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!"stract 
 
 #$%& '%%( )*)+,-./*&0 1%2*3% ,*2-,,4 *5%(-1+&'-&.6 '%%( 1(*70/&8 *9 *(&-3%&.-, *( 
,-&'02-)% ),-&.0 &%8-./5%,4 -99%2.0 ),-&. %0.-1,/0$3%&.6 0+(5/5-,6 -&' )(*'+2./5/.4:  ;$% /'%-, 
(%)%,,%&. 7*+,' )(*5/'% ),-&.0 7/.$ )(*.%2./*& 9(*3 *5%(<1(*70/&86 1% $-(3,%00 .* )%*),% 
-&' -&/3-,06 1% /&%=)%&0/5%6 -&' 1% %-04 .* -)),4 .* /&'/5/'+-, *( ,-(8%( ),-&./&80:    
>/,*(8-&/.%? /0 - 0,*7<(%,%-0%6 *(8-&/2 9%(./,/@%( )(*'+2%' 9(*3 $+3-& 0%7-8%:  #% .%0.%' 
>/,*(8-&/.%? -0 - (%)%,,%&. .* )(*5/'% *(&-3%&.-, ),-&.0 7/.$ .%3)*(-(4 )(*.%2./*& 9(*3 
*5%(<1(*70/&8 14 '%%(:   #% 3%-0+(%' .$% -3*+&. *9 )(*.%2./*& )(*5/'%' .* ),-&.0 %=)*0%' 
.* '%%( /& 0+1+(1-& %&5/(*&3%&.0: #% ),-&.%' 0/= 1%'0 7/.$ 0%5%(-, 5-(/%./%0 *9 
A$(40-&.$%3+30 B!"#$%&'(")*+*% *-#./-0.+*1 *& - 2*,,%8% 2-3)+0 /& &*(.$%(& C%*(8/- 
-&' 3*&/.*(%' .$%3 9*( DEF '-40:   ;$% '/0.-&2% 1%.7%%& %-2$ ),-&. 5-(/%' -&' -,, .(%-.%' 
),-&.0 (%2%/5%' - .*) '(%00/&8 *9 G *+&2%0 B"HG 8I *9 >/,*(8-&/.%? B""J" K8L$- *( "HHH 
,10L-2I:  ;$% (%0+,.0 0+88%0. .$-. >/,*(8-&/.%? 2-& 1% +0%' .* (%'+2% '%%( '-3-8% .* .$% 
.%(3/&-, 1+'0 *9 *(&-3%&.-, ),-&.0:    
 
()tro+uct-o) 
 
 >-&4 $*3%*7&%(0 3-/&.-/& 8-('%&0 -&' ,-&'02-)%0 -(*+&' .$%/( $*3%0:  #/.$ .$% 
/&2(%-0% /& $+3-& )*)+,-./*& -&' ,-&' '%5%,*)3%&.6 .$% &%%' 9*( /&.%&0/5% '%%( 3-&-8%3%&. 
0.(-.%8/%0 -(/0%0 BM+./9/,*0K/ %. -,: "NNOI:  P,*&8 7/.$ -%0.$%./2 -&' %2*&*3/2 5-,+%06 '%%( 2-& 
2-+0% - 5-(/%.4 *9 &%8-./5% %2*&*3/2 /3)-2.0 BA(-5%& -&' Q48&0*(3 "NNGI:    R%%( 2-& 
'-3-8% )%(0*&-, )(*)%(.46 -8(*&*3/2 2(*)06 ,-&'02-)% ),-&./&806 9**' ),*.06 -&' 0%(5% -0 - 
$*0. '/0%-0%0 2*33*& .* ,/5%0.*2K -&' $+3-&0 BA*&*5%( "NNOI:  S&,/K% *.$%( &+/0-&2% 
-&/3-,06 '%%( 2-&&*. 1% 2-0+-,,4 %,/3/&-.%' 7$%& $+3-& 2*&9,/2.0 -(/0%6 &*( 2-& ,-&'*7&%(0 

S0/&8 >/,*(8-&/.%® .* (%)%, 7$/.%<.-/,%' 
'%%( 9(*3 *(&-3%&.-, ),-&./&80  
/+-) 01 2t3p53)s67 M-c5a39 :1 M3);a<67 =3or;3 =a99a;53r>7 a)+ ?ar9 @1 
M-993r6 

" C(-'+-.% T.+'%&.6 P00/0.-&. U(*9%00*( < #/,',/9% T)%2/-,/0.6 -&' U(*9%00*( V #/,',/9% 
>-&-8%3%&.6 (%0)%2./5%,46 R: M: #-(&%,, T2$**, *9 W*(%0. X%0*+(2%06 S&/5%(0/.4 *9 C%*(8/-6 
P.$%&06 C%*(8/- 
J U(*9%00*( V P&/3-, T2/%&2%6 M%((4 A*,,%8%6 >.: M%((46 C%*(8/- 
 
A2BC D A-9+9-E3 Ma)a;3F3)t 23r-3s Go1 H             Marc5 >IIJ 



 J

1% %=)%2.%' .* 2-((4 .$% %&./(% 1+('%& *9 0+))*(. 9*( .$/0 )+1,/2 (%0*+(2% BA(-5%& -&' 
Q48&0*(3 "NNGI:  R%%( '-3-8% 2*&.(*, 2-& 1% - '/99/2+,. 0*2/-, -&' )*,/./2-, )(*1,%3 -0 7%,, 
-0 - 1/*,*8/2-, -&' ,*8/0./2-, *&%:  T2-(% '%5/2%06 (%)%,,%&.06 -&' 0$**./&8 -(% -,, 2*&0/'%(%' 
%99%2./5% 0.(-.%8/%0 .* 2*&.(*, '%%( '-3-8% BM+./9/,*0K/ %. -,: "NNOI:     
 X%)%,,%&.0 -(% +0%' /&.%&0/5%,4 /& *(2$-('06 8-('%&06 *(&-3%&.-, ),-&.06 -&' 
-8(*&*3/2 2(*)0:  Y%7 (%)%,,-&.0 -(% 2*&./&+/&8 .* %&.%( .$% 3-(K%.6 1+. .$%/( %99/2-24 5-(/%0 
8(%-.,4 B;(%&. %. -,: JHH"I:  T+22%00 /0 '%.%(3/&%' *& .$% (%'+2./*& *9 '-3-8% &*. .*.-, 
%,/3/&-./*&:  X%)%,,%&.0 8%&%(-,,4 (%,4 *& 9%-(6 )-/&6 .-0.%6 *( 2*&'/./*&%' -5*/'-&2% 
BA*&*5%( JHHJI:  ;$%(% -(% .$(%% 3%.$*'0 .* '%,/5%( (%)%,,%&.0Z (%)%,,%&.0 3-4 1% 
/&2*()*(-.%' /&.* .$% ),-&. B040.%3-./2 '%,/5%(4I6 0)(%-' .$(*+8$*+. -& -(%- B-(%- '%,/5%(4I6 
*( -)),/%' .* .$% ),-&. B2*&.-2. '%,/5%(4I: ;$% %99/2-24 *9 (%)%,,%&.0 3-4 5-(4 '%)%&'/&8 *& 
0%5%(-, 9-2.*(06 /&2,+'/&8 '%%( '%&0/.46 -5-/,-1,% (%0*+(2%0 -&' 0%-0*&-, 2$-&8%0 /& ),-&. 
)-,-.-1/,/.4 BA*&*5%( JHHJI:   >/,*(8-&/.% ? $-0 1%%& 0+88%0.%' -0 -& -(%- (%)%,,%&. 9*( +0% 
/& .$% 0)(/&8 -&' 0+33%( /& C%*(8/- .* 2*&.(*, '%%( '-3-8% B[-33%(3%4%( %. -,: JHH"I: 
 #% .%0.%' .$% %99/2-24 *9 *&% -(%- (%)%,,%&. B>/,*(8-&/.%?I *& *(&-3%&.-, ),-&.0:  
;$% 0)%2/9/2 *1\%2./5% *9 .$/0 0.+'4 7-0 .* '%.%(3/&% .$% %99%2./5%&%00 *9 >/,*(8-&/.% -0 - 
.%3)*(-(4 '%%( (%)%,,%&. 7$%& -)),/%' .* %0.-1,/0$%' *(&-3%&.-, ),-&.0 '+(/&8 .$% 0+33%(: 
 
!"out M-9or;a)-t3K 
  
 ]& "N"D6 .$% ,%8/0,-.+(% *9 #/02*&0/& )-00%' -& -2. .* 2(%-.% - 0%7-8% 2*33/00/*& 
(%0)*&0/1,% 9*( 2,%-&/&8 +) .$% 7-.%(7-40:  R+(/&8 .$% 0-3% 4%-(6 - 2$%3/0. /& M/(3/&8$-36 
^&8,-&'6 7-0 2*&'+2./&8 %=)%(/3%&.0 7/.$ .$% 1/*0,+'8% /& 0%7-8%:  ;$% >/,7-+K%% T%7-8% 
A*33/00/*& -'*).%' .$/0 &%7 )(*2%00 9*( +0% *& R%2%31%( D"6 "N"N:  _*&%0 /0,-&'6 *& .$% 
0$*(% *9 `-K% >/2$/8-&6 7-0 2$*0%& .* 2*&0.(+2. .$% 7*(,'a0 9/(0. ,-(8% 02-,% -2./5-.%' 0,+'8% 
.(%-.3%&. ),-&.6 .$% _*&%0 ]0,-&' 7-0.%7-.%( .(%-.3%&. ),-&.:  
  ;$% 3-/& )+()*0% *9 .$% _*&%0 ]0,-&' 7-0.% 7-.%( .(%-.3%&. ),-&. 7-0.% )(*'+2% 
2,%-& 7-.%(6 1+. .$%4 7%(% 9-2%' 7/.$ - '/0)*0-, )(*1,%3 *9 .$% 1/*0*,/'0 ,%9. 9(*3 .$% 
-2./5-.%' 0,+'8% )(*2%00:  ;$% >/,7-+K%% >%.(*)*,/.-& T%7%(-8% R/0.(/2. B>>TRI 
%0.-1,/0$%' - 9%,,*70$/) -. .$% S&/5%(0/.4 b9 #/02*&0/& A*,,%8% b9 P8(/2+,.+(% .* /&5%0./8-.% 
+0%0 *9 -2./5-.%' 0,+'8% -0 9%(./,/@%( 7/.$ b: _: Y*%( 1%/&8 .$% )(/3-(4 /&5%0./8-.*(:  P9.%( 
%=)%(/3%&./&8 7/.$ 9/%,' 2(*)0 -&' 5%8%.-1,%06 Y*%( 9*2+0%' *& .$% +0% *9 .$% *(8-&/2 
9%(./,/@%( *& ,-7&0:  M-0%' *& $/0 (%0%-(2$6 Y*%( 2*&2,+'%' .$-. .$% *(8-&/26 0,*7 (%,%-0% 
9%(./,/@%( 2-& 1% 0-9%,4 -)),/%' .* ),-&.0 7/.$*+. .$% (/0K *9 1+(&/&86 7$/,% )(*5/'/&8 ,*&8<
,-0./&8 (%0+,.0:  
  ;$% .(-'% &-3%6 >/,*(8-&/.%?6 7-0 '%(/5%' 9(*3 M(07-K%% /C=!&/2 G(:(*8L&:  
;$/0 )(*'+2. /0 *9.%& +0%' 9*( 0*/, -3%&'3%&. )+()*0%0 (-.$%( .$-& - 9%(./,/@%( 1%2-+0% *9 .$% 
,*7 Y/.(*8%&<U$*0)$*(+0<U*.-00/+3 BY<U<[I 5-,+%0 *9 c<J<H:   ;$% 2*0. )%( GH )*+&' 1-8 
+0+-,,4 (+&0 9(*3 dO:HH .* d"H:HH:  >/,*(8-&/.% /0 2*33%(2/-,,4 0*,' 14 9%(./,/@%( '%-,%(0 
.$(*+8$*+. .$% S&/.%' T.-.%0:  
 
>%.$*'0 
 
 X%0%-(2$ 7-0 2*&'+2.%' *& .$% M%((4 A*,,%8% 2-3)+0 ,*2-.%' /& Y*(.$ C%*(8/-:  
R%%( '%&0/.4 /& .$% -(%- 7-0 %0./3-.%' 14 C%*(8/- RYX .* 1% DE<EH '%%( )%( 0e+-(% 3/,%:  
;$% 2-3)+0 2*&.-/&%' .7* (%0%-(2$ 0/.%0f A-3)+0 0/.% -&' b-K Q/,, C-('%& 0/.%: P. .$% 



 D

A-3)+0 0/.%6 .%0. ),-&.0 7%(% 03-,, -&' 7% 2*+&.%' .$% &+31%( *9 .%(3/&-, 1+'0 )(/*( .* 
),-&./&8:  ;$%&6 -. -))(*=/3-.%,4 O<'-4 /&.%(5-,0 7% -8-/& 2*+&.%' .$% &+31%( *9 1+'0 .* 
'%.%(3/&% .$% %=.%&. *9 '%%( '-3-8%:  P. .$% 0%2*&' 0/.%6 b-K Q/,, C-('%&6 .$% 
2$(40-&.$%3+30 7%(% ,-(8%( 7/.$ -1+&'-&. 1+'0 0* 7% /&0.%-' 2*+&.%' .$% &+31%( *9 1+' 
1/.%0 -. -))(*=/3-.%,4 O<'-4 /&.%(5-,0:  P 1+' 1/.% 7-0 (%2*('%' /9 .$% 9,*7%( 1+' 7-0 
(%3*5%' 9(*3 .$% 0.-,K:  P,, 1/.%0 7%(% -00+3%' .* 1% '+% .* '%%(:  #% -,0* 3%-0+(%' .$% 
3%-& ),-&. $%/8$. 9*( %-2$ ),-&. -. %-2$ 0/.%: 
 
!&*2+% 3.() 
 A$(40-&.$%3+30 B!4 *-#./-0.+* 5-(: 0+&&4 `/&'-I 7%(% ),-&.%' /& .$(%% ),*.0 -. .$% 
A-3)+0 0/.%:  ;$% '/0.-&2% 1%.7%%& ),*.0 (-&8%' 9(*3 GDE V cEH 4-('0 BGHH .* cHH 3I: ^-2$ 
),*. 2*&.-/&%' - (*7 *9 "H 2*&.(*, -&' "H .(%-.3%&. ),-&.0 ),-&.%' "<9**. -)-(.: X%0)%2./5% 
(*70 *9 .$% 2*&.(*, -&' .(%-.3%&. ),-&.0 7%(% 0%)-(-.%' 14 D:E 4-('0:  U(/*( .* ),-&./&86 -,, 
.%(3/&-, 1+'0 7%(% 2*+&.%' -&' ),-&.0 7%(% -00/8&%' .* (%0)%2./5% ,*2-./*&0 1-0%' *& .$% 
&+31%( *9 .%(3/&-, 1+'0:  ;$+06 .$% .*.-, /&/./-, &+31%(0 *9 -5-/,-1,% .%(3/&-, 1+'0 7%(% 
0/3/,-( 9*( %-2$ ),*.:  ;$% .(%-.3%&. ),-&.0 (%2%/5%' -& -)),/2-./*& *9 >/,*(8-&/.%? %e+-, .* 
"HHH ,10L-2 BGED:c K8LH:G $-I *( G *+&2%0 BH:"HG K8 )%( ),*.I .$% 0-3% '-4 *9 ),-&. 
/&0.-,,-./*& .* 3/&/3/@% -&4 )(%<.%0. '-3-8% '*&% 14 '%%(:  P9.%( ),-&./&86 .$% &+31%( *9 
%=/0./&8 .%(3/&-, 1+'0L1,**30 -&' ),-&. $%/8$. .* .$% $/8$%0. .%(3/&-, 1+' '-.- B23I 7-0 
(%2*('%' 9*( DE '-40: >/,*(8-&/.%? 7-0 7%/8$%' -&' 0)(%-' 14 $-&' -(*+&' %-2$ ),-&.: 
 
5&6 7.00 8&#9)' 3.() 
 ;$% b-K Q/,, C-('%& 0/.% 7-0 ),-&.%' 7/.$ -))(*=/3-.%,4 "HHH 2$(40-&.$%3+30 
-3*&8 .$(%% ),*.0 7/.$/& %0.-1,/0$%' 9*(3-, 8-('%& -(%-0:  ^-2$ ),*. 2*&.-/&%' JH 2*&.(*, 
-&' JH .(%-.3%&. ),-&.0: T)-2/&8 1%.7%%& 3+30 7-0 0/3/,-( .* .$% A-3)+0 0/.%: Q*7%5%(6 
1%2-+0% *9 .$% *(/%&.-./*& *9 .$% 9*(3-, 8-('%&06 '/0.-&2% 1%.7%%& (%0)%2./5% 2*&.(*, -&' 
.(%-.3%&. ),-&.0 7-0 "" 4-('0 B"H 3I -. .7* *9 .$% ),*.0 -&' JJ 4-('0 BJH 3I -. .$% .$/(' 0/.%: 
;$% .(%-.3%&. ),-&.0 (%2%/5%' -)),/2-./*& (-.% *9 "HHH ,10L-2 BGED:c K8L$-I *9 >/,*(8-&/.%?: 
M%2-+0% *9 .$%0% ),-&.0 ,%5%, *9 3-.+(/.4 '-.- 7%(% 2*,,%2.%' *& .$% &+31%( *9 .%(3/&-, 1/.%0  
(%2*('%' -&' ),-&. $%/8$. .* .$% .-,,%0. .%(3/&-, 1+' B23I 9*( %-2$ ),-&. '+(/&8 - Jg<'-4 
)%(/*': 
 
X%0+,.0 
   
!&*2+% 3.() 
 
 ;$% -5%(-8% &+31%( *9 .%(3/&-, 1+'0 9*( %-2$ ),-&. -2(*00 .$% .$(%% ),*.0 )(/*( .* 
),-&./&8 7-0 OJ:"H B.(%-.3%&.I -&' OJ:JD B2*&.(*,I:  ;$% 3%-& ),-&. $%/8$. 9*( -,, ),-&.06 7-0 
-,0* 0/3/,-( B;(%-.3%&. h "N:NO 23Z A*&.(*, h "N:gJ 23I:  ;$(*+8$*+. .$% DE<'-4 .(/-, .$% 
&+31%( *9 .%(3/&-, 1+'0 *& .$% >/,*(8-&/.% .(%-.%' ),-&.0 %=2%%'%' .$% 2*&.(*,0 BW/8+(% "I: 
;$% )(%0%&2% *9 - 8(%-.%( &+31%( *9 .%(3/&-, 1+'0 -. '-40 J" -&' Jg6 2*3)-(%' .* .$% 
&+31%(0 (%2*('%' /33%'/-.%,4 )(/*( .* ),-&./&86 /0 -& -''/./*&-, /&'/2-./*& *9 .$% 3+30 
$-5/&8 .$% *))*(.+&/.4 .* 8(*7 '+% .* ,/3/.%' 1(*70/&8 '-3-8%: P5%(-8% ),-&. $%/8$. 7-0 
2*&0/0.%&.,4 $/8$%( 9*( .$% >/,*(8-&/.% .(%-.%' 3+30 -0 2*3)-(%' .* (%0)%2./5% 2*&.(*,0 
9*,,*7/&8 .$% /&/./-, ),-&./&8 BW/8+(% JI:  
 



 G

 
5&6 7.00 8&#9)' 3.() 
  
 ;$% -5%(-8% &+31%( *9 .%(3/&-, 1/.%0 (%2*('%' 9*( >/,*(8-&/.% .(%-.%' -&' 2*&.(*, 
),-&.0 -2(*00 .$% .$(%% ),*.0 /0 )(%0%&.%' /& W/8+(% J: #$/,% '-3-8% (%2*('%' -0 .$% (%3*5-, 
*9 .%(3/&-, 1+'0 B.%(3/&-, 1+' 1/.%0I *22+((%' 9*( 1*.$ .(%-.3%&. -&' 2*&.(*,06 ),-&.0 .(%-.%' 
7/.$ >/,*(8-&/.% $-' 9%7%( -5%(-8% &+31%( *9 .%(3/&-, 1+' 1/.%0: M%2-+0% *9 .$% 3-.+(/.4 *9 
.$% A$(40-&.$%3+30 +./,/@%' -. .$%0% 0/.%06 2$-&8%0 /& $%/8$. 7*+,' 1% %=)%2.%' .* 1% 3*(% 
*9 - 9+&2./*& *9 '%8(%% *9 '%%( '-3-8% -0 2*3)-(%' .* ),-&. 8(*7.$: #$/,% &+31%( *9 
.%(3/&-, 1+' 1/.%0 7-0 ,*7%( 9*( .$% .(%-.%' 3+30 .$(*+8$*+. .$% Jg<'-4 .(/-,6 -5%(-8% ),-&. 
$%/8$. '%2(%-0%' *& '-40 O -&' "G 1%9*(% (%.+(&/&8 .* 0/3/,-( $%/8$.0 -0 .$% 2*&.(*,0 BW/8+(% 
GI:  
  
A*&2,+0/*&0 
 
 W(*3 .$%0% (%0+,.06 7% 2*&2,+'%' .$-. >/,*(8-&/.%? $-0 )*.%&./-, -0 - '%%( (%)%,,%&. 
9*( *(&-3%&.-, ),-&.0:  ;$*+8$ .$% (%)%,,%&. '/' &*. %,/3/&-.% '%%( '-3-8%6 /. (%'+2%' .$% 
*5%(-,, /3)-2.:  ;$% %99%2./5%&%00 *9 - (%)%,,%&. /0 $/8$,4 '%)%&'%&. *& 2,/3-./2 2*&'/./*&06 
'%%( '%&0/.46 -&' (%0*+(2% -5-/,-1/,/.4: Q/8$ '%%( '%&0/./%0 -&' ,*7 (%0*+(2% -5-/,-1/,/.4 3-4 
(%'+2% .$% %99/2-24 *9 >/,*(8-&/.%? -0 - (%)%,,%&.:  X%'+2./*& *9 ),-&. '-3-8% 3-4 9+(.$%( 
1% /3)(*5%' /9 >/,*(8-&/.%? /0 (%-)),/%' 7$%& '%%( '-3-8% /0 /&/./-,,4 *10%(5%': W+(.$%( 
(%0%-(2$ /&5*,5/&8 '/99%(%&. -)),/2-./*& (-.%0 -&' '/99%(%&. ),-&. 5-(/%./%0 7/,, )(*5% +0%9+, /& 
'%.%(3/&/&8 .$% '%%(a0 .*,%(-&2% ,%5%, .* >/,*(8-&/.%?:   
 
C3E3r3)c3s 
 
M+./9/,*0K/6 _: #6 R: ]: Q-,,6 R: >: Q*993-& -&' R: `: W*(0.%(: "NNO: #$/.%<.-/,%' '%%( 

3-&-8%3%&. /& - 2*-0.-, C%*(8/- (%0/'%&./-, 2*33+&/.4: #/,',/9% T*2/%.4 M+,,%./& 
JEf "<E:  

A*&*5%(6 >: X: JHHJ: X%0*,5/&8 $+3-&<7/,',/9% 2*&9,/2.0f .$% 02/%&2% *9 7/,',/9% '-3-8% 
3-&-8%3%&.:  AXA )(%00: M*2- X-.*&6 W,*(/'-: )): JED<JEO:   

A*&*5%(6 >: X: "NNO: >*&%.-(4 -&' /&.-&8/1,% 5-,+-./*& *9 '%%( /& .$% S&/.%' T.-.%0: 
#/,',/9% T*2/%.4 M+,,%./& JEfJNg<DHE: 

A(-5%& T: X: -&' T: ^: Q48&0*(3: "NNG: R%%(:  U-8%0 R<Jg V R<DE .' T: ^: Q48&0.*(36 X: 
>: ;/33 -&' C: ^: `-(0*&6 %'/.*(0:  U(%5%&./*& -&' 2*&.(*, *9 7/,',/9% '-3-8%: 
A**)%(-./5% ^=.%&0/*& R/5/0/*&6 ]&0./.+.% *9 P8(/2+,.+(% -&' Y-.+(-, X%0*+(2%06 
S&/5: *9 Y%1(-0K- V `/&2*,&: 

[-33%(3%4%(6 [:6 R: C(%8*(46 -&' ^: _: #/,,/-30:  JHH":  A*&.(*,,/&8 '%%( '-3-8% /& 
C%*(8/-:  C%*(8/- R%)-(.3%&. *9 Y-.+(-, X%0*+(2%06 #/,',/9% X%0*+(2%0 R/5/0/*&6 
T*2/-, A/(2,%6 C-: 

;(%&.6 P:6 R: Y*,.% -&' [: #-8&%(: JHH": A*3)-(/0*& *9 2*33%(2/-, '%%( (%)%,,%&.0: 
 ;%2$ ;/)0: H"JG<JDD"<>;RA: 
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W/8+(% ":  P5%(-8% &+31%( *9 !"#$%&'(")*+* .%(3/&-, 1+'0 )(%0%&. *& .$% ),-&.0 -. 0%5%& 
'-4 /&.%(5-,0 -. *&% 0/.% *& .$% M%((4 A*,,%8% 2-3)+0 BA-3)+0 0/.%I '+(/&8 0+33%(6 JHHG: 
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W/8+(% J:  P5%(-8% &+31%( *9 .%(3/&-, 1/.%0 *& !"#$%&'(")*+* ),-&.0 *10%(5%' -. 0%5%& '-4 
/&.%(5-,0 *& M%((4 A*,,%8% 2-3)+0 Bb-K Q/,, C-('%& 0/.%I '+(/&8 0+33%(6 JHHG: 
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W/8+(% D:  P5%(-8% ),-&. $%/8$. B23I *9 !"#$%&'(")*+* (%2*('%' -. 0%5%& '-4 /&.%(5-,0 -. *& 
0/.% BA-3)+0 0/.%I *& .$% M%((4 A*,,%8% 2-3)+06 >.: M%((46 C%*(8/-6 0+33%( JHHG: 
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W/8+(% G:  P5%(-8% ),-&. $%/8$. B23I *9 !"#$%&'(")*+* (%2*('%' -. 0%5%& '-4 /&.%(5-,0 Bb-K 
Q/,, C-('%& 0/.% *& .$% M%((4 A*,,%8% 2-3)+06 >.: M%((46 C%*(8/-6 0+33%( JHHG: 
 
 
SY]i^XT];j bW C^bXC]P #PXY^`` TAQbb` bW WbX^T; X^TbSXA^T USM`]AP;]bY M A2BC DAM2 IJ M IH 

   ;Q^ SY]i^XT];j bW C^bXC]P PYR W;: iP``^j T;P;^ SY]i^XT];j6 
;Q^ SY];^R T;P;^T R^UPX;>^Y; bW PCX]AS`;SX^ PYR ;Q^ 
AbSY;]^T bW ;Q^ T;P;^ AbbU^XP;]YC: 
     ;Q^ AbbU^XP;]i^ ^k;^YT]bY T^Xi]A^ bWW^XT ^RSAP;]bYP` 
UXbCXP>T6 PTT]T;PYA^ PYR >P;^X]P`T ;b P`` U^bU`^ #];QbS; 
X^CPXR ;b XPA^6 Ab`bX6 YP;]bYP` bX]C]Y6 PC^6 T^k bX 
R]TPM]`];j: 
     P SY]; bW ;Q^ SY]i^XT];j TjT;^> bW C^bXC]P: 
     PY ^lSP` bUUbX;SY];jLPWW]X>P;]i^ PA;]bY bXCPY]mP;]bY 
Ab>>];;^R ;b P R]i^XT^ #bX[ WbXA^: 

 


