FCJL8&5fJs9p=q MPEG %(%s%3!<%G %# %s%0$K$*$1$k:FMxMQ$H ;vA0<B9T$NHf3SJ,@O ;XF36541 IYED bC<# 65<x 5~ETBg3X9)3XIt>pJs3X2J >.4X M* 2004 G/ 2 7n 2 F| i MPEG %(%s%3!<%G %# %s%0$K$*$1$k:FMxMQ$H;vA0<B9T$NHf3SJ,@O >.4X M* FbMF9<35 F0 2h A| $N %G %8 %? %k Id 9f 2= 7A <0 $N 0l <o $G $" $k MPEG $O !" :# F| 9- $/ Mx MQ $5 $l $k $h $&$K$J $C $F $$$k!# $7 $+$7 !" MPEG %(%s%3!< %G %# %s%0 $O !" :#$J $*%3 %s%T %e!<%?$K $H$C$F;~4V$rMW$9$k=hM}$G$"$k !# $5$F !" 4{B8%W%m%0%i%‘$r9bB.2=$9$k<jK!$H$7 $FEj5! E*%^ %k%A%9 %l%C%G %# %s%0$,Ds0F $5$l$F $$$k !# =>Mh$NEj5! E*%^%k %A%9%l%C %G %# %s%0$G$O !" DL>o<B9T%9%l %C%I$HEj5!<B9T%9%l%C%I$,#1BP#1$G%G!<%?$r0z$- 7Q$0$3$H$K$h$j9bB.2=$r?^$C$F$$$? !# $7$+$7 !" Ej5!<B9T$N7k2L$rEj5!=g$K4X$o $i$:<+M3$K8zN(NI$/MxMQ$9$k$3$H$,$G$-$l$P !" $h$j9b$$@-G=$,F@$i$l$k$H9M$( $i$l$k !# $3$N$h$&$JHsBP>NEj5!E*%^%k%A%9%l %C%G %# %s%0$N9=@.J}K!$H$7$F !" JB Ns;vA0<B9T$,Ds0F$5$l$F$$$k !# JBNs;vA0<B9T$H$O !" ;vA0<B9T$H$$$&<jK!$rMQ$$ $F !" M=B,$5$l$?F~NO$+$iEj5!%9%l %C%I$,L?Na6h4V$N<B9T$r@h$,$1$F9T$$ !" M=B, $,@5$7$1$l$PDL>o<B9T%9%l%C%I$,<B9T7k2L$r:FMxMQ$9$k<jK!$G$"$k !# $3$3$G=R $Y$k:FMxMQ$H $O !" L?Na6h4V$K$*$1$kF~=PNO $r5-O?$9$k$3$H $K$h$j!" :F$SF1$86h 4V$r<B9T$7$?:]$K0JA05-O?$7$?F~NOCM$,MxMQ$5$l$?>l9g$O !" @5$7$$=PNOCM$r5a $a$k$3$H$N=PMh$k5!9=$G$"$k !# K\ O@ J8 $G $O MPEG %(%s %3 !< %G %# %s %0 $K $* $1 $k JB Ns ;v A0 <B 9T $N 8z N( E* $J E, MQ <j K!$rDs0F$7 !" 8z2L$rHf3S$9$k !# 0lHL$K:FMxMQ5!9=$r<B8=$9$k$?$a$K$O !" F~=PNO $rFCDj$G$-$k6h4V$r<1JL$9$kI,MW$,$"$k$b$N$N !" K\8&5f$G$O%3%s%Q%$%i$K$h$k @lMQL?Na$N Kd$a9~$_$rI,MW $H$;$:!" 4{B8%m!<%I%b%8 %e !<%k$N <B9T;~$K4X?t $*$h $S%k!<%W$r8!=P$9$k$3$H$K$h$j!" :FMxMQ$r2DG=$H$9$k5!9=$r2>Dj$9$k !# K\8& 5f $G $O !" %(%s %3 !< %@ !< $K mp eg2enco de $rMx MQ$7 $?!# =h M} ;~ 4V$N Fb Lu $r D4 ::$7$?7k2L !" Am<B9T;~4V$NLsH>J,$r$7$a$k !" 0\F0M=B,;~$KA08e$N%U%l!<%‘$+$i H4$- =P $7 $? %V %m %C %/ $N :9 J, $r B, Dj $9 $k 4X ?t (a) !" $* $h $S !" Ls 10% $r@j $a $k !" NL ;R 2=$r9T $& 4X?t (b) $K$D $$$F 9bB. 2=$, 8+9~ $a $k$3 $H$, J,$+ $C $?!# $=$3 $G !" 4X?t (a) $K$D $$ $F $O !" 4X?tFb $N #4$D $N F0 :n $N$& $A :G $bIQ HK $K 8F $S=P $5 $l $kF0 :n (1) $K $D $$$F4X ?t$NJ, 3d$r 9T$$ !" $=$N >e$G A08e $N%U %l!<%‘ 4V$N Hf3S ;~$K !" 1 %T%/%;%k !" 2 %T%/%; %k !" 3 %T%/ %;%k$: $DD4$Y $k4X?t (2) !" $^$?F1MM$K !" 1 0z?t$K 4 %T%/ %;%kJ, $N%G!< %?$r5M $a9~$‘ $3$H$G 4 %T%/ %;%k !" 8 %T%/ %;%k !" 12 %T %/%;%k $:$DD4 $Y$k4X ?t (3) $r !" $=$l$>$lMQ 0U$7$? !# 2C$($F !" %]%$%s%?$r MQ$$$F 1 9T 16 %T%/%;%kJ,$N ii %G !< %? $r 0l EY $K Hf 3S $9 $k 4X ?t (4) $bMQ 0U $9 $k 0l J} !" $= $l $> $l $N <j K! $K $D $$ $F !" %T %/%; %k CM $K%^ %9 %/ $r $+$1 $k $3 $H$G F~ NO $NB? MM @- $rM^ $( $k [#Kf :F Mx MQ (5) $r J; MQ $9 $k>l 9g $K $D $$ $F $bI> 2A $r 9T$C$? !# $5$i$K !" ;vA0 M= B, $r 9T$o $J $$ >l 9g (6) $K $D $$$F$b%(%s%3!<%G %# %s%0;~4V$r7WB,$7Hf3S$7$? !# $=$N 7k 2L !" 4X ?t (a) $K$D $$ $F $O !" 4 %T%/ %; %k $N Hf 3S $r 0l EY $N 4X ?t8F $S =P $7 $K $h $j 9T $& $h $& %W %m %0 %i %‘ $r =q $- 49 $( $? >e !" [# Kf :F Mx MQ $r J; MQ $9 $k $3 $H $K $h $j!" %* %j %8%J%k$H Hf3S$7 $FA4BN $NLs 40% !" %V %m %C%/:9J,4X ?tIt$K 8B $C$F 8+$k$H Ls 59% $N %5 %$%/ %k ?t $r :o8: $9 $k $3 $H$, $G $- $? !# %T%/ %; %k Hf3S $N 4X ?t 2= (2) $O !" 4X?t 8F $S =P$7 $, A} Bg $9 $k $? $a %* !< %P !< %X %C %I $, Bg $- $/ @8 $8 $k $H $$ $& Ld Bj $, $" $C $? $b $N $N !" 1 $D$N0z ?t$K 4 $D$N%T %/%; %k CM$r 5M $a9~ $‘ (3) $K$h$j!" %* !< %P!< %X %C%I $r M^$( $k 0lJ} !" [#Kf:FMxMQ$rMQ$$$k$3$H$K$h$jF~NO$NB?MM2=$rKI$. !" 9bB.2=$,C#@.$G$- $? !# $7$+ $7 !" 0lEY $K 8 %T%/%;%k !" 12 %T%/%;%k$NHf 3S$r4X?t 2=$7$?>l 9g$O !" F~NO $, B?MM 2= $9 $k$? $a :F Mx MQN( $, Dc 2< $7 !" 4 %T %/ %; %k$N Hf 3S $r 4X?t 2= $7 $?>l 9g $h $j $bCY $/ $J $C $?!# 4 %T%/ %; %k $N Hf 3S $r 4X ?t 2= $7 $? >l 9g $O !" ;v A0 <B 9T $J $7 $G $b %V %m %C %/:9J,4X?tIt$NLs 40% $N%5%$%/%k?t$r:o8:$7$F$*$j!" ;vA0<B9T$rMQ$$$F%]%$%s %? $K $h $j 9T Kh $N Hf 3S $r 9T $C $? >l 9g (4) $HF1 Dx EY $N 9b B. 2= $, C# @. $G $- $?!# $^ $? !" [# Kf2=$K$h$k%U %! %$%k%5%$%:$NA}Bg$O !" 7ZHy$G$"$k$3$H$b3NG’$G$-$? !# 0lJ} !" NL ;R 2= $K $D $$ $F $O !" 4X?t $N @Z $j =P $7 $K $h $j A4 BN $N Ls 3% $r 9b B. 2= $9 $k $3 $H $, $G $- $? !# $3$l$i$N7k2L$O8_$$$K FHN)$G$"$j!" %V%m%C%/:9J,$NHf 3S !" NL;R2=$=$l$>$l $K$D$$$F !" 0J>e$KDs0F$7$?<jK!$rE,MQ$9 $k$3$H$K$h$j!" :GBg$GLs 43% $N%5%$%/ %k?t$r:o8:$9$k$3$H$,$G$-$? !# iii A Comparison Bet w een Reuse and P arallel Early Computation on MPEG Enco ding Y u Koseki Abstract Recen tly , MPEG whic h is one of the digital enco ding format for video streams is widely used. Though, MPEG enco ding still requires large computation p o w er. Besides, sp eculativ e m ultithreading is prop osed as the tec hnique for accelerating the execution. In the case of normal sp eculativ e m ultithreading, a sp eculativ e thread c hanges in to non-sp eculativ e mo de and con tin ues the thread of previous non-sp eculativ e execution. Ho w ev er, if a non-sp eculativ e thread can use one of man y results of succeeding sp eculativ e executions, sup erior p erformance ma y b e obtained. P arallel early computation is prop osed as a metho d of suc h sp ecula- tiv e m ultithreading. It is based on early computation whic h executes sp eculativ e threads with predicted input, and if the input is correct, the non-sp eculativ e thread reuses the output. The reuse mec hanism describ ed here records input and output of eac h instruction region while executing, and reuse the correct output when the same input app ears again. This pap er prop oses some tec hnique for parallel early computation on MPEG enco ding, and compares those e�ects. In order to implemen t the reuse mec ha- nism, it is required to iden tify eac h instruction region with its input and output. This pap er assumes that the reuse system detects functions and lo ops dynam- ically on existing load mo dules without sp ecial purp ose reuse instructions in- serted b e compilers. In this pap er, mp eg2enco de is used as an enco der. As a result of analyzing the original pro cessing time, t w o functions are found to b e candidates of parallel early computation. The function (a) whic h calculates the di�erence of the blo c k extracted from t w o frames, consumes ab out half of the total execution time. The function (a) is called when the enco der predicts the mo v emen t b et w een t w o frames. And the function (b) whic h quan tizes data, consumes ab out 10% of the total execution time. The function (a) con tains four op erations. I pic k ed up a instruction region most frequen tly executed, and rewrote as a function. I constructed sev eral subiv functions (2) that compare 1, 2 or 3 pixels at eac h call for the comparison of t w o con tiguous frames. Moreo v er, I pac k ed 4 pixels in eac h argumen t of the function, and constructed sun-functions that compare 4, 8 or 12 pixels at eac h call. In addition, I designed another function (4) with 2 argumen ts where eac h argumen t holds the p oin ter to the starting address of con tiguous 16 pixels. I also ev aluated a toleran t reuse tec hnique (5) whic h reduces the preciseness of the argumen ts b y masking sev eral lo w er bits. The base arc hitecture is non-reuse and non early computation mec hanism (6). As the result, function (a) with 4 pixels-comparison with toleran t reuse could eliminate ab out 40% cycles against whole of the original program, and ab out 60% cycles of target function (a). F unction (a) with 1, 2 or 3 pixels sho w ed some problem that the o v erhead of the function call itself b ecame v ery large, b ecause of the high frequency of the function call. On the other hand, the function with pac k ed pixels and toleran t reuse sho w ed remark able sp eed-up, b ecause small n um b er of function calls. Ho w ev er, the function with 8 or 12 pixels at eac h call sho w ed less p erformance than 4 pixels. It is considered that the reusabilit y b ecomes lo w er as increasing the width of argumen ts. I also disco v ered that the early computation is not so e�ectiv e in the function with pac k ed pixels, the function (4) with p oin ters w ork ed w ell with the early computation, and these functions sho w ed comparable p erformance. As for the size of compressed �les, it is disco v ered the toleran t reuse do es not increase the size to o m uc h. On the other hand, ab out quan tize function (b), eliminate ab out 3% with function-ize. Because eac h result is indep enden t, using ab o v e tec hniques in b oth function (a) and (b), the maxim um ratio of cut do wn cycles reac hes 43%.

MPEG %(%s%3!<%G %# %s%0$K$*$1$k:FMxMQ$H;vA0<B9T$NHf3SJ,@O L\<! Bh 1 >O $O$8$a$K 1 Bh 2 >O :FMxMQ$HJBNs;vA0<B9T 2 2.1 JBNs;vA0<B9T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.2 :FMxMQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.2.1 4X?t:FMxMQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.2.2 %k!<%W:FMxMQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 Bh 3 >O MPEG $NFCD’ 7 3.1 MPEG $N%(%s%3!<%G %# %s%09TDx . . . . . . . . . . . . . . . . . . . . . . 8 3.1.1 YUV JQ49 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.1.2 0\F0M=B, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3.1.3 %U%l!<%‘:9J,<hF@ . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 3.1.4 DCT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 3.1.5 NL;R2= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 3.2 <B9T;~4V$NJ,@O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 Bh 4 >O :FMxMQ$NE,MQ<jK! 12 4.1 %V%m%C%/:9J,$NB,Dj$N9bB.2= . . . . . . . . . . . . . . . . . . . . . . . . . 12 4.1.1 4X?t$NJ,3d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 4.1.2 %T%/%;%k$:$D$NHf3S . . . . . . . . . . . . . . . . . . . . . . . . . 16 4.1.3 %T%/%;%k%G!<%?$N5M$a9~$_ . . . . . . . . . . . . . . . . . . . . 17 4.1.4 %]%$%s%?$rMQ$$$?9TKh$NHf3S . . . . . . . . . . . . . . . . . . . 18 4.1.5 [#Kf:FMxMQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 4.2 NL;R2=$N9bB.2= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 Bh 5 >O @-G=I>2A 21 5.1 %V%m%C%/:9J,4X?t$NI>2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 5.2 NL;R2=4X?t$NI>2A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 Bh 6 >O $^$H$a 25 <U<- 26

;29MJ88% 26

Bh 1 >O $O$8$a$K 7W;;5!$N9bB.2=$,?J$‘Cf$G !" $+$D$F$O@lMQ5!$G$J$1$l$P07$$$,:$Fq$G$" $C$? F0 2h A| %G !< %? $O !" :# F| HF MQ $N %Q %= %3 %s $G $b IQ HK $K Mx MQ $5 $l $k $h $& $K $J $C $?!# Nc $( $PF0 2h A| $N %G %8 %? %k Id 9f 2= 7A <0 $H $7 $F ;v <B >e I8 =‘ $H $J $C $F $$ $k MPEG (Motion Picture Exp ert Group) $O !" %S%G %* CD $d D VD $H$$$C$?Ev=i $KA[Dj$5$l$F$$ $? Mx MQ L\ E* $N $_ $J $i $:!" J| Aw !" %O !< %I %G %# %9 %/ %l %3 !< %G %# %s %0 Ey $N %G !< %? C_ @Q !" 7H BSEEOC$K$h$k%S%G%*%a!<%k$J$I$K$^$G9-$/MxMQ$5$l$k$h$&$K$J$C$F$$$k !# $7$+ $7F02hA|$r%+%a%i$J$I$+$i<hF@$7 !" 7ZNL$G0lHLE*$K07$$$d$9$$%U %)!<%^%C%H$K JQ49$9$k%(%s%3!<%G %# %s%0:n6H$O !" :#$J$*%3%s%T %e !<%?$K$H$C$F;~4V$rMW$9$k :n6H$G$"$j!" FC$KJ|Aw$N$h$&$K%j%"%k%? %$%‘ !& %(%s%3!< %G %# %s%0$,I,MQ$J>lLL $K$*$$$F !" $h$j9bB.$JF0:n$,5a$a$i$l$F$$$k !# 0lJ} !" 4{B8%W%m%0%i%‘$r9bB.2=$9$k<jK!$H$7$F Ej5!E*%^%k%A%9%l %C %G %#%s%0 (Sp eculativ e Multi-threading: 0J2< SpMT ) $,$" $k!# => Mh $N SpMT $G $O DL >o <B 9T %9%l%C%I $HEj5! <B9T %9%l%C%I$, 1 BP 1 $G %G!< %?$r0z $-7Q $$$G$$ $? !# $7$+$7DL >o %9%l%C%I$,J#?t$NEj5!%9%l%C%I$K$h$k7k2L$r !" Ej5!$7$?=g$K4X$o$i$:<+M3$K8z N(NI$/MxMQ2DG=$G$"$l$P !" $h$j9b$$@-G=$,F@$i$l$k$H9M$($i$l$k !# $7$+$7$3$N <B 8= $N$? $a $K $O DL >o <B 9T %9%l%C%I $H Ej 5! <B 9T %9 %l%C%I $N4V $G !" 1 BP B? $N %G !< %? 0z$-7Q $.$,2D G=$H $J$k I,MW$, $"$k!# 8= :_ !" $3 $&$7 $?Hs BP>N$J SpMT $H$7$F !" JB Ns;vA0<B9T [1] $,Ds0F$5$l$F$$$k !# JB Ns ;v A0 <B 9T $O !" ;v A0 <B 9T $H $$ $& <j K! $r MQ $$ $F M= B, $5 $l $? F~ NO $+ $i Ej 5! %9 %l %C %I$,L?Na6h4V$N<B9T$r@h$,$1$F9T$$ !" M=B,$,@5$7$1$l$PDL>o<B9T%9%l %C%I$,$= $N7k2L$r :FMxMQ $9$k$H$$$&<jK!$G$"$k !# $3$3$GMQ$$$i$l$k:FMxMQ$H$O !" %W%m%0%i%‘Cf$N6h4V$K$*$$$F<B9T$5$l$kEY$K F~NO$H=PNO$NAH$r:FMxMQI=$K5-O?$7$F$*$- !" <!2s0J9_F1$86h4V$,0JA0$KM?$($i $l$?F~NO$G<B9T$5$l$?>l9g !" <B:]$N1i;;$r9T$&$3$H$J$/A02s$K5-O?$7$F$*$$$? =PNO$rMQ$$$k$H$$$&<jK!$G$"$k !# @Z$j=P$96h4V$K$*$1$k1i;;$NJ#;($5$H:FMxMQ 5!9=$K$O4X78@-$,L5$$$N$G !" 0lHL$K$O;~4V$N$+$+$k1i;;$G$" $C$F$b:FMxMQ2DG= $G$"$l$P9bB.$K@53N$JCM$rF@$k$3$H$,=PMh !" $^$?BP>]$NL?Na6h4V?t$,A}$($F$b :FMxMQ5!9=$NJ#;($5$OA}Bg$7$J$$$H$$$&MxE@$,$"$k !# $3$N:FMxMQ5!9=$,B8:_$9 $k$3$H$G !" JBNs;vA0<B9T$G$OEj5!%9%l %C%I$K$h$C$FF@$?7k2L$rDL>o%9%l%C%I$G 8zN(E*$KMQ$$$k$3$H$,2DG=$H$J$C$F$$$k !# 1

$^$? !" C1=c$J:FMxMQ$G$O2a5n$KF1$8F~NO$GEv3:6h4V$N<B9T$,9T$o$l$F$$$k>l 9g$K8B$j:FMxMQ2DG=$G$"$k$N$KHf$Y !" ;vA0<B9T$rMQ$$$?>l9g$G$O !" Ev3:6h4V$N F~NO$rM=B,$7$FEj5!<B9T$r9T$&$?$a !" F~NO$,C1D4$KJQ2=$9$k>l9g$J$I$K$b:FMx MQ$,2DG=$H$J$j!" 9bB.2=$,?^$l$k !# $3$l$^$G:FMxMQ$rMQ$$$?2hA|$d2;3Z%G!<%?$N%(%s%3!<%G %# %s%09bB.2=$K$D$$ $F$O !" JPEG %(%s%3 !< %@ $r MQ $$ $? Js 9p [2] $,$" $k!# $3$N Js 9p $G $O %3 %s %Q %$%k ;~ $K @l MQ L? Na $r Kd $a 9~ $‘ $3 $H $K $h $j 6h 4V :F Mx MQ $r <B 8= $7 !" DL >o $N E, MQ $G $O 8% !" 2C $( $FF~NO $N0l CWH=JL $K42 MF$5$r ;}$? $;$k[# Kf:FMx MQ$r MQ$$$k $3$H $G !" 25 !A 40% $N L?Na?t:o8:$K@.8y$7$F$$$k !# [#Kf:FMxMQ$K$h$j2h<A$ONt2=$9$k$b$N$N !" Nt2=$N EY 9g $O 7Z Hy $G $" $k $3 $H $, Js 9p $5 $l $F $$ $k!# $^ $? MP3 $N%( %s %3 !< %G%# %s %0 $K $* $$ $F$O !" [# Kf :FMx MQ $r MQ $$ $? Js 9p [3] $K$h $k $H !" 10 !A 30% $N L? Na ?t :o 8: $K @.8y $7 $F $$$k !# 2C$($F%9%F%l%*2hA|=hM}$N;k:9B,DjIt$K$*$$$F !" [#Kf:FMxMQ$rMQ$$$F:G Bg 90% $N%5%$%/%k?t:o8:$K@.8y$7$?$H$$$&Js9p$b$"$k [4] !# $3 $l $i $r F’ $^ $( $F K\ O@ J8 $G $O MPEG $N %( %s %3 !< %G %# %s %0 $K $* $1 $k JB Ns ;v A0 <B9T$N8zN(E*$JE,MQ<jK!$rDs0F$7 !" $=$l$i$rHf3S !& 8!F$$9$k !# 0J2<$G$OJBNs;v A0<B 9T $H :FMx MQ $N ;E AH $_$K $D $$ $F =R $Y$? $" $H !" MPEG $N05 =L 5;=Q $K $D $$ $F @bL@ $7 !" %(%s%3!<%G %# %s%02aDx$NJ,@O$r9T$& !# $=$7$FFC$K;~4V$r I,MW$H$9$k0\ F0M= B,$N%V%m%C%/:9J,4X?t$HNL;R2=4X?t$K$D$$$F !" $=$l$>$l$h$j:FMxMQ$,2DG=$H$J $k<jK!$rDs0F$9$k !# :G8e$K$=$l$i$N<jK!$K$D$$$FI>2A$r9T$& !# Bh 2 >O :FMxMQ$HJBNs;vA0<B9T K\>O$G$OK\8&5f$NGX7J$H$J$k !" JBNs;vA0<B9T$H:FMxMQ$N5!9=$H$=$NFCD’$K$D $$$F=R$Y$k !# 2.1 JBNs;vA0<B9T JB Ns ;v A0 <B 9T $O Main Stream Pro cessor( 0J 2< MSP )1 $D $K BP $7 $F Shado w Stream Pro cessor( 0J 2< SSP ) $, J# ?t B8:_ $9 $k !" HsBP>N $J SpMT $N 0l <o $G$" $k !# 35MW $r ?^ 1 $K<($9 !# MSP $ODL>o <B9T $r9T $&%W %m%; %C%5 $G$" $j!" 2D G=$J >l9g $OL?Na 6h4V $N:F Mx MQ $r 9T $& !# 0l J} !" SSP $O MSP $HJB 9T $7 $F Ej 5! E* <B 9T $r 9T $& !# 1i ;; 4o !" %l %8%9 %? !" %- %c %C %7 %e$O 3F %W %m %; %C %5 $4 $H $K FH N) $7 $F $* $j!" :F Mx MQ I= !" <g 5- 21 $O A4 %W%m%;%C%5$G6&M-$9$k !# 2

?^ 1: JBNs;vA0<B9T$N9=B$ JBNs ;vA0 <B9T $G $O !" :FMxMQ I=$, MSP $H SSP $K $h$k 1 BP B?$N %G!< %? 0z$- 7Q$. $r2DG=$H$7$F $$$k !# :FMxMQ I=$O4X?t 4IM}I= (RF) !" F~ =PNO5-O? I= (RB) $J$I$+$i 9= @. $5 $l $F $$ $k!# RF $O:F Mx MQ BP >] $H $J $k L? Na 6h 4V $N %" %I %l %9 !" $* $h $S FI $_ =P $7 $H =q $-9~ $_ $G ;2 >H $5 $l $k %" %I %l %9$r J] ;} $7 !" 1 %( %s %H %j $, 1 L?Na 6h 4V $K BP 1~ $7 $F $$ $k !# RB $O L? Na 6h 4V $N <B 9T $, 3+ ;O $5 $l $? $H $- $N %9 %?%C%/ %] %$ %s %? $N CM $d L? Na6h4V$NF~=PNO$r5-O?$9$k$?$a$NI=$G$"$k !# L?Na6h4V$N<B9T;~$K$O;2>H$5$l$? %l%8 %9%? $*$h $S<g5- 21$N %"%I %l%9 $r RF $K !" ;2>H$5 $l$? CM$r L?Na 6h4V $NF~ NO$H $7$F RB $K !" $=$l$>$lEP O?$9$k !# =q$-9~$_ $,H/@8 $7$?%l %8%9%? $*$h$S <g5-21 $K $D$$$F$bF1MM$K=PNO$H$7$FEPO?$r9T$& !# 0lHLE* $J SpMT $H$O 0[$J$j MSP $O DL>o <B9T$N $_$r 9T$$ !" <+?H$"$k$$ $O SSP $, RB $KEPO?$7$?%(%s%H %j$G:FMxMQ$r 9T$& !# $3$N5!9=$G $O SSP $O>o$KEj5!<B9T $@$1$r 9T$& $N$G !" 0l HL$N SpMT $N$h$& $K<: GT$7 $?Ej 5!<B 9T$r %- %c %s%;%k $9$k I, MW$,L5$$$H$$$&MxE@$,$"$k !# 0lJ}$3$N5!9=$K$O !" $$$+$K$7$FEj5!<B9T$NBP>]$H $J$kL? Na6h 4V$r A*Br $9$k $+ !" $$ $+$K $7 $FF~ NO$r M=B, $7 SSP $K3d$jEv $F$k $+ !" $$ $+$K$7$F<g5-210l4S@-$rJ]$D$+ !" $H$$$&$h$&$J2]Bj$,B8:_$9$k !# 0lHL$KF10l%Q%i%a%?$,=P8=$9$k4V3V$ND9$$L?Na6h4V$d !" %Q%i%a%?$,C1D4$KJQ 2=$7B3$1$kL?Na6h4V$KBP$7$F$O !" Ej5!<B9T$K$h$k8z2L$,9b$$$HM=A[=PMh$k !# $7 $+$7$3$&$7$?3F !9 $NL?Na6h4V$N@-<A$dEj5!<B9T$K$h$k:o8:%9%F %C%W?t$O !" ;vA0 $K $O J, $+ $i $J $$ !# $3$N $? $a !" RF $K ?7 5, $K EP O? $5 $l $? L? Na 6h 4V $K $D $$ $F $O !" D> 3

$A $K SSP $K $h$k ?t 2s J, $N ;vA0 <B 9T $r ;n $_$k !# $=$N 7k 2L !" BP>]$N RF $, MSP $K $h$k9b $$ EPO? IQEY $r ;}$A !" $+$D SSP $,EPO? $7$? %(%s %H%j $N :FMx MQIQ EY $b9b $$>l 9g !" ;vA0<B9T$K$h$k8z2L$,9b$$$H8+$F7QB3$7$F SSP $K$h$kEj5!BP>]$H$9$k !# $3$NF0E*$KJQ2=$9$kEPO?IQEY$*$h$S:FMxMQIQEY$rGD0.$9$k$?$a !" 0lDj4|4V$K $*$1 $kEP O?$d :FMxMQ $N>u 67$r <($9 %7%U %H%l %8%9 %?$r RF Kh $KIU 2C$9 $k !# $^$?F1 $8$/ RF Kh$K >.$5 $J%O !<%I %& %’ %"$r IU2C $7 !" 3F%(%s %H%j $K$D $$$F !" $=$NM-8z @- E = ( 2a 5n $N >J N, %9 %F %C %W ?t ) !_ ( EP O? 2s ?t ) !_ ( :FMx MQ 2s ?t ) $r7W ;; $9 $k!# 3F SSP $O E $, :G Bg$H $J $k RF %( %s %H %j$r A* Br $7 !" 1 %;%C%H $N M=B, 0z ?t $r<u $1 <h $j!" $= $N6h4V$NEj5!<B9T$r9T$& !# <B9T$,=*$o$C$? SSP $O:F$S RF $N;2>H$r9T$$ !" <!$N 0z?t%;%C%H $r<u$1 <h$k$H $$$&F0 :n$r 7+$jJV $9 !# $3$l$K$h$j!" >o$K:FMx MQIQEY $, 9b$$$+:o8:%9%F%C%W?t$NB?$$L?Na6h4V$K$D$$$FEj5!<B9T$r9T$&$3$H$,=PMh$k !# $^$? !" 8zN(E*$J Ej5!<B9T $N$?$a $K$O RB $N;HMQ MzNr$K 4p$E$$ $F>-Mh$N F~NO$r M= B, $7 !" SSP $KEO $9 I, MW $, $" $k!# $3 $N $? $a RF $N 3F %( %s %H %j $4 $H $K >. $5 $J %O !< %I %& %’ %" $r @_ $1!" MSP $d SSP $H$O FH N) $K F~ NO M= B, CM $r 5a $a $k!# 6q BN E* $K $O :G 8e $K =P 8= $7 $? 0z ?t a !" $* $h $S :G 6a =P 8= $7 $? 2 AH$N 0z ?t $N :9 J, d $K 4p $E $- !" %9 %H %i %$ %I M=B, [5] $r9T $& !# a + d $K4p $E $/ L? Na 6h 4V $N <B 9T $O MSP $,4{ $K 3+ ;O $7 $F $$ $k $H 9M $( !" n Bf $N SSP $, B8 :_ $9 $k >l 9g $O i HV L\ $N SSP $K BP $7 $F F~ NO M= B, CM a + d !_ ( i + 1) $rEO$9 !# A4$F $N SSP $K3d$jEv$F$?<!$N 0z?t !" B($A a + d !_ ( n + 2) $O MSP $K3d $jEv$F$k$3$H$K$J$k !# 0lJ} !" SSP $OM=B,$5$l$?F~NO$K$h$jL? Na6h4V$r<B9T$9 $k$?$a !" SSP $K$h$j=q $- 9~ $^ $l $? <g 5- 21 CM $O MSP $K $h $j >- Mh E* $K =q $- 9~ $^ $l $k @5 $7 $$ CM $H $O 0l HL $K 0[$J $k $H $$ $&2] Bj $b $"$k !# $3$N $?$a !" %- %c %C%7 %e $*$h $S <g 5-21 $K CM $r=q $- La $9 $3$H $,=PMh $k$N $O MSP $N$_$H $7$F $$$k !# 3F SSP $O 6I=j JQ?t0J 30$r 5-O? $9$k$? $a !" %- %c %C %7 %e$d <g 5- 21 $N $+ $o $j$K @l MQ $N RB %(%s %H %j $r MQ$$ $k!# $^ $? !" %9 %? %C %/%( %j %" Fb $N 6I=j JQ ?t $r 5- O? $9 $k $?$a !" 6I =j %a %b %j $r ;HMQ $9 $k!# MSP $,<g 5- 21 $KBP$7$F=q$-9~$_$r9T$C$?>l9g$O !" BP1~$9$k SSP $N%- %c %C%7 %e %i%$%s$OL58z2= $5 $l $k !# RB $X $N EP O? BP >] $N $& $A !" FI$_ =P $7 $, @h 9T $9 $k %" %I %l %9 $K $D $$ $F $O <g 5-21 $r;2 >H$7 !" MSP F1MM%" %I%l %9$* $h $SCM $r RB $X$H EPO? $9 $k !# $3$l $K$h $j 0J 8e !" <g5-21$G$O $J$/ RB $r;2>H $9$k$3 $H$GB> $N%W%m %;%C%5$+$i $N>e=q $-$K$h $k L7=b$NH/@8$rHr$1$k$3$H$,=PMh$k !# 0lJ}$G6I=j%a%b%j$KBP$9$k !" =q$-9~$_$K@h 9T$9$kFI$_=P$7%"%/%;%9$OJQ?t$r=i4|2=$;$:$K;H$&$3$H$KAjEv$7 !" CM$OITDj$G 9=$o$J$$$H8+$J$7<g5-21$r;2>H$7$J$$ !# 4X?t%U%l!<%‘$NBg$-$5$,6I=j%a%b%jMF 4

NL$rD6$($?>l9g$O SSP $NEj5!<B9T$rBG$A@Z$k !# 99$KL?Na6h4V$NF~NO$G$"$k<g5-21;2>H%"%I%l%9$,=q$-49$($i$l$?>l9g !" <g5- 21 0l 4S @- $r $$ $+ $K J] $D $+ $H $$ $& 2] Bj $b $" $k!# $3 $l $K $D $$ $F $O store ;~$K BP >] %" %I %l%9 $r ;2 >H$7 $F $$ $k RF $K $O F~NO %( %s %H%j $K %U %i%0 $r N) $F !" :FMx MQ;~ $K RB $K $*$1 $k$= $N %"%I %l %9 $KBP 1~ $9$k CM $N $_$r Hf 3S$9 $k $H$$ $& <j K!$r :N MQ$9 $k [6] !# $3 $l$K $h $j!" store L?Na $, @8 $8$F $$ $J $$ $h$& $J >l 9g $K$O <g 5- 21 Hf3S $r >J N, $9$k $3 $H $G%*!<%P!<%X%C%I$rM^$($k0lJ} !" <g5-21;2>H%"%I%l%9$,JQ99$H$J $C$?%(%s%H%j $r:o=|$5$;$J$$$3$H$G:FMxMQN($rB;$o$J$$$H$$$&$3$H$,2DG=$H$J$C$F$$$k !# $3 $l $O !" RB $N ;2 >H $9 $k %" %I %l %9 $,IQ HK $K FI $_ =P $5 $l $k 0l J} !" =q$- 49 $( $i $l $k $3 $H$,>/$J$$$h$&$J>l9g !" FC$KM-8z$G$"$k !# 2.2 :FMxMQ :FMxMQ$H$O !" L?Na6h4V$K$*$1$kF~=PNO$r5-O?$9$k$3$H$G !" :F$SF1$86h4V$r<B 9T$7$?:]$K0JA05-O?$7$?F~NOCM$,MxMQ$5$l$?>l9g$O !" @5$7$$=PNOCM$r5a$a$k$3 $H$N=PMh$k5!9=$G$"$k !# $=$N$?$a0lHL$K:FMxMQ$r<B8=$9$k$?$a$K$O !" F~=PNO$r FCDj=PMh$k6h4V$r<1JL$9$kI,MW$,$"$k !# $3$&$7$?<jK!$K$O@lMQL?Na$r%3%s%Q%$ %i$KKd$a9~$^$;$F%O!<%I%& %’ %"$K$h$j<1JL$r<B8=$9$k$b$N !" %=%U%H%& %’ %"$rMQ $$$k$b$N !" $=$NAPJ}$rMQ$$$?$b$N$H !" MM !9 $J$b$N$,Ds0F$5$l$F$$$k !# K\8&5f$G $O SP AR C ABI(Application Binary In terface) $N 5, Dj $K 4p $E $- 6h 4V $r <+ F0 E* $K H=JL $9 $k 5! 9= [1] $r2> Dj $9 $k!# $3 $N 5! 9= $K $O !" %W %m %0 %i %‘ $K $* $$ $F :F Mx MQ $N $? $a $N@lMQL?Na $,ITMW$G$"$j!" 4{B8$N%m!<%I%b%8 %e !<%k$r$=$N$^ $^MxMQ=PMh$k $H$$ $&MxE@$,$"$k !# 0l HL E* $J %W %m %0 %i %‘ $K $* $1 $k L? Na 6h 4V $H $7 $F $O !" 4X ?t $H %k !< %W $, 5s $2 $i $l $k!# 0J2<$G$O$=$l$>$l$K$D$$$F !" :FMxMQ<B8=$N$?$a$N<jK!$r=R$Y$k !# 2.2.1 4X?t:FMxMQ 4X?t:FMxMQ $r<B8=$9$k $?$a$K$O !" 4X?t4I M}I= (RF) $*$h$SF~=PNO5-O? I= (RB) $,I, MW $H $J $k !# 0l $D $N 4X ?t $r :FMx MQ $9 $k $? $a $N %O !<%I %& %’ %" 9= @.$r ?^ 2 $K<( $9 !# J#?t$N4X?t$r:FMxMQ$9$k>l9g$K$O !" K\9=@.$,J#?tI,MW$H$J$k !# 3FI= $N V $O M-8z $J %( %s%H %j $G $"$k $+ H] $+$N %U %i %0$G $" $k !# $^$? LR U $O$= $N %(%s%H%j$,;2>H$5$l$?IQEY$r<($9%+%&%s%?CM$N$?$a$N%U %# !<%k%I$G !" %(%s%H%j $,>e8B$rD6$($FF~$lBX$($kI,MW$,@8$8$?>l9g$K;2>H$9$k !# FI$_<h$j%"%I%l%9$O RF $, 0l 3g 4I M} $7 !" %^ %9 %/ CM $* $h $S CM $O RB $,4I M} $9 $k!# $3 $l $K $h $j FI $_ =P $7 %" 5

?^ 2: :FMxMQI=$N9=@. %I%l %9$N Fb MF $H RB $NJ# ?t %(%s %H %j$r CAM(Con ten ts Addressable Memory) $K $h$j0lEY$GHf3S$9$k$3$H$,2DG=$K$J$C$F$$$k !# 4X?t$N@hF,%"%I%l%9 !" $*$h$SFI $_=P $7$H =q$- 9~$_ $G;2 >H$5$l $k<g 5-21 %"%I %l%9 $O RF $K $h$C$FJ] ;}$5 $l$F $$$k 0lJ} !" 4X ?t$, 8F $S=P $5$l $?$H $-$N %9%? %C%/ %]%$ %s%? $N CM (SP) !" $=$N 4X?t $KEO $5 $l$? 0z ?t !" <g5-21 $N FI $_=P $7 $H =q$- 9~ $_ %G !<%? !" $*$h$S 4X ?t $N JV$j CM $O RB $K $h $C $F J];} $5 $l$k!# JV$j CM $O %i0 !A 1( %j!< %U4X ?t$N >l 9g$O %o0 !A 1) $^$? $O %f0 !A 1 $K3JG< $5 $l !" %f2 !A 3 $r;H MQ $9$k JV $j CM ( 3HD% G\@: EY Ib F0>. ?t E@ ?t ) $OBP >]%W %m %0%i%‘$K $OB8 :_$7$J $$$b$N $H2> Dj$7$F $$$k !# $J$* !" 3F%(%s %H%j@h F,$N V $O$=$N %( %s %H %j $N M- 8z @- $r <( $9 %U %i %0 $G $" $j!" Mask $O $= $N %( %s %H %j $N M- 8z %P %$ %H $r <( $9%^%9%/CM$G$"$k !# <B :] $K 4X ?t $r :F Mx MQ $7 $h $& $H $9 $k >l 9g $O !" <B 9T ;~ $K 6I =j JQ ?t $r =| 30 $7 $J $, $i !" 0z?t !" JV$jCM !" Bg0hJQ?t$*$h$S>e0L4X?t$N6I=jJQ?t$K4X$9$kF~=PNO>pJs$rEPO? $9$kI,MW$,$"$k !# FI$_=P$7$,@l96$7$?0z?t%l%8%9%?$O4X?t$NF~NO$H$7$F !" JV$j CM%l%8%9%?$X$N=q$-9~$_$O4X?t$N=PNO$H$7$FEPO?$9$k !# <g5-21;2>H$bF1MM$KFI $_=P$7$,@h9T$7$?%"%I%l%9$K$D$$$F$OF~NO !" =q$-9~$_$,@h9T$7$?>l9g$O=PNO$H $7$FEPO?$9$k !# $=$N8e !" I|5"L?Na$r<B9T$7$?;~E@$GEPO?Cf$N%(%s%H%j$rM-8z$H $9$k !# $?$@$7I|5"$^$G$N4V$KB>$N4X?t$N8F=P !" F~=PNO?t$NMFNL%*!<%P!< !" 0z?t $NBh 7w ord $N8!=P !" %7%9 %F%‘%3!<%k $d3d$j9~ $_$NH/@8 $J$I$,@8$8 $?>l9g$O !" $= $N;~E@$GEPO?$rBG$A@Z$k !# 0J 8e $O 4X ?t $r 8F $S =P $9 A0 $K (1) 4X ?t @h F, %" %I %l %9 $r 8! :w $7 RF $K EP O? :Q $+ $r D4 $Y !" (2) 0z?t$,40 A4$K0lCW $9$k RB %(%s %H%j$rC5 $7 !" (3) <g5-21FI $_=P$7%G !<%? 6

$r;2>H$7 !" (4) 0lCWHf3S$r9T$$A4$F$NF~NO$,0lCW$7$$$P>l9g !" (5) EPO?$5$l$F$$ $k=PNO !" $9$J$o$AJV$jCM !" Bg0hJQ?t !" 6I=jJQ?t$r=q$-La$9$3$H$G !" 4X?t$N<B9T $r>JN,=PMh$k !# 2.2.2 %k!<%W:FMxMQ 4X ?t $K 4^ $^ $l $k L? Na $O call/jump L? Na $N J, 4t @h $+ $i return L? Na $^ $G $G $" $k !# F1 MM $K %k !< %W $O !" 8eJ} J, 4t L? Na $N J, 4t @h $+ $i !" F1$8 8e J} J, 4t L? Na $^ $G $G $" $k !# =>$C$F$3$N4V$NF~=PNO$rEPO?$7$F$*$/$3$H$G !" 4X?tF1MM$K%k!<%W$r:FMxMQ$9$k $3$H$,=P Mh$k !# $?$@$7 4X?t$N return L?Na$H$O0[$J $j!" J,4t @h$,F1 $8$G$" $k$h$& $J3FJ,4tL?Na$N%"%I%l%9$OF1$8$G$"$k$H$O8B$i$J$$ !# $3$N$?$a !" %k!<%W$N:FMx MQ$G$O J,4t@h %"%I%l %9$b RB $K 3JG<$7 $F$*$/ I,MW$, $"$k !# $^$? !" %k!<%WFb$N 6I =jJQ?t$OF0E* $K<1JLIT2DG= $G$"$k$3$H$b4X ?t$N>l9g$H$O0[ $J$j!" ;2>H$5$l$?%l %8%9%?$*$h$S<g5-21%"%I%l%9$NA4$F$r5-O?$7$F$*$/I,MW$,$"$k !# :F Mx MQ $r %k !< %W $K E, MQ $9 $k :] $K I, MW $H $J $k 3H D% $O !" RF $G $O 4X ?t $H %k !< %W $N 6h JL (F/L) $H %k !< %W $N =* N; %" %I %l %9 (End) !" RB $G $O %k !< %W =* N; ;~ $N J, 4t J} 8~ (tak en/not) !" 0z ?t $d JV $j CM 0J 30 $N %l %8 %9 %? $* $h $S >r 7o %3 !< %I (Regs,CC) $G $" $k!# %k!<%W$,40N; $9$k$h$jA0$K4X ?t$+$iI|5"$7 $?$j!" A0@a$G<($7$?$h$&$JF~=P NO $NMFNL%*!<%P!<$J$I$K$h$j%k!<%W$NF~=PNOEPO?$,Cf;_$5$l$J$+$C$?>l9g !" EPO? Cf$N%k!<%W$KBP1~$9$k8eJ}J,4tL?Na$r8!=P$7$?;~E@$GEPO?Cf$NF~=PNOI=%(%s%H %j$rM-8z$K$7 !" %k!<%W$NEPO?$r40N;$9$k !# $5$i$K8eJ}J,4tL?Na$,@.N)$9$k>l9g $K $O !" <! %k !< %W $, :F Mx MQ 2D G= $G $" $k $+ $I $& $+ $r 4X ?t $H F1 MM $N <j =g $G H= CG $9 $k !# :FMxMQ $7$?>l 9g$O RB $K EPO?$5 $l$F$$ $kJ,4t J}8~$K4p $E$$$F !" $5$i$K<!$N%k !< %W$K4X$7$FF1 MM$N=hM}$r7+ $jJV$9 !# 0lJ} !" <!$N%k!<%W$,:FMx MQIT2DG=$G$" $k>l 9g$O !" $5$i$K<!$N%k!<%W$N<B9T$H RB $X$NEPO?$r3+;O$9$k !# Bh 3 >O MPEG $NFCD’ K\>O$G$O:#F| !" %^%k%A%a%G %# %"Id9f2=$NJ,Ln$G;v<B>e$NI8=‘$H$J$j$D$D$"$k MPEG $NFC D’ $K $D $$ $F =R $Y $k!# MPEG $K$O <g $K F0 2h A| $H 2; 3Z $K $D $$ $F $N 5, Dj $, $" $j!" $^ $? $= $N MQ ES $d I, MW $H $5 $l $k 2h <A $K 9g $o $; $F MPEG-1/MPEG-2/MPEG-4 $J$I$N<oN‘$,B8:_$9$k !# MPEG $N$h$&$J F02h A|$r 07$& %G%8 %?%k %G !<%? $O !" DL >o0l Kg0l Kg$N 2hA| $r<!!9 $HI=<($9$k$3$H$GF0$$$F$$$k$h$&$K8+$;$F$$$k !# $3$NF02hA|Cf$N0lKg$N2hA|$N 7

?^ 3: MPEG $N%(%s%3!<%G %# %s%09TDx $3$H$r %U%l!<%‘ $H8F$V !# 8zN( $N NI $$Id 9f 2= $K$h $k %G !< %?05 =L $N $? $a !" MPEG $G$O MM!9 $J %"%$ %G %" $,MQ $$$i$l$F$$$k !# MPEG $K $*$1$k 1 %U%l!<%‘ J,$N%(%s%3!<%G %# %s%0$N=hM}$r?^ 3 $K <( $9 !# %( %s %3 !< %@ !< $O %U %! %$ %k $d %+ %a %i $+ $i F@ $? 1 %U %l !< %‘ J, $N 2h A| %G !< %? $r YUV JQ49 $K $+ $1!" $=$N8e 0\ F0 M=B, $r 9T $& !# 99$K %U %l !< %‘ :9J, <h F@ $r9T $$ !" F@ $?CM$r N%;6%3 %5%$%sJQ49 (Discrete Cosine T ransform: 0J2< DCT ) $K$+$1$k !# $3 $N 7k2L YUV CM $+ $iGH $N @. J, $X $H JQ 49 $5$l $? 2h A| %G !< %? $O !" NL;R2= $K $h$C$F 05 =L$5$l !" :G8e$K%U %! %$%k$X=q$-=P$5$l$k !# %(%s%3!<%I$9$k2hA|%G!<%?$,$^$@B8 :_$9$k>l9g$O !" $3$N=hM}$r7+$jJV$9 !# 0J2<$G$O%G !<%?FI$_9~ $_$H=q$-=P $7$r=|$$$? 5 $D $N9TDx$K$D $$$F !" 9TDx=g$K =>$C$F$=$l$>$l$N=hM}FbMF$HFCD’$K$D$$$F=R$Y$k !# 2C$($F>O$N:G8e$G$O<B:]$K %(%s %3 !< %G%# %s %0 $r 9T $$ !" 3F =h M} $4 $H $N I, MW ;~ 4V $r D4 $Y !" :F Mx MQ 2D G= @- $r C5 $k!# $J$* MPEG-2 $O D VD $J$I $N9b 2h <A MQES $N $?$a !" MPEG-4 $OFC 5v$N Ld Bj$, B8 :_ $9$k $?$a !" K\ O@ J8$G $O MPEG-1 $rMQ$$ $F %(%s %3 !< %G %# %s %0 $r9T $& !# $7 $+$7 0J 2< $K=R$Y$kFCD’$O MPEG 0lHL$K6&DL$N$b$N$G$"$k !# 3.1 MPEG $N%(%s%3!<%G %# %s%09TDx 3.1.1 YUV JQ49 ?M4V$NL\$O?’$NJQ2=$h$j$bL@$k$5$NJQ2=$KBP$7$F$h$jIR46$G$"$k$3$H$,CN$i $l$F $$$k!# MPEG $O$3$N FC D’ $rMQ $$ !" 2h A|%G !< %?$r 0l HL E*$J ?’ @. J,I= 8= $G $"$k R GB ?.9f $G $O$J $/!" 51EY ?. 9f Y !" 51 EY?. 9f $H@V ?’ @. J,$N :9 U !" 51 EY ?.9f $H @D?’ @.J,$N :9 V $K$h $k YUV ?.9f $rMQ$$ $FI=8=$7 $F$$$k !# $=$N>e$G51EY?. 9f$K== J, $J%S%C%H?t$rM?$( !" 8+$k?M$K$H $C$F0cOB46$r<:$o$;$J$$0lJ} !" $=$l0J30$N>pJs $r4V0z$/$3$H$G8zN(E*$K05=L$r$7$F$$$k !# %+ %a %i $+ $i $N F~ NO $d 0l HL $N 2h A| %U %! %$ %k $J $I !" MPEG %( %s %3 !< %G %# %s %0 $N %= !< %9 $H $J $k %G !< %? $G $O DL >o R GB $, MQ $$ $i $l $F $$ $k $? $a !" FI $_ =P $5 $l $? %G !< %? $O %( 8

?^ 4: 0\F0M=B, %s%3!<%G %# %s%02aDx$K$*$$$F$^$::G=i$K R GB $+$i YUV $X$NJQ49$,9T$o$l$k !# 3.1.2 0\F0M=B, 0\ F0 M= B, $H $O !" $" $k %U %l !< %‘ $K $* $$ $F 0l It $, A0 $N %U %l !< %‘ $+ $i JQ 2= $7 $? ;~ !" $=$NJQ2=$,A0$N%U%l!<%‘$N$I$NItJ,$+$i0\F0$7$FMh$?$b$N$J$N$+$rD4$Y$k$H$$ $&$b$N$G$"$k !# Nc$( $P ?^ 4 $N$h $& $K%\ !< %k $, (1) :8>e $+ $i (2) 1&2<$X 0\ F0 $7 $F Mh$? $H $9 $k !# $3 $N ;~ (2) $N >p Js $r A4 $F J] ;} $9 $k $+ !" $"$k $$ $O 8e =R $9 $k %U %l !< %‘ :9 J, <h F@ $r 9T$C $F (3) $N$h $& $J %G !< %? $r 5- O? $9 $k $3 $H $O =P Mh $k!# $7 $+ $7 (4) $3$N %\ !< %k $, F1 $8 7A >u$G$"$k$3$H$rM}2r=PMh$l$P !" (5) :8>e$+$i1&2<$X$NF0$-%Y%/%H%k$r5a$a$F (2) $d (3) $N%G!<%? $N$+ $o $j$K $3$l $r5- O? $9$l $P !" %G !< %?$r 05=L $9$k $3 $H$, =PMh $k !# $J $* 0\F0 M= B, $G $O !" YUV $N Y CM$, %Q %i %a !< %? $H $7 $F MQ$$ $i $l $k !# $D$^ $j 51 EY $r4p=‘$K !" %U%l!<%‘4V$N0\F08!=P$,9T$o$l$k !# 0l HL $K 0\ F0 M= B, $O !" (4) $K <( $9 $h $& $K %U %l !< %‘ $+ $i 0l Dj %5 %$ %: $N %T %/ %; %k %V %m%C%/$r<h$j=P$7 !" $=$l$K;w$?%V%m %C%/$rA0%U%l!<%‘$+$i8!=P$9$k$H$$$&;EAH $_$G<BAu$5$l$F$$$k !# %U%l!<%‘Cf$N%T%/%;%k%V%m %C%/$O$*$*$^$+$K8@$C$F !" A0 $N%U%l!<%‘$+$i0\F0$;$:$K$=$N$^$^$N>l=j$K$"$k$+ !" $I$3$+JL$N>l=j$+$i0\F0 $7$F$-$?$+ !" A0$N%U%l!<%‘$KB8:_$7$?$b$N$,Bg$-$/JQ2=$7$F8=$l$?$+ !" %U%l!< %‘30$J$I$+$iFMA38=$l$?$+$N$I$l$+$G$"$k$H8@$($k !# $h $C$F<h$j=P$5$l$?%T%/ %;%k%V%m%C%/$O !" A0%U%l!<%‘$+$i<! !9 $K%T%/%;%k%V%m %C%/$r<h$j=P$7$F0l$D0l $D N‘ ;w @- $r Hf 3S $9 $k $3 $H $G !" :G $b ;w $+ $h $C $? !" 0\ F0 @h $H ;W $o $l $k %T %/ %; %k %V %m %C %/ $r H/ 8+ $9 $k $+ !" $" $k $$ $O $I $3 $+ $X >C $( $F $7 $^$C$? $H G’ <1 $9 $k $3 $H $, =P Mh $k !# 9

?^ 5: %U%l!<%‘:9J,<hF@ MPEG $G@8 @. $9 $k F02h A| $O 1 IC 4V$K 10 %U %l !< %‘0J >e $r 4^ $‘>l 9g $, $[ $H$s $I $J $N$G !" %G!<%?$,%j%"%k%?%$%‘$K2?$+$r1G$7$?$b$N$G$"$l$P8=:_$N%U%l!<%‘$KB8 :_$9$k%G!<%?$O0l$DA0$N%U%l!<%‘$K$bB8:_$9$k>l9g$,B?$$ !# $=$N$?$a !" F0$-%Y %/%H%k$r5a$a$k$3$H$G%G!<%?$rBg$-$/05=L$9$k$3$H$,=PMh$k !# $J$* !" %U%l!<%‘$K$h$C$F$OA0$N%U %l!<%‘$+$i$N 0\F0M=B,$@ $1$G$O$J$/!" 8e$N %U%l !< %‘ $+ $i $N 0\ F0 M= B, $b F1 ;~ $K 9T $& !# $3 $N >l 9g $b 4p K\ E* $J 86 M} $O F1 MM $G $" $k!# 0\ F0 M= B, $O $3 $N $h $& $K %T %/ %; %k %V %m %C %/ $N <h $j =P $7 $H Hf 3S $r Bg NL $K 9T $& $? $a !" MPEG $N%(%s %3 !< %G %# %s%0 :n 6H $K$* $$ $F 0lHV ;~ 4V $r MW$9 $k It J,$G $" $k !# $= $N$? $a MPEG $N05 =L N( $H %( %s %3 !< %G%# %s %0 B. EY $O !" F0 $- %Y %/ %H %k 8! =P $N %P %i %s %9 $K $h$C$FJQ2=$9$k$H$b8@$($k !# Nc$($P !" F0$-$,$[$H$s$I$J$$$h$&$J2hA|%; %C%H$+ $iF02h$r:n@.$9$k>l9g$O !" F0$-%Y%/%H%k$rA4$/5a$a$J$/$H$b==J,$J05=LN($rF@ $k$3$H$,=PMh$k !# $7$+$70lJ}$GF0$-$N7c$7$$2hA|%; %C%H$+$i:n@.$9$k>l9g !" F0 $-%Y %/ %H %k $r 5a $a $J $1 $l $P 05 =L N( $O Cx $7 $/ Dc 2< $9 $k!# $? $@ $7 @h $K $b =R $Y $? DL $j!" F0$-%Y%/%H%k$N8!=P$K$OHs>o$K;~4V$,$+$+$k !# $h $C$F !" :GDc8B$N05=LN($rJ];} $7$D$D !" ==J,$JB.EY$rF@$k$3$H$N=PMh$k;EAH$_$,5a$a$i$l$k !# 3.1.3 %U%l!<%‘:9J,<hF@ F0$- %Y %/ %H%k $K $h $j%G !< %? $N I=8= $, 2D G= $G$" $C $? It J, $r=| $/ $H !" MPEG $G$O 0lKg0lKg $N%U%l!<%‘ $K$D$$$F !" ?^ 5 $K<( $9$h$&$KD> A0$N%U%l!< %‘$H$N:9J, $r5- O? $7 $F $$ $k!# Nc $( $P %+ %a %i $, @E ;_ $7 $F $$ $k >u BV $G 15fps(frames p er second) $N%( %s%3!< %G %# %s%0 $r 9T$& >l9g $O !" 1/15 IC$N$h$& $JC; $$;~ 4V $G$N JQ2= $O0l HL E*$K $" $^$jBg$-$/$J$$ !# $h $C$F%U%l!<%‘A4BN$rJ];}$9$k$h$j$b !" :9J,2hA|$NJ}$,>/$J $$%G!<%?NL$G:Q$‘>l9g$,B?$$ !# $3$N;EAH$_$O !" ;w$?$h$&$J%U%l!<%‘$,B3$/F02h A|$GFC$KM-8z$G$"$k !# $3$N;EAH$_$O8@$$JQ$($l$P%U%l!<%‘4V$N@E;_ItJ,$O5-O?$;$:$K !" JQ2=$N$"$k ItJ,$@$1$r5-O?$7$F$$$k$H$$$&$3$H$G$"$k !# $=$7$F$=$NJQ2=$N$"$kItJ,$K$D$$ $F$OA09‘$N0\ F08!=P$K$h$j!" F0$-%Y%/%H%k$G%G!<%?$,I=8= =PMh$F$$$k2DG= @-$, 10

9b$$!# $3 $N $h $& $K MPEG $G$O F0 $- $N $" $k It J, $K $D $$ $F $O 0\ F0 M= B, !" L5 $$ It J, $K $D $$ $F $O %U %l !< %‘ :9 J, $N <h F@ $r 9T $$ !" $= $l $> $l 8z N( E* $K %G !< %? $r 05 =L $7 $F $$ $k!# 3.1.4 DCT 0\ F0 M= B, $H %U %l !< %‘ :9 J, $N <h F@ $K $h $C $F 05 =L $5 $l $? %G !< %? $O !" M= $a %Q %i %a !< %? $G Dj $a $i $l $? %T %/ %; %k %V %m %C %/ $K J, $1 $i $l !" $= $l $> $l DCT $K $+ $1 $i $l $k!# DCT $H$O%G!<%?$r%3%5%$%sGH$N=E$M9g$o$;$GI=8=$9$k$b$N$G !" $3$l$K$h$j%G!<%?$r I=8=$9$k YUV CM$ODj$a$i $l$? GH$N?6 I}$X$H JQ49$5 $l$k !# DCT $K$h $C $FF@$i $l $k CM $N ?t $O !" M? $( $? %G !< %? $N ?t $H F1 $8 $G $" $k!# Nc $( $P F~ NO $H $J $k %T %/ %; %k %V %m %C %/$N %5%$ %:$, 8*8 $G $"$C$?$H $9$k$H !" DCT $K$h $k=P NO$O 64 8D $NGH $N$= $l$> $l $N ?6 I} $H $J $k!# 0l HL E* $K DCT $K $h $C $F F@ $i $l $? $= $l $> $l $N GH $O !" GH D9 $N D9 $$ $b $N$[$I?6I} $bBg$-$/!" GHD9$,C;$/$J$k$K=>$C$F ?6I}$b>.$5$/ $J$k$H$$$&@- <A$, $"$k !# 3.1.5 NL;R2= DCT $K$h $C $? F@ $i $l $? GH $N @. J, $O <B :] $K $O $= $N $^ $^ %U %!%$%k $K =q $- =P $5 $l $k $N $G $O $J $/!" 6a ;w CM $, MQ $$ $i $l $k!# $3 $N 6a ;w $r 9T $& $3 $H $r NL ;R 2= $H 8F $V!# A0 =R $N DL$jDL>o !" DCT $K$h$C$FF@$i$l$?GH $N?6I}$OGHD9$,C;$/$J$k$[$I>.$5 $/$J$k !# $=$N$?$a6a;w$r9T$&$H0lHLE*$K$O !" $"$kDxEY$h$jGHD9$NC;$$GH$O?6I}$,A4$F%< %m$K$J$k !# $h$C$F$3$&$7$?GH$K $D$$$F$O5- O?$;$:!" ;D$C$?GH$@$1$r5-O?$9 $k$3 $H$G05=L$r9T $& !# $3$l$K$h$j<:$o$l$k%G!< %?$O !" GHD9$b?6I}$b>.$5$JGH$G I=$5 $l$k$b$N$G$"$j!" A4BN$+$i8+$F7ZHy$G$"$k$H9M$($i$l$k !# 3.2 <B9T;~4V$NJ,@O MPEG %( %s %3 !< %G %# %s %0 $N F0 :n $K $D $$ $F !" $= $N FC D’ $r 8+ $k $? $a <B :] $K %( %s %3!<%G %# %s%0$7 !" 4X?tKh$N@jM-;~4V$r8+$? !# $J$* !" %(%s%3!<%@$K$O$3$N8&5f$r DL $7 $F mp eg2enco de (Cop yrigh t (C) 1996, MPEG Soft w are Sim ulation Group.) $rMQ $$ $F $$$k !# %W%m %;%C%5$O In tel Xeon 2.8GHz $r ;H MQ $7 !" F~NO $H $J$k 2h A| $O 240*180 %T%/%;%k$N ppm 7A<0%U %! %$%k 100 Kg$H$7$? !# 3F9TDx$N=jMW;~4V$r?^ 6 $K<($9 !# $J$* !" A4BN$N<B9T;~4V$O 7.45 IC$G$"$C$? !# 0l HV $N 3d 9g $r @j $a $k $N $O %V %m %C %/ :9 J, $N B, Dj $G $" $k!# $3 $N 9T Dx $O 0\ F0 M= B, ;~ !" @5$7$$F0$-%Y%/%H%k$r5a$a$k$?$a$KMQ$$$i$l$k !# A4BN$+$i8+$k$H$3$N9TDx$,<B 9T;~4V$NH> J,0J>e$r@j$a$F $*$j!" $3$N9TDx$N9bB.2=L5$7 $K%(%s%3!<%G %# %s%0A4 BN$N9bB.2=$O4|BT=PMh$J$$$H8@$($k !# 11

?^ 6: <B9T;~4V$rB?$/@j$a$k4X?t B3 $$ $F 3d 9g $r @j $a $k $N $O DCT $G$" $j!" $= $N <! $K NL ;R 2= !" %U %!%$ %k FI $_ 9~ $_ $H B3$/ !# DCT $O0l EY $N F~ NO $,B? $/ B? MM $J $? $a !" :F Mx MQ $K $h $k 9bB. 2= $, 4| BT =P Mh $J $$$H9M$($i$l$k !# 0lJ}$GNL;R2=$K$D$$$F$O0l$D0l$D$NCM$K$D$$$F6a;w$r9T$&$@ $1$J$N$G !" :FMxMQ$K$h$k9bB.2=$,4|BT=PMh$k !# %U %! %$%kFI$_9~$_$O%G%P%$%9$H $N%"%/%;%9$K;~4V$rMW$7$F$*$j!" $3$l$O:FMxMQ$G$N9bB.2=$OK>$a$J$$ !# $h$C$F !" K\8&5f$G$O%V%m %C%/:9J,$NB,Dj$HNL;R2=$N$=$l$>$l$K$D$$$F:FMxMQ 2DG=@-$rC5$k$3$H$H$7$? !# Bh 4 >O :FMxMQ$NE,MQ<jK! K\>O$G$O:FMxMQ2DG=@-$H$=$l$K$h$k%(%s%3!<%G %# %s%0$N9bB.2=$N2DG=@-$,9b $$$HM=A[$5$l$k !" %V%m %C%/:9J,$NB,Dj$*$h$SNL;R2=$K$D$$$F$^$H$a$k !# $=$7$F 3F !9 $K$D$$$F=hM}$r9bB.2=$9$k$?$a$N<jK!$rDs0F$9$k !# 4.1 %V%m %C %/:9J,$NB,Dj$N9bB.2= K\8& 5f $G MQ$$ $? mp eg2enco de $G$O !" %V %m %C %/ :9 J, $NB, Dj $O 4X ?t dist1 $K$h $C $F<BAu$5$l$F$$$k !# 4X?t dist1 $OA08e 2 $D$N%U%l!<%‘$+$i@Z$j=P$7$?%T%/%;%k %V%m%C%/$K$D $$$F !" $=$N 2 $D$, $I$l$@$1 N‘;w$7$F$$ $k$+$rH= JL$7 !" $=$NN‘;wEY $rJV$9 !# $3$N !" 0\F0M=B,$N$?$a$K@Z$j=P$5 $l$?%T%/%;%k %V%m%C%/$N$3$H$r %^%/ %m %V %m %C %/ $H 8F $V!# %U %l !< %‘ 4V $G 0\ F0 M= B, $r 9T $& >l 9g !" %^ %/ %m %V %m %C %/ $O 16*16 %T%/%;%k$G$"$k !# M? $( $i $l $? 2 $D $N %T %/ %; %k %V %m%C%/ $, $I $l $@ $1 N‘ ;w $7 $F $$ $k $+ $r <( $9 $? $a !" 12

?^ 7: %T%/%;%k%V%m%C%/$N:9J, 4X ?t dist1 $O$3 $N N> %T %/ %; %k %V %m %C %/ Cf $N BP 1~ $9 $k %T %/ %; %k 1 $D$: $D $K $D $$ $F !" $=$N:9$N@dBP CM$r<h$j!" 99$K$=$NAmOB$r<h $k$3$H$G$3$l$r <BAu$7$F$$$k !# $3$N CM$,>.$5$1$l$P>.$5$$$[$I !" A08e$N%U%l!<%‘$+$i<h$j=P$7$?%T%/%;%k%V%m %C%/ $O !" F1$8BP>]$r<($7$F$$$k2DG=@-$,9b$$$H8@$($k !# CM$,>.$5$+ $C$?>l9g !" <h$j =P$7$?%T%/%;%k%V%m%C%/$N0LCV$,A08e%U%l!<%‘$GF1$8$G$"$l$P%U%l!<%‘4V$G0\ F0$,L5$+$C$?$H $$$&$3$H$G$"$j!" A08e%U%l!<%‘$G<h$j=P$7$? 0LCV$,0[$J$k $N$G $"$l$P !" %U%l!<%‘4V$G$=$N$h$&$K0\F0$,$" $C$?$H$$$&$3$H$r<($7$F$$$k !# ?^ 7 $O4X?t dist1 $N<B9TNc$G$"$k !# @bL@$r4JC1$K $9$k$?$a !" $3$3$G$O%T%/%; %k%V %m%C%/$r 3*3 $H$7 $F$$ $k !# $"$k%U %l!< %‘$+ $iH4 $-=P $5$l $?%T %/%; %k%V %m%C %/ (1) $O !" $= $N A0 $N %U %l !< %‘ $+$i H4 $- =P $5 $l $? %T %/ %; %k %V %m %C %/ (2) $H6& $K 4X ?t dist1 $K0z?t$H$7$FM?$( $i$l$k !# 4X?t dist1 $OM?$($i $l$?%T%/%;%k%V%m%C%/$K $D$$ $F !" BP 1~ $9 $k %T %/ %; %k Kh $K Hf 3S $r 9T $$ !" $= $N :9 J, $N @d BP CM $r F@ $k (3) !# Nc $( $P%T %/ %; %k%V %m %C %/ $N :8 >e $N %T%/ %; %k $r Hf 3S$9 $k >l 9g !" A) $N$h $&$J %T %/ %; %k%V %m %C%/$, M?$($i$l $?$H$9 $k$H (1) $N:8>e$N %T%/%; %k$NCM $G$"$k 3 $H !" (2) $N$d$O $j:8 >e $N%T %/ %; %k $NCM $G $" $k 1 $+$i !" (3) $N:8>e $K $= $N:9 J, $N @dBP CM $O 2 $,JV $5 $l$k!# A4 $F $N %T %/ %; %k $K $D $$ $F $3 $N Hf 3S $, =* $o $k $H !" (3) $NA4 $F $N CM $K $D $$ $F OB $r <h $j!" $3 $l $r JV $j CM $H $7 $F JV $9 !# $3 $N Nc $N >l 9g !" (4) $K<( $9 $h $& $K 23 $,JV $j CM $K$J $k !# B) $N $h$&$J %T%/ %;%k %V%m%C%/ $,M? $($i$l $?>l 9g$b F1MM $N1i;; $r9T $$ !" <B9T 7k 2L $H $7 $F 4 $,F@ $i $l $k!# A) $H B) $K$* $$ $F (1) $N%T %/ %; %k %V %m %C %/ $O F1 0l $G !" (4) $NCM$O B) $NJ}$,>.$5$$ !# $h $C$F$3 $N>l9g !" A) $N (2) $r@Z$j=P$7$?ItJ, $h$j$b B) $N (2) $r@Z$j=P$7$?ItJ,$NJ}$, !" (1) $N0\F085$N8uJd$H8@$($k !# 0\F0M=B,$G$O$"$k%T%/%;%k%V%m%C%/$,A0%U%l!<%‘$G$I$N0LCV$KB8:_$9$k$+$r 13

?^ 8: H>%T%/%;%k$N0\F08!=P D4 $Y $k $? $a !" A0 %U %l !< %‘ $+ $i 4v $D $b $N %T %/ %; %k %V %m %C %/ $r @Z $j =P $7 !" $= $N Cf $+ $i 4X?t dist1 $G:G$b>.$5$$ CM$rJV$9$b $N$rC5$7=P $9I,MW$,$" $k !# 0lJ} !" $" $k%T%/ %;%k%V%m%C%/$K$D$$$F$=$N0\F0M=B,@h$H$J$jF@$k$N$O<!%U%l!<%‘Fb$N%T%/%;%k %V %m %C %/ $N Cf $G 9b !9 0l $D $G $" $k!# $H $$ $& $3 $H $O !" $3 $l $^ $G $K Hf 3S $7 $? Cf $G :G $b 4X ?t dist1 $,>.$5 $JCM$rJV $7$?<!%U %l!<%‘$N %T%/%;%k%V %m%C%/$h$j!" 4X?t dist1 $GBg$-$$CM$rJV$9$h$&$J%T%/%;%k%V%m%C%/$O0\F085$N8uJd$H$J$jF@$J$$ !# $=$3 $G4X?t dist1 $O0\F0M=B,$rD4::$7$F $$$k%T%/ %;%k%V%m %C%/$K$D$$$F !" $3 $l$^$G $N4X?t dist1 $G$N:GNI $N7k 2L$r 5-O? $7$F !" 4X?t dist1 <B9TCf $K$= $l$h$j Bg$- $J CM$H$J$C$?>l9g$O<B9T$r=*N;$9$k;EAH$_$rHw$($F$$$k !# $3$3$^$G$N8!=P$OA4$F%T%/%;%kC10L$N1i;;$G$"$k !# $7$+$7$b$7%T%/%;%kC10L L$K~$N0\F0$,%U%l!<%‘4V$GB8:_$7$?>l9g$O8+F($7$F$7$^$&2DG=@-$,$"$k !# $=$N $?$a !" MPEG $G$O @:EY $r >e$2 $i $l$k $h$& !" $3$3 $^ $G$K F@ $i$l $? :G$b NI$$ 0\ F085 $N8uJd$N<~JU$GH>%T%/%;%kC10L$N0\F08!=P$r9T$$ !" 99$KNI$$7k2L$,F@$i$l$J$$ $+$rD4$Y$k !# $3$N>l9g !" 4X?t dist1 $OM?$($i$l$?0z?t$K$h$j!" 0\F0M=B,$KMQ$$ $k8=:_$N%T%/%;%k%V%m%C%/$NCM$r6aK5$N%T%/%;%k$H$NJ?6QCM$KCV$-49$($k !# ?^ 8 $O %T%/%; %k%V %m%C%/$r 3*3 $H$7 $?;~$N !" $3$NF0:n$N6q BNNc $G$"$k !# $3$l $^$G$K=R$Y$?DL$j!" 4X?t dist1 $ODL>oM?$($i$l$?%T%/%;%k%V%m %C%/$NCM$=$N$b $N $rHf 3S BP >] $KMQ $$ $k !# $3$3$G $O ?^ Cf (1) $NLV $+ $1 It J,$, $3 $l $K Ev$? $k !# $7$+ $7 H> %T %/ %; %k 2# $K $: $l $? $h $& $J 0\ F0 8! =P $r 9T $& >l 9g $O !" (2) $N$h $& $K $= $l $> $l $N %T%/%;%k$,<+ ?H$N%T%/%;%k $NCM$H1&$N%T%/ %;%k$H$NJ?6QCM $r<h$j!" $3$l$rHf3S 14

BP >] $K MQ $$ $k !# F1 MM $K H> %T %/ %; %k =D $K $: $l $? $h $& $J 0\ F0 8! =P $r 9T $& >l 9g $O (3) $N$h$&$K2<$N%T%/%;%k$H$NJ?6QCM$r !" H>%T%/%;%k<P$a$K$:$l$?$h$&$J0\F08!=P $r 9T$& >l 9g $O (4) $N $h $&$K 1& !" 2< !" 1&2<$N %T %/ %; %k $H$N J? 6Q CM $r MQ$$ $k !# B($A dist1 $O !" $= $l $> $l =D $H 2# $K H> %T %/ %; %k 0\ F0 $N 8! =P $r 9T $& $+ H] $+ $H $$ $&!" 4 $D$N F0:n%Q%?!<%s $r;} $C$F$$$k !# $3$l$i$NF0 :n%Q%?!<%s $O4X?t dist1 $KM?$($i$l$k 0z?t$K$h$C$F7h $^$j!" 0lEY$N8F$S=P$7$KBP$7$F J#?t$NF0:n%Q %?!<%s$r9T$& $3$H $OL5$$ !# 0J>e$N$h$& $JFCD’$r ;}$D4X?t dist1 $K$D$$$F !" :F MxMQ$K$h $k9bB.2=$r 7W$k$? $a !" %W%m%0%i%‘$K2<$K<($9$h$&$JJQ99$r2C$($? !# 4.1.1 4X?t$NJ,3d A0=R$NDL$j4X ?t dist1 $O;M$D$NF0:n%Q%?!< %s$r;}$A !" 0z?t$K$h $C$F $I$l$+0l $D$r<B9T$7$F$$$k !# $=$7$F$3$l$i$NF0:n%Q%?!<%s$O !" $=$l$>$l$K$h $C$F;2>H$9 $k %T %/ %; %k $N ?t $, 0[ $J $k !# Nc$( $P 3*3 $N %T %/ %; %k %V %m%C%/ $r MQ $$ $k $H $9 $k $H !" ?^ 8 $K $"$k DL$j!" %T%/%;%k %V%m%C%/ $NCM $=$N $b$N $r MQ$$ $k>l 9g$O 9 8D$N %T%/ %; %k$r;2>H$9$k$@$1 $K$J$k !# 0lJ} !" 1&$d 2<$H$NJ?6Q$r <h$k>l9g$O 12 8D !" 1& !&2< !& 1&2<$H$NJ?6Q$r<h$k>l9g$O 16 8D$N%T%/%;%k$r;2>H$9$kI,MW$,$"$k !# $3$N$?$a !" $"$kF0:n%Q%?!<%s$G:FMxMQI=$K5-O?$7$?F~NO$H=PNO$NAH$rB>$NF0 :n %Q%? !< %s $G:F Mx MQ $9 $k$3 $H $O $" $^$j 8z N( E*$G $O L5 $$ $H9M $( $i $l $k !# Nc$( $P 2 CM $N:9 $N @d BPCM $r <h $k ItJ, $K $D $$ $F:F Mx MQ $r9T $& >l 9g $G$O !" 1 %T %/ %;%k Kh $N Hf 3S$G$O %T%/%;%k $NCM$=$N $^$^ !" $D$^$j0\F0 M=B,$KMQ $$$k%T %/%;%k Y CM !" 0 $+ $i 255 $N@0 ?t $, F~NO $K $J $k$H 9M $( $i$l $k !# $7$+$7 2< $N %T %/%; %k $H $NJ? 6Q CM $r<h $k >l9g !" F~NO$K>.?tE@0J2<$N?t;z$,F~$k>l9g$,8=$l$k !# $=$7$F$3$&$7$?F~NO$r:F Mx MQ $N $? $a $K 5- O? $7 $? $H $7 $F $b !" 1 %T %/ %; %k Kh $N Hf 3S $G $O MQ $$ $i $l $J $$ $? $a !" 7k 2LE*$K:FMxMQ2DG=@-$NDc$$ RB $N%(%s%H%j$rA}$d$9$3$H$K$J$k !# $^$?;M$D$N F0:n%Q%?!< %s$N$&$ABP 1~$9$k 1 %T%/%;%k Kh$rHf3S$9 $kF0:n%Q%? !< %s$O !" 4X?t dist1 8F$S=P$7$N 9 3d$r@j$a$k$3$H$, !" %( %s%3!<%G %# %s%0$r<B:]$K 9T $C $? 7k 2L J, $+ $C $?!# @h $N 7k 2L $H 9g $o $; $k $H !" $3 $N F0 :n %Q %? !< %s $, %( %s %3 !< %G %# %s%0;~ 4VA4BN $N 4 3d 0J>e$r @j$a$F $$$k$H $$$& $3$H$K $J$j!" $3$NItJ,$N 9bB.2= $, %(%s%3!<%G %# %s%0$N9bB.2=$NA0Ds$H$J$k$3$H$,J,$+$k !# 0J>e$N$h$&$JM}M3$+$i !" 4X?t dist1 $+$i 1 %T%/%;%kKh$rHf3S$9$kF0:n%Q%?!< %sIt J, $@ $1 $r H4 $- =P $7 !" JL $N 4X ?t dist1a $H$7 $F J, 3d $7 $?!# $3 $l $K $h $j!" ;M $D $N F0:n%Q%?!<%s$,:.:_$7$F:FMxMQI=$N%(%s%H%j$r@j$a$k$H$$$&L5BL$rKI$. !" :G$b 15 int \texttt{dist1a}(*p1,*p2,distlim) *p1 : 8=:_$N%U%l!<%‘$+$i@Z$j=P$7$?%T%/%;%k%V%m%C%/ ; *p2 : 0l$DA0$N%U%l!<%‘$+$i@Z$j=P$7$?%T%/%;%k%V%m%C%/ ; d : $3$l$^$G$G:GNI$N0\F0M=B,$NCM ; { s=0; for (j=0;j< %T%/%;%k%V%m%C%/$N=D$ND9$5 ;j++){ v=p1 $H p2 $N j 9T 0 NsL\$NCM$N:9 ; v $N@dBPCM$r s $K2C;; !# v=p1 $H p2 $N j 9T 1 NsL\$NCM$N:9 ; v $N@dBPCM$r s $K2C;; !# !D v=p1 $H p2 $N j 9T 15 NsL\$NCM$N:9 ; v $N@dBPCM$r s $K2C;; !# v=p1 $H p2 $N j 9T 16 NsL\$NCM$N:9 ; v $N@dBPCM$r s $K2C;; !# s $, d $h$j$bBg$-$/$J$C$?$iCfCG !# } } ?^ 9: 4X?t dist1a IQHK$K8F$S=P$5$l$kF0:n%Q%?!<%s$K8B$C$FFH<+$N%(%s%H%jI=$r3NJ]$9$k$3$H$, 2DG=$K$J$k !# $3$l$K$h$j:FMxMQN($,8~>e$9$k$3$H$bM=A[$5$l$k !# J,3d$7$?4X?t dist1a $N5<;w%3!<%I$r?^ 9 $K<($9 !# 0J2<$KB3$/<j K!$O !" $3$3$K =R$Y$?4X?t dist1 $NJ,3d$r9T $C$?>e$G !" $=$NJ,3d $7 $? 4X ?t dist1a $K 8B $C $F 99 $J $k 9b B. 2= $r 9T $& $? $a $N Ds 0F $G $" $k!# $3 $l $i $N <j K! $r 4X ?t dist1a $K 8B$C$F E, MQ $9 $k $N $O !" $=$N B> $N F0 :n %Q %? !< %s $K $D $$ $F $O 8F $S =P$72s?t$, >/$J$/!" :FMxMQ$K$h$C$F9bB.2=$9$k $h$j$bE,MQ$K $h$k3F<o%*!< %P!< %X%C%I$NJ}$,Bg$-$/$J$k$+ !" $"$k$$$O9bB.2=$7$F$b6O$+$G$"$k$HM=A[$5$l$k$+ $i$G$"$k !# 4.1.2 %T%/%;%k$:$D$NHf3S 4X?t dist1 $N:FMxMQN($r9b$a$k $?$a$K$O !" :FMxMQ $,4|BT=P Mh$k6h4V$r 4X?t$K @Z $j =P $9 $H $$ $& <j K! $, 9M $( $i $l $k !# ?^ 9 $N <( $9 DL $j!" 4X?t dist1a $O Bg $^ $+ $K 8@ $C $F 0l =E %k !< %W $N 9= B$ $G $" $j!" %k !< %W Fb $G Fs $D $N %T %/ %; %k %V %m %C %/ $N j 9T n Ns L\$N CM $N :9$r <h $j!" $=$N @d BP CM $r 2C;; $9 $k $H $$ $&$N $r 16 2s7+$j JV $7 $F $$ $? !# $= $3$G%k!<%WFb$N%T%/%;%kHf3S$r4X?t$H$7$F@Z$j=P$;$P !" :FMxMQN($N>e>:$,4|BT =PMh$k !# $?$@$7:FMxMQ 5!9=$,:FMx MQ2DG=$J6h 4V$HG’<1$9 $k4X?t$O !" 0z?t$, 6 $D $^$G$G$" $k !# $h$C$F !" 0lO"$N%T%/%;%k Hf3S$r4X ?t2=$9$k>l 9g !" 0lEY$K 3 $D $N%T %/%;%k$:$D$rHf3S$9$k4X?t$^$G$,2DG=$G$"$k$H9M$($i$l$k !# 4X?t$H$7$FHf3S$9 $k%T%/%;%k$N?t$rA}$d$9$HF~NO$,B?MM2=$9$k$N$G:FMxMQN($ODc2<$9$k !# $=$N0l 16

?^ 10: 4X?t pix1 J} !" :FMxMQ$,2DG=$G$" $C$?>l9g$O0lEY$GB?$/$N1i;;$,>JN,=PMh$k$N$G8z2L$,Bg $-$$ !# 0J>e$N$h$&$K !" 0lEY$N8F$S=P$7$GHf3S$9$k%T%/%;%k?t$NBg>.$O0l35$K$O$I$l $,NI $$$+ $rM= A[ =PMh $J$$ $N$G !" $3$3$G $O 1 %T %/%; %k$: $D$r Hf 3S$9 $k4X ?t pix1 !" 2 %T%/ %;%k $: $D $rHf 3S $9 $k 4X?t pix2 !" 3 %T%/ %; %k$: $D $r Hf 3S$9 $k 4X ?t pix3 $N;0 <oN‘$rMQ0U$7 !" $=$l$>$l$NI>2A$r9T$&$3$H$K$7$? !# 4X?t pix1 $rMQ$$$?<B9T Nc$r?^ 10 $K<($9 !# @bL@$r4JC1$K$9$k $?$a !" %T%/%;%k %V%m%C%/ $r 3*3 $H $7 $F$$ $k !# (1) $H (2) $N $h$& $J%G !<%? $,4X ?t dist1a $KEO $5$l $?$H $9$k $H !" MSP $O A)1 %T%/%; %kL\ $N 1i ;;$r 9T $$$D $D !" B)2 %T%/%; %k L\$N %G !< %?$d C)3 %T%/%; %kL\ $N %G!< %?$r SSP $XEjF~$9 $k !# $3 $N 7k2L !" MSP $, A) $N1i;; $r=*$($k:" !" SSP $O B) $d C) $N1i;;$r=*$($F $=$N7k2L $r:FMxMQ I=$KEPO? $7$F$* $/ $3 $H $, =P Mh $k!# MSP $O $= $N 7k 2L $r MQ $$ !" <+ ?H $O <B :] $K 1i ;; $r 9T $& $3 $H $J $/ B) $d C) $N 1i ;; 7k 2L $r F@ $i $l $k !# $^$? !" $3 $3 $G Hf 3S $9 $k %" %I %l %9 $O >o $K F1 $8 $J $N $G !" 0J8e$b A) $G1i;;$r9T$C$? 3 $H 1 !" B $G1i;;$r9T$C$? 3 $H 5 $H$$$&$h$&$JF~ NO$,$"$C$?>l9g$O !" <B:]$K1i;;$r9T$&$3$H$J$/7k2L$rF@$k$3$H$,=PMh$k !# 4.1.3 %T%/%;%k%G!<%?$N5M$a9~$_ A09‘$G$O 3 %T%/ %;%k$:$D$N Hf3S$^$G $r9M$($? !# $b$7 !" 0lEY$N4X?t8F$S=P$7 $G $h$jB?$/$N%T%/%;%k$NHf3S$,2DG=$H$J$l$P !" :FMxMQN($ODc2<$9$k$b$N$N !" 0lEY $N:F Mx MQ $G :o 8: $5 $l $k %9 %F %C %W ?t $, Bg $- $/ $J $k $? $a !" 9b B. 2= $9 $k 2D G= @- $, $" $k!# 17

?^ 11: 4X?t p oin ter $=$3$G$h$jB?$/$N%T%/%;%k$r0lEY$N4X?t8F$S=P$7$GHf3S$9$k<jK!$r9M$($k !# 8=:_ !" 4X ?t pix1 !& pix2 !& pix3 $N0z?t $H $J $C $F $$ $k%T %/ %; %k CM$O YUV JQ49$G F@$? Y CM$G $" $j!" M? $( $i $l $k CM $O 0 !A 255 $NHO 0O $N @0 ?t CM $G $" $k !# 0l J} !" :F Mx MQ 5!9= $O 32 %S %C %H $^ $G$N CM $r0z ?t $H $7$F G’ <1$9 $k!# $=$3 $G 3F 2 %S %C %H $N %T%/ %; %k CM 4 $D$r7k 9g$7 $F 8 %S%C%H$H$7 !" $3$l$r4X?t $KM? $( !" 4X?tFbIt $G7k9g $7$?CM $r J,3d $7 $? 8e !" $= $l $> $l$r Hf 3S $9 $k $H $$ $& <j K!$r 9M $( $?!# 4X ?t pix1 !& pix2 !& pix3 $K$3$N<jK!$rE,MQ$7$?$b$N$r4X?t pix1-4 !& pix2-4 !& pix3-4 $H$9$k !# $3$l$K$h $j!" 0lEY$N4X?t8F$S=P$7$GHf3S=PMh$k%T%/%;%k?t$O$=$l$>$l 4 !" 8 !" 12 $H$J$k !# 4.1.4 %]%$%s%?$rMQ$$$?9TKh$NHf3S %T%/%;%kKh$NHf3S$G$O4X?t8F$S=P$7$N2s?t$,B?$$$?$a !" %*!<%P!<%X %C%I$,Bg $-$/$J$k$HM=A[$5$l$k !# $^$? !" $3$l$^$G$KFI$_=P$7$?%T%/%;%kCM$+$i<!$N%T%/ %; %k CM $r M= A[ $9 $k $N $O :$ Fq $G $" $k $? $a !" ;v A0 <B 9T $K $h $k 9b B. 2= $, 4| BT =P Mh $J $$!# $= $3 $G $3 $N 16 2s$N 0l 9T J, $N Hf 3S $r $= $N $^ $^ @Z $j =P $7 !" 4X ?t pointer $H $9 $k!# 2h A|%G!<%?$O%]%$%s%?$rMQ$$$?G[Ns$N7A$GM?$($i$l$F$$$k$N$G !" @Z$j=P$7$?4X?t pointer $K $O;2>H $9$k0l 9TJ,$N %G!<%?$N @hF,$N %"%I%l %9$r0z ?t$H$7$F EO$9 !# 4X ?t pointer $OM?$( $i$l $?0l9T J,$N %G!< %?$K $D$$ $F$= $l$> $l$N%T %/%; %k$N :9J, $N OB $r JV $9 $N $G !" 4X?t dist1a $O %] %$ %s %? $r A‘ :n $7 <! $N 0l 9T $N %G !< %? $r :F $S 4X ?t pointer $K M?$($k !" $H$$$&$N$r7+ $jJV$9 !# $"$k9T$N%G!<%? $N@hF, %"%I%l %9$,4X ?t pointer $KEO$5$l $?;~ !" <!$K 0z?t$H $7$F EO$5$l $k0l $D2<$N 9T$N %G!<%? $N@h F, %"%I%l%9$O4JC1$KM=B,$5$l$k$N$G !" ;vA0<B9T$K$h $C$F9bB.2=$,4|BT$5$l$k !# 4X ?t pointer $rMQ $$ $? <B 9T Nc $r ?^ 11 $K<( $9 !# @b L@ $r 4J C1 $K $9 $k $? $a !" %T %/ %; %k%V%m%C%/ $r 3*3 $H$7$F $$$k !# $3$l$^ $G$O 1 %T%/ %;%kKh $KHf3S $r9T$C$F$$ $?$H 18

$3$m$r !" 9T A4$F $N%G !<%? $r%] %$%s %?$G EO$7 $F$$ $k !# (1) $H (2) $N$h$&$J %G!< %?$, 4X?t dist1a $KEO$5$l$?$H $9$k$H !" MSP $O A)1 9TL\ $N1i;;$r9T$$$D $D !" B)2 9T L\$N%G !< %?$d C)3 9TL\ $N%G !<%? $r SSP $XEjF~ $9$k!# $3 $N7k 2L !" MSP $, A) $N1i ;;$r=*$($k :" !" SSP $O B) $d C) $N1i;;$r=*$( $F$=$N7k 2L$r:FMx MQI=$KEP O?$7$F $*$/ $3 $H $, =P Mh$k!# MSP $O$= $N 7k 2L $rMQ $$ !" <+ ?H $O <B :] $K1i ;; $r 9T $& $3 $H $J $/ B) $d C) $N1i;;7k2L$rF@$i$l$k !# $?$@$7 :FMxMQ 5!9=$G $O;2>H $9$k%" %I%l%9 $,0[$J $k>l 9g !" $=$NCM$,F1 $8$G$"$C $F$b:FMxMQ$r9T$&$3$H$O=PMh$J$$ !# $h $C$F%]%$%s%?A‘:n$K$h$j;2>H$9$k%"%I%l %9$,IQHK$KJQ99$5$l$k$3$N;EAH$_$G$O !" ;vA0<B9T$G:FMxMQI=$KEPO?$7$?0J>e$N :F Mx MQ $r 9T $& $3 $H $O :$ Fq $G $" $k $H M= A[ $5 $l $k!# $^ $? %] %$ %s %? A‘ :n $, B8 :_ $7 $J $+ $C $? $H $7 $F$b !" 2 %V %m%C%/ $N3F 16 %T %/ %; %k $N CM $, 4X?t $K $h$C$F ;2 >H $5 $l $k $? $a !" $3$l$i$NCM$, 40A4$K0lCW$7 $J$$8B$j:FMxMQ $O9T$o$l$:!" $=$N3NN($O$H$F$b Dc$$ $H9M$($i$l$k !# $?$@$70lEY$N:FMxMQ$GB?$/$N1i;;$,>JN,=PMh$k$N$G !" $=$N8z2L $OBg$-$$ !# 4.1.5 [#Kf:FMxMQ [#Kf:FMxMQ$H$O:FMxMQ;~$NF~NO0lCW>r7o$K42MF@-$r;}$?$;$k$3$H$G !" 4{$K5- O?$7$?F~NO$H=PNO$NAH$KBP$7$F$=$l$K6a$7$$F~NO$,M?$($i$l$?$h$&$J;~ !" <B:] $KL?Na$r<B9T $9$k$3$H$J$/!" M?$($i$l$?$b$N$K6a$$F~NO$K BP1~$7$?=PNO$r JV$9 $H$$$&<jK!$G$"$k !# $3$N<jK!$K$h$C$FF@$i$l$?=PNO$O$b$A$m$s !" $[$H$s$I$N>l9g$K$*$$$F40A4$K @53N$JCM$G$O$J$$ !# $7$+$7F~NO$H=PNO$K2?$i$+$NAj4X@-$,$"$k$h$&$J>l9g$dF~ NO$N6O$+$J:9$,=PNO$K1F6A$r5Z$\$5$J$$$h$&$J>l9g$G$O !" =PNO$NIJ<A$rBg$-$/ B;$&$3$H$J$/ :FMxMQN($r>e $2$k$3$H$,2DG= $K$J$j!" 7k2L$H$7$F=hM}$r9bB. 2=$9 $k$3$H$,=PMh$k !# $3$3$G$O%(%s%3!<%G %# %s%0;~$N0\F0M=B,ItA4BN$K$D$$$F !" %U%l!<%‘Fb$N%T%/ %;%k %G!<%? $N2< 0L%S%C%H $r 2 %S%C%HJ,%^ %9%/ $7$?$b $N$H 5 %S%C%H J,%^ %9%/$7 $? $b$N !" 2 <o N‘$N[# Kf:FMx MQ$rMQ $$$F$=$l $>$lI> 2A$r9T $&$3$H $K$7$? !# ?^ 12 $O 1 %S%C%H$+$i 3 %S%C%H $^$G$N[# Kf2=$r9T$C$?>l 9g$N%G!< %?$NJQ2= $G$"$k !# [#Kf2= $9$k%S%C%H?t$rA}$d$9$[$I !" CM$N<oN‘$,8: $C$F$$$k$3$H$,J,$+$k !# :FMxMQ5!9=B&$+$i8+$k$H !" [#Kf2=$K$h$jF~NO$NB?MM2=$,M^$($i$l$k$N$G !" :F MxMQN($,9b$^$k$3$H$,4|BT$5$l$k !# FC$KF~NOCM$,J#?t$H$J$k$h$&$J4X?t$d%k!< %W$N>l9g$GBg$-$J8z2L$,4|BT=PMh$k !# 19

?^ 12: [#Kf2= y = (32*(x>=0 ? x : -x) + (d>>1))/d; d = (3*m+2)>>2; y = (y+d)/(2*m); ?^ 13: NL;R2=$N1i;; 0lJ} !" [#Kf2=$K$h $C$F0\F0M=B,$N@53N$5$O<:$o$l$k$N$G !" :n@.$5$l$kF02h$N 05=LN($K$O1F6A$r5Z$\$92DG=@-$,$"$k !# $?$@$7 !" 0\F0M=B,$N9‘$G$b=R$Y$?DL$j 2h<A$K$O1F6A$r5Z$\$5$J$$ !# 4.2 NL;R2=$N9bB.2= mp eg2enco de $K $* $$ $F !" NL ;R 2= $O 4X ?t quant $K $h $C $F <B Au $5 $l $F $$ $k!# quant $O DCT $K $h $C $F <~ GH ?t @. J, $H $J $C $? 8*8 $N%T %/ %; %k %V %m %C %/ $N CM $= $l $> $l $K BP $7$F !" ;vA0$K7h$a$i$l$?BP1~$9$k<~GH?t@.J,$NNL;R2=%^%H%j %C%/%9$HNL;R2=78 ?t$NCM $G 1i;; $r9T $$ !" C< ?t$r @Z$j <N $F$k $H$$ $& 4X?t $G$" $k !# x $r<~GH ?t @.J, !" d $rNL;R2=%^%H%j%C%/%9$NCM !" m $rNL;R2=78?t$H$7$?;~ !" 5a$a$kCM y $rF3$/1i;; $O?^ 13 $N$h$&$J$b$N$K$J$k !# 1i ;; $N 7k 2L $b $7 y $, 255 $h $j $b Bg $- $/ $J $C $? >l 9g !" 4X ?t quant $O y $r 255 $K4] $a$k !# $^ $?F~ NO;~ E@$G x $,IiCM$G$" $C $?>l 9g$O !" y $bId9f$rJQ $($F IiCM$H $9$k!# 20

4X?t quant $G$O0lEY$N4X?t 8F$S=P$7 $KBP$7$F A4$F$N %T%/%;%k $NCM$K$D $$$F1i ;;$r 9T $& $N $G !" F~ NO $@ $1 $, 0[$J $k F1 $8 1i ;; $, 64 2s9T $o $l$k $3 $H $K $J $k!# $= $3 $G $3$N 1 2s$N 1i ;; $r 4X ?t $H $7 $F @Z $j =P $7 $F !" :F Mx MQ 2D G= $J 6h J, $H $J $k $h $& $K $7 $?!# Bh 5 >O @-G=I>2A K\ >O $G $O A0 >O $G =R $Y $? 3F <j K! $r MQ $$ $F !" <B :] $N =h M} B. EY $, 8~ >e $7 $? $+ $r I> 2A $9 $k !# I> 2A $K $O :F Mx MQ 5!9= $r Ek :\ $7 $? !" C1 L? Na H/ 9T$N SP AR C-V8 %7%_ %e%l !<%? $r MQ$$ $? !# 3F %Q %i %a !< %? $O I= 1 $NDL $j !# $J $* !" %- %c %C %7 %e9= @. $d L? Na %l %$ %F %s %7 $O SP AR C64-I I I[7] $r;2 9M$K $7$F $$$k !# RF %( %s%H %j?t -RB %(%s %H%j ?t -RB $N FI$_ =q $- %" %I %l %9 ?t $K $D $$ $F $O !" $= $l $> $l 32-128-4096 !" 32-256-2048 !" 32-512-1024 !" 16-1024-1024 $K$D $$ $F <B :] $K %7 %_ %e%l !< %7 %g %s $r 9T $$ !" 32-512-1024 $,:G $b :F Mx MQN($,9b$+$C$?$3$H$rM=HwD4::$K$*$$$F3NG’$7$F$$$k !# MPEG $N %( %s %3 !< %G %# %s%0 $K $O mp eg2enco de $r Mx MQ $7 !" %*%j %8 %J %k $N %= !< %9 !" $* $h $S A0 >O $K 5s $2 $? <j K! $r E, MQ $7 $? $b $N $r $= $l $> $l gcc-3.0.2 (-msup ersparc -O2) $K$h$C$F%3%s%Q%$%k$r9T$$ !" %9%?%F %# %C%/%j%s%/$K$h$j@8@.$7$?%m!<%I%b %8 %e !<%k$rMQ$$$? !# 5.1 %V%m %C %/:9J,4X?t$NI>2A %* %j %8 %J %k $N %= !< %9 !" 4X ?t $N J, 3d !" $* $h $S %] %$ %s %? $r MQ $$ $? 9T Kh $N Hf 3S !" 1 %T %/%; %k $: $D $N Hf 3S $r4X ?t 2= !" 2 %T%/ %; %k $:$D $N Hf 3S $r 4X ?t 2= !" 3 %T%/%; %k $: $D $N Hf 3S $r 4X ?t 2= $K $D $$ $F !" $=$l $> $l :F Mx MQ $J $7 !" :FMx MQ $" $j!" 2 %S%C%H $N [# Kf :F MxMQ !" 5 %S %C%H $N[# Kf:F MxMQ $rMQ $$$? >l9g $NA4 BN $N<B 9T%5 %$%/ %k?t $r7W B,$7 $? !# %*%j%8%J%k$N%=!<%9$G:FMxMQ$r9T$o$J$+$C$?$b$N$G$NA4BN$N<B9T%5%$%/%k?t$r 1 $H$7$?>l9g$N !" $=$l$> $l$N<B9T%5 %$%/%k?t$r ?^ 14 $K<($9 !# F1MM$K !" %*%j %8%J %k$N%=!<%9$G:FMxMQ$r9T$o$J$+$C$?$b$N$G$N%V%m%C%/:9J,4X?t$N<B9T%5%$%/%k ?t$r 1 $H$7$?>l9g$N !" $=$l$>$l$N<B9T%5%$%/%k?t$r?^ 15 $K<($9 !# ?^ 14 $* $h $S ?^ 15 $r 8+ $k $H !" $^ $: %* %j %8 %J %k $G $b 5 %S %C %H $N [# Kf :F Mx MQ $G $O 9b B.2=$7$F$$$k$3$H$,J,$+$k !# $3$l$O%T%/%;%k%G!<%?$r[#Kf2=$7$F@Z$j2<$2$?7k 2L !" 4X?t dist1 $,ESCf$G =*N;$9$k>r7o$H$J$k !V $3$l$^ $G$KF@$i$l$?4X?t dist1 $G$N:GNI$NCM !W $b@Z$j2<$2 $i$l !" 4X?t dist1 $OESCf$G=*N;$9 $k$3$H$,A} $($k$+ $i $G $" $k!# $3 $l $O Nc $( $P A4 $F $N %T %/ %; %k $N CM $, 3 $G $" $k %T %/ %; %k %V %m %C %/ $H !" A4 21

?^ 14: %W%m%0%i%‘A4BN$+$i8+$?:FMxMQI>2A ?^ 15: %V%m%C%/:9J,4X?t$N:FMxMQI>2A 22

D-Cac he MFNL 64KBytes %i%$%s%5%$%: 64Bytes %& %’ %$?t 4 Cac he %_%9%Z%J%k%F %# 20cycles Register Windo w 4sets Windo w %_%9%Z%J%k%F %# 20cycles/set %m!<%I%l%$%F%s%7 2cycles @0?t>h;;%l%$%F%s%7 8cycles @0?t=|;;%l%$%F%s%7 70cycles IbF0>.?tE@>h;;%l%$%F%s%7 4cycles C1@:EYIbF0>.?tE@=|;;%l%$%F%s%7 16cycles G\@:EYIbF0>.?tE@=|;;%l%$%F%s%7 19cycles RF %(%s%H%j?t 32 RB %(%s%H%j?t 512/RF Read %"%I%l%9 1024/RF W rite %"%I%l%9 1024/RF RB( 0z?t ) "N Register Hf3S 8w ords/cycle RB(Read) "M Cac he Hf3S 4Bytes/2cycles RB(W rite) "M Cac he =q9~ 4Bytes/cycle RB( JV$jCM ) "M Register =q9~ 8w ords/cycle SSP %m!<%+%k%a%b%j 64KBytes I= 1: %7%_ %e %l!<%7%g%s$N%Q%i%a!<%? $F$N%T%/ %;%k$NCM$, 2 $G $"$k%T%/%; %k%V%m%C%/$rHf 3S$9$k>l 9g !" 4JC1$N$?$a%T %/%; %k%V %m%C%/$N %5%$ %:$r 3*3 $H$9 $k$H !" [#Kf2=$r 9T $o$J $$>l 9g$O 4X?t dist1 $N7k 2L$O 9 $G$" $j!" 0J8e$O 9 $h$j $b>. $5$J CM $rJV $9%T %/%; %k%V %m%C%/$r C5$9 $3 $H$K $J $k !# 0lJ} 1 %S%C%H $N[# Kf 2=$r 9T $& $H !" $=$l $>$l $N %T %/%; %k $NCM $, 3 $@$C $?%T %/%; %k %V %m %C %/ $O !" A4 $F 2 $K$J$k!# 7k2L !" 4X ?t dist1 $NJV$j CM $O 0 $H$J$j!" $3$l$h $j$b NI$$CM $rJV$9 %T%/ %;%k%V %m%C%/$OB8 :_$7$J $$$? $a !" 0J9_4X?t dist1 $O8F$S=P$5$l$k$H$9$0$K=*N;$9$k !# $3$N$h$&$K$7$F !" [#Kf2=$K$h$jA4BN$N7W;; NL$O8:$k $3$H$K$J$k !# 0lJ} 2 %S%C%H$N[#Kf :FMxMQ$G$O $3$&$7$? 1F6A$O7ZHy $G$" $k>e !" [#Kf2=$N1i;;$,A}$($F$$$k$?$aCY$/$J $C$F$$$k !# B3 $$ $F $= $l $> $l $N :F Mx MQ <j K! $r 8+ $k $H !" J, 3d $r 9T $C $? 4X ?t dist1a $O%5 %$ %/ %k ?t$N:o8:$KL@$i$+$K9W8%$7$F$$$k$3$H$,J,$+$k !# :FMxMQ$"$j$G%*%j%8%J%k$HHf 3S$9$k$H !" Ls 10% $[$I9bB.2=$7$F$$ $k !# $?$@$7[#Kf 2=$K$h$k9bB. 2=$O%*%j%8%J %k$G8+$i$l $k$b$N$HBg:9L5 $/!" [#Kf2=$K$h$C$F:FMxMQN($,Bg $-$/>e>:$7$? $o$1 $G$O$J$$$3$H$,J,$+$k !# %T %/ %; %k $: $D $N Hf 3S $r 4X ?t 2= $7 $? >l 9g $O !" pix1 !" pix2 !" pix3 $N A4 $F $K $D $$ 23

$F !" :FMxMQ$r9T $C$?>l9g$NAm%5%$%/%k?t$,%*%j%8%J%k$h$jNt$C$F$$$k !# $3$l$O 4X?t8F$S=P $7$N%*!<%P!<%X%C%I $J$I$K$h$j!" $=$b$=$b:FMxMQ $J$7$G$NAm%5 %$%/ %k?t$,Bg $-$/A}$($F $$$k$+$i$G $"$k !# $?$@$7 !" FC$K 1 %T%/%;%k $:$D$NHf3S $K$D $$$F%l%8%9%? FI$_9~$_$,A} 2C$7$F$*$j!" :FMxMQ$r9T$*$&$H $9$k5!2q$OA}$( $F$$ $k$3$H$OJ,$+$k !# $3$N$3$H$O%T%/%;%kHf3S$N4X?t2=A4$F$K$D$$$F !" [#Kf2=$K$h $jBg$-$/%5%$%/%k?t$r:o8:$7$F$$$k$3$H$+$i$bJ,$+$k !# [#Kf2=$r9T$o$J$$>l9g $OF~ NO $N B? MM @- $, 0l HV Dc $$ pix1 $,:G $b 9b B. $G $" $k!# $= $N 0l J} $G [# Kf 2= 5 %S %C %H $G$O !" F~ NO ?t $, B? $/ B? MM $G $" $k pix3 $,5U $K :G $b 9b B. $K $J $k!# $^ $? !" ;v A0 <B 9T $r 9T$o$J$+$C$?>l9g$O:FMxMQN($,Dc2<$7$F$$$k$b$N$N !" B>$N<jK!$KHf$Y$k$H$=$N EY9g$O>/$J$$ !# $^$? !" 1 0z?t$K 4 $D$N%T%/%; %kCM $r5M $a9~ $s$@ pix1-4 !" pix2-4 !" pix3-4 $O !" $=$l $>$l pix1 !" pix2 !" pix3 $h $j9b B.2= $7 $F$$ $k !# :FMxMQ $J $7$G $b9b B.2= $7 $F $$$k$N$O !" 0lEY$N4X?t8F$S=P$7$GHf3S$9$k%T%/%;%k?t$,A}$($?7k2L !" 4X?t8F$S =P$7 $N 2s ?t $, 8: $j!" %* !< %P !< %X %C %I $, :o 8: $5 $l $? $+ $i $G $" $k!# $= $7 $F pix1-4 $O A4$F$N<jK!$NCf$G$b:G$b9b B.$G$"$C$? !# pix2-4 $d pix3-4 $O0lEY$N4X?t8F$S=P $7 $G 8 !" 12 $N %T %/ %; %k CM $r ;2 >H $9 $k $3 $H $K $J $j!" F~ NO $N B? MM @- $, Hs >o $K 9b $/!" :F MxMQN($,>e$,$i$J$$$3$H$,860x$HM=A[$5$l$k !# ;vA0<B9T$r9T$o$J$+ $C$?>l9g$G $O !" Hf 3S $9 $k %T%/ %; %k ?t $, B? $$ $b $N$[ $I 99 $K CY $/ $J $C $F $$ $k!# pix3-4 $J$I$G $O :FMxMQ;~$K !" ;vA0<B9T$GF@$?7k2L$rMQ$$$k>l9g$,B?$$$H$$$&$3$H$,J,$+ $C$? !# 0lJ} !" %] %$%s %? $rMQ $$ $? pointer $G$O dist1a $h$j9b B.2= $7 $F $$$k!# $? $@$7 !" dist1a $H F1 MM $K [# Kf 2= $K $h $k 9b B. 2= $O Bg $- $/ $J $/!" $d $O $j [# Kf 2= $N =h M} $N $? $a !" 2 %S%C%H $N [# Kf 2= $J $I$G $O $‘ $7 $m CY $/ $J$C$F $$ $k $3 $H$, J, $+ $k !# $^$? !" ;vA0 <B 9T$rMQ$$$k$3$H$GCx$7$$9bB.2=$,4|BT$5$l$?$b$N$N !" ;DG0$J$,$iB>$N<jK!$HHf 3S$7$F05E]E*$KB.$/$O$J$C$F$$$J$$ !# $3$l$OM}A[E*$J0\F0M=B,@h$rH/8+$7$?8e $K$D $$$F $O !" 4X?t dist1a $,8F $S=P $5 $l$k EY !" 4X?t pointer1 $K$h $C $F 0l 9TJ, $N Hf3S$r9T$C$?8e !" 4{$KF@$?7k2L$h$j0-$$$H8+$F;vA0<B9T$GF@$?CM$rMQ$$$k$3$H $J$/!" 4X ?t dist1a $,=* N; $9 $k $+ $i $G $" $k $3 $H $, J, $+ $C $?!# 0l J} !" ;v A0 <B 9T $r MQ $$$J$$>l9g$O !" <B9TCf$K;2>H$9$k%"%I%l%9$,JQ2=$9$k$?$a !" M=A[DL$jA4$/9bB. 2=$7$F$$$J$$ !# $J $* $3 $N %( %s %3 !< %G%# %s %0 $r DL $7 $F !" @8 @. $5 $l $k MPEG %U %!%$ %k %5 %$ %: $O [# Kf2= 3 %S%C%HDxEY $^$G$O%*%j %8%J%k$H $"$^$jJQ$o $i$J$$05 =LN($K$J$C$F$$ $k$3 $H$, J, $+ $C $?!# $7 $+ $7 [# Kf 2= 4 %S %C %H $G $O 05 =L N( $, <c 43 $J $, $i Dc 2< $7 !" 5 %S %C %H 24

:FMxMQ$J$7 :FMxMQ$"$j %*%j%8%J%k 1 0.81 4X?t@Z$j=P$7 1.01 0.78 I= 2: NL;R2=4X?t$N:FMxMQI>2A $G$O %* %j %8 %J %k $K Hf $Y $k $H 1% DxEY Bg $- $J %U %!%$ %k %5 %$ %: $K $J $C $F $$ $k!# $? $@ $7 F~NO$H$J$k2hA|%;%C%H$dKg?t$K$h$j!" $3$NCM$OJQ2=$9$k2DG=@-$,$"$k !# 5.2 NL;R2=4X?t$NI>2A NL;R2=4X?t$N4X?t@Z$j=P$7$K$D$$$F !" A4BN$N%5%$%/%k?t$r7W;;$7$? !# %*%j%8 %J%k$N%= !<%9$G:FMx MQ$r9T$o$J $+$C$?>l9g$r 1 $H$7 $?>l9g$N !" <B9T%5%$%/%k?t $rI= 2 $K<( $9 !# 4X?t@Z$j=P $7$K$h $j%* !<%P!< %X%C%I$,H/ @8$7 $F$$$k $b$N$N !" :F Mx MQ $K $h $j %* %j %8 %J %k $h $j A4 BN $N Ls 3% 9b B. 2= $7 $F $$ $k $3 $H $, J, $+ $k!# NL ;R 2= $, %( %s %3 !< %G %# %s %0 ;~ 4V A4 BN $N Ls 7% $r@j $a $F $$ $? $3 $H $r 9M $( $k $H !" $3 $N <j K! $r MQ $$$k$3$H$K$h$jNL;R2=ItJ,$OLs 25% 9bB.2=$7$?$3$H$,J,$+$k !# Bh 6 >O $^$H$a K\ 8& 5f $G $O MPEG %( %s %3 !< %@ $K $* $1 $k !" JB Ns ;v A0 <B 9T $r MQ $$ $? 9b B. 2= <j K! $r Ds0F$7$? !# %(%s%3!<%G %# %s%0;~4V$NJ,@O$+$i0\F0M=B,$K$*$1$k%V%m %C%/:9J,$N B,Dj !" $*$h$SNL;R2=$,9bB.2=$N2DG=@-$,$"$k$H9M$( !" 4X?t$NJ,3d$d@Z$j=P$7$N J}K!$r<($7I>2A$r9T$C$? !# 7k2L !" %V%m %C%/:9 J,$NB,Dj $K$D$$$F$O 4 %T %/%;%k$N Hf3S$r0lEY $N4X?t8F$S =P $7$G9T$&$h$&%W%m%0%i%‘$r=q$-49$($?>e !" [#Kf:FMxMQ$rJ;MQ$9$k$3$H$G !" %*%j %8%J%k$H Hf3S$7 $FA4BN $NLs 40% !" %V %m %C%/:9J,4X ?tIt$K 8B $C$F 8+$k$H Ls 59% $N %5%$%/%k?t$r:o8:$9$k$3$H$,=PMh$? !# %T%/%;%kHf3S$N4X?t2=$O%]%$%s%?$K$h$k Hf 3S $N 4X ?t 2= $K BP $7 !" %* !< %P !< %X %C %I $, Bg $- $/ @8 $8 $k $H $$ $& Ld Bj $, $" $C $?!# $7 $+ $7 1 $D$N0z ?t$K 4 $D$N %T%/%; %kCM $r5M$a 9~$‘$3 $H$G %*!<%P !<%X%C%I$r M^$( $k0l J} !" [#Kf:FMxMQ$rMQ$$$k$3$H$GF~NO$NB?MM2=$rKI$. !" :G=*E*$K$O%T%/%;%kHf3S $N4X?t2=$,%]%$%s%?$K$h$kHf3S$N4X?t2=$h$j9bB.$H$J$C$? !# $3$N<jK!$O;vA0<B 9TL5$7$G$b%V%m %C%/:9J,4X?tIt$NLs 40% $N%5%$%/%k?t$r:o8:$7$F$*$j!" ;vA0<B 9T$rMQ$$$F%]%$%s%?$K$h$j9TKh$NHf3S$r9T$C$?>l9g$HF1$8DxEY$N9bB.2=$,F@$i 25

$l$? !# $^$?[#Kf2=$K$h$k%U %! %$%k%5%$%:$NA}Bg$O !" 7ZHy$G$"$k$3$H$b8+$k$3$H $,=PMh$? !# $=$N0l J} !" NL;R2=$K$D $$$F$O !" 4X?t$N @Z$j=P$7$K $h$jA4BN$NLs 3% !" 9b B. 2= $9 $k $3 $H $, 2D G= $H $J $C $?!# $3 $l $i $N 7k 2L $O 8_ $$ $K FH N) $G $" $k $N $G !" %V %m %C %/:9 J, $N Hf 3S !" NL ;R 2= $N $= $l $> $l $K $3 $l $^ $G Ds 0F $7 $? <j K! $r MQ $$ $k $3 $H $K $h $j!" :GBg$GLs 43% $N%5%$%/%k?t$r:o8:$9$k$3$H$,=PMh$k$3$H$,J,$+$C$? !# :#8e$N2]Bj$H$7$F$O%j%"%k%?%$%‘%(%s%3!<%G %# %s%0$N$?$a$N !" 9bB.2=$7$?>l 9g$K$*$1$k=hM};~4V$NJ]>Z$,9M$($i$l$k !# <U<- K\8&5f$N5!2q $rM?$($F$/$@ $5$C$? !" IYEDbC<#65<x$K?<$/46 <U$$$?$7$^$9 !# $^ $? K\ 8& 5f $K 8B $i $:!" MM !9 $J $4 ;X F3 $r D: $$ $? Cf Eg 9/ I’ =u 65 <x !" ?9 bC 0l O: =u 65 <x !" DE M88x6G=u<j !" 8^Eg@5M5=u<j$K?<$/46<U$$$?$7$^$9 !# $=$7$F !" $$$D$b29$+$/$465J\D:$$$?5~ETBg3X>pJs3X8&5f2JIYED8&5f<<$N$_$J $5$s$K?4$h$j46<U$$$?$7$^$9 !# ;29MJ88% [1] CfEg9/I’ , DEM88x 6G , 8^Eg@5M5 , ?9bC 0lO: , IYEDbC<# : F0 E*L?Na2r@O$K4p$E $/ B?=E :F Mx MQ$* $h $S JB Ns ;vA0 <B 9T , >pJs=h M} 3X 2qO@ J8 ;o !’ %3 %s %T %e!< %F%# %s %0 %7%9%F%‘ , V ol. 44, No. SIG 10(A CS 2), pp. 1{16 (2003). [2] � Alv arez, C., Corbal, J., Salam � �, E. and V alero, M.: On the P oten tial of T ol- eran t Region Reuse for Multimedia Applications, Pr o c. 15th International Confer enc e on Sup er c omputing , A CM Press, pp. 218{228 (2001). [3] C] B< >0 Bg , DE M8 8x 6G , Cf Eg 9/ I’ , 8^ Eg @5 M5 , ?9 bC 0l O: , IY ED bC <# : MP3 %( %s %3!< %@ $N J,@O 5Z $S [# Kf:F Mx MQ $N E,MQ $K $h $k 9bB. 2= , >p=h8& Js 2003-AR C-152 (HOKKE 2003), pp. 145{150 (2003). [4] DEM88x 6G , @6?eM: Jb , CfEg9/ I’ , 8^Eg@5M5 , ?9bC0lO: , KLB<=SL@ , IYEDbC<# : %9 %F %l %* 2h A| =h M} $r MQ $$ $? [# Kf :F Mx MQ $N I> 2A , >p Js =h M} 3X 2q O@ J8 ;o !’ %3 %s %T %e !< %F %# %s%0%7%9%F%‘ , V ol. 44, No. SIG 11(A CS 3), pp. 246{256 (2003). [5] W ang, K. and F ranklin, M.: Highly Accurate Data V alue Prediction Using Hybrid Predictors, 30th MICR O , pp. 281{290 (1997). [6] DEM88x6G , CfEg9/ I’ , 8^Eg@5M5 , ?9bC 0lO: , IYEDbC<# : JB Ns;vA0<B9T5!9=$K $* 26

$1$k <g 5- 21CM %F %9 %H $N 9bB. 2= , >pJs=h M} 3X 2q O@J8 ;o !’ %3 %s %T %e!< %F%# %s %0 %7 %9%F%‘ , V ol. 45, No. SIG 1(A CS 4), pp. 31{42 (2004). [7] HAL Computer Systems/F ujitsu: SP AR C64-III User’s Guide (1998). 27