(293) 1 FC=8!|%$%s%?!<%M%C%H RED $N0BA4J[5!9=$N@_7W$H<BAu D9 7rFsO/ %U%m!<%P%k%V$O!$%M%C%H%o!<%/$r%U%m!<@)8f$5$l$J$$ DL ?. $+ $i KI 8n $7!$ $+ $D!$ %( %s %I!& %( %s %I $N %U %m!< @) 8f $rB%?J$9$kL\E*$G!$ RED $K DI2C$5$l$k0BA4J[5!9=$G$" $k!%%U%m!<%P%k%V$O!$=>Mh%Z%J%k%F%#%\%C%/%9$H8F$P$l $F$-$?35G0$N<BAu$HB*$($k$3$H$b$G$-$k$,!$$=$NL\E*$O $"$/$^$G%M%C%H%o!<%/$NKI8n$K$"$k!%%U%m!<%P%k%V$O!$ RED $N @) 8f2D G=HO 0O$r 1[$( $k%H %i%U%#%C %/$N A}2C $r8! =P $7!$ 2a Aw =P %U %m!< $r 6/ @) E* $K %P%C %/ %* %U $5 $; $k $3 $H $K$h$C$F!$%k!<%?>e$N;q8;$rKI8n$9$k!%%U%m!<%P%k%V$K $h$C$F!$7ZEY$NmUmT;~$K$O%Q%1%C%HB;<:N($rDc$/2!$(!$ $^$?!$=EEY$NmUmT;~$K$O?5=E$K%P%C%/%*%U$r9T$J$&$H$$ $& %( %s %I!& %( %s %I $N %U %m!< @) 8f $, >) Ne $5 $l $k!% %7 %_%e %l!<%7%g%s$N7k2L!$%U%m!<%P%k%V$O%M%C%H%o!<%/$r8z2L E*$KKI 8n$9$k$HF1;~ $K!$@55,$N TCP $,5/ $3$7$&$kmUmT $r <WJD $9 $k 8z2L $, 3N G’$5 $l $?!% $^$?!$ <B :] $K F reeBSD %+!<%M%k$K<BAu$78!>Z$r9T$J$C$?!% 1 $O $8 $a $K %U%m!<%P%k%V$O!$%M%C%H%o!<%/$r%U%m!<@)8f$5$l$J$$ DL ?. $+ $i KI 8n $7!$ $+ $D!$ %( %s %I!& %( %s %I $N %U %m!< @) 8f $rB%?J$9 $kL\E*$G!$ RED [3] $KDI2C$5$l$k0B A4J[5!9=$G $" $k!% %U %m!< %P %k %V $N $b $H $H $J $k %" %$ %G %" $O Floyd $i $K$h$C$FDs0F$5$l!$ RED %Z %J%k%F%#%\%C%/%9$H$$$&35 G0 $G CN $i $l $F $- $? [3] [4] !% RED $O!$ TCP $, <g $J %H %i A Safety-v alv e for RED. Kenjiro Cho, ( 3t ) %= %K!< %3 %s %T%e!< %? %5 %$ %( %s %9 8& 5f =j , Sony Computer Science Lab oratories, Inc. %3 %s %T%e!< %? %= %U %H %&%’ %" , V ol.16, No.4(1999), pp.10{ 22. [ O@J8 ]1999 G/ 5 7n 30 F|<uIU . %U%#%C%/$G$"$k%M%C%H%o!<%/$NmUmT4KOB$dMxMQN(8~>e$K 8z 2L $, $" $k H? LL!$ %U %m!< @) 8f $5 $l $J $$ %H %i %U%#%C %/ $K $h$C$F 4JC1$KE~ Ce%Q%1%C %HGQ4~F0 :n (Drop-tail) $KLa$C $F$7$^$&LdBj$,$"$k!%%U%m!<@)8f$5$l$J$$%H%i%U%#%C%/ $r8!=P$7@):[$9$k $3$H$O!$ RED $rKI8n$9$k$?$a$KI,MW $G$"$k$HF1;~$K!$%(%s%I!&%(%s%I$K$h$k%U%m!<@)8f$rB% ?J$9$k$3$H$K$J$k$?$a!$%$%s%?!<%M%C%HA4BN$N0BDj$d3H D%@-$K$D$J$,$k!% Floyd $i $O [4] $K $* $$ $F!$ %Y %9 %H %( %U%)!< %H $, A0 Ds $N %$%s%?!<%M%C%H$K$*$1$k%(%s%I!&%(%s%I$K$h$k%U%m!<@) 8f$N=EMW@-$K$D$$$FO@$8$F$$$k!%$5$i$K!$mUmT;~$KITEv $KBS0h$r>CHq$7$F$$$k%U%m!<$r8!=P$7$F!$$=$NBS0h;HMQ $K @) 8B $r $/ $o $( $k <j CJ $N I, MW @- $r <( $7 $? >e $G!$ $= $l $K $h$C$F!$%(%s%I!&%(%s%I$N%U%m!<@)8f$,B%?J$5$l$k$3$H $r@b$$$F$$$k!%$=$N$J$+$G!$$$$/$D$+35G0E*$J<B8=J}K! $rDs0F$7$FM}O@E*$J8!F$$r$7$F$$$k$,!$6qBNE*$K<BAu2D G=$J%l%Y%k$K$O;j$C$F$$$J$$!% K\8&5f$NL\E*$O!$$=$NM}O@%b%G%k$r6a;w$9$k8zN($h$$ <BAu$r9T$J$$!$1?MQ%M%C%H%o!<%/$G$N<B>Z$r2DG=$K$9$k $3 $H $G $" $k!% Floyd $i $b ;X E& $7 $F $$ $k $h $& $K!$ =E MW $J $N$O!$@53N$JM}O@%b%G%k$NDI5a$G$O$J$/!$%7%9%F%‘$r9= C[$7$F<B>Z<B83$r9T$J$$7P83$rF@$k$3$H$G$"$k!% 2 GX 7J K\Ds0F$OHsE,1~7?%U%m!< (unresp onsive ow) $,E,1~ 7?%U %m!< (resp onsiv e ow) $r 05Gw $9$k 2DG= @-$N $"$k %H %i%U%#%C%/$r@)8fBP>]$H$9$k!%0lIt$N%j%"%k%?%$%‘DL?. $NM%@h@)8f$r9T$J$&%M%C%H%o!<%/$G$O!$DL>o%M%C%H%o!< %/ $N F~ 8} $G %] %j %7 %s %0 $, 9T $J $o $l $k $? $a!$ Hs E, 1~ 7? %U

2 %3%s%T%e!<%?%=%U%H%&%’%" (294) %m!<$,E,1~7?%U%m!<$r05Gw$9$k$3$H$O$J$$!%$7$+$7!$K\ Ds0F$O!$$=$N$h$&$J>l9g$G$b!$@_Dj$KLdBj$,@8$8$FA[Dj 30$N%H%i%U%#%C%/N.F~$,H/@8$9$k>l9gEy$KBP$9$kKI8n<j CJ $r Ds 6! $9 $k $3 $H $, $G $- $k $? $a!$ I} 9- $$ E, MQ HO 0O $r ;} $D!% 2.1 RED (Random Early Detection) RED (Random Early Detection) $O!$ J? 6Q %-%e!< D9$KBP1~$7$?3NN($G%Q%1%C%H$rGQ4~$9$k$3$H$K$h$C$F!$ G= F0 E* $K %-%e!< $r 4I M} $9 $k ;E AH $_ $G $" $k [3] !% %Q %1%C %H GQ 4~3N N( $N7W ;; $K$O!$ J? 6Q%-%e!< D9 av g $H!$ min th $H max th $H $$ $& #2 $D $N og CM $, ;H $o $l $k!% J? 6Q %-%e!< D9 av g $, min th $+ $i max th $X $H A} 2C $9 $k $K => $$!$ GQ 4~ 3NN($O!$ 0 $+$i:GBgGQ4~3NN( max p $X$HA+0\$9$k!% RED $O!$ %-%e!< $,GK C>$9 $k A0$K mUmT $rDL CN $9$k $3$H $K$h$C$F!$ TCP $N F14|8=>]$N H/@8$rKI $.!$$=$N7k2L!$ BS0hMxMQN($b8~>e$9$k!%$^$?!$%-%e!<D9$rC;$/J]$F$k$N $G!$CY1d$,2~A1$5$l$k$J$I$N8z2L$,$"$k!%$5$i$K!$$"$k DxEY$N O"B3%Q%1%C%HE~ Ce$r5vMF$9 $k$N$G TCP $H$N?FOB @- $, $h $/!$ 3F %U %m!< $O BS 0h @j M- N( $K Hf Nc $7 $? 3N N( $G %Q %1%C%H$rB;<:$9$k $?$a8xJ?@-$b3NJ]$5$l$k!% RED $O!$ %U %m!< Kh $N >p Js (p er- ow state) $r ;} $D I, MW $, $J $$ $N $G!$%9%1!<%i%S%j%F%#$NE@$G$bM-Mx$G$"$k!%$7$+$7$J$, $i!$ RED $K $O Hs E, 1~ 7?$N %U %m!< (unresp onsive ow) $KBP$9$kKI8n5!G=$,$J$$$?$a!$HsE,1~7?$N%U%m!<$K$h$C $F %-%e!<D9 $, max th $r 1[ $($k $H!$ C1 $J$k E~ Ce %Q%1%C %H GQ4~$NF0:n$KLa$C$F$7$^$&LdBj$,$"$k!% 0l J}!$ FRED (F air Random Early Detection) [10] $O!$ RED $r 2~ NI $7 $F!$ %-%e!< Fb $K %Q %1%C %H $, %P%C %U%!$5$l$F$$$k3F%U%m!<$N>pJs$rJ];}$7!$$"$kDxEY$NBS 0h 3dEv $N8x J? @-$r <B8= $9 $kDs 0F$G $" $k!% FRED $K$h$C $F $b!$ FC Dj $N %U %m!< $, IT Ev $K BS 0h $r ;H MQ $9 $k $3 $H $r KI $0 $3 $H $, 2D G= $G $" $k!% %U %m!< %P %k %V $O!$ 8B $i $l $? ?t $N %U%m!<>pJs$rJ];}$9 $k$h$&$K RED $r2~NI$9$k$H$$$&E@ $G $O FRED $H6& DL$9 $k $,!$2~ NI$N J} 8~@- $,0[ $J$C $F$$ $k!% FRED $, BS0h MxMQ $N >/$J $$%U %m!< $rM% @h$9 $k $N$K BP$7$F!$%U%m!<%P%k%V$OmUmT$N860x$H$J$C$F$$$k%U%m!< $r <WCG $9 $k!%$^ $?!$ FRED $G $O!$0- <A $J%U %m!< $K H3B’ $rM?$($k;EAH$_$,$J$$$?$a!$%(%s%I!&%(%s%I$N%U%m!<@) 8f$r>)Ne$9$k$3$H$K$J$i$J$$!% 2.2 RED %Z%J%k%F%#%\%C%/%9 Floyd $i$O!$ RED $N9M0FEv=i$+$i!$0-<A$J%U%m!<$r 8! =P $9 $k $3 $H $r <( :6 $7 $F $* $j!$ [4] $N Cf $G $3 $N 9M $( $r H/ E8$5$;$F$$$k!%0J2<$K$=$N35MW$r$^$H$a$k!% :#F|$N%$%s%?!<%M%C%H$K$*$$$F!$%U%m!<@)8f$r9T$J$o $J$$DL?.$,A}2C$7$F$-$F$$$k$3$H$O!$%$%s%?!<%M%C%HA4 BN$K$H$C$FBg$-$J6<0R$G$"$k!%mUmT;~$K$*$$$F!$%U%m!< @)8f$5$l$kDL?.$,;HMQBS0h$r9J$k0lJ}$G!$%U%m!<@)8f$r 9T$J$o$J$$DL?.$,$=$NJ,$NBS0h$r@jM-$9$k$H$$$&!$Cx$7 $$IT8xJ?$r@8$8$k!%$5$i$K!$%U%m!<@)8f$N7gG!$O!$$5$^ $6$^$J7A$G%M%C%H%o!<%/$r05Gw$7!$$=$NO":?H?1~$GmUmT Jx2u (congestion collapse) $K;j$k$3$H$K$J$k!% %U %m!< @) 8f $N 7g G! $X $N BP :v $H $7 $F $O!$ %( %s %I!& %( %s %I$N%U%m!<@)8f$rB%?J$9$k0J30$K $b!$ WFQ(W eigh ted F air Queueing) [14] $J $I $N %Q %1%C %H!& %9 %1 %8%e!< %j %s %0$rIa5Z$5$;$k$3$H$d!$NA6bBN7O$N9)IW$H$$$&<jCJ$b9M $( $i $l $k!% $7 $+ $7!$ $3 $N Cf $G M# 0l %( %s %I!& %( %s %I $N %U %m!<@)8f$NB%?J$@$1$,!$6&M-$d6(NO$H$$$&%$%s%?!<%M%C %H$N1?MQ$N4pK\86M}$rG]$&J}8~@-$r;}$C$F$$$k!% %(%s%I!&%(%s%I$N%U%m!<@)8f$rB%?J$9$k$K$O!$%U%m!< @)8f$r9T$J$o$J$$%U%m!<$r8!=P$7$F$J$s$i$+$N@):[$r2C $($k;EAH$_$r%k!<%?$KHw$($k$3$H$,I,MW$G$"$k!% $= $N <j CJ $H $7 $F #3 $D $N J} K! $r Ds 0F $9 $k!% Bh 0l $N J} K! $O!$ !V TCP ?F OB @- %F %9 %H!W (TCP-friendly test) $H 8F $P$l!$%Q %1%C%HE~CeNL$, @55,$N TCP $HF1Ey 0J2<$G$"$k $3$H$r 8!>Z$9$k!%$3 $l$O!$@55, $N TCP $N%9%k!<%W%C%H $N>e8B$,!$%Q%1%C%HB;<:N(!$%i%&%s%I%H%j%C%W%?%$%‘!$ %Q%1%C%H%5%$%:$+$i5a$a$i$l$k$3$H$r:,5r$H$7$F$$$k!% Bh Fs $N J} K! $O!$ !VE, 1~ @- %F %9 %H!W (unresp onsiveness test) $H 8F $P $l!$ %Q %1%C %H B; <: N( $N >e >: $K 1~ $8 $F E, @5 $K %Q %1%C %H E~ Ce NL $, 8: >/ $9 $k $3 $H $r 8! >Z $9 $k!% %Q %1%C %H B; <: $K $h$C $F %&%# %s %I %& %5 %$ %: $r H> 8: $9 $k $3 $H $r A0 Ds $K $9 $k $H!$ %Q %1%C %H B; <: N( $, x >e >: $9 $k $H!$ %Q %1%C %H E~ Ce NL $O >/ $J $/ $H $b p x $N %*!< %@!< $G 8: >/ $7 $J $1 $l $P $J $i $J $$!% Bh ;0 $N J} K! $O!$ !VIT Ev BS 0h ;H MQ %F %9 %H!W (disprop ortionate-bandwidth test) $H8F$P$l!$FCDj $N %U%m!<$,B>$N%U%m!<$KHf$Y$FITEv$KB?$/$NBS0h$r;HMQ$7 $F$$$k$3$H$r8!=P$9$k!% $3$N$h$&$J35G0 $O!$ RED $KFCDj$J$b$N$G$O$J$$$,!$ [4] $N Cf $G $O RED $r ;H$C $? %b %G %k $, @b L@ $K ;H $o $l $F $$

(295) V ol. 16 No. 4 Jul. 1999 3 $k!% $5 $i $K!$ [5] $G $O!$ RED $, GQ 4~ $7 $? %Q %1%C %H $N Mz Nr$r$b$H$K%U%m!<$N%Q%1%C%HE~CeNL$r?dB,$9$kJ}K!$b8! F$$5$l$F$$$k!% Floyd $i$O!V%Z%J%k%F%#%\%C%/%9!W$H$$$&I=8=$O ;H$C $F$$$J$$$,!$IT@5$J%U%m!<$r8!=P$7$F@):[$r2C$($k$H$$ $&35G0$O!$!V%Z%J%k%F%#%\%C%/%9!W$H$7$F8&5f<T$N4V$G 9-$/CN$i$l$k$h$&$K$J$k!%%Z%J%k%F%#%\%C%/%9$O!$35G0 $H$7$F$OJ,$+$j0W$$4JC1$J$b$N$G$"$k$,!$$=$N<B8=$OMF 0W$G$O$J$$$3$H$,J,$+$C$F$-$?!%E}7W<jK!$r$b$H$K$7$? M}O@$r!$<B:]$K<B;~4V$G1~MQ$9$k$N$OMF0W$G$J$$!%J#;( $J%"%k %4%j%:%‘$N=8 9g$H$7$F9=@. $5$l$k TCP $N5sF0$r @53N$KM}O@2r@O$9$k$3$H$OIT2DG=$G$"$j!$!VITEvBS0h;H MQ!W $d!V TCP ?FOB @-!W $rM} O@ E*$K Dj 5A$9 $k $3$H $b Fq$7 $$!%$^$?!$%M%C%H%o!<%/!&%H%i%U%#%C%/$O7c$7$/JQF0$9 $k$?$a!$%U%m!<$NE}7W>pJs$r8zN(NI$/<}=8$9$k$3$H$b:$ Fq$G$"$k!%$5$i$K!$%k!<%?$O3F%U%m!<$K4X$7$F8B$i$l$? >pJs$7$+F@$i$l$J$$$3$H$d!$IT@5$J%U%m!<$r$$$+$K@):[ $9$l$P$h$$$+$H$$$&LdBj$b$"$k!% 2.3 9b%Q%1%C%HB;<:N($G$N TCP $N5sF0 Floyd $i $O!$ TCP $N 5s F0 2r @O $r $b $H $K %Z %J %k %F%# %\%C%/%9 $rDs0F$7$? $,!$$=$l0J30$G $b TCP $N2r@O8&5f $,?J $s$G$- $F$$$k [2] [4] [6] [11] [13] [15] !% $J$+$G $bK\8& 5f $K 4X O" $9 $k $N $O!$ RED $, G= F0 E* $K %Q %1%C %H GQ 4~ $r 9T $J$C$F$$$k>uBV$G$N TCP $N5sF0$G$"$k!% TCP $O!$ %Q %1%C %H B; <: N($, 1% 0J 2< Dx EY $G $"$l $P!$ 9b B. :F Aw (F ast Retransmit) %" %k %4 %j %: %‘ $K $h$C $F %9 %k!<%W%C%H$r0];}$G$-$k!%$H$3$m$,!$%Q%1%C%HB;<:N($, A}2C$9$k$K$7$?$,$$!$9bB.:FAw$,<:GT$9$k$h$&$K$J$j!$ :FAw%?%$%‘%"%&%H$K$h$k:FAw$,A}$($F$/$k!% 9bB.:F Aw$rA0Ds$H $7$? TCP $NDj>o>uBV %b%G%k$O!$J? 6Q%Q %1%C%H B;<: N( p $KBP$9 $kmU mT%&%#%s %I%& W $rM?$( $k [4] [13] [15] !% W = r 8 3 bp (1) $3$3 $G!$ b $O#18D$N 3NG’1~Ez (ACK) $K $h$j3NG’ $5$l$k %Q%1%C%H ?t$G!$$[$H$s $I$N TCP $N<BAu$G $O#1%Q%1%C%H $*$-$K3NG’1~Ez$rAw=P$9$k$?$a!$DL>o b = 2 $G$"$k!% <0 (1) $O!$ p $,A} 2C$9 $k$K $7$? $,$$!$ W $, 1 = p p $N ?^ 1 TCP $NDj>o>uBV%b%G%k$K$*$1$k %Q%1%C%HB;<:N($HmUmT%&%#%s%I%&%5%$%: 3d 9g $G 8: >/ $9 $k $3 $H $r <( $9!% ?^ 1 $O $3 $l $r b = 1 $H b = 2 $N>l9g $K$D$$ $F?^<($7 $?$b$N $G$"$k!% $H$3$m$,!$ TCP $N 9b B.:F Aw%" %k%4 %j %:%‘ $O>/ $J$/ $H $b#3 8D$N =EJ# 3NG’1~Ez$rI,MW$H$9$k$?$a!$mUmT%&%#%s%I%&$,#3%Q%1%C %H0J2< $K$J$k$H!$ TCP $O%9 %k!<%W%C%H$r0] ;}$G$-$J$/ $J $k!% <B :] $K $O!$ %Q %1%C %H GQ 4~ $O Ey 4V 3V $G $O H/ @8 $7 $J $$ $3 $H $H!$ mU mT %&%# %s %I %& $, W = 2 $H W $N 4V $G ?6 F0 $9 $k$3$H $r9MN8$9$k $H!$ TCP $,%9%k!<%W%C%H $r0];}$9$k $? $a $K $O!$ W $, #8 0J >e $G $" $k $3 $H $, I, MW $H $J $k!% ?^ 1 $h $j!$ b = 2 $N >l 9g!$ p $, 2% $r 1[ $( $k $H W < 8 $H $J$k!%$7$?$,$C$F!$ p $, 2% $r1[ $($k$H0lHL$N TCP $N %9%k!<%W%C%H$OCx$7$/Dc2<$9$k$3$H$,J,$+$k!% Mathis $i $O!$ p $N A}2C $KH<$C $F :FAw %?%$ %‘%" %& %H$K $h$k:FAw$,;YG[E*$K$J$C$F$/$k>uBVA+0\$K$D$$$F2r@O$7 $F $$ $k [13] !% $3$3 $G $O!$ J# ?t $N TCP $N<B Au $K $* $$$F!$ %9%k!<%W%C%H$NDc2<$, p < 1% $G;O$^$k$3$H$,3NG’$5$l $F$$$k!% 0lJ}!$ Kumar $O%^%k%3%U :F@82aDx$r$b$H$K$7$?3N N( %b%G%k$r;H$$!$%Q%1%C%HB;<:$NB?$$L5@~%j%s%/$K$*$1$k TCP $N 5s F0 2r @O $r 9T $J$C $F $$ $k [9] !% $3 $3 $G $b!$ TCP $N%9%k!<%W%C%H$NDc2<$, p < 1% $G;O$^$k$3$H$,<($5$l $F$$$k!% $3$l$i$N2r@O$O$$$:$l $b!$ p $, 1% $r1[$($k$H!$0lHL $K;H$o $l$F$$$k TCP $N%9%k!< %W%C%H$,5^7c $KDc2<$9$k $H$$$&E@$G0lCW$9$k!%$3$l$O!$:FAw%?%$%‘%"%&%H$,H/@8 $7!$mUmT%&%#%s%I%&$,#1%Q%1%C%H$K@_Dj$5$l!$%9%m!<%9 %?!<%H$r<B9T$9$k$?$a$G$"$k!%$^$?!$:FAw%?%$%‘%"%&%H $,7+$jJV$5$l$k$H!$;X?t%P%C%/%*%U$r<B8=$9$k$?$a!$:F Aw%?%$%‘%"%&%HCM$OG\!9$KA}$d$5$l$k!%

4 %3%s%T%e!<%?%=%U%H%&%’%" (296) I= 1 0[$J$k%Q%1%C%HB;<:N(2<$G$N Reno TCP $N5sF0 drop rate pkts/sec rexmits/sec timeouts/sec 0.0025 180.90 0.40 ( 0.2%) 0.01 ( 0.0%) 0.0050 173.06 0.69 ( 0.4%) 0.03 ( 0.0%) 0.0075 153.46 1.15 ( 0.7%) 0.09 ( 0.1%) 0.010 140.92 1.55 ( 1.1%) 0.07 ( 0.1%) 0.025 89.83 2.37 ( 2.6%) 0.34 ( 0.4%) 0.050 55.72 2.75 ( 4.9%) 0.68 ( 1.2%) 0.075 38.28 2.87 ( 7.4%) 1.04 ( 2.7%) 0.10 26.43 2.86 (10.8%) 1.27 ( 4.8%) 0.25 4.83 1.26 (26.1%) 0.82 (17.0%) 0.50 0.43 0.18 (41.9%) 0.15 (34.9%) ?^ 2 C10l TCP %;%C%7%g%s$N;HMQBS0h$NJQ2= :FAw%? %$%‘%"%&%H $K$h$j!$ TCP $O$+$J$j $N;~4V$rB; <:$9$k$3$H$K$J$k!%:FAw%?%$%‘%"%&%HCM$O!$%i%&%s%I%H %j%C%W%?%$%‘$H$=$NJ?6QJP:9$+$i7W;;$5$l$k$,!$<BAu$K MQ$$$i$l$F$$$kAFN3EY%?%$%^!<$,%?%$%‘%"%&%H$N4|4V$K Bg $-$/ 1F6A $7 $F$$ $k!%Nc $( $P!$ BSD $N<B Au$G $O!$ 500 %_%jIC$N%?%$%^!<N3EY$G!$$+$D!$:G>.:FAw%?%‘%"%&%HCM $O#2%?%$%^!<N3EYJ,$K@_Dj$5$l$k$?$a!$:G>.:FAw%?%$%‘ %" %& %H 4| 4V $O J? 6Q 750 %_ %j IC $K $J $k!% $D $^ $j!$ :F Aw %? %$%‘%"%&%H$KMW$9$k;~4V$O9bB.:FAw$,@.8y$7$?>l9g$HHf $Y$F7e0c$$$KBg$-$$!% :FAw%? %$%‘%"%&%H $O!$ TCP $N5sF0$KB?Bg $JJQF0$r2C $($k$?$a!$ RED %Z%J%k%F%# %\%C%/%9$G$N5sF0%F%9%H$r $9$k:]$KBg$-$J LdBj$H$J$k!% RED %Z%J%k%F%#%\%C%/%9 $G $O E} 7W E* $J %b %G %k $r ;H$C $? %F %9 %H $r Ds 0F $7 $F $$ $k $? $a!$==J,$J%5%s%W%k?t$,B7$o$J$$$H%F%9%H$rE,MQ$G$-$J $$!%$7$+$7$J$,$i!$:FAw%?%$%‘%"%&%H$K$h$C$F!$JQF0NL $,Bg$-$/$J$k$H$5$i$KB?$/$N%5%s%W%k?t$,I,MW$K$J$k>e $K!$%Q%1%C%HE~Ce?t$,BgI}$KDc2<$9$k$?$a;~4VEv$?$j$N %5%s%W%k?t$,7c8:$9$k!% I= 1 $H ?^ 2 $O!$:F Aw %?%$ %‘ %" %&%H $K $h$k JQ F0$r <( $9 %7 %_%e %l!< %7%g %s 7k 2L $G!$ ns %7 %_%e %l!< %? [12] $r MQ $$ $F %Q %1%C %H B; <: N( $K BP $9 $k TCP $N 5s F0 2r @O $r 9T $J$C $? $b$N $G$" $k!%$3 $3$G $O!$ Reno TCP $rMQ $$$F $$$k $,!$ NewReno $G $b $[ $\ F1 MM $N 7k 2L $, F@ $i $l $k!% @_ Dj $N >\ :Y $O 5 >O $G <( $9 $,!$ M- 8z BS 0h $O 1.5Mbps !$ %i %& %s %I %H %j%C %W %? %$ %‘ $O 56 %_ %j IC $H $J$C $F $$ $k!% ns %7 %_%e %l!< %? $N %? %$ %^!< N3 EY $O 100 %_ %j IC $G $" $k $? $a!$ :F Aw %? %$ %‘ %" %& %H $N J? 6Q :G >. CM $O 150 %_ %j IC $G $" $j!$ 0l HL $N TCP $h$j:FAw %?%$%‘%"%& %H;~4V$,C;$$ $3$H$KCm0U$5 $l$?$$!% $^$:!$%Q%1%C%HB;<:N($KBP$9$k%Q%1%C%HE~Ce?t$NJQ2= $r<( $9!%I= 1 $O!$0[ $J$k %Q%1%C %HGQ 4~3N N($N $b$H $G 100 IC4V!$C1 0l$N TCP %;%C%7%g%s$r 4QB,$7$? 7k2L$G$"$k!% ?^Cf$NCM$O!$Am%Q%1%C%H?t!$Am:FAw%Q%1%C%H?t!$:FAw%? %$%‘%"%&%H?t$rC10L;~4V$"$?$j$NH/@8?t$K49;;$7$?CM$G $"$k!%%Q%1%C%HGQ4~N($NA}2C$KH<$C$F!$Am%Q%1%C%H?t$, 5^7c$K8:>/$9$k$N$,$o$+$k!%$3$N$3$H$O!$E}7WE*<jK!$r E,MQ2DG=$J%5%s%W%k?t$rF@$k$N$KHs>o$KD9$$;~4V$rI,MW $H$9$k$3$H$r<($7$F$$$k!% <! $K!$ 0[ $J $k TCP %;%C %7%g %s 4V $N 5s F0 $N $P $i $D $- $r <($9!% ?^ 2 $O!$C1 0l TCP %;%C %7%g%s $N C10L ;~ 4V$N %9 %k!<%W%C%H$r!$%Q%1%C%HGQ4~N($rA}2C$5$;$J$,$i#62s4Q B, $7 $? $b $N $G $" $k!% %Q %1%C %H GQ 4~ 3N N( $O #5 IC $4 $H $K!$ 0% !$ 2.5% !$ 5% !$ 10% $H #4 6h 4V $K J, $1 $F JQ 2= $5 $; $F $$$k!%?^$+$i$o$+$k$h$&$K!$%9%k!<%W%C%H$NJQF0$O!$A4 BN$H$7$F$O%k!<%k$K=>$C$F$$$k$,!$8D!9$N%;%C%7%g%s$N 5sF0$K$O$*$*$-$J$P$i$D$-$,4QB,$5$l$k!%$3$N7k2L$O!$ 8D!9$N TCP %;%C%7%g %s$KE}7WE* <jK!$rE, MQ$9$k$N$O!$ $3$N;~4VN3EY!$$D$^$j?t==IC$N%*!<%@!<$G$OITE,Ev$G$" $k$3$H$r<($7$F$$$k!% 0J>e$N$3$H$+$i!$:FAw%?%$%‘%"%&%H$,H/@8$9$k$[$I%Q %1%C%HGQ 4~N($,9b$/ $J$k$H!$C1 0l TCP %;%C%7%g%s$KE} 7WE*<jK!$r<B;~4V$GE,MQ$9$k$3$H$O8=<BE*$G$J$$$3$H$, $o$+$k!%$3$l$,!$%Z%J%k%F%#%\%C%/%9$N<BAu$,:$Fq$G$" $kM}M3$G$"$k!% $H$3$m $G!$K\9F$O TCP $K8B Dj$7$F2r@O $r9T$J$C$F$$ $k$,!$B>$N%W%m%H%3%k$K$bF1$8%k!<%k$,E,MQ$G$-$k!%8= >u!$%$%s %?!<%M%C%H$N %H%i%U%#%C%/$O 05E]E*$K TCP $, @j $a $F $* $j!$ Ev LL $3 $N >u BV $, B3 $/ $H M= A[ $5 $l $k . $= $7

(297) V ol. 16 No. 4 Jul. 1999 5 $F!$ :#8e F3 F~$5 $l$k ?7 $7$$ %W %m%H %3%k $b!$ 4{B8 $N TCP $H6& B8$G $-$k $3$H $,>r7o $H$J $k [16] !%$3 $l$O!$ $"$i $f$k >r7o2< $G!$ TCP $HF1Ey0J2< $NBS0h;HMQ$H $J$i$J$$$H!$ TCP $r8O3i$5$;$k$3$H$K$J$k$+$i$G$"$k!% 3 %U%m!<%P%k%V %U%m!<%P%k%V$O!$ RED $NIi 2Y$,8BEY$KC#$9$k$H:nF0 $9$k0BA4J[5!G=$r Ds6!$9$k!%6qBNE*$K$O!$ RED $N@)8f 2DG=HO0O$r1[$($k%H%i%U%#%C%/$NA}2C$r8!=P$7!$mUmT$N 860x$H$J$C$F$$$k%U%m!<$r%V%m%C%/$9$k$3$H$K$h$C$F!$ %k!< %? >e $N ;q 8; $r KI 8n $9 $k!% RED $O J? 6Q %-%e!< D9 $, max th $r 1[ $( $k $H!$ C1 $J $k E~ Ce %Q %1%C %H GQ 4~ $N 5s F0 $K $J$C$F$7$^$&!%$7$+$7!$E,1~7?%U%m!<$N$_$,=8Ls$5$l$F $$$k>l9g!$DL>o$3$N$h$&$J;vBV$K$O;j$i$J$$!%$7$?$,$C $F!$mUmT$KBP$7$FE,1~$7$J$$%U%m!<$,860x$H$J$C$F$=$N $h$&$J;vBV$K;j$k2DG=@-$,9b$/!$$=$N>l9g$K$O!$860x$H $J$kHsE,1~7?%U%m!<$r%V%m%C%/$9$k$3$H$K$h$C$F!$mUmT $r2r>C$7!$%-%e!<D9$rE,@5HO0O$KLa$9$3$H$,$G$-$k!% %U %m!< %P %k %V $O [4] $K <( $5 $l $? 9M $( J} $r $b $H $K $7 $F $$ $k$,!$$=$N:GBg$NL\E*$O!$$?$H$(HsE,1~7?$N%U%m!<$,B8 :_$7$F$b!$>o$K RED $,E,@5 HO0O$GF0:n$G$-$k$h$&$K%7 %9%F%‘$r%(%s%8%K%"%j%s%0$9$k$3$H$G$"$k!%$D$^$j!$>/ $J$$%5%s%W%k?t$d2aEOE*$J>r7o$G$bE,@Z$K0BA4B&$KH?1~ $7!$$+$D!$%5%s%W%k?t$NA}2C$d>uBV$N0BDj$KH<$C$FM}O@ CM$K6aIU$/$h$&$J9)IW$,$J$5$l$F$$$k!% %U%m!<%P%k%V$N5!G=$O%Z%J%k%F%#!&%\%C%/%9$N$=$l$H ;w$F$$$k$,!$0[$J$kH/A[$K4p$E$$$F$$$k!%$9$J$o$A!$0c H?<T$K%Z%J%k%F%#$rM?$($k$N$G$O$J$/!$%k!<%?>e$N;q8; $rMF0W$KKI8n$9$k$?$a$N0BA4J[$H$$$&9M$(J}$G$"$j!$0J 2<$N#2$D$N?7$7$$9M$(J}$,4pK\$H$J$C$F$$$k!% Bh0l$K$O!$!V0cH?<T!W!JHsE,1~$J%U%m!<!K$r8!=P$9$k $N $G $O $J $/!$ !V2a Aw =P!W $J %U %m!< $r 8! =P $9 $k $3 $H $G $" $k!%!V2aAw=P!W$H$O!$%k!<%?$+$i8+$F!$mUmT$N860x$H;W $($kNL$N%Q%1%C%H$rAw=P$7$F$$$k$3$H$HDj5A$9$k!%0cH? <T$r8!=P$7$h$&$H$9$k$H!$0cH?$N>Z5r$,I,MW$G$"$j!$$3 $N>Z5r8!=P$,%Z%J%k%F%#%\%C%/%9<B8=$N:G$bFq$7$$ItJ, $G$"$k!%$=$l$KBP$7$F!$2aAw=P$NH=CG$OmUmT>uBV$K$"$k %k!<%?$,FH<+$N4p=‘$G9T$J$&$?$a!$Aw?.<TB&$N2a<:$r>Z L@$9$kI,MW$O$J$$!%3F%k!<%?$OFH<+$K!V2aAw=P%F%9%H!W $H8F$V4JC1$J%F%9%H$r<B9T$9$k$3$H$K$h$C$F!$2aAw=P%U %m!<$r8!=P$9$k!% BhFs$K$O!$2aAw=P$HH=Dj$5$l$?%U%m!<$r!$Aw?.$,;X?t E*$K%P%C%/%*%U$9$k$^$G!$$9$Y$F$NE~Ce%Q%1%C%H$rGQ4~ $7$F%V%m%C%/$9$k$3$H$G$"$k!%!V%P%C%/%*%U!&%F%9%H!W $H8F$V4JC1$J%F%9%H$rMQ$$$F!$;X?t%P%C%/%*%U$r4QB,$9 $k!%%U%m!<$r%V%m%C%/$7$F$7$^$&$3$H$K4X$7$F$O!$$"$^ $j$K$bC1=c$GH3B’$,=E2a$.$k$H$$$&7|G0$,$"$k$+$b$7$l $J$$!%$H $3$m$,!$$[$H $s$I$N TCP <BAu$K BP$7$F!$C14| 4V$N%V%m%C%/$K$h$kB;<:$O!$$J$K$b9T$J$o$J$$>l9g$HHf $Y$F0U30$J$[$I:9$J$$$3$H$,$o$+$C$?!%$3$l$O!$2aAw=P $HH=CG$5$l$k$[$I%Q%1%C%HB;<:N($,9b$$>uBV$G$"$l$P!$ 2?$b$7$J$/$F$b:FAw%?%$%‘%"%&%H$9$k3NN($,Hs>o$K9b$$ $?$a$G$"$k!%$D$^$j!$6/@)E*$K:FAw%?%$%‘%"%&%H$5$;$J $/ $F $b!$ 2.3 @a $G <( $7 $? $h $& $K!$ TCP $, F1 Dx EY$N B; <: $r$9$k2DG=@-$O$9$G$K==J,9b$$!%$^$?!$%U%m!<%P%k%V$K $h $k6/ @)E* $J%P%C %/%* %U$N 1F 6A$K 4X$7 $F$O!$ 5.2 @a$G 8! >Z$9$k!% 2C$($F!$C1=c$K%V%m%C%/$9$kJ}K!$O!$3NN(E*$K%Q%1%C %H$rGQ4~$9$kJ}K!$KHf$Y$F$$$/$D$+$NMxE@$,$"$k!%Bh0l $NMxE@$O!$%H%i%U%#%C%/$N5^A}$KBP$7$F$b!$?WB.$JBP1~ $,2DG=$J$3$H$G$"$k!%L\E*$,$"$/$^$G%M%C%H%o!<%/$NKI 8n$G$"$k0J>e!$30It$+$i967b$5$l$?>l9g$K$b!$B.$d$+$K F0:n$9$k;EAH$_$G$J$1$l$P$J$i$J$$!% BhFs$NMxE@$O!$mUmT$N2r>C$KMW$9$k;~4V$,>/$J$/$F$h $$$3$H$G$"$k!%=E EY$NmUmT$K$h$C$F!$ RED $,5!G=$7$J $$>uBV$K4Y$C$F$$$k $J$i!$Aa5^$K RED $N@)8f2DG=$J%l %Y%k$K$^$GLa$9I,MW$,$"$k!% Bh;0$NMxE@$O!$:GD9H3B’4|4V$,8B$i$l$k$3$H$G$"$k!% 3NN(E*$KH3B’$rM?$($k<jK!$G$O!$$?$^$?$^IT1?$,=E$J$C $F7+$jJV$7H3B’$r<u$1$k2DG=@-$,$"$k!%$3$l$KBP$7!$;X ?t%P%C%/%*%U$O7hDjO@E*%"%k%4%j%:%‘$G$"$k$?$a!$8B$i $l$?;~4VFb$G4QB,$G$-$k$3$H$,J]>Z$5$l$k!% Bh;M$NMxE@$O%P%C%/%*%UF0:n$N=EMW@-$N6/D4$G$"$k!% :FAw%?%$%‘%"%&%HF0:n$H%P%C%/%*%UF0:n$O!$$H$b$K!$mU mT Jx 2u $r Hr $1 $k $? $a $K 7g $/ $3 $H $N $G $- $J $$ ;E AH $_ $G $" $k!%$7$+ $7$J$,$i!$6aG/ $N TCP 4XO"8&5f$G $O$3$NItJ, $N=EMW@-$,$"$^$jCmL\$5$l$F$3$J$+$C$?!%$I$A$i$+$H$$ $&$H!$:FAw%?%$%‘%"%&%H$rHr$1$k$3$H$K$h$C$F@-G=2~A1 $9 $k Ds 0F $, B? $/ 8+ $i $l $k $,!$ $3 $l $i $N J} K! $O 8D!9 $N %U %m!<$N%9%k!<%W%C%H8~>e$,L\E*$G$"$j!$A4BN$NmUmT4KOB

6 %3%s%T%e!<%?%=%U%H%&%’%" (298) $K$O8z 2L$,$J$$!%8= >u$N TCP <BAu$NB?$/ $O!$mUmT$KBP $7$F?5=E$K:FAw%?%$%‘%"%&%H$9$k$h$&<BAu$5$l$F$$$F!$ $=$N$*$+$2$GmUmTJx2u$N4m81@-$,Dc$/$J$C$F$$$k!%@-G= =E;k$N TCP $H $$$&$N$O!$$" $k0UL#$G!$%Q %1%C%HB;<:Dc 8:$KBP$9$k0U<1$N7gG!$r<($9$3$H$K$J$C$F$$$k!% Bh8^$NMxE@$O!$?5=E$J<BAu$KBP$9$k8xJ?@-$G$"$k!%%U %m!<%P%k%V$O!$%Q%1%C%H$r%V%m%C%/$7$F%P%C%/%*%U$r4Q B,$9$k $3$H$K$h$C$F!$ @-G==E;k$N TCP <BAu $,J]<iE*$J <BAu$h$jM-Mx$K$J$k$3$H$rKI$0F/$-$,$"$k!%2aAw=P$HH= Dj$5$l$J$$$?$a$NM#0l$N<jCJ$O%Q%1%C%HB;<:$r>/$J$/$9 $k$3$H$G$"$j!$0lEY2aAw=P$HH=Dj$5$l$k$H:FAw%]%j%7!< $K4X$o$i$:!$F10l$NH3B’$r<u$1$k$3$H$K$J$k!% %(%s%I!&%(%s%I$NDL?.$K$H$C$F$O!$%U%m!<%P%k%V$rHw $($?%M%C%H%o!<%/$rMxMQ$9$k$K$O!$CfDxEY0J2<$NmUmT;~ $K$O%Q%1%C%HB;<:N($rDc$/J]$D$3$H!$=EEY$NmUmT;~$K$O ?5=E$K%P%C%/%*%U$9$k$3$H$,I,?\$H$J$k!%%U%m!<@)8f$r 9T$J$o$J$$DL?.$N@-G=$O!$mUmT$,5/$3$k$HCx$7$/Dc2<$9 $k!%$^$?!$%U%m!<%P%k %V$NF0:n$O!$ RED $N3NN(E*$J%Q %1%C%HGQ4~$H%H%i%U%#%C%/$N%@%$%J%_%C%/%9$GJQ$o$k$? $a!$%U%m!<%P%k%V$r$4$^$+$9$3$H$O%U%m!<@)8f$r<BAu$9 $k$h$j$O$k$+$K:$Fq$G$"$k!% %U%m!<%P%k%V$N9M$(J}$H=>Mh$N%Z%J%k%F%#%\%C%/%9$N 9M$(J}$K$OBg$-$J0c$$$,$"$k$,!$7k2L$H$7$F<B8=$5$l$k 5!G=$r8+$k$HBg$-$J0c$$$O$J$$!%$=$N0UL#$G!$%U%m!<%P %k%V$r%Z%J%k%F%#%\%C%/%9$N0l<B8=<jK!$H$7$F$H$i$($k $3$H$b$G$-$k!% 3.1 %U%m!<%j%9%H %U %m!< %P %k %V $N @_ 7W $G $O!$ %U %m!< $O !VC1 0l $N TCP %;%C%7%g%s!W$^$?$O!VC10l$N%H%i%s%9%]!<%H!&%;%C%7%g %s!W$H$7$FDj5A$9$k!%%U%m!<%P%k%V$O3F%U%m!<$N>uBV$r J];}$9$kI,MW$,$"$k$,!$J];}$9$Y$-%U%m!<?t$O>/$J$$$b $N$G$9$‘!% 2a Aw =P %U %m!< $K $h$C $F mU mT $, 5/ $3 $k >l 9g!$ %k!< %? $N RED 5! 9= $GGQ 4~$5 $l$k %Q%1%C %HCf!$ $+$J $j$N 3d9g $,$3 $N 2a Aw =P %U %m!< $N $b $N $G $" $k $H 2> Dj $G $- $k!% $7 $? $,$C $F!$GQ4~%Q%1%C%H?t$NB?$$%U%m!<=g$K%j%9%H4IM}$r9T$J $($P!$2aAw=P%U%m!<$N8!=P$K$O$=$l$[$IB?$/$N%U%m!<$N >uBV$rJ];}$9$kI,MW$O$J$$!%$^$?!$%U%m!<%P%k%V$NL\E* $O!$ RED $rKI8n$9$k$3$H$J $N$G!$$?$H$(69BS0h$NHsE, 1~7?%U%m!<$,8!=P$G$-$J$$>l9g$,$"$C$F$b$+$^$o$J$$!% %U%m!<%P%k%V$O!$3F%U%m!<$K$D$$$F#38D$NJQ?t$rJ];} $9$k!% p av g $O$=$N %U%m!<$N J?6Q%Q%1%C %HGQ4~N(!$ f avg $O $= $N %U %m!< $, A4E~ Ce %Q %1%C %H $K @j $a $k 3d 9g!$ t last $O $= $N %U %m!< $, :G 8e $K %Q %1%C %H GQ 4~ $5 $l $? ;~ 4V $G $" $k!% p av g $H f av g $O 2a Aw =P %F %9 %H $K!$ t last $O %P%C %/ %* %U!& %F%9%H$K;HMQ$5$l$k!% 3.2 2aAw=P%F%9%H 2aAw=P%F%9%H$NL\E*$O!$mUmT860x$H$J$C$F$$$k%U%m!< $N8!=P$G$"$k!% RED $,%H %i%U%#%C%/$r@)8f$G$-$F$$$k 4V $O!$ %H %i %U%#%C %/ $N Ii 2Y $K 1~ $8 $F 3N N( E* $K %Q %1%C %H GQ 4~ $r 9T $J $$!$ E, 1~ 7? $N %U %m!< $O %Q %1%C %H B; <: $K H? 1~ $7$FAw=P%l!<%H$r@)8f$9$k!%$3$N>l9g!$J?6Q%-%e!<D9$O max th 0J 2< $K 0];} $5 $l!$ %Q%1%C %H GQ 4~N( $b max p 0J 2< $K0];}$5$l$k!% DL >o!$ %H %i %U%#%C %/ 4D 6- $O 7c $7 $/ JQ F0 $9 $k $N $G!$ %Q %1%C %H GQ 4~ N( $b ;~ 4V $H $H $b $K Bg $- $/ JQ F0 $9 $k $3 $H $K $J $k!%$3$N$h$&$J4D6-$G$O!$mUmT$KE,1~$9$k%U%m!<$O!$%Q %1%C %H GQ 4~ N( $, Dc $$ 4V $K B? $/ $N %Q %1%C %H $r Aw =P $7!$ %Q %1%C%HGQ4~N($,9b$$4V$OAw=PNL$r>/$J$/J]$D!%$7$?$,$C $F!$$h$j$&$^$/E,1~$9$k%U%m!<$OE,1~$,2<<j$J%U%m!<$K Hf$Y $F %Q%1%C %HB; <:N( $rDc $/J] $D$3 $H$, $G$- $k!% RED $O!$ DL >o >u BV $G!$ %Q %1%C %H GQ 4~ N( $r max p 0J 2< $K J] $D $h $& $K @_ 7W $5 $l $F $$ $k!% $7 $? $,$C $F!$ $b $7!$ FC Dj $N %U %m!< $N %Q %1%C %H GQ 4~ N( $, max p $r 1[ $( $F $$ $l $P!$ $3 $N %U%m!<$,$&$^$/E,1~$G$-$F$$$J$$!$$^$?$O!$A4$/E,1~$7 $F$$$J$$2DG=@-$,9b$$!%$=$3$G!$%Q%1%C%HGQ4~N($NogCM p th $r max p $K @_ Dj $7 $F!$ ( p av g > p th ) $G $" $k %U %m!< $r8!=P$9$l$P$h$$!% $7$+$7!$$?$H$(%Q%1%C%HGQ4~N($,9b$/$F$b!$BS0h;HMQ N($NDc$$%U%m!<$O!$B>$N%U%m!<$,0z$-5/$3$7$?mUmT$N5> @7$H$J$C$F%Q%1%C%HGQ4~N($,>e>:$7$F$$$k2DG=@-$,$"$k $? $a!$ =| 30 $9 $k I, MW $, $" $k!% BS 0h ;H MQ N( $N H= Dj $K $* $$ $F $b!$ C1=c $K f av g $r 8G Dj $Nog CM $H Hf3S $7 $F $b $h$$ $N $@ $,!$ %U %m!<%P %k %V $G $O p av g $+ $i $= $l$K BP 1~ $9 $kog CM $r 7W ;; $9 $k 4X ?t $r MQ $$ $k!% $3 $N og CM 4X ?t f th ( p ) $O $" $H $G !V TCP ?F OB @-%F %9 %H!W$r 6a ;w$9 $k 7A$G F3 =P$9 $k!% $3$3 $G $O!$ $H $j $" $( $: og CM 4X ?t f th ( p ) $, B8 :_ $9 $k $H 2> Dj $9 $k$H!$2aAw=P$J%U%m!<$r8!=P$9$k$K$O!$<!$N>r7o$rI>2A

(299) V ol. 16 No. 4 Jul. 1999 7 $9$l$P$h$$!% ( p avg > p th ) AN D ( f av g > f th ( p av g )) (2) 2a Aw =P %F %9 %H $O mU mT 86 0x $H $J$C $F $$ $k %U %m!< $N 8! =P $, <g 4c $G $" $k $a!$ $? $H $( Hs E, 1~ 7? $N %U %m!< $G $b p av g $, p th $r1[ $($J $1$l$P 8!=P $5$l $J$$!%$$$C $]$&!$ E,1~ 7?%U %m!< $G $b!$ p av g $, p th $r 1[ $( $k $3 $H $, 5/ $3 $j F@ $k!% Nc $($P!$%&%#%s%I%&%5%$%:$H%i%&%s%I%H%j%C%W%?%$%‘$,$H $b$KBg$-$$>l9g$O!$$^$H$a$F%Q%1%C%H$rB;<:$7$d$9$$$? $a!$ 2aAw =P $HH= CG $5$l $k >l9g $, $G$F $/ $k!%$^ $?!$ TCP $N5,3J>e$O!$:n0YE*$JB;<:4V3V$rM?$($l$P!$%Q%1%C%HB; <: N( $, 10% $r1[ $( $F $bAw =P %l!< %H$r 0] ;} $9 $k$3 $H $, $G $-$k!% %U%m!<%P %k%V$O!$$"$k 0UL#$G!$ TCP $N5, 3J$,;}$DIT 8xJ?@- $r@’@5$9$kF/ $-$r$9$k!% TCP F1;N $,6%9g$7$?>l 9g $K!$ %i %& %s %I %H %j%C %W %? %$ %‘ $, >. $5 $$ J} $, L@ $i $+ $K M- Mx $G $" $k $3 $H $O NI $/ CN $i $l $F $$ $k!% $D $^ $j!$ @5 5, $N TCP $G $b!$ B>$N %U %m!<$r 2! $7B‘ $1 $F!$BS 0h $r@j M- $9$k $3 $H $, $" $j F@ $k!% $^ $?!$ %;%C %7%g %s $N :G =i $N %9 %m!< %9 %?!<%H $G$O!$ ssthr esh $H8F $P$l $kmUmT 2sHr%U%’!< %:$K 0\9T$9$k$Y$-E@$,$^$@@_Dj$5$l$F$$$J$$$?$a!$$^$H$^$C $?%Q%1%C%HB;<:$r$9$k$3$H$,$"$k!%%U%m!<%P%k%V$O!$$3 $N$h$& $J@55,$N TCP $,5/$3 $7F@$kmUmT$K BP$9$kKI8n$H $7$F$b5!G=$9$k!% 3.3 %P%C%/%*%U!&%F%9%H %P%C%/%*%U!&%F%9%H$O!$2aAw=P$HH=Dj$5$l%V%m%C%/$5 $l$F$$$k%U%m!<$r2rJ|$9$k$?$a$K;H$&!%%P%C%/%*%U!&%F %9%H$O!$:FAw4V3V$,%P%C%/%*%UogCM d th $r1[$($F$$$k$+ $rH=Dj$9$k!%$3$l$O!$%Q%1%C%HE~Ce;~$K!$A02s%Q%1%C%H $, GQ 4~$5 $l $? ;~ 9o t last $H 8=:_ ;~ 9o $rHf 3S $9 $k $3$H $G MF 0W$K<B8=$G$-$k!%Aw?.<T$O!$$9$Y$F$N%Q%1%C%H$,GQ4~$5 $l$k$N$G!$:FAw4V3V$, d th $KC#$9$k$^$G!$:FAw4V3V$rG\ A}$7B3$1$k$3$H$K$J$k!% :FAw 4V3V $,;X?t E*$KA} $($k $3$H$r 4QB,$9 $k$K $O!$ d th $r;X?tJ,I[$9$kMp?t$K@_Dj$9$l$P$h$$!%<B:]$K$O!$?tIC Dx EY $^ $G %P%C %/ %* %U $9 $k $3 $H $, 3N G’ $G $- $l $P == J, $G $" $k!%$h$j4JC1$J<BAu$H$7$F!$8GDj$NogCM$HICN3EY$G4]$a $?;~9o$rHf3S$9$l$P!$4]$a8m:9$N$P$i$D$-$,Mp?t$H$7$F 5!G=$9$k!% 2aAw=P$HH=Dj$5$l$?%U%m!<$O!$%P%C%/%*%U!&%F%9%H$K 9g3J$7$J$$8B$j!$2rJ|$5$l$J$$!%$7$?$,$C$F!$%P%C%/%* %U$7$J$$DL?.$O!$0J9_40A4$K<WCG$5$l$k!%0BA4J[$H$$$& 5!G=$+$i$9$k$H!$mUmT$,2r>C$9$l$P2aAw=P%U%m!<$r2rJ| $7$F$h$$$N$@$,!$$3$N$h$&$J87$7$$H3B’$NF3F~$,%U%m!< @)8f$K4X$9$k0U<1$N?;F)$K8z2LE*$@$H9M$($F$$$k!% 3.4 %Q%1%C%HE~CeogCM4X?t 2a Aw =P %F %9 %H $N $? $a $K ;H $o $l $k og CM 4X ?t $O!$ %Q %1%C %H B; <: N( $+ $i!$ $= $l $K $K 1~ $8 $? BS 0h ;H MQ N( $r 5a $a $k $b $N$G$" $k!%$3$NogCM $O!$ TCP ?FOB@-%F%9 %H$r1~MQ$7!$ RED $N %-%e!< >uBV $K 4X$9 $kCN <1 $r;H$C $F!$%U %m!< $NE, @5BS0h;HMQN($r6a;w$9$k!%$3$N4X?t$NL\E*$O!$$"$/$^$G 2aAw=P$NH=CG$N$?$a$N4JC1$J6a;wCM$rF@$k$3$H$G$"$j!$ TCP $N @5 3N$J %b %G%k 2=$, L\ E*$G $O $J$$!% $= $l$h $j$b!$ >/$J$$%5%s%W%k?t$d!$2aEO>uBV$G$b;HMQ2DG=$J%b%G%k$, I,MW$H$J$k!% TCP $N %9 %k!< %W%C%H $K 4X$7 $F $O!$$$ $/ $D $+$N 2r @O%b %G %k$, B8:_ $9 $k [9] [13] [15] !% $J$+ $G $b!$ Padh y e $i $N %b %G %k [15] $O!$:F Aw%? %$%‘ %"%& %H!$;X ?t%P%C %/ %*%U!$ Bg$- $$%i%&%s%I%H%j%C%W%?%$%‘$r9MN8$7$F$$$k$N$G!$%Q%1%C %H B; <: N( p $, Bg $- $$ >l 9g $K E, $7 $? %b %G %k $G $" $k!% :G Bg %&%#%s%I %&%5%$%:$K@) 8B$5$l$F$$ $J$$>l9g$N!$ TCP $N %9%k!< %W%C%H$r%Q %1%C%H?t $GI=$7$? 4X?t B ( p ) $O0J2< $N <0$G6a;w$5$l$k!% B ( p ) � 1 RT T q 2 bp 3 + T 0 min (1 ; 3 q 3 bp 8 ) p (1 + 32 p 2 ) (3) $3 $3 $G!$ RT T $O%i %& %s %I %H%j%C %W %? %$ %‘!$ T 0 $O :F Aw %?%$%‘%"%&%H$N=i4|CM$G$"$k!%6a ;w$K$O p $,==J,>.$5$$ $3$H$r2>Dj$7$F!$$3$N<0$OF3=P$5$l$F$$$k$,!$<BB,$K$h $k8!>Z$N7k2L!$9-$$HO0O$N p $K$*$$$F<BB,CM$K$h$/E,9g $9$k$3$H$,CN$i$l$F$$$k!% 0lJ}!$ TCP $O:FAw%?%$%‘%"%&%H$N=i4|CM T 0 !J R TO $H$b8F$P$l$k!K$r0J2<$N$h$&$K7W;;$9$k [7] [8] !% R T O = sr tt + 4 � r ttv ar (4) sr tt $O %i %& %s %I %H %j%C %W %? %$ %‘ $N 2C =E J? 6Q CM!$ r ttv ar

8 %3%s%T%e!<%?%=%U%H%&%’%" (300) ?^ 3 R TT $"$?$j$N TCP %9%k!<%W%C%H $O $= $N J? 6Q JP :9 $G $" $k!% <0 4 $+ $i!$ ( T 0 > R T T ) $, 2> Dj$G$- $k!%$5$i$K!$0l HL$N TCP $G:NMQ$5$l $F$$$k#1%Q %1%C%H$*$-$N3NG’1~Ez%]%j%7!<$r2> Dj$7$F!$ b = 2 $H$9 $k$H!$%i%&%s%I%H%j%C%W%?%$%‘$"$?$j$N%9%k!<%W%C%H$r %Q%1%C%H?t$GI=$7$? B rtt ( p ) $O!$<!<0$GM?$($i$l$k!% B r tt ( p ) = B ( p ) � RT T < 1 p 4 p 3 + min (1 ; 3 p 6 p 8 ) p (1 + 32 p 2 ) (5) B r tt ( p ) $O!$ TCP %;%C %7%g %s $, %i%& %s %I %H %j%C %W %? %$ %‘$" $?$j$K Aw=P$G $-$k%Q%1%C %H?t$r I=$9!%<0 3 $,C10L ;~ 4V $"$? $j $N%Q %1%C %H?t $r <($9 $N $KBP $7!$ <0 5 $, R TT ;~ 4V$"$?$j$N%Q%1%C%H?t$G$"$k$3$H$KCm0U$5$l$?$$!%@53N $K $O!$ <0 4 $N r ttv ar $O L5 ;k $7 $F $* $j!$ $^ $?!$ $b $H $N %b %G%k $OAF N3EY %?%$ %^!<$r 9MN8$7 $F$$ $J$$ $N$G!$ B r tt ( p ) $O2a Bg$K I>2A$5 $l$k!% ?^ 3 $K <($7$? B r tt ( p ) $K$h$k $H!$ p $, 10% $N >l 9g!$ TCP $O %i %& %s %I %H %j%C %W %? %$ %‘ Fb $K #2 %Q %1%C %H $7 $+ Aw =P $G $- $J $$ $3 $H $, J, $+ $k!% ?^ Cf $K $O!$ $b $H $N TCP ?F OB @- %F %9 %H $N 8+ @Q $j T ( p ) $b!$ b $, #1$H #2$N >l9g $K$D $$$F %W%m%C%H $7$F $$$k!% T ( p ) $O:FAw %? %$ %‘ %" %& %H $r 9M N8 $7 $F $$ $J $$ $? $a!$ p $, 1% $r 1[ $( $k$H B rtt ( p ) $+$iBg$-$/$:$l$F$7$^$&!%$5$i$K!$?^Cf$N ;M 3Q %^!< %/ $O I= #1 $K <( $7 $? %7 %_%e %l!< %7%g %s 7k 2L $r %W %m%C %H$7 $?$b $N$G!$ <0 5 $, 9-$$ HO0O $N p $KBP $7 TCP $N %9%k!<%W%C%H$r$h$/6a;w$7$F$$$k$3$H$,3NG’$G$-$k!% <! $K!$ RED $N >uBV $K 4X $9 $kCN <1 $r ;H$C $F!$ B r tt ( p ) $r%U%m!<$N@5Ev$JBS0h;HMQN($KJQ49$9$k!%%k!<%?$G4QB, ?^ 4 %Q%1%C%HB;<:N($+$i7W;;$7$? C10l TCP %;%C%7%g%s$NE,@5BS0h@jM-N( $5$l$k%U%m!<$N%Q%1%C%HGQ4~N( p $,Bg$-$$$H$9$k$H!$$3 $N %U %m!< $K $H$C $F!$ $3 $N @h $N %j %s %/ $, %\ %H %k %M%C %/ $K $J$C$F$$$k$3$H$,$o$+$k!%%U%m!<$N%i%&%s%I%H%j%C%W%? %$%‘$O!$$3$N%k!<%?$K$*$1$k%-%e!<$NBT$A;~4V$r4^$‘!% 0lHL$K!$%\%H%k%M%C%/$G$N%-%e!<BT$ACY1d$O!$%(%s%I!& %(%s%I$NCY1d$N$+$J$j$N3d9g$r@j$a$k!%$3$N%k!<%?$G$N J? 6Q %-%e!< D9 $O!$ RED $N av g JQ ?t $G I= $5 $l $F $$ $k $N $G!$ %-%e!< BT $A CY 1d $r!$ av g 8D $N %Q %1%C %H $, Aw =P $5 $l $k;~4V $H6a;w$9$k $3$H$,$G$- $k!%#1$D$N TCP %;%C%7%g %s $O!$ %i %& %s %I %H %j%C %W ;~ 4V Fb $K B r tt ( p ) 8D 0J 2< $N %Q %1%C%H$7$+Aw$l$J$$$N$G!$%-%e!<$NCf$K$O$=$l0J2<$N%Q %1%C%H$7$+B8:_$7$J$$$O$:$G$"$k!%$7$?$,$C$F!$%U%m!< $N@5Ev$JBS0h;HMQN( f $O!$0J2<$N<0$G6a;w$G$-$k!% f < B r tt ( p ) ( av g + � ) (6) $3 $3 $G!$ � $O B> $N CY 1d MW 0x $G!$ Nc $( $P!$ %M%C %H %o!< %/!&%+!<%IFb$N%P%C%U%!$r9MN8$9$k$H!$?t%Q%1%C%HJ,$N CY1d$r2C;;$9$k$3$H$,$G$-$k!%$b$7!$CY1d$NBg$-$$%j%s %/ $r ;H$C $F $$ $k $N $J $i!$ $= $N J, $r 2C ;; $9 $k $3 $H $b $G $- $k!%<B:]$K$O!$$=$l0J30$K$b!$B>$N%k!<%?$K$G$N%-%e!< BT$ACY1d!$%U%)%o!<%F%#%s%0CY1d$d!$I|O)$NmUmT$J$I$b %i%&%s%I%H%j%C%W%?%$%‘$K2C$($i$l$k$3$H$K$J$k!% <0 6 $O!$ 2aAw=P %F%9%H $K;H$& >l9g!$$5 $i$K4J C12=$G $- $k!% 2a Aw=P %F %9 %H $K $*$$ $F!$ f av g $r I> 2A $9 $kI, MW $, $" $k $N $O!$ %Q %1%C %H GQ 4~N( p av g $, $9 $G $K p th $r 1[ $( $F $$ $k >l 9g$G!$ f av g $, @5 Ev $J BS 0h;H MQ N( 0J 2< $N%U %m!< $r =|

(301) V ol. 16 No. 4 Jul. 1999 9 30$9 $k$?$a $K<0 6 $r MQ$$$k $o$1$G $"$k!%$3 $3$G!$$"$k %U %m!<$,@5Ev$JBS0h;HMQN(0J2<$7$+;H$C$F$$$J$$$K$b$+$+ $o $i $:!$ $= $N p av g $, p th $r 1[ $( $F $$ $k $H $9 $k!% p th $O RED $N max p $KEy $7$/@_Dj$5$l $F$$$k$N$G!$ RED $N %Q %1%C %H GQ 4~ N( $, $9 $G $K :G Bg GQ 4~ N( max p $r 1[ $( $F $$ $k $3 $H$K $J $k!% $= $N>l 9g!$ J? 6Q %-%e!< D9 av g $O max th $r1[ $($F$$ $k$3$H $K$J$k!% $7$?$,$C $F!$<0 6 $r 0J2<$N <0 7 $KCV$-49$($k$3$H$,$G$-$k!% f < B r tt ( p ) ( max th + � ) (7) <0 7 $O!$ @5Ev$J;H MQBS0hN( $r!$ p $N4X?t$H$7 $F6a;w$7 $? $b$N $K$J $k!%<0 7 $O!$%k%C%/ %"%C%W!& %F!<%V %k$r;H$C $F 8zN(E*$K<BAu$G$-$k!%$^ $?!$ p $K p th $rBeF~$7$FF@$i$l $k8GDjCM$r;H$&$3$H$b2DG=$G$"$k!% ?^ 4 $O!$ <0 7 $K max th = 15 $H � = 5 $r %Q %i %a!< %? $H $7 $F M? $( $? >l 9g $r <( $7 $F $$ $k!% %Q %1%C %H B; <: N( $,!$ 5% !$ 10% !$ 20% !$ 50% $H A} $( $F $$ $/ $H!$ BP 1~ $9 $k E, @5 BS 0h ;H MQ N( $,!$ 17% !$ 10% !$ 5% !$ 1% $H 8: >/ $9 $k!%?^ 4 $O!$D>4Q E*$K$b M}2r$7 $d$9$$ %Q%1%C%H B;<:N( $H BS0h;HMQN($N4X78$rM?$(!$$^$?!$2aAw=P%F%9%H$KMQ$$$k $KE,$7$?HO0O$K<}$^$C$F$$$k$N$,$o$+$k!% <0 7 $r F3=P$9 $k:]$K MQ$$$? 2>Dj$O!$ 8=>u$N 0lHLE*$J 4D 6-$rA[Dj$7$F$$$k$?$a!$$3$l$i$N>r7o$,>o$K@.N)$9$k$o $1$G$O$J$$!%$=$l$G$b!$7P83B’Ey$K$h$k:,5r$N$J$$8GDj %Q%i%a!<%?$O4^$^$l$G$*$i$:!$3F>r7o$OL@3N$K$J$C$F$$ $k$N$G!$4D6-$,JQ$o$C$F$bMF0W$K>r7o$r8!>Z$9$k$3$H$, $G$-$k!%$^$?!$2aAw=P%F%9%H$K$*$$$F!$E,@5BS0h$N;HMQ $OJd=uE*$JLr3d$J$N$G!$7W;;$KB?>/$N8m:9$,4^$^$l$F$$ $F$b!$$"$^$jLdBj$H$O$J$i$J$$!% $^$?!$$3$3$G$O!$$9$Y$F$N%Q%1%C%H$,F1Ey$N%5!<%S%9 ;~4V$r;}$D!$$9$J$o$A!$%Q%1%C%H%5%$%:$,Ey$7$$$b$N$H $7$F07$C$F$$$k!% $3$l$O!$ RED $N%Q%1%C%H!&%b!<%I$K BP1~$9$k$b$N$G $"$k!% RED $K$O%Q%1%C%H!&%b!<%I0J30 $K!$%P%$%H!&%b!<%I$,$"$C$F!$J?6Q%-%e!<D9$r%P%$%H?t $G7W;;$9$k$3$H$,$G$-$k!%$=$N>l9g!$$3$3$G<($7$?%b%G %k$r%P%$%H!&%b!<%I$KBP1~$9$k$N$O4JC1$G!$$=$&$9$k;v $K $h$C $F!$ %Q %1%C %H %5 %$ %: $r 9M N8 $K F~ $l $k $3 $H $, $G $- $k!% 3.5 %9%1!<%i%S%j%F%# 2aAw=P%U%m!<$,8!=P$5$l$k>r7o$O!$%U%m!<$N%Q%1%C%H GQ4~N($,ogCM$r1[$($F$$$F!$$+$D!$%U%m!<$NBS0h;HMQN( $,E,@5BS0h;HMQN($r1[$($F$$$k>l9g$G$"$k!%$3$N4pK\It J,$N9M$(J}$O!$%U%m!<$N?t$K1F6A$5$l$J$$!%$?$@$7!$B? $/$N%U%m!<$,=8Ls$5$l$k%P%C%/%\!<%s!&%M%C%H%o!<%/$G $O!$C10l%U%m!<$"$?$j$N@j$a$k3d9g$,>.$5$/$J$k$?$a!$ %U%m!<%P%k%V$,BS0h;HMQN($NDc$$HsE,1~7?%U%m!<$r8!=P $G$-$J$$2DG=@-$,A}$($F$/$k!%$7$?$,$C$F!$%P%C%/%\!< %s $G $O!$ 69 BS 0h $N Hs E, 1~ 7? %U %m!< $r 8! =P $9 $k $3 $H $h $j $b!$9-BS0h$NHsE,1~7?%U%m!<$KBP$9$kKI1R<jCJ$H$$$&0U L#9g$$$,6/$/$J$k!% $^$?!$JL$NLdBj$H$7$F!$=8Ls$5$l$?%U%m!<$KBP$7$F!$ %U%m!<%P%k%V$N%"%k%4%j%:%‘$,E,MQ$G$-$k$+$H$$$&LdBj $b$"$k!%%U%m!<%P%k%V$,5;=QE*$KE,MQ2DG=$G$"$k;v$H$O JL$K!$LdBj$N$"$k%U%m!<$,4^$^$l$k$+$i$H$$$&M}M3$G!$ =8Ls%U%m!<A4BN$rH3$7$F$h$$$+$I$&$+$K4X$7$F$O5DO@$N M>CO$,$"$k$,!$$3$3$G$O5;=QE*B&LL$N$_$K?($l$F$*$/!% 2aAw=P%F%9%H$GMxMQ$9$kFC@-$O!$%U%m!<$,=8Ls$5$l$F$b @.$jN)$D$b$N$J$N$G!$E,@Z$J=E$_IU$1$r$9$l$P!$2aAw=P %F%9%H$OE,MQ$G$-$k!%0lJ}!$%P%C%/%*%U%F%9%H$O!$C10l %U%m!<$N%P%C%/%*%U!&%"%k%4%j%:%‘$rA0Ds$K9M$($i$l$F $$$k$?$a!$JQ99$,I,MW$K$J$k!%$3$l$K$O!$MM!9$JJ}K!$, 9M $( $i$l $k $,!$ Nc $( $P!$BS 0h ;H MQ N( f av g $, ogCM 0J 2< $K $J$l$P%U%m!<$r2rJ|$9$k$H$$$&J}K!$,<h$l$k!% 4 <B Au K\>O$G$O!$%U%m!<%P%k%V$N35G0$N<BAuNc$H$7$F!$2f!9 $N%W%m%H%?%$%W<BAu$N>\:Y$r<($9!% 4.1 %U%m!<%j%9%H4IM} $3$l$^ $G!$%U%m!<$O C10l$N TCP %;%C%7%g%s $H$7$FDj 5A$7$F$-$?$,!$$3$NDj5A$r$=$N$^$^<BAu$9$k$H!$J#?t$N TCP %;%C %7%g %s $rJB Ns $K;H$C $? $[$& $, M- Mx$K $J$C $F$7 $^ $&!% $^ $?!$ %Q %1%C %H $, CG JR 2= $5 $l $? $j!$ 0E 9f 2= $5 $l $F$$$k >l9g$O!$C10l TCP %;%C %7%g%s$r<1JL $G$-$J$$>l 9g$b$"$jF@$k!%$=$3$G!$<BAu$G$O%=!<%9$H%G%9%F%#%M!< %7%g%s$N%"%I%l%9$NAH$G%U%m!<$r<1JL$7$F$$$k!% %U%m!<%j%9%H$O!$:G6a%Q%1%C%HB;<:$r7P83$7$?%U%m!< $N%j%9%H$G$"$k!%2aAw=P%U%m!<$N%Q%1%C%HB;<:$N%Q%?!<

10 %3%s%T%e!<%?%=%U%H%&%’%" (302) %s$O6/$$Aj4X$r;}$D$N$G!$$?$+$@$+%U%m!<#1#08DJ,$N%j %9 %H %5%$ %: $G $b!$ 10% 0J>e $N BS 0h$r @j $a $F $$$k 2a Aw =P %U%m!<$r8!=P$G$-$k$HM=A[$G$-$k!%K\<BAu$G$O!$BS0h;H MQ $, f th ( max p ) $r 1[ $( $k2a Aw =P %U %m!<$r 8! =P $7 $J$1 $l $P $J$i $J$$ $N$G!$ 1 =f th ( max p ) 8D DxEY $N%( %s%H %j $,$" $l$P$h$$!%<B:]$K$O!$$f$i$.$r8+9~$s$G$=$N?tG\$N%(%s %H%j$r3d$jIU$1$F$$$k$,!$$=$l$G$b?t==8D$N%*!<%@!<$G $"$k!% %U %m!< %j %9 %H $O 4J C1 $J LRU(Least-Recen tly-Used) CV49%]%j%7!<$r;H$C $F4IM}$5$l$k!% RED $,%Q%1%C%H$r GQ4~$9$k$H!$%U%m!<%j%9%H$NCf$+$iBP1~$9$k%U%m!<$N%( %s %H %j $r C5 $9!% BP 1~ $9 $k %( %s %H %j $, 8+ $D $+ $i $J $$ >l 9g $O!$%j%9%H$N:G8eHx$N%(%s%H%j$H8r49$9$k!%%U%m!<$N%( %s%H%j$O!$99?7$r<u$1$?8e!$%j%9%H$N@hF,$KCV$+$l$k!% 3F%U%m!<%(%s%H%j$O!$0lDj4|4V!J%W%m%H%?%$%W$G$O#3IC 4V!K%Q%1%C%HGQ4~$,$J$1$l$P2rJ|$5$l$k!% 4.2 %U %m!< JQ ?t %U %m!< JQ ?t p av g $H f av g $O 2C =E J? 6Q K! (Exp onentially-w eigh ted mo ving av erage) $G 8z N( NI $/ <B Au $G $-$k!% %Q %1%C %H GQ 4~ N( p av g $O!$%Q %1%C %H $, E~ Ce$9$kEY$K!$<!<0$r;H$C$F99?7$9$k!% p av g = w � x + (1 � w ) � p av g (8) $3 $3 $G!$ w $O 2C =E J? 6Q $N =E $_ $G $" $j!$ x $O %Q %1%C %H $, GQ4~$5$l$?>l9g$K 1 $r!$$=$l0J30$G 0 $r$H$k!% BS 0h;H MQ N( f av g $O n %Q%1%C %HE~ Ce Kh$K!$ <! <0$r ;H$C $F99?7$5$l$k!% f av g = w 0 � n seq � l ast + (1 � w 0 ) � f av g (9) seq $O%Q%1%C %H$,%$ %s%?!<%U%’%$ %9$KE~Ce $9$kEY $K%+%& %s %H%"%C %W $5$l $k %7!< %1%s %9 HV9f $G!$ l ast $OA0 2s f avg $,99?7$5$l$?;~$N seq $NCM$G$"$k!% $3 $3 $G $N 2C =E J? 6Q K! $N $h $& $K <B Au 8z N( $N $h $$ <j CJ $K $O!$JP$j$,$G$k$N$GCm0U$,I,MW$G$"$k!%$3$N>l9g!$%H%i %U%#%C%/$NA}2C$r8!=P$7$d$9$$J}8~$KJP$C$F$$$k!%$D$^ $j!$J?6QCM$O%Q%1%C%HE~CeKh$K99?7$5$l$k$N$G!$E~Ce4V 3V $, C; $$ $[ $I J? 6Q CM $, B. $/ 0\ F0 $9 $k $3 $H $K $J $k!% w $, 1 = 128 $N >l 9g!$ p av g $, 0% $+ $i 10% $K $J $k $N $K!$ $9 void fv_enqueue(pkt) { if (flowlist != NULL && check_flow(pkt) == DROP) return; if (red_enqueue(pkt) == DROP) drop_by_red(pkt); } ?^ 5 enqueue 4X?t /* flow-valve entry structure */ struct fve { int state; /* GREEN or RED */ double p; /* drop rate */ double f; /* fraction of bw */ int count; /* used to update f */ int seq; /* if_seq of last drop */ double timestamp; /* time of last drop */ }; int if_seq; /* seq no of arrival packets */ const double P_THRESH = red_max_p; const int BACKOFF_THRESH = 1; const int N = 10; const double Wp = 1.0 / 128.0; const double Wf = 1.0 / 32.0; ?^ 6 9=B$BN$HDj?t $Y $F $N %Q %1%C %H $, GQ 4~ $5 $l $? >l 9g #1 #4 %Q %1%C %H!$ 20% $N%Q%1%C%H$,GQ4~$5$l$?>l9g#8#8%Q%1%C%H$rMW$9$k7W;; $K$J$k!% 4.3 %"%k%4%j%:%‘ ?^ 5 $+ $i ?^ 8 $K %U %m!< %P%k %V $N %"%k %4 %j %:%‘ $r <( $9!% 4JC1$N$?$a$KG\@:EYIbF0>.?tE@1i;;$rMQ$$$F$$$k$,!$$3 $l$i$O4JC1$K8GDj>.?tE@1i;;$KJQ49$G$-8zN(NI$/<BAu$G $-$k!% %U %m!<%P %k %V$O!$ ?^ 5 $K <( $9$h $&$K!$ RED $N %-%e!< 3J G< 4X ?t $N Jq 4^ 4X ?t $H $7 $F <B Au $G $- $k $N $G!$ 4{ B8 $N RED <B Au $K4J C1$K DI2C $G$- $k!%%Q %1%C %HE~ Ce;~ $K!$$b $7 %U %m!< %j %9 %H $, 6u $G $J $1 $l $P!$ che ck ow() 4X ?t $, 8F$P$l%Q%1%C%H$,8!::$5$l$k!%$3$3$G!$$=$N%Q%1%C%H$, B0 $9 $k %U %m!< $, 2a Aw =P $H H= CG $5 $l $l $P!$ %Q %1%C %H $O $3 $N;~E@$GGQ4~$5 $l$k!% RED $,%Q%1%C%H$rGQ4~$9$k$H!$ dr op by r e d() 4X ?t$, 8F $P $l!$ %U%m!< %P %k %V!& %(%s %H %j

(303) V ol. 16 No. 4 Jul. 1999 11 void drop_by_red(pkt) { struct fve *fve; if ((fve = flowlist_lookup(pkt)) == NULL) fve = flowlist_reclaim(pkt); flowlist_move_to_head(fve); /* update p: the following line cancels the * update in check_flow() and calculate * p = Wp + (1-Wp) * p */ fve->p = Wp + fve->p; fve->timestamp = now; } ?^ 7 dr op by re d 4X?t $,3d$jEv$F$i$l$k!%$9$G$K%(%s%H%j$,B8:_$9$k>l9g$OC1 $K99?7$5$l$k!% ?^ 6 $O %U%m!<%P %k%V!&%( %s%H%j 9=B$BN $H4XO" $9$kDj ?t $r<($7$F$$$k!%%U%m!<$N>uBV$O%0%j!<%s$+%l%C%I$GI=$5 $l!$%l%C%I$O2aAw=P>uBV$r<($9!% RED $,%Q%1%C %H$r GQ 4~$9 $k $H!$?^ 7 $N dr op by r e d() 4X?t$,8F$P$l$k!%$^$:!$%U%m!<%j%9%HFb$K$9$G$KBP1~$9 $k%( %s%H%j$, B8:_$9$k $+D4$Y!$$J $$>l9g$O LRU J} <0$G %(%s%H%j$rCV493d$jEv$F$9$k!%$=$N8e!$%(%s%H%j$O%j%9 %H$N@hF,$KCV$+$l$k!%B3$/%V%m%C%/$GJ?6Q%Q%1%C%HB;<: N($H%?%$%‘%9%?%s%W$r99?7$9$k!% ?^ 8 $N che ck ow() 4X ?t $O %Q %1%C %H E~ Ce ;~ $K 8F $S =P $5$l$k!%$^$:!$%$%s%?!<%U%’%$%9$N%Q%1%C%H%7!<%1%s%9 HV9f$,A}$d$5$l!$<!$K!$%U%m!<%j%9%H>e$NBP1~%(%s%H%j $r C5 $9!% BP 1~ $9 $k %( %s %H %j $, B8 :_ $7 $J $$ >l 9g $O!$ OK $, JV $j DL >o $N RED $N =h M} $K ?J $‘!% <! $N %V %m%C %/ $G!$ %U %m!< $N J? 6Q BS0h ;H MQ N( $r!$ N %Q %1%C %H $4 $H $K99 ?7 $9 $k!%$5 $i$K<! $N%V%m%C %/$G!$<0 2 $G<($7 $?2aAw =P%F%9 %H $r <B 9T $9 $k!% %U %m!< >u BV $, %0 %j!<%s $G!$ $+ $D!$ p av g $, p th $r 1[ $( $k $H!$ f avg $, %A%’%C %/ $5 $l $k!% BS 0h ;H MQ N( og CM4X ?t p2f() $O!$ <0 7 $r <B8= $9 $k4X ?t $G!$%k%C %/%"%C %W!& %F!< %V %k $K $h $j 8z N( E* $K <B Au $G $- $k!% $= $N <! $N %V %m%C%/$O%U%m!<$N%V%m%C%/F0:n$N<B9T$H!$%P%C%/%*%U!& %F%9%H$r9T$J$&!%%U%m!<>uBV$,%l%C%I$J$i$PE~Ce%Q%1%C %H$OGQ4~$5$l$k!%$7$+$7!$%Q%1%C%HE~Ce4V3V$,%P%C%/%* %UogCM d th $r1[$($k$H%U%m!<%(%s%H%j$O2rJ|$5$l$k!% int check_flow(pkt) { struct fve *fve; if_seq++; if ((fve = flowlist_lookup(pkt)) == NULL) /* no matching entry in the flowlist */ return OK; /* update f for every N packets */ if (++fve->count == N) { fve->f = Wf * N/(if_seq - fve->seq) + (1.0 - Wf) * fve->f; fve->seq = if_seq; fve->count = 0; } if (fve->state == GREEN && fve->p > P_THRESH) { /* calculate threshold by lookup table */ if (fve->f > p2f(fve->p)) fve->state = RED; } if (fve->state == RED) { if ((int)now - (int)fve->timestamp > BACKOFF_THRESH) { /* no drop for BACKOFF_THRESH sec */ fve->p = 0; fve->state = GREEN; } else { /* block this flow */ fve->timestamp = now; flowlist_move_to_head(fve); drop(pkt); return DROP; } } p = (1 - Wp) * p; /* update p */ return OK; } ?^ 8 che ck ow 4X?t 5 %7%_%e%l!<%7%g%s7k2L %U %m!< %P %k %V $N F0 :n $r!$ ns %7 %_%e %l!< %? (ver !% 2.1b3) $r ;H$C $F 8! >Z $7 $?!% ?^ 9 $K <( $9 $h $& $J %H %] %m %8 $G!$ #2 <o N‘ $N %F %9 %H $r 9T $J$C $?!% S1 $H S2 $O Aw ?. %[ %9 %H!$ S3 $H S4 $, <u ?. %[ %9 %H!$ R1 $H R2 $, %k!< %? $G $" $k!% R1 $, %\ %H %k %M%C %/ %j %s %/ $N F~ 8} $H $J $k $? $a!$ R1 $G RED $H%U%m!< %P%k%V$rF0:n $5$;$F$$$k!% RED $N @_

12 %3%s%T%e!<%?%=%U%H%&%’%" (304) ?^ 9 %7%_%e%l!<%7%g%s!&%M%C%H%o!<%/$N9=@. Dj CM $K$O!$ ( min th = 5 !$ max th = 10 !$ max p = 0 : 1) $r MQ $$ $?!% %U %m!< %P %k %V $N @_ Dj CM $K $O!$ ( p th = 0 : 1 !$ w = 1 = 128 !$ w 0 = 1 = 32 !$ n = 10 !$ d th = 1) $rMQ$$$?!% TCP $O Reno %P!<%8%g%s$r;H$C$F$$$k!% ?^ 10 $+ $i ?^ 12 $r $H $* $7 $F!$ %0 %i %U (a) $O R1 $G 4Q B, $5 $l $? %Q %1%C %H $N %7!< %1 %s %9 HV 9f $r <( $7 $F $* $j!$ %Q %1%C %H $N Aw ?. %Q %?!< %s $H %Q %1%C %H GQ 4~ $N 4X 78 $r I= $7 $F $$ $k!% %U %m!< i $N %7!< %1 %s %9 HV 9f n $O!$ (( n mod 90) = 100 + i ) $N0L CV $K %W %m%C %H $5 $l!$ #9 #0 %Q %1%C %H $4 $H $K 2s $j 9~ $‘ $? $a!$ 3F %U %m!< $, 9T $K BP 1~ $9 $k $h$&$K$J$C$F$$$k!%%Q%1%C%H$O!$%-%e!<$+$iH4$-=P$5$l $?;~ E@$G 3%?’ $K!$$^ $?!$GQ 4~$5 $l$? >l9g $O9u $N ’X’ $G <( $5 $l $F $$ $k!% %0 %i %U (b) $O!$ 3F %U %m!< $N ;H MQ BS 0h $r!$ ?^ 10 $H ?^ 11 $G $O 250 %_ %j IC 4V 3V $G!$ ?^ 12 $G $O 500 %_ %jIC4V3V$G!$M-8zBS0h$K@55,2=$7$F%W%m%C%H$7$F$$$k!% %0 %i %U (c) $O!$ R1 $K $* $1$k RED $N J? 6Q %-%e!< D9 $H!$ =V 4V E* $J %-%e!< D9 $r %W %m%C %H $7 $F $$ $k!% RED $O!$ J? 6Q %-%e!<D9 $, 5 $+ $i 15 $N4V $K $" $k>l 9g $K!$Aa 4| %Q%1%C %H GQ4~ $r <B 9T$9 $k $3$H $K $J$k!% %-%e!< D9 $N8B EY $O 25 $G $" $k!%%0 %i%U (d) $H %0%i %U (e) $O!$ R1 $, ?dB, $7$? 3F%U %m!< $N J? 6Q %Q %1%C %H GQ 4~ N( p av g $H!$ J? 6Q BS 0h ;H MQ N( f av g $r$=$l$>$l<($7$F $$$k!%%Q%1%C%HGQ4~N( $NogCM p th $O 0.1 $J $N $G!$ p av g $, 0.1 $r 1[ $( $k $H 2a Aw =P $N BP >] $H $J$k!% %0%i%U (d) $H%0 %i%U (e) $N3F%U %m!<$NCM$, %j%;%C %H$5$l$F$$$kE@$G$O!$#3IC0J>e%Q%1%C%HGQ4~$,$J$+$C$? $?$a$K!$%U%m!<%P%k%V!&%(%s%H%j$,2rJ|$5$l$F$$$k!% $J $*!$ 2.3 @a $N I= 1 $H ?^ 2 $K $b $A $$ $? %7 %_%e %l!< %7%g %s $G $O!$ S1 $+ $i S3 $K 8~ $+$C $F!$ 20 %; %0 %a %s %H J, $N %&%# %s %I %& %5 %$ %: $G FTP %? %$ %W $N %G!< %? E> Aw $r 9T $J $$!$ R1 $K$*$$$F;XDj3NN($G%Q%1%C%HGQ4~$r9T$J$C$?!% 5.1 %F %9 %H #1 %F %9 %H #1 $O!$ %U %m!< %P %k %V $, mU mT ;~ $K Hs E, 1~ 7? $N %U %m!<$r8!=P$9$k5sF0$H!$9-BS0h$r@j$a$k%U%m!<$r?WB.$K @)8B$9$k5sF0$r<($9#2#5IC4V$N%7!<%1%s%9$G$"$k!%#28D $N FTP $H #2 8D $N8G Dj %l!< %H (CBR) $+ $i $J $k#4 8D $N %U %m!<$,;H$o$l$F$$$k!% %U%m!<#1 ftp from S1 to S3 (winsize:20) %U%m!<#2 ftp from S2 to S3 (winsize:5) %U%m!<#3 CBR from S2 to S4 (800Kbps,1000B/pkt) %U%m!<#4 CBR from S1 to S4 (1.6Mbps,1000B/pkt) %F%9%H#1$N3+;O;~$K$O!$%U%m!<#1$H%U%m!<#2$,BS0h$r6& M- $7 $F $$ $k!% %U %m!< #2 $N ;H MQ BS 0h $O!$ $= $N >. $5 $$ %& %$ %s%I%&%5%$%: $K@)8B$5$l$F$$$k!%;~9o #8$K!$ CBR $G$" $k%U%m!< #3$,3+;O$7!$ B>$N#28D$N TCP $O E>Aw%l!<%H$r 8:>/$5$;$k!% ;~9o#1#5$K!$$b$&$R$H$D $N CBR %U%m!<#4 $, 300 %_ %j IC 4V $@ $1 5/ F0 $5 $l!$ %H %i %U%#%C %/ $N 5^ A} $r %(%_%e%l!<%H$9$k!%;~9o#2#0$K!$%U%m!<#4$O:FEY5/F0$5 $l!$:G8e$^$GE>Aw$rB3$1$k!% ?^ 10 $O!$ => Mh $N RED $, %F %9 %H #1 $G $I $N $h $& $K ?6 Iq $&$+$r<($7$F$$$k!%%U%m!<#4$,#2EYL\$K5/F0$5$l$?8e$G $O!$ J? 6Q%-%e!< D9 $, max th $r 1[$( $F!$ E~ Ce %Q%1%C %H GQ 4~ $N 5s F0 $K La$C $F $$ $k $3 $H $, $o $+ $k!% J? 6Q %-%e!< D9 $O max th $N A0 8e $G ?6 F0 $9 $k $? $a!$ =V 4V E* $J %-%e!< D9 $, Bg $-$/?6 F0$9$k7k2L$H $J$k!% TCP $O6&$KE> Aw%l!<%H$r$[ $H$s$I#0$K $^$G9J$C$F$7$^$$!$ CBR %U%m!<$,Mx MQ2DG= BS0h$r@jM-$9$k7k2L$H$J$k!% ?^ 11 $O %F %9 %H #1 $K $* $1 $k %U %m!< %P %k %V $N 8z 2L $r <( $9!% %U %m!< #3 $, 3+ ;O $9 $k $H F1 ;~ $K!$ %U %m!< #3 $N J? 6Q %Q %1%C%HB; <:N($,5^A}$9 $k$,!$B>$N TCP $,E> AwNL$r9J$k $K$7$?$,$C$F!$J?6Q%Q%1%C%HB;<:N($b2<$,$C$F$/$k!%$3 $N;~E@$G$O!$%U%m!<#3$N%Q%1%C%HB;<:N($, p th $KC#$7$J $$$?$a!$%U%m!<#3$O 2aAw=P$H$OH=CG$5$l$J$$!% RED $N J? 6Q %-%e!< D9 $O!$ min th $H max th $N 4V $K 0] ;} $5 $l!$ TCP $N %Q %1%C %H B; <: N( $b 2% $+ $i 3% Dx EY $K J] $? $l $k!%%U%m!<#4$,5/F0$5$l%H%i%U%#%C%/$,5^A}$9$k$H!$%U %m!<#3$N%Q%1%C%HB;<:N($, p th $r1[$(!$2aAw=P$HH=CG$5 $l $? %U %m!< #3 $O $3 $N ;~ E@ $G %V %m%C %/ $5 $l $k!% $3 $N F0 :n $O!$%U%m!<%P%k%V$K$*$1$kHsE,1~7?%U%m!<$NE57?E*$J5s F0$G$"$k!%$9$J$o$A!$%H%i%U%#%C%/$,A}2C$9$k:]$K!$Hs E,1~7?%U%m!<$,8!=P$5$l$k!%%U%m!<#3$O!$%V%m%C%/$5$l $F$bE>Aw%l!<%H$r0];}$9$k$N$G!$FsEY$H2rJ|$5$l$J$$!%

(305) V ol. 16 No. 4 Jul. 1999 13 (a) 3F%U%m!<$N%7!<%1%s%9HV9f (b) 3F%U%m!<$NBS0h;HMQ (c) %-%e!<D9 ?^ 10 %F%9%H#1!’=>Mh$N RED $N>l9g %U%m!<#3 $,%V%m%C%/$5 $l$F$7$^$& $H!$ TCP $,:F$SA4BS 0h$rMxMQ$G$-$k$h$&$K$J$k!% TCP $O!$ %H %i %U%#%C%/ $, 5^ A}$7 $? 4V $K$b!$ $[ $H $s$I J? 6Q%Q %1%C%H GQ4~ N($, A}2C $7 $F$$ $J$$!% $3$l $O!$ RED $,;~@^%Q%1%C%H$rGQ4~$7$F$$$k$?$a$K!$mUmT%&%#%s%I%& $,$9$G$K>.$5$/J]$?$l$F$$$k$3$H$H!$%-%e!<D9$N5^A}$K $h$C $F!$ TCP $N %; %k %U %/ %m%C %- %s %0 [7] $N <~ 4| $, 1d $S $k$3$H$K$J$k$N$G!$$=$N7k2L!$%Q%1%C%H$rB;<:$9$kA0$K $9$G$K TCP $O%9%m!<%@%&%s$G$-$k$+$i$G$"$k!% ;~9o#2#0$K%U%m!<#4$,:F5/F0$5$l$k$H!$%U%m!<#4$b$9 $0$K2aAw=P$HH=CG$5$l%V%m%C%/$5$l$k!%$3$l$O!$%U%m!< %P%k%V$,9-BS0hHsE,1~7?%U%m!<$K?WB.$KBP1~$r$9$kF0:n $r<( $9!%%0 %i%U (c) $,<( $9$h $&$K!$ RED $N J?6Q%-%e!< D9 $O!$ $? $H $( %H %i %U%#%C %/ $N 5^ A} $, $"$C $F $b!$ max th 0J2<$K0];}$5$l$F$$$k!% 5.2 %F %9 %H #2 %F%9%H #2$O!$#48D$N TCP %U %m!<$N43>D$r $7$a$9#5#0 IC4V$N%7!<%1%s%9$G$"$k!%%U%m!<#1$H%U%m!<#2$O!$%F%9 %H#1$HF1MM$G!$%U%m!<#3$H%U%m!<#4$O!$Bg$-$J%&%#%s%I %&%5%$%:$r;}$D4V7g%U%m!<$H$J$C$F$$$k!% %U%m!<#1 ftp from S1 to S3 winsize:20 %U%m!<#2 ftp from S2 to S3 winsize:5 %U%m!<#3 ftp from S1 to S4 winsize:40 o� p erio d:38{43 %U%m!<#4 ftp from S2 to S4 winsize:40 o� p erio d:28{32,37{43 %U%m!<#3$O!$;~9o#7$K5/F0$5$l$?D>8e!$:G=i$N%9%m!<%9 %?!< %H $G $^ $H $a $F %Q %1%C %H $r B; <: $9 $k!% %U %m!< #3 $O!$ %Q %1%C %H B; <: N( $, p th $r 1[ $( $F!$ 2a Aw =P $H H= CG $5 $l $k $,!$ %P%C %/ %* %U$N 8e 2r J| $5 $l $k!% $= $N 8e$O!$ ssthr esh $,@_Dj$5$l$k$?$a!$%U%m!<#3$,:F$S2aAw=P$HH=CG$5$l$k $3$H$O$J$$!% ?^ 13 $O!$ %U %m!< #3 $N 5/ F0 ;~ $N F0 :n $r <( $7 $F $$ $k!% RED $N =V 4V%-%e!< D9$, 8B EY$K C#$7 $F!$%U %m!< #3$, O"B3 E*$K%Q%1%C%H$rB;<:!$2aAw=P$HH=CG$5$l%V%m%C%/$5$l$? 8e!$;X?t%P%C%/%*%U$r$9$kMM;R$,$o$+$k!%#4EYL\$N:FAw $G!$:FAw4V3V$, d th $KC#$7$F!$%U%m!<#3$,2rJ|$5$l$F$$ $k!% %U%m!<#4$O!$;~9o#1#2$K5/F0$5$l!$%U%m!<#3$HF1MM$K %Q%1%C%HB;<:$r7P83$9$k$,!$$3$N>l9g$O!$J?6Q%Q%1%C%H

14 %3%s%T%e!<%?%=%U%H%&%’%" (306) (a) 3F%U%m!<$N%7!<%1%s%9HV9f (b) 3F%U%m!<$NBS0h;HMQ (c) %-%e!<D9 (d) J?6Q%Q%1%C%HGQ4~N( (e) J?6QBS0h;HMQN( ?^ 11 %F%9%H#1!’%U%m!<%P%k%V$rE,MQ$7$?>l9g B;<:N($, p th $KC#$7$J$$$N$G!$2aAw=P$HH=CG$5$l$k$K$O ;j$i$J$$!%?^ 14 $O!$%U%m!<#4$N5/F0;~$N5sF0$r<($9!% ?^ 13 $H ?^ 14 $N 0c $$ $O!$ %P%C %/ %* %U!& %F %9 %H $N TCP $X $N 1F 6A $r <( $7 $F $$ $k!% ?^ 13 $O!$ %P%C %/ %* %U!& %F %9 %H $K $h$C $F 6/ @) E* $K TCP $r :F Aw $5 $; $? >l 9g $N 5s F0!$ ?^ 14 $O!$DL>o$N:FAw%?%$%‘%"%&%H$K$h$k TCP $N:FAw$N5s F0$G$"$k!%$9$G$K%Q%1%C%HB;<:N($,$3$N%l%Y%k$KC#$7$F $$$k$H!$%U%m!<%P%k%V$,6/@)E*$K%?%$%‘%"%&%H$5$;$J$/ $F$b!$ TCP $,F1 DxEY$N:FAw%? %$%‘%"%&%H $r7P83$9$k3N N($O==J,9b$$!%%i%&%s%I%H%j%C%W%?%$%‘$H%Q%1%C%HB;<: $N %? %$ %_ %s %0 $K $h$C $F $O!$ <+ A3 H/ @8 $9 $k :F Aw %? %$ %‘ %" %&%H$K $h$k TCP $NHo32$,!$ %P%C%/%*%U!&%F %9%H$K$h$k Ho 32 $h $j Bg $- $/ $J $k 2D G= @- $b == J, $" $k!% $^ $?!$ 0l HL $N TCP $N <B Au$G $O!$ :G>. :FAw %? %$%‘ %" %&%H CM $,$b$C $HBg $-$$$N$G!$5sF0$N0c$$$O$5$i$K>.$5$/$J$k!%$3$3$G=EMW $J$N$O!$6/@)E*$K%P%C%/%*%U$5$;$k$3$H$G!$$=$N%k!<%? $GH/@8$7$F$$$kmUmT$r5^B.$K2r>C$G$-$kE@$G$"$k!%%F%9 %H#2$N%H%i%U%#%C%/!&%Q%?!<%s$O!$JQF0$,Bg$-$$$K$b4X $o$i$:!$J?6Q%-%e!<D9$b3F%U%m!<$NJ?6Q%Q%1%C%HB;<:N( $b!$A0=R$N:G=i$N%9%m!<%9%?!<%H;~$r=|$$$F!$E,@5HO0O $K0];}$5$l$F$$$k!% $3$l$O!$ RED $,E,@5HO0O$GF0:n$7 $F$$$l $P!$3F TCP %U%m!<$NJ? 6Q%Q%1%C%HB; <:N($OE,@5 HO0O$K$"$j!$%U%m!<%P%k%V$,:nF0$7$J$$$3$H$r<($7$F$$ $k!%

(307) V ol. 16 No. 4 Jul. 1999 15 (a) 3F%U%m!<$N%7!<%1%s%9HV9f (b) 3F%U%m!<$NBS0h;HMQ (c) %-%e!<D9 (d) J?6Q%Q%1%C%HGQ4~N( (e) J?6QBS0h;HMQN( ?^ 12 %F%9%H#2!’%U%m!<%P%k%V2<$G$N TCP $N5sF0 6 $^ $H $a %$%s%?!<%M%C%H>e$K!$2;@<$d%S%G%*!$%^%k%A%-%c%9%H $H$$$C$??7$7$$7ABV$NDL?.$,A}$($F$/$kCf!$%(%s%I!&%( %s%I$N%U%m!<@)8f$O%$%s%?!<%M%C%H$N7rA4$JH/E8$N80$H $J$k!%$7$+$7$J$,$i!$8=>u$N%$%s%?!<%M%C%H$K$O!$%(%s %I!& %( %s %I $N %U %m!< @) 8f $r B% ?J $9 $k $h $& $J ;E AH $_ $, $J $$!% K\9F$G$O!$%U%m!<%P %k%V$H8F$V RED $N0BA4J[5!9=$r Ds0F$7!$>.?t$N%U%m!<>pJs$r4IM}$9$k$3$H$K$h$C$FmUmT ;~$K%k!<%?;q8;$rKI8n$G$-$k$3$H$r<($7$?!%%U%m!<%P%k %V$O!$%k!<%?$N6I=jE*H=CG$G2aAw=P%U%m!<$r8!=P$7!$6/ @) E* $K 2a Aw =P %U %m!< $r <W CG $9 $k!% %U %m!< %P %k %V $K $h$C $F!$ RED %Z%J%k%F%#%\%C%/%9 $N35G0$,!$4JC1$J;EAH$_ $G<BAu$G$-$k!% %U%m!<%P%k%V$O!$%Q%1%C%HB;<:N($,9b$/!$$J$*$+$D!$ BS0h;HMQN($,9b$$%U%m!<$r8!=P$9$k$H!$6/@)E*$K%U%m!< $r %P%C %/ %* %U $5 $; $k $H $$ $& 4J C1 $J 5! 9= $G $" $k!% $3 $l $K $h$C$F!$CfDxEY0J2<$NmUmT2<$G%Q%1%C%HGQ4~N($rDc$/0] ;}$7!$=EEY$NmUmT2<$G?5=E$K%P%C%/%*%U$9$k$H$$$&%(%s %I!&%(%s%I$N%U%m!<@)8f$rB%?J$9$k$3$H$,$G$-$k!% %7%_%e%l!<%7%g%s$N7k2L!$%U%m!<%P%k%V$K$h$C$F!$$? $H$(ITEv$J%U%m!<$, B8:_$7$F$b!$ RED $,@)8fHO0OFb$K $H$I$^$jM-8z$K5!G=$9$k$3$H$,3NG’$5$l$?!%$5$i$K!$@5

16 %3%s%T%e!<%?%=%U%H%&%’%" (308) ?^ 13 %U%m!<%P%k%V$K$h$k%P%C%/%*%U ?^ 14 DL>o$N%?%$%‘%"%&%H$K$h$k%P%C%/%*%U 5,$N TCP $,5/ $3$7F@$kmUmT $KBP$7$F$b!$ M-8z$JKI8n<j CJ$H$J$k$3$H$,3NG’$5$l$?!% $^ $?!$ <B :] $K!$ %U %m!< %P %k %V $r!$ AL TQ [1] $K $h $k RED <B Au $N 3H D% $H $7 $F F reeBSD $K <B Au $7F0 :n $r 8! >Z $7 $?!% %U %m!< %P %k %V $N <B Au <+ BN $O!$ C 8@ 8l $G Ls 500 9T $G$"$k!%K\9F$G$O%7%_%e%l!<%7%g%s$K$h$kI>2A$rMQ$$$? $,!$$3$l$O<BAu$KHf3S$7$F!$%-%e!<$NFbIt>uBV$N>\:Y$, F@$i$l!$$^$?!$:F8=@-$N$"$k%G!<%?$,<hF@$G$-$k$?$a$G $" $k!% 8= :_!$%U %m!< %P %k %V $N<B Au $O!$ AL TQ $N %j %j!< %9$K4^$^$l8x3+$5$l$F$$$k$N$G!$1?MQ%M%C%H%o!<%/$G$N <B>Z<B83$,$9$0$K2DG=$G$"$k!%:#8e!$<B:]$N%M%C%H%o!< %/$G1?MQ$5$l!$%(%s%I!&%(%s%I$N%U%m!<@)8f$NB%?J$K9W 8%$G$-$k$3$H$r4|BT$7$F$$$k!% ;2 9M J8 8% [ 1 ] Kenjiro Cho. A F ramew ork for Alternate Queue- ing: T o w ards T ra�c Management by PC-UNIX Based Routers. In Pro ceedings of USENIX 1998 Annual T e chnic al Confer enc e , New Orleans, LA, June 1998. [ 2 ] S. Floyd and V. Jacobson. On T ra�c Phase E�ects in Pac k et-Switc hed Gatewa ys. Internet- working: R ese ar ch and Exp erienc e , 3(3):115{156, September 1992. [ 3 ] S. Floyd and V. Jacobson. Random Early Detection Gatewa ys for Congestion Avoidance. IEEE/ACM T r ansaction on Networking , 1(4):397{ 413, August 1993. [ 4 ] S. Floyd and K. F all. Promoting the Use of End-to-End Congestion Control in the Internet. IEEE/ACM T r ansaction on Networking , 7(4):458{ 472, August 1999. [ 5 ] S. Floyd, K. F all and K. Tieu. Estimating Arriv al Rates from the RED Pac k et Drop History . Dr aft pa- p er , April 1998. [ 6 ] S. Floyd. Connections with Multiple Con- gested Gatewa ys in Pac k et-Switc hed Netw orks Part 1: One-wa y T ra�c. Computer Communic ation R e- view , 21(5):30{47, Octob er 1991. [ 7 ] V. Jacobson. Congestion Avoidance and Con- trol. Computer Communic ation Review , 18(4)314{ 329, August 1988. [ 8 ] V. Jacobson. Berkeley TCP Evolution from 4.3- T ahoe to 4.3-Reno. In Pro ceeding of the Eighte enth Internet Engine ering T ask F or c e , p.365, September 1990. [ 9 ] A. Kumar. Comparative Performance Analy- sis of V ersions of TCP in Lo cal Netw ork with a Lossy Link. IEEE/ACM T r ansactions on Network- ing , 6(4), August 1998. [ 10 ] D. Lin and R. Morris. Dynamics of Random Early Detection. In Pro ceedings of SIGCOMM97 , 127{137, Cannes, F rance, September 1997. [ 11 ] T. V. Lakshman and U. Madhow. The Per- formance of Netw orks with High Bandwidth-delay Pro ducts and Random Loss. IEEE/ACM T r ansac- tions on Networking , June 1997. [ 12 ] S. McCanne and S. Floyd. NS (Netw ork Simu- lator). http://www-nrg.ee.lbl.go v/ns/, 1995. [ 13 ] M. Mathis, J. Semke, J. Mahdavi and T. Ott. The Macroscopic Behavior of the TCP Congestion Avoidance Algorithm. Computer Communic ation R eview , 27(3):67{82, July 1997. [ 14 ] J. Nagle. On pack et switches with in�nite stor- age. IEEE T r ans. on Comm. , 35(4), April 1987. [ 15 ] J. Padh y e, V. Firoiu, D. T o wsley and J. Kurose. Mo deling TCP Throughput: A Simple Mo del and its Empirical V alidation. In Pro ceedings of SIG- COMM98 , 303{314, V ancouv er, Canada, Septem- b er 1998. [ 16 ] D. Sisalem, H. Sch ulzrinne, The Loss-Delay Ad- justment Algorithm: A TCP-friendly Adaptation Scheme. In Pro ceedings of NOSSDA V98 , Cam- bridge, UK, July 1998.