1 KLIC $K$*$1$k%4!<%k!&%9%1%8%e!<%j%s%0:GE,2= 0K @n 2m I’ y Bg Ln OB I’ y 8^ Eg @5 M5 y ?9 bC 0l O: y Cf Eg 9@ y IY ED bC <# y JB NsO@ M} 7?8@ 8l KL1 $G $O!"0l $D 0l$D $N%4!< %k $,JB 9T <B9T $N C10L $G $"$k $? $a!"$= $N:Y N3 EY$N JB 9T@- @) 8f $K H< $& %*!< %P %X%C %I $, B. EY Dc 2< $r 0z $- 5/ $3 $7 $F $$ $k!# $= $3 $G K\ 8& 5f $G $O!" C‘ <! <B 9T $, :G E, $G $" $k $h $& $J %7!<%1 %s %9$r JB 9T<B 9T $N C10L $H $9$k :G E,2= <j K!$r Ds 0F $9$k!# K\ <jK! $G $O!" KL1 %W%m %0 %i%‘ $r @E E*$K 2r @O $7!" H> =g =x $N 0M B8 4X 78 $, $J $j $? $D %4!< %k $N =8 9g $r 5a $a $k!# $3 $l $r MQ $$ $F!" %W %m %0 %i %‘ $r %9 %l%C %I $H 8F $V C‘<! <B9T$, :GE, $J%4!< %k7O Ns$K J,3d $9$k!# %9%l%C%I Fb$O C‘<! <B9T $r9T $&$h $&$K @EE*$K %9%1 %8%e!<%j %s%0 $5 $l!"3F!9 $N%9 %l%C%I $OJB 9T<B9T $NC1 0L$H $7$F F0E* $K%9 %1%8%e!< %k$5 $l$k!# 0lJ}!" <B9T ;~$N JBNs @-$N Dc2< $r :G>. 8B$K$H $I$a $k$? $a!"MW 5a$5 $l$? %G!<%? $r@8@. $9$k %9%l%C %I$r M%@h E*$K %9%1 %8%e!<%k$9 $k$h $&$J F0E* $J %9 %1 %8%e!< %j%s %0 5! 9= $r F3 F~ $9 $k!# $3 $N :G E, 2= $r ICOT $G 3+ H/ $5 $l $? KL1 =h M} 7O KLIC >e $K <B Au $7!" 4JC1$J%W%m%0%i%‘$G@-G=I>2A$r9T$C$?$H$3$m!"<B9TB.EY$GLs 1.7 G\$NB.EY8~>e$,C#@.$5$l$?!# The Optimization of Goal Scheduling on KLIC Masahiko Ika w a, y Kazuhiko Ohno, y Masahiro Goshima, y Shin-ichiro Mori, y Hiroshi Nakashima y and Shinji Tomit a y In the conv en tional run-time system for the parallel logic programming language KL1, its �ne-grained concurrency control frequently casues unnecessary goal switching which degrades its execution p erfromance. W e propose an optimization metho d to reduce the num ber of goal switching. In this metho d, we analyse the data dep endency among goals to �nd a group of goals, named thr e ad . A thread consists of the goals which are executed in a prede�ned order and are free from deadlock caused by mutual data dep endency . Thus this threading reduces not only the num ber of goal switching but also the ov erhead on the switching owing to the static scheduling. On the dynamic scheduling of threads, we give a priority to each thread so that a generator thread of a request data is scheduled prior to other threads. Ev aluation results show that we achiev ed 1.7 fold sp eedup by this optimization. 1. $O $8 $a $K 6aG/!"JBNs7W;;4D6-$N%O!<%I%&%’%"E*$J4pHW$,5^B.$K @0 Hw$5$l$D$D$"$k$N$KBP$7!"%=%U%H%&%’%"$K4X$9$k2]Bj $O ;3@Q$7$F$*$j!"FC$K9b$$@-G=$rH/4x$9$k%W%m%0%i%‘$r MF 0W $K 3+ H/ $9 $k 5; =Q $, 6/ $/ 5a $a $i $l $F $$ $k!# $= $3 $G!" KL1 $r $O $8 $a $H $9 $k JB 9T !? JB Ns 7? $N %W %m %0 %i %_ %s %0 8@ 8l $,4|BT$5$l$F$$$k!#$3$l$i$N8@8l$O!"%W%m%0%i%‘$NJB 9T @-!?JBNs@-$N5-=R$r8@8l$N4pK\E*%W%j%_%F%#%V$H$7$F Hw $($F$$$k$?$a!"JBNs=hM}$K$H$b$J$&%P%0:.F~$r:G>.2= $G $-$k$H$$$&FC<A$r;}$D!#$^$?!"JB9T!?JBNs%W%m%;%9$N %M%C %H%o!<%/$r<+A3$K5-=R$G$-$k$?$a!"$$$o$f$k%G!<%? JB Ns$KN1$^$i$J$$B?<oB?MM$J1~MQ$H%W%m%0%i%_%s%0!&%Q %i%@%$%‘$KBP$9$k9b$$JqMFNO$bM-$7$F$$$k!# $7$+$7$J$,$i!"JBNs=hM}$N=EMW$JB&LL$G$"$k9bB.@-$N 4Q E@$+$i$O!"$3$l$i$NJB9T!?JBNs7?8@8l$N=hM}%7%9%F%‘ $N @-G=$O==J,$H$O8@$($J$$!#$3$N@-G=>e$NLdBjE@$NBg$- y 5~ETBg3XBg3X1!9)3X8&5f2J $JM}M3$K!"8@ 8l$NK\<A$G$"$kJB9T@-@)8f$K$H$b$J$&%*!< %P %X%C %I$, $" $k!# KL1 $O $= $N C<E* $J Nc$N 0l $D$G $" $j!" 3F!9$N%4!<%k $,JB9T<B9T$NC10L$G$"$k$?$a!"%4!<%k!&%9 %1%8%e!<%j%s%0 $NJ}<0$,%W%m%0%i%‘$N@-<A$KE,9g$7$F$$ $J$$$H!"K\Mh C‘<!E*$K<B9T$9$k$N$,:GE,$JItJ,$rJB9T<B 9T$9$k$J$I!" L5BL$J=hM}$K$h$k%*!<%P%X%C%I$,Cx$7$/Bg $-$/$J$k>l9g$,$"$k!# $=$3$GK\8&5f$G$O!"$3$N%*!<%P%X%C%I$r8:>/$5$;$k$3 $H$rL\E*$H $7$F!"%4!<%k$N%9%l%C%I2=$K$h$j%4!<%k%9%1 %8%e!<%j%s%0$N:GE,2=$r9T$C$?!# 0J 2< Bh 2 >O $G $O K\ 8& 5f $N GX 7J $r =R $Y!" 3 >O $G => Mh $N KL1 =hM}7O$N %4!< %k%9 %1%8%e!< %j %s%0 $K 4X$9 $kLd Bj E@$H $=$N2r7hJ}K!$K$D$$$F=R$Y$k!#$^$?!" 5 >O$GK\O@$GDs0F $9$k:GE,2=<jK!$K$D$$$F=R$Y$?8e!"Bh 6 >O$GK\<jK!$N@- G=I>2A$H$=$N9M;!$r9T$J$$!"Bh 7 >O$G$^$H$a$r9T$J$&!#

2 2. GX 7J 2.1 JBNsO@M}7?8@8l KL1 1) KL1 $O Flat GHC $K 4p$E$/8@8l $G!"0J2<$N 7A$r$7$? @a$N=89g$GI=$5$l$k!# H : � G 1 � � � ; G m j B 1 � � � ; B n : H,G,B $O=R8l $G $" $j!" $= $l$> $l %/ %m!< %: %X%C %I!" %,!< %I %4!< %k!" %\ %G%# %4!< %k $H 8F $P $l $k!# =R 8l $O ‘ =R 8l L> / 0z?t$N8D?t ’ $GI=5-$5$l$k!# %4!< %k G $, M? $( $i $l $k $H!" %X%C %I H $H $N %f %K %U%# %1!<%7%g%s$*$h$S%,!<%I %4!<%k G 1 ; � � � ; G m $N<B9T$,9T $o $l $k!# %X%C %I $H $N %f %K %U%# %1!< %7%g %s $H!" $9 $Y $F $N %,!< %I%4!<%k$N<B9T$,@.8y$7$?>l9g$K!"$=$N@a$,A*Br$5 $l!"%4!<%k G $O%\%G%#%4!< %k B 1 ; � � � ; B n $K=q$-49 $($i $l!" $=$l$>$l$,JBNs$K<B9T$5$l$k!#$^$?!"%,!<%I%4!<%k $G L$6qBN2=JQ?t$KBP$9$k;2>H$,9T$o$l$k$H$=$N%4!<%k$O <B 9T$rCfCG$9$k!#$3$l$r%5%9%Z%s%I$H8F$V!#$^$?!"$3$N L$ 6qBN2=JQ?t$,6qBN2=$5$l$k$H!"$3$N%4!<%k$O<B9T$r:F 3+ $9$k!#$3$l$r resume $H8F$V!#$^$?!"JQ ?t$OC10lBeF~ $G$"$j!"=q$-49$($r9T$&$3$H$O$G$-$J$$!# 2.2 KL1 =hM}7O KLIC 2) 4) KLIC $O!" ICOT $G 3+ H/ $5 $l $? KL1 $N =h M} 7O $G $" $j!" KL1 %W %m %0 %i %‘ $r $$$C $? $s C %W %m %0 %i %‘ $K JQ 49 $7!"%*%V%8%’%/%H%3!<%I$N@8@.$O%?!<%2%C%H%^%7%s$N C %3 %s%Q%$%i$,9T$&J}<0$r$H$C$F$$$k!#$h$C$F!"DL?.4X78 $J $I$N5!<o0MB8It$r=|$-0\?"@-$N9b$$=hM}7O$H$J$C$F$$ $k!# 8=:_!"HFMQJBNsDL?.%i%$%V%i%j$G$"$k PVM 3) $rMQ $$$?%o!<%/%9%F!<%7%g%sHG KLIC $,2TF/Cf$G$"$k!# <B9T %W %m%0 %i%‘ $O KL1 %W %m%0 %i%‘ $+$i F@ $i$l $?%* %V %8%’ %/ %H %3!< %I $H KLIC $N %i %s %? %$ %‘ %i %$ %V %i %j $r %j %s %/$9$k$3$H$G:n@.$5$l$k!#<B9T%4!<%k$NA*Br$J$I$N%W %m %0%i%‘A4BN$N@)8f$O!"%+!<%M%k$H8F$P$l$k%i%s%?%$%‘ %k!<%A%s$,9T$&!# $^ $? KLIC $K $O!" KL1 $N4p K\ %G!< %? $N B> $K generic ob ject $H 8F $P $l $k %G!< %? 9= B$ $, B8 :_ $9 $k!# generic ob ject $O %G!< %? NN 0h $H %G!< %? $r A‘ :n $9 $k %a %=%C %I $H 8F $P $l $k <j B3 $- $+ $i $J $k!# generic ob ject $K $O data, consumer, generator $N#3$D $N%?%$ %W$, $"$j!" MQES $K1~ $8 $F ;H $$ J, $1 $i $l $k!# consumer ob ject $H generator ob ject $O 6& $K L$ 6q BN 2= JQ ?t $N 0l <o $G!" $= $l $> $l $K BP $7 $F!" 6qBN2=$d;2>H$H$$$C$?%"%/%7%g%s$,$"$C$?>l9g$K<+ F0E*$K%a%=%C%I$,5/F0$9$k$h$&$J%*%V%8%’%/%H$G$"$k!# 3. =>Mh<jK!$NLdBjE@$H:GE,2=<jK!$N35MW 3.1 =>Mh$N%4!<%k%9%1%8%e!<%j%s%0$NLdBjE@ => Mh$N KL1 =hM} 7O$G $O %4!<%k 4V $N%G!< %?0M B8 $K$h $k %G%C %I%m%C%/$rHr$1$k$?$a!"%4!<%k$rF0E*$K%9%1%8%e!< %j %s%0$9$k!#$3$N;~!"%4!<%k!&%9%1%8%e!<%j%s%0$NJ}<0 $, %W %m %0 %i %‘ $N @- <A $K E, 9g $7 $F $$ $J $$ $H!" L5 BL $J %9 %1 %8%e!< %j%s%0$K$h$k%*!<%P%X%C%I$,Cx$7$/Bg$-$/$J$k>l ?^ 1 %W%m%0%i%‘Nc 1 9g $,$"$k!#$3$3$G $O!" KLIC 0J A0$N KL1 =hM}7O$GMQ$$ $i$l$F$-$? %W%m %;%9 ;X8~%9 %1%8%e!< %j%s %0$H KLIC $GMQ $$ $i $l $F $$ $k resumption �rst %9 %1 %8%e!< %j %s %0 $N Ld BjE@$K$D$$$F=R$Y$k!# 3.1.1 %W%m%;%9;X8~%9%1%8%e!<%j%s%0 KLIC 0JA0 $N=> Mh KL1 =h M}7O $G$O %W%m %;%9 ;X8~ %9%1 %8%e!<%j%s%0$H 8F$P$l$k%9%1%8%e!<%j%s%0J}<0$,MQ$$$i $l$F$-$?!#$3 $NJ}<0$O<B9T$r3+;O$7$?%4!<%k$N%5%V%4!< %k$r2DG=$J 8B$j<B9T$9$k$3$H$K$h$C$F!"%4!<%k$N%9%$%C %A%s%0$N%3 %9%H$r8:$i$9$3$H$rL\E*$H$7$F$$$k!#$3$N%9 %1 %8%e!<%j%s%0J}<0$NLdBj E@$r?^ 1 $N$h$&$J%W%m%0%i %‘ CGJR$rMQ$$$F9M;!$9$k!# $3$N%W%m%0%i%‘CGJR$N%G!<%?0MB8$O<!$NDL$j$G$"$k!# :F5" $K$h$k%k!<%W$N3F%9%F%C %W$r9M$(!"%k!<%W$N k 2s L\$G @8 @.$5 $l$k %4!<%k g oal $r g oal k $H I=$9 $H!" q n , r n +1 , s n , p n +1 $, $= $l $> $l r n , q n , r n , s n $K %G!<%?0MB8$9$k!# %k!<%W$N k 2sL\$G q k $,CfCG$7!" p k $,%9%1%8%e!< %j%s %0$5$l$?>u BV$r9M$($k$H!"%W%m%;%9;X8~%9%1%8%e!<%j%s %0$N>l9g!"<!$N$h$&$K<B9T$5$l$k!# p k ! r k ! s k ! p k +1 ! r k +1 (susp) ! s k +1 (susp) ! p k +2 (susp) ! (rsm) q k ! q k +1 (susp) ! (rsm) r k +1 ! (rsm) s k +1 ! (rsm) p k +2 ! g oal (susp) : g oal $,CfCG (rsm) g oal : g oal $,:F3+ $3$N$h$&$K q $H r $, 1 2s%a%C%;!<%8$r$d$j<h$j $9$kEY $K!"3F!9$, 1 EY$:$DCfCG$7$F$7$^$&!#$^$?!" s $H<!@$Be $N p $O r $K0MB8$7$F$$$k$K$b$+$+ $o$i$: r $,CfCG$7$?>l 9g$b%9%1%8%e!<%k$5$l$F$7$^$&$?$a!":F5"%k!<%W 1 2s$" $?$j7W 4 2s$N%4!<%kCfCG$,5/$3$C$F$7$^$&!# $3$N$h$&$K%W%m%;%9;X8~%9%1%8%e!<%j%s%0$G$O!"%G!< %?$N@8@.!&;2 >H%4!<%k4V$N@Z$jBX$(;~$K%4!<%kCfCG$,@8 $8$k$@$1$G $J$/!"$=$N%G!<%?$r4V@\E*$KI,MW$H$9$k%4!< %k$bB??tCfCG$9$k2DG=@-$,$"$k!# 3.1.2 resumption �rst %9%1%8%e!<%j%s%0 KLIC $G$H$i$l$F$$$k%9%1%8%e!< %j%s%0$NJ}<0$O <!$N DL$j$G$"$k!# � 4pK\E*$K$O:8!??<$5M%@h$N%4!< %k%9%1%8%e!<%j%s%0 $r9T$& � $?$@$7!"F10l2=$K$h$C$F<B9T2D G=$K$J$C$?%4!<%k$O M%@hE*$K%9%1%8%e!<%k$5$l$k $3 $N $h $& $K KLIC $N %9 %1 %8%e!< %j %s %0 J} <0 $O!" re- sume $5 $l$?%4!< %k$, :G$b M%@h E*$K %9%1%8%e!< %k$5 $l$k

3 ?^ 2 %W%m%0%i%‘Nc 2 $3 $H $+ $i resumption �rst %9 %1 %8%e!< %j %s %0 $H 8F $P $l $k!# resumption �rst J} <0 $r MQ $$ $F!" ?^ 1 $N Nc $r %9 %1 %8%e!<%k$9$k$H!"<!$N$h$&$K<B9T$5$l$k!# p k ! r k ! (rsm) q k ! q k +1 (susp) ! p k +1 ! : : : $3$N>l9g$O:F5" 1 2s$"$?$j 1 2s$N%4!<%kCfCG$G$9 $_!" %W %m%;%9;X8~%9%1%8%e!<%j%s%0$h$j$h$$7k2L$,F@$i$l$F $$ $k!#$7$+$7!"%4!<%k$NCfCG$N860x$H$J$C$?L$6qBN2=JQ ?t $,J#;($J9=B$%G!<%?$K6qBN2=$5$l$k>l9g$K$O!"%G!<%? $, 40 A4 $J $b $N $H $J $k A0 $K Cf CG %4!< %k $r :F 3+ $7 $F $7 $^ $& 2D G=@-$,$"$k!#$3$N>l9g!":F3+$5$l$?%4!<%k$d$=$N%5%V %4!< %k$,%G!<%?Cf$NL$6qBN2=ItJ,$r;2>H$7!":F$SCfCG$7 $F$7$^$&62$l$,$"$k!# Nc $( $P!" ?^ 2 $N Nc $G $O!" %4!< %k p0/2 $O p1/2 B& $N 3 $D $N %4!< %k (=/2,=/2,:=/2) $K %G!< %? 0M B8 $7 $F $$ $k!# $h$C $F Cf CG $7$? p0/2 $N <B 9T $r:F 3+ $9 $k $K$O p1/2 B& $N >e5- 3 $D$N%4!<%k$9$Y$F$r<B9T$9$kI,MW$,$"$k!# $7$+$7 $J$,$i resumption �rst sc heduling $G$O 3 $D $N %4!< %k $N $& $A \ %4!< %k L=New[N|NL] " $, <B 9T $5 $l $? $@ $1 $G @) 8f $, p0/2 $K0\$C $F $7 $^ $$!" $=$N 7k 2L p0/2 $O %a%C %;!<%8$KIT40A4$J$b$N$r8+$D$1CfCG$7$F$7$^$&!#$3 $NNc$G$O \ %4!<%k NewN=int(N) " $N<B9T$K $*$$$F $bF1MM $N $3$H$,5/ $3$k$?$a!" p0/2 $N 1 %k!<%W$" $?$j7W 3 2s$N Cf CG$,5/$3$k!#0lJ}!"$3$l$r%W%m%;%9;X8~%9%1%8%e!<%j %s %0 $G%9 %1 %8%e!<%k $r 9T$& $H!" CfCG 2s ?t$O 2 2s /1 %k!< %W$H$J$k!# $3 $N $h $& $K!" resumption �rst $G $O 9= B$ 7? %G!< %? $N 6q BN2=$,IT40A4$G$"$k>l9g!"ITMW$J@)8f0\9T$,@8$8$k2D G= @-$,$"$k!#$3$N7k2L!">l9g$K$h$C$F$O%W%m%;%9;X8~%9 %1%8%e!<%j%s%0 $h$j@-G=$r0-2=$5$;$F$7$^$&$3$H$,$h$/ $"$k!# 3.2 <jK!$N35MW 0lHL$KJB9T!?JBNs7?%W%m%0%i%‘$N%9%1%8%e!<%j%s%0$G $O!"C‘<!<B9T $,:GE,$G$"$k$h$&$J%7!<%1%s%9$rH/8+$7!" $=$l$rC‘<!<B9T$9$k:GE,2=$,=EMW$G$"$k!#Nc$($P KLIC $J $I $3$l $^ $G$N KL1 =hM} 7O $G$O!" %W%m %0 %i%‘ $r :8!? ?< $5M%@h$K<B 9T$9$k$N$,C‘<!2=$N:GE,%7!<%1%s%9$H8+$J$7 $F$$$k!#$7$+ $7!"%W%m%0%i%‘$N@-<A$,!"$3$N$h$&$JC1=c $J?dDj$K$O E,9g$7$J$$$3$H$,IaDL$G$"$j!"A0@a$G$N$Y$? $h$&$JLdBj$,@8$8$k!# $^$:!"%W%m%;%9;X8~%9%1%8%e!<%j%s%0$G@8$8$?LdBjE@ $OCfCG$9 $k%4!<%k$K%G!<%?0MB8$9$k%4!<%k$r%9%1%8%e!< %k$7$J$$$h$&$K$9$k$3$H$G2r7h$G$-$k!# 0l J}!" resumption �rst %9 %1 %8%e!< %j %s %0 $G @8 $8 $? LdBjE@$O!"%W %m%0%i%‘$,%G%C%I%m%C%/$7$J$$HO0O$G!"$G $-$k$@$1@) 8f0\9T$rCY$i$;$k$3$H$G!"B?$/$N>l9g2r7h$G $-$k!# $3$l$i$N2r7hJ}K!$O!"3F%W%m%0%i%‘$K1~$8$?C‘<!2=$r 9T$$!"$=$NC‘ <!2=$5$l$?%W%m%0%i%‘CGJR$rJBNs<B9T$NC1 0L $H $9$k $3 $H$G <B8= $, 2DG= $G $"$k!# <B:] KL1 %W %m%0 %i %‘$G$O!"%3%s %Q%$%k;~$K0MB82r@O$r9T$&$3$H$K$h$C$F!" <B9T=g=x$r @EE*$K7hDj$G$-$k%4!<%k$b>/$J$/$J$$!#$=$3 $G!"%3%s%Q%$ %k;~$K0MB82r@O$r9T$$!"H>=g=x$N0MB84X78 $, @. $j N) $D %4!< %k $N =8 9g $r C‘ <! <B 9T $, :G E, $J %4!< %k $N 7ONs$H9M$( $k!#$3$N%4!<%k7ONs$rK\9F$G$O %9%l%C%I $H8F $V!#K\8&5f$G $O!"%W%m%0%i%‘$r%9%l%C%I$N=8$^$j$H9M$( $F!":GE,2=$r9T$J$&!# 3F %9 %l%C %I $O $= $l $> $l ES Cf $G %5 %9 %Z %s %I $9 $k $3 $H $O $"$C$F$b!"FbIt $N%4!<%k=g=x$,F~$lBX$o$k$3$H$O$J$$!# $7$?$,$C$F!" %9%l%C%ICf$N$"$k%4!<%k$G;2>H%G!<%?$,L$ 6qBN2=$@$C$? >l9g$K$O%9%l%C%I$4$H%5%9%Z%s%I$7$FB>$N %9%l%C%I$K<B 9T$r@Z$jBX$($F$b!"%G%C%I%m%C%/$r@8$8$k $3$H$O$J$$!# $^$?!"%9%l%C%IFb$O:GE,$JC‘<!<B9T$r9T$&$h$&$K@EE* $K%9%1%8%e!< %j%s%0$r9T$$$D$D!"$5$i$K!"%9%l%C%I$rF0 E*$K%9%1%8%e!< %j%s%0$9$k$3$H$G!"85$N%W%m%0%i%‘$,M- $9$kK\<AE* $JJB9TF0:n$r<B8=$7!"%G!<%?$N0MB84X78$rJ] $D$3$H$,2DG=$K$J$k!# 0lJ}!"$3$N%9%l%C%I2=$r9T$&$3$H$K$h$C$F%W%m%0%i%‘ $NN3EY$,AF $/$J$j!"%W%m%0%i%‘$NJBNs@-$,Dc2<$9$k$H$$ $&?7$?$JLd Bj$,@8$8$k!#%9%l%C%I4V$N1~Ez@-$r$"$2$k$3 $H $K $h$C $F!" JB Ns @- $N Dc 2< $K $h $k 1F 6A $r 8: $i $9 $3 $H $, 2DG=$G$"$k!# $=$3$G!"K\8&5f$G$OCfCG$7$?%9%l%C%I$r:F 3+$5$;$k%9 %l%C%I$rM%@hE*$K%9%1%8%e!<%j%s%0J}<0$r9T $$!"JBNs@-$NDc2<$K$h$k@-G=$X$N1F6A$r4KOB$9$k!# 4. %9%1%8%e!<%j%s%0:GE,2=<jK! 4.1 %9%l%C%I2= KL1 $N %W %m %0 %i %‘ $G $O %4!< %k 4V $N 0M B8 $K $O!" <! $N 2

4 <oN‘$,B8:_$9$k!# � @)8f0MB8 %4!< %k c $, <B 9T $5 $l $k $K $O!" $= $N A0 $K c $r %\ %G%# %4!<%k$H$7$F@8@.$9$k?F %4!<%k p $,<B9T$5$l$F$$$J $1$l$P$J$i$J$$!# � %G!<%?0MB8 $"$k%4!<%k r $,<B9T$5$l$k$K$O!"$= $N%4!<%k$G;2>H $5 $l$k CM$r6q BN2=$9 $k%4!< %k w 1 ; : : : ; w n $,$9$Y $F <B9T$5$l$F$$$J$1$l$P$J$i$J$$!# 8= :_ KLIC $J $I $G $O!" %G!< %? 0M B8 $r 9M N8 $7 $? %9 %1 %8%e!< %j %s%0 $r9T$C $F $$$J $$!#$3 $N $?$a!" r $r w i $h $j @h $K%9%1%8%e!<%j%s%0$7$F$7$^$&$H!"CM$r;2>H$7$h$&$H $7 $? CJ3, $GCf CG$7!" w i $N <B9T $K$h $j$= $NCM $,6q BN2= $5 $l$k$H r $N<B9T$r:F3+$9$k!#$3$l$KBP$7!";vA0$K%G!<%? 0M B8 2r@O $r9T $$!" w i $N<B 9T8e $K r $r %9%1 %8%e!<%k $9 $k $h $&$K$9$l$P!"$3$NCfCG!&:F3+$KH<$&%*!<%P%X%C%I$rHr $1$k$3$H$,$G$-$k!# <!$K$"$k%4!<%k p $+$iJ#?t$N%\%G%#%4!<%k q 1 ; : : : ; q n $, @8@.$5$l$k>l9g$r9M$($k!#$3$N%9%1%8%e!<%j%s%0=g=x $r7hDj$9$kJ}<0$H$7$F!"<!$N 2 <oN‘$,9M$($i$l$k!# ( 1 ) 7;Do%4!< %k q 1 ; : : : ; q n $N$_$r @EE* %9 %1%8%e!< %j%s %0$NBP>]$H$9$k!# ( 2 ) q 1 ; : : : ; q n $K2C$(!"$^$@<B9T$5$l$F$$$J$$ p $N7; Do%4!<%k$*$h$S $=$N;RB9$b %9%1%8%e!<%j%s %0BP>] $H$9$k!# %9%l%C%IFb$N%4!<%k4V$G$OCfCG$K$h$k<B9T=g=xJQ99$O @8$8$J$$$+ $i!"J} <0 1 $G$O!" q i $,%9%1 %8%e!<%k $5$l $k$H B>$N q j ( j 6 = i ) $O q i $N;RB9$N<B9T$, $9$Y$F40N; $9$k$^$G %9 %1%8%e!<%k$5$l$J$$!#$7$?$,$C$F!"%4!<%k$N4D6-$r%9 %?%C %/$N7A$GJ];}$9$k$3$H$,$G$-!"B.EY8zN($NNI$$<BAu $,$G$-$k$H$$$&MxE@$,$"$k!# 0lJ}!"J}<0 2 $G$O!"=>7;Do4X78$K$"$k$h$& $J%4!<%k4V $G $b%9%1%8%e!<%j%s%0 $,9T$o$l$k!#$7$?$,$C $F!"?^ 3 $N $h $& $J Nc $G $b!" A4 BN $r @E E* %9 %1 %8%e!< %j %s %0 2D G= $K $J $k!# $3$N$h$&$J%W%m%0%i%‘$KBP$7$F$O!"J}<0 1 $G$O p $H p 0 $rJL%9%l%C%I$K$;$6$k$rF@$J$$!# $7$+$7!"?^ 3 $N$h$&$J8+3]$1>e$NJB9T%W%m%0 %i%‘$rJ} <0 1 $G @EE*%9%1%8%e!<%j%s%02D G=$J7A$K=q$-D>$9$3 $H$O MF 0W$G$"$j!"<B:]$K$3$&$7$?5-=R$,$J$5$l$k$3$H$O>/$J $$ $H9M$($i$l$k!#$=$3$G!"K\8&5f$G$O%9%?%C%/<BAu$K$h $kMxE@$r=E;k$7$F!"J}<0 1 $r:NMQ$7$?!# 4.1.1 %9%?%C%/<BAu$K$h$kMxE@ @EE*$J%9%1%8%e!<%j%s%0BP>]$r7;Do%4!<%k4V$N$_$H$9 $k $3$H$G!"%4!<%k$N<B9T4D6-$r%9%?%C%/$rMQ$$$?<BAu$, 2DG=$K$J$k!# KLIC $G$O$"$i$f$k%G!<%?9=B$ $r%R!<%W>e$G4IM} $7!" $= $N %R!< %W NN 0h $, %G!< %? $G 0l GU $K $J $k $H %,!< %Y %8 %3 %l %/%7%g%s (GC) $r$+$1!"ITI,MW$H$J$C$?%G!<%? $r2s<}$9 $k!#$3$N GC $K$+$+$k %3%9%H$O Bg$-$/!"B. EYDc2<$r 0z$- 5/$3$9Bg$-$JMW0x$N0l$D$G$"$k!# $7$+$7!"%R!<%W>e$K$*$+$l$k%G!<%?$N$&$A%4!<%k$N<B ?^ 3 8+3]$1>e$NJB9T%W%m%0%i%‘ 9T 4D 6- $K $D $$ $F $O!" %4!< %k $N <B 9T $, =* N; $7 $? ;~ E@ $G $= $N%G!<%?$O%4 %_$H$J$k$?$a!"C;L?$G$"$k$3$H$,B?$$!#0l J}!"K\J}<0$G $O!"%9%l%C%I$N<B9T4D6-$K$D$$$F$O%9%?%C %/$rMQ$$$? <BAu$,2DG=$G$"$k$?$a!"C;L?$J%4!<%k$N<B9T 4D6-$,0z$-5/$3$9 GC 2s?t$r8:>/$5$;$k $3$H$,2D G=$K$J $k!# 4.2 %9%l%C%I$N<B9T K\ <j K! $G $O %9 %l%C %I <B 9T Cf $K L$ 6q BN 2= $N F~ NO 0z ?t $, 8= $l $? >l 9g $O!" $= $N 0z ?t $r 6q BN 2= $9 $k $N $O B> %9 %l%C %I $N%4!<%k$G$" $k$3$H$,J]>Z$5$l$F$$$k$?$a!"%9%l%C%I<+ BN $r Cf CG $5 $; $k!# $3 $N =h M} $K $h $j!" %W %m %; %9 ;X 8~ %9 %1 %8%e!<%j%s%0 $G@8$8$?!"CfCG%4!<%k$N=PNO$rBT$D%4!<%k $rL5>r7o$K %9%1%8%e!<%k$7$F$7$^$&!"$H$$$&LdBjE@$rHr $1$k$3$H$,$G$-$k!# Nc$($P!"?^ 1 $N%W %m%0%i%‘$G$O!" ?^ 4.(1) $N$h$& $K%9 %l%C%I2= $5 $l $k!# $3 $N 7k 2L!" %4!< %k r k $NCf CG $O thread1 A4BN$NCfCG$H$J$k$? $a!" s k , p k +1 $O%9%1%8%e!<%k$5$l$: $K thr ead 0 $K @) 8f $, 0\ $j!" s k , p k +1 $r Cf CG $9 $k $3 $H $J $/<B9T$,9T$o$l$k!# $^$?!"K\<jK!$G$O$"$k%9%l%C%I$,<B9T$r3+;O$9$k$H!" F~NO0z?t$, $=$m$C$F$$$k8B$j!"%9%l%C%IFb$N%4!<%k$rC‘ <!E*$K<B9T $9$k!#$3$l$K$h$j!"%W%m%0%i%‘$,%G%C%I%m%C %/ $7 $J $$ HO 0O $G @) 8f $, 0\ 9T $9 $k $N $r CY $i $; $k $3 $H $, $G $-!" resumption �rst $G5/$-$? Ld BjE@ $rB? $/$N >l 9gHr $1 $k$3$H$,$G$-$k!# Nc $( $P!" ?^ 2 $N %W %m %0 %i %‘ $O!" ?^ 4.(2) $N $h $& $K %9 %l%C %I2= $5$l $k!#$3 $N%9%l%C %I2= $K$h$C $F!" p0/2 $NCf CG 8e!" @) 8f $O thread1 $K 0\ $j!" %4!< %k p1/2 $+ $i :=/2 $^ $G $r %9 %l%C %I $r @Z $j BX $( $k $3 $H $J $/ <B 9T $9 $k!# $3 $N $? $a!" p0/2 $, <! $K %9 %1 %8%e!< %k $5 $l $? $H $-!" p0/2 $N I,MW$H$9$k %G!<%?$O$9$Y$F6qBN2=:Q$_$G$"$k!#$h$C$F!" resumption �rst $G5/$- $? p0/2 $G$NIT40 A4$J6qBN 2=$K $h$kCfCG$OKI;_$G$-$F$$$k!# 4.3 %9%l%C%I%9%1%8%e!<%j%s%0 <B9T;~$K$O!"%9%l%C%I$rC‘<!<B9T$9$k$HF1;~$K!"I,MW $K1~$8$F%9 %l%C%I4V$NF0E*%9%1%8%e!<%j%s%0$r9T$$!"K\ <AE*$JJB9TF0:n$r<B8=$9$k!# K\ <j K! $G $O 4p K\ E* $K $O %9 %l%C %I C1 0L $G resumption �rst scheduling $r9T $J $&$h $& $J%9 %1 %8%e!<%j %s %0 J}?K $r:NMQ$9$k!# $3$N J}K! $NMxE@ $H$7 $F$O!" 8=:_$N KLIC %9 %1%8%e!<%i$r%4!< %kC10L$N$b$N$+$i%9%l%C%IC10L$N$b$N $KCV$-49$( $k$@$1$G<BAu$,2DG=$G$"$k$3$H$d!"%9%l%C%I $NN3EY$,>. $5$$>l 9g$K $b=>Mh $N KLIC =hM}7O$H$[ $\F1 Ey

5 ?^ 4 %W%m%0%i%‘Nc 1,2 $N%9%l%C%I2= $N@-G=$,F@$i$l$k$3$H$J$I$,>e$2$i$l$k!# 0lJ}!"%9%l%C%I2=$K$h$kJBNs@-$NDc2<$NLdBj$K$D$$$F $O!" CfCG%9%l%C%I$r:F3+$5$;$k%9%l%C%I$rM%@hE*$K%9%1 %8%e!<%k$9$k$3$H$GBP1~$9$k!# 4.3.1 %9%l%C%I%9%1%8%e!<%j%s%0$N:GE,2= K\<jK!$G$OJBNs<B9T$NC10L$,=>Mh$N%4!<%k$+$i%9%l%C %I $H$$$&$h$jN3EY$NAF$$$b$N$K$J$C$?$?$a!"J,;64D6-$G K\ <j K! $r MQ $$ $k >l 9g!" JB Ns @- $N Dc 2< $, Bg $- $J Ld Bj $H $J $k!# Nc $( $P!" $" $k %N!< %I ( N c ) >e $N %9 %l%C %I ( T c ) $, B> $N %N!< %I ( N p ) $KBP $7$F%a%C %;!<%8$N MW5a $r=P$7 $?>l 9g$r 9M $($F$_$k!# $3$N>l9g N c $OMW 5a$7$?%G!< %?$,E~Ce $9$k $^ $GCfCG$9 $k$,!"$3$N $H$- N c $K<B9T2D G=$J%9%l%C %I$, B8:_$7$J$$$H!"%N!<%I N c $O idle >uBV$K$J$C$F$7$^$$!" %W %m%0%i%‘$NJBNs@-$,Dc2<$7$F$7$^$&!#FC$KK\:GE,2=$N >l 9g!"MW5a%a%C%;!<%8 $,E~Ce$7$?:]$K N p >e$G<B 9T$5$l $F $$$k%9%l%C%I$,Hs>o$KBg$-$/$7$+$b!"MW5a$5$l$?%G!< %?$r:n@.$7$J$$>l9g!"$3$N N c $, idle $G$$$k;~4V$OHs>o $KBg$-$J$b$N$H$J$C$F$7$^$&!# $= $3 $G K\ :G E, 2= $G $O!" $3 $N JB Ns @- $N Dc 2< $r KI $0 $? $a $K!" %9%l%C%I2=$KMxMQ$7$?%G!<%?0MB8>pJs$r:FMxMQ$7!" %9 %l%C%I ( T susp ) $,MW 5a$7$?%G!<%?$r:n@.$9 $k%9%l%C%I $r M% @h E* $K %9 %1 %8%e!< %j %s %0 $9 $k $h $& $J %9 %l%C %I %9 %1 %8%e!<%j%s%0$N<jK!$rDs0F$9$k!# K\<jK!$r<B8=$9$k$K$"$?$C$F!"L$6qBN2=JQ?t$r6qBN2= $9 $k %4!<%k $N FCDj $, I,MW $K $J$k $,!" KL1 %W%m %0 %i%‘ $G $O %b!< %I 2r@O 5) $r9T $J $& $3$H $K $h$C $F!"$" $k JQ ?t X $N 6q BN CM $r @8 @. $9 $k 2D G= @- $N $" $k %4!< %k $r FC Dj $G $- $k!# $h$C $F %9 %l%C %I T susp $, L$6q BN 2= JQ ?t X $r B>%N!< %I $K BP $7 MW 5a $7$? >l 9g!" $3 $N2r @O >p Js $K$h $j X $r 6q BN2= $9 $k 2D G=@- $N $"$k %9 %l%C%I T unif y $r FCDj $9 $k$3 $H $,2D G= $G$"$k!# <!$KK\<jK!$r<B:]$N%W%m%0%i%‘$KE,MQ$9$k:]$K!"N10U $9$kE@$H$7$F ( 1 ) J#?t$N%G!<%?@8@.MW5a$,$"$k>l9g!# ( 2 ) $=$N%4!<%k$r4^ $‘%9%l%C%I$, $=$N%4!<%k $r<B9T$9 $kA0$KCfCG$7$F$7$^$&>l9g!# ?^ 5 %9%l%C%I$NF0E*%9%1%8%e!<%j%s%0 ( 3 ) $=$N%4!<%k$r4^ $‘%9%l%C%I$, $^$@@8@.$5 $l$F$$$J $$>l9g!# $N 3 E@$,$"$2$i$l$k!# 1 $N >l9g $O!"@h $K E~Ce $7 $?MW 5a $+$i =g $K=h M} $9$k $3 $H $H$7!"8e$+$i E~Ce$7$?MW5a$OA0$KMW5a$5$l$?%G!<%?$,:n @.$9$k%9%l%C %I$,CfCG$9$k$+!"%G!<%?$,@8@.$5$l$k$^$G =hM}$5$l$J$$$3$H$H$9$k!# 2 $N>l9g$O!" T susp $r<B9T2DG=$K$9$k %9%l%C%I T unif y $, Cf CG$7 $? >l9g!" T unif y $r<B 9T2D G= $K$9 $k %9%l%C %I $r M%@hE*$K%9%1%8%e!<%k$9$k$h$&$K$9$l$PLdBj$O$J$$!# $3$N<jK!$r<B8=$9$k$K$O!"CfCG%9%l%C%I ( T susp ) $H!" $=$NCfCG86 0x$H$J$C$?L$6qBN2=JQ?t$r6qBN2=$9$k%9%l%C %I ( T unif y ) $,F1 0l%N!< %I >e $K $" $k$+ $I $& $+ $K 4X$o $i $:!" 6qBN2=$r9T $&%9%l%C%I$rM%@hE*$K%9%1%8%e!<%j%s%0$9$k $h$&$J<jK!$rMQ$$$k$3$H$G<B8=$,2DG=$G$"$k!# 3 $N >l9g $K$H $k $Y$- J} K!$H $7 $F$O!" 8= :_@8 @. $5$l $F $$ $k%9%l%C%I$+ $iMW5a%G!<%?$r:n@.$9$k%9%l%C%I$^$G$N%9 %l%C %I $N 7O Ns $r %9 %1 %8%e!< %j %s %0 $9 $k $3 $H $, 9M $( $i $l $k!# ?^ 5 $NNc $G$O!"%9%l%C%I T 0 $r:F 3+$9$k%9%l%C%I $O T 3 $G $" $k$,!" T 3 $O$^ $@ :n@. $5 $l$F $* $i$:!" %9%1 %8%e!< %k $9 $k $3$H $,$G $- $J$$!# $3$N >l 9g!"K\ <jK! $G$O T 1 $h$j $b T 2 $r M% @h E* $K %9 %1 %8%e!< %k $9 $k!# $^ $? T 2 $N <B 9T $G :n @. $5 $l $k %9 %l%C %I $N $& $A T 3 $r T 4 $h $j $b M% @h E* $K %9 %1 %8%e!<%k$9$k!# $7$+$7$J$,$i!"$3$N$h$&$J%9%l%C%I$N%9%1%8%e!<%j%s %0 $r 9T$& $H $-!" KL1 $G $O <B9T ;~ $KF1 L>$N %9 %l%C%I $, J# ?t$N<BBN$r $b$D2DG=@-$,$"$j@EE*$J=g=x7h$a$r$9$k$3$H $O:$Fq$G $"$k!#$3$N$?$a!"2f!9$O$3$N$h$&$J%9%1%8%e!< %k$rF0E*$K<B8=$9$k5!9=$rF3F~$7$?!# 4.3.2 KLIC $K$*$1$k<B8= $3$3$G$O!"CfCG%9%l%C%I$rM%@hE*$K%9%1%8%e!<%k$9$k :GE,2=5!9= $r KLIC >e$G$I$N$h $&$K<B 8=$9 $k$+$K $D$$ $F =R$Y$k!# � %9%l%C%I$r?7$?$K:n@.$9$k:]$K!" $=$N=i4|%4!<%k$N 0z ?t $r D4 $Y!" =P NO JQ ?t ( X ) $, B8 :_ $9 $k >l 9g $O!" $= $N JQ ?t $r generator ob ject $r MQ $$ $F <B 8= $9$k!# $3 $N>l9g$N=PNOJQ?t$H$O$=$N%4!<%k$b $7$/$O$=$N%4!< %k$N%5%V%4!<%k$,6qBN2=$r9T$&$h$& $JJQ?t$G$"$k!#

6 $3 $N generator ob ject $O ?7 $? $K @8 @. $5 $l $? %9%l%C %I $r Fb It %G!< %? $H $7 $F ;} $A!" ;2 >H $, 5/ $- $? >l 9g $K %9%l%C%I$r:G9bM%@hEY$G%9%1%8%e!<%k$9 $k$h$&$J%a %=%C%I$r;}$D!#6qBNE*$K$O$3$N%9%l%C%I $r:G9bM%@h EY $N %9 %l%C %I %-%e!< $N @h F, $K $D $J $0 $3 $H $G <B 8= $9 $k!#$3$N5!9=$K$h$j6qBN2=%9%l%C%I$^ $?$O$=$N@hAD $N%9%l%C%I$,:GM%@h$K%9%1%8%e!<%k$5$l$k!# � generator ob ject $KBP$9 $k ;2 >H$, 5/ $- $k$H!" 8= :_ <B 9T$7 $F$$$?%9%l%C%I$O%-%e!<$KLa$5$l!" generator ob ject $, ;} $D %9 %l%C %I $, <B 9T $r 3+ ;O $9 $k!# $3 $N $H $- %7 %9 %F %‘ $O :# $I $N L$ 6q BN 2= JQ ?t ( $3 $NNc $@ $H X ) $r 6q BN 2=$7 $h $&$H $7 $F $$$k $+ $r 3P$( $F $* $-!" X $r =PNO0z?t$K;}$D%9%l%C%I$,?7$?$K:n $i$l$k>l9g$O!" $=$N%9%l%C%I$r:G9bM%@hEY%-%e!<$N@hF, $K$D$J$0$h $& $K $9 $k!# $3 $l $K $h $j!" I, $: :G C; 7P O) $G 6q BN 2= %9 %l%C%I$,%9%1%8%e!<%k$5$l$k!# � $"$kMW5a%G!<%?$r:n@.$7$F$$$k$H $-$K!"JL$NMW5a$, $"$C$?>l9g$O@h$K@8@.$7$F$$$k%G!<%? $r:n@.$9$k%9 %l%C%I$r:GM%@h$K%9%1%8%e!<%k$9$k!# 6qBNE*$K$O!" $"$i$?$KMW5a$5$l$?%G!<%?$r:n@.$9 $k%9%l%C%I$O:G 9bM%@hEY$N%9%l%C%I%-%e!<$N:G8eHx $K%9%1%8%e!<%k $9$k$3$H$G<B8=$,2DG=$G$"$k!# 4.3.3 %9%l%C%I%9%1%8%e!<%j%s%0J}?K$N$^$H$a B>%N!<%I$KMW5a$5$l$?%G!<%?$r@8@.$9$k%9%l%C%I$O!" JB Ns @- $N Dc 2< $N 1F 6A $r :G >. 8B $K $9 $k $? $a $K!" :G M% @h $K %9 %1%8%e!<%j%s%0$9$kI,MW$,$"$k!#F1MM$NM}M3$G!"MW5a %G!< %? $r @8 @. $9 $k %9 %l%C %I $, Cf CG $7 $? >l 9g $K!" $3 $l $r resume $9 $k%9 %l%C %I$b :GM% @h $N%9 %1%8%e!< %k$, I, MW$G $" $k!#0lJ}!"B>%N!<%I$+$i$N%G!<%?MW5a$,L5$$>l9g$N!" F1 0l%N!<%IFb$NCfCG %4!<%k$r resume $9$k%9%l%C%I$O!" $b $7JL$N%9%l%C%I$r%9%1%8%e!<%j%s%0$7$F$bJBNs@-$,Dc 2<$9$k$3$H$O$J$$$?$a>e5- 2 $D$N>l9g$KHf$Y$F!"M%@hEY $ODc$$!# 0J>e$N$3$H$+$iK\:GE,2=$G$O!"DL>o$N:8!??<$5M%@h$N %9%1%8%e!<%j%s%0$K2C$(!" ( 1 ) B>%N!<%I$+$iMW5a$5$l$?%G!<%?$r:n$k%9%l%C%I ( 2 ) 1 $N %9 %l%C %I $, Cf CG $7 $? >l 9g $K!" $= $l $r resume $9$k%9%l%C%I ( 3 ) 2 0J 30$N <+ %N!< %I Fb $N Cf CG%4!< %k $r resume $9 $k %9%l%C%I ( 4 ) resume $5$l$?%9%l%C%I $r>e$NM%@h=g0L$GM%@hE*$K%9%1%8%e!<%k$9$k!# 5. @- G= I> 2A K\<jK! $r?^ 2 $N%W%m%0 %i%‘$KBP $7E,MQ $7!"<B9T;~ 4V!& GC 2s ?t!&CfCG 2s?t $N$= $l$>$l $rD4 $Y$?7k 2L$r I= 1 $K <( $9!# <BAuBP>]$O KLIC version 2.002 $G!"$H$b$K Sun Ul- tra 1(167Mhz) 1 Bf $K $h $k C‘ <! 4D 6- $G %H %l!< %9 5! G= $r OFF $K $7 $? $b$N $G $N I>2A $G $" $k!#$? $@ $7!" CfCG %4!< %k I= 1 hand shake $N@-G=I>2A <B9T;~4V (sec) GC CfCG2s?t DL>o 21.40 2115 2000000 :GE,2= 12.50 651 1000000 $rM%@hE*$K%9%1%8%e!<%k$9$k:GE,2=$OL$<BAu$G$"$k!# GC 2s?t$r$_$k $H!" 1/3 $K8:>/$7$F$* $j!"%9%?%C%/ $r MQ$$$?$3$H $K$h$j%a%b%j8zN($,BgI}$KNI$/$J$C$F$$$k$3 $H$,$o$+$k!#0lJ}!"Cf CG2s?t$b 1/2 $K8:>/$7$F$* $j!"%9 %l%C%I2=$K$h $k8z2L$,$O$C$-$j$H$G$F$$$k!#$3$l$i$N8z 2L$H!"%9%?%C%/ $rMQ$$$?$3$H$K$h$k<B9T8zN($N>e>:$K$h $j!" K\<jK!$rMQ$$$?$3 $H$G!"Ls 1.7 G\$NB.EY8~>e$, F@$i $l$F$$$k!# 6. $* $o $j $K K\O@$G$O%W%m%0%i%‘$N%9%l%C%I2=$K$h$k:GE,2=$N<jK! $H$=$N@-G= I>2A!"$*$h$S%9%l%C%I$N:GE,$J%9%1%8%e!<%j %s%0<jK!$K$D$$$F=R$Y$?!# ?^ 2 $N %W%m%0%i %‘$G$N @-G=I>2A $N7k2L!"%9 %l%C%I2= $K $h$jCfCG2s ?t$,8:>/$9$k$3$H!"$^$?%9%l%C%I$N<B9T4D6- $N07$$$r%9 %?%C%/2=$9$k$3$H$K$h$j%a%b%j8zN($*$h$S<B 9T8zN($,8~>e$9$k$3$H$,3NG’$G$-$?!# :#8e$NM=Dj$H$7$F$O!"Bg$-$J%W%m%0%i%‘$K$h$k8=%7%9 %F %‘ $NI> 2A$d!" J,;6 4D6- $K $*$1 $kI> 2A!"$^ $? 4.3 @a$G =R $Y$?:GE,2=$N<BAu$*$h$SI>2AEy$,$"$2$i$l$k!# <U<- F|:"8fF$O@D:$/IYED8&5f<<$N=t;a $K46<UCW$7$^ $9!# $^ $? ?t!9 $N >p Js $H =u 8@ $r D: $$ $? ( :b ) @h C< >p Js 5; =Q 8&5f=j$NJ}!9$K46<UCW$7$^$9!# ;2 9M J8 8% 1) T ak ashi Chik a y ama, \Introduction to KL1", Au- gust. 1994. 2) T ak ashi Chik a y ama, \KLIC User’s Manual", Oc- tob er. 1994. 3) Al Geist,Adam Beguelin,Jack Dongarra,W eic heng Jiang,Rob ert Manchek,V aidy Sunderam, \PVM3 User’s guide & reference manual", August. 1994. 4) O; Bt 0l >< , Cg @% L@ I’ , 6a ;3 N4 , F# @% E/ O/ , \KLIC J, ;6%a%b%j =hM}7O$N @_7W$H =i4|I>2A ", JSPP’95,pp.153- 160,1995. 5) Kazunori UEDA,Masao MORIT A, \Mo ded Flat GHC and Its Message-Oriented Implementation T ec hnique", New Generation Computing, 13(1994) p3-43.