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D!4!4 K-1/+,,$, *+ *)/1$.+-(+ +( *+ ,)&+/('18 *+, /<+;'8, ! "I

D!" C-'('E$+, *+, *'X)-+8(+, (+/<8'E$+, +971,)+, ! ! ! ! ! ! ! ! ! ! 5=

G C18/&$,'18 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 5 
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 !"#$ %$& '! ()*$&

 !"#$#%#&' (' "#)$*+' ,)&$-%.',-/ 0123456  7

 !"#$#%#&' (' "#)$*+' ,)&$-%.',-/ 0123456 7 7 7 7 7 7 7 7 7 7 7 7 7 89

 7 :;<#$.=>'> '$ (?@/-$-#/ () <"#A&=,' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8B

 7C 2?%#)D'"$' ('> %.',-/> (*/> 0123456 7 7 7 7 7 7 7 7 7 7 7 88

 79 E?&'%$-#/ ('> %.',-/> '$ &* $"*/>,->>-#/ ('> <*F)'$> (' (#//?'> 8G

 7B 4*-/$'/*/%' ('> %.',-/> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8H

C 5D*&)*$-#/ ('> <'"I#",*/%'> () <"#$#%#&'

0123456 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8J

C7 !*"*,=$"'> (' <'"I#",*/%' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8J

C7C 5/D-"#//','/$ (' >-,)&*$-#/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8J

C79 5D*&)*$-#/ ('> <'"I#",*/%'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8J

C797 K#/>#,,*$-#/ (L?/'"+-' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 M 

C797C 2?&*- (' A#)$ '/ A#)$ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 M9

C7979 E)"%#)$ () "#)$*+' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 M9

9 K#/%&)>-#/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 MB

8 !"#$#%#&' (' "#)$*+' ,)&$-%.',-/ 0149:;4 8 

 N)>$-@%*$-#/ () %.#-O () <"#$#%#&' (' A*>' P

01423 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 M8

C Q' <"#$#%#&' 014RSQ4 P 0( .#% 1/S(',*/( 4)&$-<*$. R#)$-/+

T-$. Q-I'$-,' 4*O-,-U*$-#/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 MM

C7 2?@/-$-#/ () <"#A&=,' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 MG

C7C 2?%#)D'"$' ('> %.',-/> ,)&$-<&'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 MH

C79 E?&'%$-#/ ('> %.',-/> ,)&$-<&'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 MJ

C7B V"*/>,->>-#/ (' (#//?'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GB

C78 4*-/$'/*/%' ('> %.',-/> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GB

9 5D*&)*$-#/ ('> <'"I#",*/%'> () <"#$#%#&' 014RSQ4 7 7 7 7 7 7 7 7 7 G8

97 !*"*,=$"'> (' <'"I#",*/%' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 G8

97C 0/*&;>' () %#'W%-'/$ α 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 G8

B 5D*&)*$-#/ ('> <'"I#",*/%'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GM

B7 2)"?' (' D-' () "?>'*) 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GG

B7C 5%*"$ $;<' '$ %#'W%-'/$ (' D*"-*$-#/ (' &* ()"?' (' D-' D> &'

/#,A"' (' /X)(> ?<)->?> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GH

B79 K#/>#,,*$-#/ ,#;'//' (L?/'"+-' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 GJ

B7B 2'&*- ,#;'/ (' A#)$ '/ A#)$ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 HY

8 K#/%&)>-#/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 H 

< =#/%&)>-#/ '$ ?'">?'%$-@'> AB

 K#/%&)>-#/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 HC

C !'"><'%$-D'> 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 HB

C-D&-#+"*?.-' A 
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 !" #$%&'&()* +*, -.&/&0&1*, +* .&2/$3* -&2. 1*, .4,*$2% $+ 5&0! ! ! ! ! 6

 ! 7/)1),$/)&' +*, 89: +$', 1* .&2/$3*! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""

 !; <)=2,)&' +*, -$>2*/,   !" ? 0.4$/)&' +* 05*()' )'@*.,*! ! ! ! ! ! ! "A

 !A B/$C1),,*(*'/ +* 05*()' *'/.* 2'* ,&2.0* s */ 2'* +*,/)'$/)&' d! ! ! ! "D

 !D E&'* +* .&2/$3* +2 'F2+ s G'&(C.* +* ,$2/, H  I ! ! ! ! ! ! ! ! ! ! "J

;!" :&2/$3* K 05*()' 2')>2* */ .&2/$3* (21/)05*()'! ! ! ! ! ! ! ! ! ! ! !  L

;! M5*()', K 'F2+, +),N&)'/,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  "

;!; M5*()', K 1)*', +),N&)'/,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  "

;!A <40&2@*./* +* 05*()', K 1)*', +),N&)'/, +$', OP8<Q ! ! ! ! ! ! ! ! !  D

;!D R/.20/2.* +*, *'/.4*, +*, /$C1*, +* .&2/$3* +* OP<Q */ OP8<Q! ! !  S

;!S T* U&.($/ +2 -$>2*/ ::VW +2 -.&/&0&1* OP<Q8! ! ! ! ! ! ! ! ! ! !  X

;!J 7'* *'/.4* +* 1$ /$C1* +* .&2/$3* +YOP<Q8! ! ! ! ! ! ! ! ! ! ! ! ! !  6

A!" R/.20/2.* +Y2'* *'/.4* +* 1$ /$C1* +* .&2/$3* +* 88:V! ! ! ! ! ! ! ! A;

A! R/.20/2.* +2 -$>2*/ Z*11&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! AD

A!; R/.20/2.* +2 -$>2*/ ::VW! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! AD

A!A R/.20/2.* +2 -$>2*/ [**-O1)@*! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! AS

A!D V%*(-1* +Y2'* /&-&1&3)* +Y2' .4,*$2! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! A6

A!S 9.*()\.* -5$,* +* 1Y$13&.)/5(* E<]OP8<Q! ! ! ! ! ! ! ! ! ! ! ! ! ! ! A6

A!J <*2%)\(* -5$,* +* 1Y$13&.)/5(* E<]OP8<Q! ! ! ! ! ! ! ! ! ! ! ! ! ! DL

A!X T*, 05*()', ,41*0/)&''4, G,2)@$'/ 1Y*%*(-1*I! ! ! ! ! ! ! ! ! ! ! ! ! ! ! D"

D!" OP<Q8V^ ? V%*(-1* +* +)=2,)&' +*, -$>2*/,   !" */   !#! ! ! DD

D! R/.20/2.* +* 1$ /$C1* +* .&2/$3* +2 -.&/&0&1* OP<Q8V^ ! ! ! ! ! ! DJ

D!; OP<Q8V^ ? V%*(-1* +* +40&2@*./* +*, 05*()',! ! ! ! ! ! ! ! ! ! ! ! DX

D!A M&',&(($/)&' +Y4'*.3)* $2 0&2., +2 /*(-,! GαHL! I ! ! ! ! ! ! ! ! ! S"

D!D M&',&(($/)&' +Y4'*.3)* $2 0&2., +2 /*(-,! GαHL!AI ! ! ! ! ! ! ! ! ! S"

D!S M&',&(($/)&' +Y4'*.3)* $2 0&2., +2 /*(-,! GαHL!SI ! ! ! ! ! ! ! ! ! S 

D!J M&',&(($/)&' +Y4'*.3)* $2 0&2., +2 /*(-,! GαHL!XI ! ! ! ! ! ! ! ! ! S 

D!X <41$) +* C2/ *' C&2/ @, 1$ /$)11* +2 .4,*$2! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! S;

D!6 R2.0&2/ +2 .&2/$3* @, 1$ /$)11* +2 .4,*$2! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! SA

S!" R/.20/2.* +* 1$ /$C1* +* .&2/$3* +2 -.&/&0&1* OP8:]T8! ! ! ! ! ! ! JL

S! :40*-/)&' +*,   !", -$. 1$ +*,/)'$/)&' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! JL

S!; T* 05&)% +*, 'F2+, @&),)', -&2. 1Y*'@&)* +*,   !#,! ! ! ! ! ! ! ! ! ! J;

S!A T*, 05*()', +40&2@*./, -$. 1* -.&/&0&1* OP8:]T8! ! ! ! ! ! ! ! ! ! J;
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 !" αmin #$%&'& K! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ( 

 ! )'%*$ +$ #,$ +' %*&$-' #& ./01%$ +$ .2'+& *3',&*&! ! ! ! ! ! ! ! ! ! ((

 !( 4/$56,$.7 +$ #-%,-7,/. +$ 8- +'%*$ +$ #,$! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (9

 !: ;<*.$%=,$ 6/.&/00*$ #& 7$03& +$ &,0'8-7,/.! ! ! ! ! ! ! ! ! ! ! ! ! ! (9

 !9 +*8-, +$ 1/'7 $. 1/'7 #& ./01%$ +$ .2'+&! >-? @/1,8,7* AB C D!"E 0F& :B

 !GB +*8-, +$ 1/'7 $. 1/'7 #& ./01%$ +$ .2'+&! >1? @/1,8,7* AD! C "E 0F& :G

H
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 !" #$%&'() *& %$ +,-),..$/0,- *12-&(30& 4&- .56 *& 7'&%7'&) 0-/&(8$+&)

*& +,..'-0+$/0,- )$-) 9% :;;; <=>! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?@

A!" BCD#E;F G H$($.I/(&) *& )0.'%$/0,-! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! J=

J!" E&)'(& * αmin (&%$/0K& $' -,.L(& *& -M'*) *' (2)&$' K! ! ! ! ! ! ! @J

J!> H$($.I/(&) *& )0.'%$/0,- *' N(,/,+,%& BCEOPQE! ! ! ! ! ! ! ! ! ! ! @@

J!? .,R&--&S %12+$(/ /RN& &/ %& +,&T+0&-/ *& K$(0$/0,- *& %$ *'(2& *& K0&

K) %& -,.L(& *& -M'*) 2N'0)2)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! @<
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)*%&+,-.%$+*

 !" #!$%&'$!" (%%)!"* +! #,-(&%! #! +( .)+)/,--0%&/(.&,% ( 1$&" 0% %,02!+ !%3

2,+ 4$5/! 6 +7)2,+0.&,% #!" .!/8%,+,4&!" "(%" 9+ !. +7(11($&.&,% #!" 0%&.)" -,:&+!" #!

/(+/0+"; <!" 0%&.)" -,:&+!" 1,"")#(%. .,0.!" #!" /($(/.)$&".&=0!" #&>)$!%.!" ?&%#)3

1!%#(%/!* /(1(/&.) #! ".,/@(4!* 2&.!""! #! /(+/0+;;;A (//'#!%. #)",$-(&" (0B $)"!(0B

6 .$(2!$" 0%! &%.!$C(/! #! /,--0%&/(.&,% "(%" 9+; <( .!/8%,+,4&! "(%" 9+ ,>$! 0%!

4$(%#! D!B&:&+&.) #7!-1+,& !. #! -&"! !% $)"!(0 #!" 0%&.)" #,%. +! /5:+(4! "!$(&. .$,1

,%)$!0B 6 $)(+&"!$ #(%" +!0$ .,.(+&.)* 2,&$! -E-! &-1,""&:+!; F($-& +!" /($(/.)$&"3

.&=0!" #! /!" %,02!(0B $)"!(0B* %,0" 1,02,%" /&.!$ +7($/8&.!/.0$! /,--0%&/(%.! =0&

!". "(%" 9+* +( "1,%.(%)&.) #! +!0$ -&"! !% 1+(/!* +!0$ (0.,3/,%940$(.&,%* +78).)$,3

4)%)&.) #!" )=0&1!-!%." +!" /,-1,"(%.* +!0$ -,:&+&.)* +!0$ /,%",--(.&,% #7)%!$4&!*

=0& #,&. E.$! /,%.$G+)!* !. +( 1,""&:&+&.) #! "011,$.!$ 0% 4$(%# %,-:$! #70.&+&"(.!0$";

<!" $)"!(0B "(%" 9+ "! #&2&"!%. !% #!0B .H1!" #7($/8&.!/.0$!"; <!" ($/8&.!/.0$!" (2!/

&%C$(".$0/.0$! ,0 (2!/ 1,&%. #7(//'" !. +!" ($/8&.!/.0$!" "(%" &%C$(".$0/.0$!; I(%"

+!" $)"!(0B (2!/ 1,&%. #7(//'"* (0.$!-!%. #&." $)"!(0B (2!/ &%C$(".$0/.0$!* +!" 0%&.)"

-,:&+!" "! /,%%!/.!%. 6 0%! ".(.&,% #! :("!* =0& 1($.(4! +( :(%#! 1(""(%.! #&"1,3

%&:+!* 0%! 0%&.) -,:&+! 1!0. /,--0%&=0!$ (2!/ +!" (0.$!" 0%&.)" 6 .$(2!$" +( ".(.&,%

#! :("! 6 +(=0!++! !++! !". #&$!/.!-!%. $(..(/8)!;  8(=0! ".(.&,% #! :("! 1,""'#!

0%! /!++0+! (0 "!&% #! +(=0!++! +!" 0%&.)" -,:&+!" 1!02!%. )-!..$! !. $!/!2,&$ #!"

1(=0!."; <( #!0B&'-! ($/8&.!/.0$! #!" $)"!(0B "(%" 9+ !". "(%" &%C$(".$0/.0$! ?"(%"

".(.&,% #! :("!A;

J,0" #)/$&2,%"* 1+0" !% #).(&+"* #(%" +( "0&.! #! /! /8(1&.$! +!" $)"!(0B (# 8,/* +(

1$,:+)-(.&=0! #! $,0.(4!* !. %,0" 9%&"",%" 1($ %," /,%.$&:0.&,%" #(%" +! #,-(&%!;

 !"#$%&$% ' ()*%+,& +- ."/

 !..! .8'"! "7&%"/$&. #(%" +! /,%.!B.! #!" $)"!(0B "(%" 9+ "(%" &%C$(".$0/.0$!*

1$)/&")-!%. +!" $)"!(0B (# 8,/* (11!+)" (0""& KLJMN ?K,:&+! (# 8,/ %!.O,$@A; P%

$)"!(0 (# 8,/ !". 0%! /,++!/.&,% #70%&.)" -,:&+!"* &%.!$/,%%!/.)!" 1($ 0%! .!/8%,+,4&!

"(%" 9+ C,$-(%. 0% $)"!(0 .!-1,$(&$! "(%" +7(&#! #! .,0.! &%C$(".$0/.0$! 1$)!B&".(%.!

,0 (#-&%&".$(.&,% /!%.$(+&")!; <!" 0%&.)" -,:&+!" ?%Q0#"A &%.!$(4&""!%. !. 1!02!%.
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 !"#$%&' () $*%&+,- %$+*

 !!"#$%$ "!&$ '(# )*+,%$ -%' '%$./ %'0 1+ +2&- "%&3 4 5* 6!/'  !77&+/8&%$ -/9

$% 3%7%+3 *.% -(*&3$%' +2&-' !& '%$./$ -% $%5*/0 1+ $%5*/ "%$7%3 4 -%' +2&-' '%

3$!&.*+3 )!$' -% "!$3#% $*-/! 5%' &+' -%' *&3$%' -%  !77&+/8&%$0 :+  !+'#8&%+ %;

!+ &3/5/'% 5% 3%$7% $#'%*&< =7&53/9'*&3'> -*+' 5* 5/33#$*3&$% "!&$ -#'/,+%$ 5%' $#'%*&<

*- )! !& ?@A:B0 C%' $#'%*&< "%&.%+3 %</'3%$ 3%7"!$*/$%7%+3 "!&$ $#"!+-$% 4

&+ D%'!/+ "!+ 3&%5 -%  !77&+/ *3/!+0 E5' "%&.%+3 F3$% -#"5!G#' 4 D!+ %' /%+3 -*+'

-%' '/3&*3/!+' -(&$,%+ % 3%55%' 8&% 5%' 7/''/!+' -% '% !&$' %+  *' -(/+ %+-/%' !& -%

 *3*'3$!")%' +*3&$%55%' =/+!+-*3/!+'; 3$%7D5%7%+3' -% 3%$$%; %3 0>; */+'/ 8&% 5%' 7/'9

'/!+' -(%<"5!$*3/!+0 A!&' -# $/.!+' -*+' 5* '&/3% -%  %33% '% 3/!+ 5* $%"$#'%+3*3/!+

6!$7%55%; 5%'  *$* 3#$/'3/8&%'; 5%' *""5/ *3/!+'; 5%' *.*+3*,%' %3 5%' /+ !+.#+/%+3' -%'

$#'%*&< *- )! 0

 ! "#$%&'#()*)+,( -,%.#//# 012( %&'#*2 *0 3,4

1+ $#'%*& *- )!  !7"$%+- -%' &+/3#' 7!D/5%'; *""%5#%' +2&-'; 8&/ '!+3 5/D$%'

-% '% -#"5* %$ '*+'  !+3$*/+3%0 1+ $#'%*& *- )! %'3 -!+ &+ 'G'3H7% *&3!+!7% -%

+2&-' 7!D/5%'0 C% 'G'3H7% "%&3 6!+ 3/!++%$ -(&+% 7*+/H$% /'!5#% !& '(/+3%$6* %$ 4

-%' $#'%*&< I<%' *& 3$*.%$' -% "*''%$%55%' JKL0 M!$7%55%7%+3; &+ $#'%*& *- )! "%&3

F3$% $%"$#'%+3# "*$ &+ ,$*")% +!+ !$/%+3# GtN (Vt, Et) !O P Vt P $%"$#'%+3% 5(%+'%7D5%

-%' +!%&-' =5%' &+/3#' 7!D/5%'> -& $#'%*& 4 5(/+'3*+3 t0 Et P 7!-#5/'% 5(%+'%7D5% -%'

 !++%</!+' =*$ '> 8&/ %</'3%+3 %+3$%  %' +2&-' 4 5(/+'3*+3 t0 Q!/3 i %3 j -%&< +2&-'

-% Vt; 5(*$ (i, j) %</'3%+3; '/ %3 '%&5%7%+3 '/; i "%&3 %+.!G%$ -/$% 3%7%+3 &+ "*8&%3

4 j 4 5(/+'3*+3 t; !+ -/3 *5!$' 8&% j %'3 .!/'/+ -% i0 R%'  !&"5%' *""*$3%+*+3 4 Et

-#"%+-%+3 -% 5* "!'/3/!+ -%' +2&-' %3 -% 5%&$ "!$3#% -%  !77&+/ *3/!+0 Q/ !+ $%3/%+3

5()G"!3)H'% 8&% 3!&' 5%' +2&-' !+3 &+% "!$3#% R /-%+3/8&%; %3 '/ d(i, j) -#'/,+% 5*

-/'3*+ % %+3$% 5%' +2&-' i %3 j; *5!$' 5(%+'%7D5% Et "%&39F3$% -#I+/  !77% '&/3 P

EtN{(i, j) ∈ Vt d(i, j) ≤ RS JTL0

 !5 6*%*4)&%+')+72#' 012( %&'#*2 *0 3,4

U5&'/%&$'  *$* 3#$/'3/8&%' -/V#$%+ /%+3 &+ $#'%*& *- )! -(&+ $#'%*& I5*/$%; !+

 /3% JWL P

X 1+% 3!"!5!,/% -G+*7/8&% P 5%' &+/3#' 7!D/5%' -& $#'%*& '% -#"5* %+3 -(&+%

6*Y!+ 5/D$% %3 *$D/3$*/$%0 U*$  !+'#8&%+3; 5* 3!"!5!,/% -& $#'%*& "%&3  )*+,%$;

4 -%' /+'3*+3' /7"$#./'/D5%'; -(&+% 7*+/H$% $*"/-% %3 *5#*3!/$%0

X R(*D'%+ % -(/+6$*'3$& 3&$% P 5%' $#'%*&< 7!D/5%' *- )! '% -/'3/+,&%+3 -%' *&3$%'

$#'%*&< 7!D/5%' "*$ 5* "$!"$/#3# -(*D'%+ % -(/+6$*'3$& 3&$%' "$#%</'3*+3%' %3

-% 3!&3 ,%+$% -(*-7/+/'3$*3/!+  %+3$*5/'#%0

X 1+ $!&3*,% 7&53/9'*&3 P  %5* '/,+/I% 8&% -%'  !77&+/ *3/!+' %+3$% -%&< +2&-'

-!/.%+3 "!&.!/$ '(%V% 3&%$ 7F7% '/  %&<9 / '!+3 )!$' -% "!$3#% -%  !77&+/9

 *3/!+ -/$% 3%0

X C)*8&% +2&- -& $#'%*& %'3 4 5* 6!/' '3*3/!+ %3 $!&3%&$ P  )*8&% +2&- -&

$#'%*&  !+3$/D&% *& D!+ * )%7/+%7%+3 -%' /+6!$7*3/!+' -*+' 5% $#'%*&0 U!&$

 % 6*/$%;  )*8&% +2&- %''*/% -% "!''#-%$ &+%  !++*/''*+ % "*$3/%55% -& $#'%*&

5* "5&' #3%+-&% "!''/D5% "!&$ Z!&%$ 5% $[5% -% $!&3%&$ "!&$ 5&/97F7% %3 "!&$

3!&3 *&3$% +2&- 8&/ 5% 5&/ -%7*+-%$*0
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 !"#$% &"''"#(% )*+*(,%-./ 0 1#% $%' 2"3"2(,3*'(*41%' &3*+53$*")%' $%' 3,'%"16

7"',' '13 )" 25++1#*2"(*5# '"#' 8) %'( )91(*)*'"(*5# $91# +,$*1+ $% 25++1#*:

2"(*5# &"3(";, <5#$%' 3"$*5'=> ?% &"3(";% @"*( 41% )" 7"#$% &"''"#(% 3,'%3A,%

B 1#% '("(*5# '%3" +5$%'(%>

 C5#(3"*#(%' $9,#%3;*% 0 )%' 1#*(%' +57*)%' '5#( ")*+%#(,%' &"3 $%' '5132%'

$9,#%3;*% "1(5#5+%' 25++% )%' 7"((%3*%' ,)%2(3*41%' 51 )%' "1(3%' '5132%'
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(';(#)'"+'"+ (');'/+%*'&'"+ $' ",&#(. 0' )#J,'"/' 0, "C,0 i3 $' ".&-(' &1H%&,&

0' )1,+) 0, "C,0 i *'() d3 '+ $1 $%)+' 0') /I'&%") 0';,%) $' "C,0 i *'() $1 0')+%"1+%."

d:

 !"! 34,&(.&4&+. -.' +/.0,&'

A' ;(.+./.$'  4567 ,+%$%)' $' ;1J,'+ 0200 ST.,+' UTT.(V ;.,( )%2"1$'( $')

(,;+,(') 0') $%'"): A.()J,B ," "C,0 0#+'/+' ,"' (,;+,(' 0B," $%'"3 %$ '"*.%' ,"

;1J,'+ TUTT #",&#(1"+ $') "C,0) *.%)%") ;'(0,): A' "C,0 '"*.%' $' 0200 '"

1&."+ *'() $' "C,0 ).,(/': G% %$ M1 ;$,)%',() "C,0) ;(#/#0'"+) J,% ,+%$%)'"+ /' $%'"3

$' "C,0 0%W,)' $' ;1J,'+ 0200 N +.,) /') "C,0): O') /I'&%") )'(."+ 'W1/#) 0')

+1-$') 0' (.,+12' 0') "C,0) (#/';+',() 0' /' ;1J,'+ 0B'((',(: X"' L.%) $1 ).,(/'

('Q.%+ $1 02003 '$$' (#Y%"%+%' $1 0#/.,*'(+' 0') /I'&%") ,"%J,'&'"+ $.()J,B1,/,"

0') /I'&%") &'"1"+ N $1 0')+%"1+%." ;(#/#0'&&'"+ #+1-$%) "B')+ *1$%0':

>Z



 !"#$%&' () &*+%",' -+.%$ !'-$/ 0"/1 .'1 &21'"+3 "0 !* 

Seq num! "#$%&' () *%+#)",) () -. ()*/0"./0'" d .# "1#( i2

Advertised hopcountdi ! -) $.30$#$ () "'$4&) () *.#/*2

Route listdi ! -0*/) ()* &'#/)* ()5#0* #" "'#)( i 6)&* -. ()*/0"./0'" d2

 !"#$

%& 7seqnumd
i < seqnumd

j 8 '(!$

seqnumd
i ← seqnumd

j

%& 7i 6= d8 '(!$

Advertised hopcountdi ← ∞ 9

route listdi ← NULL 9

insert 7 j : advertised hopcountdj + 1) into route listdi 9

!)*!

advertised hopcountdi ← 0 9

!$+ %&

!)*!

%& 77seqnumd
i!seqnum

d
j 8 ."(

7(advertised hopcountdi ) > (advertised hopcountdj )) 8 '(!$

0"*)&/ 7 j : advertised hopcountdj + 1) 0"/' route listdi 9

!$+ %&

!$+ %&

,$+-

;-<'&0/=$ >? ;-<'&0/=$) () (%,'#6)&/) ()* ,=)$0"* (@;ABCD2

.-/-0 12#'#34!* +4 526'676)! +89:;<=

C."* ;ABCD -'&* (@#") &#5/#&) () -0)"* .# "06).# (# ,=)$0": E /&.6)&* -)+#)-

'" /&."*$)/ -)* ('""%)*: -. *'#&,) ,=."<) ,) ,=)$0" 5.& #" ()* ,=)$0"* .-/)&"./0F*

.# -0)# () (%,-)",=)& #") "'#6)--) 5=.*) () (%,'#6)&/) ()* ,=)$0"*2 ;0"*0 #") "'#G

6)--) 5=.*) () (%,'#6)&/) ()* ,=)$0"* "@)*/ (%,-)",=%) +#) -'&*+#) /'#* -)* ,=)$0"*

$#-/05-)* .-/)&"./0F* *'"/ &'$5#*2 H.& ,'"/&): 5)"(."/ #") $I$) 5=.*) () (%,'#G

6)&/) ()* ,=)$0"*: 5-#*0)#&* ,=)$0"* +#0 $J")"/ )"/&) #") *'#&,) )/ #") ()*/0"./0'"

*'"/ %/.4-0)* $.0* #"0+#)$)"/ -) $)0--)#& ,=)$0" )" /)&$)* () "'$4&) () *.#/* )*/

*%-),/0'""% 5'#& -. /&."*$0**0'" ()* ('""%)* )"/&) #") *'#&,) )/ #") ()*/0"./0'"2 K)

LM



 !"#$%&' () &*+%",' -+.%$ !'-$/ 0"/1 .'1 &21'"+3 "0 !* 

 !"#$% &'( "#()* "+!,-$ !$ *!),! %! $#,.)! %!  /(* &/),- '! /(*)! "+!,-$ 

$!  !)/ (*-'- 0 1(! '#) 1(! '! &)!,-!) "+!,-$  0'!"*-#$$0!  !)/ -$2/'-%03 4$ !5!*6 '!

"/'"(' !* '! ,/-$*-!$ %! &'( -!() "+!,-$ !$*)! ($!  #()"! !* ($! %! *-$/*-#$ -$%(-*

($! #""(&/*-#$ &'( -,&#)*/$*! %! '/ */.'! %! )#(*/7!6 "#$ #,,! %! '/ ,0,#-)!

%( $8(% !* /"")#9* '/ */-''! %! !$*:*! %! &/1(!* %! "#$*);'! /'#) 1(<#$ $! .0$0=

>"-! 1(! %<($  !(' "+!,-$ &#() '/ *)/$ ,-  -#$ "! 1(- "#$ *-*(! ($ +/$%-"/& %/$ 

$#*)! "#$*!?*!3 @$ /(*)! -$"#$20$-!$* %! ABCDE ! * 1(<-' (*-'- ! %! "+!,-$ F

'-!$ %- G#-$* 6 '/ %0H/-''/$"! %<($ $8(% "#,,($ !$*)! &'( -!() "+!,-$ &)#2#1(!

'/ )(&*()! %! *#( '! "+!,-$ &/  /$* &/) "! $8(%3

 !" #$ %&' &( )*+,($ )-./,('* 0*'/&1 234/-5,/% 6 #7)02

ABDEC IJKL ! * '/ &)!,-M)! 2!) -#$ ,#%->0! %( &)#*#"#'! ABDE 1(- ! * "/=

&/.'! %! "#$ *)(-)! %! ,('*-&'! "+!,-$ F $8(% %- G#-$* !$*)! ($!  #()"! !* ($!

%! *-$/*-#$3 N! &)#"0%0! %! "/'"(' %! "+!,-$ /2!" %! $8(% %- G#-$* H#$* '<#.=

G!* %! &'( -!() /)*-"'! 6 $#*/,,!$* 7)O"! F '/ &)#&)-0*0 %<-$%0&!$%/$"! H#()$-!

&/) "! *P&! %! "+!,-$ 3 ABDEC ! * %-* &'( >/.'! !* #.*-!$* ($! ,!-''!()! &!)=

H#),/$"! &/) )/&&#)* F ABDE3 ABDEC ! * ($ &)#*#"#'! %! )#(*/7! ,('*-"+!,-$

1(- / "#,,! #.G!"*-H %! *)#(2!) %! "+!,-$ /2!" %! $8(% %- G#-$* 3 Q' ! * ./ 0

 () ABDE3 N/ %-5( -#$ %( &/1(!*   !"  (-* '/ ,:,! )M7'! 1(! '<ABDE3 R+/1(!

$8(% ,/-$*-!$* ($! */.'! "#$*!$/$* *#( '! 2#- -$ /-$ - 1(! '! "#S* %! "+!,-$ 

"#))! &#$%/$* T!$ $#,.)! %!  /(* U G( 1(<F '/  #()"! T2#-) '/ >7()! J3VU3

 !"#$% J3V W N! H#),/* %( &/1(!* XX4Y %( &)#*#"#'! ABDEC3

Y(/$% ($   !" /**!-$* '/ %! *-$/*-#$6 ($ &/1(!* %!   !# ! * &)#%(-* !*

)!$2#P0 /( $8(% /,#$* %(1(!' '/ %! *-$/*-#$ / )!Z( '!   !"3 N! &/1(!* %!   !#

"#$*-!$* ($ "+/,& [ $%&'()*+(,- [ -$%-1(/$* '<-%!$*->"/*!() %( $8(% /,#$* T'!

2#- -$ F &/)*-) %(1(!' '/ "#&-! %!   !" / 0*0 )!Z(U3 N! &/1(!* %!   !# &!(* $!

&/  (-2)! '! "+!,-$ -$2!) ! \ "<! *=F=%-)! '! "+!,-$  (-2- &/) &/1(!*   !" 1(- '</

70$0)03 ] '/ &'/"!6 ($ $8(% -$*!),0%-/-)! %0*!),-$! F 1(!' $8(% /,#$* '!   !#

%!2)/-* :*)! !$2#P0 !$  ! ./ /$*  () '<-$H#),/*-#$ !$)!7- *)0! %/$  / */.'! %!   !"3

Y(/$% ($ $8(% -$*!),0%-/-)! )!Z#-* ($   !#6 -' *)#(2! %/$  #$ &/1(!*   !"

($ "+!,-$ ,!$/$* F '/  #()"! !* !$2#-! '!   !# /( &)#"+/-$ $8(% "#))! &#$%/$*3

N#) 1(! ($ $8(% )!Z#-* '! &)!,-!) &/1(!*   !# 2!) ($! %! *-$/*-#$ %#$$0!6 -'

")00 ($! !$*)0! %( "+!,-$ 2!) '! $8(% %<#^ -' / )!Z( '! &/1(!*   !#6 !* ,!* F

K_



 !"#$%&' () &*+%",' -+.%$ !'-$/ 0"/1 .'1 &21'"+3 "0 !* 

 !"# $% &'()* +!",%-$./, 0% /( ,(1$% 0% #!",(2%3 4'(5"% 67"0 )(.6,.%6, "6 &'()*

+!",%-$./, (8(6, "6% /,#"&,"#% 09&#.,% 0(6/ $( :2"#% ;3<3

 !"#$% ;3< = >6% %6,#9% 0% $( ,(1$% 0% #!",(2% 0?@ABCD3

B(6/ @ABCDE (:6 0% /?(//"#%# 5"?"6 )F)% 67"0 6% *(#,.&.*% *(/ ("G 0.H9#%6,/

&'%).6/ 0?"6 &'%).6 )"$,.*$%E 5"(60 "6 67"0 09,%&,% $( ,#(6/).//.!6 *(# /!6 I!./.6

0?"6 *(5"%, 0%   !"E $% 67"0 /"**#.)% $?%6,#9% &!##%/*!60(6, 0% &% I!./.6 0%

/( ,(1$% 0%   !#E (:6 0?9I.,%# 0?",.$./%# &% I!./.6 *!"# "6   !"3 J. "6 67"0

.6,%#)90.(.#% #%K!., "6   !" %, 6% ,#!"I% ("&"6 I!./.6 L 5". $?%G*90.%# M&3NLN03 /(

,(1$% 0%   !# %/, I.0%OE .$ *#!0"., "6 *(5"%, 0%  $! M+!",% B./&!I%#8 P##!#O %,

$?%6I!.% 0% 6!"I%(" (" 67"0 0"5"%$ .$ ( #%K" $%   !"3 Q% I!./.6E $!#/ 0% #9&%*,.!6

0"  $! %//(8%#( 0?%G*90.%# $%   !" L "6 I!./.6 0.H9#%6,3 +%/,% L 6!,%# 5"% $%

6!)1#% 0%/  $! *%", F,#% $.).,93

 !"!# $%&'&()*+ ,) -%.'./.0* 12345

Q% *#!,!&!$% @ABCDE %/, "6 *#!,!&!$% )"$,.&'%).6 L 67"0/ 0./ !.6,/3 Q( 09N

R(.$$(6&% 0?"6 67"0 0(6/ "6 &'%).6 0!669E 6?( ("&"6% .6S"%6&% /"# $%/ (",#%/ &'%N

).6/ 09&!"I%#,/3 J("R 5"%E &!))% ,!", *#!,!&!$% )"$,.&'%).6 L 67"0/ 0./ !.6,/E

.$ 8 ("#( )!.6/ 0% &'%).6/ 0(6/ $% *#!&%//"/ 0% 09&!"I%#,% &!)*(#(,.I%)%6, ("G

*#!,!&!$%/ L $.%6/ 0./ !.6,/3 T(,"#%$$%)%6, &%&. )U6%#( L )!.6/ 0% /"#&!V,/ 0(6/ "6

#9/%("3 D(./ @ABCD ( "6 /"#&!V, *$"/ 9$%I9 5"% 0?(",#%/ *#!,!&!$%/ )"$,.&'%).6/E

*"./5"?@ABCD %6I!.% 1%("&!"* 0% *(5"%,/ $!#/ 0% /!6 *#!&909 0% 09&!"I%#,% 0%

&'%).6/ WXYZ3

 ! "# $%&'&(&)# *+,-"./ 0*1)'2+3'4 -$'2526#7 "289 .'3'#

/&1'28:;

 ! "#$%$&$'! ()*+ ,- ./01 !2% 34 "#$%$&$'! 5! #$3%67! 83'%9&:!894; <62= 23#

+ ,- .>?1@ A4! 63%#! B6#964%! 83'%9&:!894 53 #$3%67! + ,- 6 =%= 656"%=! 63C

#=2!63C 5! &6"%!3#2 5642 ./>1@  !2 5!3C 2$'3%9$42 83'%9&:!8942 2$4% 2989'69#!2 D

?E



 !"#$%&' () &*+%",' -+.%$ !'-$/ 0"/1 .'1 &21'"+3 "0 !* 

 !"# $%&' ()' *+),-.+)' */%')'0 $%&' (% ,)'1+) 23 )(()' 14-(-')&4 (5)&62- *7+-28

$-91) )4 *+2%:4-; $) *%91)4'  !""# %<& $) ,)44+) = >21+ ()' 62-'-&%?)' )4 ()' +)(%-'

,1(4-*2-&4'0 %-&'- 91) ()' *%91)4' @A B@2*2(2?C A2&4+2(D %<& $) 4+%&',)44+) (5-&8

;2+,%4-2& $) 62-'-&%?) %1 +)'4) $1 +7')%1E A)' $)+&-)+' *%91)4' *)+,)44)&4 = :/%91)

&F1$ $) ,%-&4)&-+ 1&) 6-'-2& ?(2G%() '1+ ()' -&;2+,%4-2&' $) 42*2(2?-) $%&' () +78

')%1 = :/%91) -&'4%&4E A)' '2(14-2&' $-H.+)&4 $5 !"# %1 &-6)%1 $) (% ,74/2$) $)

:%(:1( $)' :/),-&' )4 %1 &-6)%1 $1 +214%?)E

 ! !" #$%&'() () *+,*-, (). *&)/01. (+1. #234567

I (% $-H7+)&:) $5 !"#0 JK8 !"# LMNO &) ,%-&4-)&4 *%' ()' 4%G()' $) +214%?)

)& *)+,%&)&:) ,%-' -( :%(:1() ()' :/),-&' ,1(4-*()' )& *+7')&:) $) $2&&7)' = 4+%&'8

,)44+) 6)+' 1&) $)'4-&%4-2& $2&&7)E JK8 !"# '5%**%+)&4) $2&: = 1& %(?2+-4/,) $)

+):/)+:/) +7%:4-; P (5-&;2+,%4-2& $) 42*2(2?-) )'4 G-)& '42:Q7) )& *)+,%&)&:) ,%-'

)(() &) ')+% )R*(2-47) 91) '- $)' :/),-&' '2&4 )H):4-6),)&4 +)91-'E JK8 !"# %48

4+-G1) $)' *2-$' = :/%91) (-)&E !)' *2-$' '2&4 )&'1-4) )&62C7' %1 +)'4) $1 +7')%1

*%+ ()' *%91)4' @AE I-&'-0 (% 4%G() $) 42*2(2?-) $) :/%91) &F1$ $-'*2') $5%44+-8

G14' '1**(7,)&4%-+)' +)(%4-;' %1 *2-$' $)' (-)&'E S)1R *2-$' '2&4 14-(-'7' P 1& *2-$'

:2++)'*2&$%&4 %1 :2T4 +7)( +)U1 $%&' () *%91)4 @A )4 1& *2-$' :2++)'*2&$%&4 %1

:2T4 6-+41)( 91- +)*+7')&4) 1& :2T4 762(1%&4 %1 :21+' $) (5%(?2+-4/,) $) '7():4-2& $)

:/),-&'E K1-'91) () +214%?) $%&' JK8 !"# ') G%') '1+ (% ,74+-91) $1 &2,G+) $)

'%14'0 () *2-$' -&-4-%( $51& (-)& 6%14 VE !5%(?2+-4/,) $) :%(:1( $)' :/),-&' ,1(4-*()'

14-(-') (5%(?2+-4/,) $) S->Q'4+%0 &247 *%+ JK8S->Q'4+% )4 )'4 $2&&7 $%&' (5%(?2+-4/,)

WE

!5%(?2+-4/,) *+2*2'7 )'4 %**(-917 = 1& ?+%*/) G X $)1R &2)1$' s )4 d )4 1&

)&4-)+ '4+-:4),)&4 *2'-4-; N E Y( ;21+&-4 1& Z81*()4 (P1, P2, ..., PN) :/),-&' $) Bs =
dDE Dijkstra(G, n) )'4 1& %(?2+-4/,) '4%&$%+$ $) S->Q'4+%0 91- ;21+&-4 (5%+G+) '21+:)
$)' *(1' :21+4' :/),-&' $) &F1$ $ $%&' () ?+%*/) G X GetPath(SourceTree, n)
)'4 (% ;2&:4-2& 91- )R4+%-4 () *(1' :21+4 :/),-& >1'915= n = *%+4-+ $) (5%+G+) '21+:)

SourceTree X Reverse(e) $2&&) (5%+[4) -&6)+') $) e XHead(e) ;21+&-4 (5%+[4) $1 &F1$
= (%91)(() $)' *2-&4' $) eE

!) *+-&:-*) ?7&7+%( $) :)4 %(?2+-4/,) :2&'-'4) )& (% +):/)+:/)0 = (5-47+%4-2& i0 $1 *(1'

:21+4 :/),-& Pi *21+ 1&) $)'4-&%4-2& dE !)' :2T4' $)' (-)&' $1 :/),-& Pi %1?,)&4)&4

%<& $576-4)+ () *(1' *2''-G() (% '7():4-2& $51& :/),-& '-,-(%-+) $%&' (% *+2:/%-&)

-47+%4-2&E !)' ;2&:4-2&' -&:+7,)&4%()' fp )4 fe $) (5%(?2+-4/,) '2&4 14-(-'7)' = :/%91)

-47+%4-2& *21+ 2G4)&-+ $)' :/),-&' $-'>2-&4' )&4+) (% '21+:) s )4 (% $)'4-&%4-2& dE fp
)'4 14-(-'7) *21+ %1?,)&4)+ ()' :2T4' $)' (-)&' $) (5%&:-)& :/),-& PiE A):- *)+,)4 $)

'7():4-2&&)+ $)' *+2:/%-&' :/),-&' 91- %1+2&4 4)&$%&:) = 14-(-')+ $)' (-)&' $-H7+)&4'E

fe )'4 14-(-'7 *21+ %1?,)&4)+ ()' :2T4' $)' (-)&' 91- ,.&)&4 %1R '2,,)4' $1 :/),-&

*+7:7$)&4 PiE Y( )R-'4) 4+2-' +7?(%?)' *2''-G()' P

VE '- id \ fe ] fp %(2+' ()' :/),-&' 2&4 4)&$%&:) = [4+) = (-)&' $-'>2-&4'0

WE '- id ≤ fe \ fp %(2+' ()' :/),-&' 2&4 4)&$%&:) = [4+) = &2)1$' $-'>2-&4'0

^E '- id ] fe ] fp %(2+' ()' :/),-&' 2&4 4)&$%&:) = [4+) = &2)1$' $-'>2-&4'0 ,%-'

91%&$ :) &5)'4 *%' *2''-G()0 ()' :/),-&' 2&4 4)&$%&:) = [4+) = (-)&' $-'>2-&4'E

I6): id +)*+7')&4%&4 (% ;2&:4-2& -$)&4-47E A)' ;2&:4-2&' $) :2T4 %''1+)&4 (% $-6)+'-47

$)' :/),-&' ,1(4-*()' +):/)+:/7' $%&' 1&) 42*2(2?-) +7')%1E

^N



 !"#$%&' () &*+%",' -+.%$ !'-$/ 0"/1 .'1 &21'"+3 "0 !* 

MultiPathDijkstra(s, d,G,N)  !"#$

c1 ← c

G1 ← G

%&' i ('&)  *& n +&

sourceTreei ← Dijkstra(Gi, s)

Pi ← GetPath(SourceTreei, d)

,( !e "# Reverse(e) ∈ Pi$ *-!$

ci+1(e) ← fp(ci(e))

!./!

,( !Head(e) ∈ Pi$ *-!$

ci+1(e) ← fe(ci(e))

!./!

ci+1(e) ← ci(e)

!$+ ,(

!$+ ,(

!$+ %&'

Gi+1 ← (V,E, ci+1)

%&'(#) (P1, P2, ..., PN)

0$+1

*+,"#-'./ 01 234+,"#-'./& 5678-9:;'#4<

%"('4,& = +4 ;"(#>& 1 567?2@% 4>>"#A& () #B+& -/C"#'4)' 4( )D(A ;"(#>&E >&

F(- )3&;' C4; +& >4; A4); ?2@%< G) &H&'E 4I) A& ,4#4)'-# F(& +& >."-J A&; >.&/-); ;&

K4-' A& /4)-L#& A-;9"-)'&E >&(J7>- ;")' AM'&#/-)M; C4# () ;&(+ &' /N/& )D(AE = ;4O"-#

+4 ;"(#>&< * +3-)O&#;&E A4); ?2@%E '"(' )D(A !+4 ;"(#>& "( () )D(A -)'&#/MA-4-#&

F(&+>")F(&$ )& ;& C#M">>(C& F(& A( C#">.4-) ;4(' A( C4F(&' C"(# 4''&-)A#& ()&

A&;'-)4'-") A"))M&< 84); 567?2@%E -+ K4(' &) >");MF(&)>& 49"('&# A&; &)'N'&; ;CM7

>-IF(&; 4( C4F(&' A& A"))M&;E >")'&)4)' +& >.&/-) = C4#>"(#-#< P)& K"-; +& C4F(&'

A& A"))M&; &)O"QM ;(# +& #M;&4(E >.4F(& )D(A -)'&#/MA-4-#& +-' +3&)'N'& &) F(&;'-")

&' AM'&#/-)& F(&+ &;' +& C#">.4-) )D(A A&;'-)M = #&>&O"-# +& C4F(&'<

R 
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 ! !" #$%&%'()* +( ,$-&-.-/) 0123456

 ! "#$%$&$'! ()*+ ,- ./0'1$#! '! %.23 4! '15#.16$7 4!6 ".82!%6 4! 4$770!6

9).&:!% ;!'15!#< -.%1$ );-=> 4! /!66.?!6 4! &$7%#@'! ?070#06 9'! 6$2#&@2% &A!6%*B*

41#! 'AC !"#$"%&C=> !% '! 40'.1 4! D$2% !7 D$2% 4!6 ".82!%6 4! 4$770!6 ".# #.""$#% B

+ ,-E  . F.1D'!66! 42 "#$%$&$'! ()*+ ,- !6% 82A1' /.782! 4! #0.&%151%0 F.&! .23

#2"%2#!6 4!6 '1!76 4!6 &G!/176 40&$25!#%6E H7 %!/"6 &$76140#.D'! 6A0&$2'! .5.7% '.

40%!&%1$7 4! '. #2"%2#!E

 !"#"$%&#'(%')*+( ,+( -#.%.$./+( ,+ #.*%"0+ 1*/%'2

$3+1'4

I$26 '!6 %#.5.23 &1%06 &1*4!6626 $7% /$7%#06 82! 'A.""#$&G! /2'%1&G!/17 4.76

'!6 #06!.23 .4 G$& ./0'1$#! '!6 "!#F$#/.7&!6 4!6 "#$%$&$'!6 4! #$2%.?!E  ! #$2%.?!

/2'%1&G!/17 . "$2# D2% 4! &$76%#21#! "'261!2#6 &G!/176 !7%#! 27! 6$2#&! !% 27!

4!6%17.%1$7E  . &$76%#2&%1$7 4!6 &G!/176 6! F.1% '$#6 42 "#$&!6626 4! 40&$25!#%! 4!6
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!$+ %&

!)*!

%& 77seqnumd
i!seqnum

d
j 8 ."(

7(advertised hopcountdi ) > (advertised hopcountdj )) 8 '(!$

0"*)&/ 7 j : advertised hopcountdj + 1: min re energydj 8 into
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%&  seqnumd
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j ! '(!$

seqnumd
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j

%&  i 6= d! '(!$
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 (advertised#hopcountdi , i) > (advertised#hopcountdj , j)) ! '(!$

esum(Pi(u0, uj)) ← esum(Pi(u0, uj)) "w(ui)
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;/*+*(+ )G9( (H9) 8/((9+ 4,('(. ;,-+ 1, (H9) ), ),+.*('.*/(B K3'I9, ;/*+*( 4,('(.
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?!#%0"' w(uj) < β ,&!#%

w(uj)

β
< 1- 5!/$ α < 1 C !( !;$/'($ D

α ∗
w(uj)
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∏
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∏
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∏
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∏
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∏

j=1

α ∗
w(uj)

β
≤ (

α

β
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∑
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,&!#% =' ()"*  !%%L*'#, "(' +('#2/' %"A%,($' '$  #+%'($' "(' :!#$'  #!;,;/&/$+ *'
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∏
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β
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4A():C!") 5)0:# 652##)#, K&(:) !4A) )#( 4) 652##): 5)# "B04# )" L&"6(!&" 4) 5)0:#
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