0\F0 %( !< %8 %’ %s %H 5-=R%i %$ %V %i %j MOBA <sF# 0l9, 1997 G/ 10 7n 8 F| Abstract ;d $, :n @. $7 $F $$ $k !" Ja v a MQ 0\ F0 %( !< %8 %’ %s %H 5- =R %i %$ %V %i %j MOBA(Mobile Agents F ramew ork for Ja v a Language Environmen t) $K $D $$$F =R$Y $k !#82Cx$J FC D’$O !" 0lJ8 $G 5- =R $G $- $k 0\ F0%( !<%8%’ %s%H <+ ?H$K $h $k 0\ F0 !" 0\ F0%( !<%8 %’ %s%H <+ ?H$K 2?$N 5- =R$b MW $i $J $$ B> %9 %l %C %I $+ $i $N 0\ F0$r <B 8= $7 $F $$ $k$3$H$G $" $k!# $3 $l $K$h $j!" 0\ F0 %(!< %8 %’ %s %H$N5- =R $, Hs >o $K MF0W $K$J $C$? !# 1 $O$8 $a$K Jav a 2>A[%^ %7 %s (Ja v aVM) >e $G <B9T $5 $l $k %P %$ %H %3 !< %I $O 5!<o FH N)$G$" $k !# $=$N 2DHB @- $K Ce L\ $7 $F !" 0\F0%( !< %8 %’ %s%H $r 5- =R$9 $k OH AH ( 0J2< !" C1 $K OH AH ) $r Ja v a 8@ 8l 4D 6->e$K 9= @. $7 $h $& $H$$ $&F0 $- $, @9 $s$G$" $k !# %( !< %8 %’ %s%H $N Dj 5A $O MM !9 $G J8 L.$K 0M B8$9 $k!# 0\ F0 %( !< %8%’ %s %H$H 8@ $C $?>l 9g !" %3!< %I + %G !<%? $G $"$k %* %V%8 %’ %/ %H$@ $1 $G $O$J$/!" <B 9T %3 %s%F%- %9 %H $^ $G 4^ $a$k $Y$- $@$H;d $O9M $($k !# 4{ B8$N OH AH [1][2][4] $K $*$$ $F <B 8=$5$l $F $$ $k 0\ F0$H$O <B$O !" <B9T%3 %s %F %- %9 %H $N 0\F0$G $O $J $/!" %3 !< %I , %* %V %8 %’ %/ %H ( %G !< %? ) $N 0\ F0 + 1s3V %a %=%C %I 8F $S =P $7 $G $" $k !# $=$N$? $a !" 0\ F0$9 $k$@$1 $N$? $a$K !" %m!< %+ %k$K F0 $+ $9 %W %m %0 %i %‘$N :n @.$H$O 0[$J$C$? :n K! $, I, MW$H$J $k !# %(!<%8 %’ %s%H $N 5- =R <T$K 3F%i %$ %V %i %jFH FC$N:nK! $r MW5a$9$k !# K\%i %$ %V %i %j !" MOBA[3] $G$O 0\F0 %(!< %8%’ %s%H $O %9 %l %C %I $G $" $k !# %( !< %8 %’ %s%H $N 0\ F0 $O %9 %l %C %I $N 0\ F0$G <B 8= $7 $F $$ $k !# %( !<%8 %’ %s%H $N 5- =R<T$O !" DL>o %9 %l %C %I $r :n @.$9 $k$h $& $K Runnable %$ %s %?%U %’!< %9$r <B Au $7 $? %/ %i %9$r 5-=R $9 $l$P $h $$ !# $=$N :] !" %i %$ %V %i %j FH<+ $N:nK! $, MW5a $5 $l$J$$ !# %(!< %8%’ %s %H ( %9 %l %C %I ) $, <+?H $G0\F0 $9$k :] $O0lJ8 $G:Q $_ !" B> <T ( %9 %l %C %I ) $K 0\F0$5 $; $i $l $k>l9g $O !" 0\F0 $5 $;$i$l $k$3$H $r 9M N8 $7 $? 5- =R $O 0l @Z ITMW$G $" $k !# K\9F $G $O !" B> $NOH AH $HHf 3S $7 $F$N MOBA $N FCD’ !" MWAG5;=Q !" LdBj $r <g $K =R$Y$k !# ?^ 1: Thread Migration 2 4{B8 $N 3F<oOHAH $N FCD’ MOBA $NHf3S BP >] $H$J$k 3F <R $NOHAH $r354Q $9 $k !# MOBA ;d $, :n @. $7 $F $$ $k !" 0\F0%( !< %8 %’ %s%H 5-=R %i %$ %V %i %j !# %M %C %H%o!< %/ $r1[ $( $?%9 %l%C %I $N0\ F0 $,2D G= $J M#0l $N %= %U %H%& %’ %" !# %9 %l%C %I $N0\F0 $H $$$& 7A $G !" 0\F0 %(!< %8%’ %s %H $NMF0W $J5-=R $r<B8=!# Kafk a[2] IY;N DL 8& 5f =j $N@> %v C+ $i $, :n @. $7$F$$ $k!" %^ %k %A!&%(!< %8 %’ %s %H 5-=R%i %$ %V %i %j !# =h M} $r %a %= %C %I C1 0L $G $O $J $/!" %/ %i %9 Action $N %5 %V %/%i %9C1 0L$G 07 $& $3$H$G !" %( !< %8 %’ %s %H$K BP $9 $k =@ Fp $J%j %U %l %/ %7 %g %s !" =h M} $KBP $9 $k%" %/%; %9 %3%s%H %m !<%k$r <B 8= $7 $F $$ $k !#J, ;6 %G %# %l %/ %H %j $r MQ0U $7 $F $$ $k !# Aglets W orkb enc h[1] IBM $G :n@.$5 $l $F$$ $k !" 0\F0 %(!< %8 %’ %s %H $N %W %m %0 %i %_ %s %0 4D6- !# 1

Oct 8 1997 B<2,8& %< %_H/I= <sF# 0l9, %[ %9 %H 4V $r0\ F0 2D G= $J%* %V%8%’ %/ %H aglet $r Dj 5A $7 $F $$ $k !#MxMQ $7 $d $9$$ $h $& $K !" N9Dx $r ;X Dj $7 $F $N 0\ F0$J $I E57? E*$J MxMQ%Q %? !< %s $r $"$i$+ $8 $a %/%i %9 $H $7 $F MQ0U $7 $F $$ $k !# V o y ager[4] J, ;6 %7%9 %F %‘ $N 3+ H/ 4p HW $H $7$F Ob jectSpace $, 3+H/ $7 $F $$ $k%i %$ %V %i %j !# %(!< %8%’ %s %H $N 1s3V@8 @. $, 2DG= $G$"$C $? $j!" F1 0l$G$" $k$Y $- %* %V %8 %’ %/ %H$, J# ?t%[ %9 %H >e $G ;2 >H $5 $l$k>l 9g $r9M N8 $7 $F$$ $? $j!" %( !< %8 %’ %s%H $N 0\ F0 $@$1 $G $O $J $$ 9- HO$J 1~ MQ$r ;X8~ $7 $F $$ $k !# 3 0\F0 %(!< %8 %’ %s %H $N 5-=RK! 0\ F0%( !<%8 %’ %s%H $N 5- =R K!$r !" V o y ager $H MOBA $G Hf3S$9$k !# V o y ager Agent $N %5 %V %/%i %9 $, <+J,$G !" 0\F0@h$G <B 9T $7 $?$$ %a %= %C %I $r;XDj $7 $F moveTo() %a %= %C %I $r 8F$V !# import COM.objectspace.voyager.*; public class MobileAgent extends Agent { public void message(Agent myOwn, String s) { System.out.println(s); } public void go(String address) { moveTo(address, "message", "Hello !"); } } $3$NMM $K !" %* %V%8%’ %/ %H$N0\F0 + %a %= %C %I $N 1s3V8F $S =P $7 $H$J $C $F$$ $k !# MOBA 0\ F0 %( !< %8 %’ %s %H $O !" DL >o $N %9 %l %C %I :n @. $H F1 MM $K $^ $: %$ %s %? %U%’!< %9 Runnable $r <B Au$7 $? %/ %i %9 $r 5- =R $9 $k !#<! $K !" DL >o $N java.lang.Thread %/ %i %9 $N Be $o $j $K MobaThread %/ %i %9 $G %9%l %C %I $r @8 @. $9 $k !# MobaThread $G @8@. $7 $? %9 %l %C %I $O 0\F0 $, 2D G= $G$" $k !# <+ J, <+ ?H$N 0\ F0 <+ J,$G MobaThread.goTo( 0\F0@h ) $r 8F $V !# 0\ F0@h $G $O goTo() $N<! $NJ8 $+$i <B9T $, 3+;O$5 $l $k !# !D MobaThread.goTo( 0\F0@h%[ %9 %H ); !D B>%9 %l %C %I $N 0\ F0 0\ F0$5 $;$? $$ %9 %l %C %I $K BP $7 $F moveTo( 0\ F0 @h ) $r 8F$V !#0\F0 $5 $;$i $l $? %9 %l %C %I $O 0\ F0 8e !" 0\F0 D> A0$N B3$- $r <B 9T$9$k !# MobaThread t = new MobaThread( !D ); t.start(); !D t.moveTo( 0\F0@h%[ %9 %H ); %(!< %8%’ %s %H $N 0\F0 $H $7 $F !" MOBA 0J30 $G $O%G !< %? $, 0\ F0 $7 %a %=%C %I $N 1s 3V 8F $S =P $7 $, 9T $o $l $k $N $KBP $7 $F !" MOBA $G$O <B9T %3 %s%F %- %9 %H $b 0\ F0 $9 $k !# $f$( $K MOBA $G $O 0\ F0 %( !<%8 %’ %s%H $N 5- =R$K FCJL$J :n K!$r I,MW$H $7 $J$$ !# <+ ?H $N0\ F0 $K $O goTo( 0\F0 @h ) $N8F $S =P $7 !" B><T ( B> %9 %l %C %I ) $N 0\ F0$K$O moveTo() $N 8F $S =P $7 $@$1$G :Q $‘!# 4 F0:n4D6- UNIX 8_ 49 OS >e $G Ja v a Dev elopmen t Kit(JDK) $, I,MW !# JDK $N%P !< %8 %g %s 1.1. � !" 1.0.2 APJ} $K BP1~ !# JDK 1.1. � or 1.0.2 OS Lin ux, SunOS 5, IRIX,... I,MW $J%D!<%k GNU make 5 MWAG5;=Q MOBA $N<B 8= $K !" <! $N 5; =Q MW AG $rMQ 0U $7 $?!# ;fLL$NET9g>e !" 3F5;=Q $N>\:Y $O 3d0&$9$k !# Re ection %/%i %9$d%* %V %8 %’ %/ %H <+ ?H$K 4X$9 $k >p Js$r 07 $&5;=Q!# Ob ject Marshaling %* %V%8 %’%/ %H ( $N %0 %i%U ) $H BP1~$9$k %P %$ %H Ns$NAj8_JQ49 $r 9T $&5;=Q!# Re ection, Ob ject Marshaling $N %i %$ %V %i %j $O 8=:_ JDK 1.1. � $K $b 4^$^ $l$F $$ $k !# Thread Externalization %9 %l %C %I $, J] ;} $9 $k <B 9T%3%s %F %- %9 %H!" %9 %l %C %I $+ $i ;2 >H$5$l F@$k%* %V %8 %’ %/ %H 72$H BP 1~$9$k %P %$ %H Ns$NAj8_JQ49 $r 9T $&5;=Q!# Class Exp ortation Jav aVM Fb$K$" $k %/%i %9Dj5A >p Js $+$i %/%i %9$r Dj 5A $9 $k %P %$ %H Ns ( %/ %i %9%U%! %$ %k ) $r salv age, I|85$9$k5;=Q !# 2

Oct 8 1997 B<2,8& %< %_H/I= <sF# 0l9, E>Aw %W %m %H %3%k 0\F0 %(!< %8 %’ %s %H @=:n<T MOBA FH<+ MobaThread,(Runnable) <sF# Kafk a RMI or HORB Action,(Agen t) IY;NDL8&5f=j Aglet A TP 1 Aglet,. . . IBM V o y ager FH<+ Agen t Ob jectSpace ?^ 2: 3FOHAH$NHf3S OS $N%U %! %$ %k %7 %9 %F%‘ $+ $i %/ %i%9 %U %! %$ %k $r 8!:w$9 $l $P $h$$$N $G !" Thread Migration $K I, $: $7 $bI, MW $J $o $1 $G $O $J $$!# Class Exp orta- tion $K $h $C $F !" 0lC6 Jav aVM Fb $K %m!< %I $5 $l $? %/%i %9$r%U%! %$ %k%7 %9%F %‘$+$i :F $S 8!:w $9 $k $H$$ $C$?L5BL $r >J $1 $k !# Thread Migration %9 %l %C %I $r Ja v aVM 4V !" %^ %7 %s 4V $G 0\F0$5 $; $k5;=Q !# ?^ 3: MOBA $N MWAG5;=Q 6 1~MQ 0\ F0 @h %^ %7%s $G =hM}$r 9T $&0\F0%( !<%8 %’ %s %H $N 5-=R 0J 30 $K $b !" 0J2<$N MM$J 1~ MQ $, 9M$($i $l $k !# $$$: $l $b !" B>%9 %l %C %I $N 0\F0 ( moveTo() %a %=%C %I ) $r MxMQ $9 $l $P !" L\ E* $N=hM} $r9T$& %3!< %I $N Cf $G 0\ F0 $K $D$$$F 9M N8$9 $kI, MW$O 0l@Z$J $$ !#B> $NOHAH $G$O$= $& $O$$$+$J$$ !# load balancing Ii 2Y$N 7Z$$ !" $"$k$$$O =hM}$N B.$$ %^%7%s $X 0\F0$9$k !" $5$;$k !# BQ>c32@-$N8~>e EE 8; CG$J $I %^%7 %s $N 0[>o$r 46 CN $7 $F !" <+?H $N %U%! %$ %k$X $N J] B8$d !" B>$N %^%7%s $X $N 0\ F0 $r 9T $& !# N9 $K =P$k%9 %l %C %I 0i$C$F5"$C$FMh$k $+ !" $/ $? $P $k $+ !# 7 LdBj 7.1 >-Mh2r7hM=Dj $N LdBj %;%-%e%j%F %# %9 %l %C %I $N <u $1 F~ $l B&$K <u$1 F~ $l %9 %l %C %I $N G’>Z 5!G= $, I, MW !#2? $r key $K $I $N $h $& $K G’ >Z$9$k $+ !# <u$1 F~ $l $? %9 %l %C %I $, $G $- $k$3$H$r @) 8B$9 $k I, MW $,$" $k!# Securit yManager $K$h $C $F %" %W %l %C %H $K BP $7 $F @) 8B$r$+$1 $F $$ $k <j K!$r ;2 9M $K $9 $k $+ !# %* %V%8 %’%/ %H $N F10l@- 8=:_!" %* %V%8 %’ %/ %H$N0\ F0 $O$9 $Y $F %3 %T!< $G <B8= $7 $F $$ $k !# %* %V %8 %’ %/ %H A,B $, %* %V %8 %’ %/ %H C $r ;2>H $7 $F $$$k$H$9$k$H !" B $, 0\F0$9 $k $H C $b%3 %T !<$5 $l$F 0\F0 $7 $F $$ $/!# B $, 85 $N Jav aVM $K La$C $FMh$? $H$- !" A $, ;2>H$9$k C $H B $, ;2>H$9$k C $O JLJ* $H$J$C$F$$$k !# Just In Time(JIT) %3%s%Q %$ %i$X$N BP1~ Jav aVM $, JIT %3%s %Q %$ %i $r ;}$D>l9g !"%a %=%C %I $O%W %m %; %C%5%M %$ %F %# %V $J %3 !< %I $K JQ 49$5$l $k 2D G= @- $, $" $k !# 8=>u !" %M %$ %F %# %V $J %3 !< %I $r <B9T Cf $N%9 %l %C %I $r 9MN8 $7 $F$$$J$$!# 7.2 2r7h $, :$Fq $J LdBj MOBA $N<B Au $, JDK $KBg $-$/ 0M B8 $7 $F $$$k JDK IUB0 Jav aVM $NFbIt 9= B$ $KBg $-$/ 0M B8 $7 $F$$$k!# JDK IUB0 $N $b $N0J 30 $N Ja v aVM $G ;H $( $k $+$O 5?Ld !" L$3NG’ $G$" $k !# nativ e metho ds $r ;HMQ C $G5- =R $5 $l$F $$ $k%a %= %C %I $,$"$k $N $G !" %" %W%l%C %H$+ $iMx MQ $9 $k $? $a $K$b %m !< %+ %k %G %# %9 %/$X$N %$ %s %9 %H !<%k $, I,MW !# %9%?%C%/ >eMWAG$N7?$NH=JL <B 9T%3 %s %F%- %9 %H $r %P %$ %H Ns$X JQ49 $9 $k$? $a $K$O !" %9 %? %C %/ >e $NMWAG (32bit) $N 7? ( @0?t , %* %V%8%’%/ %H !D ) $r H=JL $9$k I, MW $,$" $k!# $7$+ $7 !" Ja v aVM Fb $K %9%?%C%/ >e MW AG$N 7? >p Js $, $J $$ !# M} O@ E* $K$O !"%a %=%C %I $N%3 !< %I $r F,$+$i DI $& $3$H$G $" $k ;~ E@$N %9%?%C %/$N >u BV $O 3d $j =P 3

Oct 8 1997 B<2,8& %< %_H/I= <sF# 0l9, $; $k !# $7 $+ $7 $3 $N <jK!$O <B 9T;~ 4V$N E@ $+$i 8= <BE* $G$O$J$$ !# 8= :_$O !" %9%?%C%/>e$N CM$r$" $k 7?$@$H 2>Dj $7 !" %7%0 %J %k segmen tation v oilation $r $H $i $( $k$3$H$G 2> Dj $, @5 $7 $+ $C$?$+ $I $& $+ $r H= Dj $7 $F $$ $k !# $3$N <j K! $G$O H= JL7k 2L $, >o $K @5 $7 $$$H$O 8B $i$J$$ !# Ja v aVM $N 8_49@- JDK $N3F %P!< %8%g %s 4V $G !" Ja v aVM $N8_49 @- $, 40 A4 $G$O $J $$ !# $=$N$? $a !" %/%i %9 Dj5A$r N.MQ $G$-$J$$ >l9g $, $" $k !# Nc $( $P !" JDK1.1 $+ $i $O %a %= %C %I 8F $S =P $7 $N @- G= $r 2T$0 $? $a <B 9T Cf $K Ja v aVM $, invoke* ! invoke* quick $H %a %b %j Cf$N %3 !< %I $r =q$- 49$( $k !# JDK1.0.2 $N Jav aVM $K $O invoke* quick L?Na$O$J $$ !# JDK1.1 $+ $i JDK1.0.2 $N Ja v aVM $K %/%i %9Dj 5A >p Js$r E> Aw $7 $F $b JDK1.0.2 $G $O <B 9T$G $- $J $$ $3 $H$, $"$j F@$k !# 7.3 :3:Y $J LdBj %9 %l %C %I $H 6&$K Dj 5A >p Js$N E> Aw $, I, MW$J%/ %i %9$N MeNsK! %9 %l %C %I $N 0\ F0$K $*$$$F !" %9 %l %C %I $N >pJs $r 0\ F0$9 $k A0 $K !" 0\F085$K$O B8 :_ $7 $F 0\F0 @h $K B8 :_ $7 $J $$ %/%i %9$N Dj 5A>p Js$r E> Aw !" 0\F0 @h$G %/%i %9 $r Dj 5A $7 $F $$ $k !# Dj5A >p Js$N 0\ F0 $, I, MW$J %/%i %9 $H $7 $F !" E>Aw 85 %9 %l %C %I $, ;2 >H $7 F@$k%/%i %9>pJs $r MeNs$9$kI,MW $, $" $k !# %9 %l %C %I $, ;2>H $7 F@$k %/%i %972 $O 0\ F0$9 $k ;~ E@ $K F0 E*$K 5a$a $k I, MW $, $" $k !# $7 $+ $7 8= :_ $O !" %/%i %9>p Js$+$i @E E* $K F@$F $$ $k !# $3$N $? $a !" Nc $( $P %/%i%9 Bar $, %/ %i %9 Foo $r 7Q>5 $7 $F $$ $k $H $7 $F Foo var = new Bar(); $H $$ $& %3 !< %I $, $" $C$? >l 9g $K !" 0\F0 @h$G %/ %i %9 Bar $, I,MW $H$J$k$3$H$r 8+H4 $1$J $$ !# F1L> $G Dj5A $, 0[$J$k %/%i%9$N 07 $$ 0\ F085 $, 0[$J$k 2 $D$N %9 %l %C %I $O !" F1 $8 L> A0$G Dj5A$N 0[$J $k %/%i %9$r MW 5a$9 $k 2D G=@- $, $" $k !# 8=:_ $O !" %9 %l%C %I <u $1F~ $l %G!< %b %s$O Class- Loader $r$R$H$D $7 $+ ;} $? $J$$$N $GBP1~ $G$- $J $$ !#>-Mh $O ClassLoader $r E, @Z $K J# ?t ;}$D$3 $H$G 2r7h$9$k !# Class Exp ortation Jav aVM Fb$+$i %/%i %9Dj 5A>p Js$r =&$$ =P$9 8B $j!" Exporter( %/ %i %9 ClassW riter) $, BP 1~ $7 $F $$$J $$ attribute $, L5;k$5 $l $F $7 $^ $& !# ( Nc : %/%i %9%U%! %$ %k$K Kd$a 9~$^ $l $? %W %m %; %C%5%M %$ %F %# %V $J%3 !< %I ) %/ %i%9 %U %!%$ %kFb $K $OB8:_ $9 $k $, !" Ja v aVM Fb $K$OB8:_ $7 $J$$>pJs $, $$$/$D $+$"$k!# 9, $$ !" $= $N $I $N >p Js$b <B 9T $K$O 1F 6A $7 $J $$ $b$N $J $N $G LdBj $O 5/$- $F$$$J$$ !# 8 :#8e >e 5-$N =t Ld Bj$r 2r 7h $7 $F $$ $/ $H 6& $K 0J 2<$r 9T $& !# %Q%U %)!<%^ %s %9$N I>2A <B 9T ;~ 4V$r I> 2A $9 $k !#FC $K load balancing $K MxMQ$9$k$?$a $K$O @-G= $, MW5a$5 $l $k !# %9 %l%C %I <u $1F~ $l %G!< %b %s (ThreadField) $N 2~NI <!$N5!G=$rDI2C$9$k !# � @\B385$NG’>Z � <u $1 F~ $l $? %9 %l %C %I $N <B 9T ;~4V$r @)8B$9 $k 5!G= %9 %l %C %I %U %# !< %k %I $N 9=@.!"MxMQ5;=Q$N3+H/ <!$r3+H/$9$k !# � ThreadField $r %M %C %H %o !< %/ >e$+ $i C5 $9 %=%J !< %M%C %H %o !< %/ >e $K broadcast $9 $k$3$H $G ThreadField $r C5$9!# � %=%J!<$N 2;GHA}I} broadcast %I %a %$ %s $N 30 $N ThreadField $N BeM} $G%=%J!< $K H?1~$9$k !# ;29MJ88% [1] IBM Aglets W orkb enc h. http://www.trl.ibm.co.jp/aglets/index- j.html. [2] Kafk a: Ja v a MQ %^%k %A!&%( !<%8 %’ %s%H 5- =R%i %$ %V %i %j . http://www.fujitsu.co.jp/h yp ertext/free/k afk a/jp/. [3] MOBA { Mobile agen t framew ork for Jav a language en vironmen t. http://www.sh udo.net/soft w are/index- j.html. [4] Ob jectSpace: V o y ager Overview. http://www.ob jectspace.com/V o y ager/. 4