V ol. 39 No. 6 >pJs=hM}3X2qO@J8;o June 1998 HFMQD6JBNs OS SSS{CORE $K$*$1$k%9%1%8%e!<%j%s%0J}<0 ?. 9q M[ Fs O: yy >> K\ >0 y J? LZ 7I y NUMA 4D 6- $G JB Ns %W %m %; %9$N 8z N( E* $J <B 9T $r K8 $2 $k $3 $H$J $/ %^ %k %A %f!< %6!& %^ %k %A %8%g %V 4D6- $r 9= C[ $9 $k $K $O!$ %a %b %j %Z!< %8 $J $I $N <B ;q 8; $N;H MQ >u 67 $r 9M N8 $7!$ M- 8z $K ;H MQ $9 $k %9 %1 %8%e!< %j %s %0 $r 9T$J $$!$ %7 %9 %F %‘ A4 BN $N@- G= $r $" $2 $k $3 $H $,I, ?\ $G $" $k!% K\ O@ J8 $G$O!$ JB Ns %W %m %; %9 Kh $K=j M- $9 $k <B %Z!< %8 >p Js$r Mx MQ $7 $? %9 %1 %8%e!< %j %s %0 J} <0!$ $* $h $S %Z!< %8 $N J, N‘ $K 4p $E $$ $? %Z!< %8 CV 49 J} <0 $r Ds 0F $9$k!% 99 $K!$ Ds 0F $7 $? J} <0 $r >\:Y 3N N( %b %G %k >e$G!$ 6q BN E* $J %a %b %j4I M} J} <0!$ %" %/ %; %9IQ EY $* $h $S %" %/%; %9 %3 %9 %H $r IU 2C$7 $? %7 %_%e %l!< %7%g %s $K $h $j MM!9 $J ;H MQ >u 67 $N2< $G I> 2A $9 $k!% I> 2A $N 7k 2L!$ <B %a %b %j $N 6I =j @- $r Mx MQ $7$? %9 %1 %8%e!< %j %s %0 J} <0 $H!$CV 49 $9 $k %a %b %j $r J, ;6 6&M- %a %b %j %b %G %k >e $N %Z!< %8B0 @- $r D> @\ Mx MQ $9 $k J} <0 $,M% $l$?@-G=$rM?$($k$3$H$,<($5$l$?!% Sc heduling Mec hanisms for scalable parallel OS SSS{CORE Yojir o Nobukuni, yy T akashi Ma tsumoto y and Kei Hiraki y Prev en ting parallel pro cesses from unexp ected ine�ciencies is a ma jor concern for con- structing m ultiple user/m ultiple job en vironmen t in NUMA systems. Systems can ac hiev e higher p erformance b y using sc heduling p olicies whic h re ect resource consumption states. F or a general en vironmen t, whic h m ust supp ort concurren t execution of m ultiple pro cesses, a w a y is needed to k eep systems’ e�ectiv eness when ph ysical memories are full. In NUMA systems, memory pages can b e classi�ed b y access frequencies and required costs for accesses when target pages are not found lo cally . Selecting victim pages according to the classi�ca- tion enhances system p erformance. W e built a probabilistic mo del with a concrete memory managemen t sc heme and di�eren tiated memory access costs, and sim ulated pro cesses sets with giv en access frequencies. The pap er describ es an ev aluation of sc heduling p olicies using resource information for eac h pro cess and of page replacemen t p olicies based on page coloring under the mo del. 1. $O $8 $a $K NUMA 7?%7%9%F%‘$O!$0B2A$J9=@.MWAG$rB??t7k 9g$9 $k$3$H$K$h$j!$Bg5,LO$J%7%9%F%‘$r9= C[$7!$9b$$=hM}G= NO$rF@$k$3$H$,$G$-$kFCD’$r;}$D!% 6aG/$N%M%C%H%o!<%/ <~JU$N@-G=8~>e$rGX7J$K!$JBNs%"%W %j%1!<%7%g%s$N$?$a $N<B9T;Y1g5! 9= 6) $dJBNs4D6-2< $G$N3F<o :GE,2=5; K!$N8& 5f3+H/ 9) 8) $K$h$j NUMA 7?JBNs7W ;;5! >e$G $N9b8z N($J <B9T7ABV$,2DG=$H$J$C$F$-$?!%$7$+$7 $J$,$i!$HFMQ$J%^ %k%A%8%g%V!&%^%k%A%W%m%;%9$H$$$&;HMQ 7ABV$K$*$$$FJ# ?t$NJBNs%"%W%j%1!<%7%g%s$N9b8zN($J<B 9T$r<B8=$9$k$? $a$K$O!$8D!9$N%W%m%;%9$K$*$1$k8zN(2= $d:GE,2=5;K!$@ $1$G$J$/!$%*%Z%l!<%F%#%s%0%7%9%F%‘ %l%Y%k$K$h$k%8%g y El5~Bg3XBg3X1!M}3X7O8&5f2J>pJs2J3X@l96 Departmen t of Information Science, F acult y of Science, Univ ersit y of T oky o yy %"!<%D%F%C%/!J3t!K Arts T ec h Inc. %V$*$h$S%W%m%;%9 !y $r8Y$C$?9b8zN(2=$,IT2D7g$G$"$k!% ;~J,3d$rMxMQ$7$?JBNs4D6-8~ $1$N%9%1%8%e!<%j%s%0J} <0 $H $7 $F $O gang sc heduling $N M% 0L @- $, Js 9p $5 $l $F $$ $k 1) !% %W%m %;%9 C1BN $N<B 9T@- G=$r 9MN8 $7$? >l9g!$ F14| BT $A $r 6K NO 8: $i $9 $3 $H $, 2D G= $J gang sc heduling $O M- 8z $G $" $k!% $7 $+ $7 $J $, $i!$ gang sc heduling $O ;~ 4V E* %9 %1 %8%e!<%j%s%0$r2r7h$9$k$@$1$G$"$j!$%W%m%;%C%5 3d$jIU $1 $N Ld Bj $O 2r 7h $7 $J $$!% ;q 8; >p Js $r Mx MQ $7 $J $$ matrix algorithms 5) $O!$ %W %m %0 %i %‘ <B 9T C1 0L $N %W %m %;%C %5 $X $N%^%C%T%s%0$K$*$1$k%R%e!<%j%9%F%#%C%/%9$K Mj$k!%$= $N$?$a;q8;$N@jM->u67$rL5;k$7$?%^%$%0%l%$ %7%g%s$d!$ pro cessor fragmen tation $,@-G=Dc2<$N860x$H$J$k!% %a %b %j $X $N %" %/ %; %9 %3 %9 %H $, 5w N% $K $h$C $F 0[ $J $k NUMA 7?JBNs7W ;;5!$G$O!$%9 %1%8%e!<%j%s %0$K<B;q8; $N;HMQ>u67$dDL?.%3%9%H$rH?1G$5$;$k$3$H$K$h $j%3%9%H $N9b$$%"%/%;%9$r8:>/$5$;$k9b8zN(2=$,I,?\$G$"$k!% !y 0J2<!$$H$/$K=R$Y$J$$8B$j!$JBNs%W%m%;%9$rI=$9 1

2 >pJs=hM}3X2qO@J8;o June 1998 ;q 8; >p Js $r Mx MQ $9 $k J} <0 $K!$ =8 Cf 5- 21 7? JB Ns 7W ;; 5! 8~ $1 $N cac he a�nit y J} <0 7) $, $" $k $,!$ MF NL $N >. $5 $J %-%c%C%7%e $G $O 8z 2L $, =P $J $$!% 0l J}!$ Bg 5, LO NUMA 7? JBNs7W;;5!>e$G6(D4$7$?;q8;4IM}$r 9T$J$&$K$O!$3HD%@- $d4IM}8zN($NE@$+$i3,AX2=$5$l$?OHAH $rIU2C$9$k$3$H$, I,MW$G$"$k!%3,AXE*$J%9%1%8%e!<%j%s%0 $r9T$J$&$b$N$K DHC 4) $H In tel P aragon 2) $, $" $k!% DHC $O Buddy %7%9%F%‘$K$h$k3,AX2=4IM}$r9T$$!$%i %&%s%I%m%S%s$r4p K\$H$9$k$,!$%W %m%;%9 ?t$K4p$E $$$?Ii2Y >pJs 3) $N$_$NMx MQ $K N1 $^$C $F $$ $k!% P aragon $G $O =@ Fp $J %W %m %;%C %5 J, 3d $, 2D G= $G $" $k $,!$ ;q 8; >p Js $O Mx MQ $; $:!$ $^ $? 3F %W %m %;%C%5>e$G$N%9%1%8%e!<%j%s%0$O%+!<%M %k$@$1$,<B9T$9 $k$?$a=@Fp@-$r;}$?$J$$!% K\ O@ J8 $G $O!$ 3, AX 2= $5 $l $? Bg 5, LO NUMA 4D 6- $K $* $1$kHFMQ$G9b8zN($J%9%1%8%e!<%j%s%0 $*$h$S%Z!<%8CV49 J}K!$r5a$a!$I>2A$9$k!%$^$:!$Bh#2@a$G HFMQD6JBNs%*%Z %l!< %F%# %s %0!& %7 %9 %F %‘ SSS{CORE 10) $K $* $1 $k %9 %1 %8%e!<%j%s%0J}<0$N35N,!$$9$J$o$A!$3, AXE*$K;q8;>pJs $r 4I M} $9 $k ;q 8; 4I M} LZ!$ <B %Z!< %8 >p Js $r Mx MQ $7 $? %9 %1 %8%e!<%j%s%0J}<0$J$i$S$K!$%a%b%j%Z!< %8$NJ,N‘$KB’$C $?%Z!<%8CV49J}<0$r<($7!$Bh#3@a$G $O%9%1%8%e!<%j%s%0 $N%7%_%e%l!<%7%g%s%b%G%k$r<($9!%Bh#4 @a$K$*$$$F$=$l $i$N%7%_%e%l!<%7%g%s$K$h$kI>2A$r<( $9!%:G8e$KBh#5@a $G$^$H$a$k!% 2. SSS{CORE $K $* $1 $k %9 %1 %8%e!< %j %s %0 J} <0 SSS{CORE 10) $O NUMA 7? JB Ns J, ;6 7W ;; 5! $r BP >] $H $7 $? HF MQ D6 JB Ns OS $G $" $k!% ;~ J, 3d $H %Q!< %F%# %7%g %K%s%0$rJ;MQ$7$?%^%k%A%f!<%6!&%^%k %A%8%g%V4D6-$HD6 9bB.DL?.4D6-$rDs6!$7!$JBNs%"%W%j %1!<%7%g%s$N8zN(NI $$<B9T$N<B8=$rL\E*$H$9$k!% NUMA 7?$NJBNs7W;;5!%7%9%F%‘$G$O!$%a%b%j%" %/%; %9%3%9%H$*$h$SDL?.%3%9%H$,$=$N5w N%$K1F6A$5$l!$$^$? %a%b%j%"%/%;%9$HDL?.$NF14|$X$N8z2L $,Bg$-$/<B9T8zN( $K1F6A$9$k!%=>$C$F!$JBNs%"%W%j%1!<%7%g %s$N<B9T8zN( $r8~>e$9$k$K$O!$3F%9%l%C%I$rF1;~ $K%9%1%8%e!<%j%s%0 $7!$ 3d $j Ev $F $i $l $? MW AG %W %m %;%C %5 4V $N 5w N% $r :G >. 2= $7!$<B9T;~$N%a%b%j%Z!<%8$N0\F0$r:G>. 8B$KM^$($k$3$H $,5a$a$i$l$k!% $=$l $r ;Y 1g $9 $k $? $a SSS{CORE $G$O!$ %f!< %6 $H %+!< %M %k 4V $G Bg 0h E* ;q 8; >p Js $r 3, AX 2= $7 $F 4I M} $7!$ ;q 8; >p Js $N <u EO $7 $N $? $a $N 5! 9= $H $7 $F ;q 8; 4I M} LZ $r MQ $$ $k!% SSS{CORE $G $O $3 $N 5! 9= $r Mx MQ $7!$ <B %a %b %j $N ;H MQ >u 67 $N %9 %1 %8%e!< %j %s %0 $X $N H? 1G!$ %f!< %6 $+ $i $N %9 %1 %8%e!<%j%s%0@)Ls$NMxMQ$r2<5-$K<($9J} K!$G<B8=$7$F$$ $k!% 2.1 SSS{CORE $N;q8;4IM}5!9= Bg5,LO$J NUMA 7?%7%9%F%‘ $K$*$$ $F$O!$;q 8;4V$N 5w N% $N <+ A3 $J I= 8=!$ ;q 8; 4I M} $K MQ $$ $k ;q 8; NL $N @) Ls $* $h $S;q8;>pJs$r4IM}$9$k$?$a$N%*!<%P!<%X%C%I$r9M N8$9$k $H!$3,AXE*$J;q8;4IM}$,I,?\$G$"$k!%3,AX2=$5$l $?;q8; 4I M} $r <B 8= $9 $k $? $a!$ SSS{CORE $G $O 2> A[ E* $J ;q 8; 4IM}LZ9=B$$rMQ$$$k!%K\O@J8$G$O$3$l$r;q8;4I M}LZ$H8F $V!%;q8;4IM}LZ>e$G$O%7%9%F%‘A4BN$N;q8;>pJs $*$h$S!$ %W%m%;%9Kh$N;q8;$N;HMQ>u67Ey$r4IM}$9$k!%;q 8;4IM}LZ $N9=B$$r<B%7%9%F%‘$N9=@.$KE,1~$5$;$k$3$H $G!$MM!9$J @\B39=B$$r;}$D%7%9%F%‘$r%5%]!<%H$9$k$3$H$, 2DG=$G$" $k!%Nc $( $P 3, AX E* $K @\ B3 $5 $l $? %o!<%/ %9 %F!< %7%g %s %/ %i %9%? $K$* $$ $F $O!$ ;q 8; 4I M} LZ $O MW AG =h M} Au CV 4V $N 5w N% $r <+A3$KI=8=$9$k!%$^$?!$%a%C%7%e7k9g$ND6JBNs7W ;;5!$K $*$$$F$OMWAG=hM}AuCV4V$N5wN%$r6a;wE*$KI= 8=$9$k!%$3 $l$i$NNc$G$O!$2>A[E*$J;q8;4IM}LZ$K$*$1$k%N!< %I4V5w N%$,!$3d$jEv$F$r9T$J$&MWAG=hM}AuCV4V$NDL?. %3%9%H$r 6a;w$9$k$3$H$K$h$j!$DL?.%3%9%H$r9MN8$7$? %9%1%8%e!< %j%s%0$r2DG=$H$7$F$$$k!% ;q8;4IM}LZ$G$O3F%N!<%IKh$K Ev3:%N!<%I$r%k!<%H$H$9 $kItJ,LZ$NNN0h$K4^$^$l$kMWAG%W%m%;%C%5$H<B %Z!<%8$N Am?t!$%U%j!<$JMWAG%W%m%;%C%5$H<B%Z!<%8$NAm ?t!$$J$i $S $K%W %m %; %9 Kh$N ID $H ;HMQ $7 $F $$ $kMW AG %W %m %;%C%5 $H <B%Z!<%8$NAm?t$r5-O?$9$k!%$^$?%k!<%H%N!<%I$O $3$NB> $K!$%W%m%;%9Kh$K%9%1%8%e!<%j%s%0@)Ls!$M% @hEY!$%[!< %‘%N!<%I !J8e=R!K $rJ] ;}$9 $k!% ?^ 1 $K 4 %W%m%;%C %59= @. $K$*$1$k;q8;4IM}LZ$r<($9!% 2.1.1 %9%1%8%e!<%j%s%0@)Ls 8=:_$NJBNs2=%3%s%Q%$%i$O!$C1 0l$N%W%m%;%9$,;q8;$r @jM-$7$F<B9T$9$k$3$H$r2>Dj$7$F$$$k$?$a!$B? $/$N%W%m %;%9$,;q8;$r6&M-$9$k%^%k%A%f!<%6!&%^%k%A%8%g %VHFMQ 4D6-$G$O%3%s%Q%$%k;~$N2>Dj$+$i0oC&$9$k$3$H $K$h$k<B 9T;~8zN($NDc2<$,8=$l$k!%%9%1%8%e!<%j%s%0@) Ls$O!$%W %m%;%9$,%+!<%M%k$K;q8;$X$NM_5a$rEA$($k!% %9%1%8%e!< %j %s %0 @) Ls $N Nc $H $7 $F!$ Bf ?t 8G Dj @) Ls $G $O %W %m %; %9 $O %+!<%M%k$KBP$7$F<+J,$,I,MW$H$9$kMWAG%W%m%;%C %5?t$r 0lDj?t;XDj$9$k!%$^$?Bf?t2DJQ@)Ls$G$O>/$7$: $D%W%m%; %9$KMWAG%W%m%;%C%5$r3d$jEv$F$k$3$H$,2DG=$H $J$k!%Nc $($P==J,$JJBNs@-$,$"$k$?$a$K2DJQ$J%W%m%;%C %5Bf?t$K BP1~$7$F%W%m%0%i%‘$5$l$?%W%m%;%9$KBP$7$F $O!$$3$N@) Ls$,M-8z$KF/$/!%:#2s$N%7%_%e%l!<%7%g%s$G$O%W %m%;%9 $NJBNsEY$OJQ2=$7$J$$$N$G!$%9%1%8%e!<%j%s%0@) Ls$H$7 $F$OBf?t8GDj@)Ls$rMQ$$$k!% 2.1.2 %9%1%8%e!<%j%s%0M%@hEY %^ %k %A %8%g %V!& %^ %k %A %W %m %; %9 $r <B 8= $9 $k HF MQ %* %Z

V ol. 39 No. 6 HFMQD6JBNs OS SSS{CORE $K$*$1$k%9%1%8%e!<%j%s%0J}<0 3 ?^ 1 ;q8;4IM}LZ Fig. 1 Resource Management T ree %l!< %F%# %s %0 %7 %9 %F %‘ $G $O!$ 3F!9 $N %8%g %V!& %W %m %; %9 $,!$=E$_IU$1$5$l$?;q8;MxMQNL$J$I$r 4p=‘$K$7$FF1$8M% @hEY$H$J$k$h$&!$8xJ?@-$r;}$C$?%9 %1%8%e!<%j%s%0$r9T $J$&$3$H$,5a$a$i$l$k!%JBNs<B9T$N8z N(2=$rL\E*$H$7$? %9%1%8%e!<%j%s%0!$%9%1%8%e!<%j%s%0@)Ls $K4p$E$/%9%1 %8%e!<%j%s%0$O!$3F%W%m%;%9Kh$N8zN( $K1h$C$F;q8;3d$j Ev $F $r 9T $J $& $? $a!$ %W %m %; %9 4V $N 8x J? @- $r J] $? $J $$!% SSS{CORE $G$O@jM- ;q8; NL$H%9 %1%8%e!< %j%s%0 @)Ls $N 6/EY$r4p$K%9%1%8%e!<%j%s%0M%@hEY$r 7W;;$7!$M%@hEY$K BP$7$F%(!<%8%s%0$r;\$9$3$H$K$h $j!$%9%1%8%e!<%j%s%0 $K$*$1$k%W%m%;%9$N8xJ?@-$rJ]$D!% M%@hEY$OCM$,>.$5$$$[$I9b$$!%$^ $:0J2<$NCM$r7W;;$9 $k!% � ;HMQ$7$?;q8;NL!’ U r = C p � ;HMQ%W%m%;%C%5Am?t + C m � ;HMQ%Z!<%8Am?t � @)Ls>r7o$N87$7$5!’ R c = MW5a%W%m%;%C%5Bf?t = Am%W%m%;%C%5?t � @)Ls>r7o$NK~B-EY!’ S c = 0 or 1 � L5BL$K$7$?;q8;NL!’ W r = C w p � nw p � MW5a%W%m%;%C%5Bf?t = Am%W%m%;%C%5?t � BT$A%W%m%;%9$NM-L5!’ f w = 0 or 1 � <cJV$j7O?t!’ C r $3 $3 $G!$ nw p $O D> A0 $N ;~ J, 3d $G ;H MQ $5 $l $J $+$C $? MW AG %W%m%;%C%5$N?t$G!$D>A0$^$G%9%1%8%e!< %k$5$l$F$$$?%W %m %; %9 $N 4V $G 2C =E G[ J, $7 $? CM W r $r %Z %J %k %F%#!< $H $9 $k!%$3$l$i$NCM$r!J0lIt$O%W%m%;%9 Kh$K!K7W;;$9$k$H!$ I= 1 M%@hEY7W;;$N$?$a$N78?t$NCM T able 1 Co e�cien ts for priorit y calculation M%@hEY7W;;MQ78?t CM C p 1.0 C m 0.005 C w p 1.0 C r 1.0 <!$N<0$K$h$j$=$N%W%m%;%9Kh$NM%@hEY$N%(!<%8 %s%0CM$, 5a$a$i$l$k!% ag ing = ( U r R c S c + W r ) f w � t � C r (1 � t ) %W%m%;%9<B9T$O!$%?%$%‘%9%i%$%9;~$K%9%1%8%e!< %k$5$l $k$+!$ $5 $l $J $$ $+ $$ $: $l $+ $N $? $a!$ t = 0 or 1 $G$" $k!% $^ $?!$ M% @h EY $N CM $N H/ ;6 $r KI $. 8x J? @- $r <B 8= $9 $k $? $a!$D>A0$^$G%9%1%8%e!<%k$5$l$F$$$?%W%m%;%9$N M%@hEY $NAmOB$r!$BT$A>uBV$@$C$?%W%m%;%9$K%(!<%8%s%0 NL$H$7 $F6QEy$KJ,G[$9$k!% @- G= I> 2A ;~ $N %7 %_%e %l!< %7%g %s $G $O 3F 78 ?t $N CM $H $7 $F!$ I= 1 $K$" $kCM $rMx MQ$7 $?!%I= 1 $G$O!$MWAG %W%m %;%C %5 #1 Bf $H %a %b %j 200 %Z!< %8 $r ;H MQ $9 $k $3 $H $, Ey 2A $G $" $j!$ C w p ; C r $O K\ O@ J8 $K $* $1 $k %7 %_%e %l!< %7%g %s $K $* $$$F Bg $-$J @-G= :9 $r@8 $^$J $$$? $a 3F!9 C p $HF1 $8CM $H $7 $?!% 2.2 SSS{CORE $N%9%1%8%e!<%j%s%0@oN, SSS{CORE $O!$%f!<%6$H%+!< %M%kJ,N% $N 2 %l%Y%k%9 %1%8%e!<%j%s%0$r:NMQ$9$k!%%+!<%M%k%9%1%8%e!< %i$O3F %W%m %; %9 $, Ds <( $9 $k %9 %1 %8%e!< %j %s %0 @) Ls !J 2.1.1 @a!K $H M%@hEY$K=>$C$F;q8;$r!$3,AX2=4IM}$5$l$?;q8;>p Js$r$b $H$K%W%m%;%9C10L$K3d$jEv$F$k!%3F%W%m%;%9$O %+!<%M%k %9%1%8%e!<%i$K$h$j3d$jEv$F$i$l$?;q8;$r%f!< %6%9%l%C %I$K:F%9%1%8%e!<%k$9$k$3$H$G!$:GE,2=$r?^$k$3 $H$,2D G=$G$"$k!% SSS{CORE $K$*$1$k%+!<%M%k%9%1%8%e!<%i$K$*$1$k %9 %1 %8%e!< %j %s %0 J} <0 $H $7 $F 2< 5- #5 $D $N %9 %1 %8%e!< %j %s%0J}<0$rMQ$$$k!%3FJ}<06&$K!$%?%$%‘%9%i%$%9 Kh$KA0 5-$N;q8;;HMQ$N%(!<%8%s%0$r9MN8$7$?M%@hEY7W ;;$r9T$J $$!$M%@hEY$N9b$$%W%m%;%9$+$i=g$K!$$=$l$>$l0J 2<$K<( $9J}K!$G%9%1%8%e!<%k$9$k!%$J$*!$MWAG%W%m%;%C %5$H%a %b%j$NBP$r%/%i%9%?$H8F$V!% algo0 %i%s%@%‘$KI,MW$J?t$@ $1%/%i%9%?$rA*Br$73d$j Ev$F$kJ}<0 algo1 %7%9%F%‘Cf$N%/%i%9%? $rC<$+$i=g$KI,MW$J$@$1 3d$jEv$F$kJ}<0 algo2 =i$a$K%[!<%‘%N!<%I0J2< $NNN0h$K3d$jEv$F$r;n $_!$<:GT$7 $?>l9g$K $O%k!<%H%N!< %I0J2< $NNN0h$G!$ <+J,$N%Z!<%8$,B8:_$9$kNN0h$+$i3d$jEv$F$kJ}<0 algo3 =i$a$K%[!<%‘%N!<%I0J 2<$NNN0h$G%Z!<%8$N$"$k

4 >pJs=hM}3X2qO@J8;o June 1998 ?^ 2 ;q8;4IM}LZ$H%9%1%8%e!<%j%s%0BP>]NN0h Fig. 2 T arget areas of the sc heduling in the resource management tree NN0h$r3d$j Ev$F!$<:GT $9$k$H%[!< %‘%N!<%I0J 2<$NNN 0h$G%Z!<%8$N$J$$NN0h$+$i3d$jEv$F$kJ}<0 algo4 %[!<%‘%N!<%I0J2<$N NN0h$G87L)$K%Z!<%8$,B8 :_ $9$kNN0h$N$_ 3d$jEv$F $r;n$_!$<: GT$9$k$H 3d$jEv$F $rD|$a$kJ}<0 $?$@$7!$%[!<%‘%N!<%I$H$O;q8;4I M}LZ>e$N%N!<%I$G!$ %W%m%;%9$NMW5aBf?t0J>e$N%/%i%9%?$r 4^$‘ItJ,LZ$KBP1~ $9 $k $b $N $G!$ :G 2< 0L %l %Y %k $K 0L CV $9 $k $b $N $N $3 $H $G $" $k!%$9$J$o$A%[!<%‘%N!<%I$O!$0l$DA0 $N%9%1%8%e!<%j%s %0;~$N3d $jEv$F NN0h$r BeI= $7$F$$ $k!% ?^ 2 $K%[!<%‘%N!< %I$N Nc $r <( $9!% ?^ Cf $G %W %m %; %9 A $N%[!< %‘ %N!< %I $O!$ <+ J,$N%Z!<%8$rJ];}$9$kNN0h 4 $rJq4^$9$kItJ,LZ$N %k!<%H $KEv$?$k%N!<%I$G$"$k!% Bf ?t 8G Dj %9 %1 %8%e!< %j %s %0 @) Ls $r MQ $$ $F $$ $k >l 9g!$ algo2, 3, 4 $G $O 3d $j Ev $F BP >] NN 0h $K I, MW Bf ?t $r 3N J] $G $-$J$$%W%m%;%9$N%9%1%8%e!<%j%s%0 $OD|$a!$%9%1%8%e!< %k2DG=$K$J$k$^$GBT$D!% 5 $D $N J} <0 $N $& $A algo2, 3, 4 $, ;q 8; 4I M} LZ 9= B$ $r Mx MQ$9$kJ}<0$G$"$k!%$3$N 3 J}<0$N0c$$$O%W%m%;%9$X $N%/ %i%9%?$N3d$jEv$FNN0h$,!$;HMQCf$N<B %a%b%j%Z!<%8$N0L CV $K 8G<9 $9 $k EY 9g$K $" $k!% ?^ 2 $N Nc $G $O NN0h 2, 3, 4 $, $= $l$> $l algo2, 3, 4 $,3d $jEv $F$r ;n $_$k 2DG= @-$N $"$k NN0h$KBP1~$7$F$$$k!%$3$3$GNN 0h 4 $,A02s$N3d$jEv$F0L CV $G!$ %W %m %; %9 A $, <B %Z!< %8 $r =j M- $7 $F $$ $k NN 0h $G $" $k!%$^$?NN0h 3 $,NN0h 4 $KBP1~$9$k %[!<%‘%N!< %I$K$h$C $FBeI= $5$l $kNN 0h $G$" $k!% algo4 $N>l9g$K $O!$ %W%m %;%9 Kh$N<B%Z!<%8$NB8:_0LCV$KBP1~$7$FKh 2sF1$8NN0h$,3d$j ?^ 3 %f!<%6%l%Y%k!&%9%1%8%e!<%j%s%0Nc Fig. 3 An example of user-lev el sc heduling Ev$F $i $l$k !y !% algo3 $N>l 9g$K $O!$NN 0h 3 $K $"$? $k%[!< %‘%N!<%I0J2<$NNN0h$K$*$$$F3d$jEv$F$r;n$_$k!% A02s$N %9%1%8%e!<%k;~$N3d$jEv$FNN0h$,!$B>$N%W%m%;%9 $K4{$K 3d$jEv$F:Q$_$J>l9g$K$O!$I,MW$JBf?t$,3NJ]$G $-$l$P<B %Z!<%8$r;}$?$J$$NN0h$G$"$C $F$b!$NN0h 3 $NCf$G$"$l$P 3d $j Ev $F $k!% algo2 $N >l 9g $K $O!$ algo3 $N MW NN $G NN 0h 3 $GI, MW Bf?t $r 3NJ] $G$- $J $$>l 9g$K!$ %7 %9%F %‘A4 BN $KAj Ev$9$kNN0h 2 Fb$N;D$j$NNN0h$G3d$jEv$F$r;n$_ $k!%$7$? $,$C $F >e 5- ;0 J} <0 $N 4V $G $O algo4, 3, 2 $N =g $K <B %a %b %j $N$"$kNN0h$r3d$jEv$F$k798~$K$"$j!$$=$N5U=g $G%/%i%9 %?$NMxMQ?t$,B?$/$J$k2DG=@-$,9b$$!% $^$?<!@a0J9_$G$N%7%_%e%l!< %7%g%s$GMQ$$$?!$%W%m%; %9$K3d$jEv$F$i$l$?%/%i%9%?$X$N%9%l%C%I$N %9%1%8%e!< %j%s%0$O!$0J2<$NDL$j$G$"$k!% � A02s$N3d$jEv$F$H =E$J$k%/ %i%9%?$K$O A02s$HF1 $8%9 %l%C%I$r%9%1%8%e!<%k$9$k � $=$l0J30$N%/%i %9%?$K$O!$ ;D$j$N%9 %l%C%I$r=g $K%9 %1%8%e!<%k$9$k ?^ 3 $K%9%l%C %I!&%9 %1%8%e!< %j%s %0$N Nc$r <( $9!%?^ 3 $N Nc $G $O!$ 3d $j Ev $F NN 0h $, N+1 2s L\ $H N 2s L\ $G =E $J$C $F $$ $k NN 0h $N %9 %l%C %I 2, 3 $O $= $N $^ $^ %9 %1 %8%e!< %k $5 $l!$ 3d $j Ev $F NN 0h $, JQ 2= $7 $? %9 %l%C %I 0, 1 $K $D $$ $F $O %9%1%8%e!<%k$5$l$k%/%i%9%?$,0\F0$7$F$$$k!% $J$*!$<B9T8zN($N8~>e$rL\E*$H $7$F;~J,3d$N4V3V$rD9 $a!J?tI4%_%jIC!A?tICDxEY!K$K@_Dj$9$l$P!$ %9%1%8%e!< %j%s%0$KMW$9$k7W;;;~4V$OAjBPE*$K==J,>.$5 $$!%$3$3$G $O==J,$KD9$$;~J,3d4V3V$r2>Dj$7!$%7%_%e%l!< %7%g%s$G $O%9%1%8%e!<%j%s%0$N7W;;;~4V$rL5;k$9$k!% 2.3 %Z!<%8CV49J}<0 J# ?t $N %W %m %; %9 $, JB 9T $K F0 :n $9 $k HF MQ $J 4D 6- $G $O!$ 8D!9$N%/%i%9%?>e$N<B%a%b%j$,0n$l$k>l9g$rA[ Dj$7$?%7 %9%F%‘9=C[$,5a$a$i$l$k!%$3$N>l9g$N;q8;4IM} $G$O!$<B 9T $K I, MW $J ?7 $? $J %Z!< %8 $r 3d $j Ev $F $k $? $a $K CV 49 $9 $k !y %W %m %; %9 $N <B %Z!< %8 $, :F %9 %1 %8%e!< %k $^ $G $K 0l It %/ %i %9 %? $K $* $$ $F 40 A4 $K %/ %i %9 %? $N %a %b %j $+ $i DI $$ =P $5 $l $? >l 9g $K $O!$ %[!< %‘ %N!< %I 0J 2< $N NN 0h !JNN 0h 3 !K $G B- $j $J $$ J, $N %/ %i %9 %? $r 3N J] $9 $k!%

V ol. 39 No. 6 HFMQD6JBNs OS SSS{CORE $K$*$1$k%9%1%8%e!<%j%s%0J}<0 5 %Z!<%8$NA*BrJ}<0$,<B9T8zN($KBg$-$/1F6A$9$k!% %a %b %j %7 %9 %F %‘ $, J, ;6 6& M- %a %b %j $G $" $k >l 9g $K $O!$ %Z!<%8$N6&M->uBV$+$i%"%/%;%9IQEY$* $h$S:F%"%/%;%9;~ $N%"%/%;%9%3%9%H$N0c$$$rJ,N‘$9$k $3$H$,2DG=$G$"$k!% %Z!<%8$NJ,N‘$,$G$-$l$P!$%"%/%;%9IQEY $,>/$J$/:F%"%/ %;%9;~$N%3%9%H$,>.$5$$%Z!<%8$+$iCV 49BP>]$H$9$k$3$H $,<B9T8zN(8~>e$N$?$a$K5a$a$i$l$k!% 0lHLE*$K!$JBNs%W%m%;%9$N>l9g6& M-NN0h$N%"%/%;%9N( $OHs6&M-NN0h$KHf$Y$F>.$5$$$H2>Dj $G$-$k!%$^$?!$:F%" %/%;%9;~$N%3%9%H$K$D$$$F$O!$%M%C%H %o!<%/Fb$X$N%"%/ %;%9$+!$Fs<!5-21$X$N%"%/%;%9$G$"$k $+$K$h$C$FJ,N‘$, 2DG=$G$"$k!%$5$i$K$=$N%3%9%H:9$O %*!<%@!<$H$7$F0c$& $H2>Dj$G$-$k!%$=$3$G!$D>$A$K<B9T$9$k 2DG=@-$NDc$$%W %m%;%9$N6&M-%3%T!<%Z!<%8$+$iCV49BP >]$H$9$k$3$H$G!$ @- G= 8~ >e $r $O $+ $k $3 $H $, 2D G= $G $" $k!% 0J >e $r F’ $^ $( $F %Z!<%8$NJ,N‘$J$i$S$K!$J,N‘4V$NCV49BP >]$H$9$k=g=x$r <!$N$h$&$KM?$($k!% 1) B> $N %W %m%; %9 $N 6& M- %3 %T!<%Z!< %8!$ 2) <B 9TCf %W %m %; %9 $N 6& M- %3 %T!< %Z!< %8!$ 3) B> $N %W %m %; %9 $N %i %9 %H %o %s!&%Z!<%8!$ 4) B>$N%W%m%;%9$N%m!<%+ %k%Z!<%8!$ 5) <B 9TCf %W %m %; %9 $N %i %9 %H %o %s!& %Z!< %8!$ 6) <B9T Cf %W %m %; %9 $N%m!<%+%k%Z!<%8!$$?$@$7$3$l$i$N87 L)$J=g=x4X78$O!$ 6&M-!&Hs6&M-3FNN0h$K$D$$$F$N%"%/%; %9IQEY$dMFNL!$%W %m%;%9$NAH9g$;!$%M%C%H%o!<%/5Z$SFs<! 5-21$N@-G=$K0M B8$9$k!% :#2s$NI>2A$G$O!$<!$NFs$D$NCV49 J}<0$r<BAu$7Hf3S$r 9T$J$C$?!% CV49J}<0 0 %Z!< %8$N<o N‘$*$h $S%W%m%; %9$N6h JL$J$7 $K C1=c$J LR U =g CV49J}<0 1 %9 %1%8%e!<%j %s%0M% @hEY$N Dc$$%W %m%;%9 $+ $i>e5-%Z!<%8 $N<oN‘=g $KA*Br!%3F %W%m%;%9 $N6&M-$^ $?$OHs6&M-6u4VKh$K%Z!<%8$N LR U =g$r4IM} $?$@$7$I$A$i$NJ}<0$b!$0l4S@-=hM}Cf $N6&M-%Z!<%8$N>l 9g$OCV49BP>]$H$7$J$$!% 3. %7%_%e%l!<%7%g%s%b%G%k K\ O@ J8 $G $O I> 2A $N @: EY 8~ >e $r L\ E* $H $7 $F $3 $l $^ $G $N 8&5f$GMxMQ$7$?%b%G%k 11),12) $r3HD%$7!$ OS %l%Y%k$N%7 %_%e%l!<%7%g%s$N$?$a$N4JN,2=$5$l$?>\ :Y3NN(%b%G%k$r 9=C[$7$?!% BP>]$H$9$k$N$OJ,;66&M-%a%b%j 4D6-$G$"$k!%Aj8_7k9g LV$OLZ9=B$$r2>Dj$9$k!%%M%C%H%o!<%/$O Fs=E2=$5$l$?%9 %$%C%A%s%0%M%C%H%o!<%/$G!$%9%$%C%A%s %0%N!<%I$K$*$$ $F%a%C%;!<%8$r%P%C%U%!%j%s%0$9$k%o%s %[%C%WDL?.$r9T $J$&!%%N!<%I$O3F=PNO$KBP$7$F!$%N!<%I $X$NF~NO?tJ,$N %(%s%H%j$r;}$D%P%C%U%!$r;}$D!%%Z!<%8 0\F0$*$h$S$=$N B>$NDL?.$NFsDL$j$K$D$$ $F!$%N!<%I4V$N 1 %[%C%W$rDL2a $9$k$?$a$N4pK\%3%9%H$r%Q%i%a!<%?$H$7$FM? $($k!%%Z!< %8$N0\F0$*$h$S$=$NB>$NDL?.$KBP$7$F$O$=$l $>$l!$%Z!< %80\F04pK\%3%9%H$*$h$SDL?.4pK\%3%9%H$H3F;^ $NBS0hG\ N( $H $+ $i ;; =P $7 $? %3 %9 %H $r IU 2C $9 $k!% ?J 9T J} 8~ $N %P%C %U%!$*$h$S;^$,6u$$$F$$$J$$>l9g$OBT$?$5$l$k!% %W%m%;%9$OMW5a%/%i%9%??t$H F1?t$N%9%l%C%I$K$h$j9= @.$5$l$k!%JBNsEY$O0lDj$G!$@8@.;~$+$i=*N;;~$^ $GJQ2= $7$J$$!%#1%/%i%9%?$K$*$1$k%W%m%;%9$N<B9T%3 %s%F%-%9 %H$r%9%l%C%I$H8F$V!%3F%9%l%C%I$O%W%m%;%9Fb$K 6&M-6u 4V $H 8G M- $N Hs 6& M- 6u 4V $r ;} $D!% 3F %W %m %; %9 $N N> 6u 4V $K $O!$$=$l$>$lJL!9$N%Z!<%8C10L$N%a%b%j%"%/%;%9 IQEYI= $rM?$($k!%3F6u4V$K$*$1$k%a%b%j%"%/%;%9Ns$O!$ %a%b%j %"%/%;%9IQEYI=$K$*$1$kAmIQEY$KBP$9$k3F%Z!< %8$N%a%b %j%"%/%;%9?t$rHf$H$7$F3NN(E*$K@8@.$9$k!% 6&M-6u4V$OJ,;66&M-%a%b%j%7 %9%F%‘$G<B8=$9$k!%0l4S @-4I M}$O sequen tial consistency mo del $KB’$C $?%"%C %W %G!< %H J} <0 $G!$ =>$C $F %Z!< %8 $O CV 49 $5 $l $J $$ 8B $j %a %b %j $K ;D $k!% 6& M- %Z!< %8 $X $N %" %/ %; %9 $O %" %/ %; %9 ;~ $K %-%e!<$K7R$,$l!$%i%$%H$N>l9g$K$O%*!<%J!<$+ $i$N%"%C %W %G!< %H $N Aw ?. $H $= $l $K BP $9 $k Ac k $N JV ?. $H $, 9T $o $l $k!% %a %b %j %" %/ %; %9 %3 %9 %H $O!$ %/ %i %9 %? Fb � %/ %i %9 %? 4V � #2 <! 5- 21 $H $$ $& 2> Dj $r H? 1G $9 $k $h $& $K @_ Dj $9 $k!% %9%1%8%e!<%j%s%0$K$h$j%9%l%C%I$N3d$jEv$F0LCV $,JQ2= $7$?>l9g$K$O!$%m!<%+%k%Z!<%8$O%M%C%H%o!<%/$r 2p$7$F on-demand $K 0\F0 $9 $k!%%W %m %;%9 $N 3d$j Ev $FNN 0h $,JQ 2=$7$?>l9g$K$O!$8=:_$N3d$jEv$FNN0h30$KB8:_ $9$k6&M- %Z!<%8$O%3%9%H 0 $G>C5n$9$k!% %W%m%;%9$N<B9T$O%/%m%C%/%Y!< %9$N3NN(%b%G%k$G!$F1 4|BT$AKt$O%Z!<%8BT$A>uBV$G$J$1$l$P3F%/%m%C%/ Kh$K%a %b%j%"%/%;%9$r9T$J$&!%$^$?%W%m%;%9$N%9%l%C %I$O!$M? $( $i $l $? M- 8z <B 9T %/ %m%C %/ 4V 3V $G %i %s %@ %‘ $J AH 9g $; $N %9%l%C%I4V$GF14|$r5/$3$9!%F14|$O!$F14|E@$XE~ C#$7$? %9%l%C%I$+$i%i%s%@%‘$KA*Br$5$l$?%P%j%"$N %k!<%H!&%9 %l%C%I$X$NAw?.$H!$$=$l$KBP$9$kJV?.$H$G<B8= $5$l$k!% $3$3$GM-8z<B9T;~4V!J$9$J$o$A%/%m%C%/?t!K $H$O!$%Z!< %8BT$A$*$h$SF14|BT$A0J30$NF0:n$r$7$?;~4V$N $3$H$G$" $k!% 4. <B83$*$h$S9M;! <B83$H $7$F $O I= 2 $N$h$& $J%Q %i%a!< %?$r :NMQ $7!$%W %m %;%C%5 256 Bf$N 2 <oN‘$N %7%9 %F%‘ ( %k!<%H3,AX$+ $i=g $K 8-8-4 J,4t $9 $k 3 CJ%M%C %H %o!< %/ [w488 $HI= 5- ] !$ $* $h $S F1 4-4-4-4 J, 4t $9 $k 4 CJ %M%C %H %o!< %/ [w4444]) $K $* $$ $F!$ I= 3 $N3F%W%m%; %9%;%C %H$r<B 9T$7 $?!%<B83 $O!$%W %m %;%9 $, 0l $D 0J >e =* N; $9 $k !J 20 %?%$ %‘ %9 %i %$ %9 J, $N M- 8z <B

6 >pJs=hM}3X2qO@J8;o June 1998 ?^ 4 %W%m%;%9%;%C%H #A$N%7%_%e%l!<%7%g%s7k2L Fig. 4 Sim ulation result of the pro cess set A ?^ 5 %Z!<%8CV49J}<0$NHf3S ( %9%1%8%e!<%j%s%0J}<0#4 ) Fig. 5 Comparison of the page replacemen t p olicy (sc heduling p olicy 4) 9T8e!K$+!$ 100 %?%$%‘%9 %i%$ %9$N <B9T $r=* $($k $^$G 7QB3 $7$?!% %W%m%;%9%;%C%H#A$KBP$9$k<B83$, =*N;$7$?;~E@$G$NI> 2A7k 2L$r ?^ 4 $N %0%i %U$K <($9!%:8 Ns$N %0%i %U$, w488 !$ 1& Ns $, w4444 $N >l 9g $N 7k 2L $G $" $k!% $^ $?!$ %0 %i %U $N =D <4$O!$%W%m%;%C%5;~4V$NFbLu$rAjBPHfN( $GI=$7$?$b$N$G $"$k!%<!$K!$ %Z!<%8CV 49J} <0$NHf 3S7k 2L$r ?^ 5 $K<($9!% ?^ 5 $G$O%9%1%8%e!< %j%s%0J}<0 algo4 !$ w488 $N%M%C%H %o!< %/ 9= @. $r MQ $$ $F $$ $k!% $3 $l $O %W %m %; %9 %;%C %H #A!$ #L!$ #M!$ #R $K $D $$ $F algo4 $, >o $K 0B Dj $7 $F :G $b M% $l $? @-G=$r<($9$3$H$K4p$E$$$F$$$k!%$^ $?!$%W%m%;%9%;%C%H #A!$#L!$#M!$#R$rMQ$$$?%9%1%8%e!<%j%s%0 J}<0$NHf3S7k 2L$r ?^ 6 $K<($9!%$3 $3$G$O!$ %Z!<%8CV 49J} <0#1$r MQ$$$F $$$k!% ?^ 6 %W%m%;%9%;%C%H#A!$#L!$#M!$#R$N%7%_%e%l!<%7%g%s7k2L Fig. 6 Sim ulation results of pro cess sets A, L, M, R I= 2 3F<o%3%9%H$*$h$S%Q%i%a!<%? T able 2 Costs and parameters 9‘L\ CM %W%m%;%C%5?t 256 Bf %G%#%9%/%"%/%;%9 100000 clk %Z!<%80\F04pK\%3%9%H 500 clk DL?.4pK\%3%9%H 50 clk 1 %a%b%j$N%Z!<%8?t 400 pages 1 %Z!<%8$N%5%$%: 4096 Byte Am%a%b%jNL 409.6 Mb yte 1 quantum 1000000 clk 4.1 %9%1%8%e!<%j%s%0J}<0$K$D$$$F A 0J30$N%W%m %;%9%;%C %H$G $O!$6&M- %Z!<%8 $N%3 %T!<$, @8@.$5$l$k$3$H$G%Z!<%8CV49$,H/@8$7$F$$$k!%HF MQ$JJ, ;6JBNs4D6-$G$O$3$N$h$&$J%7%9%F%‘$NMxMQ>u67 $,<+A3$G $"$m$&!% algo4 $N$h$&$K%W%m%;%9$N3d$jEv $FNN0h$r8GDj $7$?>l9g!$%W%m%;%9%;%C%H$NAH9g$;$N@-<A$+$i== J,$K%/ %i%9%?$r3hMQ$7$J$$$?$a!$<B:]$N%7%9%F%‘$G$O %"%$%I%k ;~4V$,8:$k2DG=@-$H$7$F!$0J2<$N$3$H$,5s$2$i$l$k!% ( 1 ) Bf?t2DJQ@) Ls$N :NMQ$9 $k>l 9g$K$O!$ %W%m %;%C%5 Bf ?t$K$D$$$F <+M3EY $N9b $$%9 %1%8%e!<%j %s%0 $r9T$J $&$3$H$,$G$-$k!% ( 2 ) FCDj$N%W %m%;%9 %;%C%H $K$H$C $F%9 %1%8%e!< %j%s %0 $N \ 7j " $H $J $k NN 0h $r!$ B> $N %W %m %; %9 $, M- 8z Mx MQ $9$k$3$H$,$G$-$k!% A0 =R $7 $? $h $& $K!$ algo2, 3, 4 $N 0c $$ $O %a %b %j %Z!< %8 $N0LCV$K8G<9$9$kEY9g$G$"$k!%<B837k2L$O!$%W%m %;%9$r <B%Z!<%8$r=jM-$9$kNN0h$K3d$jEv$F$k798~$,9b $$J}<0$[ $I NI $$ $3 $H $r J* 8l$C $F $$ $k!% algo2, 3, 4 $N =g $K %Z!< %8 $N0\F0NL$,B?$$$o$1$@$,!$?^ 4 $r8+$k$H!$$=$N=g$GDL?. ( %Z!<%8=hM} ) $dF14|$, @j$a$k ;~4V$, Bg$-$/ $J$C$F$$ $k$3 $H$,J,$+$k!%$3$l$O!$%a%b%j%"%/%;%9IQEY$N9b$$ Hs6&M- 6u4V%Z!<%8$N0\F0$,>/$J$/$J$k$h$&$K%9%1%8%e!< %j%s%0

V ol. 39 No. 6 HFMQD6JBNs OS SSS{CORE $K$*$1$k%9%1%8%e!<%j%s%0J}<0 7 I= 3 %W%m%;%9%;%C%H$N35MW T able 3 Description of pro cess sets %W%m%;%9 AmHs6&M- Am6&M- %a%b%j$N %;%C%H %W%m%;%9?t JBNsEY AmJBNsEY 6u4V%5%$%: 6u4V%5%$%: :GBgMW5aEY F14|4V3V ( J#?t$N>l9g$N8D?t ) [pages] [pages] [ Am<B%a%b%jHf ] [clo c ks] A 12 16,36,48,50(2),64,70 1050 35500 10120 1.00 1000{2000 96,100,128,192,200 L 11 64(5),128(2),192(2),256(2) 1472 68480 7280 1.68 1000 M 23 16(16),50(6),256(1) 812 35480 30320 1.70 1000 R 14 16,36,48,50(2),64,70,96 1514 65320 14980 1.67 1000{3000 $9 $k 8z 2L $, 1F 6A $7 $? $H ?d Dj $5 $l $k!% $^ $?!$ %a %b %j 0n $l $,$[$H $s$I5/$-$J$$ !y %W%m%;%9%;%C %H A $N>l9g $K$D$$$F $b!$$I$N;XI8$rMQ$$$F$b algo4 $,:GNI$H$J$C$F$$$k!%$= $l0J30$N%9%1%8%e!<%j%s%0J}<0$O!$7k 6I%Z!<%8$N0\F0%3 %9%H$,9b$/$D$$$F@-G=$,=P$F$$$J$$!% 4.2 %Z!<%8CV49J}<0$K$D$$$F %Z!<%8CV49 J}<0$K $D$$ $F$OJ} <0 1 $,J}<0 0 $K>o$K>!$C $F$$$k!%J}<0 1 $G$O%W%m%;%9$N6&M-%Z!<%8$,CV49$5 $l$k $N$KBP$7$F!$J}<0 0 $G$O%W%m%;%9$N%m!<%+%k6u4V $N%Z!< %8 $d %i %9 %H %o %s 6& M- %Z!< %8 $, CV 49 $5 $l $F $$ $k!% %a %b %j $X $N MW 5a EY $, 7Z $$ %;%C %H A, K, L $G $O!$ B> ?M $N %3 %T!< %Z!<%8$rCV49$9$k$3$H$7$+$J$$!%$b$&>/ $7%a%b%j$X$NMW 5a EY $, =E $$ %;%C %H M $G $O <+ J, $N %3 %T!< %Z!< %8 $r CV 49 $9 $k$3$H$b$"$k$,!$$h$j%"%/%;%9$5$l0W $$Hs6&M-%Z!<%8$r DI$$=P$5$J$$$3$H$G8zN($NNt2=$rKI $$$G$$$k!%$3$3$K$" $2$?%1!<%9$G$O!$6&M-%3%T!<%Z!<%8$rM% @hE*$KCV49$9$k 8z2L$,6K$a$FBg$-$/$J$C$F$$$k$H$$$( $k!%0J>e$N$3$H$+ $i NUMA 4D6-$K$*$$$F $O!$%Z!<%8$r%"%/ %;%9IQEY$*$h $SCV498e$N:F%"%/%;%9%3%9%H$r9MN8$7 $?J,N‘$K4p$E$$$? %Z!<%8CV49$r9T$J$&$3$H$G!$9b8zN($JHF MQ4D6-$rDs6!$9 $k$3$H$,2DG=$G$"$k$3$H$,<($5$l$F$$$k!% :#2s$N<B83$G$b$C$H$b@-G=$NNI $$!$%9%1%8%e!<%j%s%0 J}<0 algo4 $GCV49J}<0 1 $N>l9g$N7k 2L$G!$M-8z <B9TN( $, 50% $+$i 68% Dx EY$G $"$k!% 6& M-%Z!< %8$N 0l4S @-4I M}$, sequen tial consistency mo del $K => $& $? $a!$ %Z!< %8 $N %"%C%W%G!<%H=hM}<+BN$N%3%9%H$h$j!$6& M-NN0h$X$N%"%/ %;%9=hM}$K$*$1$k@h9T%"%/%;%9=hM}$N =*N;BT$A;~4V$,Hs >o$KBg$-$$!% $3$l $O4K OB $5$l $? %a%b %j %b%G %k !y!y $N:NMQ $K $h$j $5 $i$K 8~>e$9$k$3$H$,2DG=$G$"$k!%$^$?!$4KOB $5$l$?%a%b%j%b %G%k$r;H$($P!$%Z!<%8$r0\F0$7$?;~$N%3 %9%H$N%W%m%;%9 $KBP$9$k0-1F6A$N8z2L$O>.$5$/$J$k!% $^$?K\O@J8$K$*$1$k%7%_%e%l!<%7%g %s%b%G%k$G$O!$%a !y %W %m%; %9 $N3d $j Ev$F NN0h $N =E$J $j 6q9g $G!$ 0lIt NN 0h$K $*$$ $F %Z!< %8CV49$,H/@8$7$F$$$k!% !y!y release consistency mo del $d weak consistency mo del Ey F14|$HC‘<!2=$r sequen tial consistency mo del $HHf3S$7$F8: >/$5$;$?%a%b%j%3%s%7%9%F%s%7%b%G%k %b%j%"%/%;%9$H%9%l%C%I4V$NF14|$H$,FHN)$7$? ;v>]$H$7 $F%b%G%k2=$5$l$F$$$k$?$a!$%Z!<%8=hM}$KHq$d$5 $l$k;~ 4V$N8:>/$O!$$=$N$^$^F14|;~4V$NC;=L$K$D$J$,$k!% 0J>e$N$3$H$+$i!$K\O@J8$K$*$1 $k<B83$G$N7k2L$NCM$N Dc$5$,!$JBNs4D6-$K$*$1$k%7%9%F%‘$NHFMQ$JMx MQ7ABV$r H]Dj$9$k$3$H$O$J$$!% 5. $* $o $j $K HFMQD6 JBNs OS SSS{CORE $K$*$1 $k;q 8;>p Js$r MxMQ $7$?%9%1%8%e!<%j%s%0J}<0!$$J$i$S$KJ,;66&M-%a %b%j$r A[Dj$7$?%a%b%j%Z!<%8$NJ,N‘$K=>$C$?%Z!<%8CV49 J}<0$K $D$$$F=R$Y$?!%$5$i$K$3$l$i;q8;4IM}5!9=$N@- G=$r!$>\ :Y3NN(%b%G%k>e$G$N%7%_%e%l!<%7%g%s$K$h$jI> 2A$7$?!% $=$N7k2L%9%1%8%e!<%j%s%0J}<0$K$D$$$F$O!$;q8; 4IM}9= B$$rMxMQ$7$?!$%W%m%;%9$,=jM-$9$k<B%Z!<%8$,B8 :_$9$k NN0h$r3d$jEv$F$kJ}<0$NM%0L@-$,G’$a$i$l!$%Z!< %8CV49 J}<0$K$D$$$F$O!$%Z!<%8$NJ,N‘$K=>$C$?%Z!<%8CV 49J}<0 $,NI$$@-G=$r<($7$?!%$3$NN>J}<0$rAH$_9g$o$; $?>l9g$N <B837k2L$G$O!$Ii2Y>u67$,9b$$%1!<%9$G$bM-8z<B 9TN($K $h$kI>2A$, 50% DxEY0J>e$G$"$k!% SSS{CORE $G$O!$Bf?t2DJQ@)Ls$rMQ$$$l$,!$:#2sI> 2A$7$?M-8z<B9TN($K2C$(3F%/%i%9%?$,%"%$%I%k $9$k;~4V $bM-8z$J<B9T;~4V$KAH$_F~$l$k$3$H$,2DG=$H $J$k!%=>$C $F!$ ?^ 6 $h $j 65% $+ $i 85% $N <B 9T ;~ 4V $, M- 8z $K 7W ;; $KMQ$$$i$l$k!%$3$l$i$N$3$H$+$iK\O@J8$GDs0F $7$?J}<0 $K$h$j<BMQE*$K==J,$J%l%Y%k$N%9%1%8%e!<%j%s%0 @-G=$, F@$i$l$F$$$k$H9M$($i$l$k!% <U<- K\8&5f$O>pJs=hM}?66=;v6H2q !J#I#P#A!K$,<B;\$7$F$$ $kFHAOE*>pJs5;=Q0i@.;v6H$N0l4D$H$7$F9T$J$C$?!% ;2 9M J8 8% 1) R. Chandra et al. Sc heduling and P age Mi- gration for Multipro cessor Compute Serv ers. In A CM, ASPLOS VI , pages 12{24, Octob er 1994. 2) In tel Sup ercomputer Systems Division. Par agon User’s Guide , order n um b er 312489 - 003 edition, June 1994.

8 >pJs=hM}3X2qO@J8;o June 1998 3) D. G. F eitelson. P ac king sc hemes for gang sc heduling. In Pr o c. IPPS’96 Workshop on Job Sche duling Str ate gies for Par al lel Pr o c ess- ing , pages 54{66, April 1996. 4) D.G. F eitelson and L. Rudolph. Distributed Hierarc hical Con trol for P arallel Pro cessing. IEEE Computer , 23(5):65{77, Ma y 1990. 5) J. K. Ousterhout. Sc heduling tec hniques for concurren t systems. 3r d Intl. Conf. Distribute d Computer Systems , pages 22{30, Octob er 1982. 6) T.E.Anderson et al. Sc heduler activ ations: Ef- fectiv e k ernel supp ort for the user-lev el man- agemen t of parallelism. Pr o c. of the 13th A CM Symp o. on Op er ating Systems Principles , 25(5):95{109, Octob er 1991. 7) R. V asw ani and J. Zahorjan. The implication of cac he a�nit y on pro cessor sc heduling. In Pr o c. of 13th A CM Symp. on Op er ating Sys- tems Principles , pages 26{40, Octob er 1991. 8) >>K\ >0 . %^%k %A %W %m %;%C %5 >e $N F1 4| 5! 9= $H %W %m %;%C %5%9%1 %8%e!<%j %s%0$K 4X$9$k 9M;! . 7W;;5! %"!<%-%F %/ %A%c 8& 5f 2q Js 9p No.79-1 , pages 1{8, No v em b er 1989. 9) >> K\ >0 . :Y N3 EY JB Ns <B 9T ;Y 1g %^ %k %A %W %m %;%C %5 $N 8!F$ . >pJs=hM}3X 2qO@ J8;o , 31(12):37{42, August 1989. 10) >> K\>0 et al. HFMQD6JBNs%* %Z%l!<%F%#%s%0%7%9%F %‘ SSS{CORE. F| K\ %= %U %H %&%’ %" 2J 3X 2q Bh 11 2s Bg2qO@J8=8 , pages 13{16, Octob er 1994. 11) ?. 9q M[ Fs O: et al. HF MQ JB Ns os sss{core $K $*$1 $k %+!<%M%k%9%1 %8%e!<%j%s%0J}<0 | >\:Y3NN( %b%G%k $K $h $k @- G= I> 2A |. >p =h 8& Js 96-OS-73 , 96(79), August 1996. 12) ?. 9q M[ Fs O: et al. JB Ns #O #S $N @- G= M= B, $r 2D G= $K $9 $k %7 %_%e %l!< %7%g %s %b %G %k . >p =h 8& Js 96-AR C-117 , 96(23):19{24, Marc h 1996. ( J?@. 9 G/ 10 7n 31 F|<uIU ) ( J?@. 10 G/ 4 7n 7 F|:NO? ) ?.9qM[FsO: 1971 G/@8 . 1997 G/El 5~ Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J >p Js 2J 3X @l 96 =$ ;N 2] Dx =*N; . M}3X =$ ;N!%F1 G/ #47n $+ $i!J3t!K %"!< %D %F%C %/ $K 6P L3!% JB Ns J, ;6 %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ $K 6= L# $r ;} $D!% >>K\ >0 !J@52q0w!K 1962 G/ @8!% 1985 G/ El 5~ Bg 3X 9) 3X It7W?t9) 3X2JB4 6H!% 1987 G/Bg:e;TN) Bg 3X Bg 3X 1! M} 3X 8& 5f 2J J* M} 3X @l 96 =$ ;N 2] Dx =$ N;!% F| K\ %" %$!& %S!<!& %( %‘ !J3t!K El 5~ 4p AC 8& 5f =j 8& 5f 0w $r 7P $F!$ 1991 G/ 11 7n $h $j El 5~ Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J >p Js 2J 3X@l96=u<j!%JBNs7W;;5!%"!<%-%F%/%A%c!$JBNsJ, ;6%*%Z %l!<%F%#%s%0%7%9%F%‘!$:GE,2=%3%s%Q%$%i$K4X$9 $k8&5f $K=>;v!%B>$K?tCM7W;;$K$h$k@)Ls2r>C7O!$%0 %i%U%#%C%/ %9!$%K%e!<%i%k%M%C%H%o!<%/Ey$K6=L#$r;}$D!%EE ;R>pJs DL?.3X2q!$F|K\%=%U%H%&%’%"2J3X2q!$ A CM 3F2q0w!% J?LZ 7I !J@52q0w!K 1976 G/El 5~ Bg3X M} 3X ItJ* M} 3X2J B4 6H!% 1982 G/ F1 Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J J* M} 3X @l 96 Gn ;N 2] Dx =$ N;!% M} 3X Gn;N!% 1982 G/DL>&;:6H>J 9)6H5; =Q1! EE;R5;=Q Am9g8& 5f=jF~ =j!% 1988 G/$h $j #2 G/ 4V IBM <R T !% J !% W atson 8&5f %; %s %? 5R 0w 8& 5f 0w!% 1990 G/ $h $j El 5~ Bg 3X M} 3X It >p Js2J 3X 2J !J8= :_ Bg 3X 1! M} 3X 7O 8& 5f 2J >p Js 2J 3X @l 96!K $K 6P L3!% 8= :_!$ D6 JB Ns %"!<%-%F%/%A%c!$D6JBNsD6J,;67W;;!$JBNs%* %Z%l!<%F%# %s%0%7%9%F%‘!$%M%C%H%o!<%/%"!<%-%F%/%A%c$J$I $N9bB. 7W;;%7%9%F%‘$N8&5f$K=>;v!%F|K\%=%U%H%&%’%"2J 3X2q2q 0w