1 9-0h7W;;%7%9%F%‘ Ninf $K$*$1$k%f!<%6G’>Z Cf ED =( 4p y >> 2, Ao yy :4 F# ;0 5W yyy 4X 8} CR ;L y :r :#$N 5^B. $J%M%C %H%o!< %/ 5;=Q $NH/ E8$K $h$j J,;6 9b@- G= 7W;; $,2D G=$H $J$j!" $3$l $r;Y 1g $9$k %=%U %H%&%’ %" %U %l!< %‘ %o!<%/ $H $7 $F $o $l $o $l $N Ninf $r 4^ $‘ 4v $D $+ $N %7 %9%F %‘ $, Ds >’ $5 $l $F $* $j!" 5; =Q E* $K $b @. =O$7 $D $D $" $k!# $7 $+ $7!" $3 $N <o $N %F %/ %N %m %8 $N Ia 5Z $K I, MW $H $5 $l $k %f!< %6 $N @) 8B $d 7W ;; 5! ;H MQ NL $K 1~ $8 $? 2] 6b!"%G!< %? $N5! L)@- J] ;}$H $$$C$? %7 %9%F %‘ $N<R 2qE* B& LL$N 8&5f $O ES>e $K$" $k!# K\9F $G$O $3 $N<o $NMW @A $KEz $($k $? $a$N %;%-%e %j %F%#5! 9=$N 0l It$G $" $k%f!< %6G’ >Z $r$H $j$" $2!" J,;6 9b@- G= 7W;; $KMW @A $5$l $kG’ >Z 5!9= $K$D $$ $FO@ $8$k!# G’ >Z$N 6/EY $H %7%9 %F%‘ MxMQ $N 4JJX @-$O %H %l!<%I %*%U $N 4X78 $K$" $j!" %7%9 %F%‘ $N;H MQ 7ABV $K1~$8$FJ#?t$NG’>Z5!9=$r;H$$J,$1$k$3$H$,=EMW$G$"$k!# Authen tication for Ninf: Global Computation System Hidemoto NAKAD A, y Sa toshi MA TSUOKA, yy Mitsuhisa SA TOH yyy and Sa toshi SEKIGUCHI y Rapid gro wth of netw ork technology made high-p erformance distributed computing p ossi- ble, T ec hnical asp ects of soft w are framework for high-p erformance distributed computing are already almost established. How ev er, from so cial asp ect, some imp ortan t issues still remain op en, i.e, access con trol or accounting. In this pap er, w e discuss authentication mec hanism whic h is needed for the ab ov e issues. Strictness of authen tication and easiness of system usage are tradeo�. Authentication mac hanism hav e to b e choosen according to system usage. 1. $O $8 $a $K :r:#$N5^B.$J%M%C%H%o!<%/5;=Q$NH/E8$K$h$j!"COM} E* $KJ,;6$7$FB8:_$9$k7W;;;q8;$rMQ$$$?J,;69b@-G=7W;;$, 2DG=$K$J$j$D$D$"$k!#J,;69b@-G=7W;;$r;Y1g$9$k%=%U%H %&%’ %" $N OH AH $_ $H $7 $F!" $o $l $o $l $N Ninf 8) $r 4^ $‘ 4v $D $+$N%7%9%F%‘$,Ds>’$5$l$F$*$j!"=c?h$K5;=QE*$J0UL#$G $OJ,;67W;;%7%9%F%‘$O$[$\40@.$7$D$D$"$k$H8@$($k!# 0lJ}!"$3$N<o$N%F%/%N%m%8$r<B:]$KIa5Z$5$;$k$?$a $K $O!"%f!<%6$N@)8B$d7W;;5!;HMQNL$K1~$8$?2]6b$H$$$C$? $"$k0UL#$G<R2qE*$JLdBj$r2r7h$7$F$$$+$J$1$l$P$J$i$J $$!#7W;;$N@-<A$K$h$C$F$O!"%M%C%H%o!<%/$rDL2a$9$k1i ;;%G!<%?$=$N$b$N$KBP$7$F$b5!L)@-$,I,MW$K$J$k>l9g$b 9M$($i$l$k!#$3$l$i$NMW5a$rK~$?$9$?$a$K$O!"J,;67W;; %7%9%F%‘$K2?$i$+$N%;%-%e%j%F%#5!9=$rF3F~$9$kI,MW$, $"$k!# 0l HL $K!" %$ %s %?!< %M%C %H $N $h $& $J 8x 6& $N %M%C %H %o!< %/ $r DL ?. $K MQ $$ $k >l 9g!" Ep D0 (Eav esdropping) !" 56 B$ (F orges) !" >h$C <h $j (Hijac k) Ey $N 96 7b $r <u $1 $k 2D G= @- $,$" $k!# $3 $l$i $N 4m81 $K BP =h$9 $k $K$O!" G’ >Z (Authen- y EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory yy El5~9)6HBg3X T oky o Institute of T ec hnology yyy ?7>pJs=hM}3+H/5!9= Real W orld Computing P artnership tication) $H DL ?. Fb MF $N Hk L) 2= (Priv acy) $, I, MW $H $5 $l $k!#K\9F$G$O$3$N$&$A$NA0<T$r$H$j$"$2!"J,;69b@-G=7W ;;%7%9%F%‘$KMW@A$5$l$kG’>Z5!9=$K$D$$$FO@$8$k!# G’>Z$N6/EY$H%7%9%F%‘MxMQ$N4JJX@-$O0lHL$K%H %l!<%I %*%U$N4X78$K$"$k!#G’>Z$r6/8G$K$9$l$P$9$k$[$I!"%7%9 %F%‘%;%C%H%"%C%W;~$d%7%9%F%‘;HMQ;~$KM>J,$J<j4V$,I, MW $H $J $k!# $7 $? $,$C $F J, ;6 %7 %9 %F %‘ $N 1? MQ 7A BV $K 1~ $8 $F!" $I $N Dx EY $N 6/ EY $N G’ >Z $, I, MW $H $5 $l $k $N $+ $r 8! F$ $7!" $= $N MW @A $K 1~ $8 $F G’ >Z $N <j K! $r A* Br $9 $k I, MW $, $" $k!# 2 >O$G!" G’>Z5!9=0l HL$K4X$7 $F%5%^%i %$%:$9$k!# 3 >O $G!"J,;67W;;%7%9%F%‘$NG’>Z5!9=$X$NMW@A$r$^$H$a$k!# 4 >O$G!" Ninf %7%9%F%‘ $K$* $1$kG’ >Z5! 9=$rDs 0F$9 $k!# 5 >O$G!"4XO"$9$kB>%7%9%F%‘$r>R2p$9$k!# 2. G’ >Z 5! 9= G’ >Z $O 0l HL $K!" DL ?. $N N> C< $, 2? $i $+ $N Hk L) ( %7!< %/ %l%C%H ) $r ;}$A!" $= $l $r;}$C $F $$ $k$3 $H $r 2?$i $+ $N <jK! $G8_$$$K>ZL@$9$k$3$H$G9T$o$l$k!#G’>Z5!9=$K$OBgJL$7 $F!"%Q%9%o!<%I$K$h$k$b$N!";H$$<N$F%Q%9%o!<%I$K$h$k $b$N!">ZL@=q$K$h$k$b$N$,$"$k!# 2.1 %Q%9%o!<%I$K$h$kG’>Z %Q%9%o!<%I$K$h$kG’>Z$O%7!<%/%l%C%H$=$N$b$N$r Ds<(

2 $9$k$3$H$GG’>Z$r9T$C$F$$$k$H9M$($i$l$k!#$3$l$O:G$b %7%s%W%k$@$,!"EpD0$K<e$$$H$$$&Bg$-$J7gE@$,$"$k!# 2.1.1 rsh/rlogin $NG’>Z rsh/rlogin $N G’ >Z $O!" Unix 4D 6- $G $O :G $b ?H 6a $K MQ $$$i$l$F$$$kG’>Z5!9=$G$"$k!#%f!<%6L>!"%Q%9%o!<%I$r %M%C%H%o!<%/7PM3$GE>Aw$7!"%3%s%=!<%k$+$i$N%m%0%*%s $HF1MM$KG’>Z$r9T$&!#$3$N:]%Q%9%o!<%I$,J?J8$G%M%C%H %o!<%/$rN.$l$k$3$H$K$J$j!"Hs>o$K4m81$G$"$k!# $^$?!"%5!<%PB&$N%U%!%$%k$K?.Mj$9$k%/%i%$%"%s%H %[ %9%H / %f!<%6$rEPO?$7$F$*$-!"$=$N%/%i%$%"%s%H%[%9%H / %f!<%6 $+$i $N@\ B3$r5v $95! 9=$b MQ0U$5 $l$F $$$k!#%/ %i %$%" %s %H %[%9 %H $N G’ >Z$K $O IP %" %I %l %9$r MQ $$!" %f!< %6 $N G’ >Z $O 4p K\ E* $K %/ %i %$ %" %s %H %W %m %0 %i %‘ $r ?. $8 $k!# $3$N:]!"%/%i%$%"%s%HB&$N%]!<%H$,%9!<%Q%f!<%68"8B$G $7$+MQ$$$k$3$H $N$G$-$J$$ priviraged p ort $rMQ$$$F$$ $k$3$H$r5a$a$k!#$3$l$K$h$C$F!"%/%i%$%"%s%H$N%9!<%Q %f!<%6$r?.$8$k$N$G$"$l$P!"%/%i%$%"%s%HB&$N%f!<%6L> $,:>>N$5$l$F$$$J$$$H?.$8$k$3$H$,$G$-$k!# $3 $NG’ >Z 5!9= $O!" %= %1%C%H $N IP %" %I %l%9 $r %/%i %$ %" %s%H %^ %7 %s $N %"%$ %G %s %F%# %F%#$H $7 $F MQ $$$k $,!" IP %" %I%l%9$N:>>N$OHf3SE*MF0W$G$"$k$?$a0BA4@-$K$OBg$-$J LdBj$,$"$k!#$H$O$$$(!"%f!<%6$K$+$+$kIiC4$O>/$J$$!# 2.2 ;H$$<N$F%Q%9%o!<%I$K$h$kG’>Z ;H$$<N$F%Q%9%o!<%I$K$h$kG’>Z$O!"%7!<%/%l%C%H$= $N $b$N$G$J$/%7!<%/%l%C%H$+$i@8@.$5$l$?Fs<!E*$J$b$N$r Aw?.$9$k$3$H$G4V@\E*$K%7!<%/%l%C%H$r;}$C$F$$$k$3$H $r>ZL@$9$k!# 2.2.1 S/Key S/Key 1) $G $O %7!< %/ %l%C %H $+ $i $" $k <j =g $G O" B3 E* $K @8@.$5$l$k0lO"$N%Q%9%o!<%I$r$=$l$>$l0lEY$E$D$@$1MQ $$$k!#$3$N<j=g $O n $+$i n+1 $r:n$k$N$O4J C1$@$,!" n $+$i n-1 $r:n$k$N$O Fq$7$$ <j=g$H $J$C$F $$$k!#;H MQ;~$K $O@8@.$5$l$?$N$H5U=g$K$b$A$$$k$N$G!"ESCf$N%Q%9%o!< %I$rEpD0$7$F$b!"$=$N<!$KMQ$$$i$l$k%Q%9%o!<%I$rM=B, $9$k$3$H$OFq$7$$!# 2.2.2 F14|<0;H$$<N$F%Q%9%o!<%I F14|$7$FJQ99$5$l$k%Q%9%o!<%I$N7ONs$r%/%i%$%"%s %H $H%5!<%P$,6&M-$7!"$=$N;~E@$GM-8z$J%Q%9%o!<%I$rMQ$$ $F G’ >Z $r 9T $& J} K!!# $3 $N J} K! $G $O %Q %9 %o!< %I $r Ep D0 $5 $l$F$bLdBj$O@8$8$J$$!#<B:]$K$O%/%l%8%C%H%+!<%I%5%$ %:$N!V%H!<%/%s!W$H8F$P$l$k%Q%9%o!<%I@8@.4o$r%f!<%6 $,;}$AJb$-!"$=$l$,I=<($9$k!V8=:_$N%Q%9%o!<%I!W$r$D $+$C$FG’>Z$r9T$&!# 2.2.2.1 %A%c%l%s%8!u%l%9%]%s%9$K$h$kG’>Z $3 $N <j K! $G $O!" @\ B3 $5 $l $k %5!< %P $+ $i %/ %i %$ %" %s %H $X!V%A%c%l%s%8!W$H8F$P$l$kKh2s0[$J$k>pJs$rAw$k!#%/ %i%$%"%s%H$O$3$N%A%c%l%s%8$K%7!<%/%l%C%H$rMQ$$$?7W ;;$r9T$$!"$=$N7k2L$r%l%9%]%s%9$H$7$F%5!<%P$KJV$9!# %5!<%PB&$G$bF1$87W;;$r9T$$!"$3$l$,%l%9%]%s%9$H0lCW $9$l$P%7!<%/%l%C%H$N6&M-$,3NG’$G$-!"G’>Z$,$G$-$?$3 $H$K$J$k!# $3$l$i$N<jK!$G$O!"%7!<%/%l%C%H$,%M%C%H%o!<%/ $r0\ F0$7$J$$$N$G!"%Q%9%o!<%I$K$h$kG’>Z$h$j$b0BA4$G$"$k $,!"2?$i$+$NJ}K!$G:G=i$K%7!<%/%l%C%H$r8r49$9$kI,MW $,$"$k!# 2.3 >ZL@=q$K$h$kG’>Z $3 $N <j K! $G $O!" ?. Mj $G $- $k Bh ;0 <T 5! 4X $r A[ Dj $9 $k!# DL ?. $N N> <T $O $= $l $> $l Bh ;0 <T 5! 4X $+ $i >Z L@ =q $N H/ 9T $r <u $1!" DL ?. ;~ $K $O $3 $l $r 8r 49 $9 $k $3 $H $G!" 8_ $$ $r G’ >Z $9$k!#DL?.$NN><T$,D>@\8_$$$N%7!<%/%l%C%H$r;}$DBX$j $K!"Bh;0<T5!4X$H$N4V$G%7!<%/%l%C%H$r8r49$9$k!#$3$N $?$a!"=i$a$FDL?.$9$kAj<j$G$"$C$F$bG’>Z$r9T$&$3$H$, $G$-$k!# 2.3.1 Kerb eros Kerb eros 2) $O!" MIT $N Athena 7W2h $N 0l It $H $7 $F 3+ H/$5$l$?G’>Z%7%9%F%‘$G!"BP>N0E9f$N$_$rMQ$$$F$$$k!# KDC(k ey distribution cen ter) $H8F $VBh ;0<T 5! 4X$K $9 $Y$F$N;22C<T$NBP>N80$rJ]4I$7$F$$$k!# %/%i %$%"%s %H$, %5!<%P$K %"%/ %;%9 $9$k:] $K$O!" KDC $+ $i %;%C %7%g %s %-!< $r %/ %i %$ %" %s %H $N 80 $G 0E 9f 2= $7 $? $b $N $H!" %/ %i %$ %" %s %H $N AG @+ $H %;%C %7%g %s %-!< $r %5!< %P $N 80 $G 0E 9f 2= $7 $? $b $N ( %A %1%C %H ) $r <u $1 <h $j 8e <T $r %5!<%P$KAw$k!#$3$l$G%;%C%7%g%s%-!<$,6&M-$G$-!"F1;~ $K KDC $,J]>Z$9$k%/%i%$%"%s%H$NAG@+$b%5!<%P$KEA$o $k!# Kerb eros $OHs >o$K9* $_$G6/ 8G$J G’>Z%7 %9%F %‘$@$,!" BP>N0E9f$rMQ$$$F$$$k$?$a KDC $K$9$Y$F$N%f!<%6$NHk L)80$,=8Cf$9$k$3$H$K$J$j!" KDC $,GK$i$l$?>l9g$NB; 32$,Hs>o$KBg$-$$$3$H$,LdBjE@$H$5$l$F$$$k!# 2.4 SSL SSL(Secure So ck et Lay er) $O!" Netscap e Commu- nication <R $, Ds >’ $7 $F $$ $k 0E 9f 2= %W %m %H %3 %k $G!" Netscap e Na vigator Ey $K AH $_ 9~ $^ $l $F $* $j!" WWW $K$*$1$k;v<B>e$NI8=‘%W%m%H%3%k$H$J$C$F$$$k!#$=$NL> $NDL$j%=%1%C%H%l%$%d$rBeBX$9$k7A$G;HMQ$G$-$k$N$G!" $5$^$6$^$J%"%W%j%1!<%7%g%s$G;HMQ$9$k$3$H$,$G$-$k!# SSL $O8x3+ 800E 9f$r MQ$$ $?>Z L@=q $K$h $kG’ >Z$H!" %;%C %7%g %s $4 $H $K @8 @. $5 $l $k BP >N 80 0E 9f $K $h $k 0E 9f 2= $r 9T $&!#G’>Z$O3,AXE*$J>ZL@=qH/9T5!4X$NB8:_$rA0Ds$K$7$F $$$k!#$3$N>l9g$N>ZL@=q$O!"DL?.<T$N8x3+80$rH/9T5!4X $NHkL)80$G0E9f2=$7$?$b$N$G$"$k!#Aw$i$l$F$-$?>ZL@=q $r H/ 9T 5! 4X $N 8x 3+ 80 $G I| 9f $9 $l $P DL ?. Aj <j $N 8x 3+ 80 $r F~<j$G$-$k!#$=$N8x3+80$rMQ$$$F%;%C%7%g%s80$r8r49$7 $F!"DL?.$r9T$&!#8x3+800E9f$O0E9f 2= / I|9f2=$KB?Bg$J 7W;;%3%9%H$,$+$+$k$,!"DL?.<+BN$N0E9f2=$K$OHf3SE*7W ;;%3%9%H$N7ZHy$JBP>N800E9f$rMQ$$$F$$$k$N$G0E9f2=$N %3%9%H$O$=$l$[$ILdBj$K$J$i$J$$!# 8x3+800E9f$rMQ$$$F$$$k$?$a>ZL@=qH/9T5!4X$K$O 8x3+ 80 $N $_ $, C_ $( $i $l $k $? $a!" Hk L) 80 $, C_ $( $i $l $k Kerb eros $N KDC $H0[$J$j!"Bg$-$J%;%-%e%j%F%#%\%H%k%M%C%/$K $O$J$i$J$$!#$^$?!">ZL@=qH/9T5!4X$r3,AX2=$9$k$3$H$b $G$-$k!#>e0L$NH/9T5!4X$,H/9T5!4X$rG’>Z$7$F>ZL@=q$r

3 H/9T$9$k!#2<0L$NH/9T5!4X$K$h$k>ZL@=q$K$O2<0L$NH/9T 5!4X<+?H$N>ZL@=q$bE:IU$9$k!#$9$k$H>e0L$NH/9T5!4X$N 8x3+80$r;}$C$F$$$l$P!"2<0L$NH/9T5!4X$N8x3+80$r<hF@ $G$-!"2<0L$NH/9T5!4X$,=P$7$?>ZL@=q$rI|9f$9$k$3$H$, $G$-$k!# %a %$ %k %7 %9 %F %‘ PEM(Priv acy Enhanced Mail) $b F1Ey$NG’>Z5!9=$rMQ$$$F$$$k!# 2.4.1 PGP PGP(Prett y Go o d Priv acy) 3) $O!" Phil Zimmer- mann $K$h$C$F3+H/ $5$l$?8x3+800E 9f$rMQ$$$?0E9f 2= / =pL>%7%9 %F%‘$G$"$k!# PGP $NG’>Z 5!9=$O=8Cf 4IM}$5$l $?!V?.Mj$G$-$kBh;0<T5!4X!W$OMQ$$$J$$!#8D!9$N%f!<%6 $,<+J,$N?.Mj$G$-$k%f!<%6$rJ]>Z$9$k!"$H$$$&7A$G?.Mj $NOB$r:n$j>e$2!"$=$l$,G’>Z5!4X$HF1Ey$N8zNO$rH/4x$9 $k!# Bh;0<T5!4X$K$h$k>ZL@=q$NH/9T$rBT$?$:$K;HMQ$r3+ ;O $G$-$k$?$a!";HMQ3+;O;~$N>cJI$,Dc$$$,!"?.Mj$NOB$r$I $NDxEY?.Mj$7$F$$$$$N$+$,LdBj$G!"9bEY$J%;%-%e%j%F%# $rMW5a$5$l$k>l9g$K$O1?MQ$,Fq$7$$$H9M$($i$l$k!# 3. J,;67W;;%7%9%F%‘$K$*$1$kG’>Z 3.1 J,;67W;;%7%9%F%‘$N35MW 0lHL$KJ,;67W;;%7%9%F%‘$O0J2<$NMWAG$+$i$J$k!# � %/%i%$%"%s%H � 7W;;%5!<%P � %j%=!<%9%"%m%1!<%? � %j%=!<%9%b%K%? � %j%=!<%9%G!<%?%Y!<%9 %j %=!< %9 %b %K %? $, Dj 4| E* $K %j %=!< %9 $N >u BV $r %b %K %? $7!"%j%=!<%9%G!<%?%Y!<%9$KEPO?$9$k!#%/%i%$%"%s%H$, 7W;;$r9T$&$K$O!"$^$:%j%=!<%9%"%m%1!<%?$K%"%/%;%9$9 $k!#%j%=!<%9%"%m%1!<%?$O!"%G!<%?%Y!<%9$+$i>pJs$r<h $j =P $7!" E, @Z $J %j %=!< %9 ( %5!< %P $J $I ) $r %/ %i %$ %" %s %H $K>R2p$9$k ( ?^ 1) !# ?^ 1 J,;67W;;%7%9%F%‘ 3.2 J,;67W;;%7%9%F%‘$N1?MQ7ABV J,;67W;;%7%9%F%‘$K$O$5$^$6$^$J1?MQ7ABV$,9M$($i $l $k!#Bg$-$/J,$1$F<!$N$h$&$KJ,N‘$9$k$3$H$,$G$-$k!#$= $l $> $l $K $* $$ $F!" MW 5a $5 $l $k G’ >Z 6/ EY $N %l %Y %k $O 0[ $J $k!# � %5%$%HFbJ,;67W;; $?$H$($P0l$D$N8&5f<<$J $I$NC10l$N4I M}%]%j%7$G4I M}$5$l$F$$$kHO0OFb$@ $1$G;HMQ$9$k!# %f!<%6$N?M?t $O?t==?MDxEY!"7W;;%j %=!<%9$b?t==Bf DxEY$G!"Hf3S E*MF0W$K=8CfE*$K4IM}$9$k$3$H$,$G$-$k!# G’ >Z 5! 9= $K $O $= $l $[ $I $N 6/ EY $O I, MW $H $5 $l $J $$ $N $G!";HMQ$N4JJX$5$r=E;k$9$k$Y$-$G$"$k!# � %-%c%s%Q%9%o%$%IJ,;67W;; $?$H$($P0l$D$NBg3X$J $I!"J#?t$N$=$l$> $l0[$J$k4I M}%]%j%7$G4IM}$5$l$F$$ $k%5%$%H$,4^ $^$l$F$O$$$k $,!" 8D!9 $N ;2 2C <T $r J* M} E* $K FC Dj $9 $k $3 $H $, 2D G= $G!"3F%5%$%H$NA10U$r ?.MQ$G$-$k4D 6-!#%f!<%6$N?M ?t$O?tI4?MDxEY!"7W;; %j%=!<%9$O?tI4 BfDxEY$G!"=8 CfE*$K4IM}$9$k$3$H$O$‘$:$+$7$$!# G’>Z5!9=$K$O$"$kDxEY$N6/EY$,MW5a$5$l$k!# � %0%m!<%P%kJ,;67W;; J#?t$N$=$l$>$l0[$J$k4I M}%]%j%7$G4I M}$5$l$F$$$k %5 %$ %H $, 4^ $^ $l $F $$ $F!" $= $l $> $l $N %5 %$ %H $N 4I M} <T$O?.MQ$G$-$k$,!"8D!9 $N%f!<%6$O?. Mj$G$-$J$$!# %f!<%6$N?M?t!"7W;;%j%=!< %9$H$b@i$r 1[$(!"=8CfE* $J4IM}$O8=<BE*$G$O$J $$!#3,AXE*$J4IM} 9=B$$NF3F~ $,IT2D7g$G$"$k!# G’>Z5!9=$K$OAjEvDxEY$N6/EY$,MW5a$5$l$k!# J,;6%7%9%F%‘$K$*$1$kG’>Z%7%9%F%‘$O$3$l$i$N1? MQ7A BV$KB’$7$F=@Fp$K1?MQ$G$-$k$b$N$G$J$1$l$P$J$i$J$$!# 3.3 J,;67W;;%7%9%F%‘$NG’>Z5!9=$X$NMW@A J,;67W;;%7%9%F%‘$NG’>Z5!9=$O0J2<$N>r7o$r$_$? $7$F $$$J$1$l$P$J$i$J$$!# � %j%=!<%9%"%m%1!<%7%g%s%7%9%F%‘$H$NO"F0 %j%=!<%9%"%m%1!<%?$K$h$C $F>R2p$5$l$? %7%9%F%‘$K <B:]$K%"%/%;%9$7$F$_ $?$i!"G’>Z$G5qH] $5$l$?$H$$ $&$h$&$J$3$H$,$J$$$h$&$K$7$J$1$l$P$J$i$J$$!# � 3,AX2=2DG= 8D!9$N%5%$%HFb$N4IM}$O %5%$%HFb$G407k $7$F$$$k$3 $H$,K>$^$7$$!#$7$?$,$C$F 9-0h$G$N4IM} $O3,AXE*$K 9T$&I,MW$,$"$k!# � 3HD%2DG= ;O$a$O%m!<%+%k$K9=C[$7 $?%7%9%F%‘$,!" O"B3E*$K30 It$K3HD%$7$F$$$/$3$H$,$G$-$k$3$H$,K>$^$7$$!# 4. Ninf %7%9%F%‘$NG’>Z5!9= 4.1 Ninf %7%9%F%‘$N35MW Ninf $O%/ %i %$ %"%s %H / %5!<%P $r %Y!< %9$H $? J, ;6 7W ;; %7 %9%F%‘$G!"%/%i%$%"%s%H%W%m%0%i%^$O!"%5!<%PB&$N%k!< %A%s$r%/%i%$%"%s%HB&$N%k!<%A%s$HF)2aE*$K;HMQ$9$k$3 $H$,$G$-$k!# Ninf $O %j%=!<%9%G!<%?%Y!<%9 $rMQ$$$? %j %=!<%9%"%m%1!<%7%g%s5!9=$r;}$D 9) !# 4.2 Ninf $NG’>Z5!9= Ninf %7 %9 %F %‘ $G MQ $$ $k $? $a $K!" A0 >O $G =R $Y $? MW 5a $r

4 K~$?$9G’>Z5!9=$r@_7W$7$?!#$3$NG’>Z5!9=$O0J2<$NFCD’ $r;}$D!# � %m!<%+%k$H%0%m!< %P%k$H$GJL$N G’>Z5!9=$rMQ $$$k!# � %m!<%+%k$JHO0O $G;HMQ$r3+;O $7!"O"B3E*$K%0 %m!<%P %k$J%7%9%F%‘$HO"7k$G$-$k!# � %j%=!<%9%"%m%1!<%?$HO"F0$9$k!# %W%m%F%/%H$5$l$?%m!<%+%k$J%5%$%H$NFbIt$G$NG’>Z 5! 9=$H$7$F$O!" rsh AjEv$N5!9=$rMQ$$$k!#$9$J$o$A!"%[%9 %HL> $O IP %"%I %l %9 $r ?.$8!" %f!< %6 L> $OFC 8" %]!< %H $N ;H MQ $r A0 Ds $K <+ 8J ?= 9p $r ?. $8 $k!# G’ >Z $N 6/ EY $O <e $$ $,!" %f!<%6$KB8:_$r0U<1$5$;$:$K;HMQ$5$;$k$3$H$,$G$-!";H MQ3+;O$N>cJI$,Dc$$!# %0%m!<%P%k$J6u4V$G$NG’>Z5!9=$K$O==J,$JG’>Z5!9= $H 0E9f2=5! G=$r;} $D SSL $rMQ $$$k!# SSL %l %Y%k$G $NG’>Z $N C1 0L $O!" %f!< %6 $G $O $J $/ %5 %$ %H $H $9 $k!# SSL $O ;H MQ 3+;O;~$K>ZL@=q$r<hF@$9$k$H$$$&<j4V$,$+$+$k$,!"G’>Z C10L$r%5%$%H$H$9$k$3$H$G!"8D!9$N%f!<%6$X$NIiC4$,Dc 8:$5$l$k!# %"%/%;%9@)8B$K$O%"%/%;%9%3%s%H%m!<%k%j%9%H$rMQ $$ $k!#%"%/%;%9%3%s%H%m!<%k%j%9%H$NBP>]$O%5%$%HC10L$G $b$h$$$7!"%f!<%6C10L$G$b$h$$!#%5%$%H$h$j>e0L$N%I%a %$%s$KBP$7$F0l3g$7$F%"%/%;%98"$r@_Dj$9$k$3$H$b2DG= $G$"$k!#%3%s%H%m!<%k$NBP>]$H$J$k%j%=!<%9$O!"%5!<%P C10L$G$b$h$$$7%i%$%V%i%jC10L$G$"$C$F$bNI$$!# 4.2.1 %m!<%+%k;HMQ;~$NG’>Z5!9= ?^ 2 $K%m!<%+%k$K;H$&>l9g$NG’>Z5!9=$r<($9!# ?^ 2 %m!<%+%k;HMQ;~$NG’>Z5!9= 3F%5!<%P$O%"%/%;%9%3%s%H%m!<%k%j%9%H$r;}$A!"$= $N FbMF$r%j%=!<%9%G!<%?%Y!<%9$KEPO?$9$k!#%/%i%$%"%s%H $O@\B3;~$K%j%=!<%9%"%m%1!<%?7PM3$G%G!<%?%Y!<%9$K%" %/ %; %9 $7 $F!" %5!< %P $N >R 2p $r <u $1 $k!# %/ %i %$ %" %s %H $, %5!< %P $K %" %/ %; %9 $9 $k $H!" %5!< %P $O rsh $H F1 MM $K $= $N %f!<%6$N .rhost $r;2>H$7 $FG’ >Z$r 9T$$!" $5$i$K %"%/ %;%9 %3 %s %H %m!< %k %j %9 %H $r ;2 >H $7 $F!" @\ B3 $N 2D H] $r 7h Dj $9 $k!# G’>Z$K $O rsh $HF1$85! 9= $rMQ $$ $k$N $G!" 8D!9$N %f!< %6 $,?7$?$K@_Dj$r9T$&I,MW$O$J$$!# 4.2.2 9-0h;HMQ;~$NG’>Z5!9= ?^ 3 $K 9-0h4D 6-$G$N G’>Z 5!9=$r <($9!#%m!< %+%k;~ $NG’ >Z5!9=$O$=$N$^$^MQ$$!"$5$i$K%W%m%-%7$rF3F~$9$k$3$H $G J# ?t $N %5 %$ %H $K 3H D% $r 9T $&!# %5 %$ %H 4V $N DL ?. $O %W %m %- %7 $r 2p $7 $F 9T $$!" %W %m %- %7 4V $N DL ?. $O SSL $G G’ >Z $9 $k!#%-%c%s%Q%9%o%$%I$N$h$&$K!"DL?.<+BN$r0E9f2=$9$k I, MW $, $J $$ >l 9g $O!" SSL $N G’ >Z $@ $1 $r MQ $$ DL ?. $N 0E 9f 2=$O9T$o$J$$!# ?^ 3 9-0h4D6-$G$NG’>Z5!9= 3F%5%$%H$N%W%m%-%7$O6&DL$N>ZL@=qH/9T5!4X$+$i >ZL@ =q$r<hF@$9$k!#%-%c%s%Q%9%o%$%I$N>l9g$OFH<+$KH/9T5! 4X$r:n@.$9$l$P$h$$$7!"%0%m!<%P%k$N>l9g$K$O2f!9$,MQ 0U$9 $k H/ 9T 5! 4X $rMx MQ $9 $k!# $5 $i $K 3F%5 %$ %H $K Ninf MQ $N%"%+%&%s%H$r0l$DMQ0U$7!"%W%m%-%7$r$=$N%"%+%&%s%H $G<B9T$9$k!#%5!<%P$rDs6!$9$k>l9g!"%W%m%-%7$K$b%"%/ %;%9%3%s%H%m!<%k%j%9%H$rMQ0U$9$k!# %/ %i %$ %" %s %H $, B> $N %5 %$ %H $N %5!< %P $K DL ?. $9 $k :] $K $O!"$^$:<+J,$N%5%$%H$N%W%m%-%7$KBP$7$F@\B3$9$k!#%W %m%-%7$X$N@\B3$O rsh AjEv$NG’>Z$G9T$&$N$G!"%W%m%-%7 $K$O@\B3$7$F$-$?%f!<%6$,$o$+$C$F$$$k!#%W%m%-%7$O!" %5!< %P %5 %$ %H $N %W %m %- %7 $K SSL $r MQ $$ $F @\ B3 $7!" ;H MQ $r;n$_$F$$$k%f!<%6L>$rDLCN$9$k!#$3$N:]$K%"%/%;%9%3 %s%H%m!<%k%j%9%H$rMQ$$$F%"%/%;%9@)8B$r9T$&!#$3$3$G @)8B$5$l$J$+$C$?>l9g!"%5!<%P%5%$%H$N%W%m%-%7$O%5!< %P$K@\B3$9 $k!#$3$N$H $- rsh AjEv$NG’>Z $r9T$&!#%W %m%- %7$O Ninf MQ $N %" %+ %&%s %H $G <B 9T $5 $l $F $$ $k $N$G!" %5!< %P$O%W%m%-%7$+$i$N@\B3$G$"$k$3$H$,$o$+$k!#%5!<%P$O %W%m%-%7$+$i%/%i%$%"%s%H$NAG@+$K4X$9$k>pJs$r<u$1<h $j!"%m!<%+%k$J%"%/%;%9%3%s%H%m!<%k%j%9%H$r;2>H$7$F @\B3$N2DH]$r7hDj$9$k!# $3 $N <jK! $N FC D’ $O!" %m!< %+%k $K Ninf $r;H MQ $7 $F $$ $k >uBV$+$i!"O"B3E*$K%0%m!<%P%k$JJ,;67W;;$K;22C$G$-$k $h$&$K$J$kE@$G$"$k!#%/%i%$%"%s%HB&$G$O!">ZL@=q$r<h F@$7$F%W%m%-%7$r@_Dj$9$k$@$1$G$h$/!"8D!9$N%f!<%6$K $OA4$/IiC4$O$J$$!#%5!<%PB&$G$O!"%"%/%;%9%3%s%H%m!< %k%j%9%H$r%0%m!<%P%kMQ$K3HD%$9$kI,MW$,$"$k$,!"4pK\ E*$K$O%W%m%-%7$N%"%/%;%9%3%s%H%m!<%k%j%9%H$@$1$G9T $&$3$H$,$G$-$k$N$G!"8D!9$N%5!<%P$N%j%9%H$rJQ99$9$k I,MW$O$J$$!# 4.3 ;n 83 <B Au 3F G’ >Z <j K! $N Ld Bj E@ $H @- G= $r 8! F$ $9 $k $? $a $K!" Ninf %7%9 %F %‘$K rsh $H F1$8 <j K!$K $h $kG’ >Z 5!9= $H!" SSL $r

5 MQ$$$?G’>Z5!9=$r;n83E*$KIU2C$7$?!#:#2s$O!"N>5!9=$H $b%5!<%P$H%/%i%$%"%s%H$N$_$K<BAu$7$F$*$j!"%j%=!<%9 %"%m%1!<%?$J$I$K$O<BAu$7$F$$$J$$!# 4.3.1 rsh AjEv$NG’>Z @h$K=R$Y$?$h$&$K!" rsh $NG’>ZK!$K$*$$$F$O%/%i%$%" %s%HB&$,!"%9!<%Q%f!<%6$7$+;H$($J$$%]!<%H$r;H$&$3$H $, =EMW $G $" $k!# $7 $+ $7!" Ninf $N $h $& $J %7 %9 %F %‘ $N %/%i %$%"%s%H%W%m%0%i%‘$r%9!<%Q%f!<%68"8B$GF0$+$9$3$H$r 4|BT$9$k$N$OHs8=<BE*$G$"$k!# $= $3 $G!" %9!< %Q %f!< %6 $K setuid $5 $l $? %H %s %M %k 5! G= $r;}$D%3%^%s%I$r:n@.$7$?!#$3$N%W%m%;%9$O5/F0$5$l$k $H ?F %W %m %; %9 $N %f!< %6 ID $r <h F@ $7 $F 08 @h $N Ninf %5!< %P$KDLCN$7!"$=$N8e?F%W%m%;%9$+$i$N=PNO$r%U%)%o!<%I $9$k!#$3$N%3%^%s%I$r%/%i%$%"%s%H%i%$%V%i%j$,5/F0$9 $k$3$H$G%f!<%6$K0U<1$5$;$k$3$H$J$/!" rsh $HF1Ey$NG’ >Z5!9=$rDs6!$9$k$3$H$,$G$-$k!#$3$N9=B$$G$O!"$9$Y$F $N%G!<%?$,$3$N%W%m%;%9$GCf7Q$5$l$k$?$a!"G’>Z$N%3%9 %H$NB>$KDL?.<+BN$K$b%*!<%P%X%C%I$,@8$8$k$3$H$,M=A[ $5$l$k!# 4.3.2 SSL $K$h$kG’>Z Eric Y oung !" Tim Hudson $K $h $k SSL $N %U %j!< $N <BAu $G$" $k SSLeay 10) $r MQ$$ $F!" SSL $K$h $kG’ >Z$r <B 8=$7 $?!# SSL $O%H %i %s %9 %]!< %H%l %$ %d $G 0E 9f 2=$r 9T $& $N $G!"4pK\ E*$K!" Unix $GMQ$$ $kI8=‘ E*$J%= %1%C%H4X 78$N %7%9%F%‘%3!<%k$r!" SSLea y $,MQ0U$7$F$$$k%i%$%V %i%j 4X?t$GCV$-49$($k$@$1$G SSL $rMQ$$$k$3$H$,$G$-$k!# SSL $N G’ >Z $O!" AP J} $+ $i >Z L@ =q $r Aw $j!" $= $l $r 8! >Z $9$k$3$H$G9T$&!#$3$l$K$O$=$l$J$j$N7W;;NL$,MW5a$5$l $k!#$^$?%G!<%?E>Aw$r0E9f2=$9$k>l9g$K$OEvA3$=$N%3%9 %H$,$+$+$k!# 4.3.3 ;n83<BAu$K$h$k<B83 J,;67W;;%7%9%F%‘$GG’>Z$r9T$&>l9g$N%3%9%H$r8!>Z $9 $k $? $a $K!" >e =R $N ;n 83 <B Au $r MQ $$ $F G’ >Z $H DL ?. $K $* $1 $k$=$l$>$l$N%*!<%P%X%C%I$rB,Dj$9$k$?$a$K<B83$r9T$C $?!# <B83$O0J2<$N4D6-$G9T$C$?!# � %/%i%$%"%s%H : Ultra SP AR C 167MHz � %5!<%P : DEC Alpha 333MHz � %M%C%H%o!<%/ :100base/T � %W%m%0%i%‘ : linpack (non-blo ck) 9T Ns%5 %$%: $O 500, 700 $H $7 $?!#$= $l $>$l E>Aw $5 $l$k %P%$%H?t$O 2Mb yte, 4Mbyte DxEY$G$"$k!# G’>Z$J $7$N >l9g $H!" rsh AjEv$N G’>Z $r9T $&>l 9g!" SSL $K$h$k G’>Z$r 9T$&>l 9g$N 3 DL$j$N <B83$r 9T$C$?!#I= 1 $K $=$N7k2L$r<($9!#%W%m%H%3%k%3%9%H$O!"DL?.!"7W;;0J30 $K$+$+$C$?;~4V$G$"$j!"%W%m%H%3%k%3%9%H$NA}J,$,!"G’ >Z$K$h$k%*!<%P%X%C%I$G$"$k$H9M$($k$3$H$,$G$-$k!# G’>Z$N%3%9%H!"$9$J$o$A%W%m%H%3%k%3%9%H$NA}J, $O!" N><jK!$H$b==J,>/$J$/!"L5;k$G$-$k$3$H$,$o$+$k!# DL?.$K$*$1$k%*!<%P%X%C%I$O!" rsh AjEv$G$O0l$DM>7W $K %W %m %; %9 $r 7P M3 $7 $F $$ $k $,!" Ld Bj $K $J $k $[ $I $N %*!< I= 1 LAN $K$*$1$k%W%m%H%3%k%3%9%H$HDL?.;~4V ( IC ) %5%$%: %W%m%H%3%k%3%9%H DL?. G’>Z$J$7 0.12 0.28 500 rsh AjEv ( A}J, ) 0.26 (0.14) 0.29 (0.01) SSL( A}J, ) 0.18 (0.05) 3.14 (2.86) G’>Z$J$7 0.13 0.55 700 rsh AjEv ( A}J, ) 0.23 (0.10) 0.57 (0.02) SSL( A}J, ) 0.18 (0.05) 5.90 (5.35) %P %X%C %I $O $J $$!# SSL $G $O!" $= $l $J $j $K Bg $- $J %*!< %P %X%C%I$,@8$8$F$$$k!#$3$N%*!<%P%X%C%I$HDL?.B.EY$N4X 78$rD4$Y$k$?$a$K!" W AN $rMQ$$$?<B83$r9T$C$?!# %5!<%P$K$O>e=R$N$b$N$rMQ$$!"?7$?$K%/%i%$%"%s %H$r COM}E* / %M%C%H%o!<%/E*$KN%$l$?%5%$%H$K@_CV$7$?!#N> <T $N 4V $N ftp $K $h $k DL ?. %9 %k!< %W%C %H $O!" 80KByte/s DxEY$G$"$k!#7k2L$rI= 2 $K<($9!# I= 2 W AN $K$*$1$kDL?.;~4V ( IC ) %5%$%: DL?. 500 G’>Z$J$7 12.9 SSL( A}J, ) 13.1 (0.2) 700 G’>Z$J$7 26.4 SSL( A}J, ) 26.1 (-0.1) 700 $N;~$K5U$KDL?.;~4V $,C;$/$J$C$F$$$k$3$H$+$i$b $o$+$k$h$&$K!"%M%C%H%o!<%/$N>uBV$,IT0BDj$GB,Dj8m:9 $,Bg$-$/$J$C$F$7$^$C$F$$$k$,!"DL?.$K$*$1$k0E9f2=$N %*!<%P%X%C%I$,B,Dj8m:9$NHO0OFb$^$G$K8+$($J$/$J$C$F $$$k$3$H$,$o$+$k!#$3$l$O!"DL?.B.EY$,==J,CY$$$?$a!" 0E9f2= / I|9f2=$N7W;;$HDL?.$H$,%*!<%P%i%C%W$7$F<B9T $5$l$k $?$a $G$"$k $H;W $o$l $k!#$7$? $,$C$F W AN 4D6-$G $O SSL $K $h $k 0E 9f 2= $N %3 %9 %H $O!" $[ $\ L5 ;k $G $- $k $H 8@ $($k!# 5. 4X O" 8& 5f 5.1 Globus Globus 4) $O!" 9- 0h 7W ;; %7 %9 %F %‘ $N $? $a $N %D!< %k %-%C %H $G $" $j!" DL ?. %i %$ %V %i %j $d %G%# %l %/ %H %j %5!< %S %9 $d %j %=!< %9 4I M} 5! 9= $J $I!" Hf 3S E* Dc 0L $N 5! 9= $r Ds 6! $7 $F $$$k!#%f!<%6$O Globus $N >e$K<B:]$K;HMQ $9$k%7%9%F%‘ $r9=C[$9$k!# Globus $O!"G’>Z5!9=$H$7$F GSI(Globus Securit y Infrastructure) $r Ds 6! $7 $F $$ $k 5) !# GSI $K $O!"3F%5%$%H$N%m!<%+%k%;%-%e%j%F%#%]%j%7$OJQ99$7$J $$!";R%W%m%;%9$X$N%"%/%;%98"$NEAHB$,2DG=!"$H$$$C$? FCD’$,$"$k!# Globus $K $O %0 %m!< %P %k $J C1 0l $N %f!< %6 L> 6u 4V $, $" $j!" $3 $l $r %5 %$ %H %m!< %+ %k $J %f!< %6 L> 6u 4V $K %^%C %W $9 $k!#%5%$%HFb$G$O%5%$%H%m!<%+%k$N%;%-%e%j%F%#%]%j%7 $K$7$?$,$C$F%"%/%;%9%3%s%H%m!<%k$,9T$o$l$k!#%m!<%+ %k6u4V$X$N%^%C%T %s%0$N:]$K!" Globus $,1?MQ$9$kH/9T

6 5!4X$K$h$k>ZL@=q$K$b$H$:$$$?G’>Z$,9T$o$l$k!# Globus $O!"%j %b!< %H %W %m%; %9 $N %U%)!< %/$r %Y!< %9 $K $7$?%7%9%F%‘$J$N$G!"%f!<%6$,;}$D%"%/%;%98"$r<!!9$K %U%)!< %/ $7 $? %W %m %; %9 $K EA HB $7 $F $$ $/ $3 $H $, =E MW $G $" $k!# Globus $G$O8D!9$N %W%m%;%9$,>Z L@=q$r$b$D!#%f!< %6$,%W%m%;%9$r%U%)!<%/$9$k:]$K$O!"<+J,$N>ZL@=q$G>Z L@$7$?>ZL@=q$r$=$N%W%m%;%9$KM?$($k!#F1MM$K?F%W%m%; %9$,;R%W%m%;%9$r%U%)!<%/$9$k:]$K$O!"?F%W%m%;%9$,;R %W %m %; %9 $r >Z L@ $9 $k!# $= $l $> $l $N %W %m %; %9 $N >Z L@ =q $K $O!"$9$Y$F$N?F%W%m%;%9$N>ZL@=q$,;D$k$N$G!"3F%j%=!< %9$O>ZL@=q$rAL$j%W%m%;%9$N85$N%f!<%6$rCN$k$3$H$,$G $-!"$=$N%f!<%6$KBP$9$k%"%/%;%98"$r8D!9$N%W%m%;%9$K BP$7$F@_Dj$9$k$3$H$,$G$-$k!# LdBjE@$H$7$F$O!"8D!9$N%f!<%6$rI,$:%0%m!<%P%k$J L> A06u4V$KEPO?$7$F!"H/9T5!4X$+$i>ZL@=q$r<hF@$7$J$1$l $P$J$i$:!"<jB3$-$,HQ;($G$"$kE@$,5s$2$i$l$k!#$^$?!" %7%9%F%‘$N;HMQ $K@h9T$7$F Globus $X $N%m%0%*%s<jB3$- $,I,MW$G$"$j!"$3$NE@$bHQ;($G$"$k!# 5.2 Legion Legion 6) $O %* %V %8%’ %/ %H $r %Y!< %9 $H $7 $? J, ;6 7W ;; %7 %9 %F %‘ $G $" $k!# Legion $G $O $9 $Y $F $N %* %V %8%’ %/ %H $, G’ >Z $N BP >] $H $J $k <g BN $H $J $j $& $k 7) !# $= $l $> $l $N %* %V %8%’%/%H$O8D!9$N%*%V%8%’%/%H$KBP$7$F!"%a%=%C%IC10L $G %" %/ %; %9 $r @) 8f $9 $k $3 $H $, $G $- $k!# %* %V %8%’ %/ %H 4V $N %a%C %;!< %8 %Q%C %7 %s %0 $K $O!" 8F $S =P $5 $l $k %* %V %8%’ %/ %H 0J 30 $K!" CA(Calling Agen t) !" RA(Resp onsible Agen t) !" SA(Securit y Agent) $N 3 $D $N %* %V %8%’ %/ %H $,2p :_$9 $k!# CA $,8F$S =P$7 <gBN $G$" $j!" RA $O$=$N 8F $S=P$7$,4^$^$l$k0lO"$N8F$S=P$7A4BN$r9T$C$F$$$k<gBN $G!"%f!< %6 ID $N 3H D% $H$H $i $($k $3 $H $,$G $- $k!# SA $O %;%-%e%j%F%#%]%j%7$r<B8=$9$k$b$N$G$"$k!#%"%/%;%98" $O!" CA $KBP$7$F $G$J $/ RA $KBP$7 $F@_ Dj $5$l $k$N $G!" RA $,;}$D%"%/%;%98"$,EAHB$7$F$$$/$3$H$K$J$k!# $"$k%*%V%8%’%/%H$,B>$N%*%V%8%’%/%H$N%a%=%C%I$r 8F $S =P $9 :] $K $O!" $= $l $K @h 9T $7 $F MayI %a %=%C %I $, 8F $S =P $5$l$k!#8F$S=P$5$l$kB&$N%*%V%8%’%/%H$O!"8F$S=P$9$3 $H$r5v$9%a%=%C%I$N%j%9%H$r4^$s$@!V%i%$%;%s%9!W$rH/ 9T$9$k!#<B:]$N%a%=%C%I8F$S=P$7;~$K$O$3$N%i%$%;%s%9 $rMQ$$$k!# Legion $N %; %-%e%j %F%# 5! G= $O Hs>o $K 6/ NO $@ $,!"$= $N H?LL!"B?Bg$J%*!<%P%X%C%I$,@8$8$k$3$H$,M=B,$5$l$k!# 6. $* $o $j $K K\9F$G$O!"2]6b$d%f!<%6@)8B$N%Y!<%9$H$J$k5;=Q$H $7 $F!"9b@-G=J,;6%7%9%F%‘$N$?$a$NG’>Z5!9=$K$D$$$FO@$8 $?!#G’>Z5!9=$N6/EY$H;HMQ$NMF0W$5$O%H%l!<%I%*%U$N4X 78$K$"$j!"C10l$N:GNI2r$,$"$k$o$1$G$O$J$$!#MQES$K1~ $8$F4v$D$+$N<jK!$rAH9g$o$;!";H$$J,$1$F$$$/$3$H$,=E MW$G$"$k!#$o$l$o$l$O!"6/EY$O<e$$$,;HMQ$OMF0W$JG’>Z $H!"6/EY$,6/$$$,<j4V$N$+$+$kG’>Z<jK!$rAH$_9g$o$;$k $3$H$G!"%m!<%+%k$K$O;HMQ$r3+;O$7$d$9$/!"4m81$J30It %M%C%H%o!<%/$G$O==J,$J6/EY$NG’>Z$r9T$&G’>Z5!9=$rDs 0F$7$?!# :#8e$N2]Bj$H$7$F$O!":#2sDs0F$7$?G’>Z%7%9%F%‘ $N<B Au$r9T$$!"<B:]$K;HMQ$K6!$9$k$3$H$G!"<BMQ>e$NLdBjE@ $r@v $$ =P $9 $3 $H $, 5s $2 $i $l $k!# $^ $?!" Globus $d Legion $G$O%5%]!<%H$7$F$$$k%"%/%;%98"$NEAHB$K$D$$$F$bF3F~ $9 $k I, MW $, $" $k!# $5 $i $K!" B> $N J, ;6 %7 %9 %F %‘ $H $N O" 7H $b8!F$$7$J$1$l $P$J$i$J$$!#6qBN E*$K$O Globus %D!<%k %-%C%H$rMQ$$$F Ninf $r<BAu$9$k$3$H$r8!F$$7$F$$$k!# ;2 9M J8 8% 1) : ftp://ftp.b ellcore.com/pub/nmh. 2) Kohl, J. and Neuman, C.: The Kerb eros Net- work Authen tication Service (V5), RFC 1510. 3) Gar�nkel, S.: PGP 0E 9f %a!< %k $H EE ;R =p L> , O’REILL Y (1996). 4) F oster, I. and Kesselman, C.: Globus: A metacomputing infrastructure to olkit., Pr o c. of Workshop on Envir onments and T o ols, SIAM. (1996). 5) F oster, I., Kesselman, C., Tsudik, G. and T uec k e, S.: A Security Architecture for Compu- tational Grids, Pr o c. 5th ACM Confer enc e on Computer and Communic ation Se curity, to ap- p e ar (1998). 6) Grimshaw, A. S., W ulf, W. A., F renc h, J. C. and Alfred C. W ea v er, P . F. R. J.: Legion: The Next Logincal Step T o w ard a Natio wide Vir- tual Computer, CS 94-21, Univ ersit y of Virginia (1994). 7) W ulf, W. A., W ang, C. and Kienzle, D.: A New Mo del of Security for distributed Systems, CS 95-34, Universit y of Virginia (1995). 8) Sato, M., Nak ada, H., Sekiguc hi, S., Mat- suok a, S., Nagashima, U. and T ak agi, H.: Ninf: A Netw ork based Information Library for a Global World-Wide Computing Infrastracture, Pr o c. of HPCN’97 (LNCS-1225) , pp. 491{502 (1997). 9) C] K< $" $D ;R , Cf ED =( 4p , 9g ED 7{ ?M , >. @n 9( 9b , >> 2, Ao , D9 Eh 1@ J< : Ninf %7 %9 %F %‘ $K $* $1 $k %8%g %V %9 %1 %8%e!< %i$N <BAu $HM= Hw E*I> 2A , >p Js=h M} 3X2q 8&5f Js 9p HPC, V ol. 98, No. - (1998). 10) Y oung, E. and Hudson, T.: CryptSoft Pty Ltd. Home Page, h ttp://www.sslea y .org/.