1 Grid Datafarm $K$*$1$k%9%1%8%e!<%j%s%0!&J#@=<jK!$N@-G=I>2A C] K< $" $D ;R y 1 7z It =$ 8+ y 2 >> 2, Ao y 3 ; y 4 ?9 ED MN J? y 5 %0 %j%C %I 5;=Q $r 4p HW $K$7 $? Bg MF NL %G!<%? $K BP $9 $kJW :_ $9 $k %"%/ %; %9 $r 2DG= $K $9 $k 5; =Q$r %G!< %? %0 %j%C%I $H 8F $S!$ J# ?t $N %7 %9 %F %‘ $N @_ 7W!& <B Au $,9T $o $l $F $$ $k!% $7 $+ $7 $J $, $i!$ $= $l $i $O <B 83 CJ 3, $K $" $j!$%G!< %? %0 %j%C %I %"!< %- %F %/ %A%c $N @_ 7W J} ?K $N BE Ev @- $d @- G= $K 4X $9 $k 5D O@ $O IT == J, $G $" $k!% K\ 9F $G $O!$ Bric ks %0 %j%C %I %7 %_%e%l!< %? $K %G!<%? %0 %j%C %I %7%9 %F %‘ $KBP $9 $k 3HD% $r 9T $$!$ Grid Datafarm %"!< %-%F %/ %A%c $K 4p $E $/ %G!< %? %0 %j%C %I %b %G %k $K $* $1 $k 9b %( %M %k %.!< J* M} %" %W %j %1!< %7%g %s %8%g %V $N @- G= $K $D$$ $F Hf 3S!& D4 :: $7 $?!% %G!< %? %0 %j%C %I %b %G %k $G $O!$ Central %b %G %k $H Tier %b %G %k $r Hf 3S $7!$ Tier %b %G %k $G $O MM!9 $J %9 %1 %8%e!< %j %s %0 $H J# @= <j K! $r E, MQ $7!$ 2007 G/ $K 3+ ;O $5 $l $k CERN $N 9b %( %M %k %.!< J* M} <B 83 $r A[ Dj $7 $F $=$N@- G=$rI>2A$7$?!%I> 2A$G$O!$ Central $G8zN($h$/=h M}$G$-$k$3$H!$ Tier $G$O %P%C%/%0%i%&%s%I$K J#@= $r :n $k <jK! $r MQ $$ $k$H 8z N( $h $/=h M} $G $-!$ 1 %5 %$%H $N @- G= $, Central $h$j Dc $$ 9= @.$G $b Central $h $j $h $$ @-G=$r<($9$3$H$,J,$+$C$?!% P erformance Analysis of Sc heduling and Replication Algorithms on Grid Datafarm Arc hitecture A tsuk o T akefusa, y 1 Osamu T a tebe, y 2 Sa toshi Ma tsuoka y 3 ; y 4 and Youhei Morit a y 5 Data Grid is a Grid en vironmen t for ubiquitous access and analysis of large-scale data. Due to its early researc h status, the p erformance of p etab yte-scale Data Grid mo dels in a realistic data pro cessing setting ha v e not b een w ell in v estigated. By enhancing our Bric ks Grid sim u- lator to b e able to sim ulate Data Grid scenarios, w e in v estigate and compare the p erformance of di�eren t Data Grid mo dels in the Grid Datafarm arc hitecture, mainly categorized in to the cen tral and the tier mo dels but with v arying sc heduling and replication strategies, under realistic assumptions of job pro cessing for the CERN LHC exp erimen ts. Our results sho w the cen tral mo del is e�cien t but the tier mo del with greater amoun t of resources and sp ecula- tiv e class of bac kground replication p olicies is quite e�ectiv e and ac hiev es higher p erformance while eac h tier b eing smaller than the cen tral mo del. 1. $O $8 $a $K %0 %j%C %I 5; =Q $r 4p HW $K $7 $? Bg MF NL %G!< %? $K BP $9 $k JW :_ $9 $k %" %/ %; %9 $r 2D G= $K $9 $k 5; =Q $r %G!< %? %0 %j%C %I $H 8F$S!$9b%(%M%k%.!<J*M}3X!$E7J83X!$%R %H%2%N%‘Ey$N8& 5f J, Ln $G =E MW ;k $5 $l $F $$ $k!% 0l $D $N Nc $H $7 $F!$ CERN $G 9T $o $l $k Bg 5, LO AG N3 ;R 2C B. 4o <B 83 (Large Hadron Collider (LHC)) $, $" $j!$ Grid Datafarm 1),2) !$ EU DataGrid 3) !$ GriPh yN 4) %W%m%8%’ %/%H$J$I $G$O LHC <B 83 $r %?!< %2%C %H $H $7 $F %G!< %? %0 %j%C %I %7 %9 %F %‘ $N @_ 7W!& <B Au $, 9T $o $l $F $$ $k!% LHC <B 83 $G $O!$ 2007 G/ $h y 1 $*Cc$N?e=w;RBg3X Ochanomizu Univ ersit y y 2 ;:6H5;=QAm9g8&5f=j National Institute of AIST y 3 El5~9)6HBg3X T oky o Institute of T ec hnology y 4 9qN)>pJs3X8&5f=j National Institute of Informatics y 5 9b%(%M%k%.!<2CB.4o8&5f5!9= High Energy Accelerator Re- searc h Organization $j 4 $D$N<B83%0%k!<%W!$N3;R8! =P4o$K$h$jKhG/%Z %?%P%$ %H5,LO$N4QB,%G!<%?$,@8@.$5$l$k!%?t@i?M$NJ*M} 3X<T$, AGN3;RJ*M}%G!<%?2r@O$K$*$$$F6(NO!&6%Ah$r$9 $k$?$a!$ %0%j%C%I5;=Q$rMQ$$$?@$3&5,LO$N%G!<%?2r@O4D6- $N9=C[ $r L\ ;X $7 $F $$ $k!% $3 $N $h $& $J %Z %? %P %$ %H $K 5Z $V %G!< %? 2r @O $G $O Bg MF NL $N %G%# %9 %/ $* $h $S 7W ;; ;q 8; $r I, MW $H $J $k$? $a!$ MONAR C(Mo dels of Net w ork Analysis at Reginal Cen tres) 5) %W%m %8%’ %/ %H $G $O 3F 9q $K CO 0h %; %s %? $rG[CV$9$k!$CO5e5,LO$NB?3,AX%G!<%?%0%j%C%I%b %G%k$r Ds 0F $7 $F $$ $k!% $3 $N %b %G %k $G $O!$ 0 AX %; %s %? $r CERN $K!$ 1 AX %; %s %? $H $7 $F %h!< %m%C %Q!$ %" %a %j %+!$ %" %8 %" $K!$ 2 AX%;%s%?$H$7 $F3F9q$K!$ 3 AX%;%s%?$O3F Bg3X!&8& 5f=j$KCV$+$l$k!% $3$N$h$&$JBg5,LO%G!<%?%$ %s%F%s%7%V%3%s%T%e!<%F%# %s%0$G$O!$<B834o6q!$7W;;5!!$%G%#%9%/!$8& 5f<T!$%G!< %?!$$=$7$F%"%W%j%1!<%7%g%s$,@$3&E*$KJ,;6$7 $F$$$k!% $3$l$i$N;q8;$X$N9bB.!$0BA4!$8zN(E*$G?.Mj@-$N $"$k%"

2 %/%;%9$,I,MWIT2D7g$G$"$j!$%0%j%C %I!$%/%i%9%?!$%M%C %H %o!< %/ 5; =Q $, $= $N C# @. $N 80 $H $J $k!% 0l J}!$ $3 $l $i $N %G!<%?%0%j%C%I%7%9%F%‘$O8=:_3+H/!& <B83CJ3,$K$"$j!$ Ds0F$5$l$F$$$k%G!<%?%0%j%C%I%7%9 %F%‘%"!<%-%F%/%A%c $N@_7WJ}?K$NBEEv@-$d<BMQ@-!$<B%" %W%j%1!<%7%g%s$rA[ Dj$7$?@-G=I>2A$K4X$9$k5DO@$OIT==J,$G$"$k!% K\ 9F $G $O!$ Bric ks %0 %j%C %I %7 %_%e %l!< %? $K BP $7 %G!< %? %0 %j%C %I $N $? $a $N %G%# %9 %/ %7 %_%e %l!< %? $N 3H D% $H J# @= 5! 9= $r AH $_ 9~ $_!$ %G!< %? %0 %j%C %I %7 %9 %F %‘ %b %G %k $H $= $N@- G= $K$D $$ $F Grid Datafarm %"!< %- %F%/ %A%c $rA[ Dj $7 $F 9b %( %M %k %.!< J* M} %" %W %j %1!< %7%g %s %8%g %V $N @- G=$r Hf3S!&D4 ::$7$?!% 256 %N!<%I $N Prest I I I %/%i%9 %? >e $G LHC <B 83 %" %W %j %1!< %7%g %s $r A[ Dj $7 $? 1 G/ 4V J, $N Bric ks %7 %_%e %l!< %7%g %s $r Ls 800 2s <B 9T $7!$ 1 $D $N %5 %$ %H $G =8 Cf E* $K %G!< %? 2r @O $r 9T $& Central %b %G %k $H MONAR C $GDs 0F$5 $l $F$$ $k Tier %b%G %k$r Hf3S $7$?!% $^ $?!$ Tier %b %G %k $G $O MM!9 $J %9 %1 %8%e!< %j %s %0 $H J# @= %" %k %4 %j %: %‘ $r Ds 0F!& E, MQ $7!$ 2007 G/ $N LHC <B 83 $r A[Dj$7$F$=$N@-G=$r%7%_%e%l!<%7%g%s$K$h$jI>2A$7$?!% 2. Grid Datafarm %"!<%-%F%/%A%c Bg5,LO%G!<%?%$%s%F%s%7%V%3 %s%T%e!<%F%#%s%0$G$O!$ ;q 8; $, @$ 3& E* $K J, ;6 $7 $F $$ $k $? $a!$ ;q 8; $X $N 9b B.!$ 0B A4!$ 8z N( E* $G ?. Mj @- $N $" $k %" %/ %; %9 $, I, MW IT 2D 7g $G $" $k!%$3$l$i$NBg5,LO%G!<%?%$%s%F%s %7%V%"%W%j%1!<%7%g %s $N %G!< %? $O KX $I 99 ?7 $5 $l $k $3 $H $, $J $/!$ write-once read-man y %b!< %I $G %" %/ %; %9 $5 $l $k 79 8~ $, $" $k!% $h$C $F!$@$3&5,LO$N%Z%?%9%1!<%k%G!<%?$r8z N(E*$K6&M-$9$k $K$O!$%U%!%$%k$NJ#@=@8@.$,Ii2YJ,;6!$ %"%/%;%9%P%s%I I}!$BQ8N>c@-$K$*$$$FHs>o$K8z2LE*$G$"$k!% $^$?!$:GE,$J%U%!%$%kJ#@=$*$h$S 7W;;%N!<%I$NA*Br!$ =P NO $* $h $S 0l ;~ E* $J %U%! %$ %k NN 0h $N 3d $j Ev $F J} K! Ey!$ %9%1%8%e!<%j%s%0$O8zN(E*$J%8%g%V$N<B 9T$N$?$a$KI,MW IT2D7g$G$"$k!%%U%!%$%kJ#@=@8@.<jK! $K$*$$$F$b!$$I$N %U%!%$%k$r$$$D!$$I$3$KJ#@=$r@8@. $9$k$+!$$^$?%G%#%9 %/NN0h$NITB-$rHr$1$k$?$a$K$I$NJ#@= $r$$$D:o=|$9$k$+ $J$I!$%G!<%?$NJ,;6$,8zN(E*$J%8%g%V<B9T$N80$H$J$k!% 0lJ}!$%G!<%?%5%$%:$NA}2C$K$h$j!$ %G!<%?%"%/%;%9%P %s%I I}$H CPU %Q%o!<$, 8zN(E* $J%G!<%? =hM}$K$O I,MWIT 2D7g$G$"$k!%$9$J$o$A!$%Z%?%P%$%H$N %G!<%?=hM}$r2DG= $K$9$k%G!<%?%0%j%C%I$G$O9bB.%U%!%$%k E>Aw$d8zN(E*$J J#@=4IM}$@$1$G$J$/!$9bB.%G!<%?%"%/ %;%9$d9bB.%G!<%? =h M} $r <B 8= $7 $J $1 $l $P $J $i $J $$!% TB/ IC 5, LO $N %P %s %I I}$G$5$(!$%Z%?%P%$%H5,LO$N%G!<%?$N=h M}$K$OIT==J,$G $" $k!% 0l HL $K!$ TB/ IC $K $* $h $V %P %s %I I} $O %0 %j%C %I $N $h$&$JJ,;67W;;4D6-$G$O<B8=IT2DG= $H;W$o$l$k$,!$Bg5, LO%G!<%?%$%s%F%s%7%V%3%s%T%e!<%F%#%s %0$G$O%G!<%?%" %/ %; %9 $N 6I =j @- $r Mx MQ $9 $k $3 $H $K $h $j!$ TB/ IC $K $* $h $V%P%s%II}$r<B8=$9$k$3$H$,$G$-$k$H9M$($i$l$k!% %G!<%?%"%/%;%9$N6I=j@-$K$h$j!$ 7W;;%N!<%I72$HFHN) ?^ 1 Gfarm %U%!%$%k%7%9%F%‘!% $7 $? %M%C %H %o!< %/ 1[ $7 $N I/O %" %/ %; %9 $O 8z N( E* $J <B 9T $N K8 $2 $H $J $k!% 0l HL $K!$ %G!< %? %0 %j%C %I $K $* $1 $k %G!< %? =h M} %7 %9 %F %‘ $G $O %Z %? %P %$ %H 5, LO $N %G!< %? $r 07 $& $? $a!$ 7W ;; $K I, MW $J %G!< %? $r HPSS Ey $N 9b @- G= %9 %H %l!< %8 %7 %9 %F %‘ $K 3J G< $7!$ E, 59 7W ;; %[ %9 %H $K %m!< %I $7 $F =h M} $9 $k!% $7 $+ $7 $J $, $i!$ 7W ;; %N!< %I $H %G!< %? $, L) $K 7k 9g $7 $F $$ $k $3 $H!$ $9 $J $o $A!$ o wner-computes !$ $^ $? $O mo v e-the-computation-to-data <j K! $r E, MQ $7 $? J} $,!$%G!<%?JBNs%"%W%j%1!<%7%g%s$r%9%1!<%i%V%k $+$D%0 %j%C%I>e$G$h$j8zN(E*$K=hM}$9$k$3$H$,$G$-$k!% Grid Datafarm %7 %9 %F %‘ $G $O!$ %G!< %? %" %/ %; %9 6I =j @- $N $" $k %G!< %? %$ %s %F %s %7 %V %" %W %j %1!< %7%g %s $N %G!< %? %" %/ %; %9 %P %s %I I} $r 8~ >e $5 $; $k $3 $H $r L\ E* $H $7!$ 7W ;; %N!< %I $H %G!< %? $r M; 9g $5 $; $? %"!< %- %F %/ %A%c $r Ds 0F $7 $F$$ $k!% Grid Datafarm $G $O!$%0 %j%C %I >e $N?t @i!$ ?t K| $b $N %G%# %9 %/!& 7W ;; %N!< %I $r Gfarm %U%! %$ %k %7 %9 %F %‘ $H 8F $P $l $k 1 $D $N %U%! %$ %k %7 %9 %F %‘ %$ %a!< %8 $H $7 $F 4I M} $9 $k!% ?^ 1 $K Gfarm %U%! %$ %k %7 %9 %F %‘ $r <( $9!% Gfarm %U%! %$ %k %7 %9 %F %‘ $G $O!$ %Z %? %P %$ %H 5, LO $N %0 %m!< %P %k JB Ns %U%! %$ %k %7 %9 %F %‘ $r Ds 6! $9 $k!% %/ %i %9 %? %N!< %I $N %G%# %9 %/ $K J, 3d!& 3J G< $5 $l $? %G!< %? $K BP $7!$ o wner-computes %k!<%k $G %W %m %; %9 $r%9 %1 %8%e!< %k $7!$ JBNs<B9T$9$k!%$3$l$K$h$j!$?tK|%N!<%I$K$*$h $V%0%j%C %I >e $N %/ %i %9 %? $r Mx MQ $7!$ %9 %1!< %i %V %k $J I/O %P %s %I I}!$JBNs=hM}$r<B8=2DG=$H$9$k!% K\ 9F $N I> 2A $G $O!$ %G!< %? %0 %j%C %I %7 %9 %F %‘ $K $H $7 $F Grid Datafarm %"!<%-%F%/%A%c$rA[Dj$9$k!% 3. %7%_%e%l!<%7%g%s%b%G%k %G!< %? %0 %j%C %I $K BP $7 $F CERN LHC <B 83 $r %" %W %j %1!<%7%g%s%b%G%k$H$7$FI>2A$9$k!% 3.1 %G!< %? %0 %j%C %I %" %W %j %1!< %7%g %s %b %G %k : CERN LHC <B83 LHC <B 83 $G $O!$ N3 ;R $N >W FM <B 83 $+ $i B, Dj $5 $l $k %Z %? %P%$%H5,LO$N%G!<%?!J%$%Y%s%H!K$r<}=8$7!$0J2< $NCJ3, E*$J=hM}$,!J!KFb$NIQEY$G9T$o$l$k 5) !% La rge : RA W ! ESD: RA W %G!< %? $r :F 9= @. $7!$

3 ?^ 2 Central %b%G%k!J:8!K$H Tier %b%G%k!J1&!K!% ESD(Ev en t Summary Data) $r @8 @. $9 $k !J 2-4/ G/!K Medium : ESD ! A OD: ESD $r MQ $$!$ A OD(Analysis Ob ject Data) $r@8@.$9$k!J 1/ 7n!K Small : A OD ! T A G: A OD $r MQ $$!$ T A G %G!< %? $r@8@.$9$k!J 1/4 ;~4V!K LHC <B 83 $G $N E5 7? E* $J %8%g %V La rge !$ Medium !$ Small $O!$$$$:$l$b?tI4K|$b$NJ*M}%$%Y%s%H =hM}$N=89g$+$i$J $j!$ $= $l $> $l $N %$ %Y %s %H =h M} $O FH N) $J $? $a %$ %Y %s %H C1 0L$GJBNs%G!<%?=hM}$,2DG=$G$"$k!% 3F%8%g%V$O%G!<%?%0 %j%C%I%7%9%F%‘>e$G<!$N$h$&$K=hM}$5$l$k!% ( 1 ) %/%i%$%"%s %H7W ;;5! $G%f!< %6!JJ* M}3X<T!K $,%8%g %V$r%G!<%?%0%j%C%I%7%9%F%‘$KEjF~$9$k ( 2 ) %G!<%?%0%j%C %I%9%1 %8%e!<%i $,%8%g %V$K BP$7 $FE, @Z$J%5!<%P72$rA*Br$9$k ( 3 ) 3F%5!<%P$O3d$jEv$F$i$l$?%?%9%/$r=hM}$9$k ( 4 ) %5!<%P$O;XDj $5$l $?%G%#%9 %/$K =PNO %G!<%? $rAw$k !J%/%i%$%"%s%H$K$OE}7W>pJs$N$_$,JV$5$l$k!K A*Br$5$l$?3F%5!<%P$O$=$N%5!<%P>e$G=h M}$5$l$k%?%9%/ !J%8%g%V$N0lIt!K$KMW$9$k%G!<%?$,%m!< %+%k%G%#%9%/$K $J$$>l9g!$%M%C%H%o!<%/7PM3$G%m!<%I$5$l$k!% %8%g %V $N =h M} A4 BN $K MW $9 $k ;~ 4V T r esponse $O!$ T r ead !$ T pr ocess !$ T w r ite $rF~NO%G!<%?$NFI$_ 9~ $_;~4V!$7W;;%5!<%P$G$N%8%g%V$N=hM} ;~4V!$=PNO7k2L$N =q$-=P$7;~4V$H$7$?$H$-!$0J2<$N$h$&$KI=$5$l$k!% T r esponse = T r ead + T pr ocess + T w r ite (1) 3.2 %G!<%?%0%j%C%I%"!<%-%F%/%A%c MONAR C 5) $G $O!$ C1 0l %5 %$ %H $G 9= C[ 2D G= $J 7W ;;!& %G%#%9%/;q8;$K@)8B$,$"$k$H$$$&A0Ds $G!$B?3,AXCO0h%; %s %?%b %G %k$r Ds 0F$7 $?!% 0lJ}!$ 6a G/$N %3 %b%G%# %F%# PC $* $h $S %/ %i %9 %? %j %s %0 5; =Q $N H/ E8 $O L\ 3P $^ $7 $$!% Grid Datafarm $G$O!$$=$l$i $rMxMQ$7Bg5, LO%G%#%9%/%/%i %9 %? $r @_ 7W!& 9= C[ $7 $F $* $j!$ 5) $G I, MW $H $5 $l $F $$ $k 7W ;; ;q8;$rC10l%5%$%H$G3NJ]$G$-$k2DG=@-$O==J,$K$"$k!% K\8& 5f$G $O Grid Datafarm %"!< %-%F %/%A%c $r2> Dj$7 $FC1 0l%5 %$%H$G A4$F$N %8%g%V $r=hM} $9$k Central %b%G %k $H!$ B? 3, AX $N CO 0h %; %s %? $G %8%g %V $r =h M} $9 $k MONAR C ?^ 3 %G!<%?%0%j%C%I%3%s%T%e!<%F%#%s%0$K$*$1$k Bric ks %7%_%e %l!<%7%g%s$NN.$l!% 7? $N Tier %b %G %k $r Hf 3S $9 $k !J?^ 2 !K!% Tier %b %G %k $G $O 8zN(E*$J%G!<%?=hM}$N$?$a!$E,@Z$J%f!<%6%8%g%V $N3dEv $F$HE,@Z$J%G!<%?J#@=$NI,MW$,$"$k!%$=$l$i %9%1%8%e!< %j%s%0$*$h$SJ#@=<jK!$N>\:Y$O 5 @a$G=R$Y$k!% 4. Bric ks $N%G!<%?%0%j%C%I3HD% Bric ks %0%j%C%I%7 %_%e %l!<%? 6) $O Ja v a $G<BAu$5 $l$? N% ;6 %$ %Y %s %H %7 %_%e %l!< %? $G $" $j!$ E5 7? E* $J %0 %j%C %I $N%9 %1 %8%e!<%j %s%0 %b %8%e!<%k 72!J Sc heduling Unit !K $HF0E*$J%7%_%e%l!<%7%g%s%0%j%C%I4D6-$rDs 6!$7!$MM!9 $J %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N 2r @O $r 2D G= $K $9 $k 7),8) !% Bric ks $r MQ $$ $F %G!< %? %0 %j%C %I %" %W %j %1!< %7%g %s $N @- G= $r I> 2A $9 $k $? $a!$ <! $N $h $& $K Bric ks %7 %9 %F %‘ $r3HD%$7$?!% � %m!<%+%k%G%#%9%/ I/O %*!<%P%X%C%I$NI=8= � J#@=%^%M!<%8%c$NDs6! � J#@=%+%?%m%0$NDs6! � %G%#%9%/4IM}5!9= 4.1 %m!<%+%k%G%#%9%/ I/O %G!<%?%0%j%C%I$K$*$1$k@:L) $J%7%_%e%l!<%7%g%s$G$O %G%#%9%/%"%/%;%9$OL5;k$G$-$J$$$?$a!$%G%#%9%/ %"%/%; %9 $N 5s F0 $r BT $A 9T Ns $r MQ $$ $F I= 8= $9 $k $h $& Bric ks %7 %9 %F %‘$r 3H D% $7 $?!% Bric ks $G$O ?^ 3 $N$h $& $K BT $A 9T Ns $G %G!< %?$N%M%C%H%o!<%/DL?.CY1d!$%W%m%;%C%5$G$N=hM} CY1d$K 2C$(!$ %G%# %9 %/ I/O $N CY 1d $r I= 8= $9 $k!% ?^ Cf $N <B @~ $O!$ %8%g %V $, I, MW $H $9 $k %G!< %? $, Host B $K 3J G< $5 $l $F $* $j!$$=$N Host B >e $G%8%g%V$,=h M}$5$l$k>l 9g$N%o!<%/ %U %m!< $G $"$j!$ Disk B $+$i %G!< %? $r FI $_!$ Pro cessor B $G$=$N %8%g%V$r =hM}$7!$ 7k2L$r Disk B $K3JG< $9$k!% 0lJ}!$GK@~$H<B@~$r9g$o$;$?%o!<%/%U%m!<$O!$ %8%g%V=h M} $K MW $9 $k %G!< %? $, 7W ;; %[ %9 %H $N Host B $H $O 0[ $J $k Host A $K3J G< $5 $l $F$* $j!$ 7k 2L $b7W ;; %[ %9 %H$H $O 0[ $J $k Host A $K3JG<$9$k>l9g$r<($9!%$3$N>l9g!$%G!<%?$r Disk A $+ $i Net w ork A $r 2p $7 $F Disk B $K 3J G< $7 $? 8e FI $_ 9~ $_!$ Pro cessor B $G %8%g %V $r =h M} $7 $F 7k 2L $r

4 Disk B !$ Net w ork B $r2p$7$F Disk A $K3JG<$9$k!% K\ %7 %_%e %l!< %7%g %s $G $O!$ Pro cessor $H Disk $N BT $A 9T Ns $O ;~ J, 3d =h M} $5 $l!$ Net w ork $N BT $A 9T Ns $O F CFS(First-Come-First-Serv ed) $G =h M} $5 $l $k!% Net- w ork $G $O %G!< %? $O ;X Dj $5 $l $? O@ M} %Q %1%C %H $K J, 3d!& E> Aw $5$l $k!%$^ $?!$?^ 3 $G <($9 $h$& $K!$ Disk $G$O read !$ write ;~$NCY1d$H$b!$ 1 $D$NBT$A9TNs$K$h$jI=$9!% 4.2 J#@=%^%M!<%8%c$HJ#@=%+%?%m%0 2 @a $G =R $Y $? $h $& $K!$ Bg 5, LO %G!< %? %$ %s %F %s %7 %V %3 %s %T%e!< %F%# %s %0 $G $O %G!< %? $N J, ;6 $= $N $b $N $, %G!< %? %0 %j%C %I %7 %9 %F %‘ >e $G $N 8z N( E* $J %8%g %V <B 9T $N 80 $H $J $k!%$h$C $F!$ %G!< %? %0 %j%C %I $N $? $a $N 3H D% $H $7 $F Bric ks Sc heduling Unit %b%8%e!< %k$G J#@= %^%M!< %8%c $HJ# @=%+ %?%m%05!9=$rDs6!$9$k$h$&$K$7$?!% J#@=%^%M!<%8%c$O%0%j%C%I>e$N;q8; >pJs$rGD0.$7!$E, @Z$K%G!<%?$NJ#@=$r@8@.$9$k!%J#@= %^%M!<%8%c$N>\:Y$O 5 @a $G =R $Y $k!% $^ $?!$ J# @= %+ %? %m %0 $O %G!< %? $N J# @= $, %0 %j%C %I >e $N $I $N %[ %9 %H $K $" $k $+ $r GD 0. $7 $F $* $j!$ %9 %1 %8%e!<%i$dJ#@=%^%M!<%8%c$+$i%G!<%?$N=j :_$K4X$9$kLd $$9g$o$;$,$"$k$H!$$=$N%G!<%?!JJ#@= $r4^$a$k!K$r3JG< $7$F$$$k%[%9%H72$rDLCN$9$k!% 4.3 %G%#%9%/4IM}5!9= %G!<%?%0%j%C%I%"%W%j%1!<%7%g%s$G $OBg5,LO%G!<%?$r 07$&$?$a!$A4$F$N%G!<%?$,G$0U$N%[%9%H $G3JG<$G$-$k$o $1$G$O$J$$!%$^$?!$Ii2YJ,;6!$BQ8N>c @-!$0BA4@-Ey$N$? $a$K%G!<%?$NJ#@=$,:n$i$l$k$?$a!$$^ $9$^$9%0%j%C%IA4 BN$N%G%#%9%/6u4V$,05Gw$5$l$k!% $h$C$F!$8D!9$N%m!<%+ %k%G%#%9%/$G3JG<$7$F$$$k%G!<%?$r4I M}$9$k$H$H$b$K!$ %G%#%9%/6u4V$,05Gw$5$l$?$H$-$K!$Ii 2YJ,;6!$>iD9@-$N E@$G:o=|$7$F$bBg$-$J1F6A$rM?$( $J$$%G!<%?!J$?$@$7!$ %*%j%8%J%k$HJ#@=$OEy2A$G$"$k$H$9 $k!K$rE,59:o=|$7!$ %0%j%C%I>e$G$N0BDj$7$?%8%g%V=hM}$,7Q B3$G$-$k$h$&$K $7$?!%%G!<%?:o=|<jK!$N>\:Y$O 5.4 @a$G=R$Y$k!% 5. Tier %b%G%k$N%9%1%8%e!<%j%s%0$HJ#@=4IM} B? 3, AX J, ;6 %G!< %? %0 %j%C %I %7 %9 %F %‘ $G $O!$ %f!< %6 $N %8%g%V$r8zN($h$/=hM}$9$k$?$a$KE, @Z$J%9%1%8%e!<%j%s %0$HJ#@=<jK!$rMQ$$$J$1$l$P$J$i$J $$!%B?$/$NJ#@=$r@8 @.$9$k$H8zN(E*$JIi2YJ,;6$,<B8=$G $-!$1~Ez;~4V$NC;=L $,K>$a$k$,!$%G%#%9%/%5%$%:$N@)8B $d%M%C%H%o!<%/%P%s %II}$X$N05Gw$K$h$j@-G=$K0-1F6A$rM?$($k!% 5.1 Grid Datafarm $K$*$1$kJ#@=4IM} 2 @a $G =R $Y $? $h $& $K!$ Grid Datafarm %7 %9 %F %‘ $G $O 3H D% %9 %H %i %$ %T %s %0 %/ %i %9 %? %U%! %$ %k %7 %9 %F %‘ $r Ds 6! $7!$%G!<%?%0%j%C%I%"%W%j%1!<%7%g%s$K I,MW$J%G!<%?$r CG JR 2= $7 $F %a %? %G!< %? $K $h $j 4I M} $9 $k!% %a %? %G!< %? $O %U%!%$%k%9%F!<%?%9!$%U%!%$%kCGJR %9%F!<%?%9!$%G%#%l %/%H%j!$J#@=%+%?%m%0!$%U%!%$%k%7%9 %F%‘%N!<%I%9%F!< %? %9 $+ $i $J $j!$ %U%! %$ %k %7 %9 %F %‘ %a %? %5!< %P $, 4I M} $9 $k!%$3$l$i$N>pJs$K$h$j!$J,;6%G!<%? %0%j%C%I%7%9%F%‘ >e$GBQ8N>c@-!$9-%P%s%II}!$Dc%l%$%F%s%7!$Ii2Y J,;6$N <B8=$,2DG=$H$J$k!%K\9F$N%9%1%8%e!<%j%s%0!&J# @=<jK! $O!$$3$l$i$N%a%?%G!<%?$rMxMQ$9$k$3$H$rA0Ds$H$9$k!% 5.2 %*%s%i%$%s%9%1%8%e!<%j%s%0%"%k%4%j%:%‘ %9%1%8%e!<%i$OH/9T$5$l$k%8%g %V$KBP$7$FF~NO%G!<%? $N%*!< %J!<$G $"$k DataSourceHost !$ %8%g%V $r=h M}$9$k ComputeHost !$ 7k 2L $, 3J G< $5 $l $k DataDestinationHost $r E, @Z $K A* Br $9 $k!% DataSourceHost != ComputeHost $^$?$O ComputeHost != DataDestinationHost $N>l9g!$ F~NO!?=PNO%G!<%?$NJ#@=$,%*%s%G%^%s%I$K@8@. $5$l$k!% 0lJ}!$J#@=%^%M!<%8%c$ODj4|E*$K%0%j%C%I4D6->p Js$r<} =8$7!$J#@=$N@8@.!$0\Aw!$:o=|$r%P%C%/%0%i%&%s %I$G4I M}$9$k!% %7%_%e%l!<%7%g%s$G$O!$<!$N%* %s%i%$%s%9%1%8%e!<%j %s%0%"%k%4%j%:%‘$rHf3S!&I>2A$9$k!% Greedy : =h M} ;~ 4V $r :G C; $K $9 $k $3 $H $r L\ ;X $9 %" %k %4 %j %: %‘ $G $" $j!$ MCT(Minim um Completion Time) $H $7$F CN $i$l $F $$ $k 9) !% %9%1 %8%e!< %i $O<0 (1) $K <( $91~ Ez ;~ 4V $, :G C; $K $J $k $h $& $K DataSourceHost !$ Com- puteHost !$ DataDestinationHost $r3d$jEv$F$k!% OwnerComputes : H/ 9T $5 $l $? %8%g %V $N =h M} $K I, MW $J F~ NO %G!< %? $r 3J G< $7 $F $$ $k %[ %9 %H $N Cf $+ $i =h M} ;~ 4V $, :G C; $H $J $k %[ %9 %H $r 7W ;; %[ %9 %H $H $7 $F A* Br $9 $k!% $3 $N >l 9g!$ DataSourceHost !$ ComputeHost !$ DataDestinationHost $OA4$FF1$8%[%9%H$H$J$k!% LoadBound-Read : %9 %1 %8%e!< %i $O MCT $G 0J 2< $r K~ $?$9%[%9%H$+$i7W;;%[%9%H$rA*Br$9$k!% P er f specif ied > P er f estimated (2) P er f estimated = P er f = ( LoadAv g + 1) (3) P er f $O %5!< %P $N @- G=!$ LoadAv g $O Ii 2Y J? 6Q CM!$ P er f estimated $O$" $k;~E@ $G$N%5!< %P$N =hM}@- G=$N 8+ @Q$b $jCM!$ P er f specif ied $O $"$i $+$8 $a;X Dj$7 $?@- G= CM$r<($9!%%8%g%V$OE,@Z$J%[%9 %H$+$iF~NO%G!<%?$rFI $_9~$_!$ ComputeHost $K=PNO7k2L$r3JG<$9$k!% LoadBound-W rite : %9 %1 %8%e!< %i $O 0J 2< $N T dur ation $r:G>.$K$9$k ComputeHost $rA*Br$9$k!% T dur ation = T r ead + T pr ocess (4) $3$N :]!$A*Br $5$l $? ComputeHost $, <0 (2) $rK~ $?$5 $J$1$l$P!$<0 (3) $,:GBg$H$J$k%[ %9%H$K=PNO%G!<%?$r Aw?.$9$k!%$3$l$K$h$j!$=hM}G=NO $N$"$k%[%9%H$X$NIi 2Y$NJ,;6$r?^$k!% A4$F $N %"%k %4 %j%: %‘$K $* $$$F!$ P er f specif ied $,$" $k %[ %9 %H $N @- G= P er f $h $j Bg $- $$ >l 9g!$ $= $N %[ %9 %H $O %9 %1 %8%e!<%j%s%0$NBP>]$+$i30$l$k!% 5.3 J#@=%"%k%4%j%:%‘ J#@=%^%M!<%8%c$H$7$FDj4|E* $K%G!<%?%0%j%C%I%7%9%F %‘>e$N7W;;%[%9%H$N>u67$rD4$Y!$E,59J#@=$N@8 @.!$0\Aw $r <B ;\ $9 $k LoadBound-Replication $H %8%g %V =* N; 8e $K I,$:J#@=$r@8@.$9$k Aggressive-Replication $rMQ$$$k!% LoadBound-Replication : J# @= %^ %M!< %8%c $O Dj 4| E* $K A4$F$N%[%9 %H$KBP $7$F<0 (3) $G P er f estimated $r;;=P

5 $9$k!%$"$k%[ %9%H$N P er f estimated $,<0 (2) $rK~$?$9 >l9g!$ P er f estimated $,:G>.$N %[ %9%H $+$i :G Bg$N %[%9 %H$X$HJ#@=$r@8@.$7$FE>Aw$9$k!% $3$N:]!$J#@=%^%M!<%8%c$OA*Br$5$l $?%[%9%H>e$N%"%/ %;%9N( AR $,:G$b9b$$%G!<%?$NJ#@=$r@8@.$9$k!% AR = N accesses = ( T cur r ent � T stor ed ) (5) N accesses $O %G!< %? $X $N Am %" %/ %; %9 ?t!$ T cur r ent $H T stor ed $O 8= :_ $N ;~ 9o $H $= $N %G!< %? $, %G%# %9 %/ $K 3J G< $5 $l $? ;~ 9o $r <( $9!% $3 $3 $G!$ %G!< %? $N %" %/ %; %9 ?t $H $O!$$"$k%U%!%$%k!J%G!<%?!K$rF~NO $H$9$k%8%g%V$,H/ @8$9$k$H!$$=$N %G!<%?$N%" %/%;%92s ?t$, 1 A}$($k$b$N $H$9$k!% Aggressive-Replication : J#@= %^%M!< %8%c$K BP$7 $F%/ %i %$%"%s%H%[%9%H$+$i$N%8%g%V=*N; $NDLCN$,$"$k$H!$J# @=%^%M!<%8%c$O$=$N%8%g%V$,@8@.$7 $?%G!<%?$NJ#@=$r @8@.$7!$ P er f estimated $,:G Bg$N %[ %9%H $XE> Aw $9$k!% 5.4 I>2A$G$N%9%1%8%e!<%j%s%0$HJ#@=<jK!$NAH9g$; I> 2A $G $O!$ 5.2 @a $G Ds 0F$7 $? 4 $D $N %9 %1%8%e!< %j %s %0 <j K! $H 5.3 @a $G Ds 0F$7 $? 2 $D $NJ# @= <j K! $r MQ $$ $?>l 9g $H %9 %1 %8%e!< %j %s %0 <j K! $N $_ $r MQ $$ $? >l 9g $N 7W 12 DL $j $N AH9g$;$G$=$N@-G=$rD4::$9$k!% %9%1%8%e!<%j%s%0<jK!$^$?$OJ#@= <jK!$K$h$j!$$$$/$D $+$N%[%9%H$G$O@8@.$5$l$?%G!<%?$N%* %j%8%J%k%3%T!<$r 4I M} $7!$ $= $l $i $N %G!< %? $N J# @= $, B> $N %[ %9 %H $K E> Aw $5 $l$k!%$9$J$o$A!$%G!<%?$O0\F0$9$k$N $G$O$J$/!$%3%T!< $5$l$k!% Nc$( $P!$ DataSourceHost $H ComputeHost $, 0[$J$k>l9g!$ $=$N%8%g %V$KMW $9$k%G!< %?$, DataSource- Host $+ $i ComputeHost $N %G%# %9 %/ $K %3 %T!< $5 $l $k!% $b$7!$E>Aw@h$N%G%#%9%/$N6u$-NN0h$,IT ==J,$@$HH=L@$7 $?>l9g!J%9%1%8%e!<%i$,8!=P!K!$$^$? $O%G!<%?%0%j%C%I %7 %9 %F %‘ >e $N %[ %9 %H $N $& $A x% $N %[ %9 %H $N %G%# %9 %/ $N ;HMQNN0h$, y% 0J>e$H$J$C$?>l9g!JJ#@=%^%M!<%8%c$,8! =P!K!$ " J# @= $N :o =| " $r 9T $& !J%Q %i %a!< %? x !$ y $O <B 9T ;~$K;XDj!K!%K\%7%_%e%l!<%7%g%s$G$OJ#@= $N:o=|$N$?$a $K!$0J2<$N%"%k%4%j%:%‘$rMQ$$$k!% ( 1 ) %G!<%?%0%j%C%I %7%9 %F%‘>e $KJ# @=$r $b$D %G!<%?$N %j%9%H$r:n$k ( 2 ) !J 1 !K $N %G!< %? $r :G 8e $K %" %/ %; %9 $5 $l $? ;~ 9o $, 8E $$=g$KJB$Y$k ( 3 ) !J 2 !K$N%j%9%H$N:G=i$+$i N 8D$N%G!<%?$rBP>]$K $7!$<0 (6) $G%G!<%?$N%"%/%; %9N( AR elim $r7W;;$9$k AR elim = N accesses = ( T cur r ent � T stor ed ) = N copies (6) N copies $O$"$k%G!<%?$NJ#@=$NAm?t$r<($9 ( 4 ) 0J2<$N>r7o$rK~$?$9$^$G<0 (6) $N>.$5$$%G!<%?$r =g$K:o=|$9$k!% S iz e total !$ S iz e av ailable $O%G%#%9%/ $NAm MF NL $H Mx MQ 2D G= MF NL!$ C ompactness $OJ# @= :o =| $NIQEYD4@a%Q%i%a!<%?$G$"$k!% S iz e total � C ompactness > S iz e av ailable (7) ( 5 ) <0 (7) $, K~ $? $5 $l $J $$ >l 9g $O!$ <! $N N 8D $N %G!< %?$KBP$7$F!J 3 !K0J9_$N%9%F%C%W$r7+$jJV$9 K\%7%_%e%l!<%7%g%s$G$O!$ N $r 10 $H$7$?!% I= 1 %7%_%e%l!<%7%g%s4D6-$N%Q%i%a!<%?!% %b%G%k %G%#%9%/MFNL %5%$%H@-G= %5%$%HFb [PB] [MSI95] %N!<%I?t Central 2 0.5-1.8 10000 Tier0(x1): 2 0.6/0.5/0.4 10000 Tier Tier1(x4): 1 0.3/0.25/0.2 5000 Tier2(x16): 0.1 0.03/0.025/0.02 500 I= 2 LHC <B83$N%8%g%V%Q%i%a!<%?!%3F%8%g%V$N%$%Y%s%H?t$OA4$F 1G 8D!% Job 7W;;NL J?6QIQEY F~NO =PNO [GSI95*sec] [TB] [TB] Large 1000 1/4[mon ths] 1000 100 Medium 25 1/1[mon th] 100 10 Small 5 1/4[hours] 10 0.1 I= 3 LHC <B83%G!<%? RA W(1PB) !$ ESD(100TB) !$ A OD(10TB) !$ T A G(10GB) $NJ?6QA}2CNL!% %U%’%$%: %G!<%?$H$=$N8D?t 0-3m th 1PB(1) 4-7m th 1PB(2), 100TB(1) 8-11m th 1PB(3), 100TB(2), 10TB(4) 12-15m th 1PB(4), 100TB(3), 10TB(8), 10GB(720) 16-19m th 1PB(5), 100TB(4), 10TB(12), 10GB(1440) 20-23m th 1PB(6), 100TB(5), 10TB(16), 10GB(2160) J#@=:o=|$NL?Na$OJ#@=%^%M!< %8%c$,H/9T$9$k$,!$3F%5 %$%H$G$N%G%#%9%/6u$-NN0h$ND4::!$J#@=:o=|%"%k %4%j%: %‘$N<B9T$O%m!<%+%k%G%#%9%/%^%M!<%8%c$,9T$& $?$a!$%9 %1!<%i%V%k$K%G!<%?%0%j%C%I%7%9%F%‘>e$N%G%#%9 %/NN0h 4IM}$,2DG=$G$"$k!% 6. %7%_%e%l!<%7%g%s$K$h$kI>2A<B83 I>2A$G$O!$%8%g%V$N1~Ez;~4V$rHf3S$9$k!% 6.1 %7%_%e%l!<%7%g%s%7%J%j%* 3 @a$G=R$Y$?$h$&$K?^ 2 $N 2 $D$N%b%G%k$rHf3S$9$k!% Central %b%G%k : A4$F$N%8%g%V%j%/%(%9 %H$,=hM} $G$-$k ==J,$J7W;;@- G=$r$b$D 1 $D$N%5%$%H$K A4$F$N%G!< %?$, 3JG<$5$l$F$*$j!$$=$3$GA4$F $N%8%g%V$r=hM}$9$k!%0B Dj$7$?%8%g%V=hM}$,2DG=$H$J$k 7W;;@-G=$O!$BT$A9TNs M}O@$h$j8+@Q$b$k$3$H$,$G$-$k!% Tier %b%G%k : 1 %5 %$ %H $N Ii 2Y $, A} 2C $9 $k $H!$ B> $N CO 0h %;%s%?$K%G!<%?$NJ#@=$r@8 @.!&E>Aw$7!$$=$3$G%8%g%V $r=hM}$9$k!% Tier %b%G%k$G$O!$ 12 <oN‘$N%9%1%8%e!< %j%s%0!&J#@=<jK!$NAH9g$;$rMQ$$$k!% I>2A$G$O!$%G!< %?%0%j%C%I %7%9%F %‘>e$K 1 $D$N%G!<%? %0%j%C%I%9%1%8%e!<%i$rA[Dj$7!$%5%$%H$KBP$7 $F%8%g%V $r 3d $j Ev $F $k $b $N $H $9 $k!% %5 %$ %H Fb $G $O %m!< %+ %k %9 %1 %8%e!<%i$,3F%[%9%H$K%8%g%V$r3d$jEv$F$k!% I= 1 $K %7 %_%e %l!< %7%g %s I> 2A <B 83 4D 6- $N %Q %i %a!< %? $r<($9!% $3$l$i $N%Q%i %a!<%?$O GriPh yN $N%7 %_%e%l!< %7%g %s 10) $K $* $1 $k @_ Dj %Q %i %a!< %? $r $b $H $K 7h Dj $7 $?!%

6 Tier %b %G %k $G $O!$ Tier0 $, 1 %5 %$ %H!$ Tier1 $, 4 %5 %$ %H!$ Tier2 $, 16 %5 %$ %H $H $7!$ Tier3 $K $O %f!< %6 $N 3F 7W ;; 5! $, $" $k $b $N $H $9 $k!% Tier 4V $N @- G= Hf $O (Tier0, Tier1, Tier2) = (0.6, 0.3, 0.03), (0.5, 0.25, 0.025), (0.4, 0.2, 0.02) [M SI95(10 6 Sp ecINT95)] $N 3 DL$j$H $7 $?!% Central $N :G Dc @- G= $r 0.5[MSI95] $H $7 $? $N $O!$ 0.453318[MSI95] $h $j @- G= $, Dc $$ >l 9g K0 OB $7 $F A[ Dj $9 $k LHC %8%g%V $r=h M}$G $- $J$$ $3$H $,BT $A9T NsM} O@$G L@ $i$+$J$?$a$G$"$k!% W AN $H %m!< %+ %k I/O $N %P %s %I I} $O 2007 G/ $N ;~ E@ $G <B 8= $9 $k 5; =Q $r A[ Dj $7!$ $= $l $> $l 10[Gbps] $H 100[MB/sec] $H $7 $?!% $^ $?!$ 3F %8%g %V $O 1 $D $N %5 %$ %H Fb $G=h M} $5$l $k$b $N $H$7!$ Grid Datafarm %7%9 %F %‘$r A[Dj$7$F3F%5 %$%H$G$OJB Ns I/O !$JBNs=hM}$9$k$3 $H$K$9 $k!% 0l HL $N %/ %i %9 %? JB Ns %U%! %$ %k %7 %9 %F %‘ $G $O!$ I/O %N!<%I?t $r A}$d $9$H %G%# %9%/ I/O %P%s%I I}$, LAN $N%P %s %II} $K $h$j @) 8B$5 $l $k$,!$ Grid Datafarm %"!< %-%F %/%A%c$G$O%G!<%?%"%/%;%96I=j@-$N$" $k%U%!%$%k$KBP$7 ?t @i %N!< %I $N %9 %1!< %i %V %k $J I/O %P %s %I I} $, 4| BT $G $- $k!%$9 $J $o $A!$ Tier0 $N3F %[ %9 %H $N %m!< %+ %k I/O %P%s %I I} $, 100[MB/sec] !$ %N!< %I ?t $, 10000 $N >l 9g!$ Tier0 $G$NAm%P%s%II}$O 1[TB/sec] $H$J$k!% 3.1 @a $G =R $Y $? $h $& $K!$ %7 %_%e %l!< %7%g %s $G $O <B :] $N LHC <B83 $G $N 3 $D$N 0[ $J $k %l %Y %k $N 2r @O %8%g %V !JI= 2 !K $r J#?t F1 ;~$K <B 9T $9$k!% I= 2 $N %G!<%? $N N3 EY!&IQ EY $N>l 9g!$ I= 1 $N Central %b %G %k $G $O A4 $F $N %8%g %V $N J? 6Q 1~ Ez ;~4V $,BT $A9T NsM} O@$G 38.575-1.337[hours] $K $J$k $HM= B, $G $- $k!% $^ $?!$ I= 2 $h $j LHC <B 83 $N RA W(1PB) !$ ESD(100TB) !$ A OD(10TB) !$ T A G(10GB) $N %G!< %? $OI= 3 $N$h$&$K A}2C $9$k!% I=Cf$N () Fb$N?t CM$O3F %U%’%$ %:$G$NJ#@=$r4^$a$J$$3F%G!<%?$NAm?t$r<($9!% I= 3 $K;~ 4V$N 7P2a $K BP$9 $k<B 83%G!< %?$N Am?t $NJQ 2=$N J? 6Q CM $r <( $9!% I= Cf $N %U%’ %$ %: Ms $K $" $k m th $O 7n $r I= $9!%I> 2A $G $O!$ I= 3 $N 8m th $+$i 23m th =*N; $^ $G $N 1 G/ J,$N%7 %_%e %l!<%7%g %s $r 800 2sDxEY 9T$C $?!%%7 %_%e%l!< %7%g%s $N <B 9T $K $O!$ El5~ 9) 6H Bg 3X $N Presto I I I %/%i %9%? !J Dual A thlon MP 1900+ !$ 768MB Memory !$ 256 no des !K $r MQ $$ $?!%A4 %7 %_%e %l!< %7%g %s$N 3+ ;O ;~ $K $O A4 $F$N%G!<%?!J 1PBx1 !$ 100TBx2 !$ 10TBx4 !K$O Tier0 $K3J G<$7$F $*$/!% $^$?!$ 1PB $N RA W %G!<%? $O HPSS $N $h $& $J 0[ $J $k %G%# %9 %/ NN 0h $K 3J G< $5 $l $k $3 $H $r A[ Dj $7!$3F %7%_%e %l!< %7%g %s$N 4V RA W %G!<%? $O %7 %_%e%l!< %7%g%s4D6-Cf$N%G%#%9%/NN0h$GA}2C$7$J$$$b$N$H$9$k!% GriPh yN $N%7 %_%e %l!< %7%g %s 10) $G$O!$ %G!< %? %" %/ %; %9 $K 4X $7 $F ;~ 4V E*!$ CO 0h E*!$ 6u 4V E* 6I =j @- $r 5s $2 $F $$ $k!%K\%7%_%e%l!<%7%g%s$G$O!$%i%s%@%‘ %"%/%;%9!J6I=j @-$J$7!K$H;~4VE*6I=j@-!J:G6a%"%/%; %9$5$l$?%G!<%?$O :F$S%"%/%;%9$5$l$d$9$$!K$r;}$D%"%/ %;%9%Q%?!<%s$rA[ Dj$7 $? !y !% LHC <B83 $G $O ?7 $7 $/ 2C B. 4o $+ $i F@ $i $l $? 4Q B, !y ;~ 4VE* 6I =j@- $r I=8= $9 $k$? $a!$ %8%g%V $, I,MW $H $9$k %G!< %?$r ?7 $7 ?^ 4 Central $N0[$J$k=hM}@-G=$K$*$1$k1~Ez;~4V$NHf3S!% Tier0 $N @-G=$O 0.5-1.8[MSI95] !% ?^ 5 Tier $G 0[ $J$k %9 %1 %8%e!< %j %s%0!& J# @= <j K! $r MQ$$ $? $H $- $N 1~ Ez ;~4V!% (Tier0, Tier1, Tier2) = (0.6, 0.3, 0.03)[MSI95] !% >pJs%G!<%?$d6=L#?<$$2r@O7k2L$,F@$i$l$k%G!<%? $KBP$7 $FIQHK$K%"%/%;%9$,H/@8$9$k798~$,$"$k$?$a!$ ;~4VE*6I =j@-$rE,MQ$9$k!%0lJ}!$CO0hE*!$6u4VE*6I=j@-$N =EMW@- $,L@$i$+$G$J$$$?$aK\%7%_%e%l!<%7%g%s$G$OMQ$$$J$$!% 6.2 %7%_%e%l!<%7%g%s$K$h$kI>2A7k2L ?^ 4 !$ 5 !$ 6 !$ 7 $K Central $H Tier $N <B 83 7k 2L $r <( $9!% $3 $l $i $O!$ 3F %7 %9 %F %‘ %b %G %k!$ ;~ 4V E* 6I =j @- $N $" $k !? $J $$ %" %/ %; %9 %Q %?!< %s!$ %9 %1 %8%e!< %j %s %0!& J# @= <j K! $N AH 9g $; $K BP $7 $F $= $l $> $l 1 G/ J, $N %7 %_%e %l!< %7%g %s $r 10 2s 9T $$!$ $= $N Am J? 6Q 1~ Ez ;~ 4V $r ;; =P $7 $? $b $N $G $" $k!%%7 %_%e %l!< %7%g %s Cf$K H/ 9T $5 $l$? %8%g %V La rge !$ Medium !$ Small $N Am ?t $O $= $l $> $l 30 !$ 102 !$ 21693 $G$"$C$?!% ?^ 4 $G $O Central $G $N J? 6Q 1~ Ez ;~ 4V $r <( $9!% %0 %i %U Cf $N large !$ medium !$ small $O I= 2 $N %8%g %V La rge !$ Medium !$ Small $G $" $j!$ total $O A4 %8%g %V $N J? 6Q 1~ Ez ;~ 4V!$ estimate $O BT $A 9T Ns M} O@ $G ;; =P $7 $? J? 6Q 1~ Ez ;~ $/ @8@. $5 $l$? =g=x $G G[Ns $K F~$l!$ <! $N$h $&$K %G!< %?$r A* Br$7 $F ?7 $7$$%G!<%?$,%"%/%;%9$5$l$k2DG=@-$r9b$/$7$?!% index = r and � n $3 $3 $G!" index $O A* Br $9 $k %G!< %? $N G[ Ns >e $N %$ %s %G%C %/ %9!" r and $O J? 6Q 0 !$ I8 =‘ JP :9 $, 0.25 $H $J $k @5 5, Mp ?t Ns!$ n $O Am %G!<%??t!JJ#@=$O?t$($J$$!K$r<($9!%

7 ?^ 6 Tier $G 0[ $J $k%9 %1 %8%e!< %j %s %0!&J# @= <j K! $r MQ $$$? $H $- $N 1~ Ez ;~4V!% (Tier0, Tier1, Tier2) = (0.5, 0.25, 0.025)[MSI95] !% ?^ 7 Central $H Tier !J OwnerComputes $H LoadBound- Replication $rE,MQ!K$N1~Ez;~4V$NHf3S!% 4V$N8+ @QCM $r<( $9!%%0 %i%U $N x <4$K$O Tier0 %5%$%H $NAm 7W;;@-G=$r<($7!$ y <4$K$O%m%0%9%1!<%k $GJ?6Q1~Ez ;~4V $r [hours] $G <( $9!% ?^ 4 $h $j!$ %5 %$ %H $N Am @- G= $N Dc 2< $K H<$$1~Ez;~4V$,5^7c$KA}2C$7$F$$$/$3$H$,J,$+$k!% ?^ 5 !$ 6 $O Tier $G 0[ $J $k %9 %1 %8%e!< %j %s %0 $H J# @= <j K!$rE,MQ $7$?$H$-$N La rge !$ Medium !$ Small $NAmJ?6Q 1~ Ez ;~ 4V $r I= $7 $F $$ $k!% ?^ 5 !$ 6 $N 3F Tier %5 %$ %H $G $N Am 7W ;; @- G= $O $= $l $> $l (Tier0, Tier1, Tier2) = (0.6, 0.3, 0.03) !$ (0.5, 0.25, 0.025)[MSI95] $G $" $k!% x <4 $K $O J# @= <j K! $H %G!< %? %" %/ %; %9 %Q %?!< %s $r <( $7 $F $* $j!$ DoNothing $OJ# @=%^ %M!<%8%c $GJ# @=$r :n$i $J$$ >l 9g!$ LoadBound $O LoadBound-Replication !$ Aggres- siv e $O Aggressive-Replication $rE,MQ$7$?7k 2L$G$" $k!% !J!KFb$N random !$ lo calit y $O%"%/%; %9%Q%?!< %s$K;~ 4V E*6I =j @- $, $J $$ !? $" $k >l 9g $r <( $9!% Owner !$ Greedy !$ Load-Read !$ Load-W rite $O $= $l $> $l %9 %1 %8%e!< %j %s %0 <j K! OwnerComputes !$ Greedy !$ LoadBound-Read !$ LoadBound-W rite $r<($9!% ?^ 5 !$ 6 $H$b!$ Greedy $H LoadBound-Read $rMQ $$$? >l 9g $K J? 6Q 1~ Ez ;~ 4V $, A} Bg $7 $F $$ $k!% $3 $l $O!$ LHC <B 83 2r @O %8%g %V $N F~ NO %G!< %? $O %F %i %P %$ %H $+ $i %Z %? %P %$ %H $K 5Z $V $? $a!$ Ii 2Y J, ;6 $N $? $a $K F~ NO %G!< %? $r %* %s %G %^ %s %I $K %3 %T!<$9$k$H$=$N%*!<%P!<%X%C%I$,Bg$-$$ $+$i$G$"$k!%0l J}!$3F %9 %1 %8%e!< %j %s %0 <j K! $K LoadBound-Replication $*$h$S Aggressive-Replication $rE,MQ$7$?>l9g!$$$$:$l $N%9%1%8%e!<%j%s%0<jK!$rMQ$$$?>l9g$b@-G=$,Cx $7$/8~ >e$7$F$$$k$3$H$,$o$+$k!%$3$l$O%P%C%/%0%i%&%s %IJ#@= <jK!$K$h$j!$%3%T!<$N%*!<%P!<%X%C%I$,1~Ez;~4V $K4^$^ $l$J$$$?$a$G$"$k!%$h$C$F!$F~=PNO%G!<%?%5%$%: $,Hs>o $KBg$-$$%G!<%?%0%j%C%I%"%W%j%1!<%7%g%s$G$O %P%C%/%0 %i %& %s %I $G %G!< %? $N J# @= $r :n $k <j K! $, M- 8z $G $" $k $3 $H $, J, $+$k!% OwnerComputes $G$O!$ Aggressive-Replication $h $j LoadBound-Read $H $N AH 9g $; $N J} $, $h $$ @- G= $r <( $7$?!%$3$l$O Aggressive-Replication $G$O;~4V$N7P2a$K $h$j%G%#%9%/NN0h$,$h$j05Gw$5$l!$@-G=$NDc$$ %5!<%P72 $KJ#@=$,:n$i$l$?$3$H$K5/0x$9$k!%%G!<%?%"%/%; %9$N6I =j@-$NHf3S$G$O!$A4$F$N%1!<%9$G6I=j@-$,$"$k>l 9g$NJ} $,$d$d0-$$@-G=$r<($7$?!% ?^ 7 $O Central $H Tier $NJ?6Q1~ Ez;~ 4V$N Hf3S 7k2L $G$" $k!% Tier $G $O!$ :G $b @- G= $N $h $+$C $? OwnerComputes $H LoadBound-Replication $N7k 2L $r MQ $$ $?!% %0 %i %U $N x <4$K$O%0%j%C%I%7 %9%F%‘>e$N Am7W;;@-G=!$ y <4$K$OJ?6Q 1~Ez;~4V$r<($9!% 1.2[MSI95] $O 2.8GHz P en tium4 %W %m%;%C %5 Ls 10000 8DJ, $N @- G= $H Ey 2A $G $" $k!% ?^ Cf $N;0 3Q $G<($7$? Tier !J T otal !K$O Tier $G tier0 !$ tier1 !$ tier2 $N7W;;@-G=$NOB $r x <4$K$H$C$?>l9g$N 7k2L$G$" $j!$?^Cf @5 J} 7A $G <( $7 $? $b $N $O Tier $G Tier0 $N 7W ;; @- G= $r x <4 $K<h$C$?>l9g$N7k2L$G$"$k!% ?^ 4 $G <( $7 $? $h $& $K!$ Central $O Tier0 %5 %$ %H $N Am 7W ;; @- G= $, 9b $/ $J $k $K $D $l @- G= $, 8~ >e $9 $k $,!$ 7W ;; MW 5a $K BP $7 $F Am 7W ;; @- G= $, == J, $K $J $$ $H 1~ Ez ;~ 4V $, 5^ 7c $K A} Bg $7!$ 0.453318[MSI95] $G K0 OB $9 $k!% $h$C $F!$ Central $G $O == J, $J ;q 8; $, $" $l $P $h $$ @- G= $, 4| BT $G $- $k $,!$ EE NO E*!$ 6u 4V E*!$ 7P :Q E* $J MW 0x Ey $G 1 $D $N %5 %$ %H $K G[ CV $G $- $k 7W ;;!& %G%# %9 %/ ;q 8; $K @) 8B $, $" $k >l 9g!$ @- G= Dc 2< $, Cx $7 $$!% 0l J}!$ Tier $G $O Tier0 $N @- G= $, 0.6 !$ 0.5[MSI95] $N>l9g$N %7 %9%F %‘ A4BN $N Am7W ;; @-G= $O $=$l $>$l 2.28 !$ 1.9[MSI95] $G$"$j!$ Tier !J T otal !K $H Central $rHf3S$9$k$H Tier $G%P%C%/%0%i%& %s%IJ#@=<j K! $rMQ$$$?>l9g$G$b$=$N@-G= :9$OCx$7$$!% 1 %5%$%H$K==J, $J7W;;@-G=$,$"$l$P%7%9%F%‘$N0BDj@-$r0];} $7$F%8%g%V $r 8z N( $h $/ =h M} $G $- $k $,!$ Tier $G $O Central $h $j 3F Tier $NAm@-G= $,Dc$/ 9=@.$G $-$k!%$9 $J$o $A!$ Tier0 $N@-G=$, 0.4[MSI95] $N>l 9g $N $h $& $K!$ Tier0 $NAm @- G= $, Central $G $N =h M} 8B 3& $h $j >. $5 $$ >l 9g $b!$ OwnerComputes $H LoadBound-Replication $N$h $& $K E, @Z $J %9 %1 %8%e!< %j %s %0!&J#@=<jK!$rMQ$$$F$$$l$P0BDj$7$?%8%g%V=hM} $,2DG= $G$"$k!%$^$?!$BQ8N>c@-$NLL$G$b!$%G!<%?$NJ#@= $,J#?t $N%5%$%H$KJ,;6$5$l$kJ}$,9%$^$7$$!% 7. 4X O" 8& 5f %0%j%C%I$G8xJ?$JI>2A4D6-$rDs 6!$9$k$?$a$K!$0J2<$N 2 $D$N%"%W%m!<%A$,$"$k!%

8 1 $D $a$N %"%W %m!< %A$O %0%j%C %I %(%_%e %l!<%7%g %s $G$" $k!% MicroGrid 11) $O %0%j%C %I%( %_%e%l!< %?$G $"$j!$ %/ %i%9%?7W;;5!>e$K%0%j%C%I$N%G%U%!%/ %H%9%?%s%@!<%I$G $"$k%D!< %k%-%C%H Globus %Y!<%9$N2> A[%0%j%C%I %7%9%F %‘$r9=C[$9$k!%8=:_$N$H$3$m%G%#%9%/;q 8;$KBP$9$k2>A[ 2=$N%5%]!<%H$O$J$$!%$^$?!$4{B8$N%" %W%j%1!<%7%g%s$d %9%1%8%e!<%iEy$NI>2A<B83$,2DG=$G$" $k$,!$Bg5,LO$J%7 %9%F%‘$*$h$S%"%W%j%1!<%7%g%s$rA[Dj$7 $?I>2A<B83$K$O G|Bg$J7W;;;~4V$H7W;;;q8;!$@)8f%3%9%H$,I,MW$H$J$k!% 2 $D $a $N %" %W %m!< %A $O %0 %j%C %I %7 %_%e %l!< %7%g %s $G $" $k!% $3 $3 $G $O %G%# %9 %/ %7 %_%e %l!< %7%g %s $r %5 %]!< %H $7 $F $$ $k MONAR C %7 %_%e %l!< %7%g %s %D!< %k 5) !$ ChicSim 12) $K$D$$$F?($l$k!% MONAR C %7 %_%e %l!< %7%g %s %D!< %k $O Ja v a $G <B Au $5 $l $? %* %V %8%’ %/ %H ;X 8~ N% ;6 %$ %Y %s %H %7 %_%e %l!< %? $G $" $k!% =@ Fp $J %7 %_%e %l!< %7%g %s $N $? $a!$ %W %m %; %9 ;X 8~ %" %W %m!< %A $r $H $j %9 %l%C %I 2= $5 $l $? %* %V %8%’ %/ %H $G 9= @. $5 $l $F $$ $k!% %G!< %? %b %G %k $H $7 $F!$ HEP $G 0l HL $K MQ $$ $i $l $F $$ $k %* %V %8%’ %/ %H %G!< %? %G %6 %$ %s $G $" $k Ob jectivit y/DB %"!<%-%F%/%A%c$r:NMQ$7 $F$$$k!%%G!< %?%Y!<%9%5!<%P%3%s%]!<%M%s%H$O%G!<%? %Y!<%9$X$N%*%V %8%’%/%H$N%"%/%;%9$N$?$a!$%/%i%$%" %s%H!]%5!<%P%a%+ %K%:%‘$r%7%_%e%l!<%H$9$k!%$7$+$7$J $,$i!$8=;~E@$G$O K\%7%_%e%l!<%7%g%s%D!<%k$rMQ$$$?%9 %1%8%e!<%j%s%0$d J#@=<jK!$NI>2A<B83$O9T$o$l$F$$$J$$!% ChicSim $b GriPh yN 4) %W %m %8%’ %/ %H $K $* $$ $F CERN LHC <B 83 $r %?!< %2%C %H $K $7 $? %9 %1 %8%e!< %j %s %0!$ J# @= <jK!$N%7%_%e%l!<%7%g%s$r9T$&$?$a $N%7%_%e%l!<%7%g%s %D!< %k $G $" $k!% ChicSim $b N% ;6 %$ %Y %s %H %7 %_%e %l!< %? $G $"$j!" C %Y!<%9$NJBNs%7%_%e%l!<%7%g%s8@8l P arsec 13) $G 9= C[ $5 $l $F $$ $k!% J8 8% 12) $G $O!$ 30 It %9 %1 %8%e!< %i!$ %m!<%+%k%9%1%8%e!<%i!$%G!<%?%;%C%H%9 %1%8%e!<%i$+$i $J$k%G!<%?%0%j%C%I%7%9%F%‘%b%G%k$r Ds0F$7!$$$$/$D$+ $N30It%9%1%8%e!<%i$H%G!<%?%;%C%H%9 %1%8%e!<%i$rAH9g $;$F$=$N@-G=$rD4::$7$F$$$k!%%7%_%e %l!<%H$7$?%"%W%j %1!< %7%g %s $N %8%g %V %5 %$ %:!$ %G!< %? %5 %$ %: $, 2007 G/ $K 3+ ;O$5 $l$k LHC <B 83$h $j$b >.$5 $$$b $N $rA[ Dj!J%G!< %? %5%$ %: $O 0.5-2GB !K$7 $F $$ $k!% $^ $?!$ %7 %_%e %l!< %7%g %s $N4V!$%*%j%8%J%k$N%G!<%?%;%C%H$OA} 2C$7$J$$!$%"!<%- %F%/%A%c$H$7$F$O=>Mh$N%0%j%C%I$rA[ Dj$7$F$$$k!$$9$J $o $A Grid Datafarm $, Ds0F $7 $F$$ $k7W ;; $H%G!< %? $NM; 9g$5$;$k$3$H$rA0Ds$H$7$F$$$J$$E@$GK\8&5f$H0[$J$k!% 8. $^$H$a$H:#8e$N2]Bj K\ 9F $G $O!$ Bric ks %0 %j%C %I %7 %_%e %l!< %? $K %G!< %? %0 %j%C %I %7 %9 %F %‘ $K BP $9 $k 3H D% $r 9T $$!$ Grid Datafarm %"!<%-%F%/%A%c$rA[Dj$7$F%G!<%?%0%j%C %I%7%9%F%‘%b%G %k$H$=$N@-G=$K$D$$$F%7%_%e%l!<%7%g %s$GHf3S!&I>2A$7 $?!%I>2A$G$O!$C10l%5%$%H$G=8CfE*$K %G!<%?2r@O$r9T$& Central %b %G %k $H MONAR C $N Tier %b %G %k $r Hf 3S $7!$ K\ %7 %_%e %l!< %7%g %s $G A[ Dj $7 $? 7W ;; 4D 6- $G 8= :_ A[ Dj $5 $l$F $$$k LHC <B 83%8%g %V=h M}$, 2DG= $G$" $k $3$H $r<( $7 $?!%$^ $?!$==J, $J7W ;;@- G=$rJ] ;}$G $-$l$P Central $G 8z N($h$/%G!<%?%0%j%C%I%8%g%V$r =hM}2DG=$G$"$k$,!$ 1 %5 %$ %H $N @- G= $K @) 8B $, $" $k >l 9g $G $b!$ Tier %b %G %k $G E, @Z $J%9%1%8%e!<%j%s%0!&J#@=<jK!$rE,MQ$9$l$P!$0B Dj$7$F %8%g%V$r=hM}$9$k$3$H$,$G$-$k$3$H$,J,$+$C$?!% $h$j8zN(E*$J%9%1%8%e!<%j%s%0!& J#@=%"%k%4%j%:%‘$r Ds0F$7!$%9%1!<%i%V%k$+$DMM!9$J4D6-$rA[Dj$7$? I>2A$r 9T$&$3$H$,:#8e$N2]Bj$G$"$k!% ;2 9M J8 8% 1) Grid Datafarm: http://datafarm.apgrid.org/ . 2) T ateb e, O., Morita, Y., Matsuok a, S., So da, N. and Sekiguc hi, S.: Grid Datafarm Arc hitec- ture for P etascale Data In tensiv e Computing, CCGrid2002 , pp. 102{110 (2002). 3) EU DataGrid: http://www.eu-datagrid.org/ . 4) GriPh yN: http://www.griphyn.org/ . 5) Aderholz, M. and et al: Mo dels of Net w ork ed Analysis at Regional Cen tres for LHC Exp eri- men ts, Monarc phase 2 rep ort (2000). 6) Bric ks: http://ninf.is.titech.ac.jp/bricks/ . 7) T ak efusa, A., Matsuok a, S., Nak ada, H., Aida, K. and Nagashima, U.: Ov erview of a P erfor- mance Ev aluation System for Global Comput- ing Sc heduling Algorithms, Pr o c. of HPDC-8 , pp. 97{104 (1999). 8) T ak efusa, A., Casano v a, H., Matsuok a, S. and Berman, F.: A Study of Deadline Sc heduling for Clien t-Serv er Systems on the Computa- tional Grid, Pr o c. of HPDC-10 , pp. 406{415 (2001). 9) Mahesw aran, M., Ali, S., Siegel, H., Hens- gen, D. and F reund, R.: Dynamic Mapping of a Class of Indep enden t T asks on to Heteroge- neous Computing Systems, Journal of Par al lel and Distribute d Computing , V ol. 59, pp. 107{ 131 (1999). 10) Ranganathan, K. and F oster, I.: Iden tifying Dynamic Replication Strategies for a High P er- formance Data Grid, Grid Computing (2001). 11) Song, H. J., Liu, X., Jak obsen, D., Bhag- w an, R., Zhang, X., T aura, K. and Chien, A.: The MicroGrid: a Scien ti�c T o ol for Mo deling Computational Grids, Pr o c e e dings of SC2000 (2000). 12) Ranganathan, K. and F oster, I.: Decoupling Computation and Data Sc heduling in Dis- tributed Data In tensiv e Applications, Pr o c e e d- ings of HPDC-11 , pp. 352{358 (2002). 13) P ARSEC: http://pcl.cs.ucla.edu/projects/parsec/ .