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D21"#1'%*(cTaZ(o(K=(b?ib?F*d.(E2**2I"8(>G(%(=1""D",(<W,,"#1(2#="1(I+'<+(&'&'<=(1+"(=+%D"(&"%=W,"8(I'1+(I%1",(

20'8%1'2#(%1(+"&%1'1"("*"<1,28"=a( (/W,D,'='#?*G.( 1+","(I%=(%#(%#28'<( =+'E1(2E(%DD,20'&%1"*G(^TT(&o(I+'<+(I%=(

#""8"8(12(=W=1%'#(%(?'K"#(D+212<W,,"#1(8"#='1G(2E(LTT("b(<&@L(<2&D%,"8(12(I%1",(>%="8("*"<1,2*G1"=a(A+'=(,"=W*1('=(

'#( <2#1,%=1( 12( *'1",%1W,"( ,"=W*1=( 2E( +"&%1'1"( D+212"*"<1,28"=( '#( <2#1%<1( I'1+( ?228( +2*"( =<%K"#?",=.( =W<+( %=(

j;"cFHdSk^@.N@(%#8(BL7LaLU.Lg((

( b(E*W2,"=<"#<"(D,2>"(I%=(W="8(12(&"%=W,"(1+"(%&2W#1(2E(7L(D,28W<"8.(I+'<+(<%#(>"(W="8(12("K%*W%1"(1+"(

E%,%8%'<( "EE'<'"#<G(2E(BL7(20'8%1'2#a( (A+"(7L( <2#<"#1,%1'2#(I%=(&"%=W,"8( %1( %#( %DD*'"8(D21"#1'%*( 2E(MaN(o(K=(

b?ib?F*(E2,(BL7(%#8(FB^7B@BL7(&'01W,"("*"<1,2*G1"=(%#8(MaS(o(K=(b?ib?F*(E2,(1+"(FB^7B("*"<1,2*G1"(=W<+(

1+%1(1+"(D+212<W,,"#1=(I","(%DD,20'&%1"*G("eW%*a((A+'=(D21"#1'%*(8'EE","#<"(%*=2(%<<2W#1=(E2,(1+"(8'EE","#<"('#(1+"(

E*%1(>%#8(D21"#1'%*.(%;!.(>"1I""#(%eW"2W=(%#8(&"1+%#2*(>%="8("*"<1,2*G1"=.(&'()!'*+,-a((R#(1+"(<%="(2E(1+"(%eW"2W=(

"*"<1,2*G1".(1+"(E%,%8%'<("EE'<'"#<G(8W"(12(7L(D,28W<1'2#('=(%DD,20'&%1"*G(W#'1G(%=(=+2I#('#(;'?W,"(Mc>d(%#8(A%>*"(

Ma( (b=('#<,"%='#?(%&2W#1=(2E(FB^7B(%,"(%88"8(12(BL7.( 1+"(E%,%8%'<("EE'<'"#<G(8W"(12(7L(?"#",%1'2#(8"<,"%="8(

I+","(#2(7L(?"#",%1'2#(<2W*8(>"(8"1"<1"8('#(%#+G8,2W=(FB^7Ba((A+'=('=("0D"<1"8(='#<"(1+"(20'8%1'2#(2E(FB^7B(

=+2W*8(D,28W<"(E2,&%*8"+G8"(2,(F7L.(#21(7LaLS.^T.^M(R#1","=1'#?*G.(%(='?#'E'<%#1(%&2W#1(2E(7L(I%=(?"#",%1"8("K"#(

I'1+( *%,?"( <2#<"#1,%1'2#=( 2E( FB^7Ba( b( =W&&%,G( 2E( 1+"( %&2W#1( 2E( 7L( &"%=W,"8( E2,( 8'EE","#1( FB^7B(

<2#<"#1,%1'2#=(%1(%DD*'"8(D21"#1'%*=(2E(TaZO(%#8(MaN(o(K=(b?ib?F*(<%#(>"(=""#('#(A%>*"(Ma((P"*%1'K"(,%1"=.(&..!E2,(

FB^7B(20'8%1'2#( <2&D%,"8( 12(I%1",(20'8%1'2#(I%=( <%*<W*%1"8( >G( 1+"( "eW%1'2# .(

I+","(/%( '=( 1+"( E%,%8%'<( "EE'<'"#<G( E2,(7L( ?"#",%1'2#.( %#8( <%#( %*=2( >"( E2W#8( '#(A%>*"( Ma( (C"=D'1"( %#( 2>K'2W=(

D,"E","#<"( E2,(FB^7B(20'8%1'2#(<2&D%,"8( 12(BL7(20'8%1'2#(>%="8(2#( 1+"( ,"*%1'K"( ,%1"=( =+2I#( '#(A%>*"(M.( 1+"(

2K",%**(,%1"(c<W,,"#1d('=(#21(='?#'E'<%#1*G(%*1","8(>G(%88'#?(FB^7B(12(BL7(%=(=+2I#('#(E'?W,"(M%a( (V22,(<W,,"#1(

# $ # $

0

.
1 2

0 /% /%&
34 54 4 5

%
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2#="1(D21"#1'%*=(=1'**("0'=1(I'1+(FB^7B('#(=2*W1'2#.(=+2I'#?(1+%1('1('=(#21(%<1'#?(%=(%(E%=1(%#8(&28"*(+2*"(<2**"<12,(

%=(21+",=(+%K"(=W??"=1"8aMM((

%d >d( (

@'A>.%)Ba(%d("#$(<W,K"=(2E(%(+"&%1'1"("*"<1,28"(W#8",(M(=W#('**W&'#%1'2#('#(<2#1%<1(I'1+(BL7(c,"8d.(TaL\(FB^7B(
c2,%#?"d.( L\( FB^7B( cG"**2Id.( O\( FB^7B( c?,""#d.( MT\( FB^7B( c1"%*d.( %#8( FB^7B( c>*W"d( K=( b?ib?F*a( >d(
A+"2,"1'<%*( 20G?"#( D,28W<"8( W#8",( L( =W#( '**W&'#%1'2#( c*'#"=d( %#8( &"%=W,"8( 7L( <2#<"#1,%1'2#( c=+%D"=d( E2,( %(
+"&%1'1"("*"<1,28"('#(<2#1%<1(I'1+(BL7(c=2*'8(*'#"(%#8(<',<*"=d.(TaL\(FB^7B(c8211"8(*'#"(%#8(82I#I%,8(D2'#1'#?(
1,'%#?*"=d.(L\(FB^7B(c=+2,1(8%=+"8( *'#"(%#8(=eW%,"=d.(O\(FB^7B(c82W>*"(8211"8(8%=+"8( *'#"(%#8(8'%&2#8=d.(
MT\(FB^7B(c*2#?(8%=+"8( *'#"(%#8(WDI%,8(D2'#1'#?( 1,'%#?*"=d.( %#8(FB^7B(c='#?*"(8211"8( *'#"(%#8(+"0%?2#=da((
bDD*'"8( D21"#1'%*=( E2,( 7L( <2#<"#1,%1'2#( &"%=W,"&"#1( I%=( MaN( o( K=( b?ib?F*( E2,( 1+"( BL7( %#8( O\( FB^7B(
"*"<1,2*G1"=(%#8(MaS(o(K=(b?ib?F*(E2,(1+"(FB^7B("*"<1,2*G1"a(

(

C/<,%)Ba((/W&&%,G(2E(E%,%8%'<("EE'<'"#<G(8W"(12(7L(?"#",%1'2#(E2,(K%,G'#?(<2#<"#1,%1'2#=(2E(FB^7B('#(BL7(((

DEFG)H)(9);AI;A!,) BEJ)H)(9);AI;A!,)

K4LM)I)#'-."#",%9)N
OB
) K4LM)I)#'-."#",%9)N

OB
)

K0%47M)I)0) K7L4M)I)0) C+%".%&'-/,) 0%/9>.%2)

4L)@/./2/'-)

8PP'-'%1-Q)

?%,/&'(%)

?/&%R) C+%".%&'-/,) 0%/9>.%2)

4L)@/./2/'-)

8PP'-'%1-Q)

?%,/&'(%)

?/&%R)

TaT( OOaO( MMaMZ( MMaMM( SSEJLT) OTaM^( NgaUM( SSEUVT)

TaL( OOaL( ZagT( OaNM( VWEJWT) M^^aNU( NgaLT( ^SaTT( FUEBFT) MTSa^^(

LaT( OTaL( MLagT( NaTM( UBEDST) OSaOL( OOaMO( LUa^O( GBEJDT) LNaMM(

OaT( NSaZ( MTaZZ( MaUg( BFEGGT) NMa^O( O^aMO( LLaUT( JLESDT) MMaZM(

MTaT( ^ZaU( ZaLg( TaOg( WEDVT) ^ZaSO( NgaUS( MOagN( UBESFT) ZaTL(

6P%1'2(2E(FB^7B(12(BL7(20'8%1'2#(
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R#( 2,8",( 12( %<<2W#1( E2,( %#G( 8'EE","#<"=( '#( "#",?"1'<=( c>%#8( "8?"( &2K"&"#1d( 8W"( 12( 1+"( 8'EE","#1(

"*"<1,2*G1"=.( '&D"8%#<"(=D"<1,2=<2DG( cR/d(&"%=W,"&"#1=(I","(D",E2,&"8( '#( 1+"(8%,fa(\211(/<+211fG(D*21=(I","(

?"#",%1"8( E2,( DW,"( BL7.( FB^7B( %#8( O\(FB^7B( "*"<1,2*G1"=( >G( E'11'#?( 1+"( '&D"8%#<"( =D"<1,%( 12( %( P%#8*"r=(

<',<W'1a( (/'#<"(1+"("*"<1,28".(%#8(1+","E2,"(82D%#1(8"#='1G.( '=( 1+"(=%&"(E2,(%**("*"<1,2*G1"=.( 1+"(=*2D"(2E(1+"(\211(

/<+211fG( '=("0D"<1"8(12(>"( '#8"D"#8"#1(2E( 1+"("*"<1,2*G1"a( (A+'=( '=( '#8""8(1+"(<%=".(%DD%,"#1(E,2&('#=D"<1'2#(2E(

E'?W,"( L%a( ( A+","E2,".( 12( E'1( 1+"( \211( /<+211fG( D*21=.( 1+"( =*2D"=( 2E( %**( ^( "*"<1,2*G1"=( I","( E'1( ?*2>%**Ga( ( A+"(

"01,%<1"8(82D%#1(8"#='1G.(6C.(I%=(<%*<W*%1"8(12(>"(Oa^sMTMU(<&@^.('#(?228(%?,""&"#1(I'1+(D,"K'2W=(,"=W*1=aMO.MS(A+"(

E*%1(>%#8(D21"#1'%*(I%=(%*=2("01,%<1"8(E,2&(1+"(\211(/<+211fG(D*21=(%#8(<%#(>"(=""#('#(1%>*"(La((A+"(&"%=W,"8(%;!(

E2,(1+"(%eW"2W=("*"<1,2*G1"=(%,"(#"%,*G("eW%*a((R#(%#+G8,2W=(FB^7B(+2I"K",.(1+"(%;!('=(=+'E1"8(lLTT(&o(D2='1'K"a((

V%,1(2E(1+"(8'EE","#<"('#("#$(<W,K"=(<%#(1+","E2,"(>"(%11,'>W1"8(12(%(=+'E1('#(1+"(>%#8("#",?'"=a(R#(2,8",(12(<%,,G(2W1(

%#(%8"eW%1"(<2&D%,'=2#(>"1I""#(1+"(8'EE","#1("*"<1,2*G1"=.(D21"#1'%*=(I","(#2,&%*'4"8(12(1+"',(,"=D"<1'K"(%;!r=a(

H2,&%*'4"8("#$( <W,K"=( %,"( =+2I#( '#(;'?W,"(L>a(b1(+'?+(D2='1'K"( %DD*'"8(D21"#1'%*=.( 1+"( <W,,"#1( %<+'"K"8( '#( %**(

"*"<1,2*G1"=( '=( %DD,20'&%1"*G( "eW%*a( ( h"( +%K"( =W??"=1"8( D,"K'2W=*G( 1+%1( '#( 1+"="( 1+'#( E'*&=.( %1( +'?+( %DD*'"8(

D21"#1'%*.( 1+"( D+212<W,,"#1( '=( <2#1,2**"8( >G( 1+"( ,%1"( 2E( D+212?"#",%1"8( +2*"=( 1+%1( ,"%<+( 1+"( =W,E%<"t( 'a"a( I%1",(

20'8%1'2#( '=(#21( 1+"(,%1"( *'&'1'#?(=1"Da( (A+W=.(%88'1'2#(2E(%( E%=1(+2*"(<2**"<12,( c"a?a(BL7L.(FB^7B.(;"cFHdS^@iN@d(

=+2W*8(#21('#<,"%="(1+"(<W,,"#1(%1(%(?'K"#(D2='1'K"(;",&'(*"K"*a((QK"#(I+"#(<2,,"<1'#?(E2,(1+"(<+%#?"('#(1+"(%;!.(

1+"( =1""D( <W,,"#1( 2#="1( 2E( %#+G8,2W=( FB^7B( 20'8%1'2#( 2<<W,=( %1( &2,"( D2='1'K"( D21"#1'%*=( <2&D%,"8( 12( BL7(

20'8%1'2#( =W??"=1'#?( 1+%1( D+212"*"<1,2<+"&'<%*( 8'EE","#<"=( <%##21( >"( =2*"*G( %11,'>W1"8( 12( 8'EE","#<"=( '#( 1+"(

D2='1'2#(2E(1+"(>%#8=(2E(;"L7^('#(8'EE","#1(&"8'%a((
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)!
!

%d >d (

@'A>.%)La(c%d(\211(/<+211fG(D*21(2E(3>W*f(&"%=W,"8('#(1+"(8%,f(E2,(BL7(c,"8(<',<*"=d.(O\(FB^7B(c?,""#(8'%&2#8=d(
%#8(FB^7B( "*"<1,2*G1"=( c>*W"( +"0%?2#=da( c>d( ( "#$( <W,K"=( 2E( %( +"&%1'1"( "*"<1,28"( W#8",( M( =W#( '**W&'#%1'2#( '#(
<2#1%<1(I'1+(BL7(c,"8d.(O\(FB^7B(c?,""#d(%#8(FB^7B(c>*W"d(D*211"8(K=(%;!a((

(

C/<,%)LE(/W&&%,G(2E(1+"(\211@/<+211fG(%#%*G='=(E,2&('&D"8%#<"(=D"<1,2=<2DG(&"%=W,"&"#1=(<%,,'"8(2W1('#(1+"(
8%,f('#<*W8'#?(1+"(E*%1(>%#8(D21"#1'%*(c%;!d(%#8(1+"(82#2,(8"#='1G(c6Cd(2E(+"&%1'1"(D+21212"*"<1,28"=('#(8'EE","#1(
=2*W1'2#(&"8'%a((

( %;!(K=(b?ib?F*(c&od( 6C(cuMTMU(<&@^d(

BL7( M^Z( Oa^(

O\(FB^7B( MN^( Oa^(

FB^7B( ^^T( Oa^(

(

R#( 2,8",( 12( ?"1( &2,"( 8"1%'*"8( &"<+%#'=1'<( '#E2,&%1'2#( 2E( I%1",( %#8( &"1+%#2*( 20'8%1'2#.( '&D"8%#<"(

=D"<1,2=<2DG(&"%=W,"&"#1=(I","(%*=2(D",E2,&"8(W#8",('**W&'#%1'2#(<2#8'1'2#=a((beW"2W=("*"<1,2*G1"=(D,28W<"8(

HGeW'=1(D*21=(I'1+(1I2(<*"%,*G(8'=1'#?W'=+%>*"(="&'<',<*"=(#"%,(1+"(<W,,"#1(2#="1(D21"#1'%*(c=WDD2,1'#?('#E2.(;'?W,"(

/RLda( ( b( D+G='<%*( &28"*( I+'<+( +%=( >""#( D,"K'2W=*G( 8"K"*2D"8( E2,( 1+"( '#1",D,"1%1'2#( 2E( <+%,?"( 1,%#=E",( E,2&(

+"&%1'1"("*"<1,28"=(12(I%1",(<%#(>"(=""#('#(1+"(E2,&(2E(%#("eW'K%*"#1(<',<W'1.(QF.(=+2I#('#(;'?W,"(L%aMO.MS((A+'=(

?"#",%*(&28"*(=D"<'E'<%**G('#<*W8"=(1+"(D,"="#<"(2E(%(=W,E%<"(=1%1"(%>*"(12(<%D1W,"(<2#8W<1'2#(>%#8("*"<1,2#=(%#8(

K%*"#<"(>%#8(+2*"=t( 1+"( 1,%DD'#?@8"1,%DD'#?(f'#"1'<=(%,"( ,"*%1"8( 12(.1,%D.( %#8( 1+"(2<<WD%#<G(2E( 1+"( =W,E%<"(=1%1"(
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D,28W<"=(%(<+"&'<%*(<%D%<'1%#<".(3==a(F+%,?"(1,%#=E",(1%f"=(D*%<"(1+,2W?+(1+'=(=W,E%<"(=1%1"(I'1+(%(<+%,?"(1,%#=E",(

,"='=1%#<".(.<1.==a((b88'1'2#%**G.(%(>W*f(<%D%<'1%#<".(3>W*f.(%<<2W#1=(E2,(1+"(=D%<"(<+%,?"(<%D%<'1%#<"a((A+'=(QF(I%=(

W="8(12(E'1(R/(8%1%(?%1+","8('#(BL7(%#8(O\(FB^7B("*"<1,2*G1"=a((;2,(1+"(DW,"(BL7("*"<1,2*G1".(%(<*"%,(D"%f('#(3==(

8"K"*2D=(I'1+(K2*1%?"(I+'<+('=(<2'#<'8"#1(I'1+(1+"(<W,,"#1(2#="1(D21"#1'%*(c;'?W,"(N%da((A+'=(D"%f(+'?+*'?+1=(1+"(

,"eW',"&"#1(E2,(<+%,?"(%<<W&W*%1'2#(%1(1+"(=W,E%<"(E2,(I%1",(20'8%1'2#(12(2<<W,.(%#8(+%=(>""#(D2'#1"8(2W1(>G(21+",(

,"="%,<+",=a^L@^N(h+"#(FB^7B('=(%88"8(12(1+"(%eW"2W=(=2*W1'2#.(%(3==(D"%f('=(%*=2(2>=",K"8.(%1(1+"(=%&"(D21"#1'%*(

K=(%;!(%=(=+2I#('#(;'?W,"(Nc%da(A+"(&%?#'1W8"(2E(1+'=(D"%f('=(%DD,20'&%1"*G(1I2(1'&"=(*2I",.(+2I"K",.(,"E*"<1'#?(

1+%1( E"I",( +2*"=( %,"( %<<W&W*%1"8( %1( 1+"( =W,E%<"( '#( 1+'=( =1%1"a( A+'=( ,"=W*1( '=( EW,1+",( <2,,2>2,%1"8( >G( Fo(

&"%=W,"&"#1=( D,"="#1"8( >"*2Ia( A+'=( ,"=W*1( '=( %*=2( '#( ?228( %?,""&"#1( I'1+( 1+"( 7L( "K2*W1'2#( &"%=W,"&"#1=(

8'=D*%G"8( '#( ;'?W,"( Mc>d.( I+'<+( '#8'<%1"8( 1+%1( >21+( 20'8%1'2#( 2E( I%1",( %#8( &"1+%#2*( *"%8( 12( 1+"( 2>1%'#"8(

D+212<W,,"#1a((b(<2,,"=D2#8'#?(8"<,"%="('#(3==(%#8(7L(?"#",%1'2#(I'1+(1+"(%88'1'2#(2E(FB^7B(EW,1+",(=+2I=(1+%1(

I%1",(20'8%1'2#(2<<W,=(1+,2W?+(%(=W,E%<"(=1%1"('#1",&"8'%1"a(b*=2.(%(8"<,"%="('#(1+"(&"%=W,"8(3==(E2,(BL7@FB^7B(

&'01W,"=('&D*'"=(1+%1(&"1+%#2*(20'8%1'2#(<2&D"1"=(%?%'#=1(I%1",(20'8%1'2#(1+,2W?+(%(8'EE","#1(D%1+I%Ga(C"=D'1"(

&"1+%#2*(,"8W<'#?(1+"(&"%=W,"8(<%D%<'1%#<"(2E(=W,E%<"(=1%1"=(8W"(12(I%1",(20'8%1'2#.(1I2(<%D%<'1'K"(E"%1W,"=(%,"(

=1'**(2>=",K"8('#('&D"8%#<"(=D"<1,%(&"%=W,"8('#(1+"(%#+G8,2W=(&"1+%#2*("*"<1,2*G1"(c=""(/WDD2,1'#?(R#E2,&%1'2#.(

;'?W,"(/R(L>da((/'#<"('1(%DD"%,=(1+%1(<+%,?"(1,%#=E",(12(&"1+%#2*(2<<W,=(1+,2W?+(%(8'EE","#1(D%1+I%G(1+%#(1+%1(2E(

I%1",.(I"('#K2f"(%#21+",(D2=='>*"(QF(12(8"=<,'>"(%#+G8,2W=(&"1+%#2*(20'8%1'2#(%1(+"&%1'1"("*"<1,28"=.(I+'<+('=(

=+2I#( '#( E'?W,"( ^>a( A+'=( &28"*( I%=( <+2="#( 8W"( 12( '1=( <2,,2>2,%1'2#( I'1+( D+212"*"<1,2<+"&'<%*( "0D",'&"#1=(

8'=<W=="8(>"*2Ia((b=('#(1+"(QF(W="8(12(8"=<,'>"(BL7(20'8%1'2#.(1+'=(QF(=1'**(<2#1%'#=(%(=W,E%<"(=1%1"(<%D%<'1%#<".(

3==(%#8(%(,"='=1%#<"(2E(1,%#=E",(12(1+2="(=W,E%<"(=1%1"=.(.1,%D.(>%="8(2#(1+"(2>=",K%1'2#(2E(L(<*"%,(<%D%<'1%#<"=('#(1+"(

HGeW'=1(D*21a((B2I"K",.('#=1"%8(2E(<+%,?"(1,%#=E",(1+,2W?+(1+2="(=W,E%<"(=%1"=.(1+'=(QF(<2#1%'#=(%(="D%,%1"(<+%,?"(

1,%#=E",( ,"='=1%#<"(I+'<+( '=(#21(%==2<'%1"8(I'1+(1+2="(=W,E%<"(=1%1"=.(.<1a( (A+'=(&28"*(<2W*8( '&D*G(8',"<1(<+%,?"(

1,%#=E",(E,2&(1+"(K%*"#<"(>%#8(2E(1+"(+"&%1'1"(12(&"1+%#2*(1+,2W?+(%#(2W1",@=D+","("*"<1,2#(1,%#=E",(&"<+%#'=&a(

B2I"K",(%(&2,"( *'f"*G(D2=='>'*'1G( '=( 1+%1(%(=W,E%<"(=1%1"(2,(=W,E%<"( '#1",&"8'%1"( '=(?"#",%1"8.(=W<+(%=(%(=W,E%<"(

%8=2,>"8(&"1+20G(=D"<'"=(c;"@7@FB^d(I+'<+('=(1+"(%#%*2?2W=(%8=2,>"8(=D"<'"=(,"=D2#='>*"(E2,(<+%,?"(1,%#=E",(E2,(

D+212?"#",%1"8(+2*"=(2#(A'7La^T((A+'=(&"<+%#'=&(<2W*8(>"('#1",D,"1"8(%=(%(='#?*"(<+%,?"(1,%#=E",(,"='=1%#<"('E(1+"(

Page 9 of 19

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



!
!

"+!
!

=1"%8G(=1%1"(<2#<"#1,%1'2#('=(K",G(*2I.(,"=W*1'#?('#(%(K",G(*2I(2,('&&"%=W,%>*"(<%D%<'1%#<"a((!G(W='#?(1+'=(&28"*.(

1+"(2>1%'#"8(1,%D(<%D%<'1%#<"(=+2I=(%(82W>*"(D"%f(E"%1W,".(I'1+(='?#'E'<%#1*G(*2I",('#1"#='1G(<2&D%,"8(12(I%1",(

>%="8("*"<1,2*G1"=(c;'?W,"(N%da((

%d! ((>d( (<d( ((

@'A>.%) Ua( c%d( /'&D*'E'"8(&28"*( '#K2*K'#?( +2*"( 1,%#=E",( 1+,2W?+( %( =W,E%<"( =1%1"( c>d( /'&D*'E'"8(&28"*( '#K2*K'#?(
8',"<1(+2*"(1,%#=E",(E,2&(K%*"#<"(>%#8(c<d(P%#8*"=(<',<W'1(

(

A+"(K%*W"=(2E(<+%,?"( 1,%#=E",( ,"='=1%#<"(.<1( %,"( =+2I#( '#(/WDD2,1'#?( R#E2,&%1'2#.(;'?W,"(/R^c%d( E2,( 1+"(

8'EE","#1("*"<1,2*G1"=a(b1(*2I(>'%=(cT(@(TaNo(K=(Q;!d.( 1+"(%88'1'2#(2E(FB^7B(12(BL7(,"8W<"=(1+"(<+%,?"(1,%#=E",(

,"='=1%#<"a((A+'=('=(>"<%W="(I"(%,"(&"%=W,'#?(1+"(<+%,?"(1,%#=E",(,"='=1%#<"(E,2&(1+"(=W,E%<"(=1%1"=(c8W"(12(I%1",(

20'8%1'2#d(I+'<+('=( ,"8W<"8(I'1+( 1+"(%88'1'2#(2E(FB^7B.(%=(=+2I#(>G(7L("K2*W1'2#(&"%=W,"&"#1=(%#8(3==a( ( R#(

21+",( I2,8=.( E2,( %( <2#=1%#1( D21"#1'%*.( 1+"( ,"='=1%#<"( 2E( <+%,?"( 1,%#=E",( 12( I%1",( 1+,2W?+( I%1",( 20'8%1'2#(

'#1",&"8'%1"=( '=( ,"8W<"8( >"<%W="( 1+"( <W,,"#1( 8W"( 12( I%1",( 20'8%1'2#( '=( ,"8W<"8( E2,( %#( '#<,"%='#?( %&2W#1( 2E(

FB^7Ba( ( F2&D%,"8( 12( %eW"2W=( "*"<1,2*G1"=.( .<1( E2,( &"1+%#2*( 20'8%1'2#( '=( +'?+",.( D2='1'K"( 2E( TaN( o( K=( Q;!.(

<2#='=1"#1( I'1+( 1+"( *2I",( D+212<W,,"#1=( &"%=W,"8( %1( &2,"( %#28'<( >'%=a( ( A+"( K%*W"=( 2E( .1,%D( %,"( <2&D'*"8( '#(

/WDD2,1'#?(R#E2,&%1'2#.(;'?W,"(/R^c>da(.1,%D(I%=(E2W#8(12(>"('8"#1'<%*(E2,(>21+(I%1",(>%="8("*"<1,2*G1"=(%#8(+'?+",(

E2,(%#+G8,2W=(&"1+%#2*(>"1I""#(T(o(K=(Q;!(%#8(TaZ(o(K=(Q;!a(A+'=('=(*'f"*G(>"<%W="(+2*"(1,%#=E",(12(FB^7B('=(

*"==(D,2>%>*"(8W"(12(1+"(*2I",(3==(%#8(<2,,"=D2#8'#?(%<<"D1'#?(=1%1"=a(

F2#E',&%1'2#(2E(1+"(E'1=(<%#(>"(?%'#"8(>G(D*211'#?(1+"(121%*(,"='=1%#<"(E,2&('&D"8%#<"(c.121v.=w.1,%Dw.<1.==(

E2,( %eW"2W=( "*"<1,2*G1"=( %#8( .121v.=w.<1.>W*f( E2,( 1+"( FB^7B( "*"<1,2*G1"d( %#8( <2&D%,'#?( 1+%1( 12( 1+"( ,"='=1%#<"(

<%*<W*%1"8(E,2&(1+"("#$(<W,K"=(cP121v8$i8"da((A+'=(D*21(<%#(>"(=""#('#(E'?W,"(N>a((b**("*"<1,2*G1"=(=+2I(.121(E,2&("#

$(<W,K"=(%#8(.121(E,2&(R/(%,"('#(?228(?"#",%*(%?,""&"#1('#8'<%1'#?(1+%1(1+"(&%'#(,"='=1%#<"=(I+'<+(<2#1,2*(1+"("#$(
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!
!

""!
!

%,"(,"D,"="#1"8('#(1+"('&D"8%#<"(=D"<1,%a((R1('=('#1","=1'#?(12(#21"(1+%1(%#+G8,2W=(&"1+%#2*(20'8%1'2#('#K2*K"=(1I2(

8'EE","#1(.121(8'D=.(%,2W#8(TaN(o(K=(%;!(%#8(TaU(o(K=(%;!.(I+'<+(%DD"%,(12(>"(,"*%1"8(12(1+"(1I2(=&%**(3==(D"%f=(

=+2I#('#(;'?W,"(N%a( (A+'=(=W??"=1=(1+%1( 1I2(8'EE","#1(20'8%1'2#=(%,"(>"'#?(&"%=W,"8t(2#"(>"1I""#(TaL@TaS(o(K=(

Q;!(c=""(;'?W,"(L>d(I+","(1+"(=*2D"(2E( 1+"("#$(<W,K"('=( *2I.(%#8(2#"(%>2K"(TaS(o(K=(%;!.(I+","(1+"("#$(<W,K"(

1%f"=(%(='&'*%,(=*2D"(%=(1+%1(2E(%eW"2W=(=2*W1'2#=a((

%d (>d (

@'A>.%)Ja(c%d(377(%#8(c>d(.898(K=(%;!("01,%<1"8(E,2&(R/(%#%*G='=(W#8",('**W&'#%1'2#(cMTT(&hu<&Ld(E2,(%(+"&%1'1"(
"*"<1,28"('#(<2#1%<1(I'1+(BL7(c,"8(<',<*"=d(O\(FB^7B('#(BL7(c?,""#(8'%&2#8=d(%#8(FB^7B(c>*W"(+"0%?2#=da((

(

FG<*'<(K2*1%&&"1,G("0D",'&"#1=(I","(<%,,'"8(2W1(2#(;"L7^(E'*&=(12(&"%=W,"(=W,E%<"(=1%1"=(%=(D,"K'2W=*G(

,"D2,1"8aMS((;2,(1+"="(&"%=W,"&"#1=(%(<2#=1%#1(+'?+(D2='1'K"(>'%=(cMaS(o(K=(b?ib?F*(E2,(%eW"2W=("*"<1,2*G1"=(%#8(

MaU(o(K=(b?ib?F*(E2,(&"1+%#2*("*"<1,2*G1"d(I%=('#'1'%**G(%DD*'"8(W#8",('**W&'#%1'2#(12(E'**(1+"(=W,E%<"(=1%1"=(I'1+(

+2*"=a((A+"(*'?+1(I%=(1+"#(1W,#"8(2EE(%#8(%(Fo(I%=('&&"8'%1"*G(=<%##"8(="K",%*(1'&"=(c/WDD2,1'#?('#E2,&%1'2#.(

;'?W,"( /RNda( ( F%1+28'<( D"%f=( I","( 2>=",K"8( E2,( %**( "*"<1,2*G1"=( 2#( 1+"( E',=1( =<%#( %1( D21"#1'%*=( ='&'*%,( 12( 1+"(

D21"#1'%*=(I+","(%(3==('=(2>=",K"8(E,2&(R/(&"%=W,"&"#1=(c;'?W,"(Oda(A+"="(D"%f=(%,"(2>=",K"8(%1(1+"(=%&"("#",?G(

%#8(I'1+(='&'*%,(,"*%1'K"('#1"#='1G(12(1+2="(2>=",K"8('#(1+"(D"%f=(2E(3==('#(;'?W,"(N%a((b88'1'2#%*(E'?W,"=('#<*W8'#?(

8%1%(&"%=W,"8( '#(%**(FB^7B("*"<1,2*G1"=(<%#(>"(=""#( '#( =WDD2,1'#?( '#E2,&%1'2#(I+'<+(=+2I( 1+"(=%&"( 1,"#8(2E(

8"<,"%='#?( <%1+28'<( D"%f( <W,,"#1=( I'1+( 1+"( %88'1'2#( 2E( FB^7Ba( 7#( 1+"( ="<2#8( =<%#.( 1+"="( D"%f=( 8'=%DD"%,(
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!
!

"#!
!

>"<%W="(1+"(=W,E%<"(=1%1"=(%,"(#21(,"@20'8'4"8(2#(1+"(1'&"=<%*"(2E(1+'=("0D",'&"#1(c=WDD2,1'#?('#E2,&%1'2#.(;'?W,"(

/RNda((A+"("K2*W1'2#(2E(1+'=(D"%f(I'1+(=<%#(,%1"(c=WDD2,1'#?('#E2,&%1'2#.(;'?W,"(/ROd(%*=2(<2#E',&=('1=(<%D%<'1'K"(

#%1W,"aMS(JD2#(422&'#?('#(2#(1+"(<G<*'<(K2*1%&&"1,G(<W,K"(E2,(&"1+%#2*(c;'?W,"(O('#=",1d.(1I2(=&%**(D"%f=(%,"(

"K'8"#1.(I+'<+( '=(<2#='=1"#1(I'1+(1+"(3==(&"%=W,"8(>G( R/(W='#?( 1+"(&28"*( '#(E'?W,"(^>a( ( R1(=+2W*8(>"(#21"8( 1+%1(

1+"="( 1I2( D"%f=( I","( #21( 2>=",K"8( '#( 1+"( R/( '#1",D,"1%1'2#( W='#?( 1+"( &28"*( '#( E'?W,"( ^%( c/""( /WDD2,1'#?(

R#E2,&%1'2#.(;'?W,"(/RZda((A+W=(1+"="(1I2(D"%f=(<2,,2>2,%1"(1+"(="*"<1'2#(2E(1+"("eW'K%*"#1(<',<W'1(E2,('#1",D,"1'#?(

FB^7B(20'8%1'2#(%1(1+"(+"&%1'1"(=W,E%<"a((

)

@'A>.%)Ga(F2&D%,'=2#(2E(1+"(E',=1(=<%#(2E(1+"(Fo(&"%=W,"8(%1(LTT(&oi=('#(BL7(c,"8(=2*'8(*'#"d.(O\(FB^7B('#(
BL7(c?,""#(82W>*"(821(8%=+"8(*'#"d(%#8(FB^7B(c>*W"(='#?*"(821(8%=+"8(*'#"da(b(&%?#'E'"8('&%?"(2E(1+"(FB^7B(
<W,K"('=(=+2I#('#(1+"('#=",1(I+'<+(=+2I=(L(=&%**(D"%f=a(

(

A+"(<%1+28'<(D"%f(&"%=W,"8(%1(lTaOOo(K=(%;!('#(1+"(Fo=(2E(;'?W,"(O(%*2#?(I'1+(1+"(3==(D"%f(2>=",K"8('#(

R/( &"%=W,"&"#1=( %1( 1+"( =%&"( D21"#1'%*.( +%=( >""#( D,"K'2W=*G( %11,'>W1"8( 12( 1+"( %<<W&W*%1'2#( 2E( D+212?"#",%1"8(

+2*"=(2#(1+"(+"&%1'1"(=W,E%<"('#(1+"(E2,&(2E(I%1",(20'8%1'2#('#1",&"8'%1"=a(A+'=(D"%f('=(%*I%G=(<2'#<'8"#1(I'1+(

1+"(I%1",(20'8%1'2#(D+212<W,,"#1(2#="1(%#8('1=(&%?#'1W8"('=(<2,,"*%1"8(12(1+"(I%1",(20'8%1'2#(<W,,"#1t('a"a(1+"(D"%f(

&%?#'1W8"( ,"8W<"=(I'1+( '#<,"%='#?(FB^7B(<2#<"#1,%1'2#(I+'<+(<2&D"1"=( E2,(D+212?"#",%1"8(+2*"=( c*"==(I%1",(

20'8%1'2#('#1",&"8'%1"=(E2,&(%1(%(?'K"#(1'&"d(c;'?W,"(/RSda((A2(EW,1+",(=+2I(1+%1(1+"="(<%D%<'1'K"(E"%1W,"=(%,"(%(

D%,1(2E( 1+"(20'8%1'2#( '#1",&"8'%1"=(2E(I%1",( %#8(&"1+%#2*.( %#%*2?2W=(Fo(&"%=W,"&"#1=(I","(D",E2,&"8( '#( %#(
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!
!

"$!
!

'#",1("*"<1,2*G1".(%#+G8,2W=(%<"12#'1,'*".(I+","(#2(+2*"(1,%#=E",(12(=2*W1'2#('=("0D"<1"8a(A+"(>%#8("#",?G(D2='1'2#(

2E( 1+"( +"&%1'1"( "*"<1,28"( '#( %#( %<"12#'1,'*"( "*"<1,2*G1"( I%=( <2#1,2**"8( 1+,2W?+( \211@/<+211fG( &"%=W,"&"#1=.(

I+'<+(=+2I"8(%#(lUT(&o(<%1+28'<(=+'E1('#(1+"(E*%1(>%#8(D21"#1'%*(<2&D%,"8(12(%eW"2W=("*"<1,2*G1"=(c;'?W,"(/RUda(

R**W&'#%1"8( "#$( <W,K"=( 2E( %( +"&%1'1"( "*"<1,28"( '#( <2#1%<1( I'1+( %#+G8,2W=( %<"12#'1,'*"( =+2I"8( #"?*'?'>*"(

>%<f?,2W#8( <W,,"#1( "#=W,'#?( 1+"( %>="#<"( 2E( BL7( '#( 1+"( "*"<1,2*G1"( c;'?W,"( S%da( b=( =+2I#( '#( ;'?W,"( S>( E2,(

%#+G8,2W=(%<"12#'1,'*"(=2*W1'2#.(#2(<%1+28'<(D"%f=(I","(2>=",K"8(%>2K"(1+"(>%<f?,2W#8('#(1+"(Fo(&"%=W,"&"#1=(

=W??"=1'#?(1+%1(1+"(<%1+28'<(D"%f(2>=",K"8(W#8",(BL7(20'8%1'2#(<2#8'1'2#=('=(=D"<'E'<(12(BL7(20'8%1'2#(%#8(#21(

'#1,'#='<( 12( 1+"( +"&%1'1"( =W,E%<"a( R#1","=1'#?*G.( %88'1'2#( 2E( 1,%<"( %&2W#1=( 2E(BL7( 12( 1+"( %<"12#'1,'*"( "*"<1,2*G1"(

,"=W*1"8( '#( 1+"( 8"K"*2D&"#1( 2E( %( <%1+28'<( D"%f( '#( 1+"( Fo( =<%#=.( EW,1+",( <2#E',&'#?( 1+"( %=='?#&"#1( 2E( 1+'=(

<%D%<'1'K"(E"%1W,"(12(=D"<'"=('#K2*K"8('#(BL7(20'8%1'2#(,"%<1'2#(c=""(/WDD2,1'#?(R#E2,&%1'2#(;'?W,"(/RUda((

%d (>d( (

@'A>.%)Va(c%d("#$(%#8(c>d(Fo(,"=D2#="(2E(%(+"&%1'1"("*"<1,28"(&"%=W,"8('#(<2#1%<1(I'1+(%#+G8,2W=(\"FH(c>*%<f(
8211"8(*'#"d(%#8(%E1",(%88'1'2#(2E(MT(x](BL7(cTaL(yod(12(1+"("*"<1,2*G1"(c,"8(=2*'8(*'#"da("#$=(I","(&"%=W,"8(W#8",(
M(=W#('**W&'#%1'2#(%#8(Fo=(I","(,"<2,8"8(%1(OTT(&oi=('#(8%,f(%E1",(+2*8'#?(1+"("*"<1,28"(%1(MaO(o(K=(b?ib?F*(
W#8",(M(=W#('**W&'#%1'2#(E2,(ST(=a(

(

A+"( <%D%<'1'K"( #%1W,"( 2E( 1+"( =W,E%<"( =1%1"=( 2E( >21+( BL7( %#8( FB^7B( =W,E%<"( =1%1"=( I%=( "0%&'#"8( >G(

1,%#='"#1( *'?+1( "0D",'&"#1=a( F+2DD"8( *'?+1( "#$( <W,K"=( I","( 2>1%'#"8( %#8( <2&D%,"8( 12( 1+2="( I'1+( <2#=1%#1(

'**W&'#%1'2#(c/WDD2,1'#?(R#E2,&%1'2#.(;'?W,"(/Rgda(R#(%**(1"=1"8("*"<1,2*G1"=.(1+"(D,"="#<"(2E(%#28'<(%#8(<%1+28'<(

1,%#='"#1=('#8'<%1"8(1+"(D,"="#<"(2E(=W,E%<"(=1%1"=aLU.^O.^S(A+"="(=D'f"=(I","(%#%*G4"8(eW%#1'1%1'K"*G(>G(=I'1<+'#?(
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!
!

"%!
!

1+"(*'?+1(2#(c%#28'<d(%#8(2EE(c<%1+28'<d(%1(%(<2#=1%#1(D21"#1'%*(I+'*"(&"%=W,'#?(1+"(<W,,"#1(%=(%(EW#<1'2#(2E(1'&"a((

Q0%&D*"=( 2E( <W,,"#1( 1,%#='"#1=( <%#( >"( =""#( '#( ;'?W,"( Z%( %#8( '#( =WDD2,1'#?( '#E2,&%1'2#.( ;'?W,"=( /RMT@/RM^a(

R#1"?,%1'2#(2E(1+"(<%1+28'<(<W,,"#1(D,2K'8"=(%(eW%#1'1%1'K"(&"%=W,"&"#1(2E(1+"(*'?+1@'#8W<"8(<+%,?"(=12,"8('#(1+"(

=W,E%<"(=1%1"=.(I+'<+('=(=+2I#('#(;'?W,"(Z>.(%#8(<2&D%,"8(12(3==(&"%=W,"8(>G(R/a(A+"(?228(%?,""&"#1(>"1I""#(

1+"( '#1"?,%1"8( <+%,?"( E,2&( 1,%#='"#1( &"%=W,"&"#1=( I'1+(3==( E,2&( R/( =+2I=( 1+%1( 1+"="( 1I2( &"%=W,"&"#1=( %,"(

D,2>'#?(1+"(=%&"(=D"<'"=a((

/'#?*"("0D2#"#1'%*(*'E"1'&"=(2E(1+"(<%1+28'<(1,%#='"#1=(I","(<%*<W*%1"8(%#8(<%#(>"(=""#('#(;'?W,"(Z<a((A+"(

*'E"1'&"=(%,"(%DD,20'&%1"*G("eW%*( E2,(BL7(%#8(O\(FB^7B("*"<1,2*G1"=( 1+,2W?+2W1( 1+"(D21"#1'%*( ,%#?"(I'1+( 1+"(

"0<"D1'2#( 2E( D21"#1'%*=( ?,"%1",( 1+%#( lTaS( o( K=(%;!( I+","( 1+"(&'01W,"( +%=( *2I",( *'E"1'&"=a( ( A+"="( 8"<%G=( %,"(

%11,'>W1"8(12("*"<1,2#=(E,2&(1+"(<2#8W<1'2#(>%#8(,"8W<'#?(1+"(20'8'4"8(=W,E%<"(=1%1"=a((/'#<"(1+"(82&'#%#1(=W,E%<"(

=1%1"( '=( ,"*%1"8( 12( I%1",( 20'8%1'2#.( '1( '=( #21( =W,D,'='#?( 1+%1( 1+"="( &"%=W,"8( *'E"1'&"=( %,"( <2#=1%#1( E2,( 1+"( 1I2(

%eW"2W=("*"<1,2*G1"=a(h"(#21"(1+%1(1+'=(,"=W*1(8'=%?,""=(I'1+(F2I%#()8:!-;:(I+2(=+2I"8(%(8"<,"%="('#(*'E"1'&"(E2,(%(

MTy(FB^7B('#(BL7(=2*W1'2#(<2&D%,"8(12(%(BL7(=2*W1'2#(W#8",(#2(%DD*'"8(>'%=a^Z( ( R1( '=(D2=='>*".(+2I"K",.( 1+"(

1"<+#'eW"=( 2E( 1,%#='"#1( "*"<1,2<+"&'=1,G( "&D*2G"8( +","'#( %#8( 1,%#='"#1( %>=2,D1'2#( =D"<1,2=<2DG( "&D*2G"8( >G(

F2I%#( )8:! -;:( %,"(&"%=W,'#?( 8'EE","#1( =D"<'"=a( ( R#( 1+"(FB^7B( "*"<1,2*G1".( 1+"( *'E"1'&"=( 2E( 1+"="( 1,%#='"#1=( %,"(

%DD,20'&%1"*G( %#( 2,8",( 2E( &%?#'1W8"( *2I",( 1+%#( 1+2="( &"%=W,"8( '#( %eW"2W=( "*"<1,2*G1"=( %1( D21"#1'%*=( I+","(

D+212<W,,"#1('=(&"%=W,"8a( (A+'=('=(%11,'>W1"8( 12(%#('#<,"%="8(,%1"(2E(,"<2&>'#%1'2#( 12(=W,E%<"(FB^7B(20'8%1'2#(

'#1",&"8'%1"=( <2&D%,"8( 12( =W,E%<"( BL7( 20'8%1'2#( '#1",&"8'%1"=aLS( ( A+"( *'E"1'&"=( I","( %*=2( <%*<W*%1"8( >G(

&W*1'D*G'#?(1+"(3==(%#8(.1,%D(E,2&(R/(,"=W*1=(%#8(%,"(=+2I#('#(E'?W,"(Z<(%=(2D"#(=+%D"=a(A+"(=%&"(?"#",%*(1,"#8('=(

2>=",K"8(>"1I""#(1+"(*'E"1'&"=(<%*<W*%1"8(E,2&(1,%#='"#1(%#8(QR/(&"%=W,"&"#1=a(((

(
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%#8(FB^7B(c>*W"(='#?*"(821(8%=+"8(*'#"d(&"%=W,"8(I'1+'#(O(&o(2E(TaZM(o(K=(%;!a((>d(A+"(<%*<W*%1"8(<+%,?"(
D%=="8(&"%=W,"8(>G('#1"?,%1'#?(<%1+28'<(1,%#='"#1=(cE'**"8(=G&>2*=.(=2*'8(*'#"=d(%*2#?(I'1+(3==(&"%=W,"8(>G(R/(
c+2**2I(=G&>2*=.(8%=+"8(*'#"=d(E2,(%(+"&%1'1"("*"<1,28"('#(<2#1%<1(I'1+(BL7(c,"8(<',<*"=d(O\(FB^7B('#(BL7(
c?,""#(8'%&2#8=d(%#8(FB^7B(c>*W"(+"0%?2#=da(<d(]'E"1'&"=(2E( 1,%#='"#1=( E'1(>G(%( ='#?*"("0D2#"#1'%*(8"<%G(
c=2*'8( =+%D"=d( %#8( >G( &W*1'D*G'#?( 3==( %#8( .1,%D( c2D"#( =+%D"=d( E2,( BL7( c,"8( <',<*"=d.( O\( FB^7B( c?,""#(
8'%&2#8=d.(%#8(FB^7B(c>*W"(+"0%?2#=da(((

(

;,2&( 1+"( 82W>*"( D"%f( E"%1W,"( 2>=",K"8( E2,( 3==( E,2&( R/( %#%*G='=( 2E( %#+G8,2W=( &"1+%#2*( 20'8%1'2#.(

<2,,"*%1"8(12(,"=D"<1'K"(<%1+28'<(D"%f=('#(1+"(<G<*'<(K2*1%&&"1,G.(%#8(8'D=('#(1+"(<+%,?"(1,%#=E",(,"='=1%#<"(c.<1d(

%#8(121%*(,"='=1%#<"(c.121d.('1(%DD"%,=(1+%1(1I2(=W,E%<"('#1",&"8'%1"=(%,"(>"'#?(&"%=W,"8(8W,'#?(FB^7B(20'8%1'2#a(

b( ,"<"#1( D%D",( >G( !%*1,W=%'1'=( "1a( %*a( 8'=<W=="=( &"1+%#2*( 20'8%1'2#( 2#( +"&%1'1"( =W,E%<"=( W='#?( 1+"2,"1'<%*(
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<%*<W*%1'2#=( E2,( ="K",%*( =W,E%<"( 1",&'#%1'2#=aLZ( /'#<"( 1+"( "*"<1,2<+"&'<%*( ,"=D2#="( 2E( 1+"( 20'8%1'2#( 2E( BL7@

FB^7B(&'01W,"=('=(82&'#%1"8(>G(1+"(,"820(D,2D",1'"=(2E(I%1",(=W,E%<"('#1",&"8'%1"=(cI+'<+(+%=(>""#(D,"K'2W=*G(

8'=<W=="8('#(8"1%'*d.MO.MS(1+'=(8'=<W=='2#(I'**(E2<W=(2#(1+"(20'8%1'2#(2E(1+"(%#+G8,2W=(FB^7B(=2*W1'2#a(;2,(1+"(;"@

7^@P( 1",&'#%1'2#( 2E( 1+"( cTTTMd( =W,E%<"( 2E( +"&%1'1"( cI+'<+( '=( 1+"( &2=1( =1%>*"( 1",&'#%1'2#( W#8",( #2#@%eW"2W=(

<2#8'1'2#=d.^U((%#+G8,2W=(&"1+%#2*(20'8%1'2#(%1(1+"(;"(%12&('=("0D"<1"8(12(2<<W,(%=(E2**2I=_LZ(

FB^7B(w(;"(z(FB^7;"(w(Bw(w("@( ( ( ( ( ( ( ( ( cMd(

FB^7;"(z(FBL7;"(w(Bw(w("@( ( ( ( ( ( ( ( ( ( cLd(

FBL7;"(z(FB7;"(w(Bw(w("@( ( ( ( ( ( ( ( ( ( c^d(

FB7;"(z(F7;"(w(Bw(w("@( ( ( ( ( ( ( ( ( ( cNd(

J#8",(D+212"*"<1,2<+"&'<%*(<2#8'1'2#=(cI+","(JvLaM("o(E2,(D+212?"#",%1"8(+2*"=('#(1+"(K%*"#<"(>%#8d.(=1"D=(M@N(

%,"(<%*<W*%1"8(12(>"(1+",&28G#%&'<%**G(82I#+'**aLZ(h+'*"(1+"="(,"%<1'2#=(%,"(1+",&28G#%&'<%**G(E%K2,"8.('#='?+1(

'#12(1+"(,%1"=(<%##21(>"("%='*G(8"1",&'#"8(8W"(12(1+"(<2#E*%1'2#(I'1+("*"<1,2#(,"<2&>'#%1'2#(E,2&("*"<1,2#=('#(1+"(

<2#8W<1'2#( >%#8( 12( 1+"( K%,'2W=( =W,E%<"( >2W#8( =D"<'"=a( A+"( 1I2( <%D%<'1%#<"( D"%f=( 2>=",K"8( '#( R/.( %#8( <G<*'<(

K2*1%&&"1,G( *'f"*G( ,"D,"="#1( D21"#1'%*=( I+","( %( ,"*%1'K"*G( *%,?"( <2#<"#1,%1'2#( 2E( =W,E%<"( >2W#8( '#1",&"8'%1"=(

E2,&(8W"( 12( %( >%*%#<'#?( 2E( 20'8%1'2#( 2E(+2*"=( E,2&( 1+"( K%*"#<"( >%#8( %#8( ,"<2&>'#%1'2#( E,2&( "*"<1,2#=( '#( 1+"(

<2#8W<1'2#( >%#8a( A+"( '8"#1'1G( 2E( 1+"="( 1I2( "*"<1,2<+"&'<%**G( 2>=",K%>*"( =D"<'"=( '=( W#<",1%'#.( %*1+2W?+( I"(

=D"<W*%1"( 1+%1( "%<+( D"%f( '=( %#( '#8"D"#8"#1( =W,E%<"( =D"<'"=( ,"D,"="#1"8( '#( 2#"( 2E( "eW%1'2#=( M@Na( ( R#@='1W(

=D"<1,2"*"<1,2<+"&'=1,G( +%=( ,"<"#1*G( >""#( W="8( 12( "0%&'#"( 1+"( '8"#1'1G( 2E(I%1",( 20'8%1'2#( '#1",&"8'%1"=( %1( 1+"(

+"&%1'1"( =W,E%<".( %#8( <2W*8( %*=2( >"( "&D*2G"8( 12( =1W8G( &"1+%#2*( 20'8%1'2#aMZ.^g( R#( 1+'=( &%##",.( 1+"( D,"<'="(

&2*"<W*%,(8"1%'*=(2E(1+'=(&"<+%#'=&(%,"(<W,,"#1*G(>"'#?('#K"=1'?%1"8('#(2W,(*%>a((

;'#%**G.( <2#<2&'1%#1( I%1",( 20'8%1'2#( '=( ,"eW',"8( 12( D,28W<"( 76( %#8( <2&D*"1"( 1+"( 20'8%1'2#( 2E( F7( 12(

F7LaLZ(/'#<"(1+'=(E%K2,"8(&"<+%#'=&(<%##21(2<<W,('#(1+"(%#+G8,2W=(&"1+%#2*("*"<1,2*G1".(1+'=("0D*%'#=(1+"(K",G(

*2I( '#'1'%*( D+212<W,,"#1( 8"#='1'"=( 2>=",K"8( E2,( 1+'=( "*"<1,2*G1"a( ;W,1+",.( '#( 1+"( D,"="#<"( 2E( I%1",.( 1+"( 2K",%**(
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&"1+%#2*(20'8%1'2#(<%##21(D,2<""8(E%=1",(1+%#(1+"(I%1",(20'8%1'2#(,"%<1'2#(,"eW',"8(12(D,28W<"(76.(1+'=("0D*%'#=(

I+G(1+"(%88'1'2#(2E(&"1+%#2*(82"=(#21(+%K"(%(='?#'E'<%#1("EE"<1(2#(1+"("#$(,"=D2#="(2E(&"1+%#2*@I%1",(&'01W,"=_(

'a"a(I%1",(20'8%1'2#('=(1+"(,%1"@*'&'1'#?(=1"Da((

!"1-,>9'"19)

( A+"(D+21220'8%1'2#(2E(&"1+%#2*(%#8(I%1",(I%=("0%&'#"8(%1( 1+"(=W,E%<"(2E(&28"*(+"&%1'1"(D+212%#28"=(

=G#1+"='4"8( >G( b12&'<( ]%G",( C"D2='1'2#( cb]Cda( b( =W,E%<"( <%D%<'1%#<"( <2,,"*%1"8( I'1+( I%1",( 20'8%1'2#( '=(

8"<,"%="8( I'1+( 1+"( %88'1'2#( 2E( FB^7Ba( A+'=( ,"8W<1'2#( '#( =W,E%<"( =1%1"=.( &"%=W,"8( >G( R/.( Fo( %#8( 1,%#='"#1(

&"%=W,"&"#1=.( <2&>'#"8(I'1+( <2,,2>2,%1'#?(7L( "K2*W1'2#.( EW,1+",( <2#E',&=( 1+%1( 1+"( =W,E%<"( =1%1"=( %,"( %<1'K"*G(

D%,1'<'D%1'#?('#(1+"(+2*"(1,%#=E",(&"<+%#'=&(12(BL7.(%=(=W??"=1"8('#(D,"K'2W=(=1W8'"=aMO.MS( (A+"(E%<1( 1+%1(8'=1'#<1(

=W,E%<"( =1%1"=( %,"( &"%=W,"8( '#( %#+G8,2W=( &"1+%#2*( =2*W1'2#=.( %#8( #2( =W,E%<"( =1%1"=( %,"( &"%=W,"8( '#( %#( '#",1(

%#+G8,2W=(%<"12#'1,'*"(=2*W1'2#.(EW,1+",(D,2K"=(1+'=(D2'#1a(((

)

;-X1"6,%2A%#%1&9)

AhB( 1+%#f=( 1+"( H%1'2#%*( /<'"#<"( ;2W#8%1'2#( cFBQ@MMOT^ZUd( E2,( =WDD2,1( 2E( 1+'=( ,"="%,<+a( Y!( {( ;;/(

%<f#2I*"8?"(=WDD2,1(>G(D,2$"<1=(E,2&(\'#'=1",'2(8"(F'"#<'%("(R##2K%<'[#(c\RFRHHd(2E(/D%'#(cF2#=2*'8",(B7VQ(

F/CLTTZ@TTTTZd.( 3"#",%*'1%1( o%*"#<'%#%( cVP7\QAQ7iLTTgiTOU( %#8( 1+"( mR#=1'1W1"( 2E( H%#21"<+#2*2?'"=( E2,(

F*"%#(Q#",?'"=n.(W#8",(D,2$"<1(R/RFiLTMLiTTUda(;;/(1+%#f=(1+"(EW#8'#?(2E(J#'K",='1G(Y%W&"(R@(!%#<%'0%(c3,%#1(

VMuM!LTMM@OTda((

?%P%.%1-%9)

( cMd( ]"I'=.(Ha(/at(F,%>1,"".(3a(LDDGa(
( cLd( K%#(8"(),2*.(Pat(]'%#?.(qat(/<+22#&%#.(Ya("9<,*-;!9+!=-8),'-;7!3>)?'78,@(LDDW.(0A.(L^MMa(
( c^d( /'KW*%.()at(]"(;2,&%*.(;at(3,%"14"*.(\a(3>)?7<7B>)?(LDBB.(C.(N^La(
( cNd( ]'#.(qat(qW%#.(3at(/+""+%#.(/at(9+2W.(/at(h%#?.(Ca(%*),D@!E!%*&',9*?)*8-;!FB')*B)(LDBB.(C.(
NUSLa(
( cOd( !,'**"1.(Yat(3,%14"*.(\at(/'KW*%.()a(6-*9!G)88),7(LDBD.(0H.(NMOOa(
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( cUd( /1"'",.( ]at( B",,%'4@F%,82#%.( Rat( 3'&"#"4.( /at( ;%>,"?%1@/%#1'%?2.( ;at( !'=eW",1.( Yat( A'**"G.( Cat(
3,%14"*.(\a(I(&-*B)(!/<*B8'9*-;!=-8),'-;7(LDBJ.(J5KL!0H:0HH2M-(+?:2H0CH2NC2a(
( cgd( 9%#8'.(7at()*%+,.(!a(\at(B%&%##.(Aa(ha(%*),D@!E!%*&',9*?)*8-;!FB')*B)(LDBU.(O.(S^Na(
( cMTd( q2W#?.()a(\a(Bat()*%+,.(!a(\at(9%#8'.(7at(B%&%##.(Aa(ha(3-8-;@7'7!FB')*B)!E!P)B>*9;9D@(LDBU.(
1.(MSSTa(
( cMMd( V"#8*">W,G.( /a(Pat(!%,,2=2.(\at(F2I%#.(ba( Yat( /'KW*%.()at(A%#?.( Ya(hat(3,%14"*.(\at()*W?.(Cat(
CW,,%#1.(Ya(Pa(3>)?'B-;!39??<*'B-8'9*7(LDBB.(CN.(ZMSa(
( cMLd( V"#8*">W,G.(/a(Pat(F2I%#.(ba(Yat(!%,,2=2.(\at(/'KW*%.()at(q".(Yat(3,%14"*.(\at()*W?.(Ca(Pat(A%#?.(
Yat(CW,,%#1.(Ya(Pa(%*),D@!E!%*&',9*?)*8-;!FB')*B)(LDBLa(
( cM^d( V"1",.(]a(\at(h'$%G%#1+%.()a(3a(Jat(A%+',.(ba(ba(/-,-(-@!J'7B<77'9*7(LDBLa(
( cMNd( JDW*( h'$%G%#1+%.( )a( 3at( /%,"&'@q%,%+&%8'.( /at( V"1",.( ]a( \a( Q>@7'B-;! 3>)?'78,@! 3>)?'B-;!
Q>@7'B7(LDBB.(01.(OLSNa(
( cMOd( )*%+,.(!at(3'&"#"4.(/at(;%>,"?%1@/%#1'%?2.(;at(B%&%##.(Aat(!'=eW",1.(Ya("9<*-;!9+! 8>)!I?),'B-;!
3>)?'B-;!F9B')8@(LDBL.(01C.(NLgNa(
( cMSd( )*%+,.(!at(3'&"#"4.(/at(;%>,"?%1@/%#1'%?2.(;at(!'=eW",1.(Yat(B%&%##.(Aa(%*),D@!E!%*&',9*?)*8-;!
FB')*B)(LDBL.(R.(ZSLSa(
( cMZd( !%,,2=2.(\at(V"#8*">W,G.(/a(Pat(F2I%#.(ba(Yat(CW,,%#1.(Ya(Pa(3>)?'B-;!FB')*B)(LDBU.(C.(LZLNa(
( cMUd( !%,,2=2.(\at(F2I%#.(ba(Yat(V"#8*">W,G.(/a(Pat(3,|14"*.(\at()*W?.(Ca(Pat(CW,,%#1.(Ya(Pa("9<,*-;!9+!
8>)!I?),'B-*!3>)?'B-;!F9B')8@(LDBB.(011.(MNUSUa(
( cMgd( !%,,2=2.(\at(\"=%.(Fa(bat(V"#8*">W,G.(/a(Pat(F2I%#.(ba(Yat(B'=%12&'.(Aat(/'KW*%.()at(3,|14"*.(\at(
)*W?.(Ca(Pat(CW,,%#1.(Ya(Pa(Q,9B))('*D7!9+!8>)!6-8'9*-;!IB-()?@!9+!FB')*B)7(LDBL.(0HS.(MOSNTa(
( cLTd( RI%='1%.(Aa(%;)B8,9B>'?'B-!IB8-(LDDL.(CN.(^SS^a(
( cLMd( B2EE&%##.(\a(Pat(\%,1'#.(/a(Aat(F+2'.(hat(!%+#"&%##.(Ca(ha(3>)?'B-;!.)&')T7(BSSG.(SR.(Sga(
( cLLd( )+2.( qa( )at( RI%=".( bat( A"2+.( ha( qat( \%8*",.( ]at( )W82.( bat( b&%*.( Pa( "9<,*-;! 9+! Q>@7'B-;!
3>)?'78,@!3(LDBD.(00C.(LULMa(
( cL^d( ]W.(Bat(9+%2.(Yat(]'.(]at(32#?.(]at(9+"#?.(Yat(9+%#?.(]at(h%#?.(9at(9+%#?.(Yat(9+W.(9a(%*),D@!E!
%*&',9*?)*8-;!FB')*B)(LDBB.(C.(^^UNa(
( cLNd( F+"#.(Yat(7**'=.(Ca(;at(PW*f"#=.(ha(Bat(!,W#'#?.(Ba(U-8),!.)79<,B)7(BSSS.(11.(SSga(
( cLOd( \2,%@/",2.( Rat( o'**%,,"%*.( Aa( ]at( !'=eW",1.( Yat( V'1%,<+.( bat( 32&"4.( Pat( /%*K%82,.( Va( "9<,*-;! 9+!
Q>@7'B-;!3>)?'78,@!V(LDDG.(0HS.(^^ZMa(
( cLSd( o'**%,,"%*.(Aa(]at(32&"4.(Pat(H"W&%##@/D%**%,1.(\at(b*2#=2@o%#1".(Hat(/%*K%82,.(Va("9<,*-;!9+!
Q>@7'B-;!3>)?'78,@!V(LDDJ.(0HA.(MOMZLa(
( cLZd( !%*1,W=%'1'=.(Yat(BW.(qa@/at(\<;%,*%#8.(Qa(hat(B"**&%#.(ba(3>)?F<73>)?(LDBJ.(N.(MSLa(
( cLUd( C21%#.(Bat(/'KW*%.()at(3,%14"*.(\at(P21+=<+'*8.(bat(h%,,"#.(/a(Fa(%*),D@!%*&',9*:!FB':(LDBB.(C.(
gOUa(
( cLgd( )*%+,.(!a(\at(B%&%##.(Aa(ha("9<,*-;!9+!Q>@7'B-;!3>)?'78,@!3(LDBB.(00R.(U^g^a(
( c^Td( /+"#.(\at(B"#8",=2#.(\a(ba(P>)!"9<,*-;!9+!Q>@7'B-;!3>)?'78,@!G)88),7(LDBB.(2.(LZTZa(
( c^Md( V%#%G212K.(Ca(bat(!W,,2I=.(/a(Vat(\2,,'=.(Ya(Pa(P>)!"9<,*-;!9+!Q>@7'B-;!3>)?'78,@!3(LDBL.(00O.(
SSL^a(
( c^Ld( FW&&'#?=.( Fa( qat( \%,f"#.( ;at( V"1",.( ]a( \at( A%+',.( ba( bat( h'$%G%#1+%.( )a( 3a( Ja( 3>)?'B-;!
39??<*'B-8'9*7(LDBLa(
( c^^d( !,%W#.(bat(/'KW*%.()at(!2,%.(Ca()at(9+W.( Yat(9+%#?.(]at(3,%"14"*.(\at(3W2.( Yat(F2#=1%>*".(Qa(Fa(
"9<,*-;!9+!Q>@7'B-;!3>)?'78,@!3(LDBL.(00O.(MSUZTa(
( c^Nd( R%#82*2.(!at(B"**&%#.(ba(I*D)T-?(8)!3>)?')!K*8),*-8'9*-;!%('8'9*(LDBJ.(02O.(Ma(
( c^Od( \<C2#%*8.()a(Yat(F+2'.()a(/a(3>)?'78,@!9+!=-8),'-;7(LDBB.(21.(MSUSa(
( c^Sd( ]"(;2,&%*.(;at(A"1,"%W*1.(Hat(F2,#W4.(\at(\2"+*.(Aat(3,%14"*.(\at(/'KW*%.()a(3>)?'B-;!FB')*B)(
LDBB.(2.(Z^Za(
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( c^Zd( F2I%#.(ba(Yat(!%,#"11.(Fa(Yat(V"#8*">W,G.(/a(Pat(!%,,2=2.(\at(/'KW*%.()at(3,|14"*.(\at(CW,,%#1.(Ya(
Pat()*W?.(Ca(Pa("9<,*-;!9+!8>)!I?),'B-*!3>)?'B-;!F9B')8@(LDBB.(011.(MTM^Na(
( c^Ud( h%#?.(pa(3at(h"'==.(hat(/+%'f+W18'#2K.(/a()at(P'11",.(\at(V"1",="#.(\at(h%?#",.(;at(/<+*}?*.(Pat(
/<+"EE*",.(\a(Q>@7'B-;!.)&')T!G)88),7(BSSW.(A0.(MT^Ua(
( c^gd( )*%+,.(!at(B%&%##.(Aa(P>)!"9<,*-;!9+!Q>@7'B-;!3>)?'78,@!3(LDBJ.(00A.(MT^g^a(

(

(

(
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