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6[’Q 3E %’ S8:3E aE–âZ/ H% ;>Cl ouotnC H]YZ/ ]â[6;7H YH>’7Y%\ QH;]â[HQHZ%] Y] Q’[H ;XX[’X[Y;%H ?–H[H %–H ]â[6;7H Y] 6>;%

JH7;â]H YZ %–Y] 7;]Hl %–H 6>’? QY/–% Z’% 6’>>’? %–H /[H;%H]% ]>’XHC
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t

w–H Y7Hs]–HH% /H’QH%[\ Y] /YYHZ J\ %–H JHü[’7ω H>HY;%Y’Z ሻlݔሺܤ %–H ]â[6;7H H>HY;%Y’Z ܵሺݔሻ ;Zü %–H %’%;> Y7H %–Y7ωZH]]

ví ܪ ݔ ൌ ܵ ݔ െ ሻCݔሺܤ xH ;>]’ üHZ’%H %–H üHX%– YZ %–H Y7H ]–HH% J\ ݀C xH >H% ]Z’?hY7H [H>;%YYH üHZ]Y%\ JH ሻݖǡݔሺܦ ;Zü %–H

]â[6;7H ;77âQâ>;%Y’Z ’6 Y7H ;Zü J;];> QH>%YZ/ [;%H ;% %–H Y7H±JHü[’7ω YZ%H[6;7H JH ܽሺݔሻ ;Zü ݉ሺݔሻl [H]XH7%YYH>\C xH >H%

ሻݖǡݔሺݔݑ üHZ’%H %–H –’[Y]’Z%;> YH>’7Y%\ ;Zü ሻݖǡݔሺݖݑ %–H YH[%Y7;> YH>’7Y%\ ’6 %–H Y7H X;[%Y7>H]C xH ;>]’ >H% ߯ሺݔǡݖሻ [HX[H]HZ% %–H

;/H ’6 %–H Y7H X;[%Y7>HC

xH Z’? üH6YZH 6>âèH] â]Hü %’ üH[YYH %–H ]%[H;Q 6âZ7%Y’ZC w–H X;[%Y;> –’[Y]’Z%;> 6>âè ሻݖǡݔሺܪݍ Y] üH6YZHü ;] %–H –’[Y]’Z%;> 6>âè

guu X;]]YZ/ JH>’? H>HY;%Y’Z .ݖ

ሻݖǡݔሺܪݍ ൌ
ݖ

ܤ

ܻሺݔǡݖԢሻܦሺݔǡݖԢሻݔݑሺݔǡݖԢሻ݀ݖԢǡ agn

?Y%– ܪܳ ݔ ൌ ǡܵሻݔሺܪݍ JHYZ/ %–H %’%;> –’[Y]’Z%;> 6>âè ;% X’]Y%Y’Z ݔ C xH 6â[%–H[ üH6YZH %–H J;];> QH>%YZ/ 6>âè ;].

ܳ݉ ݔ ൌ

ݔ

Ͳ

ԢǤݔԢሻ݀ݔԢሻ݉ሺݔሺܤܻ aon

?–H[H ܤܻ ݔ ൌ ܻሺݔǡܤሻ Y] %–H %âJH ?Yü%– ;% %–H JHü[’7ωC

SH7;â]H ’6 %–H ]%H;ü\s]%;%H ;]]âQX%Y’Zl %–H %?’ 7’QX’ZHZ%] ’6 %–H YH>’7Y%\ 6YH>ü 7;Z JH üH[YYHü 6[’Q ’ZH ]7;>;[ Y;[Y;J>H 7;>>Hü

%–H ]%[H;Q 6âZ7%Y’Zl üHZ’%Hü J\ ሻݖǡݔሺݍ ?–Y7– 6’>>’? %–H]H Höâ;%Y’Z].

ݔݑܦܻ ൌ
ݍ߲
ݖ߲
ǡ

ݖݑܦܻ ൌെ
ݍ߲
ݔ߲
Ǥ

aMn

guí w–H 6>âè %–[’â/– ;Z\ X;%– >YZωYZ/ %?’ X’YZ%] ܣ ;Züܤ Y] YZüHXHZüHZ% ’6 %–H 7–’]HZ X;%– ;Zü Y] %–H üY66H[HZ7H ܤݍ െ Cܣݍ w–H[H6’[Hl

ݍ ൌ ܳ݉ ൅ Cܪݍ S\ üH6YZY%Y’Zl %–H 7’Z%’â[] ’6 %–H ]%[H;Q 6âZ7%Y’Z 7’[[H]X’Zü %’ %–H %[;~H7%’[YH] ’6 Y7H X;[%Y7>H]C

xH üH6YZH %–H %’%;> 6>âè ;% X’]Y%Y’Z ݔ J\ܳ ݔ ൌ ݍ ǡܵݔ l Hè7HX% ;% %–H ü’QH ?–H[H ܳ ݔ ൌ ͲC xH üH6YZH %–H Z’[Q;>Y]Hü ]%[H;Q

6âZ7%Y’Z ሻݖǡݔሺߗ ]â7– %–;% %–H ]%[H;Q 6âZ7%Y’Z ݍ Y] /YYHZ J\

ݍ ݖǡݔ ൌ ܳ ݔ ሻݖǡݔሺߗ atn

w–Y] ZH? Y;[Y;J>H 7;Z JH [H>;%Hü %’ %–H –’[Y]’Z%;> 6>âè ]–;XH 6âZ7%Y’Z ߱ %–[’â/–

ሻݖǡݔሺߗ ൌ ߱ሺݔǡݖሻ ൅ ߤ
ͳ ൅ ߤ aín

ggu ?Y%– ߱ üH6YZHü J\ a-;[[HZYZ H% ;>Cl ouu�G THH– ;Zü -;%H[]’Zl gvUUn.
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ሻݖǡݔሺܪݍ ൌ ሻǡݖǡݔሻ߱ሺݔሺܪܳ a�n

;Zü ?Y%– ߤ JHYZ/ %–H [;%Y’ ’6 %–H QH>%YZ/ 6>âè %’ %–H –’[Y]’Z%;> 6>âè

ሻݔሺߤ ൌ
ܳ݉ሺݔሻ
ሻݔሺܪܳ

Ǥ a2n

yZ ’[üH[ %’ üH%H[QYZH X;[%Y7>H %[;~H7%’[YH] ;Zü %–H ;/H ’6 Y7Hl ?H 7;Z Z’? %[;Z]6’[Q %–H ݖǡݔ 7’’[üYZ;%H ]\]%HQ %’ ; ZH? ]\]%HQ

ሺߨǡߠሻ üH6YZHü ;] a-;[[HZYZ ;Zü BYZüQ;[]–l ouu2n.

ߨ ݔ ൌ �� ܳሺݔሻ
ܳ���

ߠ ݖǡݔ ൌ �� ሻݖǡݔሺߗ

aUn

?–H[H ܳ��� Y] ; [H6H[HZ7H 6>âè aYZ X[;7%Y7Hl ?H â]H %–H %’%;> 6>âè ;% %–H ü’?Z]%[H;Q J’âZü;[\ ’6 %–H ü’Q;YZnC f’%H %–;% %–H

ggí 7–;Z/H ’6 Y;[Y;J>H 6[’Q ݔ %’ ߨ [HöâY[H] ܳሺݔሻ %’ JH ;Z YZ7[H;]YZ/ 6âZ7%Y’Zl ;Zü ?H Qâ]% %–H[H6’[H ;]]âQH %–;% %–H ;77âQâ>;%Y’Z

ܽ Y] ]%[Y7%>\ X’]Y%YYH ;>> ;>’Z/ %–H 6>’?s>YZHC N>]’l %–H 7–;Z/H ’6 Y;[Y;J>H 6[’Q ݖ %’ ߠ [HöâY[H] ߗ %’ JH ;Z YZ7[H;]YZ/ 6âZ7%Y’Z ’6

lݖ ?–Y7– 7’[[H]X’Zü] %’ ;]]âQYZ/ %–;% %–H[H Y] Z’ [HYH[]H 6>’?C

xH %–HZ üH6YZH %–H –’[Y]’Z%;> ;Zü YH[%Y7;> YH>’7Y%\ 7’QX’ZHZ%] YZ %–Y] ZH? 7’’[üYZ;%H ]\]%HQ. ߨݑ ൌ
ߨ݀
ݐ݀
;Zü ߠݑ ൌ

ߠ݀
ݐ݀
C -;[[HZYZ

aougMn ]–’?Hü %–;% %–H]H YH>’7Y%\ 7’QX’ZHZ%] 7;Z JH ?[Y%%HZ ;]

ߨݑ ൌ
ܻܵܽ
ܦܻ

ߗ߲
ݖ߲

ǡ

ߠݑ ൌെ
ܻܵܽ
ܦܻ

ߗ߲
ݖ߲

Ǥ

avn

gou ?–H[H ܻܵ ݔ ൌ ܻ ǡܵݔ Y] %–H %âJH ?Yü%– ;% ]â[6;7HC w–Y] ?;\l Y% 7;Z YQQHüY;%H>\ JH ]HHZ a-;[[HZYZ ;Zü BYZüQ;[]–l ouu2nl %–;%

%–H]H YH>’7Y%\ 7’QX’ZHZ%] ;[H ’XX’]Y%H ;Zü %–H[H6’[Hl %[;~H7%’[YH] YZ %–H ሺߨǡߠሻ 7’’[üYZ;%H ]\]%HQ ;[H ]%[;Y/–% >YZH] ’6 ]>’XH sg

a]HH 0Y/â[H onC

yZ%H/[;%YZ/ %–H %YQH ]XHZ% ;>’Z/ %–H %[;~H7%’[\ 6[’Q 8öC avnl %–H ;/H ’6 ;Z Y7H X;[%Y7>H 7;Z JH ?[Y%%HZ ;]

߯ ൌ

ߨ

Ͳߨ

ߨ݀ߢ
agun

?Y%– Ͳߨ %–H YZY%Y;> Y;>âH ’6 ߨ ?–HZ %–H Y7H X;[%Y7>H ?;] ;% ]â[6;7H ;Zü ?Y%– %–H ߢ X;[;QH%H[ üH6YZHü ;].

ߢ ൌ ܦܻ
ܻܵܽ

ߗݖ߲
ߗ߲

Ǥ aggn
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goí xH 7;Z Z’? üH6YZH %–H YH[%Y7;> %–YZZYZ/ 6âZ7%Y’Zl ?–Y7– Y] %–H [;%Y’ ’6 %–H YH[%Y7;> %–Y7ωZH]] ’6 ; >;\H[ %’ Y%] YZY%Y;> Y7H HöâYY;>HZ%

YH[%Y7;> %–Y7ωZH]] ?–HZ Y% ?;] ;% ]â[6;7HC H]YZ/ %–Y] ሺߨǡߠሻ 7’’[üYZ;%H ]\]%HQl Y% 7;Z ;>]’ JH ]–’?Z %–;% %–H YH[%Y7;> %–YZZYZ/

6âZ7%Y’Z 7;Z JH ?[Y%%HZ a-;[[HZYZl ougMn.

߬ ൌ ,ߗ ܻ
ܵܽ
ܦܻ

Ͳܦ
ܽͲ

ͳ െ ͳ
ߢ

ߨ

Ͳߨ

ߢ߲
ߨ߲

െͳ agon

?–H[H Ͳܦ ;Zü ܽͲ ;[H [H]XH7%YYH>\ %–H [H>;%YYH üHZ]Y%\ ;Zü ;77âQâ>;%Y’Z [;%H ?–HZ %–H ]Z’?hY7H X;[%Y7>H ?;] üHX’]Y%HüC

xH 7;Z Z’? 7’Z]YüH[ Y;[Y;%Y’Z] ’6 ]â[6;7H ;77âQâ>;%Y’Z ;Zü J;];> QH>%YZ/ [;%H] ;Zü ;]]âQH %–H\ –;YH 7’QQ’Z %HQX’[;>

gMu Y;[Y;%Y’Z] a-;[[HZYZ H% ;>Cl ouu�G -;[[HZYZ ;Zü BYZüQ;[]–l ouu2n.

ܽ ݐǡݔ ൌ ܽሺݔሻܴሺݐሻ

݉ ݐǡݔ ൌ ݉ሺݔሻܴሺݐሻ

agMn

?–H[H ܽሺݔሻ Y] %–H %HQX’[;> ;YH[;/H ;77âQâ>;%Y’Z [;%H ;Zü ݉ሺݔሻ Y] %–H %HQX’[;> ;YH[;/H QH>%YZ/ [;%H ;% X’]Y%Y’Z ݔ ;Zü ܴሺݐሻ Y]

; X’]Y%YYH %HQX’[;> Qâ>%YX>Y7;%YYH 6;7%’[C w–Y] ;]]âQX%Y’Z Y] üY]7â]]Hü YZ ]H7%Y’Z tCMC H]YZ/ %–Y] ;]]âQX%Y’Zl %–H %[;~H7%’[YH]

;Zü Y]’7–[’ZH] ;[H %–H ];QH ;] %–’]H ’6 %–H ]%H;ü\ X[’J>HQ ?–Y7– â]H] ܽ ;Zü݉l Jâ% YH>’7Y%YH] ’6 Y7H X;[%Y7>H] ;[H HZ–;Z7Hü ’[

[Hüâ7Hü üHXHZüYZ/ ’Z %–H Y;>âH ’6 ܴሺݐሻC y% Y] X’]]YJ>H %’ üHüâ7H %–H [H;> ;/H ’6 Y7H X;[%Y7>H] ߯ 6[’Q %–H ]%H;ü\ ;/H ߯ â]YZ/ %–H

gMí 6’>>’?YZ/ 7–;Z/H ’6 %YQH Y;[Y;J>H

ݐ ൌ

ݐ

Ͳ

ܴሺݐሻ݀ݐǡ agtn

?–H[H ݐ Y] %–H ]%H;ü\ %YQH ;Zü ݐ Y] %–H [H;> %YQHC

rtr 6LPSOLI\LQJ DVVXPSWLRQV

w’ ]YQX>Y6\l ?H ;]]âQH %–;% ]Z’? Y] 7’QX[H]]Hü YZ]%;Z%;ZH’â]>\ YZ%’ Y7H ;% ]â[6;7HC yZ X[;7%Y7Hl ?H 7’ZYH[% [H;> üHX%– YZ%’ Y7H

HöâYY;>HZ% üHX%– â]YZ/ ; [H>;%YYH üHZ]Y%\ X[’6Y>H YZ6’[QHü J\ Y7H 7’[H ’J]H[Y;%Y’Z] ’[ 6Y[Z Q’üH>] YZ %–H ]YQâ>;%Hü ;[H;C

gtu (’[H’YH[l ?H ;]]âQH %–;% %–H 6>’? %âJH –;] YH[%Y7;> ?;>>]l %–;% Y]l ܻ ü’H] Z’% üHXHZü ’Z Cݖ w–Y] ?;\l %–H Höâ;%Y’Z] 6’[ ߢ ;Zü

߬ JH7’QH.

ߢ ൌ ͳ
ܽ
ߗݖ߲
ߗ߲

Ǥ agín
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߬ ൌ ,ߗ ܽ
ܽͲ

ͳ െ ͳ
ߢ

ߨ

Ͳߨ

ߢ߲
ߨ߲

െͳ ag�n

rtm 9XPHULFDO DVSHFWV

w–H ሺߨǡߠሻ 7’’[üYZ;%H ]\]%HQ Y] YH[\ â]H6â> 6’[ ]’>YYZ/ ;Z\ %[;Z]X’[% Höâ;%Y’Z ;Zü YZ X;[%Y7â>;[ %–H ;/H Höâ;%Y’ZC yZüHHül Y6 ?H

gtí üH6YZH ; [H/â>;[ /[Yü YZ ሺߨǡߠሻ ?Y%– %–H ];QH ]%HX ߨ߂ ൌ ߠ߂ ൌ l߂ %–H %[;~H7%’[YH] ’6 Y7H X;[%Y7>H] X;]] Hè;7%>\ %–[’â/– %–H Z’üH]

’6 %–H /[Yü a0Y/â[H onC w–H[H6’[Hl ]%;[%YZ/ 6[’Q %–H ]â[6;7H ?–H[H %–H ;/H Y] ߯ ൌ Ͳl Y% Y] X’]]YJ>H %’ üHüâ7H %–H ;/H ’Z %–H

–’[Y]’Z%;> /[Yü >YZH JH>’? ?–H[H ߠ ൌെ ߂ J\ 7;>7â>;%YZ/ %–H %YQH ZHHüHü 6’[ H;7– Y7H X;[%Y7>H %’ 7[’]] ; 7H>>C w–HZ %–H ;/H ’Z

%–H –’[Y]’Z%;> /[Yü >YZH JH>’? aߠ ൌെ n߂ʹ 7;Z JH 7;>7â>;%Hül H%7C N] X;[%Y7>H] Q’YH ü’?Z]%[H;Ql %–H 7’ZüY%Y’Z] ;% %–H âX]%[H;Q

J’âZü;[\ ]–’â>ü JH ωZ’?ZC N] %–H ߨ ]7;>H Y] >’/;[Y%–QY7l %–H[H Y] ; ]YZ/â>;[Y%\ ;% %–H ü’QHC w–H[H6’[Hl %–H –’[Y]’Z%;> ߨ ]7;>H

gíu ]%;[%] ;% ; X’YZ% ]>Y/–%>\ ü’?Z]%[H;Q ’6 %–H ü’QHl ?–H[H ;Z ;/H 7;Z JH X[H]7[YJHül 6’[ Hè;QX>H â]YZ/ ; ü’QH ]’>â%Y’Z a?–Y7–

;]]âQH] Xâ[H>\ YH[%Y7;> Q’YHQHZ%nC y6 ’ZH Y] YZ%H[H]%Hü YZ ; 6>;Zω Y7H 7’[Hl %–H âX]%[H;Q J’âZü;[\ 7;Z JH 7–’]HZ ]â7– %–;% %–H

âX]%[H;Q 7’ZüY%Y’Z ü’H] Z’% ;66H7% %–H ;/H Q’üH>>YZ/ ’6 %–H Y7H 7’[Hl YCHCl %–H Y7H YZ %–H Y7H 7’[H 7’QH] 6[’Q %–H ]â[6;7H J’âZü;[\

;Zü Z’% 6[’Q %–H âX]%[H;Q J’âZü;[\C

w–H %YQH ZHHüHü %’ 7[’]] ; 7H>> Y]

߯߂ ൌ

߂൅ߨ

ߨ

Ǥߨ݀ߢ ag2n

gíí

BH[Hl ?H ;]]âQH %–;% ͳȀܽ Y] 7’Z%YZâ’â] ;Zü Y;[YH] >YZH;[>\ JH%?HHZ %?’ 7’Z]H7â%YYH ߨ Z’üH]C zYQY>;[>\l ?H ;]]âQH %–;% ߗݖ Y]

7’Z%YZâ’â] ;Zü Y;[YH] >YZH;[>\ JH%?HHZ %?’ 7’Z]H7â%YYH ߠ Z’üH] ;>’Z/ ; YH[%Y7;> /[Yü >YZH a0Y/â[H onC y% QH;Z] %–;% ߗݖ߲
ߗ߲

Y] ;

]%HX?Y]H 6âZ7%Y’Z ;>’Z/ ߠ ;Zü ; 7’Z%YZâ’â] ;Zü >YZH;[sJ\sX;[%] 6âZ7%Y’Z ;>’Z/ Cߨ yZ%H/[;%YZ/ ߢ ;>’Z/ ߨ ;7[’]] ; 7H>> %–H[H6’[H

7’[[H]X’Zü] %’ YZ%H/[;%YZ/ ; ]H7’Zü ’[üH[ X’>\Z’QY;>C

g�u zYQY>;[>\l ?H 7;Z 7;>7â>;%H %–H YH[%Y7;> %–YZZYZ/ 6âZ7%Y’Z â]YZ/ 8öC aggn J\ YZ%H/[;%YZ/ %–H 6’>>’?YZ/ öâ;Z%Y%\ ;>’Z/ H;7– 7H>>.

߂൅ߨ

ߨ

ߢ߲
ߨ߲
Ǥߨ݀ agUn

xY%– ’â[ ;]]âQX%Y’Z %–;% ͳȀܽ ;Zü ߗݖ ;[H XYH7H?Y]H >YZH;[ 6âZ7%Y’Z]l ߢ߲ ߨ߲ Y] ; 6Y[]% ’[üH[ X’>\Z’QY;> JH%?HHZ ߨ ;Zü ߨ ൅ l߂ ]’

Y% 7;Z JH H;]Y>\ YZ%H/[;%HüC
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w’ 7;>7â>;%H %–H YZY%Y;> –’[Y]’Z%;> X’]Y%Y’Z]l %–H %’%;> 6>âè ’[ %–H YZY%Y;> ;77âQâ>;%Y’Z [;%H ?–HZ %–H Y7H X;[%Y7>H] ?H[H ;% ]â[6;7Hl

g�í ?H Qâ]% %[;Z]X’[% %–H]H öâ;Z%Y%YH] 6[’Q %–H ]â[6;7H ;>’Z/ %–H üY;/’Z;>] YZ %–H ሺߨǡߠሻ /[Yü a0Y/â[H onC w–H %[;~H7%’[YH] ’6 %–H

X;[%Y7>H] ;[H /YYHZ J\ %–H Y]’s7’Z%’â[] ’6 %–H ]%[H;Q 6âZ7%Y’Z Cݍ

yZ ’â[ ;/H96>’?9>YZHsgCu 7’üHl Y% Y] X’]]YJ>H %’ üH%H[QYZH %–H ;/Hl ;77âQâ>;%Y’Z ;Zü %–YZZYZ/ 6âZ7%Y’Z ’Z ; [H6YZHü YH[%Y7;>

/[Yü 7’[[H]X’ZüYZ/ %’ ;Z HèY]%YZ/ ’[ X’%HZ%Y;> Y7H 7’[HC xH 6Y[]% üH%H[QYZH %–H ߨ 7’’[üYZ;%H ’6 %–H Y7H 7’[H ;Zü 7;>7â>;%H %–H ;/H

;Zü %–YZZYZ/ X[’6Y>H] J\ ; ?HY/–%Hü ;YH[;/H ’6 %–H %?’ ;ü~;7HZ% YH[%Y7;> X[’6Y>H] ’6 %–H o3 /[YüC xH %–HZ YZ%H[X’>;%H %–Y] 7’;[]H

g2u g3 YH[%Y7;> X[’6Y>H ’Z%’ ; [H6YZHü g3 Y7H 7’[H X[’6Y>HC 0’[ %–H %–YZZYZ/ 6âZ7%Y’Zl ?H XH[6’[Q ; >YZH;[ YZ%H[X’>;%Y’Z ?–Y>Hl 6’[

%–H ;/Hl ?H â]H ; öâ;ü[;%Y7 YZ%H[X’>;%Y’ZC

yZ ’[üH[ %’ YH[Y6\ %–;% %–H âZ7H[%;YZ%\ üâH %’ YZ%H[X’>;%Y’Z Y] ZH/>Y/YJ>Hl ?H ;>]’ â]H ; üY66H[HZ% QH%–’ü %’ H]%YQ;%H %–H %–YZZYZ/

6âZ7%Y’Z ;Zü ;/H ;% %–H Y7H 7’[H >’7;%Y’ZC @Z7H %–H ;/Hl %–YZZYZ/ ;Zü %–H YZY%Y;> ;77âQâ>;%Y’Z [;%H ;[H 7;>7â>;%Hü 6’[ ;Z Y7H 7’[Hl

?H üH[YYH %–H ;/H %’ /H% ;Z’%–H[ H]%YQ;%H ’6 %–H %–YZZYZ/ 6âZ7%Y’Zl ;Zü ?H YZ%H/[;%H %–H >;\H[ %–Y7ωZH]] %’ /H% ;Z’%–H[ H]%YQ;%H

g2í ’6 %–H ;/HC xH %–HZ 7–H7ω %–;% %–H %?’ H]%YQ;%H] ’6 ;/H ;Zü %–YZZYZ/ a’ZH YZ%H/[;%YZ/ %–H ;/H ;Zü %–H ’%–H[ YZ%H/[;%YZ/ %–H

%–YZZYZ/n ;[H 7’Z]Y]%HZ% ?Y%–YZ ZâQH[Y7;> âZ7H[%;YZ%YH]C

rtp 3URJUDPPLQJ DVSHFWV

;/H96>’?9>YZHsgCu Y] HZ%Y[H>\ ?[Y%%HZ â]YZ/ %–H -\%–’ZsM X[’/[;QQYZ/ >;Z/â;/H ?Y%– ]HYH[;> ]7YHZ%Y6Y7 Q’üâ>H] aZâQX\l

]7YX\l Q;%X>’%>YJnC ;/H96>’?9>YZHsgCu J’%– ]’>YH] %–H %[;Z]X’[% Höâ;%Y’Z] ;Zü üY]X>;\] %–H [H]â>%] ;] 6Y/â[H]C w–H 6Y/â[H]

gUu üY]X>;\Hü 6’[ %–H o3 /[Yü ;[H. %–H o3 /[Yü YZ %–H ሺݔǡݖሻ ;Zü ሺߨǡߠሻ 7’’[üYZ;%H ]\]%HQl %–H ;/H YZ %–H ሺݔǡݖሻl ǡ݀ݔ ;Zü ሺߨǡߠሻ

7’’[üYZ;%H ]\]%HQ]l %–YZZYZ/ YZ %–H ሺݔǡݖሻ 7’’[üYZ;%H ]\]%HQl ’J%;YZHü HY%–H[ J\ üY[H7% YZ%H/[;%Y’Z ’6 %–H %–YZZYZ/ ’[ J\

üY66H[HZ%Y;%Y’Z ’6 %–H ;/Hl %–H ߱ 6âZ7%Y’Z YZ %–H ሺݔǡݖሻ 7’’[üYZ;%H ]\]%HQl %–H ]%[H;Q 6âZ7%Y’Z ݍ ;Zü Y%] 7’Z%’â[] a%–H ]%[H;Q

>YZH]l ?–Y7– [HX[H]HZ% X;[%Y7>H %[;~H7%’[YH]n YZ %–H ሺݔǡݖሻ 7’’[üYZ;%H ]\]%HQC N>’Z/ %–H ݔ 7’’[üYZ;%H ’6 %–H 6>’? >YZHl 6Y/â[H]

üY]X>;\ %–H ;77âQâ>;%Y’Z [;%Hl %–H J;];> QH>%YZ/ [;%Hl %–H ?Yü%– ’6 %–H 6>’? %âJH ;Zü %–H ]â[6;7H YH>’7Y%\ ’[ %–H %’%;> 6>âè ܳC

gUí N>’Z/ %–H g3 YH[%Y7;> /[Yü ’6 H;7– Y7H 7’[Hl ’ZH 6Y/â[H üY]X>;\] %–H ;77âQâ>;%Y’Z ;Zü >;\H[ %–Y7ωZH]] ;] ; 6âZ7%Y’Z ’6 %–H ;/Hl

;Zü ;Z’%–H[ 6Y/â[H üY]X>;\] %–H ;/Hl ]X;%Y;> ’[Y/YZ ;Zü %–YZZYZ/ ;] ; 6âZ7%Y’Z ’6 üHX%–C

0’[ %–H –’[Y]’Z%;> 6>âè ]–;XH 6âZ7%Y’Z ߱l ?H â]H %–H :>YJ’â%[\ X[’6Y>H a:>YJ’â%[\l gv2vG -;[[HZYZ ;Zü BYZüQ;[]–l ouu2n.

߱ ߞ ൌ ͳ െ ݌ ൅ ʹ
݌ ൅ ͳ

ͳ െ ߞ ൅ ͳ
݌ ൅ ͳ

ሺͳ െ ʹ൅݌ሻߞ agvn

?–H[H ߞ Y] %–H Z’[Q;>Y]Hü YH[%Y7;> 7’’[üYZ;%H au ;% %–H JHü[’7ω ;Zü g ;% %–H ]â[6;7HnC w–H[H6’[Hl ’Z>\ %–H Y;>âH ’6 ݌ ZHHü] %’ JH

gvu üH6YZHü 6’[ H;7– –’[Y]’Z%;> X’]Y%Y’Z ݔ ;>’Z/ %–H 6>’? >YZHC B’?HYH[l ’ZH 7’â>ü H;]Y>\ YQX>HQHZ% ;Z’%–H[ %\XH ’6 –’[Y]’Z%;>

6>âè ]–;XH 6âZ7%Y’Zl 6’[ Hè;QX>H %–H 3;Z]/;;[üsm’–Z]HZ X[’6Y>H am’–Z]HZ ;Zü 3;Z]/;;[ül gvvonC
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0’[ %–H âX]%[H;Q J’âZü;[\ 7’ZüY%Y’Z ’Z %–H ;/Hl ?H YQX’]H ; ü’QH X[’6Y>H.

߯ ൌ

Ͳ

ߠ

Ǥߠ݀ߢ aoun

w–H 7’[H ’6 %–H 7’üH Y] HZ%Y[H>\ ]HX;[;%H 6[’Q %–H HèXH[YQHZ% üY[H7%’[\ ?–H[H %–H [H]â>%] ’6 %–H [âZ ;[H ];YHüC w–H HèXH[YQHZ%

gví üY[H7%’[\ Y] 7’QX’]Hü ’6 ; /HZH[;> X;[;QH%H[ 6Y>H YZ %–H kN(: 6’[Q;% a;/H96>’?9>YZHsgCu â]H] %–H X\;Q> Q’üâ>Hn ;Zü %Hè%

6Y>H] %–;% üH6YZH %–H ;77âQâ>;%Y’Z [;%H ܽl J;];> QH>%YZ/ [;%H݉l ?Yü%– ’6 %–H 6>’? %âJH ܻl ]â[6;7H H>HY;%Y’Z ܵl Y7H ]–HH% %–Y7ωZH]]

ܪ ;Zü HèX’ZHZ% ’6 %–H :>YJ’â%[\ X[’6Y>H C݌ w–H[H Y] ;>]’ ; YH[%Y7;> üHZ]Y%\ X[’6Y>H /YYHZ YZ ; %Hè% 6Y>H 6’[ %[;Z]6’[QYZ/ [H;> üHX%–]

%’ Y7H HöâYY;>HZ% üHX%–] ;Zü %–Y] X[’6Y>H Y] ;]]âQHü %’ JH %–H ];QH ;>’Z/ %–H ?–’>H 6>’? >YZHC

m CSSOLFDWLRQ WR WKH LEsBM7LE IORZ OLQH

ouu w’ üHQ’Z]%[;%H %–H XH[6’[Q;Z7H ;Zü ;JY>Y%\ ’6 ’â[ ;/H Q’üH>l ?H ;XX>\ Y% %’ %–H 8;]% NZ%;[7%Y7; 6>’? >YZH JH%?HHZ 3E ;Zü %–H

S8:3E ü[Y>> ]Y%HC SH\’Zü 8-yEN Y] ; 8â[’XH;Z X[’~H7% %–;% ;YQ] %’ ü[Y>> ; 7’Z%YZâ’â] Y7H 7’[H [H7’[ü J;7ω %’ gCo QY>>Y’Z \H;[]

;% >H;]%l ?–Y7– Q;ωH] %–Y] 6>’? >YZH X;[%Y7â>;[>\ YZ%H[H]%YZ/C fâQH[Y7;> Q’üH>>YZ/ Y] ZH7H]];[\ %’ H]%YQ;%H %–H ;/H ’6 %–H Y7H

üHHXH[ %–;Z %–H üHHXH]% YY]YJ>H [;ü;[ –’[Y]’Z] ;Zü %’ H]%YQ;%H %–H %[;~H7%’[YH] ’6 Y7H X;[%Y7>H]C w–H 3EsS8:3E 6>’? %âJH –;]

;>[H;ü\ JHHZ üH%H[QYZHü YZ %–H 7’QX;ZY’Z X;XH[ E–âZ/ H% ;>C aouotnC y% Y] atu ωQ >’Z/ ?Y%– ; ]%[’Z/ >;%H[;> 6>’? üYYH[/HZ7H

ouí JH7;â]H ?H ;[H ’Z ; üYYYüH a0Y/â[H MnC w–H X;[;QH%H[] â]Hü 6’[ ’â[ ]YQâ>;%Y’Z]l Z;QH>\ %–H ]â[6;7H ;77âQâ>;%Y’Z [;%Hl J;];>

QH>%YZ/ ;Zü :>YJ’â%[\ X;[;QH%H[l ;[H %–’]H 6[’Q E–âZ/ H% ;>C aouoMn ’J%;YZHü J\ 6Y%%YZ/ ; g3 X]Hâü’s]%H;ü\ ;/H Q’üH> ’Z%’

’J]H[YHü Y]’7–[’ZH]C w–Y] g3 Q’üH> 6YZü] ; JH]% 6Y% Y;>âH 6’[ ; QH7–;ZY7;> Y7H %–Y7ωZH]] ;Zü â]H] %–H 7’QX;[Y]’Z ?Y%– %–H

’J]H[YHü Y7H %–Y7ωZH]] %’ YZ6H[ J;];> 7’ZüY%Y’Z]C 0’[ 7’Z]Y]%HZ7\ ;Zü %–H ];ωH ’6 7’QX;[Y]’Zl Y% Y] %–H[H6’[H %–H QH7–;ZY7;> Y7H

%–Y7ωZH]] %–;% ?H â]H 6’[ ’â[ J’%%’Q J’âZü;[\ 7’ZüY%Y’Z –H[Hl YZ]%H;ü ’6 %–H ’J]H[YHü Y7H %–Y7ωZH]]C w–H ;YQ ’6 ’â[ ]YQâ>;%Y’Z

ogu –H[H Y] %’ H]%YQ;%H ?–H%–H[ –’[Y]’Z%;> ;üYH7%Y’Z Y] ;Z YQX’[%;Z% QH7–;ZY]Q %’ %;ωH YZ%’ ;77’âZ% YZ %–H Q’üH>>YZ/ ’6 %–H ;/H

;>’Z/ %–Y] 6>’? >YZHl J\ 7’QX;[YZ/ %–H [H]â>% ’6 g3 ;Zü oCí3 Q’üH>] ?Y%– %–H ];QH ]H% ’6 X;[;QH%H[]C w–Y] oCí3 ]YQâ>;%Y’Z Y]

–’?HYH[ Z’% 6â>>\ ’X%YQY]HüC w–Y] Y] JH7;â]H ?H ;[H â]YZ/ %–H [H]â>%] ’6 %–H g3 YZYH[]H Q’üH> 6’[ ; oCí3 6>’? %âJH Q’üH>l

YZ]%H;ü ’6 ’X%YQY]YZ/ %–H oCí3 Q’üH> üY[H7%>\ ’Z%’ %–H ’J]H[YHü Y]’7–[’ZH] ;Zü Y7H 7’[H ü;%;]H%]C w–H ’X%YQY];%Y’Z ’6 %–Y]

oCí3 Q’üH> Y] %–H ]7’XH ’6 %–H 7’QX;ZY’Z X;XH[ E–âZ/ H% ;>C aouotnC

ogí w–H J’âZü;[\ 7’ZüY%Y’Z] ’6 %–H Q’üH> ;[H X>’%%Hü YZ 0Y/â[H tC w–H ;77âQâ>;%Y’Z ;Zü J;];> QH>%YZ/ [;%H] ;[H %;ωHZ 6[’Q %–H g3

YZYH[]H Q’üH> aE–âZ/ H% ;>Cl ouoMnl ?–Y>H %–H 6>’? %âJH ?Yü%– Y] 7;>7â>;%Hü 6[’Q %–H J;7ωs%[;7ωYZ/ ’6 ;ü~;7HZ%] 6>’? >YZH] 6[’Q

S8:3E aE–âZ/ H% ;>Cl ouotnC w–H QH]–H] ’6 %–H Q’üH> ;[H X>’%%Hü YZ 0Y/â[H íC w–H –’[Y]’Z%;> 6>âè ]–;XH 6âZ7%Y’Z Ȧ Y] X>’%%Hü

YZ 0Y/â[H �C w–H Q’üH>>Hü ;/Hl %[;~H7%’[YH] ;Zü YH[%Y7;> %–YZZYZ/ 6âZ7%Y’Z ;[H X>’%%Hü YZ 0Y/â[H 2l 0Y/â[H U ;Zü 0Y/â[H vC w–H
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[H]â>%] 6’[ %–H ZHè% Y7H 7’[H ;% S8:3E ;[H X>’%%Hü YZ 0Y/â[H guC w–H]H 6Y/â[H] a6[’Q t %’ gun ;[H ;â%’Q;%Y7;>>\ /HZH[;%Hü J\

oou %–H ;/H96>’?9>YZHsgCu ]’6%?;[HC

0Y/â[H í ]–’?] %–;% %–H QH]– Y] [H6YZHü ZH;[ %–H JHü[’7ωC w–Y] Y] HèXH7%Hül ]YZ7H %–H /[Yü Y] HèX’ZHZ%Y;> ?Y%– [H]XH7% %’ %–H 6>âè

]–;XH 6âZ7%Y’Z Cߗ x–HZ %–H[H Y] Z’ J;];> QH>%YZ/ a?–Y7– Y] %–H 7;]H YZ ’â[ ;XX>Y7;%Y’Z ?Y%– %–H QH7–;ZY7;> Y7H %–Y7ωZH]]nl %–H

/[Yü ü’H] Z’% Hè%HZü ü’?Z %’ %–H JHü[’7ω Jâ% ;XX[’;7–] Y% ;]\QX%’%Y7;>>\C w–H –’[Y]’Z%;> [H]’>â%Y’Z ;>]’ Y;[YH] YZ ’â[

;XX>Y7;%Y’Zl Jâ% ]HYH[;> X;[;QH%H[] ;66H7% %–Y] [H]’>â%Y’ZC @ZH ?’â>ü HèXH7% %–H –’[Y]’Z%;> [H]’>â%Y’Z %’ üH7[H;]H ?–HZ %–H

ooí üY]%;Z7H %’ %–H ü’QH YZ7[H;]H]l ]YZ7H %–H /[Yü Y] HèX’ZHZ%Y;> YZ %’%;> 6>âè ܳC Sâ% %–Y] Y] X;[%Y;>>\ 7’QXHZ];%Hü J\ %–H HèX’ZHZ%Y;>

YZ7[H;]H ’6 %–H %âJH ?Yü%– ;>’Z/ %–H 6>’? >YZHC

0Y/â[H U ]–’?] %–;% %–H Y7H X;[%Y7>H] Q;\ ’[Y/YZ;%H Igí ωQ âX]%[H;Q ;>’Z/ %–H üYYYüHC w–H[H6’[Hl –’[Y]’Z%;> 6>’? Y] Z’%

ZH/>Y/YJ>H ;>’Z/ %–Y] 6>’? >YZH ;Zü ]–’â>ü JH %;ωHZ YZ%’ ;77’âZ% ?–HZ Q’üH>>YZ/ %–H ;/H ’6 %–H Y7HC yZ X;[%Y7â>;[ ;% S8:3E

a0Y/â[H gunl %–H J’%%’Q Y7H ’[Y/YZ;%H] âX %’ aoo ωQ âX]%[H;Q 6[’Q ’â[ Q’üH>>YZ/C

oMu p LLVFXVVLRQ

ptu 9XPHULFDO DVSHFWV

w–Y] ;/H Q’üH> Y] ;77â[;%H ;Zü ?Y%– QYZYQ;> ZâQH[Y7;> üY66â]Y’Z ]YZ7H öâ;Z%Y%YH] ;[H %[;Z]X’[%Hü 6[’Q ’ZH Z’üH %’ %–H ZHè%

?Y%–’â% YZ%H[X’>;%Y’ZC w–Y] 7’â>ü –H>X %H]% %–H ;77â[;7\ ’6 ZâQH[Y7;> ]7–HQH] ’6 Q’[H 7’QX>Hè M3 ;Zü %[;Z]YHZ% Q’üH>]C

w–Y] Q’üH> –;] ]YQY>;[ 7’QX>HèY%\ ’6 ; ]%H;ü\ Q’üH> Jâ% 7’Z]YüH[] %–H Y;[Y;%Y’Z] ’6 ;77âQâ>;%Y’Z ?Y%– %YQH ?–Y7– Y] Z’Zs

oMí ZH/>Y/YJ>H ;>’Z/ ; />;7Y;>sYZ%H[/>;7Y;> 7\7>H a;XX[’èYQ;%H>\ ; 6;7%’[ ’6 o ’Z %–H 8;]% NZ%;[7%Y7 X>;%H;ânC 0’[ ; guuuèguuu /[Yül

%–H 7’QXâ%;%Y’Z %YQH Y] auCg ] ’Z ; [H7HZ% >;X%’X 7’QXâ%H[ 6’[ %–H ZâQH[Y7;> 7;>7â>;%Y’Z]l ?Y%– ; 6H? ;üüY%Y’Z;> ]H7’Zü] 6’[

%–H JâY>üYZ/ ’6 %–H 6Y/â[H]C 0’[ %–Y] /[Yül %–H QHQ’[\ 6’’%X[YZ% ’6 %–H ]YQâ>;%Y’Z Y] auCU 5JC

3âH %’ Y%] 6;]% 7’QXâ%;%Y’Z %YQHl %–Y] Q’üH> Y] ;XX[’X[Y;%H 6’[ YZYH[]H ]YQâ>;%Y’Z] ?–H[H %–H [H]â>%] ;[H 6Y%%Hü %’ ’J]H[Y;%Y’Z]C

yZüHHül YZYH[]H ]YQâ>;%Y’Z] [HöâY[H Qâ>%YX>H [âZ] ’6 %–H 6’[?;[ü Q’üH> %’ 6YZü %–H ’X%YQ;> ]H% ’6 X;[;QH%H[]l ?–Y7– 7;Z JH

otu 7’QXâ%;%Y’Z;>>\ HèXHZ]YYHC

w–Y] Q’üH> 7’â>ü ;>]’ JH ;XX[’X[Y;%H 6’[ [HX[H]HZ%YZ/ %–H ;üYH7%Y’Z %H[Q YZ ; –H;% Höâ;%Y’Zl ;>%–’â/– %–H üY66â]Y’Z %H[Q Y]

JH%%H[ üH;>% ?Y%– YZ ; X–\]Y7;> aèl]n 7’’[üYZ;%H ]\]%HQC

ptr 8RGHOOLQJ RI WKH LEsBM7LE IORZ OLQH

xH –;YH XH[6’[QHü ; ]YQâ>;%Y’Z ?–H[H J’%– YH[%Y7;> ;Zü –’[Y]’Z%;> Y7H 6>’? Y] %;ωHZ YZ%’ ;77’âZ%C xH ]–’? %–;% –’[Y]’Z%;>

otí 6>’? –;] ; Z’Z ZH/>Y/YJ>H H66H7% ’Z %–H ;/H Q’üH>>YZ/ ’6 %–H S8:3E Y7H 7’[Hl ]YZ7H ’â[ Q’üH>>Hü Y]’7–[’ZH] ü’ Z’% –;YH %–H

];QH /H’QH%[\ %–;Z %–H ’ZH] ]YQâ>;%Hü J\ %–H g3 Q’üH> aE–âZ/ H% ;>Cl ouoMn ?–HZ â]YZ/ %–H ];QH ]H% ’6 YZXâ% X;[;QH%H[]C

yZüHHül ?–Y>H %–H g3Q’üH> ]YQâ>;%H] Y]’7–[’ZH] YH[\ 7>’]H %’ %–H ’J]H[YHü ’ZH] aE–âZ/ H% ;>Cl ouoMnl %–H Y]’7–[’ZH] ]YQâ>;%Hü
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J\ %–H oCí3 Q’üH> ]Y/ZY6Y7;Z%>\ üHYY;%H 6[’Q %–HQ a0Y/â[H 2nC yZ ’â[ 6’[?;[ü ]YQâ>;%Y’Z â]YZ/ X;[;QH%H[] YZYH[%Hü J\ %–H g3

Q’üH>l X;[%Y7>H] ’[Y/YZ;%H ]’QH%YQH] Igí ωQ 6[’Q %–HY[ 7â[[HZ% X’]Y%Y’ZC @â[ ]YQâ>;%Y’Z Y] X[’YYüHü ;] ; X[’’6 ’6 7’Z7HX% 6’[

oíu %–H Q’üH> ?H –;YH üHYH>’XHüC B’?HYH[l Y% Y] Z’% ;XX[’X[Y;%H %’ â]H %–H [H]â>% ’6 %–H g3 YZYH[]H Q’üH> J\ E–âZ/ H% ;>C aouoMn

%’ üH%H[QYZH %–H X;[;QH%H[] ’6 %–H oCí3 Q’üH>C 0â[%–H[Q’[Hl ?H 7;Z ]HH YZ 0Y/â[H 2l %–;% Q’üH>>Hü Y]’7–[’ZH] aYZ J>;7ωn ü’

Z’% ;/[HH ?H>> ?Y%– %–H ’J]H[YHü Y]’7–[’ZH] aYZ ?–Y%HnC 0’[ ; Q’[H [H;>Y]%Y7 ]YQâ>;%Y’Zl %–H X;[;QH%H[] ’6 %–H Q’üH> ]–’â>ü JH

’X%YQY]Hü ]’ %–;% Q’üH>>Hü ;/H 6Y%] %–H [;ü;[ ;Zü Y7H 7’[H ;/H ’J]H[Y;%Y’Z]C w–Y] Y] %–H Xâ[X’]H ’6 %–H 7’QX;ZY’Z X;XH[ ’6

E–âZ/ H% ;>C aouotn ?–’ üHYH>’XHü %–Y] YZYH[]H QH%–’ü’>’/\C

oíí ptm 7LPLWDWLRQV RI WKH SVHXGRsVWHDG\ DVVXPSWLRQ

@â[ Q’üH> [H>YH] ’Z %–H X]Hâü’s]%H;ü\ ;]]âQX%Y’Zl ?–Y7– ]%;%H] %–;% ;>> Y;[Y;J>H] ;[H YZ ]%H;ü\s]%;%H Hè7HX% 6’[ ; %HQX’[;>

Qâ>%YX>Y7;%YYH 6;7%’[ ?–Y7– Y] J’%– ;XX>YHü %’ ;77âQâ>;%Y’Z ;Zü QH>%YZ/C

0Y[]%l %–H /H’QH%[\ Y] ;]]âQHü %’ JH YZ ]%H;ü\s]%;%HC w–Y] ;]]âQX%Y’Z Y] ;ü;X%Hü 6’[ %–H YZ%H[Y’[ ’6 8;]% NZ%;[7%Y7;l ?–H[H

[H>;%YYH Y;[Y;%Y’Z] YZ Y7H %–Y7ωZH]] ?H[H ]Q;>> aTY%] H% ;>Cl ouugnl Jâ% Y% ]%Y>> [HöâY[H] %–;% %–H 6>’? >YZH] –;YH Z’% Y;[YHü %’’ Qâ7–

o�u YZ %–H X;]%l ?–Y7– Y] ]%Y>> âZ7>H;[C 5[HHZ>;Zü ;Zü xH]% NZ%;[7%Y7; –;YH X[’J;J>\ HZ7’âZ%H[Hü Q’[H YQX’[%;Z% 7–;Z/H] ]YZ7H

%–H\ ;[H Q’[H ]HZ]Y%YYH %’ 7>YQ;%Y7 Y;[Y;%Y’Z] YZ %–H ’7H;Z ;Zü YZ %–H ;%Q’]X–H[H a)âYöâH% H% ;>Cl ougMG x’>66 H% ;>Cl ouoínC

zH7’Zül %–H ];QH %HQX’[;> Qâ>%YX>Y7;%YYH 6;7%’[ Y] ;XX>YHü %’ J’%– ]â[6;7H ;77âQâ>;%Y’Z ;Zü J;];> QH>%YZ/C w–H[H ;[H Z’

X–\]Y7;> [H;]’Z %’ ;]]âQH ]â[6;7H ;77âQâ>;%Y’Z ;Zü J;];> QH>%YZ/ –;YH Y;[YHü YZ 7’Z7H[%l %–Y] Y] ~â]% ; Q;%–HQ;%Y7;>

7’ZYHZYHZ7HC Sâ% JH7;â]H J;];> QH>%YZ/ Y] /HZH[;>>\ ]Q;>> 7’QX;[Hü %’ ]â[6;7H ;77âQâ>;%Y’Zl %–Y] ;]]âQX%Y’Z ]–’â>ü Z’% JH

o�í %’’ ü[;Q;%Y7 Y6 %–H [H;> ;YH[;/HsYZs%YQH J;];> QH>%YZ/ Y] /YYHZ ;] YZXâ% %’ %–H Q’üH>C (’[H’YH[l %–Y] %HQX’[;> 6;7%’[ ;]]âQH]

%–;% %–H ]â[6;7H ;77âQâ>;%Y’Z ]X;%Y;> X;%%H[Z –;] [HQ;YZHü ]%;J>H YZ %YQHC w–Y] ;]]âQX%Y’Z [H>YH] ’Z ; ]%;J>H ]Z’? X[H7YXY%;%Y’Z

X[’7H]] ;Zü ; ]%;J>H ]Z’? [HsüHX’]Y%Y’Z J\ ?YZül ?–Y7– QY/–% Z’% ;>?;\] JH %–H 7;]H aE;YY%%H H% ;>Cl ougUn C

@â[ X]Hâü’s]%H;ü\ Q’üH> 7;Z %–H[H6’[H JH ]HHZ ;] ; 6Y[]% ;XX[’;7– %’ Q’üH> %–H ;/H 6YH>ü ;>’Z/ 6>’? >YZH] ;% –Y/– [H]’>â%Y’Zl

Jâ% Q’[H 7’QX>Hè M3 ;Zü %[;Z]YHZ% Q’üH>] ;[H ZH7H]];[\ %’ 6â>>\ YZYH]%Y/;%H %–H ;/H ’6 %–H Y7H YZ Y7H ]–HH%]C

o2u ptp 3RVVLEOH LPSURYHPHQWV

yZ %–Y] YQX>HQHZ%;%Y’Zl ?H –;YH Q;üH ; 6H? ]YQX>Y6\YZ/ ;]]âQX%Y’Z] %–;% 7’â>ü JH [H>;èHü YZ %–H 6â%â[HC 0Y[]% ?H ;]]âQHü %–;%

%–H 6>’? %âJH –;] YH[%Y7;> ?;>>]l ?–Y7– Y] 6’[ Hè;QX>H Z’% %–H 7;]H ;>’Z/ ; [Yü/H a-;]];>;7öâ; H% ;>Cl oug�nC zH7’Zül ?H

7’ZYH[%Hü [H;> üHX%–] YZ%’ Y7H HöâYY;>HZ% üHX%– â]YZ/ ; âZYöâH üHZ]Y%\ X[’6Y>H ;>’Z/ %–H 6>’? >YZHl ?–Y>H 7>H;[>\ 6’[ >’Z/ 6>’?

>YZH] %–H üHZ]Y%\ X[’6Y>H QY/–% 7–;Z/H ?Y%– %–H üY]%;Z7H 6[’Q %–H ü’QHC w–Y[ül ?H â]Hü ; :>YJ’â%[\ X[’6Y>H 6’[ %–H –’[Y]’Z%;>

o2í 6>âè ]–;XH 6âZ7%Y’Z ߱l ?–Y>H ’%–H[ X[’6Y>H] 7’â>ü JH â]HüC yZ X;[%Y7â>;[ ;% ; ]%H;ü\ ü’QH ?–H[H T;\Q’Zü ;[7–H] üHYH>’X

aT;\Q’Zül gvUMnl %–H :>YJ’â%[\ X[’6Y>H ü’H] Z’% ]HHQ %’ JH ]âY%;J>H a(;[%tZ ;Zü 5âüQâZü]]’Zl ougonC 0’â[%–l ?H X[H]7[YJHü

; ü’QH ]’>â%Y’Z ’Z %–H âX]%[H;Q J’âZü;[\ ’6 %–H ü’Q;YZl Jâ% ;Z\ J’âZü;[\ 7’ZüY%Y’Z 7’â>ü JH X[H]7[YJHüC
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go

3âH %’ %–H ZâQH[Y7;> ]YQX>Y7Y%\ ’6 %–H Q’üH>l Y% Q;\ JH X’]]YJ>H %’ üH[YYH Y%] m;7’JY;Zl ?–Y7– ?’â>ü Q;ωH YZYH[]H ]YQâ>;%Y’Z]

Q’[H H66Y7YHZ%C

oUu pty 3RVVLEOH DSSOLFDWLRQV DQG FRPSDULVRQ ZLWK RWKHU PRGHOOLQJ HIIRUWV

w–Y] 6>’? %âJH Q’üH> 7’â>ü JH ;XX>YHü %’ ]HYH[;> ZH;[>\ ]%H;ü\ 6>’? >YZH] ’6 %–H 7â[[HZ% 5[HHZ>;Zü ;Zü NZ%;[7%Y7 Y7H ]–HH%]l

H]XH7Y;>>\ %–’]H %–;% –;YH Y7H 7’[H YZ6’[Q;%Y’ZC

w–H O’]%’ω 6>’? >YZH YZ 8;]% NZ%;[7%Y7; ?;] ’[Y/YZ;>>\ Q’üH>>Hü J\ TY%] agvvon Jâ% ’Z>\ %–H ;/H ;>’Z/ %–H O’]%’ω Y7H 7’[H ?;]

7;>7â>;%Hü J\ ; :;/[;Z/Y;Z %[;7H[ ]7–HQHC w–Y] ?’[ω ?;] >;%H[ Hè%HZüHü J\ -;[[HZYZ H% ;>C aouugG ouutn ?–’ ’X%YQY]Hü ]’QH

oUí X;[;QH%H[] ’6 %–H Q’üH> %’ 6Y% %–H Y7H 7’[H ;/H ’J]H[Y;%Y’Z]l Jâ% ]%Y>> ?Y%–’â% ;77’âZ%YZ/ 6’[ %–H Y]’7–[’Z;> YZ6’[Q;%Y’ZC NZ’%–H[

6>’? %âJH Q’üH> ?;] üHYH>’XHü ;Zü ;XX>YHü %’ %–H O’]%’ω 6>’? >YZH J\ z;>;Q;%YZ H% ;>C aouuvnl ;77’âZ%YZ/ 6’[ J’%– %–H Y7H 7’[H

;Zü Y]’7–[’Z;> ;/H ’J]H[Y;%Y’Z]C y% ?’â>ü JH Y;>â;J>H %’ ;XX>\ %–H 7â[[HZ% ZâQH[Y7;> Q’üH> %’ %–Y] O’]%’ω 6>’? >YZH ;Zü

7’QX;[H %–H [H]â>%] ?Y%– %–H]H X[HYY’â] Q’üH>>YZ/ H66’[%]C

w–H 83(: Y7H 7’[H YZ 8;]% NZ%;[7%Y7; Y] ]Y%â;%Hü ’Z ; [Yü/H ;Zü –’[Y]’Z%;> 6>’? ;>]’ ZHHü] %’ JH %;ωHZ YZ%’ ;77’âZ%C Bâ\J[H7–%

ovu H% ;>C aouu2n ;XX>YHü ; >;[/H ]7;>H Y7H ]–HH% Q’üH> ’6 NZ%;[7%Y7; ?Y%– ; >’7;> –Y/– [H]’>â%Y’Z ;Zü –Y/– ’[üH[ Q’üH> ZH]%Hü YZ]YüH

;[’âZü 83(:C y% ?’â>ü JH Y;>â;J>H %’ ]HH –’? ’â[ ZâQH[Y7;> Q’üH>l ?Y%– Y%] YH[\ –Y/– [H]’>â%Y’Z ;Zü ZâQH[Y7;> ;77â[;7\

;Zü Y%] 6Y%%YZ/ %’ Y]’7–[’Z;> ’J]H[Y;%Y’Z]l 7’QX;[H] ?Y%– %–Y] X[HYY’â] %[;Z]YHZ% ;Zü >;[/H ]7;>H Q’üH>C

w–H f88( ;Zü f’[%–5Ty- Y7H 7’[H] YZ 5[HHZ>;Zü ;[H ;>]’ ]Y%â;%Hü ’Z ; [Yü/H 7’QYZ/ 6[’Q zâQQY%C y]’7–[’ZH] ;[’âZü

f’[%–5Ty- ?H[H ]YQâ>;%Hü â]YZ/ ; 6>’? %âJH Q’üH> J\ Sâ7–;[ü% ;Zü 3;–>smHZ]HZ aouu2n ;Zü 6Y%%Hü %’ [;ü;[ ’J]H[Y;%Y’Z]C w–H

oví J;];> QH>%YZ/ ?;] –HZ7H üHüâ7HüC NXX>\YZ/ ’â[ ZâQH[Y7;> Q’üH> %’ %–Y] 6>’? >YZHl ?H 7’â>ü 7’QX;[H Y% %’ %–H X[HYY’â] ?’[ω

;Zü ]HH Y6 Y%] –Y/– [H]’>â%Y’Z ;Zü ;77â[;7\ 7;Z YQX[’YH %–H Q’üH>>YZ/ ]7HZ;[Y’C

NZ’%–H[ YZ%H[H]%YZ/ 6>’? >YZH YZ 5[HHZ>;Zü Y] %–H ’ZH /’YZ/ 6[’Q zâQQY% %’ %–H 8;]%5Ty- Y7H 7’[HC w–H ;/H ’6 %–H Y7H ;>’Z/

%–Y] X[’6Y>H ?;] Q’üH>>Hü J\ 5H[JH[ H% ;>C aouogn â]YZ/ ; ]YQY>;[ Q’üH> %’ %–;% ’6 %–H f’[%–5Ty- 6>’? >YZHl J;]Hü ’Z ;

3;Z]/;;[üsm’–Z]HZ YH>’7Y%\ X[’6Y>H am’–Z]HZ ;Zü 3;Z]/;;[ül gvvonC N/;YZl ’â[ ZâQH[Y7;> Q’üH> 7’â>ü JH 7’QX;[Hü %’ %–Y]

Muu X[HYY’â] Q’üH>>YZ/ H66’[%C

y ERQFOXVLRQV

0’[ %–H YZ%H[X[H%;%Y’Z ’6 [;ü;[s’J]H[YHü Y]’7–[’ZH] ’[ Y7H 7’[H 7–[’Z’>’/YH]l Y% Y] ]’QH%YQH] ZH7H]];[\ %’ ]YQâ>;%H %–H ;/H ’6

%–H Y7H YZ ;Z Y7H ]–HH%C xH –;YH üHYH>’XHü ; ZâQH[Y7;> Q’üH> %’ 7;>7â>;%H %–H ;/H ’6 %–H Y7H ;>’Z/ ; X]Hâü’s]%H;ü\ 6>’? %âJH

’6 ;Z Y7H ]–HH%C @â[ 8â>H[Y;Zs:;/[;Z/Y;Z ]7–HQH 7’QJYZH] ;üY;Z%;/H] ’6 8â>H[Y;Z ;Zü :;/[;/Y;Z ]7–HQH]C w–H[H Y] ; [H/â>;[

Muí /[Yü ?–H[H %–H ;/H Y] 7;>7â>;%Hül ;] YZ 8â>H[Y;Z ]7–HQH]l ?–Y7– Y] ]Y/ZY6Y7;Z%>\ Q’[H 7’ZYHZYHZ% %–;Z –;YYZ/ %’ üH6YZH YZY%Y;>

X;[%Y7>H X’]Y%Y’Z] ;Zü %[;7ωYZ/ %–H]H X’]Y%Y’Z] üâ[YZ/ %–H %YQH HY’>â%Y’ZC Sâ% ;% %–H ];QH %YQHl %–H[H Y] Z’ ZâQH[Y7;> üY66â]Y’Zl



gM

;] YZ :;/[;Z/Y;Z ]7–HQH]l ;Zü ’â[ Q’üH> Y] ZâQH[Y7;>>\ YH[\ ;77â[;%HC @â[ Q’üH> Y] 7’QXâ%;%Y’Z;>>\ H66H7%YYHl ’XHZYZ/ âX

ZH? X[’]XH7%] 6’[ ’X%YQY]YZ/ Y%] X;[;QH%H[] ;77’[üYZ/ %’ ’J]H[Y;%Y’Z]l ?–Y7– [HöâY[H] Q;Z\ 6’[?;[ü ]YQâ>;%Y’Z] [âZ]C xH

–;YH ;XX>YHü ’â[ Q’üH> %’ %–H 3EsS8:3E 6>’? >YZH ;Zü ?H –;YH ]–’?Z %–;% –’[Y]’Z%;> 6>’? Y] Z’Z ZH/>Y/YJ>H %–H[Hl ?Y%– Y7H

Mgu X;[%Y7>H] ]’QH%YQH] %[;YH>>YZ/ Igí ωQ ?–Y7– –;] YQX>Y7;%Y’Z] 6’[ %–H ;/H ]7;>H ’6 %–H S8:3E Y7H 7’[HC w–H ZHè% ]%HX Y] %’

’X%YQY]H %–H X;[;QH%H[] ’6 %–H Q’üH> ;77’[üYZ/ %’ ;/H ’J]H[Y;%Y’Z] ]â7– ;] [;ü;[s’J]H[YHü Y]’7–[’ZH] ;Zü Y7H 7’[H ü;%Hü

–’[Y]’Z]l ?–Y7– Y] ü’ZH YZ %–H 7’QX;ZY’Z Q;Zâ]7[YX%l E–âZ/ H% ;>C aouotnC

ERGH DYDLODELOLW\

;/H96>’?9>YZHsgCu Y] ;Z ’XHZ ]’â[7H Q’üH> ;Y;Y>;J>H âZüH[ %–H (yw >Y7HZ]HC y% Y] –’]%Hü ’Z %–H /Y%–âJ 6;7Y>Y%\ a-;[[HZYZl ouot;n

Mgí ;Zü %–H YH[]Y’Z 7’[[H]X’ZüYZ/ %’ %–Y] ]âJQY%%Hü Q;Zâ]7[YX% –;] JHHZ XâJ>Y]–Hü ’Z jHZ’ü’ a-;[[HZYZl ouotJnC w–H Q;YZ ;â%–’[

a0C -;[[HZYZn 7;Z X[’YYüH ]âXX’[% 6’[ XH’X>H ?–’ ?’â>ü >YωH %’ â]H %–H ]’6%?;[HC

CXWKRU FRQWULEXWLRQV

0- üHYH>’XHü %–H ;Z;>\%Y7;> 6’[Qâ>;] ;Zü %–H ZâQH[Y7;> 7’üHC NE %H]%Hü %–H ]’6%?;[H ;Zü X[’YYüHü 6HHüJ;7ωC 0- ?[’%H ; 6Y[]%

YH[]Y’Z ’6 %–H Q;Zâ]7[YX% ?–Y7– ?;] 6â[%–H[ 7’QQHZ%Hü ;Zü YQX[’YHü J\ NE ;Zü E(C

Mou ERPSHWLQJ LQWHUHVWV

w–H ;â%–’[] üH7>;[H %–;% %–H\ –;YH Z’ 7’Z6>Y7% ’6 YZ%H[H]%C

CFNQRZOHGJHPHQWV

w–Y] ?’[ω ?;] 6âZüHü J\ %–H EfTzhyfzHh:808 X[’~H7%] y7HE–[’Z’ ;Zü E@oT’>H ;Zü J\ %–H 0[HZ7– NfT X[’~H7% w’S8

aNfTsoosE8ugsuuotnC w–Y] XâJ>Y7;%Y’Z ?;] /HZH[;%Hü YZ %–H 6[;QH ’6 %–H 388-yE8 X[’~H7%C w–H X[’~H7% –;] [H7HYYHü 6âZüYZ/

Moí 6[’Q %–H 8â[’XH;Z HZY’Z¶] B’[Y]’Z ouou [H]H;[7– ;Zü YZZ’Y;%Y’Z X[’/[;QQH âZüH[ %–H (;[YH zω>’ü’?]ω;sEâ[YH /[;Z%

;/[HHQHZ% Z’C víí2íuC w–Y] XâJ>Y7;%Y’Z ?;] /HZH[;%Hü YZ %–H 6[;QH ’6 SH\’Zü 8-yENC w–H X[’~H7% –;] [H7HYYHü 6âZüYZ/ 6[’Q

%–H 8â[’XH;Z HZY’Z¶] B’[Y]’Z ouou [H]H;[7– ;Zü YZZ’Y;%Y’Z X[’/[;QQH âZüH[ /[;Z% ;/[HHQHZ% f’C 2MuoíU a@>üH]% y7Hn ;Zü

f’C UgíMUt a@>üH]% y7H E’[HnC y% Y] ]âXX’[%Hü J\ Z;%Y’Z;> X;[%ZH[] ;Zü 6âZüYZ/ ;/HZ7YH] YZ SH>/YâQl 3HZQ;[ωl 0[;Z7Hl

5H[Q;Z\l y%;>\l f’[?;\l z?HüHZl z?Y%]H[>;Zül w–H fH%–H[>;Zü] ;Zü %–H HZY%Hü KYZ/ü’QC :’/Y]%Y7 ]âXX’[% Y] Q;YZ>\ X[’YYüHü

MMu J\ 8f8N ;Zü y-8O %–[’â/– %–H E’Z7’[üY; z%;%Y’Z ]\]%HQC w–H ’XYZY’Z] HèX[H]]Hü ;Zü ;[/âQHZ%] HQX>’\Hü –H[HYZ ü’ Z’%

ZH7H]];[Y>\ [H6>H7% %–H ’66Y7Y;> YYH?] ’6 %–H 8â[’XH;Z HZY’Z 6âZüYZ/ ;/HZ7\ ’[ ’%–H[ Z;%Y’Z;> 6âZüYZ/ J’üYH]C w–Y] Y] SH\’Zü

8-yEN XâJ>Y7;%Y’Z ZâQJH[ qqC
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5HIHUHQFHV

S’[Zl NC ;Zü T’JYZ]’Zl NC. (’üH>YZ/ %–H 5[HHZ>;Zü HZ/>;7Y;> ]%[;%Y/[;X–\l w–H E[\’]X–H[Hl gíl tíMv±tíí�l

MMí –%%X].hhü’YC’[/hguCígvth%7sgístíMvsouogl ouogC

S’â7–H%l (Cl :;Zü;Y]l NCl 5[Y];[%l NCl -;[[HZYZl 0Cl -[Ypl 0Cl m;7’Jl TCl 0’â[[pl 8Cl E;X[’Zl 8Cl T;\Z;âül 3Cl :YXHZω’Yl OC

kCl :’â%[Hl (Cs0Cl 8è%YH[l wCl zYHZ]]’Zl NCl :H/[;YZl 8Cl (;[%YZH[YHl -Cl :HâHZJH[/H[l (Cl mY;Z/l xCl TY%%H[Jâ]7–l 0Cl :âl jCs

wCl ;Zü k;Z/l 5Cs(C. w–H NZ%;[7%Y7 y7H E’[H E–[’Z’>’/\ ouoM aNyEEouoMn 7–[’Z’>’/Y7;> 6[;QH?’[ω ;Zü ;]]’7Y;%Hü

%YQH]7;>H 6’[ %–H 8â[’XH;Z -[’~H7% 6’[ y7H E’[YZ/ YZ NZ%;[7%Y7; a8-yENn 3’QH E Y7H 7’[Hl E>YQ;%H ’6 %–H -;]%l gvl

Mtu ooí2±ooU�l –%%X].hhü’YC’[/hguCígvth7Xsgvsooí2souoMl ouoMC

Sâ7–;[ü%l zC :C ;Zü 3;–>smHZ]HZl 3C. 8]%YQ;%YZ/ %–H J;];> QH>% [;%H ;% f’[%–5Ty- â]YZ/ ; (’Z%H E;[>’ %H7–ZYöâHl NZZ;>] ’6

5>;7Y’>’/\l tíl gM2±gtol –%%X].hhü’YC’[/hguCMgUvhg2o2í�tu22UooUotMíl ouu2C

Sâ7–;[ü%l zC :C. S;];> QH>%YZ/ ;Zü 8HQY;Z Y7H ;>’Z/ %–H Q;YZ Y7H [Yü/H YZ Z’[%–H[Z 5[HHZ>;Zül -–3 %–H]Y]l HZYYH[]Y%\ ’6

E’XHZ–;/HZl E’XHZ–;/HZl gvv XXCl ouuvC

Mtí E;YY%%Hl (C 5C -Cl S>;ZωHZ]–YXl 3C 3Cl k’âZ/l 3C NCl z7–[’HüH[l 3C (Cl -;[[HZYZl 0Cl :HQHâ[l 8Cl (;7/[H/’[l mC NCl ;Zü

zYH/H[%l (C mC. 3HHX [;üY’]%[;%Y/[;X–\ ’6 %–H 8;]% NZ%;[7%Y7 X>;%H;â. 7’ZZH7%YZ/ %–H 3’QH E ;Zü O’]%’ω Y7H 7’[H ]Y%H]l

m’â[Z;> ’6 5>;7Y’>’/\l �ol MoM±MMtl –%%X].hhü’YC’[/hguCgug2h~’/Coug�Cggl oug�C

E;YY%%Hl (C 5C -Cl -;[[HZYZl 0Cl TY%]l ECl k’âZ/l 3C NCl O;Z :YH66H[YZ/Hl SCl S>;ZωHZ]–YXl 3C 3Cl 0[H]]’%%Yl (Cl ;Zü T’JH[%]l

mC :C. N77âQâ>;%Y’Z X;%%H[Z] ;[’âZü 3’QH El 8;]% NZ%;[7%Y7;l YZ %–H >;]% 2M ω\[l w–H E[\’]X–H[Hl gol gtug±gtgtl

Míu –%%X].hhü’YC’[/hguCígvth%7sgosgtugsougUl ougUC

E–âZ/l NCl -;[[HZYZl 0Cl z%HYZ–;/Hl 3Cl (â>Y;ZH\l TCl (;[%tZl ECl E;YY%%Hl (C 5C -Cl :Y>YHZl 3C NCl BH>Ql OCl w;\>’[l 3Cl

5’/YZHZYl -Cl TY%]l ECl 0[H]]’%%Yl (Cl @¶fHY>>l ECl (Y>>H[l BCl 3;–>smHZ]HZl 3Cl ;Zü 8Y]HZl @C. z%;/Z;Z% Y7H ;Zü ;/H Q’üH>>YZ/

YZ %–H 3’QH E [H/Y’Zl NZ%;[7%Y7;l w–H E[\’]X–H[Hl g2l Mt�g±MtUMl –%%X].hhü’YC’[/hguCígvth%7sg2sMt�gsouoMl ouoMC

E–âZ/l NCl -;[[HZYZl 0Cl (â>Y;ZH\l TCl OY%%â;[Yl :Cl 0[H]]’%%Yl (Cl j;Zâ%%;l NCl :Y>YHZl 3C NCl E;YY%%Hl (C 5C -Cl ;Zü 8Y]HZl

Míí @C. N/Hl %–YZZYZ/ ;Zü ]X;%Y;> ’[Y/YZ ’6 %–H SH\’Zü 8-yEN Y7H 6[’Q ; oCí3 Y7H 6>’? Q’üH>l 85H]X–H[Hl g±ogl

–%%X].hhü’YC’[/hguCígvthH/â]X–H[Hsouotsg�íul ouotC

0\ωHl mCl zH[/YHZω’l @Cl :|6YH[]%[|Ql (Cl -[Y7Hl zCl ;Zü :HZ;H[%]l mC wC (C. NZ @YH[YYH? ’6 yZ%H[;7%Y’Z] ;Zü 0HHüJ;7ω]

SH%?HHZ y7H z–HH%] ;Zü %–H 8;[%– z\]%HQl THYYH?] ’6 5H’X–\]Y7]l í�l M�g±tuUl –%%X].hhü’YC’[/hguCguovhougUT5uuu�uul

ougUC

M�u 5H[JH[l wC NCl BYYüJH[/l EC zCl T;]Qâ]]HZl zC @Cl 0[;ZωHl zCl zYZZ>l 5Cl 5[YZ]%Hül NCl m;Z]HZl 3Cl ;Zü 3;–>smHZ]HZl 3C.

HX]%[H;Q 6>’? H66H7%] [HYH;>Hü YZ %–H 8;]%5Ty- Y7H 7’[H â]YZ/ (’Z%H E;[>’ YZYH[]Y’Z ’6 ; %?’süYQHZ]Y’Z;> Y7Hs6>’? Q’üH>l

w–H E[\’]X–H[Hl gíl M�íí±M�2vl –%%X].hhü’YC’[/hguCígvth%7sgísM�íísouogl ouogC



gí

y-EE. y-EE zXH7Y;> THX’[% ’Z %–H @7H;Z ;Zü E[\’]X–H[H YZ ; E–;Z/YZ/ E>YQ;%H LBCs@C -|[%ZH[l 3CEC T’JH[%]l OC (;]]’Zs

3H>Q’%%Hl -C j–;Yl (C wY/Z’[l 8C -’>’7];Z]ω;l KC (YZ%HZJH7ωl NC N>H/[t;l (C fY7’>;Yl NC @ωHQl mC -H%]’>ül SC T;Q;l fC(C

M�í xH\H[ aHü]Cn_C E;QJ[Yü/H HZYYH[]Y%\ -[H]]l E;QJ[Yü/Hl HK ;Zü fH? k’[ωl fkl HzNl 2íí XXC

–%%X].hhü’YC’[/hguCgug2hv2Uguuvgí2v�tl ougvC

BYZüQ;[]–l TC EC NCl OYH>Yl 5C mCs(C EC :Cl ;Zü -;[[HZYZl 0C. N >;[/Hs]7;>H ZâQH[Y7;> Q’üH> 6’[ 7’QXâ%YZ/ Y]’7–[’ZH

/H’QH%[\l NZZ;>] ’6 5>;7Y’>’/\l íul gMu±gtul –%%X].hhü’YC’[/hguCMgUvhg2o2í�tuv2Uvuv2tíul ouuvC

Bâ\J[H7–%]l -Cl T\J;ωl @Cl -;%%\Zl 0Cl Tâ%–l HCl ;Zü z%HYZ–;/Hl 3C. y7H %–YZZYZ/l âX]%[H;Q ;üYH7%Y’Zl ;Zü Z’Zs7>YQ;%Y7

M2u JY;]H] 6’[ %–H âXXH[ Uvi ’6 %–H 83(: Y7H 7’[H 6[’Q ; ZH]%Hü Q’üH> ’6 %–H NZ%;[7%Y7 Y7H ]–HH%l E>YQ;%H ’6 %–H -;]%l Ml

í22±íUvl –%%X].hhü’YC’[/hguCígvth7XsMsí22souu2l ouu2C

m’–Z]HZl zC mC ;Zü 3;Z]/;;[ül xC. @Z 6>’? Q’üH> ü;%YZ/ ’6 ]%;J>H Y]’%’XH [H7’[ü] 6[’Q 5[HHZ>;Zü Y7H 7’[H]l YZ. w–H :;]%

3H/>;7Y;%Y’Z. NJ]’>â%H ;Zü T;üY’7;[J’Z E–[’Z’>’/YH]l HüY%Hü J\. S;[ül 8C ;Zü S[’H7ωH[l xC zCl zX[YZ/>H[ OH[>;/l SH[>YZ

BHYüH>JH[/l gM±otl gvvoC

M2í m’â]H>l mCl (;]]’Zs3H>Q’%%Hl OCl E;%%;ZYl @Cl 3[H\6â]l 5Cl 0;>’â[ül zCl B’66Q;ZZl 5Cl (YZ]%H[l SCl f’âH%l mCl S;[Z’>;l mC (Cl

E–;XXH>>;]l mCl 0Y]7–H[l BCl 5;>>H%l mC ECl m’–Z]HZl zCl :HâHZJH[/H[l (Cl :’â>H[/âHl :Cl :âH%–Yl 3Cl @H[%H[l BCl -;[[HZYZl 0Cl

T;Y]JH7ωl 5Cl T;\Z;âül 3Cl z7–Y>%l NCl z7–?;ZüH[l mCl zH>Q’l 8Cl z’â7–H]l TCl zX;–ZYl TCl z%;â66H[l SCl z%H66HZ]HZl mC -Cl

z%HZZYl SCl z%’7ωH[l wC 0Cl wY]’Zl mC :Cl xH[ZH[l (Cl ;Zü x’>66l 8C xC. @[JY%;> ;Zü (Y>>HZZY;> NZ%;[7%Y7 E>YQ;%H O;[Y;JY>Y%\

’YH[ %–H -;]% Uuuluuu kH;[]l z7YHZ7Hl Mg2l 2vM±2v�l –%%X].hhü’YC’[/hguCggo�h]7YHZ7HCggtguMUl ouu2C

MUu K’â%ZYωl (C TCl 0âü/Hl wC mCl E’Z?;\l BCl x;üüYZ/%’Zl 8C 3Cl fHâQ;ZZl wC NCl Eâ66H\l KC (Cl SâY]H[%l ECl ;Zü w;\>’[l KC

EC. B’>’7HZH ;77âQâ>;%Y’Z ;Zü Y7H 6>’? ZH;[ %–H xH]% NZ%;[7%Y7 y7H z–HH% 3YYYüH Y7H 7’[H ]Y%Hl m’â[Z;> ’6 5H’X–\]Y7;>

TH]H;[7–. 8;[%– zâ[6;7Hl gogl vu2±votl –%%X].hhü’YC’[/hguCguuohougím0uuM��Ul oug�C

:;QJH[%l 0Cl SY/>H[l (Cl z%H66HZ]HZl mC -Cl Bâ%%H[>Yl (Cl ;Zü 0Y]7–H[l BC. EHZ%HZZY;> QYZH[;> üâ]% Y;[Y;JY>Y%\ YZ –Y/–s

[H]’>â%Y’Z Y7H 7’[H ü;%; 6[’Q 3’QH El NZ%;[7%Y7;l E>YQC -;]%l Ul �uv±�oMl –%%X].hhü’YC’[/hguCígvth7XsUs�uvsougol ougoC

MUí :–’QQHl fCl E>;[ωHl 5C KC ECl ;Zü TY%]l EC. 5>’J;> Jâü/H% ’6 ?;%H[ Y]’%’XH] YZ6H[[Hü 6[’Q X’>;[ Y7H ]–HH%]l 5H’X–\]Y7;>

TH]H;[7– :H%%H[]l Mol –%%X].hhü’YC’[/hguCguovhouuí5:uoM22tl ouuí;C

:–’QQHl fCl E>;[ωHl 5C KCl ;Zü (;[]–;>>l zC mC. w[;7H[ %[;Z]X’[% YZ %–H 5[HHZ>;Zü y7H z–HH%. 7’Z]%[;YZ%] ’Z Y7H 7’[H] ;Zü

/>;7Y;> –Y]%’[\l )â;%H[Z;[\ z7YHZ7H THYYH?]l otl g2M±gvtl –%%X].hhü’YC’[/hguCgug�h~Cöâ;]7Y[HYCouutCuUCuoul ouuíJC

:>YJ’â%[\l :C. N 7[Y%Y7;> [HYYH? ’6 ;Z;>\%Y7;> ;XX[’èYQ;%H ]’>â%Y’Z] 6’[ ]%H;ü\ ]%;%H YH>’7Y%YH] ;Zü %HQXH[;%â[H YZ 7’>ü Y7H

Mvu ]–HH%]l jC 5>H%]7–H[ωüC 5>;]Y;>/H’>Cl gíl gMí±gtUl gv2vC

:’â>H[/âHl :Cl z7–Y>%l NCl zX;–ZYl TCl (;]]’Zs3H>Q’%%Hl OCl S>âZYH[l wCl :HQYHâèl SCl S;[Z’>;l mCs(Cl T;\Z;âül 3Cl z%’7ωH[l

wC 0Cl ;Zü E–;XXH>>;]l mC. @[JY%;> ;Zü QY>>HZZY;>s]7;>H 6H;%â[H] ’6 ;%Q’]X–H[Y7 EBt ’YH[ %–H X;]% Uuuluuu \H;[]l f;%â[Hl tíMl

MUM±MU�l –%%X].hhü’YC’[/hguCguMUhZ;%â[Hu�víul ouuUC

:�%–Yl 3Cl 0>’7–l (C :Cl SH[HY%H[l SCl S>âZYH[l wCl S;[Z’>;l mCs(Cl zYH/HZ%–;>H[l HCl T;\Z;âül 3Cl m’â]H>l mCl 0Y]7–H[l BCl

Mví K;?;Qâ[;l KCl ;Zü z%’7ωH[l wC 0C. BY/–s[H]’>â%Y’Z 7;[J’Z üY’èYüH 7’Z7HZ%[;%Y’Z [H7’[ü �íuluuu±Uuuluuu \H;[] JH6’[H

https://doi.org/10.1017/9781009157964
https://doi.org/10.1016/j.quascirev.2004.08.020
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X[H]HZ%l f;%â[Hl tíMl M2v±MUol –%%X].hhü’YC’[/hguCguMUhZ;%â[Hu�vtvl ouuUC

(;75[H/’[l mC NCl 0;–ZH]%’7ωl (C NCl E;%;ZY;l 5C NCl -;üHZl mC 3Cl -[;];ü 5’/YZHZYl zCl k’âZ/l zC KCl T\J;[]ωYl zC ECl

(;J[H\l NC fCl x;/Q;Zl SC (Cl ;Zü (’[>Y/–HQl (C. T;üY’]%[;%Y/[;X–\ ;Zü ;/H ]%[â7%â[H ’6 %–H 5[HHZ>;Zü y7H z–HH%l mC

5H’X–\]C TH]C 8;[%– zâ[6Cl goul ougtm0uuMogíl –%%X].hhü’YC’[/hguCguuohougtm0uuMogíl ougíC

tuu (;[%tZl EC ;Zü 5âüQâZü]]’Zl 5C BC. 866H7%] ’6 Z’Z>YZH;[ [–H’>’/\l %HQXH[;%â[H ;Zü ;ZY]’%[’X\ ’Z %–H [H>;%Y’Z]–YX JH%?HHZ

;/H ;Zü üHX%– ;% Y7H üYYYüH]l E[\’]X–H[Hl �l goog±goovl –%%X].hhü’YC’[/hguCígvth%7s�sgoogsougol ougoC

f’[%–5Ty- X[’~H7% QHQJH[]. BY/–s[H]’>â%Y’Z [H7’[ü ’6 f’[%–H[Z BHQY]X–H[H 7>YQ;%H Hè%HZüYZ/ YZ%’ %–H >;]% YZ%H[/>;7Y;>

XH[Y’ül f;%â[Hl tMgl gt2±gígl –%%X].hhü’YC’[/hguCguMUhZ;%â[HuoUuíl ouutC

@J;]Hl wCl NJHs@â7–Yl NCl z;Y%’l 0Cl w]â%;ωYl zCl 0â~Y%;l zCl K;?;Qâ[;l KCl ;Zü (’%’\;Q;l BC. N ’ZHsüYQHZ]Y’Z;>

tuí %HQXH[;%â[H ;Zü ;/H Q’üH>YZ/ ]%âü\ 6’[ ]H>H7%YZ/ %–H ü[Y>> ]Y%H ’6 %–H ’>üH]% Y7H 7’[H ZH;[ 3’QH 0â~Yl NZ%;[7%Y7;l w–H

E[\’]X–H[Hl g2l oítM±oí�ol –%%X].hhü’YC’[/hguCígvth%7sg2soítMsouoMl ouoMC

@H[>HQ;Z]l mC ;Zü O;Z 3H[ OHHZl EC mC. y7H z–HH%] ;Zü E>YQ;%Hl zX[YZ/H[ fH%–H[>;Zü]l 3’[ü[H7–%l

–%%X].hhü’YC’[/hguCguu2hv2Usvtsuuvs�Moísol gvUtC

@\;Jâl yCl K;?;Qâ[;l KCl SâY]H[%l ECl -;[[HZYZl 0Cl @[]Yl NCl KY%;Qâ[;l KCl N’ωYl zCl ;Zü f;ω;];?;l wC. w–H 3’QH 0â~Y Y7H

tgu 7’[H 30ouog 7–[’Z’>’/\ au±ou2 ω\[ S-nl )â;%H[Z;[\ z7YHZ7H THYYH?]l ovtl gu22ítl

–%%X].hhü’YC’[/hguCgug�h~Cöâ;]7Y[HYCouooCgu22ítl ouooC

-;[[HZYZl 0C. zâ[ >¶k/H üH >; />;7H H% üH] Jâ>>H] ü¶;Y[ ü;Z] >H] 7;>’%%H] X’>;Y[H]l HZYYH[]Y%p m’]HX– 0’â[YH[l 5[HZ’J>Hl 0[;Z7Hl

ougMC

-;[[HZYZl 0C. ;/H96>’?9>YZH. N ZâQH[Y7;> ;/H Q’üH> ;>’Z/ ; 6>’? >YZH ’6 ;Z Y7H ]–HH%l L’Z>YZH_ NY;Y>;J>H 6[’Q.

tgí –%%X].hh/Y%–âJC7’QhX;[[HZYZh;/H96>’?9>YZH aN77H]]Hü g]% f’YHQJH[ ouotnl ouot;C

-;[[HZYZl 0C. X;[[HZYZh;/H96>’?9>YZH. OH[]Y’Z ]âJQY%%Hü %’ 5(3l jHZ’ü’l –%%X].hhü’YC’[/hguCíoUgh]HZ’ü’Cgtuo�tuol

ouotJC

-;[[HZYZl 0C ;Zü BYZüQ;[]–l TC. yZ6>âHZ7H ’6 ; Z’ZsâZY6’[Q YH>’7Y%\ 6YH>ü ’Z Y]’7–[’ZH /H’QH%[\ ;>’Z/ ; ]%H;ü\ 6>’?>YZH ’6

;Z Y7H ]–HH%l m’â[Z;> ’6 5>;7Y’>’/\l íMl �go±�ool –%%X].hhü’YC’[/hguCMgUvhuuoogtMu22UttuvovUl ouu2C

tou -;[[HZYZl 0Cl BYZüQ;[]–l TC EC NCl ;Zü TpQ\l 0C. NZ;>\%Y7;> ]’>â%Y’Z] 6’[ %–H H66H7% ’6 %’X’/[;X–\l ;77âQâ>;%Y’Z [;%H ;Zü

>;%H[;> 6>’? üYYH[/HZ7H ’Z Y]’7–[’ZH >;\H[ /H’QH%[\l m’â[Z;> ’6 5>;7Y’>’/\l íol gvg±ouol

–%%X].hhü’YC’[/hguCMgUvhg2o2í�íu�2UgUoU2oUl ouu�C

-;[[HZYZl 0Cl 3[H\6â]l 5Cl 3â[;Zül 5Cl 0â~Y%;l zCl 5;/>Y;[üYZYl @Cl 5Y>>H%l 0Cl m’â]H>l mCl K;?;Qâ[;l KCl :–’QQHl fCl

(;]]’Zs3H>Q’%%Hl OCl TY%]l ECl z7–?;ZüH[l mCl z–’~Yl BCl HHQâ[;l TCl x;%;Z;JHl @Cl ;Zü k’]–Yü;l fC. gs3sY7H 6>’?

toí Q’üH>>YZ/ ;% 8-yEN 3’QH E ;Zü 3’QH 0â~Yl 8;]% NZ%;[7%Y7;l E>YQ;%H ’6 %–H -;]%l Ml otM±oívl –%%X].hhü’YC’[/hguCígvth7XsMs

otMsouu2l ouu2C

-;[[HZYZl 0Cl m’â]H>l mCl x;H>J[’H7ωl ECl TY%]l ECl ;Zü S;[Z’>;l mCs(C. 3;%YZ/ %–H O’]%’ω Y7H 7’[H J\ ;Z YZYH[]H QH%–’ül

m’â[Z;> ’6 5H’X–\]Y7;> TH]H;[7–. N%Q’]X–H[H]l gu�l MgUM2±MgUígl –%%X].hhü’YC’[/hguCguovhouugm3vuuotíl ouugC

https://doi.org/10.1038/nature06949
https://doi.org/10.1038/nature02805
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-;[[HZYZl 0Cl TpQ\l 0Cl TY%]l ECl zYH/H[%l (C mCl ;Zü m’â]H>l mC. fH? Q’üH>YZ/ ’6 %–H O’]%’ω Y7H 6>’? >YZH ;Zü YQX>Y7;%Y’Z 6’[

tMu %–H />;7Y’>’/Y7;> 7–[’Z’>’/\ ’6 %–H O’]%’ω Y7H 7’[Hl m’â[Z;> ’6 5H’X–\]Y7;> TH]H;[7–. N%Q’]X–H[H]l guvl

–%%X].hhü’YC’[/hguCguovhouutm3uutí�gl ouutC

-;[[HZYZl 0Cl E;YY%%Hl (C 5C -Cl S>;ZωHZ]–YXl 3C 3Cl E–;XXH>>;]l mCl 0Y]7–H[l BCl 5;/>Y;[üYZYl @Cl (;]]’Zs3H>Q’%%Hl OCl

-;]];>;7öâ;l @Cl TY%]l ECl T’JH[%]l mCl zYH/H[%l (C mCl ;Zü k’âZ/l 3C NC. y] %–H[H gCísQY>>Y’Zs\H;[s’>ü Y7H ZH;[ 3’QH El

NZ%;[7%Y7;Rl w–H E[\’]X–H[Hl ggl oto2±otM2l –%%X].hhü’YC’[/hguCígvth%7sggsoto2soug2l oug2C

tMí -;]];>;7öâ;l @Cl 5;/>Y;[üYZYl @Cl -;[[HZYZl 0Cl w’üül mCl 5Y>>H%sE–;â>H%l 0Cl ;Zü TY%]l EC. -H[6’[Q;Z7H ;Zü ;XX>Y7;JY>Y%\ ’6 ;

oCís3 Y7Hs6>’? Q’üH> YZ %–H YY7YZY%\ ’6 ; ü’QHl 5H’]7YHZ%Y6Y7 (’üH> 3HYH>’XQHZ%l vl oMug±oMgMl

–%%X].hhü’YC’[/hguCígvth/QüsvsoMugsoug�l oug�C

)âYöâH%l NCl TY%]l ECl -âZ/Hl BC mCl ;Zü z;>;] \ (p>Y;l 3C. 5[HHZ>;Zü Y7H ]–HH% 7’Z%[YJâ%Y’Z %’ ]H; >HYH> [Y]H üâ[YZ/ %–H >;]%

YZ%H[/>;7Y;> XH[Y’ü. ; Q’üH>>YZ/ ]%âü\ ü[YYHZ ;Zü 7’Z]%[;YZHü J\ Y7H 7’[H ü;%;l E>YQ;%H ’6 %–H -;]%l vl MíM±M��l

ttu –%%X].hhü’YC’[/hguCígvth7XsvsMíMsougMl ougMC

T;\Q’Zül EC 0C. 3H6’[Q;%Y’Z YZ %–H YY7YZY%\ ’6 Y7H üYYYüH]l mC 5>;7Y’>Cl ovl Mí2±M2Ml gvUMC

THH–l fC ;Zü -;%H[]’Zl xC zC SC. NXX>Y7;%Y’Z ’6 ; 0>’? (’üH> %’ %–H y7HsüYYYüH TH/Y’Z ’6 3HY’Z y]>;Zü y7H E;Xl E;Z;ü;l

m’â[Z;> ’6 5>;7Y’>’/\l Mtl íí±�Ml –%%X].hhü’YC’[/hguCMgUvhzuuoogtMuuuuuvu�ul gvUUCTY%]l EC. HZ Q’üq>H %–H[Q’s

Qp7;ZYöâH ü¶pY’>â%Y’Z X’â[ >H J;]]YZ />;7Y;Y[H ;Z%;[7%YöâH O’]%’ωs/>;7YH[ S\[ü. ]HZ]YJY>Y%p ;âè Y;>Hâ[] üH] X;[;Qq%[H] Q;>

ttí 7’ZZâ]l w–q]H ü¶p%;%l HZYYC mC 0’â[YH[l 5[HZ’J>Hl 0[;Z7Hl gvvoC

TY%]l ECl T’QQH>;H[Hl OCl ;Zü 3âQ;]l EC. (’üH>YZ/ %–H HY’>â%Y’Z ’6 NZ%;[7%Y7 Y7H ]–HH% ’YH[ %–H >;]% touluuu \H;[].

yQX>Y7;%Y’Z] 6’[ ;>%Y%âüH 7–;Z/H] YZ %–H O’]%’ω [H/Y’Zl mC 5H’X–\]C TH]Cl gu�l MgvtM±Mgv�tl

–%%X].hhü’YC’[/hguCguovhouugm3vuuoMol ouugC

T\J;ωl @C ;Zü Bâ\J[H7–%]l -C. N 7’QX;[Y]’Z ’6 8â>H[Y;Z ;Zü :;/[;Z/Y;Z QH%–’ü] 6’[ ü;%YZ/ YZ ZâQH[Y7;> Y7Hs]–HH% Q’üH>]l

tíu NZZ;>] ’6 5>;7Y’>’/\l M2l gíu±gíUl –%%X].hhü’YC’[/hguCMgUvhg2o2í�tuM2UgUgíMvMl ouuMC

z;>;Q;%YZl NC fCl w]\/;Z’Y;l 8C NCl -’X’Yl zC OCl ;Zü :YXHZω’Yl OC k;C. y7H 6>’? >YZH Q’üH>YZ/ YZ Y7H 7’[H ü;%;

YZ%H[X[H%;%Y’Z. O’]%’ω z%;%Y’Z a8;]% NZ%;[7%Y7;nl YZ. -–\]Y7] ’6 y7H E’[H TH7’[ü] ol HüY%Hü J\. B’Zü’–l wCl B’ωω;Yü’

HZYYH[]Y%\ -[H]]l z;XX’[’l ouuvC

zâ%%H[l mCl 0Y]7–H[l BCl 5[’]6H>ül KCl K;[>]]’Zl fC SCl K>HYZH[l wCl O;Z :YH66H[YZ/Hl SCl ;Zü 8Y]HZl @C. (’üH>>YZ/ %–H

tíí NZ%;[7%Y7 y7H z–HH% ;7[’]] %–H QYüs->HY]%’7HZH %[;Z]Y%Y’Z ± YQX>Y7;%Y’Z] 6’[ @>üH]% y7Hl w–H E[\’]X–H[Hl gMl ouoM±outgl

–%%X].hhü’YC’[/hguCígvth%7sgMsouoMsougvl ougvC

zâ%%H[l mCl 0Y]7–H[l BCl ;Zü 8Y]HZl @C. yZYH]%Y/;%YZ/ %–H YZ%H[Z;> ]%[â7%â[H ’6 %–H NZ%;[7%Y7 Y7H ]–HH%. %–H â%Y>Y%\ ’6 Y]’7–[’ZH]

6’[ ]X;%Y’%HQX’[;> Y7Hs]–HH% Q’üH> 7;>YJ[;%Y’Zl w–H E[\’]X–H[Hl gíl MUMv±MU�ul –%%X].hhü’YC’[/hguCígvth%7sgísMUMvsouogl

ouogC
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t�u O;Z :YH66H[YZ/Hl SC ;Zü -;%%\Zl 0C. H]YZ/ Y7Hs6>’? Q’üH>] %’ HY;>â;%H X’%HZ%Y;> ]Y%H] ’6 QY>>Y’Z \H;[s’>ü Y7H YZ NZ%;[7%Y7;l

E>YQC -;]%l vl oMMí±oMtíl –%%X].hhü’YC’[/hguCígvth7XsvsoMMísougMl ougMC

O;â/–;Zl 3C5Cl mCEC E’QY]’l yC N>>Y]’Zl mC E;[[;]7’l 5C K;]H[l TC K?’ωl -C (’%Hl wC (â[[;\l 0C -;â>l mC THZl 8C TY/Z’%l @C

z’>’QYZ;l KC z%H66HZ ;Zü wC j–;Z/l ougM. @J]H[Y;%Y’Z]. E[\’]X–H[HC yZ. E>YQ;%H E–;Z/H ougM. w–H -–\]Y7;> z7YHZ7H S;]Y]C

E’Z%[YJâ%Y’Z ’6 x’[ωYZ/ 5[’âX y %’ %–H 0Y6%– N]]H]]QHZ% THX’[% ’6 %–H yZ%H[/’YH[ZQHZ%;> -;ZH> ’Z E>YQ;%H E–;Z/H

t�í Lz%’7ωH[l wC0Cl 3C )YZl 5CsKC ->;%%ZH[l (C wY/Z’[l zCKC N>>HZl mC S’]7–âZ/l NC f;âH>]l kC qY;l OC SHè ;Zü -C(C (Yü/>H\

aHü]Cn_C E;QJ[Yü/H HZYYH[]Y%\ -[H]]l E;QJ[Yü/Hl HZY%Hü KYZ/ü’Q ;Zü fH? k’[ωl fkl HzNC

x;üüYZ/%’Zl 8C 3Cl fHâQ;ZZl wC NCl K’â%ZYωl (C TCl (;[]–;>>l BCs-Cl ;Zü (’[]Hl 3C :C. yZ6H[HZ7H ’6 ;77âQâ>;%Y’Zs[;%H

X;%%H[Z] 6[’Q üHHX >;\H[] YZ />;7YH[] ;Zü Y7H ]–HH%]l m’â[Z;> ’6 5>;7Y’>’/\l íMl �vt±2gol

–%%X].hhü’YC’[/hguCMgUvhuuoogtMu22UttuvMígl ouu2C

t2u x’>66l 8C xCl (â>Y;ZH\l TCl 5[YHQ;Zl (C (Cl B’66Q;ZZl BC (Cl BâQJ\l mCl fH–[J;]]sN–>H]l ECl T–’üH]l TC BCl T’?H>>l yC
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