MACC97 ;qNA 1997 G/ 12 7n 18 F| ;T>l%b%G%k$K$h$k QoS @)8f$N<BAu;~$K$*$1$kLdBjE@ 5~ETBg3XBg3X1!9)3X8&5f2J>pJs9)3X@l96 H,t" Gn;K ;3Fb M5 @PED 5| MW ;] $3$l$^$G7P:Q3X$K$*$1$k0lHL6Q9UM}O@$K$b$H$E$/%"%k%4 %j%:%‘$N @-G=$, , M} O@E* $"$k$$ $O%7 %_%e%l!< %7%g%s $rDL $8$F5DO@$5$l$F$-$?!%$7$+$7$=$N0lJ}$G!$$=$l$i$N%"%k %4%j%:%‘$rJ,;64D6-$K<BAu$9$k:]$KLdBj$H$J$k7W;;$dDL ?.%3%9%H$K$D$$$F$O==J,$J2r@O$,9T$J$o$l$F$3$J$+$C$? . K\ 9F $G $O , %^ %k %A %a %G%# %" DL ?. $K $* $1 $k %" %W %j %1!< %7%g%s QoS $N @) 8f $K 0l HL 6Q 9U M} O@ $K 4p $E $/ %" %k %4 %j %: %‘$rE,MQ$7 , <B Au;~ $K@8$8 $k 2 <o$N %H%l!<%I %*%U $K$D$$ $FO@$:$k : 6u4VE*%H%l!<%I%*%U$O;T>l$r9=@.$9$k%(!<%8%’ %s%H$r%M%C%H%o!<%/Cf$KJ,;6$"$k$$$O=8Cf$7$FG[CV$7$? >l9g$N , DL ?.;~4V $H7W ;;;~ 4V$N %H%l!<%I %*%U $G$" $k!%;~ 4VE* %H %l!< %I %* %U $O!$ QoS $K BP $9 $k %G %^ %s %I $, F0 E* $K JQ2=$9$k$H $-$K , 3F!9$N 6Q9U2r $N@5 3N$5 $r=E;k $7<} B+7W ;;$rB3$1$k J}K! $H , 6Q 9U2r$N 7W;; $rES Cf$GBG $A@Z$C $F%G %^%s%I$NJQ2=$KDI?o$9$kJ}K!$H$N4V$N!$;q8;$N3dEv$F8z N($K4X$9$k%H%l!<%I%*%U$G$"$k . F reeW alk 4D6- ( %^ %k %A %a %G%#%" 2q 5D %D!< %k ) $K $* $1 $kBS0h3dEv$H , RSVP 4D6-$K$* $1$kBS0h3d$j Ev$F$H$$$& 2 $D $N N>6K C< $J1~ MQ $r A[Dj $7 , >e 5-$N %H %l!< %I%* %U $rJ, @O$7 $? . $= $N 7k 2L , (1) 6u 4V E* %H %l!< %I %* %U $K $* $$ $F $O , %/%i%$%"%s %H?t $,A}Bg $9$k $HJ, ;67W;; $,M- Mx$K$J $k , $^ $? , (2) ;~ 4VE* %H %l!<%I %*%U $K $*$$ $F $O%G %^ %s%I $NJQ 2= $,7c$7$$$[ $I , <}B+ 7W;; $rBG $A@Z$j %G%^ %s%I$N JQ2= $XDI ?o$9$k%a%j%C%H$, , ;~4V$r$+$1$F2r$N@:EY$r9b$a$k%a%j%C %H$r>e$^$o$k$3$H$,J,$+$C$? . $3$l$i$rAm9g $9$k$H , (1) %/%i%$%" %s%H ?t $N>/ $J$$ F reeW alk $K $O=8 Cf7W ;; $, , B? $$ RSVP $K $O J, ;6 7W ;; $, $h $$ $3 $H , (2) <B 9T ;~ $K QoS %G%^%s%I $,7c $7 $/JQ 2=$9 $k F reeW alk $d , %G %^%s %I$N JQ 2=$O 4K $d $+ $G $" $k $, %/ %i %$ %" %s %H ?t $N B? $$ RSVP 4D 6- $G$O , 6& $K<} B+7W;; $r:G 8e$^ $G9T$J $&$3 $H$O<B :]E* $G$J $/ , E,EY$KBG$A@Z$kI,MW$,$"$k$3$H$,J,$+$C$? . 1 $O$8$a$K %^ %k%A %a%G%#%" DL?. $K$* $$$F$O , $h$j B?$/ $NBS0h $r3d $j Ev $F$k $[$I , 0l HL$K $h$j $h$$DL ?.IJ <A$, F@$i$l $k . $7$+ $7 , %$%s%?!<%M%C%H$KBeI= $5$l$k$h$&$JB?$/$NMxMQ<T$, ;q 8;$r 6&M-$9 $k4D 6-$G$O , $=$l $>$l$N MW5a $O>WFM $r$* $3 $9 $?$a , $= $l$i $rD4 Dd$9$k ;q8; 3dEv$F $N5! 9=$,I, ?\$G $" $k . 8= >u$G $O , ;q 8;3N J]$N$? $a$N 5!9= $K$D$$ $F$O %M%C%H %o!< %/AX $N5,3J $H$7 $F5, Dj$5$l $D$D $"$k $b$N$N , $=$l $i $N5!9=$rMQ$$$F3FDL?.$X$N3dEv$F$r9T$&%]%j%7!<$K$D$$ $F$O==J,5DO@$5$l$F$$$J$$ . 2f!9 $N8& 5f $N L\ E* $O , Mx MQ <T $N A* 9% $r $b $H $K ;q 8; 3d Ev $F$r 9T$J$& %]%j %7!<$r M?$($k $3$H $K$" $j , $3$l $^$G ;T >l$K$*$1$k2A3J7hDj%b%G%k$G$"$k0lHL6Q9UM}O@$r$b$H$K $7 $? J} <0 $r Ds 0F $7 $F $- $? [11]. Mx MQ <T $N A* 9% $r >C Hq <T %(!<%8%’%s%H$H$7 , %"%W%j%1!<%7%g%s$N@-<A$r@8;:<T%(!< %8%’%s %H$H$7$FI= 8=$7$?;T>l %b%G%k$r9= C[$7$? . $3 $N%b %G%k$G$O3F%(!<%8%’%s%H$O;T>l2A3J$K4p$E$$$FF~;%$NFb MF $rJQ 99$7 , :G =*E* $K%Q %l!<%H:G E,$J ;q8; $N3dEv $F$K E~ C# $9$k . $5 $i$K , F0 E*$K JQ2= $9$k%G %^%s %I$K BP1~$9 $k$? $a , L$Mh $KEO$C $F$N <h0z $-$r 9T$& 5!9=$r F3F~ $7!"%7 %_%e %l!<%7%g%s<B83$K$h$jNI9%$J7k2L$r$($?!# $3$N $h $&$J ;T>l 6Q 9U$K 4p $E$/ %" %W%m!< %A $K4X $9 $k8& 5f$O2a5n$KB?$/9T$o$l!$$$$/$D$+$N%"%k%4%j%:%‘$K$D$$ $F$=$NFCD’$d@-G=$,M}O@E*B&LL$d%7%_%e%l!<%7%g%s$rDL $8 $F 5D O@ $5 $l $F $- $? [1, 3, 4, 5, 7, 9] !% $7 $+ $7 $= $N 0l J}$G!$$=$l$i$rJ,;64D6-$K<BAu$7$F$$$/:]$KLdBj$H$J$k 7W;;$dDL?.%3%9%H$K$D$$$F$O==J,$J2r@O$,$J$5$l$F$3$J $+$C $? . $=$3 $GK\ 9F$G $O , ;T>l %b%G %k$r <B:]$N %^%k %A%a %G%# %"DL ?.$K E,MQ$9 $k$? $a$N <!$N %9%F%C%W $H$7 $F , 0J 2< $K 5s$2$k 2 $D $N4Q E@$+$i , <BAu;~ $K@8 $:$k%H %l!<%I %*%U $K4X$7$FO@$:$k . � 6u4VE*%H%l!<%I%*%U ;T >l%b %G%k$K $*$1 $k2A 3JC5 :w$O J,;6 7W;; $,2D G=$G $" $k . 3F7W ;;MW AG$r %M%C%H %o!<%/ >e$K $I$N DxEY J, 1

;6 $5$; $FG[ CV $9$k $+$K $h$C$F JBNs 7W;; $K$h $k7W ;; ;~ 4V$N C;=L $H DL?. ;~4V $NA} Bg$H $N4V $G%H %l!<%I %* %U$,@8$8$k . � ;~4VE*%H%l!<%I%*%U ;T >l 6Q 9U $K $b$H $E $/ J} <0 $G$O 0l HL $K , 2r $K<} B+ $9 $k$^$G%(!<%8%’%s%H4V$G>pJs8r49$r7+$jJV$79T$$ , $= $N8e $G$O $8$a $F<B :]$N 3dEv $F$,9T $o$l $k . $7$+ $7 , %^%k%A%a%G%#%"DL?.$G$O , 7W;;ESCf$G$b;T>l$N %G %^ %s %I $O JQF0 $9 $k $N $G , 2r$N @5 3N $K $5 $r5a $a $l $P 5a $a $k $[ $I , F@ $i $l $? 2r $O$= $N ;~ E@ $N %G%^ %s %I $H 9g CW$7 $J $/ $J$k . $3 $N $?$a , @5 3N$5 $H H?1~ @- $N 4V$K%H%l!<%I%*%U$,@8$8$k . $3 $l $i $N 2r @O $N $? $a , K\ 8& 5f $G $O F reeW alk 4D 6- $H RSVP 4D6-$H$$ $& , @-3J$N0[ $J$kE57?E*$J 2 $D1~MQNN0h $r9M$($k!#A0<T$O Internet >e$G$N 3 <!852>A[6u4V$rMQ$$ $?2q5D%7%9 %F%‘ $G$" $j , Hf3S E*>. ?M?t $K$h$C$F MxMQ $5$l $k . QoS $O F reeW alk $H$$$&1~MQ%W%m%0%i%‘$NCf$G4IM} $5$l , QoS $KBP$9$k%G %^%s%I$O2>A[6u4V$G $NMxMQ<T$N0\ F0$K=>$C$F7c$7$/JQ2=$9 $k . 8e<T $OB??t$NMx MQ<T$K$h$C $F3+$+$l$?%M%C%H%o!<%/4D 6-$GMQ$$$i $l$k . %G %^%s%I$N JQ2=$O4K$d$+$G$"$k . 0J>e$N 2 $D$N%I%a%$ %s$K$D$$$F6u 4VE*!";~4VE*%H%l!<%I%* %U$K4X$9$k 2r@O$r9T$C$? . N><T $OMx MQ <T?t $d QoS 3d $j Ev $F $K BP $9 $k MW 5a $N JQ 2= $N B. $5 $J$I$,0[$J$j!"$=$N7k2L$H$7$F>e=R$N%H%l!<%I%*%U$K$D $$$FBP>HE*$J7kO@$rF3$/$3$H$r<($9 . 2 ;T>l5!9=$K$b$H$E$/%"%W%j%1!<%7%g %s QoS $N@)8f K\8&5f$G$O , A*9% $N0[ $J$k MxMQ <T$,B8 :_$9 $k%M%C %H%o!< %/4D6-$K$*$1$k;q8;$N3dEv$F$K$OC10l$NI>2A5,=‘$K4p$E $/:GE,3dEv $F$O B8:_ $;$: , $7 $?$,$C $F3F MxMQ<T $,8z MQ$r :GBg2=$9$kCf$G$N%Q%l!<%H:GE,$J$b$N$r$a$6$5$6$k$r$( $J$$$H$$$& 4QE@ $+$i , 7P :Q3X $K$*$1 $k0l HL6Q9U M}O@ $NOH AH$rE,MQ$9$k$H$$$&%"%W%m!<%A$r$H$k . 2f!9 $O $9 $G $K , %^ %k %A %a %G%# %" %" %W %j %1!< %7%g %s $r %?!<%2%C%H$H$7 $?;T >l%b %G%k $N9=@. , 7W;; J}<0 $*$h $S%7 %_%e%l!<%7%g%s$K$h$k@-G=I>2A$K$D$$$FJs9p$r9T$C$? [11]. <BAu>e$NLd BjE@ $r5DO@ $9$k $K@h N)$A , K\ >O$G$O 0J9_ $N5D O@$N$?$a$K , $3$N;T >l%b %G%k $N4pK\ E*$J 9M$(J} $H9= @.J} <0$K$D$$$F4JC1$K$^$H$a$k . 2.1 4pK\E*$J9M$(J} ;T >l%b %G%k $r 9=C[ $9 $k$? $a$N Fs $D$N 4p K\E* $J9M $( J} $r0J2<$K=R$Y$k . ?^ 1: ;T>l%b%G%k 1. MxMQ <T$O %M%C %H%o!< %/;q 8;$N @- G=;X I8!JBS 0hI} $J $I!K$=$N $b$N$G$O$J$/ , %"%W%j%1!<%7%g %s QoS $N J} $rI>2A $9$k . BS0hI} $J$I $O$" $/$^ $G$b @8$N %M%C %H %o!< %/ ;q 8;$r B, $k $? $a $N $b$N $G $" $j , Mx MQ <T $K $H$C $F ?? $K =EMW $J $N $O , $3 $l $r MQ $$$F <B 8= $5 $l $? %5!< %S%9 $,$I $l$@ $1L\ E*$H $9 $k%? %9%/ $K$H$C $FNI $$$b$N$G$"$k$+$G$"$k . 2. %M%C%H %o!< %/$K !V8= :_!W $H!VL$ Mh!W $H$N 6h JL$r @_ $1 $k $3 $H $G , Hf 3S E* 3h F0 E* $G $J $$ Mx MQ <T $, , %M%C %H %o!<%/ ;q8; $r3h F0E* $JMx MQ<T 72$K BP$7 $F>y EO$9 $k F05!IU $1$r 9T$& . F1 0l$N 2A3J%7 %9%F %‘$N Cf$G 8= :_ $HL$ Mh$K $D$$ $FJL!9 $K:b $r Dj5A $9$k $3$H $K$h$C $F , Mx MQ <T$, 8z N( E* $K ;~4V J} 8~ $G $N :b$N $d $j $H $j $,9T$($k$h$&$K$9$k . C1 0l %; %0 %a %s %H $N %M%C %H %o!< %/ >e $G , 3F Mx MQ <T $N %" %W%j%1!<%7%g%s%W%m%0%i%‘$,8_$$$K%7%s%0%k%-%c%9%H$K $h $jDL ?.$r 9T$&>l 9g$r A[Dj $7$? $H$-$N , %"%W %j%1!< %7%g %s QoS 3dEv$F$N$?$a$N;T>l%b%G%k$r?^ 1 $K<($9 . Cf1{$N;M3Q7A$O;T>l Cf$G$d$j$H$j$5$l$k :b!J go o d !K $r I= $9 . :b $K $O BS 0h I} !J Bandwidth !K $H %5!< %S %9 IJ <A !J QoS !K $H$, $"$j , $3$l $i$N :b$O $5$i$K ;~4V <4J} 8~$G 8= :_!J current !K$HL$Mh!J future !K$NFs$D$KJ,$1$i$l$k . :b $H$7$F$NBS0hI}$O3FMxMQ<T$,J];}$7$F$$$kBS0h$N;HMQ8" 2

$rBe I= $7 , B W $H F B W $O $= $l $> $l 3F 8= :_ $* $h $S L$ Mh $NBS0hI}$rI= $9 . MxMQ<T i $+$i MxMQ<T j $X8~$+ $&DL?. $N 8=:_$N%5!<%S%9IJ<A$O q ij $GI=$o$5$l , F QoS i $OMxMQ<T i $, <u$1 $kL$ Mh $N%5!< %S%9 IJ<A $G $"$k . L$ Mh$N %5!<%S %9 IJ<A$K$D$$ $F$O %b%G%k $N4J C12= $N$?$a , DL?.Kh $K$O Dj5A $;$:$K3FMxMQ<T 1 $D$:$D$N:b$H$7$F$$$k . ?^ Cf$N 1_$O %(!<%8%’ %s %H$r I=$9 . $3 $l$K $O3F %" %W%j %1!<%7%g%s$K$*$1$kMxMQ<T$N8zMQ$rBeI=$9$k>CHq<T%(!< %8%’%s%H!J:8 Ns!K$H , ;H MQ$9 $k%M%C %H%o!< %/;q 8;$+ $i%" %W%j%1!<%7%g%s QoS $X$N%O!<%I%&%’%"$*$h$S%=%U%H%&%’ %"$K$h$kJQ49A‘:n$rBeI=$9$k@8;:<T%(!<%8%’%s%H!J1&Ns!K $H$,$" $k . ?^ Cf $N Lp 0u $O %b%G %k Cf $G $N :b$N N. $l $r I= $7 , MxMQ<T$,;}$DBS0h$N;HMQ8"$,%"%W%j%1!<%7%g%s$K$h$j%5!< %S%9IJ<A$X $HJQ 49$5$l , MxMQ <T$,$= $l$r 5}<u$9 $k$3 $H$r I=$7$F$$$k . 2.2 >CHq<T - @8;:<T%b%G%k >CHq<T%(!<%8%’%s%H$O%"%W%j%1!<%7%g%s$NMxMQ<T$H0lBP 0l$KBP1~$9$k . Mx MQ<T i $NBS 0hI}$* $h$S%5!< %S%9IJ <A$K BP$9 $k A* 9% $O 8z MQ 4X ?t $H $7 $F I= 8= $5 $l $k . 8z MQ 4X ?t $O $$$/ $D $+ $N >r 7o $r K~ B- $9 $k 8B $j $K $* $$ $F G$ 0U $G $" $k $, , 0J2<$N5DO@ $G$O 2>$K , 0l HL6Q 9U$N%b %G%k 9=C[$N :]$K $h$/ MQ$$$i$l$k [8], CES !J constan t elasticity of substitu- tion !K4X?t$r :NMQ$9 $k . MxMQ <T j $+$i MxMQ <T i $X$N DL?. $N%5!<%S%9IJ<A$r q ij , MxMQ<T i $K$o$j$"$F$i$l$kL$Mh$N BS0hI} , L$ Mh$N %5!< %S%9 IJ <A , $*$h $S 8=:_ $N BS0h I} $r $= $l$>$l x f bw i ; x f q os i , $* $h $S x cbw i $H $9$k $H , Mx MQ <T i $N CES 8zMQ4X?t$O<!<0$GM?$($i$l$k . u i ( x f bw i ; x f q os i ; x cbw i ; q i 1 ; : : : ; q im ) = � � f bw i x f bw i � � � 1 + � f q os i x f q os i � � � 1 + � cbw i x cbw i � � � 1 + m X j =1 � ij q ij � � � 1 � � � 1 � (1) 78?t � $O , BP 1~$9$k:b$,>C Hq<T$K$H$C$F B>$N:b$H$NHf 3S $K$*$$$F$I$N DxEY$N2A CM$,$" $k$+$r <($9 . $^$? � $O , :b $N4V$NBeBXN($r7hDj$9$kDj?t$G$"$k . >C Hq<T $O;T >l $K$h $k ;q8; 3dEv $F 0JA0 $K 3F:b $K$D $$ $F =i4|J]M-NL!J endo wmen t !K$r=jM-$9$k . 0lHLE*$K , K <o $N:b$KBP$7$F>CHq<T$N=i4|J]M-NL$,%Y%/%H%k e = ( e 1 ; : : : ; e K ), 3F:b$N 2A 3J$, %Y %/%H %k p = ( p 1 ; : : : ; p K ) $G $=$l $> $l I= $o$5$l$k>l9g , >CHq<T$NA*$V>CHq%l%Y%k x = ( x 1 ; : : : ; x K ) $O<!$N:GE,2=LdBj$N2r$H$7$F5a$a$k$3$H$,$G$-$k . max x u ( x ) sub ject to p � x � p � e : B> J} $N @8 ;: <T %(!< %8%’ %s %H $O , 3d Ev $F $i $l $? %M%C %H %o!<%/;q 8; $+$i , Mx MQ <T$, <u $1 $k%5!< %S %9 IJ<A $X $N , %" %W%j%1!<%7%g%s%=%U%H%&%’%"$K$h$kJQ49$rBeI=$9$k%(!< %8%’ %s%H $G$" $j , F@$i$l $k%5!< %S%9 IJ<A $r%M%C %H%o!< %/ ;q8;!J$3$3$G$OBS0hI}!K$N4X?t$H$7$FI=$o$5$l$k QoS @8 ;:4X ?t$r;}$D . 4X?t$N7A<0$O 0lDj$N>r7o $rK~$?$9$+ $.$j $O G$ 0U$G $" $k $, , 0J 2< $N5D O@ $G $O , 8= :_ $N%5!< %S %9 IJ<A q ij $O<!<0$K<($9 QoS @8;:4X?t$N=PNO$H$7$FF@$i$l$k$b $N$H$9$k . f ij ( x ) = Q i � Q i 1 + ij x (2) $3$3 $G , Q i $OMx MQ<T i $K BP 1~$9 $k%" %W%j %1!<%7%g %s %W%m%0%i%‘$K$h$C$FC#@.2DG=$J%5!<%S%9IJ<A$N:GBgCM$G $" $k . $^ $? , ij $O BS0h $N Ej F~ $K $h$C$F $I $N Dx EY%5!< %S %9IJ <A$,8~>e$9 $k$+$r7hDj $9$k%Q%i%a!< %?$G$"$k . L$Mh $N %5!<%S %9IJ<A $N@8 ;:4X ?t f $O <0 (2) $HF1 $87A$G , %Q%i %a!<%? $r 1 $K8GDj$7$?$b$N$H2>Dj$9$k . @8;: <T $O <! <0 $G <( $5 $l $k $h $& $K , Mx =a $N :G Bg 2= $r $a $6$7$F@8;:%l%Y%k$rA*Br$9$k . max p � y sub ject to y 2 Y Y $O@8 ;:<T$N<B 9T2DG=$J @8;:7W2h $N=89g $G$"$j , $3$3 $G 07$&;T>l%b%G%k$G$O2DG=$J%5!<%S%9IJ<A@8;:%l%Y%k$N=8 9g$H0lCW$9$k . 2.3 8=:_ - L$Mh%b%G%k 8=:_$HL$Mh$H$$$&Fs$D$N;~4V$N4V$N4X78$rDj5A$9$k$?$a $K $O , ;~4V $N7P 2a$H $H$b$K L$Mh $N;q8; $r$I $N$h$& $K8= :_ $N;q 8;$X$HJQ49 $9$k$+$r;X Dj$9$kI,MW $,$"$k . $3$N LdBj $KBP$9$kK\8&5f$G$N%"%W%m!<%A$r?^ 2 $K<($9 . $3$N%"%W%m!<%A$G$O , ;~4V$r0lDj4V3V$KJ,3d$7 , 8=;~ E@$+$i$N 1 C10L;~4V$r8=:_!J current !K , $=$l0J9_0lDj$N ;~ 4V!J T � 1 C1 0L;~4V $H$9$k!K$r L$Mh!J future !K $HDj5A $9 $k . %M%C %H %o!< %/ A4 BN $G $N BS 0h I} $r � $H $9 $k $H , 8= :_ $NBS 0hI} $N=i 4|J] M- NL$N Am7W $O � , L$Mh $NBS 0hI} $NAm OB $O ( T � 1) � $H $J$k . ;T >l2A 3J7h Dj$r0l EY<B 9T!J?^ Cf 1 !K $7 , F@ $i $l $? 8= :_ $N BS 0h $* $h $S %5!< %S %9 IJ <A $r %M%C %H %o!<%/;q8; $N3dEv$F J,$H$7$F ;HMQ$9$k !J?^Cf 2 !K . <! $K ;~9o $r0lC1 0L;~ 4V?J$a $FF1 $8%W %m%;%9 $r7+ JV$9$, , $3 $N;~$KA02s$NL$Mh$NBS0h$*$h$SL$Mh$N%5!<%S%9IJ<A$r<! $N 3dEv$F$N :]$N=i4| 3dEv$F$K H?1G$5$; $k!J?^Cf 3 !K . 6q BNE*$K$O , $^$:>CHq<T i $NL$Mh$NBS0hI}$N3dEv$F x f bw i $H , L$Mh$N%5!<%S%9IJ<A$N3dEv$FNL$r$=$l$r@8;:$9$k$N$K$+ $+ $kBS0h I}$KJQ 49$7$? $b$N$H $r9g 7W$7 , r i $H $9$k . 3d $j $"$F r i $O<!<0$GM?$($i$l$k . r i = x f bw i + f � 1 ( x f q os i ) P i r i = ( T � 1) � $J $k $3 $H $K Cm 0U $7 $F , $5 $i $K m 8D $N >C Hq<T %(!< %8%’ %s%H 3F!9 $KBP $7 $F 6QEy $K � =m $N BS 0h 3

?^ 2: 8=:_ - L$Mh%b%G%k I}$rM?$(!J?^Cf 4 !K , A4BN$H $7$F T � $N=i4|J] M-$H$9$k . $3$l$K$h$j7k6I , >CHq<T i $KBP$9$k3dEv$F$O r i + � =m $H $J$j , $=$N>e$G3F>CHq<T$K$D$$$F$3$l$r 1 : ( T � 1) $KJ, $1 , $=$l $>$l <!2s$N 8=:_ $*$h $SL$Mh $NBS 0h$N=i 4|J] M-NL $H$9$k . e cbw i = 1 T � r i + � m � e f bw i = T � 1 T � r i + � m � 0J >e $N =i 4| J] M-NL 7h Dj $N 8e , 3F %/ %i %$%" %s %H $K $* $1 $k8zMQ4X?t $*$h $S@8;: 4X?t $N=t 78?t$r 99?7 $7$?>e $G , :F $S0lHL6Q9U$N%b%G%k$K=>$C$F3dEv$F$r<B9T$9$k!J?^Cf 5 !K . $3$l$K$h$C$F?7$7$$4|4VFb$G$NBS0h3dEv$F$,7hDj$5$l$k . 3 1~MQJ,Ln$NJ,@O >e =R$N ;T >l%b %G %k$r <B :]$N %M%C %H %o!<%/ $K E,MQ $9 $k >l9g!"J,;67W ;;$r9T $&5, LO$dBP 1~$9$k applicaton $N <o N‘$J$I$N>r7o$K$h$j!"@-G=$d5!G=$X$NMW5a$,0[$C$F$/$k $3$H$,9M$($i$l$k!#K\9F$G$O0J2<$K<($9 2 $D$NE57?E*$J >l9g$K$D$$$F5DO@$9$k . 3.1 F reeW alk 4D6- 2> A[ 3 <!85 6&M- 6u 4V$K $h $k%^ %k %A%a %G%#%" 2q 9g%7 %9 %F%‘ F reeW alk [6]( ?^ 3 !K $G $O!$ Mx MQ <T $O 3F <+ $N %o!< %/ %9%F!<%7%g%s>e$N%/%i%$%"%s%H%W%m%0%i%‘$rDL$8$F%5!< %P$K@\ B3 $9 $k $3 $H $K $h $j!$ 2> A[6& M- 6u 4V $K F~ $k!% $= $N Cf$G$O!$3F;22C<T$O 3 <!85%]%j%4%s$K$h$C$F9=@.$5$l$? ;M3Q?m$GI=8=$5$l$k!%$=$N 5 $D$NLL$N$&$A$N;M3Q7A$NLL $K!$BP1~$9$kMxMQ<T$N%o!<%/%9%F!<%7%g%s$KIUB0$9$k%+ ?^ 3: %^%k%A%a%G%#%"2q9g%7%9%F%‘ F reeW alk %a %i $K $h $j F~ NO $5 $l$? F0 2h A| $, %^%C %W $5 $l $k!% $= $l $> $l $N ;k E@ $O $3 $NLL $N Cf ?4 $K CV $+ $l!$ $= $3 $+ $i 8+ $?6& M- 6u 4V$NMM ;R$,2h LL>e$K I=<($5 $l$k!% $7$? $,$C$F!$ 1s$/ $N;22C<T$O>.$5$/!$6a$/$N;22C<T$OBg$-$/I=<($5$l!$ $^ $?0lDj0J>eN%$l$?>l9g$d;kLn$NHO0O30$K=P$?$b$N$K$D$$ $F $OI=<( $O9T$o $l$J$$!% F1MM $K!$ 2;@<$N Bg$-$5 $bAw?. B& $H <u ?. B& $H $N5w N% $K Hf Nc $7 $F JQ2= $9 $k!% ;2 2C <T$O 6u 4V Fb $N J? LL >e $r!$ %^ %& %9 $r A‘ :n$7 $F F0 $- $^ $o $k $3$H $, $G$-$k!% $3$N$h$&$J4D6-$G$OMxMQ<T$N0LCV$,9o!9$HJQ2=$7 , $= $l$K$H$b$J$C$FI=<($5$l$kB>$NMxMQ<T$+$i$NF02hA|$NBg $- $5 $b 0L CV 4X 78 $K $h$C $F Bg $- $/ JQ 2= $9 $k . $7 $? $,$C $F MxMQ<T$N3FF02hA|DL?.$KBP$9$kA*9%$b7c$7$/JQF0$9$k$? $a , QoS 3dEv$F$r$h$j9bB.$K9T$&I,MW$,$"$k . 0lJ} , 0l$D $N1~MQ%7 %9%F%‘ $NCf$G$N QoS @) 8f$G$" $k $N$G , %/%i%$%"%s%H (QoS >CHq<T ) ?t$,Hf3SE*>/$J$/ , $^ $?A*9%4X?t$, 6Q<A$G , A*9%4X?t$O@_7W;~$K7h$^$C$F$$$k . $^ $? , QoS @8;: <T$N ?t$b F1MM$K >/$J $/ , @8 ;:4X ?t$b 4{CN $G $"$k . =>$C $F , ;T >l$N 9=@.$O 6Q<A $G07 $$$d$9 $$$H 8@$( 4

I= 1: Fs$D$NE57?E*$J%M%C%H%o!<%/4D6-$NHf3S ;T>l F reeW alk 4D6- RSVP 4D6- >CHq<T � 8zMQ4X?t$O6Q<A � A*9%$O%5!<%S%9Cf$KJQ2=$9$k!# � >CHq<T?t$O>. ( < 10) � 8zMQ4X?t$,Hs6Q<A . � A*9%$O%5!<%S%9Cf$"$^$jJQ2=$7$J$$ . � >CHq<T?t$OBg ( > 10). @8;:<T � @8;:4X?t$O6Q<A . � 3dEv$F5!9=7hDj;~$K3NDj . � @8;:<T?t$O>. ( < 100). � @8;:4X?t$OHs6Q<A � <B9T;~$K?75,$KF~$C$F$/$k . � @8;:<T?t$OBg ( > 100). :b � :b$N?t$O>. ( < 100). � :b$N?t$OBg ( > 100). $k . 3.2 RSVP 4D6- 8=:_$N%$%s %?!<%M%C %H$G $O , DL ?.$N $?$a$N ;q8; M=Ls $ODL >o9T$o$l$: , 3F%k!<%?$K$*$1$k b est e�ort $K$h$kDL?.$, 9T$o$l$F$$$k . %$%s %?!<%M%C%H%W%m %H%3%k$N<! 4|5,3J$G $"$k IPv6 $G$O , ;q 8;M= Ls$K BP$7 $F RSVP $H 8F$P $l$k %k!<%?4V$G$N%7%0%J%j%s%0%W%m%H%3%k$H$7$FDs0F$5$l$F $$$k . KA F,$G$b =R$Y $?$h $&$K , $3 $l$O $"$/$^ $G$b ;q8; M= LsMW5a$N$? $a$N %W%m%H %3%k $G$" $j , <B:] $K;q8; $,3F DL?. $K$I$N$h$&$K$o$j$"$F$i$l$k$+$O5,Dj$5$l$F$$$J$$ . %$ %s %?!< %M%C %H 4D 6- $G $O , Mx MQ <T $, MM!9 $J ;H $$ J} $r $9$k$?$a$K%"%W%j%1!<%7%g%s$N<oN‘$O<B9T;~$K$7$+7hDj $;$: , $+$DMxMQ<T$N<oN‘$bFCDj$G$-$J$$ . $7$?$,$C$F , $= $3$G $N QoS 3d Ev$F ;T >l $K $* $$ $F $O >C Hq <T $N A* 9% %b %G %k $OA*9%4X?t$,Hs6Q<A$H$J$j , @8;:<T $N@8;:4X?t$b<B9T;~ $^$GDj$^$i $J$$ . $^$? , %$%s %?!<%M%C%H 4D6- $G$O 0lHL $K MxMQ<T?t$,Bg$- $/$J$k$? $a , >CHq<T , @8 ;:<T$* $h$S QoS :b$N?t$b$=$l$K$7$?$,$C$FBg$-$/$J$k . 0l J} , 3F Mx MQ <T $K $* $1 $k A* 9% $N JQ 2= $K$D $$ $F 9M $( $k $H , RSVP $rMQ$$$?;q8;3NJ]$O$"$kDL?.$NIJ<A$r0lDj4| 4V7QB3$7$F 3NJ] $9$k$? $a$K 9T$o $l$k$H $$$& $3$H$+ $i , $= $NIJ<A$KBP$9$kMW5a$NJQ2=$O F reeW alk $N>l9g$KHf$Y$F $O$k$+$KCY$$ . 4 6u4VE*%H%l!<%I%*%U K\8& 5f $G 07 $& $h $& $J 0l HL 6Q 9U $K 4p $E $/ %" %W %m!< %A $G $O , 2 >O $G =R$Y $? ;T>l %b %G%k $K $* $1$k 2A 3J7W ;; $r , 7W ;; MWAG $G$"$k>CHq<T , @8;:<T $r%M%C%H%o!<%/Cf$NJ#?t$N%W%m%; %9$K J, ;6 $7 $F 7W ;; $r 9T $& $3 $H $, 0l HL $K 9M $( $i $l $F $$ $k . $3 $N :] , 3F 7W ;;MW AG $r$I $N %W%m %; %9 $NFb It $K<B Au $7 , MW AG4V$G$NDL?.$r$I$3$^$G%M%C%H%o!<%/>e$G$NDL?.$H$7$F <B 8=$9 $k$+$K $h$C$F , %7%9 %F%‘$N 8zN( $KBg $-$J:9 $,@8 $: $k . K\ >O $G $O , ;T >l %b %G %k $r <B :] $N %M%C %H %o!< %/ %7 %9 %F %‘$X$N<BAu$9$k:]$KLdBj$H$J$k3F7W;;MWAG$NG[CV$K$D$$ $F , 9M$( $&$kJ} <0$H $=$3 $G$N%H %l!<%I %*%U $K$D$$ $F9M ;! $9$k . 4.1 %H%l!<%I%*%U$NJ,@O K\8& 5f$G 07 $&;T >l %b%G %k$K $O MxMQ <T $NA* 9%$r Be I=$9 $k >C Hq <T!$ %" %W %j %1!< %7%g %s $K $h $k BS 0h $+ $i QoS $X $N JQ492aDx$rBeI=$9$k@8;:<T!$$*$h$S$=$l$i$+$i$NF~;%$r <u $1$F3F:b $K$D$$$F $=$N2A3J $r7hDj $9$k 6% Gd?M $N 3 <o N‘$,$"$k!%>CHq<T!$@8;:<T$O$=$l$>$lMxMQ<T$,;HMQ$9$k %"%W%j%1!<%7%g%s%W%m%;%9>e$K<BAu$5$l!$$=$l$>$l%M%C %H %o!< %/ >e $G $N DL?. $K $h $j <+ $i $, 6=L# $r ;} $D :b $N 6% Gd ?M $X $H F~ ;% $r Aw?. $9 $k!% 6% Gd ?M $O $= $l $> $l $, C4 Ev$9 $k :b $K $D $$ $F!$ <{ MW $H 6! 5k $N 6Q 9U E@ $H $J $k 2A 3J (clearing price) $r5a$a!$$=$N:b$N2A3J$r99?7$9$k!%$9$Y$F:b$N2A 3J $O$I $N%(!< %8%’%s%H $+$i $b;2 >H2D G=$G$" $j , $3 $l$i $N 2A3J$r;2>H$7$F3F@8;:<T / >CHq<T$OF~;%$N99?7$r9T$&!% 3F;T>l$K$*$$$F2A3J$NJQF0$,@8$8$J$/$J$C$?;~E@$N2A3J $,;T>l%b%G%kA4BN$N6Q9U2A3J$G$"$j!$$=$l$K$b$H$E$/@8 ;:NL / >CHqNL$O%Q%l!<%H:GE,$H$J$k!% $3$3$GLdBj$H$J$k$N$O!$6%Gd?M $K$h$k7W;;$r$I$N$h $&$K J,;6$7$F9T $&$+$H$$$& E@$G$"$k!%N> 6KC<$K$O (a) 6% Gd?M $,$=$l$>$lFHN)$N%W%m%;%9 ( 0J2<$G$O;T>l%5!<%P$H 8F $V ) $H $7 $F J, ;6$7 $F <B Au $5 $l , %(!< %8%’ %s %H $, F~ ;% $d 2A 3J<h F@$r $=$l $> $l$N 6%Gd ?M$H $N4V $G9T $&>l 9g$H!$ (b) 6% Gd ?M $, $9$Y $F C1 FH $N ;T >l %5!<%P $N %W %m %; %9 >e $K<B Au $5 $l , F~;% $d2A 3J<h F@$O$3 $N%W %m%;%9 $H$N 4V$G$N $_9T $& 5

?^ 4: ;T>l$K$h$k QoS @)8f5!9=$N%7%9%F%‘9=@. I= 2: ;T>lFb$N3F9=@.MWAG$N?t :b$N?t 8=:_$NBS0h 1 L$Mh$NBS0h 1 8=:_$N QoS nk L$Mh$N QoS n %(!<%8%’%s%H$N?t >CHq<T n @8;:<T 8=:_$N QoS nk L$Mh$N QoS n 6%Gd?M nk + n + 2 >l9g$H$,9M$($i$l$k!%0J2<$G$O$3$N 2 $D$r$=$l$>$lJ,;6 <BAu , =8Cf<B Au$H 8F$S!$ $=$l$> $l$N >l9g $NF@<: $r7W ;;NL $*$h$S%a%C %;!<%8?t $N4Q E@$+ $iO@ $:$k!% $J$* , 0J2< $N7W ;;$OA4$F , ?^ 1 $K<($7$? QoS ;T>l%b%G%k$r4p$K;;=P$7$F $$$k . $^$:;T>l%b%G %kFb$N3FMWAG$N8D?t$K $D$$$F8!F$$9$k . MxMQ<T?t$r n $H$9$k . :b$N?t$O8=:_$N QoS $K$D$$$F$R $H$j$"$?$j k K\ (0 � k � n � 1) $N DL?.$r 9T$C$F $$$k $H2>Dj $9 $l$P I= 2 >e B& $N $h$& $K , 8= :_$* $h $S L$Mh $N BS0h $K$D$$$F $O 1 $D$: $D , 8=:_ $N QoS $K$D $$$F $O DL?. $NK\ ?t$KEy $7$/ nk 8D , L$ Mh $N QoS $K$D $$ $F$O 3F MxMQ <T $K $D$$$F 1 $D$:$DB8:_$9$k$?$a n 8D$H$J$k . 1 F1I=$N2<B&$O >CHq<T / @8;:<T / 6%Gd?M $N?t$r<($9 . >CHq<T $N?t$OMxMQ<T ?t$KEy$7$/ n $H $J$k . @8;:<T $N?t $O QoS :b$N?t$KEy$7$/ , 8=:_$N QoS $K$D$$$F nk , L$Mh $N QoS $K$D$$$F n $G$"$k . $5 $i$K 6%Gd?M $N 8D?t$O:b $NAm?t$KEy$7$$$N$G , nk + n + 2 $H$J$k . 1 A4 $F$NMx MQ<T 4V$K @\B3$, $"$k $H2> Dj$9$k $H k = n � 1 $H $J$k $, , $3$l$O<B:]E*$G$O$J$$ . $3$3 $G , =8 Cf / J, ;6 $= $l $> $l $N <BAu J} <0 $K $* $1 $k F@ <: $r5D O@$9$k $?$a $K , 7W;; $N3F CJ3,$K MW$9 $k;~4V $r<! $N $h$& $KDj5A$9$k . $^$: =8Cf<BAu$K$* $$$F , 2A3J%Y%/%H%k $r;T>l%5!<%P$+$i%/%i%$%"%s%H$XAw?.$9$k$N$K$+$+$k;~ 4V $r T pr , %/ %i%$ %"%s %H$+ $i;T>l %5!<%P $XF~ ;%%a%C %;!< %8 $rAw ?. $9$k $N$K $+$+ $k ;~4V $r T pm $H$9 $k . $5 $i$K ;T >l %5!< %P B& $G 0l $D$N :b $K $D $$ $F ;T >l 2A 3J $r 5a $a $k$N $K MW $9$k ;~4V $r T c $H $9$l$P , 2A 3J$N 99?7 0l2s $KMW $9$k ;~ 4V T centr aliz ed $O<! $N$h$&$K 5a$a$k$3 $H$,$G$- $k . $^$: , 2A3J%a%C%;!<%8$NAw?.$KMW$9$k;~4V$O;T>l%5!<%P$, n 8D $N%a%C%;!<%8$rAw?.$9$k=hM}$,%\%H%k%M%C%/$H$J$j nT pr , F~;%%a%C%;!<%8$NAw?.$KMW$9$k;~4V$O;T>l%5!<%PB&$G$N <u ?. $,%\ %H %k %M%C%/ $H $J $j nT pm , $5 $i$K 2A 3J $N7W ;; $O $9 $Y$F$N:b $K$D$$$F serial $K9T$&$? $a ( nk + n + 2) T c $H $J $k . =>$C$F , 7k 6I T centr aliz ed $O <!<0 $G I= $5 $l$k $3 $H$K$J$k . 6

T centr aliz ed (3) = nT pr + nT pm + ( nk + n + 2) T c (4) = ( T pr + T pm + ( k + 1) T c ) n + 2 T c (5) 0lJ} , J,;6<BAu$K $*$$$FF1MM $K , 2A3J%Y %/%H%k$r;T >l %5!<%P$+$i%/%i%$%"%s%H$XAw?.$9$k$N$K$+$+$k;~4V$r T 0 pr , %/%i %$ %"%s %H $+ $i ;T >l %5!< %P $X F~ ;% %a%C %;!< %8 $r Aw ?. $9$k$N$K$+ $+$k ;~4V$r T 0 pm $H$9$k . 3F :b$N;T >l2A 3J$N 7W;;$K$+$+ $k;~ 4V$O >e5-$H F1MM $K T c $H9M $($i $l$k . 2A 3J$NAw?. , F~;%%a%C %;!<%8 $NAw ?.$K $H$b$K %/%i %$%" %s%H B&$G$NAw<u ?.$, %\%H %k%M%C%/ $H$J $j , %/ %i%$%" %s%H 0l$D $,4XO"$9$k;T>l%5!<%P$N?t$O8= :_$N QoS $K$D $$$F n � 1, L$Mh$N QoS, 8=:_$N BS0h , L$ Mh$NBS0h $,3F 1 $K $h$j , n + 2 $H$J$k . ;T>l2A3J$N7W;;$OJBNs$K9T$o$l$k$+$i , J, ;6<BAu$K$*$1$k0l2s$N2A3J99?7;~4V T distr ibuted $O , T distributed (6) = ( n + 2) T 0 pr + ( n + 2) T 0 pm + T c (7) = ( T 0 pr + T 0 pm ) n + T c + 2( T 0 pr + T 0 pm ) (8) $H=q$/$3$H$,$G$-$k . (5)(8) $N N> <0 $r Hf3S $9 $k $H , $$ $: $l $b n $K 4X $7$F @~ 7A$H$J$C$F$$ $k . Cm0U $9$k I,MW $,$" $k$N$O , J,;6 <BAu $G $O3F:b$KBP$9$k2A3J$*$h$SF~;%$, 1 %a%C%;!<%8$K 1 $D$: $D>h$C$F$$$k $NBP $7 , =8 Cf<BAu $G$O J#?t $N2A3J $*$h $SF~ ;%$, 1 %a%C %;!<%8>e $K>h$C $F$$ $k$?$a , F1$8 Aw?. ;~4V$G $b$=$NFbMF$,0[$J$kE@$G$"$k . $3$N$?$a0lHLE*$K , T pr + T pm > T 0 pr + T 0 pm (9) $,@.$jN) $D . N> <T$N 79$- $rHf 3S$9 $k $H , <0 (9) $K$h $j A0 <T$N 79 $- $N J} $, Bg $- $$ $3 $H $, $o $+ $k . $^ $? , y @Z JR $r Hf3S$7$?$H$- , T c $O7W;;;~4V $J$N$KBP $7$F T 0 pr , T 0 pm $O DL?.;~4V$G $"$j , 0J 2<$N <B83 $G$b<( $5$l $k$h$& $K0l HL$K 8e<T$NJ}$, $O$k $+$KBg $-$/ $J$k $?$a , N> <T$rJ? LL>e $K%W %m%C%H$7$?D> @~$, 8r:9 $7 , Mx MQ<T ?t$K1~ $8$? %H%l!< %I%* %U$,B8:_$9$k$3$H$,$o$+$k . 4.2 5DO@ A0@a$N5DO@ $r8!>Z $9$k $?$a , J,;6 / =8 Cf=hM} $N3F J}<0$G 7W;;$r9T$&%7%9%F%‘$r<BAu$7!$I>2A<B83$r9T$C$?!%7W;; %"%k%4 %j%: %‘ $O , %o %k %i%9 $N LO :w2a Dx $K$* $$ $F , 8z N( 2= $N$?$a<{MW4X?t$rF~;%$9$k$h$&$K$7$?$b$N$G$"$k [10]. $3 $N%7%9%F%‘>e$G n $NBg$-$5$rJQ$($J$,$i2A3J$dF~;%$NDL ?.$r9T$C$F , A0@a$N5DO@$GMQ$$$? T pr , T pm , T 0 pr , T 0 pm $N CM$r 2 : 0 ms , T c $NCM $r 40 �sec , $^ $? k = 5 $H $7$F 7W;; $9 $k $H , %/ %i %$%" %s %H $N?t $, 7 $N JU$j $, , %H%l!< %I %*%U $NJ,4tE@$,@8$8$? . 0lHL$K , F reeW alk 4D6-$N$h$&$K%/%i%$%"%s%H?t$,$3 $N J,4t E@$h $j>. $5$$ $H$3 $m$G $O=8Cf J}<0 $,NI $/ , RSVP 4D6-$N$h$&$K%/%i%$%"%s%H?t$,Bg$-$$=j$G$OJ,;6J}<0$, NI $$$H 8@$( $k . C"$7 $3$N I>2A $O , 9- 0h$N%M%C %H%o!< %/$N $h $& $K , J, ;6 4D6- $G DL?. $, JBNs $K <B 9T$G $- $k$3 $H , DL?. $NA}2C$,B>$NDL?.B.EY$K1F6A$rM?$($J$$$3$H$rA0Ds$H$7 $F $$ $k . LAN $N>e $G $O , %Q %1%C %H$O %7 %j %" %k $KE> Aw $5 $l , DL ?.$N A} 2C$, B> $NDL ?. B.EY $K 1F 6A$r M? $($k $? $a , =8 Cf=hM}J}<0$KM-Mx$KF/$/$H9M$($i$l$k . 5 ;~4VE*%H%l!<%I%*%U 0l HL6Q 9U$K4p $E$/ %b%G%k $G$O , 2A3J$N C5:w 5!9=$H $7$F 3F %(!< %8%’%s %H $K$h $k F~;% $H , $=$l $K =>$C$? 6% Gd?M $K $h $k 2A3J JQ99$H $r7+ $jJV$9 $3$H $G , 6%Ah 6Q9U $X<}B+ $9$k $H $$$C $? %" %k %4 %j %: %‘ $, MQ $$ $i $l $k . $= $3 $G $O DL >o 6Q 9U 2r$,5a$^$k$^$G$O:b$N8r49$O9T$o$l$J$$$H$$$&86B’$,$" $k . K\8& 5f $GBP >] $H $9$k %M%C %H%o!< %/ 4D 6-$G $O!$ >u 67JQ 2=$KBP=h$9$k$?$a$K$3$N2A3JC5:w$r7+$jJV$79T$&I,MW$, $"$k!%$3$NJQ2=$,$"$kDxEYBg$-$/$J$k$H!$Kh2s<}B+$rD9 ;~4VBT$C$F>u67$,$^$C$?$/JQ$C$F$+$i3dEv$F$r9T$&$H$$ $& $N$O Hs8=<B E*$G $"$k!% $‘$7$m , $?$H $(3d Ev$F$K B?>/ $N L5BL$,@8$8$F$b!$$"$k0lDj0J>e$NIJ<A$N3dEv$F$,F@$i$l $l$P$=$3$G7W;;$r$&$A$-$C$F<!$N3dEv$F7W;;$K$&$D$C$F $$$/J}$,NI $$>l9g$b$"$k$@$m$&!%Nc$($P F reeW alk ;T>l $G $O , MxMQ <T $NF0 $- $KDI ?o $9$k $? $a $K , %_ %jIC C1 0L $N3d $jEv$F$, K>$^$l$k . $^$? RSVP ;T>l $G$O , %/%i%$%"%s%H ?t $,Bg $-$/$J$C $?>l 9g$K , 6Q9U2r $N7W ;;$r 9bB.2= $9$k I, MW$,@8$8$k . K\ >O$G $O!$ 7W ;; $N @: EY 8~ >e $K $+ $1 $k ;~ 4V $H , ;T >l $K $*$1$k%G%^%s%I$NJQ2=$X$NDI=>$H$$$&;~4VE*%H%l!<%I%* %U$K$D$$$F5DO@$9$k!% 5.1 %H%l!<%I%*%U$NJ,@O $3 $3 $G $N 4X ?4 ;v $O!$ (a) <} B+ $^ $G BT$C $F 3d Ev $F $r 7h Dj$9$k >l9g$H!$ (b) Aa4|$K7W;;$r$&$A$-$C$F 6Q9U2A3J$G $J$$2A3J$r:NMQ$9$k>l9g$H$N%H%l!<%I%*%U$G$"$k!%0J2<!$ C1 =c 2= $N $? $a $K 6Q 9U 2r $X $N <} B+ $K MW $9 $k ;~ 4V $r T 0l Dj $H$7$F5DO@$r?J$a$k$b$N$H$9$k!% ;T>l %b %G%k $K$* $$ $F!$6Q 9U 2A3J $G $J$$ 2A 3J$r :N MQ$7 $F3dEv$F $r:NMQ$7$?>l9g!$3F mark et $K$*$$$F$O<{5k$O 6Q 9U $;$:!$ $7 $? $,$C$F D6 2a<{ MW $NNL $O Hs Nm$H $J $k!% (a) $N>l9g$K$b!$$=$3$G5a$^$C$?2A3J$O$"$/$^$G$b7W;;3+;O 7

(a) 6Q9U2r$r<}B+$9$k$^$G5a$a$?>l9g (b) 7W;;$rBG$A@Z$k>l9g ?^ 5: %G%^%s%I$NJQ2=$K$h$kB;<: ;~9o t 0 � T $N$b$N$G$"$j!$<}B+;~9o t 0 $K$*$1$k??$N<{ MW6!5k$KBP$7$F$O6Q9U2A3J$G$O$J$$!%IT6Q9U>uBV$N3dEv $F$r$"$k4|4VB3$1$F:NMQ$7$?>l9g$N%7%9%F%‘A4BN$G$NB; <:$rD62a<{MWNL$NBg$-$5$H;~4V$H$N@Q$H$7$FB*$($k$b$N $H$9$l$P 2 !$;~9o t 0 $K$*$$$F5a$^$C$?3dEv$F$,:NMQ$5$l $k4|4V [ t 0 ; t 0 + T ] $G$N total loss L a $O!$;~4V T $r$+$1 $F;~9o t 0 $G5a$^$C$?2A3J$r;~9o t $K$*$$$FMQ$$$k$3$H$K $h$kD62a<{MWNL � t 0 ;T ( t ) $NEv3:4|4VFb$G$N@QJ,$H$7$F0J 2<$N$h$&$KI=$9$3$H$,$G$-$k!% L a = Z t 0 + T t 0 j � t 0 ;T ( t ) j dt (10) $3$NMM;R$r?^ 5(a) $K<($9!%?^Cf!$2#<4$O;~9o!$=D<4 $OD6 2a <{ MW NL $G $" $k!% 6J @~ $O ;~ 9o t 0 $K $* $$ $F 5a $^ $k 2A 3J$r:NMQ$7$?$H$-$N$=$l$>$l$N;~9o t $K$*$1$kD62a<{MW NL$r<($9!%$3$N$H$- L t 0 ;T $O6J@~$H2#<4$K$h$C$F0O$^$l $?1"$N ItJ, $N LL @Q$K Ey $7$$!% 7W ;;3+ ;O ;~9o t 0 � T $K $* $$$F$O � t 0 ;T ( t ) = 0 $G $" $j!$$7 $? $,$C$F $b $74D 6- $KA4 $/JQ2=$,$J$1$l$P L a = 0 $H$J $k$3$H$O$3 $N?^$h$jL@ Gr $G$"$k!% <! $K (b) $N >l 9g$r 9M $( $k!% B; <:$K 4X $9 $k 9M $( J}$O >e $HF1MM$G$"$k$,!$7W;;$rBG$A@Z$C$F$$$k$?$a$K!$$=$N2A 3J$KBP$7$F$O$=$l$>$l$N7W;;3+;O;~9o$K$*$$$F$bD62a<{ MWNL$OHsNm$G$"$k$3$H$KCm0U$9$kI,MW$,$"$k!%;~4V T 0 = T = N ( N $O@5@0?t ) $G7W;;$r$&$A@Z$k$b$N$H$7$? $H$-$N 4|4V [ t 0 ; t 0 + T ] $K$*$1$kAmB;<:$O?^ 5(b) $N1"$NItJ,$N LL@Q$KAjEv$7!$0J2<$N$h$&$KI=$9$3$H$,$G$-$k!% L b = n X k =1 Z t 0 + k T 0 t 0 +( k � 1) T 0 j � t 0 +( k � 1) T 0 ;T 0 ( t ) j dt (11) 2 BS 0hI} $N ;T>l $G9M $( $l$P!$ $3 $l$O $=$N 4| 4V$K Aw$l $k $O$: $J$N $K Aw $i$J$+$C $?!$ $" $k$$ $O Aw $i $J$/ $F $b $h $$$N $K Aw$C $F $7$^$C $? %G!< %? $N NL$H2r<a$G$-$k!% 4D6- $NJQ 2= $,Bg $- $$$H $-!$?^ 5 $N 6J @~$N 79 $-$O 0l HL E* $K5^ $K$J $k$H9M $($i $l!$$= $l$K =>$C$F L a $b Bg$- $/$J $k!%0lJ}!$ (b) $N >l9g$K$b$=$N1F6A$OHr$1 $i$l$J$$$,!$ :F7W;;$N$?$S$K??$N6Q9U2r$H$N$:$l$,Jd@5$5$l$k$?$a$K!$ L b $N A} 2C $O Hf 3S E* >. $5 $/ $F :Q $‘!% $3 $N $3 $H $+ $i!$ 4D 6- $NJQ2=$,>.$5$$>l9g$K$O;~4V$r$+$1$F<}B+7W;;$r9T$&J} $,$h $$$,!$JQ2= $,5^7c$K$J $k$K=>$C$F L a $H L b $H$NBg >.$,5UE>$7!$7W;;$rESCf$GBG$A@Z$C$F4D6-$KDI=>$7$F$$ $/J}$,M-Mx$H$J$k$3$H$,$o$+$k!% $b$& 0l $D$N O@E@ $H $7$F!$ 2r $N<B 9T 2DG= @- $K4X $9 $k5D O@$,$"$k [7] !%0lHL$K6Q9U2r$r5a$a$k7W;;<jB3$-$K$O , 7W ;; ES Cf$N 2r$, <B 9T2D G= $J$b $N [3] $H$= $& $G$J $$ $b$N $,$" $k . K\O@J8$GMQ $$$F$$$k%o%k %i%9$NLO:w 2aDx$O8e<T $KB0 $7 , 7W;;$r ESCf$GBG$A@Z$k$H<B9T2DG=$J2r$OF@$i$l$J$$ . $7 $+$7 $J$,$i , @53N $J0UL# $G$N <B9T2D G=$J 2r$,F@ $i$l $J $$ $3$H $,$=$N $^$^ , 7W;;ES Cf$N 2r$,Mx MQ2D G=$G$J $$$3 $H $r0U L#$9$k$o$1 $G$O$J$$ . %$%s%?!<%M%C %H$N$h$&$K $=$b $=$b%Y%9%H%(%U%)!<%H$GBS0h3dEv$,9T$J$o$l$F$$$k$h$& $J%M%C%H%o!<%/$G $O , M}O@E*$K<B9T2DG=$J2r$G$J$/$F$b , $=$N2r$N<($9;X?K$K$7$?$,$C$FBS0h$rMxMQ$9$k$3$H$,<B :]E*$G$"$k . $^$? , RSVP $K$h$k3dEv$N$h$&$J>l9g$G$b , 0l HL $K RSVP %5!< %S %9 A4 BN $K 3N J] $5 $l $? BS 0h $N 3d $j Ev $FNL$K$"$kDxEY$NJQF0$O5vMF$5$l$k$b$N$G$"$k . 5.2 5DO@ >e =R$N 2r@O7k 2L$, @.N)$9 $k$? $a$K $O , 7W;; $N2aDx $K$* $$ $F D62a <{MW NL$,C1 D4$K 8:>/ $7$F , ?^ 5 Cf$N 1"$N ItJ, $,Dc $/$J $kI,MW$, $"$k . $3$N JQ2=$r%7 %_%e%l!<%7%g%s$K $h$j B,$C$? . ?^ 6 $O%o%k%i%9$ND4@02aDx $r7W;;J}K!$H$7$FMQ$$ $? >l 9g$N , 8= :_$N BS0h I}$KBP $9$k 7W;;ES Cf$K $*$1$k D62a <{ 8

?^ 6: 2A3J7W;;$N2aDx$K$*$1$kD62a<{MWNL$NJQ2= MWJQ 2= $r <( $7 $? $b $N $G $" $k . %/ %i %$ %" %s %H ?t $O 5, @8 ;:<T$d>CHq<T$N$b$D3F<o%Q%i%a!<%?$OMp?t$K$h$j@8@.$7 $? . 2#<4 $O2A3J $N99 ?72s ?t , =D<4 $OD6 2a<{MW NL$N A46! 5k NL$KBP$9$k3d9g$r<($9 . $3 $N ?^ $K <( $5 $l$k $h $& $K , D6 2a <{ MW NL$N @d BP CM $O 7W ;;$N?J 9T $H$H $b $K8: >/ $9$k . 8m :9 $,A4 BN $N 10% 0J2< $K $J$k $N$K 1000 2s $N 2A 3J =$ @5 $G :Q $s $G $$ $k $, , $= $l 0J 9_ $O<{MWNL$N<}B+$OF_2= $7$F$$$k$N $,8+$F$H$l$k . 0lHLE* $K$3$N$h$&$J<}B+7?$N7W;;$G$O:G8e$N>/NL$N8m:9$N=$@5 $KBgH>$N;~ 4V$, 3d$+$l $k79 8~$, $"$j , $3 $N$3$H $+$i $b$" $kDxEY$N@:EY$,F@$i$l$?>e$G$N7W;;BG$A@Z$j$NM-8z@-$, ;Y;}$5$l$k . 6 $*$o$j$K K\9F$G$O!"MxMQ<T$N8zMQ$K4p$E$/%M%C%H%o!<%/;q8;$N3d Ev$F $H $$ $& N) >l $+ $i F@ $i $l $? %" %W %j %1!< %7%g %s QoS ;T >l%b%G%k$K$D$$$F!"<B:]$N%M%C%H%o!<%/$XE,MQ$7$F$$$/ >l9g$NLdBjE@$K$D$$$F=R$Y$?!% 0l HL6Q 9UM} O@ $K$b $H $E$$ $?;T >l ;X8~ $N %"%k %4%j %: %‘ $G$O , >CHq<T , @8;:<T , 6%Gd?M$H$$$C$?3F7W;;MWAG$r40A4 $KJ,;6$7$F <BAu$9 $k$3 $H$,2D G=$G$" $k$, , 7W ;; / DL?.%3 %9%H$d<BAu$NJ#;($5$N4QE@$+$i$O$3$l$r$=$N$^$^:NMQ$9 $k$3$H$OF@ :v$G $O$J $$ . $^$? , $3 $l$i $K$*$$ $F$O 6Q9U $r 5a$a$k$?$a $K , 7+$j JV$7 7W;; $r<}B+ $9$k $^$G9T $&I, MW$, $"$k$, , K\8& 5f$G07 $&$h $&$J >u67$, F0E* $KJQ2= $7$F Cf$G 7+$jJV$73d Ev$F 7hDj $r9T$C$F $$$/ >l9g $K$O , 40 A4$J 6Q9U $r5a$a$k$N$O>o$KM-1W$H$O8B$i$J$$ . K\8&5f $G$OLdBj $H$J$C$F$$ $k%"%W%j %1!<%7%g%s QoS ;T>l$H$=$NE,MQBP>]$G$"$k%M%C%H%o!<%/%"%W%j%1!<%7%g %s$K$D$$$F , 5,LO$H$7$F$O>.$5$/MW5a$NJQ2=$N7c$7$$ F ree- W alk 4D 6-$H , 5U$K 5, LO $O Bg $- $$$, MW 5a JQ 2= $N 4K $d$+ $J RSVP 4D 6-$r A[Dj $7 , $=$N Cf$G $N6u 4VE* , ;~4V E*%H %l!< %I%*%U$K$D$$$F$=$NJ,@O$*$h$S<B83$K$h$k3NG’$r9T$C$? . $=$N7k2L , 0J2<$N7kO@$rF@$? . 1. 6u 4V E*%H %l!< %I %* %U $K $*$$ $F , %/ %i %$ %" %s %H ?t$N >. $5 $$ F reeW alk 4D6- $G $O 6%Gd ?M $r=8 Cf 2= $9$k %a %j%C%H$,>e$^$o$j , %/%i%$%"%s%H?t$NBg$-$$ RSVP 4D6-$G$O5U$KJ,;62=$K%a%j%C%H$,$"$k . 2. ;~4VE*%H%l!< %I%*%U$K$*$$ $F , <B9T;~$K QoS %G%^ %s %I $, 7c $7 $/ JQ 2= $9 $k F reeW alk $d , %G %^ %s %I $N JQ2=$O4K$d$+$G$"$k$,%/%i%$%"%s%H?t$NB?$$ RSVP 4D 6- $G $O , 6& $K <} B+ 7W ;;$r :G 8e $^ $G 9T$J $& $3 $H $O <B:]E*$G$J$/ , E,EY$KBG$A@Z$kI,MW$,$"$k . >e 5-$N %H %l!< %I %* %U $N J, @O $r DL $8 , ;T >l %b %G %k $K $b $H $E$/ 3dEv$F <jK! $r<BAu $9$k $K$* $$$F$O , $=$N7W ;;7k 2L $G $"$k 3dEv$F IJ<A $NJ,@O $@$1 $G$O $J$/ , E, MQBP>] $K$h $k <BAu7ABV$d7W;;BG$A@Z$j$N%?%$%_%s%0$NA*Br$,=EMW$H$J $k$3$H$r<($9$3$H$,$G$-$? . K\9F $G$O >e =R$N 6u 4VE* / ;~ 4VE* %H %l!<%I %* %U$K $D $$ $F $= $NB8 :_ $HH/ @8 $9 $kMW 7o $H$r , 2 <o $N E5 7?E* $J 1~MQ $r A[Dj$7$F5DO@$7$? . 8=:_ , K\%7%9%F%‘$O<BAuCf$G$"$j , <B :]$N%5!<%S%9$rDL$8$?LdBjE@$K$D$$$F$OJLESJs9p$9$k . ;29MJ88% [1] N. R. Bogan, Ec onomic Al lo c ation of Computa- tion Time with Computation Markets , MIT Lab- oratory for Computer Science T ec hnical Rep ort 633, August 1994. [2] S. H. Clearwater (ed.), Market-Base d Contr ol: A Par adigm for Distribute d R esour c e Al lo c ation , W orld Scienti�c, 1996. [3] J.F. Kurose, R. Simha, \A Micro economic Ap- proac h to Optimal Resource Allo cation in Dis- tributed Computer Systems," IEEE T r ans. on Computers , V ol. 38, No. 5, pp. 705{717, 1989. [4] K. Kuw abara, T. Ishida, Y. Nishib e, and T. Suda, \An equilibratory market-based approach for distributed resource allo cation and its ap- plication to communication netw ork con trol," in (Clearw ater96). [5] M. S. Miller, D. Krieger, N. Hardy , C. Hibb ert, and E. D. T ribble, \An Automated Auction in A TM Netw ork Bandwidth," in (Clearwater96). 9

[6] H. Nak anishi, C. Y oshida, T. Nishimura, and T. Ishida, \F reeW alk: Supp orting Casual Meeting in a Netw ork," Pr o c. of CSCW’96 , pp. 308{314, 1996. [7] T. Sandholm and F. Ygge, \On the Gains and Losses of Sp eculation in Equilibrium Markets," 15th In ternational Joint Conference on Arti�cial Intelligence (IJCAI-97), pp. 632{638, 1997. [8] J. B. Shov en and J. Whalley , Applying Gener al Equilibrium , Cambridge Univ ersit y Press, 1992. [9] C. A. W aldspurger, T. Hogg, B. A. Hub erman, J. O. Kephart and W. S. Stornetta, \Spawn: A Distributed Computational Economy ," IEEE T r ansactions on Softwar e Engine ering , V ol. 18, pp. 103{117, 1992. [10] M. P . W ellman, \A Market-Orien ted Pro- gramming Environmen t and Its Application to Distributed Multicommo dity Flo w Problems," Journal of Arti�cial Intel ligenc e R ese ar ch , V ol. 1, pp. 1{22, 1993. [11] H. Y amaki, M. P . W ellman, and T. Ishida, \A Market-Based Approach for Allo cating QoS to Multimedia Applications," ICMAS-96 , pp. 385 { 392, 1996. [12] L. Zhang, S. Deering, D. Estrin, S. Shenker, and D. Zappala, \RSVP: A New Resource ReSerV a- tion Proto col," IEEE Network , V ol. 7, No. 5, pp. 8 { 18, 1993. 10