %C %5 $O <+ ?H $, C4 Ev $9 $k %9 %/ %j !<%s NN 0h $N!$ $9 $Y $F $N %W %m %; %C %5 $K $h $k %5 %V %9 %/ %j !< %s $r ;} $D $3 $H $K $J $k !% $9 $J $o $A !$ :G =* 9g@. $r9T$& $3$H $,2DG= $J>r 7o$rK~ $?$7 $F$$$k !%$7$? $,$C$F !$3F%W%m%;%C %5 $,<+?H$NC4Ev NN0h$r:G=*9g @.$9$k$3$H$K$h $j !$ JBNs:G=*9g@.$r9T$&$3$H $,$G$-$k !% gather JB Ns :G =* 9g @. $, =* $o $C $? 8e $G $O !$ C1 =c $K NN 0h $r $D $J $. 9g $o $; $k $@ $1 $G :G =* 2h A|$rF@$k$3$H$, $G$-$k!% $3 $N$D$J$. 9g$o$; $O!$ N 8D$N:G=*9g@. 2hA|$r DL>o $NLZ$K $h $k 9g @. $r9T $& $3 $H $G!$ 0lBf $N %W %m %; %C %5 $K =8 $a $k $3 $H$G 40 N; $9 $k!% BSC K!$K$h$C$F:G=*9g@.$r9T$&$3$H$NMxE@$O!$<!$NDL$j$G$"$k!% DL?.NL 8r49$N%U%’%$%:$K$*$$$F !$0lCJ8r49$r9T$&EY$K!$%W%m%; %C%54V$G$d$j<h$j $5$l$k %5 %V %9 %/ %j !< %s $N Bg $- $5 $O H> J, $K$J $k !% C1=c $J 0l 2U =j =8 Cf 9g @. $G $O!$ %9%/%j!<%s$NA4NN0h$rDL?.$9$kI,MW$,$"$C$?$N$KHf3S$9$k$H !$3JCJ$KDL?. NL$,:o8:$G$-$k !% JBNs:G=*9g@. C1=c$J0l2U=j =8Cf9g @.$G $O!$ =8$a $i$l$F $-$? 5pBg$J ra y-segmen t %j%9%H$r!$ 0l$D$N%W%m%;%C%5$,%^!<%8$7 !$:G=*9g @.$r9T$C$F$$$?!%$=$l$KBP$7!$ BSC $G$O!$ JB Ns $K :G=* 9g @. $r9T $( $k $?$a!$ Ii 2Y $N 6Q9U $K $D $J$, $k!% $= $l $K2C $(!$ 3F%W%m%;%C%5$,:G=*9g@.$9$k%5%V%9%/%j!<%s$NBg$-$5$O !$85$N%9%/%j!<%s $NBg$-$5$N 1 = log 2 N $G:Q$‘ !% 2.7 Early Ra y T ermination Ra y T racing K! $d Ra y Casting K! $G $O !$ ;k E@ $+ $i $N 8w @~ $r %9 %/ %j !< %s >e $N 3F %T %/%;%k$KDL2a$5$; !$J*BN$K>WFM$5$;$k$3$H$K$h $C$F !$$=$N%T%/%;%k$G$NCM$r7h Dj$9$k!%$3$N8w@~DI@W$N:]$K !$==J,ITF)L@$G$"$k$H$$$&ogCM$rDj$a$F$*$-!$8w @~DI@W$N2aDx$G@Q;;$5$l$?ITF)L@EY$,@_Dj$7$?ogCM$r>e2s$C$?>l9g !$$=$l0J9_ $N J* BN $+ $i $N 1F 6A $O $4 $/ >. $5 $$ $H 9M $( !$ $= $3 $G 7W ;; $r BG $A @Z $k <j K! $, Early Ra y 13

T ermination( 0J2< !$ ER T) $G $" $k ( ?^ 7) !%$3$N == J, IT F) L@ $G $" $k >u BV $N $3 $H $r !$ 0J9_$G$O terminated $H8F$V$3$H$K$9$k!% ?^ 7: ER T $N35MW ER T $K$h$k 8z2L $O!$ EA C#4X ?t$K Bg $-$/ :81& $5 $l$k!% $9 $J $o$A!$ 4X ?tCM $r 9b$$ ITF)L@EY$KJQ49$9$kEAC#4X?t$rMQ$$$k>l9g$O !$0lHL$K7W;;$NHf3SE*Aa4|$NCJ3, $K$* $$$F terminated $KC# $9 $k$N $G!$ 0J 9_$N 7W ;; $r>J N, $G$- $k Hf N($, 9b $$ $H$$ $& $3$H$K$J$k!%$7$?$,$C$F !$I=LL7A>u$N$O $C$-$j$7$F$$$k%G!<%?$KFC$K8z2L$rH/ 4x$9$k!% Cell Pro jection $X$N ER T $N1~MQ$K$D$$$F$O !$Bh 3 >O$G>\:Y$K=R$Y$k !% 2.8 Ii2Y$NHs6Q9U 0J>e$G=R$Y$F$-$?$h$&$K!$K\8&5f$G$O!$%G!<%?$NG[CV$K<+M3EY$,$J$$>u67$K $*$$ $F!$ Hs 9= B$ 3J ;R %G!< %? $r!$ JBNs 2= $7 $? Cell Pro jection K!$K $h $C $F!$ ER T $K $h$k :GE, 2= $r ;\$7 $J $,$i!$ J, ;6%a %b %j7? JB Ns 7W;; 5! $G2D ;k 2= $r9T $& !% $3$N $H $-!$ 0J2<$N$h$&$JIi2Y$NHs6Q9U$,B8:_$9$k!% 7A!$Bg$-$5$G$NHs6Q9U Cell Pro jection K! $G $O !$ 7W ;; ;~ 4V $N B? $/ $r scan con v ert =h M} $, @j $a !$ scan con v ert =h M} $N7W ;; NL $O !$Ej1F$5 $l $? %; %k $NLL @Q $K Hf Nc $9$k !%$7$+$7!$Hs9=B$3J;R%G!<%?$N>l9g!$8D !9 $N%;%k$N7A!$Bg$-$5$,Hs6Q <A$G$"$k$?$a !$8D !9 $N%;%k$KBP$9$k=hM}NL$,0[$J$C$F$/$k!% ;k@~$N8~$-$K$h$kHs6Q9U 3F%;%k$N=hM}NL$,$=$NEj1FLL@Q$KHfNc$9$k$H$$$&$3 $H$O !$%;%k$r$I$N$h$&$KEj1F$9$k$+$K$h$C$F$b=hM}NL$,0[$J$k$H$$$&$3$H $G$"$k !%$9$J$o$A!$$"$k;k4D6-$K$*$$$FEj1F$7$?%;%k$NLL@Q$H!$$^$?JL$N ;k 4D6-$GEj1F$7 $?%;%k$NLL@Q $K$O:9$,$"$j !$ Hs9=B$3J;R$N>l9g$G$O !$$=$N 14

?^ 8: Ej1FJ}8~$K$h$kIi2Y$NHs6Q9U :9$,99$K82Cx$J$b$N$K$J$k ( ?^ 8) !% ER T $K$h$kHs6Q9U $5$i$K !$Bh 3 >O$G=R$Y$k ER T $r9T$&$3$H$K$h$C$F@8$8$k Ii 2Y$NHs6Q9U $b$"$k !%$"$k%W%m%;%C%5$K$* $$$F scan con v ert =hM}$r>J N,$G $-$k%;%k$NNL$H !$B>$N%W%m%; %C%5$G>JN,$G$-$k%;%k$NNL$OEy$7$$$o$1$G$O $J $$!%$7$?$,$C$F !$=hM}$9$k%;%k $NNL$,%W%m %;%C%54V$G0[$J $j !$ Ii2Y$NHs 6Q9U$K$D$J$,$k !% $3$N$h$&$K!$3F%W%m%;%C%54V$KF1?t$N%;%k$,B8:_$9$k>l9g$G$b!$8D !9 $N%;%k $N=hM}NL$,0[$J$k$?$a !$$"$k$$$O=hM}$9$k%;%k$N?t$,0[$J$k$?$a!$%W%m%; %C%5 4V$G$NIi2Y$NHs6Q9U$,B8:_$9$k!% 2.9 $^$H$a K\>O$G$O!$K\8&5f$K$*$1$kGX7J$H$J$k=t5;=Q$K$D$$$F=R$Y!$$3$NGX7J$K$*$$ $F Ii 2Y $N Hs 6Q 9U $, B8 :_ $9 $k $3 $H $r =R $Y $? !%0J 9_ !$Bh 3 >O $G $O !$ Cell Pro jection $r9b B. 2= $9 $k $? $a $N ER T <jK! $r Ds 0F $7!$ Bh 4 >O$G $O!$ Ii 2Y $N Hs 6Q 9U$r 2r 7h $9 $k $?$a$NF0E*Ii2YJ,;65;=Q$K$D$$$F=R$Y$k!% 15

Bh 3 >O Cell Pro jection $X$N ER T $N1~MQ Bh 2 >O $G =R $Y $? $h $& $K !$K\ 8& 5f $G $O V olume Rendering %" %k %4 %j %: %‘ $H $7 $F Cell Pro jection $rMQ $$ $F $$ $k !% Cell Pro jection $G $N <g $J =h M} $O !$ scan con v ert $H ra y-segmen t $N9g@.$G $"$k!% ra y-segmen t $N9g@.$O!$ %T%/%; %kC10L$G 9T$o$l $k0l J} $G !$ scan con v ert =h M} $O Ej 1F $5 $l $? %; %k C1 0L $G 9T $o $l $k !% ER T $O %9 %/ %j !< %s >e $N %T %/ %; %k C1 0L $G 9T $o $l $k :G E, 2= $G $" $k $3 $H $r 9M $( $k $H !$ C1 =c $K Cell Pro jection $K$*$$$F ER T $r3hMQ$G$-$k$N$O ra y-segmen t $N9g@.=hM}$@$1$H$J$k !% $H $3 $m $, !$ Cell Pro jection =h M} $K MW $9 $k ;~ 4V $N $& $A !$Bg It J, $r @j $a $k $N $O !$ scan con v ert $G $" $k !% $7 $? $, $C $F !$ scan con v ert =h M} $r >J $/ $3 $H $, $G $- $J $1 $l $P !$ Cell Pro jection $K $*$$$F$O K\<AE*$J9b B.2=$K$D $J$,$i$J $$!%A3$k$K !$4{B8$N8& 5f $K $* $$$F Cell Pro jection $K ER T $K $h $k :G E, 2= $r ;\ $7 $? $H $$$& Nc $O L$ $@ $K 8+ $J$$!% 3.1 $G $O!$ scan con v ert =h M} $r ER T $K $h $C $F >J N, $9 $k %" %k %4 %j %: %‘ ER T-table K! $K $D$$ $F =R $Y $k !%<! $N 3.2 $G $O !$ ER T-table K! $r JB Ns Cell Pro jection $K $* $$ $FMQ $$$k >l9g $K8z N( $NNI $$ ER T $r <B8= $9$k $?$a $N !$ ER T >pJs $N6& M-<j K!$K $D $$$F=R$Y$k!% 3.1 ER T-table K! 2.3 $G=R $Y $? $h $& $K!$ Hs 9= B$ 3J ;R $N %; %k $r @5 3N $K %= !< %H $9 $k $3 $H $O I, $: $7 $b 2D G=$G$O$J$$!% $=$3 $G!$ K\ 8&5f$K$* $1$k Cell Pro jection $N<BAu$G$O!$ 3F%;%k $N=E ?4$N Z CM$K$h $C $F%; %k$N%= !<%H $r9T $C $F$$ $k!% $b $7@53N $J%=!< %H$, 9T$($k $J$i $P !$ 2.6.1 $G=R$Y$?LdBj$,$J $/$J$j !$ scan con v ert =hM}$H%*!<%P!<%i%C%W$7$F:G =*9g@.$r9T$&$3$H$,2DG=$G$"$j !$ A4BN$N=hM}B.EY$N8~>e$,4|BT$G$-$k!% K\8& 5f $N <B Au $O !$ scan con v ert $H :G=* 9g @. $r %* !<%P !< %i%C%W $7 $F 9T$o $J $$ Be $o $j$K !$ItJ, 9g @. $H $$ $&<! A1 :v $r 9T$C$F $$ $k !%$9$J $o $A !$ scan con v ert $H %* !< %P !<%i%C%W $7 $F !$ItJ,9g @. $,2D G= $J ra y-segmen t %j %9 %H $O ItJ, 9g @. $7$h $& $H $$ $& J} ?K $G$" $k !%$$$^ !$?^ 9 $N $h $& $J !$$"$k %T %/ %; %k $K $* $1 $k ra y-segmen t %j %9 %H$r9M$($k!% $3$3$G !$ ra y-segmen t s i ; s j $OItJ, 9g@.2DG=$G $"$j !$ ItJ,9g@.$r9T$C$?7k 2L$G $" $k ra y-segmen t s ij $N IT F) L@ EY $, !$== J, IT F) L@ $G $" $k $H $9 $k !%$3 $N $H $- !$ s ij $h$j $b 8e$m $K@8 @. $5$l $k ra y-segmen t $O !$ 2.7 $G=R $Y $? ER T K!$N 9M$( J} $K=> $& 16

?^ 9: ItJ,N_@QITF)L@EY$K$h$k ER T $H!$ =hM}$r >JN, $9$k$3 $H$,2D G=$G$" $k!% $= $7$F!$ $3 $N>JN, $O s i $h$j$bA0$K $"$k ra y-segmen t $, $^ $@ 5a $^ $C $F $$ $J $/ $H $b !$ $" $k $$ $O It J, 9g @. $, IT 2D G= $G $" $k >l 9g $K$* $$ $F $b!$ 2D G= $G $" $k!% $9$J $o $A!$ $" $k %T %/ %; %k $G $N ER T $O!$ ItJ, N_ @Q IT F) L@EY$NCM$r$b$C$F9T$&$3$H$,2DG=$G$"$k!% <! $K !$ $" $k %; %k c $N scan con v ert =h M} $r >J N, $G $- $k >l 9g $, $I $N $h $& $J >l 9g $+ 9M $($k!% ?^ 10 $N$h$&$K!$ c $,Ej1F$5$l$?NN0h $K$*$1$k%9%/ %j!<%s>e$NA4 %T%/%;%k $K BP $7 $F!$ $= $l $^ $G $K scan con v ert $5 $l $?!$ c $h $j $b A0 J} $K B8 :_ $9 $k %; %k $r JQ 49 $7$? ra y-segmen t %j%9 %H$, B8:_ $7 !$$J$* $+$D $=$l $i$N %j%9 %H A4$F $, terminated $K$J$C$F$$$k $J$i$P !$ c $NEj1F $5$l$?NN0h $O4{$KA4 $F terminated $J>uBV$G $"$k $3$H$K$J $k!% $7$?$, $C $F!$ $3$N>l 9g$K c $N scan con v ert =hM}$O>JN, 2DG=$G $"$k!% [10] ?^ 10: scan con v ert $r>JN,$G$-$k%;%k 17

$7$+$7 !$$3$N$h$&$K%T %/%; %kC10L $G ER T H= CG$r9T $&$3$H $K$O !$LdBj$, $"$k !% 3F %; %k $r Ej 1F $7 $? NN 0h $K $" $k A4 %T %/ %; %k $G $N ER T H= CG $r 9T $& $K $O !$ scan con v ert $r9T $&$N $H F1MM $N H?I| $r 7+$j JV $5$J $/ $F$O $J $i$J $$!% ER T H=CG$r 9T$& $K $O!$ It J,9g @. :Q $_$N ra y-segmen t %j%9 %H $r@h F, $+ $i$? $I $k I,MW $, $"$k $? $a !$$3$NJ} K! $G$O scan con v ert =h M}$r$7 $F$$$k $N$HJQ $o$i$J $$=hM} NL$,$+ $+$C$F$7 $^$& !% $9 $J$o$A !$ ER T $N$?$a$N%*!<%P!<%X%C%I$,Bg$-$9$.$k!% $=$3 $G !$87L)$K %;%k $NEj 1FLL $N%T %/%; %kC1 0L$G ER T H=CG $r9T $&$N $G$O $J$/ !$ %; %k $r 0O $‘ Dx EY $N Bg $- $5 $N %5 %V %9 %/ %j !< %s C1 0L $G ER T H= CG $r 9T $& J} K! $r Ds 0F $9 $k!% $9 $J $o $A!$ 3F %; %k Kh $K!$ Ej 1F $7 $? A4 %T %/ %; %k $K BP $7 $F ER T H=CG $r 9T $& Be $o $j$K!$ %; %k$r 0O $‘%5 %V%9 %/%j !<%s $N A4%T %/%; %k$, terminated $KC# $7$F $*$j !$ $J $* $+ $D %5 %V %9 %/ %j !< %s $N A4 %T %/ %; %k $N $& $A $G :G $b Z CM $, Bg $- $J $b $N ( deepest ) $H%; %k$N D: E@ $N$& $A $G :G$b Z CM$,>. $5 $J $b$N ( near est ) $rHf3S $9 $k$3 $H $K$h $j !$ ER T H=CG$r9T$& ( ?^ 11) !% ?^ 11: ER T-table K! $3 $N J} K! $G $O !$$" $k %; %k $N ER T H= CG $K MW $9 $k =h M} $O !$%;%k $r 0O $‘ %5 %V %9 %/ %j!< %s$r 8+ $D $1$k $3 $H!$ A4%T %/ %; %k$, terminated $KC# $7$F $$ $k $+$N ?? M} CM$r D4 $Y$k $3$H!$ %5 %V %9%/ %j !<%s $N Z CM$H%; %k $N Z CM$HHf 3S!$ $H $$ $C $? C1=c $J =hM} $@ $1$G:Q$_ !$%*!<%P!<%X %C%I$,>/$J$$!%0lJ}$G !$%5%V%9%/%j!<%s$NA4%T%/%;%k$, 18 terminated $G$J$$ $H %; %k$N scan con v ert $r>J N, $G$- $J $$ $? $a!$ ER T $K$h $C $F >J N, $G $- $k %; %k $N ?t $O %T %/ %; %k C1 0L $G ER T $r 9T $& >l 9g $H Hf 3S $7 $F 8: >/ $9 $k !%$^ $? !$?^ 10 $N$h$&$K !$ ra y-segmen t %j%9%H$N4V$K%;%k$,$O$^$j9~$‘>l9g !$%T%/%; %k Kh $G $O terminated $7 $F $$ $k $? $a !$%;%k $N scan con v ert $O >J N, $G $- $k $N $@ $, !$ deepest > near est $H $J$C$F $7 $^ $& $? $a !$K\ <j K! $G $O scan con v ert $r >J N, $G $- $J$$!% K\ <j K! $O!$ ra y-segmen t $NIt J, 9g @. $H L) @\ $K 4X O" $7 $F $$ $k !% $^ $: !$ 1i ;; ;R $K $h $k>v $_ 9~ $_1i ;; $r 9T$C$?7k 2L $N IT F)L@ EY $O !$1i;;A0 $N ra y-segmen t F1 ;N $N IT F)L@ EY$h $j >.$5 $/ $J $k$3 $H $O$J $$!% $7$? $, $C $F!$ It J, 9g@. $r 9T$& $3 $H$K $h $C $F!$ $h$j Aa$/ terminate >uBV$K C# $9$k $3 $H $,$G $- $k!% $^ $?!$ ra y-segmen t $NITF) L@ EY $NI>2A$r%j%9%H$N@hF,$+$i$?$I$C$F9T$&$?$a !$ItJ,9g@.$K$h $C$F%j%9%H$r=L>. $G$-$l$P !$%j%9%H$r$?$I$k;~4V$,C;=L$G$-!$8zN($N8~>e$K$D$J$,$k!% 3.1.1 %G!<%?9=B$ $^$: !$ %9%/%j!<%s$rG$0U$NBg $-$5$N%5%V%9 %/%j!<%s$KJ,3d $9$k !%$3$N%5%V%9 %/ %j !< %s $N $3 $H $r !$ ER T-table $H L> IU $1 $k !% K\ ER T %" %k %4 %j %: %‘ $N L> >N $O !$ $3 $N ER T-table $K0x$‘$b$N$G$"$k!% 8D !9 $N ER T-table $O !$<!$N$h$&$J>pJs$rJ];}$9$k!% top,left,b ottom,righ t %5%V%9%/%j!<%s$NN>C<E@$N:BI8CM pixels %5 %V %9 %/ %j !< %s $N 3F %T %/ %; %k $K BP 1~ $9 $k ra y-segmen t %j %9 %H $X $N %] %$ %s%?$NG[Ns terminated pixels $N 3F MW AG $, !$ 4{ $K terminate $7 $F $$ $k $+ H] $+ $r J] ;} $9 $k b o ol CM$NG[Ns !%A4$F false $G=i4|2=$5$l$k coun t terminated $N $& $A !$ true $G $" $k $b $N $r ?t $( $k !% 0 $G=i 4| 2= $5 $l!$ :G Bg CM max count $O!$ ( r ig ht � l ef t ) � ( top � bottom ) deep est pixels $G terminate $7 $F $$ $k $b $N $N $& $A !$ :G $b Z CM $, Bg $- $$ ra y-segmen t %j%9%H$N Z CM 3.1.2 H=Dj%"%k%4%j%:%‘ Ej1F $5$l $?%; %k c $N scan con v ert =hM} $r>J N,$G $-$k $N $O !$0J2<$N Fs$D $N>r 7o $,$H $b$K @.N) $9$k >l9g $G$" $k !%$J$* !$K\<jK! $G$O Ej1F $5$l $?%; %k$, ER T-table $K<}$^$i$J$$>l9g$K$O !$ ER T $r9T$o$J$$!% 1. c $NEj1FNN 0h$KBP 1~$9$k ER T-table s $rC5:w $9$k!% C5 :w$O!$ c $r9=@.$9$k D: E@$+$i!$ x; y $N:GBg CM$H :G>. CM$r $=$l $>$l 5a$a!$ top s ; l ef t s ; bottom s ; r ig ht s 19

$HHf3S$9$k$3$H$G9T$& !% $3$3$G!$ s $,H/ 8+$G $- $J $$ >l 9g!$ $9$J $o $A c $NEj 1FNN 0h $, J# ?t $N ER T-table $r2#CG$7$FB8:_$9$k>l9g$K$O !$ c $N scan con v ert =hM}$O>JN,$7$J$$ !% 2. c $r9= @. $9 $k D: E@ $+ $i!$ z $N:G >. CM near est c $r5a $a $k !% near est c $O!$ c $K$* $1$k %9 %/ %j !< %s $K :G $b 6a $$ z CM$G $" $k !% c $N scan con v ert =hM} $r >J N, $G $- $k $N$O!$ s $N3F%T %/ %; %k $,A4 $F terminate $7$F$* $j !$ $J $*$+ $D $I $N %T %/%; %k $N ra y-segmen t %j%9%H$h$j$b !$ c $,8e$m$K$"$k>l9g$G$"$k !%$9$J$o$A!$ ( count = max count ) \ ( deepest s < near est c ) $,@.$jN)$D$J$i$P !$ c $N scan con v ert =hM}$O>JN,$G$-$k !% 3.1.3 ER T-table $N99?7 0l$D$N ER T-table $N99?7=hM}$O !$0J2<$N$h$&$K$7$F9T$& !% � c ount $,4{$K:GBgCM$N>l9g !$99?7$7$J$$!% � pixels $N3FMWAG$K$D$$$F!$ { BP1~$9$k terminate d $, true $J$i$P !$<!$N pixel $X { ra y-segmen t %j%9 %H $N @h F, $+ $i =g $K !$ It J, 9g @. 7k 2L $N N_ @Q IT F) L@ EY $r 5a $a$k { $= $N 7k 2LF@ $i $l $k ra y-segmen t $N 6a ;w E* $JIT F) L@ EY $,og CM $r D6 $($F $$ $k$J$i$P !$ � BP1~$9$k terminate d $r true $K � c ount $r%$%s%/%j%a%s%H � de ep est $H !$ 8= :_ $N ra y-segmen t $N z back $r Hf 3S $7 !$ Bg $- $J J} $r de ep- est $KBeF~ { <!$N pixel $X 0J2<$K!$5<;w%3!<%I$r<($9 !% if(count == (right-left)*(top-bottom)) return; foreach pixel_i in pixels { if(teminated_i == true) continue; foreach rs_j in pixel_i { if(rs_j.alpha > opaque_enough) { terminated_i = true; count++; 20 deepest = (deepest > rs_j.z_back) ? deepest : rs_j.z_back; } } } 3.1.4 9MN8$9$Y$-=t85 (a) ER T-table $NBg$-$5 K\<j K! $G $O!$ Ej 1F $5 $l $? %; %k $, ER T-table $K <} $^ $i $J $$ $H ER T $r9T $o $J $$ $? $a !$ %; %k $N Ej 1F LL @Q $h $j $b Bg $- $J LL @Q $r ;} $D $h $& $K !$ ER T-table $N Bg $- $5 $r@_ Dj $9 $k I, MW $, $" $k !% $7 $+ $7 !$ Bg $- $9 $. $k ER T-table $G $O !$ coun t $, :G Bg CM $K <} B+ $9$k !$$9$J $o$A ER T-table $, terminate >u BV$K <} B+ $9 $k$^ $G $K ;~ 4V$,$+$+$k$h$&$K$J$j !$ $$$D$^$G$b ER T $,9T$o$l$J$$$H$$$&LdBj$,$"$k !% $7$?$,$C$F!$<B:]$K ER T-table $NBg$-$5$r7h$a$k:]$K$O!$ A4%;%k$NEj 1FLL @Q$NJ?6QCM$r>/$7>e2s$kDxEY$K$7$F$*$/$N$,:GNI$G$"$k$H9M$($i$l$k !% (b) ER T-table $N99?7$KMW$9$k;~4V terminate $7$F$$ $J$$ ER T-table $r99?7 $9 $k$K $O!$ pixels $NBg $-$5 $KHf Nc $7 $?;~4V $r MW $9 $k!% $7 $? $, $C $F!$ A4 ER T-table $r99 ?7 $9 $k $N$K I, MW $J ;~ 4V $O!$ %9%/%j!<%s$N2rA|EY$KHfNc$9$k !% <B:]$K !$ 0l$D$N ER T-table $N99?7$KMW$9$k ;~4V!$ $=$7$FA4 ER T-table $N99 ?7$KMW$9$k;~4V$O!$ Cell Pro jection =hM}<+BN$rK8$2$k$b$N$G$" $C$F$O$J$i $J $$ !%:G E, 2= $N $? $a $N ER T =h M} $, %* !< %P !< %X%C%I $K $J$C$F $O K\ Kv E> E] $G $"$k !% (c) ER T-table $N99?7IQEY @5 3N $J ER T >p Js $r F@ $k $? $a $K $O !$K\Mh $J $i $P %; %k $r 0l $D scan con v ert $9 $kKh$K ER T-table $r99?7$7 $J$1$l $P$J$i $J$$!% $=$& $9$k$3 $H$K$h $j !$ 0l $D 0l$D$N%;%k$K$h$k ER T-table $X$N1F6A$,H?1G$5$l $k$?$a!$ A4%;%k$KBP $7$F ER T H=Dj$r 9T$&$3 $H$,2D G=$G$" $k!% $7$+ $7$= $N0lJ} $G!$ ER T-table $r99?7 $9$k%3%9%H$OA}Bg$9$k !% 5U $K !$IQEY $r2< $2$? >l9g $K$O !$ ER T-table $r 99?7 $9$k %3%9 %H $O:o 8:$5 $l$k $b $N $N !$K\Mh ER T $rE, MQ$9 $k$3 $H $N$G $-$k %; %k$, !$ ER T $5 $l$J $$2D G= @- $,$"$k !% $7$?$,$C$F !$A09‘$G=R$Y$?99?7$KMW$9$k;~4V$r9MN8$7!$$G$-$k$@$1IQHK$K 99?7$9$k$h$&$JIQEY$rDj$a$kI,MW$,$"$k !% 21

$3$l$i$N=t85$K$D$$$F$O !$Bh 5 >O$GI>2A$r9T$& !% 3.2 ER T >pJs$N6&M- 2.1 $G =R $Y $? $h $& $K !$ V olume Rendering $O %G !< %? JB Ns @- $, 9b $$ !% $= $N $? $a !$ Bg 5, LO $J %G !< %? $r %l %s %@ %j %s %0 $9 $k $K $O !$ JB Ns 2= $, M- 8z $J <j CJ $H $J $k !% $= $7 $F !$ A0 @a$^$G$G !$ V olume Rendering $K $*$$$F ER T $,M-8z $J:GE,2=<j K!$G$"$k$3 $H$r 8+$F$-$?!% $7$? $, $C$F!$ JBNs V olume Rendering $K ER T $rAH$_9g $o$;$k $N$O<+ A3$G$"$j !$ 9bB.2=$,4|BT$G$-$k!% $7 $+ $7 !$ C1 =c $K JB Ns V olume Rendering $K ER T $r AH $_ 9g $o $; $? $@ $1 $G $O !$ ER T $K$h $k 8z2L $, 40 A4 $K$O H/ 4x $G $-$J $$!% Nc $( $P!$ ?^ 12 $N$h $& $K!$ %* %V%8 %’%/ %H 6u 4V>e $N 0[ $J $k NN 0h $N %G !< %? $,!$ 0[ $J $k %W %m %; %C %5 P 1 ; P 2 $KJ, ;6 $7 $F CV $+ $l $F $$ $k>l9g $r9M$( $k!% 3F%W %m%; %C%5 $O!$ %9 %/%j !<%s $KBP$7 $F P 1 $,<jA0!$ P 2 $,1|$K $" $k $H $9 $k !% $3 $N $H $- !$ ;k 4D 6- $K $h $C $F $O !$ %9 %/ %j !< %s J} 8~ $K NN 0h $, =E $J $k !% $= $7$F!$ P 1 $N$" $k NN 0h R 1 $K$* $$ $F ER T $,@. N) $7 $F $$ $k >l 9g!$ P 2 $N!$ R 1 $h$j $b %9 %/ %j !< %s J} 8~ $K BP $7 $F 8e $m $K $" $k NN 0h R 2 $K $D $$ $F $b =h M} $r >J N, $9 $k $3 $H $, 2D G= $G $" $k!% $H $3 $m $,!$ ER T $O $= $l $> $l $N %W %m %; %C %5 C1 0L $G 9T $o $l $F $$ $k $? $a !$ K\Mh >JN, $G $- $kNN 0h $K $D$$ $F!$ 8e $mB& $N %W%m %; %C %5 $G$O =h M} $r9T $& $3 $H$K $J $j !$ L5BL$, @8$8$F $7$^ $& !% $9$J $o$A!$ ER T $K$h$k%; %k$N scan con v ert >JN,$,IT== J, $G$"$k!% ?^ 12: IT==J,$J ER T 22

$b$7 !$ NN 0h $, =E $J $k %W %m %; %C %5 4V $G ER T >pJs $r 6& M- $9 $k $3 $H $, $G $- $l $P !$ A4 BN $N =h M} ;~ 4V $N Bg I} $J :o 8: $r 4| BT $G $- $k !% $3 $l $r <B 8= $9 $k $K $O !$ 0l $D $N 4I M} %N !< %I $, A4 7W ;; %N !< %I $N ER T >pJs $r 0l 85 4I M} $7!$ 4I M} %N !< %I $H A4 7W ;; %N !< %I 4V $G E, @Z$J F1 4| $r $H $j $J $, $i ER T >pJs $N 99 ?7 $r 9T $& J} K! $, 9M $( $i $l $k !% $7 $+ $7!$ $3 $N J}K!$G$O !$7W;;%N!<%I$NBf?t$,A}2C$7$?>l9g$K!$F14|$KMW$9$k;~4V$,Bg$-$/$J $j !$ 7k2L$H$7$F%*!<%P!<%X %C%I$K$J$C$F$7$^$& !% $= $3 $G K\ 8& 5f $G $O !$ ER T >p Js $N 99 ?7 $r Hs F1 4| $K 9T $& $3 $H $K $h $C $F %* !< %P !< %X %C %I $r 2s Hr $7 $D $D !$ ER T >p Js $r 6& M- $9 $k $3 $H $K $h $C $F A4 BN $N =h M} ;~ 4V $r :o 8: $9 $k !$ Cell Pro jection $K$*$1$k ER T >pJs$N6&M-<jK!$rDs0F$9$k !% 3.2.1 %"%k%4%j%:%‘ 3F7W;;%N!<%I$O!$ 3.1 $G=R$Y$? ER T-table K!$rMQ$$$F ER T =hM}$r%m!<%+%k$K 9T$&$?$a!$$=$l$> $l$N ER T-table $r%m!<%+%k$K;}$D!% $7$?$,$C$F!$ =E$J$kNN0h $rC4Ev$9$k7W;;%N!<%I4V $G!$=E $J$kNN0h$N ER T-table $r6&M-$G$-$l$P$h$$!%6q BN E* $K $O!$ 4I M} %N !< %I $, =E $J $k NN 0h $r ;} $D 7W ;; %N !< %I $+ $i !$ =E $J $k NN 0h $N ER T- table $r =8 $a !$ $= $l $i $N Cf $G deep est $, :G >. $G $" $j !$ $J $* $+ $D terminate $7 $F $$ $k ER T-table $r$b$C$F !$$=$NNN0h $G$N ER T-table $H$7 !$NN0h$r C4Ev$9 $k7W ;;%N!< %I 72 $K JV $9 !% $3 $& $9 $k $3 $H $K $h $j !$ :G $b <j A0 $G terminate $7 $F $$ $k ER T-table $r 6&M-$9$k$3$H$,$G$-$k!% <B :] $K DL ?. $9 $k ER T >pJs $O !$ ER T-table 0l$D $" $? $j !$ <! $N $h $& $J $b $N $K $J $k !% is-terminated ER T-table $, terminate $7 $F $$ $k $+ H] $+ $r I= $9 b o ol CM !%$9$J $o$A !$ count = max count $N$H$-$K true deep est ER T-table $G$N deep est $HF1$8 $3$N>pJs$r !$I,MW$JNN0h?t$@$14IM}%N!<%I$H7W;;%N!<%I4V$GAw<u?.$9$k!% 0J >e $N $h $& $K $7 $F !$ >/ $J $$ DL ?. NL $G ER T >p Js $N 6& M- $r <B 8= $9 $k $3 $H $, $G $- $k !% 3.2.2 9MN8$9$Y$-=t85 6&M-$r9T$&IQEY IQ HK $K ER T >p Js $N6& M- $r9T $&$H !$ ER T $K $h$C$F>J N, $G$- $k %;%k $N?t $, A} $9$3 $H $r 4| BT $G $- $k !% $7 $+ $7 $= $N 0l J} $G !$ ER T >pJs $N 6& M- $K MW $9 $k %3 %9 %H !$ $9$J $o $A ER T >pJs $r DL ?. $G $- $k 7A <0 $K JQ 49 $7!$ 0l 2U =j $K =8 $a !$ $= $N NN 0h $K $*$1$kBeI= ER T-table $rH=Dj$7!$ :F $SJ,G[ $7!$ %m !<%+%k$N ER T-table $KH? 1G$5$;$k !$ $H$$$C $?=hM}$, A}Bg$7!$ scan con v ert =hM}$rK8$2$k$3 $H$K$J$k!% NN0h?t 23

=E$J$kNN0h$rC4Ev$9$k7W;;%N!<%I4V$N$_$G !$=E$J$kNN0h$@$1$rDL?.$9$k$3 $H $OM}A[ E*$G$" $k !%$7$+$7 !$=E$J$kNN 0h$r4I M}$9$k %3%9%H !$ =E$J$kNN0h$@ $1$rFCDj$7$FDL?.$9$k$N$KMW$9$k%3%9%H$r9MN8$9$kI,MW$,$"$k !% $3$l$i$NI>2A$K$D$$$F$O !$Bh 5 >O$GI>2A$r9T$& !% 3.3 $^$H$a K\>O $G $O!$ Cell Pro jection $K$* $1$k ER T <jK! $H$7 $F!$ ER T-table K!$r Ds0F $7 $?!%$^$? !$ ER T-table K!$rJBNs Cell Pro jection $K$*$$$FMQ$$$k>l 9g$K$*$1$k9b B.2=<j K!$H$7 $F!$ ER T >pJs$N6& M-<jK! $rDs 0F$7 $?!% Bh 5 >O$G$O!$ $3$l $i$N I>2A $r9T$& !% 24

Bh 4 >O F0E*Ii2YJ,;6 4.1 Ii2YJ,;6J}<0 2.8 $G=R $Y $? Ii 2Y $N Hs 6Q 9U $r 2r 7h $9 $k $K $O!$ Ii 2Y J, ;6 $, I, MW $H $J $k !% Ii 2Y J, ;6 J}<0$O !$$$$D9T$&$+$H$$$&E@$GFs$D$KJ,N‘$G$-$k!%0l$D$O!$K\=hM}$r9T$&A0$K A4=hM}6u4V$G$NIi2YNL$rD4$Y !$3F%W%m%; %C%5$,6QEy$JIi2Y$rC4Ev$9$k$h$&$KJ, ;6$5$;$k @EE*Ii2YJ,;6 $G$"$k!%$b$&0l$D$O !$K\=hM}$r<B9T$9$k2aDx$NCf$GIi2Y $NHs6Q9U$r8!CN$7 !$%W%m%; %C%54V$G$NIi2Y$r6QEy$K$9$k$h$&Ii2Y$r$d$j<h$j$9 $k F0E*Ii2YJ,;6 $G$"$k!% @EE* Ii 2Y J, ;6 J} <0 $G $O!$ Ii 2YJ, ;6 =h M} $H K\ =h M} $H $, L@3N $K J, $+ $l $F $$ $k $? $a!$ $=$l$>$l$N=hM}$r=8Cf$7$F9T$&$3$H$,$G$-$k!%$7$+$7 !$K\=hM}$N<B9T;~$KIi2Y >u67$,JQ2=$7$F$7$^$&$h$&$JBP>]$K$OBP1~$G$-$J$$!% 0lJ}!$F0E*Ii2YJ,;6J}<0$G$O!$Ii2YJ,;6=hM}$HK\=hM}$H$,JB9T$7$F9T$o$l$k $?$a !$8_$$$N=hM}$r43>D$7$F $7$^$& !% $7$+$7 !$K\=hM}$N<B9T;~$K$*$1$kIi 2Y>u 67$NJQ2=$KBP1~$G$-$k$3$H !$$^$?K\=hM}$N3+;OA0$KIi2Y$,$I$l$/$i$$$K$J$k$+ J,$+$i$J$$>l9g$K$*$$$F$b !$Ii2Y$N6Q9U$r$H$k$3$H$,2DG=$G$"$k!% V olume Rendering =h M} $G $O !$ ;k E@ $N JQ 99 $, IQ HK $K MW 5a $5 $l $k !% $3 $N $H $- !$ 2.8 $G=R$Y$?$h$&$K !$%*%V%8 %’ %/%H$r8+$k3QEY$K$h$C$FIi2Y$N>u67$OJQ2=$9$k!%$7 $?$,$C$F !$$"$k3QEY$G$OIi2Y$N6Q9U$,$H$l$F$$$?$H$7$F$b!$JL$N3QEY$G$OHs6Q 9U$K $J $k$H 9M $($i $l$k !% V olume Rendering =h M}$r <B ;~4V $K9T $& $H$$ $& $3$H $O !$ 1 IC$K 30 2s2h A| $r =P NO $9 $k $H $$ $& $3 $H $G $" $k !% $h $C $F!$ ;k E@ $, JQ 2= $9 $k $? $S $K!$ K\=hM}$NA0$K@EE*Ii2YJ,;6$r9T$&$H !$Ii2YJ,;6=hM}$,%*!<%P!<%X %C%I$K$J$C$F $7$^$$ !$<B;~4V@-$rC#@.$G$-$J$$$H9M$($i$l$k!% 0J>e$NM}M3$K$h$j !$ K\8&5f$G$OF0E*Ii2YJ,;6J}<0$r:NMQ$9$k!% 4.2 J}?K $^ $: !$ Ii 2Y J, ;6 $N =h M} C1 0L !$ $9 $J $o $A 2? $r $b $C $F Ii 2Y $H $9 $k $+ !$ 2? $r %W %m %; %C %54V$G$d $j<h$j$9 $k$+ !$$r7hDj$9$k !% Cell Pro jection $K$*$$ $F$O !$Ii2YJ,;6$N =h M}C1 0L $H $7 $F %; %k$N scan con v ert =h M} !$@8@. $5 $l $? ra y-segmen t $r 9g@. $9 $k =h M} !$$NFs $D $, 9M$( $i $l $k !%$7$+ $7 !$ scan con v ert =h M} $H 9g@. =h M} $N $=$l $> $l $KMW $9 $k ;~ 4V$r Hf 3S $7$? $H $3 $m !$ scan con v ert =h M} $NJ} $, B? $/$N ;~ 4V $r MW$9 $k $3$H$,J,$+$C$? $?$a !$K\8&5f$G$O scan con v ert =hM}$rIi2Y J,;6$N=hM}C1 0L$H$9 25

$k!%<B:]$K$O !$%;%k$r%W%m%; %C%54V$G$d$j<h$j$9$k$3$H$K$J$k!% K\8&5f$K$*$1$kF0E*Ii2YJ,;6$N4pK\J}?K$O!$0J2<$NDL$j$G$"$k!% %W%m%; %C %5%N!<%I9=@. Ii 2Y J, ;6 $r 4I M} $9 $k $? $a $N 4I M} %N !< %I (Con trol No de : CN ) $r 0l Bf !$;D $j $N %W%m %;%C%5$O JB Ns Cell Pro jection $r9T $&7W ;; %N!< %I (W orking No de : WN ) N Bf$H$9$k !% CN $O!$ :G =* 7k 2L $G $" $k 2h A| $r =P NO $9 $k %N !< %I $G $b $" $j !$ $^ $? Bh 1 >O$G =R $Y $?%7%_ %e %l!<%7%g%s$N%$%s%?%i%/%7%g%s$r;J$kF~=PNO%N!<%I$G$b$"$k !% Ii2Y0\Aw$N%?%$%_%s%0 %; %k$N scan con v ert $,Ii2YJ,;6 $N=hM}C10L $G$"$k$?$a !$7W;;%N!<%I$N ;D$j %;%k$,$I$l$/$i$$$K$J$C$?$H$-$KIi2Y$N0\Aw$r9T$&$+$H$$$&E@$r9M$($J$1 $l $P $J $i $J $$ !%M} A[ E* $K $O !$ scan con v ert $H F0 E* Ii 2Y J, ;6 $r %* !< %P !< %i%C %W$7$F 9T $& $3 $H $, $G $-$l $P!$ WN $N%" %$ %I%k ;~ 4V $r :o 8: $9 $k$3 $H $, $G $- $k!% $9$J$o $A!$ ;D $j%; %k $,>/ $J $/$J $C $F$- $? WN $O !$ A4 $F$N %; %k$r =h M}$7 ?T $/ $9A0$K%;%k$NMW5a$rH/9T$9$k$3$H$G !$%;%k$N<u?.BT$A$r2sHr$G$-$k!% $H$3$m $,!$ <B:] $K $OB? $/ $N%; %k $,$^ $@ ;D $C $F $$$k >l 9g$G $b!$ ER T $N8z 2L$K $h$C $F$= $l$i $N%;%k $NBg H>$, =hM} $7$J$$ $G:Q $‘>l 9g!$ $d$O$j WN $O%"%$ %I %k$K$J$C$F $7$^$& !% $H$O$$$(!$ Aa$9 $.$k%; %k$N<u$1 EO$7$O!$ Aw?.B& WN $N %; %k$rAa4|$K8: $i$9$3$H$K$J $j !$ Ii2Y$NHs6Q9U$N2r>C$,IT ==J,$K$J$k !%$D $^ $j !$ ;~4V$KBP$9$k%;%k$N8:>/ N($OHsO"B3E* $G$"$k$?$a !$Ii2Y0\Aw$N%?%$ %_%s%0$O0lMM$K7hDj$G$-$J$$ !% 0J>e $N M} M3 $H <B Au $N C1 =c $5 $r M% @h $5 $; !$ K\ 8& 5f $G $O !$ WN $, %" %$ %I %k $K $J $C $?;~E@$G%;%k$NMW5a$r$9$k$H$$$&C1=c$JJ}?K$r:NMQ$9$k !% <u$1EO$7$9$k%;%k$NNL 0l2s$N%;%k$N0\Aw$K$D$- !$$I$l$@$1$N%;%k$r<u$1EO$7$9$k$+!$$9$J$o$AIi 2YJ,;6$NN3EY$r$I$N$h$&$KDj$a$k$+$r7hDj$9$k !%$3$l$O!$JBNs=hM}$K$*$1 $k%9%1%8 %e !<%j%s%0LdBj$HF1Ey$G$"$j !$ <!$N$h$&$JJ}?K$,9M$($i$l$k!% static sc heduling <u $1 EO $7 $9 $k %; %k $N NL $O $" $i $+ $8 $a 0l Dj NL $K 7h $a $F $*$/ guided self-sc heduling :G=i $OB? $/ $N%; %k $r0\ Aw$7!$ <!Bh $K8: $i $7$F $$ $/ J,;6%a%b%j7?JBNs7W;;5!$G$O !$DL?.G=NO$,7W;;G=NO$KBP$7$F05E]E*$KITB- 26

$7$F$$$k !%$7$?$,$C$F!$DL?.2s?t$O$G$-$k$@$18:$i$7!$0lEY$KBg$-$J%G!< %? $rAw<u?.$9$k $3$H$,A4BN$N =hM}B.EY$N8~ >e$K$D$J$,$k !%$D$^$j !$ N3EY$, Bg$-$$J}$,$h$$ !% static sc heduling $K $* $$ $F N3 EY $r Bg $- $/ $9 $k $H !$=hM} $N =* HW $K $* $$ $F !$Dj $a$i$l$?0\AwNL$h$j$b;D$j%;%k$NNL$,2<2s$k$3$H2DG=@-$,9b$/$J$k !%$7$? $,$C$F !$F0E*Ii2YJ,;6$,9T$o$l$k2s?t$,8:>/$7!$Ii2Y$NHs6Q9U$,2~A1$5$l $J$$ !% 0l J} !$ guided self-sc heduling $G$O !$;D$j%;%k $NNL$K 1~$8 $?N3EY $G !$0\AwNL $, =@Fp $K7h Dj$5 $l$k !%$7$?$,$C$F !$K\8&5f$G $O !$ guided self-sc heduling $r :NMQ$9$k !% 6qBN E* $K $O !$ 0\ Aw ;~ E@ $K $* $1 $k !$ ;D $j %; %k $N 1 =x $r 0\ Aw $9 $k $3 $H $K $7!$ x $K $D$$$F$O !$<BB,$7$?7k2L$K4p$E$$$F7hDj$9$k!% $I$N WN $+$i<u$1<h$k$+ %"%$ %I %k $K $J $C $? WN $O!$ ;D $j WN $NCf $N $I $N WN $+$i %; %k $r <u $1 <h $l $P 8zN($,$h$$ $N$+ $r85$K!$ Aw ?.85 WN $rA*Br$9 $kI,MW $,$" $k!% $3 $l$K $D$$ $F $O !$<!@a0J9_$G>\$7$/8!F$$9$k!% 4.3 Aw?.85 WN $NA*Br K\ 8& 5f $G $O !$F0E* Ii 2Y J, ;6 ;~ $K $* $1 $k !$Ii 2Y $N 0\ Aw 85 WN $N A* Br $K $D $$ $F !$ 0J2<$N$b$N$r9M$($k!% 4.3.1 random $^$@ scan con v ert $7$F$$$J $$%; %k$, 0l Dj?t 0J>e ;D $C $F$$ $k WN (busy %N!<%I : W N busy $H8F$V ) $NCf$+$i!$ CN $,%i%s%@%‘ $K0lBf $rCj =P$7!$ %; %k$N Aw?.85 $H$9 $kJ}?K$G$"$k!%0J2<$G$O !$$3$NJ}?K$r random $H8F$V!% $3$NJ}?K$K$O !$C1$K W N busy G[Ns$+ $iMWAG$r0l$D<h $j=P$9$@$1$J$N$G !$Aw?. 85$r7hDj$9$k%3%9%H$,$[$H$s$I$+$+$i$J$$$3$H !$<BAu$,MF0W$G$"$k$H$$$&MxE@ $,$"$k0lJ} !$%i%s%@%‘$JA*Br$J$N$G!$8zN(LL$G$NJ]>Z$,A4$/$J$$$H$$$&7gE@$, $"$k!% 4.3.2 max-remain W N busy G[Ns $N$&$A$G !$$=$N;~E@$K$* $$$F:G$b;D $j%;%k$,B? $$ WN $r %;%k$N Aw?.85$H$9$kJ}?K$G$"$k!%0J2<$G$O !$$3$NJ}?K$r!$ max-remain K!$H8F$V!% $3$NJ}?K $O !$ Cell Pro jection $,4pK\E* $K$O%;%k ?t$K$h$C$F=h M}NL$,7h Dj$5$l 27

$k$3$H$r9M$($k$H !$:G$bD>Y#E*$J$b$N$G$"$k!%$=$N;~E@$K$*$1$k:GBg$N;D$j%; %k$r ;} $D WN $NIi 2Y $, 4K OB $5 $l $k $3 $H $K $J $j !$ $5 $i $K guided self-sc heduling $r MQ$$ $F $$$k $? $a!$ $= $N ;~ E@$G $N :G $bBg $- $J N3 EY$G %; %k $, 0\Aw $5 $l $k $3$H $K $J $j !$ Ii2Y$N6Q9U$K$D$J$,$k$H9M$($i$l$k!% 0lJ}$G!$0\Aw85$r7hDj$9$kI,MW$,@8$8$kEY$K!$$=$N;~E@$K$*$1$k;D$j%;%k$N NL$,4v $D$+$H $$$&>. $5$JDL ?.$r W N busy A4BN $K9T$& I,MW$, $"$j !$ WN $N Bf?t$, A}Bg$7$?>l9g$K CN $X$NDL?.$,;&E~$7$F$7$^$&$H$$$&7gE@$,$"$k!% 4.3.3 b ounding-b o x $3$3 $G!$ $I $N$h $& $J Aw?. 85 WN $rA* $Y $P!$ <u?. $9 $k WN $K$H $C $F8z N( $, NI$$ $+$K$D$$$F=R$Y$k!% %;%k$N scan con v ert =hM} $K$*$$$F$O !$%W%m%;%C%5$,8= :_;}$C$F$$$k%; %k !$$= $l $i$r scan con v ert $7 $? 7k2L $G $" $k ra y-segmen t %j %9%H $K BP $7 $F !$?7$?$K $I $s $J%;%k$r scan con v ert $9 $k$K$;$h !$8zN($NE@$G4XO" $O$J$$ !%$7$?$,$C$F !$$I$N WN $rA*$s$G$b8zN($K4X$7$F:9$O$J$$!% 0l J}!$ ra y-segmen t $N It J, 9g @. $K 4X $7 $F $O !$ Bg $- $J :9 $, @8 $8 $k !% Nc $( $P!$ <u ?. B& WN $K$*$$$F!$ 4{$K $"$kDx EYIt J,9g @.$,9T $($F $$$kNN 0h$, $"$k>l 9g$K!$ $=$N NN0h30$K$"$k%;%k$r<u?.$7$?$H$7$F$b !$85 !9 ItJ,9g@.$N9T$($F$$$?NN0h$KBP$7 $F9W 8% $9 $k$3 $H $O $J$$ !%ItJ,9g @. $, $G$- $J $$ ra y-segmen t %j %9%H $, A} $($k $@ $1 $G$"$k!% $= $3 $G!$ =E $J $k NN 0h $r ;} $D WN $+$i %; %k $r <u ?. $9 $l $P!$ <u ?. $7 $? %; %k $N Cf $K !$ H4 $1 $N $" $k %j %9 %H $r Kd $a $k %; %k $, B8 :_ $9 $k 2D G= @- $, $" $j !$ $= $& $7 $? >l 9g !$ Bg I} $K ra y-segmen t %j%9 %H $r C; $/ $9 $k $3 $H $, 2D G= $G $" $k !% Nc $( $P !$ ?^ 13 $K $* $$ $F P 1 $H P 2 $,=E$J$kNN0h A $r;}$C$F$$$k>l 9g!$$= $NNN0h4V$G%;%k $N0\Aw$r$9$k$H$h $$!% $^ $? !$ H4 $1 $r Kd $a $k %; %k $, $J $$ $K $; $h !$ FC Dj $N NN 0h $r >/ ?t $N %W %m %; %C %5 $K =8 Cf $9 $k $3 $H $, $G $- $k $? $a!$ It J, 9g @. $r 9T $( $k 3N N( $, A} Bg $7!$ A4 BN $H $7 $F ra y-segmen t %j%9%H$NC;=L$K$D$J$,$k!%$7$?$,$C$F !$:G=*9g@.$K$*$1$kDL?.NL$N:o8:$K9W8% $7 !$A4BN$N=hM};~4V$rC;=L$9$k$3$H$,$G$-$k!% $^$? !$ ER T $K$* $$$F$b!$ 3.2 $G=R$Y$?$h$&$K !$=E$J$kNN0h$rC4Ev$9$k WN $+ $i%;%k$r<u?.$9$k$3$H$K$h$j !$ ER T $K$h$k8z2L$,H/4x$G$-$k3NN($,8~>e$9$k!% 0J>e$N$h$&$JM}M3$+$i !$C4Ev$9$k%;%k$N%9%/%j!<%s>e$G$NNN0h$,=E$J$k WN $r!$ Aw?. 85 WN $KA*$V$3 $H$K$h $C$F!$ 8zN( $NNI$$ %;%k$N 0\Aw $,2DG= $K$J $k$H9M $($i$l $k!% $3$N 9M$($K 4p$E $/J} ?K$r!$ b ounding-b o x $H8F$V!% 0J2< $G$O!$ $3 $N 28

?^ 13: =E$J$kNN0h$r;}$D WN J}?K$N%"%k%4%j%:%‘$HF@<:$K$D$$$F=R$Y$k!% NN0h$N;;=P ;O $a $K!$ 3F WN $,C4 Ev $9 $k %; %k $N!$ %9 %/ %j !< %s :B I8 7O $K $* $1 $k NN 0h $r 5a $a $k !% NN0h$N5a$aJ}$O !$<!$NFsDL$j$,$"$k!% 0l$D$O!$K\8&5f$O!$?tCM%7%_ %e %l!<%7 %g %s$HO"7H$7$?2D;k2=$G$"$k$3$H$rMx MQ$7$F !$%7%_ %e %l!<%7 %g %s$K$*$1$kNN0hJ,3d>pJs$r3hMQ$9$kJ}K!$G$"$k!%$3$N >l9g !$%*%V%8 %’ %/%H:BI87O$GM?$($i$l$kNN0h>pJs$r%9%/%j!<%s:BI87O$K:BI8JQ 49$9$k$3$H$G !$3F WN $,;}$D%;%k$NNN0h$rF@$k$3$H$,$G$-$k!% $b $& 0l $D $O !$ 2D ;k 2= B& <+ ?H $G NN 0h >p Js $r 7W ;; $9 $k J} K! $G $" $k !% $3 $N J} K! $O !$ %7 %_ %e %l!<%7 %g %sB&$+$iNN0h$K4X$9$k>pJs$,F@$i$l$J$$>l9g$d !$K\8&5f0J30$NJB Ns Cell Pro jection $K$* $$$F $O I,A3 E* $J $b$N $G $"$k !% 6q BNE* $K $O!$ 3F WN $K$* $$ $F!$ <+ ?H $N ;} $D %; %k $r 9= @. $9 $k D: E@ A4 $F $+ $i!$ %9 %/ %j !< %s :B I8 7O $K $* $1 $k x; y ; z 3F:BI8 $N:GBg CM!$ :G >.CM $r5a$a $k$3 $H$G!$ $=$N WN $,;}$DA4$F $N%; %k$r0O $‘NN 0h$G$"$kD>J}BN ( b ounding-b o x ) $,F@$i$l$k!% =E$J$k WN $N8!=P <!$K!$ W N i $K$*$$$F !$=E$J$kNN0h$r;}$D WN $N=89g ( dup i ) $r5a$a$k!% $$ $^!$ W N 1 $H W N 2 $H$N NN 0h boundar y 1 ; boundar y 2 $K$* $1 $k =E $J $j $N H= Dj $r 9M $( $k !% 3F boundar y $O !$ $= $l $> $l %9 %/ %j !< %s :B I8 7O $K $* $1 $k :B I8 CM top; l ef t; bottom; r ig ht $rJ];}$9$k$H$7$?>l9g !$0J2<$N<0$rK~$?$9>l9g$O=E$J$j$,$J$$!% ( r ig ht 1 < l ef t 2 ) [ ( l ef t 1 > r ig ht 2 ) [ ( bottom 1 < top 2 ) [ ( top 1 > bottom 2 ) (5) %l %s %@ %j %s %0 $N K\ =h M} $K @h N) $A !$3F WN $N b ounding-b o x >p Js $r CN $K =8 $a 29

$F$*$/$3$H$K$h$j !$ =E$J$k WN $N8!=P=hM}$H scan con v ert $H$O%*!<%P!<%i %C%W $7$F9T$&$3$H$,2DG=$G$"$k!% %;%k$N0\Aw W N i $, %" %$ %I %k >u BV $K $J$C$? $H $- !$ CN $O dup i $+ $i WN $r 0l $D Cj =P $7 !$%; %k$NAw?.85$H$9$k!%$3$N$H$- !$$I$N$h$&$K$7$FCj=P$9$k$+$K$h $C$F8zN($,JQ$o $k!% Nc $( $P !$ b ounding-b o x >p Js $K 1| 9T $- J} 8~ $N :G Bg :G >. CM $b 4^ $a $F $" $k $J $i $P !$ W N i $h $j $b <j A0 $N NN 0h $r ;} $D WN $+ $i %; %k $r 0\ Aw $9 $k $3 $H $G !$ It J, 9g @. $d ER T $,$G$-$k2DG=@-$,9b$^$k!%$"$k$$$O!$ 4.3.2 $N max-remain K!$HAH$_9g$o$;$k$3 $H$b2DG=$G$"$k!% F@<: D9=j$K$D $$$F $OK\@a $NKAF, $G=R$Y $?DL$j !$ =E$J $j$N $"$kNN 0h$r;} $D WN 4V$G $N%;%k $N0\ Aw $O!$ It J,9g @.!$ :G =* 9g@.!$ ER T $N8zN( $r8~ >e$5 $;$k E@$G $" $k!% 0J 2<$G$O !$C;=j$K$D$$$F=R$Y$k!% $^$: !$ K\J}<0 $O!$ 3F WN $NC4Ev$9$k%;%k$,!$ $"$k DxEY6u4V E*$KJP $C $F$$$k>l 9g$K$N$_M-8z$G$"$k!%Nc$($P !$?tCM%7%_ %e %l!<%7 %g %sB&$K$*$$$F !$@EE*Ii2YJ, ;6$H$7$FNN0h$r WN $K%5%$%/%j %C%/J,3d$7$F$$$k >l9g$d!$ F0E*Ii 2YJ,;6$r9T $C $FNN0h$rJ,;6$5$;$F$$$k>l9g$r9M$($k!%$3$N$h$&$J>l9g !$6u4VE*$K6aK5$K$"$k %;%k $O 0[ $J $k WN $KJ, ;6 $7 $F CV $+ $l $F $7 $^ $C $F $* $j !$ b ounding-b o x $,$I $N WN $K$* $$ $F $b ;w $? $b $N $K $J $C $F $7 $^ $C $? $j !$ 3F b ounding-b o x $,Bg $- $/ $J $j $9 $. $k $J$I !$ b ounding-b o x $H$7$F$N0UL#$r@.$5$J$/$J$k !% <!$K!$ WN $,%"%$%I%k$K $J $C $?;~E@ $G!$ =E$J $kNN0h $N WN $,A4%;%k$N =hM}$r =*$($F$$ $k>l9g $r9M$( $k!% $3$N $h$&$J >l9g!$ %"%$ %I%k$K $J $C $? WN $O$I$N WN $rAw?.85$KA*$Y$P$h$$$+$H$$$&LdBj$,$"$k!% $7$? $, $C $F!$ b ounding-b o x J}<0 $O !$ 3F WN $K$" $k Dx EY $^ $H $^ $C $? NN 0h $, 3d $j Ev$F$i$l $F$*$j !$ $J$*$+ $D WN 4V$K=E$J$kNN 0h$,B? $/B8:_$9 $k>l9g $K$N$_!$ M- 8z$J<jK!$G$"$k!% $^$?!$%9%/%j!<%s:BI87O$G$NNN0h$N=E$J$j$rD4$Y$k$?$a!$;k4D6-$,JQ2=$9$k $?$S$K b ounding-b o x $r:F9=C[$9$kI,MW$,$"$k !% 4.3.4 OcT ree 4.3.3 $N b ounding-b o x J} <0 $O C1 =c $G $O $" $k $, !$ =E $J $k NN 0h $r ;} $D WN 4V $G C1 =c $K %; %k $N 0\ Aw $r 9T $& $@ $1 $G $O !$ =E $J $i $J $$ NN 0h $K B0 $9 $k %; %k $r 0\ Aw $7 $F $7 $^ $& 2D G= @- $, $" $k $H $$ $& E@ $K $* $$ $F !$ IT 40 A4 $G $b $" $k !% Nc $( $P !$ ?^ 13 $K $* $$ $F !$ P 1 $, 30

%" %$ %I %k $K $J $C $? $H $- $K!$ P 2 $, B $NNN 0h $+ $i %; %k $r EO $7 $F $7 $^ $& $H !$ NN 0h 4V $N =E$J $j $,$J $$!% $3 $N $h$& $J >l 9g!$ b ounding-b o x J}<0$N Mx E@ $r@8 $+ $9 $3$H $, $G $- $: !$ It J, 9g @. $d ER T $K$h $k 8zN( $N 8~ >e $, K> $a $J $$!% $^ $?!$ H4 $1 $N $"$k %j %9 %H $r Kd $a $k $3 $H $, $G $- $k $J $i $P !$ %j %9 %H $r Bg I} $K =L >. $G $- $k !% $7 $+ $7 !$ b ounding-b o x J}<0$G$O !$%9%/%j!<%s:BI87O$K$*$1$kFCDj$NNN0h$K4^$^$l$k%;%k$N0\Aw$,J]>Z $5$l$F$$$k$N $_$G$"$j !$ $h$j6qBNE*$J0LCV$r FCDj$7$?%;%k $N0\Aw$r9T$&$3 $H$, $G$-$J$$!% $3$l$i$NLdBj$O!$%;%k$N0LCV$r$h$j:Y$+$/;XDj$7$F0\Aw$9$k$3$H$,$G$-$l$P 2r 7h $G $- $k !% $= $3 $G!$ K\ @a $G $O b ounding-b o x J}<0 $r 2~ A1 $9 $k OcT ree J}<0 $K $D $$$F=R$Y$k!% OcT ree ( H,J,LZ ) $H$O !$6u4V$r:F5"E*$KH,J,3d ( x; y ; z J}8~ ) $9$k$3$H$K$h$C $F%*%V%8 %’ %/%H$N7A>u$rI=8=$9$k%G!<%?9=B$$G$"$k!%6u4V$r@j$a$k%G!<%?$NNL $K1~$8$FE,1~ E*$KJ,3d$r7+ $jJV$7$F$$$/$3 $H$K$h$j !$ 8zN(E*$K7A>u$rI=8= $9$k $3$H$,2DG=$G$"$k!% K\ J} <0 $G $O !$$3 $N OcT ree $r MQ $$ $k $3 $H $K $h$C$F %; %k $N %* %V %8%’%/ %H :B I8 7O $K$* $1 $k 0L CV 4I M} $r 9T $& !% $9 $J $o $A!$ K\ 8& 5f $K $* $1 $k JB Ns Cell Pro jection $G$O!$ 4pK\E*$K%;%k$N%9%H%l!<%8$H$7$F%=!<%H:Q$_$N0l<!85G[Ns$rMQ$$$F$$$k$N$KBP $7 !$K\J}<0$O!$ OcT ree $r%;%k$N%9%H%l!<%8$H$9$k!% %G!<%?9=B$ 3F WN $G!$ ;O $a $K 6u $N OcT ree ( r o ot ) $rMQ 0U $7 $F $* $/ !% $= $7 $F!$ <+ ?H $N C4 Ev $9 $kA4$F$N%;%k$r !$ OcT ree $K3JG<$7$F$$$/ !%K\8&5f$GMQ$$$k OcT ree $N%G!<%?9= B$$O<!$NDL$j$G$"$k!% cells 3JG<$7$F$$$k%;%k$X$N%]%$%s%?G[Ns c hildren ;R$NItJ, LZ$X $N%] %$%s %? G[Ns!% OcT ree $J$N$G!$ 8 MWAG$+$i @.$k G[Ns spa wn enough <+?H $, ;} $D %; %k $N NL$N :G Bg CM !% c el ls $NNL $, $3 $N CM $rD6 $( $k $H J,3d$r9T$$ !$ childr en $K%;%k$r0z$-7Q$0 max descen t J,3d$r9T$&:GBgCM %"%k%4%j%:%‘ $"$kItJ,LZ T $K$*$1$k%;%k c $NA^F~$O !$<!$N$h$&$K$7$F9T$o$l$k!% � T $,4{$K;R$r;}$C$F$$$k$J$i$P!$ { c $r0O$‘ b ounding-b o x b c $r5a$a$k { b c $rFbJq$9$k T $N;R t $r childr en $+$iC5$9 !% 31

$b$7!$ Fb Jq $9 $k ;R $,$$ $J $$!$ $9 $J $o$A c $,J# ?t$N ;R $r 2# CG $9 $k>l 9g $O!$ T $N c el ls $K c $rA^F~$7!$=*N;$9$k { t $KBP$7$F !$:F5"E*$K c $NA^F~$r9T$& � T $K;R$,$$$J$$>l9g$O!$<+?H$N c el ls $K c $rDI2C$9$k 3F WN $O !$<+?H $, ;}$C$F $$ $k %; %k A4 $F $r r o ot $K BP $7 $F A^ F~ $9 $k $3 $H $K $h $j !$ OcT ree $N9=C[$r9T$& !%$3$N9=C[$O!$ Cell Pro jection $NA0=hM}$H$7$F9T$& !% F@<: K\J} <0 $G $O!$ OcT ree $r%; %k $N %9%H %l !< %8 $H $7$F MQ $$ $k $3 $H$K $h $j !$ FCDj $N NN 0h$K $" $k %; %k $r MF 0W $K;X $9 $3 $H $, 2D G= $K $J $k!% $^ $?!$ OcT ree $N:GBg J, 3d ?t $G $" $k max desc ent $r Bg$-$/$9$k $3$H$G !$$h$j:Y$+$JNN0h ;XDj$,2DG=$K $J$k !%$5$i $K !$%;%k$N0\Aw;~$K$OItJ,LZ$4$H0\Aw$9$k$3$H$K$h $C$F !$FCDj$NNN0h$K$"$k%; %k$r0l3g$7$F0\Aw$9$k$3$H$,2DG=$G$"$k!% $7$?$, $C $F!$ =E $J$j$N $"$k WN 4V$G!$ ?? $K=E $J $C$F $$$k NN0h$K B0$9$k %;%k$@ $1 $r0\ Aw $9 $k $3 $H $,2D G= $G $" $k !%Nc $( $P !$?^ 14 $K $*$$ $F !$ P 1 $H P 2 $N=E $J $k NN 0h D $@ $1 $r ;XDj $9 $k $3 $H $,$G $- $k !%$^ $? !$ W N i $GH4 $1 $N $" $k%j %9 %H $, B8:_ $9$k $H $-!$ H4 $1 $r Kd $a $k %; %k c $r ;} $D W N j $r8+ $D $1 $k $3 $H $, $G $-!$ $5 $i $K c $r E*3N$K W N i $K0\Aw$9$k$3$H$b2DG=$G$"$k !% ?^ 14: OcT ree $G$NNN0h;XDj $^ $? !$ OcT ree $O %* %V %8 %’ %/ %H :B I8 7O $G 9= C[ $9 $k $? $a !$;k 4D 6- $, JQ 2= $7 $F $b OcT ree 9=B$ $r 99 ?7$9 $k I, MW $O $J$$ !% $3 $N E@ $G!$ OcT ree J}<0 $O b ounding-b o x J} <0$h$j$bM%0L$G$"$k!% 0l J}!$ $b $7 A0 =h M} $H $7 $F OcT ree $r 9= C[ $9 $k $N $K MW $9 $k ;~ 4V $, Bg $- $1 $l $P !$ K\ J}<0 $G $N %* !< %P !< %X %C %I $H $J $k!% OcT ree $r:F 9= C[ $9 $k $N$O %G !< %? $, JQ 99 $5 $l $? 32

$H$-$N$_$G$" $j !$ ;k4D6-$,JQ99$5$l$?$H$-$K $O:F9=C[$7$J $$$G$h$$$3$H$r 9M$( $k$H!$ K\ J} <0 $O!$ IQ HK$K 99 ?7 $5 $l$k %G !< %? $r@8 @. $9 $k 7O $K$* $$ $F $O E,$5 $J $$ $,!$ %G!<%?$N99 ?7IQEY$,Dc$/ !$MM !9 $J;k4D6-$G2D;k2=$r9T$&$h$& $J>l9g$K$OE, $7$F $$$k$H$$$($k!% 4.4 $^$H$a K\>O$G$O!$Ii2YJ,;6$H$7$FF0E*Ii2YJ,;6$rMQ$$$k$3$H!$%;%k$rIi2Y0\Aw$NC1 0L$H$9$k$3$H !$;M$D$NJ}?K$N8!>Z$r9T $C$?!%<!>O$G$O !$$3$l$i$NJ}?K$NI>2A$r 9T$& !% 33

Bh 5 >O I>2A 0J >e $G =R $Y $F $- $? ER T !$ BSP Comp osition T ree !$3F F0 E* Ii 2Y J, ;6 $N 8z 2L $K $D$$$F !$$^$?$=$l$i $rAm9g $7$?>l 9g$N I>2A$r 9T$& !% I>2A4D6- $O !$I= 1 $NDL$j $G $"$k!% I= 1: I>2A4D6- Bf?t CPU <g5-21 %M%C%H%o!<%/ OS JBNs%i%$%V%i%j 8 P en tium4 3GHz 1GB 1000BASE-T Lin ux 2.4.21 LAM-MPI 6.5.9 I> 2A $K MQ $$ $? ;0 <! 85 %G !< %? $O !$ @5 >o <T $N F0 L. 5] $K BP $7 $F %; %0 %a %s %F !< %7 %g %s $r 9T$J$C$?8e $N , inp 7A <0$N UCD(Unstructured Cell Data) %G!<%? 1) $G$"$j !$ 3F%; %k $N 7A >u $O ;M LL BN $N Hs 9= B$ 3J ;R $G $" $k !% %; %k ?t $O 307565 !$ !$ D: E@ ?t $, 62475 $G$" $j !$ 3FD:E@$O$=$l$>$l05NO CM P ( N =m 2 ) !$B.EY%Y%/%H%k v ( m=s ) $rIbF0>.?tE@7? $N?t CM %G!< %? $H $7$F ;} $D!% $3 $N%G !< %? $r2D ;k 2= $7$? Nc $r!$ ?^ 15 $K<($9 !% K\ 8& 5f ?^ 15: F0L.5]%G!<%? $G$O!$ ER T $K$h$k 8z 2L$r 8+$k $? $a!$ EAC# 4X?t $O ITF) L@EY $r 9b$a $K@_ Dj $9$k!% 6q BNE*$K$O!$ 4X?tCM$r JQ498e$N ITF)L@EY $NJ?6QCM $, 0.265 $K$J$k$h$&$K@_Dj $7$?!% $3$N%G!<%?$G$O!$A4$F$N%;%k$HD:E@$,0l$D$N%U %! %$%k$H$7$F=8$a$i$l$F$$$k $?$a!$ K\ 8& 5f$N L\ E*$G $" $k%7 %_ %e%l!< %7 %g %s$H O" 7H$7 $? 2D;k 2= $rLO Jo $9$k $h $& !$ 3F WN $K$" $i $+ $8 $a J, G[ $7 $F $* $/ I, MW $, $" $k!% 4.3.3 $G=R $Y $? $h $& $K!$ %; %k $N J, 1) inp 7A<0 $N UCD %G!< %? $O!$ HF MQ 2D ;k 2= %= %U %H %& %’ %" A VS $GMQ $$ $i $l $F $$ $k %U %!%$%k 7A <0 $G $"$k !% 34

;6 G[ CV $O K\ Mh !$ ?t CM %7 %_ %e %l !< %7 %g %s B& $K 0M B8 $9 $k $,!$ <B :] $N %7 %_ %e %l !< %7 %g %s $K$*$$$F$O !$6aK5$N%;%k$OF1$8%W%m%; %C%5$KCV$/$3$H$,B?$$$H9M$($i$l$k!%$7 $? $, $C $F K\ 8& 5f $G $O !$ 0J 2< $N $h $& $K $7 $F 6u 4V E* $K 6a K5 $K $" $k %; %k $r =8 $a !$ 3F WN $KJ,G[$9$kJ}<0$r$H$k!% 1. A4%;%k$+$iG$0U$N%;%k c 0 $rCj=P$9$k 2. c 0 $r9=@. $9$k ;MD: E@ $N$& $A!$ ;0 D:E@ $r4^ $‘%; %k $rC5 :w$9 $k$3 $H$G!$ c 0 $KNY @\$9$k%;%k$N=89g neibor 0 $r8+$D$1$k !% $3$N$H$- !$ neibor 0 $NMWAG$N$&$A !$4{$K8+$D$+$C$F$$$k%;%k$O=|30$9$k 3. 3F neibor 0 $KBP$7$F !$ 2 $HF1MM$K$7$FNY@\%;%k$rC5:w$9$k 4. 0J9_!$I}M%@hC5:w$HF1MM$NC5:w$rB3$1$k$3$H$G!$6aK5$N%;%k$N=89g$rF@$k $3$H$,$G$-$k 0J>e $N =h M}$r WN $NBf?t J, $@ $1 9T$& $3 $H $K $h$j !$ 3F WN $K3d $jEv $F $k %; %k$N =89g $rF@ $k!% $3 $N$H $-!$ 3F WN $KF1?t $N %;%k $r 3d $jEv $F $k!% 3F WN $K3d $j Ev$F $i $l $F $$ $k %; %k $r !$ Cell Pro jection K!$K $h $C $F 2D ;k 2= $7 $? $b $N $r !$ ?^ 16 $K <( $9 !% 1 2 3 4 5 6 7 8 ?^ 16: 3F WN $,;}$D%;%k <! $K !$ I> 2A $r 9T $& ;k 4D 6- $K $D $$ $F =R $Y $k !% 6u 4V E* $K JP $C $? %; %k $N J, G[ $r 9T $C $? $?$a !$;kLn3Q$K$h $C$F%;%kNN0h$N=E$J$j$,B?$$>l9g$H>/$J$$>l9g$,@8$8$k!%$3 $l$^ $G=R $Y $F$- $? $h$& $K!$ =E $J $j$N EY 9g$$ $O!$ ER T $dItJ, 9g@. $K Bg$- $J 1F6A $r M? $( $k !%$7$? $,$C$F !$ scan con v ert $K 4X $9 $k I> 2A $K 4X $7 $F $O !$ (A) =E $J $j $N >/ $J$$ ;k Ln 3Q!$ (B) =E$J $j $N B? $$ ;k Ln3Q $NFs DL $j $K $D$$ $F 9T $& ( ?^ 17) !% ?^$N C; 7A $O !$3F WN $, ;} $D A4 %; %k $N b ounding-b o x $r I=$7 $? $b $N $G $" $k !%?^ 16 $O !$ (A) $N;k4D6-$K$*$1$k2D;k2=$NNc$G$"$k!% 35

(A) (B) ?^ 17: ;k4D6- 5.1 Ii2Y$NHs6Q9U ;O$a$K M= HwI> 2A$H $7$F!$ A0=R $N$h $&$K J,;6 G[CV $7$? %G !<%? $r!$ JB Ns Cell Pro- jection $K$h$C$F2D;k2=$r9T$&$H$-$NIi2Y$NHs6Q9U$K$D$$$FD4$Y$k!% I>2A$O!$ 3F WN $,<+?H$N C4Ev$9$k %;%kA4 $F$r scan con v ert $7=*$($k$^$G $N;~ 4V T sc $r7WB,$9$k !%;k4D6-$O!$ (A) !$ (B) $N N>J}$rMQ$$ !$$=$l$>$l$N%9%/%j!<%s 2rA|EY$O!$ (A) $, 900 � 300 !$ (B) $, 300 � 300 $H$9$k!%7k 2L$r?^ 18 $K<($9 !% 2# <4$O WN $N%N!<%IHV9f !$=D<4$O T sc ( sec ) $G$"$k !% ?^ 18: 3F WN $G$N scan con v ert ;~4V T sc ( sec ) $$$:$l$N;k4D 6-$K$*$$$F$b !$F1?t$N%;%k$r=h M}$7$F$$$k$N $K$b4X$o$i$: !$A4 36

%;%k$r scan con v ert $9$k;~4V $KBg$-$J:9$, $"$k !%$9$J$o$AIi2Y$NHs6Q 9U$,@8$8 $F$$$k$3$H$,J,$+$k!% 5.2 ER T $^$: !$ ER T $K$h$k !$ scan con v ert =hM}$N>JN,$N8z2L$K$D$$ $F8!>Z$9$k !%K\I> 2AA4BN$K$*$1$k>r7o$O !$<!$NDL$j$G$"$k!% � terminate $9$kogCM$r!$ 0.9 $HDj$a$k � ER T $N$_$N I> 2A $r9T $& $?$a!$ 0l Bf $N%W %m %; %C %5$K $* $$$F A4 %; %k$r =h M} $9$k � $=$l$>$l$N%9%/%j!<%s2rA|EY$O !$ (A) $, 300 � 100 !$ (B) $, 300 � 300 5.2.1 ER T-table $NBg$-$5 !$99?7$N%3%9%H ER T-table $N Bg $- $5 $O !$%9%/ %j !< %s $N J, 3d ?t $K $h$C$F 7h Dj $5 $l $k !%$7$? $,$C $F!$ E, @Z$J ER T-table $NBg$- $5$r 7hDj $9 $k$? $a!$ %9%/ %j!< %s $N0l JU$N J, 3d?t D $rJQ2=$5$;$?$H$-$N !$ � A4%;%k$r scan con v ert $7=*$($k$^$G$N;~4V T sc � A4 ER T-table $r0lEY99?7$9$k$N$KMW$9$k;~4V T update � ER T $K$h$C$F scan con v ert $r>JN,$G$-$?%;%k?t N $K$D$$$F !$I>2A$r9T$& !% I>2A>r7o$O!$<!$NDL$j$G$"$k!% � ER T-table $N99?7$O !$A4%;%k?t$N 1 = 10 4V3V$G9T$& � ItJ,9g@.$O9T$o$J$$ � ;k4D6-$O !$ ER T $N8z2L$,82Cx$G$"$k (B) $G9T$& 7k 2L $r?^ 19(1) !$ (2) $K <( $9 !% (1) !$ (2) $H $b $K 2# <4 $O D $G $" $j !$ (1) $N:8 =D <4 $O T sc ( sec ) $r !$1&=D<4$O T update ( msec ) $G$"$j !$ (2) $N=D<4$O N ( 8D ) $G$"$k !% $3$N%G!<%? 5Z$S;k4D6-$G $O !$ D = 20 $N$H$- !$$9$J$o$AI}$H9b$5 $, 15 $G$"$k ER T-table $N$H $- $K!$ T sc $,:G $b >. $5 $/ !$ $+ $D N $,:G $b Bg $- $/ $J $j !$ :G NI $G $" $k 0l J} $G !$ T update $O ;0 HV L\ $K >. $5 $J CM $G $" $j !$ %P %i %s %9 $, $H $l $F $$ $k !% $3 $N $3 $H $+ $i!$$$$?$:$i $KJ,3d?t$r>e$2$F $b!$%;%k $, ER T-table $NCf$K<}$^$j$-$i$J$$$? $a$K ER T $N8z2L $O=P $: !$ $‘ $7 $m ER T-table $N99 ?7$K MW $9$k ;~4V $, scan con v ert $NK8 $2 $H $J $C $F $$$k $3 $H $, J,$+ $k!% ?^ 20 $O!$ Ej 1F $5 $l$? %; %k $N x; y J}8~ $N :GBg $N D9 $5 $N J, I[ ?^ $G $" $k !% $3 $N ?^ $+ $i !$ B? $/ $N %; %k $r Ej 1F $7 $? Bg $- $5 $, 15 � 15 $N HO0O $K <} $^ $C $F$$ $k $3 $H $, J, $+ $j !$ D = 20 $G:G E, $G $" $k $3 $H $H 0lCW $9 $k !% $7 $? $,$C$F !$M?$($i$l$?%G!<%?$KBP$7!$2D;k2=$NA0=hM}$H$7$F%;%k$NBg$-$5$NJ?6Q CM$r D4$Y $F $*$-!$ $= $NJ? 6Q CM$h $j $b>/ $7 Bg$- $$ CM$K D $r@_Dj $9$k $N $,$h $$ $H8@ 37

(1) T sc ; T update (2) N ?^ 19: ER T-table $NBg$-$5 !$99?7$N%3%9%H $($k!% ?^ 20: %;%k$NBg$-$5$NJ,I[ $5$i $K =EMW $J $N$O !$ ER T-table $N99 ?7 $KMW $9 $k;~ 4V $, !$A4 scan con v ert ;~ 4V $N 0 : 1% $K$b K~ $? $J $$ E@ $G $" $k!% $7 $? $, $C $F!$ K\ <j K! $G $O!$ E, @Z $J ER T-table $N Bg $- $5 $r A* Br$9 $k $3 $H $K $h $j !$ scan con v ert $N K8 $2$K $J $i $: $K !$@-G= 8~ >e $r <B 8=$9$k$3$H$,2DG=$G$"$k$H$$$($k!% 38

5.2.2 ER T-table $N99?7IQEY K\8&5f$G$O !$%;%k$N scan con v ert $r2?2s$+9T$& EY$K !$A4 ER T-table $r99?7$9 $kJ} K! $r$H $k !%$=$3 $G !$$$$/$D %; %k$r scan con v ert $9 $kEY $K !$ ER T-table A4 BN $r99?7 $9 $k$+ $r8! >Z$9 $k!% ER T-table 99?74V 3V$r!$ ( $= $N;~ E@$K $* $1$k A4%; %k?t ) = Dj?t C $H$7 !$ C $rJQ2=$5$;$?>l9g$K$*$1$k !$ � A4%;%k$r scan con v ert $7=*$($k$^$G$N;~4V T sc � ER T $K$h$C$F>JN,$G$-$?%;%k$N scan con v ert ?t N $K$D $$ $F 9T$& !%>r7o$K $D$$ $F $O A09‘ $H F1MM $K !$ ER T-table $NBg $- $5$O !$A09‘ $N 7k2L$h$j D = 20 $H$9$k!%7k2L$r !$I= 2 $K<($9 !% I= 2: ER T-table $N99?7IQEY C 10 100 1000 10000 100000 T sc (sec) 91.93 118.5 226.96 578.749 575.325 N ( 8D ) 135352 104415 35731 25294 25294 M=A[$K H?$7 !$C;$$4V3V$G 99?7 $9$kJ} $, N $, >/$J$$ !%$9$J $o$A !$ scan con v ert $r >J N, $G $- $? %; %k ?t $, >/ $J $$ !% $3 $N M} M3 $H $7 $F !$ Fs E@ 9M $( $i $l $k !% $^ $: !$ IQ HK $K ER T-table $r99 ?7 $9 $k $3 $H $K $h $C $F!$ ra y-segmen t %j%9 %H $r $? $I $k 2s ?t $, A} $( $k E@ $G $" $k !% $9 $J $o $A!$ scan con v ert $, ?J $‘ $K $D $l !$ %j %9 %H $N D9 $5 $O C1 D4 A} 2C $9 $k $?$a!$IQHK$K ER T-table $r99?7$9$k$3$H$NMxE@$,$J$/$J $C$F$7$^ $C$F$$$k!%$7 $?$,$C$F !$ItJ,9g@.$r9T$&$3$H $K$h$j !$ 2~A1$,4|BT$G$-$k !%$b$&0l$D$O !$K\Mh $J$i$P ra y-segmen t %j%9%H$NA0 $NJ}$G terminated $KC#$9$k$K$b4X$o$i$: !$ IQHK $K ER T-table $r99 ?7 $9 $k $3 $H $K $h $j !$ deepest $,2a >j $K Bg $- $/ $J $C $F $7 $^ $& E@ $G $"$k!%$3$l$K$D$$$F$b !$ItJ,9g@.$r9T$&$3$H$K$h$k2~A1$,8+9~$a$k!%$^$?!$99 ?7$K$h$C $F deepest $,Bg$-$/$J$k>l9g!$ $=$N 99?7$rGK4~ $9$k$3$H$b 9M$($i$l$k!% 5.2.3 ItJ,9g@.$K$h$k ER T $X$N1F6A A09‘ $rF’ $^$( !$ 2.6.1 $G =R$Y $? !$ItJ,9g@. $K$h $k ER T $N<} B+$N Aa4| 2= $K$D $$ $FI>2A$r9T$& !% I>2ABP>]!$>r7o$OA09‘$HF1$8$G$"$k!% ER T-table $N99?7$K@hN)$C$F !$ItJ,9g@.$r9T$&>l9g$N7k2L$rI= 3 $K<($9 !% T sc $K4X$7 $F !$ C $, 1000 $^$G$N HO0O$G !$ItJ,9g@.$7 $J$$>l 9g$KBP$7 $F 2 G\Dx EY $N @- G= 8~ >e $, 8+ $i $l $k !%$^ $? !$ N $K 4X $7 $F $b !$ C $K BP $9 $k 8: >/ $, 4K $d $+ $K 39

I= 3: ItJ,9g@.$K$h$k ER T $X$N1F6A C 10 100 1000 10000 100000 T sc (sec) 50.93 43.99 94.59 540.56 523.21 N ( 8D ) 206506 217851 201631 197974 192013 $J$C$F $* $j !$ ItJ, 9g @. $K $h $k ra y-segmen t %j %9 %H $N =L >. $N 8z 2L $, =P $F $$ $k !%0l J} !$ C > 1000 $N HO 0O $G $O T sc $, It J, 9g @. $r $7 $J $$ >l 9g $H F1 Dx EY $K $J$C$F $* $j !$ <BMQE*$G$O$J$$!% 0J>e =R $Y$F $- $? !$ItJ,9g @. $NM- L5 $K$D $$ $F $NHf 3S $r !$?^ 21 $K $^$H $a $F <($9 !% 2# <4 $O log 10 C $G $" $j !$ =D <4 $O N ; T sc $G $" $k !% N $K $D $$ $F $O !$CM$, Bg $- $$ $[ $I ?^ 21: ER T $K$*$1$kItJ,9g@.$NM-L5 scan conevrt $r>JN, $G$- $?%; %k$, B?$$ $3$H $r<( $9 !% 5U $K!$ T sc $K$D$$ $F$O!$ CM$, >. $5$$ $[ $I !$ scan con v ert $KMW $7 $? ;~4V $, >/ $J $/$F :Q $‘ $3 $H$r <( $7 $F$$ $k !%$3 $N$h$&$K !$ C = 100 $G$I$A$i$NCM$K4X$7$F$b:GNI$G$"$k$3$H$,J,$+$k !% 5.2.4 ER T $K$h$k scan con v ert =hM}$N:o8: 0J>e$N7k2L$r4p$K!$ ER T $r9T$&>l9g$H9T$o$J$$>l9g$NHf3S$r9T$& !% 40

;k 4D 6- $O ?^ 16 $K <( $7 $? (A) !$ (B) $N N> J} $r BP >] $H $9 $k !% It J, 9g @. $r 9T $$ !% ER T $r9T $& >l 9g!$ A0 9‘ $^ $G $G F@ $i $l $? CN 8+ $+ $i!$ D = 20 !$ C = 100 $H$9 $k!% I> 2A $O!$ A4%;%k$N scan con v ert ;~4V T sc $K$D$$$F9T$C$? !%7k2L$rI= 4 $K<($9 !% I= 4: ER T $K$h$k scan con v ert =hM}$N:o8: P P P P P P P P P P P P ;k4D6- ER T $NM-L5 L5$7 M-$j (A) 49.34 39.06 (B) 169.87 43.99 NN0h $N=E $J$j $N >/$J $$ (A) $G$O!$ ER T $K$h$k 8z 2L$, $"$^ $j =P$J $$0l J} $G!$ NN 0h$N=E$J$j$NB?$$ (B) $K$*$$$F$O !$ 3 : 86 $N9bB.2=$rC#@.$7$?!% 5.3 ER T >pJs$N6&M- <!$K!$ ER T >pJs$N6&M-$K$h$k!$ scan con v ert =hM}$N>JN,$N8z2L$K$D$$$F8!>Z $9$k!% K\8&5f$G$O!$<!$N$h$&$K$7$F ER T >pJs$N6&M-$r<BAu$7$? !% � JBNs Cell Pro jection $r9T $C $F $$$k 3F WN $O!$ <+ ?H $, scan con v ert $7$?%; %k $r c ount JQ?t$G?t$($F$*$/ � c ount $,0lDjNLA}2C $9$kKh$K !$ scan con v ert $rCfCG$7 !$<+?H$N;}$DA4 ER T- table $r CN $KAw?.$9$k � CN $O!$A4 WN $K$*$1$k ER T-table $N=89g T $r4IM}$9$k � CN $O!$ Aw $i $l $F $- $? ER T-table $N=8 9g t $H!$ $= $N ;~ E@ $K $* $1 $k T $H$r %^ !< %8$9$k � CN $O !$%^!<%8$7$? ER T-table $N=8 9g$r !$A4 WN $K%V %m!<%I%- %c %9 %HAw?. $9$k 0J>e $N 7k 2L!$ $" $k WN $G$N ER T-table $r!$ Dj $a $? 4V 3V $G A4 WN $K6& M- $9 $k $3$H $,2DG=$K$J$k!% K\I>2A$K$*$1$k>r7o$O!$<!$NDL$j$G$"$k!% � terminated $KC#$7$?$H$_$J$9ogCM$r!$ 0.9 $HDj$a$k � 8 Bf$K$h$kJBNs Cell Pro jection 41

� ER T >pJs $N 6& M- $N $_ $N I> 2A $r 9T $& $? $a !$ JB Ns Cell Pro jection $K$* $$ $F Ii 2Y J,;6$r9T$o$J$$ � $=$l$>$l$N%9%/%j!<%s2rA|EY$O !$ (A) $, 900 � 300 !$ (B) $, 300 � 300 $^ $: !$ ER T >p Js $N 6& M- $r 0l EY 9T $& $N $K !$$I$l $@ $1 $N ;~ 4V $r MW $9 $k $+ $r D4 $Y $k !% $9$J$o$A !$<!$N=hM}$KMW$9$k;~4V T shar e $r7WB,$9$k !% 1. W N i $NA4 ER T-table $N9=B$BN$r !$ MPI $GAw?.2DG=$J%G!<%?7?$KJQ49 2. W N i $+$i CN $X !$JQ49:Q$_ ER T-table %G!<%?$rAw?. 3. CN $O!$<u?.$7$?%G!<%?$r4p$K T $r99?7 4. CN $O!$A4 WN $K99?7:Q$_$N ER T-table %G!<%?$r%V%m!<%I%- %c %9%HAw?. 5. 3F WN $O!$<u?.$7$? ER T-table %G!<%?$r4p$K<+?H$N ER T-table $r99?7 I>2A>r7o$O!$<!$NDL$j$G$"$k!% � ItJ,9g@. !$ ER T !$ ER T >pJs$N6&M-$r9T$& � 8 Bf$G$NJBNs Cell Pro jection � ;k 4D 6- $O (A) !$ (B) N> J} $K $D $$ $F 9T $$ !$ $= $l $> $l $N %9 %/ %j !< %s 2r A| EY $O 900 � 300 ; 300 � 300 $H$9$k I> 2A $N 7k 2L !$ (A) $G $O T shar e = 2 : 5 msec !$ (B) $G $O T shar e = 0 : 6 msec $H $J $j !$ Hs>o$K 9bB.$K ER T >pJs$N 6&M-$, 9T$( $F$$ $k!% $7 $?$, $C$F!$ T shar e $OA4=hM} ;~4V $KBP$7 $F== J,$K >. $5$/ !$ ER T >pJs$N 6&M- $K$O!$ $[$\ %*!< %P!< %X %C %I$, $J$$ $H$$ $($k!% K\ 8& 5f $G $O !$ =E $J $k NN 0h $r ;} $D WN 4V$N $_ $G ER T >pJs $r 6& M- $9 $k J} ?K $O $H $i $: !$ A4 $F $N WN $G 6& M- $9 $k J} K! $r :N MQ $7 $F $$ $k !% $3 $N >l 9g !$ NN 0h ?t D $O!$ ER T- table $NBg$-$5$G7hDj$5$l$k!%$9$J$o$A !$ D = ( w idth scr een =w idth er t � table ) � ( heig ht scr een =heig ht er t � tabl e ) $7$?$,$C$F !$$3$NI>2A$O 5.2.1 $N7k2L$K=>$& !% 5.3.1 ER T >pJs$N6&M-$K$h$k scan con v ert =hM}$N:o8: 0J>e$N 7k2L $r4p $K!$ ER T >pJs$N6& M-$r9T $&>l 9g$H 9T$o $J$$ >l9g $NHf3S $r9T $C $?!%7k2L$r !$?^ 22 $K<($9 !%2#<4$O WN $N%N!<%IHV9f !$=D<4$O T sc ( sec ) $G$"$k !% =E$J$j $N>/$J $$ (A) $K$*$$$F $O!$ $o$: $+$K=E $J $C $F$$$k W N = 1 ; 4 !$ W N = 6 : 7 $G!$ ER T >p Js $N 6& M- $K $h $k 9b B. 2= $, 8+ $i $l $k !% $= $l $K Hf $Y $F!$ =E $J $j $N B? $$ (B) $K$* $$ $F $O !$ A4 WN $K $* $$ $F Bg I} $J @- G= 8~ >e $, 8+ $i $l $k !% Cf $G $b !$ W N = 7 $K4X$7$F$O !$ 1.99 G\$N9bB.2=$K@.8y$7$F$$$k!% 42

(A) (B) ?^ 22: ER T >pJs$N6&M-$K$h$k scan con v ert =hM}$N:o8: 0J>e $N7k 2L$h $j !$ ER T >pJs$N 6& M-<j K!$O!$ %; %kNN 0h$N =E $J$j $,B? $$ >l9g $KHs >o$KM-8z$G$"$k$3$H$,J,$+$C$?!%:#8e !$Bf?t$rA}$d$7$?>l9g!$$5$i$K$K=E$J$k NN0h $, A} $( $k $3 $H $r 9M $( $k $H!$ ER T >pJs $N 6& M- <j K! $O!$ JB Ns Cell Pro jection $K $*$$$FHs>o$KM-8z$J<jK!$H$$$($k!% 5.4 BSC <!$K!$ C1=c $J0l2U =j=8Cf 9g@.$H!$ BSC $G$N9g@. $H$NHf 3S$r9T $& !% I> 2A$O!$ A4 WN $K $* $1 $k scan con v ert $, =* N; $7 $? ;~ E@ $+ $i !$ CN $G :G =* 9g @. $, 40 N; $9 $k $^ $G$KMW$9$k;~4V T cp $r7WB,$9$k !%I>2A>r7o$O!$<!$NDL$j$G$"$k!% � F0E*Ii2YJ,;6 !$ ER T !$ ER >pJs$N6&M-$O9T$o$J$$ � 8 Bf$K$h$kJBNs Cell Pro jection � :G =* 9g @. $K $* $1 $k DL ?. NL!$ DL ?. ;~ 4V $r 8+ $k $? $a!$ (A) !$ (B) $N N> J} $K $D $$ $F!$ $^$?It J,9g @. $r 9T$o $J $$ >l9g X !$ 9T $&>l 9g Y $K$D $$ $FI> 2A $r9T $& !% $= $l$> $l$N%9%/%j!<%s2rA|EY$O !$ (A) $, 900 � 300 !$ (B) $, 300 � 300 $H$9$k I>2A7k2L$r!$?^ 23 $K<($9 !% ItJ,9g @.$r9T$o $J$$ X $G $O !$ ra y-segmen t %j %9%H$, D9$$$? $a !$:G=*9g@.$K MW $9$k DL ?. NL$, B? $$!% $7 $? $, $C $F!$ BSC $K$h $k 8z2L $, Bg $- $/ !$ (A) !$ (B) APJ} $K $* $$$FLs 4 G\$N@-G=8~ >e$rC# @.$7$F$$ $k!% $^$?!$ ItJ, 9g@.$r 9T $C$F$$ $k Y $K$*$$ $F$b !$Ls 3 G\$N@-G=8~>e$,8+$i$l$k!% $^$?!$<BAu$NMF0W$5$K4X$7$F$NI>2A$H$7$F!$$=$l$>$l$N>l9g$K$*$1$k%W%m%0 %i%‘ $N 9T ?t $r ?t $( $k!% <B Au $O C++ $rMQ $$ $F 9T $C $F $* $j !$ C1 =c $J 0l 2U =j =8 Cf 9g @. 43

?^ 23: 9g@.J}K!$NHf3S T cp $G $O!$ 49 9T $G $" $k $N $K BP $7 !$ BSC $G $O 130 9T $G $" $C $? !% $7 $? $, $C $F !$ BSC K!$O !$ MF0W$K<BAu$G$- !$$J$*$+$D?tG\$N@-G=8~>e$rC#@.$G$-$k!% 5.5 F0E*Ii2YJ,;6 K\@a$G$O !$ 4.3 $G=R $Y$?Aw?.85 WN $N A*BrJ}K!$K$D$$$F !$I>2A$r9T$& !% $^$: !$ OcT ree J}<0$NI>2A$r9T$C$?8e$K!$B>$NA*BrJ}K!$K$D$$$FI>2A$r9T$& !% 5.5.1 OcT ree ;O$a $K !$:F5"E* J, 3d $r9T $& :G Bg $N?< $5 max descent 5Z $S OcT ree $K A^ F~ $9$k %;%k $N ?t $r JQ2= $5 $; $? >l 9g $K$* $1 $k!$ OcT ree $N9=C[ ;~ 4V $N I>2A $r 9T $C $?!% I> 2A $O!$ 0lBf $N %W %m%; %C %5$G 9T $C $?!% $^ $?!$ OcT ree $N9=C[ $O %*%V %8 %’ %/%H 6u 4V$G 9T $o$l$k$?$a !$;k4D6-$OL54X78$G$"$k!%7k2L$r?^ 5.5.1 $K<($9 !% $3 $N 7k 2L $h $j !$ OcT ree $N 9= C[ $K MW $9 $k ;~ 4V $O !$ WN $N ;} $D A4 %; %k $r scan con- v ert $9$k ;~ 4V$K Hf $Y$F == J,$K >.$5 $/ !$ scan con v ert =h M} $N%* !<%P !< %X%C%I$K $O $J$i$J$$$3$H$,J,$+$k!% <! $K !$ OcT ree $r %; %k $N %9 %H %l !< %8 $H $7 $? >l 9g $K $* $1 $k !$ 3F WN $G $N scan con- 44

?^ 24: OcT ree 9=C[;~4V T buil d v ert ;~4V$r7WB,$9 $k!% 3F WN $G$O!$ $= $N;~E@ $G$N;k 4D6-$K $*$$$F <jA0B& $K$"$k It J, LZ $+ $i =g $K!$ :F 5" E* $K OcT ree $K 4^ $^ $l $k %; %k $r scan con v ert $9$k !% $3 $& $9 $k$3 $H $K$h $j !$ ;k 4D 6- $, JQ2= $9 $k EY$K %; %k $N %=!< %H $r $d $jD> $9 I, MW $,L5 $/ $J $k!% $"$k ;k 4D 6- $K $* $1 $k It J,LZ $N Av :: =g $O!$ ?^ 25 $N$H $* $j $G$" $k !% $3 $N =g =x $r 5a $a $k$K$O !$<!$N$h$&$K$9$k!% ?^ 25: ItJ,LZ$NAv::=g 45

1. %*%V %8 %’%/ %H:B I8 7O $G$N Z J}8~%Y %/ %H%k v o $H!$ ;k 4D6- $K CV $1$k ;k @~ $NJ} 8~ %Y%/%H%k v e $H$N3QEY r ad $r5a$a$k 2. r ad $, !$ 45 + (90 � n ) $rD6$($k$H !$ItJ,LZ$NAv::=g$,JQ2=$9$k 3. $3$NAv::=g$O!$ 360 = 90 = 4 DL$j$G$"$k$?$a!$ Av::=g $r 8 MWAG$+$i@.$k@EE* G[Ns$H$7$F 4 DL$jMQ0U$7$F$*$- !$ r ad $K$h$C$F$=$l$i$r;2>H$9$k 0J >e $N J} K! $K $h$C$F !$ OcT ree $G $N scan con v ert ;~ 4V T sc $K $D $$ $F I> 2A $r 9T $& !% I>2A$O!$ W N 1 $rMQ$$ !$;k4D6-$O (B) $H$7 !$%9%/%j!<%s2rA|EY$O 300 � 300 $G$" $k !%%9 %H%l !< %8$r DL >o$N G[ Ns $H$7 $? >l9g $H !$ OcT ree $H $7 $?>l 9g $K $D$$ $F !$ max descent $rJQ2=$5$;$FHf3S$r9T$$ !$7k2L$rI= 5 $K<($9 !% I= 5: OcT ree $G$N scan con v ert ;~4V (sec) max descent 2 3 4 5 DL>o$NG[Ns T sc 8.61 12.19 30.72 130.51 3.31 DL >o $N G[ Ns $N >l 9g $H Hf $Y !$ OcT ree $N J} K! $K $* $$ $F Bg I} $K @- G= Dc 2< $, @8 $8 $F $$$k !% max descent $,>.$5$J>l 9g$K$*$1$k 860x$H$7$F $O !$6u4VJ,3d$,Bg$-$$$? $a !$ItJ,LZ$K4^$^$l$k%;%k$N =g=x$,Cx$7$/ $P$i$P$i$G$"$j !$ %;%k$r%=!<%H$7$F $$ $J $$ $3 $H $K $h$C$F It J, 9g @. $H ER T $r 9T $& N( $, Dc 2< $9 $k $3 $H $, 9M $( $i $l $k !% max descent $,Bg $- $J >l 9g $K $* $1 $k 86 0x $H $7 $F $O!$ It J, 9g @. $H ER T $r9T $& N( $O 8~>e $9 $k 0l J} $G!$ OcT ree $rAv :: $9 $k ;~4V $K $h $k %* !< %P !< %X %C %I $K $h $C $F @- G= $, Dc2< $7$F$$ $k$H 9M$( $i$l$k !%=>$C$F !$ max descent $r Bg$- $/$9 $k$3$H $J$/ !$ 3F ItJ,LZ$G%;%k$r%=!<%H$9$kJ}K!$r;n$_ !$7k2L$rI= 6 $K<($9 !% I= 6: 3FItJ,LZ$G%=!<%H$9$k OcT ree $G$N scan con v ert ;~4V (sec) max descent 2 3 4 5 DL>o$NG[Ns T sc 5.35 9.57 29.60 135.21 3.31 $H $3 $m $, !$ 3F max descent $N CM $K $* $1 $k 2~ A1 $O Hy >. $G $" $j !$ max descent = 5 $K $* $$ $F $O $‘ $7 $m %= !< %H $7 $J $$ >l 9g $h $j $b @- G= $, Dc 2< $7 $F $$ $k !% $3 $N 86 0x $O !$ 3F ItJ,LZ$G$N%;%k$N%3%T!< !$%=!<%H$KMW$9$k;~4V$,%*!<%P!<%X %C%I$K$J$C$F$$$k $+$i$G$"$k$H9M$($i$l$k!% 46

0J>e $N 7k 2L $+$i!$ DL >o $N G[Ns J} <0 $K Hf $Y$F %* !< %P !< %X %C %I $, Bg $-$9 $. $k $? $a!$ K\8&5f$G$OF0E*Ii2YJ,;6J}<0$H$7$F$O:NMQ$7$J$$!% OcT ree $r9= C[ $7 $F $b %; %k $O %= !< %H $7 $F $* $/ $3 $H $,!$ <B MQ E* $J @- G= $r H/ 4x $9 $k $?$a $K I,MW $G $" $k!% $7 $?$, $C $F!$ OcT ree J}<0 $r2~ A1 $9 $k J}K! $H $7 $F$O!$ ;k 4D 6- $,JQ2= $9$k EY$K3F WN $O<+?H $N;} $DA4 %;%k$r %=!< %H$7!$ %= !<%H :Q$_$N %;%k $NG[ Ns$r J] ;} $7!$ OcT ree $G$O $= $N G[Ns $N MW AG $X $N %]%$ %s %? $K $h $C $F!$ %; %k$r 4I M} $9 $k$H$$$C$?J}K!$,9M$($i$l$k!% 5.5.2 3FJ}<0$NHf3S 5.5.1 $G4~5Q$7 $? OcT ree J}<00J30 $N F0E* Ii2Y J, ;6J} <0$K $D $$$F!$ I> 2A$r 9T $& !% K\I>2A$K$*$1$k>r7o$O !$<!$NDL$j$G$"$k!% � 8 Bf$K$h$kJBNs Cell Pro jection � It J, 9g @.!$ ER T $r9T $& !% 3F J} <0 $N Hf 3S $N $_ $r 9T $& $? $a!$ ER T >pJs $N 6& M- $O 9T$o$J$$ � ;k 4D 6- $O (A) !$ (B) N> J} $K $D $$ $F 9T $$ !$ $= $l $> $l $N %9 %/ %j !< %s 2r A| EY $O 900 � 300 ; 300 � 300 I>2A $O!$ 3F WN $G$N scan con v ert ;~4V T sc !$ A4 =h M} ;~ 4V T al l $r7W B, $7!$ 3F ;k 4D 6-$G$N7k2L$r !$$=$l$>$l?^ 26 $N (A) !$ (B) $K<($9 !% (A) (B) ?^ 26: 3FJ}<0$NHf3S %i %s %@ %‘ J} <0!$ max-remain J} <0 $K $* $$ $F $O !$ A4 WN 4V$G $N Ii 2Y $N 6Q 9U $, C# @. $5$l$F$$$k$3$H$,J,$+$k!%Ii2Y$N6QEy2=$K4X$9$kJ]>Z$,A4$/$J$$%i%s%@%‘J}<0 $K $* $$ $F $5$( !$Ii2Y $N Hs 6Q 9U $, 2~ A1 $5 $l $F $$ $k $3 $H !$$=$7 $F max-remain J} <0 47

$KBg$- $/Nt $k$3$H $O$J $$$3 $H$+ $i!$ F0E* Ii2YJ, ;6$O Aw?. 85 WN A*Br$N%*!< %P!< %X%C%I$,>/$J$$J}$,M-Mx$G$"$k$3$H$,J,$+$k!% $= $7 $F !$:G $b<+ A3 $J %" %W %m !< %A $G $" $k max-remain J} <0 $K $* $$ $F !$:G$b CY $/ =* N; $9 $k WN $K $* $1 $k scan con v ert ;~ 4V $, C; $$ !%K\ 8& 5f $G $O !$A4 WN $N scan con v ert $,=* N; $7 $? 8e $K :G =* 9g @. $r 9T $& J} K! $r :N $C $F $$ $k $? $a!$ A4 =h M} ;~ 4V $, :G $b CY $/ scan con v ert $r =* N; $9 $k WN $K $h$C$F 7h Dj $5 $l $k $? $a !$ max-remain J} <0$,:GNI$G$"$k$3$H$,J,$+$k!% <!$K!$ =E$J $j $NB? $$ (B) $K$* $$$F!$ b ounding-b o x J}<0 $G$O Ii2Y $N Hs6Q 9U$, 2~ A1$5 $l $F $$ $J $$!% $3 $l $O!$ b ounding-b o x J} <0 $, =E $J $j $N $" $k WN 4V $G $N $_!$ %; %k$N0\Aw $r9T $C$F $*$j !$ =E$J$j $N$"$k WN $,=*N;$7$?;~E@ $G%;%k $N0\Aw $,9T$o $l$J$$0lJ} $G!$ B>$NNN 0h$rC4Ev $9$k WN $O$^$@ scan con v ert =hM}$r40N;$7 $F$$ $J$$$H$$$&>u67$,860x$G$"$k!% 0J >e $N 7k 2L 5Z $S 9M ;! $K $h $j !$ K\ I> 2A $K $* $$ $F $N :G NI $G $" $k max-remain J} <0 $H !$ b ounding-b o x J} <0 $r AH $_ 9g $o $; $k $3 $H $G !$99$J $k @- G= 8~ >e $, 4| BT $G $- $k !% $9 $J $o $A !$0J 2< $N $h $& $J %" %k %4 %j %: %‘ $K $h$C$F !$ W N idl e $K BP $9 $k Aw ?. 85 WN W N f r om $rA*Br$9$k!% � W N idl e $H=E $J$kNN0h $r;}$D WN $N=89g dup idl e $,B8 :_$7 !$$J$*$+$D dup idl e $N Cf $K$^ $@ scan con v ert $r 9T$C$F $$$k WN $N =8 9g busy idl e $, B8:_ $9 $k$J $i $P !$ busy idle $KBP$7$F max-remain $K$h$C$F W N f r om $rA*Br$9$k � $=$&$G$J$1$l$P !$DL>o$N max-remain J}<0$K$h$j !$ W N f r om $rA*Br$9$k $3$N J} <0$r max-b ounding J}<0$H 8F $V $3 $H$K $7!$ max-remain J}<0!$ bunding- b o x J}<0 $H $N Hf 3S $r 9T $& !% @h $[ $I $H F1 MM $N >r 7o!$ BP >] $G 9T $C $? 7k 2L!$ (A) $K$* $$ $F$O$[$\JQ$o$i$: !$ (B) $K$*$$$FLs 1% $N@-G=8~>e$,F@$i$l$?!% 5.6 Am9gI>2A K\ 8& 5f $G =R $Y $? J} K! $r A4 $/ E, MQ $7 $J $$ !$Ia DL $N JB Ns Cell Pro jection J} K! X $H !$$3$l$^$G$K=R$Y$F$-$?A4$F$NCN8+$r3hMQ$9$kJ}K! Y !$$9$J$o$A � F0E*Ii2YJ,;6$O !$ max-b ounding J}<0$G � ER T !$ ER T >pJs$N6&M-$r9T$& � :G=*9g@.$K$O BSC $rMQ$$$k $H$NHf3S$r9T$& !% 48

I>2A$O!$ 3F WN $K$*$$$F!$ <+?H$N ;} $C $F$$$? %;%k$H!$ F0 E*Ii2Y J,;6$K $h $C$F <u?. $7 $? %; %k $N Am scan con v ert ;~4V T sc $H!$ :G=* 9g @. $K MW $9 $k ;~ 4V T cp $r7W B, $9 $k$3$H $G9T$& !% ;k4D6- $O!$ (A) !$ (B) $NN>J}$r MQ$$!$ $=$l $>$l $N%9%/ %j!< %s2r A| EY$O !$ (A) $, 900 � 300 !$ (B) $, 300 � 300 $H $9$k !%3F;k4D 6-$G $N7k 2L $r !$$=$l $>$l?^ 27(A) !$ (B) $K<($9 !% (A) (B) ?^ 27: Am9gI>2A X $K $* $$ $F $O !$3F WN $G$N T sc $, $[ $\ T sc $N J? 6Q CM $H $J$C$F$* $j !$ Ii2Y $N Hs 6Q9U$, 2~ A1$5 $l $F$$ $k$3 $H $,J, $+$k!% $^ $?!$ 5.5.2 $G=R$Y $? $h$& $K!$ A4=h M};~ 4V $O:G$bCY$/ scan con v ert $r40N;$7$? WN $K7hDj$5$l$k!% $7$?$, $C $F!$ K\8& 5f$K $h$k@.2L$G$"$k X $O !$ Y $HHf$Y !$ (B) $K$*$$$F 4.32 G\$N9bB.2=$rC#@.$7$? !% $^ $? !$ Y $K $* $$ $F Ii 2Y $N 6Q Ey $, M} A[ E* $K $H $l $F $$ $k >u BV $H $O !$ A4 $F $N WN $K $* $$ $F T sc = T sc $N J? 6Q CM $H$J $k $3 $H $G $" $k !% X $NJ? 6Q CM $O Y $N M} A[ CM $N!$ 1 = 2 : 65 $H$J $C $F $* $j !$ $3 $l $O ER T >pJs $N6& M- $K $h $C $F $b$i $? $5 $l $?!$ JB Ns 2=$f $( $N @- G=8~>e$G$"$k!% <!$K!$ WN ?t N W N $rJQ2= $5$; $? >l9g $N!$ A4 =h M};~ 4V T $K$D$$ $F I>2A $r 9T$& !% I>2A>r7o$O !$<!$NDL$j$G$"$k!% � ItJ,9g@. !$ ER T !$ ER T >pJs$N6&M-$r9T$& � ;k4D6-$O (B) $G9T$$!$%9%/%j!<%s2rA|EY$O 900 � 300 $H$9$k 7k2L$r !$?^ 5.6 $K<($9 !% N W N = 4 $K$*$$ $F 3.31 G\ !$ N W N = 8 $K$* $$$F 5.30 G\$N @-G= 8~ >e$r C# @.$7 $F $$$k !%$3$3 $G !$ N W N = 1 $N>l 9g $, FC$K Dc B. $J$N $O !$ ER T >pJs $N 6&M- $, 1 Bf $G 49

?^ 28: Bf?t8z2L $O9T$($J$$$+$i$G$"$k!% 5.7 $^$H$a$H9M;! K\>O$G$O!$ Ii2Y$NHs6Q9U$,B8 :_$9$k$3$H$N<B>Z!$ Ds0F $9$k ER T-table K!5Z$S ER T >pJs$N6& M-<j K! $NI> 2A!$ F0 E*Ii 2Y J,;6 $NI> 2A$r 9T $C $?!% <!$K!$ @-G= LL $G$N 9M;!$r9T$& !% A0>O$G=R $Y$?DL$j !$ K\8&5f$G9T$C$? <BAu$G$O !$ 30 K|8D$N %;%k$r 300 � 300 $N %9 %/ %j !< %s 2r A| EY $G 8 Bf $K $h $k JB Ns V olume Rendering $r 9T $& $N $K MW $9 $k ;~ 4V $, 5.89sec $G $"$k !%F1MM $N%7 %9%F %‘$G $"$k [8] $G $O !$ 50 K| 8D$N %;%k $r 400 � 400 $N %9 %/ %j !< %s 2r A| EY $G 8 Bf $K $h $k JB Ns V olume Rendering $r 9T $& $N $K MW $9 $k ;~ 4V$, 6.16sec $" $k $3 $H $r 9M $( $k $H !$ K\ 8& 5f $G 9T $C $? <B Au $K $O 2~ A1 $N M> CO $, ;D $5 $l $F$$$k$3$H$,J,$+$k!% K\8&5f$G9T$C$? <BAu$G$N%\ %H%k%M%C%/$O !$%;%k$N scan con v ert $G$"$k !%$3$N 860x $O!$ scan con v ert $7$F @8@. $5 $l $? ra y-segmen t $r ra y-segmen t %j%9%H $K A^ F~ $9$k :]!$ %j %9 %H $r $? $I $k I, MW $, $" $k $3 $H $K $" $k!% $7 $? $, $C $F!$ ra y-segmen t %j%9 %H $N 4I M} $r 8z N( 2= $9 $k $3 $H $G 9b B. 2= $, 4| BT $G $- $k !% Nc $( $P!$ ra y-segmen t %j %9 %H $r Fs J, LZ $d %P %i %s %9 LZ $G 4I M} $9 $k $J $i $P!$ ra y-segmen t $N A^ F~ $, DL >o $N %j %9 %H $H Hf$Y !$ 1 = log N $G9T $( $k !%$3$N $h$& $J 2~A1 $H !$%W%m %;%C%5 Bf?t $r A}2C $5 $;$k $3 $H$K$h $j !$ Bh 1 >O$G=R $Y$?$h $&$J<B ;~4V2D ;k2=4D 6-$K6a $E$/$3 $H$,$G $-$k$H 9M $($i$l$k!% 50

Bh 6 >O $*$o$j$K K\8&5f$K$*$1$k@.2L$O!$<!$NDL$j$G$"$k!% $^$: !$ Hs9=B$3J;R%G!<%?$r =PNO$9$k?tCM %7%_ %e %l!<%7%g%s$H $=$N7k2L$N2D ;k 2=$r9T$&J,;6%a%b%j7?JBNs7W;;5!$K$*$1$k !$Ii2Y$NHs6Q9U$r;XE&$7$?!%$=$7$F <B:]$KI>2A$r9T$C$?7k2L !$3N$+$KIi2Y$NHs6Q9U$,B8:_$9$k$3$H$r<($7$?!% <!$K!$ %= %U%H%& %’%"$G Cell Pro jection $r9T$&%i%$%V%i%j $r@_7W!$ <BAu$7!$ JB Ns2= $r;\ $7 $?!% $J $*!$ $3 $N%i %$ %V%i %j $O!$ %= !<%9 %3 !<%I $r 8x3+ $7 $F$$ $k!% $^ $?!$ Cell Pro jection $K $* $1 $k ER T <jK! $r Ds 0F $7!$ I> 2A $N 7k 2L !$ Ds 0F <j K! $N M- 8z @- $r <( $7 $? !% 2C $( $F!$ JB Ns Cell Pro jection $G $N ER T >pJs $N 6& M- <j K! $r Ds 0F $7!$ JB Ns Cell Pro jection $NBgI}$J9bB.2=$rC#@.$7$? !% $= $7 $F !$<BAu $7 $? JB Ns Cell Pro jection $r MQ $$ $F Ii 2Y $N Hs 6Q 9U $N B8 :_ $r <( $7 !$ F0E*Ii2YJ,;6$K$h$k2r7h:v$rDs0F$7$?!%F0E*Ii2YJ,;6$K$*$$$F$O !$$$$/$D$+$N J} ?K $r Ds 0F $7 !$ I> 2A $r 9T $C $? !% :G 8e $K !$ Ds 0F <j K! $r A4 $F AH $_ 9g $o $; $? >l 9g $H !$ Ds 0F<jK!$rA4$/;H$o$J$$>l9g$H$rHf3S$7$?7k2L !$Ii2Y$N6QEy2=$rC#@.$7!$$J$*$+ $D ER T >pJs$N6&M-$K$h$j !$ JBNs2=FCM-$N9bB.2=$r<B8=$7$?!% :#8e$N2]Bj$H$7$F$O!$0J2<$,9M$($i$l$k!% %U%l!<%‘4V$G$NO"B3@- ?t CM %7 %_ %e %l !< %7 %g %s B& $O 0l Dj $N %? %$ %‘ %9 %F %C %W $G 7W ;; 7k 2L $r =P NO $9 $k !% $3 $N$H$- !$O"B3$7$?%?%$%‘%9%F %C%W$K$*$1$kIi2YJ,;6>u67$KBg$-$J:9$O$J$$ $3$H$r !$F0E*Ii2YJ,;6$KMxMQ$9$k!%$^$?!$;k4D6-$NJQ2=$ODL>oO"B3E*$G$" $j !$ <! $N ;k 4D 6- $K $* $1 $k 2D ;k 2= $r 9T $& :] $K $O !$ Hy >. $J :9 $7 $+ $J $$ $3 $H $r !$ F0 E*Ii2YJ,;6$KMxMQ$9$k !% OcT ree J}<0$N2~A1 5.5.1 $G =R $Y $? $h $& $K !$ OcT ree $N scan con v ert J} K! $N %* !< %P !< %X%C%I $r 2~ A1$7 !$F0E*Ii2YJ,;6J}<0$H$7$FMxMQ$G$-$k$h$&$K$9$k!% Bf?t$rA}$d$7$F$N8!>Z K\ 8& 5f$G Mx MQ$7 $? PC %/ %i%9 %? $O 8 Bf $N$_ $G $"$k !%$h $jB? $$%W %m %;%C%5Bf ?t$K$* $$$F $b!$ K\8& 5f $G=R $Y $? F0E* Ii 2YJ, ;6 J}<0!$ ER T >pJs$N 6&M- <j K!$, M-8z$G$"$k$+$r8!>Z$9$k !% ER T-table K!$N2~A1 K\ 8&5f $GDs0F $7$? ER T-table K!$O !$ ER T-table $NBg $-$5 $rA4$F F1$8$K $7$F 51

=hM}$r9T$C$F$$$k !%A3$k$K!$%\%j %e !<%‘%G!<%?$K$O0lHLE*$K6u4VE*6I=j@- $, $" $j !$ ER T-table $N Bg$- $5 $, 0lDj $G $O !$2D;k 2= $9 $Y$- %G !< %?$, B8 :_ $7$J $$NN0h !$%G!<%?$,L)=8$7$F$$$kNN0h$rEy$7$/07$&$?$a!$8zN($,0-$$!%$7$? $,$C $F!$ ER T-table $NBg$-$5 $r!$ QuadT ree( ;M J,LZ ) $J$I$r MQ $$!$ E,1~ E*$K JQ2=$5$;$k$3$H$K$h$C$F@-G=8~>e$,4|BT$G$-$k !% scan con v ert $N2~A1 ra y-segmen t %j %9 %H $r Fs J, LZ $d %P %i %s %9 LZ $r MQ $$ $k <B Au $r9T$&$3$H$K$h$j !$ scan con v ert $NBgI}$J9bB.2=$,4|BT$G$-$k!% 52

<U<- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? IY ED bC <# 65 <x $K ?< $/ 46 <U $N 0U $r I= $7 $^ $9 !% $^ $? !$F|:"$+$iM-MQ$J5DO@$r$7$FD:$$$?!$IYED8&5f<<3F0L$K46<U$$$?$7$^$9 !% K\8&5f$GMQ$$$?Hs9=B$3J;R%G!<%?$r$4Ds6!$$$?$@$$$?KLN&@hC<2J3X5;=QBg3X 1!Bg3X >>_7 65<x !$EOn4;a$K?5$s$G46<U$$$?$7$^$9 !% 53

;29MJ88% [1] ;3 K\ 6390 B> : M-8B MWAGK!$rMQ $$$??4B! BgF0L.$N?( ?G%7 %e %_%l!<%7%g%s , F| K\%P!<%A %c %k%j%"%j%F %# 3X2qBh 6 2sBg2qO@J8=8 (2001). [2] Lev o y , M.: Displa y of Surfaces from V olume Data, IEEE Computer Gr aph- ics and Applic ations , V ol. 8{3, pp. 29{37 (1988). [3] Max, N., Hanrahan, P . and Cra w�s, R.: Area and V olume Coherence for E�cien t Visualization of 3D Scalar F unctions, Computer Gr aphics (San Die go Workshop on V olume Visualization) , 5, V ol. 24, pp. 27{33 (1990). [4] Lacroute, P . and Lev o y , M.: F ast v olume rendering using a shear-w arp factorization of the viewing transformation, Pr o c e e dings of the 21st annual c onfer enc e on Computer gr aphics and inter active te chniques , A CM Press, pp. 451{458 (1994). [5] W esto v er, L.: In teractiv e v olume rendering, Pr o c e e dings of the 1989 Chap el Hil l workshop on V olume visualization , A CM Press, pp. 9{16 (1989). [6] Chen, L., F ujishiro, I. and Nak a jima, K.: P arallel p erformance optimiza- tion of large-scale unstructured data visualization for the earth sim ulator, Pr o c e e dings of the F ourth Eur o gr aphics Workshop on Par al lel Gr aphics and Visualization , Eurographics Asso ciation, pp. 133{140 (2002). [7] Muraki, S., Lum, E. B., Ma, K.-L., Ogata, M. and Liu, X.: A PC Clus- ter System for Sim ultaneous In teractiv e V olumetric Mo deling and Visual- ization, IEEE Symp osium on Par al lel and L ar ge-Data Visualization and Gr aphics , pp. 95{102 (2003). [8] Ma, K.-L. and Cro c k ett, T. W.: P arallel visualization of large-scale aero- dynamics calculations: A case study on the Cra y T3E, IEEE Par al lel R en- dering Symp osium , pp. 95{104 (1997). [9] P orter, T. and Du�, T.: Comp ositing digital images, Pr o c e e dings of the 11th annual c onfer enc e on Computer gr aphics and inter active te chniques , A CM Press, pp. 253{259 (1984). [10] >> 0f 3X , C] Fb >4 , 0K Ln J8 I’ , 2. 86 7s 0l : N_ @Q IT F) L@ EY $N EA GE $K $h $k JB Ns %\ %j %e !< %‘ %l %s %@ %j %s %0 $N 7W ;; NL :o 8: , ?.3X 5; Js , EE;R >p Js DL ?. 3X 2q , pp. 13{ 18 (2003). 54

[11] F uc hs, H., Abram, G. D. and Gran t, E. D.: Near real-time shaded displa y of rigid ob jects, Pr o c e e dings of the 10th annual c onfer enc e on Computer gr aphics and inter active te chniques , A CM Press, pp. 65{72 (1983). [12] Ma, K.-L., P ain ter, J. S., Hansen, C. D. and Krogh, M. F.: P arallel v olume rendering using binary-sw ap comp ositing, IEEE Computer Gr aphics and Applic ations , V ol. 14, No. 4, pp. 59{68 (1994). [13] UtGO M:<!B> : %\%j %e !<%‘%l%s%@%j%s%0@lMQJBNs7W;;5! ReV olv er $N%"!<%- %F%/%A %c , >pJs=hM}3X2qO@J8;o , V ol. 36{7, pp. 1709{1718 (1995). [14] Lev o y , M.: E�cien t Ra y tracing of v olume data, A CM T r ansactions on Gr aphics , V ol. 9{3, pp. 245{261 (1990). 55