1 JBNs OS $N@-G=M=B,$r2DG=$K$9$k%7%_%e%l!<%7%g%s%b%G%k ?. 9q M[ Fs O: y >> K\ >0 y J? LZ 7I y K\ 9F $G$O!$ J, ;6 JB Ns4D 6- $K $*$1 $k OS %l %Y %k$N ;q 8; 4I M}J} <0 $r <B83 2D G= $K$9 $k %7 %_%e%l!< %7%g %s %b %G%k $K $D $$ $F 5D O@ $9$k!% OS %l %Y %k $N ;q 8; 4I M} J} <0$r %7 %_%e %l!< %7%g %s $K $h $j <B83 2D G= $H $9 $k $K $O!$ ;q 8;$N >C Hq >u 67 $r GD 0.$G $- $k $3 $H 5Z $SMM!9 $J ;q 8; A‘ :n 5! G=$, AH $_ 9~ $^ $l $F $$$k $3 $H $, =E MW $G$" $k!% $= $N $? $a $N %b%G %k $O FC $K!$ JB Ns %" %W %j %1!< %7%g %s $K $H$C $F =E MW $J 6& M- %G!< %? $N %" %/ %; %9 $, AH $_ 9~ $^ $l $F $$ $k $3 $H $H!$ OS %l %Y %k $N ;q 8;4I M} J} <0 $N @- G=:9 $r F3 $/ $? $a $K 7W;; 5! $K Fb :_ $9 $k <o!9$N J* M} ;q 8; @) Ls%\ %H %k %M%C %/ $r H? 1G$9 $k;EAH$_$r;}$D$3$H$,=EMW$G$"$k!% Sim ulation Mo dels for P erformance Estimation of P arallel OS Yojir o Nobukuni, y T akashi Ma tsumoto y and Kei Hiraki y In the pap er, w e discuss on sim ulation mo del for the p erformance estimation of resource managemen t mec hanisms of parallel OS. Enabling the p erformance estimation requires grasp- ing conditions of resource consumption and v arious resource handling function to b e in te- grated. F or the purp ose, sim ulation mo dels m ust supp ort shared data access mec hanisms, whic h are imp ortan t for parallel applications, and b e designed to re ect v arious hardware re- source limitatons for imp orting the p erformance di�erences of OS lev el resource managemen t mec hanisms. 1. $O $8 $a $K ?7$7$/@_7W$7$? OS 5!G=$N%7%_%e%l!<%7%g%s$O!$ $=$N OS $r <B Au$9 $k A0 $K $=$N 5! G= $N@- G= I> 2A 5Z$S <B 9T $N ?6Iq $$$,2r@O$G$-$k$H$$$&E@$G!$Hs>o$K M-8z$G$"$k!%$^$?!$ $"$k OS 5!G=$NMM!9$J%P%j%(!<%7%g%s$r<BAu$9$k$3$H$, $7 $P $7 $P :$ Fq $G $" $k $N $K BP $7 $F!$ $= $l $i $r %7 %_%e %l!< %7%g %s $K AH $_ 9~ $‘ $3 $H $O Hf 3S E* 4J C1 $K 9T $J $( $k 2D G= @- $,$"$k!%$5$i$K!$%Q%i%a!<%?$N@_Dj$K $h$jMM!9$J%O!<%I %&%’%"9=@.$N7W;;5!$r%7%_%e%l!<%7%g%s $9$k$3$H$,2DG= $G$"$k!%FC$K7P:QE*$JM}M3$d<j;}$A $N%O!<%I%&%’%";q8; $N@)8B$+$i!$<B:]$K$O$=$N OS $r<BAu$9$k$3$H$,IT2DG= $J%7%9%F%‘9=@.$K$D$$$F<B835Z$S2r@O $9$k$3$H$,2DG=$K $J$k!% %7%_%e%l!<%7%g%s$,??$KM-8z$G$"$k $?$a$K$O!$$=$N%7 %_%e%l!<%7%g%s$N@5Ev@-$,J]>Z$5$l$F $$$k$3$H!$I>2A$7 $?$$5!G=$N@-G=I>2A5Z$S2r@O$,9T$J $($k$3$H!$$=$7$F%7 %_%e%l!<%7%g%s<+BN$N<B9T$,8=<BE*$K2D G=$G$"$k$3$H$, =EMW$G$"$k!%JBNs OS $N%7%_%e%l!<%7%g%s$N>l9g!$%W%m %;%C%5$d%a%b%j!$%M%C%H%o!<%/$N>\:Y$J %b%G%k2=$O!$%7 %_%e%l!<%?$N@=:n$KB?Bg$J;~4V$HO+NO$r MW5a$9$k$P$+$j $+!$%7%_%e%l!<%7%g%s$N<B9T<+BN$,8=<B E*$KIT2DG=$G$" y El5~Bg3XBg3X1!M}3X7O8&5f2J>pJs2J3X@l96 Departmen t of Information Science, F acult y of Science, Univ ersit y of T oky o $k!%$=$b$=$b$=$l$[$I$N9b5!G=$J%7%_%e%l!<%?$r :n$k$0 $i$$$J$i!$K\J*$N OS $r<BAu$7$F$7$^$($PNI$$!%$=$3$G %b%G%k2=$9$k$3$H$K$h$jBP>]$rC1=c2=$7!$4JN, 2=$7$?%7 %_%e%l!<%7%g%s$r2DG=$H$9$kI,MW$,$"$k!%$=$N >l9g!$$I $NDxEY>\:Y$JI>2A$,I,MW$J$N$+$r8!F$$7!$$=$l $K$"$C$? %7%_%e%l!<%7%g%s$r9T$J$&$K$O!$7W;;5!$N?6Iq$$ $N3FIt J,$r$I$N$h$&$K%b%G%k2=$9$k$Y$-$+$r9M$($J$1 $l$P$J$i $J$$!% J,;6JBNs4D6-$K$*$1$k OS %l%Y%k$N;q8;4IM}J} <0$r%7 %_%e%l!<%7%g%s$K$h$j<B832DG=$H$9$k$K$O!$;q8; $N>CHq >u67$rGD0.$G$-$k$3$H5Z$SMM!9$J;q8;A‘:n5!G= $,AH$_9~ $^ $l $F $$ $k $3 $H $, =E MW $G $" $k!% $= $N $? $a $N %b %G %k $O FC $K!$JBNs%"%W%j%1!<%7%g%s$K$H$C$F=EMW$J6&M- %G!<%?$X $N %" %/ %; %9 J} <0 $d F1 4| J} <0 $, H? 1G $5 $l $F $$ $k $3 $H $H!$ OS %l %Y%k $N ;q 8; 4IM} J} <0 $N @-G= :9 $r F3$/ $? $a $K 7W;; 5! $KFb:_$9$k<o!9$N<B;q8;@)Ls$rH?1G$9$k;EAH$_ $r;}$D$3 $H$,=EMW$G$"$k!% K\ 9F $G $O!$ J, ;6 JB Ns 4D 6- $K $* $1 $k OS %l %Y %k $N ;q 8; 4I M} J} <0 $r <B 83 2D G= $K $7!$ @- G= I> 2A $r 9T $J $& $3 $H $N $G $- $k %7 %_%e %l!< %7%g %s %b %G %k $K $D $$ $F 5D O@ $9 $k!% %b %G %k 2= $r $7 $? 7k 2L Ld Bj $K $J $k 8= >] $K $D $$ $F $O!$ E, ;~ SSS{CORE 1) $N %9 %1%8%e!< %j %s %0 K! $N %7 %_%e %l!< %7%g %s 2) !y $N7k2L$rNc<($9$k!J%5%s%W%k 1{4 !K!% SSS{CORE1) $O!$ 8= :_ 2f!9 $, 3+ H/ Cf $N NUMA 7? !y 4v$D$+$NItJ,$O$3$l$h$j8e$K2~A1$5$l$F$$$k!%

2 JBNs7W;;5!$r%?!<%2%C%H$H$7$?HFMQJBNs OS $G$"$k!%$3 $l$O;~J,3d$H%Q!<%F%#%7%g%K%s%0$rJ; MQ$7$F%^%k%A%f!< %6 / %^%k%A%8%g%V4D6-$r Ds6!$7!$JBNs %"%W%j%1!<%7%g %s $N8zN(NI$$<B9T$r<B8=$9$k$3$H$rL\ I8$H$9$k!%$=$N$?$a $K$O!$JBNs%W%m%;%9$N3F%9%l%C%I$r F1;~$K%9%1%8%e!<%j %s%0$7!$3d$jEv$F$i$l$?MWAG%W%m%;%C %54V$N5wN%!$5Z$S <B9T;~$N%a%b%j%Z!<%8$N0\F0$r:G>.8B $KM^$($k$3$H$,=E MW $K $J $k!% $= $3 $G SSS{CORE $G $O <B %a %b %j $N ;H MQ >u 67$N%9%1%8%e!<%j%s%0$X$NH?1G!$%f!<%6 %l%Y%k$+$i$N%9 %1%8%e!<%j%s%0@)Ls$NMxMQ!$$=$7$FM%@h EY$rMxMQ$7$?;q 8;$N8xJ?$J3d$jEv$F$H$$$&#3$D$N%" %W%m!<%A$r$H$k!%$5 $i$K%+!<%M%k$K$h$C$F4IM}$5$l$k;q 8;>pJs$O!$%f!<%6%l %Y %k $+ $i $N <B 9T ;~ J} ?K $N %R %s %H $H $7 $F Mx MQ $, 2D G= $G $" $j!$%"%W%j%1!<%7%g%s$O3d$jEv$F$i$l$? <B;q8;$r<+M3$K :F %9 %1 %8%e!< %j %s %0 $9 $k $3 $H $, $G $- $k 3)4) !% $7 $? $,$C $F SSS{CORE $N %7 %_%e %l!< %7%g %s $G $O!$ %" %W %j %1!< %7%g%sKh$N%a%b%j;HMQNL$r4IM}$9$kI,MW$,$"$k!% $J$*IUO?$G!$%5%s%W%k%7%_%e%l!<%7%g %s$KMxMQ$7$?%W %m %;%9 $NAH !J I= 5 { I= 7 !K5Z $S Hf3S $7$? %9 %1%8%e!< %j%s %0 K!$K$D$$$F@bL@$9$k!% 2. %b%G%k2=$NJ}?K 4JN,2=$7$?%7%_%e%l!<%7%g%s$r2DG= $H$9$k$K$O!$%b%G %k2=$9$k$3$H$K$h$j9=@.MWAG$rC1=c 2=$9$kI,MW$,$"$k!% $=$N>l9g!$$I$NDxEY>\:Y$JI>2A$r9T$J $&I,MW$,$"$k$N$+ $r8!F$$7!$7W;;5!$N?6Iq$$$N3FItJ,$r $I$N$h$&$K%b%G%k 2=$9$k$Y$-$+$r9M$($J$1$l$P$J$i$J$$!% %7%_%e%l!<%7%g%s$K$h$jJBNs OS $N@-G=I>2A$r9T $J$& $3$H$NL\E*$O!$MM!9$J%"%W%j%1!<%7%g%s!& %W%m%0%i%‘$r <B9T$7$?$H$-!$%O!<%I %&%’%" / %=%U%H%&%’%"4D6-$N0c $$ $K$h$j%7%9%F%‘A4BN$N@-G=$,$I$N$h$& $KJQ2=$9$k$+$rO@ $8$k$3$H$K$"$k!%$=$3$G%7%_%e%l!<%7%g %s!&%b%G%k$K$D $$$F9M$($k>e$GFC$K<!$NFsE@$,=EMW$K$J$k!% Bh0l$K!$<B9T$5$l$k%"%W%j%1!<%7%g %s$NAH$N?6Iq$$$G $"$k!%<gMW$J$b$N$H$7$F$O!$8D!9$N%" %W%j%1!<%7%g%s$N 9TF0$r7hDj$9$k%a%b%j$N;2>H%Q%?!< %s$H!$3F%"%W%j%1!< %7%g%s$NJBNsEY / F14|$NJQ2=$J$I$N;~ 4V<4$K1h$C$?<B 9T %Q%?!<%s$,$"$k!%$3$l$O!$%7%_%e%l!<%7%g %s;~$N%7%9%F %‘A4BN$G$NIi2Y$K4X78$9$k!%$H$j$o $1!$6&M-%G!<%?$X$N %" %/ %; %9 J} <0 $O JB Ns %" %W %j %1!< %7%g %s $N @- G= $K Bg $- $/ 1F6A$9$k!%$=$N$h$&$JJ}<0$K$ONc$( $P%O!<%I%&%’%"<BAu $5$l$?J,;66&M-%a%b%j!$%=%U%H%&%’%" $G%5%]!<%H$5$l$? J,;66&M-%a%b%j!$$^$?$O%a%C%;!<%8%Q%C %7%s%0J}<0$,$" $k!%$3$l$iJ}<0$N0c$$$H$OB($A6&M-%G!< %?$N@5$7$$CM$N 4I M} / 3M F@ J} K! $N 0c $$ $G $" $j!$ O@ M} E* $K $O ;2 >H / A‘ :n $9$k%a%b%j0LCV$H$=$NA‘:n$r9T$J$&%? %$%_%s%0$N0c$$$H B*$($i$l$k!%=>$C$F!$L?Na%l%Y%k$N2r<a <B9T$r9T$J$o$J $$>l9g!$BP>]$H$9$kJBNs7W;;5!$K$*$1 $k6&M-%G!<%?$X$N %"%/%;%9J}<0$O!$%"%W%j%1!<%7%g%s$N6& M-NN0h$X$N%a%b %j;2>H%Q%?!<%s5Z$S!$DL?.%*!<%t%!%X%C%I $N%3%9%H@_Dj $GCj>]2=$G$-$k!%%a%b%j;2>HNs$O$^$?!$$I$N$h$& $J0UL# $r;}$C$?%"%W%j%1!<%7%g%s$r%b%G%k2=$7$F$$$k$N $+$H$b 4X78$,$"$k!%=>$C$F!$%"%W%j%1!<%7%g%s$K$I$N$h $&$J%a %b%j;2>H%Q%?!<%s$rH/@8$5$;!$$=$l$K$O$I$N$h$& $J5!9= $H%Q%i%a!<%?$,I,MW$G$"$k$+$,=EMW$H$J$k!% BhFs$K!$JBNs7W;;5!>e$G%"%W %j%1!<%7%g%s$N<B9T$N@- G=:9$r@8$_=P$9860x$O2?$G$"$k$+$G$"$k!% OS $N;q8;4I M}J}<0$N@-G=:9$O!$%7%_%e%l!<%7%g%s<B9T;~$KH/ @8$9$k 7W;;5!$KFb:_$9$k<o!9$N%\%H%k%M%C%/$,860x$G $"$k!%%\ %H%k%M%C%/$OM?$($i$l$?J*M};q8;NL$K@)8B$,$" $k$+$i@8 $8$k!%FC$K1F6A$,Bg$-$$$N$O!$%W%m%;%C%5?t5Z$S <B%a%b %jNL$N@)8B$H%M%C%H%o!<%/$N%P%s%II}$G$"$k!% JB Ns 7W ;; 5! $N %W %m %;%C %5 ?t $O M- 8B $G $" $k!% $3 $N @) Ls $O!$%"%W%j%1!<%7%g%s$,0lEY$KMxMQ$G$-$k%W%m %;%C%5?t $d!$ OS $N;q8;4IM}$N=hM}G=NO$K1F6A$9$k!% $^$?<B%a%b%j$OMFNL$,8B$i$l $F$$$k$?$a$K!$%a%b%j>e $G%j%W%l!<%9$r5/$3$9860x$H$J$k!%M>7W$J%j%W %l!<%9$O <B9T8zN($rBgI}$KDc2<$5$;$k860x$K$J$k!% %M%C%H%o!<%/$N>l9g$K$O%P%s%II} $,8B$i$l$F$$$k$3$H $G%\%H%k%M%C%/$H$J$jF@$k!%%"%W%j%1!<%7%g%s$O F14|$d %j%b!<%H%a%b%j%"%/%;%9!$DL?.$K$h$j%M%C%H %o!<%/!&%H %i%s%6%/%7%g%s$rH/@8$9$k!%Nc$($P%M%C%H%o!<%/ $,K0OB $7$F$$$k>u67$G$NF14|$O!$F14|BT$A%W%m%;%C%5$r M>7W$K M7$P$;$k$3$H$K$J$k!%0l$D$NF14|$G$NM>7W$JBT $A;~4V$O 8e B3 $N F1 4| $K $^ $G EA HB $9 $k $? $a!$ <B 9T 8z N( $X $N 1F 6A $O Bg$-$$!%$^$? OS $N;q8;4IM}J}<0$,0[$J$l$P%M%C%H%o!< %/!&%H%i%s%6%/%7%g%s$NH/@8%Q%?!<%s$b0[$J$k!% $3$N$h $&$K!$%M%C%H%o!<%/!&%H%i%s%6%/%7%g%s$NNL$,@- G=:9$K 8=$l$k$H9M$($i$l$k!% 0lHL$K%a%b%j$N;HMQNL$, >/$J$/:Q$_!$%M%C%H%o!<%/!& %H%i%s%6%/%7%g%s?t$r>/$J$/M^$($i$l$k$h$&$J ;q8;4IM} J}<0$,@-G=$,NI$$$H8@$($k!%=>$C$F0J>e$N$h$&$J J*M};q 8;NL$N@)Ls$rG!2?$KI=8=$9$k$+$,!$%b%G%k2=$N >e$G=EMW $K$J$k!% Cm0U$9$Y$-$3$H$O!$%a%b%j;2>H Ns$H;q8;NL$N@)Ls$NL) @\$J4X78$G$"$k!%B?$/$N%a%b%jCGJR$r;2>H$9$l $P$=$l$@ $1DL?.NL$d%a%b%j%j%W%l!<%9NL$rA}2C$5$;$k!%%a %b%j%j %W%l!<%9$NA}2C$ODL?.NL$rA}2C$5$;$k!%$=$&$7$? Aj>h@- $,;q8;NL$N@)Ls$r<u$1$F%7%9%F%‘A4BN$N8zN($K Bg$-$/1F 6A$9$k!% 2.1 @-G=$NI>2AK! JBNs OS $N@-G=$O!$%7%9%F%‘A4 BN$G$N<B9T8zN( $GI>2A $G $- $k!% <B 9T 8z N( $H $O!$ 3F %W %m %;%C %5 $, M- 1W $J ;E ;v $r $7 $? 3d 9g $H 9M $( $i $l $k!% %W %m %;%C %5 $N \ M- 1W " $J ;E ;v $H $O!$%a%b%j%"%/%;%9$7$J$$0lHL$NL?Na<B9T$d!$ %W%m%;%C %5!&%-%c%C%7%e$G$N%R%C%H$r4^$a$?%m!<%+%k%a %b%j!&%" %/ %; %9 $J $I $, 9M $( $i $l $k!% $= $l 0J 30 $N \ L5 1W " $J ;E ;v $H $7$F$O!$%Z!<%8%U%)!<%k%H$,860x$N%Z!<%8BT$A$d F14|BT $A$,5s$2$i$l$k!%A0<T$rM-8z<B9T!$8e<T$rHsM-8z <B9T$H 8F$V$3$H$K$9$k$H!$<B9T8zN($H$OA4;~4V$K@j$a $kM-8z<B 9T;~4V$GDj5A$G$-$k!%EvA3!$M-8z<B9TN($,9b$$$[ $I@-G=

3 $,9b$$$H$$$($k!%%/%m%C%/%Y!<%9$K %7%_%e%l!<%7%g%s$r 9T$J$&>l9g$NM-8z<B9TN($O!$%7%_%e %l!<%7%g%s$7$?A4<B 9T%/%m%C%/?t$KBP$9$k!$AmM-8z<B9T %/%m%C%/?t$H$J$k!% $?$@$7!$BP>]$H$9$k OS $N%9%1%8%e!<%i$NJ}?K$G%9%l%C %I $r 3d $j Ev $F $i $l $: $K %" %$ %I %k $H $J $k %W %m %;%C %5 $N J, $O!$M-8z<B9T$K4^$a$k$Y$-$G$"$k!% %b%G%k$r>\:Y$K$9$l$P$=$l$@$18= <B$K6a$$7k2L$,F@$i $l$k!%H?BP$K%b%G%k$r4JN,2=$9$l $P!$%7%_%e%l!<%7%g%s $N<B9T;~4V5Z$S3+H/;~4V$rC;=L$9$k 2DG=@-$,9b$$!%<!@a 0J9_$G$O!$$I$N$h$&$J%b%G%k2=$G$I$N DxEY>\:Y$J%7%_%e %l!<%7%g%s$,2DG=$K$J$k$+5DO@$9$k!% $?$@$7K\9F$G$O!$ %W%m%;%C%5Kh$N<B9TC10L$r%9%l%C%I$H 8F$S!$Aj8_$K4XO" $N$"$k%9%l%C%I$N=89g$r!JJBNs!K%W%m%; %9$H8F$V$3$H$K $9$k!% 3. 2?$r%b%G%k$K<h$j9~$‘$+ 3.1 %a%b%j;2>HNs%b%G%k <B :] $N %" %W %j %1!< %7%g %s $N %a %b %j ;2 >H $r LO Jo $9 $k $K $O!$%H%l!<%9$rMxMQ$9$kJ}K!$,$"$k!% %H%l!<%9$N0lHV$N MxE@$O!$$"$k>r7o2<$G$O<B:]$N<B9T$K 6a$$$3$H$G$"$k!% $^$?!$%W%m%;%9$NJBNsEY$NJQ2=$dF14| $N>pJs$r%H%l!<%9 $NCf$KKd$a9~$a$P!$$=$l$i$rJL$K%b%G %k2=$9$kI,MW$,$J $/$J$k!%$7$+$7%H%l!<%9$O!$$=$N%H%l!< %9$,:N<h$5$l$? $H$-$N4D6-$d>r7o$K0MB8$7$?F0E*$JMW 0x$r4^$s$@>pJs$G $" $j!$ F1 4| $J $I $O $= $N 4D 6- $d >r 7o $K 8G M- $J $b $N $H $$ $( $k!%$D$^$j!$BP>]$H$9$k>r7o2<$G$N%H %l!<%9$N:N<h$,:$ Fq$@$+$i$H$$$C$F!$0[$J$C$?>r7o2<$G $N%H%l!<%9$rN.MQ $7$h$&$H$$$&$N$OCn$,$h$9$.$k$N$G $"$k!%$=$b$=$bBP>] $H$9$k4D6-8~$1$N%H%l!<%9$O!$$=$l$HF1 $84D6->e$G:N<h $5 $l $k $Y $- $G $" $j!$ 8@ $o $P \ %K %o %H %j $H Mq " Ld Bj $J $N $G $"$k!% %H%l!<%9$rMxMQ$7$J$$>l9g!$2?$i $+$NJ}K!$rMQ$$$F!$ %a %b %j $X $N ;2 >H Ns $r 7W ;; $7 $J $1 $l $P $J $i $J $$!% %] %T%e %i!<$JJ}K!$K;2>HC10LKh$N%"%/%;%9$r 3NN(J,I[$K=>$C$F 7W;;$9$kJ}K!$,$"$k!%%a%b%j$X$N%"%/ %;%9C10L$G!$M?$( $i$l$?J,I[4X?t$K$7$?$,$C$F3NN(E*$K ;2>H0LCV$r7hDj$9 $k$N$G$"$k!%$3$NJ}K!$NMxE@$H$7$F!$ %Q%i%a!<%?$N?t$, >/$J$/MF0W$K<B83$,$G$-$k$3$H$,5s $2$i$l$k!%$7$+$7$= $l0J>e$KB?$/$N7gE@$r;XE&$9$k$3$H$,$G$-$k!% 0l$DL\$O!$$3$NJ}K!$G$O;2>H$N=g =x!$8@$$BX$($l$P%W %m %; %9 $K $H$C $F 0U L# $N $" $k %" %/ %; %9 C1 0L $N 4V $N 4X O" @- $d!$;2>H%U%’!<%:$N?d0\$rI=8=$G$-$J $$!%$=$3$G$;$a$F ;2>H$N6u4V6I=j@-$r9MN8$G$-$k$h$& $K!$;2>H3NN($N9b$$ NN 0h $r ;} $D $h $& $J J, I[ 4X ?t $r Mx MQ $9 $k $3 $H $, 9M $( $i $l $k!%$7$+$7!$>/!9$N%Q%i%a!<%?$G<+M3$J J,I[6J@~$r:n$k $3$H$O:$Fq$G$"$j!$$^$?J#;($J6J@~$O %$%a!<%8$r;W$$IA $-$K$/$$$N$G9%$^$7$/$J$$!%EvA3!$;2>H 3NN($N9b$$NN0h $HDc$$NN0h$ND4@a$OFq$7$$!%3NN($,Dc 2a$.$kNN0h$OA4$/ ;2 >H $5 $l $J $$ $7!$ $= $l $r 2r >C $9 $k $? $a $K Hy >. 3N N( $N 0l MMJ,I[$r=E$M9g$o$;$F$b!$%7%_%e%l!< %7%g%s$9$k;~4V%9 I= 1 %5%s%W%k7k2L#1 ( M-8z<B9TN( ) T able 1 Sample results 1 V U 0.01 0.1 0.5 0.0 96.74 93.20 91.82 0.01 84.06 81.24 81.01 0.1 79.16 80.98 82.36 %5 %s %W %k 1 3N N( J,I[ $G $O <: GT $9 $kNc!% I= 1 $O!$ J? 6Q $r $: $i $7 $? ;0 $D $N @5 5, J, I[ $r =E $M!$ 0l MM J, I[ $G Dl >e $2 $7 $? J, I[ $G %" %/ %; %9 %Q %?!< %s $r 7W ;; $7 %7 %_%e %l!< %7%g %s $7 $? 7k 2L $G $" $k!% U $, 0l MM %" %/ %; %9 $N 3N N(!$ V $, @5 5, J, I[ $N J, ;6 $G $" $k!% 4 CJ 2 ?J LZ 9= @. $N %7 %9 %F %‘ $G!$ %" %k %4 %j %: %‘ 3 $r ;H MQ $7 $?!% U=0.0 $G $O V=0.001,0.1 $N 6K C< $K 69 $$ %T!< %/ $N $_ $K %" %/ %; %9 $, =8 Cf $7 $? $? $a!$ %a %b %j $N %j %W %l!< %9 $5 $( 5/ $- $J $+$C $?!% $= $3 $G U=0.01,0.1 $GDl>e $2$7$F $_$k $H!$A46u 4V$r%" %/%;%9 $7$F $7$^ $$ V $N0c$$$O@-G=:9$K8=$l$J$$!% %1!<%k$H%W%m%;%9$N6u4V%5%$%:$N7s$M9g$$<!Bh $G$O!$C; ;~ 4V$K A4 6u4V $, %"%/ %; %9$5 $l $F$7 $^ $&!J%5 %s %W%k 1 !K!% $^$7$F!$0lMMJ,I[$J$I$b$C$F$N$[$+$G$"$k 5) !% $5$i$K!$J,I[$r%W%m%;%9Kh$K;X Dj$9$kJ}K!$r$H$k$H!$ $=$N%W%m%;%9$NA4%9%l%C%I$GJ,I[$N%T!<%/$N0LCV $KEv$? $kNN0h$r6&M-$9$k$3$H$K$J$k!%IQHK$K%"%/%;%9 $9$kNN0h $rA4%9%l%C%I$G6&M-$9$k$o$1$@$+$i!$$"$^$j$K$b 8=<BN% $l$7$F$7$^$&!%%9%l%C%IKh$KJ,I[4X?t$r$:$i$7$F BP=h$9 $kJ}K!$b$"$k$,!$4X?tF1;V$N=E$J$j6q9g$ND4@a $O$I$N$_ $AMF0W$G$O$J$$!%$$$o$s$d0UL#$E$1$K$D$$$F$r$d!% $3$l$i$N@)Ls$r$b$&>/$74KOB $9$k$?$a$K!$J,I[4X?t$N Be $j $K ;2 >H IQ EY I= $r ;H$C $F N% ;6 E* $K I= 8= $9 $k J} K! $, $" $k!% ;2 >H C1 0L Kh $K I= $N %( %s %H %j $K ;2 >H IQ EY $r =q $$ $F $* $/!%$=$7$F;2>H0LCV$O!$A4%(%s%H%j$G$NAmIQEY$K BP$9$k 3F%(%s%H%j$NIQEY$+$i3NN(E*$KA*Br$5$l$k!%$3 $N<jK!$G $"$l$P;2>H3NN($N9bDc$b4^$a$F!$J,I[4X?t$h$j $O<+M3$K ;2>HIQEY$r;XDj$G$-$k!%$^$?%9%l%C%IKh$KIQEYI= $r;}$? $;$l$P!$%a%b%j$N6&M-$N6q9g!J6&M-$9$k%9%l%C%I $NAH$d 6&M-$9$kNL!K$rD4@a$9$k$3$H$b2DG=$G$"$k!%$5$i $KIQEY I=$G$O!$I=$N%(%s%H%jKh$KBP1~$9$kNN0h$NB0@- $r!$I,MW $K1~$8$F;XDj$9$k$3$H$,$G$-$k!%B0@-$H$ONc $($P!$%j!< %I / %i%$%HHf!$0l4S@-@) 8f%W%m%H%3 %k$G$"$k!%$7$+ $7$= $NB>$NE@$G$O!$3NN(J,I[$HF1$8@)Ls$rJz$($F$$$k!% 3.2 J*M};q8;@)Ls%b%G%k 3.2.1 %W%m%;%C%5$N%b%G%k2= %W%m%;%C%5$N>l9g$K9M$($i$l $k%Q%i%a!<%?$K$O!$Am?t 5Z$S%/%i%9%?Ev$?$j$N%W%m%;%C%5?t$,$"$k!% %M%C%H%o!< %/$N9=B$$,7hDj$5$l$l$PD>@\;XDj$5$l$kI,MW$O$J$$!% %b%G%k2=$5$l$?B>$NItJ,$N;E AH$_$K9g$o$;$F!$MW5a$5 $l$kF0:n$rAH$_9~$^$J$1$l$P$J$i$J$$!% 3.2.2 %a%b%j$N%b%G%k2= JBNs7W;;5!$rHFMQ$KMxMQ$9$k $K$O!$%a%b%j$NJ*M}NL$r 1[$($k2>A[%a%b%j%7%9%F%‘$KBP1~$7$J$1$l$P $J$i$J$$!% <B:]$K$O%a%b%jNL$OM-8B$J$?$a!$%a%b%j$N%j%W %l!<%9$, 5/$3$k!%J#?t$N%W%m%;%9$K;q8;$r3d$jEv$F$J$, $iG!2?$K

4 %j%W%l!<%9NL$rM^$($k$+$O!$ OS $K$H$C$FBg$-$JLdBj$G $"$k!%=>$C$F OS $N;q8;4IM}J}<0$N%7%_%e%l!<%7%g%s$r 9T$J$&>l9g!$%a%b%j$NMFNL$K@)8B$r@_ $1$k$3$H$,=EMW$G $"$k!%%b%G%k$H$7$F$O2?$i$+$N%a%b%j %j%W%l!<%9J}<0$, I,MW$K$J$k!% @-G=$X$N1F6A$,Bg$-$$6&M-%G!<%? $X$N%"%/%;%9J}<0$N %b%G%k2=$bBg@Z$G$"$k!%2?$i$+$N6&M- %G!<%?$X$N%"%/%; %9J}<0$rA[Dj$7!$J}<0$N%b%G%k2=5Z$S $=$NJ}<0$K8+9g$C $?%Q%i%a!<%?@_Dj$,MW5a$5$l$k!% $^$?%W%m%; %96u4V $K6&M- / Hs6&M-$N35 G0$,B8 :_$9$k >l 9g$K$O!$%a%b%j%b%G%k $bBP1~$7$F6& M- / Hs6&M-$JNN0h$K J,N%$7$F$*$/J}$,K>$^$7$$!%$3$NNN0h J,N%$,$J$$$H!$N> <T$NNN0h$K$*$1$k%"%/%;%9%Q%?!<%s<! Bh$G!$$b$&0lJ}$N NN0h$,%j%W%l!<%9$5$l$kEY9g$,JQ2=$9 $k!%$5$i$K>\:Y$J %7%_%e%l!<%7%g%s$N$?$a $K$O!$%W%m%; %9$N6&M- / Hs6&M- NN0h$,%j%W%l!<%9$K:]$7$F6hJL$5$l$k $Y$-$G$"$k!%2C$( $FHs6&M-$J%a%b%jNN0h$K$D$$$F$O%9 %l%C%IKh$K=jM-$5$l $k$?$a!$$I$3$N%a%b%j>e$KB8:_$9$k$+ $,LdBj$K$J$j!$%9 %l%C%I$K$H$C$F%m!<%+%k$J%a%b%j$N4IM}$,I,MW$K$J$k!% 3.2.3 %M%C%H%o!<%/$N%b%G%k2= %M%C%H%o!<%/$N$b$C$H$b4JC1$J %b%G%k2=$K!$%a%C%;!< %8 %3 %9 %H $r 5, Dj $7 7k 9g LV >e $N 6% 9g $r L5 ;k $9 $k J} K! $, $" $k!% %a%C%;!< %8 %3 %9%H $H $O 4JC1 $K!$ \ =i 4| 2=%3 %9 %H !\CY 1d " $G I=$; $i $l$k!% %a%C %;!< %8%3 %9 %H$r 8= <B E*$K $9 $k$K $O!$ CY 1d $O %a%C %;!< %8 $N %5 %$ %: $H DL ?. 5w N% $N 4X ?t $K $9 $k!%$7$+$76%9g$rL5;k$7$?7k2L!$%M%C %H%o!<%/$,%\%H%k %M%C%/$H$O$J$jF@$J$$$?$a$K!$ OS 5!G=$NJ}<0$N0c$$$, @- G= :9 $H $J$C $F 7k 2L $K 8= $l $J $$ $3 $H $, $" $k !J%5 %s %W %k 2 !K!% %M%C%H%o!<%/>e$K;q8;@)Ls$rF3F~ $9$k$K$O!$$^$:7k9g LV$N%P%s%II}$r%Q%i%a!<%?2=$7F3F~$9 $kI,MW$,$"$k!%$3 $l$GC10L;~4VEv$?$j$K0lDjNL0J>e$N %a%C%;!<%8$,7k9gLV >e$rN.$l$J$/$J$k!%$5$i$K!$6%9g$,5/$- $?>l9g$KBP1~$9 $k%Q%9$N;HMQ8"$N<h$j9g$$$r@)8f$9 $l$P!$8=<B$K6a$$@) Ls$r:F8=$9$k$3$H$K$J$k!%$5$i$KF1;~ $K@\B32DG=$J%Q%9 $NAH$r@)8f$9$k$3$H$G!$<+A3$J%M%C%H %o!<%/$r%b%G%k2= $G$-$k!%Nc$($P!$%P%97k9g$J$iF1;~$K0l J}8~$K$7$+N.$l $J$$$,!$%M%C%H%o!<%/$K%9%$%C%A$r2>Dj $9$k>l9g$K$O!$ F1;~$K@\B32DG=$JJ}8~$NAH$,J#?tB8 :_$9$k!%$3$N$h$&$K 7k9gLV$r<BAu$9$k$H!$%M%C%H%o!<%/>e $N%3%9%H%Q%i%a!< %?$OITMW$K$J$k!%$?$@$7Aw<u?.$N=hM} %3%9%H$O>u67$K1~ $8$F@_Dj$7$F$bNI$$!% Kt$3$l$H$OJL$K!$%M%C%H%o!<%/>e$N %H%i%s%6%/%7%g%s NL$r4F;k$7$F!$$=$l$rDL?.%3%9%H%Q%i %a!<%?$KH?1G$5$; $kJ}K!$b9M$($i$l$k!%$7$+$7$3$NJ}K! $N>l9g$K$O!$@\B3 %Q%9$N@)8f$O9T$J$($J$$!% 3.3 %W%m%;%9%b%G%k 3.3.1 %W%m%;%9$N<B9T%b%G%k JBNs%W%m%;%9$N0l@8$O@8@.;~9o 5Z$S!$=*N;>r7o!$JBNs EY$NJQ2=%Q%?!<%s!$F14|$N%Q%?!<%s$G$[ $\I=8=$9$k$3$H $, $G $- $k!% @8 @. ;~ 9o $r ;X Dj $G $- $l $P!$ %7 %9 %F %‘ $N Ii 2Y I= 2 %5%s%W%k7k2L#2 ( >eCJ : M-8z<B9TN( , 2<CJ : =*N;;~4V ) T able 2 Sample results 2 algorithm set B set C 0 230 257 57.36 59.11 1 224 253 58.89 60.04 2 220 246 59.95 61.74 3 221 250 59.68 60.76 %5 %s %W %k 2 %M%C %H %o!< %/ >e $N 6% 9g $r L5 ;k $7 $F <: GT $9 $k Nc!% I= 2 $O!$ 2 CJ 4 ?J LZ $G 6% 9g $r L5 ;k $7 %j %b!< %H %" %/ %; %9 $N %3 %9 %H $r 5w N% $K Hf Nc $5 $; $? %M%C %H %o!< %/!& %b %G %k $G!$ %;%C %H B,C $r %7 %_%e %l!< %7%g%s $7 $? 7k 2L $G $"$k!% 6% 9g $, $J $$$? $a %Z!< %8 $N 0\ F0 %3 %9%H $, 0l Dj$G!$ %W %m %;%9 $N %Z!< %8$N 0L CV $r9M N8 $7 $J$$ %9 %1 %8%e!< %j %s %0K! $G $b!$ %3 %T!< %Z!< %8$r %7 %9 %F %‘ Cf$G 9- 0h $K ;} $D $3 $H $K 28 7C $r <u $1 $k $? $a!$ @- G= :9 $, =P $J $$!% %;%C %H C $O JB Ns EY $N Bg $- $J %W %m %; %9 $N %a %b %j ;H MQ NL $r B? $/ $7 $? $? $a %j %W %l!< %9 $O 5/ $- $d $9 $$!% $7 $+ $7 7k 2L $O!$ %;%C %H B $H F1 $8 $h $& $K %9 %1 %8%e!< %j %s %0J} <0 $G $[ $H $s $I@- G= $, JQ $o $i$J $$!% %M%C %H %o!< %/ $, 2 CJ $G%j %b!<%H %"%/ %;%9 $N %3%9 %H:9 $,>. $5$/!$ 6%9g $, $J$$ $? $a %j %W %l!<%9 $N 1F 6A $,H? 1G $5 $l $J$+$C $? $H 9M $($i $l $k!% %j!< %I $H %i %$%H $N 6h JL $,$J $$ %b %G%k $N $? $a!$ %3%T!< %Z!< %8 $rB? $/ ;} $D $3$H$K$h$k8zN(2=$,M-Mx$KF/$$$?!% $rJQ2=$5$;$F=@Fp$J%7%_%e%l!<%7%g%s$r9T$J$&$3 $H$,2D G=$K$J$k!%%H%l!<%9$rMxMQ$7$F$$$k>l9g!$=*N;>r 7o$O%H %l!<%9$N=*N;E@$H$J$k$,!$%a%b%j;2>HNs$N@8@.$K $=$l0J 30$NJ}K!$rMQ$$$F$$$k>l9g$K$O!$%W%m%;%9$,=* N;$9$k>r 7o$rM?$($J$1$l$P$J$i$J$$!%Nc$($PM-8z<B9T;~ 4V$G$3$N >r7o$O;XDj$9$k$3$H$,$G$-$k!%JBNs%W%m%;%9$O F14|$r7+ $jJV$9$&$A$K!$F0E*$JMW0x$N1F6A$K$h$jF14|BT $A$N%Z%J %k%F%#!<$,>/$7$:$D2C;;$5$l$F$$$/!%$3$N<jK!$J $i$3$N $h$&$J!$%9%l%C%I$,BN83$9$kF0E*MW0x$K$h$kF14| $NCY$l $rH?1G$9$k$3$H$,$G$-$k!%<B9T8zN($KBg$-$/1F 6A$9$kF1 4|$N%Q%?!<%s$O!$@’Hs$H$b9MN8$5$l$k$Y$-$b$N $G$"$k!% $^$?!$%W%m%;%9$NJB NsEY$NJQ2=$O ;q8;$N3MF@ / 2rJ|$r;J $k OS $N;q8;4IM}J}<0$H?<$/4X$o$k!%JBNsEY$NJQ2=$rF3 F~ $9 $k $3 $H $G!$ %b %G %k $, $^ $? 0l Jb >\ :Y $K $J $k!% $3 $l $K $O!$JBNsEY$NJQ2=$9$k%?%$%_%s%0$HJQ2=8e$NJB NsEY$r;X Dj$7$J$1$l$P$J$i$J$$!% 3.3.2 %W%m%;%9$NAH9g$; %W %m %; %9 $N AH 9g $; $O!$ %7 %9 %F %‘ A4 BN $N Ii 2Y $H 4X 78 $9 $k!% OS $N;q8;4IM}J}<0$O%7%9%F%‘$NIi2Y$K$h$C$F8z2L $,0[$J$k2DG=@-$,$"$k!%$^$?$h$j=@Fp$J<B83$r 9T$J$&$K $O0l2s$N%7%_%e%l!<%7%g%s$NCf$G!$%7%9%F%‘$NIi 2Y$rJQ 2=$G$-$k$3$H$,Bg@Z$G$"$k!% $3$3$GIi2Y$H$7$F9M$($i$l$k $b$N$K$O<g$K!$A4%W%m%; %9$G$NAmJBNsEY$d%a%b%j$NAm;HMQNL$,$"$k!%A0 <T$O8D!9 $N%W%m%;%9$,%9%1%8%e!<%j%s%0$5$l$k4V3V$K!$$R $$$F$O 8e<T$H6&$K%a%b%j%j%W%l!<%9$N5/$3$kEY9g$K1F6A$9$k!% $^$?%W%m%;%9$NJBNsEY$NAH 9g$;$O!$%9%1%8%e!<%j%s%0 $N $5 $l J} $K $* $$ $F %M%C %H %o!< %/ $N 7A >u $H $N Aj @- $, $" $k

5 I= 3 %5%s%W%k7k2L#3 ( >eCJ : M-8z<B9TN( , 2<CJ : =*N;;~4V ) T able 3 Sample results 3 algorithm set A set B 0 427 401 28.82 50.81 1 214 363 57.55 54.46 2 213 303 59.00 61.01 3 183 270 71.30 70.66 %5 %s %W %k 3 %W %m %; %9 $N AH 9g $; $H %M%C %H %o!< %/ 7A >u!% I= 3 $O!$ 4 CJ 2 ?J LZ $N %M%C %H %o!< %/ $G $N %7 %_%e %l!< %7%g %s $G $" $k!% %;%C %H A $N %7 %_%e %l!< %7%g %s $N %" %k %4 %j %: %‘ 1 $H 2 $@ $1 $[ $H $s $I @- G=:9 $, $J$$ $3$H $, 4Q;! $G$- $k!% %;%C%H A $O JBNs EY $, 2 !$ 4 !$ 8 !$ $N %W %m %; %9 $N $_ $G 9= @. $5 $l $F $* $j!$ %9 %1 %8%e!< %j %s %0 $5 $l $k $H >o$K $A$g $& $IA4 %/ %i %9%? $r Kd $a$k $h $& $K$J $k!% $3 $l$, %" %k %4 %j %: %‘ 1 !$ 2 $N 0c $$ $r 5[ <} $7!$ %9 %1 %8%e!< %j %s %0 $N >u 67 $O 7k 6I $[ $H $s$I F1 $8 $G$"$C $?!% $3 $l $,@- G= $K :9$, $G $J $+$C $?86 0x $@ $H;W$o$l$k!% !J%5%s%W%k 3 !K!% 0J >e $N $h $& $J %W %m %; %9 $N AH 9g $; $N Ld Bj $r 9M N8 $7 $F!$ 8D!9$N%W%m%;%9$N0l@8$O@_7W$5$l$J$1$l$P$J$i$J$$!% 4. J}<0%b%G%k$N6qBN2= $5$F!$@h$K=R$Y$?$h$&$JJ}K!$G%W %m%;%9$N%a%b%j;2>H Ns$r7W;;$7$?>l9g!$$=$l$,<B:]$I$N$h $&$J?6Iq$$$r5/$3 $9$+$O!$ OS $N;q8;4IM}J}<0$H!$%7%_%e%l!<%7%g%s4D6- $NMM!9$JItJ,$N%b%G%k2=$N6qBNE*$JJ} <0$K0MB8$9$k!%$= $l$,:G=*E*$K%M%C%H%o!<%/$d%a%b%j$J$I $N<B;q8;@)Ls$N 1F6A$r<u$1$FF0E*$J?6Iq$$$r7hDj$7!$ $=$N0c$$$,%7%_%e %l!<%7%g%s$G$N@-G=:9$K8=$l$k$N$G$" $k!%$3$3$G$O4v$D $+$N6qBNE*$JJ}<0%b%G%k2=$NNc$K$D$$$F=R$Y$k!% 4.1 %a%b%j%j%W%l!<%9 M}O@ >e$b$C $H$b 8zN( $NNI $$%j%W %l!<%9 J}<0 $O LR U J} <0 $G$" $k!%<B :] $N7W ;;5! $G $O!$ LR U J} <0 $K=‘ $8$? %" %k %4 %j%: %‘$, <B Au$7 $F$" $k $3$H $,B? $$!% 0lHL $K!$ LR U J} <0$H$3$l$i$NJ}<0$H$N@-G=:9$O$=$l$[ $I$J$$$H9M$($i$l $F$$$k!%$^$?J,;6%a%b%j7?JBNs7W;;5! $N>l9g$K$O!$%j%W %l!<%9J}<0$N@-G=:9$,A4BN@-G=$X5Z$\ $91F6AEY$O>.$5$$ $H;W$o$l$k!%=>$C$F!$%a%b%j$N%j%W%l!< %9$,BP>]$H$9$k OS $N ;q 8;4I M} J} <0 $+ $iFH N) $7 $? $b $N$G $" $k >l 9g $K$O!$ %a %b%j $N%j %W%l!< %9 J}<0 $H$7 $FM} A[E* $J LR U J}<0 $r :N MQ$9$k$3$H$OBEEv$G$"$k!% 4.2 6&M-%a%b%jJ}<0 JB Ns %W %m %; %9 $K $H$C $F!$ %9 %l%C %I 4V $G 6& M- $7 $F $$ $k %G!<%?$N4IM}J}<0$O@-G=$KBg$-$/1F6A $9$k!%J,;66&M-%a %b %j $r 2> Dj $9 $k >l 9g!$ FC $K 6& M- NN 0h $N 0l 4S @- @) 8f J} <0 $O!$%M%C%H%o!<%/!&%H%i%s%6%/%7%g%s$rI, MW$H$9$k$?$a %7%_%e%l!<%7%g%s$N@-G=I>2A$K$O7g$+$; $J$$MWAG$H$J$k !J%5 %s%W %k 4 !K!% =>$C $F$^ $: %j!< %I$H %i %$ %H$N 6h JL $,B8 I= 4 %5%s%W%k7k2L#4 ( M-8z<B9TN( ) T able 4 Sample Results 4 %"%/%;%9Hf 2 CJ 4 ?JLZ 1 CJ 16 ?JLZ 99-1 86.96 95.24 95-5 74.07 90.91 %5 %s %W %k 4 6& M- NN 0h $X $N %i %$ %H $N 1F 6A!% I= 4 $O!$ 4J C1 $J 6& M- %a %b %j J} <0 $r <B Au $7!$ JB Ns EY 16 $N %W %m %; %9 $r 0l $D $@ $1 Av $i $; %7 %_%e %l!< %7%g %s $7 $? 7k 2L $G $" $k!% 0l 4S @- @) 8f $K $O up date proto col $r MQ $$ $?!% %W %m %; %9 $O 3:1:15 $N Hf $G %j!< %I!$ %i %$ %H!$ $=$NB> $N<B 9T$r $7 , Hs 6&M- NN0h 300 %Z!<%8 $KBP $7$F 6&M- NN 0h$r 100 %Z!<%8$H$7$?!%J?C3$JIQEYJ,I[$J$N$G6&M-$9$k%9%l%C %I ?t $O>. $5 $$!% 6&M- $N EY 9g$, A} 2C $9$k $K => $$!$8z N( $, Nt2= $7 $F $$ $k $3$H $, J, $+ $k!%%M%C %H %o!< %/$N 6% 9g $r 9MN8 $9 $l $P$5 $i $K 8z N($ODc$$7k2L$K$J$k$H;W$o$l$k!% :_$9$k$3$H$,I,MW$G$"$k!%6&M-$5$l$?NN0h$K%i %$%H$,5/ $3$k$3$H$K$h$j0l4S@-$N=hM}$,I,MW$K$J$j!$F1 0lNN0h$X $N%"%/%;%9$,%7%j%"%i%$%:$5$l$k!% :G $b 0l HL E* $J 6& M- %a %b %j J} <0 $O %Z!< %8 C1 0L $K 0l 4S @- $r J]$DJ}<0$G$"$k!%$3$N>l9g%Z!<%8%F!<%V%k$r4I M}$7!$$3 $N%F!<%V%k>e$G%[!<%‘$d%3%T!<%;%C%H$N4IM}!$%" %/%;%9 $N F1 4| @) 8f $r 9T $J $&!% FC Dj $N 0l 4S @- 4I M} J} <0 $N <B Au K! $,!$%7%_%e%l!<%7%g%s$N7k2L$K1F6A$9$k$N$rHr$1 $k$?$a $K!$%Z!<%8%F!<%V%k$O%0%m!<%P%k$K4IM}$7!$%[!< %‘$d%3 %T!< %;%C %H $N 4I M} J, $N %3 %9 %H $O $J $7 $H $7 $F $b NI $$!% $^ $?!$ 3F <o ac k $d in v alidate !$ up date $N %a%C %;!< %8 $J $I$N@)8fMQ$N%a%C%;!<%8$O!$%M%C%H%o!<%/%b%G%k $K$"$o $;$FE,Ev$K%5%$%:$r;XDj$7$?$j!$%3%9%H%Q%i%a!< %?$rD4 @a$9$k$3$H$G!$1F6A$9$kEY9g$r9MN8$9$k$3$H$b 2DG=$G$" $k!%$D$^$j!$%3%9%H 0 $K$7$FL5;k$9$k $3$H$b2DG=$G $"$k $7!$6&M-%a%b%jJ}<0$N%O!<%I<BAu$+%=%U%H%&%’%" %l%Y%k $G$N<BAu$+$rI=8=$9$k$3$H$b2DG=$G$"$k!% 4.3 $=$NB>$NJ}<0%b%G%k$N6qBNNc %b%G%k2=$9$k$K$O!$MM!9$JItJ,$K $D$$$FFCDj$NJ}<0$r 2>Dj$7$J$1$l$P$J$i$J$$!%5U$K$=$l$i$rE,@Z$J J}<0$G<B Au$9$l$P!$0lJb>\:Y$J%b%G%k$r:n$k$3$H$,$G$-$k!% Nc$($P!$%j%W%l!<%9$5$l$?%a%b%j CGJR$NB‘Hr@h$NLdBj $,$"$k!%6u$-$,$"$l$P%j%b!<%H$J%a%b%j$KB‘Hr$9 $kJ}K! $b9M$($i$l$k$,!$4JC1$K%G%#%9%/$KB‘Hr$9$kJ}K! $G==J, $G$"$m$&!% %M%C%H%o!<%/>e$G$N%Q%9A*Br$N J}K!$O!$%P%97k9g$r2> Dj$9$k$J$i$"$kE@$K@\B3$5$l$F$$$k@~$r%i%&%s %I%m%S%s $KC5:w$7!$%a%C%;!<%8$r8+$D$1$?$H$3$m$G$=$N@~ $rA*Br $9$kJ}K!$,9M$($i$l$k!% %W%m%0%i%‘$N%m!<%I$ODL>o$N%a %b%j%"%/%;%9$HF1$807 $$$K$9$k$H4JC1$G$"$k$,!$=i4|%"%/%;%9$N$_%3 %9%H$r7Z $/$9$k%"%$%G%#%"$b$"$k!%$7$+$7%m!<%I5!9=$r<B Au$9$k $K$O%W%m%;%9$N%W%m%0%i%‘It$NBg$-$5$,J,$+$C $F$$$J$1 $l$P$J$i$J$$!% L\E*$N%7%_%e%l!<%7%g%s$K$H$C$F <h$jN)$F$F=EMW$G$J $$ItJ,$r<BAu$9$k>l9g$K$O!$$=$NItJ,$G$N8=>] $,J#;(2a $.$?$j!$<BAu$7$?J}<0$K8GM-$N@-G=I>2A$X$N1F 6A$,6/$/

6 $J$j2a$.$J$$$h$&$KCm0U$7$J$1$l$P$J$i$J$$!% 5. ;~4V$H6u4V %b%G%k$N>\:YEY$r>e$2$F$$$/$H!$ 8=<B$NJBNs<B9T$HF1 $8NL$N%a%b%j$J$I$N;q8;$r;HMQ$9$k %W%m%;%9$r!$<B:]$H F1$8;~4VJ,$@$1Av$i$;$k$h$&$J%7 %_%e%l!<%7%g%s$r9T$J $&$K$OB?Bg$J;~4V$rMW$9$k$h$&$K$J $k!%$=$3$G!$%W%m%; %9$,;HMQ$9$k;q8;NL$H%7%_%e%l!<%7%g%s $9$k;~4V$rE,Ev $K%9%1!<%k%@%&%s$7$F%7%_%e%l!<%7%g%s $r9T$J$&I,MW$, $"$k!%$3$N$h$&$J>l9g!$6u4V$H;~4V<4 J}8~$N%9%1!<%k%@ %&%s$N4X78$KCm0U$7$J$1$l$P$J$i$J$$!% Nc $( $P!$ %9 %1!< %k %@ %& %s $7 $? %W %m %; %9 6u 4V $K BP $7 $F %Z!< %8 %5 %$ %: $N @_ Dj $, Aj BP E* $K B? $- 2a $. $l $P!$ %M%C %H %o!<%/>e$N%Z!<%8$N0\F0%3%9%H$rBg$-$/ 8+@Q$b$j2a$.$? $3$H$K$J$k!%$^$?!$%9%1!<%k%@%&%s$5$l $?6u4V$G$N%W%m %;%9$N9TF0$O;~4VE*$K$O$I$l$/$i$$$N $3$H$KAjEv$9$k$N $+$bJ,$+$j$K$/$/$J$k!%$=$3$G%?%$ %‘%7%’%"%j%s%0!&%7 %9%F%‘$N0l;~J,3d$N;~4V@_Dj$d!$%W%m %;%C%5$NF0:n;~4V $X$NM_5aEY$N7W;;K!$J$I$rD4@a$9$kI,MW$,$"$k!% OS 5! G=$N=hM}%3%9%H$K$D$$$F$b!$8+@Q$b$k I,MW$,$"$k>l9g$K $OE,Ev$K%9%1!<%k%@%&%s$7$J$1$l$P$J$i$J$$!% $^$?%9%1!<%k%@%&%s$7$?7k2L!$ %7%_%e%l!<%7%g%s$G$N %W %m %;%C %5 $N C1 0L F0 :n $, <B :] $N 0l =h M} $K $O BP 1~ $7 $J $/ $J$k!%=>$C$F%7%_%e%l!<%7%g%s$,%/%m%C %/%Y!<%9$K<B9T $5$l$k$J$i!$%7%_%e%l!<%7%g%s$N7k2LF@ $i$l$?@-G=$N:9 $O!$@:EY$,Dc$/$$$H9M$($i$l$k!% 6. $^ $H $a J,;6JBNs4D6-$K$*$1$k OS %l%Y%k$N;q8;4IM}J}<0 $r<B 832DG=$K$9$k%7%_%e%l!<%7%g%s%b%G%k $K$D$$$F=R$Y$?!% 0J>e$N5DO@$K4p$E$$$F%7%_%e%l!<%?$r <BAu$7$F$$$k!%8= :_2f!9$N%7%_%e%l!<%?$K<BAu$7$F$"$k<g $J5!9=$O0J2<$N DL$j$G$"$k!% � M-8z<B9TN($N8!=P � LZ9=B$$N%M%C%H%o!<%/@8@. � 6& M- / Hs 6&M- J, N%$7 $? %Z!< %8C1 0L $N;2 >H IQEY I= ( B0 @- $H $7 $F %i %$ %H / %j!< %I / 1i ;; Hf!$ 0l 4S @- @) 8f %W %m%H%3%k ) $rMxMQ$7$?;2>HNs@8@. � J,;66&M-%a%b%j%7%9%F%‘ � LR U J}<0$N%a%b%j%j%W%l!<%9 � %M%C%H%o!<%/$N%P%s%II}$r%Q%i%a!<%?2= � %i %s %@ %‘ $J AH9g $; $G %9 %l%C %I $NF1 4| ( M- 8z <B 9T ;~4V $G4V3V;XDj ) � %W%m%;%9$r<+M3$KAH9g$;2DG= :# 8e $O $3 $N %7 %_%e %l!< %? $r MQ $$ $F SSS{CORE $N %9 %1 %8%e!<%j%s%0K!$NI>2A5Z$SB>$N%9%1 %8%e!<%j%s%0K!$H$N Hf3S$r9T$J$&M=Dj$G$"$k!%$^$?K\9F$G =R$Y$?$h$&$K87L) $K8=<B$r%7%_%e%l!<%7%g%s$9$k$K$O8B 3&$,$"$k$?$a!$JB 9T$7$F SSS{CORE $N<BAu$r9T$J$&!% IU O? I= 5 %W%m%;%99=@. { %;%C%H A T able 5 Pro cess set A MW5a%W%m%;%C%5?t %W%m%;%9?t 6u4V%5%$%: [pages] � %W%m%;%9?t 4 4 50 � 2 ; 300 � 2 8 4 50 � 2 ; 300 � 2 16 3 50 � 2 ; 100 � 1 I= 6 %W%m%;%99=@. { %;%C%H B T able 6 Pro cess set B MW5a%W%m%;%C%5?t %W%m%;%9?t 6u4V%5%$%: [pages] � %W%m%;%9?t 3 5 50 � 2 ; 100 � 2 ; 150 � 1 6 6 200 � 6 13 3 50 � 3 16 1 50 � 1 I= 7 %W%m%;%99=@. { %;%C%H C T able 7 Pro cess set C MW5a%W%m%;%C%5?t %W%m%;%9?t 6u4V%5%$%: [pages] � %W%m%;%9?t 3 5 50 � 2 ; 100 � 2 ; 150 � 1 6 6 200 � 6 13 3 75 � 3 16 2 50 � 2 %"%k%4%j%:%‘ 0 %i%s%@%‘$J%9%1%8%e!<%j%s%0!% %"%k%4%j%:%‘ 1 0lDj$N=g=x$G%W%m%;%C%5$r3d$jEv$F!% %"%k%4%j%:%‘ 2 %W %m %; %9 $N %Z!< %8 $r ;} $D %/ %i %9 %? $+ $i!%B-$j$J$1$l$P%U%j!<$J$H$3$m$X!% %"%k%4%j%:%‘ 3 %W%m%; %9$N%Z!< %8$r;} $D%/%i%9 %?$N$_ $r3d$jEv$F!% <U<- K\8&5f$O>pJs=h M}?66=;v 6H2q!J#I#P #A!K$,<B;\ $7 $F $$ $k FH AO E* >p Js 5; =Q 0i @. ;v 6H $N 0l 4D $H $7 $F 9T $J$C $?!% ;2 9M J8 8% 1) >> K\ >0 , 8E Aq ?J 0l , J? LZ 7I : HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ SSS{CORE, F| K\ %= %U %H %&%’ %" 2J3X2qBh 11 2sBg2qO@J8=8 , pp. 13{16 (1994). 2) ?. 9q M[ Fs O: , >> K\ >0 , J? LZ 7I : HF MQ JB Ns #O #S $N $? $a $N ;q 8; >p Js $r Mx MQ $7 $? %9 %1 %8%e!< %j %s %0 J} <0 $N 8! F$ , ?. 3X 5; K! , V ol. 95, No. 210, pp. 111{118 (1995). 3) >> K\ >0 : :Y N3 EY JB Ns <B 9T ;Y 1g %^ %k %A %W %m %;%C %5 $N 8! F$ , >p Js =h M} 3X 2q O@ J8 ;o , V ol. 31, No. 12, pp. 37{42 (1989). 4) >> K\ >0 $[ $+ : N3 EY $K 4p $E $$ $? JB Ns 7W ;; $N J, N‘ K! $H %^ %k %A %W %m %;%C %5 $N ;q 8; 4I M} K! $K $D $$ $F , F| K\ %= %U %H %&%’ %" 2J 3X 2q Bh 7 2s Bg 2q O@ J8 =8 , pp. 133{136 (1990). 5) Squillan te, M. S. and Lazo wsk a, E. D.: Using Pro cessor-Cac he A�nit y Information in Shared-Memory Multipro cessor Sc heduling, IEEE T r ansactions on Par al lel and Distribute d Systems , V ol. 4, No. 2, pp. 131{143 (1993).