10 (302) FC=8!|%$%s%?!<%M%C%H BeBX%-%e!<%$%s%05!9=$K$h$k%H%i%U%#%C%/4IM} $N<B8= D9 7rFsO/ %-%e!< %$ %s %0 $O %H %i %U%#%C %/ 4I M} $N $? $a $N =E MW $J MW AG 5; =Q $G $" $k $,!$ => Mh $N UNIX %7 %9 %F %‘ $G Mx MQ $G $- $k %-%e!< %$ %s %0 $O C1 =c $J FIF O %-%e!< %$ %s %0 $N $_ $G $"$C $?!% K\ 9F $G $O!$ 8= :_ $N UNIX %7 %9 %F %‘ $K <o!9 $N %-%e!< %$ %s %0 J} <0 $r <B Au $9 $k >l 9g $N Ld Bj E@ $r ;X E& $7!$ Be BX %-%e!< %$ %s %0 5! 9= AL TQ(Alternate Queueing) $r Ds 0F $9 $k!% $^ $?!$ <B :] $K AL TQ >e $K CBQ(Class-Based Queueing) !$ WFQ(W eigh ted- F air Queueing) !$ RED(Random Early Detection) Ey J# ?t $N %-%e!< %$ %s %0 J} <0 $r <B Au $7 $F @_ 7W $N 8! >Z $r9T$J$$!$ PC %k!<%?$N%H%i%U%#%C%/4IM}G=NO$N I>2A$r 9T$J$C$?!% 1 $O $8 $a $K %$ %s %?!< %M%C %H $K $H$C $F %H %i %U%#%C %/ 4I M} 5; =Q $N 3N N) $O =E MW $J 2] Bj $G $" $k!% %H %i %U%#%C %/ 4I M} $O MM!9 $J %a %+ %K %: %‘ $H $= $l $i $r 1? MQ $9 $k %] %j %7!< $K $h$C $F 9= @. $5 $l!$3F%a%+%K%:%‘$O<BAu$5$l$k3,AX$K1~$8$?N3EY$G%H%i %U%#%C%/$r@)8f$9$k!%%-%e!<%$%s%0$O%Q%1%C%HN3EY$N%H %i%U%#%C%/@)8f$r9T$J$&%a%+%K%:%‘$G$"$j!$%Q%1%C%H%9 %1 %8%e!< %j %s %0 $H %P%C %U%! 4I M} $H $$ $& #2 $D $N 5! G= $r ;} $D!%%-%e!<%$%s%0$,FC$KM-8z$J$N$O!$%P!<%9%HE*$J%H%i %U%#%C%/$K$h$C$F%Q%1%C%H$,N/$k%\%H%k%M%C%/%j%s%/$N F~ 8} $G $" $k!% %-%e!< %$ %s %0 $r 9) IW $9 $k $3 $H $K $h$C $F %U T ra�c Management by Alternate Queueing. Kenjiro Cho, ( 3t ) %= %K!< %3 %s %T%e!< %? %5 %$ %( %s %9 8& 5f =j , Sony Computer Science Lab oratories, Inc. %3 %s %T%e!< %? %= %U %H %&%’ %" , V ol.16, No.4(1999), pp.10{ 22. [ O@J8 ]1998 G/ 6 7n 30 F|<uIU . %m!<4V$N8xJ?@-$N<B8=$d43>D$NKI;_$,2DG=$G$"$j!$>e0L $N%U%m!<@)8f%a%+%K%:%‘$HO"F0$7$FmUmT2sHr$K$b;H$o$l $k!%$^$?!$%-%e!<%$%s%0$K$h$C$F;HMQBS0h!$CY1d!$%8%C %?!$%Q%1%C%HGQ4~$r@)8f$9$k$3$H$,2DG=$J$?$a!$%j%"%k %?%$%‘@-$rJ]>Z$9$k%5!<%S%9$rDs6!$9$k$3$H$b$G$-$k!% 8=:_$^$G$K8&5f%l%Y%k$G$O$5$^$6$^%-%e!<%$%s%0J}<0 $, Ds 0F $5 $l $F $$ $k [14] [6] [5] $,!$ $[ $H $s $I $, M} O@ E* $J 8& 5f $d %7%e %_ %l!< %7%g %s $r $b $H $K $7 $? $b $N $G $" $k!% <B :] $K 1? MQ $5 $l $F $$ $k %7 %9 %F %‘ $N $[ $H $s $I $G $O C1 $J $k %F %$ %k!& %I %m%C %W $N FIFO %-%e!< $7 $+ <B Au $5 $l $F $$ $J $$!% $^ $?!$ $= $l $K Be $o $k %-%e!< %$ %s %0 5! 9= $r <B Au $7 $h $& $K $b!$$=$N$?$a$N%U%l!<%‘%o!<%/$,$J$$$?$a<BAu$,:$Fq$G $"$j!$0lHL$KMxMQ$G$-$k<BAu$,B8:_$7$J$$$N$,8=>u$G$" $k!% 0l J}!$ %W %m %;%C %5 $N 9b B. 2=!$ IO @- G= $N 8~ >e!$ 9b B. %M%C %H %o!< %/ %+!< %I $N EP >l $H!$ $= $l $i $N 2A 3J Dc 2< $K H< $$!$9bEY$J%-%e!<%$%s%0=h M}$r PC %Y!<%9$N%k!<%?$KAH $_9~$‘$3$H$OL%NOE*$JA*Br$H$J$C$F$-$?!% $= $3 $G!$ BSD 7O $N UNIX $K Be BX %-%e!< %$ %s %0 $r <B Au $9 $k $? $a $N HF MQ %U %l!< %‘ %o!< %/ $H $7 $F AL TQ(Alternate Queueing) $H $$ $& HF MQ %-%e!< %$ %s %0!& %$ %s%?!< %U%’ %$ %9$r @_ 7W <B Au$7 $?!% AL TQ $, BP >] $H $7 $F 9M $( $k %-%e!< %$ %s %0 5! 9= $O!$ $J $s $i $+ $N %Q %1%C %H!&%9%1%8%e!<%j%s%0$r9T$J$C$FBS0h3d$jEv$F$dCY1d$N @)8f$r<B8=$9$k$b$N$G$"$k!%%Q%1%C%HGQ4~5!9=!$J#?t$N %-%e!<$r;}$D5!9=!$Hs%o!<%/%3%s%5!<%S%s%07?$J$IMM!9 $J %-%e!< %$ %s %0 5! 9= $r %5 %]!< %H $G $- $k $h $& 9M N8 $7 $F $$ $k!% $^ $? <B :]$K $= $N %U %l!< %‘ %o!<%/ >e $K CBQ [6] !$ RED

(303) V ol. 16 No. 4 Jul. 1999 11 [5] !$ WFQ [3] [15] [12] $N<B Au $r9T $J$C$F @_7W $r 8!>Z $r$7 $?!% CBQ $O RSVP [22] $HO"F0$7$F!$F0E*$J ;q8;M=Ls$K $h$kBS0h3d$jEv$F$K$bMxMQ$G$-$k!% AL TQ $K $h$C $F 0[ $J $k %-%e!< %$ %s %0 J} <0 $, %+!< %M %k FbIt$N%-%e!<%$%s%04XO"%3!<%I!$FC$K%I%i%$%PItJ,$NJQ 99$r6&M-$G$-$k$h$&$K$J$k!%$^$?!$<o!9$N%I%i%$%P$GF0 :n$9$k$?$a$N>r7o$bL@3N$H$J$k$?$a!$%+!<%M%k<BAu$N>\ :Y$rCN$i$J$/$F$bMF0W$K?7$7$$%-%e!<%$%s%0J}<0$r<BAu $G$-$k$h$&$K$J$k!% K\%W%m%8%’%/%H$NL\E*$O!$ 1. <o!9 $N %-%e!< %$ %s %0 5! 9= <B Au $N $? $a $N %U %l!< %‘ %o!<%/$rDs6!$9$k!% 2. G= F0 E* %-%e!<4I M} $d!$ %]%j %7 $K $7$? $,$C $? BS0h 6& M-$r9T$J$&%M%C%H%o!<%/1?MQ$N%F%9%H%Y%C%I$rDs6! $9$k!% 3. RSVP $N$?$a$N%H %i%U%#%C%/%3%s%H%m!<%k!& %+!< %M%k$rDs6!$9$k!% $H$$$&#3$D$NB&LL$r;}$D!% K\ 9F $G $O Be BX %-%e!< %$ %s %0 5! 9= AL TQ $N @_ 7W $H!$ F reeBSD >e $N %W%m %H %?%$ %W$, F0 :n$9 $k PC %k!< %?$N %H %i%U%#%C%/@)8f@-G=I>2A$rJs9p$9$k!% 2 =>Mh$N%-%e!<%$%s%0Cj>]2=$NLdBjE@ BSD 7O UNIX $G $O Aw =P %Q %1%C %H $N %-%e!< %$ %s %0 $O Cj >] 2= $5 $l $? %$ %s %?!< %U%’ %$ %9 9= B$ BN ifnet $r 2p $7 $F 9T $J $o $l $k!% %-%e!< %$ %s %0 $K $O ifqueue $H $$ $& FIFO %-%e!< 9= B$ BN $, ;H $o $l!$ IF ENQUEUE $H IF DEQUEUE $H $$ $& %^ %/ %m $G A‘ :n $5 $l $k!% %-%e!< A‘ :n $r 9T $J $& $N $O!$ %$ %s %?!< %U%’ %$ %9 9= B$ BN Fb $N if output $H if start $K EP O? $5 $l $? 4X ?t $G $" $j!$ %j %s %/ %?%$%W Kh$KMQ0U $5$l$k if output 4X?t$, %-%e!<$X$N3J G< $r!$%G%P %$%9Kh$K MQ0U$5$l$k if start 4X?t $,%-%e!<$+$i $N<h$j=P$7$r9T$J$&!% Be BX %-%e!< %$ %s %0 $r F3 F~ $9 $k :] $K Ld Bj $H $J $k $N $,!$ %-%e!<$KBP$9$kA‘:n$,C1$K%Q%1%C%H$N3JG<!$<h$j=P$7$@ $1$G$J$$$3$H$G$"$k!%6qBNE*$K$O!$ � %-%e!<$,K0OB$9$k$H%Q%1%C%HGQ4~$9$k � %-%e!<$N@hF,$K$"$k%Q%1%C%H$rGA$-8+$k � %Q%1%C%HAw=P$N$?$a%G%P%$%9%I%i%$%P$r8F$S=P$9 Ey $N A‘ :n $, $" $j!$ $3 $l $i $N A‘ :n $O 8= :_ $N FIFO %-%e!< 9=B$$rA[Dj$7$F<BAu$5$l$F$$$k!% 0J2< $K!$0lHLE* $J if output 4X ?t$,%-%e!<$X $N3JG< $r 9T$J$&ItJ,$N%3!<%I$r<($9!% s = splimp(); if (IF_QFULL(&ifp->if_snd)) { IF_DROP(&ifp->if_snd); splx(s); m_freem(m); return(ENOBUFS); } IF_ENQUEUE(&ifp->if_snd !$ m); if ((ifp->if_flags & IFF_OACTIVE) == 0) (*ifp->if_start)(ifp); splx(s); $3$N0lO"$N%3!<%I$O%-%e!<$K4XO"$7$?#3$D$NA‘:n$r9T $J$C$F$$$k!% 1. IF QFULL %^ %/ %m $K $h$C $F %-%e!< $N K0 OB $r %A%’%C %/ $7!$ K0 OB $7 $F $$ $k >l 9g $O %Q %1%C %H $r GQ 4~$9$k!% 2. IF ENQUEUE %^%/%m $K$h$C $F%Q %1%C%H $r%-%e!< $K3JG<$9$k!% 3. %G %P %$ %9%I %i %$%P $, %S%8!< $G $J $1$l $P!$ %Q%1%C %H Aw=P$N$?$a$K%I%i%$%P$r8F$S=P$9!% 8=>u$N%Q%1%C%HGQ4~$O%-%e!<$,K0OB$7$?>l9g$K$O!$:G 8e$K3JG<$7$h$&$H$7$?%Q%1%C%H$rGQ4~$9$k$3$H$rA0Ds$H $7$F$$$k!%$7$+$7$J$,$i!$Nc$($P%i%s%@%‘$JGQ4~$r$9$k $K$O!$@h$K%Q%1%C%H$r%-%e!<$K3JG<$7$?8e!$%-%e!<Fb$N $9$Y$F$N%Q%1%C%H$+$iGQ4~$9$k%Q%1%C%H$rA*Br$9$k$3$H $,I,MW$G$"$k!%$D$^$j!$%Q%1%C%HGQ4~$NH=CG$HGQ4~$9$k %Q%1%C%H$NA*Br$O%-%e!<%$%s%0J}<0$K0MB8$9$k!% $^$?!$%-%e!<Fb$K%Q%1%C%H$,B8:_$7$F$bAw=P$,9T$J$o $l$k$H$O8B$i$J$$Hs%o!<%/%3%s%5!<%S%s%07?$N%-%e!<$G $O!$%Q%1%C%H3JG<;~E@$G%I%i%$%P$r8F$S=P$9$+$o$j$KAw =PM=Dj%?%$%_%s%0$G8F$S=P$9I,MW$,$"$k!%$^$?!$Hs%o!< %/%3%s%5!<%S%s%07?$N%-%e!<$G$O!$%Q%1%C%H$N<h$j$@$7 A‘:n$r7+$jJV$7$F$b%-%e!<$r6u$K$9$k$3$H$,$G$-$J$$$? $a!$%-%e!<$r6u$K$9$kA‘:n$bI,MW$H$J$k!% $D$^$j!$%-%e!<$X$N%Q%1%C%H3JG<A‘:n$O!$%Q%1%C%HGQ 4~!$%G%P%$%9%I%i%$%P$N8F$S$@$7$rH<$&$,!$$$$:$l$NF0 :n$b%-%e!<%$%s%0J}<0$K0MB8$9$k$?$a!$$3$l$i$rE}9g$7 $F5,Dj$9$k%-%e!<%$%s%0!&%$%s%?!<%U%’%$%9$r:n$kI,MW $,$"$k!%

12 %3%s%T%e!<%?%=%U%H%&%’%" (304) $^$?!$$$$/$D$+$N%G%P%$%9%I%i%$%P$O%-%e!<$N@hF,$r GA$-8+$kA‘:n$r9T$J$C$F!$%-%e!<Fb$K%Q%1%C%H$,B8:_$9 $k$+$I$&$+!$$"$k$$$O!$%Q%1%C%H$rAw=P$9$k$?$a$N%P%C %U%!%9%Z!<%9$,$"$k$+$I$&$+$r3NG’$9$k!%$7$+$7!$$=$N <j B3 $- $, 5, Dj $5 $l $F $$ $J $$ $? $a <B Au $K $h$C $F <j =g $, 0[ $J$C$F$$$k!%%-%e!<%$%s%0J}<0$K$h$C$F$O!$%-%e!<$,J# ?tB8:_$9$k>l9g$b$"$k$7!$$^$?!$%-%e!<$N@hF,$K$"$k%Q %1%C%H$,$+$J$i$:$7$b<!$K<h$j=P$9$Y$-%Q%1%C%H$G$"$k $H$O8B$i$J$$!%$7$?$,$C$F!$<!$KAw=P$5$l$k%Q%1%C%H$r %A%’%C%/$9$k$?$a$NA‘:n$b5,Dj$9$kI,MW$,$"$k!%GA$-8+ A‘:n$N@’Hs$O5DO@$NM>CO$,$"$k$,!$4{B8$N%I%i%$%P$NJQ 99:n6H$r9MN8$9$k$H%5%]!<%H$9$k$N$,8-L@$G$"$k$HH=CG $7$?!% $^ $?!$ BSD 7O UNIX $G $O IF PREPEND $H $$ $& %-%e!< $N @h F, $K %Q %1%C %H $r 3J G< $9 $k %^ %/ %m $, $" $k $,!$ $3 $N A‘ :n $b %-%e!< $, J# ?t B8 :_ $9 $k $H 0U L# $r $J $5 $J $$!% $= $3 $G 2f!9 $O %-%e!< %$ %s %0 $N Cj >] 2= $K $? $a $K!$ EN- QUEUE !$ DEQUEUE !$ PEEK !$ FLUSH $N #4 $D $N A‘ :n $r 5, Dj $7 $?!% ENQUEUE A‘ :n $O %Q %1%C %H 3J G< 0J 30 $K $b %Q %1%C %H GQ 4~ $H %I %i %$ %P $N 8F $S $@ $7 $r 9T $J $&!% DEQUEUE A‘ :n $O %Q %1%C %H $N <h $j $@ $7 $r 9T $J $&!% PEEK A‘ :n $O <! $K <h $j =P $5 $l $k M= Dj $N %Q %1%C %H $r GA $- 8+ $k!% FLUSH A‘ :n $O %-%e!< Fb It $N $9 $Y $F $N %Q %1%C %H $r GQ 4~ $7 $F %-%e!< $r 6u $K $9 $k!% $J $*!$ PREPEND $K AjEv$9$kA‘:n$OB8:_$7$J$$!% 3 AL TQ: BeBX%-%e!<%$%s%05!9= 3.1 @_ 7W BeBX%-%e!<%$%s%05!9=$N<BAu$O!$4{B8$N%3!<%I$NJQ99 $r:G>.8B$K$9$kJ}?K$r$H$C$F8!F$$7$?$,!$A05-$N$h$&$K 8= >u $N %-%e!< A‘ :n $O == J, $J Cj >] 2= $, $J $5 $l $F $$ $J $$ $? $a!$ if output 4X?t $H if start 4X?t $N JQ99 $,Hr $1 $i$l $J $$$3$H$,L@$i$+$H$J$C$?!% $J$+$G $b!$ if start 4X ?t$NJQ99$O %G%P%$%9 %I%i%$%P$N JQ99$r0UL#$9$k$,!$4{B8$N$9$Y$F$N%G%P%$%9%I%i%$%P$r JQ99$9$k$N$OMF0W$G$J$$!%$=$3$G!$BeBX%-%e!<%$%s%0$r %5%]!<%H$9$k%G%P%$%9%I%i%$%P$H%5%]!<%H$7$J$$%G%P%$ %9%I%i%$%P$,6&B8$G$-$k$h$&$K$9$k$3$H$K$h$C$F!$I,MW $J%I%i%$%P$X$NJQ99$@$1$G$9$‘$h$&$K$7!$CJ3,E*$J%I%i ?^ 1 AL TQ $N9=@. %$%P%5%]!<%H$r2DG=$K$7$?!% ?^ 1 $K AL TQ $N 9= @. $r <( $9!% Be BX %-%e!< %$ %s %0 $O %$ %s%?!<%U%’%$%9$4$H$N=PNO%-%e!<$KBP$7$F@_Dj$5$l!$Be BX%-%e!<%$%s%0$,;H$o$l$F$$$J$$>u BV$G$O=>Mh$N FIFO %-%e!<%$%s%0$,9T$J$o$l$k!%BeBX%-%e!<%$%s%0$,;H$o$l $k>l9g!$BeBX%-%e!<%$%s%0$OJ#?t$N%-%e!<%$%s%0J}<0$N $&$A$N$R$H$D$rA*$V%9%$%C%A$H$7$F5!G=$9$k!% $3$N$h $&$K!$ =>Mh $N FIFO %-%e!<%$%s %0$H BeBX %-%e!< %$%s%0$r6&B8$5$;$F!$F0E*$K@ZBX2DG=$H$9$k$3$H$K$h$C $F!$@_Dj$N8m$jEy$GBeBX%-%e!<%$%s%0$KLdBj$,H/@8$7$F $b=>Mh$N%-%e!<%$%s%0$K@ZBX$($F;H$&$3$H$,$G$-$k!%$5 $i$K!$1?MQ>e$NMxJX$d?.Mj@-$,8~>e$7!$%G%P%C%0$b$7$d $9$$!% 3.2 <B Au 0J 2<$K!$ AL TQ $N <B Au$K $h $k JQ99 E@ $N 35MW $r <( $9!% ifnet 9= B$ BN $K Be BX %-%e!< %$ %s %0 $r %5 %]!< %H $9 $k $? $a $N %U%#!<%k%I$rDI2C$7!$BeBX%-%e!<%$%s%04X78$N%3!<%I$O $3$l$i$N%U%#!<%k%I$r;2>H$7$FF0:n$9$k$h$&$K$7$?!% if output 4X ?t $N JQ 99$O #2 2U =j!% $R$H $D $a $O!$ %Q %1%C %H$+$i%/%i%9J,$1$KI,MW$H$J$k%U%m!<>pJs$rCj=P$9$kIt J,$G$"$k!%$3$N>pJs$O%-%e!<$X$N3JG<A‘:n$KEO$5$l$k!% %U%m!<>pJs$NCj=P$O!$%M%C%H%o!<%/AX$d%-%e!<%$%s%04X ?t$NCf$K<BAu$9$k$3$H$b2DG=$G$"$k$,!$%M%C%H%o!<%/AX $G9T$J $&$H$=$N>p Js$r if output 4X?t$KEO$9 $?$a$K%$ %s %?!<%U%’%$%9$NJQ99$,I,MW$H$J$j%+!<%M%kFb$NB>$NItJ, $X$N1F6A$,Bg$-$$!%$^$?!$%-%e!<%$%s%04X?t$G9T$J$&$H

(305) V ol. 16 No. 4 Jul. 1999 13 B?MM$J%j%s%/%X%C%@$r07$o$J$1$l$P$J$i$J$/$J$k!%$=$3 $G!$ if output 4X?t$+ $i%M%C%H%o!< %/AX$N%X%C %@$K%" %/ %;%9$9$k$?$a$N>pJs$r%-%e!<$X$N3JG<A‘:n$KEO$9$3$H$K $7$?!% $U $? $D $a $O!$ <B :] $N %-%e!< %$ %s %0 $r 9T $J $& It J, $G $" $k!% AL TQ IS ON %^ %/%m$r;H$C$F ifnet 9=B$ BNFb$N%U %i%0$r%A%’%C%/$7!$BeBX%-%e!<%$%s%0$,;HMQCf$G$"$k$+ $I$&$+H=CG$9$k!%BeBX%-%e!<%$%s%0$,;HMQ$5$l$F$$$J$$ >l 9g $O => Mh $N %3!< %I $, <B 9T $5 $l $k $,!$ ;H MQ Cf $G $" $l $P ifnet 9= B$ BN $K EP O? $5 $l $? AL TQ $N 3J G< 4X ?t $r 8F $S =P $9!%3JG<4X?t$O%Q%1%C%HGQ4~$H%G%P%$%9%I%i%$%P$N5/F0 $b9T$J$&!% if start 4X ?t$b F1MM $K!$ AL TQ IS ON %^ %/%m $r;H$C $FBeBX%-%e!<%$%s%0$,;HMQCf$G$"$k$+$I$&$+H=CG$7!$;H MQ Cf $G $" $l $P ifnet 9= B$ BN $K EP O? $5 $l $? AL TQ $N <h $j =P$74X?t$r8F$S=P$9!% GA $-8+ A‘ :n$O!$ <h $j=P $7 4X?t $r PEEK %b!< %I$G 8F $V $3$H$K$h$C$F9T$J$&!%GA$-8+A‘:n$ND>8e$K<h$j=P$7A‘:n $r <B 9T $9 $l $P F1 $8 %Q %1%C %H $, JV $5 $l $k $3 $H $, J] >Z $5 $l $k!% if start 4X ?t $K >e 5- JQ 99 $r 9T $J$C $? %G %P %$ %9 %I %i %$ %P $O!$ ifnet 9= B$ BN Fb $N %U %i %0 %U%#!< %k %I $K AL- TQF READY $r N) $F $k $3 $H $K $h$C $F Be BX %-%e!< %$ %s %0$r%5%]!<%H$9$k$3$H$,<1JL$5$l$k!% Be BX %-%e!< $r ;H MQ $9 $k $K $O!$ %-%e!< %G %P %$ %9 ( Nc $( $P!$ /dev/cb q) $r %*!< %W %s $7 $? 8e!$ io ctl $r ;H$C $F Be BX%-%e!<%$%s%0$r%$%s%?!<%U%’%$%9$K%"%?%C%A$7%$%M!< %V%k$9$k<j=g$r$H$k!%BeBX%-%e!<%$%s%0$r%G%#%;!<%V%k $9 $k $H => Mh $N FIFO %-%e!< %$ %s %0 $K La $k!% $3 $N $h $& $K Hf3SE*4JC1$JJQ99$G%-%e!<%$%s%0J}<0$NF0E*$J@ZBX$($r <B8=$7$F$$$k!% 4 %-%e!<%$%s%0J}<0 AL TQ <+ BN $O $" $/ $^ $G %U %l!< %‘ %o!< %/ $G $" $j!$ $= $N <BMQ@-$r<($9$?$a$K$O<B:]$K%-%e!<%$%s%0J}<0$r$=$N>e $K<BAu$7$F8!>Z$r9T$J$&I,MW$,$"$k!% 4.1 %-%e!<%$%s%0J}<0$N35MW $^ $:!$ AL TQ >e$K <B Au $5 $l$? %-%e!< %$ %s%0 J} <0 $K $D $$$F35MW$r<($9!%$J$*!$3FJ}<0$N>\:Y!$%7%e%_%l!<%7%g ?^ 2 CBQ $N9=@. %s7k2L$H$=$N2r@OEy$O$=$l$>$l$NJ88%$r;2>H$5$l$?$$!% 4.1.1 CBQ (Class-Based Queueing) CBQ [6] $O!$ Jacobson $H Floyd $K$h$C$FDs0F$5$l!$ 2r @O!$ %7%e %_ %l!< %7%g %s $, 9T $J $o $l $F $- $?!% CBQ $N %G %6 %$ %s $O <B Au LL $r 6/ $/ 9M N8 $7 $F $" $j!$ Hf 3S E* >. $5 $$ %*!< %P %X%C %I $G 5! G= $, <B 8= $G $- $k!% Sun $H LBL $, 6& F1$G Solaris $X $N<B Au$r 9T$J $$!$%3!< %I$r8x 3+$7 $F$$ $k [19] [21] !%:#2s!$ AL TQ $X$N<BAu$O$3$N%3!<%I$r$b$H$K 0\?"$r9T$J$C$?!% CBQ $O $= $N L> $N $H $* $j %/ %i %9 9= B$ $r 4p K\ $H $7 $F $$ $k!%FHN)$7$?%-%e!<$r$b$D%/%i%9$r3,AXE*$K9=@.$7!$3F %/%i%9$O>e0L$N%/%i%9$+$iBS0h$r<Z$j$k$3$H$,2DG=$G!$ $=$l$K$h$C$F%j%s%/6&M-$r<B8=$G$-$k!%$D$^$j!$>e0L$N %/%i%9$N;HMQBS0h$KM>M5$,$"$k4V$O<+J,$N%/%i%9$N3d$j Ev$F$r1[$($?BS0h;HMQ$,$G$-$k$,!$A4BN$N;HMQBS0h$,B- $j$J$/$J$C$F$/$k$H<+J,$N%/%i%9$N3d$jEv$FJ,$^$G;HMQ NL $, @) 8B $5 $l $k!% 3d $j Ev $F $i $l $? BS 0h $O J] >Z $5 $l $k $N $G!$ QoS J]>Z$rI,MW$H$9$k%5!<%S%9$KMxMQ$G$-$k!% ?^ 2 $O CBQ $N 9= @. MW AG $r <( $9!% %/ %i %9 J, $1 5! 9= (classi�er) $O!$ F~ NO %Q %1%C %H $r %Q %1%C %H %U%# %k %? $r ;H$C$F%/%i%9J,$1$7!$BP1~$9$k%/%i%9$N%-%e!<$K3d$jEv $F$k!%%Q%1%C%H%9%1%8%e!<%i$O!$<!$K$I$N%/%i%9$+$i%Q %1%C%H$rAw=P$9$k$+$r7hDj$9$k!%%9%1%8%e!<%j%s%0J}<0 $O%W%i%$%*%j%F%#$H=E$_IU$-%i%&%s%I%m%S%s$rAH$_9g$o $;$?J}<0$G$"$k!%?dNL5!9= (estimator) $O3F%/%i%9$N%Q %1%C%H$NAw=P4V3V$rB,Dj$7!$$=$N=E$_IU$-J?6QCM$r4IM} $9$k$3$H$K$h$C$F3F%/%i%9$N;HMQBS0h$r7WB,$9$k!%%/%i %9$N;HMQBS0h$,@_Dj$5$l$?CM$r1[$($?>l9g$O;HMQNLD62a $,8!=P$5$l$k!%;HMQNL$,D62a$7$F$b<Z$jF~$l$,2DG=$J4V

14 %3%s%T%e!<%?%=%U%H%&%’%" (306) $O7QB3$7$F%Q%1%C%HAw=P$,$G$-$k$,!$<Z$jF~$l$,$G$-$J $/$J$k$HAw=P$,@)8B$5$l$k!% 4.1.2 RED (Random Early Detection) RED [5] $b Floyd $H Jacobson $K$h$C$F Ds0F$5$l$?J} <0$G!$%-%e!<D9$,ogCM$r1[$($k$H!$%-%e!<D9$K1~$8$?3N N($G%Q%1%C%HGQ4~$^$?$OmUmT>pJs$N%^!<%-%s%0$r9T$J$& mUmT2sHr$N%a%+ %K%:%‘$G$"$k!% RED $O%P%C%U%!4IM}$N %a%+%K%:%‘$H$7$FB*$($k$3$H$b$G$-!$B>$N%Q%1%C%H%9%1 %8%e!<%i$KAH$_9~$‘$3$H$,$G$-$k!% 2f!9 $N <B Au $O NS %7%e %_ %l!< %? [11] $K 4^ $^ $l $k RED %b%8%e!<%k$r$b$H$K$7$F$$$k!%mUmT>pJsEAC#<jCJ$G$"$k ECN(Explicit Congenstion Noti�cation) [4] $r;H$&3H D%$b <h$j 9~$s$G $$$k!%$^ $?!$ RED $H ECN $O CBQ $K AH$_9~ $‘$3$H$b $G$-!$%/%i %9$4$H$K RED $H ECN $N ;H MQ$r;XDj$G$-$k!% 4.1.3 WFQ (W eigh ted-F air Queueing) WFQ [14] [3] [10] $O $b$C $H $b $h $/ CN $i $l!$ $+ $D!$ 8& 5f $5 $l $F $- $? %-%e!< %$ %s %0 J} <0 $G $" $k!% WFQ $O 9- 5A $K $O!$%U%m!<$4$H$K%-%e!<$r3d$jEv$F!$8xJ?$JBS0h;HMQ$r <B8=$9$kJ}<0$G$"$k!%$^$?!$%U%m!<$4$H$K0[$J$kBS0h;H MQ$r6!5k$G$-$k$h$&$K%-%e!<$K=E$_$rIU$1$k$3$H$b$G$- $k!% 69 5A $K $O!$ WFQ $O Demers $i $, Ds 0F $7 $? FC Dj $N %" %k %4 %j %: %‘ $r ;X $9 [3] !% Parekh $O $3 $N J} <0 $r ;H$C $F %( %s %I!& %( %s %I $N :G Bg CY 1d $, J] >Z $G $- $k $3 $H $r <( $7 $? [15] !%2f!9 $N<BAu$O $3$N0U L#$G$O 87L)$K WFQ $G$J $/!$ $‘ $7 $m SFQ(Stochastic F airness Queueing) [12] $H $$ $& %" %k %4 %j %: %‘ $K 6a $$!% SFQ $G $O 8G Dj ?t $N %-%e!< $K %O%C %7%e 4X ?t $r ;H$C $F %U %m!< $r %^%C %W $9 $k!% WFQ $H 0c$C$F!$0[$J$k%U%m!<$,F1$8%-%e!<$K%^%C%W$5$lF@$k$N $GCY1d$NJ]>Z$r9T$J$&$3$H$O$G$-$J$$!% 4.1.4 FIFOQ (First-In First-Out Queue- ing) FIFOQ $O C1 $J $k %F %$ %k!& %I %m%C %W $N FIFO %-%e!< $G!$ ?7 $? $K %-%e!< %$ %s %0 J} <0 $r <B Au $9 $k >l 9g $K %F %s %W %l!<%H$H$7$F;H$($k$h$&$K$J$C$F$$$k!% 4.2 %-%e!<%$%s%0J}<0$N<BAu 0J 2<$K AL TQ $K %-%e!< %$%s %0 J} <0$r <B Au $9$k :] $K Cm 0U$,I,MW$JE@$K4X$7$F=R$Y$k!%$3$3$G$O!$FCDj$N%-%e!< %$%s%0J}<0$N<BAu$K0MB8$7$?$b$N$O4^$^$J$$!% 4.2.1 %-%e!<%$%s%0J}<0$NDI2C %-%e!< %$ %s %0 J} <0 $O AL TQ >e $K <B Au $5 $l $k A0 $K!$ %7%e%_%l!<%7%g%sEy$GJ}<0<+BN$NI>2A$,:Q$s$G$$$k$3$H $r A[Dj $7 $F$$ $k!% Nc $($P!$ NS %7%e %_ %l!<%? [11] $O0[ $J $k%-%e!<%$%s%0J}<0$,MxMQ$G$-$k?t>/$J$$%7%e%_%l!<%? $G!$ RED $d CBQ $N%b%8%e!<%k $b4^$^$l$F$*$j!$%M%C %H%o!<%/8&5f<T$N4V$G9-$/;H$o$l$F$$$k!% AL TQ $K ?7 $? $K %-%e!< %$ %s %0 J} <0 $r DI 2C $9 $k >l 9g!$ FIFOQ $N <B Au $, %F %s %W %l!< %H $H $7 $F 6! 5k $5 $l $F $$ $k $N $G!$ <B Au <T $O %-%e!< A‘ :n $N It J, $N <B Au $K @l G0 $G $- $k!% B> $N :n 6H $O!$ AL TQ $N %G %P %$ %9 %F!< %V %k $K %( %s %H %j $r DI 2C $7 $F!$ op en !$ close !$ io ctl 4X ?t $r :n $k $@ $1 $G $" $k!% I, MW $J io ctl 4X ?t $K $O!$ attach !$ detach !$ enable !$ disable $,$"$k!%$3$l$i$N:n@.$,=*$k$H!$DI2C $7 $?%-%e!< %$ %s %0J} <0 $O AL TQ $,%5 %]!< %H $9$k $9 $Y $F $N%G%P%$%9$GMxMQ2DG=$H$J$k!% 4.2.2 7P83B’%"%k%4%j%:%‘$N;HMQ Floyd $OBS0h6&M-$N<Z$jF~$l%"%k%4%j%:%‘$H$7$F$$ $/ $D $+ $N J} <0 $r Ds 0F $7 $F $$ $k [6] !% %U%)!< %^ %k BS 0h 6& M- J} <0$OM}A[E*$J6&M-$rDj5A$9$k$,!$$3$NJ}<0$O>o$KA4$F$N %/%i%9$N>uBV$r%A%’%C%/$9$k$?$a%*!<%P!<%X%C%I$,Bg$- $$!%%H%C%W%l%Y%kBS0h6&M-J}<0$O%U%)!<%^%kBS0h6&M-J} <0$r6a;w$9$k7P83B’$r<BAu$7!$8x3+$5$l$F$$$k%3!<%I$O $3$NJ}<0$r;H$C$F$$$k!% :#2s$N<BAu$G$b$3$N%H%C%W%l%Y%kBS0h6&M-J}<0$rMQ$$ $?$,!$%*%j%8%J%k$N%"%k%4%j%:%‘$O%7%e%_%l!<%7%g%sMQ $KA[Dj$5$l$?FCDj$N%/%i%99=@.$H%H%i%U%#%C%/%Q%?!<%s $K9g$o$;$F@_7W$5$l$F$$$k$?$a!$<B:]$N%H%i%U%#%C%/$K E,MQ$9$k$K$O:Y$+$$=$@5$,?tB?$/I,MW$H$J$C$?!% 7P83B’%"%k%4%j%:%‘$O8zN($N$h$$<BAu$N$?$a$K$O7g$+ $;$J$$$b$N$G$"$k$,!$M}O@E*$J%"%k%4%j%:%‘$KHf$Y$FM- 8zHO0O$,ITL@3N$K$J$j$,$A$G!$==J,$KCm0U$7$FMxMQ$9$k I,MW$,$"$k!%$^$?!$MxMQ$9$k:]$K$O$=$N7P83B’$NFC@-$r ==J,8!F$$7$F$*$/$3$H$,!$<BAu;~$NLdBj2sHr$K7Q$k!% 4.2.3 3d$j9~$_$N@)8f <h$j=P$7A‘:n$O%G%P%$%93d$j9~$_$+$i8F$S=P$5$l$k$? $a!$<h$j=P$7A‘:n$H6&M-$5$l$k%G!<%?9=B$$rA‘:n$9$k:] $O!$3d$j9~$_$r6X;_$7$F6%9gLdBj$r2sHr$7$J$1$l$P$J$i $J$$!%$^ $?!$ if start $O 3d$j9~$_6X ;_>uBV$G <B9T$5$l$k $N$G!$3JG<A‘:n$O$9$G$K3d$j9~$_6X;_>uBV$r2>Dj$7$F$h

(307) V ol. 16 No. 4 Jul. 1999 15 $$!% 4.2.4 @0?t1i;;$N@:EY %j %s %/ $N BS 0h $O 9600bps $N %b %G %‘ $+ $i 155Mbps $N A TM $^ $G 9- $$ HO 0O $r ;} $D $? $a!$ 32 %S%C %H @0 ?t $O $A$g$C$H$7$?1i;;$GMF0W$K%*!<%P!<%U%m!<$d%"%s%@!<%U %m!<$r5/$3$9$3$H$K$J$k!% %7%e %_ %l!<%? $r ;H$C $F $$$k ;~ $O 64 %S%C %H$N G\ @: EY Ib F0>.?tE@1i;;$,MxMQ$G$-!$$^$?@:EY8m:9$rHr$1$k$?$a$K $b Ib F0 >. ?t $r ;H $& $3 $H $, K> $^ $7 $$!% $H $3 $m $,!$ 0l HL $K %+!<%M%kFbIt$G$OIbF0>.?t$OMxMQ$G$-$J$$$N$G!$%"%k%4 %j%:%‘$r%+!<%M%k$K<BAu$9$k>l9g!$@0?t1i;;$d8GDj>.?t E@1i;;$KJQ49$9$kI,MW$,$"$k!% 2f!9$N RED $N<B Au$G$O!$ NS %7%e%_%l!<%? $NIbF0>. ?tE@1i;;$r;H$C$?%"%k%4%j%:%‘$r8GDj>.?tE@1i;;$KJQ49 $7 $?!% $^ $?!$ $G $- $k $@ $1 1i ;; $r %f!< %6 6u 4V $G Ib F0 >. ?t $G 9T $J $$!$ 7k 2L $r %+!< %M %k $K EO $9 <j K! $, A& $a $i $l $k!% CBQ $G $O $3 $N <j K! $r <h$C $F $$ $k!% >- Mh 64 %S%C %H @0 ?t $,0lHLE*$K$J$j1i;;$,8zN($h$/$J$l$P$3$NLdBj$ODc8:$5 $l$k$G$"$m$&!% 4.2.5 %Q%1%C%HAw=P$N40N; %-%e!<%$%s%0J}<0$K$h$C$F$O!$%Q%1%C%H$NAw=P40N;$r CN $k $3 $H $, I, MW $K $J $k!% CBQ $b $= $N $h $& $J %-%e!< %$ %s%0 J}<0 $N$R$H $D$G$" $k!% BSD 7O UNIX $K$O if done $H$$$&%3!<%k%P%C%/!&%(%s%H%j$,%-%e!<$,6u$K$J$C$?;v $rDL CN$9 $kL\ E*$G Dj5A$5 $l$F $$$k [13] $,!$ $3$N ;EAH $_$r %5%]!<%H$9$k%I%i%$%P$OB8:_$7$J$$!%$5$i$K!$%-%e!<%$ %s%0J}<0$O%-%e!<$,6u$K$J$C$?;~E@$G$O$J$/!$$R$H$D$N %Q%1%C%H$,Aw=P40N;$7$?;~E@$rCN$kI,MW$,$"$k!% $^ $?!$ JL $N %" %W %m!< %A $H $7 $F %a %b %j!& %P%C %U%! $N 2r J|;~ $N%3!< %k%P%C %/$r MxMQ $9$k J}K! $b$" $j!$ Solaris $N CBQ <B Au$O $3$N J}K! $r;H$C $F$$ $k!%$7 $+$7!$ $3$N >l9g $b %3!< %k %P%C %/ $, H/ @8 $9 $k $N $O DMA $, =* N; $7 $F %a %b %j$,2rJ|$5$l$?;~E@$G$"$j!$Aw=P$,=*N;$7$?;~E@$G$O$J $$!%DL>o!$%Q%1%C%H$rAw=P$9$k$K$O!$%G%P%$%9$K DMA $9$k$N$KHf$Y$FD9$$;~4V$rI,MW$H$9$k!% 2f!9$N CBQ $N<BAu$G$O%3!<%k%P%C%/$O;H$o$:$K!$%Q %1%C%H$r%-%e!<$KF~$l$k:]$K%Q%1%C%H%5%$%:$+$iE>Aw=* N;;~4V$r?dB,$9$kJ}K!$r<h$C$F$$$k!%$3$l$OI,$:$7$b9% $^$7$$2r7hJ}K!$G$O$J$$$,!$%I%i%$%P$KHs0MB8$G$"$j!$ CBQ $NF0:n$K$O==J,$J@:EY$,F@$i$l$F$$$k!% 4.2.6 ;~ 4V B, Dj %-%e!< %$ %s %0 J} <0 $K $h$C $F $O %Q %1%C %H!& %9 %1 %8%e!< %j %s %0 $N $? $a $K ;~ 4V $r B, Dj $9 $k I, MW $, $G $k $,!$ F@ $i $l $k ;~ 4V $N @: EY $H %*!< %P!< %X%C %I $K Cm 0U $r J’ $& I, MW $, $" $k!% BSD 7O UNIX $G $O microtime 4X ?t $r ;H$C $F!$ 1970 G/ $+ $i $N ;~ 4V$N %* %U %;%C %H $r %^%$ %/ %m IC $N C10L $G F@ $k $3 $H $, $G $- $k!% $^ $?!$ %$ %s %F %k!& %Z %s %F%# %" %‘ 7O $N %W %m %;%C %5 $O!$ CPU %/ %m%C %/ $G 6n F0 $5 $l $k 64 %S%C %H $N %? %$ %‘ %9 %? %s %W!& %+ %& %s %? $r ;} $A!$ $3 $N %+ %& %s %? CM$O#1L?Na $GFI$_=P$9$3$H $,$G$-$k!% CPU %/%m%C%/$, 200MHz $N >l 9g!$ $= $N @: EY $O #5 %J %N IC $G $" $k!% $[ $H $s $I $N PC UNIX $G $O!$ $3 $N %+ %& %s %? $, Mx MQ $G $- $k >l 9g $O $3 $N %+ %& %s %? $r ;H$C $F microtime 4X ?t $r <B 8= $7 $F $$ $k!% $$$C $] $&!$ microtime 4X ?t $r ;H $& Be $o $j $K D> @\ %+ %& %s%?CM$rFI$_=P$9$3$H$b2DG=$G!$$h$j9bB.$K$h$j9b@:EY $N CM $, F@ $i $l $k!% microtime 4X ?t $G F@ $i $l $k CM $O ;~ 4V D4 @0 $r <u $1 $k 2D G= @- $, $" $k $N $K BP $7 $F!$ $3 $N %+ %& %s %? CM $O =$ @5 $5 $l $k $3 $H $, $J $$ $N $G ;~ 4V 7W B, $K $O ET 9g $, $h $$!%$7$+$7!$LdBj$O%W%m%;%C%5$4$H$K%/%m%C%/$,0[$J$k $N $G!$ %+ %& %s %? CM $r @5 5, 2= $7 $J $$ $H ;H $( $J $$ $3 $H $G $" $k!% @5 5, 2= $9 $k $K $O >h ;; $H =| ;; $r ;H$C $? 1i ;; $, I, MW $G $" $k $& $(!$ 1i ;; $N 7k 2L 2< 0L %S%C %H $K 4] $a 8m :9 $, @8 $8 $k $3 $H $, Hr $1 $i $l $J $$!% $7 $? $,$C $F!$ $3 $N %+ %& %s %? $r Mx MQ $9 $k >l 9g $O @: EY $K Cm 0U $, I, MW $G $" $k!% microtime 4X ?t $N >l 9g $O %^ %$ %/ %m IC $N @: EY $, F@ $i $l $l $P $h $$ $? $a!$ #1 2s $N >h ;; $G I, MW $J @: EY $G @5 5, 2= $9 $k $h $& $K 9) IW $5 $l $F$$$k!%$J$*!$ microtime 4X?t$N<B9T$K$O 200MHz $N Pen tiumPro $GLs 450 %J%NIC$+$+$C$F$$$k!% 4.2.7 %?%$%‘%"%&%H=hM} %7%_%e%l!<%?$G$O%?%$%‘%"%&%H=hM}$N%?%$%^!<$O$[$\ L58B$N@:EY$,$"$k$,!$%+!<%M%kFbIt$G$O%?%$%‘%"%&%H=h M}$O%$%s%?!<%P%k!&%?%$%^!<$K$h$C$F<B8=$5$l$F$$$F!$ 8B$i$l$?N3EY$7$+;}$?$J$$!% CBQ $N @-G= LL$G 0lHV LdBj $K$J$C $?$N $,%? %$%^!< $NN3 EY$K5/0x$9$kBS0h@)8B@-G=$G$"$k!% CBQ $O3F%/%i%9$N %Q%1%C%HAw=P4V3V$rB,Dj$7$F@)8B$r1[$($F$$$k%/%i%9$r %5%9%Z%s%I$9$k$3$H$K$h$C$FBS0h@)8B$r$+$1$k!%%5%9%Z %s%I$5$l$?%/%i%9$r%j%8%e!<%‘$9$k%H%j%,$K$O!$%?%$%‘ %"%&%H=hM}$H%Q%1%C%H$NF~=PNO$N%$%Y%s%H$,J;MQ$5$l$k

16 %3%s%T%e!<%?%=%U%H%&%’%" (308) $,!$%Q%1%C%H%$%Y%s%H$,$J$$>l9g$O%?%$%‘%"%&%H=hM}$K Mj$k$3$H$K$J$k!% $[ $H $s $I $N UNIX %7 %9 %F %‘ $N %G %U%) %k %H $N %? %$ %^!< $N N3 EY $O 10 %_ %jIC $G $" $k!% CBQ $G $O 1 %F%#%C %/ $N :G C;4|4V$,J]>Z$5$l$J$$$N$G:G>. $G 2 %F%#%C%/$N%?%$%^$r ;H$&$?$a!$N3EY$O 20 %_%jIC$K$J$k!% 3F %/ %i %9 $O 0l EY $K :G Bg maxburst JQ ?t $G ;X Dj $5 $l $k %Q %1%C%H ?t $rAw $k $3$H $, 2DG= $G $"$k!% 20 %_ %j IC$N %5 %$ %/ %k $N ;O $a $K maxburst 8D $N %Q %1%C %H $r Aw$C $? %/ %i %9 $O%5%9%Z%s%I$5$l!$<!$N%?%$%^!<%$%Y%s%H$^$G%j%8%e!< %‘$5$l$J$$!%$3$N>uBV$,B3$/$HE>Aw%l!<%H$O!$ r ate = pack etsiz e � maxbur st � 8 � 0 : 02 $G $" $j!$ maxburst $, %G %U%) %k %H CM $N 16 !$ %Q %1%C %H %5 %$ %: $, MTU $H 2> Dj $9 $k $H!$ MTU $, Ethernet $N 1500 %P %$%H$G 9.6Mbps !$ MTU $, A TM $N 9180 %P%$ %H $G 58.8Mbps $K $7 $+ C# $7 $J $$ $3 $H $K $J $k!% FC $K $3 $N Ld Bj $O!$ 9b B. $G $+ $D MTU $, >. $5 $$ 100baseT $N >l 9g $K82 Cx$H $J$j!$ BS0h$N Ls 1/10 $7$+ E>Aw $G$-$J $$7W ;;$H $J$k!% $? $@ $7!$ %? %$ %^ $K Mj$C $F BS 0h @) 8B $r 9T $J $& $N $O :G 0- %1!<%9$G$"$j!$<B:]$K$OB>$N%Q%1%C%HF~=PNOEy$N%H%j%, $,$"$k$?$a!$$h$j:Y$+$$N3EY$GBS0h@)8f$,9T$J$o$l$k!% $7$+$7$J$,$i!$%Y%s%A%^!<%/$r<h$k>l9g$J$I$OB>$N%H%i %U%#%C%/$,L5$$>uBV$G9T$J$&$3$H$K$J$k$?$aCm0U$,I,MW $G$"$k!% $^$?!$ TCP $G$ODj>o >uBV$G#2%Q %1%C%H$K#1EY ACK $, JV$C $F%$ %Y%s %H %H%j %,$K $J $k$N $G!$ UDP $KHf 3S$7$FNI9%$J@:EY$,F@$i$l$k!% 4.2.8 %G%P%$%9%P%C%U%! %M%C %H %o!< %/!& %G %P %$ %9 $K $h$C $F $O Bg $- $J %P%C %U%! $r ;} $D $b $N $, $" $k $,!$ Bg $- $$ Aw ?. %P%C %U%! $O %-%e!< %$ %s %0 $N 8z 2L $r Dc 8: $7 $F $7 $^ $&!% Bg $- $$ <u ?. %P%C %U%! $O %*!<%P!<%U%m!<$rHr$1$k$N$KLrN)$D$,!$Bg$-$$Aw?.%P%C %U%!$,$"$k$H!$FC$KCY$$%j%s%/$N>l9g!$@^3Q%9%1%8%e!< %j %s %0 $5 $l $? %Q %1%C %H $, %P%C %U%! $K N/$C $F =P $F $$ $+ $J $/ $J $k!% Nc $( $P!$ 128Kbps $N %j %s %/ $K 16K %P %$ %H $N %P%C%U%!$,$"$k$H!$$3$N%P%C%U%!$K$O#1ICJ,$N%Q%1%C%H $r Cy $a $k $3 $H $, 2D G= $G $" $k!% $3 $N Ld Bj $O FIFO %-%e!< $r ;H$C $F $$ $k 8B $j 8+ $( $F $3 $J $$ $,!$ M% @h @) 8f $r 9T $J $& %-%e!<%$%s%0J}<0$r;H$$;O$a$?ESC<$K82Cx$K$J$k!%$7$? $,$C$F!$Aw?.%P%C%U%!%5%$%:$OBS0h$r;H$$@Z$k$?$a$KI, ?^ 3 %F%9%H%7%9%F%‘9=@. MW$J:G>.CM$K@_Dj$9$k$3$H$,K>$^$7$$!% 5 @- G= I> 2A K\>O$G$O<BAu$7$?%-%e!<%$%s%0J}<0$N@-G=I>2A$rJs9p $9 $k!% @- G= I> 2A $N L\ E* $O!$ 8= >u $N PC-UNIX $, <B MQ %l %Y %k $G $I $N Dx EY $N @- G= $r C# @. $G $- $k $+ $r <( $9 $3 $H!$ $^ $?!$ 4.2 @a $G =R$Y $F$$ $k$h $&$J %7%9 %F%‘ <BAu >e$N @)8B $, $I $N $h $& $K <B :] $N @- G= $K 8= $l $F $/ $k $+ $r <( $9 $3 $H $G $" $k!%$7$?$,$C$F!$3F<o%-%e!<%$%s%0J}<0$NHf3S$r$9$k$3 $H $d!$ FC Dj $N %-%e!< %$ %s %0 J} <0 $N %a %+ %K %: %‘ <+ BN $r I> 2A $9 $k $b $N $G $O $J $$!% $J $*!$ %-%e!< %$ %s %0 $K $h $k %H %i %U%#%C%/$N4IM}$O%\%H%k%M%C%/!&%j%s%/$K$*$$$F$h$jM- 8z$G$"$k$?$a!$I,$:$7$b9bB.$J%M%C%H%o!<%/$KBP1~$7$? @-G=$,MW5a$5$l$k$o$1$G$O$J$$$3$H$KN10U$5$l$?$$!% B, Dj $O <g $K CBQ $r MQ $$ $F 9T $J$C $F $$ $k $,!$ $3 $l $O CBQ $, %/%i %9J, $15! 9=$r ;}$A!$ %W%i%$ %*%j %F%#$H =E$_ IU$-%i%&%s%I%m%S%s$NAH$_9g$o$;%9%1%8%e!<%j%s%0$r;H $&Hs%o!<%/%3%s%5!<%S%s%0$J%-%e!<$G$"$k$?$a!$<BAu$7 $? J} <0 $N Cf $G :G $b J# ;( $G 6= L# ?< $$ FC @- $r ;} $D $+ $i $G $" $k!% B, Dj $O 3 Bf $N Pen tiumPro %^ %7 %s (200MHz !$ 440FX) $r MQ $$ $F 9T $J$C $?!% OS $O F reeBSD-2.2.5 $G!$ altq-1.0.1 $r ;H$C $F $$ $k!% ?^ 3 $K <( $9 $h $& $K!$ %[%9%H A $r%=!<%9!$%[ %9%H B $r%k!<%?!$%[%9%H C $r%G %9%F%#%M!<%7%g%s$H$7!$ netp erf [8] %Y%s%A%^!<%/$rMQ$$ $?B,Dj$r9T$J$C$?!% %[ %9 %H A $H %[ %9 %H B 4V $O A TM %j %s %/ $G @\ B3!$ %[ %9 %H B $H %[ %9 %H C 4V $O!$ A TM !$ 10baseT !$ 100baseT !$ 128Kbps %7 %j %" %k $r @Z BX $( $F ;H MQ $7 $?!% CBQ $O %[ %9 %H B >e $N %[ %9 %H C B& $N %$ %s %?!< %U%’ %$ %9 $G $N $_ F0 :n$5 $; $F $$ $k!% $J $*!$ 10baseT $N >l9g $O %O %V

(309) V ol. 16 No. 4 Jul. 1999 17 I= 1 CBQ $N%9%k!<%W%C%H Link orig !% FIFO CBQ ov erhead Type (Mbps) (Mbps) (%) A TM 132.98 132.77 0.16 10baseT 6.52 6.45 1.07 100baseT 93.11 92.74 0.40 lo opback MTU 16384 366.20 334.77 8.58 MTU 9180 337.96 314.04 7.08 MTU 1500 239.21 185.07 22.63 $r 2p $7 $? @\ B3!$ 100baseT $N >l 9g $O %/ %m %9 %1!< %V %k $K $h $k @\ B3 $G!$ 100baseT $N $_ %U %k %G%e!< %W %l %/ %9 %b!< %I$r@_Dj$7$F$$$k!% A4BN$r DL$8$F%9%k!< %W%C%H$NB,Dj $K$O TCP $K$h$kB, Dj$rMQ$$$F$$$k!%$3$l$O!$ UDP $K$h$k B,Dj$G$O%Q%1%C %H GQ 4~ $G CPU %5 %$%/ %k $, >C Hq $5 $l $k $N$K BP $7!$ TCP $O M- 8z BS 0h $K ?W B. $K E, 1~ $9 $k $N $G 9b Ii 2Y ;~ $N %Q %1%C %H %U%)%o!<%G%#%s%0@-G=$NB,Dj$,$7$d$9$$$+$i$G$"$k!% $7$+$7 $J$,$i!$ TCP $r;H$& >l9g$O%(%s %I!&%(%s%I$N CY1d$d%-%e!<$KN/$k%Q%1%C%H?t$r9MN8$7$F%&%$%s%I%&%5 %$%:$r@_Dj$7$J$$$H@5$7$$B,Dj$,$G$-$J$$$N$GCm0U$,I, MW$G$"$k!% 5.1 %*!<%P!<%X%C%I CBQ $K$h$k%*!<%P!<%X%C%I$O#4$D$NMW0x$+$i$J$k!% 1. %Q%1%C%H$+$i%U%m!<>pJs$rH4$-=P$9 2. %U%m!<>pJs$r$b$H$KBP1~$9$k%/%i%9$r8+$D$1$k 3. %Q%1%C%H$N%9%1%8%e!<%j%s%0 4. %Q %1%C %HAw =P $7$? %/ %i%9 $N BS0h ;H MQN( $r 7W;; $7!$ %/%i%9$N>uBV$r99?7$9$k %*!<%P!<%X%C%I$K1F6A$rM?$($kMW0x$K$O!$%/%i%93,AX $N 9= @.!$ A4 BN $N %/ %i %9 ?t!$ %Q %1%C %H $r Aw =P $9 $k %/ %i %9 ?t!$%/%i%9$N%W%i%$%*%j%F%#!$Aw=P%Q%1%C%H?t$dAw=PJ, I[$J$IB?MM$J$b$N$,$"$j!$0J2<$NI>2A$,$9$Y$F$N9‘L\$r LVMe$7$F$$$k$o$1$G$O$J$$!% 5.1.1 %9%k!<%W%C%H I= 1 $O 3F %j %s %/ %? %$ %W $K $* $$ $F %[ %9 %H A $+ $i %[ %9 %H C $K BP$7$F TCP $G%G!<%?$rAw$C$?>l9g$N%9 %k!<%W%C%H $r FIFO $H CBQ $G Hf 3S $7 $F $$ $k!% CBQ $N :G >. %*!< %P!<%X%C%I$r<($9$?$a!$#3$D$N%/%i%9$r;}$D>.$5$$%/%i %99=@.$rMQ$$$F!$B>$N%H%i%U%#%C%/$,$J$$>uBV$GB,Dj$7 I= 2 CBQ $NCY1d Link queue request/ trans. calc’d Type type resp onse p er sec R TT di� (bytes) (usec) (usec) A TM FIFO 1 !$ 1 2875.20 347.8 CBQ 2792.87 358.1 10.3 FIFO 64,64 2367.90 422.3 CBQ 2306.93 433.5 11.2 FIFO 1024,64 1581.16 632.4 CBQ 1552.03 644.3 11.9 FIFO 8192,64 434.61 2300.9 CBQ 432.64 2311.1 10.2 10baseT FIFO 1,1 2322.40 430.6 CBQ 2268.17 440.9 10.3 FIFO 64 !$ 64 1813.52 551.4 CBQ 1784.32 560.4 9.0 FIFO 1024,64 697.97 1432.7 CBQ 692.76 1443.5 10.8 $F$$$k!% $$$:$l$N%j%s%/%?%$%W$N>l9g$b CBQ $K$h$k%*!<%P!< %X%C %I $O $[ $H $s $I 4Q B, $5 $l $J $$!% $3 $l $O CBQ $K $h $k %*!< %P!< %X%C %I $, A0 $N %Q %1%C %H $N Aw =P ;~ 4V $K %*!< %P!< %i%C%W$9$k$?$a%9%k!<%W%C%H$X$N1F6A$,$G$J$$$+$i$G$" $k!% $J $*!$ ;2 9M $^ $G $K %m!< %+ %k %k!< %W $r $b $A $$ $? B, Dj 7k 2L$b:\$;$F$" $k$,!$$3$N>l9g MTU %5%$%:$K1~$8 $F 7% $+ $i 23% Dx EY $N %*!< %P!< %X%C %I $H $J$C $F $$ $k!% $3 $N CM $, CPU $N=h M}G=NO $N8B3&$H!$ CPU %5 %$%/%k $KBP$9 $k CBQ $N %*!< %P!<%X%C %I$r <($7 $F$$ $k!%Aw <u?. APJ} 8~$N Ii2Y$N$+ $+$k%m!<%+%k%k!<%W $G 300Mbps $r1[$($k=hM} G= NO$r <($9 $3 $H$O!$ PC %Y!< %9 $N%k!< %?$G $b 100Mbps %/%i%9$N%$%s%?!<%U%’%$%9$rJ#?t;}$D$K==J,$J=hM}G=NO $, $" $k $3 $H $r <( $7 $F $$ $k!% $7 $+ $b!$ <B :] $N %M%C %H %o!< %/%$%s%?!< %U%’%$%9$G$O DMA $,Mx MQ$G$-$k$N $G CPU Ii2Y$O$:$C$H>/$J$/$J$k!% 5.1.2 CY 1d I= 2 $O A TM $H 10baseT $K $* $$ $F!$ UDP %Q %1%C %H $r;H$C$?%j%/%(%9%H!&%j%W%i%$$K$h$k%H%i%s%6%/%7%g%s $,IC$"$?$j2?2s<B9T$G$-$k$+$r!$%Q%1%C%H%5%$%:$rJQ$( $F B, Dj $7 $F $$ $k!% $^ $?!$ B, Dj 7k 2L $+ $i ;; =P $7 $? %Q %1%C %H $" $? $j $N %i %& %s %I %H %j%C %W %? %$ %‘!$ $* $h $S FIFO $H CBQ $N :9 $,<( $7$F $" $k!%$3 $3$G $b!$ CBQ $K $O#3 $D$N %/%i%9$,@_Dj$5$l$F$*$j!$B>$N%H%i%U%#%C%/$,$J$$>uBV $GB,Dj$7$F$$$k!%B,Dj7k2L$+$i!$%j%s%/%?%$%W$d%Q%1%C

18 %3%s%T%e!<%?%=%U%H%&%’%" (310) ?^ 4 %U%#%k%??t$H%/%i%9?t$N1F6A %H%5%$%:$K$+$+$o$i$:!$%Q%1%C%H$"$?$j$N CBQ $N%*!< %P!<%X%C%I$O 10 %^%$%/%mICDxEY$G$"$k$3$H$,$o$+$k!% 5.1.3 CY1d$H%9%1!<%i%S%j%F%# CBQ $O A4BN $N%/ %i%9 ?t$,Hf 3SE* >/$J $$$3$H $rA[ Dj$7 $F@_7W$5$l$F$$$k!%DL>o$N9=@.$G$O%/%i%9?t$O#2#0DxEY 0JFb$K<}$^$k$,!$$=$l$G$b!$%/%i%9?t$,A}Bg$7$?>l9g$N @- G= Nt 2= $r D4 :: $9 $k $3 $H $O =E MW $G $" $k!% %9 %1!< %k $, >e $,$C$F$$$/$H!$Nc$($P%a%b%j>CHq$J$I$,Mm$s$GMM!9$JLd Bj $, 9M $( $i $l $k $,!$ $3 $3 $G $O $$ $/ $D $+ $N 4J C1 $J >l 9g $K 8B$C$F%G!<%?$r<($9!% ?^ 4 $O%U%#%k%??t!$%/%i%9?t$r 100 $^$GA}2C$5$;$?>l 9g $NCY 1dJQ 2=$r <( $9!%CM $O A TM >e $G 64 %P %$%H $N%j %/ %(%9%H!&%j%W%i%$$r;H$C$?>l9g$N%i%&%s%I%H%j%C%W%?%$ %‘$N FIFO $H$N:9J,$G$"$k!% ?^ Cf $N \Wildcard Filters" $H \Fixed Filters" $O #2 <oN‘$N0[$J$k%?%$%W$N%U%#%k%?$r<($9!%%/%i%9J,$15!9= $O%Q%1%C%H$r%/%i%9J,$1$9$k$N$K!$%Q%1%C%H%X%C%@$N>p Js !JNc$( $P!$ IP %" %I%l %9 $H %]!<%H HV 9f!K$H %U%# %k%? $N CM$rHf3S$7$F!$%^%C%A$9$k$+$I$&$+$rD4$Y$k!%2f!9$N<B Au $G $O $3 $N A‘ :n $r Dc 8: $9 $k $? $a!$ %U%# %k %? $O %G %9 %F%# %M!<%7%g%s!&%"%I%l%9$G%O%C%7%e4IM}$5$l$F$$$k!%$7$+ $7$J$,$i!$%U%#%k%?$,%G%9%F%#%M!<%7%g%s$r;XDj$7$F$$ $J$$>l9g$O%O%C%7%e%j%9%H$H$OJL$N%o%$%k%I%+!<%I%j%9 %H$KCV$+$l$k!%%/%i%9J,$15!9=$O!$$^$:%O%C%7%e%j%9%H $r ;n $_ %^%C %A $9 $k %U%# %k %? $, 8+ $D $+ $i $J $1 $l $P %o %$ %k %I%+!<%I%j%9%H$r%A%’%C%/$9$k!%$7$?$,$C$F!$K\<BAu$G $O%Q%1%C%H$"$?$j$N%*!<%P!<%X%C%I$O%o%$%k%I%+!<%I!& %U%#%k%?$N?t$KHfNc$7$FA}Bg$9$k$3$H$K$J$k!%$J$*!$%/ I= 3 3F%-%e!<%$%s%0J}<0$NCY1d FIFO FIFOQ RED WFQ CBQ CBQ +RED (usec) 0.0 0.14 1.62 1.95 10.72 11.97 %i%9J,$15!9=$r$h$j8zN(E*$K<BAu$9$k$3$H$O2DG=$G!$Nc $( $P DA G(directed acyclic graph) $r ;H $& <j K!$, CN $i $l$F$$$k [1] !% $$$C$]$&!$%/%i%9?t$OD>@\%9%1%8%e!<%i$N@-G=$K1F6A $7$J$$!%$3$l$O!$%9%1%8%e!<%i$,$"$k%/%i%9$rA*$\$&$H $7$?$H$-$K!$$3$N%/%i%9$N;HMQBS0h$,@_DjCM0J2<$G$"$k 8B$j!$B>$N%/%i%9$N>uBV$r%A%’%C%/$;$:$K%9%1%8%e!<%k $9$k$3$H$,$G$-$k$+$i$G$"$k!%$7$+$7$J$,$i!$$b$7$3$N %/%i%9$,@_DjCM$r1[$($FBS0h$r;HMQ$7$F$$$k>l9g$O!$B> $K@h$K%9%1%8%e!<%k$7$J$1$l$P$$$1$J$$%/%i%9$,$"$k$+ $I$&$+D4$Y$kI,MW$,$G$F$/$k!%$?$@$7!$@_DjCM$r1[$($k %/%i%9?t$N:GBgCM$O%j%s%/$NBS0h$H:G>.%Q%1%C%H%5%$%: $K$h$C$F>e8B$,$"$k$N$G!$%*!<%P!<%X%C%I$NA}Bg$b$=$3 $G2!$($i$l$k$3$H$K$J$k!% BS0h;HMQ@_DjCM$r1[$($k%/%i%9$,B8:_$9$k>l9g!$B>$N %/%i%9$N%H%i%U%#%C%/$N 1F6A$rDc8:$9$k CBQ $, FIFO $h $j M- Mx $J $N $O L@ $i $+ $G $" $k!% :# 2s $N %F %9 %H 4D 6- $G $O CBQ $N %*!< %P %X%C %I $H!$ %=!< %9 $* $h $S %G %9 %F%# %M!< %7%g%s%[%9%H$NIi2YEy$N CBQ 0J30$NMW0x$r6hJL$9$k$N $,:$Fq$G$"$k$?$aHf3S%G!<%?$,<h$l$J$+$C$?!%$b$7!$B, Dj$, $G$-$? $H$7$F $b!$ CBQ $r;H$C$? >l9g$N R TT $N<g MW0x$OEAAwCY1d$H%G%P%$%9Fb$N%P%C%U%!$K$h$kCY1d$G$" $j!$$5$i$K!$%X%C%I%*%V%i%$%s!&%V%m%C%-%s%0$K$h$C$F B,DjCM$,MI$l$k$3$H$,M=A[$G$-$k!%$3$l$i$NMW0x$KHf$Y $k$H CBQ $K$h$k%*!<%P!<%X%C%I<+BN$O$:$C$H>.$5$$$O $:$G$"$k!% 5.1.4 %-%e!<%$%s%0J}<0$K$h$kCY1d$NHf3S CY 1d $N B, Dj $O B> $N %-%e!< %$ %s %0 J} <0 $N %*!< %P!< %X%C %I$N B,Dj$K $bMxMQ $G$-$k!% I= 3 $O<B Au$7$? %-%e!<%$%s %0 J} <0 $N %Q %1%C %H $" $? $j $N CY 1d $r FIFO $+ $i $N :9 J, $G I= $7 $?$b $N$G $"$k!% B, Dj$O A TM >e$G 64 %P %$ %H$N %j%/ %( %9 %H!& %j %W %i %$ $r ;H$C $F $$ $k!% %* %j %8 %J %k $N FIFO $H AL TQ $N FIFOQ $H $N 0c $$ $O!$ FIFO $G $O %Q %1%C %H $N 3J G<!$ <h $j =P $7 $, %^ %/ %m $G $" $k $N $K BP $7 $F FIFOQ $G $O4X?t8F$S$@$7$K$J$C$F$$$k$3$H$G$"$k!%

(311) V ol. 16 No. 4 Jul. 1999 19 ?^ 5 %7%j%"%k%j%s%/$K$*$1$k CBQ $NBS0h@)8B ?^ 6 10baseT $K$*$1$k CBQ $NBS0h@)8B 5.1.5 CY 1d $N 1F 6A %M%C %H %o!< %/ 5; =Q <T $N B? $/ $O!$ %Q %1%C %H $N %U%) %o!< %G%#%s%0!&%Q%9$K=hM}$rDI2C$7CY1d$,A}2C$9$k$3$H$KDq 93 $, $" $k!% $7 $+ $7 $J $, $i!$ CY 1d $N A} 2C $r 5D O@ $9 $k :] $K $O %-%e!<BT $ACY 1d$b 9M N8$9 $kI, MW $,$" $k!%Nc $($P!$ 1K %P %$ %H $N %Q %1%C %H $r 10Mbps $N %j %s %/ $K Aw $j =P $9 $K $O 800 %^ %$%/%mIC$rMW$9$k!%$b $7!$%-%e!<FbIt$K$9$G$K#2 8D$N%Q%1%C%H$,$"$k$H!$?7$?$KE~ Ce$7$?%Q%1%C%H$O 1 %_ %jIC0J>eBT$?$5$l$k$3$H$K$J$k!%$3$N%-%e!<BT$ACY1d$O %-%e!<%$%s%0$N%*!<%P!<%X%C%I$h$j$O$k$+$KBg$-$$!%$b $7!$%(%s%I!&%(%s%I$NCY1d$N<gMW0x$,%-%e!<BT$ACY1d$G $"$k$J$i!$I,MW$J%Q%1%C%H$,Aa$/%9%1%8%e!<%j%s%0$5$l $k $h $& %-%e!< %$ %s %0 $r 9) IW $9 $k $3 $H $O == J, $K 0U L# $, $" $k!% 5.2 BS 0h @) 8B ?^ 7 A TM $H 100baseT $K$*$1$k CBQ $NBS0h@)8B ?^ 5 !$ 6 !$ 7 $O CBQ $K $h$C $F %/ %i %9 $N ;H MQ BS 0h $r 5% !A 95% $^ $G 5% $- $6 $_ $K @) 8B $7 $? >l 9g $N TCP $N %9 %k!< %W%C %H $r B, Dj $7 $? 7k 2L $G $" $k!% 100% $N 0L CV $K $O!$%/%i%9$,%k!<%H%/%i%9$+$iBS0h$N<Z$jF~$l$r9T$J$C $?>l9g$N%9%k!<%W%C%H$,<($7$F$"$k!% ?^ $+ $i $o $+ $k $h $& $K %7 %j %" %k %i %$ %s!$ 10baseT !$ A TM $N >l 9g $O $[ $\ %j %K %" $K BS 0h @) 8B $, 9T $J $o $l $F $$ $k!% $^ $?!$ 10baseT $N >l 9g!$ BS 0h Mx MQN( $, 9b $/ $J $k $H %$!<%5%M%C%H$N6&M-%a%G%#%"$N@-<A>e!$%9%k!<%W%C%H$, K0OB$9$k$3$H$b4QB,$5$l$k!% $H $3 $m $,!$ 100baseT $N>l 9g!$ ;H MQ BS 0h $, 15% $+$i 55% $N HO 0O $G L\ I8 $r Bg $- $/ 2< 2s$C $F $$ $k!% $3 $l $O!$ 4.2.7 >O$G=R$Y$?%?%$%^!<N3EY$K$h$k 9.6Mbps $N8B3&$, 8=$l$?$b$N$G$"$k!%;29M$^$G$K!$%?%$%^@:EY$r 1kHz $K $7 $? %+!< %M %k $K $h $k B, Dj 7k 2L $r \100baseT-1kHz" $H $7 $F :\ $; $F $" $k!% $3 $N >l 9g $O 7W ;; >e 96Mbps $^ $G F0 :n 2DG=$G!$4|BT$I$*$j$N%9%k!<%W%C%H$,F@$i$l$F$$$k!%<B :]$N1?MQ$K$*$$$F$O!$B>$N%H%i%U%#%C%/$K$h$k%$%Y%s%H %H %j %, $,$" $k $? $a 100Hz $N %? %$ %^!<$G $b $" $k Dx EY $N @: EY $O 4| BT $G $- $k $,!$ 100baseT $N >l 9g $O %? %$ %^!< @: EY $r>e$2$k8z2L$,L@3N$KI=$l$F!$$3$l$OM}O@CM$H$b0lCW$9 $k!% 5.3 BS 0h J] >Z ?^ 8 $O CBQ $N BS 0h J] >Z @- G= $r <( $9!% 10Mbps !$ 20Mbps !$ 30Mbps !$ 40Mbps $N BS 0h $r ;} $D 4 $D $N %/ %i %9 $r MQ 0U $7 $F!$ %G %U%) %k %H %/ %i %9 $K %^%C %A $9 $k %P%C %/%0%i %&%s%I TCP $,N.$l$k $J$+$G!$3F%/ %i%9$K%^%C%A

20 %3%s%T%e!<%?%=%U%H%&%’%" (312) ?^ 8 CBQ $NBS0hJ]>Z@-G= $9 $k TCP $r 5 IC $E $D $: $i $; $F Aw ?. 3+ ;O $7 $? $b $N $G $" $k!%3F TCP $OMx MQ2DG=$J:G Bg%l!<%H$GE> Aw$7$F$$$k!% $^$?!$ TCP $,%W %m%;%9%9%1 %8%e!<%j%s%0$N 1F6A$K$h$j ?6 F0 $9 $k $N $r 2! $( $k $? $a!$ class-0 $H class-2 $N %U %m!< $O %k!< %? $G $" $k %[ %9 %H B $+ $i!$ B> $N #3 $D $N %U %m!< $O %[ %9%H A $+$i%[%9%H C $KBP$7$FAw$C$F$$$k!% B, Dj $O AL TQ %j %j!< %9 $K 4^ $^ $l $F $$ $k cb qprob e %D!< %k $G 400 %_ %j IC Kh $K CBQ Fb It $N E} 7W %G!< %? $r FI $_ $@ $7!$ F1 $8 $/ %j %j!< %9 $K 4^ $^ $l $k cb qmonitor %D!< %k$G%0%i%U2=$7$?$b$N$G$"$k!% ?^$+$iL@$i$+$J$h$&$K!$3F%/%i%9$K$OL\I8$I$*$j$NBS 0h$,3d$jEv$F$i$l!$$^$o$j$N%H%i%U%#%C%/$K$O$[$H$s$I 1F6A$r<u$1$F$$$J$$$3$H$H!$%P%C%/%0%i%&%s%I$N%U%m!< $KM>$C$?BS0h$,3d$jEv$F$i$l$F$$$k$3$H$,4QB,$G$-$k!% 5.4 <Z$jF~$l$K$h$kBS0h6&M- <Z$jF~$l$K$h$kBS0h6&M-$O!$%/%i%9$N3,AX9=B$$K=>$C $F@5$7$/BS0h$rJ,G[$9$k5!G=$G$"$k!%BS0h6&M-$K$h$C$F J#?t$NAH?%4V$G!$$^$?!$J#?t$N%W%m%H%3%k4V$G$J$s$i$+ $N%]%j%7!<$K$7$?$,$C$?BS0h$NJ,G[$,2DG=$K$J$k!%BS0h 6&M-$K$OB?$/$N1~MQ$,$"$k!%Nc$($P!$AH?%4V$G%3%9%HIi C4$K1~$8$?BS0hJ,G[$r9T$J$&!$$^$?!$%P%k%/%G!<%?E>Aw $d%3%s%F%#%K%e%"%9!&%a%G%#%"$J$I$N%H%i%U%#%C%/%?%$ %WJL$NBS0h;HMQ$r@)8B$9$k$3$H$b$G$-$k!% BS 0h 6& M- $N B,Dj $O!$ LBL $G CBQ $N %7%e %_ %l!< %7%g %s$KMQ$$$i$l$F$$$k$b$N$H$[$\F1MM$N@_Dj$G9T$J$C$F$$ $k [6] !%BS0h6&M-$N@_Dj$O?^ 9 $K<($9$h$&$K#2$D$NAH?%$, $=$l$> $l 70% !$ 30% $N3d 9g$GBS0h $r6&M-$7!$ $=$l$>$l ?^ 9 BS0h6&M-$N%/%i%9@_Dj ?^ 10 BS0h6&M-%H%i%U%#%C%/H/@8%Q%?!<%s $NAH?%Fb$GHsBPOC7?%H%i%U%#%C%/$HBPOC7?%H%i%U%#%C%/ $K$=$l$>$l 40% $H 30% !$ 20% $H 10% $H$$$&G[J,$r9T $J$C$F$$$k!%$^$?!$BPOC7?%H%i%U%#%C%/$K$O9b%W%i%$%* %j%F%#$,@_Dj$5$l$F$$$k!%M>$C$?BS0h$O<Z$jF~$l2DG=$G $"$j!$<Z$jF~$l$O:G=i$KF10lAH?%Fb$GG[J,$5$l!$AH?%$G M>$C$?BS0h$OB>$NAH?%$,<Z$jF~$l$k$3$H$,$G$-$k!% AH ?% X $K BP1~ $9 $k %H %i%U%#%C %/ $O %[ %9%H B $+ $i!$ AH ?% Y $K BP1~ $9 $k%H %i %U%#%C%/ $O%[ %9 %H A $+$i H/ @8$7!$ 3F %/ %i %9 $K BP 1~ $9 $k %U %m!< $O ?^ 10 $K <( $9 $h $& $K 5Y ;_ 4| 4V$r@_ $1$F TCP $GAw$k@_Dj $H$J$C$F$$$k!% 3FAH?%$O$? $H $( $R $H $D $N %/ %i %9 $, 5Y ;_ $7 $F $$ $F $b!$ AH ?% $K 3d $j Ev $F $i$l $?BS 0h$r ;H $&8" Mx$, $"$k!% $9 $J$o $A!$ class-0 $H class-1 !$ $^ $? class-3 $H class-4 $N 9g 7W $O >o $K 0l Dj $H $J $i$J$1$l$P$$$1$J$$!% ?^ 11 $O ?^ 8 $N >l 9g $H F1 MM $N <j K! $G %G!< %? $r $H$C $? $b $N$G$"$k!%?^$+$i$o$+$k$h$&$K!$N>AH?%$,<+J,$N%7%’%" $r3NJ]$7$F$*$j!$$[$\L\I8$I$*$j$NBS0h6&M-$,<B8=$G$- $F $$$k!% $7$+ $7!$ ItJ, E*$K class-4 $N 9b %W%i %$ %*%j %F%#

(313) V ol. 16 No. 4 Jul. 1999 21 ?^ 11 BS0h6&M-$N%H%l!<%9 ?^ 12 F10l%W%i%$%*%j%F%#$K$h$kBS0h6&M-$N%H%l!<%9 %/%i%9$,M>>jBS0h$N<Z$jF~$l;~$KL\I8CM$r>e2s$kBS0h$r F@$F$$$kItJ,$b4QB,$5$l$k!% ?^ 12 $O F1 MM $N @_ Dj $G BP OC 7? $H Hs BP OC 7? %H %i %U%#%C %/ $KF10l$N%W%i%$%*%j%F%#$rM?$($?>l9g$N7k2L$G$"$k!%$3 $N >l 9g $O %W %i %$ %* %j %F%# $N $" $k >l 9g $N Ld Bj E@ $, 2~ A1 $5 $l$F$$$k$N$,4QB,$5$l$k!%$7$?$,$C$F!$%Q%1%C%H!&%9%1 %8%e!<%j%s%0$K$*$1$kM>>jBS0h$NJ,G[$H%W%i%$%*%j%F%# $NO"F0ItJ,$K$O2~A1$NM>CO$,$"$k$3$H$,$o$+$k!%$J$*!$ $9$Y$F$N%/%i%9$KF10l$N%W%i%$%*%j%F%#$r@_Dj$7$F$b!$ %$%s%?%i%/%F%#%V$J%H%i%U%#%C%/$O%-%e!<$K%Q%1%C%H$, N/$k$3$H$,>/$J$$$N$G!$CY1d$O==J,>.$5$/$J$k$O$:$G$" $k!% 6 4X O" 8& 5f %-%e!<%$%s%0<BAu$NHFMQ%U%l!<%‘%o!<%/$H$$$&H/A[<+ BN $O ?7 $7 $$ $b $N $G $O $J $$ $,!$ $$ $^ $^ $G HF MQ %-%e!< %$ %s %0!&%U%l!<%‘%o!<%/$H8F$Y$k$b$N$OI.<T$NCN$k8B$jB8:_ $7 $F $$ $J $$!% $3 $l $^ $G $N %-%e!< %$ %s %0 8& 5f $N <B Au $O $= $N J} <0 $N $? $a $K @l MQ $K 2~ B$ $7 $? %7 %9 %F %‘ $r ;H$C $F $* $j [7] [18] !$%U %l!<%‘%o!< %/$H$7 $F0lHL 2=$5$l $k$K$O $$$?$C $F$$$J$$!% AL TQ $O J# ?t $N %-%e!< %$ %s %0 J} <0 $K BP $9 $k %9 %$%C %A $H$7$F<BAu$5$l$F$$ $F!$$3$N;EAH $_$O BSD UNIX $K$* $1 $k %W %m %H %3 %k!& %9 %$%C %A 9= B$ $H ;w $F $$ $k!% JL $N %" %W %m!<%A$H$7 $F!$ STREAMS [17] $d x-kernel [16] $N$h$& $J%b%8%e!<%k2=$5$l$?%W%m%H%3%k!&%$%s%?!<%U%’%$%9$r ;H$C $F %-%e!< %$ %s %0 J} <0 $r <B Au $9 $k $3 $H $b 2D G= $G!$ 8= $K Solaris $N CBQ $O STREAMS %b %8%e!< %k $H $7 $F <B Au $5 $l $F $$ $k!% $7 $+ $7!$ %-%e!< %$ %s %0 $r %W %m %H %3 %k %b %8%e!<%k$H$7$F<BAu$9$k$3$H$O2DG=$G$O$"$k$,!$%-%e!< %$ %s %0 5! 9= $O %W %m %H %3 %k $G $O $J $$ $7!$ <B Au $9 $k :] $N MW 5a $b $* $* $- $/ 0[ $J $k!% K\ 8& 5f $N 9W 8% $N $R $H $D $O!$ HF MQ %-%e!<%$%s%0!&%U%l!<%‘%o!<%/$NMW5a;v9‘$rL@3N$K$7$? $3$H$G$"$k!% 7 8= >u F reeBSD >e $N AL TQ $N <B Au $O!$ 1997 G/ 3 7n $+ $i 0l HL $K 8x 3+ $7 $F $$ $k [2] !% 8= %P!< %8%g %s $O F reeBSD- 2.x/3.x $K BP1~$7!$ CBQ !$ RED/ECN !$ WFQ !$ FI- FOQ $N %-%e!< %$ %s %0 J} <0 $H!$ ISI $N RSVP %j %j!< %9 $H CBQ $rO"F0$5$;$k$?$a$N%3!<%I$,4^$^$l$F$$$k!%%I %i%$%P$K4X$7$F$O$[$H$s$I$N%M%C%H%o!<%/%+!<%I$,MxMQ 2DG=$G$"$k!% AL TQ $O 8& 5f MQ $N %W %i%C %H %U%)!< %‘ $H $7 $F!$ $^ $?!$ <BMQ%M%C%H%o!<%/$N1?MQ$K@$3&Cf$G9-$/;H$o$l$k$h$&$K $J$C $F $- $F$$ $k!% :G =i $O RSVP $N <B83 $N $? $a $K Mx MQ$5 $l$k%1!<%9$,B?$+$C$?$,!$:G6a$O<BMQ%M%C%H%o!<%/$NmU mT $N 2r 7h $K Mx MQ $9 $k %1!< %9 $, A} $( $F $- $F $$ $k!% $^ $?!$ %P%C%/%\!<%s$N%H%i%U%#%C%/@)8f$K;n83E*$K;H$C$F$$$k %W%m%P%$%@$b$"$k!% WIDE %W %m %8%’ %/ %H $G $O R T-Bone $N 0l It $H $7 $F AL TQ $r ;H$C $? %7 %9 %F %‘ $r 1? MQ $7 $F $$ $k [9] $[ $+!$ WIDE %W %m %8%’ %/ %H $N 9g =I $G $O 9g =I Fb %M%C %H %o!< %/ $r WIDE %P%C %/ %\!< %s $K @\ B3 $9 $k It J, $N %H %i %U%#%C %/ @) 8f$K;H$C$F8z2L$r$"$2$F$$$k [20] !%

22 %3%s%T%e!<%?%=%U%H%&%’%" (314) 8 $^ $H $a 8=:_$^$G?tB?$/$N%-%e!<%$%s%0J}<0$,Ds0F!$8&5f$5$l $F$-$?$,!$MxMQ$G$-$k<BAu$,>/$J$/!$<B:]$K$O$"$^$jMx MQ$5$l$F$$$J$$$N$,8=>u$G$"$k!% $= $3 $G!$ $5 $^ $6 $^ $J %-%e!< %$ %s %0 5! 9= $r <B Au $9 $k $? $a $N %U %l!< %‘ %o!< %/ $K I, MW $J MW 7o $r D4 :: $7!$ AL TQ $H $$ $& Be BX %-%e!< %$ %s %0 5! 9= $r @_ 7W <B Au!$ $= $N >e $G CBQ !$ RED !$ WFQ $r <B Au $7 $?!% AL TQ $r ;H$C $? PC UNIX %Y!<%9$N%k!<%? $N%H%i%U%#%C %/@)8f G=NO$O!$ Ev=i$NM=A[$r>e2s$k@-G=$H@:EY$r<($7$F$$$k!% :#8e$O!$<B:]$N1?MQ$rDL$8$F$N7P83$r%U%#!<%I%P%C%/ $7$F!$$h$j<BMQE*$K2~NI$r2C$($F$$$/$D$b$j$G$"$k!% AL TQ 3+ H/ $N EX NO $N >/ $J $+ $i $L It J, $O B? $/ $N ?M $K ;H$C $F $b $i $& $? $a $N %( %s %8 %K %" %j %s %0 $K Hq $d $5 $l $F $$ $k!% AL TQ $K $h$C$F %M%C %H %o!< %/$N 8& 5f <T$d 4I M} <T $, PC $H UNIX $r ;H$C $F <j 7Z $K %-%e!< %$ %s %0 $N <B 83 $, $G $- $k $h $& $K $J$C $?!% K\ 8& 5f $, %-%e!< %$ %s %0!$ %j %s %/ 6& M-!$ RSVP $H $$$C $? J, Ln $G$N 8& 5f $N ;I 7c $H $J $j!$ :#8e $h $j B? $/ $N <h $j AH $_ $, 9T $J $o $l $F $$ $/ $3 $H $r 4| BT $7 $? $$!% ;2 9M J8 8% [ 1 ] Baily , M. L., Gopal, B., Pagels, M. A., Pe- terson, L. L., and Sark an, P .: P A THFINDER: A Pattern-Based Pac k et Classi�er, Pr o c e e dings of Op- er ating Systems Design and Implementation , Mon- terey , CA, Nov em ber 1994, pp. 115{123. [ 2 ] Cho, K.: Alternate Queueing for BSD Unix, http://www.csl.son y .co.jp/person/kjc/softw are.h tml , 1997. [ 3 ] Demers, A., Keshav, S., and Shenker, S.: Anal- ysis and simulation of a fair queueing algorithm, Pr o c e e dings of SIGCOMM ’89 Symp osium , Austin, T exas, September 1989, pp. 1{12. [ 4 ] Floyd, S.: TCP and Explicit Congestion Noti- �cation, ACM Computer Communic ation R eview , V ol. 24,No. 5(1994), pp. 10{23. [ 5 ] Floyd, S. and Jacobson, V.: Random Early Detection Gatewa ys for Congestion Avoidance, IEEE/ACM T r ansaction on Networking , V ol. 1,No. 4(1993), pp. 397{413. [ 6 ] Floyd, S. and Jacobson, V.: Link-Sharing and Resource Management Mo dels for Pac k et Net- works, IEEE/ACM T r ansactions on Networking , V ol. 3,No. 4(1995), pp. 365{386. [ 7 ] Gupta, A. and F errari, D.: Resource Parti- tioning for Real-Time Communication, IEEE/ACM T r ansactions on Networking , V ol. 3,No. 5(1995), pp. 501{508. [ 8 ] Hewlett-Pac k ard Company: Netp erf: A Bench- mark for Me asuring Network Performanc e , 1993. http://www.cup.hp.com/netperf/Netp erfPage.h tml . [ 9 ] @P0f8xIW , 1vLn:jFX , LZH(9/90 , >.NS9n;V , @PED7D<y , D9 7rFs O/ , ;{2,J8 CK : WIDE %W%m%8%’ %/%H$K $*$1$k <B;~4V DL ?.%P%C %/%\!<%s $N9=C[ , F| K\%=%U%H %&%(%" 2J3X2q Bh #1#42s A49qBg2q , Octob er 1997. [ 10 ] Keshav, S.: On the E�cient Implementation of F air Queueing, Internetworking: R ese ar ch and Ex- p erienc e , V ol. 2(1991), pp. 157{173. [ 11 ] McCanne, S. and Floyd, S.: NS (Netw ork Simu- lator), http://www-nrg.ee.lbl.go v/ns/ , 1995. [ 12 ] McKenney , P . E.: Sto chastic F airness Queueing, Pr o c e e dings of INFOCOM , San F rancisco, Califor- nia, June 1990. [ 13 ] McKusick, M. K., Bostic, K., Karels, M. J., and Quarterman, J. S.: The Design and Implementation of the 4.4 BSD Oper ating System , Addison-W esley Publishing Co., 1996. [ 14 ] Nagle, J.: On pack et switches with in�nite stor- age, IEEE T r ans. on Comm. , V ol. 35,No. 4(1987), pp. 435{438. [ 15 ] Parekh, A.: A Generalized Pro cessor Sharing Approach to Flow Control in Integrated Services Netw orks, LIDS-TH 2089, MIT, F ebruary 1992. [ 16 ] Peterson, L. L., Hutchinson, N. C., O’Malley , S. W., and Rao, H. C.: The x-kernel: A Plat- form for Accessing Internet Resources, Computer , V ol. 23,No. 5(1990), pp. 23{34. [ 17 ] Ritchie, D. M.: A Stream Input-Output Sys- tem, A T&T Bel l L ab or atories T e chnic al Journal , V ol. 63,No. 8(1984), pp. 1897{1910. [ 18 ] Stoica, I. and Zhang, H.: A Hierarchical F air Ser- vice Curve Algorithm F or Link-Sharing, Real-Time and Priority Services, Pr o c e e dings of SIGCOMM ’97 Symposium , Cannes, F rance, September 1997, pp. 249{262. [ 19 ] Sun Microsystems, Inc.: Solaris RSVP/CBQ . ftp://playground.sun.com/pub/rsvp/ . [ 20 ] 1’ IW M[ <! O/ , @P ;3 @/ 9@ , ?7 A1 J8 , B< 0f =c : Bg 5, LO $J 2> @b %M%C %H %o!< %/ %F %9 %H %Y%C %I $N @_ 7W!& 9= C[ $H $= $N 1? MQ , %$ %s%?!< %M%C%H %3%s%U%! %l%s %9 ’97 , December 1997, pp. 169{180. [ 21 ] W ak eman, I., Ghosh, A., Crow croft, J., Jacob- son, V., and Floyd, S.: Implementing real-time Pac k et F orw arding Policies using Streams, Pr o c e e d- ings of USENIX ’95 , New Orleans, Louisiana, Jan- uary 1995, pp. 71{82. [ 22 ] Zhang, L., Deering, S., Estrin, D., Shenker, S., and Zappala, D.: RSVP: A New Resource ReSerV a- tion Proto col, IEEE Network , V ol. 7(1993), pp. 8{ 18.