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Cette étude a porté sur l’analyse de la diversité génétique d’U vicae-fabae, agent causal de la
rouille des fèves, par l’analyse de la diversité à trois niveaux. Au niveau morphologique et
culturale, par la mensuration des urédospores et ensuite par l’étude du pouvoir germinatif et du
pouvoir infectieux de ces urédospores, au niveau du pouvoir pathogène et enfin, au niveau
moléculaire, par l’analyse génétique, utilisant les marqueurs RAPD.

Les marqueurs morphologiques et culturaux n’ont révélé aucune différence significative
entre les 11 isolats étudiés. Le test du pouvoir germinatif et du pouvoir infection a, par la même
occasion, montré que la durée de viabilité et du pouvoir infectieux des urédospores serait de 4
mois à – 20 °c, 2 mois à 4 °c et de quelques jours à la température ambiante. Le test du pouvoir
pathogène a montré une différence entre les 11 isolats et que ces isolats pourraient êtres classés
en deux groupes constituant chacun une race physiologique. Les marqueurs RAPD ont permis de
confirmer la diversité révélé par le test du pouvoir pathogène. Ces deux test ont également
permis de faire un tri des isolats en fonction de leur origine géographique. Cependant, la
tentative de corrélation entre ces deux tests a montré un faible niveau de corrélation.
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This research was based on the study of the genetic diversity of U. vicae fabae, pathogen of faba
bean, causing rust disease. The approach was based on the analysis of the morphological and
cultural, pathogenicity and molecular markers using RAPD’s markers.

At the morphological and cultural level, there was no significant difference between the 11
isolats tested. The germ test applied to the 11isolats, revealed that isolats loose their infection
capability after 4 months at the conservation temperature of -20 °C, after 2 months at 4°C, After
some days at Ambiant temperature. The pathogenecity test reveals a significat difference
between the 11 isolats tested, which can be divided into two physiological races of this pathogen.
The RAPD’s markers gave us a confirmation on the genetic diversity revealed by the
pathogenecity test. The two tests allowed us to make a geographical selection between isolats.
Although, the trial correlation test carried out between the pathogenicity and the molecular
markers, revealed a low correlation level.
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+-*(& 02%/[ +- !/*+$&% ,& 0%#+*$/ +$%&5/ +&4 3G(&4 ^ N* &/ *. D[UZIL _[ &/ +-2*/%& 02%/[ $,4
3!(G%&(/ +&4 "2%6*&*%4 5#j+#"$(2(/4 ^ ?*%+#([ UZZV_D O&//& 02%/$5*,2%$/! ,&*% 2 )2,* *(&
%!0*/2/$#( +& .#(4 "2%6*&*%4 +& +$)&%4$/! 3!(!/$6*& ^?*%+#( &/ h#&,E4[UZIW _D

N&4 02/<#3G(&4 .$#/%#0<&4 <2*/&"&(/ 40!5$2,$4!4 /&,4 ,&4 23&(/4 +& %#*$,,&4[ +&
"$,+$#*4 &/ +-#s+$2[ (& "#(/%&(/ E%!6*&""&(/ 024 #* 0&* +& )2%$2.$,$/! 5#(5&%(2(/ ,-!/*+&
+&4 $4# l&(c="& #* 2,,#j&(c="&4D >$(4$ *( 5&%/2$( ($)&2* +& )2%$2.$,$/! 2 !/! +!/&5/!
5<&c  / *99&3@)%2.*:2' ^N* &/ S%#/<[UZIL _D O& (-&4/ /#*/&E#$4 024 ,& 524 +& 1/ ':!)),"!#)'
^B&i/#( &/ *.D[ UZIW_ &/ +-  / ()%*&+ ,*-*& ^7/#++2%+ &/ *.D[ UZZI_[ 2*:6*&,4 5&4
"2%6*&*%4 4-2)G%&(/ $(2+20/!4D

/P^P^Pb < 9F?YOEO?J KAHNBOHFC?EJ

O&4 "2%6*&*%4 4#(/ /%G4 */$,$4!4 +2(4 ,2 52%25/!%$42/$#( 3!(!/$6*& +&4 0#0*,2/$#(4
02/<#3G(&4 ^?*%+#([UZZV _[ 2$(4$ 6*& +2(4 ,&4 !/*+&4 6*$ #(/ /%2$/ ] ,2 /2:#(#"$& +&4

>TFUCL?E / V WADDNEJ GCGHCAX?FUTCYOEJ

UZ



5<2"0$3(#(4 ^  &%c&(.&%3[ UZZU_D

N-*/$,$42/$#( +& /&,4 "2%6*&*%4 +!0&(+ +* .*/ %&5<&%5<! 02% ,-&:0!%$"&(/2/$#(D '(
&EE&/[ ,&4 "2%6*&*%4 h>9C ^ h2(+#" >"0,$E$&+ 9#,="#%0<$4" CB>_ +#((&(/ +&4
%!4*,/2/4 42/$4E2$42(/4 ,#%46*-$,4 4#(/ 200,$6*!4 ] ,-!/*+& +& ,2 +$)&%4$/! 3!(!/$6*&D N&4
"2%6*&*%4 77h ^ 7$"0,& 7&6*&(5& h&0&2/_ 4#(/ .&2*5#*0 0,*4 $(/!%&442(/4 0#*%
,-!,2.#%2/$#( +&4 52%/#3%20<$&4 3!(!/$6*&4D 92% 2$,,&*%4[ ,&*% */$,$42/$#( +!0&(+ +& ,2
.$#,#3$& +* 02/<#3G(& $"0,$6*!D >$(4$ ,&4 23&(/4 (!5%#/%#0<&4 "*,/$0,$!4 4*% "$,$&*
2%/$E$5$&, 3!(!%2(/ &( 6*2(/$/! 4*EE$42(/& *( "2/!%$&, .$#,#3$6*& 42$( #* /%G4 0&*
5#(/2"$(![ 0&*)&(/ 02% &:&"0,&[ o/%& 2(2,=4!4 02% *(& hTN9D O&,,& 5$ &4/ %!0*/!& 0#*%
4&4 "2%6*&*%4 5#j+#"$(2(/4[ /#*/&E#$4 &,,& (!5&44$/& *(& $"0#%/2(/& 5#(5&(/%2/$#( &(
>CB ] 2(2,=4&% ^ WHjUHH (3 J x, _D 92% 5#(/%&[ 0#*% ,&4 23&(/4 .$#/%#0<&4 +#(/ ,2 5*,/*%&
2%/$E$5$&,,& &4/ 4#*)&(/ $"0#44$.,& &/ 6*$ (!5&44$/&(/ +& 5& E2$/ *(& "*,/$0,$52/$#( 4*%
0,2(/&4 <1/&4 (2/*%&,,&4[ $, &4/ /#*b#*%4 E2$/ %&5#*%4 2*: /&5<($6*&4 +& "2%6*23&
"#,!5*,2$%& .24!&4[ 4*% ,-2"0,$E$52/$#( 02% 9Oh[ 5#""& ,2 h>9C d 5&//& /&5<($6*& &:$3&
.&2*5#*0 "#$(4 +->CB D @(& 6*2(/$/! +& ,-#%+%& +& W ]UH (3 J x, &4/ 4*EE$42(/& 0#*%
&EE&5/*&% *(& 2(2,=4& 3!(!/$6*& ^  25 C#(2,+[UZZL d ?*%+#([UZZV_D

C2(4 /#*4 ,&4 524 +&4 0%!52*/$#(4 +#$)&(/ o/%& 0%$4& 52% ,2 "*,/$0,$52/$#( +* "2/!%$&,
.$#,#3$6*& 4*% <1/& (2/*%&, (-&:5,*/ 024 ,& %$46*& +& 0#,,*/$#( 02% ,->CB 2*/%& 6*& ,->CB
5$.,& d $, 4&%2$/ ] ,-#%$3$(& +-&%%&*%4 +-2(2,=4&4 3!(!/$6*&4[ 02% 2"0,$E$52/$#( +& 5&/ >CB
5#(/2"$(2(/ ^ >(#(="&[ UZZY . d >(#(="&[ UZZZ _D

/P_ < 6EJ KF?YOEO?J KAHNBOHFC?EJ OLCHCJNJ ED XNDNLCYOE
IEJ UAUOHFLCADJ IE UFLTAXMDEJ

N->CB ] ,-!/2/ 0*% &/ &( 6*2(/$/! 4*EE$42(/&[ &4/ *(& 5#(+$/$#( 0%!2,2.,& 0#*% /#*/&4 ,&4
!/20&4 +&4 0%#/#5#,&4 +& .$#,#3$& "#,!5*,2$%&D >$(4$[ ,-&:/%25/$#( +->CB &4/ +#(5 *(&
!/20& $(5#(/#*%(2.,&D

N&4 "!/<#+&4 +-&:/%25/$#( 0&*)&(/ o/%&4 5,244!&4 &( +&*: 3%2(+&4 52/!3#%$&4 8 ,2
0%&"$G%& $(5,*/ ,&4 /&5<($6*&4 +& 0*%$E$52/$#( +->CB ] 02%/$% +& 0,24"$+&4 &/ +&
.25/!%$#0<23&4 d ,2 4&5#(+& 5#"0#%/& ,&4 0%#5!+!4 +-&:/%25/$#( %!2,$4!4 ] 02%/$% +->CB
3!(#"$6*& +&4 0%#52%=#/&4 #* +&4 &*52%=#/&4 ^>(#(="&[ UZZY 2_D

w*&, 6*& 4#$/ ,& /=0& +& 5&,,*,&4 ] 02%/$% +&46*&,,&4 ,->CB &4/ &:/%2$/[ ,& 0%$(5$0& +&4
/&5<($6*&4 +-&:/%25/$#( +& ,->CB 3!(#"$6*& &4/ 4&(4$.,&"&(/ ,& "o"&D F, E2*/ +-2.#%+
,=4&% ,&4 5&,,*,&4[ +!3%2+&% ,&4 "&".%2(&4[ ,&4 02%#$4 &/ ,&4 0%#/!$(&4[ &(4*$/& +!3%2+&%
,&4 >hB[ 4!02%&% ,->CB +&4 2*/%&4 5#"0#4!4 &/ 0*%$E$&% ,->CB #./&(*D

92%"$ ,&4 /&5<($6*&4 +-2(2,=4& ,&4 0,*4 */$,$4!&4 &( 3!(!/$6*& +&4 0#0*,2/$#(4[ ,2
h>9C[ ,- >TN9[&/ ,2 77h[ 4#(/ ,&4 0,*4 5#*%2""&(/ 5$/!&4 ^O2/2&(# l 2(#,&4[ UZZI_D

/P_PZ< 6EJ KF?YOEO?J 84dW

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP
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92%"$ ,&4 /&5<($6*&4 +& "2%6*23& +!)&,#00!&4 E$3*%& ,2 h>9C ^h2(+#" >"0,$E$&+
9#,="#%0<$4" CB> _D ',,& &4/ .24!&4 4*% ,2 9Oh &/ */$,$4& +&4 2"#%5&4 (#( 40!5$E$6*&4
0#*% 2"0,$E$&% *(& 32""& +& E%23"&(/ +->CB 4$"$,2$%&4 ] 5&*: 6*$ 4#(/ 3!(!%!4 02% ,2
hTN9 ^ 72$k$[ UZIW_D N2 %!25/$#( +-2"0,$E$52/$#( (!5&44$/& *(& 6*2(/$/! +->CB[ *(& CB>
0#,="!%24& /<&%"#4/2.,&[ *(& 2"#%5&[ +&4 +B`9[ *( /2"0#( +& %!25/$#([ +* "23(!4$*"
&/ 2*/%&4 2++$/$E4 ^ u$,,$2"4 &/ *.D[ UZZH _D N2 h>9C &4/ $(/!%&442(/& +2(4 ,2 "&4*%& #m
&,,& (& (!5&44$/& 024 +& 3%2(+&4 6*2(/$/!4 +->CB ^ ?*%+#([UZZV _D

'( +!0$/ +* 52%25/G%& +#"$(2(/ +& ,2 0%&46*& /#/2,$/! +& 5&4 "2%6*&*%4 ^ u$,,$2"4 &/
*.D[UZZH _[ +& ,2 5#j"$3%2/$#( +&4 E%23"&(/4 +->CB &/ +& ,2 )2%$2/$#( +2(4 ,-$(/&(4$/! +&4
.2(+&4[ 4*% 3&, +& %!)!,2/$#(^ ?*%+#([UZZV _[ ,2 h>9C 2 "#(/%! *(& 3%2(+& &EE$525$/!
+2(4 ,-2(2,=4& +& ,2 +$)&%4$/! 3!(!/$6*&4 +&4 #%32($4"&4 .$#/$6*&4D O-&4/ 2$(4$ 6*-&,,& 2
!/! .&2*5#*0 */$,$4!& 0#*% ,2 52%25/!%$42/$#( "#,!5*,2$%& +&4 5<2"0$3(#(4 ^
 &/c&(.&%3[UZZU _ d ?&2!"'9"!* 2 !/! ,& 0%&"$&% "2/!%$&, E#(3$6*& 2(2,=4! ^ u$,,$2"4 &/
*. D[UZZH _D O&//& /&5<($6*& 2 !/! 02% 2$,,&*%4 /%G4 &EE$525& +2(4 ,-2(2,=4& +& ,2 )2%$2.$,$/!
3!(!/$6*& +&4 $4#,2/4 +&4 02/<#3G(&4 .$#/%#0<&4 5#""& ,&4 23&(/4 +-#s+$*" ^  25
C#(2,+[UZZL_ &/ ,&4 23&(/4 +& %#*$,,&4 +&4 3&(%&4 F"!"3*!:)2# ^ C#*+%$5k &/ *. /0UZZV _[
G&.*#9'"!* ^ 9&$ &/ *. D[UZZL _[ 12%%)3)* ^ O<&( &/ *. D[UZZV _ &/  !"#$%&' ^  255,&2( &/
*. D[UZZW _D

/P_P^< 6EJ KCB?AJFLEHHCLEJ AO KF?YOEO?J 118

7& 4#(/ +&4 4!6*&(5&4 +->CB %!0!/$/$)&4 &( /2(+&" +& K ] W (*5,!#/$+&4D O&4 0&/$/&4
4!6*&(5&4 6*$ 4& %!0G/&(/ /#*/ ,& ,#(3 +* 3!(#"&[ 4#(/ ] ,2 .24& +& "2%6*&*%4
3!(!/$6*&4 "*,/$2,,&,$6*&4 &/ +#"$(2(/4[ +!/&5/!4 2*: "#=&(4 +-2"0,$E$52/$#(4 02% 9OhD
'( &EE&/ ,&4 %!3$#(4 E,2(6*2(/&4 +& 5&4 "$5%#42/&,,$/&4 4#(/ 3!(!%2,&"&(/ 5#(4&%)!&4 2*
($)&2* +* 3!(#"& +-*(& "o"& &40G5&D >$(4$ #( */$,$4& +&4 2"#%5&4 40!5$E$6*&4
5#%%&40#(+2(/ ] 5&4 %!3$#(4 E,2(6*2(/&4 0#*% ,-2"0,$E$52/$#( +& 5&4 4!6*&(5&4 %!0!/$/$)&4
6*$ &:<$.&(/ *( 0#,="#%0<$4"&[ 5#%%&40#(+2(/ 2* (#".%& +-*($/!4 %!0!/$/$)&4 02%
3!(#"& ^O%&32( &/ *. /0UZZI_D

>* +!.*/[ ,&4 "2%6*&*%4 "$5%#42/&,,$/&4 200&,!4 2*44$ 77h4 ^ 7$"0,& 7&6*&(5&4
h&0&2/4 "2%6*&%4 _[ #(/ /#*/ +-2.#%+ /%#*)! ,&*% 200,$52/$#( &( 3!(!/$6*& <*"2$(&
^P*(+4#( &/ *.D[UZZW $( O2/&(#j2(#,&4 &/ *.D[ UZZI_[ 0*$4 &( 0<=/#3!(!/$6*& ^ >kk2=2 &/ *.
D[UZZW d N* &/ *./[UZZY &/ 7$($#% &/ *.D[UZZY $( O2/&(#j2(#,&4 &/ *.D[ UZZI_ &/ .$&( 20%G4 &(
0<=/#02/<#,#3$& E#(3$6*&D '( 02%/$5*,$&%[ +&4 !/*+&4 3!(!/$6*&4 #(/ !/! %!2,$4!&4 4*% ,&4
"#+G,&4 H'%"%=$:* !*-&) ^ S&$4/,$(3&% &/ *. D[UZZL _ &/ 1=)*."9="!* 5!&5*!)* ^ O<&( &/ *. D[
KHHK _D C&4 %&5<&%5<&4 %!5&(/&4 4#(/ "&(!&4 0#*% ,-$+&(/$E$52/$#( +& 4!6*&(5&4
%!0!/$/$)&4[ 4*% +&4 "#+G,&4 2002%/&(2(/ 2*: 12%%)3)*%&*& ^ R&$0&% &/ *. D[KHHV_D

/P_P_< 6EJ KF?YOEO?J 4`6dJ

N->TN9 ^>"0,$E$&+ T%23"&(/ ,&(3/< 0#,="#%0<$4"&_ &4/ *(& /&5<($6*& .24!& 4*%
,-*/$,$42/$#( 4$"*,/2(!& +& ,2 9Oh &/ +&4 &(c="&4 +& %&4/%$5/$#(D ',,& 5#(4$4/& &( *(&
2"0,$E$52/$#( 4!,&5/$)& 02% 9Oh +& E%23"&(/4 $44*4 +& ,2 +$3&4/$#( +& ,->CB 3!(#"$6*&[
02% ,-*/$,$42/$#( +& +&*: &(c="&4 +& %&4/%$5/$#([ 5#*02(/ %&40&5/$)&"&(/ 5<26*& X &/ Y

>TFUCL?E / V WADDNEJ GCGHCAX?FUTCYOEJ

KU



02$%&4 +& .24&4 ^a#4 &/ R*$0&%[UZZI &/ a#4 &/ *./0UZZW _D O&//& /&5<($6*& 2 !/! +-2.#%+
*/$,$4!& &( 52%/#3%20<$& 3!(!/$6*& +&4 0,2(/&4 ^ a#4 &/ *. D[UZZW_[ 0*$4 2+20/!& ] ,-!/*+&
+& ,2 )2%$2.$,$/! $(/&% &/ $(/%2 40!5$E$6*& 5<&c ,&4 5<2"0$3(#(4 0<=/#02/<#3G(&4D  23&% &/
*./[ ^UZZY_ 5$/!4 02% a#4 &/ k*$0&%[ ^UZZI_[ #(/ 0* 5#(5,*%& 6*& ,- >TN9 !/2$/ *( .#(
"2%6*&*% +& +$)&%4$/! 3!(!/$6*& 200,$6*! 2*: 5<2"0$3(#(4D O&4 "o"&4 "2%6*&*%4 #(/
0&%"$4 +& +$4/$(3*&% &(/%& ,&4 +$EE!%&(/&4 &40G5&4 +& %#*$,,&4 +&4 5!%!2,&4 ^ R&$0&% &/ *.D[
KHHV_ &/ ,&4 +$EE!%&(/4 $(+$)$+*4 +-*(& 0#0*,2/$#( +& %#*$,,& 2002%/&(2(/ ] ,-&40G5&
G&.*#9'"!* &9):)*&^ P*%/2+# &/ h2"4&+/[ KHHK_D

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP
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>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

//PZ< 9FLN?CEH \NXNLFH

N& "2/!%$&, )!3!/2, */$,$4! 0#*% ,& 0#*)#$% 02/<#3G(& &4/ 5#(4/$/*! 02% V 5*,/$)2%4 +& EG)&
^B)%)* ,*-* #*E"! _ &/ V +& E!)&%#,& ^B)%)* ,*-* #)3"! I0 +#(/ ,& 5#"0#%/&"&(/ )2%$!/2,
)$4j]j)$4 +& ,2 %#*$,,& 2)2$/ +!b] !/! /&4/! ^>$/ F442 &/ >c$%$[ UZZZ_D F,4 0%#)$&((&(/ /#*4 +&,2
4/2/$#( %!3$#(2,& F`SO +& ;*&+ 4"2%[ &/ ,&*% #%$3$(& &/ 0%#)&(2(5& E$3*%& +2(4 ,& /2.,&2*
K 8

N& 5*,/$)2% UIHHZ 4 6*$ 2 "#(/%! *(& 0,*4 3%2(+& 4&(4$.$,$/! ] ,2 %#*$,,& ^>$/ F442+ &/
>c$%$D[ UZZZ _[ 2 !/! */$,$4! 0#*% ,2 0*%$E$52/$#( &/ ,2 "*,/$0,$52/$#( +&4 $4#,2/4[ 2$(4$ 6*& 0#*%
,& /&4/ +* 0#*)#$% $(E&5/$&*: +&4 *%!+#40#%&4[ 20%G4 5#(4&%)2/$#(D

//PZPZ< 5GLEDLCAD IEJ UHFDLJ

N&4 0,2(/4 +& EG)&J EG)&%#,& +&4/$(!4 ] ,-$(#5*,2/$#([ #(/ !/! #./&(*4 ] 02%/$% +& 4&"&(5&4
/%$!&4 ] ,2 "2$([ 0*$4 +!4$(E&5/!&4 0&(+2(/ W "$(*/&4 ] ,-&2* +& b2)&, KtD N&4 3%2$(&4 #(/
&(4*$/& 4*.$ V %$(n23&4 4*55&44$E4[ 0*$4 #(/ !/! "$4&4 ] 3&%"&% +2(4 +&4 .#Q/&4 +& 9!/%$
&/ +$40#4!&4 &(/%& +&*: E&*$,,&4 +& 020$&% .*)2%+ <*"$+$E$!&4 &/ $(5*.!&4 ] &()$%#( KHt5D

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ
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N&4 4&"&(5&4 2=2(/ 3&%"![ #(/ !/! %&0$6*!&4 +2(4 +&4 0&/$/4 0#/4[ 5#(/&(2(/ *(
"!,2(3& +& 4#, &/ +& "2/$G%& #%32($6*& 0%!2,2.,&"&(/ 4/!%$,$4!4[ +2(4 ,&4 0%#0#%/$#(4 +&
K JV &/ +& UJVD N&4 0,2(/4 42$(4 #(/ !/! 4!,&5/$#((!4 &/ %&/&(*4 0#*% ,2 %!2,$42/$#( +* /&4/
+* 0#*)#$% 02/<#3G(& #* 0#*% +-2*/%&4 $(#5*,2/$#(4 2%/$E$5$&,,&4D

//P^< 9FLN?CEH [ADXCYOE

N& "2/!%$&, E#(3$6*& */$,$4! 2* 5#*%4 +&4 &:0!%$"&(/2/$#(4 &4/ 5#(4/$/*! +& UU $4#,2/4 +-
 !"#$%&' ()%)*&+ ,*-*&0 /#*4 $'4*4 +& 0,2(/4 +& EG)&4 $(E&5/!4 02% ,2 %#*$,,& &/ %!5#,/!4
+*%2(/ +&4 0%#40&5/$#(4 &EE&5/*!&4 2* 0%$(/&"04 KHHK &/ KHHV[ +2(4 ,&4 %!3$#(4 +*
5&(/%& &/ +& ,-&4/ +* 02=4 d ,& 0,*4 3%2(+ (#".%& ^ I $4#,2/4_[ 0%#)$&(/ +* 5&(/%& &/ +&*:
$4#,2/4 0%#)$&((&(/ +& ,-&4/D '( 0,*4 +& 5&4 +$: $4#,2/4 2,3!%$&(4[ *( 4&*, 0%#)$&(/ +&
`*($4$&D B#*4 (-2)#(4 0* #./&($% +-$4#,2/4 %&0%!4&(/2(/ ,2 %!3$#( #*&4/ +* 02=4[ &( %2$4#(
+* 5,$"2/ 6*$ 2 %!3(! ^!/23& .$#5,$"2/$6*& 4&"$j2%$+&_ &/ #m ,2 %#*$,,& 4!)$/ %2%&"&(/D

//P^PZ< >AHHEBLE IEJ NBTFDLCHHADJ

C& 5<26*& 4$/&[ *(& 6*2(/$/! 4*EE$42(/& +-!5<2(/$,,#(4 0%!4&(/2(/ +&4 4="0/1"&4 +&
%#*$,,& 2 !/! %!5#,/!&D O&,,&j5$ 2 !/! 5#(4&%)!& ] Xt5 ^ O,&"&(/ &/ *. D[UZZV 2 &/ . d u23(&%
&/ *. D[UZZV _[ &/ ] jKHt5 ^ 9%*/&% &/*.D[UZZK _D N2 5#(4&%)2/$#( +& 5&4 *%!+#40#%&4 &4/ E2$/&
+2(4 +&4 /*.&4 '00&(+#%ED >)2(/ 4#( */$,$42/$#([ 5<26*& $4#,2/ 2 4*.$/ ,&4 !/20&4
4*$)2(/&4 8

//P^P^< dO?C[CBFLCAD IEJ CJAHFLJ a UF?LC? IeODE JEOHE UOJLOHE

`<!#%$6*&"&(/[ 5<26*& 0*4/*,& 0%#)$&(+%2$/ +-*(& 4&*,& *%!+#40#%& ^  &44$2&"[ UZIU _D
>$(4$[ ,2 0*%$E$52/$#( +&4 $4#,2/4 +& %#*$,,&[ 2 !/! %!2,$4!&[ 4&,#( ,2 /&5<($6*& +!5%$/& +!b]
02% >$/ F442+ &/ >c$%$ [^UZZZ_D

N&4 *%!+#40#%&4 %!5#,/!&4 +-*( "o"& 5<2"0 #(/ !/! $(#5*,!&4 4*% *(& )2%$!/!
4&(4$.,& +& EG)& 0#*% 5#(4/$/*&% +&4 $4#,2/4 0%!j0*%$E$!4D y 5&/ &EE&/[ *(& 4*40&(4$#( +&
40#%&4 +$,*!& ] ,2 5#(5&(/%2/$#( +-&()$%#( UHHH 40#%&4 J ", &4/ 0%!02%!& ^ U HHH 40#%&4 J
",[ 2* ,$&* +& KH HHH ] WH HHH 0%!5#($4!&4 0#*% #./&($% +&4 0*4/*,&4 /%G4 !02%4&4 &/
!)$/&% 2$(4$[ ,2 5#(/2"$(2/$#( 02% +-2*/%&4 $4#,2/4 ,#%4 +& ,2 0*%$E$52/$#([ )#$% 5$j20%G4 _D 7&0/
b#*%4 20%G4 $(#5*,2/$#( 02% 0*,)!%$42/$#( +-*(& 4*40&(4$#( +& 40#%&4[ +&4
0*4/*,&4$(+$)$+*&,,&4 +$4/2(/&4 ,-*(& +& ,-2*/%& 2002%2$44&(/D @(& 0*4/*,& &4/ 0%!,&)!&
0#*% 5<26*& $4#,2/ 2)2(/ 4#( #*)&%/*%&[ 0*$4 5&,,&j5$ 2 !/! $(#5*,!& 02% ,-!/2,&"&(/ +& 4#(/
5#(/&(* ] ,-2$+& +-*(& ,2"& +& %24#$% 0%!2,2.,&"&(/ 4/!%$,$4!&[ 4*% +& b&*(&4 0,2(/*,&4
e3!&4 +& KU b#*%4 ^ E$3D K 2[ . [ 5 _D

N&4 0,2(/*,&4 2$(4$ $(#5*,!&4 4#(/ %&5#*)&%/&4 02% *(& 5,#5<& ^ 425 0,24/$6*&_
0&(+2(/ LK < 0#*% "2$(/&($% *(& <*"$+$/! 42/*%2(/& ^UHH\ P% _ &/ !)$/&% 02% ,2 "o"&[ ,&
%$46*& +& 5#(/2"$(2/$#( 02% +-2*/%&4 $4#,2/4 !32,&"&(/ &( 5#*%4 +& 0*%$E$52/$#(D

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

KX



N-<*"$+$E$52/$#( +&4 5,#5<&4 &/ +& ,-2/"#40<G%& &()$%#((2(/& &4/ #./&(*& 02%
520$,,2%$/! ^>$/ F442+ &/ >c$%$[UZZZ_ D

N&4 0,2(/*,&4 $(#5*,!&4 4#(/ $(5*.!&4 +2(4 +&4 5#(+$/$#(4 #0/$"2,&4 +& /&"0!%2/*%&
&/ +& 0<#/#0!%$#+& ^ KH t5 &/ UY ] UI < +& ,*"$G%&_D

>0%G4 *(& $(5*.2/$#( +& W b#*%4[ ,#%46*& ,&4 !.2*5<&4 +& 0*4/*,&4 5#""&(5&(/ ] 4&
"2($E&4/&%[ ,&4 5,#5<&4 4#(/ 2,#%4 %&/$%!&4 &/ ,-<*"$+$E$52/$#( &4/ 5#(/$(*!& 02%
0*,)!%$42/$#( +-&2*[ b*46* ] ,-2002%$/$#( +& 0*4/*,&4 40#%*,2(/&4D

//P^P_< 9OHLCUHCBFLCAD IEJ UOJLOHEJ UO?C[CNEJ

N&4 0*4/*,&4 $44*&4 +& ,2 0*%$E$52/$#( #(/ !/! "*,/$0,$!&4 ] ,&*% /#*% 4*% *(& )2%$!/! +& EG)&
4&(4$.,&[ b*46*f] #./&(/$#( +-*(& 6*2(/$/! 4*EE$42(/& +& 40#%&4 0#*% ,&4 "2($0*,2/$#(4
*,/!%$&*%&4 8

F(#5*,2/$#(4 0#*% ,-!/*+& +* 0#*)#$% 02/<#3G(&[

':/%25/$#(4 +->CB[

 &(4*%2/$#( +&4 *%!+#40#%&4[

'/*+& +& ,2 )$2.$,$/! &/ +* 0#*)#$% $(E&5/$&*: +&4 40#%&4D

N&4 *%!+#40#%&4 +&4 +$EE!%&(/4 $4#,2/4 2$(4$ "*,/$0,$!&4[ 4#(/ %!5#,/!&4 02% 3%2//23&
+&4 0*4/*,&4 ^&()$%#( UHH"3 +& 40#%&4 J $4#,2/_ &/ 4/#5k!&4 ] jKHt O +2(4 +&4
'00&(+#%E4D N-#%$3$(& 3!#3%20<$6*& +&4 $4#,2/4 !/*+$!4 &4/ "&(/$#((!& +2(4 ,& /2.,&2* VD

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

KW



4)5/ J 7 12!),)%*:)"3' @&' 92':2.&'

F k dOJLOHEJ F\FDL AO\E?LO?E

G k d?CJE IE HF UOJLOHE a HeFCIE IeODE HFKE IE ?FJAC? JLN?CHCJNE

B k ;LFHEKEDL IE HF UOJLOHE JO? [EOCHHE a CDABOHE?

2FGHEFO _ V 5?CXCDE XNAX?FUTCYOE IEJ CJAHFLJ

F4#,2/4 P1/&
+-#%$3$(&

;%$3$(& >((!& +-$4#,&"&(/

@aTU TG)& `$c$ #*c#* KHHKjKHHV
@aTK TG)& h#*$.2 ^uD>,3&%_ KHHKjKHHV
@aTV TG)& ?#*"&%+&4 KHHKjKHHV
@aTX TG)& ?#*+#*2#* ^

uD?#*"&%+&4_
KHHKjKHHV

@aTW TG)& FB> ', <2%%25< ^
uD>,3&%_

KHHKjKHHV

@aTY TG)& ?2.2 <2442( ^
uD>,3&%_

KHHVjKHHX

@aTL TG)& >$( ?&($2( ^
uD>,3&%_

KHHVjKHHX

@aTI TG)& `*($4$& KHHKjKHHV
@aTZ TG)& F`SO ;*&+

7"2%^ uD>,3&%_
KHHKjKHHV

@aTUH TG)& O#(4/2(/$(& KHHVjKHHX
@aTUU TG)& 7k$k+2 KHHKjKHHV

//P_< ;LOIE IO UAHQKA?UTCJKE UF? HEJ KF?YOEO?J
KA?UTAHAXCYOEJ

N2 )2%$2.$,$/! "#%0<#,#3$6*& 2 !/! 0&(+2(/ ,#(3/&"04 ,-*( +&4 $(+$52/&*%4 0%$)$,!3$&% +& ,2
+$)&%4$/! +&4 0#0*,2/$#(4D

//P_PZ< 9EDJO?FLCAD IEJ O?NIAJUA?EJ

N2 "&(4*%2/$#( +&4 *%!+#40#%&4 &4/ %!2,$4!& 4*% ,&4 UU $4#,2/4 +v !"#$%&' ()%*&+

,*-*&0#*% ,&46*&,4 *(& &4/$"2/$#( +&4 +$"&(4$#(4 ^N_ &/ ^ , _[ %&0%!4&(/2(/
4*55&44$)&"&(/ ,& 3%2(+ &/ ,& 0&/$/ +$2"G/%& +&4 *%!+#40#%&4[ 2 !/! E2$/& ] ,-2$+& +-*(
"$5%#45#0& 0%!2,2.,&"&(/ !/2,#((!D @(& &4/$"2/$#( +* 0#*%5&(/23& +& ,2 E#%"& %#(+&
02% %200#%/ ] ,2 E#%"& &,,$04#s+& 2 !/! !32,&"&(/ +!/&%"$(!&D

9#*% *(& "&$,,&*%& !)2,*2/$#( +& ,2 +$EE!%&(5& 0%#.2.,& &:$4/2(/& &(/%& ,&4 UU $4#,2/4[

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

KY



,-2(2,=4& 2 0#%/! 2*44$ 4*% ,& %200#%/ ^NJ,_D

//P_PZPZ< 6ADXOEO?J EL HF?XEO?J KAQEDDEJ IEJ JUA?EJ

N&4 "&(4*%2/$#(4 #(/ 0#%/! 4*% UHH *%!+#40#%&4 0%$4&4 +& E2n#( 2,!2/#$%& ^ UHH
*%!+#40#%&4 J $4#,2/ _D

//P_PZP^< `A?KEJ IEJ O?NIAJUA?EJ

N& 0#*%5&(/23& +&4 +&*: E#%"&4 +-*%!+#40#%&4 2 !/! !32,&"&(/ !)2,*! ] 02%/$% +*
+!(#".%&"&(/ 2* <242%+ +&4 40#%&4D N&4 #0!%2/$#(4 +& "&(4*%2/$#( #(/ !/! %!0!/!&4
/%#$4 E#$4D

//P_PZP_< 4DFHQJE JLFLCJLCYOE UF? HE LEJL IE UF?FHHNHCJKE

N-2(2,=4& 4/2/$4/$6*& %&0%!4&(/!& 02% ,& /&4/ +& 02%2,,!,$4"&[ +#(/ ,& 0%$(5$0& &4/ .24! 4*%
,2 5#"02%2$4#( +&4 0&(/&4 +&4 +%#$/&4 NzE^ , _ ^  2/<&%[ UZYW _[ 2 0&%"$4 +& 5#"02%&% ,&4
%!4*,/2/4 +&4 +$EE!%&(/&4 "&(4*%2/$#(4D

//P_P^< ;LOIE IO UAO\AC? XE?KCDFLC[ EL CD[EBLCEOf IEJ O?NIAJUA?EJ I D<C

:.'.*$ ?*-*$

O&//& !/*+& 2 !/! %!2,$4!& +2(4 ,& .*/ +&+!/&5/&% *(& !)&(/*&,,& )2%$2.$,$/! +2(4 ,&
5#"0#%/&"&(/ !5#,#3$6*& +&4 +$EE!%&(/4 $4#,2/4 +-@D ()%)*&+ ,*-*& 0#*% ,& 0#*)#$%
3&%"$(2/$E &/ 0#*% ,& 0#*)#$% $(E&5/$&*: +&4 *%!+#40#%&4[ &/ 02% ,2 "o"& !/*+$&% ,2 +*%!&
+& )$2.$,$/! &/ +* 0#*)#$% $(E&5/$&*: +& 5&4 40#%&4D

> 5&/ &EE&/[ ,&4 *%!+#0#%&4 #(/ !/! 5#(+$/$#((!&4 0#*% 5<26*& $4#,2/[ +2(4 +&4 /*.&4
'00&(#%E +& U",[ $""!+$2/&"&(/ 20%G4 ,2 %!5#,/& &/ 5#(4&%)!&4 %&40&5/$)&"&(/ ] j KHt O[
XtO &/ ] ,2 /&"0!%2/*%& 2".$2(/& ^ &()$%#( UItO_D

//P_P^PZ< ;JLCKFLCAD IO UAO\AC? XE?KCDFLC[ EL CD[EBLCEOf IEJ O?NIAJUA?EJ

C&4 !5<2(/$,,#(4 +-*%!+#40#%&4 #(/ !/! 0%!,&)!4 0#*% 5<26*& $4#,2/ &/ 0#*% 5<26*&
/&"0!%2/*%& +& 5#(4&%)2/$#(D O<26*& !5<2(/$,,#( &4/ +$)$4! &( +&*:[ +#(/ ,-*( 2 4*.$ *(
,2)23&[ 0*$4 *(& $(5*.2/$#( ] KHt5 0#*% 3&%"&%[ &/ ,-2*/%& "$4 +$%&5/&"&(/ ] 3&%"&%D N&4
+&*: !5<2(/$,,#(4 #(/ !32,&"&(/ 4&%)$ +-$(#5*,*" 0#*% $(E&5/&% +&4 0,2(/4 +& EG)&
4&(4$.,&4D C&4 !5<2(/$,,#(4 +-*%!+#40#%&4 E%2Q5<&"&(/ %!5#,/!&4[ %&0%!4&(/2(/ ,&4 UU
$4#,2/4 &/ +#(/ ,& 0#*)#$% 3&%"$(2/$E 2 !/! $""!+$2/&"&(/ &4/$"![ #(/ 4&%)$ +& /!"#$(4 /#*/
,& ,#(3 +& 5&//& !/*+& &:0!%$"&(/2,&

//P_P^P^< WEJB?CULCAD IO ICJUAJCLC[ IE HF\FXE IEJ O?NIAUA?EJ

N& ,2)23& +&4 *%!+#0#%&4 2 !/! %!2,$4! ] ,-2$+& +-*( +$40#4$/$E #%$3$(2, 5#(n* +2(4 (#/%&
,2.#%2/#$%& &/ 2+20/! 40!5$2,&"&(/ 0#*% ,2 %!2,$42/$#( +& ,-!/20& +& ,2)23&D O&,*$ 5$ &4/
5#(4/$/*! 02% *( 2002%&$, +& 0&%E*4$#( %&,$! ] *(& 4#*%5& +-&2* +$4/$,,!& E%#$+& ^Ht5_^E$3D V_D
N-&2* 0244& +2(4 ,2 5<2".%& +& ,2)23& ] *(& )$/&44& +-&()$%#( K ",J"$( 0#*% 4&

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

KL



+!)&%4&% +2(4 *( %!5$0$&(/[ !,$"$(2(/ 2$(4$ ,&4 4*.4/2(5&4 $(<$.$/%$5&4D N& ,2)23& +&4
40#%&4 &4/ &EE&5/*! 0&(+2(/ UK< ^u23(&% &/ *.D[UZZV_[ ] ,-#.45*%$/! +2(4 ,& %!E%$3!%2/&*%D

N2 3&%"$(2/$#( +&4 *%!+#40#%&4 4v&4/ E2$/& +2(4 *(& 3#*//& +-&2* 2* E#(+ +-*(& ,2"&
5%&*4&[ 45&,,!& 2* "#=&( +v*( )&%($4 ] #(3,& /%2(402%&(/ 0#*% !)$/&% ,-!)20#%2/$#(D N2
,2"& &4/ $(5*.!& 0&(+2(/ X< ] ,2 /&"0!%2/*%& #0/$"2,& +& KHtO 0#*% $($/$&% *(&
3&%"$(2/$#( ^M#4&0<[ UZZL_D

4)5/ K 7 L)'9"'):), *@*9:< *2 .*(*5& @&' 2!<@"'9"!&'

//P_P^P_< WNLE?KCDFLCAD IO UAO?BEDLFXE IE XE?KCDFLCAD IEJ JUA?EJ

>E$( +& +!5&,&% *(& !)&(/*&,,& 3&%"$(2/$#( +&4 40#%&4[ +&4 #.4&%)2/$#(4 4#*4
"$5%#45#0& 2* 3%#44$44&"&(/ S{XHH[ #(/ !/! &EE&5/*!&4 +-*(& E2n#( <&.+#"2+2$%& 0#*%
,&4 +&*: 0%&"$G%&4 #.4&%)2/$#(4[ 0*$4 "&(4*&,,& b*46*-] 5& 6*-$, (-2$/ 0,*4 +& %!0#(4&
^3&%"$(2/$#(_D ;( 5#(4$+G%& 6*-*(& 40#%& 2 3&%"! ,#%46*& 4#( /*.& 3&%"$(2/$E 2 2//&$(/ ,&
0,*4 0&/$/ +$2"G/%& +& ,2 40#%&D 9#*% 5<26*& $4#,2/ &/ ] 5<26*&/&"0!%2/*%& +&
5#(4&%)2/$#([ #( 5#"0/& ,& (#".%& +& 40#%&4 3&%"!&4 0#*% 5&(/ 40#%&4 #.4&%)!&4D

//P_P^Pb< ;\FHOFLCAD IO UAO\AC? CD[EBLCEOf IEJ CJAHFLJ

N& 0#*)#$% $(E&5/$&*: +&4 40#%&4 &4/ &4/$"! 2)2(/ &/ 20%G4 ,&*% ,2)23& &( 0%#5!+2(/ ] *(&
$(#5*,2/$#( 2%/$E$5$&,,& +&4 0,2(/4 +& EG)& +& ,2 )2%$!/! 4&(4$.,& p UIHHZ 4 qD N&4 0,2(/4
$(#5*,!4 2=2(/ "#(/%! ,&4 4="0/1"&4 52%25/!%$4/$6*&4[ 4#(/ (#/!4 02% ,& 4$3(& ^|_ &/ +2(4
,& 524 5#(/%2$%&[ 02% ,& 4$3(& ^ j _D

//P_P^Pg < 4DFHQJE JLFLCJLCYOE

N& /&4/ .24! 4*% ,-2(2,=4& +& ,2 )2%$2(5& 2 !/! */$,$4! 0#*% ,-2(2,=4& 4/2/$4/$6*& +&4
%!4*,/2/4 02% ,& ,#3$5$&, 7`>`F7`FOTD

//Pb< 2EBTDCYOE IeNLOIE IO UAHQKA?UTCJKE XNDNLCYOE
UF? HEJ KF?YOEO?J 84dWP

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

KI



//PbPZ< 5GLEDLCAD IE 6e4W0

N- >CB 3!(#"$6*& 2 !/! #./&(* 02% &:/%25/$#([ ] 02%/$% +&4 *%!+#40#%&4[ 0%!2,2.,&"&(/
0*%$E$!&4 &/ 4/#5k! ] jKHtOD y 5&/ &EE&/[ V 0%#/#5#,&4 +-&:/%25/$#( #(/ !/! &:0!%$"&(/!4 2E$(
+-#0/$"$4&% ,&4 5#(+$/$#(4 +-&:/%25/$#([ ] 42)#$% ,& 0%#/#5#,& 7C7 ^7#+$*" C#+&5=,
7*,E2/&_[ ,& 0%#/#5#,& O`>? ^O&</=, `%$"&/=, >""#($*" ?%#"*%&_ &/ ,& 0%#/#5#,& 7C7 J
O`>? ^>((&:& V_D

//PbPZPZ< 5ULCKCJFLCAD IEJ EfL?FBLCADJ Ie4W0

KH"3 +-*%!+#40#%&4 #(/ !/! */$,$4!4 0#*% ,&4 &:/%25/$#(4 +->CB 02% ,&4 V 0%#/#5#,&4D 9#*%
5<26*& 0%#/#5#,& /&4/![ *( .%#=23& +&4 *%!+#40#%&4 &4/ %!2,$4! &( 0%!4&(5& +-*( 2.%24$E[
+-2c#/& ,$6*$+& ^'+i2%+4 &/ *.D[ UZZZ_ &/ +& 6*&,6*&4 "$5%#,$/%&4 +& 0&%#:=+&
+-<=+%#3G(&D N& 42.,& 2=2(/ 4&%)$ +-2.%24$E[ &4/ /%2$/! 2*02%2)2(/ 2)&5 +* 0&%#:=+&
+-<=+%#3G(& 0#*% ,& +!.2%%244&% +&4 %!4$+*4 +& "2/$G%& #%32($6*&[ 0*$4 +!52,5$E$! 02%
*/$,$42/$#( +-PON ^0#*% (& 024 $(/&%E!%&% 2)&5 ,&4 0%#+*$/4 */$,$4!4 +2(4 ,&4 &:/%25/$#(4 _ &/
&(E$( 4/!%$,$4! +2(4 *(& !/*)& ] UHWtOD N-&:/%25/$#( E$(2,& &4/ +!5%$/& &( 023& KID

@(& 6*2(/$/! +& 9a9^ 9#,= )$(=, 9=%#,=+#(_ 2 !/! %2b#*/!& 2* /2"0#( +-&:/%25/$#( &(
0%!)&(/$#( +&4 #:=+2/$#(4 !)&(/*&,,&4 +&4 &:/%2$/4 +->CBD

N&4 !/20&4 ,&4 0,*4 $"0#%/2(/&4 +& 5&4 0%#/#5#,&4 +-&:/%25/$#( 4#(/ 8 ,2 ,=4& +&4
5&,,*,&4[ ,2 0%!5$0$/2/$#( +&4 0%#/!$(&4 ] ,-!/<2(#, ^0#*% ,&4 0%#/#5#,&4 7C7_ #* ,-&:/%25/$#(
02% ,& 5#"0,&:& 5<,#%#E#%"& J 2,5##, $4# 2"=,$6*& ^0#*% ,&4 0%#/#5#,&4 O`>?_D >0%G4 5&4
!/20&4[ , ->CB &4/ #./&(* &( 0&,#/& d 5&,,&j5$ &4/ ,2)!& ] ,-!/<2(#, E%#$+[ 0*$4 %&4*40&(+*&
+2(4 *( /2"0#( ] .24& +& `hF7j'C`> ^`'_D N&4 &:/%2$/4 + ->CB 2$(4$ #./&(*4 4#(/
5#(4&%)!4 ] X tO b*46*-] ,&*% 2(2,=4& 02% h>9CD

//PbPZP^< cCJOFHCJFLCAD IE He4W0 JO? XEH IeNHEBL?AUTA?MJE

N&4 &:/%2$/4 +->CB #(/ !/! "!,2(3!4 ] *( /2"0#( +& 5<2%3& ^Wx, +->CB | Lx, +& /2"0#(
+& 5<2%3&_ +#(/ ,2 5#"0#4$/$#( T$3*%& &( 2((&:& VD 9#*% )$4*2,$4&% ,->CB[ *( 3&,
+-232%#4& ] HDY\ 2 !/! 0%!02%!D y 5&/ &EE&/ VYH "3 +-232%#4& #(/ !/! +$44#*/&4 +2(4 *(
'%,&( 5#(/&(2(/ YH ", ^0#*% ,2 0&/$/& 5*)& ] !,&5/%#0<#%G4&_ +& `>' U{ ^`%$4j >5&/2/&j
'C`>_D >E$( +& 0&%"&//%& *(& +$44#,*/$#( <#"#3G(&[ ,2 4*40&(4$#( &4/ 5<2*EE!& b*46*f]
!.*,,$/$#( +2(4 *( E#*% "$5%#j#(+&D N-'%,&( %&E%#$+$ 0#*% = 2b#*/& Kx, +& .%#"*%&
+-&/<$+$*" ^?'` ] HDWx3 J ",_D N2 4*40&(4$#( 2 !/! &(4*$/& )&%4!& +2(4 ,& 4*00#%/ +& 3&,
+& ,2 5*)& ] !,&5/%#0<#%G4&[ +#(/ ,&4 +&*: &:/%!"$/!4 #(/ !/! 4#$3(&*4&"&(/ E&%"!&4 02%
+* %*.2( 2+<!4$E &/ +2(4 ,&6*&, *( 0&$3(& 2 !/! 0%!2,2.,&"&(/ +$40#4!D N& 3&, 2$(4$
0%!02%![ 2 !/! ,2$44! 0&(+2(/ K <&*%&4 0#*% 0#,="!%$4&% ] ,2 /&"0!%2/*%& 2".$2(/&D >0%G4
0#,="!%$42/$#([ ,& %*.2( 2+<!4$E &/ ,& 0&$3(& #(/ !/! &(,&)!4 &/ ,& 3&, 2 !/! &(4*$/& 0,#(3!
+2(4 VWH ", +& `>' U{[ 5#(/&(*4 +2(4 ,2 0&/$/& 5*)& ] !,&5/%#0<#%G4&D N&4 &:/%2$/4
+->CB &( 4#,*/$#( +2(4 ,& /2"0#( +& 5<2%3& ^UKx,_[ #(/ !/! +!0#4!4 *( ] *( +2(4 ,&4
0*$/4 ,2$44!4 02% ,& 0&$3(& 4*% ,& 3&,[ 0*$4 ,& 3&, 2 !/! 4#*"$4 0&(+2(/ VH "$(*/&4[ ] *(
5<2"0 !,&5/%$6*& +&UHH )#,/4D N2 %!)!,2/$#( +& ,2 0%!4&(5& +& ,2 .2(+& 52%25/!%$4/$6*&
+->CB 4-&4/ E2$/& 4#*4 *( /%2(4j$,,*"$(2/&*% ] *,/%2)$#,&/D

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

KZ



//PbPZP_< WNLE?KCDFLCAD IE HF BADBEDL?FLCAD IE He4W0

N2 6*2(/$E$52/$#( +& ,->CB 2 !/! %!2,$4! 4&,#( +&*: "!/<#+&4 8

r 1UEBL?AUTALAKNL?CE V O&//& /&5<($6*& 5#(4$4/& ] 6*2(/$E$&% ,->CB 02% "&4*%& +& ,2
+&(4$/! #0/$6*&D '( &EE&/[ ,->CB 2.4#%.& ,&4 @a ] KYH ("[ /2(+$4 6*& ,&4 0%#/!$(&4
2.4#.&(/ ,&4 @a ] KIH ("D O& 6*$ (#*4 0&%"&/ +-&4/$"&% ,2 6*2(/$/! +& 5&//& >CB
2)&5 ,-2.4#%.2(5& ] KYH &/ 42 6*2,$/![ 3%e5& 2* %200#%/ 8 2.4#%.2(5& ] KYH J
2.4#%.2(5& ] KIHD 9#*% 5&,2[ UH x, +->CB #(/ !/! +$44#*4 +2(4 UZZH *, +-&2* +$4/$,,!&
&/ &:0#4!4 +2(4 *( 40&5/%#0<#/#"G/%&[ 2*: 0%!5!+&(/&4 ,#(3*&*%4 +-#(+&4[ 0#*%
+!/&%"$(&% ,&4 2.4#%.2(5&4 %&40&5/$)&4 +& 5&4 +&*: ,#(3*&*%4 +-#(+&4D N2
5#(5&(/%2/$#( &( >CB &4/ #./&(*& 02% ,2 E#%"*,& 4*$)2(/& 8

>CB ^x3 J x, _ zC; KYH : KHH ^ E25/&*% +& +$,*/$#(_: WHx3 J ", : UH
jV

r ;HEBL?AUTA?MJE IEJ EfL?FCLJ Ie 4W0 ED U?NJEDBE IeODE XFKKE NLFHAD Ie4W0 V

N&4 5#(5&(/%2/$#(4 &( >CB +&4 +$EE!%&(/4 &:/%2$/4 #(/ !/! +!/&%"$(!&4 02% +!01/ +&
UKx, +-*(& 4#,*/$#( 5#(/&(2(/ W x, +->CB | L x, +& /2"0#( +& 5<2%3&[ +2(4 ,&4 0*$/4
+-*( 3&, +-232%#4& ] HDY \ ^HDVY3 +-232%#4& +2(4 YH", +& `>'_[ &( 0%!4&(5& +-*(&
32""& +& 5#(5&(/%2/$#( +->CB +& WH(3 J x,[ UHH(3 J x,[ UWH(3 J x, &/ KHH(3 J x, &/
+-*( "2%6*&*% +& 0#$+4 "#,!5*,2$%& ^ UR. ,2++&% _D N&4 5#(5&(/%2/$#(4 &( >CB +&4
!5<2(/$,,#(4 4#(/ +!/&%"$(!&4 02% ,&*% 5#"02%2$4#( ] ,-$(/&(4$/! +& ,2 5#,#%2/$#( +& ,2
32""& 5#((*& +& 5#(5&(/%2/$#(D O&,,&4j5$ 4#(/ &:0%$"!&4 &( x3Jx,D

//PbPZPb< ;fL?FBLCAD [CDFHE

N&4 UU $4#,2/4 #(/ 4*.$ *(& &:/%25/$#( E$(2,&[ +2(4 ,2 6*&,,& ,2 6*2(/$/! +-*%!+#40#%&4 2 !/!
0#%/!& ] UHH"3 0#*% #./&($% +&4 6*2(/$/!4 0,*4 $"0#%/2(/&4 +->CB &/ 0&%"&//%& 2$(4$
+-#0/$"$4&% ,&4 2"0,$E$52/$#(4D N&4 &:/%2$/4 +->CB #./&(*4 02% ,& 0%#/#5#,& 7C7JO`>? #(/
!/! +$,*!4 ] &()$%#( UH(3Jx,D O&4 >CB +$,*!4 #(/ !/! 4/#5k!&4 ] XtO &( 2,$6*#/&4 b*46*f]
,&*%4*/$,$42/$#(4 *,/!%$&*%&4 02% h>9CD

//PbP^< 9CJE FO UACDL IEJ UF?FKML?EJ IE HF 84dW

Nf2(2,=4& 3!(!/$6*& 02% h>9C 2 0#%/! 4*% ,& "2/!%$&, 3!(#"$6*& +&4 UU $4#,2/4 +f  /
()%)*&+,*-*& +#(/ ,->CB 2 !/! 0%!2,2.,&"&(/ 0*%$E$!D

//PbP^PZ < d?NUF?FLCAD IO KCHCEO ?NFBLCADDEH j 9/ok

@(& +$,*/$#( +&4 &:/%2$/4 2 !/! %!2,$4!& 0#*% #./&($% *(& 5#(5&(/%2/$#( +& UH (3 J x,D Of&4/
2$(4$ 6*f&( 0%!,&)2(/ U[Wx, #( 2*%2 UW(3 +f>CB +2(4 ,& "$: d 5& 6*$ (#*4 2 0&%"$4 +fo/%&
+2(4 ,2 E#*%5<&//& #0/$"2,& +& 5#(5&(/%2/$#( &( >CB D O&,,&j5$ !/2(/ +!E$($& &(/%& WjKW (3
^ h2E2,k$[ UZZI_D

N&4 %!25/$E4 2$(4$ 6*& ,&*% 5#(5&(/%2/$#(4 %&40&5/$)&4 +2(4 ,& "$: 4#(/ %&0%!4&(/!4

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

VH



+2(4 ,& /2.,&2* XD

N&4 2"0,$E$52/$#(4 #(/ !/! %!2,$4!&4 2)&5 UW 2"#%5&4 ^ ;0&%#( `&5<(#,#3$&[
>,2"&+2[ O>[ @7>_[ +&4 4!%$&4 ;9>[ ;9?[ ;9O[ ;9'[ ;9>' &/ ;9R[ +#(/ ,&4
4!6*&(5&4 4#(/ ,&4 4*$)2(/&48

;9> UL 8 Wf jS>OOSO``S`jVf

;9? U 8 Wf jS```OSO`OOjVf

;9? K 8 Wf j`S>`OOO`SSjVf

;9? L 8 Wf jSS`S>OS5>SjVf

;9?UH 8 Wf jO`SO`SSS>SjVf

;9? UW 8 Wf jSS>SSS`S``jVf

;9? UI 8 Wf jOO>O>SO>S`jVf

;9? KH 8 Wf jSS>OOO``>OjVf

;9O I 8 Wf j`SS>OOSS`SjVf

;9O UH 8 Wf j`S`O`SSS`SjVf

;9O UV 8 Wf j>>SOO`OS`OjVf

;9' UW 8 Wf j>OSO>O>>OOjVf

;9R UY 8 Wf jS>SOS`OS>>jVf

;9>' L 8 Wf jO`S>>SOSO>jVf

;9>' UH 8 Wf jO`S>>SOSO>jVf

//PbP^P^ < 8NFBLCAD IpFKUHC[CBFLCAD

N-2"0,$E$52/$#( 2 !/! %!2,$4!& +2(4 *( /<&%"#5=5,&*% 0%#3%2"2.,&9`O UHH ^ 9&,/$&%
`<&%"2,D O=5,&%_+&  D MD h&4&25<[ 4&,#( ,& 0%#/#5#,& +&  *(#c &/ *.D[ ^KHHK_D

N& 0%#3%2""& +-2"0,$E$52/$#( 2 !/! %!2,$4! 5#""& 4*$/ 8

N2 0%&"$G%& !/20& 2 !/! %!2,$4!& &( /%#$4 5=5,&4 +& 8 YH 4&5#(+&4 ] ,2 /&"0!%2/*%& +&
ZX tO 0#*% ,2 +!(2/*%2/$#( +& ,->CB +#*.,& .%$([ YH 4&5#(+&4 ] VL tO 0#*% ,- <=.%$+2/$#(
+&4 2"#%5&4 &/ IH 4&5#(+&4 ] LK t O 0#*% ,-!,#(32/$#(D N2 4&5#(+& !/20& 2 !/! E2$/& &(
/%&(/& 5$(6 5=5,&4 +& 8 XH 4&5#(+&4 ] ZX tO[ XH 4&5#(+&4 ] XH tO &/ IH 4&5#(+&4 ] LKtOD
@(& &:/&(4$#( E$(2,& +& W "$(*/&4 ] LK tO &( E$( +& 0%#3%2""&D

//PbP^P_ < ;HEB?AUTA?MJE IEJ FKUHC[CFLJl JO? XEH IpFXF?AJE

N&4 0%#+*$/4 +& ,-2"0,$E$52/$#( #(/ !/! 4!02%!4 02% &,&5/%#0<#%G4& 4*% 3&, +-232%#4& ] U[K
\[ +2(4 +* `>' ] U\D y 5&/ &EE&/[ UK *, +-*(& 4#,*/$#( 5#(/&(2(/ W x, +->CB 2"0,$E$! | L
x, +& /2"0#( +& 5<2%3&[ #(/ !/! +!0#4!4 +2(4 ,&4 0*$/4 +* 3&,D N2 "$3%2/$#( &4/ E2$/& &(
0%!4&(5& +-*( "2%6*&*% +& 0#$+4 "#,!5*,2$%& ^ UR. ,2++&% _D N2 %!)!,2/$#( 4f&4/ E2$/& 4#*4
*,/%2)$#,&/[ 20%G4 5#,#%2/$#( +* 3&, +2(4 *(& 4#,*/$#( +& .%#"*%& +f&/<$+$*"D N&4
0<#/#3%20<$&4 #(/ !/! %!2,$4!&4 02% *( 9#,2%#s+ &/ *( 2002%&$, 0<#/# (*"!%$6*&D N&4

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

VU



+$23%2""&4 #(/ !/! #./&(*4 3%e5& 2* ,#3$5$&, p O#%&, C%2i q[ &( 0%&(2(/ &(
5#(4$+!%2/$#( ,2 0%!4&(5& #* ,-2.4&(5& +&4 .2(+&4 &/ $(/&(4$/! 2$(4$ 6*& ,- !02$44&*% +&4
.2(+&4D

//PbP^Pb< 4DFHQJE IEJ U?A[CHJ EL BADJL?OBLCAD IEJ IEDI?AX?FKKEJ

Nf2(2,=4& 4/2/$4/$6*& +&4 0%#E$,4 &4/ %!2,$4!& 02% ,f*/$,$42/$#( +& +&*: ,#3$5$&,4[ ] 42)#$% ,&
O%#44 O<&5k&% a KDZU &/ ,& B`7}7 05 ^aKDHU[ ':&/&% 7#,Ei2%[ 7/2*k&/ d B}[ @7>_D N&
O%#44 O<&5k&% 2 4&%)$ ] ,f!,2.#%2/$#( +& ,2 "2/%$5& 4*% ,2 .24& +& 0%!4&(5& #* 2.4&(5&
+& .2(+&4 +f>CBD F, 2 !32,&"&(/ 4&%)$ ] ,2 +!/&%"$(2/$#( +& ,2 /2$,,& +& ,2 .2(+&[ 02%
5#"02%2$4#( +& 5&//& +&%($G%& 2* "2%6*&*% "#,!5*,2$%& ^U R. ,2++&% _D N& B`7}7 2
0&%"$4 ,2 5#(4/%*5/$#( +* +&(+%#3%2""&[ 4&,#( ,2 "!/<#+& ^@9S > ^3(i&$3</&+ d2$%
7%#*0 9&/<#+ *4$(3 4%$/<"&/$5 "&2(_[ &( */$,$42(/ ,f$(+$5& +& B&$ &/ N$D

//Pg < 4DFHQJE IE HF \F?CFGCHCLN IO UAO\AC? UFLTAXMDE

N& 0#*)#$% 02/<#3G(& +&4 $4#,2/4 !/! !/*+$! +2(4 ,& .*/ +& +!/&5/&% *(& )2%$2.$,$/! 02% *(&
!)&(/*&,,& $(/&%25/$#( +$EE!%&(/$&,,& +&4 $4#,2/4[ 2)&5 ,&4 +$EE!%&(/4 5*,/$)2%4D N&
5#"0#%/&"&(/ )2%$!/2, +& 5&//& 32""& +& 5*,/$)2%4 ^ `2.,D K _[ 2 !/! +!b] /&4/! )$4j]j)$4
+-$4#,2/4 +- / ()%)*&+ ,*-*& d ,& 5*,/$)2% S$c2 ?,2(52 2 !/! */$,$4! 5#""& /!"#$( %!4$4/2(/ ^
>$/ F442+ &/ >c$%$[ UZZZ _D

//PgPZ< WCJUAJCLC[ EfUN?CKEDLFH

N-&:0!%$"&(/2/$#([ 2 !/! %!2,$4! 4&,#( ,& +$40#4$/$E +!5%$/ ] ,2 E$3*%& XD 92% "2(6*&
+-&4025& +2(4 ,& 0<=/#/%#([ ,& +$40#4$/$E 2 !/! "&(! &( X !/20&4D O<26*& !/20& &4/
%!2,$4!& 02% ,-$(#5*,2/$#( +& V $4#,2/4 4*% Y 5*,/$)2%4 +& E!)&J EG)&%#,&[ 4&,#( *( +$40#4$/$E
&( .,#5 2,!2/#$%&D O& +$40#4$/$E 5#(/$&(/ WX *($/!4[ %!02%/$ &( V .,#54 ^ hU[ hK[ hV _ +2(4 ,&
4&(4 +* 3%2+$&(/ +& /&"0!%2/*%& ^ +& <2*/ &( .24_ ^ T$3 D X _D O<26*& .,#5 5#(/$&(/ UI
.,#54 !,!"&(/2$%&4[ +#(/ 5<25*( &4/ %&0%!4&(/! 02% K 0,2(/4 0%!2,2.,&"&(/ 4!,&5/$#((!&4

//PgP^ h /DABOHFLCAD

N-$(#5*,2/$#( +&4 $4#,2/4 4*% ,2 32""& +& 5*,/$)2%4 &4/ %!2,$4!& 02% ,2 0*,)!%$42/$#( +-*(&
4*40&(4$#( +-*%!+#40#%&4 0%!02%!&[ ] ,2 5#(5&(/%2/$#( +& KjW:UH

X
40#%&4 J ",D 9#*%

5<26*& $4#,2/ 0*%$E$![ *(& 4*40&(4$#( +& 40#%&4 &4/ "!,2(3!& +2(4 &()$%#( WH ", +-&2*
+$4/$,,!& 4/!%$,& ^6*2(/$/! 4*EE$42(/& 0#*% ,-$(#5*,2/$#( +&4 0,2(/4 +* +$40#4$/$E_D O&//&
4*40&(4$#( &4/ 2b*4/!& ] ,2 5#(5&(/%2/$#( 4*4 5$/!&[ ] ,-2$+& +-*(& 5&,,*,& +&  2,244&cD
9#*% 6*& ,&4 40#%&4 2$&(/ *(& +$40&%4$#( <#"#3G(& +2(4 ,2 4*40&(4$#([ *(& 3#g/& +&
`i&&( KH 2 !/! %2b#*/!&D

>0%G4 $(#5*,2/$#([ ,&4 0,2(/4 +& EG)& 4#(/ "$4 +2(4 ,&4 5#(+$/$#(4 #0/$"2,&4 +&
+!)&,#00&"&(/ +& ,2 "2,2+$&[ ] 42)#$% *(& /&"0!%2/*%& +& KHtO &/ *(& 0<#/#0!%$#+& +&

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

VK



UY< J I<D N&4 0,2(/4 2$(4$ $(#5*,!4[ #(/ !/! <*"$+$E$!4 02% *(& 42/*%2/$#( +& ,-2/"#40<G%&
&()$%#((2(/ ,&4 0,2(/4 ^$(/!%$&*% +&4 5,#5<&4_ 02% 520$,,2%$/! ^E$3W_D

//PgP_ h 0ALFLCAD EL EfU?EJJCAD IEJ JQKULiKEJ

>0%G4 UW b#*%4 +f$(5*.2/$#( 2*: 5#(+$/$#(4 #0/$"2,&4 4*4 5$/!&4[ *(& (#/2/$#( +& ,2
"2,2+$& &4/ %!2,$4!& ] ,f2$+& +& ,f!5<&,,& +& (#/2/$#( ] Z ($)&2*:[ +!5%$/& 02% ?&%($&% &/ *.
^UZIX_ &/ +#(/ ,2 +&45%$0/$#( +&4 +$EE!%&(/4 ($)&2*: +& %!25/$#( +& ,2 EG)& ] ,-!32%+ +& ,2
%#*$,,& E$3*%& +2(4 ,& `2.,&2* WD N&4 +&3%!4 +& ,2 "2,2+$& 4#(/ %&0%!4&(/!&4 02% ,-$(+$5&
+-2//26*& "#=&( ^ F> _ 6*$ &4/ +#((! 02% ,2 E#%"*,& 4*$)2(/& 8

F> z ^U:EU_ | ^V:EK_ | ^W:EV_ | ^L:EX_ | ^Z:EY_ J B

F> z 4#""& +&4 +&3%!4 +-2//26*& J (#".%& +& 0,2(/ $(#5*,!4

F> 8 $(+$5& +-2//26*& "#=&(D

T 8 (#".%& +& 0,2(/ 0#*% 5<26*& +&3%! +2(4 ,-!5<&,,& +& (#/2/$#(D

B 8 (#".%& /#/2, +& 0,2(/4 $(#5*,!4D

2FGHEFO gV d?NJEDLFLCAD EL IEJB?CULCAD IE HpNBTEHHE IE DALFLCAD

'5<&,,& +& (#/2/$#( h!25/$#( +& ,2
0,2(/& P1/&

C&45%$0/$#( +& ,f!5<&,,&

U `%G4 %!4$4/2(/ 9&* #* 024 +& 0*4/*,&4
V h!4$4/2(/ 9&* +& 0*4/*,&4 5#*)%2(/ "#$(4 +& UH\ +&

,2 4*%E25& E#,$2$%&d 0&* #* 024 +& 0*4/*,&4
4*% /$3&4

W 9&* %!4$4/2(/ 9*4/*,&4 4*% ,2 /#/2,$/! +&4 E&*$,,&4 5#*)%2(/
UH ] KH\ +& ,2 4*%E25& E#,$2$%&[ %2%&4
0*4/*,&4 4*% /$3&4

L 7&(4$.,& B#".%& !,&)! +& 0*4/*,&4 4*% ,&4 E&*$,,&4
5#*)%2(/ XH ] IH\ +& ,2 4*%E25& +&4
E&*$,,&4[ 0%!4&(5& +& 6*&,6*&4 0*4/*,&4 4*%
/$3&4

Z `%G4 4&(4$.,& ':/&(4$#( $"0#%/2(/& +& 0*4/*,&4 4*%
E&*$,,&4[ 0!/$#,&4 &/ /$3&4 5#*)%2(/ IH ]
UHH\ +&4 4*%E25&4 E#,$2$%&4 d +&4 E&*$,,&4 &/
6*&,6*&4 0,2(/&4 "#%/&4

7#*%5& ?&%($&% &/ 2, ^UZIX_

//PgPb< 4DFHQJE JLFLCJLCYOE EL BADJL?OBLCAD IEJ IEDI?AX?FKKEJ

N-2(2,=4& 4/2/$4/$6*& .24!& 4*% ,-2(2,=4& +& ,2 )2%$2(5& 2 !/! */$,$4!& 02% ,& ,#3$5$&,
7>`F7`FOFTD >E$( +& 5#(E#%/&% ,&4 %!4*,/2/4 4/2/$4/$6*&4[ ,& /&4/ +& 5,244$E$52/$#(
<$!%2%5<$6*& 4&,#( ,& /&4/ @9S > 02% ,& ,#3$5$&,  a79^  *,/$a2%$2/& 7/2/$4/$52, 925k23&_

>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

VV



2 !32,&"&(/ 4&%)$ ] ,-2(2,=4& +& 5&4 "o"&4 %!4*,/2/4D

4)5 M 7 @)'9"'):), &N9<!)#&3:*.& @& .A<:2@& @2 9"2(")! 9*:="5O3&

4)5/ P 7 Q2#)@),)%*:)"3 @&' 9.*3:&' 9*! %*9)..*!):<

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

VX



>TFUCL?E //P9FL?N?CEH EL KNLTAIEJ

VW



2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

VY



>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

///PZ< 9CJE ED N\CIEDBE IeOD UAHQKA?UTCJKE UF? HEJ
KF?YOEO?J KA?UTAHAXCYOEJ jKEDJO?FLCADk EL UF?
HeNLOIE IE HF IO?NE IE HF \CFGCHCLN EL UAO\AC? CD[EBLCEOf
IEJ O?NIAJUA?EJ

///PZPZ< 9EDJO?FLCAD IEJ O?NIAJUA?EJ

///PZPZPZ< d?NJEDLFLCAD IEJ ?NJOHLFLJ

N2 "&(4*%2/$#( +& ,2 ,#(3*&*% &/ ,2 ,2%3&*% "#=&((& +& UHH *%!+#40#%&4 +A / ()%)*&+
,*-*& +#((& %&40&5/$)&"&(/[ KY j KL : KUj KKDX x"[ 0#*% ,&4 UU $4#,2/4 !/*+$!4D N-2(2,=4&
+* %200#%/ NJ, 2 %!)!,! +&4 )2,&*%4 )2%$2(/ +& UDK ] UDV[ 5#""& ,& "#(/%& ,& `2.,&2* YD

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

VL



>*-.&*2 R 7 G&3'2!*:)"3' @&' 2!<@"'9"!&'

N-2(2,=4& 4/2/$4/$6*& +&4 +&*: )2%$2.,&4 ,#(3*&*% &/ ,2%3*&*% "#=&((& +&4
*%!+#40#%&4[ 02% ,& /&4/ +& 02%2,,!,$4"& ^ 5#"02%2$4#( +&4 +%#$/&4 NzE^,_[ +&*: ] +&*:
0#*% /#*4 ,&4 $4#,2/4_[ 2 +#((! ,&4 %!4*,/2/4 0%!4&(/!4 +2(4 ,&4 /2.,&2*: L &/ ID

N&4 0&(/&4 &/ ,&4 )2%$2(5&4 5#%%&40#(+2(/ ] 5<26*& $4#,2/ 4#(/ /%G4 %200%#5<!&4[
$(+$6*2(/ 6*& ,&4 +%#$/&4 Nz E ^ , _ 4#(/ 0,*4 #* "#$(4 02%2,,G,&4 &/ 5&,2 0#*% /#*4 ,&4
$4#,2/4 !/*+$!4D >$(4$ 0#*% /#*4 ,&4 $4#,2/4[ ,& ` #.4&%)! &4/ ,2%3&"&(/ $(E!%$&*% 2* `
/<!#%$6*& ^`2.,DI_[ $(+$6*2(/ 6*& ,-<=0#/<G4& +& +!02%/ ^&:$4/&(5& +-*(& +$EE!%&(5&
4$3($E$52/$)& &(/%& ,&4 $4#,2/4_ &4/ %&b&/!&D

N&4 #.4&%)2/$#(4 "$5%#45#0$6*&4 +&4 UU $4#,2/4 + A ()%)*& ,*-*& #(/ "#(/%!
,-&:$4/&(5& +-*%!+#40#%&4 +& +&*: /=0&4 .$&( +$4/$(5/&4[ ] 42)#$% ,2 E#%"& %#(+&[ 2)&5
(#/2""&(/ *( 0#*%5&(/23& )2%$2(/ &(/%& LW &/ LI \ &/ ,2 E#%"& &,,$04#s+2,&[ 2)&5 *( /2*:
+& KU ] KW \ ^ T$3D Y _D
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///PZPZP^<<WCJBOJJCAD

N&4 +$"&(4$#(4 #./&(*&4 02% ,2 "&(4*%2/$#( +&4 *%!+#40#%&4 +&4 UU $4#,2/4 +& %#*$,,&
%!5#,/!4 4*% +&4 EG)&4 JE!)&%#,& "2($E&4/2(/ +&4 2//26*&4 02% 5& 5<2"0$3(#([
5#%%&40#(+&(/ 02%E2$/&"&(/ 2*: +$"&(4$#(4 +A / ()%)*&+,*-*& %200#%/!&4 02% S*=#/[
^UZWL_ &/ P2%$#/[ ^UZHI _ &/ 5#(E$%"!&4 02% >$/ F442+ &/ >c$%$[ ^UZZZ_D

N&4 "&(4*%2/$#(4 +& ,2 ,2%3&*% &/ ,2 ,#(3*&*% +&4 *%!+#40#%&4 (-2 %!)!,![ 6*2(/ ]
&,,&[ 2*5*(& +$EE!%&(5& 244&c 4$3($E$52/$)& &(/%& ,&4 UU $4#,2/4 +& 5& 5<2"0$3(#(D '( &EE&/[
&( 5#"02%2(/ +&*: ] +&*: ,&4 +%#$/&4 NzE^,_ 5#%%&40#(+2(/ ] 5<26*& $4#,2/[ ,& /&4/ +&
02%2,,!,$4"& (-2 024 +!/&5/! +& +$EE!%&(5& 4$3($E$52/$)& ^ `2.,D L &/ I _D 9#*% /#*4 ,&4
$4#,2/4[ ,& ` #.4&%)! &4/ ,2%3&"&(/ $(E!%$&*% 2* ` /<!#%$6*&[ $(+$6*2(/ 2$(4$ *(& 3%2(+&
4$"$,$/*+& &(/%& ,&4 +%#$/&4 NzE^,_ &/ 02% 5#(4!6*&(/[ *(& 4$"$,$/*+& &(/%& ,&4 UU $4#,2/4 +-
 !"#$%&' ()%)*&+,*-*&D 92% 2$,,&*%4[ ,-2(2,=4& +&4 %200#%/4 ^ N J , _[ 2 +#((! +&4 %!4*,/2/4
/%G4 %200%#5<!4 5#(E$%"2(/ ,&4 0%!5!+&(/&4 #.4&%)2/$#(4D

O&4 %!4*,/2/4 5#(E$%"&(/ ,&4 +#((!&4 #./&(*&4 02% >$/ F442+ &/ >c$%$ ^UZZZ_ 6*$ #(/
5<&%5<! *(& +$EE!%&(5& &(/%& ,&4 $4#,2/4 5#,,&5/!4 4*% ,2 EG)&D '32,,&"&(/[ S*=#/ ^UZWL_ 2
&442=! +& /%#*)&% *(& +$EE!%&(5& &(/%& ,&4 $4#,2/4 5#,,&5/&% 4*% ,&4 +$EE!%&(/&4 &40G5&4
<1/&4D O& +&%($&% 2[ +& 5& E2$/[ 2EE$%"! (-2)#$% 5#(4/2/! 2*5*(& +$EE!%&(5& 4$3($E$52/$)& 4*%
,& 0,2( "#%0<#,#3$6*& 6*&,6*& 4#$/ ,2 0,2(/& <1/& ] 02%/$% +& ,26*&,,& ,-$4#,2/ 2 !/! %!5#,/!D
>*5*(& +$EE!%&(5& 244&c 4$3($E$52/$)& (-&4/ +#(5 %&5#((*& 0#*% 5&//& &40G5&[ 6*& 5& 4#$/
0#*% ,&4 E#%"&4 $(/&%j40&5$E$6*&4 #* $(/%2j40&5$E$6*&4D O&4 *%!+#40#%&4 4#(/ +& 4/%*5/*%&
/%G4 $(!32,& d 5& 6*$ 2 0&%"$4 ] S*=#/[ ^UZVI_ +& ,&4 5,244&% +2(4 ,2 4!5/$#( +&4 F!*'')+
 !"#$%&'D @(& +$EE!%&(5& *,/%2 j 4/%*5/*%2,& 0#*%%2$/ (!2("#$(4 &:$4/&% &/ 02% ,2 "o"& 4&
"2($E&4/&% &( "$5%#45#0$& !,&5/%#($6*&[ 5#""& 5-&4/ ,& 524 +2(4 5&%/2$(&4 %#*$,,&4D '(
&EE&/[ *(& ,!3G%& )2%$2.$,$/! *,/%2j4/%*5/*%2,& 2 !/! "$4& &( !)$+&(5& 0#*% ,&4 /&,$#40#%&4 +&
12%%)3)* #&3:=*& ^'+i2%+4 &/ *.D[ UZZZ_D O&4 )2%$2/$#(4 *,/%2j 4/%*5/*%2,&4 +&4 /&,$#40#%&4
,#%46*-&,,&4 4#(/ +!/&5/!&4 0&*)&(/ 4&%)$% +& "2%6*&*%4 "#%0<#,#3$6*&4 ^'+i2%+4 &/ *.
D[UZZZ_D

C&4 "*/2/$#(4 +2(4 ,2 5#*,&*% +&4 40#%&4 +& %#*$,,&4 +!5&,!&4 0!%$#+$6*&"&(/
0&*)&(/ !32,&"&(/[ E2$%& ,-#.b&/ +& "2%6*&*%4 "#%0<#,#3$6*&4 0#*% ,-!/*+& +& ,2 +$)&%4$/!
3!(!/$6*& +& 5& 5<2"0$3(#( ^ ?*%+#([ UZZV_D
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92% 2$,,&*%4[ 2*5*(& )2%$2.$,$/! (-2 !/! +!/&5/!& +2(4 ,& 0#*%5&(/23& +&4 +&*: E#%"&4
+-*%!+#40#%&4D 9#*% /#*4 ,&4 $4#,2/4[ ,& 0#*%5&(/23& +&4 E#%"&4 %#(+&4 &/ &,,$04#s+&4 &4/
%&40&5/$)&"&(/ 4$/*! 2*/#*% +& LW \ &/ KW \D N& /=0&[ *%!+#40#%&4 +& E#%"& %#(+&[ &4/
02%/$5*,$G%&"&(/ 2+20/! 2* /%2(40#%/ !#,$&([ +* E2$/ +& ,2 (!3,$3&2.,& %!4$4/2(5& +& E%$5/$#(
] ,-2$% +& 5&4 40#%&4D O&//& 52%25/!%$4/$6*& ,&4 &"0o5<& +& 4!+$"&(/&%[ 5& 6*$ 0&%"&/ 2*:
0&%/*%.2/$#(4 2/"#40<!%$6*&4 +& ,&4 0%&(+%& &( 5<2%3& ^725<&[ UZZW[ UZZX_D O&//& E#%/&
0%!4&(5& +& ,2 E#%"& %#(+& &4/ +#(5 ] ,-#%$3$(& +& ,2 /%G4 3%2(+& 52025$/! +&
+$44!"$(2/$#( +& 5& 5<2"0$3(#(D N2 +$44!"$(2/$#( ] ,#(3*& +$4/2(5& +& 5&4 40#%&4
4&%2$/ %&40#(42.,& +& ,2 +$)&%4$/! %25$2,& +&4 0#0*,2/$#(4 +& 5&//& %#*$,,&D >$(4$[ &,,& 4&%2$/
5#"02%2.,& ] ,2 %#*$,,& (#$%&[ +#(/ ,2 52025$/! +& +$44!"$(2/$#( &4/ ] ,-#%$3$(& +* /%2(4E&%/
+& 3G(&4 +-*(& 0#0*,2/$#( ] ,-2*/%&[ )#$%& "o"&[ +-*( 02=4 ] ,-2*/%& ^h20$,,=[ UZZU_
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///PZP^PZ< d?NJEDLFLCAD IEJ ?NJOHLFLJ

N&4 *%!+#40#%&4 +-  / ()%)*&+,*-*& 0,25!&4 +2(4 +&4 ,2"&4 5%&*4&4 45&,,!&4[ 3&%"&(/
(#%"2,&"&(/ ^T$3D L_D O&0&(+2(/[ ,& /2*: +& 3&%"$(2/$#( +& 5&4 *%!+#40#%&4 &4/ /%$.*/2$%&
+& ,2 +*%!& +& ,&*% 5#(4&%)2/$#( &/ +&4 /&"0!%2/*%&4 2*: 6*-&,,&4 &,,&4 4#(/ !/! &:0#4!&4
+*%2(/ 5&//& 0!%$#+& +& 5#(4&%)2/$#(D N&4 *%!+#40#%&4 E%2Q5<&"&(/ %!5#,/!&4 2=2(/ 4&%)$
+& /!"#$([ #(/ "#(/%! *(& "&$,,&*%& )$/2,$/!D '( &EE&/[ 0#*% /#*4 ,&4 $4#,2/4[ ,& /2*: +&
3&%"$(2/$#( !/2$/ +-&()$%#( ZW \D

N&4 +#((!&4 +&4 #.4&%)2/$#(4 #(/ 4&%)$ ] ,-!,2.#%2/$#( +&4 /2.,&2*: U[ K[ V[ X[ W[ Y &/
L E$3*%2(/ &( 2((&:& U &/ ] ,2 5#(4/%*5/$#( 4#*4 '{O'N +&4 <$4/#3%2""&4 +&4 E$3*%&4 I[
Z[ UH[ UU[ UK[ UV &/ UXD

N&4 2(2,=4&4 4/2/$4/$6*&4 02% ,& /&4/ +& ,2 )2%$2(5&[ #(/ %!)!,! *(& +$EE!%&(5& (#(
4$3($E$52/$)& 0#*% ,& E25/&*% $4#,2/ ^024 +& +$EE!%&(5& &(/%& ,&4 UU $4#,2/4 +f / ()%)*&+ ,*-*&I
&/ 5& 6*&,,& 6*& 4#$/ ,2 +*%!& +& 5#(4&%)2/$#( ^2((&:& K `2. U[ K[ V[ X[ W[ Y &/ L_D w*2(/
2*: +&*: 2*/%&4 E25/&*%4[ (#/2""&(/ ,2 /&"0!%2/*%& ^2)&5 4&4 V ($)&2*: `U z jKHtO[ `Kz
XtO &/ `Vd /&"0!%2/*%& UIt5 _ &/ ,& /%2$/&"&(/ 02% ,2)23& ^2)&5 4&4 K ($)&2*: [ >aN 8
2)2(/ ,2)23& &/ >9N 8 20%G4 ,2)23&_[ ,f2(2,=4& 2 "#(/%! *(& +$EE!%&(5& <2*/&"&(/
4$3($E$52/$)&D ',,& 2 !32,&"&(/ %!)!,! *(& +$EE!%&(5& 4$3($E$52/$)&[ 0#*% ,-$(/&%25/$#( &(/%&
5&4 +&*: +&%($&%4 E25/&*%4D
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N& /&4/ +& B&i"2( &/ R&*,4 2 %!)!,! ,2 0%!4&(5& +& 3%#*0&4 <#"#3G(&4 .$&(
+$4/$(5/4 0#*% ,&4 E25/&*%4 2=2(/ &(%&3$4/%! +&4 +$EE!%&(5&4 4$3($E$52/$)&4D >$(4$[ ,2
/&"0!%2/*%& +& 5#(4&%)2/$#( 4& +$4/$(3*& 2)&5 V 3%#*0&4 +#(/ 5<26*& /&"0!%2/*%&
5#(4/$/*& *( 3%#*0& ] 02%/ &/ ,& /%2$/&"&(/ 02% ,2)23&[ "#(/%& K 3%#*0&4 +$4/$(5/4D
Nf$(/&%25/$#( &(/%& 5&4 +&*: E25/&*%4 2 !32,&"&(/ %!)!,! ,f&:$4/&(5& +& 3%#*0&4
<#"#3G(&4 ^>((&:& K[ `2.,DI ] UY_D

N&4 %!4*,/2/4 #(/ 0&%"$4 +#(5 +& 5,244&% 4&,#( ,&4 E25/&*%4 !/*+$!4[ +$EE!%&(/4 ($)&2*:
02% #%+%& +f&EE$525$/! 4*% ,2 +*%!& +& )$2.$,$/! &/ +* 0#*)#$% $(E&5/$&*: +&4 *%!+#40#%&4D
>$(4$[ ,&4 /&"0!%2/*%&4 4#(/ 5,244!&4 02% #%+%& +f&EE$5$&(5& 5#""& 4*$/ 8 `U^jKHtO_[
`K^XtO_ &/ `V^UItO_ d /#*4 ,&4 /%2$/&"&(/4 20%G4 ,2)23& ^ >9N_ #(/ !/! 0,*4 &EE$525&4 02%
%200#%/ 2* /%2$/&"&(/ 2)2(/ ,2)23& ^>aN_D

'( &EE&/[ 20%G4 *(& 4&"2$(& +& 5#(4&%)2/$#( 2*: /&"0!%2/*%&4 +& jKHtO &/ X tO[ ,&4
*%!+#40#%&4 +& /#*4 ,&4 $4#,2/4 #(/ %!)!,! *( /2*: !,&)! +& 3&%"$(2/$#([ &4/$"!
%&40&5/$)&"&(/ ] ZH\ &/ ] IL\ &()$%#(D O&4 /2*: +& 3&%"$(2/$#( +&4 *%!+#40#%&4 #(/
!/! 2"!,$#%!4 02% ,& ,2)23& 0&(+2(/ UK< 2* "#=&( +-*( 5#*%2(/ +-&2* +$4/$,,!& E%#$+&D
>$(4$[ *( /2*: +& ZW\ 2 !/! 2//&$(/ 0#*% ,&4 +&*: /&"0!%2/*%&4 +& 5#(4&%)2/$#( ^ T$3D I _D
O& /2*: !,&)! +& 3&%"$(2/$#( 4-&4/ 52%25/!%$4! 02% *(& .#((& 52025$/! +- $(E&5/$#( +&4
0,2(/4 +& EG)& $(#5*,!4[ +#(/ ,& 0#*)#$% $(E&5/$&*: &4/ (#/! +2(4 ,&4 /2.,&2*: +& ,- 2((&:&
U[ 02% ,& 4$3(& ^|_ &/ "2/!%$2,$4! 02% +&4 <25<*%&4 4*% ,-<$4/#3%2""& +& ,2 E$3*%& ID

w*2(/ 2*: *%!+#40#%&4 4/#5k!&4 ] ,2 /&"0!%2/*%& 2".$2(/&[ &,,&4 #(/ 0&%+* ,&*%
)$2.$,$/! 2* .#*/ +-*(& 4&"2$(&D >0%G4 ,2)23& ] ,-&2* E%#$+&[ 5&,,&4j5$ #(/ "#(/%! *( /%G4
E2$.,& /2*: +& 3&%"$(2/$#([ +& ,-#%+%& +& KW \ *($6*&"&(/ &/ *( &EE&/ ,!3G%&"&(/
200%!5$2.,& 4*% ,& 0#*)#$% $(E&5/$&*: ^E$3DI &/ /2.,DU +& ,-2((&:&U_D >0%G4 +&*: 4&"2$(&4[
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,&4 *%!+#40#%&4 #(/ /#/2,&"&(/ 0&%+* ,&*% )$2.$,$/! &/ ,&*% 0#*)#$% $(E&5/$&*:[ "2,3%! ,&*%
,2)23& ] ,-&2* E%#$+&D

>0%G4 0,*4$&*%4 4&"2$(&4[ ,&4 *%!+#40#%&4 5#(4&%)!&4 ] Xt O #(/ 5#""&(5!
0%#3%&44$)&"&(/ ] 0&%+%& ,&*% 0#*)#$% 3&%"$(2/$E 2$(4$ 6*& ,&*% 52025$/! ] $(+*$%& +&4
,!4$#(4 4="0/#"2/$6*&4D N& 0#*)#$% $(E&5/$&*: 4-&4/ +!3%2+! &( 02%/$5*,$&% 20%G4 UK
4&"2$(&4 +& 5#(4&%)2/$#([ 0#*% +&)&($% (*, 20%G4 UY 4&"2$(&4[ .$&( 6*& ,& 0#*%5&(/23&
+& 3&%"$(2/$#( 4#$/ %&40&5/$)&"&(/ 4*0!%$&*% ] WH\ ^UK 4&"2$(&4_ &/ ] KH\ ^UY
4&"2$(&4_D

N& ,2)23& +&4 40#%&4 2 02% 2$,,&*%4 0&%"$4 +-2"!,$#%&% ,&*% 52025$/! 3&%"$(2/$)&[ &(
2*3"&(/2(/ ,&*% 0#*%5&(/23& +& 3&%"$(2/$#( +& YH\ ] 0%G4 +& ZH\ 20%G4 UK 4&"2$(&4
^T$3UK_ &/ +& KH\ ] VH\ UY 4&"2$(&4 20%G4D O&0&(+2(/[ +2(4 5& +&%($&% 524[ ,& ,2)23&
(-2 024 0* 2)#$% +-&EE&/ 4*% ,& 0#*)#$% $(E&5/$&*: +&4 *%!+#40#%&4D

>* .#*/ +& KH 4&"2$(&4 +& 4/#5k23&[ ,&4 40#%&4 5#(4&%)!&4 ] l KHtO #(/ !32,&"&(/
4*.$ *(& +!/!%$#%2/$#( +* 0#*)#$% 3&%"$(2/$E &/ +* 0#*)#$% $(E&5/$&*:D N2 )$2.$,$/! &4/
+&)&(*& (*,,&[ "2,3%! ,&*% ,2)23& ] ,-&2* E%#$+&[ 6*$ 2 0,*4 #* "#$(4 0&%"$4 +& %&4/$/*&%
2*: 40#%&4 ,& 0#*)#$% 3&%"$(2/$E[ "2$4 42(4 /#*/&E#$4 2)#$% +-$(5$+&(5& 4*% ,& 0#*)#$%
$(E&5/$&*: ^T$3D UX_D

4)5/ W 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A / ()%)*&+ ,*-* &: .&2! 9"2(")!

)3,&%:)&2N *9!O' 23& '&#*)3& @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF Y

JUXF D :&#9<!*:2!& *#-)*3:&I
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)3,&%:)&2N *9!O' @&2N '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF Y

JUXF D :&#9<!*:2!& *#-)*3:&I/

4)5/ 6U 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A /()%)*+,*-* &: .&2! 9"2(")!

)3,&%:)&2N *9!O' [2*:!& '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF

Y JUXF D :&#9<!*:2!& *#-)*3:&
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4)5/ 66 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A /()%)*+ ,*-* &: .&2! 9"2(")!

)3,&%:)&2N *9!O' =2): '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF Y

JUXF D :&#9<!*:2!& *#-)*3:&I/

4)5/ 6J 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A /()%)*&+,*-* &: .&2! 9"2(")!

)3,&%:)&2N *9!O' @"2\& '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF

Y JUXF D :&#9<!*:2!& *#-)*3:&I/
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4)5/ 6K 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A /()%)*&+,*-* &: .&2! 9"2(")!

)3,&%:)&2N *9!O' '&)\& '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF

Y JUXF D :&#9<!*:2!& *#-)*3:&I/

4)5/ 6M 7 1"2!%&3:*5& @& 5&!#)3*:)"3 @&' 2!<@"'9"!&' @A /()%)*&/,*-* &: .&2 9"2(")!

)3,&%:)&2N *9!O' ()35: '&#*)3&' @& %"3'&!(*:)"3 *2N :&#9<!*:2!&' @& +JUXF0 MXF &: 6WXF Y

JUXF D :&#9<!*:2!& *#-)*3:&I/
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>0%G4 *(& 4&"2$(& +& 5#(4&%)2/$#([ ,&4 *%!+#40#%&4 4/#5k!&4 ] jKH &/ X t5 #(/ 32%+!
%&,2/$)&"&(/ ,&*% 0#*)#$% 3&%"$(2/$E[ &4/$"! 200%#:$"2/$)&"&(/ ] ZW\ &/ ZH\[ 5#"02%!
2* /2*: 3&%"$(2/$E +&4 *%!+#40#%&4 E%2Q5<&"&(/ %!5#,/!&4 ^ZW \_D '( &EE&/[ ,&4 40#%&4 +&
5<2"0$3(#(4 .$#/%#0<&4 4#(/ 5#((*&4 0#*% *( 0#/&(/$&, "!/2.#,$6*& .24 4& /%2+*$42(/
02% *(& E2$.,& 5<2%3& !(&%3!/$6*&D O&/ !/2/ #EE%& ] 5& /=0& +& 40#%&4 *(& ,#(3!)$/! +*
0#*)#$% 3&%"$(2/$E &/ $(E&5/$&*:[ (#/2""&(/ ,#%46*& 5&4 *%!+#40#%&4 4#(/ &:0#4!&4 2*:
.244&4 /&"0!%2/*%&4 ^a2(j P&&4 j?#*k&"2 &/ A#+#k4[ UZIY d 7/20,&4 &/  25k#[UZIX $(
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u23(&% &/ *.D[ UZZX _D O& 0#/&(/$&, "!/2.#,$6*& %!+*$/[ 52%25/!%$42(/ ,&4 40#%&4 +& %#*$,,&4[
&4/ +* 2*: 5#(+$/$#(4 +& +!4<=+%2/2/$#( 6*& 4*.$44&(/ 5&4 40#%&4 2* 5#*%4 +* 0%#5&44*4
+& "2/*%2/$#(D N2 ,#(3!)$/! +* 0#*)#$% 3&%"$(2/$E &/ ,2 52025$/! $(E&5/$&*4& 4#(/ 2*44$
2EE&5/!&4 02% *(& &:0#4$/$#( 2*: /2*: !,&)!4 +-<*"$+$/! ^7*442" &/ C#*/<$/&[UZLV_D

92% 2$,,&*%4[ *(& &:0#4$/$#( ] 5&%/2$(4 2,!24[ /&,4 6*& ,&4 %2=#(4 4#,2$%&4 ^O,&"&(/ &/
*./0UZZI_ &/ 5&%/2$(&4 5#(+$/$#(4 0%!)2,2(/ 2* 5#*%4 +& ,2 40#%#3&(G4&[ 2*%2$&(/
!32,&"&(/ *(& 25/$#( (!32/$)& 4*% ,2 )$2.$,$/! +&4 *%!+#40#%&4D > /$/%& +-&:&"0,& ,&4
40#%&4 0%#+*$/&4 ] *(& /&"0!%2/*%& +!02442(/ ,&4 KWtO[ 2*%#(/ *( 0,*4 E2$.,& 0#*)#$%
3&%"$(2/$E 02% %200#%/ ] 5&,,&4 0%#+*$/&4 ] KHtO ^75<&$( &/ h#/&"[ UZYW &/ 75<&$([ UZYK_D
O&//& +!/!%$#%2/$#( +& ,2 )$2.$,$/! &4/ +2)2(/23& 255&(/*!& ] *(& ,#(3*& &:0#4$/$#( ] 5&4
2,!24D O&5$ &4/ )%2$ 0#*% ,2 "2b#%$/! +&4 12%%)3)*%&*&[ (#/2""&(/ ,&4 &40G5&4 +&4
3&(%&4 12%%)3)* &/  !"#$%&' ^ 725<&[ UZZW_D

O-&4/ 2$(4$ 6*& ,&4 40#%&4 e3!&4 +& 5&4 &40G5&4 +& %#*$,,&4[ %!5#,/!&4 4*% +& )$&$,,&4
E&*$,,&4[ "2($E&4/&(/ *(& $"0#%/2(/& 5<*/& +& ,&*% )$2.$,$/![ 5#"02%2/$)&"&(/ 2*:
*%!+#40#%&4 %!5#,/!&4 E%2Q5<&"&(/ 4*% +& b&*(&4 E&*$,,&4 ^A2+#k &/ *./0UZIY $( u23(&% &/
*./0 UZZV &/ F"<#EE &/ *./0 UZIU_D

7*% ,& 0,2( !(&%3!/$6*&[ +*%2(/ ,&4 /#*/&4 0%&"$G%&4 0<24&4 +-25/$)2/$#( +& ,2
3&%"$(2/$#( +&4 40#%&4[ 02%/$5*,$G%&"&(/ ,-$".$.$/$#( +& 5&,,&4j5$[ $, 2 !/! "#(/%! *(&
25/$)2/$#( +& ,-!(&%3$& "!/2.#,$6*& %&0%!4&(/!& 02% ,->`9D O&,,&j5$ &4/ 4*$)$& &( 4&5#(+&
!/20& 02% *(& 0%#+*5/$#( &EE$5$&(/& +&4 X (*5,!#4$+&4j0<#40<2/&4 2//&$3(2(/ 4#(
"2:$"*" 20%G4 UK < +-$".$.$/$#(D O&//& 255*"*,2/$#( +&4 (*5,!#/$+&4 4*33!%&%2$/ ,2
0%!02%2/$#( +* "!/2.#,$4"& ] ,2 .$#4=(/<G4& +&4 0%#/!$(&4 &/ +&4 25$+&4 (*5,!$6*&4 ^
u23(&% &/ *./0UZZX_D

9#*% (#".%& +& 5&4 %2$4#(4[ ,&4 40#%&4 2=2(/ !/! 5#(4&%)!&4 ] ,2 /&"0!%2/*%&
2".$2(/& 2*%2$&(/ 4*.$ *(& 0&%/& +* 0#*)#$% 3&%"$(2/$E &:0%$"![ "o"& 20%G4 ,2)23&[ 02%
,& E2$.,& /2*: +& KW\ &/ 2*%2$&(/ /#/2,&"&(/ 0&%+* ,&*% 0#*)#$% $(E&5/$&*: 2* .#*/ +-*(&
4&"2$(& +& 5#(4&%)2/$#(D O&4 /=0&4 +& 40#%&4 (-#(/[ +& 5& E2$/[ 024 0* $(+*$%& +& ,!4$#(4
4*% ,&4 0,2(/4 $(#5*,!4D '( &EE&/[ ,&4 40#%&4 +& %#*$,,& )$&$,,$442(/&4[ &( %2$4#( +& ,2 ,#(3*&
0!%$#+& +& 5#(4&%)2/$#( &/ J #* +&4 5#(+$/$#(4 $(2+!6*2/&4 +& 4/#5k23&[ 4*.$44&(/ *(&
%!+*5/$#( 5#(4$+!%2.,& +2(4 ,& 0##, !(&%3!/$6*&[ (#/2""&(/ +2(4 ,2 E%25/$#( /#/2,& +&4
(*5,!#/$+&4D O-&4/ 2$(4$ 6*& ,& 4/#5k23& +-*%!+#40#%&4 0&(+2(/ 0%G4 +& V "#$4 ] ,2
/&"0!%2/*%& +& XtO 2 %!+*$/ ,& 0#*)#$% 3&%"$(2/$E +& 0,*4 +& KW\ ^u23(&% &/ *.D[ UZZV_D
O&4 2*/&*%4 #(/ 0* /%#*)&% *(& 5#%%!,2/$#( 0#4$/$)& &(/%& ,& %2/$# (*5,!#4$+&4 J (*5,!#/$+&4
&/ ,& 0#*)#$% 3&%"$(2/$ED F,4 #(/ !32,&"&(/ %&"2%6*! *(& E2$.,& 5#%%!,2/$#( &(/%& ,& %2/$#
>`9 J >C9 &/ ,& /2*: 3&%"$(2/$E &/ *(& 5#%%!,2/$#( (!32/$)& &(/%& ,2 3&%"$(2/$#( &/ ,&
5#(/&(* +&4 40#%&4 &( (*5,!#/$+&4D O&4 +$EE!%&(/4 /=0&4 +& 5#%%!,2/$#( $(+$6*&(/ 6*&
,-!(&%3$& &""2324$(!& 4#*4 E#%"& +->`9 (-&4/ 024 *( 02%2"G/%& $"0#%/2(/ +2(4 ,-!/2/
!(&%3!/$6*& +&4 *%!+#40#%&4[ /2(+$4 6*& ,&4 (*5,!#4$+&4 4&%2$&(/ ] ,-#%$3$(& +* 0##,
!(&%3!/$6*& +$40#($.,& 2* 5#*%4 +* 0%#5&44*4 +& ,2 3&%"$(2/$#(D

N&4 *%!+#40#%&4 4/#5k!&4 ] XtO #(/ 0* 4*%)$)%& &()$%#( V "#$4[ "o"& 2)&5 *(&
%!+*5/$#( +& VH\ +& ,&*% 0#*)#$% 3&%"$(2/$E[ 42(4 0#*)#$% 52*4&% +-$(E&5/$#(D 92% 5#(/%&[
5&,,&4 6*$ #(/ !/! 4/#5k!&4 ] jKHtO #(/ )* ,&*% 0#*)#$% $(E&5/$&*: %!+*$/ ] c!%# 2* .#*/ +&
W "#$4 +& 5#(4&%)2/$#( &/ 5&[ "2,3%! ,&*% 0#*%5&(/23& +& 3&%"$(2/$#([ &4/$"! ] &()$%#(

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

XY



VH\D O&5$ &4/ 0%#.2.,&"&(/ +g 2* "2(6*& +& %!4&%)&4 !(&%3!/$6*&4 +&4 *%!+#40#%&4[
%&0%!4&(/!&4 02% ,&4 %2/$#4 (*5,!#4$+&4 J (*5,!#/$+&4 &/ >`9 J>C9D O&4 %!4&%)&4 4&%2$&(/
$(4*EE$42(/&4 0#*% &(5,&(5<&% ,&4 !)G(&"&(/4 4*55!+2(/ ] ,2 3&%"$(2/$#([ ] 42)#$%[ ,2
E#%"2/$#( +-200%&44#%$2[ +-<=0<&4 +& 0!(!/%2/$#( &/ +& "=5!,$*" $(/&%5&,,*,2$%&D C2(4 ,&
0%#5&44*4 +-$(E&5/$#([ 5&4 /%#$4 !/20&4 4#(/[ 2)2(/ ,2 E#%"2/$#( +&4 <2*4/#%$2[ /#/2,&"&(/
/%$.*/2$%&4 +* 0#/&(/$&, !(&%3!/$6*& +&4 40#%&4 ^ P&$,,&% &/ *./0 UZZV _ D N-$(&EE$5$&(5& +& ,2
/#/2,$/! +&4 40#%&4 0%#+*$/&4 +2(4 ,2 "o"& 4#%&[ 4&%2$/ !32,&"&(/ ] ,-#%$3$(& +* "2(6*&
+& )$3*&*% +& 5&4 *%!+#40#%&4D O-&4/ 2$(4$ 6*& 02%"$ ,&4 *%!+#40#%&4 E%2Q5<&"&(/
%!5#,/!&4[ UH\ 4&*,&"&(/ 2*%#(/ ,2 52025$/! +& 0%#+*$%& +&4 0*4/*,&4 40#%*,2(/ 4*% ,-<1/&
$(#5*,! ^ 725<&[ UZZW_D '( %2$4#( +& ,-!5<&,#((&"&(/ +2(4 ,& /&"04[ +& ,2 0%#+*5/$#( &/
+& ,2 "2/*%2/$#( +&4 *%!+#40#%&4[ +2(4 *(& "o"& 0*4/*,&[ #( 0&*/ 2$(4$ /%#*)&% +&4
40#%&4 "g%&4[ +&4 40#%&4 $""2/*%&4 &/ "o"& +& )$&$,,&4 40#%&4 6*$ #(/ 02%E#$4 2//&$(/ ,&
4/2+& /!,$#40#%&D

>$(4$[ ,& 4*55G4 +& ,-$(E&5/$#( 02% ,&4 *%!+#40#%&4 +!0&(+ +-*(& &EE$5$&(5& +& ,2
3&%"$(2/$#(D O&//& +&%($G%& &4/ 5#(+$/$#((!& 02% ,-25/$)2/$#( +* "!/2.#,$4"& ^S%2.# &/
u23(&%[UZZU_ +&4 255*"*,2/4 &""2324$(!4 2* 5#*%4 +& ,2 40#%#3!(G4& ^u23(&% &/ *.D[
UZZV_ &/ +&4 5#(+$/$#(4 0%!)2,2(/ +*%2(/ ,2 "2/*%2/$#( +&4 40#%&4 ^ 725<&[UZZW_D

N& 0#/&(/$&, "!/2.#,$6*& %!+*$/ +&4 40#%&4 +& %#*$,,&4[ &4/ &( &EE&/ +!E$($ 02% ,&4
5#(+$/$#(4 4*4 5$/!&4D F, &4/ !32,&"&(/ /%$.*/2$%& +&4 5#(+$/$#(4 +& +!4<=+%2/2/$#(
$(/&%)&(2(/ 2* 5#*%4 +& ,2 40#%#3!(G4& ^7*442" &/ C#*/<$/&[UZLV _ &/ +&4 4*.4/2(5&4
$(<$.$/%$5&4 +& ,2 3&%"$(2/$#([ !,2.#%!&4 2* 5#*%4 +* 0%#5&44*4 +-!)#,*/$#( +&4
*%!+#40#%&4^ 7/20,&4 &/  25k#[ UZIX du#,E[ UZIK $( u23(&% &/ *.D[ UZZV_D N2 4=(/<G4& +&
5&4 2*/#j $(<$.$/&*%4 &4/ !,&)!& ] "&4*%& 6*& ,&4 *%!+#40#%&4 4#(/ 5#(4&%)!&4[
(#/2""&(/[ &( "2*)2$4&4 5#(+$/$#(4 ^  25k# &/ *.D[ UZLK_

'( &EE&/[ ,2 3&%"$(2/$#( +&4 *%!+#40#%&4 &4/ $(<$.!& 02% 5&4 4*.4/2(5&4 !"$4&4 +2(4
,& "$,$&* &()$%#((2(/[ ,#%46*& 5&,,&4j5$ E,#//&(/ &( 2"24 +&(4& +2(4 *( "$,$&* 26*&*:D
O-&4/ +#(5 2* "#"&(/ +& ,-<=+%2/2/$#( +&4 *%!+#40#%&4 6*-&,,&4 4#(/ +!)&%4!&4 +2(4 ,&
"$,$&* &()$%#((2(/ ^M#(&4 &/ P2.*%2([ UZYZ &/ >,,&( &/ *./0 UZLU_D O& 4#(/ 0#*% ,2 0,*02%/
+&4 +!%$)!4 +-25$+& 5$(2""#"$6*&[ ] 42)#$% ,& XjP=+%#:=jVj"&/<#:= 5$((2"2/& &/ ,&
"&/<=, VjXj+$ "&/<#:= 5$((2"2/& ^7/20,&4[ UZYI &/ 7/20,&4 &/ *./0 UZYK[ $(  25k# &/
7/20,&4[ UZLK_ &/ 0#*% 5&%/2$(&4 &40G5&4[ +* "&/<=, 5$4 E&%*,2/& ^ 75<%#s+&% &/
P244&.%2(k[ UZYX $(  25k# &/ *.D[ UZLK_D '( ,-2.4&(5& +& 5&4 4*.4/2(5&4[ ,2 3&%"$(2/$#(
5#""&(5&%2$/ 02% ,2 +$3&4/$#( +&4 02%#$4[ 0%G4 +* 5=/#0,24"&[ 2,,2(/ 0%#3%&44$)&"&(/
)&%4 ,2 4#%/$& +* 0#%& 3&%"$(2/$ED F, 4&".,&%2$/ +#(5 6*& 5&4 4*.4/2(5&4 2*/#j$(<$.$/%$5&4
#(/ *(& 25/$#( 4*% ,&4 &(c="&4[ %&40#(42.,&4 +& ,2 +$44#,*/$#( +* 0#%& 3&%"$(2/$E ^
72"*&, &/ *.D[ UZLW_

O&4 4*.4/2(5&4 4#(/ !,$"$(!&4 02% 4$"0,& ,2)23& ] ,-&2* E%#$+& ^  25k# &/ *.D[ UZLK[
u23(&% &/ *.D[ UZZV_D O& 6*$ &:0,$6*&%2$/ ,& 32$( +& )$3*&*% &(%&3$4/%![ (#/2""&(/[ 5<&c
,&4 !5<2(/$,,#(4 2=2(/ 4*.$ +&4 ,2)23&4 ] ,-&2* +$4/$,,!& E%#$+&[ 6*&,6*& 4#$&(/ ,2
/&"0!%2/*%& &/ ,2 +*%!& +& 5#(4&%)2/$#( +&4 40#%&4D

F, &4/ +#(5 (!5&442$%& +& %&5#(4/$/*&% ,&4 4#*5<&4 2)2(/ 6*-&,,&4 (& 0&%+&(/
/#/2,&"&(/ ,&*% )$3*&*%D C& 0%!E!%&(5&[ 20%G4 X "#$4 +& 5#(4&%)2/$#( ] ,2 /&"0!%2/*%& +&
jKHtO ^5#(3!,2/&*%_[ #* .$&( 2)2(/ &/ K "#$4 +& 5#(4&%)2/$#( ] XtOD C2(4 5&4 5#(+$/$#(4[

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

XL



,#%46*& ,&4 !5<2(/$,,#(4 5#""&(5&(/ ] 0&%+%& +& ,&*% )$2.$,$/![ $, 4&%2$/ %&5#""2(+!
+-&EE&5/*&% *( ,2)23& +&4 40#%&4 ] ,-&2* E%#$+&[ 0#*% !,$"$(&% ,&4 4*.4/2(5&4 $(<$.$/%$5&4
+& ,2 3&%"$(2/$#( &/ 0&%"&//%& *( 32$( +& )$3*&*% +-&()$%#( KW\D

>*5*(& )2%$2.$,$/! &(/%& ,&4 $4#,2/4 (-2 !/! +!/&5/!& 0#*% ,&4 UU $4#,2/4 !/*+$!4D '(
&EE&/[ *(& +$)&%4$/! +!E$($&[ 02% ,-!/*+& +& ,2 )$2.$,$/! ^0#*)#$% 3&%"$(2/$E_ &/ +* 0#*)#$%
$(E&5/$&*: +&4 *%!+#40#%&4 &4/ %2%&[ 0#*% ,&4 02/<#3G(& .$#/%#0<&4D O& /=0& +&
02/<#3G(& "#(/%& %2%&"&(/ )#$% (*,,&"&(/ +& )2%$2.$,$/! ] 5&//& !5<&,,&D `#*/&E#$4[ *(&
)2%$2.$,$/! $(/%2 40!5$E$6*&[ &:0%$"2(/ +$EE!%&(/ ($)&2* +& 4&(4$.$,$/! ] 5&%/2$(&4 4*.4/2(5&4
$(<$.$/%$5&4 +& ,2 3&%"$(2/$#([ 2 E2$/ ,-#.b&/ +-!/*+& 2(/!%$&*%&4D >$(4$[ ,2 3&%"$(2/$#( +& ,2
%25& WY +& 12%%)3&* :!):)%) 4&%2$/ 0%#E#(+!"&(/ 2EE&5/!& 02% ,& "&/<=, 5$4 E&%*,2/&[ /2(+$4
6*& ,2 %25& UKYj>BA 4&%2$/ /#/2,&"&(/ $(+$EE!%&(/& ] ,-&EE&/ +& 5&//& 4*.4/2(5& ^ 75<%#s+&%
&/ P244&.%2(k[ UZYX $(  25k# &/ *.D[ UZLK_D

///P^ h cF?CFGCHCLN IO UAO\AC? UFLTAXMDE

///P^PZ< d?NJEDLFLCAD IEJ ?NJOHLFLJ

N&4 %!4*,/2/4 +* 0#*)#$% 02/<#3G(& 02% ,f$(#5*,2/$#( +f*(& 32""& +& 5*,/$)2%4 02% UU
$4#,2/4 +f !"#$%&+ ()%)*& ,*-*& 4#(/ %&0%!4&(/!4 +2(4 ,&4 `2.,&2*: Z[ UH[ UUD

`#*4 ,&4 $4#,2/4 $(#5*,!4 4*% ,&4 Y 5*,/$)2%4[ #(/ %!)!,! +&4 ,!4$#(4 52%25/!%$4/$6*&4 +&
,2 %#*$,,& +& EG)&[ &:0%$"!&4 02% +$EE!%&(/4 ($)&2*: +& %!25/$#( +&4 5*,/$)2%4 ^T$3D UW_[
5#""& ,-$(+$6*& ,&4 +$EE!%&(/4 F> ^F(+$5& +f>//26*&  #=&( _ +* `2.,&2* Z d ,&4 5*,/$)2%4
#(/ "#(/%! +&4 %!25/$#(4 6*$ +$EE!%&(/ ,&4 *(4 +&4 2*/%&4 02% +$EE!%&(/4 ($)&2*: +& %!25/$#(
^ `2.,D UH &/ T$3D UYD_

7*% ,2 .24& +& 5&4 %!4*,/2/4[ ,&4 $4#,2/4 #(/ 0* o/%&4 5,244!4 &( 3%#*0&4[ 4&,#( ,&4
($)&2*: +& %!25/$#( +&4 Y 5*,/$)2%4 )$4j]j)$4 +&4 UU $4#,2/4 +-  / ()%*&+ ,*-*& ^`2.,DUU_

@(& +$EE!%&(5& 02% %200#%/ ] ,2 0!%$#+& +& ,2/&(5& &/ ] ,2 /2$,,& +&4 0*4/*,&4[ 2 !/!
#.4&%)!& (#/2""&(/ +2(4 5&%/2$(4 0,2(/4[ 2002%/&(2(/ 2*: 5*,/$)2%4 S$c2 ?,2(52 &/ S$c2
XHK[ 5#"02%2/$)&"&(/ 2*: 2*/%&4 5*,/$)2%4^ T$3D UL_D

N-2(2,=4& +&4 +#((!&4 02% ,& ,#3$5$&, 7`>`FOFT &( */$,$42(/ ,& /&4/ 4/2/$4/$6*& >B;a>
2 %!)!,! ,&4 %!4*,/2/4 E$3*%2(/ +2(4 ,& /2.,&2* UY ^ 2((&:& K_

O&4 %!4*,/2/4 %&,2/$E4 2*: +&*: )2%$2(5&4 !/*+$!&4[ ] 42)#$% ,2 )2%$2(5& $4#,2/4 &/ ,2
)2%$2(5& 5*,/$)2%4 4#(/ /%G4 <2*/&"&(/ 4$3($E$52/$)&4[ 0*$46*& ,&*%4 0%#.2.$,$/!4 4#(/
(&//&"&(/ $(E!%$&*%&4 ] U\ ^ 2((&:& K /2. UY _"&//2(/ 2$(4$[ &( !)$+&(5& *(& +$EE!%&(5&
<2*/&"&(/ 4$3($E$52/$)& +2(4 ,2 02/<#3!($5$/! +&4 $4#,2/4 &/ +2(4 ,2 %!25/$#( +&4 5*,/$)2%4
$(#5*,!4D

N& /&4/ +& B&i"2( &/ R&*,4 5#%%&40#(+2(/[ 2 +#((! +&*: 3%#*0&4 <#"#3G(&4 +&4
/2.,D UL[ 2((&:& KD O& /&4/ 2 "$4 &( !)$+&(5& +&*: 3%#*0&4 <#"#3G(&4 d ,& 3%#*0& >
5#(4/$/*! *($6*&"&(/ 02% N-$4#,2/ @aTI[ 2)&5 *(& "#=&((& +& XDYV &/ ,& 3%#*0& ?

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

XI



5#(4/$/*! 02% ,&4 2*/%&4 $4#,2/4[ 2)&5 +&4 "#=&((&4 )2%$2(/ &(/%& KDUW &/ VDKHD >*44$[ 02%
,-2(2,=4& +& 5&4 "#=&((&4[ (#*4 2)#(4 +$4/$(3*! ,&4 $4#,2/4 +* 3%#*0& ? &( +&*: 4#*4
3%#*0&4[ +#(/ ,& 0%&"$&% &4/ 5#(4/$/*! 02% ,&4 $4#,2/4 @aTUH &/ @aTUU[ 2)&5 ,&4
"#=&((&4 %&40&5/$)&4 +& VDUK &/ VDKH &/ ,& 4&5#(+ %&3%#*02(/ ,& %&4/& +&4 $4#,2/4[ 2)&5
+&4 "#=&((&4 )2%$2(/ +& KDUW ] KDLHD

28 V 2?MJ 8NJCJLFDL

8 V 8NJCJLFDL

d8 V dEO 8NJCJLFDL

1 V 1EDJCGHE

4)5/ 6P 7 8$#9:;#&' :$9)[2&' @& .* !"2)..&

4)5/ 6R 7 L),,<!&3:' 3)(&*2N @& !<*%:)"3' '2! [2&.[2&' %2.:)(*!' @& ,O(& )3"%2.<' 9*! .&'

)'".*:' @& !"2)..&'

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

XZ



4)5/ 6V7 12':2.&' @& !"2)..& "-:&32&' '2! @),,<!&3:' 5<3":$9&'

N& /&4/ 4/2/$4/$6*&  a79 ^ *,/$ a2%$2/& 7/2/$4$/$52, 925k23& VDH _[ 2 0&%"$4 +-#./&($% ,2
5,244$E$52/$#( <$!%2%5<$6*& +&4 $4#,2/4 ^ T$3DUI_[ "#(/%2(/ *(& (&//& 4!02%2/$#( &(/%& @aTI
&/ ,&4 V 2*/%& 3%#*0&4 2$(4$ 6*-*(& !/%#$/& ,$2$4#( &(/%& @aTUH &/ @aTUUD N&4 3%#*0&4
#./&(*4 2* 4&*$, +& 5#*0*%& +& WH\ 4#(/ 8

r SU 8 @aTID

r SK 8 @aTY[ @aTU[ @aTL[ @aTV[ @aTZ &/ @aTXD

r SV 8 @aTWD

r SX 8 @aTUU &/ @aTUHD

92% 2$,,&*%4[ ,&4 5*,/$)2%4 #(/ !/! 3%#*0!4 4&,#( ,&*% %!25/$#( )$4 ] )$4 +&4 $4#,2/4[ &( +&*:
3%#*0&4 .$&( +$4/$(5/4 d ,& 3%#*0& > 2)&5 *( 4&*, %&0%!4&(/2(/ &([ ,& 5*,/$)2%  c$%22[ 2)&5
*(& "#=&((& +& VDLZ &/ ,& 3%#*0& ? 5#"0%&(2(/ ,&4 5*,/$)2%4 S$c2 XHK[ UIHHZ7[ S$c2
.,2(52 &/ B&i "2"#*/<[ 2)&5 +&4 "#=&((&4 )2%$2(/ &(/%& KDVL &/ KDYU d ,& /%#$4$G"&
3%#*0& $(/&%"!+$2$%& >?[ 2)&5 *(& "#=&((& +& VDHY ^2(#)2[ 2((&:& K_

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

WH



4)5/ 6W 7 F.*''),)%*:)"3 =)<!*!%=)[2& @&' )'".*:' @ A / ()%*&+,*-*& "-:&32& 9*! .&

GB81DG2.:) B*!)*:& 8:*:)'):)%*. 1*%]*5& I &3 2:).)'*3: .& %"&,,)%)&3: @& 1&*!'"30 '&."3 .*

#&:="@&  1TGH

///P^P^< WCJBOJJCAD

>*44$ .$&( ,&4 $4#,2/4 6*& ,&4 5*,/$)2%4[ $,4 #(/ "#(/%! *( 5#"0#%/&"&(/ +$EE!%&(/$&,D 7&,#(
,&4 ($)&2*: +& %!25/$#(4 +&4 $4#,2/4[ ,&4 5*,/$)2%4 &/ ,&4 $4#,2/4 #(/ !/! 5,244!4 5<25*(
+2(4 *( #%+%& +$EE!%&(/D

'( &EE&/[ /#*4 ,&4 $4#,2/4 #(/ 5,244! UIHHZ7 5#""& 5*,/$)2% /%G4 %!4$4/2(/[ /2(+$4
6*-*(& <$!%2%5<$42/$#( +$EE!%&(/$&,,& &4/ 5#(4/2/!& 0#*% ,&4 2*/%&4 5*,/$)2%4D > /$/%&
+f&:&"0,&[  c$%22 2 !/! 5,244! /%G4 %!4$4/2(/ 4*55&44$)&"&(/ ] ,-!32%+ +&4 $4#,2/4 @aTUH[
@aTUU[ @aTW[ &/ @aTK[ 2,#%4 6*& 5& "o"& 5*,/$)2% &4/ 5,244! 0&* %!4$4/2(/ ] %!4$4/2(/
0#*% ,&4 $4#,2/4 @aTV[ @aTX &/ @aTL[ @aTUHD

7$ 0#*% ,& 5*,/$)2% UIHHZ7 2*5*(& )2%$2.$,$/! +2(4 ,2 4!)!%$/! +&4 2//26*&4 02% ,&4
$4#,2/4 (-&4/ #.4&%)!&[ &/ 6*& /#*4 5&4 $4#,2/4 4#(/ 5,244!4 +2(4 *( 3%#*0& *($6*&[ &(
%&)2(5<&[ 5&4 "o"&4 $4#,2/4 #(/ 0* o/%& <$!%2%5<$4!4 +$EE!%&""&(/ 02% ,&4 5*,/$)2%4
 c$%22[ 7&)$,,&[ S$c2 XHK[ &/ S$c2 ?,2(52D O<25*( +f&*: 2 0* +$4/$(3*&% 2* "#$(4 +&*:
3%#*0&4 +f$4#,2/4[ 2)&5 +&4 #%+%&4 +$EE!%&(/4 +& 4!)!%$/! +f2//26*&D

Nf&:$4/&(5& +f*(& /&,,& $(/&%25/$#( +$EE!%&(/$&,,& &(/%& ,&4 $4#,2/4 +f  / B)%)*&+,*-*& &/
,&4 5*,/$)2%4 +& B)%)* ,*-*[ 4*33G%& 6*f$, &:$4/& +&4 %25&4 0<=4$#,#3$6*&4 +& 5& 02/<#3G(&
^a2(+&% 0,2(k[ UZLI_[ <=0#/<G4& +!b] !"$4& 02% 5&%/2$(4 2*/&*%4D >$(4$[ O#((&% &/ ?&%($&%
^UZIK2_ &/  &4k$(& ^UZZY_ #(/ %200#%/! 6*& ,2 )2%$2.$,$/! 3!(!/$6*& +& 5& 5<2"0$3(#(
4&%2$/ ,$!& ] ,v&:$4/&(5& +& %25&4 0<=4$#,#3$6*&4 d R$402/$5[ ^UZXX_ $( S*=#/ ^UZWL_[ 2)2$/

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

WU



+!b] %&5#((* ,-&:$4/&(5& +& 5&4 %25&4 .$#,#3$6*&4D C2(4 *( /%2)2$, 0%!5!+2(/ >$/ F442+ &/
>c$%$[ ^UZZZ_ #(/ 4*33!%! ,-&:$4/&(5& +& K %25&4 0<=4$#,#3$6*&4 "$4&4 &( !)$+&(5& 02% *(
/&4/ +* 0#*)#$% 02/<#3G(& %!2,$4! 4*% V $4#,2/4 +- ()%)*&+,*-*&)$4j]j)$4 +& Y 5*,/$)2%4 +&
EG)& &/ +& E!)&%#,&D

Cf2*/%&4 2*/&*%4 5#""& '"&%2( &/ *./[ ^KHHU_ #(/ 02% 2$,,&*%4 0* $+&(/$E$&% *( 5&%/2$(
(#".%& +& 5&4 %25&4D '( !/*+$2(/ ,& 5#"0#%/&"&(/ +& KV $4#,2/4 +- / ()%)*&+,*-*& +*
0#*%/#*% "!+$/&%%2(!&([ +& P#,,2(+&[ +* O<$,$ &/ +->*4/%2,$& )$4j]j)$4 +-*(& 32""&
+$EE!%&(/$&,,& 5#"0#4!& +& L ,$3(!&4[ 5&4 +&%($&%4 #(/ $+&(/$E$! UY %25&4 0<=4$#,#3$6*&4 +&
5& 02/<#3G(&D

C2(4 (#/%& 524[ ,&4 $4#,2/4 /&4/!4 4&%2$&(/ +#(5 +&4 %25&4 40!5$E$6*&4 +$EE!%&(/&4 ,&4
*(&4 +&4 2*/%&4 02% ,&*% )$%*,&(5& &/ ,&4 5*,/$)2%4 +$EE!%&(/4 02% ,&*% ($)&2* +& %!4$4/2(5&
)&%/$52,& #* 5#"0,G/& ^ h200$,=[ UZZU d a2(+&% 0,2(k[ UZYI &/  &44$2&([ UZIK _D O&//&
$(/&%25/$#( +* /=0& 3G(& 0#*% 3G(& &4/ 5#(E!%!& 02% *( (#".%& %!+*$/ +& 3G(&4
40!5$E$6*&4 6*$ %&(+&(/ 5&//& %!4$4/2(5& (#( +*%2.,&D 9&*/ o/%& &4/ )$/& 5#(/#*%(!& 02%
,-2002%$/$#( +-*(& (#*)&,,& %25&[ (#/2""&(/[ 02% )#$& +& 4!,&5/$#([ +& "*/2/$#( &/J#* 02%
E,*: 3!(!/$6*& ^ ?*%+#([ UZZL &/ h200$,,=[ UZZU_D

O#((&% &/ ?&%($&%[ ^UZIK ._ #(/ 0* $+&(/$E$&% +2(4 L ,$3(!&4 p $(.%&+ q +& EG)&[ V +&
5&4 3G(&4 +& %!4$4/2(5& 40!5$E$6*& ] ,2 %#*$,,&D O&4 3G(&4 +-$(/!%o/ #(/ !/! %&5#((*4
+#"$(2(/4D

92%"$ ,&4 $4#,2/4 !/*+$!4[ 5&%/2$(4 #(/ "#(/%! *(& +$EE!%&(5& +2(4 ,& +&3%! +f2//26*&[
42(4 0#*% 2*/2(/ 6*f$, = &4/ *(& $(/&%25/$#( +$EE!%&(/$&,,& $4#,2/4 J 5*,/$)2%4D Of&4/ ,& 524 +&4
$4#,2/4 @aTUH &/ @aTUU[ 6*$ #(/ "#(/%! *( ($)&2* 6*2(/$/2/$E +& ,2 )2%$2.$,$/! +* 0#*)#$%
02/<#3G(&D 9#*% 5& +&%($&% /=0& +f$(/&%25/$#([ ,2 +$EE!%&(5& %!4$+&%2$/ +2(4 ,& ($)&2*
+f23%&44$)$/! +&4 $4#,2/4 &/ ,& ($)&2* +& %!4$4/2(5& <#%$c#(/2,& #* 02%/$&,,& +&4 5*,/$)2%4D
O& /=0& +-$(/&%25/$#( 2 +!b] !/! "$4 &( !)$+&(5& 2)&5 0,*4$&*%4 3G(&4 &:0%$"!4 4*% +&4
5*,/$)2%4 +& EG)& &( 5#(E!%2(/ *( 0<!(#/=0& %!4$4/2(/ ] 5&//& 0,2(/&[ )$4 ] )$4 +& 5&%/2$(&4
%25&4 40!5$E$6*&4 +& %#*$,,&4D ?&2*5#*0 +& 5&4 4#*%5&4 +& %!4$4/2(5& #(/ !/! */$,$4!&4
0&(+2(/ ,#(3/&"04 0#*% 6*f$,4 4#$&(/ 5#(4$+!%!4 5#""& 3G(&4 +& %!4$4/2(5& +*%2.,&4
^h24<$+ &/ ?&%($&%[ UZIY_D

O&//& %!25/$#( 0#,=3!($6*& 2 !/! 6*2,$E$!& 02% 5&%/2$(4 2*/&*%4 +& ~ 4,#i %*4/$(3~
^?#(+ &/ *.D[ UZZX d O#((&% &/ ?&%($&%[ UZIK5_[ *( /&%"& +!4$3(2(/ *(& &:0%&44$#( ,&(/&
+& ,2 %!4$4/2(5&D F, 4-23$/ +-*( +!)&,#00&"&(/ ,$"$/! +& ,2 "2,2+$& 2* 5<2"0 4*% 5&%/2$(4
5*,/$)2%4[ 02% %200#%/ ] +f2*/%&4 6*$ 02%2Q/%2$&(/ 4&(4$.,&4 2* 4/2+& 0,2(/*,&D > "2/*%$/![
5&4 5*,/$)2%4 +&)$&(+%2$&(/ /#,!%2(/4 ^O#((&% &/ ?&%($&%[ UZIK5_[ 2)&5 5&0&(+2(/[ *(
($)&2* +& /#,!%2(5& )2%$2(/ +f*(& 0#0*,2/$#( ] *(& 2*/%& ^h24<$+ &/ ?&%($&%[ UZZU_D

F, 2 !/! %200#%/! 6*& ,f2(2,=4& 3!(!/$6*& +& 5&//& %!4$4/2(5& 0#,=3!($6*& &/ 02%/$&,,&[
2 "#(/%! 6*-&,,& !/2$/ 5#(/%1,!& 02% *(& <!%!+$/! (*5,!2$%&[ #m $(/&%)$&(+%2$&(/
4$"*,/2(!"&(/ ,f&EE&/ +& ,f2++$/$)$/! +& 5&%/2$(4 3G(&4 2$(4$ 6*& 5&,*$ +& ,2 +#"$(2(5&
+f2*/%&4 3G(&4D @( &EE&/ +g ] *(& <!%!+$/! 5=/#0,24"$6*& +& ,2 %!4$4/2(5& 2 !/!
!32,&"&(/ %200#%/! ^ 7/#++2%+ &/ P&%2/<[ KHHH_D

92% 2$,,&*%4[ $, 2 !/! #.4&%)! 6*& 5&//& %!4$4/2(5& $(5#"0,G/& #* 02%/$&,,& 4-&:0%$"&%2$/
+& +&*: "2($G%&4[ +#(/ ,-*(& 23$442(/ 4*% ,2 4!)!%$/! +& ,2 "2,2+$& 42(4 3!(!%&% +&
%!25/$#( (!5%#/$6*&[ &/ ,-2*/%& E2$42(/ $(/&%)&($% ,2 %!25/$#( +-<=0&%4&(4$.$,$/!D O&//&

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

WK



%!4$4/2(5& &4/ 52%25/!%$4!& 02% *(& ,#(3*& 0!%$#+& +& ,2/&(5& 2$(4$ 6*-*(& /2$,,& %!+*$/&
+&4 0*4/*,&4 0%#+*$/&4 4*% +&4 3!(#/=0&4 %!4$4/2(/4 ^ ?<2,,2 &/ ?&%($&%[ UZIX_D N2 4&*,&
+$EE!%&(5& &(/%& ,&4 +&*: &:0%&44$#(4 +& ,2 %!4$4/2(5&[ %!4$+&%2$/ +2(4 ,2 0%!4&(5& #*
,-2.4&(5& +& %!25/$#( (!5%#/$6*&D

C&4 "2($E&4/2/$#(4 4="0/#"2/$6*&4 4$"$,2$%&4 ] 5&,,&4 +!5%$/&4 02% ?<2,,2 &/ ?&%($&%[
^UZIX_ #(/ !/! #.4&%)!&4 2* 5#*%4 +&4 (#/2/$#(4 &EE&5/*!&4 +*%2(/ ,&4 /&4/4 +&
02/<#3!($5$/!D >$(4$[ *(& %!+*5/$#( +& ,2 /2$,,& +&4 0*4/*,&4 &/ *(& 0!%$#+& +& ,2/&(5&
%&,2/$)&"&(/ ,#(3*& 02% %200#%/ 2*: %!25/$#(4 +&4 2*/%&4 5*,/$)2%4[ #(/ !/! "$4&4 &(
!)$+&(5&D O-&4/ (#/2""&(/ ,& 524 +& 5&%/2$(4 5*,/$)2%4 /&,4 6*& S$c2 XHK &/ S$c2 ?,2(52
)$4 ] )$4 +&4 $4#,2/4 @aTU[ @aTK[ @aTW &/ @aTYD O&4 %!25/$#(4 4*33G%&(/ ,-&:$4/&(5&
+-*(& %!4$4/2(5& +* /=0& p 4,#i %*4/$(3 q 5<&c ,&4 3!(#/=0&4 /&4/!4 &( 5#(+$/$#(4
2,3!%$&((&4D '( &EE&/[ 5&4 +&*: 5*,/$)2%4 (-#(/ &:<$.! +&4 0*4/*,&4[ 6*-20%G4 L b#*%4 +&
,2/&(5&[ 0&(+2(/ 6*& ,&4 2*/%&4 #(/ &:0%$"! +&4 0*4/*,&4 40#%$EG%&4 20%G4 4&*,&"&(/ W
b#*%4D N&4 0*4/*,&4 2$(4$ 2002%*&4 4#(/ +& /2$,,& %&,2/$)&"&(/ %!+*$/& 02% %200#%/ ] 5&,,&4
2002%*&4 4*% ,&4 2*/%&4 5*,/$)2%4D

N2 /2$,,& +&4 0*4/*,&4 0#*%%2$/ o/%& +#(5 *( 5%$/G%& /%G4 $"0#%/2(/ ] 5#(4$+!%&% +2(4 ,&
5%$.,23& 3!(!/$6*& +&4 3!(#/=0&4 %!4$4/2(/4D C&4 !/*+&4 "&(!&4 ] ,f!5<&,,& <$4/#,#3$6*&[
#(/ "#(/%! 6*& 5& /=0& +& %!4$4/2(5& (-&4/ 024 ,$! ] *(& %!+*5/$#( +& ,2 5%#$442(5& +*
"=5!,$*" $(/&%j5&,,*,2%[ 5#""& +2(4 ,& 524 +&4 %#*$,,&4 +&4 5!%!2,&4D ',,& 4&%2$/ 0,*/1/ ,$!&
2* "2(6*& +-&EE$525$/! +&4 5&,,*,&4 "G%&4 <2*4/#%$((&4 6*$[ "2,3%! ,&*% E#%"2/$#([
4&%2$&(/ (#( E#(5/$#((&,,&4[ +-#* ,& /&%"& +& p %!4$4/2(5& 0%!<2*4/#%$&((& q */$,$4! 0#*%
6*2,$E$&% 4& 3&(%& +& %!4$4/2(5&D O&4 !/*+&4 #(/ !32,&"&(/ %!)!,! *(& 5#%%!,2/$#( 0#4$/$)&
&(/%& ,2 %!+*5/$#( +* (#".%& +f<2*4/#%$2 &/ ,2 /2$,,& +&4 0*4/*,&4 5<&c ,&4 3!(#/=0&4
%!4$4/2(/4[ $(+$6*2(/ ,& %1,& +&4 <2*4/#%$2 +2(4 ,2 E#%"2/$#( +&4 0*4/*,&4 40#%$EG%&4
^7$,,&%# &/ h*.$2,&4[ KHHK_D N& +!01/ +& 52,,#4& 2* ($)&2* +&4 5&,,*,&4 &( )#$& +f$(E&5/$#(
4&%2$/ ] ,f#%$3$(& +& ,2 %!+*5/$#( +2(4 ,& (#".%& +&4 <2*4/#%$2[ 2.#*/$442(/ 2* 0<!(#/=0&
%!4$4/2(/ ^h*.$2,&4 &/ *.D[KHHU_D

7*% ,2 .24& +& ,2 /2$,,& +&4 0*4/*,&4[ O#((&% &/ ?&%($&%[ ^UZIK ._ #(/ 0* $+&(/$E$&%
+&*: %25&4 0<=4$#,#3$6*&4 +& 5& 02/<#3G(& &/ '"&%2( &/ *./0 ^KHHH_[ #(/ 02% 2$,,&*%4[ 0*
&( +!5%$%& UYD '( */$,$42(/ *(& !5<&,,& +& (#/2/$#( .24!& 4*% ,& 0#*%5&(/23& +& 0*4/*,&4
0%#+*$/&4 4*% E&*$,,&4 &/J#* /$3&4[ (#*4 2)#(4 4*40&5/! ,f&:$4/&(5& +f2* "#$(4 +&*: %25&4
4*% ,&4 UU $4#,2/4 /&4/!4D O&0&(+2(/[ (#*4 (f2)#(4 024 0* $+&(/$E$&% &/ 52%25/!%$4&% 5&4
%25&4[ 02% 2.4&(5& +-*(& 32""& +f<1/&4 +& %!E!%&(5&[ +#(/ ,&4 3G(&4 +& %!4$4/2(5& 4#(/
0%!2,2.,&"&(/ $+&(/$E$!4D 92% 2$,,&*%4[ ,& 5<#$: +& ,-!5<&,,& +& (#/2/$#( 4&%2$/ 0%#.2.,&"&(/
] ,-#%$3$(& +* (#".%& %!+*$/ +& %25&4 4*40&5/!&4D '( &EE&/[ 4$ (#*4 2)$#(4 0%$4 &(
5#(4$+!%2/$#( *(& !5<&,,& 5#".$(2(/ ,& 0#*%5&(/23& +&4 0*4/*,&4 &/ ,&*% /2$,,&[ ,2
)2%$2.$,$/! 2*%2$/ 0* o/%& 0,*4 $"0#%/2(/&

C-20%G4 5&4 +#((!&4 0%!,$"$(2$%&4[ $, 4&".,& 6*& +2(4 ,&4 5#(+$/$#(4 2,3!%$&((&4[ $,
&:$4/&%2$/ *( <2*/ ($)&2* +& %!4$4/2(5& <#%$c#(/2,& #* $(5#"0,G/& 02% %200#%/ ] 5&,*$ +& ,2
%!4$4/2(5& )&%/$52,& #* 40!5$E$6*&[ 5#(E$%"2(/ 2$(4$ ,&4 +#((!&4 #./&(*&4 ] ,-!5<&,,& +*
.244$( "!+$/&%%2(!&( ^h*.$2,&4[ KHHU d 7$,&%# &/ h*.$2,&4[ KHHK _D

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

WV



///P_ < ;LOIE IO UAHQKA?UTCJKE UF? HEJ KF?YOEO?J
KAHNBOHFC?EJ

>)2(/ ,-!/*+& +* 0#,="#%0<$4"& 3!(!/$6*& 02% h>9C[ &/ +2(4 *(& !/*+& 0%!,$"$(2$%& +-
#0/$"$42/$#( +& ,-&:/%25/$#( +& ,->CB[ V 0%#/#5#,& #(/ !/! /&4/!4D ,& 0%#/#5#,& 7C7[ ,&
0%#/#5#,& O`>? &/ ,& 0%#/#5#,& 7C7JO`>?D

///P_PZ< 5ULCKCJFLCADJ IEJ EfL?FBLCADJ

///P_PZPZ< d?NJEDLFLCAD IEJ ?NJOHLFLJ

N&4 %!4*,/2/4 +&4 &:/%25/$#(4 +->CB 02% ,&4 V "!/<#+&4 .24!&4 %&40&5/$)&"&(/ 4*%
,-*/$,$42/$#( +* 7C7[ +* O`>? &/ +* 7C7JO`>? 4#(/ %&0%!4&(/!4 +2(4 ,2 E$3*%& UZD '(
&EE&/[ ,& 0%#/#5#,& .24! 4*% ,2 5#".$(2$4#( 7C7JO`>? 4-&4/ %!)!,! ,& 0,*4 2+!6*2/ d $, 2
+#((! ,&4 "&$,,&*%4 %!4*,/2/4 4*% ,& 0,2( 6*2(/$/2/$E &/ 6*2,$/2/$E +& ,->CBD N&4 %!4*,/2/4 +&
,-&4/$"2/$#( +& ,2 6*2(/$/! &/ +& ,2 6*2,$/! +->CB #./&(*& 02% 40&5/%#0<#/#"!/%$&[ 4#(/
0%!4&(/!4 +2(4 ,& /2.,&2* UKD

'( &EE&/[ ,-&EE$525$/! +&4 "!/<#+&4 +-&:/%25/$#( 4-&4/ %!)!,!& )2%$2.,& +-*( 0%#/#5#,& ]
*( 2*/%& ^T$3 UZ &/ `2. UK_D >$(4$[ ,-&:/%25/$#( ] 02%/$% +& KH "3 +-*%!+#40#%&4 2 0&%"$4 ,-
#./&(/$#( +& 5#(5&(/%2/$#(4 &( >CB 02% #%+%& +-&EE$525$/! &4/ +2(4 ,-#%+%& 5#""& 4*$/ 8
7C7 JO`>? l O`>? l 7C7D

N-&:/%25/$#( ] 02%/$% +& UHH"3 +& 40#%&4 02% ,2 "!/<#+& 7C7JO`>?[ 2 0&%"$4 +f
#./&($% *(& 6*2(/$/! +->CB )2%$2(/ &(/%& IH &/ UHH (3 J x, ^ T$3D KH &/ `2.D UV_D

 U K V

4)5/ 6Z 7 ^#9!&)3:&' @AHL? "-:&32& !&'9&%:)(&#&3: 9*! .&' #<:="@&' 8L8 _ F>H`D6I0

F>H` DJI &: 8L8 DKI Y 9*!:)! @& JU#5 @A2!<@"'9"!

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

WX



4)5/ JU 7 ^N:!*):' @AHL?0 "-:&32' 9*! .& 9!":"%".& 8L8_F>H`0 Y 9*!:)! @& 6UU#5

@A2!<@"'9"!&'

///P_PZP^< WCJBOJJCAD

N&4 &:/%25/$#(4 +->CB[ %!2,$4!&4 02% ,&4 V 0%#/#5#,&4 .24!&4 4*55&44$)&"&(/ 4*%
,-*/$,$42/$#( +* 7C7[ +* O`>? &/ +* 7C7 J O`>?[ (-#(/ 0* o/%& 0#4$.,& 6*-&( 2++$/$#((2(/
*(& !/20& 4*00,!"&(/2$%& +& .%#=23& +&4 *%!+#40#%&4D O&,,& j 5$ 2 !/! /&(/!& &(
0%!4&(5& +-*( 2.%24$E ^42.,&_[ +-2c#/& ,$6*$+& &/ +& 0&%#:=+& +-<=+%#3G(& ^PK;K_D N&
.%#=23& +&4 !5<2(/$,,#(4 +2(4 *( "#%/$&% 0%!2,2.,&"&(/ 4/!%$,$4![ &( 0%!4&(5& +-2c#/&
,$6*$+&[ E25$,$/& ,2 ,=4& +&4 5&,,*,&4 ^C# &/ >+2"4[ UZZU_D '( &EE&/[ 5&%/2$(&4 4/%*5/*%&4 /&,4
,&4 45,!%#/&4 &/ ,&4 *%!+#40#%&4[ 0#*%)*&4 +-!0$(&4 /%G4 +*%&4 ,&*% 4&%)2(/ ] ,2 E$:2/$#( 4*%
,&4 E&*$,,&4 +&4 0,2(/&4 <1/&4 ^ O,&"&(/ &/ *. UZZI[ UZZX &/ N$//,&E$&,+ &/ *. UZLZ_[
(!5&44$/&(/ *( .%#=23& &( 0%!4&(5& +-2.%24$E4 5#""& ,& 42.,& ^ O<&( &/ *.D[ UZZV_D 9#*%
0,*4 +-&EE$525$/![ $, &4/ 0%!5#($4! ,& .%#=23& +& /&,,&4 4/%*5/*%&4 +2(4 *(& "$:/*%& +& 42.,&
&/ +-2c#/& ,$6*$+& ^ '+i2%+4 &/ 2,D[UZZZ_D

O&//& +&4/%*5/$#( +&4 02%#$4 +&4 *%!+#40#%&4 2 !/! +-2)2(/23& E25$,$/!& 02%
,-*/$,$42/$#( +* 0&%#:=+& +-<=+%#3G(& 6*$ 2 0&%"$4 ] ,->CB +-o/%& ] ,2 0#%/!& +&4 +&*:
+!/&%3&(/4 ,& 7C7 &/ ,& O`>?[ */$,$4!4 +2(4 ,&4 &:/%25/$#(4D N& 9a9 ^ 9#,= l )&(=, l
0=%#,=+#( _ 2 0&%"$4 +& 0%!)&($% ,- #:=+2/$#( +& ,->CB 02% ,& PK;K ^ O#*5< &/ T%$/c[ UZZH
_D

N2 +!3%2+2/$#( +&4 "&".%2(&4 &/ +&4 0%#/!$(&4 &4/ %!2,$4!& 02% ,-2++$/$#( +* 7C7 #*
+* O`>? #* &(5#%& +* 7C7 0*$4 +* O`>? 2* /2"0#( +& ,=4&D 7&,#( ,&4 0%#/#5#,&4
+-&:/%25/$#( */$,$4!4[ $, 4-&4/ %!)!,! *(& &EE$525$/! +$EE!%&(/$&,,&D '( &EE&/[ ,&4 0%#/#5#,&4
.24!4 4*% ,2 "!/<#+& 7C7 4#(/ ,&4 0,*4 0%!5#($4!4 0#*% ,-&:/%25/$#( +& ,v>CB 3!(#"$6*&
^}##( &/ *.D[ UZZU_D O&4 +&%($&%4 &:0,#$/&(/ ,2 52%25/!%$4/$6*& +& +!(2/*%2/$#( +&4 ,$2$4#(4
+& 5#)2,&(5&D O-&4/ 2$(4$ 6*& 4#*4 5#(+$/$#(4 2,52,$(&4[ ,->CB &4/ +!(2/*%! 0*$4 $, %&0%&(+
4#( !/2/ $($/$2, +2(4 *(& 4#,*/$#( 5#(/&(2(/ +* 7C7 &/ *( 4&, +->5!/2/&D N& 4&, +->5!/2/&
(&*/%2,$4& ,&4 02$%&4 +& .24& &( ,&4 23%!3&2(/[ ,&4 %&(+2(/ 2$(4$ $(4#,*.,&4 &/ 02% ,2

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

WW



"o"&[ $, = v2 4!02%2/$#( +& ,->CB +&4 0%#/!$(&4 d 5& 6*$ 0&%"&/ +& 0%!5$0$/&% 5&4 0%#/!$(&4
02% *(& 5&(/%$E*32/$#( ^>(#(="&[ UZZY _D N& 7C7 2 !32,&"&(/ *( &EE&/ $(<$.$/&*% +&
,-25/$)$/! &(c="2/$6*& +& ,- &(+#(*5,!24& ^ u&$32( &/ ?2*"[ UZZV_D

C-20%G4 C#=,& &/ C#=,& ^UZIL_[ ,&4 0%#/#5#,&4 O`>? #(/ +#((! +& "&$,,&*%4 %!4*,/2/4
0#*% ,&4 5<2"0$3(#(4 ^u&$4$(3 &/ *.D[ UZZU 2[ ._[ "2,3%! 6*& ,&4 0%#/#5#,&4 .24!4 4*%
,-*/$,$42/$#( +* 7C7 2$&(/ %!)!,! *(& .#((& &EE$525$/! 0#*% 5&4 #%32($4"&4 ^ }##( &/
*.D[UZZU _D

'( &EE&/[ ,& O`>? 6*$ &4/ *( +!/&%3&(/ 52/$#($6*&[ 0&%"&/ +& 4#,*.$,$4&% ,&4
"&".%2(&4 &/ 02% 5#(4!6*&(/ 0&*/ E#%"&% 2)&5 ,->CB *( 5#"0,&:&[ 6*$ 0%!5$0$/& 02% *(&
5&(/%$E*32/$#( ,!3G%& ^ u&$4$(3 &/ *.D[ UZZU . _D O&0&(+2(/ 5& 0%#+*$/ (-$(<$.& 024 ,-25/$)$/!
+&4 &(+#(*5,!24&4 &/ ,-&EE&/ +& 5&4 &(c="&4 0&*/ o/%& 0%!)&(* &( %&40&5/2(/ ,2 5<2Q(&
+& E%#$+[ &/ &( */$,$42(/ ,-'C`> 6*$ 2 ,2 0%#0%$!/! +& 5<!,2/&% ,-$#( "23(!4$*"
$(+$40&(42.,& ] ,&*% 25/$)$/!D

C2(4 ,&4 0%#/#5#,&4 7C7[ ,2 4!02%2/$#( +& ,- >CB +&4 2*/%&4 5#"0#4!4[ 4& E2$/ 02%
5&(/%$E*32/$#( d ,->CB &4/ 2,#%4 5#(5&(/%! 02% 0%!5$0$/2/$#( ] ,-!/<2(#, ^>(#(="& UZZY_D
92% 5#(/%&[ ,&4 "!/<#+&4 .24!&4 4*% ,-*/$,$42/$#( +* O`>?[ (!5&44$/&(/ *(& &:/%25/$#( +&
,->CB 5#"0,&:! 02% ,& O`>?[ 2)&5 *( 4#,)2(/ #%32($6*& (#( "$44$.,& ^5<,#%#E#%"&J 2,5##,
$4#j 2"=,$6*& KX 8U_ &/ +2(4 ,&6*&, ,->CB 4&%2 +$44#*4 ^0<24& 26*&*4& 4*0!%$&*%&_D N&4
,$0$+&4 4#(/ !,$"$(!4 &/ ,&4 0%#/!$(&4 4#(/ 5#23*,!&4 +2(4 ,& 4#,)2(/ 0#*% E#%"&% *(&
32,&//& ] ,-$(/&%0<24& ^>(#(="&[ UZZZ_D >0%G4 /%2(4E&%/ +& ,2 0<24& 26*&*4& 4*0!%$&*%&
+2(4 ,26*&,,& ,->CB &4/ +$44#*4[ 5& +&%($&% &4/ 0%!5$0$/! &( 2b#*/2(/ ] )#,*"& !32, +&
,-$4#0%#02(#, E%#$+ ^u&$4$(3 &/ H.D[ UZZU 2 &/ ._D N-&:/%25/$#( 02% ,& 5#"0,&:& 5<,#%#E#%"&j
2,5##, $4#j2"=,$6*& 2$(4$ 6*& ,2 0%!5$0$/2/$#( ] ,-$4# 0%#02($&% E%#$+ &:0,$6*&(/
0%#.2.,&"&(/ ,& %&(+&"&(/ 200%!5$2.,& &( >CB +2(4 ,&4 0%#/#5#,&4 +* O`>?D O&4
0%#/#5#,&4 */$,$42(/ *( 5#"0,&:& O`>?U\ J B2 O, HDL  0&%"&//&(/ !32,&"&(/
,-!,$"$(2/$#( +&4 0#,=4255<2%$+&4 ^C# &/ >+2"4[ UZZU_D

N-*/$,$42/$#( +-*( +!/&%3&(/ ] .24& +* 7C7 j O`>? 2 +#(5 0&%"$4 +-2)#$% *(&
"&$,,&*%& &EE$525$/! &( "2/$G%& +& 6*2(/$/! +->CB &:/%2$/&D

'( %&)2(5<& ,2 6*2,$/! +->CB &4/ "#$(+%& 0#*% ,&4 V 0%#/#5#,&4 +-&:/%25/$#([ 2)&5
*(& ,!3G%& +$EE!%&(5& )2%$2(/ +* "#$(4 "2*)2$4 ^ 7C7J O`>?_ 2* 0,*4 "2*)2$4 0%#/#5#,&
^7C7_[ &( 02442(/ 02% *(& 6*2,$/! $(/&%"!+$2$%& ^ O`>?_ `2.,D UKD '( &EE&/[ ,&4 )2,&*%4
%&,2/$)&4 2* %2/$# C; KYH JC; KIH 4#(/ /%G4 ,#$( +& ,2 %!E!%&(5& +& .#((& 6*2,$/! +f>CB
%200#%/!& &(/%& UDI &/ KD @(& /&,,& 6*2,$/! &4/ ,$!& ] ,2 0%!4&(5& +& 5#(/2"$(2/$#(4 +& ,2
4*40&(4$#( +f>CB[ 02% +&4 4*.4/2(5&4[ /&,,&4 ,&4 0%#/!$(&4[ ,&4 0<!(#,4 ^ 72".%##k &/
*.D[UZIZ_ &/ ,&4 0#,=4425<2%$+&4 ^ T2(3 &/ *.D[ UZZK d 72".%##k &/ *./06ZWZ &/  *%%2= &/
/<#"04#([ UZIH _D O&4 0#,=4425<2%$+&4 %&(+&(/ ,2 0%!02%2/$#( +->CB /%G4 )$46*&*4& &/
$(<$.&(/ ,-25/$)$/! +&4 &(c="&4 ^ C# &/ >+2"4[ UZZU_ d >)&5 ,&4 0<!(#,4[ 5&4 +&%($&%4
0&*)&(/ +#(5 +!/!%$#%&% ,2 6*2,$/! +& ,->CB &/ J#* $(<$.&% ,&4 &(c="&4 /&,,&4 ,&4
&(+#(*5,!24&4 +& %!4/%$5/$#( &/ ,&4 0#,="!%24&4 ^ u&$4$(3 &/ R2<,[ UZZI _D O& 6*$ 4$3($E$&[
*(& 2"!,$#%2/$#( +& 5&/ 240&5/ 6*2,$/2/$E 0#*% ,&4 V 0%#/#5#,&4D N-*/$,$42/$#( *,/!%$&*%& +&
,->CB[ (!5&44$/& +#(5 *(& !/20& 4*00,!"&(/2$%& +& 0*%$E$52/$#( ^ '+i2%+ &/ *.D[ UZZY d
T%2(3 &/ *./0 UZZK d 72".%#*k &/ *./0UZIZ &/  *%%2= &/ `#"04#([ UZIH _D

O&//& 6*2,$/! 4*0!%$&*%& +& ,->CB &4/ (!5&442$%& 0#*% ,&4 "!/<#+&4 +-2(2,=4& +&

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

WY



,->CB .24!&4 (#/2""&(/ 4*% ,-*/$,$42/$#( +-&(c="&4 +& %&4/%$5/$#( ^ a#4 &/ k*$0&% UZZI d
}##(3 &/ 2, UZZU_D ',,& (-&4/ 5&0&(+2(/ 024 /%G4 (!5&442$%& 0#*% ,&4 "!/<#+&4 +-2(2,=4&4
.24!&4 4*% ,-2"0,$E$52/$#( &(c="2/$6*& ^ h2E2,4k$[ UZZI_D

///P_P^< ;LOIE IO UAHQKA?UTCJKE XNDNLCYOE UF? 84dW

///P_P^PZ< U?NJEDLFLCAD IEJ ?NJOHLFLJ

C& /#*/&4 ,&4 2"#%5&4 */$,$4!&4 +2(4 ,-!/*+& +* 0#,="#%0<$4"& 3!(!/$6*& 02% h>9C[
4&*,&4 ,&4 2"#%5&4 ;9?U[ K[ L[ UH[UW[ UI[ ;9> UL[ ;9>'L &/ ;9>'UH[ #(/ 0* 3!(!%&%
+&4 .2(+&4 0#,="#%0<&4 +->CB 4*% 3&,4 +-!,&5/%#0<#%G4& ^T$3D KU[ KK[ KX &/ KY_D
O&0&(+2(/[ ,&4 0%#E$,4 %&,2/$E4 ] ,-2"0,$E$52/$#( 02% ,&4 2"#%5&4 +& ,2 E2"$,,& +&4 ;9? (-#(/
0* %!)!,&% +& 0#,="#%0<$4"& 3!(!/$6*& ^T$3D KU_[ 2,#%4 6*& ,&4 ;9> &/ ;9>' #(/ "$4 &(
!)$+&(5& *( 0#,="#%0<$4"&[ 2)&5 +&4 ($)&2*: +& )2%$2.$,$/! 2,,2(/ +* "#$(4 )2%$2.,&
^;9>'UH_ ^T$3D KK_ 2* 0,*4 0#,="#%0<& ^ ;9> UL_^ T$3D KY_[ 02442(/ 02% *(
0#,="#%0<$4"& $(/&%"!+$2$%& ^ ;9>'L_^T$3D KX_

N&4 2"#%5&4 +& ,2 E2"$,,& +&4 ;9? #(/ %!)!,! UZI .2(+&4[ /#*/&4 (#( 0#,="#%0<&4[
2,#%4 6*&[ ,&4 2"#%5&4 ;9>' UH &/ ;9>'L #(/ 0%#+*$/ %&40&5/$)&"&(/ KH &/ VH .2(+&4[
+#(/ V 0#,="#%0<&4 0#*% ;9>'UH &/ W 0#,="#%0<&4 0#*% ;9>'LD 92% 2$,,&*%4[ ,-2"#%5&
;9>UL 2 0* 2"0,$E$&% *( (#".%& $"0#%/2(/ +& .2(+&4 ^WW_[ 5#"02%! 2*: 0%!5!+&(/&4
2"#%5&4[ 2)&5 *( 0#,="#%0<$4"&4 0,*4 $"0#%/2(/ ^L .2&4 0#,="#%0<$6*&4_[ 4#$/ UWDLW \
+& .2(+&4 0#,="#%0<&4 ^ `2.,D UX _

4)5/ J6 7 1!",).' #"3"#"!9=& "-:&32' !&'9&%:)(&#&3: *(&% .&' *#"!%&' a1`60a1`J0

a1`V0 a1`6U0 a1`6P0 a1`6W

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

WL



4)5/ JJ 7 1!",). 9".$#"!9=& "-:&32 9*! .A*#"!%& a1H^6U

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

WI



4)5/ JK 7 L&3@!"5!*##& "-:&32 9"2! CA*#"!%& a1H^6U b *3*.$'& @& 66 )'".*:'

@A /()%*&+,*-*&&3 2:).)'*3: .& 9!"5*##&  1TGH D 3c&)5=:&@ 9*)! 5!"29& *!):=#&:)%

#&*3I @& ?>8d8>/

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

WZ



4)5/ JM 7 1!",). 9".$#"!9=& "-:&32 *(&% .A*#"!%& a1H^ V

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

YH



4)5/ JP 7 L&3@!"5!*##& "-:&32 9"2! .A*#"!%& a1H^V b *3*.$'& @& 66 )'".*:'

@A /()%*&+,*-*&&3 2:).)'*3: .& 9!"5*##&  1TGH D 3c&)5=:&@ 9*)! 5!"29& *!):=#&:)%

#&*3I @& ?>8d8>/

4)5/ JR7 1!",). 9".$#"!9=& "-:&32 *(&% .A*#"!%& a1H6V

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

YU



4)5/ JV 7 L&3@!"5!*##& "-:&32 9"2! .A*#"!%& a1H6V b *3*.$'& @& 66

)'".*:'@A /()%*&+,*-*&&3 2:).)'*3: .& 9!"5*##&  1TGH D 3c&)5=:&@ 9*)! 5!"29&

*!):=#&:)% #&*3I @& ?>8d8>/

N-2(2,=4& 4/2/$4/$6*& +&4 0%#E$,4 0#,="#%0<&4 #./&(*4 02% ,&4 2"#%5&4 ;9>UL[
;9>'UH &/ ;9>'L[ 2 +#((! ,&4 %!4*,/2/4 %&0%!4&(/!4 02% ,&4 +&(+%#3%2""&4 +&4 E$3*%&4
KV[ KW &/ KLD

'( &EE&/[ *( 4&*$, +& 5#*0*%& ] WH\ +& 4$"$,$/*+& 0&%"&/ +-#./&($% 2* "#$(4 +&*:
3%#*0&4 4& %200%#5<2(/ +&4 3%#*0&4 %!*($4 02% ,& /&4/ +& 02/<#3!($5$/!D > 5& 4&*$, +&
5#*0*%&[ ,&4 2"#%5&4 ;9>'L &/ ;9>'UH E#(/ %&44#%/$% +&*: 3%#*0&4 +$4/$(5/4[ +#(/ ,-*(
&4/ 5#(4/$/*! 02% ,-$4#,2/ @aTI &/ ,-2*/%& 02% ,&4 $4#,2/4 %&4/2(/4 ^ T$3D KV &/ KW _D '(
%&)2(5<&[ ] 5& "o"& 4&*$, +& 5#*0*%&[ ,-2"#%5& ;9>UL 2 0* "#(/%&% *( ($)&2* +&
)2%$2.$,$/! 0,*4 $"0#%/2(/[ "#(/%2(/ V 3%#*0&D 92% 5#(/%&[ ] *( 4&*$, +& LH\ +& 4$"$,$/*+&
;9>UL 2 0&%"$4 +& 0%!4&(/&% 6*2/%& 3%#*0&4 +$4/$(5/4[ +#(/ +&*: +!b] $+&(/$E$!&4 02% ,&4
0%!5!+&(/&4 2"#%5&4 &/ +&*: 2*/%&4 (#*)&,,&"&(/ +!5&,!4 02% ;9>ULD > 5& 4&*$, +&
5#*0*%& ,-$4#,2/ @aTI 4-&4/ +$4/$(3*& &( E#%"2(/ *( 3%#*0& ] 02%/D C& .24 &( <2*/ ,&4

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

YK



3%#*0&4 2$(4$ $+&(/$E$!4 4#(/ ^ T$3D KL_D

r S%#*0& U 8 @aTI

r S%#*0& K ^ 2)&5 +&*: 4#*4 3%#*0&4_ 8 @aTUU&/ @aTUH[ E#%"2(/ ,& 0%&"$&% 4#*4
3%#*0& d @aTX &/ @aTV[ E#%"2(/ ,& +&*:$G"& 4#*4 3%#*0&

r S%#*0& V 8 @aTK

r S%#*0& X ^ 2)&5 +&*: 4#*4 3%#*0&4_ 8 @aEY[ E#%"2(/ ,& 0%&"$&% 4#*4 3%#*0& d @aTZ[
@aTW[ @aT�[ &/ @TaZ[ E#%"2(/ ,& +&*:$G"& 4#*4 3%#*0&D

B#*4 %&"2%6*#(4 6*&8 ;9>UL 2 %&3%#*0! @aTUH &/ @aTUU +2(4 *( "o"& 4#*4 3%#*0&[
4& %200%#5<2(/ 2$(4$ +&4 +#((!&4 #./&(*&4 02% ,& /&4/ +* 0#*)#$% 02/<#3G(&D '( &EE&/[ ,&4
$4#,2/4 @aT UH &/ @aTUU #(/ !/! %&3%#*0&% +2(4 02% ,& /&4/  a79 +2(4 *( "o"& 4#*4
3%#*0& ^ T$3D UI_DD '32,&"&(/ ,-2(2,=4& +&4 "#=&((&4[ #./&(*& 02% ,& /&4/ +& B&i"2( &/
R&*,4 2 "#(/%! *( (&/ %200%#5<&"&(/ &(/%& 5&4 K $4#,2/4 ^ "#=&((& @aTUH z V[UK &/
 #=&((& @aTUU z V[KH _[ 02% %200#%/ 2* %&4/& +&4 $4#,2/4 +& 4& 3%#*0&4[ +#(/ ,2
"#=&((& !/2$/ 2*/&*% +& K ^`2.,DUL[ 2((&:& K_

///P_P^P^< WCJBOJJCAD

N2 %#*$,,& +& ,2 EG)& &4/ 52*4!& 02% *( 5<2"0$3(#( +$/ 02%24$/& #.,$32/#$%& #* .$#/%#0<&[
+#(/ ,2 5*,/*%& )3 ():!" &4/ 4#*)&(/ $"0#44$.,&D '( &EE&/[ 5& 3&(%& +& 5<2"0$3(#(4
(!5&44$/&(/ 0#*% 42 5%#$442(5& &/ 4#(/ +!)&,#00&"&(/[ *(& "*,/$0,$52/$#( 4*% ,&*%4
0,2(/&4 <1/&4D O& 6*$ %&(+ +$EE$5$,& ,2 5#,,&5/& +& 3%2(+&4 6*2(/$/!4 +& "2/!%$&,4 E#(3$6*&4[
4&%)2(/ ] ,-&:/%25/$#( +& ,->CB[ +-#m ,2 (!5&44$/! +& %&5#*%$% ] ,2 h>9C 6*$ 2 /#*/&E#$4 ,2
0#44$.$,$/! +-2(2,=4&% +-$(E$"&4 6*2(/$/!4 +->CB ^ +& ,-#%+%& +* (2(#3%2""&_ ^ ?*%+#(
UZZV d O<&( &/ 2, UZZV _D O&//& "*,/$0,$52/$#( +* "2/!%$&, .$#,#3$6*& 4*% <1/& (2/*%&,[
(-&:5,*/ 5&0&(+2(/ 024 ,& %$46*& +& 5#(/2"$(2/$#( 02% +& ,->CB 0#,,*2(/D O&//&
5#(/2"$(2/$#( +& ,->CB 5$.,&[ 4&%2$/ ] ,-#%$3$(& +-&%%&*%4 +-2(2,=4& 3!(!/$6*&[ 02%
2"0,$E$52/$#( +& ,->CB 6*$ 5#(/2"$(& ,&4 &:/%25/$#(4 ^ >(#(="& D[UZZZ &/ UZZY _D

N2 0%$(5$02,& ,$"$/& +& ,2 h>9C %!4$+& +2(4 ,-2(2,=4& +* "2/!%$&, 3!(!/$6*&
+-#%32($4"&4 +$0,#s+&4D '( &EE&/[ +2(4 ,& 524 +-<!%!+$/! "&(+!,$&((&[ 5#""& 02%
&:&"0,& +2(4 ,& 524 +&4 %&,2/$#(4 <1/& j 02/<#3G(& "#(#3!($6*&4[ 4#( */$,$42/$#( %&4/&
6*&,6*& 0&* $(2+!6*2/&D N->CB !/2(/ 2"0,$E$! ] 02%/$% +& ,-*( #* +& ,-2*/%& +&4 +&*: .%$(4D
O& 6*$ %&(+ +$EE$5$,& )#$%&[ $"0#44$.,& +& +$4/$(3*&% ,&4 ,#5$ <#"#c=3#/&4 +&4 ,#5$
<!/!%#c=3#/&4 2* ($)&2* +&4 E%23"&(/4 2"0,$E$!4 ^u$,,$2"4 &/ *.D[UZZH _D O& 6*$ 2 0&%"$4
+& 6*2,$E$&% 4&4 "2%6*&*%4 +& 5#j+#"$(2(/D N&4 %!4*,/2/4 +& 5&//& /&5<($6*& 4& 4#(/
!32,&"&(/ 2)!%!& (#( %&0%#+*5/$.$,$/![ ,$"$/2(/ 2$(4$ 4#( */$,$42/$#( 2* 5%$.,23& "#,!5*,2$%&
+& ,2 +$)&%4$/! 3!(!/$6*& ^ ?*%+#([ UZZV_D O& 5$ (& 0%!4&(/& 5&0&(+2(/ 024 +& 0%#.,G"&4
0#*% ,&4 #%32($4"&4 <!/!%#/<2,,$6*&4 /&,4 6*& ,&4 %#*$,,&4[ +#(/ ,&4 +&45&(+2(/4 4#(/
#.,$32/#$%&"&(/ <!/!%#c=3#/&4D

'( +!0$/ +&4 ,$"$/&4 %200#%/!&4 ] 5&//& /&5<($6*&[ 5&,,&j5$ 2 +#((! 42/$4E25/$#( +2(4
,-!/*+& +& ,2 +$)&%4$/! 3!(!/$6*& +&4 0#0*,2/$#(4 +& %#*$,,&4 &/ 2*/%&4 02%24$/&4
#.,$32/#$%&4 ^ 9&$ &/ *. D[UZZL d O<&( &/ *. D[UZZV d  255,&2( &/ *. D[UZZW _D

C2(4 (#/%& 524[ ,2 h>9C 2 %!)!,! *( 0#,="#%0<$4"& 3!(!/$6*& %&,2/$)&"&(/ E2$.,&[

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

YV



+!/&5/! (#/2""&(/[ 02% ,&4 2"#%5&4 ;9>'L &/ ;9>'UH &/ 6*$ 4&".,&(/ .$&( 4-2+20/&% ]
5& 3%#*0& +& 02/<#3G(&D 9,*4 &(5#%&[ ,-2"#%5& ;9>UL 2 0* "&//%& &( !)$+&(5& *(
0#,="#%0<$4"& %&,2/$)&"&(/ $"0#%/2(/[ 5#"02%! 2*: 0%!5!+&(/&4 2"#%5&4D O&//&
+&%($G%& 2"#%5& 2 !/! %200#%/!& /%G4 4!,&5/$)&[ (#/2""&(/ 0#*% ,2 52%25/!%$42/$#(
"#,!5*,2$%& +* 3&(%&  !"#$%&' ''9 ^  255,&2(D[ UZZW_D B!2("#$(4[ 5& E2$.,&
0#,="#%0<$4"& &4/$"! 02% ,& 0#*%5&(/23& +& .2(+&4 0#,="#%0<&4 ^UWDWL\ +& .2(+&4
0#,="#%0<&4_ &4/ 0%#.2.,&"&(/ +g ] ,2 /2$,,& %!+*$/& +&4 !5<2(/$,,#(4 /&4/!4[ 2$(4$ 6*-2
,-#%$3$(& 3!#3%20<$6*& /%G4 0%#5<& +&4 $4#,2/4

N&4 2"#%5&4 ;9R UY[ ;9OI[ ;9OUH[ ;9OUV &/ ;9'UW[ (-#(/ +#((! 2*5*(&
2"0,$E$52/$#([ &( %2$4#( +& ,&*% $(2+20/2/$#( ] ,-2"0,$E$52/$#( +& ,->CB 0%#)&(2(/ +&4
5<2"0$3(#(4 +* 3%#*0& +&4 %#*$,,&4[ (#/2""&(/ +* 3&(%&  !"#$%&' 440D '( &EE&/[ +2(4
+&4 !/*+&4 5#"02%2.,&4 +& 0#,="#%0<$4"& 3!(!/$6*&[ 2*5*(& +& 5&4 2"#%5&4 (-2 !/!
0%!2,2.,&"&(/ /&4/!& 0#*% ,2 +$)&%4$/! +&4 0#0*,2/$#(4 +& 5& 3&(%&D '( %&)2(5<&[ ,&4
2"#%5&4 +&4 E2"$,,&4 ;9F[ ;9T &/ ;9P &/ 4*%/#*/ 5&,,&4 +& ,2 E2"$,,& ;9> 4& 4#(/
"#(/%!&4 /%G4 0#,="#%0<&4 +2(4 ,2 +$4/$(5/$#( +&4 %25&4 +- !"#$%&' *99&3@)%2.*:2'
^ 25,&2(D[ UZZW_D O&%/2$(&4 2"#%5&4 +&4 E2"$,,&4 ;9O &/ ;9' #(/ 0* +$4/$(3*&% ,&4 %25&4
0<=4$#,#3$6*&4 +& 12%%)3)* ':!),"!#)' ^O<&( &/ *.D[ UZZV_D O&4 "o"&4 2"#%5&4 #(/ %!)!,!
!32,&"&(/ *( $"0#%/2(/ 0#,="#%0<$4"& 5<&c ,& 3&(%& 1="#* ^ ?#*c(2+ &/ *.D[UZZW_D

C2(4 (#/%& !/*+&[ ,&4 2"#%5&4 +& ,2 E2"$,,& ;9? #(/ %!)!,! +&4 0%#E$,4
"#(#"#%0<&4[ ] ,-&:5&0/$#( +& ,-2"#%5& ;9?KH[ 0#*% ,26*&,,& (#*4 (-2)#(4 #./&(*
2*5*(& 2"0,$E$52/$#(D O&4 +&%($G%&4 #(/ !/! %200#%/!&4 /%G4 4!,&5/$)&4 0#*% ,-!/*+& +*
0#,="#%0<$4"& 3!(!/$6*& +* 3&(%& `":!$:)' ^72,<$[ KHHW_/

N-2(2,=4& +&4 +&(+%#3%2""&4 #./&(*4 ] 02%/$% +&4 0%#E$,4 3!(!%!4 02% ,-2"#%5&
;9>UL[ "#(/%& 6*& ,-$4#,2/4 @aTI[ 4&".,& o/%& 3!(!/$6*&"&(/ 0%#5<&4 +&4 2*/%&4
$4#,2/4[ (#/2""&(/ +&4 $4#,2/4 @aT UH &/ @aT UU[ 0*$46*& @aTI (-2 0* o/%& 4!02%! 6*-]
*( 4&*$, +& 5#*0*%& +& LH\ +& 4$"$,$/*+& ^ E$3D UL_D '( %&)2(5<&[ ,&4 2"#%5&4 ;9>'L &/
;9>'UH #(/ 0* 4!02%&% ,-$4#,2/ @aTI +&4 2*/%&4 2* 4&*$, +& 5#*0*%& +& WH\ +& 4$"$,$/*+&
^ T$3D UV &/ UX _D O& 6*$ 4*33!%&%2$/ ,-&:$4/&(5& +-*(& +$EE!%&(5& 3!(!/$6*& 4$3($E$52/$)&
&(/%& 5&/ $4#,2/ &/ ,&4 2*/%&4D N&4 2"#%5&4 ;9>'L[ ;9>'UH &/ ;9>UL #(/ +& 5& E2$/ 0*
+$4/$(3*&% ,-$4#,2/ @aTI +&4 2*/%&4 $4#,2/4D '( &EE&/[ @aTI &4/ ,& 4&*, $4#,2/ &( 0%#)&(2(5&
+& `*($4$&[ 2,#%4 6*& ,& %&4/& +&4 $4#,2/4 0%#)$&(/ +& ,->,3!%$& d 5&4 V 2"#%5&4 #(/ 0* 2$(4$
+$4/$(3*&% +&4 3%#*0&4 4&,#( ,-#%$3$(& 3!#3%20<$6*& +&4 $4#,2/4D

N2 )2%$2.$,$/! 3!(!/$6*& 2$(4$ "$4& &( !)$+&(5&[ 0&*/ o/%& &:0,$6*!& 02% ,&4
0<!(#"G(&4 6*$ #(/ /%2$/ ] ,2 +$)&%4$/! 3!(!/$6*& +&4 0#0*,2/$#(4 +2(4 ,&4 02/<#j
4=4/G"&4 (2/*%&,4 ^?*%+#( UZZL_ #* 5*,/$)!4 ^ O<$( &/ u#,ED[ UZIX _D

N2 )2%$2.$,$/! 3!(!/$6*& 5<&c ,&4 0#0*,2/$#(4 0<=/#02/<#3G(&4 &/ (#/2""&(/ ,&4
%#*$,,&4[ 4&%2$/ 0%$(5$02,&"&(/ 256*$4& 02% ,&4 %&5#".$(2$4#(4 "!$#/$6*&4D '( &EE&/[ *(
5&%/2$( (#".%& +& /%2)2*: "&(!4 4*% ,&4 %#*$,,&4 +&4 5!%!2,&4[ #(/ "$4 &( !)$+&(5& ,& %1,&
+& 5&4 %&5#".$(2$4#(4 +2(4 ,2 )2%$2.$,$/! +&4 0#0*,2/$#(4 +& 5& 3%#*0& +& 02/<#3G(&4 ^
R#,"&% D[UZZL &/ 42)$,,&D[ UZZH_D O&//& )2%$2.$,$/! 0#*%%2$/ !32,&"&(/ 4-256*!%$% 02% ,&4
"*/2/$#(4 6*$ 4-&:0%$"&(/ 3!(!%2,&"&(/ 02% ,2 0&%/& +& ,2 E#(5/$#( 2)$%*,&(5& &( E2)&*% +&
,2 E#(5/$#( )$%*,&(5& ^ ?2(+&, &/ *.D[ UZZL_D

N2 4&,&5/$#( (2/*%&,,& 6*$ 4-#0G%& +2(4 ,&4 0#0*,2/$#(4 <1/&4 2*%2$/ !32,&"&(/ *(&

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

YX



$(5$+&(5& 4*% ,2 )2%$2.$,$/! 3!(!/$6*& +&4 0#0*,2/$#(4 02/<#3G(&4 ^ R#,"&%[ UZZL_D O<&(
&/ *.[ ^UZZV_[ #(/ %200#%/! 6*& 5&//& +&%($G%& 2)2$/ *( %1,& 0%!0#(+!%2(/ +2(4 ,2 )2%$2.$,$/!
3!(!/$6*& +- !"#$%&' *99&3@)%2.*:2'/

C& ,2 "o"& E2n#([ ,2 "$3%2/$#( #* E,*: +& 3G(&4 0#*%%2$/ o/%&[ ] *( +&3%! "#$(+%&[ ]
,-#%$3$(& +-$(5#%0#%2/$#( +& (#*)&2*: 3G(&4 (#/2""&(/[ +2(4 ,&4 0#0*,2/$#(4 +&
02/<#3G(&4 4& +$44!"$(2(/ 02% )#$& !#,$&((&[ 5#""& 5-&4/ ,& 524 +&4 %#*$,,&4 ^725<&D[
UZZW[ UZZX &/ h20$,,=[ UZZU_D

N-2(2,=4& +&4 +&(+%#3%2""&4 2 02% 2$,,&*%4 %!)!,! 6*& 5&4 /%#$4 2"#%5&4 #(/ 0&%"$4
+-#./&($% ,&4 "o"&4 3%#*0&4 6*& 5&*: 6*$ 4#(/ #./&(*4 02% ,& /&4/ +* 0#*)#$% 02/<#3G(&[
2(2,=4! 02% ,& /&4/ +& B&i  2( &/ R&*,4 &/ ,& /&4/ +& 5,244$E$52/$#( <$!%2%5<$6*& 02%
 a79D F, &4/ "$4 &( !)$+&(5& 5&0&(+2(/ %&,2/$)&"&(/ 0,*4 +& +$)&%4$/! 3!(!/$6*& 02%
,-2"#%5& ;9>ULD O&//& "o"& 2"#%5& (#*4 2 0&%"$4 +& %&/%#*)&% ,& 4#*4j3%#*0&
5#"0#%/2(/ ,&4 $4#,2/4 @aTUH &/ @aTUU[ +!b] $+&(/$E$!4 02% ,-2(2,=4& +&4 "#=&((&4 +*
/&4/ +& B&i  2( &/ R&*,4 2$(4$ 6*& 02% ,& /&4/  a79D O& 4#*4 3%#*0& 2 !/! $+&(/$E$! 02%
5& +&%($&% /&4/ ] *( 4&*$, +& 5#*0*%& 0%#5<& +& WH\ +& 4$"$,$/*+&D O&4 +&*: $4#,2/4
0%#)$&((&(/ +& ,2 %!3$#( '4/ +* 02=4D

O&//& /&(/2/$)& +& 5#"02%2$4#( &(/%& ,& /&4/ +* 0#*)#$% 02/<#3G(& &/ ,-2(2,=4& 02%
h>9C %&4/& /%G4 <=0#/<!/$6*& &/ ] 5#(E$%"&% 02% *( 0,*4 3%2(+ (#".%& +-$4#,2/4 6*2(/ ]
,-&:$4/&(5& +-*(& 6*&,5#(6*& 5#%%!,2/$#( &(/%& 5&4 +&*: +&%($&%4[ 0*$46*- 2*5*( +& 5&4
+&*: /&4/4 (& 0&*/ 4&%)$% +& %!E!%&(5& ] ,-2*/%&D '( &EE&/[ 5&//& 5#%%!,2/$#( 4& 5#(E$%"&%2$/
+2(4 ,& 524 #m ,& /&4/ +* 0#*)#$% 02/<#3G(& 2*%2$/ !/! %!2,$4! 2)&5 *(& 32""& +-<1/&
%!E!%&(/$&,,& 4/2(+2%+$4!&[ +#(/ ,&4 3G(&4 +& %!4$4/2(5& %!3$442(/ ,-$(/&%25/$#( <1/&j
02/<#3G(& 4#(/ 0%!2,2.,&"&(/ 5#((*4 &/ +!/&%"$(!4D

92% 2$,,&*%4[ 5&%/2$(4 2*/&*%4 #(/ &442=! +-244#5$&% ,&4 "2%6*&*%4 "#,!5*,2$%&4 2*:
"2%6*&*%4 +& )$%*,&(5& 0#*% "&//%& &( !)$+&(5& *(& 6*&,5#(6*& 5#%%!,2/$#(D > 5&/ &EE&/[
/%#$4 ($)&2*: +& 5#%%!,2/$#( #(/ !/! $+&(/$E$!4 ] 42)#$%[ *(& 02%E2$/& 5#%%!,2/$#([ *(&
5#%%!,2/$#( 02%/$&,,& &/ *(& 2.4&(5& /#/2,& +& 5#%%!,2/$#( ^N&*(3 &/ *.D[ UZZV_D C2(4 (#/%&
524[ (#*4 2)#(4 0* /%#*)&% *( ($)&2*: +& 5#%%!,2/$#( 02%/$&,,&[ 0*$46*& ,& "2%6*23& 02%
h>9C &/ ,& /&4/ +& 02/<#3G(!$5$/![ #(/ 0&%"$4 *(& 4!02%2/$#( 02% %200#%/ ] ,-#%$3$(&
3!#3%20<$6*&[ (#/2""&(/ 0#*% ,-$4#,2/ @aTI ^ T$3D KK[ KX &/ KY_D `2(+$4 6*&[ 0#*% ,&4
2*/%&4 $4#,2/4[ ,2 4!02%2/$#( 2 !/! "#$(4 !)$+&(/& +-*(& 2"#%5& ] *(& 2*/%&
5#"02%2/$)&"&(/ 2* /&4/ +& 02/<#3!(&$5$/! ^ T$3D KV[ KW &/ KL _D O#""& +2(4 ,& 524
3!(!%2, +&4 %#*$,,&4[ ,& E2$.,& ($)&2* +& 5#%%!,2/$#( &(/%& ,&4 "2%6*&*%4 h>9C &/ ,&4
"2%6*&*%4 +& 02/<#3&(&$5$/![ $(+$6*& 6*& ,& 0#,="#%0<$4"& +& ,->CB 4&%2$/ $(+!0&(+2(/
+* 0#*)#$% 02/<#3G(& &/ 6*& ,2 4!,&5/$#([ &( 02%/$5*,$&% 0#*% ,2 )$%*,&(5&[ b#*&%2$/ *( %1,&
"2b&*% +2(4 ,2 +!/&%"$(2/$#( +& ,2 4/%*5/*%& 3!(!/$6*& +& ,2 0#0*,2/$#( 02/<#3G(& ^ O<&(
&/ *.D[ UZZV_D

>TFUCL?E ///P 8NJOHLFLJ EL ICJBOJJCAD

YW



2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

YY



>ADBHOJCAD

>ADBHOJCAD XNDN?FHE

O&//& !/*+& 4-$(45%$)2$/ +2(4 *( /%2)2$, ] ,#(3 /&%"& 0#%/2(/ 4*% ,-200%!5$2/$#( +& ,2
+$)&%4$/! 3!(!/$6*& +& ,2 %#*$,,& +&4 EG)&4[ 52*4!& 02%  / ()*%&+ ,*-*&/ N-200%#5<& !/2$/ +&
+!5&,&% +-!)&(/*&,,&4 )2%$2/$#(4 &(/%& UU $4#,2/4 +& 5& 02/<#3G(&[ &( */$,$42(/ ] ,2 E#$4[ +&4
"2%6*&*%4 "#%0<#,#3$6*&4 &/ 5*,/*%2*:[ +&4 "2%6*&*%4 +& 02/<#3!($5$/! &/ +&4
"2%6*&*%4 "#,!5*,2$%&4D N&4 "2%6*&*%4 .$#5<$"$6*&4 (-#(/ 024 !/! %&/&(*4
+!,$.!%!"&(/[ &( %2$4#( +* E2$/ 6*& 5&4 02/<#3G(&4 .$#/%#0<&4 (& "#(/%&(/ E%!6*&""&(/
024 #* 0&* +& )2%$2.$,$/! 5#(5&%(2(/ ,&4 $4#j&(c="&4 #* 2,,#j &(c="&4 ^7/#++2%+ &/ 2,
UZZI_D

>$(4$[ ,&4 "2%6*&*%4 "#%0<#,#3$6*&4 &/ 5*,/*%2*: !/*+$!4[ ] 42)#$%[ ,2 "&(4*%2/$#(
+&4 *%!+#40#%&4 &/ ,-!/*+& +& ,&*% 0#*)#$% 3&%"$(2/$E &/ +& ,&*% 52025$/! ] $(E&5/&% ,2
0,2(/& <1/& 20%G4 +$EE!%&(/&4 +*%!&4 +& 5#(4&%)2/$#(4[ (-#(/ %!)!,! 2*5*(& +$EE!%&(5&
244&c 4$3($E$52/$)&D '( &EE&/[ ,& /&4/ +& 02%2,,!,$4"& (-2 (*,,&"&(/ +!/&5/! +& +$EE!%&(5&4
4$3($E$52/$)&4 0#*% ,2 "&(4*%2/$#( +&4 *%!+#40#%&4D N-!/*+& +* 0#*)#$% 3&%"$(2/$E &/
$(E&5/$&*: +&4 40#%&4 ] /%2)&%4 ,& /&4/ +& ,-2(2,=4& +& ,2 )2%$2(5& (-2 !32,&"&(/ 024 "$4
&( !)$+&(5& ,-&:$4/&(5& +-*(& +$EE!%&(5& 4$3($E$52/$)&D 9#*% 5&4 02/<#3G(&4 .$#/%#0<&4[ 5&
/=0& +& "2%6*&*%4 02%2$/ +#(5 $(2+20/![ 0*$46*& 5&4 +&%($&%4 (& "#(/%&(/ (*,,&"&(/ #*
%2%&"&(/ +& )2%$2.$,$/! ] ,-!5<&,,& "25%#45#0$6*& #* "$5%#45#0$6*&[ .$&( 6*-$,4 4#$&(/
3!(!/$6*&"&(/ /%G4 +$)&%4$E$!4 ^>$/ F442+ &/ >c$%$ UZZZ d u23(&% &/ 2, UZZZ d S*=#/ UZWL_D
'( 02%/$5*,$&%[ ,& +$40#4$/$E +& ,2)23& +&4 *%!+#40#%&4 2 !/! 5#(n* &( *42(/ +-*( 2002%&$,
] 0&%E*4$#( d 5& +&%($&% 2 !/! 2+20/! 0#*% 5#()&($% 2*: ,2)23&4 2* ,2.#%2/#$%& +&4

>ADBHOJCAD

YL



*%!+#40#%&4D y ,-$44*& +* /&4/ +* 0#*)#$% 3&%"$(2/$E &/ $(E&5/$&*:[ (#*4 2)#(4 0* 200%!5$&%
,2 +*%!& +& )$2.$,$/! &/ +* 0#*)#$% $(E&5/$&*: +&4 *%!+#40#%&4 +-  / ()%*&+,*-*& b 5&//&
+*%!& 4&%2$/ +-&()$%#( 6*2/%& "#$4D C!02442(/ 5&//& 0!%$#+& &( 5#(4&%)2/$#( +2(4 ,&4
5#(+$/$#(4 4*4 &:0!%$"&(/!&4[ $, 4&%2$/ (!5&442$%& +& %&5#(4/$/*&% ,2 5#,,&5/$#( +-$4#,2/4D

N&4 "2%6*&*%4 +& 02/<#3!($5$/! #(/[ 6*2(/ ] &*:[ %!)!,! *( 5&%/2$( ($)&2* +&
)2%$2.$,$/![ &4/$"! 02% ,& /&4/ +* 0#*)#$% 02/<#3G(& 2* "#=&( +-*(& 2(2,=4& +& ,2
)2%$2(5& &/ +-*( /&4/ +& 5,244$E$52/$#( <$!%2%5<$6*&D > 5&/ &EE&/[ 2* "#$(4[ +&*: 3%#*0&4
+-$4#,2/4 4& 4#(/ +$4/$(3*!4 &( 4& 5#"0#%/2(/ 5#""& +&4 02/<#/=0&4D O&0&(+2(/[ $,4 (-#(/
0* o/%& $+&(/$E$!4 5#""& %25&4 0<=4$#,#3$6*&4 02% 2.4&(5& +-*(& 32""& +& %!E!%&(5&[
+#(/ ,&4 3G(&4 +& %!4$4/2(5& 4&%2$&(/ 5#((*4 &/ %!0&%/#%$!4D `#*/&E#$4[ *( /%$ 2 0* o/%&
&EE&5/*! &( E#(5/$#( +& ,-#%$3$(& 3!#3%20<$6*&[ 0*$46*& @aTI[ ,& 4&*, $4#,2/ &(
0%#)&(2(5& +& ,-!/%2(3&%[ &( ,-#55*%%&(5& +& `*($4$&[ 4-&4/ %&/%#*)! +2(4 *( 3%#*0& ]
02%/D

@( 5&%/2$( ($)&2* +& %!4$4/2(5& <#%$c#(/2,& 2 !/! +!/&5/! +2(4 ,&4 5#(+$/$#(4
2,3!%$&((&4[ +& 02% ,2 %!25/$#( +&4 4$: 5*,/$)2%4 /&4/!4[ 5#"02%2/$)&"&(/ 2*: %!4*,/2/4
#./&(*4 ] ,-!5<&,,& "!+$/&%%2(!&((& ^h24<$+ &/ ?&%($&% UZIY d O#((&% &/ ?&%($&% UZIK 5_D
F, 2 !/! %200#%/! 6*& 5&//& %!4$4/2(5& $(5#"0,G/& #* 02%/$&,,& 4-&:0%$"2$/ +& +&*:
"2($G%&4[ +#(/ ,-*(& 23$442(/ 4*% ,2 4!)!%$/! +& ,2 "2,2+$& 42(4 3!(!%&% +& %!25/$#(
(!5%#/$6*& &/ ,-2*/%& E2$42(/ $(/&%)&($% ,2 %!25/$#( +-<=0&%4&(4$.$,$/! ^?<2,,2 &/ ?&%($&%
UZIX_D C&4 "2($E&4/2/$#(4 4="0/#"2/$6*&4 4$"$,2$%&4 ] 5&4 +&%($G%&4 #(/ !/! #.4&%)!&4
2* 5#*%4 +&4 (#/2/$#(4 &EE&5/*!&4 ,#%4 +* /&4/ +& 02/<#3!($5$/![ 4*33!%2(/ 2$(4$[ ,2
0#44$.$,$/! +-&:$4/&(5& +f*(& /&,,& %!4$4/2(5& +2(4 ,&4 3!(#/=0&4 /&4/!4 &( 5#(+$/$#(4
2,3!%$&((&4D

92%"$ ,&4 #.b&5/$E4 %&5<&%5<!4 +& 5&//& !/*+&[ E$3*%& ,-2(2,=4& 3!(!/$6*& +&4 $4#,2/4
+& +A /()%*&+,*-*&0 02% ,&4 "2%6*&*%4 h>9CD O&0&(+2(/ $, !/2$/ &( /#*/ 0%&"$&% ,$&*[
(!5&442$%& +& "&//%& 2* 0#$(/ *( 0%#/#5#,& +-&:/%25/$#( +->CB[ 2+20/2.,& 2*: 5#(+$/$#(4
+& (#/%& ,2.#%2/#$%&D > 5&/ &EE&/[ /%#$4 0%#/#5#,&4 #(/ !/! &:0!%$"&(/!4 0#*% 2.#*/$% 2* 0,*4
&EE$5$&(/[ ] 42)#$%[ ,& 0%#/#5#,& 5#".$(2(/ ,& 7C7 2)&5 ,& O`>?D N2 "$4& 2* 0#$(/ +& 5&4 V
0%#/#5#,&4 2 !/! #./&(*& 02% ,-*/$,$42/$#( 5#(b#$(/& +-*( .%#=23& +&4 *%!+#40#%&4 &(
0%!4&(5& +-*( 2.%24$E[ +-2c#/& ,$6*$+& ^'+i2%+4 &/ 2, UZZZ_ &/ +& 6*&,6*& "$5%# ,$/%&4 +&
0&%#:=+& +-<=+%#3G(&D O& +&%($&% 2 !/! (&*/%2,$4! 02% ,-2+b#(5/$#( +& 9a9 ] K\D

N&4 "2%6*&*%4 h>9C #(/ 0* 0#*% ,&*% 02%/ 5#(E$%"&% 5&//& +$)&%4$/! 3!(!/$6*&[ +#(/
,-&:$4/&(5& 2)2$/ +!b] E2$/ ,-#.b&/ +-<=0#/<G4&4 0%!2,2.,&4 ^ &4k$(& UZZY d O#((&% &/
?&%($&% UZIK2_D '( &EE&/[ ,-2(2,=4& +&4 +&(+%#3%2""&4 2 %!)!,! 6*& ,&4 "2%6*&*%4 h>9C
#(/ 0*[ 02% ,& .$2$4 +&4 2"#%5&4 ;9>'L[ ;9>'UH &/ ;9> UL[ +!5&,&% *( 0#,="#%0<$4"&
%&,2/$)&"&(/ E2$.,&[ &( %2$4#( +& ,2 /2$,,& %!+*$/& +&4 !5<2(/$,,#(4 /&4/!4[ &/ +& ,-#%$3$(&
3!#3%20<$6*& /%G4 0%#5<& +& 5&4 $4#,2/4 D O&4 2"#%5&4 4&".,&(/ .$&( 4-2+20/&% ]
,-2(2,=4& 3!(!/$6*& +-  /()%*&+,*-*&/N& 4&*$, +& 5#*0*%& +& LH\ 200,$6*! ] ,-2"#%5&
;9>UL[ $(+$6*& 5&0&(+2(/ 6*& ,-$4#,2/ @aTI &/ ,&4 2*/%&4 $4#,2/4 4#(/ 3!(!/$6*&"&(/
0%#5<&4D 92% 5#(/%&[ 0#*% ,&4 2"#%5&4 ;9>'L &/ ;9>'UH[ ,-$4#,2/ @aTI 4-&4/ (&//&"&(/
+$4/$(3*! ] *( 4&*$, +& WH\ +& 4$"$,$/*+&D

9#*% 5&4 /%#$4 2"#%5&4 0#,="#%0<&4[ (#*4 2)#(4 !32,&"&(/ 0* (#*4 %200%#5<&% +&4
%!4*,/2/4 #./&(*4 02% ,& /&4/ +* 0#*)#$% 02/<#3G(&[ 2)&5 *(& +$)&%4$/! 0,*4 $"0#%/2(/&

2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

YI



#./&(*& 2)&5 ,-2"#%5& ;9>ULD N2 /&(/2/$)& +& 5#"02%2$4#( &(/%& ,& /&4/ +* 0#*)#$%
02/<#3G(& &/ ,-2(2,=4& 02% h>9C 2 "#(/%! *( ($)&2* E2$.,& +& 5#%%!,2/$#([ 52%25/!%$4! 02%
*(& 5#%%!,2/$#( 02%/$&,,& &/ "$4& &( !)$+&(5& 02% 5&4 +&*: /&4/[ &( +$4/$(3*2(/ @aTI +&4
2*/%&4 $4#,2/4 D O&//& /&(/2/$)& +& 5#"02%2$4#( (-&4/ 5&0&(+2(/ 024 4*EE$42""&(/ E#(+!&
0#*% 0#*)#$% %!2,$4&% *(& 5#%%!,2/$#( &(/%& 5&4 +&*: /&4/4[ 0*$46*- 2*5*( +& 5&4 /&4/4 (&
0&*/ 4&%)$% +& %!E!%&(5& ] ,-2*/%&D O&//& 5#%%!,2/$#( 2*%2$/[ 02% 2$,,&*%4[ &* *( 4&(4 +2(4 ,&
524 #m ,& /&4/ +* 0#*)#$% 02/<#3G(& 2*%2$/ !/! %!2,$4! 2)&5 *(& 32""& +-<1/&4
%!E!%&(/$&,,&[ +#(/ ,&4 3G(&4 +& %!4$4/2(5& %!3$442(/ ,-$(/&%25/$#( <1/&j 02/<#3G(& 4#(/
0%!2,2.,&"&(/ 5#((*4 &/ +!/&%"$(!4D

dE?JUEBLC\EJ IeNLOIEJ

924 "2, +-#.b&5/$E4 #(/ !/! 2//&$(/4[ 5&0&(+2(/ $, %&4/& 6*&,6*&4 2".$3*s/!4 ] !5,2$%5$%[
(#/2""&(/ 0#*% 5& 6*$ &4/ +& ,2 )2%$2.$,$/! +* 0#*)#$% 02/<#3G(& &/ +& ,2 40!5$2,$42/$#(
02%24$/2$%&D

'( 0&%40&5/$)&[ (#*4 0&(4#(4 +#(5 200%#E#(+$% 5&4 $()&4/$32/$#(4 2)&5 *( (#".%&
+-$4#,2/4 0,*4 $"0#%/2(/4 &/ +-#%$3$(& 3!#3%20<$6*& 0,*4 +$)&%4$E$!&[ 2E$( +& 5#(E$%"&% #*
+-$(E$%"&% 4*% 5&//& <=0#/<G4& +& +$)&%4$/![ &/ 02% ,2 "o"&[ +-$+&(/$E$&% +&4 "2%6*&*%4 +&
%25&4 40!5$E$6*&4 20%G4 ,&4 2)#$%4 %!0&%/#%$!4D 92% 2$,,&*%4[ 5&,2 0&%"&//%2 +& "&//%& &(
!)$+&(5& ,&4 E#%"&4 40!5$2,&4 +& 5& 02/<#3G(& +#(/ ,-&:$4/&(5& E2$/ ,-#.b&/ +& +#((!&4
5#(/%#)&%4!&4D 9#*% 5& E2$%&[ +&4 "!/<#+&4 +& "2%6*23& "#,!5*,2$%& /&,,&4 6*& ,- >TN9
&/ ,2 77h 4&%2$&(/ +-*( 200#%/ 200%!5$2.,&D O&4 +&%($G%&4 0#*%%2$&(/ !)&(/*&,,&"&(/
"&//%& &( !)$+&(5& *(& +$EE!%&(5& ] ,-!5<&,,& 3!(!/$6*&D >$(4$[ #( %&5#((2Q/%2 #* #(
%!E*/&%2 5&//& (#/$#( +& E#%"&4 40!5$2,&[ 5#(E$%"!& 02% 5&%/2$( ^T$5<&% UZHK d M#%+$ UZHX d
P$%2/4*k2 UZVV $( S*=#/ UZWL_ &/ (#( 2+"$4& 02% +-2*/%&4 ^O#((&% &/ ?&%($&% UZIK[ 2 d
 &4k$(& UZZY_D

@( /%2)2$, /#*/ 2*44$ $(/!%&442(/ (& 0&*/ o/%& b*4/$E$! 42(4 ,2 E$(2,$/! +-$+&(/$E$&% ,&4
3G(&4 6*$ $(/&%)$&((&(/ +2(4 ,-$(/&%25/$#( <1/& j 02/<#3G(&[ +2(4 *( .*/ E#(+2"&(/2, &/
0%2/$6*& &( "o"& /&"04D N-200%#5<& E#(+2"&(/2,& 0&%"&//%2 2$(4$ +& "$&*: 5#"0%&(+%&
5&//& %&,2/$#( <1/& j 02/<#3G(& 0#*% 5&4 #%32($4"&4 .$#/%#0<&4 &/ ,-200%#5<& 200,$6*!&
2*%2 ,& "!%$/& +& "&//%& &( 0%2/$6*& 5&4 +#((!&4 &( 0%!)$4$#( +-*(& ,*//& 4-200*=2(/ 4*%
,2 5#((2$442(5& +& 5&//& %&,2/$#( &/ +&4 4=4/G"&4 "#(# &/J#* 0#,=3!($6*&4 6*$ ,2 3G%&(/D

>ADBHOJCAD

YZ



2TNKEJ 8EBTE?BTE IE KF?YOEO?J GCAHAXCYOEJ EL KAHNBOHFC?EJ j84dWk UAO? HeELOIE IE HF IC\E?JCLN

XNDNLCYOE Ie 3?AKQBEJ \CBCFE<[FGFEl FXEDL IE HF ?AOCHHE IE HF [M\E] [N\E?AHEP

LH



8N[N?EDBEJ GCGHCAX?FUTCYOEJ

Ait Issad K. & Aziri H. (1999) Essai d’une inoculation artificielle d’ U.vicae-fabae, agent
causal de la rouille de la fève. Etude de son pouvoir pathogène et de sa
spécialisation parasitaire. Mémoire d’ingénieur d’état en agronomie INA El Harrach,
pp 70

Akkaya, M.S., Shoemark, R.C., Spech, J.E., Bhagwat, A.A., & Cregan, P.B. (1995).
Crop science. 35 : 1439-1445

Allen P.J., Strange R;N & Elnaghy M.A. (1971) Properties of germination inhibitor
from stem rust uredospores . Phytopathology. 61: 1382-1389.

Anonyme ( 1999). Roche Molecular Bio chemicals. PCR application manual 2end
edition. Ed. Roche diagnostics Gmbh, Mannheim.

Anonyme (1996a ). DNA purification.In:Protocols and applications guide. Third edition.
Ed by Promega corporation. pp75 – 90.

Anonyme (1996b ). Nucleic acid amplification.In:Protocols and applications guide.
Third edition. Ed by Promega corporation. pp192-206.

Arthur J.C.( 1934) Manual of the rusts in United States and Canada. Purdue Research
Foundation, Lafayette, Indiana

Bernier C., Hanounik S.B., Hussein M.M., & Mohamed H.H.( 1984) Field manual of
common faba bean diseases in the nile valley. Information Bullettin N° 3. International
Centre for Agricultural Research in Dry Area (ICARDA).

 !"!#$%&$' ()(*)+,#-./)01$'

 !



Bhalla . M.K., & Bernier . C.C (1984) Evaluation of the component of rate-reducing
resistance in Vicia faba to Uromyces vicae- fabae . Phytopathology 74: 819.

Bond D.A .,Jellis G.J., Rowland G.G., Le Guen J., Robertson L.D ., Khalil S.A. , &
Li-Juan L. (1994) Present statut and future strategy in breeding faba bean for
resistance to biotic and abiotic stess. Euphytica 73: 151-166.

Bouznad, Z., Corbiere, R., El Biari, H., & Spire, D. (1995). Identification of Ascochyta
species of legumes by Random Amplified Polymorphic DNA. 2

nd
Europeen

conference on grain legumes Copenhagen p 78

Bouznad Z. Maatoughi M .E.H. & Labdi M. ( 1996) Importance et distribution
géographique des maladies fongiques des légumineuses alimentaires. In :Ezzahiri et
al. Ed :Proceeding du symposium régionale sur les maladies des céreales et des
légumineuses alimentaires, 11-14 novembre, 1996, Rabat, Maroc pp : 13-19

B randel U.E., Haemmerli U.A., MacDermott J.M & WolfM.SChilversG.A. (1997)
Interpreting genetic data with the help of genetic linkage maps. In: gene-for-gene
relationship in plant parasite interactions Ed by Crute. I R., Holub.E.B. & Burdon J.J.
CAB International. p 157

Brown J.K.M., Foster E.M & Ohara R.B. (1997) Adaptation of powdery mildew
population to cereal varieties, in relation to durable and non durable resistance. In:
gene-for-gene relationship in plant parasite interactions. Ed by Crute. I R., Holub.E.B.
& Burdon J.J. CAB International. p 119

Burdon , J.J. (1997). The evolution of gene for gene interactions in natural
pathosystem. In: gene-for-gene relationship in plant parasite interactions. Ed by
Crute. I R., Holub.E.B. & Burdon J.J. CAB International. p245

Burdon J.J. (1993). The stucuture of pathogène populations in natural plant
communities. Ann. Rev. Phytopathol. 31: 305-323.

Burdon J.J., & Roelfs A .P.(1985) The effect of sexual and asexual reproduction on
the isosyme structure of population of Puccinia gramminis. Phytopathology. 75:
1068-1073

Cataeno – anoles , G., Gresshoff, P.M. (1998). DNA markers Potocols, Application,
and Overwiews. Ed by Cataeno – anoles, G., Gresshoff, P.M.WILEY-VCH New York.
Chichester. Weinhein. Brisbane. Singapore. Toronto. 364p

Chen, X., Roland, F.L.& Leug, H. (1993). Relationship between virulence and DNA
polymorphism in Puccinia striiformis. Phytopathology. 83: 1489-1497

Chen, X., Roland, F.L.& Leug, H. (1995). Virulence and polymorphic DNA Relationship
of Puccinia striiformis. Phytopathology. 85: 1335-1342

Chen, W., Shi, X., & Chen, Y.ch. (2002). Microsatellite markers and clonal genetic
structure of the fungal pathogen Phialophora gregata. Mycol. Res, 106: 194-202

Chin K.M. & Wolfe M.S. (1984), Selection on Erysiphe gramminis in pure and mixed
stands of barley. Plant Pathol. 33 : 535-546.

Chung Wen. H., Tsukiboshi Takao., Ono Yoshitaka & Kakishima Makoto. ( 2004).
Phylogenitic analysis of Uromyces viciae fabaeand itsvarieties on Vicia faba, lathyrus
and Pisum in Japan. Mycoscience 45 (1). http://www.springerlink.com .

Clement J.A., ButtT.M., & Beckett A. (1993 a) Characterisation of extra cellular matrix

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

 "



produced in vitro by urediniospores and sporeling of Uromyces vicae- fabae. Myc
.Res, 97 : 594-602.

Clement J. A., Martin S.G., Porter R., ButtT.M., & Beckett A. (1993b) Germination
and the role of extra cellular matrix in adhesion of urediniospores of Uromyces vicae-
fabaeto synthetic surfaces characterisation of extra cellular matrix produced in vitro
by uredospores and sporeling of Uromyces vicae -fabae. Mycol .Res, 97: 587-593.

Clement J.A., Porter R., & Beckett A. (1998) The orientation of urediniospores of
Uromyces vicaie- fabae during fall and after lading. Mycol. Res. 102 (8):907-913.

Conner R.L., & Bernier C.C.( 1981) Host range of Uropmyces vicae fabae.
Phytopathol. 71: 687-689.

Conner R.L., & Bernier C.C.( 1982a) Inheritance of resistance in inbred linesof Vicia
faba. Can. j. Plant Pathol 72:1555-1557

Conner R.L., & Bernier C.C.( 1982b) Raceidentification in Uromyces viciae fabae.
Can. J. Plant Pathol 4: 157-160

Conner R.L., & Bernier C.C.( 1982c) Slow rusting resistance in Vicia faba. Canadian
journal of plant pathology 4: 263-265

Couch, J.A & Fritz, P. ( 1990). Isolation of DNA plants high in polyphenolics. Pl. Molec.
Biol. Reporter 8: 8 -12

Cregan, P.& Quigly, CH.V. (1998). Simple sequence repeat DNA marker analysis.
InDNA markers Potocols, Application, and Overwiews. Ed by Cataeno – anoles, G.,
Gresshoff, P.M.WILEY-VCH New York. Chichester. Weinhein. Brisbane. Singapore.
Toronto. pp 173-197.

Cummins G.B. (1959) . Illustrated genera of rust fung, Minneapolis, MN.

Day, P.R. (1987). Plant parasite interaction: a genetical perspective. In: Genetic and
plant pathogenesis. Ed for the british Society for plant pathology, Blackwell scientific
Publications, Oxford. London. Edinbergh. Boston. Palo. Alto. Melbourne, pp 1-10

Do , N. & Adams, R.P. (1991). A simple technique for removing plant polyssachride
contaminants from DNA. Biotechniques . 10: 162-166

Dou drick, R.L., Nelson, C.D., & Nance, W.L.(1993). Genetic analysis of a single
uredospore culture of coronartium quercuum f.sp. fusiforme, using random amplified
polymorphic DNA markers. Mycologia 85: 902-911.

Doyle, J.J. & et Doyle, J.L. (1987). A rapid DNA isolation procedure for small quantity
of fresh leaf tissue. Phytochem. Bull. 19: 11-15

Edwards J., Ades P.K., Parbery D.G., Halloran G.M., & Taylor P.W.G. (1999)
Morphological and molecular variation between Australian isolates of Puccinia
menthae. Mycol. Res. 103: 1505-1514.

Edward, M .G., Bickel, Ann., & Weish, P. ( 1996). Effect of highly fragmented DNA on
PCR. Nuleic Acids Res. 24 (24): 5026-5033

Edwards M.C., & Bowling.D.J.F. ( 1986) The growth of germ tubs towards stomata in
relation to pH gradient. Physiol and Mol plant Pathol. 29: 185 -196.

Emeran A. A ., Sillero J.C., & Rubiales D. (2001) Physiological specialisation of
Uromyces vicae fabae . 4

th
Europeen conference on legumes – 2001 – Cracow. P

263.

 !"!#$%&$' ()(*)+,#-./)01$'

 #



Fang, G., Hammar, S., & Rebecca, R (1992). A quick and inexpressive method for
removing polysaccharides from plant genomic DNA. Bio techniques 13 : 52 – 56.

Feliachi, K. (2002). Le développement des légumineuses alimentaires et les
perspectives de relance en Algérie. IN : Proceeding du symposium sur le devenir des
légumineuses alimentaires dans le magreb. Hammamet, Tunisie.

Flor, H.H. (1955). Host- parasite interaction in flax rust its genetic and other
implications. Phytopathology. 45: 680 – 685.

Flor, H.H. (1956). The complementary genic systems in flax and flax rust. Adv. Genet 8:
29-54.

Geistlinger , J., Maqbool, S., Kaiser, W.J. & Kahl, G. (1997 ). Detection of
microsatellite markers and their Mendelian inheritance in Ascochyta rabei . Mycol.
Res. 101: 1113-1121.

Grabo P., & Wagner K.G. (1991) Early changes in the nucleotide pools of germination
rust uredospores. Journal of phytopatology. 13 3: 1-14

Guyot A.L. (1957) Les urédinées (ou rouilles des végétaux). Tome III. Encycl. Mycol.
29. 505-554

Hariot P., ( 1908) Les urédinées ( rouille des plantes) . Ed o.Doin ; paris ; 392p.

Hieller S., Mendgen K., & Deising H. ( 1993). Cellulotic enzymes of the obligately
biotrophic rust fungus U.viciae-fabae are regulated differentiation specifically. Mycol.
Res. 97 (1) : 77-85

Hiratsuka Y.( 1973) The nuclear cycle and the terminology of spores states in
uredinales. Mycologia. 65 : 432-443.

Hurtado, S. & Ramsedt, M. (2002). AFLP comparaisonof distant Melampsora epitea (
willow rust) population. Mycol Res. 106: 1400-1407.

Imhoff M.W. Main C.E & Leonard K.L.( 1981) Effect of temperature, dew period, and
age of leaves, spores, and source pustule on germination of bean rust uredospores.
Phytopathology 71: 577-583

Jones J.P., Haburan M.A..(1969) Swelling phenomena of germinating crown rust
uredospores. Phytopathology 59: 1034

Joseph M.E., & Hering T.F . ( 1997) Effect of environnement on spore germinatiuon
and infection by broad bean rust (Uromyces vicae- fabae ). Journal of Agricultural
Science (97), 128: 73-78.

Kapooria R.G., & Sinha S. (1966) Studies on the host -range of Uromyces vicae
-fabae. Indian Phytopathology. 29: 505-554.

Kapooria R.G., & Sinha S. (1971) Further studies on the host spectrum of Uropmyces
vicae fabae. Indian Phytopathol. 24: 170-171.

Keddad A. (1998) Polyopie, cours de Phytopathologie INA.

Keiper, F.J., Hayden, M.J., Park, R.F., & We lling, C.R. (2003). Molecular variation of
Australian isolates of five cereal rust pathogens. Mycol. Res., 107: 545-556

Kolmer J. A. (1997) Virulence dynamic and genetics of cereal rust populations in north
America. In: gene-for-gene relationship in plant parasite interactions. Ed by Crute. I
R., Holub.E.B. & Burdon J.J. CAB International. p 139

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

 $



Laundon G.F( 1973) Uridinal Pp. 247-279. In: The fungi, Vol. IVB.EDS. G.C Ainsworth
F. K. Sparrow & A.S. Sussman. Academic press, New York.

Leung, H., Nelson, R.G., & leach, J.E. (1993). Population structure of plant pathogenic
fungi and bacteria. Adv. Plant. Pathol. 10: 157-205.

Littelfield L.J., & Heath M.C. (1979) Utrastucture of rust fungi. Academic press, New
York. 277p.

Lu T.H., & Groth J.V. (1987) Isosyme detection and variation in Uromyces
appendiculatus. Can.J. Bot . 66: 885-890

Maatoughi M .E. H., (1996) Situation de culture de fève en Algerie et perspectives de
relance. In : Proceeding réhabilitation of Faba bean. Ed Bertenbrieter W et Sadiki M.
Actes ED. Rabat Maroc, 137-147

Mac Donald B.A. (1997) The population genetics of fungi: tools and techniques.
Phytopathology .87 (4). 449-452

Macclean, D.J., Braithwaite, K.S., Irwin, J.AG., Manner, J.M. & Groth, J.V. (1995).
Random ampliefied polymorphic DNA reveals relationships among diverse genotypes
in Australian and American collections of Uromyces appendiculatus.
Phyhtopathology. 85: 757-765.

Mac leod B. (1996) Faba bean: Rust disease. Plant Pathologist, Plant research and
devlepment Service, Northern. Agriculture Western Australia http:// www. Agric. Wa.
Au/ AGENCY/PUBNS/FARMNOTE/1996/fi 1496.htm.

Macko V., Staples R.C., & Renwick J.A.A. ( 1970) Germination of self inhibitor of
sunflower and snapdragon rust uredospores. Phytopathology. 61:902.

Macko V., Staples R.C., Renwick J.A.A. &Pirone J. (1972) , Germination self inhibitor
of uredospores. Physiol. Plant. Pathol.. 2: 347-355

Mather K. (1965) Analyse statistique en biologie. Ed Paris, Herman, 350p.

Merzenberg R.L. (1991) Benefactors’ lecture: the comportement of molecular biology
on mycology. Mycol. Res. 95 (1): 1-9.

Meskine M. (1996) détermination de la gamme d’hôte d’ Uropmyces vicae fabae pp
135-140 In : Symposium régional sur les maladies des céréales et des légumineuses
alimentaires. 11-14 novembre 1996.

Messiaem C.M (1981) variétés résistantes, méthodes de lutte contre les maladies et
ennemis des plantes. Ed, INRA, 564p.

Munoz, G., hirichsen, P., Bryogoo, Y & Giraed, T. ( 2002 ). Genetic characterisation
of Botrytis cinerea population in chile. Mycol. Res 106 (5) : 594 - 601

Murray ,M.G.,& Tompson, W.F. (1980). Rapid isolation of hight molecular-weight plant
DNA. Nucleic acids Res. 8: 4321-4325.

Newton, A.C. (1987). Markers in pathogen poulations. In: Genetic and plant
pathogenesis. Ed for the british Society for plant pathology, Blackwell scientific
Publications, Oxford. London. Edinbergh. Boston. Palo. Alto. Melbourne, pp 187-194.

Newton A.C., Caten C.E., Johnson R. (1985). Variation for isosymes and double
stranded RNA among isolates of Puccinia striiformis and two other cereal rusts. Plant.
Pathol. 34: 235-247

 !"!#$%&$' ()(*)+,#-./)01$'

 %



Pei, M.H., Wh elan, MJ., Halford, N.G. & Royle, D.J. (1997 ). Distinction between stem
and leaf-infecting forms of Melampsora rust on Salix viminalis using RAPD markers.
Mycol. Res. 101: 7-10

Pruter C.& Zebitz C.P.W. (1991) Effect of Aphis fabae and Uropmyces vicae fabae on
the growth of a susceptible and an aphis resistance cultivar of Vicia faba. Ann. Appl.
Biol. 119 : 215-226.

Rafalski, J.A. (1998). Randomly amplified polymorphic DNA (RAPD) analysis. InDNA
markers Protocols, Application, and Overwiews. Ed by Cataeno – anoles, G.,
Gresshoff, P.M.WILEY-VCH New York. Chichester. Weinhein. Brisbane. Singapore.
Toronto, pp 75-83

Rapilly F. (1991) L’épidémiologie en pathologie végétale : mycoses aériennes.
In :Epidémiologie en pathologie végétale. (Ed) INRA, Paris, 240-261.

Rubiales Sillero J.C., Avila C. M. & Carver T. W. L . ( 2001) Supression of resistance
to Uromyces vicae fabae in faba bean Vicia vaba. 4

th
Europeen conference on grain

legumes - 2001- Cracow. p 258

Sache I. (1995) Epidémiologie de la rouille de la féverole . Phytoma la défense des
végétaux N°473. Juin 1995. pp 40-41

Sache I. (1994) La dissémination éolienne des maladies cryptogamiques. Phytoma la
défense des végétaux N°467. Décembre 1994 pp 20-26

Saiki RK., Scharfs, F.F., Mullis, KB., Horn, G.T., Erlich, H.A & Arnhaim, N. (1985).
Enzymatic amplification of beta globingeneomic sequence and restriction site analysis
for diagnosis of Sickle cell anemia. Science 230( 4732): 1350-1354

Salhi (2005) . Evaluation de la diversité génétique d’une collection de Botrytis fabae et
Botrytis cinerea.., agent de la maladie tache de chocolat. Mémoire de magister INA El
harrach 135p

Sambrook, J., Fritch, E.F., & Maniatis, T. ( 1989). Molecular cloning: A laboratory
Manual. 2

nd
Ed Cold Spring Harbor Press, Cold Spring Harbor, NY.

Samuel L.H., Allen P.J., Nelson D.& Lester H.(1975) Mode of action of methyl cis –
ferulate, the self inhibitor of stem rust uredospore germination. Physiol. Plant. Pathol.
5: 107-112

Saville D.B.O. (1985). Short- season adaptations in the rust fungi. Mycologia. 45 :
75-87

Schein R.D . (1962) Storage viability of rust uredospores. Phytopathology 52: 653-657.

Schein R.D.,& Rotem J. ( 1965) temperature and humidite effect on uredospores
viability. Mycologia 57: 397-403

Semal J. (1989) Traité de pathologie végétale. Ed, les presses agronomiques de
Gembloux (Belgique). 621p

Sillero J.C., Monero M .T., & Rubiales D.(200 0) Characterisation of new
sourcesresistance to Uromyces vicae fabae in a germplam collection of Vicia vaba
Plant. Pathology 49: 389-395

Sillero J.C., & Rubiales D.(200 2) Histological characterisation of resistance to bean
rust Uromyces vicae fabae in faba bean Vicia vaba Phytopathology 92 (3) : 295-299

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

 &



Stoddard F.L.,Marshell D.R., AliM .M.H., Fiffer S., Gunasekera S.U.A.K.,
HerathI.H.M.H.B. & Sherieff S.( 1998) The Australian New Crops Newsletter. Issue
N° 10, July 1998 pp 13.

Stoddard F.L., & et herath I.H.M.H.B. (2001) Genetic analysis of partial resistance in
faba beans. Aust. J. Agric. Res 52: 73-84

Sussman A .S., & Douthit H.A. (1973) Dormancy in microbial spores. Ann. Rev. Plant.
Physiol 24: 311-352

Van- Hees -Boukema E.M .& Zodoks J.C.( 1986) Postponed germination of Puccinia
reconcita uredospores deposited on wheat leaves. Nether lands Journal of Plant
Physiology 92: 71-80

Vander Plank J.E. (1968). La résistance des plantes aux maladies. Agence de
coopération technique et culturelle. Paris, 223p.

Vander Plank J.E. ( 1978). Genetic and molécular basis of plant pathologenesis.
Springer Verlag Berlin 167pp.

Vander Plank J.E. ( 1982). Host pathogen inter-actions in plant disease. Academic
Press ,New york , 207pp.

Vos, P., Hoger, R.,Bleeker, M., Reijans, M., Van De Lee, T., Hornes, M., Frijters, A/;
Pot,J.,Pelemn, J ., Kuiper, M.& Zabeau, M.(1995). AFLP:a new technique for DNA
finger printing. Nucleic Acids Res. 23: 4407-4414.

Vos, P. & Kuiper, M.(1998). AFLP analysis. InDNA markers Potocols, Application, and
Overwiews. Ed by Cataeno – anoles, G., Gresshoff, P.M.WILEY-VCH New York.
Chichester. Weinhein. Brisbane. Singapore. Toronto. pp 115-131.

Wagner A.H., Backer A.I., & Wagner K.G. (1994) Changes in the nucleoside-
nucleotide pools of Uropmyces vicae fabae uredospores during imbibition at low
temperature Physiol and Mol Plant Pathol. 45: 81-87.

Wagner A.H., Backer A.I., &Wagner K.G. (1993). Nucleoside / nucleotide content in
Uropmyces vicae fabae uredospres and its correlation to germination. Physiological
and Molecular Plant Pathology. 43: 275-281

Weigand, F., Baum, M & Udupa, S. (1993). DNA molecular markers techniques.
Technical manual N°20. Ed. International center for agricultureresearch in the dry
area (ICARDA); Aleppo, Syrea.

Weising, K., Byermann, B., Ramser, J. & Kahl,G. (1991 a). Plant DNA finger printing
with radioactive and digoxygenated oligonucleotide probes complementary to simple
repetitive DNA sequences. Electrophoresis. 12: 159-168

Weising , K., Kaemmer, D., Epplen, J.t., Weigand, F., Saxena, M. & Kahl, G. (1991
b). DNA fingerprinting of Ascochyta rabiei with synthetic oligonucleotides . Current
genetic . 19: 483-493

Weising, K. & Kahl,G. (1998). Hybridization based on microsatellite fingerprint of plants
and fungi. In:DNA markers Potocols, Application, and Overwiews. Ed by Cataeno –
anoles, G., Gresshoff, P.M.WILEY-VCH New York. Chichester. Weinhein. Brisbane.
Singapore. Toronto. pp 27-52

Williams J.G.K., Kube lik A.R., Livak K.J., Rafalski J.A., & Tingey S.V.(1990) DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic

 !"!#$%&$' ()(*)+,#-./)01$'

  



Acids Res. 18 (22): 6531-6535.

Yoon, CH.S., Glawe, D.A. & Shaw, P. D. (1991). A method for rapid small- scale
preparation of fungal DNA. Mycologia. 83 (6): 835-838

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

 '



7%%$D$'

7%%$D$ E

7%%$D$'

 (



 !"# $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 +40 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

')



 !"< $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 < 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

 !"B $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 A 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

7%%$D$'

'!



 !"A $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 C 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

 !"D $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 #< 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

'"



 !"E $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 #E 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

 !" F $ %&'!()*+,!*)- .+ / .0 1023)4!*)54 0* .+ (5+65)2 )4-0'*)0+7 !(289 <= 903!)40 .0

'549026!*)54 : ;<=>?@ A>? 0* : ,! *03(&2!*+20 !3")!4*0

7%%$D$'

'#



7(#!<)-5)+%' F

*+,-. /,+,01 2 *+3 4,+

*5678 /,+,01 2 *+

7%%$D$ G

7%-*>'$ 4$ *- <-#)-%&$ 4$ *;!514$ 41 .+1<+)# ,$#3)%-5)" $5 )%"$&5)$1D 4$'

1#!4+'.+#$'

2-(*$-1 E F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ E$# '$3-)%$

9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

( %$!3%( &% !%))3&$

D*A
H,I.1J6 !

$3 & !) )3$' !3" )3#(%%

D*A
H,I.1J6 "

(#%$'3" " $&  $3!$ !!))%&3 ( )3))))

D*A
H,I.1J6 #

"&&)3)" ! "&&)3)" &"%'3'& )3))))

D*A ?!K?"  3)& ") )3#% )3'# )3&%'(
D*A ?!K?#  3%) !) )3 % !3 & )3!#$)
D*A ?"K?# !#)%3$' " &%"3 $ !%#%3'& )3))))
D*A A18 '3%) ") )3$# )3&% !3)L

2-(*$-1 G F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ G$3$
#
'$3-)%$

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

'$



9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

!)'")%M  &% !&&$M )

D*A
H,I.1J6 !

 M" !) )M # !M(( )M)()&

D*A
H,I.1J6 "

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

D*A
H,I.1J6 #

! ")M $ ! ! ")M $ $ "!M$$ )M))))

D*A
H,I.1J6 #

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

D*A
?!K?"

$M$$ !) )M$$ !M"" )M## '

D*A
?!K?#

$&M)# " "#M)" &#M!% )M))))

D,6AN8  M"( ") )M#& )M&) !M)L

2-(*$-1 H F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ I$3$ '$3-)%$

9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

!!$%%$M%! &% ! &"M#'

D*A
H,I.1J6 !

$M%) !) )M$% )M( )M$((&

D*A
H,I.1J6 "

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

D*A
H,I.1J6 #

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

D*A
H,I.1J6 #

!)M!# ") )M%! !M)(

D*A
?!K?"

!M#$ !) )M!# )M"(

D*A
?!K?#

!)(!M)! " %$%M%) !! "M%$

D,6 6N8 (M#& ") )M$ )M&' !M"L

2-(*$-1 I F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ J$3$
#
'$3-)%$

7%%$D$'

'%



9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

!)&#&%M%% &% !&#&M#(

D*A
H,I.1J6 !

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

D*A
H,I.1J6 "

!)!%"&M%( " %) &#M#) "")&#%M)% )M))))

D*A
H,I.1J6 #

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

D*A
H,I.1J6 #

%M) ' ") )M"% !M!) )M$!#'

D*A
?!K?"

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

D*A
?!K?#

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

D*A A;8 $M&O ") )M"# )M$' )M(L

2-(*$-1 K F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ EG$3$ '$3-)%$

9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

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

D*A
H,I.1J6 !

'M & !) )M'' "M"! )M)&#)

D*A
H,I.1J6 "

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

D*A
H,I.1J6 #

$#M&(M"# ! $#&( P"# !!)!(M($ )M))))

D*A
H,I.1J6 #

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

D*A
?!K?"

%M&N !) )M%& !M$" )M"$"&

D*A
?!K?#

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

D,6 618  M(# ") )M$) )M&# !M"L

2-(*$-1 L F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ EL$3$
#
'$3-)%$

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

'&



9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

$!#%#M%" &% &#&M"!

D*A
H,I.1J6 !

"M#% !) )M"# )M% )M'!%'

D*A
H,I.1J6 "

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

D*A
H,I.1J6 #

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

D*A
H,I.1J6 #

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

D*A
?!K?"

 M"( !) )M # !M ' ) P!"($

D*A
?!K?#

!!%! P%) " % %M % !$)(M ' )M))))

'M! ") )M$! )M&' "M#L

2-(*$-1 M F  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ GN $3$ '$3-)%$

9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

'""$M$' &% !"&M%#

D*A
H,I.1J6 !

!M!% !) )M!" )M! )M(())

D*A
H,I.1J6 "

 $$ M & " # "#M'' %%#&M"' )M))))

D*A
H,I.1J6 #

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

D*A
H,I.1J6 #

 M%' ") ) P#' )M%& )M'(&!

D*A
?!K?"

#M)( !) )M#! )M$& )M'(&'

D*A
?!K?#

# #M"! " !'&M&! "  M$# )M))))

!#M$% ") )M& )M'"  M&L

>18. Q1 R1S =,- 1. T1JE/8 Q1 /UN.JQ1 QJ 5GJ+GE6 016VE-,.EH 1. E-H1I.E1JW Q18
J6NQG85G618

2-(*$-1 J F O#+1.$' /+3+,A%$' E$#$ '$3-)%$

7%%$D$'

' 



?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! (#3%) *
>" (!3" C
># !"3%% :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 %(M$" *
! *@4  "M!" C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 (%3'" *
>" W *@4 (%3$% *
>! W *D4 (!3!' C
>" W *D4 ' 3)( :
># W *@4 "%M)( <

2-(*$-1 P F O#+1.$' /+3+,A%$' G$3$ '$3-)%$

?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! ()M%( *
>" ''M$% :
># $M#& <
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 %&M)#
! *@4 &&M"$
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>!W*@4 (%M" *
>"W*@4 ($M # C
>!W*D4 '%M(! :
>"W*D4 '"M!' <
>#W*@4 'M # ;
>#W*D4 )M)) ?

2-(*$-1 EN F O#+1.$' /+3+,A%$' I$3$ '$3-)%$

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

''



?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! ()M" *
>" '$M!' C
># )M)) :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 %#M$' *
! *@4 &"M'" C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 ($M#& *
>" W *@4 ($M)( *
>! W *D4 '&M!' C
>" W *D4 )M)) :
># W *D4 )M)) <
># W *@4 <

2-(*$-1 EE F O#+1.$' /+3+,A%$' J$3$ '$3-)%$

?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! '%M  *
>" ')M#& C
># )M)) :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 $'M%' *
! *@4 &"M!' C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 (#M&$ *
>" W *@4 ("M(! C
>! W *D4   M(! :
>" W *D4 & M'" <
># W *D4 )M)) ;
># W *@4 )M)) ;

2-(*$-1 EG F O#+1.$' /+3+,A%$' EG $3$ '$3-)%$

7%%$D$'

'(



?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! '!M(! *
>"  %M$! C
># )M)) :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 $$M#) *
! *@4 &)M%' C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 (#M$% *
>" W *@4 ''M" C
>! W *D4  )M#& :
>" W *D4 &"M%% <
># W *D4 )M)) ;
># ] *@4 )M)) ;

2-(*$-1EH F O#+1.$' /+3+,A%$' 65$'5 4$ %$Q3-% $5 R$1)*' SKT: EL $3$ '$3-)%$

?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! %'M(% *
>" "&M!' C
># )M)) :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 "#M!' *
! *@4 ##M%' C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 &(M!' *
>" W *@4 $'M # C
>! W *D4 #^M%% :
>" W *D4 ")M'" <
># W *D4 )M)) ;
># W *@4 )M)) ;

2-(*$-1 EI F O#+1.$' /+3+,A%$' GN $3$ '$3-)%$

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

()



?" X .1V516,.J61Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! "%MM" *
>"  MM" C
># )MM)) :
?# X/,+,01Y /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
" *D4 'MM$% *
! *@4 !#MM"$ C
?"W?# /EF1//N8 =GZ1--1 [6GJ518 \GVG07-18
>! W *@4 #BM(! *
>" W *@4 !(M&! C
>! W *D4 'M'" :
>" W *D4 %M # <
># ] *D4 )M)) ;
># ] *@4 )M)) ;

*F6N+E,.EG-8 2

>! 2 >1V5N6,.J61 Q1 _")`:

>" 2 >1V5N6,.J61 Q1 $`:

># 2 >1V5N6,.J61 Q1 !'`: X,VFE,-.1Y

*D4 2 *+,-. /,+,01

*@4 2*5678 /,+,01

*-,/Z81 Q1 /, +,6E,-I1 QJ .18. QJ 5GJ+GE6 5,.\G07-1

2-(*$-1 ELF  !&-.)51*-5)" 4$' #!'1*5-5' 4$ *;-%-*>'$ 4$ *- <-#)-%&$ 41 5$'5 41 .+1<+)# .-5/+,A%$

9:; <<4 := >;9> ? @ABC* ;> :D
D,6E,F/1
.G.,/1

("3() &% !3$#

D*A
H,I.1J6 !

" 3&) !) "3 & "3 & )3))'&

D*A
H,I.1J6 "

!%3# % #3) #3)' )3)!&(

D*A
618EQJ1//1

$(3(# %) !3)) !3)) #%3$L

2$'5 4$ U$Q V-% $5 R$1)*' -..*)01! -1 5$'5 41 .+1<+)# .-5/+,A%$

2-(*$-1 EM F 2$'5 4$ U$Q3-% $5 W$1*' X '$1)* Y KT F Z-&5$1# E F ['+*-5'

7%%$D$'

(!



?! /EF1//18 =GZ1--18 [6GJ518 \GVG07-18
aD? ' $3&# *
aD? !! #3") C
aD? !) #3!" C
aD? & "3 ) C
aD? ! "3 ) C
aD? " "3&) C
aD? $ "3%( C
aD? % "3$ C
aD?  "3$ C
aD? ( "3# C
aD? # "3!% C

Z-&5$1# G F &1*5)<-#

?" /EF1//18 =GZ1--18 [6GJ518 \GVG07-18
D" #3 ( *
D# #3)& *C
D$ "3&! C
D! "3&) C
D% "3%) C
D& "3# C

7(#!<)-5)+% F

D!M D"bbb331.I c +,6EN.18 GJ IJ/.E+,6

7%%$D$ H

@GJ6 /18 .6GE8 56G.GIG/18 QU1W.6,I.EG- Q1 /U*<R 0N-GVEdJ1 /UN.,51 !M dJE IG-8E8.1 1- J-
F6GZ,01 Q18 J6NQG85G618 Q,-8 J-1 VEW.J61 Q1 8,F/1M QU,eG.1 /EdJEQ1 1. Q1 5N6GWZQ1
QU\ZQ6G07-1M , N.N 6,fGJ.16 O I18 56G.GIG/183 :1//1 IE N.N J-1 N.,51 I/N 5GJ6 /, 6NJ88E.1
Q18 1W.6,.EG- 5,6 /18 # 56G.GIG/183 4, 56N+1-.EG- IG-.1 /U1HH1. QJ 5N6GWZQ1 QU\ZQ6G0N-N ,
N.N 1-+E8,0N1 5,6 /U,fG-I.EG- Q1 @D@ X 5G/Z_+1-Z/ 5Z6G/EQG-Y O J-1 IG-I1-.6,.EG- Q1 "L3

@6G.GIG/1 QU1W.6,I.EG- Q1 /U*<R F,8N 8J6 /, VN.\GQ1 9<9

C6GZ16 !)) V0 QUJ6NQG85G618 Q,-8 J-1 VEW.J61 Q1 8,F/1M QU,eG.1 /EdJEQ1 1. Q1
dJ1/dJ1 VEI6G/E.61 Q1 516GWZQ1 QU\ZQ6G07-1M 5JE8 V1..61 /1 F6GZ,. Q,-8 J- .JF1 Q1 "V/3 1.
6,fGJ.16 d/d J/ Q1 @D@ 5GJ6 56N+1-E6 /U GWZQ,.EG- Q18 1W.6,E. 5,6 /1 g"B"3

*fGJ.16 ,J F6GZ,. !V/ Q1 .,V5G- Q1 /Z81 X%) =V >6E8_gI/ 5g' 1. !)) =V ;<>*Y O
&%`I3

*fGJ.16 !))J/ Q1 9<9 ")LM \GVG0N-NE816 1. E-IJF16 O &% `I 51-Q,-. !%V-3

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

("



*fGJ.16 #)) J/ QU,IN.,.1 Q1 5G.,88EJV X %=Y 1. /,E8816 ,0E6 51-Q,-. ") V- Q,-8 Q1 /,
0/,I1 5E/NNM 5JE8 I1-.6EHJ016 O !" ))) 65V 51-Q,-. !) VE-3

ANIJ5N616 /, 5\,81 ,dJ1J81 8J5N6E1J61 Q,-8 J- .JF1 Q1 !3% V/ 1. 56NIE5E.16 /U*<R
,+1I Q1 /UE8G56G5,-G/ H6GEQM /,E8816 ,0E6 51-Q,-. #) VE- ,J IG-0N/,.1J63

:1-.6EHJ016 51-Q,-. %VE- O !" )))65VM /1 IJ/G. ,E-8E GF.1-J IG-.E1-. Q1 /U*<R3

h/EVE-16 ,+1I 56NI,J.EG- /1 8J6-,01,-. 1. N0GJ..16 /1 .JF1 1- /1 V1..,-. 1- 5G8E.EG-
61-+168N1 8J6 QJ 5,5E16 ,F8G6F,-.3

4,+16 /1 IJ/G. ,+1I #)) J/ QUN.\,-G/ O  % L X V1..1J6 /18 #)) J/ 5JE8 I1-.6EHJ016
51-Q,-. %VE- O !" )))65V 1. N/EVE-16 /1 8J6-,01,-. IGVV1 Q,-8 /UN.,51  YM 6N5N.16
/UN.,51 ' .6GE8 HGE83

*5678 ,+GE6 8NI\16 /1 IJ/G.M 618J851-Q61 Q,-8 %) J/ Q1 >; X >6E8 i ;<>*Y 1. V,E-.1-E6
O $` I 3

@6G.GIG/1 QU1W.6,I.EG- Q1 /U*<R F,8N 8J6 /, VN.\GQ1 9<9j :>*C

C6GZ16 !)) V0 QUJ6NQG85G618 Q,-8 J-1 VEW.J61 Q1 8,F/1M QU,eG.1 /EdJEQ1 1. Q1
dJ1/dJ1 VEI6G/E.61 Q1 516GWZQ1 QU\ZQ6G07-1M 5JE8 V1..61 /1 F6GZ,. Q,-8 J- .JF1 Q1 "V/3 1.
6,fGJ.16 d/d J/ Q1 @D@ 5GJ6 56N+1-E6 /U GWZQ,.EG- Q18 1W.6,E. 5,6 /1 g"B"3

>6,-8H1616 /, 5GJQ61 Q,-8 Q18 .JF18 Q1 "V/

*fGJ.16 !V/ Q1 .,V5G- Q1 /Z81 X %) V= >E8_gI/ 5g 'M !%) V= R,I/ 1. !)) V= ;<>*Y

=N/,-016 1. ,fGJ.16 &) J/ QU9<9 ") L 1. ,0E.16 QGJI1V1-. O ") `I 51-Q,-. ! \3

*fGJ.16 !#) J/ Q1 :>*C j R,:/ X !)L :>*CM )M = R,:/ Y 1. E-IJF16 &%`I 51-Q,-.
")V-

;/EVE-16 /1 IJ/G. IG-8.E.JN Q1 8,F/1 1. QNF6E8 Q1 85G6183

<E+E816 /, VEW.J61 Q,-8 " .JF18 !M%V/

*fGJ.16 O +G/JV1 N0,/1 QJ I\/G6GHG6V1 j ,/IGG/ E8G,VZ/EdJ1 X "$ 2 !Y

>6,-8H1616 /,5\,81 ,dJ1J81 8J516E1J61 Q,-8 J- .JF1 Q1 !M% V/ X " .JF18Y

*fGJ.16 %)) J/ QUE8G56G5,-G/ H6GEQ 1. E-IJF16 O $`: 51-Q,-. ")V-

:1-.6EHJ016 O !)))) 65V 51-Q,-. ")V- O ")`:

AE-I16 O "HGE8 /, 51/G.1 ,+1I Q1 /UN.\,-G/ H6GEQ O  )L

9NI\16 /, 51/G.1 1. QN88GJQ61 Q,-8 %) J/ Q1 >; X !) V= >6E8_gI/ 1. !V= ;<>* 5g
'Y

0,6Q16 O i ") `:

@6G.GIG/1 QU1W.6,I.EG- F,8N 8J6 /UJ.E/E8,.EG- Q1 :>*C

C6GZ16 !)) V0 QUJ6NQG85G618 Q,-8 J-1 VEW.J61 Q1 8,F/1M QU,eG.1 /EdJEQ1 1. Q1
dJ1/dJ1 VEI6G/E.61 Q1 516GWZQ1 QU\ZQ6G07-1M 5JE8 V1..61 /1 F6GZ,. Q,-8 J- .JF1 Q1 "V/3 1.
6,fGJ.16 d/d J/ Q1 @D@ 5GJ6 56N+1-E6 /U GWZQ,.EG- Q18 1W.6,E. 5,6 /1 g"B"3

6,fGJ.16 !V/ QJ .,V5G- :>*C X !))V/ :>*Ck!))J/V16I,5.G 1.\,-G/Y 56NI\,JHN O
&%`: 1. E-IJF16 O /, VlV1 .1V5N6,.J61 51-Q,-. !\M 5JE8 E-IJF16 /18 .JF18 51-Q,-. %V-

7%%$D$'

(#



,J IG01/,.1J63

A,fGJ.16 ()) J/ Q1 I\/G6GHG6V1 ,/IGG/ E8G,VZ/EdZ1 X "$ 2 !YM ,0E.16 QGJI1V1-. 8J6
/U,0E.,.1J6 51-Q,-. ") V-M 1. I1-.6EHJ016 O !) ))) 65V 51-Q,-. !) V-3

>6,-8H1616 /, 5\,81 ,IdJ1J81 Q,-8 J- ,J.61 .JF18M 5JE8 6N51.16 /U N.,51 #

>6,-8H7616 /1 8J6-,01,-. Q,-8 J- ,J.61 .JF18 Q1 " V/3

A,fGJ.16 "j# +G/JV1 X &&) J/Y QUE8G56G5,-G/ H6GEQ X _")`I YM 5JE8 ,0E.16 QGJI1V1-.5GJ6
561IE5E.16 /18 ,IEQ18 -JI/NEdJ18 1. E-IJF16 51-Q,-. #)V- ,J IG-01/,.1J63

:1-.6EHJ016 O !) )))65V M 5JE8 1/EVE-16 /1 8J6-,01,-. 1- 0,6Q,-. /, 51/G.1 QU,IEQ18
-JI/1EdJ18 1. 6,fGJ.16 !V/ QUN.\,-G/ H6GEQ X  %LY3

:1-.6EHJ016 1-IG61 J-1 HGE8 O !) ))) 65V 1. 6N51.16 /UN.,51 Q1 /UN.,-G/3

<E88GJQ61 /U*<R Q,-8 %) J/ Q1 >; 1. IG-816+16 O $`I 3

9G/J.EG-8 8.GIm8 5GJ6 .,V5G-8

E? 2#)'?\]* EV@

>6E8 !"M!!0
g:/ !"R d8d 5g '
g") d8d !))V/

G? 2#)' X \&* GV@

>6E8 "$M""0
g:/ !"R d8d 5g'
g") d8d !)) V/

H? ^927 EV@ .\J

;<>* QE_8GQEdJ1 # M" 0
g") d8d !))V/

I? ^927 N@KV@ .\J

;<>* QE_8GQEdJ1 !'M& 0
g") d8d !))V/

K?U-]* KV

R,:4 "(M"" 0
g") d8d !))V/

L?_9_ GNT 6.#!.-#-5)+% &/-1""$# S LJ`]:

2/!3$'  $&/$#&/$ 4$ 3-#01$1#' ()+*+,)01$' $5 3+*!&1*-)#$' 6 789: .+1# *;$514$ 4$ *- 4)<$#')5!

,!%!5)01$ 4; =#+3>&$' <)&)-$?"-(-$@ -,$%5 4$ *- #+1)**$ 4$ *- "A<$B "!<$#+*$C

($



9 < 9 ") 0
g") d8d !))V/

J? 2a^ EN b 6 .+1# *- &1<$ )* "-15 41 2a^ Eb:

>6E8 F,81 X >6EeE-1  _(Y !)'0
*IEQ1 FG6EdJ1 %%0
;<>* (M#0
g") d8d !!

P? 27^ ENb

>6E8 F,81 '$M$ 0
*IEQ1 ,IN.EdJ1 0/,IE, !!M$ 0
;<>* )M% = ")V/
g"B d8d !!

EN? 2-3.+% 4$ &/-#,$

C6GVG5\N-G/ F/J1 )M"%L )M!# 0 Q1 C F
]Z/7-1 IZ,-G/ )M"%L )M!# 0 Q1 ] I
[/ZIN6G/ #)L X @jDY !% 0 Q1 [/ZIN6G/
g"B d8d %) V/

7%%$D$'

(%


