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%DA9EFG@8,H?E,<=9,5B2,#7I7JK,(LEF9K,M5B2#(N,HG@GA=9B
?@,<=9,O<=,?H,>7@L7EK,<=GA,K97E,7H<9E,@97EIK,HGF9,K97EA,?H
P?II9P<G@8,A69P<E7,?@,<=9,'Q,(P=CGB<,)9I9AP?69R,)=GA
7CDG<G?LA,6E?8E7CC9,A99SA,<=9,E9BA=GH<A,?H,:O4444
A?L<=9E@,87I7JG9A,7@B,<=9,69PLIG7E,C?<G?@A,H?E,7E?L@B
:4444,?H,<=9,DEG8=<9A<R,-9G@8,7,6LDIGP,ALEF9KT,<=9,E9BA=GH<
7@B,A69P<E7I,B7<7,H?E,A?C9,U4444,A?LEP9A,=7F9,D99@
C7B9,7F7GI7DI9,G@,6EG?E,B7<7,E9I97A9A,G@,3443T,344V,7@B
344OR,!PP9AAG@8,<=9,B7<7,GA,6?AAGDI9,<=E?L8=,7@,?@IG@9
B7<7D7A9,C7G@<7G@9B, DK, <=9,1GB9,2G9IB,!A<E?@?CK
8E?L6,7<,<=9,*?K7I,%DA9EF7<?EK,.BG@DLE8=,M=<<6WXXYYY&
YH7LRE?9R7PRLSX5B2#(XNR,)=9,HG@7I,G@A<7IC9@<,?H,B7<7,YGII
D9,E9I97A9B,I7<9E,G@,3445R

)=9,S9K,APG9@P9,BEGF9EA,H?E,5B2#(,A99S,<=9,<?<7I,A<9II7E
C7AA, ?H, <=9, I?P7I, L@GF9EA9, 7@B, G<A, E9I7<G?@A=G6, <?
9@FGE?@C9@<,7@B,DLIS,HI?Y,C?<G?@AR,)?,<=GA,9@BT,<=9,C7G@
ALEF9K,<7E89<A,Y9E9,A9I9P<9B,HE?C,<=9,)Y?,ZGPE?@,!II
(SK,(LEF9K,M3Z!((NR,(LP=,@97E&G@HE7E9B,A9I9P<G?@,@?<
?@IK,HLE@GA=9A,7,A?LEP9,IGA<,?H,<=9,C?A<,9F?IF9B,A<9II7E
6?6LI7<G?@AT, DL<, 7IA?, 6E?FGB9A, 7, BGE9P<, IG@S, <?, <=9
ILCG@?LA,C7AA,?H, <=9,AKA<9C,7A,P?@<7G@9B, G@,A<7EAR
)=GA,AG@8I9,H97<LE9,GA,Y=7<,A9<A,5B2#(,767E<,HE?C,G<A
?6<GP7IIK,A9I9P<9B,P?L@<9E67E<A,ALP=,7A,<=9,([((,7@B
3B2#*(R

Z99<G@8,<=9,ALEF9K,8?7IA,=7A,D99@,7,P=7II9@89,H?E,<=9
5B2#(T, DL<, G<, =7A, D99@, G@, <=9, H?E<L@7<9, 6?AG<G?@, ?H
P76G<7IGAG@8,?@,I9AA?@A,I97E@9B,HE?C,H?E9EL@@9EA,ALP=
7A, <=9,2$!+*,7@B,3B2, ALEF9KAR, +@A<ELC9@<, B9AG8@T
ALEF9K,A<E7<98K,7@B,A?H<Y7E9,7E9,\LA<,A?C9,?H,<=9,7E97A
G@,Y=GP=,<=9,5B2#(,=7A,D9@9HG<9B,G@,<=GA,Y7KR

)=9,2G@7I,[7<7,*9I97A9,H?E,5B2#(,YGII,@9P9AA7EGIK,D9
C?E9,P?C6E9=9@AGF9,<=7@,7II,G<A,6E9B9P9AA?EAR,-9G@8
<=9,I7A<,<GC9,Y9,L6B7<9,<=9,B7<7D7A9T,A9F9E7I,C?@<=A
?H,9J=7LA<GF9,APEL<G@K,?H,<=9,B7<7A9<,YGII,@99B,<?,<7S9
6I7P9R,Z7@L7I,9J7CG@7<G?@,?H,]L9A<G?@7DI9,E9BA=GH<AT
766IGP7<G?@,?H,^9E?&F9I?PG<K,<9C6I7<9,A=GH<A,7A,Y9II,7A
=9IG?P9@<EGP,P?EE9P<G?@AT,7@B,C7@L7I,PE?AA&P=9PSG@8,?H
7AA?PG7<9B,HG9IB,D??S&S996G@8,7E9,\LA<,A?C9,?H,<=9,<7ASA
<=7<,YGII,D9,L@B9E<7S9@,BLEG@8,<=GA,<GC9R,2?E,<=9,?@IG@9
B7<7D7A9,G<A9IHT,<=9E9,7E9,6I7@A,<?,DE?7B9@,G<A,P?@<9@<
7A,Y9II,7A,6E?FGB9,7BBG<G?@7I, IG@SA,<?,AL66I9C9@<7EK
G@H?EC7<G?@, 7D?L<, P9E<7G@, HG9IBA, 7@B, <=9, B7<7, <=9K
P?@<7G@R

*9P9@<, Y?ES, DK, )?C, >7EE9<<, M+_!`X`7I<9P=N, =7A
9J7CG@9B,<=9,GAAL9,?H,HGDE9,PE?AA,<7IST,7,BGHHGPLI<,DL<
M<=7@SHLIIKN,E7E9,?PPLEE9@P9,G@,5B2#(,B7<7R,!A<G8C7<GAC

<?Y7EBA,<=9,9B89A,?H,<=9,5B2,A69P<E?8E76=,C97@A,<=7<
A<E?@8, 9CGAAG?@&IG@9A, P7@, A6E97B, 7@B, P?@<7CG@7<9
7B\7P9@<,A69P<E7,GH,ALHHGPG9@<IK,DEG8=<,M2G8LE9,:NR,,!A,7
P?@A9]L9@P9T, @9G8=D?LEG@8, A69P<E7, 87G@, 7BBG<G?@7I
9CGAAG?@&IG@9&IGS9, H97<LE9A, <=7<, G@, A?C9, P7A9A, P7@
P?@HLA9,E9BA=GH<,GB9@<GHGP7<G?@R,)?C,=7A,A?H<Y7E9,<??IA
<?,GB9@<GHK,G@A<7@P9A,?H,<=GAT,Y=GP=,Y9,YGII,LA9,<?,HI78
6?<9@<G7IIK,7HH9P<9B,A69P<E7,G@,<=9,B7<7D7A9R

2G8LE9,3,A=?YA,<=9,C76,?H,5B2#(,HG9IB,P?F9E789,7A,G<
A<7@BA,7<,<=9,9@B,?H,<=9,ALEF9KR,+<,A=?YA,=?Y,<=9,ALEF9K
=7A,9AA9@<G7IIK,P?F9E9B,<=9,9@<GE9,A?L<=9E@,ASKR,)=9
?EG8G@7I,ALEF9K,<7E89<,Y7A,<=9,P?C6I9<G?@,?H,7II,:OUO
HG9IBA$DK,<=9,9@B,?H,>LIK,344OR,;?Y9F9ET,7,AIG8=<IK,=G8=9E
<=7@,9J69P<9B,HGDE9,DE97S789,E7<9,C97@<,<=7<,<=9,7F9E789
@LCD9E,?H,LA9HLI,HGDE9A,<LE@9B,?L<,PI?A9E,<?,:44,<=7@
<=9,:34,?EG8G@7IIK,9J69P<9B,69E,HG9IBR,̀ ?@A9]L9@<IKT,DK
CGB&344O,<=9,ALEF9K,Y7A,:OO,HG9IBA,A=?E<,?H,P?C6I9<9
P?F9E789T,YG<=,C7@K,?H,<=9A9,A6EG@8,7@B,ALCC9E,HG9IBA
7E?L@B,43,<?,45,=EA,G@,*!R,"98?<G7<G?@A,YG<=,<=9,*!/.
_E?\9P<,L@B9EY7K,?@,<=9,'Q,(P=CGB<,)9I9AP?69,I9B,<?
<=9,7P]LGAG<G?@,?H,VU,@G8=<A,7H<9E,>LIK,344O,DK,Y7K,?H
!"#$%#&'%$()*+#!,%A?,<=7<,5B2#(,P?LIB,C99<,G<A,8?7IAR

!I7AT,Z?<=9E,"7<LE9,Y7A,@?<,SG@B,<?,5B2#(,BLEG@8,<=9
A6EG@8,?H,344OT,7@B,PI?LBK,ASG9A,YG69B,C7@K,?H,<=9

(a)

(b)

2G8LE9, :R, M7N, `I?A9&L6, FG9Y, ?H, 7, 6?E<G?@, ?H, L@E9BLP9B
A69P<E7,A=?YG@8,a%+++b,7@B,;�,H97<LE9A,G@,7,DEG8=<,9CGAAG?@&
IG@9, A?LEP9, 7<, -c4R443VdR,!A<G8C7<GAC,7<, <=9, HG9IB, 9B89
P7LA9A, <=9, IG@9A, <?, B9&H?PLA, AIG8=<IKR, MDN, (7C9, A69P<E7T
@?Y,E9BLP9BT,A=?YG@8,=?Y,<=9,A6E97B,?H,IG8=<,=7A,6E?BLP9B
H7IA9, 9CGAAG?@&IG@9A, G@, <=9, 7B\7P9@<, A69P<ELC,7D?F9, <=9
9CGAAG?@&IG@9, A?LEP9R
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%P<?D9E, 7@B,"?F9CD9E, 5B2#(, @G8=<A, ?L<R,1=7<
E9C7G@AT,7A,2G8,3,A=?YAT,GA,FGE<L7IIK,HLII,P?F9E789,9JP96<
H?E,A?C9,7E97A,7E?L@B,<=9,$Z`,7@B,<=9,6?I9R,)=9,P9@<E7I
D7@B,GA,<=9,e?@9,?H,!F?GB7@P9,Y=GP=,5B2#(,BGB,@?<
7<<9C6<,<?,P?F9ER,)=9,HG@7I,@LCD9E,?H,HG9IBA,?DA9EF9B
Y7A,:OfUT,?E,U5ROg,?H,<=9,<?<7IR,)=9,7P<L7I,HE7P<G?@,?H
<=9,ALEF9K,ASK,7E97,P?F9E9B,GA,=G8=9ET,AG@P9,C7@K,?H
<=9,L@?DA9EF9B,HG9IBA,?F9EI76,YG<=,?DA9EF9B,HG9IBAR

)=9,6769E,<=7<,7PP?C67@G9B,<=9,2GEA<,[7<7,*9I97A9
M>?@9A,9<,7IR,344VN,B9APEGD9A,<=9,C7G@,7<<EGDL<9A,?H,<=9
5B2,#7I7JK,(LEF9KT, G@PILBG@8, <=9, G@A<ELC9@<T, <7E89<
A9I9P<G?@,7@B,E9BA=GH<G@8,6E?P9BLE9AR,!,P?C6E9=9@AGF9
G@<E?BLP<G?@,<?,<=9,?@IG@9,B7<7D7A9,GA,7IA?,8GF9@R,)=9
(9P?@B,[7<7, *9I97A9, 6769E, M>?@9A, 9<, 7IR, 344ON
ALCC7EGA9A,<=9,C7G@,H97<LE9A,?H, <=GA,A9P?@B,6LDIGP
E9I97A9,7@B,BGAPLAA9A,IGCG<7<G?@A,<=7<,PLEE9@<,LA9EA,?H
<=9,B7<7,A=?LIB,D9,CG@BHLI,?HR,!,HG@7I,B7<7,6769E,YGII
P?G@PGB9,YG<=,<=9,2G@7I,[7<7,*9I97A9,7@B,YGII,P=7E7P<9EGA9
<=9, ALEF9K, G@, G<A, HG@GA=9B, A<7<9T, 7A,Y9II, 7A, 6E?FGB9
ILCG@?AG<K,HL@P<G?@A,7@B,B9@AG<G9AR

2G8LE9,f,A=?YA,<=9,Q,7@B,.>%ILCG@?AG<K,HL@P<G?@A,HE?C
>?@9A,9<,7IR,M3445NT,HE?C,7,I7E89E,A9<,P?F9EG@8,/01.1)2R
$LCG@?AG<K,HL@P<G?@,HG<A,HE?C,7,@LCD9E,?H,E9P9@<,ALEF9KA
7E9,7IA?,A=?Y@,H?E,P?C67EGA?@R,-K,<=GA,\L@P<LE9,G@,<=9
ALEF9KT,7,IG<<I9,C?E9,<=7@,=7IH,<=9,E9BA=GH<A,Y9E9,G@,=7@BR
)=9,ILCG@?AG<K,HL@P<G?@A,A=?Y@,=9E9,GC6E?F9,?@,6E9FG?LA
5B2,C97ALE9C9@<A, G@, 7,@LCD9E,?H,Y7KAR,2GEA<T, <=9
A7C6I9,AG^9A,7E9,CLP=,I7E89E,<=7@,D9H?E9,�,<=9,/&D7@B
ALEF9K,7I?@9,<?<7IA,A?C9,54444,87I7JG9AR,(9P?@BT,<=9
C78@G<LB9A,LA9B,G@,/,=7F9,D99@,L6B7<9B,YG<=,<=9,I7<9A<
3Z!((,<?<7I,C78@G<LB9AT,7@B,@?,I?@89E,E9IK,?@,?LE
?EG8G@7I,<?<7I,C78@G<LB9AT,Y=GP=,Y9E9,G@H9EE9B,HE?C,7
P?CDG@7<G?@,ALEH7P9,DEG8=<@9AA,7@B,GA?6=?<7I,C78@G<LB9
MA99, >?@9A, 9<, 7IR, 344VNR, 2LE<=9EC?E9T, <=9, .1)2
C78@G<LB9A, 7E9, <=9, E9&P7IGDE7<9B, (L69E`%(Z%(
C78@G<LB9A,HE?C,Y=GP=,6I7<9&<?&6I7<9,̂ 9E?&6?G@<,F7EG7<G?@
=7A,D99@,E9C?F9B,MA99,>?@9A,9<,7IR,344ONR,)=GEBT,Y9
=7F9,C7B9, HG9IB, HI?Y,P?EE9P<G?@A, <?,?LE, IG@9&?H&AG8=<
F9I?PG<G9A, LAG@8, A?H<Y7E9, DK, >R, _R,;LP=E7T, <=9E9DK
E9C?FG@8,<=9,69PLIG7E,F9I?PG<K,P?C6?@9@<,?H,97P=,87I7JKR

(b)(a)

2G8LE9,3R,.]L7I,7E97,!G<?HH,6E?\9P<G?@,?H,5B2#(,HG9IB,P?F9E789R,%69@,PGEPI9A,B9@?<9,7II,HG9IBA,?@,<=9,<7E89<,IGA<,7@B,HGII9B
PGEPI9A,B9@?<9, <=?A9,P?C6EGAG@8, <=9,ALEF9KR

2G8LE9,fR,$LCG@?AG<K,HL@P<G?@A,G@,/,7@B,.>,HE?C,<=9,5B2#(R,)=?A9,HE?C,?<=9E,E9P9@<,ALEF9KA,7E9,7IA?,A=?Y@R,Z78@G<LB9
?HHA9<A,H?E,BGHH9E9@<,67AAD7@BA,MY=9E9,E9]LGE9BN,=7F9,D99@,G@BGP7<9B,G@,<=9,S9KR
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2G@7IIKT,<=9,(P=9P=<9E,HG<,=7A,D99@,P?@F?IF9B,YG<=,<=9
C78@G<LB9,9EE?E,BGA<EGDL<G?@,G@,97P=,67AAD7@BR

%H,67E<GPLI7E,G@<9E9A<,G@,2G8LE9,f,GA,<=9,L6<LE@,G@,87I7JK
@LCD9EA,7<,<=9,DEG8=<&9@BT,7@,9HH9P<,<=7<,=7A,D99@,@?<9B
DK,A9F9E7I,7L<=?EA,6E9FG?LAIKR,)=GA,9JP9AA,?H,ILCG@?LA
?D\9P<A,GA,BL9,<?,<=9,DEG8=<9A<,PILA<9E,87I7JG9AT,Y=GP=
7E9, 6E?BLP9B, DK, <=9, A69PG7I,C9E89E, 7@B, 7PPE9<G?@
6E?P9AA9A, <=7<, P?C9, G@<?, 9HH9P<, G@, <=9, =G8=&B9@AG<K
E98GC9,7<,<=9,P9@<E9,?H,PILA<9E,8E7FG<7<G?@7I,6?<9@<G7IAR
19,9J7CG@9B,<=9,87I7JG9A,E9A6?@AGDI9,H?E,<=GA,L6<LE@
G@,A?C9,B9<7GIT,<?,P?@HGEC,<=7<,<=9,9HH9P<,Y7A,E97I,7@B
@?<,A?C9,C97ALE9C9@<,7E<GH7P<R,2G8LE9,V,A=?YA,9J7C6I9
A69P<E7,HE?C,<=GA,ILCG@?LA,ALDA9<,7I?@8AGB9,3Z!((
7@B,(L69E`%(Z%(,GC789AR,)=9,GC78G@8,E9F97IA,<=7<
<=9E9,7E9,7,@LCD9E,?H,PI?A9,87I7JK,67GEA,G@,<=GA,A7C6I9R
1=GI9, <=9K, 7E9, @?<, PI?A9, 9@?L8=, <?, =7F9, G@HI7<9B
C78@G<LB9A, BL9, <?, GC789, DI9@BG@8,�, 3Z!((, P7@
G@BGFGBL7IIK,GB9@<GHK,A?LEP9A,O,7EPA9P,767E<,�,G<,AL66?E<A
<=9, GB97, <=7<,C7@K,?H, <=9A9,87I7JG9A, G@=7DG<, B9@A9
9@FGE?@C9@<AR

2G8LE9,O,A=?YA,<=9,ILCG@?AG<K,B9@AG<K,�,7,A?E<,?H,F?ILC9&
7F9E789B,A69P<E7I,9@9E8K,BGA<EGDL<G?@,M(.[NT,?D<7G@9B
DK,G@<98E7<G@8,?F9E,7II,HGF9,5B2#(,ILCG@?AG<K,HL@P<G?@AR
)=9,5B2#(,F7IL9A,78E99,YG<=,C?A<,9A<GC7<9AT,HG@BG@8,7
/&D7@B,F7IL9,7<,<=9,I?Y9E,9@B,?H,E9P9@<,E9ALI<A,H?E,<=GA
D7@BR,)=GA,GA,7IA?,<=9,9J69P<7<G?@,?H,<=9,(.[,H?E,7,:3
#KE&?IB, A<9II7E, 6?6LI7<G?@, YG<=, 7, V, #KE,,&H?IBG@8
9J6?@9@<G7IIK,B9PE97AG@8,A<7E,H?EC7<G?@,E7<9,MB7A=9B
IG@9T,7H<9E,-9II,9<,7IR,344fNR,Z?B9IA,YG<=,C?E9,E76GBIK
B9PIG@G@8,A<7E,H?EC7<G?@,E7<9A,MA7K,3,#KEN,P7@,6E?BLP9
(.[A,C?E9, ILCG@?LA, G@,/T, DL<, 7<, <=9, 9J69@A9, ?H
?F9E9A<GC7<G@8,?6<GP7I,ILCG@?AG<G9A,DK,H7P<?EA,?H,<Y?,?E
C?E9R

1G<=,<=9,HG@7I,5B2#(,6=?<?@,P76<LE9BT,Y9,P9I9DE7<9
<=9,PI?AG@8,?H,7@?<=9E,P=76<9E,G@,<=9,GIILA<EG?LA,=GA<?EK
?H,<=9,'Q,(P=CGB<,)9I9AP?69R,19,7E9,8E7<9HLI,H?E,<=9
<7I9@<,7@B,=7EB,Y?ES,?H,7II,(P=CGB<,?DA9EF9EA,�,67A<
7@B,6E9A9@<,�,Y=?A9,P?@<EGDL<G?@A,<?,<=9,5B2#(,=7F9
=9I69B,G@,@?,AC7II,67E<,<?,A=769,G<,G@<?,<=9,9JP9II9@<
B7<7A9<,G<,=7A,D9P?C9R,%LE,AG@P9E9,<=7@SA,7E9,9J<9@B9B
<?,[?@@7,-LE<?@T,_7LI,`7AAT,QEGA<G@,2G989E<T,Z7IP?IC
;7E<I9KT,[G?@@9,>7C9AT,Q9@,*LAA9IIT,2E9B,17<A?@,7@B
<=9,I7<9,>?=@,[7Y9R,)=9,I987PK,?H,<=9,5B2#(,YGII,D9
<=9,6LDIGP,7F7GI7DGIG<K,?H,<=9A9,B7<7,<?,89@9E7I,LA9EAT
L@<GI,ALP=,<GC9,7A,7,C?E9,A9@AG<GF9,ALEF9K,YG<=,9]LGF7I9@<
HLII&ASK,P?F9E789,6LA=9A,A?L<=,?H,<=9,9]L7<?ER

Z?E9,G@H?EC7<G?@,?@,<=9,5B2,#7I7JK,(LEF9K,P7@,D9,H?L@B
7<,?LE,Y9D,AG<9W,=<<6WXXYYYR77?R8?FR7LXI?P7IXYYYX5BHX,R

(9:9;9<=9>)

-9IIT,.R,2RT,9<,7IRT,344fT,!6>(T
:VUT,3hU
-I7@<?@T,ZR,*RT,9<,7IRT,344OT,!6>T
5f:T,34h
`?I9T,(RT,9<,7IRT,M3B2#*(,<97CNT
344:T,Z"*!(T,f35T,3OO
[EGF9ET,(R,_RT,9<,7IRT,344OT
Z"*!(T,f54T,h:
.S9T,/R,*RT,9<,7IRT,344OT,Z"*!(T
f53T,:3ff
>?@9AT,[R,;RT,9<,7IRT,344VT
Z"*!(T,fOOT,dVd
>?@9AT,[R,;RT,9<,7IRT,344OT
_!(!T,33T,3dd
>?@9AT,[R,;RT,9<,7IRT,3445T
Z"*!(T,ALDCG<<9B
Q?P=7@9ST,`R,(RT,9<,7IRT,344:T
!6>T,O54T,O55
$?F9B7KT,>RT,9<,7IRT,:UU3T,!6>T
V44T,$Vf
"?ED9E8T,_RT,9<,7IRT,M3B2#*(
<97CNT,3443T,Z"*!(T,ff5T,U4d
eLPP7T,.RT,9<,7IRT,:UUdT,!i!T
f3dT,Vdd

2G8LE9,OR, +@<98E7<9B, ILCG@?AG<K, B9@AG<K, H?E, 5B2#(,7PE?AA
.>)210/R,`?C67E7<GF9,F7IL9A,HE?C,?<=9E,E9P9@<,ALEF9KA,7E9
7IA?,A=?Y@R,19,=7F9,7IA?,E96E?BLP9B,<=9,A69P<E7I,9@9E8K
BGA<EGDL<G?@,H?E,7,:3,#KE&?IB,A<9II7E,6?6LI7<G?@,HE?C,-9II,9<
7IR,M344fNR,[9<7GIA,G@,<=9,<9J<R

(a)

(c) (d)

(b)

b K

b K

b K
b K

89"

60" 63"
57"

60"

60"

73"

60"

2G8LE9,VR,.J7C6I9, A69P<E7, ?H, <=9,C?A<, ILCG@?LA, P?@<EGDL<?EA, <?, 5B2#(R, +C789A
HE?C,3Z!((, M/&D7@BN, 7@B,(L69E`%(Z%(, M.>&D7@BN, 7E9, 7IA?, A=?Y@R, +@, <=9A9T
@?E<=,GA,L6T,97A<,GA,I9H<T,7@B,<=9,HG9IB,AG^9,G@,7EPA9P,G@BGP7<9B,G@,97P=,P?E@9ER


