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9*4&! /4! &2E(40! '25<&,! 4(/&! 4(/&! &(552&! $4'f%2&&f&! i! /4! */'%2! '7<2! 02! &'%2&&!

5f'*6(+$K/2,! +W37<(?$2H! OW37<(?$2! 0f)$4$2! <*%! /4! '*/?! $4&/))$&*4'! 0W(?7Cg42,! 2&'!
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+W*4C$(C24g&2! (/! +W*<(<'(&2H! 9*4&! +2&! <%25$2%&! '25<&! 0W37<(?$2,! +W2))2'! 0W*0*<'*'$(4!

$40/$'! <*%!F-#"d! 2&'! 6f4f)$K/2!<(/%! +2&! E2++/+2&H! b2<240*4',! &$! +W*6&24E2!0W(?7Cg42! &2!

<%(+(4C2,! F-#"d,! <2/'! <(/&&2%! +2&! E2++/+2&! G2%&! +*!5(%'H! `(&! '%*G*/?! 0f5(4'%24'! K/2!
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<%(<%$f'f&!E2++/+*$%2&!02&!(4E(Cg42&!02! +*! )*5$++2!I.$&'H!`(&!%f&/+'*'&!0f5(4'%24'!K/2!

I.$&'!<*%!&2&!E*<*E$'f&!i!E(4'%h+2%!+2!&'%2&&!5f'*6(+$K/2,!<2%52'!i!+*!E2++/+2!E*4Ef%2/&2!

02!5$2/?!&W*0*<'2%!2'!0(4E!&/%G$G%2!0*4&!/4!24G$%(442524'!24!E(4&'*4'2!fG(+/'$(4H!`(&!
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!"#$%&'(&)'*!%*!+!
23(456789:8/84!;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=!
2>;!?23!'@4'84:7@;A'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'B!
2>;!?23!'@4'C?843A'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'D!
!2>78'5C'354!84!;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'E!
!2>78'5C'C@:F?8;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'==!
7@;!'5C'!2>78;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=B!
2>>?8G@2!@54;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=D!
@4!?59F3!@54'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=E!
3A2H!8?'@<'/83A24@;/;'5C'!F/5?@:848;@;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=I!

! L@`@;-;!B#!b=`b@>!I>=-I;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"l!"
,-,! .+*)*"&$)#!&#"!(/'("*%"$)("$00!(--------------------------------------------------------------------------------------------------------------------(,1!
,-2! 3$%$!(*!!/"#*&$4(5#&+(&67/)#8$%$!#!(------------------------------------------------------------------------------------------------------(29!

"HXH"! B4E(C242&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!X^!
"HXH"H"! >*&!)*5$+7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xe!
"HXH"HX! M7E!)*5$+7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xa!
"HXH"H^! NE+DX!)*5$+7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xa!

"HXHX! I/5(/%!&/<<%2&&(%!C242&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xj!
"HXHXH"! <a^!Z!C/*%0$*4!()!'32!C24(52!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xk!
"HXHXHX! I/5(/%!&/<<%2&&(%!>N!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xl!
"HXHXH^! ;/<2%G$&(%&!()!C24(52!$4'2C%$'7!*40!&'*6$+$'7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xl!

,-9! :;/;&/!#!(--------------------------------------------------------------------------------------------------------------------------------------------------------------(9,!
"H^H"! =<(<'('$E!E*&E*02!Z!E*&<*&2&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ X!
"H^H"! =<(<'('$E!E*&E*02!Z!2?'%$4&$E!<*'3.*7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ e!
"H^HX! =<(<'('$E!E*&E*02!Z!$4'%$4&$E!<*'3.*7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ a!
"H^H^! =<(<'(&$&,!E*4E2%!*40!2G(+/'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ j!

,-<! =$%$!"$%"$(-----------------------------------------------------------------------------------------------------------------------------------------------------------(9>!
"HeH"! b3*%*E'2%$&'$E&!()!*!&242&E24'!E2++!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ m!

"HeH"H"! ;=;8!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ l!
"HeHX! M2E3*4$&5&!()!&242&E24E2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ l!

"HeHXH"! I2+(52%2!&3(%'24$4C!*40!9`=D0*5*C2!%2&<(4&2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!en!
"HeHXHX! B4E(C242D$40/E20!&242&E24E2![B-;]!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!en!

! L>Bc-`L!bBM8O@o-IR!B#!IPMB>-L@`@;-;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!e"!X
2-,! .0/%*0($?/06&#/%(#%("*%"$)(----------------------------------------------------------------------------------------------------------------------------(<,!

XH"H"! L242%*+!E(4E2<'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!e"!
XH"HX! -4'%*'/5(/%!32'2%(C242$'7!*40!0%$G2%!5/'*'$(4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!e^!
XH"H^! b(4&2K/24E2&!*40!$5<+$E*'$(4!)(%!'32%*<7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ea!

2-,! .*%"$)(!&$7("$00!(@.=.A(---------------------------------------------------------------------------------------------------------------------------------(<B!
XH"H"! b;b!Z!2G$024E2&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ej!
XH"HX! b;b!D!52'3(0&!()!$024'$)$E*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ek!
XH"H^! b;b!D!E3*%*E'2%$&'$E&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!em!
XH"He! b;b!Z!E3*++24C2&!*40!<%(6+25&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!el!

2-2! C67/6)(7#")/$%?#)/%7$%&(-------------------------------------------------------------------------------------------------------------------------(<1!
XHXH"! b2++/+*%!E(5<(&$'$(4!()!IM@!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!an!
XHXHX! @bM!*40!IM@!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!a"!
XHXH^! IM@!*40!E2++/+*%!&'%2&&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!a"!

3A2H!8?'@@<'!6@;!'5435:848;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'DB!
! Ic-;I!8>BI@-`;!Z!9-;bBA@>R!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!a^!"

,-,! D/0$"60*)(!&)6"&6)$(/'(C5#!&(8$%$!(----------------------------------------------------------------------------------------------------------(E9!
,-2! F)/&$#%(!&)6"&6)$(/'(C5#!&(8$%$!(---------------------------------------------------------------------------------------------------------------(E<!
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!

"HXH"! 6FOF!)*5$+7!E3*%*E'2%$Q*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ae!
"HXH"H"! b+*&&$)$E*'$(4!()!6FOF!<%('2$4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!aa!

"HXHX! b3*%*E'2%$&'$E!()!<%('2$4!&'%/E'/%2!()!I.$&'!C242&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!aj!
"HXH^! 8(&'D'%*4&+*'$(4*+!5(0$)$E*'$(4&!()!I.$&'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!am!
"HXHe! >2C/+*'$(4!()!C242!'%*4&E%$<'$(4!67!I.$&'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!al!

! 8FR;-BOBL-b=O!#P`bI-B`;!B#!Ic-;I!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!j"!X
2-,! C+$()/0$(/'(C5#!&(46)#%8(4$?$0/;7$%&(----------------------------------------------------------------------------------------------------(B,!

XH"H"! I.$&'"!2?<%2&&$(4!<*''2%4!0/%$4C!5(/&2!02G2+(<524'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!j"!
XH"HX! I.$&'X!2?<%2&&$(4!<*''2%4!0/%$4C!5(/&2!02G2+(<524'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!j^!
XH"H^! M2&24E375*+!&'25!E2++&!*40!I.$&'!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!je!

XH"H^H"! >(+2!()!I.$&'"!$4!E3(40%(C24$E!0$))2%24'$*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!je!
XH"H^HX! >(+2!()!I.$&'!$4!*0$<(E7'2!0$))2%24'$*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ja!
XH"H^H^! >(+2!()!I.$&'!$4!(&'2(6+*&'!0$))2%24'$*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ja!

XH"He! I.$&'!<%('2$4&!*40!02G2+(<524'*+!0$&2*&2&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!jj!
XH"HeH"! I.$&'"!*40!;*2'3%2Zb3('Q24!&740%(52H!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!jk!

XH"HeH"H"! I.$&'"!3*<+($4&/))$E$24E7!$4!5$E2!*40!;b;!&740%(52!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!jm!
XH"HeHX! I.$&'X!*40!;2'+2$&!&740%(52!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!jl!

2-2! C5#!&()/0$!(#%(*460&+//4(-------------------------------------------------------------------------------------------------------------------------------(B1!
XHXH"! >(+2!()!I.$&'!$4!'32!*0$<(&2!'$&&/2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!kn!
XHXHX! I.$&',!$55/42!&7&'25!*40!$4)+*55*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!k"!

! Ic-;I!8>BI@-`;!=;!B`bBL@`@;!=`9!IF@->!>BO@;!9P>-`L!IPMB>-L@`@;-;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!k^!^
9-,! C5#!&()$*"&#?*&#/%(46)#%8(/%"/8$%$!#!(--------------------------------------------------------------------------------------------------(><!
9-2! G%+#H#&#/%(/'(&67/6)I!6;;)$!!#?$(;)/8)*7!(HJ(C5#!&(---------------------------------------------------------------------(>E!

^HXH"! I.$&'!520$*'20!E2++!02*'3!<%('2E'$(4!*40!E*4E2%!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ka!
^HXHX! I.$&'!*&!*4!$43$6$'(%!()!(4E(C242!$40/E20!&242&E24E2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!kj!

9-9! C5#!&(*!(*()$860*&/)(/'($;#&+$0#*0(&/(7$!$%"+J7*0(&)*%!#&#/%(-----------------------------------------------------(>K!
^H^H"! I.$&',!@MI!*40!52'*&'*&$&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!m"!
^H^HX! b(4E+/&$(4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!m^!

9-<! C5#!&(*%4("*%"$)(!&$7("$00!(-------------------------------------------------------------------------------------------------------------------------(K<!
9-E! C5#!&(*%4(+J;/L#*(--------------------------------------------------------------------------------------------------------------------------------------------(KB!
9-B! C5#!&(*%4(*%8#/8$%$!#!(---------------------------------------------------------------------------------------------------------------------------------(KB!
9->! C5#!&(*%4("+$7/)$!#!&*%"$(-------------------------------------------------------------------------------------------------------------------------(K>!
9-K! =677*)J(/'(C5#!&(/%"/8$%#"(*"&#?#&#$!(--------------------------------------------------------------------------------------------------(KK!

3A2H!8?'@@@<'3877F72?';!?8;;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'JI!
! >@=bI-A@!BoRL@`!;8@b-@;!=`9!>@;8B`;@!IB!Bo-9=I-A@!;I>@;;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ln!"

,-,! M$*"&#?$(/LJ8$%(!;$"#$!(N(4$'#%#&#/%(*%4("0*!!#'#"*&#/%(------------------------------------------------------------------(1,!
,-2! O#/0/8J(/'(MP=(---------------------------------------------------------------------------------------------------------------------------------------------------(19!

"HXH"! @40(C24(/&!&(/%E2&!()!>B;!<%(0/E'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!l^!
"HXH"H"! M$'(E3(40%$*!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!le!

"HXH"H"H"! b(5<+2?!-!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!la!
"HXH"H"HX! b(5<+2?!---!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!la!

"HXH"HX! `=98F!(?$0*&2&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!la!
"HXH"H^! B'32%!24Q752&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lj!

"HXHX! @?(C24(/&!&(/%E2&!()!>B;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lk!
"HXH^! 92)24E2!52E3*4$&5&!*C*$4&'!>B;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lk!

"HXH^H"! @4Q75*'$E!*4'$(?$0*4'!02)24E2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lm!
"HXH^H"H"! ;/<2%(?$02!0$&5/'*&2![;B9]!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lm!
"HXH^H"HX! b*'*+*&2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!lm!
"HXH^H"H^! L+/'*'3$(42!<2%(?$0*&2![L8?]!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!ll!
"HXH^H"He! B'32%!24Q752&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nn!

"HXH^HX! `(4D24Q75*'$E!*4'$(?$0*4'!02)24E2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nn!
"HXH^HXH"! L+/'*'3$(42![L;F]!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nn!
"HXH^HXHX! =&E(%6$E!*E$0!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"n"!
"HXH^HXH^! "D'(E(<32%(+!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"n"!

,-9! F+J!#/0/8#"*0('6%"&#/%!(/'(MP=(----------------------------------------------------------------------------------------------------------------(,Q2!
"H^H"! >B;!*40!$44*'2!$55/4$'7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"n^!
"H^HX! >B;!*40!0$))2%24'$*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"ne!

,-<! PL#4*&#?$(!&)$!!(----------------------------------------------------------------------------------------------------------------------------------------------(,Q<!
"HeH"! B?$0*'$G2!'*%C2'J!9`=!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nj!



!

l!

!

"HeHX! B?$0*'$G2!'*%C2'J!<%('2$4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nj!
"HeH^! B?$0*'$G2!'*%C2'J!+$<$0&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nk!
"HeHe! B?$0*'$G2!&'%2&&!*40!<*'3(+(C7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"nm!

,-E! MP=(*%4("*%"$)(----------------------------------------------------------------------------------------------------------------------------------------------(,QK!
"HaH"! >B;!*40!37<(?$*!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!""n!
"HaHX! >B;!*40!)*$+D&*)2!<%(C%*5&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"""!

"HaHXH"! ;242&E24E2!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"""!
"HaHXHX! =<(<'(&$&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!""X!

! FR8Bo-b!;I>@;;!=`9!F-#!L@`@;!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!""^!X
2-,! F+J!#/0/8#"*0(/LJ8$%("/%"$%&)*&#/%(*%4(4$'#%#&#/%(/'(+J;/L#*(------------------------------------------------(,,<!
2-2! RJ;/L#*(#%46"#H0$('*"&/)(8$%$!(---------------------------------------------------------------------------------------------------------------(,,E!
2-9! M$860*&#/%(/'(RGS(;)/&$#%!(------------------------------------------------------------------------------------------------------------------------(,,>!

XH^H"! F-#d!>2C/+*'$(4!67!BX!=G*$+*6$+$'7!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!""k!
XH^HX! =00$'$(4*+!52E3*4$&5&!()!F-#&!%2C/+*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!""l!

2-<! F+J!#/0/8#"*0('6%"&#/%!(/'(RGST(;)/&$#%!(--------------------------------------------------------------------------------------------(,2,!
XHeH"! B/'E(52&!()!F-#"d!G2%&/&!F-#Xd!*E'$G*'$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"XX!
XHeHX! L+/E(&2!*40!242%C7!52'*6(+$&5!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xe!
XHeH^! F-#!*40!G*&E/+*%!%2&<(4&2!'(!37<(?$*!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xj!

2-E! RJ;/L#*(#%46"#H0$('*"&/)!(*%4("*%"$)(--------------------------------------------------------------------------------------------------(,2>!
XHaH"! M2E3*4$&5!()!F-#!)*E'(%&!*E'$G*'$(4!0/%$4C!E*4E2%!<%(C%2&&$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xk!

XHaH"H"! F7<(?$*!*40!24G$%(4524'*+!)*E'(%&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xk!
XHaH"HX! L242'$E!*+'2%*'$(4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xm!

XHaHX! F-#!520$*'20!'/5(/%!<%(C%2&&$(4!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xl!
XHaHXH"! M2'*6(+$E!%2<%(C%*55$4C!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"Xl!
XHaHXHX! -4G*&$(4!*40!52'*&'*&$&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^n!
XHaHXH^! b*4E2%!&'25!E2++&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^n!

XHaH^! F-#!&.$'E3!*40!0$))2%24'$*+!2))2E'!()!F-#d!<%('2$4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^"!
XHaH^H"! F-#!)*E'(%&!*40!M7E!(4E(C242!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^X!
XHaH^HX! F-#d!<%('2$4&!*40!<a^!'/5(/%!&/<<%2&&(%!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^^!
XHaH^H^! b(4E+/&$(4&!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"^^!

5>K83!@G8;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=BD!
?8;F7!;'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=L=!
2?!@378'@'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=LB!

! -`I>B9PbI-B`!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"e^!"
! ;PMM=>R!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"ja!X

/24F;3?@H!'5C'2?!@378'@@'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=ME!
! -`I>B9PbI-B`!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"jk!"
! ;PMM=>R!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!"lk!X

9@;3F;;@54'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'=II!
>@>7@5:?2HAN'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'O=B!
2448P8'@<'?Q;F/Q'98'72'!AR;8'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<'OED!
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!"#$%&'(&()*+,%-!
#$C/%2! "H!F*++5*%1&! ()! E*4E2%! (%$C$4*++7! <%(<(&20! 67!c2$462%C! *40!F*4*3*4! $4! Xnnn!

p^qH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!X"!
#$C/%2!XH!@52%C$4C!3*++5*%1&!*40!24*6+$4C!E3*%*E'2%$&'$E&!pXqH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!XX!
#$C/%2!^H!b+*&&$E*+!G$2.!(4!<a^!*E'$G*'$(4!*40!$'&!5(&'!2&&24'$*+!*4'$D'/5(%*+!<%(<2%'$2&!

plqH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!Xm!
#$C/%2!eH!M(%<3(+(C$E*+!E3*4C2&!(EE/%%$4C!0/%$4C!*<(<'('$E!E2++!02*'3H!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ X!
#$C/%2!aH!=<(<'('$E!E*&<*&2&!$4!5*55*+&!p"jmqH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ ^!
#$C/%2!jH!b*&<*&2!*E'$G*'$(4!<*'3.*7&!p"alqH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ e!
#$C/%2!kH!NbODX!<%('2$4!)*5$+7!&'%/E'/%2!*40!)/4E'$(4!p"kXqH!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!̂ j!
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E*4E2%!E2++!&<%2*0$4CH!I/5(/%&!*%2!E(4&$02%20!'(!62!&'$))2%!'3*4!32*+'37!'$&&/2,!62E*/&2!

()! 2?E2&&$G2! <%(0/E'$(4! ()! E(++*C24! 67! b=#&! pXmkqH! B4! '32! ('32%! 3*40,! b=#! *40! I=M!

%2+2*&2!5*'%$?!52'*++(<%('2*&2&! [MM8&],!.3$E3! *%2! %2&<(4&$6+2! )(%! @bM! %25(02++$4CH!

=00$'$(4*++7,!2?E2&&$G2!%25(02++$4C!'3%(/C3!MM8!(%!('32%!<%('2*&2&!<%(5('2&!'/5(/%!

0$&&25$4*'$(4!*40!52'*&'*&$&!pX,!Xmm,!XmlqH!

2.2.; 9DK&*#3&)"1151*+&$,+"$$&

=4('32%!$5<(%'*4'!)2*'/%2!()!'/5(/%!5$E%(24G$%(4524'!$&!'3*'!$'!$&!*!&(/%E2!()!E2++/+*%!

&'%2&&H! I/5(/%&! '7<$E*++7! &/))2%! )%(5! 4/'%$24'! *40! (?7C24! 02<%$G*'$(4! E*/&20! 67!

$42))$E$24'! 6+((0! &/<<+7H! ;/E3! 37<(?$E! 24G$%(4524'! C$G2&! %$&2! '(! *! &'%(4C! &2+2E'$G2!
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<%2&&/%2!(4! '/5(/%!E2++&,! +2*0$4C! '(! '32!*EK/$&$'$(4!()!*CC%2&&$G2! '%*$'&!*40! '3/&! $&!*4!

2&&24'$*+!E(5<(424'!()!'/5(/%!<%(C%2&&$(4![&22!E3*<'2%!^]H!;2G2%2!(?$0*'$G2!&'%2&&![&22!

E3*<'2%!^]! E*/&20!67!>B;!%2+2*&2! )%(5!I=M!(%!b=#! $&!*+&(!()'24! )(/40! $4! '32!I@MH! -'!

E(4&2K/24'+7! *E'$G*'2&! 0$))2%24'! E*4E2%! %2+*'20! '%*4&E%$<'$(4! )*E'(%&! &/E3! *&! `#DyN,!

=8D",! <a^,! 88=>E,! rDE*'24$4sc4',! *40! `#D@XD%2+*'20! )*E'(%! [`>#X]! pXln,! Xl"qH!

=00$'$(4*++7,!<2%&$&'24'!(?$0*'$G2!&'%2&&!/<D%2C/+*'2&!*4!*0*<'$G2!*4'$(?$0*4'!%2&<(4&2!

'3*'! 32+<&! E2++&! '(! &/%G$G2! /402%! /4)*G(/%*6+2! 24G$%(4524'*+! E(40$'$(4&,! &/E3! *&!

'32%*<7!(%!37<(?$*!pXlnqH!
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 94%$,&:+',"%#$&=&3%$)'A"+?&&-

I.$&'!.*&!0$&E(G2%20!$4!Y)/!/;+#0*!$4!"lmkH!-4$'$*++7!E*++20!&5#!&!(%(&5#W($'!.*&!&3(.4!'(!

62! *! Q7C('$E! 02G2+(<524'*+! C242! $4G(+G20! $4! 2*%+7! 52&(02%5! <*''2%4$4C! pXlXqH! I32!

4*52!()!'32!<%('2$4!$&!%2+*'20!'(!'32!'.$&'20!<324('7<2!(6&2%G20!/<(4!'.$&'!02+2'$(4!$4!

9%(&(<3$+*!256%7(&!pXl^qH!

I.$&'!C242&!*%2!E3*%*E'2%$Q20!67!*!3$C3!02C%22!()!3(5(+(C7!$4!*!6%(*0!%*4C2!()!&<2E$2&H!

I.$&'!(%'3(+(C&!.2%2!$024'$)$20!$4!0$))2%24'!(%C*4$&5&!&/E3!*&J!:2++7)$&3!pXleq,!bH!2+2C*4&!

pXla,! Xljq,! +22E3! pXlkq,! +*4E2+2'! pXlmq,! Q26%*)$&3! pXllq! *40! o24(</&! p^nnqH! -4!

G2%'26%*'2&,!'32%2!*%2!'.(!I.$&'!C242&,!I.$&'"!*40!I.$&'XH!I32!5(/&2!(%'3(+(C!()!I.$&'!

.*&!E+(420!*40!&2K/24E20!$4!"ll"!p^n"qH!I.$&'X!.*&!$024'$)$20!"lla!)%(5!*!72*&'D'.(D

376%$0! &E%224! /&$4C! @"X! *&! *! 6*$'! *40! $4$'$*++7! E*++20! 92%5("! )(%! $'&! %2&'%$E'20!

2?<%2&&$(4!<*''2%4!$4!'32!02%5$&!()!5(/&2!256%7(&!p^nXqH!-4!3/5*4&!6('3!I.$&'!C242&!

.2%2! $024'$)$20! $4!"llk! p^n^,!^neqH!=EE(%0$4C! '(! '32!`bN-!L242!0*'*6*&2,!me!*40!"^m!

(%'3(+(C&!3*G2!6224!$024'$)$20!&(!)*%!)(%!I.$&'"!*40!I.$&'X,!%2&<2E'$G2+7H!N2E*/&2!6('3!

)*E'(%&!&3*%2!*!3$C3!02C%22!()!&2K/24E2!$024'$'7!*40!)/4E'$(4*+!%20/40*4E7!'32!C242%$E!

'2%5,!I.$&',!.$++!62!/&20!$4!&$'/*'$(4&!'3*'!E(4&$02%!6('3!I.$&'!<%('2$4&H!

-.- D'1")51*+&$,+5),5+"&'(&94%$,&7"#"$&

F/5*4!I.$&'"! C242! E(4&$&'&! ()! '.(! 2?(4&! +(E*+$Q20! (4!kKX"HX! p^n^,! ^naqH! I32!5>`=!

&2K/24E2!E(4'*$4&!*4!(<24!%2*0$4C!)%*52!24E(0$4C!XnX!*5$4(D*E$0!%2&$0/2&!<(&$'$(420!

$4! '32! )$%&'! 2?(4H!I32! &2E(40!2?(4! E(4'*$4&! *4!/4'%*4&+*'20! %2C$(4!.$'3! '.(!<('24'$*+!

<(+7*0247+*'$(4! &$'2&H! I32! I.$&'X! C242! $&! )(/40! (4! XK^k! *40! &$5$+*%+7! '(! I.$&'"! $&!

E(5<(&20!()!'.(!2?(4&!0$G$020!67!*!+*%C2!$4'%(4$E!&2K/24E2H!-4'2%2&'$4C+7,!I.$&'X!C242!

E(02&! '.(! '%*4&E%$<'! G*%$*4'&! '3*'!0$))2%! $4! '32!^W!PI>! %2C$(4H!F(.2G2%,! 6('3!G*%$*4'&!

24E(02!'32!&*52!<%('2$4![`bN-!C242]H!
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-.2 L+',"%#&$,+5),5+"&'(&94%$,&7"#"$&

-.2.- JMNM&(*6%1?&)0*+*),"+%O*,%'#&

I.$&'!<%('2$4&!*%2!52562%&!()!'32!6*&$E!32+$?D+((<D32+$?![6FOF]!)*5$+7!()!'%*4&E%$<'$(4!

)*E'(%&H! I32! 6FOF! <%('2$4&! )(%5! *! +*%C2! &/<2%)*5$+7! ()! '%*4&E%$<'$(4! )*E'(%&! '3*'! *%2!

<%2&24'! $4! *!.$02! %*4C2! ()! (%C*4$&5&! )%(5! 72*&'! '(! 3/5*4&H! I327! *%2! 127! )*E'(%&! $4!

E%$'$E*+! 02G2+(<524'*+! <%(E2&&2&,! $4E+/0$4C! &2?! 02'2%5$4*'$(4,! 42/%(C242&$&,!

57(C242&$&,!325*'(<($2&$&!*40!C/'!02G2+(<524'!p^njqH!I32!E3*%*E'2%$&'$E!6FOF!0(5*$4!

3*&! *<<%(?$5*'2+7! jn! *5$4(! *E$0&! *40! E(4'*$4&! *! 9`=D6$0$4C! %2C$(4! [6*&$E! %2C$(4]!

)(++(.20! 67! '.(! !D32+$E2&! &2<*%*'20! 67! *! G*%$*6+2! +((<! %2C$(4! [FOF]H! I3$&! 0(5*$4!

<%(5('2&!0$52%$Q*'$(4,!.3$E3!E*4! +2*0! '(! )(%5*'$(4!()!3(5(0$52%$E!(%!32'2%(0$52%$E!

&'%/E'/%2&!62'.224!0$))2%24'!)*5$+7!52562%&![%2G$2.20!$4!p^nk,!^nmq]![#$C/%2!"j]H!!
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C"eb,%'=M<'?%`,%.%c#a#"k%'.#,b0#b,%'+f'UA7A'g%#%,+-"\%,'f,+\'H,+#%"c'9a#a'>acS<'

F2'2%(0$52%! E(4&$&'&! ()! @ek! [(%*4C2]! *40! `2/%(9"! [C%27]! '%*4&E%$<'$(4! )*E'(%&! [89N! E(02J! X|OX]H!

8%('2$4&! *%2! &3(.4! *&! *! &2E(40*%7D&'%/E'/%2! E*%'((4! *40! 9`=! 0(/6+2! 32+$?! $&! &3(.4! $4! &'$E1&!

%2<%2&24'*'$(4H!=4*+7&$&!.*&!5*02!$4!875(+!*<<+$E*'$(4H!

I32!0$52%&! $4'2%*E'!.$'3!9`=! '%(/C3!@D6(?! &2K/24E2&,!.3$E3!*%2!2+2524'&!520$*'$4C!

E2++D'7<2D&<2E$)$E!C242!'%*4&E%$<'$(4H!I327!&3*%2!*!E(4&24&/&!32?*4/E+2('$02!&2K/24E2J!

b=``ILH! I32&2! &2K/24E2&! *%2! )(/40! $4! *! +*%C2! &2'! ()! C242! <%(5('2%&! *40! 243*4E2%!

2+2524'&![%2G$2.20!$4!p^nmq]H!I32! +*%C2!4/562%!()!E(56$4*'$(4&!()!0$52%$E!&'%/E'/%2&!
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E(5<(&20!()!6FOF!<%('2$4&!*&!.2++!*&!'32!32'2%(C242$'7!$4!@D6(?!&2K/24E2&!'%*4&+*'2&!

$4'(!'32!G*&'!%*4C2!()!<%(E2&&2&!$4!.3$E3!'32&2!)*E'(%&!*%2!$4G(+G20!p^nlqH!

!"#"!"! K+%&&*(*.%;*:9':('ALML'27:;=*9&'

I32! +*%C2!4/562%!()!32+$?D+((<D32+$?! [FOF]!<%('2$4&!02&E%$620! $4! '32! +$'2%*'/%2,! +20! '(!

'32$%! E+*&&$)$E*'$(4! $4'(! k! C%(/<&H! I32$%! 0$&E%$5$4*'$(4! .*&! 6*&20! (4! '32$%! '$&&/2!

0$&'%$6/'$(4,!0$52%$Q*'$(4!E*<*6$+$'$2&!*40!9`=D6$0$4C!&<2E$)$E$'$2&! [p^"nq,! %2G$2.20! $4!

p^nmq]H! I32! E+*&&$)$E*'$(4! .*&! 02&E%$620! 67! M/%%2W&! C%(/<,! .3(! .*&! *+&(! '32! )$%&'! '(!

025(4&'%*'2!'32!<%2&24E2!()!6FOF!5('$)&!$4!@"X!*40!@ek!<%('2$4&!p^njqJ!

• b+*&&!-!<%('2$4&,!*+&(!14(.4!*&!'32!@!<%('2$4&,!*%2!2?<%2&&20!$4!5*47!'$&&/2&H!

I327! E*4! E%2*'2! 3(5(D! *40! 32'2%(0$52%&H! I32$%! 9`=D6$0$4C! &<2E$)$E$'7! $&!

+$5$'20!'(!E*4(4$E*+!@D6(?!&2K/24E2&H!@?*5<+2&J!@"X,!@ek,!F@NH!

• b+*&&! --! <%('2$4&! &3(.! '$&&/2D%2&'%$E'20! <*''2%4! ()! 2?<%2&&$(4H! I327!

<%2)2%24'$*++7!)(%5!32'2%(0$52%&!.$'3!@!<%('2$4&!*40!6$40!6('3!E*4(4$E*+!*40!

4(4DE*4(4$E*+!@D6(?!&$'2&H!@?*5<+2&J!I.$&',!M7(9,!`2/%(9H!

• b+*&&!---!<%('2$4&,!&/E3!*&!M7E!)*5$+7,!<(&&2&&!+2/E$42DQ$<<2%![Ox]!*0:*E24'!'(!

FOF!5('$)H!

• b+*&&!-A!<%('2$4&!$4E+/02!M*0,!M*?!*40!M?$!<%('2$4&,!.3$E3!E*4!0$52%$Q2!.$'3!

M7E!<%('2$4&H!

• b+*&&!A!<%('2$4&,!+$12!-0!(%!@5E,!0(!4('!<(&&2&&!'32!6*&$E!%2C$(4!*40!324E2!0(!

4('!6$40!9`=H!I327!<+*7!*!%(+2!()!*4'*C(4$&'&!'(!<%('2$4&!)%(5!E+*&&2&!-!*40!--H!!

• b+*&&!A-! <%('2$4&!3*G2! *!<%(+$42! *5$4(! *E$0! $4! '32$%! 6*&$E! %2C$(4,! +$12!F*$%7!

<%('2$4!$4!Y)/!/;+#0*-!

• b+*&&!A--!<%('2$4&!3*G2!*!8=;!5('$)! +(E*'20!*'!E*%6(?7!'2%5$4*+!&$'2!()!6FOF!

%2C$(4,!.3$E3!*++(.&!'325!'(!0$52%$Q2!.$'3!('32%!8=;,!4(4D8=;!<%('2$4&!*40!

&5*++!5(+2E/+2&! +$12!0$(?$4H!Y27!52562%&!()! E+*&&!A--! *%2!37<(?$*! $40/E$6+2!

)*E'(%&!(%!=%4'!<%('2$4!p^""qH!

M(%2!%2E24'+7!='E3+27!*40!#$'E3!E+*&&$)$20!6FOF!<%('2$4&!$4'(!)(/%!5*:(%!C%(/<&![=!D!9]!

/&$4C!2G(+/'$(4*%7!%2+*'$(4&3$<&!'%(/C3!*!<37+(C242'$E!'%22!*40!0$))2%24E2&!%2C*%0$4C!@D

6(?!6$0$4C!&2K/24E2&!*40!*5$4(!*E$0&!&2K/24E2&!pXlXqH!I32!&2K/24E$4C!()!42.!C24(52&!

+20! '(! '32! $024'$)$E*'$(4! ()! 42.!6FOF! )*5$+$2&! *40! E+*&&$)$E*'$(4!.*&! 2?'24020! '(! '.(!
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5(%2!C%(/<&![@!*40!#]!67!O2024'!*40!E(D.(%12%&!p^nkq![%2G$2.20!$4!p^""q]H!I3$&!%2E24'!

E+*&&$)$E*'$(4! $&! <%2&24'20! *40! E(5<*%20! .$'3! M/%%2W&! E+*&&$)$E*'$(4! $4! '32! I*6+2! "!

62+(.J!

Classification of bHLH proteins by sequence 

Phylogenetic 

group 
9%.0,"`#"+c'

3$a.."f"0a#"+c'

a00+,-"ce'#+'

/b,,%'!"#$%&'

8Xa\`$%.'+f'

`,+#%"c.'Vfa\"$)'

ca\%.W'

A Bind to CAGCTG or CACCTG I, II MyoD, Twist, Net 

B Bind to CACGTG or CATGTTG III, IV Mad, Max, Myc 

C 
Bind to ACGTG or GCGTG. Contain a 

PAS domain 
VII Arnt, HIF, Clock 

D 

Lack a basic domain and hence do not 

bind DNA but form protein-protein 

dimers that function as antagonists of 

group A proteins 

V ID 

E 

Bind preferentially to N-box sequences 

CACGCG or CACGAG. Contain an 

orange domain and a WRPW peptide 

VI Hairy 

F 

Contain an additional COE domain, 

involved in Coe dimerization and DNA 

binding 

- Coe (Col/Olf-1/EBF) 

!aU$%'=<'3+\`a,".+c'+f'UA7A'`,+#%"c.'0$a.."f"0a#"+c.<''

`2.2%!E+*&&$)$E*'$(4!6*&20!(4!&2K/24E2!E(5<*%$&(4,!@D6(?!6$0$4C,!E(5<*%$&(4!()!%2&$0/2&!$4!E2%'*$4!<*%'&!

()! '32! <%('2$4! *40! <%2&24E2! (%! *6&24E2! ()! *00$'$(4*+! 0(5*$4&H!B+02%! E+*&&$)$E*'$(4!.*&! 6*&20! (4! '$&&/2!

0$&'%$6/'$(4&,!9`=D6$0$4C!&<2E$)$E$'$2&!*40!0$52%$Q*'$(4,!$'!.*&!02&E%$6$4C!*!&5*++2%!&2'!()!<%('2$4&H!

-.2.2 /0*+*),"+%$,%)&'(&:+',"%#&$,+5),5+"&'(&94%$,&7"#"$&

N('3!I.$&'!<%('2$4&!62+(4C! '(! '32!E+*&&! --!()!6FOF! )*E'(%&,!.3$E3!52*4&! '3*'! '327!E*4!

E%2*'2!4('!(4+7!3(5(0$52%&,!6/'!*+&(!32'2%(0$52%&!.$'3!E+*&&!-!@!<%('2$4&H!=EE(%0$4C!'(!

$'&! *5$4(D*E$0! &2K/24E2,! 3/5*4! I.$&'"! $&! *%(/40! X"19*! *40! &3*%2&! *+5(&'! ljv!

&2K/24E2! 3(5(+(C7! .$'3! '32! 5(/&2! $&()(%5! p^n"qH! I.$&'W&! 6FOF! %2C$(4! $&! 3$C3+7!

E(4&2%G20! *5(4C! 0$))2%24'! &<2E$2&! *40! $'&! $5<(%'*4E2! $&! 3$C3+$C3'20! 67! '32! )*E'! '3*'!

2G24! *! <($4'! 5/'*'$(4! E*/&2&! *! ;*2'3%2Zb3('Q24! &740%(52! [;b;]! [0$&E/&&20! +*'2%]!

p^neqH!;$5$+*%+7!'(!('32%&!)*5$+7!52562%&,!I.$&'W&!6FOF!%2C$(4!$&!%2&<(4&$6+2!)(%!9`=!
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&2K/24E2!%2E(C4$'$(4!*40!6$40$4CH!B)!4('2,!&$4C+2!<($4'!5/'*'$(4!&/E3!*&!;"ee!(%!Y"ea!

$4! '32! 6FOF! E*4! E(5<+2'2+7! *6(+$&3! $'&! )/4E'$(4&! p^"XqH! =4('32%! E(4&2%G20! %2C$(4! ()!

I.$&'!E*++20!I.$&'!6(?,!$&!+(E*'20!*'!'32!bD'2%5$4*+!<*%'!()!'32!<%('2$4&!*40!$&!42E2&&*%7!

)(%!<%('2$4! )(+0$4C!*40!*E'$G$'7!p^"^qH!#/%'32%5(%2,!*! '%*4&*E'$G*'$(4!0(5*$4!3*&!6224!

E3*%*E'2%$Q20! .$'3$4! '32! I.$&'! 6(?! *40! C242'$E! 5/'*'$(4&! .$'3$4! '3$&! %2C$(4! *%2!

*&&(E$*'20! .$'3! ;b;! ()! 3/5*4! <*'$24'&! p^"eqH! #/4E'$(4*++7,! '3$&! %2C$(4! $&! $4G(+G20! $4!

<%('2$4! $4'2%*E'$(4! [0$&E/&&20! +*'2%]H!I.$&'! $&! *!4/E+2*%! )*E'(%! *40! $4! +$42!.$'3! '3$&! $'&!

&2K/24E2! E(4'*$4&! '.(! 4/E+2*%! +(E*+$Q*'$(4! &$C4*+! [`O;]! 0(5*$4&,! ^k>Y>>en! *40!

k^Y>LYYkkH!-4'2%2&'$4C+7,!$4!'32!E*&2!()!`O;!5/'*'$(4,!I.$&'!5*7!&'$++!62!'%*4&+(E*'20!

'(! 4/E+2/&,! 3(.2G2%! '3$&! &E24*%$(! $&! '%/2! (4+7! $4! '32! E*&2! ()! 32'2%(0$52%&! *&! `O;! $&!

&/<<+$20!67!$'&!4(4D5/'*'20!<*%'42%!p^"aqH!!

BG2%*++!&2K/24E2!$024'$'7!62'.224!I.$&'"!*40!I.$&'X!$&!*%(/40!jjv,!6/'!$'!$&!$4E%2*&20!
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Gene Expression pattern Functions 

Drosphila melanogaster 

twist presumptive mesoderm 

mesodermal segments 

thoracic flight muscle progenitors 

Required for proper gastrulation.  

Twist homodimers specify mesoderm. Twist-Daughterless 

heterodimers antagonize mesodermal differentiation, 

properly patterning the mesoderm.  

Persistent expression in adult myoblasts maintains an 

undifferentiated state. 

Mus musculus 

Twist1 extraembryonic mesoderm 

alantois 

head mesenchyme & cranial sutures 

pharyngeal arches 

cephalic and thoracic neural crest 

lateral mesoderm 

distal limb bud mesenchyme 

Follows mesodermal induction.  

Required for proper cranial mesenchyme and neural crest 

migration and distribution, directly affecting neural tube 

patterning and cushioning.  

Patterns the limb and cranial suture where it functions in a 

dimer dependent manner, regulated by dosage and 

phosphorylation. 

Twist2 sclerotome, myotome, dermotome 

branchial arches 

limb bud mesenchyme 

osteoblasts 

dermis 

Essential for chondrogenesis, preventing differentiation of 

preosteoblasts. 

Dermal expression is required for proper skin formation 

and wound healing. 

Downstream of NF-!B directly repressing the cytokine p65 

promoter. 

Helps in fatty acid synthesis.  
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Abstract

Expression of developmental genes Twist1 and Twist2 is reactivated in many human tumors. Among their oncogenic
activities, induction of epithelial to mesenchymal transition is believed to increase cell motility and invasiveness and may be
related to acquisition of cancer stem cell phenotype. In addition, Twist proteins promote malignant conversion by
overriding two oncogene-induced failsafe programs: senescence and apoptosis. Reactive oxygen species (ROS) are also
important mediators of apoptosis, senescence and motility and are tightly linked to disease, notably to cancer. We report
here that Twist factors and ROS are functionally linked. In wild type cells both Twist1 and Twist2 exhibit antioxidant
properties. We show that Twist-driven modulation of oncogene-induced apoptosis is linked to its effects on oxidative stress.
Finally, we identify several targets that mediate Twist antioxidant activity. These findings unveil a new function of Twist
factors that could be important in explaining their pleiotropic role during carcinogenesis.
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Introduction

The two Twist genes (Twist1 and Twist2), related in sequence

and function, belong to the super-family of basic Helix-Loop-Helix

(bHLH) transcription factors. They are essential for embryonic

development as they are involved in mesoderm patterning and the

differentiation of multiple cell lineages, including muscle, cartilage

and osteogenic cells [1]. Their embryonic functions appear to be

related to their ability to induce cell migration by promoting the

epithelial to mesenchymal transition (EMT) [2], to protect cells

from apoptosis [3] and to control inflammation [4]. Twist

expression was reported in several types of precursors and stem

cells [5,6], where it was suggested to control the maintenance of

their pluripotency. In contrast, Twist proteins are not detectable in

most differentiated tissues [7], but their expression is reactivated in

many human cancers, including carcinomas (breast, liver, ovarian,

prostate), sarcomas, melanomas, gliomas and neuroblastomas [8].

Their oncogenic potential is thought to arise from a combination

of multiple properties. First, by promoting the epithelial to

mesenchymal transition (EMT), Twist proteins favour invasiveness

and may confer to cells self-renewal properties [9,10,11,12].

Second, by disrupting both Rb- and p53-dependent pathways,

they override the two major oncogene-induced cellular failsafe

programs, which are senescence and apoptosis [13,14,15], thereby

promoting malignant conversion. Third, several reports describe a

role for Twist1 in the acquisition of resistance to therapeutic drugs

[16,17], linking Twist to tumor recurrence.

Reactive oxygen species (ROS), which include superoxide

anions, H2O2, organic peroxides, and hydroxyl radicals, are by-

products of oxidative phosphorylation and as such are constantly

generated in all aerobic cells. ROS are eliminated by antioxidant

enzymes: scavenger enzymes, superoxide dismutases (SOD),

convert superoxide anions to H2O2, which is subsequently

detoxified by catalase, glutathione peroxidase or thioredoxin

peroxidase systems [18]. ROS, although essential for processes

such as immune response, angiogenesis and stem cell renewal [19],

can also be harmful for cells. An uncontrolled production of these

molecules provokes damage, including DNA lesion, protein

oxidation, and lipid peroxidation [19]. Cellular response to major

unrepaired damage includes apoptosis or senescence. Because

Twist and ROS overproduction both impact on activities related

to the regulation of several common cellular processes [13,15], we

explored the possibility that Twist is involved in the control of

ROS and, more generally, in cellular response to oxidative stress.

We report here that Twist lowers the level of intracellular ROS,

displaying an antioxidant activity in several cell types. Twist-driven

inhibition of oxidative stress participates in the protection of cells

against c-Myc induced apoptosis. Analysis of molecular mecha-

nisms involved in this new function reveals the existence of an

oxidative genetic program mediated by several new targets. Our
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findings unveil a novel property of Twist proteins that could have

important implications for their role during tumor progression.

Results

Twist proteins display antioxidant properties
To investigate the effect of Twist proteins on ROS production,

we first generated foreskin-derived human diploid fibroblasts

(HDF) ectopically expressing Twist1 or Twist2. The cells displayed

no noticeable morphological changes and grew at a similar rate to

both parental and control cells (data not shown). As assessed by

labeling cells with DiHydroEthidium (DHE) (Figure 1A–C) or with

DiChlorodihydroFluorescein DiAcetate (DCFDA) (Figure S1A–

B), two ROS fluorescent indicators, ectopic expression of either

Twist1 or Twist2 was associated with a significant reduction of

intracellular ROS. Expression of Twist was as efficient in

inhibiting ROS as was the treatment of cells with 10 mM N-

acetyl-cysteine (NAC), a widely used antioxidant compound

(Figure S1C–D). The antioxidant property of both Twist proteins

was next confirmed using additional cellular models, including

primary Mouse Embryonic Fibroblasts (MEFs) (Figure 1D–F),

immortalized Rat Embryonic Fibroblasts (REF52) (Figure 1G–I)

and immortalized human mammary epithelial cells (HMEC-

hTert) (Figure S1E). These results indicate that the antioxidant

activity of Twist is neither cell type- nor species-dependent.

We reasoned that since ectopic expression of Twist diminished

ROS levels, inhibition of endogenous Twist expression should give

rise to the opposite effect. Since HDFs mainly express Twist2 (data

not shown), we explored the consequences of its depletion in these

cells. This was achieved through the use of either siRNA or

shRNA that recognized unrelated sequences of Twist2 mRNA.

Both gave rise to inhibition of Twist2 expression and, in accord

with our hypothesis, both led to a significant increase of

endogenous ROS (Figure 2). Of note, this increase was reverted

by NAC (Figure S2). Overall, our results strongly suggest that

Twist proteins exhibit antioxidant properties in several cellular

models.

Twist, ROS and c-Myc-induced apoptosis
As ROS drive induction of the same cellular failsafe programs

[20,21] that are overridden by Twist proteins, we assessed whether

the newly identified antioxidant property of Twist had an impact

on its oncogenic potential. In light of the role of ROS in c-Myc

induced cell death and transformation [21,22,23], we focused our

attention on Twist’s anti-apoptotic activity, which was originally

discovered through a genetic screen aimed at identifying genes

that counteracted c-Myc induced apoptosis [14]. Interestingly,

several subsequent reports showed that generation of ROS

accompanied c-Myc overexpression and was linked to the cell

death phenotype, as well as to DNA damage, genetic instability

and cellular transformation [21,22,23].

To investigate whether the anti-apoptotic function of Twist is

functionally related to its antioxidant properties, we ectopically

expressed a tamoxifen inducible c-Myc-ER fusion construct in rat

embryonic fibroblasts (REF52), the cell type that was used to

unveil the apoptotic activity of c-Myc [24]. We first confirmed that

c-Myc activation sensitized REF52 cells to apoptosis upon growth

factor withdrawal (Figure 3A). Interestingly, these conditions are

associated with a significant increase in endogenous ROS

production (Figure 3B–C) provoked mainly by the removal of

serum (Figure S3A). To evaluate whether ROS production is

instrumental in c-Myc induced cell death in this model, cells were

cultured in the presence of Tiron, an efficient antioxidant

compound [25]. Of note, unlike NAC, Tiron did not display

any cytotoxic effects in REF52. As shown in Figure 3D–F,

reduction of ROS by this antioxidant compound was associated

with improved cell survival, confirming the reported role played by

ROS in c-Myc-induced apoptosis [26]. As expected, we found that

ROS induction was necessary but not sufficient to induce a strong

apoptotic response in this model (Figure S3B).

As previously described, ectopic expression of Twist proteins

protected cells from c-Myc-induced apoptosis [14] upon growth

factor withdrawal (Figure 3G). Strikingly, the increased survival

was associated with a significant reduction in ROS (Figure 3H–I,

Figure S3A), suggesting that the antioxidant property of Twist is

indeed related to its oncogenic potential. Comparable results were

obtained in experiments performed using mouse embryonic

fibroblasts (MEFs) (Figure 4).

We conclude that Twist-mediated inhibition of apoptosis is

accompanied by the repression of either the production or the

accumulation of reactive oxygen species.

Molecular mechanisms regulating the antioxidant
activity of Twist

We next investigated the molecular mechanisms involved in the

antioxidant activity of Twist. Because Twist proteins are

transcription factors, we first tested whether they modulate the

expression of the main cellular detoxifying enzymes. We quantified

mRNA levels of Catalase, MnSOD, Cu/ZnSOD and Gpx1 by

RT-qPCR in MEF cells transduced with Twist1, Twist2 or a

control empty retroviral vector. As shown in Figure S4, none of

the genes tested showed a significant differential expression in the

presence of Twist. Similar results were obtained in HDF and

REF52 (data not shown).

In search of Twist target genes involved in this new activity, we

next performed a microarray analysis comparing MEF cells

expressing Twist1 with MEF transduced with an empty vector.

188 genes were found to be up-regulated and 246 repressed by

more than 50% following Twist1 expression. The results

confirmed that none of the main antioxidant enzymes were

deregulated (data not shown). However, the analysis identified

several genes, previously described as being involved in the control

of oxidative stress, whose expression is regulated by Twist1 (Figure

5A). More precisely, we found four up-regulated genes: Cdo1, an

enzyme required for the synthesis of taurine, a well known

antioxidant compound [27], Mgst3, a microsomal gluthation S

transferase carrying a peroxidase activity [28], ApoD, a protein

involved in the inhibition of lipid peroxidation [29] and Dhcr24,

described recently as a ROS scavenger [30]. Two genes were

down-regulated: Aox1, an enzyme that produces ROS by

oxidizing aldehydes [31] and Osgin1, a mitochondrial oxidative

stress induced gene that was recently shown to increase

intracellular ROS levels when overexpressed [32].

Because both Twist factors display an antioxidant activity, we

next investigated whether the genes we identified were also

modulated by Twist2. We generated MEF-empty vector, Twist1

and 2 lines and mRNA level of each target was quantified by RT-

qPCR. As shown in Figure 5B, similarly to Twist1, 2 regulates the

expression of the oxidative stress factors revealed by the

microarray analysis. This result suggests that both Twist proteins

modulate intracellular ROS level in a similar manner by

controlling a common set of factors.

Interestingly, none of the genes we identified was highly

deregulated, suggesting that none by itself would account for

Twist’s antioxidant properties. We reasoned that an alternative

mechanism of Twist’s action might be a more global modulation

of a genetic program of oxidative stress regulators. A similar

situation has been reported for Nrf2, a master gene of intracellular

Twist and Oxidative Stress
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Figure 1. Twist proteins lower intracellular ROS levels. (A–C) HDF, (D–F) MEF and (G–I) REF52 cells were transduced with retroviruses encoding
either Twist1 (T–1) or Twist2 (T–2) tagged with a Myc epitope. The empty vector (pMSCV) was used as a control. (A, D and G) Expression of the
transgenes was verified by western-blotting (CT:pMSCV; T-1:Twist1, T-2:Twist2). (B, E and H) ROS levels were analyzed by flow cytometry after DHE

Twist and Oxidative Stress
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ROS level control [33]. Upon induction of oxidative stress, this

transcription factor is activated and triggers expression of

numerous genes encoding enzymes involved in ROS detoxifica-

tion [33]. It is the joint action of these proteins that efficiently

removes excess of ROS from the cell. If such was indeed the mode

of action of Twist, one would expect that modulation of individual

target gene expression would only partially mimic Twist antiox-

idant activity. To test this hypothesis we overexpressed Mgst3,

which is one of the genes up-regulated by Twist. In parallel, we

silenced Osgin1, for which Twist is a repressor. Twist1 overex-

pressing MEF cells were used as a positive control. Ectopic

expression and silencing were verified by western-blot and RT-

qPCR, respectively (Figure 6A–C). Intracellular ROS levels were

decreased similarly by up-regulation of Mgst3 or down-regulation

of Osgin1 (Figure 6D). As expected, their antioxidant activity was

lower than that displayed by Twist1 (Figure 6E), suggesting that

each gene participates but does not fully substitute for Twist in

decreasing ROS levels. Next, we tested the impact of the

modulation of the same genes on c-Myc-induced apoptosis. As

shown in Figure 6F, perturbation of the expression of Mgst3 and

Osgin1 partially protects cells from cell death. Once again, this

effect was not as marked as that produced by Twist1 (Figure 6G).

We conclude that both Twist target genes are indeed involved in,

but are not sufficient for, the Twist anti-apoptotic activity. Thus,

our data indicate that Twist antioxidant and anti-apoptotic

activities are mediated by a joint action of several of its

downstream effectors.

In addition to their anti-apoptotic activity, Twist proteins have

been very well described in terms of inducing EMT and enhancing

cell motility [7]. We thus asked if the antioxidant and pro-

labeling. (C, F, and I) Quantitative analysis of ROS levels in HDF (C), MEF (F) and REF52 (I) cells with data representing the mean values 6 SEM of the
fluorescence geometric means (HDF: n = 10; MEF: n = 8; REF: n = 3, *: compared to control).
doi:10.1371/journal.pone.0072490.g001

Figure 2. Twist2 inhibition increases oxidative stress. (A) HDF cells were transfected with a siRNA control or a siRNA directed against Twist2
and the silencing efficiency was measured by RT-qPCR normalized to GAPDH. (B) The level of ROS in control and Twist2-inhibited HDF cells was
monitored by labeling with DHE and a representative FACS histogram is shown. (C) ROS levels are presented as mean geometric fluorescence
intensities (6 SEM) in cells transfected with a siRNA against Twist2 relative to a control siRNA (*: n = 6, relative to control). (D) HDF were infected with
a retroviral vector (pRetro-SUPER-puromycin) containing a shRNA sequence directed against Twist2 or an irrelevant sequence as a control, selected
and analyzed 3 to 5 days post-selection. Knockdown efficiency was measured by RT-qPCR relative to GAPDH. (E) DHE fluorescence was analyzed as in
panel B. (F) Quantitative analysis of ROS was determined as in C (*:n = 6, relative to control).
doi:10.1371/journal.pone.0072490.g002

Twist and Oxidative Stress
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Figure 3. Twist inhibits c-Myc-induced ROS accumulation and apoptosis. (A) REF52 cells expressing a MycER construct were cultured for
24 hours in 0.1% serum (dark bars) in the presence or absence of 4-hydroxytamoxifen (OHT), as indicated, to induce c-Myc activity. Control cells were
cultured in 10% serum (white bars). Cells were collected, labelled with Cy3-Annexin-V and apoptosis was quantified by flow cytometry. Error bars
represent mean 6 SEM of three independent experiments. (B) REF52-MycER cells were treated for 8 hours as in A and DHE fluorescence was
measured as in Figure 1B. (C) Represents the quantitative analysis of B (*: n = 7, compared to control). (D) REF52-MycER cells were cultured in the

Twist and Oxidative Stress
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migratory properties of Twist might be linked. We performed a

wound-healing assay with cells expressing either Twist1 or Mgst3

or transduced with an empty vector as a control (Figure S5A and

B). Whereas Twist expression accelerated wound closure, as

expected, Mgst3 had no effect on cell migration in this assay. It

would thus appear that lowering the intracellular ROS level has

no significant influence on cell migration in this experimental

model, suggesting that these two activities of Twist are uncoupled.

presence of 10% FBS and absence of OHT (white bars) or in 0.1% serum with OHT (dark bars) in the presence or absence of 2 mM Tiron, as indicated.
Apoptosis was quantified as in A. (E) Cells were cultured as in D and ROS levels were monitored as in B. (F) Quantification of E (*: n = 6, compared to
black bar. #: n = 6, compared to green bar). (G) Quantification of apoptosis in REF52-MycER cells expressing Twist1 or Twist2. Black bars: cells are
grown under pro-apoptotic conditions (active MycER, 0.1% FBS), white bars: control cultures. Cell death was quantified by Cy3-Annexin-V staining as
in A. (H) Cells expressing Twist1 or Twist2 were treated as in G and ROS levels were determined as in D. (I), quantification of ROS levels from H (*: n = 6,
compared to black bar. #: n = 6, compared to blue bar).
doi:10.1371/journal.pone.0072490.g003

Figure 4. Twist antioxidant activity is associated with modulation of apoptosis in primary mouse embryonic fibroblasts. (A) MEF cells
expressing the MycER construct were cultured in the presence of 0.5% or 10% FBS, with or without OHT, and in the presence or absence of Vitamin C,
used as an antioxidant. Apoptosis was quantified by Annexin-V staining and is presented as means 6 SEM of three independent experiments. (B)
MEF-MycER cells were treated as in A and ROS was measured by DHE staining by flow cytometry. (C) Quantification of B (*: n = 5, compared to black
bar. #: n = 5, compared to grey bar). (D) MEF-MycER cells were infected with either Twist1, Twist2 or pMSCV vectors and selected with puromycin.
Cells were then cultured for 24 hr. in 10% FBS in the absence of OHT (white bars) or in 0.5% FBS supplemented with OHT (dark bars). Apoptosis was
determined as in A. (E) ROS levels in all cell lines was monitored as in B. (F) Quantitative analysis of E (*: n = 6, compared to black bar. #: n = 6,
compared to grey bar).
doi:10.1371/journal.pone.0072490.g004
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Discussion

Twist transcription factors regulate several distinct cellular

functions, [7]. Our study uncovered a novel activity carried by

both Twist1 and Twist2, namely modulation of intracellular levels

of reactive oxygen species (ROS). This finding might have

important implications for understanding consequences of Twist

activation in physiological and in physiopathological settings.

We concentrated our analysis on the impact of ROS on Twist’s

control of apoptosis. Twist displays anti-apoptotic activities in

many cellular contexts and in response to multiple stimuli [7] and

whether they are all governed by the regulation of ROS remains to

be tested. For example, several reports have suggested that Twist

expression in cancer cells is correlated with therapeutic drug

resistance [16,17] and it was shown that ROS are induced by

therapeutic drugs and might participate in their cytotoxic action

Figure 5. Molecular mechanisms regulating Twist antioxidant activity. (A) Microarray results for genes modulated by Twist1 and involved in
the regulation of oxidative stress. Data show expression mRNA level of MEF-empty vector and MEF-Twist1. (B) mRNA levels for Cdo1, Mgst3 ApoD,
Dhxr24, Aox1 and Osgin1 were assessed in MEF cells infected with empty pMSCV vector, pMSCV-Twist1 or pMSCV-Twist2. RNA levels were monitored
by RT-qPCR, normalized with Hprt and adjusted relative to levels in pMSCV-transduced control cells.
doi:10.1371/journal.pone.0072490.g005

Twist and Oxidative Stress
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[34]. It is thus possible that the effect of Twist on drug resistance

results, at least in part, from its antioxidant activity.

We demonstrated that the inhibition by Twist of c-Myc

oncogene - induced apoptosis is correlated with its ability to lower

ROS levels. This observation is especially interesting in the context

of reports showing that mice invalidated for Twist1 display an

increased apoptotic index during development [3]. Moreover,

MEFs invalidated for Twist2 show an increased sensitivity to

stimuli such as TNF-alpha [4], a cytokine that induces and

requires ROS to exert its apoptotic activity. Thus, the antioxidant

effect could participate in Twist regulation of cell death during

development.

Modulation of ROS by Twist may also be important in adult

tissues. It is well established that stem cells, in particular

hematopoietic stem cells (HSC), display low levels of ROS [34].

This is essential for their maintenance and renewal, whereas an

increase of ROS is required for differentiation [34]. The pattern of

Twist expression is coherent with its role in regulation of this

process. Specifically, Twist factors have been shown to control the

maintenance of mesenchymal stem cells [5] and Twist2 inhibits

differentiation of the myeloid lineage [6]. It will be of great interest

to evaluate whether the antioxidant activity of Twist is conserved,

and relevant, in these cellular settings.

Twist plays a major role in mediating metastasis [12]. In our

experimental model Twist pro-migratory activity does not appear

to be linked to its effect on the intracellular ROS levels. However,

a recent study showed that Snail, another epithelial to mesenchy-

mal transition inducing factor, triggers EMT and gives rise to a

cancer stem cell phenotype by inhibiting ROS [35]. It is thus

possible that Twist antioxidant activity, while not involved in the

migration of mesenchymal cells, might act upstream during the

transition process. These results also suggest that the control of

intracellular ROS levels might be a common mechanism

employed by different EMT-inducing factors. It will be of interest

to test this hypothesis, notably in the context of the well-

documented role of ROS in physiology and pathology and

particularly in the process of cancer initiation and progression.

Materials and Methods

Ethics Statement
Experiments were performed according to national regulations

and this study was specifically approved (ID approval Nu D34-172-

16) by the regional ethics committee of Languedoc-Roussillon

(Comité Régional d’Ethique sur l’Expérimentation Animale-

Languedoc-Roussillon), France.

Constructs
N-terminal Myc-tagged Twist1 and Twist2 and HA-tagged

Mgst3 murine cDNAs were cloned in pMSCV-puromycin

retroviral vectors (Clontech). pBabe-MycER was a kind gift from

Dr A. Gandarillas. ShRNA sequences against Twist2 were cloned

into the previously described pRetro-SUPER vector [13]. An

irrelevant sequence, with no significant hits when blasted against

the NCBI nucleotide sequence NR database (5’-GTACGTAC-

GATCACAGTCA-3’) was used as an shRNA control.

Cell culture
Human diploid fibroblasts (HDF) were a kind gift from Dr J.

Piette [36]. Mouse embryonic fibroblasts (MEF), derived from

C57BL/6 mice, were prepared from 13.5 DPC embryos. All cell

lines including 293T cells [37] were cultured in Dulbecco’s

modified Eagle medium containing 10% fetal bovine serum,

100 ng/mL streptomycin, and 100 U/mL penicillin at 37 uC with

5% CO2. HMEC were grown as recommended by the American

Type Culture Collection (ATCC).

When appropriate, cells were treated with 1 mM 4-hydroxyta-

moxifen (Sigma Aldrich H7904), 2 mM Tiron (Sigma Aldrich

33724), 10 mM N-acetyl-L-cysteine (Sigma Aldrich A9165) or

20 mM Vitamin C (Ascorbic acid Sigma Aldrich A4403).

Retroviral infection
1.56106 293T cells were transfected twice at 24 hours intervals,

with 3 mg of retroviral vector using jetPEITM (Polyplus). Forty-

eight hours after the last transfection, supernatants were collected,

filtered (0.45 mm, Millipore), supplemented with 8 mg/ml of

polybrene and added to cells to be transduced for 16 hr. M.O.I

was always # 1 as we noted that high viral titers induced a

significant amount of non-specific oxidative stress. Infected cells

were selected after 48 hr. with the appropriate antibiotics.

Short Interfering RNA (siRNA) Transfection
Cells were seeded in 6-well plates 1 day before transfection.

Cells were then transfected with 100 nM siRNA using Lipofecta-

mine 2000 reagent (Invitrogen) according to the manufacturer’s

instructions. siRNAs were from Thermo Scientific except for

siRNA against Osgin1, which was from IDT. Sequences are:

siRNA Control: GUACGUACGAUCACAGUCA, siRNA

TWIST2: siGENOME SMARTpool M-012862 siRNA Osgin1:

MMC.RNAI.N027950.12.1.

Immunoblot Analysis
Cells were lysed in boiling Laemmli buffer supplemented with

protease inhibitors, then sonicated and complemented with DTT.

Protein concentration was determined by BCA (Thermo Scientif-

ic) assay. Fifteen to twenty micrograms of total protein was loaded

onto SDS-PAGE gels and transferred onto nitrocellulose mem-

branes. The membrane was blocked with TBST (16 TBS with

0.1% Tween 20) + 5% milk at room temperature for 1 hr. and

incubated with primary antibody and then with horseradish

peroxidase (HRP)-coupled secondary antibody (Amersham). Ac-

tivity was visualized by electrochemiluminescence. Antibodies used

in this study are anti-Myc (9E10), anti-Actin (Sigma Aldrich) and

anti-HA High Affinity (Roche).

Reverse Transcription and Real-Time PCR
Total mRNA was isolated using a RNeasy mini kit (Qiagen).

Reverse transcription was performed with random hexamers and

Figure 6. Role of Twist target genes in the control of ROS levels and apoptosis. (A, B) MEF cells were transduced with retroviruses encoding
either Twist1 tagged with a Myc epitope (A), or with Mgst3 tagged with an HA epitope (B). Empty vector was used as a control. Expression of the
transgenes was verified by western-blotting (1: Empty vector; 2: Transgene). (C) MEF cells were transfected with a siRNA control or a siRNA directed
against Osgin1 and the silencing efficiency was measured by RT-qPCR normalized to HPRT. (D) Quantitative analysis of ROS levels of cell lines from A,
B and C (*: n = 6, compared to control). (E) MEF-MycER cells were infected with either control (pMSCV), Twist1, or Mgst3 or were transfected with
corresponding siRNA as in C (n = 3). Apoptosis was induced and determined as in Figure 4. (F) Alternative presentation of data from D and E, allowing
better visualization of partial effects on ROS (*: n = 6, compared to red bar) and apoptosis (*: n = 3, compared to red bar) exercised by Mgst3 and
Osgin-1. These graphs show the percentage of inhibition compared to control (pMSCV of si-CT).
doi:10.1371/journal.pone.0072490.g006
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M-MLV Reverse Transcriptase (Invitrogen). Real-time PCR was

performed in triplicates with LC FastStart DNA Master SYBR

Green I on a LightCycler rapid thermal cycler system (Roche

Diagnostics), according to the manufacturer’s instructions. House-

keeping genes GAPDH or HPRT were used for normalization.

Primers sequences are listed in supplementary table (Table S1).

ROS detection
Cells were incubated with 30 mM DHE (Invitrogen D11347)

for 25 min or with 5 mM of CM-H2DCFDA (Invitrogen C6827)

for 30 min, at 37uC in PBS. The cells were collected and

fluorescence was quantified on a FACSCalibur flow cytometer

using CellQuestPro software (BD Biosciences).

Apoptosis analysis.
Cells were plated at low density (105 cells/well) in 6 well plates

24 hours before induction of apoptosis. c-Myc-induced apoptosis

was triggered by treatment with 1 mM 4-hydroxytamoxifen in

0.1% FBS. Apoptosis was monitored 24 hr. post-induction. To

determine the percentage of apoptotic cells with externalized

phosphatidylserine (PS), adherent and floating cells were collected

and labeled with the Annexin V-Cy3 Apoptosis Detection Kit

(Abcam) according to the manufacturer’s instructions. Labeled

cells were then analyzed on a FACSCalibur flow cytometer using

CellQuestPro software (BD Biosciences).

Microarray
mRNA purified from three different preparations of MEF-

Empty vector and MEF-Twist1 were used for analysis. Microarray

processing and subsequent analysis were performed by The

Genomic Research Unit of the Luxembourg CRP (http://www.

crp-sante.lu/Competence-centers/Luxembourg-Biomedical-

Research-Resources/Genomics-Research-Unit). The full dataset

analysis will be published in a future study (manuscript in

preparation).

Statistical analysis
Experiments were repeated at least three times. Data are

presented as mean 6 SEM. An Independent Student’s t test was

performed to analyze the assay results; a two-tailed Student’s t test

was used to compare the intergroup differences. Significance was

accepted for values where P#0.05 (*/#), P#0.01 (**/##),

P#0.0005 (***/###).

Supporting Information

Figure S1 The antioxidant property of Twist is con-
firmed by DCFDA staining and is maintained in an
epithelial cell line. (A) ROS levels in the HDF cells used in

Figures 1B and 1C were analyzed by flow cytometry following

DCFDA staining and representative histograms are shown. (B)

Quantitative analysis of ROS levels in HDF expressing either

Twist1 or Twist2 relative to control HDF cells (*: n = 11,

compared to white bar). (C) ROS measurements in HDF cells in

the absence or presence of 5 mM NAC. (D) Quantitative analysis

of ROS levels in cells incubated with NAC (*: n = 4, compared to

white bar). (E) ROS level analysis in HMEC-hTert cells expressing

Twist1 or Twist2.

(TIF)

Figure S2 Antioxidant treatment protects cells from
oxidative stress induced by Twist2 depletion. HDF cells

expressing a shRNA directed against Twist2 were cultured with

10 mM NAC for 24 hours. ROS levels were analyzed by DHE

staining.

(TIF)

Figure S3 ROS increase is mainly induced by serum
starvation. (A-B) REF52-MycER expressing or not Twist1 were

cultured in 10% FBS or 0.1% FBS in the presence or absence of 4-

hydroxytamoxifen (OHT). (A) ROS levels were measured after

8 hours and quantified as in figure 3B (*: n = 4, Twist1 compared

to pMSCV). (B) Apoptosis was determined as in Figure 3C

(presented as mean 6 SEM of three independent experiments).

(TIF)

Figure S4 Molecular mechanisms regulating Twist
antioxidant activity. mRNA levels for MnSOD, Cu/znSOD,

catalase and Gpx1 were assessed in MEF cells infected with empty

pMSCV vector, pMSCV-Twist1 or pMSCV-Twist2. RNA levels

were monitored by RT-qPCR, normalized with Hprt and adjusted

relative to levels in pMSCV-transduced control cells (n = 4, ns: non

significant).

(TIF)

Figure S5 Twist antioxidant activity is not linked to
enhanced migration. 16106 MEF-pMSCV, MEF-Twist1 and

MEF-Mgst3 were seeded on a six well plate and 24 hours later a

wound was made with a pipet tip. Wound width was monitored at

time 0 and 16 hours. Distance of the wound was measured using

ImageJ software. (A) Representative pictures of the three cell lines

at 0 and 16 hours. (B) Quantification of wound width (presented as

mean 6 SEM of three independent experiments. *: compared to

control at 18 hr.).

(TIF)

Table S1 Primer sequences.
(DOC)

Text S1

(DOC)
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Table S1 
 
 
Genes Sequence forward Sequence reverse 
Twist2 (human & 
mouse) GCAAGAAGTCGAGCGAAGAT GCTCTGCAGCTCCTCGAA 

MnSOD (mouse) CAGACCTGCCTTACGACTATGG CTCGGTGGCGTTGAGATTGTT 

Cu/ZnSOD (mouse) AACCAGTTGTGTTGTCAGGAC CCACCATGTTTCTTAGAGTGAGG 

Catalase (mouse) AGCGACCAGATGAAGCAGTG TCCGCTCTCTGTCAAAGTGTG 

Gpx1 (mouse) AGTCCACCGTGTATGCCTTCT GAGACGCGACATTCTCAATGA 

Cdo1 (mouse) GTGGATCAAGGAAATGGGA CTTGATCATCTCGTTGGA 

Mgst3  (mouse) ATGGCTGTCCTCTCTAAGGAG CTCTACCTTGTACTTCTTGCGG 

ApoD (mouse) GAACGGAAACATCGAAGTGCT CTGGCTCTGAGACGTTGCTC 

Dhcr24 (mouse) TGCGAGTCGGAAAGTACAAG GCCAATGGAGTTCAGCAAAG 

Aox1 (mouse) AGTGATGATCTCGCGGTACAA CTGGTGTTGCCTAAGCCTTCT 

Osgin1 (mouse) CGGTGACATCGCCCACTAC GCTCGGACTTAGCCCACTC 

Hprt (mouse) GCAGTACAGCCCCAAAATGG GGTCCTTTTCACCAGCAAGCT 

GAPDH (human) ACACCCACTCCTCCACCTTT TCCACCACCCTGTTGCTGTA 

 



Supporting Text 
 
Supplementary Figure 1: The antioxidant property of Twist is confirmed by 
DCFDA staining and is maintained in an epithelial cell line. (A) ROS levels in the 

HDF cells used in Figures 1B and 1C were analyzed by flow cytometry following 

DCFDA staining and representative histograms are shown. (B) Quantitative analysis 

of ROS levels in HDF expressing either Twist1 or Twist2 relative to control HDF cells 

(*: n=11, compared to white bar). (C) ROS measurements in HDF cells in the 

absence or presence of 5mM NAC. (D) Quantitative analysis of ROS levels in cells 

incubated with NAC (*: n=4, compared to white bar). (E) ROS level analysis in 

HMEC-hTert cells expressing Twist1 or Twist2. 

 

Supplementary Figure 2: Antioxidant treatment protects cells from oxidative 
stress induced by Twist2 depletion. HDF cells expressing a shRNA directed 

against Twist2 were cultured with 10mM NAC for 24 hours. ROS levels were 

analyzed by DHE staining. 

 

Supplementary Figure 3: ROS increase is mainly induced by serum starvation. 
(A-B) REF52-MycER expressing or not Twist1 were cultured in 10% FBS or 0.1% 

FBS in the presence or absence of 4-hydroxytamoxifen (OHT). (A) ROS levels were 

measured after 8 hours and quantified as in figure 3B (*: n=4, Twist1 compared to 

pMSCV). (B) Apoptosis was determined as in Figure 3C (presented as mean ± SEM 

of three independent experiments).  

 
Supplementary Figure 4: Molecular mechanisms regulating Twist antioxidant 
activity. mRNA levels for MnSOD, Cu/znSOD, catalase and Gpx1 were assessed in 

MEF cells infected with empty pMSCV vector, pMSCV-Twist1 or pMSCV-Twist2. 

RNA levels were monitored by RT-qPCR, normalized with Hprt and adjusted relative 

to levels in pMSCV-transduced control cells (n=4, ns: non significant). 

 

Supplementary Figure 5: Twist antioxidant activity is not linked to enhanced 
migration. 1x106 MEF-pMSCV, MEF-Twist1 and MEF-Mgst3 were seeded on a six 

well plate and 24 hours later a wound was made with a pipet tip. Wound width was 



monitored at time 0 and 16 hours. Distance of the wound was measured using 

ImageJ software. (A) Representative pictures of the three cell lines at 0 and 16 

hours. (B) Quantification of wound width (presented as mean ± SEM of three 

independent experiments. *: compared to control at 18 hr.)  
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Introduction 
 

Twist1 and Twist2 are bHLH transcription factors that are essential in embryogenesis 

and are no longer detectable in most adult tissues (Ansieau et al., 2010). Similarly to 

many other developmental regulators, their expression is reactivated in a large 

number of human cancers, including hepatocellular carcinoma (HCC), glioblastoma, 

sarcomas, neuroblastoma and melanoma (Puisieux et al., 2006). Multiple activities of 

Twist proteins contribute to their oncogenic potential. First of all, they promote 

epithelial to mesenchymal transition (EMT) and, as a consequence, enhance 

invasiveness and may induce a cancer stem cell phenotype (Puisieux et al., 2014). 

They have also been shown to inhibit both apoptosis and senescence by interfering 

with p53 and Rb pathways (Puisieux et al., 2014) or by modulating oxidative stress 

(Floc’h et al., 2013). Finally, several studies reported a role of Twist in resistance to 

chemotherapeutic drugs (Ansieau et al., 2010) and in promotion of angiogenesis 

(Ansieau et al., 2010), linking these factors to tumour aggressiveness and recurrence.    

While all cells of higher eukaryotes need oxygen for survival, there is a broad range 

of oxygen pressures that are physiological for different tissues (Aragonés et al., 

2009). Hypoxia, defined as insufficient oxygen concentration, is encountered in 

pathologies, such as ischemia and is found in virtually all solid tumours (Semenza, 

2012). Initially, it arises because oxygen diffusion is limited in avascular primary 

tumours, later, the tumour vasculature, induced in part as a response to the initial 

hypoxia, is abnormal and fails to fully rectify the oxygen deficit (De Bock et al., 2011). 

In order to survive and strive in this hostile environment, cancer cells adapt and 

undergo profound phenotypic changes, such as for example a metabolic 

reprograming. This adaptive process is driven by a family of transcription factors 

named HIFs (Hypoxia Inducible Factors) (Keith et al., 2012). A decrease of oxygen 

concentration leads to stabilization and activation of HIF1α and HIF2α. They form a 

complex with the constitutive HIF1β subunit, which modulates the expression of a 

multitude of genes involved in glucose metabolism, pH homeostasis, angiogenesis, 

autophagy and apoptosis, to name a few (Semenza, 2012). 

It is well established that the hypoxic environment is an important feature of tumour 

progression. Indeed, numerous studies have shown that adaptation and resistance of 



cancer cells to this particularly harsh environment leads to acquisition of traits 

specific of aggressiveness. These include immunosuppression, increased 

invasiveness through EMT, resistance to therapy, genomic instability and 

dedifferentiation toward a tumour initiating cell phenotype (Jain, 2014). Hypoxia could 

thus constitute a trigger for generating and selecting aggressive cancer cells, which 

would help to explain the relative failure of anti-angiogenic therapies (Jain, 2014). It is 

thus very important to understand mechanisms involved in resistance to hypoxic 

stress. 

Several recent reports described a link between HIFα and Twist factors (Barriga et al., 

2013; Gort et al., 2008; Yang et al., 2008). It was shown that Twist1 is a 

transcriptional target of HIF1α and HIF2α, both during development (Barriga et al., 

2013) and in some cancer cells (Yang et al., 2008). It was further reported that 

invasiveness induced by HIF in response to hypoxia is mediated by Twist (Barriga et 

al., 2013; Gort et al., 2008; Yang et al., 2008). Because we and others have 

discovered novel activities of Twist that participate in cellular resistance to stress 

(Ansieau et al., 2008; Floc’h et al., 2013), we hypothesized that this oncogene could 

also be involved in protection against the hypoxic stress. 

We report here that both Twist1 and Twist2 inhibit hepatocyte cell death triggered by 

prolonged hypoxia. Furthermore, we show that this new activity is exercised in non-

cell autonomous manner.  Indeed, we report that cells expressing Twist protect non-

expressors grown in co-culture through preventing, extracellular medium acidification. 

Finally, we demonstrate that, at the molecular level, this new property of Twist 

involves the modulation of HIF1α activity and suggest that this occurs through a 

direct interaction. Our results establish for the first time a link between hypoxic stress 

and the oncoproteins Twist. They also suggest that Twist might play a major role in 

the selection of cancer cells with increased aggressiveness during the process of 

tumour progression. 

 

 



Results 
 
 

Twist factors protect hepatic cells from hypoxia-mediated apoptosis 

Twist genes have been reported to be over-expressed in hepatocellular carcinoma 

(Lee et al., 2006; Yang et al., 2009). Moreover, hypoxia is detected in some of the 

main steps, such as fibrosis and cirrhosis, leading to liver cancer (Nath and Szabo, 

2012; Wilson et al., 2014; Wu et al., 2007), making hepatic cells a pertinent model to 

study hypoxic stress. We first confirmed published reports of toxicity of prolonged 

hypoxia for different hepatocyte-like cell types. We thus assayed apoptosis of primary 

progenitors (BMELs), immortalized (AML12) and transformed cells (HepG2) cultured 

for several days in low oxygen (1%). As shown in Figure 1A, the three lines died after 

2 to 3 days, demonstrating their sensitivity to hypoxic stress. We next addressed the 

effect of Twist proteins on hypoxia-induced apoptosis. To this end, we generated 

cells lines (HepG2, AML12 and BMELs) stably expressing either Twist1 or Twist2 

and placed them in hypoxic conditions. We found that both factors protect all cell 

types tested here from cell death induced by oxygen deprivation (Figure 1B). These 

experiments demonstrated that Twist proteins increase resistance of hepatocytes to 

hypoxic stress. 

 

The mechanism of Twist induced resistance to hypoxic stress is non-cell 
autonomous 

Two pathways have been described to trigger hypoxia-mediated apoptosis: 

HIF1α controlled modulation of expression of several members of the Bcl2 family and 

activation of the p53 pathway (Greijer and van der Wall, 2004). To gain insight into 

the mechanisms involved in the protective effect of Twist, we assayed the mRNA 

expression levels of different Bcl2 family members and of several p53 target genes 

under hypoxic conditions in the presence or absence of Twist. Somewhat 

unexpectedly, we found no variation in any of the mRNAs tested (data not shown), 

suggesting that in our experimental models Twist-induced resistance to hypoxic 



stress is mediated by an alternative mechanism. As many apoptotic pathways are 

controlled by extracellular signals, we next investigated whether the culture medium 

from Twist expressing cells had an impact on wild type cells. To this end, we 

collected media conditioned by control HepG2, as well as Twist1- and Twist2-

expressing HepG2 lines cultured for 24 hours in hypoxia. These media were then 

added to wild type HepG2, grown under the same conditions and apoptosis was 

analysed 48 hours later. As shown in Figure 2A, cells incubated with medium 

conditioned by Twist1 or Twist2 lines were significantly more resistant to cell death. 

These data indicate that the anti-apoptotic activity of Twist is mediated by an 

extracellular signal. To confirm this result, we used transwells to co-culture wild type 

and Twist-expressing cells, thus physically separating the two cell lines, but allowing 

them to share the same medium. Analysis of cell death after 3 days under hypoxic 

condition, showed that HepG2 cultured either with Twist1 or Twist2 lines are less 

prone to apoptosis mediated by oxygen starvation (Figure 2B). A similar co-culture 

experiment, in which wild type cells were stained beforehand with a fluorescent die 

and then co-cultured with Twist expressing cells confirmed this result (Supplementary 

Figure 1). We conclude that Twist-induced resistance to hypoxic stress relies on an 

external signal. Consistently, this effect acts in trans, as the cells that do not express 

Twist are protected almost as efficiently as the cells that do. 

 

Control of extracellular pH by Twist accounts for its anti-apoptotic activity 

We reasoned that the extracellular signal that protects cells from hypoxia-induced 

apoptosis could be a growth factor, a cytokine, a nutrient or a metabolite. In the 

course of the experiments, we noticed a difference in the colour of the media 

conditioned by Twist-expressing and by control cells, especially when cultured under 

hypoxic conditions. Hypoxia is known to induce metabolic reprogramming by 

switching glucose metabolism to glycolysis (Semenza, 2013). As a consequence, 

metabolites such as lactic or carbonic acid are released from cells, leading to 

acidification of the extracellular environment, which is visible by the yellow colour of 

the standard culture medium. Our observation of the Twist cells' medium turning less 

yellow in comparison to wild type cells, suggested a role of Twist in the modulation of 



the pH balance. To confirm this interpretation, we measured the pH of media from 

cultures of control HepG2, as well as Twist1 and Twist2 expressing HepG2 grown in 

hypoxic conditions (Figure 3A). Whereas, as expected, the pH decreased in all cell 

cultures, both Twist factors slowed down medium acidification. Interestingly, we 

measured extracellular concentration of lactate, one of the main acidic by-products of 

glycolysis, and found no difference as a function of Twist expression (Supplementary 

Figure 2). This suggests that Twist factors regulate pH homeostasis through a 

different, as yet unidentified, pathway.  

Cancer cells can cope with a low pH environment to a certain extent (Casey et al., 

2010; Parks et al., 2013). However, below a certain threshold that may differ from 

one cell type to another, all cells, including cancer cells, undergo apoptosis (Parks et 

al., 2013). To test if acidification is responsible for triggering cell death of HepG2 

exposed to hypoxia, we buffered the culture medium with 5mM of sodium 

bicarbonate. Measuring the pH after 2 days of oxygen starvation confirmed that it 

was higher when NaHCO3 was present (Figure 3B). We next quantified apoptosis of 

cells grown in the buffered medium and found that sodium bicarbonate has a strong 

protective effect against hypoxia-induced apoptosis  (Figure 3C). 

Overall, these data suggest that Twist induces resistance of hepatocytes to hypoxic 

stress by modulating the extracellular pH. This mode of action is consistent with the 

non-cell autonomous protection afforded by Twist to cells under hypoxic stress.  

 

HIF1α depletion mimics the protective activity of Twist against hypoxic stress 

HIF factors, especially HIF1α, are master regulators of cellular response to hypoxia. 

Among other activities, HIF1α has been linked to both apoptosis modulation (Keith et 

al., 2012) and the control of extra- and intracellular pH (Parks et al., 2013). We 

hypothesized that Twist-mediated protection against hypoxia-induced apoptosis 

could be linked to HIF1α. To test this idea, we generated cell lines of HepG2 

expressing either an shRNA directed against HIF1α  or an shRNA control, directed 

against GFP. We cultured both cell lines in hypoxia and quantified their apoptotic 



response. Although HIF1α stabilization is part of a general cell protective mechanism 

in hypoxia (Keith et al., 2012), in some cell types its increased activity is associated 

with cell death (Greijer and van der Wall, 2004). Consistently, inhibiting HIF1α 

expression in HepG2 cells increased the resistance to hypoxia induced cell death 

(Figure 4A). Next, we investigated whether the protective effect of HIF1α depletion 

relied on changes of the extracellular environment. HepG2-shControl and HepG2-

shHIF1α cells were cultured for 24 hours in low oxygen and their respective media 

were used to replace the medium of the wild type HepG2, grown in the same setup 

and kept in culture for an additional 48 hours. Similarly to medium conditioned by 

Twist expressing cells, medium from cells depleted of HIF1α protected wild type cells 

from the hypoxic stress (Figure 4B). Again in parallel to the results obtained with 

Twist expressors, we found that the extracellular pH of HepG2-shHIF1α cell culture  

was less acidic compared to their control counterparts (Figure 4C). 

Thus, HIF1α inhibition recapitulates the hypoxia-protective phenotype of cells over-

expressing Twist1 or Twist2. Indeed, in both cases cells are more resistant to 

hypoxic stress; this is a trans-acting effect, which apparently involves modulation of 

pH homeostasis. We reasoned that a simple explanation of these results, would be 

that Twist might inhibit some activities of HIF1α. Because both proteins are 

transcription factors blonging to the bHLH family, we hypothesized that Twist could 

modulate HIF1α function  through a direct protein-protein interaction. 

 

Twist1 and Twist2 form a complex with HIF1α 

To test whether Twist and HIF1α proteins can form a complex, we first transiently 

transfected 293T cells with Twist1 or Twist2 and with HIF1α cDNAs tagged, 

respectively, with a FLAG or a Hemagglutinin (HA) epitope. We cultured the cells in 

hypoxia and verified transgenes expression by western blot (Figure 5A). 

Immunoprecipitates obtained with either an anti-HA or with an anti-FLAG antibody 

were analysed by western blots. As shown in Figure 5B, HIF1α co-precipitates with 

both Twist1 and with Twist2. The reverse immunoprecipitation experiment, using an 

anti-FLAG antibody directed against Twist1 or Twist2 transgenes, confirmed this 



result (Figure 5C). To our knowledge, this is the first demonstration that Twist and 

HIF1α physically interact.  

However, a co-immunoprecipitation observed with transiently over-expressed 

proteins does not necessarily reflect a physiologically significant interaction. We thus 

sought to confirm these results with the endogenous proteins. Unfortunately, despite 

several attempts, we were unable to find a reliable antibody that could efficiently 

immunoprecipitate the endogenous HIF1α. We therefore used an alternative method 

to detect endogenous protein-protein interactions, namely in situ PLA (proximity 

ligation assay) (Weibrecht et al., 2010). This experimental approach requires 

antibodies validated for immunofluorescence that additionally come from different 

species. This constraint did not allow us to use the PLA to confirm Twist2 interaction 

with HIF1α. We thus concentrated on Twist1/HIF1α complex. First we verified the 

specificity of each antibody by immunostaining. As shown in Figure 6A, the signal for 

Twist1 was detected specifically in HepG2-Twist1 cells and not in HepG2 empty 

vector control cell line (HepG2-pMSCV). Similarly, HIF1α was detected only in 

HepG2 incubated in hypoxic condition (Figure 6B). The PLA experiment was 

conducted using as negative controls the HepG2-pMSCV cells incubated in 1% 

oxygen and the HepG2-Twist1 cells incubated in 21% O2. The experimental condition 

was the HepG2-Twist1 cells incubated in hypoxia (1% O2). An interaction between 

two proteins is visualized by a fluorescent dot. No, or very few, dots were present in 

both the control samples (Figure 6C), while numerous dots could be seen in HepG2-

Twist1 cells cultivated in low oxygen. These data provide a strong confirmation of a 

physical interaction between Twist1 and HIF1α.  

Overall, our results indicate that Twist factors modulate HIF1α activity and suggest 

that this effect is achieved through a direct protein-protein interaction.  

 

Conclusions 
 

Many of the processes controlled by Twist1 and Twist2 qualify these transcription 

factors as powerful oncogenes. They are best known for mediating increased 



invasiveness and allowing the bypass of two major cellular fail-safe genetic programs, 

namely apoptosis and senescence (Puisieux et al., 2014). Moreover, Twist proteins 

are involved in the cellular response to mechanical and to oncogenic stress (Ansieau 

et al., 2008; Desprat et al., 2008) and we have recently shown that Twist's oncogenic 

activities extend to modulation of oxidative stress (Floc’h et al., 2013). With the 

present study, we further emphasize the role of the two Twist proteins in dealing with 

metabolic cellular stress.  Why are these transcription factors, whose primary activity 

appears to be initiation of migration, so tightly associated with cellular response to 

stress? A possible explanation might come from their role in embryonic development, 

notably in the process of neural crest delamination and subsequent migration. Neural 

crest cells are formed at the border of the neural plate and move away from the 

neuroepithelium into different regions of the embryo, where they differentiate into 

many cell types, such as the cartilage and bone cells, neurons and glial cells of the 

peripheral nervous system, and smooth muscle cells (Theveneau and Mayor, 2011). 

In the process of migrating away from their specific niche towards many different new 

locations, the cells encounter, and must adapt to, strong environmental pressure that 

induce potent cellular stress. It follows that adaptation to environmental stress is an 

essential element of embryogenesis that must accompany Twist genes expression, 

which is central in the migratory process. Importantly, it was recently reported that 

HIF1α is required for activation of Twist in neural crest cells migration during 

Xenopus and zebrafish embryonic development (Barriga et al., 2013).  

Hypoxia, which constitutes one of the environmental metabolic stresses to which both 

embryonic and cancer cells need to adapt in order to survive, is a potent driver of 

tumour progression (Jain, 2014). Indeed, resistance to this particular metabolic 

environment generates and selects cancer cells with increased aggressive traits as a 

consequence of increased genomic instability. Our results suggest that Twist 

oncogenes could be players in the acquisition of this phenotype. By extending the 

capacity of resistance of cells to oxygen deprivation, Twist could increase their 

chance to acquire mutations required for the tumour to progress toward a more 

malignant state.  



It is now well accepted that despite originating from a single cell, most tumours are 

heterogeneous, since they are composed of multiple cancer clones (Marusyk et al., 

2012). While it has been shown that Twist can be induced by HIFα factors (Yang et 

al., 2008), it is reasonable to assume that some heterogeneity in Twist expression 

occurs also in the hypoxic compartment. This is interesting in light of our results of 

the non-cell autonomous mode of action of Twist in the inhibition of hypoxia-induced 

apoptosis. This phenomenon could be an example of cooperative behaviour of 

cancer cell clones, which is expected to be beneficial for the tumour growth and 

progression, since it allows to share the evolutionary cost of adaptation, thus 

increasing the overall fitness (Tabassum and Polyak, 2015). However, the overall 

effect on tumour resistance to hypoxia is expected to be significant only if the Twist 

expressors are present above a certain threshold. Indeed the efficiency of the non 

cell-autonomous effect is expected to be negligible if the proportion of Twist 

expressors is low. They should still have a survival advantage over non-expressors, 

due for example to the cell-autonomous anti-apoptotic activities of Twist. Over time, 

the population of cells expressing Twist will grow and at some point will increase the 

capacity of all cells to resist the oxygen shortage. If this interpretation is correct, even 

a small initial number of Twist expressing cells could have a significant influence on 

the dynamics of tumour growth and the acquisition of malignant traits.  

We found that Twist proteins modulate pH homeostasis. Our data indicate that 

inhibition of acidification is causally linked to Twist-mediated resistance to hypoxic 

stress. In apparent discrepancy to our interpretation, it has been shown that 

acidification of the extracellular milieu under hypoxia facilitates cancer cells invasion 

by inducing the breakdown of extracellular matrix and activating several proteins 

involved in migration (Parks et al., 2013). Indeed, because Twist proteins are also 

pro-invasive factors, our discovery might appear paradoxical in this context. However, 

it is clearly established that a strong pH imbalance is incompatible with cell survival 

(Parks et al., 2013). We can therefore postulate that the first consequence of Twist 

expression in hypoxia is to preserve cell integrity by keeping the pH above a certain 

critical threshold and only then facilitating cells migration away from this environment. 

Indeed, our results show that whereas Twist expressing cells display a higher 

extracellular pH in hypoxia, it is nevertheless more acidic than the pH of normoxic 



cultures. In consequence, this more moderate fall of the pH would be expected to 

allow cell survival, but still favour invasive behaviour.  

HIF1α inhibition and Twist over-expression display very similar phenotypes in regard 

to apoptosis and to pH regulation. Strikingly, we show that both Twist1 and Twist2 

bind to HIF1α protein, suggesting that Twist could inhibit HIF1α transcriptional activity 

through a physical interaction. In an attempt to test this hypothesis we quantified the 

expression of several classical HIF1α target genes (Keith et al., 2012), namely Glut1, 

VEGF-A, NHE1 and CAIX (the two last known to be involved in pH homeostasis). 

However, we could detect no effect of Twist on their upregulation in hypoxia (data not 

shown). These negative results do not eliminate the possibility that Twist regulates a 

specific transcriptional sub-program of HIF1α pleiotropic activities. The test of this 

hypothesis by global transcriptional analysis is underway.  

There is an interesting parallel between the link between Twist and HIF1α and the 

impact of Twist on another transcription factor, namely p65 NF-κB (Šošić et al., 2003). 

Indeed, similarly to HIF1α under hypoxia, NF-κB, upon activation by pro-inflammatory 

cytokines, induces the expression of Twist. Twist in turn binds to p65 and inhibits its 

transcriptional activity, but only in relation to a specific subset of NF-κB target genes, 

specifically those involved in the control of apoptosis. Our results suggest that such a 

feedback loop might operate in a similar manner with regard to Twist interaction with 

HIF1α. In these two physiological situations, Twist appears to function as a molecular 

brake that protects cells from over-reacting to stress by decreasing potentially 

deleterious signals that might endanger cellular survival, unless carefully uncontrolled. 

 

In summary, our work unveils a novel oncogenic activity of Twist factors that is likely 

to participate significantly in their ability to trigger cancer cells malignant conversion.  

 
 

 

 

 

 

 



Materials and Methods 
 
 
Constructs 
Twist1 and Twist2 murine cDNAs were cloned into pMSCV-puromycin retroviral 

vectors (Clontech) and p3X-FLAG-CMV10 plasmid (Sigma). N-terminal HA-tagged 

HIF1α murine cDNA was cloned into pMSCV-puromycin. ShRNA sequences against 

GFP (5’-TACAACAGCCACAACGTCTAT-3’) and HIF1α (5’-

CCCATTCCTCATCCGTCAAAT-3’) were cloned into pSIREN-RetroQ vector 

(Clontech).  

 

Cell culture 

HepG2 and 293T cell lines were growth in Dulbecco’s modified Eagle medium (Life 

Technologies) containing 4.5g/l glucose supplemented with 10% fetal bovine serum 

(Sigma), 100 ng/mL streptomycin, and 100 U/mL penicillin. AML12 cells were 

cultured in DMEM/F12 medium (Life Technologies) supplemented with 10% FBS 

(Sigma), 5 µg/ml transferrin (Sigma), 5 µg/ml selenium (Sigma), 10 µg/ml insulin 

(Sigma) and antibiotics. Bipotential mouse embryonic liver (BMEL) cells, derived from 

c57/B6xC3H E14 embryonic mouse livers (), were cultured on collagen (Corning) 

coated dishes in RPMI 1640 medium (Life Technologies) containing 10% fetal bovine 

serum (Biowest), 50 ng/ml epidermal growth factor (PeproTech), 30 ng/ml insulin-like 

growth factor II (PeproTech), 10 µg/ml insulin (Sigma) and antibiotics. All cell lines 

were grown in humidified atmosphere with 5% CO2 at 37 °C. Oxygen deprivation was 

carried out 24h after culture initiation in an incubator with 1% O2, 5% CO2 and 94% 

N2 for indicated time. When appropriate, cells were treated with 5 mM sodium 

bicarbonate (Sigma). 

 

Co-culture experiments 
For medium replacement experiments, cells were plated on 6-well plates with 1.5x106 

cells, after 48h of incubation in hypoxia, conditioned media were transferred onto 

control cells for further incubation. 

For the transwell co-culture assay, chambers were assembled using 0.4 µm pore 

transwell-inserts (BD Falcon) as upper chambers and 24-well plates as lower 



chambers. 105 (WT cells) cells were placed in the upper chamber and 2x105 cells 

(pMSCV or Twist cells) in the lower chamber. At the end of incubation times, cells in 

the upper chamber were collected for further analysis.  

For stained co-culture experiments cells (either WT, Twist1 or Twist2 lines) were 

plated on 6-well plates in 1:1 ratio with WT HepG2 pre-stained with CellTracker 

Green CMFDA Dye according to manufacturer protocol.  

 

Apoptosis analysis 

BMEL and AML12 cell were plated at 4x105 cells/well and 1.5x106 HepG2 cells per 

well in 6-well plates was used for apoptosis measurement experiments. Cells were 

transferred to hypoxic conditions 24h after plating. Apoptosis was monitored for 48h 

for AML12 and 72h for BMEL and HepG2. To determine percentage of apoptotic cells, 

adherent and floating cells were collected and labelled with the NucView488 

Caspase 3 Substrate (Biotum) according to the manufacturer's protocol. Labelled 

cells were then analysed on a FACSCalibur flow cytometer using CellQuest Pro 

software (BD Biosciences). Apoptosis for prestained co-culture experiments was 

determined after labelling with the Annexin V-Cy3 Apoptosis Detection Kit (Abcam) 

according to the manufacturer's instructions. Stained cells were then analysed on a 

FACS Fortessa flow cytometer using Diva software (BD Biosciences).  

 

pH measurements and lactate assay 

For these measurements AML12 and HepG2 cells were plated as described in 

apoptosis section. After the indicated times, medium was collected and pH was 

measured using a standard calibrated pH meter at 37 °C. The concentration of 

lactate in these supernatants was also measured by colorimetric assays using a 

L-lactate assay kit (Sigma-Aldrich) according to the manufacture’s instructions. 

 

Retroviral infection and transient transfection 

For retroviral infection, 1.5x106 293T cells were transfected twice at 24 hours 

intervals, with 3 µg of retroviral vector using jetPEI™ (Polyplus). Forty-eight hours 

after the last transfection, supernatant was collected, filtered (0.45 µm, Millipore), 

supplemented with 4 µg/ml of polybrene and added to cells to be transduced for 24h 



M.O.I was always ≤ 1 as we noted that high viral titers significantly stress cells. 

Infected cells were selected after 48h with the appropriate antibiotics.  

For transient transfections 1.5x106 293T cells were transfected for 24h with 2.5 µg of 

the indicated vectors using jetPEI (Polyplus) and used in subsequent western blot 

and co-immunoprecipitation experiments. 

 

Co-immunoprecipitation. 
Following transfection with the indicated plasmids for 24h, 293T cells were incubated 

for 8h with 20 µM MG-132 (Sigma) under hypoxic conditions as indicated in figure 

legends. They were then homogenized in lysis buffer A (50 mM Tris-HCl (pH 7.5), 

150 mM NaCl, 10 mM NaF, 5 mM sodium pyrophosphate, 25 mM b-

glycerophosphate, 5 mM EDTA, 20 µM MG-132 and protease inhibitor cocktail) 

containing 1% of NP-40. For anti-HA and anti-FLAG immunoprecipitations, cell 

lysates (200 µl) were diluted with 300 µl dilution buffer (10 mM Tris-HCl (pH 7.5), 150 

mM NaCl, 10 mM NaF, 5 mM sodium pyrophosphate, 25 mM β-glycerophosphate, 

0.5 mM EDTA, 20 µM MG-132 and protease inhibitor cocktail) and cell debris was 

removed by centrifugation at 9000 g for 1 min at 4 °C. Resulting supernatants were 

rotated for 2 h at 4 °C with 20 µl anti-HA coupled agarose beads (Sigma) or 12 µl of 

anti-FLAG coupled agarose beads (Sigma). Beads were recovered by centrifugation 

and washed five times for five minutes with lysis buffer A containing 0.5 M NaCl. 

Protein complexes bound to the beads were eluted by addition of 3x Laemmli sample 

buffer and incubation at 95 °C for 5 min in the case of HA immunoprecipitation. For 

anti-FLAG immunoprecipitation, material bound to beads was eluted with anti-FLAG 

peptide according to manufacturer’s protocol in order to reduce unspecific IgG light-

chain signal. Precipitated proteins were analysed by immunoblotting. Protein lysates 

were loaded onto SDS-PAGE gels and transferred onto nitrocellulose membranes. 

The membrane was blocked with TBST (1× TBS with 0.1% Tween 20) + 5% milk at 

room temperature for 1h and incubated with primary antibody and then with 

horseradish peroxidase (HRP)-coupled secondary antibody (Jackson). Activity was 

visualized by electrochemiluminescence. Antibodies used in this study are anti-HA 

High Affinity (Roche) and anti-FLAG M2 (Sigma). 

 



In situ PLA  

Transduced HepG2 cells were seeded onto glass coverslips. Following the indicated 

treatment, cells were fixed with 4% paraformaldehyde for 20 min, washed with PBS 

and permeabilized with 0.2% Triton X-100 in PBS for 10 min, at room temperature. 

The interaction between overexpressed Twist1 proteins and endogenous HIF1α was 

detected using the Duolink In Situ Kit (Sigma), according to the manufacturer’s 

instructions. Briefly, cells were successively incubated with blocking solution for 30 

min at 37 °C, with primary antibodies against Twist1 (1:200) (Abcam) and HIF1α 

(1:200) (Cayman) overnight at 4 °C and with secondary antibodies conjugated with 

oligonucleotides (PLA probe MINUS and PLA probe PLUS) for 1 h at 37 °C. Cells 

were then incubated with two connector oligonucleotides together with DNA ligase for 

30 min at 37 °C. If the two secondary antibodies are in close proximity, this step 

allows the connector oligonucleotides to hybridize to the PLA probes and form a 

circular DNA strand after ligation. Incubation, for 100 min at 37 °C, with DNA 

polymerase consequently leads to rolling circle amplification, the products of which 

are detected using fluorescently labelled complementary oligonucleotides. Cells were 

washed with Duolink In Situ Wash Buffers following each of these steps. In the last 

wash, 1 mg/ml DAPI was added to the cells for 5 min at room temperature to stain 

the nuclei. Coverslips were mounted onto glass slides with Mowiol (polyvinyl alcohol 

4-88; Sigma) and analysed by confocal fluorescence microscopy. 

 

Immunofluorescence 
For immunofluorescence, HepG2 cells were seeded onto glass coverslips. Following 

the indicated treatment, cells were fixed and permeabilized as described in PLA 

section. Overexpressed Twist1 and endogenous HIF1α were detected using anti-

Twist1 (1:200) and anti-HIF1α (1:200) antibodies, respectively and nuclei were 

stained with DAPI. Coverslips were analysed by fluorescent microscopy. Image 

acquisition and analysis were performed at the Montpellier RIO imaging facility.  

 

Statistical analysis 
All experiments were repeated at least three times. Data are presented as mean ± 

SEM. An Independent Student’s t test was performed to analyse the assay results; a 



two-tailed Student’s t test was used to compare the intergroup differences. 

Significance was accepted for values, where P≤0.05 (*), P≤0.01 (**), P≤0.0005 (***). 
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Figure legends 
 

 

Figure1. A: BMEL, AML12 and HepG2 were seeded and incubated the next day 

either in hypoxia or normoxia. Cells were harvested after 48 (AML12) or 72 hours 

(HepG2, BMEL) and stained with NucView 488 for apoptosis analysis. Cell death was 

quantified by flow cytometry. B: The three cell lines were transduced with the 

following retroviral constructs: pMSCV empty, pMSCV-Twist1 or pMSCV-Twist2. 

After puromycin selection, cells were cultured in hypoxia for 2 or 3 days as in (A). 

Apoptosis was measured as above. 

 

Figure 2. A: HepG2-pMSCV, HepG2-Twist1 and HepG2-Twist2 lines were cultured 

in 1% oxygen for 1 day in parallel with wild type HepG2. Medium from wild type cells 

was then removed and replaced by medium from the aforementioned lines. Cells 

were left 48 hours before being harvested, and quantified for apoptosis as in figure 1. 

B: Cells were seeded in Transwell chambers with wild type cells in the upper one and 

HepG2-pMSCV, HepG2-Twist1 or HepG2-Twist2 in the lower compartment. Cells 

were then placed in 1% oxygen for 72 hours. Apoptotic ratio from the upper chamber 

culture was determined as above. 

 

Figure 3. A: HepG2 empty vector, HepG2 expressing Twist1 or Twist2 cells were 

placed in hypoxia and medium was collected at the indicated times to measure 

extracellular pH with a calibrated pH meter. B: Wild type HepG2 were incubated in 

1% oxygen in the presence or absence of 5 mM sodium bicarbonate. pH was 

quantified 48 hours later as in (A). C: Wild type HepG2 were grown in hypoxic 

conditions with or without NaHCO3 for 72 hours and apoptosis was determined as in 

Figure 1. 

 



Figure 4. A: HepG2 were transduced with retroviral vector expressing either an 

shRNA control directed against GFP or targeting HIF1α. After selection, the two cell 

lines were incubated in hypoxic conditions for 3 days. Cells were then collected and 

cell death was quantified as in Figure 1. B: Wild type HepG2, HepG2-shGFP and 

HepG2-shHIF1α cells were grown for 24 hours in hypoxia. Medium from the parental 

line was replaced by medium from the shRNAs expressing cells. Apoptosis was 

determined as in (A), 48 hours later. C: The lines used in (A) and (B) were cultured in 

1% O2 for 24 hours. Medium was then collected to measure extracellular pH as in 

Figure 3. 

 

Figure 5. A: 293 T cells were transfected with vectors encoding HIF1α tagged with 

HA, Twist1 or Twist2 tagged with FLAG epitope. Cells were incubated in hypoxia and 

lysed in immunoprecipitation buffer. An aliquot of each transfection condition was 

used to verify the expression of the constructs by western-blot. HIF1α expression 

was visualized with an antibody anti-HA while both Twist protein levels were detected 

with an anti-FLAG antibody. B: HIF1α  was immunoprecipitated with agarose beads 

linked to an HA antibody. After elution, complexes were revealed by western-blot. C: 
Twist factors were immunoprecipitated with FLAG antibody crosslinked to beads and 

visualized as in (B). 

 

Figure 6. A: Wild type HepG2 cells were seeded on coverslip and incubated for 24 

hours either at 21% or 1% oxygen concentration. An immunofluorescence was 

performed to detect HIF1α protein. B: HepG2-pMSCV control or HepG2 expressing 

Twist1 cells were cultured on coverslip and Twist1 expression was revealed by 

fluorescent immuno-staining. As in (A) nuclei were visualized with Dapi. C: cell lines 

used in (B) were grown on glass support and cultivated either in normoxia or hypoxia 

for 1 day. Cells were then fixed to perform the in situ proximity ligation assay with 

HIF1α and Twist1 antibodies. Red dots represent a positive interaction. Nuclei were 

counterstained with Dapi. 

 

Supplementary Figure 1. Parental HepG2 were pre-stained with CellTracker Green 

CMFDA Dye and seeded together at a 50:50 ratio with either HepG2-pMSCV, 



HepG2-Twist1, HepG2-Twist2 lines. Cells where then grown in hypoxia for three 

days. Apoptosis was quantified on green stained cells by annexin V-Cy3 labelling. 

 

Supplementary Figure 2. A: Wild Type HepG2 were incubated either at 21% or 1% 

oxygen for the indicated time. Released lactate concentration was measured from the 

corresponding culture medium. B: Extracellular lactate from the pMSCV, Twist1 and 

Twist2 HepG2 lines was quantified at 24 and 48 hours of hypoxia incubation as in (A).  
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/4*6+2! '(! %2C/+*'2! 5*47! ()! .2++D14(.4! '*%C2'&! ()! F-#"d,! &/E3! *&! L+/'",! O9F,! 89Y",!

A@L#! [0*'*! 4('! &3(.4],! .3$E3! *%2! E%/E$*+! 0/%$4C! F-#"dD520$*'20! *0*<'*'$(4H!

b(4&$&'24'+7,!*!)/%'32%!&'/07!()!F-#"d!'*%C2'&!5>`=!+2G2+&!%2G2*+20!'3*'!I.$&'!0(2&!4('!

*))2E'!'32!+2G2+&!()!N`-8^!(%!N`-8^O!Z!E+*&&$E*+!F-#"d!<%(D*<(<'('$E!'*%C2'&H!=&!.2!3*G2!

&3(.4! '3*'! I.$&'! <324('7<2! $&! +$4120! '(!520$/5! *E$0$)$E*'$(4,! .2! )(E/&20! (4! F-#"d!

'*%C2'&! $4G(+G20! $4! <F! %2C/+*'$(4! Z! b=-o! *40! MbIeH! F(.2G2%,! I.$&'! )*E'(%&! 0(! 4('!

%2C/+*'2!'32&2!C242&!*'!+2*&'!*'!'32!'%*4&E%$<'$(4*+!+2G2+![0*'*!4('!&3(.4]H!;$5$+*%!%2&/+'&!

.2%2!(6'*$420!)(%!('32%!<F!%2C/+*'(%&V!.3(&2!2?<%2&&$(4!$&!5(0/+*'20!$402<24024'+7!()!

F-#"d,!&/E3!*&!`F@",!=@"!(%!`Nb![%2G$2.20!$4!pkkmq]H!I32&2!0*'*!&/<<(%'!(/%!E/%%24'!

37<('32&$&,! '3*'! I.$&'! *E'$(4! (4! F-#"d! $&! %*'32%! 0$%2E'20! '(.*%0&! *! &<2E$)$E! C242! (%!

C%(/<!()!C242&H!c2!&/&<2E'!'3*'!I.$&'!5*7!$5<*E'!(4+7!'3(&2!C242&,!<%(5('2%&!()!.3$E3!

E(4'*$4! E(56$420! 6$40$4C! &2K/24E2&! )(%! 6('3! F-#"d! *40! I.$&'H! -'! $&! 3(.2G2%! *+&(!

<(&&$6+2,!'3*'!I.$&'!%2C/+*'2&!'32!2?'%*E2++/+*%!<F!67!*))2E'$4C!'32!*E'$G$'7!()!5256%*42!

+(E*+$Q20!E3*442+&!*40!'%*4&<(%'2%&H!!



!

X"X!

!

=&! 524'$(420! 62)(%2,! *++! 2?<2%$524'&! .2%2! <2%)(%520! (4! <a^! .$+0! '7<2! E2++&H! -'! $&!

$5<(%'*4',! *&! $'! $&! 14(.4! '3*'! 0/%$4C! <%(+(4C20! 37<(?$*! (%! G2%7! +(.! (?7C24!

E(4E24'%*'$(4!F-#"d!&'*6$+$Q2&!<a^![%2G$2.20!$4!pkkeq]H!F(.2G2%,!(/%!%2&/+'&!&/CC2&'20!

'3*'!E+*&&$E*+!<a^!'*%C2'!C242&!&/E3!*&!N*?,!`(?*!(%!8/5*!*%2!4('!%2C/+*'20!67!I.$&'!$4!

(/%! E(40$'$(4&! [0*'*! 4('! &3(.4]H! I32%2)(%2! .2! E*4! E(4E+/02! '3*'! I.$&'! 02&E%$620!

<%(<2%'$2&!*%2!$402<24024'!)%(5!<a^!&'*'/&H!!

I(!&/5!/<,!$4!'3$&!839!'32&$&!-!02&E%$620!42.!I.$&'!*E'$G$'$2&,!'3*'!/402%+$42!$'&!%(+2!*&!*!

<('24'!5(0/+*'(%!()!E2++/+*%!52'*6(+$E!&'%2&&H!`('*6+7,!.2!&3(.20!'3*'!I.$&'!<%('2$4&!

<%('2E'!E2++&!)%(5!(?$0*'$G2!*40!37<(?$E!&'%2&&!*40!<%(6*6+7!*+&(!*E$0(&$&H!>25*%1*6+7,!

.2! *+&(! <%(G$020! *! 52E3*4$E*+! 2?<+*4*'$(4! )(%! '32! $5<*E'! ()! I.$&'! 0/%$4C! (?$0*'$G2!

&'%2&&H! -40220,! .2! &3(.20! '3*'! I.$&'! '3%(/C3! %2C/+*'$(4! ()! C242'$E! <%(C%*552! ()!

*4'$(?$0*4'!24Q752&!<%('2E'&!E2++&! )%(5!>B;D$40/E20!*<(<'(&$&H! -4!'32!E*&2!()!37<(?$E!

&'%2&&,!.2!&3(.20!'3*'!I.$&'!<%('2E'$(4!$&!+$12+7!'(!62!520$*'20!'3%(/C3!'32!%2C/+*'$(4!

()!520$/5!*E$0$)$E*'$(4H!=00$'$(4*++7,!.2!+$4120!I.$&'!<324('7<2!.$'3!F-#"d,!*!5*&'2%!

%2C/+*'(%! ()! 37<(?$E! %2&<(4&2H! >25*%1*6+7,! .2! 025(4&'%*'20! )(%! '32! )$%&'! '$52! '3*'!

I.$&'!<%('2$4&! $4'2%*E'!.$'3!F-#"dH!=00$'$(4*++7,!.2!37<('32&$&20! '3*'!I.$&'!<%('2$4&!

'3%(/C3! 0(.4D%2C/+*'$(4! ()! &2+2E'$G2! C%(/<! ()! F-#"d! '*%C2'! C242&! <%('2E'! E2++&! )%(5!

37<(?$*D$40/E20! *<(<'(&$&H! =&! &/E3! (/%! %2&/+'&! &320! +$C3'! (4! 4(G2+! *E'$G$'$2&! ()! I.$&'!

<%('2$4&,! C%*4'$4C! '325! *! <+*E2! *5(4C! ('32%! %2C/+*'(%&! ()! E2++/+*%! &'%2&&H! F(.2G2%,!

)/%'32%! &'/0$2&,! 2&<2E$*++7! (4! '32! 2?*E'! 5(+2E/+*%! 52E3*4$&5&! E(4'%(++$4C! I.$&'D

520$*'20!%2&<(4&2! '(.*%0&!37<(?$*,!*%2!&'$++! %2K/$%20! '(! )/++7!*00%2&&! '32!K/2&'$(4!()!

I.$&'!(4E(C24$E!<('24'$*+H!

P<! '(! 4(.! I.$&'! .*&! 14(.4! '(! <+*7! E%/E$*+! %(+2! $4! E325(%2&$&'*4E2,! 2&E*<2! )%(5!

*<(<'(&$&!*40!&242&E24E2!*&!.2++!*&!52'*&'*&$&!*40!b;bH!B/%!%2&/+'&!4('!(4+7!02&E%$62!

42.! *E'$G$'$2&! ()! I.$&'! <2%! &2,! 6/'!5(%2! $5<(%'*4'+7! <%(G$02! *! E+2*%! +$41! 62'.224! *++!

'32&2!<%(E2&&2&H!-40220,!E(4&$02%$4C!I.$&'!*&!5*:(%!%2C/+*'(%&!()!&'%2&&!*40!'3/&!)*E'(%&!

E%/E$*+!)(%!E2++!*0*<'*'$(4!C%2*'+7!&'%24C'324&!$'&!%(+2!$4!'/5(/%!02G2+(<524'H!
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!

X"a!

!

p"q! bH! I(5*&2''$,! NH! A(C2+&'2$4,! A*%$*'$(4! $4! E*4E2%! %$&1! *5(4C! '$&&/2&! E*4! 62!
2?<+*$420!67!'32!4/562%!()!&'25!E2++!0$G$&$(4&H,!="#$%"$H!BLE![Xn"a]!kmZm"H!

pXq! 9H!F*4*3*4,!>H! *H!c2$462%C,!F*++5*%1&!()! E*4E2%J!I32!42?'! C242%*'$(4,!.$00H!=LL!
[Xn""]!jejZjkeH!

p^q! 9H!F*4*3*4,!I32!F*++5*%1&!()!b*4E2%,!.$00H!=hh![Xnnn]!akZknH!

peq! `H!b324C,!=H!b37'$+,!RH!;37%,!=H! t(+7,!FHOH!M(&2&,!I%*4&)(%5$4C!C%(.'3! )*E'(%D62'*!
&$C4*+$4CD02)$E$24'! )$6%(6+*&'&! 243*4E2! 32<*'(E7'2! C%(.'3! )*E'(%! &$C4*+$4C! $4!
5*55*%7!E*%E$4(5*!E2++&!'(!<%(5('2!&E*''2%$4C!*40!$4G*&$(4H,!D/0-(.*%"$)(M$!-!M!
[Xnnm]!"aX"Z^^H!

paq! `H=H!N3(.5$E1,! @HLH!`2$+&(4,!FHOH!M(&2&,! ;'%(5*+! )$6%(6+*&'&! $4! E*4E2%! $4$'$*'$(4!
*40!<%(C%2&&$(4H,!V*&6)$H!LBO![Xnne]!^^XZ^^kH!

pjq! tHDFH! 9*442462%C,! FH8HtH! '2! >$2+2,! I32! %2'$4(6+*&'(5*! C242! )*5$+7! $4! E2++! E7E+2!
%2C/+*'$(4!*40!&/<<%2&&$(4!()!'/5(%$C242&$&H,!M$!60&!(F)/H0-(.$00(Y#''$)-!LO![Xnnj]!
"m^ZXXaH!

pkq! 9HOH! N/%13*%',! tH! ;*C2,! b2++/+*%! 52E3*4$&5&! ()! '/5(/%! &/<<%2&&$(4! 67! '32!
%2'$4(6+*&'(5*!C242H,!V*&-(M$?-(.*%"$)H!J![Xnnm]!jk"ZjmXH!

pmq! 9H8H!O*42,!b*4E2%H!<a^,!C/*%0$*4!()!'32!C24(52H,!V*&6)$H!BDJ!["llX]!"aZ"jH!

plq! YHIH! N$2C$4C,! ;H;H! M2++(,! OH9H! =''*%0$,! P4%*G2++$4C! 52E3*4$&5&! ()! <a^D520$*'20!
'/5(/%!&/<<%2&&$(4H,!V*&-(M$?-(.*%"$)H!=L![Xn"e]!^alZknH!

p"nq! MH! N+*&E(,! I2+(52%2&! *40! 3/5*4! 0$&2*&2J! *C2$4C,! E*4E2%! *40! 627(40H,!V*&-(M$?-(
3$%$&-!M![Xnna]!j""ZXXH!

p""q! tHcH!;3*7,!cH@H!c%$C3',!F*7)+$E1,!3$&! +$5$',!*40!E2++/+*%!*C2$4CH,!V*&-(M$?-(D/0-(.$00(
O#/0-!=![Xnnn]!kXZkjH!

p"Xq! ;H@H! =%'*40$,! >H=H! 928$43(,! I2+(52%2&! *40! '2+(52%*&2! $4! E*4E2%H,!.*)"#%/8$%$!#!H!
B=![Xn"n]!lZ"mH!

p"^q! AH! N*2%$&.7+,! LH! b3%$&'()(%$,! I32! *4C$(C24$E! &.$'E3! $4! E*%E$4(C242&$&H,! =$7#%-(
.*%"$)(O#/0-!=I![Xnnl]!^XlZ^kH!

p"eq! tH@H!I*+5*0C2,!-HtH!#$0+2%,!I32!6$(+(C7!()!E*4E2%!52'*&'*&$&J!3$&'(%$E*+!<2%&<2E'$G2H,!
.*%"$)(M$!-!Eh![Xn"n]!ajelZjlH!

p"aq! 8HMH! MEL(.*4,! tHMH! Y$%&'2$4,! =H#H! b3*562%&,! M$E%(52'*&'*'$E! 0$&2*&2! *40!
52'*&'*'$E!(/'C%(.'3J!E+$4$E*+!$&&/2&!*40!2?<2%$524'*+!*<<%(*E32&H,!S6&6)$(P%"/0-!
D![Xnnl]!"nm^ZlmH!

p"jq! tH=H! =C/$%%2DL3$&(,! M(02+&,! 52E3*4$&5&! *40! E+$4$E*+! 2G$024E2! )(%! E*4E2%!
0(%5*4E7H,!V*&-(M$?-(.*%"$)H!E![Xnnk]!m^eZmejH!



!

X"j!

!

p"kq! tHOH! I(.4&(4,! =H#H! b3*562%&,! 9(%5*4E7! ()! &(+$'*%7!52'*&'*'$E! E2++&,!.$00(.J"0$H!D!
[Xnnj]!"keeZ"kanH!

p"mq! -H! #$0+2%,! I32! <*'3(C242&$&! ()! E*4E2%! 52'*&'*&$&J! '32W&220! *40! &($+_37<('32&$&!
%2G$&$'20,!V*&-(M$?-(.*%"$)H!B![Xnn^]!"ZjH!

p"lq! MH!N2%0*&E(,!MH!@&'2++2%,!=62%%*4'!@<$C242'$E!O*40&E*<2!$4!b*4E2%J!F(.!b2++/+*%!
-024'$'7!L(2&!=.%7,!Y$?-(.$00H!=I![Xn"n]!jlmZk""H!

pXnq! MH! @&'2++2%,! b*4E2%! 2<$C24(5$E&J! 9`=! 52'37+(52&! *40! 3$&'(42D5(0$)$E*'$(4!
5*<&H,!V*&-(M$?-(3$%$&-!J![Xnnk]!XmjZXlmH!

pX"q! 8H!*!t(42&,!;HNH!N*7+$4,!I32!2<$C24(5$E&!()!E*4E2%H,!.$00H!=OJ![Xnnk]!jm^ZlXH!

pXXq! NHDxH! |$*4,! tHcH! 8(++*%0,! M*E%(<3*C2! 0$G2%&$'7! 243*4E2&! '/5(%! <%(C%2&&$(4! *40!
52'*&'*&$&H,!.$00H!=L=![Xn"n]!^lZa"H!

pX^q! YH@H!02!A$&&2%,!=H!@$E3'24,!OHMH!b(/&&24&,!8*%*0(?$E*+!%(+2&!()!'32!$55/42!&7&'25!
0/%$4C!E*4E2%!02G2+(<524'H,!V*&-(M$?-(.*%"$)H!M![Xnnj]!XeZ^kH!

pXeq! 9HLH! 92`*%0(,! 8H! =40%2/,! OHMH! b(/&&24&,! -4'2%*E'$(4&! 62'.224! +75<3(E7'2&! *40!
572+($0! E2++&! %2C/+*'2! <%(D! G2%&/&! *4'$D'/5(%! $55/4$'7H,!.*%"$)(D$&*!&*!#!(M$?-!
OI![Xn"n]!^nlZ"jH!

pXaq! ;H-H!L%$G244$1(G,!#H>H!L%2'24,!MH!Y*%$4,! -55/4$'7,! -4)+*55*'$(4,!*40!b*4E2%,!.$00H!
=Lh![Xn"n]!mm^ZmllH!

pXjq! =H@H!Y*%4(/6,!>H!*!c2$462%C,!b325(1$42!42'.(%1&!*40!6%2*&'!E*4E2%!52'*&'*&$&H,!
O)$*!&(Y#!-!OM![Xnnk]!kaZmaH!

pXkq! BH!c*%6/%C,!B4!'32!B%$C$4!()!b*4E2%!b2++&,!="#$%"$(@KQI-(A-!=OB!["laj]!^nlZ"eH!

pXmq! AH>H! 8BII@>,! I32! 6$(E325$E*+! *<<%(*E3! '(! '32! E*4E2%! <%(6+25H,! S$4-( F)/"-! =E!
["lam]!jl"ZkH!

pXlq! MHLH! A*402%! F2$024,! OHbH! b*4'+27,! bHNH! I3(5<&(4,! P402%&'*40$4C! '32! c*%6/%C!
2))2E'J! '32! 52'*6(+$E! %2K/$%2524'&! ()! E2++! <%(+$)2%*'$(4H,! ="#$%"$H! BOL! [Xnnl]!
"nXlZ"n^^H!

p^nq! OH!R*4C,!RH!8*4C,!FHOH!M(&2&,!IL#D62'*!*40!$55/42!E2++&J!*4!$5<(%'*4'!%2C/+*'(%7!
*?$&!$4!'32!'/5(%!5$E%(24G$%(4524'!*40!<%(C%2&&$(4H,!C)$%4!(G776%/0-!B=![Xn"n]!
XXnZkH!

p^"q! tH9H! ;3$2+0&,! -HbH! Y(/%'$&,! =H! *! I(52$,! tHMH! >(62%'&,! MH! *! ;.*%'Q,! -40/E'$(4! ()!
+75<3($0+$12!&'%(5*!*40!$55/42!2&E*<2!67!'/5(%&!'3*'!2?<%2&&!'32!E325(1$42!
bbOX"H,!="#$%"$H!BOJ![Xn"n]!kelZaXH!

p^Xq! 9H!M(/C$*1*1(&,!=H!b3(/03/%7,!=H!O+*0&2%,!>H!Y$2&&+$4C,!bHbH!t(3*4&&(4,!>2C/+*'(%7!
I!E2++&!$4!E*4E2%H,!:4?-(.*%"$)(M$!-!=hE![Xn"n]!akZ""kH!



!

X"k!

!

p^^q! ;H! B&'%*40D>(&2462%C,! 8H! ;$43*,! M72+($0D02%$G20! &/<<%2&&(%! E2++&J! +$41$4C!
$4)+*55*'$(4!*40!E*4E2%H,!\-(G776%/0-!=JO![Xnnl]!eellZeanjH!

p^eq! MHcHOH! I24C,! tHNH! ;.*44,! bHMH! Y(262+,! >H9H! ;E3%2$62%,! MHtH! ;57'3,! -55/42D
520$*'20!0(%5*4E7J!*4!2K/$+$6%$/5!.$'3!E*4E2%H,! \-(X$6]/"-(O#/0-!JL! [Xnnm]!lmmZ
ll^H!

p^aq! >H! Y$5,!MH! @5$,! YH! I*4*62,! b*4E2%! $55/4(20$'$4C! )%(5! $55/42! &/%G2$++*4E2! '(!
$55/42!2&E*<2H,!G776%/0/8JH!=O=![Xnnk]!"Z"eH!

p^jq! @H!=0*5&(4,!B4E(C242&!$4!02G2+(<524',!Y$?$0/;7$%&H!II!["lmk]!eelZek"H!

p^kq! -HNH!c2$4&'2$4,! =HYH! t(2,!M2E3*4$&5&! ()! 0$&2*&2J!B4E(C242! *00$E'$(4DD*! %*'$(4*+2!
)(%!5(+2E/+*%! '*%C2'$4C! $4! E*4E2%! '32%*<7H,!V*&-(.0#%-(F)*"&-(P%"/0-!B! [Xnnj]!eemZ
eakH!

p^mq! AH!B+$G2,!-H! t$*4C,!OH!F2,!M$%D"kDlX,!*!E+/&'2%!()!5$>`=&!$4!'32!5$0&'!()!'32!E*4E2%!
42'.(%1,!G%&-(\-(O#/"+$7-(.$00(O#/0-!LO![Xn"n]!"^emZ"^aeH!

p^lq! >HcH!;.22',!;H!R(1(7*5*,!IH!Y*5*'*,!tH>H!#2%*5$&E(,!MH!>(&2462%C,!MH!L%(&&,!I32!
<%(0/E'! ()! %*&! $&! *! LI8*&2! *40! '32! IXe! (4E(C24$E! 5/'*4'! $&! 02)$E$24'! $4! '3$&!
*E'$G$'7H,!V*&6)$H!B==!["lme]!Xk^ZaH!

penq! tH8H! MEL%*'3,! 9HtH! b*<(4,! 9H! A! L(2002+,! =H9H! O2G$4&(4,! b(5<*%*'$G2! 6$(E325$E*+!
<%(<2%'$2&!()!4(%5*+!*40!*E'$G*'20!3/5*4!%*&!<X"!<%('2$4H,!V*&6)$H!B=h! ["lme]!
jeeZlH!

pe"q! tHNH!L$66&,! -H;H! ;$C*+,!MH!8(2,!@HMH!;E(+4$E1,! -4'%$4&$E!LI8*&2!*E'$G$'7!0$&'$4C/$&32&!
4(%5*+!*40!(4E(C24$E!%*&!<X"!5(+2E/+2&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!J=! ["lme]!
akneZaknmH!

peXq! tHNH! F/%+27,! MH-H! ;$5(4,! 9HNH! I2<+(.,! tH9H! >(6$&3*.,! =HLH! L$+5*4,! F(5(+(C$2&!
62'.224!&$C4*+!'%*4&0/E$4C!L!<%('2$4&!*40!%*&!C242!<%(0/E'&,!="#$%"$(@KQI-(A-!OOM!
["lme]!mjnZmjXH!

pe^q! IH!Y*5*'*,!tH>H!#2%*5$&E(,!@<$02%5*+!C%(.'3!)*E'(%!&'$5/+*'2&!C/*4$42!4/E+2('$02!
6$40$4C! *E'$G$'7! *40! <3(&<3(%7+*'$(4! ()! %*&! (4E(C242! <%('2$4&H,! V*&6)$H! B=h!
["lme]!"ekZanH!

peeq! OHbH!>(6$4&(4,!tHNH!L$66&,!MH;H!M*%&3*++,!-H;H!;$C*+,!YH!I*'E32++,!b9bXaJ!*!E(5<(424'!
()!'32!>=;D*0247+*'2!E7E+*&2!<*'3.*7!$4!;*EE3*%(57E2&!E2%2G$&$*2H,!="#$%"$H!OBD!
["lmk]!"X"mZX"H!

peaq! ;H=H!M((0$2,!NHMH!c$++/5&24,!MHtH!c262%,!=H!c(+)%4*4,!b(5<+2?2&!()!>*&!H!LI8!.$'3!
>*)D"! *40!M$'(C24D=E'$G*'20! 8%('2$4! Y$4*&2! Y$4*&2,! ="#$%"$( @KQI-( A-!OMh! ["ll^]!
"jamZ"jj"H!

pejq! 8HFH!c*%42,! 8H>H! A$E$*4*,! tH!9(.4.*%0,!9$%2E'! $4'2%*E'$(4! ()!>*&! *40! '32! *5$4(D
'2%5$4*+!%2C$(4!()!>*)D"!$4!G$'%(H,!V*&6)$H!BML!["ll^]!^aXZ^aaH!



!

X"m!

!

pekq! 8H!>(0%$C/2QDA$E$*4*,!8HFH!c*%42,!>H!93*40,!NH!A*43*2&26%(2E1,!-H!L(/',!MHtH!#%7,!2'!
*+H,!83(&<3*'$07+$4(&$'(+D^DBF!1$4*&2!*&!*!0$%2E'!'*%C2'!()!>*&H,!V*&6)$H!BEh!["lle]!
aXkZa^XH!

pemq! NHMH!M*%'2,!8H!>(0%$C/2QDA$E$*4*,!;H!c244&'%Ñ5,!8HFH!c*%42,!tH!9(.4.*%0,!>D>*&!
E*4!*E'$G*'2!'32!<3(&<3($4(&$'$02!^D1$4*&2!6/'!4('!'32!M=8!1$4*&2!*%5!()!'32!>*&!
2))2E'(%!<*'3.*7&H,!.6))-(O#/0-!E!["llk]!j^ZknH!

pelq! 8H!>(0%$C/2QDA$E$*4*,!8HFH!c*%42,!=H!Y3.*:*,!NHMH!M*%'2,!9H!8*<<$4,!8H!9*&,!2'!*+H,!
>(+2! ()! <3(&<3($4(&$'$02! ^DBF! 1$4*&2! $4! E2++! '%*4&)(%5*'$(4! *40! E(4'%(+! ()! '32!
*E'$4!E7'(&12+2'(4!67!>*&,!.$00H!JI!["llk]!eakZejkH!

panq! bHtH! 92%,! IHLH! Y%(4'$%$&,! LHMH! b((<2%,! I%*4&)(%5$4C! C242&! ()! 3/5*4! 6+*002%! *40!
+/4C!E*%E$4(5*!E2++! +$42&!*%2!3(5(+(C(/&!'(!'32!%*&!C242&!()!F*%G27!*40!Y$%&'24!
&*%E(5*!G$%/&2&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!EI!["lmX]!^j^kZ^jenH!

pa"q! OH#H! 8*%*0*,! bHtH! I*6$4,! bH! ;3$3,! >H=H! c2$462%C,! F/5*4! @t! 6+*002%! E*%E$4(5*!
(4E(C242! $&! 3(5(+(C/2! ()! F*%G27! &*%E(5*! G$%/&! %*&! C242H,!V*&6)$H!OIE! ["lmX]!
ekeZekmH!

paXq! @H!;*4'(&,!;H>H!I%(4$E1,!;H=H!=*%(4&(4,!;H!8/+E$*4$,!MH!N*%6*E$0,!IXe!3/5*4!6+*002%!
E*%E$4(5*! (4E(C242! $&! *4! *E'$G*'20! )(%5! ()! '32! 4(%5*+! 3/5*4! 3(5(+(C/2! ()!
N=OND!*40!F*%G27DM;A!'%*4&)(%5$4C!C242&H,!V*&6)$H!OIJ!["lmX]!^e^Z^ekH!

pa^q! @H!I*<*%(.&17,!RH!;/*%0,!BH!#*&*4(,!YH!;3$5$Q/,!MH!L(+0)*%6,!MH!c$C+2%,!=E'$G*'$(4!
()!'32!IXe!6+*002%!E*%E$4(5*!'%*4&)(%5$4C!C242!$&! +$4120!'(!*!&$4C+2!*5$4(!*E$0!
E3*4C2H,!V*&6)$H!Bhh!["lmX]!kjXZkjaH!

paeq! YH!;E32))Q21,!MH>H!=35*0$*4,!cH!Y*6&E3,!OH!c$2&5Ö++2%,!=H!O*/'.2$4,!#H!;E35$'Q,!2'!
*+H,!I32!>*&D>*&L=8!b(5<+2?J!;'%/E'/%*+!N*&$&!)(%!LI8*&2!=E'$G*'$(4!*40!-'&!O(&&!
$4!B4E(C24$E!>*&!M/'*4'&,!="#$%"$(@KQI-(A-!OEE!["llk]!^^^Z^^mH!

paaq! @HMH!N+*E1.((0,!>H`H!@$&245*4,!M*?J!*!32+$?D+((<D32+$?!Q$<<2%!<%('2$4!'3*'!)(%5&!
*! &2K/24E2D&<2E$)$E!9`=D6$40$4C!E(5<+2?!.$'3!M7EH,!="#$%"$H!OD=! ["ll"]!"X""Z
"X"kH!

pajq! LHbH! 8%2402%C*&',! 9H! O*.2,! @HNH! x$)),! =&&(E$*'$(4! ()!M74,! '32!5/%$42! 3(5(+(C! ()!
5*?,! .$'3! EDM7E! &'$5/+*'2&! 52'37+*'$(4D&24&$'$G2! 9`=! 6$40$4C! *40! %*&!
E('%*4&)(%5*'$(4H,!.$00H!MD!["ll"]!^laZenkH!

pakq! >H@H! Y$4C&'(4,! =H;H! N*+0.$4! ! t%H,! 8H=H! ;3*%<,! >2C/+*'$(4! ()! 32*'! &3(E1! <%('2$4! kn!
C242!2?<%2&&$(4!67!ED57E,!V*&6)$H!B=O!["lme]!XmnZXmXH!

pamq! YH! 82/12%',! 8H! ;'*++2%,! =H! ;E342$02%,! LH! b*%5$E3*2+,! #H! FÜ42+,! MH! @$+2%&,! =4!
*+'2%4*'$G2!<*'3.*7!)(%!C242!%2C/+*'$(4!67!M7E,!_DOP(\-!=M!["llk]!ajkXZajmjH!

palq! !*! OH! L*%'2+,! oH! R2,! @H! L(/)5*4,! 8H! ;3$*4(G,! `H! F*7,! #H! `*:5*6*0$,! 2'! *+H,! M7E!
%2<%2&&2&!'32!<X"[c=#"sb-8"]!<%(5('2%!*40!$4'2%*E'&!.$'3!;<"s;<^H,!F)/"-(V*&0-(
:"*4-(="#-(^-(=-(:-!IJ![Xnn"]!ea"nZea"aH!



!

X"l!

!

pjnq! NHMH!-%$'*4$,!>H`H!@$&245*4,!EDM7E!243*4E2&!<%('2$4!&74'32&$&!*40!E2++!&$Q2!0/%$4C!
N!+75<3(E7'2!02G2+(<524'H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!IM!["lll]!"^"mnZ"^"maH!

pj"q! NH!=5*'$,!IH9H!O$''+2.((0,!LH-H!@G*4,!FH!O*40,!I32!EDM7E!<%('2$4!$40/E2&!E2++!E7E+2!
<%(C%2&&$(4! *40! *<(<'(&$&! '3%(/C3! 0$52%$Q*'$(4! .$'3! M*?H,! _DOP( \-!=O! ["ll^]!
anm^ZanmkH!

pjXq! LH-H! @G*4,! =HFH! c7++$2,! bH;H! L$+62%',! IH9H! O$''+2.((0,! FH! O*40,! MH! N%((1&,! 2'! *+H,!
-40/E'$(4!()!*<(<'(&$&!$4!)$6%(6+*&'&!67!ED57E!<%('2$4H,!.$00H!MI!["llX]!""lZ"XmH!

pj^q! FH! ;3$5,! bH! 9(+02,! NHbH! O2.$&,! bH;H! c/,! LH! 9*4C,! >H! *! t/4C5*44,! 2'! *+H,! EDM7E!
'%*4&*E'$G*'$(4! ()! O9FD=J! $5<+$E*'$(4&! )(%! '/5(%!52'*6(+$&5! *40! C%(.'3H,!F)/"-(
V*&0-(:"*4-(="#-(^-(=-(:-!IL!["llk]!jjamZjjj^H!

pjeq! FH!x3*4C,!8H!L*(,!>H!#/1/0*,!LH!Y/5*%,!NH!Y%$&34*5*E3*%7,!YH-H!x2++2%,!2'!*+H,!F-#D"!
$43$6$'&!5$'(E3(40%$*+!6$(C242&$&! *40! E2++/+*%! %2&<$%*'$(4! $4!AFOD02)$E$24'! %24*+!
E2++!E*%E$4(5*!67!%2<%2&&$(4!()!bDMRb!*E'$G$'7H,!.*%"$)(.$00H!==![Xnnk]!enkZXnH!

pjaq! #H!M(%%$&3,!bH!L$20',!9H!F(E12462%7,!EDMRb!*<(<'('$E!)/4E'$(4!$&!520$*'20!67!`>#D
"!'*%C2'!C242&,!3$%$!(Y$?H!=E![Xnn^]!XenZXaaH!

pjjq! =H! L*40*%$++*&,! #HMH! c*'',! EDM7E! <%(5('2&! 0$))2%24'$*'$(4! ()! 3/5*4! 2<$02%5*+!
&'25!E2++&H,!3$%$!(Y$?-!==!["llk]!XmjlZXmmXH!

pjkq! YH!;5$'3,!;H!9*+'(4,!M7E!'%*4&E%$<'$(4!)*E'(%&J!127!%2C/+*'(%&!623$40!2&'*6+$&3524'!
*40!5*$4'24*4E2!()!<+/%$<('24E7H,!M$8$%-(D$4-!D![Xn"n]!lekZalH!

pjmq! tH! Y$5,! =HtH!c((,! tH! b3/,! tHcH! ;4(.,! RH! #/:$.*%*,! bHLH! Y$5,! 2'! *+H,! =!M7E! `2'.(%1!
=EE(/4'&!)(%!;$5$+*%$'$2&!62'.224!@56%7(4$E!;'25!*40!b*4E2%!b2++!I%*4&E%$<'$(4!
8%(C%*5&,!.$00H!=LB![Xn"n]!^"^Z^XeH!

pjlq! ;H!8*%1,!;H!b3/4C,!YHDMH!Y$5,!YHDbH!t/4C,!bH!8*%1,!@HD>H!F*35,!2'!*+H,!92'2%5$4*'$(4!()!
6$40$4C! E(4&'*4'! ()! '%*4&E%$<'$(4! )*E'(%!57ED5*?s5*?D5*?! *40!@D6(?!9`=J! '32!
2))2E'!()!$43$6$'(%&!(4!'32!6$40$4CH,!O#/"+#7-(O#/;+J!-(:"&*H!=MEh![Xnne]!X"kZXmH!

pknq! oH!o$2,!tH!O/,!@HtH!Y/+6(1*&,!IH>H!L(+/6,!AH!M(('3*,!YH!O$406+*0DI(3,!2'!*+H,!;7&'25*'$E!
0$&E(G2%7!()!%2C/+*'(%7!5('$)&!$4!3/5*4!<%(5('2%&!*40!^W!PI>&!67!E(5<*%$&(4!()!
&2G2%*+!5*55*+&H,!V*&6)$H!LBL![Xnna]!^^mZ^eaH!

pk"q! bH!AH!9*4C,!MRb!(4!'32!<*'3!'(!E*4E2%,!.$00H!=LI![Xn"X]!XXZ^aH!

pkXq! xH! O$,! ;H! A*4! b*+E*%,! bH! |/,! cHYH! b*G2422,! MH|H! x3*4C,! NH! >24,! =! C+(6*+!
'%*4&E%$<'$(4*+! %2C/+*'(%7! %(+2! )(%! EDM7E! $4! N/%1$''W&! +75<3(5*! E2++&,!F)/"(V*&0(
:"*4(="#(^(=(:H!=hh![Xnn^]!m"jeZm"jlH!

pk^q! NH!OÖ&E32%,!tH!A2%G((%'&,!>2C/+*'$(4!()!C242!'%*4&E%$<'$(4!67!'32!(4E(<%('2$4!MRb,!
3$%$H!LIL![Xn"X]!"eaZ"jnH!

pkeq! IHDbH!b3*4C,!9H!R/,!RHD;H!O22,!@H!*!c24'Q2+,!9H@H!=%1$4C,!YHMH!c2&',!2'!*+H,!c$02&<%2*0!
5$E%(>`=!%2<%2&&$(4!67!M7E!E(4'%$6/'2&!'(!'/5(%$C242&$&H,!V*&-(3$%$&-!Lh![Xnnm]!



!

XXn!

!

e^ZanH!

pkaq! YH! *!BW9(442++,! @H! *!c24'Q2+,! YH-H! x2++2%,! bH! A!9*4C,! tHIH!M2402++,! EDM7ED%2C/+*'20!
5$E%(>`=&!5(0/+*'2!@X#"!2?<%2&&$(4H,!V*&6)$H!LBD![Xnna]!m^lZe^H!

pkjq! MH!L*6*7,!RH!O$,!9HcH!#2+&32%,!MRb!*E'$G*'$(4!$&!*!3*++5*%1!()!E*4E2%!$4$'$*'$(4!*40!
5*$4'24*4E2H,!./04(=;)#%8(R*)H-(F$)!;$"&-(D$4-!L![Xn"e]!"Z"eH!

pkkq! ;H!b(++$4&,!MH!L%(/0$42,!=5<+$)$E*'$(4!()!240(C24(/&!57ED%2+*'20!9`=!&2K/24E2&!
$4!*!3/5*4!572+($0!+2/1*25$*!E2++!+$42,!V*&6)$H!OIJ!["lmX]!jklZjm"H!

pkmq! >H!9*++*D#*G2%*,!MH!N%2C4$,!tH!@%$1&(4,!9H!8*''2%&(4,!>HbH!L*++(,!bHMH!b%(E2,!F/5*4!ED
57E! (4E! C242! $&! +(E*'20! (4! '32! %2C$(4! ()! E3%(5(&(52! m! '3*'! $&! '%*4&+(E*'20! $4!
N/%1$''!+75<3(5*!E2++&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!EI!["lmX]!kmXeZkH!

pklq! `H@H!Y(3+,!`H!Y*40*,!>H>H!;E3%2E1,!LH!N%/4&,!;H!*!O*'',!#H!L$+62%',!2'!*+H,!I%*4&<(&$'$(4!
*40!*5<+$)$E*'$(4!()!(4E(C242D%2+*'20!&2K/24E2&!$4!3/5*4!42/%(6+*&'(5*&H,!.$00H!
BD!["lm^]!^alZjkH!

pmnq! MHMH!`*/,!NHtH!N%((1&,!tH!N*''27,!@H!;*/&G$++2,!!*!#H!L*Q0*%,!-H>H!Y$%&E3,!2'!*+H,!OD57E,!*!
42.!57ED%2+*'20!C242!*5<+$)$20!*40!2?<%2&&20!$4!3/5*4!&5*++!E2++! +/4C!E*4E2%H,!
V*&6)$H!B=J!["lma]!jlZk^H!

pm"q! >H!I*/6,!-H!Y$%&E3,!bH!M(%'(4,!LH!O24($%,!9H!;.*4,!;H!I%(4$E1,!2'!*+H,!I%*4&+(E*'$(4!()!
'32! ED57E! C242! $4'(! '32! $55/4(C+(6/+$4! 32*G7! E3*$4! +(E/&! $4! 3/5*4! N/%1$''!
+75<3(5*!*40!5/%$42!<+*&5*E7'(5*!E2++&H,!F)/"-(V*&0-(:"*4-(="#-!EI!["lmX]!km^kZ
kme"H!

pmXq! ;H! L$/%$*'(,! ;H! >72(5,! =HbH! #*4,! 8H! N*E3$%2007,! >HbH! O74E3,! MHtH! >$('3,! 2'! *+H,!
;/&'*$420! %2C%2&&$(4! ()! '/5(%&! /<(4! MRb! $4*E'$G*'$(4! %2K/$%2&! <a^! (%!
'3%(56(&<(40$4D"!'(!%2G2%&2!'32!*4C$(C24$E!&.$'E3H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!
=hB![Xnnj]!"jXjjZ"jXk"H!

pm^q! `HMH! ;(0$%,! OHNH! ;.$C*%',! =H`H! Y*%42Q$&,! 9H! F*4*3*4,! LH-H! @G*4,! OH! ;(/E21,!
@40(C24(/&!M7E!5*$4'*$4&!'32!'/5(%!5$E%(24G$%(4524'H,!3$%$!(Y$?-![Xn""]!lnkZ
l"jH!

pmeq! MH! b(4*EE$D;(%%2++,! OH! ME#2%%$4,! >H`H! @$&245*4,! =4! (G2%G$2.! ()! MRb! *40! $'&!
$4'2%*E'(52,!./04(=;)#%8(R*)H-(F$)!;$"&-(D$4-!L![Xn"e]H!

pmaq! -HNH!c2$4&'2$4,!=00$E'$(4!'(!B4E(C242&!á!'32!=E3$++2&!F2*+!()!b*4E2%,!="#$%"$(@KQI-(
A-!OIE![XnnX]!j^ZjeH!

pmjq! `H`H! 9*4$*+,! NbODX! )*5$+7! <%('2$4&J! b%$'$E*+! E32E1<($4'&! ()! *<(<'('$E! E2++! 02*'3,!
.0#%-(.*%"$)(M$!-!=B![Xnnk]!kXaeZkXj^H!

pmkq! MH!b+2*%7,!MH!I%2+*,!OH!c2$&&,!>H!c*%412,! tH!;1+*%,!M(&'!4/++! +*%C2!E2++! +75<3(5*&!
*%2!N!+$42*C2!42(<+*&5&H,!X*H-(G%?$!&-!DB!["lma]!aX"ZaXaH!

pmmq! RH! I&/:$5('(,! tH! b(&&5*4,! @H! t*))2,! bHMH! b%(E2,! -4G(+G2524'! ()! '32! 6E+DX! C242! $4!



!

XX"!

!

3/5*4!)(++$E/+*%!+75<3(5*H,!="#$%"$H!OOJ!["lma]!"eenZ"ee^H!

pmlq! 9HOH!A*/?,!;H!b(%7,!tHMH!=0*5&,!NE+DX!C242!<%(5('2&!3*25(<($2'$E!E2++!&/%G$G*+!*40!
E((<2%*'2&!.$'3!ED57E!'(!$55(%'*+$Q2!<%2DN!E2++&H,!V*&6)$H!BBD!["lmm]!eenZeeXH!

plnq! 8H! t/$4,!BH!L242&'2,!#H!L*/'$2%,!;H!92<$+,!MH!b*5<(42,!92E(0$4C!*40!/4+(E1$4C! '32!
NbODX!02<24024E7!()!E*4E2%!E2++&H,!V*&-(M$?-(.*%"$)H!=B![Xn"^]!eaaZjaH!

pl"q! YHcH!R$<,!tHbH!>220,!NE+DX!)*5$+7!<%('2$4&!*40!E*4E2%H,!P%"/8$%$H!OE![Xnnm]!j^lmZ
jenjH!

plXq! =H!O2'*$,!MH9H!;(%E$42++$,!bH!N2*%0,!;HtH!Y(%&5272%,!=4'$*<(<'('$E!NbODX!$&!%2K/$%20!
)(%!5*$4'24*4E2!()!*!5(02+!+2/125$*,!.*%"$)(.$00H!M![Xnne]!Xe"ZXelH!

pl^q! `H!-12C*1$,!MH!Y*'&/5*'*,! tH!M$44*,!RH!I&/:$5('(,!@?<%2&&$(4!()!6E+DX!$4!&5*++!E2++!
+/4C!E*%E$4(5*!E2++&H,!.*%"$)(M$!-!DL!["lle]!jZmH!

pleq! =H!b$55$4(,!LH=H!b*+$4,!MH!#*66%$,!MH!A!-(%$(,!MH!#2%%*E$4,!MH!;3$5$Q/,!2'!*+H,!5$>D"a!
*40!5$>D"j!$40/E2!*<(<'(&$&!67!'*%C2'$4C!NbOXH,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hO!
[Xnna]!"^leeZ"^lelH!

plaq! MH!F*4*0*,!9H!92+$*,!!*!=$2++(,!@H!;'*0'5*/2%,!tHbH!>220,!6E+DX!C242!37<(52'37+*'$(4!
*40! 3$C3D+2G2+! 2?<%2&&$(4! $4! NDE2++! E3%(4$E! +75<3(E7'$E! +2/125$*H,! O0//4H! JO!
["ll^]!"mXnZ"mXmH!

pljq! !*!LH!Y4/0&(4,!M/'*'$(4!*40!E*4E2%J!&'*'$&'$E*+!&'/07!()!%2'$4(6+*&'(5*H,!F)/"-(V*&0-(
:"*4-(="#-(^-(=-(:-!MJ!["lk"]!mXnZmX^H!

plkq! 9H8H!O*42,!OH!A!b%*.)(%0,!I!*4'$C24!$&!6(/40!'(!*!3(&'!<%('2$4!$4!;AenD'%*4&)(%520!
E2++&H,!V*&6)$H!OEJ!["lkl]!Xj"ZXj^H!

plmq! 9H-H! O$4Q2%,! ! *! tH! O2G$42,! b3*%*E'2%$Q*'$(4! ()! *! aeY! 0*+'(4! E2++/+*%! ;Aen! '/5(%!
*4'$C24!<%2&24'! $4!;AenD'%*4&)(%520!E2++&! *40!/4$4)2E'20!256%7(4*+! E*%E$4(5*!
E2++&H,!.$00H!=E!["lkl]!e^ZaXH!

pllq! !*! NH! 92O2(,! LH! t*7,! @H! =<<2++*,! LHbH! 9/6($&,! OHcH! O*.,! OHtH! B+0,! 92'2E'$(4! ()! *!
'%*4&)(%5*'$(4D%2+*'20! *4'$C24! $4! E325$E*++7! $40/E20! &*%E(5*&! *40! ('32%!
'%*4&)(%520! E2++&! ()! '32! 5(/&2H,! F)/"-( V*&0-( :"*4-( ="#-( ^-( =-( :-! EM! ["lkl]! XeXnZ
XeXeH!

p"nnq!9H!@+$7*3/,!=H!>*Q,!8H!L%/&&,!9H!L$G(+,!MH!B%24,!8*%'$E$<*'$(4!()!<a^!E2++/+*%!'/5(/%!
*4'$C24!$4!'%*4&)(%5*'$(4!()!4(%5*+!256%7(4$E!E2++&H,!V*&6)$H!B=O!["lme]!jejZlH!

p"n"q!=HtH!O2G$42,!MH!B%24,!I32!)$%&'!^n!72*%&!()!<a^J!C%(.$4C!2G2%!5(%2!E(5<+2?H,!V*&-(
M$?-(.*%"$)H!I![Xnnl]!kelZkamH!

p"nXq!9H!@+$7*3/,!`H!L(+0)$4C2%,!BH!8$43*&$DY$53$,!LH!;3*/+&17,!RH!;1/%4$1,!`H!=%*$,!2'!*+H,!
M2'3! =! )$6%(&*%E(5*! E2++&! 2?<%2&&! '.(! '%*4&)(%5$4C! 5/'*4'! <a^! &<2E$2&H,!
P%"/8$%$H!B!["lmm]!^"^ZX"H!
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p"n^q!bH=H! #$4+*7,! 8HcH! F$40&,! IHFH! I*4,! 9H! @+$7*3/,! MH! B%24,! =HtH! O2G$42,! =E'$G*'$4C!
5/'*'$(4&!)(%!'%*4&)(%5*'$(4!67!<a^!<%(0/E2!*!C242!<%(0/E'!'3*'!)(%5&!*4!3&EknD
<a^!E(5<+2?!.$'3!*4!*+'2%20!3*+)D+$)2H,!D/0-(.$00-(O#/0-!J!["lmm]!a^"ZlH!

p"neq!;HtH!N*12%,!@H>H!#2*%(4,!tHMH!`$C%(,!;H>H!F*5$+'(4,!!*!bH!8%2$&$4C2%,!tHMH!t2&&/<,!2'!*+H,!
b3%(5(&(52! "k! 02+2'$(4&! *40! <a^! C242! 5/'*'$(4&! $4! E(+(%2E'*+! E*%E$4(5*&H,!
="#$%"$H!OLL!["lml]!X"kZXX"H!

p"naq!9H!@+$7*3/,!9H!M$E3*+(G$'Q,!;H!@+$7*3/,!BH!8$43*&$DY$53$,!MH!B%24,!c$+0D'7<2!<a^!E*4!
$43$6$'!(4E(C242D520$*'20!)(E/&!)(%5*'$(4H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!JM!["lml]!
mkj^ZkH!

p"njq!bH! Y*40('3,! MH9H! MEO2++*4,! #H! A*40$4,! YH! R2,! NH! `$/,! bH! O/,! 2'! *+H,! M/'*'$(4*+!
+*40&E*<2! *40! &$C4$)$E*4E2! *E%(&&! "X! 5*:(%! E*4E2%! '7<2&H,! V*&6)$H! DhO! [Xn"^]!
^^^ZlH!

p"nkq!NH! O2%(7,! MH! =402%&(4,! IH! ;(/&&$,! I8a^! 5/'*'$(4&! $4! 3/5*4! E*4E2%J! 9*'*6*&2!
%2*&&2&&524'!*40!<%(&<2E'&!)(%!'32!42?'!02E*02,!R67-(D6&*&-!BD![Xn"e]!jkXZjmmH!

p"nmq!MH! B+$G$2%,! MH! F(++&'2$4,! 8H! F*$4*/',! I8a^!5/'*'$(4&! $4! 3/5*4! E*4E2%&J! (%$C$4&,!
E(4&2K/24E2&,!*40!E+$4$E*+!/&2H,!./04(=;)#%8(R*)H-(F$)!;$"&-(O#/0-!O![Xn"n]!"Z"kH!

p"nlq!RH!c*4C,!RHD=H! ;/3,!MHRH! #/++2%,! tHLH! t*E1&(4,! ;H!o$(4C,!IH!I2%Q$*4,! 2'! *+H,!>2&'(%$4C!
2?<%2&&$(4!()!.$+0D'7<2!<a^!&/<<%2&&2&!'/5(%!C%(.'3!6/'!0(2&!4('!E*/&2!'/5(%!
%2C%2&&$(4!$4!5$E2!.$'3!*!<a^!5$&&24&2!5/'*'$(4H,!\-(.0#%-(G%?$!&-!=O=![Xn""]!ml^Z
lneH!

p""nq!tH!M(5*40,!LH8H!x*562''$,!9HbH!B+&(4,!9H!L2(%C2,!=HtH!O2G$42,!I32!505DX!(4E(C242!
<%(0/E'! )(%5&! *! E(5<+2?! .$'3! '32! <a^! <%('2$4! *40! $43$6$'&! <a^D520$*'20!
'%*4&*E'$G*'$(4,!.$00H!MI!["llX]!"X^kZ"XeaH!

p"""q!=H! ;3G*%'&,!cHIH! ;'22C24C*,! `H! >$'2E(,! IH! G*4! O**%,! 8H! 92112%,! MH! N*Q/$42,! 2'! *+H,!
M9MoJ! *! 4(G2+! <a^D6$40$4C! <%('2$4!.$'3! &(52! )/4E'$(4*+! <%(<2%'$2&! ()!M9MXH,!
_DOP(\-!=D!["llj]!a^elZakH!

p""Xq!RH!F*/<',! >H!M*7*,! =H! Y*Q*Q,!MH! B%24,!M05X!<%(5('2&! '32! %*<$0! 02C%*0*'$(4! ()!
<a^H,!V*&6)$H!BJE!["llk]!XljZlH!

p""^q!8H! O*&&/&,! MH! #2%+$4,! tH! 8$2''2,! PH! F$642%,! =4'$D*<(<'('$E! *E'$G$'7! ()! +(.! +2G2+&! ()!
.$+0D'7<2!<a^H,!_DOP(\-!=D!["llj]!eajjZeak^H!

p""eq!cH! F/,! xH! #24C,! =HYH! I2%2&17,! =HtH! O2G$42,! <a^! %2C/+*'2&! 5*'2%4*+! %2<%(0/E'$(4!
'3%(/C3!O-#H,!V*&6)$H!LDh![Xnnk]!kX"ZkXeH!

p""aq!RH!Y*4)$,!AH!82&3'$,!RHMH!L(Q+*4,!MH!>*'3*/&,!>H!L$+,!FHRH!b(324,!>2C/+*'$(4!()!;->I"!
<%('2$4!+2G2+&!67!4/'%$24'!*G*$+*6$+$'7H,!S_O=(X$&&-!DJO![Xnnm]!Xe"kZX^H!

p""jq!;H!M*'(6*,! tHDLH! Y*4C,!cH9H! 8*'$4(,! =H!c%*CC,!MH! N(235,!BH! L*G%$+(G*,! 2'! *+H,! 8a^!
>2C/+*'2&!M$'(E3(40%$*+!>2&<$%*'$(4H,!="#$%"$(@KQI-(A-!B=O![Xnnj]!"janZ^H!
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p""kq!@H!I*&025$%,!MHbH!M*$/%$,!@H!M(%&2++$,!=H!b%$(++(,!MH!9W=52+$(,!MH!9:*G*32%$DM2%C47,!
2'! *+H,!=!0/*+! %(+2!()!<a^! $4! '32! E(4'%(+!()! */'(<3*C7,!:6&/;+*8JH!L! [Xnnm]!m"nZ
m"eH!

p""mq!;H! L(0*%,! IH=H! -4E2,! LHcH! N2++,! 9H! #2+0&2%,! tHOH! 9(4*32%,! tH! N2%C3,! 2'! *+H,! L%(.'3D
-43$6$'(%7!*40!I/5(%D!;/<<%2&&$G2!#/4E'$(4&!()!<a^!92<240!(4!-'&!>2<%2&&$(4!()!
b9ee!@?<%2&&$(4,!.$00H!=BL![Xnnm]!jXZk^H!

p""lq!bH! L*'Q*,! OH! M((%2,! MH! 9/56+2,! OH! *! 9(423(.2%,! I/5(%! &/<<%2&&(%! 0(&*C2!
%2C/+*'2&!&'25!E2++!074*5$E&!0/%$4C!*C$4CH,!.$00(.J"0$H!M![Xnnk]!aXZaH!

p"Xnq!`H! 9*4$+(G*,! YHMH! ;*1*5('(,! ;H! O$4,! <a^! )*5$+7! $4! 02G2+(<524'H,!D$"+-(Y$?-!=OD!
[Xnnm]!l"lZ^"H!

p"X"q!MH>H! t/4''$+*,! LH-H! @G*4,! <a^DD*! t*E1! ()! *++! '%*02&! 6/'! 5*&'2%! ()! 4(42H,!V*&-( M$?-(
.*%"$)H!I![Xnnl]!mX"ZmXlH!

p"XXq!=HtH! L$*EE$*,!MHNH! Y*&'*4,! I32! E(5<+2?$'7! ()! <a^!5(0/+*'$(4J! @52%C$4C! <*''2%4&!
)%(5!0$G2%C24'!&$C4*+&,!3$%$!(Y$?-!=O!["llm]!Xlk^ZXlm^H!

p"X^q!cH! F/,! xH! #24C,! =HtH! O2G$42,! I32! >2C/+*'$(4! ()!M/+'$<+2! <a^! ;'%2&&! >2&<(4&2&! $&!
M20$*'20!'3%(/C3!M9MX,!3$%$!(.*%"$)H!B![Xn"X]!"llZXnmH!

p"Xeq!9H! 9$''52%,! ;H! 8*'$,! LH! x*562''$,! ;H! b3/,! ! *! YH! I2%2&17,! MH! M((%2,! 2'! *+H,! L*$4! ()!
)/4E'$(4!5/'*'$(4&!$4!<a^H,!V*&-(3$%$&-!L!["ll^]!eXZejH!

p"Xaq!NH!9(7+2,! tH8H!M(%'(4,!9HcH!92+*427,!>H!*H!>$0C.*7,! tH! *H!c$+1$4&,!BHtH!;*4&(5,!<a^!
M/'*'$(4! *40! +(&&! 3*G2! 0$))2%24'! 2))2E'&! (4! '/5(/%$C242&$&! $4! *! 4(G2+! 5(/&2!
5(02+!()!<+2(5(%<3$E!%3*60(57(&*%E(5*,!\-(F*&+/0-!OOO![Xn"n]!"XlZ"^kH!

p"Xjq!LH!*H!O*4C,!IH!-.*1/5*,!RH=H!;/3,!LH!O$/,!AH=H!>*(,!tHMH!8*%*4',!2'!*+H,!L*$4!()!)/4E'$(4!
()!*!<a^!3('!&<('!5/'*'$(4!$4!*!5(/&2!5(02+!()!O$D#%*/524$!&740%(52,!.$00H!==I!
[Xnne]!mj"ZmkXH!

p"Xkq!tH8H! M(%'(4,! 8H! I$5<&(4,! ;H! *! Y*%$5,! >H! *! >$0C.*7,! 9H! ='3$42(&,! NH! 9(7+2,! 2'! *+H,!
M/'*4'! <a^! 0%$G2&! 52'*&'*&$&! *40! (G2%E(52&! C%(.'3! *%%2&'s&242&E24E2! $4!
<*4E%2*'$E!E*4E2%H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hE![Xn"n]!XejZXa"H!

p"Xmq!YH8H!B+$G2,!9H!*H!I/G2&(4,!xHbH!>/32,!NH!R$4,!`H!*H!c$++$&,!>HIH!N%(4&(4,!2'!*+H,!M/'*4'!
<a^! C*$4! ()! )/4E'$(4! $4! '.(!5(/&2!5(02+&! ()! O$D#%*/524$! &740%(52,!.$00H!==I!
[Xnne]!mekZmjnH!

p"Xlq!;HFH!#%$240,!>H!N2%4*%0&,!;H!>(C2+:,!>H!*!c2$462%C,!tHMH!>*<*<(%',!9HMH!=+62%',!2'!*+H,!
=! 3/5*4! 9`=! &2C524'! .$'3! <%(<2%'$2&! ()! '32! C242! '3*'! <%20$&<(&2&! '(!
%2'$4(6+*&'(5*!*40!(&'2(&*%E(5*H,!V*&6)$H!BOB!["lmj]!je^ZjejH!

p"^nq!9H! b(6%$4$1,! 8(E12'! <%('2$4&! *40! E2++! E7E+2! E(4'%(+H,!P%"/8$%$H!OL! [Xnna]! XkljZ
XmnlH!

p"^"q!#H!*!9$E1,!;HMH!>/6$4,!M(+2E/+*%!52E3*4$&5&!/402%+7$4C!>N!<%('2$4!)/4E'$(4H,!V*&-(
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M$?-(D/0-(.$00(O#/0-!=L![Xn"^]!XlkZ^njH!

p"^Xq!9HcH!L((0%$E3,!`H8H!c*4C,!RHcH!|$*4,!@HRH!O22,!cHFH!O22,!I32!%2'$4(6+*&'(5*!C242!
<%(0/E'! %2C/+*'2&! <%(C%2&&$(4! '3%(/C3! '32! L"! <3*&2! ()! '32! E2++! E7E+2,! .$00H! ME!
["ll"]!Xl^Z^nXH!

p"^^q!LHMH! L(%0(4,! cH! 9/,! b(4&2%G20! >N! )/4E'$(4&! $4! 02G2+(<524'! *40! '/5(%!
&/<<%2&&$(4H,!F)/&$#%(.$00H!O![Xn""]!mjeZkmH!

p"^eq!MH@H! @.24,! FHYH! ;+/&&,! bHtH! ;32%%,! FH! M*'&/&3$52,! tH! Y*'(,! 9HMH! O$G$4C&'(4,!
#/4E'$(4*+! $4'2%*E'$(4&! ()! '32! %2'$4(6+*&'(5*! <%('2$4! .$'3! 5*55*+$*4! 9D'7<2!
E7E+$4&H,!.$00H!EB!["ll^]!emkZlkH!

p"^aq!tH!Y*'(,!FH!M*'&/&3$52,!;HcH!F$262%',!MH@H!@.24,!bHtH!;32%%,!9$%2E'!6$40$4C!()!E7E+$4!
9! '(! '32! %2'$4(6+*&'(5*! C242! <%(0/E'! [<>6]! *40! <>6! <3(&<3(%7+*'$(4! 67! '32!
E7E+$4!9D02<24024'!1$4*&2!b9YeH,!3$%$!(Y$?-!E!["ll^]!^^"ZeXH!

p"^jq!PHYH! N$44f,! MHYH! b+*&&(4,! #H! *! 9$E1,! cH! c2$,! MH! >*<2,! cHLH! Y*2+$4,! 2'! *+H,!
>2'$4(6+*&'(5*!<%('2$4!*40!*4*<3*&2D<%(5('$4C!E(5<+2?!<37&$E*++7!$4'2%*E'!*40!
)/4E'$(4*++7!E((<2%*'2!0/%$4C!E2++DE7E+2!2?$'H,!V*&-(.$00(O#/0-!I![Xnnk]!XXaZX^XH!

p"^kq!tH! ;*C2,!=HOH!M$++2%,!8H=H!82%2QDM*4E2%*,! tHMH!c7&(E1$,!IH! t*E1&,!=E/'2!5/'*'$(4!()!
%2'$4(6+*&'(5*! C242! )/4E'$(4! $&! &/))$E$24'! )(%! E2++! E7E+2! %2D24'%7,! V*&6)$H! LOL!
[Xnn^]!XX^ZXXmH!

p"^mq!bHFH!b(&E3$,!=HOH!M*%'24&,!YH!>$'E3$2,!;HMH!#%*4E$&,!;H!b3*1%*6*%'$,!`HLH!N2%/62,!2'!*+H,!
M$'('$E! E3%(5(&(52! E(4024&*'$(4! 520$*'20! 67! '32! %2'$4(6+*&'(5*! <%('2$4! $&!
'/5(%D&/<<%2&&$G2,!3$%$!(Y$?-!OL![Xn"n]!"^a"Z"^j^H!

p"^lq!tHMH! ;E3G*%'Q5*4,! 8HFHLH! 9/$:),! >H! ;('$++(,! bH! b(12%,! >H! N242Q%*,!M*0X! $&! *! E%$'$E*+!
520$*'(%! ()! '32! E3%(5(&(52! $4&'*6$+$'7! (6&2%G20! /<(4! >6! *40! <a^! <*'3.*7!
$43$6$'$(4,!.*%"$)(.$00H!=I![Xn""]!kn"Zk"eH!

p"enq!=HOH!M*44$4C,! `HtH! 97&(4,! >NJ!5$'('$E! $5<+$E*'$(4&! ()! *! '/5(/%! &/<<%2&&(%,!V*&-(
M$?-(.*%"$)H!=O![Xn"X]!XXnZXXjH!

p"e"q!RH!O$/,!NH!b+25,!@HYH!x/6*D;/%5*,!;H!@+D`*CC*%,!;H!I2+*4C,!=HNH!t24&(4,!2'!*+H,!M(/&2!
)$6%(6+*&'&! +*E1$4C!>N"! )/4E'$(4! )(%5!&<32%2&!*40!/402%C(!%2<%(C%*55$4C! '(!*!
E*4E2%!&'25!E2++!<324('7<2H,!.$00(=&$7(.$00H!L![Xnnl]!^^jZekH!

p"eXq!bH! I*1*3*&3$,! `H! ;*&*1$,! ;H! Y$'*:$5*,! I.$&'&! $4! G$2.&! (4! >N! )/4E'$(4&! $4! E2++/+*%!
&$C4*+$4C,!52'*6(+$&5!*40!&'25!E2++&,!.*%"$)(="#-!=hB![Xn"X]!""mXZ""mmH!

p"e^q!;H!N*'2&,!=HbH!83$++$<&,!8H=H!b+*%1,!#H!;'('',!LH!82'2%&,!>HOH!O/0.$C,!2'!*+H,!<"e=>#!+$41&!
'32!'/5(/%!&/<<%2&&(%&!>N!*40!<a^H,!V*&6)$H!BID!["llm]!"XeZ"XaH!

p"eeq!MH! ;2%%*4(,! LHtH! F*44(4,! 9H! N2*E3,! =! 42.! %2C/+*'(%7! 5('$)! $4! E2++DE7E+2! E(4'%(+!
E*/&$4C!&<2E$)$E!$43$6$'$(4!()!E7E+$4!9sb9YeH,!V*&6)$H!BMM!["ll^]!kneZknkH!

p"eaq!=H!M*%fE3*+,!OH!x(/,!9`=!0*5*C2!&24&$4C!67!'32!=IM!*40!=I>!1$4*&2&,!./04(=;)#%8(
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R*)H-(F$)!;$"&-(O#/0-!D![Xn"^]!"Z"mH!

p"ejq!YHcH!b*+02E('',!;$4C+2D&'%*40!6%2*1!%2<*$%!*40!C242'$E!0$&2*&2H,!V*&-(M$?-(3$%$&-!I!
[Xnnm]!j"lZj^"H!

p"ekq!;H8H!t*E1&(4,!tH!N*%'21,!I32!9`=D0*5*C2!%2&<(4&2!$4!3/5*4!6$(+(C7!*40!0$&2*&2H,!
V*&6)$H!LM=![Xnnl]!"nk"Z"nkmH!

p"emq!FH!I$*4,!xH!L*(,!FH!O$,!NH!x3*4C,!LH!c*4C,!|H!x3*4C,!2'!*+H,!9`=!0*5*C2!%2&<(4&2!Z!=!
0(/6+2D20C20!&.(%0!$4!E*4E2%!<%2G24'$(4!*40!E*4E2%!'32%*<7,!BDJ![Xn"a]!mZ"jH!

p"elq!bH!c75*4,!>H!Y*4**%,!9`=!0(/6+2D&'%*40!6%2*1!%2<*$%J!*++W&!.2++! '3*'!240&!.2++H,!
:%%6-(M$?-(3$%$&-!Lh![Xnnj]!^j^Z^m^H!

p"anq!tH>H!c*+12%,!>H=H! b(%<$4*,! tH! L(+062%C,! ;'%/E'/%2!()! '32!Y/!32'2%(0$52%!6(/40! '(!
9`=! *40! $'&! $5<+$E*'$(4&! )(%! 0(/6+2D&'%*40! 6%2*1! %2<*$%H,! V*&6)$H! L=O! [Xnn"]!
jnkZ"eH!

p"a"q!>H9H!Y244207,!=H9H!9W=40%2*,! I32! #*4E(4$!=425$*sN>b=!<*'3.*7J! 42.! )*E2&! $4!
'32!E%(.0,!3$%$!(Y$?-!=I![Xnna]!XlXaZXlenH!

p"aXq!`H! F(&(7*,! YH! M$7*C*.*,! I*%C2'$4C! 9`=! 0*5*C2! %2&<(4&2! $4! E*4E2%! '32%*<7,!
.*%"$)(="#-!=hD![Xn"e]!^knZ^mmH!

p"a^q!NH9H!F*%)2,!;H!t$41&D>(62%'&(4,!9`=!5$&5*'E3!%2<*$%!*40!C242'$E!$4&'*6$+$'7H,!:%%6-(
M$?-(3$%$&-!BL![Xnnn]!^alZ^llH!

p"aeq!tH!N*%'21,!tH!O/1*&,!I32!;'%2&&!()!#$40$4C!`@MB,!="#$%"$(@KQI-(A-!B==![Xnnj]!"""nZ
""""H!

p"aaq!IH9H! F*+*Q(42'$&,! AHLH! L(%C(/+$&,! tH! N*%'21,! =4! B4E(C242D-40/E20! 9`=! 9*5*C2!
M(02+!)(%!b*4E2%!92G2+(<524',!="#$%"$(@KQI-(A-!B=I![Xnnm]!"^aXZ"^aaH!

p"ajq!;H!N*(,!|H!c/,!>H@H!MEO240(4,!RH!F*(,!|H!;3$,!=HNH!F:2+52+*40,!2'!*+H,!L+$(5*!&'25!
E2++&! <%(5('2! %*0$(%2&$&'*4E2! 67! <%2)2%24'$*+! *E'$G*'$(4! ()! '32! 9`=! 0*5*C2!
%2&<(4&2H,!V*&6)$H!LLL![Xnnj]!kajZkjnH!

p"akq!RH! #/E3&,!FH! ;'2++2%,! 8%(C%*5520! E2++! 02*'3! $4! *4$5*+! 02G2+(<524'! *40!0$&2*&2,!
.$00H!=LE![Xn""]!keXZkamH!

p"amq!tH#H!Y2%%,!=HFH!c7++$2,!=H>H!b/%%$2,!=<(<'(&$&J!*!6*&$E!6$(+(C$E*+!<324(524(4!.$'3!
.$02D%*4C$4C!$5<+$E*'$(4&!$4!'$&&/2!1$42'$E&H,!O)-(\-(.*%"$)H!OM!["lkX]!X^lZakH!

p"alq!>HbH!I*7+(%,!;H8H!b/++24,!;HtH!M*%'$4,!=<(<'(&$&J!E(4'%(++20!025(+$'$(4!*'!'32!E2++/+*%!
+2G2+H,!V*&-(M$?-(D/0-(.$00(O#/0-!I![Xnnm]!X^"ZXe"H!

p"jnq!9H>H!L%224,!IH!#2%C/&(4,!OH!x$'G(C2+,!LH!Y%(252%,!-55/4(C24$E!*40!'(+2%(C24$E!E2++!
02*'3H,!V*&-(M$?-(G776%/0-!I![Xnnl]!^a^Zj^H!

p"j"q!IH! O$40&'24,! =HtH! >(&&,! =H! Y$4C,! cHoH! x(4C,! tHbH! >*'352++,! FH=H! ;3$2+&,! 2'! *+H,! I32!
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E(56$420! )/4E'$(4&! ()! <%(*<(<'('$E! NE+DX! )*5$+7! 52562%&! 6*1! *40! 6*?! *%2!
2&&24'$*+!)(%!4(%5*+!02G2+(<524'!()!5/+'$<+2!'$&&/2&H,!D/0-(.$00H!M![Xnnn]!"^mlZllH!

p"jXq!NH!*H!N*%%2&,!MHbH!>*)),!=?(4*+!E(4'%(+!()!(+$C(0240%(E7'2!02G2+(<524',!\-(.$00(O#/0-!
=LE!["lll]!""X^Z""XmH!

p"j^q!=H!N2%C5*44,!FH!;'2++2%,!=<(<'(&$&,!&'25!E2++&,!*40!'$&&/2!%2C242%*'$(4H,!="#-(=#8%*0-!
B![Xn"n]!%2mH!

p"jeq!;H! @+5(%2,! =<(<'(&$&J! *! %2G$2.! ()! <%(C%*5520! E2++! 02*'3H,! C/L#"/0-( F*&+/0-! BD!
[Xnnk]!elaZa"jH!

p"jaq!tH;H!#%$05*4,!;HcH!O(.2,!b(4'%(+!()!*<(<'(&$&!67!<a^H,!P%"/8$%$H!OO![Xnn^]!ln^nZ
lnenH!

p"jjq!MHBH!F24C*%'42%,!I32!6$(E325$&'%7!()!*<(<'(&$&H,!V*&6)$H!LhE![Xnnn]!kknZjH!

p"jkq!bH! 8(<,! LH;H! ;*+G2&24,! F/5*4! E*&<*&2&J! =E'$G*'$(4,! &<2E$)$E$'7,! *40! %2C/+*'$(4,! \-(
O#/0-(.+$7-!OJL![Xnnl]!X"kkkZX"km"H!

p"jmq!;HtH! >$20+,! RH! ;3$,!M(+2E/+*%!52E3*4$&5&! ()! E*&<*&2! %2C/+*'$(4! 0/%$4C! *<(<'(&$&H,!
V*&-(M$?-(D/0-(.$00(O#/0-!D![Xnne]!mlkZlnkH!

p"jlq! !*!PH!OÖ'3$,!;HtH!M*%'$4,!I32!b=;N=FJ!*!&2*%E3*6+2!0*'*6*&2!()!E*&<*&2!&/6&'%*'2&H,!
.$00(Y$*&+(Y#''$)-!=L![Xnnk]!je"ZjanH!

p"knq!=H! ;'%*&&2%,! 8HtH! t(&',! ;H! `*C*'*,! I32!5*47! %(+2&! ()! #=;! %2E2<'(%! &$C4*+$4C! $4! '32!
$55/42!&7&'25H,!G776%#&JH!Bh![Xnnl]!"mnZlXH!

p"k"q!IH! M(+0(G2*4/,! =HAH! #(++$&,! >HcH! Y%$.*E1$,! 9H>H! L%224,! M*47! <+*72%&! $4! NbODX!
)*5$+7!*))*$%&,!C)$%4!(O#/"+$7-(="#-!BI![Xn"e]!"n"Z"""H!

p"kXq!MH! L$*5,! 9HbH;H! F/*4C,! 8H! N(/$++2',! NF^D(4+7! <%('2$4&! *40! '32$%! %(+2&! $4!
<%(C%*5520!E2++!02*'3H,!P%"/8$%$H!OE';b``$'=![Xnnm]!;"XmZ;"^jH!

p"k^q!AH!O*6$,!MH!@%+*E32%,!F(.!E2++!02*'3!&3*<2&!E*4E2%,!.$00(Y$*&+(Y#!-!M![Xn"a]!2"jkaH!

p"keq!|H!F/*4C,!#H!O$,!oH!O$/,!cH!O$,!cH!;3$,!#HD#H!O$/,!2'!*+H,!b*&<*&2!^D520$*'20!&'$5/+*'$(4!
()!'/5(%!E2++!%2<(</+*'$(4!0/%$4C!E*4E2%!%*0$('32%*<7H,!V*&-(D$4-!=E![Xn""]!mjnZ
mjjH!

p"kaq!FH!@402%+$4C,!=H>H=H!=402%&(4,!MH!*!tH!b3*<+*$4,!=H!N232&3'$,!OH!F+*'17,!8H!F*34)2+0',!
8*%*0(?$E*+! 02<24024E$2&! ()! '/5(%! 0(%5*4E7! *40! <%(C%2&&$(4! (4! 6*&$E! E2++!
1$42'$E&H,!.*%"$)(M$!-!MI![Xnnl]!mm"eZX"H!

p"kjq!9H!c(0*%Q,! `H! Y(5*%(G*,! b*4! +(&&! ()! *<(<'(&$&! <%('2E'! *C*$4&'! E*4E2%w,! C)$%4!(
3$%$&-!OB![Xnnk]!X^XZX^kH!

p"kkq!@H! M(%24(,! YH! N*&+2%,! 0M7E! '%*4&)(%5&! E2++&! $4'(! &/<2%DE(5<2'$'(%&,! .$00H! ==E!
[Xnne]!""kZ"XlH!
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p"kmq!AHbH! M*%'$4&,! YH! N/&E3,! 9H! t/%*2G*,! bH! N+/5,! bH! O/0.$C,! AH! >*&E32,! 2'! *+H,! b2++!
E(5<2'$'$(4! $&! *! '/5(/%! &/<<%2&&(%! 52E3*4$&5! $4! '32! '375/&H,! V*&6)$H! DhI!
[Xn"e]!ejaZknH!

p"klq!OH! F*7)+$E1,! 8H;H! M((%32*0,! I32! &2%$*+! E/+'$G*'$(4! ()! 3/5*4! 0$<+($0! E2++! &'%*$4&H,!
_L;-(.$00(M$!-!OD!["lj"]!amaZjX"H!

p"mnq!bHNH!F*%+27,!=HNH!#/'E32%,!bHcH!L%2$02%,!I2+(52%2&!&3(%'24!0/%$4C!*C2$4C!()!3/5*4!
)$6%(6+*&'&H,!V*&6)$H!BLD!["lln]!eamZjnH!

p"m"q!bHcH! L%2$02%,! @HFH! N+*E16/%4,! I2+(52%2&,! '2+(52%*&2! *40! E*4E2%H,! ="#-( :7-! OEL!
["llj]!lXZkH!

p"mXq!;H!*!;'2.*%',!>H!*!c2$462%C,!;242&E24E2J!0(2&!$'!*++!3*<<24!*'!'32!240&w,!P%"/8$%$H!
O=![XnnX]!jXkZj^nH!

p"m^q!9H!M/à(QD@&<â4,!MH! ;2%%*4(,!b2++/+*%! &242&E24E2J! )%(5!<37&$(+(C7! '(!<*'3(+(C7H,!
V*&-(M$?-(D/0-(.$00(O#/0-!=D![Xn"e]!emXZljH!

p"meq!MH! b(++*0(,! MH! ;2%%*4(,! I32! <(.2%! *40! '32! <%(5$&2! ()! (4E(C242D$40/E20!
&242&E24E2!5*%12%&H,!V*&-(M$?-(.*%"$)H!M![Xnnj]!ekXZekjH!

p"maq!tH!b*5<$&$,!#H!0W=00*!0$!#*C*C4*,!b2++/+*%!&242&E24E2J!.324!6*0!'3$4C&!3*<<24!'(!
C((0!E2++&H,!V*&-(M$?-(D/0-(.$00(O#/0-!J![Xnnk]!kXlZkenH!

p"mjq!tHLH! t*E1&(4,! AH! 8*4',! |H! O$,! OHOH! b3*4C,! =H! |/$4'ä&Db*%0*5*,!9H! L*%Q*,! 2'! *+H,! 8a^D
M20$*'20! ;242&E24E2! -5<*$%&! '32! =<(<'('$E! >2&<(4&2! '(! b325('32%*<7! *40!
b+$4$E*+!B/'E(52!$4!N%2*&'!b*4E2%,!.*%"$)(.$00H!O=![Xn"X]!kl^ZmnjH!

p"mkq!MH!`*%$'*,!;H!`ã42Q,!@H!F2*%0,!MH!`*%$'*,!=HcH!O$4,!;H!*H!F2*%4,!2'!*+H,!>6D520$*'20!
32'2%(E3%(5*'$4! )(%5*'$(4! *40! &$+24E$4C! ()! @X#! '*%C2'! C242&! 0/%$4C! E2++/+*%!
&242&E24E2,!.$00H!==B![Xnn^]!kn^Zk"jH!

p"mmq!>H! 9$! M$EE(,! LH! ;/++$,! MH! 9(6%2G*,! MH! O$(4'(&,! BH! *! N('%/C4(,! LH! L*%C$/+(,! 2'! *+H,!
-4'2%<+*7!62'.224!(4E(C242D$40/E20!9`=!0*5*C2!%2&<(4&2!*40!32'2%(E3%(5*'$4!
$4!&242&E24E2!*40!E*4E2%H,!V*&-(.$00(O#/0-!=B![Xn""]!XlXZ^nXH!

p"mlq!LH8H!9$5%$,!oH!O22,!LH!N*&$+2,!MH!=E(&'*,!LH!;E('',!bH!>(&12++27,!2'!*+H,!=!6$(5*%12%!'3*'!
$024'$)$2&! &242&E24'!3/5*4!E2++&! $4! E/+'/%2!*40! $4!*C$4C! &1$4! $4!G$G(H,!F)/"-(V*&0-(
:"*4-(="#-(^-(=-(:-!IO!["lla]!l^j^Zl^jkH!

p"lnq!=H>H! R(/4C,! MH! `*%$'*,! MH! #2%%2$%*,! YH! Y$%&E342%,! MH! ;*0*$2,! tH#H! 9*%(',! 2'! *+H,!
=/'(<3*C7!520$*'2&!'32!5$'('$E!&242&E24E2!'%*4&$'$(4,!3$%$!(Y$?H!OB![Xnnl]!klmZ
mn^H!

p"l"q!tHbH! =E(&'*,! =H! BWO(C3+24,! =H! N*4$'(,! MH! A! L/$:*%%(,! =H! =/C2%',! ;H! >*C/Q,! 2'! *+H,!
b325(1$42! &$C4*+$4C! G$*! '32! bob>X! %2E2<'(%! %2$4)(%E2&! &242&E24E2H,! .$00H! =BB!
[Xnnm]!"nnjZ"mH!

p"lXq! !*40!tHbH!b(<<f!t2*4D83$+$<<2!,!8$2%%2DRG2&!92&<%2Q,!=4*!Y%'(+$E*,!I32!;242&E24E2D
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=&&(E$*'20!;2E%2'(%7!8324('7<2J!I32!9*%1!;$02!()!I/5(%!;/<<%2&&$(4,!:%%6(M$?(
F*&+/0-![Xn"n]!llZ""mH!

p"l^q!cH!o/2,!OH!x2402%,!bH!M$2'3$4C,!>H!*!9$E1$4&,!@H!F2%4*40(,!AH!Y%$Q3*4(G&17,!2'!*+H,!
;242&E24E2!*40!'/5(/%!E+2*%*4E2!$&!'%$CC2%20!67!<a^!%2&'(%*'$(4!$4!5/%$42!+$G2%!
E*%E$4(5*&H,!V*&6)$H!LLD![Xnnk]!jajZjnH!

p"leq!tHbH! =E(&'*,! =H! N*4$'(,! IH!c/2&'2)2+0,! =H! L2(%C$+$&,! 8H! t*4$E3,! tH8H! M(%'(4,! 2'! *+H,! =!
E(5<+2?!&2E%2'(%7!<%(C%*5!(%E32&'%*'20!67!'32!$4)+*55*&(52!E(4'%(+&!<*%*E%$42!
&242&E24E2H,!V*&-(.$00(O#/0-!=D![Xn"^]!lkmZlnH!

p"laq!LH! `2+&(4,! tH! c(%0&.(%'3,! bH!c*4C,! 9H! t/%1,! bH! O*.+2&&,! bH! M*%'$4D>/$Q,! 2'! *+H,! =!
&242&E24'! E2++! 67&'*402%! 2))2E'J! ;242&E24E2D$40/E20! &242&E24E2,! :8#%8( .$00H! ==!
[Xn"X]!^eaZ^elH!

p"ljq!;H! F/6*E1(G*,! YH! Y%2:E$1(G*,! tH! N*%'21,! xH! F(047,! -O"D! *40! IL#rD`(?e! &$C4*+$4C,!
(?$0*'$G2! &'%2&&! *40! 9`=! 0*5*C2! %2&<(4&2! *%2! &3*%20! )2*'/%2&! ()! %2<+$E*'$G2,!
(4E(C242D$40/E20,! *40! 0%/CD$40/E20! <*%*E%$42! S67&'*402%! &242&E24E2TH,! :8#%8(
@:0H*%J-(V`A-!L![Xn"X]!l^XZa"H!

p"lkq!;H!R(&3$5('(,!IHMH!O((,!YH!='*%*&3$,!FH!Y*40*,!;H!;*'(,!;H!B7*0(5*%$,!2'!*+H,!B62&$'7D
$40/E20! C/'! 5$E%(6$*+! 52'*6(+$'2! <%(5('2&! +$G2%! E*4E2%! '3%(/C3! &242&E24E2!
&2E%2'(52H,!V*&6)$H!LII![Xn"^]!lkZ"n"H!

p"lmq!8H! *H! 8f%2QDM*4E2%*,! =H>HtH! R(/4C,! MH! `*%$'*,! -4&$02! *40! (/'J! '32! *E'$G$'$2&! ()!
&242&E24E2!$4!E*4E2%,!V*&-(M$?-(.*%"$)H!=L![Xn"e]!aekZaamH!

p"llq!MH! Y*%$4,! `#D1*<<*N! *&! *! E%$'$E*+! +$41! 62'.224! $4)+*55*'$(4! *40! E*4E2%H,! ./04(
=;)#%8(R*)H-(F$)!;$"&-(O#/0-!=![Xnnl]!*nnn"e"H!

pXnnq!=H!b3$E*&,!oH!c*4C,!bH!x3*4C,!MH!MEb/%%*E3,!xH!x3*(,!BH!M2%',!2'!*+H,!9$&&2E'$4C!'32!
P4$K/2!>(+2!()!'32!>2'$4(6+*&'(5*!I/5(%!;/<<%2&&(%!0/%$4C!b2++/+*%!;242&E24E2,!
.*%"$)(.$00H!=E![Xn"n]!^kjZ^mkH!

pXn"q!MH! ;2%%*4(,! =HcH! O$4,! MH@H! MEb/%%*E3,! 9H! N2*E3,! ;HcH! O(.2,! B4E(C24$E! %*&!
<%(G(12&! <%25*'/%2! E2++! &242&E24E2! *&&(E$*'20! .$'3! *EE/5/+*'$(4! ()! <a^! *40!
<"j[-`Ye*],!.$00H!JJ!["llk]!al^ZjnXH!

pXnXq!IH!9$5*/%(,!LH!9*G$0,!>*&D$40/E20! &242&E24E2! *40! $'&!<37&$(+(C$E*+! %2+2G*4E2! $4!
E*4E2%H,!.6))-(.*%"$)(Y)68(C*)8$&!H!=h![Xn"n]!mjlZkjH!

pXn^q!AHLH! L(%C(/+$&,! IH9H! F*+*Q(42'$&,! B4E(C242D$40/E20! &242&E24E2J! I32! 6%$C3'! *40!
0*%1!&$02!()!'32!%2&<(4&2,!.6))-(P;#%-(.$00(O#/0-!OO![Xn"n]!m"jZmXkH!

pXneq!=H!=+$5(4'$,!bH!`*%02++*,!xH!b324,!tHLH!b+(32&&7,!=H!b*%%*E20(,!OHbH!I%('5*4,!2'!*+H,!=!
4(G2+! '7<2! ()! E2++/+*%! &242&E24E2! '3*'! E*4! 62! 243*4E20! $4! 5(/&2! 5(02+&! *40!
3/5*4! '/5(%!?24(C%*)'&! '(! &/<<%2&&!<%(&'*'2! '/5(%$C242&$&H,! \-(.0#%-(G%?$!&-!=Oh!
[Xn"n]!jm"Zl^H!

pXnaq!;H! b(/%'($&Db(?,! ;HMH! L24'32%! c$++$*5&,! @H@H! >2EQ21,! NHcH! t(34&(4,! OHIH!
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MEL$++$E/007,! bHMH! t(3*442&&24,! 2'! *+H,! =! 42C*'$G2! )2206*E1! &$C4*+$4C! 42'.(%1!
/402%+$2&!(4E(C242D$40/E20!&242&E24E2,!.*%"$)(.$00H!=h![Xnnj]!ealZekXH!

pXnjq!=H8H!R(/4C,!;H!;E3+$&$(,!RH=H!M$4*5$&3$5*,!|H!x3*4C,!OH!O$,!bH!L%$&*4Q$(,!2'!*+H,!AFO!
+(&&! *E'/*'2&! *! F-#D$402<24024'! &242&E24E2! <%(C%*552! 520$*'20! 67! >6! *40!
<ennH,!V*&-(.$00(O#/0-!=h![Xnnm]!^j"Z^jlH!

pXnkq!cHRH!Y$5,!`H@H!;3*%<+2&&,!I32!>2C/+*'$(4!()! -`Yes=>#! $4!b*4E2%!*40!=C$4C,!.$00H!
=OE![Xnnj]!XjaZXkaH!

pXnmq!tH!L$+,!LH!82'2%&,!>2C/+*'$(4!()!'32!-`Ye6D=>#D-`Ye*!'/5(/%!&/<<%2&&(%!+(E/&J!*++!
)(%!(42!(%!(42!)(%!*++H,!V*&-(M$?-(D/0-(.$00(O#/0-!E![Xnnj]!jjkZjkkH!

pXnlq!tH! N*%'1(G*,! `H! >2Q*2$,! MH! O$(4'(&,! 8H! Y*%*1*$0(&,! 9H! Y+2'&*&,! `H! -&&*2G*,! 2'! *+H,!
B4E(C242D$40/E20! &242&E24E2! $&! <*%'! ()! '32! '/5(%$C242&$&! 6*%%$2%! $5<(&20! 67!
9`=!0*5*C2!E32E1<($4'&H,!V*&6)$H!LLL![Xnnj]!j^^Zj^kH!

pX"nq!>H! 9$! M$EE(,! MH! #/5*C*++$,! =H! b$E*+2&2,! ;H! 8$EE$4$4,! 8H! L*&<*%$4$,! bH! O/$&2,! 2'! *+H,!
B4E(C242D$40/E20! &242&E24E2! $&! *! 9`=! 0*5*C2! %2&<(4&2! '%$CC2%20! 67! 9`=!
37<2%D%2<+$E*'$(4,!V*&6)$H!LLL![Xnnj]!j^mZjeXH!

pX""q!tH#H!8*&&(&,!bH!;$5$++$(4,!tH!F*++$4*4,!=H!c$<*',!IH!G(4!xC+$4$E1$,!b2++/+*%!&242&E24E2J!
/4%*G2++$4C!E(5<+2?$'7H,!:8$(@Y/)4)A-!B=![Xnnl]!^a^Zj^H!

pX"Xq!=H! @)27*4,! =H! B%'2C*DM(+$4*,! ;H! A2+*&E(DM$C/2+,! 9H! F2%%*4Q,! OHIH! A*&&$+2G,! MH!
;2%%*4(,!-40/E'$(4!()!<a^D02<24024'!&242&E24E2!67!'32!M9MX!*4'*C(4$&'!4/'+$4D
^*!$4!5(/&2!E2++&!()!)$6%(6+*&'!(%$C$4H,!.*%"$)(M$!-!ME![Xnnk]!k^anZkH!

pX"^q!LH-H! @G*4,! #H! 0W=00*! 0$! #*C*C4*,! b2++/+*%! &242&E24E2J! 3('! (%! .3*'w,! .6))-( P;#%-(
3$%$&-(Y$?-!=I![Xnnl]!XaZ^"H!

pX"eq!=H!t25*+,!>H!;$2C2+,!@H!c*%0,!RH!F*(,!tH!o/,!IH!M/%%*7,!2'!*+H,!b*4E2%!&'*'$&'$E&,!XnnmH,!
.:-(.*%"$)(\-(.0#%-!DJ![Xnnm]!k"ZljH!

pX"aq!8H! `(.2++,! I32! E+(4*+! 2G(+/'$(4! ()! '/5(%! E2++! <(</+*'$(4&,! ="#$%"$( @KQI-( A-! =IL!
["lkj]!X^ZXmH!

pX"jq!OHMH#H! M2%+(,! tHcH! 82<<2%,! NHtH! >2$0,! bHbH! M*+27,! b*4E2%! *&! *4! 2G(+/'$(4*%7! *40!
2E(+(C$E*+!<%(E2&&H,!V*&-(M$?-(.*%"$)H!M![Xnnj]!lXeZl^aH!

pX"kq!tHcH! 82<<2%,! bH;H! #$40+*7,! >H! Y*&&24,! ;HOH! ;<24E2%,! bHbH! M*+27,! b*4E2%! %2&2*%E3!
522'&!2G(+/'$(4*%7!6$(+(C7,!_?/0-(:;;0-!O![Xnnl]!jXZknH!

pX"mq!bH! *! Y+2$4,! 8*%*++2+! <%(C%2&&$(4! ()! <%$5*%7! '/5(/%&! *40! 52'*&'*&2&H,! V*&-( M$?-(
.*%"$)H!I![Xnnl]!^nXZ"XH!

pX"lq!@H8H! M*+*$&2,! `H! b3*G*/0%*,! MH! I/6$*4*,! I32! %2+*'$(4&3$<! 62'.224! C%(.'3! %*'2,!
+*62++$4C! $402?! *40! 3$&'(+(C$E*+! '7<2! ()! 3/5*4! &(+$0! '/5(/%&H,! _6)-( \-( .*%"$)H! I!
["lk^]!^naZ"XH!



!

X^n!

!

pXXnq!MH!L%2*G2&,!bHbH!M*+27,!b+(4*+!2G(+/'$(4!$4!E*4E2%,!V*&6)$H!LJ=![Xn"X]!^njZ^"^H!

pXX"q!NH! A(C2+&'2$4,! `H! 8*<*0(<(/+(&,! AH@H! A2+E/+2&E/,! ;H! x3(/,! OH! *! 9$*Q,! YHcH! Y$4Q+2%,!
b*4E2%!C24(52!+*40&E*<2&H,!="#$%"$H!BBI![Xn"^]!"aejZamH!

pXXXq!=H!;(''(%$G*,!-H!;<$'2%$,!;HLHMH!8$EE$%$++(,!=H!I(/+(/5$&,!AH8H!b(++$4&,!tHbH!M*%$(4$,!2'!*+H,!
-4'%*'/5(%! 32'2%(C242$'7! $4! 3/5*4! C+$(6+*&'(5*! %2)+2E'&! E*4E2%! 2G(+/'$(4*%7!
074*5$E&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!==h![Xn"^]!ennlZ"eH!

pXX^q!>H! L(G$40*4,! OH! 9$4C,! MH! L%$))$'3,! tH! ;/6%*5*4$*4,! `H9H! 922&,! YHOH! Y*4E3$,! 2'! *+H,!
L24(5$E!+*40&E*<2!()!4(4D&5*++!E2++! +/4C!E*4E2%!$4!&5(12%&!*40!42G2%D&5(12%&,!
.$00H!=Dh![Xn"X]!""X"Z""^eH!

pXXeq!;H!`$1Dx*$4*+,!OHNH!=+2?*40%(G,!9HbH!c20C2,!8H!A*4!O((,!bH9H!L%2245*4,!YH!>*$42,!2'!
*+H,! M/'*'$(4*+! <%(E2&&2&! 5(+0$4C! '32! C24(52&! ()! X"! 6%2*&'! E*4E2%&,! .$00H! =LI!
[Xn"X]!lklZll^H!

pXXaq!;H8H! ;3*3,! =H! >('3,! >H! L(7*,! =H! B+(/5$,! LH! F*,! RH! x3*(,! 2'! *+H,! I32! E+(4*+! *40!
5/'*'$(4*+!2G(+/'$(4!&<2E'%/5!()!<%$5*%7!'%$<+2D42C*'$G2!6%2*&'!E*4E2%&,!V*&6)$H!
LJM![Xn"X]!^laZ^llH!

pXXjq!MH!L2%+$4C2%,!=HtH!>(.*4,!;H!F(%&.2++,!tH!O*%1$4,!9H!@402&)2+02%,!@H!L%(4%((&,!2'!*+H,!
-4'%*'/5(%! F2'2%(C242$'7! *40! N%*4E320! @G(+/'$(4! >2G2*+20! 67! M/+'$%2C$(4!
;2K/24E$4C,!V-(_%80-(\-(D$4-!BMM![Xn"X]!mm^ZmlXH!

pXXkq!NH! c2$C2+',! tH;H! >2$&D#$+3(,! F$&'(+(C$E*+! *40! 5(+2E/+*%! '7<2&! ()! 6%2*&'! E*4E2%J! $&!
'32%2!*!/4$)7$4C!'*?(4(57w,!V*&-(M$?-(.0#%-(P%"/0-!M![Xnnl]!k"mZk^nH!

pXXmq!bH!;.*4'(4,!-4'%*'/5(%!32'2%(C242$'7J!@G(+/'$(4!'3%(/C3!&<*E2!*40!'$52,!.*%"$)(
M$!-!EO![Xn"X]!emkaZemmXH!

pXXlq!=H!M*%/&71,!AH!=+5240%(,!YH!8(+7*1,! -4'%*D'/5(/%!32'2%(C242$'7J! *! +((1$4C!C+*&&!
)(%!E*4E2%w,!V*&-(M$?-(.*%"$)H!=O![Xn"X]!^X^Z^^eH!

pX^nq!>H!*!N/%%2++,!`H!MEL%*4*3*4,!tH!N*%'21,!bH!;.*4'(4,!I32!E*/&2&!*40!E(4&2K/24E2&!()!
C242'$E!32'2%(C242$'7!$4!E*4E2%!2G(+/'$(4H,!V*&6)$H!Dh=![Xn"^]!^^mZeaH!

pX^"q!9H8H! b*3$++,! YHcH! Y$4Q+2%,! NH! A(C2+&'2$4,! bH! O24C*/2%,! L242'$E! $4&'*6$+$'7! *40!
0*%.$4$*4!&2+2E'$(4!$4!'/5(/%&H,!C)$%4!(.$00(O#/0-!I!["lll]!MakZjnH!

pX^Xq!`H! MEC%*4*3*4,! bH! ;.*4'(4,! 82%&<2E'$G2! N$(+(C$E*+! *40! I32%*<2/'$E! -5<*E'! ()!
-4'%*'/5(%!F2'2%(C242$'7!$4!b*4E2%!@G(+/'$(4,!.*%"$)(.$00H!OE![Xn"a]!"aZXjH!

pX^^q!>H!*!L*'2467,!>HtH!L$++$2&,! tH;H!N%(.4,!B)!E*4E2%!*40!E*G2!)$&3H,!V*&-(M$?-(.*%"$)H!==!
[Xn""]!X^kZX^mH!

pX^eq!OH! 9$4C,! IHtH! O27,! 9H@H! O*%&(4,! bH! *H! M$++2%,! 9HbH! Y(6(+0',! tH;H! c2+E3,! 2'! *+H,! b+(4*+!
2G(+/'$(4! $4! %2+*<&20! *E/'2! 572+($0! +2/1*25$*! %2G2*+20! 67! .3(+2DC24(52!
&2K/24E$4C,!V*&6)$H!LJ=![Xn"X]!anjZa"nH!



!

X^"!

!

pX^aq!`HtH! ;Q2%+$<,! ! *H! 820%*Q*,! 9H! b3*1%*G*%'7,! MH! =Q$5,! tH! MEL/$%2,! RH! #*4C,! 2'! *+H,!
-4'%*'/5(%*+! 32'2%(C242$'7! ()! %2E2<'(%! '7%(&$42! 1$4*&2&! @L#>! *40! 89L#>=!
*5<+$)$E*'$(4! $4!C+$(6+*&'(5*!02)$42&!&/6<(</+*'$(4&!.$'3!0$&'$4E'!C%(.'3! )*E'(%!
%2&<(4&2,!F)/"-(V*&0-(:"*4-(="#-!=hI![Xn"X]!^ne"Z^nejH!

pX^jq!9H!*H!O*40*/,!;HOH!b*%'2%,!8H!;'(:*4(G,!=H!MEY244*,!YH!;'2G24&(4,!MH;H!O*.%24E2,!2'!
*+H,!@G(+/'$(4!*40!$5<*E'!()!&/6E+(4*+!5/'*'$(4&!$4!E3%(4$E!+75<3(E7'$E!+2/125$*,!
.$00H!=DO![Xn"^]!k"eZkXjH!

pX^kq!tHtH! Y2*'&,! MH! b32&$,! tHNH! @C*4,! AHMH! L*%6$'',! ;H@H! 8*+52%,! @H! N%*CC$(,! 2'! *+H,! b+(4*+!
E(5<2'$'$(4!.$'3!*+'2%4*'$4C!0(5$4*4E2!$4!5/+'$<+2!572+(5*,!O0//4H!=Oh![Xn"X]!
"njkZ"nkjH!

pX^mq!NH!;*4E32QDO*(%024,!=H!A$%(&,!MH>H!L$%(''$,!MH!8202%&24,!LH!;*'/%4(,!=H!x*56(4,!2'!
*+H,! N>=#! $43$6$'(%&! $40/E2! 52'*&'*&$&! $4! >=;! 5/'*4'! (%! $43$6$'(%D%2&$&'*4'!
52+*4(5*!E2++&!67!%2*E'$G*'$4C!M@Y!*40!@>Y!&$C4*+$4CH,!="#-(=#8%*0-!E![Xn"e]!%*^nH!

pX^lq!BHLH!;E3*%(G&17,!OH@H!M*$42''$,!AH>H!>(Q*0(&,!M2'%(4(5$E!E325('32%*<7J!E3*4C$4C!
'32!<*%*0$C5!'3*'!5(%2!$&!62''2%H,!.6))-(P%"/0-!=M![Xnnl]!kZ"aH!

pXenq!>H!*!L*'2467,!=!E3*4C2!()!&'%*'2C7!$4!'32!.*%!(4!E*4E2%H,!V*&6)$H!LDI![Xnnl]!anmZ
anlH!

pXe"q!LHNH! 8-@>b@,! #HtH! 9-oB`,! @HOH! A@>`@R,! I2%*'(E*%E$4(C24$E! *40! '$&&/2D)(%5$4C!
<('24'$*+&!()!'32!E2++!'7<2&!E(5<%$&$4C!42(<+*&'$E!256%7($0!6(0$2&H,!X*H-(G%?$!&-!I!
am^ZjnXH!

pXeXq!;HtH! M(%%$&(4,! =HbH! ;<%*0+$4C,! ;'25! E2++&! *40! 4$E32&J! 52E3*4$&5&! '3*'! <%(5('2!
&'25!E2++!5*$4'24*4E2!'3%(/C3(/'!+$)2H,!.$00H!=BO![Xnnm]!almZj""H!

pXe^q!IH!O*<$0(',!bH!;$%*%0,!tH!A(%5((%,!NH!M/%0(E3,!IH!F(*4C,!tH!b*E2%2&Db(%'2&,!2'!*+H,!=!
E2++! $4$'$*'$4C! 3/5*4! *E/'2! 572+($0! +2/1*25$*! *)'2%! '%*4&<+*4'*'$(4! $4'(! ;b-9!
5$E2H,!V*&6)$H!BME!["lle]!jeaZjemH!

pXeeq!MH!=+DF*::,!MH;H!c$E3*,!=H!N24$'(DF2%4*402Q,!;HtH!M(%%$&(4,!MH#H!b+*%12,!8%(&<2E'$G2!
$024'$)$E*'$(4!()!'/5(%$C24$E!6%2*&'!E*4E2%!E2++&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hh!
[Xnn^]!^lm^ZmH!

pXeaq!;HYH! ;$4C3,! -H9H! b+*%12,! IH! F$02,! 8HNH! 9$%1&,! b*4E2%! &'25! E2++&! $4! 42%G(/&! &7&'25!
'/5(%&,!P%"/8$%$H!OB![Xnne]!kXjkZkXk^H!

pXejq!OH!>$EE$DA$'$*4$,!9HLH!O(56*%0$,!@H!8$+(QQ$,!MH!N$))(4$,!MH!I(0*%(,!bH!82&E3+2,! 2'! *+H,!
-024'$)$E*'$(4!*40!2?<*4&$(4!()!3/5*4!E(+(4DE*4E2%D$4$'$*'$4C!E2++&H,!V*&6)$H!LLD!
[Xnnk]!"""Z""aH!

pXekq!-H! M*+*4E3$,! FH! 82$4*0(,! 9H! Y*&&24,! IH! F/&&242',! 9H! M2'QC2%,! 8H! b3*56(4,! 2'! *+H,!
b/'*42(/&!E*4E2%!&'25!E2++!5*$4'24*4E2!$&!02<24024'!(4!62'*DE*'24$4!&$C4*++$4CH,!
V*&6)$H!LDO![Xnnm]!janZ^H!

pXemq!MH@H!8%$4E2,!>H!;$G*4*40*4,!!*!Y*EQ(%(.&1$,!LHIH!c(+),!MHtH!Y*<+*4,!8H!9*+2%6*,!2'!*+H,!



!

X^X!

!

-024'$)$E*'$(4!()!*!&/6<(</+*'$(4!()!E2++&!.$'3!E*4E2%!&'25!E2++!<%(<2%'$2&!$4!32*0!
*40!42E1!&K/*5(/&!E2++!E*%E$4(5*H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hL![Xnnk]!lk^Z
lkmH!

pXelq! !*!@%*5(,!#H!O(''$,!LH!;2''2,!@H!8$+(QQ$,!MH!N$))(4$,! !*!9$!A$%C$+$(,!2'!*+H,!-024'$)$E*'$(4!
*40! 2?<*4&$(4! ()! '32! '/5(%$C24$E! +/4C! E*4E2%! &'25! E2++! <(</+*'$(4H,! .$00( Y$*&+(
Y#''$)-!=D![Xnnm]!aneZa"eH!

pXanq!bH!O$,!9HLH!F2$0',!8H!9*+2%6*,!bH#H!N/%*4',!OH!x3*4C,!AH!=0&*7,!2'!*+H,!-024'$)$E*'$(4!()!
<*4E%2*'$E!E*4E2%!&'25!E2++&,!.*%"$)(M$!-!ME![Xnnk]!"n^nZ"n^kH!

pXa"q!=HIH! b(++$4&,! 8H! *H! N2%%7,! bH! F702,! MHtH! ;'(.2%,! `HtH! M*$'+*40,! 8%(&<2E'$G2!
$024'$)$E*'$(4! ()! '/5(%$C24$E! <%(&'*'2! E*4E2%! &'25! E2++&,! .*%"$)( M$!-! MD! [Xnna]!
"nlejZ"nla"H!

pXaXq!;H!x3*4C,!bH!N*+E3,!MHcH!b3*4,!FHDbH!O*$,!9H!M*'2$,!tHMH!;E3$+02%,!2'!*+H,!-024'$)$E*'$(4!
*40! E3*%*E'2%$Q*'$(4! ()! (G*%$*4! E*4E2%D$4$'$*'$4C! E2++&! )%(5! <%$5*%7! 3/5*4!
'/5(%&H,!.*%"$)(M$!-!MJ![Xnnm]!e^""Ze^XnH!

pXa^q!xH#H!R*4C,!9HcH!F(,!MH`H!`C,!bHYH!O*/,!cHbH!R/,!8H!`C*$,!2'!*+H,!;$C4$)$E*4E2!()!b9ln{!
b*4E2%!;'25!b2++&!$4!F/5*4!O$G2%!b*4E2%,!.*%"$)(.$00H!=B![Xnnm]!"a^Z"jjH!

pXaeq!;H! b(+*1,! tH8H! M2025*,! b*4E2%! &'25! E2++&! D! $5<(%'*4'! <+*72%&! $4! '/5(%! '32%*<7!
%2&$&'*4E2,!S_O=(\-!OJ=![Xn"e]!ekklZekl"H!

pXaaq!NH!N2E1,!bH!N+*4<*$4,!P4%*G2++$4C!E*4E2%!&'25!E2++!<('24'$*+H,!V*&-(M$?-(.*%"$)H!=B!
[Xn"^]!kXkZ^mH!

pXajq!bH@H! M2*E3*5,! ;HtH! M(%%$&(4,! I/5(/%! 32'2%(C242$'7! *40! E*4E2%! E2++! <+*&'$E$'7H,!
V*&6)$H!Dh=![Xn"^]!^XmZ^kH!

pXakq!=H!A*4!Y2752/+24,!bH!N+*4<*$4,!I%*E$4C!2<$'32+$*+!&'25!E2++&!0/%$4C!02G2+(<524',!
3(52(&'*&$&,!*40!%2<*$%,!\-(.$00(O#/0-!=IE![Xn"X]!akaZameH!

pXamq!LH!9%$2&&24&,!NH!N2E1,!=H!b**/.2,!NH9H! ;$5(4&,!bH!N+*4<*$4,!92)$4$4C! '32!5(02!()!
'/5(/%!C%(.'3!67!E+(4*+!*4*+7&$&,!V*&6)$H!LJJ![Xn"X]!aXkZa^nH!

pXalq!MH#H! b+*%12,! tH@H! 9$E1,! 8HNH! 9$%1&,! bHtH! @*G2&,! bHFHMH! t*5$2&(4,! 9HOH! t(42&,! 2'! *+H,!
b*4E2%! &'25! E2++&! D! 82%&<2E'$G2&! (4! E/%%24'! &'*'/&! *40! )/'/%2! 0$%2E'$(4&J! ==b>!
.(%1&3(<!(4!E*4E2%!&'25!E2++&,!.*%"$)(M$!-!MM![Xnnj]!l^^lZl^eeH!

pXjnq!OH!AH!`C/724,!>H!A*442%,!8H!9$%1&,!bHtH!@*G2&,!b*4E2%!&'25!E2++&J!*4!2G(+G$4C!E(4E2<',!
V*&-(M$?-(.*%"$)H!=O![Xn"X]!"^^Z"e^H!

pXj"q!RH!c*4C,!tH!R*4C,!FH!x324C,!LHtH!I(5*&21,!8H!x3*4C,!8H@H!MEY22G2%,!2'!*+H,!@?<%2&&$(4!
()! 5/'*4'! <a^! <%('2$4&! $5<+$E*'2&! *! +$42*C2! %2+*'$(4&3$<! 62'.224! 42/%*+! &'25!
E2++&!*40!5*+$C4*4'!*&'%(E7'$E!C+$(5*! $4!*!5/%$42!5(02+H,!.*%"$)(.$00H!=D! [Xnnl]!
a"eZXjH!

pXjXq!MH!Oå<2QDOäQ*%(,!I32!5$C%*'$(4!*6$+$'7!()!&'25!E2++&!E*4!2?<+*$4! '32!2?$&'24E2!()!



!

X^^!

!

E*4E2%! ()! /414(.4! <%$5*%7! &$'2H! >2'3$41$4C! 52'*&'*&$&H,! P%"/!"#$%"$H! O! [Xn"a]!
ejkZkaH!

pXj^q!=HbH!c3$'2,!cH@H! O(.%7,! >2)$4$4C! '32! %(+2! )(%! *0/+'! &'25! E2++&! *&! E*4E2%! E2++&! ()!
(%$C$4,!C)$%4!(.$00(O#/0-!OD![Xn"a]!""ZXnH!

pXjeq!=H!G*4!02!;'(+<2,!B4!'32!(%$C$4!*40!02&'$4*'$(4!()!E*4E2%!&'25!E2++&J!*!E(4E2<'/*+!
2G*+/*'$(4H,!:7-(\-(.*%"$)(M$!-!B![Xn"^]!"nkZ"jH!

pXjaq!tH9H! F(++*40,! =H! Y+*/&,! =H`H! L*%%*'',! cH! N$%E352$2%,! c4'! &$C4*+$4C! $4! &'25! *40!
E*4E2%!&'25!E2++&H,!.6))-(P;#%-(.$00(O#/0-!OD![Xn"^]!XaeZjeH!
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8Y=,! 8Yb,! *40! '32! <%('2$4! <3(&<3*'*&2! X=! $4)+/24E2! F=`9! )*E'(%! )/4E'$(4J! =!
52E3*4$&5! )(%! '$&&/2D&<2E$)$E! '%*4&E%$<'$(4*+! %2C/+*'$(4,! D/0-( .$00H! =O! [Xnn^]!
"XXaZ"X^kH!

p^Xnq!NH!*!#$%/++$,!9H!Y%*.E3/1,!AH@H!b24'(4Q2,!`H!A*%C2&&(4,!9HMH!A$%&3/<,!;HtH!b(4.*7,!2'!
*+H,! =+'2%20! I.$&'"! *40! F*40X! 0$52%$Q*'$(4! $&! *&&(E$*'20! .$'3! ;*2'3%2Db3('Q24!
&740%(52!*40!+$56!*64(%5*+$'$2&H,!V*&-(3$%$&-!BE![Xnna]!^k^Z^m"H!

p^X"q!tH!F(4C,!tH!x3(/,!tH!#/,!IH!F2,!tH!|$4,!OH!c*4C,!2'!*+H,!83(&<3(%7+*'$(4!()!&2%$42!jm!()!
'.$&'"! 67! M=8Y&! &'*6$+$Q2&! '.$&'"! <%('2$4! *40! <%(5('2&! 6%2*&'! E*4E2%! E2++!
$4G*&$G242&&,!.*%"$)(M$!-!E=![Xn""]!^lmnZ^llnH!

p^XXq! !*! A$E3*+1(G&1$,! @H! L%2&1(,! 9H! F2&&,! 9H#H! >2&'/EE$*,! NH! *! F255$4C&,! 8YNs=YI!
<3(&<3(%7+*'$(4!()!'32!'%*4&E%$<'$(4!)*E'(%!I.$&'D"!*'!;2%eX!$43$6$'&!<a^!*E'$G$'7!
$4!%2&<(4&2!'(!9`=!0*5*C2H,!P%"/8$%$H!OI![Xn"n]!^aaeZ^ajaH!

p^X^q!RHDcH!;/,!IHDoH!o$2,!9H!;*4(,! tH`H!M72%&,! -ODj!&'*6$+$Q2&!I.$&'!*40!243*4E2&! '/5(%!
E2++!5('$+$'7! $4!32*0!*40!42E1!E*4E2%!E2++&!'3%(/C3!*E'$G*'$(4!()!E*&2$4!1$4*&2!XH,!
FX/=(P%$H!M![Xn""]!2"le"XH!

p^Xeq!tH!;3$,!RH!c*4C,!OH!x24C,!RH!c/,!tH!924C,!|H!x3*4C,!2'!*+H,!9$&%/<'$4C!'32!-4'2%*E'$(4!()!
N>9e! .$'3! 9$*E2'7+*'20! I.$&'! ;/<<%2&&2&! I/5(%$C242&$&! $4! N*&*+D+$12! N%2*&'!
b*4E2%,!.*%"$)(.$00H!OD![Xn"e]!X"nZXXaH!

p^Xaq!;H!=G*&*%*+*,!MH!A*4!;E(71,!MHYH!Y*%/<</&*57!>*'3$4*5,!;H!x2%*72&/&,!oH!x3*(,!cH!
x3*4C,!2'!*+H,!8>MI"!$&!*!`(G2+!>2C/+*'(%!()!@<$'32+$*+DM2&24E375*+DI%*4&$'$(4!$4!
`(4D;5*++!b2++!O/4C!b*4E2%,!\-(O#/0-(.+$7-!OIh![Xn"a]!"^eklZ"^emlH!

p^Xjq!=H9H!9(6%$*4,!=!'*+2!.$'3!*!I.$&'J!=!02G2+(<524'*+!C242!.$'3!<('24'$*+!%2+2G*4E2!
)(%!52'*6(+$E!07&)/4E'$(4!*40! $4)+*55*'$(4! $4! *0$<(&2! '$&&/2,!S)/%&-(_%4/")#%/0-(
@X*6!*%%$A-!B![Xn"X]!"ZkH!

p^Xkq!tH! b(442%427,! AH! =40%22G*,! RH! O2&325,! MH! *H! M2%E*0(,! YH! 9(.2++,! oH! R*4C,! 2'! *+H,!
I.$&'"! 3(5(0$52%&! 243*4E2! #L#! %2&<(4&$G242&&! ()! '32! E%*4$*+! &/'/%2&! *40!
<%(5('2!&/'/%2!E+(&/%2,!Y$?-(O#/0-!B=J![Xnnm]!^X^Z^^eH!

p^Xmq!=HNH!#$%/++$,!;HtH!b(4.*7,!83(&<3(%2C/+*'$(4!()!I.$&'"!<%(G$02&!*!52E3*4$&5!()!E2++!
)*'2!E(4'%(+H,!.6))-(D$4-(.+$7-!=D![Xnnm]!Xje"ZXjekH!

p^Xlq!>H!N242Q%*,!>HOH!9*G$&,!9H!O(E1&3(4,!9HOH!I/%42%,!FH!c2$4'%*/6,!I32!<%('2$4! -0J!*!
42C*'$G2!%2C/+*'(%!()!32+$?D+((<D32+$?!9`=!6$40$4C!<%('2$4&H,!.$00H!M=! ["lln]!elZ
alH!

p^^nq!RH! F*5*5(%$,! AH! ;*%'(%2++$,! AH! BC%7Q1(,! 8HOH! 8/%$,! FHRH! c/,! tHRHtH! c*4C,! 2'! *+H,!
>2C/+*'$(4! ()! 3$&'(42! *E2'7+'%*4&)2%*&2&! <^nn! *40! 8b=#! 67! '32! 6FOF! <%('2$4!
'.$&'!*40!*024(G$%*+!(4E(<%('2$4!@"=,!.$00H!IM!["lll]!enaZe"^H!

p^^"q!9HNH! ;<$E2%,! tH!>322,!cHOH!b32/4C,! ! *!NH! O*&&*%,! -43$6$'$(4!()!57(C24$E!6FOF!*40!
M@#X!'%*4&E%$<'$(4!)*E'(%&!67!'32!6FOF!<%('2$4!I.$&'H,!="#$%"$H!OEO!["llj]!"ekjZ



!

X^m!

!

mnH!

p^^Xq!8H! N$*+21,! NH! Y2%4,! oH! R*4C,! MH! ;E3%(E1,! 9H! ;(&$E,! `H! F(4C,! 2'! *+H,! =! '.$&'! E(02!
02'2%5$42&!'32!(4&2'!()!(&'2(6+*&'!0$))2%24'$*'$(4,!Y$?-(.$00H!M![Xnne]!eX^Ze^aH!

p^^^q!;H! L/,! IHLH! N(72%,! MHbH! `*&1$,! N*&$E! 32+$?D+((<D32+$?! '%*4&E%$<'$(4! )*E'(%! I.$&'"!
$43$6$'&! '%*4&*E'$G*'(%! )/4E'$(4! ()! 5*&'2%! E3(40%(C24$E! %2C/+*'(%! ;(?lH,! \-( O#/0-(
.+$7-!OJE![Xn"X]!X"nmXZlXH!

p^^eq!;H! 8$EE$4$4,! @H! I(4$4,! ;H! ;2&&*,! ;H!925(4'$&,! ;H!>(&&$,! OH! 82EE$*%$4$,! 2'! *+H,! =! SI.$&'!
6(?T! b(02! ()! <a^! -4*E'$G*'$(4J! I.$&'! 6(?J<a^! -4'2%*E'$(4! 8%(5('2&! <a^!
92C%*0*'$(4,!.*%"$)(.$00H!OO![Xn"X]!eneZe"aH!

p^^aq!9H! ç(é$è,! tH! *!>$E3*%0&(4,!YH!R/,!9HMH!B%4$'Q,!@H`H!B+&(4,!I.$&'! %2C/+*'2&! E7'(1$42!
C242! 2?<%2&&$(4! '3%(/C3! *! 42C*'$G2! )2206*E1! +((<! '3*'! %2<%2&&2&! `#D1*<<*N!
*E'$G$'7H,!.$00H!==O![Xnn^]!"jlZ"mnH!

p^^jq!9H!8*4,!MH!#/:$5('(,!=H!O(<2&,!RHoH!c*4C,!I.$&'D"!-&!*!88=>wwD-40/E$6+2,!`2C*'$G2D
#2206*E1!>2C/+*'(%!()!8LbD"ww!$4!N%(.4!#*'!M2'*6(+$&5,!.$00H!=BE![Xnnl]!k^ZmjH!

p^^kq!`H!M2%$40(+,! ! *! >$K/2',! AH! ;Q*6+2.&1$,! tHD#H! @+$*(/,! ! *! 8/$&$2/?,! `H! N(442)(7,! I32!
252%C$4C! %(+2! ()! I.$&'! <%('2$4&! $4! 325*'(<($2'$E! E2++&! *40! 325*'(+(C$E*+!
5*+$C4*4E$2&H,!O0//4(.*%"$)(\-!L![Xn"e]!2XnjH!

p^^mq!xH!R$4,!oHOH!o/,!MH!#%*&E3,!>2C/+*'$(4!()! '32!'.$&'! '*%C2'!C242!'$45*4!67!5(0/+*%!
E$&D%2C/+*'(%7!2+2524'&!0/%$4C!2*%+7!52&(02%5!02G2+(<524'H,!Y$?$0/;7$%&H!=OL!
["llk]!elk"ZmXH!

p^^lq!MH! N*'2,! @H! >/&3'(4,! 9H! *! b/%%$2,! b2++&! .$'3! <2%&$&'24'! '.$&'! 2?<%2&&$(4! *%2! '32!
256%7(4$E!<%2E/%&(%&!()!*0/+'!5/&E+2&! $4!9%(&(<3$+*H,!Y$?$0/;7$%&H!==B! ["ll"]!
klZmlH!

p^enq!MHYH!N*7+$2&,!MH!N*'2,!'.$&'J!*!57(C24$E!&.$'E3!$4!9%(&(<3$+*H,!="#$%"$H!OEO!["llj]!
"em"ZeH!

p^e"q!MH!O2<'$4,! '.$&'! *40! &4*$+! *&!<(&$'$G2! *40!42C*'$G2! %2C/+*'(%&!0/%$4C!9%(&(<3$+*!
52&(02%5!02G2+(<524'H,!3$%$!(Y$?-!D!["ll"]!"ajmZ"akjH!

p^eXq!>H! #*$%5*4,! >HYH! N2%*4D;'220,! ;HtH! =4'3(47Db*3$++,! tH9H! O2*%,! cH#H! ;'*))(%0,! cH#H!
92L%*0(,!2'!*+H,!M/+'$<+2!(+$C(52%$E!&'*'2&!%2C/+*'2!'32!9`=!6$40$4C!()!32+$?D+((<D
32+$?!<2<'$02&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!Ih!["ll^]!"neXlZ"ne^^H!

p^e^q!@HMH!#ÖE3'6*/2%,!@?<%2&&$(4!()!MD'.$&'!0/%$4C!<(&'$5<+*4'*'$(4!02G2+(<524'!()!
'32!5(/&2H,!Y$?-(YJ%-!OhL!["lla]!^"jZXXH!

p^eeq!xH#H! b324,! >H>H! N23%$4C2%,! I.$&'! -&! >2K/$%20! $4! F2*0! M2&24E3752! )(%! b%*4$*+!
`2/%*+!I/62!M(%<3(C242&$&,!3$%$!(Y$?-!I!["lla]!jmjZjllH!

p^eaq!-H! L$'2+5*4,!I.$&'! <%('2$4! $4!5(/&2! 256%7(C242&$&H,!Y$?-(O#/0-!=JI! ["llk]!XnaZ
X"eH!



!

X^l!

!

p^ejq!MH! F26%(1,! YH! c2%'Q,! @HMH! #ÖE3'6*/2%,! MD'.$&'! $&! *4! $43$6$'(%! ()! 5/&E+2!
0$))2%24'$*'$(4H,!Y$?-(O#/0-!=MD!["lle]!a^kZaeeH!

p^ekq!RH!F*5*5(%$,!FHRH!c/,!AH!;*%'(%2++$,!OH!Y202&,!I32!6*&$E!0(5*$4!()!57(C24$E!6*&$E!
32+$?D+((<D32+$?! [6FOF]! <%('2$4&! $&! '32! 4(G2+! '*%C2'! )(%! 0$%2E'! $43$6$'$(4! 67!
*4('32%!6FOF!<%('2$4,!I.$&'H,!D/0-(.$00-(O#/0-!=E!["llk]!jaj^Zjak^H!

p^emq!>HMH! b%$<<&,! @H`H! B+&(4,! I.$&'! $&! %2K/$%20! )(%! 5/&E+2! '25<+*'2! &<+$''$4C! 0/%$4C!
*0/+'!9%(&(<3$+*!57(C242&$&H,!Y$?-(O#/0-!OhB!["llm]!"njZ"aH!

p^elq!MH8H!A2%Q$,!tH8H!=402%&(4,!@H!9(0(/,!YHYH!Y2++7,!;HNH!L%2242,!NHtH!`(%'3,!2'!*+H,!`D'.$&',!
*4! 2G(+/'$(4*%$+7! E(4&2%G20! 6FOF! <%('2$4! 2?<%2&&20! $4! '32! 02G2+(<$4C! b`;,!
)/4E'$(4&!*&!*!'%*4&E%$<'$(4*+!$43$6$'(%H,!Y$?-(O#/0-!OLI![XnnX]!"keZ"lnH!

p^anq!9H8H!>$E2,!IH!=62%C,!RH!b3*4,!xH!I*4C,!8HtH!Y2''/424,!OH!8*1*%$424,!2'!*+H,!-4'2C%*'$(4!
()!#L#!*40!Ic-;I!$4!E*+G*%$*+!6(42!*40!&/'/%2,!Y$?$0/;7$%&H!=OE! [Xnnn]!"meaZ
"maaH!

p^a"q!YH!;((,!MH8H!BW>(/%12,!8HDOH!Y3((,!YH!*!;'2$42%,!`H!c(4C,!>H>H!N23%$4C2%,!2'!*+H,!I.$&'!
)/4E'$(4! $&! %2K/$%20! )(%! '32!5(%<3(C242&$&! ()! '32! E2<3*+$E! 42/%*+! '/62! *40! '32!
0$))2%24'$*'$(4! ()! '32! E%*4$*+! 42/%*+! E%2&'! E2++&! $4! '32!5(/&2! 256%7(H,!Y$?-(O#/0-!
OLE![XnnX]!Xa"ZXknH!

p^aXq!>H!M*2&'%(,!=H8H!92$!I(&,!RH!F*5*5(%$,!;H!Y%*&4(1/'&17,!AH!;*%'(%2++$,!OH!Y202&,!2'!
*+H,! I.$&'! $&! *! <('24'$*+! (4E(C242! '3*'! $43$6$'&! *<(<'(&$&H,!3$%$!(Y$?-!=B! ["lll]!
XXnkZXX"kH!

p^a^q!>HMH!N*%42&,!=HNH!#$%/++$,!=!'.$&'!()!$4&$C3'!D!I32!%(+2!()!I.$&'D)*5$+7!6FOF!)*E'(%&!
$4!02G2+(<524',!G%&-(\-(Y$?-(O#/0-!DB![Xnnl]!lnlZlXeH!

p^aeq!tH! b(442%427,! AH! =40%22G*,! RH! O2&325,! bH! M/24'242%,! MH! *!M2%E*0(,! 9HNH! ;<$E2%,!
I.$&'"!0$52%!&2+2E'$(4!%2C/+*'2&!E%*4$*+! &/'/%2!<*''2%4$4C!*40! )/&$(4H,!Y$?-(YJ%-!
OBD![Xnnj]!"^eaZakH!

p^aaq!8H! N(/%C2($&,! ! *! OH! N(+E*'(DN2++25$4,! tHMH! 9*4&2,! ! *! N+(E3Dx/<*4,! YH! R(&3$6*,! bH!
;'(2'Q2+,!2'!*+H,!I32!G*%$*6+2!2?<%2&&$G$'7!*40!$4E(5<+2'2!<242'%*4E2!()!'32!'.$&'D
4/++! 32'2%(Q7C(/&!5(/&2! <324('7<2! %2&256+2! '3(&2! ()! 3/5*4! ;*2'3%2Db3('Q24!
&740%(52H,!R67-(D/0-(3$%$&-!E!["llm]!leaZakH!

p^ajq!MH;H! O22,! LH! O(.2,! ;H! #+*4*C*4,! YH! Y/E3+2%,! bH=H! L+*E1$4,! F/5*4! 92%5(D"! 3*&!
*''%$6/'2&!&$5$+*%!'(!'.$&'!$4!2*%+7!6(42!02G2+(<524',!O/%$H!OE![Xnnn]!al"ZjnXH!

p^akq!oH|H!L(4C,!O$,!92%5(D",!*!5/+'$)/4E'$(4*+!6*&$E!32+$?D+((<D32+$?!<%('2$4,!%2<%2&&2&!
M7(9! '%*4&*E'$G*'$(4! G$*! '32! FOF! 0(5*$4,! M@#X! $4'2%*E'$(4,! *40! E3%(5*'$4!
02*E2'7+*'$(4,!\-(O#/0-(.+$7-!OEE![XnnX]!"X^"nZ"X^"kH!

p^amq!FH!M$%*(/$,!8HtH!M*%$2,!8$G('*+!%(+2!()!I.$&'!$4!&12+2'*+!6$(+(C7!*40!<*'3(+(C7,!3$%$H!
LMJ![Xn"n]!"ZkH!

p^alq!RHD#H!9(4C,!9HRH!;(/4C,!RH!b3*4C,!MH!@4(5('(D-.*5('(,!MH!8*%$&,!>HtH!BWY22)2,!2'!*+H,!



!

Xen!

!

I%*4&)(%5$4C! L%(.'3! #*E'(%Dr! *40! c4'! ;$C4*+&! >2C/+*'2! b3(40%(E7'2!
9$))2%24'$*'$(4! '3%(/C3! I.$&'"! $4! *! ;'*C2D;<2E$)$E! M*442%,! D/0-( _%4/")#%/0-! O=!
[Xnnk]!XmnaZXmXnH!

p^jnq!MH-H!>2$43(+0,!>HMH!Y*<*0$*,!xH!O$*(,!MHbH!`*&1$,!I32!c4'D$40/E$6+2!I%*4&E%$<'$(4!
#*E'(%!I.$&'"!-43$6$'&!b3(40%(C242&$&,!\-(O#/0-(.+$7-!OJ=![Xnnj]!"^m"Z"^mmH!

p^j"q!@H!F$4($,!8H!N$*+21,!RHDIH!b324,!MHDIH!>*E320,!RH!L%(42%,!>H>H!N23%$4C2%,!2'!*+H,!>/4?X!
$43$6$'&!E3(40%(E7'2!<%(+$)2%*'$(4!*40!37<2%'%(<37!'3%(/C3!$'&!2?<%2&&$(4!$4!'32!
<2%$E3(40%$/5,!3$%$!(Y$?-!Oh![Xnnj]!Xl^kZXleXH!

p^jXq!#H! L(%$,! @H9H! x3/,! MHNH! 925*7,! 82%$E3(40%$*+! 2?<%2&&$(4! ()! c0%a! %2C/+*'2&!
E3(40%(E7'2!<%(+$)2%*'$(4!*40!0$))2%24'$*'$(4,!Y$?-(O#/0-!BOI![Xnnl]!^jZe^H!

p^j^q!RH! I$*4,! RH! o/,! |H! #/,! MH! b3*4C,! RH! c*4C,! oH! ;3*4C,! 2'! *+H,! `('E3! $43$6$'&!
E3(40%(C24$E! 0$))2%24'$*'$(4! ()! 52&24E375*+! <%(C24$'(%! E2++&! 67! '*%C2'$4C!
I.$&'"H,!D/0-(.$00-(_%4/")#%/0-!LhB![Xn"a]!^nZmH!

p^jeq!FH!M$%*(/$,!YH!B/0$4*,!FH!82'$'2,!RH!I*4$5('(,!YH!M(%$7*5*,!8HtH!M*%$2,!#$6%(6+*&'!
C%(.'3! )*E'(%! %2E2<'(%! X! <%(5('2&! (&'2(C24$E! 0$))2%24'$*'$(4! $4! 52&24E375*+!
E2++&! G$*!@>Y"sX!*40!<%('2$4!1$4*&2!b! &$C4*+$4C,! \(O#/0(.+$7H!OJL! [Xnnl]!emlkZ
elneH!

p^jaq!8HtH! M*%$2,! YH! Y**62E32,! FH! L/24(/,! >(+2&! ()! #L#>X! *40! '.$&'! $4! 3/5*4!
E%*4$(&74(&'(&$&J! $4&$C3'&! )%(5! C242'$E! 5/'*'$(4&! $4! E%*4$*+! (&'2(6+*&'&H,! S)/%&-(
P)*0(O#/0-!=O![Xnnm]!"eeZalH!

p^jjq!BH!Y2++2%5*44,!MHFH!N/EDb*%(4,!8HtH!M*%$2,!9H!O*56+$4,!#H! t*E(6,!=4! $55(%'*+$Q20!
(&'2(C24$E!E2++! +$42!02%$G20!)%(5!5(/&2!'2%*'(E*%E$4(5*!$&!*6+2!'(!5$42%*+$Q2! $4!
G$G(!*40!$4!G$'%(H,!\-(.$00(O#/0-!==h!["lln]!"X^Z^XH!

p^jkq!;H;H!M/%%*7,!bH=H!L+*E1$4,!YH=H!c$4'2%&,!9H!L*Q$',!=HtH!Y*34,!@HtH!M/%%*7,!@?<%2&&$(4!
()! 32+$?D+((<D32+$?! %2C/+*'(%7! C242&!0/%$4C!0$))2%24'$*'$(4!()!5(/&2!(&'2(6+*&'$E!
E2++&H,!\-(O/%$(D#%$)-(M$!-!E!["llX]!""^"Z""^mH!

p^jmq!MH;H!O22,!LH`H!O(.2,!9H9H!;'%(4C,!tH@H!c2%C20*+,!bH!*H!L+*E1$4,!Ic-;I,!*!6*&$E!32+$?D
+((<D32+$?!'%*4&E%$<'$(4!)*E'(%,!E*4!%2C/+*'2!'32!3/5*4!(&'2(C24$E!+$42*C2,!\-(.$00-(
O#/"+$7-!ED!["lll]!ajjZakkH!

p^jlq!=H!B&3$5*,!FH!I*4*62,!IH!R*4,!LH`H!O(.2,!bH!*H!L+*E1$4,!=H!Y/0(,!=!4(G2+!52E3*4$&5!
)(%! '32! %2C/+*'$(4! ()! (&'2(6+*&'! 0$))2%24'$*'$(4J! I%*4&E%$<'$(4! ()! <2%$(&'$4,! *!
52562%! ()! '32! )*&E$E+$4! -! )*5$+7,! $&! %2C/+*'20! 67! '32! 6FOF! '%*4&E%$<'$(4! )*E'(%,!
I.$&',!\-(.$00-(O#/"+$7-!JM![XnnX]!klXZmneH!

p^knq!`H!#/4*'(,!YH!B3'*4$,!YH!B37*5*,!IH!Y/%(0*,!MH!`*1*5/%*,!b(55(4!%2C/+*'$(4!()!
C%(.'3! *%%2&'! *40! 0$))2%24'$*'$(4! ()! (&'2(6+*&'&! 67! 32+$?D+((<D32+$?! )*E'(%&,!D/0-(
.$00-(O#/0-!O=![Xnn"]!ke"jZkeXmH!

p^k"q!MH! F*7*&3$,! YH! `$5/%*,! YH! Y*&3$.*C$,! IH! F*%*0*,! YH! I*1*(1*,! FH! Y*'(,! 2'! *+H,!
b(5<*%*'$G2! %(+2&! ()! I.$&'D"! *40! -0"! $4! '%*4&E%$<'$(4*+! %2C/+*'$(4! 67! NM8!



!

Xe"!

!

&$C4*+$4CH,!\-(.$00(="#-!=Oh![Xnnk]!"^anZ"^akH!

p^kXq!;H!-&245*44,!=H!=%'3/%,!=HbHcH!x*442''$4(,!tHOH!I/%42%,!;H!;(4C'*(,!bH!*H!L+*E1$4,!2'!
*+H,! Ic-;I! )*5$+7! ()! 6*&$E! 32+$?D+((<D32+$?! '%*4&E%$<'$(4! )*E'(%&! 520$*'2! 3/5*4!
52&24E375*+! &'25! E2++! C%(.'3! *40! E(55$'524',! =&$7( .$00!H! OE! [Xnnl]! XeakZ
XejmH!

p^k^q!9H!t(34&(4,!;H!-&21$,!!*H!BHMH!c$+1$2,!LHMH!M(%%$&&DY*7,!@?<%2&&$(4!<*''2%4&!()!I.$&'!
*40!#C)%",!DX!*40!D^!$4!'32!02G2+(<$4C!5(/&2!E(%(4*+!&/'/%2!&/CC2&'!*!127!%(+2!)(%!
I.$&'!$4!&/'/%2!$4$'$*'$(4!*40!6$(C242&$&,!D$"+-(Y$?-!I=![Xnnn]!^e"Z^eaH!

p^keq!FH!L/24(/,!YH!Y**62E32,!;H!O2!Mf2,!8HtH!M*%$2,!=!%(+2! )(%! )$6%(6+*&'!C%(.'3! )*E'(%!
%2E2<'(%DX! $4! '32! *+'2%20! (&'2(6+*&'! <324('7<2! $40/E20! 67! I.$&'!
3*<+($4&/))$E$24E7! $4!'32!;*2'3%2Db3('Q24!&740%(52,!R67-(D/0-(3$%$&-!=L! [Xnna]!
"eXlZ"e^lH!

p^kaq!8H! 9/E7,! >H! x3*4C,! AH! L2())%(7,! =HOH! >$0*++,! LH! Y*%&24'7,! B&)Xsb6)*"J! =!
I%*4&E%$<'$(4*+!=E'$G*'(%!()!B&'2(6+*&'!9$))2%24'$*'$(4,!.$00H!JI!["llk]!kekZkaeH!

p^kjq!RH!x3*4C,!MH|H!F*&&*4,!xHRH!O$,! tHOH!;'2$4,! tHNH!O$*4,!=HtH!A*4!c$:424,!2'!*+H,! -4'%$E*'2!
C242!%2C/+*'(%7!42'.(%1&!()!32+$?D+((<D32+$?![FOF]!<%('2$4&!&/<<(%'!%2C/+*'$(4!()!
6(42D'$&&/2! %2+*'20! C242&! 0/%$4C! (&'2(6+*&'! 0$))2%24'$*'$(4,! \-(.$00-(O#/"+$7-!=hD!
[Xnnm]!emkZeljH!

p^kkq!MH! R(/&)$,! #H! O*&5(+2&,! 8HtH! M*%$2,! Ic-;I! $4*E'$G*'$(4! %20/E2&! bN#="s>P`oX!
2?<%2&&$(4!*40!9`=!6$40$4C!'(!'32!(&'2(E*+E$4!<%(5('2%!$4!(&'2(6+*&'&H,!O#/"+$7-(
O#/;+J!-(M$!-(./776%-!OIE![XnnX]!je"ZeH!

p^kmq!IH! I/12+,! 9H! ç(é$è,! OH-H! =+DL*Q*+$,! MH! @%*Q(,! tH! b*&*&4(G*&,! FHOH! #%*4E(,! 2'! *+H,!
F(5(Q7C(/&!4(4&24&2!5/'*'$(4&!$4!Ic-;IX!E*/&2!;2'+2$&!&740%(52H,!:7-(\-(R67-(
3$%$&-!JE![Xn"n]!XmlZljH!

p^klq!>HFH!c((0&,!@H!P+DF*K,!=HBHMH!c$+1$2,!tH!t*7*5(3*4,!8HLH!>$E3*%0&,!9H!t(34&(4,!2'!*+H,!
>2(<2%*'$(4!)(%!$4'%*E%*4$*+!37<2%'24&$(4!$4!Ic-;I"DE(4)$%520!;*2'3%2Db3('Q24!
&740%(52J!*!"aD72*%!%2G$2.H,!F0*!&-(M$"/%!&)-(=6)8-!=OB![Xnnl]!"mn"Z"nH!

p^mnq!cH=H!8*Q421*&,!MHOH!b/44$4C3*5,!IH9H!F(.*%0,!NH>H!Y(%),!MHFH!O$<&(4,!=HcH!L%$?,!2'!
*+H,!L242'$E!32'2%(C242$'7!()!;*2'3%2Db3('Q24!&740%(52,!0/2!'(!Ic-;I!*40!#L#>!
5/'*'$(4&,!:7(\(R67(3$%$&H!MO!["llm]!"^knZ"^mnH!

p^m"q!AH!@+!L3(/QQ$,!@H!O*:2/4$2,!MH!O2!M2%%2%,!AH!b(%5$2%D9*$%2,!9H!>24$2%,!!*!M/44$E3,!2'!
*+H,! M/'*'$(4&! .$'3$4! (%! /<&'%2*5! ()! '32! 6*&$E! 32+$?D+((<D32+$?! 0(5*$4! ()! '32!
Ic-;I! C242! *%2! &<2E$)$E! '(! ;*2'3%2Db3('Q24! &740%(52H,! _6)-( \-( R67-( 3$%$&-! E!
["lll]!XkZ^^H!

p^mXq!AH!@+!L3(/QQ$,!OH!O2C2*$DM*++2',!;H!=%2&'*,!bH!N24($&',!=H!M/44$E3,!tH!02!L/4Q6/%C,!2'!
*+H,! ;*2'3%2Db3('Q24! 5/'*'$(4&! E*/&2! Ic-;I! <%('2$4! 02C%*0*'$(4! (%! $5<*$%20!
4/E+2*%!+(E*'$(4H,!R67-(D/0-(3$%$&-!I![Xnnn]!m"^ZlH!

p^m^q!bHNH! I3$24,! cHRH! O*4C0(4,! b6+J! 5*47! *0*<'*'$(4&! '(! %2C/+*'2! <%('2$4! '7%(&$42!



!

XeX!

!

1$4*&2&H!IO!!D!X,!V*&-(M$?-(D/0-(.$00(O#/0-!O'G4''T',%![Xnn"]!XleZ^nkH!

p^meq!FH! L/24(/,! YH! Y**62E32,! bH! 9/)(/%,! FH! M$%*(/$,! 8HtH! M*%$2,! 9(.4D%2C/+*'$(4! ()!
/6$K/$'$4! +$C*&2! b6+! $40/E20! 67! '.$&'! 3*<+($4&/))$E$24E7! $4! ;*2'3%2Db3('Q24!
&740%(52! %2&/+'&! $4! $4E%2*&20! 8-^Ys=1'! &$C4*+$4C! *40! (&'2(6+*&'! <%(+$)2%*'$(4H,!
:7-(\-(F*&+/0-!=MI![Xnnj]!"^n^Z""H!

p^maq!@H!*!b*%G2%,!YH#H!B%*5,!IH!L%$0+27,!b%*4$(&74(&'(&$&!$4!I.$&'!32'2%(Q7C(/&!5$E2J!*!
5(02+!)(%!;*2'3%2Db3('Q24!&740%(52H,!:%*&-(M$"-!OMJ![XnnX]!lnZXH!

p^mjq!9H!t(34&(4,!;HcH!F(%&+27,!9HMH!M(+(427,!MH!B+0%$0C2,!;H>H!I.$CC,!;H!c*+&3,!2'!*+H,!=!
E(5<%2324&$G2! &E%224! )(%! Ic-;I! 5/'*'$(4&! $4! <*'$24'&! .$'3! E%*4$(&74(&'(&$&!
$024'$)$2&! *! 42.! 5$E%(02+2'$(4! &740%(52! ()! E3%(5(&(52! 6*40! k<X"H"H,! :7-( \-(
R67-(3$%$&-!MB!["llm]!"XmXZ"Xl^H!

p^mkq!9H@H! b2%G*4'2&DN*%%*Cä4,! bH@H! A$++*%%(2+,! =H! M20%*4(DF2%4ä402Q,! bH! 9/%ä4D
MEY$4&'2%,! AH! N(&E3Db*4'(,! AH! 92+Db*&'$++(,! 2'! *+H,! ;2'+2$&! &740%(52! $4! M2?$E*4D
`*3/*! &$6&! 0/2! '(! *! 3(5(Q7C(/&! Ic-;IX! )%*52&3$)'! 5/'*'$(4! *40! <*%'$*+!
2?<%2&&$(4! $4! 32'2%(Q7C('2&J! %2G$2.! ()! '32! )(E*+! )*E$*+! 02%5*+! 07&<+*&$*&! *40!
&/6'7<2!%2E+*&&$)$E*'$(4H,!\-(D$4-(3$%$&-!LJ![Xn""]!k"jZXnH!

p^mmq!YHMH!L$%$&3*,!FH!=60(++*3<(/%,!FH!;3*3,!LH;H!N3*G*4$,!tHMH!L%*3*5,!AH>H!N(CC/+*,!2'!
*+H,!=!&740%(52!()!)*E$*+!07&5(%<3$&5,!E/6$'*+!<'2%7C$/5,!&3(%'!0$&'*+!<3*+*4C2&,!
&.*4!42E1!02)(%5$'7!()! )$4C2%&,!*40!&E(+$(&$&H,!:7-(\-(D$4-(3$%$&-(:H!=ML2! [Xn"e]!
"n^aZenH!

p^mlq!RH;H! O22,!FHFH! O22,! tH! 8*%1,!@HtH! R((,!bH! *H!L+*E1$4,!RH! -+! b3($,! 2'! *+H,! I.$&'X,! *!4(G2+!
=99"s;>@N8"E! $4'2%*E'$4C! <%('2$4,! %2<%2&&2&! '32! '%*4&E%$<'$(4*+! *E'$G$'7! ()!
=99"s;>@N8"E,!V6"0$#"(:"#4!(M$!-!B=![Xnn^]!k"jaZk"keH!

p^lnq!FHOH!#%*4E(,!tHtH!b*&*&4(G*&,!>HLH!O2(4,!>H!#%$2&2+,!RH!L2,!>HtH!92&4$E1,!2'!*+H,!`(4&24&2!
5/'*'$(4&! ()! '32! 6FOF! '%*4&E%$<'$(4! )*E'(%! Ic-;IX! )(/40! $4! ;2'+2$&! ;740%(52!
<*'$24'&! E*/&2! 07&%2C/+*'$(4! ()! <2%$(&'$4H,! G%&-( \-( O#/"+$7-( .$00( O#/0-! LB! [Xn""]!
"aX^Z^"H!

p^l"q!=HIH!82''2%&&(4,!tH!O*/%24E$1$242,!`H!M2:32%',!@H!`*,!=H!N(/+(/5$2,!-H!9*3+5*4,!2'!*+H,!
B>-L-`=O!=>I-bO@!=!8(&&$6+2!-4)+*55*'(%7!>(+2!()!I.$&'"!$4!F/5*4!c3$'2,!DI!
[Xn"n]H!

p^lXq!RH!o/,!RH!o/,!OH!O$*(,!`H!x3(/,!;HMH!I32$&&24,!oHFH!O$*(,!2'!*+H,! -40/E$6+2!14(E1(/'!()!
'.$&'"!$4!7(/4C!*40!*0/+'!5$E2!<%(+(4C&!3*$%!C%(.'3!E7E+2!*40!3*&!5$+0!2))2E'&!(4!
C242%*+!32*+'3,!&/<<(%'$4C!'.$&'"!*&!*!<%2)2%24'$*+!E*4E2%!'*%C2',!:7-(\-(F*&+/0-!=JB!
[Xn"^]!"Xm"Z"XlXH!

p^l^q!oH! O$,! ! *!MH!M*%E(402&,! IH=H! L((+27,! FHtH! 922C,! I32! 32+$?D+((<D32+$?! '%*4&E%$<'$(4!
)*E'(%!Ic-;I! $&!07&%2C/+*'20! $4!572+(07&<+*&'$E! &740%(52&H,!O0//4H!==M! [Xn"n]!
X^neZ"eH!

p^leq!=HNH!;3*%*6$,!MH!=+0%$E3,!9H!;(&$E,!@H`H!B+&(4,!=H9H!#%$205*4,!;HFH!O22,!2'!*+H,!I.$&'DX!
E(4'%(+&! 572+($0! +$42*C2! 02G2+(<524'! *40! )/4E'$(4,! FX/=( O#/0-!M! [Xnnm]! XkmjZ



!

Xe^!

!

XmnnH!

p^laq!=HIH!82''2%&&(4,!`H!M2:32%',!MH!t2%4ê&,!OHMH;H!b*%+&&(4,!-H!9*3+5*4,!tH!O*/%24E$1$242,!
2'!*+H,!I.$&'"!$4!3/5*4!.3$'2!*0$<(&2!'$&&/2!*40!(62&$'7H,!\-(.0#%-(_%4/")#%/0-(D$&*H-!
IM![Xn""]!"^^Ze"H!

p^ljq!@H! b(&&2',! LH! F*50*4,! ;H! t2*4<$2%%2,! IH! A(2+'Q2+,! YH! ;*C(%47,! ;H! F*72''2,! 2'! *+H,!
92%2C/+*'$(4! ()! Ic-;ID"! $4! '32! b9^e{! E(5<*%'524'! %2<%2&24'&! *! 4(G2+!
<%(C4(&'$E!)*E'(%!$4!E3%(4$E!572+($0!+2/125$*,!O0//4H!==E![Xn""]!"jk^Z"jkjH!

p^lkq!MH`H! ;3*%$),! 9H! ;(&$E,! bH! A! >('3+$4,! @H! Y2++7,! LH! O2512,! @H`H! B+&(4,! 2'! *+H,! I.$&'!
520$*'2&! &/<<%2&&$(4! ()! $4)+*55*'$(4! 67! '7<2! -! -#`&! *40! =?+H,! \-(_L;-(D$4-!OhB!
[Xnnj]!"ml"Z"ln"H!

p^lmq!PH!`$2&42%,!-H!=+6%2E3',!MH!t*412,!bH!9(26$&,!bH!O(0024125<2%,!MHFH!O2?62%C,!2'!*+H,!
=/'(%2C/+*'$(4!()!I3"D520$*'20!$4)+*55*'$(4!67!'.$&'"H,!\-(_L;-(D$4-!OhD![Xnnm]!
"mmlZln"H!

p^llq!9H!83*5,!tHcH!A$4E24'Q,!=HNH!#$%/++$,!MHFH!Y*<+*4,!I.$&'"!%2C/+*'2&!-)4C!2?<%2&&$(4!
$4!I3"!E2++&!67!$4'2%)2%$4C!.$'3!>/4?^!)/4E'$(4H,!\-(G776%/0-!=JI![Xn"X]!m^XZenH!

pennq!FH;H!Y(3,!bH!O22,!YH;H!O22,!bH;H!F*5,!>HFH!;2(4C,!;H;H!Y$5,!2'!*+H,!b9k!2?<%2&&$(4!*40!
C*+2E'$4D"D$40/E20! *<(<'(&$&! ()! $55*'/%2! '375(E7'2&! *%2! 0$%2E'+7! %2C/+*'20! 67!
`#D1*<<*N! /<(4! IDE2++! *E'$G*'$(4H,! O#/"+$7-( O#/;+J!-( M$!-( ./776%-! BEh! [Xnnm]!
"elZa^H!

pen"q!FH;H!Y(3,!bH!O22,!YH;H!O22,!@HtH!8*%1,!>HFH!;2(4C,!;H!F(4C,!2'!*+H,!I.$&'X!%2C/+*'2&!b9k!
2?<%2&&$(4! *40! C*+2E'$4D"D$40/E20! *<(<'(&$&! $4! 5*'/%2! IDE2++&H,! D/0-( .$00!H! OJ!
[Xnnl]!aa^ZmH!

penXq!tH!R*4C,!;H!*!M*4$,!tHOH!9(4*32%,!;H!>*5*&.*57,!>H!*!-'Q71&(4,!bH!b(52,!2'!*+H,!I.$&'!,!
*! M*&'2%! >2C/+*'(%! ()! M(%<3(C242&$&! ,! 8+*7&! *4! @&&24'$*+! >(+2! $4! I/5(%!
M2'*&'*&$&!N24!L/%$(4!P4$G2%&$'7!()!'32!`2C2G,!.$00H!==E![Xnne]!lXkZl^lH!

pen^q!IHYH! O22,! >HIH8H! 8((4,! =H8H! R/24,! MHIH! O$4C,! cHYH! Y.(1,! oHFH! c*4C,! 2'! *+H,! I.$&'!
(G2%2?<%2&&$(4! E(%%2+*'2&! .$'3! 32<*'(E2++/+*%! E*%E$4(5*! 52'*&'*&$&! '3%(/C3!
$40/E'$(4!()!2<$'32+$*+D52&24E375*+!'%*4&$'$(4,!.0#%-(.*%"$)(M$!-!=O![Xnnj]!a^jlZ
a^kjH!

peneq!MHFH! R*4C,! bHOH! b324,! LHRH! b3*/,! ;HFH! b3$(/,! bHcH! ;/,! IHRH! b3(/,! 2'! *+H,!
b(5<%2324&$G2!*4*+7&$&!()!'32!$402<24024'!2))2E'!()!'.$&'!*40!&4*$+!$4!<%(5('$4C!
52'*&'*&$&!()!32<*'(E2++/+*%!E*%E$4(5*,!R$;*&/0/8JH!Dh![Xnnl]!"ejeZ"ekeH!

penaq!cHYH! Y.(1,! MHDIHIH! O$4C,! IHDcHcH! O22,! IHbHMH! O*/,! bH! x3(/,! oH! x3*4C,! 2'! *+H,! P<D
%2C/+*'$(4!()!Ic-;I!$4!<%(&'*'2!E*4E2%!*40!$'&!$5<+$E*'$(4!*&!*!'32%*<2/'$E!'*%C2',!
.*%"$)(M$!-!MD![Xnna]!a"a^Za"jXH!

penjq!FH#H! R/24,! bHcH! b3/*,! RH8H! b3*4,! RHbH!c(4C,! oH!c*4C,! YHcH! b3*4,! ;$C4$)$E*4E2! ()!
Ic-;I! *40! @DE*032%$4! 2?<%2&&$(4! $4! '32! 52'*&'*'$E! <%(C%2&&$(4! ()! <%(&'*'$E!
E*4E2%,!R#!&/;*&+/0/8JH!Dh![Xnnk]!jemZjamH!
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Xee!
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penkq!FH!Y*:$7*5*,!;H!F(&(4(,!MH!I2%*/E3$,!YH!;3$6*'*,!YH!-4(,!@H!R*5*5('(,!2'!*+H,!I.$&'!
2?<%2&&$(4!<%20$E'&!<((%!E+$4$E*+!(/'E(52!()!<*'$24'&!.$'3!E+2*%!E2++!E*%E$4(5*!()!
'32!(G*%7,!P%"/0/8JH!E=![Xnnj]!^leZen"H!

penmq!LHD|H!O/(,!tHDFH!O$,!tHD#H!c24,!RHDFH!x3(/,!RHDNH!F/,!tHDFH!x3(/,!@))2E'!*40!52E3*4$&5!
()!'32!I.$&'!C242!(4!$4G*&$(4!*40!52'*&'*&$&!()!C*&'%$E!E*%E$4(5*!E2++&H,!b/)04(\-(
3*!&)/$%&$)/0-!=L![Xnnm]!XemkZl^H!

penlq!MHDRH! #24C,! YH!c*4C,! |HDIH! ;3$,! oHDcH! R/,! tHD;H! L24C,! L242! 2?<%2&&$(4! <%()$+$4C! $4!
Ic-;ID02<+2'20!C*&'%$E!E*4E2%!E2++&H,!:%*&-(M$"-(@R/H/]$%A-!OIO![Xnnl]!XjXZXknH!

pe"nq!YH!;*&*1$,!;H!`*'&/C(2,!;H!-&3$C*5$,!MH!M*'&/5('(,!FH!B1/5/%*,!IH!;2'(7*5*,!2'!*+H,!
;$C4$)$E*4E2!()!I.$&'!2?<%2&&$(4!*40!$'&!*&&(E$*'$(4!.$'3!@DE*032%$4!$4!2&(<3*C2*+!
&K/*5(/&!E2++!E*%E$4(5*H,!\-(_L;-(.0#%-(.*%"$)(M$!-!OJ![Xnnl]!"amH!

pe""q!xH! x3*4C,!9H! o$2,! oH! O$,! RHbH!c(4C,!9H! o$4,! oHRH! L/*4,! 2'! *+H,! ;$C4$)$E*4E2! ()! Ic-;I!
2?<%2&&$(4!*40!$'&!*&&(E$*'$(4!.$'3!@DE*032%$4!$4!6+*002%!E*4E2%,!R67-(F*&+/0-!BJ!
[Xnnk]!almZjnjH!

pe"Xq!MH@H!#(40%2G2++2,!NH!Y*4'2+$<,!>H@H!>2$'2%,!9HYH!b3(<$4,!tH8H!I3$2%7,!#H!M(44$24,!2'!*+H,!
I32!2?<%2&&$(4!()!I.$&'!3*&!*4!$5<*E'!(4!&/%G$G*+!$4!3/5*4!6+*002%!E*4E2%!*40!$&!
$4)+/24E20!67!'32!&5(1$4C!&'*'/&H,!^)/0-(P%"/0-!OE![Xnnl]!XjmZkjH!

pe"^q!YH!;*'(3,!;H!F*5*0*,!YH!Y$5/%*,!=H!Y*44(,!MH!F$%('*,!tH!P5$4(,!2'!*+H,!P<D%2C/+*'$(4!
()! M;oX! 243*4E2&! '32! 5*+$C4*4'! <324('7<2! *40! $&! *&&(E$*'20! .$'3! '.$&'! "!
2?<%2&&$(4!$4!3/5*4!<*4E%2*'$E!E*4E2%!E2++&H,!:7-(\-(F*&+/0-!=EO![Xnnm]!lXjZl^lH!

pe"eq!;H! A*+&2&$*Dc$''5*44,! MH! M*C02+2$42,! ;H! 9/<*&K/$2%,! @H! L*%$4,! =HbH! t*++*&,! AH!
b(56*%2',! 2'! *+H,! B4E(C24$E! E((<2%*'$(4! 62'.224! FDI.$&'! *40! `DM7E! (G2%%$02&!
)*$+&*)2!<%(C%*5&!$4!E*4E2%!E2++&,!.*%"$)(.$00H!M![Xnne]!jXaZj^nH!

pe"aq!>H! G*4!9((%4,! =62%%*4'! @?<%2&&$(4! ()! '32! I7%(&$42!Y$4*&2!>2E2<'(%! @<3=e! *40!
'32!I%*4&E%$<'$(4!#*E'(%!I.$&'!$4!;2Q*%7!;740%(52!-024'$)$20!67!L242!@?<%2&&$(4!
=4*+7&$&,!.*%"$)(M$!-!ML![Xnne]!aakmZaamjH!

pe"jq!;H! =4&$2*/,! =HD8H!M(%2+,! LH!F$41*+,! tH! N*&'$0,! =H! 8/$&$2/?,! Ic-;I$4C! *4! 256%7(4$E!
'%*4&E%$<'$(4!)*E'(%!$4'(!*4!(4E(<%('2$4H,!P%"/8$%$H!OI![Xn"n]!^"k^Z^"meH!

pe"kq!LHxH!b324C,!cH!x3*4C,!OHFH!c*4C,!>2C/+*'$(4!()!E*4E2%!E2++!&/%G$G*+,!5$C%*'$(4,!*40!
$4G*&$(4!67!'.$&'J!=YIX!E(52&!'(!$4'2%<+*7,!.*%"$)(M$!-!MJ![Xnnm]!lakZljnH!

pe"mq!bHDFH! x3*4C,! LHDOH! o/,! cHD9H! t$*,! tHD;H! O$,! tHDOH! M*,! cHDFH! >24,! 2'! *+H,! =E'$G*'$(4! ()!
;I=I^! &$C4*+! <*'3.*7! E(%%2+*'2&! .$'3! '.$&'! *40! @DE*032%$4! 2?<%2&&$(4! $4!
32<*'(E2++/+*%! E*%E$4(5*!*40! '32$%! E+$4$E*+! &$C4$)$E*4E2H,! \-(=6)8-(M$!-!=EL! [Xn"X]!
"XnZlH!

pe"lq!YHDcH! F&/,! >HDFH! F&$23,! YHDFH! F/*4C,! =H! #24DR*/! O$,! bHDcH! b3$,! IHDRH!c*4C,! 2'! *+H,!
=E'$G*'$(4! ()! '32! `('E3"s;I=I^sI.$&'! &$C4*+$4C! *?$&! <%(5('2&! C*&'%$E! E*4E2%!
<%(C%2&&$(4H,!.*)"#%/8$%$!#!H!BB![Xn"X]!"ealZjkH!



!

Xea!

!

peXnq!IHOH!b%$&.2++,!bHOH!=%'2*C*,!M(0/+*'$(4!()!`#1*<<*N!*E'$G$'7!*40!@DE*032%$4!67!'32!
'7<2! ---! '%*4&)(%5$4C! C%(.'3! )*E'(%! 62'*! %2E2<'(%! %2C/+*'2&! E2++! C%(.'3! *40!
5('$+$'7H,!\-(O#/0-(.+$7-!OJO![Xnnk]!^Xel"Z^XannH!

peX"q!;H!R2*&5$4,!YH!`*1*7*5*,!MHIH!>*35*4,!MH!>*35*4,!MH!-&3$1*.*,!=H!Y*'*C$%$,!2'!*+H,!
O(&&!()!MYYe!2?<%2&&$(4! $4!(G*%$*4!E*4E2%J!=!<('24'$*+!%(+2! )(%! '32!2<$'32+$*+! '(!
52&24E375*+!'%*4&$'$(4,!G%&-(\-(.*%"$)H!=OJ![Xn""]!leZ"neH!

peXXq!@HDtH!I*4,!;H!I3/*/+',!OH!b*:*,!IH!b*%+2''$,!bHDFH!F2+0$4,!=H!M(/&'*1*&,!>2C/+*'$(4!()!
I%*4&E%$<'$(4! #*E'(%! I.$&'! @?<%2&&$(4! 67! '32! 9`=! =%E3$'2E'/%*+! 8%('2$4! F$C3!
M(6$+$'7!L%(/<!=X!0/%$4C!@<$'32+$*+D'(DM2&24E375*+!I%*4&$'$(4,!\-(O#/0-(.+$7-!OJE!
[Xn"X]!k"^eZk"eaH!

peX^q!OH! x3*4C,!MH! R*4C,! OH! L*4,! IH! F2,! oH! o$*(,!MH9H! ;'2.*%',! 2'! *+H,! 9Ooe! /<%2C/+*'2&!
Ic-;I!*40!243*4E2&!'/5(%!5$C%*'$(4,! $4G*&$(4!*40!52'*&'*&$&H,!G%&-(\-(O#/0-(="#-!J!
[Xn"X]!""kmZmkH!

peXeq!OH! |$4,! xH! O$/,! FH! b324,! tH! o/,! I32! &'2%($0! %2E2<'(%! E(*E'$G*'(%D"! %2C/+*'2&! '.$&'!
2?<%2&&$(4!*40!<%(5('2&!6%2*&'!E*4E2%!52'*&'*&$&H,!.*%"$)(M$!-!MI![Xnnl]!^m"lZ
XkH!

peXaq!=H! ;2+5$,! MH! 02! ;*$4'Dt2*4,! =HDbH! t*++*&,! @H! L*%$4,! MH9H! F(C*%'7,! tH! Nf4*%0,! 2'! *+H,!
Ic-;I"! $&! *! 0$%2E'! '%*4&E%$<'$(4*+! '*%C2'! ()! MRb`! *40! MRb! $4! 42/%(6+*&'(5*,!
.*%"$)(X$&&-!BDE![Xn"a]!e"XZe"mH!

peXjq!MHDFH! R*4C,!MHDxH!c/,! ;HDFH! b3$(/,! 8HDMH! b324,! ;HDRH! b3*4C,! bHDtH! O$/,! 2'! *+H,! 9$%2E'!
%2C/+*'$(4!()!Ic-;I!67!F-#D"*+<3*!<%(5('2&!52'*&'*&$&H,!V*&-(.$00(O#/0-!=h![Xnnm]!
XlaZ^naH!

peXkq!@HFH!L(%',!LH! G*4!F**)'24,! -H! A2%+**4,!=HtH! L%((',!>HFH=H! 8+*&'2%1,!=H! ;3G*%'&,! 2'! *+H,!
I32! Ic-;I"! (4E(C242! $&! *! 0$%2E'! '*%C2'! ()! 37<(?$*D$40/E$6+2! )*E'(%DX*+<3*H,!
P%"/8$%$H!OE![Xnnm]!"an"Z"a"nH!

peXmq!MH=H! Y3*4,! FH! b324,! 9H! x3*4C,! tH! #/,! I.$&'J! *! 5(+2E/+*%! '*%C2'! $4! E*4E2%!
'32%*<2/'$E&H,!C67/6)(O#/0-!BL![Xn"^]!XelkZanjH!

peXlq!MHIH!b3/4C,!FHbH!O*$,!FHYH!;7'./,!MH9H!R*4,!RHOH!;3$3,!bHbH!b3*4C,!2'!*+H,!;#>8"!*40!
;#>8X!&/<<%2&&!'32!'%*4&)(%5*'$(4!*40!$4G*&$(4!*6$+$'$2&!()!E2%G$E*+!E*4E2%!E2++&!
'3%(/C3!c4'!&$C4*+!<*'3.*7,!3J%$"/0-(P%"/0-!==O![Xnnl]!jejZja^H!

pe^nq!RHD>H! `*,! ;HDFH! ;2(1,! 9HDtH! Y$5,! tHDFH! F*4,! IHDFH! Y$5,! FH! t/4C,! 2'! *+H,! N(42!
5(%<3(C242'$E! <%('2$4! k! $40/E2&! 52&24E375*+D'(D2<$'32+$*+! '%*4&$'$(4! $4!
52+*4(5*!E2++&,!+2*0$4C!'(!$43$6$'$(4!()!52'*&'*&$&H,!.*%"$)(="#-!=hh![Xnnl]!XX"mZ
XaH!

pe^"q!YHDcH!O22,!`HYH!O22,!tHFH!Y$5,!MH;H!Y*4C,!FHRH!R((,!FHFH!Y$5,!2'!*+H,!I.$&'"!E*/&2&!'32!
'%*4&E%$<'$(4*+!%2<%2&&$(4!()!E+*/0$4De!.$'3!<%(C4(&'$E!&$C4$)$E*4E2!$4!2&(<3*C2*+!
E*4E2%H,!O#/"+$7-(O#/;+J!-(M$!-(./776%-!LOB![Xn"X]!eaeZjnH!

!pe^Xq!FH!M2%$1*++$(,!>H!Y**%'224*3(,!8H!8ÜÜ11Ñ,!;H!O23'(424,!8H!F$%G$1(&1$,!>H!MÜ1$'*%(,!2'!
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*+H,!x26"!*40!'.$&'!*%2!5(%2!E(55(4+7!2?<%2&&20!$4!52'*&'*'$E!'3*4!<%$5*%7!+/4C!
'/5(/%&! *40! &3(.! $4G2%&2! *&&(E$*'$(4&!.$'3! E+*/0$4&H,! \-(.0#%-(F*&+/0-!ML! [Xn""]!
"^jZenH!

pe^^q!AH! @G0(1$5(G*,! bH! I(C4(4,! IH! `C,! 8H! >/Q*4(G,! `H! M2+471,! 9H! #$41,! 2'! *+H,!
I%*4&+*'$(4*+! =E'$G*'$(4! ()! ;4*$+"! *40! B'32%! 92G2+(<524'*++7! >2C/+*'20!
I%*4&E%$<'$(4! #*E'(%&! 67! RND"! 8%(5('2&! *4! @<$'32+$*+DM2&24E375*+! I%*4&$'$(4,!
.*%"$)(.$00H!=D![Xnnl]!enXZe"aH!

pe^eq!#H!x$407,!bHMH!@$&E324,!9HFH!>*40+2,!IH!Y*5$:(,!tHOH!b+2G2+*40,!bHtH!;32%%,!2'!*+H,!M7E!
&$C4*+$4C!G$*! '32!=>#! '/5(%! &/<<%2&&(%! %2C/+*'2&!<a^D02<24024'!*<(<'(&$&! *40!
$55(%'*+$Q*'$(4,!3$%$!(Y$?-!=O!["llm]!XeXeZXe^^H!

pe^aq!MH!;3$('*,!FH!-Q/5$,!IH!B4$'&/1*,!`H!M$7*5('(,!@H!Y*&3$.*C$,!!*!Y$0*4$,!2'!*+H,!I.$&'!
*40! <a^! %2E$<%(E*++7! %2C/+*'2! '*%C2'! C242&! G$*! 0$%2E'! $4'2%*E'$(4H,!P%"/8$%$H!OE!
[Xnnm]!aae^Zaaa^H!

pe^jq!cHYH!Y.(1,!MHDIH!O$4C,!FH#H!R/24,!RHDbH!c(4C,!oH!c*4C,!>(+2!()!<"e=>#!$4!Ic-;ID
520$*'20!&242&E24E2!$4!<%(&'*'2!2<$'32+$*+!E2++&H,!.*)"#%/8$%$!#!H!OJ![Xnnk]!XejkZ
kaH!

pe^kq!;H! =4&$2*/,! tH! N*&'$0,! =H! 9(%2*/,! =HD8H8H! M(%2+,! NH8H! N(/E32',! bH! I3(5*&,! 2'! *+H,!
-40/E'$(4! ()! @MI! 67! I.$&'! 8%('2$4&! *&! *! b(++*'2%*+! @))2E'! ()! I/5(%D8%(5('$4C!
-4*E'$G*'$(4!()!8%25*'/%2!;242&E24E2,!.*%"$)(.$00H!=L![Xnnm]!klZmlH!

pe^mq!IHMH! I%(&',! @HPH! O*/&E3,! ;H=H! #22&,! ;H! ;E35$'',! IH! @41+**%,! 9H! >2/'Q2+,! 2'! *+H,!
8%25*'/%2! &242&E24E2! $&! *! <%$5*%7! )*$+D&*)2! 52E3*4$&5! ()! @>NNXD0%$G24!
'/5(%$C242&$&!$4!6%2*&'!E*%E$4(5*!E2++&H,!.*%"$)(M$!-!MD![Xnna]!menZlH!

pe^lq!;H! =4&$2*/,! LH! F$41*+,! bH! I3(5*&,! tH! N*&'$0,! =H! 8/$&$2/?,! @*%+7! (%$C$4! ()! E*4E2%!
52'*&'*&2&,!X*%4$!(O#/!"#-![Xnnm]!^jalZ^jj^H!

peenq!YH@H! O22,! 9H! N*%D;*C$,! B4E(C24$E! Y>*&! ;/<<%2&&2&! -4)+*55*'$(4D=&&(E$*'20!
;242&E24E2!()!8*4E%2*'$E!9/E'*+!b2++&,!.*%"$)(.$00H!=J![Xn"n]!eemZeamH!

pee"q!8HIH! I%*4,! @HFH! ;3%()),! IH#H! N/%4&,! ;H! I3$7*C*%*:*4,! ;HIH! 9*&,! IH! x*6/*.*+*,! 2'! *+H,!
I.$&'"!;/<<%2&&2&!;242&E24E2!8%(C%*5&!*40!I32%267!=EE2+2%*'2&!*40!M*$4'*$4&!
M/'*4'!Y%*&D-40/E20!O/4C!I/5(%$C242&$&,!FX/=(3$%$&-!J![Xn"X]!2"nnXjanH!

peeXq!IH#H! N/%4&,! -H! 9(6%(5$+&1*7*,! ;HbH! M/%<37,! >H8H! L*:/+*,! ;H! I3$7*C*%*:*4,! ;H`HFH!
b3*'+27,! 2'! *+H,! -43$6$'$(4! ()! Ic-;I"! O2*0&! '(! =E'$G*'$(4! ()! B4E(C242D-40/E20!
;242&E24E2! $4!B4E(C242D9%$G24!`(4D;5*++!b2++!O/4C!b*4E2%,!D/0-(.*%"$)(M$!-!==!
[Xn"^]!^XlZ^^mH!

pee^q!YHDcH! O22,! ;HDRH! R2(,! bHBH! ;/4C,! ;HDFH! Y$5,! I.$&'"! -&! *! Y27! >2C/+*'(%! ()! b*4E2%D
=&&(E$*'20!#$6%(6+*&'&,!.*%"$)(M$!-!ED![Xn"e]!k^ZmaH!

peeeq!tH8H! I3$2%7,! FH! =E+(K/2,! >HRHtH! F/*4C,! MH=H! `$2'(,! @<$'32+$*+DM2&24E375*+!
I%*4&$'$(4&!$4!92G2+(<524'!*40!9$&2*&2,!.$00H!=BI![Xnnl]!mk"ZmlnH!
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peeaq!tH8H! I3$2%7,! tH8H! ;+225*4,! b(5<+2?! 42'.(%1&! (%E32&'%*'2! 2<$'32+$*+Z52&24E375*+!
'%*4&$'$(4&,!V*&-(M$?-(D/0-(.$00(O#/0-!E![Xnnj]!"^"Z"eXH!

peejq!9HOH! 92?'2%,! FHMH! Y(.*+&1$,! NH=H! N+*Q*%,! xH! #+$C$2+,! >H! A(C2+,! LHFH! F2<<42%,!
F2'2%(C242$'7!()!I/5(%!b2++&!)%(5!*!;$4C+2!M(/&2!M*55*%7!I/5(%,!.*%"$)(M$!-!
BJ!["lkm]!^"keZ^"m"H!

peekq!bHtH! =&+*1&(4,! #H>H! M$++2%,! ;2+2E'$G2! 2G24'&! $4! '32! 52'*&'*'$E! <%(E2&&! 02)$420! 67!
*4*+7&$&!()!'32!&2K/24'$*+!0$&&25$4*'$(4!()!&/6<(</+*'$(4&!()!*!5(/&2!5*55*%7!
'/5(%,!.*%"$)(M$!-!DO!["llX]!"^llZ"enaH!

peemq!RH!M$%(4E3$1,!8HIH!c$44*%0,!#H!A2&/4*,!RH!Y*'(,!#H!c$+02&,!=H8H!8*'3*1,!2'!*+H,!I.$&'!
(G2%2?<%2&&$(4! $40/E2&! $4! G$G(! *4C$(C242&$&! *40! E(%%2+*'2&! .$'3! E3%(5(&(5*+!
$4&'*6$+$'7!$4!6%2*&'!E*4E2%,!.*%"$)(M$!-!MD![Xnna]!"nmn"Z"nmnlH!

peelq!FHDcH!O(,!;HDbH!F&/,!cH!o$*,!oH!b*(,!tHDRH!;3$3,!RH!c2$,!2'!*+H,!@<$02%5*+!C%(.'3!)*E'(%!
%2E2<'(%! E((<2%*'2&! .$'3! &$C4*+! '%*4&0/E2%! *40! *E'$G*'(%! ()! '%*4&E%$<'$(4! ^! '(!
$40/E2! 2<$'32+$*+D52&24E375*+! '%*4&$'$(4! $4! E*4E2%! E2++&! G$*! /<D%2C/+*'$(4! ()!
Ic-;I!C242!2?<%2&&$(4H,!.*%"$)(M$!-!ME![Xnnk]!lnjjZlnkjH!

peanq!tH! R*4C,! >H=H!c2$462%C,! @<$'32+$*+DM2&24E375*+! I%*4&$'$(4J! ='! '32! b%(&&%(*0&! ()!
92G2+(<524'!*40!I/5(%!M2'*&'*&$&,!Y$?-(.$00H!=L![Xnnm]!m"mZmXlH!

pea"q!MHDFH!R*4C,!9H;HD;H!F&/,!FHDcH!c*4C,!FHDtH!c*4C,!FHDRH!O*4,!cHDFH!R*4C,!2'!*+H,!N5$"!
$&! 2&&24'$*+! $4! I.$&'"D$40/E20! 2<$'32+$*+D52&24E375*+! '%*4&$'$(4H,!V*&-( .$00( O#/0-!
=O![Xn"n]!lmXZllXH!

peaXq!=H!A!M(+()&17,!>H!8*%0*+,!IH! -.*&3$'*,! -HDYH!8*%1,!MH#H!b+*%12,! ;HtH!M(%%$&(4,!N5$D"!
02<24024E2! 0$&'$4C/$&32&! 42/%*+! &'25! E2++! &2+)D%242.*+! )%(5! <%(C24$'(%!
<%(+$)2%*'$(4H,!V*&6)$H!LOD![Xnn^]!ljXZkH!

pea^q!bH!O2/4C,!MH!O$4C6221,!BH!;3*13(G*,!tH!O$/,!@H!I*4C2%,!8H!;*%25*&+*4$,!2'!*+H,!N5$"!$&!
2&&24'$*+! )(%! E2%262++*%! 02G2+(<524'! *40! $&! (G2%2?<%2&&20! $4! 3/5*4!
520/++(6+*&'(5*&H,!V*&6)$H!LOJ![Xnne]!^^kZe"H!

peaeq!@H! b*&*&,! tH! Y$5,! =H! N2402&17,! OH! B34(DM*E3*0(,! bHtH!c(+)2,! tH! R*4C,! ;4*$+X! $&! *4!
2&&24'$*+! 520$*'(%! ()! '.$&'"D$40/E20! 2<$'32+$*+! 52&24E375*+! '%*4&$'$(4! *40!
52'*&'*&$&,!.*%"$)(M$!-!E=![Xn""]!XeaZXaeH!

peaaq!@HDFH! `*5,! RH! O22,! NH! M((4,! tHcH! O22,! ;H! Y$5,! I.$&'"! *40! =8D"! E((<2%*'$G2+7!
/<%2C/+*'2! $4'2C%$4! !a! 2?<%2&&$(4! '(! $40/E2! $4G*&$(4! *40! '32! 2<$'32+$*+D
52&24E375*+!'%*4&$'$(4,!.*)"#%/8$%$!#!H!BM![Xn"a]!^XkZ^^kH!

peajq!;HbH!c2$,! OH! #*''2',! tHFH! I&*$,! RH! L/(,! AHFH! 8*$,!FH@H!M*:2&1$,! 2'! *+H,!M*'%$?! &'$))42&&!
0%$G2&! 2<$'32+$*+Z52&24E375*+! '%*4&$'$(4! *40! '/5(/%! 52'*&'*&$&! '3%(/C3! *!
Ic-;I"ZL^N8X! 52E3*4('%*4&0/E'$(4! <*'3.*7,! V*&-( .$00( O#/0-! =E! [Xn"a]! jkmZ
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<%(C%2&&$(4,!\-(.$00-(F+J!#/0-!O=B![Xnnk]!^keZ^m^H!

peamq!;H! A*+*&'7*4,!>H! *H!c2$462%C,! I/5(%!52'*&'*&$&J!M(+2E/+*%! $4&$C3'&! *40! 2G(+G$4C!
<*%*0$C5&,!.$00H!=LE![Xn""]!XkaZXlXH!

pealq!FH!B1*5/%*,!YH! R(&3$0*,!IH!F*42:$,!`2C*'$G2! %2C/+*'$(4!()!I-M8"! $&!520$*'20!67!
'%*4&E%$<'$(4!)*E'(%!Ic-;I",!G%&-(\-(P%"/0-!BD![Xnnl]!"m"Z"mjH!

pejnq!MHNH!c2$&&,!@H!AH!=62+,!MHMH!M*762%%7,!YHtH!N*&$+2,!=HbH!N2%C2%,!=H@H!=<+$4,!Ic-;I"!-&!
*4!@>Y"sX!@))2E'(%!I3*'!8%(5('2&!-4G*&$(4!*40!>2C/+*'2&!MM8D"!@?<%2&&$(4!$4!
F/5*4!M2+*4(5*!b2++&,!.*%"$)(M$!-!EO![Xn"X]!j^mXZj^lXH!

pej"q!MH=H! @E12%',! IHMH! O.$4,! =HIH! b3*4C,! tH! Y$5,! @H! 9*4$&,! OH! B34(DM*E3*0(,! 2'! *+H,!
I.$&'"D-40/E20!-4G*0(<(0$*!#(%5*'$(4!8%(5('2&!I/5(%!M2'*&'*&$&,!.*%"$)(.$00H!
=I![Xn""]!^kXZ^mjH!

pejXq!OH! M*,! tH! I2%/7*D#2+0&'2$4,! >H=H! c2$462%C,! I/5(/%! $4G*&$(4! *40! 52'*&'*&$&!
$4$'$*'20!67!5$E%(>`=D"n6!$4!6%2*&'!E*4E2%,!V*&6)$H!LLI![Xnnk]!jmXZjmmH!

pej^q!MH!b*%%$(,!LH!=%02%$/,!bH!M72%&,!`HtH!N(/0%2*/,!F(52(6(?!9"n!$40/E2&!<324('7<$E!
%2G2%&$(4!()!6%2*&'!'/5(%!E2++&!$4!*!'3%22D0$524&$(4*+!E/+'/%2!5(02+,!.*%"$)(M$!-!
MD![Xnna]!k"kkZk"maH!

pejeq!@H! *! b+*%1,! IH>H! L(+/6,! @H;H! O*402%,! >HBH! F742&,! L24(5$E! *4*+7&$&! ()! 52'*&'*&$&!
%2G2*+&!*4!2&&24'$*+!%(+2!)(%!>3(bH,!V*&6)$H!LhM![Xnnn]!a^XZaH!

pejaq!bHLH!Y+22%,!IH`H!I214(&,!MH!-&+*5,!NH!M*%E/&,!tH;HDtH!O22,!|H!8*4,!2'!*+H,!>3(b!LI8*&2!
2?<%2&&$(4! *&! *! <('24'$*+! 5*%12%! ()! +75<3! 4(02! 52'*&'*&$&! $4! &K/*5(/&! E2++!
E*%E$4(5*&!()!'32!32*0!*40!42E1H,!.0#%-(.*%"$)(M$!-!=O![Xnnj]!eemaZlnH!

pejjq!cHDFH! R*4C,! FHDRH! O*4,! bHDFH! F/*4C,! ;HDYH! I*$,! bHDFH! IQ24C,! ;HDRH! Y*(,! 2'! *+H,! >=b"!
*E'$G*'$(4!520$*'2&!I.$&'"D$40/E20!E*4E2%!E2++!5$C%*'$(4,!V*&-(.$00(O#/0-!=L![Xn"X]!
^jjZ^keH!

pejkq!=HtH!>$0+27,!>3(!LI8*&2&!*40!*E'$4!074*5$E&!$4!5256%*42!<%('%/&$(4&!*40!G2&$E+2!
'%*))$E1$4C,!C)$%4!(.$00(O#/0-!=M![Xnnj]!aXXZaXlH!

pejmq!IH!N%*6+2'Q,!#H!F+/621,!;H!;<*02%4*,!BH!;E35*+3()2%,!@H!F$240+5272%,!=H!t/4C,!2'!*+H,!
-4G*&$(4! *40!52'*&'*&$&! $4! E(+(%2E'*+! E*4E2%J! 2<$'32+$*+D52&24E375*+! '%*4&$'$(4,!
52&24E375*+D2<$'32+$*+! '%*4&$'$(4,! &'25! E2++&! *40! 62'*DE*'24$4H,! .$00!-( C#!!6$!-(
P)8*%!H!=EI![Xnna]!ajZjaH!

pejlq!IH! N%*6+2'Q,! ! *! t/4C,! ;H! >2/,! MH! 8(%Q42%,! #H! F+/621,! OH! *! Y/4QD;E3/C3*%',! 2'! *+H,!
A*%$*6+2! 62'*DE*'24$4! 2?<%2&&$(4! $4! E(+(%2E'*+! E*4E2%&! $40$E*'2&! '/5(%!
<%(C%2&&$(4! 0%$G24! 67! '32! '/5(%! 24G$%(4524'H,! F)/"-( V*&0-( :"*4-( ="#-( ^-( =-( :-!IJ!
[Xnn"]!"n^ajZ"n^j"H!

peknq!tHFH!I&*$,!tHOH!9(4*32%,!9H=H!M/%<37,!;H!b3*/,!tH!R*4C,!;<*'$('25<(%*+!>2C/+*'$(4!()!
@<$'32+$*+DM2&24E375*+! I%*4&$'$(4! -&! @&&24'$*+! )(%! ;K/*5(/&! b2++! b*%E$4(5*!
M2'*&'*&$&,!.*%"$)(.$00H!OO![Xn"X]!kXaZk^jH!
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pek"q!IH!N%*6+2'Q,!@MI!*40!M@I!$4!M2'*&'*&$&J!c32%2!=%2!'32!b*4E2%!;'25!b2++&w,!.*%"$)(
.$00H!OO![Xn"X]!jllZkn"H!

pekXq!=H!8/$&$2/?,!IH!N%*6+2'Q,!tH!b*%*52+,!B4E(C24$E!%(+2&!()!@MID$40/E$4C!'%*4&E%$<'$(4!
)*E'(%&H,!V*&-(.$00(O#/0-!=M![Xn"e]!emmZleH!

pek^q!;H=H! M*4$,! cH! L/(,! MHDtH! O$*(,! @H`H! @*'(4,! =H! =77*4*4,! =HRH! x3(/,! 2'! *+H,! I32!
2<$'32+$*+D52&24E375*+! '%*4&$'$(4! C242%*'2&! E2++&!.$'3! <%(<2%'$2&! ()! &'25! E2++&H,!
.$00H!=BB![Xnnm]!kneZk"aH!

pekeq!=HD8H!M(%2+,!MH!O$gG%2,!bH!I3(5*&,!LH!F$41*+,!;H!=4&$2*/,!=H!8/$&$2/?,!L242%*'$(4!()!
6%2*&'!E*4E2%!&'25!E2++&! '3%(/C3!2<$'32+$*+D52&24E375*+!'%*4&$'$(4H,!FX/=(P%$H!B!
[Xnnm]!2XmmmH!

pekaq!=HD8H!M(%2+,!LHcH!F$41*+,!bH!I3(5*&,!#H!#*/G2',!;H!b(/%'($&Db(?,!=H!c$2%$4E1?,!2'!*+H,!
@MI!$40/E2%&!E*'*+7Q2!5*+$C4*4'!'%*4&)(%5*'$(4!()!5*55*%7!2<$'32+$*+!E2++&!*40!
0%$G2!'/5(%$C242&$&!'(.*%0&!E+*/0$4D+(.!'/5(%&!$4!'%*4&C24$E!5$E2H,!FX/=(3$%$&-!
J![Xn"X]!2"nnXkX^H!

pekjq!tH!O$,!NH8H!x3(/,!=E'$G*'$(4!()!rDE*'24$4!*40!=1'!<*'3.*7&!67!I.$&'!*%2!E%$'$E*+!)(%!
'32!5*$4'24*4E2!()!@MI!*&&(E$*'20!E*4E2%!&'25!E2++D+$12!E3*%*E'2%&,!OD.(.*%"$)H!
==![Xn""]!elH!

pekkq!BHFH! BE*à*,! >H! bå%E(+2&,! ëH! #*6%*,! LH! M(%24(DN/24(,! FH! =E+(K/2,! ;H! A2C*,! 2'! *+H,!
M2'*&'*'$E! b(+(4$Q*'$(4! >2K/$%2&! '32! >2<%2&&$(4! ()! '32! @<$'32+$*+DM2&24E375*+!
I%*4&$'$(4!-40/E2%!8%%?",!.*%"$)(.$00H!OO![Xn"X]!knlZkXeH!

pekmq!IH!N%*6+2'Q,!I(!0$))2%24'$*'2!(%!4('!á!%(/'2&!'(.*%0&!52'*&'*&$&,!V*&-(M$?-(.*%"$)H!
=O![Xn"X]!eXaZe^jH!

peklq!NH! N2E1,! LH! O*<(/C2,! ;H! >(%$G2,! NH! 9%(C*',! YH! 92&*202+*2%2,! ;H! 92+*)*$++2,! 2'! *+H,!
9$))2%24'! O2G2+&! ()! I.$&'"! >2C/+*'2! ;1$4! I/5(%! -4$'$*'$(4,! ;'2542&&,! *40!
8%(C%2&&$(4,!.$00(=&$7(.$00H!=M![Xn"a]!jkZklH!

pemnq!NH! N2E1,! LH! 9%$2&&24&,! ;H! L((&&24&,! YHYH! R(/&&2),! =H! Y/E34$(,! =H! b**/.2,! 2'! *+H,! =!
G*&E/+*%!4$E32!*40!*!A@L#D`%<"!+((<!%2C/+*'2!'32!$4$'$*'$(4!*40!&'2542&&!()!&1$4!
'/5(/%&,!V*&6)$H!LEJ![Xn""]!^llZen^H!

pem"q!tHMH! ;$2C+2,! =H! N*&$4,! =H! ;*&'%2D82%(4*,! RH! R(421/6(,! tH! N%(.4,! >H! ;2442'',! 2'! *+H,!
;BoX! $&! *! E*4E2%D&<2E$)$E! %2C/+*'(%! ()! '/5(/%! $4$'$*'$4C! <('24'$*+! $4! E/'*42(/&!
&K/*5(/&!E2++!E*%E$4(5*H,!V*&-(./776%-!D![Xn"e]!ea""H!

pemXq!tHcH!O(E*&*+2,!=H>H!L%*&&$*4,!IH!M2+5*4,!bH!*!O7&&$('$&,!YH>H!M*''*$4$,!=HtH!N*&&,!2'!*+H,!
83(&<3(C+7E2%*'2! 02370%(C24*&2! 0$G2%'&! C+7E(+7'$E! )+/?! *40! E(4'%$6/'2&! '(!
(4E(C242&$&H,!V*&-(3$%$&-!LB![Xn""]!mjlZmkeH!

pem^q!>H! 8(&&25*'(,! YHMH! M*%1&,! RH9H! ;3*/+,! MH@H! 8*E(+0,! 9H! Y$5,! YH! N$%&(7,! 2'! *+H,!
#/4E'$(4*+! C24(5$E&! %2G2*+! '3*'! '32! &2%$42! &74'32&$&! <*'3.*7! $&! 2&&24'$*+! $4!
6%2*&'!E*4E2%H,!V*&6)$H!LEM![Xn""]!^ejZanH!
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pemeq!RHNH! O22,! -H! N*4'(/4*&,! 9HRH! O22,! OH! 837+*E'(/,! MH! *H! b*+0.2++,! tHNH! P427,! I.$&'D"!
%2C/+*'2&! '32! 5$>D"ll*sX"e! E+/&'2%! 0/%$4C! 02G2+(<524',!V6"0$#"( :"#4!( M$!-! BE!
[Xnnl]!"X^Z"XmH!

pemaq!MHRH! Y(3,! LH! 8(.$&,! 8*&&$4C! '32! 6*'(4J! '32! F-#! &.$'E3,! C)$%4!( O#/"+$7-( ="#-! BE!
[Xn"X]!^jeZ^kXH!

pemjq!;H! O/,! tH! `$2,! |H! O/*4,! |H! #24C,! |H! o$*(,! xH! b3*4C,! 2'! *+H,! 83(&<3(%7+*'$(4! ()! '32!
'.$&'"D)*5$+7! 6*&$E! 32+$?D+((<D32+$?! '%*4&E%$<'$(4! )*E'(%&! $&! $4G(+G20! $4!
<*'3(+(C$E*+!E*%0$*E!%25(02+$4C,!FX/=(P%$H!M![Xn""]H!

pemkq!tH! R*4C,! ;H! *H! M*4$,! >H! *H!c2$462%C,! @?<+(%$4C! *! 42.! '.$&'! (4! '/5(%!52'*&'*&$&,!
.*%"$)(M$!-!MM![Xnnj]!eaelZeaaXH!

pemmq!>H#H!`$/,!OH!x3*4C,!LHMH!o$,!oHRH!c2$,!RH!R*4C,!RH>H!;3$,!2'!*+H,!P<D%2C/+*'$(4!()!I.$&'!
$40/E2&!*4C$(C242&$&!*40!E(%%2+*'2&!.$'3!52'*&'*&$&!$4!32<*'(E2++/+*%!E*%E$4(5*H,!
\-(_L;-(.0#%-(.*%"$)(M$!-!OM![Xnnk]!^maZleH!

pemlq!YH!;(&&27D=+*(/$,!@H!8+/&1('*,!LH!9*G/+/%$,!YH!N$*+1(.&1*,!MH!9*&,!9H!;Q<*1,!2'!*+H,!
Y$40+$4D^!243*4E2&!6%2*&'!E*4E2%!<%(C%2&&$(4!*40!52'*&'*&$&!67!*E'$G*'$4C!I.$&'D
520$*'20!*4C$(C242&$&,!S:=_O(\-!OJ![Xn"e]!XXjnZXXk"H!

pelnq!9H!x3*4C,!NH!;/4,!oH!x3*(,!RH!M*,!>H! t$,!|H!L/,!2'!*+H,!I.$&'"!2?<%2&&$(4! $40/E20!67!
&/4$'$4$6! *EE2+2%*'2&! '/5(%! E2++! G*&E/+(C24$E! 5$5$E%7! 67! $4E%2*&$4C! '32!
<(</+*'$(4! ()! b9"^^{! E2++&! $4! '%$<+2D42C*'$G2! 6%2*&'! E*4E2%H,! D/0-( .*%"$)H! =B!
[Xn"e]!XnkH!

pel"q!OH!c*4C,!OH!O$4,!oH!b324,!OH!;/4,!RH!O$*(,!`H!F/*4C,!2'!*+H,!M2'*&'*&$&D*&&(E$*'20! $4!
E(+(4!E*4E2%D"!<%(5('2&!G*&E/+(C24$E!5$5$E%7!$4!C*&'%$E!E*4E2%!67!/<%2C/+*'$4C!
Ic-;I"sXH,!P%"/&*)8$&H!M![Xn"a]!""elXZanjH!

pelXq!tHMH! O(.DM*%E32++$,! AHbH! =%0$,! @H! *H! A$QE*%%*,!`H! A*4!>(($:24,! tH8H! |/$C+27,! tH! R*4C,!
I.$&'"!$40/E2&!bbOX!*40!%2E%/$'&!5*E%(<3*C2&!'(!<%(5('2!*4C$(C242&$&,!.*%"$)(
M$!-!EB![Xn"^]!jjXZjk"H!

pel^q!tHcH! 8(++*%0,! I%(<3$E! 5*E%(<3*C2&! $4! 02G2+(<524'! *40! 0$&2*&2H,! V*&-( M$?-(
G776%/0-!I![Xnnl]!XalZXknH!

peleq!AH!b%*G2$%(,!RH!R*4CDF*%'.$E3,!tHbH!F(+562%C,!`HtH!;/5$,!tH!8$QQ(4$*,!NH!L%$))$4,!2'!*+H,!
8324('7<$E! 5(0$)$E*'$(4&! $4! (G*%$*4! E*4E2%! &'25! E2++&! )(++(.$4C! 8*E+$'*?2+!
'%2*'524'H,!.*%"$)(D$4-!O![Xn"^]!ka"ZjXH!

pelaq!oH! c*4C,! MHIH! O$4C,! oHDRH! L/*4,! ;HcH! I&*(,! FHcH! b32/4C,! 9HIH! O22,! 2'! *+H,!
-024'$)$E*'$(4!()!*!4(G2+!)/4E'$(4!()!Ic-;I,!*!6FOF!<%('2$4,!$4!'32!02G2+(<524'!()!
*EK/$%20!'*?(+!%2&$&'*4E2!$4!3/5*4!E*4E2%!E2++&H,!P%"/8$%$H!OB![Xnne]!ekeZmXH!

peljq!LHxH! b324C,! tH! b3*4,! |H! c*4C,! cH! x3*4C,! bH9H! ;/4,! OHDFHFH! c*4C,! I.$&'!
'%*4&E%$<'$(4*++7! /<D%2C/+*'2&! =YIX! $4! 6%2*&'! E*4E2%! E2++&! +2*0$4C! '(! $4E%2*&20!
5$C%*'$(4,! $4G*&$(4,! *40! %2&$&'*4E2! '(! <*E+$'*?2+,! .*%"$)( M$!-! ME! [Xnnk]! "lklZ
"lmkH!
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pelkq!MH!;3$('*,!FH!-Q/5$,!IH!B4$'&/1*,!`H!M$7*5('(,!@H!Y*&3$.*C$,!=H!Y$0*4$,!2'!*+H,!I.$&'!
<%(5('2&!'/5(%!E2++!C%(.'3!'3%(/C3!RND"!2?<%2&&$(4,!.*%"$)(M$!-!MJ![Xnnm]!lmZ
"naH!

pelmq!oH!x3/,!FH!;324,!oH!R$4,!OH!O(4C,!bH!o$2,!RH!O$/,!2'!*+H,!5$>D"mj!%2C/+*'$(4!()!I.$&'"!
*40!(G*%$*4!E*4E2%!&24&$'$G$'7!'(!E$&<+*'$4H,!P%"/8$%$H![Xn"a]!"Z"nH!

pellq!FHDBH! t$4,!;HD@H!F(4C,!;HDFH!c((,! tHDFH!O22,!IHDNH!b3(2,!@HDYH!Y$5,!2'!*+H,! ;$+24E$4C!()!
I.$&'"! &24&$'$Q2&!`;bOb! E2++&! '(! E$&<+*'$4! G$*!=M8YD*E'$G*'20!5IB>! $43$6$'$(4H,!
.$00(Y$*&+(Y#!-!B![Xn"X]!2^"lH!

pannq!RH!b324,!OH!O$,!tH!x24C,!YH!c/,!tH!x3(/,!8H!L/(,!2'!*+H,!I.$&'!E(4)2%&!E325(%2&$&'*4E2!
'(! *4'3%*E7E+$42&! $4! 6+*002%! E*4E2%! '3%(/C3! /<%2C/+*'$4C! 8DC+7E(<%('2$4H,!
.+$7/&+$)*;JH!DJ![Xn"X]!XjeZkXH!

pan"q!MH! ;*?24*,! MH! *! ;'2<324&,! FH! 8*'3*1,! ! *! >*4C*%*:*4,! I%*4&E%$<'$(4! )*E'(%&! '3*'!
520$*'2! 2<$'32+$*+D52&24E375*+! '%*4&$'$(4! +2*0! '(! 5/+'$0%/C! %2&$&'*4E2! 67!
/<%2C/+*'$4C!=Nb!'%*4&<(%'2%&H,!.$00(Y$*&+(Y#!-!O![Xn""]!2"klH!

panXq!bHLH! 83*5,! bH! N/6$E$,! #H! x*QQ2%(4$,! tH>H! Y4*66,! ;H! 8*<*,! bH! Y/4'Q24,! 2'! *+H,!
P<%2C/+*'$(4! ()! I.$&'D"! 67! `#D1*<<*N! 6+(E1&! E7'('(?$E$'7! $40/E20! 67!
E325('32%*<2/'$E!0%/C&H,!D/0-(.$00-(O#/0-!OE![Xnnk]!^lXnZ^aH!

pan^q!`H! Y(/%'$&,! `H! I*G2%4*%*1$&,! b2++/+*%! &'%2&&! %2&<(4&2! <*'3.*7&! *40! *C2$4CJ!
$4'%$E*'2!5(+2E/+*%!%2+*'$(4&3$<&,!_DOP(\-!Bh![Xn""]!XaXnZXa^"H!

paneq!>H! *! O(E1&3$4,! xH! x*12%$,! b2++! 02*'3! $4! 32*+'3! *40! 0$&2*&2H,! \-( .$00-( D/0-( D$4-! ==!
[Xnnk]!"X"eZ"XXeH!

panaq!=H!;*5*+$,!bH-H!F(+562%C,!OH!;$&'(424,!;H!B%%24$/&,!I32%5('(+2%*4E2!*40!E2++!02*'3!
*%2!0$&'$4E'!E2++/+*%!%2&<(4&2&!'(!&'%2&&íJ!02<24024E2!(4!32*'!&3(E1!<%('2$4&,!.$00H!
LM=!["lll]!^njZ^"nH!

panjq!bH>H!c2&'(4,!>HtH!9*G$&,!I32!t`Y!&$C4*+!'%*4&0/E'$(4!<*'3.*7,!.6))-(P;#%-(.$00(O#/0-!
=I![Xnnk]!"eXZ"elH!
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pa"jq!MH!A*+1(,!MH! -Q*1(G$E,!MH!M*Q/%,!bHtH!>3(02&,! tH!I2+&2%,!>(+2!()!(?7C24!%*0$E*+&! $4!
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()!%20(?D02<24024'!&$C4*++$4C,!V*&-(M$?-(D/0-(.$00(O#/0-!=D![Xn"e]!e""ZeX"H!
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*40!C+/'*'3$(42D%2+*'20!24Q752&,!\-(V6&)-(O#/"+$7-!=M![Xnna]!akkZamjH!
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paamq!MH!A*+1(,!9H!O2$6)%$'Q,! tH!M(4E(+,!MHIH9H!b%(4$4,!MH!M*Q/%,! tH!I2+&2%,! #%22! %*0$E*+&!
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^"XH!

paj"q!MH! B&$2E1$,! 8H! L3*4*G$,! YH! ='1$4&(4,! OHYH! `$2+&24,! MH>H! 9(%*4,! I32! *&E(%6$E! *E$0!
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pajaq!@H!c3$'2,! tH;H!;3*44(4,!>H@H!8*''2%&(4,!>2+*'$(4&3$<!62'.224!G$'*5$4!*40!E*+E$/5!
&/<<+2524'! /&2! *40! E(+(4! E*4E2%,! .*%"$)( _;#4$7#/0( O#/7*)]$)!( F)$?H! M! ["llk]!
kjlZkkeH!

pajjq!#H|H!;E3*)2%,!LH>H!N/2''42%,!>20(?!24G$%(4524'!()!'32!E2++!*&!G$2.20!'3%(/C3!'32!
%20(?!&'*'2!()! '32!C+/'*'3$(42!0$&/+)$02sC+/'*'3$(42!E(/<+2,!S)$$(M*4#"-(O#/0-(D$4-!
Bh![Xnn"]!""l"Z"X"XH!

pajkq!bH! L(%%$4$,! -H;H!F*%%$&,! IHcH!M*1,!M(0/+*'$(4! ()! (?$0*'$G2! &'%2&&! *&! *4! *4'$E*4E2%!
&'%*'2C7H,!V*&-(M$?-(Y)68(Y#!"/?-!=O![Xn"^]!l^"ZekH!

pajmq!RH! Y2$&*%$,! OH! N%*/4,! @H! #+2&E32%,! I32! (?$0*'$G2! 6/%&'! *40! %2+*'20! <324(524*! $4!
5(/&2! 5*E%(<3*C2&! 2+$E$'20! 67! 0$))2%24'! &'2%$+2! $4)+*55*'(%7! &'$5/+$,!
G776%/H#/0/8JH!=MD!["lm^]!kmZmlH!

pajlq!=HH!c2&',!-HH!N%(0&17,!bH!>*342%,!9HH!c((,!FH!@%0:/524'DN%(5*C2,!8H!I25<&',!2'!*+H,!
IO>!&$C4*++$4C!*/C524'&!5*E%(<3*C2!6*E'2%$E$0*+!*E'$G$'7!'3%(/C3!5$'(E3(40%$*+!
>B;,!V*&6)$H!LEO![Xn""]!ekjZemnH!

paknq!;H=H! t(42&,! AHNH! BW9(442++,! tH9H! c((0,! tH8H! N%(/C3'(4,! @HtH! F/C32&,! BHIH! t(42&,!
@?<%2&&$(4!()!<3*C(E7'2!`=98F!(?$0*&2!E(5<(424'&!$4!3/5*4!240('32+$*+!E2++&,!



!

Xaj!

!

:7-(\-(F+J!#/0-!OE=!["llj]!F"jXjZ^eH!

pak"q!AHtH!I3*44$E1*+,!NHOH!#*46/%C,!=E'$G*'$(4!()!*4!FXBXDC242%*'$4C!`=9F!(?$0*&2!$4!
3/5*4! +/4C! )$6%(6+*&'&!67! '%*4&)(%5$4C!C%(.'3! )*E'(%!62'*!"H,! \-(O#/0-(.+$7-!OEh!
["lla]!^n^^eZ^n^^mH!

pakXq!bHIH! b324,! RH>H! ;3$3,! IHYH! Y/(,! BHYH! O22,! RHFH! c2$,! b((%0$4*'20! E3*4C2&! ()!
5$'(E3(40%$*+! 6$(C242&$&! *40! *4'$(?$0*4'! 24Q752&! 0/%$4C! (&'2(C24$E!
0$))2%24'$*'$(4!()!3/5*4!52&24E375*+!&'25!E2++&,!=&$7(.$00!H!OM![Xnnm]!ljnZljmH!

pak^q!RHMH!b3(,!;H!Y.(4,!RHYH!8*1,!FHcH!;2(+,!RHMH!b3($,!9HtH!8*%1,!2'!*+H,!974*5$E!E3*4C2&!
$4! 5$'(E3(40%$*+! 6$(C242&$&! *40! *4'$(?$0*4'! 24Q752&! 0/%$4C! '32! &<(4'*42(/&!
0$))2%24'$*'$(4! ()! 3/5*4! 256%7(4$E! &'25! E2++&,!O#/"+$7-( O#/;+J!-( M$!-( ./776%-!
BLJ![Xnnj]!"ekXZ"ekmH!

pakeq!@H! B./&/D=4&*3,! PH! N*42%:22,! >2*E'$G2! (?7C24! &<2E$2&! <%$52! 9%(&(<3$+*!
3*25*'(<($2'$E!<%(C24$'(%&!)(%!0$))2%24'$*'$(4,!V*&6)$H!LM=![Xnnl]!a^kZae"H!

pakaq!YH!AH!I(%5(&,!@H!=4&(,!>HNH!F*5*4*1*,!tH!@$&246*%',!tH! t(&2<3,!NH!Y*+7*4*%*5*4,!2'!
*+H,!M$'(E3(40%$*+! E(5<+2?! ---!>B;! %2C/+*'2! *0$<(E7'2!0$))2%24'$*'$(4,!.$00(D$&*H-!
=L![Xn""]!a^kZaeeH!

pakjq!RH! Y*40*,! IH! F$4*'*,! ;HcH! Y*4C,! RH! c*'*4*62,! >2*E'$G2! (?7C24! &<2E$2&! 520$*'2!
*0$<(E7'2!0$))2%24'$*'$(4!$4!52&24E375*+!&'25!E2++&H,!X#'$(="#-!JI![Xn""]!XanZmH!

pakkq!AH-H! O/&3E3*1,! #%22! %*0$E*+&,! %2*E'$G2! (?7C24! &<2E$2&,! (?$0*'$G2! &'%2&&! *40! $'&!
E+*&&$)$E*'$(4H,!.+$7-(O#/0-(G%&$)*"&-!OOL![Xn"e]!"jeZ"kaH!

pakmq!bH!`*'3*4,!;<2E$)$E$'7!()!*!'3$%0!1$40J!>2*E'$G2!(?7C24!*40!4$'%(C24!$4'2%520$*'2&!
$4!E2++!&$C4*+$4C,!\-(.0#%-(G%?$!&-!===![Xnn^]!kjlZkkmH!

paklq!#H! =+'$2%$,! bH! L%$++(,! MH! M*E2%(4$,! ;H! b3$E3$*%2++$,! 9`=! 0*5*C2! *40! %2<*$%J! )%(5!
5(+2E/+*%!52E3*4$&5&! '(!32*+'3! $5<+$E*'$(4&H,!:%&#/L#4-(M$4/L(=#8%*0-!=h! [Xnnm]!
ml"Zl^kH!

pamnq!;H! t$%*4/&(%41/+,! bH! *! O*/C3'(4,! 92&'*6$+$Q*'$(4! ()! 9`=! 0/<+2?2&! 67! (?$0*'$G2!
0*5*C2! *'! C/*4$42J! $5<+$E*'$(4&! )(%! +2&$(4! %2E(C4$'$(4! *40! %2<*$%H,! \-( M-( =/"-(
G%&$)'*"$H!D';b``$'B![Xnnm]!;"l"Z;"lmH!

pam"q!IHNH!Y%7&'(4,!=HNH!L2(%C$2G,!8H!8$&&$&,!=HLH!L2(%C*1$+*&,!>(+2!()!(?$0*'$G2!&'%2&&!*40!
9`=!0*5*C2!$4!3/5*4!E*%E$4(C242&$&H,!D6&*&-(M$!-!E==![Xn""]!"l^ZXn"H!

pamXq!=H!Y%$&1(,!MH!>*05*4,!8324('7<$E!*40!C242'$E!E(4&2K/24E2&!()!<%('2$4!0*5*C2H,!
FX/=(3$%$&-!I![Xn"^]!2"nn^m"nH!

pam^q!@H>H!;'*0'5*4,!8%('2$4!(?$0*'$(4!*40!*C$4CH,!S)$$(M*4#"-(M$!-!Lh![Xnnj]!"XanZmH!

pameq!AH! b(&'*,! =H! |/$4'*4$+3*,! 8H! M(%*0*&D#2%%2$%*,! 8%('2$4! (?$0*'$(4,! %2<*$%!
52E3*4$&5&!*40!<%('2(+7&$&!$4!;*EE3*%(57E2&!E2%2G$&$*2H,!G^ODO(X#'$H!DI![Xnnk]!
Xl^ZXlmH!



!

Xak!

!

pamaq!MH! N24*5$%*,! YH! t(34&(4,! ! *! b3*/03*%7,! YH! N%/42%,! bH! I$662''&,! OHtH! M*%42'',!
-40/E'$(4!()!5/'*'$(4&!67!%2<+$E*'$(4!()!5*+(40$*+023702D5(0$)$20!M"^!9`=! $4!
@&E32%$E3$*! E(+$J! 02'2%5$4*'$(4! ()! '32! 2?'24'! ()! 9`=! 5(0$)$E*'$(4,! C242'$E!
%2K/$%2524'&! )(%!5/'*C242&$&,! *40! '7<2&! ()!5/'*'$(4&! $40/E20H,! .*)"#%/8$%$!#!H!
=M!["lla]!l^ZlH!

pamjq!;HYH! b3(/03*%$,!MH! b3*/03*%7,!=H>H!L*06*$+,! =H! ;3*%5*,! ;H! I21*02,!B?$0*'$G2! *40!
*4'$(?$0*'$G2!52E3*4$&5&!$4!(%*+!E*4E2%!*40!<%2E*4E2%J!*!%2G$2.H,!P)*0(P%"/0-!Dh!
[Xn"e]!"nZmH!

pamkq!>H! =+G*%2QDL(4Q*+2Q,! #%22! %*0$E*+&,! (?$0*'$G2! &'%2&&,! *40! 9`=! 52'*6(+$&5! $4!
3/5*4!E*4E2%H,!.*%"$)(G%?$!&-!=E!["lll]!^kjZkH!

pammq!MHFH!>*&3220,!;H;H!N22G$,!=H!L22'3*,!@43*4E20! +$<$0!<2%(?$0*'$(4!*40!4$'%$E!(?$02!
<%(0/E'&! .$'3! 02%*4C20! *4'$(?$0*4'! &'*'/&! $4! <*'$24'&! .$'3! 32*0! *40! 42E1!
&K/*5(/&!E2++!E*%E$4(5*H,!P)*0(P%"/0-!LB![Xnnk]!^^^ZmH!

pamlq!;H9H!Y(%02,!=H!N*&*1,!MH!b3*/03*%7,!MH!L(7*+,!=H!A*CC*,!@43*4E20!`$'%(&*'$G2!*40!
B?$0*'$G2!;'%2&&!.$'3!92E%2*&20!I('*+!=4'$(?$0*4'!b*<*E$'7!$4!8*'$24'&!.$'3!B%*+!
8%2E*4E2%!*40!B%*+!;K/*5(/&!b2++!b*%E$4(5*,!P%"/0/8JH!Jh![Xn""]!^mXZ^mlH!

palnq!-H!9*++2D9(442,!N$(5*%12%&!()!B?$0*'$G2!9*5*C2!$4!F/5*4!9$&2*&2,!.0#%-(.+$7-!DO!
[Xnnj]!jn"ZjX^H!

pal"q!`H;H!93*++*,!>HMH!I25&*3,!IH!`2''$E*0*4,!>(+2!()!(?$0*'$G2!&'%2&&!$4!E*%0$(G*&E/+*%!
0$&2*&2&H,!\-(RJ;$)&$%!-!=J![Xnnn]!jaaZk^H!

palXq!8H!t2442%,!B?$0*'$G2!&'%2&&!$4!8*%1$4&(4W&!0$&2*&2H,!:%%-(V$6)/0-!DB';b``$'B![Xnn^]!
;XjZ^jV!0$&E/&&$(4!;^jZmH!

pal^q!OHMH!;*7%2,!MH!*!;5$'3,!LH!82%%7,!b325$&'%7!*40!6$(E325$&'%7!()!(?$0*'$G2!&'%2&&!$4!
42/%(02C242%*'$G2!0$&2*&2H,!.6))-(D$4-(.+$7-!J![Xnn"]!kX"Zk^mH!

paleq!9H! F*%5*4,! =C$4CJ! ! *! '32(%7! 6*&20! (4! )%22! %*0$E*+! *40! %*0$*'$(4! E325$&'%7H,! \-(
3$)/%&/0-!==!["laj]!XlmZ^nnH!

palaq!OHcH! B62%+27,! IH9H! B62%+27,! >(+2! ()! *4'$(?$0*4'! 24Q752&! $4! E2++! $55(%'*+$Q*'$(4!
*40!'%*4&)(%5*'$(4H,!D/0-(.$00-(O#/"+$7-!JL!["lmm]!"ekZa^H!

paljq!9H!I%*E3(('3*5,! tH!=+2?*40%2,!8H!F/*4C,!I*%C2'$4C!E*4E2%! E2++&!67!>B;D520$*'20!
52E3*4$&5&J! *! %*0$E*+! '32%*<2/'$E! *<<%(*E3w,! V*&-( M$?-( Y)68( Y#!"/?-! J! [Xnnl]!
aklZal"H!

palkq!8H!>*4:*4,!AH!=4*'37,!8HMH!N/%E3,!YH!c2$%*'32%,! tH9H!O*562'3,!`HFH!F2$4'Q,!>20(?D
02<24024'!2?<%2&&$(4!()!E7E+$4!9"!*40!E2++!<%(+$)2%*'$(4!67!`(?"! $4!5(/&2! +/4C!
2<$'32+$*+!E2++&,!:%&#/L#4(M$4/L(=#8%*0H!J![Xnnj]!"eekZ"ealH!

palmq!tHOH!M*%'$40*+2,!`HtH!F(+6%((1,!b2++/+*%! %2&<(4&2! '(!(?$0*'$G2!&'%2&&J!;$C4*+$4C! )(%!
&/$E$02!*40!&/%G$G*+,!\-(.$00-(F+J!#/0-!=IO![XnnX]!"Z"aH!



!

Xam!

!

pallq!OHNH! ;/++$G*4,! `H;H! b3*402+,! M$'(E3(40%$*+! %2*E'$G2! (?7C24! &<2E$2&! *40! E*4E2%,!
.*%"$)(D$&*H-!O![Xn"e]!"kH!

pjnnq!IHFH! Y$5,! tH! ;(4C,! ;H>H! =+E*4'*%*! O+*C/4(,! @H! M/%4*4,! ;H! O$7*4*%*E3E3$,! YH!
8*+*4$E3*57,!2'!*+H,!;/<<%2&&$(4!()!<2%(?$%20(?$4!e!$4!C+$(6+*&'(5*!E2++&!$4E%2*&2&!
*<(<'(&$&!*40!%20/E2&!'/5(%!C%(.'3H,!FX/=(P%$H!E![Xn"X]!2eXm"mH!

pjn"q!xHIH! ;E3*)2%,! =H>H! L%*&&$*4,! OH! ;(4C,! xH! t$*4C,! xH! L2%3*%'DF$42&,! FHRH! -%$2,! 2'! *+H,!
=4'$(?$0*4'! *40! (4E(C242! %2&E/2! ()!52'*6(+$E! 02)2E'&! E*/&20! 67! +(&&! ()!5*'%$?!
*''*E3524'H,!V*&6)$H!LM=![Xnnl]!"nlZ"^H!

pjnXq!;HMH!c2$&,!9H=H!b32%2&3,!I/5(%!*4C$(C242&$&J!5(+2E/+*%!<*'3.*7&!*40!'32%*<2/'$E!
'*%C2'&H,!V*&-(D$4-!=E![Xn""]!"^alZknH!

pjn^q!YH`H!#*%%(.,!YHtH!O22,!MH!82%2Q,!tHMH!;E3%$2.2%,!;H!c20C.((0,!;H!O*1&35$4%/&$53*,!
2'! *+H,! N%$2)! 37<2%(?$*! $4E%2*&2&! 5$'(E3(40%$*+! (?$0*'$(4! *40! $4E%2*&2&!
<3(&<3(0$2&'2%*&2! a! *E'$G$'7! $4! )2'*+! </+5(4*%7! *%'2%7! &5(('3! 5/&E+2! E2++&H,!
:%&#/L#4-(M$4/L(=#8%*0-!=E![Xn"X]!ejnZknH!

pjneq!LHNH! c*7<*,! tH9H! M*%1&,! >H9H! L/Q7,! 8HIH! M/4C*$,! tHMH! ;E3%$2.2%,! 9H! 9(1$E,! 2'! *+H,!
;/<2%(?$02! C242%*'20! *'! 5$'(E3(40%$*+! E(5<+2?! ---! '%$CC2%&! *E/'2! %2&<(4&2&! '(!
37<(?$*! $4! '32! </+5(4*%7! E$%E/+*'$(4H,!:7-( \-( M$!;#)-( .)#&-( .*)$(D$4-!=JE! [Xn"^]!
eXeZ^XH!

pjnaq!`H;H!b3*402+,!@H!M*+'2<2,!@H!L(+0.*&&2%,!bH@H!M*'3$2/,!MHbH!;$5(4,!8HIH!;E3/5*E12%,!
M$'(E3(40%$*+! %2*E'$G2! (?7C24! &<2E$2&! '%$CC2%! 37<(?$*D$40/E20! '%*4&E%$<'$(4H,!
F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!ID!["llm]!""k"aZXnH!

pjnjq!LHNH!c*7<*,!tH9H!M*%1&,!>H!L/Q7,!8HIH!M/4C*$,!tH!;E3%$2.2%,!9H!9(1$E,!2'!*+H,!F7<(?$*!
'%$CC2%&! &/6E2++/+*%! E(5<*%'524'*+! %20(?! &$C4*+$4C! $4! G*&E/+*%! &5(('3! 5/&E+2!
E2++&H,!.#)"-(M$!-!=hM![Xn"n]!aXjZ^aH!

pjnkq!;H;H! ;*63*%.*+,!8HIH!;E3/5*E12%,!M$'(E3(40%$*+!>B;! $4!E*4E2%íJ,!V*&-(F6H0-(3)-!=L!
[Xn"e]!knlZkX"H!

pjnmq!`H;H! b3*402+,! 9H;H! MEb+$4'(E1,! bH@H! #2+$E$*4(,! IHMH! c((0,! tH=H! M2+2402Q,! =HMH!
>(0%$C/2Q,!2'!*+H,!>2*E'$G2!(?7C24!&<2E$2&!C242%*'20!*'!5$'(E3(40%$*+!E(5<+2?!---!
&'*6$+$Q2! 37<(?$*D$40/E$6+2! )*E'(%D"*+<3*! 0/%$4C! 37<(?$*J! *! 52E3*4$&5! ()! BX!
&24&$4CH,!\-(O#/0-(.+$7-!OED![Xnnn]!Xa"^nZmH!

pjnlq!YH9H!M*4&)$2+0,! >H9H! L/Q7,! RH! 8*4,! >HMH! R(/4C,! IH8H! b*&3,! 8HIH! ;E3/5*E12%,! 2'! *+H,!
M$'(E3(40%$*+! 07&)/4E'$(4! %2&/+'$4C! )%(5! +(&&! ()! E7'(E3%(52! E! $5<*$%&! E2++/+*%!
(?7C24!&24&$4C!*40!37<(?$E!F-#D*+<3*!*E'$G*'$(4H,!.$00(D$&*H-!=![Xnna]!^l^ZlH!

pj"nq!>H9H!L/Q7,!NH!F(7(&,!@H!>(6$4,!FH!b324,!OH!O$/,!YH9H!M*4&)$2+0,!2'!*+H,!M$'(E3(40%$*+!
E(5<+2?! ---! $&! %2K/$%20! )(%!37<(?$*D$40/E20!>B;!<%(0/E'$(4!*40!E2++/+*%!(?7C24!
&24&$4CH,!.$00(D$&*H-!=![Xnna]!en"ZmH!

pj""q!;H;H!;*63*%.*+,!LHNH!c*7<*,!tH9H!M*%1&,!8HIH!;E3/5*E12%,!82%(?$%20(?$4Da!'*%C2'20!
'(! '32!5$'(E3(40%$*+! $4'2%5256%*42! &<*E2! *''24/*'2&! 37<(?$*D$40/E20! %2*E'$G2!



!

Xal!

!

(?7C24!&<2E$2&!&$C4*++$4CH,!O#/"+$7-(\-!LDM![Xn"^]!^^kZejH!

pj"Xq!OH! 8*E12%,! YH! #/23%,! O(.! (?7C24! E(4E24'%*'$(4! 2?'240&! '32! +$)2&<*4! ()! E/+'/%20!
3/5*4!0$<+($0!E2++&H,!V*&6)$H!OME!["lkk]!eX^ZaH!

pj"^q!|HMH! b324,! tHbH! N*%'3(+(52.,! tH! b*5<$&$,! MH! =E(&'*,! tH9H! >2*C*4,! NH`H! =52&,!
M(+2E/+*%! *4*+7&$&! ()! FXBXD$40/E20! &242&E24'D+$12! C%(.'3! *%%2&'! $4! 4(%5*+!
3/5*4!)$6%(6+*&'&J!<a^!*40!>6!E(4'%(+!L"!*%%2&'!6/'!4('!E2++!%2<+$E*'$(4H,!O#/"+$7-(
\-!BBO'V'H#'=!["llm]!e^ZanH!

pj"eq!=HbH!O22,!NH@H!#24&'2%,!FH!-'(,!YH!I*120*,!`H;H!N*2,!IH!F$%*$,!2'!*+H,!>*&!<%('2$4&!$40/E2!
&242&E24E2!67! *+'2%$4C! '32! $4'%*E2++/+*%! +2G2+&! ()! %2*E'$G2! (?7C24! &<2E$2&,! \-(O#/0-(
.+$7-!OEL!["lll]!kl^jZklenH!

pj"aq!|HMH! b324,! tH! O$/,! tHNH! M2%%2'',! =<(<'(&$&! (%! &242&E24E2D+$12! C%(.'3! *%%2&'J!
$4)+/24E2! ()! E2++DE7E+2! <(&$'$(4,! <a^,! <X"! *40! 6*?! $4! FXBX! %2&<(4&2! ()! 4(%5*+!
3/5*4!)$6%(6+*&'&H,!O#/"+$7-(\-!BLE![Xnnn]!ae^Za"H!

pj"jq!NHFH!R((,!oH!c/,!MH!92%(/2',!MH!F*4$)),!@HDOH!@&12+$424,!YH!>(&24,!F7<(?$*D$40/E20!
0(.4%2C/+*'$(4! ()! */'(<3*C7! 520$*'(%! N2E+$4! "! %20/E2&! '32! &/&E2<'$6$+$'7! ()!
5*+$C4*4'!$4'2&'$4*+!2<$'32+$*+!E2++&!'(!37<(?$*D02<24024'!*<(<'(&$&H,!:6&/;+*8JH!D!
[Xnnl]!""jjZklH!

pj"kq!tHMH!M*'f&,! tH! *H! ;2C/%*,!#HtH!=+(4&(,! tH!Mä%K/2Q,!B?$0*'$G2! &'%2&&! $4!*<(<'(&$&!*40!
E*4E2%J!=4!/<0*'2,!:)"+-(C/L#"/0-!JM![Xn"X]!"jelZ"jjaH!

pj"mq!BH!A*)*,!MH!c*02,!;H!Y2%4,!MH!N22E32,!IHYH!8*40$'*,!LHMH!F*5<'(4,!2'!*+H,!EDM7E!E*4!
$40/E2!9`=!0*5*C2,!$4E%2*&2!%2*E'$G2!(?7C24!&<2E$2&,!*40!5$'$C*'2!<a^!)/4E'$(4J!
*!52E3*4$&5!)(%!(4E(C242D$40/E20!C242'$E!$4&'*6$+$'7H,!D/0-(.$00H!I![XnnX]!"n^"Z
"neeH!

pj"lq!;H!Y!b,!tHMH!bä%E*5(,!9HcH!L(+02,!=4'$(?$0*4'&!<%2G24'!(?$0*'$G2!9`=!0*5*C2!*40!
E2++/+*%!'%*4&)(%5*'$(4!2+$E$'20!67!'32!(G2%D2?<%2&&$(4!()!EDMRbH,!D6&*&-(M$!-!DIB!
[Xnnj]!jeZklH!

pjXnq!FH!I*4*1*,! -H!M*'&/5/%*,!;H!@Q(2,!RH!;*'(3,!IH!;*1*5*1$,!bH!=+6*42&2,!2'!*+H,!@X#"!
*40!EDM7E!<('24'$*'2!*<(<'(&$&!'3%(/C3!$43$6$'$(4!()!`#D1N!*E'$G$'7!'3*'!)*E$+$'*'2&!
M4;B9D520$*'20!>B;!2+$5$4*'$(4,!D/0(.$00H!I![XnnX]!"n"kZ"nXlH!

pjX"q!8H@H!A$G*&DM2:â*,!NH!BQ<(+*',!oH!b324,!LH!O(<2QDN2%2&'2$4,!9(.4%2C/+*'$(4!()!'32!ED
MRb! '*%C2'! C242,! <2%(?$%20(?$4! ---,! E(4'%$6/'2&! '(! *%&24$E! '%$(?$02D$40/E20!
*<(<'(&$&!$4!*E/'2!<%(572+(E7'$E!+2/125$*H,!G%&-(\-(.*%"$)H!=OD![Xnnl]!XjeZkaH!

pjXXq!tH!*!N2%'(/',!;H!*!8*'2+,!MHbH!;$5(4,!I32!$5<*E'!()!BX!*G*$+*6$+$'7!(4!3/5*4!E*4E2%H,!
V*&-(M$?-(.*%"$)H!J![Xnnm]!ljkZlkaH!

pjX^q!=H!b*%%2*/,!NH!@+!F*)47D>*36$,!=H!M*'2:/1,!bH!L%$++(4,!bH!Y$20*,!c37! $&! '32!<*%'$*+!
(?7C24! <%2&&/%2! ()! 3/5*4! '$&&/2&! *! E%/E$*+! <*%*52'2%w! ;5*++! 5(+2E/+2&! *40!
37<(?$*,!\-(.$00-(D/0-(D$4-!=D![Xn""]!"X^lZ"Xa^H!
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pjXeq!tH! ;'(42,! ! *! -'$4,!IH!=+(4,! tH! 82W2%,!FH!L42&&$4,!IH! b3*4DO$4C,! 2'! *+H,!92G2+(<524'!()!
%2'$4*+! G*&E/+*'/%2! $&!520$*'20! 67! 37<(?$*D$40/E20! G*&E/+*%! 240('32+$*+! C%(.'3!
)*E'(%![A@L#]!2?<%2&&$(4!67!42/%(C+$*H,!\-(V$6)/!"#-!=D!["lla]!ek^mZekekH!

pjXaq!@HRH!b324,!MH!#/:$4*C*,!=HtH!L$*EE$*,!F7<(?$E!5$E%(24G$%(4524'!.$'3$4!*4!256%7(!
$40/E2&! *<(<'(&$&! *40! $&! 2&&24'$*+! )(%! <%(<2%! 5(%<3(+(C$E*+! 02G2+(<524'H,!
C$)*&/0/8JH!Mh!["lll]!X"aZXaH!

pjXjq!tH! Y%$&34*4,! 8H! =3/:*,! ;H! N(0245*44,! 9H! Y4*<$1,! @H! 82%%$*%0,! cH! Y%21,! 2'! *+H,!
@&&24'$*+! %(+2! ()! 02G2+(<524'*++7! *E'$G*'20! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*! )(%!
E*%0$*E!5(%<3(C242&$&!*40!)/4E'$(4H,!.#)"-(M$!-!=hB![Xnnm]!""^lZejH!

pjXkq!tH! c$12432$&2%,! RHD|H! 9(/C35*4,! ;H=H! #$&32%,! MH!c*'*4*62,! 9$))2%24'$*+! +2G2+&! ()!
'$&&/2!37<(?$*!$4!'32!02G2+(<$4C!E3$E124!32*%'H,!Y$?-(YJ%-!OBD![Xnnj]!""aZX^H!

pjXmq!tH!8(/7&&fC/%,!#H!9*7*4,!`HMH!M*Q/%2,!F7<(?$*!&$C4*++$4C!$4!E*4E2%!*40!*<<%(*E32&!
'(!24)(%E2!'/5(/%!%2C%2&&$(4,!V*&6)$H!LL=![Xnnj]!e^kZee^H!

pjXlq!bH! O(24*%Q,! MHOH! b(+25*4,! =H! N(+2$4$4C2%,! NH! ;E3$2%.*'2%,! 8HcHFH! F(++*40,! 8HtH!
>*'E+$))2,! 2'! *+H,! I32! 37<(?$*D$40/E$6+2! '%*4&E%$<'$(4! )*E'(%! <*'3.*7! %2C/+*'2&!
(?7C24! &24&$4C! $4! '32! &$5<+2&'! *4$5*+,! I%$E3(<+*?! *03*2%24&H,! _DOP( M$;-! =O!
[Xn""]!j^ZknH!

pj^nq!LHOH!;2524Q*,!LHOH!c*4C,!=!4/E+2*%!)*E'(%!$40/E20!67!37<(?$*!G$*!02!4(G(!<%('2$4!
&74'32&$&!6$40&!'(!'32!3/5*4!2%7'3%(<($2'$4!C242!243*4E2%!*'!*!&$'2!%2K/$%20!)(%!
'%*4&E%$<'$(4*+!*E'$G*'$(4H,!D/0-(.$00-(O#/0-!=O!["llX]!aeekZaeH!

pj^"q!FH!I$*4,!;HOH!MEY4$C3',!9HcH!>/&&2++,!@40('32+$*+!8=;!0(5*$4!<%('2$4!"![@8=;"],!*!
'%*4&E%$<'$(4! )*E'(%! &2+2E'$G2+7! 2?<%2&&20! $4! 240('32+$*+! E2++&H,! 3$%$!( Y$?-! ==!
["llk]!kXZmXH!

pj^Xq!RHxH! L/,! ;HMH! M(%*4,! tHNH! F(C242&E3,! OH! c*%'5*4,! bH=H! N%*0)$2+0,! M(+2E/+*%!
E3*%*E'2%$Q*'$(4! *40! E3%(5(&(5*+! +(E*+$Q*'$(4! ()! *! '3$%0! *+<3*DE+*&&! 37<(?$*!
$40/E$6+2!)*E'(%!&/6/4$',!F-#^*+<3*H,!3$%$(_L;)-!E!["llm]!XnaZ"^H!

pj^^q!;H! F*%*,! tH! F*5*0*,! bH! Y(6*7*&3$,! RH! Y(40(,! `H! -5/%*,! @?<%2&&$(4! *40!
b3*%*E'2%$Q*'$(4! ()! F7<(?$*D-40/E$6+2! #*E'(%! [F-#]D^d! $4! F/5*4! Y$0427J!
;/<<%2&&$(4!()!F-#DM20$*'20!L242!@?<%2&&$(4!67!F-#D^d,!O#/"+$7-(O#/;+J!-(M$!-(
./776%-!OJE![Xnn"]!mnmZm"^H!

pj^eq!RH!M*1$4(,!>H!b*(,!YH!;G24&&(4,!LH!N2%'$+&&(4,!MH!=&5*4,!FH!I*4*1*,!2'!*+H,!-43$6$'(%7!
8=;!0(5*$4!<%('2$4!$&!*!42C*'$G2!%2C/+*'(%!()!37<(?$*D$40/E$6+2!C242!2?<%2&&$(4H,!
V*&6)$H!L=L![Xnn"]!aanZeH!

pj^aq!cHLH!Y*2+$4,!8HtH!>*'E+$))2,!B?7C24!;24&$4C!67!M2'*Q(*4&J!I32!b24'%*+!>(+2!()! '32!
F-#!F70%(?7+*&2!8*'3.*7,!D/0-(.$00H!Bh![Xnnm]!^l^ZenXH!

pj^jq!LHOH!c*4C,!NHFH!t$*4C,!@H=H!>/2,!LHOH!;2524Q*,!F7<(?$*D$40/E$6+2!)*E'(%!"!$&!*!6*&$ED
32+$?D+((<D32+$?D8=;! 32'2%(0$52%! %2C/+*'20! 67! E2++/+*%! BX! '24&$(4H,! F)/"-( V*&0-(
:"*4-(="#-(^-(=-(:-!IO!["lla]!aa"nZeH!
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pj^kq!NHFH!t$*4C,!@H!>/2,!LHOH!c*4C,!>H!>(2,!LHOH!;2524Q*,!9$52%$Q*'$(4,!9`=!6$40$4C,!*40!
'%*4&*E'$G*'$(4!<%(<2%'$2&!()!37<(?$*D$40/E$6+2!)*E'(%!"H,!\-(O#/0-(.+$7-!OE=!["llj]!
"kkk"Z"kkkmH!

pj^mq!tH-H! Nä%0(&,! MH! =&3E%()',! `2C*'$G2! *40! <(&$'$G2! %2C/+*'$(4! ()! F-#D"J! *! E(5<+2?!
42'.(%1H,!O#/"+#7-(O#/;+J!-(:"&*H!=EDD![Xnna]!"nkZ"XnH!

pj^lq!LHOH!;2524Q*,!I%*4&E%$<'$(4*+!%2C/+*'$(4!67!37<(?$*D$40/E$6+2!)*E'(%!"!5(+2E/+*%!
52E3*4$&5&!()!(?7C24!3(52(&'*&$&H,!C)$%4!(.*)4#/?*!"-(D$4-!M!["llj]!"a"ZkH!

pjenq!tH@H;H! ;3*7,! MH! b2+2&'2! ;$5(4,! F7<(?$*D$40/E$6+2! )*E'(%&J! b%(&&'*+1! 62'.224!
$4)+*55*'$(4!*40!52'*6(+$&5,!=$7#%-(.$00(Y$?-(O#/0-!OB![Xn"X]!^mlZ^leH!

pje"q!9H>H! M(+2,! bH! N+*4E32%,! >H>H! b(<+27,! 8HtH! 8(++*%0,! tHMH! L+2*0+2,! tH! >*C(/&&$&,! 2'! *+H,!
L24(52D.$02! *&&(E$*'$(4! ()! 37<(?$*D$40/E$6+2! )*E'(%! [F-#]D"*+<3*! *40! F-#D
X*+<3*!9`=!6$40$4C!.$'3!2?<%2&&$(4!<%()$+$4C!()!37<(?$*D$40/E$6+2!'%*4&E%$<'&H,!\-(
O#/0-(.+$7-!OJL![Xnnl]!"jkjkZkaH!

pjeXq!oH! o$*,! MH@H! O25$2/?,! cH! O$,! tH;H! b*%%(++,! MH! N%(.4,! oH;H! O$/,! 2'! *+H,! -4'2C%*'$G2!
*4*+7&$&!()!F-#!6$40$4C!*40!'%*4&*E'$G*'$(4!%2G2*+&!$'&!%(+2!$4!5*$4'*$4$4C!3$&'(42!
52'37+*'$(4!3(52(&'*&$&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hM![Xnnl]!eXjnZaH!

pje^q!OH@H!Y('E3,!`H!A!-72%,!@H!O*/C342%,!LHOH!;2524Q*,!92)2E'$G2!G*&E/+*%$Q*'$(4!()!F-#D
"*+<3*D4/++! 256%7(&! $&! 4('! *&&(E$*'20! .$'3! A@L#! 02)$E$24E7! 6/'! .$'3!
52&24E375*+!E2++!02*'3H,!Y$?-(O#/0-!OhI!["lll]!XaeZXjkH!

pjeeq!AH!b(5<2%4(++2,!YH!N%/&&2+5*4&,!IH!=E12%,!8H!F(2',!MH!I:.*,!FH!N2E1,!2'!*+H,!O(&&!()!
F-#DX*+<3*! *40! $43$6$'$(4! ()! A@L#! $5<*$%! )2'*+! +/4C! 5*'/%*'$(4,! .32%2*&!
'%2*'524'!.$'3!A@L#!<%2G24'&!)*'*+!%2&<$%*'(%7!0$&'%2&&!$4!<%25*'/%2!5$E2H,!V*&-(
D$4-!J![XnnX]!knXZk"nH!

pjeaq!FH!I$*4,!>H@H!F*552%,!=HMH!M*'&/5('(,!9HcH!>/&&2++,!;HOH!MEY4$C3',!I32!37<(?$*D
%2&<(4&$G2!'%*4&E%$<'$(4!)*E'(%!@8=;"!$&!2&&24'$*+!)(%!E*'2E3(+*5$42!3(52(&'*&$&!
*40! <%('2E'$(4! *C*$4&'! 32*%'! )*$+/%2! 0/%$4C! 256%7(4$E! 02G2+(<524'H,!3$%$!(Y$?-!
=O!["llm]!^^XnZeH!

pjejq!bHDtH! F/,! OHDRH! c*4C,! OH=H! b3(0(&3,! NH! Y2$'3,! MHbH! ;$5(4,! 9$))2%24'$*+! %(+2&! ()!
37<(?$*D$40/E$6+2! )*E'(%! "*+<3*! [F-#D"*+<3*]! *40! F-#DX*+<3*! $4! 37<(?$E! C242!
%2C/+*'$(4H,!D/0-(.$00-(O#/0-!OB![Xnn^]!l^j"ZkeH!

pjekq!AH! c*4C,! 9H! *! 9*G$&,! MH! F*K/2,! OH@H! F/*4C,! >H! R*%E3(*4,! 9$))2%24'$*+! C242! /<D
%2C/+*'$(4! 67! 37<(?$*D$40/E$6+2! )*E'(%D"*+<3*! *40! 37<(?$*D$40/E$6+2! )*E'(%D
X*+<3*!$4!F@YXl^I!E2++&H,!.*%"$)(M$!-!MD![Xnna]!^XllZ^^njH!

pjemq!tH9H!L(%0*4,! tH! *H!N2%'(/',!bHtH!F/,! tH=H!9$23+,!MHbH! ;$5(4,!F-#DX!8%(5('2&!F7<(?$E!
b2++! 8%(+$)2%*'$(4! 67! @43*4E$4C! EDM7E! I%*4&E%$<'$(4*+! =E'$G$'7,! .*%"$)( .$00H! ==!
[Xnnk]!^^aZ^ekH!

pjelq!YHOH! b(G2++(,! tH! Y23+2%,! FH! R/,! tH9H! L(%0*4,! =HMH! =%&3*5,! bHDtH! F/,! 2'! *+H,! F-#DX*!
%2C/+*'2&!BE'DeJ!2))2E'&!()!37<(?$*!(4!&'25!E2++!)/4E'$(4,!256%7(4$E!02G2+(<524',!
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*40!'/5(%!C%(.'3,!3$%$!(Y$?-!Oh![Xnnj]!aakZakn!;I!Z!F-#ZXîï!%2C/+*'2&!BE'ZeJ!
2))2E'&!()!3H!

pjanq!YH!L%*0$4,!tH!MEL/$%2,!>HFH!c24C2%,!-H!YG$2'$1(G*,!MHOH!#3$'2+*.,!>H!I()'Cê%0,!2'!*+H,!
#/4E'$(4*+! $4'2%)2%24E2! 62'.224! 37<(?$*! *40! 0$(?$4! &$C4*+! '%*4&0/E'$(4!
<*'3.*7&J!E(5<2'$'$(4!)(%!%2E%/$'524'!()!'32!=%4'!'%*4&E%$<'$(4!)*E'(%H,!D/0-(.$00-(
O#/0-!=M!["llj]!aXX"ZaX^"H!

pja"q!8HtH!Y*++$(,! -H!8(4C%*'Q,!YH!L%*0$4,! tH!MEL/$%2,!OH!8(2++$4C2%,!=E'$G*'$(4!()!37<(?$*D
$40/E$6+2!)*E'(%!"*+<3*J!<(&''%*4&E%$<'$(4*+!%2C/+*'$(4!*40!E(4)(%5*'$(4*+!E3*4C2!
67! %2E%/$'524'! ()! '32! =%4'! '%*4&E%$<'$(4! )*E'(%H,!F)/"-(V*&0-(:"*4-( ="#-(^-( =-(:-!IL!
["llk]!ajjkZajkXH!

pjaXq!OH@H! F/*4C,! xH! =%*47,! 9HMH! O$G$4C&'(4,! FH! #%*41+$4! N/44,! =E'$G*'$(4! ()! 37<(?$*D
$40/E$6+2! '%*4&E%$<'$(4! )*E'(%! 02<240&! <%$5*%$+7! /<(4! %20(?D&24&$'$G2!
&'*6$+$Q*'$(4!()!$'&!d!&/6/4$',!\-(O#/0-(.+$7-!OE=!["llj]!^XXa^Z^XXalH!

pja^q!8HFH!M*?.2++,!MH;H!c$2&242%,!LHcH!b3*4C,!;HbH!b+$))(%0,!@HbH!A*/?,!MH@H!b(E15*4,!2'!
*+H,! I32! '/5(/%! &/<<%2&&(%! <%('2$4! AFO! '*%C2'&! 37<(?$*D$40/E$6+2! )*E'(%&! )(%!
(?7C24D02<24024'!<%('2(+7&$&H,!V*&6)$H!BII!["lll]!Xk"ZaH!

pjaeq!LHOH! ;2524Q*,! F70%(?7+*'$(4! ()! F-#D"J! (?7C24! &24&$4C! *'! '32! 5(+2E/+*%! +2G2+H,!
F+J!#/0/8J(@O$&+$!4*A-!=I![Xnne]!"kjZmXH!

pjaaq!8H! t**11(+*,! 9H>H! M(+2,! RHMH! I$*4,! MH-H! c$+&(4,! tH! L$2+62%',! ;HtH! L*&12++,! 2'! *+H,!
I*%C2'$4C! ()!F-#D*+<3*! '(! '32! G(4!F$<<2+DO$40*/! /6$K/$'7+*'$(4! E(5<+2?! 67!BXD
%2C/+*'20!<%(+7+!370%(?7+*'$(4H,!="#$%"$H!OIO![Xnn"]!ejmZekXH!

pjajq!MH! B33,! bHcH! 8*%1,! MH! -G*4,! MH! *! F())5*4,! IHRH! Y$5,! OH@H! F/*4C,! 2'! *+H,!
P6$K/$'$4*'$(4! ()! 37<(?$*D$40/E$6+2! )*E'(%! %2K/$%2&! 0$%2E'! 6$40$4C! '(! '32! 62'*D
0(5*$4!()!'32!G(4!F$<<2+DO$40*/!<%('2$4H,!V*&-(.$00(O#/0-!O![Xnnn]!eX^ZeXkH!

pjakq!8HbH!M*3(4,!YH!F$%('*,!LHOH!;2524Q*,!#-FD"J!=!4(G2+!<%('2$4!'3*'!$4'2%*E'&!.$'3!F-#D
"d!*40!AFO!'(!520$*'2!%2<%2&&$(4!()!F-#D"!'%*4&E%$<'$(4*+!*E'$G$'7,!3$%$!(Y$?-!=D!
[Xnn"]!XjkaZXjmjH!

pjamq!9H!O*40(,!9HtH!822',!tHtH!L(%5*4,!9H=H!c32+*4,!MHOH!c3$'2+*.,!>HYH!N%/$E1,!#-FD"!$&!*4!
*&<*%*C$47+! 370%(?7+*&2! 24Q752! '3*'! %2C/+*'2&! '32! '%*4&E%$<'$(4*+! *E'$G$'7! ()!
37<(?$*D$40/E$6+2!)*E'(%H,!3$%$!(Y$?-!=M![XnnX]!"ejjZk"H!

pjalq!tH9H!c266,!MHOH!b(+25*4,!bHcH!8/C3,!F7<(?$*,!37<(?$*D$40/E$6+2!)*E'(%&![F-#],!F-#!
370%(?7+*&2&!*40!(?7C24!&24&$4C,!.$00-(D/0-(X#'$(="#-!MM![Xnnl]!^a^lZ^aaeH!

pjjnq!LHOH!;2524Q*,!F7<(?$*D$40/E$6+2!)*E'(%!"J!>2C/+*'(%!()!5$'(E3(40%$*+!52'*6(+$&5!
*40!520$*'(%! ()! $&E325$E! <%2E(40$'$(4$4C,!O#/"+#7-(O#/;+J!-(:"&*( I(D/0-(.$00(M$!-!
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!

Xj^!

!

)*E'(%D"d,!.*%"$)(M$!-!MM![Xnnj]!^jmmZ^jlmH!
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XXakaZXXamaH!
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'2%5$4*+! *40! bD'2%5$4*+! '%*4&*E'$G*'$(4! 0(5*$4&! E((<2%*'2! '(! <%(5('2! %24*+!
'/5(%$C242&$&!$4!G$G(H,!D/0-(.$00-(O#/0-!OE![Xnnk]!XnlXZX"nXH!
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pjjmq!-H!M7+(4$&,!LH!b3*E3*5$,!MH!;*5$('*1$,!LH!8*4*7('(/,!@H!8*%*&12G*,!=H!Y*+(/&$,!2'!*+H,!
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*E'$G$'7!()!37<(?$*D$40/E$6+2!)*E'(%D"ww,!\-(O#/0-(.+$7-!OJ=![Xnnj]!^^nlaZ^^"njH!

pjjlq!=H! Y*+(/&$,! -H! M7+(4$&,! =H;H! 8(+$'(/,! LH! b3*E3*5$,! @H! 8*%*&12G*,! LH! ;$5(&,! b*&2$4!
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XlkjZXlmjH!
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%2+2G*4E2H,!:%%6-(M$?-(F*&+/0-!D![Xn"n]!Xa^ZXlaH!
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pjmmq!LHOH!;2524Q*,!I*%C2'$4C!F-#D"!)(%!E*4E2%!'32%*<7H,!V*&-(M$?-(.*%"$)H!B![Xnn^]!kX"Z
k^XH!
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c*%42E12,! 2'! *+H,! c$02&<%2*0! 37<(?$*D$40/E$6+2! 2?<%2&&$(4! ()! F-#DX*+<3*! $4!
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mnXH!
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pkn"q!tH9H!L(%0*4,!bHNH!I3(5<&(4,!MHbH!;$5(4,!F-#!*40!EDM7EJ!&$6+$4C!%$G*+&!)(%!E(4'%(+!()!
E*4E2%!E2++!52'*6(+$&5!*40!<%(+$)2%*'$(4H,!.*%"$)(.$00H!=O![Xnnk]!"nmZ"^H!
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.0#%-(G%?$!&-!==J![Xnnm]!^l^nZeXH!
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b2++&,!.$00H!=OI![Xnnk]!"""Z"XXH!
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37<(?$*,!\-(O#/0-(.+$7-!OJB![Xnnm]!"nmlXZ"nln^H!

pknkq!9HOH! >*5â%2QDN2%C2%(4,! =H! >/4C2,! 9HMH! =02+5*4,! MH! L(3$+,! MHbH! ;$5(4,! F-#D
92<24024'! F25*'(<($2'$E! #*E'(%&! >2C/+*'2! '32! 92G2+(<524'! ()! '32! @56%7(4$E!
A*&E/+*'/%2,!Y$?-(.$00H!==![Xnnj]!m"ZlXH!

pknmq!YHOH!b(G2++(,!MHbH!;$5(4,!F-#&,!37<(?$*,!*40!G*&E/+*%!02G2+(<524'H,!.6))-(C/;-(Y$?-(
O#/0-!MO![Xnne]!^kZaeH!

pknlq!MH! N(&E3DM*%E2,! FH! B1/7*5*,! tHNH!c2&+27,! YH! ;*%1*%,! FH! Y$5/%*,! RH! A! O$/,! 2'! *+H,!
@))2E'&! ()! *C$4C! *40! 37<(?$*D$40/E$6+2! )*E'(%D"! *E'$G$'7! (4! *4C$(C24$E! E2++!
5(6$+$Q*'$(4!*40!%2E(G2%7!()!<2%)/&$(4!*)'2%!+$56!$&E325$*H,!.#)"-(M$!-!=h=![Xnnk]!
"^"nZmH!

pk"nq!=H!F2$4+DL%224,!8HcH!>*012,!#HMH!M/41(4C2,!BH!#%*&&,!tH!x3/,!YH!A$4E24',!2'!*+H,!I32!
2))$E*E7! ()! *! S5*&'2%! &.$'E3! C242T! F-#D"*+<3*! $4! *! <(%E$42! 5(02+! ()! E3%(4$E!
57(E*%0$*+!$&E3*25$*H,!_6)-(R$*)&(\-!OM![Xnna]!"^XkZ"^^XH!

pk""q!YH!*!M*E2,!9HFH!R/,!YHxH!8*70*%,!`H!N(/0%2*/,!9HMH!R(/4C,!;/&'*$420!2?<%2&&$(4!()!
F$)D"*+<3*! $4! '32! 0$*62'$E! 24G$%(4524'! <%(5('2&! *4C$(C242&$&! *40! E/'*42(/&!
.(/40!%2<*$%H,!b/6%4(M$;*#)(M$8$%-!=D![Xnnk]!j^jZjeaH!

pk"Xq!-H>H! N('/&*4,! AHLH! ;/41*%$,! BH! ;*G/,! =H-H! b*'%$4*,! tH! L%Ö4+2%,! ;H! O$4062%C,! 2'! *+H,!
;'*6$+$Q*'$(4!()!F-#D"*+<3*!$&!E%$'$E*+!'(!$5<%(G2!.(/40!32*+$4C!$4!0$*62'$E!5$E2H,!
F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hD![Xnnm]!"leXjZ"le^"H!

pk"^q!9HtH! b2%*0$4$,! =H>H! Y/+1*%4$,! MHtH! b*++*C3*4,! BHMH! I2<<2%,! `H! N*&'$0*&,! MH@H!



!

Xjk!

!

Y+2$45*4,! 2'! *+H,! 8%(C24$'(%! E2++! '%*))$E1$4C! $&! %2C/+*'20! 67! 37<(?$E! C%*0$24'&!
'3%(/C3!F-#D"!$40/E'$(4!()!;9#D",!V*&(D$4H!=h![Xnne]!mamZmjeH!

pk"eq!tH=H!#(%&7'32,!NHFH!t$*4C,!`H!A!-72%,!#H!=C*4$,!;HcH!O2/4C,!>H9H!Y((&,!2'!*+H,!=E'$G*'$(4!
()! G*&E/+*%! 240('32+$*+! C%(.'3! )*E'(%! C242! '%*4&E%$<'$(4! 67! 37<(?$*D$40/E$6+2!
)*E'(%!"H,!D/0-(.$00-(O#/0-!=M!["llj]!ejneZ"^H!

pk"aq!NH9H!Y2++7,!;H#H!F*E12'',!YH!F$%('*,!RH!B&3$5*,!xH!b*$,!;H!N2%CD9$?(4,!2'!*+H,!b2++!I7<2D
;<2E$)$E!>2C/+*'$(4!()!=4C$(C24$E!L%(.'3!#*E'(%!L242!@?<%2&&$(4!*40! -40/E'$(4!
()! =4C$(C242&$&! $4! `(4$&E325$E! I$&&/2! 67! *! b(4&'$'/'$G2+7! =E'$G2! #(%5! ()!
F7<(?$*D-40/E$6+2!#*E'(%!",!.#)"-(M$!-!IB![Xnn^]!"nkeZ"nm"H!

pk"jq!9HtH! M*4*+(,! =H! >(.*4,! IH! O*G($2,! OH! `*'*%*:*4,! NH9H! Y2++7,! ;H|H! R2,! 2'! *+H,!
I%*4&E%$<'$(4*+! %2C/+*'$(4! ()! G*&E/+*%! 240('32+$*+! E2++! %2&<(4&2&! '(! 37<(?$*! 67!
F-#D",!O0//4H!=hD![Xnna]!jalZjjlH!

pk"kq!LHOH! ;2524Q*,! F-#D"!520$*'2&!52'*6(+$E! %2&<(4&2&! '(! $4'%*'/5(%*+! 37<(?$*! *40!
(4E(C24$E!5/'*'$(4&,!\-(.0#%-(G%?$!&-!=OB![Xn"^]!^jjeZ^jk"H!

pk"mq!FH@H!>7*4,! tH! O(,!>H;H! t(34&(4,!F-#D"ww! $&! %2K/$%20! )(%! &(+$0! '/5(%! )(%5*'$(4!*40!
256%7(4$E!G*&E/+*%$Q*'$(4,!_DOP(\-!=E!["llm]!^nnaZ^n"aH!

pk"lq!9H!R((4,!RH9H!8*&'(%2,!AH!9$G(17,!@H!O$/,!=H@H!M+(04$E1*,!YH!>*$427,!2'!*+H,!F7<(?$*D
$40/E$6+2!)*E'(%D"!02)$E$24E7!%2&/+'&!$4!07&%2C/+*'20!2%7'3%(<($2&$&!&$C4*+$4C!*40!
$%(4!3(52(&'*&$&!$4!5(/&2!02G2+(<524'H,!\-(O#/0-(.+$7-!OJ=![Xnnj]!Xakn^Z""H!

pkXnq!cH!t2+15*44,!@%7'3%(<($2'$4!*)'2%!*!E24'/%7!()!%2&2*%E3J!R(/4C2%!'3*4!2G2%,!_6)-(\-(
R*$7*&/0-!EJ![Xnnk]!"m^ZXnaH!

pkX"q!>H!`(C/2%*,!@H!#%20+/40,!MH!8$K/2%*&,!=H!8$2'%*&,!;H!N2E15*4,!;H!`*G*%%(,!2'!*+H,!F-#D
"d!*40!F-#DXd!*%2!0$))2%24'$*++7!%2C/+*'20!$4!G$G(!$4!42/%(6+*&'(5*J!F$C3!F-#D"d!
E(%%2+*'2&! 42C*'$G2+7! '(! *0G*4E20! E+$4$E*+! &'*C2! *40! '/5(%! G*&E/+*%$Q*'$(4,!.0#%-(
.*%"$)(M$!-!=D![Xnnl]!k"^nZk"^jH!

pkXXq!=H! O$0C%24,! RH! F2062%C,! YH! L%*41G$&',! IH! >*&5/&(4,! tH! A*&1(,! NH! O:/4C62%C,! I32!
2?<%2&&$(4! ()! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*! $&! *! )*G(%*6+2! $402<24024'!
<%(C4(&'$E!)*E'(%!$4!%24*+!E2++!E*%E$4(5*H,!.0#%-(.*%"$)(M$!-!==![Xnna]!""XlZ""^aH!

pkX^q!=H!>*Q*,!MHtH!#%*41+$4,!=HxH!9/021,!82%$E7'2&!*40!G2&&2+!5*'/%*'$(4!0/%$4C! '/5(%!
*4C$(C242&$&!*40!52'*&'*&$&,!:7-(\-(R$7*&/0-!JD![Xn"n]!al^ZalmH!

pkXeq!MH! FÑE12+,! YH! ;E3+24C2%,! NH! =%*+,! MH! M$'Q2,! PH! ;E3*))2%,! 8H! A*/<2+,! =&&(E$*'$(4!
62'.224! '/5(%! 37<(?$*! *40! 5*+$C4*4'! <%(C%2&&$(4! $4! *0G*4E20! E*4E2%! ()! '32!
/'2%$42!E2%G$?H,!.*%"$)(M$!-!DM!["llj]!eanlZea"aH!

pkXaq!8H!A*/<2+,!I32!%(+2!()!37<(?$*D$40/E20!)*E'(%&!$4!'/5(%!<%(C%2&&$(4H,!P%"/0/8#!&H!I'
;b``$'D![Xnne]!"nZ"kH!

pkXjq!IHLH! L%*262%,! bH! B&5*4$*4,! IH! t*E1&,! 9H@H! F(/&5*4,! bHtH! Y(E3,! ;HcH! O(.2,! 2'! *+H,!
F7<(?$*D520$*'20! &2+2E'$(4!()! E2++&!.$'3!0$5$4$&320!*<(<'('$E!<('24'$*+! $4! &(+$0!



!

Xjm!

!

'/5(/%&H,!V*&6)$H!BEI!["llj]!mmZl"H!

pkXkq!LHOH!;2524Q*,!F-#D"J!/<&'%2*5!*40!0(.4&'%2*5!()!E*4E2%!52'*6(+$&5,!.6))-(P;#%-(
3$%$&-(Y$?-!Oh![Xn"n]!a"ZajH!

pkXmq!MH!|/$4'2%(,!8H!*!N%244*4,!LHtH!I3(5*&,!;H!M(4E*0*,!`$'%$E!(?$02!$&!*!)*E'(%!$4!'32!
&'*6$+$Q*'$(4! ()! 37<(?$*D$40/E$6+2! )*E'(%D"*+<3*! $4! E*4E2%J! %(+2! ()! )%22! %*0$E*+!
)(%5*'$(4H,!.*%"$)(M$!-!MM![Xnnj]!kknZeH!

pkXlq!cHLH!Y*2+$4,!I32!G(4!F$<<2+DO$40*/! '/5(/%! &/<<%2&&(%!<%('2$4J!BX!&24&$4C!*40!
E*4E2%H,!V*&-(M$?-(.*%"$)H!J![Xnnm]!mjaZmk^H!

pk^nq!FH! x3(4C,!YH!b3$+2&,!9H! #2+0&2%,!@H! O*/C342%,!bH!F*4%*3*4,!MHMH!L2(%C2&E/,! 2'! *+H,!
M(0/+*'$(4! ()! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*! 2?<%2&&$(4! 67! '32! 2<$02%5*+!
C%(.'3! )*E'(%s<3(&<3*'$07+$4(&$'(+! ^D1$4*&2s8I@`s=YIs#>=8! <*'3.*7! $4!
3/5*4! <%(&'*'2! E*4E2%! E2++&J! $5<+$E*'$(4&! )(%! '/5(%! *4C$(C242&$&! *40!
'32%*<2/'$E&,!.*%"$)(M$!-!Mh![Xnnn]!"ae"Z"aeaH!

pk^"q!@H!O*/C342%,!8H!I*C3*G$,!YH!b3$+2&,!8HbH!M*3(4,!LHOH!;2524Q*,!F@>X![42/]!&$C4*+$4C!
$4E%2*&2&! '32! %*'2! ()! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*! [F-#D"*+<3*]! &74'32&$&J!
4(G2+! 52E3*4$&5! )(%! F-#D"D520$*'20! G*&E/+*%! 240('32+$*+! C%(.'3! )*E'(%!
2?<%2&&$(4H,!D/0-(.$00-(O#/0-!O=![Xnn"]!^llaZenneH!

pk^Xq!MH! *H! ;2+*1,! ;HMH! =%5(/%,! @H9H! M*EY24Q$2,! FH! N(/+*362+,! 9HLH! c*'&(4,! YH9H!
M*4&)$2+0,! 2'! *+H,! ;/EE$4*'2! +$41&! Ib=! E7E+2! 07&)/4E'$(4! '(! (4E(C242&$&! 67!
$43$6$'$4C!F-#Dd!<%(+7+!370%(?7+*&2,!.*%"$)(.$00H!E![Xnna]!kkZmaH!

pk^^q!tH;H! -&**E&,! tHtH! R/4,! 9H>H! M(+2,! ;H! O22,! bH! I(%%2&Db*6*+*,! RHOH! b3/4C,! 2'! *+H,! F-#!
(G2%2?<%2&&$(4! E(%%2+*'2&! .$'3! 6$*++2+$E! +(&&! ()! )/5*%*'2! 370%*'*&2! $4! %24*+!
E*4E2%J!`(G2+!%(+2!()!)/5*%*'2!$4!%2C/+*'$(4!()!F-#!&'*6$+$'7,!.*%"$)(.$00H!J![Xnna]!
"e^Z"a^H!

pk^eq!8H!Y($G/424,!8H!I$*$424,!tH!F7GÜ%$424,!YH@H!c$++$*5&,!>H!;(%5/424,!;HtH!Y+*/&,!2'!*+H,!
=4! 240(<+*&5$E! %2'$E/+/5! '%*4&5256%*42! <%(+7+! eD370%(?7+*&2! $&! $40/E20! 67!
37<(?$*!*40!*E'&!(4!37<(?$*D$40/E$6+2!)*E'(%!d,!\-(O#/0-(.+$7-!OJO![Xnnk]!^naeeZ
^naaXH!

pk^aq!YH;H!F2.$'&(4,!NHMH>H!O$f4*%0,!MH!*!ME9(4(/C3,!-HtH!b+$)'(4,!9H!N/'+2%,!=H;H!;(*%2&,!2'!
*+H,!;'%/E'/%*+!*40!52E3*4$&'$E!&'/0$2&!(4! '32! $43$6$'$(4!()! '32!37<(?$*D$40/E$6+2!
'%*4&E%$<'$(4!)*E'(%!370%(?7+*&2&!67!'%$E*%6(?7+$E!*E$0!E7E+2!$4'2%520$*'2&H,!\-(O#/0-(
.+$7-!OJO![Xnnk]!^Xl^Z^^n"H!

pk^jq!=HtH! M*:5/40*%,! cHtH! c(4C,! MHbH! ;$5(4,! F7<(?$*D-40/E$6+2! #*E'(%&! *40! '32!
>2&<(4&2!'(!F7<(?$E!;'%2&&,!D/0-(.$00H!Lh![Xn"n]!XleZ^nlH!

pk^kq!bHMH!M2'*++(,!8H=H!L*52$%(,!@HOH!N2++,!YH>H!M*''*$4$,!tH!R*4C,!YH!F$++2%,!2'!*+H,!>20/E'$G2!
C+/'*5$42!52'*6(+$&5!67!-9F"!520$*'2&!+$<(C242&$&!/402%!37<(?$*H,!V*&6)$H!LJ=!
[Xn"X]!^mnZeH!

pk^mq!OH! #/,! LH! c*4C,! MHMH! ;32GE3/1,! 9HMH! `*4/&,! OHtH! L/0*&,! L242%*'$(4! ()! *! 5(/&2!



!

Xjl!

!

5(02+!()!A(4!F$<<2+DO$40*/!1$0427!0$&2*&2!+2*0$4C!'(!%24*+!E*4E2%&!67!2?<%2&&$(4!
()!*!E(4&'$'/'$G2+7!*E'$G2!5/'*4'!()!F-#"dH,!.*%"$)(M$!-!E=![Xn""]!jmemZaj!

pk^lq!NH! *!c266,! MH! b3$524'$,! MH8H! t*E(6&(4,! 9HOH! N*%62%,! 97&%2C/+*'20! <FJ! *! <2%)2E'!
&'(%5!)(%!E*4E2%!<%(C%2&&$(4H,!V*&-(M$?-(.*%"$)H!==![Xn""]!jk"ZjkkH!

pkenq!LH!Y%(252%,!tH!8(/7&&2C/%,!I/5(%!E2++!52'*6(+$&5J!E*4E2%W&!=E3$++2&_!322+H,!.*%"$)(
.$00H!=B![Xnnm]!ekXZmXH!

pke"q!LHOH!;2524Q*,!>2C/+*'$(4!()!E*4E2%!E2++!52'*6(+$&5!67!37<(?$*D$40/E$6+2!)*E'(%!",!
=$7#%-(.*%"$)(O#/0-!=I![Xnnl]!"XZ"jH!

pkeXq!8H!M*1,! -H! O2*G,! NH! 8/%&2++,! 9H! N*2,! oH! R*4C,! bH=H! I*C+$24'$,! 2'! *+H,! @>62'*! $5<202&!
<%(&'*'2! E*4E2%! @MI! 67! 02&'*6$+$Q$4C!F-#D"*+<3*! *40! $43$6$'$4C! A@L#D520$*'20!
&4*$+!4/E+2*%!+(E*+$Q*'$(4J!$5<+$E*'$(4&!)(%!L+2*&(4!C%*0$4CH,!.*%"$)(.$00H!=E![Xn"n]!
^"lZ^XH!

pke^q!bHbHDOH!c(4C,!9HMH!L$+12&,!FH!x3*4C,!tH!b324,!FH!c2$,!8H!b3*'/%G20$,!2'!*+H,!F7<(?$*D
$40/E$6+2! )*E'(%! "! $&! *! 5*&'2%! %2C/+*'(%! ()! 6%2*&'! E*4E2%! 52'*&'*'$E! 4$E32!
)(%5*'$(4H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hJ![Xn""]!"j^jlZkeH!

pkeeq!bHbHDOH!c(4C,!FH!x3*4C,!9HMH!L$+12&,!tH!b324,!FH!c2$,!8H!b3*'/%G20$,!2'!*+H,!-43$6$'(%&!
()!37<(?$*D$40/E$6+2!)*E'(%!"!6+(E1!6%2*&'!E*4E2%!52'*&'*'$E!4$E32!)(%5*'$(4!*40!
+/4C!52'*&'*&$&H,!\-(D/0-(D$4-(@O$)0A-!Ih![Xn"X]!mn^Z"aH!

pkeaq!tHIH!@%+2%,!YHOH!N2442.$'3,!MH!`$E(+*/,!`H!9(%43Ñ)2%,!bH!Y(4C,!|HDIH!O2,!2'!*+H,!O7&7+!
(?$0*&2!$&!2&&24'$*+!)(%!37<(?$*D$40/E20!52'*&'*&$&H,!V*&6)$H!LLh![Xnnj]!"XXXZjH!

pkejq!tHIH! @%+2%,! YHOH! N2442.$'3,! IH>H! b(?,! LH! O*4C,! 9H! N$%0,! =H! Y((4C,! 2'! *+H,! F7<(?$*D
$40/E20! +7&7+! (?$0*&2! $&! *! E%$'$E*+!520$*'(%! ()! 6(42!5*%%(.! E2++! %2E%/$'524'! '(!
)(%5!'32!<%252'*&'*'$E!4$E32H,!.*%"$)(.$00H!=D![Xnnl]!^aZeeH!

pkekq!FH#H! 9G(%*1,! tH=H! `*C7,! 9H! #24C,! OH#H! N%(.4,! =HMH! 9G(%*1,! A*&E/+*%! <2%52*6$+$'7!
)*E'(%sG*&E/+*%! 240('32+$*+! C%(.'3! )*E'(%! *40! '32! &$C4$)$E*4E2! ()! 5$E%(G*&E/+*%!
37<2%<2%52*6$+$'7! $4! *4C$(C242&$&H,! .6))-( C/;-( D#")/H#/0-( G776%/0-! OBE! ["lll]!
lkZ"^XH!

pkemq!NHOH!#*+Eå4,!FH!F*&3$Q/52,!8H!Y(/5(/'&*1(&,! tH!b3(/,!tH!A!N%2*07,!=H!b(?(4,!2'!*+H,!
b(4'%*&'$4C!*E'$(4&!()!&2+2E'$G2!$43$6$'(%&!()!*4C$(<($2'$4D"!*40!*4C$(<($2'$4DX!(4!
'32!4(%5*+$Q*'$(4!()!'/5(%!6+((0!G2&&2+&H,!:7-(\-(F*&+/0-!=ED![Xnnl]!X"alZknH!

pkelq!FH!x3*4C,!bHbHOH!c(4C,!FH!c2$,!9HMH!L$+12&,!8H!Y(%*4C*'3,!8H!b3*'/%G20$,!2'!*+H,!F-#D
"D02<24024'! 2?<%2&&$(4! ()! *4C$(<($2'$4D+$12! e! *40! O"b=M! 520$*'2&! G*&E/+*%!
52'*&'*&$&!()!37<(?$E!6%2*&'!E*4E2%!E2++&!'(!'32!+/4C&H,!P%"/8$%$H!B=![Xn"X]!"kakZ
knH!

pkanq!RH!R(&3$0*,!YH!I*1*3*&3$,!YH!B1$'*,!IH!-E3$&*1*,!;H!R*5*4*1*,!F7<(?$*!@43*4E2&!'32!
L242%*'$(4!()!-40/E20!8+/%$<('24'!;'25!b2++&,!.$00(=&$7(.$00H!D![Xnnl]!X^kZXe"H!

pka"q!NH!Y2$'3,!MHbH!;$5(4,!F7<(?$*D$40/E$6+2! )*E'(%&,! &'25!E2++&,!*40!E*4E2%H,!.$00H!=OI!



!

Xkn!

!

[Xnnk]!ejaZkXH!

pkaXq!IH!M/132%:22,!cH;H! Y$5,! OH!M*40*+,! PH! N*42%:22,! -4'2%*E'$(4! 62'.224! `('E3! *40!
F$)D*+<3*! $4! 02G2+(<524'! *40! &/%G$G*+! ()! 9%(&(<3$+*! 6+((0! E2++&,! ="#$%"$( @KQI-( A-!
BBO![Xn""]!"X"nZ"X"^H!

pka^q!xH!O$,!;H!N*(,!|H!c/,!FH!c*4C,!bH!@7+2%,!;H!;*'3(%4&/52'22,!2'!*+H,!F7<(?$*D-40/E$6+2!
#*E'(%&! >2C/+*'2! I/5(%$C24$E! b*<*E$'7! ()! L+$(5*! ;'25! b2++&,! .*%"$)( .$00H! =D!
[Xnnl]!an"Za"^H!

pkaeq!=H!;(20*,!MH!8*%1,!9H!O22,!=H!M$4'Q,!=H!=40%(/'&2++$&DI32('(1$&,!>H9H!MEY*7,!2'!*+H,!
F7<(?$*! <%(5('2&! 2?<*4&$(4! ()! '32! b9"^^D<(&$'$G2! C+$(5*! &'25! E2++&! '3%(/C3!
*E'$G*'$(4!()!F-#D"*+<3*H,!P%"/8$%$H!OJ![Xnnl]!^lelZ^lalH!

pkaaq!tHDFH! O$5,!RHDMH! O22,!RHD;H! b3/4,! tH! b324,! tHD@H!Y$5,! tHDcH!8*%1,! ;$%'/$4!"!5(0/+*'2&!
E2++/+*%! %2&<(4&2&! '(! 37<(?$*! 67! 02*E2'7+*'$4C! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*H,!
D/0-(.$00H!BJ![Xn"n]!mjeZmkmH!

pkajq!>H!b324,!@HMH!9$(/5,!>HIH!F(CC,!>H9H!L2%*%0,!tH!*H!L*%E$*,!F7<(?$*!$4E%2*&2&!&$%'/$4!
"!2?<%2&&$(4! $4!*!37<(?$*D$40/E$6+2! )*E'(%D02<24024'!5*442%,! \-(O#/0-(.+$7-!OJM!
[Xn""]!"^mjlZ"^mkmH!

pkakq!MHRH!Y(3,! NHLH!9*%4*7,! LH! 8(.$&,!F7<(?$*D*&&(E$*'20! )*E'(%,! *! 4(G2+! @^D/6$K/$'$4!
+$C*&2,! 6$40&! *40! /6$K/$'$4*'2&! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*,! +2*0$4C! '(! $'&!
(?7C24D$402<24024'!02C%*0*'$(4H,!D/0-(.$00-(O#/0-!OJ![Xnnm]!knm"ZknlaH!

pkamq!MHRH!Y(3,!>H!O25(&,!oH!O$/,!LH!8(.$&,!I32!37<(?$*D*&&(E$*'20!)*E'(%!&.$'E32&!E2++&!
)%(5!F-#D"dD!'(!F-#DXdD02<24024'!&$C4*+$4C!<%(5('$4C!&'25!E2++!E3*%*E'2%$&'$E&,!
*CC%2&&$G2!'/5(%!C%(.'3!*40!$4G*&$(4,!.*%"$)(M$!-!E=![Xn""]!en"aZenXkH!

pkalq!OH! F(+5K/$&'DM24C2+6$2%,! @H! #%20+/40,! IH! OÑ)&'20',! >H! `(C/2%*,! ;H! `*G*%%(,! FH!
`$+&&(4,!2'!*+H,!>2E%/$'524'!()!F-#D"*+<3*!*40!F-#DX*+<3*!'(!E(55(4!'*%C2'!C242&!
$&!0$))2%24'$*++7! %2C/+*'20! $4!42/%(6+*&'(5*J!F-#DX*+<3*!<%(5('2&!*4!*CC%2&&$G2!
<324('7<2H,!.*%"$)(.$00H!=h![Xnnj]!e"^ZX^H!

pkjnq!MH!Y(&3$:$,!RH!Y*C27*5*,!@H=H!82'2,!-H!F(%$1*.*,!tHbH!N*%%2'',!OH@H!F/*4C,!F-#D"*+<3*!
$40/E2&! E2++! E7E+2! *%%2&'! 67! )/4E'$(4*++7! E(/4'2%*E'$4C! M7E,! _7H/( \H! OB! [Xnne]!
"lelZ"lajH!

pkj"q!MH!Y(&3$:$,!YHYH!I(,!;H!F*552%,!YH!Y/5*5('(,!=HOH!F*%%$&,!8H!M(0%$E3,!2'!*+H,!F-#D
"*+<3*!$40/E2&!C242'$E!$4&'*6$+$'7!67!'%*4&E%$<'$(4*++7!0(.4%2C/+*'$4C!M/';*+<3*!
2?<%2&&$(4,!D/0(.$00H!=E![Xnna]!kl^Zmn^H!

pkjXq!8HLH!b(%4,!MH;H!>$EE$,!YH=H!;E*'*,!M?$"!$&!$40/E20!67!37<(?$*!$4!*!F-#D"Z02<24024'!
5*442%! *40! <%('2E'&! E2++&! )%(5! EDM7ED$40/E20! *<(<'(&$&,! .*%"$)( O#/0-( C+$)-! L!
[Xnna]!"XmaZ"XleH!

pkj^q!tH!Y$5,!8H!L*(,!RHDbH!O$/,!LHOH! ;2524Q*,!bH!A!9*4C,!F7<(?$*D$40/E$6+2! )*E'(%!"!*40!
07&%2C/+*'20!EDM7E!E((<2%*'$G2+7! $40/E2!G*&E/+*%!240('32+$*+!C%(.'3! )*E'(%!*40!
52'*6(+$E!&.$'E32&!32?(1$4*&2!X!*40!<7%/G*'2!02370%(C24*&2!1$4*&2!"H,!D/0-(.$00-(



!

Xk"!

!

O#/0-!OE![Xnnk]!k^m"Zl^H!

pkjeq!LH!|$4C,!`H!;1/+$,!8H!*H!M*72&,!NH!8*.2+,!9H!M*%'$42Q,!tHMH!M*%$&,!2'!*+H,!b(56$4*'(%$*+!
%2C/+*'$(4!()!42/%(6+*&'(5*!'/5(%!<%(C%2&&$(4!67!`DM7E!*40!37<(?$*! $40/E$6+2!
)*E'(%!F-#D"ww,!.*%"$)(M$!H!Eh![Xn"n]!"n^a"Z"n^j"H!

pkjaq!YHFH! A(/&024,!YHMH!>7*4,! 8a^! *40!M2'*6(+$&5H,!V*&-(M$?-(.*%"$)H!I! [Xnnl]! jl"Z
knnH!

pkjjq!RH!8*4,!8H>H!B<%7&1(,!=HMH!=&3*5,!bHtH!Y(E3,!MHbH!;$5(4,!<a^!E*44('!62!$40/E20!67!
37<(?$*! *+(42! 6/'! %2&<(40&! '(! '32! 37<(?$E! 5$E%(24G$%(4524'H,! P%"/8$%$H! OB!
[Xnne]!elkaZm^H!

pkjkq!cHLH! =4,! MH! Y*421*+,! MHbH! ;$5(4,! @H! M*+'2<2,! MH! A! N+*C(&1+(447,! OHMH! `2E12%&,!
;'*6$+$Q*'$(4! ()! .$+0D'7<2! <a^! 67! 37<(?$*D$40/E$6+2! )*E'(%! "*+<3*H,!V*&6)$H! BIO!
["llm]!enaZmH!

pkjmq!`H!;ä4E32QD8/$C,!9HNH!A2<%$4'&2G,!=H>H!#2%&3',!N$40$4C!()!`*'$G2+7!P4)(+020!F-#D"d!
B99!9(5*$4!'(!<a^,!D/0-(.$00H!=E![Xnna]!""ZX"H!

pkjlq!9H! b324,! MH! O$,! tH! O/(,! cH! L/,! 9$%2E'! -4'2%*E'$(4&! 62'.224! F-#D"!! *40! M05X!
M(0/+*'2!<a^!#/4E'$(4,!\-(O#/0-(.+$7-!OEJ![Xnn^]!"^alaZ"^almH!

pkknq!tH=H! N2%'(/',! =HtH! M*:5/40*%,! tH9H! L(%0*4,! tHbH! O*5,! 9H! 9$'&.(%'3,! NH! Y2$'3,! 2'! *+H,!
F-#X*+<3*! $43$6$'$(4! <%(5('2&! <a^! <*'3.*7! *E'$G$'7,! '/5(%! E2++! 02*'3,! *40!
%*0$*'$(4!%2&<(4&2&H,!F)/"-(V*&0-(:"*4-(="#-(^-(=-(:-!=hM![Xnnl]!"e^l"ZjH!

pkk"q!=HMH!>(62%'&,!-H>H!c*'&(4,!=HtH!@G*4&,!9H=H!#(&'2%,!MH;H!-%.$4,!MH!B33,!;/<<%2&&$(4!
()! 37<(?$*D$40/E$6+2! )*E'(%! X*+<3*! %2&'(%2&! <a^! *E'$G$'7! G$*!F05X! *40! %2G2%&2&!
E325(%2&$&'*4E2!()!%24*+!E*%E$4(5*!E2++&H,!.*%"$)(M$!-!MI![Xnnl]!lnajZjeH!

pkkXq!AH!`(C/2$%*,!RH!8*%1,!bHbH!b324,!8HxH!o/,!MHOH!b324,! -H!I(4$E,!2'!*+H,!=1'!92'2%5$42&!
>2<+$E*'$G2! ;242&E24E2! *40! B?$0*'$G2! (%! B4E(C24$E! 8%25*'/%2! ;242&E24E2! *40!
;24&$'$Q2&!b2++&!'(!B?$0*'$G2!=<(<'(&$&,!.*%"$)(.$00H!=L![Xnnm]!eamZeknH!

pkk^q!YH!L/(,!LH!;2*%)(&&,!9H!Y%(+$1(.&1$,!MH!8*C4(4$,!bH!#%*41&,!YH!b+*%1,!2'!*+H,!F7<(?$*!
$40/E2&! '32! 2?<%2&&$(4! ()! '32! <%(D*<(<'('$E! C242! N`-8^H,! .$00( Y$*&+( Y#''$)-! J!
[Xnn"]!^jkZkjH!

pkkeq! !*!;2%52/&,!bH!M$E3$2+&,!>2E$<%(E*+!$4)+/24E2!()!'32!<a^!*40!'32!37<(?$E!<*'3.*7&H,!
.$00(Y$*&+(Y#!-!O![Xn""]!2"jeH!

pkkaq!=HOH!F*%%$&,!F7<(?$*!D!=!127!%2C/+*'(%7!)*E'(%!$4!'/5(/%!C%(.'3,!V*&-(M$?-(.*%"$)H!O!
[XnnX]!^mZekH!

pkkjq!MH!FÑE12+,!8H!A*/<2+,!N$(+(C$E*+!E(4&2K/24E2&!()!'/5(%!37<(?$*H,!=$7#%-(P%"/0-!OJ!
[Xnn"]!^jZe"H!

pkkkq!=H! ;E3/+Q2,! =HOH! F*%%$&,! F(.! E*4E2%! 52'*6(+$&5! $&! '/420! )(%! <%(+$)2%*'$(4! *40!
G/+42%*6+2!'(!0$&%/<'$(4H,!V*&6)$H!LI=![Xn"X]!^jeZk^H!



!

XkX!

!

pkkmq!;HYH! 8*%1&,! tH! b3$E32,! tH! 8(/7&&fC/%,! 9$&%/<'$4C! <%('(4! 074*5$E&! *40! 242%C7!
52'*6(+$&5!)(%!E*4E2%!'32%*<7H,!V*&-(M$?-(.*%"$)H!=B![Xn"^]!j""ZX^H!

pkklq!bHbH!c71()),!`HtH8H!N2*&+27,!8HFH!c*'&(4,!YHtH!I/%42%,! tH!8*&'(%21,!=H! ;$6'*$4,! 2'! *+H,!
F7<(?$*D$40/E$6+2! 2?<%2&&$(4! ()! '/5(%D*&&(E$*'20! E*%6(4$E! *4370%*&2&,! .*%"$)(
M$!-!Mh![Xnnn]!knkaZknm^H!

pkmnq!9H! O/(,! xH!c*4C,! tH!c/,! bH! t$*4C,! tH!c/,! I32! %(+2! ()! 37<(?$*! $40/E$6+2! )*E'(%D"! $4!
32<*'(E2++/+*%!E*%E$4(5*H,!O#/7$4(M$!-(G%&-!Oh=L![Xn"e]!enlXkXH!

pkm"q!bHDoH! 9*$,! |H! L*(,! ;HDtH! |$/,! MHDtH! t/,! MHDRH! b*$,! RHD#H! o/,! 2'! *+H,! F7<(?$*D$40/E$6+2!
)*E'(%D"! *+<3*,! $4! *&&(E$*'$(4! .$'3! $4)+*55*'$(4,! *4C$(C242&$&! *40! MRb,! $&! *!
E%$'$E*+!<%(C4(&'$E!)*E'(%!$4!<*'$24'&!.$'3!Fbb!*)'2%!&/%C2%7H,!OD.(.*%"$)H!I![Xnnl]!
e"mH!

pkmXq!tH;H! #*4C,! >H9H! L$++$2&,! >H! *H! L*'2467,! =0*<'*'$(4! '(! 37<(?$*! *40! *E$0(&$&! $4!
E*%E$4(C242&$&!*40!'/5(%!<%(C%2&&$(4,!=$7#%-(.*%"$)(O#/0-!=J![Xnnm]!^^nZ^^kH!

pkm^q!>H=H!L*'2467,!>HtH!L$++$2&,!c37!0(!E*4E2%&!3*G2!3$C3!*2%(6$E!C+7E(+7&$&w,!V*&-(M$?-(
.*%"$)H!L![Xnne]!ml"ZmllH!

pkmeq!LH!b324,!tH!b$Q2*/,!bH!A*402!A2+02,!tHFH!8*%1,!LH!N(Q21,!tH!N(+'(4,!2'!*+H,!`$?!*40!`$<^!
)(%5! *! &/6)*5$+7! ()! <%(D*<(<'('$E! 5$'(E3(40%$*+! <%('2$4&,! \-( O#/0-( .+$7-! OEL!
["lll]!kZ"nH!

pkmaq!cHD;H;H! c/,! I32! &$C4*+$4C! 52E3*4$&5! ()! >B;! $4! '/5(%! <%(C%2&&$(4,! .*%"$)(
D$&*!&*!#!(M$?-!OD![Xnnk]!jlaZknaH!

pkmjq!LH! 8*4$,! IH! L*+2(''$,! 8H! b3$*%/C$,! M2'*&'*&$&J! E*4E2%! E2++W&! 2&E*<2! )%(5! (?$0*'$G2!
&'%2&&,!.*%"$)(D$&*!&*!#!(M$?-!OI![Xn"n]!^a"Z^kmH!

pkmkq!YH!8(+7*1,!RH!o$*,!tHOH!x.2$2%,!YHcH!Y$4Q+2%,!NH!A(C2+&'2$4,!=!5(02+!)(%!<a^D$40/E20!
*<(<'(&$&H,!V*&6)$H!BJI!["llk]!^nnZ^naH!

pkmmq!IHMH! t(34&(4,! xHoH! R/,! AHtH! #2%%*4&,! >H! *! O(.24&'2$4,! IH! #$412+,! >2*E'$G2! (?7C24!
&<2E$2&!*%2!0(.4&'%2*5!520$*'(%&!()!<a^D02<24024'!*<(<'(&$&H,!F)/"-(V*&0-(:"*4-(
="#-(^-(=-(:-!IB!["llj]!""memZ""maXH!

pkmlq!FHMH! ;324,! xHLH! O$/,! t`Y! &$C4*+$4C! <*'3.*7! $&! *! 127! 5(0/+*'(%! $4! E2++! 02*'3!
520$*'20! 67! %2*E'$G2! (?7C24! *40! 4$'%(C24! &<2E$2&,! S)$$( M*4#"-( O#/0-( D$4-! Lh!
[Xnnj]!lXmZl^lH!

pklnq!tH!M(4'2%(,!bH!9/''*,!9H!G*4!N(02C(5,!9H!c2$4&'(E1,!=H!O2'*$,!<a^!%2C/+*'2&!*!4(4D
*<(<'('$E!02*'3!$40/E20!67!>B;,!.$00(Y$*&+(Y#''$)-!Oh![Xn"^]!"ejaZ"ekeH!

pkl"q!LH! A*%6$%(,! NH! A2%2&,! #H! L*++7*&,! NH! ;/52C$,! 9$%2E'! 2))2E'! ()! I*?(+! (4! )%22! %*0$E*+!
)(%5*'$(4! *40! 5$'(E3(40%$*+! <2%52*6$+$'7! '%*4&$'$(4H,! S)$$( M*4#"-( O#/0-( D$4-! B=!
[Xnn"]!aemZamH!

pklXq!FH! M*&/0*,! IH! I*4*1*,! PH! I*1*3*5*,! b$&<+*'$4! L242%*'2&! ;/<2%(?$02! =4$(4! 67!



!

Xk^!

!

-4'2%*E'$(4!.$'3!9`=! $4! *! b2++D#%22! ;7&'25,!O#/"+$7-(O#/;+J!-(M$!$)"+(./776%-!
OhB!["lle]!""kaZ""mnH!

pkl^q!RH! I&/'&/5$&3$'*,! IH! B40*,! YH! B1*0*,! MH! I*120*,! FH! @40(/,! ;H! #/'*1$,! 2'! *+H,!
-4G(+G2524'! ()! FXBX! <%(0/E'$(4! $4! E$&<+*'$4D$40/E20! 42<3%('(?$E$'7H,! O#/"+$7-(
O#/;+J!-(M$!-(./776%-!OLO!["llm]!^"nZXH!

pkleq!NH=H!c*C42%,!bHNH!@G$C,!YHtH!>2&Q1*,!LH>H!N/2''42%,!bH8H!N/%4&,!9(?(%/6$E$4!$4E%2*&2&!
$4'%*E2++/+*%! 370%(C24! <2%(?$02! $4! 8b^! <%(&'*'2! E*4E2%! E2++&,! :)"+( O#/"+$7(
O#/;+J!H!LLh![Xnna]!"m"Z"lnH!

pklaq!YH! *! b(41+$4,! b325('32%*<7D*&&(E$*'20! (?$0*'$G2! &'%2&&J! $5<*E'! (4!
E325('32%*<2/'$E!2))2E'$G242&&H,!G%&$8)-(.*%"$)(C+$)-!B![Xnne]!XleZ^nnH!

pkljq!bH!;5$'3,!NH!;'(%5&,!F25*'(<($2'$E!&'25!E2++&H,!.0#%-(P)&+/;-(M$0*&-(M$!-![Xnnn]!;l"Z
;lkH!

pklkq!YH!-'(,!=H!F$%*(,!#H!=%*$,!;H!M*'&/(1*,!YH!I*1/6(,!-H!F*5*C/E3$,!2'!*+H,!>2C/+*'$(4!()!
(?$0*'$G2!&'%2&&!67!=IM!$&!%2K/$%20!)(%!&2+)D%242.*+!()!3*25*'(<($2'$E!&'25!E2++&,!
V*&6)$H!LB=![Xnne]!llkZ"nnXH!

pklmq!RH! |/,! tH!c*4C,! 8H;H! >*7,!FH! L/(,! tH! F/*4C,!MH! ;3$4D;$5,! 2'! *+H,! I3$(%20(?$4D+$12! X!
%2C/+*'2&! 3/5*4! E*4E2%! E2++! C%(.'3! *40!52'*&'*&$&! G$*! %20(?! 3(52(&'*&$&! *40!
`#DyN!&$C4*+$4CH,!\-(.0#%-(G%?$!&-!=O=![Xn""]!X"XZXaH!

pkllq!@H!8$&1(/4(G*,!MH!=C*'3(E+2(/&,!MHMH!M/%<37,!xH!F/,!;H@H!F/00+2&'/4,!xH!x3*(,!2'!
*+H,!B?$0*'$G2!&'%2&&!$43$6$'&!0$&'*4'!52'*&'*&$&!67!3/5*4!52+*4(5*!E2++&,!V*&6)$H!
[Xn"a]H!

pmnnq!;H!;3$5$Q/,!RH!@C/E3$,!cH!Y*5$$12,!RH!-'(3,!tH!F*&2C*.*,!YH!R*5*62,!2'!*+H,!-40/E'$(4!
()! *<(<'(&$&! *&! .2++! *&! 42E%(&$&! 67! 37<(?$*! *40! <%20(5$4*4'! <%2G24'$(4! ()!
*<(<'(&$&!67!NE+DX!*40!NE+DoOH,!.*%"$)(M$!-!DM!["llj]!X"j"ZjH!

pmn"q!OH!I(52&,!@H!@562%+27,!RH!`$/,!;H!I%(/<,!tH!8*&'(%21,!YH!;'%*4C2,!2'!*+H,!`2E%(&$&!*40!
37<(?$*!$4!$4G*&$G2!6%2*&'!E*%E$4(5*H,!O)$*!&(.*%"$)(M$!-(C)$*&-!J=![Xnn^]!j"ZlH!

pmnXq!9HMH!N%$Q2+,!;H8H!;E/++7,! tHMH!F*%%2+&(4,!OHtH!O*7)$2+0,! tHMH!N2*4,!OH>H!8%(&4$'Q,!2'!*+H,!
I/5(%!(?7C24*'$(4!<%20$E'&!)(%!'32!+$12+$3((0!()!0$&'*4'!52'*&'*&2&!$4!3/5*4!&()'!
'$&&/2!&*%E(5*H,!.*%"$)(M$!-!DM!["llj]!le"Z^H!

pmn^q!FHtH!8*%1,! tHbH!O7(4&,!IH!B3'&/6(,!bHcH!;(4C,!=E$0$E!24G$%(4524'!E*/&2&!*<(<'(&$&!
67!$4E%2*&$4C!E*&<*&2!*E'$G$'7H,!O)-(\-(.*%"$)H!Jh!["lll]!"mlXZ"mlkH!

pmneq!=HbH! c$++$*5&,! IHtH! b(++*%0,! bH! 8*%*&12G*,! =4! *E$0$E! 24G$%(4524'! +2*0&! '(! <a^!
02<24024'! $40/E'$(4! ()! *<(<'(&$&! $4! 3/5*4! *024(5*! *40! E*%E$4(5*! E2++! +$42&J!
$5<+$E*'$(4&! )(%! E+(4*+! &2+2E'$(4! 0/%$4C! E(+(%2E'*+! E*%E$4(C242&$&H,!P%"/8$%$H!=J!
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