
>+:/"K^,9'+."?9,:)"S+*)$"+,"5$6-Q%$*&.-+$,"""""""""""""""""""""""""""""""""""""""""""""a3"

"

/$-+&VX,09$*&20,-1&L$41#&$,&J#%)R(#48*)$#,&

?)(7)()%J(A32:A>%

L*M2+Q)(7"*$%K):(3)'3%TaVVmTaVT%
C)0$"(0$8/*"'3)'3%L*3*$)2"%C"/*"'$"9:'+2+3*"',%<5%@$U%JA2$"'%%

M9%M9%9<Q%$):L/$)@m:'9+L<.$'""

"

9. /02'%35+2"%0.

d9Q-&%+,:">+:/"K^,9'+." ?9,:)" +'9:)6" +6" 9" Q$Q&L9%"I9^" $@" *)Q+.-+,:" -/)"

%)9L"I$%L*"96".L$6)L^"-$"I/9-".9,"M)"6)),"I+-/"-/)"/&'9,")^)"96"Q$66+ML)"9,*"

.9,~-"M)"Q%$.)66)*"M^".$''$,".9')%9"6),6$%6<"T/+L)")N),"9'9-)&%"Q/$-$:7

%9Q/)%6" .9," )96+L^"/9,*L)" -/)"I$%0@L$I" @$%" 6-+LL" Q+.-&%)6H" -/)" -)./,$L$:^"$@"

>K?"N+*)$"+6"6-+LL"9"@+)L*"-/9-"+6":%$I+,:"9,*"/96"^)-"-$"M)"@&LL^")FQL$%)*<"J,"

-/+6" Q9Q)%H" +-" +6" +,N)6-+:9-)*" /$I" @9%" -/)" @+)L*" >K?" /96" Q%$:%)66)*" 9,*" +-"

-90)6"9"6Q).+9L"N+)I"$,"Q$6-Q%$*&.-+$," -)./,+n&)6" -/9-".9,"M)"&6)*"-$"I$%0"

I+-/" /+:/" *^,9'+." %9,:)" @$$-9:)<" J," $%*)%" -$" *$" 6$H" 9," $N)%N+)I" +6" :+N),"

%):9%*+,:"-/)"'$6-"+'Q$%-9,-"96Q).-6"$@">K?"+'9:)%^H"-/9-"9%)".%&.+9L"+,"-/)"

&,*)%6-9,*+,:"$@"9,^"I$%0@L$I6"-/9-"$,)"'+:/-"&6)"I/),".9Q-&%+,:"9,*")*+-7

+,:"6&./"'9-)%+9L<"J-"+6")FQL9+,)*"/$I">K?7N+*)$".9,"M)".9Q-&%)*H"+,.L&*+,:"

M$-/"9.-&9L"/9%*I9%)"6$L&-+$,6"9,*"I9^6"-$"$N)%.$')"-/)"L+'+-9-+$,6"$@"]K?"

/9%*I9%)"M^".$'M+,+,:"'&L-+QL)".$'Q$,),-6"$@"9L%)9*^"0,$I,")n&+Q'),-<""

;," +'Q$%-9,-"Q+).)"$@" -/+6"I$%0"+6" -/)"9,9L^6+6"$@"N9%+$&6" -$,)"'9QQ+,:"

$Q)%9-$%6H"I/+./"'90)"+-"Q$66+ML)"-$"N+)I"/+:/".$,-%96-"+'9:)6"9,*"N+*)$"$,"

6-9,*9%*"L$I"*^,9'+."%9,:)"*)N+.)6<"J-"+6"6-&*+)*"I/+./"$Q)%9-$%6"Q%$*&.)"9"

QL)96+,:"%)6&L-"9,*"I/+./"')-/$*6"9,*")F-),6+$,6"/9N)"-$"M)"9**)*"-$"9QQL^"

Q/$-$:%9Q/+."$Q)%9-$%6" -$"'$N+,:" +'9:)%^<"#&%-/)%'$%)H"6$@-I9%)"6$L&-+$,6"

@$%"Q$6-Q%$*&.-+$,"$@"/+:/"*^,9'+."%9,:)"N+*)$6"9%)"6)9%./)*"@$%H".$'Q9%)*"

9,*"-)6-)*"%):9%*+,:"Q$66+M+L+-+)6"9,*"$Q-+.9L"n&9L+-^<"

f/)" %)'9+,*)%" $@" -/+6" Q9Q)%" +6" $%:9,+O)*" 96" @$LL$I6C" 8).-+$," 1" %)N+)I6"

.&%%),-"-)./,$L$:+)6"@$%".9Q-&%+,:">K?7.$,-),-<"8).-+$,"3"*+6.&66)6"-/)"N97

%+$&6"9QQ%$9./)6"+,">K?7f$,)'9QQ+,:H"I/+L)"6).-+$,"4"I+LL"*)6.%+M)".&%%),-"

9N9+L9ML)"6$@-I9%)"9,*"+-6"9QQL+9,.)"$,"-)6-"@$$-9:)<""

"



a4""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""\9%M9%9"5%Y:L/Y@"

?. <(=25'"0&.V4W.<%02-02.

;6" 6-9-)*" M)@$%)H" .9Q-&%+,:" >K?7Q/$-$:%9Q/6" +6" 9" I)LL70,$I," Q%$.)*&%)"

)N),"-$"9'9-)&%"Q/$-$:%9Q/)%6<"f/)"'$6-".$''$,L^"&6)*"')-/$*"-$".9Q-&%)"

9,"+'9:)"I+-/"),/9,.)*"*^,9'+."%9,:)"D")FQ$6&%)"M%9.0)-+,:"D"+6"-$"-90)"9"

6)n&),.)"$@"+'9:)6"$@"-/)"69')"N+6&9L"'$-+@<"V9./"+'9:)"+6".9Q-&%)*"I+-/"9"

*+@@)%+,:" )FQ$6&%)H" 96" -/)" %)6&L-+,:" Q+.-&%)6" .9," L9-)%" M)" .$'M+,)*" -$" @$%'"

$,)"+'9:)"I+-/"9"/+:/"*^,9'+."%9,:)"+,"9"Q%$.)66".9LL)*"Ü)FQ$6&%)"@&6+$,~<"

VFQ$6&%)".9,"M)"N9%+)*"M^"-/%))"')9,6C"l,)"$Q-+$,"+6"-/)"&6)"$@"6&,*%^"

,)&-%9L" *),6+-^" AEKB" @+L-)%6"M)-I)),")FQ$6&%)6<"f/+6"I9^" +-" .9,"M)" 966&%)*"

-/9-"'$-+$,"ML&%"9,*"*)Q-/"$@"@+)L*"9%)"-/)"69')"+,")9./"-90),"Q+.-&%)H"I/+./"

.9,"M$$6-"-/)"$N)%9LL"n&9L+-^"$@"-/)"%)6&L-+,:">K?7J'9:)<";"*+69*N9,-9:)"$@"

-/+6"')-/$*"+6"-/9-"./9,:+,:"-/)"@+L-)%6"-90)6"9"L$-"$@"-+')"9,*"9L6$"'$N)6"-/)"

.9')%9"I/+./".9,".%)9-)"9%-+@9.-6"$,"-/)"@+,9L"$&-Q&-<";,$-/)%"$Q-+$,"-$"*+@@)%"

)FQ$6&%)" +6" -$" ./9,:)" -/)" @76-$Q"N9L&)<"T/+L)" +-" +6" n&+.0)%" -/9,"&6+,:"EK7

@+L-)%6"9,*"*$)6,~-"%)n&+%)"9**+-+$,9L"/9%*I9%)H"+-"%)6&L-6"+,"N9%^+,:"*)Q-/"$@"

@+)L*" +," )9./"$@" -/)" +'9:)6H"Q$6+,:"9"Q%$ML)'" +," -/)" L9-)%" 9QQL+)*")FQ$6&%)"

@&6+$,H" L)9*+,:" -$" 9%-+@9.-6<" f/)" -/+%*" $Q-+$," +6" -$" N9%^" 6/&--)%" 6Q))*<" f/+6"

Q%$N+*)6"9".$,6-9,-"*)Q-/"$@"@+)L*"-/%$&:/$&-"-/)"+'9:)"6)n&),.)<"

;@-)%" .9Q-&%+,:" -/)" 6)n&),.)H" 9LL" -/)" +'9:)6" 9%)" .$'M+,)*" M^" )FQ$6&%)"

@&6+$,<";66&'+,:"-/9-")9./"Q+F)L"+,"9"Q+.-&%)"I96".$%%).-L^"+LL&'+,9-)*"+,"9-"

L)96-"$,)"$@" -/)")FQ$6&%)6H" -/)"9.-&9L"6.),)"N9L&)".9,"M)".9L.&L9-)*"&6+,:"9"

I)+:/-+,:"@&,.-+$,"AK)M)N)."|"(9L+0H"!__`B<"

d9Q-&%+,:" >K?7S+*)$" .$,-),-" I+-/" -/)" ')-/$*" *)6.%+M)*" 9M$N)" Q$6)6"

6$')" $MN+$&6" Q%$ML)'6C"f$" @+L'"'$N+,:" $Mj).-6H" +-"I$&L*" M)" ,).)669%^" -$"

/9N)"9".9')%9"-/9-".9,".9Q-&%)"'&L-+QL)")FQ$6&%)6"@$%")9./"@%9')P";L6$H"&67

+,:"N9%^+,:"6/&--)%"6Q))*"-$":9+,"-/$6)"*+@@)%),-"+'9:)6"I$&L*"%)6&L-"+,"9%-+7

@9.-6"*&)"-$"9"N9%^+,:"9'$&,-"$@"'$-+$,"ML&%"+,")9./")FQ$6&%)<""

J,"$%*)%"-$".9Q-&%)"/+:/"*^,9'+."%9,:)"N+*)$".$,-),-H"-I$"M96+."Q%+,.+QL)6"

/9N)"M)),"*)N)L$Q)*C"-)'Q$%9L"|"6Q9-+9L")FQ$6&%)"*+@@)%),-+9-+$,<"f)'Q$%9L"

)FQ$6&%)" *+@@)%),-+9-+$," +'QL+)6" 9" .9')%9" -/9-" .9Q-&%)6" '&L-+QL)" )FQ$6&%)6"

@$%")9./"@%9')<"f/)"9*N9,-9:)"/)%)"+6"-/9-"-/)"@&LL"%)6$L&-+$,"$@"9".9')%9".9,"

M)" &6)*P" M&-" +," $%*)%" -$" /9N)"'&L-+QL)" )FQ$6&%)6" 9" N)%^" /+:/" @%9')" %9-)" +6"

,).)669%^H"I/+./"L)9*6"-$"N)%^"6/$%-")FQ$6&%)"-+')6"@$%")9./"@%9')<"#+L'+,:"

*9%0"6.),)6"I+-/"-)'Q$%9L"*+@@)%),-+9-+$,".9,"-/)%)@$%)"L)9*"-$",$+6)"9%-+@9.-6"

*&)" -$" +,.%)96)*"9'QL+@^+,:"$@" -/)"6+:,9L" A(^6O0$I60+")-"9L<H"122aH"Q<"!`B<"

8Q9-+9L" )FQ$6&%)"*+@@)%),.)H"$," -/)"$-/)%"/9,*H" .9Q-&%)6"'&L-+QL)")FQ$6&%)6"



>+:/"K^,9'+."?9,:)"S+*)$"+,"5$6-Q%$*&.-+$,"""""""""""""""""""""""""""""""""""""""""""""ac"

"

$@"-/)"69')"+'9:)"M^")+-/)%"6QL+--+,:"-/)"+,.$'+,:"L+:/-"9,*"%)*+%).-+,:"+-"-$"

N9%+$&6" L),6)6" A$%" 6),6$%" ./+Q6BH" $%" M^" 9QQL^+,:" 9" Q9--)%," $@" @+L-)%6" $,-$" 9"

./+QH"I/+./"-/),".9Q-&%)6"+<)<"@$&%"*+@@)%),-")FQ$6&%)"N9L&)6"I+-/+,"9"ML$.0"$@"

1"F"1" Q+F)L6<" f/$6)" Q+F)L6" .9," L9-)%" M)"')%:)*" -$" $,)">K?7*9-9" Q+F)L<";,"

$MN+$&6"*%9IM9.0"/)%)"+6"-/9-"-/)"%)6$L&-+$,"$@"-/)"@+,9L"+'9:)":)-6"%)*&.)*"

M^"3=4"$@" -/)"$%+:+,9L" A+M+*<H" Q<"!_B<";,")F9'QL)" @$%" .9')%96"&6+,:"9"M)9'"

6QL+--)%" +6" -/)" Ü;(5">K?~" .9')%9H" I/+./" 6QL+-6" -/)" L+:/-" M)9'" +,-$" -/%))"

Q9%-6"-/9-"9%)"%)*+%).-)*"M^"'+%%$%6"$,-$"-/%))"*+@@)%),-"6),6$%"./+Q6"Af$..+")-"

9L<H"12!!B<"

"

.B. V4WGC"3-%.@%0-1(=="0&.@-+,0"]5-*.

K&)" -$" -)./,$L$:+.9L" L+'+-9-+$,6">K?".$,-),-" .9,,$-"M)"*+6QL9^)*"$," .$,7

N),-+$,9L"*+6QL9^"*)N+.)6"6&./"96".$'Q&-)%"'$,+-$%6<"VN),"-/$&:/"-/)%)"9%)"

>K?"*+6QL9^6"-/9-"9%)".9Q9ML)"$@"*$+,:"6$H"+-"+6"6-+LL",).)669%^"-$"@+,*"I9^6"-$"

I$%0"I+-/">K?".$,-),-"$,".$''$,"*)N+.)6<"()-/$*6" -/9-"I)%)"*)N)L$Q)*"

-$" 9..$'QL+6/" -/+6" 9%)" .9LL)*" -$,)'9QQ+,:<" f/)" :$9L" $@" -$,)'9QQ+,:" +6" -$"

.$'Q%)66"*^,9'+."%9,:)"A6$"9,"+'9:)".9,"M)"*+6QL9^)*"$,"9",$%'9L"'$,+-$%B"

I/+L)"0))Q+,:"-/)"*)-9+L6"-/9-"I)%)"9--9+,)*"-/%$&:/">K?".9Q-&%+,:"9,*")F7

Q$6&%)"@&6+$,<"

f$,)'9QQ+,:"9L:$%+-/'6H"9L6$".9LL)*"-$,)'9QQ+,:"$Q)%9-$%6"Af(lBH".9,"

M)" *+N+*)*" +," -I$" .9-):$%+)6C" L$.9L" 9,*" :L$M9L"f(l6<"f/)"'9+," *+@@)%),.)"

M)-I)),"L$.9L"9,*":L$M9L"-$,)'9QQ+,:"+6"-/9-":L$M9L"-$,)'9QQ+,:"$,L^"-90)6"

@)9-&%)6"+,-$"9..$&,-"-/9-".9,"M)"-90),"@%$'"-/)"Q+.-&%)"96"9"I/$L)H"L+0)"-/)"

9N)%9:)" L&'+,9,.)" +," 9" Q+.-&%)<"W6+,:" -/)6)" @)9-&%)6" 9" :L$M9L" -$,)'9QQ+,:"

$Q)%9-$%" 9QQL+)6" 9" L+,)9%" @+L-)%" -$" *).%)96)" *^,9'+." %9,:)<" f$" .9L.&L9-)" -/)"

L&'+,9,.)" N9L&)" $@" 9" .)%-9+," Q+F)LH" 9" L$.9L"f(l"9L6$" L$$06" 9-" ,)+:/M$%+,:"

Q+F)L6"I/+./"'90)6"-/)'"/9%*)%"-$"+'QL)'),-"9,*"6L$I)%"+,".9L.&L9-+$,H"M&-"

:+N)"M)--)%"%)6&L-6".$'Q9%)*"-$":L$M9L"$Q)%9-$%6"A?)+,/9%*H"122cB<"

VN)," -/$&:/" *+@@)%),-" L$.9L" -$,)'9QQ+,:" $Q)%9-$%6" &6)" N9%^+,:" -)./7

,+n&)6"-$"9./+)N)":$$*"%)6&L-6H"@$%"'$6-"$@"-/)'"9"M96+."@&,.-+$,9L+-^".9,"M)"

*)6.%+M)*C"f$".$'Q%)66"-/)"*^,9'+."%9,:)"$@"9":+N),"Q+.-&%)H"+-"+6"*+N+*)*"+,"

-I$"$%"'$%)" L9^)%6<" J,"'$6-".96)6H" -I$" L9^)%6"9%)"&6)*P"l,)"@$%"*)-9+L6"9,*"

$,)" M96)" L9^)%" I+-/" -/)" :L$M9L" +LL&'+,9-+$," N9L&)6<" T/+L)" -/)" *)-9+L" L9^)%"

6-9^6" &,-$&./)*H" -/)" M96)" L9^)%" :)-6" .$'Q%)66)*" -$" M)" -/)," .$'M+,)*"I+-/"

-/)"*)-9+L6"9:9+,<"f/+6"I9^"+-".9,"M)"966&%)*"-/9-"*)-9+L" +6",$-"L$6-"I/+L)"-/)"

*^,9'+."%9,:)"+6".$'Q%)66)*"),$&:/"-$"M)"*+6QL9^)*"$,"9".$''$,"*)N+.)<"



ab""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""\9%M9%9"5%Y:L/Y@"

f/)"@9.-$%"-/9-"*+%).-L^".$%%)L9-)6"-$"-/)"%)6&L-+,:"$&-Q&-"n&9L+-^"+6"-/)")F-%9.7 
-+$,"$@"-/)"M96)"L9^)%"AJ'Q$.$H"(9%6+"|"?9'Q$,+H"122cB<""

T/+L)"-/)%)"9%)"9"N9%+)-^"$@"-$,)'9QQ+,:"$Q)%9-$%6"9N9+L9ML)"@$%"6-+LL"+'7

9:)%^H"-/)6)".9,,$-"M)"&6)*"@$%"-/)"Q&%Q$6)"$@">K?"N+*)$"I+-/$&-"9,^"9L-)%97

-+$,<"f/)"'9+,"Q%$ML)'"+6" -/9-"9L:$%+-/'6"@$%"Q/$-$:%9Q/6"9%)" +'QL)'),-)*"

-$"I$%0"+,"9"I9^"-$":)-"-/)"'$6-"$&-"$@"9"6+,:L)"Q+.-&%)<"J@"$,)"I$&L*"9QQL^"

9," 9L:$%+-/'" L+0)" -/9-" -$" N+*)$" @$$-9:)H" +-" I$&L*" %)6&L-" +," 9%-+@9.-6H"'$6-L^"

@L+.0)%+,:H"96")9./"@%9')"$@"-/)"N+*)$"I$&L*"M)".$'Q%)66)*"+,*)Q),*),-L^"-$"

+-6"Q%)*).)66$%"$%"6&..)66$%<""

;L:$%+-/'6" -/9-" 9**%)66" -/+6" Q%$ML)'" &6)" *+@@)%),-" 9QQ%$9./)6" -$" *)9L" 
I+-/" @L+.0)%+,:" A9,*"$-/)%B"9%-+@9.-6<"d/&L"]))"9,*"d/9,:78&"[+'")F-),*)*" 
#9--9L6"I$%0" AK&%9,*"|"K$%6)^"1221B"D"I/+./" +6"M96)*"$,"9":%9*+),-"'9Q" 
-/9-"+6"*)%+N)*"$@"9,"+'9:)"9,*"-/),".$'Q%)66)*"D"-$"M)"6&+-9ML)"@$%"N+*)$"M^" 
.9L.&L9-+,:"'$-+$,"N).-$%6"@$%")9./"Q+F)L<"J@" -/)"*+@@)%),.)"+,"L&'+,9,.)"@$%"  
)9./"Q+F)L"M)-I)),"-I$"@%9')6")F.))*6"9".)%-9+,"-/%)6/$L*H"9"I)+:/-+,:"@&,.7 
-+$," +6"&6)*" -$"'+,+'+O)" +-" A]))"|"[+'"122`H"Q<"1B<" J,"/+6"I$%0"h;*9Q-+N)" 
?)*&.-+$,"$@" -/)"K^,9'+.6"$@">K?"S+*)$"8)n&),.)6Ä%J'Q$.$"&6)6"9,"9Q7 
Q%$9./"M96)*"$," -/)" @$%'&L9" -/9-"I96"*)6.%+M)*")9%L+)%" +," -/+6" 6).-+$,C"f/)" 
>K?"@$$-9:)" +6"*+N+*)*"+,"-I$"L9^)%6"&6+,:"9"ML&%"@+L-)%H"9,*"-/)"L&'+,9,.)" 
L9^)%"$@"9":+N),"@%9')"+6",$-"$,L^".$'Q%)66)*H"M&-"9L6$".$'Q9%)*"-$"-/)"L&7 
'+,9,.)"L9^)%"$@" +-6"9,-).)66$%H")n&9L+O+,:"-/)"*+@@)%),.)"AJ'Q$.$H"(9%6+"|" 
?9'Q$,+H" 122cB<" ;,$-/)%" 9QQ%$9./" $," >K?" N+*)$" -$,)'9QQ+,:" +6" o+,,$6" 
-$,)'9QQ+,:"M96)*"$,":9''9"ML),*+,:C"J,"-/+6".96)H"-I$":9''9".&%N)6"9%)" 
.$'M+,)*"9,*"9QQL+)*"-$"-/)"+LL&'+,9-+$,"L9^)%"D"$,)"),/9,.+,:"*)-9+L"+,"L$I" 
L&'+,9,.)" %):+$,6H" -/)" $-/)%" +," /+:/" L&'+,9,.)" %):+$,6" D" 9,*" 9" -/%)6/$L*" 
9:9+,"*)@+,)6"/$I"'&./"-/)"+LL&'+,9-+$,"M)-I)),"-I$".$,6).&-+N)".9,"N9%^" 
I+-/$&-" M)+,:" )n&9L+O)*" M^" 9" I)+:/-+,:" @&,.-+$," Ao+,,$H" ($&%+" |" l0&*9H" 
12!2B<""

"

J. V4W.C"3-%.F%*2='%35+2"%0.S%)2D('-.

;"'9+,":$9L"$@"-/)"Q%)6),-)*"I$%0"I96"-$"%)6)9%./"I/+./"6$@-I9%)"6$L&-+$,6"

9%)".&%%),-L^"9N9+L9ML)"-$"I$%0"I+-/"/+:/"*^,9'+."%9,:)"N+*)$"@$$-9:)H"9,*"

-$" .$'Q9%)" -/)" $&-Q&-" -/9-" .9," M)" Q%$*&.)*" %):9%*+,:" -/)" N+6&9L" n&9L+-^<"

f$,)'9QQ+,:H"96"*)6.%+M)*"+,"6).-+$,"3H"+6"$,)"+'Q$%-9,-"6-)Q"+,"Q$6-Q%$*&.7

-+$,"M).9&6)".&%%),-"I$%0@L$I6"9%)"6-+LL"9*9Q-)*"-$"9"@+,9L"$&-Q&-"+,"L$I"*^7

,9'+."%9,:)<"f/)%)"+6"9"N9%+)-^"$@"6$@-I9%)"6$L&-+$,6"9N9+L9ML)"-/9-"$@@)%"N+7



>+:/"K^,9'+."?9,:)"S+*)$"+,"5$6-Q%$*&.-+$,"""""""""""""""""""""""""""""""""""""""""""""a`"

"

*)$"-$,)'9QQ+,:H"M&-"-/)^"*+@@)%":%)9-L^"+,"%)6Q).-"$@"-/)+%"@&,.-+$,9L"6.$Q)<"

f/)"@$LL$I+,:"6).-+$,"I+LL":+N)"9"n&+.0"$N)%N+)I"$@"-/)"'$6-"+'Q$%-9,-"@+,*7

+,:6<"

5@6-$$L6H"9"6)-"$@".$''9,*L+,)"-$$L6H"+'QL)'),-6")+:/-"Q$Q&L9%"-$,)'9Q7 
Q+,:"9L:$%+-/'6"@$%"6-+LL"+'9:)6"9,*":+N)6"-/)"&6)%")F-),6+N)"Q$66+M+L+-+)6"-$" .
$,-%$L" -/)" @+,9L" $&-Q&-<" f/%))" f(l6" D" developed by Sumanta Pattanaik

(Pattanaik 2000), D Rafal Mantiuk (Mantiuk 2008) and Erik Reinhard (Rein-
hard 2002)   –  I)%)"9*9Q-)*"@$%"&6+,:"-/)'"$,"N+*)$"@$$-9:)H"M&-"-)6-6"*$,)
I+-/"9,">K?"-+')L9Q6)"N+*)$"6/$I"-/9-")N),"-/$&:/"-/)"n&9L+-^"$@"-/)"t$,)
-'9QQ+,:"+-6)L@"+6"QL)96+,:H"@L+.0)%+,:"+6"6-+LL"9,"+66&)<";,$-/)%"9N9+L9ML)"$Q-
-+$,"+6 -$"&6)"QL&:+,6"@$%".$'Q$6+-+,:"Q9.09:)6"D"+,"-/+6".96)";@-)V@@).-6"D"
I/+./"9%)")96+)%"-$"&6)"96"-/)^"/9N)"9"GWJH"M&-"$@@)%"9"L$-"L)66"@&,.-+$,9L+-y
I/), .$'Q9%)*"-$"Q@6-$$L6<"ÜG+,:)%>K?~"/96"'&L-+QL)"'$*)6"-/9-".9,"M)
./$6),"@%$'"*)Q),*+,:"$,"-/)"N+*)$"@$$-9:)H"M&-H"96"6)),"I+-/"Q@6-$$L6H

@L+.0)%+,:"9%-+@9.-6".9,,$-"M)"9N$+*)*"I+-/$&-"@&%-/)%"Q%$.)66+,:<"ÜV#w">KRJ
d$'Q~H"9,$-/)%"QL&:+,"@$%";@-)%"V@@).-6H"+6"N)%^"L+'+-)*"+,"+-6"@&,.-+$,9L+t^ 96
+-"+6",$-"9ML)"-$"I$%0"I+-/"9.-&9L">K?7@+L)6"9,*".9,,$-".$'M+,)"'$%)"-/9,

-I$"*+@@)%),-" )FQ$6&%)6<"#L+.0)%+,: +6" ,$-" 9,"+66&)" /)%)H" M&-" -/)" $N)r9LL"vi6&9L
+'Q%)66+$,"L9.06"n&9L+-^<""

W6+,:"-/)".$'Q$6+-+,:"Q9.09:)"E&0)H"9"6+'QL)"-$,)'9QQ+,:"$Q)%9-$%"I96"

M&+L-"I+-/"-/)"6-9,*9%*",$*)6"9N9+L9ML)"+,"-/)"6$@-I9%)<"f/)"'9+,"9%./+-).-&%)"

$@"-/)"f(l"+6"M96)*"$,"-/)"9L:$%+-/'"*)N)L$Q)*"M^"K&%9,*"AK&%9,*"|"K$%7

6)^"1221B" 9,*"&6)6" @96-" M+L9-)%9L" @+L-)%+,:" -$" 6)Q9%9-)" -/)"$N)%9LL" L&'+,9,.)"

@%$'"*)-9+L" +,@$%'9-+$,<"f$"9N$+*"@L+.0)%+,:"9%-+@9.-6H"9"*)7@L+.0)%+,:"QL&:+,"

I96"&6)*<"

T/)," -90+,:">K?"N+*)$"Q$6-Q%$*&.-+$,"9"6-)Q" @&%-/)%H" +-"M).$')6".L)9%"

-/9-"I$%0+,:"I+-/"9.-&9L">K?"*9-9" -/%$&:/$&-" -/)"I/$L)"Q+Q)L+,)"I+LL"M)"9"

'9+,"96Q).-" +,"@&-&%)"9QQL+9,.)6<"J,"$%*)%"-$"9..$'QL+6/"-/+6H"9"6-9,*9%*+O97

-+$," $@" N+*)$" .$'Q%)66+$," 9,*" ),.$*+,:"I+LL" M)" ,).)669%^<"G$>K?"')*+9"

6&+-)" +6" -/)" $,L^" .&%%),-L^" Q&ML+." 9N9+L9ML)" 6$@-I9%)" -/9-" $@@)%6">K?7.$'7

Q%)66+$,"I+-/$&-" -$,)'9QQ+,:" -/)" @$$-9:)<"l,L^" 9" @)I"),.$*+,:6" 9%)" 9N9+7

L9ML)H" 9,*" 96"$@" ,$IH"$,L^" -/)" +,.L&*)*"N+*)$QL9^)%" .9," %)9*" -/)":),)%9-)*"

$&-Q&-"@+L)6<""

J," 6&''9%^H" +-" .9," M)" 69+*" -/9-" -/)%)" +6" 6-+LL" %$$'" @$%" 9" L$-" $@" *)N)L$Q7

'),-6" +," -/)" @+)L*"$@">K?"N+*)$")*+-+,:H" 96" +-" +6"N)%^" L+0)L^" -/9-" -/)" @&-&%)"

-),*),.^"I+LL"M)"9I9^"@%$'"-$,)'9QQ+,:"-$I9%*6"9"@&LL">K?7Q$6-Q%$*&.-+$,"

Q+Q)L+,)" +,.L&*+,:">K?7*+6QL9^6<" J," $%*)%" -$" 9..$'QL+6/" -/+6H" 6-9,*9%*+O97

-+$,6"/9N)"-$"M)"'9*)"9,*"-/)"&,*)%L^+,:"-$$L6",))*"-$"M)"@&%-/)%"*)N)L$Q)*"

-$"Q%$*&.)"QL)96+,:"%)6&L-6<""



aa""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""\9%M9%9"5%Y:L/Y@"

"

W-)-'-0+-*.

K)M)N).H"59&L"|"(9L+0H"o+-),*%9"A!__`BH"?).$N)%+,:">+:/"K^,9'+."?9,:)"?9*+9,.)"

(9Q6"@%$'"5/$-$:%9Q/6H"+,C"@*33()M:%~_`"n%J(+9""/*'30%+>%$:"%T]$:%)''8)2%9+'W
>"("'9"%+'%O+QM8$"(%3()M:*90%)'/%*'$"()9$*D"%$"9:'*X8"0<";d("5%)66=;**+6$,7
T)6L)^"5&ML+6/+,:H"QQ<"3b_D3`a"

K&%9,*H"#%x*$"|"K$%6)^H"o&L+)"A1221BH"#96-"M+L9-)%9L"@+L-)%+,:"@$%"-/)"*+6QL9^$@"/+:/7

*^,9'+.7%9,:)"+'9:)6H"+,C"@*33()M:%kaT%n%J(+9""/*'30%+>%$:"%Tj$:%)''8)2%9+'>"W
("'9"%+'%O+QM8$"(%3()M:*90%)'/%*'$"()9$*D"%$"9:'*X8"0<";d(H"QQ<"1c`D1bb"

J'Q$.$H"G<H"(9%6+H"8<"|"?9'Q$,+H"G<""A122cBH";*9Q-+N)"?)*&.-+$,"$@"-/)"K^,9'+.6"

$@" S+*)$" 8)n&),.)6H" +,C" .NNN% .'$"(')$*+')2% O+'>"("'9"% +'% .Q)3"% J(+9"00*'3"
Taaf%`.O.J%afbH"G),$N9H"J-9L^H"!!D!4"8)Q-<"122c<"

o+,,$H" f<H" ($&%+H" [<" |" l0&*9H" (<" A12!2BH" >K?" N+*)$" -$,)" '9QQ+,:" M96)*" $,"

:9''9"ML),*+,:H"+,C".NNN%.'$"(')$*+')2%O+'>"("'9"%+'%.Q)3"%J(+9"00*'3H"1bD1_"
SeQ-<"12!2H"QQ<"1c1!D1c14"

]))H"d/&L"|"[+'H"d/9,:"8&"A122`BH"G%9*+),-"K$'9+,"f$,)"(9QQ+,:"$@">+:/"K^7

,9'+."?9,:)"S+*)$6H" +,C" .NNN% .'$"(')$*+')2%O+'>"("'9"%+'% .Q)3"%J(+9"00*'3H"
!b"8)Q-<"D"!_"l.-<H"122`H"QQ<"JJJ74b!DJJJ74b4"

(^6O0$I6+H"[9%$LH")-"9L<" A122aB<"5*3:%LF')Q*E%=)'3"%1*/"+<"($%:9,"|"dL9^Q$$L"
5&ML+6/)%6""

?)+,/9%*H"V%+0"A122cBH"K^,9'+."?9,:)"?)*&.-+$,"+,6Q+%)*"M^"5/$-$%).)Q-$%"5/^6+7

$L$:^H"+,C".NNN%H()'0)9$*+'0%+'%1*Y8)2*Y)$*+'%)'/%O+QM8$"(%&()M:*90%S$L<"!!H"
J66&)"!"Ao9,<"122cBH"QQ<"!3D14<";N9+L9ML)"9-C"/--QC==III<.6<M%+6<9.<&0=}%)+,/9%*="

Q9Q)%6=-N.:122c<Q*@"

f$..+H"(<H"[+6)%H"d<H"f$..+H"E<"|"8),H"5<"A12!!BH";"S)%69-+L)">K?"S+*)$"5%$*&.-+$,"

8^6-)'H" +,C";OC%H()'0)9$*+'0%+'%&()M:*90%`J(+9""/*'30%+>%@.&&=;J5%TaVVb"
N$L<"32H",&'M)%"4"

"

"




