%\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! |{ R eV olver /C40 |{ Ut GO M: <! J? @. 7 G/ 2 7n 15 F| Fb MF 9< 35 %\ %j %e !< %‘ %l %s %@ %j %s %0 $O 3 <! 85 6u 4V $r D> @\ 2 <! 85 2h A| $K Ej 1F $9 $k <j K! $G $" $j !" => Mh $+ $i !" 0e NE MQ $N 2h A| @8 @. <j K! $H $7 $F =E MW $J CO 0L $r @j $a $F $- $? !# $5 $i $K 6a G/ $G $O !" %9 !< %Q %3 %s %T %e !< %? $J $I 9b B. $J 7W ;; 5! $r Mx MQ $7 $? 9= B$ 2r @O $d N. BN NO 3X $J $I !" 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2r @O <j K! $H $7 $F $b !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $O Cm L\ $r =8 $a $F $$ $k !# $7 $+ $7 !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $O KD Bg $J 7W ;; ;q 8; $r I, MW $H $9 $k $? $a !" 9b B. $J 2h A| @8 @. $O :$ Fq $G $" $C $? !# $= $3 $G !" K\ 8& 5f $G $O !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $r 9b B. $K 9T $& @l MQ JB Ns 7W ;; 5! R eV olver /C40 $N %" !< %- %F %/ %A %c $r Ds 0F $9 $k !# R eV olver /C40 $G $O !" => Mh $N 0e NE MQ $N 2h A| $@ $1 $G $J $/ !" 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= $r %5 %] !< %H $9 $k !# $3 $N $? $a !" H> F) L@ %\ %j %e !< %‘ $N I= <( !" 1s 6a K! $K $h $k Ej 1F !" 9b B. IA 2h $r L\ I8 $H $7 $F $$ $k !# $^ $? !" => Mh $N %5 !< %U %’ %9 %G !< %? $G $O I= 8= $, :$ Fq $G $" $C $? L8 !" 1@ $J $I $N $h $& $J I= LL $N 6- 3& $, [# Kf $J BP >] $N 2D ;k 2= $r 9T $& $? $a !" %\ %j %e !< %‘ %G !< %? $r MQ $$ $? %l %$ %H %l !< %7 %s %0 K! $r %5 %] !< %H $9 $k !# $3 $l $i $N L\ I8 $r C# @. $9 $k $? $a $K !" R eV olver /C40 $G $O !" ;k @~ @8 @. %9 %F !< %8 !" %T %/ %; %k CM 7W ;; %9 %F !< %8 !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $+ $i $J $k 3 %9 %F !< %8 $N %^ %/ %m %Q %$ %W %i %$ %s 9= @. $r :N MQ $7 $F $$ $k !# $^ $? !" 3F %9 %F !< %8 $K $D $$ $F $b JB Ns =h M} $d %Q %$ %W %i %$ %s =h M} $K $h $j 2h A| @8 @. $N 9b B. 2= $r ?^ $C $F $$ $k !# $^ $? !" 3F %9 %F !< %8 $N <g MW $J 9= @. MW AG $H $7 $F HF MQ $N 9b @- G= DSP $r ;H MQ $7 $F $* $j !" =@ Fp @- $N Hs >o $K 9b $$ 9= @. $H $J $C $F $$ $k !# R eV olver /C40 $N :G Bg $N FC D’ $O !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $G $N %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} $G $" $k !# %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} $O !" %\ %j %e !< %‘ %G !< %? $r J] ;} $9 $k %a %b %j %P %s %/ $G $N %\ %/ %; %k $N FI $_ =P $7 $H %T %/ %; %k CM 7W ;; $N =h M} $r 1 $D $N %9 %F !< %8 $H $7 !" ;k @~ Kh $K %Q %$ %W %i %$ %s =h M} $r 9T $& J} <0 $G $" $k !# $3 $N %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} $r 8z N( NI $/ 2T F/ $5 $; $k $? $a $K !" C1 =c 2= $5 $l $? %5 %s %W %j %s %0 J} K! $H $3 $l $K 9g $o $; $? %\ %j %e !< %‘ %a %b %j 9= B$ $r :N MQ $7 $F $$ $k !# $3 $l $K $h $j !" G$ 0U $N ;k @~ >e $N A4 %\ %/ %; %k $N %P %s %/ %3 %s %U %j %/ %H %U %j !< $J FI $_ =P $7 $, 2D G= $H $J $k $N $G !" %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} $K $h $k %Q %$ %W %i %$ %s $, Dd BZ $7 $J $$ $3 $H $r J] >Z $G $- $k !# $^ $? !" K\ 8& 5f $G $O !" 8= :_ R eV olver /C40 $N %W %m %H %? %$ %W $r 3+ H/ Cf $G $" $k !# $3 $N %W %m %H %? %$ %W $G $O !" ;k @~ @8 @. %9 %F !< %8 !" %T %/ %; %k CM 7W ;; %9 %F !< %8 !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $K $= $l $> $l 8PE !" 128PE !" 16PE $r 3d $j Ev $F $F !" =h M} $r 9T $& !# $^ $? !" %W %m %H %? %$ %W $G $O !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $N PE $N 9= @. $r 2~ NI $7 !" 1PE $G ;k @~ >e $N J# ?t $N %\ %/ %; %k $N =h M} $r 2D G= $H $7 $F $$ $k !# $3 $l $K $h $j !" %\ %j %e !< %‘ 6u 4V $H %T %/ %; %k CM 7W ;; %9 %F !< %8 $N PE ?t $N 4X 78 $, 4K OB $5 $l !" $h $j =@ Fp @- $r A} $7 $? 9= @. $H $J $k !# $3 $N %W %m %H %? %$ %W $N @- G= $O !" %\ %j %e !< %‘ 6u 4V $, 128 3 vo xel $N ;~ $G !" %l %s %@ %j %s %0 $N BP >] $r IT F) L@ %\ %j %e !< %‘ $H $9 $k $H Ls 68 : 1 ms/fr ame !" H> F) L@ %\ %j %e !< %‘ $N >l 9g $G $b !" 94 : 4 ms/fr ame $G $" $k !# $3 $N @- G= $O !" => Mh :G B. $G $" $C $? @l MQ JB Ns 7W ;; 5! CUBE $K I$ E( $9 $k $b $N $G $" $k !# $5 $i $K !" ;k E@ 0\ F0 $K H< $& :F IA 2h $d G$ 0U J} 8~ $+ $i $N 2h A| @8 @. ;~ $N @- G= $G $O !" CUBE $N 8 : 4 G\ 9b B. $G $" $k !# 1

A P arallel Computer for V olume Rendering |{ R eV olver /C40 |{ Y uji Tsushima Abstract V olume rendering is a direct visualization metho d of three dimensional space. It is very imp or- tan t as a medical image generation metho d. No w ada ys, it also acts a very p ow erful analysis to ol for scienti�c computation such as structural analysis and uid dynamics on high-p erformance su- percomputers. Since volume rendering requiers an enormous amoun t of computation p o w er and resources, it is hard to provide high-sp eed image generation. This pap er presen ts the architecture of high-sp eed volume rendering machine, R eV olver /C40. This machine visualizes not only medical data but also scienti�c computation results. Therefore the goals of this mac hine are p ersp ectiv e pro jection, translucen t v olume visualization, and high- speed image generation, which are useful for analysis of scien ti�c computation results. F urthermore R eV olver /C40 supp orts ra y-traced rendering of volume data. This mak es it p ossible to visualize obscure b oundary ob jects, suc h as cloud and fog, which are hardly represented in a traditional surface mo del. In order to ac hiev e these goals, R eV olver /C40 adopts macro-pip eline with three stages, ray casting stage, pixel calculation stage and shading stage. P arallel pro cessing and pip elining are used on eac h stage for high-sp eed image generation. All stages mainly consist of high-p erformance general purpose DSPs in order to deal with v arious applications. The most imp ortan t technique for high- speed image generation is V oxel-Pip elining in pixel calculation stage. A ray is pushed into the pipeline at every time step. Eac h stage obtains the v alue of a vo xel on the ray in tis o wn volume memory bank, and calculates the contribution of the v o xel to the �nal pixel color. R eV olver /C40 adopts a simpli�ed v o xel sampling metho d and a v olume memory structure �tted for the pip eline. This mak es the pip eline work e�cien tly without interlock, b ecause the sampling metho d and the memory structure assure con ict free access to the all vo xels on any ray . W e are dev elopping a protot yp e machine of R eV olver /C40. In this prototype, ra y casting stage, pixel calculation stage and shading stage ha v e 8, 128 and 16 pro cessing elements(PEs), resp ectively . The structure of PE in pixel calculation stage is impro v ed to deal with tw o or more v o xels on a ray . Therefore, the size of volume space is not �xed b y the n um ber of PEs in pixel calculation stage. So prototype mac hine has more exible structure. The p erformance of the prototype is 68 : 1 ms/fr ame with translucen t volume of 128 3 v o xels and 94 : 4 ms/fr ame with opaque volume of the same size. 2

1 $O $8 $a $K => Mh $+ $i !" Fb It >u BV $N 2D ;k 2= $, 2D G= $J %\ %j %e !< %‘ %l %s %@ %j %s %0 $O !" 0e NE MQ $N 2h A| @8 @. <j K! $H $7 $F =E MW $J CO 0L $r @j $a $F $- $? !# $5 $i $K 6a G/ $G $O !" %9 !< %Q %3 %s %T %e !< %? $J $I 9b B. $J 7W ;; 5! $r Mx MQ $7 $? 9= B$ 2r @O $d N. BN NO 3X $J $I $N 2J 3X 5; =Q 7W ;; $N 7k 2L $, KD Bg $K C_ @Q $5 $l $D $D $" $j !" $3 $l $i $N 7W ;; 7k 2L $N 2r @O / M} 2r $N <j CJ $H $7 $F !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $O Cm L\ $r =8 $a $F $$ $k !# $7 $+ $7 !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $O KD Bg $J 7W ;; ;q 8; $r I, MW $H $9 $k $? $a !" 9b B. $J 2h A| @8 @. $, :$ Fq $G $" $C $? !# $3 $N $? $a !" => Mh $+ $i %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ $N %O !< %I %& %’ %" $d HF MQ $N JB Ns 7W ;; 5! >e $N %" %k %4 %j %: %‘ $N 3+ H/ $K $h $j 9b B. 2= $, ?^ $i $l $F $- $? !# $7 $+ $7 !" $3 $l $i $N B? $/ $O 0e NE 2h A| $N @8 @. $r <g $J L\ E* $H $7 $F $$ $k $? $a !" Hf 3S E* >. $5 $/ IT F) L@ $J BP >] $r 2D ;k 2= $9 $l $P == J, $G $" $C $? !# $3 $N $? $a !" J? 9T Ej 1F K! $K $h $C $F IT F) L@ $J %\ %j %e !< %‘ $r %l %s %@ %j %s %0 $r 9T $& $? $a $N $b $N $, <g N. $G $" $C $? !# $3 $l $K BP $7 $F !" K\ O@ J8 $G Ds 0F $9 $k %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 $O !" 0e NE 2h A| $H 6& $K 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= $r L\ E* $H $7 $? $b $N $G $" $k !# 2J 3X 5; =Q 7W ;; $G $O !" CO ?L GH $N 2r @O $d 5$ >] 4Q B, $N 7k 2L $N 2r @O $J $I Bg $- $J 6u 4V $r 07 $& $b $N $, $7 $P $7 $P $" $j !" 1s 6a K! $K $h $k Ej 1F $, I, MW $H $J $k !# $5 $i $K %\ %j %e !< %‘ %G !< %? A4 BN $r GD 0. $9 $k $? $a !" %\ %j %e !< %‘ $r H> F) L@ $K 07 $& $3 $H $b =E MW $G $" $k !# $3 $N $? $a !" R eV olver /C40 $G $O !" H> F) L@ %\ %j %e !< %‘ $N I= <( $d !" 1s 6a K! $K 4p $E $/ 9b B. $J 2h A| @8 @. $r L\ I8 $H $7 $F $$ $k !# $3 $N L\ I8 C# @. $N $? $a !" %\ %/ %; %k $N %5 %s %W %j %s %0 $r C1 =c 2= $7 !" $3 $l $K 9g $C $? %a %b %j 9= @. $r :N $k $3 $H $K $h $j !" G$ 0U J} 8~ $N ;k @~ >e $N %\ %/ %; %k $N F1 ;~ FI $_ =P $7 $r 2D G= $H $7 $F $$ $k !# $5 $i $K !" $3 $N 5! 9= $r @8 $+ $7 $F %l %$ %H %l !< %7 %s %0 K! $r 8z 2L E* $K %5 %] !< %H $7 $F $* $j !" => Mh $N %5 !< %U %’ %9 %G !< %? $G $O I= 8= $, :$ Fq $G $" $C $? !" 1@ $d L8 $J $I $N I= LL $N 6- 3& $, [# Kf $J BP >] $N 2D ;k 2= $, 2D G= $H $J $C $F $$ $k !# K\ O@ J8 $G $O !" 2 @a $G R eV olver /C40 $N L\ I8 $H L\ I8 C# @. $N $? $a $K Hw $( $F $$ $k FC D’ $K $D $$ $F =R $Y $? 8e !" 3 @a $G R e- V olver /C40 $N A4 BN 9= @. $H 3F %9 %F !< %8 $N =h M} !" 9= @. $K $D $$ $F =R $Y $k !# 4 @a $G $O !" 8= :_ 3+ H/ $7 $F $$ $k R eV olver /C40 $N %W %m %H %? %$ %W $K $D $$ $F =R $Y !" :G 8e $K 5 @a $G $^ $H $a $k !# 2 R eV olver /C40 $N 35 MW K\ @a $G $O !" R eV olver /C40 $N L\ I8 $H !" $= $N L\ I8 C# @. $N $? $a $K R eV olver /C40 $, Hw $( $F $$ $k FC D’ $r =R $Y $k !# 2.1 R eV olver /C40 $N L\ I8 R eV olver /C40 $G $O !" 0J 2< $N 4 9‘ L\ $r L\ I8 $H $7 $F $$ $k !# L\ I8 1. 9b B. IA 2h L\ I8 2. H> F) L@ %\ %j %e !< %‘ $N I= <( L\ I8 3. 1s 6a K! $K $h $k 2h A| @8 @. L\ I8 4. %l %$ %H %l !< %7 %s %0 K! $K $h $k 2h A| @8 @. 0J 2< $G $O !" $3 $l $i $N L\ I8 $r @_ Dj $7 $? M} M3 $H $3 $l $i $N L\ I8 $K BP $9 $k => Mh $N BP =h K! !" Ld Bj E@ $K $D $$ $F =R $Y $k !# L\ I8 1. 9b B. IA 2h %\ %j %e !< %‘ 6u 4V $N CG LL $d ;k E@ $N 0\ F0 $K BP $7 $F !" BP OC E* $J B. EY $K $h $j :F IA 2h $r 9T $& $3 $H $O !" 2D ;k 2= BP >] $r M} 2r / 2r @O $9 $k >e $G Hs >o $K =E MW $G $" $k !# ?^ 1: %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $* $1 $k JB Ns =h M} $N J} <0 => Mh $+ $i !" 9b B. IA 2h $r 9T $& $? $a $K !" JB Ns =h M} $, 9T $o $l $F $- $? !# => Mh 9T $o $l $F $- $? JB Ns =h M} $r !" 2h A| @8 @. $N <j K! $K $h $j J, N‘ $9 $k $H 0J 2< $N $h $& $K $J $k !# $^ $? !" ?^ 1 $K !" $3 $l $i $N 35 MW $r <( $9 !# 1. A0 J} Ej 1F K! � � � %\ %j %e !< %‘ $r 9= @. $9 $k 3F %\ %/ %; %k $, %9 %/ %j !< %s >e $N 3F %T %/ %; %k $K $I $l $@ $1 1F 6A $r 5Z $\ $9 $+ $r 7W ;; $9 $k $3 $H $G !" 3F %T %/ %; %k $N 51 EY ( 0J 2< !" %T %/ %; %k CM $H 8F $V ) $r 5a $a $k %" %k %4 %j %: %‘ !# (a) %\ %j %e !< %‘ JB Ns =h M} : %\ %j %e !< %‘ $r $$ $/ $D $+ $N %5 %V %\ %j %e !< %‘ $K J, 3d $7 !" 3F %5 %V %\ %j %e !< %‘ $K Pro cessing Element( 0J 2< !" PE $H 8F $V ) $r 3d $j Ev $F $k J} <0 !# 3F PE $G $O !" C4 Ev %\ %j %e !< %‘ Fb $N 3F %\ %/ %; %k $N %9 %/ %j !< %s $X $N 1F 6A $r 7W ;; $7 !" 7W ;; 7k 2L $r %^ !< %8 $9 $k $3 $H $K $h $j :G =* E* $J 2h A| $r F@ $k !# GODP A[4],SCOPE[5],3DP 4 [6] $J $I $N %^ %7 %s $G <B 8= $5 $l $F $$ $k J} <0 !# 2. 8e J} Ej 1F K! � � � ;k E@ $+ $i %9 %/ %j !< %s >e $N 3F %T %/ %; %k $r DL $k ;k @~ %Y %/ %H %k ( 0J 2< !" ;k @~ $H 8F $V ) $r @8 @. $7 !" ;k @~ $H 8r :9 $9 $k %\ %/ %; %k $+ $i %T %/ %; %k CM $r 5a $a $k %" %k %4 %j %: %‘ !# (b) %T %/ %; %k JB Ns =h M} : J# ?t $N ;k @~ $, F1 ;~ $K =h M} $5 $l $k J} <0 $G $" $k !# 6q BN E* $K $O !" %9 %/ %j !< %s $r $$ $/ $D $+ $N %5 %V %9 %/ %j !< %s $K J, 3d $7 !" 3F %5 %V %9 %/ %j !< %s $K PE $r 3d $j Ev $F !" %T %/ %; %k CM 7W ;; $r JB Ns 2= $9 $k !# P AR CUM I I[7] $G <B 8= $5 $l $F $$ $k J} <0 !# (c) %\ %/ %; %k JB Ns =h M} : ;k @~ $H 8r :9 $9 $k %\ %/ %; %k $r A4 $F FI $_ =P $7 !" %T %/ %; %k CM 7W ;; $r B? ?t $N PE $K $h $j JB Ns $K 9T $& J} <0 !# 3

CUBE[8] $J $I $G :N MQ $5 $l $F $$ $k !# (d) %O %$ %V %j %C %I JB Ns =h M} : %T %/ %; %k JB Ns =h M} $H %\ %/ %; %k JB Ns =h M} $r M; 9g $7 $? J} <0 !# $3 $3 $G !" %T %/ %; %k CM $N 7W ;; $N 9b B. 2= $N $? $a $K $O !" F1 ;~ $K B? ?t $N %\ %/ %; %k $r FI $_ =P $7 %T %/ %; %k CM 7W ;; $r JB Ns $K 9T $& $3 $H $, I, ?\ $, $" $k !# $3 $N $? $a !" %\ %j %e !< %‘ %G !< %? $r J, 3d $7 B? ?t $N %a %b %j %P %s %/ 9= @. $H $7 $J $1 $l $P $J $i $J $$ !# $^ $? !" 8e J} Ej 1F K! $G $O !" ;k @~ 4V $* $h $S ;k @~ >e $N %\ %/ %; %k $N %5 %s %W %j %s %0 $N :] $N %P %s %/ %3 %s %U %j %/ %H $r 2s Hr $7 $J $1 $l $P !" %T %/ %; %k CM 7W ;; $N JB Ns =h M} $N K8 $2 $H $J $j !" 9b B. 2= $, ?^ $l $J $$ !# L\ I8 2. H> F) L@ %\ %j %e !< %‘ $N I= <( %\ %j %e !< %‘ $r H> F) L@ $J J* BN $H $7 $F 07 $& $3 $H $K $h $j !" %\ %j %e !< %‘ A4 BN $N >u 67 $r GD 0. $9 $k $N $K Lr N) $D !# $3 $l $O 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= $K $h $k 2r @O <j K! $H $7 $F Hs >o $K =E MW $G $" $k [9] !# $7 $+ $7 !" => Mh $O H> F) L@ %\ %j %e !< %‘ $r %5 %] !< %H $7 $F $$ $k $b $N $O $o $: $+ $G $" $C $? !# $3 $l $O !" => Mh $N %\ %j %e !< %‘ %l %s %@ %j %s %0 $G $O <g $K !" 0e NE J, Ln $K $* $1 $k ?M BN %G !< %? $N 2D ;k 2= $r L\ E* $H $7 $F $- $? $? $a !" %\ %j %e !< %‘ $r H> F) L@ $H $7 $F 07 $& I, MW $, L5 $+ $C $? $+ $i $G $" $k !# ?^ 2: ;2 >H $9 $k %\ %/ %; %k $N 0c $$ $5 $i $K !" %\ %j %e !< %‘ $r H> F) L@ $J $b $N $H $7 $F 07 $& $K $O !" ?^ 2 $K <( $9 $h $& $K !" %T %/ %; %k CM 7W ;; $N :] $K !" ;k @~ $H 8r :9 $9 $k L5 ?’ !& F) L@ $G $J $$ A4 %\ %/ %; %k $r =g $K %" %/ %; %9 $9 $k I, MW $, $" $k !# $7 $? $, $C $F !" FI $_ =P $9 %\ %/ %; %k ?t $, A} 2C $7 !" %T %/ %; %k CM 7W ;; $N 1i ;; $, A} Bg $9 $k $H $$ $& Ld Bj $, !" => Mh $N <j K! $G H> F) L@ %\ %j %e !< %‘ $N %5 %] !< %H $5 $l $F $$ $J $$ 86 0x $N 1 $D $G $" $C $? L\ I8 3. 1s 6a K! $K $h $k 2h A| @8 @. L\ I8 4. %l %$ %H %l !< %7 %s %0 K! $K $h $k 2h A| @8 @. 1s 6a K! $K $h $C $F @8 @. $7 $? 2h A| $O !" Bg $- $J 6u 4V $r G’ <1 $9 $k $N $K Lr N) $D [10] !# $^ $? !" %l %$ %H %l !< %7 %s %0 $K $h $k 2h A| @8 @. $O !" => Mh $N %5 !< %U %’ %9 %G !< %? $G $O I= 8= $, :$ Fq $G $" $C $? !" 1@ !" L8 $N $h $& $K 6- 3& $, [# Kf $G $" $k BP >] $r 2D ;k 2= $9 $k $N $K M- MQ $G $" $k ;v $, CN $i $l $F $$ $k [12] !# $7 $+ $7 !" => Mh $N <g L\ E* $G $" $k 0e NE MQ $N 2h A| $K $O !" 1s 6a K! $d %l %$ %H %l !< %7 %s %0 K! $O I, MW $G $O $J $$ $? $a !" $3 $l $i $N J} K! $K $h $k 2h A| @8 @. $r 9T $& $b $N $O $o $: $+ $G $" $C $? !# $^ $? !" 1s 6a K! %5 %] !< %H $9 $k 0l It $N %7 %9 %F %‘ $K $* $$ $F $b !" ;k E@ $N 0L CV $d ;k @~ $N J} 8~ $J $I $K @) 8B $r @_ $1 $F $$ $? !# $3 $N M} M3 $O G$ 0U J} 8~ $N ;k @~ $r 07 $& $H !" %a %b %j %P %s %/ $X $N %" %/ %; %9 6% 9g $N 2D G= @- $, 9b $/ $J $j !" JB Ns =h M} $N >c 32 $H $J $k $3 $H $K $" $k !# $3 $N %P %s %/ %3 %s %U %j %/ %H $N Ld Bj $O !" %l %$ %H %l !< %7 %s %0 $K $* $$ $F $b F1 MM $K Ld Bj $H $J $k !# 2.2 R eV olver /C40 $N FC D’ R eV olver /C40 $O !" 2.1 @a $G 5s $2 $? L\ I8 $r C# @. $9 $k $? $a $K !" 0J 2< $N $h $& $J FC D’ $r M- $7 $F $$ $k !# 1. %5 %s %W %j %s %0 J} K! $N C1 =c 2= 2. %P %s %/ %3 %s %U %j %/ %H %U %j !< $J %a %b %j 9= @. 3. JB Ns =h M} $K $h $k 9b B. 2= 0J 2< $G $O !" $3 $l $i $N FC D’ $N 3F 9‘ L\ $K $D $$ $F =R $Y $k !# 2.2.1 %5 %s %W %j %s %0 J} K! $N C1 =c 2= ?^ 3: %5 %s %W %j %s %0 J} K! $N 0c $$ => Mh $N %5 %s %W %j %s %0 J} K! $O !" ;k @~ $N J} 8~ $K BP $7 $F Ey 4V 3V $K %\ %/ %; %k $r %5 %s %W %j %s %0 $7 $F $- $? ( 0J 2< !" ;k @~ Ey 4V 3V %5 %s %W %j %s %0 K! $H 8F $V ) !# ;k @~ Ey 4V 3V %5 %s %W %j %s %0 K! $G $O ?^ 3(a) $N $h $& $K !" %\ %j %e !< %‘ %G !< %? $r %a %b %j %P %s %/ $K J, 3d $7 $F 3J G< $9 $k $H !" F1 0l ;k @~ >e $N J# ?t $N %\ %/ %; %k $, F1 0l %a %b %j %P %s %/ $K 3J G< $5 $l $F $$ $k >u 67 $, H/ @8 $9 $k !# $3 $l $O !" %T %/ %; %k CM 7W ;; $N JB Ns <B 9T $r K8 $2 !" 9b B. 2= $N >c 32 $H $J $k !# $3 $N Ld Bj $r 2s Hr $9 $k $? $a $K R eV olver /C40 $G $O !" ;k @~ %Y %/ %H %k $N MW AG $N @d BP CM $N $& $A !" :G Bg CM $r $b $D :B I8 <4 $r <g <4 $H Dj $a !" $3 $N <g <4 $N J} 8~ $K BP $7 $F Ey 4V 3V $K %\ %/ %; %k $r %5 %s %W %j %s %0 $9 $k J} K! ( 0J 2< !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $H 8F $V ) $r :N MQ $7 $F $$ $k !# $3 $N <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $K $h $j !" ?^ 3(b) $K <( $9 $h $& $K %P %s %/ %3 %s %U %j %/ %H $, @8 $8 $J $/ $J $k !# 2.2.2 %P %s %/ %3 %s %U %j %/ %H %U %j !< $J %a %b %j 9= @. <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $G $O !" $" $k :B I8 <4 $K ?b D> $J J? LL $K %\ %j %e !< %‘ %G !< %? $r J, 3d $7 $F %a %b %j %P %s %/ $K 3J G< $9 $l $P !" $= $N :B I8 <4 $r <g <4 $H $7 $F ;} $D ;k @~ $K 4X $7 $F $O %P %s %/ %3 %s %U %j %/ %H %U %j !< $H $J $k !# $7 $+ $7 !" G$ 0U J} 8~ $N ;k @~ $N <g <4 $, !" $3 $N :B I8 <4 $r <g <4 $H $7 $F ;} $D $H $O 8B $i $J $$ !# $= $3 $G !" x; y ; z <4 $N $$ $: $l $K $b ?b D> $J J? LL $, B8 :_ $9 $k $h $& $K J, 3d $9 $l $P G$ 0U J} 8~ $N ;k @~ $K BP $7 $F %P %s %/ %3 %s %U %j %/ %H %U %j !< $H $9 $k $3 $H $, $G $- $k !# $= $3 $G !" K\ 8& 5f $G Ds 0F $9 $k 3 <! 85 %a %b %j 9= B$ $G $O !" ?^ 4 $N $h $& $K %\ %j %e !< %‘ 6u 4V $r x; y ; z <4 $K ?b D> $J n Kg $N J? LL $K J, 3d $7 !" x; y ; z - J? LL 72 $H $9 $k !# $? $@ $7 !" n $O %\ %j %e !< %‘ 6u 4V $N 1 JU $N Bg $- $5 $r I= $7 $F $$ $k !# 3F J? LL 72 $K BP $7 $F !" J? LL $K 1,2, � � � ,n $H HV 9f $r IU $1 !" F1 $8 HV 9f $r ;} $D J? LL $N %G !< %? $r $= $N HV 9f $N %a %b %j %P %s %/ $N BP 1~ $9 $k NN 0h $K 3J G< $9 $k !# $9 $J $o $A !" %\ %j %e !< %‘ Fb $N :B I8 ( p; q ; r ) $N %\ %/ %; %k $O !" %a %b %j %P %s %/ p $N X NN 0h !" %a %b %j %P %s %/ q $N Y NN 0h !" %a %b %j %P %s %/ r $N Z NN 0h $N 3 2U =j $K 3J G< $5 $l $k $N $G !" %\ %j %e !< %‘ %G !< %? $, 3 =E 2= $5 $l $F 3J G< $5 $l $k $3 $H $K $J $k !# 4

?^ 4: %\ %j %e !< %‘ %G !< %? $N 3J G< J} K! $3 $N 9= @. $K $h $j !" 3F J? LL 72 $N J? LL $O A4 $F JL $N %a %b %j %P %s %/ $K 3J G< $5 $l $F $$ $k $N $G !" ;k @~ $, G$ 0U J} 8~ $G $" $C $F $b !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 $r 9T $& $3 $H $K $h $j %P %s %/ %3 %s %U %j %/ %H $, @8 $8 $J $$ $3 $H $r J] >Z $G $- $k !# $3 $l $K $h $j L\ I8 3 $d L\ I8 4 $N 1s 6a K! $d %l %$ %H %l !< %7 %s %0 K! $N $h $& $K ;k @~ $N J} 8~ $, %T %/ %; %k Kh $K 0[ $J $k =h M} $K BP 1~ $G $- $k !# 2.2.3 JB Ns =h M} $K $h $k 9b B. 2= R eV olver /C40 $G $O H> F) L@ %\ %j %e !< %‘ $N I= <( $r 9T $& $3 $H $r L\ I8 $H $7 $F $$ $k $? $a !" ;k @~ >e $N %\ %/ %; %k $r ;k E@ $K 6a $$ =g $K =h M} $9 $k I, MW $, $" $k $, !" A0 J} Ej 1F K! $G $O $3 $l $r J] >c $9 $k $N $, :$ Fq $H $J $k !# $= $3 $G !" R eV olver /C40 $O Hf 3S E* MF 0W $K $3 $l $r <B 8= $G $- $k 8e J} Ej 1F K! $r :N MQ $9 $k !# $^ $? !" JB Ns 2= $N <j K! $H $7 $F %T %/ %; %k JB Ns =h M} !" %O %$ %V %j %C %I JB Ns =h M} $G $O !" J# ?t ;k @~ $N =h M} $r F1 ;~ $K 9T $& $? $a !" %\ %j %e !< %‘ %a %b %j $X $N %" %/ %; %9 $, 6% 9g $9 $k 2D G= @- $, 9b $/ $J $k !# C1 =c $J %\ %/ %; %k JB Ns =h M} $G $O !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $H 3 <! 85 %a %b %j $K $h $j !" ;k @~ $H 8r :9 $9 $k A4 %\ %/ %; %k $N F1 ;~ FI $_ =P $7 $, 2D G= $G $" $k !# $7 $+ $7 !" %\ %/ %; %k $r F1 ;~ $K FI $_ =P $9 $? $a $K $O !" ;k @~ >p Js $r %V %m !< %I %- %c %9 %H $7 !" JB Ns $K %" %I %l %9 7W ;; $r 9T $& I, MW $, $" $k !# $5 $i $K !" FI $_ =P $7 $? %G !< %? $r JB Ns =h M} $9 $k $? $a $K LZ 9= B$ $N %T %/ %; %k CM 7W ;; 5! 9= $, I, MW $K $J $k [1][3] !# $= $3 $G !" K\ 8& 5f $G $O !" %T %/ %; %k JB Ns =h M} $H %\ %/ %; %k JB Ns =h M} $r M; 9g $7 $? %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} $r 9M 0F $7 $? !# $3 $l $O ?^ 5 $K <( $9 $h $& $K !" ;k @~ $r =g $K Ej F~ $7 !" 3F ;k @~ $O !" 1 $D $N %a %b %j %P %s %/ $+ $i $N %\ %/ %; %k $N FI $_ =P $7 $H $= $N %\ %/ %; %k CM $r MQ $$ $? %T %/ %; %k CM 7W ;; $r 1 $D $N %9 %F !< %8 $H $7 $F %Q %$ %W %i %$ %s =h M} $r 9T $& J} <0 $G $" $k !# $3 $N J} <0 $O !" $" $k ;~ 9o $G $N %Q %$ %W %i %$ %s $N >u BV $r 8+ $l $P !" %T %/ %; %k JB Ns =h M} $r 9T $C $F $$ $k $, !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $H 3 <! 85 %a %b %j 9= B$ $r MQ $$ $k $3 $H $K $h $j %P %s %/ 6% 9g $, 5/ $3 $j F@ $J $$ $? $a !" %Q %$ %W %i %$ %s $, Dd BZ $7 $J $$ $3 $H $r J] >Z $G $- $k !# ?^ 5: %\ %/ %; %k !& %Q %$ %W %i %$ %s =h M} 3 R eV olver /C40 $N =h M} $H 9= @. 3.1 A4 BN 9= @. K\ @a $G $O !" 2.2 @a $G <( $7 $? $h $& $J FC D’ $r Hw $( $? R e- V olver /C40 $N 9= @. MW AG $H $= $N 5! G= !" FC D’ $K $D $$ $F =R $Y $k !# $^ $? !" $3 $l $i $N MW AG 4V !" MW AG Fb $N PE $N Aj 8_ 7k 9g $K $D $$ $F $O ?^ 6 $K <( $9 DL $j $G $" $k !# !& SCU( _ S y stem _ C ontr ol _ U nit ) : R eV olver /C40 $H %[ %9 %H %^ %7 %s $N Cf 4V $K 0L CV $7 $F $* $j !" %[ %9 %H %^ %7 %s $+ $i $N %\ %j %e !< %‘ %G !< %? / @) 8f %3 %^ %s %I / 3F <o %Q %i %a !< %? $r 3F It $K EA C# $9 $k !# !& RCS( _ Ray _ C asting _ S tag e ) : R CS $O ?^ 6 $K <( $9 $h $& $K !" B? ?t $N PE $, JB Ns $K G[ CV $5 $l $F $$ $k !# RCS $G $O !" SCU $+ $i Aw $i $l $F $/ $k ;k E@ !" %9 %/ %j !< %s $N >p Js $+ $i !" %9 %/ %j !< %s $r J, 3d $7 $F PE $K 3d $j IU $1 !" ;k E@ $+ $i 3F %T %/ %; %k $r DL $k ;k @~ %Y %/ %H %k ( 0J 2< !" ;k @~ $H 8F $V ) $N @8 @. $r JB Ns $K 9T $& !# !& PCS( _ P ixel _ C al cul ation _ S tag e ) : PCS $O ?^ 6 $K <( $9 $h $& $K !" PE $, 1 <! 85 $K @\ B3 $5 $l $? 9= B$ $G $" $j !" 3F PE $O !" %\ %j %e !< %‘ %G !< %? !" %\ %/ %; %k CM $r ?’ !" F) L@ EY $K JQ 49 $9 $k $? $a $N B0 @- %F !< %V %k $r J] ;} $7 $F $$ $k !# 3F PE $N =h M} $O !" R CS $+ $i Aw $i $l $F $/ $k ;k @~ %G !< %? $K $h $j %\ %/ %; %k $r %5 %s %W %j %s %0 $7 !" %T %/ %; %k CM 7W ;; $r 9T $& $3 $H $G $" $k !# $3 $N %T %/ %; %k CM 7W ;; $r PE 4V $G %Q %$ %W %i %$ %s <B 9T $9 $k !# !& SS( _ S hading _ S tag e ) : SS $O ?^ 6 $K <( $9 $h $& $K !" PE $O 2h A| =h M} $K E, $7 $? %a %C %7 %e >u $K G[ CV $5 $l $F $* $j !" %7 %’ !< %G %# %s %0 =h M} $J $I $N %U %# %k %? =h M} $r %9 %/ %j !< %s J, 3d $K $h $j JB Ns <B 9T $9 $k !# SS $N 3F PE $, 9T $& =h M} $O !" PCS $, @8 @. $7 $? 2h A| $K BP $7 $F depth gradient shading $r ;\ $7 !" %U %l !< %‘ %P %C %U %! $X Aw =P $9 $k $3 $H $G $" $k !# $^ $? !" SS $G $O 2h A| $N %/ %j %C %T %s %0 =h M} $d 3H Bg !& =L >. $N =h M} $b 9T $& 5! G= $r ;} $D !# R eV olver /C40 $G $O !" 3F %9 %F !< %8 $N <g MW It IJ $H $7 $F !" HF MQ $N 9b @- G= DSP (TMS 320C40GFL-50) $r ;H MQ $9 $k $3 $H $K $h $j !" B? MM $J =h M} $K BP $7 $F =@ Fp $K BP 1~ 2D G= $J 9= @. $H $J $C $F $$ $k !# $3 $3 $G !" $3 $N DSP $N FC D’ [19] $O !" ?^ 7 $K <( $9 $h $& $K !" E> Aw B. EY 100 M B =sec $N Global Bus $H Lo cal Bus $r ;} $A !" $5 $i $K 1 K\ $N 20 M B =sec $N E> Aw B. EY $r ;} $D com p ort $r 6 K\ ;} $D E@ $G $" $k !# $3 $N $& $A !" Lo cal Bus !" Global Bus $O %\ %j %e !< %‘ %a %b %j !" DSP 4V $N DL ?. $N $? $a $N %P %C %U %! $, @\ B3 $5 $l $F $* $j !" com p ort $O %9 %F !< %8 4V DL ?. $d DSP 4V DL ?. $N $? $a $K ;H MQ $5 $l $F $$ $k !# $^ $? !" $3 $N DSP $O !" >h ;; $H 2C 8: ;; !" 2C 8: ;; $H %m !< %I %9 %H %" $r 1 L? Na $H $7 $F <B 9T $9 $k 5! 9= $r ;} $A !" DSP $N <B 9T L? Na ?t $N :o 8: $K Lr N) $C $F $$ $k !# 5

?^ 6: R eV olver /C40 $N A4 BN 9= @. ?^ 7: TMS320C40 $N FC D’ $J $* !" 0J 2< K\ O@ J8 $G $O !" R eV olver /C40 $, 07 $& %\ %j %e !< %‘ 6u 4V !" %9 %/ %j !< %s $N Bg $- $5 $O !" $= $l $> $l 512 3 v oxel !" 512 2 pixel $G $" $k $H $9 $k !# 3.2 =h M} $N 35 MW 3.2.1 DL >o %b !< %I $N =h M} R eV olver /C40 $N DL >o %b !< %I $G $N 3F %9 %F !< %8 4V $G N. $l $k %G !< %? $H <g $J =h M} $r ?^ 8 $K <( $9 !# $^ $? !" R eV olver /C40 $G 9T $o $l $F $$ $k %Q %$ %W %i %$ %s =h M} $r !" N. $l $k %G !< %? $K $h $j J, N‘ $9 $k $H <! $N $h $& $K $J $k !# lev el 1. RCS $H PCS $K $h $k 2h A| @8 @. $H !" SS $K $h $k %7 %’ !< %G %# %s %0 !" 2h A| =P NO $+ $i $J $k %U %l !< %‘ C1 0L $N %Q %$ %W %i %$ %s =h M} !# ?^ 8: DL >o %b !< %I $N F0 :n level 2. RCS $N ;k @~ @8 @. $H PCS $K $h $k %T %/ %; %k CM 7W ;; $N ;k @~ C1 0L $N %Q %$ %W %i %$ %s =h M} !# level 3. PCS $N 1PE $, 1 %9 %F !< %8 $G $" $j !" %T %/ %; %k CM $r C1 0L $H $7 $? %Q %$ %W %i %$ %s =h M} !# 0J 2< $G $O !" $3 $l $i $N %Q %$ %W %i %$ %s =h M} $K $* $1 $k 3F %9 %F !< %8 $N =h M} $H JB Ns =h M} $N <j K! $K $D $$ $F =R $Y $k !# !& RCS $N =h M} : RCS $N =h M} $O !" SCU $+ $i <u $1 <h $C $? ;k E@ !" %9 %/ %j !< %s $N >p Js $r 4p $K $7 $F ;k @~ @8 @. $r 9T $& $3 $H $G $" $k !# RCS $G 9T $o $l $F $$ $k JB Ns =h M} $N J} K! $O !" %9 %/ %j !< %s $r 2# J} 8~ $K PE Bf ?t $G J, 3d $7 !" @E E* $K 3F PE $K 3d $j IU $1 !" 3F PE $O C4 Ev NN 0h $N ;k @~ $N @8 @. $r JB Ns $K 9T $& !# $3 $3 $G !" 2# J} 8~ $K J, 3d $7 $F $$ $k M} M3 $O !" ;k @~ @8 @. =h M} $K $* $$ $F !" %9 %- %c %s %i %$ %s $N :8 C< $N %T %/ %; %k $K $D $$ $F ;k @~ $r 6

@8 @. $9 $l $P !" ;D $j $N %T %/ %; %k $N ;k @~ $K $O %9 %/ %j !< %s $N ?e J? J} 8~ $N C1 0L %Y %/ %H %k $r 2C $( $l $P $h $$ $N $G !" DSP $N L? Na ?t $N :o 8: $K Lr N) $D $+ $i $G $" $k !# @8 @. $7 $? ;k @~ $O PCS $X 1 $D $: $D Aw ?. $5 $l $F !" %\ %/ %; %k $N %5 %s %W %j %s %0 $N $? $a $N %" %I %l %9 @8 @. $K ;H MQ $5 $l $k !# !& PCS $N =h M} : R eV olver /C40 $G $O !" %\ %j %e !< %‘ $r H> F) L@ $J $b $N $H $7 $F 07 $C $F $$ $k $? $a !" PCS $G 9T $o $l $k %T %/ %; %k CM 7W ;; $G $O !" ;k @~ >e $N %\ %/ %; %k $N CM $r ;k E@ $K 6a $$ =g $K v 0 ; v 1 ; � � � ; v 511 $H $9 $k $H !" 0J 2< $N <0 (1) $r I> 2A $7 $? CM $r %T %/ %; %k CM $H $7 $F $$ $k [9][14] !# $? $@ $7 !" $3 $N <0 $G $O !" c ( v i ) ; � ( v i ) $O %\ %/ %; %k CM v i $r ?’ !" F) L@ EY $K JQ 49 $7 $? CM $G $" $k $3 $H $r <( $7 $F $$ $k !# %T %/ %; %k CM = 511 X i =0 (1 � � ( v i )) c ( v i ) i � 1 Y j =0 � ( v j ) (1) $3 $N =h M} $H F1 ;~ $K !" PCS $G $O SS $G 9T $o $l $k %7 %’ !< %G %# %s %0 =h M} $N A0 =h M} $H $7 $F !" ;k @~ >e $G ;k E@ $K :G $b 6a $/ L5 ?’ !& F) L@ $G $J $$ %\ %/ %; %k $r FI $_ =P $7 $? PE $N HV 9f $r 5a $a !" SS $X Aw ?. $9 $k !# $3 $N =h M} $r PCS $G $O !" <0 (1) $N I> 2A $H 8r :9 H= Dj $r !" 1 <! 85 $K @\ B3 $5 $l $? PE $K $h $j %Q %$ %W %i %$ %s =h M} $7 $F $$ $k !# !& SS $N =h M} : SS $N =h M} $O !" PCS $G 7W ;; $5 $l $k %T %/ %; %k CM $H 8r E@ $r <u $1 <h $j %U %l !< %‘ $r 9= @. $7 !" $3 $N %U %l !< %‘ $K BP $7 $F SCU $+ $i $N 8w 8; >p Js $r MQ $$ $F !" depth gradient shading $r ;\ $7 !" CR T $X =P NO $9 $k $3 $H $G $" $k !# $? $@ $7 !" PCS $+ $i $N Aw $i $l $F $/ $k %G !< %? $O !" SS $G =h M} $5 $l $k ;~ $N %G !< %? $H 7? $, 0[ $J $k $? $a !" <u ?. ;~ $K JQ 49 $9 $k !# $^ $? !" SS $O @8 @. $7 $? 2h A| $K BP $7 $F %/ %j %C %T %s %0 $d 3H Bg !& =L >. $N =h M} $b 9T $& !# $3 $N =h M} $r SS $G $O !" %9 %/ %j !< %s $r J, 3d $7 PE $K 3d $j IU $1 $k $3 $H $G JB Ns =h M} $r 9T $C $F $$ $k !# 3.2.2 DL >o %b !< %I $N %* %W %7 %g %s K\ @a $G $O !" DL >o %b !< %I $G R eV olver /C40 $, MQ 0U $7 $F $$ $k %T %/ %; %k CM 7W ;; $N %* %W %7 %g %s $K $D $$ $F =R $Y $k !# 1. IT F) L@ %\ %j %e !< %‘ $N I= <( R eV olver /C40 $G $O !" => Mh $N %\ %j %e !< %‘ %l %s %@ %j %s %0 =h M} $N ;H MQ L\ E* $G $" $k 0e NE 2h A| $N @8 @. $K $b BP =h $9 $k $? $a !" %\ %j %e !< %‘ $r IT F) L@ $J $b $N $H $7 $F 07 $& %* %W %7 %g %s $r MQ 0U $7 $F $$ $k !# $3 $N :] $N =h M} $O !" ;k @~ >e $N %\ %/ %; %k $G ;k E@ $K :G $b 6a $/ !" L5 ?’ !& F) L@ $G $J $$ %\ %/ %; %k $N CM $N $_ $+ $i %T %/ %; %k CM $r 5a $a $k $3 $H $K $J $k !# $^ $? !" R eV olver /C40 $O G$ 0U J} 8~ $N ;k @~ >e $N %\ %/ %; %k $N F1 ;~ FI $_ =P $7 $r !" %P %s %/ %3 %s %U %j %/ %H %U %j !< $G 9T $( $k $? $a !" Ej 1F J} K! $K $D $$ $F $O 1s 6a K! !" J? 9T Ej 1F K! $N $I $A $i $G $b $h $$ !# 2. O" B3 %b %G %k $K 4p $E $/ %\ %/ %; %k $K $h $k %l %s %@ %j %s %0 DL >o R eV olver /C40 $G 07 $C $F $$ $k %\ %/ %; %k $G $O !" %\ %j %e !< %‘ 6u 4V $r 9= @. $9 $k C1 0L N) J} BN $G !" Cf ?4 $K CM $r ;} $A C1 0L N) J} BN Fb $N A4 $F $N E@ $O Cf ?4 $H F1 $8 CM $r ;} $D $H $9 $k N% ;6 %b %G %k $G $" $k $, !" O" B3 %b %G %k $K 4p $E $/ %\ %/ %; %k $r MQ $$ $F %l %s %@ %j %s %0 $9 $k $3 $H $G 9b @: :Y $J 2h A| $N @8 @. $, 2D G= $H $J $k !# O" B3 %b %G %k $K 4p $E $/ %\ %/ %; %k $H $O !" C1 0L N) J} BN $N D: E@ $K %\ %/ %; %k CM $, B8 :_ $7 !" C1 0L N) J} BN $N Fb It $N E@ $N CM $O !" $= $N E@ $r 0O $‘ 8 ?^ 9: %\ %/ %; %k $N %b %G %k D: E@ $N CM $+ $i tri-linear Jd 4V ( ?^ 9 ;2 >H ) $K $h $j 5a $a $i $l $k $b $N $G $" $k [9] !# C i = (1 � x i � y i � x i � y i ) � c ( i; 0) + x i � (1 � y i ) � c ( i; 1) + y i � (1 � x i ) � c ( i; 2) + x i � y i � c ( i; 3) � i = (1 � x i � y i � x i � y i ) � � ( i; 0) + x i � (1 � y i ) � � ( i; 1) + y i � (1 � x i ) � � ( i; 2) + x i � y i � � ( i; 3) 9 > > > > > > > > > > > = > > > > > > > > > > > ; (2) ?^ 10: R eV olver /C40 $G 9T $& tri-linear Jd 4V $3 $3 $G !" <g <4 $, z <4 $G $" $j !" %5 %s %W %j %s %0 E@ $N :B I8 $N >. ?t It $, ( x i ; y i ) $G $" $k ;~ !" R eV olver /C40 $G 9T $o $l $k Jd 4V $r ?^ 10 Cf $N <0 (2) $K <( $9 !# $? $@ $7 !" <0 (2) $G $O ?^ 10 $G <( $5 $l $k 5- 9f $r ;H MQ $7 $F $$ $k !# R eV olver /C40 $G $O !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $r :N MQ $7 $F $$ $k $? $a !" %5 %s %W %j %s %0 E@ $O I, $: C1 0L N) J} $N B& LL >e $K 0L CV $9 $k $3 $H $K $J $k !# $3 $N $? $a !" %5 %s %W %j %s %0 E@ $r 4^ $‘ %\ %/ %; %k $N B& LL >e $N 4 D: E@ $N $_ $G !" tri-linear Jd 4V $, 9T $( $k !# $7 $? $, $C $F !" => Mh $N ;k @~ Ey 4V 3V %5 %s %W %j %s %0 K! $K $h $k Jd 4V $H Hf $Y $F 1i ;; NL !& %a %b %j %" %/ %; %9 $, H> J, $H $J $j !" 9b B. <B 9T $, 2D G= $H $J $k !# 3. <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $N %5 %s %W %j %s %0 4V 3V $N Jd @5 R eV olver /C40 $G :N MQ $7 $F $$ $k <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $O !" <g <4 $, :B I8 <4 $H J? 9T $G $J $$ ;k @~ $G $O !" => Mh $N ;k @~ Ey 4V 3V %5 %s %W %j %s %0 K! $K Hf $Y $F !" %5 %s %W %j %s %0 E@ $N 4V 3V $, Bg $- $/ $J $k 79 8~ $, $" $j !" :G Bg $G p 3 G\ $H $J $k !# $= $3 $G !" %5 %s %W %j %s %0 4V 3V $N 0c $$ $r !" ?’ !& F) L@ EY $r D4 @0 $9 $k $3 $H $K $h $j Jd @5 $9 $k %* %W %7 %g %s $r MQ 0U $9 $k !# 7

R eV olver /C40 $, :N MQ $7 $F $$ $k Jd @5 J} K! $O !" Jd @5 A0 $N ?’ !& F) L@ EY $r C ; � !" Jd @5 8e $N ?’ !& F) L@ EY $r C 0 ; � 0 !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $K $h $k %5 %s %W %j %s %0 4V 3V $r � D $H $9 $k $H !" 0J 2< $N $h $& $K I= $9 $3 $H $, $G $- $k [3] !# $? $@ $7 !" 0 � � � 1 ; 1 � � D � p 3 $G $" $k !# C 0 = C � � � D � 1 � 0 = � � D $7 $+ $7 !" $3 $l $i $N <0 $r D> @\ 5a $a $k $N $O !" PE $X $N Ii C4 $, Bg $- $$ $? $a !" D> @\ I> 2A $; $: <0 (3) $N 2 <! $N 6a ;w <0 $K $h $j � � D $r 5a $a $k $3 $H $K $7 $F $$ $k !# � � D = 1 + � D � ( � � 1) + � D � (� D � 1) 2 � ( � � 1) 2 (3) 3.2.3 %l %$ %H %l !< %7 %s %0 %b !< %I (R T %b !< %I ) $N =h M} ?^ 11: %l %$ %H %l !< %7 %s %0 $N MM ;R %\ %j %e !< %‘ %G !< %? $r ;H $C $? %l %$ %H %l !< %7 %s %0 $O !" ?^ 11 $K <( $9 $h $& $K !" ;k @~ $H I= LL $, 8r :9 $9 $k $H H? <M !& 6~ @^ 8w ( 0J 2< !" 9b <! 8w $H $h $V ) $r @8 @. $7 !" :F 5" E* $K =h M} $9 $k $b $N $G $" $k !# $= $3 $G !" R eV olver /C40 $N %l %$ %H %l !< %7 %s %0 %b !< %I ( 0J 2< !" R T %b !< %I $H 8F $V ) $G $O !" ?^ 12 $N $h $& $K SS $, 9b <! 8w $r @8 @. $7 !" RCS $X 9b <! 8w $r Aw $j JV $7 $F ;k @~ $H $7 $F =h M} $9 $k $3 $H $G !" %l %$ %H %l !< %7 %s %0 $r 9T $C $F $$ $k !# 0J 2< $G $O !" 3F %9 %F !< %8 $N =h M} $N DL >o %b !< %I $H 0[ $J $k E@ $K $D $$ $F =R $Y $k !# !& R CS $N =h M} : DL >o %b !< %I $N =h M} $K 2C $( $F !" SS $+ $i Aw $i $l $F $/ $k 9b <! 8w $b ;k @~ $H $7 $F PCS $X Aw ?. $9 $k !# !& PCS $N =h M} : R T %b !< %I $K $* $1 $k PCS $N =h M} $G !" DL >o %b !< %I $H 0[ $J $k $N $O !" %T %/ %; %k CM 7W ;; $G ;k @~ $, I= LL $H 8r :9 $9 $k >l 9g !" 8r E@ $N <j A0 $^ $G $N CM $r %T %/ %; %k CM $H $7 $J $1 $l $P $J $i $J $$ E@ $G $" $k !# $5 $i $K !" DL >o %b !< %I $H 0[ $J $j !" 0J 2< $G =R $Y $k 2 $D $N =h M} $b 9T $& !# 1. 8r :9 H= Dj � � � => Mh $N %5 !< %U %’ %9 %G !< %? $H $O 0[ $J $j !" %\ %j %e !< %‘ %G !< %? $O %* %V %8 %’ %/ %H $N 6- 3& LL $N 7h Dj $, :$ Fq $J $? $a !" ;k @~ $H I= LL $N 8r :9 H= Dj $b :$ Fq $H $J $k !# $^ $? !" DL >o %b !< %I $H 0c $$ !" ;k @~ $H 8r :9 $9 $k :G =i $N L5 ?’ !& F) L@ $G $J $$ %\ %/ %; %k $r 8r E@ $H $9 $k 8r :9 H= Dj $G $O !" 9b <! 8w $, O" B3 $7 $F H? <M 6~ @^ $r 7+ $j JV $9 $? $a ;H MQ $G $- $J $$ !# ?^ 12: R T %b !< %I $N F0 :n $= $3 $G !" R T %b !< %I $G $O ;k @~ >e $G NY @\ $9 $k %\ %/ %; %k CM $N :9 $r 0l Dj CM � $H Hf 3S $7 !" $3 $N :9 $, Bg $- $$ >l 9g !" 8r E@ $N 8u Jd $H $7 $F A* Br $9 $k !# $5 $i $K !" $3 $l $i 8u Jd $N Cf $+ $i ;k E@ $+ $i :G $b 6a $$ $b $N $r A* $V $3 $H $K $h $j 8r :9 H= Dj $r 9T $& !# ?^ 13: ;k @~ $H I= LL $N 8r :9 H= Dj ?^ 13 $N Nc $G $O !" # i � 1 $H # i + 1 $G NY @\ %\ %/ %; %k CM $, 0[ $J $k $, !" # i � 1 $G $O 0l Dj CM � L$ K~ $G !" # i + 1 $G $O � $h $j Bg $- $$ !# $3 $N ;~ !" # i + 1 $, I= LL $H $7 $F A* Br $5 $l $k !# $^ $? !" %T %/ %; %k CM $N 7W ;; $O !" # i $G BG $A @Z $i $l !" 0J 9_ $N %\ %/ %; %k $O %T %/ %; %k CM $X 1F 6A $r 5Z $\ $5 $J $$ $h $& $K $7 $J $1 $l $P $J $i $J $$ !# $3 $N %T %/ %; %k CM 7W ;; $N BG $A @Z $j $K $D $$ $F $O !" PCS $N k HV L\ $N PE $, 8r E@ $G $" $k $H H= Dj $7 $? $H $9 $k $H !" <g <4 $N J} 8~ $, @5 $N >l 9g $O k + 1 $X EO $9 F) L@ EY $r 0 $H $7 !" Ii $N >l 9g k + 1 0J 9_ $X EO $9 %T %/ %; %k CM $r 0 $H $9 $l $P $h $$ !# 2. K! @~ 7W ;; $N A0 =h M} : � � � 8r E@ $G $N K! @~ %Y %/ %H %k $O 9b <! 8w $N J} 8~ 7W ;; $K I, MW IT 2D 7g $G $" $k !# => Mh $N K! @~ 7W ;; $N J} K! $O !" 3F %\ %/ %; %k $K B8 :_ G; EY $r @_ Dj $7 !" 8r E@ <~ JU $N B8 :_ G; EY $+ $i 8r E@ $G $N K! @~ $r 7W ;; $7 $F $$ $? [15] !# => Mh $N J} K! $G Ld Bj $H $J $k $N $O !" %\ %j %e !< %‘ %G !< %? $, J, 3d $5 $l $F PE Kh $K G[ CV $5 $l $F $$ $k >l 9g !" 8r E@ $N %\ %/ %; %k $r J] ;} $7 $F $$ $k PE $, Bg NL $N %a %b %j %" %/ %; %9 $H K! @~ $r 5a $a $k $? $a $N 7W ;; $r 9T $& $3 $H $G $" $k !# $7 $? $, $C $F !" $3 $N $h $& $J PE 8

$K $h $j %7 %9 %F %‘ A4 BN $N B. EY $, N’ B. $5 $l $k 4m 81 @- $, $" $k !# ?^ 14: R T %b !< %I $N %a %b %j %" %/ %; %9 %Q %? !< %s $= $3 $G K\ 8& 5f $G Ds 0F $9 $k J} K! $O !" $3 $N Ld Bj $r 2s Hr $9 $k $? $a $K !" ;k E@ $, <g <4 0J 30 $N <4 J} 8~ $K 0\ F0 $7 $? E@ $+ $i ;k @~ $H J? 9T $J ;k @~ ( 0J 2< !" J? 9T ;k @~ $H 8F $V ) $, =P $F $$ $k $b $N $H 9M $( !" 3F J? LL $G $O J? 9T ;k @~ >e $N %\ %/ %; %k $b %5 %s %W %j %s %0 $9 $k ( ?^ 14 ;2 >H ) !# $? $@ $7 !" ;k E@ $N 0\ F0 5w N% $K 4X $7 $F $O !" 2D ;k 2= BP >] $N FC D’ $r 9M N8 $9 $k I, MW $, $" $k $N $G !" SCU $+ $i $N %Q %i %a !< %? $K $h $j ;X Dj $G $- $k $h $& $K $7 $J $1 $l $P $J $i $J $$ !# $3 $N J? 9T ;k @~ $K BP $7 $F $O !" ;k @~ $H F1 MM $N J} K! $K $h $k 8r :9 H= Dj $N $_ $r 9T $& $h $& $K $9 $k !# $7 $? $, $C $F !" %l %$ %H %l ;~ $O ;k @~ !" J? 9T ;k @~ $+ $i 5 $D $N 8r E@ $, 5a $a $i $l !" $3 $l $i $r A !" W !" E !" N !" S $H $9 $k ( ?^ 15 ;2 >H ) !# $3 $N ;~ $N E@ A $G $N K! @~ %Y %/ %H %k $O !" 0J 2< $N <0 (4) $K $h $j 7W ;; $G $- $k !# $? $@ $7 !" <0 (4) $G $O ~ A � ~ B $O ~ A !" ~ B $N 30 @Q $r I= $7 $F $$ $k !# � � ! K! @~ = � ! AN � � � ! AW + � � ! AW � � ! AS + � ! AS � � ! AE + � ! AE � � ! AN (4) ?^ 15: K! @~ $N 7W ;; J} K! => Mh $N J} K! $G !" 8r E@ $r Cf ?4 $H $7 $F 1 JU $, 7 v oxel $N %5 %V %- %e !< %V $+ $i K! @~ 7W ;; $r 9T $& $H $9 $k $H !" K! @~ 7W ;; $N $? $a $K 7 3 � 1 = 342 v oxel $r M> J, $K FI $_ =P $9 $3 $H $K $J $k !# 0l J} !" K\ <j K! $G $O J? 9T ;k @~ $N J, $r M> 7W $K FI $_ =P $9 $N $G !" :G Bg 512 � 4 = 2048 v oxel $K $J $j !" A4 BN $G FI $_ =P $9 %\ %/ %; %k ?t $O A} 2C $7 $F $$ $k !# $7 $+ $7 !" 8r E@ $r 4^ $‘ J? LL $+ $i FI $_ =P $9 %\ %/ %; %k $N ?t $O !" => Mh $N J} K! $G 7 2 = 49 v oxel $J $N $K BP $7 $F !" K\ <j K! $G $O 5 v oxel $G $" $k !# $3 $l $O !" K! @~ 7W ;; $N $? $a $N %\ %/ %; %k $r ;k @~ $K 1h $C $F 6Q Ey $K %" %/ %; %9 $7 $F $$ $k $? $a $G $" $j !" %a %b %j %" %/ %; %9 $H K! @~ 7W ;; =h M} $, 6Q Ey $K J, ;6 $5 $l $F $$ $k $3 $H $r I= $7 $F $$ $k !# !& SS $N =h M} : DL >o %b !< %I $G $O %7 %’ !< %G %# %s %0 =h M} $r 9T $C $F $$ $? $, !" %7 %’ !< %G %# %s %0 =h M} $O %l %$ %H %l !< %7 %s %0 K! $K 4^ $^ $l $F $$ $k $N $G !" R T %b !< %I $G $O %7 %’ !< %G %# %s %0 $r 9T $& I, MW $, $J $$ !# $= $3 $G !" R T %b !< %I $G $O !" PCS $+ $i ;k @~ $H J? 9T ;k @~ $N 8r E@ $r <u $1 <h $j !" $3 $l $i $N %\ %j %e !< %‘ Fb :B I8 $+ $i !" ;k @~ $N 8r E@ $G $N K! @~ $r <0 (4) $K $h $j 7W ;; $7 !" $3 $l $r MQ $$ $F 9b <! 8w $N J} 8~ $N 7W ;; $r 9T $& !# @8 @. $7 $? 9b <! 8w $N %G !< %? $O RCS $X Aw ?. $5 $l $k !# $5 $i $K !" SS $N =h M} $H $7 $F !" 2h A| @8 @. $N =* N; H= Dj $, $" $k !# 2h A| @8 @. $N =* N; >r 7o $O !" A4 %T %/ %; %k $, !" 0l Dj 2s ?t $N 9b <! 8w $r @8 @. !" $" $k $$ $O !" 9b <! 8w $r @8 @. $7 $J $$ >u 67 $K $J $k $3 $H $G $" $j !" SS $N PE $O C4 Ev NN 0h $N %T %/ %; %k $K 4X $7 $F !" =* N; >r 7o $, K~ $? $5 $l $F $$ $k $+ $I $& $+ $r D4 $Y $k =h M} $r 9T $& !# 3.3 SCU(System Con trol Unit) 8= :_ 9- $/ ;H $o $l $F $$ $k PCI $^ $? $O EISA $r Au Hw $7 $? %o !< %/ %9 %F !< %7 %g %s $r %[ %9 %H %^ %7 %s $H $7 $F ;H MQ $9 $k $3 $H $r A[ Dj $7 $F $* $j !" $3 $N %P %9 $r DL $7 $F %[ %9 %H %^ %7 %s $H $N 4V $G %G !< %? !" %3 %^ %s %I Ey $N <x <u $r 9T $& !# ?^ 16: SCU $N 9= @. $^ $? !" SCU $H B> $N 9= @. It J, $H $N @\ B3 $O ?^ 16 $K <( $9 $h $& $K !" 3F %9 %F !< %8 $H $N 4V $K 8D !9 $K %j %s %/ $r @_ $1 $F $* $j !" SCU $, 3F %9 %F !< %8 $H Aw <u ?. $9 $k %G !< %? $O I= 1 $G I= $5 $l $k $b $N $G $" $k !# 0J 2< !" SCU $H 3F %9 %F !< %8 4V $N DL ?. J} K! $K $D $$ $F =R $Y $k !# SCU $H RCS 4V $N DL ?. RCS $N A4 $F $N PE $G 6& M- $5 $l $F $$ $k View Bu�er(3.4.3 ;2 >H ) $r %[ %9 %H %^ %7 %s $N %a %b %j $K %^ %C %W $7 !" %[ %9 %H %^ %7 %s $+ $i D> @\ FI $_ =P $7 / =q $- 9~ $_ $, 9T $& $3 $H $G <B 8= $5 $l $F $$ $k !# $3 $N View Bu�er $N 0l It $r MQ $$ $k $3 $H $G !" RCS $N %9 %F !< %? %9 $d !" DSP $N %W %m %0 %i %‘ $N <x <u $r 9T $& !# 9

I= 1: SCU $H B> $N 9= @. It J, 4V $N %G !< %? SCU $H RCS 4V $N %G !< %? %G !< %? L> %G !< %? E> Aw $N J} 8~ %G !< %? %5 %$ %: ;k E@ SCU "* RCS 32bit oat � 3 %9 %/ %j !< %s SCU "* RCS 16bit oat � 9 RCS %3 %^ %s %I SCU "* RCS || DSP $N %W %m %0 %i %‘ SCU "* RCS || R CS %9 %F !< %? %9 RCS "* SCU || SCU $H PCS 4V $N %G !< %? %G !< %? L> %G !< %? E> Aw $N J} 8~ %G !< %? %5 %$ %: DSP $N %W %m %0 %i %‘ SCU "* PCS || ?’ %F !< %V %k SCU "* PCS 16bit oat � 256 � 3(4) y %\ %j %e !< %‘ %G !< %? SCU "* PCS 512 3 byte PCS %3 %^ %s %I SCU "* PCS || PCS %9 %F !< %? %9 PCS "* SCU || SCU $H SS 4V $N %G !< %? %G !< %? L> %G !< %? E> Aw $N J} 8~ %G !< %? %5 %$ %: 8w 8; 0L CV SCU "* SS 32bit oat � 3 8w 8; ?’ SCU "* SS 16bit oat � 3 SS %3 %^ %s %I SCU "* SS || SS %W %m %0 %i %‘ SCU "* SS || SS %9 %F !< %? %9 SS "* SCU || ||: 2D JQ D9 $N %G !< %? $G $" $k $3 $H $r I= $9 !# y : () Fb $O %l %$ %H %l ;~ $N ?t ;z !# SCU $H PCS !" SS $N DL ?. 3F %9 %F !< %8 $K Be I= $N PE $r @_ $1 $F !" $3 $N PE $N DSP $, ;} $D com p ort $r ;H $C $F SCU $H 3F %9 %F !< %8 $N DL ?. $r <B 8= $7 $F $$ $k !# $7 $? $, $C $F !" SCU $O !" Be I= $N PE $K BP $7 $F $N $_ %G !< %? $r Aw ?. $7 !" ;D $j $N PE $K BP $7 $F $O !" 3F %9 %F !< %8 $N ;} $D 7k 9g LV $K $h $j %G !< %? Aw ?. $9 $k $3 $H $G A4 PE $X $N DL ?. $r <B 8= $9 $k !# 3.4 ;k @~ @8 @. %9 %F !< %8 (RCS) K\ @a $G $O !" RCS $G 9T $& =h M} $N >\ :Y $r DL >o %b !< %I $H R T %b !< %I $K J, $1 $F =R $Y $? 8e !" RCS $N 9= @. $K $D $$ $F =R $Y $k !# 3.4.1 DL >o %b !< %I $N R CS $N =h M} DL >o %b !< %I $N RCS $N =h M} $O !" SCU $+ $i M? $( $i $l $k ;k E@ !" %9 %/ %j !< %s $N %Q %i %a !< %? $+ $i %9 %/ %j !< %s >e $N %T %/ %; %k $r DL $k ;k @~ %Y %/ %H %k $r :n @. $7 !" %\ %/ %; %k $N %5 %s %W %j %s %0 ;~ $K I, MW $J >p Js $r IU 2C $7 $F PCS $X Aw ?. $9 $k $3 $H $G $" $k !# ?^ 17: SCU $+ $i RCS $X $N %Q %i %a !< %? SCU $+ $i <u $1 <h $k !" ;k E@ !" %9 %/ %j !< %s $N %Q %i %a !< %? $O 0J 2< $N DL $j $G $" $j !" 3F %Q %i %a !< %? 4V $N 0L CV 4X 78 $r ?^ 17 $K <( $9 !# !& ;k E@ � � � ;k E@ $N :B I8 $r I= $9 !# $3 $N %G !< %? $O %\ %j %e !< %‘ 6u 4V $N 1 D: E@ $r 86 E@ $K ;} $D %o !< %k %I :B I8 7O $G M? $( $i $l $k !# !& %9 %/ %j !< %s � � � 0J 2< $N 3 $D $N %Y %/ %H %k $K $h $j I= $5 $l $k !# ~ S v : %9 %/ %j !< %s $N ?e J? J} 8~ $N C1 0L %Y %/ %H %k !# ~ S h : %9 %/ %j !< %s $N ?b D> J} 8~ $N C1 0L %Y %/ %H %k !# ~ S b : ;k E@ $+ $i %9 %/ %j !< %s $N 1& >e D: E@ $X $N %Y %/ %H %k !# $3 $l $i $N %G !< %? $N Aj 8_ 4X 78 $r ?^ 18 $G <( $9 !# 0J 2< $G $O !" $3 $l $i $N %G !< %? $r ;H MQ $7 $F RCS $, @8 @. $9 $k ;k @~ %G !< %? ( 2< @~ $K $h $j <( $9 ) $K $D $$ $F =R $Y $k !# ?^ 18: R CS $G :n @. $9 $k ;k @~ %Q %i %a !< %? $N Aj 8_ 4X 78 PCS $G ;H MQ $5 $l $k %G !< %? : PCS $N i HV L\ $N PE $, %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %" %I %l %9 $O 0J 2< $N <0 (5) $N $h $& $K I= $5 $l $k !# $3 $N $? $a !" R CS $+ $i PCS $X EO $5 $l $k %G !< %? $K <0 (5) $N F~ <M E@ !" 4p K\ %Y %/ %H %k $, I, MW $H $J $k !# F~ <M E@ $O ?^ 19 $K <( $9 $h $& $K !" <g <4 J} 8~ $K ;k @~ $r 1d D9 $7 $? ;~ $K :G =i $K %\ %j %e !< %‘ 6u 4V $N I} (0 !A 511) $K F~ <M $9 $k :] $N :B I8 $G $" $j !" 4p K\ %Y %/ %H %k $O ;k @~ %Y %/ %H %k $N <g <4 @. J, $r 1 $H $7 $? ;~ $N ;k @~ %Y %/ %H %k $G $" $k !# F~ <M E@ + 4p K\ %Y %/ %H %k � i (5) $5 $i $K !" PCS $G J] ;} $7 $F $$ $k %\ %j %e !< %‘ %G !< %? $O 3 =E 2= $5 $l $F $$ $k $? $a !" PCS $O RCS $+ $i <u $1 <h $k <g <4 L> $K $h $j !" %\ %/ %; %k $r FI $_ =P $9 %a %b %j NN 0h $N A* Br $r 9T $o $J $1 $l $P $J $i $J $$ !# $^ $? !" PCS $G $O !" ;k @~ %Y %/ %H %k $N <g <4 @. J, $N Id 9f $K $h $j %T %/ %; %k CM 7W ;; $N J} K! $r JQ 99 $7 $J $1 $l $P $J $i $J $$ $N $G !" <g <4 J} 8~ $r RCS $+ $i <u $1 <h $k !# 10

?^ 19: F~ <M E@ $N 0L CV $^ $? !" ;k E@ $, %\ %j %e !< %‘ $N Fb It $K $" $k >l 9g $d %\ %j %e !< %‘ $N @Z CG LL $N I= <( $r 9T $& $? $a $K !" ?^ 18 $N (1) !" (2) $N $h $& $K FI $_ =P $5 $l $? %\ %/ %; %k $, IT MW $+ $I $& $+ $r H= Dj $7 $J $1 $l $P $J $i $J $$ !# $= $3 $G !" RCS $O %^ %9 %/ 3+ ;O 0L CV $K $h $j !" $3 $l $r CN $i $; $k $h $& $K $9 $k !# SS $G ;H MQ $5 $l $k %G !< %? : SS $G $O !" PCS $+ $i %T %/ %; %k CM $r <u $1 <h $k :] $K !" %U %l !< %‘ %P %C %U %! $X 3J G< $9 $k $? $a $N %" %I %l %9 $N @8 @. $r 9T $o $J $1 $l $P $J $i $J $$ $, !" $3 $l $K $O %9 %/ %j !< %s :B I8 $r R CS $+ $i SS $X EA $( $k I, MW $, $" $k !# $^ $? !" SS $G 9T $o $l $k depth gradient shading $K I, MW $J Z CM $O 0J 2< $N <0 (6) $G 5a $a $i $l $k !# $3 $3 $G !" F~ <M 5w N% !" 4p K\ 5w N% $O !" $= $l $> $l ;k E@ $+ $i F~ <M E@ $^ $G $N 5w N% !" 4p K\ %Y %/ %H %k $N D9 $5 $r I= $7 $F $* $j !" $3 $l $i $O !" RCS $G 7W ;; $5 $l !" SS $X EO $5 $l $k I, MW $, $" $k !# F~ <M 5w N% + 8r E@ � 4p K\ 5w N% (6) $7 $+ $7 !" RCS $O !" SS $X $N D> @\ $N %j %s %/ $r ;} $? $J $$ $? $a !" $3 $l $i $N %G !< %? $O PCS $r 7P M3 $7 $F SS $X EO $5 $l $k $3 $H $K $J $k !# $3 $l $i $N %G !< %? $N :n @. <j =g $H 3F %G !< %? $N 5- 9f L> $r !" SCU $+ $i <u $1 <h $k %Q %i %a !< %? $N I= 5- $r MQ $$ $F I= 2 $K <( $9 !# $? $@ $7 !" I= 2 $G $O <g <4 $r x <4 $H $7 !" %Y %/ %H %k ~ A $N MW AG $r A:x; A:y ; A:z $H $7 $F I= $7 $F $$ $k !# 3.4.2 R T %b !< %I $N R CS $N =h M} R T %b !< %I $N RCS $N =h M} $O !" 3.4.1 @a $G =R $Y $? =h M} $K 2C $( $F !" SS $+ $i Aw $i $l $F $/ $k 9b <! 8w $N %Q %i %a !< %? $+ $i ;k @~ %G !< %? $r :n @. $7 PCS $X Aw ?. $9 $k $3 $H $G $" $k !# %7 %’ !< %G %# %s %0 %9 %F !< %8 $+ $i Aw $i $l $F $/ $k 9b <! 8w $N %G !< %? $O 0J 2< $N DL $j $G $" $k !# !& 9b <! 8w $N J} 8~ � � � 9b <! 8w $N J} 8~ %Y %/ %H %k !# !& 8r E@ � � � ;k @~ $, %\ %j %e !< %‘ Fb $N %* %V %8 %’ %/ %H $H 8r :9 $9 $k E@ $N %\ %j %e !< %‘ Fb :B I8 !# !& %9 %/ %j !< %s :B I8 � � � 9b <! 8w $r H/ @8 $5 $; $? ;k @~ $^ $? $O 9b <! 8w $N %9 %/ %j !< %s :B I8 !# 9b <! 8w $N $? $a $N ;k @~ %G !< %? $G DL >o %b !< %I $H 0[ $J $k $N $O !" R T %b !< %I $G $O %7 %’ !< %G %# %s %0 =h M} $r 9T $o $J $$ $? $a !" %7 %’ !< %G %# %s %0 =h M} $K I, MW $J F~ <M 5w N% !" 4p K\ 5w N% $N :n @. $r 9T $o $J $$ $3 $H $G $" $k !# $7 $+ $7 !" PCS $N =h M} $G $O 9b <! 8w $H ;k @~ $r 6h JL $7 $J $$ $? $a !" F~ <M 5w N% !" 4p K\ 5w N% $K $O %@ %_ !< $N %G !< %? $r Aw $k I, MW $, $" $k !# $^ $? !" 9b <! 8w $N F~ <M 5w N% !" 4p K\ 5w N% 0J 30 $N ;k @~ %G !< %? $O !" 9b <! 8w $N J} 8~ $H 8r E@ $r $= $l $> $l I= 2 $N ~ R !" ~ E $H CV $- 49 $( $F !" I= 2 $G <( $7 $? DL >o %b !< %I $N ;k @~ %G !< %? :n @. $N <j =g $K $h $j :n @. $5 $l $k !# $J $* !" RCS $N 3F PE $G $O 9b <! 8w $N :n @. $r DL >o $N ;k @~ @8 @. =h M} $h $j M% @h $7 $F :n @. $9 $k $h $& $K $9 $k !# $3 $l $O !" DL >o $N ;k @~ $r M% @h $5 $; $k $H !" SS $+ $i Aw $i $l $F $/ $k 9b <! 8w $N %G !< %? $, 5^ 7c $K A} Bg $9 $k $? $a $G $" $k !# 3.4.3 R CS $N 9= @. RCS $O !" 0J 2< $N MW AG $+ $i 9= @. $5 $l $F $* $j !" ?^ 20 $K <( $9 $h $& $K B> $N %9 %F !< %8 $H @\ B3 $5 $l $F $$ $k !# ?^ 20: RCS $G $N PE $N @\ B3 !& PE : View Bu�er $G J] ;} $5 $l $F $$ $k ;k E@ !" %9 %/ %j !< %s $N %Q %i %a !< %? / 9b <! 8w $N %G !< %? $r <u $1 <h $j ;k @~ $N %G !< %? :n @. $r 9T $& $? $a $N DSP !# !& Ray Bu�er : PCS $X $N Aw ?. $9 $k ;k @~ %G !< %? $r J] ;} $9 $k $? $a $N %P %C %U %! !# DSP $N Global Bus $K @\ B3 $5 $l $k !# !& View Bu�er : RCS $N A4 PE $G 6& M- $5 $l !" SCU $+ $i Aw $i $l $F $/ $k ;k E@ !" %9 %/ %j !< %s $N >p Js $d SS $+ $i M? $( $i $l $k 9b <! 8w $N %G !< %? $r J] ;} $9 $k $? $a $N %P %C %U %! !# DSP $N Lo cal Bus $K @\ B3 $5 $l $k !# PCS $H RCS $O !" DSP $N com p ort $N 4 K\ $r ;H MQ $7 $F !" 6& M- %P %9 $r 9= @. $7 PCS $N 0 HV PE $H @\ B3 $9 $k 9= @. $H $7 $F $$ $k !# RCS $G $O !" @8 @. $7 $? ;k @~ %G !< %? $r A4 $F !" 0l C6 Ray Bu�er $X 3J G< $9 $k !# 1 %9 %- %c %s %i %$ %s J, $N ;k @~ %G !< %? $N @8 @. $, =* $o $k $H !" 6& M- %P %9 $N 3M F@ MW 5a $r =P $7 !" 3M F@ $G $- $l $P 11

I= 2: RCS $G $N %G !< %? :n @. <j =g %G !< %? L> ( 5- 9f L> ) :n @. J} K! bit ?t <g <4 L> ( AX I S ) AX I S = 8 < : if ( <g <4 == x ) 01 if ( <g <4 == y ) 10 if ( <g <4 == z ) 00 2 bit <g <4 J} 8~ ( D I R ) D I R = ( R:x > 0)? 0 : 1 1 bit 4p K\ %Y %/ %H %k ( B V 1 ; B V 2) ~ R = ~ E + ~ S b + sx � ~ S h + sy � ~ S v B V 1 = R:y = j R :x j ; B V 2 = R:z = j R:x j 9 bit � 2 4p K\ 5w N% ( B LE N ) B LE N = p B V 1 2 + B V 2 + 1 32 bit F~ <M E@ ( I N 1 ; I N 2) if 511 > E :x > 0 then � I N 1 = E :y ; I N 2 = E :z ; else � I P 1 = E :y � E :x � B V 1; I P 2 = E :z � E :x � B V 2; 12 bit � 2 F~ <M 5w N% ( I LE N ) I LE N = p ( D I R � 511 � E :x ) 2 + ( I P 1 � E :y ) 2 + ( I P 2 � E :z ) 2 32 bit %9 %/ %j !< %s :B I8 ( P X L:x; P X L:y ) P X L:x = sx P X L:y = sy 9 bit � 2 %^ %9 %/ 3+ ;O 0L CV ( M AS K ) if 0 < E :x < 511 then M ask = E :x else M ask = ( M D > 0)? 511 : 0 9 bit PCS $X $N Aw ?. $r 3+ ;O $9 $k !# 3M F@ $G $- $J $$ >l 9g $O !" JL $N %9 %- %c %s %i %$ %s $N ;k @~ %G !< %? $r :n @. $7 B3 $1 $k !# $^ $? !" 6& M- %P %9 $, 6u $/ $H 6& M- %P %9 %3 %s %H %m !< %i $, !" B> $N Aw ?. 2D G= $J PE $X 3d $j 9~ $_ $r $+ $1 !" PCS $X $N Aw ?. $r 3+ ;O $5 $; $k !# $3 $3 $G !" I= 2 $K <( $7 $? DL >o %b !< %I $N ;k @~ %G !< %? :n @. <j =g $K I, MW $J L? Na ?t $r 5a $a $? $H $3 $m !" 1 ;k @~ $" $? $j 67 L? Na $G $" $k $3 $H $, J, $+ $C $? !# :# 2s ;H MQ $9 $k DSP $N %5 %$ %/ %k %? %$ %‘ $, 20 ns $G $" $k $+ $i !" 2> $K ;k @~ @8 @. $r %j %" %k %? %$ %‘ (33 : 3 msec=f r ame ) $G 9T $& $H $7 $F $b !" Ls 10 8D Dx EY $N DSP $r G[ CV $9 $l $P =< J, $H $$ $& $3 $H $K $J $k !# $^ $? !" View Bu�er $O %P %9 $K $h $j PE $H 7k 9g $5 $l $F $$ $k $, !" 0J 2< $N M} M3 $K $h $j View Bu�er $X $N %" %/ %; %9 IQ EY $, Dc $/ !" %P %9 6% 9g $K $h $j PE $N JB Ns F0 :n $, K8 $2 $i $l $k $3 $H $O $J $$ $? $a $G $" $k !# $3 $N Ld Bj $K $D $$ $F $O !" 4.2.2 @a $G >\ :Y $K =R $Y $k !# � View Bu�er $O DSP $N Lo cal Bus $K @\ B3 $5 $l $F $* $j !" Local Bus $O :G Bg 100MB/sec $N %P %s %I I} $r ;} $D !# � 3F PE $+ $i $N %" %/ %; %9 $O 1 %U %l !< %‘ $K 1 2s $G $" $k !# � PE ?t $O 9b !9 10 8D Dx EY $H >/ ?t $G $" $k !# 3.5 %T %/ %; %k CM 7W ;; %9 %F !< %8 (PCS) PCS $O 2.2.2 @a $G <( $7 $? J} K! $K $h $j J, 3d $7 $? %\ %j %e !< %‘ %G !< %? $r 3J G< $7 $F $$ $k %9 %F !< %8 $G $" $j !" ;k @~ $H 8r $o $k %\ %/ %; %k $r FI $_ =P $7 %T %/ %; %k CM $N 7W ;; $r 9T $& !# K\ @a $G $O !" PCS $G 9T $& =h M} $N >\ :Y $r DL >o %b !< %I $H R T %b !< %I $K J, $1 $F =R $Y $? 8e !" PCS $N 9= @. $K $D $$ $F =R $Y $k !# 3.5.1 DL >o %b !< %I $N =h M} R CS $+ $i $N ;k @~ %G !< %? $r 4p $K $7 $F !" $= $N ;k @~ >e $K $" $k %\ %/ %; %k $r %\ %j %e !< %‘ %a %b %j $+ $i FI $_ =P $7 !" $3 $N %\ %/ %; %k $N CM $r MQ $$ $F %\ %/ %; %k $N ?’ !" F) L@ EY $r 5a $a $F !" %T %/ %; %k CM $r 7W ;; $9 $k !# $3 $3 $G !" PCS $+ $i SS $X Aw ?. $5 $l $k %G !< %? $K $D $$ $F 0J 2< $K $^ $H $a $k !# $3 $l $i $O SS $G %7 %’ !< %G %# %s %0 =h M} $r ;\ $5 $l $? 8e CR T $X =P NO $5 $l $k !# !& %T %/ %; %k CM : R eV olver /C40 $G $O !" H> F) L@ %\ %j %e !< %‘ $N 2D ;k 2= $r 9T $& $? $a $K !" ;k @~ >e $N %\ %/ %; %k $N CM $r ;k E@ $K 6a $$ =g $K v 0 ; v 1 ; � � � ; v 511 $H $9 $k $H !" 3.2.1 @a $N <0 (1) $K $h $j 7W ;; $5 $l $k !# $3 $3 $G !" 0J 2< $N $h $& $J <0 $r Dj 5A $9 $k !# $? $@ $7 !" c ( v i ) ; � ( v i ) $O $= $l $> $l %\ %/ %; %k CM v i $r ?’ !" F) L@ EY $K JQ 49 $7 $? CM $G $" $k $3 $H $r <( $7 $F $$ $k !# C k = k X i =0 (1 � � ( v i )) � c ( v i ) � i � 1 Y j =0 � ( v j ) A K = k Y i =0 � ( v i ) D k = 511 X i = k (1 � � ( v i )) � c ( v i ) � i � 1 Y j = k � ( v j ) $3 $3 $G !" <0 (1) $O !" C 511 $^ $? $O D 0 $N $H F1 0l $N <0 $G $" $k !# $^ $? !" $3 $l $i $N <0 $O !" 0J 2< $N $h $& $J A2 2= <0 $K $h $j I= $5 $l $k !# � C k = C k � 1 + (1 � � ( v k )) � c ( v k ) � A k � 1 A k = � ( v k ) � A k � 1 (7) D k � 1 = D k � � ( v k � 1 ) + (1 � � ( v k � 1 )) � c ( v k � 1 ) (8) 12

$7 $? $, $C $F !" %T %/ %; %k CM 7W ;; $r 9T $& $K $O !" <0 (7) $^ $? $O <0 (8) $r =g $K 7W ;; $7 !" C 0 $^ $? $O D 511 $r 5a $a $l $P $h $$ $3 $H $K $J $k !# $= $3 $G !" <0 (7) $^ $? $O <0 (8) $N 1 2s J, $N =h M} $r !" PCS $N 1PE $K $h $j 9T $& $h $& $K $9 $k !# $3 $3 $G !" <0 (7) $H <0 (8) $G $O %\ %/ %; %k $N %" %/ %; %9 =g =x $, H? BP $G $" $k $3 $H $+ $i !" <g <4 J} 8~ $, @5 $N ;~ $O <0 (7) !" Ii $N ;~ $O <0 (8) $r 3F PE $G 7W ;; $9 $k $h $& $K $9 $l $P !" $$ $: $l $N >l 9g $b 0 HV PE $+ $i =h M} $r 3+ ;O $G $- $k $3 $H $K $J $k !# $7 $? $, $C $F !" RCS $N %G !< %? $O PCS $N 0 HV PE $X F~ NO $5 $l !" %T %/ %; %k CM $, 511 HV PE $+ $i =P NO $5 $l $k $3 $H $K $J $k !# !& 8r E@ : ;k @~ >e $G ;k E@ $K :G $b 6a $/ L5 ?’ !& F) L@ $G $J $$ %\ %/ %; %k $N :B I8 $N <g <4 @. J, !# %7 %’ !< %G %# %s %0 %9 %F !< %8 $G $N %T %/ %; %k $N 79 <P 7W ;; $K ;H MQ $5 $l $k !# !& %9 %/ %j !< %s :B I8 !" 4p K\ 5w N% !" F~ <M 5w N% : $3 $l $i $O RCS $G :n @. $5 $l $k $b $N $G $" $k $, !" PCS $r 7P M3 $7 $F SS $X EO $5 $l $k !# <0 (1) $G ;H MQ $7 $F $$ $k c ( v i ) !" � ( v i ) $O !" FI $_ =P $7 $? %\ %/ %; %k CM v i $r ;H $C $F B0 @- %F !< %V %k $r ;2 >H $9 $k $3 $H $K $h $j 5a $a $i $l $k !# %\ %/ %; %k CM $O 1 by te $G I= $5 $l $F $$ $k $? $a !" $3 $N %F !< %V %k $O 256 %( %s %H %j $+ $i 9= @. $5 $l $k !# 3F %( %s %H %j $N 9= @. $O c ( v i ) = ( R ( v i ) ; G ( v i ) ; B ( v i )) ; � ( v i ) $+ $i $J $j !" 3F %G !< %? $O 16 bit f l oat $G I= $o $5 $l $F $$ $k !# $3 $N %F !< %V %k ;2 >H $O !" 0J 2< $N 2 DL $j $N $& $A $$ $: $l $+ $G 9T $o $l $k !# !& D> @\ : %\ %/ %; %k CM $r D> @\ %$ %s %G %C %/ %9 $H $7 $F !" B0 @- %F !< %V %k $r ;2 >H $9 $k !# DL >o $O $3 $A $i $r ;H MQ $9 $k !# !& :9 J, : NY @\ %\ %/ %; %k CM $H $N :9 J, $r %$ %s %G %C %/ %9 $H $7 $F !" B0 @- %F !< %V %k $r ;2 >H $9 $k !# %\ %/ %; %k CM $N JQ 2= $, 5^ $J 2U =j $r 6/ D4 $9 $k $N $K ;H MQ $5 $l $k !# $? $@ $7 !" %\ %/ %; %k CM $N :9 J, $O � 255 !A 255 $^ $G $N CM $r $H $j F@ $k $? $a !" :9 J, $N CM $r 1 bit 1& %7 %U %H $7 128 $r 2C $( $? $b $N $r %$ %s %G %C %/ %9 $H $9 $k !# 3.5.2 R T %b !< %I $N =h M} 3.2.3 @a $G =R $Y $? $h $& $K !" R T %b !< %I $N PCS $O %T %/ %; %k CM 7W ;; $K 2C $( $F !" 8r :9 H= Dj !" K! @~ 7W ;; $N A0 =h M} $r 9T $& !# $? $@ $7 DL >o %b !< %I $H 0[ $J $j !" %T %/ %; %k CM 7W ;; $K $D $$ $F $O !" 8r E@ $N <j A0 $G BG $A @Z $i $J $1 $l $P $J $i $J $$ !# $= $3 $G !" k HV PE $, 8r E@ $G $" $k $H H= CG $7 $? $H $9 $k $H !" <g <4 J} 8~ $, @5 $G $" $l $P <0 (7) $G A k � 1 = 0 !" Ii $G $" $l $P <0 (8) $G D 511 � k = 0 $H $7 $F %T %/ %; %k CM 7W ;; $r 9T $( $P !" 8r E@ $N <j A0 $G BG $A @Z $k =h M} $H F1 $8 8z 2L $, F@ $i $l $k ( ?^ 21 ;2 >H ) !# $3 $3 $G !" R T %b !< %I ;~ $K PCS $+ $i SS $X Aw ?. $5 $l $k %G !< %? $r $^ $H $a $k $H 0J 2< $N $h $& $K $J $k !# $? $@ $7 !" SS $X EO $5 $l $k %G !< %? $G <o N‘ $d 8D ?t $, DL >o %b !< %I $H 0[ $J $k $b $N $O !" 2< @~ $K $h $j I= $5 $l $F $$ $k $b $N $G $" $k !# !& ?’ � � � ;k @~ $N 8r E@ $r k $H $9 $k $H !" <g <4 $N @5 Ii $K 1~ $8 $F !" <0 (7) $N C k � 1 $^ $? $O D 511 � k $r %T %/ %; %k CM $H $9 $k !# !& 8r E@ (5 $D ) � � � ;k @~ !" J? 9T ;k @~ $> $l $> $l $N 8r E@ !# $3 $l $i $r MQ $$ $F !" SS $G 8r E@ $N K! @~ 7W ;; $, 9T $o $l $k !# !& %\ %/ %; %k CM (2 $D ) � � � 8r E@ $N D> A0 $N %\ %/ %; %k CM $H 8r E@ $N %\ %/ %; %k CM !# SS $G 6~ @^ N( $X JQ 49 $9 $k $N $K ;H MQ $5 $l $k !# !& %9 %/ %j !< %s :B I8 !" F~ <M E@ !" 4p K\ %Y %/ %H %k � � � RCS $G :n @. $5 $l $k %G !< %? $, PCS $r DL 2a $7 $F SS $X EO $5 $l $k !# ?^ 21: R T %b !< %I $G $N PCS $N 7W ;; $N MM ;R 3.5.3 PCS $N 9= @. PCS $O 0J 2< $N MW AG $K $h $j 9= @. $5 $l $F $* $j !" ?^ 22 $K <( $9 $h $& $K !" PE $O 1 <! 85 $K @\ B3 $5 $l $F $$ $k !# 3F PE $O ?^ 4 $G $N 1 %a %b %j %P %s %/ J, $N %G !< %? $K $D $$ $F $N =h M} $r C4 Ev $9 $k $h $& $J 9= @. $H $7 $F $$ $k !# ?^ 22: PCS $N 9= @. !& PE : 0J 2< $N 3 MW AG $K $h $j 9= @. $5 $l $F $$ $k !# 1. DSP � � � %T %/ %; %k CM 7W ;; !" 8r :9 H= Dj $r 9T $& $? $a $N DSP !# 2. Address Generator � � � %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %" %I %l %9 $N @8 @. $r 9T $& !# 3. FIFO � � � NY @\ DSP 4V $N DL ?. $N $? $a $N %P %C %U %! !# 13

!& 3D-V olume Memory : 2.2.2 @a $G =R $Y $? J} K! $K $h $j !" %\ %j %e !< %‘ %G !< %? $r J, 3d $7 $F 3J G< $7 $F $$ $k %a %b %j !# $3 $l $i $N MW AG $K $h $j PCS $G $O 2 <o N‘ $N %Q %$ %W %i %$ %s =h M} $r 9T $C $F $$ $k !# 0J 2< $G $O !" $= $l $> $l $N =h M} J} K! $K $D $$ $F =R $Y $k !# PE Fb %Q %$ %W %i %$ %s =h M} PCS $N PE Fb $G $O !" DSP !" Address Generator !" 3D- V olume Memory $K $h $j 0J 2< $N $h $& $J %Q %$ %W %i %$ %s =h M} $r 9T $C $F $* $j !" %a %b %j %" %/ %; %9 ;~ 4V $N 1# JC $r ?^ $C $F $$ $k !# i. A0 CJ PE $+ $i $N ;k @~ %G !< %? $r Address Generator $K $h $j <u ?. $7 !" %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %" %I %l %9 $N 7W ;; $r 9T $& !# ii. Address Generator $G 7W ;; $7 $? %" %I %l %9 $r $b $H $K $7 $F 3D-V olume Memory $+ $i %G !< %? $r FI $_ =P $9 !# iii. 3D-V olume Memory $+ $i $N =P NO $r DSP $, <h $j 9~ $_ !" 3.5.1 @a $G =R $Y $? J} K! $K $h $j ?’ !" F) L@ EY $K JQ 49 $7 !" NY @\ DSP $N 7k 2L $+ $i %T %/ %; %k CM 7W ;; !" 8r :9 H= Dj $r 9T $$ !" <! CJ $N PE $X Aw ?. $9 $k !# PE 4V %Q %$ %W %i %$ %s =h M} PCS $N =h M} $G PE 4V $N %G !< %? N. $O Bg $- $/ 2 $D $K J, $1 $k $3 $H $, $G $- $k !# $9 $J $o $A !" (A)DSP 4V $r N. $l $k %T %/ %; %k CM 7W ;; $N ES Cf 7k 2L $H !" (B)Address Generator 4V $r N. $l $k ;k @~ %G !< %? $G $" $k !# 0J 2< $G $O !" (A)(B) $N %G !< %? $H !" $3 $l $K 4X O" $9 $k =h M} $* $h $S 9= @. $K $D $$ $F =R $Y $k !# (A) DSP 4V $r N. $l $k %G !< %? i HV L\ $N DSP $, Aw <u ?. $9 $k %G !< %? $N Dj 5A !" ;H MQ L\ E* !" Bg $- $5 $K $D $$ $F $O 0J 2< $N $h $& $J $b $N $G $" $k !# ?’ � � � <0 (7) $N C i $^ $? $O <0 (8) $N D 511 � i $G $" $k !# R; G; B $= $l $> $l $, 16 bit f l oat $G I= $5 $l $F $$ $k !# $3 $N %G !< %? $O DL >o %b !< %I !" R T %b !< %I $K 6& DL $G $" $k !# F) L@ EY � � � <0 (7) $N A i $G $" $k !# $? $@ $7 !" ;k @~ %Y %/ %H %k $N <g <4 @. J, $, @5 $N ;~ $N $_ I, MW !# 16 bit f l oat $K $h $j I= $5 $l $F $$ $k !# $3 $N %G !< %? $O DL >o %b !< %I !" R T %b !< %I $K 6& DL $G $" $k !# 8r E@ � � � ;k @~ $H I= LL $H 8r :9 $9 $k ;~ $N !" 8r E@ $r 4^ $s $G $$ $k J? LL $N HV 9f !# SS $G ;H MQ $5 $l $k !# $3 $N %G !< %? $O !" DL >o %b !< %I $O 9 bit $G $" $j !" R T %b !< %I $G $O J? 9T ;k @~ $r 4^ $a $k $? $a !" 45 bit $H $J $k !# %\ %/ %; %k CM � � � A0 CJ $N DSP $, FI $_ =P $7 $? %\ %/ %; %k CM !# B0 @- %F !< %V %k $N ;2 >H ;~ $N :9 J, (3.5.1 @a ;2 >H ) $d !" 8r :9 H= Dj $K ;H MQ $5 $l $k !# %\ %/ %; %k CM $O !" 8 bit $G I= $5 $l $F $$ $k $? $a !" DL >o %b !< %I $O 8 bit $G $" $k $, !" R T %b !< %I $G $O J? 9T ;k @~ $N J, $r 4^ $a $F 40 bit $K $J $k !# <g <4 J} 8~ � � � %T %/ %; %k CM 7W ;; $N J} K! $r I= $9 !# $3 $N @5 / Ii $K $h $j DSP $G I> 2A $9 $k <0 (7) $H <0 (8) $N A* Br $r $9 $k !# Id 9f $N $_ $G $" $k $+ $i 1 bit $" $l $P $h $$ !# $3 $N %G !< %? $O !" DL >o %b !< %I !" R T %b !< %I $K 6& DL $G $" $k !# DSP 4V $N DL ?. $O C1 J} 8~ $G $" $k $N $G !" %P %C %U %! $H $7 $F FIFO %a %b %j $r ;H MQ $7 !" DSP $N Global Bus $K @\ B3 $9 $k 9= @. $H $7 $F $$ $k !# 0l J} !" DSP $N Lo cal Bus $K $O 3D-V olume Memory $r @\ B3 $9 $k 9= @. $r :N $C $F $$ $k !# $^ $? !" $3 $l $i $N %a %b %j $O ?^ 23 $N $h $& $K DSP $N %a %b %j %^ %C %W $r ;H MQ $7 $F $$ $k !# FC $K !" 3D-V olume Memory $K $D $$ $F $O !" RCS $G @8 @. $5 $l $k <g <4 L> $N %3 !< %I ( I= 2 $N AX I S ) $, %Y !< %9 %" %I %l %9 $K $J $k $h $& $K 3d $j IU $1 $i $l $J $1 $l $P $J $i $J $$ !# ?^ 23: DSP $N %a %b %j %^ %C %W (B) Address Generator 4V $r N. $l $k %G !< %? Address Generator 4V $r N. $l $k %G !< %? $O !" RCS $G :n @. $5 $l $? ;k @~ %G !< %? (3.4.1 @a ;2 >H ) $G $" $k $, !" ;k @~ %G !< %? $N Fb $G !" F~ <M E@ $N $_ $, PE 4V $r <u $1 EO $5 $l $k :] $K 0J 2< $N <0 (9) $N $h $& $J JQ 99 $r <u $1 $k !# <! CJ $X $N F~ <M E@ = A0 CJ $+ $i $N F~ <M E@ + 4p K\ %Y %/ %H %k (9) 0J 2< $G $O !" Address Generator $K $* $1 $k =h M} $D $$ $F =R $Y !" >\ $7 $$ 9= @. $K $D $$ $F $O 4.2.3 @a $G =R $Y $k !# (a) %" %I %l %9 @8 @. � � � ;k @~ %G !< %? $+ $i %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %" %I %l %9 $r 7W ;; $9 $k !# @8 @. $9 $k %" %I %l %9 $O !" I= 2 $G <( $7 $? ;k @~ %G !< %? $N 5- 9f L> $r ;H MQ $7 $F 5- =R $9 $k $H <0 (10) $N $h $& $K $J $k !# AX I S << 20 + ( I N 1 + B V 1) � 512 + ( I N 2 + B V 2) (10) $3 $N $& $A !" ( I N 1 + B V 1 ; I N 2 + B V 2) $, <0 (9) $N 1& JU $K Aj Ev $7 !" <! CJ $X Aw ?. $9 $k F~ <M E@ $H $J $k !# $3 $3 $G !" ( I N 1 + B V 1) !" ( I N 2 + B V 2) $N 7k 2L $G !" JR J} $G $b 0 !A 511 $G $J $$ ;~ $O !" %5 %s %W %j %s %0 E@ $, %\ %j %e !< %‘ 6u 4V $N 30 $K $" $k $3 $H $K $J $k $N $G !" DSP $G $N %T %/ %; %k CM 7W ;; $K 1F 6A $N $J $$ $h $& $K L5 ?’ !& F) L@ $N %\ %/ %; %k $N %" %I %l %9 $r =P NO $9 $k !# (b) %^ %9 %/ %A %’ %C %/ � � � ;k E@ $, %\ %j %e !< %‘ 6u 4V $N Cf $K $" $k ;~ $d !" CG LL $N I= <( $G $O FI $_ =P $9 %\ %/ %; %k $, IT MW $+ $I $& $+ $r D4 $Y $J $1 $l $P $J $i $J $$ !# $3 $N 5! G= $O !" ;k @~ %G !< %? $N %^ %9 %/ 3+ ;O 0L CV $r PE HV 9f $H Hf 3S $7 !" <g <4 J} 8~ $, @5 $G PE HV 9f $N J} $, >. $5 $$ >l 9g !" $^ $? $O !" <g <4 J} 8~ $, Ii $G PE HV 9f $N J} $, Bg $- $J >l 9g $O %T %/ %; %k CM 7W ;; $, IT MW $J $N $G !" DSP $N %T %/ %; %k CM 7W ;; $K 1F 6A $N $J $$ $h $& $K !" L5 ?’ !& F) L@ $N %\ %/ %; %k $N %" %I %l %9 $r =P NO $9 $k $3 $H $G <B 8= $5 $l $F $$ $k !# (c) Lo cal Bus @) 8f � � � %\ %/ %; %k CM $, 1 by te $G $" $k $N $K BP $7 $F !" DSP $N %a %b %j %$ %s %? %U %’ !< %9 $O 4 by te I} $r ;} $D $N $G !" 14

DSP $, %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %o !< %I Fb %" %I %l %9 7W ;; $r 9T $& I, MW $, $" $j !" IT I, MW $J 7W ;; $, A} 2C $9 $k !# $= $3 $G !" DSP $N Lo cal Bus $r ?^ 24 $N $h $& $J 9= @. $H $7 $F !" Address Generator $N @8 @. $9 $k %" %I %l %9 $N 2< 0L 2 bit $K $h $j @) 8f $9 $k $3 $H $G DSP $N byte %" %/ %; %9 $N 8z N( 2= $r ?^ $k !# $3 $l $K $h $j !" DSP $G $O LUB0 L? Na $N $_ $G L\ E* $N %\ %/ %; %k $r %" %/ %; %9 $9 $k $3 $H $, $G $- $k !# ?^ 24: DSP $N Lo cal Bus $N 9= @. $3 $3 $G !" Address Generator $, @8 @. $9 $k Lo cal Bus $N @) 8f ?. 9f (Select ?. 9f ) $H %" %I %l %9 !" DSP $N R= � W $N 4X 78 $r I= 3 $K <( $9 !# I= 3: Address Generator $+ $i $N Select ?. 9f address $N 2< 0L 2bit Select[4:1] Select[0] z Read ;~ 0 0 0 0 0 1 1 0 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 1 0 0 0 1 W rite ;~ � � 0 0 0 1 0 z : :G 2< 0L byte $N J} 8~ $N @) 8f 3.6 %7 %’ !< %G %# %s %0 %9 %F !< %8 (SS) SS $O !" PCS $N 7W ;; 7k 2L $r <u $1 <h $j %U %l !< %‘ %P %C %U %! $X 3J G< $7 !" SCU $+ $i $N 8w 8; >p Js $K 4p $E $$ $F %7 %’ !< %G %# %s %0 =h M} $r ;\ $7 $? 8e $K CR T $X =P NO $9 $k %9 %F !< %8 $G $" $k !# K\ @a $G $O !" DL >o %b !< %I $H R T %b !< %I $N SS $N =h M} $N >\ :Y $K $D $$ $F =R $Y $? 8e !" SS $N 9= @. $K $D $$ $F =R $Y $k !# 3.6.1 DL >o %b !< %I $N =h M} DL >o %b !< %I $K $* $1 $k =h M} $r Bg JL $9 $k $H 0J 2< $K <( $9 3 <o N‘ $K $J $k !# !& PCS $+ $i $N <u ?. PCS $+ $i M? $( $i $l $k %G !< %? $G SS $N =h M} $K I, MW $J $b $N $O !" 8r E@ !" F~ <M 5w N% !" 4p K\ 5w N% !" ?’ $G $" $k !# SS $G $O !" $3 $l $i $N <u ?. ;~ $K SS $G 9T $& 7W ;; $K I, MW $J 7A <0 $X $N JQ 49 $r 9T $& !# $^ $: !" 8r E@ !" F~ <M 5w N% !" 4p K\ 5w N% $r MQ $$ $F !" ;k E@ $+ $i ;k @~ $H I= LL $N 8r :9 $9 $k E@ $^ $G $N 5w N% $r <0 (11) $K $h $j 7W ;; $9 $k !# depth = F~ <M 5w N% + 8r E@ !_ 4p K\ 5w N% (11) <! $K !" PCS $G 9T $C $F $$ $k %T %/ %; %k CM 7W ;; $G $O ?’ ( R ; G; B ) $r 16 bit f l oat $G 7W ;; $7 $F $$ $k $, !" SS $G $O 8 bit $N @0 ?t $H $7 $F 07 $& $? $a !" PCS $+ $i $N <u ?. ;~ $K 7? JQ 49 $r 9T $& !# !& %7 %’ !< %G %# %s %0 =h M} %7 %’ !< %G %# %s %0 =h M} $G $O !" ;k @~ $H I= LL $, 8r :9 $9 $k E@ $G $N I= LL $N K! @~ $r 5a $a $k $3 $H $G 8w 8; $K BP $7 $F I= LL $, $I $N $h $& $J 8~ $- $K $" $k $+ $r 7W ;; $7 1" 1F $r IU $1 $k !# $3 $N $? $a K! @~ $, I, MW IT 2D 7g $G $" $k $, !" %\ %/ %; %k $O N% ;6 E* $J :B I8 $K $h $j I= $5 $l $F $$ $k $? $a !" K! @~ $O 6a ;w $K $h $j 5a $a $k 0J 30 $K J} K! $O $J $$ !# R eV olver /C40 $, :N MQ $7 $F $$ $k %7 %’ !< %G %# %s %0 J} K! $O depth gradient shading $G $" $k !# $3 $N %7 %’ !< %G %# %s %0 J} K! $G $N K! @~ $N 7W ;; J} K! $O !" 3F %T %/ %; %k Kh $K Z CM $r MQ 0U $7 !" %9 %/ %j !< %s $N ?e J? !& ?b D> J} 8~ $K NY @\ $9 $k 7 %T %/ %; %k $N Z CM $r MQ $$ $F 7W ;; $9 $k J} K! $G $" $k ( ?^ 25 ;2 >H ) !# $3 $N J} K! $O !" 2h A| @8 @. =h M} $H FH N) $7 $F %7 %’ !< %G %# %s %0 =h M} $r 9T $( $k $? $a !" %Q %$ %W %i %$ %s 2= $K $h $j 9b B. 2= 2D G= $G $" $k !# ?^ 25: depth gradient shading 0J 2< $G $O !" ?e J? J} 8~ $N %T %/ %; %k $N 79 <P $N 7W ;; J} K! $r <( $9 !# $? $@ $7 !" ;k E@ $+ $i %9 %/ %j !< %s $N 5w N% $r 1 $H $7 $? ;~ $N %T %/ %; %k $N 4V 3V $r dp !" %T %/ %; %k ( x; y ) $N Z ( x; y ) $G I= $9 $H $9 $k !# 1. k = 0 ; � 1 ; � 2 ; � 3 $K $D $$ $F !" D ( k ) = Z ( x + k ; y ) � Z ( x + k + 1 ; y ) $r 7W ;; $9 $k !# 2. f D ( k ) j k = 0 ; � 1 ; � 2 ; � 3 g $G D (0) $r 4^ $_ Id 9f $, 0[ $J $i $J $$ :G Bg $N HO 0O $r 7h Dj $9 $k !# $3 $N HO 0O Fb $G $N k $N :G Bg CM !" :G >. CM $r k 1 !" k 0 $H $9 $k !# 3. D epth = Z ( k 1 ; y ) � Z ( k 0 ; y ) !" Leng th = j k 1 + 1 � k 0 j $r 5a $a $k !# 4. 79 <P 3Q � x = arctan � D epth dp � Leng th � Z ( x; y ) � F1 MM $N =h M} $r %9 %/ %j !< %s $N ?b D> J} 8~ $G $b 9T $& $3 $H $K $h $j !" %T %/ %; %k ( x; y ) $N K! @~ $, 5a $a $i $l $k !# !& =P NO =h M} %7 %’ !< %G %# %s %0 =h M} $r ;\ $7 $? 2h A| $K BP $7 $F !" I, MW $K 1~ $8 $F FC Dj NN 0h $N A* Br $d 3H Bg !& =L >. $N =h M} $r 9T $& !# :G =* E* $K F@ $i $l $? 2h A| $r F rame Bu�er $X Aw =P $7 !" CR T $X I= <( $9 $k !# 3.6.2 R T %b !< %I $N =h M} R T %b !< %I $K $O depth gradient shading $O 9T $o $: !" 9b <! 8w $N J} 8~ 7W ;; $r 9T $& $, !" 9b <! 8w $N J} 8~ $r 5a $a $k $? $a $K $O 15

%7 %’ !< %G %# %s %0 =h M} F1 MM !" ;k @~ $H I= LL $N 8r E@ $G $N K! @~ $, I, MW $H $J $k !# $7 $+ $7 !" 3.6.1 @a $G =R $Y $? %7 %’ !< %G %# %s %0 =h M} $K $* $1 $k K! @~ 7W ;; $G $O Z CM $N $_ $G 7W ;; $9 $k $? $a !" 9b B. $G $" $k $, 8m :9 $, =P $d $9 $$ !# $^ $? !" R T %b !< %I $K $O K! @~ $K $h $j 9b <! 8w $N J} 8~ 7W ;; $, $J $5 $l $k $? $a !" $h $j @5 3N $J K! @~ $, MW 5a $5 $l $k !# $= $3 $G !" R eV olver /C40 $G $O !" 3.2.3 @a $G =R $Y $? J? 9T ;k @~ $r MQ $$ $? J} K! $K $h $j !" PCS $, K! @~ 7W ;; $N A0 =h M} $r 9T $& J} <0 $r :N MQ $7 $F $$ $k !# 0J 2< $G $O !" SS $, R T %b !< %I $K 9T $& =h M} $K $D $$ $F =R $Y $k !# (a) ;k @~ !" J? 9T ;k @~ $N 8r E@ $N %\ %j %e !< %‘ Fb :B I8 $N 7W ;; : PCS $+ $i <u ?. $9 $k !" 8r E@ !" F~ <M E@ !" 4p K\ %Y %/ %H %k $r MQ $$ $F !" ?^ 15 $G <( $7 $? E@ A,W,E,N,S $= $l $> $l $N %\ %j %e !< %‘ Fb :B I8 $r 7W ;; $9 $k !# $3 $3 $G !" <0 (4) $N K! @~ 7W ;; $K MQ $$ $i $l $k $N $O � ! AX ( X $O W; E ; N ; S $N $$ $: $l $+ ) $G $" $k $N $G !" I, MW $J $N $O A $+ $i $N Aj BP JQ 0L $N $_ $G $" $k !# $7 $? $, $C $F !" K! @~ 7W ;; ;~ $O A,W,E,N,S $K 4X $7 $F 0J 2< $N <0 $G 5a $a $? :B I8 $r ;H MQ $9 $l $P $h $$ !# $? $@ $7 !" E@ A $O 9b <! 8w $N ;O E@ $H $J $k $? $a !" RCS $X Aw ?. $9 $k :] $K !" @5 $7 $$ %\ %j %e !< %‘ Fb :B I8 $H $9 $k $? $a !" <g <4 0J 30 $N @. J, $K F~ <M E@ $r 2C $( $k I, MW $, $" $k !# %\ %j %e !< %‘ Fb :B I8 $N <g <4 @. J, = 8r E@ %\ %j %e !< %‘ Fb :B I8 $N <g <4 0J 30 $N @. J, = 8r E@ !_ 4p K\ %Y %/ %H %k (b) K! @~ 7W ;; : (a) $N 7k 2L $r $b $H $K $7 $F !" <0 (4) $r I> 2A $7 K! @~ %Y %/ %H %k $r 5a $a $k !# (c) 9b <! 8w $N J} 8~ 7W ;; : (b) $G 5a $a $? K! @~ %Y %/ %H %k $r @5 5, 2= $7 $? $b $N $r ~ N 0 $G I= $7 !" ;k @~ %Y %/ %H %k $N C1 0L %Y %/ %H %k $r ~ R 0 $G I= $9 $H !" 9b <! 8w $N J} 8~ $O <! $N <0 (12) $K $h $j 5a $a $k $3 $H $, $G $- $k !# 8 > > > < > > > : H? <M 8w = 2 ~ N 0 + ~ R 0 j ~ R 0 � ~ N 0 j 6~ @^ 8w = k f ~ N 0 + ~ R 0 j ~ R 0 � ~ N 0 j ! � ~ N 0 (12) $? $@ $7 !" <0 Cf $N k f $O F~ <M B& !" F) 2a B& $N 6~ @^ N( $r n 1 !" n 2 $G I= $9 $H 0J 2< $N $h $& $K $J $k !# $J $* !" 6~ @^ N( $O !" PCS $G $N B0 @- %F !< %V %k $H F1 MM $N %F !< %V %k $r !" $" $i $+ $8 $a SS $N A4 PE $K MQ 0U $7 $F $* $- !" PCS $+ $i M? $( $i $l $k %\ %/ %; %k CM $r %$ %s %G %C %/ %9 $H $7 $F ;2 >H $9 $k $3 $H $K $h $j 5a $a $k !# k f = 0 @ � n 1 n 2 � 2 � � � � � ~ R 0 ~ R 0 � ~ N 0 � � � � � 2 � � � � � � ~ R 0 ~ R 0 � ~ N 0 + ~ N 0 � � � � � 1 A � 1 2 (d) %T %/ %; %k CM $N =q $- 9~ $_ : PCS $+ $i Aw $l $i $F $/ $k ?’ $H 3: Ev $9 $k %U %l !< %‘ %P %C %U %! $N %T %/ %; %k $N OB $r !" F rame Bu�er $X =q $- 9~ $‘ !# (e) 2h A| @8 @. $N =* N; H= Dj : 2h A| @8 @. $O !" A4 %T %/ %; %k $K 4X $7 $F H? <M 6~ @^ $, 0l Dj $N 2s ?t $@ $1 5/ $3 $k $+ !" 9b <! 8w $r H/ @8 $5 $; $J $$ >u 67 $K $J $l $P =* N; $9 $k !# $= $3 $G !" H? <M 6~ @^ $N $? $a $N ;k @~ $r @8 @. $9 $k SS $K $h $j %T %/ %; %k Kh $K 9b <! 8w $N @8 @. 2s ?t $r %+ %& %s %H $9 $k $3 $H $G 2h A| @8 @. $N =* N; H= Dj $, 9T $o $l $k !# 3.6.3 SS $N 9= @. 3.6.1 !" 3.6.2 @a $N =h M} $r 9T $& $? $a $N SS $O !" 0J 2< $N MW AG $+ $i 9= @. $5 $l $F $* $j !" ?^ 26 $K <( $9 $h $& $K %a %C %7 %e >u $K 7k 9g $5 $l $F $$ $k !# ?^ 26: SS $N 9= @. !& PE : 0J 2< $N MW AG $+ $i 9= @. $5 $l $F $$ $k !# DSP: %7 %’ !< %G %# %s %0 =h M} / 9b <! 8w $N J} 8~ 7W ;; $r 9T $& $? $a $N DSP !# Receive Bu�er: PCS $+ $i $N %G !< %? $N <u ?. MQ $N %P %C %U %! !# Output Bu�er: Video Signal Generator $X $N =P NO MQ $N %P %C %U %! !# VRAM $r ;H MQ $9 $k !# !& Pixel T ranceiv er : %9 %/ %j !< %s :B I8 $+ $i E, @Z $J PE $X %T %/ %; %k CM $J $I $N %G !< %? $r J, G[ $9 $k !# !& Video Signal Generator : CR T $N F1 4| ?. 9f !" CR T $X $N 2h A| =P NO !" RCS $X $N 9b <! 8w $N Aw ?. $N Cf 7Q $r 9T $& !# DL >o %b !< %I $N =h M} $G $O !" PCS $+ $i $N <u ?. !" %7 %’ !< %G %# %s %0 =h M} !" 2h A| =P NO $r F1 ;~ $K 9T $& $? $a !" Recive Bu�er !" Output Bu�er $O $= $l $> $l %@ %V %k %P %C %U %! %j %s %0 $K $h $j !" =h M} $, Dd BZ $7 $J $$ 9= @. $H $J $C $F $$ $k !# $^ $? !" %7 %’ !< %G %# %s %0 =h M} $G $O %9 %/ %j !< %s $r %V %m %C %/ J, 3d $7 !" %5 %V %9 %/ %j !< %s Kh $K PE $r 3d $j Ev $F $k J} <0 $G JB Ns =h M} $r 9T $C $F $$ $k !# $7 $+ $7 !" C1 =c $J %V %m %C %/ J, 3d $G $O %7 %’ !< %G %# %s %0 =h M} $N :] $K PE 4V DL ?. $, H/ @8 $9 $k $? $a !" ?^ 25 $N $h $& $K %G !< %? $r NY @\ PE $H =E J# $7 $F %G !< %? $r ;} $D $3 $H $G PE 4V DL ?. $r Hr $1 $k $h $& $K $7 $F $$ $k !# $3 $3 $G !" DL >o %b !< %I $N =h M} $K I, MW $J L? Na ?t $r D4 $Y $? $H $3 $m !" 151 L? Na $G $" $k $3 $H $, J, $+ $C $? !# 2> $K !" %j %" %k %? %$ %‘ (33 : 3 ms=f r ame ) $G =h M} $r 9T $& $H $9 $k $H !" SS $K I, MW $J PE ?t $O Ls 23.8 $H $J $j !" Hf 3S E* >/ ?t $G $" $k !# R T %b !< %I $G $O !" %9 %Q %s %3 %R !< %l %s %9 $N $? $a !" 9b <! 8w $r H/ @8 $5 $; $k %T %/ %; %k $O O" B3 $7 $F $$ $k 2D G= @- $, 9b $$ !# $= $3 $G !" PE 4V $N Ii 2Y J, ;6 $r ?^ $k $? $a $K $O !" %9 %/ %j !< %s $r $G $- $k $@ $1 :Y $+ $/ J, 3d $7 $F PE $r %5 %$ %/ %j %C %/ $K 3d $j Ev $F $F =h M} $r 9T $& J} K! $, 9M $( $i $l $k !# $7 $+ $7 !" Ouptput Bu�er $H $7 $F VRAM $r ;H MQ $7 $F $* $j SAM %] !< %H $N 9b B. FI $_ =P $7 $, 128 8D $N %G !< %? $r C1 0L $H $7 $F $$ $k $? $a !" R eV olver /C40 $G $O !" %9 %/ %j !< %s $r 128 � 1 pixel $K J, 3d $7 PE $r %5 %$ %/ %j %C %/ $K 3d $j IU $1 $k $h $& $K $7 $F $$ $k !# $^ $? !" R T %b !< %I $G $N 1 %T %/ %; %k Ev $? $j $N =h M} NL $K $D $$ $F D4 $Y $? $H $3 $m !" 5 $D $N 8r E@ $N %\ %j %e !< %‘ Fb :B I8 7W ;; !" <0 16

(4) $N K! @~ 7W ;; !" <0 (12) $N 9b <! 8w $N J} 8~ 7W ;; $K MW $9 $k L? Na $N $N 9g 7W $, 392 L? Na $G $" $C $? !# ;D $j $N %T %/ %; %k CM $N =q $- 9~ $_ !" 2h A| @8 @. $N =* N; H= Dj $r 4^ $a $F $b 500 L? Na $" $l $P =< J, $K =h M} $, 40 N; $9 $k $H 9M $( $i $l $k !# 2> $K !" R T %b !< %I $G %j %" %k %? %$ %‘ =h M} $r 9T $& $H $7 $F $b !" Ls 78.8PE Dx EY $N 9= @. $H $J $k !# $7 $+ $7 !" R T %b !< %I $G $O PCS $N =h M} B. EY $b Dc 2< $9 $k $N $G !" <B :] $K I, MW $J PE ?t $O $3 $N ?t $h $j $b >. $5 $/ $J $k !# $3 $N Ld Bj $K $D $$ $F $O !" 4.3 @a $G >\ $7 $/ =R $Y $k !# 4 %W %m %H %? %$ %W 9= @. K\ @a $G $O !" 8= :_ 3+ H/ $7 $F $$ $k %W %m %H %? %$ %W $G $N 3H D% 5! G= $H !" $= $N 9= @. $K $D $$ $F =R $Y $? 8e !" :G 8e $K %W %m %H %? %$ %W $K $* $1 $k @- G= $K $D $$ $F =R $Y $k !# 4.1 %W %m %H %? %$ %W $G $N 3H D% 5! G= K\ 8& 5f $G $O R eV olver /C40 $N %" !< %- %F %/ %A %c $N M- 8z @- $r 3N G’ $9 $k $? $a $K !" >. 5, LO $J %W %m %H %? %$ %W $N @_ 7W !" 3+ H/ $r 9T $C $F $$ $k !# $3 $l $O !" I= 4 $K <( $9 $h $& $K !" 152PE $+ $i @. $k %7 %9 %F %‘ $G $" $k !# $7 $+ $7 !" PCS $, 128PE $J $N $G 512 3 v oxel $N 6u 4V $r %l %s %@ %j %s %0 $9 $k $K $O PE ?t $, IT B- $7 $F $$ $k !# $= $3 $G !" PCS $N PE $K JQ 99 $r 2C $( $F ?^ 27 $K <( $9 $h $& $K !" 1PE $G J# ?t $N J? LL $N =h M} $r 9T $( $k $h $& $K $7 !" >. 5, LO $J 9= @. $G $b Bg $- $J 6u 4V $N 2D ;k 2= $r 9T $& $h $& $K $9 $k !# ?^ 27: PCS $N PE $K $h $k J# ?t J? LL $N C4 Ev $3 $N JQ 99 $O !" %\ %j %e !< %‘ %G !< %? $r 3J G< $9 $k %a %b %j $K 4X $7 $F $O !" C1 $K MF NL $r J? LL $N ?t $K 1~ $8 $F A} NL $9 $k $@ $1 $G $h $$ $, !" $= $N %a %b %j $+ $i %5 %s %W %j %s %0 $9 $k %\ %/ %; %k $N %" %I %l %9 $r @8 @. $9 $k Address Generator $K 4X $7 $F $O !" %" %I %l %9 @8 @. !" %^ %9 %/ %A %’ %C %/ $r J# ?t $N J? LL $K BP $7 $F 9T $& $h $& $J 5! 9= $H $7 $J $1 $l $P $J $i $J $$ !# $3 $N Address Generator $K 4X $9 $k 9= @. $K $D $$ $F $O !" 4.2.3 @a $G >\ $7 $/ =R $Y $k !# 4.2 %W %m %H %? %$ %W $N 9= @. 4.2.1 5, LO $N @_ Dj R eV olver /C40 $O %Q %$ %W %i %$ %s 7W ;; 5! $G $" $k $? $a !" 3F %9 %F !< %8 4V $G $N =h M} ;~ 4V $N %P %i %s %9 $, $H $l $k $h $& $K PE $r G[ J, $7 $J $1 $l $P $J $i $J $$ !# $= $3 $G !" K\ @a $G $O 3F %9 %F !< %8 $G $N =h M} ;~ 4V $r 8+ @Q $b $k $3 $H $G !" $= $l $> $l $N %9 %F !< %8 $K I, MW $J PE ?t $r 5a $a $k !# $J $* !" RCS !" SS $N PE ?t $N 7W ;; $G $O !" %9 %/ %j !< %s $N %5 %$ %: $r 512 2 pixel $H $7 $F 7W ;; $9 $k !# !& RCS $N PE ?t RCS-PCS 4V $G %P %i %s %9 $r J] $D $? $a $K $O !" PCS Fb $N %Q %$ %W %i %$ %s %T %C %A $G !" R CS $+ $i PCS $X ;k @~ %G !< %? $r EO $; $l $P $h $$ !# PCS $, :G $b 9b B. $J $N $O 4.3 @a $G =R $Y $k $h $& $K IT F) L@ %\ %j %e !< %‘ $N I= <( $r 9T $& :] $G !" PCS Fb $N %Q %$ %W %i %$ %s %T %C %A $O 260 ns $H $J $k !# RCS $G $O 1 ;k @~ $r @8 @. $9 $k $N $K 67 L? Na I, MW $J $3 $H $+ $i !" RCS $N PE $O (67 � 20 ns ) = 260 ns = Ls 5 : 2 8D Dx EY I, MW $G $" $k $H 7W ;; $G $- $k !# $h $C $F !" RCS $N PE ?t $K $O 8 8D $N PE $r G[ CV $9 $l $P == J, $G $" $k !# !& PCS $N PE ?t PCS $O 1 <! 85 $N %Q %$ %W %i %$ %s 9= B$ $G !" $= $N PE ?t $O !" %\ %j %e !< %‘ 6u 4V $N 1 JU $N Bg $- $5 $N $_ $G 7h $a $i $l $k !# R e- V olver /C40 $G $O !" B> $N %9 %F !< %8 $r PCS $N @- G= $K 9g $o $; $k $3 $H $G A4 BN $N %P %i %s %9 $r J] $D $h $& $K $7 $F $$ $k !# :# 2s $N %W %m %H %? %$ %W $G $O !" PCS $K 128PE $r MQ 0U $7 !" 3F PE $K 512 2 � 4 v oxel $r 3J G< $G $- $k $h $& $K $9 $k !# $9 $J $o $A !" 3F PE $, :G Bg 4 J? LL $r C4 Ev $9 $k $3 $H $G !" 512 3 v oxel $N %\ %j %e !< %‘ %G !< %? $r %l %s %@ %j %s %0 $r 9T $( $k $h $& $K $9 $k !# !& SS $N PE ?t SS $N =h M} $H !" R CS $H PCS $N =h M} $O %9 %/ %j !< %s $r C1 0L $H $7 $? %Q %$ %W %i %$ %s $G $" $j !" RCS !" PCS $G 1 %U %l !< %‘ $r @8 @. $9 $k 4V $K !" SS $G $O 1 %U %l !< %‘ $N depth gradient shading $, 9T $( $l $P $h $$ !# RCS !" PCS $K $h $k 2h A| @8 @. $, :G B. $G $" $k $N $O IT F) L@ %\ %j %e !< %‘ $N I= <( $N ;~ $N Ls 68 ms=f r ame $G $" $k !# SS $G 1 pixel J, $N depth gradient shading =h M} $K 151 L? Na I, MW $G $" $k $3 $H $+ $i !" SS $K $O (151 � 20 ns ) = 68 ms = Ls 11 : 6 8D Dx EY $N PE $, I, MW $H $J $k !# $7 $? $, $C $F !" SS $K $O 16 8D $N PE $r G[ CV $9 $k $3 $H $K $9 $k !# 0J >e $r $^ $H $a $k $H !" R eV olver /C40 $N %W %m %H %? %$ %W $N 5, LO $O I= 4 $N $h $& $K $J $k !# I= 4: %W %m %H %? %$ %W $N 5, LO !& %O !< %I %& %( %" 5, LO RCS 8PE PCS 128PE SS 16PE 7W 152PE !& %G !< %? $N 5, LO %\ %j %e !< %‘ %G !< %? :G Bg 512 3 v oxel %9 %/ %j !< %s :G Bg 512 2 pixel 4.2.2 R CS $N <B Au K\ @a $G $O !" R eV olver /C40 $N %W %m %H %? %$ %W $K $* $1 $k !" RCS $N >\ :Y $J 9= @. $K $D $$ $F =R $Y $k !# ?^ 28 $K RCS $N View Bu�er !" PE !" Ray Bu�er $N 9= @. $r <( $9 !# View Bu�er $X $N %" %/ %; %9 $K $O !" GS B> @) 8f $, I, MW $J $? $a !" PE $K $O $= $l $> $l GSM-IF (Global Shared Mem- ory InterF ace) $r G[ CV $7 !" View Bu�er $X $N %" %/ %; %9 MW 5a $r GBC (Global Bus Controller) $X =P $9 !# GBC $G $O PE $N M% @h EY $K $7 $? $, $C $F View Bu�er $X %" %/ %; %9 $G $- $k PE $r 7h Dj $9 $k $h $& $J 9= @. $H $J $C $F $$ $k !# 17

?^ 28: RCS $N PE !" View Bu�er !" Ray Bu�er $N 9= @. ?^ 29: RCS $N PCS $N %$ %s %? %U %’ !< %9 R CS $H PCS $N %$ %s %? %U %’ !< %9 $O !" ?^ 29 $K <( $9 $h $& $J 9= @. $H $J $C $F $* $j !" 3F PE $N DSP $N com p ort $r PCS $N 0 HV $N PE $N com p ort $K D> 7k $7 $? 6& M- %P %9 9= @. $H $J $C $F $$ $k !# $3 $N %P %9 $N @) 8f $O PCF-IF (PCS InterF ace) $K $h $j 9T $o $l $k !# $3 $3 $G !" View Bu�er $ PE 4V $H !" PE $ PCS 4V $N 6& M- %P %9 $K $D $$ $F !" 3F 9= @. MW AG $+ $i $N %" %/ %; %9 IQ EY $+ $i I, MW $J %P %s %I I} $r 5a $a $k !# $^ $: !" View Bu�er $X $N %" %/ %; %9 $K $D $$ $F $O !" SCU !" SS !" R CS $N PE $+ $i $K $h $k $b $N $K J, $1 $i $l !" $^ $H $a $k $H 0J 2< $N $h $& $K $J $k !# SCU: 1 %U %l !< %‘ $N @8 @. ;~ 4V ( Ls 68 ms ) $K 1 2s !" ;k E@ / %9 %/ %j !< %s $N %Q %i %a !< %? (30 by te ) $N 99 ?7 $r 9T $& $? $a !" :G Bg $G $b 0 : 44 K by te=sec $H $J $k !# R CS $N PE: 1 %U %l !< %‘ $N @8 @. ;~ 4V $K 1 2s !" A4 PE $, !" ;k E@ / %9 %/ %j !< %s $N %Q %i %a !< %? $N 3M F@ $r 9T $& $? $a !" :G Bg $G $b 3 : 45 K by te=sec $H $J $k !# SS: R T %b !< %I $K $* $1 $k 9b <! 8w $N 7W ;; ;~ 4V ( Ls 500 L? Na � 20 ns ) $K 1 2s !" 9b <! 8w $N %G !< %? (22 by te ) $r =q $- 9~ $‘ !# SS $K $O 16PE $" $k $N $G !" Ls 33 : 6 M by te=sec $H $J $k !# $h $C $F !" View Bu�er $K MW 5a $5 $l $k %P %s %I I} $O :G Bg $G $b 33 : 6 M by te=sec 6/ $H DSP $N Lo cal Bus $N %P %s %I I} (100 M by te=sec ) $K Hf $Y $F >. $5 $/ !" %P %9 6% 9g $K $h $k PE $N JB Ns F0 :n $N >c 32 $O $J $$ $b $N $H 9M $( $i $l $k !# $D $. $K !" RCS $N PE $+ $i PCS $X $N PE $X $N %G !< %? Aw ?. $K $D $$ $F $O !" ;k @~ %G !< %? $O 18 by te $G I= $5 $l $k $N $G !" PCS $N :G B. $N %Q %$ %W %i %$ %s %T %C %A (260 ns ) $G Aw =P $9 $k $H !" Ls 66 M by te=sec $N %P %s %I I} $, MW 5a $5 $l $k !# $= $3 $G !" RCS $H PCS 4V $N %j %s %/ $O !" 20 M by te=sec $N %P %s %I I} $r ;} $D DSP $N com p ort $r 4 K\ ;H MQ $7 $F 9= @. $5 $l $k !# 4.2.3 PCS $N <B Au !& Lo cal/Global Bus $N 9= @. ?^ 30: PCS $N PE $N 9= @. PCS $N >\ :Y $J 9= @. $r ?^ 30 $K <( $9 !# DSP $N Lo cal Bus !" Global Bus $K $O $= $l $> $l 4 M by te DRAM !" FIFO $r G[ CV $7 !" $= $l $> $l V olume Memory !" NY @\ PE 4V DL ?. $N %P %C %U %! $H $7 $F ;H MQ $7 $F $$ $k !# Lo cal Bus $G $O !" 3.5.3 @a $N ?^ 24 $G <( $7 $? DSP $N by te %" %/ %; %9 $r 8z N( 2= $9 $k $? $a $N 9= @. $K ;H MQ $9 $k %P %C %U %! $H !" DSP $H Address Generator+Memory $N %? %$ %_ %s %0 $r 9g $o $; $k $? $a $N Latch $r G[ CV $7 $F $$ $k !# Global Bus $K G[ CV $7 $F $$ $k !" DL ?. MQ $N %P %C %U %! $N FIFO $O 10 ns $N $b $N $r ;H MQ $7 $F $* $j !" == J, $K DSP $G 0w ait %" %/ %; %9 $r <B 8= $G $- $k !# !& Address Generator $N 9= @. 3.5.3 @a $G =R $Y $? Address Generator $O !" ?^ 31 $K <( $9 DL $j !" 0J 2< $N 9= @. MW AG $+ $i @. $C $F $$ $k !# $J $* !" 0J 2< $G $O 512 3 v oxel $r 128PE $G =h M} $9 $k >l 9g $N 9= @. !" $9 $J $o $A 3F PE $, 4 J? LL $r C4 Ev $9 $k >l 9g $K $D $$ $F =R $Y $k !# { 2C ;; 4o (2 $D ) <0 (10) $N F~ <M E@ $H 4p K\ %Y %/ %H %k $N 2C ;; $r 9T $& $? $a $N 12 bit 2C ;; 4o $G $" $k !# F~ NO %G !< %? $O !" F~ <M E@ $N %G !< %? !" 4p K\ %Y %/ %H %k $G $" $j !" 2C ;; 4o $N =P NO $O Address Latc h $G %" %I %l %9 $N 0l It $H $7 $F ;H MQ $5 $l $k !# $? $@ $7 !" 2C ;; 4o $N =P NO $G [10 : 9] bit L\ $K 1 $, $" $l $P !" %5 %s %W %j %s %0 E@ $, %\ %j %e !< %‘ 6u 4V $N 30 $G 18

?^ 31: Address Generator $N 9= @. $" $k $3 $H $r <( $7 $F $$ $k $N $G !" Address Latc h $X F~ NO $7 $F $$ $k condition $r 1( %( %i !< ) $H $9 $k !# $^ $? !" 2C ;; 4o $N =P NO $O <! CJ $N Address Generator $X Aw ?. $9 $k F~ <M E@ $H $b $J $k $? $a !" Send Bu�er $N I N 1 !" I N 2 $X 3J G< $5 $l $k !# F1 ;~ $K !" 1PE $G 4 J? LL $N =h M} $r 9T $& $? $a !" 2C ;; 4o $N =P NO $O $b $& 0l EY 2C ;; 4o $N F~ NO Latch $K $b F~ $l $i $l $k !# { Hf 3S 4o PE HV 9f $H %^ %9 %/ 3+ ;O 0L CV $r Hf 3S $9 $k $? $a $N 9 bit Hf 3S 4o $G $" $k !# $3 $N Hf 3S 4o $G $O !" 1PE $, 4 J? LL $r C4 Ev $7 $F $$ $k $? $a !" C1 $K PE HV 9f $H %^ %9 %/ 3+ ;O 0L CV $H Hf 3S $9 $k $N $G $O $J $/ !" PE HV 9f $+ $i (PE HV 9f +4) $^ $G $N HV 9f $H Hf 3S $7 $J $1 $l $P $J $i $J $$ !# $= $3 $G !" %^ %9 %/ 3+ ;O 0L CV $N 2< 0L 2 bit ( C4 Ev $7 $F $$ $k J? LL ?t $N BP ?t J, $N bit ?t !" $3 $N CM $r m $H $9 $k ) $r L5 ;k $7 $? CM $H PE HV 9f $H Hf 3S $7 !" PE HV 9f $N Bg / >. $K 1~ $8 $F 1/0 $r 4 2s =P NO $9 $k !# PE HV 9f $H F1 $8 >l 9g $O !" 0 $r m 2s !" 1 $r 4 � m 2s =P NO $9 $k !# $? $@ $7 !" Address Latch $X $N =P NO $O 2C ;; 4o $K $h $k %" %I %l %9 7W ;; $H F1 4| $9 $k I, MW $, $" $k $? $a !" Data Manipulator $+ $i $N ?. 9f $K $h $j =P NO $r 9T $& !# $5 $i $K !" Hf 3S 7k 2L $N =P NO $, =P $5 $l $? 2s ?t $b %\ %/ %; %k $N %" %I %l %9 $H $7 $F I, MW $G $" $k $? $a !" 2 bit %+ %& %s %? $r @_ CV $7 !" Hf 3S 4o $+ $i $N =P NO Kh $K %+ %& %s %H $r 9T $$ !" Address Latch $X =P NO $9 $k !# { Address Latch 512 3 v oxel $r 128PE $G J, 3d $7 $F J] ;} $9 $k $? $a !" R e- V olver /C40 $G $O 3F PE $K !" 4MB $N %a %b %j $r G[ CV $7 $F $$ $k !# $h $C $F !" %5 %s %W %j %s %0 $5 $l $k %\ %/ %; %k $N %" %I %l %9 $O 22 bit $H $J $k !# $3 $N %" %I %l %9 $r J] ;} $9 $k $? $a $N Latc h $O 0J 2< $N $h $& $J %U %# !< %k %I $K $h $j 9= @. $5 $l $F $$ $k !# � AXIS � � � R CS $G @8 @. $5 $l $? <g <4 $N %3 !< %I ( I= 2 $N AX I S ) $r [21:20]bit L\ $K 3J G< $9 $k !# � plane# � � � Hf 3S 4o $N %+ %& %s %? $N =P NO $r [19:18]bit L\ $K 3J G< $9 $k !# � plane Fb %" %I %l %9 � � � 2C ;; 4o $N 7k 2L $r $= $l $> $l [17:9]bit L\ !" [8:0]bit L\ $K 3J G< $9 $k !# $^ $? !" Address Latch $G $O !" <g <4 %G !< %? $H F1 ;~ $K Aw $i $l $F $/ $k <g <4 J} 8~ $H Hf 3S 4o $+ $i M? $( $i $l $k Hf 3S 7k 2L $N GS B> E* O@ M} OB $N 7k 2L $H 2C ;; 4o $+ $i $N condition $N O@ M} OB $K $h $j !" @8 @. $7 $? %" %I %l %9 $, M- 8z $+ L5 8z $+ $r 7h Dj $9 $k !# L5 8z $J >l 9g $O !" L5 ?’ !& F) L@ $N %\ %/ %; %k $N %" %I %l %9 $r =P NO $9 $k $? $a !" 0x0070 0000 !A 0x007F FFFF $^ $G $N FC Dj $N CM $K %j %; %C %H $K $9 $k 5! 9= $r ;} $D !# { Seletct @8 @. 2s O) Lo cal Bus $r @) 8f $9 $k $? $a $N ?. 9f ( I= 3) $r @8 @. $9 $k $? $a $N 2s O) !# F~ NO $O !" Address Latch $N 2< 0L 2 bit $H DSP $N R= � W $G $" $k !# { $= $N B> F~ NO %G !< %? $r Address Generator Fb It $N E, @Z $J >l =j $X 3J G< $9 $k $? $a $N @) 8f ?. 9f $r @8 @. $9 $k Data Manipulator $H !" <! CJ $N Address Generator $X %G !< %? $r Aw ?. $9 $k $? $a $N Send Bu�er !" $* $h $S !" DRAM refresh 2s O) $r Fb B" $7 $F $$ $k !# 4.3 @- G= 8+ @Q $j K\ @a $G $O !" %W %m %H %? %$ %W $G $N @- G= $N 8+ @Q $j $r 9T $& !# $3 $3 $G !" @- G= 8+ @Q $K 4X $7 $F $O !" %\ %j %e !< %‘ $N Bg $- $5 $O !" 128 3 v oxel $G $" $j !" %9 %/ %j !< %s $N Bg $- $5 $O 512 2 pixel $G $" $k $H $7 $F $$ $k !# $^ $? !" ;H MQ $9 $k DRAM $O %i %s %@ %‘ %" %/ %; %9 $G !" 110ns $G $" $k $H $9 $k !# 4.3.1 @- G= $N 8+ @Q $j J} K! R eV olver /C40 $G $O !" PCS $K 9g $o $; $F B> $N %9 %F !< %8 $N PE ?t $, 7h $^ $C $F $$ $k $? $a !" A4 BN @- G= $O PCS $N $_ $K 0M B8 $9 $k !# $7 $? $, $C $F !" @- G= $N 8+ @Q $j $O !" PCS $N @- G= $r 3F %b !< %I Kh $K =h M} ;~ 4V $r 5a $a $k $3 $H $K $h $j 9T $( $P $h $$ !# $= $3 $G !" 3F %b !< %I $N =h M} $r 9T $& %W %m %0 %i %‘ $r :n @. $7 !" I, MW $J L? Na ?t $+ $i =h M} ;~ 4V $r 7W ;; $9 $k $3 $H $K $9 $k !# $^ $: !" PCS $N =h M} $r Bg JL $9 $k $H !" 0J 2< $N $h $& $K J, N‘ $9 $k $3 $H $, $G $- $k !# 1. Address Generator $K $h $k %" %I %l %9 @8 @. ;~ 4V 2. DRAM $+ $i $N %\ %/ %; %k CM $N FI $_ =P $7 ;~ 4V 3. %T %/ %; %k CM $N 7W ;; ;~ 4V 4. %G !< %? $N Aw <u ?. ;~ 4V $3 $l $i $N ;~ 4V $N $& $A !" 1 $N %" %I %l %9 @8 @. I, MW $J ;~ 4V $O !" <g $K 2C ;; 4o $K I, MW $J ;~ 4V $N $_ $G $" $k $N $G !" 2 $N DRAM %" %/ %; %9 $d 3 $N %T %/ %; %k CM 7W ;; $G I, MW $J ;~ 4V $K Hf $Y $F >. $5 $/ %Q %$ %W %i %$ %s =h M} $r Mp $9 MW 0x $H $O $J $i $J $$ $H 9M $( $i $l $k !# $^ $? !" 4 $N %G !< %? $N Aw <u ?. ;~ 4V $K $D $$ $F $O !" DSP $N L? Na $H $7 $F <B 8= $5 $l $F $$ $k !# $7 $? $, $C $F !" @- G= $N 8+ @Q $j $G 9M N8 $, I, MW $J $N $O !" DRAM $N %" %/ %; %9 ;~ 4V $H !" DSP $N =h M} ;~ 4V $H $$ $& $3 $H $K $J $k !# $3 $3 $G !" 2 $N ;~ 4V $O !" FI $_ =P $9 %\ %/ %; %k $N 8D ?t $K 1~ $8 $F JQ 2= $9 $k $? $a !" 3F %b !< %I $G $N %\ %/ %; %k $N %" %/ %; %9 %Q %? !< %s $r ?^ 32 $K $^ $H $a $k !# 19

?^ 32: 3F %b !< %I $G $N %\ %/ %; %k $N %" %/ %; %9 %Q %? !< %s <u ?. %P %C %U %! Fb AR5 "* d y 8r E@ � R G B voxel y : <g <4 J} 8~ Address Register(AR) $N ;H MQ J} K! AR1 "* B0 @- %F !< %V %k (R) $N @h F, AR2 "* B0 @- %F !< %V %k (G) $N @h F, AR3 "* B0 @- %F !< %V %k (B) $N @h F, AR4 "* B0 @- %F !< %V %k ( � ) $N @h F, AR5 "* send/receive ;~ %" %I %l %9 AR6 "* 1(0),tmp( � 1) AR7 "* R(0),G(1),B(-1) () Fb $N ?t ;z $O displacement LOOP:AND *+AR5(0),@ FFFF ; <g <4 J} 8~ $N %A %’ %C %/ BND NEG ; if(DIR==1) brach LDF R5,*+AR5(0) ; R5 "+ � jj LDF R7,*+AR6(0) ; R7 "+ 1 LBU0 @ volume,IR0 ; %\ %/ %; %k CM $N %m !< %I ; <g <4 $, @5 $N ;~ $N =h M} MPYF3 R5,*+AR1(IR0),R0; R0 "+ R ( v i ) � � jj SUBF3 *+AR6(0),R7,R2 ; R2 "+ (1 � � ( v i )) MPYF3 R5,*+AR2(IR0),R1; R1 "+ G ( v i ) � � jj STF R0,*+AR6(1) ; tmp "+ R0 MPYF3 R2,*+AR6(1),R0 ; R0 "+ R ( v i ) � � � (1 � � ( v i )) jj STF R1,*-AR6(1) ; tmp "+ R1 MPYF3 R2,*-AR6(1),R1 ; R1 "+ G ( v i ) � � � (1 � � ( v i )) jj ADDF3 R0,*+AR5(0),R3 ; R3 "+ R ( v i ) � � � (1 � � ( v i )) + R ADDF3 R1,*+AR5(0),R1 ; R1 "+ G ( v i ) � � � (1 � � ( v i )) + G jj STF R3,*+AR7(0) MPYF3 R5,*+AR3(IR0),R0; R0 "+ B ( v i ) � � jj STF R1,*+AR7(1) MPYF3 R5,*+AR4(IR0),R1; R1 "+ � � � ( v i ) jj STF R0,*+AR6(0) ; tmp "+ R0 MPYF3 R2,*+AR(0),R0 ; R0 "+ B ( v i ) � � � (1 � � ( v i )) ADDF3 R0,*+AR5(IR0),R0; R0 "+ B ( v i ) � � � (1 � � ( v i )) + B BRD LOOP LDF *+AR7(1),R6 jj LDF *+AR7(0),R7 STF R1,*+AR5(0) ; send R1(new � ) jj STF R7,*+AR5(0) ; send R7(new R) STF R6,*+AR5(0) ; send R6(new G) jj STF R0,*+AR5(0) ; send R0(new B) STF IR0,*+AR5(0) ; send IR0(new voxel) ; <g <4 $, Ii $N ;~ $N =h M} NEG: MPYF3 R5,*+AR5(0),R0 ; R0 "+ � ( v i ) � R jj SUBF3 *+AR4(IR0),R7,R2; R2 "+ (1 � � ( v i )) MPYF3 R2,*+AR1(IR0),R1; R1 "+ (1 � � ( v i )) � R ( v i ) jj STF R0,*+AR7(0) MPYF3 R5,*+AR5(0),R0 ; R0 "+ � ( v i ) � G jj ADDF3 *+AR7(0),R1,R3 ; R3 "+ (1 � � ( v i )) � R ( v i ) + � ( v i ) � R STF R5,*+AR5(0) ; send R1(new � ) for dummy jj STF R3,*+AR5(0) ; send R3(new R) MPYF3 R2,*+AR2(IR0),R1; R1 "+ (1 � � ( v i )) � G ( v i ) jj STF R0,*+AR7(1) MPYF3 R5,*+AR5(0),R0 ; R0 "+ � ( v i ) � B jj ADDF3 *+AR7(1),R1,R3 ; R3 "+ (1 � � ( v i )) � G ( v i ) + � ( v i ) � G MPYF3 R2,*+AR3(IR0),R1; R1 "+ (1 � � ( v i )) � B ( v i ) BRD LOOP jj STF R0,*-AR7(1) ADDF3 *-AR7(1),R1,R0 ; R0 "+ (1 � � ( v i )) � B ( v i ) + � ( v i ) � B jj STF R3,*+AR5(0) ; send R3(new G) STF R0,*+AR5(0) ; send R3(new B) jj STF IR0,*+AR5(0) ; send R3(new voxel) ?^ 33: %\ %j %e !< %‘ %l %s %@ %j %s %0 =h M} $N %W %m %0 %i %‘ ( H> F) L@ =h M} ) 4.3.2 DL >o %b !< %I $N @- G= DL >o %b !< %I $N N% ;6 %b %G %k $N %\ %/ %; %k $N %l %s %@ %j %s %0 $G $O !" ?^ 32 $K $h $j %" %/ %; %9 $9 $k %\ %/ %; %k $O 1 $D $G $" $k $N $G !" DRAM $+ $i $N FI $_ =P $7 ;~ 4V $O 110 ns $H 9M $( $F $h $$ !# <! $K !" DSP $G $O ?^ 33 $K <( $7 $? %W %m %0 %i %‘ $r <B 9T $9 $k !# $3 $N %W %m %0 %i %‘ $N :G D9 7P O) $O !" <g <4 $, @5 $N >l 9g $G !" 18 L? Na I, MW $H $J $C $F $$ $k !# $h $C $F !" DSP $N =h M} ;~ 4V $O 18 � 20 ns $H $J $k !# $7 $? $, $C $F !" DRAM $N %" %/ %; %9 ;~ 4V $h $j DSP $N =h M} ;~ 4V $N J} $, D9 $/ !" PE 4V $N %Q %$ %W %i %$ %s $G $O DSP $K $h $k =h M} ;~ 4V $, ;Y G[ E* $H $J $k !# $7 $? $, $C $F !" $3 $N %b !< %I $G $N @- G= $O !" 360 ns � 512 2 = 94 : 37 ms=f r ame $H $J $k !# DL >o %b !< %I $N %* %W %7 %g %s ;H MQ ;~ $N @- G= !& IT F) L@ %\ %j %e !< %‘ $N %l %s %@ %j %s %0 $r 9T $& >l 9g : $3 $N :] $N PCS $N =h M} $O !" I= LL $H 8r :9 $9 $k :] $N %\ %/ %; %k CM $N $_ $r SS $X Aw ?. $7 !" SS $N %7 %’ !< %G %# %s %0 ;~ $K ?’ $X JQ 49 $5 $l $k $h $& $K $9 $k $? $a !" PCS $G $O %\ %/ %; %k CM $N $_ $, DSP 4V $G <u $1 EO $9 $3 $H $K $J $k !# H> F) L@ %\ %j %e !< %‘ $N %l %s %@ %j %s %0 F1 MM !" %" %/ %; %9 $9 $k %\ %/ %; %k $O 1 $D $G $" $j !" ?^ 34 $N IT F) L@ %\ %j %e !< %‘ $N %l %s %@ %j %s %0 $r 9T $& %W %m %0 %i %‘ $N :G D9 7P O) $O !" <g <4 $, @5 $N >l 9g $K 8r E@ $N %\ %/ %; %k $r =h M} $9 $k :] $N 13 L? Na (260 ns ) $G $" $k !# $7 $? $, $C $F !" $3 $N >l 9g $b DSP $K $h $k =h M} ;~ 4V $, ;Y G[ E* $H $J $k $N $G !" 260 ns � 512 2 = 68 : 1 ms=f r ame $H $$ $& @- G= $K $J $k !# <u ?. %P %C %U %! Fb AR5 "* d y 8r E@ z vo xel y : <g <4 J} 8~ z : 8r E@ $, $J $$ 4V $O 0020h =i 4| CM R10 (PE HV 9f ) AR6 8000h(1),0020h(-1) LOOP: LDI *+AR5(0),R0 ; <u ?. jj LDI *+AR5(0),R1 ; <u ?. TSTB R0,*+AR6(1) ; BND NEGA TIVE ; LUB0 R2,@ volume ; LDINZ R2,R3 ; NOP ; BRD SEND ; TSTB R0,*-AR6(1) ; LDINZ R10,R0 ; LDINZ R3,R1 ; NEGA TIVE: AND R2,R2 ; LDINZ R10,R0 ; OR3 R0,*+AR6(1),R0 ; SEND: BRD LOOP ; STI R0,*+AR5(0) ; jj STI R1,*+AR5(0) ; NOP ; NOP ; ?^ 34: %\ %j %e !< %‘ %l %s %@ %j %s %0 =h M} $N %W %m %0 %i %‘ ( IT F) L@ ;~ ) !& O" B3 %b %G %k $N %\ %/ %; %k $r 07 $& >l 9g : O" B3 %b %G %k $G $O !" ?^ 10 $N <0 (2) $r I> 2A $7 $J $1 $l $P $J $i $J $$ $? $a !" DSP $, %5 %s %W %j %s %0 E@ $N :B I8 7W ;; $r 9T $o $J $1 $l $P $J $i $J $$ !# $7 $? $, $C $F !" Address Generator $X F~ NO $7 $F $$ $? %G !< %? $b DSP $X F~ NO $9 $k $h $& $K $9 $k !# $3 $N %" %I %l %9 7W ;; !" tri-linear Jd 4V $N 7W ;; $r 4^ $a $? =h M} $K I, MW $J L? Na ?t $O 174 L? Na y (3 : 84 �s ) $G $" $j !" %\ %/ %; %k $N FI $_ =P $7 ;~ 4V $, 440 ns $G $" $k $3 $H $+ $i !" DSP $N =h M} ;~ 4V $, %Q %$ %W %i %$ %s %T %C %A $H $J $k !# $7 $? $, $C $F !" =h M} @- G= $O 3 : 84 �s � 512 2 = 0 : 9 sec=f r ame $H $J $k !# !& %5 %s %W %j %s %0 4V 3V $N Jd @5 $r 9T $& >l 9g : %5 %s %W %j %s %0 4V 3V $N Jd @5 $O !" %\ %/ %; %k CM $+ $i ?’ !" F) L@ EY $K JQ 49 $9 $k :] $K 3.2.2 @a $N <0 (3) $r I> 2A $9 $k $3 $H $K $h $j 9T $o $l $k !# $3 $N <0 $N I> 2A $K $O 17 L? Na y (340 ns ) M> J, $K I, MW $J $3 $H $+ $i !" Jd @5 $r 9T $& $H DL >o %b !< %I $G !" Ls 183 : 5 ms=f r ame $H $J $k !# 4.3.3 R T %b !< %I $N @- G= R T %b !< %I $K %" %/ %; %9 $9 $k %\ %/ %; %k ?t $O ?^ 32 $K <( $9 $h $& $K !" 5 %\ %/ %; %k $G $" $k !# $7 $? $, $C $F !" %\ %/ %; %k $N FI $_ =P $7 ;~ 4V $O 550 ns $H $J $k !# 0l J} !" R T %b !< %I $N =h M} $K I, MW $J L? Na ?t $O !" 92 L? Na y (1 : 84 �s ) $G $" $k !# $5 $i $K !" SS $N 1PE $N =h M} B. EY $O Ls 500 L? Na $G 1 9b <! 8w $N =h M} $, 9T $( $k $N $G !" M} A[ E* $K Ii 2Y $, J, ;6 $5 $l $? $H $9 $l $P !" 0 : 625 �s= 9b <! 8w $N =h M} G= NO $r ;} $D $3 $H $K $J $k !# PCS $N @- G= $, 1 : 84 �s=pixel $G $" 20

$k $3 $H $+ $i !" SS $N =h M} G= NO $O PCS $K Hf $Y $F == J, $K 9b $/ !" SS $K $h $k %Q %$ %W %i %$ %s $N Mp $l $O $J $$ $H 9M $( $i $l $k !# $7 $? $, $C $F !" R T %b !< %I $N @- G= $b PCS $N DSP $N =h M} ;~ 4V $G 7h $^ $k !# $h $C $F !" A4 $F $N ;k @~ $, 2 2s H? <M 6~ @^ $r 7+ $j JV $7 $? $H $9 $k $H !" =h M} $9 $Y $- ;k @~ $N ?t $, 2 X i =0 2 i = 7 G\ $K $J $k $N $G !" Ls 3 : 34 sec $G 1 %U %l !< %‘ $r @8 @. $G $- $k $3 $H $K $J $k !# 4.3.4 4{ B8 $N JB Ns 7W ;; 5! $H $N Hf 3S R eV olver /C40 $N %W %m %H %? %$ %W $H 4{ B8 $N JB Ns 7W ;; 5! $H $N Hf 3S $r 9T $$ !" K\ @a $N $^ $H $a $H $9 $k !# Hf 3S $N BP >] $H $9 $k $N $O @l MQ $N %O !< %I %& %’ %" $r MQ $$ $? 7W ;; 5! $H HF MQ 7W ;; 5! $G $N JB Ns %" %k %4 %j %: %‘ $K $h $k $b $N $G $" $k !# $3 $l $i 35 MW $r I= 5 $K $^ $H $a $k [17] !# 0J 2< $G $O !" @l MQ $N %O !< %I %& %’ %" $N Nc $H $7 $F CUBE !" HF MQ 5! $r MQ $$ $? Nc $H $7 $F CM-5 $r <h $j >e $2 $F =R $Y $k $3 $H $K $9 $k !# DL >o %b !< %I $N Hf 3S | CUBE| CUBE $O R eV olver /C40 $H F1 MM $K 8e J} Ej 1F %" %k %4 %j %: %‘ $r :N MQ $7 $F $$ $k @l MQ JB Ns 7W ;; 5! $G $" $k !# $7 $+ $7 !" R e- V olver /C40 $H 0[ $J $j !" CUBE $, 9b B. $J $N $O !" ;k @~ J} 8~ $, � x, � y , � z $N 6 DL $j $N $$ $: $l $+ $G $" $j !" J? 9T Ej 1F $r 9T $& >l 9g $N $_ $G $" $k !# $3 $l $O !" CUBE $N %a %b %j 9= B$ $, !" n $r %\ %j %e !< %‘ 6u 4V $N #1 JU $H $7 $? ;~ !" ( p; q ; r ) $N %\ %/ %; %k $r k = ( p + q + r ) mo d n $G Dj $a $i $l $k HV 9f $N %a %b %j %P %s %/ $K 3J G< $9 $k 9= @. $H $J $C $F $$ $k $+ $i $G $" $k !# ;k @~ $, <4 $H J? 9T $K $J $i $J $$ >l 9g $O %\ %j %e !< %‘ %a %b %j $N Fb MF $r 2s E> $7 $F $+ $i !" 2h A| @8 @. 9T $& $? $a !" I= 5 $K <( $9 $h $& $K Ej 1F $, 62 ms $G $" $k $N $K BP $7 !" 2s E> $r H< $& $H 573 ms $K @- G= Dc 2< $9 $k !# $3 $l $K BP $7 $F !" ReV olv er $G $O ;k @~ $N J} 8~ $K L5 4X 78 $K IT F) L@ ;~ $G 68 ms !" H> F) L@ ;~ $G 94 : 4 ms $G Ej 1F $, 2D G= $G $" $j !" ;k E@ 0\ F0 $, H< $& $h $& $J %$ %s %? %i %/ %F %# %V $J ;H MQ $K $b Ld Bj $J $$ !# R T %b !< %I $N Hf 3S | CM-5 | R eV olver /C40 $N $h $& $K !" %l %$ %H %l !< %7 %s %0 $r %5 %] !< %H $7 $F $$ $k @l MQ $N JB Ns 7W ;; 5! $, $J $$ $? $a !" HF MQ JB Ns 7W ;; 5! CM-5 $r MQ $$ $? Nc $r <( $9 !# ;2 9M J8 8% [18] $G =R $Y $i $l $F $$ $k J} K! $O !" %\ %j %e !< %‘ 6u 4V $r 4v $D $+ $N %5 %V %\ %j %e !< %‘ $K J, 3d $7 !" %5 %V %\ %j %e !< %‘ Kh $K %W %m %; %C %5 $, 2h A| @8 @. $r 9T $C $? 8e !" $3 $l $i $N 2h A| $r %^ !< %8 $7 $F !" :G =* E* $J 2h A| $r F@ $k $b $N $G $" $k !# $3 $N %" %k %4 %j %: %‘ $r !" CM-5 >e $G Hf 3S E* L) $J %\ %j %e !< %‘ %G !< %? $N %l %s %@ %j %s %0 7k 2L $, I= 5 $G $" $k !# $7 $+ $7 !" 128PE $N R eV olver /C40 $G !" A4 %T %/ %; %k $G 2 2s $N H? <M 6~ @^ $, 5/ $- $k >l 9g $G $b 3 : 39 IC $H 512 Bf 9= @. $N CM-5 $H BP Ey $J @- G= $G $" $j !" 9b B. $G $" $k $3 $H $, J, $+ $k !# 5 $* $o $j $K %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 $N %" !< %- %F %/ %A %c $H $= $N %W %m %H %? %$ %W $N 9= @. $K $D $$ $F =R $Y $? !# R eV olver /C40 $G $O !" 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= $K I, MW $J !" H> F) L@ %\ %j %e !< %‘ $N 1s 6a K! $K $h $k 2h A| @8 @. $r 9b B. $K y C 8@ 8l $r MQ $$ $F 5- =R $7 $? %W %m %0 %i %‘ $r %3 %s %Q %$ %i $K $h $j %" %; %s %V %i $K JQ 49 $7 I, MW $J L? Na $r D4 $Y $? $? $a !" B? >/ M> J, $J %3 !< %I $, 4^ $^ $l $F $$ $k !# 9T $& $? $a $N 5! 9= $H $7 $F !" 3 =E 2= $5 $l $F 3J G< $5 $l $? %\ %j %e !< %‘ %G !< %? $K $h $j G$ 0U J} 8~ $N ;k @~ >e $N %\ %/ %; %k $r FI $_ =P $; $k %a %b %j 9= @. $r :N MQ $7 $F $$ $k !# $5 $i $K !" HF MQ $N DSP $r MQ $$ $F ;k @~ @8 @. !" %T %/ %; %k CM 7W ;; !" %7 %’ !< %G %# %s %0 $N 3F =h M} $r 9T $& %9 %F !< %8 $r 9= @. $7 $F $* $j !" =@ Fp $J =h M} $r 9T $& $3 $H $, 2D G= $H $J $C $F $$ $k !# $^ $? !" R eV olver /C40 $N %W %m %H %? %$ %W $G $O !" %\ %j %e !< %‘ 6u 4V $N Bg $- $5 $H PCS $N PE ?t $N 4X 78 $r 4K OB $9 $k $3 $H $K $h $j !" $5 $i $K =@ Fp @- $r A} $7 $? 9= @. $H $J $C $F $$ $k !# $3 $N %W %m %H %? %$ %W $O ;k @~ @8 @. =h M} $K 8PE !" %T %/ %; %k CM 7W ;; $K 128PE !" %7 %’ !< %G %# %s %0 $K 16PE $N 9= @. $G !" :G Bg 512 3 v oxel $^ $G $N %l %s %@ %j %s %0 $r 2D G= $H $7 $F $$ $k !# %W %m %H %? %$ %W $N @- G= $K $D $$ $F $O !" %\ %j %e !< %‘ 6u 4V $, 128 3 v oxel $G $O !" IT F) L@ %\ %j %e !< %‘ $N %l %s %@ %j %s %0 $G 68 : 1 ms=f r ame !" H> F) L@ %\ %j %e !< %‘ $G $O 94 : 4 ms=f r ame $H $$ $& @- G= $H $J $C $F $$ $k !# :# 8e $N 2] Bj $H $7 $F $O !" R eV olver /C40 $N =@ Fp @- $r @8 $+ $7 $F !" R eV olver /C40 <+ ?H $K $h $k %\ %j %e !< %‘ %G !< %? $N :n @. $d !" MM !9 $J 2h A| @8 @. <j K! $N <B Au $H I> 2A $J $I $, 5s $2 $i $l $k !# FC $K A0 <T $K $D $$ $F $O !" R eV olver /C40 $N 1~ MQ HO 0O $r 9- $2 $k $? $a $N 8& 5f $H $7 $F !" Hs >o $K =E MW $J 8& 5f %F !< %^ $G $" $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $j !" E, @Z $J 8f ;X F3 $r ;r $o $C $? IY ED bC <# 65 <x $K ?< ?S $J <U 0U $r I= $7 $^ $9 !# ?t !9 $N M- MQ $J 8f 0U 8+ $r BW $$ $? Cf Eg 9@ =u 65 <x !" ?9 bC 0l O: =u <j $K ?4 $+ $i 46 <U CW $7 $^ $9 !# K\ 8& 5f $N 6& F1 8& 5f <T $G $" $k !" 6b 4n ET ;a !" Cf ;3 L@ B’ ;a !" 2. Ln M’ N4 ;a $r $O $8 $a !" 7W ;; 5! %7 %9 %F %‘ 9V :B $N =t ;a $K 46 <U $$ $? $7 $^ $9 !# ;2 9M J8 8% [1] Ut GO M: <! , L@ @P 1Q Li , B> : %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er $N %" !< %- %F %/ %A %c ,JSPP’94, pp89-96, 1994. [2] Ut GO M: <! , 6b 4n ET , B> : %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $N %" !< %- %F %/ %A %c , >p Js =h M} 3X 2q 8& 5f Js 9p 94-ARC- 107, pp137-144, 1994. [3] L@ @P 1Q Li : %\ %j %e !< %‘ !& %l %s %@ %j %s %0 8~ $- JB Ns 7W ;; 5! $N %" !< %- %F %/ %A %c , 5~ ET Bg 3X =$ ;N O@ J8 ,1992-2 [4] S.M. Goldwasser: A Generalized Ob ject Display Pro cessor Architecture, IEEE Compuuter Graphics & Applications, 4, 10, pp. 43-55,Oct. 1984. [5] Fb LZ E/ Li , =j ?? M} M: : #3 <! 85 %a %b %j $r MQ $$ $? N) BN ?^ 7A I= <( 5! 9= - SCOPE -, EE ;R DL ?. 3X 2q O@ J8 ;o , V ol.J68-D, No. 4, pp. 741-748, 1985. [6] T oshiki OHASHI, T etsuy a UCHIKI and Mario TOKOR O: A Three-Dimensional Shaded Display Metho d for V o xel-Based Representation, EUROGRAPHICS 85, pp. 221-232, 1985. [7] D. Jack el and W. Strasser: Reconstructing Solids from T omo- graphic Scans -The P AR CUM I I System-, Adv ances in Com- puter Graphics Hardware I I, pp. 209-227, 1988. [8] A. Kaufman and R. Bak alash: Memory and Pro cessing Ar- chitecture for 3D Based Imagery , IEEE Computer Graphics & Applications, 8, 6, pp. 10-23, Nov. 1988. [9] M. Levo y: Display of Surfaces from V olume Data, IEEE Com- puter Graphics & Applications, V ol. 8, No. 5, pp. 29-37, 1988. [10] P . Sab ella: A Rendering Algoritm for Visualizing 3D Scalar Fields, Computer Graphics, V ol. 22, No. 4, pp. 51-58, 1988. [11] Kevin L.Novins: An E�cient Metho d for V olume Render- ing using Perspective Pro jection,Computer Graphics V ol 24 No.5,pp 95-102,Nov erm ber 1990 [12] James T. Ka jiya, Brain P . von Herzen: RA Y TRACING VOLUME DENSITIES, Computer Graphics, V ol. 18, No 3, pp. 165-175, 1984

I= 5: R eV olver /C40 $H 4{ B8 $N 7W ;; 5! $H $N Hf 3S @l MQ $N %O !< %I %& %’ %" $N Nc L> >N JB Ns =h M} J} <0 %\ %j %e !< %‘ Ej 1F K! 07 $& %\ %j %e !< %‘ ( B. EY ) GODP A %\ %j %e !< %‘ JB Ns 256 3 J? 9T Ej 1F IT F) L@ (20 !A 30 2h A| / IC ) 3DP 4 %\ %j %e !< %‘ JB Ns 64 3 � 256 1s 6a K! $b 2D IT F) L@ (10 2h LL / IC y ) CUBE %\ %/ %; %k JB Ns 512 3 1s 6a K! $b 2D IT F) L@ [ H> F) L@ $b 2D G= ] 0 @ <4 J} 8~ $N J? 9T Ej 1F 62ms 2s E> $r H< $& IA 2h 573ms G$ 0U J} 8~ $N IA 2h 573ms 1 A R eV olver /C40 � %\ %/ %; %k %T %/ %; %k � JB Ns 128 3 1s 6a K! $r %5 %] !< %H IT F) L@ ( Ej 1F / 2s E> 68.1ms) H> F) L@ ( Ej 1F / 2s E> 94.4ms) y : %= %U %H %& %’ %" %7 %_ %e %l !< %7 %g %s $K $h $k @- G= HF MQ 7W ;; 5! $r MQ $$ $? Nc L> >N PE ?t 2h A| @8 @. K! %\ %j %e !< %‘ ( %9 %/ %j !< %s ) B. EY CM-5 512 %l %$ %H %l !< %7 %s %0 K! 256 3 (512 2 ) 3.19 IC 128 %l %$ %H %l !< %7 %s %0 K! 256 3 (512 2 ) 12.7 IC DECmpp 16K %l %$ %- %c %9 %F %$ %s %0 K! 128 � 128 � 112(128 2 ) 238ms 1K %l %$ %- %c %9 %F %$ %s %0 K! 128 � 128 � 112(128 2 ) 1.39 IC AP-1000 128 %l %$ %- %c %9 %F %$ %s %0 K! 256 � 256 � 109(256 2 ) Ls 50 IC R eV olver /C40 128 %l %$ %H %l !< %7 %s %0 K! 128 3 (512 3 ) 3.39 IC [13] A. Kaufman: The vo xblt Engine: A V o xel F rame Bu�er Pro- cessor, Adv ances in Computer Graphics Hardware I I I, pp. 85-102, 1991. [14] R. A. Drebin, L. Carp enter and P . Hanrahan: V olume Ren- dering, Computer Graphics, V ol. 22, No.4, pp. 64-75, 1988. [15] ED ;3 E5 CK , @6 ?e B’ L@ , <? 4V J8 =S : 2D JQ Jb I} DDA $K $h $k 3 <! 85 %a %b %j 6u 4V $G $N 9b B. $J %\ %/ %; %k DI @W , >p Js =h M} 3X 2q O@ J8 ;o , V ol. 32 No.5 , pp. 581-589,1991 [16] 2. Ln M’ N4 : %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV ol v er /C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 , 5~ ET Bg 3X FC JL 8& 5f Js 9p =q 1995-2 [17] Arire Kaufman,Reuven Bak alask,Daniel Cohen,and Roni Y agel: Architectures for V olume Rendering,VOLUME VISU- ALIZA TION Chapter 6,pp311-320, 1991 [18] Kwan-Liu Ma, James S. Pain ter, Charles D.Hansen, Michael F.Krogh: A Data Distributed, Parallel Algorithm for Ray- T raced V olume Rendering,P ARALLEL RENDERING SYM- POSIUM, pp.15-22, 1993. [19] T exas Instruments: TMS 320C4x User’s Guide, 1993