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 !"#$%&' () *%+,!-.+$!/0' 1.234!  !"#  !"#$%&"'&&# $ &'()'*& +'++,- . /0&-1+2& 2/ ,&32& &4 & 53,) 2/ ,2, 6.3*+/7deg(v℄CN# 0&"'&& 0!+)1.,# O,4@.4 &'1/+2, &4& 2!."3&0!+)1.,B /0*, 1/)3D0*+, P&+ +'=*3&2);+2, '& *3,@,-1& 2/ Q1/' &, -34 JNK℄# 9 +2/+, @R0+, 2/00, ,@&32,5/4 . :)/0/ & 6.3*+/ u P&+ 0/-/+&',2& &4& /-/4/'*& 2& &'()'*& +'++,-B /'*G&B :),'2& vP&3 ,6,-+,2& &4& ,'2+2,*& , '&6& /-/4/'*& 2& &'()'*& +'++,-B &4 @,0/ '& 0/)53,) 7deg(v)8B , ,3/0*, (v,u) 'G& 2/6/3R 0/3 &'*,@+-+;,2,# S,+0 /0E/+T,4/'*/BE,3, )4 6.3*+/ v &4 deg(v) 6+;+'1&0B 2&0 :),+0 tv (R P&3,4 0/-/+&',2&0 E,3, &&'()'*& +'++,-B /'*G& & 2/0&'*& '& 53,) 2/ v 2/6/ 0/3 2tv + (deg(v)− tv)tvpB &'2/
p 7E&3 /</4E-&B p = 0,018 . , E3&@,@+-+2,2/ 2/ E3&E,5,FG&# !"#$!% &$'%%(!%A&0 4&2/-&0 2/ 2+P)0G& 2/03+*&0 '/0*, 0/FG&B ,2, )0)R3+& E&00)+ )4 0*,*)0 ,00&+,2&U,*+6& &) +',*+6&# $ 0*,*)0 2&0 )0)R3+&0 :)/ 2/6/4 0/3 0/-/+&',2&0 E,3, & &'()'*& +'++,-

S 7E&3 /</4E-&B &0 )0)R3+&0 :)/ 2/6/4 0/3 /0&-1+2&0 /4 )4, ,4E,'1, 2/ 5-'6&,!."8. 6+0*& &4& ,*+6&# V&3 0), 6/;B & 0*,*)0 2&0 2/4,+0 )0)R3+&0 . 6+0*& &4& +',*+6&# $E3&@-/4, 2/ S,<+4+;,FG& 2/ W'>)?'+, . /0*)2,2& &4 & )0& 2/00, 2+'X4+, @,0/,2,'& 0*,*)0# W'++,-4/'*/B *&2&0 &0 )0)R3+&0 0G& &'0+2/3,2&0 +',*+6&0# Y'*G&B &0 )0)R3+&0/0&-1+2&0 0G& ,*+6,2&0 / /-/0 E&2/4 +'>)/'+,3 0/)0 ,4+5&0 76.3*+/0 6+;+'1&08 / *,4@.4*&3'R=-&0 ,*+6&0#*(+#,- ./-#%/!$"  !"#$A& 4&2/-& (!.&-' 7#'&+#)3% 7ZO8B )4 'H u . +'>)/'+,2& E&3 ,2, 6+;+'1& v 2/ ,&32&&4 )4 E/0& pv,uB *,- :)/ & 0&4,*H3+& 2&0 E/0&0 2&0 6+;+'1&0 :)/ E&00)/4 )4, ,3/0*,+'+2/'*/ /4 u . 4/'&3 &) +5),- , "# 9 2+'X4+, 2/0*/ E3&/00& &&33/ &4& 0/5)/#Q,2, 'H u /0&-1/ )4 -+4+,3 θu )'+P&34/4/'*/ / 2/ 4&2& ,-/,*H3+& 2& +'*/36,-&
[0, 1]# Y0*/ -+4+,3 &33/0E&'2/ [ P3,FG& 2&0 ,4+5&0 2/ u :)/ 2/6/4 0/ *&3',3 ,*+6&0E,3, :)/ u *,4@.4 0/(, ,*+6,2&# Y4 0/5)+2,B 2,2& )4 &'()'*& +'++,- 2/ 'H0 ,*+6&0B



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !"#$%&'"% (%) A0 *%, &%"%- %- %.&)%- $/- 0$'&01%-23 % ()%#--% "# "04.-5% '%$&## "#,%"% "#&#),0$6-&0% #, ('--%- "0-)#&%-7 $% ('--% t &%"%- %- $/- 8.# 4%)', '&01'"%- $%('--% t − 1 (#),'$##, '&01%-3 # &%"%- %- $/- u3 .9% -%,'&/)0% "%- (#-%- "%- 10:0$;%-'&01%- < (#=% ,#$%- θu3 #-&')5% '&01'"%- $% ('--% t+1> ?--# ()%#--% %$&0$.')@ '&< 8.#$#$;.,' $%1' '&01'A5% -#9' (%--61#= BCD℄> !"#$#!"#!% &'('"# *+"#,F% ,%"#=%  !"#$#!"#!% &'('"# * &+3 % ()%#--% "# "04.-5% < 0$00'"% %, ., %$9.$&%0$00'= "# $/- '&01%- A03 # % ()%#--% %$&0$.' #, ('--%- "0-)#&%- "# '%)"% %, ' -#G.0$&#)#G)' '=#'&/)0'> H.'$"% ., $/ v < '&01'"% $% ('--% t3 ' #=# < "'"' .,' I$0' ;'$# "#&#$&') '&01') '"' ., "%- -#.- 10:0$;%- u 8.# #-&#9', 0$'&01%-> ?=# &#)@ -.#--% %, .,'()%J'J0=0"'"# pv,u> K# v %J&01#) -.#--%3 #$&5% u -# &%)$')@ '&01% $% ('--% t+1> LJ&#$"%-.#--% %. $5%3 v $5% (%"#)@ &#$&') '&01') u $%1',#$&# #, 8.'=8.#) )%"'"' -.J-#8.#$&#>?--# ()%#--% %$&0$.')@ '&< 8.# $#$;.,' $%1' '&01'A5% -#9' (%--61#= BCD℄>-#./0%#" &'('"# *+"#,L ,%"#=% ,#-./%#" &'('"# < ., '-% #-(#0'= "% ,%"#=%  !"#$#!"#!% &'('"#> ?-(#M0N',#$&#3 (')' '"' ')#-&' (u, v) ∈ E3 ' ()%J'J0=0"'"# "# 8.# % 1<)&0# u '&01# -#.10:0$;% v3 "#$%&'"' (%) pu,v3 < pu,v = 1/deg(v)>1#!#2', &'('"# *+"#,?, ., &)'J'=;% (%-&#)0%)3 O#,(# #% '01 B!P℄ 0$&)%".:0)', ., ,%"#=% "# ()%('G'A5%8.# G#$#)'=0:' %- ,%"#=%- QR # ST3 "#$%,0$'"% "# 2#!#3'0 &'('"# 45"#0 *UTV23 J#,%,%3 #-(#0N')', ., %$9.$&% "# )#G)'- "# &)'$-4%),'A5% #$&)# #--#- ,%"#=%-> !" #$%&'( )%* +&(,%*W R#%)0' "%- U)'4%- BXY℄ < .,' (')&# "' ,'&#,@&0' '(=0'"' 8.# -# "#"0' ' #-&."') '-()%()0#"'"#- "%- "04#)#$&#- &0(%- "# G)'4%->F#-&' -#A5% -5% '()#-#$&'"%- '=G.$- %$#0&%- )#='0%$'"%- Z R#%)0' "%- U)'4%-> L =#0M&%) 9@ 4',0=0')0:'"% %, &'= %$&#I"% (%"# %,0&0) ' -.' =#0&.)' -#, ()#9.6:% Z %,()##$-5%"% )#-&'$&# "#-&# "%.,#$&%> !"!# $%&'()*%+ ,-+(/+[, G)'4% < .,' 'J-&)'A5% 8.# (#),0&# #-(#0N') )#='0%$',#$&%- #$&)# (')#- "# %J9#&%-()#-#$&#- #, .,' %=#A5% B!X℄> ?--#- %J9#&%- (%"#, -#) (#--%'-3 0"'"#-3 #,()#-'-3 #$&)#



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !"#$%"&' () %*+,."/,)*/$" */$%* 0,%*& 1* "23*$"& 0"1* %*0%*&*/$,% ,).4,1*5 0,%*/$*&"5%*+,67" 1* $%,2,+8" */$%* 0*&&",&5 "/*9:*& */$%* .1,1*&5 ,&&".,6:*& */$%* #), 0*&&",* #), *)0%*&,5 *$';"%),+)*/$*5 #) <%,=" G > 1*?/.1" 0"% G = (V,E)5 "/1* V %*0%*&*/$, #) "/3#/$"?/.$" /7"@A,4." 1* A>%$.*& "# /B& *C E5 %*0%*&*/$, #) "/3#/$" ?/.$" 1* ,%*&$,& (v, u)5"/1* v, u ∈ V DEE℄' !"#() +,6" G !!"H *) #) <%,=" G = (V,E) > #), ,%*&$, e = (v, u) ∈ E5 "/1* v = u' I)"#$%,& 0,+,A%,&5 *) #) <%,=" G 8J #) +,6"5 &*)0%* K#* *) #), 1,& ,%*&$,& " A>%$.* 1*"%.<*) * " 1* 1*&$./" ="%*) "& )*&)"& DE!5 !L℄'$%&'(M "%1*) 1* #) <%,=" G5 1*/"$,1, 0"% n(G)5 > 1,1, 0*+, ,%1./,+.1,1* 1" "/3#/$" 1*A>%$.*&5 "# &*3,5 n(G) = |V | DE!℄'N* ="%), ,/J+"<,5 " /O)*%" 1* ,%*&$,& *) #) <%,=" G5 1*/"$,1" 0"% m(G)5 > 1,1,0"% m(G) = |E|' M K#,/$.1,1* )P/.), 1* ,%*&$,& *) #) <%,=" G > m = 05 * , K#,/$.1,1*)J9.), 1* ,%*&$,& 0"1* &*% ,+#+,1, ")"Q (n
2

)

=
n(n− 1)

2
≤ n2')&*!,-.! ' /-.&,-.!I) #) <%,=" G = (V,E) 1".& A>%$.*& v * u &7" ,13,*/$*& GA.4./8"&H5 &* *9.&$* #), ,%*&$,

e = (v, u) ∈ E *) G' R*&$* ,&"5 , ,%*&$, e = (v, u) ∈ E > 1.$, ./.1*/$* ,"& A>%$.*& v *
u DES℄'T") 2,&* /, 1*?/.67" ,/$*%."%5 , A.4./8,/6, 1* #) A>%$.* v > ")0"&$, 0"% $"1"&"& A>%$.*& u ") "& K#,.& v *&$J "/*$,1" 1.%*$,)*/$* 0"% )*." 1* #), ,%*&$,'M./1,5 0,%, <%,="& 1.%*."/,1"&5 " "/*.$" 1* A.4./8,/6, 0"1* &* &*% *&0*.,+.4,1"*) 1".& /"A"& "/*.$"&Q
• #$%&&((!)* #) A>%$.* u > ,/$**&&"% 1" A>%$.* v5 &* 8J #) ,%" K#* 0,%$* 1* u *8*<, *) vC
• +,&((!)* #) A>%$.* u > &#*&&"% 1" A>%$.* v5 &* 8J #) ,%" K#* 0,%$* 1* v * 8*<,*) u'0%!1U <%,# 1* #) A>%$.* v G$,)2>) 1*/")./,1" 1* A,+V/.,H5 1*/"$,1" 0"% deg(v)5 > ,+#@+,1" 0*+" /O)*%" 1* ,%*&$,& K#* &7" ./.1*/$*& ," A>%$.* v5 1,1" 0"% |E(v)|' W*/1" 4*%"5



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !" #$%& '()*'" +, &' -.$/*, 1&%21&,$ , n(G) − 13 " 4,& #$%& '56*'"7 8' -.$/*, +,#$%& 9,$" . &' -.$/*, *4"2%+" )" #$%:" ;<=℄7?"'" ,6,'@2"3 ")4*+,$, &' #$%:" )A"B+*$,*")%+" G = (V,E)3 ")+, V = {1, 2, 3, 4}, E = {(1, 2),(1, 3),(2, 3),(3, 4)}7 C"#"3 @%$% "4 -.$/*,4 D ,  3 " #$%& +,44,4 -.$/*,4 4,$5
deg(1) = 2 , deg(3) = 37E*)+%3 @%$% #$%:"4 +*$,*")%+"43 " "),*/" +, #$%& @"+, 4,$ ,4@,*%2*9%+" ,' +"*4)"-"4 "),*/"4F
•  !"# $% %&'!"$"( " #$%& +, ,)/$%+% +, &' -.$/*, v3 +,)"/%+" @"$ degin(v)3 .$,@$,4,)/%+" @,2" )G',$" +, %$,4/%4 1&, 4A" *)*+,)/,4 %" -.$/*, v3 ")+, " -.$/*,
v :%9 @%$/, +" +,4/*)"7 H4/" .3 e = (u,v) ∈ EI

•  !"# $% )"*$"( " #$%& +, 4%(+% +, &' -.$/*, v3 +,)"/%+" @"$ degout(v)3 . $,@$,4,)B/%+" @,2" )G',$" +, %$,4/%4 *)*+,)/,4 %" -.$/*, v3 ")+, " -.$/*, v :%9 @%$/, +%"$*#,'7 H4/" .3 e = (v,u) ∈ E7?"'" ,6,'@2"3 ")4*+,$, &' #$%:" +*$,*")%+" G = (V,E)3 ")+, V = {1, 2, 3, 4} ,
E = {(1, 2), (1, 3), (2, 3), (3, 4)}7 C"#"3 @%$% "4 -.$/*,4 D ,  3 " #$%& +, ,)/$%+% +,44,4-.$/*,4 4,$5 degin(1) = 0 , degin(3) = 27 J, :"$'% %)52"#%3 " #$%& +, 4%(+% +,44,4 -.$/*,44,$5 degout(1) = 2 , degout(3) = 17 !"! #$%&'( )* +*,%*(*-.'/0$K,4/% 4,LA" 4A" +,4$*/%4 %4 :"$'%4 +, $,@$,4,)/%LA" +, &' #$%:"7 !"#!$!%&'()* +#,-'M$%N%',)/,3 "4 -.$/*,4 +, &' #$%:" 4A" $,@$,4,)/%+"4 %/$%-.4 +, @")/"4 "& ($&2"47 O5%4 %$,4/%4 4A" $,@$,4,)/%+%4 %/$%-.4 +, 2*)P%4 "),/%)+" @%$,4 +, -.$/*,4 ;<=℄7/'&#01 2! 324'5%0'8' #$%:" @"+, 4,$ $,@$,4,)/%+" %/$%-.4 +, &'% '%/$*9 +, %+Q%R)*%7 K,44% $,@$,4,)/%BLA"3 "4 -.$/*,4 4A" %44"*%+"4 S4 2*)P%4 , S4 "2&)%4 +, &'% '%/$*9 ;<=3 TD℄7U,Q% A = [aij ] &'% '%/$*9 n × n3 ")+, n . " )G',$" +, -.$/*,4 ,6*4/,)/,4 )" #$%:"
G = (V,E)7 8'% '%/$*9 +, %+Q%R)*% A @"+, 4,$ ")4/$&(+% +% 4,#&*)/, :"$'%F

aij =

{

1 4, ∃ (i, j) ∈ E3
0 %4" ")/$5$*"7



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
"#$# %&%$'(#) #+,-.%/% 0 $01/-2 .% 0.304+-0 0'/%,%+10.0 0 ,%56-/7

1 2 3 4

1 0 1 1 0

2 1 0 1 0

3 1 1 0 1

4 0 0 1 08 5/09# G = (V,E)) :6% #//%,'#+.% ; /%'/%,%+10<=# .0 $01/-2 .% 0.304+-0 0'/%>,%+10.0 0+1%/-#/$%+1%) ? -(6,1/0.# +0 @-56/0 ABAB
@-56/0 ABA7 C(6,1/0<=# .% 6$ 5/09# #+,1/6D.# 0 '0/1-/ .% 6$0 $01/-2 .% 0.304+-0B !"#$% &' ()$&+)$!E$0 9#/$0 0(1%/+01-F0 .% /%'/%,%+10/ 6$ 5/09# ? 01/0F?, .% 6$0 $01/-2 .% -+-.4+-0BG%,,0 /%'/%,%+10<=#) #, F?/1-%, ,=# 0,,#-0.#, ;, (-+H0, % 0, 0/%,10, ,=# 0,,#-0.0, ;,#(6+0, .% 6$0 $01/-2 IJK) L!℄BN%30 B = [bij ] 6$0 $01/-2 n ×m) #+.% n = |V | % m = |E|) /%'/%,%+10+.# 6$ 5/09##/-%+10.# G = (V,E)B E$0 $01/-2 .% -+-.4+-0 B '#.% ,%/ #+,1/6D.0 .0 ,%56-+1% 9#/$07

bij =

{

1 ,% F?/1-% i -+-.% ,#O/% 0 0/%,10 j)
0 0,# #+1/P/-#B"#$# %&%$'(#) #+,-.%/% 0 $01/-2 .% -+-.4+-0 0'/%,%+10.0 0 ,%56-/7



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
e1 e2 e3 e4

1 0 1 1 0

2 1 0 1 0

3 1 1 0 1

4 0 0 1 0" #$%&' G = (V,E)( )*+ '$$+-.'/0+ 1 $+.$+-+/2%34' 5%2$66%7 %.$+-+/2%0% %/2+$6'$85+/2+( 9 67*-2$%0' /% :6#*$% !; ;
:6#*$% !; < =7*-2$%34' 0+ *5 #$%&' '/-2$*>0' % .%$26$ 0+ *5% 5%2$6? 0+ 6/60@/6%; !"#$ %& '%($*+!$A5% &'$5% +B6+/2+( +5 2+$5'- 0+ '/-*5' 0+ 5+5C$6%( 0+ $+.$+-+/2%$ *5 #$%&' 9 .'$5+6' 0+ *5% 76-2% 0+ %0D%@/6%; E 60+6% FG-6% 9 %--'6%$ % %0% H9$26+ *5% 76-2% 0+H9$26+- %0D%+/2+- IJK( LM℄;O+--% $+.$+-+/2%34'( '- H9$26+- .+$2+/+/2+- %' '/D*/2' 0+ H9$26+- V 0+ G = (V,E)-4' %--'6%0'- % *5 H+2'$ 0+ 2%5%/P' n( '/0+ n = |V |; E066'/%75+/2+( %0% H9$26+.'0+ +-2%$ %--'6%0' % *5% 76-2% 0+ H9$26+- %0D%+/2+- IJK( LM℄;O% :6#*$% !;Q( 9 67*-2$%0' *5 #$%&' G $+.$+-+/2%0' .'$ 5+6' 0+ *5% 76-2% 0+ %0D%@/86%;

:6#*$% !;Q< =7*-2$%34' 0+ *5 #$%&' '/-2$*>0' % .%$26$ 0+ *5% 76-2% 0+ %0D%@/6%;



 !"#$%&' () *%+,!-.+$!/0' 1.234!    !"!# $%&'( )* +,-.'(!"#$% #"&'( #'( %)*"#"+$%,(# %-./+# $0)(# ," .*%1(# ,"2+0,(# +% 3"(*0% ,(# 4*%1(#5 !"#$ %&$'()!*)$,"-$67 .*%1( 8 ,0$(  !" #$%&$" (#" 9/%+,( +'( ":0#$" /7 #"+$0,( ;(*0"+$%&'(< "7 #/%#%*"#$%#5 ="##% 1(*7%> %,% %*"#$% 8 /7 )%* +'(@(*,"+%,( (v, u) = (u, v)5 A#$( #0.+02%9/" %# *"-%&B"# *")*"#"+$%,%# +%# %*"#$%# #'( #078$*0%# CDE℄5G"H%> )(* ":"7)-(> ( .*%1( G = (V,E) ,%,( )(*I
• V = J) K ) 8 /7% )"##(%LM
• E = {(v, u) K ) * (+$," #& -L5

℄5Q(+#0,"*"> ( .*%1( ,"2+0,( )(*I
• V = J) K ) 8 /7% )"##(% ,% 1%7U-0% G0-S%L
• E = J;S>/< K ) * 0($1+!& #& -LV *"-%&'( ," )%*"+$"#(> 0-/#$*%,% +% N0./*% O5W> +'( 8 #078$*0%5 X(0#> #" ) * 0($1+!&#& -> +'( 8 ( %#( 9/" - * 0($1+!& #& )5 YZ> )(*$%+$(> /7% (*0"+$%&'( +% *"-%&'(> (7/7 (**"#)(+,"+$" "1"0$( +% *")*"#"+$%&'( .*Z2% ," G5[/%+,( /7 .*%1( (*0"+$%,( +'( (+$87 0-(# #07)-"# "7 #/%# %*"#$%# ;%U-0(<> "-"8 ,"+(70+%,( ," 2$%&3 456$ 7%(08 ;=V4< CEO℄5



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !

"#$%&' ()*+ ,-%./&'012 34 %5 $&'62 3#&4#28'32) !"#$ %$&'(!"'$95 $&'62 G = (V,E, w) : 3#/2  !"#$%&#! ;%'832 '3' '&4./' /45 %5 <4.2 '..2#'32 '4-'= &4<&4.48/'32 8' 62&5' w(v, u)) > <4.2 : 3'32 <2& %5' 6%8012 w : E → R ?@A℄)C' "#$%&' ()A= : #-%./&'32 %5 $&'62 812 3#&4#28'32 &4<&4.48/'832 #3'34. 284/'3'.<2& 54#2 34 4./&'3'.) D'3' <'& 34 #3'34. 4./E -2'-#F'3' ' %5' 3#./G8#' 45 ;%#-�54/&2.IJ5K %5' 3' 2%/&') > &4-'#28'548/2= 48/&4 2. 4-4548/2. 34.&#/2. '8/4&#2&548/4= <234.4& 5234-'32 252 %5 $&'62 812 3#&4#28'32 <2834&'32= &4<&4.48/'32 <2& G = (V,E, w)=2834 V = LM= N= D= O= PQ 4 E = LIM= N= RSRTK= IM= D= AR*K= IN= D= T@*K= IN= O= !(UK=IN=P= A(K= ID= O= ! !KQ)

"#$%&' ()A+ ,-%./&'012 34 %5 $&'62 <2834&'32) !"#$ )*+,-(.95 $&'62 : 34825#8'32 '() *$' ;%'832+ I#K .%'. '&4./'. 812 '<&4.48/'5 2&#48/'012= I##K848V%5 34 .4%. W:&/#4. 4./E &4-'#28'32 28.#$2 54.52 I#./2 := 812 <2..%# -'02.K 4 I###K812 4X#./45 '&4./'. <'&'-4-'. 48/&4 2. W:&/#4. ?@A℄)C' "#$%&' ()@ : #-%./&'32 %5 4X45<-2 34 $&'62 .#5<-4.)



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
"#$%&' ()*+ ,-%./&'012 34 %5 $&'62 .#57-4.) !"#$ %&'()"!85 $&'62 9 34:25#:'32  !"#$% ;%':32 /232. 2. <9&/#4. 2:/95 2 54.52 $&'% >34:2/'3272& r?) @4..4 '.2A 4./4. $&'62. .12 34.#$:'32. 72&  & !"#$% ) B5 %5 $&'62 &4$%-'&A ';%':/#3'34 34 '&4./'. 9 3'3' 72&+ |E| = nr

2
C*D℄)F $&'62 .#57-4. #-%./&'32 :' "#$%&' ()* 9 %5 4G457-2 34 $&'62 (H&4$%-'&) !"#$ *$+,)&-$85 $&'62 9 34:25#:'32 ()*$!+( ;%':32 IJ %5' '&4./' 2:4/':32 '3' 7'& 34 <9&/#4.:2 $&'62) ,./2 9A ;%':32 /232. 2. <9&/#4. /45 $&'% 5JG#52) B./4. $&'62. .12 34.#$:'32.72& k

n
A 2:34 n = |V |) B5 %5 $&'62 257-4/2A ' ;%':/#3'34 34 '&4./'. 9 3'3' 72&+

|E| =
n(n− 1)

2
A 2&&4.72:34:32 ' /23'. '. 72..K<4#. 4.2-I'. 34 7'&4. 34 <9&/#4. C*D℄)@' "#$%&' ()LA 9 #-%./&'32 %5 4G457-2 34 $&'62 257-4/2)

"#$%&' ()L+ ,-%./&'012 34 %5 $&'62 257-4/2 k4) !"#$ ./,"!-/0$85 $&'62 G = (V,E) 9 3#/2 .4& ,-*% +-.( ;%':32 .4% 2:M%:/2 34 <9&/#4. V 7%34& .4&7'&/##2:'32 45 32#. .%N2:M%:/2. V1 4 V2A /'- ;%4 /23' '&4./' 34 G %:4 %5 <9&/#4 34
V1 ' 2%/&2 34 V2 C*L℄)O252 4G457-2A .4M'5 2. 2:M%:/2. P Q RI S I 9 I2545T 4 U Q R5 S 5 9 5%-I4&T)F:34+
• V = H ∪M V



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
• E = {(v, w) " (v ∈ H # w ∈ M) $% (v ∈ M # w ∈ H)}& ' (#)*+,-/ 0/ 1#2/34$1#51#(#+,/0/ 5#2/( /1#(,/( (v, w) -+0-/ 6%#  !"#$%&$ &( )&7/ 8-9%1/ :&;<= > -2%(,1/0$ $ 91/?$ @-5/1,-0$ G = (V,E) 6%# 1#51#(#+,/ $ 1#2/-$+/A)#+,$ 0#(1-,$ /+,#1-$1)#+,#&

8-9%1/ :&;<B C2%(,1/34$ 0# %) 91/?$ @-5/1,-0$& !"#$%&'()D) 91/?$ G = (V,E) > 0#+$)-+/0$ 0# ($*#+,-./& 6%/+0$ #E-(,#) )F2,-52/( /1#(,/( #+,1#/29%) 5/1 0# G>1,-#( 0# G HIJ℄&L$+(-0#1#= $)$ #E#)52$= $ 91/?$ G = (V,E)= 1#51#(#+,/0$ +/ 8-9%1/ :&;;& 7$ 91/?$
G= MN 0%/( /1#(,/( #+,1# $( G>1,-#( ; # : # #+,1# $( G>1,-#( : #  &

8-9%1/ :&;;B C2%(,1/34$ 0# %) )%2,-91/?$& !"!" #$%&'()*D) 91/?$ H = (V ′, E ′) > %) "$0,-./& 0# G = (V,E)= (# V ′ ⊆ V # E ′ ⊆ E& D) (%@91/?$5$0# (#1 1#51#(#+,/0$ +/ ?$1)/ H ⊆ G& 7#(,# /($= 0-OA(# 6%# G $+,>) H HP;℄&Q#R/ H %) (%@91/?$ 0# G = (V,E)= (# H ⊆ G # H $+,>) ,$0/( /( /1#(,/( (v, u) ∈ E=# 0/0$ 6%# v= u (4$ G>1,-#( 0# H = #+,4$ H > %) (%@91/?$ -+0%O-0$ 0# G& S) $%,1/(5/2/G1/(= H > %) (%@91/?$ -+0%O-0$ 0# G= (# $ )#()$ $+,>) ,$0/( /( /1#(,/( 6%#/5/1##) #) G ($@1# $ )#()$ $+R%+,$ 0# G>1,-#(& Q# $ $+R%+,$ 0# G>1,-#( 0# H >



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !"# $"%'()"(*' S +, V (G)- ,(*.' H /'+, $,0 ,$01*' '#' G[S]2 3'4'- +156$, 7", H 8 '$"%409:' +, G 1(+"51+' /'0 S ;<=℄2?"%409:'$ /'+,# $,0 '%*1+'$ 0,#'@,(+'6$, 9$ 90,$*9$ , @80*1,$ +, "# 409:'2 A'0,B,#/C'- ' $"%409:' G − {v} 8 '%*1+' 9' 0,#'@,0 ' @80*1, v , *'+9$ 9$ 90,$*9$ 7", $.'1(1+,(*,$ 9' #,$#'2D'($1+,0,- '#' ,B,#/C'- ' #"C*1409:' G = (V,E)- 9/0,$,(*9+' (9 E14"09 F2==2 G#$"%409:' H = G− {2}- /'+, $,0 '%*1+' 0,#'@,(+'6$, ' @80*1, F , *'+9$ 9$ $"9$ 90,$*9$+, G2 H $"%409:' H 8 9/0,$,(*9+' (9 E14"09 F2=F2

E14"09 F2=FI JC"$*09K.' +, "# $"%409:' 1(+"51+'2 !"#$%L9+' "# 409:' G = (V,E)- "# !"#$% 8 "# 409:' G′ = (V ′, E ′) 7", 8 "# $"%409:' +, G, 9' #,$#' *,#/' *9#%8# 8 "# 409:' '#/C,*' ;M!℄2 D'#' ,B,#/C'- '($1+,0, ' 409:'1C"$*09+' (9 E14"09 F2= 2

E14"09 F2= I JC"$*09K.' +, "# 409:' G '(*,(+' +'1$ C17",$2N' 409:' 1C"$*09+' (9 E14"09 F2=O PQ +'1$ C17",$2 H /01#,10' C17", R409:' S ,$7",0+9T8 :'0#9+' /,C'$ @80*1,$ V ′ = {1, 2, 5}2 A'0 $"9 @,5- ' $,4"(+' C17", R409:' S +10,1*9T 8:'0#9+' /,C'$ @80*1,$ V ′′ = {2, 3, 6, 7}2 !"!# $%&')*+*,-,'N,$*9 $,K.' $.' 9/0,$,(*9+'$ '$ '(,1*'$ 0,C91'(9+'$ S '(,*1@1+9+, +, "# 409:'2



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
"#$%&' ()*+, -.%/0&'123 43/ .#6%7/ 8&7/7907/ 93 $&':3 G) !"#$%&;< '<#9=3 > %<' /76%?9#' 47 @>&0#7/ 3970'43/ 83& '&7/0'/) A7 <343 $7&'.B 3'<#9=3 790&7 v1 7 vk > :3&<'43 87.' /76%?9#' 47 @>&0#7/ s = {v1, v2, · · · , vk}B 0'. 6%7

(vi, vi+1) ∈ EB 8'&' i = 1, · · · , k−1) C3< D'/7 9' 47E9#123 '907&#3&B 3D/7&@'F/7 6%7 8347='@7& <'#/ 47 %< '<#9=3 790&7 43#/ @>&0#7/ 6%7 7/023 3970'43/ GH*℄)C39/#47&7 3 $&':3 923F4#&7#39'43 G = (V,E)B 3947 V = {1, 2, 3, 4, 5, 6, 7, 8} 7 E =

{(1,2)(1, 4), (1,5), (2, 3), (2, 6), (3, 4), (3, 7), (4, 8), (5, 8)}B &78&7/790'43 9' "#$%&' ()*J)

"#$%&' ()*J, -.%/0&'123 47 %< '<#9=3 7< %< $&':3 /#<8.7/)K/ /7$%#907/ 397#03/ /23 '8&7/790'43/,
• ;< !"#$%& > 4#03 '#"()*' /7 0343/ 3/ @>&0#7/ 6%7 3 3<8L7< /23 4#/0#903/ GM ℄)N3& 7O7<8.3B 9' "#$%&' ()*JB %< '<#9=3 790&7 3/ @>&0#7/ * 7 H 8347 /7& :3&<'4387.' /76%?9#' 47 @>&0#7/ s = {1, 2, 3, 7}) P'. /76%?9#' > 3D0#4' '8Q/ &7'.#R'& '0&'@7//#' /3D&7 '/ '&7/0'/ (1, 2), (2, 3), (3, 7) 43 $&':3 GS
• K &"(+#"*$,& -* ." !"#$%& > 47E9#43 3<3 ' 6%'90#4'47 47 '&7/0'/ 6%7 3<F8L7< 3 '<#9=3) T7 7O#/0#&7< <'#/ 47 %< '<#9=3 47 v1 ' v2B 79023 3 3<8&#<790343 '<#9=3 47 v1 ' v2 /7&U #$%'. '3 <793& 3<8&#<7903 4790&7 0343/ 3/ '<#9=3/47 v1 ' v2 GM ℄) N3& 7O7<8.3B 9' "#$%&' ()*JB 3 3<8&#<7903 43 '<#9=3 790&7 3/@>&0#7/ * 7 H > |s| = 3)



 !"#$%&' () *%+,!-.+$!/0' 1.234!  ! !#$"# %&' ( )# *#%+,' -%#.&/- 0)/ '#/1* / 2/3#%+* +' #/-#' 4(32%/5 6-2' (7 8*8')# *#%+,' /+23/ v1 / vk7 9'3#*8' ./&* -/0):+%* 8/ 4(32%/- s = {v1, v2, · · · , vk} !"#$
v1 = vk %&'℄)*!+ $,$-./! "0 1234+0 5)67 4- 0-2"9! :!+-0#! .$/0 ;$<4="20 #$ >?+@2$; s =

{1, 2, 6, 5, 1} !A@2#! 0.B; +$0/2C0+ 0 @+0>$;;20 ;!A+$ 0; 0+$;@0; (1, 2), (2, 3), (3, 7) +$.+$;$"@04- 2/!) !#$ %&'()*+*,$D  !#$ %&'()*%*+$ ,*&!%$ E1FGH #$ 4- >?+@2$ v ? :!+-0#! .$/! !"I4"@! #$ @!#!; !;>?+@2$; <4$ .!#$- ;$+ 0@2"32#!; .!+ 0/34- 0-2"9! 2"220"#! $- v %&'℄) *!+ $,$-./! !";2#$+$ ! 3+0:! G 2/4;@+0#! "0 1234+0 5)6J) D 1FG #! >?+@2$ 7 ? :!+-0#! .$/! !"I4"@!
{1, 2, 3, 4, 5, 6}) K!@$ <4$ ! .+B.+2! >?+@2$ :0C .0+@$ #$ ;$4 1FG .!2; $/$ ? 0/0"LM>$/.0+@2"#!N;$ #$/$ -$;-!)

1234+0 5)6JO P/4;@+0LQ! #$ 4- :$9! @+0";2@2>! $- 4- 3+0:! G)G$ :!+-0 0"M/!30 !  !#$ %&'()*%*+$ *(+!&)$ E1FPH #$ 4- >?+@2$ v ? :!+-0#! .$/!!"I4"@! #$ @!#!; !; >?+@2$; 0 .0+@2+ #!; <402; ;$ .!#$ 0@2"32+ v .!+ 0/34- 0-2"9! %&'℄)R!";2#$+$ "!>0-$"@$ ! 3+0:! G 2/4;@+0#! "0 1234+0 5)6J) D 1FP #! >?+@2$ 7 ? :!+-0#!.$/! !"I4"@! {1, 2, 4, 5, 7}) K!@$ <4$ ! .+B.+2! >?+@2$ :0C .0+@$ #$ ;$4 1FP .!2; #$/$ ;$.!#$ 0/0"L0+ $/$ -$;-!)-&'.$ $(!/$S- 3+0:! G = (V,E) ? $(!-$ ;$ $,2;@$ 4- 0-2"9! $"@+$ <40/<4$+ .0+ #$ >?+@2$; #$;@$3+0:! %&'℄)R!-! $,$-./! #$ 4- 3+0:! !"$,! !";2#$+$ ! 3+0:! G 2/4;@+0#! "0 1234+0 5)6T)



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
"#$%&' ()*+, -.%/0&'123 45 %6 $&'73 395:3) !"#$ %&'$)&*$;6 $&'73 G = (V,E) < 4#03 /5&  !"$%!&$ /5 => ?5.3 6593/ %6 ?'& 45 @<&0#5/ A%5 9235/0> .#$'43 ?3& 959=%6 '6#9=3 BCD℄)F363 5:56?.3 45 %6 $&'73 45/395:3G 39/#45&5 3 $&'73 G #.%/0&'43 9' "#$%&' ()*C)

"#$%&' ()*C, -.%/0&'123 45 %6 $&'73 45/395:3)+$,-$)&).& +$)&*";6 $&'73 45/395:3 G = (V,E) < 73&6'43 ?3& ?5.3 6593/ 43#/ /%H$&'73/ 395:3/G 4#/I%9J03/ 56 &5.'123 '3/ @<&0#5/ 5 6':#6'#/ 56 &5.'123 K #9.%/23) F'4' %6 45/05/ /%H$&'73/395:3/ < 4#03 /5& %6' $'($%!%)! $%!&* 45 G BCD℄)L $&'73 #.%/0&'43 9' "#$%&' ()*C ?3//%# 4%'/ 36?395905/ 395:'/G 73&6'4'/ ?5.3/39I%903/ 45 @<&0#5/ V1 M N*G (G OG  P 5 V2 M NQG RPG &5/?50#@'65905) !"#$ /$!.&,&).& +$)&*$S3 '/3 45 $&'73/ 3&#590'43/G %6 $&'73 G = (V,E) < 4#03 /5& +$,)!'!%)! $%!&$ T"J395:3UG /5 0343 ?'& 45 @<&0#5/ 5/0> .#$'43 ?3& ?5.3 6593/ %6 '6#9=3 56 '4' /590#43BCD℄) L% /5I'G /5 '4' ?'& 45 @<&0#5/ ?'&0##?' 45 %6 #&%#03) -/03 /#$9#V' A%5 '4'@<&0#5 ?345 /5& '.'91>@5. ?'&0#943J/5 45 A%'.A%5& 3%0&3 @<&0#5 43 $&'73)L $&'73 GG #.%/0&'43 9' "#$%&' ()*DG < %6 5:56?.3 45 $&'73 73&0565905 395:3)+$,-$)&).& /$!.&,&).& +$)&*";6 $&'73G = (V,E) A%5 923 < 73&0565905 395:3 < 73&6'43 ?3& ?5.3 6593/ 43#/ /%H$&'73/73&0565905 395:3/G 4#/I%903/ 56 &5.'123 '3/ @<&0#5/ 5 6':#6'#/ 56 &5.'123 K #9.%/23)



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !
"#$%&' ()!*+ ,-%./&'012 34 %5 $&'62 62&/4547/4 27492):'3' %5 34./4. .%;$&'62. < 3#/2 .4& %5' !"#!$%$&% '!(&%"%$&% !$%)* 34 G =>*℄):252 4945@-2 34 25@2747/4. 62&/4547/4 2749'.A 27.#34&4 2. .%;$&'62. #347/#B'C32. @2& S1A S2 4 S3A #-%./&'32. 7' "#$%&' ()(D)

"#$%&' ()(D+ :25@2747/4. 62&/4547/4 2749'. 45 %5 $&'62 G) !"!# $%&'()%+ , -.,+/'012%.&' 3,+.0:2762&54 3#.%/#32 '7/4&#2&547/4A ' +,-&.$,* 47/&4 32#. E<&/#4. 45 %5 $&'62 G @234 .4&543#3' 25 ;'.4 72 5472& 7F54&2 34 '&4./'. G5472& '5#7H2I J%4 274/'5 2. E<&/#4.=(℄) K5 %5 $&'62A ' 3#./L7#' 47/&4 32#. E<&/#4. @234 .4& 4727/&'3' %/#-#M'732 %5'/<7#' 34725#7'3' 34 ;%.' 45 -'&$%&' G/(%*+&012,(-& 3%*(0 C N"OI =* ℄) K5 @'&/#%-'&A%5' ;%.' 45 -'&$%&' < #7##'3' 45 %5 E<&/#4 #7##'-A /'5;<5 34725#7'32 &'#MA 4 <49@'73#3' 45 7PE4#. .%4..#E2.A 2762&54 34.&#/2 ' .4$%#&)!) Q'&/#732 34 %5 E<&/#4 #7##'- vA .12 4727/&'32. /232. 2. E#M#7H2. u 34 v C #./2<A /232. 2. E<&/#4. J%4 6'M45 @'&/4 3' E#M#7H'70' 34 v) K..4. E<&/#4. 4./12 7'3#./L7#' !R() K5 .4$%#3'A /232. 2. E#M#7H2. w 34 u .12 4727/&'32. G712 34E45 .4& 27/'32. 2.E<&/#4. w J%4 .12 E#M#7H2. 34 vI) K..4. E<&/#4. 4./12 7' 3#./L7#' (R



 !"#$%&' () *%+,!-.+$!/0' 1.234!  !"# $%&'() &(*(+ (+ ,-.-%/(+ z *0 w *0,01 +02 0%(%&24*(+ 5%(,410%&0) %'( *0,01 +02(%&4*(+ (+ ,62&-0+ z 780 9(241 0%(%&24*(+ %4+ *-+&:%-4+ ; 0 !<# $++0+ ,62&-0+0+&'( %4 *-+&:%-4 "= # >(%&-%84%*( 0++0 ?2(0++() 4 @8+4 +02A 204B-.4*4 01 %C,0-+ +80++-,(+) (%*0 (+,62&-0+ %( %C,0B 4&84B 0+&'( *-+&4%&0+ 01 814 8%-*4*0 01 20B4D'( 4(+ ,62&-0+0%(%&24*(+ %( %C,0B -10*-4&410%&0 4%&02-(2# >4*4 %C,0B 6 (%+&-&8C*( *0 ,62&-0+780 5-< 4-%*4 %'( 9(241 *0+(@02&(+ %(+ %C,0-+ 4%&02-(20+ 0 780 5--< ?(++801 814420+&4 ?424 4BE81 ,62&-0 *( %C,0B 4%&02-(2# F4 G-E824 !#!;) 6 -B8+&24*( (1( (+%C,0-+ +'( *0+(@02&(+ 8&-B-.4%*( 814 @8+4 01 B42E824 01 81 E249(#

G-E824 !#!;H IB8+&24D'( *4 @8+4 01 B42E824 5G(%&0H J!℄<#L @8+4 01 B42E824 6 814 &6%-4 18-&( 8&-B-.4*4 ?424 (B0&42 41(+&24+ *4+ 0+&28&824+*4+ 20*0+ +(-4-+ (%B-%0# >(1 @4+0 %0++4 &6%-4) 6 ?(++C,0B MN42 ( %O102( 1AN-1( *0%C,0-+ 780 *0,01 +02 0N?4%*-*(+# P E249( 20+8B&4%&0 *0++0 ?2(0++( *0 @8+4) (%+&-&8-( 780 +0 *0%(1-%4 *0 (%Q8%&( *0 *4*(+# R1 (%Q8%&( *0 *4*(+ 4?20+0%&4 &414%/(,42-A,0B) ( 784B *0?0%*0 *4 784%&-*4*0 *0 8+8A2-(+ (%0&4*(+) *-20&4 0 -%*-20&410%&0)(1 ( ,62&-0 -%--4B 0) &41@61) *( %O102( *0 %C,0-+ 0N?4%*-*(+#







℄> !"#$%&' (  !"#" $%'()*  !" #$%$ &')"* + #$,#$&$-."%" '!' /! 0#"1' %)#$)'-"%'
RS = (U,R)2 '-%$ U + ' '-3/-.' %$ /&/4#)'& $ R + ' '-3/-.' %$ #$*")'-"!$-.'&$5)&.$-.$& $-.#$ '& /&/4#)'&6 7"%" "#$&." + /! ,"# '#%$-"%' (u, v)2 '! u, v ∈ U 2 #$,#$8&$-."-%' /!" #$*"9:' $-.#$ u $ v6L322*,%).!,#!; *. 4%"! ,% 32+!/0* 3%" %+!"#%" 3* A+%H* RS; *(#+*" 3*2" *,G(,#*"&*3!. "!+ 3!I,23*" *. 4%"! ,* *,!2#* 3! 1272,@%,/% 3! (. 1E+#2! v> Q &+2.!2+*RR



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !#$%&$'# ( )*+)*,*$'-.# +*/#, 0()'1*, 2&* +#,,&*3 -)*,'-, $# ,*$'1.# .* v 415*5 $#2&-/ v ( # 0()'1* '*)31$-/67 .*8$1.# #3# Nin(v) = {w | (w, v) ∈ R}5 9#) ,&- 0*:7# ,*;&$.# #$%&$'# ( )*+)*,*$'-.# +*/#, 0()'1*, .1)*'-3*$'* -/-$<=0*1, - +-)'1) .*
v5 >,'# (7 #, 0()'1*, #$.* -, -)*,'-, +#,,&*3 # 0()'1* v #3# #)1;*37 .*8$1.# #3#
Nout(v) = {w | (v,w) ∈ R}5 9#) 837 |Nin(v)| * |Nout(v)| )*+)*,*$'-3 - -).1$-/1.-.* .#,)*,+*'10#, #$%&$'#,5 !"#$%&' (  !"#$%&'( )" *'(+,#,-."%/  ! "#$%&'"( )# *"(*+$+,-#& . )#/0%)( (!(2!+ "#3+,4( 5'%(0&6 &#"7 5'%(07 8%!#97 0+ :2+3 '2*3+& (u,a,t) %0)%+! :2# ( 2&2;"%( u"#+3%<(2 2!+ +,4( a 0( '#!*( t= >#&&# "#$%&'"( #&'4( +"!+<#0+)+& '2*3+& *+"+ '()+ +,4("#+3%<+)+ *(" '()(& (& 2&2;"%(& )# 2!+ "#)# &(%+3=?*,'* ')-@-/A#7 -,,&3*B,* 2&* # )*,&/'-.# .- #+*)-<C# .* +)#%*<C# ,#@)* - +)13*1)-#/&$- .- )*/-<C# Actions *,'= #$'1.# $# #$%&$'# .* &,&=)1#, U .* &3- )*.* ,#1-/
RS5 >,'# (7 #, &,&=)1#, )*;1,')-.#, $- '-@*/- Actions #))*,+#$.*3 -#, &,&=)1#, .- )*.*,#1-/5 D1$.-7 # #$%&$'# A .*$#'- # &$10*),# .* -<E*, )*-/1:-.-, +*/#, &,&=)1#,5 !"#$%&' )  01+$(/ ?(! @+&# 0+ )#/0%,4( #0(0'"+)+ #! ABC℄7 2! 'E*%( T . 2!+(3#,4( )# *+3+F"+&GH+F#& "#3+%(0+)+& + 2! '#!+ #&*#I/(= J&&+ (3#,4( . )#0('+)+*(" T = {n1, n2, · · · , nk}= ?+)+ 2! )(& nk '#!+& *()# &#" 2!+ *+3+F"+7 2!+ K"+&#7 2!!#!# 7 2!+ '+$7 2!+  LM (2 :2+3:2#" (2'"( '%*( )# "E'23( :2# *(&&+ &#" +&&(%+)( (!2! F."'%#=*+',-!./ 0 N+)(& 2! $"+K( )%"#%(0+)( "#*"#&#0'+0)( 2!+ "#)# &(%+3 RS = (U,R)72! "#$%&'"( )# *"(*+$+,-#& 6Actions97 2! 'E*%( tp ∈ T # 2! F+3(" k "#*"#&#0'+0)( +:2+0'%)+)# )# 2&2;"%(& + &#"#! &#3#%(0+)(&7 ( *"(@3#!+ )# O+P%!%<+,4( )# Q0R2S0%+@+&#+)( #! 8E*%(&7 "#K#"#G&# + #0(0'"+" 2! (0T20'( S ⊆ U #! RS7 )#0(!%0+)( )#(0T20'( %0%%+37 (0)# |S| = k7 )# !()( :2# ( 0U!#"( #&*#"+)( )# 2&2;"%(& %0'#"#&&+)(&0( 'E*%( tp7 )#0('+)( *(" σtp
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 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !" #$%&'()*(+ ,+-())' /0+ ) #*1&'$)23& -&4'+ & (5%#& '+6)#&*),& ) 0$) )23& /0)67/0+' %&,+ -+' &4(#,) ,+ 89'#)- 1&'$)-: &$& %&' +;+$%6&: ) %)'(#' ,) 0(#6#<)23& ,+ 0$$=(&,& ,+ >&,+6)?+$ ,+ @5%#&-: &$&  !"#$" %&'&)*#" +**,!"&,$ ABCDE FGH℄℄J D #,+#) 49-#) 0(#6#<),) *+-(+ $&,+6& = /0+& *Q$+'& +-%+'),& ,+ 8='(#+- #*(+'+--),&- +$ 0$) )23&: '+%'+-+*(),& %&' σm(S): %&,+-+' +-(#$),& ,#'+()$+*(+ ) %)'(#' ,)- %'&%)?)2P+- &*(#,)- *& '+?#-('& ,+ %'&%)?)2P+-:&*1&'$+ ,+L*#,& *) K/0)23& AZJ\E FZ[℄]
σm(S) =

∑

u∈U

Pr[path(S, u) = 1] AZJ\EO*,+]
• path(S, u) = 0$) 8)'#98+6 )6+)(5'#) /0+ )--0$+ & 8)6&' \: -+ +;#-(#' 0$ )$#*M&,#'+(& ,& &*N0*(& #*##)6 S %)') & 8='(#+ uJ W)-& &*('9'#&: +--) 8)'#98+6 )--0$+& 8)6&' ^J  !!"#$$%&''(*+$! !!",#$$%-.&&*/,(*+$" !!"#$$000(1.&23(*+$



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#$ %&'( )& *+,&-.# /01234 #%'(56&7'( +,( # 8&$&)9# :& ;5#;&<&-.# (';(5&:&4 ;5#7:,=>:& & ;&58>5 :( ,$ #)@,)8# >)>>&A S4 ;#:( '(5 &A,A&:# #$# # '#$&8B5># :( 8#:#'#' 6C58>(' u ∈ U +,( D#5&$ &8>6&:#' ;(A# #)@,)8# S1 *''& &8>6&-.# ##55(5E '($;5( +,((F>'8>5 ,$ &$>)9# :>5(8# :# #)@,)8# >)>>&A S ;&5& # 6C58>( u1G H$ :( ('8>$&5 & ;5#%&%>A>:&:( Pr[path(S, u) = 1]4 ;&5& +,&A+,(5 #)@,)8# >)>>&A S( 6C58>( u4 D&=7'( )((''E5># +,( )# 5(<>'85# :( ;5#;&<&-I(' ('8(@& &5$&=()&:& ,$& +,&)78>:&:( ()#5$( :( ;5#;&<&-I('1 J(''( $#:#4 ;#:(57'(7>& (F;A#5&5 8#:&' &' #$%>)&-I(';#''K6(>' :(''(' :#>' (A($()8#'4 #):( &:& ;5#;&<&-.# 8(5>& #$# >)>>&:#5 (F&8&$()8( ##)@,)8# >)>>&A S +,( ('8E '():# ;5#,5&:#1 L#:&6>&4 )& ;5E8>&4 8&A 5(<>'85# :( ;5#;&7<&-I('4 #$ ,$& #$%>)&-.# A&5&$()8( (F;#)()>&A :( ()85&:&'4 ).# ('8E ;,%A>&$()8(:>';#)K6(A ;&5& +,( ;#''& '(5 ,8>A>=&:# M0N℄1G''>$4 ;&5& #)8#5)&5 # ;5#%A($& :( (';&5'>:&:( :#' :&:#' :>';#)K6(>'4 )# $#:(A# :(J>'85>%,>-.# :( "5C:>8#'4 & ;5#%&%>A>:&:( Pr[path(S, u) = 1] ;#:( '(5 ('8>$&:& ,8>A>=&):#,$& ;(5';(8>6& ()85&:& )# ,',E5>#1 P('8& ;(5';(8>6&4 5C:>8#' '.# &85>%,K:#' :( D#5$&:>5(8& ( 85&)'>8>6& &#' ;#''K6(>' >)Q,()>&:#5(' :( ,$ 6C58>( u4 8#:& 6(= +,( ('8( 6C58>((F(,8& ,$& &-.#1"#)'>:(5&):# # ;5#%A($& &%#5:&:# )('8( 85&%&A9#4 ,$& >$;#58&)8( A>$>8&-.# :# $#7:(A# :( J>'85>%,>-.# :( "5C:>8#' ;5#;#'8# ;#5 R#S&A  ! "#$ M0N℄



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  ! !"!# $%&'(% &' )*&%+"# $%&'( )*+, -. /%0123/( 4% 5/(5#0#&6%2 7(1 4%8914( (.( -.# /%;#&'(  "#$%&'(&)*+ "#$%+ ,#-).* <. 5#/31-;#/, -.# 3-5;# (u, a, t) 4%23# /%;#&'( 1941# =-% ( -2->/1( u/%#;1?(- -.# #&'( a 9( 3%.5( t* @.# 1.5(/3#93% ;1.13#&'( 4%23# /%;#&'( A =-% # 5#/31/4#2 197(/.#&6%2 4125(9BC%12 %. =-#;=-%/ -.# 4% 2-#2 3-5;#2 9'( A 5(22BC%; 4%3%/.19#/( 3D51( /%;#1(9#4( # -.# 4#4# #&'(* E(.( /%2-;3#4(, =-#94( #2 3-5;#2 (9314#2 9#/%;#&'( Actions 2'( -31;1?#4#2 9( 5/(F;%.# 4% G#H1.1?#&'( 4% I9J-K91# F#2%#4( %.LD51(2, 5#/# %9(93/#/ (2 -2->/1(2 (9314(2 9( (9M-93( 1911#; S, # 19J-K91# %H%/14#5(/ %22%2 -2->/1(2 2%/> # .%2.# 194%5%94%93%.%93% 4( 3D51( (9214%/#4(*"# 5/>31#, ( =-% ((//% A =-% #4# #&'( %23> /%;#1(9#4# # -. (- .#12 3D51(2*N(/ %H%.5;(, (9214%/% =-% -.# #&'( a, /%#;1?#4# 5(/ -. -2->/1( u, 5(22-1 # 2%0-193%2%.O931#P Q-. -2->/1( u #C#;1(- -. 8;.% %. -. 4#4( 1923#93% 4% 3%.5(R* E(9214%/%#194# =-% #4# 8;.% %23> /%;#1(9#4( # -. (- C>/1(2 0K9%/(2 S5(/ %H%.5;(, 0K9%/(2 4%T&'( % TC%93-/#U* V%22# 7(/.#, # ;123# 4% 0K9%/(2 #22(1#4(2 #( 8;.% 5(4%/1# 2%/ #22(1#4##( (9M-93( 4% 3D51(2 /%;#1(9#4(2 # -.# #&'( a*V%22% .(4(, #( %H5;(/#/ # 9(&'( 4% =-% 3(4# #&'( a %23> /%;#1(9#4# # 5%;( .%9(2-. 3D51(, 7#?W2% 9%%22>/1( /%4%891/ # /%;#&'( Actions 5#/# #(.(4#/ %22# 9(C# 197(/W.#&'(* T 2%0-193% 4%891&'( %23%94% # 4%891&'( 4% /%0123/( 4% 5/(5#0#&6%2 #5/%2%93#4##93%/1(/.%93%* !"#$%&' (  !"#$%&'( )" *'(+,#,-."% /,%",)( "0 12+$(%4 (- *)/#&"*$ 0) 1*$213/345)& 63&)30$ )- "71#$& 8 0)9%#0$ $-$ :-3 *);34<$ ActionsT '(&)*+  "#$%+ ,$1#+,#-).+ 3 =:3; $%"8- ":1;3& (u, a, tp, t)> (-3 ":1;3 0)&"3 *);34<$ 1$&&:# 3 &)/:#%") &)2-?%"#3@ :- :&:A*#$ u *)3;#B$: :-3 34<$ a *);3#$%303 3$ "71#$ tp %$ ")-1$ t><. -. /%0123/( 4% 5/(5#0#&6%2 F#2%#4( %. 3D51(2 %23'( #/.#?%9#4#2 3-5;#2 5#/# 3(W4#2 #2 5(22BC%12 #&6%2 /%#;1?#4#2 5(/ 3(4(2 (2 -2->/1(2 4% -.# /%4% 2(1#;* "%23% 3/#F#;X(,#22-.%W2% =-% ( /%2-;3#4( 4# 5/(M%&'( 2(F/% # 5/1.%1/# (;-9# 4# /%;#&'( ActionsT %23>(9314( 9( (9M-93( 4% -2->/1(2 U 4% -.# /%4% 2(1#; RS* I23( A, (2 -2->/1(2 /%0123/#4(29# 3#F%;# ActionsT (//%25(94%. #(2 -2->/1(2 4# /%4% 2(1#;* T194#, ( (9M-93( A 4%9(3#( -91C%/2( 4% #&6%2 =-% 5(4%. 2%/ /%#;1?#4#2 5%;(2 -2->/1(2* V%22# 7(/.#, (9214%/#W2%=-% ( (9M-93( A /%5/%2%93# 3(4#2 #2 #&6%2 5/%2%93%2 %. ActionsT * N(/ 8., #22-.%W2%=-% -.# 5/(M%&'( 2(F/% # 3%/%1/# (;-9# 4# /%;#&'( ActionsT 5/(4-?1/> (.( /%2-;3#4(( (9M-93( 4% 3D51(2 T , =-% /%5/%2%93# 3(4(2 (2 3D51(2 =-% 5(4%. %23#/ /%;#1(9#4(2 Y2#&6%2*"# L#F%;# )*+ %23> 2-.#/1?#4( -. (9M-93( 4% 3-5;#2 (9314#2 9# /%;#&'( ActionsT *"%22# /%;#&'(, #2 #&6%2 a ∈ A = {Filme1, F ilme2} 2'( /%5/%2%93#4#2 5%;(2 8;.%2 =-%,5(/ 2-# C%?, %23'( /%;#1(9#4(2 # -. (- C>/1(2 3D51(2 (9314(2 9( (9M-93( 4% 3D51(2



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#$%&# '()* +,%-.&/ 0% 1- 2%34562/ 0% .2/.#3#78/ $#5%#0/ %- 69.4/( !"#$%& '()& *+,%& *./,&
u3 Filme1 tp1 = 0 !"#"1 t1
u2 Filme1 tp1 = 0 !"#"1 t1
u2 Filme2 tp2 = 0$%&'12 tp3 = 0$()*+,!"1 t2
u1 Filme1 tp1 = 0 !"#"1 t2
u3 Filme2 tp2 = 0$%&'12 tp3 = 0$()*+,!"1 t3
u5 Filme1 tp1 = 0 !"#"1 t3
u4 Filme1 tp1 = 0 !"#"1 t4
u5 Filme2 tp2 = 0$%&'12 tp3 = 0$()*+,!"1 t5
u7 Filme1 tp1 = 0 !"#"1 t5
u4 Filme2 tp2 = 0$%&'12 tp3 = 0$()*+,!"1 t6
u6 Filme2 tp2 = 0$%&'12 tp3 = 0$()*+,!"1 t7

T = {tp1, tp2, tp3}; /<0% tp1 = = !"#">; tp2 = =$%&'> % tp3 = =$()*+,!">( ?$5%2@%A1% 1-# #78/ ./0% %56#2 2%&#4/<#0# # 1- /1 @B24/5 69.4/5( C/2 %,%-.&/; Filme1 %56B2%&#4/<#0/ #/5 69.4/5 tp2 % tp3( D&E- 0455/; 1- 151B24/ F./2 %,%-.&/; u2 % u3G ./0%2%#&4H#2 @B24#5 #7I%5 % %55#5 ./0%- %56#2 2%&#4/<#0#5 # 69.4/5 04J%2%<6%5(K# 5%314<6% 0%L<478/ E J/2-#&4H#0/ /-/ 1-# #78/ 2%&#4/<#0# # 1- 69.4/ E .2/.#M3#0# %<62% /5 151B24/5 0% 1-# 2%0% 5/4#&( !"#$%&' (  !"#$%&%'(# )* %'(#+ -#" "%&' a ∈ A. !)/"1'*"2" " ,# +341' tp ∈ T .5 4!'4"6"2" 2) ,# ,7,8!1' ui 4"!" ',+!' ,7,8!1' uj ⇐⇒ (ui, uj) ∈ R ) ∃(ui, a, tp, ti).
(uj, a, tp, tj) ∈ ActionsT . '# ti < tj9?$5%2@% A1%; 0% #/20/ /- # N%L<478/  ; .#2# A1% 1-# #78/ 5%O# .2/.#3#0# %<62%0/45 151B24/5 ui % uj; <# 2%0% 5/4#& RS; 0%@% %,45642 1-# #2%56# 2%&#4/<#<0/ ui % uj( D&E-0455/; #-$/5 /5 151B24/5 0%@%- 6%2 2%#&4H#0/ # -%5-# #78/; 1- <%%55#24#-%<6% #<6%5 0//162/; /- $#5% <# 2%562478/ 6%-./2#& 164&4H#0#( "#& J#6/ .%2-46% A1% 5%O# /<5621P0/ 1-32#J/ 0% .2/.#3#78/ $#5%#0/ %- 69.4/; 164&4H#<0/ /-/ $#5% # .29,4-# 0%L<478/( !"#$%&' )  ,"%-# )* !"#$%&%'(# .%/*%)# *0 12$3#+ :"!" "2" "%&' a ∈ A.!)/"1'*"2" " ,# +341' tp ∈ T . ,# 6!";' 2) 4!'4"6"%&' <"7)"2' )# +341' 5 2)=*12' '#'
PGtp(a) = (U tp(a), Rtp(a)). '*2) U tp(a) = {v | ∃ (u, a, tp, t) ∈ ActionsT}9 $1*2". )>17+),#" "!)7+" 21!)1'*"2" ui ∆t−→ uj +'2" ()? @,) ,#" "%&' a. !)/"1'*"2" " ,# +341' tp. ;'!4!'4"6"2" 2) ui 4"!" uj. '# (ui, a, tp, ti). (uj, a, tp, tj) ∈ ActionsT . '*2) ∆t = tj − ti9Q- 32#J/ 0% .2/.#3#78/ $#5%#0/ %- 69.4/ /<5456% </5 151B24/5 A1% 2%#&4H#2#- 1-##78/ 2%&#4/<#0# # 1- 69.4/ %5.%PL/; /<0% #5 #2%56#5 A1% /<%6#- /5 @E264%5 %568//24%<6#0#5 </ 5%<640/ 0# .2/.#3#78/( ?$5%2@% A1% #0# 32#J/ 0% .2/.#3#78/ $#5%#0/ %-69.4/ E 1- 32#J/ #P&4/ 0424340/ FNDRG; / A1#& #.2%5%<6# #5 5%314<6%5 .2/.24%0#0%5*F4G #0# @E264% ./0% 6%2 -#45 0% 1- .#4S F44G #5 #2%56#5 58/ 042%4/<#0#5 </ 5%<640/0# .2/.#3#78/S F444G 4&/5 58/ 4-./55P@%45 0%@40/ T 2%562478/ 6%-./2#&; A1% E # $#5% 0#



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#$%&'() "* +,)+*-*'() #. /&01 ) -,*2) "# +,)+*-*'() ,#3456*%6# +)"# 6#, )8+)%#%6#3"#3)%#6*"*39:4*%") );3#,0*"* 3); )46,* +#,3+#6&0*< * +,)+*-*'() "# 48* *'() ,#5*&)%*"* * 486=+&) tp ∈ T %) -,*2) PGtp(a)< > %* 0#,"*"# 48 ?4@) A4# 3# #3+*5B* "# 2),8* 6,*%3&6&0*#%6,# )3 0>,6&#3< 4C) ) 3#%6&") > "#6#,8&%*") +#5)3 0>,6&#3 A4# ,#*5&D*,*8 *A4#5* *'()9E), 34* 0#D< ) ,#-&36,) "# +,)+*-*'F#3 ;*3#*") #8 6=+&)3 ActionsT  !"#$% &()*+% ,*-)%,).#/ +)"# 3#, 0&36) )8) 48* )5#'() "# -,*2)3 "# +,)+*-*'() ;*3#*") #8 6=+&)9G* H&-4,* I9J< > &5436,*") ) )%#&6) "# -,*2) "# +,)+*-*'() ;*3#*") #8 6=+&)9G* H&-4,* I9J/*1< > &5436,*") ) -,*2) RS )%36,4K") * +*,6&, "*3 &%2),8*'F#3 )%6&"*3 %*L*;#5* I9!9 E), 34* 0#D< %*3 H&-4,*3 I9J/;1 # I9J/1< 3() &5436,*")3 )3 -,*2)3 "# +,)+*-*'();*3#*") #8 6=+&) ,#2#,#%6#3 *)3 $58#3 ,#5*&)%*")3 *)3 6=+&)3 tp2 = M&01*N # tp1 =M2$3.3N< ,#3+#6&0*8#%6#9

H&-4,* I9JO P5436,*'() "# )8) &%"4D&, -,*2)3 "# +,)+*-*'() ;*3#*") #8 6=+&)9G*3 +,=@&8*3 3#'F#3 > "#3,&6) )8) *545*, )3 ,>"&6)3 ") 8)"#5) "# Q&36,&;4&'()"# R,>"&6)3 &#%6# "# L=+&)39 !"!# $%&'(%)*%+,- ./ 0(1.%'-& $%(/'-& *'%2%345.- 6-7-82%4S %)6*'() 46&5&D*"* %*3 +,=@&8*3 3#'F#3 #36T 348*,&D*"* %* L*;#5* I9J9:4*%") 48 434T,&) ,#*5&D* 48* *'() a< 3() "&36,&;4K")3 ,>"&6)3 "&,#6)3 *)3 3#43*8&-)3 A4# ,#*5&D*,*8 * 8#38* *'()< +), #5#3 6#,#8 &%?4#%&*") ) 434T,&) %*A4#5* *'()9R)8) ,#36,&'()< 6#8U3# A4# ) 3)8*6=,&) ")3 ,>"&6)3 "&,#6)3 A4# 48 434T,&) "&36,&;4& *)33#43 *8&-)3< +), ) &%?4#%&*,#8 #8 48* "*"* *'()< %() +)"# 3#, 8*&), ") A4# !9 V8+*,6&45*,< * 24%'() "# "&36,&;4&'() "# ,>"&6)3 "&,#6)3 > "*"* +#5* VA4*'() /I9J1< * A4*52)& *+,#3#%6*"* ),&-&%*58#%6# %) 6,*;*5B) "# W)X*5 #( 345 YI ℄< # #36#%"&"* %#36# 6,*;*5B)<"# 8)") * "&36,&;4&, ,>"&6)3 "&,#6)3 "# *),") )8 48 "#6#,8&%*") 6=+&) "# &%6#,#33## 6*8;>8 )8 ;*3# %* 3&8&5*,&"*"# #%6,# )3 434T,&)39
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u  !"#$% &# '()#* $#+'-%.'&'* ' /" 012-% tp ∈ T 3/# 4%$'" $#'+-5'&'* 2%$ /"/*/6$-% u7
NAtp

u  !"#$% &# '()#* $#+'-%.'&'* ' /" 012-% tp ∈ T 3/# 4%$'" $#'+-5'&'* 2%$ /"/*/6$-% u8 "'* 3/# .9% 4%$'" -.--'&'* 2#+% "#*"%7
N

tp

in(u,a) :-5-.;%* &% /*/6$-% u <-7#7 2%0#.-'-* -.=/#.-'&%$#*> 3/# #?#/0'$'" /"''(9% a $#+'-%.'&' '% 012-% tp ∈ T '.0#* &# u7
γtp
v,u(a) @$A&-0%* &# -.=/B.-' &-$#0' &'&%* ' v 2%$ 0#$ -.=/#.-'&% u #" /"' '(9% a$#+'-%.'&' '% 012-% tp ∈ T 7

Γtp
v,u(a) C%0'+ &# @$A&-0%* &'&%* ' v 2%$ 0#$ -.=/#.-'&% u #" /"' '(9% a $#+'-%.'&''% 012-% tp ∈ T 7
κtp
v,u C%0'+ &# $A&-0%* &'&%* ' v 2%$ 0#$ -.=/#.-'&% u #" 0%&'* '* '()#* $#+'-%.'&'*'% 012-% tp ∈ T 7

τ tpv,u C#"2% "A&-% 2'$' 3/# '()#* $#+'-%.'&'* '% 012-% tp ∈ T *#D'" 2$%2'E'&'*&% /*/6$-% u 2'$' % /*/6$-% v7
γtp
v,u(a) =

1

N
tp
in(u,a)

·

[

infltpu · e

(

−
∆

tp
u,v(a)

τ
tp
v,u

)

+
(

|H|
∑

k=1

sim(Hkv , Hku)
)

]

1 + |H|
;'(!<= ,%47+ infltpu 4%34%>%6,# # 06?/%60#$0&02#2% 2+ />/A40+ u 6# 4%#&01#-.+ 2% #-B%>4%&#0+6#2#> # /7 ,C30+ tp ∈ T ( D>3%05#7%6,%E # 06?/%60#$0&02#2% 2+ />/A40+ u 3+2%>%4 #&/&#2# +7 $#>% 6# 4#1.+ %6,4% + 6F7%4+ ,+,#& 2% #-B%> 4%&#0+6#2#> #+ ,C30+ tp4%#&01#2#> 3%&+ />/A40+E +62% %&% 6.+ G+0 + 0600#2+4 2%>>#> #-B%>E >+$4% + 6F7%4+ ,+,#& 2%#-B%> 4%&#0+6#2#> #+ ,C30+ tp H/% G+4#7 4%#&01#2#> 3%&+ />/A40+( I 06?/%60#$0&02#2%2+ />/A40+ J #&/&#2# +7 $#>% 6# DH/#-.+ ;'('<)

infltpu =
NAtp

u

Atp
u

;'('<9+7 $#>% 6# DH/#-.+ ;'('<E +$>%4K#L>% H/% # 06?/%60#$0&02#2% 2+ />/A40+ u 2%3%62%204%,#7%6,% 2# H/#6,02#2% ,+,#& 2% #-B%> 4%&#0+6#2#> #+ ,C30+ tp H/% %&% 6.+ 0600+/(M+N+E H/#6,+ 7#0> #-B%> 4%&#0+6#2#> #+ ,C30+ tp G+4%7 4%#&01#2#> 3%&+ />/A40+E +62% %&%6.+ G+0 + 0600#2+4 2%>>#> #-B%>E 7#0> 06?/%60AK%& >%4A + />/A40+( :% G+47# +6,4A40#E+ />/A40+ >%4A 7%6+> 06?/%60AK%& #>+ %&% >%O# + 0600#2+4 2# 7#0+4 3#4,% 2#> #-B%>4%&#0+6#2#> # /7 ,C30+ tp(I200+6#&7%6,%E # 06?/%60#$0&02#2% 2% /7 />/A40+ u ,#7$J7 2%3%62% 2+ ,%73+ %7H/% + />/A40+ %P%/,+/ # #-.+( 9+6G+47% 3+2% >%4 +$>%4K#2+ 6# DH/#-.+ ;'(!<E G+0#200+6#2# /7# 2%3%62Q60# ,%73+4#& H/% G#1 +7 H/% # 06?/%60#$0&02#2% 2+ />/A40+ u20706/# %P3+6%60#&7%6,% 6+ 2%+44%4 2+ ,%73+( I 02%0# $A>0# J H/% H/#6,+ 7#0+4 +06,%4K#&+ 2% ,%73+ +$>%4K#2+ 3#4# H/% u %P%/,% # 7%>7# #-.+ 4%#&01#2# 3+4 vE 7%6+4>%4A # 06?/%60#$0&02#2% 2% u(R#4# #&/&#4 + G#,+4 2% 2%#07%6,+E 3+2%L>% #&/&#4 + ,%73+ 7J20+ 3#4# H/% #> #-B%>
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∆tp
u,v(a) = t(u,a)− t(v,a) ?@2AB3).!%=#+!',!< '# 3>*#56& ?@2AB ; #"*"#(# # (%4! !'5# !', ! &) ,!+.&) (! !D!*56&(! *+# #56& a<  !"#%&'#(# # *+ ,-.%& tp< .& .# ,! (&) *)*1 %&) u ! v2 : ,!+.& (!!D!*56& (! *+# #56&  !"#%&'#(# # *+ ,-.%& tp< .# # &) *)*1 %&) u ! v< ; #"*"#(& #.# ,% (#) 4*'59!) t(u,a) ! t(v,au ! v )!/#+ #+%0&) ! >*! & *)*1 %& z ; *+ #+%0&!+ &+*+2 F%'(#< &')%(! ! >*! u ! v .&))*!+ E1 %#) # #,! J),%#) (! H&+&="%# !+&+*+ ?.& !D!+."&< .&))*!+ # +!)+# %(#(! ! 0G'! & ! , #8#"H#+ '& +!)+& "&#"B2F))%+< )*.9!+M)! >*!< >*#'(& v  !#"%7# *+# #56& ! &+.# ,%"H# # +!)+# &+ )*#  !(!(! #+%0&)< & *)*1 %& u !),# 1 +#%) . &.!')& #  !#"%7# # +!)+# #56& (& >*! & *)*1 %& z23).!%=#+!',!< # (!.!'(G'%# !+  !"#56& I) # #,! J),%#) (! H&+&="%# 4&% %', &(*M7%(# '# 3>*#56& ?@2PB< # .# ,% (& )&+#,- %& (! )!*) 4#,& !)< (#(& .& |H|∑

k=1

sim(Hkv , Hku)2F(%%&'#"+!',!< & 4#,& 1 + |H| ; *,%"%7#(& .# # 0# #',% >*! & )&+#,- %& !', ! # %'O*M!'%#8%"%(#(! (& *)*1 %& ! &) 4#,& !)  !"#%&'#(&) I H&+&="%# E# %! (!', & (& %',! E#"&
[0, 1]2N& =+< .# # 0# #',% >*! & )&+#,- %& (&)  ;(%,&) (% !,&) '6& )!/# +#%& (& >*! Q<!))!)  ;(%,&) )6& '& +#"%7#(&) !', ! &) E%7%'H&) v ∈ N

tp
in(u,a) (& *)*1 %& u< >*!  !#"%7# #+# #56& #',!) (!"!2 R),& ;< !', ! &) .&,!'%#%) %'O*!'%#(& !) (& *)*1 %& u2S# . -D%+# )!56& ; (!) %,& &+& #"*"# # )%+%"# %(#(! !', ! &) *)*1 %&) .# # #)%'4& +#59!)  !"#%&'#(#) # H&+&="%#2



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  ! !"$"% &' ()*)"+,)&+&'"#$%# %&'(')*+, -#.%&# +$ +.#0%+$ #10$%#.%#$ .+ '&'(+23+ %#4&0+ -# *+5+6)0', 7+&'52%0)08'-'$ '9#.'$ '):25'$ 0.7+&5'3;#$ &#)'0+.'-'$ '+ 9#&6) 9<()0+ -+ 2$2=&0+$ >:?.#&+ #' 0-'-#@, 9'&' ' -#6.03A+ -' 72.3A+ -# -0$%&0(203A+ -# &B-0%+$ -0&#%+$C D# 5+-+ ' '($%&'0&' 0.%&+-23A+ -# .+E'$ E'&0=E#0$ &#)'0+.'-'$ ' *+5+6)0' F 72.3A+ -# $050)'&0-'-#, +9%+2G$#9+& '+5+-'& #$$'$ E'&0=E#0$ -#.%&+ -# 25 +.H2.%+ H CD#$$' 7+&5', Hk &#9&#$#.%' +  GB$05+ #)#5#.%+ -+ +.H2.%+ -# 7'%+&#$ &#)'0+.'-+$' *+5+6)0', I2'0$ $#H'5J H = {age, gender}C K'&' '-' #)#5#.%+ Hk -+ +.H2.%+ H , B&#')08'-+ + ')2)+ -' $050)'&0-'-# #.%&# +$ 2$2=&0+$ v # u 9'&' #$$# #)#5#.%+, &#9&#$#.%'-+9+& sim(Hkv , Hku)C L $#:20& $A+ '9&#$#.%'-'$ '$ #I2'3;#$ 2%0)08'-'$ 9'&' ')2)'& '$050)'&0-'-# -# 0-'-# # :?.#&+C()*)"+,)&+&' &' -&+&'M =)2)+ -' $050)'&0-'-# #.%&# '$ 0-'-#$ -# -+0$ 2$2=&0+$ 9+-# $#& &#')08'-' +5 ('$#.' +59'&'3A+ -#$$'$ 0-'-#$, 2%0)08'.-+G$# +5+ &#7#&?.0' '$ 7'01'$ #%=&0'$ .'$ I2'0$ +$2$2=&0+$ #$%A+ 0.$#&0-+$C N$9#06'5#.%#, 25' 7'01' #%=&0' 9+-# $#& &#9&#$#.%'-' '%&'EB$-# 25 0.%#&E')+ [minage, maxage], I2# &#9&#$#.%'5 ' 0-'-# 5O.05' # ' 0-'-# 5=105',&#$9#%0E'5#.%#C "#$%# %&'(')*+, ' NI2'3A+ >PC @ B 2%0)08'-' 9'&' ')2)'& ' $050)'&0-'-##.%&# '$ 0-'-#$ -# -+0$ 2$2=&0+$J
sim(agev, ageu) = αrd >PC @M.-#J

• ageuser B 25' 72.3A+ 0.-0'-+&' I2# &#%+&.' 25 .<5#&+ 0.%#0&+ &#9&#$#.%'.-+ '0-'-# -+ 2$2=&0+Q
• α B 25 7'%+& -# '%#.2'3A+C K+& #1#59)+, α = 0,5Q
• rd B + E')+& '($+)2%+ -' -07#&#.3' #.%&# ' +&-#5 -# )'$$06'3A+ -'$ 7'01'$ #%=&0'$+&&#$9+.-#.%#$ F$ 0-'-#$ -+$ 2$2=&0+$ v # u, &#$9#%0E'5#.%#CL 0-#0' *'E# B I2# + E')+& -' $050)'&0-'-# #.%&# '$ 0-'-#$ -+$ 2$2=&0+$ $+7&# 25''%#.2'3A+ F 5#-0-' #5 I2# '$ 7'01'$ #%=&0'$ I2# '$ &#9&#$#.%'5 $# -0$%'.0'5 25' -'+2%&'C R5 #1#59)+ 9&=%0+ -# 2%0)08'3A+ -' NI2'3A+ >PC @ B -#$&0%+ ' $#:20&CS+.$0-#&# I2# +$ 2$2=&0+$ T+A+ >UV '.+$@, W'&0' >UV '.+$@, T+$B >X '.+$@ # K#-&+>P '.+$@ $A+ '50:+$ #.%&# $0C R%0)08'.-+ α = 0,5 # +$ E')+&#$ $25'&08'-+$ .' Y'(#)' PCP,+5+ &#7#&?.0' 9'&' -#%#&50.'& ' 7'01' #%=&0' +&&#$9+.-#.%# F 0-'-# -#$$#$ 2$2=&0+$,



rd = 0B'V3U3P /,*%*0"L13 " =R/":;3 ?&' BP 3 M"%3. 1" 5*6*%".*1"1$ $L,.$ "5 *1"1$5 1$ N3;3 $ O".*"P.$2.$5$L,"1" 23. sim(ageJoao, ageMaria)P T *U/"% " 1,0' S$ K3.6" "L-%3U"P ,$6D5$ R/$ "5*6*%".*1"1$ $L,.$ "5 *1"1$5 1$ Q$1.3 $ N3;3P .$2.$5$L,"1" 23. sim(agePedro, ageJoao)P T*U/"% 0,25P 23*5 " *1"1$ 1$ Q$1.3 $5,- %"55*9"1" 1/"5 K"*+"5 $,-.*"5 "*6" ?rd = 2B1"R/$%" L" R/"% " *1"1$ 1$ N3;3 $5,- %"55*9"1"' !"!#$%!&$&' &' ()*'%+7 UWL$.3 1$ /6 /5/-.*3 231$ "55/6*. 35 M"%3.$5 6"5/%*L3 3/ K$6*L*L3P 3 R/"% T .$2.$5$LD,"13 K3.6"%6$L,$ 23. genderuser ∈ {M,F}' Q"." "%/%". 3 LXM$% 1$ 5*6*%".*1"1$ $L,.$35 UWL$.35 135 /5/-.*35 u $ vP T /,*%*0"1" " =R/":;3 ?&'GB(
sim(genderv, genderu) =



















1,0 5$ genderv = genderu;

0,5 5$ genderv = ∅ ∨ genderu = ∅;

0,25 5$ genderv 6= genderu.

?&'GB7#5$.M$ R/$ 35 M"%3.$5 "L,$.*3.$5 ,"6#T6 231$6 5$. 1$,$.6*L"135 23. 6$*3 1$ /6"K/L:;3 "L-%3U" YR/$%" 1$9L*1" L" =R/":;3 ?&' B' Z%T6 1*553P 3 M"%3. 0,5 T ",.*#/X135$62.$ R/$ " *LK3.6":;3 53#.$ 3 UWL$.3 1$ 2$%3 6$L35 /6 135 /5/-.*35 L;3 $5,*M$.1*523LXM$%'



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  ! !"! #$%&'$()$*+, -. /'0-$&,% 1,&2$%"#$% &' )$&*+,- &*)'+,-. +/%0$% -1, &*-+)*023&,- )$&*+,- &' 4,)%/ +)/5-*+*6/ '5+)' ,-2-27)*,- 82' )'/#*9/)/% 2%/ /:1, )'#/*,5/&/ /, +;<*, tp ∈ T = >'--/ 4,)%/. 82/5&,2% 2-27)*, v. 82' $ /%*?, &*)'+, &' u. )''0' )$&*+,- &*)'+,- <,) +') *5@2'5*/&, u 5/)'/#*9/:1, &' 2%/ /:1, )'#/*,5/&/ /, +;<*, tp. '#' +/%0$% &'6' &*-+)*02*) '--'- )$&*+,-'5+)' ,- -'2- /%*?,- 82' )'/#*9/)/% /82'#/ /:1,=A/ B82/:1, CD=EF $ &'G5*&/ / 425:1, &' &*-+)*02*:1, &' )$&*+,- +,+/#=
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1 -' v ∈ S;
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w∈N
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w,u(a) /-, ,5+)7)*,. CD=JF !"#!$%&' (') *"+(,-') .'-$,) )'/"# -'($) $)  %0#) (# 12 .34,'>' %,&, ?')/#. , )$&*+, +,+/# )''0*&, <'#, 2-27)*, v. &'6*&, / '-+' +') *5@2'5*/&, ,2-27)*, u 5/ )'/#*9/:1, &' +,&/- /- /:M'- a ∈ A. 82' '-+1, )'#/*,5/&/- /, +;<*, tp. <,&'-') /#2#/&, 2+*#*9/5&, / B82/:1, CD=NFO
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hcd =
∑

u∈U tp

κtp
S,u :@;AA<C >?"-67' :@;AA< '%%)#('+1) D 3"+67' 'E.)*&F' ?") 1)F) #)% /-G&/&5-1- (-%- %)#'4F)%' (%'E4)/- -E'%1-1' +)#*) *%-E-4H'; !"!" #$%$&'($ )* +,%-.(/$01-I' *%-E-4H' 1) J'K-4  ! "#$ L@ ℄ 3'& 1)/'+#*%-1' ?") ' (%'E4)/- 1) N-G&/&5-67' 1)O+0"P+&- "*&4&5-+1' ' /'1)4' 1) Q&#*%&E"&67' 1) R%S1&*'# S ITUQ&3V&4; C4S/ 1&##'='# -"*'%)# *-/ES/ 1)/'+#*%-%-/ ?") - 3"+67' 'E.)*&F'= 1)W+&1- #'E%) *'1-# -# -68)#=&+1)()+1)+*)/)+*) 1' *9(&'= S /'+9*'+- ) #"E/'1"4-%;R'+3'%/) -%2"/)+*-1' -+*)%&'%/)+*)= ' /'1)4' XRQ S "/ -#' (-%*&"4-% 1' /'1)4'RQ= '+1) *'1-# -# -68)# ()%*)+)+*)# - "/ /)#/' *9(&' )#*7' -2%)2-1-#; Q)##- 3'%/-='+#&1)%-+1' ' '+."+*' 1) *9(&'# T = {tp1, tp2, tp3}= #) -()+-# -# -68)# %)4-&'+-1-#- "/ *9(&' )#()VW' 3'%)/ "*&4&5-1-#= ('% )G)/(4'= tp1 = {Drama}= )+*7'= ' /'1)4'XRQ #) '/('%*-%$ 1) /'1' #&/&4-% -' /'1)4' RQ (-%- ' *9(&' )#'4H&1' ) -(%)#)+*-%$-# /)#/-# (%'(%&)1-1)# 1)#*) /'1)4'; C4S/ 1&##'= '/' - 3"+67' 'E.)*&F'= 1)W+&1- +->?"-67' :@;AA<= S "/ -#' (-%*&"4-% 1-?")4- 1)W+&1- #'E%) *'1-# -# -68)#= )+*7'= )#*-3"+67' *-/ES/ S /'+9*'+- ) #"E/'1"4-%;R'/ E-#) +' %)#"4*-1' -+*)%&'%= '+3'%/) -('+*-1' ('% Y)/()  ! "#$ L@Z℄= ('1)U#)=)+*7'= '+#*%"&% "/- #'4"67' E-#)-1- +' -42'%&*/' %&  '( L@!℄= (-%- )+'+*%-% ' '+."+*'&+&&-4 S= ?") '3)%)) "/- 2-%-+*&- 1) -(%'G&/-67' 1) (1−1/ectionsT <; Q"%-+*) )#*) (%')##-/)+*'= (-%- *'1-# -# '/E&+-68)# 1) FS%*&)#



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !
u " v " #$%"& a '"(#*+,#-#& # #-# ./ -+& 012*+& tp ∈ T 3 #(.(" " #'/#4"," +&5#(+'"& -" τ tpv,u " infltp(u)678 9'+"&&" ,+5#/",0" 0+-+ + '":*&0'+ -" 2'+2#:#$%"& ActionsT ;<(:+'*0/+ =>8 ?"&&#5"43 '"#(*4" +& &":.*,0"& 2#&&+&@;#> A#(.(" +& 'B-*0+& -*'"0+& γtp

v,u(a)3 2#'# 0+-#& #& +/C*,#$%"& -" 5B'0*"& u " v" #$%"& '"(#*+,#-#& # 012*+& tp ∈ T 3 .0*(*4#,-+ +/+ C#&" +& 5#(+'"& -" τ tpv,u" infltp(u)3 #(.(#-+& ,+ 2#&&+ #,0"'*+'6;C> A#(.(" +& 'B-*0+& 0+0#*& Γtp
v,u(a)3 2#'# 0+-#& #& +/C*,#$%"& -" 5B'0*"& u " v" #$%"& '"(#*+,#-#& # 012*+& tp ∈ T 3 " #'/#4","D+& ,# "&0'.0.'# -" -#-+& EA; !"# $#"%&'!>8F8 E0*(*4" # "&0'.0.'# -" -#-+& UC +/+ ",0'#-# 2#'# + <(:+'*0/+ 7 ;#(:+'*0/+(#""%)+/ */2("/",0#$G+ AHIJ KFL℄>3 "/ +,N.,0+ +/ +& 2#'O/"0'+& k " tp ∈ T 3 P."'"2'"&",0#/ + 0#/#,Q+ -+ +,N.,0+ *,**#( S P." -"5" &"' ",+,0'#-+ " + 012*+-" *,0"'"&&"3 '"&2"0*5#/",0"8 H/ #-# *0"'#$G+ -+ #(:+'*0/+3 #-**+," #+ +,N.,0+*,**#( S + 5B'0*" x P." 2'+5R + /ST*/+ :#,Q+ /#':*,#( "/ '"(#$G+ #+ +,N.,0+*,**#( -# *0"'#$G+ #,0"'*+'6U8 E0*(*4" + <(:+'*0/+ F 2#'# #(.(#' + :#,Q+ /#':*,#( 2'+5*-+ 2+' ./ 5B'0*" x "/'"(#$G+ #+ +,N.,0+ *,**#( S #0.#(6 8 <21& #-**+,#' ./ 5B'0*" x #+ +,N.,0+ *,**#( S3 .0*(*4" + <(:+'*0/+ U 2#'# #0.#D(*4#' -" /+-+ *,'"/",0#( #& "&0'.0.'#& -" -#-+& UC " SC8 !" #$%&'()*&+V"&0# &"$G+ &G+ -"&'*0+& +& #(:+'*0/+& .0*(*4#-+& 2#'# ",+,0'#' + +,N.,0+ *,**#( P."&+(.*+,# + 2'+C("/# #C+'-#-+ ,"&0" 0'#C#(Q+8W& #(:+'*0/+& -"&'*0+& ,"&0# &"$G+ .0*(*4#/ -.#& "&0'.0.'#& -" -#-+& 2#'# #'/#4",#'#& *,X+'/#$%"& &+C'" +& 'B-*0+& -*&0'*C.Y-+& ,+ /+-"(+ ZA?8 < "&0'.0.'# -" -#-+& EA/#,0B/ *,X+'/#$%"& '"(#*+,#-#& #+& 'B-*0+& 0+0#*& -#-+& # ./ 5B'0*" v3 2+' "&0" 0"'*,[.",*#-+ P.#(P."' +.0'+ 5B'0*" u "/ 0+-#& #& #$%"& '"(#*+,#-#& # ./ 012*+ tp8H&2"*\#/",0"3 #-# ",0'#-# UC[v][u][tp][a] +''"&2+,-" #+ 0"'/+ Γtp

v,u(a)3 -"\,*-+ &+C'"+ +,N.,0+ U tp
− S3 +,-" U tp +''"&2+,-" #+& 5B'0*"& P." '"#(*4#'#/ #$%"& '"(#*+,#-#&#+ 012*+ tp " S +''"&2+,-" #+ +,N.,0+ *,**#(8 <-**+,#(/",0"3 # "&0'.0.'# -" -#-+&]A ;*"' $#"%&'!> /#,0B/ *,X+'/#$%"& '"(#*+,#-#& #+& 'B-*0+& 0+0#*& -#-+& #+ +,N.,0+



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#""%& S '(&) *+,-"( x '), -./&) "#01(#"%2) #%3 %45(3 ,(&%")#%2%3 %) -6'") tp7 8),-%#-)9%2% (#-,%2% SC[x][tp][a] ),,(3')#2( %) :&1&) 2( Γtp
S,x(a)7 !"#$%&'# (; <%#)*+,& ; RS9 ActionsT 9 λ9 τ tp9 infltp-,&+,&; UC

UC ← ∅= .#$/02  "#$% a #% ActionsT 3#!
current>table← ∅=" .#$/02 "&'() 〈u, a, T, tu〉 #% *+$%$($,# ( $+-)+ 3## .#$/02 "$'# tp ∈ T 3#$

Parentstp(u)← ∅=%
Atp

u ← A
tp
u + 1=&

UC[∗][u][tp][a]← 0=' 42%!/ ∃v : (v,u) ∈ RS, v ∈ current.table 3#(
Parentstp(u)← Parentstp(u) ∪ {v}= ) .#$/02 v ∈ Parentstp(u) 3#  )?'1-( γtp

v,u(a) 13"#@ AB1%-")# C7D= ! %. γtp
v,u(a) ≥ λ &2/* "
UC[v][u][tp][a]← UC[v][u][tp][a] + γtp

v,u(a)= # .#$/02 w /&* "* " UC[w][v][tp][a] · γtp
v,u(a) ≥ λ 3# $

UC[w][u][tp][a]← UC[w][u][tp][a]+UC[w][v][tp][a] ·γtp
v,u(a)= % /*3 & /*3 ' /*3 ( /*3!) /*3! /*3!!

current>table← current>table ∪ {u}!" /*3!# E F&@),"-?) G + 1-"&"H%2) '%,% %&1&%, )3 ,+2"-)3 -)-%"3 '%,% -)2%3 %3 )?I"#%45(3 2(131:,")3 u ( v ( %45(3 a ,(&%")#%2%3 % -6'")3 tp ∈ T 7 A3-( %&@),"-?) ,((I( )?) (#-,%2%31? @,%J) ,(',(3(#-%#2) 1?% ,(2( 3)"%&RS = (U,R)9 1? ,(@"3-,) 2( ',)'%@%45(3 I%3(%2)(? -6'")3 KActionsT L ( 1? &"?"%, λ7 M)?) ',+/)#2"45(3 '%,% (N(14O) 2(3-( %&@),"-?)9-(?/3( B1(; KGL %3 "#J),?%45(3 3)I,( )3 @.#(,)3 ( "2%2(3 2( %2% 131:,") 2(*(? (3-%,2"3')#P*("3 #) @,%J) RS (= KDL %3 -1'&%3 2) ,(@"3-,) 2( ',)'%@%45(3 I%3(%2) (? -6'")32(*(? (3-%, ),2(#%2%39 ',"?(",) '(&% %4O) K"7(7 %2% %4O) ),,(3')#2( % 1?% ',)'%@%4O)



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !#$%&'( )* ActionsT + ) '),#&- ,).# %)*,#/ )* #0')* 0#$#.12&(3 4 5.2#0&%*# 6 7')-0&%# ( -)28&035 )9)8:;# '# (.2#0&%*# 7 &$&&('( #* # ,0#)--(*)$%# ') ('( (:;# #$%&'( $#0)2&-%0# ') ,0#,(2(:<)- =(-)('# )* %1,&#-3 >(0( ('( (:;# -;# ,0#)--('(- -8(- %8,.(-') ?#0*( -)@8)$&(.3 A80($%) )--) ,0#)--(*)$%#/ 7 (0*(B)$('( ( @8($%&'(') %#%(. ')(:<)- 0).(&#$('(- (# %1,&# tp ∈ T / @8) ?#0(* 0)(.&B('(- ,).# 8-8C0&# u DAtp
u +3 E#'#-#- (*&2#- ') u/ &-%# 7/ 8-8C0&#- v ∈ N

tp

in(u,a) ∧ v ∈ currentFtable/ @8) )9)8%(0(* ((:;# (%8(./ 0).(&#$('( (# %1,&# tp/ -;# (0*(B)$('#- )* Parentstp(u)3 G* -)28&'(/,(0( %#'#- #- 8-8C0&#- )* Parentstp(u)/ -;# '&-%0&=8H'#- 07'&%#- '&0)%#- DG@8(:;# I3J+) %(*=7* 07'&%#- %#%(&- DG@8(:;# I3K+3 4 ,(0L*)%0# λ )-,)&M( 8* .&*&(0 8%&.&B('#,(0( '&*&$8&0 ( @8($%&'(') ') *)*10&( 8%&.&B('(/ 8*( N)B @8) (,)$(- -;# (0*(B)$('(-)$%0('(- )* OP ,(0( #- 07'&%#- %#%(&- @8) )-%)Q(* (&*( ')--) .&*&(03 G* ('( &%)0(:;#'#  !!" ,0&$&,(./ 7 *($%&'( 8*( .&-%( DcurrentFtable+ '#- 8-8C0&#- @8) 0)(.&B(0(* ( (:;##00)$%) ) @8) ?#0(* )$#$%0('#- (%7 # *#*)$%# $(- %8,.(- ,0#)--('(-3 5 )9)8:;# '#(.2#0&%*# 7 M$(.&B('( @8($'# %#'(- (- (:<)- ?#0)* ,0#)--('(-3R &*,#0%($%) ')-%((0 @8) (- &$?#0*(:<)- #$%&'(- $( )-%08%80( ') '('#- SP $;# -;#(%8(.&B('(- '80($%) ( )9)8:;# '# 5.2#0&%*# 63>#0 -8( N)B/ # 5.2#0&%*# J/ @8) &*,.)*)$%( # (.2#0&%*# #$%%&' #* ( #%&*&B(:;#PGTU VIK℄/ 7 8%&.&B('# ,(0( )$#$%0(0 # #$Q8$%# &$&&(. S @8) *(9&*&B( ( ,0#,(2(:;# ')(:<)- 0).(&#$('(- (# %1,&# tp ∈ T 3 G-,)&M(*)$%)/ # 5.2#0&%*# J 0))=) #*# )$%0('(-( )-%08%80( ') '('#- OP/ #*,8%('( ($%)0&#0*)$%)/ 8* ,(0L*)%0# k/ 0),0)-)$%($'# #%(*($X# '# #$Q8$%# S/ ) 8* %1,&# tp ∈ T 3 Y)-%) (.2#0&%*# 7 *($%&'( 8*( U&.( Q/$( @8(. -;# (0*(B)$('(- &$%)0$(*)$%) )$%0('(- $# ?#0*(%# 〈x,mg, it〉/ #$') mg ')$#%(# 2($X# *(02&$(. ,0#N&'# ,).# N70%&) x )* 0).(:;# (# #$Q8$%# &$&&(. S/ $( &%)0(:;# it3G--(- )$%0('(- -;# -)*,0) *($%&'(- #02($&B('(- )* #0')* ')0)-)$%)/ ') (#0'# #* #2($X# *(02&$(. ,0#N&'# ,#0 ('( N70%&) x3 4 5.2#0&%*# 7 ')-0&%# ( -)28&03Z$&&(.*)$%)/ 7 )$#$%0('# # #$Q8$%# U tp ⊆ U / # @8(. #$%7* #- N70%&)- @8) 0)([.&B(0(* (:<)- 0).(&#$('(- (# %1,&# tp ∈ T 3 G* -)28&'(/ ,(0( ('( 8* '#- N70%&)-
u ∈ U tp/ 7 (.8.('# # 2($X# *(02&$(. ,0#N&'# ,).# N70%&) u )/ ,#-%)0&#0*)$%)/ )-%)N70%&) 7 &$-)0&'# $( M.( Q3 4 0)-%($%) '# (.2#0&%*# 7 )9)8%('# #*# -)28)3G* ('( &%)0(:;# '#  !!" ()* %/ # ,0&*)&0# ).)*)$%# x '( M.( Q 7 ($(.&-('# ) 8*( '(--)28&$%)- ')&-<)- 7 %#*('(\

• S) x QC ?#& ($(.&-('# $( &%)0(:;# (%8(. D&3)3 x.it = |S|+/ )$%;# x 7 -).)&#$('# ) '),#&-&$-)0&'# $# #$Q8$%# S3 G* -)28&'(/ # 5.2#0&%*# ] 7 )9)8%('# ,(0( (%8(.&B(0 ')*#'# &$0)*)$%(. (- )-%08%80(- ') '('#- OP ) SP^
• P(-# x %)$X( -&'# ($(.&-('# (,)$(- $( &%)0(:;# ($%)0&#0 D&3)3 x.it < |S|+/ )$%;#/ #



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#$%&'()% * + ,-,/(01% 20&0 0(/0#'30& % $045% )0&$'40# 2&%6'1% 2,#% 6+&(', x ,)&,#078% 0% %49/4(% '4''0# S: "2;< ,<<0 0(/0#'3078%= % 6+&(', x + &,'4<,&'1% 40 >#0
Q , 0 ),<)0 + &,%&1,4010:" ,-,/78% 1% 0#$%&'()% <,&? >40#'3010 @/041% % 4A),&% &,@/,&'1% 1, 6+&(',< %4('B1%< ,) S C%& 0('4$'1% D':,: |S| = kE: !"#$%&'# (F G&,,1H %) IJKL)*+,& F UC= k= tp ∈ T-,&+,&F M,,1 <,( S

SC ← ∅N 
S ← ∅N!
Q← ∅N" .#$/02 u  !# $#%$ ∃u : Atp

u > 0 3##
U tp ← U tp ∪ {u}N$ /*3% .#$/02 u ∈ U tp 3#&
x.node← uN'
x.mg ← computeMG(x, UC, SC)N(
x.it← 0N ) 011 x (% QN  /*3 ! 42%!/ |S| < k 3# "
x← pop(Q)N # %. x.it = |S| &2/* $

S ← S ∪ {x}N %
update(x, UC, SC)N & /*3 ' /!5/ (
x.mg ← computeMG(x, UC, SC)N!)
x.it← |S|N! O,'4<,&( - '4(% P 041 5,02'CH!! /*3!" /*3!# Q "#$%&'()% * + /('#'301% 20&0 0#/#0& % $045% )0&$'40# @/, <,&? 2&%6'1% 2,#% 6+&(',

x 0% %49/4(% '4''0# S= 0<% % ),<)% <,90 01''%401% 0% %49/4(%: R, C%&)0 %4(&?&'0S< <%#/7T,< @/, /('#'30) M')/#07T,< U%4(, I0&#%= 4,<(, (&0V0#5%= % ?#/#% 1% $045%)0&$'40# + &,0#'301% 1, )%1% '4&,),4(0#= /('#'3041% %)% V0<, % 2&;2&'% &,$'<(&% 1,



 !"#$%&' () *!+,-,.!/0' 12 345%64,! 8',!&  ,24$2 12 9:",';  !"#$"%&%'()* +%*)%,$ )- ./"0$*2 !"#$%&'# (3 $-"4.)56)*+,& 3 x7 UC7 SC7 tp ∈ T-,&+,&3 mg

mg ← 08 .#$/02  "#$% a &'( "( " ∃u : UC[x][u][tp][a] > 0 3#!
mgtpa ← 1/Atp

x 8" .#$/02 u &'( "( " UC[x][u][tp][a] > 0 3##
mgtpa ← mgtpa + UC[x][u][tp][a]/Atp

u 8$ /*3%
mg ← mg +mgtpa (1− SC[x][tp][a])8& /*3' 9$# :-7 $ ;<&$#0.-$ = > 4.0<0?%,$ "%#% %.4%<0?%# ,) -$,$ 0@#)-)@.%< %* )*.#4.4#%*,) ,%,$* AB C<0@D% =E ) FB C<0@D%  E7 #)*").0G%-)@.)2 !"#$%&'# 43 4",%.))*+,& 3 x7 UC7 SC7 tp ∈ T.#$/02  "#$% a &'( "( " ∃u : UC[x][u][tp][a] > 0 3# .#$/02 u &'( "( " UC[x][u][tp][a] > 0 3#! .#$/02 v &'( "( " UC[v][x][tp][a] > 0 3#"

UC[v][u][tp][a]← UC[v][u][tp][a]− UC[v][x][tp][a] · UC[x][u][tp][a]8# /*3$
SC[u][tp][a]← SC[u][tp][a] + UC[x][u][tp][a] · (1− SC[x][tp][a])8% /*3& /*3' ; "#$G% ,$ .)$#)-% 4.0<0?%,$ $-$ +%*) "%#% %<4<%# $ &%@D$ -%#&0@%< "#$G0,$ "$# 4-G>#.0) x ) .%-+>- "%#% %.4%<0?%# %* )*.#4.4#%* ,) ,%,$* AB ) FB7 ,) -$,$ 0@#)-)@.%<7)*.H I$#% ,$ )*$"$ ,)*.) .#%+%<D$2 ; -)*-% "$,) *)# )@$@.#%,% )- JKL℄



− 1/e) 2.82,#56$ N /$,456$ &%(.#*O$ C#'L%4,$ P /28F "2/8(%# # #H#,(#56$ 2@'28(.21%#, 82#,(7#"# /$982 # /$,456$ #'82A/21%#"#*




•  !"#$! %& O &,/3!/,* 3*+!)* /!6#! +! #G&/*" &,*&*"#* 6!"#! #,%<%)>*7 ,!"()#%6#!+! (3% %+%&#%12* +* 3*+!)* +! E/"#,/<(/12* +! 9,8+/#*" H9EJ7 *,/@/6%)3!6#! %&,!."!6#%+* 6* #,%<%)>* +! P*Q%)  ! "#$ R:S℄;  * 3*+!)* 9E7 *" ,8+/#*" +/,!#*" B*,%3%)()%+*" (#/)/0%6+* % D=(%12* H:;UJ7 %&,!"!6#%+% 6* 9%&'#()* :7 +!"*6"/+!,%6+**" B%#*,!" ,!)%/*6%+*" K I*3*N)/%; V"#* 87 *3 * *64(6#* H = ∅; M+!3%/"7 *WX



 !"#$%&' () *+!&,!-.' /0"12,314$!&  !"#$%&'($) λ *)+ )-./0$#1) )& ) 2#3)$ 0,001 4)-*)$&' #2#3+#1) ' "$)")5() '&67!℄9:
•  !"#$! %&' ; 5'/0-1) &)1'3) +'-(' 1' (<"+)5 "$)")5() -'5(' ($#=#3>)? )-1')5 $@1+()5 1+$'()5 *)$#& #303#1)5 0(+3+A#-1) # BC0#DE) 47FG9? #"$'5'-(#1# -)H#"I(03) 7F J3@& 1+55)? ) 2#3)$ 0(+3+A#1) -) "#$%&'($) λ (#&=@& *)+ )-./0$#1))& ) 2#3)$ 0,001 4)-*)$&' #2#3+#1) ' "$)")5() '& 67!℄9:
•  !"#$! (& ; +&"3'&'-(#DE) 1) &)1'3) 1' "$)"#/#DE)  !"#$#!"#!% &'('"# 4KH9?-) C0#3 #5 "$)=#=+3+1#1'5 1#5 #$'5(#5 *)$#& #"$'-1+1#5 # "#$(+$ 1) )-L0-() 1'($'+-#&'-()F B5"'+.#&'-('? #5 "$)=#=+3+1#1'5 1#5 #$'5(#5 *)$#& #303#1#5 1'#)$1) )& ) &@()1) *+$#%#" ,'+-.-/'%-0! 4BM9? 1'5$+() -) ($#=#3>) 1' N#+() #%'12 6!7℄F O)5 'P"'$+&'-()5? *)+ 0(+3+A#1# # +&"3'&'-(#DE) 1) &@()1) BM 1+5")-I2'3'& N"+-' 6GQ℄ F J1++)-#3&'-('? '& ()1)5 )5 'P"'$+&'-()5 0(+3+A#-1) ) &)1'3) KH*)$#& 'P'0(#1#5 RSFSSS 5+&03#DT'5 MH:
•  !"#$! )* ; +&"3'&'-(#DE) 1) &)1'3) 1' "$)"#/#DE) 3-!#'4 564#(601"F U#&=@&$'C0'$ # 'P'0DE) 1' RSFSSS 5+&03#DT'5 MHF V#$# #"$'-1+A#/'& 1#5 "$)=#=+3+1#1'51#5 #$'5(#5? *)$#& 0(+3+A#1#5 #3/0&#5 +1'+#5 #"$'5'-(#1#5 -) ($#=#3>) 1' W'&"' #%'12 67Q℄ ' X)Y#3 #% '12 6!!℄F B5"'+.#&'-('? #5 "$)=#=+3+1#1'5 1#5 #$'5(#5 *)$#&#303#1#5 )&); pv,u = Av2u/N F Z-1' Av2u $'"$'5'-(# ) -[&'$) 1' #DT'5 "$)"#\/#1#5 1) 2@$(+' v "#$# ) 2@$(+' u? 1'-($) 1) )-L0-() 1' ($'+-#&'-(): ' N ? C0')$$'5")-1' #) -[&'$) 1' #&+/)5 1' v C0' $'#3+A#$#& # #DE) #-('5 1'3'? @ 0(+3+A#1))&) *#()$ 1' -)$&#3+A#DE) "#$# #55'/0$#$ C0' ) 5)&#(<$+) 1#5 "$)=#=+3+1#1'5 5)=$'#5 #$'5(#5 +-+1'-('5 # v



 !"#$%&' () *+!&,!-.' /0"12,314$!&   
•  !"#$% ! "# #$%&'& (") *)+)-&./ ') 0&1#/ /+)/%21-/ &* 3$1%-)* (") -14& &#5&1& &.6".%& -.--/+7
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