V ol. 0 No. 0 >pJs=hM}3X2qO@J8;o 1959 %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu 55 Bt 42 G7 >> K\ >0 J? LZ 7I Ev 8& 5f << $G 3+ H/ $5 $l $F $$ $k HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ (OS) SSS-CORE [6][ >> K\ ,’94] $N 4p K\ DL ?. %7 %9 %F %‘ $G $" $k %a %b %j %Y!< %9 DL ?. $r MQ $$ $F 1s 3V <j B3 $- 8F $S =P $7 (RPC) $r <B Au $7 $?!# RPC $O 4{ $K 4p K\ 5; =Q $H $J$C $F $$ $k $,!" %a %b %j %Y!< %9 DL ?. $O (1) DL ?. Aj <j $N %W %m %; %9 6u 4V $K D> @\ %G!< %? $r =q $- 9~ $‘ ;v $, =P Mh $k!# (2) %; %0 %a %s %H C1 0L $G DL ?. $r J] >Z $9 $k!# (3) Hs F1 4| E* $J F0 :n $K BP 1~ $9 $k $h $& $K @_ 7W $5 $l $F $$ $k!# $H $$$C $? E@ $G RPC $H $b Aj @- $, NI $/!" !V%3 %T!< 2s ?t $, >/ $J $/!" La $j CM IU $- Hs F1 4| 7? $K BP 1~ $7!" I, $: 0l 2s $@ $1 <B 9T $9 $k!W RPC $r <+ A3 $J 7A $G Implemen t $G $- $k!# K\ O@ J8 $G $O!" %a %b %j %Y!< %9 DL ?. $r MQ $$ $? $N Clien t � Serv er application $N <B Au J} K! $K $D $$ $F 9M ;! $7 $? 8e!" SUNRPC4.0 $N $r 4p $K $7 $? RPC $N SSS-CORE >e$X$N<BAu$r9T$J$&!#<B83$H$7$F SunOS UDP ,SSS-CORE UDP/MBCF $G@-G=$NB,Dj !?Hf3S$r9T$C$?!# RPC implemen ted on Memory Based Con trol F acilit y Hir o yuki Kamesa w a , T akashi Ma tsumoto and Kei Hiraki W e implemen ted Remote Pro cedure Call (RPC) library based on Memory Based Con trol F acilit y (MBCF). MBCF is a principal com unication system of our massiv ely parallel op er- ationg system(OS) SSS-CORE [6]Matsumoto,’94. T o da y ,implemen taion of RPC is not a hot topic. But MBCF has strong features (1)MBCF enables one pro cess to write data directly in to another pro cess’s memory space. (2)guaran tees transaction of data segmen ts. (3)is designed to w ork w ell with async hronous data transaction. These features are useful to implemen t \re- duced cop y", \w ork async hronously with returning results","exactly once execution" RPC.In this pap er,w e discuss implimen tation tec hnique of Clien t � Serv er application using MBCF and implemen t RPC library on SUNRPC4.0 on SSS-CORE. we compare p erformance of RPC on SunOS UDP , SSS-CORE UDP , SSS-CORE MBCF. 1. $O $8 $a $K Birrel $H Nelson $K $h $k $K $h $k :G =i $N 1s 3V <j B3 $- 8F =P $7 (RPC) $N Ds 0F [7][1984] 0J Mh!" 80 G/ Be $+ $i 90 G/ Be $K $+ $1 $F $5 $+ $s $K RPC $N Ds 0F!" <B Au $, 9T $o $l $?!# RPC $O %j %b!< %H $K%a%C %;!< %8 $rAw ?. $7 $F 7W;; $r 0M Mj$9 $k :] $K %a%C %;!< %8 $N :n @.!" Aw ?.!" <u ?.!" 7k 2L $N 2r <a $r %f!<%6$+$i1#JC$7$F0U<1$5$;$J$$$h$& $K$9$k;v$G!"$"$? $+$b%m!<%+%k$N<jB3$-8F$S=P$7$r9T$& $h$&$K%j%b!<%H7W ;;$r9T$($k$h$&$K$9$k%=%U%H%&%’%"$G $"$k!#<BAu$5$l$? RPC $N $& $A B? $/ $N $b $N $O UDP/IP %Y!< %9 $G $" $j!" @l MQ$NDL?.%W%m%H%3%k$rMQ$$$?<BAu$bB8:_$7$?!# LAN $G $N <B Au $r 9M $( $k >l 9g!" %Q %1%C %H $N J6 <: $O $[ $H $s $I $J $$ $H 9M $( $i $l $k $? $a!" %3 %M %/ %7%g %s %l %9 $N DL ?. %W %m %H %3 %k (UDP etc..) $r MQ $$ $k $b $N $, $[ $H $s $I $G $"$C $?!# IP (UDP) $r4pK\%W%m%H%3%k$H$9$k<B8=$K$O � 4{$K<B8=$5$l$F$$$k %W%m%H%3 %k$rMQ$$ $F<BAu$9$k ;v $,=PMh!":n6H$r7Z8:$G$-$k!# � $[$H$s$I$N UNIX %7%9%F%‘$GAw<u?.$G$-$k � 4{ B8 $N %M%C %H %o!< %/ $r 2p $7 $F %Q %1%C %H $r Aw ?. $G $- $k!# $H$$$C$?MxE@$,$"$C$?$,!"%3%9%H$,Bg$-$/$J$k$H $$$&7g E@$, $"$C$?!# $3$N %3%9 %H$O IP(UDP) $, LAN 8~$1 $N7Z $$ DL ?. %W %m %H %3 %k $H $7 $F @_ 7W !? <B Au $5 $l $F $$ $k $b $N $G L5 $$ $H $$ $& E@ $, 86 0x $G $" $j!" @- G= LL $+ $i 8+ $? UDP/IP %Y!<%9 $N RPC <B Au$N <g4c$O!" %X%C%@ $N@8@. %3%9 %H$N7Z 8:!"!"ITMQ$J%3%T!<$N8:>/$J$I$K$"$C$?!#@lMQ%W %m%H%3 %k $rMQ $$ $?<B Au $G$O >e 5-$N 7g E@$O 2r >C$5 $l!" IP $r ;H MQ $9 $k :] $N IT ET 9g $+ $i $b F( $l $i $l $k $,!" Mx E@ $b F1 ;~ $K <: $& ;v $K $J $j!" <B Au %3 %9 %H $b $+ $+ $k $N $G 9- $/ ;H MQ $5 $l $? $b $N $O >/ $J $+$C $?!# 7k 6I!" 8= :_ :G $b 9- $/ MQ $$ $i $l $F $$ $k RPC proto col $O NFS/NIS $r ;H MQ $9 $k $N $K MQ $$ $i $l $k UDP/IP %Y!< %9 $N $b $N $H $J$C $F $$ $k $,!" 9b B.!" Dc %3 %9 %H $G HF MQ @- $N $" $k RPC $N <B Au $O 6/ $/ K> $^ $l $F $$ $k!# 2f!9 $N 8& 5f << $G $O HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ SSS-CORE $r 3+ H/ $7 $F $$ $k!# %a %b %j %Y!< %9 DL ?. $O Dc %3 %9 %H $G $N %j %b!< %H %a %b %j %" %/ %; %9 $r 2D G= $K $9 $k 1

2 >pJs=hM}3X2qO@J8;o 1959 SSS-CORE $N DL ?. 5! 9= $G$" $k!# %a %b %j %Y!< %9 DL?. $O Dc %3%9%H$G?.Mj@-$N$"$kDL?.%l%$%d!<$G $"$j!"$=$NBg$-$J FCD’$H$7$F40A4$K%=%U%H%&%’%"$K$h$k <BAu$,$J$5$l$F$* $j!"@lMQ%O!<%I%&%’%"$rI,MW$H$7$J$$E@$,$"$2$i$l$k!# K\O@J8 $G$O LAN $K$h$k %o!<%/%9 %F!<%7%g%s %/%i%9 %? >e $K <B Au $5 $l $? SSS-CORE [8] >e $G %a %b %j %Y!< %9 DL ?. $r MQ $$ $? RPC $N <B Au !? <B 83 $r <( $9!# JB $S $K SSS-CORE >e $G $N %a %b %j %Y!< %9 DL ?. $r MQ $$ $? Clien t � Serv er 7? %" %W %j%1!<%7%g%s$N<BAuJ}?K$r<($9!#%a%b %j%Y!<%9DL?.$rMx MQ$7!"FCD’$r@8$+$7$?<BAu$r9T$&;v $K$h$j!"Dc%3%9%H!" 9b ?. Mj @- $r ;} $D RPC $r 40 A4 $K %= %U %H %&%’ %" $G <B 8= $G $-$k!#K\ O@J8$G $O!" SUNRPC4.0[Sun Microsystems] $N0\ ?"$r %Y!<%9$K!" %a%b %j%Y!<%9 DL?. $rMQ$$ $? RPC $H UDP/TCP >e $N RPC $N <B Au $r F1 ;~ $K 9T$C $?!# $3 $l $i $N <B Au $K BP $7 $F @- G= $N B, Dj!" B> %W %m %H %3 %k $K $h $k RPC $H$N@-G=$NHf3S$r9T$C$?!# 2. %a%b%j%Y!<%9DL?. $^ $: ;O $a $K %a %b %j %Y!< %9 DL ?. $N FC D’ $K $D $$ $F =R $Y $? 8e!"%a%b%j%Y!<%9DL?.$N<B:]$K$D$$$F =R$Y$k!#:G8e$KB, Dj$5$l$F$$$k%a%b%j%Y!<%9DL?.$N Round-trip Latency $H P eak Band width $r<($9!# 2.1 %a%b%j%Y!<%9DL?.$NFCD’ %a%b%j%Y!<%9DL?.$ODc%3%9%H$N%j %b!<%H%a%b%j%"%/%; %95!9=$G$"$j!" SSS-CORE $N%o!<%/%9%F!<%7%g%s%/%i %9%?>e$G40A4$K%=%U%H%&%’%"$K$h$C$F <BAu$5$l$F$$$k!# %a%b%j%Y!<%9DL?.$NFCD’$H$7$F$O0J2< $N$h$&$J$b$N$,5s $2$i$l$k!# � %j%b!<%H%a%b%j$X$ND>@\%"%/%;%9 � 7Z$$J]8n � 40A4$J%=%U%H%&%’%"$K$h$k<BAu � Dc%3%9%H$J8F$S=P$7 � %j%b!<%H%a%b%j$N9b5!G=A‘:n � =g=x=x4IM}!?E~CeJ]>Z %a%b%j%Y!<%9DL?.$G$O$3$l$i$r!" � O@M} %"%I %l %9 6u 4V!" MMU,TLB MxMQ $7$? 7Z $$ J] 8n � %a%b%j%Y!<%9DL?.@lMQ$N7Z$$%7%9%F%‘%3!<%k � %f!<%66u4V$X$ND>@\ =q$-9~$_ $K$h$k%3 %T!<2s?t$N 8: >/ � %7!<%1%s%9%J%s%P!<$N4IM}$H8zN(E*$J Ac k 2s<} $K$h$C$F<B8=$7$F$$$k!# !y 2.2 %a%b%j%Y!<%9DL?.$N<B:] %a%b%j%Y!<%9DL?.$N%3%M%/%7%g %s!"2>A[2=!"Aw<u?.!" 9b5!G=4X?t$K$D$$$F=R$Y$k!#$^$:!"$$$/ $D$+$NMQ8l$K$D !y >\:Y$K4X$7$F$O;29MJ88% [6] [9] [10] $$$F@bL@$r9T$&!# %N!<%I ID SSS-CORE $N3F 7W ;; %N!< %I $r FC Dj $9 $k ID n um b er !# %?%9%/ ID SSS-CORE $G $O!" 0l Bf $N %W %m %;%C %5 $K 3d $j $" $F $i $l $k <B 9T $N 50 @W ( L? Na N. ) $r %9 %l%C %I $H 8F $S!"J#?t$N%9 %l%C%I$G 0l$D$N%W %m%;%9$r 7A@.$9$k!# $3$N%W%m%; %9$r7A@. $9$k%9%l%C %I$N$&$AO@ M}E*$K$b J*M}E*$K$b 40A4$K%a %b%j6u4V $r6&M-$9$k %9%l%C%I$, %?%9 %/$r 9= @.$9 $k!# %?%9 %/$N ID $O %N!< %IFb $G 0l0U $G $" $k $N $G!" %N!< %I ID !\ %?%9 %/ ID $G%a %b %j %Y!< %9DL?.$rMQ$$$FA‘:n$9$k%"%I%l%9$r;XDj$G$-$k!# Accessk ey T ASK Kh $K @_ Dj $5 $l $k %a %b %j A‘ :n 5v 2D %A%’%C%/$N $?$a$N k ey n um b er !#%a%b%j %Y!<%9DL ?. $K$*$1$kO@ M}%"%I%l%9 "NJ*M}%" %I%l%9JQ49 $K$h$kJ] 8n$K2C$($F$N#2=E$N%A%’%C%/$H$7$F:nMQ$9$k!# P ermission Accessk ey $r @_ Dj $9 $k :] $K F1 ;~ $K ;X Dj $9 $k %j %b!< %H T ASK $N <+ T ASK $K BP $9 $k %j %b!< %H %a %b %j A‘ :n $K BP $9 $k P ermission !# 8= :_!" read write read,write !# T ASK QUE 3F T ASK Kh $K B8:_ $9$k %f%K!< %/$J DL?. %-%e!<!# T ASK QUE $N;H MQ!" IT ;H MQ $O $= $N o wner $, @k 8@ $G $- $k!# T ASK QUE $N ;H MQ $r @k 8@ $7 $? >l 9g $O!" B> $N T ASK $O T ASK QUE $K BP $7 $F <+ M3 $K %a%C%;!< %8 $r Aw ?. $G $- $k!# $3 $N T ASK QUE $G$N <u ?. $H F1 ;~ $K Aw ?. 85 $H $N 4V $K %3 %M %/ %7%g %s $, D% $i $l $k!# O@M}%3%M%/%7%g%s #2 $D $N T ASK 4V $G 8_ $$ $K D% $i $l $k %a %b %j %Y!< %9 DL ?. MQ $N %3 %M %/ %7%g %s!# T ASK B& $+ $i $O O@ M} T ASK HV 9f $H $$ $& 7A $G 8+ $( $k ;v $K $J $j!" 3F T ASK $O O@ M} %? %9 %/ HV 9f $r 2p $7 $F %a %b %j %Y!< %9 DL?.$rH/9T$9$k!# O@M}%?%9%/HV9f O@ M} %3 %M %/ %7%g %s $r ;X Dj $9 $k ID HV 9f!# %N!< %I ID !\ %? %9 %/ ID $K BP $9 $k 2> A[ 2= $G $" $j!"$3$N2>A[ 2=$K$h $jAj<j%? %9%/$N%^ %$%0%l!<%7%g %s$K$bBP1~$9$k!# A CK $N3NG’ $= $l $> $l $N %a %b %j %Y!< %9 DL ?. $r 9T $& :] $K!" A CK Field $r%f!<%6 $, ;XDj $9 $k ;v$, =P Mh $k!# $3$N Field $r;X<($9$k;v$G!"%j %b!<%H$KBP$7 $FL@<( E* $K A CK $r MW 5a $G $- $k!# ( %a %b %j %Y!< %9 DL ?. $O %Q %1%C%H$N=g=x 4IM}$r9T $&$N$GDL >o$O#1%Q %1%C%HKh$K A CK $,5"$k$3$H$O$J$$!# ) O@M}%3%M%/%7%g%s$N3NN)<j=g$O0J2<$N#2DL$j$N J}K!$,MQ 0U$5$l$F$$$k!# { DL ?. $9 $k %? %9 %/ F1 ;N $, $" $i $+ $8 $a DL ?. Aj <j $N %N!< %I ID, %? %9 %/ ID !" Accessk ey $r CN$C $F

V ol. 0 No. 0 %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu 3 $$$k>l9g!# $3 $N>l 9g$O $" $i$+ $8$a %3%M %/ %7%g%s $,D%$i$l$?>uBV$G3F T ASK $,%9%?!<%H$9$k!# { DL ?. Aj <j $N Accessk ey $r CN $i $J $$ >l 9g!# Clien t � Serv er %? %$ %W $N %" %W %j %1!< %7%g %s $K Be I= $5 $l $k $,!" $3 $N >l 9g $O DL ?. $r 3+ ;O $9 $k B& $, Aj <j $N T ASK QUE $K DL ?. MW 5a $r =q $- 9~ $‘!# ( JX 59 >e!" =q $- 9~ $s $@ B& $r Clien t, =q $- 9~ $^ $l $? B& $r Serv er $H $9 $k ) $3 $N Serv er B& $N T ASK QUE $X $N =q $- $3 $_ $, @. N) $7 $? ;~ E@ $G Clien t $H Serv er $N4V $K O@ M} %3 %M %/ %7%g %s $, @. N)$9$k!#$3 $N %3%M %/%7%g %s 4V$G $NA4 $F$N Ld Bj$K $D$$$F!" Clien t B&$,0lJ}E*$KA4@UG$$rIi$&!# 4{ $K B8 :_ $7 $J $$ T ASK $H $N %3 %M %/ %7%g %s $O <+ F0 E* $K GK 4~ $5 $l $k!# $^ $?!" Serv er $, T ASK QUE $K $h$C $F <+ F0 E*$KEPO?$5$l$?O@M}%3%M%/%7%g%s$N$_ %f!<%6$+$iGK4~$9 $k;v$,2DG=$H$J$C$F$$$k!# %a%b%j%Y!<%9DL?.$G%5%]!<%H$5$l$F $$$k5!G=$N$&$ABe I=E*$J$b$N$K$D$$$F@bL@$7$F$*$/!# WRITE T ASK QUE A0 =R $7 $? %j %b!< %H %? %9 %/ $N T ASK QUE $K BP $9 $k =q $- 9~ $_!# =q $- 9~ $‘ Fb MF $O %f!<%6$,<+M3 $K:n@.$G $-$k$?$a!" $"$kDxEY $N>pJs$r %3%M%/%7%g%s@.N);~E@$G0z$-EO$9;v$,=PMh$k!# WRITE =q$-9~$_A‘:n!# Aj<j@h $N%"%I%l%9!"=q$-9~ $‘%G!<%?!"%G!<%?$ND9$5$r;XDj$9$k!# READ FI$_ =P $7A‘ :n!# Aj<j @h $N%" %I %l%9!" FI $_<h $j MQ%P%C%U%!!"%G!<%?$ND9$5$r;XDj$9$k!# %a%b%j%Y!<%9 FIF O %f!< %6 $, <+ $i $N %" %I %l %9 6u 4V Fb $K MQ 0U $7 $? FIF O $K BP $7 $F %a %b %j %Y!< %9 DL ?. $K $h $k=q$-9~$_ A‘:n$r9T $&;v$,=P Mh$k!#%G!<%? $O%;%0%a %s%HKh$K4IM} $5$l$k!#<+ $i$N%"%I %l%96u4V Fb$KMQ0U $7$? FIF O $G$" $k $? $a %G!< %? E~ Ce $N 3N G’!" GA $- 8+ $J $I$NA‘:n$bMF0W$G$"$k!# %a%b%j%Y!<%9 SIGNAL $" $i $+ $8 $a %f!< %6 $, ;X Dj $7 $? %H %i%C %W %O %s %I %i $r %f!< %6 $, ;X Dj $7 $? QUEUE $K %G!<%? $r EO $7 $J $, $i 5/ F0$5 $; $k!# ( $$ $/ $D $+ D> @\ 0z ?t$r EO $9 ;v $b $G $- $k ) %H %i%C %W %O%s %I %i $O %f!< %6 %l%Y%k$G5/ F0$9$k!#%f!< %6$O%H%i%C %W%O%s%I %iFb$G QUEUE $r 3N G’ $7 $J $, $i 7Q B3 E* $K MW 5a $r =h M} $G $- $k!# IT2DJ,%a%b%jA‘:n sw ap,compare and sw ap, fetc h and add $J$I$NIT2DJ,A‘:n$r9T$&;v$,=PMh$k!# 2.3 %a%b%j%Y!<%9DL?.$N@-G= %a%b%j%Y!<%9DL?.$N@-G=$,0J2<$N >r7o$GB,Dj$5$l$F$$ $k!# 100Base-TX $K $h$C $F @\ B3 $5 $l $? %o!< %/ %9 %F!< %7%g %s %/%i%9%?$G$NB,Dj$G$"$k!# [9] � Axil 320 mo del 8.1.1 (Sun SP AR Cstation 20 compatible,85MHz,Sup erSP AR C !_ 1) � Sun Microsystems F ast Ethernet SBus Adapter 2.0 � 3Com Hub/TP100 0J >e $N %O!< %I %&%’ %" $r MQ $$ $F round trip latency $H p eak band width $NB,Dj$r9T$C$?!# Round-trip latency $N B, Dj $O Remote W rite A‘ :n $H $=$N A CK $N<u?.$rMQ$$$F9T$J$C$?!# I= 1 P eak bandwidth $O Remote W rite $rO"B3H/9T$7$F 9T$C$?!# I= 2 $3 $l $i $N @- G= B, Dj $N 7k 2L $+ $i MBCF $N @- G= $O Net- w ork $N@-G=$KHs>o$K@\6a$7$F$$$k$HH=$k!# 3. 1s3V<jB3$-8F$S=P$7 (RPC) 3.1 F14|7? RPC $HHsF14|7? RPC MM!9$J RPC $,$3$l$^$G <BAu$5$l $FMh$?$,!" %W%m%H%3 %k%3%s%Q%$%i$d;HMQ7ABV$G$O$J$/!"%/%i%$%"%s %H!?%5!< %P%9%?%V$NDL?.J}<0$K4X$7$FJ,N‘$9$k$H$3$l$i $O0lHL$K (1) F14|7? (2) HsF14|7?$N#2<oN‘$KJ,$1$k;v$,=PMh$k!# $3 $3 $G 8@ $& F1 4| 7? RPC $H $O Remote Pro cedure Call $N H/ 9T 8e!" JV $j CM $r <u $1 $H $k $^ $G <B 9T $r Blo c k $9 $k $h $&$J J*$N;v $r;X$9!# F14|7? RPC $rMQ $$$F JBNsF0 :n$9$k %W%m%0%i%‘$r<BAu$9$k>l9g!" RPC $rH/9T$9$kEY$K?7$? $J <B 9T %9 %l%C %I $r @8 @. $9 $k $h $& $K $7 $F $= $l $> $l $N RPC $rJL!9$N%9%l%C%I$G9T$&7A$r<h$i$M$P$J$i$J$$!# ?.Mj@- $N $J $$ DL ?. %W %m %H %3 %k (UDP $J $I D> @\ $N 2< 0L %l %$ %d $H $7 $F ;H MQ $9 $k :] %f!< %6 %l %Y %k $G %j %H %i %$ $d %? %$ %‘ %" %& %H!"%P%C%U%!4IM}$r9T$o$J$1$l$P$J$i$J$$$?$a $G$"$j!" RPC $r UNIX >e $G %i %$ %V %i %j $H $7 $F <B Au $9 $k ;~ $O F1 4|7? RPC $H$7$F<BAu$9$k>l9g$,B?$$!# Hs F1 4| 7? RPC $H $O RPC H/ 9T 8e $9 $0 $K %f!< %6 $K @) 8f $r La $7!" JV $j CM $r $J $s $i $+ $N 7A $G 8e $+ $i <u $1 $H $k $h $& $J $b $N $r ;X $9!# $? $@ $7!" Hs F1 4| 7? RPC $b $5 $i $K Bg $- $/ #2 $D $K J, $1 $i $l $k!# JV $j CM L5 $7 RPC $H JV $j CM IU $- RPC $G $" $k!# JV $j CM $J $7 Hs F1 4| RPC $O %j %/ %( %9 %H $K BP $7 $F $N %j %W %i %$ $, L5 $$ %? %$ %W $N $b $N $G!" %j %W %i %$ $, B8 :_ $7 $J $$ $N $G ?. Mj @- $N $J $$ 2< 0L %l %$ %d!< >e $K 9= C[ $5 $l $? >l 9g!" %j %b!< %H $G %j %/ %( %9 %H $, <B 9T $5 $l $? $+ CN $k <j CJ $, L5 $/ $J$k!#$3$N%?%$%W$G2<0L%l%$%d!<$K TCP $rMQ$$$k Sun Batc hedRPC $G $O %j %/ %( %9 %H $r O" B3 H/ 9T $7 $? 8e!" :G 8e $N%j%/%(%9%H$N$_%j%W%i%$$rMW5a$9$k!#

4 >pJs=hM}3X2qO@J8;o 1959 I= 1 100Base-TX $K$*$1$k%j%b!<%H%i%$%H$N Round-trip latency T able 1 Round-trip latencies of MBCF’s Remote W rite with 100Base-TX data size (byte) 4 16 64 256 1024 round-trip latency ( � s) 49 54 60.5 88 200 I= 2 100Base-TX $K$*$1$k%j%b!<%H%i%$%H$N p eak band width T able 2 P eak bandwidths of MBCF’s Remote W rite with 100Base-TX data size (b yte) 4 16 64 256 1024 1408 p eak band width (Mb yte/s) 0.29 1.06 4.03 8.28 10.86 11.24 JV$jCMIU $-HsF14| RPC $O%j%/ %(%9%H$KBP $9$k%j%W%i %$$r MW5a$7 $D$D!"Hs F14| $K RPC $r H/9T$G $-$k$h $&$J$b $N$r;X$9!# $3$l$i$r<BAu$9$k>l9g!"2<0L%l%$ %d$N?.Mj@-$,LdBj$K $J$C$F$/$k!# UDP >e$GD>@\ <BAu$7$h$&$H $7$?>l9g!"JV $jCM$J$7$J$i$P!V<B9T$5$l$?$+$I$& $+!W$r3NG’$G$-$:!" JV$jCM$D$-$J$i$P!"DL?.Cf$K%j%/%(%9 %H$,J6<:$7$?>l9g !?%j%/%(%9%H$N=g=x$,F~$l49$o$C$?>l 9g$KBP=h$9$k%3!< %I $rDI 2C$9 $k I,MW $, $"$k!# UDP/IP >e$G $N@l MQ %W%m %H %3%k $d TCP $r;HMQ $7$F?. Mj@- $N$"$k 2<0L %l%$%d $r2> Dj $9$l $P?.Mj @-$N$" $kHsF1 4|7? RPC $N<BAu $O2DG= $K$J$k $,!" B? $/$N RPC $N ;H MQ7A BV $, LAN >e $G $N DL ?. $G$" $k ;v$r9M$($k$H%Q%1%C%H$NJ6<:!"=g=x$NF~ $lBX$($,5/$3$k 3NN($O$+$J$jDc$/!"$3$l$i$KBP=h$9$k %j%H%i%$$d%?%$%‘ %"%&%H$H$$$C$?%W%m%H%3%k=hM}$N%3%9 %H$,$=$N8z2L$KBP $7$FHf3SE*Bg$-$J$b$N$H$J$C$F$7$^$& $N$OH]$a$J$$!#7k 2L!"<BAu$N<j4V$H$$$&$b$N$b$"$k$,!"9- $/;HMQ$5$l$F$$ $k RPC $O ?. Mj @- $N L5 $$ %W %m %H %3 %k (UDP) >e $K 9= C[ $5 $l$kF14|7? RPC $H$$$&;v$K$J$k!# 3.2 RPC $N%;%^%s%F%#%/%9 F14|7?!?HsF14| 7?$K$b4XO" $7$F$/$k$,!" RPC $N%;%^ %s%F%#%/%9$OBg$-$/#3$D$KJ,$+$l$k!# ( 1 ) :GDc0l2s<B9T ( 2 ) :GBg0l2s<B9T ( 3 ) 0l2s<B9T ( 0l2s$@$13N<B$K<B9T$5$l$k ) $N#3$D$G$"$k!# $3$l$i$N6hJ,$,@8$^$l$kM}M3$O2<0LDL ?.%l%$%d$NLdBj$K 5"Ce$9$k$,!"!V?.Mj@-$NL5$$!WDL?.%l%$ %d>e$K9=C[$5$l $k>l9g!" RPC $N%9%?%VItJ,$G%j%H%i%$!"%?%$%‘%"%& %H $J$I$r<BAu$9$k;v$K$J$k!# :GBg0l2s<B9T %/ %i %$ %" %s %H$+ $i $N RPC %j %/ %( %9 %H $K BP $7 $F A Ck $r JV $5 $J $$ >l 9g!" %/ %i %$ %" %s %H $O Serv er $+ $i $N %j %W %i %$ $r %? %$ %‘ %" %& %H $7 $J $, $i BT $D ;v $K $J $k ( !VBT $? $J $$!W A* Br ;h $b $" $k ) !# %? %$ %‘ %" %& %H 8e!" %j %H %i %$ $r $+ $1 $? $H $9 $k!#%5!< %P$, 4{$KF1 $8 RPC %a%C%;!<%8 $r<u $1$F $$$F$3 $N RPC %j %/ %( %9 %H $K BP $7 $F $O !V<h$C $F $* $$ $? ( %-%c%C %7%e $7 $F $* $$ $? ) 0J A0 $N <B 9T 7k 2L $r %j %W %i %$ $H $7 $F JV $9!W$b$7$/$O!V4{$K<B9T$5$l$?;]$r%/%i%$%"%s%H $KDLCN $7$F%5!<%P$K$O2?$bEO$5$J$$!W>l9g!"!V:GBg0l 2s<B9T!W $H $J $k!# ( %/ %i %$ %" %s %H $N %j %H %i %$ 2s ?t $K $O >e 8B $, $" $k $H$9$k!# ) $7$+$7!"Nc$($P!"%j%/%(%9%H$NE~Ce$h$j$b%5!<%P $N%j%/ %(%9%H %-%c%C%7%e $N%/ %j%" $,Aa $$>l 9g!" (UDP/IP $r;H MQ$9$k>l9g!"J}!9$r2v$C$?%Q%1%C%H$,$"$k;~E@$G FO$/;v $O 9M$($i$l$k ) $3$l$r<B9T$7$F$7$^$&2D G=@-$,$"$k!#$3 $&$J$k$H%-%c%C%7%e$rMQ$$$?:GBg0l2s<B9T$r40A4 $K9T$& $N$OFq$7$/$J$k!# :GDc 0l2s <B 9T %/ %i %$ %" %s %H $N %j %H %i %$ $K BP $7 $F I, $: %5!<%P$K0z?t$rEO$7$F<B9T$9$k$h$&$K$9$l$P!" !V:GDc0l 2s<B9T!W$K$J$k!#%/%i%$%"%s%H$O%j%W%i%$$rF~<j $9$k$^ $G%j%H%i%$$rB3$1$k!# 0l2s<B9T ?.Mj@-$N$"$k%W%m%H%3%k $rMQ$$$F%j%/%(%9%H $KBP $9 $k A CK, %j%W %i %$$K BP $9 $k A CK $r3N <B $K <h$k $h $&$K$9$l$P!V0l2s<B9T!W$G$"$k!#!V0l2s<B9T!W$G $O<:GT $7$?:]$K!V0l2s$b<B9T$5$l$J$+$C$?!W;v$r%f!<%6 $,;!CN $G$-$k$b$N$H$9$k!# l !V0l2s<B9T!W$,M}A[$G$O$"$k$,!" $3$l$K$O?.Mj@-$N$" $k2<0L%l%$%d$r;HMQ$9$kI,MW$,$"$j!"@lMQ%W%m %H%3%k$r <BAu $9$k$K $7$F $b!" TCP $rMxMQ $9$k $K$7$F $b$= $N%3%9 %H$NBg$-$5$OL5;k$G$-$J$$DxBg$-$$!# !V0l2s<B9T!W $r9T$J$& Dc%3%9%H $N RPC $r<B Au$9$k$N $O4{B8$NDL?.%l%$%d$rMQ$$$?<BAu$G$OFq$7$$$H8@$($k!# 4. %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu #2@a$G<($7$?%a%b%j%Y!<%9DL?. $rMQ$$$FDc%3%9%H$G!" 0l2s <B9T$J RPC $r<B Au$9$k J}K!$K $D$$ $F9M;! $9$k!#%a

V ol. 0 No. 0 %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu 5 %b%j%Y!<%9DL?.$K$O$$$/$D$+$N9b5!G= 4X?t$,B8:_$9$k$? $a!#%/%i%$%"%s%H%9%?%V!"%5!<%P%9%?%V $N<BAu$K4X$7$F $b$$$/$D$+$N%P%j%(!<%7%g%s$,9M$($i$l$k!# 4.1 %a%b%j%Y!<%9DL?.$K$h$k Clien t � Serv er RPC $OE5 7? E* $J Clien t � Serv er 7?%" %W %j %1!< %7%g %s $G $" $k $,!" Serv er $N %a %b %j 6u 4V $K BP $9 $k %j %b!< %H %a %b %j%"%/%;%9$N5v2D$r%/%i%$%"%s%H$K=P $9;v$O0BA4>eK>$^ $7$/L5$$!# $3$N@a$G$O%a%b%j%Y!<%9DL?.$rMQ $$$D$D%5!<%PB&$N0B A4@-$rJ]>Z$9$k%/%i%$%"%s%H!?%5!<%P 7?DL?.$K$D$$$F9M ;!$7$?8e!"%a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu$K$D $$$F=R$Y$k!# DL >o!" %a %b %j %Y!< %9 DL ?. $r MQ $$ $F Clien t � Serv er DL ?.$r3+;O$9$k<j=g$O0J2<$N$h$&$K$J$k!# ( 1 ) Clien t $O <+ %? %9 %/ $K BP $7 $F accessk ey !" %Q!< %_%C %7%g%s$r%;%C%H$9$k!# ( 2 ) Clinet $O Serv er $N T ASK QUE $K BP $7$F Re- quest $r=q$- 9~$‘!#$3$N=q$-9~$_ $,@.8y$7$?;~E@ $G Aj <j %? %9 %/ $K BP $9 $k O@ M} %? %9 %/ HV 9f $, Clien t $K M? $( $i $l!" CLIENT, SER VER 4V $K O@ M} %3 %M%/%7%g %s$, D%$i$l $k!#=q $-9~ $_$N FbMF$O %f!<%6 $, <+ M3 $K 7h Dj $G $- $k $N $G $3 $N ;~ E@ $G Serv er B& $K I,MW$J>pJs$rM?$($i$l$k!# ( 3 ) Serv er $O T ASK QUE $r FI $_ =P $9!# Serv er $O CLIENT $K BP $9 $k O@ M} %? %9 %/ HV 9f $H accessk ey $r<j $KF~ $l$k!# $3$N 8e!" Clien t $H Serv er $OAw<u ?.$r3+;O$9$k!# Serv er $, Accessk ey $r Clien t $K65 $( $k$+ 65$( $J $$ $+$K$h$C$FDL?.$N7ABV$OJQ$o$C$FMh $k!#$?$@!"$$$:$l$N >l9g$b%/%i%$%"%s%H$+$i$NEPO?$K$h$C $FDL?.$,3+;O$5$l $k $N $G!" 2 @a $G =R $Y $? $h $& $K DL ?. $K 4X $7 $F $O Clien t B& $,0l@Z$N@UG$$rIi$&!# Accessk ey $NM-L5 $K $h$k %H %i%s %6 %/%7%g %s$N 0c $$$O 0J 2<$N$h$&$K$J$k!# Serv er $, Clien t $K accessk ey $rM?$($k>l9g $3 $N >l 9g IT E, @Z $J CLIENT $r GS =| $9 $k $? $a!" accessk ey $rM?$( $kA0$K CLIENT $r%A%’%C %/$7 $J$1$l $P$J$i $J$$!# Serv er $,=q$-$3$_5v2D$r=P$7$F$$$k>l9g Clien t $O Serv er $N address 6u4V$K%G!< %?$r D>@\ Aw$j 9~$‘ ;v $, $G $- $k!# Serv er $O READ Bu�er $N %"%I%l%9$r CLIENT $K65$($F$d$k!#9b5!G=4X ?t $r ;H MQ $9 $k >l 9g!" Serv er $O FIF O !" T rap Handler $J $I $r :n @. $7 $F $= $N %" %I %l %9 $r M? $( $F$d$k;v $b $G$- $k!#$? $@ $7$3 $N>l 9g!" ITE, @Z$J %/ %i %$%" %s%H $K $h$C$F Serv er %? %9 %/<+ ?H$r GK 2u$5$l$k ;v$b 9M$( $i $l$k $?$a $=$l $KBP $9$k KI8f :v$r;\$7$F$*$/I,MW$,$"$k!# Serv er $,FI$_<h$j5v2D$r=P$7$F$$$k>l9g Serv er $O Clien t $K FI$_ =P$9$Y $-%a %b%j $N%"%I %l%9 $r M? $( $k ;v $, =P Mh $k!# $3 $N >l 9g $b Clien t $K M? $( $? $/ $J $$ >p Js $, $" $k >l 9g $O (Clien t $O Serv er %? %9%/ $N %a%b %j6u 4V Fb$r <+M3 $KFI $_ =P$; $k ) KI 8f:v$r9V$8$kI,MW$,$"$k!# Serv er $, Clien t $K accessk ey $rM?$($J$$>l9g T ASK QUE $+ $i F@ $i $l $? >p Js $r 85 $K Serv er $O ;E ;v $r 9T $&!# I, MW $G $" $l $P!" %j %b!< %H %a %b %j %" %/ %; %9 $G Clien t %? %9%/$+$i>pJs$r FI$_=P$7!" Clien t %?%9%/ $K>pJs$r =q$-9~$‘!# $3 $N 8e!" %H %i %s %6 %/ %7%g %s $, =* N; $7 $? ;~ E@ $G Serv er B& $,O@M}%?%9%/HV9f$rGK4~$9$k!# >e5-$N;vJA$H%a%b%j%Y!<%9DL?. $NFCD’$rF’$^$($k$H!" 0J2<$N$h$&$J%?%$%W$N Serv er <BAu$NN‘7?$,<($5$l$k!# #1!%C1H/%H%i%s%6%/%7%g%s%?%$%W T ASK QUE $K =q $/ :]$K%Q%C%-%s %0$5$l$? 0z?t$rEO $7$F$d$k!# %9%?%V$+ $i$N4X?t8F $S=P$78e!" %/%i%$%" %s%HB&$K %G!<%?$r0z $-EO$7$F%3%M%/%7%g%s$r@Z$k!# D9=j (1)Serv er $+$i Clien t $K accessk ey $r0z $-EO $9 ;v $, L5 $$ I, MW $, L5 $/ <B Au $, MF 0W (2) %3 %M %/ %7%g %s$HF1;~$K%j%/%(%9%H$r=hM}$G$-$k!# LdBjE@ (1) MW5a$,$" $kEY $K%3 %M%/ %7%g%s $rD% $k;v $K $J$k!# (2) %/%i%$%"%s%HB&$+$iAw?.$5$l$k%G!<%?$N %5%$%:$K@)8B$,$+$+$k!# $3$l$i$NFC D’$+$i!";6 H/E*$J%" %/%;%9$,$" $j%j%/%( %9%H%G!<%?$N %5%$%:$, $=$lDxBg $-$/$J$i$J $$>l9g$K M-8z$G$"$k $H9M$($i $l$k!#$^$?!" %j%W%i%$ $,4|BT$5 $l$J$$DL?. $r9T$&>l9g $O A CK $N3NG’$@$1 9T$($PDL ?.$N@.8y$O 3NG’$G$- $k$N$G8z N(NI$/F0:n $G$-$k!#$3 $N>l 9g!" UDP %Y!<%9$N %=%U %H %&%’%" $r0\ ?" $9$k :] $K$O%3!< %G%#%s %0$, $+$J $j;w DL$&!# IP address $r %N!<%I ID $K!" p ort HV9f $r %? %9 %/ ID $K5/ $- BX $( $F %j%/%(%9%H $rH/9T$5 $;!"%j%W%i %$$N=q$-9~ $_$rBT$D ;v$K$J$k!# #2!% READ 6nF0%?%$%W T ASK QUE $K=q $- 9~ $‘ :] $K Clien t B&%j %/ %( %9 %H $N %G!< %? It $N %" %I %l %9 $r EO $7 $F $d $k!# Serv er B& $O %j %b!< %H %a %b %j FI $_ =P $7 $r H/ 9T $7$F%G!<%? $rF~<j$7!" =hM}$r9T $J$C$?8e %j%b!<%H$K =q$-=P$7$F$d$k!# D9=j (1) Serv er $, Clienlt $K Accessk ey $rEO $9 I,

6 >pJs=hM}3X2qO@J8;o 1959 ?^ 1 %a%b%j%Y!<%9DL?.$rMQ$$$? Clien t � Serv er %"%W%j%1!<%7%g%s Fig. 1 Clien t - Serv er application with MBCF MW$,L5$/!"<BAu$,MF0W$G$"$k!# (2) !V#1!W$N%?%$%W $HHf3S$7$F<+ M3$JBg$- $5$N%j%/ %(%9%H%G!< %?$r07$( $k!# C; =j (1)READ 6n F0 $G $" $k $N $G MW 5a E~ Ce ;~ E@ $G Serv er $,=hM}$r3+;O$G$-$J$$ 2? $i $+ $N 7A $G DI 2C %j %/ %( %9 %H $N M- L5 $r 3N G’ $G $- $l $P O" B3 E* $J =h M} $, 2D G= $K $J $k $? $a!" O" B3 $7 $F MW 5a H/ 9T $5 $l $k >l 9g!" Serv er B& $G <! $N %j %/ %( %9 %H $r M= A[ 2D G= $J >l 9g $K 8~ $$ $F $$ $k J} <0 $H 8@ $( $k!# $^ $?!" !V#1!W$HAH$_9g $o$;$k ;v$G!V#1!W $N%j%/%( %9%H%G!< %?$NBg$-$5$N @)8B$r2s Hr$9$k$h$& $J<BAu$r 2DG=$H$9 $k%*%W%7%g%s$K$J$k!# #3 WRITE 6nF0%?%$%W T AKSQUE $K $h $k %3 %M %/ %7%g%s @. N) $N 8e!" Clien t B&$+ $i Serv er $N%P%C %U%! $K%j%/%(%9%H $r=q$-9~ $‘!#$3$l0J 8e<+M3$K =hM}$r9T $$!"=hM}=*N; 8e$K%3%M %/%7%g%s$r GK4~$9$k!# $3$N>l 9g Clien t $K W rite P ermission $r =P $9 I, MW $, $" $k $? $a$K Serv er %? %9 %/$N %" %I %l %96u 4V $r <i $k $?$a $N BP:v$r9V$8$kI,MW$,$"$k!# #3#a CSM %?%$%W $3 $N BP :v $N 0l Nc $H $7 $F!" SSS- CORE $N F1 0l %N!< %I Fb $N %? %/ %/ 4V 6& M- %a %b %j $G$" $k%/ %i%9 %?6& M-%a %b%j (CSM:Cluster Shared Memory) $rMxMQ$9 $kJ}K! $,9M$( $i$l$k!# CSM $O %Z!<%84IM}5! 9=$r3hMQ $7$?%Z!<%8 C10L$N%N!< %IFb6& M-%a%b%j$G$" $j!"Dc%3%9 %H$GMxMQ 2DG=$J6& M-%a%b%j $G$"$k!# Serv er $O 6& M- %a %b %j MQ $K %@ %_!< %? %9 %/ ( %" %I %l %9 6u 4V ) $r MQ 0U $7 $F %/ %i %$ %" %s %H %? %9 %/ $K $O $= $N %@ %_!<%?%9%/$N L>A0$rJV Ez$9$k!#%/ %i%$%"%s %H$O$b$& 0l$D%@%_!<%?%9%/$H%3%M%/%7%g%s$rD%$k!# %@ %_!< %? %9 %/ $H Serv er %? %9 %/ $N 4V $G MW 5a <u $1 $D $1 MQ %G!< %? %( %j %" $N $_ $r C SM $G %a %b %j 6& M- $7 $F $* $/!#$3$&$9$k ;v$G!"K\ Mh$N%a%b %j%Y!<%9DL ?.$rMQ$$ $F %/ %i %$ %" %s %H $+ $i 0B A4 $K Remote W rite $r <u $1 $D $1 $k $3 $H $, 2D G= $K $J $k!# $3 $N $h $& $K $7 $? >l 9g $K $O!" Serv er $O Clien t $+$i D>@\ 43 >D $r <u $1$k ;v $, $J $/$J$k!# D9 =j (1)Clien t $O Serv er $N 5v $9 HO 0O $G $" $k Dx EY eager $K %j %/ %( %9 %H$r Aw ?. $G $- $k!# (2)Clien t B& $b $[$\A4$F$N%a%b%j%Y!<%9DL?.5!G=$rMxMQ$G$-$k!# C;=j (1) 6& M- %a %b %j!" Serv er B& %P%C %U%! $N 4I M} $J $I $" $k Dx EY HK ;( $J 4I M} $, I, MW $K $J $k!# (2) %3 %M %/ %7%g%s$N3NN)$N<j4V$,Bg$-$$!# $H$$$&E@$K $J$k!##1!"#2 $h$j$b$+ $J$j6/NO $K%a%b%j %Y!< %9 DL ?. $r Mx MQ $7 $? Clien t � Serv er $, <B 8= $G $- $k $N$G%3%M%/ %7%g%s$r0] ;}$7$F;H MQ$5$l$k$J $i$P%a%b %j %Y!< %9 DL ?. $N 4p K\ @- G= $N 28 7C $r =< J, $K <u $1 $i $l $k!# $3 $N %? %$ %W $N Serv er <B Au $O => Mh $N TCP $K $h $k Serv er <B Au $K $+ $J $j 6a $/ $J $k!# 0[ $J $k $N $O read systemcall $N H/ 9T $G $O $J $/!" %f!< %6 %l %Y %k $G %P%C %U%! $r GA $- 8+ $7 $J $, $i Serv er $N F0 :n $r @) 8f $G $- $k E@$G$"$k!# #3 b FHN)%@%_!<%?%9%/%?%$%W CSM $r D% $i $: $K @8 @. $7 $?%@%_!<%?%9 %/Fb$G%j %/%(%9%H $r=hM}$7$F $7$^$&J}

V ol. 0 No. 0 %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu 7 <0$b9M$($i $l$k!#$3$N >l9g!"%a%b %j%Y!<%9%7 %0%J%k $rMQ$$$?<BAu$,2DG=$+$D8z2LE*$G$"$k!# Serv er $O T ASK QUE $N FI $_ =P $7 $r 9T $$!" I, MW $J $i $P %@ %_!< %? %9 %/ $r @8 @. $7 $F Clien t $K %= %N L> A0 $r M?$($k!#%@%_!< %?%9%/$O %a%b%j%Y!< %9%7%0%J %kMQ$N %H%i%C%W%O%s%I%i$r@_Dj$9$k!# Clien t $H %@ %_!< %? %9 %/ 4V $G %3 %M %/ %7%g %s $r @. N) $5 $; $? 8e!" Clien t $O 6n F0 $7 $? $$ %k!< %A %s $N %" %I %l %9 $r;XDj$7$F%a %b%j%Y!<%9 %7%0%J%k %j%/%(%9 %H$rAw?. $9$k!#$3$N:] $KIU2C$G $-$k%G!<%? $ND9$5$O %Q%1%C%H $N :G Bg D9 $N @) 8B $r <u $1 $k!# D9 =j (1) %@ %_!< %? %9 %/ $H Clien t $O 8_ $$ $K A4 $F $N %a %b %j %Y!< %9 DL ?. $r ;H MQ $G$-$k!# (2) %G%#%9%Q%C %A%5!<%P $O%j %/%( %9%H $NB? 2I $K 9g $o $; $F F0 E* $K %@ %_!< %? %9 %/ $r A} 8: $G $- $k!# ( %@ %_!< %? %9 %/ "N %G%# %9 %Q%C %A %5!< %P 4V $G $N DL ?. $, I, MW ) (3) 6/ NO $J %a %b %j %Y!< %9 %7 %0 %J %k $r ;H MQ $G $- $k!# C;=j (1) %3%M%/%7%g%s$N3NN)$N<j4V$,Bg$-$$!# (2) %?%9%/ $N@8 @.8e!"%/ %i%$%" %s%H$+ $i$N %j%/%( %9 %HMW5a$,2DG=$H$J$k!# Cm 0U $9 $k E@ $H $7 $F $O!" %f!< %6 $, $- $A $s $H %? %9 %/ $N @8 @. !? =| 5n $r 9T $& I, MW $, $" $k E@ $, $" $2 $i $l $k!# FC $K C; 4| E* $K D9 ;~ 4V $N %H %i %s %6 %/ %7%g %s $, J# ?t $N Clien t $+ $i =8 Cf $9 $k >l 9g $r 9M N8 $9 $k $J $i $P %@ %_!< %? %9 %/ ?t $N >e 8B $r E, @Z $K 7h $a $F $* $/ I, MW $, $" $k!# 4.2 %a%b%j%Y!<%9DL?.$rMQ$$$? RPC $N<BAu $3$l$^$G$K=R$Y$?%a%b%j%Y!<%9DL ?.$NFCD’$rF’$^$($k $H!"0J2<$N$h$&$JFCD’$r;}$D RPC $r<BAu$9$k$G$-$k!# � F14|7?!?HsF14|7?APJ}$KBP1~$9$k � 0l2s<B9T7?$N%;%^%s%F%#%/%9$r;}$D %a %b %j %Y!< %9 DL ?. $N 7Z $5 $r @8 $+ $9 $h $& $J <B Au $r 9T $& ;v $G!" >o $K Ld Bj $H $5 $l $F Mh $? !V?. Mj @- $K H< $& %3 %9 %H!W $K BP =h $9 $k!# %a %b %j %Y!< %9 DL ?. $N !V%j %b!< %H %a %b %j %" %/ %; %9 $G $" $j L@ <( E* $J %l %7!< %V $N H/ 9T $, I, MW $H $5 $l $J $$!W @- 3J $, Hs F1 4| 7? $N <B Au $r $5 $i $K MF 0W $K $J$C $F $$ $k!# A0@a$rF’$^$($k$H!"!VDc%3%9%H!"La $jCMIU$-HsF14|7? $KBP1~$7!"I,$:0l2s$@$1<B9T$9$k!W RPC $N<BAu$K:G$b E, 1~ $9 $k $N $O !V#3 b FH N) %@ %_!< %? %9 %/ 7?!W $G!" %a %b %j %Y!<%9%7%0%J%k$rMxMQ$9$k<BAu$G$"$k$H9M$($i$l$k!# $7 $+ $7!" :# 2s RPC $r <B Au $9 $k $K $" $?$C $F!" SUN- RPC4.0 $r $^ $: SSS-CORE >e $N UDP/TCP $G <B Au $7!"$3$l$N UDP %k!<%A%s$r ;29M$K%a%b%j %Y!<%9DL?.$K 0\?" $r9T$C $?!# $3 $N 0Y!" :#2s $N <B Au $G$O !V#3 W rite 6nF0 %? %$ %W!W $r %a %b %j %Y!< %9 FIF O $r ;H MQ $7 $F <B Au $7 $F $" $k!# $3$N RPC $NFCD’$O0J2<$N$h$&$K$J$k!# � Dc%3%9%H$N%j%/%( %9%HH/9T $,2DG=$G %3%M%/%7%g %s$r 0];}$7$F$NO"B3%j%/%(%9%HH/9T$K8~$$$F$$$k!# � ?.Mj$G$-$k2<0L %l%$%d>e $K<BAu$5 $l!"!V0l2s <B9T!W %;%^%s%F%#%/%9$r;}$D � Request $NH/9T$H Reply $N<uM}$rJ,N%$9$k;v$GHs F14|E*%j%/%(%9%H$NH/9T$,2DG= $^ $?!" $3 $N <B Au $O SUNRPC4.0 $N 0\ ?" $G $" $k $N $G XDR %k!< %A %s $r MQ$$ $F %G!< %? $N %^!< %7%c%j %s %0 !? %" %s %^!<%7%c%j%s%0$r9T$C$F$$$k!# 5. <B 83 %o!< %/%F!< %7%g %s %/ %i%9 %? $r MQ $$$F RPC $N Round- trip Time(R TT) $r 7W B, $r $7 $?!# ;H MQ %W %m %0 %i %‘ $O %/ %i %$ %" %s %H $, $" $k %5 %$ %: $N String %G!< %? $r Aw ?. $7!" %5!< %P $O F1 $8 %5 %$ %: $N String %G!< %? $G JV ?. $9 $k $H $$ $& C1 =c $J J* $r MQ $$ $?!# %3!< %I <+ BN $O SUNRPC4.0 $N %W %m %H%3%k!&%3%s%Q%$%i$KEG$+$;$? %3!<%I$r SSS-CORE $G ;H MQ $G $- $k $h $& <j $r 2C $( $F ;H MQ $7 $F $$ $k!# ;2 9M $^ $G $K 10Base-T $r ;H MQ $7 $? :] $N SSS-CORE UDP $N %G!< %? $b7G:\$9$k!# <B834D6-$O0J2<$NDL$j$G$"$k!# � Axil 320 mo del 8.1.1 (Sun SP AR Cstation 20 compatible,85MHz,Sup erSP AR C !_ 1) � Sun Microsystems F ast Ethernet SBus Adapter 2.0 � Ba y Net w orks Ba yStac k 350T half-duplex mo de 100Base-TX � Cen terCom Hub/3016TR 10Base-TX $3 $N <B 83 $G $O 0 b yte $+ $i 1024 b yte $N Clien t $N Re- quest $K BP $7 $F F1 $8 D9 $5 $N %G!< %? $r ;} $D Serv er $N Reply $r JV $7 $F $$ $k!# Clien t $H Serv er $, 8_ $$ $K Aw ?. $7 $F $$ $k!# %G!< %? D9 $, %< %m $N >l 9g $G $b RPC header(Request 48 b yte, Reply 28b yte) $, E> Aw $5 $l $F $$ $k ;v $K Cm 0U $5 $l $? $$!# 10Base-T $G $N <B 83 7k 2L I= 3 $r 8+ $k $H!" UDP $@ $1 $r Hf 3S $7 $F $b SSS-CORE $N UDP $N J} $, NI $$ CM $H$J$C$F$$$k$,$3$l$O SSS-CORE $N UDP routine MQ system call $N $$ $/ $D $+ $r %a %b %j %Y!< %9 DL ?. $G ;H MQ $5 $l $F$$$k 7Z$$ system call $r;HMQ $9$k;v$K $h$C$FC# @.$5$l $F$$$k!#$3$3$GCm0U$rB%$7$F$*$-$?$$;v$O%a%b %j%Y!<%9 DL?.$O?. Mj@-$N $"$k%W %m%H %3%k$G $"$j!" A CK %Q%1%C%H $r Ht $P $7 $F $$ $k (User $K 8+ $( $k Ac k $r MW 5a $9 $k $h $& $K RPC library $O=q$+$l $F$$ $k ) $H$$$&;v $G$"$j!" $=$l $G $b>0!"%a%b%j%Y!<%9DL?.$r;HMQ$7$?%j%b!<%H%a%b %j%"%/ %;%9$NJ}$,NI$$CM$r;D$7$F$$$k$H$$$&;v$G$"$k!#

8 >pJs=hM}3X2qO@J8;o 1959 I= 3 10Base-T $K$*$1$k RPC $K$h$k%G!<%?E>Aw$N Round-trip latency T able 3 Round-trip latencies of RPC with 10Base-T data size (b yte) 0 64 256 512 1024 SunOS UDP ( � s) 778 808 1218 1697 2690 SSS-CORE UDP( � s) 542 679 1072 1574 2614 SSS-CORE MBCF( � s) 457 545 925 1446 2452 I= 4 100Base-TX $K$*$1$k RPC $K$h$k%G!<%?E>Aw$N Round-trip latency T able 4 Round-trip latencies of RPC with 100Base-TX data size (b yte) 0 64 256 512 1024 SunOS UDP ( � s) 695 764 821 931 1283 SSS-CORE MBCF( � s) 338 360 465 649 1020 100Base-TX $N%G!<%? I= 4 $H9g$o$; $F8+$k $H!"FC$K %G!< %?%5%$%:$N>.$5$$$H$3$m$G SSS-CORE $N$N@-G=Hf$NNI $$;v$+$i!"%a%b%j%Y!<%9DL?.$N7Z$5$,M- 8z$KF/$$$F$$$k ;v$,$o$+$k!#$^$?!"7WB,>r7o$,0[$J$k $,!":G=i$K7G:\$7 $?%a %b %j %Y!< %9 DL ?. $N Round-T rip Latancy $NI= I= 1 $H Hf3S $9 $k $H!" RPC $N %k!<%A %s <+ BN $N ;} $D %*!< %P!< %X%C %I$,$+$J$jBg$-$$$H$o$+$k!# 6. $* $o $j $K SSS-CORE $K >e $G $N %a %b %j %Y!< %9 DL ?. $r MQ $$ $? RPC $N<BAu J} K!$r 8!F$ $7!" %a%b %j %Y!<%9 FIF O $rMQ$$ $?<B Au $r 9T$C $?!# $= $N >e $G <B 83 $H $7 $F!" RPC $N Round-trip time $N 7W B, $r 9T$C $?!# $= $N 7k 2L!" ?. Mj @- $N $" $k 2< 0L %l %$%d!< $r;}$A $D$D$b =<J, $K7ZNL $J RPC $r <BAu$G $-$k;v $,<($5$l$?!#$^$?!"%j%b!<%H%a%b%j%"%/ %;%9$G$"$k%a%b %j %Y!< %9 DL ?. $r MQ $$ $? 0B A4 $J Clien t - Serv er $N 9= C[ $K 4X$7$F9M;!$r9T$C$?!# :# 2s $N <B Au $G $O %@ %_!< %? %9 %/ $H $N 6& M- %a %b %j 7? $N Serv er <B Au $H $J$C $? $? $a %a %b %j %Y!< %9 FIF O $r ;H MQ $7 $? $, 40 A4 %@ %_!< %? %9 %/ 7? $N %a %b %j %Y!< %9 Signal $r $r MQ $$ $? <B Au $b 9M $( $i $l $k!# :# 8e!" %a %b %j %Y!< %9 Signal $r MQ$$$?<BAu$r9T$C$?8e!"<B:]$K;HMQ$5$l $F$$$k$h$&$J%" %W%j%1!<%7%g%s$r<BAu$7$?<B83$r9T$$$?$$!# <U<- K\8&5f$N0lIt$O>pJs=hM}?66=;v6H6(2q!J IP A !K $,<B;\$7$F$$$kFHAOE*@h?JE*>pJs5;=Q $K78$o$k8&5f3+H/ $N0l4D$H$7$F9T$o$l$?!# ;2 9M J8 8% 1) Sun Microsystems, Inc: RF C 1050: RPC: Re- mote Pro cedure Call Proto col sp eci�cation (1988). Obsoleted b y RF C1057 ? ][. Status: HISTORIC. 2) Sriniv asan, R.: RF C 1831: RPC: Remote Pro- cedure Call Proto col Sp eci�cation V ersion 2 (1995). Status: PR OPOSED ST AND ARD. 3) Blo omer, J.: Power pr o gr amming with RPC , O’Reilly & Asso ciates, Inc., 981 Chestn ut Street, Newton, MA 02164, USA (1992). 4) T a y , B. H. and Ananda, A. L.: A Surv ey of Remote Pro cedure Calls, A CM Op er ating Sys- tems R eview , V ol. 24, No. 3, pp. 68{79 (1990). 5) Ananda, A. L., T a y , B. H. and Koh, E. K.: A Surv ey of Async hronous Remote Pro cedure Calls, sigops , V ol. 26, No. 2 (1992). 6) >> K\ >0 , 8E Aq ?J 0l , J? LZ 7I : HF MQ D6 JB Ns %* %Z %l!< %F%#%s%0%7%9 %F%‘ SSS � CORE, F|K\%=%U%H%&%’%" 2J3X2qBh 11 2sBg2qO@J8=8 , pp. 13{16 (1994). 7) Birrell, A. and Nelson, B.: Implemen ting Re- mote Pro cedure Calls, A CM T r ans. Computer Systems , V ol. 2, No. 1, pp. 39{59 (1984). 8) >> K\ >0 , 6p Mr >f ?M , 12 86 LP , C] 2, >0 ;0 , J? LZ 7I : HF MQD6 JB Ns%* %Z%l!< %F%# %s%0 %7 %9%F %‘!’ SSS-CORE | %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $K $* $1 $k <B 8= |, >p Js =h M} 3X 2q 8& 5f Js 9p 96-OS-73, V ol. 96, No. 79, >pJs=hM}3X2q , pp. 115{120 (1996). 9) >>K\>0 , J?LZ7I : 100BASE-TX $K$h$k%a %b %j%Y!< %9DL ?. $N @- G= I>2A , %3 %s %T%e!< %?%7 %9 %F %‘ %7 %s%] %8 %&%‘O@J8=8 , >pJs=hM}3X2q , pp. 101{108 (1997). 10) >> K\ >0 , J? LZ 7I : MBCF:A Protected and Vir- tualized High-Sp eed User-Lev el Memory-Based Comm unication F acilit y , Pr o c. of the 1998 ICS (1998).