
!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

!"#"$%&'()!*+%$,-'.*+'/0(&"'1"2+%/'(#1'/0(&"'
*23"&$/'($$%$41"'-*$%*#'+"&*#/$+4&$%*#'$,+*4!,'

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

!"#$%&"'()*)%"!"#+'!"#$%&"',-#)-%)!"#+'.)*"%$'/-#-%$0$123+'4-$5-%"'6-#7"%$!"#+',-07)-'8977)-#$::)!"#+'
,)#;"'($#7)!"#+'.<-#)-#'=->?)'="00$)%!"#+',-55$"'@"00$55)!"#+'A-B#)&)"'C)$#D$%5):)!"#'

!"#$!"#$%&'"(&)*+),"-.$(/-$0)$(1)2"%*3#$-")4(5/(""%/(5)6!7,289):(/;"%3/&<)*+)=*'")>?$)@$#/"(A$BC)
-/'/(*DEFGHGIJK3&L1"(&/DL(/%*'$ED/&9)3/'*("D;$%$("3"KL(/%*'$ED/&9)0*%"(A*D'$%/$(/KL(/%*'$ED/&9)

5$"&$(*DA$%-*("KL(/%*'$ED/&9)ML--/$%"00/DEFINOPJK3&L1"(&/DL(/%*'$ED/&9)-"%-/DEOJPQJEK3&L1"(&/DL(/%*'$ED/&9)
3.$%/$%D.$1R/.*33"/(K5'$/0D-*'9)%*33"&&/DEGNEOHGK3&L1"(&/DL(/%*'$ED/&9)+$M%/A/*D#/"%5"(&/0/KL(/%*'$ED/&)

%

E8.F@E(F'

;+#2"%7"6)48%/#8%)"2"1(5,%6"2'*"%#%*#<')%+)'65"*%41%(/"%
+5#11419% #17% "="2>(4'1% '&% 8+#2"% *4884'18:% ?>"% ('% (/"%
)"2"1(% 347"8+)"#7% +5#2"*"1(% '&% 8#("554("% *"9#@
2'18("55#(4'18%41%!'3%A#)(/%B)64(8%C!ABDE%3/")"%*'8(%'&%
(/"%2#(#5'9>"7%7"6)48%48%5'2#("7E%(/"%1""7%('%*'14(')%8>2/%
>12'1()'55"7% '6<"2(8% #17% *#41(#41% #1% >+@('@7#("%
2#(#5'9>"% /#8% 412)"#8"7:% F')"'$")E% "8(4*#(419% (/"%
#((4(>7"% *'(4'1% '&% #% 8+#2"% '6<"2(% 48% &>17#*"1(#5% ('%
4*+)'$419% *"(/'78% &')% ')64(% 7"(")*41#(4'1% #17%
8>++')(419% "$"1(>#5% G2(4$"% ?"6)48% H"*'$#5% CG?HD%
*4884'18:% ./"% ;#+4"1I#% ;+#2"% ;,8("*% #17% ;+#2"%
;>)$"455#12"% !#6')#('),% C;J!#6DE% 3/'8"% )"8"#)2/")8%
/#$"% ,"#)8% '&% "=+")4"12"% 41% 8+#2"% 7"6)48% 7"("2(4'1E%
'+")#("8% #1% "=("184$"% '68")$#(4'1% 1"(3')K% (/#(% 2#1%
"=+5'4(% 74&&")"1(% '68")$#(4'1% 8()#("94"8:% ./48% +#+")%
455>8()#("8% (/"% )"2'18()>2(4'1% '&% #1% '6<"2(L8% #((4(>7"%
*'(4'1%&)'*%4(8%549/(%2>)$"E%3/42/%2#1%6"%"=()#2("7%>8419%
824"1(4&42% 0'*+5"*"1(#),% F"(#5@B=47"% ;"*42'17>2(')%
C80FB;D%8"18')8%418(#55"7%'1%/49/@85"3%)#("%("5"82'+"8:%
./"% *"(/'7% 48% 6#8"7% '1% #% 2'*+#)48'1% 6"(3""1% (/"%
'6<"2(M8%#2(>#5%549/(%2>)$"%#17%#%8,1(/"(42%2>)$"%2)"#("7%
6,%2/#19419%(/"%414(4#5%2'174(4'18%&')%(/"%#((4(>7"%*'(4'1E%
2'1847")419%(/"%'68")$")M8%*'(4'1E%(/"%;>1L8%+'84(4'1E%(/"%
'6<"2(L8%+'84(4'1%#17%4(8%N?%*'7"5:%G%9"1"(42%#59')4(/*%
48% >8"7% ('% 2)"#("% *>5(4+5"% 8,1(/"(42% 549/(% 2>)$"8% 6,%
$#),419%(/"%414(4#5%2'174(4'18%&')%(/"%#((4(>7"%*'(4'1%>1(45%
'1"% '&% (/"*% *#(2/"8% (/"% '68")$"7% '1":% O1% #774(4'1% ('%
"=()#2(419%(/"%549/(%2>)$"8%#17%)"2'18()>2(419%(/"%#((4(>7"E%
'68")$#(4'1#5% 8()#("94"8% &')% #2P>4)419% 549/(% 2>)$"8% #)"%
7482>88"7:% Q41#55,E% (/"% )"8>5(8% '&% (/"% 41$"8(49#(4'1% '&%
+'("1(4#55,%/#I#)7'>8%7"6)48%#)"%+)"8"1("7:%

2! GHF@IJK(FGIH'

A#8,%#17%8#&"%#22"88%('%1"#)@A#)(/%8+#2"%48%"88"1(4#5%('%
#7$#12"%#17%&#2454(#("%6'(/%/>*#1%#2(4$4(4"8%'1%A#)(/%#17%
824"1(4&42% )"8"#)2/% 41% 8+#2":% B$")% (/"% +#8(% 7"2#7"E%
/'3"$")E%8+#2"%/#8%6"2'*"%412)"#84195,%2)'37"7%7>"%('%
(/"%7)#*#(42%412)"#8"%41%+#,5'#78%5#>12/"7%#17%)"5"#8"7%
41%A#)(/% ')64(:% Q49:% R% 8/'38% (/"% "=+'1"1(4#5% 9)'3(/% 41%
5#>12/%()#&&42%&')%!'3%A#)(/%B)64(%C!ABD%+#,5'#78%'$")%
(/"% ,"#)8:% ./"8"% +"#K8% 41% )"2"1(% ,"#)8% #)"% 7>"% ('% (/"%

412)"#8419%>8"%'&%8+#2"%1'(%'15,%6,%+>6542%8+#2"%#9"124"8%
6>(%#58'%6,%+)4$#("%2'*+#14"8:%

%
S/5L%")ED)T$<0*$1)0$L(-."1)*;"%)&.")<"$%3)UNV)

./"%+'+>5#(4'1%'&%#)(4&424#5%8+#2"%'6<"2(8%2#1%6"%74$47"7%
41('% (3'% 2#("9')4"8S% #2(4$"% 8#("554("8% ')% 8+#2"2)#&(% #17%
8+#2"%7"6)48:%./"%5#((")%#)"%7"&41"7%6,%(/"%O1(")@G9"12,%
;+#2"% ?"6)48% 0'')741#(4'1% 0'**4((""% COG?0D% #8% T#55%
*#1@*#7"%'6<"2(8E%4125>7419%+#)(8%#17%"5"*"1(8%(/")"'&E%
(/#(%#)"%41%A#)(/%')64(%')%)"@"1(")419%(/"%#(*'8+/")"%#17%
#)"%1'1@&>12(4'1#5U%VRW:%

G55% ()#2K#65"% '6<"2(8% 41% A#)(/% ')64(% #)"% 2'1(41>'>85,%
2#(#5'9>"7% 6,% (/"%X')(/%G*")42#1%G")'8+#2"%?"&"12"%
CXBHG?D:%;'%&#)E%(/"%*#<')4(,%'&%(/"8"%'6<"2(8%#)"%7"6)48%
C#6'>(%YZ[DE%&'55'3"7%6,%#2(4$"%8#("554("8%&)'*%(/"%1"3%
*"9#@2'18("55#(4'18%"8(#6548/"7%41%)"2"1(%,"#)8E%8>2/%#8%
;(#)541K%#17%B1"\"6:%

Q'2>8419% "=25>84$"5,% '1% 8+#2"% 7"6)48E% (/"% 1>*6")% '&%
(/"8"% '6<"2(8% 48% 8("#745,% 412)"#8419:% A$"1% 4&% 1'% *')"%
5#>12/"8%(#K"%+5#2"E%(/"%1>*6")%'&%8+#2"%7"6)48%'6<"2(8%
48%"8(4*#("7%('%2'1(41>"%('%412)"#8"E%#8%8/'31%41%Q49:%]:%

%

Proc. 2nd NEO and Debris Detection Conference, Darmstadt, Germany, 24-26 January 2023, published by the ESA Space Safety Programme Office

Ed. T. Flohrer, R. Moissl, F. Schmitz (http://conference.sdo.esoc.esa.int, February 2023)



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

%
S/5L%")ND)W.")-%"$&/*()*+)3#$-")1"M%/3)X*L01)(*&)M")
3&*##"1)";"()M<)3&*##/(5)$00)+L%&."%)0$L(-."3)UNV)

./"%2)"#(4'1%'&% 8+#2"%7"6)48%2#1%'22>)% &')%#%$#)4"(,%'&%
)"#8'18:%./"%*#41%2#>8"%48%'1@')64(%&)#9*"1(#(4'1%"$"1(8%
V]ENWE%*#415,%2#>8"7%6,%(/"%)"*#41419%&>"5%'1%6'#)7%(/"%
8+#2"2)#&(%')%41%(/"%>++")%8(#9"%(#1K8%#17%+4+"541"8:%./"%
8+#2"% "1$4)'1*"1(% 2#1% 7#*#9"% (/"% *"2/#142#5% #17%
+/,842#5%41("9)4(,%'&%(/"%+#)(8E%3/42/%2#1%5"#7%('%*4=419%
'&% (/"%+)'+"55#1(%2'*+'1"1(8%#17%(/>8% ('%#1%"=+5'84'1:%
Q49:%N%8/'38%(/"%2#>8"8%'&%&)#9*"1(#(4'1%"$"1(8%#17%(/"4)%
)"5#(4$"%+)'+')(4'1%'$")%(/"%5#8(%RZ%,"#)8:%O(%48%"8(4*#("7%
(/#(% (/"8"% "$"1(8% /#$"% +)'7>2"7% #6'>(% R% *4554'1%
&)#9*"1(8%5#)9")%(/#1%R%2*%V]WE%412)"#8419%(/"%+'+>5#(4'1%
'&%8+#2"%'6<"2(8:%./")"&')"E%2'55484'18%#)"%"=+"2("7%('%6"%
(/"%*#41%2#>8"%'&%7"6)48%9"1")#(4'1%41%(/"%2'*419%,"#)8%
V^W:%;+#2"%7"6)48%48%#58'%9"1")#("7%6,%41(")1#(4'1#5%#1(4@
8#("554("%CG;G.D%("8(8:%

%
S/5L%")QD)S%$5'"(&$&/*()";"(&)-$L3"3)*;"%)&.")0$3&)EP)

<"$%3)UNV)

;+#2"%7"6)48%48%7#19")'>8%&')%(3'%*#41%)"#8'18S%&4)8(E%4(%
2#1%2'5547"%34(/%'+")#(4'1#5%8#("554("8E%)"8>5(419%41%(/"%5'88%
'&%(/"%8#("554("%#17%(/"%2)"#(4'1%'&%1"3%7"6)48%25'>78_%#17%
8"2'17E%4(%2#1%)"@"1(")%(/"%#(*'8+/")"E%"8+"24#55,%4&%4(%48%
41%!AB:%;412"%#%8+#2"%7"6)48%48%1'(%*#1'">$)#65"E%4(%3455%
9)#7>#55,%5'3")%4(8%')64(%#17%)"@"1(")%(/"%#(*'8+/")"%7>"%
('% #(*'8+/")42% 7)#9:% `12'1()'55"7% )"@"1(),% 2#1% +'8"% #%
/#I#)7% ('% 6'(/% />*#18% #17%9)'>17@6#8"7% &#2454(4"8:%.'%
2'+"%34(/%(/"%412)"#8419%1>*6")%'&%8+#2"%'6<"2(8%#17%('%
"18>)"% 8#&"% 8+#2"% *4884'18E% 1"3% +)'9)#**"8% #17%
)"8"#)2/% #)"#8E% 8>2/% #8% ;+#2"% .)#&&42% F#1#9"*"1(%
C;.FDE%/#$"%"*")9"7%'$")%(/"%,"#)8%VJW:%O1%')7")%('%#$'47%
>13#1("7%2'55484'18%34(/%*#1'">$)#65"%8+#2"2)#&(E%9)"#(%
"&&')(8%/#$"%6""1%*#7"%41%)"2"1(%7"2#7"8%('%*#41(#41%#1%

>+7#("7%2#(#5'9>"%'&%7"6)48%'6<"2(8%#8%+#)(%'&%(/"%;+#2"%
;>)$"455#12"% #17% .)#2K419% C;;.D% +)'9)#**"% VYW:% ./"%
+'84(4'1% '&% (/"8"% '6<"2(8% 48% ()#2K"7% >8419% 6'(/% #2(4$"%
'68")$#(4'1%*"(/'78%C":9:%)#7#)%#17%5#8")8D%#17%+#884$"%
*"(/'78%C":9:%'+(42#5%8"18')8%#17%("5"82'+"8D:%

a1'35"79"% '&% (/"% 7,1#*428% '&% (/"% #((4(>7"% '&% 8+#2"%
7"6)48%#17E%*')"%9"1")#55,E%'&%8+#2"%'6<"2(8%48%2)>24#5%&')%
1>*")'>8% #++542#(4'18:% Q')% "=#*+5"E% 41% (/"% 2'1("=(% '&%
G2(4$"%?"6)48%H"*'$#5%CG?HD%*4884'18E%#1%'+")#(4'1#5%
8+#2"2)#&(%1""78%('%K1'3%(/"%"=#2(%#((4(>7"%'&%(/"%7"6)48%
41%')7")%('%2#+(>)"%4(%VbW:%O18("#7E%41%2#8"%'&%(/"%)"@"1(),%
'&% #% 8+#2"% '6<"2(E% (/"% #((4(>7"% 7,1#*428% /#8% #% 8()'19%
41&5>"12"%'1%(/"%()#<"2('),%'&%(/"%'6<"2(:%./48%48%6"2#>8"%
(/"%7)#9%#2(419%'1%(/"%'6<"2(%48%7"(")*41"7%6,%4(8%6#5548(42%
2'"&&424"1(E%3/42/%48%#%&>12(4'1%'&%(/"%'6<"2(M8%')4"1(#(4'1%
41%8+#2":%./48%+5#,8%#%2)>24#5%)'5"%41%"8(4*#(419%(/"%+'41(%
'&%4*+#2(%'&%(/"%'6<"2(%'1%(/"%9)'>17%VcW:%\4(/%#%9)'>17@
6#8"7% '+(42#5% 8,8("*E% 4(% 48% +'88465"% ('% )"2'18()>2(% (/"%
#((4(>7"%*'(4'1%'&% (/"%'6<"2(%6,%#1#5,8419% 4(8%'68")$"7%
549/(%2>)$"E%(/#(%48%(/"%$#)4#(4'1%'$")%(4*"%'&%(/"%8>1549/(%
)"&5"2("7%&)'*%(/"%'6<"2(%4(8"5&:%./"%'68")$"7%549/(%2>)$"%
48%2'*+#)"7%34(/%8"$")#5%8,1(/"(42%2>)$"8%#>('*#(42#55,%
9"1")#("7%6,%#%8+"24#55,%7"$"5'+"7%8'&(3#)":%

./48%+#+")%8/'38%(/"%)"8>5(8%'&%8"$")#5% ("8(8%+")&')*"7%
34(/%#1%#59')4(/*%7"$"5'+"7%34(/41%(/"%;#+4"1I#%;+#2"%
;,8("*8%#17%;+#2"%;>)$"455#12"%!#6')#('),%C;J!#6D%Vd@
R]W:% e"&')"% +)'2""7419% 34(/% (/"% >8"% '&% '68")$"7% 549/(%
2>)$"8E%8"$")#5%("8(8%3")"%+")&')*"7%34(/%84*>5#("7%549/(%
2>)$"8%('%+)'$"%(/"%&>12(4'1#54(,%'&%(/"%8'&(3#)"%#17%('%
"$#5>#("% (/"% #7$#1(#9"8% #17% 748#7$#1(#9"8% '&% 74&&")"1(%
'+(4*48#(4'1%#59')4(/*8:%./"%8'&(3#)"%2)"#("8%#%8,1(/"(42%
549/(% 2>)$"E% (#K419% 41('% #22'>1(% (/"% +'84(4'1% '&% (/"%
'68")$")E% (/"% +'84(4'1% '&% (/"%;>1E% (/"% '6<"2(L8% +'84(4'1%
#17% 4(8% N?% *'7"5:% F>5(4+5"% 549/(% 2>)$"8% #)"% 9"1")#("7%
>1(45% '1"% *#(2/"8% (/"% )"&")"12"% 2>)$":% ./"% #++)'#2/%
7"82)46"7%41%(/"%&'55'3419%8"2(4'18%3#8%#++54"7%('%(/)""%
'6<"2(8E%>8419%74&&")"1(%2'174(4'18%&')%(/"%414(4#5%#((4(>7":%

L! FE@4MF'(=E@E(FM@G6EFGIH'

./)""% 74&&")"1(% 8+#2"% '6<"2(8% 34(/% 74&&")"1(% +/,842#5%
+)'+")(4"8%3")"%2'1847")"7%('%8/'3%/'3%(/"%8/#+"%'&%#%
8+#2"%'6<"2(%#&&"2(8%(/"%)"&5"2(4'1%'&%8>1549/(%#17%(/>8%(/"%
+)'2"88%'&%)"2'18()>2(419%4(8%#((4(>7":%./"%&'55'3419%(/)""%
!AB%'6<"2(8%3")"%2'1847")"7S%

@! AB@RE%#1%41#2(4$"%8#("554("%34(/%#%8'5#)%+#1"5%

@! f#8'1% ]E% #1% 41#2(4$"% 8#("554("% 34(/% (3'% 8'5#)%
+#1"58%

@! ?"5(#%OOE%(/"%>++")%8(#9"%'&%(/"%?"5(#%"=+"17#65"%
5#>12/%8,8("*%

./"%*#41% ')64(#5% 2/#)#2(")48(428% '&% (/"% 8"5"2("7% '6<"2(8%
#)"%8/'31%41%.#6:%R:%

%

%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

W$M0")ED)Y%M/&$0)-.$%$-&"%/3&/-3)*+)&.")3"0"-&"1)*MR"-&3)

IB?$75' GJ' G%7:)%N' C$#)D$$' EO"D$$'

Z$3*()N) NNRZJ% YY:Z%g% RNR]%K*% RN]N%K*%

4Y[E) ]YYRd% db:d%g% YbY%K*% YdR%K*%

!"0&$)77) ]Z^JN% NJ:Y%g% ^Rb%K*% bb]%K*%

./"%N?%*'7"5%'&%"#2/%'6<"2(%48%8/'31%41%(/"%&'55'3419%
&49>)"8S%Q49:%^%8/'38%(/"%N?%*'7"5%'&%f#8'1%]E%Q49:%J%'&%
AB@R%#17%Q49:%Y%'&%?"5(#% OO:%./"8"%*'7"58%3")"% (#K"1%
&)'*% VRNW% #17% #)"% 1""7"7% &')% (/"% )"2'18()>2(4'1%'&% (/"%
#((4(>7"%*'(4'1%'&%(/"%'6<"2(:%

%
S/5L%")OD)Q!)'*1"0)*+)Z$3*()N)

%
S/5L%")HD)Q!)'*1"0)*+)4Y[E)

%
S/5L%")JD)Q!)'*1"0)*+)!"0&$)77)

P! !G4=F'(K@/M'

G%549/(%2>)$"%48%(/"%$#)4#(4'1%41%6)49/(1"88%'&%#%2"5"8(4#5%
'6<"2(%'$")%#%+")4'7%'&%(4*":%./"%'6<"2(L8%6)49/(1"88%2#1%
6"%*"#8>)"7% "4(/")% #8% #++#)"1(% ')% #68'5>("% *#914(>7":%
./"%#++#)"1(%*#914(>7"%48%(/"%6)49/(1"88%'&%(/"%'6<"2(%#8%
4(%#++"#)8%41%(/"%149/(%8K,%&)'*%A#)(/E%3/45"%(/"%#68'5>("%
*#914(>7"% *"#8>)"8% (/"% 41()41842% 5>*41'84(,% "*4(("7%
&)'*%(/"%'6<"2(:%?4&&")"1(%+#)(8%'&% (/"%8+"2()>*%2#1%6"%
>8"7%('%#2P>4)"%549/(%2>)$"8:%

B)4941#55,E%549/(%2>)$"8%3")"%>8"7%('%8(>7,%(/"%+/,842#5%
+)'+")(4"8%'&%2"5"8(4#5%'6<"2(8%8>2/%#8%#8(")'478E%+5#1"(8E%
8(#)8E%#17%9#5#=4"8:%Q')%"=#*+5"E%(/"%)'(#(4'1%+")4'7%'&%#%
2"5"8(4#5%6'7,%2#1%6"%2'*+>("7%&)'*%4(8% 549/(%2>)$"E%')%
8(#)8%2#1%6"%25#884&4"7%>8419%549/(%2>)$"8:%O1%)"2"1(%,"#)8E%
549/(% 2>)$"8% /#$"% 6""1% 347"5,% >8"7% ('% 7"(")*41"% (/"%
)'(#(4'1% )#("% '&% #)(4&424#5% '6<"2(8% 8>2/% #8% 8#("554("8% #17%
8+#2"%7"6)48%VR]W:%

!49/(%2>)$"8%2#1%6"%"=()#2("7%&)'*%/49/%&)#*"%)#("%$47"'8%
(#K"1% 34(/% 824"1(4&42% 0'*+5"*"1(#),% F"(#5@B=47"%
;"*42'17>2(')%C80FB;D%8"18')8%*'>1("7%'1%+'3")&>5%
("5"82'+"8:%G%(,+42#5%+)'2"7>)"%48%7"82)46"7%41%VR]W:%Q49:%
b% 8/'38% (/"% 549/(% 2>)$"% '&% (/"% ;!@R^% H'2K"(% e'7,%
'68")$"7%6,%HA;?B;E%'1"%'&%(/"%;J!#6%("5"82'+"8%VRRW:%
./"%)'(#(4'1%)#("%'&%(/"%'68")$"7%'6<"2(%2#1%6"%7"7>2"7%
&)'*%(/"%8()'19%+")4'742%8491#(>)":%

%
S/5L%")FD)?/5.&)-L%;")*+)@?[EO)=\]9)^Y=2!)7!)EGQOP9)

*M3"%;"1)*()ZL0<)EF9)NPNN9)+%*')=4@!Y@)UEEVD)W.")
-<$()0/(")%"#%"3"(&3)&.")'"$();$0L")*+)&.")'$5(/&L1"9)
X./0")&.")M0$-_)$%"$)%"#%"3"(&3)&.")3&$(1$%1)1";/$&/*(D)

W.")'$5(/&L1")/3)%"1L-"1)X/&.)%"3#"-&)&*)&.")%$(5")
+%*')&.")*M3"%;$&*%<D%

!49/(% 2>)$"8% 2#1% #58'% 6"% 84*>5#("7% &')% #% $#)4"(,% '&%
+>)+'8"8E% 8>2/% #8% 8(>7,419% (/"% "&&"2(% '&% #1% '6<"2(M8%
#((4(>7"% *'(4'1% '1% 4(8% 6)49/(1"88% #17% "8(4*#(419% (/"%
"&&"2(8%'&%)"&5"2("7%549/(%41%(/"%149/(%8K,:%

;412"% #% 549/(% 2>)$"%7"+"178% '1% (/"% #*'>1(% '&% 8>1549/(%
)"&5"2("7% &)'*% #1% '6<"2(E% (/"% &'55'3419% 41+>(8% *>8(% 6"%
2'1847")"7%3/"1%2)"#(419%#%84*>5#("7%549/(%2>)$"S%

@! h'84(4'1%'&%(/"%;>1%

@! h'84(4'1%'&%(/"%'6<"2(%

@! N?%*'7"5%'&%(/"%'6<"2(%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

@! h'84(4'1%'&%(/"%'68")$")%

O1%#774(4'1E%(/"%(/)""%#19>5#)%$"5'24(4"8%#17%(/)""%A>5")%
#195"8%41%(/"%6'7,%)"&")"12"%&)#*"%#)"%)"P>4)"7%#8%414(4#5%
2'174(4'18%&')%(/"%#((4(>7"%7,1#*428:%O1%(/48%3#,E%(/"%549/(%
2>)$"%'&%(/"%'6<"2(%2#1%6"%9"1")#("7%7>)419%#%84*>5#("7%
+#88%'$")%#%8+"24&42%'68")$#('),%'1%(/"%9)'>17:%

Q! AIK@GM@',MF=IJ'

./"%9'#5%'&%(/"%'+(4*48#(4'1%#59')4(/*%48%('%7"(")*41"%(/"%
414(4#5%2'174(4'18%&')%(/"%#((4(>7"%'&%(/"%'6<"2(E%3/42/%48%
7"&41"7% 6,% (/)""% #19>5#)% +'84(4'18% #17% (/)""% #19>5#)%
$"5'24(4"8%34(/%)"8+"2(%('%(/"%2"1()#5%#="8%'&%41")(4#:%./"%
8'5>(4'1% 8+#2"% (/>8% /#8% 84=% 74*"184'18:% O1% ')7")% ('%
*414*48"%(/"%"=()"*"5,%/49/%2'*+>(#(4'1#5%2'8(8E%3/42/%
2#1%6"%>+%('%7#,8E%#%+)'2"7>)"%&')%*414*48419%(/"%8'5>(4'1%
8+#2"%48%)"P>4)"7:%.'%8+""7%>+%(/"%+)'2"7>)"E%#1%#%+)4')4%
#1#5,848%2#1%6"%+")&')*"7%6#8"7%'1%(/"%8(>7,%'&%(/"%549/(%
2>)$"%&)"P>"124"8:%

./"%2>(@'&&%$#5>"8%&')%(/"%#19>5#)%$"5'24(4"8E%3/42/%8")$"%
#8%41+>(8%('%(/"%#59')4(/*E%#)"%7"(")*41"7%>8419%#%*"(/'7%
6#8"7%'1%(/"%Q#8(%Q'>)4")%.)#18&')*%CQQ.D%VR^W:%./"%&4)8(%
&4$"% &)"P>"124"8% '&% (/"% 84*>5#("7% 549/(% 2>)$"8% 34(/% (/"%
/49/"8(% &)"P>"12,% 2'1("1(% #)"% 47"1(4&4"7% 6,% "$#5>#(419%
(/"4)% QQ.:% ./"8"% &)"P>"124"8% #)"% 7"&41"7% #8% 2#))4")%
&)"P>"124"8:%

./"%*414*>*%#17%*#=4*>*%&)"P>"124"8%'&%(/"%8'5>(4'1%
8+#2"% 2#1% 6"% 7"(")*41"7% &)'*% (/"% 47"1(4&4"7% 2#))4")%
&)"P>"124"8:% O17""7E%1>*")'>8%84*>5#(4'18%/#$"%8/'31%
(/#(% (/"%1#(>)#5% &)"P>"12,%'&% (/"%'6<"2(% &#558%34(/41% (/"%
&)"P>"12,%)#19"%2'1847")"7E%3/42/%2#1%6"%>8"7%('%1#))'3%
7'31%(/"%8+#2"%'&%+'88465"%8'5>(4'18:%

./"%1#(>)#5%&)"P>"12,%'&%#%8#("554("%48%94$"1%6,S%

!!"# "
#

$%
&'$

% ( '%
% ( '&

%% )#*%

G8%#1%"=#*+5"E%(/"%84*>5#("7%549/(%2>)$"8%'&%f#8'1%]%#)"%
8/'31%41%Q49:%c:%./"%+5'(8%8/'3%2#8"8%'&%+>)"% )'(#(4'1%
#6'>(%#% 84195"%2"1()#5%#=48%'&% 41")(4#E%#55%34(/%#1% 414(4#5%
2'174(4'1%'&%Z:ZN%8!"%&')%(/"%#19>5#)%$"5'24(,:%

0'1847")419% (/"% 549/(% 2>)$"8% 8/'31% 41% Q49:% cE% (/"%
&)"P>"12,%8+"2()>*%2#1%6"%)"2'18()>2("7%>8419%(/"%QQ.E%
#8%8/'31%41%Q49:%dE%3/")"%(/"%7"(")*41"7%6#17347(/%48%
#58'% 94$"1:% ./"% 5#((")% #55'38% (/"% 8'5>(4'1% 8+#2"% ('% 6"%
1#))'3"7%7'31:%

%

%
S/5L%")GD)@/'L0$&"1)0/5.&)-L%;"3)*M&$/("1)$33L'/(5)
#L%")%*&$&/*()$M*L&)$)3/(50")$`/3)$3)/(/&/$0)-*(1/&/*(D)
W.")M%/5.&("33)/3)(*%'$0/3"1)M"&X""()P)$(1)ED)W.")

/(&"5%$&/*()&/'")/3)NOP)3"-*(13D)

R! !G4=F'(K@/M'GH/M@.GIH'EHJ'
ICFG,G.EFGIH'E!4I@GF=,.'

./"%41$")84'1%'&%#% 549/(%2>)$"% 41$'5$"8% (/"%)"2'$"),%'&%
(/"%#((4(>7"%+#)#*"(")8%'&%#1%'6<"2(%41%')64(:%O1%(/48%8(>7,E%
(/"%+)'2"7>)"%3#8%#7#+("7%('%3')K%34(/%549/(%2>)$"8%&)'*%
'+(42#5% *"#8>)"*"1(8:% G8% *"1(4'1"7% "#)54")E% K1'3419%
#17% +)"742(419% (/"% #((4(>7"% '&% #1% '6<"2(% 48% 2)>24#5% 41%
+)'65"*8% 41$'5$419% >12'1()'55#65"% #17% 1'1@
*#1'">$)#65"%6'74"8E%8>2/%#8%8+#2"%7"6)48E% ('% 4*+)'$"%
(/"% >17")8(#17419% '&% (/"4)% *'(4'1% 7,1#*428% 41% 8+"24#5%
2#8"8E%8>2/%#8%#(*'8+/")42%)"@"1(),:%

O1%(/48%3')KE%84*>5#("7%'68")$#(4'18%3")"%>8"7%('%("8(%#%
)'>(41"%&')%41$")(419%549/(%2>)$"8%('%7"(")*41"%(/"%#((4(>7"%
+#)#*"(")8%'&%#%(#)9"(%6'7,%#(%#%94$"1%(4*":%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

%
S/5L%")ID)S%"aL"(-<)3#"-&%L')-*%%"3#*(1/(5)&*)&.")

0/5.&)-L%;"3)/()S/5D)GD)2+&"%)1"&"%'/(/(5)&.")M$(1X/1&.)
L3/(5)&.")+/%3&)+/;")-$%%/"%)+%"aL"(-/"39)&.")5%$#.)3.*X3)

&.$&)&.")3$&"00/&"b3)($&L%$0)+%"aL"(-<)+$003)X/&./()&./3)
%$(5"D)

./"% &4)8(% 8("+% 41% 41$")(419% #% 549/(% 2>)$"% 48% ('% 7"$"5'+%
8'&(3#)"% (/#(% 2#1% 84*>5#("% '+(42#5% '68")$#(4'18:% G1%
'68")$#(4'1%48%+)4*#)45,%7"(")*41"7%6,%(/"%+'84(4'1%'&%(/"%
;>1E%(/"%+'84(4'1%'&%(/"%'6<"2(%#17%(/"%)"5#(4$"%+'84(4'1%'&%
(/"% '68")$"):% O1% ')7")% ('% 2'17>2(% #% 8>22"88&>5%
'68")$#(4'1E% (/"% $4846454(,% 2'174(4'18% *>8(% 6"% &>5&455"7:%
./"8"%4125>7"%(/"%'68")$")%6"419%41%(/"%7#)KE%(/"%'6<"2(%
6"419%455>*41#("7%6,%(/"%;>1%#17%(/"%'6<"2(%6"419%#6'$"%
(/"%'68")$")M8%/')4I'1:%

./"%8'&(3#)"%)"P>4)"8%(/"%&'55'3419%41+>(8%('%9"1")#("%#%
84*>5#("7%'68")$#(4'1S%

@! .3'@!41"%A5"*"1(8%C.!AD%VRJW%8"(%'&%(/"%'6<"2(%
48%>8"7%('%2#52>5#("%4(8%+'84(4'1%41%(4*"%>8419%#1%
;ih^%+)'+#9#(')%VRYW%

@! N?% *'7"5% '&% (/"% '6<"2(E% >8"&>5% ('% )"()4"$"% 4(8%
41")(4#%*#()4=E% 48% 1""7"7% &')% (/"% 41("9)#(4'1%'&%
(/"%A>5")%"P>#(4'18E%#17%('%K1'3%(/"%)"&5"2(4'1%

+)'+")(4"8%'&%(/"%'6<"2(%

@! ;4=%414(4#5%2'174(4'18%&')%(/"%#((4(>7"S%(/"%(/)""%
A>5")% #195"8% #17% (/"% 2'))"8+'17419% #19>5#)%
$"5'24(4"8%

@! h'84(4'1%'&%(/"%'68")$")%

@! A+/"*")48%'&%(/"%;>1%

@! ;(#)(%#17%"17%(4*"8%'&%(/"%+#88#9"%

./"%#6'$"%+#)#*"(")8%2#1%6"%>8"7%('%2)"#("%#%84*>5#("7%
549/(%2>)$"%'&%#1%'6<"2(%+#88419%'$")%#1%'68")$#('),E%#8%
8/'31% 41%Q49:%c:%./"%8'&(3#)"%#58'% 4125>7"8%#%9)#+/428%
"1941"% (/#(% 748+5#,8% (/"% '6<"2(L8% +#88#9"% '$")% (/"%
'68")$#('),%'$")%(4*"E%#8%8/'31%41%Q49:%RZ:%

B12"% #% 84*>5#("7% '68")$#(4'1% /#8% 6""1% 2)"#("7E% (/"%
#((4(>7"%)"2'18()>2(4'1%+)'2"88%2#1%6"%)>1:%./"%2')"%'&%(/"%
+)'2"88% 48% #1%'+(4*48#(4'1% #59')4(/*% (/#(% 2'*+>("8% (/"%
8#*"% 414(4#5% 2'174(4'18% (/#(% 3")"% ('% 9"1")#("% (/"%
84*>5#("7%)"&")"12"%549/(%2>)$":%

./"%6'>17"7%7'*#41%'&% 414(4#5%2'174(4'18% 47"1(4&4"7%6,%
(/"%Q'>)4")%#++)'#2/%7"82)46"7%41%;"2(4'1%̂ E%4:":%(/"%8+#2"%
'&%8'5>(4'18E%48%+#88"7%('%(/"%'+(4*48#(4'1%+)'2"88%#5'19%
34(/% (/"% )"&")"12"% 549/(% 2>)$":% G(% "#2/% 4(")#(4'1E% (/"%
'+(4*48#(4'1%+)'2"88%2'*+#)"8%(/"%)"&")"12"%549/(%2>)$"%
34(/%#%1"3%84*>5#("7%549/(%2>)$"%'6(#41"7%34(/%#%8"(%'&%
414(4#5% 2'174(4'18% 8"5"2("7% 6,% (/"% #59')4(/*% 7>)419% (/"%
"=+5')#(4'1%'&%(/"%8'5>(4'1%8+#2":%./"%9'#5%'&%(/48%+)'2"88%
48%('%"$#5>#("%#17%*414*48"%#1%417"=%2#55"7%"1")9,%8'%(/#(%
(/"%25'8"8(%84*>5#("7%549/(%2>)$"%('%(/"%)"&")"12"%2>)$"%48%
&'>17:%./"%)"8>5(8%'&%(/"%+)'2"88%#)"%(/"%414(4#5%2'174(4'18%
#88'24#("7% 34(/% (/"% 84*>5#("7% 549/(% 2>)$"% (/#(% 6"8(%
*#(2/"8%(/"%)"&")"12"%2>)$":%

%
S/5L%")EPD)="(1"%/(5)*+)!"0&$)77)1L%/(5)&.")3/'L0$&/*()
*+)/&3)#$33$5")*;"%)*+)&.")*M3"%;$&*%<D)W.")5%""(9)M0L"9)

$(1)%"1)$`"3)$%")&.")-"(&%$0)$`"3)*+)/("%&/$D)

?4&&")"1(% '+(4*48#(4'1% #59')4(/*8% 2#1% 6"% >8"7:% O1% (/48%
3')KE% #% F>5(4@B6<"2(4$"% h#)(425"% ;3#)*% B+(4*48#(4'1%
CFBh;BD%VRbW%#17%#%F>5(4@B6<"2(4$"%i"1"(42%G59')4(/*%
CFBiGD% VRcW% 3")"% >8"7:% ./"% &'55'3419% 48% #% 6)4"&%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

41()'7>2(4'1%('%(/"8"%*"(/'78:%

./"% +'+>5#(4'1@6#8"7% 8('2/#8(42% '+(4*48#(4'1% *"(/'7E%
K1'31% #8% h#)(425"% ;3#)*% B+(4*48#(4'1% Ch;BDE% 3#8%
418+4)"7%6,%(/"%&5'2K419%6"/#$4'>)%'&%64)78:%./"%4(")#(4$"%
*>5(4@'6<"2(4$"%'+(4*48#(4'1%*"(/'7E%K1'31%#8%FBh;BE%
48%25'8"%('%"$'5>(4'1#),%2'*+>(#(4'1#5%*"(/'78%8>2/%#8%
i"1"(42%G59')4(/*8%CiGD:%O(%48%5"88%)'6>8(%(/#1%iGE%6>(%
2'*+"18#("8% &')% (/48% 34(/% #% &#8(")% 2'1$")9"12"% 8+""7E%
*#K419% 4(% #% >8"&>5% iG% #5(")1#(4$"% 3/"1% "$#5>#(4'18%
)"P>4)"% *')"% 2'*+>(#(4'1#5% "&&')(:% G5(/'>9/% 4(% 48% #1%
"=+5')#('),%*"(/'7E%(/"%FBh;B%#59')4(/*%*#1#9"8%('%
&417% #1% #22"+(#65"% 8>6'+(4*#5% 8'5>(4'1:% ./"% *#41%
+)'65"*% 34(/% >8419% (/48% #++)'#2/% 48% (/"% /49/%
2'*+>(#(4'1#5%2'8(%'&%&417419%#1%'+(4*#5%8'5>(4'1:%

FBiGE%'1% (/"%'(/")%/#17E% 48%#%*>5(4@'6<"2(4$"%9"1"(42%
#59')4(/*% (/#(% +")&')*8% '+(4*48#(4'1% >8419% #% *>5(4@
8"#)2/%"54(48*:%;412"%FBiG%48%#1%"=+5')#('),%#59')4(/*E%
4(% "=+5')"8% (/"% "1(4)"% 8+#2"%'&%+'88465"% 8'5>(4'18% )#(/")%
(/#1% 2'1$")9419% ('% #% 5'2#5% *414*>*:% ./"% FBiG%
'+(4*48#(4'1% #59')4(/*% 48% $"),% +'3")&>5% #17% )"54#65":%
j'3"$")E% 4(% /#8% 8'*"% +)'65"*8E% 8>2/% #8% /49/%
2'*+>(#(4'1#5%2'8(8%#17%(/"%("17"12,%('%2'1$")9"%('%5'2#5%
6'>178E%3/42/%6"2'*"8%#%54*4(%#&(")%*#1,%4(")#(4'18:%

S! .G,K!EFGIH.'EHJ'@M.K!F.'

./"% '6<"2(8% +)"8"1("7% 41% ;"2(4'1% N% 3")"% >8"7% #8% ("8(%
2#8"8:%;"$")#5%84*>5#(4'18%3")"%+")&')*"7%('%7"(")*41"%
(/"% 414(4#5% #((4(>7"% +#)#*"(")8% >8"7% ('% 9"1")#("% (/"%
84*>5#("7%)"&")"12"%549/(%2>)$"8:%./"%&'55'3419%8"2(4'18%
8/'3% (/"% )"8>5(8% '&% (/"% '+(4*48#(4'1% +)'2"88% 34(/% (/"%
74&&")"1(%#59')4(/*8%>8"7:%

SN2! (-0$'059>TU'V-0"%'L'

G% 2'>+5"7% )'(#(4'1% #5'19% (/"% &4)8(% #17% (/4)7% #="8% 3#8%
2/'8"1%#8%414(4#5%2'174(4'1%('%9"1")#("%(/"%)"&")"12"%549/(%
2>)$"%'&%f#8'1%]:%./"%)"8>5(8%'&%(/"%'+(4*48#(4'1%+)'2"88%
'6(#41"7%34(/%#%FBh;B%#17%#%FBiG%#)"%8/'31%41%Q49:%
RR%#17%Q49:%R]:%.#6:%]%)"+')(8%#%8>**#),%'&%(/"%1>*")42#5%
)"8>5(8%&'>17%&')%6'(/%2#8"8:%

%
S/5L%")EED)Y#&/'/3$&/*()*+)Z$3*()Nc3)0/5.&)-L%;")

*M&$/("1)L3/(5)$),YT@Y%

%
S/5L%")END)Y#&/'/3$&/*()*+)Z$3*()Nc3)0/5.&)-L%;")

*M&$/("1)L3/(5)$),Yd2%

W$M0")ND)^L'"%/-$0)%"3L0&3)+*%)Z$3*()ND)W.")+/%3&)-*0L'()
%"#*%&3)&.")/(/&/$0)$&&/&L1")&.$&)1"&"%'/("3)&.")%"+"%"(-")
0/5.&)-L%;"D)W."()&.")%"3L0&3)$(1)-*%%"3#*(1/(5)"%%*%3)
*M&$/("1)X/&.)$),YT@Y)$(1)$),Yd2)$%")%"#*%&"1D)

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

&'-.!

!!!
"#$%&'(! !"!#$ !"!%&$ !"!!'$ !"!%($ !"!)$

!"!
"#$%&'(! !$ *!"!'+$ !"!'+$ !$ !$

!#!
"#$%&'(! !"!#$ !"!%#$ !"!!#$ !"!#$ !$

"!!"#$%(! !$ *!"!%,$ !"!%,$ *!"!#-$ !"!#-$

""!"#$%(! !$ *!"),&$ !"),&$ *!"'#($ !"'#($

"#!"#$%(! )"#&$ )"#-$ !"!)$ )"#&)$ *!"!!)$

SNL! (-0$'059>TU'MIW2'

G% )#17'*% )'(#(4'1% 3#8% 2/'8"1% #8% 414(4#5% 2'174(4'1% ('%
9"1")#("%(/"%)"&")"12"%549/(%2>)$"%'&%AB@R:%./"%)"8>5(8%'&%
(/"%'+(4*48#(4'1%+)'2"88%'6(#41"7%34(/%#%FBh;B%#17%#%
FBiG%#)"%8/'31%41%Q49:%RN%#17%Q49:%R^:%.#6:%N%)"+')(8%
#%8>**#),%'&%(/"%1>*")42#5%)"8>5(8%&'>17%&')%6'(/%2#8"8:%

%
S/5L%")EQD)Y#&/'/3$&/*()*+)4Y[Ec3)0/5.&)-L%;")*M&$/("1)

L3/(5)$),YT@Y%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

%
S/5L%")EOD)Y#&/'/3$&/*()*+)4Y[Ec3)0/5.&)-L%;")*M&$/("1)

L3/(5)$),Yd2%

W$M0")QD)^L'"%/-$0)%"3L0&3)+*%)4Y[ED)W.")+/%3&)-*0L'()
%"#*%&3)&.")/(/&/$0)$&&/&L1")&.$&)1"&"%'/("3)&.")%"+"%"(-")
0/5.&)-L%;"D)W."()&.")%"3L0&3)$(1)-*%%"3#*(1/(5)"%%*%3)
*M&$/("1)X/&.)$),YT@Y)$(1)$),Yd2)$%")%"#*%&"1D)

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

&'-.!

!!!
"#$%&'(! !"!)$ *!"!!)$ !"!))$ !"!)%$ !"!!%$

!"!
"#$%&'(! !"!!'$ !"!)($ *!"!)-$ !"!!-$ !"!!#$

!#!
"#$%&'(! !"!#$ *!"!'#$ !"!-#$ *!"!!,$ !"!#,$

"!!"#$%(! )"-#$ *)"+++$ +"!&+$ )"-$ !"!#$

""!"#$%(! !")$ *!")',$ !"'',$ !")%-$ *!"!%-$

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

SNP! (-0$'059>TU'J$:5-'GG'

G% )#17'*% )'(#(4'1% 3#8% 2/'8"1% #8% 414(4#5% 2'174(4'1% ('%
9"1")#("%(/"%)"&")"12"%549/(%2>)$"%'&%?"5(#%OO:%./"%)"8>5(8%
'&%(/"%'+(4*48#(4'1%+)'2"88%'6(#41"7%34(/%#%FBh;B%#17%
#%FBiG%#)"%8/'31%41%Q49:%RJ%#17%Q49:%RY:%.#6:%^%)"+')(8%
#%8>**#),%'&%(/"%1>*")42#5%)"8>5(8%&'>17%&')%6'(/%2#8"8:%

%
S/5L%")EHD)Y#&/'/3$&/*()*+)!"0&$)77c3)0/5.&)-L%;")

*M&$/("1)L3/(5)$),YT@Y%

%
S/5L%")EJD)Y#&/'/3$&/*()*+)!"0&$)77c3)0/5.&)-L%;")

*M&$/("1)L3/(5)$),Yd2%

W$M0")OD)^L'"%/-$0)%"3L0&3)+*%)!"0&$)77D)W.")+/%3&)-*0L'()
%"#*%&3)&.")/(/&/$0)$&&/&L1")&.$&)1"&"%'/("3)&.")%"+"%"(-")
0/5.&)-L%;"D)W."()&.")%"3L0&3)$(1)-*%%"3#*(1/(5)"%%*%3)
*M&$/("1)X/&.)$),YT@Y)$(1)$),Yd2)$%")%"#*%&"1D)

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

&'-.!

!!!
"#$%&'(! !"!&$ !"!)%$ !"!,,$ !"!)'$ !"!,&$

!"!
"#$%&'(! !"!!'$ !"!!-$ *!"!!#$ !"!!%$ *!"!!'$

!#!
"#$%&'(! !"!)$ !"!!'$ !"!!&$ !"!!!#$ !"!!(#$

"!!"#$%(! )",$ )"#-$ !"!+$ )",!($ *!"!!($

""!"#$%(! )"+#$ )"#+-$ *!")&-$ )"%#-$ *!")!-$

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

./"% (/)""% '6<"2(8% "=/464(% 84914&42#1(5,% 74&&")"1(% 549/(%
2>)$"8% 7>"% ('% (/"4)% 8/#+"E% #8% 8/'31% 41% (/"% +)"$4'>8%
&49>)"8:%;412"%f#8'1%]%#17%AB@R%#)"%"P>4++"7%34(/%8'5#)%
+#1"58E% (/",% /#$"% (/"% *'8(% 2'*+5"=% 549/(% 2>)$"8:% O1%
2'1()#8(E%(/"%549/(%2>)$"%'&%?"5(#%OO%/#8%#%84*+5")%8/#+"%
#17%"=/464(8%'15,%'1"%+"#K:%O1%"#2/%2#8"E%(/"%2'*641"7%
#2(4'18%'&%(/"%'+(4*48#(4'1%#59')4(/*%#17%(/"%549/(%2>)$"%
9"1")#(')% #)"% 8>22"88&>5% 41% 7"(")*41419% (/"% ')4941#5%
414(4#5%2'174(4'18%&')%(/"%#((4(>7":%

X! (IH(!K.GIH.'

G%(,+42#5%+)'2"88%&')%41$")(419%#%549/(%2>)$"%3#8%6)'K"1%
7'31%41('%4(8%2)4(42#5%+#)(8:%O1%(/48%8(>7,E%8,1(/"(42%549/(%
2>)$"8%3")"%>8"7%418("#7%'&%)"#5%549/(%2>)$"8%('%$#547#("%
(/"% #((4(>7"% )"2'18()>2(4'1% 8'&(3#)"% 7"$"5'+"7% 6,%
)"8"#)2/")8% #(% ;J!#6:% ./)""% 74&&")"1(% 8+#2"% '6<"2(8%
')64(419%(/"%A#)(/%3")"%(/"%&'2>8%'&%(/"%84*>5#(4'18:%./"%
)"8>5(8% 8/'3% /'3% (/"% >8"% '&% 74&&")"1(% '+(4*48#(4'1%
*"(/'78%&')%(/"%#((4(>7"%)"2'18()>2(4'1%+)'65"*%2#1%5"#7%
('%74&&")"1(% )"8>5(8:% O1% "#2/%2#8"E% (/"%9"1"(42% #59')4(/*%
FBiG%+)'$47"7%#%*')"%#22>)#("%"8(4*#("%'&%(/"%414(4#5%
2'174(4'18%(/#(%5"7%('%(/"%2)"#(4'1%'&%(/"%)"&")"12"%549/(%



!"#$"%&''(")% "*+(,%-%./"%0'1&")"12"% &''(")% 3455%6"%#77"7% ('% (/"%&4)8(%+#9"%'&%"#2/%+#+"):%
%

2>)$":%./48%48%()>"%&')%6'(/%(/"%#19>5#)%+'84(4'18%#17%(/"%
#19>5#)% $"5'24(4"8:% B1% (/"% '(/")% /#17E% (/"% FBh;B%
+")&')*8% 3"55% 41% "8(4*#(419% (/"% #19>5#)% $"5'24(4"8% 6>(%
+'')5,% 41% 7"(")*41419% (/"% #19>5#)% +'84(4'18:% j'3"$")E%
(/"% 5#((")% 2#1% 8(455% 6"% >8"7% ('9"(/")% 34(/% #1'(/")%
'+(4*48#(4'1% #59')4(/*% 41% #% 2'*641"7% #++)'#2/:% ./>8E%
(/"% )"8>5(8% 8/'3% (/"% "&&"2(4$"1"88% '&% (/"% 2'1847")"7%
#++)'#2/%&')% )"2'18()>2(419% (/"%#((4(>7"%'&%'6<"2(8%34(/%
74&&")"1(% 8/#+"8% >8419% '+(42#5% '68")$#(4'18% #5'1":% ./"%
)"8>5(8%'6(#41"7%>8419%'68")$#65"%*"#8>)"*"1(8%2#1%6"%
$"),%+)'*48419:%

Q>(>)"% 7"$"5'+*"1(8% 2'12")1% (/"% >8"% '&% #% FBh;B%
('9"(/")% 34(/% #% FBiG% #17% (/"% 41("9)#(4'1% '&% '(/")%
'+(4*48#(4'1%#59')4(/*8% ('% 412)"#8"% (/"%#22>)#2,%'&% (/"%
8'5>(4'1:%./"1E%(/"%*"(/'7%2#1%6"%#++54"7%('%)"#5%2#8"8%'&%
'6<"2(8%)"@"1(")419%(/"%#(*'8+/")"%>8419%(/"4)%'68")$"7%
549/(%2>)$":%

Y! @MAM@MH(M.'

R:! OG?0@Z]@ZR%;+#2"%?"6)48%i>47"541"8%H"$kNE%]Z]R:%
OG?0%C4#72@/'*":')9D:%G22"88"7%'1%]Z]]@ZR@ZN%

]:! A8#L8% #11>#5% 8+#2"% "1$4)'1*"1(% )"+')(E% ]Z]]:%
/((+8Sll333:87':"8'2:"8#:41(l"1$4)'1*"1(k)"+')(l;
+#2"kA1$4)'1*"1(kH"+')(k5#("8(:+7&:%G22"88"7%'1%
]Z]]@ZR@ZN%

N:! i:% m#)2'1"E% F:% H'88"((4E% ;:% j#7<4% j'88"41E% Q:%
h4")9"1(454:%G%9)#+/42#5%*"(/'7%&')%(/"%#1#5,848%'&%#%
8#("554("L8% 41@')64(% 6)"#K>+% (/)'>9/% '+(42#5%
'68")$#(4'18:%G7$#12"8%41%;+#2"%H"8"#)2/E%n'5>*"%
bZE% O88>"% ^E% ]Z]]E% h#9"8% RZ^c@RZYRE% O;;X% Z]bN@
RRbbE%/((+8Sll7'4:')9lRZ:RZRYl<:#8):]Z]]:ZJ:ZN]:%

^:! a"885")E% ?'1#57% f:E% #17% e>)('1% i:% 0'>)oh#5#48:%
p0'55484'1% &)"P>"12,% '&% #)(4&424#5% 8#("554("8S% ./"%
2)"#(4'1% '&% #% 7"6)48% 6"5(:p% f'>)1#5% '&%i"'+/,842#5%
H"8"#)2/S%;+#2"%h/,8428%cN:GY%CRdbcDS%]YNb@]Y^Y:%

J:! /((+8Sll7"&"12"@417>8(),@8+#2":"2:">)'+#:">l">@
8+#2"@+'542,l">@8+#2"@+)'9)#**"l">@#++)'#2/@
8+#2"@()#&&42@*#1#9"*"1(k"1% G22"88"7% '1% ]Z]]@
ZR@ZN%

Y:! /((+8Sll333:">88(:">%G22"88"7%'1%]Z]]@ZR@ZN%

b:! G85#1'$%n:;:E%!"7K'$%G:;:E%Q>"5%2'8(8%"8(4*#(4'1%
&')%4'1%6"#*%#8848("7%8+#2"%7"6)48%)"*'$#5%*4884'1%
34(/% #17% 34(/'>(% #((4(>7"% 2'1()'5E% C]Z]RD% G2(#%
G8()'1#>(42#E% RcbE% ++:% R]N% @% RN]E% ?BOS%
RZ:RZRYl<:#2(##8()':]Z]R:ZY:Z]c:%

c:! 0)'3(/")E%H:%pH"@"1(),%#")'7,1#*428%7")4$"7%&)'*%
8+#2"% 7"6)48% ()#<"2('),% #1#5,848:p% h5#1"(#),% #17%

8+#2"%824"12"%^Z:J%CRdd]DS%Y^R@Y^Y:%

d:! Q:% h4")9"1(454% "(% #5:E% T;#("554("% "#)5,% 47"1(4&42#(4'1%
(/)'>9/% !A?% '68")$#(4'18S% Q4)8(% 41@')64(% )"8>5(8%
&)'*%\457.)#2K0>6"@;OFeGEU%G2(#%G8()'1#>(42#E%
$'5:% RdNE% ++:% RYN-Rb]E% G+):% ]Z]]E% 7'4S%
RZ:RZRYl<:#2(##8()':]Z]]:ZR:ZR^:%

RZ:! j#7<4% j'88"41E% ;:E% 04*41'E% !:E% H'88"((4E% F:E%
m#)2'1"E%i:E%F#)4#14E%!:E%e>224#)"554E%F:E%;"4(I")E%
h:E% ;#1('14E% Q:E% ?4% 0"22'% G:E% h4")9"1(454% Q:E%
h/'('*"()42% 2/#)#2(")4I#(4'1% '&% ;(#)541K% 8#("554("%
()#2K5"(8% >8419% Hie% &45(")8E% G7$#12"8% 41% ;+#2"%
H"8"#)2/E% ]Z]]E% O;;X% Z]bN@RRbbE%
/((+8Sll7'4:')9lRZ:RZRYl<:#8):]Z]]:Zb:Zc]:%

RR:! j#7<4%j'8"41E%;:%"(%#5:E%]Z]Z:%;#+4"1I#%;+#2"%7"6)48%
B68")$#('),% X"(3')K% C;;BXDS% G% /49/% 2'$")#9"%
41&)#8()>2(>)"%&')%8+#2"%7"6)48%*'14(')419:%f'>)1#5%
'&%;+#2"%;#&"(,%A1941"")419%bE%NZ-Nb:%

R]:! h4")9"1(454E%Q:_%m#)2'1"E%i:_%h#)484E%!:_%F#)4#14E%!:_%
j'88"41E% ;:j:_% ;#1('14E% Q:% !AB% B6<"2(L8% !49/(@
0>)$"%G2P>484(4'1%;,8("*%#17%./"4)%O1$")84'1%&')%
G((4(>7"%H"2'18()>2(4'1E%G")'8+#2"%]Z]RE%cCRDE%^_%
?BOSRZ:NNdZl#")'8+#2"cZRZZZ^:%

RN:! /((+8Sll1#8#N7:#)2:1#8#:9'$l*'7"58% G22"88"7% '1%
]Z]]@ZR@ZN%

R^:! e)49/#*E%A:%B)#1:%./"%&#8(%Q'>)4")% ()#18&')*%#17%
4(8%#++542#(4'18:%h)"1(42"@j#55E%O12:E%Rdcc:%

RJ:! n#55#7'E% ?:_% 0"&'5#E% h:% q.3'@541"% "5"*"1(% 8"(8@
h)#2(42"% #17% >8"r:% O1% h)'2""74198% '&% (/"% YN)7%
O1(")1#(4'1#5%G8()'1#>(42#5%0'19)"88E%X#+5"8E%O(#5,E%
R-J%B2('6")%]ZR]_%OGQS%h#)48E%Q)#12"E%]ZR]:%OG0@
R]E0REYER]E=RNY^Z:%n'5>*"%bE%++:%JcR]-Jc]J:%

RY:! n#55#7'E% ?:G:_% F205#41E\:?:% Q>17#*"1(#58% '&%
G8()'7,1#*428% #17% G++542#(4'18E% N)7% "7:_%
F42)'2'8*%h)"88l;+)419")S%j#3(/')1"E%0GE%`;GE%
]ZZb:%

Rb:! 0'"55'E% 0G% 0'"55'E% #17% F#=4*41'% ;#5#I#)%
!"2/>9#:% pFBh;BS% G% +)'+'8#5% &')% *>5(4+5"%
'6<"2(4$"% +#)(425"% 83#)*% '+(4*4I#(4'1:p%
h)'2""74198%'&%(/"%]ZZ]%0'19)"88%'1%A$'5>(4'1#),%
0'*+>(#(4'1:%0A0MZ]% C0#(:%X':%Z].jcYZZD:%n'5:%
]:%OAAAE%]ZZ]:%

Rc:! F>)#(#E%.#7#/4K'E% #17%j48#'% O8/46>2/4:% pFBiGS%
*>5(4@'6<"2(4$"% 9"1"(42% #59')4(/*8:p% OAAA%
41(")1#(4'1#5% 2'1&")"12"% '1% "$'5>(4'1#),%
2'*+>(#(4'1:%n'5:%R:%h482#(#3#,E%XfE%`;GS%OAAAE%
RddJ:


