
 
THERE AND BACK AGAIN 

 

--- 
 

the genomic wanderings  
of human populations 

 

 
 
 

Serena Aneli 
 

University of Turin 
PhD Program in Biomedical Sciences and Oncology 

Human Genetics Curriculum�  
Academic year 2015/2019 



.2T�`iK2Mi Q7 J2/B+�H a+B2M+2b
S?. S`Q;`�K BM "BQK2/B+�H a+B2M+2b �M/ PM+QHQ;v

sssA +v+H2
>mK�M :2M2iB+b *m``B+mHmK
�+�/2KB+ v2�`b kyR8fkyRN

h>1_1 �L. "�*E
�:�AL

i?2 ;2MQKB+ r�M/2`BM;b
Q7 ?mK�M TQTmH�iBQMb

a2`2M� �M2HB

hmiQ`, S`Q7X :Bmb2TT2 J�imHHQ
S?. +QQ`/BM�iQ`, S`Q7X 1KBHBQ >B`b+?



*Qp2` BK�;2 Ü S2i2` ai`�BM UrrrXT2i2`bi`�BMX+QXmFVX
lb2/ #v T2`KBbbBQM 7`QK i?2 �`iBbiX

A





AK�;2 +`2/Bi, S2i2` ai`�BM UrrrXT2i2`bi`�BMX+QXmFVX
lb2/ #v T2`KBbbBQM 7`QK i?2 �`iBbiX

AA



*QMi2Mib

*QMi2Mib

�#bi`�+i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X sA

S`2KBb2 �M/ �+FMQrH2/;2K2Mib X X X X X X X X X X X X X X X X X X XsAAA

.2+H�`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X XsoA

AMi`Q/m+iBQM, � KQpBM; T2QTH2

�M mM2tT2+i2/ DQm`M2v X X X X X X X X X X X X X X X X X X X X X X X X 8

�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb d

h?2 +QM+2Ti Q7 ?mK�M KB;`�iBQM �M/ Bib 2pQHmiBQM X X X X X X X X 3

q?v T2QTH2 �`2 KQpBM; �M/ r?v i?2v rQMǶi biQT X X X X X X X X X Ry

_2+QMbi`m+iBM; ?mK�M KB;`�iBQMb X X X X X X X X X X X X X X X X X X Rk

6QHHQrBM; .L� i`�BHb R8

:2M2iB+ /�i� �M/ TQTmH�iBQM ;2M2iB+Bbib X X X X X X X X X X X X X X Re

h?2 2pQHmiBQM Q7 2pQHmiBQM�`v ;2M2iB+b X X X X X X X X X X X X X X X Rd

JmHiB/Bb+BTHBM�`v i2�Kb X X X X X X X X X X X X X X X X X X X X X X X X ky

AAA



*QMi2Mib

�M+B2Mi .L�, � /B`2+i rBM/Qr iQ i?2 T�bi X X X X X X X X X X X X X k8

� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/ kN

�7`B+�M `QQib �M/ i?2 /2b+2Mi Q7 K2M X X X X X X X X X X X X X X X X jR

Pm` }`bi iBK2 Pmi Q7 �7`B+� X X X X X X X X X X X X X X X X X X X X X jj

Pm` b2+QM/ iBK2 Pmi Q7 �7`B+� X X X X X X X X X X X X X X X X X X X X j8

PM+2 �;�BM- �7`B+�M `QQib X X X X X X X X X X X X X X X X X X X X X X j3

J�Mv Qi?2` iBK2b Pmi Q7 �7`B+� X X X X X X X X X X X X X X X X X X X 9y

h?2 ;`2�i +QHQMBbBM; �/p2Mim`2 X X X X X X X X X X X X X X X X X X X 9k

� p2`v #mbv rQ`H/ X X X X X X X X X X X X X X X X X X X X X X X X X X 98

� bvMi?2bBb 7Q` i?2 /2b+2Mi Q7 K2M X X X X X X X X X X X X X X X X X 9d

JB;`�iBQMb �i ?BbiQ`B+�H iBK2b X X X X X X X X X X X X X X X X X X X X 93

�`+?�B+ i�H2b, L2�M/2`i?�Hb �M/ mb

.Q L2�M/2`i?�Hb 2tBbi iQ/�v\ 8j

� bQM Q7 1m`QT2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j

L2�M/2`i?�H ?QK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X 88

L2�M/2`i?�H HQQFb, r?v i?2 HQM; 7�+2\ X X X X X X X X X X X X X X X 8e

h?BMFBM; HBF2 � L2�M/2`i?�H X X X X X X X X X X X X X X X X X X X X X 83

q�M/2`BM;- H2�`MBM; �M/XXX K22iBM;\ X X X X X X X X X X X X X X X X ey

q�M/2`BM;- H2�`MBM;- K22iBM; �M/XXX FBbbBM;\ X X X X X X X X X X X X eR

Ao



*QMi2Mib

h?2 L2�M/2`i?�H ;2MQKB+ r�p2 X X X X X X X X X X X X X X X X X X X eR

JBiQ+?QM/`B�H �ii2KTib X X X X X X X X X X X X X X X X X X X X X X X e9

h?2 HQM;@�r�Bi2/ bKQFBM; ;mM X X X X X X X X X X X X X X X X X X X X e8

.B;;BM; 7Q` �Mbr2`b BM i?2 L2�M/2`i?�H ;2MQK2 X X X X X X X X X X ee

.Q vQm `2K2K#2` r?2M r2 }`bi K2i\ X X X X X X X X X X X X X X X X dy

L2�M/2`i?�H .L� +?mMFb �M/ 2p2M KQ`2 [m2biBQMb X X X X X X X X dR

"2BM; L2�M/2`i?�H bQK2r?2`2 BM Qm` ;2MQK2 X X X X X X X X X X X d8

PM i?2 L2�M/2`i?�H /2KBb2 �M/ i?2 r�v iQ �pQB/ Bi X X X X X X X X 3y

h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2 3j

J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 38

.�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 38

h?2 MmK#2` Q7 L2�M/2`i?�H �HH2H2b BM T`2b2Mi@/�v ?mK�M TQT@
mH�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e

"�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H +QMi`B#miBQM X X X X 3d

�7`B+�M �M+2bi`v �M/ L2�M/2`i?�H H2;�+v X X X X X X X X X X X X 33

*QKT�`BbQM Q7 L2�M/2`i?�H �HH2H2 7`2[m2M+B2b �+`Qbb KQ/2`M
TQTmH�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X 33

h?2 #BQHQ;B+�H BKTHB+�iBQMb Q7 L2�M/2`i?�H BMi`Q;`2bbBQM X X X X 3N

_2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ny

J22iBM; i?2 L2�M/2`i?�Hb, ?Qr Km+? FBbbBM;\ X X X X X X X X X Ny

6QQiT`BMib Q7 � ;?Qbi, "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`@
i?�H +QMi`B#miBQM X X X X X X X X X X X X X X X X X X X X X X NR

LQM@1m`�bB�M +QMi`B#miBQMb Km//vBM; i?2 r�i2` X X X X X X X X N9

o



*QMi2Mib

AiǶb �HH �#Qmi 7`2[m2M+B2b X X X X X X X X X X X X X X X X X X X X X Ne

h?2 +QMb2[m2M+2b Q7 � T`QKBb+mQmb �z�B` X X X X X X X X X X X X Nd

.Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd

�M+B2Mi i�H2b, 1m`QT2�Mb r�M/2`BM;b

q?Q �`2 i?2 1m`QT2�Mb\ RRj

h?2 }`bi 1m`QT2�Mb ě B7 vQm /QMǶi +QmMi L2�M/2`i?�Hb5 X X X X X RR9

qBMi2` Bb +QKBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X RRe

6Q`�;2`b 7`QK HQM; �;Q i2HH i?2B` biQ`B2b X X X X X X X X X X X X X X X RRd

.27`QbiBM; BMMQp�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X Rk9

q?2�i �M/ ;Q�ib X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk8

6�`K2`b BM 1m`QT2 X X X X X X X X X X X X X X X X X X X X X X X X X X Rkd

� +H�b? #2ir22M +mHim`2b X X X X X X X X X X X X X X X X X X X X X X X Rjy

a?BMBM; K2i�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjj

>Q`b2b- r?22Hb �M/ r�;QMb 7`QK i?2 1�bi X X X X X X X X X X X X X X Rj9

*Q`/2/ q�`2 �M/ "2HH "2�F2` ě TQib pb T2QTH2\ X X X X X X X X X Rj8

aQK2i?BM; KQ`2 BM aQmi?2`M 1m`QT2 X X X X X X X X X X X X X X X X Rj3

q?�i ?�TT2M2/ M2ti X X X X X X X X X X X X X X X X X X X X X X X X X R9R

SQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb
Q7 �M+B2Mi �M+2bi`B2b BM aQmi?2`M 1m`QT2 R9j

oA



*QMi2Mib

J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R98

�M�Hvb2b QM KQ/2`M@/�v TQTmH�iBQMb X X X X X X X X X X X X X X R98

.�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R93

S`BM+BT�H *QKTQM2Mi �M�HvbBb US*�V X X X X X X X X X X X X X X R8y

�.JAshl_1 �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X R8k

.@ah�hAahA*a X X X X X X X X X X X X X X X X X X X X X X X X X X R8j

*>_PJPS�ALh1_ �M/ LQM@L2;�iBp2 G2�bi a[m�`2b �M�HvbBb R89

:2Q;`�T?v �M/ �M+2bi`v T`QTQ`iBQMb X X X X X X X X X X X X X X R8N

[T�/K �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X Rey

_2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReR

h?2 +QHQm`b i?�i K�/2 mb X X X X X X X X X X X X X X X X X X X X X Re8

.Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RNj

JQ/2`M i�H2b, i?2 ;2M2iB+ #m`/2M Q7 Qm` i`�p2Hb

aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX RNN

h?2 Hm`2 Q7 Ai�Hv X X X X X X X X X X X X X X X X X X X X X X X X X X X X kyy

6�b+BM�iBM; ;2M2b X X X X X X X X X X X X X X X X X X X X X X X X X X X kyR

*QKKQM pb `�`2 p�`B�iBQMb X X X X X X X X X X X X X X X X X X X X X X kyd

*HBMB+�H ;2M2iB+b BM � Mmib?2HH X X X X X X X X X X X X X X X X X X X X kyN

oAA



*QMi2Mib

S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�,
;2M2iB+ bi`m+im`2 �M/ 7mM+iBQM�H BKTHB+�iBQMb kRd

J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN

a�KTH2 bim/v X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN

a2[m2M+BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN

.�i� +H2�MBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN

o�`B�Mi �MMQi�iBQM �M/ BMi2`T`2i�iBQM X X X X X X X X X X X X X X kkR

1tTHQ`BM; i?2 ;2M2iB+ bi`m+im`2 rBi? +Q/BM; p�`B�Mib X X X X X X kkR

:2M2iB+ +QKT�`BbQM rBi?BM Ai�Hv X X X X X X X X X X X X X X X X X kkk

:2M2iB+ +QKT�`BbQM #2ir22M Ai�Hv �M/ 1m`QT2 X X X X X X X X X kkj

_2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk9

1tTHQ`BM; i?2 ;2M2iB+ bi`m+im`2 rBi? 2tQK2 p�`B�Mib X X X X X X kkd

�HH2H2 7`2[m2M+v /Bz2`2M+2b #2ir22M LQ`i?2`M �M/ aQmi?2`M
Ai�Hv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjR

�HH2H2 7`2[m2M+v /Bz2`2M+2b #2ir22M Ai�Hv �M/ 1m`QT2 X X X X X kj8

AKTQ`i�M+2 Q7 i?2 `272`2M+2 TQTmH�iBQM 7Q` �bb2bbBM; T�i?Q@
;2MB+Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X kj3

Smi�iBp2Hv T�i?Q;2MB+ p�`B�Mib X X X X X X X X X X X X X X X X X X kjN

Smi�iBp2Hv T�i?Q;2MB+ p�`B�Mib BM �*J: a6 ;2M2b X X X X X X k99

.Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9e

oAAA



*QMi2Mib

6mim`2 i�H2b, #�+F ?QK2

h?2B` /2�/ HBF2 Qm` /2�/ k88

.2bT2`�i2 DQm`M2vb BM MmK#2`b X X X X X X X X X X X X X X X X X X X k8e

L�K2H2bb /2�/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k83

q?2`2 /B/ i?2v +QK2 7`QK\ X X X X X X X X X X X X X X X X X X X X X keR

�M+2bi`�H AM7Q`K�iBp2 J�`F2`b X X X X X X X X X X X X X X X X X X X X kej

�AJ 7Q` KB;`�Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X kee

LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM keN

J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdR

.�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdR

*H2�MBM; bi2Tb �M/ /2b+`BTiBp2 �M�Hvb2b X X X X X X X X X X X X X kdk

�AJ TBT2HBM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdk

*`Qbb@p�HB/�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X kd8

62�im`2 T`BQ`BiBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X kdd

J�`F2` b2i `2}M2K2Mi X X X X X X X X X X X X X X X X X X X X X X X k3j

6BM�H i2biBM; Q7 i?2 KQ/2Hb X X X X X X X X X X X X X X X X X X X X k33

_2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNy

h?2 +QMiBM2Mib /�i�b2i X X X X X X X X X X X X X X X X X X X X X X kNy

h?2 KB;`�Mib /�i�b2i X X X X X X X X X X X X X X X X X X X X X X X kN9

AMi2`T`2i�iBQM �M/ r?�iǶb M2ti X X X X X X X X X X X X X X X X X X X jyy

As



*QMi2Mib

*QM+HmbBQM

JB;`�iBQM i�H2b jy8

�TT2M/B+2b

�`+?�B+ i�H2b jRR

L2�M/2`i?�H �HH2H2 +QmMi X X X X X X X X X X X X X X X X X X X X X X X jRk

L2�M/2`i?�H �HH2H2 7`2[m2M+v /Bz2`2M+2b X X X X X X X X X X X X X X X jRj

�M+B2Mi i�H2b jkR

*>_PJPS�ALh1_ U*SV X X X X X X X X X X X X X X X X X X X X X X jkk

JQ/2`M i�H2b j9d

6mim`2 i�H2b j8R

�AJb b2H2+iBQM TBT2HBM2 X X X X X X X X X X X X X X X X X X X X X X X X j8e

*H2�MBM; bi2Tb- /2b+`BTiBp2 �M�Hvb2b �M/ +`Qbb@p�HB/�iBQM X X X j8e

62�im`2 T`BQ`BiBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X jey

J�`F2` b2i `2}M2K2Mi X X X X X X X X X X X X X X X X X X X X X X X jeR

6BM�H i2biBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X jek

h?2 +QMiBM2Mib /�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X je9

h?2 KB;`�Mib /�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X je8

s



�#bi`�+i

�#bi`�+i
h?2 T�bi HBp2b Q7 Qm` �M+2biQ`b �`2 r`Bii2M BM Qm` ;2M2bX am+? QH/ biQ`B2b Q7
/2�i?b �M/ #B`i?b- KB;`�iBQMb �M/ /Bb2�b2b H27i K�`Fb QM i?2B` /2b+2M/�MibǶ
.L�X _2+2MiHv- i?2 KQH2+mH�` �M�HvbBb Q7 KQ/2`M- �M+B2Mi �M/ �`+?�B+ ?m@
K�M .L�- BM +QK#BM�iBQM rBi? #BQBM7Q`K�iB+b �M�HvbBb- 2M�#H2/ mb iQ i2HH
bQK2 Q7 i?Qb2 biQ`B2b- i?mb `2i`�+BM; Qm` 2pQHmiBQM�`v ?BbiQ`v �b KQ/2`M ?m@
K�MbX .L� r?BbT2`b i?�i KQ/2`M ?mK�Mb 2pQHp2/ BM �7`B+� jyy-yyy v2�`b
�;Qc i?�i- bQK2iBK2 �`QmM/ Ryy-yyy v2�`b �;Q- ;`QmTb Q7 K2M bT`2�/ 7`QK
�7`B+� BMiQ 1m`�bB� �M/ i?�i i?2v 2M+QmMi2`2/ i?2 L2�M/2`i?�HbX Ai �HbQ
i2HHb i?�i i?2 #Q/B2b Q7 i?2b2 /Bz2`2Mi FBM/b Q7 ?mK�Mb iQm+?2/ BMiBK�i2Hv
�M/ bQ /B/ i?2B` ;2M2bX Ai i2HHb i?�i i?2B` r�M/2`BM; �/p2Mim`2b /B/ MQi
2M/ rBi? i?�i K22iBM;, i?2v i`�p2HH2/ HQM;2` �M/ 7m`i?2` +`QbbBM; /2b2`ib-
Qp2`+QKBM; KQmMi�BMb �M/ `2�+?BM; 2p2`v +Q`M2` Q7 i?2 rQ`H/X h?2 TQbbB#H2
T�i?b ;`2r 2tTQM2MiB�HHv �b i?2v r2Mi 7m`i?2`c i?mb- i?2v b2T�`�i2/ BMiQ /B7@
72`2Mi ;`QmTb �M/ b2iiH2/ BM i?2B` M2r ?QK2X >Qr2p2`- ?mK�Mb ?�p2 M2p2`
#22M [mB2i, KB;`�iQ`v ~Qrb r2Mi QM 7Q` KBHH2MMB�- /Bz2`2Mi TQTmH�iBQMb K2i-
iQm+?2/ �M/ �/KBt2/- �b r2HH �b i?2B` ;2M2b /B/X q2 biBHH ?�p2 i?Qb2 ;2M2bX

h?2 `2+QMbi`m+iBQM Q7 i?2 rBM/BM; i`�BHb 7QHHQr2/ #v Qm` �M+2biQ`b Bb
TQbbB#H2 i?�MFb iQ i?2 7�+i i?�i i?2 T2QTH2 r?Q KQp2 H2�p2 T`BMibX hBK2
T�bb2b #v- �M/ bQK2 Q7 i?Qb2 T`BMib �`2 K�bF2/ BM /mbi Q` +Qp2`2/ #v i`�+2b
Q7 i?2 T2QTH2 r?Q +QK2 �7i2` i?2K- #mi K�Mv Qi?2`b �`2 H27i mMiQm+?2/ QM
i?2 ;`QmM/- BM � +�p2 �M/ BM Qm` ;2MQK2X

h?`Qm;?Qmi i?Bb i?2bBb- A rBHH i2HH vQm 7Qm` /Bz2`2Mi KB;`�iBQM i�H2b `2+QM@
bi`m+i2/ #v i?2 ;2M2iB+ K�`Fb r2 7QmM/ BM i?2 .L� Q7 KQ/2`M@/�v Ai�HB�M
�M/ Qi?2` 1m`QT2�M TQTmH�iBQMbX

h?2 }`bi T�`i- ǳ�`+?�B+ i�H2bǴ- /2�Hb rBi? i?2 2TBbQ/2b Q7 KB;`�iBQMb
�M/ �/KBtim`2 7`QK �#Qmi Ryy-yyy@8y-yyy v2�`b �;Q- #2ir22M Qm` KQ/2`M
?mK�M �M+2biQ`b �M/ L2�M/2`i?�Hb- �M/ i?2 L2�M/2`i?�H ;2M2iB+ H2;�+v /2@
`Bp2/ 7`QK i?2b2 2p2MibX >2`2- r2 /Bb+Qp2`2/ i?�i /Bz2`2Mi 1m`QT2�M �M/
2p2M Ai�HB�M KQ/2`M TQTmH�iBQMb b?Qr p�`B�#H2 H2p2Hb Q7 L2�M/2`i?�H BMi`Q@
;`2bbBQMX JQ`2Qp2`- r?BH2 K�Mv ;2M2iB+ p�`B�Mib r?Qb2 7`2[m2M+v p�`B2b
K�`F2/Hv �KQM; mb �`2 2t�KTH2b Q7 �/�TiBp2 p�`B�iBQM- Qi?2`b b22K iQ #2
BMpQHp2/ BM +QKTH2t /Bb2�b2b bmb+2TiB#BHBivX

AM i?2 b2+QM/ T�`i- ǳ�M+B2Mi i�H2bǴ- A /2b+`B#2 i?2 �M�Hvb2b r2 /B/ QM
KQ/2`M@/�v 1m`QT2�M TQTmH�iBQMb BM Q`/2` iQ /B; Qmi i`�+2b Q7 �M+B2Mi KB@
;`�iBQMb �M/ �/KBtim`2b 7`QK i?2B` ;2MQK2bX h?2 T�ii2`Mb Q7 KB;`�iBQMb
r?B+? +QMi`B#mi2/ iQ i?2 T2QTHBM; Q7 1m`QT2 ?�p2 #22M 2ti2MbBp2Hv bim/@
B2/- ?Qr2p2` i?2`2 HQQFb iQ #2 bQK2i?BM; KBbbBM; 7`QK i?2 +m``2Mi KQ/2H
T`QTQb2/ #v i?Qb2 bim/B2b ě � +QK#BM�iBQM Q7 2�`Hv 1m`QT2�M 7Q`�;2`b-
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L2QHBi?B+ 7�`K2`b �M/ "`QMx2 �;2 MQK�/B+ T�biQ`�HBbibX AM i?2 ;2MQK2b Q7
KQ/2`M@/�v Ai�HB�Mb- r2 7QmM/ bQK2 i`�+2b Q7 QM2 Q7 i?Qb2 KBbbBM; TB2+2b,
� 7Qm`i? +QMi`B#miBQM +QKBM; 7`QK i?2 1�bi �M/ `2H�i2/ iQ �M �M�iQHB�M
"`QMx2 �;2 b�KTH2- Qi?2` bQmi?2�bi2`M 1m`QT2�M �M+2bi`B2b �M/- mHiBK�i2Hv-
iQ i?2 *�m+�bmb `2;BQMX

h?2 i?B`/ T�`i- ǳKQ/2`M i�H2bǴ- Bb MQi `2�HHv �#Qmi i?2 `2+QMbi`m+iBQM
Q7 KB;`�iBQM i`�BHb- #mi BMbi2�/ Bb �#Qmi i?2 ;2M2iB+ #m`/2M r2 �`2 #2�`BM;
BM Qm` i`�p2HbX AM T�`iB+mH�`- r2 �M�Hvb2 � H�`;2 /�i�b2i Q7 Ai�HB�M r?QH2@
2tQK2 b2[m2M+2b �M/ r2 2tTHQ`2/ i?2 /Bbi`B#miBQM Q7 #Qi? +QKKQM �M/ `�`2
p�`B�iBQMX q?2M r2 7Q+mb2/ QM `�`2 p�`B�Mib iQ bi`�iB7v Ai�Hv #v 2z2+iBp2
TQTmH�iBQM bBx2- r2 /Bb+Qp2`2/ i?�i i?2v +QmH/ #2 `2bTQMbB#H2 7Q` /BbiBM+i@
Bp2 /Bz2`2M+2b 2p2M �i i?2 `2;BQM�H H2p2HX h?2M- r2 2tTHQ`2 i?2 #m`/2M Q7
Tmi�iBp2Hv T�i?Q;2MB+ p�`B�iBQM BM i?2 ?2�Hi?v Ai�HB�M 2tQK2- b?QrBM; i?�i
�HKQbi jW Q7 i?2 TQTmH�iBQM +�``B2b T`Qi2BM@i`mM+�iBM; p�`B�Mib BM � HBbi Q7
K2/B+�HHv �+iBQM�#H2 ;2M2bX

h?2 H�bi T�`i- ǳ7mim`2 i�H2bǴ- i�HFb �#Qmi i?2 KQbi `2+2Mi KB;`�iQ`v
~Qrb, i?2 1m`QT2�M `27m;22b +`BbBbX AM i?2 T�bi ky v2�`b �i H2�bi jj-yyy
K2M- rQK2M �M/ +?BH/`2M /B2/ BM i?2 J2/Bi2``�M2�M a2�- i?mb #2+QKBM; BM
i?2 K�DQ`Biv Q7 i?2 +�b2b ǳ7�+2H2bb #Q/B2bǴX h?2 K�BM i?2K2 BM i?Bb T�`i Bb
i?2 `2im`M #�+F ?QK2, Qm` rQ`F �BKb iQ }M/ i?2 KBMBKmK MmK#2` Q7 ;2M2iB+
K�`F2`b mb27mH iQ mM/2`bi�M/ r?2`2 �M BM/BpB/m�H +QK2b- i?mb 7�+BHBi�iBM;
i?2 7�KBHv `2mMB}+�iBQMX

AM i?2 H�bi /2+�/2- i?�MFb iQ i?2 i2+?MB+�H �/p�M+2b BM KQH2+mH�` #BQ@
HQ;v- r2 ?�p2 rBiM2bb2/ �M 2p2`@BM+`2�bBM; �KQmMi Q7 ;2M2iB+ /�i� #2+QKBM;
�p�BH�#H2 iQ b+B2MiBbibX �i i?2 b�K2 iBK2- /m2 iQ i?2 2pQHmiBQM Q7 i?2 #BQBM@
7Q`K�iB+b �TT`Q�+?2b- r2 ?�p2 #22M ;`�Mi2/ i?2 QTTQ`imMBiv iQ 2tTHQ`2 bm+?
?m;2 �KQmMi Q7 ;2M2iB+ /�i�- /B;;BM; 7Q` �Mbr2`b BM Qm` �M/ Qm` `2H�iBp2bǶ
.L�bX h?2`2 �`2 �M+2biQ`b BM Qm` ;2MQK2- r?BbT2`BM; i?2B` biQ`B2b iQ i?2
QM2b r?Q �`2 rBHHBM; iQ HBbi2MX
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S`2KBb2 �M/ �+FMQrH2/;2K2Mib
�b r2HH �b Kv �M+2biQ`b- A /B/ � DQm`M2v iQQX Jv S?. DQm`M2v #2;�M BM
hm`BM- r?2`2 A bi�`i2/ iQ rQ`F QM ?mK�M ;2M2iB+ p�`B�#BHBiv BM i?2 ;`QmT Q7
ǳ:2MQKB+ p�`B�iBQM �M/ i`�MbH�iBQM�H `2b2�`+?Ǵ- /B`2+i2/ #v S`Q7X :Bmb2TT2
J�imHHQ- r?QK A i?�MF 7Q` ?�pBM; �HHQr2/ K2 iQ +QKTH2i2Hv /2/B+�i2 Kv
S?. v2�`b iQ i?2 bim/v Q7 i?2 ?mK�M T�biX

A �``Bp2/ iQ i?2 }`bi Q7 Kv �+�/2KB+ +`Qbb`Q�/b BM i?2 }`bi v2�`X �i
i?2 #2;BMMBM; Q7 i?�i v2�`- S`Q7 J�imHHQ bi�`i2/ � +QHH�#Q`�iBQM rBi? S`Q7
*`BbiB�M *�T2HHB- ?2�/ Q7 i?2 ǳ>mK�M 2pQHmiBQM�`v ;2M2iB+bǴ ;`QmT �i i?2
.2T�`iK2Mi Q7 wQQHQ;v- BM Pt7Q`/X A bT2Mi 2B;?i KQMi?b U7`QK P+iQ#2`
kyRe iQ J�v kyRdV BM i?2 ;`QmT Q7 S`Q7 *�T2HHB iQ ;2M2`�i2 � ;2MQK2@rB/2
;2Q@?BbiQ`B+�H K�T Q7 i?2 Ai�HB�M S2MBMbmH� i?`Qm;? i?2 �M�HvbBb Q7 bBM;H2
Mm+H2QiB/2 TQHvKQ`T?BbKb UaLSbVX h?2`2- A rQ`F2/ +HQb2Hv rBi? .` �H2bb@
�M/`Q _�p2�M2 �M/ .` 6`�M+2b+Q JQMiBM�`Q- Kv 72HHQr i`�p2HH2`b QM i?Bb
T�i?X Pm` T`QD2+i r�b /BpB/2/ K�BMHv BMiQ i?`22 T�`ib, r?BH2 �H2bb�M/`Q
/B/ i?2 }`bi QM2 ě � bim/v QM i?2 ;2M2iB+ p�`B�#BHBiv Q7 KQ/2`M@/�v Ai�HB@
�Mb ě A rQ`F2/ QM i?2 b2+QM/ �M/ i?B`/ ě �M BM72`2M+2 Q7 i?2 �M+B2Mi �M/
�`+?�B+ 2p2Mib r?B+? ?�p2 b?�T2/ bm+? p�`B�#BHBivX 6`�M+2b+Q �M/ *`BbiB�M
r2`2 BMpQHp2/ BM �HH T?�b2b- T�iB2MiHv ;mB/BM; mb iQ `2bmHib i?�i K�/2 b2Mb25
q2 `2�HHv b?�`2/ i?2 DQvb �M/ bQ``Qrb Q7 Qm` DQm`M2v iQr�`/b Tm#HB+�iBQM,
7`QK �r2bQK2 `2bmHib �#Qmi �M+B2Mi TQTmH�iBQMb iQ DQm`M�H `2D2+iBQM- T�bbBM;
#v i?2 ǳP? Kv :Q/- A /2H2i2/ i?2 +Q/25Ǵ KQK2MibX qBi?Qmi i?2K �M/ i?2B`
rQ`F- Qm` Tm#HB+�iBQM rQmH/ MQi 2tBbi- Kv i?2bBb rQmH/ ?�p2 #22M bm`2Hv
H2bb BMi2`2biBM; ě �b r2HH �b- mM7Q`imM�i2Hv 7Q` i?2 `2�/2`b- b?Q`i2` ě �M/ A
rQmH/ MQi ?�p2 7QmM/ i?`22 ;`2�i 7`B2M/bX

>2`2- A rBHH i�HF K�BMHv �#Qmi i?2 irQ T�`ib A r�b BMpQHp2/ BM- i?2
�M�Hvb2b Q7 i?2 L2�M/2`i?�H H2;�+v BM KQ/2`M@/�v TQTmH�iBQMb �M/ i?2 `2@
+QMbi`m+iBQM Q7 i?2 �M+2bi`v T`Q}H2 Q7 Ai�HB�M �M/ 1m`QT2�M TQTmH�iBQMb
U+?�Ti2`b ǳh?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2Ǵ �M/
ǳSQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb Q7 �M+B2Mi �M@
+2bi`B2b BM aQmi?2`M 1m`QT2Ǵ- `2bT2+iBp2HvVX *QMp2`b2Hv- A rBHH MQi 2tTHQ`2
i?2 `2bmHib �H2bb�M/`Q Q#i�BM2/ QM KQ/2`M ;2M2iB+ bi`m+im`2X 6Q` i?�i T�`i-
A `272` vQm /B`2+iHv iQ i?2 Tm#HB+�iBQM U_�p2�M2 2i �HX- kyRNVX

�i i?2 b�K2 iBK2- Kv T2`bQM�H �M/ rQ`FBM; HB72 `2�+?2/ �MQi?2` +`Qbb@
`Q�/, �i i?2 #2;BMMBM; Q7 kyRe- S`Q7 J�imHHQ ?B`2/ � M2r #BQBM7Q`K�iB+B�M-
.` :BQp�MMB "B`QHQX AM i?2 �mimKM Q7 i?Bb b�K2 v2�`- r2 72HH BM HQp2 �M/ A
H27i 7Q` Pt7Q`/ ě i?2 iBKBM; r�b MQi bQ ;`2�i- #mi B7 r2 +QmH/ ?�p2 K�/2 Bi
i?`Qm;? i?2 /Bbi�M+2- r2 rQmH/ ?�p2 ;Qii2M i?`Qm;? �Mvi?BM; U�+im�HHv- r2
r2`2 `B;?iVX A /Q MQi HBF2 iQ i�HF �#Qmi Kv T2`bQM�H HB72- #mi- BM i?Bb +�b2- Bi
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Bb M2+2bb�`v- #2+�mb2 :BQp�MMB �M/ A rQ`F2/ iQ;2i?2` QM bQK2 T�`ib Q7 i?Bb
i?2bBbX q?BH2 A r�b BM Pt7Q`/- ?2 #2;�M � T`QD2+i �BKBM; �i i?2 �M�HvbBb
Q7 i?2 Ai�HB�M ;2M2iB+ p�`B�#BHBiv 7`QK 2tQK2 /�i�- 7Q+mbBM; K�BMHv QM i?2
2tTHQ`�iBQM Q7 T�i?Q;2MB+ ;2M2iB+ p�`B�iBQM +�``B2/ #v ?2�Hi?v BM/BpB/m�HbX
q?2M A +�K2 #�+F iQ hm`BM- A DQBM2/ ?BK BM i?Bb rQ`F, r?BH2 ?2 r�b K�BMHv
QM i?2 i2+?MB+�H T�`i Q7 i?2 b2[m2M+BM; �M�Hvb2b �M/ T�i?Q;2MB+Biv T`2/B+@
iBQM- A mb2/ bQK2 Q7 i?2 +QKT2i2M+2b �+[mB`2/ /m`BM; Kv Pt7Q`/B�M KQMi?b
iQ 2tTHQ`2 i?2 ;2M2iB+ bi`m+im`2 Q7 Ai�HB�Mb mbBM; +Q/BM; p�`B�iBQMbX A rBHH
i�HF �#Qmi i?Bb rQ`F BM i?2 +?�Ti2` ǳS`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM
i?2 Ai�HB�M T2MBMbmH�, ;2M2iB+ bi`m+im`2 �M/ 7mM+iBQM�H BKTHB+�iBQMbǴX

h?2 H�bi K�BM T`QD2+i A /2pQi2/ Kv iBK2 iQ /m`BM; i?2b2 7Qm` v2�`b Bb biBHH
QM;QBM; �M/- �;�BM- A �K r`BiBM; +Q/2b �M/ �M�HvbBM; `2bmHib rBi? :BQp�MMBX
h?2 K�BM �BK Q7 i?Bb rQ`F Bb iQ }M/ i?2 KBMBKmK MmK#2` Q7 ;2M2iB+ K�`F2`b
ě �M+2bi`v BM7Q`K�iBp2 K�`F2`b U�AJV ě iQ BM72` i?2 �`2� Q7 Q`B;BM Q7 �M
BM/BpB/m�HX h?Bb Bb T�`iB+mH�`Hv mb27mH BM i?2 +QMi2ti Q7 K�bb /Bb�bi2`b- bm+?
�b i?2 MmK2`Qmb b?BTr`2+Fb BM i?2 J2/Bi2``�M2�M a2�, i?2 +Q`Tb2b `2b+m2/
#2ir22M i?2 r�p2b BM i?2 +QMi2ti Q7 i?2 T`2b2Mi 1m`QT2�M `27m;22b +`BbBb
�`2- KQbiHv- ǳ7�+2H2bb #Q/B2bǴX A7 r2 +QmH/ /2p2HQT � bi`�i2;v iQ `2bi`B+i i?2B`
�`2� Q7 Q`B;BM- r2 +QmH/ 7�+BHBi�i2 i?2 `2im`MBM; Q7 i?2 `2K�BMb #�+F ?QK2X
A rBHH b?Qr vQm bQK2 T`2HBKBM�`v `2bmHib Q7 i?Bb T�`i BM i?2 +?�Ti2` ǳLQp2H
bi`�i2;B2b 7Q` �AJb b2H2+iBQMǴX

.m`BM; Kv S?. DQm`M2v- A rQ`F2/ iQ `2i`�+2 i?2 bi2Tb Q7 Qm` �M+2biQ`b
BM Q`/2` iQ mM/2`bi�M/ ?Qr �M/ iQ r?�i 2ti2Mi ?mK�M KB;`�iBQMb ?�p2 #22M
b?�TBM; Qm` ;2M2iB+ p�`B�#BHBivX AM /QBM; bQ- A `2�HBb2/ i?�i � ?m;2 TQ`iBQM
Q7 Qm` T�bi ě �M/ Qm` ?mK�M M�im`2 ě BMpQHp2/ KB;`�iBQMb- bQ Km+? i?�i
r2 ǳ�`2Ǵ i?2 i`�p2Hb Q7 Qm` �M+2biQ`bX h?mb- A /2+B/2/ iQ 7Q+mb Kv S?.
i?2bBb QM i?2 `2+QMbi`m+iBQM Q7 i?Qb2 KB;`�iBQMb Q`;�MBxBM; i?2 r`BiBM; BM
7Qm` ǳi�H2bǴX AM i?2 �`+?�B+ �M/ �M+B2Mi i�H2b- A 2tTHQ`2 i?2 2TBbQ/2b Q7 KB@
;`�iBQMb �M/ �/KBtim`2b i?�i iQQF TH�+2 bBM+2 i?2 }`bi KQ/2`M ?mK�Mb r2`2
T22TBM; Qmi Q7 �7`B+�X AM i?2 KQ/2`M i�H2b- A i�HF �#Qmi �MQi?2` BKTQ`i�Mi
�bT2+i Q7 KB;`�iBQM, i?2 ǳ#m`/2MǴ ě � ;2M2iB+ #m`/2M ě 2p2`v ?mK�M #2BM;
#`BM;b i?`Qm;? Bib HB72- BM i2`Kb Q7 ;2M2iB+ p�`B�Mib T`2/BbTQbBM; iQ Q` /B`@
2+iHv +�mbBM; bQK2 +HBMB+�H +QM/BiBQMb Q` /Bb2�b2bX 6BM�HHv- A ?�p2 +�HH2/ i?2
H�bi T�`i �#Qmi i?2 �M+2bi`v +H�bbB}+�iBQM T`Q#H2K ǳ7mim`2 i�H2bǴ #2+�mb2-
2p2M B7 i?2 KB/bi Q7 i?2 KB;`�Mib +`BbBb Bb `B;?i MQr- i?2 bQHmiBQM iQ i?2 7�K@
BHv `2mMB}+�iBQM T`Q#H2K Bb biBHH 7�` BMiQ i?2 7mim`2X AM 7�+i- Ai�Hv- iQ;2i?2`
rBi? i?2 Qi?2` 1m`QT2�M +QmMi`B2b- ?�p2 MQi v2i 2bi�#HBb?2/ bi�M/�`/Bb2/
bi`�i2;B2b 7Q` 7�KBHv `2mMB}+�iBQMX a�/Hv- r2 �`2 �HbQ biBHH 7�` 7`QK ?�pBM;
�+FMQrH2/;2/ i?2 BKTQ`i�M+2 �M/ i?2 M22/ 7Q` bm+? /BbTQbBiBQMbX

h?2 rQ`Fb A rBHH T`2b2Mi ?2`2 rQmH/ MQi 2tBbi rBi?Qmi i?2 ?2HT �M/

sAo
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bmTTQ`i Q7 i?2 T2QTH2 rQ`FBM; rBi? K2X 6Q` i?Bb `2�bQM- A bBM+2`2Hv i?�MF
Kv +QHH2�;m2b- +QHH�#Q`�iQ`b �M/ 7`B2M/b- r?Q ?�p2 �HHQr2/ K2 iQ `2�+? i?2
2M/ Q7 i?Bb S?. DQm`M2v rBi? B/2�b- �/pB+2 �M/ b�KTH2bX �KQM; i?2K- A
2bT2+B�HHv i?�MF *�`HQ _Q#BMQ �M/ .�MB2H� G�+2`2Mx�- �H2bb�M/`Q _�p2�M2-
6`�M+2b+Q JQMiBM�`Q �M/ *`BbiB�M *�T2HHB �M/ �HH i?2 T2QTH2 7`QK Kv ;`QmT
BM hm`BMX 6BM�HHv- A �K T`Q7QmM/Hv ;`�i27mH iQ :BQp�MMB- i?2 #2bi i`�p2HHBM;
+QKT�MBQM BM i?Bb �M/ BM K�Mv Qi?2` DQm`M2vb iQ +QK2X

so



.2+H�`�iBQM

.2+H�`�iBQM
A- a2`2M� �M2HB +QM}`K i?�i i?2 rQ`F T`2b2Mi2/ BM i?Bb i?2bBb Bb Kv QrMX
q?2`2 2ti2`M�H +QMi`B#miBQMb ?�p2 #22M T`QpB/2/- A +QM}`K i?�i i?Bb ?�b
#22M BM/B+�i2/ BM i?2 i?2bBbX
Sm#HB+�iBQMb �`BbBM; 7`QK i?Bb i?2bBb,

Ç UkyRNV �X _�p2�M2 - aX �M2HB - 6X JQMiBM�`Q - :X �i?�M�bB�/Bb- aX
"�`H2`�- :X "B`QHQ- :X "QM+Q`�;HBQ- �JX .B "H�bBQ- *X .B :�2i�MQ- GX
S�;�MB- aX S�`QHQ- SX S�b+?Qm- �X SB�xx�- :X ai�K�iQv�MMQTQmHQb- �X
�M;Bmb- LX "`m+�iQ- 6X *m++�- :X >2HH2Mi?�H- �X JmH�b- JX S2v`2i@
:mxxQM- JX wQH2/xB2rbF�- �X "��HB- *X "v+`Q7i- JX *?2`F�QmB- *X
.BM�- CJX .m;QmDQM- SX :�H�M- CX :B2Kx�- hX EBpBbBH/- JX J2H?�QmB-
JX J2ibT�Hm- aX Jv2`b- GJX S2`2B`�- 6sX _B+�mi- 6X "`BbB;?2HHB- AX *�`@
/BM�HB- oX :`m;MB- >X G�M+BQMB- oX GX S�b+�HB- �X hQ``QMB- PX a2KBMQ-
:X J�imHHQ- �X �+?BHHB- �X PHBpB2`B- *X *�T2HHBX SQTmH�iBQM bi`m+@
im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb Q7 �M+B2Mi �M/
�`+?�B+ �M+2bi`B2b BM aQmi?2`M 1m`QT2X a+B2M+2 �/p�M+2b UkyRN
AKT�+i 6�+iQ`, RkX3y9VX

Sm#HB+�iBQMb MQi /B`2+iHv `2H�i2/ iQ i?Bb i?2bBb,

Ç UkyRNV J�`;�`2i GX �MiQMBQ- wBvm2 :�Q- >�MM�? JX JQQib- JB+?�2H�
Gm++B- 6`�M+2b+� *�M/BHBQ- amb�MM� a�rv2`- oB+iQ`B� P#2``2Bi2`- .B2;Q
*�H/2`QM- E�i?�`BM� .2pBiQ7`�M+2b+?B- _�+?�2H *X �BF2Mb- a2`2M� �M2HB-
6mHpBQ "�`iQHB- �H2bb�M/`Q "2/BMB- .�MB2H CX *Qii2`- .�MB2H JX 62`M�M/2b-
:�#`B2HH� :�bT2`2iiB- _2M�i� :`B7QMB- �H2bb�M/`Q :mB/B- 6`�M+2b+Q
G� S�biBM�- 1`bBHB� GQ`2iB- .�MB2H2 J�M�+Q`/�- :Bmb2TT2 J�imHHQ-
aBKQM� JQ``2ii�- �H2bbB� L�p�- oBM+2MxQ 6BQ++?B LB+QH�B- 62/2`B+Q
LQKB- *�`HQ S�pQHBMB- J�bbBKQ S2MiB`B++B- S?BHBTT2 S2`;QH�- J�`@
BM� SB`�MQKQMi2- _v�M a+?KB/i- :B�M/QK2MB+Q aTBMQH�- �H2bb�M/`�
aT2`/miB- J�m`Q _m#BMB- Gm+� "QM/BQHB- �H7`2/Q *QTT�- _QM SBM?�bB-
CQM�i?�M EX S`Bi+?�`/X �M+B2Mi _QK2, � ;2M2iB+ +`Qbb`Q�/b
Q7 1m`QT2 �M/ i?2 J2/Bi2``�M2�MX a+B2M+2 UkyR3 AKT�+i 6�+iQ`,
9RXy9VX SJA., jReNNNjR

Ç UkyRNV >X EmK�`- EX >�//Bb?- .X G�+2`2Mx�- aX �M2HB- *X .B :�2i�MQ-
:X h2r2H2K2/?BM- _X J�MmFQM/�- LX 6mirB- oX �X A;H2bB�b- JX /2
H� Sm2Mi2 oBH�- JX 6QM/2pBH�- JX oX G�`2m- *X S?BHHBTb- *X _Q#BMQX
*?�`�+i2`Bx�iBQM Q7 �M+2bi`v BM7Q`K�iBp2 K�`F2`b BM i?2 hB;`�v
TQTmH�iBQM Q7 1i?BQTB�, � +QMi`B#miBQM iQ i?2 B/2MiB}+�iBQM

soA



.2+H�`�iBQM

T`Q+2bb Q7 /2�/ KB;`�Mib BM i?2 J2/Bi2``�M2�M a2�X 6Q`2MbB+
a+B2M+2 AMi2`M�iBQM�H :2M2iB+b UkyRd AKT�+i 6�+iQ`,Ƙ8XejdVX SJA.,
jR3RkRyy

Ç UkyR3V _Q#BMQ *- G�+2`2Mx� .- �M2HB a- .B :�2i�MQ *- J�imHHQ :-
_Q#H2/Q _- *�Hǁ *X �HH2H2 �M/ ?�THQivT2 /Bp2`bBiv Q7 Rk s@ah_b
BM a�`/BMB�X 6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H :2M2iB+b UkyRd AKT�+i
6�+iQ`,Ƙ8XejdVX SJA., kNkkRNN9

Ç UkyRdV G�+2`2Mx� .-Ƙ�M2HB a- .B :�2i�MQ *- *`Bi2HHB _- SB�xx� �-
J�imHHQ :- *mHB;BQMB *- _Q#H2/Q _- _Q#BMQ *- *�HQǶ *X AMp2biB;�@
iBQM Q7 2ti2M/2/ u +?`QKQbQK2 ah_ ?�THQivT2b BM a�`/BMB�X
6Q`2MbB+ a+B2M+2 AMi2`M�iBQM�H :2M2iB+b UkyRd AKT�+i 6�+iQ`,Ƙ8XejdVX
SJA., k3y8d8Ry

J�Mmb+`BTi mM/2` `2pBbBQM,

Ç :X "B`QHQ - aX �M2HB - *X .B :�2i�MQ- :X *m;HB�`B- �X _mbbQ- �X �H@
HBQM2- 1X *�b�HQM2- 1X JX S�`�#Qb+?B- .X �`/BbbBMQ- aX .m;�- _X �b@
b2Hi�- :X J�imHHQX S`Qi2BM@+Q/BM; p�`B�iBQM rBi?BM Re3e Ai�HB�M
2tQK2b, ;2M2iB+ bi`m+im`2 �M/ +HBMB+�H BKTHB+�iBQMbX lM/2`
`2pBbBQM BM JQH2+mH�` "BQHQ;v �M/ 1pQHmiBQM UkyR3 AKT�+i 6�+iQ`,
R9XdNdVX

h?2 BK�;2b �i T�;2b R �M/ jyd ?�p2 #22M `2�HBx2/ #v 1`BF� _�2 >2BMb UÜ
1`BF� _�2 >2BMbV �M/ �`2 mb2/ ?2`2 #v T2`KBbbBQM 7`QK i?2 �`iBbiX

soAA



GBbi Q7 6B;m`2b

�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb d

R _27m;22b +`Qr/ QM #Q�`/ � #Q�i bQK2 k8 FBHQK2i`2b 7`QK i?2
GB#v�M +Q�biX X X X X X X X X X X X X X X X X X X X X X X X X X X X X N

k �`iBbiǶb BKT`2bbBQM Q7 �M B+2 �;2X X X X X X X X X X X X X X X X X X RR

j J�T Q7 >mK�M JB;`�iBQMX X X X X X X X X X X X X X X X X X X X X R9

6QHHQrBM; .L� i`�BHb R8

9 6B`bi T`BM+BT�H +QKTQM2Mi BM72``2/ 7`QK i?2 ;2M2iB+ p�`B�iBQM
Q7 N8 +H�bbB+�H TQHvKQ`T?BbKb �+`Qbb 1m`QT2X X X X X X X X X X X kR

8 6B`bi irQ T`BM+BT�H +QKTQM2Mib BM72``2/ 7`QK ;2M2iB+ /�i� Q7
R-j3d 1m`QT2�MbX X X X X X X X X X X X X X X X X X X X X X X X X X kj

e 1t�KTH2 Q7 /QMQ` �M/ `2+BTB2Mi ?�THQivT2b BM i?2 *S KQ/2HX X k8

d �M+B2Mi .L� BHHmbi`�iBQMX X X X X X X X X X X X X X X X X X X X X kd

� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/ kN

3 h`�BH Q7 G�2iQHB 7QQiT`BMibX X X X X X X X X X X X X X X X X X X X X jy

N h?2 ?QKBMBM 7�KBHv i`22X X X X X X X X X X X X X X X X X X X X X X jk

soAAA



GBbi Q7 6B;m`2b

Ry � `2+QMbi`m+iBQM Q7 i?2 hm`F�M� #QvX X X X X X X X X X X X X X X j9

RR h?2 }`bi KB;`�iBQM Qmi Q7 �7`B+�X X X X X X X X X X X X X X X X X j8

Rk h?2 J�m2` C�rX X X X X X X X X X X X X X X X X X X X X X X X X X X je

Rj h?2 b2+QM/ KB;`�iBQM Qmi Q7 �7`B+�X X X X X X X X X X X X X X X X jd

R9 aQK2 F2v 2�`Hv 7QbbBHb Q7 >QKQ b�TB2Mb �M/ `2H�i2/ bT2+B2b BM
�7`B+� �M/ 1m`�bB�X X X X X X X X X X X X X X X X X X X X X X X X X jN

R8 SQbbB#H2 /BbT2`b�H `Qmi2b Q7 �M�iQKB+�HHv KQ/2`M ?mK�Mb 7`QK
�7`B+� iQ �bB� �M/ �mbi`�HB�X X X X X X X X X X X X X X X X X X X X 9R

Re J�DQ` ?mK�M KB;`�iBQMb �+`Qbb i?2 rQ`H/ BM72``2/ i?`Qm;? i?2
�M�Hvb2b Q7 ;2MQKB+ /�i�X X X X X X X X X X X X X X X X X X X X X X 9j

Rd h?2 /Bz2`2Mi ?mK�M bT2+B2b T2QTHBM; 1m`�bB� �M/ �7`B+� Ny-yyy
v2�`b �;QX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e

.Q L2�M/2`i?�Hb 2tBbi iQ/�v\ 8j

R3 h?2 FMQrM i2``BiQ`v `�M;2 Q7 L2�M/2`i?�Hb #�b2/ QM 7QbbBH
`2+Q`/bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88

RN 6B`bi L2�M/2`i?�H 7QbbBH 2p2` 7QmM/X X X X X X X X X X X X X X X X 8e

ky L2�M/2`i?�H rQK�MX X X X X X X X X X X X X X X X X X X X X X X X 8d

kR 6PsSk Kmi�iBQMbX X X X X X X X X X X X X X X X X X X X X X X X X 83

kk 1B;?i 2�;H2 i�HQMb 7`QK � L2�M/2`i?�H bBi2X X X X X X X X X X X X 8N

kj 6Bp2 H�i2 L2�M/2`i?�Hb �M�Hvb2/ BM >�D/BMD�F 2i �HX- kyR3X X X X ek

k9 aBi2b r2`2 T�`iB�H iQ +QKTH2i2 Mm+H2�` L2�M/2`i?�H ;2MQK2b
r2`2 `2i`B2p2/X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

k8 .@bi�iBbiB+b i`22X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

ke 6`�+iBQM Q7 L2�M/2`i?�H .L� 7Q` T`2b2Mi@/�v TQTmH�iBQMbX X X ed

sAs



GBbi Q7 6B;m`2b

kd h?2 K22iBM;b #2ir22M L2�M/2`i?�Hb �M/ KQ/2`M ?mK�MbX X X eN

k3 L2�M/2`i?�H �M+2bi`v BM +?`QKQbQK2 Rk Q7 i?2 lbiǶ@Ab?BK BM@
/BpB/m�HX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dR

kN h?2 2tT2+i2/ H2M;i? Q7 �`+?�B+ i`�BibX X X X X X X X X X X X X X X dk

jy L2�M/2`i?�H HBM2�;2b BM KQ/2`M@/�v 1�bi �bB�Mb �M/ 1m`QT2�MbX dj

jR h?2 �KQmMi Q7 �+?�B+ BMi`Q;`2bb2/ b2[m2M+2b BM KQ/2`M@/�v
TQTmH�iBQMbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9

jk �KQmMi Q7 �`+?�B+ BMi`Q;`2bb2/ b2[m2M+2b �++Q`/BM; iQ bT`BK2X d8

jj SQbbB#H2 7�i2b Q7 �M �`+?�B+ Kmi�iBQM BM KQ/2`M ?mK�MbX X X X d3

j9 S?2MQivT2b �M/ K2/B+�H +QM/BiBQMb `2H�i2/ iQ L2�M/2`i?�H �M@
+2bi`vX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dN

h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2 3j

j8 L2�M/2`i?�H �M+2bi`v /Bbi`B#miBQM BM 1m`�bB�M TQTmH�iBQMbX X X Ny

je *Q``2H�iBQM #2ir22M i?2 T`QTQ`iBQMb Q7 L2�M/2`i?�H �HH2H2 b?�`@
BM; +QKTmi2/ rBi? f4@`�iBQ �M/ i?2 +QmMib T2` TQTmH�iBQM Q7
L2�M/2`i?�H �HH2H2b BM 1m`QT2�M TQTmH�iBQMbX X X X X X X X X X X Nk

jd *Q``2H�iBQM #2ir22M i?2 T`QTQ`iBQM Q7 L2�M/2`i?�H �HH2H2 b?�`@
BM; �M/ i?2 �KQmMi Q7 �M+2bi`v /2`Bp2/ 7`QK � "�b�H 1m`�bB�M
TQTmH�iBQM BM 1m`QT2�M TQTmH�iBQMbX X X X X X X X X X X X X X X Nj

j3 "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H +QMi`B#miBQMX X X X X Nj

jN 1tTHQ`BM; i?2 `2H�iBQMb?BT #2ir22M L2�M/2`i?�H �M+2bi`v �M/
�/KBtim`2 rBi? �7`B+�M bQm`+2bX X X X X X X X X X X X X X X X X X N8

9y �#bQHmi2 �HH2H2 7`2[m2M+v /Bz2`2M+2b U∆s�6- r?2`2 s Bb i?2
KBMQ` �HH2H2 7Q` 2�+? aLS Q` i?2 L2�M/2`i?�H �HH2H2 r?2M
+QMbB/2`BM; L2�M/2`i?�H `2;BQMb i�;@aLSbV 7Q` 2�+? T�B` Q7
1m`QT2�M TQTmH�iBQMbX X X X X X X X X X X X X X X X X X X X X X X Nd

ss



GBbi Q7 6B;m`2b

9R L2�M/2`i?�H �HH2H2 7`2[m2M+v U�6V 7Q` b2H2+i2/ aLSb rBi?BM
i?2 BM/B+�i2/ ;2M2bX X X X X X X X X X X X X X X X X X X X X X X X X N3

9k Lhh aLSb ?B;?HB;?i2/ BM +QKT�`BbQMb #2ir22M LQ`i?2`M 1m`QT2�M
�M/ Ai�HB�M TQTmH�iBQMb U2t+Hm/BM; a�`/BMB�VX X X X X X X X X X X Ryk

9j *B`+Qb `2T`2b2Mi�iBQM Q7 +QKT�`BbQMb �KQM; Ai�HB�M TQTmH�@
iBQMb 7Q` L2�M/2`i?�H �HH2H2bX X X X X X X X X X X X X X X X X X X X Ryj

99 *B`+Qb `2T`2b2Mi�iBQM Q7 +QKT�`BbQMb #2ir22M LQ`i?2`M 1m`QT2�M
�M/ a�`/BMB�M �M/ A#2`B�M TQTmH�iBQMb 7Q` L2�M/2`i?�H �HH2H2bX Ry9

98 *B`+Qb `2T`2b2Mi�iBQM Q7 +QKT�`BbQMb #2ir22M 1m`QT2�M �M/
*?BM2b2 U*>"V TQTmH�iBQMb 7Q` L2�M/2`i?�H �HH2H2bX X X X X X X Ry8

9e *B`+Qb `2T`2b2Mi�iBQM Q7 +QKT�`BbQMb #2ir22M 1m`QT2�M �M/
�7`B+�M Uu_AV TQTmH�iBQMb 7Q` L2�M/2`i?�H �HH2H2bX X X X X X X X Rye

q?Q �`2 i?2 1m`QT2�Mb\ RRj

9d 9y-yyy v2�` QH/ ~mi2 7`QK i?2 bBi2 Q7 :2BĽ2MFHƺbi2`H2 K�/2
7`QK #B`/ #QM2bX X X X X X X X X X X X X X X X X X X X X X X X X X X RR8

93 >mK�M /Bbi`B#miBQM BM 1m`�bB� #2ir22M Rjy-yyy �M/ R8-yyy
v2�`b �;Q BM `2H�iBQM iQ +HBK�i2 +?�M;2X X X X X X X X X X X X X X RRe

9N GQ+�iBQM Q7 EQbiďMFB �M/ i?2 b�KTH2b �M�Hvx2/ BM i?2 bim/v
Q7 a2;mBM@P`H�M/Q 2i �HX- kyR9X X X X X X X X X X X X X X X X X X X RRN

8y GQ+�iBQM �M/ �;2 Q7 i?2 8R �M+B2Mi KQ/2`M ?mK�Mb �M�Hvb2/
BM i?2 bim/v #v 6m 2i �HX- kyReX X X X X X X X X X X X X X X X X X X Rky

8R 6B`bi irQ #B; TQTmH�iBQM KQp2K2Mib BM i?2 ?BbiQ`v Q7 1m`QT2�M
>mMi2` :�i?2`2`bX X X X X X X X X X X X X X X X X X X X X X X X X X Rkk

8k SQTmH�iBQM KQp2K2Mib BM i?2 ?BbiQ`v Q7 1m`QT2�M >mMi2` :�i?2`@
2`b �7i2` RN-yyy v2�`b �;QX X X X X X X X X X X X X X X X X X X X X Rkj

8j *�`pBM;b Q7 T2QTH2 �M/ � #Q�iX X X X X X X X X X X X X X X X X X X Rk9

ssA



GBbi Q7 6B;m`2b

89 J�T Q7 aQmi?r2bi �bB�- BM/B+�iBM; i?2 BKTQ`i�Mi bBi2b 7Q` i?2
/2p2HQTK2Mi Q7 �;`B+mHim`2X X X X X X X X X X X X X X X X X X X X X Rke

88 S`QTQb2/ `Qmi2b Q7 KB;`�iBQM #v 2�`Hv 7�`K2`b BMiQ 1m`QT2
N-yyy@d-yyy v2�`b �;QX X X X X X X X X X X X X X X X X X X X X X X X Rkd

8e JQ/2H Q7 i?2 ;2M2iB+ +QKTQM2Mib Q7 �M+B2Mi q2bi 1m`�bB�Mb-
1�bi �7`B+�Mb- 1�bi 1m`�bB�Mb �M/ aQmi? �bB�MbX X X X X X X X X Rjy

8d �.JAshl_1 �M�Hvb2b Q7 �M+B2Mi BM/BpB/m�HbX X X X X X X X X X RjR

83 � 6mMM2H #2�F2` +H�v TQi 7`QK e-yyy@9-3yy v2�`b �;QX X X X X X Rjk

8N h?2 bT`2�/ Q7 �;`B+mHim`2 �+`Qbb 1m`QT2X X X X X X X X X X X X X Rjk

ey *QTT2` �t2 Q7 i?2 A+2K�MX X X X X X X X X X X X X X X X X X X X X Rjj

eR *Q`/2/ r�`2 TQii2`vX X X X X X X X X X X X X X X X X X X X X X X X Rje

ek "2�F2` TQii2`v p2bb2H Uk-8yyĜk-R8y "*- Pt7Q`/b?B`2VX X X X X X Rjd

ej h?2 bT`2�/ Q7 i?2 "2HH "2�F2` +mHim`2 �+`Qbb 1m`QT2X X X X X X Rj3

e9 h?2 2ti2Mi Q7 i?2 :`22F +QHQMBx�iBQMX X X X X X X X X X X X X X X R9y

e8 :2M2 ~Qr rBi?BM q2bi 1m`�bB�M TQTmH�iBQMbX X X X X X X X X X X R9k

SQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb
Q7 �M+B2Mi �M+2bi`B2b BM aQmi?2`M 1m`QT2 R9j

ee 1t�KTH2 Q7 S*R �M/ S*k 2ti`�+iBQMX X X X X X X X X X X X X X X R8y

ed *Q``2H�iBQM Q7 i?2 S*b Q7 KQ/2`M �M/ �M+B2Mi b�KTH2b 2biBK@
�i2/ BM+Hm/BM; �M/ 2t+Hm/BM; i`�MbBiBQM TQHvKQ`T?BbKbX X X X X R8k

e3 h?2 *SfLLGa �TT`Q�+?X X X X X X X X X X X X X X X X X X X X X X R8e

eN :2Q;`�T?B+ HQ+�iBQM Q7 i?2 ej �M+B2Mi b�KTH2b mb2/ BM i?Bb rQ`FXReR

dy S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi BM/BpB/m�Hb
QMiQ i?2 +QKTQM2Mib BM72``2/ 7`QK KQ/2`M BM/BpB/m�HbX X X X X Rek

ssAA



GBbi Q7 6B;m`2b

dR S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi BM/BpB/m�Hb
QMiQ i?2 +QKTQM2Mib BM72``2/ 7`QK KQ/2`M BM/BpB/m�HbX X X X X Rej

dk �.JAshl_1 �M�HvbBb Q7 ej �M+B2Mi b�KTH2bX X X X X X X X X X Re9

dj �.JAshl_1 �M�HvbBb Q7 ej �M+B2Mi b�KTH2b �M/ 9-eye KQ/@
2`M b�KTH2b 7Q` E4R8X X X X X X X X X X X X X X X X X X X X X X X Re8

d9 *SfLLGa `2bmHib 7Q` mHiBK�i2 bQm`+2b `2TQ`iBM; �HH KQ/2`M
1m`�bB�M �M/ �7`B+�M +Hmbi2`bX X X X X X X X X X X X X X X X X X X Ree

d8 *SfLLGa `2bmHib 7Q` mHiBK�i2 bQm`+2b BM q2bi2`M 1m`�bB�X X X Re3

de aT2�`K�M +Q``2H�iBQMb #2ir22M mHiBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib- 2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �+`Qbb 1m`QT2�M
TQTmH�iBQM �M/ ;2Q;`�T?vX X X X X X X X X X X X X X X X X X X X X Rdy

dd � b2H2+iBQM Q7 .@bi�iBbiB+b mbBM; Ai�HB�M +Hmbi2`b �b sX X X X X X RdR

d3 *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b `2TQ`iBM; �HH KQ/2`M
1m`�bB�M �M/ �7`B+�M +Hmbi2`bX X X X X X X X X X X X X X X X X X X Rdk

dN *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b BM q2bi2`M 1m`�bB�X X Rdj

3y *SfLLGa `2bmHib 7Q` mHiBK�i2 bQm`+2b 7Q` �HH KQ/2`M +Hmbi2`b-
`2TH�+BM; EER rBi? a�hS �b *>: bQm`+2X X X X X X X X X X X X Rd9

3R _2bB/m�Hb Q7 i?2 LLGa �M�HvbBb 7Q` �HH i?2 Ai�HB�M �M/ 1m`QT2�M
+Hmbi2`bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8

3k *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b 7Q` �HH KQ/2`M +Hmbi2`b
mbBM; �Hi2`M�iBp2 a11 bQm`+2bX X X X X X X X X X X X X X X X X X X Rde

3j aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib U+QMbB/2`BM; �"� �b a11 bQm`+2V- 2biBK�i2/ rBi? i?2
*SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X X X X X X X X X X X X Rd3

39 aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib U+QMbB/2`BM; JAL �b a11 bQm`+2V- 2biBK�i2/ rBi? i?2
*SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X X X X X X X X X X X X RdN

ssAAA
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38 aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib U+QMbB/2`BM; Ju* �b a11 bQm`+2V- 2biBK�i2/ rBi? i?2
*SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X X X X X X X X X X X X R3y

3e *QKT�`BbQM Q7 �L �M/ �"� �{MBiv iQ Ai�HB�M +Hmbi2`b mbBM;
.@bi�iBbiB+bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3k

3d JBtim`2 T`QTQ`iBQMb QM KQ/2`M Ai�HB�M +Hmbi2`b BM72``2/ #v
[T�/K �b � +QK#BM�iBQM Q7 �"�- a"� �M/ 1m`QT2�M JB//H2@
L2QHBi?B+f*?�H+QHBi?B+X X X X X X X X X X X X X X X X X X X X X X X R3j

33 S*� Q7 KQ/2`M 1m`QT2�M BM/BpB/m�Hb �M/ �M+B2Mi Ai�HB�M �M/
Qi?2` b2H2+i2/ �M+B2Mi b�KTH2bX X X X X X X X X X X X X X X X X X X R39

3N *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b- BM+Hm/BM; i?2 A+2K�M
�M/ � _2K2/2HHQ b�KTH2b �b `2+BTB2MibX X X X X X X X X X X X X X R38

NR *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b THmb � SL b�KTH2-
BM+Hm/BM; KQ/2`M@/�v +Hmbi2`b �M/ i?2 A+2K�M �M/ AhL "2HH
"2�F2` b�KTH2b �b `2+BTB2MibX X X X X X X X X X X X X X X X X X X X R33

Nk *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b U11L- a"� �M/q>:V
�M/ SL b�KTH2- BM+Hm/BM; i?2 A+2K�M �M/ i?2 aB+BHB�M "2HH
"2�F2` b�KTH2b- �b `2+BTB2MibX X X X X X X X X X X X X X X X X X X R3N

Nj *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b U11L- a"� �M/q>:V
�M/ SL b�KTH2- BM+Hm/BM; i?2 A+2K�M �M/ i?2 aB+BHB�M "2HH
"2�F2` b�KTH2b- �b `2+BTB2MibX X X X X X X X X X X X X X X X X X X RNy

N9 S*� Q7 KQ/2`M 1m`QT2�M BM/BpB/m�Hb- �M+B2Mi Ai�HB�M �M/
Qi?2` b2H2+i2/ �M+B2Mi b�KTH2bX X X X X X X X X X X X X X X X X X X RN9

aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX RNN

N8 S*� Q7 Ai�HB�M �M/ 1m`QT2�M b�KTH2bX X X X X X X X X X X X X X kyk

Ne 6Bp2 K�DQ` ;2M2iB+ ;`QmTb BM Ai�HvX X X X X X X X X X X X X X X X X ky9

Nd :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQMbX X X X X X X X X X X kye

ssAo
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N3 *2Mbmb U`�i?2` i?�M 2z2+iBp2V TQTmH�iBQM bBx2 Qp2` i?2 T�bi
Ry-yyy v2�`b UmMiBH kyRRVX X X X X X X X X X X X X X X X X X X X X X ky3

NN ai2TrBb2 2pB/2M+2 TBT2HBM2 7Q` +HBMB+�H BMi2`T`2i�iBQM ;2M2iB+
p�`B�MibX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRy

Ryy SQTmH�iBQM bi`�iB}+�iBQM �b � T`Q#H2K BM p�`B�Mi BMi2`T`2i�iBQMXkRj

S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�,
;2M2iB+ bi`m+im`2 �M/ 7mM+iBQM�H BKTHB+�iBQMb kRd

RyR Ai�HB�M b�KTH2b T2` K�+`Q@�`2� �M/ T`QpBM+2X X X X X X X X X X X kk9

Ryk LmK#2` Q7 p�`B�Mib Q#b2`p2/ #v bm#b�KTHBM; Qm` /�i�b2iX X X X kkd

Ryj :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM 7`QK S*�X X X X X kk3

Ry9 _2;BQM�H bi`�iB}+�iBQM Q7 Ai�HB�M b�KTH2bX X X X X X X X X X X X X kkN

Ry8 :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM 7`QK FST p�Hm2bX X kjR

Rye �HH2H2 7`2[m2M+v U�6V /Bz2`2M+2b #2ir22M LQ`i?2`M �M/ aQmi?@
2`M Ai�HvX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj9

Ryd Zm�MiBH2@[m�MiBH2 THQi Q7 6Bb?2`Ƕb 2t�+i i2bi T@p�Hm2b 7Q` i?2
+QKT�`BbQM #2ir22M LQ`i?2`M �M/ aQmi?2`M �HH2H2 7`2[m2M+B2bX kj8

Ry3 1p�Hm�iBQM Q7 T�i?Q;2MB+ p�`B�iBQMX X X X X X X X X X X X X X X X k9R

RyN Sho "m`/2M BM E1:: T�i?r�vbX X X X X X X X X X X X X X X X X k9k

RRy .J: "m`/2M BM E1:: T�i?r�vbX X X X X X X X X X X X X X X X k9j

h?2B` /2�/ HBF2 Qm`b k88

RRR JB;`�iBQM ~Qrb iQ 1m`QT2 `2;Bbi2`2/ QM i?2 k8i? Q7 �m;mbi
kyRNX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8d

sso
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RRk _2+Q`/2/ KB;`�Mib /2�i?b #v `2;BQM �++Q`/BM; iQ i?2 JBbbBM;
JB;`�Mib S`QD2+iX X X X X X X X X X X X X X X X X X X X X X X X X X k83

RRj h?2 �`irQ`F 2MiBiH2/ ǳ_�7i Q7 G�KT2/mb�Ǵ- kyReX X X X X X X X k8N

RR9 SB+im`2 Q7 i?2 b?BT bmMF2M QM i?2 R3i? Q7 �T`BH kyR8X X X X X X keR

RR8 .2�i?b #v `2;BQM Q7 Q`B;BM Qp2` i?2 H�bi }p2 v2�`b �++Q`/BM; iQ
i?2 JBbbBM; JB;`�Mib S`QD2+iX X X X X X X X X X X X X X X X X X X kek

RRe 1t�KTH2b Q7 �AJ aLSbX X X X X X X X X X X X X X X X X X X X X X ke8

RRd ah_l*hl_1 �M/ S*� �M�Hvb2b Q7 dd �AJbX X X X X X X X X X ked

LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM keN

RR3 :`�T? Q7 i?2 �AJ b2H2+iBQM TBT2HBM2X X X X X X X X X X X X X X X kd9

RRN Pp2`}iiBM; 2t�KTH2X X X X X X X X X X X X X X X X X X X X X X X X X kd8

Rky h?2 +`Qbb@p�HB/�iBQM bi`�i2;v Q7 Qm` rQ`FX X X X X X X X X X X X kdd

RkR 1t�KTH2 Q7 � /2+BbBQM i`22 rQ`FBM; rBi? ;2M2iB+ p�`B�iBQM /�i�Xk3y

Rkk 62�im`2 BKTQ`i�M+2 #BMb �++Q`/BM; iQ i?`22 J�6 bm#/BpBbBQMbX k3k

Rkj S*� �M�Hvb2b Q7 9dj b�KTH2b 7`QK i?2 +QMiBM2Mib /�i�b2iX X X kNy

Rk9 �.JAshl_1 �M�HvbBb QM 9dj b�KTH2b 7`QK i?2 +QMiBM2Mib
/�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNR

Rk8 �++m`�+v +QKT�`BbQM #2ir22M /Bz2`2Mi 72�im`2 T`BQ`BiBx�iBQM
bi`�i2;B2b QM i?2 +QMiBM2Mib /�i�b2iX X X X X X X X X X X X X X X X kNj

Rke S*� �M�Hvb2b Q7 Ry33 b�KTH2b 7`QK i?2 KB;`�Mib /�i�b2iX X X X kNe

Rkd �.JAshl_1 �M�HvbBb Q7 Ry33 b�KTH2b 7`QK i?2 KB;`�Mib
/�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNd

Rk3 �++m`�+v +QKT�`BbQM #2ir22M /Bz2`2Mi 72�im`2 T`BQ`BiBx�iBQM
bi`�i2;B2b QM i?2 KB;`�Mib /�i�b2iX X X X X X X X X X X X X X X X X kNN

ssoA
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�XR :h �M/ J�G.1_ �M�Hvb2b 7Q` �HH i?2 1m`�bB�M �M/ LQ`i?
�7`B+�M +Hmbi2`bX X X X X X X X X X X X X X X X X X X X X X X X X X X jky

�M+B2Mi i�H2b jkR

"XR }M2ai`m+im`2 /2M/`Q;`�K Q7 6J. U9-38k BM/BpB/m�HbVX X X X X jj9

"Xk AM/BpB/m�H@H2p2H �.JAshl_1 �M�HvbBb Q7 KQ/2`M b�KTH2bX X X jj8

"Xj �.JAshl_1 �M�HvbBb Q7 KQ/2`M b�KTH2b �p2`�;2/ #v +Hmbi2`X jje

"X9 .@bi�iBbiB+b BM i?2 7Q`K .Us-u- �L-J#miBV X X X X X X X X X X X j9y

"X8 aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; �"� �b a11 bQm`+2-
2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X j9R

"Xe aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; JAL �b a11 bQm`+2-
2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X j9k

"Xd aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v +QK@
TQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; Ju* �b a11 bQm`+2-
2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX X X X X j9j

"X3 *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b- BM+Hm/BM; i?2 A+2K�M
�M/ � _2K2/2HHQ b�KTH2b �b `2+BTB2MibX X X X X X X X X X X X X X j99

"XN *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b THmb � SL b�KTH2-
BM+Hm/BM; KQ/2`M@/�v +Hmbi2`b �M/ i?2 A+2K�M �M/ AhL "2HH
"2�F2` b�KTH2b �b `2+BTB2MibX X X X X X X X X X X X X X X X X X X X j9e

JQ/2`M i�H2b j9d

*XR FST p�Hm2b �KQM; Ai�HB�M `2;BQMbX X X X X X X X X X X X X X X X X j93

*Xk ai`BT �M/ #QtTHQi Q7 i?2 �KQmMi Q7 HQr@7`2[m2M+v p�`B�Mib BM
� i?Qmb�M/ `2b�KTHBM; Q7 i2M BM/BpB/m�Hb 7`QK 2�+? K�+`Q@�`2�Xj9N

ssoAA
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6mim`2 i�H2b j8R

*Xj JB;`�Mi /2�i?b `2+Q`/2/ rQ`H/rB/2 BM kyR3X X X X X X X X X X X j8k

*X9 lL>*_ UP{+2 Q7 i?2 lMBi2/ L�iBQMb >B;? *QKKBbbBQM2`
7Q` _27m;22bV `2TQ`i �#Qmi /2�/ �M/ KBbbBM; KB;`�Mib BM i?2
J2/Bi2``�M2�M a2� 7`QK kyRj iQ kyRNX X X X X X X X X X X X X X X j8j

*X8 C�Mm�`v kyR3@CmHv kyRN lL>*_ `2TQ`i �#Qmi /2�/ �M/ KBbb@
BM; KB;`�Mib BM i?2 J2/Bi2``�M2�M a2�X X X X X X X X X X X X X X j89

*Xe �++m`�+v +QKT�`BbQM Q7 `�M/QK 7Q`2bi 72�im`2 BKTQ`i�M+2 rBi?
yXky J�6 }Hi2`BM; �b T`BQ`BiBx�iBQM bi`�i2;v QM i?2 +QMiBM2Mib
/�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je9

*Xd *QKT�`BbQM Q7 +H�bbB}+�iBQM T2`7Q`K�M+2b Q7 L�śp2 "�v2b +H�b@
bB}2` rBi? /Bz2`2Mi T�`�K2i2`b QM i?2 }`bi k8y K�`F2`b b2H2+@
i2/ #v AMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jee

*X3 *QKT�`BbQM Q7 +H�bbB}+�iBQM T2`7Q`K�M+2b Q7 i?2 _�M/QK 6Q`2bi
+H�bbB}2` rBi? /Bz2`2Mi T�`�K2i2`b QM i?2 }`bi kyy K�`F2`b b2@
H2+i2/ #v AMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X jed

*XN �++m`�+v +QKT�`BbQM Q7 `�M/QK 7Q`2bi 72�im`2 BKTQ`i�M+2 rBi?
yXky J�6 }Hi2`BM; �b T`BQ`BiBx�iBQM bi`�i2;v QM i?2 KB;`�Mib
/�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je3

ssoAAA
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�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb d

R h?2 /Bz2`2Mi ivT2b Q7 ;2M2iB+ /�i� mb2/ iQ bim/v i?2 ?mK�M
T�biX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN

h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2 3j

k >mK�M TQTmH�iBQMb mb2/ BM i?2 bim/vX X X X X X X X X X X X X X X 3e

SQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb
Q7 �M+B2Mi �M+2bi`B2b BM aQmi?2`M 1m`QT2 R9j

j �M+B2Mi b�KTH2b mb2/ BM i?Bb bim/vX X X X X X X X X X X X X X X X R9N

9 �M+B2Mi b�KTH2b +Qp2`�;2X X X X X X X X X X X X X X X X X X X X X R8d

8 [T�/K KQ/2HHBM; Q7 �.L� b�KTH2b rBi? L4kX X X X X X X X X RNk

e [T�/K KQ/2HHBM; Q7 �.L� b�KTH2b rBi? L4jX X X X X X X X X RNk

d [T�/K KQ/2HHBM; Q7 �.L� b�KTH2b rBi? L49X X X X X X X X X RNk

aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX RNN

3 lb27mH /�i�#�b2b 7Q` p�`B�Mi +H�bbB}+�iBQMX X X X X X X X X X X X kRk

ssAs
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N *QKKQMHv mb2/ bQ7ir�`2 7Q` �bb2bbBM; p�`B�Mi BKT�+iX X X X X X kR9

S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�,
;2M2iB+ bi`m+im`2 �M/ 7mM+iBQM�H BKTHB+�iBQMb kRd

Ry LmK#2` Q7 p�`B�Mib BM i?2 /�i�b2iX X X X X X X X X X X X X X X X X kk8

RR LmK#2` Q7 b�KTH2b BM i?2 /�i�b2iX X X X X X X X X X X X X X X X X kke

Rk _�r irQ@b�KTH2 qBH+QtQM i2bib T@p�Hm2b 7Q` 2�+? T�B`rBb2 `2@
;BQM +QKT�`BbQM Q7 S*R +QQ`/BM�i2bX X X X X X X X X X X X X X X kkN

Rj _�r irQ@b�KTH2 qBH+QtQM i2bib T@p�Hm2b 7Q` 2�+? T�B`rBb2 `2@
;BQM +QKT�`BbQM Q7 �HH2H2 7`2[m2M+v bT2+i`mKX X X X X X X X X X kjy

R9 aB;MB}+�MiHv /Bz2`2Mi p�`B�Mib #2ir22M LQ`i?2`M �M/ aQmi?@
2`M Ai�HvX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjk

R8 ;MQK�. �HH2H2 7`2[m2M+v BM 1m`QT2- �7`B+� �M/ 1�bi �bB� Q7
KQbiHv /Bz2`2Mi p�`B�Mib BM Ai�HvX X X X X X X X X X X X X X X X X X kje

Re aB;MB}+�MiHv /Bz2`2Mi p�`B�Mib #2ir22M Ai�HB�M �M/ 1m`QT2�M
MQM@6BMMBb? TQTmH�iBQM `2TQ`i2/ ǳT�i?Q;2MB+Ǵ Q` ǳHBF2Hv T�i?Q@
;2MB+Ǵ BM i?2 *HBMo�` /�i�#�b2X X X X X X X X X X X X X X X X X X kjd

Rd LmK#2` Q7 p�`B�Mib BM Qm` /�i�b2i i?�i +QmH/ #2 BM+Q``2+iHv
+H�bbB}2/ #v i?2B` �HH2H2 7`2[m2M+v mbBM; �M 2ti2`M�H `272`2M+2X kjN

R3 SS p�`B�Mib BM r?QH2 2tQK2 �M/ BM i?2 �*J: ;2M2bX X X X X X k99

RN *HBMo�` �MMQi�iBQM Q7 Shof.J: p�`B�Mib BM i?2 �*J: ;2M2bXk98

ky SS p�`B�Mib BM i?2 �*J: ;2M2bX X X X X X X X X X X X X X X X X k98

h?2B` /2�/ HBF2 Qm`b k88

kR JQbi +QKKQM M�iBQM�HBiB2b Q7 b2� �``Bp�Hb BM Ai�Hv UbBM+2 R
C�Mm�`v kyRNVX X X X X X X X X X X X X X X X X X X X X X X X X X X X kek

sss



GBbi Q7 h�#H2b

LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM keN

kk h?2 +QMiBM2Mib /�i�b2i, }p2 TQTmH�iBQMb 7`QK /Bz2`2Mi +QM@
iBM2Mib U�miQM 2i �HX- kyR8V iQ #2 +H�bbB}2/X X X X X X X X X X X X kdR

kj h?2 KB;`�Mib /�i�b2i, 7Qm` KB;`�MibǶK�+`Q@�`2�b Q7 Q`B;BM iQ
#2 +H�bbB}2/X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kdR

k9 J2�M �M/ K2/B�M Q7 i?2 MmK#2` Q7 aLSb H27i �7i2` J�6 }H@
i2`BM; �+`Qbb i?2 i`�BMBM; b2ibX X X X X X X X X X X X X X X X X X X k3j

k8 1t�KTH2b Q7 ;2MQivTB+ 7`2[m2M+B2bX X X X X X X X X X X X X X X X k3e

ke *QM7mbBQM K�i`Bt 7Q` R8 K�`F2`b +?Qb2M rBi? AM T`BQ`BiBx�iBQM
�M/ +H�bbB}2/ rBi? >q1 L�śp2 "�v2b QM i?2 +QMiBM2Mib /�i�b2iXkN9

kd *QM7mbBQM K�i`Bt 7Q` jy K�`F2`b +?Qb2M rBi? AM T`BQ`BiBx�iBQM
�M/ +H�bbB}2/ rBi? >q1 L�śp2 "�v2b QM i?2 KB;`�Mib /�i�b2iX jyy

�`+?�B+ i�H2b jRR

�XR P//b `�iBQ Q7 Lhh aLSbX X X X X X X X X X X X X X X X X X X X X jRN

�M+B2Mi i�H2b jkR

"Xk qQ`H/rB/2 TQTmH�iBQMb BM+Hm/2/ BM i?2 6J.X X X X X X X X X X jjk

"Xj *SfLLGa `2bmHib 7`QK mHiBK�i2 bQm`+2bX X X X X X X X X X X X X jjd

"X9 *SfLLGa `2bmHib 7`QK T`QtBK�i2 bQm`+2bX X X X X X X X X X X X jjN

JQ/2`M i�H2b j9d

*XR S�B`rBb2 FST #2ir22M Ai�HB�M �/KBMBbi`�iBp2 `2;BQMbX X X X X X j93

*Xk ai�M/�`/ 2``Q`b Q7 i?2 FST 2biBK�i2b #2ir22M Ai�HB�M �/KBM@
Bbi`�iBp2 `2;BQMb 2t+2Ti JQHBb2- 7Q` r?B+? Dmbi QM2 BM/BpB/m�H
r�b �p�BH�#H2X X X X X X X X X X X X X X X X X X X X X X X X X X X X j93

sssA



GBbi Q7 h�#H2b

6mim`2 i�H2b j8R

*Xj �TT`Q�+?2b mb2/ 7Q` K2�bm`BM; i?2 ;2M2iB+ K�`F2`b +QMi`B#m@
iBQM iQ �M+2bi`v BM72`2M+2X X X X X X X X X X X X X X X X X X X X X j88

*X9 SQTmH�iBQMb BM+Hm/2/ BM i?2 bim/v Q7 �AJb QM i?2 KB;`�MibǶ
K�+`Q@�`2�b Q7 Q`B;BMX X X X X X X X X X X X X X X X X X X X X X X X je8

sssAA



>QK2 Bb #2?BM/- i?2 rQ`H/ �?2�/-
�M/ i?2`2 �`2 K�Mv T�i?b iQ i`2�/

h?`Qm;? b?�/Qrb iQ i?2 2/;2 Q7 MB;?i-
lMiBH i?2 bi�`b �`2 �HH �HB;?iX

CX _X _X hQHFB2M- � q�HFBM; aQM;

ǳ Ǵ



GBbi Q7 h�#H2b

k



AMi`Q/m+iBQM,
� KQpBM; T2QTH2

j





JQpBM; T2QTH2

�M mM2tT2+i2/ DQm`M2v
PM � #`�M+? Q7 � i`22 i?2`2 HBp2/ � +`2�im`2X LQi � M�biv- /B`iv- mM+QK7Q`i�#H2
i`22- +Qp2`2/ rBi? ;`BK2 �M/ pBbBi2/ #v +`22TBM; �M/ b+�`v �MBK�HbX �+im�HHv-
i?�i T�`iB+mH�` #`�M+? ?�/ � p2`v H�`;2 #�b2- r?2`2 ?2 +QmH/ bBi �M/ `2biX h?2
rB/2 mK#`2HH�@+`QrM Q7 H2�p2b b?2Hi2`2/ ?BK 7`QK i?2 b+Q`+?BM; �7`B+�M bmM-
i?2 H�b?BM; rBM/ �M/ i?2 /�M;2`Qmb T`2/�iQ`b- �HbQ ?B/BM; ?BK 7`QK T`vBM;
2v2bX

h?�i ?�/ #22M ?Bb ?QK2 ?Bb r?QH2 HB72- �M/ i?2`2 ?�/ HBp2/ ?Bb 7�KBHv
#27Q`2 ?BKX Pi?2` +`2�im`2b HBF2 ?BK HBp2/ QM i?2 M2B;?#Qm`BM; i`22bX >Bb
M2B;?#Qm`b- r�`K �M/ 7`B2M/Hv- ?�/ �Hr�vb +QMbB/2`2/ ?Bb 7�KBHv p2`v `2@
bT2+i�#H2- MQi QMHv #2+�mb2 i?2v r2`2 bi`QM; �M/ i?`BpBM;- #mi �HbQ #2+�mb2
i?2v M2p2` ?�/ �Mv �/p2Mim`2b Q` /B/ �Mvi?BM; mM2tT2+i2/X

6Q` [mBi2 bQK2 iBK2 MQr- i?2 r2�i?2` ?�/ #22M +?�M;BM;- i?2 ;`2�i `�BM@
7Q`2bib r2`2 KQpBM; #�+F /`B2/ #v i?2 bmM �M/ ?Bb M2B;?#Qm`b r2`2 i?BMFBM;
�#Qmi KQpBM;X h?2 i`22b r2`2 72r2` �M/ bK�HH2` �M/ i?2 QT2M ;`�bbH�M/b Q7
i?2 �7`B+�M b�p�MM�? r2`2 #2;BMMBM; iQ #2+FQMX

>2 H2i ?Bb ;�x2 br22T Qp2` i?Qb2 p�bi H�M/b mMiBH i?2 ?Q`BxQMX am`2Hv i?2`2
rBHH #2 Qi?2` 7Q`2bib �M/ Qi?2` i`22b iQ HBp2 QMX "mi r?�i B7 r2 KQp2 �M/ r2
/QMǶi HBF2 Bi\

>2 +QmH/MǶi ?�p2 BK�;BM2/ i?�i BM � 72r v2�`b- ?2 rQmH/ ?�p2 ;�i?2`2/ ?Bb
+Qm`�;2- +HBK#2/ /QrM 7`QK ?Bb i`22- r�M/2`2/ �+`Qbb i?Qb2 �HHm`BM; H�M/b-
i?mb ;2iiBM; iQ "B; q�i2`X

h?�i bQK2 Q7 ?Bb /2b+2M/�Mib- � 72r KBHHBQM v2�`b H�i2`- rQmH/ ?�p2
r�HF2/ 7Q` i?Qmb�M/b Q7 FBHQK2i`2b- `2�+?BM; 7Q`2B;M H�M/b- r?2`2 2p2`vi?BM;
ě i?2 r2�i?2`- i?2 i`22b- i?2 �MBK�Hb- i?2 bQBH ě r�b /Bz2`2MiX

h?�i- �7i2` i�FBM; /Bz2`2Mi T�i?b- ?Bb /2b+2M/�Mib rQmH/ ?�p2 #2+QK2
KQ`2 �M/ KQ`2 /Bp2`b2 �KQM; i?2Kb2Hp2bX aQK2 rQmH/ ?�p2 #22M +�HH2/
1`2+imb- bQK2 L2�M/2`i?�H- Qi?2`b a�TB2Mb �M/ bQ QMX aQK2 Q7 i?2K rQmH/
?�p2 K2i �;�BM- 7�HH2M BM HQp2 �M/ HBp2/ iQ;2i?2`X

h?�i i?2 a�TB2Mb rQmH/ ?�p2 7QmM/ � r�v iQ K�F2 TH�Mib �M/ 2p2M i`22b
ě HBF2 ?Bb ?Qmb25 ě ;`Qrc Qi?2` a�TB2Mb rQmH/ ?�p2 i�K2/ i?2 #B; �MBK�Hb
�M/ mb2/ i?2K iQ 722/ i?2B` K�M +m#bc biBHH Qi?2`b rQmH/ ?�p2 #mBHi +BiB2b �M/
p2?B+H2b iQ KQp2 7�bi2`X

.2}MBi2Hv- ?2 +QmH/MǶi ?�p2 BK�;BM2/ i?�i ?Bb /2b+2M/�Mi rQmH/ ?�p2
r�HF2/ HQM;2` �M/ 7m`i?2`- KBtBM; #2ir22M i?2Kb2Hp2b �M/ `2�+?BM; 2p2`v
+Q`M2` Q7 r?�i i?2v rQmH/ ?�p2 /Bb+Qp2`2/ #2BM; � TH�M2i- � `QmM/ TH�M2i-
~Q�iBM; i?`Qm;? i?2 bT�+2X >2 +QmH/ ?�p2 M2p2`- 2p2` BK�;BM2/ i?�i i?2v
rQmH/ ?�p2 r�HF2/ QmibB/2 i?2B` TH�M2i- QM i?2 KQQM- i?�i bK�HH r?BiBb? #�HH
i?�i ?2 ?�/ K�Mv iBK2b b22M biB+FBM; QM i?2 #Hm2 #H�MF2i Qp2` ?Bb ?2�/X
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JQpBM; T2QTH2

>2 +QmH/MǶi ?�p2 FMQrM �Mvi?BM; �#Qmi Qi?2` a�TB2Mb- r?Q rQmH/ ?�p2
/2bT2`�i2Hv `mM 7`QK ?Bb b�K2 H�M/b- +`Qbb2/ i?2 /2b2`ib �M/ /`QrM2/ BM i?2
"B; q�i2`- bi`2i+?BM; i?2B` ?�M/bX

>2 /B/MǶi FMQr �Mvi?BM; �#Qmi �HH i?Qb2 T2QTH2 r?Q rQmH/ ?�p2 r�M/2`2/
i?`Qm;? i?2 p�biM2bb Q7 i?2 2�`i? KBHHBQM Q7 v2�`b H�i2` ?BKX "mi i?2 b�K2
722HBM;b i?�i rQmH/ ?�p2 Tmb?2/ i?2K iQ i`�p2H r2`2 bi�`iBM; iQ �`Bb2 /22T BM
?Bb ?2�`iX

h?�i }`bi KB;`�iBQM- bQ bBKTH2- bQ b?Q`i- /QrM 7`QK i?�i i`22- rQmH/
?�p2 +?�M;2/ 2p2`vi?BM;X

h?2M bQK2i?BM; hQQFBb? rQF2 mT BMbB/2 ?BK-
�M/ ?2 rBb?2/ iQ ;Q �M/ b22 i?2 ;`2�i KQmMi�BMb-

�M/ ?2�` i?2 TBM2@i`22b �M/ i?2 r�i2`7�HHb-
�M/ 2tTHQ`2 i?2 +�p2b-

�M/ r2�` � brQ`/ BMbi2�/ Q7 � r�HFBM;@biB+FX

CX _X _X hQHFB2M- h?2 >Q##Bi

ǳ Ǵ

e



ǳLQi �HH i?Qb2 r?Q r�M/2` �`2 HQbiXǴ
CX _X _X hQHFB2M- h?2 GQ`/ Q7 i?2 _BM;b

�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

M
B;`�iBQM ?�b #22M � 7mM/�K2Mi�H 7�+iQ` 7Q` �HH HB72 QM 1�`i?X AM
7�+i- #Qi? �MBK�Hb �M/ TH�Mib KQp2- }`biHv #2+�mb2 i?2v b?�`2 i?2
b�K2 /2biBMv Q7 i?2 H�M/b r?2`2 i?2v �`2 ;`QrBM; �M/ b2+QM/Hv
#2+�mb2 i?2v +�M �+iBp2Hv bT`2�/ 7`QK � H�M/ iQ �MQi?2`- T2`@

K�M2MiHv +?�M;BM; i?2B` ?QK2 Q` 7QHHQrBM; i?2 KB;`�iQ`v b2�bQMbX
�M/ ?mK�Mb �`2 MQ 2t+2TiBQMX aBM+2 �`QmM/ e KBHHBQM v2�`b �;Q- r?2M

i?�i �7`B+�M ?QKBMBM #QH/Hv p2Mim`2/ /QrM Q7 ?Bb i`22- i?2v ?�p2 M2p2`
biQTT2/, i?2v ?�p2 r�M/2`2/ i?`Qm;? i?2 2M/H2bb H�M/b �M/ QT2M bT�+2b Q7
�7`B+�X h?2M- r?2M i?2 }`bi >QKQ �TT2�`2/- #v ;QBM; �7i2` i?2 ?Q`BxQM HBM2-
i?2v r2Mi Qmi Q7 �7`B+� Qp2` �M/ Qp2` �;�BM BM KmHiBTH2 r�p2b- bT`2�/BM; iQ
2�+? +QMiBM2Mi Q7 i?2 TH�M2iX

.m`BM; i?2b2 �M+2bi`�H DQm`M2vb- KB;`�iBQM ?�b #22M �M BMi`BMbB+ 2H2K2Mi
iQ ?mK�M M�im`2 �M/ �M 2bb2MiB�H 2pQHmiBQM�`v 7�+iQ`X Pm` mMbi�#H2 +QM/B@
iBQM QM i?Bb TH�M2i- +?�HH2M;2/ #v +QMiBMmQmb +HBK�i2 +?�M;2- K�F2b KB;`�@
iBQM � pBi�H bi`�i2;v Q7 �/�Ti�iBQM �M/ ~2tB#BHBiv USB2p�MB- hX �M/ *�HxQH�BQ-
oX- kyReVX JQ`2Qp2`- KB;`�iBQMb ?�p2 �++2H2`�i2/ i?2 ?mK�M 2pQHmiBQM�`v
i`�BH 7`QK � #BQHQ;B+�H �M/ � +mHim`�H TQBMi Q7 pB2r, i?2 #BT2/�H HQ+QKQiBQM
?�b #Qi? /22THv b?�T2/ Qm` bF2H2iQM �M/ 7`22/ Qm` ?�M/b r?B+? MQr +QmH/
#2 mb2/ 7Q` /QBM; i?BM;bX >Qr2p2`- r?BH2 KQpBM;- ?mK�Mb ?�p2 MQi QMHv
�/�Ti2/ iQ i?2 2MpB`QMK2Mib i?2v ?�p2 K2i- #mi i?2v ?�p2 �HbQ B``2p2`b@
B#Hv �Hi2`2/ i?2 i2``BiQ`B2b �M/ i?2 H�M/b i?2v ?�p2 `2�+?2/- 7Q`+BM; Qi?2`
?mK�Mb- �MBK�Hb �M/ TH�Mib iQ KQp2 �r�vX

d



�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

AM i?2 ;`2�i +B`+H2 Q7 HB72- �HbQ KB;`�iBQMb �`2 2pQHpBM; �M/ +?�M;BM;
BM T�`�HH2H rBi? ?mK�Mb �M/ i?2B` 2MpB`QMK2MibX aBM+2 i?2 }`bi mM�r�`2
�7`B+�M r�M/2`BM;b- KB;`�iBQMb ?�p2 #2+QK2 7�bi2` �M/ KQ`2 7Q+mb2/- bT�M@
MBM; 7`QK i?2 KQpBM; Q7 � 7�KBHv iQ i?2 2tQ/mb Q7 � r?QH2 TQTmH�iBQM- #v
7QQi- r�;QMb- b?BTb �M/ TH�M2bX

�HH i?Bb r2Mi QM mMiBH i?2 T`2b2Mi /�vb- r?2M- 2p2M 7�bi2` i?�M T2QTH2-
B/2�b +�M KB;`�i2- bT`2�/ �M/ +?�M;2 bQ Km+? Qm` TH�M2iX

h?2 +QM+2Ti Q7 ?mK�M KB;`�iBQM �M/ Bib 2pQHmiBQM
ǳJB;`�i2ǴX JAo 7`QK a�MbF`Bi �M/ JA: 7`QK G�iBM bBKTHv K2�M i?2 KQp2@
K2Mi 7`QK � TH�+2 iQ �MQi?2`X h?2 G�iBM 7Q`K /2`Bp2b 7`QK i?2 Tmi�iBp2 rQ`/
KB;`Qb- r?Qb2 AM/Q@1m`QT2�M `QQi BM/B+�i2b i?2 bQ+B�H K2�MBM; Q7 T`QtBK@
Biv �M/ �HHB�M+2X Ai �HbQ ?�b � T�`iB+mH�` /2+HBM�iBQM 7Q` 2t+?�M;2- +?�M;BM;
TH�+2 �M/ KQpBM;- i?mb `272``BM; iQ i?2 /m�H �bT2+i Q7 KB;`�iBQM, i`�p2HHBM;
�M/ +?�M;BM; TH�+2- #mi �HbQ 2t+?�M;BM; ;B7ib BM Q`/2` iQ im`M i?2 7Q`2B;M2`
BMiQ � ;m2bi USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX

AM Qm` +m``2Mi H�M;m�;2- ?mK�M KB;`�iBQM /2MQi2b �Mv KQp2K2Mi Q7
T2QTH2- r?B+? mHiBK�i2Hv +?�M;2b i?2 TH�+2 Q7 HBpBM;- #v ;QBM; p2`v 7�` 7`QK
?QK2 Q` KQpBM; �`QmM/ � HBiiH2- 7Q` � #`B27 T2`BQ/ Q` 7Q`2p2`X

.m`BM; KBHH2MMB�- ?mK�M bT2+B2b 2tT2`B2M+2/ /Bz2`2Mi 7Q`Kb Q7 KB;`�@
iBQM- r?B+? ?�p2 #2+QK2 KQ`2 �M/ KQ`2 +QKTH2t �b i?2 ?mK�M +BpBHBx�iBQMb
2pQHp2/X 1�`HB2` ?mMi2`@;�i?2`2`b /B/ MQi 7QHHQr bi`m+im`2/ KB;`�iBQM T�i?b-
QM i?2 +QMi`�`v- i?2v r2`2 r�M/2`BM; BM bK�HH �`2�b T`BK�`BHv ;mB/2/ #v 2M@
pB`QMK2Mi�H +QMbi`�BMib KQ`2 i?�M #v /2i2`KBM�iBQM �M/ �r�`2M2bbX h?2M-
� M2r r�v Q7 BMi2`�+iBM; rBi? i?2B` i2``BiQ`B2b +�K2 iQ HB72, � MQK�/B+ HB72@
bivH2 r?2`2 KQpBM; Bb � +QMb+BQmb bi`�i2;v iQ bm`pBp2 BM rB/2` �`2�b- 7QHHQrBM;
b2�bQM�H +v+H2b Q7 i?2 +HBK�i2- i?2B` T`2vb �M/ r�i2`X

qBi? i?2 �;`B+mHim`�H `2pQHmiBQM- ?mK�M TQTmH�iBQMb �+[mB`2/ 2p2M KQ`2
+QMb+BQmbM2bb Q7 i?2B` M2+2bbBiv iQ KB;`�i2- i?mb bT`2�/BM; ;2Q;`�T?B+�HHv-
/2KQ;`�T?B+�HHv �M/ +mHim`�HHv USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX >Qr@
2p2`- rBi? i?Bb i`�MbBiBQM- ?mK�M KB;`�iBQMb bi�`i2/ iQ #2 7Q`+2/ #v pBQH2M+2,
T2QTH2 r2`2 KB;`�iBM; iQ +QM[m2` �M/ BMp�/2 M2r i2``BiQ`B2b- r?BH2 i?2 `2b@
B/2Mi QM2b ?�/ MQ Qi?2` +?QB+2 #mi iQ KQp2 2Hb2r?2`2X

�b +BpBHBx�iBQMb #2+�K2 KQ`2 bQT?BbiB+�i2/- ?mK�M TQTmH�iBQMb 72Hi M2@
+2bb�`v iQ Q`;�MBx2 i?2 KB;`�iBQMb T�i?b- iQ #mBH/ `Q�/b- #`B/;2b �M/ imMM2Hb
�M/ iQ /2p2HQT M2r iQQHb 7Q` Q`B2MiBM; �M/ i`�p2HHBM;X .m`BM; �M/ BKK2@
/B�i2Hv �7i2` i?2 �;`B+mHim`�H `2pQHmiBQM- i?2`2 r2`2 � HQi Q7 KB;`�Mib �M/-
KQbi Q7 i?2 iBK2- i?2v r2`2 r2H+QK2 BM i?2B` M2r i2``BiQ`B2bX
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�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

h?2M- i?2 `Bb2 Q7 +BiB2b �M/ +BpBHBx�iBQMb #`Qm;?i �HQM; /`�rBM; BK�;BM�`v
�M/ bQ K2�MBM;7mH HBM2b ě bi�i2 #QmM/�`B2b ě #mi ?mK�M KB;`�iBQMb M�im`@
�HHv �/�Ti2/ iQ i?2 M2r BKK�i2`B�H +QMbi`m+iBQM �M/ F2Ti QM ?�TT2MBM;X AM
i?Bb p2`v bBim�iBQM- KB;`�Mi T2QTH2 ?�/ � F2v `QH2, ;QBM; QM KBM;HBM; +mHim`2b
�M/ H�M;m�;2b- i?mb T`2p2MiBM; #QmM/�`B2b 7`QK #2BM; 7`22x2/ USB2p�MB- hX
�M/ *�HxQH�BQ- oX- kyReVX

AM T�`�HH2H rBi? i?2 2pQHmiBQM Q7 ?mK�M +BpBHBx�iBQM- �HbQ i?2 /2}MBiBQM Q7
KB;`�Mi +?�M;2/X AM 7�+i- � TH2i?Q`� Q7 rQ`/b +�M #2 mb2/ iQ BM/B+�i2 T2QTH2
r?Q KB;`�i2, BM �//BiBQM iQ KB;`�Mib- i?2`2 �`2 2KB;`�Mib Q` BKKB;`�Mib-
2+QMQKB+ KB;`�Mib- +HBK�i2 KB;`�Mib Q` `27m;22bX

h?2 T2QTH2 r?Q KQp2 �`2 �Hr�vb KB;`�Mib- ?Qr2p2`- i?2 `2�bQM r?v i?2v
KQp2 /2}M2b i?2 +�i2;Q`v i?2v #2HQM; iQ- r?BH2 i?2B` bQ+B�H bi�imb- r2�Hi?
�M/ 2/m+�iBQM +�M �Hi2` i?2 +QKKQM T2`bT2+iBp2 �M/ BM~m2M+2 i?2B` bQ+B�H
�++2Ti�M+2X

6B;m`2 RX _27m;22b +`Qr/ QM #Q�`/ � #Q�i bQK2 k8 FBHQK2i`2b
7`QK i?2 GB#v�M +Q�biX h?2 TB+im`2 ?�b #22M i�F2M BM CmHv kyR9- T`BQ`
i?2 `2b+m2 #v �M Ai�HB�M M�p�H 7`B;�i2X AK�;2 +`2/Bi, J�bbBKQ a2biBMB

1bT2+B�HHv BM i?2 `2+2Mi T�bi- #2BM; � KB;`�Mi ?�b �M BM+`2�bBM;Hv M2;@
�iBp2 +QMMQi�iBQM- im`MBM; i?2 T`2p�BHBM; pB2r Q7 KB;`�iBQM ~Qrb BMiQ ǳBMp�@
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�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

bBQMbǴ- ǳ+�i�bi`QT?2bǴ �M/ ǳ2K2`;2M+B2bǴ U6B;m`2 RVX
�b r2 b?�HH b22 H�i2`- bBM+2 i?�i }`bi KB;`�iBQM /QrM 7`QK � i`22- r2 ?�p2

�Hr�vb #22M QM i?2 KQp2- #mi MQr Bb MQi i?2 #2bi iBK2 iQ #2 � KB;`�MiX

q?v T2QTH2 �`2 KQpBM; �M/ r?v i?2v rQMǶi biQT
JB;`�iBQM Bb � b2�@+?�M;2 7Q` i?2 HB72 Q7 i?2 T2QTH2- �b BM K�Mv +�b2b Bi Bb
T2`K�M2Mi Q` Q7 mM+2`i�BM /m`�iBQMX q2 i?2M rQM/2` r?B+? �`2 i?2 `2�bQMb
i?�i Tmb? Q` 7Q`+2 � T2`bQM- � 7�KBHv- Q` �M 2MiB`2 TQTmH�iBQM iQ KQp2X

A7 r2 +QMbB/2` i?2 2pQHmiBQM Q7 �HH HB72 7Q`Kb �M/ i?2B` KB;`�iBQMb- r2
+�M b22 i?�i i?2 H2�/BM; +�mb2b Q7 KQpBM; r2`2 +HBK�i2 +?�M;2 �M/ i?2
/Bbi`B#miBQM Q7 i?2 #BQ/Bp2`bBiv USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX h?2
KB;`�iBQM T�i?b Q7 i?2 ?mK�M bT2+B2b BM?�#BiBM; Qm` TH�M2i 7QHHQr2/ i?Qb2
b�K2 `mH2bX P#pBQmbHv- Qm` �M+2biQ`b T`272``2/ iQ HBp2 M2�` r�i2` bQm`+2b
�M/ BM � r�`K +HBK�i2- bQ- r?2M2p2` i?2b2 +QM/BiBQMb bi`�v2/ �r�v- i?2v
H27i �M/ 7QHHQr2/ i?2KX

AM T�`iB+mH�`- i?2 +HBK�i2 ?�b #22M- �M/ Bi Bb biBHH MQr- � +`m+B�H +�mb2
Q7 KB;`�iBQMX A7 r2 i?BMF Q7 i?2 KmHiBTH2 r�p2b Pmi Q7 �7`B+�- r2 b22 i?�i
i?2 2z2+ib Q7 +HBK�i2 +?�M;2 QM r?�i Bb MQr i?2 a�?�`� /2b2`i ?�/ TH�v2/ �
K�DQ` `QH2- 2tTH�BM2/ BM i?2 ǳa�?�`� TmKT i?2Q`vǴ Uo�M wBM/2`2M "#�`F2`-
RNekVX *v+HB+�HHv- a�?�`� H�M/b r2`2 i`�Mb7Q`K2/ 7`QK � ;`�bbv �M/ 72`iBH2
T`�B`B2 BMiQ � #�``2M �M/ ?QbiBH2 /2b2`i- i?mb }`biHv �ii`�+iBM; �MBK�Hb- BM@
+Hm/BM; mb- iQr�`/b LQ`i?2`M �7`B+� �M/ i?2 J2/Bi2``�M2�M a2� �M/ i?2M
2D2+iBM; i?2K Pmi Q7 �7`B+�X

�HH Qp2` i?2 rQ`H/ B+2 �;2b �M/ BMi2`;H�+B�H T2`BQ/b 7QHHQr2/ QM2 �MQi?2`-
�z2+iBM; i?2 �B` i2KT2`�im`2 �M/ i?2 b2� /2Ti? �M/ +�mbBM;- +QMb2[m2MiHv-
i?2 2tiBM+iBQM Q7 bQK2 bT2+B2b- i?2 /2�i? Q7 bQK2 BM/BpB/m�Hb �M/ i?2 KB@
;`�iBQM Q7 Qi?2`b U6B;m`2 kVX "mi r?2M i?2 +HBK�i2 Bb #2M2pQH2Mi- ?mK�M
bT2+B2b 2tT�M/ #Qi? ;2Q;`�T?B+�HHv �M/ +mHim`�HHv, /m`BM; �M BMi2`;H�+B�H
T2`BQ/- #2ir22M 3-yyy �M/ 8-yyy v2�`b �;Q- i?2 H�`;2bi 2tT�MbBQM Q7 �;`B+mH@
im`2- +QKK2`+B�H 2t+?�M;2b �M/ +mHim`2 Q++m``2/- H2�/BM; iQ i?2 7QmM/�iBQM
Q7 i?2 K�DQ` +BpBHBx�iBQMbX *HBK�i2 Bib2H7 r�b H�i2` `2bTQMbB#H2 7Q` i?2B` /2@
bi`m+iBQMX

Ry



�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

6B;m`2 kX �`iBbiǶb BKT`2bbBQM Q7 �M B+2 �;2X AK�;2 +`2/Bi, AiiBxfrBFB@
K2/B�- ** "u@a�X

>Qr2p2`- r?BH2 +HBK�i2 +?�M;2b �`2 mbm�HHv bHQr �M/ T`Q;`2bbBp2- i?mb
H2�pBM; i?2 QTTQ`imMBiv iQ /2+B/2 r?2i?2` iQ bi�v Q` H2�p2- 2ti`2K2 ;2QT?vb@
B+�H 2p2Mib �`2 BKK2/B�i2Hv +`m+B�H 7Q` HB72 �M/ /2�i? BM K�Mv T�`ib Q7 i?2
rQ`H/- 7Q`+BM; T2QTH2 �M/ �MBK�Hb iQ `mM �r�v `�TB/HvX

*HBK�i2 +?�M;2 ?�b �Hr�vb #22M � `2�bQM iQ KB;`�i2c ?Qr2p2`- i?2
KQ/2`M@/�v /`Bp2 iQ KQp2 Bb 2p2M KQ`2 m`;2Mi- �b i?2 +HBK�i2 Bb +?�M;BM;
KQ`2 [mB+FHvX JQ`2Qp2`- i?2 7�BHm`2 iQ �bb2bb i?2 2MpB`QMK2Mi�H BKT�+i Q7
?mK�M �+iBpBiB2b Bb 2t�+2`#�iBM; i?2 �KTHBim/2- �M/ bQ i?2 +QMb2[m2M+2b- Q7
+HBK�iB+ �M/ ;2QT?vbB+b 2p2Mib- i?mb 7Q`+BM; KQ`2 �M/ KQ`2 T2QTH2 iQ im`M
BMiQ ǳ+HBK�iB+Ǵ Q` ǳ2MpB`QMK2Mi�HǴ KB;`�MibX

�MQi?2` QH/ #mi biBHH +m``2Mi `2�bQM iQ KQp2 Bb r�`X q2 ?�p2 �H`2�/v b�B/
i?�i bBM+2 i?2 L2QHBi?B+ 2tT�MbBQM �M/ i?2 +QMbi`m+iBQM Q7 i?2 }`bi +BiB2b-
bQ+B�H `2H�iBQMb?BTb #2+�K2 KQ`2 �M/ KQ`2 +QKTH2t- �b K�Mv KQ`2 T2QTH2
?�/ iQ BMi2`�+i BM bK�HH �`2�bX EBHHBM; �M/ r�;BM; r�`b r2`2 �ii`�+iBp2 QT@
iBQMb 7Q` T2QTH2 #mi #`BM; /2�i?b �M/ T2QTH2 r?Q KB;`�i2 iQ `mM 7`QK /2�i?
�M/ bH�p2`vX 6Q`+2/ KB;`�iBQM bi�`i2/ iQ Q++m`, bH�p2b mM/2` i?2 _QK�M
1KTB`2 r2`2 /2TQ`i2/ iQ T`2b2Mi@/�v Ai�Hv 7`QK K�Mv _QK�M T`QpBM+2b Q7
i?2 J2/Bi2``�M2�M #�bBMX Jm+? KQ`2 `2+2MiHv- BM i?2 Rdi? +2Mim`v- QM2 Q7
i?2 #B;;2bi 7Q`+2/ KB;`�iBQM Q7 ?BbiQ`v +�K2 �#Qmi, �`QmM/ Ry KBHHBQM am#@
a�?�`�M �7`B+�M BM/BpB/m�Hb r2`2 /2TQ`i2/ iQ aQmi? �K2`B+�- �M/ K�Mv
Qi?2`b iQ LQ`i? �K2`B+�- AM/B�M P+2�M +QmMi`B2b �M/ J2/Bi2``�M2�M bi�i2bX
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�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

_2+QMbi`m+iBM; ?mK�M KB;`�iBQMb
JB;`�iBQMb- BM �HH i?2B` 7Q`Kb- Q++mTB2/ � ?m;2 TQ`iBQM Q7 Qm` iBK2X >Qr2p2`-
MQi �HH ?mK�M #2BM;b 2tT2`B2M+2/ Q` �`2 2tT2`B2M+BM; KB;`�iBQMb /m`BM; i?2B`
HBp2bc bQK2 Q7 i?2K M2p2` +?�M;2/ T?vbB+�HHv Q` +mHim`�HHv i?2B` ?QK2X h?2
iBK2 Q7 KB;`�iBQM- i?2M- Bb 7`�;K2Mi�`v, Bi Bb +QKTQb2/ Q7 BMi2`p�Hb Q7 iBK2
r?B+?- QMHv BM i?2 p2`v HQM; i2`K- #2+QK2 `2�H T�i?b USB2p�MB- hX �M/
*�HxQH�BQ- oX- kyReVX

JQ`2Qp2`- BM KQbi +�b2b- KB;`�iBQM Bb MQi � bi`�B;?i HBM2- #mi Bb Km+?
KQ`2 �HBF2 iQ � rBM/BM; i`�BH ;QBM; QM BMi2`KBii2MiHv iQr�`/b � M2r ?QK2 �M/
i?2M #�+F �;�BM- ?BM/2`2/ #v #BQHQ;B+�H +QMbi`�BMib }`bi �M/ 2MpB`QMK2Mi�H
#�``B2`b i?2MX

h?2 `2+QMbi`m+iBQM Q7 i?Qb2 �M+B2Mi i`�BHb Bb MQi �M 2�bv DQ#c ?Qr2p2`-
i?2 T2QTH2 r?Q KQp2- +QMb+BQmbHv Q` MQi- H2�p2 T`BMibX hBK2 T�bb2b #v- �M/
bQK2 Q7 i?Qb2 T`BMib �`2 K�bF2/ BM /mbi Q` +Qp2`2/ #v i`�+2b Q7 T2QTH2 r?Q
+QK2 �7i2`- #mi Qi?2`b �`2 H27i mMiQm+?2/ QM i?2 ;`QmM/- BM � +�p2 Q` BM Qm`
;2MQK2X

6Q`imM�i2Hv- BM Q`/2` iQ `2+QMbi`m+i i?2 ?mK�M T�bi- b+B2M+2 i�F2b �/@
p�Mi�;2 Q7 /Bz2`2Mi /Bb+BTHBM2b- K�FBM; i?mb TQbbB#H2 iQ 7QHHQr i?2 7QQibi2Tb
Q7 Qm` �M+2biQ`b rBi? � b?Qp2H- � H2Mb QM �M �M+B2Mi #QQF �M/ � TBT2ii2X

6B`bi Q7 �HH- �`+?�2QHQ;v +�M b?2/ HB;?i QM i?2 T�bi i`�BHb #v Q#b2`pBM;
K�i2`B�H `2K�BMbX h?2 QH/ T�ii2`Mb Q7 KB;`�iBQM +�M #2 /2/m+iBp2Hv `2+QM@
bi`m+i2/ #v �M�HvbBM;- 7Q` BMbi�M+2- #m`B�H `Bi2b �M/ i?2B` +?�M;BM; Qp2` iBK2X
h?2 �``Bp�H Q7 QM2 Q` irQ r�M/2`2`b b?QmH/ MQi �z2+i i?2 #m`B�H T`�+iBb2 Q7
i?2 �`2�, T`Q#�#Hv- B7 i?2 M2r+QK2`b /B2/ 7�` 7`QK ?QK2- i?2v rQmH/ ?�p2
#22M #m`B2/ BM i?2 HQ+�H K�MM2`X *QMp2`b2Hv- r?2M 2MiB`2 TQTmH�iBQMb KQp2-
i?2v mbm�HHv #`BM; rBi? i?2K i?2B` QrM i`�/BiBQMb �M/ #m`B�H `Bi2b UJ�M+Q-
C- kyR8VX >Qr2p2`- /m2 iQ i?2 +QKTH2tBiv Q7 ?mK�M #2BM;b- i?2b2 +�MMQi
#2 �#bQHmi2 `mH2b, r�M/2`2`b +�M +?�M;2 i?2B` i`�/BiBQM�H #2?�pBQm`b �M/
`Bim�Hb r?2v i?2v �/QTi � /Bz2`2Mi `2HB;BQMX

� b2+QM/ iQQH r2 +�M mb2 iQ bim/v T�bi KB;`�iBQMb Bb TQii2`vX hQ;2i?2`
rBi? i?2 �#Qp2@K2MiBQM2/ #m`B�H `Bim�Hb- Q`M�K2Mib �M/ ?Qmb2 7Q`Kb- TQi@
i2`v Bb QM2 Q7 i?2 i`�Bib r?B+? b+B2MiBbib mb2 iQ /2}M2 �M �`+?�2QHQ;B+�H
+mHim`2X

q2 }M/ +2`i�BM ivT2b
Q7 `2K�BMb @ TQib- BK@
TH2K2Mib- Q`M�K2Mib-
#m`B�H `Bi2b- ?Qmb2 7Q`Kb
@ +QMbi�MiHv `2+m``BM; iQ@
;2i?2`X am+? � +QKTH2t
Q7 `2;mH�`Hv �bbQ+B�i2/
i`�Bib r2 b?�HH i2`K �
ǳ+mHim`�H ;`QmTǴ Q` Dmbi
� ǳ+mHim`2ǴX q2 �bbmK2
i?�i bm+? � +QKTH2t Bb
i?2 K�i2`B�H 2tT`2bbBQM
Q7 r?�i iQ/�v rQmH/ #2
+�HH2/ � T2QTH2X
oX :Q`/QM *?BH/2

�`+?�2QHQ;B+�H +mHim`2

AM i?Bb +�b2- i?2 bm//2M i`�MbBiBQM 7`QK � `2+m``2Mi TQii2`v bivH2
iQ � +QKTH2i2Hv M2r QM2 K�v bm;;2bi � KB;`�iBQMX >Qr2p2`- ǳTQib �`2 MQi
T2QTH2Ǵ- b�vb � +QKKQM `27`�BM �M/ i?2 /BzmbBQM Q7 i2+?MB[m2b Q` M2r `2HB@
;BQMb K�v ?�TT2M rBi?Qmi M2+2bb�`BHv i?2 KQp2K2Mi Q7 T2QTH2X

AMMQp�iBp2 i2+?MQHQ;B2b- K2i�HHm`;v �M/ M2r HB72bivH2b- bm+? �b 7�`KBM;
�M/ �;`B+mHim`2- K�v �HbQ #2 mb2/ iQ i`�+F i?2 T`2b2M+2 Q7 � ǳ+mHim`2Ǵ �M/
Bib KQp2K2Mib i?`Qm;? i?2 iBK2X JQ`2Qp2`- i?2 iBK2 bT2Mi iQ �/QTi � M2r
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�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

HB72bivH2 +QmH/ �HbQ bm;;2bi r?2i?2` KB;`�iBQM Bb BMpQHp2/ Q` MQi, � bm/@
/2M TQTmH�iBQM ;`Qri? r?B+? +QBM+B/2b rBi? 7�`KBM; bm;;2bib i?2 �``Bp�H Q7
T2QTH2 +QKTH2i2Hv 7�KBHB�` rBi? i?�i BMMQp�iBQM- +QMp2`b2Hv- B7 i?2 ;`Qri? Bb
bHQr- i?Bb K�v BM/B+�i2 i?�i i?2 M2r HB72bivH2 r�b #2BM; ;`�/m�HHv �/QTi2/
#v HQ+�Hb UJ�M+Q- C- kyR8VX

h?2 BMi`Q/m+iBQM Q7 `�/BQ+�`#QM /�iBM; i2+?MB[m2b BM RN9d- rQ`FBM; /B`@
2+iHv QM 7QbbBHb- bT�`F2/ � `2pQHmiBQM BM i?2 �`+?�2QHQ;B+�H }2H/X h?Bb i2+?@
MB[m2 K2�bm`2b i?2 �KQmMi Q7 i?2 `�/BQ�+iBp2Hv mMbi�#H2 R9* +�`#QM BbQiQT2
BM � b�KTH2 �M/ i?2 `�i2 Q7 /2+�v Q7 i?2 BbQiQT2 Bib2H7 UrBi? � ?�H7@HB72 Q7
�TT`QtBK�i2Hv 8-djy�v2�`bV +�M #2 mb2/ iQ BM72` i?2 �;2 Q7 i?2 b�KTH2X Aib
T`2+BbBQM BM /�iBM; /2+HBM2b rBi? i?2 BM+`2�bBM; �;2 Q7 i?2 b�KTH2bc ?Qr2p2`-
r2 +�M 2tT2+i `2HB�#H2 `2bmHib mT iQ 98-yyy v2�`b �;Q UJ2HH�`b- kyyeVX

�MQi?2` iQQH rB/2Hv mb2/ 7Q` HQQFBM; BMiQ i?2 T�bi Bb i?2 bim/v Q7 KQ/@
2`M �M/ �M+B2Mi H�M;m�;2b- TH�+2@M�K2b Q` 2i?MQMvKbX o2`v #`B2~v- i?2b2
�M�Hvb2b �`2 #�b2/ QM i?2 �bbmKTiBQM i?�i B7 irQ /Bz2`2Mi H�M;m�;2b b?�`2
bQK2 bBKBH�`BiB2b- i?2v ?�p2 iQ #2 `2H�i2/ �M/ bQ K�v #2 i?2 T2QTH2 bT2�FBM;
i?2KX

�Hi?Qm;? i?2b2 iQQHb ?�p2 #22M � ;`2�i ?2HT BM `2i`�+BM; �M+B2Mi KB@
;`�iBQMb- bQK2 [m2biBQMb �`2 biBHH mM�Mbr2`2/X 6Q` BMbi�M+2- �M QT2M T`Q#@
H2K �KQM; �`+?�2QHQ;Bbib Bb /Bb+2`MBM; r?2M +mHim`�H i`�MbBiBQMb �`2 /m2 iQ
KQp2K2Mib Q7 T2QTH2 Q` iQ i?2 bT`2�/BM; Q7 B/2�bX AM bQK2 +�b2b- 2p2M �
+�`27mH Q#b2`p�iBQM Q7 i?2 K�i2`B�H 2tT`2bbBQM Q7 � +mHim`2 +�MMQi T`QpB/2 �
+H2�` bQHmiBQM iQ i?2 /BH2KK�X �b r2 rBHH b22 H�i2`- BM bQK2 Q7 i?2b2 +�b2b-
bm+? �b i?2 bT`2�/BM; Q7 i?2 7�`KBM; HB72bivH2 /m`BM; L2QHBi?B+ Q` i?2 "2HH
"2�F2` 2tT�MbBQM- b+B2MiBbib 7QmM/ �M �Mbr2` #v i�FBM; � /Bz2`2Mi T�i?X

�+im�HHv- i?2v Dmbi M22/2/ iQ HQQF /22T rBi?BM i?2Kb2Hp2b- BM i?2B` .L�X
"v bBKTHv 7QHHQrBM; i?2 ;2M2iB+ 7QQiT`BMib Qm` �M+2biQ`b H27i BM i?2B` /2b+2M/@
�MiǶb .L�- i?2v +QmH/ `2+QMbi`m+i i?2 T�i?b i?�i i?2 �M+B2Mi TQTmH�iBQMb
iQQF i?Qmb�M/b �M/ i?Qmb�M/b Q7 v2�`b �;Q U6B;m`2 jVX �b � K�ii2` Q7
7�+i- ?mK�M KB;`�iBQM K�v /BpB/2 TQTmH�iBQMb �i iBK2b- #mi 7�` KQ`2 Q7i2M
KB;`�iBQMb DQBM �M/ b?m|2 ?mK�M TQTmH�iBQMb- i?mb BM+`2�bBM; i?2 ;2M2iB+
p�`B�#BHBiv USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX h?mb- #v i`�+BM; i?2
�TT2�`�M+2 �M/ 7`2[m2M+v Q7 ;2M2iB+ K�`F2`b BM KQ/2`M@/�v ?mK�M TQT@
mH�iBQMb- r2 +�M #`BM; #�+F iQ HB;?i i?2 �M+B2Mi i`�BHb Qm` �M+2biQ`b ?�p2
/`�rM BM Qm` ;2MQK2X

Rj



�M BMi`Q/m+iBQM iQ ?mK�M KB;`�iBQMb

6B;m`2 jX J�T Q7 >mK�M JB;`�iBQMX AK�;2 +`2/Bi, L�iBQM�H :2Q@
;`�T?B+- :2MQ;`�T?B+ S`QD2+iX
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ǳA �K i2``B#Hv T`Qm/ Q7
A r�b #Q`M BM *�K#`B/;2 BM RN8k
�M/ Kv BMBiB�Hb �`2 . L �5Ǵ
.Qm;H�b LQ2H �/�Kb- h?2 a�HKQM Q7 .Qm#i

6QHHQrBM; .L� i`�BHb

H
Qr Bb Bi TQbbB#H2 iQ /B; Qmi i?2 �M+B2Mi biQ`B2b Q7 i?2 K�Mv r�M@
/2`BM; HBp2b #m`B2/ BM Qm` .L�\
6B`bi Q7 �HH- .L� Bb i?2 BMbi`m+iBQM #QQF 7Q` `2THB+�iBM; i?2 +2HHb
�M/ #mBH/BM; i?2 2MiB`2 Q`;�MBbKb- HvBM; BMbB/2 i?2 +2HH Mm+H2mb

Q7 �HH HBpBM; +`2�@im`2bX h?2 #QQF Bb 2�bv iQ `2�/- �b QMHv 7Qm` H2ii2`b ?�p2
#22M mb2/ iQ r`Bi2 Bic ?Qr2p2`- r2 �`2 biBHH � HQM; r�v 7`QK mM/2`bi�M/BM;
?Qr i?Bb Qp2`r?2HKBM; bBKTHB+Biv +�M `mH2 �HH HB72 QM 1�`i?X

AM i?2 ?mK�M ;2MQK2- i?Bb 2H2K2Mi�H +QKTQbBiBQM Q7 7Qm` H2ii2`b @ *- :-
� �M/ h @ 7Q`Kb � #QQF j #BHHBQM H2ii2`b HQM; ;`QmT2/ BMiQ kj +?�Ti2`b, i?2
+?`QKQbQK2bX �b � ?mK�M #2BM; BM?2`Bib irQ b2ib Q7 ;2MQK2b UQM2 7`QK ?Bb
7�i?2` �M/ QM2 7`QK ?Bb KQi?2`V- 2�+? +2HH- rBi? i?2 2t2KTiBQM Q7 ;�K2i2b
�M/ �Mm+H2�i2 +2HHb- +QMi�BMb irQ b2ib Q7 +?`QKQbQK2b- K�FBM; � iQi�H Q7
e #BHHBQM #�b2 T�B`b Q7 .L� T2` +2HH Q`- BM Qi?2` rQ`/b- �#Qmi k K2i2`b Q7
.L�X

�MQi?2` .L� KQH2+mH2 HBp2b BMbB/2 Qm` +2HHb �M/ T`2+Bb2Hv- BM i?2 KB@
iQ+?QM/`B�, i?2 KBiQ+?QM/`B�H .L� UKi.L�VX Aib bBx2- Re-8eN #�b2 T�B`b-
Bb /BKBMmiBp2 B7 +QKT�`2/ rBi? Mm+H2�` .L�- ?Qr2p2`- i?2`2 �`2 ?mM/`2/b
Q` i?Qmb�M/b Q7 KBiQ+?QM/`B� T2` +2HH �M/ 2�+? KBiQ+?QM/`BQM +QMi�BMb R8
+QTB2b Q7 Ki.L� �i KQbiX

q2 +�M `2�/ i?2 Mm+H2�` �M/ i?2 KBiQ+?QM/`B�H .L� #QQFb- #v HQQF@
BM; �i i?2 b2[m2M+2 Q7 H2ii2`b, i?2 Q`/2` Q7 i?2 #�b2b Bib2H7 /2i2`KBM2b i?2
BM7Q`K�iBQM �p�BH�#H2 7Q` HB72 �M/ Bi Bb �++QmMi�#H2 7Q` i?2 /2i2`KBM�iBQM Q7

R8



6QHHQrBM; .L� i`�BHb

/Bz2`2M+2b �KQM; mbX
AM 7�+i- .L� Q7 BM/BpB/m�Hb #2HQM;BM; iQ i?2 b�K2 bT2+B2b +QMi�BM bQK2

/Bz2`2M+2b- r?B+? �`2 KQ`2 r?2M r2 +QKT�`2 /Bz2`2Mi bT2+B2b �M/ 2p2M KQ`2
rBi? /Bbi�MiHv `2H�i2/ bT2+B2bX h?Bb ?�TT2Mb #2+�mb2 ;2M2iB+ /Bp2`bBiv Bb �
7mM+iBQM Q7 � TQTmH�iBQMǶb �;2c BM Qi?2` rQ`/b- i?2 2�`HB2` � bT2+B2b 2K2`;2b-
i?2 KQ`2 iBK2 Bi ?�b iQ /2p2HQT �M/ �++mKmH�i2 /Bz2`2M+2bX

�b i?2 ?mK�M bT2+B2b Bb `2H�iBp2Hv vQmM; @ 2K2`;BM; �`QmM/ kyy-yyy@
jyy-yyy v2�`b �;Q @ Bib ;2M2iB+ /Bp2`bBiv Bb HQr2` i?�M i?�i Q7 K�Mv Qi?2`
bT2+B2b- BM+Hm/BM; i?2 +?BKT�Mx22- Qm` M2�`2bi 2pQHmiBQM�`v `2H�iBp2X hQ
;Bp2 vQm � MmK#2`- �Mv irQ ?mK�Mb /Bz2`- QM �p2`�;2- �i �#Qmi R BM R-yyy
.L� #�b2 T�B`bX h?Bb yXRW Bb i?�i BMi2`2bi TQTmH�iBQM ;2M2iB+Bbi i?2 KQbiX

:2M2iB+ /�i� �M/ TQTmH�iBQM ;2M2iB+Bbib
q?2M .�`rBM }`bi bi�i2/ i?�i ǳGB;?i rBHH #2 i?`QrM QM i?2 Q`B;BM Q7 K�M
�M/ ?Bb ?BbiQ`vǴ M2�` i?2 2M/ Q7 i?2 P`B;BM Q7 aT2+B2b- i?2 QMHv irQ HBM2b Q7
2pB/2M+2 iQr�`/ i?Bb 2M/ r2`2 +QKT�`�iBp2 �M�iQKv �M/ T�H�2QMiQHQ;vX "mi
MQr- r2 �`2 BM �M 2`� Q7 2MQ`KQmb TQi2MiB�H 7Q` bim/B2b Q7 Qm` 2pQHmiBQM�`v
T�biX �b r2 rBHH b22- ;2MQKB+ �M�Hvb2b �M/ i?2 /�i� i?�i i?2v T`Q/m+2 �HHQr
mb iQ 2t�KBM2 ;2M2iB+ /Bp2`bBiv BM Qm` ;2MQK2 �KQM; /Bp2`b2 TQTmH�iBQMb Q7
i?2 rQ`H/ �M/ +QKT�`2 Bi rBi? i?Qb2 Q7 Qm` +HQb2 T`BK�i2 `2H�iBp2b BM Q`/2`
iQ �Mbr2` �;2@QH/ [m2biBQMb �#Qmi r?2`2- r?2M �M/ ?Qr r2 2pQHp2/X �M/
i?2b2 �`2 T`2+Bb2Hv i?2 �BK Q7 TQTmH�iBQM �M/ ?mK�M 2pQHmiBQM�`v ;2M2iB+bX

>Qr2p2`- ;2M2iB+ /Bp2`bBiv +QK2b BM K�Mv /Bz2`2Mi 7Q`KbX h?2 bm#biB@
imiBQM Q7 * rBi? h �i TQbBiBQM 9d3 Q7 i?2 ;2M2 J*R_ Bb +�HH2/ � bBM;H2
Mm+H2QiB/2 TQHvKQ`T?BbK UaLSV �M/ BM/BpB/m�Hb rBi? i?Bb aLS rBHH ?�p2
`2/ ?�B` �M/ 7`2+FH2b U"`�MB+FB 2i �HX- kyydVX �MQi?2` ivT2 Q7 ;2M2iB+ p�`B@
�iBQM Bb i?2 /2H2iBQM Q` i?2 BMb2`iBQM Q7 � H2ii2` BM i?2 .L� b2[m2M+2X h?Bb
ivT2 Q7 p�`B�Mi Bb +�HH2/ �M AM.2H �M/ QM2 2t�KTH2 Bb � i?`22@#�b2 /2H2iBQM BM
i?2 +Q/BM; b2[m2M+2 Q7 i?2 ;2M2 *6h_ r?B+?- B7 ?QKQxv;Qmb- +�mb2b +vbiB+
}#`QbBbX h?2M- i?2 T`2b2M+2 Q7 � p�`B�#H2 MmK#2` Q7 `2T2�i b2[m2M+2b BM �
bi`2i+? Q7 .L� K�F2b b?Q`i i�M/2K `2T2�ib Uah_bV Q` KB+`Qb�i2HHBi2b- r?BH2
i?2 /Bz2`2Mi MmK#2` Q7 +QTB2b Q7 � b2[m2M+2 Bb +�HH2/ +QTv MmK#2` p�`B�iBQM
U*LoVX

h?2b2 K�Mv FBM/b Q7 ;2M2iB+ /Bz2`2M+2b �`Bb2 #2+�mb2 i?2 .L� `2THB+@
�iBQM T`Q+2bb- /2bTBi2 #2BM; p2`v �++m`�i2- +�M K�F2 KBbi�F2b BMb2`iBM; �
r`QM; Mm+H2QiB/2 Q` bQK2iBK2b �//BM; Q` 2HBKBM�iBM; Qi?2` Qi?2`b- �i � `�i2
Q7 �#Qmi R T2` 2p2`v Ryy-yyy Mm+H2QiB/2bX 6Q`imM�i2Hv- KQbi Q7 i?2b2 2``Q`b
�`2 }t2/ #v i?2 .L� `2T�B` K�+?BM2bc ?Qr2p2`- BM bQK2 +�b2b- .L� Kmi�@

Re



6QHHQrBM; .L� i`�BHb

iBQMb +�M 2b+�T2 i?Qb2 K2+?�MBbKb- i?mb #2BM; T�bb2/ /QrM iQ i?2 M2ti
;2M2`�iBQMX

A7 i?2 KBbi�F2b /m`BM; .L� `2THB+�iBQM +`2�i2 M2r Kmi�iBQMb 7`QK b+`�i+?-
i?2 `2+QK#BM�iBQM T`Q+2bb +�M b?m|2 i?2b2 /Bz2`2M+2b 7`QK QM2 ;2M2`�iBQM
iQ �MQi?2`X h?2 ;2M2iB+ `2+QK#BM�iBQM BMpQHp2b br�TTBM; TQ`iBQMb Q7 ?Q@
KQHQ;Qmb +?`QKQbQK2b- i?mb +`2�iBM; M2r +QK#BM�iBQMb Q7 ;2M2b r?B+? �`2
/Bz2`2Mi 7`QK 2Bi?2` T�`2MiǶb ;2M2iB+ K�i2`B�HX

PM+2 i?2b2 /Bz2`2M+2b �`Bb2- i?2B` 7`2[m2M+v BM i?2 TQTmH�iBQM K�v +?�M;2-
/m2 iQ i?2 QT2`�iBQM Q7 p�`BQmb Qi?2` 7�+iQ`b- BM+Hm/BM; M�im`�H b2H2+iBQM-
2MpB`QMK2Mi�H +?�M;2b- `�M/QK +?�M;2b 7`QK QM2 ;2M2`�iBQM iQ i?2 M2ti-
�/KBtim`2 2p2Mib �M/ i?2 bi�` Q7 i?Bb i?2bBb- KB;`�iBQMX

aim/vBM; i?2 T�ii2`M Q7 i?2b2 .L� +?�M;2b �M/ i?2B` 2z2+i QM ;2M2iB+
+?�`�+i2`BbiB+b BM /Bz2`2Mi TQTmH�iBQMb �HHQr mb iQ i�F2 � i`BT #�+F BM iBK2-
i?mb `2i`�+BM; i?2 2p2Mib Q7 i?2 T�bi �++QmMi�#H2 7Q` i?Qb2 /Bz2`2M+2bX

h?2 2pQHmiBQM Q7 2pQHmiBQM�`v ;2M2iB+b
LQirBi?bi�M/BM; i?2 �#Qp2- }`bi �ii2KTib iQ BM72` ?mK�M TQTmH�iBQM ?BbiQ`v
r2`2MǶi K�/2 QM .L�- #mi #v mbBM; +H�bbB+�H K�`F2`b- bm+? �b �"P #HQQ/
;`QmTb �M/ T`Qi2BM �HHQKQ`T?b U*�p�HHB@a7Q`x� 2i �HX- RNN9VX

>Qr2p2`- r?2M i?2 }`bi K2i?Q/b 7Q` /2i2+iBM; .L� /Bz2`2M+2b r2`2 /2@
p2HQT2/- ;2M2iB+Bbib #2+�K2 BKK2/B�i2Hv �r�`2 Q7 ?�pBM; 7QmM/ � i`2�bm`2
i`Qp2X h?2 }`bi +?�Ti2`b Q7 Qm` ;2MQKB+ #QQFb iQ #2 `2�/ r?2`2 i?2 mMB@
T�`2Mi�HHv BM?2`Bi2/ HQ+B-

:2M2iB+ K�i2`B�H BM Q`@
;�MBbKb rBi? /BbiBM+i
b2t2b i?�i Bb T�bb2/ /QrM
iQ QzbT`BM; i?`Qm;? BM@
?2`Bi�M+2 QMHv 7`QK QM2
b2tc i?�i Bb- KBiQ+?QM@
/`B�H .L� �M/ i?2 MQM@
`2+QK#BMBM; TQ`iBQM Q7
i?2 u +?`QKQbQK2
Uo22`�K�? � >�KK2`-
kyR9VX

mMBT�`2Mi�H HQ+B
Ki.L� �M/ i?2 MQM@`2+QK#BMBM; TQ`iBQM Q7 i?2

u +?`QKQbQK2 Uh�#H2 RVX "Qi? K�`F2`b ?�p2 T`Qp2M iQ #2 p2`v BM7Q`K�iBp2
�#Qmi i?2 ?mK�M T�bi- i?mb T`QpB/BM; p�Hm�#H2 BMbB;?i �#Qmi Qm` K�i2`M�H
UKi.L�V �M/ T�i2`M�H Uu +?`QKQbQK2V HBM2�;2b U.2M�`Q 2i �HX- RN3Rc *�b@
�MQp� 2i �HX- RN38c *�MM 2i �HX- RN3dc >�KK2` � w2;m`�- kyykc lM/2`?BHH
� EBpBbBH/- kyydc "�iBMB 2i �HX- kyRRVX 6Q` BMbi�M+2- i?2 /Bb+Qp2`v BM RN3d
Q7 i?2 �7`B+�M `QQi Q7 i?2 ?mK�M Ki.L� i`22- r?B+? T`QpB/2/ }`bi bi`QM;
2pB/2M+2 Q7 Qm` �7`B+�M Q`B;BMb U*�MM 2i �HX- RN3dV- Bb /m2 iQ Ki.L�X >Qr@
2p2`- /m2 iQ i?2B` mMBT�`2Mi�H BM?2`Bi�M+2 T�ii2`M- r?BH2 i?2v +QmH/ ?B;?HB;?i
b2t@#B�b2/ KB;`�iBQMb- i?2v ?�/ HBKBi2/ TQr2` r?2M Bi +QK2b iQ i?2 bim/v
Q7 ;2M2iB+ /Bp2`bBiv �b � r?QH2 U"�HHQmt- kyRyVX

.m`BM; i?2 b2p2MiB2b- i?2 i2+?MB[m2b /2p2HQT2/ 7Q` i?2 bim/v Q7 Mm+H2�`
;2M2iB+ p�`B�iBQMb �HHQr2/ iQ �M�Hvb2 � HBKBi2/ MmK#2` Q7 K�`F2`bX L2p@
2`i?2H2bb- BM RN39- �KK2`K�M �M/ *�p�HHB@a7Q`x�- #v HQQFBM; �i i?2 �HH2H2
7`2[m2M+B2b Q7 QMHv j9 HQ+B BM Re +?`QKQbQK2b 7`QK /Bz2`2Mi TQTmH�iBQMb i`B2/
iQ bQHp2 i?2 HQM;@/2#�i2/ K�ii2` Q7 i?2 �;`B+mHim`2 /BzmbBQMX �++Q`/BM; iQ

Rd



6QHHQrBM; .L� i`�BHb

i?2B` /�i� @ �M�Hvb2/ 2KTHQvBM; Q7 � bi�iBbiB+�H i2+?MB[m2 QM r?B+? r2 b?�HH
+QK2 #�+F H�i2` @ i?2 1m`QT2�M �;`B+mHim`�H i`�MbBiBQM r�b K�BMHv T`QKT@
i2/ #v i?2 /BzmbBQM Q7 7�`KBM; TQTmH�iBQMb �M/ MQi Dmbi #v i?2 bT`2�/BM; Q7
B/2�b U�KK2`K�M � *�p�HHB@a7Q`x�- RN39VX

h?2M- i?2 /2p2HQTK2Mi Q7 .L� ?v#`B/Bx�iBQM KB+`Q�``�vb �HHQr2/ iQ
/2i2+i ?mM/`2/b Q7 i?Qmb�M/b Q7 ;2M2iB+ K�`F2`b- mT iQ 8 KBHHBQM TQHv@
KQ`T?BbKb MQr�/�vb Uh�#H2 RVX h?Bb i2+?MQHQ;v QT2M2/ i?2 ~QQ/;�i2b 7Q`
?mK�M TQTmH�iBQM ;2M2iB+b bim/B2b- 2M�#HBM; `2b2�`+?2b Q7 }M2@b+�H2 TQT@
mH�iBQM bi`m+im`2 U"Bbr�b 2i �HX- kyyNc >2MM 2i �HX- kyRyc G�rbQM 2i �HX-
kyRkc G2bHB2 2i �HX- kyR8c 6BQ`BiQ 2i �HX- kyRec _�p2�M2 2i �HX- kyRNV- TQbBiBp2
b2H2+iBQM �M/ �/�Ti�iBQM iQ bT2+B}+ 2MpB`QMK2Mib U*QQT 2i �HX- kyyNc 6m@
K�;�HHB 2i �HX- kyR8V �M/ /22T2MBM; Qm` mM/2`bi�M/BM; Q7 ?mK�M Kmi�iBQM
�M/ ;2M2iB+ `2+QK#BM�iBQM `�i2b U>BM+? 2i �HX- kyRRc amM 2i �HX- kyRkc EQM;
2i �HX- kyRkVX JQ`2Qp2`- i?Bb i2+?MB+�H �TT`Q�+? T`Qp2/ iQ #2 2z2+iBp2 �#Qp2
�HH BM K2/B+�H ;2M2iB+b #2+�mb2- i?`Qm;? :2MQK2@qB/2 �bbQ+B�iBQM aim/B2b
U:q�aV- Bi r�b TQbbB#H2 iQ /Bb+Qp2` K�Mv p�`B�Mib �bbQ+B�i2/ rBi? /Bb2�b2
i`�Bib UJ�MQHBQ � *QHHBMb- kyyNVX

>Qr2p2`- /2bTBi2 i?2 #`Q�/ �TTHB+�iBQMb BM ?mK�M ;2M2iB+b- aLS ;2MQ@
ivTBM; KB+`Q�``�vb bmz2` 7`QK �b+2`i�BMK2Mi #B�b2b �b- /m2 iQ i?2B` #�bB+
QT2`�iBM; T`BM+BTH2 @ .L� ?v#`B/Bx�iBQM @ i?2v +�M QMHv BMi2``Q;�i2 ;2M2iB+
p�`B�Mib r?B+? ?�p2 #22M �H`2�/v /Bb+Qp2`2/X �b � /BbT`QTQ`iBQM�i2 MmK#2`
Q7 aLSb ?�p2 #22M B/2MiB}2/ #v �M�HvbBM; 1m`QT2�M BM/BpB/m�Hb- i?2b2 TH�i@
7Q`Kb KBbb Km+? /Bp2`bBiv 7`QK Qi?2` TQTmH�iBQMb Uo22`�K�? � >�KK2`-
kyR9c G�+?�M+2 � hBb?FQz- kyRjVX

AM +QMi`�bi- b2[m2M+BM; �TT`Q�+?2b UJ2ixF2`- kyyNV- r?BH2 KQ`2 2tT2Mb@
Bp2- ?�p2 i?2 p�Hm�#H2 �/p�Mi�;2 Q7 #2BM; �#H2 iQ /Bb+Qp2` M2r ;2M2iB+ p�`B@
�iBQMbX AM 7�+i- i?2 �miQK�iBQM Q7 i?2 }`bi b2[m2M+BM; K2i?Q/ ě a�M;2`
b2[m2M+BM; ě K�/2 Bi TQbbB#H2 iQ `2+QMbi`m+i i?2 ?mK�M `272`2M+2 ;2MQK2
b2[m2M+2 UG�M/2` 2i �HX- kyyRVX .m`BM; i?2 }`bi kyyyb- M2r b2[m2M+BM;
i2+?MQHQ;B2b rBi? BM+`2�b2/ i?`Qm;?Tmi �M/ �M �zQ`/�#H2 T`B+2 r2`2 /2@
p2HQT2/- ;BpBM; i?2 TQbbB#BHBiv iQ T`Q/m+2 �M 2MQ`KQmb pQHmK2 Q7 ;2M2iB+
/�i� +?2�THvX h?2b2 M2r K2i?Q/b r2`2 +�HH2/ L2ti :2M2`�iBQM a2[m2M@
+BM; UL:a- h�#H2 RVX h?2B` QT2`�iBM; +?2KBbi`v- Q#i�BMBM; +QMiBMmQmb .L�
b2[m2M+2 7`QK KmHiBTH2 +?`QKQbQK2b �i i?Qmb�M/b Q7 HQ+B- �HHQrb `2/m+BM;
�b+2`i�BMK2Mi #B�b2bX AM i?Bb r�v- Bi BM+`2�b2b TQr2` iQ BM72` /2KQ;`�T?B+
2p2Mib- `2;�`/H2bb Q7 r?2i?2` ;2M2iB+ /�i� �`2 Q#i�BM2/ 7`QK i?2 2MiB`2 ;2M@
QK2 Q7 7`QK H�`;2 TQ`iBQMb Q7 Bi Uo22`�K�? � >�KK2`- kyR9VX

R3
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h�#H2 RX h?2 /Bz2`2Mi ivT2b Q7 ;2M2iB+ /�i� mb2/ iQ bim/v i?2
?mK�M T�biX AK�;2 i�F2M 7`QK o22`�K�? � >�KK2`- kyR9X

h?2 2pQHmiBQM Q7 i2+?MQHQ;B2b 7Q` �M�HvbBM; �M/ +QKT�`BM; ?mK�M ;2@
M2iB+ p�`B�iBQMb 2M�#H2b i?2 T`Q/m+iBQM Q7 ;2M2iB+ /�i� 7`QK /Bz2`2Mi ?mK�M
TQTmH�iBQMb �i �M mMT`2+2/2Mi2/ b+�H2X JQiBp�i2/ #v i?Bb 7�+i- K�Mv /B7@
72`2Mi +QMbQ`iB� �M/ `2b2�`+? BMbiBimiBQM Tmi iQ;2i?2` i?2B` 2zQ`ib iQ bim/v
?mK�M ;2M2iB+ p�`B�iBQM �i � #`Q�/2` b+�H2X aBM+2 i?2 �bb2K#Hv Q7 � /`�7i
?mK�M `272`2M+2 ;2MQK2 BM kyyR UG�M/2` 2i �HX- kyyRV- b2p2`�H ?mK�M ;2@
M2iB+ /�i�b2ib r2`2 +QHH2+i2/ �M/ K�/2 �p�BH�#H2 7Q` `2b2�`+?2`b, >�TJ�T

RN
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U*QMbQ`iBmK- kyyjc *QMbQ`iBmK- kyy8V- i?2 >mK�M :2MQK2 .Bp2`bBiv S�M2H
U>:.S- *�MM 2i �HX- kyykc GB 2i �HX- kyy3V- r?Qb2 b�KTH2b ?�p2 #22M `2+2MiHv
b2[m2M+2/ rBi? ?B;?@+Qp2`�;2 U"2`;bi`ƺK 2i �HX- kyRNV- i?2 Ryyy :2MQK2b
S`QD2+i URE:S- �miQM 2i �HX- kyR8V- i?2 �7`B+�M :2MQK2 o�`B�iBQM S`QD2+i
U�:oS- :m`/�b�MB 2i �HX- kyR8V- i?2 >mK�M P`B;BMb �``�v /�i� UG�x�`B/Bb
2i �HX- kyR9c G�x�`B/Bb 2i �HX- kyReV- i?2 aBKQMb :2MQK2 .Bp2`bBiv S`QD2+i
Ua:.S- J�HHB+F 2i �HX- kyReV �M/ i?2 1biQMB�M "BQ+2Mi`2 >mK�M :2MQK2
.Bp2`bBiv S�M2H U1:.S- S�;�MB 2i �HX- kyReVX

JmHiB/Bb+BTHBM�`v i2�Kb
h?2 mMT`2+2/2Mi2/ b+�H2 Q7 ;2MQKB+ /�i� #2BM; +QHH2+i2/ ?�b `2pQHmiBQMBx2/
?Qr �M/ r?�i r2 +�M H2�`M �#Qmi Qm` Q`B;BMbX hQ F22T mT rBi? i?2 2p2`@
;`QrBM; #Q/v Q7 ;2M2iB+ /�i�- 2pQHmiBQM�`v ;2M2iB+b ;`�/m�HHv im`M2/ BMiQ �
KmHiB/Bb+BTHBM�`v }2H/ Q7 bim/vX

h?2 }`bi pBbBQM�`v T`QKQiBM; i?Bb i`�Mb7Q`K�iBQM r�b GmB;B Gm+� *�p�HHB@
a7Q`x�- �M Ai�HB�M ;2M2iB+Bbi r?Q bT2Mi i?2 K�DQ`Biv Q7 ?Bb �+�/2KB+ HB72 �i
ai�M7Q`/X AM RNN9- rBi? i?2 Tm#HB+�iBQM Q7 h?2 >BbiQ`v �M/ :2Q;`�T?v Q7
>mK�M :2M2b- Bi r�b +`vbi�H +H2�` i?�i i?2 bim/v Q7 Qm` T�bi r�bMǶi Dmbi �M
�`+?�2QHQ;BbiǶ �M/ ?BbiQ`B�MbǶ K�ii2` �Mv KQ`2X AM i?�i #QQF- ?2 bvMi?2bBx2/
r?�i r�b FMQrM �#Qmi i?2 ;`2�i KB;`�iBQMb Q7 Qm` T�bi 7`QK �`+?�2QHQ;v-
HBM;mBbiB+b- ?BbiQ`v �M/ ;2M2iB+b U*�p�HHB@a7Q`x� 2i �HX- RNN9VX JQ`2Qp2`- ?2
r�b �HbQ QM2 Q7 i?2 }`bi iQ �M�Hvb2 ;2M2iB+ /�i� rBi? i?2 �B/ Q7 bi�iBbiB+bX

AM i?2 RN39 rQ`F U�KK2`K�M � *�p�HHB@a7Q`x�- RN39V- *�p�HHB@a7Q`x�
�M/ +QHH2�;m2b �TTHB2/ � T`BM+BT�H +QKTQM2Mi �M�HvbBb US*�V QM ;2M2iB+
/�i� 7`QK N8 �HH2H2b BM �M �ii2KTi iQ bmKK�`Bx2 i?2 BM7Q`K�iBQM +QKBM;
7`QK i?2 �HH2H2 7`2[m2M+B2b �+`Qbb /Bz2`2Mi TQTmH�iBQMbX

S*� Bb � MQM@T�`�K2i`B+ /BK2MbBQM�HBiv@`2/m+iBQM K2i?Q/ mb2/ iQ pBbm@
�HBb2 �M/ B/2MiB7v bT�iB�H T�ii2`Mb Q7 ;2M2iB+ p�`B�iBQMX �b � bi�iBbiB+�H 7`�K2@
rQ`F iQ bmKK�`Bx2 ;2M2iB+ /�i�- S*� rQmH/ ?�p2 T`Qp2/ iQ #2 2z2+iBp2 �M/
rB/2Hv mb2/ �KQM; TQTmH�iBQM ;2M2iB+Bbib Ub22 T�;2 R8y 7Q` bQK2 /2i�BHb
�#Qmi ?Qr S*� rQ`Fb �M/ 6B;m`2b dy- dR �M/ 33 7Q` bQK2 �TTHB+�iBQMbVX

h?2 ;`2�i BMimBiBQM Q7 *�p�HHB@a7Q`x� �M/ +QHH2�;m2b r�b iQ bmT2`BKTQb2
i?2 T`BM+BT�H +QKTQM2Mi +QQ`/BM�i2b Q7 2�+? b�KTH2 QM � ;2Q;`�T?B+ K�TX
"v THQiiBM; i?2 }`bi T`BM+BT�H +QKTQM2Mi QMiQ � K�T Q7 q2bi 1m`�bB� U6B;@
m`2 9V- ?2 Q#b2`p2/ i?�i Bi `2�+?2/ Bib K�tBKmK p�Hm2b BM i?2 L2�` 1�bi �M/
i?2M /2+HBM2/ �HQM; � bQmi?2�bi@iQ@MQ`i?r2bi ;`�/B2Mi BMiQ 1m`QT2X >2 BM@
i2`T`2i2/ i?Bb +HBM2 �b i?2 ;2M2iB+ i`�+2b H27i #v i?2 KB;`�iBQM Q7 7�`K2`b BMiQ
1m`QT2 7`QK i?2 L2�` 1�bi- +QM+Hm/BM; i?�i i?2 bT`2�/BM; Q7 �;`B+mHim`�H

ky
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HB72bivH2 r�b �HbQ K�/2 #v i?2 KQp2K2Mi Q7 T2QTH2X

6B;m`2 9X 6B`bi T`BM+BT�H +QKTQM2Mi BM72``2/ 7`QK i?2 ;2M2iB+
p�`B�iBQM Q7 N8 +H�bbB+�H TQHvKQ`T?BbKb �+`Qbb 1m`QT2X h?Bb +QK@
TQM2Mi Bb TH�+2/ QM � K�T Q7 1m`QT2 �M/- �++Q`/BM; iQ i?2 �mi?Q`- ǳBb
�HKQbi bmT2`BKTQb�#H2 iQ i?2 �`+?�2QHQ;B+�H /�i2b Q7 i?2 bT`2�/ Q7 7�`KBM;
7`QK i?2 JB//H2 1�bi #2ir22M Ry-yyy �M/ e-yyy v2�`b �;QXǴ AK�;2 i�F2M
7`QK *�p�HHB@a7Q`x�- RNNdX

h?2 �K�xBM; B/2� r�b i?�i i?2 ;2M2iB+ 7QQiT`BMib i?2 �M+B2Mi KB;`�iBQMb
H27i BM Qm` ;2MQK2 +QmH/ #2 mM+Qp2`2/ #v /B`2+iHv HQQFBM; �i ;2M2iB+ 7`2@
[m2M+v /Bz2`2M+2b �KQM; KQ/2`M@/�v TQTmH�iBQMbX *�p�HHB@a7Q`x� ?BKb2H7
b�vb,

� K2i?Q/ i?�i T`Qp2/ 2bT2+B�HHv mb27mH Bb � ;2Q;`�T?B+ bim/v
#v T`BM+BT�H +QKTQM2Mib US*bV Q` `2H�i2/ i2+?MB[m2bX Ai T�`iB@
iBQMb i?2 iQi�H p�`B�iBQM BMiQ BM/2T2M/2Mi- �//BiBp2 +QKTQM2Mib-
Q`/2`2/ #v i?2B` `2H�iBp2 BKTQ`i�M+2 BM /2i2`KBMBM; i?2 iQi�H p�`B@
�iBQM Q#b2`p2/X �b 7Q` i`22b- K�Mv ;2M2b �`2 M2+2bb�`v- �M/ Q#@
b2`p�iBQMb Kmbi #2 bT`2�/ �b `2;mH�`Hv �b TQbbB#H2 Qp2` i?2 �`2�
#2BM; �M�Hvx2/c �b 7Q` i`22b- i?2 #2bi +?2+F Q7 i?2 p�HB/Biv Q7 i?2
+QM+HmbBQMb Bb i?2B` BM/2T2M/2M+2 7`QK i?2 K�`F2`b 2KTHQv2/,
i?�i Bb- i?2B` `2T`Q/m+B#BHBiv rBi? /Bz2`2Mi b2ib Q7 K�`F2`bX

kR
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>Qr2p2`- i?2 KQ/2Hb BM72``2/ 7`QK S*� T�ii2`Mb M22/ iQ #2 BMi2`@
T`2i2/ rBi? bQK2 +�miBQMX AM kyy3- � T�T2` Q7 CQ?M LQp2K#`2 �M/ +QH@
H2�;m2b /2KQMbi`�i2/ i?�i i?2 b�K2 ;`�/m�H T�ii2`Mb +QmH/ bBKTHv �`Bb2
#2+�mb2 i?2`2 Bb � +Q``2H�iBQM #2ir22M ;2M2iB+ �M/ ;2Q;`�T?B+ /Bbi�M+2- �
T?2MQK2MQM +�HH2/ ǳBbQH�iBQM #v /Bbi�M+2Ǵ- �b Bi ?�TT2Mb BM � S*� QM
1m`QT2�M BM/BpB/m�Hb U6B;m`2 8VX *QMb2[m2MiHv- i?2 b�K2 T�ii2`Mb Q#b2`p2/
#v *�p�HHB@a7Q`x� +QmH/ ?�p2 �HbQ #22M 7Q`K2/ rBi?Qmi KB;`�iBQM ULQp2K#`2
� ai2T?2Mb- kyy3c LQp2K#`2 2i �HX- kyy3VX

Pi?2` �TT`Q�+?2b /2p2HQT2/ 7Q` 2tTHQ`BM; �M/ pBbm�HBbBM; ;2M2iB+ p�`B@
�iBQMb r2`2- �KQM; i?2 Qi?2`b- ah_l*hl_1 US`Bi+?�`/ 2i �HX- kyyyV �M/
�.JAshl_1 U�H2t�M/2` 2i �HX- kyyNVX h?2b2 bQ7ir�`2 iQQHb BKTH2K2Mi
�M mMbmT2`pBb2/ �M�HvbBb 7Q` BM72``BM; i?2 HBF2Hv �M+2bi`B2b 7Q` 2�+? i�`;2i
TQTmH�iBQM- mbBM; � #�v2bB�M �TT`Q�+? �M/ � K�tBKmK HBF2HB?QQ/ 7`�K2@
rQ`F- `2bT2+iBp2HvX AM #Qi? +�b2b- i?2 mb2` /2}M2b � MmK#2` Q7 �M+2bi`�H
TQTmH�iBQMb EX h?2 bQ7ir�`2 }M/b i?2 KQbi HBF2Hv �HH2H2 7`2[m2M+B2b Q7 i?2
E TQTmH�iBQMb �M/ i?2B` T`QTQ`iBQM BM 2�+? b�KTH2 Q7 i?2 /�i�b2iX h?2 �+@
+m`�+v Q7 i?2 BM72``2/ p�Hm2b Bb i?2M +?2+F2/ #v +`Qbb@p�HB/�iBQMX 1t�KTH2b
Q7 �.JAshl_1 QmiTmib +�M #2 b22M BM i?2 7QHHQrBM; +?�Ti2`b UT�;2b kNR-
kNd �M/ jj8VX

q?BH2 i?2 `2bmHib Q7 i?2b2 K2i?Q/b +�M #2 BMi2`T`2i2/ iQ BM72` T�bi KB@
;`�iBQMb �M/ Qi?2` /2KQ;`�T?B+ 2p2Mib- Bi +�M #2 /B{+mHi iQ mM/2`bi�M/
r?2i?2` bQK2 T�ii2`Mb �`2 /m2 iQ `2+2Mi �/KBtim`2 #2ir22M /BbiBM+i TQT@
mH�iBQMb Q` iQ b?�`2/ �M+2bi`vX h?2 +QKKQM TBi7�HHb Q7 i?Bb T`Q+2bb �`2
2t�KBM2/ BM G�rbQM 2i �HX- kyR3X

kk
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6B;m`2 8X 6B`bi irQ T`BM+BT�H +QKTQM2Mib BM72``2/ 7`QK ;2M2iB+
/�i� Q7 R-j3d 1m`QT2�MbX aK�HH +QHQm`2/ H�#2Hb `2T`2b2Mi BM/BpB/m�Hb
�M/ H�`;2 +QHQm`2/ TQBMib `2T`2b2Mi K2/B�M S*R �M/ S*k p�Hm2b 7Q` 2�+?
+QmMi`vX AK�;2 i�F2M 7`QK LQp2K#`2 2i �HX- kyy3X

6Q` i?Bb `2�bQM- r?2M i?2 Tm`TQb2 Bb BM72``BM; r?2i?2` �/KBtim`2 ?�T@
T2M2/ Q` MQi- Bi Bb mbm�HHv #2ii2` iQ �pQB/ bT2+mH�iBQM �M/ 7Q`K�HHv i2bi BiX AM
Q`/2` iQ /Q bQ- � TQTmH�` �TT`Q�+? +HQb2Hv@`2H�i2/ iQ i?2 7 @bi�iBbiB+b Uq`B;?i-
RN8RV ?�b #22M /2p2HQT2/X h?Bb K2i?Q/- +�HH2/ 6@bi�iBbiB+b- K2�bm`2b i?2
ǳb?�`2/ ;2M2iB+ /`B7iǴ

*?�M;2 BM i?2 ;2M2 TQQH
Q7 � bK�HH TQTmH�iBQM
i?�i i�F2b TH�+2 bi`B+iHv
#v +?�M+2X :2M2iB+ /`B7i
+�M `2bmHi BM ;2M2iB+
i`�Bib #2BM; HQbi 7`QK �
TQTmH�iBQM Q` #2+QKBM;
rB/2bT`2�/ BM � TQTmH�@
iBQM rBi?Qmi `2bT2+i iQ
i?2 bm`pBp�H Q` `2T`Q/m+i@
Bp2 p�Hm2 Q7 i?2 �HH2H2b
BMpQHp2/X
1M+v+HQT�2/B� "`Bi�M@
MB+�X

:2M2iB+ /`B7i

#2ir22M b2ib Q7 irQ- i?`22 Q` 7Qm` TQTmH�iBQM- i?mb
i2biBM; �/KBtim`2 ?vTQi?2bBb #2ir22M TQTmH�iBQMbX h?2 mM/2`HvBM; B/2� Bb
i?�i b?�`2/ /`B7i BKTHB2b � b?�`2/ 2pQHmiBQM�`v ?BbiQ`vX aQK2 mb27mH `2pB2rb
�#Qmi i?Bb 7`�K2rQ`F �`2 S�ii2`bQM 2i �HX- kyRk �M/ S2i2`- kyReX A rBHH KQ`2
2ti2MbBp2Hv /Bb+mbb �M/ miBHBx2 � `2H�i2/ K2i?Q/ ě .@bi�iBbiB+b ě �i T�;2b
e8 �M/ R8jX

AM +QMi`�bi iQ i?2 �#Qp2@K2MiBQM2/ i2+?MB[m2b #�b2/ QM i?2 �M�Hvb2b Q7
;HQ#�H aLS �HH2H2 7`2[m2M+B2b- � b2`B2b Q7 ?�THQivT2@#�b2/ HQ+�H K2i?Q/b ?�p2

kj
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�HbQ #22M /2p2HQT2/X
� ?�THQivT2 Bb � ;`QmT Q7 aLSb i?�i r2`2 BM?2`Bi2/ iQ;2i?2` 7`QK �

bBM;H2 T�`2MiX .m`BM; i?2 K2BQiB+ 2p2Mib- i?2 QMHv `2+QK#BM�iBQM +�M #`2�F
i?2 ;`QmTb Q7 K�`F2`b- i?mb T`2p2MiBM; i?2K 7`QK #2BM; BM?2`Bi2/ iQ;2i?2`X
lMBT�`2Mi�H K�`F2`b- bm+? �b Ki.L�- i?2 MQM@`2+QK#BMBM; TQ`iBQM Q7 i?2 u
+?`QKQbQK2 �M/ i?2 s +?`QKQbQK2 BM K�H2b- /Q MQi `2+QK#BM2 �M/- i?mb-
i?2v �`2 ?�THQivT2b QM i?2B` r?QH2X

>�THQivT2@#�b2/ i2+?MB[m2b- bBM+2 i?2v +QMbB/2` ;`QmTb �M/ MQi bBM;H2
K�`F2`b- ?�p2 #22M b?Qr2/ iQ #2 KQ`2 TQr2`7mH UG�rbQM 2i �HX- kyRkc >2H@
H2Mi?�H 2i �HX- kyR9c G2bHB2 2i �HX- kyR8V �M/ H2bb �z2+i2/ #v aLS �b+2`i�BM@
K2Mi #B�b2b U*QM`�/ 2i �HX- kyyec >2HH2Mi?�H 2i �HX- kyy3V i?�M aLS@#�b2/
K2i?Q/bX

JQ`2Qp2`- � K�DQ` HBKBi�iBQM Q7 ;HQ#�H K2i?Q/b Bb i?�i i?2v i�F2 BMiQ
�++QmMi QMHv i?2 T?vbB+�H TQbBiBQM Q7 aLSb �HQM; i?2 .L� b2[m2M+2- i?mb
i`2�iBM; i?2K �b i?2v r2`2 BM/2T2M/2Mi Q#b2`p�iBQMX >Qr2p2`- r2 FMQr i?�i
p�`B�Mib QM i?2 b�K2 +?`QKQbQK2 �`2 BM?2`Bi2/ iQ;2i?2` mMH2bb � `2+QK#BM@
�iBQM 2p2Mi ?�TT2Mb #2ir22M i?2KX q?2M r2 +QMbB/2` 2MiB`2 TQTmH�iBQMb-
i?Bb K2�Mb i?�i T?vbB+�HHv +HQb2 K�`F2`b �`2 BM HBMF�;2 /Bb2[mBHB#`BmK UG.V

GBMF�;2 /Bb2[mBHB#`BmK
`272`b iQ i?2 MQM@`�M/QK
�bbQ+B�iBQM Q7 �HH2H2b
�i irQ Q` KQ`2 HQ+B BM
� ;2M2`�H TQTmH�iBQMX
q?2M �HH2H2b �`2 BM HBMF@
�;2 /Bb2[mBHB#`BmK- ?�T@
HQivT2b /Q MQi Q++m` �i
i?2 2tT2+i2/ 7`2[m2M+B2bX
GBMF�;2 /Bb2[mBHB#`BmK
#2ir22M irQ �HH2H2b Bb `2@
H�i2/ iQ i?2 iBK2 Q7 i?2
Kmi�iBQM 2p2Mib- ;2M2iB+
/Bbi�M+2- �M/ TQTmH�iBQM
?BbiQ`vX
aT`BM;2`GBMFX

G.

-
�b � +QMb2[m2M+2 Q7 ?�pBM; � b?�`2/ ?BbiQ`v Q7 /2b+2MiX >Qr2p2`- i?Bb `2bmHib
BM i?2 BMp�HB/�iBQM Q7 i?2 �bbmKTiBQM Q7 BM/2T2M/2M+2X 6Q` i?Bb `2�bQM- K�Mv
Q7 i?2 aLS@#�b2/ K2i?Q/b �`2 MQi G.@�r�`2c ?2M+2 Bi Bb mbm�HHv M2+2bb�`v
iQ T2`7Q`K bQK2 7Q` Q7 G.@#�b2/ T`mMBM; #27Q`2 BMpQFBM; i?2KX

>Qr2p2`- Bi Bb FMQrM i?�i 2tTHQBiBM; i?Bb +Q``2H�iBQM bi`m+im`2 #2ir22M
;2M2iB+ K�`F2`b `2bmHib BM � bim/v Q7 i?2 ;2M2iB+ bi`m+im`2 �i }M2` b+�H2b
U*QM`�/ 2i �HX- kyyec C�FQ#bbQM 2i �HX- kyy3c :�ii2T�BHH2 � C�FQ#bbQM- kyRkc
G�rbQM 2i �HX- kyRkc GQ? 2i �HX- kyRjc G2bHB2 2i �HX- kyR8VX

6Q` i?Bb `2�bQM- � HQM; HBbi Q7 bQ7ir�`2 �M/ i2+?MB[m2b 2tTHQBiBM; ?�T@
HQivT2 BM7Q`K�iBQM iQ `2+QMbi`m+i TQTmH�iBQM bi`m+im`2 �i � }M2@b+�H2 ?�p2
#22M T`Q/m+2/ UJ�TH2b 2i �HX- kyRjc "`Bb#BM 2i �HX- kyRkc G�rbQM 2i �HX-
kyRkVX �KQM; i?2K- *>_PJPS�ALh1_ UG�rbQM 2i �HX- kyRkV 2tTHQBib
� HBF2HB?QQ/@#�b2/ KQ/2H- i?2 +QTvBM; KQ/2H UbBKBH�` iQ i?2 �TT`Q�+? /2@
p2HQT2/ #v GB � ai2T?2Mb- kyyjV- �M/ mb2b � ?B//2M J�`FQp KQ/2H U>JJV

>B//2M J�`FQp JQ/2H
Bb � bi�iBbiB+�H J�`FQp
KQ/2H ě � biQ+?�biB+
KQ/2H /2b+`B#BM; � b2@
[m2M+2 Q7 TQbbB#H2 2p2Mib
BM r?B+? i?2 T`Q#�#BHBiv
Q7 2�+? 2p2Mi /2T2M/b
QMHv QM i?2 bi�i2 �i@
i�BM2/ BM i?2 T`2pBQmb
2p2Mi ě BM r?B+? i?2
bvbi2K #2BM; KQ/2HH2/ Bb
�bbmK2/ iQ #2 � J�`FQp
T`Q+2bb rBi? mMQ#b2`p2/
UBX2X ?B//2MV bi�i2bX
J2/BmK q2#bBi2

>JJ

X
"�bB+�HHv- *>_PJPS�ALh1_ B/2MiB}2b �i 2�+? HQ+�iBQM Q7 2�+? `2+BTB2MiǶb
irQ ?�THQB/ ;2MQK2b i?2 #2bi K�i+?BM; .L� b2;K2Mi 7`QK � b2i Q7 b�KTH2/
/QMQ` BM/BpB/m�HbX AM i?Bb r�v- 2�+? `2+BTB2Mi ?�THQB/ ;2MQK2 Bb � KQb�B+
Q7 .L� ǳ+?mMFbǴ- BX2X- � .L� b2;K2Mi T�BMi2/ 2MiB`2Hv 7`QK � bBM;H2 /QMQ`
?�THQivT2X 6Q` 2t�KTH2- 6B;m`2 e /2b+`B#2b i?`22 /QMQ` ?�THQivT2b h1−h3-
r?BH2 ?�THQivT2 h∗ Bb i?2 `2+BTB2MiX h?2 r?Bi2 �M/ #H�+F +B`+H2b `2T`2b2Mi
irQ /Bz2`2Mi �HH2H2b Q7 L aLSbX h?2 `2+BTB2Mi ?�THQivT2 h∗ Bb � KQb�B+ Q7
i?2 i?`22 /QMQ` ?�THQivT2bX AM Qi?2` rQ`/b- Bi ?�b � b?�`2/ �M+2bi`v rBi?
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6QHHQrBM; .L� i`�BHb

i?2 /QMQ` ?�THQivT2 b?QrBM; i?2 #2bi K�i+?BM; .L� b2;K2MiX h?Bb ǳ+QTv@
BM;Ǵ �TT`Q�+? Bb T2`7Q`K2/ �+`Qbb �HH i?2 ;2MQK2- i?mb Q#i�BMBM; 7Q` 2�+?
`2+BTB2Mi � p2+iQ` Q7 /QMQ`b ě i2`K2/ ǳ+QTvBM; p2+iQ`bǴ Q` ǳT�BMiBM; T`Q@
}H2bǴX lM/2` i?2 >JJ �TT`Q�+? mM/2`HvBM; i?2 *S �H;Q`Bi?K- i?2 Q#b2`p2/
bi�i2b �`2 i?2 �HH2HB+ BM7Q`K�iBQM �i 2�+? aLS- r?BH2 i?2 ?B//2M bi�i2b �`2
i?2 /QMQ` ?�THQivT2b i?2 `2+BTB2Mi h∗ +QTB2b 7`QK UG�rbQM 2i �HX- kyRkVX 6Q`
/2i�BHb �#Qmi i?2 K2i?Q/- `272` iQ G�rbQM 2i �HX- kyRkc 7Q` 2t�KTH2b Q7 i?2
*S �M/ i?2 *S ǳmMHBMF2/Ǵ KQ/2H- b22 T�;2b R9e �M/ R89- r?BH2 i?2 +Q/2 7Q`
`mMMBM; *S ǳmMHBMF2/Ǵ +�M #2 7QmM/ �i T�;2 jkkX

6B;m`2 eX 1t�KTH2 Q7 /QMQ` �M/ `2+BTB2Mi ?�THQivT2b BM i?2 *S
KQ/2HX 1�+? TQBMi Bb � aLS �M/ Bib +QHQm` `2T`2b2Mib � bT2+B}+ �HH2H2X
AK�;2 +`2/Bi, .` Gm+v o�M .Q`TX

�M+B2Mi .L�, � /B`2+i rBM/Qr iQ i?2 T�bi
h?2 KQH2+mH�` �M/ �M�HviB+�H i2+?MQHQ;B2b r2 /2b+`B#2/ �`2 2ti2MbBp2Hv mb2/
7Q` `2+QMbi`m+iBM; i?2 ;`2�i KB;`�iBQMb �M/ /2KQ;`�T?B+ 2p2Mib Q7 i?2 T�bi
7`QK i?2 ;2M2iB+ /Bz2`2M+2b �KQM; T`2b2Mi@/�v T2QTH2X >Qr2p2`- BM i?2
H�bi 72r v2�`b- i?2 TQbbB#BHBiv iQ 2ti`�+i �M/ b2[m2M+2 .L� 7`QK 7QbbBHb
?�p2 QT2M2/ �M mMT`2+2/2Mi2/ rBM/Qr BMiQ i?2 K�DQ` /2KQ;`�T?B+ 2p2Mib
+QMi`B#miBM; iQ ?mK�M ;2M2iB+ p�`B�iBQM U6B;m`2 dVX

Ai b22Kb Q#pBQmb i?�i Q#i�BMBM; .L� /B`2+iHv 7`QK i?2 #QM2b Q7 T2QTH2
HBpBM; KBHH2MMB� �;Q +QmH/ T`QpB/2 � KQ`2 T`2+Bb2 BM72`2M+2 �#Qmi i?2B` HBp2b
�M/ KQp2K2MibX >Qr2p2`- i?2 .L� 2ti`�+i2/ 7`QK 7QbbBHb- �M+B2Mi .L�
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6QHHQrBM; .L� i`�BHb

U�.L�V- `�Bb2b bQK2 Bbbm2b `2;�`/BM; Bib `2HB�#BHBiv, Bib K�BM T`Q#H2Kb �`2
7`�;K2Mi�iBQM US  #Q- RN3NV- TQbi@KQ`i2K +?2KB+�H KQ/B}+�iBQMb U>ƺbb 2i
�HX- RNNeV �M/ +QMi�KBM�iBQM US  #Q 2i �HX- kyy9VX

lM/2` 7�pQm`�#H2 +QM/BiBQMb- .L� +�M bm`pBp2 7Q` i?Qmb�M/b Q7 v2�`b
BM i?2 `2K�BMb Q7 /2�/ Q`;�MBbKb U.�#M2v 2i �HX- kyRjVX >Qr2p2`- �b iBK2
T�bb2b #v- 7`�;K2Mi�iBQM �M/ +?2KB+�H KQ/B}+�iBQMb BM2pBi�#Hv �Hi2` i?2
Q`B;BM�H .L� KQH2+mH2- K�FBM; Bi /B{+mHi iQ /BbiBM;mBb? `2�H Kmi�iBQMb
7`QK TQbi@KQ`i2K .L� /�K�;2X

AM HBpBM; +2HHb- i?2 +?2KB+�H BMbmHib iQ .L� KQH2+mH2b �`2 F2Ti mM/2` +QM@
i`QH #v `2T�B` K2+?�MBbKbX �7i2` /2�i?- i?2b2 K2+?�MBbKb +2�b2 iQ 7mM+iBQM-
�HHQrBM; Mm+H2�b2b �b r2HH �b KB+`QQ`;�MBbKb iQ /2;`�/2 .L� KQH2+mH2bX

JQ`2Qp2`- BM r�`K �M/ r2i +HBK�i2 +QM/BiBQMb- i?2b2 2z2+ib �`2 2t�+2`@
#�i2/X *QMp2`b2Hv- r?2M i?2 i2KT2`�im`2 Bb HQr- i?2 b�Hi +QM+2Mi`�iBQM Bb
?B;? Q` i?2 `2K�BMb ?�p2 #22M /2bB++�i2/ [mB+FHv �7i2` /2�i?- i?2 T`Q+2bb2b
K2MiBQM2/ �#Qp2 �`2 bHQr2/- T`2p2MiBM; i?2 /2bi`m+iBQM Q7 �HH 2M/Q;2MQmb
.L� U.�#M2v 2i �HX- kyRjVX �b � +QMb2[m2M+2- i?2 �;2 Q7 � bT2+BK2M /Q2b
MQi M2+2bb�`BHv +Q``2H�i2 rBi? Bib .L� [m�HBiv U>Q7`2Bi2` 2i �HX- kyyR�VX >Qr@
2p2`- Qi?2` /2bi`m+iBp2 7�+iQ`b- bm+? �b ?v/`QHviB+ �M/ QtB/�iBp2 T`Q+2bb2b-
K�v HBKBi i?2 iBK2 i?�i .L� +�M bm`pBp2 BM � iBbbm2 U.�#M2v 2i �HX- kyRjVX

� b2`BQmb T`Q#H2K Q7 �.L� Bb `2T`2b2Mi2/ #v i?2 +QMi�KBM�iBQM Q7 i?2
#QM2b 7`QK .L� #2HQM;BM; iQ `2b2�`+?2`b ě �`+?�2QHQ;Bbib Q` KQH2+mH�`
#BQHQ;Bbib ě r?Q ?�M/H2/ i?2 b�KTH2X Ai Bb 2p2M rQ`b2 r?2M rQ`FBM; rBi?
�M �M+B2Mi ?mK�M bT2+BK2M #2+�mb2 Bi Bb /B{+mHi iQ /BbiBM;mBb? i?2 `2K�BMbǶ
2M/Q;2MQmb .L� 7`QK +QMi�KBM�Mib QM i?2 #�bBb Q7 i?2 ;2M2iB+ p�`B�iBQM
T�ii2`MbX >Qr2p2`- i?Bb T`Q#H2K �HbQ Q++m`b r?2M rQ`FBM; rBi? /Bbi�MiHv
`2H�i2/ ?QKBMBM- bm+? �b L2�M/2`i?�HbX AM i?Bb +�b2- i?2 ivTB+�H L2�M/2`i?�H
.L� 7`�;K2Mi Bb �`QmM/ 7Q`iv H2ii2`b HQM;- r?BH2 i?2 `�i2 Q7 /Bz2`2M+2b
#2ir22M L2�M/2`i?�H �M/ KQ/2`M ?mK�Mb Bb �#Qmi QM2 T2` bBt ?mM/`2/
H2ii2`b- i?mb K�FBM; �HKQbi BKTQbbB#H2 iQ b�v B7 i?2 .L� b2[m2M+2 +QK2b
7`QK i?2 b�KTH2 Q` i?2 b+B2MiBbi U_2B+?- kyR3VX

>Qr2p2`- �.L�- #2BM; � /B`2+i rBiM2bb 7`QK i?2 T�bi- Bb � `2bQm`+2 iQQ
p�Hm�#H2 iQ #2 `2TH�+2/ �M/ 7Q`;Qii2MX h?mb- �b i?2b2 HBKBi�iBQMb r2`2 +QK@
BM; iQ HB;?i- �Hr�vb M2r bQHmiBQMb r2`2 /2p2HQT2/- 7`QK H�#Q`�iQ`v T`2+�m@
iBQMb iQ KBMBKBx2 i?2 HBF2HB?QQ/ Q7 +QMi�KBM�iBQMb iQ p�`B�Mi +�HH2`b +�T�#H2
Q7 i�FBM; BMiQ �++QmMi i?2 .L� /�K�;2X

lbBM; i?2b2 BMMQp�iBQMb- BM kyRy i?2 .�MBb? ;`QmT H2/ #v T`Q72bbQ` 1bF2
qBHH2`bH2p T`Q/m+2/ i?2 }`bi ?B;?@+Qp2`�;2 b2[m2M+2 Q7 � :`22MH�M/2` �M@
+B2Mi ?mK�M 7`QK 9-yyy v2�`b �;Q U_�bKmbb2M 2i �HX- kyRyVX aBM+2 i?2M-
;2M2iB+ /�i� 7`QK i?Qmb�M/b KQ`2 �M+B2Mi b�KTH2b ?�b #22M T`Q/m+2/- �M�@
Hvb2/ �M/ Tm#HBb?2/X h?2b2 2zQ`ib- HBiiH2 #v HBiiH2- �`2 }HHBM; i?2 ;�Tb BM iBK2

ke



6QHHQrBM; .L� i`�BHb

�M/ bT�+2, b+B2MiBbib ?�p2 MQr i?2 TQbbB#BHBiv Q7 /B`2+iHv �++2bbBM; ?mK�M
;2M2iB+ p�`B�iBQM 7`QK �HH Qp2` i?2 rQ`H/ �M/ 7`QK �HKQbi 2p2`v T2`BQ/- 7`QK
lTT2` S�H�2QHBi?B+ mMiBH iQ/�vX

�M/ r?�i Bb KQ`2- �b r2 rBHH b22 H�i2`- �.L� i2+?MQHQ;B2b T`Q/m+2/ i?2
}`bi 7mHH ;2MQKB+ b2[m2M+2 Q7 �M �`+?�B+ 2tiBM+i ?QKBMBM ě Qm` L2�M/2`i?�H
+QmbBM Ub22 T�;2 ejV ě }M�HHv �HHQrBM; b+B2MiBbib iQ �Mbr2` bQK2 �;2@QH/
[m2biBQMb �#Qmi Qm` Q`B;BMbX

6B;m`2 dX �M+B2Mi .L� BHHmbi`�iBQMX AK�;2 +`2/Bi, J�`iBM _QrbQMX
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ǳ>mK�MBb�iBQM #2;BMb rBi? i?2 722iXǴ
�M/`û G2`QB@:Qm`?�M- G2 ;2bi2 2i H� T�`QH2

� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

A
7i2` i?2 +`2�im`2 H27i 7Q` �M mM2tT2+i2/ DQm`M2v- +HBK#2/ /QrM Q7
?Bb i`22 �M/ bi�`i2/ r�HFBM;- K�Mv Qi?2`b 7QHHQr2/ ?Bb 2t�KTH2X
h?`22 Q7 ?Bb /2b+2M/�Mib ě T`Q#�#Hv �mbi`�HQTBi?2+mb �7�`2MbBb
ě r2`2 r�HFBM; mT`B;?i i?`Qm;? r2i pQH+�MB+ �b?2b �`QmM/ jXe

KBHHBQM v2�`b �;Q r?2M i?2 pQH+�MQ 2`mTi2/ �;�BM- +Qp2`BM; i?2B` 7QQiT`BMib
rBi? Qi?2` �b?2b- i?mb T`2b2`pBM; i?2KX h?2 i`�+2b i?2v H27i �`2 i?2 QH/2bi
FMQrM 7QQiT`BMib Q7 2�`Hv ?mK�Mb U6B;m`2 3VX

h?2 biQ`B2b Q7 i?Qb2 T2QTH2- �b r2HH �b i?2 biQ`v Q7 i?2 +`2�im`2 r?Q
r�b #2;BMMBM; iQ HQp2 M2r �/p2Mim`2b- iQQF TH�+2 BM i?2 +QMiBM2Mi r?2`2 r2
bT2Mi i?2 K�DQ`Biv Q7 Qm` iBK2 QM 1�`i?X �7`B+�X

h?2`2- bBM+2 �`QmM/ Ry KBHHBQM v2�`b �;Q- i?2 7Q`K�iBQM Q7 i?2 e-yyy
FBHQK2i`2b :`2�i _B7i o�HH2v ?�/ ?BM/2`2/ i?2 �iH�MiB+ T`2+BTBi�iBQMb- i?mb
H2�/BM; iQ � ;`�/m�H rBi?2`BM; Q7 i?2 i?B+F 1�bi2`M �7`B+�M `�BM7Q`2bib BMiQ
T`�B`B2b �M/ b�p�MM�bX �++Q`/BM; iQ QM2 Q7 i?2 QH/2bi ?vTQi?2bBb ě i?2
a�p�MM� i?2Q`v ě +HBK�i2 +?�M;2 r�b QM2 Q7 i?2 +QKT2HHBM; `2�bQMb #2?BM/
i?2 #2;BMMBM; Q7 Qm` #BT2/�H �/p2Mim`2b- 2p2M B7 BM i?2 H�bi /2+�/2b � b2`B2b Q7
bim/B2b bm;;2bi2/ Qm` �M+2biQ`bǶ +m`BQbBiv iQr�`/ r�HFBM; ?�/ bi�`i2/ r?2M
i?2`2 r2`2 biBHH 2MQm;? i`22b iQ HBp2 QM Ua2Mmi 2i �HX- kyR3c h?Q`T2 2i �HX-
kyR9VX

q?�i2p2` r�b i?2 `2�bQM 7Q` i?2 Q`B;BMb Q7 #BT2/�HBbK- mbBM; Dmbi irQ
722i iQ KQp2 ?�/ � b2`B2b QM mM2tT2+i2/ +QMb2[m2M+2b- K�Mv Q7 r?B+? r2`2
ǳ�/�TiBp2 +QKT`QKBb2bǴ 7Q` i?2 ?QKBMB/b i?�i 2pQHp2/ i?2KX 6Q` BMbi�M+2-
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

Qm` �K#BiBQMb 7Q` r�HFBM; +�mb2/ HQr2` #�+F �M/ FM22 T`Q#H2Kb /m2 iQ
T`2bbm`2 QM i?2 bTBM2- +QKTHB+�i2/ +?BH/#B`i? `2bmHiBM; 7`QK � `2TQbBiBQM2/
T2HpBb �M/ i?2 ;`2�i2` +?�M+2 Q7 +?QFBM; QM 7QQ/- r?B+? Bb � +QMb2[m2M+2 Q7
� HQr2`2/ pQB+2 #Qt U6`B2/K�M- kyyeVX

6B;m`2 3X h`�BH Q7 G�2iQHB 7QQiT`BMibX 6QQiT`BMib H27i- T`Q#�#Hv- #v �X
�7�`2MbBb- �`QmM/ jXe KBHHBQM v2�`b �;Q BM G�2iQHB Uh�Mx�MB�VX AK�;2 +`2/Bi,
CQ?M _2�/2`X

L2p2`i?2H2bb- #BT2/�HBbK r�b bi`QM;Hv b2H2+i2/ BM ?QKBMB/b- T`Q#�#Hv
#2+�mb2 Bi +QmH/ T`QpB/2 bQK2 +`m+B�H �/p�Mi�;2b- bm+? �b i?2 TQbbB#BHBiv

jy



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

iQ bi�M/ mT ?B;?2` i?�M i?2 ;`�bbv T`�B`B2b Q` iQ T`2p2Mi Qp2`?2�iBM; #v
2tTQbBM; H2bb Q7 i?2 #Q/v iQ i?2 b+Q`+?BM; bmMX

A7 Bi #2 �M �/p�Mi�;2 iQ K�M iQ bi�M/ }`KHv QM ?Bb 722i �M/ iQ
?�p2 ?Bb �`Kb 7`22 XXX i?2M A +�M b22 MQ `2�bQM r?v Bi b?QmH/ MQi
?�p2 #22M �/p�Mi�;2Qmb iQ i?2 T`Q;2MBiQ`b Q7 K�M iQ ?�p2 #2+QK2
KQ`2 2`2+i Q` #BT2/�HX
*?�`H2b .�`rBM- .2b+2Mi Q7 J�M- �M/ a2H2+iBQM BM _2H�iBQM iQ
a2t- R3dR

�MQi?2` ;`2�i +QMb2[m2M+2 +�K2 rBi? r�HFBM; mT`B;?i, Bi H27i i?2 ?�M/b
7`22 7Q` /QBM; i?BM;b- #mBH/BM; iQQHb- r`BiBM; TQ2Kb Q` `�BbBM; � ;H�bbX >Qr@
2p2`- 7QbbBHb b?Qr i?�i #BT2/�HBbK 2pQHp2/ � 72r KBHHBQM v2�`b #27Q`2 ?QKBMB/b
bi�`i2/ iQ #mBH/ �M/ mb2 biQM2 iQQHb �`QmM/ jXj KBHHBQM v2�`b �;QX J�v#2 BM
i?2 }`bi iBK2b Q7 i?2B` mT`B;?i r�M/2`BM;b- i?2v ?�/ #mBHi QMHv rQQ/ iQQHb
Q` i?2v ?�/ r�Bi2/ � r?BH2 #27Q`2 i�FBM; �/p�Mi�;2 Q7 i?2B` 7`22 ?�M/b Q`-
K�v#2- i?2`2 r�b MQ QM2 K�FBM; ;QQ/ rBM2X

�7`B+�M `QQib �M/ i?2 /2b+2Mi Q7 K2M
Pm` `QQib `mM /22T BM �7`B+�- #mi r?2M T`2+Bb2Hv /B/ i?2v bi�`i iQ ;`Qr\

h?2 2�`HB2bi TQTmH�iBQMb Q7 ;2Mmb >QKQ 2K2`;2/ 7`QK � biBHH mMFMQrM
�M+2bi`�H bT2+B2b #2ir22M j �M/ k KBHHBQM v2�`b �;Q U6B;m`2 N- aTQQ` 2i �HX-
kyR8c oBHHKQ�`2 2i �HX- kyR8VX AM i?Bb i2KTQ`�H BMi2`p�H ǳ?mK�MBivǴ- Q`
r?�i r�b QM i?2 p2`;2 iQ #2- bT�MM2/ 7`QK i?2 H�i2bi FMQrM Q++m``2M+2b
Q7 �mbi`�HQTBi?2+mb U�X �7�`2MbBb BM 2�bi2`M �7`B+�- �X �7`B+�Mmb BM bQmi?@
2`M �7`B+�V- iQ i?2 2�`HB2bi FMQrM `2+Q`/b Q7 irQ- T2`?�Tb i?`22- bT2+B2b
+QKKQMHv �ii`B#mi2/ iQ i?2 ;2Mmb >QKQ U>X ?�#BHBb- >X `m/QH72MbBb �M/ >X
2`2+imbVX AM i?2b2 KBHHBQM v2�`b- i?2 2�`HB2bi mM/BbTmi2/ 2pB/2M+2 7Q` biQM2@
iQQH K�Mm7�+im`2 r�b T`Q/m+2/X :`�/m�HHv- Qi?2` /2}MBM; +?�`�+i2`BbiB+b
Q7 ?mK�MBiv- bm+? �b H�`;2 #`�BMb �M/ +QKTH2t bQ+B�H #2?�pBQm`b- �TT2�`2/
�M/- rBi? i?2K- ?mK�MBiv r�b #Q`MX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6B;m`2 NX h?2 ?QKBMBM 7�KBHv i`22X h?Bb TB+im`2 /Q2b MQi +QMi�BM
>QKQ M�H2/B- T`Q#�#Hv #2+�mb2 Bi r�b /`�rM #27Q`2 Bib /Bb+Qp2`v BM kyRj-
#mi- �7i2` �HH- r2 +�M i`v �M/ BK�;BM2 ?Qr K�Mv bT2+B2b �M/ ;2M2`� �`2 MQi
`2T`2b2Mi2/ ?2`2X AK�;2 +`2/Bi, EX *�MiM2`- �:AX

h?2 TH�+2b r?2`2 i?2b2 ǳ?mK�MǴ i`�Bib Q++m``2/ r2`2 T`Q#�#Hv KQ`2
i?�M QM2X 1�bi �7`B+� ě r?2`2 i?2 7�KQmbHv #BT2/�H �T2 Gm+v U�X �7�`2MbBbV
HBp2/ �M/ r?2`2 i?2 }`bi >QKQ �TT2�`2/ ě ?�b #22M mbm�HHv +QMbB/2`2/ i?2
+`�/H2 Q7 ?mK�MFBM/X >Qr2p2`- bQK2 Qi?2` �mbi`�HQTBi?2+BM2b ?�/ �HbQ #22M
7QmM/ BM aQmi?2`M �7`B+�- �M/- M2�`#v � TH�+2 2pQ+�iBp2Hv +�HH2/ ǳ*`�/H2 Q7
>mK�MFBM/Ǵ- BM kyRj +�p2 2tTHQ`2`b 7QmM/ KQ`2 i?�M R-8yy #QM2b #2HQM;BM;

jk



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

iQ �i H2�bi R8 BM/BpB/m�Hb #2HQM;BM; Q7 � M2r bT2+B2b U"2`;2` 2i �HX- kyR8c
.B`Fb 2i �HX- kyR8VX h?2b2 BM/BpB/m�Hb b?Qr2/ � KBb+2HH�M2Qmb Q7 T`BKBiBp2
�M/ KQ`2 �/p�M+2/ 72�im`2b- TH�+BM; i?2b2 T2QTH2 ě +�HH2/ >QKQ M�H2/B ě
bQK2r?2`2 #2ir22M �mbi`�HQTBi?2+mb �M/ 2�`Hv >QKQ bT2+B2bX >Qr2p2`- i?2
M2r /�iBM; T`QTQb2/ BM kyRd Tmb?2/ i?Bb bT2+B2b BM � iBK2 p2`v +HQb2 iQ mb
ě #2ir22M kje-yyy �M/ jj8-yyy ě K2�MBM; i?�i r?BH2 KQ/2`M ?mK�Mb iQ
#2 r2`2 �H`2�/v r�M/2`BM; BM 1�bi �7`B+�- BM i?2 aQmi? i?2`2 r�b bQK2QM2
rBi? � bK�HH #`�BM U8yy ++V biBHH HBpBM; QM i`22b U"2`;2` 2i �HX- kyRdc .B`Fb
2i �HX- kyRdc >�rFb 2i �HX- kyRdVX

Pm` }`bi iBK2 Pmi Q7 �7`B+�
�b bQQM �b ?mK�Mb �+[mB`2/ �HH i?2 M22/2/ T?vbB+�H 72�im`2b- i?2v biQQ/ mT-
bi�`i2/ iQ r�HF �M/ M2p2` biQTT2/X

�`QmM/ RXe KBHHBQM v2�`b �;Q M2�` hm`F�M� G�F2 UBM i?2 _B7i o�HH2v �M/
BM r?�i Bb MQr +�HH2/ E2Mv�V � #Qv- Q7 �`QmM/ MBM2 v2�`b QH/- /B2/X h?�i
#Qv ě r?Q Bb FMQrM �b i?2 hm`F�M� #Qv ě r�b �#Qmi Rey +2MiBK2i`2b BM
i�HH �M/- BM �/mHi?QQ/- ?2 KB;?i ?�p2 `2�+?2/ 2p2M R38 +2MiBK2i`2bX >Bb
bF2H2iQM Bb BM+`2/B#Hv bBKBH�` iQ KQ/2`M ?mK�Mb- BM/B+�iBM; 7mHHv i2``2bi`B�H
#BT2/�HBbK- #mi ?2 ?�b biBHH � `2/m+2/ #`�BM +�T�+Biv U33y ++VX >2 r�b �M
>QKQ 2`;�bi2` �M/ i?2 }`bi ;`2�i r�HF2` U6B;m`2 RyVX

>QKQ 2`;�bi2` bi�`i2/ �HKQbi BKK2/B�i2Hv iQ mb2 i?2B` HQM; H2;bX h?2v
r�M/2`2/ �+`Qbb 1�bi �M/ aQmi?2`M �7`B+�- H2�pBM; i?2B` i`�+2b BM h�Mx�MB�-
1i?BQTB�- 1`Bi`2� �M/ aQmi? �7`B+�- �M/ i?2v r2Mi QM iQr�`/ 1�bi mMiBH
`2�+?BM; mM2tTHQ`2/ H�M/b, i?2v r2`2 i?2 }`bi iQ ;Q Qmi Q7 �7`B+�X

�++Q`/BM; iQ i?2 7QbbBH `2+Q`/b- i?2v K�M�;2/ iQ �``Bp2 k KBHHBQM v2�`b
�;Q iQ i?2 p�HH2vb Q7 G2bb2` *�m+�bmb- �i l#2B/Bv� BM i?2 JB//H2 1�bi- BM
aQmi?2`M �bB� �M/ �i _Br�i US�FBbi�MV- �M/ i?2M `2�+? *?BM� �M/ C�p�
BbH�M/ �`QmM/ RX8 KBHHBQM v2�`b �;Q U6B;m`2 RRVX Ai Bb rQ`i? b�vBM; i?�i
i?2`2 +QmH/ #2 bQK2 +QM7mbBQM �#Qmi i?2 M�K2 Q7 i?Bb bT2+B2b- bBM+2 bQK2@
iBK2b i?2v �`2 +�HH2/ >QKQ 2`2+imbX h?2 irQ i2`Kb ?�p2 Q7i2M #22M mb2/
BMi2`+?�M;2�#Hvc ?Qr2p2`- i?2 �++2Ti2/ 2tTH�M�iBQM Bb i?�i 2`;�bi2` BM/B+@
�i2b i?2 2�`HB2` �7`B+�M 7Q`K- r?BH2 2`2+imb `272`b iQ � H�i2` �bB�M bT2+B2bX
LQM2i?2H2bb- 6B;m`2 RR b?Qrb i?2 2tT�MbBQMb Q7 >QKQ 2`2+imb- #mi Bi +QmH/
#2 +QMbB/2`2/ �HbQ p�HB/ 7Q` i?2 2`;�bi2` r�M/2`BM;bX

jj



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6B;m`2 RyX � `2+QMbi`m+iBQM Q7 i?2 hm`F�M� #QvX AK�;2 +`2/Bi, aX
1Mi`2bb�M;H2- 1X .�vM2b- a+B2M+2 S?QiQ GB#`�`vX

h`�+2b Q7 i?2 r�M/2`BM;b Q7 i?2B` /2b+2M/�Mib ě T`Q#�#Hv >QKQ �Mi2@
+2bbQ` ě ;Qi bim+F BM i?2 Km/~Qrb Q7 i?2 LQ`7QHF +Q�bi U1M;H�M/V �`QmM/
38y-yyy v2�`b �;Q �M/ `2T`2b2Mi i?2 QH/2bi 7QQiT`BMib /Bb+Qp2`2/ QmibB/2
�7`B+�X

h?2 i2`K ǳ/B�bTQ`�Ǵ Bb Q7i2M mb2/ iQ BM/B+�i2 i?Bb }`bi KQp2K2Mi Qmi Q7
�7`B+�- ?Qr2p2`- �b `2K�`F2/ #v h2HKQ SB2p�MB USB2p�MB- hX �M/ *�HxQH�BQ-
oX- kyReV- i?Bb Bb bQK2r?�i KBbH2�/BM;X �+im�HHv- i?Bb KB;`�iBQM r�bMǶi �
KB;`�iBQM �i �HH, Bi r�b MQi �M BMi2MiBQM�H 2tQ/mb Q7 T2QTH2- #mi `�i?2` �
;`�/m�H- bHQr �M/ B``2;mH�` 2tT�MbBQM /m2 iQ i?2 KQp2K2Mib Q7 i?2B` b2i@
iH2K2Mib- ;2M2`�iBQM �7i2` ;2M2`�iBQMX am`2Hv- i?2v r2`2 MQi /`Bp2M #v �M
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

BMb�iB�#H2 /2bB`2 Q7 2tTHQ`�iBQM- #mi- KQ`2 T`Q#�#Hv- #v i?2 +HBK�i2 +?�M;2
�M/ i?2 p2;2i�iBQM /BbTH�+2K2MiX

6B;m`2 RRX h?2 }`bi KB;`�iBQM Qmi Q7 �7`B+�X AK�;2 +`2/Bi, �i@
H�bP7h?2>mK�MCQm`M2vX+QK

AM i?2 +�b2 Q7 2`;�bi2`- �b 2t2KTHB}2/ #v i?2 2tBbi2M+2 Q7 ?2`2+imb- KQp2@
K2Mi K2�Mb /BpBbBQM �M/ bT2+B�iBQMX aBM+2 i?2B` 2tT�MbBQM BMiQ 1m`�bB�- i?2
2`;�bi2` TQTmH�iBQM #2+QK2 KQ`2 �M/ KQ`2 7`�;K2Mi2/- b2T�`�iBM; BMiQ
K�Mv bm#;`QmTb- r?B+? rQmH/ M2p2` K22i �;�BMX h?Bb T`Q+2bb rQmH/ ?�p2
#22M +�HH2/ �/�TiBp2 `�/B�iBQMX

h?2 2pQHmiBQM Q7 �M �M@
BK�H Q` TH�Mi ;`QmT BMiQ
� rB/2 p�`B2iv Q7 ivT2b
�/�Ti2/ iQ bT2+B�HBx2/
KQ/2b Q7 HB72X �/�TiBp2
`�/B�iBQMb �`2 #2bi 2t2K@
THB}2/ BM +HQb2Hv `2H�i2/
;`QmTb i?�i ?�p2 2pQHp2/
BM � `2H�iBp2Hv b?Q`i iBK2X
1M+v+HQT�2/B� "`Bi�M@
MB+�X

�/�TiBp2 `�/B�iBQM

Pm` b2+QM/ iBK2 Pmi Q7 �7`B+�
� KBHHBQM v2�`b T�bb2/ �M/ 2pQHmiBQM r2Mi QM #Qi? BM Qm` }`bi ?QK2- �7`B+�-
�M/ BM Qm` bmKK2` ?Qmb2- 1m`�bB�c M2r bT2+B2b ~Qm`Bb?2/- r?BH2 Qi?2`b
im`M2/ BMiQ /2�/ #`�M+?2bX �KQM; i?2 7Q`K2`- BM �7`B+�- #2ir22M d3y-yyy
�M/ Rj8-yyy v2�`b �;Q- � M2r bT2+B2b Q7 2tTHQ`2`b �TT2�`2/, >QKQ ?2B/2H#2`@
;2MbBbX h?2v r2`2 KQ`2 H�`;2@#`�BM2/ URkyy ++V- i?2v mb2/ i?2 ǳ�+?2mH2�MǴ
iQQHK�FBM; i2+?MB[m2 �M/ i?2v i`�p2HH2/ Pmi Q7 �7`B+� iQQX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6QbbBHb #2HQM;BM; iQ ?2B/2H#2`;2MbBb bi�`i2/ iQ �TT2�` QmibB/2 �7`B+� bBM+2
8yy-yyy v2�`b �;Q �M/ i?2 }`bi /Bb+Qp2`2/ QM2 r�b mM2�`i?2/ BM � b�M/ [m�``v
�i i?2 J�m2` bBi2- M2�`#v >2B/2H#2`; U:2`K�MvV, i?2 J�m2` D�r U6B;m`2 Rk-
a+?Q2i2Mb�+F- RNy3VX

�++Q`/BM; iQ bim/B2b- i?Bb bT2+B2b r�b i?2 T`Qi�;QMBbi Q7 � b2+QM/ #B;
TQTmH�iBQM r�p2 Qmi Q7 �7`B+� U6B;m`2 RjVX h?2M- �b r�b i?2 +�b2 rBi?
2`;�bi2`- /m2 iQ i?2 bT`2�/BM; Q7 Bib TQTmH�iBQM BM �M BKK2Mb2 i2``BiQ`v-
>QKQ ?2B/2H#2`;2MbBb bi�`i2/ iQ /Bp2`;2 BMiQ i`mHv b2T�`�i2/ bT2+B2b BM i?2
/Bz2`2Mi `2;BQMb Q7 i?2 rQ`H/X h?2v #2;�M iQ /2p2HQT /Bz2`2Mi T?vbB+�H
72�im`2b �b � `2bmHi Q7 #Qi? 2MpB`QMK2Mi�H �/�Ti�iBQM ě 1m`�bB�M H�M/b-
#2BM; Ry-yyy FBHQK2i`2b H�`;2- +`Qbb2/ K�Mv /Bz2`2Mi +HBK�iB+ `2;BQMb ě
�M/ ;2M2iB+ /`B7i Ub22 /2}MBiBQM �i T�;2 kjVX

6B;m`2 RkX h?2 J�m2` C�rX 6QbbBH #2HQM;BM; iQ >QKQ ?2B/2H#2`;2MbBb
/Bb+Qp2`2/ �i J�m2` BM RNydX

je



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6B;m`2 RjX h?2 b2+QM/ KB;`�iBQM Qmi Q7 �7`B+�X AK�;2 +`2/Bi, �i@
H�bP7h?2>mK�MCQm`M2vX+QK

AM i?2 K2�MiBK2- i?2 i`22 Q7 ?mK�MFBM/ r�b `�TB/Hv ;`QrBM;- 2p2` +HQb2`
iQ i?2 KQ/2`M ?mK�M #`�M+?X AM 7�+i- r?BH2 �KQM; 1m`QT2�M >2B/2H#2`;2M@
bBb i?2 ǳM2�M/2`i?�HBx�iBQMǴ ?�/ #2;mM bHB;?iHv #27Q`2 i?�M 9yy-yyy v2�`b
�;Q Ub22 i?2 b2+QM/ T�`i- �i T�;2 8jV- bQK2 +?�`�+i2`BbiB+b r?B+? rBHH #2
ivTB+�H Q7 KQ/2`M ?mK�Mb- bm+? �b i?2 #B; #`�BM- r2`2 �H`2�/v bi�`i2/ iQ
�TT2�` �H`2�/v irQ ?mM/`2/ i?Qmb�M/ v2�`b #27Q`2 BM �7`B+�X 6Q` BMbi�M+2-
i?2 "Q/Q *`�MBmK- /Bb+Qp2`2/ BM 1i?BQTB� �M/ /�i2/ #�+F iQ eyy-yyy v2�`b
�;Q- ?�/ �H`2�/v � #`�BM bBx2 Q7 �#Qmi 33W Q7 KQ/2`M ?mK�MbǶ UR-k8y ++-
*QM`Qv 2i �HX- kyyyVX

"v �#Qmi R8y-yyy v2�`b �;Q i?Bb ǳi`�MbBiBQMǴ T`Q+2bb r�b �H`2�/v +QK@
TH2i2/ �M/ i?`22 /BbiBM+i bT2+B2b ?�/ 2K2`;2/ BM i?2 /Bz2`2Mi `2;BQMb Q7 i?2
rQ`H/ 7`QK >QKQ ?2B/2H#2`;2MbBb, L2�M/2`i?�Hb BM 1m`QT2- .2MBbQp�M BM
1�bi �bB� �M/ a�TB2Mb BM �7`B+�X

AM � 72r i?Qmb�M/ v2�`b i?2v rQmH/ ?�p2 i`�p2HH2/ �M/ K2i- #mi QMHv
QM2 Q7 i?2K rQmH/ ?�p2 /QKBM�i2/ i?2 rQ`H/X

jd



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

PM+2 �;�BM- �7`B+�M `QQib
h?2 Q`B;BM Q7 KQ/2`M ?mK�Mb ?�b #22M �M/ Bi Bb biBHH MQr � K�ii2` Q7 BMi2`2bi
�b ;`2�i �`2 i?2 /2#�i2b QM BiX hrQ K�BM ?vTQi?2b2b �#Qmi Qm` Q`B;BMb
/QKBM�iBM; i?2 b2+QM/ ?�H7 Q7 i?2 kyi? +2Mim`v r2`2 i?2 JmHiB`2;BQM�H �M/
i?2 Pmi Q7 �7`B+� KQ/2HbX h?2 JmHiB`2;BQM�H KQ/2H T`QTQb2/ i?�i KQ/2`M
?mK�Mb 2pQHp2/ BM/2T2M/2MiHv BM /Bz2`2Mi T�`ib Q7 i?2 rQ`H/- 7�+BHBi�i2/ #v �
bB;MB}+�Mi ;2M2 ~Qr �KQM; i?2 /Bz2`2Mi bm#;`QmTb Q7 2`2+imb Uq2B/2M`2B+?-
RN9yV- bQ i?�i KQ/2`M ?mK�Mb ?�p2 �M+2bi`�H +QMi`B#miBQMb 7`QK /Bz2`2Mi
?QKBMBM TQTmH�iBQMb HBpBM; BM /Bz2`2Mi T�`ib Q7 i?2 ;HQ#2 UGQT2x 2i �HX- kyR8VX
PM i?2 +QMi`�`v- i?2 Pmi Q7 �7`B+� ?vTQi?2bBb bm;;2bi2/ � +QKTH2i2Hv �7`B+�M
Q`B;BM Q7 >QKQ b�TB2Mb �M/ � bm#b2[m2Mi /BbT2`b�H �+`Qbb i?2 rQ`H/ Uai`BM;2`-
kyykc ai`BM;2` � �M/`2rb- RN33c AM;K�M 2i �HX- kyyyc _2H2i?7Q`/- kyy3c
h�ii2`b�HH- kyyNVX h?2 H�ii2` r�b Q`B;BM�HHv T`QTQb2/ #v *?�`H2b .�`rBM
BM i?2 RNi? +2Mim`v- #v `2�bQMBM; �#Qmi i?2 T`2b2M+2 Q7 +?BKT�Mx22b �M/
;Q`BHH�b BM �7`B+� �M/ i?2 `2bmHib Q7 >mtH2v- r?Q bm;;2bi2/ i?�i KQ/2`M
?mK�Mb �M/ �T2b b?�`2/ � +QKKQM �M+2biQ` U.�`rBM- R3Nec GQT2x 2i �HX-
kyR8VX 6Q` � /2i�BH2/ /Bb+mbbBQM �#Qmi i?2 KQ/2Hb 2tTH�BMBM; Qm` Q`B;BMb �M/
2pB/2M+2 bmTTQ`iBM; i?2K- b22 i?2 `2pB2r Q7 UGQT2x 2i �HX- kyR8VX

AM i?2 H�bi R8y v2�`b- i?2 DQBMi rQ`F Q7 ;2M2iB+Bbib �M/ �`+?�2QHQ;Bbib
+QM}`K2/ i?2 �7`B+�M Q`B;BM Q7 i?2 }`bi KQ/2`M ?mK�Mb ě �M/ MQr i?2
TQHBiB+�H rBM/b #HQrBM; BM i?2 H�bi v2�`b M22/ bQK2QM2 v2HHBM; Bi HQm/2` ě
#mi- �i i?2 b�K2 iBK2- ?�p2 mMp2BH2/ � KQ`2 +QKTH2t b+2M�`BQX

h?2 }`bi ;2M2iB+ 2pB/2M+2 +H�BKBM; �M �7`B+�M Q`B;BM 7Q` KQ/2`M ?mK�Mb
+�K2 7`QK i?2 �M�Hvb2b Q7 Ki.L� T?vHQ;2M2iB+ i`22b U*�MM 2i �HX- RN3dc AM;@
K�M 2i �HX- kyyyVX h?2M- #Qi? u +?`QKQbQK2 BMp2biB;�iBQMb �M/ �miQbQK�H
bim/B2b `2�+?2/ i?2 b�K2 +QM+HmbBQMX JQ`2Qp2`- ;2MQK2@rB/2 /�i� ?�p2
/2KQMbi`�i2/ i?�i ;2M2iB+ /Bp2`bBiv /2+`2�b2b �b � 7mM+iBQM Q7 ;2Q;`�T?B+
/Bbi�M+2 7`QK 1�bi Q` aQmi? �7`B+�X h?Bb r�b b?QrM- 7Q` 2t�KTH2- #v �M
�TT`QtBK�i2Hv HBM2�` /2+`2�b2 BM ?2i2`Qxv;QbBiv �M/ BM+`2�b2 BM HBMF�;2 /Bb@
2[mBHB#`BmK US`m;MQHH2 2i �HX- kyy8c _�K�+?�M/`�M 2i �HX- kyy8VX JQ`2Qp2`-
;2M2iB+ bim/B2b- #v HQQFBM; KQ`2 /22THv �i i?2 `2/m+2/ ;2M2iB+ /Bp2`bBiv
BM MQM@�7`B+�M TQTmH�iBQMb- bm;;2bi2/ i?�i r2 ě KQ/2`M ?mK�Mb QmibB/2
�7`B+� ě �`2 i?2 /2b+2M/�Mib Q7 � bK�HH bm#;`QmT Q7 i?2 Q`B;BM�H �7`B+�M
TQTmH�iBQMX AM Qi?2` rQ`/b- r2 �`2 i?2 `2bmHi Q7 � ǳ#QiiH2M2+FǴX

�`+?�2QHQ;B+�H 2pB/2M+2 bmTTQ`ib Qm` �7`B+�M Q`B;BMb- iQQ U6B;m`2 R9V,
i?2 2�`HB2bi FMQrM 7QbbBH `2T`2b2Mi�iBp2 Q7 Qm` bT2+B2b- /�iBM; #�+F iQ �`QmM/
jR8-yyy v2�`b �;Q- r�b 7QmM/ BM �7`B+�- T`2+Bb2Hv BM J�`Q++Q U�i � bBi2 +�HH2/
C2#2H A`?Qm/- >m#HBM 2i �HX- kyRdVX h?2 b2+QM/ QH/2bi QM2 Bb �7`B+�M iQQ-
/�iBM; #�+F iQ key-yyy v2�`b �;Q �M/ 7QmM/ BM aQmi? �7`B+� U�i 6HQ`Bb#�/-
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

:`ɃM- _X �M/ "`BMF- CX aX �M/ aTQQM2`- LX �X �M/ h�vHQ`- GX �M/ ai`BM;2`-
*X "X �M/ 6`�M+Bb+mb- _X :X �M/ Jm``�v- �X aX- RNNeVX

6Q` i?2b2 `2�bQMb- Qm` `QQib `mM /22T- QM+2 �;�BM- BM �7`B+�- BMiQ � T2`BQ/
�b QH/ �b jyy-yyy v2�`b �;QX

6B;m`2 R9X aQK2 F2v 2�`Hv 7QbbBHb Q7 >QKQ b�TB2Mb �M/ `2H�i2/
bT2+B2b BM �7`B+� �M/ 1m`�bB�X AK�;2 i�F2M 7`QK .2HbQM- kyRNX

>Qr2p2`- i?2b2 7QbbBHb /Q MQi b?Qr v2i i?2 2MiB`2 T?vbB+�H FBi Q7 �M�iQK@
B+�HHv KQ/2`M ?mK�Mb- BM Qi?2` rQ`/b ǳmbǴX PM i?2 +QMi`�`v- i?2v `2T`2b2Mi
2�`Hv 7Q`Kb Q7 >QKQ b�TB2MbX h?2 }`bi 7QbbBHb iQ b?Qr i?2 +QKTH2i2 TH2i?Q`�
Q7 Qm` 72�im`2b- ǳ� ?B;? M2m`Q+`�MBmK- `QmM/2/ BM H�i2`�H T`Q}H2- � bK�HH
7�+2 `2i`�+i2/ mM/2` i?2 7`QMi�H #QM2- � i`m2 +?BM 2p2M BM BM7�Mib- bK�HH
/Bb+QMiBMmQmb bmT`�Q`#Bi�H iQ`B- � H2M;i?2M2/ TQbi@M�i�H ;`Qri? T2`BQ/ �M/
HB72 ?BbiQ`v- �M/ � M�``Qr i`mMF �M/ T2HpBb rBi? b?Q`i bmT2`BQ` Tm#B+ `�KBǴ
Uai`BM;2`- kyReV r2`2 7QmM/ BM 1i?BQTB�X h?2b2 �`+?�2QHQ;B+�H `2K�BMb Q7
>QKQ b�TB2Mb BM �7`B+� �`2 PKQ EB#Bb? R- HQ+�i2/ M2�` i?2 PKQ `Bp2`- �M/
>2`iQ R �M/ k- 7QmM/ �i >2`iQ "Qm`BX h?2 7QbbBHb- /�i2/ #�+F iQ RN8-yyy
v2�`b �;Q �M/ #2ir22M Rey-yyy �M/ R89-yyy v2�`b �;Q `2bT2+iBp2Hv- `2T`2b@
2Mi bQK2 Q7 i?2 2�`HB2bi +Q�H2b+2M+2b Q7 KQbi Q7 i?2 i`�Bib r2 �bbQ+B�i2 rBi?
Qm` 2ti�Mi bT2+B2b Uai`BM;2`- kyReVX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

J�Mv Qi?2` iBK2b Pmi Q7 �7`B+�
�7`B+�- �H#2Bi Qm` #B`i?TH�+2- bi�`i2/ iQ �TT2�` iQQ bK�HH 7Q` mbX �b bQQM
�b i?2 +HBK�i2 +?�M;2/ �`QmM/ Rey-yyy v2�`b �;Q- im`MBM; K�Mv ;`�bbH�M/b
BMiQ BM?QbTBi�#H2 /2b2`ib- r2 `mM �;�BMX

o2`v `2+2MiHv- b+B2MiBbib mM2�`i?2/ bQK2 7QbbBHb 7`QK �TB/BK� *�p2- BM
bQmi?2`M :`22+2- i2biB7vBM; i?2 T`2b2M+2 Q7 2�`Hv KQ/2`M ?mK�Mb �i H2�bi
kRy-yyy v2�`b �;Q- Tmb?BM; #�+F i?2 iBK2 Q7 Qm` }`bi r�M/2`BM;b Qmi Q7
�7`B+�- �b KQ/2`M ?mK�Mb U6B;m`2 R9VX h?mb- i?2 7QbbBH ě +�HH2/ �TB/BK� R
ě Bb i?2 2�`HB2bi FMQrM 2t�KTH2 Q7 >QKQ b�TB2Mb BM 1m`QT2 U>�`p�iB 2i �HX-
kyRNc .2HbQM- kyRNVX

�b r2 rBHH KQ`2 2ti2MbBp2Hv b22 BM i?2 T�`i ǳ�`+?�B+ i�H2b, L2�M/2`@
i?�Hb �M/ mbǴ UbT2+B}+�HHv- �i T�;2 eyV- KQ/2`M ?mK�Mb ě #Qi? 2�`Hv �M/
H�i2` 7Q`Kb ě +Q2tBbi2/ rBi? L2�M/2`i?�Hb �i bQK2 1m`�bB�M bBi2bX �M/
kRy-yyy v2�`b �;Q Bb � T2`BQ/ }iiBM; p2`v r2HH rBi?BM i?2 `�M;2 Q7 L2�M/2`@
i?�Hb BM 1m`QT2- i?mb bm;;2biBM; i?�i i?2 irQ /Bz2`2Mi bT2+B2b r2`2 T`Q#@
�#Hv HBpBM; M2�`#v 2�+? Qi?2`X �HbQ i?2 G2p�MiBM2 K�i2`B�H 7`QK aF?mH �M/
Z�7x2? U/�i2/ #�+F iQ Ryy-yyy �M/ Rj8-yyy v2�`b �;Q �M/ #2ir22M Ny-yyy
�M/ Rky-yyy v2�`b �;Q- `2bT2+iBp2Hv- :`ɃM- _X- kyyeV BM/B+�i2 i?�i KQ/2`M
?mK�Mb +QmH/ ?�p2 BM?�#Bi2/ QmibB/2 �7`B+� p2`v +HQb2 iQ L2�M/2`i?�HbX

h?2b2 +Q2tBbi2M+2b �i /Bz2`2Mi iBK2b KB;?i bm;;2bi i?�i i?2 }`bi r�M@
/2`BM;b Qmi Q7 �7`B+� r2`2 K�Mv �M/ i2Mi�iBp2, i?2 �TB/BK� 7QbbBHb b?Qr
i?�i KQ/2`M ?mK�Mb- QM KQ`2 i?�M QM2 Q++�bBQM- r2`2 Tmb?BM; MQ`i? �M/
r2bir�`/b 7`QK �7`B+� �M/ i?2 G2p�Mi BMiQ 1m`QT2- #mi- T`Q#�#Hv- i?2v r2`2
mM�#H2 iQ +QKT2i2 bm++2bb7mHHv rBi? L2�M/2`i?�Hb U.2HbQM- kyRNVX

�b bm;;2bi2/ #v 1`B+ .2HbQM- i?2b2 2�`Hv KQ/2`M ?mK�M 7QbbBHb +QmH/
`2T`2b2Mi ǳ7�BH2/Ǵ /BbT2`b�H 7`QK �7`B+�- �b i?2v `2�+?2/ i?2 JB//H2 1�bi
�M/ bQmi?2�bi2`M 1m`QT2- #mi /B/ MQi T2`bBbi BM i?2b2 `2;BQMbX

_�i?2` i?�M � bBM;H2 2tBi Q7 ?QKBMBMb 7`QK �7`B+� iQ TQTmH�i2
1m`�bB�- i?2`2 Kmbi ?�p2 #22M b2p2`�H /BbT2`b�Hb- bQK2 Q7 r?B+?
/B/ MQi `2bmHi BM T2`K�M2Mi Q++mT�iBQMb #v i?2b2 ?QKBMBMb �M/
i?2B` /2b+2M/�Mib U.2HbQM- kyRNVX

qBi? i?2b2 iBKB/ /BbT2`b�Hb Pmi Q7 �7`B+�- KQ/2`M ?mK�Mb r2Mi �HH i?2
r�v iQ *?BM� ě � HQM;@/Bbi�M+2 TQTmH�iBQM KQp2K2Mi BM *2Mi`�H �bB� ?�b
#22M `2+2MiHv +QM}`K2/ �`QmM/ 98-yyy v2�`b �;Q UwrvMb 2i �HX- kyRNV ě
r?BH2- �7i2` i?2 H�bi /BbT2`b�H #2ir22M dy-yyy �M/ ey-yyy v2�`b �;Q UlM/2`?BHH
� EBpBbBH/- kyydV- i?2v bi�`i2/ i?2B` +QHQMBbBM; �/p2Mim`2 �+`Qbb i?2 rQ`H/X

�Mvr�v- i?2 K�Mv /2T�`im`2b 7`QK �7`B+� 7QHHQr2/ irQ K�BM `Qmi2b, i?2
MQ`i?2`M �M/ i?2 bQmi?2`M +Q�bi�H `Qmi2 U6B;m`2 R8VX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6B;m`2 R8X SQbbB#H2 /BbT2`b�H `Qmi2b Q7 �M�iQKB+�HHv KQ/2`M ?m@
K�Mb 7`QK �7`B+� iQ �bB� �M/ �mbi`�HB� �++Q`/BM; iQ 6Q`bi2` �
J�ibmKm`�- kyy8X AK�;2 i�F2M 7`QK 6Q`bi2` � J�ibmKm`�- kyy8X

h?2 MQ`i?2`M `Qmi2 r�b T`Q#�#Hv mb2/ 7Q` i?2 2�`HB2` 2tT�MbBQMb- �b
i2biB}2/ #v i?2 aF?mH �M/ Z�7x2? G2p�MiBM2 7QbbBHbX h?2b2 BM/BpB/m�Hb ě
Q` i?2B` �M+2biQ`b ě b?QmH/ ?�p2 i`�p2HH2/ i?Qmb�M/b Q7 FBHQK2i`2b ;QBM;
mT i?2 LBH2 p�HH2v �HQM; i?2 _2/ a2� +Q�bib- �M/ i?2M r2Mi Pmi Q7 �7`B+�
i?`Qm;? i?2 G2p�MiBM2 +Q``B/Q`X �++Q`/BM; iQ +HBK�i2 `2+Q`/b- �`QmM/ Ny-yyy
v2�`b �;Q- � M2r ;H�+B�H T2`BQ/ ;`BTT2/ i?�i �`2� USQT2 � h2``2HH- kyy3V-
b2�HBM; i?2 7�i2b Q7 i?2b2 2�`HB2` 2tTHQ`2`bX �HbQ ;2M2iB+b +QK2b BM bmTTQ`i
Q7 i?2 mb2 Q7 bm+? `Qmi2X 6Q` BMbi�M+2- S�;�MB �M/ +QHH2�;m2b- #v �M�HvbBM;
� ;2MQK2@rB/2 /�i�b2i Q7 KQ/2`M 1i?BQTB�M �M/ 1;vTiB�M ?�THQivT2b �M/
�7i2` ?�pBM; K�bF2/ i?2K 7Q` i?2B` `2+2Mi q2bi 1m`�bB�M +QKTQM2Mib- 7QmM/
i?�i MQM@�7`B+�M ?�THQivT2b r2`2 KQ`2 bBKBH�` iQ 1;vTiB�M ?�THQivT2b i?�M
iQ 1i?BQTB�M ?�THQivT2b- i?mb bmTTQ`iBM; �M 1;vTiB�M `Qmi2 US�;�MB 2i �HX-
kyR8VX �MQi?2` ;2M2iB+ 2pB/2M+2 7�pQm`BM; � MQ`i?2`M `Qmi2 Bb i?2 T`2b2M+2
Q7 L2�M/2`i?�H �M+2bi`v BM �HH MQM@�7`B+�M KQ/2`M@/�v BM/BpB/m�Hb Ub22 T�;2
eeV �M/ i?2 7�+i i?�i L2�M/2`i?�Hb `2K�BMb ?�p2 #22M 7QmM/ BM i?2 G2p�Mi
#mi MQi v2i BM i?2 �`�#B�M S2MBMbmH�X

*QMp2`b2Hv- i?2 aQmi?2`M `Qmi2 �+`Qbb i?2 "�# 2H J�M/2# bi`�Bi ?�/ #22M
i`�/BiBQM�HHv bmTTQ`i2/ #v Ki.L� bim/B2b UaQ�`2b 2i �HX- kyRkc ZmBMi�M�@
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

Jm`+B 2i �HX- RNNNc hQ``QMB 2i �HX- kyyeVX 6`QK i?�i bi`�Bi- i?2v +QmH/ ?�p2
`2�+?2/ `�TB/Hv aQmi? 1�bi �bB� �M/ P+2�MB� 7QHHQrBM; i?2 +Q�bibX h?Bb
i`�BH +QmH/ ?�p2 #2+QK2 i?2 T`272``2/ QM2 �7i2` Ny-yyy v2�`b �;Q- r?2M i?2
G2p�MiBM2 +Q``B/Q` rQmH/ ?�p2 T`Q#�#Hv #22M BKT�bb�#H2 /m2 iQ i?2 B+2 �;2X
AM 7�+i- �b `2TQ`i2/ BM i?2 }`bi +?�Ti2`- i?2 +HBK�i2 ?�b �Hr�vb TH�v2/ �
+`m+B�H `QH2 BM T2`bm�/BM; Qm` �M+2biQ`b iQ KQp2 bHQrHv Q` iQ `mM �r�vX
Pi?2` BMbi�M+2b �`2 i?2 a�?�`�M TmKT ě i?2 bm++2bbBQMb #2ir22M ǳr2iǴ
�M/ ǳ/2b2`i2/Ǵ a�?�`� ě Q` i?2 #B; ;2QHQ;B+�H +�i�bi`QT?2b- bm+? �b i?2
2`mTiBQM Q7 JQmMi hQ#� ULQ`i?2`M amK�i`�VX

h?2 ;`2�i +QHQMBbBM; �/p2Mim`2
h?2 /Bb+Qp2`v i?�i ;2M2iB+ p�`B�#BHBiv /2+`2�b2b �b � 7mM+iBQM Q7 ;2Q;`�T?B+
/Bbi�M+2 7`QK �7`B+� i2HH mb i?�i i?2 KQp2K2Mib Q7 Qm` �M+2biQ`b r2`2- �b
�#Qp2 b�B/- i2Mi�iBp2X h?2v bi�`i2/ 7`QK � HBiiH2 ;`QmT BM �7`B+� �M/ i?2M
bT`2�/ �HH �+`Qbb i?2 ;HQ#2 #v #`2�FBM; Qz- iBK2 �7i2` iBK2- Qi?2` bK�HH
;`QmTb- BM � ;`�/m�H b2[m2M+2 Q7 #QiiH2M2+F 2p2MibX

>Qr2p2`- i2+?MB+�H BMMQp�iBQMb ě i?2 b2rBM; M22/H25 ě iQ;2i?2` rBi?
i?2 /2p2HQTK2Mi Q7 +QKTH2t bQ+B�H #2?�pBQm` �M/ i?2 BKT`Qp2/ �#BHBiv iQ
#mBH/ b2iiH2K2Mib K�/2 Qm` �M+2biQ`b H2bb b2MbBiBp2 iQ i?2 2MpB`QMK2Mi�H
+QMbi`�BMib- �HHQrBM; i?2K iQ `2�+? 2p2`v bi`BT Q7 H�M/ �+`Qbb i?2 ;HQ#2- MQ
K�ii2` ?Qr BM?QbTBi�#H2 U6B;m`2 ReVX

h?2 KQ/2`M �/p�M+2b BM i?2 b2[m2M+BM; �M/ �M�HvbBb i2+?MB[m2b Q7 #Qi?
KQ/2`M �M/ �M+B2Mi ?mK�Mb- iQ;2i?2` rBi? i?2 }M2` �M�Hvb2b Q7 T�H2Q+HBK�i2
�M/ p2;2i�iBQM /Bbi`B#miBQM UhBKK2`K�MM � 6`B2/`B+?- kyReV- �`2 T`QpB/@
BM; KQ`2 �M/ KQ`2 +Hm2b �#Qmi Qm` T�bi- �HHQrBM; iQ `2i`�+2 #�+Fr�`/b i?2
KB;`�iQ`v r�p2b i?�i ?�p2 b?�T2/ i?2 /Bbi`B#miBQM Q7 KQ/2`M@/�v TQTmH�@
iBQMb �M/ i?2B` ;2M2iB+ /Bp2`bBivX >Qr2p2`- K�Mv �M+B2Mi i`�BHb `2K�BM biBHH
mM+2`i�BMX

9k



� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6B;m`2 ReX J�DQ` ?mK�M KB;`�iBQMb �+`Qbb i?2 rQ`H/ BM72``2/
i?`Qm;? i?2 �M�Hvb2b Q7 ;2MQKB+ /�i�X AK�;2 i�F2M 7`QK LB2Hb2M 2i
�HX- kyRdX *�- *2Mi`�H �M�iQHB�c 6*- 62`iBH2 *`2b+2Mic AS- A#2`B�M S2MBMbmH�c
S*a- SQMiB+Ĝ*�bTB�M bi2TT2X
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

6Q` BMbi�M+2- Bi Bb biBHH mM+H2�` r?2i?2` i?2 1�bi ě �bB� �M/ P+2�MB�
ě r�b +QHQMBb2/ i?`Qm;? QM2 Q` �i H2�bi irQ r�p2b Q7 KB;`�iBQMX lM/2`
i?2 7Q`K2` ?vTQi?2bBb- 1�bi �bB�Mb +QmH/ #2 i?2 /2b+2M/�Mib Q7 aQmi?2`M
KB;`�Mib r?Q KQp2/ iQr�`/ i?2 LQ`i?- r?BH2 �#Q`B;BM�H �mbi`�HB�Mb +QmH/
?�p2 #22M /Bp2`bB}2/ 7`QK i?2b2 KB;`�MibX *QMp2`b2Hv- i?2 H�ii2` TQbbB#BH@
Biv +QmH/ ?�p2 ?�TT2M2/ i?`Qm;? QM2 r�p2 r?B+? BM+Hm/2/ i?2 �M+2biQ`b Q7
�mbi`�H�bB�Mb �M/ S�Tm�M T2QTH2X h?2b2 BM/BpB/m�Hb +QmH/ ?�p2 7QHHQr2/ �
aQmi?2`M +Q�bi�H `Qmi2 iQr�`/ aQmi? �bB� �M/ P+2�MB� /m`BM; i?2 JB//H2
SH2BbiQ+2M2 U7`QK 8y-yyy iQ Ryy-yyy v2�`b �;QVX h?2 b2+QM/ r�p2 +QmH/
?�p2 #22M `2T`2b2Mi2/ #v i?2 �M+2biQ`b Q7 1�bi �bB�Mb- rBi? TQbbB#H2 �/@
KBtim`2b #2ir22M i?2 irQ r�p2b U_�bKmbb2M 2i �HX- kyRRc LB2Hb2M 2i �HX-
kyRdVX AMi2`2biBM;Hv- mM/2` i?2 irQ@r�p2@KQ/2H- bQK2 aQmi? �bB�M TQTmH�@
iBQMb- bm+? �b i?2 L2;`BiQ ;`QmTb 7`QK i?2 �M/�K�M AbH�M/b- S?BHBTTBM2b-
h?�BH�M/ �M/ AM/QM2bB�- +QmH/ +�``v i?2 ;2M2iB+ i`�+2b Q7 i?2 }`bi aQmi?2`M
/BbT2`b�H U6B;m`2 R8VX h?2 `2+2Mi /Bb+Qp2`v Q7 9d ?mK�M i22i? BM i?2 6mv�M
*�p2 BM .�QtB�M bQmi?2`M *?BM�V- /�i2/ #�+F iQ 3y-yyy@Rky-yyy v2�`b �;Q-
b22Kb iQ bmTTQ`i �M 2�`Hv KB;`�iBQM iQr�`/ i?2 1�biX q2 +�M +QK2 iQ i?2
b�K2 +QM+HmbBQM- i?BMFBM; �#Qmi i?2 biQM2 iQQHb Tmi�iBp2Hv �bbQ+B�i2/ rBi?
�M�iQKB+�HHv KQ/2`M ?mK�Mb 7QmM/ BM i?2 pQH+�MB+ �b? H�v2`b H27i #v i?2
hQ#� 2`mTiBQM- i?mb K2�MBM; i?�i ?mK�Mb +QmH/ ?�p2 `2�+?2/ aQmi? 1�bi
�bB� KQ`2 i?�M d9-yyy v2�`b �;QX Pi?2` �`+?�2QHQ;B+�H 2pB/2M+2 ?2HTBM; BM
i`�+BM; i?2 }`bi �``Bp�Hb Q7 �M�iQKB+�HHv KQ/2`M ?mK�Mb BM 1�bi �bB�- �b
`2TQ`i2/ BM UGQT2x 2i �HX- kyR8V- �`2 i?2 `2K�BMb 7`QK w?B`2M/QM; UaQmi?
*?BM�- GBm 2i �HX- kyRyV- i?2 i22i? 7`QK G�i2 SH2BbiQ+2M2 GmM� *�p2 U"�2
2i �HX- kyR9V- i?2 7�KQmb aQmi?2`M *?BM2b2 GBmDB�M; bF2H2iQM rBi? b22KBM;Hv
�M�iQKB+�HHv KQ/2`M 72�im`2b U_Qb2M#2`;- kyykV- �M/ i?2 ?mK�M 7QQi #QM2
Q7 i?2 *�HH�Q K�M /Bb+Qp2`2/ BM S?BHBTTBM2b- /�iBM; #�+F iQ ed-yyy v2�`b �;Q
UJBD�`2b 2i �HX- kyRyVX *QMp2`b2Hv- i?2 �`+?�2QHQ;B+�H `2K�BMb 7`QK P+2�MB�
i2HH mb i?�i KQ/2`M ?mK�Mb �``Bp2/ i?2`2 #2ir22M 9d-8yy �M/ 88-yyy v2�`b
�;Q U*H�`FbQM 2i �HX- kyR8c PǶ*QMM2HH � �HH2M- kyR8VX PM2 2t�KTH2 Bb i?2
KQ/2`M ?mK�M #m`B�H bBi2 �i G�F2 JmM;Q UaQmi? 1�bi �mbi`�HB�- 6B;m`2 R8V
/�iBM; #�+F iQ 9y-yyy v2�`b �;Q U6BixbBKKQMb 2i �HX- kyR9VX 6Q` r?�i +QM@
+2`M i?2 ;2M2iB+ 2pB/2M+2- _2B+? �M/ +QHH2�;m2b �M�Hvb2/ BM kyRR i?2 ;2M2iB+
p�`B�iBQMb �+`Qbb �bB�M �M/ P+2�MB�M TQTmH�iBQMbX h?2B` `2bmHib- Q#i�BM2/
i?`Qm;? 7 @bi�iBbiB+b- bm;;2bi2/ � bBM;H2 r�p2 Pmi Q7 �7`B+� 7QHHQr2/ #v KmH@
iBTH2 /BbT2`b�H r�p2b T2QTHBM; 1�bi �bB� U_2B+? 2i �HX- kyRyVX �MQi?2` rQ`F-
�M�HvbBM; � HQ+F Q7 ?�B` 7`QK � Ryy@v2�`@QH/ �mbi`�HB�M �#Q`B;BM2 �M/ +QK@
T�`BM; Bib .L� rBi? i?2 rQ`H/rB/2 ;2M2iB+ p�`B�iBQM- TQBMi2/ Qmi iQr�`/
�M 2�`Hv bTHBi Q`B;BM�iBM; �mbi`�HB�M �#Q`B;BM2b #2ir22M ek-yyy �M/ d8-yyy
v2�`b �;QX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

>Qr2p2`- QM+2 KQ/2`M ?mK�Mb �``Bp2/ �i i?2 JB//H2 1�bi2`M +`Qbb`Q�/-
MQi �HH Q7 i?2K 7QHHQr2/ i?2 b?Q`2b iQr�`/b 1�biX aQK2 Q7 i?2K /2+B/2/ iQ ;Q
LQ`i?- i?mb #2+QKBM; i?2 }`bi 1m`QT2�M 2tTHQ`2`bX h?2 }`bi �M�iQKB+�HHv
KQ/2`M ?mK�Mb HBp2/ BM 1m`QT2 �b 2�`Hv �b 9j-yyy v2�`b �;QX >Qr2p2`-
i?2b2 T2QTH2 ě +�HH2/ 2�`Hv S�H�2QHBi?B+ 1m`QT2�Mb ě �`2 MQi Qm` /B`2+i
�M+2biQ`b- BM Qi?2` rQ`/b- i?2v ?�p2 ;2M2iB+�HHv +QMi`B#mi2/ p2`v HBiiH2 iQ
KQ/2`M@/�v 1m`QT2�MbX h?Bb ?�TT2M2/ #2+�mb2 1m`QT2- BM i?2 7QHHQrBM;
KBHH2MMB�- r�b +`Qbb2/ #v K�Mv /Bz2`2Mi TQTmH�iBQMb +QKBM; 7`QK Qi?2` 7�`
H�M/bX � ;`2�i +QMi`B#miBQM iQ Qm` KQ/2`M@/�v ;2M2iB+ /Bp2`bBiv r�b ;Bp2M
#v i?2 L2QHBi?B+ T2QTH2 �``BpBM; �`QmM/ Ry-yyy v2�`b �;Q rBi? i?2B` +�iiH2
�M/ ;`�BM b�+Fb �M/ #v ?2`/2`b +QKBM; 7`QK i?2 ai2TT2 /m`BM; i?2 "`QMx2
�;2X A rBHH KQ`2 2ti2MbBp2Hv BHHmbi`�i2 i?2 KB;`�iBQM r�p2b T2QTHBM; 1m`QT2
�i +?�Ti2` ǳq?Q �`2 i?2 1m`QT2�Mb\ǴX

h?2 T2QTHBM; Q7 �K2`B+� ?�/ � +QKTH2i2Hv /Bz2`2Mi biQ`v- 2p2M B7 Bi Bb
/22THv +QMM2+i2/ rBi? i?2 �bB�M QM2X �K2`B+� r�b i?2 H�bi +QMiBM2Mi iQ #2
`2�+?2/ #v KQ/2`M ?mK�Mb #2ir22M kj-yyy �M/ R8-yyy v2�`b �;Q U6B;m`2
ReVX A b�B/ i?�i �K2`B+�M �M/ �bB�M 7�i2 r2`2 /22THv +QMM2+i2/ #2+�mb2
i?2 QMHv r�v iQ `2�+? i?2 ǳL2r qQ`H/Ǵ r�b i?`Qm;? �bB� �M/- T�`iB+mH�`Hv-
+`QbbBM; i?2 "2`BM; H�M/ #`B/;2X h?2 }`bi �`+?�2QHQ;B+�H 2pB/2M+2 7Q` ?mK�M
b2iiH2K2Mib +QK2 7`QK i?2 *HQpBb +mHim`2- BM � T2`BQ/ �7i2` Rj-yyy v2�`b �;Q
UC2MFBMb 2i �HX- kyRkVX >Qr2p2`- �HbQ BM i?2 +�b2 Q7 �K2`B+�- +HBK�i2 +QM/B@
iBQM ?�/ � ?m;2 `QH2 BM ;mB/BM; i?2 KQp2K2Mib Q7 T2QTH2 �M/- +QMb2[m2MiHv-
i?2 Q#b2`p�iBQM Q7 Bib +?�M;2b +�M ?2HT BM /Bb2Mi�M;HBM; i?2 2p2Mim�HHv /Bz2`@
2Mi r�p2bX .m2 iQ i?2 T`2b2M+2 Q7 irQ H�`;2 ;H�+B2`b BM T`2b2Mi@/�v *�M�/�
�M/ lMBi2/ ai�i2-b mMiBH Rj-yyy v2�`b �;Q- i?2 ;�i2r�v iQ i?2 aQmi?2`M T�`ib
Q7 i?2 +QMiBM2Mi r�b BM�++2bbB#H2X �i i?2 2M/ Q7 i?2 ;H�+B�H T2`BQ/- i?2 B+2
K2Hi2/- BM+`2�bBM; i?2 b2�@H2p2H �M/ +Qp2`BM; i?2 "2`BM; T�bb�;2X �i i?2
b�K2 iBK2- i?2 K2HiBM; Q7 i?2 B+2 7`22/ � +Q``B/Q` +QMM2+iBM; i?2 LQ`i? iQ
i?2 mM2tTHQ`2/ aQmi?2`M H�M/bX q?�i2p2` r�b i?2B` i`�BHb- i?2b2 ǳS�H2Q@
�K2`B+�MbǴ bi�`i2/ i?2B` /2b+2Mi i?`Qm;? i?2 �K2`B+�bX

� p2`v #mbv rQ`H/
Pp2` i?2 H�bi 72r KBHH2MMB�- r2 ?�p2 ;`QrM bQ �++mbiQK2/ iQ #2 i?2 QMHv
?mK�M bT2+B2b r�M/2`BM; i?`Qm;? i?2 ;HQ#2- iQ i?BMF i?�i i?�iǶb i?2 r�v Bi
Kmbi ?�p2 �Hr�vb #22MX "mi Bi r�b MQiX

q?2M KQ/2`M ?mK�Mb �TT2�`2/ BM �7`B+�- Qm` TH�M2i r�b �H`2�/v BM?�#@
Bi2/ #v K�Mv /Bz2`2Mi ?mK�M bT2+B2bX "�b2/ QMHv QM �`+?�2QHQ;B+�H 2pB/@
2M+2- BM �7`B+� i?2`2 r�b >QKQ M�H2/B- L2�M/2`i?�Hb r2`2 HBpBM; BM q2bi2`M
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

1m`�bB�- .2MBbQp�Mb BM 1�bi2`M 1m`�bB�- i?2 H�bi ;`QmTb Q7 >QKQ 2`2+imb
r2`2 r�M/2`BM; BM i?2 aQmi?2`M T�`ib Q7 1m`�bB�- r?BH2 QM � `2KQi2 AM/QM2@
bB�M BbH�M/ HBp2/ ǳ� HBiiH2 T2QTH2- �#Qmi ?�H7 Qm` ?2B;?i- �M/ bK�HH2` i?�M i?2
#2�`/2/ .r�`p2bǴ R ě >QKQ ~Q`2bB2MbBb- r?B+? /m2 iQ Bib b?Q`i bi�im`2-
r�b MB+FM�K2/ >Q##BiX �M/ r?Q FMQrb ?Qr K�Mv Qi?2` bT2+B2b Q7 r?B+?
r2 ?�p2 MQ T?vbB+�H `2K�BMb KB;?i ?�p2 #22M HBpBM; +HQb2 iQ Qm` �M+2biQ`bX
q2 FMQr- 7Q` bm`2- i?�i QM i?2B` r�v Pmi Q7 �7`B+�- KQ/2`M ?mK�Mb ?�p2
K2i bQK2 Q7 i?2b2 Qi?2` ?mK�M 7Q`Kb U6B;m`2 RdV �M/- 7Q` bQK2 Q7 i?2K-
r2 �HbQ FMQr r?�i ?�TT2M2/ �7i2` ?�pBM; K2iX

6B;m`2 RdX h?2 /Bz2`2Mi ?mK�M bT2+B2b T2QTHBM; 1m`�bB� �M/
�7`B+� Ny-yyy v2�`b �;QX AK�;2 +`2/Bi, �iH�bP7h?2>mK�MCQm`M2vX+QK

Pm` KQ/2`M ?mK�M �M+2biQ`b �/KBt2/ rBi? bQK2 Q7 i?2KX q2 �`2 `2H@
�iBp2Hv bm`2 �#Qmi i?2 �`+?�B+ �z�B`b i?2v ?�/ rBi? L2�M/2`i?�Hb �M/ .2M@
BbQp�Mb #2+�mb2 #Qi? 7QbbBHb �M/ �`+?�B+ .L� Q7 i?2b2 ?mK�M bT2+B2b ?�p2
#22M �M�Hvb2/ Ub22 +?�Ti2` ǳ.Q L2�M/2`i?�Hb 2tBbi iQ/�v\Ǵ �M/- KQ`2 bT2@
+B}+�HHv- T�;2 eeVX h?2M- i?2 �`+?�B+ .L� r�b �HbQ +QKT�`2/ rBi? i?2
.L� Q7 KQ/2`M@/�v TQTmH�iBQMb U:`22M 2i �HX- kyyec S`m72` 2i �HX- kyRdc

R� /2b+`BTiBQM Q7 i?2 >Q##Bi T2QTH2 K�/2 #v CX_X_X hQHFB2M BM ǳh?2 >Q##BiǴX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

_2B+? 2i �HX- kyRyV- }M�HHv T`QpB/BM; i?2 T`BM+BT�H TB2+2 Q7 2pB/2M+2 iQr�`/b
�/KBtim`2X >Qr2p2`- BM i?2 H�bi 72r v2�`b- Bi ?�b #2+QK2 TQbbB#H2 iQ /2@
i2+i �`+?�B+ �/KBtim`2 2p2M rBi?Qmi i?2 �p�BH�#BHBiv Q7 �M �`+?�B+ `272`2M+2
;2MQK2 U"`QrMBM; 2i �HX- kyR3c aFQp 2i �HX- kyR3VX A rBHH ;Q Km+? KQ`2
BMiQ i?2 /2i�BHb Q7 bQK2 Q7 i?2 K2i?Q/b BM i?2 +?�Ti2` ǳ.Q L2�M/2`i?�Hb
2tBbi iQ/�v\Ǵ UT`2+Bb2Hv- �i T�;2 dkVX >Qr2p2`- r2 +�M Dmbi b�v i?�i i`�+2b
Q7 �/KBtim`2b rBi? �`+?�B+ ǳ;?QbiǴ TQTmH�iBQMb ?�p2 #22M 7QmM/ BM 1m`�bB�
�M/ �7`B+�- bQ 7�`X �b /22THv 2tTH�BM2/ BM a�Mi�M/2` 2i �HX- kyRN- i?2 H�+F
Q7 �`+?�B+ .L� Bb �M m`;BM; T`Q#H2K �#Qp2 �HH BM �7`B+�- r?2`2 i?2 +HBK�iB+
+QM/BiBQMb T`2p2Mi i?2 TQbbB#BHBiv iQ 2ti`�+i ;QQ/ [m�HBiv .L�X >Qr2p2`-
i?�MFb iQ i?2b2 K2i?Q/b- BM i?2 �#b2M+2 Q7 �M �`+?�2QHQ;B+�H bBi2 r?2`2 iQ
/B; Qmi �.L� 7`QK �`+?�B+ #QM2b- r2 +�M /B; i`�+2b Q7 �/KBtim`2b 7`QK
HQM; �;Q BM i?2 ;2MQK2 Q7 T`2b2Mi@/�v T2QTH2X

q?�i2p2` ?�TT2M2/ i?Qmb�M/b Q7 v2�`b �;Q- r2 �`2 i?2 bQH2 bm`pBpQ`bX
LQi HQM; �7i2` Qm` �``Bp�H iQ 2p2`v +Q`M2` Q7 i?2 rQ`H/- i?2 Qi?2` ?mK�M 7Q`Kb
/Bb�TT2�`2/- H2�pBM; #2?BM/ i?2K � 72r #QM2b �M/ bQK2 .L� +?mMFb BM Qm`
;2MQK2X Ai Bb biBHH mM+H2�` r?Q Bb `2bTQMbB#H2 7Q` r?�i ?�TT2M2/ iQ i?2Kc
?Qr2p2`- r2 bm`2Hv FMQr i?�i Qm` KB;`�iBQMb ?�p2 H27i T2`K�M2Mi b+�`b QM
Qm` TH�M2iX � 72r i?Qmb�M/ v2�`b �7i2` Qm` �``Bp�H BM �mbi`�HB�- ir2Miv@
i?`22 Q7 i?2 ir2Miv@7Qm` �mbi`�HB�M �MBK�H bT2+B2b r2B;?BM; }7iv FBHQ;`�Kb
Q` KQ`2 #2+�K2 2tiBM+i UJBHH2` 2i �HX- RNNNc _Q#2`ib 2i �HX- kyyRc >�`�`B-
kyR8VX h?2 b�K2 ?�TT2M2/ BM �K2`B+�, rBi?BM kyyy v2�`b �7i2` i?2 KQ/2`M
?mK�MbǶ �``Bp�H- LQ`i? �K2`B+� HQbi i?B`iv@7Qm` Qmi Q7 Bib 7Q`iv@b2p2M ;2M2`�
Q7 H�`;2 K�KK�Hb- r?BH2 aQmi? �K2`B+� HQbi }7iv Qmi Q7 bBtiv U>�`�`B- kyR8VX
Ai Bb MQi /B{+mHi iQ i?BMF i?�i r2 KB;?i �HbQ ?�p2 /`Bp2M i?2 Qi?2` ?mK�M
bT2+B2b iQ 2tiBM+iBQM �b r2 +�K2 BM +QMi�+i rBi? i?2K Ub22 T�;2 3y 7Q` i?2
TQbbB#H2 `2�bQMb 2tTH�BMBM; L2�M/2`i?�H 2tiBM+iBQMVX

� bvMi?2bBb 7Q` i?2 /2b+2Mi Q7 K2M
6Q` � HQM; iBK2- i?2 /2#�i2 �`QmM/ Qm` Q`B;BMb r�b 7Q+mb2/ QM i?2 QTTQbBiBQM
#2ir22M KmHiB`2;BQM�HBbib �M/ bmTTQ`i2`b Q7 i?2 Pmi Q7 �7`B+� KQ/2HX LQr
r2 FMQr i?�i- �b Bb Q7i2M i?2 +�b2 rBi? b+B2M+2- MQM2 Q7 i?2K r�b `B;?iX

6`QK i?2 �M�Hvb2b Q7 ;2M2iB+ /�i�- Bi Bb +`vbi�H@+H2�` i?�i MQM@�7`B+�M
KQ/2`M@/�v TQTmH�iBQMb ?�/ i?2B` �M+2biQ`b BM � ;`QmT Q7 �7`B+�M BM/BpB/m@
�Hb r?Q bT`2�/ �HH �`QmM/ i?2 rQ`H/X >Qr2p2`- Bi Bb �HbQ i`m2 i?�i �b i?2b2
T2QTH2 +QMiBMm2/ QM i?2B` r�M/2`BM;b- i?2v K2i �M/ �/KBt rBi? /Bz2`2Mi
?mK�M bT2+B2b �i /Bz2`2Mi `�i2bX h?Bb K2�Mb i?�i- iQ bBKTHB7v- r?BH2 i?2
�M+2biQ`b Q7 KQ/2`M@/�v 1m`QT2�M TQTmH�iBQMb �/KBt2/ T`272`2MiB�HHv rBi?
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

L2�M/2`i?�Hb- i?2 �M+2biQ`b Q7 1�bi �bB�M- aQmi?@1�bi �bB�M �M/ P+2�MB�M
TQTmH�iBQMb BMi2`#`2/ rBi? .2MBbQp�MX 6Q` i?Bb `2�bQM- MQM2 Q7 mb- KQ/@
2`M ?mK�Mb- Bb � ǳTm`2Ǵ a�TB2Mb- #2+�mb2 r?BH2 KQ/2`M 1m`QT2�Mb +�``v
L2�M/2`i?�H .L� TQ`iBQMb- �bB�M �M/ P+2�MB�M T2QTH2 �HbQ ?�p2 .2MBbQp�M
.L� �M/- p2`v T`Q#�#Hv- �HbQ KQ/2`M �7`B+�Mb #2�` i?2 ;2M2iB+ i`�+2b Q7
i?2 �M+2bi`�H �z�B`b rBi? �`+?�B+ ?mK�M 7Q`KbX

�i i?Bb TQBMi- Bi Bb +H2�` i?�i M2Bi?2` i?2 KmHiB`2;BQM�H KQ/2H- +H�BKBM;
i?�i i?2 Q`B;BM Q7 KQ/2`M ?mK�Mb BM � `2;BQM bi`B+iHv /2T2M/b 7`QK i?2
�`+?�B+ 7Q`Kb BM?�#BiBM; i?�i b�K2 TH�+2- MQ` i?2 Pmi Q7 �7`B+�- bmTTQ`iBM;
� ǳTm`2Ǵ �7`B+�M Q`B;BM 7Q` �HH KQ/2`M ?mK�Mb- +QmH/ /2b+`B#2 i?2 +QKTH2tBiv
Q7 Qm` T�biX

h?mb- i?2 M2r KQ/2H ě �M/ i?2 +m``2MiHv �++2Ti2/ QM2 mMiBH M2r 2pB/@
2M+2 rBHH FMQ+F Bi /QrM ě Bb � KBtim`2 Q7 i?2 irQ �M/ +�M #2 +�HH2/- �b
T`QTQb2/ #v .�pB/ _2B+? U_2B+?- kyR3V- i?2 ǳKQbiHv Qmi Q7 �7`B+�Ǵ KQ/2HX

JB;`�iBQMb �i ?BbiQ`B+�H iBK2b
h?2 K�DQ` +?�HH2M;2 BM #`BM;BM; #�+F iQ HB;?i i?2 i`�BHb 7QHHQr2/ #v Qm`
�M+2biQ`b Bb i?�i- QM+2 i?2v +`Qbb2/ � `Bp2`- Qp2`+�K2 � KQmMi�BM- `2�+?2/
� M2r +QMiBM2Mi- MQi?BM; T`2p2Mi2/ i?2K Q` i?2B` /2b+2M/�Mib 7`QK ;QBM;
#�+F �;�BMX JQ`2Qp2`- i?2 b�K2 7�i2 �r�Bi2/ i?2B` /2b+2M/�Mi TQTmH�iBQMb,
i?2v +QmH/ ?�p2 +QK2 #�+F Q` ;QM2 �Mv 7m`i?2` Q` #Qi?- i?mb +Qp2`BM; i?2
T`2pBQmb i`�+2bX �M/ bQ K�Mv T2QTH2 r�HF2/ Qp2` i?2 b�K2 7QQiT`BMib5

h?Bb Bb i`m2 #2+�mb2- �b r2 ?�p2 2ti2MbBp2Hv b22M BM i?Bb #`B27 �M/ M2@
+2bb�`BHv BM+QKTH2i2 `2+QMbi`m+iBQM Q7 �M+B2Mi i`�BHb- T2QTH2 M2p2` biQTT2/
iQ KQp2X h?2v r2`2 +QMiBMmBM; iQ KB;`�i2 iQr�`/b M2r i2``BiQ`B2b- mbBM;
M2r iQQHb- #v K2�Mb Q7 /Bz2`2Mi p2?B+H2bX >Qr2p2`- �b i?2v r2Mi 7m`i?2`
/Bb+Qp2`BM; �Hr�vb M2r i2``BiQ`B2b- i?2v #2+�K2 mM�r�`2 Q7 i?2 H�M/b �M/
i?2 T2QTH2 i?2v H27i #2?BM/X Ai K�v b22K i`BpB�H- #mi #27Q`2 i?2 Rei? +2Mim`v
*X1X- MQM2 Q7 Qm` �M+2biQ`b FM2r ?Qr K�Mv +QMiBM2Mib i?2`2 r2`2 QM i?2
;HQ#2X 1m`QT2�Mb FM2r i?2 2tBbi2M+2 Q7 �7`B+�- Q7 i?2 JB//H2 1�bi �M/ bmb@
T2+i2/ i?�i bQK2r?2`2 BM i?2 1�bi i?2`2 r2`2 Qi?2` 2M/H2bb �M/ K�`p2HHQmb
H�M/b ě �bB�X h?2v FM2r Bi �M/ BM �M �ii2KTi iQ `2�+? i?2K- i?2v `�M BMiQ
i?2 �K2`B+�b �M/ P+2�MB�X

�7i2` i?Bb KQK2Mi- ?BbiQ`v `2T2�i2/ Bib2H7, 1m`QT2�Mb �``Bp2/ BMiQ i?2
M2r K�`p2HHQmb H�M/b ě BM i?Bb +�b2- �K2`B+�b ě �M/ `2/Bb+Qp2`2/ i?2K-
#v H2�pBM; /22T K�`Fb QM i?Qb2 H�M/b �M/ i?2 Qi?2` a�TB2Mb HBpBM; i?2`2X
h?Bb ǳPmi Q7 1m`QT2Ǵ- iQ;2i?2` rBi? i?2 bH�p2`v KB;`�iBQMb- `2bmHi2/ BM i?2
7�+i i?�i KQ/2`M@/�v �K2`B+�M TQTmH�iBQMb +�``v .L� +?mMFb BM?2`Bi2/ #v
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

K�BMHv i?`22 /Bz2`2Mi �M+2bi`B2b, L�iBp2 �K2`B+�Mb- 1m`QT2�Mb U7Q` KQbi
aT�MBb?V �M/ q2bi2`M �7`B+�Mb- `2~2+iBM; i?2 i?`22 K�DQ` +QMi`B#miBQMb �`@
`BpBM; BMiQ �K2`B+�b R8-yyy i?2 }`bi �M/ 8yy v2�`b �;Q i?2 b2+QM/ �M/ i?2
i?B`/X

AM � 72r ?mM/`2/ v2�`b �HH +QMiBM2Mib rQmH/ ?�p2 #22M `2/Bb+Qp2`2/ �;�BM-
bQ i?�i bBM+2 �`QmM/ k8y v2�`b �;Q Bi #2+�K2 �HKQbi BKTQbbB#H2 iQ }M/
mM2tTHQ`2/ H�M/b r?2`2 iQ HBp2 HQM2Hv �M/ 7�` 7`QK Qi?2` ?mK�M #2BM;bX
>mK�M #2BM;b ;Qi 2p2`vr?2`2 �M/- �b � +QMb2[m2M+2 Q7 i?Bb- HBM;mBbiB+ Q`
;2M2iB+ BbQH�iBQM Bb MQ KQ`2 TQbbB#H2 USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX

A7 i?2 Rei? +2Mim`v r�b +?�`�+i2`Bb2/ #v 2MQ`KQmb KB;`�iQ`v r�p2b
7Q`+2/ #v bH�p2`v 7`QK QM2 bB/2 �M/ /2bB`2 iQ +QM[m2` 7`QK i?2 Qi?2`- jyy
v2�`b H�i2`- /m`BM; i?2 BM/mbi`B�HBb�iBQM T`Q+2bb- i?Qmb�M/b Q7 KB;`�Mi rQ`F@
2`b r2`2 bi�`iBM; iQ KQp2 �r�v 7`QK i?2B` +QmMi`B2b iQ b22F 7Q`imM2 7�` 7`QK
?QK2- `2�+?BM; i?2 M2�`2bi iQrM Q` +`QbbBM; i?2 Q+2�MX G�#Qm` KB;`�iBQMb
�`2 ?�TT2MBM; biBHH MQr- bQ Km+? i?�i 2MiB`2 +QMiBM2Mib bm+? �b 1m`QT2 �M/
�K2`B+� M22/ BKKB;`�Mib 7`QK Qi?2` +QMiBM2Mib iQ ;m�`�Mi22 � bm{+B2Mi
MmK#2` Q7 `2bB/2Mib �M/ rQ`F2`b USB2p�MB- hX �M/ *�HxQH�BQ- oX- kyReVX

AM i?2 RNi? +2Mim`v- KQ`2 �M/ KQ`2 T2QTH2 bi�`i2/ iQ b22F 7Q`imM2 Qmi@
bB/2 i?2B` QrM +QmMi`B2b- i?mb K�FBM; 7`QMiB2`b �M/ #Q`/2` K�M�;2K2Mi
KQ`2 �M/ KQ`2 `2H2p�Mi BM TQHBiB+bX AM �M �ii2KTi iQ +QMi`QH �M/ +m`# i?2
KB;`�iBQM ~Qrb- BM2pBi�#Hv- i?2v `2bi`B+i2/ BM/BpB/m�H 7`22/QK, i?2 7`22/QK
Q7 KQp2K2MiX

AM i?2 :HQ#�H oBHH�;2 r?2`2 r2 HBp2 MQr- i?2 H2;�H 7`22/QK Q7 KB;`�iBQM
7Q` 2p2`vQM2 ?�b #22M 2bi�#HBb?2/- 2p2M B7 T2QTH2 �`2MǶi 2p2M �r�`2 Q7 BiX
�`iB+H2 Rj Q7 i?2 lMBi2/ L�iBQMbǶ RN93 lMBp2`b�H .2+H�`�iBQM Q7 >mK�M
_B;?ib bi�i2b i?2 7QHHQrBM;,

ǳ1p2`vQM2 ?�b i?2 `B;?i iQ 7`22/QK Q7 KQp2K2Mi �M/ `2bB/2M+2
rBi?BM i?2 #Q`/2`b Q7 2�+? bi�i2X 1p2`vQM2 ?�b i?2 `B;?i iQ H2�p2
�Mv +QmMi`v- BM+Hm/BM; ?Bb QrM- �M/ iQ `2im`M iQ ?Bb +QmMi`vXǴ

h?2`2 +QmH/MǶi ?�p2 #22M � #2ii2` r�v iQ 2M/ i?Bb BMi`Q/m+iBQM QM ?mK�M
KB;`�iBQMbX
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� #`B27 ?BbiQ`v Q7 2p2`vQM2 r?Q 2p2` KQp2/

8y



�`+?�B+ i�H2b,
L2�M/2`i?�Hb �M/ mb

8R





ǳh?2v H27i #2?BM/ bQK2 #QM2b- biQM2 iQQHb- � 72r
;2M2b BM Qm` .L� �M/ � HQi Q7 mM�Mbr2`2/ [m2b@
iBQMbX h?2v �HbQ H27i #2?BM/ mb- >QKQ b�TB2Mb-
i?2 H�bi ?mK�M bT2+B2bXǴ

ump�H LQ�? >�`�`B- a�TB2Mb

.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

F
Q` Qp2` R8y v2�`b- b+B2MiBbib 7`QK �HH Qp2` i?2 rQ`H/ i`B2/ iQ
�Mbr2` i?2 [m2biBQM ǳ.Q L2�M/2`i?�Hb 2tBbi iQ/�v\ǴX �7i2` �HH
i?Bb iBK2 b2�`+?BM; 7Q` +Hm2b- Bi HQQFb HBF2 r2 ?�p2 Qm` �Mbr2`X
h?2 �Mbr2` Bb, MQi 2t�+iHvX

�+im�HHv- L2�M/2`i?�Hb r2Mi 2tiBM+i �b `2+2MiHv �b jy-yyy v2�`b �;Qc ?Qr@
2p2`- 2p2`vQM2 `2�/BM; i?Bb i?2bBb- mMH2bb Q7 Tm`2Hv �7`B+�M /2b+2Mi- ?�b �
?B;? T`Q#�#BHBiv Q7 +�``vBM; L2�M/2`i?�H .L�X

AM Q`/2` iQ mM/2`bi�M/ i?Bb �biQMBb?BM; `2p2H�iBQM- r2 M22/ iQ HQQF #�+F@
r�`/b BM iBK2 `2i`�+BM; i?2 `Qmi2b i?�i bQK2 �`+?�B+ ?QKBMBMb iQQF ?mM/`2/b
Q7 i?Qmb�M/b Q7 v2�`b �;QX

� bQM Q7 1m`QT2
Ai Bb MQi 2�bv iQ T`2+Bb2Hv TQBMi Qmi r?2M L2�M/2`i?�Hb 2K2`;2/ #mi r2 ?�p2
MQ /Qm#ib BM b�vBM; r?2`2, 1m`QT2X

JQ`T?QHQ;B+�H 2pB/2M+2 7`QK 7QbbBHb bm;;2bib i?2 L2�M/2`i?�H 72�im`2b
r2`2 �H`2�/v T`2b2Mi BM 1m`QT2 �`QmM/ 9yy-yyy v2�`b �;Q Uq2�p2`- kyyNVX
h?2 ;`�/m�H 2K2`;2M+2 Q7 i?2 L2�M/2`i?�H 72�im`2b BM/B+�i2b r?�i Bb +�HH2/
ǳ�++`2iBQM KQ/2HǴ- BM r?B+? i?2 T?vbB+�H BM;`2/B2Mib i?�i K�/2 � L2�M/2`@
i?�H K�M r2`2 �//2/ i?`Qm;? � /`�rM@Qmi T`Q+2bbX

q?v /B/ i?2 ǳM2�M/2`i?�HBx�iBQMǴ i�F2 TH�+2\ aQK2 72�im`2b KB;?i #2
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.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

i?2 `2bmHi Q7 b2H2+iBp2 T`2bbm`2b- bm+? �b i?2 b?Q`i2MBM; Q7 i?2 HBK#b �b �M
�/�Ti�iBQM iQ i?2 +QH/ 1m`QT2�M +HBK�i2X >Qr2p2`- Bi Bb `2�HHv ?�`/ 7Q` mb iQ
2tTH�BM Qi?2` +?�`�+i2`BbiB+b- bm+? �b i?2B` 2HQM;�i2/ bFmHHb �M/ T`Qi`m/BM;
7�+2b- �b �/�Ti�iBQM T`Q+2bb2bX AM 7�+i- i?2b2 72�im`2b KB;?i ?�p2 � ;2M2iB+
/`B7i 2tTH�M�iBQMX q?2M ?2B/2H#2`;2MbBb �``Bp2/ BMiQ 1m`QT2 �`QmM/ 8yy-yyy
v2�`b �;Q- i?2v biQQ/ BM 7`QMi Q7 �M 2MQ`KQmb i2``BiQ`v- #�`2Hv BM?�#Bi2/ #v
Qi?2` ?mK�MbX �7i2` bQK2 iBK2- 72r i?Qmb�M/b Q7 BM/BpB/m�Hb ?�/ bT`2�/
i?`Qm;? i?2 2MiB`2 �`2� Q7 i?2 +QMiBM2MiX JQ`2Qp2`- K�DQ` +HBK�i2 +?�M;2b
/m`BM; i?2 JB//H2 SH2BbiQ+2M2 U#2ir22M d3R-yyy �M/ Rke-yyy v2�`b �;QV T`2@
p2Mi2/ ;2M2 ~Qrb #2ir22M 1m`QT2 �M/ �7`B+� �M/ #2ir22M 1m`QT2 �M/ �bB�-
i?mb b2Mi2M+BM; ?2B/2H#2`;2MbBb iQ HBp2 BM BbQH�iBQM 7Q` ?mM/`2/b Q7 i?Qmb�M/b
Q7 v2�`bX AM i?Bb bBim�iBQM- ;2M2iB+ /`B7i iQQF TH�+2- `�M/QKHv b�KTHBM; bQK2
72�im`2b ě bQK2 �HH2H2b ě �M/ 2HBKBM�iBM; Qi?2`bX

q?�i2p2` i?2 2tTH�M�iBQM- 7Q` �HKQbi jyy-yyy v2�`b- L2�M/2`i?�Hb +?�`@
�+i2`BbiB+b r2`2 TBHBM; mT- mMiBH Rjy-yyy v2�`b �;Q- r?2M i?2v r2`2 7mHHv
2bi�#HBb?2/ Uq2�p2`- kyyNVX

�b aBHp�M� *QM/2KB �M/ 6`�MÏQBb a�p�iB2` ?B;?HB;?i BM i?2B` #QQF U*QM@
/2KB � a�p�iB2`- kyReV- i?2 L2�M/2`i?�H biQ`v Bb +QKTH2i2Hv 1m`QT2�M 7Q`
�i H2�bi i?`22 `2�bQMb, BV T`2@L2�M/2`i?�H 7QbbBHb ?�p2 #22M 7QmM/ QMHv BM
1m`QT2c BBV i?2 2pQHmiBQM�`v T`Q+2bb H2�/BM; iQ L2�M/2`i?�Hb iQQF TH�+2 QMHv
BM 1m`QT2c BBBV r?2`2�b L2�M/2`i?�Hb �HbQ BM?�#Bi2/ �bB�- QMHv BM 1m`QT2 �
?m;2 �KQmMi Q7 L2�M/2`i?�H `2K�BMb ?�p2 #22M 7QmM/X JQ`2Qp2`- i?2 �#@
b2M+2 Q7 T`2@L2�M/2`i?�H 7QbbBHb QmibB/2 1m`QT2 bm;;2bib L2�M/2`i?�H bi�`i2/
iQ +QHQMBb2 *2Mi`�H �bB� �M/ L2�` 1�bi �7i2` i?2 �+[mBbBiBQM Q7 i?2B` +?�`@
�+i2`BbBM; 72�im`2bX >Qr2p2`- Bi Bb i`m2 i?�i i?Bb 1m`QT2�M KQMQTQHv +QmH/-
BM bQK2 r�v- #2 #B�b2/ iQr�`/ q2bi2`M 1m`QT2X h?Bb �`2�- �Hi?Qm;? Bb QMHv
QM2@}7i? i?2 bBx2 Q7 i?2B` 7m`i?2` 2tT�MbBQM- +QMi�BMb �HKQbi i?`22@[m�`i2`b
Q7 �HH L2�M/2`i?�H bBi2bX h?Bb Bb /m2 #Qi? iQ i?2 #2ii2` T`2b2`p�iBQM Q7 7QbbBHb
BM HBK2biQM2 +�p2b �M/ `Q+Fb Q7 6`�M+2- aT�BM �M/ Ai�Hv �M/ iQ i?2 #B;;2`
}2H/rQ`Fb /QM2 BM i?Bb T�`i Q7 1m`QT2 U_Q2#`Q2Fb � aQ`2bbB- kyReVX

�Mvr�v- 2p2`v r�v vQm HQQF �i Bi- L2�M/2`i?�Hb r2`2 �H`2�/v T`2b2Mi
BM 1m`QT2 � HQM; iBK2 #27Q`2 a�TB2Mb �``Bp2/ i?2`2 �M/ 2p2M #27Q`2 i?2v
�TT2�`2/ QM 1�`i?5

Ai Bb `2�HHv �KmbBM; iQ i?BMF MQr- BM i?Bb T2`BQ/ Q7 ?2�i2/ /Bb+mbbBQMb
�#Qmi i?2 `B;?ib iQ +QK2 BM �M/ `2K�BM BMiQ 1m`QT2- i?�i � 72r i?Qmb�M/
v2�`b �;Q Bi r�b �+im�HHv mb i?2 #H�+F@bFBMM2/ BKKB;`�Mib +QKBM; iQ i?2
H�M/b #2HQM;BM; iQ i?2 }`bi i`m2 1m`QT2�Mb, i?2 L2�M/2`i?�HbX
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.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

L2�M/2`i?�H ?QK2
L2�M/2`i?�Hb r2`2 i?2 mM/BbTmi2/ `mH2` Q7 H�`;2 T�`i Q7 1m`QT2 �M/ q2bi
�bB� 7Q` �HKQbi jyy-yyy v2�`b- ;QBM; �b 7�` �b i?2 L2�` 1�bi �M/ *2Mi`�H
�bB� U6B;m`2 R3V- i?mb +Qp2`BM; �M �`2� Q7 �`QmM/ Ry KBHHBQMb FKk- r?B+? Bb
Km+? H�`;2` i?�M �mbi`�HB� U_Q2#`Q2Fb � aQ`2bbB- kyReVX

6B;m`2 R3X h?2 FMQrM i2``BiQ`v `�M;2 Q7 L2�M/2`i?�Hb #�b2/ QM
7QbbBH `2+Q`/bX AK�;2 +`2/Bi, LBH2M#2`i- LB+QH�b S2``�mHi AAAX

�b 7Q` i?2B` MQ`i?2`M HBKBib- MQ mM/Qm#i2/ L2�M/2`i?�H bBi2b �`2 HQ+@
�i2/ 7`QK �`2�b �#Qp2 8jê BM 1m`�bB�X h?2v �HbQ KQp2/ 1�bi- �``BpBM; BMiQ
1�bi 1m`QT2 �`QmM/ Ny-yyy v2�`b �;Q- �b /2KQMbi`�i2/ #v i?2 7QbbBHb 7QmM/
�i ai�DM�- SQHH�M/ Ul`#�MQrbFB 2i �HX- kyRyV �M/ ;QBM; 7m`i?2` iQ *2Mi`�H
�bB�X h?Bb bT`2�/ ?�TT2M2/ /m`BM; � i2KT2`�i2 b2�bQM U#2ir22M Rkj-yyy
�M/ RyN-yyy v2�`b �;QV, #2+�mb2 Q7 i?2 ?2�i- *�bTB�M b2� /`B2/ Qmi- QT2MBM;
� ;�i2 iQr�`/ i?2 1�bi- �b b?QrM #v i?2 `2K�BMb Q7 � vQmM; L2�M/2`i?�H
K�M 7QmM/ BM lx#2FBbi�M U�i i?2 h2b?BF@h�b? bBi2VX Pi?2` 7QbbBHb ?�p2 #22M
#`Qm;?i iQ HB;?i BM aQmi?2`M aB#2`B�- �i i?2 .2MBbQp� +�p2- r?2`2 r2 b?�HH
+QK2 #�+F H�i2` BM i?2 biQ`vX

h?2B` bQmi?2`M 2tT�MbBQM biQTT2/ BM i?2 L2�` 1�bi- bBM+2 MQ L2�M/2`i?�H
bF2H2i�H `2K�BMb �`2 FMQrM 7`QK �7`B+�- �M/ 7QbbBHb 7`QK L2�` 1�bi- A`�[-
av`B� �M/ Ab`�2H bm;;2bi i?�i i?Bb 2tT�MbBQM iQQF TH�+2 /m`BM; i?2 b�K2
T`2pBQmbHv K2MiBQM2/ BMi2`;H�+B�H T2`BQ/X

�b 7Q` Qi?2` ?mK�Mb- L2�M/2`i?�H 2tT�MbBQM r�b K�BMHv ;mB/2/ #v
+HBK�i2 +?�M;2b- r?B+? r2`2 bQ +?�`�+i2`BbiB+ 7Q` SH2BbiQ+2M2 BM 1m`�bB�X
:H�+B�H@BMi2`;H�+B�H +v+H2b KB;?i ?�p2 /22THv b?�T2/ i?2B` /2KQ;`�T?v- #`2�F@
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.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

BM; mT � TQTmH�iBQM- �++Q`/BM; iQ T�H2Q@/2KQ;`�T?Bbi- Q7 �`QmM/ dy-yyy BM@
/BpB/m�Hb U"Q+[m2i@�TT2H � .2;BQ�MMB- kyRjVX

h?2v r2`2 72r �M/ BbQH�i2/- #mi i?Bb rQmH/ MQi H�bi HQM;, bi`�M;2`b r2`2
�#Qmi iQ +QK2X

L2�M/2`i?�H HQQFb, r?v i?2 HQM; 7�+2\
q?2M bQK2 [m�``vK2M BM R38e /Bb+Qp2`2/ BM � +�p2 BM i?2 L2�M/2` o�H@
H2v U.Ƀbb2H/Q`7V #QM2b Q7 � +`�MB�H p�mHi U6B;m`2 RNV- i?2v i?Qm;?i i?2K
#2HQM;BM; iQ � +�p2 #2�`X q?2M bQK2 v2�`b H�i2` _m/QHb oB`+?Qr- � rQ`H/@
`2MQrM2/ :2`K�M �M�iQKv T`Q72bbQ`- b�r i?Qb2 #QM2b ?2 i?Qm;?i i?2v r2`2
i?2 `2K�BMb Q7 � /Bb2�b2/ K�MX

6B;m`2 RNX 6B`bi L2�M/2`i?�H 7QbbBH 2p2` 7QmM/X P`B;BM�H #QM2b Q7
>QKQ M2�M/2`i?�H2MbBb- /BbTH�v2/ �i Go_@G�M/2bJmb2mK "QMMX

h?2M- �7i2` bQK2 rQ`F �M/ K�Mv /Bb+mbbBQMb- i?2b2 #QM2b ?�p2 #22M �i@
i`B#mi2/ iQ � T`BKBiBp2 bT2+B2b Qi?2` i?�M >QKQ b�TB2Mb- r?B+? r�b +�HH2/
>QKQ M2�M/2`i?�H2MbBbX 6mM 7�+i- i?2 p�HH2v r�b M�K2/ �7i2` CQ�+?BK
L2�M/2`- � Rdi? +2Mim`v T�biQ` �M/ +QKTQb2`- r?Qb2 M�K2 r�b bBKTHv �
:`22F i`�MbH�iBQM Q7 ?Bb `2�H 7�KBHv M�K2, L2mK�MM- K2�MBM; ǳM2r K�MǴX
h?mb- i?Bb QH/ 2tiBM+i ?QKBMBM Bb � 7mHHv@~2/;2/ ǳM2r K�MǴX

8e



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

.m`BM; i?2 7QHHQrBM; v2�`b mMiBH `2+2MiHv- T�H�2Q�Mi?`QTQHQ;B+�H �M/ ;2@
M2iB+b `2b2�`+?2b QM ?Bb 7QbbBHb ?�p2 +QMi`B#mi2/ BM bKQQi?BM; i?2 `Qm;?
TQ`i`�Bi r2 mM7�B`Hv /B/ Q7 ?BKX

�+im�HHv- L2�M/2`i?�Hb r2`2 MQi bQ T?vbB+�HHv /Bz2`2Mi 7`QK mb U6B;m`2
kyVX h?2v r2`2 H�`;2@#Q/B2/- Kmb+mH�` �M/ `Q#mbi T2QTH2 rBi? b?Q`i bi�im`2
�M/ � ǳ#�``2H@b?�T2/Ǵ +?2bi- r?B+? +QmH/ #2 � TQi2MiB�H T?vbB+�H �/�Ti�iBQM
iQ i?2 +QH/ 1m`�bB�M 2MpB`QMK2Mi �M/ i?2 bQ /2`Bp2/ ?B;?2` 2M2`;2iB+ M22/b
U>2v2b � J�+.QM�H/- kyR8c *?m`+?BHH- kyR9VX

h?2 72�im`2b r?B+? rQmH/ K�F2 2p2`v#Q/v im`M �`QmM/ �`2 KQbiHv BM
i?2 ?2�/ �`2�X 6B`bi Q7 �HH- i?2v r2`2 H�`;2@#`�BM2/ ?QKBMBMb- rBi? � HQM;
�M/ ~�i bFmHH- � bi`QM; KB/7�+B�H T`Q;M�i?BbK �M/ � T`QMQmM+2/ #`Qr `B/;2X

>Qr2p2`- �b i?2 �mi?Q`b Q7 ǳLû�M/2`i�H KQM 7`ĕ`2Ǵ U*QM/2KB � a�p�iB2`-
kyReV TQBMi Qmi- B7 r2 K2i � L2�M/2`i?�H QM i?2 bm#r�v- r2 rQmH/ MQi
#2 b?Q+F2/- �b i?2 d #BHHBQM T2QTH2 Q7 i?2 ?mK�M TQTmH�iBQM b22K 2MQm;?
iQ BM+Hm/2 i?2 2MiB`2 T?2MQivTB+ p�`B�#BHBiv Q7 i?2 L2�M/2`i?�H TQTmH�iBQMX
"�bB+�HHv- r2 rBHH M2p2` b22 � L2�M/2`i?�H BM QM2 TB2+2- #mi r2 bm`2Hv ?�p2
b22M ?BK �T�`i5

6B;m`2 kyX L2�M/2`i?�H rQK�MX SQ`i`�Bi Q7 � 72K�H2 L2�M/2`i?�H 7`QK
7QbbBHb `2+QMbi`m+iBQMX AK�;2 +`2/Bi, �i2HB2` .�vMĕb
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h?BMFBM; HBF2 � L2�M/2`i?�H
A7 r2 ?�/ bQK2 T`2+QM+2TiBQMb �#Qmi i?2B` ?�B`v �M/ #2�biHv T?vbB+�H HQQFb-
i?2b2 T`2Dm/B+2b r2`2 2p2M ?B;?2` r?2M r2 +QMbB/2` i?2B` +mHim`2 �M/ r�v
Q7 HB72X AM 7�+i- i?2 KQbi `2+2Mi �`+?�2QHQ;B+�H }M/BM;b UC�m#2`i 2i �HX- kyRec
"2B2` 2i �HX- kyR3c >QzK�MM 2i �HX- kyR3V �`2 bi�`iBM; iQ `2+�bi i?2 +QM@
p2MiBQM�H i?BMFBM; �#Qmi L2�M/2`i?�Hb- im`MBM; i?2K 7`QK /Bbi�MiHv `2H�i2/
#`miBb? +`2�im`2b BMiQ KQ`2 bQT?BbiB+�i2/ +QmbBMbX

6Q` � bi�`i- i?2v T`Q#�#Hv +QmH/ i�HFX lM7Q`imM�i2Hv- Bi Bb MQr BK@
TQbbB#H2 iQ /2KQMbi`�i2 i?�i i?2v mb2/ �M �`iB+mH�i2/ H�M;m�;2c ?Qr2p2`
bQK2 bim/B2b �`2 ;QBM; BM i?�i /B`2+iBQMX 6Q` 2t�KTH2- L2�M/2`i?�Hb ?�/
i?2 ?vQB/ #QM2 U"�`@uQb27 � o�M/2`K22`b+?- RNNRV-

l@b?�T2/ #QM2 bBim�i2/
�i i?2 `QQi Q7 i?2 iQM;m2
BM i?2 7`QMi Q7 i?2 M2+F
�M/ #2ir22M i?2 HQr2`
D�r �M/ i?2 H�`;2bi +�`@
iBH�;2 Q7 i?2 H�`vMt- Q`
pQB+2 #QtX h?2 T`BK�`v
7mM+iBQM Q7 i?2 ?vQB/
#QM2 Bb iQ b2`p2 �b �M �M@
+?Q`BM; bi`m+im`2 7Q` i?2
iQM;m2X Ai ?�b MQ �`iB+m@
H�iBQM rBi? Qi?2` #QM2bX
1M+v+HQT�2/B� "`Bi�MMB+�

>vQB/ #QM2
r?B+? Bb i?2 QMHv #QM2

BM i?2 pQ+�H i`�+i M22/2/ 7Q` K�biB+�iBQM- br�HHQrBM; �M/ pQB+2 T`Q/m+iBQMX
h?2v TQbb2bb2/ i?2 q2`MB+F2 �M/ "`Q+� �`2�- r?B+? �`2 T`BK�`BHv BMpQHp2/
BM bT22+? +QKT`2?2MbBQM �M/ T`Q/m+iBQM- `2bT2+iBp2HvX h?2v �HbQ +�``B2/
i?2 b�TB2Mb p2`bBQM Q7 i?2 6PsSk ;2M2 UE`�mb2 2i �HX- kyydV- r?Qb2 `QH2
Bb +QMM2+i2/ iQ i?2 /2p2HQTK2Mi Q7 +2`2#`�H `2;BQMb BKTQ`i�Mi 7Q` H�M;m�;2
H2�`MBM; U>m`bi 2i �HX- RNNyVX >Qr2p2`- i?2v r2`2 /Bz2`2Mi BM QM2 TQbBiBQM
Q7 � 6PsSk BMi`QM- �z2+iBM; � +QMb2`p2/ #BM/BM; bBi2 7Q` i?2 i`�Mb+`BTiBQM
7�+iQ` SPlj6k U6B;m`2 kRVX 6mM+iBQM�H �bb�vb ?�p2 /2KQMbi`�i2/ i?�i i?2
L2�M/2`i?�H p�`B�Mi K�F2b i?2 i`�Mb+`BTiBQM 7�+iQ` H2bb 2z2+iBp2 UJ�`B+B+
2i �HX- kyRjVX

6B;m`2 kRX 6PsSk Kmi�iBQMbX a+?2K�iB+ BHHmbi`�iBQM Q7 i?2 irQ �KBMQ@
�+B/ bm#biBimiBQMb U`2/V �M/ i?2 +?�M;2 BM � SPlj6k@#BM/BM; bBi2 U;`22MV
i?�i ?�p2 �z2+i2/ i?2 6PsSk ;2M2 /m`BM; ?mK�M 2pQHmiBQMX 6B;m`2 i�F2M
7`QK S  #Q- aX- kyR9X
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a2+QM/Hv- Qi?2` 2pB/2M+2 TQBMi Qmi i?�i L2�M/2`i?�Hb ?�/ +QKTH2t +Q;@
MBiBQM, 7Q` 2t�KTH2- i?2v +QHH2+i2/ K�`BM2 b?2HH}b?- i?2v mb2/ B`QM QtB/2b
U_Q2#`Q2Fb 2i �HX- kyRkV �b TB;K2Mib 7Q` T2`bQM�H /2+Q`�iBQM �b r2HH �b `�T@
iQ` +H�rb U6B;m`2 kk- 6BMH�vbQM 2i �HX- kyRkc _�/QpÍBÉ 2i �HX- kyR8V �M/ #B`/
72�i?2`b U6BMH�vbQM 2i �HX- kyRkc S2`2b�MB 2i �HX- kyRRV- MQi iQ K2MiBQM i?2
}`bi mM/2`;`QmM/ bi`m+im`2b UC�m#2`i 2i �HX- kyReV �M/ i?2 +�p2 �`ib 7`QK
aT�BM r?B+? l@h? Ul`�MBmKĜi?Q`BmKV /�i2b `2p2�H2/ i?�i i?2v /�i2 #�+F
#27Q`2 i?2 �``Bp�H Q7 KQ/2`M ?mK�Mb- i?mb BKTHvBM; � L2�M/2`i?�H �mi?Q`@
b?BT U>QzK�MM 2i �HX- kyR3VX

h?B`/- H�i2 L2�M/2`i?�Hb BM 1m`QT2 #m`B2/ i?2B` /2�/ U_2M/m 2i �HX-
kyR9V �H`2�/v Ry-yyy v2�`b #27Q`2 i?2 �``Bp�H Q7 KQ/2`M ?mK�Mb �M/ iQQF
+�`2 Q7 i?2 r2�F2bi K2K#2`b BM i?2B` ;`QmTbX q2 M22/ QMHv i?BMF Q7 i?2
QH/ K�M 7`QK G� *?�T2HH2@�mt@a�BMib U_2M/m 2i �HX- kyR9V- r?Q bmz2`2/
b2`BQmb /2;2M2`�iBp2 /Bb2�b2b- � #�/Hv ?2�H2/ `B# �M/ � ?BT BMDm`vX P` i?2
}7iv v2�`b QH/ L2�M/2`i?�H K�M 7`QK a?�MB/�` UA`�[V, /2�7- QM2@2v2/- rBi?
bQ /2#BHBi�iBM; �`i?`QbBb i?�i ?2 +QmH/ MQi r�HF �M/ � rBi?2`2/ �`KX >2
rQmH/ MQi #2 �#H2 iQ bm`pBp2 rBi?Qmi ?2HT 7`QK ?Bb +H�MX

6B;m`2 kkX 1B;?i 2�;H2 i�HQMb 7`QK � L2�M/2`i?�H bBi2X 1B;?i
2�;H2 i�HQMb 7`QK � L2�M/2`i?�H bBi2 UE`�TBM� +�p2V BM T`2b2Mi@/�v *`Q�iB�
U_�/QpÍBÉ 2i �HX- kyR8VX h?Bb M2+FH�+2 ?�b #22M T`Q/m+2/ #v L2�M/2`i?�Hb
Rky-yyy v2�`b �;QX
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h?Bb 2pB/2M+2 +H2�`Hv bm;;2bib i?�i i?2v ?�/ � `B+? �M/ +QKTH2t +mHim`2-
bm`2Hv +QKT�`�#H2 iQ i?2 bQT?BbiB+�iBQM Q7 Qm` KQ/2`M ?mK�MbǶ �M+2biQ`bX

>Qr2p2`- 7Q` �`QmM/ k8y-yyy v2�`b- i?2v K�Mm7�+im`2/ i?2B` +mi biQM2b
BM i?2 b�K2 r�v, i?2 JQmbi2`B�M bivH2X

hQQH +mHim`2 i`�/BiBQM�HHv
�bbQ+B�i2/ rBi? L2�M/2`@
i?�H K�M BM 1m`QT2-
r2bi2`M �bB�- �M/ MQ`i?@
2`M �7`B+� /m`BM; i?2
2�`Hv 6Qm`i? UqɃ`KV
:H�+B�H S2`BQ/ U+X 9y-yyy
"*VX JQmbi2`B�M BKTH2@
K2Mib /Bb�TT2�`2/ �#@
`mTiHv 7`QK 1m`QT2 rBi?
i?2 T�bbBM; Q7 L2�M/2`@
i?�H K�MX
1M+v+HQT�2/B� "`Bi�MMB+�

JQmbi2`B�M bivH2

h?Bb `2H�iBp2 H�+F Q7 BMMQp�iBQM BM i?2 HBi?B+ BM/mbi`v ;Q2b r2HH rBi? i?2B`
`B;B/ +mHim`2, /m`BM; mM7�pQm`�#H2 r2�i?2` T2`BQ/b- i?2v i2M/2/ iQ `2i`2�i
BMiQ i?2Kb2Hp2b- �Hr�vb mbBM; i?2 b�K2 mb�;2b �M/ +mbiQKb- rBi? bK�HH K�i@
BM; ;`QmTb �M/ �pQB/BM; H�`;2@b+�H2 KB;`�iBQMbX �++Q`/BM; iQ *QM/2KB �M/
a�p�iB2` U*QM/2KB � a�p�iB2`- kyReV- i?Bb bi`B+i �M/ i`�/BiBQM�H #2?�pBQm`
r�b QM2 Q7 i?2B` bi`QM;2bi TQBMib M2+2bb�`v 7Q` bm`pBpBM; 7Q` bQ K�Mv v2�`b BM
� 1m`�bB� TH�;m2/ #v 2ti`2K2 +HBK�iB+ +QM/BiBQMbX 1p2`v BMMQp�iBQM +QmH/
?�p2 #22M /�M;2`Qmb �M/ +QmH/ ?�p2 #22M i?2 H�biX

q�M/2`BM;- H2�`MBM; �M/XXX K22iBM;\
:2M2iB+b ;Bp2b mb bQHB/ T`QQ7b �#Qmi i?2 S�H�2QHBi?B+ K22iBM;b Qm` a�TB2Mb
�M+2biQ`b ?�/ rBi? i?2 L2�M/2`i?�Hb �M/ r2 rBHH b22 KQ`2 �#Qmi i?Bb H�i2`
QMX >Qr2p2`- i?2`2 Bb �HbQ Qi?2` 2pB/2M+2 TQBMiBM; Qmi BM i?�i /B`2+iBQMX

h?2 KQbi /B`2+i QM2 Bb �i 6mK�M2- BM MQ`i?2`M Ai�Hv r?2`2 �`QmM/ 99-yyy
v2�`b QH/ L2�M/2`i?�Hb r2`2 K�FBM; biQM2 iQQHb i?�i �TT2�` �b i?2 T`2/2@
+2bbQ` Q7 KQ/2`M ?mK�M QM2b U"2M�xxB 2i �HX- kyR9VX JQ`2Qp2`- BM bQmi?@
r2bi2`M 1m`QT2 U:`Qii2 /m _2MM2- 6`�M+2V iQQHb ivTB+�H Q7 KQ/2`M ?mK�Mb-
K�/2 BM i?2 *?�i2HT2``QMB�M bivH2-

h?2 *?�i2HT2``QMB�M K�@
i2`B�H +mHim`2 `2T`2b2Mib
i?2 2�`HB2bi bB;M Q7 i?2
lTT2` S�H�2QHBi?B+ BM
1m`QT2 �M/ Bib T`Q/m+ib
bT�M � T2`BQ/ 7`QK �#Qmi
98 iQ 9y F�X Ęh?2 #2bi
?�p2 #22M 7QmM/ BM i?2
:`Qii2 /m _2MM2 BM 2�bi@
2`M 6`�M+2X
rBH2v2�`i?T�;2bXrQ`/T`2bb

*?�i2HT2``QMB�M bivH2
?�p2 #22M 7QmM/ iQ;2i?2` rBi? L2�M/2`@

i?�H #QM2b /�iBM; #2ir22M 99-yyy �M/ jN-yyy v2�`b �;Q- `�BbBM; � i�Mi�HBbBM;
b+2M�`BQ r?2`2 L2�M/2`i?�Hb H2�`Mi i?2 KQ/2`M ?mK�M iQQHK�FBM;X >Qr@
2p2`- i?Bb /2#�i2 Bb i?2 bm#D2+i Q7 � biBHH ?2�i2/ +QMi`Qp2`bv U:`�pBM� 2i �HX-
kyR3c "�`@uQb27 � "Q`/2b- kyRyc >B;?�K 2i �HX- kyRyVX

� TQbbB#H2 K22iBM; BM i?2 L2�` 1�bi Bb 2p2M KQ`2 +2`i�BMX AM i?2 1�bi@
2`M J2/Bi2``�M2�M `2;BQMb #Qi? L2�M/2`i?�H Ua?�MB/�` *�p2- A`�[ �M/ i?2
�Km/- E2#�`� �M/ h�#mM bBi2b BM Ab`�2HV �M/ KQ/2`M ?mK�M UZ�7x2? �M/
aF?mH bBi2b BM Ab`�2HV `2K�BMb ?�p2 #22M 7QmM/X h?2 L2�M/2`i?�H 7QbbBHb �i
h�#mM +�p2 ?�p2 #22M /�i2/ iQ � T2`BQ/ r?2M KQ/2`M ?mK�Mb r2`2 �H`2�/v
T`2b2Mi BM i?�i �`2�X AM T�`iB+mH�`- � 72K�H2 L2�M/2`i?�H 7`QK h�#mM �M/
Qi?2` #QM2b 7`QK i?2`2 /�i2 #�+F iQ Rky-yyy �M/ Ny-yyy U:`ɃM- _X �M/
ai`BM;2`- *X- kyyyc *QTT� 2i �HX- kyydV- r?BH2 i?`22 #m`B�Hb Q7 KQ/2`M ?m@
K�Mb 7`QK aF?mH �M/ Z�7x2? #2HQM;2/ iQ � T2`BQ/ #2ir22M Ryy-yyy �M/
Rj8-yyy v2�`b �;Q �M/ #2ir22M Ny-yyy �M/ Rky-yyy v2�`b �;Q- `2bT2+iBp2Hv
U:`ɃM- _X- kyyeVX �b h�#mM �M/ aF?mH �`2 M2B;?#Qm`BM; +�p2b QM i?2 bHQT2b
Q7 JQmMi *�`K2H- Bi b22Kb mMHBF2Hv i?�i i?2v /B/ MQi K22i- 2p2M Dmbi 7Q` �
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+Qz225
�++Q`/BM; iQ i?2b2 }M/BM;b- KQ/2`M ?mK�Mb r2`2 �H`2�/v Qmi Q7 i?2

b+Q`+?BM; �7`B+� Rjy-yyy v2�`b �;Qc ?Qr2p2`- #2ir22M ey-yyy �M/ 9y-yyy
v2�`b �;Q- �MQi?2` r�p2 Q7 KB;`�iBQM �``Bp2/ 7`QK �7`B+� BM i?2 L2�` 1�biX
�i i?Bb TQBMi- bQK2i?BM; /Bz2`2Mi ?�TT2M2/, �7i2` k8y-yyy v2�`b Q7 ?�pBM;
#22M bQ i`�/BiBQM�H BM i?2B` iQQHK�FBM; i2+?MB[m2b- L2�M/2`i?�Hb bm//2MHv
�/QTi2/ i?2 b�TB2MbǶ r�vX AbMǶi i?�i � #Bi Q7 � +QBM+B/2M+2\

q�M/2`BM;- H2�`MBM;- K22iBM; �M/XXX FBbbBM;\
�++Q`/BM; iQ i?2 }M/BM;b /2b+`B#2/ �#Qp2- KQ/2`M ?mK�Mb `mM BMiQ i?2
L2�M/2`i?�Hb /m`BM; i?2B` Pmi@Q7@�7`B+� r�M/2`BM;bX >Qr2p2`- BM �HH i?�i
+?Bi+?�i- /B/ i?2v KBt\

�Mbr2`BM; iQ i?Bb [m2biBQM mbBM; QMHv T�H�2Q�Mi?`QTQHQ;B+�H �M/ �`+?�2@
QHQ;B+�H 2pB/2M+2 Bb ?�`/ rQ`Fc ?Qr2p2` bQK2 +Hm2b ?�p2 TBH2/ mTX

AM kyyk BM i?2 S2Ȕi2`� +m P�b2 U_QK�MB�V � KQ/2`M ?mK�M K�M/B#H2-
+�HH2/ P�b2 R- r�b 7QmM/ �M/ `�/BQ+�`#QM /�iBM; BM/B+�i2b Bi /�i2b #�+F
iQ � T2`BQ/ #2ir22M jd-yyy �M/ 9k-yyy v2�`b Uh`BMF�mb 2i �HX- kyyjVX AM@
i2`2biBM;Hv- i?Bb K�M/B#H2- �b r2HH �b i?2 Qi?2` #QM2b 7QmM/ BM i?2 b�K2
+�p2 UBM/BpB/m�Hb P�b2 k �M/ P�b2 jV- 2t?B#Bib � +m`BQmb KBt Q7 KQ/2`M �M/
�`+?�B+ 72�im`2b- �b B7 Bi #2HQM;2/ iQ � L2�M/2`i?�H@a�TB2Mb ?v#`B/X

h?2b2 `2K�BMb �`2 MQi �HQM2, � ;`QmT Q7 #QM2b /Bb+Qp2`2/ BM RN8k BM i?2
*�p2 Q7 S2Ȕi2`� JmB2`BB U_QK�MB�V �M/ i?2 bF2H2iQM Q7 � vQmM; #Qv 7QmM/
BM i?2 PH/ JBHH _Q+F a?2Hi2` UG�;�` o2H?Q- SQ`im;�HV b?Qr � KBb+2HH�Mv Q7
KQ/2`M �M/ �`+?�B+ +?�`�+i2`BbiB+b iQQX

>Qr2p2`- i?2 2pB/2M+2 +QKBM; 7`QK i?2 #QM2b +QmH/ MQi /2KQMbi`�i2 i?2
`2H�i2/M2bb Q7 L2�M/2`i?�Hb iQ mb- bBM+2 bQK2iBK2b b?�`2/ bF2H2i�H 72�im`2b
+QmH/ bBKTHv `2~2+i �/�Ti�iBQM iQ i?2 b�K2 2MpB`QMK2Mi �M/ MQi M2+2bb�`BHv
�M BM#`22/BM; 2p2Mi U_2B+?- kyR3VX JQ`2Qp2`- `2biBM; bQH2Hv QM 7QbbBHb- Bi Bb
Q7i2M MQi TQbbB#H2 iQ `2+Q;MBb2 FMQrM ?v#`B/b �KQM; HBpBM; �MBK�Hb- MQi iQ
K2MiBQM i?�i r2 /Q MQi +H2�`Hv FMQr ?Qr i?2 #QM2b Q7 � ?v#`B/ +QmH/ �TT2�`
U>�``Bb- 1X 1X- kyR8VX

h?2v M22/2/ i?2 bKQFBM; ;mM, .L�X

h?2 L2�M/2`i?�H ;2MQKB+ r�p2
h?2 7�b+BM�iBM; DQm`M2v #�+F BM iBK2 bm`}M; i?2 L2�M/2`i?�H ;2MQKB+ r�p2
bi�`i2/ � MB;?i BM RNNeX AM ?Bb #QQF ě ǳL2�M/2`i?�H K�M, BM b2�`+? Q7
HQbi ;2MQK2Ǵ US  #Q- aX- kyR8V ě ap�Mi2 S  #Q /2b+`B#2/ i?2 KQK2Mib Q7
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2t+Bi2K2Mi �M/ /Qm#ib r?2M � HBiiH2 TB2+2 Q7 KBiQ+?QM/`B�H .L�- eR Mm+@
H2QiB/2b HQM;- r�b 2ti`�+i2/ �M/ �M�Hvb2/ 7`QK � L2�M/2`i?�H #QM2 /�iBM;
#�+F iQ 9y-yyy v2�`b �;Q Ui?2 p2`v }`bi 7QbbBH 7QmM/ BM R38e BM i?2 L2�M/2`
o�HH2v- 6B;m`2 RN- E`BM;b 2i �HX- RNNdVX

6`QK i?2M QM- i?2 i2+?MB[m2b 7Q` rQ`FBM; rBi? �M+B2Mi .L� ?�p2 #22M
BKT`QpBM; �M/ BM kyy3 :`22M �M/ +QHH2�;m2b U:`22M 2i �HX- kyy3V Q#i�BM2/ i?2
2MiB`2 KBiQ+?QM/`B�H ;2MQK2 Q7 � j3-yyy@v2�`@QH/ L2�M/2`i?�H 7`QK oBM/BD�
*�p2 U*`Q�iB�VX

6B;m`2 kjX 6Bp2 H�i2 L2�M/2`i?�Hb �M�Hvb2/ BM >�D/BMD�F 2i �HX-
kyR3X GQ+�iBQM �M/ �;2 Q7 i?2 }p2 H�i2 L2�M/2`i?�H bT2+BK2Mb �M�Hvb2/ BM
i?�i bim/v UM2rV- �M/ Qi?2` bBi2b 7Q` r?B+? ;2MQK2@rB/2 /�i� Q7 L2�M/2`i?�H
b�KTH2b ?�p2 T`2pBQmbHv #22M Tm#HBb?2/ UQH/VX AK�;2 i�F2M 7`QK >�D/BMD�F
2i �HX- kyR3X

AM i?2 K2�MiBK2- b+B2MiBbib r2`2 #2;BMMBM; iQ Q#i�BM �HbQ Mm+H2�` .L�
7`QK L2�M/2`i?�Hb ULQQM�M 2i �HX- kyyec :`22M 2i �HX- kyyeV- +mHKBM�iBM; BM
i?2 }`bi /`�7i Q7 i?2 2MiB`2 ;2MQK2b Q7 2p2M irQ 2tiBM+i ?QKBMBMb, L2�M/2`@
i?�Hb U:`22M 2i �HX- kyRyV- +QKBM; 7`QK i?`22 L2�M/2`i?�Hb 7`QK oBM/BD�
*�p2 U∼RXk@7QH/ iQi�H +Qp2`�;2V �M/ .2MBbQp�M U_2B+? 2i �HX- kyRyV 7`QK
i?2 .2MBbQp� *�p2 U∼RXN@7QH/ +Qp2`�;2VX >Qr2p2`- i?2b2 b2[m2M+2b r2`2
Q#i�BM2/ i?`Qm;? � bHB;?iHv BM2{+B2Mi K2i?Q/- �b Bi r�b #�b2/ QM /Qm#H2@
bi`�M/2/ .L�X h?2 v2�`b r2Mi #v �M/ i?2 i2+?MB[m2b BKT`Qp2/, � M2r

ek



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

K2i?Q/ #�b2/ QM bBM;H2 bi`�M/b r�b /2p2HQT2/- �HHQrBM; iQ BM+`2�b2 i?2 `2@
+Qp2`v Q7 �M+B2Mi .L�X h?`Qm;? i?Bb i2+?MB+�H BKT`Qp2K2Mi- Bi r�b TQbbB#H2
iQ Q#i�BM BM kyRk � M2r p2`bBQM- Q7 ?B;?2` [m�HBiv- Q7 i?2 .2MBbQp�M ;2MQK2
UJ2v2` 2i �HX- kyRkV �M/ BM kyR9 � ?B;?@[m�HBiv U∼8y@7QH/ +Qp2`�;2V ;2MQK2
Q7 �MQi?2` L2�M/2`i?�H BM/BpB/m�H- i?Bb iBK2 +QKBM; 7`QK i?2 �Hi�B KQmM@
i�BMb US`m72` 2i �HX- kyR9V- �M/ � L2�M/2`i?�H ;2MQK2 7`QK J2xK�BbF�v�
*�p2 BM i?2 *�m+�bmb U∼yX8@7QH/ +Qp2`�;2VX

�b iBK2 ;Q2b #v- M2r b�KTH2b �M/ M2r b2[m2M+2b ?�p2 #22M T`Q/m+2/, �
∼jy@7QH/ +Qp2`�;2 .L� 7`QK oBM/BD� *�p2 US`m72` 2i �HX- kyRdV �M/ }p2 H�i2
L2�M/2`i?�Hb +QKBM; 7`QK /Bz2`2Mi bBi2b BM 1m`�bB� U6B;m`2 kj- >�D/BMD�F 2i
�HX- kyR3V- i?mb ;2iiBM; i?2 MmK#2` Q7 +QKTH2i2 L2�M/2`i?�H ;2MQK2b iQ ;Q
mT iQ �#Qmi i2MX JQ`2Qp2`- 2tQK2 b2[m2M+2b 7`QK � /Bz2`2Mi BM/BpB/m�H 7`QK
oBM/BD� *�p2 �M/ QM2 7`QK aB/`QM *�p2 BM aT�BM ?�p2 �HbQ #22M ;2M2`�i2/
U*�bi2HH�MQ 2i �HX- kyR9VX

6B;m`2 k9X aBi2b r2`2 T�`iB�H iQ +QKTH2i2 Mm+H2�` L2�M/2`i?�H ;2M@
QK2b r2`2 `2i`B2p2/X AK�;2 i�F2M 7`QK S2v`û;M2 2i �HX- kyRN `2TQ`iBM;
i?2 bBi2b 7`QK r?B+? T�`iB�H iQ +QKTH2i2 Mm+H2�` ;2MQK2b 7`QK L2�M/2`i?�Hb
UQ` i?2B` �M+2biQ`b BM aBK� /2 HQb >m2bQbV r2`2 `2i`B2p2/X h?2 Q`B;BMb Q7 i?2
irQ L2�M/2`i?�Hb bim/B2/ BM S2v`û;M2 2i �HX- kyRN �`2 ?B;?HB;?i2/ BM Tm`TH2
�M/ #Hm2- `2bT2+iBp2HvX

h?2 H�i2bi �//BiBQM iQ i?Bb HBbi Bb i?2 HQr@+Qp2`�;2 Mm+H2�` .L� 7`QK
irQ 2�`Hv :2`K�M L2�M/2`i?�H 7QbbBHb US2v`û;M2 2i �HX- kyRNV- 7`QK r?B+?
QMHv KBiQ+?QM/`B�H .L� r�b T`2pBQmbHv `2+Qp2`2/, >ah- � 72Km` 7`QK

ej



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

>Q?H2Mbi2BM@ai�/2H *�p2 �M/ a+H�/BM� �M/ � K�tBHH�`v #QM2 7`QK a+H�/BM�
*�p2 U6B;m`2 k9VX

h?Bb T`B+2H2bb �KQmMi Q7 ;2M2iB+ /�i� �`2 �HHQrBM; iQ 2t?�mbiBp2Hv bim/v
i?2 L2�M/2`i?�H TQTmH�iBQM �+`Qbb i?2B` i2KTQ`�H �M/ ;2Q;`�T?B+ `�M;2 �M/-
�#Qp2 �HH- iQ bi�`i �Mbr2`BM; [m2biBQMb �#Qmi i?2 T`QKBb+mQmb �z�B`b Qm`
�M+2biQ`b ?�/ rBi? i?2KX

JBiQ+?QM/`B�H �ii2KTib
amTTQ`i2`b Q7 i?2 L2�M/2`i?�H@a�TB2Mb �/KBtim`2 ?vTQi?2bBb r2`2 /22THv
/Bb�TTQBMi2/ #v i?2 `2bmHib Q7 i?2 BM[mB`B2b `2HB2/ QM KBiQ+?QM/`B�H .L�X
h?2 �M�Hvb2b Q7 i?2 }`bi L2�M/2`i?�H ;2M2iB+ b2[m2M+2 UE`BM;b 2i �HX- RNNdV-
i?2 ?vT2`p�`B�#H2 T�`i Q7 i?2 Ki.L� +QMi`QH `2;BQM- H2�/ iQ � 7�B`Hv /`�biB+
+QM+HmbBQM, ǳL2�M/2`i?�Hb r2Mi 2tiBM+i rBi?Qmi +QMi`B#miBM; Ki.L� iQ KQ/@
2`M ?mK�MbǴ UE`BM;b 2i �HX- RNNdVX �M/ Bi +QmH/ MQi #2 Qi?2`rBb2- #2@
+�mb2 r?2M i?2v +QKT�`2/ i?2 L2�M/2`i?�H .L� rBi? ?mK�M Ki.L�b-
i?2 L2�M/2`i?�H b2[m2M+2 72HH +QKTH2i2Hv QmibB/2 i?2 `�M;2 Q7 T`2b2Mi@/�v
?mK�M p�`B�iBQMX �+im�HHv- ?mK�M b2[m2M+2b /Bz2` �KQM; i?2Kb2Hp2b #v
�M �p2`�;2 Q7 8.0± 3.1 U`�M;2 R@k9V bm#biBimiBQMb- L2�M/2`i?�H �M/ KQ/2`M
?mK�M b2[m2M+2b #v 27.2 ± 2.2 U`�M;2 kk@jeV- r?BH2 ?mK�M �M/ +?BKT�M@
x22 b2[m2M+2b b?Qr �`QmM/ 55.0± 3.0 U`�M;2 9eĜedV /Bz2`2M+2bX lbBM; i?2b2
`�i2b- i?2v 2biBK�i2/ i?�i i?2 +QKKQM �M+2biQ` Q7 L2�M/2`i?�H �M/ KQ/2`M
?mK�Mb HBp2/ �TT`QtBK�i2Hv 88y-yyy iQ eNy-yyy v2�`b �;Q- r?B+? Bb �#Qmi
7Qm` iBK2b QH/2` i?�M i?2 iBK2 r?2M ǳJBiQ+?QM/`B�H 1p2Ǵ HBp2/X

aBM+2 i?2M- Qi?2` L2�M/2`i?�H Ki.L� b2[m2M+2b ?�p2 #22M `2H2�b2/ �M/
�M�Hvb2/ U:`22M 2i �HX- kyy3V- Tmb?BM; KQ`2 `2+2MiHv i?2 K�i2`M�H@HBM2 �M@
+2biQ`b i?2 L2�M/2`i?�Hb b?�`2/ rBi? mb U9dy-yyy@jey-yyy v2�`b �;Q- SQbi?
2i �HX- kyRdV- #mi �HH bm;;2biBM; i?�i KQ/2`M ?mK�Mb `2TH�+2/ L2�M/2`i?�Hb
rBi? MQ BMi2`#`22/BM;X

lM7Q`imM�i2Hv- Ki.L� Bb MQi i?2 QTiBK�H bi�`iBM; K�i2`B�H QM r?B+? i`v@
BM; iQ �Mbr2` bm+? BM#`22/BM; [m2biBQMb- /m2 iQ Bib K�i2`M�H@QMHv BM?2`Bi�M+2
T�ii2`MX 1p2M B7 KQ/2`M ?mK�Mb bQK2iBK2b BMi2`#`2/ rBi? L2�M/2`i?�Hb- Bi
Bb p2`v HBF2Hv i?�i i?2 rQK2M +�``vBM; L2�M/2`i?�H Ki.L� r2`2 MQi Hm+Fv
2MQm;? iQ T�bb Bi /QrM iQ i?2 M2ti ;2M2`�iBQMb i?`Qm;? 72K�H2 /2b+2M/�MibX

6Q` i?Bb `2�bQM- � b+2M�`BQ r?2`2 i?2 2p2Mim�H L2�M/2`i?�H Ki.L� ;2ib
HQbi /m`BM; i?2 KBHH2MMB� Bb MQi bm`T`BbBM; �i �HH, i?2 KBiQ+?QM/`B�H /�i�
+�MMQi #2 +QM+HmbBp2X

e9



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

h?2 HQM;@�r�Bi2/ bKQFBM; ;mM
h?�MFb iQ i?2 i2+?MB+�H �/p�M+2K2Mi BM KQH2+mH�` #BQHQ;v �M/ i?2 BMi`Q/m+@
iBQM Q7 b2[m2M+BM; K�+?BM2`v- � +QKTH2i2 L2�M/2`i?�H ;2MQK2 r�b �H`2�/v
�p�BH�#H2 BM kyRy U:`22M 2i �HX- kyRyV, b+B2MiBbib r2`2 }M�HHv ?QH/BM; i?2B`
HQM;@�r�Bi2/ bKQFBM; ;mMX

�i i?Bb TQBMi- Bi r�b QMHv � K�ii2` Q7 /2p2HQTBM; � i2bi iQ /2i2`KBM2
B7 �`+?�B+ ?QKBMBMb- HBF2 i?2 L2�M/2`i?�Hb- BMi2`#`2/ rBi? KQ/2`M ?mK�MbX
_2b2�`+?2`b BM i?2 _2B+? ;`QmT U:`22M 2i �HX- kyRyc .m`�M/ 2i �HX- kyRRV
`2�bQM2/ i?�i B7 bQK2 ?mK�M TQTmH�iBQMb BMi2`#`2/ rBi? L2�M/2`i?�Hb- i?2b2
TQTmH�iBQMb b?QmH/ b?�`2 KQ`2 .L� bm#biBimiBQMb rBi? L2�M/2`i?�Hb +QK@
T�`2/ iQ Qi?2` TQTmH�iBQMb i?�i /B/ MQi KBt rBi? i?2KX ai�`iBM; 7`QK i?Bb
T`2�K#H2- i?2v /2p2HQT2/ i?2 �""�@"�"� i2bi- �HbQ +�HH2/ .@bi�iBbiB+b UA
rBHH �TTHv i?Bb K2i?Q/ QM � /�i�b2i +QKT`BbBM; T`2b2Mi@/�v �M/ �M+B2Mi ?m@
K�M TQTmH�iBQMb �i T�;2 R8jVX h?2 `2b2�`+?2`b 2t�KBM2/ QMHv i?Qb2 .L�
TQbBiBQMb r?2`2 BM/BpB/m�Hb +QKBM; 7`QK /Bz2`2Mi KQ/2`M TQTmH�iBQMb U2X;X-
�7`B+�M �M/ MQM@�7`B+�MV +�``B2/ /Bz2`2Mi #�b2b, QM2 +�``B2/ ǳ�Ǵ- r?BH2 i?2
Qi?2` +�``B2/ ǳ"ǴX AM i?Bb +�b2- ǳ�Ǵ bi�M/b 7Q` �M+2bi`�H- K2�MBM; i?�i Bi Bb
b?�`2/ rBi? i?2 +?BKT�Mx22X AM Qi?2` rQ`/b- ǳ�Ǵ ?�b #22M BM?2`Bi2/ 7`QK
Qm` H�bi +QKKQM �M+2biQ` b?�`2/ rBi? i?2 +?BKT�Mx22X *QMp2`b2Hv- ǳ"Ǵ
`272`b iQ i?2 .2`Bp2/ �HH2H2, i?Bb #�b2 Bb 7QmM/ BM QM2 Q7 i?2 irQ KQ/2`M
TQTmH�iBQMb �M/ BM i?2 �`+?�B+ ;2MQK2X �i i?Bb TQBMi- r2 ?�p2 � bBM;H2 TQ@
bBiBQM BM 7Qm` /Bz2`2Mi TQTmH�iBQMb U2X;X- �7`B+�M- MQM@�7`B+�M- L2�M/2`i?�H
�M/ *?BKT�Mx22V �M/ irQ TQbbB#H2 +QM};m`�iBQMbX h?2 }`bi- +�HH2/ �""�-
?�TT2Mb r?2M i?2 }`bi TQTmH�iBQM UH2iǶb b�v i?2 �7`B+�MV +�``B2b i?2 �M@
+2bi`�H �HH2H2 ǳ�Ǵ- �b r2HH �b i?2 Qmi;`QmT TQTmH�iBQM U+?BKT�Mx22V- r?BH2
i?2 b2+QM/ TQTmH�iBQM UMQM@�7`B+�MV b?Qrb i?2 b�K2 /2`Bp2/ �HH2H2 ǳ"Ǵ Q7
L2�M/2`i?�HbX h?2 b2+QM/ bBim�iBQM +Q``2bTQM/b iQ i?2 `2p2`b2 "�"�X

lbBM; i?Bb KQ/2H- :`22M �M/ +QHH2�;m2b U:`22M 2i �HX- kyRyV /2}M2/
� bi�iBbiB+b +QKTmiBM; i?2 /Bz2`2M+2 BM i?2 +QmMib Q7 �""� �M/ "�"�
+QM};m`�iBQMb �+`Qbb i?2 n .L� TQbBiBQMb �M/ MQ`K�HBxBM; #v i?2 iQi�H
MmK#2` Q7 Q#b2`p�iBQMb,

D(P1, P2, P3, O) =

∑n
i=1CABBA(i)− CBABA(i)∑n
i=1CABBA(i) + CBABA(i)

, URV

r?2`2 P1- P2- P3 �M/ P BM/B+�i2 �7`B+�M- MQM@�7`B+�M- L2�M/2`i?�H �M/
*?BKT BM/BpB/m�H- `2bT2+iBp2HvX

A7 i?2 L2�M/2`i?�Hb /B/ MQi BMi2`#`22/ rBi? KQ/2`M ?mK�Mb- i?2M i?2`2
rBHH #2 �M 2[m�H �KQmMi Q7 �""� �M/ "�"� bBi2bX *QMp2`b2Hv- B7 i?2
�M+2biQ`b Q7 QM2 Q7 i?2 irQ KQ/2`M TQTmH�iBQMb ?�/ bQK2 �`+?�B+ �z�B`b-

e8



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

i?2M i?�i TQTmH�iBQM rBHH b?�`2 KQ`2 ǳ"Ǵ rBi? L2�M/2`i?�Hb- `2bmHiBM; BM
/Bz2`2Mi �""�@"�"� +QmMibX

6B;m`2 k8X .@bi�iBbiB+b i`22X AK�;2 i�F2M 7`QK _2B+?- kyR3 `2TQ`iBM;
i?2 �""�@"�"� i2bi U�HbQ +�HH2/ .@bi�iBbiB+b Q` 7Qm` TQTmH�iBQM i2biVX

q?2M :`22M �M/ +QHH2�;m2b U:`22M 2i �HX- kyRyV �TTHB2/ i?Bb i2bi QM
S�Tm�M- 6`2M+? �M/ >�M BM/BpB/m�Hb U1m`�bB�MbV �M/ uQ`m#� �M/ a�M BM@
/BpB/m�Hb U�7`B+�MbV- i?2v /Bb+Qp2`2/ i?�i 1m`�bB�Mb b?�`2/ KQ`2 /2`Bp2/
�HH2H2b rBi? L2�M/2`i?�Hb i?�M �7`B+�M rBi? L2�M/2`i?�Hb i?2Kb2Hp2bX AM
Qi?2` rQ`/b- i?2 �""�@"�"� KQ/2H ?B;?HB;?i2/ � b+2M�`BQ r?2`2 MQM@
�7`B+�M BM/BpB/m�Hb K2i �M/ KBt2/ rBi? Qm` �`+?�B+ 1m`�bB�M ?QbibX

JQ`2Qp2`- i?2v �HbQ 2biBK�i2/ i?�i mT iQ 9W Q7 i?2 KQ/2`M 1m`�bB�M
;2MQK2 ?�b #22M BM?2`Bi2/ 7`QK L2�M/2`i?�Hb- K2�MBM; i?�i � HBiiH2 bHB+2 Q7
bQK2 a�TB2Mb ;2MQK2b Bb MQi 2t�+iHv a�TB2MbX

.B;;BM; 7Q` �Mbr2`b BM i?2 L2�M/2`i?�H ;2MQK2
h?2 ~QQ/;�i2 ?�/ #22M QT2M2/ �M/- 7`QK i?2M QM- b+B2MiBbib 7`QK �HH Qp2` i?2
rQ`H/ bi�`i2/ `B/BM; i?2 L2�M/2`i?�H ;2MQKB+ r�p2X h?mb- r?BH2 L2�M/2`@

ee



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

i?�H ;2M2iB+ /�i� r2`2 ;`QrBM; BM MmK#2` �M/ [m�HBiv- Bi #2+�K2 TQbbB#H2
iQ �Mbr2` KQ`2 �M/ KQ`2 [m2biBQMb �#Qmi i?2b2 �M+B2Mi FBbb2bX

AM T�`iB+mH�`- i?2 �p�BH�#BHBiv Q7 � ?B;?@[m�HBiv L2�M/2`i?�H ;2MQK2 U�H@
i�B L2�M/2`i?�HV �HHQr2/ `2}MBM; i?2 2biBK�i2 Q7 L2�M/2`i?�H �M+2bi`v BM
T`2b2Mi@/�v TQTmH�iBQMb iQ � p�Hm2 #2ir22M RX8W �M/ kXRW US`m72` 2i �HX-
kyR9VX >Qr2p2`- +QMi`�`v iQ r?�i ?�b #22M T`2pBQmbHv 7QmM/- Qi?2` bim/@
B2b /2KQMbi`�i2/ i?�i bQK2 1�bi �bB�M �M/ aQmi? �K2`B+�M TQTmH�iBQMb
+QMi�BM L2�M/2`i?�H �M+2bi`v T`QTQ`iBQMb mT iQ k9W KQ`2 i?�M 1m`QT2�Mb
UJ2v2` 2i �HX- kyRkc q�HH 2i �HX- kyRjVX

h?2M- r?2M i?2 ?B;?@+Qp2`�;2 ;2MQK2 Q7 i?2 oBM/BD� L2�M/2`i?�H r�b
�M�Hvb2/- i?2v 7QmM/ i?�i i?2 1m`QT2�M L2�M/2`i?�Hb UoBM/BD�- S`m72` 2i �HX-
kyRd �M/ J2xK�BbF�v� R- S`m72` 2i �HX- kyR9V r2`2 KQ`2 +HQb2Hv `2H�i2/ iQ
i?2 L2�M/2`i?�H TQTmH�iBQMb i?�i KBt2/ rBi? KQ/2`M ?mK�Mb- rBi? `2bT2+i
iQ i?2 �Hi�B L2�M/2`i?�HX h?mb- i?2 ?B;?@+Qp2`�;2 1m`QT2�M L2�M/2`i?�H
7`QK *`Q�iB� �HHQr2/ iQ 7m`i?2` `2}M2 i?2 T`QTQ`iBQMb Q7 L2�M/2`i?�H BMi`Q@
;`2bbBQM U6B;m`2 keVX lbBM; i?�i ;2MQK2- S`m72` �M/ +QHH2�;m2b US`m72` 2i
�HX- kyRdV 7QmM/ ?B;?2` 2biBK�i2b i?�M rBi? i?2 �Hi�B BM MQM@�7`B+�M TQTm@
H�iBQMb QmibB/2 P+2�MB�- r?B+? +�``B2/ #2ir22M RX3@kXeW L2�M/2`i?�H .L�X
h?2v �HbQ 7QmM/ i?�i 1�bi �bB�Mb b?Qr2/ KQ`2 L2�M/2`i?�H .L� UkXj@kXeWV
i?�M q2bi2`M 1m`�bB�M TQTmH�iBQMb URX3@kX9WVX

6B;m`2 keX 6`�+iBQM Q7 L2�M/2`i?�H .L� 7Q` T`2b2Mi@/�v TQTm@
H�iBQMbX AK�;2 i�F2M 7`QK S`m72` 2i �HX- kyRd `2TQ`iBM; i?2 2biBK�i2b Q7
i?2 7`�+iBQM Q7 L2�M/2`i?�H .L� 7Q` T`2b2Mi@/�v TQTmH�iBQMbX U�V *QHQm`b
BM/B+�i2 L2�M/2`i?�H �M+2bi`v 2biBK�i2bX P+2�MB�M TQTmH�iBQMb b?Qr ?B;?
2biBK�i2b /m2 iQ .2MBbQp�M �M+2bi`v i?�i Bb /B{+mHi iQ /BbiBM;mBb? 7`QK
L2�M/2`i?�H �M+2bi`vX U"V �KQmMi Q7 L2�M/2`i?�H b2[m2M+2 BM T`2b2Mi@/�v
1m`QT2�Mb- aQmi? �bB�Mb �M/ 1�bi �bB�MbX

h?2 7�+i i?�i L2�M/2`i?�H �M+2bi`v Bb bT`2�/ �+`Qbb �HH KQ/2`M ?mK�M

ed



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

TQTmH�iBQMb- rBi? i?2 2t+2TiBQM Q7 aQmi? �7`B+�Mb- `�Bb2b bQK2 [m2biBQMbX
�+im�HHv- � L2�M/2`i?�H H2;�+v Bb T`2b2Mi BM KQ/2`M@/�v BM?�#Bi�Mib Q7 �bB�-
r?2`2 � 72r L2�M/2`i?�H 7QbbBHb ?�p2 #22M 7QmM/ �M/ 2p2M BM i?2 T2QTH2 Q7
S�Tm� L2r :mBM2�- r?2`2 /2}MBi2Hv L2�M/2`i?�H M2p2` �``Bp2/X � TQb@
bB#H2 2tTH�M�iBQM Q7 i?Bb T�ii2`M +QmH/ #2 � b+2M�`BQ r?2`2 Qm` KQ/2`M
?mK�M �M+2biQ`b K2i i?2 L2�M/2`i?�Hb #27Q`2 /Bz2`2MiB�iBM; BMiQ �bB�Mb
�M/ 1m`QT2�Mb- KQbi T`Q#�#Hv BM i?2 L2�` 1�bi U6B;m`2 kdVX AM 7�+i- #Qi?
L2�M/2`i?�H Ua?�MB/�` *�p2 BM A`�[ �M/ i?2 �Km/- E2#�`� �M/ h�#mM bBi2b
BM Ab`�2HV �M/ KQ/2`M ?mK�M UZ�7x2? �M/ aF?mH +�p2b BM Ab`�2HV 7QbbBHb ?�p2
#22M 7QmM/ BM i?Bb `2;BQM Ub22 T�;2 eyVX �b i?2 KQ/2`M ?mK�M 7QbbBHb �`2 �b
QH/ �b Ryy-yyy v2�`b �;Q- i?Bb K2�Mb i?�i 7Q` �#Qmi 8y-yyy v2�`b L2�M/2`@
i?�Hb �M/ a�TB2Mb HBp2/ BM i?2 b�K2 TH�+2- TQi2MiB�HHv BMi2`#`22/BM;X

h?2M- � b2+QM/ ~mt Pmi@Q7@�7`B+� #`Qm;?i KQ`2 �M/ KQ`2 a�TB2Mb BM
i?�i �`2�, ap�Mi2 S  #Q +�HHb i?Bb b2+QM/ r�p2 i?2 ǳ`2TH�+2K2Mi +`Qr/Ǵ
US  #Q- aX- kyR8VX h?2b2 BM/BpB/m�Hb r2`2 BM bQK2 r�vb KQ`2 bQT?BbiB+�i2/,
�b �M 2t�KTH2- i?2v ?�/ /2p2HQT2/ � M2r bivH2 Q7 iQQH T`Q/m+iBQM- i?2
�m`B;M�+B�MX

hQQHK�FBM; BM/mbi`v �M/
�`iBbiB+ i`�/BiBQM Q7 lT@
T2` S�H�2QHBi?B+ 1m`QT2
i?�i 7QHHQr2/ i?2 JQmb@
i2`B�M BM/mbi`vX Ęh?2
�m`B;M�+B�M +mHim`2 r�b
K�`F2/ #v � ;`2�i /B@
p2`bB}+�iBQM �M/ bT2+B�H@
Bb�iBQM Q7 iQQHb- BM+Hm/@
BM; i?2 BMp2MiBQM Q7 i?2
#m`BM- Q` 2M;`�pBM; iQQH-
i?�i K�/2 Km+? Q7 i?2
�`i TQbbB#H2X
1M+v+HQT�2/B� "`Bi�MMB+�

�m`B;M�+B�M bivH2

*QKBM; BMiQ i?2 L2�` 1�bi- i?2 `2TH�+BM; +`Qr/ K�v ?�p2 �#bQ`#2/ i?2
Qi?2` a�TB2Mb HBpBM; i?2`2- r?B+? r2`2 �H`2�/v �/KBt2/ rBi? L2�M/2`i?�Hb
�M/- /m`BM; i?2B` +QHQMBbBM; �/p2Mim`2 �+`Qbb i?2 ;HQ#2- i?2v +QmH/ ?�p2
bT`2�/ i?Bb �`+?�B+ BM?2`Bi�M+2X

>Qr2p2`- 2p2M B7 r2 �++2Ti �M �/KBtim`2 BM i?2 L2�` 1�bi- ?Qr +�M r2
2tTH�BM i?2 /Bb+`2T�M+v BM L2�M/2`i?�H �M+2bi`v #2ir22M 1m`QT2�Mb �M/
1�bi �bB�Mb\

aQK2 2tTH�M�iBQMb iQ i?Bb T?2MQK2MQM ?�p2 #22M T`QTQb2/, Bi +QmH/
#2 i?�i �/KBtim`2 #2ir22M L2�M/2`i?�Hb �M/ a�TB2Mb ?�TT2M2/ rBi? �
bBM;H2 TmHb2- #mi /2KQ;`�T?B+ 2p2Mib- bm+? �b i?2 �/KBtim`2 rBi? i?2 ǳ"�b�H
1m`�bB�MǴ

� TQTmH�iBQM i?�i bTHBi
Qz 7`QK Qi?2` MQM@
�7`B+�Mb #27Q`2 i?2v
bTHBi Qz 7`QK 2�+? Qi?2`-
�`QmM/ RyR-yyy@ed-yyy
v2�`b �;Q
UG�x�`B/Bb- kyR3V

"�b�H 1m`�bB�Mb
TQTmH�iBQM Q` rBi? MQ`i?2`M �7`B+�M TQTmH�iBQMb- +QmH/ ?�p2 /B@

Hmi2/ i?2 L2�M/2`i?�H �M+2bi`v BM 1m`QT2�Mb �M/ �#Qp2 �HH BM aQmi?2`M
1m`QT2 U"mb#v 2i �HX- kyR8VX �Hi2`M�iBp2Hv- b2H2+iBp2 T`2bbm`2b +QmH/ ?�p2
bm#b2[m2MiHv b?�T2/ i?2 7`2[m2M+B2b Q7 i?2 L2�M/2`i?�H BM?2`Bi2/ �HH2H2b-
�HbQ /2T2M/BM; QM i?2 �M+2bi`�H 2z2+iBp2 TQTmH�iBQM bBx2, rBi? i?Bb `2;�`/-
a�MF�`�`�K�M �M/ +QHH2�;m2b Ua�MF�`�`�K�M 2i �HX- kyR9V `2�bQM2/ i?�i i?2
HQr2` 2z2+iBp2 TQTmH�iBQM bBx2 Q7 1�bi �bB�M +QmH/ ?�p2 `2/m+2/ i?2 2{+�+v
Q7 Tm`B7vBM; b2H2+iBQM BM Tm`;BM; /2H2i2`BQmb �HH2H2bX

�Hi2`M�iBp2Hv- i?2 �/KBtim`2b +QmH/ ?�p2 Q++m``2/ KmHiBTH2 iBK2bX AM
7�+i- i?2 rQ`F Q7 oBHH�M2� �M/ a+?`�B#2` 7QmM/ bi`QM; bmTTQ`i 7Q` � KQ/2H Q7
KmHiBTH2 �/KBtim`2 2p2Mib UoBHH�M2� � a+?`�B#2`- kyRNV, BM i?Bb KQ/2H- i?2
Q`B;BM�H TmHb2 BMiQ i?2 �M+2bi`�H 1m`�bB�M TQTmH�iBQM r�b 7QHHQr2/ #v �//B@
iBQM�H TmHb2b iQ #Qi? 1m`QT2�M �M/ 1�bi �bB�M TQTmH�iBQMb- r?2M i?2v r2`2

e3
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�H`2�/v bTHBiX 6m`i?2`KQ`2- �HbQ o2`MQi �M/ +QHH2�;m2b 7QmM/ 2pB/2M+2 Q7
/Bz2`2MiB�H L2�M/2`i?�H �/KBtim`2 #2ir22M bQK2 1m`QT2�M �M/ 1�bi �bB�M
TQTmH�iBQMb Uo2`MQi 2i �HX- kyReVX

6B;m`2 kdX h?2 K22iBM;b #2ir22M L2�M/2`i?�Hb �M/ KQ/2`M ?m@
K�MbX AK�;2 i�F2M 7`QK i?2 #QQF ǳq?Q r2 �`2 �M/ ?Qr r2 ;Qi ?2`2Ǵ
U_2B+?- kyR3V `2TQ`iBM; i?2 iBK2HBM2 Q7 i?2 �i H2�bi irQ K�BM K22iBM;b KQ/@
2`M ?mK�Mb �M/ L2�M/2`i?�Hb ?�/X

h?2 �p�BH�#BHBiv Q7 ?B;?@+Qp2`�;2 �`+?�B+ .L� �HHQr2/ bQHpBM; bQK2 �M@
+B2Mi Kvbi2`B2b- bm+? �b 1m`QT2�M KQ/2`M ?mK�M 7QbbBHb rBi? �HbQ bQK2

eN
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�`+?�B+ 72�im`2bX A7 i?2v +QmH/ /2KQMbi`�i2 i?�i i?Qb2 7QbbBHb �HbQ +QMi�BM2/
L2�M/2`i?�H BM?2`Bi2/ .L�- r2 KB;?i ?�p2 �M �Mbr2` iQ �MQi?2` [m2biBQM,
/B/ BMi2`#`22/BM; �HbQ ?�TT2M BM 1m`QT2\

q?2M S  #QǶb ;`QmT b2[m2M+2/ .L� 7`QK i?2 `2K�BMb Q7 P�b2R- � KQ/@
2`M ?mK�M i?�i 1`BF h`BMF�mb ?�/ BMi2`T`2i2/ �b � L2�M/2`i?�H@KQ/2`M ?m@
K�M ?v#`B/- i?2v /Bb+Qp2`2/ i?�i Bib .L� +QMi�BMb � T2`+2Mi�;2 Q7 L2�M/2`@
i?�H �M+2bi`v #2ir22M e �M/ N U6m 2i �HX- kyR8VX JQ`2Qp2`- Bib L2�M/2`i?�H
.L� H2;�+v +Qp2`b mMiBH � i?B`/ Q7 i?2 H2M;i? Q7 ?Bb +?`QKQbQK2b- K�F@
BM; i?2K bm;;2bi i?�i P�b2R ?�/ � L2�M/2`i?�H �M+2biQ` MQ KQ`2 i?�M bBt
;2M2`�iBQM #27Q`2 ?BKX

h?Bb r�b �M BM+`2/B#H2 /Bb+Qp2`v #2+�mb2 Bi +`mb?2/ �HH i?2 Q#D2+iBQMb
�;�BMbi i?2 2TBbQ/2b Q7 BMi2`#`22/BM; #2ir22M /Bz2`2Mi FBM/b Q7 ?mK�MbX
>Qr2p2`- Bi ?�b �HbQ #22M /2KQMbi`�i2/ i?�i P�b2R /B/ MQi H2�p2 /2b+2M/@
�Mib �KQM; KQ/2`M@/�v 1m`QT2�Mb U6m 2i �HX- kyR8VX AM Qi?2` rQ`/b- i?2
TQTmH�iBQM iQ r?B+? ?2 #2HQM;2/ r�b � /2�/ #`�M+?- i?mb- r?BH2 P�b2R ?BK@
b2H7 T`QpB/2b i?2 �+im�H bKQFBM; ;mM Q7 BMi2`#`22/BM;- ?2 +�MMQi /2KQMbi`�i2
i?�i i?2 L2�M/2`i?�H �M+2bi`v r2 b22 BM MQM@�7`B+�M TQTmH�iBQMb Bb �+im�HHv
/2`Bp2/ �HbQ 7`QK 1m`QT2�M L2�M/2`i?�HbX

.Q vQm `2K2K#2` r?2M r2 }`bi K2i\
h?2 /Bb+Qp2`B2b �#Qmi i?2 TH�+2b r?2`2 r2 K2i �M/ KBt2/ rBi? L2�M/2`i?�Hb
#2; �MQi?2` [m2biBQM, r?2M /B/ Qm` �M+2biQ`b �/KBt rBi? i?2 L2�M/2`i?�Hb\

�Mbr2`BM; iQ i?Bb r�b BKTQ`i�Mi MQi �HbQ 7Q` i?2 [m2biBQM T2` b2- #mi
�HbQ 7Q` i?2 /22T BKTHB+�iBQM i?Bb [m2biBQM Bb #`BM;BM;, �i i?2 }`bi `2bmHi
Q7 :`22M 2i �HX- kyRy /2KQMbi`�iBM; i?2 �/KBtim`2- K�Mv b+B2MiBbib r2`2
MQi +QKTH2i2Hv +QMpBM+2/ �#Qmi i?�i +QM+HmbBQMX AM 7�+i- �HbQ � Tmi�iBp2
�M+B2Mi TQTmH�iBQM bi`m+im`2 BM �7`B+� +QmH/ 2tTH�BM i?2 }M/BM;b Q7 :`22M
2i �HX- kyRyX h?2 QMHv r�v iQ ;2i `B/ Q7 i?Bb +QMi`Qp2`bv r�b iQ /�i2 i?2
BMi2`#`22/BM; 2p2Mi, B7 i?Bb rQmH/ #2 QH/2` i?�M i?2 iBK2 r?2M }`bi KQ/2`M
?mK�Mb r�M/2`2/ Qmi Q7 �7`B+�- i?2M Bi +�MMQi BM/B+�i2 �M �/KBtim`2 2p2Mi-
#mi � bB;M�im`2 Q7 �M ǳ�M+B2Mi �7`B+�M ;2M2iB+ bi`m+im`2ǴX

AM Q`/2` iQ �Mbr2` i?2 [m2biBQMb- `2b2�`+?2`b iQQF �/p�Mi�;2 Q7 ;2M2iB+
`2+QK#BM�iBQMX .m2 iQ i?Bb T`Q+2bb- i?2 .L� b2;K2Mib BM?2`Bi2/ 7`QK
L2�M/2`i?�Hb ?�p2 #`QF2M mT BMiQ bK�HH2` TB2+2b i?`Qm;? i?2 ;2M2`�iBQMbX
h?mb- Bi Bb TQbbB#H2 iQ BM72` ?Qr K�Mv ;2M2`�iBQMb ?�p2 T�bb2/ bBM+2 i?2
�/KBtim`2 2p2Mi- bBKTHv K2�bm`BM; i?2 bBx2b Q7 i?2 L2�M/2`i?�Hb BM?2`Bi2/
`2;BQMb- r?B+? �`2 .L� +?mMFb K�i+?BM; i?2 L2�M/2`i?�H ;2MQK2 KQ`2
i?�M i?2v /Q bm#@a�?�`�M �7`B+�M ;2MQK2bX AM Qi?2` rQ`/b- B7 irQ L2�M/2`@

dy
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i?�H �HH2H2b BMi`Q;`2bb2/ BM KQ/2`M ?mK�Mb �i iBK2 tGF - i?2 T`Q#�#BHBiv i?�i
i?2b2 irQ �HH2H2b rBHH MQi #2 #`QF2M #v i?2 `2+QK#BM�iBQM T`Q+2bb Bb T`QTQ`@
iBQM�H iQ e−tGF x- r?2`2 t Bb i?2 ;2M2iB+ /Bbi�M+2 b2T�`�iBM; i?2 irQ �HH2H2b
Ua�MF�`�`�K�M 2i �HX- kyRkVX

lbBM; i?Bb bi`�i2;v- a�MF�`�`�K�M �M/ +QHH2�;m2b Ua�MF�`�`�K�M 2i �HX-
kyRkV 7QmM/ i?�i bQK2 L2�M/2`i?�H .L� 2Mi2`2/ i?2 �M+2biQ`b Q7 KQ/2`M@
/�v MQM@�7`B+�M T2QTH2 �`QmM/ jd-yyyĜ3e-yyy v2�`b "S U"27Q`2 S`2b2MiVX
h?Bb /�i2 Bb iQQ `2+2Mi iQ #2 +QMbBbi2Mi rBi? i?2 ǳ�M+B2Mi �7`B+�M ;2M2iB+
bi`m+im`2Ǵ b+2M�`BQ- i?mb bmTTQ`iBM; i?2 ?vTQi?2bBb Q7 `2+2Mi ;2M2 ~QrX

h?2M- i?Bb /�i2 ?�b #22M `2}M2/ i?�MFb iQ i?2 �M�HvbBb Q7 � KQ/2`M
?mK�M 7`QK aB#2`B� HBp2/ �`QmM/ 98-yyy v2�`b �;Q U6m 2i �HX- kyR9c JQQ`D�MB
2i �HX- kyReVX .m2 iQ i?2 ?B;? [m�HBiv Q7 i?Bb ;2MQK2- Bi r�b TQbbB#H2 iQ
Q#b2`p2 i?�i i?2 +?mMFb Q7 L2�M/2`i?�H .L� r2`2 QM �p2`�;2 b2p2M iBK2b
H�`;2` i?�M BM KQ/2`M@/�v BM/BpB/m�Hb U6B;m`2 k3VX h?Bb �HHQr2/ 2biBK�iBM;
� KQ`2 T`2+Bb2 BMi2`p�H- #2ir22M 8y-yyy �M/ ey-yyy v2�`b �;Q- r?B+? `Qm;?Hv
+Q``2bTQM/b iQ i?2 K�DQ` 2tT�MbBQM Q7 KQ/2`M ?mK�Mb Qmi Q7 �7`B+� �M/ i?2
JB//H2 1�biX h?Bb }M/BM; �HbQ bm;;2bib i?�i i?2 #mHF Q7 i?2 L2�M/2`i?�H
+QMi`B#miBQM iQ KQ/2`M@/�v 1m`�bB�M T2QTH2 /Q2b MQi /�i2 #�+F iQ i?2 2�`HB2`
iBK2b BM i?2 JB//H2 1�bi r?2M L2�M/2`i?�H �M/ a�TB2Mb r2`2 T`Q#�#Hv �
biQM2Ƕb i?`Qr 7`QK 2�+? Qi?2`X

6B;m`2 k3X L2�M/2`i?�H �M+2bi`v BM +?`QKQbQK2 Rk Q7 i?2 lbiǶ@
Ab?BK BM/BpB/m�HX AK�;2 i�F2M 7`QK 6m 2i �HX- kyR9 `2TQ`iBM; i?2 `2;BQMb
Q7 L2�M/2`i?�H �M+2bi`v QM +?`QKQbQK2 Rk BM i?2 lbiǶ@Ab?BK BM/BpB/m�H �M/
}7i22M T`2b2Mi@/�v MQM@�7`B+�MbX

L2�M/2`i?�H .L� +?mMFb �M/ 2p2M KQ`2 [m2biBQMb
�b Qm` mM/2`bi�M/BM; Q7 i?2 �/KBtim`2 /vM�KB+b #2ir22M L2�M/2`i?�Hb �M/
KQ/2`M ?mK�Mb BM+`2�b2b- M2r [m2biBQMb �`Bb2, r?2`2 �M/ r?�i Bb i?2 ;2@
M2iB+ H2;�+v Qm` �`+?�B+ +QmbBMb H27i BMbB/2 mb\

dR
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6B;m`2 kNX h?2 2tT2+i2/ H2M;i? Q7 �`+?�B+ i`�BibX AK�;2 i�F2M 7`QK
_�+BKQ 2i �HX- kyR8 `2TQ`iBM; i?2 2tT2+i2/ H2M;i? Q7 �`+?�B+ i`�+ib mM/2`
�/KBtim`2 UH27i T�M2HV�M/ �M+2bi`�H TQTmH�iBQM bi`m+im`2 b+2M�`BQb U`B;?i
T�M2HVX "2+�mb2 i?2`2 Bb H2bb iBK2 7Q` `2+QK#BM�iBQM iQ #`2�F /QrM i?2
KB;`�Mi i`�+ib U`2/V BM i?2 �/KBt2/ TQTmH�iBQM- i?2 2tT2+i2/ i`�+i H2M;i?
BM i?Bb +�b2 rBHH #2 HQM;2` i?�M BM i?2 +�b2 Q7 �M+2bi`�H TQTmH�iBQM bi`m+im`2X

h?2 }`bi +?�HH2M;2 BM �Mbr2`BM; i?2b2 [m2biBQMb Bb iQ B/2MiB7v i?2 72�im`2b
Q7 �`+?�B+ BMi`Q;`2bb2/ `2;BQMb- BM Q`/2` iQ T`QT2`Hv /BbiBM;mBb? i?2K 7`QK
b?�`2/ �M+2bi`�H ;2M2iB+ p�`B�iBQMX AM 7�+i- BM �Mv irQ TQTmH�iBQMb- i?2`2
rBHH �Hr�vb #2 bQK2 b?�`2/ .L� b2;K2Mib Q`B;BM�iBM; BM i?2B` +QKKQM �M@
+2biQ`b- i?mb irQ .L� +?mMFb K�v b?�`2 � KQbi `2+2Mi +QKKQM �M+2biQ`
UJ_*�V KQ`2 `2+2MiHv i?�M Qi?2` irQ .L� b2;K2Mib BM i?2 b�K2 TQTmH�@
iBQM U_�+BKQ 2i �HX- kyR8VX h?Bb T?2MQK2MQM- FMQrM �b BM+QKTH2i2 HBM2�;2
bQ`iBM; UAGaV-

� T?2MQK2MQM r?2`2#v
irQ Q` KQ`2 HBM2�;2b
7`QK /Bz2`2Mi TQTmH�@
iBQMb Q` bT2+B2b b?�`2 �
+QKKQM �M+2biQ` KQ`2
`2+2MiHv i?�M i?2B` `2@
bT2+iBp2 KQbi `2+2Mi
+QKKQM �M+2biQ` rBi?BM
TQTmH�iBQMb- +�mbBM; /Bb@
+Q`/�M+2 #2ir22M i?2
TQTmH�iBQM i`22 �M/ �
;2M2 i`22X
U_�+BKQ 2i �HX- kyR8V

AGa

M22/b iQ #2 /Bz2`2MiB�i2/ 7`QK �`+?�B+ �/KBtim`2 2p2Mib U6B;@
m`2 kNVX

.m`BM; i?2 v2�`b- K�Mv K2i?Q/b 7Q` B/2MiB7vBM; BMi`Q;`2bbBQM ?�p2 #22M
/2p2HQT2/X h?2 KQbi r2HH FMQrM Bb i?2 .@bi�iBbiB+b U:`22M 2i �HX- kyRyc
.m`�M/ 2i �HX- kyRRc S�ii2`bQM 2i �HX- kyRkV- r?B+? K2�bm`2b i?2 b?�`BM; Q7
/2`Bp2/ �HH2H2b #2ir22M irQ TQTmH�iBQMb UbBbi2` BM;`QmTV- +QKT�`BM; i?2K
rBi? �M Qmi;`QmT Ub22 T�;2 e8VX >Qr2p2`- r?BH2 i?Bb K2i?Q/ r�b i?2 }`bi
mb2/ 7Q` /2KQMbi`�iBM; i?2 L2�M/2`i?�H BMi`Q;`2bbBQM- Bi +�MMQi ?B;?HB;?i
.L� b2;K2Mib /2`Bp2/ 7`QK �M BMi`Q;`2bbBQM 2p2Mi Bib2H7X

dk



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

6B;m`2 jyX L2�M/2`i?�H HBM2�;2b BM KQ/2`M@/�v 1�bi �bB�Mb �M/
1m`QT2�MbX AK�;2 i�F2M 7`QK o2`MQi � �F2v- kyR9 `2TQ`iBM; i?2 L2�M/2`@
i?�H HBM2�;2b B/2MiB}2/ BM 1�bi �bB�Mb U�aL- `2/V �M/ 1m`QT2�Mb U1l_-
#Hm2VX :`�v b?�/BM; /2MQi2b `2;BQMb i?�i /B/ MQi T�bb }Hi2`BM; +`Bi2`B�-
r?BH2 #H�+F +B`+H2b `2T`2b2Mi +2Mi`QK2`2bX

� +?�`�+i2`BbBM; 72�im`2 Q7 BMi`Q;`2bb2/ b2;K2Mib Bb i?�i i?2v b?QmH/
#2- QM �p2`�;2- HQM;2` i?�M AGa b2;K2MibX 6QHHQrBM; i?Bb Q#b2`p�iBQM-
SH�;MQH �M/ q�HH USH�;MQH � q�HH- kyyeV 2tTHQBi2/ i?2 G. T�ii2`M Q#b2`p2/
�+`Qbb i?2 ;2MQK2 iQ TBMTQBMi �`+?�B+ BM?2`Bi2/ ?�THQivT2b, #�bB+�HHv- i?2v
b2�`+?2/ 7Q` /2`Bp2/ �HH2H2b BM ?B;? G. �M/ i?2v +QK#BM2/ i?2K BMiQ � b+Q`2
+�HH2/ a X GBF2 i?2 .@bi�iBbiB+b- a +�M B/2MiB7v ;2MQK2@rB/2 2pB/2M+2 Q7
BMi`Q;`2bbBQM- #mi rBi?Qmi �Mv FMQrH2/;2 Q7 i?2 �`+?�B+ /QMQ` TQTmH�iBQMX
� p2`v ;QQ/ 2tTH�M�iBQM Q7 i?2 HQ;B+ mM/2`HvBM; i?Bb K2i?Q/- �b r2HH �b
i?2 Qi?2` i2+?MB[m2b 7Q` B/2MiB7vBM; �`+?�B+ BMi`Q;`2bbBQM- +�M #2 7QmM/ BM
a�Mi�M/2` 2i �HX- kyRNX AM kyR9- a r�b mb2/ #v o2`MQi �M/ +QHH2�;m2b 7Q`

dj



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

B/2MiB7vBM; `2;BQMb BMi`Q;`2bb2/ 7`QK L2�M/2`i?�Hb BMiQ 1m`QT2�M �M/ 1�bi
�bB�M TQTmH�iBQMbX h?2M- i?2b2 `2;BQMb ?�p2 �HbQ #22M `2}M2/ mbBM; i?2
L2�M/2`i?�H `272`2M+2 ;2MQK2- #v i2biBM; r?2i?2` i?2v K�i+?2/ Bi bB;MB}+@
�MiHv KQ`2 i?�M 2tT2+i2/ #v +?�M+2 U6B;m`2 jy- o2`MQi � �F2v- kyR9VX

h?2 b�K2 irQ@bi2T �TT`Q�+? ?�b #22M mb2/ irQ v2�`b H�i2` #v i?2 b�K2
;`QmT Uo2`MQi 2i �HX- kyReV- BM Q`/2` iQ B/2MiB7v L2�M/2`i?�H �M/ .2MBbQp�M
BMi`Q;`2bb2/ b2[m2M+2b BM MQM@�7`B+�M KQ/2`M@/�v TQTmH�iBQMb U6B;m`2 jRV-
rBi? � bT2+B�H 7Q+mb QM i?2 J2H�M2bB�M TQTmH�iBQMX

6B;m`2 jRX h?2 �KQmMi Q7 �+?�B+ BMi`Q;`2bb2/ b2[m2M+2b BM
KQ/2`M@/�v TQTmH�iBQMbX AK�;2 i�F2M 7`QK o2`MQi 2i �HX- kyRe `2TQ`iBM;
i?2 �KQmMi Q7 �`+?�B+ BMi`Q;`2bb2/ b2[m2M+2b B/2MiB}2/ BM 2�+? TQTmH�iBQMX
AMb2i- �KQmMi Q7 L2�M/2`i?�H- .2MBbQp�M- �M/ �K#B;mQmb UL2�M/2`i?�H Q`
.2MBbQp�MV BMi`Q;`2bb2/ b2[m2M+2 7Q` 2�+? J2H�M2bB�M BM/BpB/m�HX

AM kyR3- �M a @HBF2 K2i?Q/ r�b BMi`Q/m+2/ U"`QrMBM; 2i �HX- kyR3VX Ai
Bb +�HH2/ aT`BK2 �M/ 7QHHQrb i?2 b�K2 `�iBQM�H2 Q7 a - #mi �pQB/BM; rBM@
/QrBM; �M/ i?mb 7Q+mbBM; QM i?2 2MiB`2 +?`QKQbQK2bX JQ`2Qp2`- i?2 7�+i
i?�i i?`Qm;? i?Bb M2r K2i?Q/ i?2v +QmH/ �M�Hvb2 � H�`;2 MmK#2` Q7 BM/B@
pB/m�Hb bBKmHi�M2QmbHv +QMi`B#mi2/ BM Q#i�BMBM; � Km+? #2ii2` i`�/2@Qz Q7
/2i2+iBQM 7`2[m2M+v iQ �++m`�+v i?�M i?2 a X h?Bb BKT`Qp2/ T2`7Q`K�M+2b
�HHQr2/ `2}MBM; i?2 �`+?�B+ BMi`Q;`2bbBQM T`QTQ`iBQMb BM KQ/2`M@/�v TQTm@
H�iBQMb U6B;m`2 jkV �M/ iQ /2i2+i irQ /BbiBM+i TmHb2b Q7 .2MBbQp�M �/KBtim`2
BM 1�bi �bB�M TQTmH�iBQMbX

d9



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

6B;m`2 jkX �KQmMi Q7 �`+?�B+ BMi`Q;`2bb2/ b2[m2M+2b �++Q`/BM;
iQ bT`BK2X AK�;2 i�F2M 7`QK "`QrMBM; 2i �HX- kyR3 `2TQ`iBM; i?2 K2�M
�KQmMib Q7 /2i2+i2/ BMi`Q;`2bb2/ K�i2`B�H T2` BM/BpB/m�H- +H�bbB}2/ #v �{M@
Biv iQ i?2 �Hi�B L2�M/2`i?�H �M/ �Hi�B .2MBbQp�M ;2MQK2bX

�b �M �Hi2`M�iBp2 iQ i?2 �M�Hvb2b Q7 G. T�ii2`Mb- K�BMHv irQ T`Q#�#BHBbiB+
K2i?Q/b ?�p2 #22M 2tTHQBi2/ 7Q` i?2 /2i2+iBQM Q7 �`+?�B+ `2;BQMb, ?B//2M
J�`FQp KQ/2Hb U>JJ- S`m72` 2i �HX- kyR9c a2;mBM@P`H�M/Q 2i �HX- kyR9V
�M/ +QM/BiBQM�H `�M/QK }2H/b U*_6- a�MF�`�`�K�M 2i �HX- kyR9VX "Qi?
K2i?Q/b bi�`i #v bQK2 � T`BQ`B T�`�K2i2`b- r?B+? /2T2M/ 7`QK /2KQ;`�T?B+
�bbmKTiBQMb- �M/ #v �M �`+?�B+ `272`2M+2 ;2MQK2X >Qr2p2`- BM kyR3 G�m`Bib
aFQp BMi`Q/m+2/ � M2r >JJ r?B+? /Q2b MQi `2Hv QM � `272`2M+2- #mi QM i?2
`2KQp�H Q7 i?Qb2 p�`B�Mib b?�`2/ rBi? i?2 Qmi;`QmT UaFQp 2i �HX- kyR3VX

"2BM; L2�M/2`i?�H bQK2r?2`2 BM Qm` ;2MQK2
PM+2 b+B2MiBbib 7QmM/ i?2 T`2+Bb2 HQ+�iBQMb Q7 L2�M/2`i?�H BMi`Q;`2bbBQMb-
i?2v MQiB+2/ i?�i i?2b2 `2;BQMb �`2 MQi /Bbi`B#mi2/ 2p2MHv �+`Qbb i?2 ;2MQK2,
r?BH2 bQK2 TQ`iBQMb Q7 i?2 ;2MQK2 �`2 2M`B+?2/ BM L2�M/2`i?�Hb �HH2H2b- Qi?@

d8



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

2`b 2t?B#Bi2/ �ivTB+�HHv HQr `�i2b Q7 BMi`Q;`2bbBQM U.�MM2K�MM � _�+BKQ-
kyR3VX h?2 H�ii2` Bb T�`iB+mH�`Hv �ii`�+iBp2- �b i?2b2 `2;BQMb `2T`2b2Mi 2p2Mib
Q7 `2bi`B+i2/ ;2M2 ~Qr �M/- +QMb2[m2MiHv- +�M #2 mb27mH BM mM/2`bi�M/BM;
i?2 KQH2+mH�` #�bBb Q7 `2T`Q/m+iBp2 BbQH�iBQM, 2t�KTH2b �`2 H�`;2 b2+iBQMb
QM i?2 s +?`QKQbQK2- ;2M2b M2�` bi`m+im`�H `2�``�M;2K2Mib �M/ ;2M2b 2t@
T`2bb2/ BM i2bi2b Ua�MF�`�`�K�M 2i �HX- kyRkVX JQ`2Qp2`- L2�M/2`i?�H u
+?`QKQbQK2b �M/ Ki.L� ?�p2 MQi #22M 7QmM/ BM ?mK�Mb- /2bTBi2 i?2 i2Mb
Q7 i?Qmb�M/b Q7 b�KTH2b i2bi2/ bQ 7�`X h?2B` �#b2M+2 +QmH/ #2 2tTH�BM2/ #v
`�M/QK ;2M2iB+ /`B7i- ;2M/2`@#B�b2/ ;2M2 ~Qr �M/fQ` ?B;?2` Kmi�iBQM�H HQ�/
BM i?2 L2�M/2`i?�H ;2MQK2bX >Qr2p2`- +`Qbb@bT2+B2b ;2M2iB+ BM+QKT�iB#BH@
BiB2b +QmH/ �HbQ ?�p2 +QMi`B#mi2/ iQ i?2 ;2MQKB+ +H2�MbBM; Q7 L2�M/2`i?�H
�M+2bi`v Q#b2`p2/ BM ?mK�MbX

q?�i /Q2b Bi K2�M iQ #2 L2�M/2`i?�H BM bQK2 bTQib Q7 Qm` ;2MQK2\ q?v
?�p2 bQK2 `2;BQMb #22M Tm`;2/ #v i?2 �`+?�B+ H2;�+v- r?BH2 Qi?2` �`+?�B+
p�`B�Mib ?�p2 #22M K�BMi�BM2/ �M/- K�v#2- b2H2+i2/\ q?�i 7�i2 #27�HHb
i?Qb2 p�`B�Mib\

aBM+2 i?2 `2H2�b2 Q7 i?2 L2�M/2`i?�H BMi`Q;`2bbBQM K�Tb- K�Mv bim/B2b
?�p2 bm;;2bi2/ i?�i M2;�iBp2 Q` Tm`B7vBM; b2H2+iBQM �;�BMbi �`+?�B+ BM?2`Bi2/
`2;BQMb ?�/ � #B; `QH2 BM b?�TBM; i?2 /Bbi`B#miBQM Q7 �`+?�B+ .L� BM KQ/2`M@
/�v ?mK�M TQTmH�iBQM U6B;m`2 jj- >�``Bb � LB2Hb2M- kyRec Cm`B+ 2i �HX-
kyRec 6m 2i �HX- kyRec a�MF�`�`�K�M 2i �HX- kyR9VX PM2 Q7 i?2 bi`BFBM;
2pB/2M+2 iQr�`/b i?2 �+iBQM Q7 Tm`B7vBM; b2H2+iBQM Bb i?2 ;`�/m�H /2+HBM2 BM
L2�M/2`i?�H �M+2bi`v BM KQ/2`M ?mK�Mb Qp2` i?2 T�bi 98-yyy v2�`b U6m 2i
�HX- kyReV- r?B+? +�MMQi #2 2tTH�BM2/ QMHv #v � KQ/2H Q7 Tm`2 ;2M2iB+ /`B7iX
1p2M B7 i?2 /2+HBM2 b?Qr2/ BM 6m 2i �HX- kyRe- b22Kb iQ #2 QMHv i?2 `2bmHi
Q7 ;2M2 ~Qr #2ir22M KQ/2`M ?mK�M TQTmH�iBQMb- i?2 M2;�iBp2 b2H2+iBQM
?vTQi?2bBb �;�BMbi �`+?�B+ .L� BM +QMb2`p2/ ;2MQKB+ `2;BQMb `2K�BMb bi�#H2
US2i` 2i �HX- kyRNVX JQ`2Qp2`- Bi ?�b #22M �HbQ 7QmM/ i?�i i?Bb /2TH2iBQM Bb
bi`QM;2` BM `2;mH�iQ`v �M/ +QMb2`p2/ MQM+Q/BM; `2;BQMb �M/ BM i?2 KQbi
+QMb2`p2/ TQ`iBQM Q7 T`Qi2BM@+Q/BM; b2[m2M+2b US2i` 2i �HX- kyRNVX

AM +QMi`�bi- Qi?2` bim/B2b ?�p2 bm;;2bi2/ i?�i i?2 Tm`B7vBM; b2H2+iBQM
QM L2�M/2`i?�H BM?2`Bi2/ `2;BQMb r�b /m2 iQ � ?B;?2` /2H2i2`BQmb #m`/2M BM
L2�M/2`i?�Hb i?�M BM KQ/2`M ?mK�Mb UCm`B+ 2i �HX- kyReVX AM T�`iB+mH�`-
i?2 �M�Hvb2b Q7 ?B;?@+Qp2`�;2 L2�M/2`i?�H ;2MQK2 US`m72` 2i �HX- kyR9V �M/
i?`22 L2�M/2`i?�H 2tQK2b U*�bi2HH�MQ 2i �HX- kyR9V- bm;;2bi i?�i �`QmM/ yX8@
R@y KBHHBQM v2�`b �;Q i?2B` TQTmH�iBQM #2+QK2 bK�HH2`- /2+`2�bBM; KQ`2 �M/
KQ`2 7Q` ?mM/`2/b Q7 i?Qmb�M/b Q7 v2�`bX AM 7�+i- i?2B` ;2M2iB+ /Bp2`bBiv r�b
�HKQbi � i?B`/ Q7 r?�i ?�b #22M 2biBK�i2/ 7Q` KQ/2`M ?mK�Mb U*�bi2HH�MQ
2i �HX- kyR9VX AM i?Bb bBim�iBQM- L2�M/2`i?�Hb �++mKmH�i2/ K�Mv bHB;?iHv
/2H2i2`BQmb p�`B�Mib- r?B+?- BM i?2B` bK�HH TQTmH�iBQM bBx2- r2`2 M2mi`�H �M/

de



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

+QmH/ MQi #2 `2KQp2/ #v M2;�iBp2 b2H2+iBQMX AM +QMi`�bi- r?2M i?2b2 p�`B�Mib
BMi`Q;`2bb2/ BMiQ i?2 H�`;2` KQ/2`M ?mK�M TQTmH�iBQM- i?2v #2+QK2 KQ`2
pBbB#H2 iQ i?2 �+iBQM Q7 Tm`B7vBM; b2H2+iBQMX

>Qr2p2`- K�Mv bim/B2b ?�p2 �HbQ B/2MiB}2/ � H�`;2 MmK#2` Q7 BMi`Q;`2bb2/
�HH2H2b r?B+? 7`2[m2M+B2b ?�p2 BM+`2�b2/ BM KQ/2`M ?mK�Mb- i?mb `2T`2b2Mi@
BM; 2t�KTH2b Q7 �/�TiBp2 p�`B�iBQM U6B;m`2 jj- a�MF�`�`�K�M 2i �HX- kyR9c
.�MM2K�MM 2i �HX- kyRec :Bii2HK�M 2i �HX- kyRec J2M/2x 2i �HX- kyRjc Zm�+?
2i �HX- kyRec _�+BKQ 2i �HX- kyR8c a�Kb 2i �HX- kyRec o2`MQi � �F2v- kyR9VX
�b L2�M/2`i?�Hb �M/ .2MBbQp�Mb r2`2 �H`2�/v HBpBM; BM 1m`�bB� 7Q` �i H2�bi
jyy-yyy v2�`b #27Q`2 KQ/2`M ?mK�Mb �``Bp2/- i?2v r2`2 ;2M2iB+�HHv �/�Ti2/
iQ i?2 2MpB`QMK2Mi�H +QM/BiBQMb- Mmi`B2Mib �M/ T�i?Q;2Mb- r?B+?- BM im`M-
r2`2 +QKTH2i2Hv /Bz2`2Mi 7`QK i?2 �7`B+�M QM2b- iQ r?B+? Qm` a�TB2Mb �M@
+2biQ`b r2`2 �++mbiQK2/X AM?2`BiBM; �M/ +�`27mHHv F22TBM; i?Qb2 p�`B�Mib-
K2�Mi M2r TQbbB#BHBiB2b iQ +QT2 i?2 M2r rQ`H/ 2�bBHv- � rQ`H/ i?�i i?2v r2`2
`2�/v iQ +QM[m2`X

6Q` i?Bb `2�bQM- � HQi Q7 bim/B2b ?�p2 7QmM/ i?2 BMi`Q;`2bb2/ �`+?�B+ ?m@
K�M �HH2H2b iQ #2 BMpQHp2/ BM BKKmMBiv- K2i�#QHBbK �M/ i?2 `2bTQMb2 iQ
2MpB`QMK2Mi�H +QM/BiBQMb- HBF2 i2KT2`�im`2- bmMHB;?i �M/ �HiBim/2 US`m72` 2i
�HX- kyR9c o2`MQi � �F2v- kyR9c a�MF�`�`�K�M 2i �HX- kyR9c J2M/2x 2i �HX-
kyRjc a�Kb 2i �HX- kyRec >m2`i�@a�M+?2x 2i �HX- kyR9c .�MM2K�MM 2i �HX-
kyRec :Bii2HK�M 2i �HX- kyRec _�+BKQ 2i �HX- kyRdc _�+BKQ 2i �HX- kyR8VX
GQQFb HBF2 r2 ;Qi Qm`b2Hp2b � p2`v br22i /2�H- r?2M r2 �/KBt2/ rBi? Qm`
�`+?�B+ +QmbBMb5

>Qr2p2`- i?2 K�DQ`Biv Q7 i?2 �`+?�B+ BM?2`Bi2/ �HH2H2b BM i?2 KQ/2`M@/�v
TQTmH�iBQMb �`2 MQi bi`QM;Hv �/�TiBp2- #2BM; T`2b2Mi �i 7`2[m2M+B2b �`QmM/
kW U.�MM2K�MM � E2HbQ- kyRdVX J�Mv bim/B2b ?�p2 i`B2/ iQ BMp2biB;�i2 i?2
#BQHQ;B+�H K2�MBM; Q7 i?2b2 �`+?�B+ p�`B�iBQMb- bQ 7�` UaBKQMiB 2i �HX- kyRec
.�MM2K�MM � E2HbQ- kyRdV- K�FBM; �biQMBb?BM; /Bb+Qp2`B2bX aBKQMiB �M/
+QHH2�;m2b b2�`+?2/ i?2 L2�M/2`i?�H BMi`Q;`2bb2/ p�`B�Mib BM � K2/B+�H /�i�@
#�b2- i?2 1H2+i`QMB+ J2/B+�H _2+Q`/b �M/ :2MQKB+b U2J1_:1V L2irQ`F-
r?B+? `2+Q`/b #Qi? T�iB2MibǶ ;2M2iB+ /�i� �M/ i?2B` /B�;MQb2b- T`QpB/BM; �
?B;?Hv p�Hm�#H2 `2bQm`+2 7Q` HBMFBM; ;2M2b �M/ +QM/BiBQMb BM �HKQbi jy-yyy
1m`QT2�M BM/BpB/m�Hb UaBKQMiB 2i �HX- kyReVX lbBM; i?Bb �TT`Q�+?- i?2v
7QmM/ i?�i � H�`;2 MmK#2` Q7 L2�M/2`i?�H p�`B�Mib +QmH/ BM~m2M+2 K�Mv
/Bz2`2Mi i`�Bib- bm+? �b /2T`2bbBQM- T`2+�M+2`Qmb bFBM H2bBQMb U+�HH2/ �+iBMB+
F2`�iQb2bV- #HQQ/@+HQiiBM; /BbQ`/2`b- bi`QF2b- m`BM�`v i`�+i /BbQ`/2`b �M/ iQ@
#�++Q �//B+iBQM U6B;m`2 j9- aBKQMiB 2i �HX- kyReVX

dd



.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

6B;m`2 jjX SQbbB#H2 7�i2b Q7 �M �`+?�B+ Kmi�iBQM BM KQ/2`M ?m@
K�MbX AK�;2 i�F2M 7`QK .�MM2K�MM � _�+BKQ- kyR3 `2TQ`iBM; i?2 TQb@
bB#H2 7�i2b Q7 �M BMi`Q/m+2/ Kmi�iBQM BMiQ � KQ/2`M ?mK�M TQTmH�iBQM pB�
BMi`Q;`2bbBQM 7`QK �M �`+?�B+ ?QKBMBM ;`QmTX h?2 HBM2b /2TB+i +?`QKQbQK2b
BM � TQTmH�iBQM �M/ i?2 #Hm2 /Qi `2T`2b2Mib � Kmi�iBQM i?�i }`bi �TT2�`2/
�M/ `Qb2 iQ ?B;? 7`2[m2M+B2b BM i?2 �`+?�B+ ?mK�M TQTmH�iBQM- #27Q`2 #2BM;
BMi`Q;`2bb2/ BMiQ i?2 KQ/2`M ?mK�M TQTmH�iBQMX

JB+?�2H .�MM2K�MM �M/ C�M2i E2HbQ b2�`+?- BMbi2�/- BM i?2 lE "BQ#�MF-
r?B+? BM+Hm/2b i`�Bib `2H�i2/ iQ T?vbB+�H �TT2�`�M+2- /B2i- bmM 2tTQbm`2- #2@
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?�pBQm` �M/ /Bb2�b2b 7Q` KQ`2 i?�M R8y-yyy bm#D2+ib U.�MM2K�MM � E2HbQ-
kyRdVX

6B;m`2 j9X S?2MQivT2b �M/ K2/B+�H +QM/BiBQMb `2H�i2/ iQ L2�M/2`@
i?�H �M+2bi`vX AK�;2 i�F2M 7`QK :B##QMb- kyRe `2TQ`iBM; i?2 K�BM T?2MQ@
ivT2b �M/ K2/B+�H +QM/BiBQMb iQ r?B+? L2�M/2`i?�HbǶ ?B//2M H2;�+v ?�b #22M
`2H�i2/ iQX

AM i?Bb bim/v- i?2v r2`2 �#H2 iQ i2bi i?2 +QMi`B#miBQM Q7 �`+?�B+ ;2M2iB+
p�`B�iBQM iQ Rje +QKKQM T?2MQivT2b BM KQ/2`M@/�v 1m`QT2�MbX �KQM;
i?2K- i?2v 7QmM/ i?�i L2�M/2`i?�H �HH2H2b +QMi`B#mi2 iQ 7Qm` #2?�pBQm`�H
T?2MQivT2b- bm+? �b +?`QMQivT2- HQM2HBM2bb Q` BbQH�iBQM- 7`2[m2M+v Q7 mM@
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.Q L2�M/2`i?�Hb 2tBbi iQ/�v\

2Mi?mbB�bK Q` /BbBMi2`2bi BM i?2 H�bi irQ r22Fb- �M/ bKQFBM; bi�imbX JQ`2Qp2`-
i?2v `2TQ`i i?�i i?2 b�K2 L2�M/2`i?�H p�`B�Mi BM �a"R bB;MB}+�MiHv �bbQ+B@
�i2/ rBi? i?2 T`272`2M+2 7Q` 2p2MBM; �+iBpBiB2b- b?Qrb � +Q``2H�iBQM #2ir22M
Bib 7`2[m2M+v �M/ H�iBim/2- bm;;2biBM; � `2H2p�Mi `QH2 7Q` i?2 /Bz2`2M+2b BM
bmMHB;?i 2tTQbm`2X �b � K�ii2` Q7 7�+i- K�Mv T?2MQivT2b bB;MB}+�MiHv BM@
~m2M+2/ #v L2�M/2`i?�H BMi`Q;`2bbBQM ?�p2 bQK2 HBMF iQ bmMHB;?i 2tTQbm`2
U2X;X- bFBM �M/ ?�B` +QHQm`- +B`+�/B�M `?vi?Kb- �M/ KQQ/- .�MM2K�MM �
E2HbQ- kyRdVX

aQ BM i?2 2M/- /Q r2 ?�p2 iQ i?�MF Q` +m`b2 L2�M/2`i?�Hb 7Q` ?�pBM;
?B//2M � T�`i Q7 i?2Kb2Hp2b BM Qm` ;2MQK2\ �b BM K�Mv Qi?2` i?BM;b- i?2
i`mi? HB2b bQK2r?2`2 BM i?2 KB//H2X h�F2 7Q` 2t�KTH2- i?2 BKKmM2@#QQbiBM;
;2M2b r2 ?�p2 BM?2`Bi2/ 7`QK L2�M/2`i?�Hb, �b i?2v r2`2 bQ #2M2}+B�H BM
KQ/2`M ?mK�Mb HBpBM; BM i?2 SH2BbiQ+2M2- i?2v ?�p2 /2H2i2`BQmb 2z2+ib BM i?2
lMBi2/ ai�i2b �M/ 1m`QT2- r?2`2 T2QTH2 7�+2 72r2` T�`�bBi2b- i?mb +�mbBM;
�miQBKKmMBiv- BM~�KK�iBQM- �M/ �HH2`;B2bX

J�Mv ;2M2iB+ p�`B�Mib r?B+? ?�p2 #22M +`m+B�H 7Q` i?2 2pQHmiBQM �M/
i?2 �/�Ti�iBQM Q7 T`2b2Mi@/�v ?mK�M TQTmH�iBQMb BM i?2 H�bi 8y-yyy v2�`b-
iQ/�v- /m2 iQ HB72bivH2 +?�M;2b �M/ BM+`2�b2/ HB72 2tT2+i�M+v- +QmH/ BM~m2M+2
i?2 `BbF Q7 +QKTH2t /Bb2�b2b �M/ Qi?2` +QM/BiBQMbX

PM i?2 L2�M/2`i?�H /2KBb2 �M/ i?2 r�v iQ �pQB/ Bi
h?2 i?`BHHBM; /Bb+Qp2`B2b i?�i ;2M2iB+Bbib �M/ T�H�2Q�Mi?`QTQHQ;Bbib �`2 /QBM;
�#Qmi i?2 T�bi HBp2b Q7 Qm` p2`v QH/ +QmbBMb ?�p2 im`M2/ i?2 Qp2`�HH 722HBM;
�#Qmi i?2K, i?2 ?�B`v �M/ bimTB/ #2�bib �`2 ;QM2- i?mb H2�pBM; QMHv i?2
?mK�M +`2�im`2b i?2v r2`2X

�+im�HHv- r2 r2`2MǶi bQ /Bz2`2Mi �M/ Qm` T�i?b +`Qbb2/ K�Mv iBK2b /m`@
BM; i?2 KBHH2MMB�X q2 b?�`2 � +QKKQM 2pQHmiBQM�`v ?BbiQ`v mMiBH �`QmM/ ?�H7
� KBHHBQM v2�`b �;Q- #mi �b Qm` HBM2�;2b b2T�`�i2/- r2 ?�/ � /Bz2`2Mi 7�i2,
r?BH2 i?2v r2`2 #2+QKBM; H2bb �M/ b+�ii2`2/ BM HBiiH2 ;`QmTb �+`Qbb 1m`�bB�-
r2 r2`2 BM+`2�bBM; BM MmK#2`X q?2M r2 K2i �;�BM #27Q`2 BM i?2 JB//H2
1�bi �M/ H�i2` BM 1m`�bB�M H�M/b- r2 r2`2 KQ`2- r2 ?�/ #2ii2` i2+?MQHQ;v
�M/ bmT2`BQ` bQ+B�H bFBHHbX

�`QmM/ 9y-yyy v2�`b �;Q- r?BH2 i?2B` iBK2 QM 1�`i? r�b `mMMBM; Qmi-
Qm` +BpBHBx�iBQM r�b �#Qmi iQ ~Qm`Bb?X AM � 72r v2�`b- r2 rQmH/ #mBH/ +BiB2b-
r`Bi2 TQ2Kb �M/ r�HF QM i?2 KQQM- r?BH2 L2�M/2`i?�Hb rQmH/ `2K�BM #m`B2/
mM/2` K2i`2b Q7 /B`iX h?2v rQmH/ ?�p2 iQ r�Bi T�iB2MiHv iBHH R38e- BM � +�p2
�M/ BM Qm` ;2MQK2b- iQ #2 `2K2K#2`2/ �;�BMX

q?�i /B/ /`Bp2 i?2K iQ 2tiBM+iBQM\ h?2`2 �`2 K�Mv ?vTQi?2b2b 2tTH�BM@
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BM; i?2 L2�M/2`i?�H /2KBb2X J�v#2 r2 ?�/ bQK2i?BM; iQ /Q rBi? Bi, Qm`
�M+2biQ`b +QmH/ ?�p2 }HH2/ i?2 b�K2 2+QHQ;B+�H MB+?2 Q7 L2�M/2`i?�Hb- };?i@
BM; 7Q` i?2 b�K2 `2bQm`+2b �M/ i?2 b�K2 bT�+2X J�v#2 pBQH2M+2 �M/ ;2MQ+B/2
+QmH/ ?�p2 ?�TT2M2/X �b ump�H LQ�? >�`�`B MQiB+2b- ǳAM KQ/2`M iBK2b- �
bK�HH /Bz2`2M+2 BM bFBM +QHQm`- /B�H2+i Q` `2HB;BQM ?�b #22M 2MQm;? iQ T`QKTi
QM2 ;`QmT Q7 a�TB2Mb iQ b2i �#Qmi 2ti2`KBM�iBM; �MQi?2` ;`QmTX qQmH/ �M@
+B2Mi a�TB2Mb ?�p2 #22M KQ`2 iQH2`�Mi Q7 �M 2MiB`2Hv /Bz2`2Mi ?mK�M bT2+B2b\
h?2v r2`2 iQ 7�KBHB�` iQ B;MQ`2- #mi iQ /Bz2`2Mi iQ iQH2`�i2XǴ

>Qr2p2`- 2p2M B7 i?Bb #2?�pBQm` b22Kb iQ }i Qm` a�TB2Mb �iiBim/2 T2`@
72+iHv- Bi K�v MQi `2T`2b2Mi i?2 KQbi T`Q#�#H2 b+2M�`BQX �b aBHp�M� *QM/2KB
TQBMib Qmi BM ?Bb #QQF U*QM/2KB � a�p�iB2`- kyReV- p2`v 72r L2�M/2`i?�H
7QbbBHb b?Qr bB;Mb Q7 pBQH2Mi i`�mK�X JQ`2Qp2`- BM � ;2MQ+B/2 b+2M�`BQ- i?2
L2�M/2`i?�H /2KBb2 rQmH/ ?�p2 Q++m``2/ rBi?BM � b?Q`i T2`BQ/ H2�pBM; �
?m;2 �KQmMi Q7 7QbbBHb /�iBM; #�+F i?�i iBK2- �M/ MQi BM �i H2�bi }p2 i?Qm@
b�M/ v2�`bX

� M2r ?vTQi?2bBb- b�/Hv biBHH `2H2p�Mi 7Q` mb iQ/�v- Bb ;�BMBM; �++2Ti�M+2,
+HBK�i2 +?�M;2X AM T�`iB+mH�`- � `2+2Mi rQ`F U*?�MM2HH � oB;HBQiiB- kyRNV
bm;;2bib i?�i � r2�F2MBM; Q7 1�`i?Ƕb K�;M2iB+ }2H/ �`QmM/ 9R-yyy v2�`b �;Q
@ /m`BM; i?2 G�b+?�KT 2p2Mi @ +QmH/ ?�p2 `2/m+2/ i?2 T`Qi2+iBQM Q7 Qm`
TH�M2i 7`QK mHi`�pBQH2i `�/B�iBQMX �++Q`/BM; iQ i?2 bim/v- a�TB2Mb K�M�;2/
iQ bm`pBp2 i?�MFb iQ � M2r p2`bBQM Q7 i?2 �`vH ?v/`Q+�`#QM `2+2TiQ` U�?_V- �
`2+2TiQ` r?B+? +�M +QMi`QH i?2 b2MbBiBpBiv iQ lo `�/B�iBQMX AM i?2 b�K2 p2BM-
Qi?2` +HBK�i2@`2H�i2/ ?vTQi?2b2b ?�p2 #22M T`QTQb2/- bm+? �b i?2 2`mTiBQM
Q7 i?2 bmT2`pQH+�MQ *�KTB 6H2;`2B- 2p2M B7 K�Mv `2b2�`+?2`b /BbTmi2 i?Bb
+H�BKX

AM i?2 2M/- i?2 �Mbr2` iQ i?2 }`bi [m2biBQM Q7 i?Bb +?�Ti2` @ .Q L2�M/2`@
i?�H 2tBbi iQ/�v\ @ rQmH/ b22K +`vbi�H +H2�`X >Qr2p2`- L2�M/2`i?�Hb ?�/
7Qm;?i iQ bm`pBp2- i?`Qm;? i?2 p�bi H�M/b Q7 1m`�bB� �M/ i?2 T2�Fb Q7 �M A+2
�;2- 7Q` �i H2�bi jyy-yyy v2�`bX h?2v bm`2Hv b?QmH/ ?�p2 7QmM/ Qi?2` r�vb
iQ bm`pBp2X

�+im�HHv- i?2v �/KBt2/ rBi? Qm` �M+2biQ`b �M/- +QMb+BQmbHv Q` MQi- i?2v
rQM i?2B` bm`pBp�H, �b HQM; �b r2 �`2 �`QmM/ QM 2�`i?- i?2v rBHH HBp2- KQ`2
Q` H2bb bBH2MiHv BM Qm` ;2MQK2X
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ǳAM bQK2 bTQib Q7 Qm` ;2MQK2- r2 �`2 KQ`2
L2�M/2`i?�H i?�M ?mK�MXǴ

CQb?m� �F2v

h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv
�M/ 1m`QT2

I
M i?Bb +?�Ti2` A 2tTHQ`2 i?2 L2�M/2`i?�H ;2M2iB+ H2;�+v biBHH i`�+2@
�#H2 BM KQ/2`M@/�v Ai�HB�M �M/ 1m`QT2�M T2QTH2X
�b T`2pBQmbHv b�B/- i?2 KQH2+mH�` �M�HvbBb Q7 L2�M/2`i?�H `2K�BMb
T`QpB/2/ 2pB/2M+2 i?�i i?2 ;2MQK2b Q7 �HH T2QTH2 QmibB/2 bm#@

a�?�`�M �7`B+� 2t?B#Bi L2�M/2`i?�H �M+2bi`v QrBM; iQ BMi2`#`22/BM; 2p2MibX
>Qr2p2`- �Hi?Qm;? Bi Bb FMQrM i?�i /Bz2`2M+2b BM i?2 �KQmMi Q7 �`+?�B+
BMi`Q;`2bbBQM �`2 T`2b2Mi #2ir22M ?mK�M TQTmH�iBQMb BM 1m`QT2 �M/ �bB�-
i?2 /2;`22 Q7 p�`B�iBQM BM L2�M/2`i?�H �M+2bi`v rBi?BM 1m`QT2 ?�b MQi v2i
#22M 2tTHQ`2/X .m2 iQ i?2 /m�H `QH2 Q7 L2�M/2`i?�H H2;�+v- 7`QK QM2 bB/2
�M BKTQ`i�Mi bQm`+2 Q7 �/�TiBp2 p�`B�iBQM BM KQ/2`M ?mK�Mb U.�MM2K�MM
2i �HX- kyRdV- 7`QK i?2 Qi?2` � ;2M2iB+ #m`/2M BM~m2M+BM; +QKTH2t /Bb2�b2
bmb+2TiB#BHBiv `BbF �M/ Qi?2` +QM/BiBQMb UaBKQMiB 2i �HX- kyReV- Bi Bb rQ`i?
BMp2biB;�iBM; BM/BpB/m�H �M/ TQTmH�iBQMb p�`B�#BHBivX

SH2�b2- MQi2 i?�i i?2 rQ`F A rBHH /2b+`B#2 BM i?Bb +?�Ti2` Bb i?2 }`bi T�`i
Q7 � #B;;2` +QHH�#Q`�iBp2 bim/v #2ir22M i?2 lMBp2`bBiB2b Q7 S�pB� �M/ Pt@
7Q`/ Ub22 T�;2 sAAAVc 7Q` /2i�BHb �#Qmi i?2 T`QD2+i �M/ Qi?2` bmTTH2K2Mi�`v
BM7Q`K�iBQM- `272` /B`2+iHv iQ i?2 Tm#HB+�iBQM U_�p2�M2 2i �HX- kyRNVX AM i?Bb
rQ`F- BM Q`/2` iQ 2tTHQ`2 i?2 /Bbi`B#miBQM Q7 i?2 L2�M/2`i?�H �HH2H2b �M/ i?2B`
2z2+ib BM Ai�Hv �M/ BM 1m`QT2- r2 b2H2+i2/ d-Re9 i�;@aLSb Q7 BMi`Q;`2bb2/
`2;BQMb 7`QK L2�M/2`i?�Hb BM � b�KTH2 Q7 988 Ai�HB�M BM/BpB/m�Hb �M/ 88y
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

1m`QT2�Mb- �7`B+�M �M/ �bB�M BM/BpB/m�HbX
h?Bb �M�HvbBb `2p2�H2/ � ;2M2iB+ +HBM2 /2+`2�bBM; 7`QK i?2 LQ`i? iQ i?2

aQmi? Q7 1m`QT2 �M/ Ai�HvX "v +QKT�`BM; �HH2HB+ 7`2[m2M+B2b- r2 B/2MiB}2/
K�Mv L2�M/2`i?�H BMi`Q;`2bb2/ p�`B�Mib r?Qb2 7`2[m2M+v p�`B2b K�`F2/Hv
�KQM; 1m`QT2�M TQTmH�iBQMb- `2~2+iBM; i?2 2tBbi2M+2 Q7 /Bz2`2Mi /2KQ@
;`�T?B+ ?BbiQ`B2b �M/ b2H2+iBp2 T`2bbm`2b b?�TBM; 1m`QT2�M ;2M2iB+ /Bp2`bBivX
q2 2p�Hm�i2/ i?2 #BQHQ;B+�H 7mM+iBQMb �M/ i?2 T?2MQivTB+ 2z2+ib Q7 i?2 ;2M2b
BM+Hm/2/ BM i?2 Tmi�iBp2Hv BMi`Q;`2bb2/ `2;BQMb B/2MiB}2/ #v i?2 i�;@aLSb-
/Bb+Qp2`BM; i?�i bQK2 Q7 i?2K �TT2�` iQ #2 BMpQHp2/ BM +QKTH2t /Bb2�b2b
bm+? �b M2m`Q/2;2M2`�iBp2 �M/ K2i�#QHB+ /BbQ`/2`b- r?BH2 Qi?2`b +QMi`B#mi2
iQ BM/BpB/m�H p�`B�iBQM BM /`m; `2bTQMb2X

q2 +QM+Hm/2 `2+Q;MBxBM; i?�i- +2`i�BMHv- �`+?�B+ �/KBtim`2 ?�b #22M
mb27mH 7Q` Qm` KQ/2`M ?mK�M �M+2biQ`b U�/�TiBp2 p�`B�iBQMVX >Qr2p2`- BM
K�Mv +�b2b- i?2 b�K2 p�`B�Mib bQ M2+2bb�`v /m`BM; Qm` }`bi r�M/2`BM;b Qmi Q7
�7`B+� +QmH/ MQr�/�vb +QMi`B#mi2 BM BM+`2�bBM; i?2 bmb+2TiB#BHBiv `BbF iQ bQK2
+QKTH2t /Bb2�b2bX 6Q` i?Bb K�BM `2�bQM- i?2 +?�`�+i2`Bx�iBQM Q7 L2�M/2`i?�H
�M+2bi`v �M/ i?2 BMp2biB;�iBQM Q7 Bib 7mM+iBQM�H +QMb2[m2M+2b �`2 2bb2MiB�H iQ
mM/2`bi�M/ i?2 ;2M2iB+ K�F2@mT Q7 KQ/2`M ?mK�M TQTmH�iBQMX
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

J2i?Q/b
.�i�b2i
AM Q`/2` iQ BMp2biB;�i2 i?2 /Bbi`B#miBQM Q7 L2�M/2`i?�H BMi`Q;`2bb2/ b2[m2M+2b
BM Ai�HB�M �M/ 1m`QT2�M TQTmH�iBQMb- r2 7Q+mb2/ QM b�KTH2b ;2MQivT2/ QM
i?2 AHHmKBM� AM}MBmK PKMBkX8@3 "2�/*?BT- r?B+? T`QpB/2/ KQ`2 i?�M k
KBHHBQM p�`B�Mib iQ #2 2tTHQ`2/X S�`iB+mH�`Hv- BM i?Bb b2+iBQM- r2 mb2/ }p2
1m`QT2�M TQTmH�iBQMb 7`QK Ryyy :2MQK2b S`QD2+i U�miQM 2i �HX- kyR8V
Uli�? _2bB/2Mib rBi? LQ`i?2`M �M/ q2bi2`M 1m`QT2�M �M+2bi`v@*1l- "`Bi@
Bb? BM 1M;H�M/ �M/ a+QiH�M/@:"_- 6BMMBb? BM 6BMH�M/@6AL- A#2`B�M SQTm@
H�iBQM BM aT�BM@A"a- hmb+�Mb 7`QK Ai�Hv@haAV- 9ee Ai�HB�M b�KTH2b ;`QmT2/
�++Q`/BM; iQ i?2B` ;2Q;`�T?B+�H Q`B;BM BM 7Qm` K�+`Q@�`2�b UAi�HB�Mb 7`QK
LQ`i?2`M Ai�Hv@AhL- Ai�HB�Mb 7`QK *2Mi`�H Ai�Hv@Ah*- Ai�HB�Mb 7`QK aQmi?2`M
Ai�Hv@Aha- Ai�HB�Mb 7`QK a�`/BMB�@a�_V �M/ }M�HHv QM2 �bB�M U>�M *?BM2b2-
*>"V �M/ QM2 �7`B+�M UuQ`m#� 7`QK LB;2`B�- u_AV 7Q` 7m`i?2` +QKT�`Bb@
QMbX h?2 Ai�HB�M b�KTH2b �M�Hvb2/ BM i?Bb T�`i- 2t+2Ti 7Q` haA U�miQM 2i
�HX- kyR8V- +�K2 7`QK /Bz2`2Mi bQm`+2bX S�`i Q7 i?2b2 b�KTH2b +�K2 7`QK
� bim/v T`2pBQmbHv Tm#HBb?2/ #v Kv ;`QmT U6BQ`BiQ 2i �HX- kyReVX >Qr2p2`-
bBM+2 i?Bb bim/v /B/ MQi �M�Hvb2 �HH Ai�HB�M �/KBMBbi`�iBp2 `2;BQMb- i?2 ;`QmTb
Q7 Pt7Q`/ �M/ S�pB� ?�/ iQ M2rHv ;2MQivT2 Qi?2` Ai�HB�M BM/BpB/m�Hb QM i?2
AHHmKBM� AM}MBmK PKMBkX8@3 "2�/*?BT- +QK#BMBM; .L� b�KTH2b 7`QK i?2
S�pB� .L� `2TQbBiQ`v rBi? i?�i �p�BH�#H2 7`QK Qi?2` +QHH�#Q`�iQ`b U.`X
"`BbB;?2HHB- S`Q7X *�T2HHB- S`Q7X G�M+BQMB- .`X JQMiBM�`Q- S`Q7X S�b+�HBV 7Q`
� }M�H b2i Q7 Ree Ai�HB�M BM/BpB/m�Hb UA `272` iQ i?2b2 b�KTH2b BM h�#H2 k rBi?
_�p2�M2 2i �HX- kyRNǴVX

q2 7Q+mb2/ QM �miQbQK�H aLSb �M/ 2t+Hm/2/ BMb2`iBQMbf/2H2iBQMb- KmH@
iB�HH2HB+ p�`B�Mib- TQHvKQ`T?BbKb rBi? ?B;? KBbbBM;M2bb U> kWV �M/ aLSb
7Q` r?B+? i?2 bi`�M/ +QmH/ MQi #2 /2i2`KBM2/ mM�K#B;mQmbHvX JQ`2Qp2`-
r2 `2KQp2/ RdN aLSb r?Qb2 KBMQ` �HH2H2 7`2[m2M+v /Bz2`2M+2 +QKTmi2/
#2ir22M hmb+�Mb 7`QK Ai�Hv UhaAV ;2MQivT2/ �b T�`i Q7 i?2 Ryyy :2MQK2b
S`QD2+i �M/ *2Mi`�H Ai�HB�Mb UAh*V TQTmH�iBQM r�b ;`2�i2` i?�M yXk- �b i?2b2
/Bz2`2M+2b �`2 HBF2Hv /m2 iQ KBbK�i+?2/ �MMQi�iBQMb #2ir22M /Bz2`2Mi p2`@
bBQMb Q7 i?2 ;2MQivTBM; �``�vX q2 �HbQ `2KQp2/ RR BM/BpB/m�Hb rBi? ;HQ#�H
+�HH `�i2 mM/2` N3WX

h?2 }M�H /�i�b2i +QKT`Bb2/ k-y3N-R3N aLSb �M/ R-yR9 b�KTH2b 7`QK
1m`QT2- �7`B+� �M/ �bB� Uh�#H2 kV- BM+Hm/BM; 9ee Ai�HB�M b�KTH2b U`2T`2b2Mi@
BM; �HH Q7 i?2 ky Ai�HB�M �/KBMBbi`�iBp2 `2;BQMbV r?Qb2 7Qm` ;`�M/T�`2Mib r2`2
#Q`M BM i?2 b�K2 Ai�HB�M `2;BQMX Ai�HB�M b�KTH2b r2`2 +Hmbi2`2/ �b LQ`i?@
2`M- *2Mi`�H �M/ aQmi?2`M Ai�Hv �++Q`/BM; iQ i?2 ;2Q;`�T?B+�H TQbBiBQMc i?2
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SPSlG�hAPL a�JSG1a _161_1L*1

Ai�HB�M TQTmH�iBQMb

AhL ULQ`i?2`M Ai�HvV R3y U_�p2�M2 2i �HX- kyRNc 6BQ`BiQ 2i �HX- kyReV
Ah* U*2Mi`�H Ai�HvV dd U_�p2�M2 2i �HX- kyRNc 6BQ`BiQ 2i �HX- kyReV
Aha UaQmi?2`M Ai�HvV 3k U_�p2�M2 2i �HX- kyRNc 6BQ`BiQ 2i �HX- kyReV
haA Uhmb+�Mv BM Ai�HvV NN U�miQM 2i �HX- kyR8V

a�_ Ua�`/BMB�V k3 U_�p2�M2 2i �HX- kyRNc 6BQ`BiQ 2i �HX- kyReV

1m`QT2�M TQTmH�iBQMb

*1l Uli�? _2bB/2Mib U*1S>V rBi? LQ`i?2`M �M/ q2bi2`M 1m`QT2�M �M+2bi`vV NN U�miQM 2i �HX- kyR8V
6AL U6BMMBb? BM 6BMH�M/V Ryy U�miQM 2i �HX- kyR8V

:"_ U"`BiBb? BM 1M;H�M/ �M/ a+QiH�M/V N9 U�miQM 2i �HX- kyR8V
A"a UA#2`B�M SQTmH�iBQM BM aT�BMV Ryy U�miQM 2i �HX- kyR8V

1ti`�@1m`QT2�M TQTmH�iBQMb

u_A UuQ`m#� BM A#�/�M- LB;2`B�V Ry9 U�miQM 2i �HX- kyR8V
*>" U>�M *?BM2b2 BM "2DBM;- *?BM�V 8R U�miQM 2i �HX- kyR8V

h�#H2 kX >mK�M TQTmH�iBQMb mb2/ BM i?2 bim/vX GBbi Q7 TQTmH�@
iBQMb �p�BH�#H2 7`QK i?2 HBi2`�im`2 �M/ M2rHv ;2MQivT2/ rBi? i?2 AM}MBmK
PKMBkX8@3 "2�/*?BT FBi UAHHmKBM�V mb2/ 7Q` BMp2biB;�iBM; i?2 +QMi`B#miBQM
Q7 L2�M/2`i?�Hb BMiQ KQ/2`M ?mK�M ;2MQK2bX

hmb+�Mv UhaAV b�KTH2 7`QK i?2 Ryyy :2MQK2 S`QD2+i r�b F2Ti b2T�`�i2 iQ
K�BMi�BM i?2 bBx2 Q7 2�+? ;`QmT +QKT�`�#H2- �M/ iQ T`QpB/2 �M BM/2T2M/2Mi
`2THB+�iBQM Q7 � *2Mi`�H Ai�HB�M TQTmH�iBQMX

AM Q`/2` iQ �bb2bb i?2 H2;�+v Q7 L2�M/2`i?�H BMi`Q;`2bb2/ b2[m2M+2b BM
1m`QT2�M TQTmH�iBQMb r2 mb2/ i?2 ?B;?@`2bQHmiBQM BMi`Q;`2bbBQM K�T Q7
∼e-yyy L2�M/2`i?�H ?�THQivT2b BM72``2/ #v +QKTmiBM; i?2 a bi�iBbiB+ �M/
`2H2�b2/ #v USH�;MQH � q�HH- kyyeV �M/ H�i2` `2}M2/ #v UaBKQMiB 2i �HX-
kyReVX h?2v }Hi2`2/ Qmi aLSb r?Qb2 7`2[m2M+v bB;MB}+�MiHv /Bz2`2/ 7`QK
i?2 Qp2`�HH L2�M/2`i?�H ?�THQivT2 7`2[m2M+v �M/ `2KQp2/ ?�THQivT2b rBi?
72r2` i?�M 7Qm` HBF2Hv L2�M/2`i?�H@/2`Bp2/ aLSbX AM i?Bb r�v- ∼Rj8-yyy
?B;?@+QM}/2M+2 ǳL2�M/2`i?�H bBM;H2@Mm+H2QiB/2 TQHvKQ`T?BbKbǴ BM+Hm/2/ BM
i?2 BMi`Q;`2bb2/ ?�THQivT2b r2`2 `2i�BM2/ UaBKQMiB 2i �HX- kyReVX q2 BM@
i2`b2+i2/ i?Bb HBbi Q7 ?B;?@+QM}/2M+2 L2�M/2`i?�H aLSb rBi? Qm` /�i�b2i
�M/ 7QmM/ d-Re9 L2�M/2`i?�H i�; aLSb BM+Hm/2/ BM j-k3R L2�M/2`i?�H BMi`Q@
;`2bb2/ `2;BQMb T`2b2Mi BM i?2 b2i Q7 KQ`2 i?�M irQ KBHHBQM aLSb �p�BH�#H2
iQ mbX

h?2 MmK#2` Q7 L2�M/2`i?�H �HH2H2b BM T`2b2Mi@/�v ?mK�M TQT@
mH�iBQMb
"27Q`2 +QKTmiBM; i?2 bi�iBbiB+b QM L2�M/2`i?�H �M+2bi`v p�`B�iBQM- r2 T`mM2/
i?2 ;2MQivT2 /�i� 7Q` HBMF�;2 /Bb2[mBHB#`BmK UG.V- mbBM; � `k Q7 yXk- K2�M@
BM; i?�i r2 `2KQp2/ QM2 p�`B�Mi 7Q` 2�+? T�B`b Q7 p�`B�Mib r?Qb2 b[m�`2/
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+Q``2H�iBQM r�b ;`2�i2` i?�M yXkX q2 mb2/ � rBM/Qrb bBx2 Q7 8yyF# �M/ �
bi2T bBx2 Q7 Ryy rBi? i?2 7QHHQrBM; +QKK�M/,
TH BMF @ @ # 7 B H 2 06AG1 @ @ BM/2T @ T� B `rB b2 8yy Ryy y Xk @ @ Qmi 06AG1

AM i?Bb r�v- r2 Q#i�BM2/ � /�i�b2i Q7 j-NeN aLSb BM Tmi�iBp2 HBMF�;2
2[mBHB#`BmKX

�i i?Bb TQBMi- r2 +QKTmi2/ i?2 +QmMib Q7 2�+? L2�M/2`i?�H �HH2H2 7Q` G.
T`mM2/ BMi`Q;`2bb2/ bBi2b �+`Qbb �HH b�KTH2bX q?2M r2 +QKT�`2 i?2 L2�M/2`@
i?�H �HH2H2 rBi? i?2 KBMQ` �HH2H2 BM T`2b2Mi@/�v TQTmH�iBQMb- r2 MQiB+2/ i?�i-
�Hi?Qm;? i?2v +Q``2bTQM/2/ BM KQbi Q7 i?2 +�b2b- BM � 72r bBim�iBQMb i?2
L2�M/2`i?�H BMi`Q;`2bb2/ �HH2H2 r�b i?2 KQbi 7`2[m2Mi �i H2�bi BM QM2 KQ/2`M@
/�v TQTmH�iBQMX 6Q` i?Bb `2�bQM- r2 ?�/ iQ B/2MiB7v i?2 L2�M/2`i?�H �HH2H2X
q2 /B/ Bi #v �M�HvbBM; i?2 ∼ 30@7QH/ +Qp2`�;2 b2[m2M+2 Q7 i?2 L2�M/2`i?�H
BM/BpB/m�H 7`QK i?2 �Hi�B JQmMi�BMb BM aB#2`B� US`m72` 2i �HX- kyR9VX Ai r�b
bi`�B;?i7Q`r�`/ iQ b2H2+i i?2 L2�M/2`i?�H �HH2H2 �i ?QKQxv;Qmb TQbBiBQMb-
r?BH2 i?2 �`+?�B+ �HH2H2 �i ?2i2`Qxv;Qmb TQbBiBQMb r�b b2H2+i2/ �b i?2 KBMQ`
�HH2H2 BM uQ`m#� T2QTH2 Uu_AVX

h?2 #�b? +Q/2 �i T�;2 jRk b?Qrb ?Qr A +QmMi2/ i?2 MmK#2` Q7 L2�M/2`@
i?�H �HH2H2b BM ?2i2`Qxv;QbBiv �M/ BM ?QKQxv;QbBiv T2` BM/BpB/m�H BM 2�+?
TQTmH�iBQMX

h?2M- r2 bBKTHv bmKK2/ i?2 MmK#2` Q7 L2�M/2`i?�H �HH2H2b BM 2�+?
BM/BpB/m�H- KmHiBTHvBM; #v k i?2 MmK#2` Q7 ?QKQxv;Qmb TQbBiBQMbX AM Q`@
/2` iQ 2tTHQ`2 Tmi�iBp2 /Bz2`2M+2b BM i?2 /Bbi`B#miBQM Q7 L2�M/2`i?�H �HH2H2
+QmMib �+`Qbb TQTmH�iBQMb- r2 T2`7Q`K2/ � b2`B2b Q7 irQ@b�KTH2 qBH+QtQM
`�MF bmK i2bib �M/ r2 mb2/ i?2 "QM72``QMB �/DmbiK2Mi 7Q` KmHiBTH2 i2bi@
BM; +Q``2+iBQMX q2 �HbQ i2bi2/ B7 i?2 bB;MB}+�Mi /Bz2`2M+2b r2 7QmM/ r2`2
K�BMi�BM2/ r?2M r2 `2KQp2/ QmiHB2` BM/BpB/m�HbX PmiHB2`b r2`2 /2}M2/ �b
b�KTH2b rBi? L2�M/2`i?�H �HH2H2 +QmMi HQr2` i?�M Z1Ĝ1.5× AZ_ Q` ;`2�i2`
i?�M Z3+ 1.5× AZ_- r?2`2 ZR Bb i?2 }`bi [m�`iBH2- Zj Bb i?2 i?B`/ [m�`iBH2
�M/ AZ_ Bb i?2 BMi2`[m�`iBH2 `�M;2X

"�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H +QMi`B#miBQM
q2 2biBK�i2/ i?2 �KQmMi Q7 "�b�H 1m`�bB�M �M/ L2�M/2`i?�H �M+2bi`v T`2@
b2Mi BM i?2b2 1m`QT2�M TQTmH�iBQMb mbBM; i?2 f4@`�iBQ BKTH2K2Mi2/ BM i?2
�.JAshPPGa T�+F�;2 US�ii2`bQM 2i �HX- kyRkVX aT2+B}+�HHv- [T.bi�i rBi?
79KQ/2, u1a- �M/ +QKTmi2/ bi�M/�`/ 2``Q`b rBi? � #HQ+F D�+F@FMB72X q2
2biBK�i2/ i?2 #�b�H 1m`�bB�M �M/ i?2 L2�M/2`i?�H 7`�+iBQM mbBM; i?2 f4@`�iBQ
BM i?2 7Q`Kb,
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f4(Target, Loschbour, UstnIshim,Kostenki14)

f4(Mbuti, Loschbour, UstnIshim,Kostenki14)

�M/

f4(Mbuti, ChimpTarget, Altai)

f4(Mbuti, Chimp,Dinka,Altai)

�b BM G�x�`B/Bb 2i �HX- kyRe �M/ 6m 2i �HX- kyReX
h?2M- BM Q`/2` iQ BM+`2�b2 i?2 MmK#2` Q7 TQBMib �p�BH�#H2 7Q` +Q``2H�iBQM

i2biBM;- r2 �MMQi�i2/ i?2 *Sf7a +Hmbi2` �{HB�iBQM Ub22 J2i?Q/b @ >�THQivT2
�M�HvbBb U*>_PJPS�ALh1_ �M/ }M2ah_l*hl_1V QM T�;2 R9eV 7Q` 2�+?
b�KTH2 ;2MQivT2/ QM i?2 AHHmKBM� PKMB kX8 �``�vX AM i?Bb �M�HvbBb- QMHv
+Hmbi2`b rBi? �i H2�bi Ry b�KTH2b r2`2 BM+Hm/2/X

�7`B+�M �M+2bi`v �M/ L2�M/2`i?�H H2;�+v
h?2 BKT�+i Q7 �7`B+�M +QMi`B#miBQMb BM b?�TBM; i?2 �KQmMi Q7 L2�M/2`i?�H
Q++m``2M+2 r�b 2p�Hm�i2/ #v 2tTHQ`BM; ?Qr i?2 `2KQp�H Q7 i?2 +Hmbi2`b b?Qr@
BM; �7`B+�M ;2M2@~Qr �b /2i2+i2/ #v � :GP"1h_Phh1_ U:hV �M�HvbBb
T2`7Q`K2/ #v .`X �H2bb�M/`Q _�p2�M2 BM i?2 +QMi2ti Q7 i?2 r?QH2 T`QD2+i
Ub22 T�;2 sAAAV �M/ ?Qr BM/BpB/m�Hb #2HQM;BM; iQ i?2b2 +Hmbi2`b �z2+i2/ i?2
+Q``2H�iBQM #2ir22M "�b�H 1m`�bB�MfL2�M/2`i?�H 2biBK�i2b �M/ i?2 /2;`22 Q7
TQTmH�iBQM /Bz2`2MiB�iBQM BM i?2 �KQmMi Q7 L2�M/2`i?�H �HH2H2b- `2bT2+iBp2HvX

AM T�`iB+mH�`- BM `2H�iBQM iQ p�`B�iBQM BM L2�M/2`i?�H bB;M�im`2b rBi?BM
2�+? BM/BpB/m�H- r2 `2KQp2/ BM/BpB/m�Hb #2HQM;BM; iQ +Hmbi2`b r?2`2 i?2 :h
�M�HvbBb B/2MiB}2/ bB;M�im`2b Q7 �7`B+�M �/KBtim`2 U+Hmbi2`b aAi�HvR- aAi�Hvk-
aB+BHvR- a�`/BMB�k- Lq1m`QT2j- 2 q1m`QT2R- q1m`QT2j �M/ q1m`QT29VX

6QHHQrBM; i?2 b�K2 `2�bQMBM;- r2 `2KQp2/ i?2 +Hmbi2`b rBi? bB;M�im`2b
Q7 �7`B+�M �/KBtim`2 UHBbi2/ �#Qp2V r?2M i2biBM; i?2 +Q``2H�iBQM #2ir22M
i?2 �KQmMi Q7 "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H �M+2bi`vX q2 �/@
/BiBQM�HHv `2KQp2/ �HH i?2 +Hmbi2`b rBi? H2bb i?�M Ry BM/BpB/m�Hb iQ KBMBKBb2
i?2 BKT�+i Q7 2biBK�i2b #�b2/ QM bK�HH b�KTH2 bBx2b U*�7`B+�j- 1�bB�k-
a�`/BMB�k- L*Ai�Hvj- aB+BHvR- 11m`QT28- aB+BHvk- a�`/BMB�j- Lq1m`QT2RVX

*QKT�`BbQM Q7 L2�M/2`i?�H �HH2H2 7`2[m2M+B2b �+`Qbb KQ/2`M
TQTmH�iBQMb
6Q` 2�+? aLS Q7 i?2 /�i�b2i- r2 +QKTmi2/ i?2 �#bQHmi2 ǳsǴ �HH2H2 7`2@
[m2M+v /Bz2`2M+2b #2ir22M 2�+? Q7 i?2 TQbbB#H2 T�B`b Q7 i?2 2H2p2M TQTmH�@
iBQMb U∆s�6- r?2`2 s Bb i?2 KBMQ` �HH2H2 7Q` 2�+? aLS Q` i?2 L2�M/2`i?�H

33
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�HH2H2 r?2M +QMbB/2`BM; L2�M/2`i?�H `2;BQMb i�;@aLSbV- ;2M2`�iBM; � iQi�H
Q7 88 ∆s�6 /Bbi`B#miBQMbX h?2M- r2 b2H2+i2/ i?2 L2�M/2`i?�H@h�; aLSb
+Q``2bTQM/BM; iQ i?2 hQT RW ULhh aLSbV Q7 i?2 ∆s�6 ;2MQK2@rB/2 /Bb@
i`B#miBQMb Q7 2�+? Q7 i?2 88 T�B`rBb2 TQTmH�iBQM +QKT�`BbQMbX

h?2 #�b? +Q/2 �i T�;2 jRj `2TQ`ib i?2 TBT2HBM2 A r`Qi2 BM Q`/2` iQ +QK@
Tmi2 L2�M/2`i?�H �HH2H2 7`2[m2M+B2b BM 2�+? KQ/2`M TQTmH�iBQM- i?2 ∆s�6
p�Hm2b �M/ i?2 HBbi Q7 Lhh aLSbX aT2+B}+�HHv- b22 T�;2 jR8 7Q` i?2 _ b+`BTi A
r`Qi2 iQ +QKTmi2 i?2 ∆s�6 p�Hm2b �KQM; T�B`b Q7 KQ/2`M TQTmH�iBQMbX _
+Q/2b �i T�;2b jRd �M/ jR3 r2`2 mb2/ iQ +QKTmi2 i?2 T2`+2MiBH2 i?`2b?QH/b
�M/ i?2 HBbi Q7 L2�M/2`i?�H aLSb BM i?2 NNi? T2`+2MiBH2 ULhh aLSbV- `2@
bT2+iBp2HvX

h?2 #BQHQ;B+�H BKTHB+�iBQMb Q7 L2�M/2`i?�H BMi`Q;`2bbBQM
:Bp2M i?2 HBbi Q7 ;2M2b Qp2`H�TTBM; i?2 L2�M/2`i?�H BMi`Q;`2bb2/ `2;BQMb
?�`#Qm`BM; i?2 Lhh aLSb �M/ i?2 HBbi Q7 ;2M2b /B`2+iHv ?�`#Qm`BM; i?2 Lhh
aLSb- r2 T2`7Q`K2/ /Bz2`2Mi 2M`B+?K2Mi i2bib rBi? i?2 QMHBM2 iQQH 1M`B+?_
U*?2M 2i �HX- kyRjc EmH2b?Qp 2i �HX- kyReVX S�`iB+mH�`Hv- r2 b2�`+?2/ 7Q`
bB;MB}+�Mi 2M`B+?K2Mib +QKT�`2/ iQ i?2 ?mK�M ;2MQK2 mbBM; i?2 1M`B+?_
+QHH2+iBQM Q7 /�i�#�b2- 2X;X /#:�S UJ�BHK�M 2i �HX- kyydc h`vF� 2i �HX- kyR9V-
S�Mi?2` kyRe UJB 2i �HX- kyRdV- >SP UEQ?H2` 2i �HX- kyRdV �M/ E1:: kyRe
UE�M2?Bb� 2i �HX- kyRec E�M2?Bb� 2i �HX- kyRdc E�M2?Bb� � :QiQ- kyyyVX q2
i?2M BMp2biB;�i2/ FMQrM /B`2+i �bbQ+B�iBQMb #2ir22M i?2 L2�M/2`i?�H �HH2H2b
Q7 i?2 Lhh aLSb �M/ T?2MQivT2b- #v HQQFBM; BM i?2 :q�a �M/ S?2q�a
+�i�HQ;m2b U.2MMv 2i �HX- kyRjc J�+�`i?m` 2i �HX- kyRdV �M/ #v �TTHvBM; i?2
S?2:2MA iQQH U_�KQb 2i �HX- kyR9VX q2 mb2/ i?2 +B`+Qb `2T`2b2Mi�iBQM �b BM
E�M�B 2i �HX- kyR3- iQ ?B;?HB;?i /Bz2`2Mi b2ib Q7 Lhh aLSbX
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

_2bmHib
J22iBM; i?2 L2�M/2`i?�Hb, ?Qr Km+? FBbbBM;\
�b T`2pBQmbHv `2TQ`i2/- Bi Bb FMQrM 7`QK i?2 HBi2`�im`2 Uo2`MQi � �F2v- kyR9c
a�MF�`�`�K�M 2i �HX- kyRkc J2v2` 2i �HX- kyRkc q�HH 2i �HX- kyRjc S`m72` 2i
�HX- kyRdV i?�i i?2 7`2[m2M+v Q7 L2�M/2`i?�H BMi`Q;`2bbBQM Bb bm#bi�MiB�HHv
?B;?2` U∼ 30WV BM 1�bi �bB�Mb i?�M BM 1m`QT2�Mb- ?Qr2p2` i?2 /2;`22 Q7
p�`B�iBQM BM L2�M/2`i?�H �M+2bi`v rBi?BM 1m`QT2�M TQTmH�iBQM ?�b MQi v2i
#22M 2ti2MbBp2Hv 2tTHQ`2/X

"v +QKT�`BM; i?2 /Bbi`B#miBQMb Q7 L2�M/2`i?�H �HH2H2 +QmMib �+`Qbb TQT@
mH�iBQMb- r2 +QM}`K2/ i?2 FMQrM ?B;?2` �KQmMi Q7 L2�M/2`i?�H �M+2bi`v BM
�bB�M b�KTH2b i?�M BM 1m`QT2�M b�KTH2bX JQ`2Qp2`- r2 Q#b2`p2/ � MQiB+2@
�#H2 ;2M2iB+ +HBM2 /2+`2�bBM; 7`QK i?2 LQ`i? iQ i?2 aQmi? Q7 1m`QT2 U6B;m`2
j8�V- r?B+? r�b �HbQ �TT`2+B�#H2 �HQM;bB/2 i?2 Ai�HB�M S2MBMbmH�X
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6B;m`2 j8X L2�M/2`i?�H �M+2bi`v /Bbi`B#miBQM BM 1m`�bB�M TQTmH�@
iBQMbX �V L2�M/2`i?�H �HH2H2 +QmMib BM BM/BpB/m�Hb 7`QK 1m`�bB�M TQTmH�@
iBQMb- bQ`i2/ #v K2/B�M p�Hm2b QM j-NeN G.@T`mM2/ L2�M/2`i?�H i�;@aLSbX
*1l- li�? _2bB/2Mib rBi? LQ`i?2`M �M/ q2bi2`M 1m`QT2�M �M+2bi`vc :"_-
"`BiBb? BM 1M;H�M/ �M/ a+QiH�M/c 6AL- 6BMMBb? BM 6BMH�M/c A"a- A#2`B�M SQT@
mH�iBQM BM aT�BMc haA- hmb+�Mb 7`QK Ai�Hvc AhL- Ai�HB�Mb 7`QK LQ`i? Ai�Hvc
Ah*- Ai�HB�Mb 7`QK *2Mi`�H Ai�Hvc Aha- Ai�HB�Mb 7`QK aQmi? Ai�Hvc a�_- Ai�HB@
�Mb 7`QK a�`/BMB�c *>"- >�M *?BM2b2X "V J�i`Bt Q7 bB;MB}+�M+2b #�b2/ QM
qBH+QtQM `�MF bmK i2bi #2ir22M T�B`b Q7 TQTmH�iBQMb BM+Hm/BM; UHQr2` i`B�M@
;mH�` K�i`BtV �M/ `2KQpBM; UmTT2`V QmiHB2`b U/�`F #Hm2, �/D p@p�Hm2 < 0.05c
HB;?i #Hm2, �/D p@p�Hm2 > 0.05VX

q?2M r2 �M�Hvb2/ i?2 Tmi�iBp2 bB;MB}+�Mi /Bz2`2M+2b BM i?2 /Bbi`B#m@
iBQMb- r2 7QmM/ i?�i i?2 �bB�M b�KTH2 r�b bB;MB}+�MiHv /Bz2`2Mi 7`QK i?2

Ny



h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

/Bbi`B#miBQM Q7 �HH i?2 Qi?2` TQTmH�iBQMb- rBi? i?2 2t+2TiBQM Q7 i?2 *1l
�M/ 6AL TQTmH�iBQMbX aBKBH�`Hv- LQ`i?2`M 1m`QT2�M TQTmH�iBQMb r2`2 bB;@
MB}+�MiHv /Bz2`2Mi 7`QK i?2 aQmi?2`M 1m`QT2�M TQTmH�iBQMbX AMi2`2biBM;Hv-
bB;MB}+�Mi /Bz2`2M+2b r2`2 7QmM/ �HQM;bB/2 i?2 Ai�HB�M S2MBMbmH�- bT2+B}+�HHv
b�KTH2b 7`QK LQ`i?2`M Ai�Hv b?Qr2/ ?B;?2` L2�M/2`i?�H �HH2H2 +QmMi i?�M
*2Mi`�H �M/ aQmi?2`M Ai�HB�M BM/BpB/m�Hb UHQr2` i`B�M;mH�` K�i`Bt BM 6B;m`2
j8"VX h?2b2 bB;MB}+�Mi /Bz2`2M+2b #2ir22M Ai�HB�M �M/ 1m`QT2�M TQTmH�iBQM
r2`2 KQbiHv K�BMi�BM2/ �HbQ r?2M r2 `2KQp2/ QmiHB2` BM/BpB/m�Hb UmTT2`
i`B�M;mH�` K�i`Bt BM 6B;m`2 j8"VX

6QQiT`BMib Q7 � ;?Qbi, "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`@
i?�H +QMi`B#miBQM
�M+B2Mi b�KTH2b ?�p2 #22M `2TQ`i2/ iQ /Bz2` BM i?2 �KQmMi Q7 L2�M/2`i?�H
.L� T�`iB�HHv #2+�mb2 Q7 i?2 p�`B�iBQM BM T`QTQ`iBQM Q7 i?2 ǳ"�b�H 1m`�bB�MǴ
HBM2�;2- r?B+? ?�`#Qm`b QMHv � M2;HB;B#H2 7`�+iBQM Q7 L2�M/2`i?�H �M+2bi`v
UG�x�`B/Bb 2i �HX- kyRec 6m 2i �HX- kyReVX

AM Q`/2` iQ #2ii2` mM/2`bi�M/ i?2 +Q``2H�iBQM #2ir22M i?2 �KQmMi Q7
L2�M/2`i?�H �M/ "�b�H 1m`�bB�M �M+2bi`v �+`Qbb 1m`QT2- r2 2biBK�i2/ i?2
#�b�H 1m`�bB�M �M/ i?2 L2�M/2`i?�H 7`�+iBQM mbBM; i?2 f4@`�iBQ Ub22 J2i?Q/b
@ "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H +QMi`B#miBQMc G�x�`B/Bb 2i �HX-
kyRec 6m 2i �HX- kyReVX

q2 BMBiB�HHv i2bi2/ B7 i?2 2biBK�i2b Q7 i?2 �KQmMib Q7 L2�M/2`i?�H �/@
KBtim`2 #�b2/ QM i?2 f4@`�iBQ +Q``2H�i2/ #Qi? rBi? i?2 K2�M U6B;m`2 je�V
�M/ i?2 K2/B�M U6B;m`2 je"V Q7 i?2 L2�M/2`i?�H �HH2H2 +QmMib BM 1m`QT2�M
TQTmH�iBQMb BM 6B;m`2 j8�- �M/ 7QmM/ i?2b2 iQ #2 bB;MB}+�MiHv +Q``2H�i2/
U`4yXN9- p@p�Hm2 = 1.5e−4c `4yXNe- p@p�Hm2 = 5.9e−5VX

NR



h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2
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6B;m`2 jeX *Q``2H�iBQM #2ir22M i?2 T`QTQ`iBQMb Q7 L2�M/2`i?�H
�HH2H2 b?�`BM; +QKTmi2/ rBi? f4@`�iBQ �M/ i?2 +QmMib T2` TQTmH�@
iBQM Q7 L2�M/2`i?�H �HH2H2b BM 1m`QT2�M TQTmH�iBQMbX �V *Q``2H�@
iBQM #2ir22M i?2 T`QTQ`iBQMb Q7 L2�M/2`i?�H �HH2H2 b?�`BM; +QKTmi2/ rBi?
f4@`�iBQ �M/ i?2 K2�Mb T2` TQTmH�iBQM Q7 L2�M/2`i?�H �HH2H2 +QmMibX "V
*Q``2H�iBQM #2ir22M i?2 T`QTQ`iBQM Q7 L2�M/2`i?�H �HH2H2 b?�`BM; +QKTmi2/
rBi? f4@`�iBQ �M/ i?2 K2/B�Mb T2` TQTmH�iBQM Q7 L2�M/2`i?�H �HH2H2 +QmMibX

h?2M- r2 Q#b2`p2/ i?�i i?2 �KQmMi Q7 "�b�H 1m`�bB�M +QKTQM2Mi BM
1m`QT2�M TQTmH�iBQMb Bb BMp2`b2Hv +Q``2H�i2/ rBi? i?2 f4@`�iBQ 2biBK�i2b Q7
L2�M/2`i?�H +QMi`B#miBQM- QMHv r?2M i?2 6BMMBb? +Hmbi2` Bb MQi +QMbB/2`2/
U+Q`4@yXdd8jey8- T4yXykjd3c 6B;m`2 jd�-"VX LQi�#Hv- i?2 6BMMBb? U6ALV
TQTmH�iBQM Bb 2M`B+?2/ BM �bB�M �M+2bi`v- � +QKTQM2Mi b?QrM iQ BM~�i2 i?2
2biBK�i2b Q7 "�b�H 1m`�bB�M UJ�`iBM 2i �HX- kyR3VX

Nk



h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2
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6B;m`2 jdX *Q``2H�iBQM #2ir22M i?2 T`QTQ`iBQM Q7 L2�M/2`i?�H
�HH2H2 b?�`BM; �M/ i?2 �KQmMi Q7 �M+2bi`v /2`Bp2/ 7`QK � "�b�H
1m`�bB�M TQTmH�iBQM BM 1m`QT2�M TQTmH�iBQMbX �V *Q``2H�iBQM �M�@
HvbBb BM+Hm/BM; 6AL U6BMMBb? BM 6BMH�M/V TQTmH�iBQMX "V *Q``2H�iBQM �M�HvbBb
2t+Hm/BM; 6AL U6BMMBb? BM 6BMH�M/V TQTmH�iBQMX

q?2M r2 BM+`2�b2/ i?2 MmK#2` Q7 TQBMib 7Q` i?2 +Q``2H�iBQM #v +QMbB/2`@
BM; KQ/2`M@/�v 1m`QT2�M +Hmbi2`b- r2 7QmM/- �;�BM- i?2 2biBK�i2/ �KQmMib
Q7 "�b�H 1m`�bB�M �M/ L2�M/2`i?�H iQ #2 M2;�iBp2Hv +Q``2H�i2/ U6B;m`2 j3V-
+QMbBbi2Mi rBi? UG�x�`B/Bb 2i �HX- kyReVX
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6B;m`2 j3X "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`i?�H +QMi`B#miBQMX
*Q``2H�iBQM #2ir22M L2�M/2`i?�H �M+2bi`v T`QTQ`iBQMb �M/ i?2 �KQmMi Q7
"�b�H 1m`�bB�M �M+2bi`v BM KQ/2`M@/�v 1m`QT2�M +Hmbi2`bX

Nj



h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

LQM@1m`�bB�M +QMi`B#miBQMb Km//vBM; i?2 r�i2`
q2 `2�bQM2/ i?�i i?2 +QMi`B#miBQMb 7`QK �7`B+�M ;`QmTb +QmH/ ?�p2 TQbbB#Hv
BM~m2M+2/ i?2 /Bz2`2MiB�H T�ii2`Mb Q7 L2�M/2`i?�H BMi`Q;`2bbBQM `2TQ`i2/
�#Qp2- T�`iB+mH�`Hv BM aQmi?2`M 1m`QT2�M TQTmH�iBQMb U"mb#v 2i �HX- kyR8VX
6B;m`2 �XR BM i?2 �TT2M/Bt b?Qrb r?B+? +Hmbi2`b 2t?B#Bi2/ LQ`i?2`M �7`B+�M
+QMi`B#miBQMb BM i?2 :GP"1h_Phh1_ �M/ J�G.1_ �M�Hvb2b U7Q` 7m`i?2`
/2i�BHb b22 _�p2�M2 2i �HX- kyRNVX �i i?2 b�K2 iBK2- �HbQ Qm` 2biBK�iBQM Q7
"�b�H 1m`�bB�M �M+2bi`v KB;?i #2 �z2+i2/ #v MQM@1m`�bB�M �/KBtim`2bX

q?2M r2 `2KQp2/ BM/BpB/m�Hb #2HQM;BM; iQ +Hmbi2`b b?QrBM; �7`B+�M bB;@
M�Hb- r2 7QmM/ i?�i r?BH2 bQK2 TQTmH�iBQM@iQ@TQTmH�iBQM +QKT�`BbQMb r2`2
MQi bB;MB}+�Mi �MvKQ`2 U:"_@A"a �M/ haA@AhaV- i?2 Qp2`�HH T�ii2`Mb Q7
/Bz2`2M+2b #2ir22M LQ`i?2`M �M/ aQmi?2`M 1m`QT2 �b r2HH p�`B�iBQM rBi?BM
Ai�Hv r2`2 biBHH T`2b2Mi U6B;m`2 jN�-"c b22 J2i?Q/b @ �7`B+�M �M+2bi`v �M/
L2�M/2`i?�H H2;�+vVX

h?2M- r2 `2KQp2/ �HH +Hmbi2`b rBi? �7`B+�M +QMi`B#miBQMb �M/ r2 i2bi2/
i?2 +Q``2H�iBQM #2ir22M i?2 �KQmMi Q7 "�b�H 1m`�bB�M �M+2bi`v �M/ L2�M/2`@
i?�H �M+2bi`v �;�BMX q2 MQi2/ i?�i QM+2 �HH i?2b2 +Hmbi2`b �`2 `2KQp2/ MQ
bB;MB}+�Mi +Q``2H�iBQM Bb T`2b2Mi U6B;m`2 jN*c p@p�Hm2 = 0.091 pb p@p�Hm2 =
0.0052- rBi? �M/ rBi?Qmi `2KQpBM; +Hmbi2`b rBi? bB;M�im`2b Q7 �7`B+�M �/@
KBtim`2- `2bT2+iBp2HvVX >Qr2p2`- i?2 +Hmbi2` L1m`QT2R Bb KQbiHv +?�`�+@
i2`Bb2/ #v 6BMMBb? b�KTH2b- 7Q` r?QK �M 2t+2bb Q7 #Qi? "�b�H 1m`�bB�M
�M/ L2�M/2`i?�H +QKTQM2Mib- TQbbB#Hv /m2 iQ 1�bi 1m`�bB�M ;2M2 ~Qr-
?�b #22M T`2pBQmbHv `2TQ`i2/ UG�x�`B/Bb 2i �HX- kyR9VX q2 i?2`27Q`2 `2@`mM
i?2 �M�HvbBb 2t+Hm/BM; �HbQ L1m`QT2R �M/ Q#b2`p2/ � bB;MB}+�Mi +Q``2H�iBQM
Up@p�Hm2 = 0.01- 6B;m`2 jN.VX q2 MQi2 ?2`2 i?�i i?2 `2KQp�H Q7 L1m`QT2R BM
i?2 BMBiB�H +Q``2H�iBQM �M�HvbBb U6B;m`2 j3V `2bmHi2/ BM � bi`QM;2` +Q``2H�iBQM
U`4@yXe9- p@p�Hm2 < 0.05VX
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6B;m`2 jNX 1tTHQ`BM; i?2 `2H�iBQMb?BT #2ir22M L2�M/2`i?�H �M+2b@
i`v �M/ �/KBtim`2 rBi? �7`B+�M bQm`+2bX a�K2 �b BM 6B;m`2 j8�- "-
�M/ BM 6B;m`2 jd #mi `2KQpBM; 2Bi?2` i?2 BM/BpB/m�Hb #2HQM;BM; iQ +Hmbi2`b
r?2`2 i?2 :h �M�HvbBb B/2MiB}2/ bB;M�im`2b Q7 �7`B+�M �/KBtim`2 U+Hmbi2`b
aAi�HvR- aAi�Hvk- aB+BHvR- a�`/BMB�k- Lq1m`QT2j- q1m`QT2R- q1m`QT2j
�M/ q1m`QT29V Q` i?2 r?QH2 b2i Q7 i?2 +Hmbi2`b HBbi2/ �#Qp2X
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aT2+B}+�HHv, �V L2�M/2`i?�H �HH2H2 +QmMib BM BM/BpB/m�Hb 7`QK 1m`�bB�M TQT@
mH�iBQMb- QM j-NeN G.@T`mM2/ L2�M/2`i?�H i�;@aLSbc "V J�i`Bt Q7 bB;MB}+@
�M+2b #�b2/ QM qBH+QtQM `�MF bmK i2bi #2ir22M T�B`b Q7 TQTmH�iBQMb BM+Hm/@
BM; UHQr2` i`B�M;mH�` K�i`BtV �M/ `2KQpBM; UmTT2`V QmiHB2`b U/�`F #Hm2, �/D
p@p�Hm2 < 0.05c HB;?i #Hm2, �/D p@p�Hm2 > 0.05VX *V *Q``2H�iBQM #2ir22M
L2�M/2`i?�H �M+2bi`v T`QTQ`iBQMb �M/ i?2 �KQmMi Q7 "�b�H 1m`�bB�M �M@
+2bi`v BM 1m`QT2�M +Hmbi2`bX .V a�K2 �b U*V #mi `2KQpBM; i?2 +Hmbi2`
L1m`QT2RX *Hmbi2`b rBi? H2bb i?�M Ry BM/BpB/m�Hb r2`2 2t+Hm/2/ BM U*V �M/
U.VX

AiǶb �HH �#Qmi 7`2[m2M+B2b
PM+2 +QM}`K2/ i?�i i?2 ;2MQK2b Q7 T2QTH2 QmibB/2 bm#@a�?�`�M �7`B+� b?Qr
bm#iH2 #mi /Bb+2`MB#H2 /Bz2`2M+2b BM i?2 T`QTQ`iBQM Q7 L2�M/2`i?�H �M+2bi`v-
r2 2tTHQ`2/ ?Qr bm+? /Bz2`2M+2b K�TT2/ �i 2�+? HQ+mb rBi? � L2�M/2`i?�H
�HH2H2X AM Qi?2` rQ`/b- r2 B/2MiB}2/ bB;MB}+�Mi /Bz2`2M+2b BM i?2 7`2[m2M+B2b
Q7 L2�M/2`i?�H �HH2H2b �+`Qbb TQTmH�iBQMb #v +QKTmiBM; i?2 �HH2H2 7`2[m2M+v
/Bz2`2M+2b U∆s�6c b22 J2i?Q/b @ *QKT�`BbQM Q7 L2�M/2`i?�H �HH2H2 7`2@
[m2M+B2b �+`Qbb KQ/2`M TQTmH�iBQMbV 7Q` 2p2`v aLSb 7Q` 2�+? Q7 i?2 TQbbB#H2
T�B`b Q7 i?2 2H2p2M TQTmH�iBQMb BM Qm` /�i�b2i- i?mb Q#i�BMBM; 88 /Bbi`B#miBQMb
U6B;m`2 9yVX

h?2M- i?2 Lhh aLSb- BX2X i?2 L2�M/2`i?�H@h�; aLSb BM i?2 hQT RW Q7
2�+? /Bbi`B#miBQM r2`2 b2H2+i2/ Ui?2 bmTTH2K2Mi�`v }H2 rBi? i?2 BM7Q`K�iBQM
�#Qmi i?2b2 aLSb +�M #2 7QmM/ ?2`2VX

AM /QBM; bQ- r2 B/2MiB}2/ R99 Lhh aLSb- Rk3 Q7 r?B+? T`2b2Mi BM
+QKT�`BbQMb #2ir22M 1m`QT2�M TQTmH�iBQMbX "v +QKTmiBM; i?2 �#bQHmi2
KBMQ`fL2�M/2`i?�H �HH2H2 7`2[m2M+v /Bz2`2M+2b 7Q` i?2 2MiB`2 b2i Q7 k-y3N-R3N
aLSb �M/ #v b2H2+iBM; QMHv i?2 L2�M/2`i?�H p�`B�Mib BM i?2 iQT Q7 i?2 /Bbi`B@
#miBQMb- r2 +�M `2�bQM�#Hv ?vTQi?2bBb2 i?�i- �i H2�bi 7Q` bQK2 Q7 i?2 aLSb-
bm+? ?B;?@7`2[m2M+v /Bz2`2M+2b r2`2 TQbbB#Hv MQi +�mb2/ #v /`B7i- #mi `�i?2`
#v /Bz2`2Mi b2H2+iBp2 T`2bbm`2bX

q2 +QKTmi2/ i?2 Q//b `�iBQ Q7 #2BM; � L2�M/2`i?�H �HH2H2 BM i?2 iQT
RW Q7 2�+? +QKT�`BbQM #v � 6Bb?2`Ƕb 2t�+i i2biX q2 /Bb+Qp2`2/ i?�i 2�+?
+QKT�`BbQM #2ir22M T�B`b Q7 TQTmH�iBQMb r�b bB;MB}+�MiHv /2TH2i2/ BM aLSb
BM L2�M/2`i?�H BMi`Q;`2bb2/ `2;BQMb- rBi? p�Hm2b `�M;BM; #2ir22M ey UP_,
yXyRe8 BM i?2 +QKT�`BbQM #2ir22M Ah* �M/ u_AV �M/ j UP_, yXk3yR BM i?2
+QKT�`BbQM #2ir22M *1l �M/ A"aV iBK2b i?2 #�+F;`QmM/ p�Hm2b Uh�#H2
�XRVX

Ne

https://advances.sciencemag.org/highwire/filestream/218478/field_highwire_adjunct_files/5/aaw3492_Data_file_S6.xlsx
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.Bb+mbbBQM
h?2 �p�BH�#BHBiv Q7 ?B;?@+Qp2`�;2 L2�M/2`i?�H ;2MQK2b US`m72` 2i �HX- kyR9c
S`m72` 2i �HX- kyRdV ?�b �HHQr2/ iQ T`2+Bb2Hv [m�MiB7v Qm` ǳL2�M/2`i?�H
M�im`2Ǵ- i?mb /Bb+Qp2`BM; i?�i MQi �HH Q7 mb �`2 2[m�HHv L2�M/2`i?�HX *QMbBbi@
2MiHv rBi? T`2pBQmb `2bmHib UJ2v2` 2i �HX- kyRkc a�MF�`�`�K�M 2i �HX- kyRkc
o2`MQi � �F2v- kyR9c q�HH 2i �HX- kyRjc S`m72` 2i �HX- kyRdV- r2 7QmM/ i?�i
1�bi �bB�M TQTmH�iBQMb ?�p2 bB;MB}+�MiHv KQ`2 L2�M/2`i?�H BMi`Q;`2bbBQM
i?�M 1m`QT2�M TQTmH�iBQMX

q?2M r2 HQQF2/ �i 1m`QT2- r2 Q#b2`p2/ � MQiB+2�#H2 ;2M2iB+ +HBM2- K2�M@
BM; i?�i i?2 �KQmMi Q7 L2�M/2`i?�H �M+2bi`v /2+`2�b2/ 7`QK i?2 LQ`i? iQ
i?2 aQmi? Q7 1m`QT2X h?Bb ;2M2iB+ +HBM2- KB``Q`BM; i?2 H�iBim/2- Bb �HbQ �T@
T`2+B�#H2 �HQM;bB/2 i?2 Ai�HB�M T2MBMbmH�X h?2 irQ@b�KTH2 qBH+QtQM i2bib
`2p2�H2/ i?�i LQ`i?2`M 1m`QT2 TQTmH�iBQMb r2`2 bB;MB}+�MiHv /Bz2`2Mi 7`QK
i?2 aQmi?2`M 1m`QT2�M TQTmH�iBQMb BM i?2B` L2�M/2`i?�H �M+2bi`vX AMi2`@
2biBM;Hv- bB;MB}+�Mi /Bz2`2M+2b r2`2 7QmM/ �HQM;bB/2 i?2 Ai�HB�M T2MBMbmH�,
bT2+B}+�HHv- b�KTH2b 7`QK LQ`i?2`M Ai�Hv b?Qr2/ ?B;?2` L2�M/2`i?�H �HH2H2
+QmMib i?�M *2Mi`�H �M/ aQmi?2`M Ai�HB�M BM/BpB/m�HbX

Ai ?�b #22M T`2pBQmbHv `2TQ`i2/ i?�i p�`B�iBQM BM i?2 2z2+iBp2 TQTmH�iBQM
bBx2 KB;?i 2tTH�BM /Bz2`2M+2b BM i?2 �KQmMi Q7 L2�M/2`i?�H .L� /2i2+i2/ BM
1m`QT2�M �M/ �bB�M TQTmH�iBQMb UaBKQMiB 2i �HX- kyRec :`22M 2i �HX- kyRyc
S`m72` 2i �HX- kyR9VX �//BiBQM�H L2�M/2`i?�H BMi`Q;`2bbBQM 2p2Mib BM �bB�
�M/ ;2M2@~Qr 7`QK TQTmH�iBQMb rBi? HQr2` L2�M/2`i?�H �M+2bi`v BM 1m`QT2
TQbbB#Hv T`QpB/2 7m`i?2` 2tTH�M�iBQMb 7Q` /Bz2`2M+2b BM L2�M/2`i?�H Q++m`@
`2M+2 �+`Qbb TQTmH�iBQMb UqQH7 � �F2v- kyR3VX 6Q` BMbi�M+2- +QMi`B#miBQMb
7`QK �7`B+�M ;`QmTb +QmH/ ?�p2 BM~m2M+2/ i?2b2 T�ii2`Mb- T�`iB+mH�`Hv BM
aQmi?2`M 1m`QT2�M TQTmH�iBQMb U"mb#v 2i �HX- kyR8VX

JQ`2Qp2`- i?2 p�`B�iBQM BM i?2 �KQmMi Q7 L2�M/2`i?�H .L� �KQM; TQTm@
H�iBQMb +QmH/ �HbQ /2T2M/ QM i?2 /Bz2`2MiB�H "�b�H 1m`�bB�M H2;�+v r2 `2i�BM
BM Qm` ;2MQK2 UG�x�`B/Bb 2i �HX- kyRec 6m 2i �HX- kyReVX h?Bb ;?Qbi TQTmH�@
iBQM +QMi`B#mi2/ �#Qmi � [m�`i2` Q7 i?2 �M+2bi`v Q7 KQ/2`M@/�v 1m`QT2�Mb
�M/ T2QTH2 7`QK L2�` 1�biX h?Bb ?�TT2M2/ #2+�mb2 i?2 2�`Hv 1m`QT2�Mb
7�`K2`b- r?B+? H27i KQbi Q7 i?2B` .L� iQ KQ/2`M@/�v 1m`QT2�MbǶ i?2K@
b2Hp2b- r2`2 /2b+2M/�Mi Q7 �M �M+2bi`�H TQTmH�iBQM i?�i �`Qb2 2�`Hv 7`QK i?2
K�BM ;`QmT T2QTHBM; 1m`�bB�X AMi2`2biBM;Hv- MQ �M+B2Mi .L� 7`QK "�b�H
1m`�bB�M T2QTH2 2tBbib- ?Qr2p2` 7QQiT`BMib Q7 i?Bb ;?Qbi TQTmH�iBQM +�M #2
TQBMi2/ mT BM Qm` .L�- 2p2M r?2M r2 �`2 MQi 7QHHQrBM; i?2B` i`�+Fb- #mi
r2 �`2 b2�`+?BM; 7Q` Qi?2` T2QTH2, i?2 L2�M/2`i?�HbX

� rQ`F 7`QK kyRe UG�x�`B/Bb 2i �HX- kyReV- �M�HvbBM; �M+B2Mi b�KTH2b
HBpBM; BM L2�` 1�bi #2ir22M 7Qm`i22M i?Qmb�M/ �M/ i2M i?Qmb�M/ v2�`b �;Q-
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

/Bb+Qp2`2/ i?�i i?2b2 T2QTH2 ?�`#Qm`2/ �`QmM/ 8yW Q7 "�b�H 1m`�bB�M �M@
+2bi`v �M/ i?�i i?2 T`QTQ`iBQM Q7 i?2B` L2�M/2`i?�H �M+2bi`v /2+`2�b2/ i?2
KQ`2 "�b�H 1m`�bB�M �M+2bi`v i?2v ?�/X

*QMbBbi2Mi rBi? UG�x�`B/Bb 2i �HX- kyReV- r2 7QmM/ i?2 2biBK�i2/ �KQmMib
Q7 "�b�H 1m`�bB�M �M/ L2�M/2`i?�H iQ #2 M2;�iBp2Hv +Q``2H�i2/ �+`Qbb KQ/2`M@
/�v 1m`QT2�M +Hmbi2`bX h?Bb +Q``2H�iBQM r�b biBHH T`2b2Mi QM+2 TQTmH�iBQMb
rBi? �7`B+�M �M/ 1�bi �bB�M +QMi`B#miBQMb r2`2 `2KQp2/X h?2b2 `2bmHib bm;@
;2bi i?�i i?2 T�ii2`M Q7 L2�M/2`i?�H �M+2bi`v Q#b2`p2/ BM Ai�Hv �M/ �+`Qbb
1m`QT2 ?�b #22M b?�T2/ #v /Bz2`2Mi 7�+iQ`b, p�`B�iBQM BM i?2 �KQmMi Q7
"�b�H 1m`�bB�M T`2b2Mi BM i?2 �M+B2Mi T2QTH2 r?Qb2 b?m|BM; ;�p2 `Bb2 iQ
KQ/2`M@/�v TQTmH�iBQMb- p�`B�iBQM BM i?2 �M+B2Mi �M+2bi`v +QKTQbBiBQM Q7
KQ/2`M b�KTH2b �M/ p�`B�iBQM BM i?2 ?BbiQ`B+�H +QMi`B#miBQM 7`QK �7`B+�
�M/ 1�bi �bB�X

h?2 bT�iB�H ?2i2`Q;2M2Biv Q7 L2�M/2`i?�H H2;�+v rBi?BM 1m`QT2 �M/ Ai�Hv
`2TQ`i2/ ?2`2 �TT2�`b �b i?2 `2bmHi Q7 �M+B2Mi �M/ ?BbiQ`B+�H 2p2Mib r?B+?-
/m`BM; i?Qmb�M/b Q7 v2�`b- #`Qm;?i iQ;2i?2` BM /Bz2`2Mi +QK#BM�iBQMb ;`QmTb
?�`#Qm`BM; /Bz2`2Mi �KQmMib Q7 L2�M/2`i?�H ;2M2iB+ K�i2`B�HX q?BH2 i?2b2
2p2Mib ?�p2 b?�T2/ i?2 Qp2`�HH +QMiBM2Mi�H /Bbi`B#miBQM Q7 L2�M/2`i?�H .L�-
HQ+mb@bT2+B}+ /Bz2`2M+2b BM i?2 Q++m``2M+2 Q7 L2�M/2`i?�H �HH2H2b �`2 �HbQ
2tT2+i2/ iQ `2~2+i b2H2+iBp2 T`2bbm`2b �+iBM; QM i?2b2 p�`B�Mib bBM+2 i?2B`
BMi`Q;`2bbBQM BM i?2 TQTmH�iBQMb U>�``Bb � LB2Hb2M- kyRec Cm`B+ 2i �HX- kyRec
:Bii2HK�M 2i �HX- kyRec .�MM2K�MM 2i �HX- kyRdVX

h?2`27Q`2- r2 KQp2/ QM iQ �M 2tTHQ`�iBQM Q7 i?2 L2�M/2`i?�H ;2M2iB+
H2;�+v BM Qm` ;2MQK2- b2�`+?BM; 7Q` bT2+B�H bB;M�Hb rBi? ?B;? 7`2[m2M+v /B7@
72`2M+2b �+`Qbb 1m`QT2X q2 7Q+mb2/ QM i?2 bm#b2i Q7 L2�M/2`i?�H@i�; aLSb
b?QrBM; i?2 H�`;2bi /Bz2`2M+2b BM �HH2HB+ 7`2[m2M+v #2ir22M 1m`�bB�M �M/
�7`B+�M TQTmH�iBQMb ULhh aLSbVX h?2 p�`B�iBQM BM L2�M/2`i?�H �M+2bi`v
r�b �HbQ 2pB/2Mi r?2M aLS 7`2[m2M+B2b r2`2 2p�Hm�i2/ �M/ � iQi�H Q7 R99
Lhh aLSb r2`2 B/2MiB}2/X

q2 Q#b2`p2/ i?�i i?2 iQT RW Q7 2�+? /Bbi`B#miBQM r�b bB;MB}+�MiHv /2@
TH2i2/ BM L2�M/2`i?�H aLSb Uh�#H2 �XRV- BM �;`22K2Mi rBi? � b+2M�`BQ Q7
L2�M/2`i?�H KBH/Hv /2H2i2`BQmb p�`B�Mib #2BM; `2KQp2/ KQ`2 2{+B2MiHv BM
?mK�M TQTmH�iBQMb U>�``Bb � LB2Hb2M- kyRec Cm`B+ 2i �HX- kyRec .�MM2K�MM
� _�+BKQ- kyR3VX AM i?Bb +QMi2ti- `2+2Mi bim/B2b `2p2�H2/ i?�i L2�M/2`i?�Hb
?�/ � ;2M2iB+ /Bp2`bBiv +Q``2bTQM/BM; iQ � i?B`/ Q7 r?�i ?�b #22M +QKTmi2/
7Q` T`2b2Mi@/�v ?mK�M TQTmH�iBQMb U*�bi2HH�MQ 2i �HX- kyR9V- T`Q#�#Hv /m2
iQ � b?�`T `2/m+iBQM Q7 i?2B` 2z2+iBp2 TQTmH�iBQM bBx2- `Qm;?Hv i2M iBK2b
bi`QM;2` i?�M i?2 Qmi@Q7@�7`B+� #QiiH2M2+FX AM i?Bb +QMi2ti- ;2M2iB+ /`B7i Bb
i?2 K�BM /`Bp2` Q7 ;2MQKB+ p�`B�#BHBiv �M/ i?2 2{+B2M+v Q7 Tm`B7vBM; b2H2+iBQM
BM 2HBKBM�iBM; /2H2i2`BQmb p�`B�Mib Bb /`�K�iB+�HHv `2/m+2/- i?mb �HHQrBM; i?2
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

T2`bBbi2M+2 Q7 KBH/Hv /2H2i2`BQmb p�`B�Mib �i HQr 7`2[m2M+v U*�bi2HH�MQ 2i �HX-
kyR9VX �Hi2`M�iBp2Hv- Q` BM +QK#BM�iBQM rBi?- bm+? p�`B�Mib KB;?i ?�p2 #22M
M2mi`�H BM �`+?�B+ ?QKBMBMbX >Qr2p2`- �7i2` BMi`Q;`2bbBM; BM KQ/2`M ?mK�M
TQTmH�iBQMb- i?2v #2+�K2 2tTQb2/ iQ M2;�iBp2 b2H2+iBQM �M/ r2`2 T�`iB�HHv
`2KQp2/- /m2 iQ i?2 H�`;2` 2z2+iBp2 TQTmH�iBQM bBx2 Q7 KQ/2`M ?mK�Mb UCm`B+
2i �HX- kyReVX h?2b2 b+2M�`BQb Q7 BM+`2�b2/ 2z2+iBp2M2bb Q7 b2H2+iBQM BM KQ/@
2`M ?mK�Mb +QmH/ ?2HT iQ 2tTH�BM i?2 /2TH2iBQM Q7 bB;MB}+�Mi /Bz2`2M+2b
BM i?2 7`2[m2M+v Q7 L2�M/2`i?�H BM?2`Bi2/ p�`B�Mib BM T`2b2Mi@/�v ?mK�M
TQTmH�iBQMbX

lM7Q`imM�i2Hv- ;Bp2M i?2 ivT2 Q7 ;2M2iB+ /�i� r2 rQ`F2/ QM- BX2X ;2MQ@
ivT2b 7`QK aLS �``�v TH�i7Q`Kb- KQbi Q7 i?2 p�`B�Mib r2`2 HQ+�i2/ BM BMi`QMB+
�M/ BMi2`;2MB+ `2;BQMbX 6Q` i?Bb `2�bQM- i?2 K�DQ`Biv Q7 i?2b2 TQHvKQ`T?@
BbKb �`2 mMHBF2Hv iQ #2 /B`2+iHv �z2+iBM; T?2MQivT2b- 2p2M B7 i?2v +QmH/ #2
BM HBMF�;2 /Bb2[mBHB#`BmK rBi? i?2 i`m2 +�mbBM; p�`B�Mi U+Q/BM;f`2;mH�iQ`vVX
h?Bb Bb i?2 K�BM `2�bQM r?v r2 +QmH/ MQi T2`7Q`K � T`QT2` �MMQi�iBQM
�M�HvbBb `2TQ`iBM; i?2 ;2M2iB+ 2z2+ib Q7 i?2 L2�M/2`i?�H �HH2H2bX >Qr2p2`-
r?2M r2 b2�`+?2/ BM i?2 HBi2`�im`2 7Q` FMQrM /B`2+i �bbQ+B�iBQMb #2ir22M i?2
L2�M/2`i?�H �HH2H2b Q7 i?2 Lhh aLSb �M/ T?2MQivT2b- r2 7QmM/ j9 p�`B�MibX
�KQM; i?2K- irQ aLSb b22Kb T�`iB+mH�`Hv BMi2`2biBM;, rBi?BM i?2 "L*k
;2M2- QM2 Q7 i?2 ;2M2b +QMbB/2`2/ iQ +QMi`B#mi2 iQ bFBM +QHQm` UC�+Q#b 2i �HX-
kyRjV- i?2B` L2�M/2`i?�H �HH2H2b `2�+? � p2`v ?B;? 7`2[m2M+v BM 1m`QT2�M
U8d@djWV- r?BH2 i?2v �`2 �#b2Mi BM 1�bi �bB�MX h?Bb Bb � FMQrM 2t�KTH2
Q7 ǳ�/�TiBp2 BMi`Q;`2bbBQMǴ, r?2M KQ/2`M ?mK�Mb KB;`�i2/ iQ 1m`�bB�- �`@
+?�B+ ?QKBMBMb �H`2�/v HBp2/ i?2`2 7Q` �i H2�bi kyy-yyy v2�`b- i?mb +�``vBM;
�/�TiBp2 Kmi�iBQMb mb27mH iQ i?2 2pQHmiBQM�`v T`2bbm`2b ivTB+�H Q7 i?2 1m`�b@
B�M 2MpB`QMK2Mi U2X;X �/�TiBp2 BMi`Q;`2bb2/ HQ+B rBi? BKTQ`i�Mi `QH2 BM ?�B`
�M/ bFBM #BQHQ;vVX �7i2` ?v#`B/Bx�iBQM rBi? �`+?�B+ ?QKBMBMb- �M+B2Mi ?m@
K�Mb �+[mB`2/ bQK2 Q7 i?2b2 Kmi�iBQMb i?�i r2`2 TQbBiBp2Hv b2H2+i2/ �M/
`2�+?2/ ?B;? 7`2[m2M+B2b BM KQ/2`M ?mK�MbX �MQi?2` �TT`2+B�#H2 ;B7i r2
`2+2Bp2/ 7Q`K Qm` /Bbi�Mi `2H�iBp2b Bb � bT2+B}+ �HH2H2 �i aLS `bRd3jy883 BM
i?2 SG�k_R ;2M2- r?B+? +�M ǳT`Qi2+iǴ mb 7`QK K2K#`�MQmb M2T?`QT�i?v
Uai�M2b+m 2i �HX- kyRRc a2FmH� 2i �HX- kyRdVX

Pi?2` ;2M2iB+ bB;M�Hb 7Q` r?B+? r2 7QmM/ T?2MQivTB+ �bbQ+B�iBQM b22K H2bb
2MDQv�#H2, r2 �HbQ 7QmM/ bQK2 L2�M/2`i?�H �HH2H2b �bbQ+B�i2/ rBi? /Bb2�b2b
Q` +HBMB+�H +QM/BiBQMb- bm+? �b +�`/BQp�b+mH�` �M/ `2M�H /BbQ`/2`b U�:h_RV
�M/ ?vTQTQi�bb2KB� U�E�SRjVX �b b�B/ �#Qp2 i?2 /2+`2�b2/ 2z2+iBp2 TQT@
mH�iBQM bBx2 Q7 L2�M/2`i?�Hb- iQ;2i?2` rBi? BM#`22/BM; T`�+iB+2b BM i?2 H�bi
L2�M/2`i?�Hb- +QmH/ ?�p2 ;Bp2M `Bb2 iQ �M �++mKmH�iBQM Q7 /2H2i2`BQmb ;2@
M2iB+ 2z2+i- r?B+?- BM /Bz2`2Mi +�b2b- +QmH/ MQi ?�p2 #22M Tm`;2/ BM KQ/2`M
?mK�Mb TQTmH�iBQMb- i?mb `2�+?BM; Qm` iBK2X
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h?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv �M/ 1m`QT2

h?2b2 `2bmHib- iQ;2i?2` rBi? K�Mv rQ`Fb BM HBi2`�im`2 UaBKQMiB 2i �HX-
kyRec .�MM2K�MM 2i �HX- kyRdc :Bii2HK�M 2i �HX- kyReV- /2KQMbi`�i2 i?�i
Qm` L2�M/2`i?�H ;2M2iB+ H2;�+v ?�b ?�/ #Qi? TQbBiBp2 �M/ M2;�iBp2 2z2+ib,
b2p2`�H L2�M/2`i?�H �HH2H2b BM ;2M2b `2H�i2/ iQ BKKmMBiv- bFBM �M/ ?�B` TB;@
K2Mi�iBQM- �M/ K2i�#QHBbK `2�+?2/ �M mM2tT2+i2/Hv ?B;? 7`2[m2M+B2b bBM+2
i?2v T`QpB/2/ �/�TiBp2 �/p�Mi�;2bc QM i?2 Qi?2` ?�M/- � H�`;2 7`�+iBQM Q7
L2�M/2`i?�H p�`B�Mib �TT2�` /2H2i2`BQmb #2BM; BMpQHp2/ BM M2m`Q/2;2M2`�iBp2
�M/ K2i�#QHB+ /BbQ`/2`bX

AM +QM+HmbBQM- �`+?�B+ �/KBtim`2 ?�b #22M �M BKTQ`i�Mi bQm`+2 Q7 �/�Ti@
Bp2 p�`B�iBQM BM KQ/2`M ?mK�Mb- K�FBM; Bi 2�bB2` iQ HBp2 �M/ bm`pBp2 BM i?2
1m`�bB�M H�M/b Q7 }7iv i?Qmb�M/ v2�`b �;QX >Qr2p2`- KQ/2`M ?mK�Mb ?�p2-
�i i?2 b�K2 iBK2- BM?2`Bi2/ ;2M2iB+ p�`B�Mib i?�i iQ/�v +QmH/ BM~m2M+2 i?2
bmb+2TiB#BHBiv `BbF iQ +QKTH2t /Bb2�b2- /m2 iQ HB72bivH2 +?�M;2b �M/ BM+`2�b2/
HB72 2tT2+i�M+vX
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�M+B2Mi i�H2b,
1m`QT2�M r�M/2`BM;b
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ǳq2HH- r2HH5 Ai KB;?i #2 rQ`b2- �M/ i?2M �;�BM
Bi KB;?i #2 � ;QQ/ /2�H #2ii2`X LQ TQMB2b- �M/
MQ 7QQ/- �M/ MQ FMQrBM; [mBi2 r?2`2 r2 �`2- �M/
?Q`/2b Q7 �M;`v ;Q#HBMb Dmbi #2?BM/5 PM r2 ;Q5Ǵ

CX _X _X hQHFB2M- h?2 >Q##Bi

q?Q �`2 i?2 1m`QT2�Mb\

I
i Kmbi ?�p2 #22M 7`B;?i2MBM; 7Q` i?2 }`bi �7`B+�M 2tTHQ`2`b iQ
`2�+? i?2 M2r 1m`QT2�M i2``BiQ`B2b �M/ H�M/bX h?2v r2`2 bQ
/Bz2`2Mi 7`QK i?2 2M/H2bb ;`�bbH�M/b �M/ /2b2`ib Q7 �7`B+�c i?2`2
r2`2 2p2M #B; �MBK�Hb- M2r TH�Mib �M/ Qi?2` T2QTH2- /Bz2`2Mi 7`QK

i?2K ě i?2 L2�M/2`i?�HbX >Qr2p2`- i?2v /2+B/2/ iQ ;Q 7m`i?2`- i`�p2HHBM;
�+`Qbb i?Qb2 H�M/b BM b2�`+? Q7 7QQ/ �M/ #2ii2` HBpBM; +QM/BiBQMbX >�pBM;
K�/2 i?Bb +?QB+2- bQK2 Q7 i?2K #2+�K2 Qm` �M+2biQ`b- i?2 }`bi 1m`QT2�MbX

q?2`2 /B/ i?2b2 T2QTH2 +QK2 7`QK\ q?Q /B/ �``Bp2 �7i2` i?2K\ q?�i
/B/ i?2v H2�p2 iQ mb\ �M BM+`2�bBM;Hv �++m`�i2 ;2M2iB+ TQ`i`�Bi Q7 i?2
1m`QT2�M TQTmH�iBQMb ?�b #22M 2K2`;BM; BM i?2 H�bi 72r v2�`b 7`QK i?2
DQBMi �M�Hvb2b Q7 +mHim`�H i`�MbBiBQMb �M/ i?2 T�ii2`M Q7 KQ/2`M �M/ �M+B2Mi
;2M2iB+ p�`B�iBQMbX h?2 ;`Qbb 2/;2b Q7 Qm` ;2M2iB+ K�F2@mT ?�p2 �H`2�/v
#22M i`�+2/ i?�MFb iQ i?`22 K�DQ` +QMi`B#miBQMb- �``BpBM; BM /Bz2`2Mi T2`B@
Q/b �M/ 7`QK /Bz2`2Mi ?QK2H�M/b, i?2 }`bi 1m`QT2�M ?mMi2`@;�i?2`2`b- i?2
L2QHBi?B+ 7�`K2`b �M/ i?2 "`QMx2 �;2 ?2`/2`b 7`QK i?2 ai2TT2X

>Qr2p2`- i?2 i?BMM2` HBM2b Q7 i?2 1m`QT2�M /`�rBM; ?�p2 MQi 2K2`;2/
v2i- i?mb H2�pBM; bQK2 mM�Mbr2`2/ [m2biBQMbX

h?2 +2Mi`�H i?2K2 Q7 i?2b2 [m2biBQMb- BM i?2 b�K2 r�v �b Qi?2` rQ`H/rB/2
?mK�M TQTmH�iBQMb- Bb KB;`�iBQMX 1m`QT2 Bb K�v#2 i?2 KQbi `2K�`F�#H2 2t@
�KTH2 Q7 � TQTmH�iBQM i?�i r�b /2}M2/ #v � ?BbiQ`v Q7 `2T2�i2/ BKKB;`�iBQMb
�M/ BMi2`M�H KQp2K2MibX q?Q �``Bp2b }`bi +QmH/ H2�p2 T`�+iB+�HHv MQi?BM;
Q7 ?BKb2H7 BM i?2 BM/BpB/m�Hb r?Q rQmH/ ?�p2 HBp2/ v2�`b H�i2` BM i?2 b�K2
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q?Q �`2 i?2 1m`QT2�Mb\

TH�+2X AM/22/ i?2 }`bi HQ`/b Q7 1m`QT2 ě i?2 L2�M/2`i?�Hb ě r2Mi 2tiBM+i
�M/ ?�p2 #22M `2TH�+2/ #v Qi?2` T2QTH2 +QKBM; 7`QK 7�` �r�v- �7`B+�X �HbQ-
i?Qb2 T2QTH2 bmz2`2/ i?2 b�K2 7�i2- r?BH2 i?Qb2 r?Q rQmH/ ?�p2 H27i � K�DQ`
;2M2iB+ 7QQiT`BMi BM 1m`QT2�M ;2MQK2b rQmH/ ?�p2 +QK2 H�i2` 7`QK i?2 1�bi,
�M�iQHB� �M/ ai2TT2 `2;BQMbX

1m`QT2 ?�b MQi #22M K�/2 #v 1m`QT2�Mb QMHv- #mi #v i`�p2HH2`b +QKBM;-
�HKQbi �Hr�vb- 7`QK 7�` �M/ rB/2X

h?2 }`bi 1m`QT2�Mb ě B7 vQm /QMǶi +QmMi L2�M/2`@
i?�Hb5
h?2 }`bi KQ/2`M ?mK�M i`�p2HH2`b +QKBM; iQ 1m`QT2 �``Bp2/ �b 2�`Hv �b
9e-yyy v2�`b �;QX h?2 KQbi HBF2Hv `Qmi2 i?2v 7QHHQr2/ r�b �+`Qbb i?2 H�M/
#`B/;2 iQ i?2 q2bi Q7 i?2 "H�+F a2� ě r?B+?- �i i?�i iBK2- r�b � H�F2 ě
+QMM2+iBM; �bB� rBi? 1m`QT2X h?2 #`�p2bi QM2b +QmH/ ?�p2 �HbQ Qp2`+QK2
i?2 *�m+�bmb KQmMi�BMb iQ i?2 1�bi Q7 i?2 "H�+F a2�- �M/ bBi2b �HQM; i?2
.QM `Bp2` p�HH2v U_mbbB�V- /�iBM; #�+F iQ 9y-yyy v2�`b �;Q- +QmH/ ?�p2 #22M
H27i #v i?2KX

h?2M- i?2v bi�`i2/ iQ bT`2�/ �+`Qbb i?2 1m`QT2�M i2``BiQ`B2b- /BpB/BM;
BMiQ /Bz2`2Mi ;`QmTb �M/ H2�pBM; #2?BM/ i?2K bQK2 �`+?�2QHQ;B+�H 7QQi@
T`BMibX AM aQmi?2`M Ai�Hv UT`2+Bb2Hv- BM i?2 :`Qii� /2H *�p�HHQV bQK2 KQ/@
2`M ?mK�M i22i? /�iBM; #�+F iQ 98-yyy@9j-yyy v2�`b �;Q ?�p2 #22M 7QmM/
U"2M�xxB 2i �HX- kyRRV- BM bQmi?2`M 1M;H�M/ UE2MiǶb *�p2`MV � D�r #2HQM;BM;
iQ � KQ/2`M ?mK�M ?�b #22M `2+2MiHv /�i2/ iQ � T2`BQ/ #2ir22M 99-kyy �M/
9R-8yy v2�`b �;Q U>B;?�K- kyRRV- r?BH2- BM �mbi`B�- �m`B;M�+B�M �bb2K#H�;2b
/�i2/ iQ 9j-yyy v2�`b �;Q ?�p2 #22M 2t+�p�i2/ ULB;bi 2i �HX- kyR9V ě i?2
�m`B;M�+B�M bivH2 Bb i?2 +?�`�+i2`BbiB+ HBi?B+ BM/mbi`v K�/2 #v i?2 2�`Hv
1m`QT2�M b2iiH2`bUb22 H�i2` BM i?2 b�K2 T�;2 �M/ �i T�;2 e3VX

h?2 T2QTHBM; Q7 1m`QT2 iQQF TH�+2 i?`Qm;? KmHiBTH2 r�p2b Q7 ?mMi2`@
;�i?2`2`b +QKBM; mHiBK�i2Hv 7`QK �7`B+�- i?mb ;2M2`�iBM; K�Mv /Bz2`2Mi
;`QmTb ě BM _mbbB�- :2Q`;B�- "mH;�`B�- bQmi?2`M 1m`QT2 �M/ 1M;H�M/ ě
r?B+? r2`2 bT�iB�HHv �M/ +mHim`�HHv /BbiBM+i- #mi ?�pBM; BM +QKKQM i?2
b�K2 bivH2 Q7 HB72, i?2v /B/MǶi ;`Qr +`QTb Q` #`22/ �MBK�Hb- i?2v ?mMi2/ �M/
;�i?2`2/X h?Bb HB72bivH2 K�v b22K [mBi2 `2KQi2 7`QK mb- ?Qr2p2` 7Q` M2�`Hv
i?2 2MiB`2 ?BbiQ`v Q7 Qm` bT2+B2b- r2 HBp2/ �b 7Q`�;2`bX �+im�HHv- i?2 H�bi
Ry-yyy v2�`b- r?2M r2 H2�`Mi KQ`2 Q` H2bb 2{+B2MiHv iQ +QMi`QH i?2 `2bQm`+2b
Q7 Qm` TH�M2i i?`Qm;? �;`B+mHim`2 �M/ #`22/BM;- �`2 Dmbi i?2 #HBMF Q7 �M 2v2
r?2M +QKT�`2/ iQ i?2 ?mM/`2/b Q7 i?Qmb�M/b Q7 v2�`b bT2Mi ?mMiBM; �M/
;�i?2`BM;X
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q?Q �`2 i?2 1m`QT2�Mb\

>Qr2p2`- i?2v /B/ MQi HBp2 QMHv iQ ?mMi- #mi i?2v r2`2 �HbQ +`2�iBp2X
h?2B` }`bi HBi?B+ BM/mbi`v Bb i?2 �m`B;M�+B�M Ub22 T�;2 e3V- i?2 +mHim`2 Q7
i?2 T2QTH2 BM?�#BiBM; M2�`#v i?2 E2MiǶb *�p2`MX �KQM; i?2 iQQHb #mBHi
rBi? i?Bb bivH2- i?2`2 �`2 i?2 ivTB+�H bTHBi@#�b2 �MiH2` TQBMi ě r?B+? �TT2�`
2�`HB2bi BM i?2 G2p�Mi ě Q` ~mi2b K�/2 rBi? K�KKQi? �M/ #B`/ #QM2 U6B;m`2
9dV �M/ K�Mv /Bz2`2Mi };m`BM2b `2T`2b2MiBM; �MBK�HbX h?2v K�/2 �HbQ +�p2
T�BMiBM;b Q7 �MBK�Hb- bm+? �b HBQMb- #BbQM �M/ `?BMQ+2`Qb- r?B+? /Bb�TT2�`2/
7`QK 1m`QT2 � HQM; iBK2 �;QX

6B;m`2 9dX 9y-yyy v2�` QH/ ~mi2 7`QK i?2 bBi2 Q7 :2BĽ2MFHƺbi2`H2
K�/2 7`QK #B`/ #QM2bX AK�;2 +`2/Bi, h?2 lMBp2`bBiv Q7 hɃ#BM;2MX

h?2 }`bi 1m`QT2�Mb ?�p2 T`Q/m+2/ K�Mv Qi?2` HBi?B+ +mHim`2b- bm+? �b
i?2 lHmxxB�M ě iQ r?B+? #2HQM;2/ i?2 T2QTH2 HBpBM; BM :`Qii� /2H *�p�HHQ
�`QmM/ 99-yyy v2�`b �;Q U"2M�xxB 2i �HX- kyRRVX AM � H�i2` T2`BQ/- #2ir22M
k3-yyy �M/ kj-yyy v2�`b QH/- �TT2�`2/ i?2 :`�p2iiB�M +mHim`2- r?B+? r�b
+?�`�+i2`Bx2/ #v i?2 TQBMi2/ #H�/2bX

/2bB;M�iBM; Q` Q7 �M lT@
T2` S�H2QHBi?B+ +mHim`2-
+?�`�+i2`Bx2/ #v ~BMi
TQBMib `2b2K#HBM; � TQBM@
i2/ FMB72 #H�/2 rBi? �
#HmMi2/ #�+FX
*QHHBMb /B+iBQM�`v

:`�p2iiB�M bivH2

>Qr2p2`- QM2 Q7 i?2 KQbi �biQMBb?BM; +mHim`�H 2tT`2bbBQM r�b H27i BM
1�bi 1m`QT2X h?2`2- �`QmM/ k8-yyy v2�`b �;Q- � ;`QmT Q7 `2BM/22` ?mMi2`b
+�KT2/ M2�` i?2 +Biv Q7 oH�/BKB`X k8-yyy v2�`b H�i2`- �`+?�2QHQ;Bbib 7QmM/
i?2B` ;`�p2b �M/ +HQi?2b, i?Qmb�M/b Q7 K�KKQi? BpQ`v #2�/b ?�/ #22M b2rM
iQ i?2B` 7�#`B+X
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q?Q �`2 i?2 1m`QT2�Mb\

qBMi2` Bb +QKBM;
�b Bi r�b 7Q` i?2 L2�M/2`i?�Hb- ?mMi2`@;�i?2`2` TQTmH�iBQMb r2`2 iBMv- �`QmM/
9-9yy@8-Nyy BM/BpB/m�Hb U"Q+[m2i@�TT2H 2i �HX- kyy8VX h?mb- r?2M i?2 /2p@
�bi�iBM; A+2 �;2 +�K2- i?2 ?mMi2`@;�i?2`2`b r2Mi �HKQbi 2tiBM+iX �b i?2
;H�+B2`b �/p�M+2/ i?`Qm;? 1m`QT2- TH�Mib- �MBK�Hb �M/ K2M `2i`2�i2/X

6B;m`2 93X >mK�M /Bbi`B#miBQM BM 1m`�bB� #2ir22M Rjy-yyy �M/
R8-yyy v2�`b �;Q BM `2H�iBQM iQ +HBK�i2 +?�M;2X AK�;2 i�F2M 7`QK
ai2r�`i � ai`BM;2`- kyRkX

�i i?2 T2�F Q7 i?Bb A+2 �;2- #2ir22M R3-yyy �M/ ky-yyy v2�`b �;Q- B+2
b?22ib KBH2b i?B+F +Qp2`2/ KQbi Q7 MQ`i?2`M 1m`QT2 UJ�M+Q- C- kyR8VX h?2
+QMb2[m2M+2b Q7 i?2 /`QT BM i2KT2`�im`2 r2`2 MQi 2t+HmbBp2 iQ i?2 TQH2b
�M/ i?2 LQ`i?2`M �`2�b Q7 i?2 ;HQ#2, 7Q` BMbi�M+2- i?2 H2p2Hb Q7 `�BM7�HH
/`QTT2/- i?mb 2tT�M/BM; i?2 /2b2`ib �M/ `2/m+BM; i?2 7Q`2bibX �HH �`QmM/
i?2 rQ`H/- T2QTH2 r2`2 Tmb?2/ iQ `27m;B� BM aQmi?2`M 1m`QT2- bm+? �b aT�BM
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q?Q �`2 i?2 1m`QT2�Mb\

�M/ Ai�Hv- Q` �bB� JBMQ` �M/ JB//H2 1�bi U6B;m`2 93V- `2bmHiBM;- BM2pBi�#Hv
BM TQTmH�iBQM +QMi`�+iBQMb Uai2r�`i � ai`BM;2`- kyRkVX

h?2M- �7i2` i?2 ;H�+B2`b `2�+?2/ i?2B` K�tBKmK 2tT�MbBQM �`QmM/ ky-yyy
v2�`b �;Q- i?2v bi�`i2/ iQ `2iB`2 �M/ i?2 +HBK�i2 ;`�/m�HHv BKT`Qp2/- /m`BM;
i?2 BMi2`bi�/B�H T2`BQ/ +�HH2/ "ǠHHBM;@�HH2`Ǡ/X >Qr2p2`- +HBK�i2 +?�HH2M;2b
7Q` Qm` ?mMi2`@;�i?2`2`bǶ �M+2biQ`b r2`2 MQi Qp2`, �`QmM/ Rk-dyy v2�`b �;Q
U"`�m2` 2i �HX- kyy3V- MQ`i?2`M 1m`QT2 +HBK�iB+ +QM/BiBQMb r2Mi 7`QK i2K@
T2`�i2 iQ ;H�+B�H �;�BM �M/ K�Mv /B/MǶi bm`pBp2X

6Q`�;2`b 7`QK HQM; �;Q i2HH i?2B` biQ`B2b
6`QK �`+?�2QHQ;B+�H 2pB/2M+2- r2 +�M mM/2`bi�M/ ?Qr ?mMi2`@;�i?2`2`b ;`QmTb
HBp2/ �`QmM/ 9y-yyy v2�`b �;Q- r?�i i?2v 2�i- ?Qr i?2v i?Qm;?i �M/ 2p2M
r?Q /B/ bm`pBp2 i?2 bB;MB}+�Mi 2MpB`QMK2Mi�H +?�HH2M;2b Q7 lTT2` S�H�2Q@
HBi?B+X q2 +�M 2p2M bT2M/ � /�v BM i?2 HB72 Q7 i?2b2 T2QTH2- #mi 7`QK i?2B`
`2K�BMb- r2 +�MMQi i2HH r?2`2 i?2v +�K2 7`QK �M/ r?2`2 i?2B` /2b+2M/�Mib
rQmH/ ?�p2 ;QM2X .L� +�MX h?mb- TmiiBM; iQ;2i?2` i?2 BM7Q`K�iBQM +QKBM;
7`QK i?2B` #m`B�H bBi2b- i?2B` iQQHb �M/ i?2B` #QM2b- i?2 HBM2b Q7 i?2B` TQ`@
i`�Bi r2 �`2 K�FBM;- i?Qmb�M/b Q7 v2�`b H�i2`- �`2 #2+QKBM; KQ`2 �M/ KQ`2
+QM}/2MiX

>Qr2p2`- bQK2 Q7 i?Qb2 HBM2b �`2 /2�/ 2M/b- #2+�mb2 i?2 T2QTH2 r?Q
bi�`i2/ iQ /`�r i?2K- i2Mb Q7 i?Qmb�M/b Q7 v2�`b �;Q- /Bb�TT2�`2/ rBi?Qmi
H2�pBM; /2b+2M/�MibX P�b2R- Q7 r?QK r2 bTQF2 �#Qmi L2�M/2`i?�H �/KBt@
im`2 Ub22 T�;2 eR 7Q` i?2 �M�Hvb2b QM ?Bb #QM2b �M/ dy 7Q` i?2 .L� `2bmHibV-
HBp2/ BM _QK�MB� #2ir22M 9k-yyy �M/ jd-yyy v2�`b �;Q ě i?2 QH/2bi FMQrM
KQ/2`M ?mK�M 7`QK 1m`QT2X >Bb /2b+2M/�Mib H27i MQ ;2M2iB+ i`�+2 BMiQ
KQ/2`M@/�v 1m`QT2�Mb- ?2 r�b � /2�/ #`�M+?X L2Bi?2` lbiǶ@Ab?BK- � K�M
r?Q HBp2/ BM aB#2`B� �`QmM/ 98-yyy v2�`b �;Q- b?Qr2/ �Mv �{MBiB2b rBi?
H�i2` 1m`QT2�Mb U6m 2i �HX- kyReVX

h?2 ?mMi2`@;�i?2`2`bǶ 7QQiT`BMib r2 +�M }M/ BM Qm` ;2MQK2 #2HQM; iQ
BM/BpB/m�Hb r?Q HBp2/ �7i2` jd-yyy v2�`b �;QX PM2 Q7 i?2b2 Bb i?2 EQbiďMFB
K�MX hQ;2i?2` rBi? :Qv2iZRRe@R Ur?Q HBp2/ j8-yyy v2�`b �;Q BM "2H;BmKV-
?2 Bb i?2 }`bi BM/BpB/m�H i?�i +H2�`Hv b?�`2/ ;2M2iB+ �M+2bi`v rBi? 1m`QT2�Mb
�M/ MQi rBi? 1�bi �bB�Mb- i?mb `2T`2b2MiBM; i?2 }`bi- ;2M2iB+�HHv bT2�FBM;-
7�KQmb 1m`QT2�Mb Ua2;mBM@P`H�M/Q 2i �HX- kyR9c 6m 2i �HX- kyReVX

h?2 biQ`v iQH/ #v i?2 EQbiďMFB K�M Bb T�`iB+mH�`Hv BMi2`2biBM;X LQ`i? Q7
i?2 "H�+F a2�- T`Q#�#Hv �HQM; i?2 r�v i�F2M #v i?2 }`bi ?mMi2`@;�i?2`2`b-
M2�`#v i?2 pBHH�;2 Q7 EQbiďMFB- i?2`2 Bb i?2 7�KQmb bBi2 r?2`2 EQbiďMFB R9
r�b 7QmM/ U6B;m`2 9NVX >2 r�b QM Q7 i?Qb2 K2M, ky@k8 v2�`b QH/- `2H�iBp2Hv
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q?Q �`2 i?2 1m`QT2�Mb\

b?Q`i URXey KV- rBi? � `Q#mbi bFmHH- � bi`QM;Hv /2p2HQT2/ bmT`�Q`#Bi�H iQ`B
�M/ � b?Q`i 7�+2X �b 2tT2+i2/ ;Bp2M i?2 Q`B;BM Q7 ?Bb �M+2biQ`b- ?Bb 7�+B�H
T?vbBQ;MQKv Bb �7`B+�MX �i bQK2 iBK2 #2ir22M j3-dyy �M/ je-kyy v2�`b �;Q
UJ�`QK 2i �HX- kyRkV- ?2 /B2/ �M/ r�b #m`B2/X >Bb bF2H2iQM r�b 7QmM/ QM
Bib H27i bB/2 rBi? i?2 7�+2 iQ i?2 MQ`i?- i?2 ?�M/b #v i?2 7�+2 �M/ /�`F `2/
TB;K2Mi �HH �`QmM/ ?Bb bFmHH Ua2;mBM@P`H�M/Q 2i �HX- kyR9VX AM kyR9 i?2 .L�
2ti`�+i2/ 7`QK ?Bb #QM2b r�b b2[m2M+2/ iQ � }M�H kX9k@7QH/ iQi�H +Qp2`�;2
Ua2;mBM@P`H�M/Q 2i �HX- kyR9V �M/ EQbiďMFB K�M +QmH/ }M�HHv bi�`i iQ i2HH
?Bb biQ`B2bX 6Q` � bi�`i- ?Bb ;2MQK2 iQH/ mb i?�i ?Bb �M+2biQ`b BMi2`#`2/ rBi?
L2�M/2`i?�HbX AM 7�+i- ?2 HBp2/ +HQb2 iQ i?2 iBK2 Q7 i?2 �`+?�B+ �z�B`b- bQ
Km+? i?�i i?2 HQM;2bi �`+?�B+ BM?2`Bi2/ i`�+i- QM +?`QKQbQK2 e- r�b �`QmM/
jJ# HQM;5

h?2M- ?Bb .L� `2p2�H2/ i?�i Bib KQbi bm#bi�MiB�H 7`�+iBQM /2`Bp2b 7`QK �
+QKTQM2Mi r?B+? rBHH #2 p2`v �#mM/�Mi BM H�i2` 1m`QT2�M ?mMi2`@;�i?2`2`b
UJ2bQHBi?B+ >:V �M/ �HbQ BM +QMi2KTQ`�`v MQ`i?2`M �M/ 2�bi2`M 1m`QT2�MbX
>Qr2p2`- ?2 b?�`2/ �HbQ ;2M2iB+ �M+2bi`v rBi? 2�`Hv KB//H2 2�bi2`M 7�`K2`b-
bm;;2biBM; i?�i ?Bb �M+2biQ`b �/KBt2/ rBi? JB//H2 1�bi2`M TQTmH�iBQMb BM
i?2B` r�v iQ 1m`QT2X JQ`2Qp2`- Bib ;2MQK2 Bb �HbQ ;2M2iB+�HHv bBKBH�` iQ
i?2 ;2MQK2 Q7 � #Qv r?Q HBp2/ BM aB#2`B� �`QmM/ ke-yyy v2�`b �;Q- +�HH2/
i?2 ǳJ�HǶi� #QvǴ UJ�RVX h?Bb #Qv- BM im`M- ?�b � bi`QM; ;2M2iB+ �{MBiv iQ
KQ/2`M 1m`QT2�Mb �M/ L�iBp2 �K2`B+�MbX >Qr2p2`- i?2 7�+i i?�i EQbiďMFB
b?�`2b �HH2H2b rBi? 1m`QT2�M L2QHBi?B+ 7�`K2`b �M/ +QMi2KTQ`�`v T2QTH2
7`QK i?2 JB//H2 1�bi �M/ i?2 *�m+�bmb- r?B+? �`2 MQi 7QmM/ BM J�R �M/
BM r2bi2`M J2bQHBi?B+ >:- BM/B+�i2b � ;2M2 ~Qr #2ir22M EQbiďMFB �M/ �
"�b�H 1m`�bB�M TQTmH�iBQM Ub22 T�;2 e3V �7i2` i?2 �M+2biQ`b Q7 J�R �M/
1m`QT2�M J>:b ?�/ bTHBi Ua2;mBM@P`H�M/Q 2i �HX- kyR9VX >Qr2p2`- r?2M
6m �M/ +QHH2�;m2b U6m 2i �HX- kyReV `2@�M�Hvb2/ i?Bb b�KTH2- i?2v 7QmM/
MQ 2pB/2M+2 7Q` i?Bb Tmi�iBp2 HBMF�;2 rBi? i?2 "�b�H 1m`�bB�M TQTmH�iBQMX
�HH i?2b2 +QKTHB+�i2/ ;2M2iB+ `2H�iBQMb?BTb- #2bB/2b ;2iiBM; mb � ?2�/�+?2-
�`2 bBKTHv bm;;2biBM; i?�i i?2 2�`Hv KQ/2`M ?mK�M TQTmH�iBQMb +QKBM;
iQ 1m`QT2 #2+�K2 p2`v [mB+FHv bi`m+im`2/ �M/ bQK2 `2HB+b Q7 Bib ;2M2iB+
+QKTQM2Mib +�M #2 i`�+2/ BM KQ/2`M BM?�#Bi�Mib Q7 1m`QT2X
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q?Q �`2 i?2 1m`QT2�Mb\

6B;m`2 9NX GQ+�iBQM Q7 EQbiďMFB �M/ i?2 b�KTH2b �M�Hvx2/ BM i?2
bim/v Q7 a2;mBM@P`H�M/Q 2i �HX- kyR9X EQbiďMFB UER9V Bb b?QrM BM `2/-
r?BH2 +QKT�`�iBp2 �M+B2Mi b�KTH2b �`2 b?QrM BM #Hm2X

AM i?2 rQ`F T`2pBQmbHv +Bi2/ 7`QK 6m �M/ +QHH2�;m2b U6m 2i �HX- kyReV-
i?2v r2Mi /22T BMiQ i?2 Tmi�iBp2 ;2M2iB+ bi`m+im`2 Q7 i?2 }`bi BM?�#Bi�Mib Q7
1m`QT2- #v �M�HvbBM; Qi?2` BM/BpB/m�Hb +QKBM; 7`QK i?2 A+2 �;2 �M/ i?mb
T`QpB/BM; � KQ`2 /2i�BH2/ TQ`i`�Bi Q7 i?2 1m`QT2�M TQTmH�iBQMb HBpBM; BM i?�i
T2`BQ/ U6B;m`2 8yVX "v 2t�KBMBM; i?2 T�ii2`M Q7 ;2M2iB+ p�`B�iBQMb �+`Qbb
8R 1m`�bB�Mb 7`QK 98-yyyĜd-yyy v2�`b �;Q- i?2v B/2MiB}2/ }p2 +Hmbi2`b Q7
BM/BpB/m�Hb, i?2 oÿbiQMB+2 +Hmbi2` +QMi�BM2/ BM/BpB/m�Hb r?Q HBp2/ #27Q`2
i?2 A+2 �;2 Uj9-yyyĜke-yyy v2�`b �;QV �bbQ+B�i2/ iQ i?2 :`�p2iiB�M +mH@
im`2c i?2 J�HǶi� +Hmbi2` Bb 7Q`K2/ #v i?`22 BM/BpB/m�Hb r?Q HBp2/ #2ir22M
k9-yyyĜRd-yyy v2�`b �;Q M2�`#v i?2 G�F2 "�BF�H UaB#2`B�V- � `2;BQM r?2`2
i?2 J�HǶi�Ĝ"m`2iǶ +mHim`2 ?�b #22M �bbQ+B�i2/X h?2 i?B`/ +Hmbi2` Bb 1H JB`ƦM
�M/ Bb +QKTQb2/ Q7 b2p2M BM/BpB/m�Hb r?Q HBp2/ �7i2` i?2 A+2 �;2- #2ir22M
RN-yyy �M/ R9-yyy v2�`b �;Q- �bbQ+B�i2/ rBi? i?2 J�;/�H2MB�M +mHim`2X h?2
oBHH�#`mM� +Hmbi2` Bb KQ`2 `2+2Mi U7`QK R9-yyyĜd-yyy v2�`b �;QV- r?BH2 i?2
BM/BpB/m�Hb #2HQM;BM; iQ i?2 7Qm`i? +Hmbi2` ě a�ibm`#HB� +Hmbi2` ě HBp2/ BM
i?2 aQmi?2`M *�m+�bmb #2ir22M Rj-yyy �M/ Ry-yyy v2�`b �;QX *QMp2`b2Hv-
BM/BpB/m�Hb bm+? �b lbiǶ@Ab?BK- P�b2R- EQbiďMFB R9 �M/ :Qv2iZRRe@R `2T@
`2b2Mi2/ /BbiBM+i 2�`Hv HBM2�;2b �M/ r2`2 MQi �bbB;M2/ iQ �Mv +Hmbi2`X

RRN



q?Q �`2 i?2 1m`QT2�Mb\

6B;m`2 8yX GQ+�iBQM �M/ �;2 Q7 i?2 8R �M+B2Mi KQ/2`M ?mK�Mb
�M�Hvb2/ BM i?2 bim/v #v 6m 2i �HX- kyReX AK�;2 i�F2M 7`QK 6m 2i �HX-
kyReX

"v �M�HvbBM; i?2 ;2M2iB+ `2H�iBQMb?BT �KQM; i?2b2 +Hmbi2`b �M/ #2ir22M
�M+B2Mi �M/ KQ/2`M BM/BpB/m�Hb- i?2v 7QmM/ i?�i 7`QK jd-yyy iQ R9-yyy v2�`b
�;Q ě 7`QK EQbiďMFB R9 iQ i?2 oBHH�#`mM� +Hmbi2` ě �HH BM/BpB/m�Hb b22K iQ
b?�`2 i?2 b�K2 �M+2bi`�H 1m`QT2�M +QKTQM2Mi- rBi?Qmi i`�+2b Q7 ;2M2 ~Qr
7`QK 2Hb2r?2`2X

>Qr2p2`- MQi 7Q` �HH BM/BpB/m�Hb- i?2`2 r�b i?Bb FBM/ Q7 ;2M2iB+ +QMiBMm@
Biv, 7Q` BMbi�M+2- :Qv2iZRRe@R Bb MQi �bbQ+B�i2/ rBi? i?2 oÿbiQMB+2 +Hmbi2`-
r?B+? rBHH #2+QK2 T`2/QKBM�Mi BM :Qv2i #2ir22M j9-yyy �M/ ke-yyy v2�`b
�;QX q?BH2 :Qv2iZRRe@R #2HQM;b iQ i?2 �m`B;M�+B�M +mHim`2- i?2 oÿbiQMB+2
+Hmbi2` Bb � :`�p2iiB�M QM2- i?mb b?QrBM; i?2 bT`2�/ Q7 i?2 :`�p2iiB�M +mHim`2
r�b �HbQ K�/2 #v TQTmH�iBQMb KQp2K2Mib U6B;m`2 8R- #QiiQKVX >Qr2p2`-
i?2 �M+2bi`v Q7 :Qv2iZRRe@R /B/ MQi /Bb�TT2�` 7`QK 1m`QT2, Bi rQmH/ ?�p2
#22M 7QmM/ H�i2` ě RN-yyy v2�`b �;Q ě BM i?2 A#2`B�M 1H JB`ƦM BM/BpB/m�HX
h?Bb b�KTH2 #2HQM;2/ iQ i?2 J�;/�H2MB�M +mHim`2- r?Qb2 K2K#2`b Qp2` i?2
7QHHQrBM; 8-yyy v2�`b rQmH/ ?�p2 KB;`�i2/ iQr�`/b i?2 MQ`i?2�bi Q7 1m`QT2
U6B;m`2 8k- iQTVX

�MQi?2` BMi2`2biBM; TQBMi Bb i?�i �7i2` i?2 �TT2�`�M+2 Q7 i?2 oBHH�#@
`mM� +Hmbi2` ě r?B+? rQmH/ ?�p2 #2+QK2 QM2 Q7 i?2 `2T`2b2Mi�iBp2 TQTmH�@
iBQMb Q7 q2bi2`M >mMi2` :�i?2`2`b Uq>:V ě �`QmM/ R9-yyy v2�`b �;Q- �HH
1m`QT2�Mb �M�Hvb2/ BM i?2 bim/v b?Qr � ;2M2iB+ �{MBiv rBi? L2�` 1�bi2`M
TQTmH�iBQMb U6B;m`2 8k- #QiiQKVX �b b�B/ BM i?2 T`2pBQmb b2+iBQM- i?Bb T2`BQ/
+Q``2bTQM/b iQ i?2 "ǠHHBM;@�HH2`Ǡ/ BMi2`bi�/B�H- � r�`K T2`BQ/ r?2`2 i?2 A+2
�;2 HQQb2M2/ Bib ;`BTX �i i?Bb iBK2- i?2 i?B+F �HTBM2 ;H�+B2` r?B+? 2ti2M/2/
/QrM mMiBH LB+2 K2Hi2/ /QrM- i?mb }M�HHv 7`22BM; � ;�i2r�v #2ir22M 1�bi2`M

Rky



q?Q �`2 i?2 1m`QT2�Mb\

�M/ q2bi2`M 1m`QT2- � T�bb�;2 i?�i ?�/ #22M +HQb2/ 7Q` Ry-yyy v2�`bX h?mb-
i?Bb ;2M2iB+ bBKBH�`Biv +QmH/ #2 BMi2`T`2i2/ �b i?2 7QQiT`BMib H27i #v bQmi?@
2�bi2`M 1m`QT2�Mb Q` JB//H2 1�bi2`M BM/BpB/m�Hb r?Q KB;`�i2/ iQ 1m`QT2 �b
+HBK�i2 +QM/BiBQMb #2+�K2 7�pQm`�#H2X S`Q#�#Hv- i?2v #`Qm;?i rBi? i?2K
i?2B` ;2M2b �M/ �HbQ M2r +mHim`2b- �b i?�i T2`BQ/ Bb �HbQ �bbQ+B�i2/ rBi?
bQK2 +mHim`�H i`�MbBiBQMb bm+? �b i?2 �TT2�`�M+2 Q7 i?2 1TB;`�p2iiB�M +mH@
im`2 BM bQmi?2`M 1m`QT2 �M/ i?2 i`�MbBiBQM 7`QK i?2 J�;/�H2MB�M iQ �xBHB�M
BM r2bi2`M 1m`QT2X

*QMp2`b2Hv- 1�bi2`M 1m`QT2�Mb ?mMi2`@;�i?2`2`b U1>:V r2`2 � TQTmH�@
iBQM Q7 KBt2/ q>: �M/ lTT2` S�H�2QHBi?B+ aB#2`B�M �M+2bi`v- r?B+? �T@
T2�`2/ BM 1m`QT2�M _mbbB� H�i2`- �`QmM/ 3-yyy v2�`b �;Q- �M/ i?2M +QM@
i`B#mi2/ iQ i?2 ?mMi2`@;�i?2`2`bǶ TQTmH�iBQM BM K�Mv LQ`i?2`M 1m`QT2�M
+QmMi`B2b UG�x�`B/Bb- kyR3VX

aQK2 #2�miB7mH TB+im`2b 7`QK i?2 #QQF Q7 .�pB/ _2B+? �`2 2MHB;?i2MBM;
�#Qmi i?2 K�DQ` TQTmH�iBQM i`�MbBiBQMb ?�TT2M2/ /m`BM; i?2 HQM; T2`BQ/
r?2M ?mMi2`@;�i?2`2`b TQTmH�i2/ 1m`QT2 �M/ r�M/2`2/ �+`Qbb Bi U6B;m`2 8R
�M/ 8kVX

RkR
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6B;m`2 8RX 6B`bi irQ #B; TQTmH�iBQM KQp2K2Mib BM i?2 ?BbiQ`v Q7
1m`QT2�M >mMi2` :�i?2`2`bX aT`2�/BM; Q7 ?mMi2`@;�i?2`2`b TQTmH�iBQMb
�+`Qbb 1m`QT2 2�`HB2` i?�M jN-yyy v2�`b �;Q UiQTV �M/ i?2 2tT�MbBQM Q7 i?2
:`�p2iiB�M +mHim`2 U#QiiQKVX AK�;2 i�F2M 7`QK _2B+?- kyR3X

Rkk
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6B;m`2 8kX SQTmH�iBQM KQp2K2Mib BM i?2 ?BbiQ`v Q7 1m`QT2�M
>mMi2` :�i?2`2`b �7i2` RN-yyy v2�`b �;QX h?2 J�;/�H2MB�M 2tT�MbBQM
UiQTV �M/ i?2 KQp2K2Mib Q7 T2QTH2 �7i2` i?2 2M/ Q7 i?2 A+2 �;2 7`QK i?2
1�biX AK�;2 i�F2M 7`QK _2B+?- kyR3X

Rkj
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.27`QbiBM; BMMQp�iBQMb
�7i2` i?2 ;H�+B2`b bi�`i2/ iQ K2Hi �`QmM/ Ry-yyy v2�`b �;Q- i?2 �M+B2Mi 7Q`@
�;2`b `Qmb2/ 7`QK i?2 KQp2K2Mi H2i?�`;v BM r?B+? i?2v ?�/ 7�HH2M i?Qmb�M/b
Q7 v2�`b 2�`HB2`X q2 ?�p2 �H`2�/v b22M i?�i � ;`�/m�H BM+`2�b2 Q7 L2�` 1�bi@
2`M �M+2bi`v BM 1m`QT2�M TQTmH�iBQMb +Q``2bTQM/b iQ i?2 "ǠHHBM;@�HH2`Ǡ/
BMi2`bi�/B�H- �b � `2bmHi Q7 KB;`�iBQMb #�+F iQ 1m`QT2 7`QK i?2 1�bi2`M `27m@
;B�X .m`BM; i?Bb- 7`QK � KB;`�iQ`v TQBMi Q7 pB2r- 2mT?Q`B+ T2`BQ/- bQK2
7Q`�;2`b `�M;2/ MQ`i?r�`/bX h?2v r2`2 biBHH mbBM; biQM2 iQQHb- #mi rBi? �
bHB;?iHv /Bz2`2Mi bivH2X 6Q` BMbi�M+2- i?2v #mBHi iBMv #H�/2H2ib �M/ Tmi i?2K
QM i?2 iQT Q7 ?�`TQQMbX h?2b2 +?�`�+i2`BbiB+ iQQH FBi �HHQr2/ i?2 �`+?�2QHQ@
;Bbib iQ `2+Q;MBb2 �M/ +H�bbB7v i?2 bBi2b r?2`2 i?2b2 Q#D2+ib ?�/ #22M 7QmM/
�b J2bQHBi?B+ bBi2b UJ�M+Q- C- kyR8VX

h?Bb r�`K T2`BQ/ r�b �HbQ 7`mBi7mH Q7 ?mK�M BMp2MiBQMb- bm+? �b i?2 `2;@
mH�` mb2 Q7 #Q�ib BM MQ`i?2`M 1m`QT2, i?Bb rQmH/ ?�p2 H2/ iQ M2r KB;`�iQ`v
i`�BHb �+`Qbb i?2 rQ`H/ �M/ QT2M2/ i?2 ~QQ/;�i2b 7Q` b2� 2tTHQ`�iBQMX

6B;m`2 8jX *�`pBM;b Q7 T2QTH2 �M/ � #Q�iX AK�;2 +`2/Bi, .BKBi pB�
S�MQ`�KBQX

Rk9



q?Q �`2 i?2 1m`QT2�Mb\

h?2 }`bi BK�;2b Q7 #Q�ib ?�p2 #22M 7QmM/ QM i?2 +Q�bi Q7 i?2 *�bTB�M
a2� U�x2`#�BD�MV �M/ /�i2 #�+F iQ Rk-yyy@3-yyy v2�`b �;Q U6B;m`2 8jVX

�MQi?2` ;`2�i BMp2MiBQM r�b i?2 BMi`Q/m+iBQM Q7 TQii2`v BM i?2 6�` 1�bi-
r?B+? rQmH/ ?�p2 #22M p2`v mb27mH 7Q` +QHH2+iBM;- biQ`BM; �M/ �HbQ +QQFBM;
7QQ/X >Qr2p2`- 1m`QT2�Mb ?�/ iQ r�Bi 7Q` i?2 L2QHBi?B+ T2`BQ/ iQ #2M2}i
7`QK BiX

�`QmM/ Ry-yyy v2�`b �;Q- 1m`QT2�M 7Q`�;2`b r2`2 HBpBM; +�`2H2bbHv ?mMi@
BM; �M/ }b?BM;- #mi QM2 Q7 i?2 #B;;2bi ?mK�M `2pQHmiBQMb r�b FMQ+FBM; QM
i?2 /QQ`X

q?2�i �M/ ;Q�ib
h?2 +?�M;2 7`QK 7Q`�;BM; iQ 7�`KBM; ?�b #22M QM2 Q7 i?2 ;`2�i2bi `2pQHmiBQMb
Q7 ?mK�MBivX h?2 TQbbB#BHBiv iQ +QMi`QH i?2 7QQ/ `2bQm`+2b �HHQr2/ iQ 722/ �
?B;?2` MmK#2` Q7 BM/BpB/m�Hb �M/ i?2 p2`v M2ti +QMb2[m2M+2 Q7 i?Bb r�b �
TQTmH�iBQM 2tTHQbBQMX h?2 TQTmH�iBQM ;`Qri? H2/- BM im`M- iQ i2+?MQHQ;B+�H
�M/ +mHim`�H BMMQp�iBQMb �M/- }M�HHv- i?2 `Bb2 Q7 i?2 }`bi +BpBHBx�iBQMbX h?2
rQ`H/ r�b #2;BMMBM; iQ HQQF HBF2 i?2 QM2 r2 FMQr iQ/�vX

h?2 }`bi �ii2KTib �i 7�`KBM; #2;�M �`QmM/ Rk-yyy v2�`b �;Q BM i?2 L2�`
1�bi �M/- T`2+Bb2Hv- BM bQmi?2�bi2`M hm`F2v �M/ MQ`i?2`M av`B� U6B;m`2 89VX
AM i?�i `2;BQM- r?2`2 i?2 G2p�Mi K22ib �M�iQHB�- 7Q`�;2`b r2`2 �H`2�/v mbBM;
i?2 TH�Mib i?�i r2`2 M�im`�HHv ;`QrBM;- bm+? �b rBH/ r?2�i- #�`H2v �M/ `v2X
�HbQ- T2�b �M/ H2MiBHb +QK2 7`QK i?Qb2 b�K2 �`2�bX h?2 }`bi 2pB/2M+2 Q7
+mHiBp�iBQM +QK2b 7`QK *�72` >ƺvɃF �M/ Î�vƺMɃ- M2�` i?2 ?2�/bi`2�Kb Q7
i?2 hB;`Bb �M/ 1mT?`�i2b- ?Qr2p2`- r2 rBHH ?�p2 iQ r�Bi 7Q` i?2 +HBK�i2
iQ BKT`Qp2- �`QmM/ 3-yyy v2�`b �;Q- iQ ?�p2 i?2 �+im�H +`QT /QK2biB+�iBQM
BM i?�i �`2�X AM i?2 K2�MiBK2- b?22T �M/ ;Q�ib r2`2 /QK2biB+�i2/ BM i?2
*�m+�bB�M KQmMi�BMb 7`QK i?2 MQ`i?2`M w�;`Qb iQ bQmi?2�bi2`M �M�iQHB�X

h?2 /QK2biB+�iBQM Q7 Qi?2` TH�Mib �M/ �MBK�Hb `2[mB`2/ KQ`2 iBK2, QHBp2
i`22b r2`2 /QK2biB+�i2/ #v d-yyy v2�`b �;Q- ?Q`b2b #v e-yyy v2�`b �;Q- r?BH2
;`�T2pBM2b �`QmM/ 8-8yy v2�`b �;QX

aBM+2 7�`KBM; #2;�M #27Q`2 i?2 BMi`Q/m+iBQM Q7 TQii2`v- i?2 2�`HB2bi 7�`K@
BM; T2`BQ/ Bb FMQrM �b S`2@SQii2`v L2QHBi?B+ � USSL�VX .m`BM; i?Bb iBK2-
i?2 /QK2biB+�iBQM Q7 TH�Mib �M/ �MBK�Hb +�mb2/ � `�TB/ TQTmH�iBQM ;`Qri?-
?Qr2p2`- �M BM2pBi�#H2 +QMb2[m2M+2 Q7 i?Bb r�b i?2 bT`2�/BM; Q7 /Bb2�b2b-
#QQbi2/ #Qi? #v i?2 +`Qr/2/ pBHH�;2b �M/ #v i?2 +HQb2 +QMi�+i rBi? �MBK@
�HbX

�i i?2 b�K2 iBK2- iQ �++QKKQ/�i2 �M 2p2` ;`QrBM; TQTmH�iBQM- pBHH�;2b
im`M2/ BMiQ +BiB2b- r?BH2 i2KTH2b- K2;�HBi?B+ KQMmK2Mib �M/ Qi?2` #mBH/BM;b

Rk8



q?Q �`2 i?2 1m`QT2�Mb\

r2`2 2`2+i2/- i?2 }`bi Q7 r?B+? r�b mM2�`i?2/ �i :ƺ#2FHB h2T2- BM hm`F2vX

6B;m`2 89X J�T Q7 aQmi?r2bi �bB�- BM/B+�iBM; i?2 BKTQ`i�Mi bBi2b
7Q` i?2 /2p2HQTK2Mi Q7 �;`B+mHim`2X AK�;2 i�F2M 7`QK _mbb2HH 2i �HX-
kyyNX

6�`KBM; #2;�M bT`2�/BM; �`QmM/ RR-yyy v2�`b �;Q �M/ �HKQbi BKK2@
/B�i2Hv `2�+?2/ *vT`mb UoB;M2- kyRRVX �7i2` �`QmM/ 8yy v2�`b #2;�M i?2
T2`BQ/ +QMp2MiBQM�HHv +�HH2/ S`2@SQii2`v L2QHBi?B+ " USSL"VX AM i?Bb +�b2-
�b *vT`mb ?�/ MQ ;Q�ib- b?22T- TB;b Q` +�iiH2- i?2 7�`K2`b r?Q rQmH/ ?�p2
b2iiH2/ i?2`2 b?QmH/ ?�p2 �HbQ #`Qm;?i biQ+F �M/ b22/ rBi? i?2K UJ�M+Q-
C- kyR8VX 6Q` i?Bb `2�bQM- �i H2�bi BM i?Bb +�b2- i?2 bT`2�/BM; Q7 7�`KBM; r�b
/m2 iQ � KB;`�iBQM Q7 T2QTH2X

�7i2` �`QmM/ N-yyy v2�`b �;Q 7�`KBM; bi�`i2/ iQ bT`2�/ 7�` 7`QK Bib ?QK2,
iQr�`/b i?2 r2bi- 7�`K2`b b�BH2/ 7`QK *vT`mb iQ *`2i2- �``BpBM; �i :`22F
K�BMH�M/ �`QmM/ 3-8yy v2�`b �;QX h?2v �HbQ KQp2/ 2�bir�`/- `2�+?BM; i?2
AM/mb o�HH2v US�FBbi�MV bHB;?iHv 2�`HB2`X

>Qr2p2`- +HBK�i2 +?�M;2b r2`2 �Hr�vb Hm`FBM; �M/ ?vT2`@�`B/ +QM/BiBQMb
bi`m+F 1m`QT2- LQ`i? �7`B+� �M/ bQmi?2`M L2�` 1�bi �`QmM/ 3-kyy v2�`b
�;QX 6�`K2`b �#�M/QM2/ *vT`mb �b r2HH �b Qi?2` 7�`KBM; bBi2b BM i?2 L2�`
1�bi �M/ bi�`i2/ iQ HQQF MQ`i?X

Rke



q?Q �`2 i?2 1m`QT2�Mb\

6�`K2`b BM 1m`QT2
6�`KBM; �``Bp2/ BM 1m`QT2 bHB;?iHv �7i2` i?2 +HBK�i2 +`BbBb- H2�pBM; BM/2HB#H2
K�`Fb QM i?2 1m`QT2�M 2MpB`QMK2Mi- QM i?2 TQii2`v bivH2b �M/ BM Qm` ;2M@
QK2X

�i H2�bi 7Qm` /Bz2`2Mi i`�BHb ?�/ #22M mb2/ #v ǳ7�`KBM;Ǵ iQ 2Mi2` BM
1m`QT2X PM2 Q7 i?2b2- #`Qm;?i iQ *Q`7m Ur2bi2`M :`22+2V- i?2M iQ i?2
�/`B�iB+ +Q�bib �M/- �HQM; i?2 J2/Bi2``�M2�M +Q�bi- iQ aT�BMX h?2 b2+QM/
7QHHQr2/ i?2 .�Mm#2 o�HH2v- iQr�`/b :2`K�Mv �M/- 7`QK :2`K�Mv- Bi �``Bp2/
BM a+�M/BM�pB� �M/ i?2 "`BiBb? AbH2b �`QmM/ e-yyy v2�`b �;QX � i?B`/ i`�BH-
i`�+F2/ i?�MFb iQ +�iiH2 .L� U.2+F2` 2i �HX- kyR9V- T�bb2/ i?Qm;?i LQ`i?2`M
�7`B+� �M/ i?2M `2�+?2/ A#2`B�X h?2 H�bi `Qmi2- BMbi2�/- r�b i?`Qm;? i?2
b2�X

�b T`2pBQmbHv b�B/- i?2 TQii2`v +mHim`�H i`�MbBiBQMb T`Qp2/ iQ #2 mb27mH
BM `2i`�+BM; i?Qb2 �M+B2Mi KQp2K2MibX AM 7�+i- i?2 }`bi irQ i`�BHb +QmH/ #2
2�bBHv i`�+F2/ i?�MF iQ i?2 TQii2`v H27i QM i?2 r�v, AKT`2bb2/ �M/ GBM2�`
U6B;m`2 88VX

6B;m`2 88X S`QTQb2/ `Qmi2b Q7 KB;`�iBQM #v 2�`Hv 7�`K2`b BMiQ
1m`QT2 N-yyy@d-yyy v2�`b �;QX AK�;2 i�F2M 7`QK >��F 2i �HX- kyR8X

6Q` BMbi�M+2- i?2 J2/Bi2``�M2�M `Qmi2 +�M #2 i`�+F2/ #v 7QHHQrBM; i?2
AKT`2bb2/ q�`2- r?B+? Bb +?�`�+i2`Bx2/ #v i?2 T�ii2`Mb T`2bb2/ QMiQ i?2
TQibX AM bQK2 `2;BQMb- i?2 +mHim`2 T`Q/m+BM; i?Bb FBM/ Q7 TQii2`v Bb FMQrM

Rkd
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�b *�`/B�H q�`2- r?Qb2 bBi2b rQmH/ ?�p2 #22M 7QmM/ BM a�`/BMB�- *Q`bB+�-
QM i?2 GB;m`B�M �M/ hmb+�M +Q�bib Q7 Ai�Hv- 6`�M+2- aT�BM �M/ SQ`im;�HX

h?2 b2+QM/ `Qmi2- i?`Qm;? i?2 .�Mm#2 p�HH2v- +QmH/ #2 7QHHQr2/ #v HQQF@
BM; 7Q` GBM2�` TQii2`v- BMbi2�/- r?B+? ?�/ i?2M +QMp2`;2/ BMiQ i?2 GBM2�`#@
�M/F2`�KBF UG"EV +mHim`2X

>Qr2p2`- r?Q `Q/2 i?2 7�`KBM; r�p2\ S2QTH2 Q` B/2�b\ h?2 bBKTH2bi
2tTH�M�iBQM- bBM+2 BM 1m`QT2 i?2`2 r2`2MǶi b?22T Q` ;Q�ib- Bb i?�i bQK2QM2
KQp2/ iQ 1m`QT2 #`BM;BM; i?2 +�iiH2 ?BKb2H7X >Qr2p2`- KB;`�iQ`v 2tTH�M�@
iBQMb 7Qm;?i 7Q` �HKQbi � +2Mim`v rBi? �MiB@KB;`�iBQMBbK- mMiBH ;2M2iB+b +�K2
BMiQ TH�vX q2 ?�p2 �H`2�/v K2MiBQM2/ i?2 TBQM22`BM; rQ`F Q7 *�p�HHB@a7Q`x�
Ub22 T�;2 kRV �M/- �7i2` ?BK- Qi?2` T�T2`b ?�/ #22M TBH2/ mT bmTTQ`iBM; i?2
KB;`�iBQM Q7 7�`K2`b BMiQ 1m`QT2 UaFQ;HmM/ 2i �HX- kyRkc aFQ;HmM/ 2i �HX-
kyR9c G�x�`B/Bb 2i �HX- kyR9c :�K#� 2i �HX- kyR9c PH�H/2 2i �HX- kyR8c :ɃM@
i?2` 2i �HX- kyR8c *�bbB/v 2i �HX- kyReVX �+im�HHv- i?2b2 rQ`Fb /2KQMbi`�i2/
i?�i 2�`Hv 7�`K2`b 7`QK /Bz2`2Mi T�`ib Q7 1m`QT2 b?Qr2/ � +H2�` ;2M2iB+
/Bz2`2MiB�iBQM 7`QK i?2 7Q`�;2`b BM?�#BiBM; i?2 b�K2 �`2�b, i?2 /Bz2`2M+2
�KQM; 7�`K2`b �M/ 7Q`�;2`b r2`2 �HKQbi �b K�`F2/ �b #2ir22M TQTmH�iBQMb
7`QK /Bz2`2Mi +QMiBM2Mib UaFQ;HmM/ 2i �HX- kyR9VX h?mb i?2 7�`K2`b r?2`2-
;2M2iB+�HHv bT2�FBM;- bi`�M;2`b, i?2v bm`2Hv Kmbi +QK2 7`QK /Bbi�Mi H�M/bX

� T2+mHB�`Biv Q7 i?2 BM+QKBM; 7�`K2`b Bb i?�i- r?BH2 J2bQHBi?B+ 1m`QT2�Mb
b?Qr2/ bQK2 ;2M2iB+ bBKBH�`BiB2b rBi? KQ/2`M@/�v MQ`i?2`M �M/ MQ`i?2�bi@
2`M 1m`QT2�M TQTmH�iBQMb- 2�`Hv 7�`K2`b +QKBM; 7`QK i?2 JB//H2 1�bi ?�p2
?B;?2` ;2M2iB+ �{MBiB2b rBi? bQmi?r2bi2`M 1m`QT2�M TQTmH�iBQMb- #mi MQi
rBi? KQ/2`M@/�v JB//H2 1�bi2`M TQTmH�iBQMb UaFQ;HmM/ 2i �HX- kyRkc aFQ@
;HmM/ 2i �HX- kyR9c G�x�`B/Bb 2i �HX- kyR9VX AMi`B;mBM;Hv- �b iQH/ #v i?2
hv`QH2�M A+2K�M +�HH2/ ƹibB- i?2 T`2b2Mi@/�v BM/BpB/m�Hb +�``vBM; QM i?2
L2QHBi?B+ 7�`K2`bǶ H2;�+v �`2 i?2 a�`/BMB�Mb UaFQ;HmM/ 2i �HX- kyRkc E2HH2`
2i �HX- kyRkVX ƹibB HBp2/ /m`BM; i?2 G�i2 L2QHBi?B+@2�`Hv *QTT2` �;2 �M/-
/2bTBi2 #2BM; 7QmM/ QM i?2 ƹixi�H �HTb �i i?2 #Q`/2` #2ir22M �mbi`B� �M/
Ai�Hv- ?Bb +HQb2bi HBpBM; `2H�iBp2b +�M #2 7QmM/ BM a�`/BMB� UE2HH2` 2i �HX- kyRkVX

>Qr2p2`- r?2`2 /B/ i?2 L2QHBi?B+ +QKTQM2Mi 7QmM/ BM a�`/BMB�M �M/
Qi?2` bQmi?r2bi2`M 1m`QT2�Mb +QK2 7`QK\ �7i2` kyRe Bi #2+�K2 TQbbB#H2
iQ Q#i�BM ?B;?@[m�HBiv .L� 7`QK ?mK�M `2K�BMb 7QmM/ BM i?2 L2�` 1�bi-
i?mb �HHQrBM; iQ bi�`i /`�rBM; � }M2` TQ`i`�Bi Q7 i?2 �M+B2Mi 7�`K2`b HBpBM;
i?2`2X AM i?2b2 H�M/b- i?2 2MpB`QMK2Mi�H +QM/BiBQMb �`2 MQi QTiBK�H 7Q`
.L� T`2b2`p�iBQMX 6Q`imM�i2Hv- bQK2 BMMQp�iBQMb b�p2/ i?2 /�v, � M2r
K2i?Q/ 7Q` 2M`B+?BM; .L� 2ti`�+i2/ 7`QK i?2 #QM2b U6m 2i �HX- kyRjV �M/
i?2 /Bb+Qp2`v i?�i Bi Bb TQbbB#H2 iQ Q#i�BM � ?B;?2` .L� /2MbBiv 7`QK i?2
BMM2`@2�` T�`i Q7 i?2 bFmHH ě i?2 T2i`Qmb #QM2 ě i?�M 7`QK Qi?2` bF2H2i�H
T�`ib USBM?�bB 2i �HX- kyR8VX aQK2 rQ`Fb #v i?2 ;`QmT Q7 .�pB/ _2B+? �M/

Rk3



q?Q �`2 i?2 1m`QT2�Mb\

�M/2`b :ƺi?2`bi`ƺK �M�Hvb2/ i?2 ;2M2iB+ p�`B�iBQM Q7 2�`Hv 7�`K2`b 7`QK
�M�iQHB� �M/ i?2 G2p�Mi- /Bb+Qp2`BM; i?�i i?2b2 TQTmH�iBQMb r2`2 i?2 bQm`+2
Q7 i?2 L2QHBi?B+ +QKTQM2Mi 7QmM/ BM 1m`QT2�Mb UJ�i?B2bQM 2i �HX- kyR8c
PK`�F 2i �HX- kyRec G�x�`B/Bb 2i �HX- kyRec EøHøMÏ 2i �HX- kyReVX

h?2 rQ`F Q7 AQbB7 G�x�`B/Bb �M/ +QHH2�;m2b UG�x�`B/Bb 2i �HX- kyReV r�b
T�`iB+mH�`Hv 2v2@QT2MBM; �#Qmi i?2 L2�` 1�bi2`M TQTmH�iBQM 7`QK r?B+?
7�`KBM; r�b #Q`M �M/ bT`2�/ 2Hb2r?2`2X h?2v 7QmM/ � ?B;? /2;`22 Q7 ;2@
M2iB+ /Bz2`2MiB�iBQM BM i?2 L2�` 1�biX h?2`2 HBp2/ i?2 7�`K2`b Q7 i?2 r2bi2`M
KQmMi�BMb Q7 A`�M- r?Q /2`Bp2/ 7`QK i?2 ?mMi2`@;�i?2`2` TQTmH�iBQMb HBp@
BM; BM i?2 b�K2 `2;BQMX h?2M- i?2`2 r2`2 i?2 7�`K2`b HBpBM; BM i?2 62`iBH2
*`2b+2Mi- r?Q ;2M2iB+�HHv /2`Bp2/ 7`QK i?2 �miQ+?i?QMQmb ?mMi2`@;�i?2`2`
TQTmH�iBQMb- i?2 L�im}�MbX "2bB/2b b?�`BM; i?2 b�K2 HB72bivH2 ě 7�`KBM; ě
i?2b2 irQ ;`QmTb r2`2 �b ;2M2iB+�HHv /Bz2`2Mi �b �`2 T`2b2Mi@/�v 1m`QT2�Mb
�M/ 1�bi �bB�Mb- i?mb /2KQMbi`�iBM; i?�i �i H2�bi ?2`2 i?2 /BzmbBQM Q7
7�`KBM; ?�TT2M2/ #v i?2 bT`2�/ Q7 B/2�b UG�x�`B/Bb 2i �HX- kyReVX >Qr2p2`-
G�x�`B/Bb 7QmM/ i?�i i?Bb ?B;? /2;`22 Q7 ;2M2iB+ /Bz2`2MiB�iBQM r�b MQi �
L2�` 1�bi2`M T2+mHB�`Biv- #mi Bi r�b b?�`2/ �HH �+`Qbb q2bi2`M 1m`�bB�X AM
7�+i- i?2v 7QmM/ i?�i �i H2�bi 7Qm` K�DQ` /BbiBM+i TQTmH�iBQMb BM?�#Bi2/ q2bi
1m`�bB� �i i?�i iBK2, i?2 7�`K2`b 7`QK 62`iBH2 *`2b+2Mi- i?2 7�`K2`b Q7 A`�M-
i?2 ?mMi2`@;�i?2`2`b Q7 +2Mi`�H �M/ r2bi2`M 1m`QT2 �M/ i?2 ?mMi2`@;�i?2`2`b
Q7 2�bi2`M 1m`QT2 U6B;m`2 8eVX �;�BM- i?2b2 7Qm` K�BM ;`QmTb r2`2 bQ ;2@
M2iB+�HHv /BbiBM+i �KQM; i?2Kb2Hp2b �b Km+? �b 1m`QT2�Mb /Bz2` 7`QK 1�bi
�bB�Mb iQ/�v UG�x�`B/Bb 2i �HX- kyRec _2B+?- kyR3VX

RkN



q?Q �`2 i?2 1m`QT2�Mb\

6B;m`2 8eX JQ/2H Q7 i?2 ;2M2iB+ +QKTQM2Mib Q7 �M+B2Mi q2bi
1m`�bB�Mb- 1�bi �7`B+�Mb- 1�bi 1m`�bB�Mb �M/ aQmi? �bB�MbX �HH
i?2 �M+B2Mi TQTmH�iBQMb +�M #2 KQ/2HH2/ �b KBtim`2b Q7 irQ Q` i?`22 Qi?2`
TQTmH�iBQMb �M/ mT iQ 7Qm` T`QtBK�i2 bQm`+2b UK�`F2/ BM +QHQm`VX AK�;2
i�F2M 7`QK G�x�`B/Bb 2i �HX- kyReX

JQ`2Qp2`- i?2v �HbQ 7QmM/ i?�i i?2 BKT�+i Q7 L2�` 1�bi2`M 7�`K2`b 2t@
i2M/2/ 7�` #2vQM/ i?2 L2�` 1�bi Bib2H7X 6Q` BMbi�M+2- i?2 7�`K2`b Q7 �M�iQHB�
bT`2�/ BMiQ 1m`QT2- 7�`K2`b Q7 i?2 G2p�Mi KQp2/ iQr�`/b 1�bi �7`B+�- A`@
�MB�M 7�`K2`b r2Mi MQ`i?r�`/ BMiQ i?2 1m`�bB�M bi2TT2- �M/ bQK2 Q7 i?2
A`�MB�M 7�`K2`b �M/ i?2 T�biQ`�HBbi 7`QK i?2 1m`�bB�M bi2TT2 KB;`�i2/ iQ@
r�`/b aQmi? �bB� UG�x�`B/Bb 2i �HX- kyReVX

� +H�b? #2ir22M +mHim`2b
h?2 7�`K2`b �``BpBM; BM 1m`QT2 �`QmM/ 3-3yy bT`2�/ iQ A#2`B� �M/ :2`@
K�Mv rBi?Qmi KBtBM;- Q` KBMBK�HHv KBtBM;- rBi? i?2 �miQ+?i?QMQmb ?mMi2`@
;�i?2`2`b HBpBM; BM i?Qb2 TH�+2bX AM 7�+i- 1m`QT2�M 1�`Hv L2QHBi?B+ BM/BpB/m@
�Hb `2i�BM2/ �i H2�bi NyW Q7 i?2B` ǳQ`B;BM�HǴ .L�X h?Bb �iiBim/2 +?�M;2/ BM
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q?Q �`2 i?2 1m`QT2�Mb\

i?2 7�`K2`b HBpBM; #2ir22M e-yyy �M/ 9-8yy v2�`b �;Q, i?2B` .L� b?Qr2/
i?�i i?2v �+[mB`2/ �`QmM/ � kyW �M+2bi`v 7`QK i?2 ?mMi2`@;�i?2`2`b- i?mb
bm;;2biBM; i?�i i?2 irQ ;`QmTb KBt2/ iQ;2i?2` U>��F 2i �HX- kyR8c GBTbQM
2i �HX- kyRdVX GBiiH2 #v HBiiH2- �b 7�`KBM; #2+�K2 i?2 T`2/QKBM�Mi bivH2 Q7
HB72- i?2 ?mMi2`@;�i?2`2`b r2`2 ;`�/m�HHv �bbBKBH�i2/ BMiQ i?2 7�`K2` ;`QmTb-
�b vQm +�M b22 7`QK 6B;m`2 8d- r?2`2 G�i2 L2QHBi?B+ BM/BpB/m�Hb UǳnGLǴV
b?Qr i?2 b�K2 #Hm2 +QKTQM2Mi Q7 ?mMi2`@;�i?2`2`b Uǳn>:ǴVX

6B;m`2 8dX �.JAshl_1 �M�Hvb2b Q7 �M+B2Mi BM/BpB/m�HbX AK�;2
i�F2M 7`QK >��F 2i �HX- kyR8X

*Q2tBbi2M+2 �M/ KBtim`2 r2`2 TQbbB#H2X �M BMi2`2biBM; 2t�KTH2 Bb Eƺ`ƺb
R UEPRV- � #Hm2@2v2/ K�H2 HBp2/ �`QmM/ d-8yy v2�`b �;Q BM >mM;�`v BM QM2 Q7
i?2 }`bi 7�`K2` b2iiH2K2MibX >Qr2p2`- ?Bb .L� i2HHb � /Bz2`2Mi biQ`v, ?2 r�b
;2M2iB+�HHv bBKBH�` iQ ?mMi2`@;�i?2`2`b- bQ ?2 r�b T`Q#�#Hv � }`bi@;2M2`�iBQM
?mMi2`@;�i?2`2` KB;`�iBM; BMiQ � 7�`K2` b2iiH2K2Mi U:�K#� 2i �HX- kyR9VX

>Qr +QmH/ i?2b2 irQ /Bz2`2Mi +mHim`2b ?�p2 +Q2tBbi2/\ hQ;2i?2` rBi?
EPR- Qi?2` +Hm2b �``Bp2 7`QK i?2 6mMM2H "2�F2` +mHim`2X h?2 M�K2 +QK2b
7`QK Bib +?�`�+i2`BbiB+ TQii2`v ě i?2 7mMM2H b?�T2/ +H�v p2bb2Hb 7QmM/ BM i?2B`
;`�p2b U6B;m`2 83VX h?Bb +mHim`2 �TT2�`2/ BM LQ`i?2`M 1m`QT2 �`QmM/ e-Ryy
v2�`b �;QX h?Qb2 H�M/b r2`2 MQi BKK2/B�i2Hv `2�+?2/ #v 7�`K2`b- T`Q#�#Hv
#2+�mb2 Q7 i?2 +QH/ r2�i?2` �M/ i?2 ?2�pv bQBHb Q7 LQ`i?2`M 1m`QT2X q?BH2
i?2v ;`�/m�HHv iQQF bQK2 Q7 i?2 7�`K2`bǶ BMMQp�iBQMb 7`QK i?2B` bQmi?2`M
M2B;?#Qm`b U7�`K2`b #2HQM;BM; iQ i?2 G"E +mHim`2 �b BM 6B;m`2 88V- bm+? �b
i?2 /QK2biB+�iBQM Q7 �MBK�Hb �M/ +`QTb- i?2v F2Ti �HbQ bQK2 Q7 i?2B` ?mMi2`@
;�i?2`BM; ?�#Bib U_2B+?- kyR3VX >Qr2p2`- �`QmM/ e-yyy �M/ 8-yyy v2�`b
�;Q- 7�`K2`b `2�+?2/ �HbQ i?Qb2 `2;BQMb- i?2v KBt2/ rBi? i?2 `2bB/2Mib �M/
i?2 KBtBM; #2ir22M i?2 irQ +mHim`2b rQmH/ ?�p2 ;2M2iB+�HHv +?�`�+i2`Bx2/
i?2 6mMM2H "2�F2` TQTmH�iBQMbX �+im�HHv- i?2B` .L� b�vb i?�i i?2v �`2
� KBtim`2 #2ir22M � HBiiH2 �KQmMi Q7 ?mMi2`@;�i?2`2` �M+2bi`v �M/ � #B;
TQ`iBQM Q7 �M�iQHB�M 7�`K2` �M+2bi`v- r?BH2 i?2B` +mHim`2 b�vb i?2 QTTQbBi2

RjR



q?Q �`2 i?2 1m`QT2�Mb\

ě bQK2 7�`K2` BMMQp�iBQMb- #mi K�Mv KQ`2 ?mMi2`@;�i?2`2` �+iBpBiB2bX

6B;m`2 83X � 6mMM2H #2�F2` +H�v TQi 7`QK e-yyy@9-3yy v2�`b �;QX

� #2�miB7mH K�T `2bmKBM; i?2 �``Bp�H Q7 7�`KBM; �M/ i?2 TQTmH�iBQM
mT?2�p�Hb i?�i 7QHHQr2/ Bb `2T`2b2Mi2/ BM 6B;m`2 8NX

6B;m`2 8NX h?2 bT`2�/ Q7 �;`B+mHim`2 �+`Qbb 1m`QT2X AK�;2 i�F2M
7`QK _2B+?- kyR3X

Rjk



q?Q �`2 i?2 1m`QT2�Mb\

a?BMBM; K2i�Hb
h?2 "`QMx2 �;2 bi�`i2/ �`QmM/ 8-yyy v2�`b �;Q rBi? i?2 `Bb2 Q7 i?2 }`bi
+BiB2b BM J2bQTQi�KB�X 6`QK i?�i iBK2 QM- +QTT2` �HHQvb- bm+? �b #`QMx2-
?�/ #22M mb2/ 7Q` #mBH/BM; �;`B+mHim`�H iQQHb- r2�TQMb- T2`bQM�H Q`M�K2Mib-
K2i�H +�mH/`QM �M/ +mTb 7Q` +QQFBM;- /BMBM; �M/ /`BMFBM; U�HH2MiQ7i 2i �HX-
kyR8VX >Qr2p2`- 2p2M #27Q`2 i?2 BMi`Q/m+iBQM Q7 bK2HiBM;- T2QTH2 r2`2 mbBM;
�M/ rQ`FBM; +QTT2`- �ii`�+i2/ #v Bib #`B;?i +QHQm`bX aBM+2 Rk-yyy v2�`b �;Q-
+QTT2` r�b mb2/ 7Q` K�FBM; #2�/b �M/ Q`M�K2Mib- #mi i?2 /Bb+Qp2`v i?�i
?2�i K�/2 +QTT2`@rQ`FBM; 2�bB2` r�b K�/2 QMHv Ry-yyy v2�`b �;Q UJ�M+Q-
C- kyR8VX h?2M- �`QmM/ d-yyy v2�`b �;Q- bK2HiBM; +QTT2` Q#D2+ib bi�`i2/ iQ
�TT2�` �M/ bT`2�/ �+`Qbb �M�iQHB� �M/ G2p�MiX

6`QK m`#�MBx�iBQM- i?mb +QK2 i`�/2b- r?Qb2 `Qmi2b 7Q` b2HHBM; +QTT2`@
K�/2 Q#D2+ib 2ti2M/2/ iQr�`/b i?2 *�m+�bmb JQmMi�BMbX h?2`2- i?2 +QK@
K2`+2 #`Qm;?i r2�Hi? �M/ K2i�HHm`;v, i?2 `2bmHi r�b i?2 J�BFQT +mHim`2
U8-dyy@8-Ryy v2�`b �;QVX

6B;m`2 eyX *QTT2` �t2 Q7 i?2 A+2K�MX AK�;2 +`2/Bi, Jmb2Q �`+?2QHQ@
;B+Q /2HHǶ�HiQ �/B;2

AM 1m`QT2- i?2 }`bi K2i�H iQ #2 rQ`F2/ r�b +QTT2` BM i?2 "�HF�M `2;BQMX
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q?Q �`2 i?2 1m`QT2�Mb\

AM 7�+i- "�HF�Mb ?�/ /2TQbBib Q7 +QTT2` �M/ ;QH/ �M/ i?2 }`bi �ii2KTib rBi?
#`QMx2 �TT2�`2/ �b 2�`Hv �b e-8yy v2�`b �;Q #v mbBM; +QTT2` Q`2b r?B+?
M�im`�HHv +QMi�BM2/ iBMX �HbQ- i?2 �HTb r2`2 `B+? BM +QTT2`- bQ Km+? i?�i
bQK2 +QTT2` �;2 +mHim`2b �`Qb2 BM Ai�Hv- �i _2K2/2HHQ �M/ _BM�H/QM2 BM i?2
LQ`i? �M/ :�m/Q BM i?2 aQmi? UJ�HHQ`v � �/�Kb- RNNdVX h?2 Q#D2+ib Q7
i?2b2 K2i�HrQ`F2`b `2�+?2/ 2p2M ƹibB- i?2 A+2K�M, ?2 +�``B2/ � +QTT2` �t2
Q7 i?2 _2K2/2HHQ ivT2- K�/2 BM MQ`i?2`M Ai�Hv mbBM; i?2 Q`2b Q7 hmb+�Mv
U6B;m`2 eyVX

>Q`b2b- r?22Hb �M/ r�;QMb 7`QK i?2 1�bi
AM i?2 K2�MiBK2- MQ#Q/v r�b r�M/2`BM; �+`Qbb i?2 SQMiB+@*�bTB�M bi2TT2b
#27Q`2 8-yyy v2�`b �;Q- T`Q#�#Hv #2+�mb2 i?2`2 r�bMǶi 2MQm;? `�BM iQ bmTTQ`i
�;`B+mHim`2X "mi i?2M- 2p2`vi?BM; +?�M;2/ rBi? i?2 �TT2�`�M+2 Q7 i?2 u�K@
M�v�X h?2v r2`2 MQK�/b- HBpBM; BM i2Mib �M/ KQpBM; #v r�;QMbX h?`Qm;?
i?2B` 2+QMQKv #�b2/ K�BMHv QM b?22T �M/ +�iiH2 ?2`/BM;- i?2v +QmH/ bm`@
pBp2 BM � H�M/ bQ mMbmBi�#H2 7Q` �;`B+mHim`2X h?Bb TQTmH�iBQM 2K2`;2/ 7`QK
i?2 T`2pBQmb +mHim`2b HBpBM; M2�` i?2 bi2TT2b- rBi? bm#bi�MiB�H +mHim`�H �M/
;2M2iB+ BM~mt2b 7`QK i?2 J�BFQT +mHim`2X

PM2 Q7 i?2B` /BbiBM+iBp2 2H2K2Mib r�b i?2 `QmM/ imKmHmb Q` #�``Qr ě
i?2 Fm`;�MX 6`QK � +mHim`�H TQBMi Q7 pB2r- i?Bb ivTB+�H #m`B�Hb `2T`2b2Mi2/
�M BKTQ`i�Mi bi2T BM i?2 /B`2+iBQM Q7 KQ/2`M +BpBHBx�iBQM- #2+�mb2- 7Q` i?2
}`bi iBK2- bBM;H2 `�i?2` i?�i +QHH2+iBp2 ;`�p2b r2`2 BMi`Q/m+2/ UJ�M+Q- C-
kyR8VX h?2 u�KM�v� T2QTH2 rQ`2 rQp2M +HQi?2b- ;QH/ Q` bBHp2` bTB`�H ?�B`
`BM;b �M/ #QM2 Q`M�K2MibX "Qi? K2M �M/ rQK2M mb2/ ?�B` #BM/2`b QM i?2
2M/b Q7 i?2 #`�B/b- �b i?2 h`QD�M ?2`Q 1mT?Q`#mb /B/ BM i?2 AHB�/ UJ�M+Q-
C- kyR8VX

:`�/m�HHv- 2H2K2Mib Q7 i?2B` +mHim`2 #2;�M iQ #2 7QmM/ BM 1m`QT2 �M/
*2Mi`�H �bB�- mT iQ i?2 7QQi?BHHb Q7 i?2 �Hi�B JQmMi�BMb- i?mb i2biB7vBM; QM+2
�;�BM i?�i KB;`�iBQM r�b � #mBH/BM; #HQ+F Q7 �M+B2Mi +BpBHBx�iBQMbX PM2 Q7
i?2 BMp2MiBQMb �HHQrBM; u�KM�v� iQ H2�p2 i?2B` 7QQiT`BMib QM bm+? � #B; �`2�
r�b i?2 i?2 r?22HX Ai Bb +m``2MiHv MQi FMQrM r?2`2 r?22H r�b BMp2Mi2/,
Bi �TT2�`2/ � 72r ?mM/`2/ v2�`b #27Q`2 i?2 u�KM�v� +BpBHBx�iBQM- #mi �b
bQQM �b Bi r�b BMi`Q/m+2/- Bi bT`2�/ �+`Qbb 1m`�bB� bQ 7�bi i?�i Bi Bb �HKQbi
BKTQbbB#H2 iQ 7QHHQr Bib `Qmi2 U_2B+?- kyR3VX q?22Hb r2`2 bQ mb27mH r?2M Tmi
iQ;2i?2` rBi? r�;QMb- r?B+?- T`Q#�#Hv- r2`2 � ;B7i Q7 i?2 bQmi?2`M M2B;?#Qm`
+mHim`2 ě i?2 J�BFQTX h?2b2 +�`ib- iQ;2i?2` rBi? i?2 /QK2biB+�iBQM Q7
?Q`b2b- K�/2 � M2r 2+QMQKv #�b2/ QM +�iiH2 ?2`/BM; �M/ MQK�/BbK TQbbB#H2X
q?22Hb- r�;QMb �M/ ?Q`b2b +?�M;2/ T`Q7QmM/Hv i?2B` HB72bivH2- H2�/BM; iQ i?2
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q?Q �`2 i?2 1m`QT2�Mb\

�#�M/QMK2Mi Q7 i?2 pBHH�;2 HB72X
h?2B` K�DQ` i2+?MB+�H �/p�M+2K2Mib- bm+? �b i?2 ?Q`b2 `B/BM;- r?22H2/

i`�MbTQ`i �M/ K2i�HrQ`FBM;- bT`2�/ `�TB/Hv �+`Qbb 1m`QT2 �M/ �bB�- `�BbBM;
i?2 B/2�@T2QTH2 /BH2KK� �;�BMX

�MQi?2` +?�M;2 BM i?2 +HBK�i2 +QM/BiBQMb- �`QmM/ 8-kyy v2�`b �;Q- +QmH/
?�p2 #22M � #QQbi 7Q` KB;`�iQ`v T`Q+2bb2b 7`QK i?2 bi2TT2 iQr�`/b 1m`QT2-
K�FBM; i?2 /2#�i2 H2�MBM; iQr�`/b i?2 ǳT2QTH2Ǵ ?vTQi?2bBbX �i i?Bb TQBMi-
r2 b?QmH/ ?�p2 H2�`Mi r?B+? Bb i?2 rBMMBM; ?Q`b2, ;2M2iB+bX

AM 7�+i- i?2 .L�b Q7 i?Qb2 T2QTH2 b?Qr2/ i?�i i?2v r2`2 Dmbi i?2 KBbbBM;
TB2+2 Q7 i?2 ;2M2iB+ KQb�B+ i?�i K�F2b i?2 1m`QT2�M T2QTH2 U>��F 2i �HX-
kyR8c �HH2MiQ7i 2i �HX- kyR8VX

*Q`/2/ q�`2 �M/ "2HH "2�F2` ě TQib pb T2QTH2\
h?2 �H`2�/v K2MiBQM2/ rQ`F 7`QK >��F �M/ +QHH2�;m2b U>��F 2i �HX- kyR8V
b?Qr2/ i?�i i?2 u�KM�v� TQTmH�iBQM r2`2 � KBtim`2 Q7 /Bz2`2Mi �M+2bi`B2b,
2�bi2`M 1m`QT2�M ?mMi2`@;�i?2`2`b U1>:V �M/ �M A`�MB�M@`2H�i2/ TQTmH�@
iBQMX h?2 H�ii2` +QKTQM2Mi +QmH/ /2`Bp2 7`QK i?2 bQmi?2`M TQTmH�iBQM
r?B+?- iQ;2i?2` rBi? bQK2 ;2M2b- ;Bp2 i?2K �HbQ i?2 r�;QMb ě i?2 J�BFQTX

>Qr2p2`- i?Bb bi`�M;2 DmK#H2 Q7 �M+2bi`B2b �TT2�`2/ �HbQ BM *2Mi`�H
1m`QT2 rBi? i?2 *Q`/2/ q�`2 +mHim`2 U>��F 2i �HX- kyR8c �HH2MiQ7i 2i �HX-
kyR8VX h?Bb +mHim`2 r�b M�K2/ �7i2` i?2B` +?�`�+i2`BbiB+ TQii2`v /2+Q`�i2/
rBi? +Q`/b �M/ irBM2 BKT`2bb2/ QM bQ7i +H�v- r?B+? bi�`i2/ iQ �TT2�` �M/
bT`2�/ BM � p�bi xQM2- 7`QK arBix2`H�M/ iQ 1m`QT2�M _mbbB�- �`QmM/ 9-Nyy
v2�`b �;Q U6B;m`2 eRVX h?2v b?�`2/ rBi? i?2 u�KM�v� +mHim`2 K�Mv i`�Bib-
bm+? �b i?2 H�`;2 #m`B�H KQmM/b- i?2 BMi2MbBp2 mb2 Q7 ?Q`b2 �M/ ?2`/BM;- �
K�H2@+2Mi`2/ +mHim`2 �M/ i?2 }M2Hv 2t2+mi2/ +QTT2` �t2b U_2B+?- kyR3c >��F
2i �HX- kyR8VX >Qr2p2`- ;Bp2M i?�i i?2v r2`2 /Bz2`2Mi 7Q` K�Mv Qi?2` +mH@
im`�H 2tT`2bbBQMb ě }`bi Q7 �HH- i?2 TQii2`v bivH2 ě i?2 ǳB/2�b@T2QTH2Ǵ /2#�i2
r�b `�Bb2/ �;�BM rBi? `2;�`/ iQ i?2 `2H�iBQMb?BT #2ir22M *Q`/2/ q�`2 �M/
u�KM�v�X h?2 ;`QmT Q7 .�pB/ _2B+? �M�Hvb2/ .L�b #2HQM;BM; iQ T2QTH2
#m`B2/ BM :2`K�Mv rBi? *Q`/2/ q�`2 TQibX h?2v /Bb+Qp2`2/ i?�i �#Qmi
i?`22@[m�`i2`b Q7 i?2B` ;2MQK2 /2`Bp2 7`QK u�KM�v�@`2H�i2/ TQTmH�iBQMb-
r?BH2 i?2 `2K�BMBM; T�`i ?�b #22M BM?2`Bi2/ 7`QK i?2 HQ+�H 7�`K2`bX 6B;m`2
8d b?Qrb +H2�`Hv i?2 bBKBH�`Biv #2ir22M u�KM�v� U+�HH2/ ǳu�KM�v�Ǵ BM i?2
�/KBtim`2 THQiV �M/ i?2 *Q`/2/ q�`2 U+�HH2/ ǳ*Q`/2/nq�`2nGLǴ- r?2`2
ǳGLǴ bi�M/b 7Q` ǳG�i2 L2QHBi?B+ǴV BM/BpB/m�Hb U6B;m`2 8dVX JQ`2Qp2`- i?2v
/Bb+Qp2`2/ i?�i rBi? i?2 *Q`/2/ q�`2 +mHim`2- 1m`QT2�M T2QTH2 �i i?�i iBK2
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q?Q �`2 i?2 1m`QT2�Mb\

r2`2 #2;BMMBM; iQ HQQF HBF2 KQ/2`M 1m`QT2�Mb- ;2M2iB+�HHv bT2�FBM; U>��F
2i �HX- kyR8c �HH2MiQ7i 2i �HX- kyR8VX

6B;m`2 eRX *Q`/2/ r�`2 TQii2`vX AK�;2 +`2/Bi, :2iiv AK@
�;2bf.2�;QbiBMB

�`QmM/ 9-dyy v2�`b �;Q- �MQi?2` +mHim`2 bT`2�/ �+`Qbb 1m`QT2- T`Q#�#Hv
bi�`iBM; 7`QK A#2`B� ě i?2 "2HH "2�F2` +mHim`2 ě �M/ i?2M +Qp2`2/ � p�bi
�`2�X "2HH "2�F2` bBi2b r2`2 HQ+�i2/ BM SQH�M/- MQ`i?2`M JQ`Q++Q- a+Qi@
H�M/- MQ`i?2`M .2MK�`F �M/ 2p2M i?2 bQmi?2`M T�`i Q7 LQ`r�v UJ�M+Q- C-
kyR8V- �M/- �7i2` 9-8yy v2�`b �;Q- �HbQ BM "`Bi�BMX �b 7Q` Qi?2` �`+?�2QHQ;B+�H
+mHim`2b- i?2 M�K2 +QK2b 7`QK i?2B` TQii2`v, i?2 #2HH@b?�T2/ /`BMFBM; p2b@
b2Hb U6B;m`2 ekVX Pi?2` +?�`�+i2`BbiB+ i`�Bib Q7 i?Bb +mHim`2 r2`2 i?2 THQm;?-
r?22H2/ p2?B+H2b- rQQHHv b?22T �M/ i?2 mb2 Q7 i?2 ?Q`b2- iQ;2i?2` rBi? /2+@
Q`�i2/ #miiQMb �M/ �`+?2`bǶ r`Bbi;m�`/b UJ�M+Q- C- kyR8c _2B+?- kyR3VX

h?2 ǳB/2�b@T2QTH2Ǵ /BH2KK� /B/ MQi bT�`2 2p2M i?2KX �++Q`/BM; iQ i?2
BbQiQTB+ +QKTQbBiBQM Q7 i22i?- Bi b22Kb i?�i bQK2 T2QTH2 Q7 i?2 "2HH "2�F2`
+mHim`2 ?�/ KQp2/ ?mM/`2/b Q7 FBHQK2i`2b 7`QK i?2B` TH�+2b Q7 #B`i? U_2B+?-
kyR3c 6BixT�i`B+F- kyRRVX >Qr2p2`- r?BH2 i?2 *Q`/2/ q�`2 T2QTH2 r2`2 �HH
;2M2iB+�HHv bBKBH�` �+`Qbb 1m`QT2 ě `2+2Mi bim/B2b ?�p2 7QmM/ i?Bb +QKT�`@
BM; *Q`/2/ q�`2 T2QTH2 7`QK i?2 "�HiB+b rBi? i?Qb2 7`QK *2Mi`�H 1m`QT2
UJBiiMBF 2i �HX- kyR3c a��; 2i �HX- kyRdV ě "2HH "2�F2` r2`2 ?2i2`Q;2M2QmbX
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q?Q �`2 i?2 1m`QT2�Mb\

h?2 �M�HvbBb Q7 A#2`B�M "2HH "2�F2` iQH/ i?�i i?Qb2 BM/BpB/m�Hb r2`2 ;2@
M2iB+�HHv BM/BbiBM;mBb?�#H2 7`QK i?2 T2QTH2 r?Q HBp2/ i?2`2 2�`HB2` UPH�H/2
2i �HX- kyR8VX *QMp2`b2Hv- "2HH "2�F2`b 7`QK *2Mi`�H 1m`QT2 b?Qr2/ � +QM@
bB/2`�#H2 �KQmMi Q7 i?2B` �M+2bi`v /2`BpBM; 7`QK i?2 bi2TT2 TQTmH�iBQMbX
h?mb- .L� bm;;2bib i?�i i?2 }`bi bT`2�/BM; Q7 "2HH "2�F2` +mHim`2 7`QK
A#2`B� 2�bir�`/b r�b mMB[m2Hv K2/B�i2/ #v i?2 KQp2K2Mi Q7 B/2�b �M/ MQi
#v i?2 KQp2K2Mi Q7 T2QTH2X >Qr2p2`- QM+2 "2HH "2�F2` +mHim`2 `2�+?2/
*2Mi`�H 1m`QT2- i?2 bm#b2[m2Mi r�p2b ?�/ #22M /`Bp2M #v KB;`�iBQM, �7i2`
9-8yy v2�`b �;Q- BM 1M;H�M/- �HH BM/BpB/m�Hb #m`B2/ BM � "2HH "2�F2` +QMi2ti
b?Qr2/ bi2TT2 �M+2bi`v �M/ MQ ;2M2iB+ �{MBiB2b rBi? i?2 A#2`B�M "2HH "2�F2`
U6B;m`2 ej- PH�H/2 2i �HX- kyR8VX

h?2 KQb�B+ Q7 i?2 1m`QT2�M .L� r�b �TT�`2MiHv +QKTH2i2/ BM kyR3
rBi? i?2 /Bb+Qp2`v i?�i i?2 u�KM�v�- *Q`/2/ q�`2 �M/ "2HH "2�F2` KB;`�@
iBQMb +QMi`B#mi2/ iQ;2i?2` BM bT`2�/BM; i?2 ?B;? H2p2H Q7 bi2TT2 �M+2bi`v r2
b22 BM KQ/2`M@/�v 1m`QT2�Mb- 2bT2+B�HHv BM LQ`i?2`M �M/ *2Mi`�H 1m`QT2X
>Qr2p2`- 2p2M B7 r2 ?�p2 +2`i�BMHv 7QmM/ i?2 +Q`M2` TB2+2b �M/ i?2 i2bb2`�2
+QKTQbBM; i?2 K�BM };m`2- r2 biBHH H�+F bQK2 }M2 /2i�BHb �M/ r2 �`2 7�`
7`QK TmiiBM; iQ;2i?2` i?2 #Hm2 bFv T�`iX

6B;m`2 ekX "2�F2` TQii2`v p2bb2H Uk-8yyĜk-R8y "*- Pt7Q`/b?B`2VX
AK�;2 +`2/Bi, h?2 �b?KQH2�M Jmb2mK- lMBp2`bBiv Q7 Pt7Q`/X
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q?Q �`2 i?2 1m`QT2�Mb\

6B;m`2 ejX h?2 bT`2�/ Q7 i?2 "2HH "2�F2` +mHim`2 �+`Qbb 1m`QT2X
AK�;2 i�F2M 7`QK _2B+?- kyR3X

aQK2i?BM; KQ`2 BM aQmi?2`M 1m`QT2
aQmi?2�bi2`M 1m`QT2 r�b i?2 }`bi 1m`QT2�M `2;BQM iQ r2H+QK2 i?2 bi2TT2
�M+2bi`v- rBi? bTQ`�/B+ BM/BpB/m�Hb b?QrBM; bm+? +QKTQM2Mi BM "mH;�`B� �b
2�`Hv �b e-dyy@e-8yy v2�`b �;Q UJ�i?B2bQM 2i �HX- kyR3VX .m`BM; i?2 "`QMx2
�;2 U8-9yy@j-Ryy v2�`b �;QV- �HKQbi 2p2`vQM2 i?2`2 ?�`#Qm`2/ �`QmM/ jyW
Q7 bi2TT2 �M+2bi`vX

JQpBM; 7m`i?2` bQmi?- i?2 bi2TT2 +QKTQM2Mi r�b T`2b2Mi BM i?2 �2;2�M
/m`BM; i?2 Jv+2M�2�M T2`BQ/- i?�i r�b �`QmM/ j-8yy v2�`b �;Q- BM � bm#@
bi�MiB�H �KQmMi U∼R8WV- ?Qr2p2`- Bi r�b �#b2Mi 7`QK i?2 ;2M2iB+�HHv bBKBH�`
JBMQ�M +mHim`2 UG�x�`B/Bb 2i �HX- kyRdVX

>Qr2p2`- #27Q`2 ;QBM; BM i?2 ;2M2iB+�H K�ii2`b- Bi Bb rQ`i?r?BH2 iQ bT2M/
� 72r rQ`/b QM i?2b2 irQ +BpBHBx�iBQMbX h?2 JBMQ�M +mHim`2 Q7 *`2i2 r�b 7�`
KQ`2 bQT?BbiB+�i2/ i?�M i?2 1�`Hv "`QMx2 �;2 T2QTH2 7`QK i?2 +QMiBM2Mi
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q?Q �`2 i?2 1m`QT2�Mb\

ě i?2 �M+2biQ`b Q7 i?2 >2HH2M2bX h?2v H27i r`BiBM; /�iBM; 7`QK 9-Ryy iQ
j-eyy v2�`b �;Q U62``�`�- kyRyc J�M+Q- C- kyR8V- #mBHi /2+Q`�i2/ +QKKmM�H
#mBH/BM;b �M/ mb2/ i?2 r?22H@i?`QrM- � bB;M Q7 K�bb@T`Q/m+iBQM TQii2`vX
>Qr2p2`- r?2`2 /B/ i?2v +QK2 7`QK\ A7 i?2v r2`2 i?2 /2b+2M/�Mib Q7 i?2
2�`HB2` 7�`K2`b BM?�#BiBM; *`2i2- i?2v rQmH/ ?�p2 #22M i?2 }`bi +BpBHBx�iBQM
rBi? 1m`QT2�M `QQib UJ�M+Q- C- kyR8V5 L2Bi?2` i?2B` H�M;m�;2- MQi i?2
�`+?�2QHQ;B+�H `2K�BMb- +QmH/ T`QpB/2 � }M�H �Mbr2`X AM/22/- 2p2M B7 i?2B`
b+`BTi ?�b M2p2` #22M 7mHHv /2+BT?2`2/- bQK2 b+B2MiBbib i?BMF i?�i Bi Bb MQi
:`22F U62``�`�- kyRyVX h?2 �`+?�2QHQ;B+�H 2pB/2M+2 b22K iQ #2 KQ`2 BM@
+HBM2/ iQ b�v bQK2i?BM;, �`QmM/ 8-yyy v2�`b �;Q- r?2M L2QHBi?B+ K22ib i?2
"`QMx2 �;2- i?2 �`+?�2QHQ;B+�H +mHim`2 Q7 *`2i2 r2Mi i?`Qm;? � T2`BQ/ Q7
#B; +?�M;2b- bm;;2biBM; �M BM~mt Q7 BKKB;`�Mib 7`QK �M�iQHB� QM i?2 BbH�M/X
>Qr2p2`- Bi r�b MQi � +QKTH2i2 TQTmH�iBQM `2TH�+2K2Mi #2+�mb2- �i H2�bi BM
i?2 BMi2`BQ` Q7 i?2 BbH�M/- Bi Bb 2pB/2Mi i?2 +QMiBMmBiv 7`QK i?2 L2QHBi?B+
UG2;�``� >2``2`Q- kyyNVX

JQpBM; QM K�BMH�M/ :`22+2 i?2 Jv+2M�2�M bQ+B2iv- "`QMx2 �;2 T2QTH2
7`QK i?2 MQ`i?2�bi �``Bp2/ BM i?Qb2 `2;BQMb- �b i2biB}2/ #v i?2 T`2b2M+2 Q7
i?2B` �M+2bi`v BM �M+B2Mi Jv+2M�2�M T2QTH2 UG�x�`B/Bb 2i �HX- kyRdV �M/ #v
i?2 7QmM/BM; Q7 u�KM�v� bi2H�2 +QMM2+iBM; i?2 bi2TT2 TQTmH�iBQMb rBi? i?2
�M+2biQ`b Q7 i?2 Jv+2M�2�M :`22FbX >Qr2p2`- MQ Qi?2` 2pB/2M+2 ?�b im`M2/
mT- i?mb F22TBM; i?2 Kvbi2`v �HBp2X

"v j-Nyy v2�`b �;Q- i?2 JBMQ�M +BpBHBx�iBQM `2�+?2/ Bib K�tBKmK +mHim`�H
/2p2HQTK2Mi- #mi � +�i�bi`QT?2 r�b �#Qmi iQ ?�TT2M, � pQH+�MB+ 2`mTiBQM
/�i2/ #�+F iQ j-eyy v2�`b �;Q QM i?2 a�MiQ`BMB BbH�M/ #m`B2/ T�`i Q7 *`2i2X
�i i?�i iBK2- 2tTHQBiBM; i?2 JBMQ�M r2�FM2bb- i?2 Jv+2M2�Mb bi�`i2/ iQ
+QMi`QH *`2i2X >Qr2p2`- i?2 bBim�iBQM rQmH/ MQi #2 #2ii2`X �`QmM/ j-kyy
v2�`b �;Q- i?2 K�BM :`22F +2Mi`2b r2`2 /2bi`Qv2/ �M/ �#�M/QM2/- i?2`2 r�b
� b?�`T `2/m+iBQM BM i?2 TQTmH�iBQM- i?2 r`BiBM; +2�b2/ �M/ � `2im`M iQ i?2
pBHH�;2 HB72 UJ�M+Q- C- kyR8VX h?2 `2bTQMbB#H2 7Q` i?�i /2KBb2 r�b T`Q#�#Hv-
QM+2 �;�BM- i?2 +HBK�i2 +?�M;2- BM i?2 7Q`K Q7 � HQM; �`B/ T2`BQ/- r?B+?
H�bi2/ mMiBH i?2 _QK�MbX

h?2 `2+Qp2`v Q7 i?2 :`22F TQTmH�iBQM �M/ �;`B+mHim`2 bi�`i2/ �`QmM/
k-Nyy@k-3yy v2�`b �;Q- �HQM; rBi? i?2 �/QTiBQM Q7 B`QM UJ�M+Q- C- kyR8VX Ai
r�b �i i?Bb bi�;2 i?�i i?2 p�bi 2tT�MbBQM Q7 :`22+2 iQ bQmi?2`M Ai�Hv- aB+BHv-
*Q`bB+�- S`Qp2M+2- �bB� JBMQ` �M/ i?2 "H�+F a2� iQQF TH�+2 U6B;m`2 e9V-
i?`Qm;? i?2 r?B+? i?2v H27i- iQ;2i?2` rBi? +mHim`�H �M/ KQMmK2Mi�H i`�+2b-
� ;`2�i ;2M2iB+ 7QQiT`BMi- iQQX

_2im`MBM; iQ ;2M2iB+b- AQbB7 G�x�`B/Bb �M�Hvb2/ RN "`QMx2 �;2 BM/BpB/m@
�Hb- BM+Hm/BM; JBMQ�M 7`QK *`2i2- Jv+2M�2�M 7`QK K�BMH�M/ :`22+2 �M/
bQmi?r2bi2`M �M�iQHB� UG�x�`B/Bb 2i �HX- kyRdVX h?2v /Bb+Qp2`2/ i?�i JBMQ�M

RjN



q?Q �`2 i?2 1m`QT2�Mb\

�M/ Jv+2M�2�M BM/BpB/m�Hb r2`2 ;2M2iB+�HHv bBKBH�`- +�``vBM; �i H2�bi i?`22@
[m�`i2`b Q7 i?2B` �M+2bi`v 7`QK i?2 }`bi L2QHBi?B+ 7�`K2`b BM?�#BiBM; i?Qb2
�`2�b- r?BH2 i?2 `2KM�Mi T�`i r�b mHiBK�i2Hv +QMM2+i2/ rBi? �M+B2Mi TQTm@
H�iBQMb 7`QK *�m+�bmb �M/ A`�MX >Qr2p2`- r?BH2 Jv+2M�2�M BM/BpB/m�Hb �HbQ
?�`#Qm`2/ �M 1>:@`2H�i2/ +QKTQM2Mi- JBMQ�Mb /Q MQi b?Qr i?Bb �M+2bi`vX
6Q` i?Bb `2�bQM- �i H2�bi BM i?2 JBMQ�Mb- i?2 *�m+�bmbfA`�M@`2H�i2/ +QK@
TQM2Mi b22Kb bi`�M;2 BM i?2 HB;?i Q7 i?2 i?`22@r�v bTHBi 1m`QT2�M ;2M2iB+
+QKTQbBiBQMX AM 7�+i- i?2 *�m+�bmbfA`�M@`2H�i2/ +QKTQM2Mi BM i?2 JBMQ�Mb
+QmH/ MQi #2 i`�+2/ #�+F iQ i?2 bi2TT2 ě 2p2M B7 i?2 u�KM�v� TQTmH�iBQMb /Q
+QMi�BM �M A`�MB�M@`2H�i2/ bB;M�H Ub22 T�;2 Rj8V ě #2+�mb2 JBMQ�Mb H�+F2/
i?2 Qi?2` �M+2bi`v 7Q`KBM; i?2 bi2TT2 H2;�+v, i?2 1>:@`2H�i2/ �M+2bi`vX

6B;m`2 e9X h?2 2ti2Mi Q7 i?2 :`22F +QHQMBx�iBQMX AK�;2 i�F2M 7`QK
qQ`H/ >BbiQ`v q2#bBi2X

6Q` i?Bb `2�bQM- �i H2�bi BM aQmi?2`M 1m`QT2- i?2 �``Bp�H Q7 i?2 *�m+�bmbf
A`�M@`2H�i2/ +QKTQM2Mi `�Bb2b Qi?2` [m2biBQMb �#Qmi r?Q #`Qm;?i Bi BMiQ
1m`QT2 �M/ r?2MX

AM i?2 M2ti +?�Ti2`- A /2b+`B#2 i?2 b2+QM/ T�`i Q7 i?2 rQ`F A /B/ iQ@
;2i?2` rBi? 6`�M+2b+Q JQMiBM�`Q UlMBp2`bBiv Q7 h�`imV �M/ *`BbiB�M *�T2HHB
UlMBp2`bBiv Q7 Pt7Q`/V BM Q`/2` iQ b?2/ HB;?i QM i?2 �M+2bi`v +QKTQbBiBQM
Q7 Ai�HB�Mb �M/ 1m`QT2�Mb BM ;2M2`�H- �M/ i?2M /Bb+Qp2` i?�i i?2 i?`22@r�v
bTHBi KQ/2H Bb MQi 2MQm;? iQ 2tTH�BM i?2 ;2M2iB+ p�`B�#BHBiv Q7 aQmi?2`M Ai�HB@
�MbX � 72r KQMi?b �7i2` r2 Tmi Qm` rQ`F QM "BQ`tBp U_�p2�M2 2i �HX- kyRNV-

R9y

https://worldhistory.us/ancient-history/ancient-greece/greek-colonization-and-its-impact-on-the-mediterranean-world.php


q?Q �`2 i?2 1m`QT2�Mb\

�MQi?2` rQ`F r�b `2H2�b2/ �b � T`2T`BMi U62`M�M/2b 2i �HX- kyRNVX h?2v
�M�Hvb2/ �M+B2Mi "`QMx2 �;2 b�KTH2b 7`QK i?2 AbH�M/b Q7 i?2 q2bi2`M J2/B@
i2``�M2�M U"�H2�`B+ AbH�M/b- aB+BHv �M/ a�`/BMB�V- +QM}`KBM; rBi? �M+B2Mi
b�KTH2b r?�i r2 ?�p2 7QmM/ Ub22 *?�Ti2` ǳSQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@
/�v Ai�HB�Mb `2p2�Hb T�ii2`Mb Q7 �M+B2Mi �M/ �`+?�B+ �M+2bi`B2b BM aQmi?2`M
1m`QT2ǴV, BM aB+BHv- i?2 A`�MB�M@`2H�i2/ +QKTQM2Mi �``Bp2/ #v i?2 JB//H2
"`QMx2 �;2- i?mb 2�`HB2` i?�M i?2 +H�bbB+�H T2`BQ/ Q7 :`22F 2tT�MbBQM BM
aQmi?2`M Ai�HvX

q?�i ?�TT2M2/ M2ti
h?2 ;2M2iB+ TQ`i`�Bi Q7 1m`QT2�M TQTmH�iBQMb 7`QK 9-yyy v2�`b �;Q Bb T`2iiv
bBKBH�` iQ i?2 QM2 Q7 i?2 KQ/2`M@/�v TQTmH�iBQMbX �i i?�i iBK2- i?2 i?`22
/QKBM�Mi +QHQm`b mb2/ 7Q` T�BMiBM; Qm` ;2MQK2 ?�/ �H`2�/v #22M �//2/ UG�x@
�`B/Bb 2i �HX- kyR9c �HH2MiQ7i 2i �HX- kyR8VX h?Bb /Q2b MQi K2�M i?�i 1m`QT2�M
KB;`�iQ`v T?2MQK2MQM rQmH/ ?�p2 +QK2 iQ �M 2M/ �7i2` i?2 "`QMx2 �;2-
#mi Dmbi i?�i i?2 BM+QKBM; TQTmH�iBQMb rQmH/ ?�p2 MQi #22M bQ ?B;?Hv /B7@
72`2MiB�i2/ �b i?2v r2`2 #27Q`2X JQ`2Qp2`- Bi +QmH/ �HbQ #2 i?�i i?2 ;`QrBM;
1m`QT2�M T2QTH2 K�/2 i?2 H�i2` KB;`�iBQMb H2bb 2z2+iBp2 BM /22THv b?m|BM;
Qm` ;2M2b U:ɃMi?2` � C�FQ#bbQM- kyReVX >Qr2p2`- K�Mv Qi?2` KB;`�Mib
7`QK /Bz2`2Mi TQTmH�iBQM rQmH/ ?�p2 �``Bp2/ BM i?2 7QHHQrBM; KBHH2MMB�- i?mb
KBtBM; i?2 /QKBM�Mi +QHQm`b �M/ +`2�iBM; bHB;?iHv /Bz2`2Mi iQM2bX

h?2 T2QTHBM; Q7 1m`QT2 /m`BM; i?2 H�bi j-yyy v2�`b ?�b #22M 2ti2Mb@
Bp2Hv bim/B2/ mbBM; #Qi? KQ/2`M �M/ �M+B2Mi .L� US�ii2`bQM 2i �HX- kyRkc
_�HT? � *QQT- kyRjc >2HH2Mi?�H 2i �HX- kyR9c G2bHB2 2i �HX- kyR8c "mb#v 2i
�HX- kyR8c J�`iBMB�MQ 2i �HX- kyRec a+?Bz2Hb 2i �HX- kyReVX �b r2HH bvMi?2b@
Bx2/ BM :ɃMi?2` � C�FQ#bbQM- kyRe- b2p2`�H bK�HH �M/ H�`;2 b+�H2 KB;`�iBQMb
`2�+?2/ 1m`QT2 �M/- iQ;2i?2` rBi? ǳBbQH�iBQM #v /Bbi�M+2Ǵ- b?�T2/ �M/ `2@
rQ`F2/ i?2 1m`QT2�M ;2M2iB+ p�`B�#BHBiv T�BMiBM;X � HQi Q7 /Bz2`2Mi T2QTH2
7`QK QmibB/2 1m`QT2 +�K2 ?2`2- KBt2/ rBi? i?2 HQ+�Hb �M/- BM � 72r v2�`b-
#2+QK2 1m`QT2�Mb i?2Kb2Hp2b- i?mb `2M/2`BM; i?2 rQ`/b ǳ�miQ+?i?QMQmbǴ
+QKTH2i2Hv K2�MBM;H2bbX � HQi Q7 1m`QT2�Mb KQp2/ rBi?BM �M/ #2vQM/ i?2
KQ#BH2 #Q`/2`b Q7 �M 2p2`@+?�M;BM; ǳ1m`QT2Ǵ- i?mb H2�pBM; i?2B` 7QQiT`BMib
BM i?2 ;2MQK2b Q7 rQ`H/rB/2 TQTmH�iBQMbX
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q?Q �`2 i?2 1m`QT2�Mb\

6B;m`2 e8X :2M2 ~Qr rBi?BM q2bi 1m`�bB�M TQTmH�iBQMbX GBM2+QHQ`b
`2T`2b2Mi i?2 `2;BQM�H B/2MiBiv Q7 i?2 /QMQ` ;`QmT- �M/ HBM2 i?B+FM2bb `2T`2b@
2Mib i?2 T`QTQ`iBQM Q7 .L� +QKBM; 7`QK i?2 /QMQ` ;`QmTX AK�;2 Bb i�F2M
7`QK "mb#v 2i �HX- kyR8X

1i`mb+�Mb- _QK�Mb- oBFBM;b- GQM;Q#�`/b- a�tQMb- LQ`K�Mb- �`�#b �M/
bQ QM #�i?2/ BM i?2 1m`QT2�M ;2M2iB+ TQQH- i?mb +`2�iBM; i?2 KQ/2`M@/�v
1m`QT2�M TQTmH�iBQMb �b r2 FMQr i?2KX "mi i?2 1m`QT2�M r�M/2`BM;b /B/
MQi biQT rBi? i?2K, K�Mv Qi?2`b rBHH F22T ~QrBM; iQr�`/b 1m`QT2- b?�TBM;
�M/ 2M`B+?BM; Qm` ;2M2iB+ TQQH rBi?Qmi � bBM;H2 HB72;m�`/ biQTTBM; Bi U6B;m`2
e8VX
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ǳh?2 bi�`b �`2 p2BH2/X
aQK2i?BM; biB`b BM i?2 1�biXǴ

CX _X _X hQHFB2M- GQ`/ Q7 i?2 _BM;b

SQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v
Ai�HB�Mb `2p2�Hb T�ii2`Mb Q7 �M+B2Mi

�M+2bi`B2b BM aQmi?2`M 1m`QT2

I
M i?Bb +?�Ti2`- A /2b+`B#2 i?2 �M�Hvb2b r2 /B/ QM KQ/2`M@/�v
1m`QT2�M TQTmH�iBQMb BM Q`/2` iQ /B; Qmi i`�+2b Q7 �M+B2Mi KB@
;`�iBQMb �M/ �/KBtim`2b 7`QK i?2B` ;2MQK2X
�b `2TQ`i2/ BM i?2 T`2pBQmb +?�Ti2`- i?2 bim/v Q7 i?2 ;2M2iB+

K�F2@mT Q7 KQ/2`M@/�v 1m`QT2�M TQTmH�iBQMb ?�b #22M #QQbi2/ #v i?2
�p�BH�#BHBiv Q7 �M+B2Mi .L�X >Qr2p2`- Bi Bb biBHH mM+H2�` ?Qr i?2 +QK#BM�@
iBQM Q7 2�`Hv 1m`QT2�M 7Q`�;2`b- L2QHBi?B+ 7�`K2`b �M/ "`QMx2 �;2 MQK�/B+
T�biQ`�HBbib +�M 7mHHv 2tTH�BM �HH i?2 ;2M2iB+ p�`B�iBQM �+`Qbb 1m`QT2X

AM i?Bb +QMi2ti- Ai�Hv +QmH/ `2�HHv ?2HT BM }HHBM; i?2 ;�TX AM 7�+i- /m2 iQ Bib
TQbBiBQM BM i?2 +2Mi`2 Q7 i?2 J2/Bi2``�M2�M #�bBM- Bb �M B/2�H TQTmH�iBQM iQ
`2+Qp2` i?2 ;2M2iB+ bB;M�im`2b Q7 T�bi 1m`QT2�M /2KQ;`�T?B+ 2p2Mib- Qz2`BM;
i?2 QTTQ`imMBiv iQ +QKTH2K2Mi �M/ 2M`B+? i?2 b+2M�`BQ /2TB+i2/ #v �M+B2Mi
.L� bim/B2bX

AM i?Bb rQ`F- r2 �bb2K#H2/ �M/ �M�Hvx2/ � ;2MQK2@rB/2 aLS /�i�b2i
+QKTQb2/ #v 8-RNk KQ/2`M@/�v b�KTH2b Q7 r?B+? R-eRe Ai�HB�Mb- iQ r?B+?
r2 �//2/ �H`2�/v Tm#HBb?2/ ;2MQKB+ /�i� Q7 �M+B2Mi BM/BpB/m�HbX h?2M-
r2 BMp2biB;�i2/ i?2 �M+2bi`v +QKTQbBiBQM Q7 Qm` KQ/2`M b�KTH2b #v i2biBM;
/Bz2`2Mi +QK#BM�iBQM Q7 �M+B2Mi b�KTH2bX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

q2 7QmM/ BMi2`2biBM; MQ`i?@bQmi? /Bz2`2M+2b �+`Qbb Ai�Hv, � ai2TT2 "`QMx2
�;2 bB;M�H ě i?2 FMQrM +QMi`B#miBQM 7`QK i?2 SQMiB+@*�bTB�M bi2TT2b ě
r�b ?B;?2` BM LQ`i?2`M Ai�Hv- r?BH2 �MQi?2` "`QMx2 �;2 +QMi`B#miBQM +QKBM;
7`QK i?2 1�bi U`2H�i2/ iQ �M �M�iQHB�M "`QMx2 �;2 b�KTH2 �M/ Qi?2` bQmi?@
2�bi2`M 1m`QT2�M �M+2bi`B2bV b?Qr2/ �M QTTQbBi2 /Bbi`B#miBQM- `2T`2b2MiBM;
� bm#bi�MiB�H +QKTQM2Mi Q7 i?2 �M+2bi`v T`Q}H2 Q7 TQTmH�iBQMb BM i?2 bQmi?
Q7 Ai�HvX

�i i?2 2M/ Q7 i?2 rQ`F- i?Bb bB;M�im`2 rBHH `2K�BM biBHH mM+?�`�+i2`Bb2/ BM
i2`Kb Q7 T`2+Bb2 /�i2b �M/ Q`B;BMX >Qr2p2`- r2 ?QT2 i?�i �//BiBQM�H �M+B2Mi
Ai�HB�M b�KTH2b +QmH/ ?2HT BM b?2//BM; HB;?i QM i?Bb +QMi`B#miBQM �M/- Dm/;BM;
7`QK QM2 Q7 i?2 H�i2bi rQ`Fb U62`M�M/2b 2i �HX- kyRNV- r2 �`2 QM i`�+F �M/
;QBM; BM i?2 `B;?i /B`2+iBQMX 6Q` i?2 KQK2Mi- r2 QMHv FMQr i?�i i?2`2 r�b
bQK2i?BM; biB``BM; BM i?2 1�bi �`QmM/ }p2 i?Qmb�M/ v2�`b �;QX h?2M- i?Bb
TQTmH�iBQM �``Bp2/ BMiQ aQmi?2`M 1m`QT2 �M/ Ai�Hv �i H2�bi BM i?2 "`QMx2
�;2- KBt2/ rBi? �miQ+?i?QMQmb T2QTH2 �M/ H27i `2K�`F�#H2 i`�+2b BM i?2B`
;2MQK2b- r?B+? ?�p2 +QK2- /QrM i?2 �;2b- iQ mbX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

J2i?Q/b
�M�Hvb2b QM KQ/2`M@/�v TQTmH�iBQMb
AM i?Bb }`bi T�`i Q7 J2i?Q/b- A rBHH `2TQ`i #`B2~v bQK2 Q7 i?2 �M�Hvb2b T2`@
7Q`K2/ #v .` �H2bb�M/`Q _�p2�M2- bBM+2 i?2v `2T`2b2Mi i?2 bi�`iBM; TQBMi 7Q`
i?2 7QHHQrBM; BMp2biB;�iBQMb rBi? �M+B2Mi b�KTH2bX 6Q` KQ`2 /2i�BHb- TH2�b2
`272` iQ i?2 amTTH2K2Mi�`v J�i2`B�Hb Q7 _�p2�M2 2i �HX- kyRNX

JQ/2`M /�i�b2ib

>2 +QKTBH2/ � /�i�b2i +QKT`BbBM; R-eRe #Qi? MQp2H �M/ T`2pBQmbHv Tm#@
HBb?2/ Ai�HB�M BM/BpB/m�Hb ;2MQivT2/ 7Q` /Bz2`2Mi AHHmKBM� �``�vb Uh�#H2 "XkVX
h?2M- BM Q`/2` iQ +QKT�`2 i?2 ;2M2iB+ p�`B�#BHBiv Q7 i?2 Ai�HB�M TQTmH�@
iBQM rBi? i?2 rQ`H/rB/2 p�`B�iBQM- ?2 #mBHi � H�`;2` /�i�b2i +QKTQb2/ #v
1m`QT2�M UBM+Hm/BM; bBt M2r b�KTH2b 7`QK �H#�MB� M2rHv ;2MQivT2/ �M/ Re
*Q`bB+�Mb- Ry SQ`im;m2b2 �M/ }p2 6`2M+? ;2MQivT2/ BM h�KK 2i �HX- kyRN
7Q` i?2 }`bi iBK2V �M/ � b2i Q7 `2T`2b2Mi�iBp2 �bB�M �M/ �7`B+�M TQTmH�iBQMb
Uh�#H2 "XkVX AM Q`/2` iQ �pQB/ aLS@HQbb /m2 iQ i?2 T�`iB�H BM+QKT�iB#BH@
Biv #2ir22M i?2 }`bi �M/ b2+QM/ ;2M2`�iBQM Q7 AHHmKBM� �``�vb- ?2 �bb2K#H2/
irQ /Bz2`2Mi rQ`H/rB/2 /�i�b2ibX h?2 6mHH JQ/2`M .�i�b2i U6J.V BM+Hm/2/
9-38k b�KTH2b U"mb#v 2i �HX- kyR8c 6BQ`BiQ 2i �HX- kyRec >2HH2Mi?�H 2i �HX- kyR9c
GB 2i �HX- kyy3c umMmb#�v2p 2i �HX- kyR8c "2?�` 2i �HX- kyRjc _�bKmbb2M 2i
�HX- kyRyc _�;?�p�M 2i �HX- kyR9c "2?�` 2i �HX- kyRyc EQp�+2pB+ 2i �HX- kyR9c
Emb?MB�`2pB+? 2i �HX- kyR8c �miQM 2i �HX- kyR8c J2ibT�Hm 2i �HX- kyRRc S�;�MB
2i �HX- kyR8c S�`QHQ 2i �HX- kyR8c >Q/QĴHm;BH � J�?H2v- kyRkc >�#2` 2i �HX-
kyRjc >�#2` 2i �HX- kyRec *?�m#2v 2i �HX- kyRkV UR-83N Ai�HB�MbV �M/ kR3-dk8
aLSb ;2MQivT2/ rBi? AHHmKBM� �``�vbc i?2 >B;? .2MbBiv .�i�b2i U>..V
+QMi�BM2/ R-e8R b�KTH2b U6BQ`BiQ 2i �HX- kyRec umMmb#�v2p 2i �HX- kyR8c "2@
?�` 2i �HX- kyRjc _�;?�p�M 2i �HX- kyR9c �miQM 2i �HX- kyR8c S�;�MB 2i �HX-
kyR8c >�#2` 2i �HX- kyRjc >�#2` 2i �HX- kyReV U8k9 Ai�HB�MbV �M/ 8NR-kRd aLSb
;2MQivT2/ rBi? i?2 AHHmKBM� PKMB �``�vX

"27Q`2 K2`;BM;- 2�+? /�i�b2i r�b +H2�M2/ 2t+Hm/BM; �HH aLSb �M/ BM/B@
pB/m�Hb rBi? KQ`2 i?�M kW KBbbBM; /�i�- mbBM; SGALE RXNX q?2M M22/2/-
i?2 ;2M2iB+ TQbBiBQM Q7 i?2 K�`F2`b r�b HB7i2/ iQ i?2 l*a* #jd ;2M2iB+ `27@
2`2M+2- mbBM; i?2 `2H2�b2/ /�i� 7Q` 2�+? +?BT- /QrMHQ�/2/ 7`QK i?2 AHHmKBM�
r2#bBi2X h?mb- 2�+? /�i�b2i r�b bBM;mH�`Hv K2`;2/- �M/ BM+QMbBbi2M+B2b /m2
iQ /Bz2`2Mi bi`�M/ r2`2 `2bQHp2/ ~BTTBM; i?2 BM+QMbBbi2Mi aLSb �7i2` i?2
`2KQp�H Q7 �K#B;mQmb *f: �M/ �fh �M/ i`B@�HH2HB+ K�`F2`bX h?2 B/2MiBiv
#v /2b+2Mi TB@?�i K2i`B+b r2`2 2biBK�i2/ mbBM; i?2 ĜĜ;2MQK2 ~�; BM SGALE
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

RXNX hQ �pQB/ ?B//2M `2H�i2/M2bb �KQM; BM/BpB/m�Hb- QM2 `�M/QK BM/BpB/m�H
r�b 2t+Hm/2/ 7`QK 2�+? T�B` b?QrBM; � TB@?�i p�Hm2 ?B;?2` i?�M yXkX

hQ �pQB/ i?2 BKT�+i Q7 aLSb BM HBMF�;2 /Bb2[mBHB#`BmK UG.V BM i?2 �M�@
Hvb2b #�b2/ QM aLS �HH2H2 7`2[m2M+B2b- � `2+m`bBp2Hv `2KQp�H Q7 aLSb rBi? �
i?`2b?QH/ Q7 r2 Ub[m�`2/ +Q``2H�iBQM +Q2{+B2MiV ?B;?2` i?�M yXk �M/ mbBM; 8y
F# bHB/BM; rBM/Qrb UmbBM; ~�; ĜĜBM/2T@T�B`rBb2 8y 8 yXkV r�b +�``B2/ QmiX
h?Bb H2/ iQ � }M�H MmK#2` Q7 3N-edk �M/ Rj8-ek3 aLSb 7Q` i?2 6J. �M/
i?2 >..- `2bT2+iBp2HvX

>�THQivT2 �M�HvbBb U*>_PJPS�ALh1_ �M/ }M2ah_l*hl_1V

AM Q`/2` iQ 2tTHQBi i?2 ?B;?2` /2;`22 Q7 BM7Q`K�iBQM �#Qmi ;2M2iB+ p�`B�iBQM
T`QpB/2/ #v aLS@#�b2/ ?�THQivT2b- �H2bb�M/`Q T?�b2/ i?2 /�i�b2i mbBM;
a>�S1Ah k U.2H�M2�m 2i �HX- kyRjV �M/ i?2 >�TJ�T #jd ;2M2iB+ K�TX

*S r�b 2KTHQv2/ iQ ;2M2`�i2 � K�i`Bt Q7 `2+BTB2Mi BM/BpB/m�Hb ǳT�BMi2/Ǵ
�b � +QK#BM�iBQM Q7 /QMQ` b�KTH2b U+QTvBM; p2+iQ`VX h?2 L2 Uǳ`2+QK#BM@
�iBQM b+�HBM; +QMbi�MiǴV �M/ θ UT2` bBi2 Kmi�iBQM `�i2V T�`�K2i2`b r2`2
BM72``2/ T2`7Q`KBM; Ry Bi2`�iBQMb QM 7Qm` `�M/QKHv b2H2+i2/ +?`QKQbQK2b
(k-8-Rj-Rd) U"mb#v 2i �HX- kyR8c J�`iBM 2i �HX- kyR3V �M/ j3k BM/BpB/m�Hb 7`QK
MBM2 `2T`2b2Mi�iBp2 TQTmH�iBQMb U>�M *?BM2b2- 6BMMBb?- "`BiBb?- aT�MBb?-
Ai�HB�Mb- a�`/BMB�Mb- JQ`Q++�Mb- hm`FBb? �M/ uQ`m#� 7`QK LB;2`B�VX h?2
`2bmHiBM; 2biBK�i2b r2`2 i?2M �p2`�;2/ i�FBM; BMiQ �++QmMi i?2 /Bz2`2Mi
`2+QK#BM�iBQM T�ii2`Mb Q7 2�+? �M�Hvb2/ +?`QKQbQK2X h?2 `2bmHiBM; T�`�@
K2i2`b UL2 = 365- θ = 0.00051V r2`2 i?2M mb2/ BM i?2 T�BMiBM; `mMb �b BMTmi
p�Hm2b 7Q` @M �M/ @J ~�;- `2bT2+iBp2HvX

h?2M- �H2bb�M/`Q `�M *S i?`22 iBK2b 7Q` 2�+? /�i�b2i ;2M2`�iBM; i?`22
/Bz2`2Mi QmiTmib,

Ç � K�i`Bt Q7 �HH i?2 BM/BpB/m�Hb ǳT�BMi2/Ǵ �b � +QK#BM�iBQM Q7 �HH i?2
BM/BpB/m�Hb- 7Q` +Hmbi2` B/2MiB}+�iBQM �M/ :h �M�HvbBbc

Ç � K�i`Bt Q7 �HH Ai�HB�Mb �b � +QK#BM�iBQM Q7 �HH Ai�HB�Mb- 7Q` 6ah �M�HvbBbc

Ç � K�i`Bt Q7 �HH i?2 b�KTH2b �b � +QK#BM�iBQM Q7 �HH i?2 Qi?2` b�KTH2b
#mi 2t+Hm/BM; Ai�HB�Mb- 7Q` ǳMQAi�HvǴ :h �M�HvbBbX

>Qr2p2`- QMHv i?2 }`bi *S `mM Bb M22/2/ 7Q` i?2 �M�Hvb2b QM �M+B2Mi �M+2b@
i`B2b A rBHH /2b+`B#2 H�i2` QMX

h?2M- i?2 T�BMi2/ +?`QKQbQK2b ;2M2`�i2/ #v *S r2`2 +QK#BM2/ mbBM;
i?2 *?`QKQ*QK#BM2 miBHBivX

h?2 +?mMF+QmMi +Q�M+2bi`v K�i`Bt r�b i?2M mb2/ iQ Q#i�BM � ?B2`�`+?B+�H
+Hmbi2`BM; i`22 #�b2/ QM i?2 "�v2bB�M J�`FQp *?�BM JQMi2 *�`HQ UJ*J*V
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

�H;Q`Bi?K BKTH2K2Mi2/ BM }M2ah_l*hl_1 U7aV UG�rbQM 2i �HX- kyRkVX 7a
r�b `mM 7Q` #Qi? i?2 /�i�b2ib B/2MiB}2/ �b >.. �M/ 6J. Ub22 ǳ.�i�@
b2ibǴ b2+iBQMV mbBM; i?2 b�K2 TBT2HBM2 U7Q` /2i�BHb- `272` iQ i?2 J�i2`B�Hb �M/
J2i?Q/b �M/ i?2 amTTH2K2Mi�`v J�i2`B�Hb Q7 _�p2�M2 2i �HX- kyRNVX

"v pBbm�HHv BMbT2+iBM; i?2 i`22- ?2 ;`QmT2/ iQ;2i?2` +Hmbi2`b r?Qb2
b�KTH2b Q`B;BM r�b H2bb `2H2p�Mi iQ i?2 +?�`�+i2`Bx�iBQM Q7 i?2 ;2M2iB+ bi`m+@
im`2 �M/ �/KBtim`2 ?BbiQ`v Q7 i?2 Ai�HB�M TQTmH�iBQM U"mb#v 2i �HX- kyR8c
JQMiBM�`Q 2i �HX- kyR8VX 6Q` i?Bb i�bF +mii`22UV �M/ +miX/2M/`Q;`�KUV 7mM+@
iBQMb Q7 _ S�+F�;2 /2M/2ti2M/ U:�HBHB- kyR8V r2`2 mb2/X h?2M- ?2 �bb2bb2/
i?2 `Q#mbiM2bb Q7 i?2 }M�H b2i Q7 +Hmbi2`b #v ;2M2`�iBM; i?2 J*J* T�B`rBb2
+QBM+B/2M+2 K�i`Bt rBi? i?2 ~�; ǳ@2 K2�M+QBM+B/2M+2Ǵ BM 7aX h?Bb K�i`Bt
;Bp2b � K2�bm`2 Q7 i?2 MmK#2` Q7 J*J* b�KTH2b BM r?B+? irQ BM/BpB/m�Hb
7�HH iQ;2i?2` UG�rbQM 2i �HX- kyRkVX lbBM; i?Bb K�i`Bt- ?2 +�H+mH�i2/ i?2
K2�M Q7 i?2b2 2biBK�i2b 7Q` �HH i?2 b�KTH2b 7�HHBM; BM i?2 b�K2 K�+`Q@+Hmbi2`
�M/ Q#b2`p2/ �M �p2`�;2 +Q@Q++m``2M+2 MQi #2HQr N8WX h?2 }M�H i`22 7Q`
6J. Bb `2TQ`i2/ BM 6B;m`2 "XRX

.2i2+iBM; `2+2MiHv �/KBt2/ BM/BpB/m�Hb Uǳ*Hmbi2` a2H7@*QTvǴ �M�@
HvbBbV

_2+2MiHv �/KBt2/ BM/BpB/m�Hb r2`2 B/2MiB}2/ �b i?Qb2 +QTvBM; 7`QK K2K#2`b
Q7 i?2 +Hmbi2` i?2v #2HQM; H2bb i?�M i?2 �KQmMi Q7 +Hmbi2` b2H7@+QTvBM; 7Q`
b�KTH2b rBi? �HH i?2 7Qm` ;`�M/T�`2Mib 7`QK i?2 b�K2 ;2Q;`�T?B+ `2;BQM
U7Q` /2i�BHb- `272` iQ _�p2�M2 2i �HX- kyRNVX � iQi�H Q7 RN8 Tmi�iBp2 `2+2MiHv
�/KBt2/ b�KTH2b URjW Q7 i?2 BMBiB�H /�i�b2i +QMbB/2`2/ BM i?Bb �M�HvbBbV r2`2
/Bb+�`/2/ 7`QK i?2 bm#b2[m2Mi *S �M/ :h �M�Hvb2b Q7 6J.- Q7 i?2b2- RR
r2`2 �HbQ T`2b2Mi BM i?2 >.. �M/ r2`2 bBKBH�`Hv /Bb+�`/2/X

�.JAshl_1 �M�HvbBb

�H2bb�M/`Q r�b �HKQbi }MBb?BM; i?2 �M�Hvb2b /2b+`B#2/ �#Qp2 �M/ A DQBM2/
i?2 ;`QmT BM Pt7Q`/ BM P+iQ#2` kyReX S�`�HH2HBM; iQ i?2 2tTHQ`�iBQM Q7
L2�M/2`i?�H H2;�+v Ub22 +?�Ti2` ǳh?2 ;2M2iB+ H2;�+v Q7 L2�M/2`i?�Hb BM Ai�Hv
�M/ 1m`QT2ǴV- A bi�`i2/ iQ b22 bQK2 Q7 i?2 �M�Hvb2b A rQmH/ ?�p2 /QM2 QM
�M+B2Mi b�KTH2bX

AM i?Bb +QMi2ti- r2 `mM i?2 �.JAshl_1 bQ7ir�`2 U�.JAshl_1 RXjXy-
�H2t�M/2` 2i �HX- kyyNV QM i?2 6J. /�i�b2iX q2 mb2/ i?2 +`Qbb@p�HB/�iBQM
�TT`Q�+? iQ /2}M2 i?2 KQbi bmTTQ`i2/ MmK#2` Q7 �M+2bi`�H +QKTQM2Mib E
/2b+`B#BM; i?2 KQ/2`M b�KTH2b BM+Hm/2/ BM i?2 6J.X q2 T2`7Q`K2/ Ry /B7@
72`2Mi �.JAshl_1 `mMb mbBM; `�M/QK b22/ QM i?2 G.@T`mM2/ /�i�b2i Q7
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

9-eye KQ/2`M BM/BpB/m�HbX h?2M- r2 K2`;2/ i?2 `2bmHiBM; �M+2bi`v +QK@
TQbBiBQM K�i`Bt rBi? *GlJSS UC�FQ#bbQM � _Qb2M#2`;- kyydV mbBM; i?2
H�`;2E:`22/v �H;Q`Bi?K �M/ i?2 `�M/QK BMTmi Q`/2`b rBi? Ry-yyy `2T2�ibX
q2 �TTHB2/ i?2 +Hmbi2` pBbm�HBb�iBQM T`Q;`�K /Bbi`m+i 7Q` K�Mv EǶb BKTH2@
K2Mi2/ BM *GlJS�E UEQT2HK�M 2i �HX- kyR8c _Qb2M#2`;- kyy9V BM Q`/2`
iQ }M/ i?2 #2bi �HB;MK2Mi Q7 i?2 *GlJSS `2bmHibX 6BM�HHv- r2 pBbm�HBb2/
i?2 �M+2bi`�H +QKTQbBiBQM Q7 7a +Hmbi2`b �b #�` THQib 7Q` 2�+? BM/BpB/m�H Q`
7Q` +Hmbi2` K2�Mb- mbBM; _ bi�iBbiB+�H bQ7ir�`2X q2 B/2MiB}2/ K = 15 �b i?2
MmK#2` Q7 �M+2bi`B2b rBi? i?2 KBMBKmK +`Qbb@p�HB/�iBQM 2``Q`X

.�i�b2i
�i i?Bb TQBMi- A bi�`i2/ iQ TH�v rBi? �M+B2Mi b�KTH2bX h?2 �BK Q7 i?2 bim/v
r�b iQ `2+QMbi`m+i i?2 �M+2bi`v T`Q}H2b Q7 KQ/2`M TQTmH�iBQMb BM+Hm/2/ BM
i?2 6J.- 7Q+mbBM; QM 1m`QT2�M �M/- bT2+B}+�HHv- QM Ai�HB�M BM/BpB/m�HbX

6Q` i?Bb Tm`TQb2- r2 b2H2+i2/ ej �M+B2Mi b�KTH2b 7`QK `2+2Mi bim/B2b
UG�x�`B/Bb 2i �HX- kyRec 6m 2i �HX- kyRec G�x�`B/Bb 2i �HX- kyRdc PH�H/2 2i
�HX- kyR3c J�i?B2bQM 2i �HX- kyR3c >Q7K�MQp� 2i �HX- kyRec "`Qmb?�FB 2i �HX-
kyRec J�i?B2bQM 2i �HX- kyR8V +Qp2`BM; � T2`BQ/ 7`QK ∼ 14, 000 iQ R-9yy
"*1 UG�i2 S�H�2QHBi?B+ iQ A`QM �;2V �M/ `2T`2b2MiBM; b2p2`�H /Bz2`2Mi �`@
+?�2QHQ;B+�H �bb2K#H�;2b Uh�#H2 jVX 6Q` 2�+? BMi2`2biBM; +mHim`�H �bb2K#H�;2
Q` HBi2`�im`2 /�i�b2i- A i2bi2/ r?B+? +QK#BM�iBQM Q7 b�KTH2b r�b i?2 #2bi
BM K�tBKBxBM; i?2 MmK#2` Q7 aLSb- #v /QBM; KmHiBTH2 BMi2`b2+iBQMb- Bi2`�i@
Bp2HvX AM i?2 2M/- i?2 +?Qb2M b�KTH2b r2`2 +?�`�+i2`Bb2/ #v � ?B;? MmK#2`
Q7 aLSb �M/ T`QpB/2/ �M BM7Q`K�iBp2 `2T`2b2Mi�iBQM Q7 q2bi2`M 1m`�bB�M
+mHim`�H p�`B�iBQM �+`Qbb iBK2X

6BM�HHv- i?2 ej �M+B2Mi b�KTH2b r2`2 K2`;2/ rBi? i?2 6J. mbBM; i?2
ĜĜ#K2`;2 +QKK�M/ BM SGALE RXNX h?2 K2`;2/ /�i�b2i Bb biQ`2/ BM i?2
#BM�`v /�i� 7Q`K�i ?�M/H2/ #v SGALE, i?`22 }H2b rBi? i?2 bm{+2b ǳX#2/Ǵ-
ǳX#BKǴ �M/ ǳX7�KǴ- +QMi�BMBM; i?2 ;2MQivT2b- i?2 p�`B�Mi BM7Q`K�iBQM �M/
i?2 BM/BpB/m�H BM7Q`K�iBQM- `2bT2+iBp2HvX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

a�KTH2 M�K2 .�i� bQm`+2 S*� �M/
�.JAshl_1 H�#2Hb

*SfLLGa
H�#2Hb G�h GPL: �:1 *mHim`2

ANyjy G�x�`B/Bb 2i �HX- kyRe oBHH�#`mM� 9eXR8 RkXkR Rkkjy@RR3jy +�H"*1 >:
"B+?QM 6m 2i �HX- kyRe arBix2`H�M/n>: q>: 9dXR eX3d RR3ky@RReRy +�H"*1 >:
a�hS 6m 2i �HX- kyRe *>: a�hS 9kXj3 9kX8N RR9jy@RRR3y +�H"*1 >:
ARydk G�x�`B/Bb 2i �HX- kyRe L�im}�M jkXe8 j8Xyd RR39y@Ndey "*1 L�im}�M
EER 6m 2i �HX- kyRe *>: *>: 9kXk3 9jXk3 dN9y@deyy +�H"*1 >:
q*R "`Qmb?�FB 2i �HX- kyRe A`�MnL AL j9Xye 9eXe8 d988@dy3k +�H "*1 L2QHBi?B+
Ay3ed G�x�`B/Bb 2i �HX- kyRe G2p�MinL jRXdN j8XRd djyy@ed8y "*1 L2QHBi?B+
AyyeR 6m 2i �HX- kyRe 1>: 1>: eRXe8 j8Xe8 e38y@eyyy "*1 >:
Aydyd G�x�`B/Bb 2i �HX- kyRe �M�iQHB�nL 9yXj kNX8d e8yy@ekyy "*1 L2QHBi?B+
Ayd9e G�x�`B/Bb 2i �HX- kyRe �M�iQHB�nL 9yXj kNX8d e8yy@ekyy "*1 L2QHBi?B+
Ayd98 G�x�`B/Bb 2i �HX- kyRe �M�iQHB�nL 9yXj kNX8d e8yy@ekyy "*1 L2QHBi?B+
"�`jR >Q7K�MQp� 2i �HX- kyRe �M�iQHB�nL 9yXj kNXeR e9RN@ekj3 L2QHBi?B+
"�`3 >Q7K�MQp� 2i �HX- kyRe �M�iQHB�nL �L 9yXj kNXeR ekRk@eyjy L2QHBi?B+
GQb+?#Qm` 6m 2i �HX- kyRe q>: 9NX3R eX9 ekRy@8NNy +�H"*1 >:
G�"`�M�R 6m 2i �HX- kyRe q>: 9kXNR @8Xj3 8N3j@8d9d +�H"*1 >:
Ay838 G�x�`B/Bb 2i �HX- kyRe q>: 9kXNR @8Xj3 8N3j@8d9d +�H"*1 >:
Ay9Rk G�x�`B/Bb 2i �HX- kyRe 1m`QT2n1L 9kX8 yX8 8jy3@8y3y +�H"*1 L2QHBi?B+
aimii;�`i 6m 2i �HX- kyRe 1m`QT2n1L 11L 93Xd3 NXR3 8jRy@8ydy +�H"*1 L2QHBi?B+
AyRyy G�x�`B/Bb 2i �HX- kyRe 1m`QT2n1L 8RX3N RRXy9 8kyk@938k +�H"*1 L2QHBi?B+
AR9yd G�x�`B/Bb 2i �HX- kyRe �`K2MB�n*?G jNXdj 98Xk 9j8y@jdyy "*1 *QTT2`f"`QMx2 �;2
AR839 G�x�`B/Bb 2i �HX- kyRe �M�iQHB�n*?G 9yXj kNX8d jN9j@jdy3 +�H"*1 *QTT2`f"`QMx2 �;2
J�iQDQ G�x�`B/Bb 2i �HX- kyRe 1m`QT2nJL*?G 9kXj8 @jX8k jyRy@j3dN +�H"*1 L2QHBi?B+
_Aa193d G�x�`B/Bb 2i �HX- kyRe 1m`QT2nJL*?G 98Xke RyXj3 j93j@jRyd +�H"*1 L2QHBi?B+
A+2K�M J�i?B2bQM 2i �HX- kyR8 A+2K�M A+2K�M 9eXd3 RyX3j jj8N@jRy8 "*1 L2QHBi?B+
ARe83 G�x�`B/Bb 2i �HX- kyRe �`K2MB�n1"� 9yXj3 9jX3d jj9d@jyNk +�H"*1 *QTT2`f"`QMx2 �;2
Ay99j G�x�`B/Bb 2i �HX- kyRe ai2TT2n1J"� 8jXj3 8yXj3 jjyy@kdyy "*1 *QTT2`f"`QMx2 �;2
AykjR G�x�`B/Bb 2i �HX- kyRe ai2TT2n1J"� a"� 8kX9k 93Xk9 kNkR@kdek +�H"*1 *QTT2`f"`QMx2 �;2
�hSk G�x�`B/Bb 2i �HX- kyRe 1m`QT2nJL*?G 9kXj8 @jX8k k3NN@ked3 +�H"*1 L2QHBi?B+
_Aa193N G�x�`B/Bb 2i �HX- kyRe 1m`QT2nJL*?G _2K2/2HHQ 98Xke RyXj3 kNy3@k8d3 +�H"*1 L2QHBi?B+
Ak9NN G�x�`B/Bb 2i �HX- kyRd �M�iQHB�n"� jdXNk jyXdR k3je@k9dk "*1 *QTT2`f"`QMx2 �;2
AyRyj G�x�`B/Bb 2i �HX- kyRe 1m`QT2nGL"� 8RX9k RRXe3 k8d3@k9e3 +�H"*1 *QTT2`f"`QMx2 �;2
ARejj G�x�`B/Bb 2i �HX- kyRe �`K2MB�n1"� 9yXe8 98XRk keRN@k9Ry +�H"*1 *QTT2`f"`QMx2 �;2
_Aa188k G�x�`B/Bb 2i �HX- kyRe ai2TT2n1J"� 9eXek 9jXjj k39N@kR9j +�H"*1 *QTT2`f"`QMx2 �;2
Ak9N8 G�x�`B/Bb 2i �HX- kyRd �M�iQHB�n"� jdXNk jyXdR k883@kkN8 "*1 *QTT2`f"`QMx2 �;2
ARdye G�x�`B/Bb 2i �HX- kyRe G2p�Min"� jRXNN j8XN3 k9Ny@kjyy "*1 *QTT2`f"`QMx2 �;2
ARdjy G�x�`B/Bb 2i �HX- kyRe G2p�Min"� jRXNN j8XN3 k93N@kkNN +�H"*1 *QTT2`f"`QMx2 �;2
AyRRk G�x�`B/Bb 2i �HX- kyRe 1m`QT2nGL"� 8RXdN RRXR9 k98d@kR9k +�H"*1 *QTT2`f"`QMx2 �;2
Ake3j G�x�`B/Bb 2i �HX- kyRd �M�iQHB�n"� �"� jdXNk jyXdR k8yy@R3yy "*1 *QTT2`f"`QMx2 �;2
ARdy8 G�x�`B/Bb 2i �HX- kyRe G2p�Min"� jRXNN j8XN3 kRN3@RNee +�H"*1 *QTT2`f"`QMx2 �;2
Ayydy G�x�`B/Bb 2i �HX- kyRd JBMQ�MnG�bBi?B j8Xy3 k8X3j kyyy@Rdyy "*1 JBMQ�M
AyydR G�x�`B/Bb 2i �HX- kyRd JBMQ�MnG�bBi?B JAL j8Xy3 k8X3j kyyy@Rdyy "*1 JBMQ�M
Ayydj G�x�`B/Bb 2i �HX- kyRd JBMQ�MnG�bBi?B j8Xy3 k8X3j kyyy@Rdyy "*1 JBMQ�M
Ayyd9 G�x�`B/Bb 2i �HX- kyRd JBMQ�MnG�bBi?B j8Xy3 k8X3j kyyy@Rdyy "*1 JBMQ�M
ANyy8 G�x�`B/Bb 2i �HX- kyRd JBMQ�MnG�bBi?B j8Xy3 k8X3j kyyy@Rdyy "*1 JBMQ�M
_Aa18y8 G�x�`B/Bb 2i �HX- kyRe ai2TT2nJG"� 8jX9e 38X98 Rd9e@Reke +�H"*1 *QTT2`f"`QMx2 �;2
_Aa18yy G�x�`B/Bb 2i �HX- kyRe ai2TT2nJG"� 8jX9e 38X98 Rdyy@R8yy "*1 *QTT2`f"`QMx2 �;2
ARe8e G�x�`B/Bb 2i �HX- kyRe �`K2MB�nJG"� 9yXj3 9jXN9 R8yR@R9yk +�H"*1 *QTT2`f"`QMx2 �;2
ANyRy G�x�`B/Bb 2i �HX- kyRd Jv+2M�2�M jdX8 kjX98 Rdyy@Rkyy "*1 Jv+2M�2�M
ANy9R G�x�`B/Bb 2i �HX- kyRd Jv+2M�2�M Ju* jdX8 kjX98 Rdyy@Rkyy "*1 Jv+2M�2�M
ANyjj G�x�`B/Bb 2i �HX- kyRd Jv+2M�2�M jeXNk kRXd R9Re@Rk3y "*1 Jv+2M�2�M
ANyye G�x�`B/Bb 2i �HX- kyRd Jv+2M�2�M jdXNd kjX8 R9RR@Rkek "*1 Jv+2M�2�M
Ayk9d G�x�`B/Bb 2i �HX- kyRe ai2TT2nA� 8kX9j 8RXRe jd8@kyj +�H"*1 A`QM �;2
Ak9d3 PH�H/2 2i �HX- kyR3 "2�F2`nLQ`i?2`MnAi�Hv Ak9d3nAhLn"2�F2` 99X3 RyXjj kkyy@RNyy "* *QTT2`f"`QMx2 �;2
Ak9dd PH�H/2 2i �HX- kyR3 "2�F2`nLQ`i?2`MnAi�Hv Ak9ddnAhLn"2�F2` 99X3 RyXjj kkyy@RNyy "* *QTT2`f"`QMx2 �;2
ARNdN PH�H/2 2i �HX- kyR3 "2�F2`nLQ`i?2`MnAi�Hv ARNdNnAhLn"2�F2` 99X3 RyXjj kkyy@RNyy "* *QTT2`f"`QMx2 �;2
A9Njy PH�H/2 2i �HX- kyR3 "2�F2`naB+BHv aB+BHvn"2�F2` jdXdj RkX3N k8yy@RNyy "* *QTT2`f"`QMx2 �;2
ARRy3 J�i?B2bQM 2i �HX- kyR3 "�HF�MbnJSnL2QHBi?B+ 9jXN3 keX9 83yy@89yy "*1 L2QHBi?B+
AR9NN G�x�`B/Bb 2i �HX- kyRe 1m`QT2n1L 93X8k kRXRd 8kRy@8yRy +�H"*1 L2QHBi?B+
A89kd J�i?B2bQM 2i �HX- kyR3 S2HQTQMM2b2nL jeXe9 kkXj3 eyy8@83dN +�H"*1 L2QHBi?B+
Ajdy3 J�i?B2bQM 2i �HX- kyR3 S2HQTQMM2b2nL jeXe9 kkXj3 88yy@jdyy "*1 L2QHBi?B+
AkjR3 J�i?B2bQM 2i �HX- kyR3 S2HQTQMM2b2nL jdX9k kjXRj 9y9j@jN9d +�H"*1 L2QHBi?B+
AjdyN J�i?B2bQM 2i �HX- kyR3 S2HQTQMM2b2nL jeXe9 kkXj3 jNNy@j3y9 +�H"*1 L2QHBi?B+
AjNky J�i?B2bQM 2i �HX- kyR3 S2HQTQMM2b2nL SL jeXe9 kkXj3 jNjj@jdye +�H"*1 L2QHBi?B+

h�#H2 jX �M+B2Mi b�KTH2b mb2/ BM i?Bb bim/vX GBbi Q7 i?2 ej �M+B2Mi
b�KTH2b mb2/ BM i?2 bim/v- BM+Hm/BM; i?2 HQ+�iBQM Q7 i?2 bBi2b r?2`2 i?2v ?�/
#22M 7QmM/- i?2B` 2biBK�i2/ �MiB[mBiv �M/ i?2 H�#2Hb mb2/ BM 2�+? �M�HvbBbX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

S`BM+BT�H *QKTQM2Mi �M�HvbBb US*�V
� }`bi bi2T r�b � bBKTH2 S*� iQ 2tTHQ`2 i?2 T�ii2`Mb Q7 ;2M2iB+ p�`B�iBQMb
Q7 KQ/2`M TQTmH�iBQMb rBi? `2bT2+i iQ �M+B2Mi BM/BpB/m�HbX 6B`bi Q7 �HH- � 72r
/2i�BHb QM S*�X S*� Bb � MQM@T�`�K2i`B+ ě Bi /Q MQi BMpQHp2 �Mv /Bbi`B#m@
iBQM�H �bbmKTiBQMb ě mMbmT2`pBb2/ ě i?2 /�i� /Q MQi M22/ iQ #2 H�#2HH2/
ě /BK2MbBQM�HBiv@`2/m+iBQM i2+?MB[m2- r?B+? +�M /2i2+i i?2 ǳ/B`2+iBQMbǴ Q7
K�DQ` p�`B�iBQM BM i?2 /�i�X h?mb- r?2M �TTHB2/ iQ ;2M2iB+ /�i�- Bi +�M
2�bBHv /2i2+i 2pB/2M+2 Q7 TQTmH�iBQM bi`m+im`2- `2H�i2/M2bb �KQM; b�KTH2b
�M/ i2+?MB+�H p�`B�#BHBiv- bm+? �b ;2MQivTBM; 2``Q`bX

AM #`B27- i?2 }`bi bi2T Bb iQ ;Q 7`QK ;2M2iB+ /�i� iQ � `2H�iBQMb?BT K�i`Bt
r?2`2 2�+? 2Mi`v Bb � K2�bm`2 Q7 i?2 �p2`�;2 ;2M2iB+ bBKBH�`Biv #2ir22M irQ
BM/BpB/m�HbX h?2M- i?2 S*� Bb T2`7Q`K2/ iQ Q#i�BM �M ǳ2B;2M/2+QKTQbBiBQMǴ
Q7 i?2 K�i`BtX AM Qi?2` rQ`/b- Bi +QMbBbib Q7 TB+FBM; i?2 /B`2+iBQMb BM i?2 /�i�
�HQM; r?B+? i?2 p�`B�M+2 Bb K�tBKBb2/X h?2 T`BM+BT�H +QKTQM2Mib US*bV-
2B;2Mp2+iQ`b- �`2 Q`i?Q;QM�H �t2b Q7 p�`B�iBQMb i?�i #2bi 2tTH�BM i?2 Q#b2`p2/
T�ii2`Mb Q7 ;2M2iB+ bBKBH�`Biv U6B;m`2 eeVX �i i?2 2M/- i?2 HQib Q7 bi�`iBM;
/BK2MbBQMb �`2 ~�ii2M2/ iQ i?2 }`bi irQ Q` i?`22- r?B+? +�M #2 THQii2/
�M/ pBbm�HBb2/X hQ bmKK�`Bb2- i?2 mM/2`HvBM; B/2� Bb bBKTH2 ě `2/m+2 i?2
MmK#2` Q7 p�`B�#H2b- r?BH2 T`2b2`pBM; �b Km+? BM7Q`K�iBQM �b TQbbB#H2X

6B;m`2 eeX 1t�KTH2 Q7 S*R �M/ S*k 2ti`�+iBQMX AK�;2 i�F2M 7`QK
lK2i`B+b amBi2 "HQ;X

R8y
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

JQ`2Qp2`- i?2 BMi2`T`2i�iBQM Bb bi`�B;?i7Q`r�`/- 2p2M B7 r2 M22/ iQ #2
+�`27mH iQ MQi Qp2`@BM72` T�bi /2KQ;`�T?B+ b+2M�`BQb Ub22 T�;2 kk �M/ i?2
T�T2` #v LQp2K#`2 � ai2T?2Mb- kyy3VX AM ;2M2`�H- r2 �bbmK2 i?�i BM/BpB/m@
�Hb rBi? bBKBH�` p�Hm2b 7Q` � T�`iB+mH�` iQT T`BM+BT�H +QKTQM2Mi rBHH ?�p2
bBKBH�` �M+2bi`v 7Q` i?�i �tBbX hQ +Bi2 �M 2t�KTH2- i?2 S*� Q7 1m`QT2�M
TQTmH�iBQMb BM LQp2K#`2 2i �HX- kyy3 r�b �#H2 iQ ;2Q;`�T?B+�HHv K�T i?2B`
+QmMi`v Q7 Q`B;BM [mBi2 �++m`�i2Hv U6B;m`2 8VX

_2im`MBM; iQ Qm` rQ`F �M/ S*�b- }`bi- r2 T`mM2/ i?2 /�i�b2i 7Q` G.
Ur2=yXkV �M/ r2 +H2�M2/ Bi 7Q` aLSb rBi? ?B;? KBbbBM;M2bb- i?mb Q#i�BMBM;
Nk-Rdk p�`B�MibX q2 /B/ i?Bb rBi? i?2 1A:1LaP6h US�ii2`bQM 2i �HX- kyyeV
bK�`iT+� bQ7ir�`2- T`QD2+iBM; ej �M+B2Mi BM/BpB/m�Hb QMiQ i?2 +QKTQM2Mib
BM72``2/ 7`QK irQ /Bz2`2Mi b2ib Q7 KQ/2`M BM/BpB/m�Hb #v mbBM; i?2 Hb[T`QD2+i
�M/ b?`BMFKQ/2 QTiBQMbX AM T�`iB+mH�`- r2 T`QD2+i2/ i?2 �M+B2Mi b�KTH2b
QM � S*� #�b2/ QM j-k3k KQ/2`M BM/BpB/m�Hb �bbB;M2/- i?`Qm;? i?2 *Sf7a
�M�HvbBb- iQ 1m`QT2�M- q2bi �bB�M Q` *�m+�bB�M +Hmbi2`bX q2 `2T2�i2/ i?2
b�K2 T`Q+2/m`2 � b2+QM/ iBK2 mbBM; i?2 k-9eN KQ/2`M BM/BpB/m�Hb �bbB;M2/ iQ
1m`QT2�M +Hmbi2`b QMHvX �M Qp2`pB2r Q7 i?2 KQ/2`M@/�v b�KTH2b BM+Hm/2/
BM 2�+? +Hmbi2` Bb T`2b2Mi2/ BM 6B;m`2 "XR- r?BH2 i?2 �M+B2Mi b�KTH2b �`2
T`2b2Mi2/ BM h�#H2 jX

AM i?2 b�K2 r�v- r2 �HbQ T`QD2+i2/ � b2H2+iBQM Q7 i?2 �M+B2Mi b�KTH2b
mb2/ �b /QMQ`b BM i?2 *SfLLGa �TT`Q�+? Ub22 #2HQrV QM i?2 +QKTQM2Mib
BM72``2/ 7`QK KQ/2`M 1m`QT2�M BM/BpB/m�Hb U6B;m`2 33VX

h?2M- �b QM2 `2pB2r2` `2[m2bi2/- r2 2tTHQ`2/ i?2 BKT�+i Q7 .L� /�K�;2
BM i?2 TQHvKQ`T?BbKb Q#i�BM2/ 7`QK �M+B2Mi b�KTH2bX q2 `2T2�i2/ i?2 S*�
rBi? i?2 ej �M+B2Mi b�KTH2b �M/ KQ/2`M 1m`QT2�M- *�m+�bB�M �M/ q2bi
�bB�M b�KTH2b #v `2KQpBM; i`�MbBiBQM TQHvKQ`T?BbKb U7Q` � }M�H MmK#2` Q7
Re-NNN aLSbVX AM 7�+i- i?2 KQbi Q#b2`p2/ H2bBQMb BM �M+B2Mi .L� �`2 i?2
i`�MbBiBQMb �/2MBM2 → ;m�MBM2 U� → :V- +viQbBM2 → i?vKBM2 U* → hV- :
→ �- �M/ h → * U"BMH�/2M 2i �HX- kyyec >�Mb2M 2i �HX- kyyRc >Q7`2Bi2` 2i �HX-
kyyR#c :BH#2`i 2i �HX- kyyjVX h?mb- Bi +QmH/ #2 TQbbB#H2 i?�i i?2 T�ii2`Mb r2
b�r BM i?2 S*�b r2`2 K�BMHv ;mB/2/ #v .L� /�K�;2 ;2M2iB+ p�`B�iBQMbX hQ
+QMi`QH 7Q` i?�i- r2 HBbi2/ i?2 i`�MbBiBQM TQHvKQ`T?BbKb Uh*%*h%:�%�:V-
r2 2t+Hm/2/ i?2K 7`QK i?2 S*� +QKTmi�iBQM mbBM; i?2 QTiBQM #�/bMTM�K2
�M/ r2 /B/ i?2 S*� �;�BMX 6BM�HHv- r2 +QKT�`2/ i?2 S*�b rBi? �M/
rBi?Qmi i`�MbBiBQM TQHvKQ`T?BbKb, r2 `2+Q`/2/ bB;MB}+�Mi +Q``2H�iBQMb 7Q`
i?2 HQ+�HBb�iBQM Q7 �M+B2Mi b�KTH2b �HQM; S*R �M/ S*k #2ir22M i?2 irQ
S*�b- i?mb /2KQMbi`�iBM; i?�i i?2 K�BM T�ii2`Mb Q7 ;2M2iB+ p�`B�iBQMb �`2
MQi #B�b2/ #v �.L� /�K�;2 U6B;m`2 ed- S*R, S2�`bQM ` 4 @yXNN8- p@p�Hm2 <
2.2e−16c S*k, S2�`bQM `4yXN3N- p@p�Hm2 < 2.2e−16VX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

Pearson correlation on PCs using modern and ancient samples

cor: −0.9951881;
p−value < 2.2e−16
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A cor: 0.9875022;
p−value < 2.2e−16
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Pearson correlation on PCs using only ancient samples

cor: −0.9953844;
p−value < 2.2e−16
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C cor: 0.9889144;
p−value < 2.2e−16
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6B;m`2 edX *Q``2H�iBQM Q7 i?2 S*b Q7 KQ/2`M �M/ �M+B2Mi b�KTH2b
2biBK�i2/ BM+Hm/BM; �M/ 2t+Hm/BM; i`�MbBiBQM TQHvKQ`T?BbKbX �V
*Q``2H�iBQM Q7 i?2 S*R p�Hm2b Q7 KQ/2`M �M/ �M+B2Mi b�KTH2bX "V *Q``2H�@
iBQM Q7 i?2 S*k p�Hm2b Q7 KQ/2`M �M/ �M+B2Mi b�KTH2b *V *Q``2H�iBQM Q7 i?2
S*R p�Hm2b Q7 �M+B2Mi b�KTH2bX .V *Q``2H�iBQM Q7 i?2 S*k p�Hm2b Q7 �M+B2Mi
b�KTH2bX

�.JAshl_1 �M�HvbBb
q2 mb2/ i?2 �M+2bi`�H �HH2H2 7`2[m2M+B2b BM72``2/ 7`QK i2M /Bz2`2Mi �.@
JAshl_1 `mMb QM 9-eye KQ/2`M b�KTH2b BM Q`/2` iQ ǳT`QD2+iǴ i?2 BM72``2/

R8k



S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

+QKTQM2Mib QMiQ i?2 �M+B2Mi b�KTH2b rBi? i?2 QTiBQM @SX �b 7Q` i?2 �M�HvbBb
rBi? KQ/2`M b�KTH2b QMHv- r2 K2`;2/ i?2 `2bmHiBM; �M+2bi`v +QKTQbBiBQM
K�i`Bt rBi? *GlJSS UC�FQ#bbQM � _Qb2M#2`;- kyydV �M/ pBbm�HBb2/ i?2
�M+2bi`�H +QKTQbBiBQM rBi? i?2 T`Q;`�K /Bbi`m+i 7Q` /Bz2`2Mi p�Hm2b Q7 E �b
BKTH2K2Mi2/ BM *GlJS�E UEQT2HK�M 2i �HX- kyR8c _Qb2M#2`;- kyy9VX

.@ah�hAahA*a
q2 mb2/ i?2 .@bi�iBbiB+b K2i?Q/ BKTH2K2Mi2/ BM i?2 [T.bi�i T`Q;`�K BM
i?2 T�+F�;2 �.JAshPPGa p9Xk US�ii2`bQM 2i �HX- kyRkV BM Q`/2` iQ i2bi
7Q` �/KBtim`2 2p2MibX A ?�p2 �H`2�/v 2tTH�BM2/ i?2 i?2Q`v mM/2`HvBM; i?Bb
i2bi �i T�;2 e8 r?2M r2 r2`2 i�HFBM; �#Qmi L2�M/2`i?�Hb@KQ/2`M ?mK�Mb
�/KBtim`2c ?Qr2p2`- A rBHH `2TQ`i ?2`2 � 72r KQ`2 /2i�BHb QM i?2 r�v i?Bb
i2bi rQ`Fb �M/ QM Bib BMi2`T`2i�iBQMX *QMbB/2`BM; i?`22 /Bz2`2Mi TQTmH�iBQMb
Uq- s �M/ uV �M/ �M Qmi;`QmT UwV- i?2 .@bi�iBbiB+b Bb /2}M2/ �b i?2 /Bz2`@
2M+2 BM i?2 +QmMib Q7 �""� �M/ "�"� bBi2b- r?2`2 � �M/ " �`2 i?2 irQ
�HH2HB+ 7Q`Kb- MQ`K�HBx2/ #v i?2 iQi�H MmK#2` Q7 Q#b2`p�iBQMbX q?2M i?2 .
bB;MB}+�MiHv /2pB�i2b 7`QK x2`Q- i?2 +QM};m`�iBQM i2bi2/ Bb MQi bmTTQ`i2/
#v � i`22@HBF2 b+2M�`BQX A7 i?2 . Bb TQbBiBp2 UM2;�iBp2V- q �M/ u �`2 KQ`2
UH2bbV `2H�i2/ i?�M s �M/ u- TQbbB#Hv �b i?2 `2bmHib Q7 ;2M2 ~Qr #2ir22M i?2
irQ TQTmH�iBQMbX q2 +QMbB/2` QMHv i2bib rBi? KQ`2 i?�M jy-yyy aLSb �M/
bB;MB}+�M+2 r�b �bb2bb2/ 7Q` �#bQHmi2 p�Hm2b Q7 i?2 w b+Q`2 ;`2�i2` i?�M jX

:Bp2M �4�M+B2Mi- J4JQ/2`M- P4Pmi;`QmT- r2 T2`7Q`K2/ i?2 7QHHQr@
BM; .@bi�iBbiB+ �M�Hvb2b T2`KmiBM; �HH i?2 TQbbB#H2 T�B`b Q7 JQ/2`M UJV
TQTmH�iBQMb Q` �M+B2Mi U�V BM/BpB/m�Hbf;`QmTb, ��JP- JJ�P- �J�P-
���P �M/ J�JPX >2`2 r2 �M�Hvb2/ ej �M+B2Mi b�KTH2b U�V +QMbB/2`@
BM; i?2K #Qi? �b BM/BpB/m�Hb �M/ �b ;`QmTb- ee KQ/2`M +Hmbi2`b UJV 7`QK
1m`QT2- q2bi �bB�- LQ`i?2`M �7`B+� �M/ *�m+�bmb �M/ i?`22 J#miB BM/B@
pB/m�Hb 7`QK i?2 .2KQ+`�iB+ _2Tm#HB+ Q7 *QM;Q �b QmiHB2`b UPVX h?2M- r2
+QMbB/2`2/ �HH i?2 39 rQ`H/rB/2 KQ/2`M +Hmbi2`b BM i?2 +QK#BM�iBQM JJJ*X
AM i?2b2 rQ`H/rB/2 i2bib- r2 mb2/ *?BKT �b Qmi;`QmT BMbi2�/ Q7 i?2 J#miB
BM/BpB/m�Hb- �b bQK2 �7`B+�M TQTmH�iBQMb r2`2 �HbQ i2bi2/X h?`Qm;? i?2 _2b@
mHib b2+iBQM- A rBHH b?Qr bQK2 Q7 i?2 KQbi BMi2`2biBM; .@bi�iBbiB+b i2bib- #mi
A rBHH MQi `2TQ`i BM i?Bb i?2bBb i?2 +QKTH2i2 `2bmHib Ur2 �HbQ `2KQp2/ i?2K
7`QK i?2 H�bi p2`bBQM Q7 i?2 K�Mmb+`BTi #v _�p2�M2 2i �HX- kyRNVX JQ`2Qp2`-
A rBHH 7Q+mb T�`iB+mH�`Hv QM bQK2 .@bi�iBbiB+ �M�Hvb2b 2p�Hm�iBM; i?2 `2H�iBQM@
b?BT Q7 Ai�HB�M +Hmbi2`b rBi? �L- �"� �M/ a"�X AM /2i�BHb- r2 T2`7Q`K2/
i?2 .@bi�iBbiB+b BM i?2 7Q`K,

D(Ai�R, Ai�k,�L/�"�/a"�,J#miB)
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

r?2`2 Ai�R �M/ Ai�k �`2 /Bz2`2Mi +Hmbi2`b +QKTQb2/ K�BMHv #v Ai�HB�M BM/B@
pB/m�Hb �b BM72``2/ #v 7a �M�HvbBbX

*>_PJPS�ALh1_ �M/ LQM@L2;�iBp2 G2�bi a[m�`2b �M�@
HvbBb
AM Q`/2` iQ /Bb2Mi�M;H2 i?2 K�BM +QKTQM2Mib Q7 ;2M2iB+ p�`B�iBQM BM KQ/@
2`M 1m`QT2�Mb �b � +QK#BM�iBQM Q7 �M+B2Mi b�KTH2b- r2 �TTHB2/ *>_P@
JPS�ALh1_ U*SV UG�rbQM 2i �HX- kyRkc GB � ai2T?2Mb- kyyjV mbBM; i?2
ǳmMHBMF2/Ǵ KQ/2 U>Q7K�MQp� 2i �HX- kyReVX AM 7�+i- /m2 iQ i?2 HBKBi2/ MmK@
#2` Q7 �M+B2Mi b�KTH2b �M/ i?2B` ?B;? `�i2 Q7 KBbbBM;M2bb- r2 +QmH/ MQi T?�b2
i?2K �M/ r2 r2Mi QM rBi? i?2 mMHBMF2/ KQ/2X >Qr2p2`- i?Bb KQ/2 /Q2b MQi
�HHQr KBbbBM; ;2M2iB+ TQbBiBQMc 7Q` i?Bb `2�bQM r2 b2H2+i2/ b2ib Q7 �M+B2Mi `2T@
`2b2Mi�iBp2 b�KTH2b rBi? i?2 H2�bi �KQmMi Q7 KBbbBM; ;2MQivT2b Uh�#H2 9VX
JQ`2Qp2`- r?2M i?2 ;2M2iB+ /�i� Q7 �M+B2Mi b�KTH2b r2`2 Q#i�BM2/ i?`Qm;?
b2[m2M+BM;- r2 T`272``2/ b�KTH2b rBi? ?B;? +Qp2`�;2 Uh�#H2 9VX >Qr2p2`-
/m2 iQ i?2 HQr [m�HBiv Q7 bQK2 �.L� ;2MQK2b mb2/ BM i?2 7QHHQrBM; �M�@
Hvb2b- r2 +QMbB/2`2/ aLSb �b BM/2T2M/2Mi Q7 2�+? Qi?2` UBX2X ǳmMHBMF2/ǴV �b
BM >Q7K�MQp� 2i �HX- kyRe ě BM Qi?2` rQ`/b- r2 /B/ MQi i?2 G. T`mMBM;
bi2TX lM/2` i?Bb KQ/2H- i?2 `2bmHi Bb bBKTHv i?2 bmK Q7 i?2 K�i+?BM; +?mMF
+QmMib 2�+? `2+BTB2Mi BM/BpB/m�H `2+2Bp2b #v 2�+? /QMQ` ;`QmTX

q2 }`bi `2KQp2/ �HH p�`B�Mib rBi? 2p2M QM2 KBbbBM; aLS BM �M �M+B2Mi
BM/BpB/m�H rBi? i?2 THBMF +QKK�M/ ĜĜ;2MQ yX h?2M- r2 K2`;2/ i?2 �M+B2Mi
b�KTH2b rBi? i?2 T?�b2/ 6J. Ui?2 KQ/2`M T?�b2/ /�i�b2i /Q2b MQi +QMi�BM
KBbbBM; TQbBiBQM- #2+�mb2 �HH KBbbBM; ;2MQivT2b ?�p2 #22M BKTmi2/ /m`BM;
i?2 T?�bBM; bi2TVX

AM i?2 *S `mMb- r2 mb2/ i?2 b�K2 L2 �M/ θ T�`�K2i2`b Q#i�BM2/ 7`QK
i?2 KQ/2`M /�i�b2i Ub22 >�THQivT2 �M�HvbBb U*>_PJPS�ALh1_ �M/ }M2a@
h_l*hl_1V QM T�;2 R9e �M/ T�;2 jkk 7Q` i?2 +Q/2 mb2/ 7Q` `mMMBM; *SVX
�HH KQ/2`M �M/ �M+B2Mi BM/BpB/m�Hb r2`2 T�BMi2/- mbBM; QMHv KQ/2`M b�KTH2b
�b /QMQ`b- #v 7QHHQrBM; i?2 b�K2 �TT`Q�+? �b /2b+`B#2/ BM >Q7K�MQp� 2i �HX-
kyRe �M/ "`Qmb?�FB 2i �HX- kyReX h?2M- r2 mb2/ i?2 *?`QKQ*QK#BM2 T`Q@
;`�K iQ +QHH�Tb2 i?2 T�BMi2/ +?`QKQbQK2 ;2M2`�i2/ #v *S BMiQ QM2 }H2 Ub22
T�;2 jkj 7Q` i?2 +QKK�M/ mb2/ 7Q` i?Bb bi2TVX

am#b2[m2MiHv- r2 �TTHB2/ i?2 KBtim`2 }i LLGa@#�b2/ �M�HvbBb ULQM@
L2;�iBp2 G2�bi a[m�`2b �M�HvbBb- G2bHB2 2i �HX- kyR8c G�rbQM � >�MbQM- RNN8c
JQMiBM�`Q 2i �HX- kyR8V- r?B+? /2+QMbi`m+ib i?2 ǳT�BMiBM; T`Q}H2Ǵ BM72``2/
#v *S �b i?2 +QK#BM�iBQM Q7 /2}M2/ bQm`+2bX AM /2i�BHb- r2 `2+QMbi`m+i2/
i?2 T`Q}H2b Q7 i?2 KQ/2`M b�KTH2b �b i?2 +QK#BM�iBQM Q7 i?2 �M+B2Mi QM2bX

AM Q`/2` iQ /Q bQ- r2 mb2/ �M �/�Ti�iBQM Q7 i?2 MQM@M2;�iBp2@H2�bi@b[m�`2b
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

UMMHbV 7mM+iBQM BKTH2K2Mi2/ BM _X h?2 T`Q#H2K Q7 MQM@M2;�iBp2 H2�bi b[m�`2b
Bb � +QMbi`�BM2/ H2�bi b[m�`2b T`Q#H2K r?2`2 i?2 +Q2{+B2Mib �`2 MQi �HHQr2/
iQ #2+QK2 M2;�iBp2 Ub22 i?2 2[m�iBQM #2HQrVX :Bp2M � K�i`Bt A �M/ � p2+iQ`
Q7 /2T2M/2Mi p�`B�#H2b b- i?2 ;Q�H Bb iQ bQHp2,

minimize ||Ax− b||,
subject to x ≥ 0

q?2`2 x ≥ 0 Bb i?2 +QMbi`�BMi `2[mB`BM; i?�i 2�+? +QKTQM2Mi Q7 i?2
p2+iQ` Q7 i?2 bQHmiBQMb t M22/ iQ #2 TQbBiBp2X S`2+Bb2Hv 7`QK i?Bb +QMbi`�BMi-
Bi /2`Bp2b i?2 M�K2 ǳMQM@M2;�iBp2ǴX || · || BM/B+�i2b i?2 1m+HB/2�M MQ`KX
*QM+2`MBM; Qm` �M+2bi`v T`Q#H2K- LLGa +QmH/ #2 mb2/ �b �M �TT`Q�+?
7Q` b2;K2Mi �bbB;MK2Mi ;Bp2M i?2 ǳT�BMiBM; T`Q}H2Ǵ BM72``2/ #v *>_PJP@
S�ALh1_X AM 7�+i- i?�MFb iQ i?2 +QK#BM�iBQM rBi? *>_PJPS�ALh1_-
Bi +�M ǳT�BMiǴ 2�+? ?�THQB/ ;2MQK2 Q7 � `2+BTB2Mi mbBM; i?2 /QMQ` ;`QmTb
7`QK r?B+? �M+2bi`v Bb iQ #2 �bbB;M2/ U6B;m`2 e3VX

AM T�`iB+mH�`- Qm` K�i`Bt A Bb #mBHi #v i�FBM; i?2 `Qrb +Q``2bTQM/BM; iQ
i?2 �M+B2Mib �M/ �HH i?2 +QHmKMb BM i?2 X+?mMF+QmMibXQmi }H2 �M/ i?2M #v
i`�MbTQbBM; i?2 K�i`BtX h?2 p2+iQ` # Bb i?2 p2+iQ` Q7 QM2 KQ/2`M b�KTH2
+QMi�BMBM; i?2 aLSb +QTB2/ 7`QK �HH KQ/2`M b�KTH2bX h?2 p2+iQ` t Bb i?2
p2+iQ` Q7 i?2 mMFMQrMb- BX2X- i?2 �M+B2Mi +QKTQM2Mib Q7 i?2 KQ/2`M b�KTH2 BM
bX >Qr2p2`- B7 r2 +QMbB/2` i?2 MMHb T`Q#H2K Ui?2 �#Qp2 2[m�iBQMV- r2 Q#i�BM
�M Qp2`/2i2`KBM2/ bvbi2K- BM r?B+? i?2`2 �`2 KQ`2 2[m�iBQMb ě i?2 MmK#2`
Q7 KQ/2`M b�KTH2b ě i?�M mMFMQrMb- i?2 MmK#2` Q7 �M+B2Mi b�KTH2bX .m2
iQ i?Bb +?�`�+i2`BbiB+- i?Bb bvbi2K +�MMQi ?�p2 �M 2t�+i bQHmiBQMX >Qr2p2`-
r2 +�M +QKTmi2 i?2 bQHmiBQM i?�i #2bi �TT`QtBK�i2 �M 2t�+i bQHmiBQM- BM
Qi?2` rQ`/b- i?2 bQHmiBQM i?�i KBMBKBx2 i?2 2``Q`X h?2 2``Q` Bb +QKTmi2/ �b
i?2 MQ`K ||Ax− b||- i?�i Bb- i?2 bmK Q7 i?2 b[m�`2/ /Bz2`2M+2b- �M/ Bb +�HH2/
`2bB/m�HX

q2 �M�Hvb2/ i?2 KQ/2`M b�KTH2b U9-38k KQ/2`M b�KTH2b 7`QK i?2 6J.
rBi? *S �M/ 9-eye Q7 i?2K rBi? LLGaV �M/ /Bz2`2Mi b2ib Q7 �M+B2Mi b�KTH2b-
r?B+? +�M #2 +H�bbB}2/ BMiQ irQ K�BM ;`QmTbX h?2 }`bi b2i UmHiBK�i2 bQm`+2bV
BM+Hm/2/ b�KTH2b KQ`2 �M+B2Mi i?�M i?2 b2+QM/ UT`QtBK�i2 bQm`+2bVX aT2@
+B}+�HHv- i?2 mHiBK�i2 b2i +QMi�BM b�KTH2b QH/2` i?�M e-yyy +�H"*1- r?BH2
T`QtBK�i2 bQm`+2b �`2 vQmM;2` i?�M e-yyy +�H"*1X q2 T2`7Q`K2/ /Bz2`2Mi
LLGa �M�Hvb2b QM i?2 `2bmHib Q7 i?2 *S `mMb 7`QK mHiBK�i2 �M/ T`QtBK�i2
bQm`+2b BM Q`/2` iQ 2tTHQ`2 i?2 `2H�iBQMb?BTb #2ir22M b�KTH2b 7`QK /Bz2`2Mi
HQ+�iBQMb �M/ Q7 /Bz2`2Mi �;2bX h?2M- r2 2tT`2bb2/ i?2 �M+2bi`v T`QTQ`iBQM
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6B;m`2 e3X h?2 *SfLLGa �TT`Q�+?X

Q7 2�+? `2+BTB2Mi TQTmH�iBQM �b � +QK#BM�iBQM Q7 2�+? /QMQ` �M+B2Mi b�KTH2
Q` KQ/2`M +Hmbi2` +QKTQM2Mib �M/ r2 pBbm�HBx2/ i?2b2 T`QTQ`iBQMb i?`Qm;?
#�` +?�`ib mbBM; _ bi�iBbiB+�H bQ7ir�`2X 6BM�HHv- r2 2p�Hm�i2/ i?2 ;QQ/M2bb
Q7 }i Q7 i?2 LLGa T2`7Q`K2/ QM T`QtBK�i2 bQm`+2b #v BM+Hm/BM;f2t+Hm/BM;
�"� �M/ a"� b�KTH2b QM2 �i i?2 iBK2- i?`Qm;? i?2 +QKTmi�iBQM Q7 i?2
bmK Q7 i?2 b[m�`2/ `2bB/m�Hb T`Q/m+2/ #v i?2 LLGaX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

a�KTH2 M�K2 .�i� bQm`+2 *SfLLGa H�#2Hb J2�M *Qp2`�;2
"B+?QM 6m 2i �HX kyRe q>: 3XRRN
EER 6m 2i �HX kyRe *>: RkXR8d
q*R "`Qmb?�FB 2i �HX kyRe AL Ry
AyyeR 6m 2i �HX kyRe 1>: RXN8k
"�`3 >Q7K�MQp� 2i �HX kyRe �L d
aimii;�`i 6m 2i �HX kyRe 11L RN
A+2K�M J�i?B2bQM 2i �HX kyR8 A+2K�M 3
AykjR G�x�`B/Bb 2i �HX kyRe a"� j
_Aa193N G�x�`B/Bb 2i �HX kyRe _2K2/2HHQ yX8
Ake3j G�x�`B/Bb 2i �HX kyRd �"� jXeN8
AyydR G�x�`B/Bb 2i �HX kyRd JAL dXjRk
ANy9R G�x�`B/Bb 2i �HX kyRd Ju* RX883
Ak9d3 PH�H/2 2i �HX kyR3 Ak9d3nAhLn"2�F2` Rk9yF +�Tim`2 Uekk-yeN aLSbV
Ak9dd PH�H/2 2i �HX kyR3 Ak9ddnAhLn"2�F2` Rk9yF +�Tim`2 Ud3k-djN aLSbV
ARNdN PH�H/2 2i �HX kyR3 ARNdNnAhLn"2�F2` Rk9yF +�Tim`2 Ujd8-dk8 aLSbV
A9Njy PH�H/2 2i �HX kyR3 aB+BHvn"2�F2` Rk9yF +�Tim`2 U9y-k8k aLSbV
AjNky J�i?B2bQM 2i �HX kyR3 SL jXR99
a�hS 6m 2i �HX kyRe a�hS RXRN8

h�#H2 9X �M+B2Mi b�KTH2b +Qp2`�;2X h?2 b2[m2M+BM; +Qp2`�;2 Q7 2�+?
�M+B2Mi b�KTH2 mb2/ BM *SfLLGa �M�Hvb2bX

lHiBK�i2 bQm`+2b �M�Hvb2b

q2 �bb2K#H2/ i?2 b2i Q7 mHiBK�i2 bQm`+2b #v BM+Hm/BM; QM2 `2T`2b2Mi�iBp2
�M+B2Mi b�KTH2 7Q` q2bi2`M >mMi2` :�i?2`2`b Uq>:V- *�m+�bmb >mMi2`
:�i?2`2`b U*>:V- 1�bi2`M >mMi2` :�i?2`2`b U1>:V- �M�iQHB�M L2QHBi?B+b
U�LV �M/ A`�MB�M L2QHBi?B+b UALV �M/ r2 BMp2biB;�i2/ i?2 +QKTQbBiBQM Q7
i?2 ;2M2iB+ +Hmbi2`b BM `2H�iBQM iQ i?2KX

�7i2` K2`;BM; �M+B2Mi �M/ KQ/2`M b�KTH2b- � iQi�H Q7 Rdj-yye p�`B�Mib
r2`2 �p�BH�#H2 7Q` i?Bb b2iX q2 BM+Hm/2/ KQ/2`M LQ`i? �7`B+�M �M/ �bB�M
+Hmbi2`b �b bQm`+2b BM i?2 LLGa �M�Hvb2b BM Q`/2` iQ +QMbB/2` `2+2Mi +QMi`B@
#miBQMb 7`QK MQM@1m`�bB�M +QmMi`B2b U"mb#v 2i �HX- kyR8VX

S`QtBK�i2 bQm`+2b �M�Hvb2b

h?2M- r2 BMp2biB;�i2/ i?2 ;2M2iB+ +Hmbi2` +QKTQbBiBQM BM `2H�iBQM iQ T`QtBK@
�i2 bQm`+2b- r?B+? BM+Hm/2/ 1m`QT2�M 1�`Hv L2QHBi?B+ U11LV- ai2TT2 "`QMx2
�;2 Ua"�V- �M/ �M�iQHB�M "`QMx2 �;2 U�"�V b�KTH2b- rBi? i?2 H�ii2` �b �
`2T`2b2Mi�iBp2 Q7 i?2 `2+2MiHv +?�`�+i2`Bb2/ aQmi? 1�bi2`M 1m`QT2�M "`QMx2
�;2 TQTmH�iBQMb Ua11- G�x�`B/Bb 2i �HX- kyRdc J�i?B2bQM 2i �HX- kyR3VX aBM+2
p�`B�iBQM BM i?2 �/KBtim`2 /vM�KB+b #2ir22M 7�`K2`b �M/ ?mMi2`@;�i?2`2`b
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

�+`Qbb 1m`QT2 ?�b #22M `2TQ`i2/ UGBTbQM 2i �HX- kyRdV- r2 �//2/ q>: �b
bQm`+2 BM i?2 T`QtBK�i2 bQm`+2b �M�Hvb2bX

�7i2` K2`;BM; �M+B2Mi �M/ KQ/2`M b�KTH2b- � iQi�H Q7 Rj8-ykk aLSb r2`2
�p�BH�#H2 7Q` i?2 T`QtBK�i2 �M�Hvb2bX

q2 `2T2�i2/ i?2 T`QtBK�i2 �M�HvbBb `2TH�+BM; i?2 �"� b�KTH2 rBi? irQ
�Hi2`M�iBp2 T`QtB2b 7Q` a11 TQTmH�iBQMb, ANy9R UG�x�`B/Bb 2i �HX- kyRdV- �
`2T`2b2Mi�iBp2 Q7 i?2 Jv+2M�2�M +mHim`2- �M/ AyydR UG�x�`B/Bb 2i �HX- kyRdV-
�bbQ+B�i2/ rBi? i?2 JBMQ�M +mHim`�H �bb2K#H�;2X h?2b2 �M�Hvb2b `2i�BM2/
� iQi�H Q7 8N-9dd �M/ Rej-d99 aLSb- `2bT2+iBp2HvX �b #27Q`2- r2 BM+Hm/2/
KQ/2`M /�v LQ`i? �7`B+�M �M/ �bB�M +Hmbi2`b �b bQm`+2b BM i?2 LLGa �M�@
Hvb2b UG�x�`B/Bb 2i �HX- kyRdc "mb#v 2i �HX- kyR8VX q2 �HbQ +QMbB/2`2/ �b
�Hi2`M�iBp2 a11 bQm`+2 i?2 `2+2MiHv `2H2�b2/ S2HQTQMM2b2 L2QHBi?B+ USLV
b�KTH2b UJ�i?B2bQM 2i �HX- kyR3V- #v b2H2+iBM; i?2 #2bi b�KTH2 BM i2`Kb Q7
i?2 MmK#2` Q7 MQM@KBbbBM; p�`B�Mib r?2M +QmTH2/ rBi? i?2 �M+B2Mi b�KTH2b
BM i?2 T`QtBK�i2 bQm`+2b b2i UAjNkyVX q2 �//2/ AjNky iQ i?2 b2i Q7 �M+B2Mi
T`QtBK�i2 bQm`+2b- iQ;2i?2` rBi? 11L- a"� �M/ q>: Q#i�BMBM; � /�i�b2i
+QKTQb2/ #v R9e-8ke aLSb QM r?B+? r2 T2`7Q`K2/ *S �M/ LLGaX

SQbi@L2QHBi?B+ Ai�HB�M b�KTH2b

q2 r2`2 �HbQ BMi2`2bi2/ BM i?2 bB;M�im`2b Q7 TQbi@L2QHBi?B+ 2p2Mib BM �M+B2Mi
Ai�HB�M b�KTH2bX 6Q` i?Bb `2�bQM- r2 `2T2�i2/ i?2 T`QtBK�i2 �M�HvbBb �//BM;
bQK2 Ai�HB�M TQbi@L2QHBi?B+ b�KTH2b �b `2+BTB2MibX

� 72r TQbi@L2QHBi?B+ b�KTH2b 7`QK Ai�Hv ?�p2 #22M b2[m2M+2/ bQ 7�`X
PM2 Bb i?2 7�KQmb A+2K�M UE2HH2` 2i �HX- kyRkV- r?Q /�i2b iQ j-j8N@j-Ry8
"*1 U*QTT2` �;2- �`QmM/ 8-yyy v2�`b �;QV �M/ r�b /Bb+Qp2`2/ QM i?2 hBb@
2MDQ+? S�bb BM i?2 Ai�HB�M T�`i Q7 i?2 ƹixi�H �HTbX Pi?2` i?`22 #2HQM; iQ
i?2 _2K2/2HHQ +mHim`2 U�HH2MiQ7i 2i �HX- kyR8c G�x�`B/Bb 2i �HX- kyReV /�i@
BM; �`QmM/ j-yyy �M/ k-yyy "*1 U_Aa193d, j-93j@j-Ryd +�H"*1- _Aa193e,
k-Rj9@R-ddj +�H"*1c _Aa193N, k-Ny3@k-8d3 +�H"*1V �M/ r2`2 7QmM/ BM i?2
`2;BQM Q7 GQK#�`/v BM LQ`i?2`M Ai�HvX 6Q` QMHv irQ Q7 i?2b2 b�KTH2b UA+2@
K�M �M/ _2K2/2HHQ _Aa193NV � `2H�iBp2Hv H�`;2 MmK#2` Q7 aLSb Bb �p�BH�#H2c
i?mb r2 7Q+mb2/ QM i?2b2 irQ BM Qm` �M�Hvb2bX q?2M #Qi? i?2 �M+B2Mi Ai�HB�M
b�KTH2b r2`2 �//2/ iQ i?2 KQ/2`M �M/ �M+B2Mi /�i�b2i- i?2 iQi�H MmK#2`
Q7 aLSb r�b d9-ekk 7Q` mHiBK�i2 bQm`+2bX 6Q` T`QtBK�i2 bQm`+2b- r?2M #Qi?
i?2 �M+B2Mi Ai�HB�M b�KTH2b �M/ i?2 q>: b�KTH2 r2`2 �//2/- r2 Q#i�BM2/
8d-83k- dy-9j9 �M/ k8-NN3 aLSb 7Q` i?2 �M�Hvb2b rBi? �"�- JAL �M/ Ju*-
`2bT2+iBp2HvX

� b2i Q7 Ai�HB�M b�KTH2b `2H�i2/ iQ i?2 "2HH "2�F2` +mHim`�H �bb2K#H�;2
?�p2 #22M `2+2MiHv Tm#HBb?2/ BM i?2 rQ`F Q7 PH�H/2 2i �HX- kyR3- r?B+? BM@
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+Hm/2/ i?`22 BM/BpB/m�Hb 7`QK LQ`i?2`M Ai�Hv �M/ i?`22 7`QK aB+BHvX h?2
}`bi b2i Bb 7`QK 1KBHB�@_QK�;M�- � `2;BQM BM i?2 SQ TH�BM Q7 LQ`i?2`M Ai�Hv
�M/ /�i2/ iQ �M �/p�M+2/ "2HH "2�F2` T?�b2 Uk-kyyĜR-Njy "*1VX h?2 i?`22
aB+BHB�M b�KTH2b +�K2 7`QK i?2 "2HH "2�F2` H�v2` Q7 #m`B�Hb Q7 � bK�HH �`iB@
}+B�H +�p2 �M/ /�i2/ #2ir22M k-8yy �M/ R-Nyy "*1X q?BH2 �HH i?2 LQ`i?2`M
Ai�HB�M "2HH "2�F2` b�KTH2b r2`2 mb2/ 7Q` Qm` bim/v- r2 +QmH/ mb2 QMHv QM2
UA9NjyV Q7 i?2 aB+BHB�M BM/BpB/m�Hb- /m2 iQ i?2 p2`v HQr MmK#2` Q7 aLSb Q7
i?2 Qi?2` irQ b�KTH2bX 1p2M bQ- i?2 iQi�H MmK#2` Q7 �p�BH�#H2 ;2M2iB+ p�`B@
�Mib Q7 i?Bb aB+BHB�M b�KTH2 Bb biBHH HQr U9y-k8kV- `�BbBM; bQK2 Bbbm2b �#Qmi
i?2 +QM}/2M+2 Q7 i?2 *SfLLGa BM72`2M+2bX

q2 mb2/ i?Bb aB+BHB�M "2HH "2�F2` BM/BpB/m�H �b � `2+BTB2Mi BM � T`QtBK�i2
bQm`+2b *S `mM U11L- a"�- �"� �M/ SLV 7Q` � iQi�H Q7 e-RRN aLSb �M/ BM
�MQi?2` QM2 r?2`2 r2 `2TH�+2/ �"� �M/ SL rBi? JAL Ue-3dd aLSbVX h?2M-
r2 T2`7Q`K2/ LLGa �M�Hvb2b iQ T�BMi KQ/2`M b�KTH2b rBi? i?2 7QHHQrBM;
b2ib Q7 bQm`+2b, 11L- a"�- �"� �M/ SLc 11L- a"� �M/ �"�c 11L- a"�
�M/ JALc 11L- a"� �M/ SLc �HH i?2 �M�Hvb2b r2`2 `mM #v BM+Hm/BM; �M/
2t+Hm/BM; q>: �b �M �//BiBQM�H bQm`+2X q2 MQi2 ?2`2 i?�i r2 /B/ MQi
2ti2M/ i?Bb b2i Q7 �M�Hvb2b iQ i?2 i?B`/ a11 b�KTH2 UJv+2M�2�M- Ju*V �b
i?2 Qp2`�HH }M�H MmK#2` Q7 aLSb r�b iQQ bK�HH Uk-k39VX

h?2M- r2 `2T2�i2/ i?2 }`bi *S `mM U11L- a"�- �"� �M/ SLV �M/
`2TH�+2/ i?2 aB+BHB�M "2HH "2�F2` b�KTH2- rBi? i?2 i?`22 LQ`i?2`M Ai�HB�M
"2HH "2�F2` b�KTH2b �b `2+BTB2Mib UjN-yye aLSbVX AM � b2T�`�i2 `mM- r2
BM+Hm/2/ QMHv i?2 #2bi Q7 i?2b2 b�KTH2b �b � `2+BTB2Mi UAk9ddc RRk-y3N aLSbVX

6BM�HHv- r2 �HbQ `mM QM2 mHiBK�i2 bQm`+2b �M�HvbBb- rBi? 8-d89 aLSb- mbBM;
i?2 aB+BHB�M �M/ i?2 #2bi LQ`i?2`M Ai�Hv "2HH "2�F2` BM/BpB/m�H iQ;2i?2` �b
`2+BTB2Mib �M/- BM � b2T�`�i2 `mM- �HH i?2 i?`22 LQ`i?2`M Ai�HB�M "2HH "2�F2`
b�KTH2b �b `2+BTB2Mib Ujd-3Ny aLSbVX

:2Q;`�T?v �M/ �M+2bi`v T`QTQ`iBQMb
q2 2tTHQ`2/ i?2 `2H�iBQMb?BT #2ir22M �M+2bi`v +QKTQbBiBQM �M/ ;2Q;`�T?v-
#v T2`7Q`KBM; aT2�`K�MǶb `�MF +Q``2H�iBQM i2bib #2ir22M ;2Q;`�T?B+ HQ+@
�iBQMb Q7 i?2 1m`QT2�M b�KTH2b �M/ i?2 �M+2bi`v T`QTQ`iBQMb BM72``2/ #v
K2�Mb Q7 i?2 LLGa �M�Hvb2b /2b+`B#2/ �#Qp2X �b � K�ii2` Q7 7�+i- i?2
K�DQ`Biv Q7 i?2 �M+2bi`v T`QTQ`iBQMb �M/ H�iBim/2 /Bbi`B#miBQMb r2`2 MQi
MQ`K�HHv /Bbi`B#mi2/- �++Q`/BM; iQ i?2 a?�TB`Q@qBHF LQ`K�HBiv h2biX h?Bb
Bb i?2 `2�bQM r?v r2 mb2/ i?2 aT2�`K�MǶb `�MF +Q``2H�iBQM i2biX

AM /2i�BHb- r2 7Q+mb2/ QM q2bi 1m`�bB�M TQTmH�iBQMb- #v F22TBM; QMHv
i?Qb2 ;`QmTb HQ+�HBb2/ #2ir22M @Ry �M/ 88 /2;`22b Q7 HQM;Bim/2 �M/ #2ir22M
k3 �M/ e8 /2;`22b Q7 H�iBim/2 7Q` r?B+? � ;2Q;`�T?B+ HQ+�iBQM +QmH/ #2 �b@
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

bB;M2/X �KQM; i?2 Ai�HB�M BM/BpB/m�Hb- r2 +QMbB/2`2/ QMHv i?Qb2 b�KTH2b
r?Qb2 ;`�M/T�`2Mib r2`2 #Q`M BM i?2 b�K2 Ai�HB�M �/KBMBbi`�iBp2 `2;BQMX
AM i�#H2b "Xj �M/ "X9- r2 ?�p2 `2TQ`i2/ i?2 KQ/2`M TQTmH�iBQMb i?�i r2
?�p2 +QMbB/2`2/ BM i?2 *SfLLGa �M�Hvb2b- i?2 �M+2bi`v T`QTQ`iBQMb �M/
i?2 bi�M/�`/ 2``Q`b +QKTmi2/ �TTHvBM; � r2B;?i2/ D�+FFMB72 #QQibi`�T- 7Q`
mHiBK�i2 �M/ T`QtBK�i2 �M�Hvb2b- `2bT2+iBp2HvX

[T�/K �M�HvbBb
.m2 iQ i?2 `2[m2bi Q7 QM2 Q7 Qm` `2pB2r2`b- r2 /2+B/2/ iQ i`v iQ `2THB+�i2
i?2 `2bmHib Q#i�BM2/ rBi? i?2 *SfLLGa TBT2HBM2- rBi? i?2 bQ7ir�`2 [T�/K-
r?B+? ?�b `2+2MiHv #2+QK2 QM2 Q7 i?2 `272`2M+2 K2i?Q/b 7Q` �M+2bi`�H `2+QM@
bi`m+iBQMX h?mb- .` JQMiBM�`Q /B/ i?2 7QHHQrBM; �M�Hvb2b rBi? [T�/KX

[T�/K ?�`M2bb /Bz2`2Mi `2H�iBQMb?BTb Q7 TQTmH�iBQMb `2H�i2/ iQ � b2i Q7
Qmi;`QmTb- �b BM i?2 7QHHQrBM; 2t�KTH2,

f4[Target,O1, O2, O3]

AM /2i�BHb- 7Q` 2�+? i2bi2/ +Hmbi2` Q7 i?2 6J. �M/ >..- r2 ?�p2 2p�Hm@
�i2/ �HH i?2 TQbbB#H2 +QK#BM�iBQMb Q7 N ǳH27iǴ bQm`+2b rBi? N = {2, . . . , 5}-
�M/ QM2 b2i Q7 `B;?ifH27i Pmi;`QmTbX aT2+B}+�HHv- i?2 7QHHQrBM; H27i �M/
`B;?i TQTmH�iBQMb r2`2 mb2/, H27i 4 �M�iQHB�n"�- �M�iQHB�nL- ai2TT2n@
1J"�- q>:- 1>:- A`�MnL- JBMQ�MnG�bBi?B- JBMQ�MnP/B;Bi`B�- Jv@
+2M�2�M- L�7`B+�R- G2p�MinL- *>:- 1m`QT2n1L- 1m`QT2nGL"� �M/ 1m`QT2n@
JL*?Gc `B;?i 4 �7QMiQp�:Q`�j- 1>:- 1H JB`ƦM- :Qv2iZRRe@R- A`�MnL-
EQbi2MFBR9- G2p�MinL- J�R- JQi�- L�im}�M- lbiǶ@Ab?BK- o2biQMB+2Re �M/
*>:X 6Q` 2�+? Q7 i?2 i2bi2/ +QK#BM�iBQMb- r2 mb2/ [Tq�p2 iQ 2p�Hm�i2 B7
i?2 b2i Q7 +?Qb2M Qmi;`QmTb Bb �#H2 iQ,

Ç /Bb+`BKBM�i2 i?2 +QK#BM�iBQMb Q7 bQm`+2b-

Ç }M/ B7 i?2 i�`;2i K�v #2 2tTH�BM2/ #v i?2 bQm`+2bX

q2 mb2/ � p@p�Hm2 i?`2b?QH/ Q7 yXyRX 6BM�HHv- r2 mb2/ [T�/K iQ BM72` i?2
�/KBtim`2 T`QTQ`iBQMbX q2 T2`7Q`K2/ i?2 b�K2 �M�HvbBb QM �M+B2Mi Ai�HB�M
b�KTH2b UA+2K�M- _2K2/2HHQ �M/ "2HH "2�F2` BM/BpB/m�Hb 7`QK aB+BHv �M/
LQ`i? Ai�HvVX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

_2bmHib
AM i?Bb rQ`F- r2 ?�p2 2tTHQ`2/ ?Qr T�bi /2KQ;`�T?B+ 2p2Mi ?�p2 b?�T2/ i?2
;2M2iB+ /Bp2`bBiv Q7 Ai�HB�M �M/ Qi?2` 1m`QT2�M TQTmH�iBQMb #v +QK#BMBM;
i?2 6J. +QKT`BbBM; �`QmM/ jyy KQ/2`M rQ`H/rB/2 TQTmH�iBQMb rBi? ej
`2T`2b2Mi�iBp2 �M+B2Mi b�KTH2b U6B;m`2 eNVX
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6B;m`2 eNX :2Q;`�T?B+ HQ+�iBQM Q7 i?2 ej �M+B2Mi b�KTH2b mb2/ BM
i?Bb rQ`FX a�KTH2b BM7Q`K�iBQM �`2 `2TQ`i2/ BM h�#H2 jX

6B`biHv- r2 T`QD2+i2/ i?2 ej �M+B2Mi b�KTH2b QMiQ i?2 +QKTQM2Mib BM@
72``2/ 7`QK KQ/2`M 1m`QT2�M- q2bi �bB�M Q` *�m+�bB�M KQ/2`M@/�v BM/B@
pB/m�Hb U6B;m`2 dyV �M/ 7`QK 1m`QT2�M TQTmH�iBQMb QMHv U6B;m`2 dRVX "Qi?
S*�b TH�+2/ q2bi2`M >mMi2` :�i?2`2`b Uq>:V- �M�iQHB�M L2QHBi?B+ U�LV
�M/ ai2TT2b "`QMx2 �;2 Ua"�V �`QmM/ Ai�HB�M b�KTH2b- BM �;`22K2Mi rBi?
T`2pBQmb Q#b2`p�iBQMb 7Q` i?2 2MiB`2iv Q7 1m`QT2 UG�x�`B/Bb 2i �HX- kyRdc G�x@
�`B/Bb 2i �HX- kyRec 6m 2i �HX- kyRec >Q7K�MQp� 2i �HX- kyRec "`Qmb?�FB 2i �HX-
kyReVX h?2 Ai�HB�M b�KTH2b- rBi? i?2 2t+2TiBQM Q7 a�`/BMB�Mb- �TT2�`2/ �HbQ
+HQb2 iQ TQbi@L2QHBi?B+ b�KTH2b 7`QK �M�iQHB� �M/ *�m+�bmb U"`QMx2 �;2
�M/ *?�H+QHBi?B+ �M�iQHB�- G�x�`B/Bb 2i �HX- kyRdV �M/ i?2 `2+2MiHv +?�`�+@
i2`Bb2/ JBMQ�M �M/ Jv+2M�2�M TQTmH�iBQMb UG�x�`B/Bb 2i �HX- kyRdVX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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Ancient samples

Natufian
Villabruna
CHG
EHG
WHG
Balkans_MP_Neolithic
Europe_EN
Iran_N
Levant_N

Anatolia_N
Peloponnese_N
Iceman
Europe_MNChL
Beaker_Sicily
Beaker_Northern_Italy
Armenia_ChL
Anatolia_ChL
Europe_LNBA

Armenia_EBA
Steppe_EMBA
Steppe_MLBA
Levant_BA
Anatolia_BA
Minoan_Lasithi
Armenia_MLBA
Mycenaean
Steppe_IA

6B;m`2 dyX S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi
BM/BpB/m�Hb QMiQ i?2 +QKTQM2Mib BM72``2/ 7`QK KQ/2`M BM/BpB/m@
�HbX S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi BM/BpB/m�Hb QMiQ
i?2 +QKTQM2Mib BM72``2/ 7`QK j-k3k KQ/2`M BM/BpB/m�Hb �bbB;M2/- i?`Qm;?
� *Sf7a �M�HvbBb- iQ 1m`QT2�M- q2bi �bB�M �M/ *�m+�bB�M +Hmbi2`bX h?2
H�#2Hb �`2 TH�+2/ �i i?2 +2Mi`QB/ Q7 i?2 K�+`Q�`2�X h?2 +2Mi`QB/b �`2 +�H+m@
H�i2/ #v +QKTmiBM; i?2 K2�Mb Q7 i?2 +QQ`/BM�i2b Q7 BM/BpB/m�Hb BM KQ/2`M
+Hmbi2`b rBi?BM 2�+? K�+`Q�`2�X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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Modern Italian samples

NItaly1
NItaly2
NItaly3
NItaly4
NItaly5

NItaly6
NCItaly1
NCItaly2
NCItaly3
SCItaly1

SItaly1
SItaly2
SItaly3
Sicily1
Sicily2

Sardinia1
Sardinia2
Sardinia3

Ancient samples

Natufian
Villabruna
CHG
EHG
WHG
Balkans_MP_Neolithic
Europe_EN
Iran_N
Levant_N

Anatolia_N
Peloponnese_N
Iceman
Europe_MNChL
Beaker_Sicily
Beaker_Northern_Italy
Armenia_ChL
Anatolia_ChL
Europe_LNBA

Armenia_EBA
Steppe_EMBA
Steppe_MLBA
Levant_BA
Anatolia_BA
Minoan_Lasithi
Armenia_MLBA
Mycenaean
Steppe_IA

6B;m`2 dRX S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi
BM/BpB/m�Hb QMiQ i?2 +QKTQM2Mib BM72``2/ 7`QK KQ/2`M BM/BpB/m@
�HbX S`BM+BT�H +QKTQM2Mi �M�HvbBb T`QD2+iBM; ej �M+B2Mi BM/BpB/m�Hb QMiQ
i?2 +QKTQM2Mib BM72``2/ 7`QK k-9eN KQ/2`M BM/BpB/m�Hb �bbB;M2/- i?`Qm;? �
*Sf7a �M�HvbBb- iQ 1m`QT2�M +Hmbi2`bX h?2 H�#2Hb �`2 TH�+2/ �i i?2 +2Mi`QB/
Q7 i?2 K�+`Q�`2�X h?2 +2Mi`QB/b �`2 +�H+mH�i2/ #v +QKTmiBM; i?2 K2�Mb Q7
i?2 +QQ`/BM�i2b Q7 BM/BpB/m�Hb BM KQ/2`M +Hmbi2`b rBi?BM 2�+? K�+`Q�`2�X

aBKBH�` T�ii2`Mb i?�M BM i?2 S*� r2`2 �HbQ b?QrM #v i?2 �.JAshl_1
�M�HvbBb QM #Qi? �M+B2Mi U6B;m`2 dkV �M/ KQ/2`M b�KTH2b U6B;m`2b "Xk �M/
"XjVX q2 b?Qr �HbQ i?2 K = 15 `2bmHib 7Q` #Qi? KQ/2`M �M/ �M+B2Mi b�KTH2b
�p2`�;2/ #v +Hmbi2`b �M/ �M+B2Mi ;`QmTb- `2bT2+iBp2Hv U6B;m`2 dj�- "VX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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6B;m`2 dkX �.JAshl_1 �M�HvbBb Q7 ej �M+B2Mi b�KTH2bX �M+2bi`�H
�HH2H2 7`2[m2M+B2b r2`2 BM72``2/ 7`QK i2M /Bz2`2Mi �.JAshl_1 `mMb QM
9-eye KQ/2`M b�KTH2b �M/ T`QD2+i2/ QMiQ i?2 �M+B2Mi b�KTH2bX 1�+? #�`
`2T`2b2Mib �M BM/BpB/m�H ;`QmT2/ BMiQ �M+B2Mi ;`QmTbX

Re9



S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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6B;m`2 djX �.JAshl_1 �M�HvbBb Q7 ej �M+B2Mi b�KTH2b �M/ 9-eye
KQ/2`M b�KTH2b 7Q` E4R8X �@"V _2bmHib Q7 i?2 �.JAshl_1 �M�HvbBb
�b BM 6B;m`2b dk �M/ "Xk 7Q` K = 15 BM+Hm/BM; #Qi? KQ/2`M U�V �M/ �M+B2Mi
b�KTH2b U"VX *V "Qt THQib Q7 i?2 i2M *o@2``Q`b 7Q` K = {2, . . . , 20}X .V
.2i�BH2/ #Qt THQib 7Q` i?2 i2M *o@2``Q`b 7Q` K = {10, . . . , 17}X

h?2 +QHQm`b i?�i K�/2 mb
q2 i2bi2/ /Bz2`2Mi +QK#BM�iBQM Q7 �M+B2Mi Tmi�iBp2 bQm`+2b mbBM; i?2 ǳmM@
HBMF2/Ǵ KQ/2 BKTH2K2Mi2/ BM *S �M/ � ǳKBtim`2 }iǴ �TT`Q�+? UMQM@M2;�iBp2
H2�bi b[m�`2 �H;Q`Bi?K- LLGac G2bHB2 2i �HX- kyR8c JQMiBM�`Q 2i �HX- kyR8c
G�rbQM � >�MbQM- RNN8VX q2 r�Mi iQ TQBMi Qmi i?�i i?2 ǳmMHBMF2/Ǵ �T@
T`Q�+? K�F2b *S bBKBH�` iQ Qi?2` `QmiBM2Hv T2`7Q`K2/ �M�Hvb2b #�b2/ QM
;2MQivT2 /�i�- bm+? �b [T�/K �M/ �.JAshl_1c ?Qr2p2`- i?2 bi`2M;i?
Q7 i?2 TBT2HBM2 Bib2H7 H�vb BMbB/2 i?2 bm#b2[m2Mi K�i?2K�iB+�H bQHmiBQM iQ i?2
LLGa T`Q#H2K Ub22 T�;2 R88VX

AM Q`/2` iQ BMp2biB;�i2 ?Qr �M/ iQ r?�i 2ti2Mi i?2 �M+B2Mi /2KQ;`�T?B+
2p2Mib ?�p2 b?�T2/ i?2 KQ/2`M@/�v Ai�HB�M �M/ 1m`QT2�M ;2M2iB+ p�`B�iBQMb-
r2 #mBHi i?2 mHiBK�i2 �M/ T`QtBK�i2 b2ib Q7 �M+B2Mi b�KTH2b �M/ r2 �TTHB2/
i?2 *SfLLGa�TT`Q�+?X

LQi�#Hv- BM #Qi? �M�Hvb2b- aQmi?2`M Ai�HB�M +Hmbi2`b b?Qr2/ +QMi`B#miBQMb
7`QK LQ`i?2`M �7`B+� U`2�+?BM; � K�tBKmK Q7 eXeW �M/ RRW BM aB+BHvk- 7Q`
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

mHiBK�i2 �M/ T`QtBK�i2 �M�HvbBb- `2bT2+iBp2HvV- +QM}`KBM; i?2 ?BbiQ`B+�H �/@
KBtim`2 bB;M�im`2b r?B+? .`X _�p2�M2 /2i2+i2/ #v :hfJ�G.1_ U_�p2�M2
2i �HX- kyRNV- �M/ �b T`2pBQmbHv `2TQ`i2/ U"mb#v 2i �HX- kyR8c >2HH2Mi?�H 2i
�HX- kyR9c a�xxBMB 2i �HX- kyRec *�T2HHB 2i �HX- kyydc *2`2xQ 2i �HX- kyRkc 6BQ`BiQ
2i �HX- kyReVX

lHiBK�i2 bQm`+2b, L2QHBi?B+ `mH2b

q2 �bb2K#H2/ i?2 b2i Q7 mHiBK�i2 bQm`+2b #v BM+Hm/BM; QM2 `2T`2b2Mi�iBp2
�M+B2Mi b�KTH2 7Q` q2bi2`M >mMi2` :�i?2`2`b Uq>:V- *�m+�bmb >mMi2`
:�i?2`2`b U*>:V- 1�bi2`M >mMi2` :�i?2`2`b U1>:V- �M�iQHB�M L2QHBi?B+b
U�LV �M/ A`�MB�M L2QHBi?B+b UALV �M/ r2 �TTHv2/ i?2 *SfLLGa �TT`Q�+?
U6B;m`2 d9VX

q?2M mHiBK�i2 bQm`+2b r2`2 +QMbB/2`2/- r2 Q#b2`p2/ i?2 T2`p�bBp2 T`2b@
2M+2 Q7 �L �M+2bi`v �+`Qbb �HH 1m`QT2�M TQTmH�iBQMbX AM T�`iB+mH�`- �HH i?2
Ai�HB�M +Hmbi2`b r2`2 +?�`�+i2`Bb2/ #v `2H�iBp2Hv ?B;? �KQmMib Q7 �M�iQHB�M
L2QHBi?B+ U�LV- `�M;BM; #2ir22M 8eW UaAi�HvRV �M/ dkW ULAi�Hv9V- /Bbi`B#@
mi2/ �HQM; � LQ`i?@aQmi? +HBM2 UaT2�`K�M ρ = 0.52- p@p�Hm2 < 0.05c 6B;m`2b
d9- 6B;m`2b d8- �M/ h�#H2 "XjV- rBi? a�`/BMB�Mb b?QrBM; p�Hm2b �#Qp2 3yW-
�b T`2pBQmbHv bm;;2bi2/ Ua�`MQ 2i �HX- kyRdc >��F 2i �HX- kyR8VX
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6B;m`2 d9X *SfLLGa `2bmHib 7Q` mHiBK�i2 bQm`+2b `2TQ`iBM; �HH
KQ/2`M 1m`�bB�M �M/ �7`B+�M +Hmbi2`bX

h?2 `2K�BMBM; �M+2bi`v r�b K�BMHv �bbB;M2/ iQ q>: Uq2bi2`M >mMi2`@
:�i?2`2`V- *>: �M/ 1>:X AM T�`iB+mH�`- i?2 }`bi irQ +QKTQM2Mib r2`2
KQ`2 T`2b2Mi BM TQTmH�iBQMb 7`QK i?2 aQmi? Q7 Ai�Hv Uaim/2MiǶb i@h2bi p@p�Hm2
< 0.05V- r?BH2 i?2 H�ii2` r�b ?B;?2` BM LQ`i?2`M Ai�HB�M +Hmbi2`b Uaim/2MiǶb
i@h2bi p@p�Hm2 < 0.05VX h?2b2 Q#b2`p�iBQMb bm;;2bi i?2 2tBbi2M+2 Q7 /Bz2`2Mi
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

b2+QM/�`v bQm`+2b +QMi`B#miBQMb iQ i?2 irQ 2/;2b Q7 i?2 T2MBMbmH�- rBi? i?2
LQ`i? �z2+i2/ KQ`2 #v 1>:@`2H�i2/ TQTmH�iBQMb �M/ i?2 aQmi? �z2+i2/
KQ`2 #v *>:@`2H�i2/ ;`QmTbX A`�M L2QHBi?B+ UALV �M+2bi`v r�b /2i2+i2/ BM
1m`QT2 QMHv BM aQmi?2`M Ai�Hv U6B;m`2b d9 �M/ d81VX
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Anatolian Neolithic (AN)B
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Caucasus Hunter Gatherer (CHG)C
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Eastern Hunter Gatherer (EHG)D

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●●
●

●

●

●● ●
●●
●

●
●

●
● ●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●●
●

●
●

0.0 0.1 0.2 0.3

Iranian Neolithic (IN)E

6B;m`2 d8X *SfLLGa `2bmHib 7Q` mHiBK�i2 bQm`+2b BM q2bi2`M
1m`�bB�X U�V q>: Uq2bi2`M >mMi2` :�i?2`2`- "B+?QMV- U"V �L U�M�iQ@
HB�M L2QHBi?B+- "�`3V- U*V *>: U*�m+�bmb >mMi2` :�i?2`2`- EERV- U.V
1>: U1�bi2`M >mMi2` :�i?2`2`- AyyeRV U1V �M/ AL UA`�MB�M L2QHBi?B+-
q*RV +QMi`B#miBQMb BM q2bi2`M 1m`�bB�- �b BM72``2/ BM 6B;m`2 d9X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

AM i?2 mHiBK�i2 bQm`+2b- �HH i?2 b+`miBMBb2/ �M+2bi`B2b `2bmHi2/ bB;MB}+@
�MiHv �bbQ+B�i2/ rBi? HQM;Bim/2 �M/ H�iBim/2 �+`Qbb 1m`QT2- 2t+2Ti 7Q` 1>:-
i?�i /B/ MQi +Q``2H�i2 rBi? HQM;Bim/2 U6B;m`2 de�- "VX AMi2`2biBM;Hv- i?2
/Bbi`B#miBQMb Q7 i?2 �M�iQHB�M �M/ A`�MB�M L2QHBi?B+ UALV �M+2bi`B2b r2`2
QTTQbBi2 iQ i?Qb2 Q7 bQK2 >: ;`QmTbX S�`iB+mH�`Hv- i?2 L2QHBi?B+ +QMi`B@
#miBQMb U7`QK #Qi? �M�iQHB� �M/ A`�MV �M/ *>: �M+2bi`v r2`2 M2;�iBp2Hv
+Q``2H�i2/ rBi? H�iBim/2 U�L, ρ = −0.25- p@p�Hm2 = 0.018c AL, ρ = −0.64-
p@p�Hm2 = 1.9e−11c *>:, ρ = −0.71- p@p�Hm2 = 6.4e−15VX *QMp2`b2Hv-
q2bi2`M �M/ 1�bi2`M >mMi2` :�i?2`2` �M+2bi`B2b `2bmHi2/ TQbBiBp2Hv +Q`@
`2H�i2/ rBi? H�iBim/2 Uq>:, ρ = 0.51- p@p�Hm2 = 4.5e−07c 1>:, ρ = 0.84-
p@p�Hm2 < 2.2e−16VX h?2 bi`QM; TQbBiBp2 +Q``2H�iBQM 2t?B#Bi2/ #v i?2 1>:
+QMi`B#miBQM +QmH/ #2 � T`Qtv 7Q` i?2 ǳbi2TT2@`2H�i2/Ǵ �M+2bi`v- r?B+? �`@
`Bp2/ BM q2bi2`M 1m`QT2 #2ir22M i?2 G�i2 L2QHBi?B+ �M/ i?2 "`QMx2 �;2
T2`BQ/X *�m+�bmb �M/ q2bi2`M >mMi2` :�i?2`2` �M+2bi`B2b 7QHHQr2/ QTTQb@
Bi2 +Q``2H�iBQM T�ii2`Mb rBi? HQM;Bim/2 Uq>:, ρ = −0.70- p@p�Hm2 = 1.4e−14c
*>:, ρ = 0.40- p@p�Hm2 = 9.6e−05V- �b r2HH �b �M�iQHB�M �M/ A`�MB�M
L2QHBi?B+ �M+2bi`B2b U�L, ρ = −0.68c p@p�Hm2 = 1.5e−13c AL, ρ = 0.26-
p@p�Hm2 = 0.014VX q?2M +QMbB/2`BM; i?2 Ai�HB�M ;`QmTb- �HH i?2 �M+2bi`B2b
r2`2 �bbQ+B�i2/ rBi? H�iBim/2 �M/ HQM;Bim/2- 2t+2Ti 7Q` q>: U6B;m`2 de*-
.VX LQi�#Hv- i?2 1>: +QMi`B#miBQM Bb bi`QM;Hv +Q``2H�i2/ rBi? H�iBim/2- /2@
+`2�bBM; r?BH2 KQpBM; aQmi? �HQM; i?2 Ai�HB�M S2MBMbmH� U1>:, ρ = 0.97-
p@p�Hm2 = 4e−12V- BM +QMi`�bi iQ i?2 A`�MB�M L2QHBi?B+ �M+2bi`v- r?B+? Bb
T`2b2Mi K�BMHv BM aQmi?2`M Ai�Hv UAL, ρ = −0.74- p@p�Hm2 = 0.00017VX �b
2tT2+i2/- ;Bp2M i?2 +?�`�+i2`BbiB+ b?�T2 Q7 i?2 Ai�HB�M +QmMi`v UKQbiHv /Bb@
i`B#mi2/ BM � `2H�iBp2Hv M�``Qr bi`BT �HQM; � LQ`i?@aQmi? �tBbV- i?2 +Q``2H�@
iBQM #2ir22M �M+2bi`v �M/ HQM;Bim/2 r�b r2�F- #mi biBHH bB;MB}+�Mi 7Q` i?2 AL
+QMi`B#miBQM, i?2 +HQb2` i?2 b�KTH2b r2`2 iQ i?2 JB//H2 1�bi- i?2 ?B;?2` i?2
A`�MB�M L2QHBi?B+ bB;M�im`2 r�b Q#b2`p2/ UAL, ρ = 0.77- p@p�Hm2 = 6.5e−05-
6B;m`2 de.VX
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6B;m`2 deX aT2�`K�M +Q``2H�iBQMb #2ir22M mHiBK�i2 bQm`+2b �M@
+2bi`v +QKTQM2Mib- 2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �+`Qbb
1m`QT2�M TQTmH�iBQM �M/ ;2Q;`�T?vX U�V *Q``2H�iBQMb #2ir22M mH@
iBK�i2 bQm`+2b �M+2bi`v BM 1m`QT2�M TQTmH�iBQMb �M/ H�iBim/2X U"V *Q`@
`2H�iBQMb #2ir22M mHiBK�i2 bQm`+2b �M+2bi`v BM 1m`QT2�M TQTmH�iBQMb �M/
HQM;Bim/2X U*V *Q``2H�iBQMb #2ir22M mHiBK�i2 bQm`+2b �M+2bi`v BM Ai�HB�M
TQTmH�iBQMb �M/ H�iBim/2X U.V *Q``2H�iBQMb #2ir22M mHiBK�i2 bQm`+2b �M+2b@
i`v BM Ai�HB�M TQTmH�iBQMb �M/ HQM;Bim/2X

.@bi�iBbiB+ `2bmHib �`2 BM HBM2 rBi? i?2 *SfLLGa }M/BM;bX AM T�`iB+m@
H�`- .@bi�iBbiB+ QM mHiBK�i2 bQm`+2b b?Qr2/ � ?B;?2` �{MBiv Q7 KQbi Ai�HB�M
+Hmbi2`b rBi? L2QHBi?B+ 7�`K2`b 7`QK �M�iQHB� i?�M rBi? S�H�2QHBi?B+ 7Q`@

Rdy



S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

�;2`b 7`QK q2bi2`M 1m`QT2 �b /2KQMbi`�i2/ #v D(AN,WHG, Y,Mbuti)
U6B;m`2 dd�VX h?Bb ?2H/ 7Q` �HH #mi i?`22 LQ`i?2`M Ai�HB�M +Hmbi2`b ULAi�HvR-
LAi�Hvk- LAi�HveVX 6m`i?2`KQ`2- i?2 . p�Hm2b BM+`2�b2/ �HQM; i?2 LQ`i?@
aQmi? �tBb- bm;;2biBM; � ;2Q;`�T?v@+Q``2H�i2/ �bvKK2i`B+ `2H�iBQMb?BT iQ
q2bi2`M 1m`QT2�M 7Q`�;2`b �M/ 7�`K2`b- BM HBM2 rBi? LLGa `2bmHib U6B;@
m`2 d9�VX q?2M i?2 D(AN,CHG, Y,Mbuti) r�b +QMbB/2`2/- �HH i?2 Ai�HB�M
+Hmbi2`b r2`2 bB;MB}+�MiHv +HQb2` iQ i?2 L2QHBi?B+ 7�`K2`b U6B;m`2 dd"VX
AMi2`2biBM;Hv- +Hmbi2`b 7`QK aQmi?2`M Ai�Hv b?Qr2/ bK�HH2` TQbBiBp2 p�Hm2b
UrBi? i?2 2t+2TiBQM Q7 QM2 LQ`i?2`M Ai�HB�M ;`QmTV- bm;;2biBM; � +HQb2` `2@
H�iBQMb?BT #2ir22M TQTmH�iBQMb Q7 i?2 *2Mi`�H �M/ aQmi?2`M T�`i Q7 i?2
T2MBMbmH� �M/ TQTmH�iBQMb `2H�i2/ iQ *>:X PM i?2 Qi?2` ?�M/- a�`/BMB�Mb
b?Qr2/ i?2 ?B;?2bi . p�Hm2b- r?B+? TQBMi2/ iQ � bK�HH2` BKT�+i #v *>:
`2H�i2/ TQTmH�iBQMbX aBKBH�` `2bmHib r2`2 Q#i�BM2/ r?2M AL r�b mb2/ BMbi2�/
Q7 *>:X h?2 QTTQbBi2 T�ii2`M 2K2`;2/ r?2M i?2 D(AN,EHG, Y,Mbuti)
r�b i2bi2/- r?B+? b?Qr2/ bK�HH2` TQbBiBp2 p�Hm2b �bbQ+B�i2/ rBi? LQ`i?2`M
Ai�Hv U6B;m`2 dd*VX �HH i?2 a�`/BMB�M +Hmbi2`b b?Qr2/ q>: bB;M�im`2b U�i
H2�bi RRWV- �b `2~2+i2/ BM i?2 bB;MB}+�Mi M2;�iBp2 p�Hm2b Q7 i?2 .@bi�iBbiB+
D(CHG/EHG,WHG,Sardinian,Mbuti)X

Pi?2` 2pB/2M+2 `2TQ`iBM; i?2 +HQb2` �{MBiv Q7 LQ`i?2`M Ai�HB�M i?�M
aQmi?2`M Ai�HB�M +Hmbi2`b iQ �L r2`2 i?2 bB;MB}+�MiHv M2;�iBp2 p�Hm2b BM i?2
.UaQmi? Ai�Hv- LQ`i? Ai�Hv- �L- J#miBV BM 6B;m`2b "X9 �M/ 3eX
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6B;m`2 ddX � b2H2+iBQM Q7 .@bi�iBbiB+b mbBM; Ai�HB�M +Hmbi2`b �b sX

RdR



S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

S`QtBK�i2 bQm`+2b, bQK2i?BM; biB`b BM i?2 1�bi

h?2M- r2 #mBHi � b2+QM/ b2i Q7 �M+B2Mi bQm`+2b UT`QtBK�i2V #v +QMbB/2`BM;
1m`QT2�M L2QHBi?B+ U11LV- ai2TT2 "`QMx2 �;2 Ua"�V �M/ �M�iQHB� "`QMx2
�;2 U�"�V bT2+BK2MbX �b #27Q`2- r2 T2`7Q`K2/ � *S `mM �M/ i?2 LLGa
bQHmiBQM U6B;m`2 d3VX h?Bb b2+QM/ b2i Bb +?`QMQHQ;B+�HHv KQ`2 `2+2Mi i?�M
i?2 mHiBK�i2 /�i�b2i �M/ Bb 2tT2+i2/ iQ T`QpB/2 �M BM/B+�iBQM 7Q` i?2 +Q``2b@
TQM/2M+2 #2ir22M KQ/2`M �M/ TQbi@L2QHBi?B+ ;2M2iB+ p�`B�iBQMX
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6B;m`2 d3X *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b `2TQ`iBM; �HH
KQ/2`M 1m`�bB�M �M/ �7`B+�M +Hmbi2`bX

� MQi�#H2 `2bmHi Bb i?�i- �b 2tT2+i2/ 7`QK HBi2`�im`2- a"� +QMi`B#miBQM
�TT2�`2/ +H2�`Hv �+`Qbb 1m`QT2 �M/ i?2 Ai�HB�M T2MBMbmH� U6B;m`2 d3VX >Qr@
2p2`- b2iiBM; Bib2H7 �T�`i 7`QK Qi?2` 1m`QT2�M `2;BQMb- Ai�Hv ?�`#Qm`2/ �
bi`QM; bB;M�H `2H�i2/ iQ �"�- r?B+? r�b T�`�HH2H2/ #v � bm#bi�MiB�H `2/m+@
iBQM BM 11L �M+2bi`v BM aQmi?2`M Ai�Hv U6B;m`2b d3 �M/ dN"- .VX

�b /B/ i?2 mHiBK�i2 bQm`+2b- �HbQ i?2 T`QtBK�i2 �M�Hvb2b ?B;?HB;?i2/
MQ`i?@bQmi? /Bz2`2M+2b �+`Qbb i?2 Ai�HB�M TQTmH�iBQMX �b � K�ii2` Q7 7�+i-
i?2 a"� +QKTQM2Mi r�b ?B;?2` BM LQ`i?2`M i?�M BM aQmi?2`M Ai�Hv UqBH@
+QtQM `�MF bmK i2bi p@p�Hm2 = 0.00040V- r?BH2 �"� 7QHHQr2/ i?2 QTTQbBi2
T�ii2`M rBi? bB;MB}+�MiHv ?B;?2` +QMi`B#miBQMb BM aQmi?2`M Ai�Hv Uaim/2MiǶb
i@h2bi p@p�Hm2 = 0.00044VX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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Early European Neolithic (EEN)B
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Steppe Bronze Age (SBA)C
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Anatolia Bronze Age (ABA)D

6B;m`2 dNX *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b BM q2bi2`M
1m`�bB�X U�V q>: Uq2bi2`M >mMi2` :�i?2`2`- "B+?QMV U"V 11L U1�`Hv
1m`QT2�M L2QHBi?B+- aimii;�`iV- U*V a"� Uai2TT2 "`QMx2 �;2- AykjRV- U.V
�"� U�M�iQHB�M "`QMx2 �;2- Ake3jV +QMi`B#miBQMb BM q2bi2`M 1m`�bB�- �b
BM72``2/ BM 6B;m`2 d3X

AMi2`2biBM;Hv- i?2 /Bbi`B#miBQM Q7 �"� �M/ a"� KB``Q` i?2 *>: �M/
1>: T�ii2`Mb- `2bT2+iBp2Hv U6B;m`2 d9VX AM/22/- +QMi`�`v iQ T`2pBQmb `2TQ`ib
UG�x�`B/Bb 2i �HX- kyReV- i?2 Q++m``2M+2 Q7 *>: �b /2i2+i2/ #v Qm` *SfLLGa
�M�HvbBb /B/ MQi KB``Q` i?2 T`2b2M+2 Q7 a"�X q?2M r2 +QKT�`2/ i?Bb �M�@
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bQm`+2b �M�HvbBb `2TQ`iBM; �HH KQ/2`M 1m`�bB�M �M/ �7`B+�M +Hmbi2`b �M/
`2TH�+BM; EER rBi? a�hS �b � *>: bQm`+2X U"V *Q``2H�iBQM #2ir22M EER
�M/ a�hS T`QTQ`iBQM Q7 �M+2bi`v BM72``2/ 7Q` �HH KQ/2`M +Hmbi2`bX G�#2HH2/
TQBMib `2T`2b2Mi KQ/2`M +Hmbi2`b r?2`2 | HQ;10( KK1

SATP ) |> 0.3X

h?2 /Bz2`2Mi BKT�+i Q7 �"� �M/ a"� �+`Qbb Ai�Hv r�b �//BiBQM�HHv
bmTTQ`i2/ #v i?2 `2/m+2/ }i Q7 i?2 LLGa UbmK Q7 i?2 b[m�`2/ `2bB/m�HbV
r?2M i?2 T`QtBK�i2 �M�HvbBb r�b `mM 2t+Hm/BM; QM2 Q7 i?2b2 irQ bQm`+2bX h?2
`2bB/m�Hb r2`2 �HKQbi mT iQ irB+2 �b Km+? 7Q` aQmi?2`M Ai�HB�Mb r?2M �"�
r�b MQi BM+Hm/2/ �b � bQm`+2- r?BH2 � bm#bi�MiB�H BM+`2�b2 BM i?2 `2bB/m�H
p�Hm2b r�b Q#b2`p2/ 7Q` LQ`i?2`M Ai�HB�Mb r?2M a"� r�b `2KQp2/ 7`QK i?2
T�M2H Q7 T`QtBK�i2 bQm`+2b U6B;m`2 3RVX
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6B;m`2 3RX _2bB/m�Hb Q7 i?2 LLGa �M�HvbBb 7Q` �HH i?2 Ai�HB�M �M/
1m`QT2�M +Hmbi2`bX U�V _�iBQ Q7 i?2 `2bB/m�Hb BM i?2 LLGa �M�HvbBb 7Q`
�HH i?2 Ai�HB�M �M/ 1m`QT2�M +Hmbi2`b r?2M �"� r�b 2t+Hm/2/ �M/ BM+Hm/2/
BM i?2 b2i Q7 T`QtBK�i2 bQm`+2bc U"V �b BM U�V- #mi 2t+Hm/BM;fBM+Hm/BM; a"�
BMbi2�/ Q7 �"�X

Pi?2` 2pB/2M+2 Q7 i?2 /Bz2`2Mi �{MBiB2b Q7 aQmi?2`M �M/ LQ`i?2`M Ai�HB@
�Mb 7Q` �"� �M/ a"� r2`2 �HbQ ?B;?HB;?i2/ BM i?2 S*� �M/ �.JAshl_1
�M�HvbBb QM �M+B2Mi �M/ KQ/2`M b�KTH2b U6B;m`2b 33- dy- dR- dk- "XkVX

>Qr2p2`- i?Bb T2+mHB�` ;2M2iB+ �{MBiv #2ir22M aQmi?2`M Ai�Hv �M/ �"�-
/B/ MQi �TT2�` iQ #2 /`Bp2M #v i?2 T`2b2M+2 Q7 �L �M+2bi`v, bB;MB}+�MiHv
M2;�iBp2 p�Hm2b r2`2 Q#b2`p2/ BM i?2 .@bi�iBbiB+ .U�L- �"�- *>:fAL-
J#miBV �M/ LQ`i?2`M Ai�HB�M b�KTH2b r2`2 +HQb2` iQ �L i?�M aQmi?2`M
b�KTH2b UM2;�iBp2 p�Hm2b Q7 i?2 .@bi�iBbiB+ .UaQmi?2`M Ai�HB�M +Hmbi2`- LQ`i?@
2`M Ai�HB�M +Hmbi2`- �L- J#miBVVX

JQ`2Qp2`- i?2 T�ii2`M Q7 aQmi?2`M Ai�Hv r�b `Q#mbi iQ i?2 mb2 Q7 �Hi2`M@
�iBp2 a11 bQm`+2b UJv+2M�2�M @ Ju* �M/ JBMQ�M @ JALV �M/ S2HQTQMM2b2
L2QHBi?B+ USLV- bm;;2biBM; � #`Q�/ HBMF rBi? i?Bb `2;BQM �M/ +?`QMQHQ;v
UGBTbQM 2i �HX- kyRd- 6B;m`2 3kVX AM/22/- �b 7Q` �"� bQm`+2- JAL- Ju*
�M/ SL �M+2bi`B2b `2bmHi2/ KQ`2 T`2p�H2Mi BM aQmi?2`M i?�M BM LQ`i?2`M
Ai�HB�M +Hmbi2`b UqBH+QtQM `�MF bmK i2bi p@p�Hm2 = 0.02109- aim/2MiǶb i@h2bi
p@p�Hm2 = 0.002631 �M/ aim/2MiǶb i@h2bi p@p�Hm2 = 0.01279- `2bT2+iBp2HvVX
aB;M�im`2b `2H�i2/ iQ a11 �M/ SL bQm`+2b r2`2 H2bb 2pB/2Mi BM +Hmbi2`b 7`QK
i?2 "�HF�M S2MBMbmH� U6B;m`2b d3- dN. �M/ 3kVX �b �#Qp2@b�B/ 7Q` �"�- �HbQ
i?2b2 +QMi`B#miBQMb KB``Q`2/ i?2 ALf*>: �M+2bi`B2b Q#b2`p2/ BM aQmi?2`M
Ai�HB�M TQTmH�iBQMb �M/ +QmH/ 2tTH�BM i?2B` Q++m``2M+2X
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6B;m`2 3kX *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b 7Q` �HH KQ/@
2`M +Hmbi2`b mbBM; �Hi2`M�iBp2 a11 bQm`+2bX S`QtBK�i2 bQm`+2b �M�HvbBb
`2TH�+BM; �"� rBi? �Hi2`M�iBp2 a11 bQm`+2b, U�V JBMQ�M- JAL- U"V Jv@
+2M�2�M- Ju*- U*V S2HQTQMM2b2 L2QHBi?B+- SLX

h?2M- �b r2 /B/ 7Q` mHiBK�i2 bQm`+2b T`QTQ`iBQMb- r2 2tTHQ`2/ i?2 `2H�@
iBQMb?BT #2ir22M i?2 2biBK�i2b 7Q` T`QtBK�i2 bQm`+2b Uh�#H2 "X9 �M/ 6B;@
m`2 d3V BM `2H�iBQM iQ H�iBim/2 �+`Qbb 1m`QT2�M TQTmH�iBQMb U6B;m`2 3j�V,
r?BH2 11L r�b T`2b2Mi rBi? KBMBK�H p�`B�iBQM �+`Qbb 1m`QT2�M +QmMi`B2b
U11L, ρ = 0.25- p@p�Hm2 = 0.019V- i?2 irQ "`QMx2 �;2 +QMi`B#miBQMb
Ua"� �M/ �"�V 7QHHQr2/ QTTQbBi2 +Q``2H�iBQM T�ii2`Mb Ua"�, ρ = 0.90-
p@p�Hm2 < 2.2e−16c �"�, ρ = −0.74- p@p�Hm2 < 2.2e−16VX q?2M r2 �M�Hvb2/
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

i?2 HQM;Bim/2 +Q``2H�iBQMb U6B;m`2 3j"V- r2 Q#b2`p2/ i?�i- r?BH2 i?2 11L
�M+2bi`v bi`2M;i?2M2/ Bib +Q``2H�iBQM rBi? ;2Q;`�T?v U11L, ρ = −0.83-
p@p�Hm2 < 2.2e−16V- i?2 ai2TT2 "`QMx2 �;2 +QMi`B#miBQM b?Qr2/ MQ +Q`@
`2H�iBQM rBi? HQM;Bim/2 Uρ = −0.091- p@p�Hm2 = 0.4V �M/ i?2 +Q``2H�iBQM
7Q` �"� #2+�K2 H2bb 2pB/2Mi U�"�, ρ = 0.49- p@p�Hm2 = 1.1e−06VX q?2M
r2 +QMbB/2`2/ QMHv i?2 Ai�HB�M TQTmH�iBQMb- #Qi? H�iBim/2 U6B;m`2 3j*V �M/
HQM;Bim/2 U6B;m`2 3j.V `2bmHi2/ KQ`2 bi`QM;Hv +Q``2H�i2/ rBi? i?2 i?`22
T`QtBK�i2 �M+2bi`B2b UG�iBim/2, 11L, ρ = 0.67- p@p�Hm2 = 0.0013c a"�,
ρ = 0.96- p@p�Hm2 = 3.4e−11c �"�, ρ = −0.77- p@p�Hm2 = 6.5e−5c GQM;Bim/2,
11L, ρ = −0.82- p@p�Hm2 = 8.5e−06c a"�, ρ = −0.57- p@p�Hm2 = 0.0087c
�"�, ρ = 0.8- p@p�Hm2 = 2e−05VX

6BM�HHv- r?2M r2 `2TH�+2/ i?2 �"� bQm`+2 rBi? i?2 `2+2MiHv +?�`�+i2`@
Bb2/ JBMQ�M U6B;m`2 39V �M/ Jv+2M�2�M TQTmH�iBQMb U6B;m`2 38V- i?2 `2bmHib
KBKB+F2/ i?2 bB;MB}+�Mi i`2M/b b?QrM #v �"� U6B;m`2 3jV 7Q` i?2 +Q``2H�@
iBQMb rBi? H�iBim/2 �M/ HQM;Bim/2X �b `2TQ`i2/ BM i?2 K�BM i2ti- r2 /2+B/2/
iQ �// q>: iQ i?2 T`QtBK�i2 bQm`+2b BM Q`/2` iQ i�F2 BMiQ +QMbB/2`�iBQM
i?2 �/KBtim`2 /vM�KB+b #2ir22M 7�`K2`b �M/ ?mMi2`@;�i?2`2`bX h?2 �//B@
iBQM Q7 i?2 ?mMi2`@;�i?2`2` +QKTQM2Mi /B/ MQi �Hi2` i?2 ;2M2`�H T�ii2`Mb Q7
+Q``2H�iBQM 7QmM/ BM i?2 T`QtBK�i2 bQm`+2b �"�- JAL �M/ Ju*X >Qr2p2`-
i?2 BM+HmbBQM Q7 q>: bHB;?iHv r2�F2M2/ bQK2 +Q``2H�iBQMb r?2M Qi?2` KQ`2
`2+2Mi �M+2bi`B2b- bm+? �b �"�- JAL �M/ Ju*- r2`2 +QMbB/2`2/ U6B;m`2b
"X8- "Xe- "XdVX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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6B;m`2 3jX aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b
�M+2bi`v +QKTQM2Mib U+QMbB/2`BM; �"� �b a11 bQm`+2V- 2biBK@
�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM 1m`QT2�M TQT@
mH�iBQMb �M/ H�iBim/2X U"V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v
U�"� �b a11 bQm`+2V BM 1m`QT2�M TQTmH�iBQMb �M/ HQM;Bim/2X U*V *Q``2H@
�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM Ai�HB�M
TQTmH�iBQMb �M/ H�iBim/2X U.V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v U�"� �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/ HQM;Bim/2X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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6B;m`2 39X aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b
�M+2bi`v +QKTQM2Mib U+QMbB/2`BM; JAL �b a11 bQm`+2V- 2biBK@
�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM 1m`QT2�M TQT@
mH�iBQMb �M/ H�iBim/2X U"V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v
UJAL �b a11 bQm`+2V BM 1m`QT2�M TQTmH�iBQMb �M/ HQM;Bim/2X U*V *Q``2H@
�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM Ai�HB�M
TQTmH�iBQMb �M/ H�iBim/2X U.V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v UJAL �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/ HQM;Bim/2X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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6B;m`2 38X aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b
�M+2bi`v +QKTQM2Mib U+QMbB/2`BM; Ju* �b a11 bQm`+2V- 2biBK@
�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM 1m`QT2�M TQT@
mH�iBQMb �M/ H�iBim/2X U"V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v
UJu* �b a11 bQm`+2V BM 1m`QT2�M TQTmH�iBQMb �M/ HQM;Bim/2X U*V *Q``2H@
�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM Ai�HB�M
TQTmH�iBQMb �M/ H�iBim/2X U.V *Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v UJu* �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/ HQM;Bim/2X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

h?2M- r2 T2`7Q`K2/ .@bi�iBbiB+b �M�HvbBb BM i?2 7Q`K .U�L- s- "`QMx2
�;2- J#miBVX q?2M 1�`HvfJB//H2 "`QMx2 �;2 BM/BpB/m�Hb 7`QK i?2 bi2TT2
r2`2 mb2/- i?2v b?Qr2/ � bi`QM; `2H�iBQMb?BT iQ �HH i?2 LQ`i?2`M Ai�HB�M
;`QmTb- #mi MQi aQmi?2`M Ai�HB�M ;`QmTb U2t+2Ti 7Q` i?2 a*Ai�HvR +Hmbi2`-
Z < −3V- bm;;2biBM; � bi`QM;2` BKT�+i Q7 bi2TT2 �M+2bi`v BM i?2 LQ`i?X 6Q`
i?2 Ai�HB�M +Hmbi2`b- �HH i?2 .@bi�iBbiB+b BM i?2 7Q`K .U�"�- a"� u- J#miBV
b?Qr2/ TQbBiBp2 bB;MB}+�Mi `2bmHib- ?B;?HB;?iBM; � ?B;?2` �{MBiv #2ir22M
�"� �M/ i?2 Ai�HB�M ;`QmTb- rBi? H�`;2` TQbBiBp2 p�Hm2b 7Q` a�`/BMB� �M/
aQmi?2`M Ai�Hv U6B;m`2 dd:VX h?Bb `2bmHi K�v `2~2+i i?2 ?B;? T`QTQ`iBQM Q7
�L +?�`�+i2`BxBM; #Qi? �"� �M/ T`2b2Mi@/�v Ai�HB�MbX >Qr2p2`- �b `2TQ`i2/
�#Qp2- i?2 *SfLLGa �M�HvbBb �M/ .@bi�iBbiB+b BM 6B;m`2 "X9 b?Qr2/ i?�i
LQ`i?2`M Ai�HB�M +Hmbi2`b ?�/ bBKBH�` Q` bHB;?iHv ?B;?2` �L i?�M i?2 aQmi?2`M
QM2bX JQ`2Qp2`- r?2M r2 /B`2+iHv i2bi2/ i?2 �{MBiB2b Q7 LAi�Hvfa�`/BMB� �M/
aAi�HvfaB+BHv +Hmbi2`b iQ �L �M/ �"�- r2 Q#b2`p2/ � +HQb2` �{MBiv Q7 i?2
H�ii2` iQ �"� U6B;m`2 3eVX

h?mb- aQmi?2`M Ai�HB�M ;`QmTb ?�p2 � ?B;? �{MBiv rBi? TQTmH�iBQMb `2@
H�i2/ iQ �"�- r?B+? +QmH/ 2tTH�BM �i H2�bi BM T�`i i?2 *>:fAL �M+2bi`v
Q#b2`p2/ BM i?2b2 TQTmH�iBQMb BM i?2 mHiBK�i2 *SfLLGa �M�HvbBbX AM 7�+i-
*>: �M/ AL r2`2 KQ`2 `2H�i2/ iQ �"� i?�M �L- �b `2p2�H2/ #v i?2 bB;MB@
}+�Mi M2;�iBp2 p�Hm2b Q7 i?2 .U�L- �"�- *>:fAL- J#miBVX

6m`i?2`KQ`2- JBMQ�Mb b?Qr2/ � ?B;?2` �{MBiv iQ Ai�HB�Mb i?�M �Mv Qi?2`
"`QMx2 �;2 BM/BpB/m�H i2bi2/- BM+Hm/BM; Jv+2M�2�Mb �M/ �"� U6B;m`2 dd:-
>VX h?2 /Bz2`2M+2b #2ir22M i?2 irQ >2HH2MB+ b�KTH2b KB;?i #2 /`Bp2M #v
i?2 ai2TT2 bB;M�H B/2MiB}2/ BM Jv+2M�2�Mb UG�x�`B/Bb 2i �HX- kyRdVX Ai K�v
i?2`27Q`2 #2 TQbbB#H2 i?�i Ai�HB�M ;`QmTb +�K2 BMiQ +QMi�+i rBi? � TQTmH�iBQM
2Bi?2` KQ`2 `2H�i2/ iQ i?2 JBMQ�Mb Q` iQ �M Qmi;`QmT iQ #Qi? JBMQ�Mb �M/
Jv+2M�2�Mb rBi? MQ bB;MB}+�Mi +QMi`B#miBQMb 7`QK i?2 bi2TT2X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

�M+2bi`v +QKTQbBiBQM Q7 �M+B2Mi Ai�HB�M b�KTH2b

AM Q`/2` iQ Q#i�BM i2KTQ`�H BMbB;?ib QM i?2 2K2`;2M+2 Q7 i?2 /Bz2`2M+2b
#2ir22M LQ`i?2`M �M/ aQmi?2`M Ai�Hv BM `2H�iBQM iQ a"� �M/ �"� �M+2b@
i`B2b- r2 T2`7Q`K2/ i?2 *SfLLGa �M/ [T�/K �M�Hvb2b QM TQbi@L2QHBi?B+f
"`QMx2 �;2 Ai�HB�M BM/BpB/m�HbX AM 6B;m`2 33 r2 `2TQ`i � S*� T2`7Q`K2/
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2`BM; �"� �M/ SL U�V- �"� U"V- JAL U*V �M/ SL U.V �b a11 bQm`+2b-
2t+Hm/BM; q>: �b bQm`+2 �M/ � aB+BHB�M "2HH "2�F2` b�KTH2 UA9NjyV �b `2@
+BTB2MiX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

Pm` *SfLLGa �M�Hvb2b bm;;2bi i?�i i?Bb �M+B2Mi +QKTQM2Mi +QKBM;
7`QK i?2 1�bi T`2/�i2b i?2 >2HH2MB+ +QHQMBx�iBQM BM aQmi?2`M Ai�Hv- bBM+2
i?Bb +QKTQM2Mi r�b �H`2�/v T`2b2Mi BM i?2 aB+BHB�M "2�F2` b�KTH2 7`QK 9-yyy
v2�`b �;QX >Qr2p2`- i?2 �M�Hvb2b QM i?Bb b�KTH2 ?�p2 #22M /QM2 +QMbB/2`BM;
QMHv ∼e-yyy aLSb- i?mb `�BbBM; bQK2 Bbbm2b �#Qmi i?2 `2HB�#BHBiv Q7 i?Bb
`2bmHiX JQ`2Qp2`- r?BH2 BM 6B;m`2 Nj r2 b22 i?�i QMHv i?2 aB+BHB�M "2�F2`
?�`#Qm` i?Bb ǳ2tQiB+Ǵ +QKTQM2Mi- i?Bb bB;M�im`2 Bb r2B`/Hv T`2b2Mi �HbQ BM
i?2 A+2K�M b�KTH2 r?2M r2 +QMbB/2` q>: �b � T`QtBK�i2 bQm`+2 U6B;m`2
NkVX

6Q` i?Bb `2�bQM- r2 /2+B/2/ iQ KQ/2H i?2 �M+2bi`v +QKTQbBiBQM Q7 �M+B2Mi
Ai�HB�M b�KTH2b mbBM; [T�/KX �b 7QmM/ BM i?2 *SfLLGa �M�HvbBb- A+2K�M
�M/ _2K2/2HHQ- i?2 QH/2bi Ai�HB�M b�KTH2b ?2`2 BM+Hm/2/ Uj-9yy@k-3yy "2@
7Q`2 *QKKQM 1`�- "*1V- r2`2 +QKTQb2/ #v ?B;? T`QTQ`iBQMb Q7 �L Ud9W
�M/ 38W- `2bT2+iBp2Hv- h�#H2 eVX h?2 "2HH "2�F2` b�KTH2b Q7 LQ`i?2`M Ai�Hv
Uk-kyy@R-Njy "*1V r2`2 KQ/2HH2/ �b �"� �M/ �L Y a"� �M/ q>: Uh�#H2
e �M/ dVX �Hi?Qm;? �"� 2biBK�i2b BM i?2b2 b�KTH2b r2`2 +?�`�+i2`Bb2/ #v
H�`;2 bi�M/�`/ 2``Q`b- i?2 /2i2+iBQM Q7 ai2TT2 �M+2bi`v- �i �TT`QtBK�i2Hv
R9W- r�b KQ`2 `Q#mbi Uh�#H2 dVX AM +QMi`�bi- "2HH "2�F2` b�KTH2b 7`QK
aB+BHv k-8yy@R-Nyy "*1V r2`2 KQ/2HH2/ �HKQbi 2t+HmbBp2Hv �b �"�- rBi?
H2bb i?�M 8W a"� Uh�#H2 8VX .2bTBi2 i?2 7�+i i?�i i?2 bK�HH MmK#2` Q7
aLSb �M/ T`2?BbiQ`B+ BM/BpB/m�Hb i2bi2/ T`2p2Mib i?2 7Q`KmH�iBQM Q7 +QM@
+HmbBp2 `2bmHib- /Bz2`2M+2b BM i?2 Q++m``2M+2 Q7 �L �M+2bi`v- �M/ TQbbB#Hv
�HbQ "`QMx2 �;2 `2H�i2/ +QMi`B#miBQMb- �`2 bm;;2bi2/ iQ #2 T`2b2Mi #2ir22M
�M+B2Mi b�KTH2b 7`QK LQ`i? �M/ aQmi? Ai�HvX �b �#Qp2@`2TQ`i2/- /Bz2`2M+2b
�+`Qbb �M+B2Mi Ai�HB�M b�KTH2b r2`2 �HbQ bmTTQ`i2/ #v i?2B` T`QD2+iBQMb QM
i?2 S*� Q7 KQ/2`M@/�v /�i� U6B;m`2 33VX _2K2/2HHQ �M/ A+2K�M +Hmbi2`2/
rBi? 1m`QT2�M 1�`Hv L2QHBi?B+ b�KTH2b- iQ;2i?2` rBi? QM2 Q7 i?2 i?`22 "2HH
"2�F2` BM/BpB/m�Hb 7`QK LQ`i? Ai�Hv- �b T`2pBQmbHv `2TQ`i2/ UPH�H/2 2i �HX-
kyR3V- �M/ KQ/2`M@/�v a�`/BMB�MbX h?2 Qi?2` irQ "`QMx2 �;2 LQ`i? Ai�HB�M
b�KTH2b +Hmbi2`2/ rBi? KQ/2`M LQ`i? Ai�HB�Mb- r?BH2 i?2 "2HH "2�F2` b�KTH2
7`QK aB+BHv r�b T`QD2+i2/ BM #2ir22M 1m`QT2�M 1�`Hv L2QHBi?B+- "`QMx2
�;2 aQmi?2`M 1m`QT2�M �M/ KQ/2`M@/�v aQmi?2`M Ai�HB�M b�KTH2b U6B;m`2
33VX h?2b2 `2bmHib bm;;2bi � /Bz2`2MiB�iBQM BM �M+B2Mi �M+2bi`v +QKTQbBiBQM
#2ir22M /Bz2`2Mi �`2�b Q7 Ai�Hv /�iBM; �i H2�bi BM T�`i #�+F iQ i?2 "`QMx2
�;2X
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

h�`;2i SR Sk S`QTR S`QTk b2R b2k 72�bB#H2 S@p�Hm2
AhLn"2�F2` �M�iQHB�n"� q>: yXNy9 yXyNe yXyRe yXyRe u2b yXykeRdR
"2�F2`naB+BHv �M�iQHB�n"� ai2TT2n1J"� yXN38 yXyR8 yXRk8 yXRk8 u2b yXyddky3
"2�F2`naB+BHv �M�iQHB�n"� 1>: yXN9R yXy8N yXRR yXRR u2b yXydRjNe

h�#H2 8X [T�/K KQ/2HHBM; Q7 �.L� b�KTH2bX 6Q` 2�+? i2bi2/ +Hmbi2` r2
?�p2 2p�Hm�i2/ �HH i?2 TQbbB#H2 +QK#BM�iBQMb Q7 L ǳH27iǴ bQm`+2b rBi? L4k-
�M/ QM2 b2i Q7 `B;?ifH27i Pmi;`QmTbX

h�`;2i SR Sk Sj S`QTR S`QTk S`QTj b2R b2k b2j 72�bB#H2 S@p�Hm2
AhLn"2�F2` �M�iQHB�n"� �M�iQHB�nL q>: yXe83 yXkkR yXRk yXke3 yXkj8 yXyj3 u2b yXy98ekN
AhLn"2�F2` �M�iQHB�n"� �M�iQHB�nL 1>: yXRde yXede yXR93 yXR9k yXRkd yXykd u2b yXyRdk8y8
A+2K�M �M�iQHB�n"� �M�iQHB�nL q>: yXR3N yXdjN yXydk yX9Re yXj33 yXy9j u2b yXykj3kNR
_2K2/2HHQ �M�iQHB�n"� �M�iQHB�nL q>: yXyk yX39d yXRjk yXjkk yXkNd yXy9d u2b yXR8N88R

h�#H2 eX [T�/K KQ/2HHBM; Q7 �.L� b�KTH2bX 6Q` 2�+? i2bi2/ +Hmbi2` r2
?�p2 2p�Hm�i2/ �HH i?2 TQbbB#H2 +QK#BM�iBQMb Q7 L ǳH27iǴ bQm`+2b rBi? L4j-
�M/ QM2 b2i Q7 `B;?ifH27i Pmi;`QmTbX

h�`;2i SR Sk Sj S9 S`QTR S`QTk S`QTj S`QT9 b2R b2k b2j b29 72�bB#H2 S@p�Hm2
AhLn"2�F2` �M�iQHB�n"� �M�iQHB�nL ai2TT2n1J"� q>: yXRkN yXeyk yXRjN yXRj yXkRe yXRdR yXy8j yXyk3 u2b yXjRjyk
A+2K�M �M�iQHB�n"� �M�iQHB�nL ai2TT2n1J"� q>: yXyyR yX3Nj yXyjN yXyed RXkkd RXykR yXkje yXy93 u2b yXyR93d83

h�#H2 dX [T�/K KQ/2HHBM; Q7 �.L� b�KTH2bX 6Q` 2�+? i2bi2/ +Hmbi2` r2
?�p2 2p�Hm�i2/ �HH i?2 TQbbB#H2 +QK#BM�iBQMb Q7 L ǳH27iǴ bQm`+2b rBi? L49-
�M/ QM2 b2i Q7 `B;?ifH27i Pmi;`QmTbX
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

.Bb+mbbBQM
h?2 ;2M2iB+ p�`B�iBQM Q7 1m`QT2�M TQTmH�iBQMb +�M #2 +QMbB/2`2/ �b i?2
+QK#BM�iBQM Q7 �M+2bi`B2b `2H�i2/ iQ i?2 J2bQHBi?B+ ?mMi2`@;�i?2`2`b r?Q
BM?�#Bi2/ 1m`QT2 2�`Hv QM- i?2 �M�iQHB�M 7�`K2`b 2Mi2`BM; 1m`QT2 �`QmM/
Ry-yyy v2�`b �;Q �M/ i?2 "`QMx2 �;2 MQK�/B+ ?2`/2`b 7`QK i?2 SQMiB+@
*�bTB�M bi2TT2b U:ɃMi?2` � C�FQ#bbQM- kyRec LB2Hb2M 2i �HX- kyRdVX h?2
"`QMx2 �;2 ai2TT2 �M+2bi`v ?�b #22M `2TQ`i2/ �b i?2 +QK#BM�iBQM Q7 �M+2b@
i`B2b `2H�i2/ iQ ?mMi2`@;�i?2`2`b 7`QK i?2 1�bi Q7 1m`QT2 �M/ i?2 *�m+�bmb
UG�x�`B/Bb 2i �HX- kyRec CQM2b 2i �HX- kyR8c EøHøMÏ 2i �HX- kyReVX h?2 K�DQ`
bB;M�im`2b Q7 L2QHBi?B+ 7�`K2`b `2TQ`i2/ bQ 7�` ?�p2 #22M i`�+2/ #�+F iQ i?2
�M�iQHB�M 7�`K2`b UG�x�`B/Bb 2i �HX- kyRec EøHøMÏ 2i �HX- kyReVX >Qr2p2`- �
`2+2Mi BMp2biB;�iBQM bm;;2bi2/ i?�i �M �//BiBQM�H bQm`+2 `2H�i2/ iQ ?mMi2`@
;�i?2`2`b BM i?2 *�m+�bmb �M/ L2QHBi?B+ 7�`K2`b BM A`�M +QMi`B#mi2/ iQ i?2
p�`B�iBQM T`2b2Mi BM aQmi?2`M 1m`QT2 UG�x�`B/Bb 2i �HX- kyRdVX

q?BH2 ;2M2iB+ bim/B2b QM �M+B2Mi 1m`QT2 �`2 TBHBM; mT- Bi Bb biBHH mM+H2�`
?Qr i?2 +�MQMB+�H +QK#BM�iBQM Q7 7Q`�;2`b- 7�`K2`b �M/ T�biQ`�HBbib +�M 7mHHv
2tTH�BM � T`2iiv ;QQ/ /2Mi Q7 i?2 KQ/2`M 1m`QT2�M ;2M2iB+ p�`B�iBQMX

h?mb- BM i?2 ?QT2 Q7 Q#i�BMBM; � 1m`QT2�M iBK2 i`�Mb2+i Q7 �M+B2Mi KB@
;`�iBQMb �M/ �/KBtim`2- r2 �M�Hvb2/ i?2 ;2M2iB+ �{MBiv Q7 KQ/2`M 1m`QT2�Mb
rBi? irQ +?`QMQHQ;B+�HHv /Bz2`2Mi b2ib Q7 �M+B2Mi b�KTH2b- mHiBK�i2 �M/ T`Qt@
BK�i2 bQm`+2bX

AM #Qi? �M�Hvb2b- r2 /Bb+Qp2`2/ i?�i 1m`QT2 �M/- T�`iB+mH�`Hv- Ai�Hv ?�p2
#22M /22THv b?�T2/ #v /Bz2`2Mi T�ii2`Mb Q7 �M+B2Mi �/KBtim`2bX A7 r2 7Q+mb
QM i?2 Ai�HB�M TQTmH�iBQM r2 Q#b2`p2 i?�i r?BH2 i?2 LQ`i? Bb �z2+i2/ KQ`2
#v 1>:@`2H�i2/ TQTmH�iBQMb- i?2 aQmi? b?Qr �M ?B;?2` +QMi`B#miBQM 7`QK
*>:@`2H�i2/ T2QTH2X AM HBM2 rBi? i?Bb `2bmHi- �HbQ a"� �M/ �"� �TT2�`2/
iQ ?�p2 /Bz2`2Mi /Bbi`B#miBQM T�ii2`Mb BM Ai�Hv �M/ `2~2+i i?Qb2 T`2b2Mi BM
1m`QT2, KQ`2 +QKKQM BM LQ`i? Ai�Hv �M/ �+`Qbb i?2 +QMiBM2Mi i?2 7Q`K2`-
KQ`2 HQ+�HBb2/ BM i?2 aQmi? Q7 1m`QT2 �M/ Ai�Hv i?2 H�ii2`X aBKBH�` `2bmHib
r2`2 Q#i�BM2/ r?2M Qi?2` aQmi?2`M 1m`QT2�M �M+B2Mi bQm`+2b `2TH�+2/ �"�
BM i?2 T`QtBK�i2 �M�HvbBbX

h?Bb Bb �M BMi2`2biBM; `2bmHi #2+�mb2 Bi �//b �MQi?2` TB2+2 iQ i?2 TmxxH2
Q7 Qm` 1m`QT2�M T�biX �b � K�ii2` Q7 7�+i- a"� Bb i?2 r2HH@+?�`�+i2`Bb2/
ai2TT2 bB;M�im`2 �bbQ+B�i2/ rBi? MQK�/B+ ;`QmTb 7`QK i?2 SQMiB+@*�bTB�M
bi2TT2b- FMQrM �b QM2 Q7 i?2 K�BM i?`22 ;2M2iB+ +QMi`B#miQ`b iQ KQ/2`M@/�v
1m`QT2�MbX AM +QMi`�bi- i?2 Qi?2` �M+B2Mi bQm`+2 U�"�- �M�iQHB� "`QMx2
�;2V Bb biBHH mM+?�`�+i2`Bb2/ BM i2`Kb Q7 T`2+Bb2 /�i2b �M/ Q`B;BM- ?Qr2p2`
r2 FMQr i?�i Bi Bb mHiBK�i2Hv �bbQ+B�i2/ rBi? *>: �M+2bi`v- �b T`2pBQmbHv
bm;;2bi2/ Ua�`MQ 2i �HX- kyRdV- �M/ i?�i- bm`T`BbBM;Hv- �z2+i2/ T`2/QKBM�MiHv
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

aQmi?2`M Ai�Hv r?2`2 Bi `2T`2b2Mib � bm#bi�MiB�H +QKTQM2Mi Q7 i?2 �M+2bi`v
T`Q}H2 Q7 HQ+�H KQ/2`M TQTmH�iBQMbX

h?2 �M�Hvb2b Q7 �M+B2Mi Ai�HB�M b�KTH2b ?2HT BM TH�+BM; ;2Q;`�T?B+�H �M/
+?`QMQHQ;B+�H #QmM/�`B2b 7Q` i?2 �TT2�`�M+2 Q7 i?2b2 p�`BQmb �M+2bi`B2b BM
Ai�Hv U6B;m`2 N9VX

Europe

70,000 ya
Middle Paleolithic

Arrival of modern
humans from Africa

40,000 ya
UpperPaleolithic

First European
hunter gatherers

8,800-6,000 ya
Neolithic

Farmingspreads
acrossEurope from
a source in Anatolia

~ 5,000 ya
BronzeAge

Yamnaya
herdingculture
spreadacross

the Pontic-
Caspiansteppe

Iceman Remedello

4,900 ya
CordedWare

Individuals with
ancestrysimilar to

us appeared in
Europe

4,700 ya
Bell Beaker

Expansion of the
Bell Beaker
IDEAS, from

Iberia.

4,500 ya
Bell Beaker

Expansion of the
Bell Beaker

PEOPLE, from
Iberia.

6B;m`2 N9X S*� Q7 KQ/2`M 1m`QT2�M BM/BpB/m�Hb- �M+B2Mi Ai�HB�M
�M/ Qi?2` b2H2+i2/ �M+B2Mi b�KTH2bX a�K2 S*� �b BM 6B;m`2 eNX h?2
iBK2HBM2 �i i?2 #QiiQK Q7 i?2 };m`2 `2TQ`ib i?2 �`+?�2QHQ;B+�H �M/ +mHim`�H
�bb2K#H�;2 Q7 �M+B2Mi Ai�HB�M b�KTH2bX

� TH�mbB#H2 KQ/2H 7Q` i?2 T2QTHBM; Q7 i?Bb `2;BQM bm;;2bib �M BMBiB�H �/@
KBtim`2 #2ir22M 7�`K2`b �M/ BM/B;2MQmb ?mMi2`@;�i?2`2`b UG�x�`B/Bb 2i �HX-
kyR9c �HH2MiQ7i 2i �HX- kyR8c >��F 2i �HX- kyR8c PH�H/2 2i �HX- kyR3c :ɃMi?2`
� C�FQ#bbQM- kyReVX h?Bb r�b i?2M 7QHHQr2/ #v �i H2�bi irQ- TQbbB#Hv TQbi@
L2QHBi?B+- +QMi`B#miBQMb 7`QK i?2 1�bi- r?B+? #`Qm;?i iQ Ai�Hv �M+2bi`B2b
`2H�i2/ iQ A`�M L2QHBi?B+- *�m+�bmb �M/ 1�bi2`M ?mMi2`@;�i?2`2`bX P7 i?2b2-
QM2 Bb i?2 ai2TT2 "`QMx2 �;2 bB;M�H, i?Bb +QKTQM2Mi �``Bp2/ 7`QK K�BMH�M/
1m`QT2- 2Mi2`2/ i?2 T2MBMbmH� �i H2�bi BM i?2 "`QMx2 �;2- �b bm;;2bi2/ #v
Bib T`2b2M+2 BM "2HH "2�F2` b�KTH2b 7`QK LQ`i? Ai�Hv �M/ +QMiBMmBM; mT mM@
iBH ?BbiQ`B+�H iBK2b �M/ �z2+i2/ K�BMHv LQ`i?2`M Ai�HvX h?2 b2+QM/ Bb i?2
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S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

�M�iQHB�M "`QMx2 �;2 +QMi`B#miBQM- r?B+?- �b bm;;2bi2/ #v Qm` �M�Hvb2b
QM i?2 aB+BHB�M "2HH "2�F2` b�KTH2- r�b T`2b2Mi �b 2�`Hv �b i?2 "`QMx2 �;2
BM aQmi?2`M Ai�Hv- TQbbB#Hv �``BpBM; pB� i?2 aQmi?2`M T�`i Q7 i?2 "�HF�M
S2MBMbmH�X

h?2 �7Q`2K2MiBQM2/ ;2MQKB+ iBK2 i`�Mb2+i Q7 i?2 �M+B2Mi KB;`�iBQM �M/
�/KBtim`2 2p2Mib +QKBM; iQ Ai�Hv- �M/ KQ`2 ;2M2`�HHv aQmi?2`M 1m`QT2-
Bb `2H2p�Mi #2+�mb2 MQ K�DQ` bi`m+im`2 ?�b #22M ?B;?HB;?i2/ bQ 7�` BM T`2@
L2QHBi?B+ Ai�HB�M b�KTH2b UCQM2b 2i �HX- kyR8VX �M �``Bp�H Q7 i?2 *>:@`2H�i2/
+QKTQM2Mi BM aQmi?2`M Ai�Hv 7`QK i?2 aQmi?2`M T�`i Q7 i?2 "�HF�M S2M@
BMbmH�- BM+Hm/BM; i?2 S2HQTQMM2bmb- Bb +QKT�iB#H2 rBi? i?2 B/2MiB}+�iBQM
Q7 ;2M2iB+ +Q``B/Q`b HBMFBM; i?2 irQ `2;BQMb �M/ i?2 T`2b2M+2 Q7 aQmi?2`M
1m`QT2�M �M+B2Mi bB;M�im`2b BM Ai�HvX h?2 i2KTQ`�H �TT2�`�M+2 Q7 *>: bB;@
M�im`2b BM �M�iQHB� �M/ aQmi?2`M 1�bi 1m`QT2 BM i?2 G�i2 L2QHBi?B+f"`QMx2
�;2 bm;;2bib Bib `2H2p�M+2 7Q` TQbi@L2QHBi?B+ +QMi`B#miBQMb UJ�i?B2bQM 2i �HX-
kyR3VX

h?2 p2`v HQr T`2b2M+2 Q7 *>: bB;M�im`2b BM a�`/BMB� �M/ BM QH/2` Ai�HB�M
b�KTH2b U_2K2/2HHQ �M/ A+2K�MV #mi i?2 Q++m``2M+2 BM KQ/2`M@/�v aQmi?@
2`M Ai�HB�Mb KB;?i #2 2tTH�BM2/ #v /Bz2`2Mi b+2M�`BQb- MQi Kmim�HHv 2t+Hmb@
Bp2, RV TQTmH�iBQM bi`m+im`2 �KQM; 2�`Hv 7Q`�;BM; ;`QmTb �+`Qbb Ai�Hv- `2@
~2+iBM; /Bz2`2Mi �{MBiB2b iQ *>:c kV i?2 T`2b2M+2 BM Ai�Hv Q7 /Bz2`2Mi L2Q@
HBi?B+ +QMi`B#miBQMb- +?�`�+i2`Bb2/ #v /Bz2`2Mi T`QTQ`iBQM Q7 *>:@`2H�i2/
�M+2bi`vc jV i?2 +QK#BM�iBQM Q7 � TQbi@L2QHBi?B+- T`2?BbiQ`B+ *>:@2M`B+?2/
+QMi`B#miBQM rBi? � T`2pBQmb �L@`2H�i2/ L2QHBi?B+ H�v2`c 9V � bm#bi�MiB�H ?Bb@
iQ`B+�H +QMi`B#miBQM 7`QK aQmi?2�bi2`M 1m`QT2 �+`Qbb i?2 r?QH2 Q7 aQmi?2`M
Ai�HvX

AM +QM+HmbBQM- Qm` `2bmHib bm;;2bi +QMi`B#miBQMb 7`QK �M+2bi`B2b �//B@
iBQM�H iQ i?2 i?`22 ǳ+�MQMB+�HǴ +QMbB/2`2/ bQ 7�` BM i?2 HBi2`�im`2- r?B+?
�`2 q2bi2`M ?mMi2`@;�i?2`2`b- �M�iQHB�M L2QHBi?B+ 7�`K2`b �M/ "`QMx2 �;2
?2`/2`b +QKBM; 7`QK i?2 ai2TT2 `2;BQM U`272``2/ BM Qm` �M�Hvb2b �b q>:-
�L �M/ a"�- `2bT2+iBp2HvVX �M/ r?�iǶb KQ`2 BKTQ`i�Mi- i?2 /Bz2`2MiB�H
/Bbi`B#miBQM Q7 i?2b2 �M+2bi`B2b +QMi`B#mi2/ iQ i?2 mMB[m2 /2;`22 Q7 TQTmH�@
iBQM bi`m+im`2 T`2b2Mi rBi?BM Ai�Hv �M/ i?2 /Bz2`2MiB�iBQM Q#b2`p2/ #2ir22M
LQ`i?2`M �M/ aQmi?2`M Ai�HB�M +Hmbi2`bX

q2 ?QT2 i?�i BM � M2�` 7mim`2 �//BiBQM�H �.L� b�KTH2b 7`QK �`QmM/
i?Bb iBK2 BM Ai�Hv rBHH #2 �p�BH�#H2- i?mb +H�`B7vBM; r?�i �M+B2Mi b+2M�`BQ
KB;?i #2bi bmTTQ`i i?2 �M+2bi`v +QKTQbBiBQM ?2`2 T`2b2Mi2/- �M/ mHiBK�i2Hv
b?2/ HB;?i mTQM i?2 `Qmi2b 7QHHQr2/ #v Qm` KB;`�Mi �M+2biQ`bX

RN8



S�ii2`Mb Q7 �M+B2Mi �M+2bi`B2b BM KQ/2`M@/�v Ai�HB�Mb

RNe



JQ/2`M i�H2b,
i?2 ;2M2iB+ #m`/2M Q7 Qm`

i`�p2Hb

RNd





ǳq2 �`2 �HH TBH;`BKb r?Q b22F Ai�HvXǴ
:Q2i?2- Ai�HB�M CQm`M2v

aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/
+HBMB+�H ;2M2iB+bX

T
BHH ?2`2- Qm` DQm`M2v i?`Qm;? i?2 ?mK�M ;2M2iB+ p�`B�#BHBiv ?�b
i�F2M mb �HQM; i?2 ?B//2M `Q�/b r?2`2 Qm` �M+2biQ`b r�HF2/- ?mM@
/`2/b Q7 i?Qmb�M/b Q7 v2�`b �;QX >Qr2p2`- i?2 ;2MQKB+ DQm`M2v
?�b �HbQ i?2 TQr2` iQ K�F2 mb HQQF 7Q`r�`/- /B`2+iHv BMiQ Qm`

7mim`2X
Pm` .L� +QMi�BMb MQi QMHv i?2 ;2MQKB+ 7QQiT`BMib Q7 �M+2bi`�H KB;`�@

iBQMb �M/ �/KBtim`2b #mi �HbQ bQK2 BM7Q`K�iBQM �#Qmi Qm` 7mim`2- K�BMHv
BM i?2 7Q`K Q7 ;2M2iB+ T`2/BbTQbBiBQM iQ +2`i�BM /Bb2�b2bX

_2+2MiHv- i?2 ;2MQKB+ `2pQHmiBQM- H2/ #v i?2 i2+?MB+�H BMMQp�iBQM BM .L�
b2[m2M+BM;- ?�b QT2M2/ i?2 ~QQ/;�i2b 7Q` KQ`2 �M/ KQ`2 �K#BiBQmb bim/@
B2b �BKBM; �i #2ii2` mM/2`bi�M/BM; i?2 ;2M2iB+ +QKTQbBiBQM Q7 ?mK�M TQT@
mH�iBQMb �M/ ?Qr i?Bb p�`B�#BHBiv +QmH/ BMi2`�+i rBi? Tm#HB+ ?2�Hi?X lM@
/Qm#i2/Hv- bim/vBM; i?2 T�ii2`M Q7 i?2b2 /Bz2`2M+2b �M/ i?2B` T?2MQivTB+�H
2z2+ib Bb Q7 7mM/�K2Mi�H BMi2`2bi iQ K�Mv b+B2MiB}+ }2H/b- bm+? �b K2/B+�H-
7Q`2MbB+ �M/ �Mi?`QTQHQ;B+�H b+B2M+2bX

"27Q`2 i?2 b2[m2M+BM; `2pQHmiBQM- i?2b2 }2H/b ?�p2 mbm�HHv #22M 2tTHQ`2/
�M�HvbBM; +QKKQM ;2M2iB+ p�`B�iBQMbX >Qr2p2`- � ;`2�i TQ`iBQM Q7 `�`2 �M/
+QKKQM /Bb2�b2b- �b r2HH �b `2+2Mi /2KQ;`�T?B+ 2p2Mib- �`2 `2H�i2/ iQ `�`2
Kmi�iBQMbX �+im�HHv- i?2 p�bi K�DQ`Biv Q7 +Q/BM; p�`B�iBQM- r?B+? Bb T`2@
/B+i2/ iQ ?�`#Qm` KQbi Q7 i?2 ;2M2@#�b2/ /Bb2�b2@+�mbBM; p�`B�Mib- Bb `�`2

RNN



aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

�M/ i?mb mMFMQrM B7 H�`;2@b+�H2 b2[m2M+BM; ;2MQKB+ /�i�b2ib �`2 MQi �p�BH@
�#H2X am+? BM7Q`K�iBQM im`M2/ Qmi iQ #2 2bb2MiB�H 7Q` mHiBK�i2Hv 2M�#HBM;
� T`QT2` ;2M2iB+ T2`bQM�HBx2/ K2/B+BM2- B/2MiB7vBM; i?2 ;2M2iB+ +�mb2b Q7
J2M/2HB�M /BbQ`/2`b �M/- i?`Qm;? ;2M2@#�b2/ #m`/2M i2biBM; �TT`Q�+?2b-
mM/2`bi�M/BM; i?2 +QKTH2t ;2M2iB+ #�b2b Q7 +QKKQM /Bb2�b2bX

1bT2+B�HHv BM i?2 +�b2 Q7 T2`bQM�HBx2/ K2/B+BM2 �M/ +HBMB+�H ;2M2iB+ /B�@
;MQbBb- +QKT`2?2MbBp2 FMQrH2/;2 Q7 i?2 ?2�Hi?v TQTmH�iBQM i?2 T�iB2Mi Q`B@
;BM�i2b 7`QK Bb K�M/�iQ`vX "mi- r?�i /Q2b Bi K2�M � ǳFMQrH2/;2 Q7 i?2
?2�Hi?v TQTmH�iBQMǴ\

>2`2 r2 `2im`M iQ QM2 Q7 i?2 +2Mi`�H i?2K2b Q7 i?Bb i?2bBb, Qm` T�biX q2
?�p2 2ti2MbBp2Hv b�B/ i?�i 2�+? ?mK�M TQTmH�iBQM Bb i?2 ǳ;2M2iB+Ǵ `2bmHi
Q7 � 72r 7�+iQ`b, M�im`�H b2H2+iBQM- ;2M2iB+ /`B7i �M/- Q7 +Qm`b2- KB;`�iBQM
�M/ �/KBtim`2X 6Q` i?Bb `2�bQM- +QKT`2?2MbBp2 FMQrH2/;2 Q7 i?2 ǳ;2M2iB+Ǵ
T�bi Q7 i?2 i2bi TQTmH�iBQM +�M K�F2 � /Bz2`2M+2 7Q` K�Mv }2H/b Q7 bim/v-
2X;X- ;2M2iB+ /B�;MQbBbX 6Q` BMbi�M+2- � p�`B�Mi K�v #2 `2H�iBp2Hv KQ`2 +QK@
KQM BM � bT2+B}+ bm#TQTmH�iBQM- #mi #2HQr i?2 7`2[m2M+v i?`2b?QH/ mb2/ iQ
/2}M2 TQi2MiB�H +�M/B/�i2 T�i?Q;2MB+ p�`B�Mib 7`QK i?2 ;2M2`�H TQTmH�iBQM
/�i�#�b2X h?Bb Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q` +QmMi`B2b rBi? � ?B;? /2;`22 Q7
;2M2iB+ bi`m+im`2, BM i?2b2 +QMi2tib- i?2 TQbbB#BHBiv iQ +QMbmHi ;2Q;`�T?B+�HHv
bi`�iB}2/ /�i�#�b2b +QmH/ #2 Q7 ?2HT BM mM/2`bi�M/BM; i?2 7mM+iBQM�H `QH2 Q7
;2M2iB+ p�`B�iBQMbX

"2�`BM; i?2b2 +QM+2Tib BM KBM/- A rBHH `2TQ`i ?2`2 i?2 +�b2 Q7 � +QmMi`v
r?2`2 i?Qmb�M/b �M/ i?Qmb�M/b Q7 KB;`�iBQMb- KQp2K2Mib �M/ �/KBtim`2
?�p2 +QMi`B#mi2/ BM i?2 7Q`K�iBQM Q7 � `2H�iBp2Hv ?B;? /2;`22 Q7 ;2M2iB+ bi`m+@
im`2- rBi? `2bT2+i iQ Qi?2` +QmMi`B2bX "2bB/2b #2BM; � H�M/ `B+? BM ?BbiQ`v-
Bi Bb �HbQ i?2 TH�+2 r?2`2 Kv KQbi `2+2Mi �M+2biQ`b r�HF2/ �M/ +`Qbb2/ i?2B`
T�i?b, Ai�HvX

h?2 Hm`2 Q7 Ai�Hv
Ai�Hv- rBi? Bib TQbBiBQM BM i?2 KB//H2 Q7 i?2 J2/Bi2``�M2�M a2� �M/ Bib +QK@
TH2t ?BbiQ`v- K�F2b � `B+? bim/v bm#D2+i 7Q` ;2M2iB+BbibX

_mMMBM; i?`Qm;? i?2 T`2pBQmb +?�Ti2`b �#Qmi ?mK�M KB;`�iBQMb- r2
b?QmH/ b22 i?�i Ai�Hv ?�/ �Hr�vb #22M T`2b2Mi BM Qm` �M+2biQ`bǶ biQ`B2bX AM
7�+i- bBM+2 lTT2` S�H�2QHBi?B+- KQ/2`M ?mK�Mb ?�p2 BM?�#Bi2/ i?2`2X q2
+QmH/ `2+�HH i?2 �`+?�2QHQ;B+�H bBi2b Q7 :`Qii� /B 6mK�M2- �i i?2 7QQi Q7 i?2
o2M2iB�M S`2@�HTb BM i?2 r2bi2`M G2bbBMB JQmMi�BMb- r?2`2 #Qi? L2�M/2`@
i?�H �M/ KQ/2`M ?mK�M `2K�BMb ?�/ #22M 7QmM/ U"2M�xxB 2i �HX- kyR9V- Q`
:`Qii� /2H *�p�HHQ- BM aQmi?2`M Ai�Hv- r?2`2 �`+?�2QHQ;Bbib 7QmM/ bQK2 KQ/@

kyy



aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

2`M ?mK�M i22i? /�iBM; #�+F iQ 98-yyy@9j-yyy v2�`b U"2M�xxB 2i �HX- kyRRVX
h?mb- #Qi? L2�M/2`i?�Hb �M/ i?2 2�`Hv ?mMi2`@;�i?2`2`b ?�/ /Bb+Qp2`2/-
i?Qmb�M/b Q7 v2�`b �;Q- i?2 #2�miB2b Q7 Ai�Hv5 h?2 Hm`2 Q7 Ai�Hv #2+�K2 2p2M
KQ`2 T`2bbBM; /m`BM; i?2 T2�F Q7 i?2 A+2 �;2 ě #2ir22M R3-yyy �M/ ky-yyy
v2�`b �;Q ě r?2M Ai�Hv �M/ i?2 Qi?2` aQmi?2`M J2/Bi2``�M2�M H�M/b r2`2
mb2/ �b `27m;B� 7`QK i?2 7`Qx2M MQ`i?X

.m`BM; i?2 L2QHBi?B+ T2`BQ/- i?2 Ai�HB�M T2MBMbmH� TH�v2/ � K�DQ` `QH2
BM bT`2�/BM; i?2 7�`KBM; HB72bivH2X �i H2�bi irQ /BzmbBQM `Qmi2b +`Qbb2/
Ai�Hv, QM2 bi�`i2/ 7`QK �TmHB� �M/- 7QHHQrBM; i?2 2�bi2`M +Q�bi- `2�+?2/ i?2
MQ`i?- r?BH2 i?2 Qi?2` bi�`i2/ 7`QK 1�bi aB+BHv �M/ i`�p2HH2/ mT �HQM; i?2
hv``?2MB�M +Q�bi US2bbBM� � hBMû- kyy3VX .m`BM; i?Bb T2`BQ/ �M/ i?2 i?Qm@
b�M/b Q7 v2�`b H�i2`- i?2 J2/Bi2``�M2�M a2� Bib2H7 +QMi`B#mi2/ BM b?Q`i2MBM;
i?2 /Bbi�M+2b, �+iBM; 7Q` KBHH2MMB� �b � #�``B2` b2T�`�iBM; i?2 �7`B+�M �M/
i?2 1m`QT2�M +QMiBM2Mi- im`M2/ BMiQ � #`B/;2 �b }`bi "`QMx2 �;2 b2�7�`2`b
bi�`i2/ iQ i`�p2H BM QT2M r�i2`X

"Qi? �M�iQHB�M L2QHBi?B+ �M/ "`QMx2 �;2 bi2TT2 T2QTH2 H27i /22T 7QQi@
T`BMib BM i?2 ;2MQK2 Q7 Ai�HB�M TQTmH�iBQMbX aBM+2 i?2 #2;BMMBM; Q7 i?2
"`QMx2 �;2 �M/ i?2 }`bi �ii2KTib rBi? K2i�H bK2HiBM;- bQK2 +2Mi`2b BM
MQ`i?2`M Ai�Hv- bm+? �b _2K2/2HHQ- #2+�K2 � `272`2M+2 TQBMi 7Q` K2i�HrQ`F@
2`b UJ�HHQ`v � �/�Kb- RNNdVX AM i?2 K2�MiBK2- � +QKTH2t i`�/2 M2irQ`F
r�b ;`QrBM;- +QMM2+iBM; i?2 bBi2b r?2`2 i?2 `�r K�i2`B�Hb r2`2 2ti`�+i2/-
bm+? �b hmb+�Mv- iQ i?2 T`Q/m+iBQM +2Mi`2b Ub22 T�;2 Rj9VX

AM Ai�Hv i?2 TQbi@L2QHBi?B+ b2iiH2K2Mib r2`2 bT`2�/ �HH Qp2` i?2 +QmMi`v,
i?2 Lm`�;?2 biQM2b BM a�`/BMB�- i?2 SQH�/� +mHim`2 BM aQmi?2`M SB2/KQMi
�M/ i?2 *�KmMB- 7`QK r?QK i?2 o�H+�KQMB+� i�F2b Bib M�K2- i?2 h2``�K�`2
�M/ i?2 7QHHQrBM; oBHH�MQp�M *mHim`2- mMiBH r2 ;2i iQ 1i`mb+�Mb �M/ i?2 HQM;
T2`BQ/ Q7 _QK�M 1KTB`2X � +QMbQHB/�i2/ M2i Q7 BKKB;`�Mib +?�`�+i2`Bb2/
i?2 _QK�M /QKBM�iBQM- i?mb 2M`B+?BM; i?2 Ai�HB�M ě B7 r2 +�M �H`2�/v +�HH
Bi i?�i ě ;2M2 TQQHX

>Qr2p2`- r2 ?�p2 iQ r�Bi 7Q` i?2 "�`#�`B�M AMp�bBQM Ujyy *1 @ 3yy *1V
�M/ i?2 �`�#B+ `mH2 U3kd *1 @ RyNR *1V iQ b22 � bB;MB}+�Mi BKT�+i QM i?2
;2M2iB+ p�`B�#BHBiv Q7 KQ/2`M@/�v Ai�HB�MbX

6�b+BM�iBM; ;2M2b
Ai�Hv- /m2 iQ ?Bb 7�b+BM�iBM; ?BbiQ`v- `�Bb2/ �HKQbi BKK2/B�i2Hv i?2 +m`BQbBiv
Q7 i?2 }`bi b+B2MiBbib bim/vBM; i?2 ;2M2iB+ p�`B�#BHBiv Q7 ?mK�M TQTmH�iBQMbX
AM 7�+i- /m2 iQ Bib +2Mi`�H TQbBiBQM- i?2 Ai�HB�M ;2M2b r2`2 i?Qm;?i iQ `2bmK2
i?2 K�BM /2KQ;`�T?B+ 2p2Mib Q7- �i H2�bi- aQmi?2`M 1m`QT2�M T2QTH2X Ai

kyR



aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

iQQF �HKQbi }7iv v2�`b Q7 bim/B2b iQ b?Qr i?2 i`mi? Q7 i?Bb ?vTQi?2bBbX
h?2 }`bi bim/B2b r2`2 T2`7Q`K2/ #v i?2 ;`QmT Q7 �H#2`iQ SB�xx�- � +QHH�#@

Q`�iQ` Q7 *�p�HHB@a7Q`x�X >2 mb2/ i?2 b�K2 bi�iBbiB+�H i2+?MB[m2b Q7 *�p�HHB@
a7Q`x� ě i?2 bvMi?2iB+ BK�;2b `2�HBb2/ #v T`BM+BT�H +QKTQM2Mi �M�Hvb2b Ub22
T�;2b ky �M/ R8yV ě iQ `2T`2b2Mi i?2 ;2M2iB+ bi`m+im`2 Q7 Ai�Hv- i?2 +QmMi`v
ǳr?Qb2 mMBiv Q7 T2QTH2 �M/ +mHim`2b r�b [mBi2 � `2+2Mi 2p2MiǴ USB�xx� 2i �HX-
RN33VX AM i?2 bim/v- i?2 �M�Hvb2b Q7 QMHv j9 �HH2H2b- �KQM; r?B+? i?2 �"y
#HQQ/ ;`QmTb- r�b bm{+B2Mi iQ Q#b2`p2 bQK2 T2+mHB�` T�ii2`Mb 7Q` i?2 Ai�HB�M
TQTmH�iBQM U6B;m`2 N8VX

6B;m`2 N8X S*� Q7 Ai�HB�M �M/ 1m`QT2�M b�KTH2bX AK�;2 i�F2M 7`QK
SB�xx� 2i �HX- RN33X

AM i?Bb THQi- a�`/BMB� Bb HQ+�i2/ 7�` �r�v 7`QK i?2 Qi?2` Ai�HB�M �M/
1m`QT2�M T2QTH2- i?mb `2T`2b2MiBM; � ;2M2iB+ QmiHB2` �KQM; i?2KX >Qr@
2p2`- r?2M i?2v 2t+Hm/2/ a�`/BMB�- i?2 `2bi Q7 Ai�Hv �TT2�`2/ bi`2i+?2/ #v
� MQ`i?@bQmi? ;2M2iB+ ;`�/B2Mi, b�KTH2b 7`QK LQ`i?2`M Ai�Hv r2`2 +HQb2` iQ
*2Mi`�H 1m`QT2�M BM/BpB/m�Hb- r?BH2 b�KTH2b 7`QK aQmi?2`M Ai�Hv iQ bQK2

kyk



aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

Qi?2` J2/Bi2``�M2�M TQTmH�iBQMb- �b :`22FbX
AM i?�i rQ`F- SB�xx� �M/ +QHH2�;m2b i`B2/ iQ BMi2`T`2i i?2 bvMi?2iB+ K�Tb

BM i?2 HB;?i Q7 ?BbiQ`B+�H 2p2Mib- i?�MFb �HbQ iQ i?2 HBM;mBbiB+ `2+Q`/bX h?2b2
r2`2 i?2 }`bi �ii2KTib iQ BMi2;`�i2 /Bz2`2Mi FBM/b Q7 BM7Q`K�iBQM iQ `2+QM@
bi`m+i i?2 /2KQ;`�T?B+ 2p2Mib Q7 i?2 T�biX h?2M- i?2 �mi?Q`b +QM+Hm/2/
i?�i ǳi?2 ;2M2iB+ bi`m+im`2 Q7 Ai�Hv biBHH `2~2+ib i?2 2i?MB+ bi`�iB}+�iBQM Q7
T`2@_QK�M iBK2bǴX

�HbQ i?2 }`bi bim/B2b mbBM; mMBT�`2Mi�H K�`F2`b `2�+?2/ i?2 b�K2 +QM@
+HmbBQM U"�`#mD�MB 2i �HX- RNN8c *�T2HHB 2i �HX- kyydc .2bi`Q "BbQH 2i �HX-
kyy3c :B�+QKQ 2i �HX- kyyjc "Q�iiBMB 2i �HX- kyRjc "`BbB;?2HHB 2i �HX- kyRk#c
"`BbB;?2HHB 2i �HX- kyRk�VX

.m`BM; i?2 H�bi v2�`b- b2p2`�H bim/B2b BMp2biB;�iBM; i?2 Ai�HB�M ;2M2iB+
bi`m+im`2 �HbQ mbBM; �miQbQK2b �`2 TBHBM; mT U6BQ`BiQ 2i �HX- kyRec a�`MQ 2i
�HX- kyRdc a�xxBMB 2i �HX- kyRec S�`QHQ 2i �HX- kyR8VX

kyj



aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

6B;m`2 NeX 6Bp2 K�DQ` ;2M2iB+ ;`QmTb BM Ai�HvX >2�iK�T `2T`2b2MiBM;
i?2 +Q�M+2bi`v K�i`Bt BM/B+�iBM; i?2 MmK#2` Q7 ;2MQKB+ b2;K2Mib BM?2`Bi2/
7`QK i?2 b�K2 �M+2bi`�H TQTmH�iBQMb 7Q` 2�+? T�B` Q7 b�KTH2b, /2M/`Q;`�K
#�b2/ QM ?B2`�`+?B+�H +Hmbi2`BM; U�i i?2 iQTV- �M/ TB2 +?�`ib `2T`2b2MiBM; i?2
Qp2`H�T #2ir22M BM72``2/ �M/ b2H7@`2TQ`i2/ Q`B;BM Q7 i?2 Ai�HB�M BM/BpB/m�HbX
AK�;2 i�F2M 7`QK 6BQ`BiQ 2i �HX- kyReX

h?2b2 rQ`Fb ;�p2 � ;`2�i +QMi`B#miBQM iQ i?2 FMQrH2/;2 Q7 /2KQ;`�T?B+
T`Q+2bb2b r?B+? ?�/ b?�T2/ i?2 Ai�HB�M ;2M2iB+ bi`m+im`2c ?Qr2p2`- MQM2 Q7
i?2K ?�/ b�KTH2b +QKBM; 7`QK �HH i?2 Ai�HB�M �/KBMBbi`�iBp2 `2;BQMbX "Qi?
S�`QHQ 2i �HX- kyR8 �M/ a�xxBMB 2i �HX- kyRe �BK2/ �i 2tTH�BMBM; i?2 MQ`i?@
bQmi? ;2M2iB+ /Bz2`2M+2b /2i2+i2/ mbBM; ;HQ#�H K2i?Q/- BM i?2 HB;?i Q7 HQ+�H
�/�Ti�iBQM �M/ i?2 /Bz2`2Mi bmb+2TiB#BHBiv iQ +QKTH2t /Bb2�b2bX *QMp2`b2Hv-
6BQ`BiQ 2i �HX- kyRe �M/ a�`MQ 2i �HX- kyRd �M�Hvb2/ i?2 ;2M2iB+ bi`m+im`2 Q7
i?2 +QmMi`v #v �TTHvBM; HQ+�H �M+2bi`v TBT2HBM2X AM T�`iB+mH�`- i?2v mb2/
*>_PJPS�ALh1_ �M/ }M2ah_l*hl_1 iQ T2`7Q`K � }M2 ;2M2iB+ +Hmb@
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i2`BM; Q7 i?2B` b�KTH2b- K�FBM; bQK2 BMi2`2biBM; /Bb+Qp2`B2bX 6BQ`BiQ 2i �HX-
kyRe 7QmM/ i?�i i?2 Ai�HB�M T2MBMbmH� +QmH/ #2 /BpB/2/ BMiQ }p2 K�BM ;2M2iB+
+Hmbi2`b U6B;m`2 NeV- r?BH2 a�`MQ 2i �HX- kyRd /2i2+i2/ irQ SQbi@L2QHBi?B+ �M@
+2bi`B2b `2H�i2/ iQ *�m+�bB�M �M/ G2p�MiBM TQTmH�iBQMb BM aQmi?2`M Ai�HB�MbX

>Qr2p2`- #Qi? rQ`Fb ?�/ bQK2 HBKBi�iBQMb BM mM+Qp2`BM; i?2 K�BM /2KQ@
;`�T?B+ 2p2Mib 2tT2`B2M+2/ #v i?2 2MiB`2 Ai�HB�M TQTmH�iBQM, BM i?2 +�b2 Q7
6BQ`BiQ 2i �HX- kyRe- i?2v /B/ MQi +Qp2` bQK2 Q7 i?2 Ai�HB�M `2;BQMb- r?BH2 BM
i?2 +�b2 Q7 a�`MQ 2i �HX- kyRd- i?2v 7Q+mb2/ QMHv QM i?2 aQmi?2`M T�`i Q7
Ai�HvX

h?2 }`bi T�`i Q7 i?2 rQ`F #v U_�p2�M2 2i �HX- kyRNV i`B2/ iQ Qp2`@
+QK2 bQK2 Q7 i?2b2 HBKBi�iBQMbX .` �H2bb�M/`Q _�p2�M2- bmT2`pBb2/ #v .`
6`�M+2b+Q JQMiBM�`Q �M/ .` *`BbiB�M *�T2HHB- K�/2 � ;`2�i rQ`F +QHH2+iBM;
;2MQK2@rB/2 /�i� 7`QK � H�`;2 MmK#2` Q7 Ai�HB�M BM/BpB/m�HbX >2 �bb2K#H2/
�M/ �M�Hvb2/ irQ /Bz2`2Mi /�i�b2ib, G.. UGQr .2MbBiv .�i�b2i- +QKT`Bb@
BM; KQ`2 i?�M R8yy Ai�HB�Mb ;2MQivT2/ 7Q` �`QmM/ kky-yyy aLSbV �M/ >..
U>B;? .2MbBiv .�i�b2i- rBi? dyy Ai�HB�Mb �M/ �`QmM/ eyy-yyy aLSbVX h?�MFb
iQ i?2 7�+i i?�i i?2 b�KTH2b +�K2 7`QK �HH i?2 Ai�HB�M �/KBMBbi`�iBp2 `2;BQMb-
?2 r�b �#H2 iQ T2`7Q`K � }M2` /Bbb2+iBQM Q7 i?2 TQTmH�iBQM ;2M2iB+ bi`m+im`2
rBi? `2bT2+i iQ T`2pBQmb rQ`FbX

>2 �TTHB2/ i?2 *>_PJPS�ALh1_f}M2ah_l*hl_1 TBT2HBM2 �M/ /Bb@
+Qp2`2/ i?�i Ai�HB�M +Hmbi2`b b2T�`�i2/ BMiQ i?`22 K�BM ;`QmTb U6B;m`2 Nd�@
*V, a�`/BMB�- LQ`i?2`M ULQ`i? f *2Mi`�H@LQ`i? Ai�HvV �M/ aQmi?2`M Ai�Hv
UaQmi? f *2Mi`�H@aQmi? Ai�Hv �M/ aB+BHvVX q?2M +QKT�`2/ iQ Qi?2` rQ`H/@
rB/2 TQTmH�iBQMb- ?2 7QmM/ i?�i r?BH2 i?2 }`bi irQ r2`2 +HQb2 iQ TQTmH�iBQMb
+QKBM; 7`QK q2bi2`M 1m`QT2- i?2 H�bi r�b +HQb2` iQ JB//H2 1�bi2`M ;`QmTbX
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6B;m`2 NdX :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQMbX U�V aBK@
THB}2/ /2M/`Q;`�K Q7 j-y8d 1m`�bB�M b�KTH2b +Hmbi2`2/ #v i?2 7a �H;Q`Bi?KX
U"V S*� #�b2/ QM *S +?mMF+QmMi K�i`BtX U*V SB2 +?�`ib bmKK�`BbBM; i?2
`2H�iBp2 T`QTQ`iBQMb Q7 BM72``2/ 7a ;2M2iB+ +Hmbi2`b 7Q` �HH i?2 ky Ai�HB�M �/@
KBMBbi`�iBp2 `2;BQMbX U.V "2ir22M@+Hmbi2`b FST 2biBK�i2b rBi?BM 1m`QT2�M
;`QmTbX U1V 1biBK�i2/ 1z2+iBp2 JB;`�iBQM am`7�+2b U11JaV �M�HvbBb BM
aQmi?2`M 1m`QT2c +QHQm`b `2T`2b2Mi i?2 HQ;Ry b+�H2 Q7 i?2 2z2+iBp2 KB;`�iBQM
`�i2- 7`QK HQr U`2/V iQ ?B;? Uv2HHQrVX

PM2 Q7 i?2 KQbi BMi2`2biBM; `2bmHib r�b `2H�i2/ iQ i?2 Ai�HB�M ;2M2iB+
bi`m+im`2 Bib2H7, i?2 /Bz2`2M+2b BM �M+2bi`v +QKTQbBiBQM #2ir22M LQ`i?2`M
�M/ aQmi?2`M Ai�Hv Ub22 +?�Ti2` ǳSQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb
`2p2�Hb T�ii2`Mb Q7 �M+B2Mi �M/ �`+?�B+ �M+2bi`B2b BM aQmi?2`M 1m`QT2ǴV
?�p2 ;2M2`�i2/ i?2 H�`;2bi /2;`22 Q7 TQTmH�iBQM bi`m+im`2 /2i2+i2/ bQ 7�`
BM i?2 +QMiBM2MiX �b � K�ii2` Q7 7�+i- ?2 +QKT�`2/ i?2 /2;`22 Q7 p�`B�iBQM
�KQM; ;2M2iB+ +Hmbi2`b BM Ai�Hv rBi? i?Qb2 BM b2p2`�H 1m`QT2�M +QmMi`B2b �M/
�+`Qbb i?2 r?QH2 Q7 1m`QT2 U6B;m`2 Nd.VX "v /QBM; bQ- ?2 /Bb+Qp2`2/ i?�i
i?2 �KQM;@+Hmbi2`b p�`B�#BHBiv BM Ai�Hv r�b bB;MB}+�MiHv ?B;?2` i?�M BM �Mv
Qi?2` +QmMi`v 2t�KBM2/ #mi +QKT�`�#H2 rBi? i?2 2biBK�i2b �+`Qbb 1m`QT2�M
+Hmbi2`bX 6Q` bQK2 BMbB;?ib `2;�`/BM; i?2 +Hmbi2`BM; K2i?Q/b- b22 T�;2 R98X
h?2 /2i�BH2/ `2bmHib Q7 i?2 �M�Hvb2b T2`7Q`K2/ #v .` _�p2�M2 +�M #2 7QmM/
BM _�p2�M2 2i �HX- kyRNX
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*QKKQM pb `�`2 p�`B�iBQMb
h?2 ;2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM ?�b #22M 2ti2MbBp2Hv BMp2bi@
B;�i2/- �b `2TQ`i2/ �#Qp2- mbBM; aLS �``�v /�i�X >Qr2p2`- i?2b2 TH�i7Q`Kb
+�M ;2MQivT2 QMHv i?Qb2 p�`B�Mib r?B+? ?�p2 #22M T`2pBQmbHv /2i2+i2/ BM
Qi?2` BM/BpB/m�Hb- i?mb #2BM; mM�#H2 iQ /Bb+Qp2` M2r ;2M2iB+ p�`B�iBQM Ub22
T�;2 R3VX 6Q` i?2 b�K2 `2�bQM- aLS �``�vb �`2 K�BMHv +QKT`Bb2/ Q7 ;2MQK2@
rB/2 +QKKQM K�`F2`b ě r?B+?- mbm�HHv- `272` iQ p�`B�Mib rBi? � KBMQ` �HH2H2
7`2[m2M+v UJ�6V =RWX

h?Bb Bb MQi � T`Q#H2K �i �HH 7Q` TQTmH�iBQM ;2M2iB+bX AM 7�+i- K�Mv Q7
i?2 �TT`Q�+?2b T`2pBQmbHv /2b+`B#2/ `2Hv QM +QKKQM �M/ M2mi`�H ;2M2iB+
p�`B�iBQMb- Q7i2M `2[mB`BM; i?2 }Hi2` Q7 `�`2 Q` KQMQKQ`T?B+ p�`B�Mib U2X;X-
S*� �M/ 7 @bi�iBbiB+bVX �+im�HHv- �HH i?2 `2bmHib T`2b2Mi2/ BM i?Bb i?2bBb- bQ
7�`- ?�p2 #22M T`Q/m+2/ mbBM; K�BMHv +QKKQM aLSbX

>Qr2p2`- �HbQ `�`2 ;2M2iB+ p�`B�iBQMb +�M i2HH i?2B` QrM biQ`B2bX .m2
iQ i?2 bBKTH2 7�+i i?�i i?2v �`2 `�`2 BM i?2 ;2M2`�H TQTmH�iBQM- K�Mv Q7
i?2b2 p�`B�Mib �`2 i?Qm;?i iQ #2 KQ`2 `2+2Mi i?�M +QKKQM p�`B�MibX 6Q`
i?Bb `2�bQM- i?2v +QmH/ T`QpB/2 M2r BMbB;?i BMiQ KQ`2 `2+2Mi /2KQ;`�T?B+
2p2MibX JQ`2Qp2`- i?2v �`2 ivTB+�HHv ;2Q;`�T?B+�HHv HQ+�HBb2/ Uh2MM2bb2M 2i
�HX- kyRkV �M/ +QmH/ +QMi`B#mi2 iQ � }M2` b+�H2 ;2Q;`�T?B+ bi`m+im`2X

AM i?2 H�bi /2+�/2- i?2b2 p�`B�Mib ?�p2 �+[mB`2/ KQ`2 �M/ KQ`2 `2H@
2p�M+2 BM ;2M2iB+ `2b2�`+?- K�BMHv #2+�mb2- i?2 i2+?MQHQ;v i?�i i`mHv +�M
/2i2+i i?2K ě b2[m2M+BM; i2+?MB[m2b �M/ i?2B` 2pQHmiBQMb ě ?�b #2+QK2
2p2` KQ`2 /Bzmb2 QMHv BM `2+2Mi iBK2bX AM 7�+i- b2[m2M+BM; /Q2b MQi `2Hv QM
T`2pBQmb FMQrH2/;2 Q7 ;2M2iB+ p�`B�Mib #mi +�M /2i2+i �HH p�`B�Mib BM � ;2M@
QKB+ `2;BQMX JQ`2Qp2`- �b `�`2 ;2M2iB+ p�`B�Mib �`2 Q7i2M TQTmH�iBQM@bT2+B}+
Q` 2p2M BM/BpB/m�H@bT2+B}+ UbBM;H2iQMV- Bi +QmH/MǶi #2 TQbbB#H2 iQ #mBH/ � M2r
aLS@�``�v TH�i7Q`K QM+2 M2r `�`2 p�`B�Mib �`2 /Bb+Qp2`2/X *QMp2`b2Hv- b2@
[m2M+BM; i?2 2MiB`2 ;2MQK2 �+`Qbb � H�`;2 MmK#2` Q7 b�KTH2b ě i?2 H�`;2`
i?2 b�KTH2 bBx2- i?2 KQ`2 `2+2Mi i?2 2TQ+? Bi T`Q#2b UE2BM�M � *H�`F- kyRkV
ě Bb i?2 #2bi bi`�i2;v iQ ;Q BMiQ � KQ`2 `2+2Mi T�biX P7 +Qm`b2- i?2`2 �`2
bQK2 i2+?MB+�H +?�HH2M;2b- bm+? �b i?2 /B{+mHiv BM /BbiBM;mBb?BM; bBM;H2iQM
7`QK b2[m2M+BM; 2``Q`b- 2bT2+B�HHv BM HQr@+Qp2`�;2 /�i�X >Qr2p2`- /m2 iQ
i?2 ?B;? BMi2`2bi BM i?2 K2i?Q/- M2r iQQHb �#H2 iQ Qp2`+QK2 i?2b2 +?�HH2M;2b
�`2 +QMiBMmQmbHv BMi`Q/m+2/X

�b i?2 }`bi b2[m2M+BM; T`QD2+ib QM ?mK�M TQTmH�iBQMb i2`KBM�i2/ Uh2M@
M2bb2M 2i �HX- kyRkc �miQM 2i �HX- kyR8V- i?2 �HH2H2 7`2[m2M+v bT2+i`mK U�6aV
7`QK /Bz2`2Mi TQTmH�iBQMb #2+�K2 `�TB/Hv bF2r2/ iQr�`/ `�`2 ;2M2iB+ p�`B@
�iBQMbX

h?2 �HH2H2 7`2[m2M+v
bT2+i`mK Bb i?2 /Bbi`B@
#miBQM Q7 i?2 �HH2H2 7`2@
[m2M+B2b Q7 � ;Bp2M b2i
Q7 HQ+B UQ7i2M aLSbV BM �
TQTmH�iBQM Q` b�KTH2X
qBFBT2/B�

�6a

>Qr2p2`- r?2`2 /Q i?2b2 p�`B�Mib +�K2 7`QK\ h?2 ?B;? HQ�/ Q7 `�`2 p�`B@
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�iBQM- /m2 iQ `2+2Mi Kmi�iBQMb- BM ?mK�M TQTmH�iBQMb Bb /m2 iQ `�TB/ `2+2Mi
TQTmH�iBQM ;`Qri? UE2BM�M � *H�`F- kyRkVX AM 7�+i- i?2 ?mK�M TQTmH�iBQM
?�b 2tT2`B2M+2/ � `�TB/ ;`Qri? Q7 KQ`2 i?�M i?`22 Q`/2`b Q7 K�;MBim/2
rBi?BM 72r2` i?�M 9yy ;2M2`�iBQMbX h?Bb ;`Qri? bi�`i2/ �`QmM/ Ry-yyy v2�`b
�;Q ě i?2 L2QHBi?B+ T2`BQ/ Ub22 T�;2b Rk8@Rk8 7Q` bQK2 /2i�BHb �#Qmi L2Q@
HBi?B+ BM q2bi2`M 1m`�bB�V ě r?2M i?2 M2r HB72bivH2 Q7 7�`K2`b #`Qm;?i KQ`2
�#mM/�Mi �M/ `2;mH�` bQm`+2b Q7 7QQ/c i?Bb r�b 7QHHQr2/ #v �MQi?2` �++2H@
2`�i2/ ;`Qri? bi�`iBM; �`QmM/ Ryy ;2M2`�iBQMb �;Q U6B;m`2 N3- E2BM�M �
*H�`F- kyRkVX

6B;m`2 N3X *2Mbmb U`�i?2` i?�M 2z2+iBp2V TQTmH�iBQM bBx2 Qp2` i?2
T�bi Ry-yyy v2�`b UmMiBH kyRRVX h?2 TQTmH�iBQM bBx2 Bb T`2b2Mi2/ QM �
HQ;�`Bi?K b+�H2X AK�;2 i�F2M 7`QK E2BM�M � *H�`F- kyRkX

>Qr2p2`- r?v `�TB/ ?mK�M TQTmH�iBQM ;`Qri? Bb Q7 BMi2`2bi 7Q` ;2M2iB+
`2b2�`+?2`b\ "2+�mb2 i?2 ?B;? HQ�/ Q7 `�`2 p�`B�Mib /2`Bp2/ 7`QK Bi K�v
TH�v �M BKTQ`i�Mi `QH2 BM /Bb2�b2 `BbF E2BM�M � *H�`F- kyRkX q2 FMQr
i?�i Tm`B7vBM; b2H2+iBQM K�F2b bm`2 i?�i /2H2i2`BQmb Kmi�iBQMb +�MMQi `2�+?
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?B;? 7`2[m2M+B2b BM i?2 TQTmH�iBQM �M/- BM K�Mv +�b2b- Bi 2p2M `2KQp2b i?2KX
6`QK i?Bb- Bi 7QHHQrb i?�i /Bb2�b2@T`QKQiBM; p�`B�Mib b?QmH/ MQi #2 +QKKQMX
�+im�HHv- i?2 bF2rM2bb iQr�`/b `�`2 p�`B�iBQMb Bb KQ`2 T`QMQmM+2/ 7Q` MQM@
bvMQMvKQmb Kmi�iBQMb ě p�`B�Mib +�mbBM; �M �KBMQ �+B/ bm#biBimiBQM ě
i?mb `2~2+iBM; QM+2 �;�BM- i?2 �+iBQM Q7 Tm`B7vBM; b2H2+iBQM U:B#bQM- kyRkVX

6`QK i?2b2 +QMbB/2`�iBQMb- Bi 2K2`;2b i?�i `�`2 p�`B�iBQMb- 2bT2+B�HHv
i?Qb2 ?�`#Qm`2/ BM +Q/BM; `2;BQMb- +QmH/ #2 +`m+B�H 7Q` mM/2`bi�M/BM; i?2 ;2@
M2iB+ #�b2b Q7 /Bb2�b2 `BbF �M/- ;Bp2M i?2B` mbm�HHv HQ+�HBb2/ /Bbi`B#miBQM- �HbQ
i?2 /Bz2`2MiB�H /Bb2�b2 bmb+2TiB#BHBiv �KQM; /Bz2`2Mi TQTmH�iBQMbX 6Q` i?Bb
`2�bQM- M�iBQM�H �M/ BMi2`M�iBQM�H T`QD2+ib �BKBM; �i 2tTHQ`BM; i?2 ;2M2iB+
7`2[m2M+v bT2+i`mK �+`Qbb � H�`;2 MmK#2` Q7 BM/BpB/m�Hb i?`Qm;? b2[m2M+BM;
+QmH/ #2 Q7 ;`2�i ?2HTX

hQ /�i2- BM �//BiBQM iQ i?2 r2HH@FMQrM bim/B2b 2tTHQ`BM; ?mK�M ;2M2iB+
p�`B�iBQM rQ`H/rB/2 7`QK r?QH2@2tQK2 /�i� U�miQM 2i �HX- kyR8c h2MM2bb2M
2i �HX- kyRkc G2F 2i �HX- kyRec E�`+x2rbFB 2i �HX- kyRNV- K�Mv ;`QmTb U.QT�xQ
2i �HX- kyRec Er�F 2i �HX- kyRdc o�M >Qmi 2i �HX- kyRNV rQ`F2/ QM M�iBQM�H
b2[m2M+BM; T`QD2+ib rBi? i?`22 K�BM ;Q�Hb BM KBM/,

Ç bim/vBM; i?2 ;2M2iB+ bi`m+im`2 Q7 � TQTmH�iBQM #v 2tTHQBiBM; �HbQ HQr2`
7`2[m2M+v p�`B�Mib-

Ç mM/2`bi�M/BM; i?2 /Bbi`B#miBQM Q7 Tmi�iBp2 T�i?Q;2MB+ p�`B�iBQM BM
?2�Hi?v +Q?Q`ib-

Ç ;2M2`�iBM; � +�i�HQ;m2 Q7 HQ+�H p�`B�#BHBivX

6Q` r?�i +QM+2`Mb Ai�Hv- T`2pBQmb b2[m2M+BM;@#�b2/ bim/B2b QM Bib TQT@
mH�iBQM BM+Hm/2 i?2 Ryyy :2MQK2b S`QD2+i UrBi? Ryd hmb+�MbV �M/ KQ`2
`2+2Mi bim/B2b Usm2 2i �HX- kyRdc LmiBH2 2i �HX- kyRNV i?�i 7Q+mb2/ QM bT2@
+B}+ BbQH�i2bX h?2b2 /�i�b2ib �`2 MQi r2HH bmBi2/ iQ `2T`2b2Mi �M/ 2tTHQ`2
i?2 r?QH2 Ai�HB�M ;2M2iB+ p�`B�#BHBiv bBM+2 i?�i r�b MQi i?2 T`BK�`v ;Q�H Q7
i?Qb2 bim/B2bX >Qr2p2`- BM i?2 7QHHQrBM; b2+iBQM- r2 rBHH b22 ?Qr � M�iBQM�H
/�i�b2i /2b+`B#BM; i?2 +QKT`2?2MbBp2 ;2M2iB+ p�`B�iBQM rBi?BM � TQTmH�iBQM
+QmH/ ?2HT 7Q` K2/B+�H ;2M2iB+bX

*HBMB+�H ;2M2iB+b BM � Mmib?2HH
L:a i2+?MQHQ;B2b ?�p2 `2pQHmiBQMBb2/ ;2M2iB+b- #v H2�/BM; iQ � i?`Qm;?Tmi
b2p2`�H Q`/2` Q7 K�;MBim/2 ?B;?2` i?�M a�M;2` b2[m2M+BM;X AM T�`iB+mH�`-
i?2b2 K2i?Q/b ?�p2 `�TB/Hv #2+QK2 `QmiBM2 iQQHb BM i?2 /B�;MQbBb Q7 T�iB2Mib
rBi? /Bz2`2Mi ;2M2iB+ +QM/BiBQMb �M/ 2p2M imKQ` T`Q}HBM;X AM i?Bb +QMi2ti-
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aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

i?2 K�BM �BK Bb iQ bBKmHi�M2QmbHv [m2`v i?2 /B�;MQbiB+�HHv `2H2p�Mi ;2M2b
Q7 � T�iB2Mi BM Q`/2` iQ 7Q`KmH�i2 � +HBMB+�H /2+BbBQM �M/ i?Bb Bb 2t�+iHv
r?�i i?2b2 i2+?MQHQ;B2b �`2 ;`2�i �i /QBM;X AM 7�+i- i?2v +�M #2 mb2/ iQ
b2[m2M+2 � bT2+B}+ T�M2H Q7 ;2M2b Ui�`;2i2/ b2[m2M+BM;- haV- QMHv i?2 +Q/BM;
2tQMb Ur?QH2@2tQK2 b2[m2M+BM;- q1aV Q` i?2 2MiB`2 ;2MQK2 Q7 �M BM/BpB/m�H
Ur?QH2@;2MQK2 b2[m2M+BM;- q:aVX

>Qr2p2`- 2p2`v BM/BpB/m�HǶb ;2MQK2 +QMi�BMb KBHHBQMb Q7 p�`B�Mib- #mi
QMHv � 72r Q7 i?2K ě BM bQK2 +�b2b- QM2 Q7 i?2K ě +QmH/ #2 HBMF2/ iQ i?2
/Bb2�b2X L:a i2+?MQHQ;B2b- r?BH2 �HHQrBM; i?2 /2i2+iBQM Q7 � b?22` MmK#2`
Q7 p�`B�Mib- i?2v �HbQ `�Bb2 M2r +?�HH2M;2b BM }Hi2`BM; i?2 MQM@BM7Q`K�iBp2
;2M2iB+ p�`B�MibX

AM kyRd- i?2 �K2`B+�M *QHH2;2 Q7 J2/B+�H :2M2iB+b �M/ :2MQKB+b U�*J:V
Tm#HBb?2/ i?2 ;mB/2HBM2b 7Q` i?2 BMi2`T`2i�iBQM Q7 b2[m2M+2 p�`B�Mib UE�HB� 2i
�HX- kyRdV- r?B+? MQr�/�vb ?�p2 #22M rB/2Hv �/QTi2/ BMiQ +HBMB+�H T`�+iB+2X
h?2 T`Q+2bb iQ /2i2+i r?B+? QM2- �KQM; i?2 KBHHBQMb Q7 ;2M2iB+ p�`B�Mib UBM
i?2 +�b2 Q7 � q:aV- Bb +HBMB+�HHv `2H2p�Mi Bb `2TQ`i2/ BM 6B;m`2 NNX

6B;m`2 NNX ai2TrBb2 2pB/2M+2 TBT2HBM2 7Q` +HBMB+�H BMi2`T`2i�iBQM
;2M2iB+ p�`B�MibX AK�;2 i�F2M 7`QK ZmBMi�Mb 2i �HX- kyR9X

h?2 }`bi bi2T Bb i?2 B/2MiB}+�iBQM Q7 ;2M2iB+ p�`B�Mib i?`Qm;? p�`B�Mi
+�HHBM; bQ7ir�`2- r?B+? +QMbB/2`b T�`�K2i2`b bm+? �b +Qp2`�;2 �M/ [m�HBiv
iQ /2i2`KBM2 i?2 T`2b2M+2 Q7 � p�`B�MiX h?2M- Bi +QK2b i?2 �MMQi�iBQM-
BX2X- i?2 T`Q+2bb Q7 /2b+`B#BM; i?2 TQbBiBQM- i?2 M�im`2 �M/ i?2 2z2+i Q7 2�+?
;2M2iB+ p�`B�MiX h?Bb bi2T +QmH/ #2 T2`7Q`K2/ #v b2p2`�H #BQBM7Q`K�iB+b
iQQHb- bm+? �b �LLPo�_ Uq�M; 2i �HX- kyRyV- o1S UJ+G�`2M 2i �HX- kyReV-
aMT1z U*BM;QH�MB 2i �HX- kyRkV �M/ bQ QMX h?2 a2[m2M+2 PMiQHQ;v U1BH#2+F
2i �HX- kyy8V T`QpB/2b � bi�M/�`/Bb2/ i2`KBMQHQ;v 7Q` p�`B�Mi �MMQi�iBQM-
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aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

/2b+`B#BM; i?2 p�`B�Mi BM i2`Kb Q7 Bib ǳb2[m2M+2 �Hi2`�iBQMǴX >Qr2p2`- QM2 Q7
i?2 +?�HH2M;2b Q7 i?Bb bi2T Bb i?2 2tBbi2M+2 Q7 /Bz2`2Mi `272`2M+2 b2[m2M+2b-
;2MQKB+ #mBH/b �M/ i`�Mb+`BTibX h?2 H�ii2` Bb QM2 Q7 i?2 ?�`/2bi iQ ?�M/H2,
�+im�HHv- � KBbb2Mb2 p�`B�Mi BM � i`�Mb+`BTi +QmH/ #2 BMi`QMB+ B7 �MMQi�i2/
QM �MQi?2` i`�Mb+`BTi r?2`2 i?�i T�`iB+mH�` 2tQM r�b MQi T`2b2Mi UZmBMi�Mb
2i �HX- kyR9VX aBM+2 Bi Bb mbm�HHv mMFMQrM r?B+? i`�Mb+`BTi Bb 2tT`2bb2/ BM �
T�`iB+mH�` Q`;�M Q` �i � T�`iB+mH�` bi�;2 `2H2p�Mi 7Q` i?2 /Bb2�b2- � bQHmiBQM
Bb iQ T`QpB/2 �M �MMQi�iBQM 7Q` �HH i?2 TQbbB#H2 i`�Mb+`BTibX aQK2iBK2b- i?2
HQM;2bi i`�Mb+`BTi ě +�HH2/- i?2 +�MQMB+�H ě Bb mb2/ Q` i?2 KQbi #BQHQ;B+�HHv
`2H2p�Mi- r?2M Bi Bb FMQrMX

�i i?Bb TQBMi- r2 b?QmH/ ?�p2 KBHHBQMb Q7 p�`B�Mib- i?2B` TQbBiBQMb- i?2B`
7mM+iBQM�H +H�bbB}+�iBQM #mi biBHH i?2 m`;2Mi M22/ iQ }M/ i?2 +�mb�iBp2 QM2bX
AM Q`/2` iQ 2�b2 i?Bb bBim�iBQM- � T`QT2` }Hi2`BM; bi2T +�M ?2HT iQ `2/m+2
i?2 ?m;2 MmK#2` Q7 p�`B�Mib- #v 2t+Hm/BM; i?2 HBF2Hv #2MB;M QM2bX PM2 Q7 i?2
p�`B�Mi T`QT`B2iB2b mb2/ 7Q` }Hi2`BM; Bb Bib 7`2[m2M+v- mM/2` i?2 �bbmKTiBQM
i?�i � p�`B�Mi T`2b2Mi BM `�M/QK BM/BpB/m�Hb �#Qp2 � +2`i�BM i?`2b?QH/ Bb
HBF2Hv iQ #2 #2MB;M UZmBMi�Mb 2i �HX- kyR9VX 6Q` i?Bb Tm`TQb2- `2+2Mi +�i�@
HQ;m2b Q7 ;2M2iB+ p�`B�iBQMb BM ?mK�M TQTmH�iBQMb +QmH/ T`QpB/2 � TQr2`@
7mH iQQH Uh�#H2 3VX �KQM; i?2 Qi?2`b- i?2 Ryyy :2MQK2 S`QD2+i +QMi�BMb
;2MQK2 �M/ 2tQK2 b2[m2M+2 /�i� 7`QK k-8y9 BM/BpB/m�Hb #2HQM;BM; iQ ke
rQ`H/rB/2 TQTmH�iBQMb- i?2 1tQK2 o�`B�Mi a2`p2` U1oaV +QMi�BMb 7`2[m2M+v
BM7Q`K�iBQM Q7 e-8yj 2tQK2b Q7 1m`QT2�M �M/ �7`B+�M �M+2bi`v- i?2 1t@
QK2 �;;`2;�iBQM *QMbQ`iBmK U1t�*V ?�b ey-dye r?QH2@2tQK2 b2[m2M+2b-
r?BH2 i?2 :2MQK2 �;;`2;�iBQM .�i�#�b2 U;MQK�.V BM+Hm/2b Rk8-d93 2tQK2
b2[m2M+2b �M/ R8-dy3 r?QH2@;2MQK2 b2[m2M+2b 7`QK mM`2H�i2/ BM/BpB/m�HbX
h?2b2 H�`;2@b+�H2 `272`2M+2 /�i�b2ib �`2 � p�Hm�#H2 `2bQm`+2 7Q` +HBMB+�H ;2@
M2iB+Bbibc ?Qr2p2`- i?2 7�+i i?�i K�Mv rQ`H/rB/2 TQTmH�iBQMb �`2 MQi `2T`2b@
2Mi2/ KQiBp�i2b b+B2MiBbib iQ ;Q QM +QHH2+iBM;- T`Q/m+BM; �M/ b?�`BM; ;2M2iB+
/�i� 7Q` KQ`2 �M/ KQ`2 BM/BpB/m�HbX �MQi?2` HBKBi�iBQM `2H�i2/ iQ �HH2H2
7`2[m2M+v }Hi2`b Bb i?2 TQTmH�iBQM bi`�iB}+�iBQM-

h?2 /Bz2`2M+2 BM �HH2H2
7`2[m2M+B2b �+`Qbb bm#@
TQTmH�iBQMbX
U1BH#2+F 2i �HX- kyRdV

SQTmH�iBQM bi`�iB}+�iBQM

r?B+? +�M +QM7QmM/ i?2 �b@
bmKTiBQM i?�i `�`2 p�`B�Mib �`2 KQ`2 HBF2Hv iQ #2 /�K�;BM; i?�M +QKKQM
p�`B�MibX q?BH2 �HH BM/BpB/m�H ;2MQivT2b BM i?2 Ryyy :2MQK2b S`QD2+i �`2
�p�BH�#H2- 1t�* �M/ ;MQK�. +�M QMHv #2 +QMbmHi2/ BM �M �;;`2;�i2/ K�M@
M2` UrBi? bQK2 bi`�iB}+�iBQM TQbbB#H2 �KQM; K�+`Q@TQTmH�iBQMbV- i?mb K�F@
BM; Bi BKTQbbB#H2 iQ �++2bb +QmMi`v@bT2+B}+ ;2M2iB+ p�`B�iBQM Q` BM/BpB/m�H
;2MQivT2bX h?Bb Bb- Q7 +Qm`b2- � K�DQ` BM+QMp2MB2M+2 r?2M TQTmH�iBQM bi`m+@
im`2 Bb T`2b2MiX h?2 2t�KTH2 `2TQ`i2/ BM 6B;m`2 Ryy Bb � ;QQ/ BHHmbi`�iBQM
Q7 i?Bb T`Q#H2K, � p�`B�Mi i?�i Bb `�`2 BM 1m`QT2�M �M+2bi`v K�v #2 KQ`2
+QKKQM BM �7`B+�M �M+2bi`v TQTmH�iBQMb U1BH#2+F 2i �HX- kyRdVX h?Bb 2z2+i
+QmH/ �HbQ #2 T`2b2Mi- 2p2M B7 rBi? � HQr2` BKT�+i- BM TQTmH�iBQMb rBi? �
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?B;? /2;`22 Q7 TQTmH�iBQM bi`m+im`2X >Qr2p2`- i?2 7`2[m2M+v }Hi2` Bb bi`B+iHv
/2T2M/2Mi QM i?2 i�`;2i /Bb2�b2, Bib T2M2i`�M+2- Bib iBK2 Q7 QMb2i �M/ i?2
+HBMB+�H +QMb2[m2M+2b 7Q` i?2 T�iB2Mib �`2- iQ;2i?2`- 7�+iQ`b i?�i +�M BM~m@
2M+2 i?2 `�`Biv Q7 Bib +�mb�iBp2 p�`B�MibX 6Q` 2t�KTH2- i?2 p�`B�Mi +�mbBM; �
J2M/2HB�M /Bb2�b2 rBi? +QKTH2i2 T2M2i`�M+2- �M 2�`Hv@QMb2i �M/ b2`BQmb /Bb@
2�b2 K�MB72bi�iBQMb +QmH/ #2 2p2M �#b2Mi BM i?2 /�i�#�b2b K2MiBQM2/ �#Qp2-
r?B+?- BM i?2 K�DQ`Biv Q7 i?2 +�b2b- `2TQ`i ?2�Hi?v BM/BpB/m�HbX *QMp2`b2Hv-
+QKTH2t /Bb2�b2b rBi? BM+QKTH2i2 T2M2i`�M+2- � H�i2@QMb2i �M/ +HBMB+�H +QM@
/BiBQMb i?�i /Q MQi �Hi2` i?2 BM/BpB/m�H }iM2bb +QmH/ #2 +�mb2/ Q` b?Qr �M
BM+`2�b2/ bmb+2TiB#BHBiv #v p�`B�Mib rBi? ?B;?2` 7`2[m2M+B2b BM i?2 ?2�Hi?v
TQTmH�iBQM U2p2M B7 #2HQr i?2 RWVX

h�#H2 3X lb27mH /�i�#�b2b 7Q` p�`B�Mi +H�bbB}+�iBQMX AK�;2 i�F2M
7`QK EBK 2i �HX- kyRNX

�7i2` }Hi2`BM; HBF2Hv #2MB;M p�`B�Mib #v `2HvBM; QM 7`2[m2M+B2b BM i?2
?2�Hi?v TQTmH�iBQM- i?2`2 Bb i?2 T`BQ`BiBx�iBQM- r?B+? `272`b iQ i?2 ǳT`Q@
+2bb Q7 `�MFBM; i?2 p�`B�Mib Q#b2`p2/ BM �M BM/BpB/m�H ;2MQK2 QM i?2 #�bBb Q7
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7�+iQ`b bm+? �b i?2 T`2/B+i2/ +QMb2[m2M+2 Q7 2�+? p�`B�Mi �M/ i?2 Q#b2`p2/
7`2[m2M+v BM � TQTmH�iBQMǴ U1BH#2+F 2i �HX- kyRdVX h?2 bBKTH2bi �TT`Q�+?
iQ /Q i?�i Bb +QMbB/2`BM; i?2 a2[m2M+2 PMiQHQ;v i2`Kb `2+Qp2`2/ /m`BM; i?2
�MMQi�iBQM bi2T, 7Q` 2t�KTH2- � p�`B�Mi �MMQi�i2/ �b ǳ7`�K2b?B7inp�`B�MiǴ
Q` ǳbiQTn;�BM2/Ǵ +�M Q#pBQmbHv +�mb2 i?2 i`mM+�iBQM Q7 i?2 `2bmHiBM; T`Q@
i2BM UT`Qi2BM@i`mM+�iBM; p�`B�Mi- ShoV- i?mb #2BM; `2H2p�Mi BM i?2 +HBMB+�H
BMi2`T`2i�iBQM Ub22 T�;2 kkR- 7Q` �M 2t�KTH2 Q7 i?2 �MMQi�iBQM bi2T �M/ i?2
+H�bbB}+�iBQM Q7 ShobVX >Qr2p2`- mbBM; QMHv i?Bb +`Bi2`BQM Bb MQi bQ 2z2+i@
Bp2- bBM+2 �HbQ ?2�Hi?v BM/BpB/m�Hb ?�`#Qm` bQK2 Shob, � `2+2Mi bm`p2v QM
i?2 lE "BQ#�MF BM/BpB/m�Hb 7QmM/ � K2/B�M Sho MmK#2` T2` BM/BpB/m�H Q7
R8 UBM i?2 M2ti +?�Ti2` ǳS`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M
T2MBMbmH�, ;2M2iB+ bi`m+im`2 �M/ 7mM+iBQM�H BKTHB+�iBQMbǴ- r2 +QKTmi2/ i?2
K2�M �M/ K2/B�M MmK#2`b Q7 Shob BM i?2 Ai�HB�M TQTmH�iBQMVX �MQi?2`
HBKBi�iBQM Bb i?�i i?2 BKT�+i Q7 � Kmi�iBQM �HbQ /2T2M/b QM i?2 ;2M2 7mM+@
iBQM- 7Q` 2t�KTH2- i?2 i`mM+�iBQM Q7 � T`Qi2BM BM � TQQ`Hv +QMb2`p2/ ;2M2b
Q` BM � Tb2m/Q;2M2 K�v #2 KQ`2 iQH2`�i2/ i?�M � KBbb2Mb2 p�`B�Mi BM �
?B;?Hv +QMb2`p2/ ;2M2 Ub22 T�;2 k9d 7Q` i?2 2t�KTH2 Q7 � Sho BM � QH7�+iQ`v
`2+2TiQ`VX

6B;m`2 RyyX SQTmH�iBQM bi`�iB}+�iBQM �b � T`Q#H2K BM p�`B�Mi BM@
i2`T`2i�iBQMX AK�;2 i�F2M 7`QK 1BH#2+F 2i �HX- kyRdX
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6Q` i?Bb `2�bQM- Bb �Hr�vb �/pBb�#H2 iQ ;Q 7m`i?2` BM i?2 T`BQ`BiBx�iBQM
bi2T #v +?QQbBM; bQK2 iQQHb BM i?2 TH2i?Q`� Q7 #BQBM7Q`K�iB+ bQHmiBQMb �M/
/�i�#�b2b 7Q` p�`B�Mi BMi2`T`2i�iBQMX 6Q` 2t�KTH2- mbBM; HBi2`�im`2 BM7Q`K@
�iBQM UM+#BXMHKXMB?X;QpfTm#K2/V �M/ /�i�#�b2b bm+? �b PJAJ UQKBKXQ`;-
�K#2`;2` 2i �HX- kyR8V- *HBMo�` UM+#BXMHKXMB?X;Qpf+HBMp�`- G�M/`mK 2i �HX-
kyReV �M/ >:J. UTQ`i�HX#BQ#�b2@BMi2`M�iBQM�HX+QK- ai2MbQM 2i �HX- kyyjV-
Bi Bb TQbbB#H2 iQ /2i2+i ;2M2b �M/ p�`B�Mib r?B+? �`2 bT2+B}+�HHv `2H2p�Mi
7Q` i?2 i�`;2i /Bb2�b2X h?2M- ;2M2iB+ p�`B�Mib +QmH/ #2 T`BQ`BiBx2/ #�b2/-
�b �#Qp2- QM i?2B` TQTmH�iBQM 7`2[m2M+v Uh�#H2 3V- i?2 T?vHQ;2M2iB+ +QM@
b2`p�iBQM �+`Qbb /Bz2`2Mi bT2+B2b ě 2X;X- S?�bi*QMb UaB2T2H 2i �HX- kyy8V-
:1_SYY U.�pv/Qp 2i �HX- kyRyV �M/ S?vHQS UaB2T2H 2i �HX- kyy8V ě Q`
i?2B` 2z2+i QM T`Qi2BM 7mM+iBQM Q` bi`m+im`2- bm+? �b aA6h UEmK�` 2i �HX-
kyyNV- SQHvS?2Mk U�/x?m#2B 2i �HX- kyRjV- Jmi�iBQMh�bi2`k Ua+?r�`x 2i �HX-
kyR9VX � HBbi Q7 i?2 +QKKQMHv mb2/ bQ7ir�`2 7Q` p�`B�Mi BMi2`T`2i�iBQM UmT@
/�i2/ iQ kyRdV Bb `2TQ`i2/ BM h�#H2 NX

Tool Category Coding
(missense
only)

Indel Non-
coding

Method summary

SIFT Missense
prediction

Y (Y) N N The degree of protein sequence conservation is used to predict the
impact of a missense variant

PolyPhen2 Missense
prediction

Y (Y) N N Uses protein sequence and structure to predict the impact of a
missense variant

FATHMM Missense
prediction

Y (Y) N N Uses protein sequence homology identified with HMMER3
to predict the impact of a missense variant

PROVEAN Missense and
indel prediction

Y (N) Y N The degree of protein sequence conservation is used to predict the
impact of an amino acid change or an indel

REVEL Missense
prediction
(ensemble
method)

Y (Y) N N Incorporates 18 individual scores from 13 different tools to produce
an ensemble ‘pathogenicity’ score for missense variants

PhastCons Sequence
conservation

Y (N) Y Y Uses multiple sequence alignments from diverse species to identify
conserved elements

PhyloP Sequence
conservation

Y (N) Y Y Uses multiple sequence alignments from diverse species to assign
per-baseP values of conservation

GERP++ Sequence
conservation

Y (N) Y Y Measures sequence conservation in the human genome through
alignments to43 other vertebrate genomes

MutationTaster2 Multi-data
integration

Y (N) Y Y
(intronic)

Integrates sequence conservation, as well as data from the 1000
Genomes Project, ENCODE and ClinVar, to predict the consequence
of variants within a gene model

VAAST Multi-data
integration

Y (N) Y Y Integrates variant frequency data with phylogenetic conservation for
variant prioritization and burden testing

CADD Multi-data
integration

Y (N) Y (short
indels)

Y Integration of conservation metrics, functional data (for example,
DNase I hypersensitivity and transcription factor binding) and
scores such as SIFT and PolyPhen2 to predict the deleteriousness of
nucleotide or short indel change in the genome

FitCons Multi-data
integration

Y (N) Y (short
indels)

Y Integrates functional genomic data from the ENCODE project to
cluster genomic regions and to predict the probability of a fitness
consequence based on sequence conservation and the degree of
regional polymorphism in the human genome

CADD, Combined Annotation-Dependent Depletion; ENCODE, Encyclopedia of DNA Elements; FATHMM, Functional Analysis Through Hidden Markov Models;
FitCons, fitness consequence; GERP, Genomic Evolutionary Rate Profiling; HMMER3, a tool based on a hidden Markov Model (HMM) for searching sequence
databases for homologues of protein or DNA sequences; indel, small insertion or deletion; PolyPhen2, polymorphism phenotyping version 2; PROVEAN, Protein
Variation Effect Analyzer; REVEL, rare exome variant ensemble learner; SIFT, Sorts Intolerant From Tolerant; VAAST, Variant Annotation, Analysis and Search Tool.

h�#H2 NX *QKKQMHv mb2/ bQ7ir�`2 7Q` �bb2bbBM; p�`B�Mi BKT�+iX
h�#H2 i�F2M 7`QK 1BH#2+F 2i �HX- kyRdX
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aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

h?2 H�bi bi2T Bb i?2 +HBMB+�H BMi2`T`2i�iBQMX >2`2- �HH i?2 HBM2b Q7
2pB/2M+2 +QHH2+i2/ i?`Qm;? i?2 K2i?Q/b K2MiBQM2/ �#Qp2 �`2 Tmi iQ;2i?2`
rBi? bQK2 T�iB2Mi@bT2+B}+ BM7Q`K�iBQM- bm+? �b +HBMB+�H �M/ 7�KBHv /�i�- BM
Q`/2` iQ �M�Hvb2 i?2 b2;`2;�iBQM T�ii2`M- Q` rBi? 7mM+iBQM�H �bb�vb- i?mb
/B`2+iHv i2biBM; i?2 2z2+i Q7 i?�i p�`B�MiX

A rBHH MQi ;Q BMiQ i?2 /2i�BHb Q7 +HBMB+�H BMi2`T`2i�iBQM Q7 p�`B�MibX AM
�//B+iBQM iQ #2BM; � p2`v +QKTH2t K�ii2`- Bi Bb MQi /B`2+iHv `2H�i2/ iQ i?2
K�BM iQTB+ Q7 Kv rQ`FX >Qr2p2`- Bi Bb BMi2`2biBM; ?Qr i?2 /2KQ;`�T?B+ �M/
#BQHQ;B+�H 2p2Mib � TQTmH�iBQM 2tT2`B2M+2b BM Bib T�bi +QmH/ BM~m2M+2 K�Mv
Qi?2`- �TT�`2MiHv /Bbi�Mi- iQTB+bX

AM i?2 M2ti +?�Ti2`- A rBHH /2b+`B#2 � bim/v- .` :BQp�MMB "B`QHQ �M/
A rQ`F2/ QM- r?B+? Tmib iQ;2i?2` i?2 i?`22 K�BM i?2K2b Q7 i?Bb BMi`Q/m+@
iBQM, i?2 Ai�HB�M TQTmH�iBQM- i?2 `�`2 p�`B�Mib ?B//2M BM Bib ;2MQK2b �M/ i?2
#m`/2M Q7 KQ`2 Q` H2bb T�i?Q;2MB+ p�`B�Mib Ai�HB�Mb �`2 +�``vBM; �`QmM/X
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aT2�FBM; Q7 Ai�HB�Mb- `�`2 p�`B�Mib �M/ +HBMB+�H ;2M2iB+bX

kRe



ǳh?2 T`Q#H2K rBi? i?2 ;2M2 TQQH Bb i?�i i?2`2Ƕb
MQ HB72;m�`/XǴ

.�pB/ :2``QH/

S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2
Ai�HB�M T2MBMbmH�, ;2M2iB+ bi`m+im`2 �M/

7mM+iBQM�H BKTHB+�iBQMb

W
2 ?�p2 �H`2�/v b22M ?Qr i?2 Ai�HB�M ;2M2b +QmH/ #2 bQ 7�b+BM�iBM;
7Q` ;2M2iB+BbibX >Qr2p2`- i?2 HBi2`�im`2 QM i?2 Ai�HB�M TQTmH�iBQM
Bb 7�` 7`QK #2BM; 2t?�mbiBp2- #2+�mb2 KQbi Q7 T`2pBQmb rQ`Fb QM
i?2 Ai�HB�M TQTmH�iBQM �`2 #�b2/ QM aLS �``�v /�i�- r?BH2 i?Qb2

2KTHQvBM; � b2[m2M+BM; �TT`Q�+? 7Q+mb2/ K�BMHv QM BbQH�i2/ TQTmH�iBQMbX
6Q` i?Bb `2�bQM- r2 +QHH2+i2/ � H�`;2 /�i�b2i Q7 Ai�HB�M r?QH2@2tQK2 b2@

[m2M+2b- �M/ iQ i?2 #2bi Q7 Qm` FMQrH2/;2- i?Bb Bb i?2 }`bi bim/v iQ BMp2bi@
B;�i2 i?2 ;2M2`�H Ai�HB�M TQTmH�iBQM #v r?QH2@2tQK2 b2[m2M+BM; QM � bm+?
H�`;2 b�KTH2 rBi? r2HH@/2}M2/ �M+2bi`vX AM Q`/2` iQ `2+QMbi`m+i i?2 Ai�HB�M
;2M2iB+ bi`m+im`2 �M/ Bib BKTHB+�iBQM 7Q` T?2MQivT2b �M/ /Bb2�b2b- r2 �M�@
Hvx2/ R-e3e ?2�Hi?v Ai�HB�M BM/BpB/m�Hb �M/ eeN-dR3 p�`B�Mib- 2tTHQ`BM; #Qi?
+QKKQM �M/ `�`2 p�`B�iBQMX

q2 b?Qr ?Qr i?2 Ai�HB�M ;2M2iB+ bi`m+im`2 Bb �TT�`2Mi �HbQ 7`QK 2t@
QK2 b2[m2M+BM; /�i� �M/ Bi Bb +QMbBbi2Mi rBi? i?2 QM2 BM72``2/ 7`QK aLS@
�``�v #�b2/ bim/B2bX q2 }M/ bi`QM; 7`2[m2M+v /Bz2`2M+2b BM +Q/BM; p�`B�Mib
#2ir22M LQ`i?2`M �M/ aQmi?2`M Ai�Hv- bQK2 Q7 r?B+? ?�p2 MQi #22M `2TQ`i2/
#27Q`2X "v � MQp2H �M�HvbBb- r2 i�F2 �/p�Mi�;2 Q7 `�`2 p�`B�iBQM iQ bi`�iB7v
Ai�Hv #v 2z2+iBp2 TQTmH�iBQM bBx2- Q#b2`pBM; /BbiBM+iBp2 /Bz2`2M+2b 2p2M �i
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

i?2 `2;BQM�H H2p2HX
JQpBM; iQ � KQ`2 +HBMB+�H T2`bT2+iBp2- r2 mb2 Qm` /�i�b2i iQ [m�MiB7v ?Qr

i?2 �p�BH�#BHBiv Q7 TQTmH�iBQM@bT2+B}+ /�i�#�b2b Q7 �HH2H2 7`2[m2M+B2b +�M BM@
+`2�b2 �++m`�+v BM i?2 �bb2bbK2Mi Q7 T�i?Q;2MB+ p�`B�MibX AM i?Bb +QMi2ti-
/m2 iQ i?2 /BbiBM+i ;2M2iB+ B/2MiBiv Q7 Ai�Hv- r2 b?Qr ?Qr � H�`;2 M�iBQM�H
/�i�#�b2 +QKTQb2/ #v BM/BpB/m�Hb rBi? r2HH@/2}M2/ �M+2bi`v BKT`Qp2 i?2
B/2MiB}+�iBQM Q7 TQi2MiB�HHv T�i?Q;2MB+ p�`B�MibX h?2M- r2 2tTHQ`2 i?2 #m`@
/2M Q7 Tmi�iBp2Hv T�i?Q;2MB+ p�`B�iBQM BM i?2 ?2�Hi?v Ai�HB�M 2tQK2- b?QrBM;
i?�i �HKQbi jW Q7 i?2 TQTmH�iBQM +�``B2b T`Qi2BM@i`mM+�iBM; p�`B�Mib BM i?2
�*J: K2/B+�HHv �+iBQM�#H2 ;2M2bX

"2HB2pBM; BM i?2 miBHBiv Q7 H�`;2 TQTmH�iBQM@bT2+B}+ /�i�#�b2b- 2bT2+B�HHv
7Q` � +QKTH2t TQTmH�iBQM HBF2 i?2 Ai�HB�M QM2- i?2 M�im`�H +QM+HmbBQM Q7 i?2
rQ`F Bb i?�i r2 K�F2 i?2 �;;`2;�i2/ p�`B�Mi 7`2[m2M+B2b 7`QK Qm` /�i�b2i
Tm#HB+Hv �p�BH�#H2 �b � iQQH 7Q` #Qi? +HBMB+B�Mb �M/ `2b2�`+?2`bX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

J2i?Q/b
a�KTH2 bim/v
q2 Q#i�BM2/ p�`B�Mi +�HHb 7`QK r?QH2 2tQK2 b2[m2M+BM; Uq1aV /�i� Q7
R-d8R ?2�Hi?v BM/BpB/m�Hb 2M`QHH2/ BM i?2 Ai�HB�M :2M2iB+ aim/v QM 2�`Hv@QMb2i
KvQ+�`/B�H BM7�`+iBQM U�h�o"Aa- kyyjV �M/ �b T�`i Q7 i?2 ǳJvQ+�`/B�H AM@
7�`+iBQM :2M2iB+b *QMbQ`iBmKǴ UJB;2M- .Q 2i �HX- kyR8VX �HH T�`iB+BT�Mib
BM i?2 bim/v T`QpB/2/ r`Bii2M BM7Q`K2/ +QMb2Mi 7Q` ;2M2iB+ bim/B2bX h?2
BMbiBimiBQM�H `2pB2r #Q�`/b �i i?2 "`Q�/ AMbiBimi2 �M/ 2�+? T�`iB+BT�iBM;
BMbiBimiBQM �TT`Qp2/ i?2 bim/v T`QiQ+QHX h?2 �M+2bi`v BM7Q`K�iBQM +QK@
T`Bb2b i?2 TH�+2 Q7 #B`i? Q7 �M BM/BpB/m�H- Q7 i?2B` T�`2Mib �M/ ;`�M/T�`2Mib,
R-kj8 BM/BpB/m�Hb ?�/ +QKTH2i2 BM7Q`K�iBQM- Rd9 H�+F2/ i?2 #B`i?TH�+2 Q7
i?2B` ;`�M/T�`2Mib- jjN H�+F2/ #Qi? T�`2Mib �M/ ;`�M/T�`2Mib �M/ j ?�/ MQ
#B`i?TH�+2 i?2Kb2Hp2bX

a2[m2M+BM;
h?2 +Hmbi2` �KTHB}+�iBQM- b2[m2M+BM;- `2�/@K�TTBM; �M/ p�`B�Mi +�HHBM; r2`2
T2`7Q`K2/ #v i?2 "`Q�/ AMbiBimi2- �b /2b+`B#2/ BM U.Q 2i �HX- kyR8VX a�KTH2b
r2`2 F2Ti r?2M i?2 `2�/ /2Ti? r�b kys Q` ;`2�i2` QM �i H2�bi 3yW Q7 i?2
2tQK2 i�`;2iX

.�i� +H2�MBM;
6Q` Qm` �M�HvbBb- r2 M22/2/ � /�i�b2i Q7 ?B;?@[m�HBiv ;2MQivT2 +�HHb Q7 mM@
`2H�i2/ BM/BpB/m�Hb rBi? `2�bQM�#Hv +2`i�BM Ai�HB�M �M+2bi`vX AM Q`/2` iQ
T`Q/m+2 i?Bb /�i�b2i- r2 `2KQp2/ BM/BpB/m�Hb rBi? mM+H2�` �M+2bi`v �M/
HQr@[m�HBiv p�`B�Mib �M/ ;2MQivT2b 7`QK i?2 Q`B;BM�H KmHiBb�KTH2 o*6- +QK@
T`BbBM; R-jdj-eNe p�`B�Mib �M/ R-d8R BM/BpB/m�HbX

�b }`bi@T�bb +H2�MBM; bi2T QM i?2 BM/BpB/m�Hb- r2 `2KQp2/ ke BM/BpB/m�Hb
rBi? `2TQ`i2/Hv MQM@Ai�HB�M �M+2bi`v U2p2M T�`iB�HV- H2�pBM; R-dk8 BM/BpB/m@
�HbX h?2M- BM/BpB/m�H b2t 7`QK i?2 /�i�#�b2 r�b +`Qbb@+?2+F2/ rBi? b2t
BM72``2/ 7`QK p�`B�Mi +�HHb UrBi? #+7iQQHb Y;m2bb@THQB/v- pRX8V �M/ BM/BpB/m@
�Hb rBi? /Bb+Q`/�Mi b2t r2`2 `2KQp2/ UbBM+2 i?2v r2`2 HBF2Hv KBb`2TQ`i2/ BM
i?2 /�i�#�b2V- H2�pBM; R-dRd BM/BpB/m�HbX

6Q` r?�i +QM+2`Mb ;2MQivT2b- HQr [m�HBiv ;2MQivT2 +�HHb r2`2 b2i iQ
KBbbBM;- bT2+B}+�HHv +�HHb rBi? HQr `2�/ /2Ti? U.S < RyV- +�HHb rBi? p2`v
?B;? `2�/ /2Ti? U.S > R3y- r?B+? Bb i?`22 bi�M/�`/ /2pB�iBQMb KQ`2 i?�M
i?2 K2�M /2Ti? Q7 eyV �M/ +�HHb rBi? HQr +QM}/2M+2 U:Z < kyVX :2MQivT2
+�HHb BM MQM@�miQbQK�H `2;BQMb BM K�H2b r2`2 +QMp2`i2/ iQ ?2KBxv;QmbX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

h?2M- r2 �TTHB2/ � b2+QM/ HQr [m�HBiv p�`B�Mi bQ7i }Hi2`BM; BM r?B+? p�`B@
�Mib MQi b�iBb7vBM; Qm` +`Bi2`B� r2`2 K�`F2/ U#mi MQi `2KQp2/VX �TT`QtBK@
�i2Hv NjW Q7 p�`B�Mib UR-R3d-RRNV T�bb2/ i?2 }Hi2`bX h?2 +`Bi2`B� 7Q` 2t+HmbBQM
r2`2, KBbbBM; ;2MQivT2b 7Q` KQ`2 i?�M RyW Q7 BM/BpB/m�Hb U33-9Nk p�`B�MibVc
2ti`2K2 /2pB�iBQMb UT@p�Hm2 bK�HH2` i?�M Ry@RyV 7`QK >�`/vĜq2BM#2`; 2[mB@
HB#`BmK Uk-3RR p�`B�MibVc HQ+�iBQM BM HQr +QKTH2tBiv `2;BQMb Q7 i?2 ;2MQK2
�b /2b+`B#2/ BM GB � E�?p2+B- kyye U9-eRj p�`B�MibVX

� b2+QM/@T�bb }Hi2`BM; bi2T QM BM/BpB/m�Hb r�b �TTHB2/ mbBM; i?2 T�bb
p�`B�Mib, MQM2 Q7 i?2 BM/BpB/m�Hb ?�/ KQ`2 i?�M 8W Q7 KBbbBM; ;2MQivT2b-
#mi `2H�i2/ b�KTH2b UmT iQ kM/ /2;`22V r2`2 /2i2+i2/ 7`QK ;2MQivT2bX AM
i?Bb +�b2- QMHv QM2 `2H�iBp2 r�b F2Ti- H2�pBM; R-e33 BM/BpB/m�HbX h?2 H�bi
}Hi2`BM; bi2T QM BM/BpB/m�Hb r�b i?2 QmiHB2` `2KQp�H �++Q`/BM; iQ S*�X S*�
r�b T2`7Q`K2/ rBi? SGALE RXN USm`+2HH 2i �HX- kyydV mbBM; T�bb p�`B�Mib
rBi? K�DQ` �HH2H2 7`2[m2M+v �i H2�bi yXkW �M/ T`mMBM; #v G. �i yXk r2X
PmiHB2`b /2}M2/ �b b�KTH2b rBi? 1m+HB/2�M /Bbi�M+2 U+QKTmi2/ 7`QK i?2
}`bi irQ S*bV ;`2�i2` i?�M Ry bi�M/�`/ /2pB�iBQMb 7`QK i?2 K2�M TQbBiBQM
Q7 �HH b�KTH2b r2`2 `2KQp2/ Bi2`�iBp2Hv- `2@+QKTmiBM; i?2 S*� mMiBH MQ KQ`2
QmiHB2`b r2`2 /2i2+i2/X hrQ b�KTH2b r2`2 `2KQp2/ BM QM2 Bi2`�iBQM �b ;2M2iB+
QmiHB2`bX

6BM�HHv- p�`B�Mib r?2`2 �HH BM/BpB/m�Hb r2`2 ?QKQxv;Qmb 7Q` i?2 `272`2M+2
�HH2H2 r2`2 `2KQp2/- H2�pBM; � /�i�b2i Q7 eeN-dR3 p�`B�Mib 7Q` R-e3e mM`2H�i2/
BM/BpB/m�Hb Q7 Ai�HB�M �M+2bi`vX h?Bb /�i�b2i r�b mb2/ BM �HH �M�Hvb2b HQQFBM;
�i i?2 Ai�HB�M TQTmH�iBQM �b � r?QH2X

AM Q`/2` iQ T2`7Q`K +QKT�`BbQMb rBi?BM Ai�Hv- r2 b2H2+i2/ BM/BpB/m�Hb
rBi? � r2HH@/2}M2/ �M+2bi`v �i i?2 K�+`Q@�`2� H2p2H- `2KQpBM; BM/BpB/m�Hb
rBi? mM+2`i�BM Q` HBF2Hv KBb`2TQ`i2/ �M+2bi`vX 6`QK i?2 T`2pBQmb /�i�b2i
Q7 R-e3e BM/BpB/m�Hb- r2 b2H2+i2/ i?2 R-RNd BM/BpB/m�Hb r?Q ?�/ BM7Q`K�iBQM
�#Qmi �HH 7Qm` ;`�M/T�`2MibǶ #B`i?TH�+2 �p�BH�#H2X q2 �bbB;M2/ i?2K iQ �
K�+`Q@�`2� B7 �HH i?2B` ;`�M/T�`2Mib r2`2 #Q`M i?2`2X q2 T2`7Q`K2/ 7m`@
i?2` Bi2`�iBp2 S*�@#�b2/ QmiHB2` `2KQp�H iQ 2t+Hm/2 BM/BpB/m�Hb r?Q /B/ MQi
+Hmbi2` rBi?BM i?2 Qi?2`b 7`QK i?2B` K�+`Q@�`2�X q2 /`QTT2/ b�KTH2b rBi?
KQ`2 i?�M jX8 bi�M/�`/ /2pB�iBQMb 7`QK i?2 +2Mi2` Q7 i?2B` +Hmbi2`- `2KQp@
BM; 9j BM/BpB/m�Hb BM d Bi2`�iBQMb- H2�pBM; R-R89 BM/BpB/m�HbX h?Bb /�i�b2i
r�b mb2/ BM �HH �M�Hvb2b +QKT�`BM; /Bz2`2Mi K�+`Q@�`2�bX q?2M +QKT�`BM;
`2;BQMb- r2 7m`i?2`KQ`2 b2H2+i2/ i?Qb2 BM/BpB/m�Hb r?Qb2 ;`�M/T�`2Mib r2`2
#Q`M BM i?2 b�K2 `2;BQMX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

o�`B�Mi �MMQi�iBQM �M/ BMi2`T`2i�iBQM
6mM+iBQM�H �MMQi�iBQM r�b T2`7Q`K2/ rBi? aMT1z U*BM;QH�MB 2i �HX- kyRkV
rBi? `2bT2+i iQ i?2 +�MQMB+�H _27a2[ i`�Mb+`BTi- 2t+2Ti 7Q` �*J: a6 pkXy
�+iBQM�#H2 ;2M2b- r?2`2 r2 mb2/ i?2 i`�Mb+`BTi i?�i Q++m``2/ KQbi 7`2[m2MiHv
BM i?2 *HBMo�` �MMQi�iBQMb Q7 T�i?Q;2MB+ p�`B�MibX o�`B�Mib r2`2 H�#2H2/ �b
T`Qi2BM@i`mM+�iBM; p�`B�Mib UShobV r?2M i?2B` �HH2H2 7`2[m2M+v BM i?2 r?QH2
/�i�b2i r�b mM/2` 8W �M/ i?2B` `2TQ`i2/ 2z2+i BM i?2 aMT1z �MMQi�iBQM r�b
QM2 Q7 7`�K2b?B7inp�`B�Mi- bTHB+2n�++2TiQ`np�`B�Mi- bTHB+2n/QMQ`np�`B�Mi
Q` biQTn;�BM2/X JBbb2Mb2 p�`B�Mib r2`2 2p�Hm�i2/ rBi? b2p2M T�i?Q;2MB@
+Biv T`2/B+iQ`b, JmiS`2/- o1ah j- _1o1G- 7�i?KK 7`QK /#La6S rBi?
`�MFb+Q`2 �i H2�bi yXdj- J@*�S �M/ J2i�aoJ 7`QK /#La6S �M/ *�..
rBi? b+Q`2 �i H2�bi k8X JBbb2Mb2 p�`B�Mib r2`2 +QMbB/2`2/ /�K�;BM; U.J:V
r?2M �i H2�bi }p2 T`2/B+iQ`b bmTTQ`i2/ i?Bb +QM+HmbBQM �M/ i?2B` �HH2H2 7`2@
[m2M+v BM i?2 r?QH2 /�i�b2i r�b mM/2` 8WX o�`B�Mib r?B+? r2`2 �MMQi�i2/
ǳT�i?Q;2MB+Ǵ Q` ǳHBF2Hv T�i?Q;2MB+Ǵ rBi?Qmi �Mv Qi?2` +QM~B+iBM; �MMQi�@
iBQM �M/ r?Qb2 �HH2H2 7`2[m2M+v BM i?2 r?QH2 /�i�b2i r�b mM/2` 8W- r2`2
H�#2H2/ *GLS�h p�`B�MibX hQ ?B;?HB;?i p�`B�Mib rBi? � Tmi�iBp2 `QH2 BM
T?�`K�+Q;2M2iB+ r2 �MMQi�i2/ i?2K rBi? � bT2+B�HBx2/ Tm#HB+ `2TQbBiQ`v-
2X;X- S?�`K:E" Uq?B`H@*�``BHHQ 2i �HX- kyRkVX

q2 +�H+mH�i2/ i?2 +mKmH�iBp2 MmK#2` Q7 Sho �M/ .J: p�`B�iBQMb rBi?
�HH2H2 7`2[m2M+v HQr2` i?�M RW �+`Qbb i?2 ky-998 ;2M2b �M/ i?2 kNj E1::
UEvQiQ 1M+v+HQT2/B� Q7 :2M2b �M/ :2MQK2bV T�i?r�vbX h?2M- BM Q`/2` iQ
MQ`K�HBx2 i?2b2 +QmMib- r2 /BpB/2/ i?2K 7Q` i?2 iQi�H MmK#2` Q7 p�`B�Mib
UrBi? � 7`2[m2M+v HQr2` i?�M RWV BM 2�+? ;2M2 �M/ 2�+? E1:: +�i2;Q`vX

1tTHQ`BM; i?2 ;2M2iB+ bi`m+im`2 rBi? +Q/BM; p�`B�Mib
S*�b QM i?2 r?QH2 /�i�b2i �M/ QM K�+`Q@�`2�b �M/ mbBM; QMHv BM/BpB/m�Hb
rBi? � ǳr2HH@/2}M2/Ǵ K�+`Q@�`2� r2`2 T2`7Q`K2/ rBi? SGALE RXN USm`+2HH
2i �HX- kyydV rBi? K�DQ` �HH2H2 7`2[m2M+v �i H2�bi yXkW �M/ T`mMBM; #v G.
�i yXk r2X PM i?2 b�K2 /�i�b2i- r2 BM72``2/ T�B`rBb2 FST 2biBK�i2b �KQM;
K�+`Q@�`2�b �M/ �KQM; Ai�HB�M �/KBMBbi`�iBp2 `2;BQMb mbBM; i?2 bK�`iT+�
bQ7ir�`2 BKTH2K2Mi2/ BM i?2 1AL:1aP6h T�+F�;2 US�ii2`bQM 2i �HX- kyyeV-
r?B+? +QKTmi2b i?2 >m/bQMǶb FST 2biBK�iQ`X

AM Q`/2` iQ BMp2biB;�i2 /2KQ;`�T?B+ 2p2Mib 7`QK `�`2 p�`B�iBQMb BM Ai�HB�M
K�+`Q@�`2�b- r2 +QKTmi2/ i?2 �HH2H2 7`2[m2M+v bT2+i`mK BM 2�+? Ai�HB�M
K�+`Q@�`2� �M/ �/KBMBbi`�iBp2 `2;BQM �M/ r2 i2bi2/ 7Q` /Bz2`2M+2bX AM Q`@
/2` iQ �pQB/ #B�b +�mb2/ #v i?2 /Bz2`2Mi bBx2b Q7 Qm` `2;BQM�H bm#TQTmH�iBQMb-
r2 T2`7Q`K2/ `�M/QK bm#@b�KTHBM; rBi?Qmi `2TH�+2K2Mi QM i?2 BM/BpB/m@
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

�Hb- T`Q/m+BM; QM2 i?Qmb�M/ bm#b�KTH2b Q7 i2M mM`2H�i2/ BM/BpB/m�Hb 7Q`
2�+? bm#TQTmH�iBQM rBi? �i H2�bi i2M b�KTH2bX �HH2H2 +QmMib r2`2 +QKTmi2/
b2T�`�i2Hv BM 2�+? bm#b�KTH2- 7Q` i?2 p�`B�Mib i?�i r2`2 Q#b2`p2/ BM i?�i
bm#b�KTH2- i?mb T`Q/m+BM; +QmMib `�M;BM; 7`QK QM2 iQ i2M UbBM+2 r2 +QmM@
i2/ i?2 KBMQ` �HH2H2 7Q` bm#b�KTH2b Q7 i2M BM/BpB/m�HbVX h?Bb T`Q+2bb vB2H/2/
QM2 i?Qmb�M/ 2biBK�i2b Q7 i?2 �HH2H2 7`2[m2M+v bT2+i`mK UrBi? i2M 7`2[m2M+v
#BMbV 7Q` 2�+? bm#TQTmH�iBQMX 1�+? 7`2[m2M+v #BM r�b �M�Hvx2/ b2T�`�i2Hv-
mbBM; i?2 QM2 i?Qmb�M/ bm#b�KTH2b iQ 2biBK�i2 i?2 /Bbi`B#miBQM Q7 p�Hm2b 7Q`
2�+? bm#TQTmH�iBQMX h?Bb K2i?Q/ ?�b i?2 MB+2 T`QT2`iv Q7 T`Q/m+BM; 2biBK@
�i2b r?Qb2 K2/B�M Bb BM/2T2M/2Mi Q7 i?2 bBx2 Q7 i?2 bm#TQTmH�iBQMX >Qr2p2`-
i?2 bK�HH2` bm#TQTmH�iBQMb b?Qr2/ � `2/m+2/ p�`B�M+2- bBM+2 i?2 bm#b�KTH2b
?�p2 ?B;? Qp2`H�T �M/ �`2 i?mb MQi BM/2T2M/2Mi 2MQm;?X h?mb- i?2 �HH2H2
7`2[m2M+v bT2+i`mK r�b +QKTmi2/ BM/2T2M/2MiHv 7Q` 2�+? bm#b�KTH2 Q7 �
bm#TQTmH�iBQMX q2 i?2M +QKT�`2/ i?2 /Bbi`B#miBQM Q7 i?2b2 mMB7Q`KHv bBx2/
bm#b�KTH2b 7Q` 2�+? �HH2H2 +QmMi mbBM; � qBH+QtQM `�MF bmK i2bi �M/ "QM@
72``QMBǶb +Q``2+iBQM BM _ T`Q;`�KKBM; H�M;m�;2 2MpB`QMK2MiX LQi2 i?�i
i?Bb Bb MQi � #QQibi`�T, r2 �`2 bm#b�KTHBM; BM/BpB/m�Hb �M/ MQi p�`B�Mib
U�b QM2 rQmH/ MQ`K�HHv /Q iQ 2biBK�i2 � /Bbi`B#miBQM Q7 p�`B�MibV �M/ r2
�`2 bm#b�KTHBM; rBi?Qmi `2TH�+2K2Mi- bBM+2 b�KTHBM; BM/BpB/m�Hb KQ`2 i?�M
QM+2 rQmH/ 2Mi�BH ?�pBM; `2H�i2/ BM/BpB/m�Hb BM i?2 b�KTH2b- r?B+? rQmH/
BM im`M T`Q/m+2 +QKTH2i2Hv bF2r2/ �HH2H2 +QmMibX AM T�`iB+mH�`- b�KTHBM;
BM/BpB/m�Hb rBi? `2TH�+2K2Mi rQmH/ +�mb2 p2`v `�`2 p�`B�Mib Q++m``BM; QMHv
BM QM2 BM/BpB/m�H iQ #2 +QmMi2/ KQ`2 i?�M QM+2X h?Bb rQmH/ ?�TT2M KQ`2
r?2M bm#b�KTHBM; 7`QK bK�HH2` bm#TQTmH�iBQMb- T`Q/m+BM; � p2`v bi`QM;
#B�b r?2`2 `�`2 p�`B�Mib r2`2 b?B7i2/ iQr�`/b ?B;?2` 7`2[m2M+v #BMb- +QK@
TH2i2Hv bF2rBM; i?2 �HH2H2 7`2[m2M+v bT2+i`mK /Bbi`B#miBQM �M/ K�FBM; +QK@
T�`BbQMb BKTQbbB#H2X

:2M2iB+ +QKT�`BbQM rBi?BM Ai�Hv
.Bz2`2M+2b Q7 �HH2H2 7`2[m2M+v #2ir22M K�+`Q@�`2�b r2`2 i2bi2/ rBi? 6Bb?2`Ƕb
1t�+i h2bi T2`7Q`K2/ #v SGALE RXNX q2 QMHv i2bi2/ LQ`i?2`M p2`bmb aQmi?@
2`M Ai�Hv Uekk �M/ jy8 BM/BpB/m�Hb- `2bT2+iBp2HvV, r2 2t+Hm/2/ #Qi? a�`/BMB�
�M/ *2Mi`�H Ai�Hv #2+�mb2 Q7 i?2B` `2/m+2/ b�KTH2 bBx2 Q7 ky �M/ de BM/B@
pB/m�Hb `2bT2+iBp2Hv �M/- 7Q` *2Mi`�H Ai�Hv- �HbQ #2+�mb2 Q7 Bib BMi2`K2/B�i2
TQbBiBQM BM i?2 LQ`i?@aQmi? +HBM2X q2 QMHv i2bi2/ p�`B�Mib rBi? �HH2H2 7`2@
[m2M+v ;`2�i2` i?�M RW BM i?2 r?QH2 /�i�b2i bBM+2 rBi? Qm` b�KTH2 bBx2b r2
/B/ MQi ?�p2 TQr2` iQ i2bi HQr2` 7`2[m2M+v p�`B�MibX q2 +QMbB/2`2/ bB;MB@
}+�Mi �HH p�`B�Mib T�bbBM; i?2 yXyR bB;MB}+�M+2 i?`2b?QH/ �7i2` "QM72``QMBǶb
KmHiBTH2 i2bi +Q``2+iBQMX h?2M- r2 +QKTmi2/ bBM;H2@HQ+mb Fst 2biBK�i2b iQ
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

+QM}`K i?2 ;2M2iB+b bB;M�Hb `2i`B2p2/ rBi? i?2 6Bb?2`Ƕb 1t�+i h2biX
q2 +QMbB/2`2/ i?2 iQT RW p�`B�Mib rBi? i?2 HQr2bi T@p�Hm2b BM i?2 7QHHQr@

BM; 2M`B+?K2Mi �M�Hvb2bX lbBM; i?2 QMHBM2 iQQH 1M`B+?_ U*?2M 2i �HX- kyRjc
EmH2b?Qp 2i �HX- kyReV r2 b2�`+?2/ 7Q` bB;MB}+�Mi 2M`B+?K2Mi #v HQQFBM; �i
1M`B+?_ /�i�#�b2b- 2X;X /#:�S UJ�BHK�M 2i �HX- kyydc h`vF� 2i �HX- kyR9V-
:q�a +�i�HQ; kyRN U"mMB2HHQ 2i �HX- kyRNV �M/ ǳC2Mb2M /Bb2�b2Ǵ +�i2;Q`vX
h?2M- r2 b2�`+?2/ 7Q` FMQrM �bbQ+B�iBQMb #2ir22M i?2 iQT RW HBbi Q7 p�`B�Mib
�M/ T?2MQivT2b- #v /B`2+iHv HQQFBM; BM i?2 :q�a +�i�HQ; U/QrMHQ�/2/ BM
J�`+? kyRNVX

:2M2iB+ +QKT�`BbQM #2ir22M Ai�Hv �M/ 1m`QT2
q2 i2bi2/ 7Q` �HH2H2 7`2[m2M+v /Bz2`2M+2b #2ir22M i?2 Ai�HB�M /�i�b2i �M/
MQM@6BMMBb? 1m`QT2�Mb 7`QK ;MQK�.- mbBM; 6Bb?2`Ƕb 1t�+i h2biX >2`2-
/m2 iQ i?2 BM+`2�b2 b�KTH2 bBx2- r2 +QMbB/2`2/ �HH ;2M2iB+ p�`B�Mib �M/ r2
+QMbB/2`2/ bB;MB}+�Mi �HH ;2M2iB+ p�`B�Mib �i p@p�Hm2 < 0.01 U"QM72``QMB +Q`@
`2+i2/VX �b �#Qp2- r2 b2�`+?2/ 7Q` bB;MB}+�Mi 2M`B+?K2Mi mbBM; 1M`B+?_ �M/
+?2+F2/ 7Q` FMQrM �bbQ+B�iBQMb BM i?2 :q�a +�i�HQ; �M/ BM *HBMo�`X
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

_2bmHib
q2 �M�Hvx2/ Qm` r?QH2@2tQK2 b2[m2M+BM; /�i�b2i Q7 ?2�Hi?v Ai�HB�Mb rBi?
i?2 /m�H ;Q�H Q7 2tTHQ`BM; i?2 ;2M2iB+ T�ii2`Mb Q7 i?2 Ai�HB�M TQTmH�iBQM �M/
i?2B` BKTQ`i�M+2 BM +HBMB+�H ;2M2iB+bX �7i2` [m�HBiv +QMi`QH T`Q+2/m`2b U22
J2i?Q/b @ .�i� +H2�MBM; QM T�;2 kRNV- i?2 /�i�b2i +QMi�BM2/ R-e3e mM`2H�i2/
BM/BpB/m�Hb- rBi? eeN-dR3 Q#b2`p2/ p�`B�MibX �b 2tT2+i2/ 7Q` � b2[m2M+BM;
/�i�b2i rBi? i?Bb b�KTH2 bBx2- KQbi p�`B�Mib �`2 HQr@7`2[m2M+v �M/ KQ`2 i?�M
eyW �`2 bBM;H2iQMb- BX2X QMHv Q#b2`p2/ BM � bBM;H2 b�KTH2X 6mM+iBQM�HHv- KQbi
p�`B�Mib �`2 KBbb2Mb2- 7QHHQr2/ #v BMi`QMB+ �M/ bvMQMvKQmb p�`B�Mib- r?BH2
T`Qi2BM@i`mM+�iBM; p�`B�Mib �++QmMi2/ 7Q` kW Q7 i?2 iQi�H p�`B�Mib Uh�#H2
RyVX
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Piedmont

Tuscany

Latium

Campania

Calabria

Veneto

Emilia Romagna

Marche
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Sardinia
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Abruzzo
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Umbria

Sicily

Friuli

Trentino
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Northern Italians Central Italians Southern Italians Sardinians

6B;m`2 RyRX Ai�HB�M b�KTH2b T2` K�+`Q@�`2� �M/ T`QpBM+2X h?2
T`QpBM+2 Q7 Q`B;BM Q7 i?2 BM/BpB/m�Hb Bb `2TQ`i2/X h?2 bBx2 Q7 TQBMib /2MQi2b
i?2 MmK#2` Q7 BM/BpB/m�Hb 7`QK i?�i T`QpBM+2X
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

1661*h o�_A�Lh
*PlLh

o�_A�Lh
S1_ AL.AoA.l�G

aAL:G1hPL
*PlLh

aAL:G1hPL
S1_ AL.AoA.l�G

KBbb2Mb2 kjd-jje e-j99 R89-dkN NRX3
BMi`QM p�`B�Mi RNd-38d Ry-Nek RRk-dy9 eeX3
bvMQMvKQmb R98-ejN d-9N8 3k-33R 9NXk
/QrMbi`2�K ;2M2 p�`B�Mi Rd-N9N 3Nj Ry-kd8 eXR
mTbi`2�K ;2M2 p�`B�Mi Re-3e3 3Rk N-ddN 8X3
Qi?2` Rj-3Rd 899 3-j3j 8
jǶ lh_ p�`B�Mi Rj-8jN dRj d-d38 9Xe
8Ƕ lh_ p�`B�Mi d-3jj jdy 9-8eR kXd
7`�K2b?B7i BM/2H 8-d8e 83 9-ek9 kXd
biQT ;�BM2/ 9-djR jR j-e8j kXk
BMi2`;2MB+ p�`B�Mi j-yjN kkj R-edy R
BM7`�K2 BM/2H k-ddN 98 k-y9y RXk
2bb2MiB�H bTHB+2 p�`B�Mi k-8d8 93 R-N8k RXk
hPh�G eeN-dR3 k3-8j3 9y8-yje k9yXj

h�#H2 RyX LmK#2` Q7 p�`B�Mib BM i?2 /�i�b2iX h?2 +QHmKMb �`2- BM
Q`/2`- i?2 MmK#2` Q7 p�`B�Mib BM i?2 iQi�H /�i�b2i- i?2 K2�M +QmMi Q7 p�`B�Mib
Q#b2`p2/ BM QM2 BM/BpB/m�H- �b r2HH �b i?2 b�K2 BM7Q`K�iBQM 7Q` i?2 bm#b2i
Q7 bBM;H2iQM p�`B�Mib- bTHBi #v i?2B` 7mM+iBQM�H 2z2+iX

6QHHQrBM; T`2pBQmb rQ`Fb Ua�xxBMB 2i �HX- kyRec 6BQ`BiQ 2i �HX- kyReV- r2
bTHBi i?2 ir2Miv Ai�HB�M �/KBMBbi`�iBp2 `2;BQMb BMiQ 7Qm` K�+`Q@�`2�b U6B;@
m`2 RyRV, LQ`i?2`M Ai�Hv- *2Mi`�H Ai�Hv- aQmi?2`M Ai�Hv �M/ a�`/BMB�X q2
�bbB;M2/ BM/BpB/m�Hb iQ � K�+`Q@�`2� Q` iQ � `2;BQM QMHv r?2M Bi r�b i?2
b?�`2/ #B`i?TH�+2 Q7 �HH 7Qm` ;`�M/T�`2MibX �//BiBQM�HHv- r2 `2KQp2/ i?Qb2
r?Q /B/ MQi +Hmbi2` r2HH rBi? i?2B` K�+`Q@�`2� BM S`BM+BT�H *QKTQM2Mi �M�@
HvbBb US*�- b22 J2i?Q/b @ .�i� +H2�MBM; QM T�;2 kRNVX h?2 }M�H b�KTH2 bBx2b
Q7 K�+`Q@�`2�b �M/ `2;BQMb �`2 BM h�#H2 RRX

h?Bb /�i�b2i ?�b 2MQm;? TQr2` iQ /2i2+i NeW Q7 p�`B�Mib rBi? �HH2H2 7`2@
[m2M+v ;`2�i2` i?�M yXRW �M/ pB`im�HHv �HH Q7 i?2 p�`B�Mib rBi? 7`2[m2M+v
;`2�i2` i?�M yXkWX "v bm#b�KTHBM; i?2 Ai�HB�M /�i�b2i- r2 Q#b2`p2/ � /B7@
72`2Mi i`2M/ #2ir22M ?B;? �M/ HQr@7`2[m2M+v p�`B�iBQMb BM bm#b�KTH2b Q7
BM+`2�bBM; bBx2bX *QKKQM p�`B�Mib BM+`2�b2 `�TB/Hv rBi? i?2 }`bi 72r BM/B@
pB/m�Hb- #mi i?2B` MmK#2` `�TB/Hv biQTb ;`QrBM; RykX PM i?2 Qi?2` ?�M/- i?2
MmK#2` Q7 HQr@7`2[m2M+v p�`B�Mib +QMiBMm2b iQ BM+`2�b2 rBi? ;`2�i2` b�KTH2
bBx2b- K�FBM; mT i?2 p�bi K�DQ`Biv Q7 p�`B�Mib BM H�`;2 b�KTH2bX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

J�*_P@�_1�a LlJ"1_ P6 a�JSG1a
AhL ekk
Ah* de
Aha jy8
a�_ ky

_1:APLa LlJ"1_ P6 a�JSG1a
SA1.JPLh d3
GPJ"�_.u kkd
GA:l_A� e
1JAGA� _PJ�:L� Rk9
o1L1hP d3
6_AlGA j
hla*�Lu RR
J�_*>1 R3
lJ"_A� Ry
JPGAa1 R
G�hAlJ k8
�"_lwwP RN
*�JS�LA� 8y
"�aAGA*�h� d
�SlGA� Rye
*�G�"_A� 9R
aA*AGu 8d
a�_.ALA� ky

h�#H2 RRX LmK#2` Q7 b�KTH2b BM i?2 /�i�b2iX LmK#2` Q7 b�KTH2b BM
2�+? Ai�HB�M K�+`Q@�`2� �M/ BM 2�+? Ai�HB�M �/KBMBbi`�iBp2 `2;BQMX

kke



S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�
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6B;m`2 RykX LmK#2` Q7 p�`B�Mib Q#b2`p2/ #v bm#b�KTHBM; Qm`
/�i�b2iX q2 THQi i?2 MmK#2` Q7 p�`B�Mib Q#b2`p2/ BM bm#b�KTH2b Q7 BM+`2�b@
BM; bBx2b 7`QK Q7 Qm` /�i�b2i- ;`QmT2/ #v i?2 7`2[m2M+v Q7 i?2B` �Hi2`M�iBp2
�HH2H2 BM i?2 7mHH /�i�b2iX

1tTHQ`BM; i?2 ;2M2iB+ bi`m+im`2 rBi? 2tQK2 p�`B�Mib
h?2 ;2M2iB+ bi`m+im`2 Q7 Ai�Hv �TT2�`b +H2�`Hv 7`QK S*� U6B;m`2 RyjVX h?2
K�BM pBbB#H2 72�im`2b �`2 i?2 LQ`i?@aQmi? +HBM2 �M/ i?2 a�`/BMB�M BbQH�i2-
i?mb +QM}`KBM; i?2 FMQrM ;2M2iB+ T`Q}H2 b?QrM #v ?B;?@/2MbBiv �``�vbX
aQK2 BM/BpB/m�Hb +Hmbi2` BM � /Bz2`2Mi K�+`Q@�`2� i?�M i?2 `2TQ`i2/ QM2X
P7 i?2b2 BM/BpB/m�Hb- 9j ?�p2 �HH 7Qm` ;`�M/T�`2Mib 7`QK i?2 b�K2 K�+`Q@
�`2�- r?B+? +QmH/ #2 /m2 iQ 2Bi?2` KBb`2TQ`iBM; Q` `2+2Mi KB;`�iBQMbX q2
2t+Hm/2/ i?2b2 BM/BpB/m�Hb BM i?2 bm#b2[m2Mi �M�Hvb2b BMpQHpBM; K�+`Q@�`2�b
�M/ `2;BQMbX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�
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Northern Italians Central Italians Southern Italians Sardinians Admixed Italians

6B;m`2 RyjX :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM 7`QK S*�X
SHQi Q7 i?2 }`bi irQ +QKTQM2Mib Q7 ;2MQivT2 S*�X

q?BH2 r2 +�MMQi /Bb+2`M �Mv BMM2` bi`m+im`2 BM K�+`Q@�`2�b 7`QK i?2
b+�ii2` THQib- #v THQiiBM; p�Hm2b Q7 i?2 }`bi T`BM+BT�H +QKTQM2Mi 7Q` 2�+?
`2;BQM- r2 Q#b2`p2/ bQK2 bi`�iB}+�iBQM 2p2M �i i?2 `2;BQM�H H2p2H U6B;m`2
Ry9� �M/ h�#H2 RkVX
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A

B

6B;m`2 Ry9X _2;BQM�H bi`�iB}+�iBQM Q7 Ai�HB�M b�KTH2bX U�V ai`BT
�M/ #QtTHQi Q7 i?2 }`bi T`BM+BT�H +QKTQM2Mi Q7 2�+? BM/BpB/m�H ;`QmT2/
#v Ai�HB�M `2;BQMbX U"V ai`BT �M/ #QtTHQi Q7 i?2 MmK#2` Q7 HQr@7`2[m2M+v
p�`B�Mib BM QM2 i?Qmb�M/ `2b�KTHBM; Q7 i2M BM/BpB/m�Hb 7`QK 2�+? `2;BQMX
PMHv `2;BQMb rBi? �i H2�bi i2M BM/BpB/m�Hb ?�p2 #22M +QMbB/2`2/X

�"_lwwP *�G�"_A� *�JS�LA� 1JAGA�
_PJ�:L� G�hAlJ GPJ"�_.u J�_*>1 SA1.JPLh �SlGA� a�_.ALA� aA*AGu hla*�Lu lJ"_A� o1L1hP

�"_lwwP RXyy1Yyy RXRd1@R9 NXde1@yd kX8R1@Rk 8X8d1@yR 9Xek1@Rj 3X8j1@ye RXeN1@RR RXRN1@yj kXNy1@RR RX8N1@yd dXky1@y8 RXN91@y8 RXeN1@RR
*�G�"_A� RXRd1@R9 RXyy1Yyy 8X981@y3 NXj31@kk kXe81@Re kXkd1@k9 jXyN1@R8 jXN91@RN kX391@R8 jXkR1@Re 3XRR1@y9 eX9e1@yN RX8d1@Ry jXN91@RN
*�JS�LA� NXde1@yd NX8y1@yR RXyy1Yyy eX9N1@k8 RX9N1@yd RX3j1@k3 kX3y1@yN RXdR1@kR 9X8j1@y9 3Xjd1@RR kX9y1@yk dXed1@ye RXed1@ye RXdR1@kR
1JAGA� _PJ�:L� 8X981@y3 9XNd1@Re NX3N1@R9 RXyy1Yyy RXkk1@R9 NX8y1@yR RXkd1@RR dXdy1@y9 8Xkd1@jN RX991@yd jXd81@kd kXkd1@yd RXdN1@yd NXd81@yj
G�hAlJ kX8R1@Rk 3X8j1@ye RXRy1@yj kXNy1@RR RXyy1Yyy 9XNd1@Re RXe91@yk NX3N1@R9 RXe31@y9 jXj91@y3 RXye1@y3 jXke1@yj jXde1@yk RXy81@Rj
GPJ"�_.u NXj31@kk jXyN1@R8 9X881@RR jXkR1@Re 3XRR1@y9 RXyy1Yyy RXdy1@Rk RXRy1@yj eXjN1@9N RXRk1@y3 RX3k1@jR jXR91@y3 3XN81@y3 RXkR1@yk
J�_*>1 eX9N1@k8 kX3y1@yN RXRN1@yj 3Xjd1@RR kX9y1@yk dXky1@y8 RXyy1Yyy 9X881@RR RXNk1@yN 8Xd31@yN 8Xj91@Ry kXek1@yj NX991@yR 9X881@RR
SA1.JPLh 8X8d1@yR RXkd1@RR kX391@R8 RX991@yd jXd81@kd eX9e1@yN 8X8j1@ye RXyy1Yyy 8Xj81@jR NX3R1@yN 9XRk1@kj NXkR1@y3 jXy91@yd jXN91@yR
�SlGA� kXe81@Re RXe91@yk 9X8j1@y9 jXj91@y3 RXye1@y3 dXed1@ye kX881@yk jXde1@yk RXyy1Yyy RX8R1@Rk 3Xey1@y3 8X8j1@ye RXR81@ye 8Xj81@jR
a�_.ALA� RX9N1@yd RXdy1@Rk 8Xkd1@jN RXRk1@y3 RX3k1@jR kXkd1@yd kXyd1@ye 3XN81@y3 eXyN1@yd RXyy1Yyy jXeN1@RR kX881@yk RXjj1@yd NX3R1@yN
aA*AGu RXkk1@R9 RXeN1@RR RXe31@y9 8Xd31@yN 8Xj91@Ry jXke1@yj RXN91@y8 NX991@yR 9XdN1@yj NXd81@yj RXyy1Yyy kXyd1@ye eXyN1@yd 9XRk1@kj
hla*�Lu 9Xek1@Rj jXN91@RN eXjN1@9N NX3R1@yN 9XRk1@kj jXR91@y3 RX8d1@Ry jXy91@yd RXeN1@RR RXy81@Rj jXN91@yR RXyy1Yyy 9XdN1@yj NXkR1@y3
lJ"_A� kXkd1@k9 RXdR1@kR RXNk1@yN RX8R1@Rk 3Xey1@y3 kXek1@yj RXed1@ye RXR81@ye jXN91@RN RXkR1@yk 8Xj81@jR 9XRk1@kj RXyy1Yyy jXy91@yd
o1L1hP RX3j1@k3 dXdy1@y9 8Xj81@jR RX8N1@yd jXeN1@RR NXkR1@y3 RXdN1@yd RXjj1@yd RXdR1@kR 9X881@RR NX3R1@yN NXkR1@y3 jXy91@yd RXyy1Yyy

h�#H2 RkX _�r irQ@b�KTH2 qBH+QtQM i2bib T@p�Hm2b 7Q` 2�+? T�B`rBb2 `2;BQM
+QKT�`BbQM Q7 S*R +QQ`/BM�i2bX

AM Q`/2` iQ T`QpB/2 �M �//BiBQM�H K2�bm`2 Q7 TQTmH�iBQM /Bz2`2MiB�iBQM-
r2 2biBK�i2/ i?2 T�B`rBb2 }t�iBQM BM/2t UFST - b22 J2i?Q/b @ 1tTHQ`BM;
i?2 ;2M2iB+ bi`m+im`2 rBi? +Q/BM; p�`B�Mib QM T�;2 kkRV #2ir22M `2;BQMb
�M/ K�+`Q@�`2�b U6B;m`2b Ry8 �M/ *XR- `2bT2+iBp2HvVX �;�BM- r2 Q#b2`p2/
� bi`QM; /Bz2`2MiB�iBQM #2ir22M K�+`Q@�`2�bX >Qr2p2`- � }M2` /Bbb2+iBQM

kkN



S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

Q7 i?2 Ai�HB�M TQTmH�iBQM r�b MQi TQbbB#H2- /m2 iQ i?2 HQr ;2M2iB+ /Bbi�M+2
#2ir22M `2;BQMb BM i?2 b�K2 K�+`Q@�`2� +QK#BM2/ rBi? i?2 `2H�iBp2Hv ?B;?
bi�M/�`/ 2``Q`b Q7 i?2 2biBK�i2b- 2bT2+B�HHv 7Q` `2;BQMb rBi? bK�HH b�KTH2
bBx2 U6B;m`2 *XR �M/ h�#H2b RR- *XR- *XkVX

AM Q`/2` iQ BM72` /2KQ;`�T?B+ 2p2Mib 2tT2`B2M+2/ #v TQTmH�iBQMb BM Ai�HB�M
K�+`Q@�`2�b- r2 i2bi2/ 7Q` /Bz2`2M+2b BM i?2 �HH2H2 7`2[m2M+v bT2+i`mK- BX2X
i?2 /Bbi`B#miBQM Q7 i?2 �HH2H2 7`2[m2M+v Q7 i?2 p�`B�Mib BM i?2 bm#TQTmH�iBQMb
Ub22 J2i?Q/b @ 1tTHQ`BM; i?2 ;2M2iB+ bi`m+im`2 rBi? +Q/BM; p�`B�Mib QM T�;2
kkRVX aB;MB}+�Mi /Bz2`2M+2b r2`2 /2i2+i2/ #2ir22M �HH `2;BQMb U2t+2Ti GQK@
#�`/v �M/ 1KBHB� _QK�;M�V BM i?2 HQr@7`2[m2M+v 2M/ Q7 i?2 bT2+i`mK- rBi?
aQmi?2`M Ai�Hv ?�pBM; i?2 KQbi HQr@7`2[m2M+v p�`B�Mib U`2;BQMb �`2 THQii2/
BM 6B;m`2 Ry9- K�+`Q@�`2�b BM 6B;m`2 *Xk �M/ MQKBM�H T@p�Hm2b �`2 `2TQ`i2/
BM h�#H2 RjVX

�"_lwwP *�G�"_A� *�JS�LA� 1JAGA�
_PJ�:L� G�hAlJ GPJ"�_.u J�_*>1 SA1.JPLh �SlGA� a�_.ALA� aA*AGu hla*�Lu lJ"_A� o1L1hP

�"_lwwP R y dX3j1@kRd y kXdj1@kk RXNj1@jyk kXyk1@R39 y RX9N1@98 y y 9Xj81@Rd 8XR31@R3y y
*�G�"_A� y R RXN91@k33 y y y y y y y eXjd1@3j y y y
*�JS�LA� dX3j1@kRd yXdd99Rjy3N8 R y kXRN1@RkN y y y RXd31@N3 y y dXNd1@ke3 y y
1JAGA�
_PJ�:L� RXN91@k33 9X9j1@jyj y R y yXdd99Rjy3N8 8XdN1@RN3 kXk81@e9 y y y y y dXeN1@kk

G�hAlJ y kXyk1@R39 jXkj1@ek y R 9X9j1@jyj kXjy1@kye y kXdd1@y8 y y 9XNd1@ey kXed1@kyk y
GPJ"�_.u y y dXd81@kdd y eXjd1@3j R 3Xky1@R38 jXkj1@ek 8Xd91@jy3 y y y y RXRk1@kR
J�_*>1 y y RX9N1@98 y y 9Xj81@Rd R dXd81@kdd RXjd1@kk3 y y RXkR1@kye eXk31@de eXR81@k9j
SA1.JPLh kXdj1@kk 8XdN1@RN3 y y y y 9Xk91@Nd R y 3XjN1@k3N y y y RX9j1@R8
�SlGA� y kXjy1@kye RXd31@N3 y y dXNd1@ke3 y kXed1@kyk R y y 9Xk91@Nd 9Xjj1@kj3 y
a�_.ALA� kXRN1@RkN 3Xky1@R38 y y y y y y y R y y y y
aA*AGu y y kXdd1@y8 y y 9XNd1@ey 8XR31@R3y eXk31@de kXdR1@k9N dXeN1@kk R y y y
hla*�Lu RXNj1@jyk y 8Xd91@jy3 3XjN1@k3N y y y y y y RX9j1@R8 R kXdR1@k9N y
lJ"_A� y y RXjd1@kk3 y y RXkR1@kye y 9Xjj1@kj3 y RXRk1@kR y y R y
o1L1hP y kXk81@e9 y y y y y y y eXR81@k9j y y y R

h�#H2 RjX _�r irQ@b�KTH2 qBH+QtQM i2bib T@p�Hm2b 7Q` 2�+? T�B`rBb2 `2;BQM
+QKT�`BbQM Q7 �HH2H2 7`2[m2M+v bT2+i`mKX PMHv `2;BQMb rBi? �i H2�bi i2M
BM/BpB/m�Hb ?�p2 #22M +QMbB/2`2/X
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6B;m`2 Ry8X :2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM 7`QK FST

p�Hm2bX >2�iK�T `2T`2b2MiBM; i?2 FST p�Hm2b +QKTmi2/ 7Q` 2�+? T�B`rBb2
+QKT�`BbQM #2ir22M Ai�HB�M `2;BQMb 2t+2Ti JQHBb2- 7Q` r?B+? Dmbi QM2 BM/B@
pB/m�H r�b �p�BH�#H2X

�HH2H2 7`2[m2M+v /Bz2`2M+2b #2ir22M LQ`i?2`M �M/ aQmi?2`M
Ai�Hv
�7i2` 2p�Hm�iBM; i?2 ;2M2iB+ bi`m+im`2 Q7 Ai�Hv 7`QK � ;HQ#�H TQBMi Q7 pB2r- r2
/2Hp2/ BMiQ /2i�BHb 2t�KBMBM; r?B+? p�`B�Mib �M/ ;2M2b T`2b2Mi i?2 ?B;?2bi
/2;`22 Q7 /Bz2`2MiB�iBQM #2ir22M LQ`i?2`M �M/ aQmi?2`M Ai�Hv Uekk �M/ jy8
BM/BpB/m�Hb- `2bT2+iBp2HvV- 7Q+mbBM; QM i?2 TQbbB#H2 T?2MQivTB+ BKTHB+�iBQMb
Q7 i?2 bi`m+im`2 r2 Q#b2`p2/X

�HH2H2 7`2[m2M+B2b BM i?2 LQ`i? �M/ aQmi? �`2 ?B;?Hv +Q``2H�i2/ US2�`bQM
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

`4yXNN3- p@p�Hm2 < 2.2e−16- 6B;m`2 RyeV- rBi? � K�tBKmK /Bz2`2M+2 Q7 RdWX
q2 HBbi2/ i?2 p�`B�Mib rBi? i?2 KQbi bB;MB}+�Mi �HH2H2 7`2[m2M+v /Bz2`2M+2b
i?�i �`2 bi�iBbiB+�HHv bB;MB}+�Mi rBi? T@p�Hm2 mM/2` yXyR �7i2` +Q``2+iBQM 7Q`
KmHiBTH2 i2biBM; Uh�#H2 R9VX h?2v �`2 �HbQ i?2 bBt p�`B�Mib rBi? i?2 ?B;?2bi
bBM;H2@HQ+mb FST 2biBK�i2X 6`QK i?2 i2bi `2bmHib- r2 Q#b2`p2/ � ;2MQKB+
BM~�iBQM 7�+iQ` Q7 RXdd U6B;m`2 RydV- �b 2tT2+i2/ r?2M +QKT�`BM; ;`QmTb
rBi? TQTmH�iBQM bi`�iB}+�iBQMX

*>_ aLS _16 �Gh LQ`i?2`M
Ai�Hv

aQmi?2`M
Ai�Hv

LQKBM�H
T@p�Hm2

:2M2
bvK#QH

R8 `bRRkNyj3 * h 8RXRyW j9XkyW 5.76e−12 >1_*k
RR `bky8jRRe � * jdX9yW 8jX9yW 7.14e−11 P_8k_R
RR `be8d38jj h � jdX8yW 8jX9yW 1.04e−10 P_8k_R
RR `bdN9RdjR � : jdX8yW 8kX3yW 5.28e−10 P_8k_R
9 `bRkkNN39 h * NjXRRW 39X9yW 1.28e−08 �.>R"
8 `bk8e9j3 h : j3XRyW k8X9yW 5.19e−08 h>"a9

h�#H2 R9X aB;MB}+�MiHv /Bz2`2Mi p�`B�Mib #2ir22M LQ`i?2`M �M/ aQmi?2`M
Ai�Hv U"QM72``QMBǶb KmHiBTH2 i2bi +Q``2+iBQM rBi? p@p�Hm2 < 0.01VX

h?2 bi`QM;2bi bB;M�H Bb `bRRkNyj3- HQ+�i2/ BM i?2 jǶ lh_ Q7 i?2 >1_*k
;2M2X h?2 /2`Bp2/ �HH2H2 h Bb 2M`B+?2/ BM LQ`i?2`M Ai�Hv �M/ Bi Bb �bbQ+B@
�i2/ rBi? 2v2 �M/ ?�B` +QHQ` �M/ bFBM TB;K2Mi�iBQM UJQ`;�M 2i �HX- kyR3VX
Aib ?QKQxv;Qmb Q++m``2M+2 Bb ?B;?Hv T`2/B+iBp2 Q7 #Hm2 2v2 +QHQ` U1B#2`;
2i �HX- kyy3V- #mi Bi �HbQ �bbQ+B�i2/ rBi? TB;K2Mi�iBQM@`2H�i2/ /Bb2�b2b HBF2
K2H�MQK� �M/ pBiBHB;Q UCBM 2i �HX- kyRkVX

h?2 b2+QM/ bi`QM;2bi bB;M�H +QKT`Bb2b i?`22 p2`v +HQb2 UH2bb i?�M 9yy#T
�T�`iV �M/ T`2pBQmbHv mM`2TQ`i2/ KBbb2Mb2 p�`B�Mib BM i?2 P_8k_R ;2M2- �M
QH7�+iQ`v `2+2TiQ`X _27a2[ `2TQ`ib P_8k_R �b � b2;`2;�iBM; Tb2m/Q;2M2X

h?2 i?B`/ bB;M�H Bb `bRkkNN39- � KBbb2Mb2 p�`B�Mi BM i?2 �.>R" ;2M2-
2M+Q/BM; i?2 #2i� bm#mMBi Q7 +H�bb A �.> U�H+Q?QH /2?v/`Q;2M�b2V- r?B+? Bb
BMpQHp2/ BM 2i?�MQH K2i�#QHBbKX h?2 /2`Bp2/ �HH2H2 h Ur?B+? Bb i?2 `272`2M+2
�HH2H2V T`Qi2+ib �;�BMbi �H+Q?QHBbK #v K2i�#QHBxBM; �H+Q?QH iQ �+2i�H/2?v/2
KQ`2 2{+B2MiHv i?�M i?2 �M+2bi`�H �HH2H2 *- H2�/BM; iQ 2H2p�i2/ �+2i�H/2?v/2
H2p2Hb i?�i K�F2 /`BMFBM; mMTH2�b�MiX Ai Bb �HbQ �bbQ+B�i2/ rBi? �H+Q?QH@
`2H�i2/ /Bb2�b2b- �H+Q?QH /2T2M/2M+2 Ua�M+?2x@_QB;2 2i �HX- kyRNV- +�M+2`b
UG2bb2m` 2i �HX- kyReV �M/- MQi bm`T`BbBM;Hv- iQ i?2 i`�Bi ǳ_2;mH�` �ii2M/�M+2
�i � Tm# Q` bQ+B�H +Hm#Ǵ U.�v 2i �HX- kyR3VX

h?2 7Qm`i? bB;M�H- HQ+�i2/ BM i?2 BMi`QMB+ aLS `bk8e9j3 Q7 h>"a9 ;2M2-
Bb +HQb2` iQ i?2 #�+F;`QmM/ U6B;m`2 RydVX h?2 p�`B�Mi r�b BM+QM+HmbBp2Hv �b@

kjk



S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

bQ+B�i2/ rBi? b2`mK ha> Uh?v`QB/@biBKmH�iBM; ?Q`KQM2V H2p2Hb BM � :q�a
bim/v UJ�HBMQrbFB 2i �HX- kyR9VX

q2 �HbQ 2t�KBM2/ i?2 `2bi Q7 i?2 iQT RW Q7 i?2 KQbi bB;MB}+�Mi p�`B�MibX
q2 7QmM/ bQK2 BMi2`2biBM; �M/ bB;MB}+�Mi �bbQ+B�iBQMb BM i?2 :q�a +�i�HQ;
U.2MMv 2i �HX- kyRjc J�+�`i?m` 2i �HX- kyRdV, `bRe3NRN3k BM i?2 aG*98�k
;2M2 r�b �bbQ+B�i2/ rBi? TB;K2Mi�iBQM- `bReNyj8d9 BM i?2 PhlGALG ;2M2
rBi? �HH2`;B+ /Bb2�b2b U�bi?K�- ?�v 72p2`- 2+x2K�V �M/ `bjRjRjdN BM i?2
Ja>8 ;2M2 rBi? bvbi2KB+ HmTmb 2`vi?2K�iQbmbX J�Mv Qi?2` p�`B�Mib r2`2
�bbQ+B�i2/ rBi? p�`BQmb +�`/BQp�b+mH�` i`�BibX

JQ`2Qp2`- mbBM; i?2 89y ;2M2b ?�`#Q`BM; i?2 iQT RW KQbi bB;MB}+�Mi
p�`B�Mib- r2 T2`7Q`K2/ ;2M2 2M`B+?K2Mi �M�HvbBb rBi? 1M`B+?_ U*?2M 2i
�HX- kyRjc EmH2b?Qp 2i �HX- kyReVX aB;MB}+�Mi `2bmHib BM+Hm/2/ KQ`T?QHQ;B+�H
i`�Bib U2X;X- bFBM �M/ ?�B` +QHQ`V- HB;?i@`2H�i2/ `2�+iBQMb UǳaFBM b2MbBiBpBiv iQ
bmMǴ- ǳGQr i�M `2bTQMb2Ǵ- ǳJ2H�MQK�Ǵ �M/ ǳaFBM +�M+2`ǴV- BKKmM2 i2`Kb
U2X;X- ǳhvT2 R /B�#2i2b �M/ �miQBKKmM2 i?v`QB/ /Bb2�b2bǴ- ǳ>Ao@R +QMi`QHǴ-
ǳ�bi?K�Ǵ- ǳSbQ`B�bBbǴ- ǳavbi2KB+nb+H2`Q/2`K�Ǵ- ǳ_?2mK�iQB/n�`i?`BiBbǴ
�M/ ǳJmHiBTH2nb+H2`QbBbǴV �M/ +QKTH2t /Bb2�b2b- bm+? �b +�`/BQp�b+mH�` /Bb@
2�b2b �M/ +�M+2`X �//BiBQM�HHv- MBM2 p�`B�Mib BM i?2 iQT RW r2`2 BM i?2 G*h
;2M2- +Q/BM; 7Q` i?2 H�+i�b2 2MxvK2X
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6B;m`2 RydX Zm�MiBH2@[m�MiBH2 THQi Q7 6Bb?2`Ƕb 2t�+i i2bi T@p�Hm2b
7Q` i?2 +QKT�`BbQM #2ir22M LQ`i?2`M �M/ aQmi?2`M �HH2H2 7`2[m2M@
+B2bX G�#2Hb rBi? i?2 p�`B�Mi A. �M/ ;2M2 �`2 b?QrM 7Q` i?2 R9 p�`B�Mib rBi?
T@p�Hm2 mM/2` yXy9 �7i2` KmHiBTH2 i2bi +Q``2+iBQMX G�#2H +QHQ` /2MQi2b i?2
?B;?2` 7`2[m2M+v Q7 i?2 �HH2H2 BM i?2 LQ`i?2`M Q` aQmi?2`M Ai�HB�M TQTmH�iBQMX

�HH2H2 7`2[m2M+v /Bz2`2M+2b #2ir22M Ai�Hv �M/ 1m`QT2
h?2 �HH2H2 7`2[m2M+v /Bz2`2M+2b r2 Q#b2`p2/ �HQM; i?2 Ai�HB�M T2MBMbmH� �`2
T�`i Q7 H�`;2` LQ`i?@aQmi? 1m`QT2�M +HBM2b `2TQ`i2/ BM ;MQK�.X AM i?2 +�b2
Q7 >1_*k �M/ P_8k_R- i?2b2 +HBM2b 2ti2M/ iQ �7`B+�X PM i?2 Qi?2` ?�M/-
7Q` �.>R" i?2 /2`Bp2/ �HH2H2 Bb 2M`B+?2/ QMHv BM aQmi?2`M 1m`QT2- r?BH2 i?2
�M+2bi`�H �HH2H2 Bb �HKQbi }t2/ BM #Qi? LQ`i?2`M 1m`QT2 �M/ �7`B+�X PMHv
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

1�bi �bB� bTQ`ib � UKm+?V ?B;?2` 7`2[m2M+v Q7 i?2 /2`Bp2/ �HH2H2 Uh�#H2 R8VX

;MQK�. �6 >1_*k
`bRRkNyj3

P_8k_R
`be8d38jj

�.>R"
`bRkkNN39

h>"a9
`bk8e9j3

LQ`i?@r2bi2`M 1m`QT2�M yXddkk yXjje8 yXNd98 yXje89
aQmi?2`M 1m`QT2�M yX9jNk yX99jR yXNyed yXj8ye
�7`B+�M yXRRN9 yX8R9N yXN339 yXkkee
1�bi �bB�M yXyyy3y9e yXyRd3k yXkekj yXkRNN

h�#H2 R8X ;MQK�. �HH2H2 7`2[m2M+v BM 1m`QT2- �7`B+� �M/ 1�bi �bB� Q7
KQbiHv /Bz2`2Mi p�`B�Mib BM Ai�HvX

q2 i2bi2/ �HH i?2 p�`B�Mib 7Q` bB;MB}+�Mi �HH2H2 7`2[m2M+v /Bz2`2M+2b
#2ir22M i?2 r?QH2 Ai�HB�M TQTmH�iBQM 7`QK Qm` /�i�b2i �M/ ;MQK�. MQM@
6BMMBb? 1m`QT2�M TQTmH�iBQMX q2 7QmM/ RN-8eR p�`B�Mib T�bbBM; i?2 yXyR
bB;MB}+�M+2 i?`2b?QH/ �7i2` "QM72``QMBǶb KmHiBTH2 i2bi +Q``2+iBQMX q2 7QmM/
N33 Q7 i?2b2 p�`B�Mib BM i?2 :q�a +�i�HQ; rBi? ?B;?Hv bB;MB}+�Mi �bbQ+B@
�iBQMb Up@p�Hm2 < 5.00e−08X q2 Q#b2`p2/ 72�im`2b KQbiHv `2H�i2/ iQ i?2
/Bz2`2Mi 2MpB`QMK2Mi- bm+? �b ǳ?�B` +QHQ`Ǵ- ǳ#Bii2` i�bi2 T2`+2TiBQMǴ �M/
ǳHQr i�M `2bTQMb2Ǵ- Qi?2`b BMpQHpBM; i?2 BKKmM2 bvbi2K U2X;X- ǳ_?2mK�iQB/
�`i?`BiBbǴ- ǳhvT2 R /B�#2i2bǴ �M/ ǳJv2HQB/ r?Bi2 +2HH +QmMiǴV �M/ K�Mv
Qi?2`b `2H�i2/ iQ i?2 #HQQ/ T`Qi2BM- i`B;Hv+2`B/2b �M/ G.G +?QH2bi2`QH H2p2HbX
AMi2`2biBM;Hv- R8 p�`B�Mib `2bmHi2/ �bbQ+B�i2/ rBi? +�`/BQp�b+mH�` i`�Bib- bm+?
�b ?vT2`i2MbBQM- bvbiQHB+ �M/ /B�biQHB+ #HQQ/ T`2bbm`2- TmHb2 �M/ K2�M �`@
i2`B�H T`2bbm`2X

1B;?i p�`B�Mib- Qmi Q7 i?2 bB;MB}+�MiHv /Bz2`2Mi QM2b #2ir22M Ai�HB�M
�M/ 1m`QT2�M MQM@6BMMBb? TQTmH�iBQM- ?�p2 #22M `2TQ`i2/ �b T�i?Q;2MB+
Q` HBF2Hv T�i?Q;2MB+ BM i?2 *HBMo�` /�i�#�b2 UG�M/`mK 2i �HX- kyRe- rBi?
MQ +QM~B+iBM; BMi2`T`2i�iBQM Q7 #2MB;MfHBF2Hv #2MB;MfmM+2`i�BM bB;MB}+�M+2c
h�#H2 ReVX �KQM; i?2 p�`B�Mib `2TQ`i2/ BM h�#H2 Re- r2 Q#b2`p2/ � biQT@
;�BM2/ p�`B�Mi rBi? ?B;?2` 7`2[m2M+v BM ;MQK�. 1m`QT2�M MQM@6BMMBb?
TQTmH�iBQM BM i?2 ;2M2 6G: U+Q/BM; 7Q` T`Q}H�;;`BMVX h?Bb p�`B�Mi ?�b
#22M /2b+`B#2/ �b T�i?Q;2MB+ 7Q` �iQTB+ /2`K�iBiBb U_B+?�`/b 2i �HX- kyR8V
�M/ B+?i?vQbBb pmH;�`Bb /Bb2�b2b UaKBi? 2i �HX- kyyeVX �MQi?2` biQT@;�BM2/
r�b T`2b2Mi BM i?2 #2i�@;HQ#BM ;2M2 U>""V +�mbBM; i?�H�bb2KB� U_B+?�`/b
2i �HX- kyR8V, BMi2`2biBM;Hv- i?2 7`2[m2M+v Q7 i?Bb p�`B�iBQM r�b ?B;?2` BM i?2
Ai�HB�M TQTmH�iBQMX q2 �HbQ 7QmM/ � bTHB+BM; p�`B�Mi BM "_*�R- rBi? ?B;?2`
7`2[m2M+v BM Ai�Hv- `2TQ`i2/ T�i?Q;2MB+ 7Q` ?2`2/Bi�`v #`2�bi �M/ Qp�`B�M
+�M+2` bvM/`QK2- +�mbBM; i?2 bFBTTBM; Q7 2tQM RR U"QM�iiB 2i �HX- kyyeVX

kje



S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

>Qr2p2`- /m`BM; kyR3 i?Bb p�`B�Mi r�b `2+H�bbB}2/ rBi? i?2 ~�; ǳlM+2`i�BM
bB;MB}+�M+2Ǵ ULvF�KT 2i �HX- kyRdVX

Ai KB;?i �HbQ #2 MQi2/ i?�i ReN p�`B�Mib r2`2 �MMQi�i2/ BM i?2 S?�`K:E"
/�i�#�b2- bm;;2biBM; i?�i i?2 Ai�HB�M TQTmH�iBQM KB;?i `2bTQM/ /Bz2`2MiHv
iQ bQK2 /`m;bX 6BM�HHv- r2 T2`7Q`K2/ 2M`B+?K2Mi �M�HvbBb rBi? 1M`B+?_
QM i?2 N-R83 ;2M2b ?�`#Q`BM; i?2 RN-8eR p�`B�Mib- r?2`2 i`�Bib `2H�i2/ iQ
KQ`T?QHQ;B+�H T?2MQivT2b U2X;X- i?2 ?�B` +QHQ`V- BKKmM2 �M/ Qi?2` +QKTH2t
/Bb2�b2b U2X;X- ǳ*�`/BQp�b+mH�` bvbi2K /Bb2�b2ǴV 2K2`;2/X

o�`B�Mi A. :2M2 o�`B�Mi
2z2+i Ah�Gu �6 AhL �6 Ah* �6 Aha �6 a�_ �6 L61 �6 MQKBM�H

T@p�Hm2
*HBMo�`

+QM/BiBQM

`bR9kyej9eR ha>_ JBbb2Mb2
p�`B�Mi yX98W yXReW yXeeW yXeeW yXyyW yXy8W 6.05e−19

*QM;2MBi�H
MQM ;QBi`Qmb
?vTQi?v`QB/BbK

`bRR89N9yd >"" aiQT
;�BM2/ yX9dW yXk9W yXyyW yXeeW 8XyyW yXydW 1.50e−15 h?�H�bb2KB�

`bdeN9yNdy8 aG*j9�R JBbb2Mb2
p�`B�Mi yXRkW yXk9W yXyyW yXReW yXyyW yXyyW 1.60e−10 >vT2`+�H+2KB�

BM7�MiBH2

`beR3RedeR 6G: aiQT
;�BM2/ yXk9W yXjjW RXjkW yXRdW yXyyW RXedW 2.60e−10

�iQTB+ /2`K�iBiBb
�M/ B+?i?vQbBb
pmH;�`Bb

`bk3djy3jd JSP JBbb2Mb2
p�`B�Mi yXjeW yX9yW yXyyW yXjjW yXyyW RX3yW 5.15e−10 Jv2HQT2`QtB/�b2

/2}+B2M+v

`bR8RkyekN8 hu_ JBbb2Mb2
p�`B�Mi yXkRW yX93W yXyyW yXyyW yXyyW yXykW 5.94e−09

hv`QbBM�b2@M2;�iBp2
Q+mHQ+mi�M2Qmb
�H#BMBbK

`b3yj83Rd3 "_*�R
aTHB+2
/QMQ`
p�`B�Mi

yXyNW yXyyW yXeeW yXyyW yXyyW yXyyW 1.91e−08
>2`2/Bi�`v #`2�bi
�M/ Qp�`B�M +�M+2`
bvM/`QK2

`bk3NkN9d9 a1_SAL�R JBbb2Mb2
p�`B�Mi yX8jW yXe9W yXyyW yXjjW yXyyW RX3kW 4.20e−08 �HT?�@R@�MiBi`vTbBM

/2}+B2M+v

h�#H2 ReX aB;MB}+�MiHv /Bz2`2Mi p�`B�Mib #2ir22M Ai�HB�M
�M/ 1m`QT2�M MQM@6BMMBb? TQTmH�iBQM `2TQ`i2/ ǳT�i?Q;2MB+Ǵ Q`
ǳHBF2Hv T�i?Q;2MB+Ǵ BM i?2 *HBMo�` /�i�#�b2 UG�M/`mK 2i �HX-
kyReVX S@p�Hm2 +QKTmi2/ rBi? 6Bb?2`Ƕb 2t�+i i2bi Bb `2TQ`i2/X �6, �HH2H2
7`2[m2M+vc AhL, LQ`i?2`M Ai�Hvc Ah*, *2Mi`�H Ai�Hvc Aha, aQmi?2`M Ai�Hvc
a�_, a�`/BMB�c L61, LQM@6BMMBb? 1m`QT2�M 7`QK ;MQK�.X

kjd



S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

AKTQ`i�M+2 Q7 i?2 `272`2M+2 TQTmH�iBQM 7Q` �bb2bbBM; T�i?Q@
;2MB+Biv
q?2M �bb2bbBM; T�i?Q;2MB+Biv Q7 p�`B�Mib- Bi Bb Q7i2M �TT`QT`B�i2 iQ �bbmK2
i?�i p�`B�Mib i?�i Q++m` 7`2[m2MiHv BM ?2�Hi?v BM/BpB/m�Hb �`2 MQi T�i?Q;2MB+-
�i H2�bi MQi rBi? ?B;? T2M2i`�M+2X h?Bb Bb MQ`K�HHv /QM2 i�FBM; �/p�Mi�;2
Q7 7`2[m2M+B2b `2TQ`i2/ BM Tm#HB+ /�i�#�b2bX q2 2tTHQ`2/ i?2 `BbF Q7 KBb@
�bb2bbBM; i?2 T�i?Q;2MB+Biv Q7 � p�`B�Mi #v mbBM; 7`2[m2M+B2b 2biBK�i2/ 7`QK
2Bi?2` iQQ bK�HH � b�KTH2 Q` � TQTmH�iBQM i?�i Bb MQi � T2`72+i K�i+? 7Q` i?2
BM/BpB/m�HX q2 +QKT�`2/ i?2 �HH2H2 7`2[m2M+B2b 2biBK�i2/ 7`QK Qm` Ai�HB�M
b�KTH2 rBi? i?Qb2 2biBK�i2/ 7`QK i?2 hmb+�Mb �M/ LQM@6BMMBb? 1m`QT2�M BM
i?2 Ryyy :2MQK2b S`QD2+i �M/ 7`QK i?2 LQM@6BMMBb? 1m`QT2�M BM ;MQK�.-
�b b?QrM BM h�#H2 RdX

6Q` BMbi�M+2- B7 r2 b2H2+i �M �HH2H2 7`2[m2M+v i?`2b?QH/ Q7 ≥ 1W 7Q` �bb2bb@
BM; p�`B�Mib �b MQM@T�i?Q;2MB+- i?2`2 �`2 j-d3k 7�Hb2 T�i?Q;2MB+ +�M/B/�i2b
p�`B�Mib r?Qb2 7`2[m2M+v Bb �#Qp2 i?2 i?`2b?QH/ BM Qm` b�KTH2 #mi mM/2`
Bi BM ;MQK�.X q?BH2 KQbi Q7 i?2K �`2 p2`v +HQb2 iQ i?2 i?`2b?QH/ BM #Qi?
/�i�b2ib- � 72r �`2 [mBi2 /Bz2`2Mi, 8Ny �`2 mM/2` yX8W �M/ jj mM/2` yXRW
BM ;MQK�.- r?BH2 biBHH #2BM; �#Qp2 RW BM Qm` b�KTH2X 6`2[m2M+v /Bb+`2T�M@
+B2b �b H�`;2 �b i?2b2 BM p�`B�Mib b�iBb7vBM; Qi?2` T�i?Q;2MB+Biv +`Bi2`B� +QmH/
+�mb2 �M BM+Q``2+i �bb2bbK2Mi Q7 T�i?Q;2MB+Biv 2p2M mM/2` +�`27mH b+`miBMvX
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." >A:> GPq 6�Ga1nSPaAhAo1 h_l1nL1:�hAo1 hPh�G
E:SnhaA yXyR yXyR 833N 8jj3 kedjjN
E:SnL61 yXyR yXyR j389 9ekd kedjjN
:L.nL61 yXyR yXyR jd3k 8Red eeNdR3
E:SnhaA yXyRR yXyyN kjdj 9eej kedjjN
E:SnL61 yXyRR yXyyN kke9 j3jk kedjjN
:L.nL61 yXyRR yXyyN kke9 jj3j eeNdR3
E:SnhaA yXyRk yXyy3 R3Nj j38y kedjjN
E:SnL61 yXyRk yXyy3 RR3N kyRN kedjjN
:L.nL61 yXyRk yXyy3 RR3k RN8N eeNdR3
E:SnhaA yXyR8 yXyy8 Nej 8kj kedjjN
E:SnL61 yXyR8 yXyy8 R9y k9N kedjjN
:L.nL61 yXyR8 yXyy8 3y k9R eeNdR3
E:SnhaA yXyy8 yXyy8 RRkNy 3kR9 kedjjN
E:SnL61 yXyy8 yXyy8 dyjR edke kedjjN
:L.nL61 yXyy8 yXyy8 eked d9ej eeNdR3
E:SnhaA yXyy88 yXyy98 je9d ddj8 kedjjN
E:SnL61 yXyy88 yXyy98 je3j eRy9 kedjjN
:L.nL61 yXyy88 yXyy98 9y8R 88k3 eeNdR3
E:SnhaA yXyye yXyy9 kNkk eNRe kedjjN
E:SnL61 yXyye yXyy9 k3y3 8ydj kedjjN
:L.nL61 yXyye yXyy9 kj3k jeR8 eeNdR3
E:SnhaA yXyyd8 yXyyk8 Rd8d 9R33 kedjjN
E:SnL61 yXyyd8 yXyyk8 d8R eNy kedjjN
:L.nL61 yXyyd8 yXyyk8 kR3 ee9 eeNdR3
E:SnhaA yXyyR yXyyR j3RNR R83dk kedjjN
E:SnL61 yXyyR yXyyR Rj9jR 9jkyj kedjjN
:L.nL61 yXyyR yXyyR jRye9 R83R3 eeNdR3
E:SnhaA yXyyRR yXyyyN jd3d8 R88R9 kedjjN
E:SnL61 yXyyRR yXyyyN Rjkjy 9kjy9 kedjjN
:L.nL61 yXyyRR yXyyyN k3RNj Rjey3 eeNdR3
E:SnhaA yXyyRk yXyyy3 jy9RR Rk8ye kedjjN
E:SnL61 yXyyRk yXyyy3 NjjR j99R9 kedjjN
:L.nL61 yXyyRk yXyyy3 R8dRd 38Rj eeNdR3
E:SnhaA yXyyR8 yXyyy8 k999j de3k kedjjN
E:SnL61 yXyyR8 yXyyy8 e8je jNNR kedjjN
:L.nL61 yXyyR8 yXyyy8 98eN kdRk eeNdR3

h�#H2 RdX LmK#2` Q7 p�`B�Mib BM Qm` /�i�b2i i?�i +QmH/ #2 BM+Q`@
`2+iHv +H�bbB}2/ #v i?2B` �HH2H2 7`2[m2M+v mbBM; �M 2ti2`M�H `272`@
2M+2X ǳ6�Hb2 TQbBiBp2Ǵ +QHmKM BM/B+�i2b i?2 MmK#2` Q7 p�`B�Mib rBi? ?B;?
7`2[m2M+v BM Qm` Ai�HB�M /�i�b2i �M/ HQr 7`2[m2M+v BM i?2 2ti2`M�H /�i�b2iX
ǳh`m2 M2;�iBp2Ǵ +QHmKM `2TQ`ib i?2 MmK#2` Q7 p�`B�Mib rBi? HQr 7`2[m2M+v BM
Qm` Ai�HB�M /�i�b2i �M/ ?B;? 7`2[m2M+v BM i?2 2ti2`M�H /�i�b2iX q2 mb2/ i?2
7QHHQrBM; 2ti2`M�H /�i�b2ib, E:S haA �`2 i?2 hmb+�Mb 7`QK i?2 Ryyy :2M@
QK2b S`QD2+i- E:S L61 �`2 i?2 MQM@6BMMBb? 1m`QT2�Mb @ haA- A"a- *1l-
:"_ @ 7`QK i?2 Ryyy :2MQK2b S`QD2+i �M/ :L. L61 �`2 i?2 MQM@6BMMBb?
1m`QT2�Mb 7`QK ;MQK�.X

Smi�iBp2Hv T�i?Q;2MB+ p�`B�Mib
q2 2t�KBM2/ ?Qr Qi?2` +QKKQM T�i?Q;2MB+Biv �bb2bbK2Mi +`Bi2`B� #2?�p2
QM i?2 ?2�Hi?v Ai�HB�M +Q?Q`iX q2 2KTHQv2/ i?`22 /Bz2`2Mi �M/ +QKTH2K2Mi@
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�`v K2i?Q/b 7Q` �bb2bbBM; i?2 T�i?Q;2MB+Biv Q7 � p�`B�Mi, T`Qi2BM@i`mM+�iBM;
p�`B�Mib UShoV- KBbb2Mb2 p�`B�Mib T`2/B+i2/ iQ #2 /�K�;BM; U.J:V UJ�i2`@
B�Hb �M/ J2i?Q/bV �M/ p�`B�Mib /B�;MQb2/ T�i?Q;2MB+ BM i?2 *HBMo�` /�i�@
#�b2 U*GLS�h- G�M/`mK 2i �HX- kyReVX �7i2` 2t+Hm/BM; p�`B�Mib rBi? �HH2H2
7`2[m2M+v ;`2�i2` i?�M 8W BM Qm` /�i�b2i- r2 Q#i�BM2/ Rk-38R Sho- kj-e3k
.J: �M/ R-R9N *GLS�h p�`B�Mib BM i?2 r?QH2 /�i�b2iX q2 `272` iQ i?2b2
p�`B�Mib �b Tmi�iBp2Hv T�i?Q;2MB+ USSV p�`B�MibX q2 `2H�i2/ i?2 7mM+iBQM�H
2z2+i �M/ T�i?Q;2MB+Biv Q7 p�`B�Mib iQ i?2B` 7`2[m2M+v- K2�bm`2/ �b i?2 `�@
iBQ Q7 bBM;H2iQM p�`B�Mib iQ i?2 iQi�H MmK#2` Q7 p�`B�Mib BM 2�+? +�i2;Q`v
U6B;m`2 Ry3�VX q2 �HbQ BMp2biB;�i2/ i?2 T�i?Q;2MB+ #m`/2M BM Qm` ?2�Hi?v
BM/BpB/m�Hb BM 6B;m`2 Ry3"- * �M/ .- b?QrBM; i?�i i?2 K2�M MmK#2` Q7 SS
p�`B�Mib BM �M BM/BpB/m�H Bb ReX8 7Q` Sho- kjXk 7Q` .J: �M/ kX9 7Q` *GLS�h
p�`B�MibX

q2 +QmMi2/ �M/ MQ`K�HBx2/ i?2 MmK#2` Q7 Sho �M/ .J: p�`B�Mib rBi?
�HH2H2 7`2[m2M+v HQr2` i?�M RW �+`Qbb i?2 ;2M2b �M/ i?2 E1:: UEvQiQ 1M@
+v+HQT2/B� Q7 :2M2b �M/ :2MQK2bV T�i?r�vb- i?mb bQ`iBM; ;2M2b �M/ T�i?@
r�vb �++Q`/BM; iQ i?2B` i2M/2M+v iQ �++mKmH�i2 Sho �M/ .J: p�`B�iBQMb
U6B;m`2b RyN �M/ RRy- `2bT2+iBp2HvVX q2 7QmM/ i?�i +?2KB+�H +�`+BMQ;2M2bBb-
/`m; �M/ t2MQ#BQiB+b K2i�#QHBbK- Qi?2` K2i�#QHB+ T�i?r�vb �M/ QH7�+iQ`v
i`�Mb/m+iBQM T�i?r�v �++mKmH�i2 i?2 ?B;?2bi MmK#2` Q7 7mM+iBQM�HHv /Bb@
`mTiBM; p�`B�Mib U6B;m`2 RyNVX �KQM; i?2 T�i?r�vb rBi? i?2 HQr2bi i2M/@
2M+v iQ �++mKmH�i2 Shob r2 7QmM/ i?2 ?B;?Hv +QMb2`p2/ ǳ>BTTQ bB;M�HBM;Ǵ
�M/ Qi?2` T�i?r�vb rBi? 2bb2MiB�H +2HH 7mM+iBQMb U6B;m`2 RyNVX Pi?2` K2i�@
#QHB+ T�i?r�vb �M/ i?2 ǳ�"* i`�MbTQ`i2`bǴ +H�bb `2bmHi2/ i?2 KQbi T`QM2
iQ �++mKmH�i2 .J: p�`B�iBQMb- r?BH2- �b 7Q` i?2 Shob- +�i2;Q`B2b T�`iB+BT@
�iBM; iQ #�bB+ 7mM+iBQM Q7 i?2 +2HH U2X;X- ǳS`Qi2BM 2tTQ`iǴ- ǳaTHB+2QbQK2Ǵ �M/
ǳK_L� bm`p2BHH�M+2 T�i?r�vǴV r2`2 /2TH2i2/ 7Q` .J: p�`B�Mib U6B;m`2
RRyVX
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Smi�iBp2Hv T�i?Q;2MB+ p�`B�Mib BM �*J: a6 ;2M2b
S`2pBQmb bim/B2b UE�`+x2rbFB 2i �HX- kyRNc G2F 2i �HX- kyReV b?Qr2/ i?�i
K�Mv ;2M2b �`2 [mBi2 iQH2`�Mi Q7 p�`B�Mib +�mbBM; HQbb Q7 7mM+iBQMX �b � +QM@
b2[m2M+2- SS p�`B�Mib BM i?Qb2 ;2M2b �`2 mMHBF2Hv iQ #2 �+im�HHv T�i?Q;2MB+-
i?mb 2tTH�BMBM; T�`i Q7 i?2 #m`/2M Q7 SS p�`B�Mib i?�i r2 Q#b2`p2/ BM Qm`
�M/ Qi?2` ?2�Hi?v +Q?Q`ibX AM Q`/2` iQ 2tTHQ`2 SS p�`B�Mib BM � +HBMB+�HHv
`2H2p�Mi +QMi2ti- r2 7Q+mb2/ QM i?2 8N K2/B+�HHv �+iBQM�#H2 ;2M2b `2+QK@
K2M/2/ #v i?2 �K2`B+�M *QHH2;2 Q7 J2/B+�H :2M2iB+b �M/ :2MQKB+b 7Q`
`2TQ`iBM; Q7 BM+B/2Mi�H }M/BM;b U�*J: a6 pkXyc E�HB� 2i �HX- kyRdVX

*QKT�`BM; i?2 �KQmMi Q7 SS p�`B�Mib 7QmM/ BM i?2 r?QH2 2tQK2 p2`bmb
i?Qb2 BM i?2 �*J: a6 ;2M2b Uh�#H2 R3V- r2 Q#b2`p2/ i?�i i?2 T`QTQ`iBQM
Q7 Shob BM i?2 �*J: ;2M2b Bb ?�H7 Q7 i?2 T`QTQ`iBQM BM Qi?2` ;2M2bX PM
i?2 Qi?2` ?�M/- .J: �M/ *GLS�h p�`B�Mib BM �*J: ;2M2b �++QmMi 7Q`
� Km+? ?B;?2` T�`i Q7 i?2 p�`B�Mib i?�M BM i?2 `2bi Q7 i?2 2tQK2X �b �
+QKT�`BbQM r2 b22 i?�i KBbb2Mb2 p�`B�Mib �`2 QMHv bHB;?iHv H2bb �#mM/�MiX

o�`B�Mi +QmMi
BM 2tQK2

o�`B�Mi `�iBQ
BM 2tQK2

o�`B�Mi +QmMi
BM �*J:

o�`B�Mi `�iBQ
BM �*J:

o�`B�Mi `�iBQ
2M`B+?K2Mi
BM �*J:

Sho Rk-38k RXNkW 9j RXyyW 8kXk9W
.J: kj-e3k jX89W jj9 dXdNW kkyXkkW

*GLS�h R-R9N yXRdW 9N RXR9W ee8XNyW
JAaa1La1 kk8-3Rd jjXdkW R-j39 jkXkdW N8XdyW

h�#H2 R3X SS p�`B�Mib BM r?QH2 2tQK2 �M/ BM i?2 �*J: ;2M2bX
*QKT�`BbQM Q7 i?2 MmK#2` Q7 SS p�`B�Mib BM i?2 r?QH2 2tQK2 p2`bmb i?Qb2
BM i?2 �*J: a6 ;2M2bU`272``2/ BM i?2 i�#H2 �b �*J:VX

q2 Q#b2`p2/ �HbQ i?2 BMi2`�+iBQM #2ir22M Shof.J: p�`B�Mib BM i?2
�*J: ;2M2b �M/ i?2B` �MMQi�iBQM BM *HBMo�` Uh�#H2 RNVX
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Sho .J: Ph>1_
"1LA:L y N R-yNd
"1LA:L-lL*1_h�ALnaA:LA6A*�L*1 y jk 9R9
lL*1_h�ALnaA:LA6A*�L*1 R 39 jke
lL*1_h�ALnaA:LA6A*�L*1-S�h>P:1LA* R k3 R9
S�h>P:1LA* RN ky Ry
*PL6GA*hAL: R Rk jR
LQi BM *HBMo�` kR R8y kyRN

h�#H2 RNX *HBMo�` �MMQi�iBQM Q7 Shof.J: p�`B�Mib BM i?2
�*J: ;2M2bX q2 +QHH�Tb2/ i?2 HBF2Hv #2MB;M �M/ HBF2Hv T�i?Q;2MB+ +H�bb2b
BMiQ i?2 #2MB;M �M/ T�i?Q;2MB+ +H�bb2b- `2bT2+iBp2HvX

�HKQbi ?�H7 Q7 i?2 p�`B�Mib BM i?2 �*J: ;2M2b r2`2 �MMQi�i2/ BM *HBM@
o�`X lMbm`T`BbBM;Hv- �HKQbi �HH �MMQi�i2/ Shob r2`2 +H�bbB}2/ �b T�i?Q@
;2MB+X h?2 +H�bbB}+�iBQM Q7 .J: p�`B�Mib Bb H2bb 7Q`2;QM2, KQbi �`2 Q7
mM+2`i�BM bB;MB}+�M+2 �M/ i?2 `2bi Bb 2p2MHv bTHBi #2ir22M i?2 #2MB;M �M/
T�i?Q;2MB+ +H�bb2bX

q2 `2TQ`i2/ i?2 T`2p�H2M+2 Q7 SS p�`B�Mib BM Qm` ?2�Hi?v Ai�HB�M TQTm@
H�iBQM Uh�#H2 kyVX Sho �M/ .J: p�`B�Mib r2`2 7m`i?2` `2bi`B+i2/ `2KQpBM;
i?Qb2 i?�i r2`2 `2TQ`i2/ #2MB;M Q` HBF2Hv #2MB;M BM *HBMo�` �i H2�bi QM+2,

AL.AoA.l�Ga _�hAP
Sho 3k 9XNyW
Sho rBi?Qmi #2MB;M 9N kXNyW
.J: 893 jkX8yW
.J: rBi?Qmi #2MB;M jkd RNX9yW
*GLS�h dk 9XjyW

h�#H2 kyX SS p�`B�Mib BM i?2 �*J: ;2M2bX S`2p�H2M+2 Q7 SS p�`B�Mib
BM �*J: ;2M2b BM ?2�Hi?v Ai�HB�M TQTmH�iBQMX

q2 7QmM/ irQ p�`B�Mib BM irQ �*J: ;2M2b BM i?2 iQT RW Q7 ;2M2iB+
/Bz2`2M+2b #2ir22M LQ`i?2`M �M/ aQmi?2`M Ai�HvX 6Q` i?2 `2�bQMb QmiHBM2/
�#Qp2- r2 2tT2+i2/ MQ b2`BQmb ;2M2iB+ +QMb2[m2Mi 7Q` p�`B�Mib BM i?2 iQT
RW, BM/22/- i?2 p�`B�Mib BM i?2 ;2M2b S*aEN �M/ Ja>e r2`2 `2TQ`i2/ iQ
#2 BMi`QMB+ �M/ bvMQMvKQmb- `2bT2+iBp2Hv- �M/ r2`2 +H�bbB}2/ �b #2MB;M BM
*HBMo�`X
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.Bb+mbbBQM
h?2 ;2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQM ?�b �H`2�/v #22M BMp2biB;@
�i2/- mbm�HHv mbBM; aLS �``�v /�i� K�BMHv +QKT`Bb2/ Q7 ;2MQK2@rB/2 +QK@
KQM ;2M2iB+ K�`F2`b U_�p2�M2 2i �HX- kyRNc a�xxBMB 2i �HX- kyRec 6BQ`BiQ 2i �HX-
kyRec S�`QHQ 2i �HX- kyR8c .B :�2i�MQ 2i �HX- kyRkVX Pi?2` r2HH@FMQrM bim/B2b
2tTHQ`2/ ?mK�M ;2M2iB+ p�`B�iBQM rQ`H/rB/2- 7`QK r?QH2@2tQK2 /�i� U1t@
�*f;MQK�.VX >Qr2p2`- i?Bb Bb i?2 }`bi bim/v iQ 2tTHQ`2 i?2 Ai�HB�M ;2M2iB+
bi`m+im`2 7`QK r?QH2@2tQK2 /�i� 7Q` � bBx�#H2 MmK#2` Q7 BM/BpB/m�HbX

q2 +Q``Q#Q`�i2 i?2 T`2pBQmbHv Q#b2`p2/ ;2M2iB+ bi`m+im`2 Q7 Ai�Hv- rBi?
MQ`i?@bQmi? +HBM2 Q7 i?2 K�BMH�M/ �M/ i?2 QmiHvBM; a�`/BMB�M BbQH�i2X h?Bb
b?Qrb i?�i r?QH2@2tQK2 b2[m2M+BM; /�i� T`QpB/2b 2MQm;? BM7Q`K�iBQM iQ
?B;?HB;?i i?2 Ai�HB�M K�+`Q@�`2�b- #Qi? BM S*�- FST �M/ BM i?2 �HH2H2 7`2@
[m2M+v bT2+i`mK 7Q` `�`2 p�`B�MibX

h?2 KQbi 2pB/2Mi bi`m+im`2 Bb i?2 bTHBi #2ir22M a�`/BMB� �M/ i?2 Qi?2`
+QMiBM2Mi�H K�+`Q@�`2�bX LQi2 i?�i i?Bb bTHBi Bb �bbQ+B�i2/ rBi? i?2 b2+QM/
�M/ MQi i?2 }`bi T`BM+BT�H +QKTQM2Mi #2+�mb2 i?2 a�`/BMB�M b�KTH2 bBx2 Bb
bK�HHX h?2 ;2M2iB+ BbQH�iBQM Q7 a�`/BMB� Bb +H2�`Hv b?QrM BM Ry9" bBM+2 Bi ?�b
i?2 HQr2bi �KQmMi Q7 HQr@7`2[m2M+v p�`B�Mib- r?B+? /2MQi2b � HQr2` 2z2+iBp2
TQTmH�iBQM bBx2 UG�Q 2i �HX- kyy3c J�`i? 2i �HX- kyy9VX

h?2 b2+QM/ KQbi BKTQ`i�Mi bm#bi`m+im`2 U�b b?QrM BM FST V i?�i r2 Q#@
b2`p2/ Bb i?2 bTHBi #2ir22M i?2 KQ`2 ;2M2iB+�HHv ?QKQ;2M2Qmb LQ`i?2`M Ai�Hv
�M/ i?2 *2Mi`�H �M/ aQmi?2`M K�+`Q@�`2�b- r?B+? b?Qr KQ`2 bm#bi`m+im`2-
#Qi? BM i?2 }`bi T`BM+BT�H +QKTQM2Mi �M/ BM i?2 �KQmMi Q7 HQr@7`2[m2M+v
p�`B�MibX h?2 �KQmMi Q7 HQr@7`2[m2M+v p�`B�Mib BM+`2�b2b ;QBM; 7`QK LQ`i?
iQ aQmi?- T2�FBM; BM aB+BHv �M/ M2�`#v *�H�#`B�- /2MQiBM; � ;`2�i2` 2z2+iBp2
TQTmH�iBQM bBx2 BM aQmi?2`M Ai�HvX Pm` `2bmHib QM i?2 2z2+iBp2 TQTmH�iBQM
bBx2 BM Ai�Hv +QM}`K T`2pBQmb `2bmHib BM72``2/ #v A/2MiBiv "v .2b+2Mi UA".V
�M�HvbBb U6BQ`BiQ 2i �HX- kyReVX h?2v �`2 �HbQ bm;;2biBp2 BM HB;?i Q7 i?2 ?Bb@
iQ`B+�H /QKBM�iBQM Q7 aB+BHv #v i?2 JQQ`b �M/ i?2 LQ`K�MbX aBKBH�`Hv iQ
T`2pBQmb `2bmHib U_�p2�M2 2i �HX- kyRNc a�xxBMB 2i �HX- kyReV- Qm` �M�Hvb2b
/Q MQi b?Qr � +H2�` ;2M2iB+ /BbiBM+iBQM #2ir22M *2Mi`�H �M/ aQmi?2`M Ai�HvX
h?Bb 2pB/2Mi ;2M2iB+ bi`m+im`2 BM i?2 Ai�HB�M TQTmH�iBQM /`Bp2b mb iQ 2tTHQ`2
i?2 /Bz2`2M+2b BM i?2 �HH2H2 7`2[m2M+B2b H2�/BM; i?2 T2+mHB�` ;2M2iB+ K�F2mT
Q7 i?2 Ai�HB�M TQTmH�iBQMX

.Bz2`2M+2b BM �HH2H2 7`2[m2M+B2b #2ir22M TQTmH�iBQMb �`2 /m2 iQ K�Mv
+�mb2b, 2pQHmiBQM�`v 7Q`+2b- /Bz2`2Mi /2KQ;`�T?B+ ?BbiQ`v UBX2X- /Bz2`2Mi +QM@
i`B#miBQMb Q7 �/KBtim`2 �M/ �M+2bi`�H KB;`�iBQMbV �M/ ;2M2iB+ /`B7iX aBM+2
LQ`i?2`M �M/ aQmi?2`M Ai�Hv �`2 ;2M2iB+�HHv b2T�`�i2/ QMHv #v � KQ/2`�i2
/Bbi�M+2 U+QM}`K2/ #v i?2 ?B;? +Q``2H�iBQM BM �HH2H2 7`2[m2M+B2bV- r2 +�M
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`2�bQM�#Hv `mH2 Qmi � bm#bi�MiB�H +QMi`B#miBQM Q7 /`B7i BM T`Q/m+BM; i?2 iQT@
KQbi /Bz2`2M+2 Q7 7`2[m2M+B2b i?�i r2 Q#b2`p2X �b `2TQ`i2/ BM HBi2`�im`2
U_�p2�M2 2i �HX- kyRNc 6BQ`BiQ 2i �HX- kyRec a�xxBMB 2i �HX- kyRec a�`MQ 2i �HX-
kyRdc S�`QHQ 2i �HX- kyR8V- i?2 Ai�HB�M TQTmH�iBQMb 2tT2`B2M+2/- bBM+2 T`2@
?BbiQ`B+ iBK2b- � +QKTH2t ?BbiQ`v Q7 KB;`�iBQMb �M/ �/KBtim`2b- r?B+? H27i
bQK2 `2K�`F�#H2 ;2M2iB+ bB;M�HbX

J�Mv Q7 i?2 /Bz2`2M+2b BM 7`2[m2M+v #2ir22M LQ`i?2`M �M/ aQmi?2`M
Ai�Hv Q++m` BM ;2M2b BMpQHp2/ BM ;`2�i2` 1m`QT2�M H�iBim/BM�H +HBM2b HBF2
bFBMf?�B` TB;K2Mi�iBQM U>1_*k- aG*98�kV �M/ H�+iQb2 iQH2`�M+2 UG*hV-
r?2`2 �HbQ i?2 �bbQ+B�i2/ T?2MQivT2b �`2 FMQrM iQ 7QHHQr i?2 b�K2 +HBM2X
SB;K2Mi�iBQM �M/ bFBM /Bb2�b2b +�mb2/ #v lo HB;?i 2tTQbm`2 r2`2 �HbQ �
`2+m``2Mi i?2K2 BM :q�a /B`2+i �bbQ+B�iBQMb �M/ :q�a ;2M2 2M`B+?K2Mib
#Qi? BM i?2 LQ`i?2`M@aQmi?2`M Ai�Hv +QKT�`BbQM �M/ BM i?2 Ai�Hv@1m`QT2
+QKT�`BbQMX h?2 `bRkkNN39 p�`B�Mi BM i?2 �.>R" ;2M2 7QHHQrb � bBKBH�` v2i
/Bz2`2Mi /Bbi`B#miBQM, i?2 /2`Bp2/ �HH2H2 Bb �HKQbi �#b2Mi BM LQ`i?2`M 1m`QT2
#mi KQ`2 7`2[m2Mi BM aT�BM �M/ Ai�Hv- 2bT2+B�HHv BM aQmi?2`M Ai�HvX >Qr2p2`-
Bi Bb `�`2 �HbQ BM �7`B+� �M/ rQ`H/rB/2- 2t+2Ti BM 1�bi2`M �bB�- r?2`2 Bi Bb
i?2 K�DQ` �HH2H2 �M/ b?Qrb bB;Mb Q7 `2+2Mi TQbBiBp2 b2H2+iBQM USQHBK�MiB �
:2H2`Mi2`- kyR3VX lM7Q`imM�i2Hv- r2 +�M QMHv bT2+mH�i2 QM i?2 +�mb2 Q7 i?Bb
bBKBH�`Biv #2ir22M bm+? /Bbi�Mi TH�+2bX

Pi?2` /Bz2`2M+2b r2 Q#b2`p2/ �`2 ?�`/2` iQ HBMF iQ � T?2MQivT2- HBF2
i?2 /Bz2`2M+2b BM QH7�+iQ`v `2+2TiQ` ;2M2bX h?2 QH7�+iQ`v `2+2TiQ`b `2T`2b@
2Mi i?2 H�`;2bi ;2M2 7�KBHv �M/- BM K�KK�Hb- KQ/B}+�iBQMb �M/ ;�BMfHQbb Q7
i?2b2 ;2M2b �`2 ivTB+�HHv `2H�i2/ iQ 2MpB`QMK2Mi�H �/�Ti�iBQM U>�v/2M 2i �HX-
kyRyVX >Qr2p2`- r?BH2 �TT`QtBK�i2Hv 9yy �`2 7mM+iBQM�H ;2M2b- Tb2m/Q;2M2b
�++QmMi 7Q` i?2 b�K2 MmK#2` BM i?2 ?mK�M ;2MQK2 U:HmbK�M 2i �HX- kyyRVX
PH7�+iQ`v `2+2TiQ`b �`2 ;2M2`�HHv +QMbB/2`2/ iQ #2 mM/2` HQr b2H2+iBp2 T`2b@
bm`2 7Q` i?2B` iQH2`�M+2 Q7 HQbb Q7 7mM+iBQM p�`B�Mib UE�`+x2rbFB 2i �HX- kyRNV
�M/ i?mb [mBi2 p�`B�#H2X h?Bb K�F2b i?2 bB;M�H r2 7QmM/ BM i?2 P_8k_R
;2M2- r?BH2 [mBi2 bi`QM;- �HbQ ?�`/ iQ BMi2`T`2iX

AMp2biB;�iBM; i?2 p�`B�Mib rBi? ?B;?@7`2[m2M+v /Bz2`2M+2b #2ir22M LQ`i?@
2`M �M/ aQmi?2`M Ai�Hv �M/ #2ir22M Ai�Hv �M/ 1m`QT2- #Qi? #v /B`2+i �b@
bQ+B�iBQM BM i?2 :q�a +�i�HQ; �M/ #v ;2M2 2M`B+?K2Mib- T`Q/m+2/ � p�bi
MmK#2` Q7 T?2MQivT2b �M/ /Bb2�b2bX q2 +�M ;`QmT KQbi Q7 i?2K BM }p2
#`Q�/ +�i2;Q`B2b, TB;K2Mi�iBQM U�H`2�/v /Bb+mbb2/V- +�`/BQp�b+mH�` U#Qi? �b
bmb+2TiB#BHBiv iQ /Bb2�b2b �M/ `2H�i2/ T?2MQivT2bV- BKKmM2 /Bb2�b2b- +�M+2`
�M/ M2m`QHQ;B+�H /BbQ`/2`bX �HH Q7 i?2b2 �`2 +QKTH2t T?2MQivT2b �M/ Bi Bb
MQi TQbbB#H2 iQ ;Bp2 � mMB}2/ T?2MQivTB+ BMi2`T`2i�iBQM Q7 i?2 K�Mv p�`B�Mib
�bbQ+B�i2/ rBi? 2�+? QM2X q2 +�M �`;m2 i?�i 2MpB`QMK2Mi�H /Bz2`2M+2b- �+i@
BM; 2Bi?2` r?2`2 1m`QT2�M TQTmH�iBQMb HBp2 Q` BM i?2 H�M/b 7`QK r?2`2 i?2
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/Bz2`2Mi �M+2bi`�H TQTmH�iBQMb +QMi`B#miBM; iQ T`2b2Mi@/�v 1m`QT2�Mb +�K2
7`QK- +QmH/ ?�p2 b?�T2/ i?2 7`2[m2M+B2b Q7 bQK2 Q7 i?2b2 p�`B�MibX h?2 KQbi
bi`BFBM; 2t�KTH2 Bb `2T`2b2Mi2/ #v i?2 BKKmM2 bvbi2K, i?2 p2`v 7�+i i?�i
Bi Bb +�HH2/ mTQM iQ T`Qi2+i i?2 #Q/v 7`QK ?�`K7mH BMi`mbBQM 7`QK i?2 2MpB`@
QMK2Mi K�F2b i?Bb bvbi2K ;2M2iB+�HHv K�HH2�#H2 �M/- i?mb- BMpQHpBM; ;2M2b
rBi? ;`2�i 7`2[m2M+v /Bz2`2M+2b BM ?mK�M TQTmH�iBQMX

EMQrH2/;2 Q7 i?2 ;2M2iB+ K�F2mT Q7 i?2 ?2�Hi?v TQTmH�iBQM Bb +`m+B�H 7Q`
i?2 bim/v Q7 T�i?Q;2MB+ p�`B�iBQM BM /Bb2�b2 �z2+i2/ BM/BpB/m�HbX PM2 Q7 i?2
K�BM ;Q�Hb BM K2/B+�H ;2M2iB+b Bb }M/BM; �bbQ+B�iBQMb #2ir22M p�`B�Mib �M/
/Bb2�b2 Q++m``2M+2- #Qi? BM `2b2�`+? �M/ BM /B�;MQbBbX � +QKKQM b+2M�`BQ BM
i?2 }2H/ Bb i?2 /B�;MQbBb Q7 � ;2M2iB+ /Bb2�b2- r?2`2 i?2 `2b2�`+?2`f+HBMB+B�M
HQQFb 7Q` ?B;?@T2M2i`�M+2 /Bb2�b2@+�mbBM; p�`B�MibX

AM i?Bb b2iiBM;- �M Q7i2M@2KTHQv2/ +`Bi2`BQM 7Q` �bb2bbBM; T�i?Q;2MB+Biv Bb
2t+Hm/BM; p�`B�Mib i?�i ?�p2 � ?B;? �HH2H2 7`2[m2M+v BM i?2 ?2�Hi?v TQTmH�iBQM
QM i?2 �bbmKTiBQM i?�i Tm`B7vBM; b2H2+iBQM b?QmH/ ?�p2 +m`#2/ i?2 7`2[m2M+v
Q7 ?B;?@T2M2i`�M+2 T�i?Q;2MB+ p�`B�Mib U_B+?�`/b 2i �HX- kyR8VX q?BH2 i?2
p�HB/Biv Q7 i?2 �bbmKTiBQM �M/ i?2 �TT`QT`B�i2 7`2[m2M+v i?`2b?QH/ /2T2M/
QM i?2 bT2+B}+ /Bb2�b2- BM K�Mv +�b2b /Bb+�`/BM; p�`B�Mib rBi? ?B;? 7`2[m2M+v
Bb � TQr2`7mH iQQH iQ `�TB/Hv bB7i i?`Qm;? HQM; HBbib Q7 +�M/B/�i2 T�i?Q;2MB+
p�`B�MibX P7 +Qm`b2- HQr 7`2[m2M+v �HQM2 Bb MQi 2pB/2M+2 Q7 T�i?Q;2MB+Biv
�M/ Qi?2` +`Bi2`B� Kmbi #2 b�iBb}2/ 7Q` � p�`B�Mi iQ #2 /B�;MQb2/ �b bm+?X

PM2 r2�FM2bb Q7 i?Bb bi`�i2;v Bb i?�i- mMH2bb i?2 bim/v ?�b �M �TT`Q@
T`B�i2 +QMi`QH TQTmH�iBQM 7`QK r?B+? i?2 �HH2H2 7`2[m2M+v +�M #2 `2HB�#Hv
2biBK�i2/- Bi Kmbi #2 i�F2M 7`QK � Tm#HB+ /�i�#�b2 BMbi2�/X q?BH2 i?Bb �T@
T`Q�+? Bb ;2M2`�HHv b2MbB#H2- Bi 2Mi�BHb � `BbF r?2M i?2 TQTmH�iBQM b�KTH2/ BM
i?2 Tm#HB+ /�i�#�b2 Bb MQi 7mHHv `2T`2b2Mi�iBp2 Q7 i?2 TQTmH�iBQM i?2 bim/v
b�KTH2 Q`B;BM�i2b 7`QK Q` r?2M T�iB2Mib rBi? b2p2`�H /Bb2�b2b �`2 BM+Hm/2/
BM i?2 /�i�#�b2X

h?2 `BbF Bb �bb2bbBM; � p�`B�Mi �b TQi2MiB�HHv T�i?Q;2MB+ r?2M Bi Bb `�`2
BM i?2 +?Qb2M Tm#HB+ /�i�#�b2 #mi Bi Bb `2H�iBp2Hv +QKKQM BM i?2 �+im�H TQT@
mH�iBQM i?2 b�KTH2 +QK2b 7`QKX q2 rBHH +�HH i?2b2 p�`B�Mib 7�Hb2 T�i?Q;2MB+
+�M/B/�i2bX LQi2 i?�i i?2 `2p2`b2 U`�`2 BM i?2 �+im�H TQTmH�iBQM �M/ +QKKQM
BM i?2 `272`2M+2 QM2V Bb MQi �b T`Q#H2K�iB+ bBM+2 � p�`B�Mi i?�i Bb +QKKQM
BM �Mv TQTmH�iBQM Bb mMHBF2Hv iQ #2 T�i?Q;2MB+ rBi? ?B;?@T2M2i`�M+2X

�b r2 ?�p2 b22M BM Qm` `2bmHib- i?2 +?QB+2 Q7 � /�i�#�b2 Q7 �HH2H2 7`2[m2M@
+B2b TH�vb � `QH2 BM i?2 �bb2bbK2Mi Q7 T�i?Q;2MB+ p�`B�iBQMX h?2 #B;;2` �M/
KQ`2 +HQb2Hv `2H�i2/ i?2 `272`2M+2 b�KTH2 Bb- i?2 KQbi �++m`�i2 Bb i?2 �b@
b2bbK2MiX q?�i /Q2b i?Bb 2Mi�BH 7Q` Ai�Hv r?2M Tm#HB+Hv �p�BH�#H2 1m`QT2�M
`272`2M+2 /�i�#�b2 �`2 2KTHQv2/\ q2 Q#b2`p2/ i?�i � H�`;2 b�KTH2 bBx2
b22Kb iQ #2 i?2 KQbi BKTQ`i�Mi 7�+iQ`, i?2 Ryd hmb+�Mb 7`QK E:Sj- r?BH2
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

i?2 KQbi +HQb2Hv `2H�i2/ iQ Qm` b�KTH2- �`2 iQQ 72r iQ T`Q/m+2 �++m`�i2
7`2[m2M+B2b 7Q` HQr@7`2[m2M+v p�`B�MibX h?2 LQM@6BMMBb? 1m`QT2�M TQTmH�@
iBQMb 7`QK E:Sj U∼9yy BM/BpB/m�HbV �M/ ;MQK�. U∼8e-yyyV T`Q/m+2 KQ`2
�++m`�i2 7`2[m2M+v 2biBK�i2b 7Q` Qm` Ai�HB�M b�KTH2X >Qr2p2`- 2p2M rBi?
;MQK�.- r?B+? T`QpB/2b i?2 #2bi `2bmHib- r2 7QmM/ � 72r 7�Hb2 T�i?Q;2MB+
+�M/B/�i2 p�`B�MibX

LQi2 i?�i Qm` /�i�b2i Bb T�`i Q7 ;MQK�. �M/ r?BH2 i?Bb Bb mM/Qm#i2/Hv �
#B�b- Bib 2z2+i b?QmH/ MQi #2 p2`v bB;MB}+�Mi �b Qm` Ai�HB�M b�KTH2 �KQmMib
iQ Dmbi jW Q7 i?2 2MiB`2 LQM@6BMMBb? 1m`QT2�M ;MQK�. b�KTH2X h?Bb Bb
�HbQ i?2 `2�bQM r?v r2 /B/ MQi +QKT�`2 Qm` b�KTH2 iQ i?2 aQmi?2`M 1m`QT2
;MQK�. bm#TQTmH�iBQM- r?B+? ?�b #22M `2+2MiHv K�/2 �p�BH�#H2 �M/ r?2`2
i?2 Qp2`H�T rQmH/ #2 Km+? ;`2�i2`X

AM +QM+HmbBQM- � /�i�b2i bm+? �b ;MQK�. T`QpB/2b � p2`v ;QQ/ 7`2[m2M+v
2biBK�i2 7Q` Ai�HB�M BM/BpB/m�Hb �M/ Bb BM/22/ � T`2+BQmb `2bQm`+2X >Qr2p2`-
i?2 `2b2�`+?2`f+HBMB+B�M b?QmH/ #2 �r�`2 Q7 i?2 bK�HH HBF2HB?QQ/ i?�i p�`B�Mib
+QmH/ #2 KBb+H�bbB}2/ #v `2HvBM; QM Bi Q` �Mv Qi?2` �;;`2;�i2/ /�i�#�b2 i?�i
Bb MQi TQTmH�iBQM bT2+B}+X q?2M TQbbB#H2- r2 `2+QKK2M/ i?�i i?2 mb2 Q7
;MQK�. #2 +QKTH2K2Mi2/ rBi? � KQ`2 bT2+B}+ M�iBQM�H Q` `2;BQM�H /�i�@
#�b2 Q7 �HH2H2 7`2[m2M+B2b 2biBK�i2/ 7`QK �i H2�bi b2p2`�H ?mM/`2/ BM/BpB/m�HbX
6Q` i?Bb Tm`TQb2- r?QH2@2tQK2 �;;`2;�i2/ 7`2[m2M+v /�i� 7`QK Qm` Ai�HB�M
b�KTH2- iQ;2i?2` rBi? Qi?2` Ai�HB�M ;2MQKB+ /�i�- rBHH #2 Tm#HB+Hv �p�BH@
�#H2 7`QK i?2 r2#bBi2 Q7 i?2 Ai�HB�M T�`iM2`b?BT +�HH2/ L2irQ`F 7Q` Ai�HB�M
:2MQK2b U?iiT,ffrrrXMB;X+BM2+�XBifVX q2 i?2M BMp2biB;�i2/ i?2 TQi2MiB�H
7mM+iBQM�H `QH2 Q7 p�`B�Mib BM Qm` /�i�b2i- T`Q/m+BM; i?`22 +H�bb2b Q7 Tm@
i�iBp2Hv T�i?Q;2MB+ p�`B�Mib, Sho- .J: �M/ *GLS�hX q2 +�HH2/ i?2b2
p�`B�Mib Tmi�iBp2Hv T�i?Q;2MB+ bBM+2 i?2v b�iBb7v +QKKQMHv mb2/ +`Bi2`B� BM
/B�;MQbBM; T�i?Q;2MB+Biv- #mi BM i?2 �#b2M+2 Q7 � FMQrM /Bb2�b2fT?2MQivT2
Bi Bb BKTQbbB#H2 iQ +QM}`K i?2B` T�i?Q;2MB+BivX

q2 b�r i?�i +�i2;Q`B2b Q7 p�`B�Mib mM/2`biQQ/ iQ ?�p2 ;`2�i2` 2z2+i �M/
HBF2Hv iQ #2 2M`B+?2/ BM T�i?Q;2MB+ p�`B�Mib ?�p2 ?B;?2` `�iBQb- 2bT2+B�HHv
i?Qb2 BM+Hm/2/ BM i?2 Sho +�i2;Q`vX h?2 ?B;? `�iBQ Q7 Sho �M/ .J: +�i@
2;Q`B2b Bb +QMbBbi2Mi rBi? Qm` BMi2`T`2i�iBQMX PM i?2 Qi?2` ?�M/- *GLS�h
bTQ`ib � Km+? HQr2` `�iBQ #mi i?Bb +�M #2 2tTH�BM2/ #v i?2 7�+i i?�i HQr@
7`2[m2M+v p�`B�Mib �`2 H2bb HBF2Hv iQ #2 7QmM/ BM *HBMo�` bBM+2 i?2v K�v MQi
?�p2 #22M Q#b2`p2/ Q` /B�;MQb2/ #27Q`2X

q2 +QKT�`2/ i?2 �KQmMi Q7 Shob BM Qm` Ai�HB�M BM/BpB/m�Hb iQ lE BM@
/BpB/m�Hb 7`QK lE "BQ#�MF U>Qmi 2i �HX- kyRNVX h?2B` /2}MBiBQM Q7 Sho
Bb bHB;?iHv /Bz2`2Mi i?�M i?2 QM2 r2 mb2/X h?2 �mi?Q`b mb2/ � HQr2` �HH2H2
7`2[m2M+v i?`2b?QH/ Q7 RW BMbi2�/ Q7 Qm` 8W �M/ /BbiBM;mBb?2/ irQ +H�bb2b
Q7 Sho, � KQ`2 `2bi`B+iBp2 QM2 Q7 p�`B�Mib i?�i r2`2 Shob BM �HH i`�Mb+`BTib
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

�M/ � rB/2` QM2 Q7 i?Qb2 i?�i r2`2 Shob BM �i H2�bi QM2 i`�Mb+`BTiX Pm` Sho
+H�bb 7�HHb BM #2ir22M i?2B` +H�bb2b bBM+2 r2 QMHv HQQF2/ �i i?2 +�MQMB+�H i`�M@
b+`BTiX h?2 K2/B�M �KQmMi Q7 Shob BM Qm` b�KTH2 r�b Rk +QMbB/2`BM; i?2
+�MQMB+�H i`�Mb+`BTi- p2`bmb R8 �M/ k9 BM i?2 lE b�KTH2 r?2M +QMbB/2`BM; �HH
i`�Mb+`BTib �M/ �Mv i`�Mb+`BTi- `2bT2+iBp2Hv Ur2 QMHv +QMbB/2`2/ Shob rBi?
�HH2H2 7`2[m2M+v mM/2` RW iQ K�i+? i?2B` +?QB+2VX h?mb- Ai�HB�M BM/BpB/m�Hb
b22K iQ +�``v � HQr2` �KQmMi Q7 Shob rBi? `2bT2+i iQ lE BM/BpB/m�HbX h?Bb
Q#b2`p�iBQM Bb bm;;2biBp2Hv KB``Q`2/ BM UE�`+x2rbFB 2i �HX- kyRNV r?2`2 i?2v
7QmM/ i?2 1m`QT2�M TQTmH�iBQM iQ #2 2M`B+?2/ BM Shob rBi? `2bT2+i iQ Qi?2`
+QMiBM2Mib- 2bT2+B�HHv +QMbB/2`BM; i?�i aQmi?2`M 1m`QT2�M �`2 mM/2``2T`2b@
2Mi2/ BM i?2 ;MQK�. 1m`QT2�M TQTmH�iBQMX

q?2M HQQFBM; �i i?2 �*J: ;2M2b- Qm` i?`22 +H�bb2b Q7 Tmi�iBp2Hv T�i?Q@
;2MB+ p�`B�Mib #2?�p2 [mBi2 /Bz2`2MiHvX h?2 HQr2` T`QTQ`iBQM Q7 Shob 7QmM/
BM �*J: ;2M2b Bb `2�/BHv 2tTH�BM2/ #v i?2 7�+i i?�i �*J: ;2M2b �`2 KQ`2
BMiQH2`�Mi iQ HQbb Q7 7mM+iBQM i?�M KQbi ;2M2b- r?BH2 i?2 2M`B+?K2Mi Q7 .J:
�M/ *GLS�h b22Kb +QmMi2`@BMimBiBp2X AM i?2 +�b2 Q7 .J: p�`B�Mib- i?Bb
Bb HBF2Hv /m2 iQ i?2 7�+i i?�i i?2 ;2M2 Q` bQK2 `2H�i2/ 72�im`2 U2X;X- ;2M2iB+
TQbBiBQM- +QMb2`p�iBQM b+Q`2- 2i+XV Bb +QMbB/2`2/ BM i?2 T`2/B+iBQM- T`Q/m+BM;
� TQbBiBp2 #B�b BM +HBMB+�HHv `2H2p�Mi ;2M2b UMQi2 i?�i KBbb2Mb2 p�`B�Mib i?2K@
b2Hp2b �`2 MQi 2M`B+?2/ BM �*J: ;2M2bVX AM i?2 +�b2 Q7 *GLS�h- i?2 HBF2Hv
2tTH�M�iBQM Bb � ;`2�i2` BMi2`2bi Q7 i?2 +HBMB+�H +QKKmMBiv BM i?2 �J*:
;2M2b �M/ i?mb � ;`2�i2` `2T`2b2Mi�iBQM BM *HBMo�`X q2 �HbQ b22 i?�i i?2
�KQmMi Q7 .J: p�`B�Mib BM �*J: ;2M2b Bb Km+? ?B;?2` i?�M i?�i Q7 Sho
�M/ *GLS�h p�`B�Mib- bm;;2biBM; i?�i .J: p�`B�Mib ?�p2 HQr2` BKT�+i
i?�M Shob BM �*J: ;2M2bX

� +QKKQM i?2K2 mM/2`HvBM; i?2 `2bmHib r2 ?�p2 T`2b2Mi2/ Bb i?�i i?2
;`2�i MmK#2` Q7 `�`2 p�`B�Mib T`Q/m+2/ #v b2[m2M+BM; bim/B2b Q7 H�`;2 +Q?Q`ib
+�M #2 � `2bQm`+2 BM K�Mv /Bz2`2Mi `2b2�`+? �M/ +HBMB+�H +QMi2tibX _�`2
p�`B�iBQM Bb Q7i2M HQ+�HBx2/ �M/ ;Bp2b BM7Q`K�iBQM QM i?2 }M2 bi`m+im`2 Q7
� TQTmH�iBQM, 2biBK�iBM; i?2 MmK#2` Q7 `�`2 p�`B�Mib ?�b T`Qp2M � p2`v
b2MbBiBp2 �TT`Q�+? BM /2i2+iBM; i?2 bm#iH2 /2KQ;`�T?B+ /Bz2`2M+2b #2ir22M
i?2 Ai�HB�M `2;BQMbX >B;?@T2M2i`�M+2 p�`B�Mib �`2 i?2 T`BK�`v i�`;2i BM i?2
bim/v Q7 KQbi J2M/2HB�M /Bb2�b2b �M/ i?mb Bb p2`v BKTQ`i iQ #2 �#H2 iQ
�++m`�i2Hv 2biBK�i2 i?2B` 7`2[m2M+v BM i?2 TQTmH�iBQM i?2 T�iB2Mi +QK2b
7`QKX q2 ?�p2 2H�#Q`�i2/ �i H2M;i? QM i?2 mb27mHM2bb Q7 TQTmH�iBQM@bT2+B}+
7`2[m2M+v /�i�#�b2b- 2bT2+B�HHv r?2M 2biBK�i2/ 7`QK H�`;2 b�KTH2b BM Q`/2`
iQ #2 KQ`2 �++m`�i2 BM i?2 HQr 2M/ Q7 i?2 7`2[m2M+v bT2+i`mKX JQ`2Qp2`-
r?2M rQ`FBM; QM +QKTH2t /Bb2�b2b Q` T?2MQivT2b- r?2`2 +QKKQM p�`B�iBQM
TH�vb �M BKTQ`i�Mi `QH2- b2[m2M+BM; /�i� �M/ #m`/2M i2bib ?�p2 T`Qp2M i?2
BKTQ`i�M+2 Q7 `�`2 p�`B�MibX
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S`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM rBi?BM i?2 Ai�HB�M T2MBMbmH�

q2 #2HB2p2 H�`;2 r?QH2@2tQK2 Q` 2p2M r?QH2@;2MQK2 b2[m2M+BM; /�i�b2ib
iQ #2 p2`v `2H2p�Mi iQ K�Mv }2H/b BM ;2M2iB+b- 2bT2+B�HHv 7Q` ?B;?Hv bi`m+im`2/
TQTmH�iBQMb HBF2 i?2 Ai�HB�M QM2X h?2v �`2 �HbQ BMbi`mK2Mi�H iQ � KQ`2
+QKT`2?2MbBp2 �TT`Q�+? iQ +HBMB+�H ;2M2iB+b i?�i mb2b TQTmH�iBQM ;2M2iB+b �b
� H2Mb iQ #2ii2` mM/2`bi�M/ i?2 BMi2`TH�v #2ir22M TQHvKQ`T?BbKb- ;2M2iB+
bmb+2TiB#BHBiv �M/ T�i?Q;2MB+ p�`B�iBQMX � ;`2�i �KQmMi Q7 r?QH2@2tQK2
b2[m2M+BM; /�i� Bb `QmiBM2Hv T`Q/m+2/ BM Ai�Hv #Qi? 7Q` +HBMB+�H �M/ `2b2�`+?
Tm`TQb2bX *QHH2+iBM; Bi BM � +QKT`2?2MbBp2 /�i�#�b2 rQmH/ #2 � p�Hm�#H2
`2bQm`+2 BM K�Mv `2b2�`+? �M/ +HBMB+�H +QMi2tibX
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ǳ�T`BiB K�`2
1 H�b+B�HB T�bb�`2
LQM ?�MMQ 7�iiQ MB2Mi2
LB2Mi2 /B K�H2X

J�MM�`BMQ- �T`BiB +B2HQ

h?2B` /2�/ HBF2 Qm` /2�/

T
?2 `2�/2` rBHH #2 ?�TTv iQ FMQr i?�i r2 �`2 �HKQbi �i i?2 2M/ Q7
i?Bb i?2bBbX h?Bb T�`i rBHH #2 i?2 b?Q`i2bi- K�v#2 i?2 H2�bi 2TB+
�M/ �/p2Mim`Qmb- #mi mM/Qm#i2/Hv i?2 KQbi ?mK�MX Ai rBHH #2
i?2 b?Q`i2bi #2+�mb2 Bi Bb �#Qmi � rQ`F i?�i .` *�`HQ _Q#BMQ- .`

:BQp�MMB "B`QHQ �M/ A ?�p2 #22M i?BMFBM; 7Q` [mBi2 � HQM; iBK2- #mi r2 �`2
MQr �i i?2 #2;BMMBM; �M/ � ;`2�i /2�H Q7 rQ`F Bb biBHH iQ #2 /QM2X Ai rBHH #2
H2bb 2TB+ #2+�mb2 r2 rBHH MQi mb2 .L� iQ ;Q #�+F BM iBK2 mMiBH i?2 /�rM Q7
K2M #mi iQ i`v �M/ ?2HT T2QTH2 �HBp2 iQ/�vX

6`QK � +2`i�BM TQBMi Q7 pB2r- i?2 K�BM i?2K2 ?2`2 Bb MQi KB;`�iBQM, i?Bb
T�`i rBHH MQi /2�H rBi? T2QTH2 r?Q i`�p2HH2/ � HQM; r�v- b2iiH2/ /QrM BM �
M2r +QmMi`v �M/ �/KBt2/ rBi? i?2 T2QTH2 HBpBM; i?2`2- i?mb H2�pBM; i?2B`
;2MQKB+ 7QQiT`BMib r?2`2p2` i?2v KQp2/X h?Bb Bb � biQ`v Q7 bQK2 T2QTH2
r?Q +QmH/ MQi K�F2 Bi, i?2v H27i- i`�p2HH2/ �M/ /B2/ 7�` 7`QK ?QK2X h?Bb Bb
�HbQ i?2 biQ`v Q7 i?2B` 7�KBHB2b r?Qb2 pQB+2b �`2 2+?QBM; 7`QK �7�` ě 1`Bi`2�-
"�M;H�/2b?- av`B� ě +H�BKBM; i?2 #Q/B2b Q7 i?2B` HQp2/ QM2bX q2 rBHH MQi
i�HF �#Qmi T2QTH2 r?Q KB;`�i2- #mi �#Qmi T2QTH2 r?Q +QK2 #�+F ?QK2X

�b vQm K�v BK�;BM2- 7�KBHv `2mMB}+�iBQM Bb MQi 2�bv �M/ A rBHH #`B2~v
i�HF �#Qmi Bib rBM/BM; `Q�/ H�i2` QMX h?2`2 �`2 K�Mv iQQHb r2 +�M mb2 iQ
B/2MiB7v � +Q`Tb2- i`�+2 Bib +QmMi`v �M/- mHiBK�i2Hv- i?2 7�KBHv 7`QK r?B+? ?2
+�K2X PM2 Q7 i?2b2 iQQHb Bb .L� �M/- T�`iB+mH�`Hv- bQK2 bT2+B}+ TQbBiBQMb
BM i?2 ;2MQK2 r?Qb2 7`2[m2M+B2b �`2 2ti`2K2Hv p�`B�#H2 �KQM; /Bz2`2Mi
+QMiBM2Mib- `2;BQMb Q` 2p2M +QmMi`B2bX h?mb- }M/BM; i?2 KBMBKmK MmK#2`
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h?2B` /2�/ HBF2 Qm` /2�/

Q7 aLSb mb27mH iQ mM/2`bi�M/ r?2`2 �M BM/BpB/m�H +QK2b 7`QK Bb i?2 T`BK�`v
Tm`TQb2 Q7 Qm` rQ`F Ur?B+? A rBHH i�HF �#Qmi BM i?2 M2ti +?�Ti2`VX

�i i?Bb iBK2 r?2M BKKB;`�Mib �`2 �i i?2 ?2�`i Q7 TQHBiB+�H- 2+QMQKB+
�M/ bQ+B�H /2#�i2b- MQi K�Mv �`2 i?BMFBM; �#Qmi i?2 T2QTH2 r?Q +QmH/ MQi
#2+QK2 BKKB;`�Mib- QMHv #2+�mb2 /2�i? 7QmM/ i?2K #27Q`2 `2�+?BM; i?2B`
BMi2M/2/ /2biBM�iBQMX h?2`2 Bb MQ +H2�` H�r +QKT2HHBM; � +QmMi`v iQ +�``v
Qmi i?2 7�KBHv `2mMB}+�iBQM T`Q+2bb �M/ i?Bb- iQ;2i?2` rBi? i?2 /B{+mHiB2b BM
?�M/HBM; bm+? � +QKTH2t T?2MQK2MQM ě � +QMiBMmQmb bi`2�K Q7 /2�i?b ě
K2�Mb i?�i � 7mM+iBQM�H T`QiQ+QH 7Q` /2�/ B/2MiB}+�iBQM /Q2b MQi v2i 2tBbiX
>Qr2p2`- 2p2M i?Qm;? i?2`2 �`2 MQ H2;�H Q#HB;�iBQMb- bQK2 T2QTH2 �`2 i�FBM;
i?Bb T`Q#H2K iQ ?2�`iX h?Bb Bb T`2+Bb2Hv r?v i?Bb T�`i rBHH �HbQ #2 i?2 KQbi
?mK�MX

.2bT2`�i2 DQm`M2vb BM MmK#2`b
L2p2` #27Q`2 i?2 iQTB+ Q7 KB;`�iBQM ě �M/ �#Qp2 �HH ǳBKKB;`�iBQMǴ ě ?�b
#2+QK2 �M �HH@T2`p�bBp2 Bbbm2 7Q` i?2 1m`QT2�M T2QTH2X LQr�/�vb- ǳKB;`�@
iBQMǴ Bb 7Q`2KQbi BM �HH /2#�i2b, 7`QK i?2 TQHBiB+B�M r?Q i`B2b iQ rBM pQi2b
iQ i?2 7�KBHv r?2`2 i?2 ǳKB;`�Mib �`2 i�FBM; Qm` DQ#bǴ `27`�BM Bb � r�v iQ
DmbiB7v i?2B` QrM DQ#H2bb bQMbX >Qr2p2`- i?2 pQHmK2b Q7 i�HF �#Qmi i?Bb K�i@
i2` �`2 bQ Km+? i�BMi2/ #v TQHBiB+�H- 2+QMQKB+ �M/ bQ+B�H `2�bQMb i?�i Bi Bb
?�`/ iQ i?BMF `�iBQM�HHv �#Qmi BiX >Qr2p2`- i?Bb i?2bBb Bb MQi i?2 T`QT2`
TH�+2 iQ /Bb+mbb BKKB;`�Mib `B;?ib �M/ `�iBQM�H i?BMFBM;X A i`mHv 722H i?�i
i�HFBM; �#Qmi bm+? � +QKTH2t T?2MQK2MQM rBi?Qmi � /22T FMQrH2/;2 Q7 Bib
?BbiQ`B+�H- TQHBiB+�H- 2+QMQKB+ �M/ bQ+BQHQ;B+�H 7�+2ib rQmH/ /Q MQi?BM; #mi
7m2H i?2 #�` i�HFb r2 �`2 mbm�HHv ?2�`BM; BM 7�` KQ`2 Q{+B�H /2#�i2bX A rBHH
bBKTHv b�v i?�i B7 r2 `�iBQM�HHv i?BMF �#Qmi i?Bb K�ii2`- r2 rQmH/ /Bb+Qp2`
i?�i KB;`�iQ`v ~Qrb �`2 �Mvi?BM; #mi � MQp2Hiv 7Q` 1m`QT2�M +QmMi`B2b Ub22
i?2 +?�Ti2` ǳq?Q �`2 i?2 1m`QT2�Mb\ǴVX AM/22/- MQ QM2 +m``2MiHv HBpBM;
BM 1m`QT2 /2b+2M/b 2t+HmbBp2Hv 7`QK i?2 }`bi ?mK�Mb �``BpBM; i?2`2 �M/- BM
im`M- i?2 }`bi 1m`QT2�M b2iiH2`b r2`2 MQi 1m`QT2�M �i �HH, i?2v r2`2 �7`B+�M
r�M/2`2`bX

h?�i- ?Qr2p2`- /Q2b MQi K2�M i?�i r2 b?QmH/ /2Mv i?2 BKTQ`i�M+2 �M/
i?2 b2`BQmbM2bb Q7 i?2 KB;`�iQ`v T?2MQK2MQM �M/ /Q2b MQi K2�M Bi Bb MQi �
T`Q#H2K- 2Bi?2`X L2p2`i?2H2bb- BM@/2Ti? FMQrH2/;2 Q7 Qm` Q`B;BMb +QmH/ ?2HT
BM #2ii2` mM/2`bi�M/BM; r?�i ?�b #22M ?�TT2MBM; BM i?2 H�bi /2+�/2X

�+im�HHv- i?2 T`Q#H2K Bb `2�H �M/- KQ`2 i?�M � T`Q#H2K- Bi Bb � `2�H
i`�;2/vX Pp2` i?2 H�bi 7Qm` v2�`b- �HKQbi 3yy-yyy KB;`�Mib �``Bp2/ BM 1m`QT2-
`mMMBM; 7`QK iQ`im`2- �#mb2- T2`b2+miBQM- KBb2`v Q` bBKTHv Tmb?2/ #v i?2
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/2bB`2 7Q` � #2ii2` HB72X 6Q+mbBM; bT2+B}+�HHv QM Ai�Hv- Qp2` jyy-yyy KB;`�Mib
�``Bp2/ #2ir22M kyRe �M/ kyRd- r?BH2 BM i?2 H�bi irQ v2�`b iQi�H MmK#2`b
r2`2 HQr2` U�`QmM/ jy-yyy KB;`�Mib- KB;`�iBQMXBQKXBMi- 6B;m`2 RRRVX

6B;m`2 RRRX JB;`�iBQM ~Qrb iQ 1m`QT2 `2;Bbi2`2/ QM i?2 k8i?
Q7 �m;mbi kyRNX AK�;2 KQ/B}2/ 7`QK i?2 AMi2`M�iBQM�H P`;�MBx�iBQM 7Q`
JB;`�iBQM r2#bBi2X

q?�i Bb rQ`b2 Bb i?�i K�Mv /B2 QM i?2B` r�v iQr�`/ 1m`QT2 �M/ i?2
MmK#2` Q7 /2�i?b Bb bQ ?B;? i?�i i?2 J2/Bi2``�M2�M a2� `Qmi2b ?�p2 i?2
b�/ T`BK�+v �HH Qp2` i?2 rQ`H/ U6B;m`2 RRk �M/ 6B;m`2 *XjVX AM i?2 T�bi
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h?2B` /2�/ HBF2 Qm` /2�/

ky v2�`b �i H2�bi jj-yyy K2M- rQK2M �M/ +?BH/`2M /B2/ BM J�`2 LQbi`mK
ě ǳPm` a2�Ǵ r�b � _QK�M M�K2 7Q` i?2 J2/Bi2``�M2�M a2� ě r?BH2 BM
Dmbi bBt v2�`b- 7`QK kyRj iQ kyRN- i?2 iQi�H MmK#2` Q7 /2�/ �KQmMib iQ
RN-jRR U6B;m`2 *X9VX PM T�;2 j88 vQm +�M }M/ i?2 lL>*_ UP{+2 Q7 i?2
lMBi2/ L�iBQMb >B;? *QKKBbbBQM2` 7Q` _27m;22bV `2TQ`i �#Qmi i?2 MmK#2`b
Q7 /2�/ �M/ KBbbBM; KB;`�Mib BM i?2 J2/Bi2``�M2�M a2� 7`QK C�Mm�`v iQ CmHv
Q7 kyRNX h?2 K�DQ`Biv Q7 i?2 `2K�BMb `2b+m2/ 7`QK i?2 b2� ?�p2 #22M #m`B2/
BM +2K2i2`B2b BM Ai�Hv- J�Hi�- :`22+2 �M/ aT�BM USBb+Bi2HHB 2i �HX- kyReV- #mi
Dm/;BM; #v i?2 2MQ`KQmb TQ`iBQM Q7 KBbbBM; BM/BpB/m�Hb U6B;m`2 *X9 �i T�;2
j8jV- i?2 H�`;2` +2K2i2`v Bb i?2 J2/Bi2``�M2�M a2� Bib2H7X �++Q`/BM; iQ i?Bb
b�K2 6B;m`2 UT�;2 j8jV- i?2 *2Mi`�H J2/Bi2``�M2�M `Qmi2 U7`QK GB#v� iQ
Ai�Hv �+`Qbb i?2 ai`�Bib Q7 aB+BHvV `2T`2b2Mib i?2 KQbi /�M;2`Qmb KB;`�iBQM
`Qmi2, #2ir22M kyR9 �M/ kyRd- ky3 bmMF2M b?BT BM+B/2Mib- rBi? �M �p2`�;2
MmK#2` Q7 99X3 7�i�HBiB2b T2` BM+B/2Mi- ?�p2 #22M `2+Q`/2/ UJBbbBM; JB;`�Mib
S`QD2+i- kyRdVX q2- �b 1m`QT2�Mb �M/ Ai�HB�Mb- bi�M/ rBiM2bb iQ QM2 Q7 i?2
;`2�i2bi ?mK�MBi�`B�M i`�;2/B2b Q7 `2+2Mi iBK2bX

6B;m`2 RRkX _2+Q`/2/ KB;`�Mib /2�i?b #v `2;BQM �++Q`/BM; iQ
i?2 JBbbBM; JB;`�Mib S`QD2+iX AK�;2 i�F2M 7`QK i?2 JBbbBM; JB;`�Mib
S`QD2+i r2#bBi2X

L�K2H2bb /2�/
h?2 M22/ iQ B/2MiB7v /2�/ T2QTH2 �M/ Bib +QMb2[m2M+2b BM ?mK�MBi�`B�M- �/@
KBMBbi`�iBp2 �M/ Dm/B+B�H +QMi2tib �`2 mMBp2`b�HHv `2+Q;MBb2/ p�Hm2b 2Mb?`BM2/
#v M�iBQM�H �M/ BMi2`M�iBQM�H H�r- BM+Hm/BM; i?2 7Qm` :2M2p� *QMp2MiBQMb
Q7 RN9N UAMi2`M�iBQM�H *QKKBii22 Q7 i?2 _2/ *`Qbb- RN9NV �M/ i?2B` �//B@
iBQM�H S`QiQ+QHb Q7 RNdd UAMi2`M�iBQM�H *QKKBii22 Q7 i?2 _2/ *`Qbb- RNddVX
1p2M i?Qm;? i?2b2 Q#HB;�iBQMb b?QmH/ #2 `2bT2+i2/ rBi?Qmi /Bb+`BKBM�iBQM-
7Q` ?mM/`2/b Q7 K2M- rQK2M �M/ +?BH/`2M- r?Q /B2 BM Pm` a2� i`vBM; iQ
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h?2B` /2�/ HBF2 Qm` /2�/

`2�+? 1m`QT2- i?Bb 7mM/�K2Mi�H `B;?i `2K�BMb mM7mH}HH2/ U*�ii�M2Q 2i �HX-
kyR8VX AM/22/- �`QmM/ i?2 eyW Q7 /2�/ KB;`�Mib `2K�BM rBi?Qmi � M�K2-
rBi? b2`BQmb +QMb2[m2M+2b �HbQ 7Q` i?2B` 7�KBHB2b, mM+2`i�BM B7 i?2B` HQp2/
QM2 Bb /2�/ Q` �HBp2- i?2v +QmH/ bmz2` 7`QK b2p2`2 Tbv+?QHQ;B+�H /Bbi`2bb Q`
�/KBMBbi`�iBp2- +BpBH �M/ bQ+B�H `2T2`+mbbBQMb USBb+Bi2HHB 2i �HX- kyReVX h?2v-
7�+2H2bb #Q/B2b- �`2 #m`B2/ BM +QKKmM�H +2K2i2`B2b �+`Qbb aQmi?2`M J2/B@
i2``�M2�M +QmMi`B2bX

�b MQi2/ #v .`X *`BbiBM� *�ii�M2Q BM ?2` #QQF U*�ii�M2Q- kyR3V- r?BH2
i?2 +QKTH2t K�+?BM2`v Q7 T2`bQM�H B/2MiB}+�iBQM ?�/ #22M b2i BM KQiBQM
BM � HQi Q7 +�b2rQ`F 7`QK K�bb /Bb�bi2`b- i?2 b�K2 K�+?BM2`v +QmH/ ?�`/Hv
#2 �TTHB2/ iQ i?2 J2/Bi2``�M2�M b?BTr`2+Fb- rBi?Qmi �Mv#Q/v Q#D2+iBM;X
q?�i rQmH/ vQm b�v B7 bQK2 Ai�HB�M T�bb2M;2`b /B2/ BM � TH�M2 +`�b? BM
�MQi?2` +QMiBM2Mi �M/ i?2 HQ+�H ;Qp2`MK2Mi /B/ MQi /Q �Mvi?BM; iQ B/2MiB7v
i?2 +Q`Tb2\ lM/Qm#i2/Hv- �M/ rBi? ;QQ/ `2�bQM- i?2`2 rQmH/ #2 � ;`2�i
/2�H Q7 Tm#HB+ BM/B;M�iBQM5 >Qr2p2`- i?2b2 b�K2 722HBM;b /Q MQi �`Bb2 r?2M
i?2 QM2 r?Q /B2b Bb � U#H�+F@bFBMM2/V KB;`�Mi U6B;m`2 RRjVX

6B;m`2 RRjX h?2 �`irQ`F 2MiBiH2/ ǳ_�7i Q7 G�KT2/mb�Ǵ- kyReX
�`iBbi, C�bQM /2*�B`2b h�vHQ`X

h?2 `QmiBM2 7Q` +Q`Tb2b B/2MiB}+�iBQM Bb mbm�HHv #�b2/ QM � bBKTH2 T`BM@
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+BTH2, i?2 +QKT�`BbQM #2ir22M TQbi KQ`i2K BM7Q`K�iBQM USJV `2+Qp2`2/
7`QK i?2 +Q`Tb2- �M/ �Mi2 KQ`i2K BM7Q`K�iBQM U�LV �+[mB`2/ 7`QK i?2 `2@
H�iBp2b Q7 i?2 pB+iBKbX lbm�HHv- i?2 T`272``2/ /Bb+BTHBM2b 7Q` B/2MiB}+�iBQM
�`2 /�+ivHQb+QTv- ;2M2iB+b �M/ Q/QMiQHQ;v- r?B+? �`2 #�b2/ QM +QKT�`BbQM Q7
}M;2`T`BMib- ;2M2iB+ p�`B�Mib �M/ /2Mi�H +?�`�+i2`BbiB+bX >Qr2p2`- r?�i2p2`
/�i� K�v #2 mb27mH iQ T2`7Q`K T2`bQM�H B/2MiB}+�iBQMb Bb `2;Bbi2`2/ bQ i?�i
SJ /�i� +QmH/ #2 T2`bQM�H /2b+`BTiQ`b- /2Mi�H /�i�- +HQi?BM;- T2`bQM�H #2@
HQM;BM;b �M/ .L� b�KTH2b r?BH2 �J /�i� +QmH/ #2 Q#D2+ib #2HQM;BM; iQ i?2
pB+iBKb r?B+? K�v +QMi�BM .L�- +HBMB+�H BM7Q`K�iBQM- TB+im`2b Q7 i?2 bm#D2+i
�M/ bQ QMX 6BM�HHv- � /B`2+i +QKT�`BbQM #2ir22M i?2 ;2M2iB+ T`Q}H2b Q7 i?2
pB+iBKb �M/ i?2B` Tmi�iBp2 `2H�iBp2b +�M 2�bBHv /2i2+i 7�KBHv `2H�iBQMb?BTb-
i?mb mHiBK�i2Hv T`QKQiBM; i?2 `2mMB}+�iBQMX

AM K�bb /Bb�bi2`b- bm+? �b TH�M2 +`�b?2b- Bi Bb 2�bv iQ `2+Qp2` BM7Q`K�iBQM
7`QK i?2 pB+iBKbǶ `2H�iBp2b #2+�mb2 i?2`2 �`2 T�bb2M;2` HBbibc ?Qr2p2`- BM
Qi?2` bBim�iBQMb- bm+? �b 2tTHQbBQMb BM i`�BM bi�iBQMb Q` Qi?2` K�bb /Bb�bi2`b
BM QT2M bT�+2b ě i?BMF- 7Q` 2t�KTH2- �#Qmi i?2 S?mF2i ibmM�KB Q` i?2 hrBM
hQr2`b i`�;2/v ě Bi Bb KQ`2 /B{+mHi iQ FMQr r?B+? T2QTH2 �`2 BMpQHp2/X
L2p2`i?2H2bb- i?�MFb iQ i?2 +QHH�#Q`�iBQM rBi? i?2 �mi?Q`BiB2b 7`QK i?2 BM@
pQHp2/ +QmMi`B2b Bi Bb mbm�HHv TQbbB#H2 iQ `2i`B2p2 #Qi? �J �M/ SJ /�i�-
i?mb ;BpBM; � M�K2 iQ �HH i?2 pB+iBKbX

PM i?2 +QMi`�`v- �J Q` SJ Q` #Qi? /�i� �`2 Q7i2M KBbbBM; /m`BM; i?2
B/2MiB}+�iBQM Q7 /2�/ KB;`�MibX 6B`bi Q7 �HH- i?2`2 �`2 MQ Q{+B�H /�i� �#Qmi
r?Q r�b QM i?2 #Q�ib- i?mb K�FBM; Bi /B{+mHi iQ FMQr r?Q iQ +QMi�+i
�KQM; i?2 /Bz2`2Mi M�iBQM�H �mi?Q`BiB2bX 6Q` i?Bb `2�bQM- Bi +QmH/ #2 �HKQbi
BKTQbbB#H2 iQ +QHH2+i �J /�i� 7`QK KB;`�MibǶ `2H�iBp2b, BM/22/- i?2v +QmH/ #2
bT`2�/ �HH Qp2` i?2 rQ`H/- #Qi? BM i?2B` +QmMi`B2b Q7 Q`B;BM U�7`B+�M �M/ �bB�M
+QmMi`B2bV �M/ BM i?2 +QmMi`B2b r?2`2 i?2 pB+iBKb r�Mi2/ iQ ;QX JQ`2Qp2`- B7
i?2 +Q`Tb2b `2K�BM BM i?2 r�i2` 7Q` iQQ HQM; ě BM bQK2 +�b2b- v2�`b T�bb2/
#2ir22M i?2 b?BTr`2+F �M/ i?2 `2+Qp2`v ě bQK2 Q7 i?2 B/2MiB7vBM; i`�Bib
2�bBHv `2;Bbi2`2/ /m`BM; �M �miQTbv ě i?BMF- 7Q` BMbi�M+2- �#Qmi i�iiQQb ě
�`2 MQ KQ`2 T`2b2MiX AM K�Mv +�b2b- Bi Bb #�`2Hv TQbbB#H2 iQ `2+Qp2` ?B;?@
[m�HBiv .L�X lM7Q`imM�i2Hv- 2p2M B7 Dmbi QM2 Q7 i?2 irQ FBM/b Q7 /�i� ě SJ
Q` �J ě Bb KBbbBM;- i?2 B/2MiB}+�iBQM T`Q+2bb +�M MQi #2 bm++2bb7mHX

h?2 H�`;2 b+�H2 Q7 i?2b2 /Bb�bi2`b rQmH/ `2[mB`2 KQ`2 7Q`2MbB+ T2`bQMM2H
�M/ }M�M+B�H `2bQm`+2bc ?Qr2p2`- ;Qp2`MK2Mib Q7 bQmi?2`M 1m`QT2- r?B+? �`2
i?2 KQbi BMpQHp2/ BM +Q`Tb2b `2+Qp2`v �M/ B/2MiB}+�iBQM- �`2 mM/2` T`2bbm`2
iQ T`QpB/2 �B/ iQ HBpBM; KB;`�Mib- i?mb K�FBM; Bi /B{+mHi iQ DmbiB7v i?2 mb2
Q7 Tm#HB+ `2bQm`+2b QM i?2 B/2MiB}+�iBQM Q7 /2�/ KB;`�Mib USBb+Bi2HHB 2i �HX-
kyReVX

h?2 BMpQHp2K2Mi Q7 }M�M+B�H `2bQm`+2b 7`QK M�iBQM�H bi�i2b �M/ 1m`QT2
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?�/ iQ #2 T`2+2/2/ #v i?2 �r�`2M2bb Q7 i?2 ?mK�MBi�`B�M- bQ+B�H �M/ TQHBiB+�H
BKTQ`i�M+2 Q7 KB;`�Mi B/2MiB}+�iBQMX h?Bb �r�`2M2bb #2;�M iQ i�F2 ?QH/ BM
kyR9- �7i2` i?2 kyRj /Bb�bi2` Q7 G�KT2/mb�- r?2`2 je3 KB;`�Mib /B2/X 6`QK
i?�i KQK2Mi QM- �b iQH/ #v .` *�ii�M2Q BM ?2` #QQF U*�ii�M2Q- kyR3V- r2
bi�`i2/ i?BMFBM; �#Qmi i?2B` /2�/ �b i?2v r2`2 Qm`bX h?2 Ai�HB�M :Qp2`MK2Mi
�M/ i?2 Ai�HB�M �+�/2KB� K�/2 i?2 }`bi BMBiB�iBp2b iQ B/2MiB7v i?2b2 T2QTH2-
i?`Qm;? i?2 Q`;�MBb�iBQM Q7 bi�M/�`/Bb2/ T`Q+2/m`2 7Q` /�i� +QHH2+iBQMX

PM i?2 R3i? Q7 �T`BH kyR8- �MQi?2` K�bb /Bb�bi2` Q7 2t+2TiBQM�H T`QTQ`@
iBQMb ?�TT2M2/ BM i?2 ai`�Bib Q7 aB+BHv U6B;m`2 RR9VX AM i?Bb BM+B/2Mi ě
+�HH2/ ǳi?2 J2HBHHB +�b2Ǵ 7`QK i?2 KBHBi�`v #�b2 �i J2HBHHB r?2`2 i?2 r`2+F
r�b i`�MbTQ`i2/ ě �HKQbi QM2 i?Qmb�M/ KB;`�Mib /B2/ �M/ Qp2` 8yy #Q/B2b
r2`2 `2+Qp2`2/X �KQM; i?2K- .` *�ii�M2Q �HbQ 7QmM/ � Rd@v2�`@QH/ #Qv r?Q
?�/ � `2TQ`i +�`/ BM ?Bb TQ+F2i rBi? ?Bb ;`�/2b BM +?2KBbi`v �M/ T?vbB+bX
J�Mv pQHmMi22`b �``Bp2/ i?2`2 iQ ?2HTX h?2v +QmH/ MQi ;Bp2 i?2K i?2B` HBp2b
#�+FX �i H2�bi- i?2v +QmH/ ;Bp2 i?2K i?2B` M�K2bX

6B;m`2 RR9X SB+im`2 Q7 i?2 b?BT bmMF2M QM i?2 R3i? Q7 �T`BH kyR8X
AK�;2 +`2/Bi, a�Hp�iQ`2 *�p�HHBX

q?2`2 /B/ i?2v +QK2 7`QK\
AM i?2 p2`v 7`2[m2Mi +�b2 r?2`2 i?2 KB;`�Mib /Q MQi ?�p2 i?2B` /Q+mK2Mib-
QM2 Q7 i?2 }`bi 2bb2MiB�H [m2biBQMb Bb iQ mM/2`bi�M/ r?2`2 /Q i?2v +QK2 7`QKX

q2 FMQr- 7`QK mT@iQ@/�i2 bi�iBbiB+b r?B+? �`2 i?2 KQbi +QKKQM M�@
iBQM�HBiB2b Q7 b2� �``Bp�Hb /m`BM; kyRN Uh�#H2 kR- /�i� `272` iQ `27m;22bV �M/
T`2pBQmb v2�`b U6B;m`2 RR8V- i?mb r2 +�M `2�bQM�#Hv �bbmK2 i?�i i?2b2 /�i�

keR



h?2B` /2�/ HBF2 Qm` /2�/

+QmH/ �HbQ #2 �TTHB2/ iQ i?2 pB+iBKb Q7 b?BTr`2+FbX .m2 iQ i?2 2pQHmiBQM
Q7 i?2 bQ+BQ@2+QMQKB+ �M/ TQHBiB+�H bBim�iBQMb BM /Bz2`2Mi +QmMi`B2b- i?2 M�@
iBQM�HBiB2b Q7 i?2 KB;`�Mib +QmH/ b?B7i 7`QK QM2 v2�` iQ �MQi?2`X >Qr2p2`-
i?2B` K�+`Q@�`2�b Q7 Q`B;BM /Q MQi +?�M;2- �b i?2v bT�M � rB/2 �`2�, 7`QK
"�M;H�/2b? �M/ S�FBbi�M BM q2bi2`M �bB� iQ ApQ`v *Q�bi BM q2bi2`M �7`B+�-
2M+QKT�bbBM; i?2 JB//H2 1�bi- 1�bi2`M �M/ LQ`i?2`M �7`B+�X

h�#H2 kRX JQbi +QKKQM M�iBQM�HBiB2b Q7 b2� �``Bp�Hb BM Ai�Hv UbBM+2
R C�Mm�`v kyRNVX h�#H2 i�F2M 7`QK i?2 lL>*_ r2#bBi2X

6B;m`2 RR8X .2�i?b #v `2;BQM Q7 Q`B;BM Qp2` i?2 H�bi }p2 v2�`b
�++Q`/BM; iQ i?2 JBbbBM; JB;`�Mib S`QD2+iX AK�;2 i�F2M 7`QK JBbbBM;
JB;`�Mib S`QD2+i r2#bBi2X

kek

https://data2.unhcr.org/en/situations/mediterranean/location/5205
https://missingmigrants.iom.int/region/mediterranean
https://missingmigrants.iom.int/region/mediterranean


h?2B` /2�/ HBF2 Qm` /2�/

h?2 ;2Q;`�T?B+ �`2� 7`QK r?B+? KB;`�Mib �``Bp2/ BM Ai�Hv 7QHHQrBM; i?2
*2Mi`�H J2/Bi2``�M2�M `Qmi2 Bb iQQ H�`;2 iQ K�F2 +QMi�+i rBi? i?2 7�KBHB2b
r?Q �bF �#Qmi i?2B` HQp2/ QM2bX h?mb- Bi Bb M2+2bb�`v iQ M�``Qr Bi /QrMX

lbm�HHv- 7Q`2MbB+ b+B2MiBbib K�F2 mb2 Q7 bT2+B}+ /�i�#�b2b `2TQ`iBM; i?2
p�`B�#BHBiv ě BM i2`Kb Q7 7`2[m2M+B2b ě Q7 KQ`T?QHQ;B+�H UbF2H2i�H #BQK2i`B+b-
bm+? �b 7�+B�H �M/ /2Mi�H K�`F2`bV �M/ ;2M2iB+ i`�Bib U�M+2bi`�H AM7Q`K�iBp2
J�`F2`bV- r?B+? rBHH #2 mb27mH iQ i?2 2biBK�iBQM Q7 �M+2bi`vX A rBHH MQi i�HF
?2`2 �#Qmi i?2 KQ`T?QHQ;B+�H i`�Bib +m``2MiHv �M�Hvb2/ iQ BM72` i?2 Q`B;BM Q7
�M BM/BpB/m�H- #mi A rBHH 7Q+mb QMHv QM .L�X

�M+2bi`�H AM7Q`K�iBp2 J�`F2`b
�M+2bi`�H AM7Q`K�iBp2 J�`F2`b U�AJV �`2 .L� TQHvKQ`T?BbKb r?Qb2 �H@
H2H2b ?�p2 /Bz2`2Mi 7`2[m2M+B2b �KQM; /Bz2`2Mi TQTmH�iBQMbX h?�MFb iQ i?Bb-
�AJb +�M #2 mb2/ iQ #mBH/ `2H�iBp2Hv bK�HH@b+�H2 S*_@#�b2/ �bb�vb ě rBi? �
+QMb2[m2Mi HQr +Qbi ě iQ 2biBK�i2 i?2 ;2Q;`�T?B+�H Q`B;BMb Q7 i?2 �M+2biQ`b
Q7 �M BM/BpB/m�HX

:QBM; KQ`2 BM@/2Ti? BM �M+2bi`v BM72`2M+2- *?`BbiQT?2` S?BHHBTb- QM2 Q7
i?2 H2�/BM; 2tT2`i QM �M+2bi`v BM72`2M+2 BM i?2 7Q`2MbB+ }2H/- r`Qi2 BM ?Bb
`2pB2r US?BHHBTb- kyR8V i?�i ǳ�M+2bi`v +�M #2 /2b+`B#2/ �b i?2 ;2M2iB+ BM?2`@
Bi�M+2 2�+? BM/BpB/m�H +�``B2b 7`QK i?2B` �M+2biQ`b- BM i?2 BKK2/B�i2 T�bi
7`QK i?2B` FBMb?BT- Qp2` HQM;2` T2`BQ/b 7`QK TQTmH�iBQM K2K#2`b i?�i ?�p2
Q++mTB2/ i?2 b�K2 TH�+2 Q7 Q`B;BMǴX �i i?Bb TQBMi- i?2 K�BM T`BM+BTH2b mM@
/2`HvBM; i?2 �AJ 7mM+iBQMBM; b?QmH/ #2 +H2�`X >mK�M TQTmH�iBQMb �`2 MQi
7mHHv BMi2`#`2/- bBM+2 ;2Q;`�T?B+ /Bbi�M+2b �M/ ;2QT?vbB+�H #�``B2`b HBKBi i?2
�TTHB+�iBQM Q7 � Tm`2 `�M/QK K�iBM; KQ/2HX �i i?2 b�K2 iBK2- ?mK�M
TQTmH�iBQMb i2M/ iQ BMi2`#`2/ rBi? M2B;?#Qm` TQTmH�iBQM- +�mbBM; �HH2H2 7`2@
[m2M+v /Bz2`2M+2b �KQM; TQTmH�iBQMb BM+`2�b2 rBi? ;2Q;`�T?B+ /Bbi�M+2 BM �
;`�/m�H r�vX >Qr2p2`- bQK2 b?�`T /Bz2`2M+2b `2K�BM, i?2b2 /Bb+QMiBMmBiB2b
7Q`K i?2 ;2M2iB+ +Hmbi2`b ě /2i2+i�#H2 #v bQ7ir�`2 bm+? �b �.JAshl_1
Ub22 T�;2 kk �M/ 6B;m`2 "XkV ě r?B+? +�M #2 2tTHQBi2/ iQ i`�+F i?2 �M+2bi`�H
Q`B;BM Q7 �M BM/BpB/m�HX

h?2 r�M/2`BM; M�im`2 Q7 ?mK�MBiv ?�b /2i2`KBM2/ i?2 T�ii2`Mb Q7 ;2@
M2iB+ /Bz2`2M+2b �KQM; KQ/2`M TQTmH�iBQMb- rBi? BKTQ`i�Mi +QMb2[m2M+2b
7Q` �M+2bi`v BM72`2M+2X h?2 }`bi bim/B2b Q7 rQ`H/rB/2 ;2M2iB+ p�`B�#BHBiv
#�b2/ QM ;2MQK2@rB/2 /�i� U_Qb2M#2`; 2i �HX- kyykc q�M; 2i �HX- kyydc GB
2i �HX- kyy3V 7QmM/ 7`QK }p2 iQ b2p2M ;2M2iB+ +Hmbi2`b +Q``2bTQM/BM; iQ +QM@
iBM2Mi�H /BpBbBQM �M/ `2~2+iBM; i?2 K�BM KB;`�iQ`v ~Qrb T2QTHBM; i?2 rQ`H/X
.m2 iQ i?2 `2�bQMb K2MiBQM2/ �#Qp2- bm+? +Hmbi2`b �`2 Q#pBQmbHv MQi M2�i,

kej



h?2B` /2�/ HBF2 Qm` /2�/

7Q` BMbi�M+2- MQ JB//H2 1�bi TQTmH�iBQMb b?Qr2/ 2t+HmbBp2 K2K#2`b?BT iQ
QM2 +Hmbi2` UBX2X- RyyW Q7 +Q``2+i �bbB;M�iBQMV- i?mb `2~2+iBM; i?2 i`�MbBi
M�im`2 Q7 i?�i `2;BQM UGB 2i �HX- kyy3VX

�MQi?2` +?�`�+i2`BbiB+- r?B+? r2 b?QmH/ #2 �r�`2 Q7 BM +?QQbBM; �M
�AJ b2i- Bb i?�i i?2 /2;`22 Q7 ;2M2iB+ p�`B�#BHBiv Bb MQi QM i?2 b�K2 b+�H2
r?2M r2 +QKT�`2 /Bz2`2Mi ?mK�M TQTmH�iBQMbX �b � K�ii2` Q7 7�+i- /m2
iQ i?2 bm++2bbBp2 #QiiH2M2+F 2p2Mib bi�`iBM; 7`QK �7`B+� �M/ i?2 T2QTHBM;
Q7 i?2 rQ`H/- i?2 ;2M2iB+ p�`B�iBQM /2+`2�b2b �HQM; i?2 �7`B+�@�bB�f1m`�bB�@
P+2�MB�@�K2`B+� +?�BM Uq�M; 2i �HX- kyydVX AM Qi?2` rQ`/b- i?2 T�i?b 7QH@
HQr2/ #v Qm` �M+2biQ`b H2/ iQ � bi`QM; /Bp2`;2M+2 #2ir22M �7`B+�M �M/ Qi?2`
TQTmH�iBQMb- 7QHHQr2/ #v i?�i #2ir22M 1m`�bB�Mb �M/ Qi?2`b- rBi? 1�bi �bB@
�Mb b?QrBM; i?2 HQr2bi /Bp2`;2M+2 rBi? P+2�MB�Mb �M/ �K2`B+�Mb- /m2 iQ
`2+2Mi 7QmM/BM; 2p2Mib BM i?2b2 `2;BQMb US?BHHBTb- kyR8VX �b � +QMb2[m2M+2-
B7 r2 +QMbB/2` QMHv i?2 `�i2 Q7 ;2M2iB+ /Bz2`2M+2b- r2 rBHH }M/ K�Mv KQ`2
�7`B+�M@BM7Q`K�iBp2 HQ+B i?�M 7Q` Qi?2` ;`QmT +QKT�`BbQMbX A7 i?2 ;Q�H Bb iQ
/BbiBM;mBb? �7`B+�- 1m`QT2 �M/ 1�bi �bB�- Bi rBHH #2 ?�`/2` iQ }M/ K�`F2`b
/Bz2`2MiB�iBM; i?2 H�bi irQX 6B;m`2 RRe b?Qrb }p2 2t�KTH2b Q7 �AJ aLSbX
�KQM; i?2K- i?2 }`bi irQ aLSb U`b9N33kj8 �M/ `bRkyd8V b?Qr +QMi`�biBM;
TQTmH�iBQM bT2+B}+ /Bp2`;2M+2b #2ir22M 1m`QT2 �M/ i?2 Qi?2` irQ TQTm@
H�iBQMbX *QMp2`b2Hv- i?2 H�bi i?`22 �`2 i?2 KQbi BM7Q`K�iBp2 �b i?2v ?�p2
}t2/ �HH2H2b BM 2�+? ;`QmTX >Qr2p2`- i?2 +�b2 Q7 }t2/ ;2M2iB+ p�`B�iBQM Bb
i?2 2t+2TiBQM `�i?2` i?�M i?2 `mH2- #2+�mb2 bQ7i br22Tb �`2 KQ`2 +QKKQM
i?�M ?�`/ br22TbX 6Q` i?Bb `2�bQM- i?2 }M�H b2i Q7 �AJ aLSb Kmbi MQi #2
bBKTHv BM7Q`K�iBp2 7Q` � T�B` Q7 TQTmH�iBQMb- #mi �HbQ #�H�M+2/ bQ i?�i Bi
+�M /BbiBM;mBb? rBi? ?B;? �++m`�+v �HH i�`;2i TQTmH�iBQMb i?�MFb iQ i?2B`
7`2[m2M+v /Bz2`2M+2bX

>Qr2p2`- �b b22M BM i?2 T`2pBQmb +?�Ti2`b- ?mK�Mb ?�p2 M2p2` #22M
bi�iB+, KB;`�iQ`v ~Qrb r2Mi QM 7Q` KBHH2MMB� �M/- iQ;2i?2` rBi? �/KBtim`2-
b2H2+iBQM �M/ ;2M2iB+ /`B7i- ?�p2 #22M Km//vBM; i?2 r�i2` 7Q` KBHH2MMB�- i?mb
K�FBM; i?2 BM72`2M+2 Q7 Q`B;BMb KQ`2 +?�HH2M;BM;X

ke9



h?2B` /2�/ HBF2 Qm` /2�/

6B;m`2 RReX 1t�KTH2b Q7 �AJ aLSbX AK�;2 i�F2M 7`QK S?BHHBTb- kyR8
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h?2B` /2�/ HBF2 Qm` /2�/

�AJ 7Q` KB;`�Mib
h?2 BM72`2M+2 Q7 �M+2bi`v BM i?2 7Q`2MbB+ }2H/ ?�b T`Qp2/ iQ #2 mb27mH BM
K�Mv �TTHB+�iBQMb US?BHHBTb- kyR8V,

Ç bm#biBimi2 2v2rBiM2bb i2biBKQMv r?2M /2b+`BTiBQMb �`2 mM+2`i�BM- mM@
�p�BH�#H2 Q` K�v KBb/B`2+i BMp2biB;�iQ`bc

Ç �B/BM; +QH/ +�b2 `2pB2rb rBi? �//BiBQM�H /�i� QM HBMF2/ T`Q}H2bc

Ç �+?B2pBM; KQ`2 +QKTH2i2 B/2MiB}+�iBQMb Q7 KBbbBM; T2`bQMb Q` /Bb�bi2`
pB+iBKbc

Ç +QM}`KBM; /QMQ`Ƕb b2H7@/2+H�`2/ �M+2bi`v �M/ i?2`27Q`2 K�BMi�BMBM;
i?2 �++m`�+v Q7 /�i�#�b2b 7Q` ah_b- u@K�`F2`b �M/ Ki.L� p�`B�iBQMc

Ç `2}MBM; 7�KBHB�H b2�`+? bi`�i2;B2b ?B;?Hv /2T2M/2Mi QM ah_ �HH2H2 7`2@
[m2M+v �bbmKTiBQMb K�/2 T`BQ` iQ b2�`+?BM; U_Q?H7b 2i �HX- kyRkVc

Ç �bb2bbBM; �ivTB+�H +QK#BM�iBQMb Q7 T?vbB+�H +?�`�+i2`BbiB+b BM BM/BpB/m@
�Hb rBi? �/KBt2/ T�`2Mi�;2 U6`2B`2@�`�/�b 2i �HX- kyR9Vc

Ç 2M?�M+BM; ;2M2iB+ bim/B2b r?2`2 7Q`2MbB+ b2MbBiBpBiv Bb M2+2bb�`v- 2X;X-
i2biBM; K2/B+�H �`+?Bp2 K�i2`B�H Q` �`+?�2QHQ;B+�H .L� U"Qm�F�x2 2i
�HX- kyyNVX

q?�i BMi2`2bib mb i?2 KQbi Bb i?2 2KTHQvK2Mi Q7 �AJ BM i?2 +QMi2ti
Q7 K�bb /Bb�bi2`b BM Q`/2` iQ `2bi`B+i i?2 �`2� Q7 Q`B;BM Q7 �M BM/BpB/m�HX AM
i?Bb bBim�iBQM- �AJb +�M ;mB/2 i?2 +?QB+2 Q7 i?2 ;2MQivT2 �M/ ?�THQivT2
7`2[m2M+B2b- r?B+? rBHH #2 mb2/ BM +�b2 Q7 FBMb?BT +�H+mH�iBQMb US`BMx 2i �HX-
kyydc _Q?H7b 2i �HX- kyRkVX h?2M- r?2M i?2 pB+iBKb +QK2 7`QK TQQ`Hv@bim/B2/
`2;BQMb- i?2 /2i2+iBQM Q7 ;2M2iB+�HHv ?QKQ;2M2Qmb +Hmbi2`b �HHQrb iQ mb2 i?2
;`QmTb i?2Kb2Hp2b �b ;2MQivT2 Q` ?�THQivT2 `272`2M+2 /�i�b2ib 7Q` K�i+?BM;
T`Q#�#BHBiv 2biBK�i2b UPHBpB2`B 2i �HX- kyR3VX 6BM�HHv- r?2M +QmTH2/ rBi?
Qi?2` SJ /�i� �p�BH�#H2- �AJ +�M #2 mb2/ iQ �/Dmbi T`BQ` T`Q#�#BHBiB2b BM
HBF2HB?QQ/ `�iBQ UG_V +�H+mH�iBQMb U:QQ/rBM- kyRdVX

>Qr2p2`- BM Q`/2` iQ T`QT2`Hv +?QQb2 � b2i Q7 K�`F2`b iQ /BbiBM;mBb? i?2
K�BM K�+`Q@�`2�b Q7 Q`B;BM Q7 KB;`�Mib- r2 M22/ ;2M2iB+ /�i� 7`QK i?2B`
Q`B;BM TQTmH�iBQMbX lM7Q`imM�i2Hv- K�Mv Q7 i?2b2 TQTmH�iBQMb ?�p2 #22M
TQQ`Hv bim/B2/ U2X;X- 1�bi2`M �7`B+�V �M/ i?2 K�BM Tm#HB+ /�i�b2i Q7 rQ`H/@
rB/2 ;2M2iB+ p�`B�iBQMb H�+F bm+? `2;BQMbX

6Q` i?Bb `2�bQM- .` *�`HQ _Q#BMQ bi�`i2/ � T`QD2+i �BKBM; �i +?�`�+@
i2`BbBM; i?2 ;2M2iB+ p�`B�#BHBiv Q7 bQK2 Q7 i?2 1�bi2`M �7`B+�M TQTmH�iBQMb-

kee



h?2B` /2�/ HBF2 Qm` /2�/

r?B+? K�F2 mT � ;`2�i T�`i Q7 i?2 KB;`�Mi �``Bp�Hb �M/ /2�i?bX >2 bi�`i2/
7`QK i?2 hB;`�v TQTmH�iBQM- i?2 7Qm`i? H�`;2bi 2i?MB+ ;`QmT BM 1i?BQTB�-
`2�+?BM; mT iQ 9X8 KBHHBQM �M/ `2T`2b2MiBM; Qp2` N8W Q7 i?2 TQTmH�iBQM BM
i?2 `2;BQM�H bi�i2 Q7 hB;`�v- BM LQ`i?2`M 1i?BQTB� U*2Mbmb@kyyd _2TQ`iVX
JQ`2Qp2`- hB;`�v Bb �HbQ i?2 K�DQ` 2i?MB+ ;`QmT Q7 M2B;?#Qm`BM; 1`Bi`2�
U1m`QT2�M �bvHmK amTTQ`i P{+2V- r?B+? Bb QM2 Q7 i?2 KQbi +QKKQM +QmM@
i`B2b Q7 Q`B;BM 7Q` bm#@a�?�`�M �7`B+�M `27m;22b +`QbbBM; i?2 J2/Bi2``�M2�M
a2� U6B;m`2 RR8VX q2 ;2MQivT2/ k8k hB;`�v BM/BpB/m�H 7Q` � iQi�H Q7 dd
�AJb U9e AM/2H �M/ jR aLSbV �M/ r2 +QKT�`2/ i?2K rBi? i?2 b�K2 ;2M2iB+
TQbBiBQMb Q7 bm#@a�?�`�M �7`B+�Mb U�6_V- 1�bi �bB�Mb U1�aV- 1m`QT2�Mb
U1l_V �M/ aQmi? �bB�Mb Ua�aV 7`QK Ryyy :2MQK2b S`QD2+i U�miQM 2i �HX-
kyR8V- �M/ rBi? JB//H2 1�bi2`M TQTmH�iBQMb UJ1�V 7`QK i?2 >mK�M :2M@
QK2 .Bp2`bBiv S�M2H U>:.S- *�MM 2i �HX- kyykc GB 2i �HX- kyy3VX 6B;m`2 RRd
b?Qrb S*� �M/ ah_l*hl_1 �M�Hvb2b T2`7Q`K2/ QM i?2 /�i�b2iX
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6B;m`2 RRdX ah_l*hl_1 �M/ S*� �M�Hvb2b Q7 dd �AJX U�V
ah_l*hl_1 �M+2bi`v �M�HvbBb Q7 i?2 hB;`�v bim/v b�KTH2 UhA:V �M/ `27@
2`2M+2 TQTmH�iBQM ;`QmTb UE,9VX U"V S`BM+BT�H +QKTQM2Mi �M�HvbBb US*R pb
S*kV Q7 i?2 hB;`�v bim/v b�KTH2 UhA:V �M/ `272`2M+2 TQTmH�iBQM ;`QmTbX

h?2 dd �AJb +QK2 7`QK � b2i r?B+? r�b T`BK�`BHv /2bB;M2/ iQ b2T�`@
�i2 +QMiBM2Mi�H �M+2bi`B2b- 2X;X- bm#@a�?�`�M �7`B+�- 1�bi �bB�- 1m`QT2 �M/

ked



h?2B` /2�/ HBF2 Qm` /2�/

L�iBp2 �K2`B+� US2`2B`� 2i �HX- kyRkc /2 H� Sm2Mi2 2i �HX- kyReVX q?2M
r2 �M�Hvb2/ i?2B` BM7Q`K�iBp2M2bb BM /BbiBM;mBb?BM; 1�bi2`M �7`B+�M TQTmH�@
iBQMb- bm+? �b i?2 hB;`�v b�KTH2- i?2v T`Qp2/ iQ 2z2+iBp2Hv /Bb+`BKBM�i2 #Qi?
#2ir22M hB;`�v �M/ MQM@�7`B+�M TQTmH�iBQMb U1m`QT2�Mb �M/ 1�bi �bB�MbV-
�M/ #2ir22M hB;`�v �M/ Qi?2` bm#@a�?�`�M �7`B+�M TQTmH�iBQMbX lM7Q`im@
M�i2Hv- i?2v b?Qr H2bb TQr2` BM /BbiBM;mBb?BM; hB;`�v 7`QK JB//H2 1�bi2`M
TQTmH�iBQMbX h?2 /�i� A �K `272``BM; iQ Bb /2b+`B#2/ BM � T�T2`- r?B+? A
+Q@�mi?Q`2/- +m``2MiHv mM/2` `2pBbBQM BM i?2 DQm`M�H 6Q`2MbB+ a+B2M+2 AMi2`@
M�iBQM�H, :2M2iB+bX

AM i?2 +QMi2ti Q7 1m`QT2�M `27m;22b +`BbBb- i?2 /Bb+`BKBM�iBQM #2ir22M
1�bi2`M �7`B+�M �M/ JB//H2 1�bi2`M TQTmH�iBQMb +�M �HbQ #2 bmTTQ`i2/ #v
Qi?2` ;2M2iB+ /�i�- bm+? �b u +?`QKQbQK2 U.Ƕ�i�M�bBQ 2i �HX- kyRNc A�+Q@
p�++B 2i �HX- kyRdV �M/ Ki.L� p�`B�iBQMb U"Q�iiBMB 2i �HX- kyRjV- �b r2HH
�b �//BiBQM�H MQM@;2M2iB+ /�i� �b +`�MB�H KQ`T?QK2i`B+ �M�HvbBb U>27M2` �
PmbH2v- kyR9VX

>Qr2p2`- Bi K�v #2 rQ`i? i`vBM; iQ `2}M2 i?2 �++m`�+v Q7 i?2 +H�bbB@
}+�iBQM #2ir22M bBKBH�` �M/ ǳQp2`H�TTBM;Ǵ �M+2bi`B2b U2X;X- JB//H2 1�bi-
LQ`i?2`M �M/ 1�bi2`M �7`B+�V- i�FBM; �/p�Mi�;2 Q7 i?2 ?B;?@/2MbBiv aLS
/�i�b2ib BM HBi2`�im`2 US�;�MB 2i �HX- kyRkc >2MM 2i �HX- kyRkVX 6Q` i?Bb Tm`@
TQb2- r2 BMp2biB;�i2/ M2r K2i?Q/b iQ �M�Hvb2 i?2 BM7Q`K�iBp2M2bb Q7 ;2M2iB+
p�`B�iBQMb 7Q` TQTmH�iBQM +H�bbB}+�iBQMX

AM i?2 M2ti +?�Ti2`- A rBHH #`B2~v BMi`Q/m+2 � M2r bim/v r2 �`2 +m``2MiHv
rQ`FBM; QM �M/ r?B+? rBHH T`BK�`BHv 7Q+mb QM i?2 K�BM K�+`Q@�`2�b Q7 Q`B;BM
BM i?2 +QMi2ti Q7 i?2 T`2b2Mi 1m`QT2�M `27m;22b +`BbBbX

ke3



ǳAM � b2� Q7 ?mK�M #2BM;b- Bi Bb /B{+mHi- �i iBK2b
2p2M BKTQbbB#H2- iQ b22 i?2 ?mK�M �b #2BM;XǴ

�vb?� h�`v�K

LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

A
M+2bi`v BM7Q`K�iBp2 K�`F2`b U�AJbV �`2 ;2M2iB+ K�`F2`b r?Qb2
7`2[m2M+B2b /Bz2` #2ir22M TQTmH�iBQMb- i?mb K�FBM; i?2K mb27mH
BM +?�`�+i2`BxBM; i?2 �M+2bi`v Q7 BM/BpB/m�Hb 7`QK i?2B` ;2MQivT2bX
:2MQivTBM; K�Mv i?Qmb�M/b Q7 �AJb �HHQrb p2`v T`2+Bb2 �bb2bb@

K2Mi Q7 �M BM/BpB/m�HǶb �M+2bi`vX PM i?2 Qi?2` ?�M/- bK�HH2` b2ib Q7 �AJb
T`QpB/2 H2bb /Bb+2`MBM; TQr2`X >Qr2p2` Bi ?�b #22M b?QrM i?�i ;2MQivTBM;
Dmbi QM2 /Qx2M aLSb Bb 2MQm;? iQ /BbiBM;mBb? +QMiBM2Mi�H �M+2bi`v, i?Bb ?�T@
T2Mb #2+�mb2 i?2 KQ`2 /Bp2`;BM; i?2 7`2[m2M+B2b BM i?2 /Bz2`2Mi TQTmH�iBQMb-
i?2 72r2` K�`F2`b �`2 M22/2/ iQ �bb2bb �M+2bi`v �++m`�i2HvX

� `2�bQM iQ T`272` � bK�HH2` �AJ b2i Bb iQ `2/m+2 i?2 iBK2 �M/ +Qbib
BMpQHp2/ BM ;2MQivTBM;X JQ`2Qp2`- i?2 mb2 Q7 `2/m+2/ b2ib Q7 �AJb Bb 2bT2@
+B�HHv �TT2�HBM; BM 7Q`2MbB+b- r?2`2 [m�HBiv �M/ �p�BH�#BHBiv Q7 .L� Bb Q7i2M
+QKT`QKBb2/X

>Qr2p2`- K�`F2`b i?�i �`2 BM7Q`K�iBp2 7Q` /BbiBM;mBb?BM; TQTmH�iBQMb �
�M/ " K�v MQi #2 BM7Q`K�iBp2 7Q` TQTmH�iBQMb " �M/ *X h?mb- i?2 b2H2+iBQM
Q7 K�`F2`b Kmbi #2 i�BHQ`2/ iQ i?2 TQTmH�iBQMb Q7 BMi2`2bi- 2bT2+B�HHv r?2M
� bK�HH2` b2i Q7 K�`F2`b Bb /2bB`2/X 6Q` i?2b2 `2�bQMb- r2 �`2 BMi2`2bi2/ BM
K2i?Q/b 7Q` b2H2+iBM; �AJ b2ib i?�i �`2 i?2 bK�HH2bi TQbbB#H2 T`QpB/BM; �
`2[mB`2/ �KQmMi Q7 /Bb+2`MBM; TQr2` 7Q` � ;Bp2M b2i Q7 TQTmH�iBQMbX

h?2 b2i Q7 TQTmH�iBQMb r2 �`2 T`BK�`BHv BMi2`2bi2/ BM �`2 LQ`i?2`M �M/
1�bi2`M �7`B+�- JB//H2 1�bi �M/ aQmi? �bB�X 6Q` i?Bb Tm`TQb2- A +QHH2+i2/
� /�i�b2i- iQ i?2 r?B+? r2 `272` �b i?2 ǳKB;`�MibǴ /�i�b2i- +QKT`BbBM; HBi2`@

keN



LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

�im`2 ;2MQivTB+ /�i� Q7 i?2b2 TQTmH�iBQMb U"2?�` 2i �HX- kyRyc "2?�` 2i �HX-
kyRjc S�;�MB 2i �HX- kyRkc "mb#v 2i �HX- kyR8c *�MM 2i �HX- kyykc �miQM 2i
�HX- kyR8VX >Qr2p2`- #27Q`2 rQ`FBM; /B`2+iHv QM i?Bb /�i�b2i- r2 /2+B/2/ iQ
b2�`+? 7Q`- /2p2HQT �M/ �TTHv M2r bi`�i2;B2b 7Q` �AJ b2H2+iBQM QM �M 2�bB2`
b2i Q7 TQTmH�iBQMb 7`QK /Bz2`2Mi +QMiBM2Mib BM i?2 r2HH@FMQrM Ryyy :2MQK2b
S`QD2+i U�miQM 2i �HX- kyR8VX q2 rBHH `272` iQ i?Bb /�i�b2i �b i?2 ǳ+QMiBM2MiǴ
/�i�b2iX h?mb- i?`Qm;?Qmi i?2 J2i?Q/b �M/ _2bmHib b2+iBQM- A rBHH }`bi /2@
b+`B#2 i?2 b2i mT Q7 i?2 K2i?Q/ #v i2biBM; Bib �++m`�+v BM /BbiBM;mBb?BM; }p2
+QMiBM2Mib- i?2M A rBHH b?Qr Bib +H�bbB}+�iBQM T2`7Q`K�M+2b QM i?2 KB;`�Mib
K�+`Q@�`2�b Q7 Q`B;BMX

kdy



LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

J2i?Q/b
.�i�b2i
AM i?2 }`bi T�`i Q7 Qm` rQ`F QM �AJ b2H2+iBQM- r2 r�Mi2/ iQ bi�`i BM i?2
#2bi TQbBiBQM TQbbB#H2, +H�bbB7vBM; }p2 /Bz2`2Mi TQTmH�iBQMb 7`QK /Bz2`2Mi
+QMiBM2MibX AM Q`/2` iQ /Q bQ- r2 �TTHB2/ Qm` �TT`Q�+? QM r?QH2@;2MQK2
b2[m2M+BM; /�i� Q7 "1" U"2M;�HB 7`QK "�M;H�/2b?V- *>" U>�M *?BM2b2
BM "2BDBM;V- :"_ U"`BiBb? BM 1M;H�M/ �M/ a+QiH�M/V- S1G US2`mpB�Mb 7`QK
GBK�V �M/ u_A UuQ`m#� BM A#�/�MV TQTmH�iBQMb 7`QK i?2 Ryyy :2MQK2b S`Q@
D2+i S?�b2 j U�miQM 2i �HX- kyR8V 7Q` � iQi�H Q7 9dj b�KTH2b, i?2 ǳ+QMiBM2MibǴ
/�i�b2i Uh�#H2 kkVX

SQTmH�iBQM
*Q/2

SQTmH�iBQM
.2b+`BTiBQM

amT2` SQTmH�iBQM
*Q/2

MmK#2`
Q7 b�KTH2b

"1" "2M;�HB 7`QK "�M;H�/2b? a�a UaQmi? �bB�MV 3e
*>" >�M *?BM2b2 BM "2BDBM;- *?BM� 1�a U1�bi �bB�MV Ryj
:"_ "`BiBb? BM 1M;H�M/ �M/ a+QiH�M/ 1l_ U1m`QT2�MV NR
S1G S2`mpB�Mb 7`QK GBK�- S2`m �J_ U�/ JBt2/ �K2`B+�MV 38
u_A uQ`m#� BM A#�/�M- LB;2`B� �6_ U�7`B+�MV Ry3

h�#H2 kkX h?2 +QMiBM2Mib /�i�b2i, }p2 TQTmH�iBQMb 7`QK /Bz2`2Mi
+QMiBM2Mib U�miQM 2i �HX- kyR8V iQ #2 +H�bbB}2/X

AM i?2 b2+QM/ T�`i Q7 i?2 rQ`F- r2 �TTHB2/ i?2 b�K2 �AJ b2H2+iBQM
TBT2HBM2 QM � /�i�b2i #mBHi 7`QK HBi2`�im`2 U"2?�` 2i �HX- kyRyc "2?�` 2i
�HX- kyRjc S�;�MB 2i �HX- kyRkc "mb#v 2i �HX- kyR8c *�MM 2i �HX- kyykc �miQM
2i �HX- kyR8V �M/ 7Q+mbBM; bT2+B}+�HHv QM 7Qm` KB;`�MibǶK�+`Q@�`2�b Q7 Q`B@
;BM, 1�bi2`M �7`B+�- JB//H2 1�bi- LQ`i?2`M �7`B+� �M/ aQmi?2`M �bB�, i?2
ǳKB;`�MibǴ /�i�b2iX h�#H2 kj b?Qrb i?2 MmK#2` Q7 b�KTH2b T2` K�+`Q@�`2�-
r?BH2 i�#H2 *X9 �HbQ b?Qrb bm#@TQTmH�iBQMb �M/ HBi2`�im`2 `272`2M+2bX

K�+`Q@�`2� b�KTH2b
1�ahn�6_A*� Ree
JA..G1n1�ah 9N3
LP_h>n�6_A*� R89
aPlh>n�aA� 3yN

h�#H2 kjX h?2 KB;`�Mib /�i�b2i, 7Qm` KB;`�MibǶK�+`Q@�`2�b Q7
Q`B;BM iQ #2 +H�bbB}2/X

kdR



LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

*H2�MBM; bi2Tb �M/ /2b+`BTiBp2 �M�Hvb2b
6B`biHv- r2 }Hi2`2/ i?2 #B�HH2HB+ ;2MQivT2b #v KBMQ` �HH2H2 7`2[m2M+v UJ�6
I yXyRV �M/ G. UmbBM; ~�; ĜĜBM/2T@T�B`rBb2 8yy 8y yXkV �M/ r2 2ti`�+i2/
i?2 TQTmH�iBQMb Q7 BMi2`2biX AM Q`/2` iQ `2KQp2 �HH KBbbBM; TQbBiBQMb ě Qm`
K�+?BM2 H2�`MBM; BKTH2K2Mi�iBQM /Q2b MQi �HHQr KBbbBM; p�Hm2b ě r2 mb2/
i?2 ~�; ĜĜ;2MQ y QM i?2 KB;`�Mib /�i�b2iX

�7i2` i?2b2 }Hi2`b- r2 Q#i�BM2/ dey-k9e �M/ 9j-N99 p�`B�Mib QM i?2 +QM@
iBM2Mib �M/ i?2 KB;`�Mib /�i�b2i- `2bT2+iBp2HvX

q2 +`2�i2/ irQ FBM/b Q7 THBMF }H2b,

Ç #2/- #BK- 7�K }H2b- r?B+? rBHH #2 mb2/ iQ T2`7Q`K T`2HBKBM�`v /2b+`BTi@
Bp2 �M�Hvb2b US*� �M/ �.JAshl_1V

Ç i`�r }H2- r?B+? `2TQ`ib i?2 �HH2HB+ /Qb�;2b UyfRfkfǶL�Ƕ 7Q` /BTHQB/
p�`B�Mib- yfkfǶL�Ƕ 7Q` ?�THQB/V- p2`v mb27mH 7Q` �M�HvbBM; 7`2[m2M+v
/Bz2`2M+2bX

�b vQm rBHH b22 7`QK i?2 HBM2b Q7 +Q/2 A ?�p2 `2TQ`i2/ BM i?2 �TT2M/Bt
b2+iBQM Ub22 T�;2 j8eV- r2 Q`;�MBb2/ i?2 �M�Hvb2b QM i?2 /�i�b2i- �b r2HH
�b i?2 TBT2HBM2 7Q` �AJ b2H2+iBQM- mbBM; aM�F2K�F2 UEQbi2` � _�?K�MM-
kyR3V- � Svi?QM@#�b2/ rQ`F~Qr 2M;BM2 mb27mH 7Q` TBT2HBM2 /2p2HQTK2Mi �M/
2t2+miBQMX AM i?Bb 2MpB`QMK2Mi- i?2 rQ`F~Qrb �`2 bT2+B}2/ �b aM�F2}H2b-
r?B+? �`2 +QHH2+iBQMb Q7 `mH2b /2b+`B#BM; ǳ`2+BT2bǴ QM ?Qr iQ +`2�i2 QmiTmi
}H2b 7`QK BMTmi }H2bX h?`Qm;?Qmi i?2 J2i?Q/b b2+iBQM- A rBHH `272` iQ bT2+B}+
HBM2b Q7 +Q/2 #v mbBM; i?2B` `mH2 M�K2 UA K�/2 i?2 M�K2 Q7 i?2 `mH2b BM i?Bb
b2+iBQM +HB+F�#H2 �b vQm +�M 2�bBHv �++2bb i?2 bT2+B}+ +Q/2 BM i?2 �TT2M/BtVX

q2 bi�`i2/ #v bQK2 /2b+`BTiBp2 �M�Hvb2b, i?2 pBbm�HBb�iBQM Q7 i?2 ;2M@
QivTB+ p�`B�iBQM BM Qm` /�i�b2i #v S*�b �M/ �.JAshl_1 �M�Hvb2bX q2
}Hi2`2/ #�/Hv ;2MQivT2/ �M/ HQr@[m�HBiv b�KTH2b- +?2+F2/ 7Q` >�`/v@q2BM#2`;
2[mBHB#`BmK /Bb+`2T�M+B2b �M/ T2`7Q`K2/ S*� QM �miQbQK2 ;2M2iB+ p�`B@
�iBQMb U`mH2 T+�V mbBM; SGALE RXN USm`+2HH 2i �HX- kyydVX

h?2M- r2 +QKTmi2/ i?2 �M+2bi`�H �HH2H2 7`2[m2M+B2b Q7 Qm` TQTmH�iBQMb
rBi? i?2 �.JAshl_1 bQ7ir�`2 U�.JAshl_1 RXjXy- `mH2 �/KBtim`2V- �H@
2t�M/2` 2i �HX- kyyNV mbBM; K = {2, . . . , 10}X

�AJ TBT2HBM2
h?2 KQbi bi`�B;?i7Q`r�`/ r�v Q7 +?QQbBM; �M �AJ b2i Bb iQ b2H2+i i?2 K�`F@
2`b rBi? i?2 ?B;?2bi BM7Q`K�iBp2M2bb 2biBK�i2/ #v ǳb+Q`2bǴ- i?�i �`2 +QK@
Tmi2/ 7`QK i?2B` �HH2HB+ 7`2[m2M+B2b BM i?2 TQTmH�iBQMb Q7 BMi2`2biX *QKKQM

kdk



LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

+?QB+2b 7Q` i?2b2 b+Q`2b �`2 i?2 }t�iBQM BM/2t UFST - EB// 2i �HX- kyRRV �M/
_Qb2M#2`;Ƕb AM7Q`K�iBp2M2bb AM/2t UAM- *?2mM; 2i �HX- kyRNVX Pi?2` K2i?@
Q/b +QMbBbi Q7 i?2 �bb2bbK2Mi Q7 r?B+? ;2M2iB+ p�`B�Mib +QMi`B#mi2 i?2 KQbi
iQ S*� Q` �.JAshl_1 ǳ+Hmbi2`bǴX

PM+2 �M �AJ b2i Bb b2H2+i2/- � L�śp2 "�v2b +H�bbB}2` Bb mbm�HHv mb2/
iQ T2`7Q`K �M+2bi`v �bbB;MK2Mi Q7 ;2MQivT2/ BM/BpB/m�HbX Ai Bb � M�im`�H
+?QB+2- ;Bp2M i?�i i?2 BM7Q`K�iBp2M2bb Q7 K�`F2`b Bb /2}M2/ BM i2`Kb Q7 i?2B`
7`2[m2M+B2b- r?B+? �`2 i?2 p2`v T�`�K2i2`b Q7 i?2 L�śp2 "�v2b KQ/2HX h?Bb
K�F2b i?2 �+iBQM Q7 i?2 +H�bbB}2` i`BpB�HHv BMi2`T`2i�#H2 �M/ Bib i`�BMBM; p2`v
7�bi- r?B+? �HHQrb mb iQ i2bi i?2 �++m`�+v Q7 K�Mv /Bz2`2Mi �AJ b2ib 2�bBHvX

h�FBM; �/p�Mi�;2 Q7 i?Bb- r2 i`B2/ � K�+?BM2 H2�`MBM; BMbTB`2/ �TT`Q�+?
iQ bQHp2 i?2 T`Q#H2K Q7 b2H2+iBM; �M QTiBK�H �AJ b2i 7Q` � ;Bp2M b2i Q7
TQTmH�iBQMb U6B;m`2 RR3VX

q2 �`2 MQr HBpBM; BM �M 2`� r?2M i?2 �KQmMi Q7 BM7Q`K�iBQM T`Q/m+2/
Bb ;`QrBM; 2tTQM2MiB�HHv /�v #v /�v- i?mb `2[mB`BM; 2p2M KQ`2 TQr2`7mH
i2+?MB[m2 iQ �M�Hvb2 bm+? ǳ#B; /�i�ǴX lM7Q`imM�i2Hv- KQbi Q7 i?Bb /�i� �`2
M2Bi?2` mM/2`bi�M/�#H2 MQ` i`2�i�#H2 #v ?mK�Mb �M/ Q` bi�M/�`/ �M�HviB+�H
K2i?Q/bX AM i?2 b2+QM/ ?�H7 Q7 i?2 ir2MiB2i? +2Mim`v- K�+?BM2 H2�`MBM; i2+?@
MB[m2b 2pQHp2/ �b � bm#}2H/ Q7 �`iB}+B�H BMi2HHB;2M+2 �M/ i?2B` K�BM Q#D2+iBp2
r�b iQ ;�BM FMQrH2/;2 7`QK i?�i /�i� BM Q`/2` iQ K�F2 T`2/B+iBQMbX AM
Qi?2` rQ`/b- K�+?BM2 H2�`MBM; �H;Q`Bi?Kb 2M�#H2 +QKTmi2`b iQ mM/2`bi�M/-
+�Tim`2 �M/ H2�`M BM7Q`K�iBQM �M/ T�ii2`Mb 7`QK #B; /�i�X h?2 bQ@�+[mB`2/
FMQrH2/;2 +�M #2 mb2/ iQ #mBH/ T`2/B+iBp2 KQ/2Hb QM M2r /�i�X

h?2 ?mK�M ;2MQK2- rBi? Bib j #BHHBQM #�b2 T�B`b �M/ i?2 KmHiBTH2 H�v2`b
Q7 BM7Q`K�iBQM- Bb QM2 Q7 i?2 KQbi bi`BFBM; 2t�KTH2b Q7 #B; /�i�X �+im�HHv-
i?2 #BQHQ;B+�H [m2biBQMb BMp2biB;�iBM; i?2 +QKTH2tBiv �M/ b?22` �KQmMi Q7
;2MQKB+ BM7Q`K�iBQM +QmH/ `2�HHv #2M2}i 7`QK K�+?BM2 H2�`MBM; K2i?Q/b
UwQm 2i �HX- kyRNVX h?2`27Q`2- ;Bp2M i?2 TQi2MiB�H Q7 K�+?BM2 H2�`MBM; i2+?@
MB[m2b BM ;2MQKB+ }2H/b- r2 i?BMF i?�i i?2b2 K2i?Q/b +QmH/ `2T`2b2Mi QM2
Q7 i?2 #2bi +?QB+2b iQ 7�+2 i?2 T`Q#H2K Q7 �AJ b2H2+iBQMX

q2 rBHH i`v iQ bQHp2 i?2 T`Q#H2K Q7 �AJ b2H2+iBQM 7Q` +H�bbB}+�iBQM mbBM;
bmT2`pBb2/ H2�`MBM;- r?B+? Bb � +�i2;Q`v Q7 K�+?BM2 H2�`MBM; K2i?Q/b i?�i
H2�`M � KQ/2H 7`QK H�#2HH2/ i`�BMBM; /�i� �M/ i?2M K�F2b T`2/B+iBQMb �#Qmi
M2r mMb22M /�i�X h?2 i2`K bmT2`pBb2/ `272`b iQ i?2 7�+i i?�i i?2 b2i Q7
b�KTH2b mb2/ 7Q` i`�BMBM; i?2 KQ/2H Ui`�BM b2iV Bb H�#2H2/X

*H�bbB}+�iBQM Bb � bm#+�i2;Q`v Q7 bmT2`pBb2/ H2�`MBM;, ?2`2- i?2 �BK Bb
iQ T`2/B+i � H�#2H- BMbi2�/ Q7 � [m�MiBiv U`2;`2bbBQMVX q?2M i?2 +�i2;Q`B+�H
+H�bb H�#2Hb iQ T`2/B+i �`2 KQ`2 i?�M irQ- r2 �`2 /2�HBM; rBi? � KmHiB@+H�bb
+H�bbB}+�iBQM T`Q#H2KX

h?2`27Q`2- r2 rBHH /2p2HQT � K�+?BM2 H2�`MBM;@#�b2/ bi`�i2;v iQ bQHp2 �
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bmT2`pBb2/ KmHiB@+H�bb +H�bbB}+�iBQM T`Q#H2K, i?2 �AJ b2H2+iBQM iQ +H�bbB7v
BM/BpB/m�Hb BMiQ /Bz2`2Mi ?mK�M TQTmH�iBQMbX h?2 /B`2+i �+v+HB+ ;`�T? Q7 Qm`
TBT2HBM2 Bb b?QrM BM 6B;m`2 RR3- r?B+? rBHH #2 2tTHQ`2/ BM i?2 M2ti b2+iBQMX

evaluation_comparisons

evaluation_aggregation

evaluation_folding

marker_set_evaluation

marker_set_search

kfold_test

pairwise_rosenberg

cleaning_step_maf

make_dataset

random_forest

6B;m`2 RR3X :`�T? Q7 i?2 �AJ b2H2+iBQM TBT2HBM2X
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*`Qbb@p�HB/�iBQM
1p2M B7 K�+?BM2 H2�`MBM; K2i?Q/b �`2 TQr2`7mH- i?2`2 i?2v �`2 MQi K�;B+,
i?2v bm#KBi iQ i?2 K�BM H�r Q7 /�i� ě ;�`#�;2 BM- ;�`#�;2 Qmi ě �M/
M22/ iQ #2 2tTHQ`2/ rBi? bQK2 +�miBQMbX PM2 Q7 Bb i?2 M22/ 7Q` � +`Qbb@
p�HB/�iBQM bi`�i2;v BM Q`/2` iQ T`2p2Mi Qp2`}iiBM;X AM 7�+i- Bi Bb �Hr�vb
�/pBb�#H2 iQ p�HB/�i2 � K�+?BM2 H2�`MBM; KQ/2H iQ K�F2 bm`2 i?�i Bi rBHH #2
�#H2 iQ ;2M2`�HBx2 r2HH iQ mMb22M /�i� ě Qp2`}iiBM; K2�Mb i?�i i?2 K2i?Q/
rQ`Fb �++m`�i2Hv BM i?2 i`�BMBM; /�i�- #mi T2`7Q`Kb #�/Hv r?2M �TTHB2/ QM
mMb22M /�i� U6B;m`2 RRNVX hQ +?2+F 7Q` i?Bb TQbbB#BHBiv- r2 +QmH/ bTHBi i?2
/�i�b2i BM � i`�BMBM; �M/ � i2bi b2iX AM i?Bb +�b2- Qp2`}iiBM; Bb 2�bv iQ /2i2+i,
Bi i?2 KQ/2H T2`7Q`Kb Km+? #2ii2` QM i?2 i`�BMBM; b2i i?�M QM i?2 i2bi b2i-
T`Q#�#Hv- r2 �`2 Qp2`}iiBM;X

6B;m`2 RRNX Pp2`}iiBM; 2t�KTH2X Pp2`}iiBM; ?�TT2Mb r?2M- 7Q` BM@
bi�M+2- � KQ/2H ?�b H2�`M2/ i?2 MQBb2 BMbi2�/ Q7 i?2 bB;M�HX AM i?Bb +�b2- Bi
Bb +QMbB/2`2/ ǳQp2`}iǴ #2+�mb2 Bi }ib i?2 i`�BMBM; /�i�b2i #mi ?�b TQQ` }i
rBi? mMb22M /�i�X AM i?Bb BK�;2- i?2 #H�+F HBM2 }ib i?2 /�i� r2HH- r?BH2 i?2
;`22M HBM2 Bb Qp2`}iX

>Qr2p2`- � }`bi i`�BM@i2bi bTHBi Bb MQi bm{+B2Mi iQ +QMi`QH i?2 bi�#BHBiv
Q7 i?2 KQ/2HX AM 7�+i- r?2M r2 M22/ iQ +?QQb2 #2ir22M /Bz2`2Mi b2iiBM;b Q7
� KQ/2H ě i?2 ǳ?vT2`T�`�K2i2`bǴ ě Q` �KQM; K�Mv KQ/2Hb- i?2`2 +QmH/
#2 biBHH i?2 `BbF Q7 Qp2`}iiBM; QM i?2 i2bi b2i #2+�mb2 i?2 T�`�K2i2`b Q` i?2
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/Bz2`2Mi KQ/2H +QmH/ T2`7Q`K r2HH QM i?2 i2bi bBKTHv /m2 iQ i?2 BMi`BMbB+
+?�`�+i2`BbiB+b Q7 i?2 i2bi b2iX 6Q` i?Bb `2�bQM- �MQi?2` T�`i Q7 i?2 /�i�b2i
?�b iQ #2 H27i Qmi- i?2 p�HB/�iBQM b2i, r2 rBHH i2bi i?2 ?vT2`T�`�K2i2`b �M/
i?2 /Bz2`2Mi KQ/2Hb QM i?Bb T�`i �M/ i?2M r2 rBHH /Q � }M�H 2p�Hm�iBQM Q7
i?2 #2bi KQ/2HǶb T2`7Q`K�M+2b QM i?2 i2bi b2iX

PM i?2 Qi?2` ?�M/- B7 r2 H2�p2 Qmi #Qi? i?2 i2bi �M/ i?2 p�HB/�iBQMb b2ib
Q7i2M i?2`2 Bb MQi 2MQm;? /�i� iQ i`�BM i?2 KQ/2HX hQ �pQB/ i?Bb BM+QMp2MB@
2M+2- � F@7QH/ +`Qbb@p�HB/�iBQM +�M #2 2KTHQv2/X h?Bb i2+?MB[m2 +QMbBbib Q7
`�M/QKHv bTHBiiBM; i?2 i`�BMBM; b2i BMiQ F 7QH/b rBi?Qmi `2TH�+2K2Mi- r?2`2
kƐ1 7QH/b �`2 mb2/ 7Q` i?2 KQ/2H i`�BMBM; �M/ QM2 7QH/ Bb mb2/ 7Q` i2bi@
BM;X h?2M- i?Bb bTHBiiBM; Bb `2T2�i2/ F iBK2b- i?mb Q#i�BMBM; F KQ/2Hb �M/ F
T2`7Q`K�M+2 2biBK�i2bX

h?2 F@7QH/ +`Qbb@p�HB/�iBQM Bb i?2 }`bi bi2T Q7 Qm` �M�HvbBb UMQ/2 F7QH/n@
i2bi BM 6B;m`2 RR3 �M/ 6B;m`2 Rky�VX

AM i?Bb T?�b2- r2 bTHBi i?2 /�i�b2i BMiQ k = 5 7QH/b- b?m|BM; i?2 b�KTH2b
Ry iBK2b �M/ i?mb Q#i�BMBM; 5 ∗ 10 /Bz2`2Mi `2b?m|BM; /�i�b2iX aBM+2 r2
M22/2/ iQ 2p�Hm�i2 i?2 +H�bbB}+�iBQM T2`7Q`K�M+2b BM 2�+? +�i2;Q`v UBX2X-
TQTmH�iBQMV- r2 mb2/ i?2 b+BFBi@H2�`M 7mM+iBQM ai`�iB}2/E6QH/- r?B+? K�F2b
i?2 7QH/b #v T`2b2`pBM; i?2 T2`+2Mi�;2 Q7 b�KTH2b 7Q` 2�+? +H�bbX h?2M- r2
mb2/ i?2 b�K2 7mM+iBQM �;�BM iQ bTHBi i?2 k − 1 b2ib BMiQ k = 4 7QH/b, j
7QH/b rBHH #2 mb2/ �b i`�BMBM; U k38 b�KTH2bV- r?BH2 R 7QH/ rBHH #2 mb2/ �b
p�HB/�iBQM U N8 b�KTH2bVX h?2 +Q/2 mb2/ 7Q` i?2 bi`�iB}2/ F@7QH/ Bb BM i?2
`mH2 F7QH/ni2biX
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Test fold

Val fold Test fold

Val fold Test fold

Val fold Test fold

Test fold Val fold

Val

Val fold

Val

Val

Val

Val

A)

B)

1) FEATURE 
PRIORITIZATION ON 
THE TRAINING SETS

3) CHOICE OF THE 
BEST MODEL ON THE 
VALIDATION SETS

4) FINAL TESTING OF 
THE SELECTED 
MODEL ON TEST 
SETS

2) MARKER SETS 
REFINEMENT

6B;m`2 RkyX h?2 +`Qbb@p�HB/�iBQM bi`�i2;v Q7 Qm` rQ`FX U�V h?2
BMBiB�H 8@7QH/ +`Qbb@p�HB/�iBQM ;2M2`�i2 8 /Bz2`2Mi i`�BMBM;- p�HB/�iBQM �M/
i2bi b2ib UbBM+2 Bi r�b T2`7Q`K2/ b?m|BM; i?2 b�KTH2b BM 2�+? 7QH/ Ry iBK2b-
r2 ?�p2 8y /Bz2`2Mi ;`QmTBM;bVX h?2M- i?2 i`�BMBM; b2ib �`2 mb2/ 7Q` 72�im`2
T`BQ`BiBx�iBQM URVX U"V � M2r 8@7QH/ +`Qbb@p�HB/�iBQM Bb �TTHB2/ QM i?2 i`�BM@
BM; b2i ;2M2`�iBM; 8 ;`QmTb- Q7 r?B+? QM2 Bb � M2r p�HB/�iBQMX h?Bb bi2T Bb
M22/2/ 7Q` K�`F2` b2i 2p�Hm�iBQM UkVX h?2 p�HB/�iBQM b2i H27i Qmi BM bi2T � Bb
mb2/ iQ +QKT�`2 i?2 T2`7Q`K�M+2b Q7 i?2 /Bz2`2Mi KQ/2Hb �M/ K�`F2`b b2ib
UjV- r?BH2 QM i?2 i2bi b2i r2 rBHH }M�HHv 2p�Hm�i2 i?2 +H�bbB}+�iBQM �++m`�+v
Q7 i?2 #2bi KQ/2H �M/ i?2 #2bi K�`F2` b2i U9VX

62�im`2 T`BQ`BiBx�iBQM
AM i?2 b2+QM/ bi2T Q7 Qm` KQ/2H- r2 mb2/ irQ /Bz2`2Mi r�vb Q7 mM/2`bi�M/BM;
r?B+? 72�im`2b ě i?2 ;2M2iB+ K�`F2`b �`2 i?2 72�im`2b Q7 Qm` KQ/2H ě �`2
+QMi`B#miBM; KQbi iQ Qm` T`2/B+iBQM p�`B�#H2, _Qb2M#2`;Ƕb BM7Q`K�iBp2M2bb
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7Q` �bbB;MK2Mi U_Qb2M#2`; 2i �HX- kyyjV �M/ i?2 72�im`2 BKTQ`i�M+2 7`QK �
`�M/QK 7Q`2bi U"`2BK�M- kyyRVX h?2b2 K2i?Q/b �`2 `2TQ`i2/ BM 6B;m`2 RR3
�i MQ/2b +�HH2/ T�B`rBb2n`Qb2M#2`; �M/ `�M/QKn7Q`2bi- `2bT2+iBp2HvX

_Qb2M#2`;Ƕb BM7Q`K�iBp2M2bb 7Q` �bbB;MK2Mi

h?2 _Qb2M#2`;Ƕb BM7Q`K�iBp2M2bb 7Q` �bbB;MK2Mi UAMV Bb � K2i`B+ BMi`Q@
/m+2/ #v LQ�? _Qb2M#2`; �M/ +QHH2�;m2b BM kyyj U_Qb2M#2`; 2i �HX- kyyjV
BM Q`/2` iQ +QKTmi2 i?2 �KQmMi Q7 BM7Q`K�iBQM i?�i ;2M2iB+ K�`F2`b +�M
T`QpB/2 �#Qmi i?2 �M+2bi`v Q7 �M BM/BpB/m�HX h�#H2 *Xj b?Qrb bQK2 K2i`B+b
+QKKQMHv mb2/ 7Q` mM/2`bi�M/BM; i?2 ;2M2iB+ K�`F2`bǶ BM7Q`K�iBp2M2bb 7Q`
�M+2bi`v BM72`2M+2X

h?2 _Qb2M#2`;Ƕb BM7Q`K�iBp2M2bb 7Q` �bbB;MK2Mi rBi? E TQTmH�iBQMb Bb
/2}M2/ �b,

In =
∑

i

(−pi,j HM pi,j +
1

K

∑

k

(pi,j,k HM pi,j,k))

r?2`2 pi,j Bb i?2 7`2[m2M+v Q7 i?2 Bi? �HH2H2 �i i?2 Bi? HQ+mb BM �HH TQTmH�@
iBQMb +QMbB/2`2/ �M/ pi,j,k `2T`2b2Mib i?2 b�K2 p�Hm2 BM i?2 Fi? TQTmH�iBQMX
6Q` i?2 `2�bQMb /Bb+mbb2/ �#Qp2- � KmHiBTH2 TQTmH�iBQMb AM +QKTmi�iBQM-
r?2M QM2 Q7 i?2 i�`;2i Bb �7`B+�M- rBHH BM2pBi�#Hv /2i2+i Km+? KQ`2 �7`B+�M@
BM7Q`K�iBp2 HQ+B i?�M 7Q` i?2 Qi?2` TQTmH�iBQMbX 6Q` i?Bb `2�bQM- � #2ii2`
bi`�i2;v Bb iQ +QKTmi2 � T�B`rBb2 AM BM/2tX AM i?Bb +�b2- Bi Bb /2}M2/ #v,

In =
∑

i

(−pi,j HM pi,j +
1

2
(pi,j,k HM pi,j,k + qi,j,k HM qi,j,k))

r?2`2 qi,j,k Bb i?2 7`2[m2M+v Q7 i?2 b�K2 Bi? �HH2H2 �i i?2 b�K2 Bi? HQ+mb
BM �MQi?2` TQTmH�iBQMX

q2 �TTHB2/ i?Bb 7Q`KmH� UMQ/2 T�B`rBb2n`Qb2M#2`; BM 6B;m`2 RR3V iQ +QK@
Tmi2/ i?2 T�B`rBb2 AM 7Q` �HH i?2 K(K−1)

2 URyV TQTmH�iBQM +QKT�`BbQMb BM i?2
i`�BMBM; b2i U6B;m`2 Rky"VX h?2M- r2 bQ`i2/ 2�+? AM /Bbi`B#miBQM BM /2b+2M/@
BM; Q`/2` Ui?2 KQ`2 � K�`F2` Bb BM7Q`K�iBp2- i?2 HQr2` rBHH #2 Bib BM/2tV �M/
r2 Bi2`�iBp2Hv iQQF i?2 }`bi K�`F2` BM 2�+? Q7 i?2 Ry /Bbi`B#miBQM mMiBH �
b2i Q7 kyy mMB[m2 K�`F2`b r�b +QHH2+i2/ U`2T2�i2/ K�`F2`b r2`2 �//2/ QMHv
QM+2VX

h?2 +Q/2 BKTH2K2MiBM; i?Bb +QKTmi�iBQM Bb `2TQ`i2/ BM i?2 `mH2 T�B`@
rBb2n`Qb2M#2`;X
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_�M/QK 7Q`2bi

h?2 b2+QM/ K2i?Q/ 7Q` 72�im`2 T`BQ`BiBx�iBQM Bb i?2 72�im`2 BKTQ`i�M+2 +QK@
Tmi2/ 7`QK � `�M/QK 7Q`2bi- r?B+? Bb �M 2Mb2K#H2 K�+?BM2 H2�`MBM; i2+?@
MB[m2X h?2 �/p�Mi�;2 Q7 �M 2Mb2K#H2 i2+?MB[m2 Bb i?�i Bi +QK#BM2b KmHiBTH2
BM/BpB/m�H H2�`MBM; KQ/2Hb iQ T`Q/m+2 �M �;;`2;�i2 KQ/2H- r?B+? Bb Km+?
KQ`2 TQr2`7mH i?�M Bib T�`ibX AM Qm` +�b2- i?2 H2�`MBM; KQ/2H Bb � /2+BbBQM
i`22 �M/ r?2M K�Mv /2+BbBQM i`22b �`2 +QK#BM2/ iQ;2i?2` QT2`�iBM; �b �M
2Mb2K#H2- r2 Q#i�BM- HBF2 Bib M�K2 BKTHB2b- � `�M/QK 7Q`2biX .2+BbBQM i`22b
+H�bbB}2` �`2 �ii`�+iBp2 KQ/2Hb #2+�mb2 i?2B` `2bmHib �`2 2�bv iQ BMi2`T`2iX
1�+? i`22 mb2b � i`22@HBF2 KQ/2H Q7 /2+BbBQMb- r?B+? #`2�Fb /QrM i?2 /�i�
#v K�FBM; /2+BbBQMb #�b2/ QM �bFBM; � b2`B2b Q7 [m2biBQMb U_�b+?F�- kyR8VX
AM Qm` +�b2- K�Mv 72�im`2b ě i?2 aLSb ě �`2 2p�Hm�i2/ �i 2�+? MQ/2 #v
HQQFBM; �i i?2 ;2MQivT2 7`2[m2M+B2b �+`Qbb �HH i?2 BM/BpB/m�Hb U6B;m`2 RkRV-
i?2M i?2 72�im`2 r?B+? +H�bbB}2b #2bi Bb +?Qb2M �i i?�i MQ/2X h?mb- #�b2/ QM
i?2 i`�BM b2i- i?2 /2+BbBQM i`22 H2�`Mb � b2`B2b Q7 aLSb iQ 2tTHQ`2 BM Q`/2` iQ
K�F2 � +H�bbB}+�iBQM �M/ i?2M Bi +�M BM72` i?2 +H�bb H�#2Hb Q7 M2r b�KTH2bX
>Qr2p2`- /2+BbBQM i`22b �`2 T`QM2 iQ Qp2`}iiBM;, BM 7�+i- Bi K�v ?�TT2M
i?�i i?2v +?QQb2 �M/ H2�`M p2`v bT2+B}+ [m2biBQMb- r?B+? rQ`F r2HH QMHv QM
i?2 i`�BMBM; /�i�b2i- #mi /Q MQi rQ`F r2HH QM mMb22M /�i�X >Qr2p2`- #v
+QK#BMBM; /Bz2`2Mi i`22b BMiQ � 7Q`2bi- i?Bb 2z2+i Bb KBiB;�i2/, � 7Q`2bi +�M
�p2`�;2 Qmi i?2B` BM/BpB/m�H KBbi�F2b iQ `2/m+2 i?2 `BbF Q7 Qp2`}iiBM; r?BH2
K�BMi�BMBM; bi`QM; T`2/B+iBQM T2`7Q`K�M+2bX

_�M/QK 7Q`2bib rQ`F i?`Qm;? 7Qm` bi2Tb U_�b+?F�- kyR8V,

RX `�M/QKHv +?QQb2 M b�KTH2b 7`QK i?2 i`�BMBM; b2i rBi?Qmi `2TH�+2K2Mi
U#QQibi`�T b�KTH2Vc

kX i`�BM � /2+BbBQM i`22 7`QK i?2 #QQibi`�T b�KTH2b �M/ �i 2�+? MQ/2,

U�V `�M/QKHv b�KTH2 / 72�im`2b Ui?2 aLSbV rBi?Qmi `2TH�+2K2Mic
U#V mb2 i?2 72�im`2 T`QpB/BM; i?2 #2bi bTHBi iQ bTHBi i?2 MQ/2 Ui?2

b2H2+iBQM Q7 i?2 #2bi 72�im`2b �i 2�+? MQ/2 Bb K�/2 2p�Hm�iBM;- 7Q`
BMbi�M+2- i?2 K�tBKBx�iBQM Q7 i?2 BM7Q`K�iBQM ;�BMXV

jX `2T2�i i?2 bi2Tb R �M/ k i iBK2bX

9X +QK#BM2 i?2 T`2/B+iBQM Q7 2�+? i`22 BM Q`/2` iQ �bbB;M i?2 +H�bb H�#2H
#v K�DQ`Biv pQi2X
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6B;m`2 RkRX 1t�KTH2 Q7 � /2+BbBQM i`22 rQ`FBM; rBi? ;2M2iB+ p�`B@
�iBQM /�i�X AK�;2 i�F2M 7`QK >�DBHQQ 2i �HX- kyRjX

AM i?Bb T?�b2- r2 �`2 MQi BMi2`2bi2/ BM i?2 +H�bbB}+�iBQM TQr2` Q7 `�M/QK
7Q`2bi #mi BMbi2�/ BM Bib �#BHBiv iQ BM72` i?2 72�im`2 BM7Q`K�iBp2M2bbX AM
7�+i- �i 2�+? MQ/2- i?2 i`22b Q7 i?2 7Q`2bi /BpB/2 i?2 /�i�b2i BMiQ F ;`QmTb
#v +?QQbBM; i?2 72�im`2 r?B+? �HHQrb i?2 ǳTm`2biǴ ;`QmTb TQbbB#H2X h?2
`�M/QK 7Q`2bi +�M �p2`�;2 i?2 ǳBKTQ`i�M+2Ǵ Q7 2�+? 72�im`2 �+`Qbb 2�+? i`22
bBKTHv #v HQQFBM; �i i?2 bQ@7Q`K2/ ;`QmTb ǳTm`BivǴ, �i i?2 2M/ Q7 i?Bb bi2T-
2�+? 72�im`2 rBHH ?�p2 �M ǳBKTQ`i�M+2Ǵ b+Q`2X a22M BM i?2b2 i2`Kb- i?2 KQ`2
BKTQ`i�Mi i?2 72�im`2 Bb- i?2 KQ`2 i?�i 72�im`2 rBHH /2+`2�b2 i?2 BKTm`Biv
�i i?2 MQ/2X

�b T`2pBQmbHv b�B/- r2 �`2 MQi BMi2`2bi2/ BM i?2 `�M/QK 7Q`2bi �b � +H�b@
bB}2` �M/- 7Q` i?Bb `2�bQM- r2 /B/ MQi b2�`+? 7Q` i?2 #2bi ?vT2`T�`�K2i2`b �b
mbm�HHv /QM2 rBi? � `�M/QK �M/ � ;`B/ b2�`+?X AMbi2�/- Qm` T`BK�`v �BK r�b
iQ Q#i�BM �M BKTQ`i�M+2 b+Q`2 7Q` 2�+? 72�im`2X 6Q` i?Bb `2�bQM- r2 r�Mi2/
iQ #mBH/ � +H�bbB}2` �#H2 iQ 2tTHQ`2 �HH Q7 Qm` 72�im`2b ě i?2 aLSb ě �M/
+QKTmi2 � b+Q`2 7Q` �HH Q7 i?2K Ui?2 +Q/2 7Q` #mBH/BM;- i`�BMBM; �M/ }iiBM;
i?2 `�M/QK 7Q`2bi +H�bbB}2` Bb BM i?2 `mH2 +�HH2/ `�M/QKn7Q`2biVX

q2 mb2/ i?2 b+BFBi@H2�`M +H�bb _�M/QK6Q`2bi*H�bbB}2` iQ #mBH/ � `�M/QK
7Q`2bi +H�bbB}2` UMQ/2 `�M/QKn7Q`2bi BM 6B;m`2 RR3V rBi? Ry-yyy i`22b UMn@
2biBK�iQ`b T�`�K2i2`V �M/ � K�tBKmK /2Ti? Q7 Ry 7Q` 2�+? i`22 UK�tn/2Ti?
T�`�K2i2`VX AM Q`/2` iQ bT22/ mT i?2 T`Q+2bb- r2 ǳ?2HT2/Ǵ i?2 `�M/QK 7Q`2bi
BM Bib rQ`F Q7 }M/BM; i?2 KQbi BM7Q`K�iBp2 72�im`2b- #v `2KQpBM; i?2 bm`2Hv
mMBM7Q`K�iBp2 ;2M2iB+ p�`B�Mib- BX2X- i?2 p�`B�Mib rBi? � J�6 UKBMQ` �HH2H2
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7`2[m2M+vV iQQ HQr 7Q` #2BM; b?�`2/ �+`Qbb �HH BM/BpB/m�Hb Q7 � TQTmH�iBQM
�M/ i?mb 7Q` 2z2+iBp2Hv +QMi`B#miBM; iQ � TQTmH�iBQM +H�bbB}+�iBQMX 1p2M
i?Qm;? i?Bb +QMbB/2`�iBQM Bb FBM/ Q7 Q#pBQmb- r2 /2KQMbi`�i2/ Bi #v THQiiBM;
i?2 72�im`2 BKTQ`i�M+2b �+`Qbb i?`22 J�6 #BMX AM 6B;m`2 Rkk- r2 b22 i?�i
�KQM; i?2 72�im`2b rBi? i?2 ?B;?2bi BKTQ`i�M+2b i?2`2 �`2 MQ HQr@7`2[m2M+v
p�`B�Mib UrBi? J�6 < 0.1VX

h?mb r2 Bi2`�iBp2Hv J�6@}Hi2`2/ i?2 8y i`�BMBM; b2ib- `2i�BMBM; QMHv
i?Qb2 aLSb r?Qb2 K�tBKmKJ�6 p�Hm2 r�b ;`2�i2` i?�M Qm` J�6 i?`2b?QH/b
Uy- yXkyV BM �i H2�bi QM2 TQTmH�iBQM UMQ/2 +H2�MBM;nbi2TnK�7 BM 6B;m`2 RR3VX
h�#H2 k9 b?Qrb i?2 K2�Mb �M/ bi�M/�`/ /2pB�iBQMb Q7 i?2 `2K�BMBM; aLSb
rBi? /Bz2`2Mi J�6 i?`2b?QH/b- �+`Qbb i?2 8y ;`QmTBM;bX

AM +QM+HmbBQM- r2 i`�BM2/ � `�M/QK 7Q`2bi QM i?2 i`�BMBM; b2ib }Hi2`2/
rBi? y �M/ yXky J�6- i?mb Q#i�BMBM; 5 ∗ 2 ∗ 10 HBbi Q7 72�im`2b bQ`i2/ #v
i?2B` BM7Q`K�iBp2M2bb b+Q`2b U8 #2+�mb2 r2 ?�p2 � 8@7QH/ +`Qbb@p�HB/�iBQM �b
BM 6B;m`2 Rky�- k #2+�mb2 r2 ?�p2 k J�6 i?`2b?QH/b �M/ Ry #2+�mb2 i?2
;`QmTBM;b r2`2 `2T2�i2/ b?m|BM; i?2 b�KTH2b Ry iBK2bVX
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6B;m`2 RkkX 62�im`2 BKTQ`i�M+2 #BMb �++Q`/BM; iQ i?`22 J�6
bm#/BpBbBQMbX h?2 72�im`2 BKTQ`i�M+2 r�b +QKTmi2/ QM Ry-yyy aLSb �M/
b2H2+iBM; i?2 #2bi `�M/QK 7Q`2bi +H�bbB}2` rBi? i?2 7mM+iBQM :`B/a2�`+?*oX
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J�6 K2�M b/
y dey-R3R y
yXyR d8N-jy9X89 jeX99
yXyk d8y-jyRXek kyjXyN
yXyj dkj-d8k 8j8Xey
yXy9 eed-88dXe9 Rky8X8y
yXy8 8N3-dedXke Re8dXy8
yXye 89R-y3yXNe R3R9Xk3
yXyd 93j-9j8XRk 83RNXNd
yXy3 9jj-RdkXye ReyyXe9
yXyN jNd-kk8XN RRdjXeR
yXR jee-3N8Xd9 RjN9XR8
yXRR jje-ykdXd3 RkN3X8N
yXRk jRe-Nk8Xd9 Rk98XRy
yXRj kNe-j3eXN j83Xed
yXR9 kd3-NyeX93 R888XNN
yXR8 kej-e9jXk3 Ry89XNd
yXRe k8k-ek3Xee RyR9Xy8
yXRd k9y-88jXee ReydX9N
yXR3 kkN-j3R 98jX3N
yXRN kky-983Xe3 NyNXj3
yXk kRk-3kNX9 33dXye

h�#H2 k9X J2�M �M/ K2/B�M Q7 i?2 MmK#2` Q7 aLSb H27i �7i2`
J�6 }Hi2`BM; �+`Qbb i?2 i`�BMBM; b2ibX J�6 i?`2b?QH/b `�M;2 7`QK
y U�HH aLSb `2i�BM2/V iQ yXk UQMHv aLSb r?Qb2 K�tBKmK J�6 p�Hm2 BM �
TQTmH�iBQM r�b ;`2�i2` i?�M i?2 J�6 i?`2b?QH/b r2`2 `2i�BM2/VX

J�`F2` b2i `2}M2K2Mi
LQr r2 ?�p2 +QK2 iQ i?2 K�BM �BK Q7 i?2 rQ`F, /Bb+Qp2` � K2i?Q/ �#H2
iQ }M/ b2ib Q7 ;2M2iB+ K�`F2`b 7Q` TQTmH�iBQM +H�bbB}+�iBQM i?�i �`2 #Qi?
�++m`�i2 �M/ bK�HHX q2 T2`7Q`K2/ i?2 K�`F2` b2i 2p�Hm�iBQM bi2T mbBM;
� 8@7QH/ +`Qbb@p�HB/�iBQM bi`�i2;v U6B;m`2 Rky"VX "�bB+�HHv- r2 bi�`i2/ 7`QK
i?2 BM7Q`K�iBp2M2bb@bQ`i2/ b2i Q7 p�`B�Mib Q#i�BM2/ 7`QK i?2 i`�BMBM; b2i
BM 6B;m`2 Rky� UQM2 b2i Q7 p�`B�Mib Bb � `2bmHi Q7 i?2 AM +QKTmi�iBQM �M/
i?2 Qi?2` /2`Bp2/ 7`QK i?2 `�M/QK 7Q`2biV- i?2M r2 b2H2+i2/ K�Mv b2ib Q7
K�`F2`b �M/ r2 i`�BM2/ � +H�bbB}2` QM 8 /Bz2`2Mi i`�BMBM; b2ib �M/ }M�HHv
r2 2p�Hm�i2/ i?2 T2`7Q`K�M+2b QM i?2 mMBQM Q7 i?2 p�HB/�iBQM b2ib U6B;m`2
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Rky"VX
h?mb- BM Q`/2` iQ �+?B2p2 i?2b2 i�bFb- r2 M22/ i?`22 BM;`2/B2Mib,

Ç � K2i`B+ K2�bm`BM; i?2 T2`7Q`K�M+2b Q7 i?2 KQ/2H-

Ç /Bz2`2Mi b2ib Q7 ;2M2iB+ K�`F2`b iQ +QKT�`2-

Ç QM2 Q` KQ`2 +H�bbB}2`b iQ i2bi i?2 K�`F2` b2ibX

*QM+2`MBM; i?2 }`bi TQBMi ě � T2`7Q`K�M+2 K2i`B+ ě i?2 bBKTH2bi TQb@
bB#H2 QM2 Bb i?2 +H�bbB}+�iBQM �++m`�+v- r?B+? Bb i?2 `�iBQ Q7 i?2 MmK#2` Q7
+Q``2+i T`2/B+iBQMb iQ i?2 iQi�H MmK#2` Q7 BMTmi b�KTH2bX

Accuracy =
Number of correct predictions

Total number of predictions made

PM2 HBKBi�iBQM Q7 i?Bb K2i`B+ Bb i?�i Bi rQ`Fb r2HH QMHv r?2M �HH +H�bb2b
iQ T`2/B+i �`2 #�H�M+2/ BM i2`Kb Q7 MmK#2` Q7 b�KTH2b T2` +H�bbX >Qr2p2`-
�b b?QrM BM i�#H2 kk �M/ kj r2 �`2 MQi BM i?Bb bBim�iBQMX h?mb r2 mb2/ i?2
#�H�M+2/ �++m`�+v BKTH2K2Mi2/ BM bFH2�`M- r?B+? �++QmMib 7Q` +H�bb2b i?�i
�`2 mM2p2MHv `2T`2b2Mi2/ BM i?2 /�i�b2iX

h?2 b2+QM/ BM;`2/B2Mi Q7 Qm` K2i?Q/ Bb i?2 /Bz2`2Mi b2ib Q7 ;2M2iB+ K�`F@
2`bX >Qr2p2`- 2p2M i?Qm;? r2 �`2 BMi2`2bi2/ QMHv BM ǳbK�HHǴ K�`F2` b2ib Q7
H2M;i?- i?2 TQbbB#H2 MmK#2` Q7 b2ib Bb iQQ ?B;? 7Q` #2BM; �#H2 iQ 2tTHQ`2 i?2K
�HHX 6Q` BMbi�M+2- i?2 iQi�H MmK#2` Q7 b2ib Q7 k = {1, . . . , 15} 2H2K2Mib U�
bmBi�#H2 MmK#2` 7Q` i?2 +QMiBM2Mi /�i�b2iV b2H2+i2/ 7`QK L ;2M2iB+ K�`F2`b
Bb /2}M2/ �b,

15∑

k=1

(
N

k

)
=

15∑

k=1

N !

N !(N − k)!

6Q` i?Bb `2�bQM- r2 i`B2/ � bi`�i2;v r?B+? +`2�i2b ;`QrBM; b2ib Q7 K�`F2`b-
#v bi�`iBM; 7`QK i?2 }`bi p�`B�Mi BM i?2 BM7Q`K�iBp2M2bb@bQ`i2/ HBbib �M/
�//BM; QM2 K�`F2` �i 2p2`v bi2T- mMiBH r2 `2�+? i?2 yXNN �++m`�+v p�Hm2
UMQ/2 K�`F2`nb2inb2�`+? BM 6B;m`2 RR3VX

aT2+B}+�HHv- i?2 bi2Tb �`2,

RX i�F2 i?2 }`bi K�`F2` Q7 i?2 HBbi ě i?2 KQbi BM7Q`K�iBp2 �++Q`/BM; iQ
i?2 T`BQ`BiBx�iBQM bi`�i2;v UAM �M/ `�M/QK 7Q`2bi 72�im`2 BKTQ`i�M+2V
ě �M/ i`�BM � +H�bbB}2` mbBM; QMHv i?Bb K�`F2`X h?2M i2bi Bib �++m`�+v
QM i?2 mMBQM Q7 i?2 8 p�HB/�iBQM b2ibX G2i i?2 �++m`�+v Q7 i?2 }`bi
K�`F2` #2 nX
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kX �// i?2 b2+QM/ K�`F2` iQ i?2 HBbi- i`�BM �M/ i2bi i?2 +H�bbB}2` QM i?2
p�HB/�iBQMbX A7 i?2 �++m`�+v BM+`2�b2b Q7 KQ`2 i?�M � }7i? i?2 /2pB�iBQM
7`QK i?2 }M�H p�Hm2- i?mb `2�+?BM; � p�Hm2 Q7 n+ 0.99−n

5 - i?2M i?2 b2+QM/
K�`F2` Bb �//2/ iQ i?2 HBbi- Qi?2`rBb2- i?2 b2�`+? ;Q2b QM iQ i?2 M2ti
K�`F2`X

jX �// i?2 i?B`/ K�`F2` iQ i?2 HBbi �M/ `2T2�i 7`QK bi2T k mMiBH i?2
`2[m2bi2/ �++m`�+v p�Hm2 UyXNNV Bb `2�+?2/X

AKTQ`i�MiHv- ;Bp2M i?�i i?2 �++m`�+v r?2M � M2r K�`F2` Bb �//2/ /2@
T2M/b QM i?2 Qi?2` K�`F2`b �H`2�/v T`2b2Mi BM i?2 HBbi- Bi Bb TQbbB#H2 iQ �// �
K�`F2` i?�i r�b T`2pBQmbHv 2p�Hm�i2/ �M/ /Bb+�`/2/ BM � T`2pBQmb Bi2`�iBQMX
h?2 `mH2 7Q` K�`F2` b2ib `2}M2K2Mi Bb K�`F2`nb2inb2�`+?

� HBKBi�iBQM Q7 i?Bb K2i?Q/ Bb i?�i 2�+? K�`F2` b2i M2+2bb�`BHv +QMi�BMb
i?2 }`bi K�`F2` BM i?2 BMBiB�H bQ`i2/ HBbiX 1p2M i?Qm;? i?Bb p�`B�Mi ?�b � ?B;?
+H�bbB}+�iBQM TQr2`- /Q2b MQi K2�M i?�i i?2 b2+QM/ p�`B�Mi- r?2M +QK#BM2/
rBi? �MQi?2` K�`F2`b b2i- +QmH/ 2t+22/ i?2 T2`7Q`K�M+2 Q7 i?2 }`biX PM
i?2 Qi?2` ?�M/- i?2 +QMbi`�BMi �#Qmi i?2 BKT`Qp2K2Mi Q7 i?2 �++m`�+v Bb
#2M2}+B�H iQ �pQB/ �//BM; � K�`F2` r?B+? �HHQrb � M2;HB;B#H2 BM+`2�b2 Q7 i?2
T2`7Q`K�M+2b U7Q` BMbi�M+2- Bi +QmH/ ?�TT2M r?2M vQm �// K�`F2`b BM G.VX

>Qr2p2`- i?Bb Bb QMHv QM2 Q7 i?2 K�Mv K2i?Q/b 7Q` 2{+B2MiHv }M/BM;
bm#b2ib �M/ r2 TH�M iQ 2tTHQ`2 Qi?2` bi`�i2;B2b 7Q` 2tTHQ`BM; i?2 ?m;2 bT�+2
Q7 TQbbB#H2 K�`F2` b2ibX

h?2 i?B`/ BM;`2/B2Mi Bb � +H�bbB}2`- r?B+? rBHH #2 M2+2bb�`v iQ mHiBK�i2Hv
/Bb+`BKBM�i2 i?2 BM/BpB/m�Hb �KQM; i?2 }p2 TQTmH�iBQMb- mbBM; i?2 `�M/QK
b2ib Q7 K�`F2`X �i i?Bb bi�;2 Q7 i?2 rQ`F r2 i`B2/ i?`22 /Bz2`2Mi +H�bbB}2`b,

Ç L�śp2 "�v2b

Ç >q1 L�śp2 "�v2b UBX2X- �bbmKBM; >�`/v@q2BM#2`; 1[mBHB#`BmKV

Ç _�M/QK 6Q`2bi

q2 ?�p2 �H`2�/v b�B/ r?�i Bb � `�M/QK 7Q`2bi �M/ ?Qr Bi rQ`Fb �i T�;2
kdNX q?BH2 #27Q`2 r2 mb2/ i?Bb K�+?BM2 H2�`MBM; K2i?Q/ iQ 2p�Hm�i2 i?2
+H�bbB}+�iBQM BM7Q`K�iBp2M2bb Q7 i?2 p�`B�Mib- MQr r2 mb2 Bi �b � +H�bbB}2`X

h?2 b2+QM/ +H�bbB}2` Bb +�HH2/ ǳL�śp2 "�v2bǴ ě #2+�mb2 Bi Bb #�b2/ QM
"�v2bǶ i?2Q`2K ě �M/ Bi Bb � T`Q#�#BHBbi K�+?BM2 H2�`MBM; K2i?Q/ mb27mH
7Q` bQHpBM; +H�bbB}+�iBQM T`Q#H2KbX Ai Bb T`2iiv bBKTH2 �M/ Bi Bb QmiHBM2/ �b
7QHHQrbX

:Bp2M � p2+iQ` M Q7 72�im`2b X = (x1, . . . , xn) �M/ � +H�bb Ck- B7 r2 r�Mi
iQ FMQr P (Ck|x1, . . . , xn)- r?B+? Bb i?2 T`Q#�#BHBiv iQ #2 BM i?2 +H�bb Ck
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;Bp2M i?2 72�im`2b x1, . . . , xn- r2 +�M }M/ i?Bb T`Q#�#BHBiv i?�MFb iQ "�v2bǶ
i?2Q`2K rBi?,

P (Ck|x) =
P (Ck, x)

P (x)

AM Qm` +�b2- n Bb i?2 MmK#2` Q7 /Bz2`2Mi +H�bb2b UBX2X- TQTmH�iBQMbV �M/ s
Bb �M BM/BpB/m�H i�F2M 7`QK � TQTmH�iBQM Pi ∈ {P1, . . . , Pn}X q2 /Q MQi FMQr
iQ r?B+? TQTmH�iBQMb i?2 BM/BpB/m�H X #2HQM;b iQ- #mi r2 FMQr i?2 �HH2HB+
�M/ i?2 ;2MQivTB+ 7`2[m2M+B2b Q7 �HH i?2 TQTmH�iBQMbX h?mb- r2 QMHv ?�p2 iQ
Q#b2`p2 i?2 ;2MQivT2b Q7 i?2 BM/BpB/m�H X BM ?Bb ;2M2iB+ K�`F2`b M1, . . . ,Mk

Uh�#H2 k8VX >2`2- 7BD�� Bb i?2 7`2[m2M+v Q7 i?2 ?QKQxv;Qmb ;2MQivT2 �� BM
i?2 TQTmH�iBQM B �i i?2 K�`F2` DX

JR Jk Ę JF

�� �� �� �� �� �� Ę Ę Ę �� �� ��
SQTR 7R-R-�� 7R-R-�� 7R-R-�� 7R-k-�� 7R-k-�� 7R-k-�� Ę Ę Ę 7R-F-�� 7R-F-�� 7R-F-��
SQTk 7k-R-�� 7k-R-�� 7k-R-�� 7k-k-�� 7k-k-�� 7k-k-�� Ę Ę Ę 7k-F-�� 7k-F-�� 7k-F-��
Ę Ę Ę Ę Ę Ę Ę Ę Ę Ę Ę Ę Ę
SQTM 7M-R-�� 7M-R-�� 7M-R-�� 7M-k-�� 7M-k-�� 7M-k-�� Ę Ę Ę 7M-F-�� 7M-F-�� 7M-F-��

h�#H2 k8X 1t�KTH2b Q7 ;2MQivTB+ 7`2[m2M+B2bX

h?2 T`Q#�#BHBiv r2 r�Mi iQ bQHp2 ě P (X ∈ P1|M1, . . . ,Mk) ě +�M #2
r`Bii2M- i?�MFb iQ "�v2bǶ i?2Q`2K- �b,

P (X ∈ P1|M1, . . . ,Mk) =
P (X ∈ P1|M1, . . . ,Mk)

P (M1, . . . ,Mk)

J�`F2`b �`2 �bbmK2/ iQ #2 +QM/BiBQM�HHv BM/2T2M/2Mi Ur2 G.@T`mM2/
Qm` /�i�b2iV- i?mb r2 ?�p2,

P (X ∈ Pi|M1, . . . ,Mk) =
P (X ∈ Pi)P (M1|X ∈ Pi) . . . P (Mk|X ∈ P1)∑n

j=1 P (X ∈ Pj)P (M1, . . . ,Mk|X ∈ Pj)

q2 FMQr i?2 [m�MiBiv P (Mj |X ∈ Pi) ∀j- bBM+2,

P (Mj |X ∈ Pi) = fi,j,AA ifMj = AA

P (Mj |X ∈ Pi) = fi,j,Aa ifMj = Aa

P (Mj |X ∈ Pi) = fi,j,aa ifMj = aa
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JQ`2Qp2`- �HH TQTmH�iBQMb ?�p2 � mMB7Q`K T`BQ`B T`Q#�#BHBiv- bBM+2 i?2v
;2i i?2 b�K2 +?�M+2 Q7 #2BM; i?2 TQTmH�iBQM Q7 Q`B;BM Q7 i?2 BM/BpB/m�H s,

P (X ∈ Pi) =
1

n
∀i ∈ {1, . . . , n}

�i i?Bb TQBMi- r2 ?�p2 �HH i?2 +QKTQM2Mib iQ bQHp2 i?2 L�śp2 "�v2b
+H�bbB}+�iBQM T`Q#H2KX >Qr2p2`- r2 BMi`Q/m+2/ irQ HBiiH2 KQ/B}+�iBQMb- BM
Q`/2` iQ �/�Ti i?2 +QKTmi�iBQM iQ Qm` ;2MQivTB+ 2MpB`QMK2MiX h?2 }`bi Bb
i?2 G�TH�+2 bKQQi?BM; +Q``2+iBQMX "�bB+�HHv- Bi +QMbBbib Q7 �//BM; � [m�MiBiv
iQ i?2 Q#b2`p2/ �HH2H2 Q` ;2MQivTB+ 7`2[m2M+v BM Q`/2` iQ �pQB/ i?2 rQ`bi
+�b2 r?2`2 MQM2 Q7 i?2 BM/BpB/m�Hb BM i?2 i`�BMBM; b2i b?Qrb i?�i T�`iB+mH�`
�HH2H2 Q` ;2MQivT2- BX2X- i?2 �HH2H2 Q` i?2 ;2MQivTB+ 7`2[m2M+v Bb yX G2i M #2
i?2 MmK#2` Q7 BM/BpB/m�Hb- i?mb i?2 �HH2H2 7`2[m2M+v 7Q` i?2 �HH2H2 F Bb,

k

2n

qBi? i?2 G�TH�+2 bKQQi?BM; +Q``2+iBQM r2 ?�p2,

k + 1

2n+ 2

h?2 b2+QM/ KQ/B}+�iBQM ?�b #22M �//2/ QMHv BM i?2 +�b2 Q7 � L�śp2
"�v2b +H�bbB}2` �bbmKBM; >�`/v@q2BM#2`; 1[mBHB#`BmK U>q1 L�śp2 "�v2bVX
AM i?Bb +�b2- BMbi2�/ Q7 mbBM; i?2 ;2MQivTB+ 7`2[m2M+v �b i?2v �TT2�` BM i?2
/�i�b2i- r2 +QKTmi2 i?2 �HH2HB+ 7`2[m2M+B2b 7`QK i?2 Q#b2`p2/ ;2MQivT2b
�M/ i?2M 2biBK�i2 i?2 ;2MQivT2 7`2[m2M+B2b �bbmKBM; i?2 >�`/v@q2BM#2`;
1[mBHB#`BmK,

f(AA) = f(A)2, f(Aa) = 2f(A)(1− f(A)), f(aa) = (1− f(A))2.

AM +QM+HmbBQM- r2 mb2/ i?2 L�śp2 "�v2b +H�bbB}2` #Qi? BM Bib bi�M/�`/
7Q`K �M/ rBi? i?2 >�`/v@q2BM#2`; 1[mBHB#`BmK �bbmKTiBQMX 6Q` +H�`Biv-
i?2 bi2Tb BM i?2 ǳMQ`K�HǴ L�śp2 "�v2b +H�bbB}2` �`2,

RX ;2MQivTB+ 7`2[m2M+B2b +QKTmi�iBQM-

kX G�TH�+2 bKQQi?BM; +Q``2+iBQM-

jX }M�H ;2MQivTB+ 7`2[m2M+B2bX

q?BH2 i?2 bi2Tb BM i?2 >q1 L�śp2 "�v2b +H�bbB}2` �`2,

RX ;2MQivTB+ 7`2[m2M+B2b +QKTmi�iBQM-
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kX �HH2H2 7`2[m2M+B2b +QKTmi�iBQM-

jX G�TH�+2 bKQQi?BM; +Q``2+iBQM-

9X >�`/v@q2BM#2`; 1[mBHB#`BmK i`�Mb7Q`K�iBQM-

8X }M�H ;2MQivTB+ 7`2[m2M+B2b

AM +QM+HmbBQM- r2 i2bi2/ i?`22 /Bz2`2Mi +H�bbB}2`b- i`�BMBM; i?2K QM �
i`�BMBM; b2i �M/ 2p�Hm�iBM; i?2B` T2`7Q`K�M+2b QM i?2 +Q``2bTQM/2Mi p�HB/@
�iBQM b2iX �i i?2 2M/- i?2B` �++m`�+v rBHH #2 +QKTmi2/ QM i?2 mMBQM Q7 i?2
p�HB/�iBQMbX

6BM�H i2biBM; Q7 i?2 KQ/2Hb
�i i?Bb TQBMi Q7 i?2 �M�Hvb2b- r2 M22/2/ iQ +QKT�`2 i?2 /Bz2`2Mi KQ/2Hb
r2 #mBHi #2ir22M 2�+? Qi?2`X 6Q` i?2 b�F2 Q7 +H�`Biv- Bi +QmH/ #2 mb27mH iQ
bmKK�`Bx2 i?2 /Bz2`2Mi +QK#BM�iBQMb Q7 K2i?Q/b r2 2KTHQv2/,

Ç T`BQ`BiBx�iBQM bi`�i2;v

Ĝ AM
Ĝ _�M/QK 6Q`2bi rBi? 9 J�6 }Hi2`b Uy- yXy8- yXRy- yXkyV

Ç +H�bbB}2`

Ĝ L�śp2 "�v2b
Ĝ >q1 L�śp2 "�v2b UBX2X- �bbmKBM; >�`/v@q2BM#2`; 1[mBHB#`BmKV
Ĝ _�M/QK 6Q`2bi

q2 i`B2/ �HH i?2 +QK#BM�iBQMb #2ir22M T`BQ`BiBx�iBQM �M/ +H�bbB}+�iBQM
bi`�i2;B2b 8y iBK2b U#2+�mb2 r2 /B/ � 8@7QH/ +`Qbb@p�HB/�iBQM #v b?m|BM; i?2
b�KTH2b Ry iBK2bVX

>2`2 r2 i`mHv `2�HBx2/ i?�i ǳB7 vQm` bi`�i2;v Bb iQQ +QKTHB+�i2/ iQ #2
2�bBHv 2tTH�BM2/ �M/ mM/2`biQQ/- K�v#2 Bi Bb MQi � ;QQ/ bi`�i2;vǴ Q`- K�v#2-
A +QmH/ bBKTHv BKT`Qp2 Kv 1M;HBb? bFBHHb5

>Qr2p2`- r2 i2bi2/ 2�+? K�`F2` b2i 7QmM/ rBi? � bT2+B}+ TBT2HBM2 U2X;X-
T`BQ`BiBx�iBQM K�/2 rBi? � `�M/QK 7Q`2bi rBi? � J�6 }Hi2` Q7 yXy8 �M/
� +H�bbB}+�iBQM rBi? � >q1 L�śp2 "�v2bV- #v }iiBM; Bib +H�bbB}2` QM Bib
+Q``2bTQM/BM; i`�BMBM; b2i �M/ K�`F2`b �M/ i?2M T`2/B+iBM; i?2 H�#2Hb Q7
i?2 +Q``2bTQM/BM; p�HB/�iBQM �M/ i2bi b2ib U`mH2 K�`F2`nb2in2p�Hm�iBQM �M/
MQ/2 K�`F2`nb2in2p�Hm�iBQM BM 6B;m`2 RR3VX �;�BM- BM Q`/2` iQ +QKTmi2 �+@
+m`�+v p�Hm2b QM i?2 ?B;?2bi MmK#2` Q7 b�KTH2b TQbbB#H2- r2 Tmi iQ;2i?2` i?2
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p�HB/�iBQMb U`mH2 2p�Hm�iBQMn7QH/BM; �M/ MQ/2 2p�Hm�iBQMn7QH/BM; BM 6B;m`2
RR3V- r?BH2 i?2 `mH2 +�HH2/ 2p�Hm�iBQMn�;;`2;�iBQM Bb mb2/ iQ +QK#BM2/ i?2
Ry /Bz2`2Mi b�KTH2 b?m|BM; UMQ/2 2p�Hm�iBQMn�;;`2;�iBQM BM 6B;m`2 RR3VX

h?2M- r2 b2H2+i2/ i?2 #2bi KQ/2Hb- BM i2`Kb Q7 ;2M2iB+ p�`B�Mib �M/
K2i?Q/- �M/ r2 }M�HHv i2bi2/ QM i?2 +Q``2bTQM/BM; i2bi b2iX
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_2bmHib
h?2 �BK Q7 Qm` rQ`F Bb iQ }M/ bK�HH UKBMBK�HV b2iUbV Q7 ;2M2iB+ K�`F2`b
i?�i +�M +H�bbB7v BM/BpB/m�Hb BMiQ QM2 Q7 KmHiBTH2 �M+2bi`B2bX �b K2MiBQM2/
�#Qp2- i?2 M22/ Q7 }M/BM; KBMBK�H b2ib Bb � i2+?MB+�H QM2- BM Q`/2` iQ 7�+2 i?2
Q7i2M HQr@[m�HBiv .L� K�i2`B�H �p�BH�#H2 BM i?2b2 +�b2b U2X;X- K�bb /Bb�bi2`bV
�M/ `2/m+2 ;2MQivTBM; iBK2 �M/ +QbibX h?2 KQ`2 i?2 i�`;2i TQTmH�iBQMb
�`2 /Bp2`b2- i?2 H2bb K�`F2`b rBHH #2 M2+2bb�`v iQ +Q``2+iHv +H�bbB7v i?2B`
BM/BpB/m�HbX

h?`Qm;?Qmi i?Bb b2+iBQM- A rBHH }`bi /2b+`B#2 i?2 �M�Hvb2b T2`7Q`K2/ QM
i?2 ǳ2�bB2`Ǵ T`Q#H2K Q7 +QMiBM2Mib +H�bbB}+�iBQM Ui?2 +QMiBM2Mib /�i�b2iV-
�M/ i?2M KQp2 QM iQ i?2 KQ`2 +?�HH2M;BM; T`Q#H2K Q7 /BbiBM;mBb? i?2 K�BM
K�+`Q@�`2�b Q7 Q`B;BM Q7 i?2 +m``2Mi 1m`QT2�M `27m;22b +`BbBb Ui?2 KB;`�Mib
/�i�b2iVX

h?2 +QMiBM2Mib /�i�b2i
ai�`iBM; 7`QK i?2 +QMiBM2Mi b2T�`�iBQM T`Q#H2K QM Ryyy :2MQK2b TQTmH�@
iBQMb- r2 /B/ bQK2 /2b+`BTiBp2 �M�Hvb2b Q7 i?2 b�KTH2bX � }`bi pBbm�H BMbT2+@
iBQM Q7 i?2 /�i�b2i b?Qrb i?�i Bib TQTmH�iBQMb �`2 `2H�iBp2Hv r2HH b2T�`�i2/X
AM i?2 S*� U6B;m`2 RkjV- �HH +QMiBM2Mib �TT2�` /BbiBM+i rBi? i?2 2t+2TiBQM
Q7 i?2 �K2`B+�M TQTmH�iBQM S1G US2`mpB�Mb 7`QK GBK�V �M/ "1" U"2M;�HB
7`QK "�M;H�/2b?VX >Qr2p2`- � #2ii2` b2T�`�iBQM Bb Q#i�BM2/ r?2M i?2 i?B`/
S* Bb +QMbB/2`2/X

0.10 0.05 0.00 0.05
PC1

0.05

0.00

0.05

PC
2

0.10 0.05 0.00 0.05
PC1

0.15

0.10

0.05

0.00

0.05

PC
3

0.05 0.00 0.05 0.10
PC2

0.15

0.10

0.05

0.00

0.05

PC
3

labels GBR PEL BEB YRI CHB

6B;m`2 RkjX S*� �M�Hvb2b Q7 9dj b�KTH2b 7`QK i?2 +QMiBM2Mib
/�i�b2iX h?2 b�KTH2b #2HQM; iQ }p2 /Bz2`2Mi TQTmH�iBQMb, :"_ U"`BiBb?
BM 1M;H�M/ �M/ a+QiH�M/V- S1G US2`mpB�Mb 7`QK GBK�V- "1" U"2M;�HB 7`QK
"�M;H�/2b?V- u_A UuQ`m#� BM A#�/�MV- *>" U>�M *?BM2b2 BM "2BDBM;VX

6B;m`2 Rk9 b?Qrb i?�i i?2 �M+2bi`�H �HH2H2 7`2[m2M+B2b +QKTmi2/ rBi?
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i?2 �.JAshl_1 bQ7ir�`2 ?�p2 HBiiH2 Qp2`H�T �KQM; i?2 }p2 TQTmH�iBQMbX
� 7m`i?2` +QM}`K�iBQM Q7 i?Bb Bb i?�i K = 5 Bb i?2 MmK#2` Q7 �M+2bi`B2b
rBi? i?2 KBMBKmK +`Qbb@p�HB/�iBQM 2``Q`X Ai �TT2�`b i?�i r2 �`2 BM i?2 #2bi
bBim�iBQM TQbbB#H2 7Q` TQTmH�iBQM +H�bbB}+�iBQMX

G
B
R

PE
L

B
EB YR
I

C
H
B

K=4

K=5

K=6

6B;m`2 Rk9X �.JAshl_1 �M�HvbBb QM 9dj b�KTH2b 7`QK i?2
+QMiBM2Mib /�i�b2iX h?2 b�KTH2b #2HQM; iQ }p2 /Bz2`2Mi TQTmH�iBQMb,
:"_ U"`BiBb? BM 1M;H�M/ �M/ a+QiH�M/V- S1G US2`mpB�Mb 7`QK GBK�V- "1"
U"2M;�HB 7`QK "�M;H�/2b?V- u_A UuQ`m#� BM A#�/�MV- *>" U>�M *?BM2b2 BM
"2BDBM;VX

�i i?Bb TQBMi r2 �TTHB2/ Qm` �AJ b2H2+iBQM TBT2HBM2 �M/ r2 +QKT�`2/
i?2 +H�bbB}+�iBQM T2`7Q`K�M+2b rBi? b2ib Q7 mT iQ R8 K�`F2`b, i?2b2 b2ib
r2`2 b2H2+i2/ rBi? i?2 i?`22 bi`�i2;B2b 7Q` 72�im`2 T`BQ`BiBx�iBQM UAM �M/
i?2 `�M/QK 7Q`2bi rBi?QmifrBi? yXky J�6 }Hi2`bV �M/ +H�bbB}2/ rBi? i?`22
K2i?Q/b 7Q` +H�bbB}+�iBQM UL�śp2 "�v2b- >q1 L�śp2 "�v2b �M/ `�M/QK
7Q`2biVX _2bmHib �`2 b?QrM BM 6B;m`2b Rk8- �M/ *XeX

h?2 }`bi BKTQ`i�Mi `2bmHi Bb i?�i i?2 72�im`2 T`BQ`BiBx�iBQM rBi? AM BM@
7Q`K�iBp2M2bb Bb #2ii2` 7Q` TQTmH�iBQM +H�bbB}+�iBQMX AM 7�+i- AM �HHQrb iQ
Q#i�BM i?2 RyyW Q7 +Q``2+i �bbB;M�iBQMb QM i?2 i`�BMBM; b2ib �M/ �++m`�+v
p�Hm2b mT iQ N8W QM #Qi? i?2 p�HB/�iBQM �M/ i2bi b2ib rBi? RR K�`F2`b- r?BH2
2t+22/BM; NeW rBi? R8 K�`F2`b U6B;m`2 Rk8�VX JQ`2Qp2`- i?2 �++m`�+v p�H@
m2b ;`Qr 7�bi2`- i?mb `2�+?BM; ?B;?2` T2`7Q`K�M+2b rBi? H2bb K�`F2`b- r?B+?
Bb T`2+Bb2Hv Qm` �BK U6B;m`2 Rk8�VX

*QMp2`b2Hv- i?2 T2`7Q`K�M+2b mbBM; K�`F2` b2ib bQ`i2/ rBi? i?2 `�M/QK
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7Q`2bi 72�im`2 BKTQ`i�M+2 �`2 HQr2` �M/ r2 +�M MQi �TT`2+B�i2 /Bz2`2M+2b
�++Q`/BM; iQ i?2 J�6 }Hi2`b �TTHB2/ U6B;m`2b Rk8" �M/ *XeVX
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B)
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6B;m`2 Rk8X �++m`�+v +QKT�`BbQM #2ir22M /Bz2`2Mi 72�im`2 T`BQ`@
BiBx�iBQM bi`�i2;B2b QM i?2 +QMiBM2Mib /�i�b2iX *H�bbB}+�iBQM �++m`�+v
mbBM; AM U�V �M/ `�M/QK 7Q`2bi 72�im`2 BKTQ`i�M+2 rBi?Qmi J�6 }Hi2`BM;
U"V �b T`BQ`BiBx�iBQM bi`�i2;B2b �++Q`/BM; iQ i?`22 /Bz2`2Mi +H�bbB}2`bX
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q?2M r2 +QK2 iQ i?2 2p�Hm�iBQM Q7 i?2 i?`22 K2i?Q/b 7Q` +H�bbB}+�iBQM
UL�śp2 "�v2b- >q1 L�śp2 "�v2b �M/ `�M/QK 7Q`2biV- r2 b22 i?�i �HH +H�bbB}@
2`b b?Qr bQK2 Qp2`}iiBM;- BX2X- i?2B` T2`7Q`K�M+2b �`2 ?B;?2` QM i?2 i`�BMBM;
i?�M QM i?2 p�HB/�iBQM �M/ i2bi b2ib U6B;m`2 Rk8V- ?Qr2p2` i?2 THQi " b?Qrb
i?�i i?Bb T?2MQK2MQM Bb KQ`2 T`QMQmM+2/ 7Q` `�M/QK 7Q`2bi +H�bbB}2`X

�++Q`/BM; iQ i?2b2 `2bmHib- i?2 +QK#BM�iBQM AM T`BQ`BiBx�iBQM @ >q1
L�śp2 "�v2b b?Qrb i?2 ?B;?2` +H�bbB}+�iBQM �++m`�+vX h?mb- r2 +QKTmi2/
Bib i?2 +QM7mbBQM K�i`Bt- r?B+? b?Qrb i?2 +Q``2bTQM/2M+2 #2ir22M `2�H �M/
T`2/B+i2/ �bbB;M�iBQMb 7Q` 2�+? T�B` Q7 TQTmH�iBQMb Uh�#H2 keVX �b 2tT2+@
i2/- i?2 KQbi KBb+H�bbB}2/ TQTmH�iBQM Bb S1G US2`mpB�M 7`QK GBK�V- r?2`2
bQK2 BM/BpB/m�Hb �`2 T`2/B+i2/ iQ #2 "�M;H�/2b?B U"1"V Q` "`BiBb? U:"_Vc
?Qr2p2`- i?2 2``Q` `�i2 `2K�BMb HQrX

"1" *>" :"_ S1G u_A
"1" 3NXy yXy yXy yXy yXy
*>" yXy Ry9X8 yX9 yXR yXy
:"_ yXR yXR NjXd yXR yXy
S1G RyX3 kX8 8XN e8Xd yXR
u_A yXy yXy yXy yXy RRyXy

h�#H2 keX *QM7mbBQM K�i`Bt 7Q` R8 K�`F2`b +?Qb2M rBi? AM T`BQ`@
BiBx�iBQM �M/ +H�bbB}2/ rBi? >q1 L�śp2 "�v2b QM i?2 +QMiBM2Mib
/�i�b2iX h?Bb K�i`Bt +Q``2bTQM/b iQ i?2 +H�bbB}+�iBQM `2bmHib Q7 i?2 ;`22M
+m`p2 QM p�HB/�iBQM b2ib BM 6B;m`2 Rk8�X

6`QK i?Bb T`2HBKBM�`v `2bmHib QM i?2 ǳ2�bvǴ T`Q#H2K ě i?2 +QMiBM2Mib
+H�bbB}+�iBQM ě r2 +�M +QM+Hm/2 i?�i AM K2i`B+ Bb #2ii2` BM /2i2+iBM; i?Qb2
K�`F2`b mb27mH 7Q` TQTmH�iBQM +H�bbB}+�iBQM- r?BH2 r2 /Q MQi b22 �TT`2+B�#H2
/Bz2`2M+2b �KQM; i?2 i?`22 +H�bbB}2`bǶ T2`7Q`K�M+2bX

h?2 KB;`�Mib /�i�b2i
�b 7Q` +QMiBM2Mib- r2 #2;BM i?2 �M�Hvb2b QM i?2 KB;`�Mib /�i�b2i rBi? S*�
�M/ �.JAshl_1X AM i?Bb +�b2- K�FBM; Qmi i?2 7Qm` K�+`Q@�`2�b Bb MQi �b
bi`�B;?i7Q`r�`/ U6B;m`2b Rke �M/ RkdVX .m2 iQ ;2Q;`�T?B+�H T`QtBKBiv �M/
?BbiQ`B+�H `2�bQMb- bQK2 Q7 i?2K b?�`2- BM p�`B�#H2 T`QTQ`iBQMb- i?2 b�K2
�M+2bi`�H +QKTQM2Mib �M/ i?Bb Bb � +?�HH2M;2 7Q` +H�bbB}+�iBQMX 1t�KTH2b
Q7 i?Bb 7�+i �`2 i?2 ;`22M TQ`iBQM BM �7`B+�M �`2�b ULQ`i?2`M �M/ 1�bi2`M
�7`B+�V �M/ BM i?2 JB//H2 1�bi Q` i?2 Tm`TH2 QM2 b?�`2/ #v JB//H2 1�bi2`M
TQTmH�iBQMb �M/ bQK2 ;`QmTb 7`QK aQmi?2`M �bB�- bm+? �b i?2 S�FBbi�MB
BM/BpB/m�HbX
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JQ`2Qp2`- 7`QK i?2 S*� r2 +�M b22 i?�i i?2 K�+`Q@�`2�b BM i?2 KB;`�Mi
/�i�b2i �`2 MQi r2HH b2T�`�i2/- rBi? i?2 bQK2 BM/BpB/m�Hb H�#2HH2/ BM QM2
+H�bb �M/ +Hmbi2`BM; BM �MQi?2` U6B;m`2 RkeVX
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6B;m`2 RkeX S*� �M�Hvb2b Q7 Ry33 b�KTH2b 7`QK i?2 KB;`�Mib
/�i�b2iX h?2 b�KTH2b #2HQM; iQ }p2 /Bz2`2Mi K�+`Q@�`2�b, LQ`i?2`M �7`B+�-
1�bi2`M �7`B+�- JB//H2 1�bi �M/ aQmi?2`M �bB�X
kNe
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6B;m`2 RkdX �.JAshl_1 �M�HvbBb Q7 Ry33 b�KTH2b 7`QK i?2 KB@
;`�Mib /�i�b2iX h?2 b�KTH2b #2HQM; iQ }p2 /Bz2`2Mi K�+`Q@�`2�b, LQ`i?@
2`M �7`B+�- 1�bi2`M �7`B+�- JB//H2 1�bi �M/ aQmi?2`M �bB�X

6`QK KmHiBTH2 TQBMib Q7 pB2r- i?Bb M2r +H�bbB}+�iBQM T`Q#H2K Bb /Bz2`2Mi
7`QK i?2 T`2pBQmb QM2- b?QrBM; bQK2 +?�HH2M;2b r2 /B/ MQi 7�+2 #27Q`2X 6Q`
i?Bb `2�bQM- r2 M22/2/ iQ /2bB;M � T`QT2` +H�bbB}+�iBQM bi`�i2;v bmBi�#H2 7Q`
i?2 M2r K�+`Q@�`2�bX

"27Q`2 �TTHvBM; Qm` �AJ b2H2+iBQM TBT2HBM2 QM Qm` b�KTH2b �M/ ;2MQ@
ivT2b- r2 2tTHQ`2/ i?2 T�`�K2i2` bT�+2 Q7 i?2 KQ/2H- BM Q`/2` iQ +?QQb2 i?2
#2bi QM2bX

�b � }`bi bi2T- r2 i2bi2/ i?2 T2`7Q`K�M+2b Q7 i?2 +H�bbB}2`b UL�śp2 "�v2b
�M/ `�M/QK 7Q`2biV QM i?2 }`bi ∼kyy ;2M2iB+ K�`F2`b bQ`i2/ #v i?2B` AM- #v
imMBM; bQK2 T�`�K2i2`bX q2 +QKT�`2/ i?2 T2`7Q`K�M+2b Q7 L�śp2 "�v2b
�M/ >q1 L�śp2 "�v2b �M/ p�`vBM; i?2 G�TH�+2 bKQQi?BM; T�`�K2i2`b
Uǳ?r246�Hb2fh`m2Ǵ �M/ ǳbKQQi?BM;Ǵ BM 6B;m`2 *XdVX h?2M- r2 `�M;2/ i?2
K�tBKmK /2Ti? Q7 2�+? i`22 BM i?2 _�M/QK 6Q`2bi 7`QK 8 iQ ky UǳK�tn@
/2Ti?ǴV �M/ i?2 MmK#2` Q7 i?2 i`22b UǳMn2biBK�iQ`bǴV 7`QK kyy iQ 3yy
U6B;m`2 *X3VX 6`QK i?2 2p�Hm�iBQM Q7 i?2 `2bmHib- r2 +QM+Hm/2/ i?�i i?2
>q1 �bbmKTiBQM �M/ � bKQQi?BM; T�`�K2i2` ;`2�i2` i?�M y �`2 M2+2bb�`v
iQ `2�+? b�iBb7�+iQ`v T2`7Q`K�M+2b BM � L�śp2 "�v2b +H�bbB}2` U6B;m`2 *XdVc
7Q` r?�i +QM+2`Mb i?2 `�M/QK 7Q`2bi- r2 +�M 2t+Hm/2 � ǳK�tn/2Ti?Ǵ Q7 8-
r?BH2 Ry �M/ ky �`2 bBKBH�`X
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6Q` i?2b2 `2�bQMb- r2 `mM i?2 �AJ b2H2+iBQM TBT2HBM2 mbBM; R �b G�TH�+2
bKQQi?BM; T�`�K2i2` BM i?2 L�śp2 "�v2b +H�bbB}2` �M/ ǳK�tn/2Ti?Ǵ4Ry
�M/ ǳMn2biBK�iQ`bǴ4kyy BM i?2 `�M/QK 7Q`2biX h?2M- r2 +QKT�`2/ i?2
T2`7Q`K�M+2b Q7 i?2 b2H2+i2/ K�`F2` b2ib +QKTQb2/ #v mT iQ jy K�`F2`b-
r?2M i?2 T`BQ`BiBx�iBQM bi`�i2;v r�b i?2 AM �M/ i?2 72�im`2 BKTQ`i�M+2 Q7
i?2 `�M/QK 7Q`2bi- r?BH2 i?2 +H�bbB}2`b r?2`2 L�śp2 "�v2b- L�śp2 "�v2b
>q1 �M/ i?2 `�M/QK 7Q`2biX �b vQm K�v MQiB+2- 7Q` i?2 KB;`�Mib T`Q#H2K-
r2 +QMbB/2`2/ #B;;2` K�`F2` b2ib, /m2 iQ i?2 ;2M2iB+ bBKBH�`Biv Q7 bQK2 Q7
i?2 +H�bb2b- r2 rBHH M22/ KQ`2 72�im`2 iQ +H�bbB7v i?2KX

�b vQm rBHH b22- i?2 �M�Hvb2b T2`7Q`K2/ QM i?2 KB;`�Mib /�i�b2i ;Q BM
i?2 b�K2 /B`2+iBQM Q7 i?2 T`2pBQmb /�i�b2ic KQ`2Qp2`- i?2v Qz2` iQ mb KQ`2
2H2K2Mib iQ /Bb+`BKBM�i2 �KQM; i?2 p�`BQmb bi`�i2;B2b BM Q`/2` iQ b22F Qmi
i?2 KQ`2 bmBi�#H2 QM2bX

h?2 THQib /Q MQi +H2�`Hv b?Qr r?B+? T`BQ`BiBx�iBQM bi`�i2;v �HHQrb iQ
`2�+? i?2 #2bi T2`7Q`K�M+2b U6B;m`2 Rk3Vc ?Qr2p2` K�`F2` b2ib +?Qb2M i?�MFb
iQ AM `2�+? �M �++m`�+v Q7 3eW rBi? jy K�`F2`b- r?BH2 72�im`2 BKTQ`i�M+2@
T`BQ`BiBx�iBQM Q7 K�`F2`b biQTb �i 3kWX

�b Bi r�b 7Q` i?2 +QMiBM2Mib /�i�b2i- i?2`2 Bb MQi �TT`2+B�#H2 /Bz2`2M+2
/m2 iQ J�6 }Hi2`BM; U6B;m`2b Rk3 �M/ *XNVX

lMHBF2 BM i?2 ǳ+QMiBM2MibǴ /�i�b2i- i?2 +H�bbB}2` T2`7Q`K�M+2b �`2 +H2�`Hv
/Bz2`2MiX AM #Qi? +�b2b- i?2 L�śp2 "�v2b rBi?Qmi >q1 �bbmKTiBQM T2`7Q`Kb
p2`v #�/HvX JQ`2Qp2`- r?BH2 #Qi? L�śp2 "�v2b >q1 �M/ `�M/QK 7Q`2bi i2M/
iQ Qp2`}i- i?Bb Bb Km+? KQ`2 T`QMQmM+2/ 7Q` i?2 `�M/QK 7Q`2bi- 7�HHBM; 7`QK
� p2`v ?B;? �++m`�+v QM i?2 i`�BM b2i r?2`2 Bi QmiT2`7Q`Kb >q1 L"- iQ
� Km+? HQr2` �++m`�+v QM i?2 p�HB/�iBQM �M/ i2bi b2ib- r?2`2 Bi Bb bQmM/Hv
QmiT2`7Q`K2/ #v >q1 L" U6B;m`2 Rk3�-"VX
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A)

B)

6B;m`2 Rk3X �++m`�+v +QKT�`BbQM #2ir22M /Bz2`2Mi 72�im`2 T`BQ`@
BiBx�iBQM bi`�i2;B2b QM i?2 KB;`�Mib /�i�b2iX *H�bbB}+�iBQM �++m`�+v
mbBM; AM U�V �M/ `�M/QK 7Q`2bi 72�im`2 BKTQ`i�M+2 rBi?Qmi J�6 }Hi2`BM;
U"V �b T`BQ`BiBx�iBQM bi`�i2;B2b �++Q`/BM; iQ i?`22 /Bz2`2Mi +H�bbB}2`bX
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AMi2`2biBM;Hv- i?2 �M�Hvb2b Q7 i?2 +QM7mbBQM K�i`Bt 7Q` i?2 #2bi K�`F2`
b2i +QM}`Kb r?�i i?2 �.JAshl_1 �M�Hvb2b U6B;m`2 RkdV ?�/ �H`2�/v bm;@
;2bi2/, JB//H2 1�bi2`M b�KTH2b �`2 #2BM; KBbi�F2M 7Q` LQ`i?2`M �7`B+�Mb-
�b r2HH �b aQmi? �bB�Mb �M/ JB//H2 1�bi2`M BM/BpB/m�Hb Uh�#H2 kdVX

1�ahn�6_A*� JA..G1n1�ah LP_h>n�6_A*� aPlh>n�aA�
1�ahn�6_A*� RkyXj kXd RRXy yXy
JA..G1n1�ah jXR RN9Xd jyXy kkXk
LP_h>n�6_A*� kX8 R8XR eRXN yX8
aPlh>n�aA� yXe 9Xk yXj ek3XN

h�#H2 kdX *QM7mbBQM K�i`Bt 7Q` R8 K�`F2`b +?Qb2M rBi? AM T`B@
Q`BiBx�iBQM �M/ +H�bbB}2/ rBi? >q1 L�śp2 "�v2b QM i?2 KB;`�Mib
/�i�b2iX h?Bb K�i`Bt +Q``2bTQM/b iQ i?2 +H�bbB}+�iBQM `2bmHib Q7 i?2 ;`22M
+m`p2 QM p�HB/�iBQM b2ib BM 6B;m`2 Rk3�X

AMi2`T`2i�iBQM �M/ r?�iǶb M2ti
�b vQm K�v ?�p2 mM/2`biQQ/ 7`QK i?2 `2bmHib T`2b2Mi2/ ?2`2- i?Bb bim/v Bb
rQ`F BM T`Q;`2bb �M/ r2 �`2 biBHH � #Bi +QM7mb2/ �#Qmi ?Qr iQ BKT`Qp2 Qm`
�AJ b2H2+iBQM TBT2HBM2X >Qr2p2`- r2 ?�p2 �H`2�/v ;Qi bQK2 BMbB;?ib �#Qmi
i?2 +H�bbB}+�iBQM T`Q#H2KX q?BH2 i?2 +QMiBM2Mib /�i�b2i T`Qp2/ iQ #2 `2�HHv
mb27mH iQ mM/2`bi�M/ i?2 K�BM +?�`�+i2`BbiB+b Q7 i?2 TQTmH�iBQM +H�bbB}+�iBQM
T`Q#H2K �M/ iQ /2p2HQT � K2i?Q/ 7Q` /QBM; Bi- Bb QM i?2 KB;`�Mib /�i�b2i
i?�i r2 �`2 KQbi BMi2`2bi2/ BM 7Q` +QMi`B#miBM; iQ i?2 T`Q#H2K Q7 i?2 T2`bQM�H
B/2MiB}+�iBQM Q7 /2�/ KB;`�MibX

"Qi? BM i?2 +QMiBM2Mib �M/ BM i?2 KB;`�Mib /�i�b2i- i?2 +H�bbB}+�iBQM
T2`7Q`K�M+2b �`2 ?B;?2` QM i?2 i`�BMBM; i?�M QM i?2 p�HB/�iBQM �M/ i2bi
b2ibX h?Bb Bb � bB;M Q7 i?2 T`2b2M+2 Q7 ǳp�`B�M+2Ǵ- r?B+? Bb `2T`2b2Mi2/ #v i?2
+H�bbB}+�iBQM 2``Q`b K�/2 QM i?2 p�HB/�iBQM Q` i2bi b2i �M/ Bi Bb mHiBK�i2Hv
� +QMb2[m2M+2 Q7 Qp2`}iiBM;X h?Bb 2z2+i Bb KQ`2 2pB/2Mi BM i?2 KB;`�Mib
/�i�b2i U6B;m`2 Rk3V �M/- bT2+B}+�HHv- r?2M i?2 +H�bbB}2` Bb � `�M/QK 7Q`2biX

*QMp2`b2Hv- r?2M i?2`2 Bb � +H�bbB}+�iBQM 2``Q` QM i?2 i`�BMBM; b2i ě
BX2X- i?2 K�tBKmK �++m`�+v p�Hm2 QM i?2 i`�BMBM; Bb MQi R ě r2 �`2 i�HFBM;
�#Qmi ǳ#B�bǴX AM Qm` THQib- r2 +QmH/ b22 � bK�HH �KQmMi Q7 #B�b r?2M r2 mb2
i?2 L�śp2 "�v2b >q1 +H�bbB}2`, BM 7�+i- i?2 ;`22M HBM2 +Q``2bTQM/BM; iQ i?2
i`�BMBM;- M2p2` `2�+?2b RyyW Q7 �++m`�+v- K2�MBM; i?�i i?2 KQ/2H +�M MQi
+Q``2+iHv +H�bbB7v �HH i?2 b�KTH2b BM i?2 i`�BMBM; b2i U6B;m`2 Rk3VX 6`QK i?2
Qi?2` ?�M/- L�śp2 "�v2b >q1 b?Qrb � KQm+? HQr2` p�`B�M+2 i?�M `�M/QK
7Q`2bi- i?mb +QM}`KBM; Bib2H7 �b i?2 iQT +H�bbB}2`X

h?2 T`2b2M+2 Q7 #B�b BM � K�+?BM2 H2�`MBM; KQ/2H /2T2M/b K�BMHv QM

jyy
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i?2 7�+i i?�i i?2 K2i?Q/ mb2/ Bb MQi +QKTH2i2Hv bmBi�#H2 7Q` i?2 /�i� Q` i?2
/�i�b2i Bb iQQ HBiiH2 �M/ BM?QKQ;2M2QmbX 6Q` 2t�KTH2- � ?B;? #B�b +QmH/ #2
b22M r?2M r2 i`v iQ +H�bbB7v � MQM@HBM2�`Hv b2T�`�#H2 /�i�b2i rBi? � HBM2�`
+H�bbB}2`X >Qr2p2`- BM Qm` +�b2 r2 �`2 T`Q#�#Hv BM i?2 bBim�iBQM r?2`2 i?2
+H�bb2b BM i?2 /�i�b2i �`2 MQi ?QKQ;2M2Qmb- �b �.JAshl_1 THQi +QmH/
b?Qr U6B;m`2 RkdVX h?mb- QM2 TQbbB#BHBiv r2 +�M 7QHHQr iQ BKT`Qp2 i?2 L�śp2
"�v2b >q1 +H�bbB}+�iBQM T2`7Q`K�M+2b QM i?2 i`�BMBM; Bb iQ +QMbB/2` KQ`2
?QKQ;2M2Qmb +H�bb2b BM i?2 KB;`�Mib T`Q#H2K Q` BM+`2�b2 i?2 bBx2 Q7 i?2
/�i�b2iX

>Qr2p2`- r?2M r2 +QKT�`2 i?2 T2`7Q`K�M+2b Q7 i?2 p�`BQmb KQ/2Hb
#2ir22M p�HB/�iBQM �M/ i2bi b2ib ě MQi2 i?�i i?2v �`2 +QKTH2i2Hv BM/2T2M/@
2Mi `2THB+� #2ir22M 2�+? Qi?2` ě r2 b22 i?�i i?2v �`2 bBKBH�` �M/ 7Q` i?2
KQbi T�`i Qp2`H�TT2/- K2�MBM; i?�i i?2 T2`7Q`K�M+2b T`2/B+iBQMb �`2 `2�HHv
bi�#H2X �b � +QMb2[m2M+2- i?2`2 Bb MQ `2�bQM iQ i?BMF i?�i i?2 T2`7Q`K�M+2b
rBHH /`QT r?2M M2r b�KTH2b rBHH #2 �M�Hvb2/X

�MQi?2` TQBMi iQ +QMbB/2` Bb i?2 bQm`+2 Q7 i?2 ;2MQivT2b, BM i?2 +�b2
Q7 i?2 +QMiBM2Mib /�i�b2i i?2v +QK2 7`QK r?QH2@;2MQK2 b2[m2M+2b- 2p2M B7
�i HQr +Qp2`�;2X *QMp2`b2Hv- i?2 KB;`�Mib /�i�b2i ?�b #22M K2`;2/ 7`QK
K�Mv /Bz2`2Mi Tm#HBb?2/ aLS@�``�v /�i�b2ibX :Bp2M i?2 �b+2`i�BMK2Mi #B@
�b2b b?QrM #v i?2b2 TH�i7Q`Kb rBi? `2bT2+i iQ MQM@1m`QT2�M b�KTH2b- r2
+�M `2�bQM�#Hv �bbmK2 i?�i r2 �`2 KBbbBM; � ;`2�i /2�H Q7 i?2 �7`B+�M �M/
�bB�M ;2M2iB+ p�`B�iBQMX

AM Q`/2` iQ }t i?2 T`Q#H2Kb r2 ?�p2 2M+QmMi2`2/- r2 +�M rQ`F #Qi?
QM Qm` K2i?Q/b �M/ QM Qm` /�i�b2ibX q2 rBHH i`v M2r +H�bbB}2`b- TQbbB#Hv
+QK#BMBM; i?2K iQ;2i?2`- Qi?2` T`BQ`BiBx�iBQM �M/ K�`F2` b2i 2tTHQ`�iBQM
bi`�i2;B2bX �b 7Q` i?2 /�i�b2i- r2 +QmH/ i`v `2H�#2HBM; Q` +H2�MBM; Qm` KB;`�Mi
/�i�b2i- #mi �MQi?2` TQbbB#HBiv Bb `2TH�+BM; rBi? b2[m2M+2/ /�i�X AM 7�+i-
i?2 >:.S b�KTH2b- +QKT`BbBM; K�Mv LQ`i?2`M �7`B+�M �M/ JB//H2 1�bi2`M
b�KTH2b- ?�p2 `2+2MiHv #22M b2[m2M+2/ U"2`;bi`ƺK 2i �HX- kyRNV- r?BH2 � ;`2�i
2zQ`i ?�p2 #2BM; K�/2 iQ b2[m2M+2 US�;�MB 2i �HX- kyR8V �M/ ;2MQivT2 UGƦT2x
2i �HX- kyRNV KQ`2 1�bi2`M �7`B+�M b�KTH2b US�;�MB 2i �HX- kyR8VX >�pBM; �
;QQ/ /�i�b2i Bb p2`v BKTQ`i�Mi BM K�+?BM2 H2�`MBM;- �M/ rBi? � #B;;2` �M/
H2bb #B�b2/ b2H2+iBQM Q7 p�`B�Mib r2 ?QT2 iQ b22 bi`QM; BKT`Qp2K2Mib BM Qm`
`2bmHibX
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LQp2H bi`�i2;B2b 7Q` �AJ b2H2+iBQM

jyk



*QM+HmbBQM
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ǳ_Q�/b ;Q 2p2` 2p2` QM
lM/2` +HQm/ �M/ mM/2` bi�`-
u2i 722i i?�i r�M/2`BM; ?�p2 ;QM2
hm`M �i H�bi iQ ?QK2 �7�`Ǵ

CX _X _X hQHFB2M- h?2 >Q##Bi

JB;`�iBQM i�H2b

T
?2 QMHv r�v r2 +�M /22THv mM/2`bi�M/ Qm` ?mK�M M�im`2 Bb #v
HQQFBM; #�+FX hQ/�v- Bi Bb MQr TQbbB#H2X h?2 b+B2MiB}+ `2pQHmiBQM
r2 �`2 2tT2`B2M+BM; Bb H2�/BM; mb BM � `2�H ;2MQKB+ pQv�;2 #�+F
BM iBK2X 6QHHQrBM; i?2 7QQibi2Tb Q7 Qm` �M+2biQ`b BM Qm` ;2MQK2-

r2 �`2 rBiM2bbBM; M2r �M/ Q7i2M �biQMBb?BM; �bT2+ib Q7 ?mK�M TQTmH�iBQMb
?BbiQ`v- bm+? �b i?2 BMiBK�i2 `2H�iBQMb?BT i?�i i?2v ?�/ rBi? L2�M/2`i?�Hb
b2p2`�H i?Qmb�M/b Q7 v2�`b �;Q- �b r2HH �b i?2 +QKTH2t T�ii2`Mb Q7 �/KBtim`2
�M/ KB;`�iBQMb- r?B+? ;�p2 `Bb2 iQ i?2 KQ/2`M ?mK�M +mHim`2bX

>Qr2p2`- i?2 KQ`2 r2 /B; BM Qm` �`+?�B+- �M+B2Mi �M/ KQ`2 `2+2Mi T�bi-
i?2 KQ`2 r2 `2�HBx2 i?�i i?2`2 �Hr�vb ?�p2 #22M � +QKKQM i?`2�/ +QMM2+iBM;
i?2 ?mK�M #2BM;b �+`Qbb i?2 KBHH2MMB�X Ai Bb KB;`�iBQMX

h?`Qm;?Qmi i?Bb i?2bBb- Bib 7Qm` T�`ib M�``�i2 /Bz2`2Mi ǳbiQ`B2bǴ �#Qmi
?mK�M TQTmH�iBQMb �M/ i?2B` KQp2K2MibX

h?2 ǳ�`+?�B+ i�H2bǴ �`2 BKT`2bbBp2 �M/ K�;MB}+2Mi 2t�KTH2b Q7 i?2
TQr2` Q7 T�bi KB;`�iBQMb BM /22THv b?�TBM; Qm` ?mK�M M�im`2X 1p2M B7
/m2 iQ � bK�HH TQ`iBQM Q7 Qm` ;2MQK2- r2 @ 1m`�bB�Mb @ �`2 MQi ǳTm`2Ǵ a�TB@
2Mb- #mi BMbi2�/- r2 ?B/2 bQK2i?BM; 2Hb2, i?2 ;2M2iB+ H2;�+v Q7 �M 2tiBM+i
?mK�M ;`QmT- i?2 L2�M/2`i?�HbX q?2M r2 +QMbB/2` r?�i K�F2b mT i?2
+Q`2 Q7 ?mK�M B/2MiBiv QMHv 7`QK � ;2M2iB+ TQBMi Q7 pB2r- Bi Bb T`2iiv +H2�`
r?�i r2 �`2, � KBb+2HH�Mv Q7 �i H2�bi irQ /BbiBM+i ?mK�M ;`QmTb- Q7 r?B+?
QM2 MQ HQM;2` r�M/2`b i?Bb rQ`H/X A7 Qm` a�TB2Mb �M+2biQ`b ?�/MǶi �`K2/
i?2Kb2Hp2b rBi? +Qm`�;2 �M/ H27i i?2B` �7`B+�M ?QK2- i?2v +QmH/MǶi ?�p2 K2i
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�M/ KBt2/ rBi? i?2 L2�M/2`i?�HbX AM i?�i +�b2- r2 rQmH/ MQi 2tBbi BM Qm`
T`2b2Mi 7Q`K- #mi BMbi2�/ r2 rQmH/ #2 bQK2i?BM; 2Hb2X Ai rQmH/ ?�p2 #22M-
T2`?�Tb- M2Bi?2` #2ii2` MQ` rQ`b2- #mi bm`2Hv /Bz2`2Mi, K�v#2- rBi?Qmi bQK2
L2�M/2`i?�H ;2M2b- Qm` +QHQMBxBM; �/p2Mim`2 rQmH/ ?�p2 #22M bHQr2/ /QrM
#v i?2 1m`�bB�M 2MpB`QMK2Mi- ?QbiBH2 7Q` Qm` �7`B+�M �/�Ti2/ #Q/B2bX

"mi i?Bb �HbQ �TTHB2b iQ r?�i ?�TT2M2/ M2ti- BM i?2 ǳ�M+B2Mi i�H2bǴ,
i?2 T2QTHBM; Q7 i?2 rQ`H/ �M/- bT2+B}+�HHv 7Q` r?�i +QM+2`Mb i?Bb i?2bBb- i?2
T2QTHBM; Q7 1m`QT2 ?�p2 #22M i�F2M TH�+2 #v KmHiBTH2 KB;`�iQ`v r�p2b- 2�+?
Q7 i?2K- �HKQbi +QKTH2i2Hv `2TH�+BM; Q` KBtBM; rBi? i?2 T`2pBQmb b2iiH2`bX
h?Bb T?2MQK2MQM r2Mi QM 7Q` KBHH2MMB� �M/ Bi Bb biBHH ?�TT2MBM;- bQ Km+?
i?�i Bi Bb MQi 2�bv iQ �Mbr2` i?2 [m2biBQM ǳr?Q �`2 i?2 1m`QT2�Mb\ǴX

q?2M r2 +QK2 iQ i?2 ǳKQ/2`M i�H2bǴ- r2 i�HF �#Qmi � bHB;?iHv /Bz2`2Mi
K�ii2`X >2`2- i?2 K�BM i?2K2 Bb MQi KB;`�iBQM- #mi BMbi2�/ i?2 +QMb2[m2M+2b
i?�i KB;`�iBQM �M/ �/KBtim`2- iQ;2i?2` rBi? b2H2+iBQM �M/ ;2M2iB+ /`B7i 7Q`
i?2 ;`2�i T�`i- ?�/ QM Qm` ;2MQK2X AM T�`iB+mH�`- 2p2M ?2�Hi?v ?mK�M #2BM;b
�`2 +�``vBM; KQ`2 Q` H2bb /2H2i2`BQmb p�`B�Mib �M/ i?2 7`2[m2M+v Q7 i?2B` �H@
H2H2b +QmH/ #2 ?B;?Hv p�`B�#H2 �KQM; /Bz2`2Mi TQTmH�iBQMb- �b � +QMb2[m2M+2
Q7 i?2 7�+iQ`b K2MiBQM2/ �#Qp2X h?Bb K2�Mb i?�i i?2 ;2M2iB+ bi`m+im`2 Q7 �
TQTmH�iBQM +QmH/ /2i2`KBM2 i?2 2MiBiv Q7 � ;2M2iB+ #m`/2M i?2 BM/BpB/m�Hb
#2�` /m`BM; i?2B` r�M/2`BM;bX

P#pBQmbHv- �b i`2�i2/ BM i?2 H�bi T�`i- ǳ7mim`2 i�H2bǴ- KB;`�iBQMb �`2 MQi
� `2HB+ Q7 i?2 T�biX �`QmM/ 3yy-yyy KB;`�Mib �``Bp2/ BM 1m`QT2 Qp2` i?2 H�bi
7Qm` v2�`b `mMMBM; 7`QK iQ`im`2- �#mb2- KBb2`v Q` bBKTHv b22FBM; � #2ii2`
HB72X h?2v +QK2 7`QK 1�bi2`M �7`B+� UaQK�HB� �M/ 1`Bi`2�V- aQmi?2`M �bB�
U"�M;H�/2b? �M/ S�FBbi�MV �M/ 7`QK i?2 r�`@iQ`M +QmMi`B2b Q7 i?2 JB//H2
1�biX J�Mv Q7 i?2K 7�BH iQ `2�+? Qm` b?Q`2 �M/ /`QrM BM i?2 J2/Bi2``�M2�M
a2�X �i i?Bb TQBMi- i?2v ?�p2 iQ 7�+2 �MQi?2` DQm`M2v, i?2 rBM/BM; T�i? Q7
T2`bQM�H B/2MiB}+�iBQM �M/- BM +�b2 Q7 bm++2bb- i?2 r�v #�+F ?QK2X

AM Kv QTBMBQM- i2HHBM; i?2 i�H2b Q7 Qm` T�bi �M/ i?2 KB;`�iBQMb r?Q
;�p2 `Bb2 iQ i?2 KQ/2`M ?mK�M TQTmH�iBQMb ?�p2 � ;`2�i p�Hm2 iQ/�vX AM
i?2 +m``2Mi ?BbiQ`B+�H T2`BQ/- r2 ?�p2 7QM/ i?2 +QM+2Ti Q7 +mHim`�H B/2MiBiv-
K�BMHv #2+�mb2 Bi +QmH/ #2 p2`v mb27mH iQ /`�r #QmM/�`B2b, r2 FMQr r?Q
r2 �`2 #v mM/2`bi�M/BM; r?QK Bb /Bz2`2Mi 7`QK mbX >Qr2p2`- r?�i rQmH/
vQm b�v B7 A iQH/ vQm i?�i �`QmM/ 3y-yyy v2�`b �;Q r2 r2`2 i?2 �7`B+�M
#H�+F@bFBMM2/ KB;`�Mib �``BpBM; BM 1m`QT2\ 6`QK � ;2M2iB+ TQBMi Q7 pB2r-
i?2 +QM+2Ti Q7 ǳB/2MiBivǴ Bb ~mB/, r2 �Hr�vb KQp2/ �M/ �Hr�vb KBt2/ rBi?
i?2 T2QTH2 r2 K2i- �Hr�vb 7Q`;2iiBM; bQK2 ǳB/2MiBiB2bǴ r?BH2 7Q`KBM; Qi?2`bX

:QBM; KQ`2 �M/ KQ`2 #�+F BM Qm` T�bi- i?2 +mHim`�H- bQ+B�H- `2HB;BQmb
�M/ M�iBQM�H B/2MiBiB2b- r?B+? iQ/�v b22K bQ bi�iB+ �M/ BKKmi�#H2- #2;BM iQ
+`mK#H2X �i i?Bb TQBMi- i?2`2Ƕb Dmbi QM2 B/2MiBiv H27i, i?2 ?mK�M QM2X
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>QK2 Bb #2?BM/- i?2 rQ`H/ �?2�/-
�M/ i?2`2 �`2 K�Mv T�i?b iQ i`2�/

h?`Qm;? b?�/Qrb iQ i?2 2/;2 Q7 MB;?i-
lMiBH i?2 bi�`b �`2 �HH �HB;?iX

h?2 rQ`H/ #2?BM/ �M/ ?QK2 �?2�/-
q2ǶHH r�M/2` #�+F iQ ?QK2 �M/ #2/X

CX _X _X hQHFB2M- � q�HFBM; aQM;

ǳ Ǵ
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�`+?�B+ i�H2b

L2�M/2`i?�H �HH2H2 +QmMi
"2HQr vQm +�M }M/ i?2 #�b? +Q/2 7Q` +QmMiBM; i?2 MmK#2` Q7 L2�M/2`i?�H
�HH2H2b BM ?2i2`Qxv;QbBiv �M/ BM ?QKQxv;QbBiv T2` BM/BpB/m�H BM 2�+? TQTm@
H�iBQMX

6B`bi- A +`2�i2/ � `�r }H2 rBi? � HBM2 T2` BM/BpB/m�H �M/ � +QHmKM T2`
aLS- `2TQ`iBM; y B7 i?2 BM/BpB/m�H ?�/ irQ MQM@L2�M/2`i?�H �HH2H2 �i i?�i
T�`iB+mH�` aLS- R B7 ?2 b?Qrb �M ?2i2`Qxv;QbBiv �M/ k Bb i?2 b�KTH2 ?�b �
L2�M/2`i?�H ?QKQxv;Qmb ;2MQivT2X h?2 QTiBQMb ĜĜ`2+Q/2 � ĜĜ`2+Q/2@�HH2H2
�HHQr iQ +mbiQKBx2 i?2 �HH2H2 iQ #2 �M�Hvb2/- BM i?Bb +�b2- i?2 L2�M/2`i?�H
�HH2H2X

�7i2` HBbiBM; i?2 TQTmH�iBQMb- A +QKTmi2/ i?2 MmK#2` Q7 ǳRǴ- ǳkǴ- ǳyǴ
�M/ KBbbBM; p�Hm2b T2` BM/BpB/m�H T2` TQTmH�iBQMX
OOOOOOOOOOOO
O `�r 7 B H 2 O
OOOOOOOOOOOO

TH BMF @ @ # 7 B H 2 0ALSlh @ @ `2+Q/2 � @ @ `2+Q/2 @ � H H 2 H 2 M2� X � H H 2 H 2 @ @ Qmi
0ALSlhX `2+Q/2

OOOOOOOOO
O +QmMi O
OOOOOOOOO

+�i TQTb X iti % r?B H2 `2�/ H B M 2
/Q
;`2T @r 0& H B M 2 ' 0ALSlhX `�r = 0& H B M 2 ' X `�r
/QM2

+�i TQTb X iti % r?B H2 `2�/ H B M 2
/Q
+mi @/ Ƕ Ƕ @ 7d @dRdy 0& H B M 2 ' X `�r % b2/ Ƕ b f (�R )ff ; Ƕ % �rF Ƕ& T` BMi

H2M;i? ' Ƕ = 0& H B M 2 ' XR
+mi @/ Ƕ Ƕ @ 7d @dRdy 0& H B M 2 ' X `�r % b2/ Ƕ b f (�k )ff ; Ƕ % �rF Ƕ& T` BMi

H2M;i? ' Ƕ = 0& H B M 2 ' Xk
+mi @/ Ƕ Ƕ @ 7d @dRdy 0& H B M 2 ' X `�r % b2/ Ƕ b f (�y )ff ; Ƕ % �rF Ƕ& T` BMi

H2M;i? ' Ƕ = 0& H B M 2 ' Xy
+mi @/ Ƕ Ƕ @ 7d @dRdy 0& H B M 2 ' X `�r % b2/ Ƕ b f(�L�)ff; Ƕ % �rF Ƕ& T` BMi

H2M;i? ' Ƕ = 0& H B M 2 ' XL�
T�bi2 @/ Ƕ Ƕ IU+mi @/ Ƕ Ƕ @ 7k 0& H B M 2 ' X `�rV 0& H B M 2 ' XR 0& H B M 2 ' Xk 0&

H B M 2 ' Xy 0& H B M 2 ' XL� = 0& H B M 2 ' X +QmMi
/QM2
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L2�M/2`i?�H �HH2H2 7`2[m2M+v /Bz2`2M+2b
>2`2 A `2TQ`i i?2 #�b? +Q/2 r`Bii2M iQ /2i2+i i?2 KQbi p�`B�#H2 aLSb �+`Qbb
T�B`b Q7 TQTmH�iBQMb, #v +�HHBM; i?`22 _ b+`BTib Ub22 #2HQrV Bi +QKTmi2b i?2
L2�M/2`i?�H �HH2H2 7`2[m2M+B2b BM 2�+? KQ/2`M TQTmH�iBQM- i?2 ∆s�6 p�Hm2b
�M/ i?2 HBbi Q7 Lhh aLSb Ub22 T�;2 jR8- jRd �M/ jR3- `2bT2+iBp2HvVX
OOOOOOOOOOOOOOOOOOO
O +`2�i2 7 `[ 7 B H 2 O
OOOOOOOOOOOOOOOOOOO

2+?Q ǵ ǵ *`2�iBM; X 7 `[ X b i ` � i 7 B H 2 i?`Qm;? TH BMF X X X Ǵ

T H BMF @ @ # 7 B H 2 06AG1 @ @ 7 ` 2[ @ @ 7�KB Hv @ @ Qmi 06AG1

OOOOOOOOOOOOOO
O mT/�i2 7 `[ O
OOOOOOOOOOOOOO

O mT/�i2 7`2[m2M+v p�Hm2b rBi? M2�M/2`i?�H B M + QM b B b i 2 M + B 2 b

_b+` BTi @ @ p �M B H H � mT/�i2 X M2� X 7`2[m2M+v X_

OOOOOOOOOOOOO
O TQTb 7 ` 2[ O
OOOOOOOOOOOOO

O +`2�i2 7 `[ 7 B H 2 7 Q ` 2�+? TQTmH�i BQM B 7 vQm r B H H mb2 _
2+?Q ǵ ǵ *`2�iBM; X 7 ` 2[ 7 B H 2 7 Q ` 2�+? TQTmH�i BQM X X X Ǵ

7 Q ` TQT BM *1l *>" 6AL :"_ A"a haA u_A a�_ Ah* AhL Aha c /Q ;`2T 0&
TQT' 06AG1 X +Q ` ` 2 + i X 7 `[ X b i ` � i = 0&TQT ' X 7 ` 2[ c /QM2

OOOOOOOOOOOOOOOOOOOOO
O +QKTmi2 .2Hi� s�6 O
OOOOOOOOOOOOOOOOOOOOO

O +QKTmi2 �#bQ Hmi2 / B 7 7 2 ` 2 M + 2 Q 7 7 ` 2[m2M+ B 2 b 7 Q ` 2�+? T� B ` Q 7
TQTmH�i BQM

2+?Q ǵ ǵ *QKTmiBM; /2Hi�n7`2[ p�Hm2b i?`Qm;? /2Hi�n7`2[ X_ X X X Ǵ

_b+` BTi @ @ p �M B H H � /2 Hi�n7`2[ X_ 0PlhSlhkX #BK

OOOOOOOOOOOOOOOOOOOOO
O +QKTmi2 [m�Mi B H 2 b O
OOOOOOOOOOOOOOOOOOOOO
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O +QKTmi2 [m�Mi B H 2 b 7 Q ` 2�+? / B b i ` B #m i B QM Q7 �#bQ Hmi2 /2 H i�
7 ` 2[m2M+ B 2 b 7 Q ` 2�+? T� B ` Q 7 TQTmH�i BQM

2+?Q ǵ ǵ *QKTmiBM; [m�Mi B H 2 b i?`Qm;? [m�Mi B H 2 X_ X X X Ǵ

_b+` BTi @ @ p �M B H H � [m�Mi B H 2 X_

OOOOOOOOOOOOOO
O iQTRW aLSb O
OOOOOOOOOOOOOO

OOO b2�`+? 7 Q ` i?2 L2�M/2`i?�H aLSb BM NNi? �M/ N8i? T 2 ` + 2 M i B H 2 b
2+?Q ǵ ǵ a2�`+?BM; 7 Q ` i?2 L2�M/2`i?�H aLSb BM NNi? �M/ N8i?

T 2 ` + 2 M i B H 2 b X X X Ǵ

_b+` BTi @ @ p �M B H H � B M i 2 ` b 2 + i B Q M XN8nNN X_ 0L1�naLS
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_ +Q/2 iQ +QKTmi2 i?2 ∆s�6 p�Hm2b �KQM; T�B`b Q7 KQ/2`M TQTmH�iBQMbX
OOOOOOOOOOOOOOOOOOOO
OOO .2Hi�n7 ` 2[ X_ OOO
OOOOOOOOOOOOOOOOOOOO

�`;b 4 +QKK�M/�`;bU i `� B H B M;PM Hv4h_l1V
B 7 U H2M;i? U �`;b V44yV &
biQT U ǵ ǵ�i H 2 � b i QM2 �`;mK2Mi Kmbi #2 bmTTH B2/ U BMTmi 7 B H 2 V X MǴ -

+ � H H X46�Ga1V
'

BMTmin#BK I@ �`;b ( R )

OOO +� H +m H � i 2 �#bQ Hmi2 � H H 2 H 2 7`2[m2M+v / B 7 7 2 ` 2 M + 2 b U /2 H i� V 7 Q `
2�+? aLSb Q7 2�+? T� B ` Q 7 TQTmH�i BQMb

7 B H 2 b 4 H B b i X 7 B H 2 b U T�ii2`M 4 Ǵ $$X 7 ` 2[ 0Ǵ V

#BK I@ `2�/ X i�# H 2 U BMTmin#BK - M`Qrb 4 RyyyV
+ I@ b�TTHv U#BK - + H � b b V
#BK I@ `2�/ X i�# H 2 U BMTmin#BK - +Q H* H� b b 2 b4+ V

T` BMi U ǵ ǵ _2�/BM; X 7 ` 2[ 7 B H 2 �M/ +`2� i BM; /�i� X 7`�K2 7Q ` aLSb
7 ` 2[m2M+ B 2 b X X X Ǵ V

T` BMi U T�bi2y U ǵ ǵ /�i� X 7`�K2 /BK2MbBQMb @@= M`Qr , Ǵ - /BKU#BKV ( R ) - Ǵ c
M+QH , Ǵ - H2M;i? U 7 B H 2 b V V V

K I@ K�i`Bt UL�- M`Qr 4 /BKU#BKV ( R ) - M+QH 4 H2M;i? U 7 B H 2 b V V
K I@ �b X /�i� X 7`�K2 UKV
`QrM�K2b UKV I@ #BK0ok

7Q ` U B BM R , H2M;i? U 7 B H 2 b V V &
� I@ `2�/ X i�# H 2 U 7 B H 2 b ( B ) V
K( - B ) I@ �0oe
M�K2b UKV ( B ) I@ bm#bi` U 7 B H 2 b ( B ) - R - jV
'

T` BMi U Ǵ*`2�iBM; p2+iQ` +QMi� BM BM; � H H TQTmH�i BQM T� B ` +QK#BM�iBQMb
X X X Ǵ V

t I@ p2+iQ` U Ƕ +?�`�+i2` Ƕ V
7 Q ` UTQT BM R , U H2M;i? U 7 B H 2 b V @RV V &
7 Q ` U THmb BM R , U H2M;i? U 7 B H 2 b V @ TQTV V &
t I@ �TT2M/ Ut - T�bi2y U 7 B H 2 b ( TQT ) - ǴnǴ - 7 B H 2 b ( TQTYTHmb ) V V
''
t I@ ;bm# U Ǵ X 7 ` 2[ Ǵ - ǴǴ - t V

T` BMi U Ǵ*`2�iBM; /�i� X 7`�K2 7Q ` �#bQ Hmi2 /2 H i� 7 ` 2[m2M+ B 2 b X X X Ǵ V
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�M+B2Mi i�H2b

21_20BiakaPygmies;1MbutiPygmies (CAfrica2)

103_85LWK;10BANTUKENYA;8BANTUSOUTHAFRICA (CAfrica1)

146_124YRI;21Mandenkas;1Mozabites (CAfrica3)

8_4Moroccan;2Mozabites;1Yemen (Nafrica3)

48_28MKK;18Ethiopian;1EthiopianJewish (EAfrica2)

24_24Ethiopian (EAfrica3)

23_23Ethiopian (EAfrica4)

68_54Ethiopian;14EthiopianJewish (EAfrica1)

2_2CEU (_2)

2_2GBR (_2)

151_80CEU;40GBR;8English (NWEurope2)

2_2CEU (_2)

30_30GBR (NWEurope3)

39_24French;6CEU;4German (NWEurope1)

77_30German;17Sweden;17Norwegian (NWEurope5)

38_23GBR;15Orcadians (NWEurope4)

2_2Romanian (_2)

3_1GreekPeloponesian;1Bulgarian;1Bosnian (_3)

9_4Turkish;2Kayseri;2Armenians (WAsia8)

55_19Greek;10GreekThessalyian;10GreekCentral (SEEurope2)

77_28Bulgarian;15Romanian;12Gagauz (SEEurope1)

67_33Croatian;15Serbian;13Bosnian (Balkan1)

27_13Montenegrin;9Kosovan;2Serbian (Balkan2)

72_17Hungarians;15Slovak;13Slovenes (EEurope5)

115_32Polish;27Russian;18Ukrainians (EEurope2)

39_36Russian;2Polish;1German (EEurope3)

16_15Mordovians;1Altaian (EEurope4)

22_20Estonian;1Vepsas;1German (EEurope1)

3_2AshkenaziJewish;1Romanian (_3)

7_2ITNPIEB;1SephardicTurkish;1ITSPUGG (Jewish7)

13_6SephardicTurkish;6ITU;1AshkenaziJewish (Jewish4)

22_11SephardicTurkish;6ITU;3SephardiJewish (Jewish2)

18_17MoroccanJewish;1Algerian (Jewish3)

7_4Algerian;2TunisiaJew;1MoroccanJewish (Jewish6)

9_6LibyaJews;3TunisiaJew (Jewish5)

28_17AshkenaziJewish;6FrenchJew;2Romanian (Jewish1)

2_1ITSBASP;1ITNLOMB (_2)

212_27ITSPUGP;27ITSBASG;25ITNPIEB (SItaly3)

6_6ITSBASG (SItaly2)

142_29ITCLAZG;25ITNPIEB;16ITCMARG (SCItaly1)

167_46ITSSICG;28ITSCALG;25ITSSICP (SItaly1)

2_2ITNPIEB (_2)

5_4ITSSICG;1ITNLIGG (Sicily2)

10_10ITSSICG (Sicily1)

4_1ITSCAMP;1ITNPIEB;1ITNLOMB (_4)

74_67ITCTSIG;2ITU;1ITNLOMFITCTSIM (NCItaly1)

7_7ITCTSIG (NCItaly3)

58_58ITCTSIG (NCItaly2)

25_13Corsican;7ITNPIEB;2ITNLOMB (Corsica1)

99_73ITNPIEB;10ITNPIEG;5ITU (NItaly2)

252_58ITNPIEB;29ITNEMIG;26ITNPIEG (NItaly3)

77_17ITNVENP;14ITNFRIG;11ITNPIEB (NItaly6)

28_28ITNVDAG (NItaly1)

151_52ITNLOMP;23ITU;16ITNLOMG (NItaly5)

157_85ITNLOMP;35ITNLOMG;17ITNLOMB (NItaly4)

10_8ITNPIEB;2ITU (_10)

19_11ITNPIEB;8ITU (_19)

32_24BASQUE;8IBS (WEurope2)

48_27IBS;10Portugal;9Spaniards (WEurope1)

64_45IBS;18Spaniards;1French (WEurope3)

27_19IBS;7Spaniards;1French (WEurope4)

14_14ITSSARG (Sardinia2)

34_32ITSSARG;1ITU;1ITSSARB (Sardinia1)

23_12ITSSARG;4ITSSARB;2ITU (Sardinia3)

17_10GeorgianJew;7AzerbaijaniJewish (Caucasus3)

33_13IraqiJewish;11IranianJewish;9KurdishJewish (WAsia6)

72_54Lebanese;7Syrian;4Palestinian (WAsia2)

91_39LebArmenian;26Armenians;12Turkish (Caucasus5)

12_6Armenians;5Georgians;1Syrian (Caucasus4)

91_28Turkish;22Azerbaijani;20Kayseri (Caucasus8)

27_20Turkish;6Tajiks;1ITU (WAsia7)

66_42Druze;24Lebanese (WAsia3)

64_22Balkars;18Ossetian;17ADYGEI (Caucasus2)

46_24Georgians;22Abhkasians (Caucasus1)

60_21Lezgins;20Chechen;16Kumyks (Caucasus7)

127_102Finnish;15Karelian;9Vepsas (NEurope1)

119_23Bashkir;20Tatars;16Udmurd (CAsia5)

13_8Turkmens;3Uzbeks;2Tajiks (CAsia1)

16_16Tajiks (CAsia4)

20_8Uzbeks;7Turkmens;5Tajiks (CAsia2)

16_16Nogais (Caucasus6)

51_29Tajiks;22KALASH (CAsia3)

54_25Burusho;15Kol;4Gond (SAsia1)

65_23Brahui;22Makrani;20Balochi (SAsia2)

57_24Egypt;7Bedouins;5Yemen (NAfrica6)

37_37Palestinian (WAsia1)

80_18YemenJew;18Jordan;17Bedouins (WAsia4)

40_21Bedouins;14Saudi;5UAE (WAsia5)

86_79Moroccan;6Tunisian;1Mozabites (NAfrica1)

15_10Moroccan;5Tunisian (NAfrica2)

25_25Mozabites (NAfrica4)

35_15Selkup;15Nenet;4Kets (EAsia4)

81_41Kyrigyz;19Kazakh;10Chukchin (EAsia3)

85_24YAKUT;18Altaian;16Tuva (EAsia1)

109_51KHV;51CHB;7Mongolian (EAsia2)

G2;2M/ QM M2ti T�;2X

jjj



�M+B2Mi i�H2b

6B;m`2 "XRX }M2ai`m+im`2 /2M/`Q;`�K Q7 6J. U9-38k BM/BpB/m�HbVX
1�+? iBT Q7 i?2 /2M/`Q;`�Kb `2T`2b2Mib � ;`QmT Q7 BM/BpB/m�Hb rBi? bBKBH�`
+QTvBM; p2+iQ`bX h?2 }`bi MmK#2` Q7 2�+? iBT H�#2H `272`b iQ i?2 iQi�H MmK#2`
Q7 BM/BpB/m�Hb BM i?2 +Hmbi2`X h?Bb p�Hm2 Bb 7QHHQr2/ #v ǳnǴ �M/ i?2 M�K2
Q7 i?2 i?`22 KQbi `2T`2b2Mi�iBp2 ;2Q;`�T?B+�HHv@�bbB;M2/ TQTmH�iBQMb- 2�+?
rBi? Bib MmK#2` Q7 b�KTH2bX qBi?BM #`�+F2ib- � bmKK�`v M�K2 �`#Bi`�`BHv
�bbB;M2/ iQ i?2 +Hmbi2` Bb `2TQ`i2/X h?B+F HBM2b BM #H�+F `272` iQ i?2 Ai�HB�M
+Hmbi2`bX

jj9



�M+B2Mi i�H2b

CAfrica1

CAfrica2

CAfrica3

EAfrica1

EAfrica2
EAfrica3
EAfrica4

NAfrica1
NAfrica2Nafrica3NAfrica4
NAfrica6

NEurope1

NWEurope1

NWEurope2

NWEurope3
NWEurope4

NWEurope5

WEurope1
WEurope2
WEurope3
WEurope4
EEurope1

EEurope2

EEurope3
EEurope4
EEurope5

SEEurope1

SEEurope2
NItaly1

NItaly2

NItaly3

NItaly4

NItaly5

NItaly6

NCItaly1

NCItaly2
NCItaly3
SCItaly1

SItaly1

SItaly2

SItaly3

Sicily1Sicily2Sardinia1
Sardinia2Sardinia3Corsica1
Balkan1
Balkan2

Caucasus1

Caucasus2
Caucasus3Caucasus4
Caucasus5
Caucasus6
Caucasus7

Caucasus8

WAsia1

WAsia2

WAsia3

WAsia4

WAsia5
WAsia6
WAsia7WAsia8CAsia1CAsia2
CAsia3
CAsia4

CAsia5

EAsia1

EAsia2

EAsia3

EAsia4
SAsia1

SAsia2
Jewish1
Jewish2Jewish3Jewish4Jewish5Jewish6Jewish7

CAfrica

EAfrica

NAfrica

NEurope

NWEurope

WEurope

EEurope

SEEurope

Italy

Corsica
Balkan

Caucasus

WAsia

CAsia

EAsia

SAsia

Jewish

K
=2

K
=3

K
=4

K
=5

K
=6

K
=7

K
=8

K
=9

K
=10

K
=11

K
=12

K
=13

K
=14

K
=15

K
=16

K
=17

K
=18

K
=19

K
=20

6B;m`2 "XkX AM/BpB/m�H@H2p2H �.JAshl_1 �M�HvbBb Q7 KQ/2`M
b�KTH2bX a�KTH2b �`2 ;`QmT2/ �++Q`/BM; iQ i?2 ;2M2iB+ +Hmbi2`b BM72``2/ #v
i?2 *Sf7a TBT2HBM2X

jj8



�M+B2Mi i�H2b

C
A
fr
ic
a1

C
A
fr
ic
a2

C
A
fr
ic
a3

EA
fr
ic
a1

EA
fr
ic
a2

EA
fr
ic
a3

EA
fr
ic
a4

N
A
fr
ic
a1

N
A
fr
ic
a2

N
af
ric
a3

N
A
fr
ic
a4

N
A
fr
ic
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

B
al
ka
n1

B
al
ka
n2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
A
si
a1

W
A
si
a2

W
A
si
a3

W
A
si
a4

W
A
si
a5

W
A
si
a6

W
A
si
a7

W
A
si
a8

C
A
si
a1

C
A
si
a2

C
A
si
a3

C
A
si
a4

C
A
si
a5

EA
si
a1

EA
si
a2

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

K=2

K=3

K=4

K=5

K=6

K=7

K=8

K=9

K=10

K=11

K=12

K=13

K=14

K=15

K=16

K=17

K=18

K=19

K=20

6B;m`2 "XjX �.JAshl_1 �M�HvbBb Q7 KQ/2`M b�KTH2b �p2`�;2/
#v +Hmbi2`X a�KTH2b �`2 ;`QmT2/ �++Q`/BM; iQ i?2 ;2M2iB+ +Hmbi2` BM72``2/
#v i?2 *Sf7a TBT2HBM2X

jje



�M+B2Mi i�H2b

L�7`B+�R L�7`B+�RXa1 1�bB�k 1�bB�kXa1 �L �LXa1 AL ALXa1 q>: q>:Xa1 1>: 1>:Xa1 *>: *>:Xa1
*�m+�bmb8 yXyyyy yXyyyy yXyRkN yXyy3d yX8d8R yXyyNj yXyNdN yXy89d yXyyyy yXyyyy yXykkN yXyR98 yXkNRk yXy8Nj
q�bB�k yXyNyd yXyRd8 yXyRj9 yXyye3 yX8ke9 yXyRed yXkky9 yXyj38 yXyyyy yXyyyy yXyyyd yXyRyy yXR939 yXy9Re
q�bB�j yXy9yy yXyR3k yXyyjy yXyyeR yX8ekR yXyRd9 yXk3Nk yXyjkj yXyyyy yXyyyy yXyR98 yXyRyd yXyNRk yXyjdj
a�bB�R yXyyyy yXyyyy yXk8d8 yXyy8N yXy98d yXyRRR yX938j yXy8y3 yXyyyy yXyykd yXkyR3 yXyRy3 yXyyNd yXy8R9
q�bB�3 yXyyyy yXyyyy yXyje9 yXyyd9 yX8RyN yXyRkN yXyyyy yXyjj3 yXyyyy yXyyyy yXkjy9 yXyR8d yXkkkk yXyjkk
q�bB�d yXyyyy yXyyyy yXRR9e yXyydj yX9y3k yXyyed yXydyd yXy8y9 yXyyyy yXyyyy yXRj8y yXyRR3 yXkdR8 yXy89d
*�m+�bmb3 yXyyyy yXyyyy yXye38 yXyyde yX9eej yXyy3d yXRkN8 yXy9ee yXyyyy yXyyyy yXydd9 yXyRyN yXk83k yXy93d
a11m`QT2R yXyyyy yXyyyy yXyyyy yXyyyy yXekeR yXykdk yXyyyy yXyyyy yXyyy9 yXykdR yXjyjy yXy9y9 yXydye yXyjd9
*�m+�bmbk yXyyyy yXyyyy yXye3y yXyy89 yX9kRd yXyR9k yXyyyy yXyyyy yXyyyy yXyyyy yXReyN yXyRej yXj9Nj yXykde
1�7`B+�R yXN893 yXyyNd yXy98k yXyyNd yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�j yXN99j yXyRjN yXy88d yXyRjN yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�k yXNRyN yXykk3 yXy3NR yXykk3 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�9 yXNjN3 yXyRjN yXyeyk yXyRjN yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
aAi�Hvj yXyyyy yXyyyy yXyyyy yXyyyy yX8d9d yXykj8 yXy93e yXyjjy yXRRRN yXyj3k yXyj8k yXy988 yXkkNe yXy989
a�`/BMB�j yXyyyy yXyyyy yXyyyy yXyyj8 yX3RkR yXy9y9 yXyyyy yXyyyy yXRjRk yXy9NN yXyR9d yXyejk yXy9ky yXy8k9
LAi�Hv9 yXyyyy yXyyyy yXyyyy yXyyyy yXdkRe yXyjej yXyyyy yXyyyy yXyRNR yXy9d8 yXkjd9 yXy8N3 yXykRN yXy9e8
LAi�Hv8 yXyyyy yXyyyy yXyyyy yXyyyy yXdyke yXyjdy yXyyyy yXyyyy yXyjky yXy9dj yXkkyj yXy8NN yXy98R yXy93k
LAi�Hvj yXyyyy yXyyyy yXyyyy yXyyyy yXeeR9 yXyjey yXyyyy yXyyyy yXy9j9 yXy9d9 yXRNe8 yXy8Nj yXyN3d yXy9e8
a*Ai�HvR yXyyyy yXyyyy yXyyyy yXyyyy yXek9j yXyje8 yXyyyy yXyyyy yXyd9k yXy9e8 yXRy89 yXy83y yXRNeR yXy9dy
aAi�HvR yXyy83 yXykkk yXyyyy yXyyyy yX8e98 yXyR8j yXR8ee yXy98k yXRjkd yXyRjR yXyyyy yXyyyy yXR9y9 yXy99j
LAi�Hvk yXyyyy yXyyyy yXyyyy yXyyyy yXedde yXyje9 yXyyyy yXyyyy yXy8e8 yXy9d9 yXkkNy yXyeyk yXyjdy yXy9d9
LAi�Hve yXyyyy yXyyyy yXyyyy yXyyyy yXdyj3 yXyRkN yXyyyy yXyyyy yXyjd8 yXykk3 yXk83d yXykde yXyyyy yXyRyk
L*Ai�HvR yXyyyy yXyyyy yXyyyy yXyyyy yXedye yXyjd3 yXyyyy yXyyyy yXy89j yXy9d3 yXR9Ne yXy8N3 yXRk89 yXy939
*Q`bB+�R yXyyyy yXyyyy yXyyyy yXyyyy yXdRdk yXy9ye yXyyyy yXyyyy yXydNe yXy8Re yXRRk3 yXye93 yXyNy9 yXy8ky
11m`QT2R yXyyyy yXyyyy yXyyyy yXyyyy yX9yRk yXyRje yXyyyy yXyyyy yXRdkN yXyj9j yX9k8N yXyjk9 yXyyyy yXyyyy
*�m+�bmbR yXyyyy yXyyyy yXykRy yXyy88 yX9ekR yXyR8k yXyyyy yXyyyy yXyyyy yXyyyy yXy8y9 yXyR8e yX9eee yXykek
a11m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yXe8j8 yXyk3y yXyyyy yXyyyy yXyyRj yXyjRR yXRN9R yXy9k3 yXR8Rk yXyj3e
"�HF�Mk yXyyyy yXyyyy yXyyyy yXyyyy yXe39y yXykjd yXyyyy yXyyyy yXyyyy yXyRRR yXkN9N yXykeN yXykRR yXyjj3
C2rBb?e yXR8je yXykRd yXyyyy yXyyye yX8dyd yXykey yXR333 yXy99N yXyy9y yXykky yXy8dR yXyjjj yXyk8N yXy8Nk
C2rBb?j yXR9e9 yXyRN9 yXyyyy yXyyyk yX8eRy yXykyR yXR3yN yXy9ky yXykd9 yXyk3d yXy9R8 yXyj33 yXy9kN yXy8dk
11m`QT28 yXyyyy yXyyyy yXyyyy yXyyyy yX8dyj yXyRR3 yXyyyy yXyyyy yXyNyR yXyk8R yXjjN8 yXyke3 yXyyyy yXyyyy
LAi�HvR yXyyyy yXyyyy yXyyyy yXyyyy yXe39y yXyR9R yXyyyy yXyyyy yXy3kd yXyk9R yXkjjj yXyk3d yXyyyy yXyRjy
1�bB�R yXyyyy yXyyyy yXddky yXyy9y yXyyyj yXyyj3 yXyyyy yXyyyy yXyyyy yXyyyy yXkkdd yXyyek yXyyyy yXyyyy
11m`QT29 yXyyyy yXyyyy yXykyy yXyydN yX9yje yXyR9y yXyyyy yXyyyy yXyyyy yXyyyy yX8dey yXyReN yXyyy9 yXykyk
*�m+�bmb9 yXyyyy yXyyyy yXyR39 yXyyey yX9NjR yXyR3y yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyd9 yX9339 yXyk9N
C2rBb?R yXykNe yXyRN8 yXyye8 yXyyde yX83Nd yXyRe3 yXRdNy yXyjRd yXy98k yXykje yXy3kR yXykek yXyedN yXyjkN
C2rBb?9 yXyeR9 yXykk3 yXyyyy yXyyRy yXeRR9 yXyk8e yXR39j yXyjNe yXyR3e yXykdR yXyeN9 yXyjdy yXy88y yXy8kk
*�m+�bmbj yXyyyy yXyyyy yXyRed yXyyd8 yX8R9d yXyRRj yXRdjy yXy9jk yXyyyy yXyyyy yXyyyy yXyyyy yXkN88 yXyjNe
*�m+�bmbd yXyyyy yXyyyy yXy9Rk yXyy99 yXj33d yXyR9j yXyyyy yXyyyy yXyyyy yXyyyy yXR3R9 yXyR89 yXj33d yXyke3
*�bB�8 yXyyyy yXyyyy yXk8NN yXyy93 yXk8Nd yXyRjj yXyyyy yXyyyy yXyyyy yXyyyy yX9yyk yXyRjR yXy3yk yXykjy
11m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yX8y8e yXyRkk yXyyyy yXyyyy yXRy8y yXyjye yXj3N8 yXyjRe yXyyyy yXyyyy
"�HF�MR yXyyyy yXyyyy yXyyyy yXyyyy yXekj8 yXyRRR yXyyyy yXyyyy yXyjd8 yXykj8 yXjjNy yXykdy yXyyyy yXyyyy
1�bB�j yXyyyy yXyyyy yXejke yXyyje yXy3ky yXyyNN yXyyyy yXyyyy yXyyyy yXyyyy yXkkeR yXyy3k yXy8N9 yXyR8e
Lq1m`QT2R yXyyyy yXyyyy yXyyyy yXyyyy yXekRj yXyRR9 yXyyyy yXyyyy yXRjjy yXykyN yXk98d yXykkN yXyyyy yXyyyy
a�`/BMB�R yXyyyy yXyyyy yXyyyy yXyykk yX3je8 yXyj98 yXyyyy yXyyyy yXRyN3 yXy99j yXy9N8 yXy8kk yXyy9k yXy9ye
C2rBb?k yXy89e yXykk3 yXyyyy yXyykj yXeRyN yXyk9d yXkR3y yXyj8j yXyRe8 yXyjyj yXy8ek yXyj3R yXy9jd yXy9e9
Lq1m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yX83N9 yXyRRN yXyyyy yXyyyy yXRjR8 yXyk3y yXkdNR yXykdk yXyyyy yXyyyy
q1m`QT2R yXyedk yXyR9j yXyyyy yXyyyy yX8jk9 yXyR33 yXyyyy yXyRjk yXkyRR yXykNd yXyey3 yXyjeN yXRj39 yXyjyj
C2rBb?d yXyyej yXyky9 yXyyyy yXyyyy yX8N3d yXyk8y yXyNjk yXy9R9 yXRj8N yXyke8 yXyjNN yXyj39 yXRkey yXy88k
L�7`B+�e yXNk3N yXyy8e yXydRR yXyy8e yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
L�7`B+�j yXNeke yXyRk9 yXyjd9 yXyRk9 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
L1m`QT2R yXyyyy yXyyyy yXyyjN yXyyd8 yXjdje yXyRke yXyyyy yXyyyy yXyk9N yXyk8j yX8Nde yXyjy3 yXyyyy yXyyyy
1�bB�9 yXyyyy yXyyyy yXek3y yXyyeN yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXjdky yXyyeN yXyyyy yXyyyy
q�bB�9 yXk3yd yXyRjy yXyyej yXyy8k yXj338 yXyRjk yXjkyd yXykye yXyyyy yXyyyy yXyyyy yXyyyy yXyyj3 yXykke
Lq1m`QT28 yXyyyy yXyyyy yXyyyy yXyyyy yX89Rj yXyRkN yXyyyy yXyyyy yXRe33 yXykNN yXk3NN yXyk38 yXyyyy yXyyyy
11m`QT2j yXyyyy yXyyyy yXyRNy yXyyeN yXj3kk yXyRjd yXyyyy yXyyyy yXyyyy yXyyyy yX8N33 yXyR89 yXyyyy yXyyyy
q�bB�e yXyyyy yXyyyy yXyRdR yXyydN yX8jyN yXyRyj yXk8R8 yXy93k yXyyyy yXyyyy yXyyyy yXyyyy yXkyye yXy98k
Lq1m`QT29 yXyyyy yXyyyy yXyyyy yXyyyy yX89ke yXyRk9 yXyyyy yXyyyy yXRNj3 yXyk83 yXkej8 yXyk89 yXyyyy yXyyyy
Lq1m`QT2j yXyyyy yXyyyy yXyyyy yXyyyy yX8e3d yXyRky yXyyyy yXyyyy yXRNdj yXyk83 yXkj9y yXykeR yXyyyy yXyyyy
q1m`QT2j yXyyd9 yXyRj9 yXyyyy yXyyyy yX8dek yXykRe yXyyyy yXyyyy yXkR9y yXyjeN yXy8e3 yXy99k yXR98e yXykd3
q1m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yXeej3 yXyRj8 yXyyyy yXyyyy yXkkyN yXyk89 yXRR8j yXyk9N yXyyyy yXyyyy
q1m`QT29 yXyyyy yXyyyy yXyyyy yXyyyy yXekee yXyjek yXyyyy yXyyyy yXR3jN yXy9NN yXRRde yXyekk yXydRN yXy93k
a�bB�k yXy9ee yXyRed yXydNN yXyy98 yXR9ke yXyRR3 yX9kyd yXyk8d yXyyyy yXyyyy yXRj8j yXyyNk yXRd93 yXyk8k
*�bB�j yXyyyy yXyyyy yXRR8y yXyyek yXRj8R yXyRyN yXRyde yXyjNd yXyyyy yXyyyy yXkkN3 yXyy3k yX9Rke yXy9y8
*�7`B+�k yXNRe3 yXyjRd yXy3jk yXyjRd yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�8 yXked3 yXyR3d yXyyyy yXyyyy yX9kjj yXyRke yXjy3N yXykyR yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�R yXkeyj yXyRek yXyyRN yXyy8y yX9y3k yXyR9y yXjRNj yXykj3 yXyyyy yXyyyy yXyyyy yXyyyy yXyRy9 yXyke8
*�7`B+�j yXNk93 yXyjy8 yXyd8k yXyjy8 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
*�7`B+�R yXNRNj yXykNy yXy3yd yXykNy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
a�`/BMB�k yXyyyy yXyyyy yXyyyy yXyy8R yX3j3R yXyjj9 yXyyyy yXyydR yXRj3R yXyj33 yXyRkk yXy9e9 yXyRRe yXyjdR
L*Ai�Hvj yXyyyy yXyyyy yXyyyy yXyyyy yXe3yk yXy93j yXyyyy yXyyyy yXyjeN yXy8dN yXReR3 yXyd9e yXRkRR yXyejk
L�7`B+�9 RXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
aB+BHvR yXy8dj yXykjN yXyyyy yXyyyy yX83dR yXykk3 yXRyj9 yXy9kk yXyedj yXyk9y yXy8ee yXyj93 yXRk3j yXy8Nk
aB+BHvk yXye88 yXykj3 yXyyyy yXyyyy yX8eey yXyjR3 yXydjy yXy8yy yXRjjN yXyj9j yXykje yXy99e yXRjdN yXye3R
aAi�Hvk yXyyyy yXyyyy yXyyyy yXyyyy yXe98d yXyk3R yXRRe9 yXyj8R yXy899 yXy99d yXy89e yXy8e8 yXRkNy yXy9d3
C2rBb?8 yXkyjR yXyRN9 yXyyyy yXyyky yX8jjy yXyRey yXkR3j yXykNe yXyyyy yXyyyy yXyjRy yXyRye yXyR9e yXyjj8
L�7`B+�k yXe38R yXyR8k yXyykk yXyyj3 yXkRR8 yXyR8R yXyk88 yXykye yXyk3R yXykR8 yXyj38 yXyked yXyyNR yXyjR3
L*Ai�Hvk yXyyyy yXyyyy yXyyyy yXyyyy yXedNj yXyj3N yXyyyy yXyyyy yXy8k8 yXy9dN yXR8RR yXyeyy yXRRdR yXy9Ne
*�m+�bmbe yXyyyy yXyyyy yXkR8k yXyyek yXjkyk yXyRkk yXyyyy yXyyyy yXyyyy yXyyyy yXkRj3 yXyR98 yXk8y3 yXykej
*�bB�9 yXyyyy yXyyyy yXRdee yXyyeR yXkyje yXyy3k yXy9y3 yXy9kd yXyyyy yXyyyy yXR39k yXyyNe yXjN9d yXy9y8
*�bB�R yXyyyy yXyyyy yXR3jR yXyydk yXk9yR yXyyNk yXRjdd yXy8Rk yXyyyy yXyyyy yXRRdk yXyRR9 yXjkRN yXy8jy
*�bB�k yXyyyy yXyyyy yXkeNd yXyy3y yXkyNe yXyy33 yXy9kk yXyjdy yXyyyy yXyyyy yXR9Nk yXyy3k yXjkNj yXyjdR
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�M+B2Mi i�H2b

L�7`B+�R L�7`B+�RXa1 1�bB�k 1�bB�kXa1 a"� a"�Xa1 �"� �"�Xa1 q>: q>:Xa1 11L 11LXa1
*�m+�bmb8 yXyRNd yXykkd yXykkN yXyyNe yXyN8j yXyR3N yX3ekR yXyk93 yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�k yXR83j yXyRN9 yXyjye yXyy38 yXyj8y yXyRej yXddeR yXyRNN yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�j yXRkj8 yXykRd yXyk93 yXyy33 yXyjde yXyRdR yX3R9R yXykRj yXyyyy yXyyyy yXyyyy yXyyyy
a�bB�R yXR3dR yXyRyR yXjkdN yXyyjd yXjyde yXyR9e yXRddj yXyky8 yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�3 yXyyyy yXyykN yXy9kk yXyyed yXjy3j yXy8dR yX9dej yXRkkk yXy9dy yXy9R3 yXRkek yXRydN
q�bB�d yXyk8y yXyR3j yXRk8d yXyydR yXke8e yXyR9y yX83jd yXykyd yXyyyy yXyyyy yXyyyy yXyyyy
*�m+�bmb3 yXy99j yXyR3d yXy39N yXyyd3 yXRdje yXyR8e yXeNdR yXykRy yXyyyy yXyyyy yXyyyy yXyyyy
a11m`QT2R yXyyyy yXyyyy yXyyy8 yXyyjR yX9yyd yXy9N8 yXRjRj yXRy9k yXyjk9 yXyjed yX9j8k yXyNRe
*�m+�bmbk yXyyyy yXyyyy yXyddj yXyyNj yXjRNN yXyk9y yXeyk3 yXyRNj yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�R yXN883 yXyyNe yXy99k yXyyNe yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�j yXN9ee yXyR99 yXy8j9 yXyR99 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�k yXNR9k yXykj9 yXy383 yXykj9 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
1�7`B+�9 yXN9Rk yXyR9y yXy833 yXyR9y yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
aAi�Hvj yXyyyy yXyy3k yXyyyy yXyyj9 yXy893 yXy9j3 yXdN39 yXy8kk yXR9e3 yXykjN yXyyyy yXy9y8
a�`/BMB�j yXyye8 yXyR8N yXyyyy yXyyyy yXyyyy yXyy8k yXkkey yXy8ye yXRRej yXyR9y yXe8RR yXy8yN
LAi�Hv9 yXyyyy yXyyyy yXyyyy yXyyyy yXkNdk yXy8yk yXyNkN yXRykd yXyjdy yXyjd8 yX8dkN yXyNRd
LAi�Hv8 yXyyyy yXyyyy yXyyyy yXyyyy yXkN8k yXy8RN yXRkkN yXRye3 yXyj3d yXyjd3 yX89jj yXyN99
LAi�Hvj yXyyyy yXyyyy yXyyyy yXyyyy yXk3dd yXy93k yXky33 yXyNN9 yXy98y yXyj83 yX9839 yXy3Nk
a*Ai�HvR yXyRdk yXykjN yXyyyy yXyyyy yXk99R yXydR3 yXjRN3 yXRd33 yXyjR8 yXy8eN yXj3d9 yXR98R
aAi�HvR yXy88R yXyjRj yXyyyR yXyy9e yXy3y3 yXy3NN yXdkNk yXRNN8 yXRyy3 yXyedd yXyj9y yXR8ke
LAi�Hvk yXyyyy yXyyyy yXyyyy yXyyyy yXjyeR yXy8j8 yXy39j yXRyed yXye8k yXyj3d yX8999 yXyN9y
LAi�Hve yXyyyy yXyyyy yXyyyy yXyyyy yXjj9k yXyRd8 yXyyyy yXyy3j yXy9e3 yXyR93 yXeRNy yXykj9
L*Ai�HvR yXyyyy yXyyyy yXyyyy yXyyyy yXRN8R yXy9ed yXj998 yXyNNR yXyde9 yXyj98 yXj39y yXy3Ne
*Q`bB+�R yXyyyy yXyyyy yXyyyy yXyyyy yXRjd9 yXy8jy yXkNdy yXRy3e yXyNR9 yXyjdR yX9d9k yXyN8k
11m`QT2R yXyyyy yXyyyy yXyyyy yXyyyy yX93e9 yXykje yXyyyy yXyyyy yXkdRy yXykRy yXk9ke yXyRdR
*�m+�bmbR yXyyyy yXyyyy yXyjd8 yXyRye yXR3e3 yXyke8 yXdd83 yXykyR yXyyyy yXyyyy yXyyyy yXyyyy
a11m`QT2k yXyyyy yXyyyy yXyyyy yXyykj yXked3 yXy93d yXje3R yXRy83 yXykdk yXyje8 yXjjdy yXyN8N
"�HF�Mk yXyyyy yXyyyy yXyyyy yXyyyy yXjNe3 yXy99d yXyRe9 yXyN98 yXyRyj yXyjjR yX8de8 yXy38d
C2rBb?e yXRNN8 yXyRNy yXyy3R yXyy3y yXyeRd yXyeRk yXe9Nj yXRkye yXyR8j yXy9jj yXyeeR yXyNRe
C2rBb?j yXkyy3 yXyR88 yXyye9 yXyydk yXyNdN yXyjR9 yX8ej3 yXyeRk yXyyy9 yXykkj yXRjye yXy9dN
11m`QT28 yXyyyy yXyyyy yXyyyy yXyyyy yX9R8e yXyR39 yXyyyy yXyyyy yXRjdd yXyR8k yX99e3 yXyR3k
LAi�HvR yXyyyy yXyyyy yXyyyy yXyyyy yXjy8d yXyR83 yXyyyy yXyy8R yXy3eN yXyR8y yXeyd8 yXykyd
1�bB�R yXyyyy yXyyyy yXd3Nk yXyyj9 yXkRy3 yXyyj9 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
11m`QT29 yXyyyy yXyyyy yXyjd3 yXyye9 yX83ky yXykRR yXyyyy yXyyyy yXR8dy yXyRNj yXkkjk yXyR83
*�m+�bmb9 yXyyRk yXyR89 yXyj8y yXyyNe yXRRkR yXykky yX38Rd yXyRde yXyyyy yXyyyy yXyyyy yXyyyy
C2rBb?R yXy3yy yXyk8y yXyR8e yXyydN yXRjdj yXydy3 yXeR99 yXR9kd yXyj9R yXy9NN yXRR3e yXRy88
C2rBb?9 yXRy8R yXykjR yXyyNk yXyydN yXy33R yXye9N yXedNy yXRjkN yXykj8 yXy9jN yXyN8R yXRyjk
*�m+�bmbj yXy8jy yXykRy yXy9k9 yXyyNk yXy8ed yXyR3R yX39dN yXykj3 yXyyyy yXyyyy yXyyyy yXyyyy
*�m+�bmbd yXyyyy yXyyyd yXy8d9 yXyyNj yXj8je yXykkj yX83Ny yXyRde yXyyyy yXyyyy yXyyyy yXyyyy
*�bB�8 yXyyyy yXyyyy yXkddj yXyy9j yX8yd9 yXyRek yXyyyy yXyyyy yXy9dN yXyR83 yXRedj yXyR9R
11m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yX98dd yXykk8 yXyyyy yXyyyy yXRdNy yXyRdj yXjejj yXyR3d
"�HF�MR yXyyyy yXyyyy yXyyyy yXyyyy yX9R9e yXykyR yXyyyy yXyyyy yXy3kj yXyR89 yX8yjR yXyR38
1�bB�j yXyyyy yXyyyy yXe9RR yXyyje yXjkNj yXyyNk yXyyyy yXyyyy yXyyyy yXyyyy yXykNe yXyyN8
Lq1m`QT2R yXyyyy yXyyyy yXyyyy yXyyyy yXjRdd yXyRd3 yXyyyy yXyyyy yXR98y yXyR9d yX8jdj yXyReR
a�`/BMB�R yXyyyy yXyRyR yXyyyy yXyyyy yXyRR8 yXy8ee yXR3Rd yXyNjj yXRRkd yXyjd8 yXeN9R yXydeR
C2rBb?k yXyNd8 yXyk9R yXyyNj yXyyN9 yXy8ky yXyj39 yX3y89 yXydj9 yXyj83 yXyk8j yXyyyy yXy93j
Lq1m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yXj9yR yXyRNy yXyyyy yXyyyy yXReeR yXyR8d yX9Nj3 yXyR88
q1m`QT2R yXydRy yXyR3d yXyyyy yXyyyy yXyNy9 yXy8kd yXjeyk yXRRR8 yXkyNe yXyjey yXke3N yXy3jk
C2rBb?d yXy9ky yXykye yXyyyy yXyyyy yXRkd9 yXy98d yX9Njy yXy33k yXyNNR yXyk3d yXkj38 yXye8d
L�7`B+�e yXNk3N yXyy88 yXydRR yXyy88 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
L�7`B+�j yXNe9d yXyRke yXyj8j yXyRke yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
L1m`QT2R yXyyyy yXyyyy yXykde yXyy83 yX899y yXykjj yXyyyy yXyyyy yXkkNy yXykke yXRNN9 yXyR8j
1�bB�9 yXyyyy yXyyyy yXeey8 yXyyej yXk3jy yXyj8R yXyyyy yXyyyy yXy8ee yXyjR8 yXyyyy yXyyyy
q�bB�9 yXj3ke yXyRed yXyjjd yXyy8N yXyyyy yXyyyy yX83je yXyRdy yXyyyy yXyyyy yXyyyy yXyyyy
Lq1m`QT28 yXyyyy yXyyyy yXyyyy yXyyyy yXj9Nk yXykRR yXyyyy yXyyyy yXkRyy yXyRdd yX99y3 yXyReR
11m`QT2j yXyyyy yXyyyy yXy9ye yXyyey yX8e9j yXykj9 yXyyyy yXyyyy yXRNyy yXykke yXky8R yXyRey
q�bB�e yXydRN yXykjk yXy9e3 yXyyNj yXykd9 yXyRNe yX38j3 yXykjd yXyyyy yXyyyy yXyyyy yXyyyy
Lq1m`QT29 yXyyyy yXyyyy yXyyyy yXyyyy yXjkky yXykRN yXyyyy yXyyyy yXkkeR yXyRed yX98RN yXyR9k
Lq1m`QT2j yXyyyy yXyyyy yXyyyy yXyyyy yXjyjk yXyky8 yXyyyy yXyyyy yXkRyk yXyR8y yX93e8 yXyR8k
q1m`QT2j yXy8jj yXyRjd yXyyyy yXyyyy yXk8dR yXyjed yXyyyy yXydN9 yXyNed yXyk8R yX8NkN yXye9k
q1m`QT2k yXyyyy yXyyyy yXyyyy yXyyyy yXRede yXykRR yXyyyy yXyyyy yXRNd8 yXyRd9 yXej8y yXyRe8
q1m`QT29 yXyyyy yXyyyy yXyyyy yXyyyy yXR83k yXy8R9 yXkyNj yXyNeR yXR38N yXyjd8 yX99e8 yXy398
a�bB�k yXkk9N yXyRjR yXR98e yXyy9j yXkey8 yXyRey yXjeNy yXykyN yXyyyy yXyyyy yXyyyy yXyyyy
*�bB�j yXyd8y yXyR9k yXR883 yXyy8N yX98jN yXyRe3 yXjR89 yXykjy yXyyyy yXyyyy yXyyyy yXyyyy
*�7`B+�k yXNRNy yXyjk3 yXy3Ry yXyjk3 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�8 yXjedk yXykRR yXykyk yXyye8 yXyyyy yXyyyy yXeRke yXyRNN yXyyyy yXyyyy yXyyyy yXyyyy
q�bB�R yXj83N yXyRNN yXyjyy yXyyeR yXyyyy yXyykk yXeRRR yXyR3N yXyyyy yXyyyy yXyyyy yXyyyy
*�7`B+�j yXNk38 yXyjRk yXydR8 yXyjRk yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
*�7`B+�R yXNkkj yXykN8 yXyddd yXykN8 yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
a�`/BMB�k yXyy8j yXyRdd yXyyyy yXyyyy yXyyyy yXyRRk yXR899 yXy8Ny yXRRjk yXyReR yXdkdR yXy89e
L*Ai�Hvj yXyyRd yXyR89 yXyyyy yXyyyy yXky9k yXy9kR yXjky3 yXyNNe yXy88N yXyjyk yX9Rdj yXy33y
L�7`B+�9 RXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy yXyyyy
aB+BHvR yXRy8d yXyRey yXyyyy yXyyjy yXRd98 yXyj3j yX98eR yXy8N3 yXyRdd yXyk8y yXk9ey yXy993
aB+BHvk yXRy33 yXykRd yXyyyy yXyyyd yXRkd3 yXy8NR yX9kN9 yXRyy9 yXyd3N yXyjeR yXk88R yXydRN
aAi�Hvk yXy9y3 yXyR3d yXyyR3 yXyyej yXR8N8 yXy9jN yX898d yXy3kR yXyRkj yXykeN yXkjNN yXyeR3
C2rBb?8 yXk9de yXykkR yXyRyk yXyyd9 yXykNd yXykye yXdRk8 yXyjyR yXyyyy yXyydy yXyyyy yXyR3k
L�7`B+�k yXe3kk yXyRjj yXyy9R yXyyj3 yXyy9R yXyjNy yXRdeR yXy3ej yXy8ej yXyk33 yXyddk yXyeNR
L*Ai�Hvk yXyyyy yXyyyy yXyyyy yXyyyy yXky93 yXy993 yXjRd8 yXyN8k yXyeeN yXyjke yX9Ry3 yXy38N
*�m+�bmbe yXyyyy yXyyyy yXkk9j yXyy3R yXjdRN yXyRdR yXjNR3 yXye9y yXyyyy yXyyyy yXyRky yXy88d
*�bB�9 yXy9R3 yXyRjk yXkykd yXyy9d yXjdde yXyRe3 yXjd3y yXykje yXyyyy yXyyyy yXyyyy yXyyyy
*�bB�R yXydRd yXyRey yXkR8R yXyye9 yXk8N3 yXyR98 yX98j9 yXykR9 yXyyyy yXyyyy yXyyyy yXyyyy
*�bB�k yXyjj9 yXyRjR yXkNR3 yXyyey yXjyj8 yXyRR8 yXjdRj yXyRdR yXyyyy yXyyyy yXyyyy yXyyyy

G2;2M/ QM M2ti T�;2X
jj3



�M+B2Mi i�H2b

h�#H2 "X9X *SfLLGa `2bmHib 7`QK T`QtBK�i2 bQm`+2b QM �HH KQ/2`M
+Hmbi2`b mbBM; r2B;?i2/ D�+FFMB72 #QQibi`�Tb UQM2 `2THB+�i2 T2` +?`QKQbQK2V
�HQM; KQ/2`M +Hmbi2` 7Q` T`QtBK�i2 bQm`+2X 6Q` 2�+? Tmi�iBp2 bQm`+2- i?2
K2�M p�Hm2 �M/ i?2 ai�M/�`/ 2``Q` Ua1V Bb `2TQ`i2/X

jjN



�M+B2Mi i�H2b

Sicily2,Sardinia1
Sicily2,Sardinia2
Sicily1,Sardinia1
Sicily1,Sardinia2
Sicily2,Sardinia3
Sicily1,Sardinia3
SItaly1,Sardinia1
SItaly1,Sardinia2
SItaly1,Sardinia3
SItaly2,Sardinia1
SItaly2,Sardinia2
SItaly3,Sardinia1
SItaly2,Sardinia3
SItaly3,Sardinia2
SItaly3,Sardinia3

SCItaly1,Sardinia1
NItaly2,Sardinia1

NCItaly1,Sardinia1
Sicily2,NItaly4

SCItaly1,Sardinia2
NItaly1,Sardinia1

NCItaly2,Sardinia1
NCItaly3,Sardinia1

NItaly2,Sardinia2
Sicily2,NItaly5

NCItaly1,Sardinia2
NItaly3,Sardinia1
NItaly1,Sardinia2

NCItaly2,Sardinia2
NCItaly3,Sardinia2

Sicily2,NItaly6
Sicily1,NItaly4

NItaly6,Sardinia1
SCItaly1,Sardinia3

NItaly2,Sardinia3
Sicily2,NItaly3

NItaly3,Sardinia2
Sicily1,NItaly5

NCItaly1,Sardinia3
NItaly5,Sardinia1
NItaly6,Sardinia2
Sicily2,NCItaly2
Sicily2,NCItaly3

Sicily2,NItaly1
NItaly1,Sardinia3

NCItaly2,Sardinia3
NCItaly3,Sardinia3

Sicily1,NItaly6
NItaly4,Sardinia1
Sicily2,NCItaly1

NItaly5,Sardinia2
NItaly3,Sardinia3

Sicily1,NItaly3
Sicily2,NItaly2

NItaly4,Sardinia2
Sicily1,NCItaly2

NItaly6,Sardinia3
Sicily1,NCItaly3

Sicily1,NItaly1
SItaly1,NItaly4

Sicily1,NCItaly1
NItaly5,Sardinia3

SItaly1,NItaly5
Sicily1,NItaly2

NItaly4,Sardinia3
SItaly1,NItaly6
SItaly1,NItaly3

SItaly1,NCItaly2
SItaly1,NCItaly3

SItaly1,NItaly1
SItaly1,NCItaly1

SItaly2,NItaly4
SItaly1,NItaly2
SItaly2,NItaly5
SItaly2,NItaly6
SItaly3,NItaly4
SItaly2,NItaly3
SItaly3,NItaly5

SItaly2,NCItaly2
SItaly2,NCItaly3

SItaly2,NItaly1
SItaly3,NItaly6

SItaly2,NCItaly1
SItaly2,NItaly2
SItaly3,NItaly3

SItaly2,SCItaly1
SItaly3,NCItaly2
SItaly3,NCItaly3

SItaly3,NItaly1
SCItaly1,NItaly4
NItaly2,NItaly4

SItaly3,NCItaly1
NCItaly1,NItaly4
SCItaly1,NItaly5
NItaly2,NItaly5
SItaly3,NItaly2
NItaly1,NItaly4

SItaly3,SCItaly1
NCItaly2,NItaly4
NCItaly3,NItaly4
SCItaly1,NItaly6
NCItaly1,NItaly5
NItaly2,NItaly6
NItaly1,NItaly5

NCItaly2,NItaly5
NCItaly3,NItaly5
NItaly3,NItaly4

NCItaly1,NItaly6
SCItaly1,NItaly3
NItaly2,NItaly3
Sicily2,Sicily1

NCItaly2,NItaly6
NCItaly3,NItaly6
NItaly3,NItaly5
NItaly6,NItaly4

NCItaly1,NItaly3
SCItaly1,NCItaly2
SCItaly1,NCItaly3

SCItaly1,NItaly1
NItaly2,NItaly1

Sardinia2,Sardinia1
NCItaly2,NItaly3
NCItaly3,NItaly3

SCItaly1,NCItaly1
NItaly3,NItaly6
NItaly5,NItaly4
NItaly6,NItaly5

NCItaly1,NCItaly2
NCItaly1,NCItaly3

NCItaly1,NItaly1
SCItaly1,NItaly2

NCItaly3,NCItaly2
NCItaly2,NItaly1
NCItaly3,NItaly1
NCItaly1,NItaly2
NItaly3,NItaly1

NCItaly3,NItaly2
NCItaly2,NItaly2
NItaly6,NItaly1

Sardinia2,Sardinia3
SItaly3,SItaly2

Sardinia1,Sardinia3
SItaly1,Sicily1
SItaly2,SItaly1
SItaly1,Sicily2
SItaly3,SItaly1
SItaly2,Sicily1

SCItaly1,SItaly1
SItaly2,Sicily2
SItaly3,Sicily1
SItaly3,Sicily2

SCItaly1,Sicily1
SCItaly1,Sicily2

-0,02 -0,01 0,00 0,01

D statistics

X
,Y

D(X,Y,Anatolia_N,Mbuti)

6B;m`2 "X9X .@bi�iBbiB+b BM i?2 7Q`K .Us-u- �L-J#miBV 7Q` �HH i?2
TQbbB#H2 T�B`b Q7 Ai�HB�M +Hmbi2`bX
j9y



�M+B2Mi i�H2b

● ●

●

●

●

●

●●

●

●
●

●

●

●

●

● ●

● ●

● ●

●

●

●

●

●

●●

●

●●●

●

●●● ●

●

●
●●

●
●

●
●●●

●
● ●●●

●

●

●●

●

●

●

●

●
●

●
●●

●

●

●

●

●

●

●

●
●

● ●

●●

●

●

●

●

●●

●●

●

●●

r = 0.72, p = 2.3e−15
r = 0.36, p = 0.00053
r = 0.77, p < 2.2e−16

r = −0.82, p < 2.2e−16

0.0

0.5

1.0

30 40 50 60
Latitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsA

● ●

●

●

●

●

●●

●

●
●

●

●

●

●

● ●

● ●

● ●

●

●

●

●

●

●●

●

●● ●

●

●●●●

●

●

●●
●
●

●

● ●●

●
●

●●●
●

●

●●

●

●

●

●

●
●

●
●●

●

●

●

●

●

●

●

●
●

●●

●●

●

●

●

●

●●

●●

●

● ●

r = −0.51, p = 3.3e−07
r = −0.74, p < 2.2e−16

r = 0.17, p = 0.11
r = 0.35, p = 0.00085

0.00

0.25

0.50

0.75

1.00

0 20 40
Longitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsB

●

● ●●

●
●

●●●
●

●

● ●

●

●

●

●●
●

●

r = −0.1, p = 0.66
r = 0.67, p = 0.0013

r = 0.88, p = 4.4e−07
r = −0.78, p = 5.7e−05

0.00

0.25

0.50

0.75

1.00

38 40 42 44 46
Latitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsC

●

● ●●

●
● ●● ●

●

●

● ●

●

●

●

●●
●
●

r = 0.22, p = 0.36
r = −0.76, p = 9.3e−05
r = −0.58, p = 0.0071
r = 0.73, p = 0.00023

0.0

0.4

0.8

7.5 10.0 12.5 15.0
Longitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsD

● WHG   EEN   SBA   ABA   

6B;m`2 "X8X aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v +QKTQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; �"� �b a11
bQm`+2- 2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V
*Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM
1m`QT2�M TQTmH�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U"V *Q``2H�@
iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM 1m`QT2�M
TQTmH�iBQMb �M/ HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X U*V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM Ai�HB�M TQTm@
H�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U.V *Q``2H�iBQMb #2ir22M
T`QtBK�i2 bQm`+2b �M+2bi`v U�"� �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/
HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X

j9R



�M+B2Mi i�H2b

● ●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

● ●

● ●

●

●

●

●

●

●●

●

●●●

●

●●● ●

●

●●●● ●

●

●●●

●●

●●

●

●

●●

●

●

●

● ●

●●
●●●

●

●

●

●

●

●

●

●
●

● ●

●

●
●

●

●

●

●●

●●

●

●●

r = 0.79, p < 2.2e−16
r = 0.47, p = 3.9e−06
r = 0.71, p = 4.8e−15

r = −0.77, p < 2.2e−16

0.0

0.4

0.8

30 40 50 60
Latitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsA

● ●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

● ●

● ●

●

●

●

●

●

●●

●

●● ●

●

●●●●

●

●●● ●●

●

● ●●

●●

●●

●

●

●●

●

●

●

●
●

●
●
●●
●

●

●

●

●

●

●

●

●
●

●●

●

●
●

●

●

●

●●

●●

●

● ●

r = −0.44, p = 1.8e−05
r = −0.67, p = 5.3e−13

r = 0.22, p = 0.042
r = 0.29, p = 0.0065

0.00

0.25

0.50

0.75

1.00

0 20 40
Longitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsB

●

● ●●

●●

●●

●

●

●●

●●

●

● ●●● ●

r = 0.73, p = 0.00023
r = 0.63, p = 0.0027

r = 0.79, p = 3.7e−05
r = −0.68, p = 0.00093

0.00

0.25

0.50

0.75

1.00

38 40 42 44 46
Latitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsC

●

● ●●

●●

●●

●

●

●●

●●

●

●●● ●●

r = −0.68, p = 0.001
r = −0.68, p = 0.00095

r = −0.4, p = 0.078
r = 0.69, p = 7e−04

−0.25

0.00

0.25

0.50

0.75

1.00

7.5 10.0 12.5 15.0
Longitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsD

● WHG   EEN   SBA   MIN   

6B;m`2 "XeX aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v +QKTQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; JAL �b a11
bQm`+2- 2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V
*Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM
1m`QT2�M TQTmH�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U"V *Q``2H�@
iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM 1m`QT2�M
TQTmH�iBQMb �M/ HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X U*V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM Ai�HB�M TQTm@
H�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U.V *Q``2H�iBQMb #2ir22M
T`QtBK�i2 bQm`+2b �M+2bi`v UJAL �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/
HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X

j9k



�M+B2Mi i�H2b

● ●

●

●

●●

●

●●

●

●
●

●

●

●

●

●

●

● ●

● ●

● ●

●

●

●

●

●

●●

●

●●●

●

●●● ●

●

●●●● ●

●
●●●

●●
●

●

●

●

●●●

●

●

● ●

●● ●●●

●

●

●

●

●

●

●

●
●

● ● ●

●
●

●

●

●

●

●

●

●

●●● ● ●●

r = 0.83, p < 2.2e−16
r = 0.49, p = 3.7e−07
r = 0.85, p < 2.2e−16

r = −0.72, p = 2.6e−16

0.0

0.5

1.0

30 40 50 60
Latitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsA

● ●

●

●

●●

●

●●

●

●
●

●

●

●

●

●

●

● ●

● ●

●●

●

●

●

●

●

●●

●

●● ●

●

●●●●

●

●●● ●●

●

● ●●

●●
●

●

●

●

●●●

●

●

● ●

●●●●●

●

●

●

●

●

●

●

●
●

● ●●

●

●

●

●

●

●

●

●

●

●●● ● ● ●

r = −0.33, p = 0.0012
r = −0.63, p = 5.5e−12

r = 0.11, p = 0.27
r = 0.31, p = 0.0022

0.00

0.25

0.50

0.75

1.00

0 20 40
Longitude

An
ce

st
ry

 p
ro

po
rti

on

European populationsB

●

● ●●

●●
●

●

●

●

●● ●●

●

● ●●● ●

r = 0.8, p = 2.2e−05
r = 0.69, p = 0.00085
r = 0.91, p = 2e−08

r = −0.72, p = 3e−04

0.00

0.25

0.50

0.75

1.00

38 40 42 44 46
Latitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsC

●
● ●●

●●
●

●

●

●

●● ●●

●

●●● ●●

r = −0.73, p = 0.00025
r = −0.66, p = 0.0015

r = −0.5, p = 0.025
r = 0.7, p = 0.00058

−0.25

0.00

0.25

0.50

0.75

1.00

7.5 10.0 12.5 15.0
Longitude

An
ce

st
ry

 p
ro

po
rti

on
s

Italian populationsD

● WHG   EEN   SBA   MYC   

6B;m`2 "XdX aT2�`K�M +Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M@
+2bi`v +QKTQM2Mib BM+Hm/BM; q>: �M/ +QMbB/2`BM; Ju* �b a11
bQm`+2- 2biBK�i2/ rBi? i?2 *SfLLGa �M�HvbBb �M/ ;2Q;`�T?vX U�V
*Q``2H�iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM
1m`QT2�M TQTmH�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U"V *Q``2H�@
iBQMb #2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM 1m`QT2�M
TQTmH�iBQMb �M/ HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X U*V *Q``2H�iBQMb
#2ir22M T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM Ai�HB�M TQTm@
H�iBQMb �M/ H�iBim/2- BM+Hm/BM; q>: �b bQm`+2X U.V *Q``2H�iBQMb #2ir22M
T`QtBK�i2 bQm`+2b �M+2bi`v UJu* �b a11 bQm`+2V BM Ai�HB�M TQTmH�iBQMb �M/
HQM;Bim/2- BM+Hm/BM; q>: �b bQm`+2X

j9j



�M+B2Mi i�H2b

0.00

0.25

0.50

0.75

1.00

Ic
em
an

R
em
ed
el
lo

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

A

0.00

0.25

0.50

0.75

1.00

Ic
em
an

R
em
ed
el
lo

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

B

0.00

0.25

0.50

0.75

1.00

Ic
em
an

R
em
ed
el
lo

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

C

NAfrica1 EAsia2 WHG EEN SBA ABA MIN MYC

6B;m`2 "X3X *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b- BM+Hm/BM;
i?2 A+2K�M �M/ � _2K2/2HHQ b�KTH2b �b `2+BTB2MibX U�V S`QtBK@
�i2 bQm`+2b �M�HvbBb +QMbB/2`BM; �"� �b a11 bQm`+2 �M/ 2t+Hm/BM; q>:
7`QK bQm`+2bX U"V S`QtBK�i2 bQm`+2b �M�HvbBb +QMbB/2`BM; JBMQ�M �b a11
bQm`+2 �M/ 2t+Hm/BM; q>: 7`QK bQm`+2bX U*V S`QtBK�i2 bQm`+2b �M�HvbBb
+QMbB/2`BM; Jv+2M�2�M �b a11 bQm`+2 �M/ 2t+Hm/BM; q>: 7`QK bQm`+2bX
j99



�M+B2Mi i�H2b

0.00

0.25

0.50

0.75

1.00
Ic
em
an

I2
47
7_
IT
N
_B
ea
ke
r

I2
47
8_
IT
N
_B
ea
ke
r

I1
97
9_
IT
N
_B
ea
ke
r

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

A

0.00

0.25

0.50

0.75

1.00

Ic
em
an

I2
47
7_
IT
N
_B
ea
ke
r

I2
47
8_
IT
N
_B
ea
ke
r

I1
97
9_
IT
N
_B
ea
ke
r

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

B

0.00

0.25

0.50

0.75

1.00

Ic
em
an

I2
47
7_
IT
N
_B
ea
ke
r

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

C

0.00

0.25

0.50

0.75

1.00

Ic
em
an

I2
47
7_
IT
N
_B
ea
ke
r

C
Af
ric
a1

C
Af
ric
a2

C
Af
ric
a3

EA
fri
ca
1

EA
fri
ca
2

EA
fri
ca
3

EA
fri
ca
4

N
Af
ric
a2

N
af
ric
a3

N
Af
ric
a4

N
Af
ric
a6

N
Eu
ro
pe
1

N
W
Eu
ro
pe
1

N
W
Eu
ro
pe
2

N
W
Eu
ro
pe
3

N
W
Eu
ro
pe
4

N
W
Eu
ro
pe
5

W
Eu
ro
pe
1

W
Eu
ro
pe
2

W
Eu
ro
pe
3

W
Eu
ro
pe
4

EE
ur
op
e1

EE
ur
op
e2

EE
ur
op
e3

EE
ur
op
e4

EE
ur
op
e5

SE
Eu
ro
pe
1

SE
Eu
ro
pe
2

N
Ita
ly
1

N
Ita
ly
2

N
Ita
ly
3

N
Ita
ly
4

N
Ita
ly
5

N
Ita
ly
6

N
C
Ita
ly
1

N
C
Ita
ly
2

N
C
Ita
ly
3

SC
Ita
ly
1

SI
ta
ly
1

SI
ta
ly
2

SI
ta
ly
3

Si
ci
ly
1

Si
ci
ly
2

Sa
rd
in
ia
1

Sa
rd
in
ia
2

Sa
rd
in
ia
3

C
or
si
ca
1

Ba
lk
an
1

Ba
lk
an
2

C
au
ca
su
s1

C
au
ca
su
s2

C
au
ca
su
s3

C
au
ca
su
s4

C
au
ca
su
s5

C
au
ca
su
s6

C
au
ca
su
s7

C
au
ca
su
s8

W
As
ia
1

W
As
ia
2

W
As
ia
3

W
As
ia
4

W
As
ia
5

W
As
ia
6

W
As
ia
7

W
As
ia
8

C
As
ia
1

C
As
ia
2

C
As
ia
3

C
As
ia
4

C
As
ia
5

EA
si
a1

EA
si
a3

EA
si
a4

SA
si
a1

SA
si
a2

Je
w
is
h1

Je
w
is
h2

Je
w
is
h3

Je
w
is
h4

Je
w
is
h5

Je
w
is
h6

Je
w
is
h7

D

NAfrica1 EAsia2 WHG EEN SBA ABA MIN PN

G2;2M/ QM M2ti T�;2X

j98



�M+B2Mi i�H2b

6B;m`2 "XNX *SfLLGa `2bmHib 7Q` T`QtBK�i2 bQm`+2b THmb � SL
b�KTH2- BM+Hm/BM; KQ/2`M@/�v +Hmbi2`b �M/ i?2 A+2K�M �M/ AhL
"2HH "2�F2` b�KTH2b �b `2+BTB2MibX U�V S`QtBK�i2 bQm`+2b �M�HvbBb +QM@
bB/2`BM; �"� �b a11 bQm`+2- 2t+Hm/BM; q>: �b bQm`+2 �M/ i?`22 AhL "2HH
"2�F2` b�KTH2b �b `2+BTB2MibX U"V S`QtBK�i2 bQm`+2b �M�HvbBb +QMbB/2`BM;
�"� �M/ SL �b a11 bQm`+2b- 2t+Hm/BM; q>: �b bQm`+2 �M/ i?`22 AhL
"2HH "2�F2` b�KTH2b �b `2+BTB2MibX U*V S`QtBK�i2 bQm`+2b �M�HvbBb +QMbB/2`@
BM; �"� �b a11 bQm`+2- 2t+Hm/BM; q>: �b bQm`+2 �M/ � AhL "2HH "2�F2`
b�KTH2 UAk9ddV �b `2+BTB2MiX U.V S`QtBK�i2 bQm`+2b �M�HvbBb +QMbB/2`BM;
�"� �M/ SL �b a11 bQm`+2b- 2t+Hm/BM; q>: �b bQm`+2 �M/ � AhL "2HH
"2�F2` b�KTH2 UAk9ddV �b `2+BTB2MiX

j9e



JQ/2`M i�H2b

j9d



JQ/2`M i�H2b

SAR
D

IN
IA

FR
IU

LI
LIG

U
R

IA
EM

ILIA RO
M

AG
N

A
LO

M
BAR

DY
PIED

M
O

N
T

VEN
ETO

ABRU
ZZO

LATIU
M

BASILIC
ATA

SIC
ILY

C
ALABR

IA
C

AM
PAN

IA
APU

LIA
U

M
BR

IA
M

AR
C

H
E

TU
SC

AN
Y

SARDINIA
FRIULI
LIGURIA
EMILIA ROMAGNA
LOMBARDY
PIEDMONT
VENETO
ABRUZZO
LATIUM
BASILICATA
SICILY
CALABRIA
CAMPANIA
APULIA
UMBRIA
MARCHE
TUSCANY

0

0.001

0.002

0.003

0.004

0.005

0.006

A

FR
IU

LI
LIG

U
R

IA
EM

ILIA RO
M

AG
N

A
LO

M
BAR

DY
PIED

M
O

N
T

VEN
ETO

ABRU
ZZO

LATIU
M

BASILIC
ATA

SIC
ILY

C
ALABR

IA
C

AM
PAN

IA
APU

LIA
U

M
BR

IA
M

AR
C

H
E

TU
SC

AN
Y

FRIULI
LIGURIA
EMILIA ROMAGNA
LOMBARDY
PIEDMONT
VENETO
ABRUZZO
LATIUM
BASILICATA
SICILY
CALABRIA
CAMPANIA
APULIA
UMBRIA
MARCHE
TUSCANY

0

0.0005

0.001

0.0015

0.002

0.0025

B

6B;m`2 *XRX FST p�Hm2b �KQM; Ai�HB�M `2;BQMbX >2�iK�T `2T`2b2MiBM;
i?2 FST p�Hm2b +QKTmi2/ 7Q` 2�+? T�B`rBb2 +QKT�`BbQM #2ir22M Ai�HB�M `2@
;BQMb- BM+Hm/BM; U�V �M/ 2t+Hm/BM; U"V a�`/BMB�X q2 2t+Hm/2/ i?2 `2;BQM
JQHBb2 �b Bi r�b `2T`2b2Mi2/ #v Dmbi QM2 BM/BpB/m�HX

�"_lwwP "�aAGA*�h� *�G�"_A� *�JS�LA� 1JAGA�
_PJ�:L� 6_AlGA G�hAlJ GA:l_A� GPJ"�_.u J�_*>1 JPGAa1 SA1.JPLh �SlGA� a�_.ALA� aA*AGu hla*�Lu lJ"_A� o1L1hP

�"_lwwP R yXyyy99d yXyyyk39 yXyyyjjN yXyyyN3N yXyykk89 yXyyykdN yXyyR9dj yXyyyNk3 8Xey1@y8 yXyyed9R yXyyRkke yXyyyj33 yXyy8yN3 yXyyyR38 yXyyykdj yXyyyj3j yXyyRRRk
"�aAGA*�h� yXyyy99d R yXyyy93N yXyyyjjd yXyyRR98 yXyyR8dN yXyyyeeR yXyyR9Re yXyyRRjR yXyyRRNj yXyyd8jj yXyyRkN yXyyy8RR yXyy8y8d yXyyyjR9 yXyyRjyk yXyyR938 yXyyR8k8
*�G�"_A� yXyyyk39 yXyyydk R yXyyyjyR yXyyR9d8 yXyyk93R yXyyydk yXyyRekd yXyyRe9N yXyyy9j3 yXyy39k yXyykyed yXyyy8kk yXyy8e9R yXyyyReN yXyyRyRj yXyyRyd3 yXyyR39j
*�JS�LA� yXyyy93N yXyyykRk yXyyyeRd R yXyyRk89 yXyyk8N3 yXyyykRk yXyykyRd yXyyRjR8 yXyyy9kd yXyy3yyd yXyyReye yXyyyj9N yXyy8Rk yXyyyk3e yXyyRy3e yXyyRyyN yXyyR8jk
1JAGA� _PJ�:L� yXyyyjjN yXyyy393 yXyyyNR yXyy3yyd R yXyyyej yXyyy393 yXyyRye9 yXyyyke8 yXyyyj3d yXyy3d8N yXyyy8j yXyyRRyj yXyy93ek yXyyRRje yXyyy9ed yXyyRRj3 yXyyyj9e
6_AlGA yXyyyjjd yXyyk9N yXyyRky3 yXyy3d8N yXyyRjkk R yXyyk9N yXyyRkk yXyyyeRd yXyyyNdk yXyRRyd9 yXyyy89k yXyykk9k yXyyeRd9 yXyyR8yN yXyyRk93 yXyyRdRe yXyyyjNN
G�hAlJ yXyyyjyR yXyyR9dj 8Xey1@y8 yXyRRyd9 yXyyyk98 yXyyyR3j R yXyyRR3N yXyyyNR yXyyy8d3 yXyyNye9 yXyyRRee yXyyy8yR yXyy8Rke yXyyyjdj yXyyy9j9 yXyyy9eR yXyyRykj
GA:l_A� yXyyyN3N yXyyR9Re yXyyRRNj yXyyNye9 yXyyye8k yXyy3j33 yXyy8kRR R yXyyRky3 yXyyRe8j yXyyNNNe yXyyRjkk yXyyR39j yXyy9N3j yXyyR8d8 yXyyyRNe yXyyRy3d yXyyR99k
GPJ"�_.u yXyyRR98 yXyyRekd yXyyy9j3 yXyyNNNe yXyyNjke yXyyRj8j yXyRjkyj yXyyR8d8 R yXyyyjje yXyy3Njk yXyyyk98 yXyyRRd yXyy9dk9 yXyyRkje yXyyyej9 yXyyRy39 yXyyykjd
J�_*>1 yXyyR9d8 yXyykyRd yXyyy9kd yXyy3Njk yXyyyj33 yXyy8yN3 yXyy8yNN yXyyRkje yXyyRy3e R yXyy8Ne9 yXyyye8k yXyyyR3j yXyy8kRR yXyyyeye 8Xey1@y8 yXyyy8dj yXyyyj3e
JPGAa1 yXyyRk89 yXyyRye9 yXyyyj3d yXyy8Ne9 yXyyy8RR yXyy8y8d yXyy8jk yXyyyeye yXyyy9ed yXyyyd99 R yXyyNjke yXyy3j33 yXyRjkyj yXyy3dNd yXyy3j98 yXyy38k8 yXyy3yRe
SA1.JPLh yXyykk89 yXyyRkk yXyyyNdk yXyyRkke yXyyy8kk yXyy8e9R yXyyyR38 yXyy3dNd yXyyRk93 yXyy8kye yXyyRdRe R yXyyRj8j yXyy8yNN yXyyR8ee yXyyyNR yXyyRkNd yXyyykeN
�SlGA� yXyyR8dN yXyyRR3N yXyyy8d3 yXyyRkN yXyyyj9N yXyy8Rk yXyyyjR9 yXyyR8ee yXyyy9j9 yXyyy3R yXyyy9eR yXyyy3eR R yXyy8jk yXyyyjk yXyyyd99 yXyyy3eR yXyyRk38
a�_.ALA� yXyyk93R yXyyyNk3 yXyyRe8j yXyykyed yXyyRRyj yXyy93ek yXyyyReN yXyyyjk yXyyyRNe yXyyyj3j yXyyRy3d yXyy8yNR yXyyR39j R yXyy8k9R yXyy8kye yXyy8yNR yXyy8yy8
aA*AGu yXyyk8N3 yXyyRRjR yXyyyjje yXyyReye yXyykk9k yXyyeRd9 yXyyyk3e yXyy8k9R yXyyyej9 yXyyR938 yXyyRy39 yXyyR yXyyR8jk yXyyR99k R yXyyy3R yXyyR yXyyR9Nd
hla*�Lu yXyyyej yXyyRe9N yXyyed9R yXyyy8j yXyyy8yR yXyy8Rke yXyyRRje yXyyykdj 8Xey1@y8 yXyyRyd3 yXyyy8dj yXyyRk9N yXyyyj9e yXyyykjd yXyyykeN R yXyyRk9N yXyyy93N
lJ"_A� yXyyykdN yXyyRjR8 yXyyd8jj yXyyy89k yXyyR39j yXyy9N3j yXyyR8yN yXyyRjyk yXyy3j98 yXyyRyyN yXyy38k8 yXyyRRRk yXyyyjNN yXyyyj3e yXyyRk38 yXyyR9Nd R yXyyRyj
o1L1hP yXyyyeeR yXyyyke8 yXyy39k yXyyRRee yXyyRRd yXyy9dk9 yXyyyjdj yXyyRyRj yXyyyNR yXyyRRj3 yXyyRkNd yXyyR8k8 yXyyRykj yXyy3yRe yXyy8yy8 yXyyy93N yXyyRyj R

h�#H2 *XRX S�B`rBb2 FST #2ir22M Ai�HB�M �/KBMBbi`�iBp2 `2;BQMb 2t+2Ti
JQHBb2- 7Q` r?B+? Dmbi QM2 BM/BpB/m�H r�b �p�BH�#H2X

�"_lwwP "�aAGA*�h� *�G�"_A� *�JS�LA� 1JAGA�
_PJ�:L� 6_AlGA G�hAlJ GA:l_A� GPJ"�_.u J�_*>1 JPGAa1 SA1.JPLh �SlGA� a�_.ALA� aA*AGu hla*�Lu lJ"_A� o1L1hP

�"_lwwP R yXyyy8j3 yXyyykRR yXyyykyR yXyyyRdR yXyyRyd yXyyykj3 yXyyyeR9 yXyyyRed yXyyyk3j yXyy98R3 yXyyyR3R yXyyyRdR yXyyyjdR yXyyyR39 yXyyy9y9 yXyyy9k yXyyyR33
"�aAGA*�h� yXyyy8j3 R yXyyy98e yXyyy98k yXyyy9jR yXyyRjk yXyyy8R9 yXyyyN89 yXyyy9j yXyyy8jN yXyy9e9 yXyyy989 yXyyy9k yXyyyeyd yXyyy99j yXyyyeeR yXyyyedN yXyyy98
*�G�"_A� yXyyykRR yXyyyR3d R yXyyyRke yXyyyRy8 yXyyRyye yXyyyR3d yXyyy8jN NXdy1@y8 yXyyykyj yXyy9jdR yXyyyRj NX8y1@y8 yXyyykdj yXyyyRR8 yXyyyjjj yXyyyj99 yXyyyRk8
*�JS�LA� yXyyy98e yXyyyR8d yXyyyN9j R NXky1@y8 yXyyyNN3 yXyyyR8d yXyyy8kj 3Xjy1@y8 yXyyyR3N yXyy99kN yXyyyRRR 3Xdy1@y8 yXyyyk3 NX8y1@y8 yXyyyjyd yXyyyj9j yXyyyRye
1JAGA� _PJ�:L� yXyyykyR yXyyyRje yXyyyRkN yXyy99kN R yXyyyN88 yXyyyRje yXyyy9Nk jX8y1@y8 yXyyyRdk yXyy99Rj eXjy1@y8 8X8y1@y8 yXyyykj dXey1@y8 yXyyyk39 yXyyyjyd eXky1@y8
6_AlGA yXyyy98k yXyyRy3N yXyyy93e yXyy99Rj yXyyy8y8 R yXyyRy3N yXyyRj8e yXyyyN9j yXyyRRRk yXyy9eN9 yXyyyNeR yXyyyN3N yXyyRRkj yXyyyNNj yXyyRRed yXyyRk9 yXyyyNee
G�hAlJ yXyyyRke yXyyyeR9 yXyyyk3j yXyy9eN9 9XNy1@y8 yXyyyRd R yXyyy8d8 yXyyyRkN yXyyyk93 yXyy9j8d yXyyyR8j yXyyyRj3 yXyyyjy9 yXyyyR83 yXyyyjeN yXyyyj3j yXyyyR8
GA:l_A� yXyyyRdR yXyyyN89 yXyyy8jN yXyy9j8d yXyyyR3d yXyy9jdk yXyyyj8k R yXyyy93e yXyyyeRk yXyy98NN yXyyy8y8 yXyyy9Ne yXyyyee yXyyy8R yXyyydyk yXyyydje yXyyy8Re
GPJ"�_.u yXyyy9jR yXyyy8jN yXyyykyj yXyy98NN yXyy99kk dXey1@y8 yXyy9939 yXyyy8R R yXyyyReR yXyy9jek 9XNy1@y8 8Xky1@y8 yXyyykk8 eX3y1@y8 yXyyykdj yXyyykNe 8XRy1@y8
J�_*>1 yXyyyRy8 yXyyy8kj yXyyyR3N yXyy9jek yXyyyRdR yXyyyjdR yXyyyk8k eX3y1@y8 yXyyyjyd R yXyy99j3 yXyyyR3d yXyyyRd yXyyyj8k yXyyyR33 yXyyy9yj yXyyy9k8 yXyyyR3k
JPGAa1 NXky1@y8 yXyyy9Nk yXyyyRdk yXyy99j3 yXyyy9k yXyyyeyd yXyyyk9e yXyyyR33 yXyyyk39 yXyyyk39 R yXyy99kk yXyy9jdk yXyy9939 yXyy9j9N yXyy98R3 yXyy9eRN yXyy99yR
SA1.JPLh yXyyRyd yXyyRj8e yXyyRRRk yXyyyR3R NX8y1@y8 yXyyykdj yXyyyR39 yXyy9j9N yXyyRRed yXyyy9k3 yXyyRk9 R dXey1@y8 yXyyyk8k NX9y1@y8 yXyyykNR yXyyyjkd dXjy1@y8
�SlGA� yXyyRjk yXyyy8d8 yXyyyk93 yXyyy989 3Xdy1@y8 yXyyyk3 yXyyy99j NX9y1@y8 yXyyyjeN yXyyykNN yXyyyj3j yXyyyjy8 R yXyyyk9e dXky1@y8 yXyyyk39 yXyyyjy8 dX9y1@y8
a�_.ALA� yXyyRyye yXyyyRed yXyyyeRk yXyyyRj 8X8y1@y8 yXyyykj yXyyyRR8 dXky1@y8 yXyyydyk yXyyy9k yXyyydje yXyyy9eN yXyyyRk8 R yXyyykdk yXyyy9k3 yXyyy9eN yXyyyk8e
aA*AGu yXyyyNN3 yXyyy9j yXyyyReR yXyyyRRR yXyyyN3N yXyyRRkj NX8y1@y8 yXyyykdk yXyyykdj yXyyyedN yXyyykNe yXyyyjj9 yXyyyRye yXyyy8Re R yXyyykNN yXyyyjj9 NXNy1@y8
hla*�Lu yXyyyN88 NXdy1@y8 yXyy98R3 eXjy1@y8 yXyyyRj3 yXyyyjy9 dXey1@y8 yXyyy9y9 yXyyy9yj yXyyyj99 yXyyy9k8 yXyyy89e eXky1@y8 8XRy1@y8 dXjy1@y8 R yXyyy89e yXyyykNk
lJ"_A� yXyyykj3 3Xjy1@y8 yXyy9e9 yXyyyNeR yXyyy9Ne yXyyyee yXyyyNNj yXyyyeeR yXyy98R3 yXyyyj9j yXyy9eRN yXyyyR33 yXyyyNee yXyyyR3k dX9y1@y8 NXNy1@y8 R yXyyyjk3
o1L1hP yXyyy8R9 jX8y1@y8 yXyy9jdR yXyyyR8j 8Xky1@y8 yXyyykk8 yXyyyR83 yXyyyjjj yXyyykNR yXyyyjyd yXyyyjkd yXyyy98 yXyyyR8 yXyy99yR yXyyyk8e yXyyykNk yXyyyjk3 R

h�#H2 *XkX ai�M/�`/ 2``Q`b Q7 i?2 FST 2biBK�i2b #2ir22M Ai�HB�M �/KBMBb@
i`�iBp2 `2;BQMb 2t+2Ti JQHBb2- 7Q` r?B+? Dmbi QM2 BM/BpB/m�H r�b �p�BH�#H2X

j93



JQ/2`M i�H2b

20000

21000

22000

23000

Southern

Italians Central

Italians Northern

Italians Sardinians

S
in

gl
et

on
 v

ar
ia

nt
s 

in
 e

ac
h 

re
sa

m
pl

in
g 

gr
ou

p

6B;m`2 *XkX ai`BT �M/ #QtTHQi Q7 i?2 �KQmMi Q7 HQr@7`2[m2M+v p�`B�Mib BM
� i?Qmb�M/ `2b�KTHBM; Q7 i2M BM/BpB/m�Hb 7`QK 2�+? K�+`Q@�`2�X

j9N



JQ/2`M i�H2b

j8y



6mim`2 i�H2b

j8R



6mim`2 i�H2b

6B;m`2 *XjX JB;`�Mi /2�i?b `2+Q`/2/ rQ`H/rB/2 BM kyR3X AK�;2
i�F2M 7`QK JBbbBM; JB;`�Mib S`QD2+i- kyRNX

j8k



6mim`2 i�H2b

Dead and missing by year
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Dead and missing by year and route
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More data on: data.unhcr.org/mediterranean

Figures included in the dead and missing file are compiled from a variety of sources, including report from survivors and family members collected by UNHCR staff governments, Coast Guard or Navy

vessels. News, Media and Civil Society are also an important source of information. Because of the varying quality and reliability of data, every effort has been made to ensure that all statistical

information is verified and figures on dead and missing at sea represent conservative estimates of a number that could possibly be higher than reported.
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Figures included in the dead and missing file are compiled from a variety of sources, including report from survivors and family members collected by UNHCR staff governments, Coast Guard or Navy vessels. News, Media and Civil Society are also an important source of information.
Because of the varying quality and reliability of data, every effort has been made to ensure that all statistical information is verified and figures on dead and missing at sea represent conservative estimates of a number that could possibly be higher than reported.
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�AJb b2H2+iBQM TBT2HBM2
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T ` B Q ` B i B x � i B QMni� ` ; 2 i b 4 ( Ƕ 7bnTAM Ƕ ) Y 2tT�M/ U ǶK�tK�7n&K�7 ' X 7 bn` 7 Ƕ -
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b2�`+?nBMTminbi2K 4 ǶKbnb2�`+?4&b2�`+? 'U& b2�`+?nT�`�Kb 'Vn+H4&+ H 'U&
+HnT�`�Kb 'V Ƕ

b2�`+?nQmiTminbi2K 4 ǶKbnb2�`+?4&b2�`+? - Ƕ Y Ƕ % Ƕ X D Q B M U
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`m H 2 T+�nTHQi ,
BMTmi , Ǵ& 7 B H 2 ' X 2 B;2Mp2+ Ǵ - Ǵf b+`�i+? f b?�`2/f�AJf�AJn"AhafF;Tj X
T?2MQǴ

QmiTmi , Ǵ& 7 B H 2 ' X T+� X T/7 Ǵ
`mM ,

T+� 4 T�M/�b X `2�/n+bp U BMTmi ( y ) - b2T4Ǵ Ǵ - BM/2tn+QH4RV
H � # 2 H b 4 T�M/�b X `2�/n+bp U BMTmi ( R ) - b2T4Ǵ$ i Ǵ - BM/2tn+QH4yV
T+� ( Ƕ H � # 2 H b Ƕ ) 4 H �# 2 H b ( R )
rBi? S/7S�;2b U QmiTmi ( y ) V �b T/7 ,

�t 4 bMb X b + � i i 2 ` T H Q i Ut4k- v4j- ?m24Ǵ H �# 2 H b Ǵ - /�i�4T+� V
�t X b 2 i U t H �#2 H4ǶS*R Ƕ - v H �#2 H4ǶS*k Ƕ V
T/7 X b �p 2 7 B ; U V
T H i X + H Q b 2 U V
�t 4 bMb X b + � i i 2 ` T H Q i Ut4k- v49- ?m24Ǵ H �# 2 H b Ǵ - /�i�4T+� V
�t X b 2 i U t H �#2 H4ǶS*R Ƕ - v H �#2 H4ǶS*j Ƕ V
T/7 X b �p 2 7 B ; U V
T H i X + H Q b 2 U V
�t 4 bMb X b + � i i 2 ` T H Q i Ut4j- v49- ?m24Ǵ H �# 2 H b Ǵ - /�i�4T+� V
�t X b 2 i U t H �#2 H4ǶS*k Ƕ - v H �#2 H4ǶS*j Ƕ V
T/7 X b �p 2 7 B ; U V
T H i X + H Q b 2 U V

`m H 2 �/KBtim`2 ,
BMTmi , Ǵ& 7 B H 2 ' X #2/Ǵ
QmiTmi , 2tT�M/ U Ǵ&& 7 B H 2 '' X �/KBtim`2nE&&E-$/Y''X& 2ti'Ǵ - 2ti4( ǶS Ƕ -

ǶZǶ ) V
i?`2�/b , jk
HQ; , Ǵ& 7 B H 2 ' X �/KBtim`2nE&E'X HQ; Ǵ
Ob?�/Qr , Ǵ b?�H HQr Ǵ
T�`�Kb ,

#�b2Qmi4H�K#/� r, Qb X T�i? X #�b2M�K2 U Ƕ & 7 B H 2 ' X&E' Ƕ X 7Q`K�i U  rV V -
/2 b i/ B `4H�K#/� r, Qb X T�i? X /B`M�K2 U Ƕ & 7 B H 2 ' X&E' Ƕ X 7Q`K�i U  rV V -

j8d



6mim`2 i�H2b

b ? 2 H H , Ƕ Ƕ Ƕ �/KBtim`2 @ D & i?`2�/b ' @ @ b22/4y @ @ +p & BMTmi' &rB H/+�`/b
XE' k=�R % i22 & HQ; ' �� KF/B` @T &T�`�Kb X /2 b i/ B ` ' �� Kp Ǵ&
T�`�Kb X #�b2Qmi ' XSǴ &QmiTmi ( y ) ' �� Kp Ǵ&T�`�Kb X #�b2Qmi ' XZǴ &
QmiTmi ( R ) ' Ƕ Ƕ Ƕ

/27 b�p2nTB+FH2 U T�i? -  Q# D 2 + i b V ,
rBi? ;x BT X QT2M U T�i? - Ƕr# Ƕ V �b 7 ,

7 Q ` Q BM Q# D 2 + i b ,
T B +F H 2 X/mKTUQ - 7 V

/27 HQ�/nTB+FH2 U T�i? - MV ,
rBi? ;x BT X QT2M U T�i? - Ƕ `# Ƕ V �b 7 ,

B 7 M 44 R,
`2im`M T B +F H 2 X HQ�/ U 7 V

2 H b 2 ,
`2im`M ( T B +F H 2 X HQ�/ U 7 V 7 Q ` B BM `�M;2 UMV )

`m H 2 HQ�/n/�i�b2i ,
BMTmi , Ǵ& 7 B H 2 ' X i`�r X ;xǴ - Ǵf b+`�i+? f b?�`2/f�AJf�AJn"Ahaf

F;Tj X T?2MQǴ
QmiTmi , Ǵ& 7 B H 2 ' X T B +F H 2 X ;xǴ
`mM ,

/�i�b2i - H � # 2 H b 4 HQ�/n/�i�b2i U BMTmi ( y ) - BMTmi ( R ) V
b�p2nTB+FH2 U QmiTmi ( y ) - /�i�b2i X �bivT2 UMmKTv X mBMi3 V

- H � # 2 H b V

`m H 2 F 7Q H/ni2bi ,
BMTmi , Ƕ & 7 B H 2 ' X T B +F H 2 X ;x Ƕ
QmiTmi , 2tT�M/ U Ƕ && 7 B H 2 '' X +pnb22/&&s-$/Y''n7QH/& 7 ' X

i`� BMnp�Hni2bi X T B +F H 2 X ;x Ƕ - 74`�M;2 U F 7Q H/ V V
`mM ,

;2MQ - H � # 2 H b 4 HQ�/nTB+FH2 U BMTmi ( y ) - kV
� b b 2 ` i U ;2MQ X BM/2t 44 H �# 2 H b X BM/2t V X � H H U V
bF 7 4 ai`�i B 7 B 2/E6QH/ U MnbTH B i b4F7QH/ - b ? m 7 7 H 24h`m2

- `�M/QKnbi�i24BMi U rB H/+�`/b XsV V
7 Q ` T�i? - U i `� BMnp�H B/�i BQM - i 2 b i V BM x BT U QmiTmi -

bF 7 X b T H B i U ;2MQ - H � # 2 H b V V ,
bF 7R 4 ai`�i B 7 B 2/E6QH/ U MnbTH B i b4F7Q H/ @ RV
;2MQnip - H�#2 Hbnip 4 ;2MQ X B H Q + (

i `� BMnp� H B/�i BQM ) - H � # 2 H b X B H Q + ( i `� BMnp� H B/�i BQM )
7 Q ` i`� BM - p� H B /� i B QM BM bF 7R X b T H B i U

;2MQnip - H�#2 Hbnip V ,
T` BMi U Ƕ a�pBM; Ƕ V
b�p2nTB+FH2 U T�i? - ;2MQnip X B H Q + (

i ` � BM ) - H�#2 Hbnip X B H Q + ( i ` � BM ) - ;2MQnip X B H Q + ( p� H B /� i B QM ) -
H�#2 Hbnip X B H Q + ( p� H B /� i B QM ) - ;2MQ X B H Q + ( i 2 b i ) - H � # 2 H b X B H Q + ( i 2 b i
) V

#`2�F

j83



6mim`2 i�H2b

`m H 2 +H2�MBM;nbi2TnK�7 ,
BMTmi , Ƕ & 7 B H 2 ' X T B +F H 2 X ;x Ƕ
QmiTmi , Ƕ & 7 B H 2 ' XK�tK�7n&K�7 -$/Y'X T B +F H 2 X ;x Ƕ
`mM ,

K�7 4 BMi U rB H/+�`/b X K�7 V fRyy
� b b 2 ` i K�7 =4 y �M/ K�7 I yX8
;2MQni`�BM - H �#2 H bni `� BM 4 HQ�/nTB+FH2 U BMTmi ( y ) -

kV
� b b 2 ` i +QKTmi2n�H H2 H B+n7`2[b U ;2MQni`�BM - �HT?�4yV X

K�tU V I R @ K�7
/#n7`2[ 4 T�M/�b X .�i�6`�K2U&TQT ,

+QKTmi2n�H H2 H B+n7`2[b U ;2MQni`�BM X H Q + ( H �#2 H bni`� BM ( H �#2 H bni`� BM
44 TQT ) X BM/2t ) - �HT?�4yV 7 Q ` TQT BM H�#2 H bni`� BM X mMB[m2 U V 'V

/#n7`2[ ( ǶK�t Ƕ ) 4 /#n7`2[ XK�tU �t B b4RV
b�p2nTB+FH2 U QmiTmi ( y ) - ;2MQni`�BM X H Q + ( , - /#n7`2[ (

/#n7`2[ ( ǶK�t Ƕ ) = K�7 ) X BM/2t ) - H �#2 H bni `� BM V

j8N



6mim`2 i�H2b

62�im`2 T`BQ`BiBx�iBQM

OOOOOOOOOOOOOOOOOOOOOOOOO
O J�_E1_ S_AP_AhAw�hAPL O
OOOOOOOOOOOOOOOOOOOOOOOOO

`m H 2 `�M/QKn7Q`2bi ,
BMTmi , Ƕ & 7 B H 2 ' X T B +F H 2 X ;x Ƕ
QmiTmi , Ƕ & 7 B H 2 ' X 7 bn` 7 X T B +F H 2 X ;x Ƕ
i?`2�/b , jk
`mM ,

;2MQni`�BM - H �#2 H bni`� BM 4 HQ�/nTB+FH2 U BMTmi ( y ) -
kV

� b b 2 ` i � H H U ;2MQni`�BM X BM/2t 44 H�#2 H bni`� BM X BM/2t V
+ H 7 4 _�M/QK6Q`2bi*H�bb B 7 B2` UK�tn/2Ti?4Ry-

Mn2biBK�iQ`b4Ryyyy - `�M/QKnbi�i24y- MnDQ#b4i?`2�/b V
T` BMi U Ƕ i ` � BM b i � ` i Ƕ V
+ H 7 X 7 B i U ;2MQni`�BM - H �#2 H bni `� BM V
T` BMi U Ƕ i ` � BM /QM2 Ƕ V
7 B 4 T�M/�b X a 2 ` B 2 b U + H 7 X 72�im`2nBKTQ`i�M+2bn - BM/2t

4;2MQni`�BM X +QHmKMb V +QHmKMb4( Ƕ BKTQ`i�M+2 Ƕ ) V X bQ`inp�Hm2b U Ƕ
BKTQ`i�M+2 Ƕ - �b+2M/BM;46�Hb2 V

BM/2tn7B 4 H B b i U 7 B X bQ`inp�Hm2b U �b+2M/BM;46�Hb2 V X
BM/2t V

b�p2nTB+FH2 U QmiTmi ( y ) - BM/2tn7B - 7 B - + H 7 V

`m H 2 T�B`rBb2n`Qb2M#2`; ,
BMTmi , Ƕ & 7 B H 2 ' X T B +F H 2 X ;x Ƕ
QmiTmi , Ƕ & 7 B H 2 ' X 7bnTAM X T B +F H 2 X ;x Ƕ
`mM ,

;2MQni`�BM - H �#2 H bni`� BM 4 HQ�/nTB+FH2 U BMTmi ( y ) -
kV

/# 4 T�M/�b X .�i�6`�K2U&T , `Qb2M#2`; U ;2MQni`�BM X H Q +
( H �#2 H bni `� BM X B b B M UTV ) - H �#2 H bni `� BM ( H �#2 H bni `� BM X B b B M UTV ) V
7 Q ` T BM B i 2 ` i Q Q H b X +QK#BM�iBQMb U H �#2 H bni `� BM X mMB[m2 U V -kV ' -
BM/2t4;2MQni`�BM X +QHmKMb V

b22MnK�`F2`b 4 b2 i U V
bQ`i2/nK�`F2`b 4 ( )
7 Q ` K�`F2`n`Qr BM x BT U U/# ( TQTb ) X bQ`inp�Hm2b U

�b+2M/BM;46�Hb2 V X BM/2t 7 Q ` TQTb BM /#V V ,
7 Q ` K BM K�`F2`n`Qr ,

B 7 K MQi BM b22MnK�`F2`b ,
b22MnK�`F2`b X �//UKV
bQ`i2/nK�`F2`b X �TT2M/ UKV

b�p2nTB+FH2 U QmiTmi ( y ) - bQ`i2/nK�`F2`b - /#V

jey



6mim`2 i�H2b

J�`F2` b2i `2}M2K2Mi

OOOOOOOOOOOOOOOOOOOOOOOOO
O J�_E1_ a1h _16AL1J1Lh O
OOOOOOOOOOOOOOOOOOOOOOOOO

7`QK bF H2�`M X KQ/2Hnb2H2+i BQM BKTQ`i _2T2�i2/ai`�iB 7 B2/E6QH/

/27 T�`b2nT�`�Kb U b V ,
T/ 4 &'
7 Q ` T�` BM b X b T H B i U Ƕ - Ƕ V ,

F2v - b2T - p�Hnbi` 4 T�` X T� ` i B i B QM U Ƕ4Ƕ V
� b b 2 ` i b2T
i`v ,

p�H 4 p�Hnbi`
p�H 4 7 H Q � i U p�Hnbi` V
p�H 4 BMi U p�Hnbi` V

2t+2Ti o�Hm21``Q` ,
T�bb

T/ ( F2v ) 4 p�H
`2im`M T/

b2�`+?nBMTminbi2K 4 ǶKbnb2�`+?4&b2�`+? 'U& b2�`+?nT�`�Kb 'Vn+H4&+ H 'U&
+HnT�`�Kb 'V Ƕ

b2�`+?nQmiTminbi2K 4 ǶKbnb2�`+?4&b2�`+? - Ƕ Y Ƕ % Ƕ X D Q B M U
b2�`+?nK2i?Q/b V Y Ƕ 'U& b2�`+?nT�`�Kb 'Vn+H4&+H - Ƕ Y Ƕ % Ƕ X D Q B M U
+ H � b b B 7 B 2 ` b V Y Ƕ 'U& +HnT�`�Kb 'V Ƕ

`m H 2 K�`F2`nb2inb2�`+? ,
BMTmi , Ƕ & 7 B H 2 ' X 7bn&K'X T B +F H 2 X ;x Ƕ - Ƕ & 7 B H 2 ' X T B +F H 2 X ;x Ƕ
QmiTmi , Ƕ & 7 B H 2 ' X 7bn&K- ( � X )Y ' X Ƕ Y b2�`+?nQmiTminbi2K Y Ƕ X

T B +F H 2 X ;x Ƕ
`mM ,

b2�`+?nT�`�Kb 4 T�`b2nT�`�Kb U rB H/+�`/b X
b2�`+?nT�`�Kb V

+HnT�`�Kb 4 T�`b2nT�`�Kb U rB H/+�`/b X +HnT�`�Kb V
+ H 4 + H � b b B 7 B 2 ` b ( rB H/+�`/b X + H ) U   +HnT�`�Kb V
bQ`i2/nK�`F2`b 4 HQ�/nTB+FH2 U BMTmi ( y ) - RV
;2MQ - H � # 2 H b 4 HQ�/nTB+FH2 U BMTmi ( R ) - kV
� b b 2 ` i � H H U ;2MQ X BM/2t 44 H �# 2 H b X BM/2t V
s- v 4 ;2MQ ( bQ`i2/nK�`F2`b ) X p�Hm2b - H � # 2 H b X p� Hm2b
rBi? QT2M U QmiTmi ( y ) Y Ƕ X HQ; Ƕ - Ƕri Ƕ V �b 7 ,

K�`F2`nb2i 4 b2�`+?nK2i?Q/b ( rB H/+�`/b X
b2�`+? ) Us- v - + H - 7 -   b2�`+?nT�`�Kb V

b2H2+i2/nK�`F2`b 4 ( bQ`i2/nK�`F2`b ( B ) 7 Q ` B BM
K�`F2`nb2i )

b�p2nTB+FH2 U QmiTmi ( y ) - b2H2+i2/nK�`F2`b V

jeR



6mim`2 i�H2b

6BM�H i2biBM;

OOOOOOOOOOOOOOOOO
O 6AL�G h1ahAL: O
OOOOOOOOOOOOOOOOO

`m H 2 /2p ,
BMTmi ,

Ƕ F;TfF;T X T`mM2/n8yyn8yny X k X"1"n*>"nS1Gn:"_nu_AX
+pnb22/bRyn7QH/2/8 X i`� BMnp�Hni2bi XK�tK�7nRy X 7 bn` 7 X Kbnb2�`+?4
7 B `bin;QQ/ UKBMnb+Q`24yXNN -K�tnK�`F2`b4R8Vn+H4M#U?r24h`m2 V X
2p� Hm�i BQM X T B +F H 2 X ;x Ƕ -

Ƕ F;TfF;T X T`mM2/n8yyn8yny X k X"1"n*>"nS1Gn:"_nu_AX
+pnb22/yn7QH/2/8 X i`� BMnp�Hni2bi XK�tK�7nRy X 7 bn` 7 X Kbnb2�`+?4
7 B `bin;QQ/ UKBMnb+Q`24yXNN -K�tnK�`F2`b4R8Vn+H4M#U?r24h`m2 V X
2p� Hm�i BQM X T B +F H 2 X ;x Ƕ -

Ƕ F;TfF;T X T`mM2/n8yyn8yny X k X"1"n*>"nS1Gn:"_nu_AX
+pnb22/yn7QH/y X i`� BMnp�Hni2bi XK�tK�7nRy X 7 bn` 7 X Kbnb2�`+?4
7 B `bin;QQ/ UKBMnb+Q`24yXNN -K�tnK�`F2`b4R8Vn+H4M#U?r24h`m2 V X
2p� Hm�i BQM X T B +F H 2 X ;x Ƕ -

`m H 2 K�`F2`nb2in2p�Hm�iBQM ,
BMTmi , Ƕ & 7 B H 2 ' X i`� BMnp�Hni2bi X T B +F H 2 X ;x Ƕ - Ƕ & 7 B H 2 ' X

i`� BMnp�Hni2bi X & T` BQ ' X Ƕ Y b2�`+?nBMTminbi2K Y Ƕ X T B +F H 2 X ;x Ƕ
QmiTmi , Ƕ & 7 B H 2 ' X i`� BMnp�Hni2bi X & T` BQ ' X Ƕ Y

b2�`+?nQmiTminbi2K Y Ƕ X 2p� Hm�i BQM X T B +F H 2 X ;x Ƕ
`mM ,

;2MQni`�BM - H�#2 H bni`� BM - ;2MQnp�HB/�iBQM -
H�#2 H bnp� H B/�i BQM - ;2MQni2bi - H �#2 H bni2 b i 4 HQ�/nTB+FH2 U BMTmi
( y ) - eV

K�`F2`b 4 HQ�/nTB+FH2 U BMTmi ( R ) - RV
i ` � BM 4 T�M/�b X .�i�6`�K2U& Ƕh�_:1hǶ , H �#2 H bni`� BM 'V
p� H B /� i B QM 4 T�M/�b X .�i�6`�K2U& Ƕh�_:1hǶ ,

H �#2 H bnp� H B/� i B QM 'V
i 2 b i 4 T�M/�b X .�i�6`�K2U& Ƕh�_:1hǶ , H �#2 H bni2 b i 'V
7 Q ` B BM `�M;2 U H2M UK�`F2`b V V ,

KB 4 K�`F2`b ( , B Y R )
+ H 4 + H � b b B 7 B 2 ` b ( rB H/+�`/b X + H ) U   

T�`b2nT�`�Kb U rB H/+�`/b X +HnT�`�Kb V V
+ H X 7 B i U ;2MQni`�BM (KB ) - H �#2 H bni`� BM V
i `� BM ( B Y R ) 4 + H X T `2/ B + i U ;2MQni`�BM (KB ) V
p� H B /� i B QM ( B Y R ) 4 + H X T `2/ B + i U

;2MQnp�HB/�iBQM (KB ) V
i 2 b i ( B Y R ) 4 + H X T `2/ B + i U ;2MQni2bi (KB ) V

b�p2nTB+FH2 U QmiTmi ( y ) - K�`F2`b - i `� BM - p� H B/�i BQM -
i 2 b i V

jek



6mim`2 i�H2b

`m H 2 2p� Hm�i BQMn7Q H/ BM; ,
BMTmi , H�K#/� r, 2tT�M/ U Ƕ & /�i�b2i ' X +pnb22/& b22/'n7QH/& 7 Q H /

' X& T�`�Kb ' X 2p� Hm�i BQM X T B +F H 2 X ;x Ƕ - 7 Q H /4`�M;2 U BM i UrX 7 Q H / b V V -   
rV

QmiTmi , Ƕ & /�i�b2i ' X +pnb22/&b22/ -$/Y'n7QH/2/& 7Q H/b - $/Y'X&
T�`�Kb ' X 2p� Hm�i BQM X T B +F H 2 X ;x Ƕ

`mM ,
p� H B /� i B QM b 4 ( )
i 2 b i b 4 ( )
7 Q ` T�i? BM BMTmi ,

K�`F2`b - i`�BMnT`2/ - p�H B/�iBQMnT`2/ -
i2binT`2/ 4 HQ�/nTB+FH2 U T�i? - 9V

p� H B /� i B QM b X �TT2M/ U p�H B/�iBQMnT`2/ V
i 2 b i b X �TT2M/ U i2binT`2/ V

b�p2nTB+FH2 U QmiTmi ( y ) -  K�TU T�M/�b X +QM+�i - (
p� H B/�i BQMb - i 2 b i b ) V V

`m H 2 2p�Hm�i BQMn�;;`2;�i BQM ,
BMTmi ,

H�K#/� r, 2tT�M/ U Ƕ & /�i�b2i ' X +pnb22/& b22/'n7QH/2/&
7 Q H / b ' X& T�`�Kb ' X 2p� Hm�i BQM X T B +F H 2 X ;x Ƕ - b22/4`�M;2 U BM i UrX b22/b V
V -   rV

QmiTmi , Ƕ & /�i�b2i ' X +pnb22/b& b22/b - $/Y'n7QH/2/& 7Q H/b - $/Y'X&
T�`�Kb ' X 2p� Hm�i BQM X T B +F H 2 X ;x Ƕ

`mM ,
7`QK bF H2�`M X K2i` B+b BKTQ`i

#�H�M+2/n�++m`�+vnb+Q`2
QmiTmib 4 ( )
7 Q ` T�i? BM BMTmi ,

#�H�M+2/n�++m`�+v 4 ( )
7 Q ` T ` 2/ B + i B QM b BM HQ�/nTB+FH2 U T�i? - kV ,

T 4 T`2/ B + i B QM b X 7 B H H M � UK2i?Q/4Ƕ
7 7 B H H Ƕ - �t B b4RV

#�H�M+2/n�++m`�+v X �TT2M/ U&M ,
#�H�M+2/n�++m`�+vnb+Q`2 UT ( Ƕh�_:1hǶ ) - T ( M ) V 7 Q ` M BM T X +QHmKMb
( R , ) ' V

b+Q`2n/7 4 T�M/�b X .�i�6`�K2U
#�H�M+2/n�++m`�+v V

b+Q`2n/7 X BM/2t X M�K2 4 Ƕa11.Ƕ
b+Q`2n/7 X +QHmKMb X M�K2 4 ǶJ�_E1_aǶ
QmiTmib X �TT2M/ U b+Q`2n/7 V

b�p2nTB+FH2 U QmiTmi ( y ) -  QmiTmib V

jej



6mim`2 i�H2b

h?2 +QMiBM2Mib /�i�b2i

6B;m`2 *XeX �++m`�+v +QKT�`BbQM Q7 `�M/QK 7Q`2bi 72�im`2 BK@
TQ`i�M+2 rBi? yXky J�6 }Hi2`BM; �b T`BQ`BiBx�iBQM bi`�i2;v QM i?2
+QMiBM2Mib /�i�b2iX h?`22 /Bz2`2Mi +H�bbB}2`b UL�śp2 "�v2b- >q1 L�śp2
"�v2b �M/ `�M/QK 7Q`2biV ?�p2 #22M mb2/X

je9



6mim`2 i�H2b

h?2 KB;`�Mib /�i�b2i

TQTmH�iBQMnH�#2H +QmMi`v bim/v b�KTH2b K�+`Q�`2�
1i?BQTB� 1i?BQTB� "2?�` 2i �HX- kyRy RN 1�ahn�6_A*�
2i?BQTB�M� 1i?BQTB� "mb#v 2i �HX- kyR8 d 1�ahn�6_A*�
2i?BQTB�MQ 1i?BQTB� "mb#v 2i �HX- kyR8 d 1�ahn�6_A*�
2i?BQTB�Mi 1i?BQTB� "mb#v 2i �HX- kyR8 8 1�ahn�6_A*�
�6�_ 1i?BQTB� S�;�MB 2i �HX- kyRk Rk 1�ahn�6_A*�
�J>�_� 1i?BQTB� S�;�MB 2i �HX- kyRk ke 1�ahn�6_A*�
1aPJ�GA 1i?BQTB� S�;�MB 2i �HX- kyRk Rd 1�ahn�6_A*�
P_PJP 1i?BQTB� S�;�MB 2i �HX- kyRk kR 1�ahn�6_A*�
aPJ�GA 1i?BQTB� S�;�MB 2i �HX- kyRk kj 1�ahn�6_A*�
hu:_�u 1i?BQTB� S�;�MB 2i �HX- kyRk kR 1�ahn�6_A*�
qPG�uh� 1i?BQTB� S�;�MB 2i �HX- kyRk 3 1�ahn�6_A*�
A`�M A`�M "2?�` 2i �HX- kyRy ky JA..G1n1�ah
Ab`�2H Ab`�2H "2?�` 2i �HX- kyRy j JA..G1n1�ah
CQ`/�MB� CQ`/�M "2?�` 2i �HX- kyRy ky JA..G1n1�ah
G2#�MQM G2#�MQM "2?�` 2i �HX- kyRy d JA..G1n1�ah
a�m/B a�m/Bn�`�#B� "2?�` 2i �HX- kyRy ky JA..G1n1�ah
av`B� av`B� "2?�` 2i �HX- kyRy Re JA..G1n1�ah
u2K2M u2K2M "2?�` 2i �HX- kyRy Ry JA..G1n1�ah
G2#�MQM G2#�MQM "2?�` 2i �HX- kyRj R JA..G1n1�ah
#2/QmBM Ab`�2H UL2;2pV "mb#v 2i �HX- kyR8 98 JA..G1n1�ah
/`mx2 Ab`�2H U*�`K2HV "mb#v 2i �HX- kyR8 9k JA..G1n1�ah
B`�MB�M A`�M "mb#v 2i �HX- kyR8 ky JA..G1n1�ah
DQ`/�MB�M CQ`/�M "mb#v 2i �HX- kyR8 ky JA..G1n1�ah
Fm`/ Em`/ "mb#v 2i �HX- kyR8 e JA..G1n1�ah
H2#�M2b2 Em`/ "mb#v 2i �HX- kyR8 8 JA..G1n1�ah
T�H2biBMB�M Ab`�2H U*2Mi`�HV "mb#v 2i �HX- kyR8 9e JA..G1n1�ah
b�m/B a�m/B �`�#B� "mb#v 2i �HX- kyR8 RN JA..G1n1�ah
bv`B�M av`B� "mb#v 2i �HX- kyR8 Re JA..G1n1�ah
m�2 lMBi2/ �`�# 1KB`�i2b "mb#v 2i �HX- kyR8 kd JA..G1n1�ah
v2K2MB u2K2M "mb#v 2i �HX- kyR8 N JA..G1n1�ah
"2/QmBM Ab`�2H UL2;2pV *�MM 2i �HX- kyyk 93 JA..G1n1�ah
.`mx2 Ab`�2H U*�`K2HV *�MM 2i �HX- kyyk 9d JA..G1n1�ah
S�H2biBMB�M Ab`�2H U*2Mi`�HV *�MM 2i �HX- kyyk 8R JA..G1n1�ah
1;vTi 1;vTi "2?�` 2i �HX- kyRy Rk LP_h>n�6_A*�
JQ`Q++Q JQ`Q++Q "2?�` 2i �HX- kyRy Ry LP_h>n�6_A*�
2;vTiB�M 1;vTi "mb#v 2i �HX- kyR8 Rk LP_h>n�6_A*�
KQ`Q++�M JQ`Q++Q "mb#v 2i �HX- kyR8 9y LP_h>n�6_A*�
KQx�#Bi2 �H;2`B� UJx�#V "mb#v 2i �HX- kyR8 kN LP_h>n�6_A*�
imMBbB�M hmMBbB� "mb#v 2i �HX- kyR8 kR LP_h>n�6_A*�
JQx�#Bi2 �H;2`B� UJx�#V *�MM 2i �HX- kyyk jy LP_h>n�6_A*�
"�HQ+?B S�FBbi�M *�MM 2i �HX- kyyk k8 aPlh>n�aA�
"`�?mB S�FBbi�M *�MM 2i �HX- kyyk k8 aPlh>n�aA�
"m`mb?Q S�FBbi�M *�MM 2i �HX- kyyk k8 aPlh>n�aA�
J�F`�MB S�FBbi�M *�MM 2i �HX- kyyk k8 aPlh>n�aA�
S�i?�M S�FBbi�M *�MM 2i �HX- kyyk kj aPlh>n�aA�
aBM/?B S�FBbi�M *�MM 2i �HX- kyyk k8 aPlh>n�aA�
"1" "�M;H�/2b? �miQM 2i �HX- kyR8 R99 aPlh>n�aA�
:A> AM/B�M h2Hm;m 7`QK i?2 lE �miQM 2i �HX- kyR8 RRj aPlh>n�aA�
Ahl AM/B�M h2Hm;m 7`QK i?2 lE �miQM 2i �HX- kyR8 RR3 aPlh>n�aA�
SCG S�FBbi�M �miQM 2i �HX- kyR8 R83 aPlh>n�aA�
ahl a`BnG�MF� �miQM 2i �HX- kyR8 Rk3 aPlh>n�aA�

h�#H2 *X9X SQTmH�iBQMb BM+Hm/2/ BM i?2 bim/v Q7 �AJb QM i?2 KB;`�MibǶ
K�+`Q@�`2�b Q7 Q`B;BMX

je8



6mim`2 i�H2b

6B;m`2 *XdX *QKT�`BbQM Q7 +H�bbB}+�iBQM T2`7Q`K�M+2b Q7 L�śp2
"�v2b +H�bbB}2` rBi? /Bz2`2Mi T�`�K2i2`b QM i?2 }`bi k8y K�`F2`b
b2H2+i2/ #v AMX h?2 �++m`�+v p�Hm2b ?�p2 #22M 2p�Hm�i2/ #v p�`vBM; i?2
�bbmKTiBQM Q7 >�`/v q2BM#2`; 1[mBHB#`BmK Uǳ?r246�Hb2fh`m2ǴV �M/ i?2
T�`�K2i2` Q7 G�TH�+2 bKQQi?BM; UǳbKQQi?BM;ǴVX

jee



6mim`2 i�H2b

6B;m`2 *X3X *QKT�`BbQM Q7 +H�bbB}+�iBQM T2`7Q`K�M+2b Q7 i?2 _�M@
/QK 6Q`2bi +H�bbB}2` rBi? /Bz2`2Mi T�`�K2i2`b QM i?2 }`bi kyy
K�`F2`b b2H2+i2/ #v AMX h?2 �++m`�+v p�Hm2b ?�p2 #22M 2p�Hm�i2/ #v
p�`vBM; i?2 K�tBKmK /2Ti? Q7 2�+? i`22 UǳK�tn/2Ti?ǴV �M/ i?2 MmK#2`
Q7 i`22b UǳMn2biBK�iQ`bǴVX

jed



6mim`2 i�H2b

6B;m`2 *XNX �++m`�+v +QKT�`BbQM Q7 `�M/QK 7Q`2bi 72�im`2 BK@
TQ`i�M+2 rBi? yXky J�6 }Hi2`BM; �b T`BQ`BiBx�iBQM bi`�i2;v QM i?2
KB;`�Mib /�i�b2iX h?`22 /Bz2`2Mi +H�bbB}2`b UL�śp2 "�v2b- >q1 L�śp2
"�v2b �M/ `�M/QK 7Q`2biV ?�p2 #22M mb2/X

je3
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RX �/x?m#2B- AX- CQ`/�M- .X JX � amMv�2p- aX _X S`2/B+iBM; 7mM+iBQM�H
2z2+i Q7 ?mK�M KBbb2Mb2 Kmi�iBQMb mbBM; SQHvS?2M@kX *m`` S`QiQ+
>mK :2M2i *?�Ti2` d- lMBidXky UC�MX kyRjVX

kX �H2t�M/2`- .X >X- LQp2K#`2- CX � G�M;2- EX 6�bi KQ/2H@#�b2/ 2biBK@
�iBQM Q7 �M+2bi`v BM mM`2H�i2/ BM/BpB/m�HbX :2MQK2 _2bX RN- Re88Ĝ
Ree9 Ua2TiX kyyNVX

jX �HH2MiQ7i- JX 1X 2i �HX SQTmH�iBQM ;2MQKB+b Q7 "`QMx2 �;2 1m`�bB�X
L�im`2 8kk- RedĜRdk UCmM2 kyR8VX

9X �K#2`;2`- CX aX- "Q++?BMB- *X �X- a+?B2ii2+�ii2- 6X- a+Qii- �X 6X �
>�KQb?- �X PJAJXQ`;, PMHBM2 J2M/2HB�M AM?2`Bi�M+2 BM J�M UPJAJȉV-
�M QMHBM2 +�i�HQ; Q7 ?mK�M ;2M2b �M/ ;2M2iB+ /BbQ`/2`bX Lm+H2B+ �+B/b
_2bX 9j- .d3NĜdN3 UC�MX kyR8VX

8X �KK2`K�M- �X CX � *�p�HHB@a7Q`x�- GX GX h?2 L2QHBi?B+ h`�MbBiBQM �M/
i?2 :2M2iB+b Q7 SQTmH�iBQMb BM 1m`QT2X US`BM+2iQM lMBp2`bBiv S`2bb-
RN39VX

eX �h�o"Aa- :X LQ 2pB/2M+2 Q7 �bbQ+B�iBQM #2ir22M T`Qi?`QK#QiB+ ;2M2
TQHvKQ`T?BbKb �M/ i?2 /2p2HQTK2Mi Q7 �+mi2 KvQ+�`/B�H BM7�`+iBQM
�i � vQmM; �;2X *B`+mH�iBQM Ryd- RRRdĜRRkk UJ�`X kyyjVX

dX �miQM- �X 2i �HX � ;HQ#�H `272`2M+2 7Q` ?mK�M ;2M2iB+ p�`B�iBQMX L�im`2
8ke- e3Ĝd9 UP+iX kyR8VX

jeN
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3X "�2- *X CX 2i �HX JQ/2`M ?mK�M i22i? 7`QK G�i2 SH2BbiQ+2M2 GmM�
*�p2 U:m�M;tB- *?BM�VX Zm�i2`M�`v AMi2`M�iBQM�H j89X JmHiB/Bb+BT@
HBM�`v S2`bT2+iBp2b QM i?2 :B;�MiQTBi?2+mb 6�mM� �M/ Zm�i2`M�`v
"BQbi`�iB;`�T?v BM 1�bi �bB�- ReN ĜR3jX BbbM, Ry9y@eR3k UkyR9VX

NX "�HHQmt- 6X h?2 rQ`K BM i?2 7`mBi Q7 i?2 KBiQ+?QM/`B�H .L� i`22X
>2`2/Biv U1/BM#V Ry9- 9RNĜ9ky UJ�v kyRyVX

RyX "�`@uQb27- PX � "Q`/2b- CX :X q?Q r2`2 i?2 K�F2`b Q7 i?2 *?�i2HT@
2``QMB�M +mHim`2\ CX >mKX 1pQHX 8N- 83eĜ8Nj ULQpX kyRyVX

RRX "�`@uQb27- PX � o�M/2`K22`b+?- "X G2 a[m2H2ii2 JQmbiû`B2M /2 Eû#�`�
kX *�?B2`b /2 S�HûQ�Mi?`QTQHQ;B2 URNNRVX

RkX "�`#mD�MB- :X- aQF�H- _X _X � P/2M- LX GX AM/Q@1m`QT2�M Q`B;BMb, �
+QKTmi2`@bBKmH�iBQM i2bi Q7 }p2 ?vTQi?2b2bX �KX CX S?vbX �Mi?`QTQHX
Ne- RyNĜRjk U62#X RNN8VX

RjX "�iBMB- *X 2i �HX aB;M�im`2b Q7 i?2 T`2�;`B+mHim`�H T2QTHBM; T`Q+2bb2b
BM bm#@a�?�`�M �7`B+� �b `2p2�H2/ #v i?2 T?vHQ;2Q;`�T?v Q7 2�`Hv u
+?`QKQbQK2 HBM2�;2bX JQHX "BQHX 1pQHX k3- keyjĜkeRj Ua2TiX kyRRVX

R9X "2?�`- .X JX 2i �HX LQ 2pB/2M+2 7`QK ;2MQK2@rB/2 /�i� Q7 � E?�x�`
Q`B;BM 7Q` i?2 �b?F2M�xB C2rbX >mKX "BQHX 38- 38NĜNyy U.2+X kyRjVX

R8X "2?�`- .X JX 2i �HX h?2 ;2MQK2@rB/2 bi`m+im`2 Q7 i?2 C2rBb? T2QTH2X
L�im`2 9ee- kj3Ĝk9k UCmHv kyRyVX

ReX "2B2`- CX- �Mi?2b- LX- q�?H- CX � >�`p�iB- EX aBKBH�` +`�MB�H i`�mK�
T`2p�H2M+2 �KQM; L2�M/2`i?�Hb �M/ lTT2` S�H�2QHBi?B+ KQ/2`M ?m@
K�MbX L�im`2 8ej- e3eĜeNy ULQpX kyR3VX

RdX "2M�xxB- aX 2i �HX 1�`Hv /BbT2`b�H Q7 KQ/2`M ?mK�Mb BM 1m`QT2 �M/
BKTHB+�iBQMb 7Q` L2�M/2`i?�H #2?�pBQm`X L�im`2 9dN- 8k8Ĝ8k3 ULQpX
kyRRVX

R3X "2M�xxB- aX 2i �HX JB//H2 S�H2QHBi?B+ �M/ lHmxxB�M ?mK�M `2K�BMb
7`QK 6mK�M2 *�p2- Ai�HvX CX >mKX 1pQHX dy- eRĜe3 UJ�v kyR9VX

RNX "2`;2`- GX _X 2i �HX >QKQ M�H2/B- � M2r bT2+B2b Q7 i?2 ;2Mmb >QKQ
7`QK i?2 .BM�H2/B *?�K#2`- aQmi? �7`B+�X 1HB72 9 Ua2TiX kyR8VX

kyX "2`;2`- GX _X- >�rFb- CX- .B`Fb- SX >X- 1HHBQii- JX � _Q#2`ib- 1X
JX >QKQ M�H2/B �M/ SH2BbiQ+2M2 ?QKBMBM 2pQHmiBQM BM bm#2[m�iQ`B�H
�7`B+�X 1HB72 e UJ�v kyRdVX

kRX "2`;bi`ƺK- �X 2i �HX #BQ_tBpX /QB,RyXRRyRfed9N3e UkyRNVX
kkX "BMH�/2M- CX 2i �HX �bb2bbBM; i?2 }/2HBiv Q7 �M+B2Mi .L� b2[m2M+2b

�KTHB}2/ 7`QK Mm+H2�` ;2M2bX :2M2iB+b Rdk- djjĜd9R U62#X kyyeVX

jdy
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kjX "Bbr�b- aX- a+?2BM72H/i- GX "X � �F2v- CX JX :2MQK2@rB/2 BMbB;?ib
BMiQ i?2 T�ii2`Mb �M/ /2i2`KBM�Mib Q7 }M2@b+�H2 TQTmH�iBQM bi`m+im`2
BM ?mK�MbX �KX CX >mKX :2M2iX 39- e9RĜe8y UJ�v kyyNVX

k9X "Q�iiBMB- �X 2i �HX Ki.L� p�`B�iBQM BM 1�bi �7`B+� mM`�p2Hb i?2 ?BbiQ`v
Q7 �7`Q@�bB�iB+ ;`QmTbX �KX CX S?vbX �Mi?`QTQHX R8y- jd8Ĝj38 UJ�`X
kyRjVX

k8X "Q+[m2i@�TT2H- CX@SX � .2;BQ�MMB- �X L2�M/2`i?�H .2KQ;`�T?B+ 1b@
iBK�i2bX *m``2Mi �Mi?`QTQHQ;v 89- akykĜakRj UkyRjVX

keX "Q+[m2i@�TT2H- CX@SX- .2K�`b- SX@uX- LQB`2i- GX � .Q#`QrbFv- .X 1b@
iBK�i2b Q7 lTT2` S�H�2QHBi?B+ K2i�@TQTmH�iBQM bBx2 BM 1m`QT2 7`QK �`@
+?�2QHQ;B+�H /�i�X CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2 jk- Re8e ĜRee3X
BbbM, yjy8@99yj Ukyy8VX

kdX "QM�iiB- 6X 2i �HX _L�@#�b2/ �M�HvbBb Q7 "_*�R �M/ "_*�k ;2M2
�Hi2`�iBQMbX *�M+2` :2M2iX *viQ;2M2iX Rdy- NjĜRyR UP+iX kyyeVX

k3X "Q`Mbi2BM- *X 2i �HX aS�h�R3- � bT2`K�iQ;2M2bBb@�bbQ+B�i2/ ;2M2- Bb
� MQp2H i`�Mb+`BTiBQM�H i�`;2i Q7 T8j �M/ TejX JQHX *2HHX "BQHX jR-
RedNĜRe3N U�T`X kyRRVX

kNX "Qm�F�x2- *X- E2vb2`- *X- *`m#2xv- 1X- JQMi�;MQM- .X � Gm/2b-
"X SB;K2Mi T?2MQivT2 �M/ #BQ;2Q;`�T?B+�H �M+2bi`v 7`QK �M+B2Mi
bF2H2i�H `2K�BMb, BM72`2M+2b 7`QK KmHiBTH2t2/ �miQbQK�H aLS �M�HvbBbX
AMiX CX G2;�H J2/X Rkj- jR8Ĝjk8 UCmHv kyyNVX

jyX "`�MB+FB- qX- "`m/MBF- lX- EmTB2+- hX- qQH�MbF�@LQr�F- SX � qQD�b@
S2H+- �X .2i2`KBM�iBQM Q7 T?2MQivT2 �bbQ+B�i2/ aLSb BM i?2 J*R_
;2M2X CX 6Q`2MbB+ a+BX 8k- j9NĜj89 UJ�`X kyydVX

jRX "`�m2`- �X- >�m;- :X >X- .mHbFB- SX- aB;K�M- .X JX � L2;2M/�MF-
CX 6X �M �#`mTi rBM/ b?B7i BM r2bi2`M 1m`QT2 �i i?2 QMb2i Q7 i?2
uQmM;2` .`v�b +QH/ T2`BQ/X 2MX L�im`2 :2Qb+B2M+2 RX _2+2Bp2/ R9
a2Ti2K#2` kyydX �++2Ti2/ jy J�v kyy3X Tm#HBb?2/ R �m;mbi kyy3X-
8ky Ĝ8kj Ukyy3VX

jkX "`2BK�M- GX _�M/QK 6Q`2bibX J�+?BM2 G2�`MBM; 98- 8ĜjkX BbbM, R8dj@
y8e8 UkyyRVX

jjX "`Bb#BM- �X 2i �HX S*�/KBt, T`BM+BT�H +QKTQM2Mib@#�b2/ �bbB;MK2Mi
Q7 �M+2bi`v �HQM; 2�+? +?`QKQbQK2 BM BM/BpB/m�Hb rBi? �/KBt2/ �M@
+2bi`v 7`QK irQ Q` KQ`2 TQTmH�iBQMbX >mKX "BQHX 39- j9jĜje9 U�m;X
kyRkVX

j9X "`BbB;?2HHB- 6X 2i �HX S�ii2`Mb Q7 u@ah_ p�`B�iBQM BM Ai�HvX 6Q`2MbB+ a+B
AMi :2M2i e- 3j9Ĝ3jN U.2+X kyRkVX

jdR
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j8X "`BbB;?2HHB- 6X 2i �HX lMBT�`2Mi�H J�`F2`b Q7 *QMi2KTQ`�`v Ai�HB�M
SQTmH�iBQM _2p2�Hb .2i�BHb QM Aib S`2@_QK�M >2`Bi�;2X SGPa PL1
d- RĜR8 U.2+X kyRkVX

jeX "`Qmb?�FB- 6X 2i �HX 1�`Hv L2QHBi?B+ ;2MQK2b 7`QK i?2 2�bi2`M 62`iBH2
*`2b+2MiX a+B2M+2 j8j- 9NNĜ8yj UCmHv kyReVX

jdX "`QrMBM;- aX _X- "`QrMBM;- "X GX- w?Qm- uX- hm++B- aX � �F2v- CX JX
�M�HvbBb Q7 >mK�M a2[m2M+2 .�i� _2p2�Hb hrQ SmHb2b Q7 �`+?�B+
.2MBbQp�M �/KBtim`2X *2HH Rdj- 8jĜeR UJ�`X kyR3VX

j3X "mMB2HHQ- �X 2i �HX h?2 L>:_A@1"A :q�a *�i�HQ; Q7 Tm#HBb?2/
;2MQK2@rB/2 �bbQ+B�iBQM bim/B2b- i�`;2i2/ �``�vb �M/ bmKK�`v bi�i@
BbiB+b kyRNX Lm+H2B+ �+B/b _2bX 9d- .Ryy8Ĝ.RyRk UC�MX kyRNVX

jNX "mb#v- :X "X 2i �HX h?2 _QH2 Q7 _2+2Mi �/KBtim`2 BM 6Q`KBM; i?2
*QMi2KTQ`�`v q2bi 1m`�bB�M :2MQKB+ G�M/b+�T2X *m``X "BQHX k8-
k8R3Ĝk8ke UP+iX kyR8VX

9yX *�MM- >X JX 2i �HX � ?mK�M ;2MQK2 /Bp2`bBiv +2HH HBM2 T�M2HX a+B2M+2
kNe- keRĜkek U�T`X kyykVX

9RX *�MM- _X GX- aiQM2FBM;- JX � qBHbQM- �X *X JBiQ+?QM/`B�H .L� �M/
?mK�M 2pQHmiBQMX L�im`2 jk8- jRĜje URN3dVX

9kX *�T2HHB- *X 2i �HX u +?`QKQbQK2 ;2M2iB+ p�`B�iBQM BM i?2 Ai�HB�M T2M@
BMbmH� Bb +HBM�H �M/ bmTTQ`ib �M �/KBtim`2 KQ/2H 7Q` i?2 J2bQHBi?B+@
L2QHBi?B+ 2M+QmMi2`X JQHX S?vHQ;2M2iX 1pQHX 99- kk3ĜkjN UCmHv kyydVX

9jX *�b�MQp�- JX 2i �HX � ?mK�M u@HBMF2/ .L� TQHvKQ`T?BbK �M/ Bib
TQi2MiB�H 7Q` 2biBK�iBM; ;2M2iB+ �M/ 2pQHmiBQM�`v /Bbi�M+2X a+B2M+2
kjy- R9yjĜR9ye U.2+X RN38VX

99X *�bbB/v- GX JX 2i �HX L2QHBi?B+ �M/ "`QMx2 �;2 KB;`�iBQM iQ A`2H�M/
�M/ 2bi�#HBb?K2Mi Q7 i?2 BMbmH�` �iH�MiB+ ;2MQK2X S`Q+X L�iHX �+�/X
a+BX lXaX�X RRj- je3Ĝjdj UC�MX kyReVX

98X *�bi2HH�MQ- aX 2i �HX S�ii2`Mb Q7 +Q/BM; p�`B�iBQM BM i?2 +QKTH2i2 2t@
QK2b Q7 i?`22 L2�M/2`i�HbX S`Q+X L�iHX �+�/X a+BX lXaX�X RRR- eeeeĜ
eedR UJ�v kyR9VX

9eX *�ii�M2Q- *X 2i �HX h?2 7Q`;Qii2M i`�;2/v Q7 mMB/2MiB}2/ /2�/ BM i?2
J2/Bi2``�M2�MX 6Q`2MbB+ a+BX AMiX k8y- RĜk UkyR8VX

9dX *�ii�M2Q- *X L�m7`�;?B b2Mx� pQHiQ Ai�HB�MX Bb#M, Nd333jk38y8d9 U_�7@
7�2HHQ *Q`iBM� 1/BiQ`2- kyR3VX

93X *�p�HHB@a7Q`x�- GX GX :2M2b- T2QTH2b- �M/ H�M;m�;2bX S`Q+X L�iHX �+�/X
a+BX lXaX�X N9- ddRNĜddk9 UCmHv RNNdVX

jdk
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9NX *�p�HHB@a7Q`x�- GX GX- J2MQxxB- SX � SB�xx�- �X h?2 >BbiQ`v �M/ :2Q@
;`�T?v Q7 >mK�M :2M2b US`BM+2iQM lMBp2`bBiv S`2bb- RNN9VX

8yX *2Mbmb@kyyd _2TQ`i ?iiT,ffrrrX+b�X;QpX2if+2Mbmb@`2TQ`if+QKTH2i2@
`2TQ`if+2Mbmb@kyydX

8RX *2`2xQ- JX 2i �HX _2+QMbi`m+iBM; �M+B2Mi KBiQ+?QM/`B�H .L� HBMFb
#2ir22M �7`B+� �M/ 1m`QT2X :2MQK2 _2bX kk- 3kRĜ3ke UJ�v kyRkVX

8kX *?�MM2HH- CX � oB;HBQiiB- GX h?2 `QH2 Q7 ;2QK�;M2iB+ }2H/ BMi2MbBiv BM
H�i2 Zm�i2`M�`v 2pQHmiBQM Q7 ?mK�Mb �M/ H�`;2 K�KK�HbX _2pB2rb Q7
:2QT?vbB+b UkyRNVX

8jX *?�m#2v- aX 2i �HX aBt@v2�` bm`pBp�H Q7 � T�iB2Mi rBi? TmHKQM�`v �`i2`v
�M;BQb�`+QK�X �bB�M *�`/BQp�b+ h?Q`�+ �MM ky- dk3Ĝdjy U.2+X kyRkVX

89X *?2M- 1X uX 2i �HX 1M`B+?`, BMi2`�+iBp2 �M/ +QHH�#Q`�iBp2 >hJG8
;2M2 HBbi 2M`B+?K2Mi �M�HvbBb iQQHX "J* "BQBM7Q`K�iB+b R9- Rk3 U�T`X
kyRjVX

88X *?2mM;- 1X uX uX- S?BHHBTb- *X- 1/m�`/Qz- JX- G�`2m- JX oX �J+L2pBM-
.X S2`7Q`K�M+2 Q7 �M+2bi`v@BM7Q`K�iBp2 aLS �M/ KB+`Q?�THQivT2 K�`F@
2`bX 6Q`2MbB+ a+B AMi :2M2i 9j- RykR9R U�m;X kyRNVX

8eX *?m`+?BHH- aX 1X h?BM QM i?2 :`QmM/, L2�M/2`i�H "BQHQ;v- �`+?2QHQ;v-
�M/ 1+QHQ;v UqBH2v PMHBM2 GB#`�`v- kyR9VX

8dX *BM;QH�MB- SX 2i �HX � T`Q;`�K 7Q` �MMQi�iBM; �M/ T`2/B+iBM; i?2 2z2+ib
Q7 bBM;H2 Mm+H2QiB/2 TQHvKQ`T?BbKb- aMT1z, aLSb BM i?2 ;2MQK2 Q7
.`QbQT?BH� K2H�MQ;�bi2` bi`�BM rRRR3c BbQ@kc BbQ@jX 6Hv U�mbiBMV e-
3yĜNk UkyRkVX

83X *H�`FbQM- *X 2i �HX h?2 �`+?�2QHQ;v- +?`QMQHQ;v �M/ bi`�iB;`�T?v Q7
J�/D2/#2#2 UJ�H�FmM�MD� AAV, � bBi2 BM MQ`i?2`M �mbi`�HB� rBi? 2�`Hv
Q++mT�iBQMX CX >mKX 1pQHX 3j- 9eĜe9 UCmM2 kyR8VX

8NX *QM/2KB- aX � a�p�iB2`- 6X L��M/2`i�H KQM 7`�`2X jyy yyy �Mb /Ƕ?BbiQB`2
/2 HǶ��?QKK2 U6H�KK�`BQM- kyReVX

eyX *QM`�/- .X 6X 2i �HX � rQ`H/rB/2 bm`p2v Q7 ?�THQivT2 p�`B�iBQM �M/
HBMF�;2 /Bb2[mBHB#`BmK BM i?2 ?mK�M ;2MQK2X L�iX :2M2iX j3- Rk8RĜ
Rkey ULQpX kyyeVX

eRX *QM`Qv- :X *X 2i �HX 1M/Q+`�MB�H +�T�+Biv Q7 i?2 #Q/Q +`�MBmK /2@
i2`KBM2/ 7`QK i?`22@/BK2MbBQM�H +QKTmi2/ iQKQ;`�T?vX �KX CX S?vbX
�Mi?`QTQHX RRj- RRRĜRR3 Ua2TiX kyyyVX

ekX *QMbQ`iBmK- AX >X � ?�THQivT2 K�T Q7 i?2 ?mK�M ;2MQK2X L�im`2
9jd- RkNNĜRjky UP+iX kyy8VX

jdj

http://www.csa.gov.et/census-report/complete-report/census-2007
http://www.csa.gov.et/census-report/complete-report/census-2007
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ejX *QMbQ`iBmK- AX >X h?2 AMi2`M�iBQM�H >�TJ�T S`QD2+iX L�im`2 9ke-
d3NĜdNe U.2+X kyyjVX

e9X *QQT- :X 2i �HX h?2 `QH2 Q7 ;2Q;`�T?v BM ?mK�M �/�Ti�iBQMX SGQa
:2M2iX 8- 2Ryyy8yy UCmM2 kyyNVX

e8X *QTT�- �X- J�MMB- 6X- ai`BM;2`- *X- o�`;Bm- _X � o2++?B- 6X 1pB/2M+2
7Q` M2r L2�M/2`i?�H i22i? BM h�#mM *�p2 UAb`�2HV #v i?2 �TTHB+�iBQM
Q7 b2H7@Q`;�MBxBM; K�Tb UaPJbVX CX >mKX 1pQHX 8k- eyRĜeRj UCmM2
kyydVX

eeX *mMHBz2- "X "v ai2TT2- .2b2`i- �M/ P+2�M, h?2 "B`i? Q7 1m`�bB� UPt@
7Q`/ lMBp2`bBiv S`2bb- kyR8VX

edX .�#M2v- CX- J2v2`- JX � S��#Q- aX �M+B2Mi .L� /�K�;2X *QH/ aT`BM;
>�`# S2`bT2+i "BQH 8 UCmHv kyRjVX

e3X .�MM2K�MM- JX � E2HbQ- CX h?2 *QMi`B#miBQM Q7 L2�M/2`i?�Hb iQ
S?2MQivTB+ o�`B�iBQM BM JQ/2`M >mK�MbX �KX CX >mKX :2M2iX RyR-
8d3Ĝ83N UP+iX kyRdVX

eNX .�MM2K�MM- JX � _�+BKQ- 6X aQK2i?BM; QH/- bQK2i?BM; #Q``Qr2/,
�/KBtim`2 �M/ �/�Ti�iBQM BM ?mK�M 2pQHmiBQMX *m``X PTBMX :2M2iX
.2pX 8j- RĜ3 U.2+X kyR3VX

dyX .�MM2K�MM- JX- S`m72`- EX � E2HbQ- CX 6mM+iBQM�H BKTHB+�iBQMb Q7
L2�M/2`i�H BMi`Q;`2bbBQM BM KQ/2`M ?mK�MbX :2MQK2 "BQHX R3- eR
U�T`X kyRdVX

dRX .�MM2K�MM- JX- �M/`2b- �X JX � E2HbQ- CX AMi`Q;`2bbBQM Q7 L2�M/2`i�H@
�M/ .2MBbQp�M@HBF2 >�THQivT2b *QMi`B#mi2b iQ �/�TiBp2 o�`B�iBQM BM
>mK�M hQHH@HBF2 _2+2TiQ`bX �KX CX >mKX :2M2iX N3- kkĜjj UC�MX
kyReVX

dkX .�`rBM- *X h?2 /2b+2Mi Q7 K�M �M/ b2H2+iBQM BM `2H�iBQM iQ b2t U.X
�TTH2iQM- R3NeVX

djX .Ƕ�i�M�bBQ- 1X 2i �HX _�TB/Hv Kmi�iBM; u@ah_b BM `�TB/Hv 2tT�M/@
BM; TQTmH�iBQMb, .Bb+`BKBM�iBQM TQr2` Q7 i?2 u}H2` SHmb KmHiBTH2t BM
MQ`i?2`M �7`B+�X 6Q`2MbB+ a+B AMi :2M2i j3- R38ĜRN9 UC�MX kyRNVX

d9X .�pv/Qp- 1X oX 2i �HX A/2MiB7vBM; � ?B;? 7`�+iBQM Q7 i?2 ?mK�M ;2MQK2
iQ #2 mM/2` b2H2+iBp2 +QMbi`�BMi mbBM; :1_SYYX SGQa *QKTmiX "BQHX
e- 2RyyRyk8 U.2+X kyRyVX

d8X .�v- 6X _X- PM;- EX EX � S2``v- CX _X "X 1Hm+B/�iBM; i?2 ;2M2iB+ #�bBb
Q7 bQ+B�H BMi2`�+iBQM �M/ BbQH�iBQMX L�i *QKKmM N- k98d UCmHv kyR3VX

jd9
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deX .2 H� Sm2Mi2- JX 2i �HX h?2 :HQ#�H �AJb L�MQ b2i, � jR@TH2t aL�S@
b?Qi �bb�v Q7 �M+2bi`v@BM7Q`K�iBp2 aLSbX 6Q`2MbB+ a+B AMi :2M2i kk-
3RĜ33 UJ�v kyReVX

ddX .2+F2`- CX 1X 2i �HX qQ`H/rB/2 T�ii2`Mb Q7 �M+2bi`v- /Bp2`;2M+2- �M/
�/KBtim`2 BM /QK2biB+�i2/ +�iiH2X SGQa :2M2iX Ry- 2Ryy9k89 UJ�`X
kyR9VX

d3X .2H�M2�m- PX- w�;m`v- CX 6X �J�`+?BMB- CX AKT`Qp2/ r?QH2@+?`QKQbQK2
T?�bBM; 7Q` /Bb2�b2 �M/ TQTmH�iBQM ;2M2iB+ bim/B2bX L�iX J2i?Q/b Ry-
8Ĝe UC�MX kyRjVX

dNX .2HbQM- 1X �M 2�`Hv /BbT2`b�H Q7 KQ/2`M ?mK�Mb 7`QK �7`B+� iQ :`22+2X
L�im`2 8dR- 93dĜ933 UCmHv kyRNVX

3yX .2M�`Q- JX 2i �HX 1i?MB+ p�`B�iBQM BM >T� R 2M/QMm+H2�b2 +H2�p�;2
T�ii2`Mb Q7 ?mK�M KBiQ+?QM/`B�H .L�X S`Q+X L�iHX �+�/X a+BX lXaX�X
d3- 8de3Ĝ8ddk Ua2TiX RN3RVX

3RX .2MMv- CX *X 2i �HX avbi2K�iB+ +QKT�`BbQM Q7 T?2MQK2@rB/2 �bbQ+B@
�iBQM bim/v Q7 2H2+i`QMB+ K2/B+�H `2+Q`/ /�i� �M/ ;2MQK2@rB/2 �bbQ@
+B�iBQM bim/v /�i�X L�iX "BQi2+?MQHX jR- RRykĜRRRy U.2+X kyRjVX

3kX .2bi`Q "BbQH- :X 2i �HX Ai�HB�M BbQH�i2b iQ/�v, ;2Q;`�T?B+ �M/ HBM@
;mBbiB+ 7�+iQ`b b?�TBM; ?mK�M #BQ/Bp2`bBivX C �Mi?`QTQH a+B 3e- RdNĜ
R33 Ukyy3VX

3jX .B *`BbiQ7�`Q- CX 2i �HX �7;?�M >BM/m Emb?, r?2`2 1m`�bB�M bm#@
+QMiBM2Mi ;2M2 ~Qrb +QMp2`;2X SGQa PL1 3- 2ded93 UkyRjVX

39X .B :�2i�MQ- *X 2i �HX �M Qp2`pB2r Q7 i?2 ;2M2iB+ bi`m+im`2 rBi?BM
i?2 Ai�HB�M TQTmH�iBQM 7`QK ;2MQK2@rB/2 /�i�X SGQa PL1 d- 29jd8N
UkyRkVX

38X .B`Fb- SX >X 2i �HX :2QHQ;B+�H �M/ i�T?QMQKB+ +QMi2ti 7Q` i?2 M2r
?QKBMBM bT2+B2b >QKQ M�H2/B 7`QK i?2 .BM�H2/B *?�K#2`- aQmi? �7`B+�X
1HB72 9 Ua2TiX kyR8VX

3eX .B`Fb- SX >X 2i �HX h?2 �;2 Q7 >QKQ M�H2/B �M/ �bbQ+B�i2/ b2/BK2Mib
BM i?2 _BbBM; ai�` *�p2- aQmi? �7`B+�X 1HB72 e UJ�v kyRdVX

3dX .Q- _X 2i �HX 1tQK2 b2[m2M+BM; B/2MiB}2b `�`2 G.G_ �M/ �SP�8
�HH2H2b +QM72``BM; `BbF 7Q` KvQ+�`/B�H BM7�`+iBQMX L�im`2 8R3- RykĜRye
U62#X kyR8VX

33X .QT�xQ- CX 2i �HX ked aT�MBb? 1tQK2b _2p2�H SQTmH�iBQM@aT2+B}+ .B7@
72`2M+2b BM .Bb2�b2@_2H�i2/ :2M2iB+ o�`B�iBQMX JQHX "BQHX 1pQHX jj-
Rky8ĜRkR3 UJ�v kyReVX

jd8
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3NX .m`�M/- 1X uX- S�ii2`bQM- LX- _2B+?- .X � aH�iFBM- JX h2biBM; 7Q` �M@
+B2Mi �/KBtim`2 #2ir22M +HQb2Hv `2H�i2/ TQTmH�iBQMbX JQHX "BQHX 1pQHX
k3- kkjNĜkk8k U�m;X kyRRVX

NyX 1B#2`;- >X 2i �HX "Hm2 2v2 +QHQ` BM ?mK�Mb K�v #2 +�mb2/ #v � T2`72+iHv
�bbQ+B�i2/ 7QmM/2` Kmi�iBQM BM � `2;mH�iQ`v 2H2K2Mi HQ+�i2/ rBi?BM
i?2 >1_*k ;2M2 BM?B#BiBM; P*�k 2tT`2bbBQMX >mKX :2M2iX Rkj- RddĜ
R3d UJ�`X kyy3VX

NRX 1BH#2+F- EX- ZmBMH�M- �X � u�M/2HH- JX a2iiHBM; i?2 b+Q`2, p�`B�Mi
T`BQ`BiBx�iBQM �M/ J2M/2HB�M /Bb2�b2X L�iX _2pX :2M2iX R3- 8NNĜeRk
UP+iX kyRdVX

NkX 1BH#2+F- EX 2i �HX h?2 a2[m2M+2 PMiQHQ;v, � iQQH 7Q` i?2 mMB}+�iBQM
Q7 ;2MQK2 �MMQi�iBQMbX :2MQK2 "BQHX e- _99 Ukyy8VX

NjX 1m`QT2�M �bvHmK amTTQ`i P{+2 ?iiTb,ffrrrX2�bQX2m`QT�X2mfbBi2bf
/27�mHif7BH2bfTm#HB+f1`Bi`2�@_2TQ`i@6BM�HXT/7X

N9X 62`M�M/2b- .X JX 2i �HX h?2 �``Bp�H Q7 ai2TT2 �M/ A`�MB�M _2H�i2/
�M+2bi`v BM i?2 AbH�M/b Q7 i?2 q2bi2`M J2/Bi2``�M2�MX "BQ`tBp UJ�`X
kyRNVX

N8X 62``�`�- aX BM � *QKT�MBQM iQ i?2 �M+B2Mi :`22F G�M;m�;2 NĜk9 UCQ?M
qBH2v �M/ aQMb- kyRyVX

NeX 6BMH�vbQM- *X 2i �HX "B`/b Q7 � 72�i?2`, L2�M/2`i?�H 2tTHQBi�iBQM Q7
`�TiQ`b �M/ +Q`pB/bX SGQa PL1 d- 298Nkd UkyRkVX

NdX 6BQ`BiQ- :X 2i �HX h?2 Ai�HB�M ;2MQK2 `2~2+ib i?2 ?BbiQ`v Q7 1m`QT2
�M/ i?2 J2/Bi2``�M2�M #�bBMX 1m`X CX >mKX :2M2iX k9- Ry8eĜRyek
UCmHv kyReVX

N3X 6BixT�i`B+F- �X SX h?2 �K2b#m`v �`+?2` �M/ i?2 "Qb+QK#2 "QrK2M,
"2HH "2�F2` "m`B�Hb QM "Qb+QK#2 /QrM- �K2b#m`v- qBHib?B`2X Uq2bb2t
�`+?�2QHQ;v- kyRRVX

NNX 6BixbBKKQMb- EX 1X- ai2`M- LX � Jm``�v@q�HH�+2- *X oX .2TQbBiBQM�H
?BbiQ`v �M/ �`+?�2QHQ;v Q7 i?2 +2Mi`�H G�F2 JmM;Q HmM2ii2- qBHH�M/`�
G�F2b- bQmi?2�bi �mbi`�HB�X CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2 9R- j9N
Ĝje9X BbbM, yjy8@99yj UkyR9VX

RyyX 6Q`bi2`- SX � J�ibmKm`�- aX .B/ 1�`Hv >mK�Mb :Q LQ`i? Q` aQmi?\
a+B2M+2 jy3- Ne8ĜNeeX BbbM, yyje@3yd8 Ukyy8VX

RyRX 6`2B`2@�`�/�b- �X 2i �HX 1tTHQ`BM; B`Bb +QHQm` T`2/B+iBQM �M/ �M+2bi`v
BM72`2M+2 BM �/KBt2/ TQTmH�iBQMb Q7 aQmi? �K2`B+�X 6Q`2MbB+ a+B AMi
:2M2i Rj- jĜN ULQpX kyR9VX

jde

https://www.easo.europa.eu/sites/default/files/public/Eritrea-Report-Final.pdf
https://www.easo.europa.eu/sites/default/files/public/Eritrea-Report-Final.pdf


"B#HBQ;`�T?v

RykX 6`B2/K�M- JX CX h?2 1pQHmiBQM Q7 >QKBMB/ "BT2/�HBbK UkyyeVX
RyjX 6m- ZX 2i �HX �M 2�`Hv KQ/2`M ?mK�M 7`QK _QK�MB� rBi? � `2+2Mi

L2�M/2`i?�H �M+2biQ`X L�im`2 8k9- kReĜkRN U�m;X kyR8VX
Ry9X 6m- ZX 2i �HX .L� �M�HvbBb Q7 �M 2�`Hv KQ/2`M ?mK�M 7`QK hB�Mvm�M

*�p2- *?BM�X S`Q+X L�iHX �+�/X a+BX lXaX�X RRy- kkkjĜkkkd U62#X
kyRjVX

Ry8X 6m- ZX 2i �HX :2MQK2 b2[m2M+2 Q7 � 98-yyy@v2�`@QH/ KQ/2`M ?mK�M
7`QK r2bi2`M aB#2`B�X L�im`2 8R9- 998Ĝ99N UP+iX kyR9VX

RyeX 6m- ZX 2i �HX h?2 ;2M2iB+ ?BbiQ`v Q7 A+2 �;2 1m`QT2X L�im`2 8j9- kyyĜ
ky8 UCmM2 kyReVX

RydX 6mK�;�HHB- JX 2i �HX :`22MH�M/B+ AMmBi b?Qr ;2M2iB+ bB;M�im`2b Q7 /B2i
�M/ +HBK�i2 �/�Ti�iBQMX a+B2M+2 j9N- Rj9jĜRj9d Ua2TiX kyR8VX

Ry3X :�HBHB- hX /2M/2ti2M/, �M _ T�+F�;2 7Q` pBbm�HBxBM;- �/DmbiBM; �M/
+QKT�`BM; i`22b Q7 ?B2`�`+?B+�H +Hmbi2`BM;X "BQBM7Q`K�iB+b jR- jdR3Ĝ
jdky ULQpX kyR8VX

RyNX :�K#�- *X 2i �HX :2MQK2 ~mt �M/ bi�bBb BM � }p2 KBHH2MMBmK i`�Mb2+i
Q7 1m`QT2�M T`2?BbiQ`vX L�i *QKKmM 8- 8k8d UP+iX kyR9VX

RRyX :�ii2T�BHH2- GX JX � C�FQ#bbQM- JX *QK#BMBM; K�`F2`b BMiQ ?�THQ@
ivT2b +�M BKT`Qp2 TQTmH�iBQM bi`m+im`2 BM72`2M+2X :2M2iB+b RNy- R8NĜ
Rd9 UC�MX kyRkVX

RRRX :B�+QKQ- 6X .X 2i �HX *HBM�H T�ii2`Mb Q7 ?mK�M u +?`QKQbQK�H /B@
p2`bBiv BM +QMiBM2Mi�H Ai�Hv �M/ :`22+2 �`2 /QKBM�i2/ #v /`B7i �M/
7QmM/2` 2z2+ibX JQH2+mH�` S?vHQ;2M2iB+b �M/ 1pQHmiBQM k3- j3d ĜjN8X
BbbM, Ry88@dNyj UkyyjVX

RRkX :B##QMb- �X >lJ�L 1oPGlhAPLX L2�M/2`i�H ;2M2b HBMF2/ iQ KQ/@
2`M /Bb2�b2bX a+B2M+2 j8R- e93Ĝe9N U62#X kyReVX

RRjX :B#bQM- :X _�`2 �M/ +QKKQM p�`B�Mib, ir2Miv �`;mK2MibX L�iX _2pX
:2M2iX Rj- Rj8ĜR98 UC�MX kyRkVX

RR9X :BH#2`i- JX hX 2i �HX *?�`�+i2`Bx�iBQM Q7 ;2M2iB+ KBb+Q/BM; H2bBQMb
+�mb2/ #v TQbiKQ`i2K /�K�;2X �KX CX >mKX :2M2iX dk- 93ĜeR UC�MX
kyyjVX

RR8X :Bii2HK�M- _X JX 2i �HX �`+?�B+ >QKBMBM �/KBtim`2 6�+BHBi�i2/ �/@
�Ti�iBQM iQ Pmi@Q7@�7`B+� 1MpB`QMK2MibX *m``X "BQHX ke- jjd8Ĝjj3k
U.2+X kyReVX

RReX :HmbK�M- :X- u�M�B- AX- _m#BM- AX � G�M+2i- .X h?2 +QKTH2i2 ?mK�M
QH7�+iQ`v bm#;2MQK2X :2MQK2 _2bX RR- e38Ĝdyk UJ�v kyyRVX
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RRdX :QQ/rBM- qX >X h?2 mb2 Q7 7Q`2MbB+ .L� �M�HvbBb BM ?mK�MBi�`B�M
7Q`2MbB+ �+iBQM, h?2 /2p2HQTK2Mi Q7 � b2i Q7 BMi2`M�iBQM�H bi�M/�`/bX
6Q`2MbB+ a+BX AMiX kd3- kkRĜkkd Ua2TiX kyRdVX

RR3X :`�pBM�- "X 2i �HX LQ _2HB�#H2 1pB/2M+2 7Q` � L2�M/2`i?�H@*?�i2HT2``QMB�M
�bbQ+B�iBQM �i G� _Q+?2@¨@SB2``Qi- a�BMi@*ûb�B`2X a+B _2T 3- R8Rj9
UP+iX kyR3VX

RRNX :`22M- _X 1X 2i �HX � +QKTH2i2 L2�M/2`i�H KBiQ+?QM/`B�H ;2MQK2 b2@
[m2M+2 /2i2`KBM2/ #v ?B;?@i?`Qm;?Tmi b2[m2M+BM;X *2HH Rj9- 9ReĜ
9ke U�m;X kyy3VX

RkyX :`22M- _X 1X 2i �HX � /`�7i b2[m2M+2 Q7 i?2 L2�M/2`i�H ;2MQK2X a+B2M+2
jk3- dRyĜdkk UJ�v kyRyVX

RkRX :`22M- _X 1X 2i �HX �M�HvbBb Q7 QM2 KBHHBQM #�b2 T�B`b Q7 L2�M/2`i?�H
.L�X L�im`2 999- jjyĜjje ULQpX kyyeVX

RkkX :`ɃM- _X .B`2+i /�iBM; Q7 ?mK�M 7QbbBHbX �KX CX S?vbX �Mi?`QTQHX
amTTH 9j- kĜ93 UkyyeVX

RkjX :`ɃM- _X �M/ "`BMF- CX aX �M/ aTQQM2`- LX �X �M/ h�vHQ`- GX �M/
ai`BM;2`- *X "X �M/ 6`�M+Bb+mb- _X :X �M/ Jm``�v- �X aX .B`2+i /�iBM;
Q7 6HQ`Bb#�/ ?QKBMB/X L�im`2 j3k- 8yyĜ8yR U�m;X RNNeVX

Rk9X :`ɃM- _X �M/ ai`BM;2`- *X h�#mM `2pBbBi2/, `2pBb2/ 1a_ +?`QMQHQ;v
�M/ M2r 1a_ �M/ l@b2`B2b �M�Hvb2b Q7 /2Mi�H K�i2`B�H 7`QK h�#mM
*RX CX >mKX 1pQHX jN- eyRĜeRk U.2+X kyyyVX

Rk8X :m`/�b�MB- .X 2i �HX h?2 �7`B+�M :2MQK2 o�`B�iBQM S`QD2+i b?�T2b
K2/B+�H ;2M2iB+b BM �7`B+�X L�im`2 8Rd- jkdĜjjk UC�MX kyR8VX

RkeX :ɃMi?2`- hX � C�FQ#bbQM- JX :2M2b KB``Q` KB;`�iBQMb �M/ +mHim`2b
BM T`2?BbiQ`B+ 1m`QT2@� TQTmH�iBQM ;2MQKB+ T2`bT2+iBp2X *m``X PTBMX
:2M2iX .2pX 9R- RR8ĜRkj U.2+X kyReVX

RkdX :ɃMi?2`- hX 2i �HX �M+B2Mi ;2MQK2b HBMF 2�`Hv 7�`K2`b 7`QK �i�Tm2`+�
BM aT�BM iQ KQ/2`M@/�v "�b[m2bX S`Q+X L�iHX �+�/X a+BX lXaX�X RRk-
RRNRdĜRRNkk Ua2TiX kyR8VX

Rk3X >��F- qX 2i �HX J�bbBp2 KB;`�iBQM 7`QK i?2 bi2TT2 r�b � bQm`+2
7Q` AM/Q@1m`QT2�M H�M;m�;2b BM 1m`QT2X L�im`2 8kk- kydĜkRR UCmM2
kyR8VX

RkNX >�#2`- JX 2i �HX *?�/ :2M2iB+ .Bp2`bBiv _2p2�Hb �M �7`B+�M >Bb@
iQ`v J�`F2/ #v JmHiBTH2 >QHQ+2M2 1m`�bB�M JB;`�iBQMbX �KX CX >mKX
:2M2iX NN- RjReĜRjk9 U.2+X kyReVX
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RjyX >�#2`- JX 2i �HX :2MQK2@rB/2 /Bp2`bBiv BM i?2 H2p�Mi `2p2�Hb `2+2Mi
bi`m+im`BM; #v +mHim`2X SGQa :2M2iX N- 2RyyjjRe UkyRjVX

RjRX >�D/BMD�F- JX 2i �HX _2+QMbi`m+iBM; i?2 ;2M2iB+ ?BbiQ`v Q7 H�i2 L2�M/2`@
i?�HbX L�im`2 888- e8kĜe8e UJ�`X kyR3VX

RjkX >�DBHQQ- JX 2i �HX 1h>LPS_1., � MQp2H K�+?BM2 H2�`MBM; K2i?Q/
7Q` �++m`�i2 +QMiBM2Mi�H �M/ bm#@+QMiBM2Mi�H �M+2bi`v B/2MiB}+�iBQM
�M/ TQTmH�iBQM bi`�iB}+�iBQM +Q``2+iBQMX "J* "BQBM7Q`K�iB+b R9- eR
UkyRjVX

RjjX >�KK2`- JX 6X � w2;m`�- aX GX h?2 >mK�M u *?`QKQbQK2 >�T@
HQ;`QmT h`22, LQK2M+H�im`2 �M/ S?vHQ;2Q;`�T?v Q7 Aib J�DQ` .BpB@
bBQMbX �MMm�H _2pB2r Q7 �Mi?`QTQHQ;v jR- jyjĜjkR UkyykVX

Rj9X >�Mb2M- �X- qBHH2`bH2p- 1X- qBm7- *X- JQm`B2`- hX � �`+i�M/2`- SX
ai�iBbiB+�H 2pB/2M+2 7Q` KBb+Q/BM; H2bBQMb BM �M+B2Mi .L� i2KTH�i2bX
JQHX "BQHX 1pQHX R3- kekĜke8 U62#X kyyRVX

Rj8X >�`�`B- uX a�TB2Mb, � "`B27 >BbiQ`v Q7 >mK�MFBM/ Bb#M, Nd3yyekjReRyj
U>�`T2`- kyR8VX

RjeX >�``Bb- EX � LB2Hb2M- _X h?2 :2M2iB+ *Qbi Q7 L2�M/2`i?�H AMi`Q;`2b@
bBQMX :2M2iB+b kyj- 33RĜ3NR UCmM2 kyReVX

RjdX >�``Bb- 1X 1X �M+2biQ`b BM Pm` :2MQK2, h?2 L2r a+B2M+2 Q7 >mK�M
1pQHmiBQM UPt7Q`/ lMBp2`bBiv S`2bb- kyR8VX

Rj3X >�`p�iB- EX 2i �HX �TB/BK� *�p2 7QbbBHb T`QpB/2 2�`HB2bi 2pB/2M+2 Q7
>QKQ b�TB2Mb BM 1m`�bB�X L�im`2 8dR- 8yyĜ8y9 UCmHv kyRNVX

RjNX >�rFb- CX 2i �HX L2r 7QbbBH `2K�BMb Q7 >QKQ M�H2/B 7`QK i?2 G2b2/B
*?�K#2`- aQmi? �7`B+�X 1HB72 e UJ�v kyRdVX

R9yX >�v/2M- aX 2i �HX 1+QHQ;B+�H �/�Ti�iBQM /2i2`KBM2b 7mM+iBQM�H K�K@
K�HB�M QH7�+iQ`v bm#;2MQK2bX :2MQK2 _2bX ky- RĜN UC�MX kyRyVX

R9RX >27M2`- CX hX � PmbH2v- aX .X ai�iBbiB+�H +H�bbB}+�iBQM K2i?Q/b 7Q`
2biBK�iBM; �M+2bi`v mbBM; KQ`T?Qb+QTB+ i`�BibX CX 6Q`2MbB+ a+BX 8N-
33jĜ3Ny UCmHv kyR9VX

R9kX >2HH2Mi?�H- :X 2i �HX � ;2M2iB+ �iH�b Q7 ?mK�M �/KBtim`2 ?BbiQ`vX a+B@
2M+2 j9j- d9dĜd8R U62#X kyR9VX

R9jX >2HH2Mi?�H- :X- �miQM- �X � 6�Hmb?- .X AM72``BM; ?mK�M +QHQMBx�iBQM
?BbiQ`v mbBM; � +QTvBM; KQ/2HX SGQa :2M2iX 9- 2Ryyyyd3 UJ�v kyy3VX
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R99X >2MM- "X JX- :`�p2H- aX- JQ`2MQ@1bi`�/�- �X- �+2p2/Q@�+2p2/Q- aX
� "mbi�K�Mi2- *X .X 6BM2@b+�H2 TQTmH�iBQM bi`m+im`2 �M/ i?2 2`� Q7
M2ti@;2M2`�iBQM b2[m2M+BM;X >mKX JQHX :2M2iX RN- _kkRĜkke UP+iX
kyRyVX

R98X >2MM- "X JX 2i �HX :2MQKB+ �M+2bi`v Q7 LQ`i? �7`B+�Mb bmTTQ`ib #�+F@
iQ@�7`B+� KB;`�iBQMbX SGQa :2M2iX 3- 2RyykjNd UC�MX kyRkVX

R9eX >2v2b- SX � J�+.QM�H/- EX L2�M/2`i�H 2M2`;2iB+b, lM+2`i�BMiv BM
#Q/v K�bb 2biBK�iBQM HBKBib +QKT�`BbQMb rBi? >QKQ b�TB2MbX CX >mKX
1pQHX 38- RNjĜRNd U�m;X kyR8VX

R9dX >B;?�K- hX 2i �HX *?`QMQHQ;v Q7 i?2 :`Qii2 /m _2MM2 U6`�M+2V �M/
BKTHB+�iBQMb 7Q` i?2 +QMi2ti Q7 Q`M�K2Mib �M/ ?mK�M `2K�BMb rBi?BM
i?2 *?�i2HT2``QMB�MX S`Q+X L�iHX �+�/X a+BX lXaX�X Ryd- kykj9ĜkykjN
ULQpX kyRyVX

R93X >B;?�K- hX 1m`QT2�M JB//H2 �M/ lTT2` S�H�2QHBi?B+ `�/BQ+�`#QM
/�i2b �`2 Q7i2M QH/2` i?�M i?2v HQQF, T`Q#H2Kb rBi? T`2pBQmb /�i2b
�M/ bQK2 `2K2/B2bX �MiB[mBiv 38- kj8Ĝk9N UkyRRVX

R9NX >BM+?- �X :X 2i �HX h?2 H�M/b+�T2 Q7 `2+QK#BM�iBQM BM �7`B+�M �K2`@
B+�MbX L�im`2 9de- RdyĜRd8 UCmHv kyRRVX

R8yX >Q/QĴHm;BH- lX � J�?H2v- _X qX hm`FBb? TQTmH�iBQM bi`m+im`2 �M/
;2M2iB+ �M+2bi`v `2p2�H `2H�i2/M2bb �KQM; 1m`�bB�M TQTmH�iBQMbX �MMX
>mKX :2M2iX de- Rk3ĜR9R UJ�`X kyRkVX

R8RX >QzK�MM- .X GX 2i �HX l@h? /�iBM; Q7 +�`#QM�i2 +`mbib `2p2�Hb L2�M/2`@
i�H Q`B;BM Q7 A#2`B�M +�p2 �`iX a+B2M+2 j8N- NRkĜNR8 U62#X kyR3VX

R8kX >Q7K�MQp�- wX 2i �HX 1�`Hv 7�`K2`b 7`QK �+`Qbb 1m`QT2 /B`2+iHv /2b@
+2M/2/ 7`QK L2QHBi?B+ �2;2�MbX S`Q+X L�iHX �+�/X a+BX lXaX�X RRj-
e33eĜe3NR UCmM2 kyReVX

R8jX >Q7`2Bi2`- JX- a2``2- .X- SQBM�`- >X LX- Em+?- JX � S��#Q- aX �M+B2Mi
.L�X L�iX _2pX :2M2iX k- j8jĜj8N UJ�v kyyRVX

R89X >Q7`2Bi2`- JX- C�2MB+F2- oX- a2``2- .X- pQM >�2b2H2`- �X � S��#Q-
aX .L� b2[m2M+2b 7`QK KmHiBTH2 �KTHB}+�iBQMb `2p2�H �`iB7�+ib BM@
/m+2/ #v +viQbBM2 /2�KBM�iBQM BM �M+B2Mi .L�X Lm+H2B+ �+B/b _2bX
kN- 9dNjĜ9dNN U.2+X kyyRVX

R88X >ƺbb- JX- C�`m;�- SX- w�bi�rMv- hX >X- .Bx/�`Q;Hm- JX � S��#Q- aX
.L� /�K�;2 �M/ .L� b2[m2M+2 `2i`B2p�H 7`QK �M+B2Mi iBbbm2bX Lm+@
H2B+ �+B/b _2bX k9- Rjy9ĜRjyd U�T`X RNNeVX
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R8eX >Qmi- *X oX oX 2i �HX q?QH2 2tQK2 b2[m2M+BM; �M/ +?�`�+i2`Bx�iBQM
Q7 +Q/BM; p�`B�iBQM BM 9N-Ney BM/BpB/m�Hb BM i?2 lE "BQ#�MFX "BQ`tBp
UkyRNVX

R8dX >m- qX h?2 `QH2 Q7 T8j ;2M2 7�KBHv BM `2T`Q/m+iBQMX *QH/ aT`BM; >�`#
S2`bT2+i "BQH R- �yyRydj U.2+X kyyNVX

R83X >m#HBM- CX CX 2i �HX L2r 7QbbBHb 7`QK C2#2H A`?Qm/- JQ`Q++Q �M/ i?2
T�M@�7`B+�M Q`B;BM Q7 >QKQ b�TB2MbX L�im`2 89e- k3NĜkNk UCmM2 kyRdVX

R8NX >m2`i�@a�M+?2x- 1X 2i �HX �HiBim/2 �/�Ti�iBQM BM hB#2i�Mb +�mb2/ #v
BMi`Q;`2bbBQM Q7 .2MBbQp�M@HBF2 .L�X L�im`2 RN9- 8Rk UCmHv kyR9VX

ReyX >m`bi- CX �X- "�`�Bib2`- JX- �m;2`- 1X- :`�?�K- 6X � LQ`2HH- aX �M
2ti2M/2/ 7�KBHv rBi? � /QKBM�MiHv BM?2`Bi2/ bT22+? /BbQ`/2`X .2p
J2/ *?BH/ L2m`QH jk- j8kĜj88 U�T`X RNNyVX

ReRX A�+Qp�++B- :X 2i �HX 6Q`2MbB+ /�i� �M/ KB+`Qp�`B�Mi b2[m2M+2 +?�`�+i2`@
Bx�iBQM Q7 kd u@ah_ HQ+B �M�Hvx2/ BM 7Qm` 1�bi2`M �7`B+�M +QmMi`B2bX
6Q`2MbB+ a+B AMi :2M2i kd- RkjĜRjR UJ�`X kyRdVX

RekX AB/�- >X- A+?BMQb2- CX- E�M2FQ- hX- Jǔ`B- hX � a?B#�i�- uX *QKTH2@
K2Mi�`v .L� +HQMBM; Q7 `�i bT2i2t@R- � bT2`K�iB/@2tT`2bbBM; ;2M2@R-
2M+Q/BM; � ej F.� +viQTH�bKB+ T`Qi2BM Q7 2HQM;�i2 bT2`K�iB/bX JQHX
_2T`Q/X .2pX e3- j38ĜjNj U�m;X kyy9VX

RejX AM;K�M- JX- E�2bbK�MM- >X- S��#Q- aX � :vHH2Mbi2M- lX JBiQ+?QM@
/`B�H ;2MQK2 p�`B�iBQM �M/ i?2 Q`B;BM Q7 KQ/2`M ?mK�MbX L�im`2 9y3-
dy3ĜdRj U.2+X kyyyVX

Re9X AMi2`M�iBQM�H *QKKBii22 Q7 i?2 _2/ *`QbbX S`QiQ+QH �//BiBQM�H iQ i?2
:2M2p� *QMp2MiBQMb Q7 Rk �m;mbi RN9N- �M/ `2H�iBM; iQ i?2 S`Qi2+iBQM
Q7 oB+iBKb Q7 AMi2`M�iBQM�H �`K2/ *QM~B+ib US`QiQ+QH AV URNddVX

Re8X AMi2`M�iBQM�H *QKKBii22 Q7 i?2 _2/ *`QbbX h?2 :2M2p� *QMp2MiBQMb
Q7 �m;mbi Rk- RN9N URN9NVX

ReeX C�+Q#b- GX *X 2i �HX *QKT`2?2MbBp2 +�M/B/�i2 ;2M2 bim/v ?B;?HB;?ib
l:hR� �M/ "L*k �b M2r ;2M2b /2i2`KBMBM; +QMiBMmQmb bFBM +QHQ`
p�`B�iBQM BM 1m`QT2�MbX >mKX :2M2iX Rjk- R9dĜR83 U62#X kyRjVX

RedX C�FQ#bbQM- JX � _Qb2M#2`;- LX �X *GlJSS, � +Hmbi2` K�i+?BM; �M/
T2`Kmi�iBQM T`Q;`�K 7Q` /2�HBM; rBi? H�#2H brBi+?BM; �M/ KmHiBKQ/@
�HBiv BM �M�HvbBb Q7 TQTmH�iBQM bi`m+im`2X "BQBM7Q`K�iB+b kj- R3yRĜ
R3ye UCmHv kyydVX

Re3X C�FQ#bbQM- JX 2i �HX :2MQivT2- ?�THQivT2 �M/ +QTv@MmK#2` p�`B�iBQM
BM rQ`H/rB/2 ?mK�M TQTmH�iBQMbX L�im`2 98R- NN3ĜRyyj U62#X kyy3VX
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ReNX C�m#2`i- CX 2i �HX 1�`Hv L2�M/2`i?�H +QMbi`m+iBQMb /22T BM "`mMB[m2H
*�p2 BM bQmi?r2bi2`M 6`�M+2X L�im`2 8j9- RRRĜRR9 UCmM2 kyReVX

RdyX C2MFBMb- .X GX 2i �HX *HQpBb �;2 q2bi2`M ai2KK2/ T`QD2+iBH2 TQBMib
�M/ ?mK�M +QT`QHBi2b �i i?2 S�BbH2v *�p2bX a+B2M+2 jjd- kkjĜkk3
UCmHv kyRkVX

RdRX CBM- uX 2i �HX :2MQK2@rB/2 �bbQ+B�iBQM �M�Hvb2b B/2MiB7v Rj M2r bmb@
+2TiB#BHBiv HQ+B 7Q` ;2M2`�HBx2/ pBiBHB;QX L�iX :2M2iX 99- edeĜe3y UJ�v
kyRkVX

RdkX CQM2b- 1X _X 2i �HX lTT2` S�H�2QHBi?B+ ;2MQK2b `2p2�H /22T `QQib Q7
KQ/2`M 1m`�bB�MbX L�i *QKKmM e- 3NRk ULQpX kyR8VX

RdjX Cm`B+- AX- �2b+?#�+?2`- aX � *QQT- :X h?2 ai`2M;i? Q7 a2H2+iBQM �;�BMbi
L2�M/2`i?�H AMi`Q;`2bbBQMX SGQa :2M2iX Rk- 2Ryyej9y ULQpX kyReVX

Rd9X E�HB�- aX aX 2i �HX _2+QKK2M/�iBQMb 7Q` `2TQ`iBM; Q7 b2+QM/�`v }M/BM;b
BM +HBMB+�H 2tQK2 �M/ ;2MQK2 b2[m2M+BM;- kyRe mT/�i2 U�*J: a6
pkXyV, � TQHB+v bi�i2K2Mi Q7 i?2 �K2`B+�M *QHH2;2 Q7 J2/B+�H :2M2iB+b
�M/ :2MQKB+bX :2M2iX J2/X RN- k9NĜk88 U62#X kyRdVX

Rd8X E�M�B- JX 2i �HX :2M2iB+ �M�HvbBb Q7 [m�MiBi�iBp2 i`�Bib BM i?2 C�T�M2b2
TQTmH�iBQM HBMFb +2HH ivT2b iQ +QKTH2t ?mK�M /Bb2�b2bX L�iX :2M2iX
8y- jNyĜ9yy UJ�`X kyR3VX

RdeX E�M2?Bb�- JX � :QiQ- aX E1::, FvQiQ 2M+v+HQT2/B� Q7 ;2M2b �M/
;2MQK2bX Lm+H2B+ �+B/b _2bX k3- kdĜjy UC�MX kyyyVX

RddX E�M2?Bb�- JX- a�iQ- uX- E�r�b?BK�- JX- 6m`mKB+?B- JX � h�M�#2-
JX E1:: �b � `272`2M+2 `2bQm`+2 7Q` ;2M2 �M/ T`Qi2BM �MMQi�iBQMX
Lm+H2B+ �+B/b _2bX 99- .98dĜ9ek UC�MX kyReVX

Rd3X E�M2?Bb�- JX- 6m`mKB+?B- JX- h�M�#2- JX- a�iQ- uX � JQ`Bb?BK�- EX
E1::, M2r T2`bT2+iBp2b QM ;2MQK2b- T�i?r�vb- /Bb2�b2b �M/ /`m;bX
Lm+H2B+ �+B/b _2bX 98- .j8jĜ.jeR UC�MX kyRdVX

RdNX E�`+x2rbFB- EX CX 2i �HX o�`B�iBQM �+`Qbb R9R-98e ?mK�M 2tQK2b �M/
;2MQK2b `2p2�Hb i?2 bT2+i`mK Q7 HQbb@Q7@7mM+iBQM BMiQH2`�M+2 �+`Qbb
?mK�M T`Qi2BM@+Q/BM; ;2M2bX "BQ`tBp UkyRNVX

R3yX E2BM�M- �X � *H�`F- �X :X _2+2Mi 1tTHQbBp2 >mK�M SQTmH�iBQM :`Qri?
>�b _2bmHi2/ BM �M 1t+2bb Q7 _�`2 :2M2iB+ o�`B�MibX a+B2M+2 jje-
d9yĜd9jX BbbM, yyje@3yd8 UkyRkVX

R3RX E2HH2`- �X 2i �HX L2r BMbB;?ib BMiQ i?2 hv`QH2�M A+2K�MǶb Q`B;BM �M/
T?2MQivT2 �b BM72``2/ #v r?QH2@;2MQK2 b2[m2M+BM;X L�i *QKKmM j-
eN3 U62#X kyRkVX
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R3kX EB//- CX _X 2i �HX �M�Hvb2b Q7 � b2i Q7 Rk3 �M+2bi`v BM7Q`K�iBp2 bBM;H2@
Mm+H2QiB/2 TQHvKQ`T?BbKb BM � ;HQ#�H b2i Q7 RRN TQTmH�iBQM b�KTH2bX
AMp2biB;�iBp2 :2M2iB+b k- jeyy UC�MX kyRRVX

R3jX EBK- uX 1X- EB- *X aX � C�M;- JX �X *?�HH2M;2b �M/ *QMbB/2`�iBQMb
BM a2[m2M+2 o�`B�Mi AMi2`T`2i�iBQM 7Q` J2M/2HB�M .BbQ`/2`bX �MM G�#
J2/ jN- 9kRĜ9kN Ua2TiX kyRNVX

R39X EQ?H2`- aX 2i �HX h?2 >mK�M S?2MQivT2 PMiQHQ;v BM kyRdX Lm+H2B+
�+B/b _2bX 98- .3e8Ĝ.3de UC�MX kyRdVX

R38X EQM;- �X 2i �HX _�i2 Q7 /2 MQpQ Kmi�iBQMb �M/ i?2 BKTQ`i�M+2 Q7
7�i?2`Ƕb �;2 iQ /Bb2�b2 `BbFX L�im`2 933- 9dRĜ9d8 U�m;X kyRkVX

R3eX EQT2HK�M- LX JX- J�vx2H- CX- C�FQ#bbQM- JX- _Qb2M#2`;- LX �X �
J�v`Qb2- AX *HmKT�F, � T`Q;`�K 7Q` B/2MiB7vBM; +Hmbi2`BM; KQ/2b �M/
T�+F�;BM; TQTmH�iBQM bi`m+im`2 BM72`2M+2b �+`Qbb EX JQH 1+QH _2bQm`
R8- RRdNĜRRNR Ua2TiX kyR8VX

R3dX EQbi2`- CX � _�?K�MM- aX aM�F2K�F2@� b+�H�#H2 #BQBM7Q`K�iB+b rQ`F@
~Qr 2M;BM2X "BQBM7Q`K�iB+b j9- jeyy UP+iX kyR3VX

R33X EQp�+2pB+- GX 2i �HX ai�M/BM; �i i?2 ;�i2r�v iQ 1m`QT2Ĝi?2 ;2M2iB+
bi`m+im`2 Q7 q2bi2`M #�HF�M TQTmH�iBQMb #�b2/ QM �miQbQK�H �M/ ?�T@
HQB/ K�`F2`bX SGQa PL1 N- 2Ry8yNy UkyR9VX

R3NX E`�mb2- CX 2i �HX h?2 /2`Bp2/ 6PsSk p�`B�Mi Q7 KQ/2`M ?mK�Mb r�b
b?�`2/ rBi? L2�M/2`i�HbX *m``X "BQHX Rd- RNy3ĜRNRk ULQpX kyydVX

RNyX E`BM;b- JX 2i �HX L2�M/2`i�H .L� b2[m2M+2b �M/ i?2 Q`B;BM Q7 KQ/2`M
?mK�MbX *2HH Ny- RNĜjy UCmHv RNNdVX

RNRX EmH2b?Qp- JX oX 2i �HX 1M`B+?`, � +QKT`2?2MbBp2 ;2M2 b2i 2M`B+?K2Mi
�M�HvbBb r2# b2`p2` kyRe mT/�i2X Lm+H2B+ �+B/b _2bX 99- qNyĜNd UCmHv
kyReVX

RNkX EmK�`- SX- >2MBFQz- aX � L;- SX *X S`2/B+iBM; i?2 2z2+ib Q7 +Q/@
BM; MQM@bvMQMvKQmb p�`B�Mib QM T`Qi2BM 7mM+iBQM mbBM; i?2 aA6h �H@
;Q`Bi?KX L�i S`QiQ+ 9- RydjĜRy3R UkyyNVX

RNjX Emb?MB�`2pB+?- �X 2i �HX :2M2iB+ >2`Bi�;2 Q7 i?2 "�HiQ@aH�pB+ aT2�F@
BM; SQTmH�iBQMb, � avMi?2bBb Q7 �miQbQK�H- JBiQ+?QM/`B�H �M/ u@
*?`QKQbQK�H .�i�X SGQa PL1 Ry- 2yRj83ky UkyR8VX

RN9X Er�F- aX >X 2i �HX 6BM/BM;b Q7 � Rjyj EQ`2�M r?QH2@2tQK2 b2[m2M+BM;
bim/vX 1tTX JQHX J2/X 9N- 2j8e UCmHv kyRdVX

RN8X EøHøMÏ- :X JX 2i �HX h?2 .2KQ;`�T?B+ .2p2HQTK2Mi Q7 i?2 6B`bi 6�`K@
2`b BM �M�iQHB�X *m``X "BQHX ke- ke8NĜkeee UP+iX kyReVX
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RNeX G�+?�M+2- CX � hBb?FQz- aX �X aLS �b+2`i�BMK2Mi #B�b BM TQTmH�iBQM
;2M2iB+ �M�Hvb2b, r?v Bi Bb BKTQ`i�Mi- �M/ ?Qr iQ +Q``2+i BiX "BQ2bb�vb
j8- d3yĜd3e Ua2TiX kyRjVX

RNdX G�M/2`- 1X aX 2i �HX AMBiB�H b2[m2M+BM; �M/ �M�HvbBb Q7 i?2 ?mK�M
;2MQK2X L�im`2 9yN- 3eyĜNkR U62#X kyyRVX

RN3X G�M/`mK- JX CX 2i �HX *HBMo�`, Tm#HB+ �`+?Bp2 Q7 BMi2`T`2i�iBQMb Q7
+HBMB+�HHv `2H2p�Mi p�`B�MibX Lm+H2B+ �+B/b _2bX 99- .3ekĜ3e3 UC�MX
kyReVX

RNNX G�M;Q �HH2M- >X 2i �HX >mM/`2/b Q7 p�`B�Mib +Hmbi2`2/ BM ;2MQKB+ HQ+B
�M/ #BQHQ;B+�H T�i?r�vb �z2+i ?mK�M ?2B;?iX L�im`2 9ed- 3jkĜ3j3
UP+iX kyRyVX

kyyX G�Q- PX 2i �HX *Q``2H�iBQM #2ir22M ;2M2iB+ �M/ ;2Q;`�T?B+ bi`m+im`2
BM 1m`QT2X *m``X "BQHX R3- Rk9RĜRk93 U�m;X kyy3VX

kyRX G�rbQM- *X GX � >�MbQM- _X CX aQHpBM; H2�bi b[m�`2b T`Q#H2Kb _2pBb2/
`2T`BMi Q7 i?2 RNd9 Q`B;BM�H- tBBYjjdX Bb#M, y@3N3dR@j8e@y UaQ+B2iv
7Q` AM/mbi`B�H �M/ �TTHB2/ J�i?2K�iB+b UaA�JV- S?BH�/2HT?B�- S�-
RNN8VX

kykX G�rbQM- .X CX- p�M .Q`T- GX � 6�Hmb?- .X � imiQ`B�H QM ?Qr MQi
iQ Qp2`@BMi2`T`2i ah_l*hl_1 �M/ �.JAshl_1 #�` THQibX L�i
*QKKmM N- jk83 U�m;X kyR3VX

kyjX G�rbQM- .X CX- >2HH2Mi?�H- :X- Jv2`b- aX � 6�Hmb?- .X AM72`2M+2 Q7
TQTmH�iBQM bi`m+im`2 mbBM; /2Mb2 ?�THQivT2 /�i�X SGQa :2M2iX 3-
2Ryyk98j UC�MX kyRkVX

ky9X G�x�`B/Bb- AX 2i �HX �M+B2Mi ?mK�M ;2MQK2b bm;;2bi i?`22 �M+2bi`�H
TQTmH�iBQMb 7Q` T`2b2Mi@/�v 1m`QT2�MbX L�im`2 8Rj- 9yNĜ9Rj Ua2TiX
kyR9VX

ky8X G�x�`B/Bb- AX 2i �HX :2M2iB+ Q`B;BMb Q7 i?2 JBMQ�Mb �M/ Jv+2M�2�MbX
L�im`2 893- kR9ĜkR3 U�m;X kyRdVX

kyeX G�x�`B/Bb- AX 2i �HX :2MQKB+ BMbB;?ib BMiQ i?2 Q`B;BM Q7 7�`KBM; BM i?2
�M+B2Mi L2�` 1�biX L�im`2 8je- 9RNĜ9k9 U�m;X kyReVX

kydX G�x�`B/Bb- AX h?2 2pQHmiBQM�`v ?BbiQ`v Q7 ?mK�M TQTmH�iBQMb BM 1m`QT2X
*m``2Mi PTBMBQM BM :2M2iB+b � .2p2HQTK2Mi 8jX :2M2iB+b Q7 >mK�M
P`B;BMb- kR ĜkdX BbbM, yN8N@9jds UkyR3VX

ky3X G2;�``� >2``2`Q- "X h?2 JBMQ�M 7�HH�+v, +mHim`�H /Bp2`bBiv �M/ KQ`@
im�`v #2?�pBQm` QM *`2i2 �i i?2 #2;BMMBM; Q/ i?2 "`QMx2 �;2X Pt7Q`/
CQm`M�H Q7 �`+?�2QHQ;v k3- kNĜ8d UkyyNVX
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kyNX G2F- JX 2i �HX �M�HvbBb Q7 T`Qi2BM@+Q/BM; ;2M2iB+ p�`B�iBQM BM ey-dye
?mK�MbX L�im`2 8je- k38ĜkNR U�m;X kyReVX

kRyX G2bHB2- aX 2i �HX h?2 }M2@b+�H2 ;2M2iB+ bi`m+im`2 Q7 i?2 "`BiBb? TQTmH�@
iBQMX L�im`2 8RN- jyNĜjR9 UJ�`X kyR8VX

kRRX G2bb2m`- *X 2i �HX :2MQK2@rB/2 �bbQ+B�iBQM �M�Hvb2b B/2MiB7v M2r bmb@
+2TiB#BHBiv HQ+B 7Q` Q`�H +�pBiv �M/ T?�`vM;2�H +�M+2`X L�iX :2M2iX 93-
R899ĜR88y U.2+X kyReVX

kRkX GB- CX wX 2i �HX qQ`H/rB/2 ?mK�M `2H�iBQMb?BTb BM72``2/ 7`QK ;2MQK2@
rB/2 T�ii2`Mb Q7 p�`B�iBQMX a+B2M+2 jRN- RRyyĜRRy9 U62#X kyy3VX

kRjX GB- LX � ai2T?2Mb- JX JQ/2HBM; HBMF�;2 /Bb2[mBHB#`BmK �M/ B/2MiB7vBM;
`2+QK#BM�iBQM ?QibTQib mbBM; bBM;H2@Mm+H2QiB/2 TQHvKQ`T?BbK /�i�X
:2M2iB+b Re8- kkRjĜkkjj U.2+X kyyjVX

kR9X GB- sX � E�?p2+B- hX � LQp2H �H;Q`Bi?K 7Q` B/2MiB7vBM; HQr@+QKTH2tBiv
`2;BQMb BM � T`Qi2BM b2[m2M+2X "BQBM7Q`K�iB+b kk- kN3yĜkN3d U.2+X
kyyeVX

kR8X GBTbQM- JX 2i �HX S�`�HH2H T�H�2Q;2MQKB+ i`�Mb2+ib `2p2�H +QKTH2t ;2@
M2iB+ ?BbiQ`v Q7 2�`Hv 1m`QT2�M 7�`K2`bX L�im`2 88R- je3Ĝjdk ULQpX
kyRdVX

kReX GBm- qX 2i �HX >mK�M `2K�BMb 7`QK w?B`2M/QM;- aQmi? *?BM�- �M/
KQ/2`M ?mK�M 2K2`;2M+2 BM 1�bi �bB�X S`Q+X L�iHX �+�/X a+BX lXaX�X
Ryd- RNkyRĜRNkye ULQpX kyRyVX

kRdX GQ?- SX _X 2i �HX AM72``BM; �/KBtim`2 ?BbiQ`B2b Q7 ?mK�M TQTmH�iBQMb
mbBM; HBMF�;2 /Bb2[mBHB#`BmKX :2M2iB+b RNj- RkjjĜRk89 U�T`X kyRjVX

kR3X GQT2x- aX- p�M .Q`T- GX � >2HH2Mi?�H- :X >mK�M .BbT2`b�H Pmi Q7
�7`B+�, � G�biBM; .2#�i2X 1pQHX "BQBM7Q`KX PMHBM2 RR- 8dĜe3 UkyR8VX

kRNX GƦT2x- aX 2i �HX h?2 ;2M2iB+ H�M/b+�T2 Q7 1i?BQTB�, /Bp2`bBiv- BMi2`@
KBtBM; �M/ i?2 �bbQ+B�iBQM rBi? +mHim`2X #BQ_tBpX /QB,RyXRRyRfd8e8je
UkyRNVX

kkyX J�+�`i?m`- CX 2i �HX h?2 M2r L>:_A@1"A *�i�HQ; Q7 Tm#HBb?2/ ;2MQK2@
rB/2 �bbQ+B�iBQM bim/B2b U:q�a *�i�HQ;VX Lm+H2B+ �+B/b _2bX 98-
.3NeĜ.NyR UC�MX kyRdVX

kkRX J�BHK�M- JX .X 2i �HX h?2 L*"A /#:�S /�i�#�b2 Q7 ;2MQivT2b �M/
T?2MQivT2bX L�iX :2M2iX jN- RR3RĜRR3e UP+iX kyydVX

kkkX J�HBMQrbFB- CX _X 2i �HX :2M2iB+ p�`B�Mib �bbQ+B�i2/ rBi? b2`mK i?v`QB/
biBKmH�iBM; ?Q`KQM2 Uha>V H2p2Hb BM 1m`QT2�M �K2`B+�Mb �M/ �7`B+�M
�K2`B+�Mb 7`QK i?2 2J1_:1 L2irQ`FX SGQa PL1 N- 2RRRjyR UkyR9VX
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kkjX J�HHB+F- aX 2i �HX h?2 aBKQMb :2MQK2 .Bp2`bBiv S`QD2+i, jyy ;2MQK2b
7`QK R9k /Bp2`b2 TQTmH�iBQMbX L�im`2 8j3- kyRĜkye UP+iX kyReVX

kk9X J�HHQ`v- CX SX � �/�Kb- .X ZX 1M+v+HQT2/B� P7 AM/Q@1m`QT2�M *mHim`2
U6Bix`Qv .2�`#Q`M- RNNdVX

kk8X J�M+Q- CX �M+2bi`�H DQm`M2vb Uh?�K2b � >m/bQM- kyR8VX
kkeX J�MQHBQ- hX �X � *QHHBMb- 6X aX h?2 >�TJ�T �M/ ;2MQK2@rB/2 �bbQ+B@

�iBQM bim/B2b BM /B�;MQbBb �M/ i?2`�TvX �MMmX _2pX J2/X ey- 99jĜ98e
UkyyNVX

kkdX J�TH2b- "X EX- :`�p2H- aX- E2MMv- 1X 1X � "mbi�K�Mi2- *X .X _6JBt, �
/Bb+`BKBM�iBp2 KQ/2HBM; �TT`Q�+? 7Q` `�TB/ �M/ `Q#mbi HQ+�H@�M+2bi`v
BM72`2M+2X �KX CX >mKX :2M2iX Nj- kd3Ĝk33 U�m;X kyRjVX

kk3X J�`B+B+- hX 2i �HX � `2+2Mi 2pQHmiBQM�`v +?�M;2 �z2+ib � `2;mH�iQ`v
2H2K2Mi BM i?2 ?mK�M 6PsSk ;2M2X JQHX "BQHX 1pQHX jy- 399Ĝ38k
U�T`X kyRjVX

kkNX J�`QK- �X- J+*mHH�;?- CX aX- >B;?�K- hX 6X- aBMBibvM- �X �X �
>2/;2b- _X 1X aBM;H2 �KBMQ �+B/ `�/BQ+�`#QM /�iBM; Q7 lTT2` S�@
H2QHBi?B+ KQ/2`M ?mK�MbX S`Q+X L�iHX �+�/X a+BX lXaX�X RyN- e3d3Ĝ
e33R UJ�v kyRkVX

kjyX J�`i?- :X hX- *x�#�`F�- 1X- Jm`p�B- CX � a?2``v- aX hX h?2 �HH2H2 7`2@
[m2M+v bT2+i`mK BM ;2MQK2@rB/2 ?mK�M p�`B�iBQM /�i� `2p2�Hb bB;M�Hb
Q7 /Bz2`2MiB�H /2KQ;`�T?B+ ?BbiQ`v BM i?`22 H�`;2 rQ`H/ TQTmH�iBQMbX
:2M2iB+b Ree- j8RĜjdk UC�MX kyy9VX

kjRX J�`iBM- �X _X 2i �HX >�THQivT2 a?�`BM; S`QpB/2b AMbB;?ib BMiQ 6BM2@
a+�H2 SQTmH�iBQM >BbiQ`v �M/ .Bb2�b2 BM 6BMH�M/X �KX CX >mKX :2M2iX
Ryk- deyĜdd8 UJ�v kyR3VX

kjkX J�`iBMB�MQ- _X 2i �HX :2MQKB+ bB;M�Hb Q7 KB;`�iBQM �M/ +QMiBMmBiv BM
"`Bi�BM #27Q`2 i?2 �M;HQ@a�tQMbX L�i *QKKmM d- Ryjke UC�MX kyReVX

kjjX J�i?B2bQM- AX 2i �HX :2MQK2@rB/2 T�ii2`Mb Q7 b2H2+iBQM BM kjy �M+B2Mi
1m`�bB�MbX L�im`2 8k3- 9NNĜ8yj U.2+X kyR8VX

kj9X J�i?B2bQM- AX 2i �HX h?2 ;2MQKB+ ?BbiQ`v Q7 bQmi?2�bi2`M 1m`QT2X
L�im`2 888- RNdĜkyj UJ�`X kyR3VX

kj8X J+G�`2M- qX 2i �HX h?2 1Mb2K#H o�`B�Mi 1z2+i S`2/B+iQ`X :2MQK2
"BQHX Rd- Rkk UCmM2 kyReVX

kjeX J2HH�`b- SX � M2r `�/BQ+�`#QM `2pQHmiBQM �M/ i?2 /BbT2`b�H Q7 KQ/2`M
?mK�Mb BM 1m`�bB�X L�im`2 9jN- NjRĜNj8 U62#X kyyeVX
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kjdX J2M/2x- 6X GX- q�iFBMb- CX *X � >�KK2`- JX 6X L2�M/2`i�H Q`B;BM
Q7 ;2M2iB+ p�`B�iBQM �i i?2 +Hmbi2` Q7 P�a BKKmMBiv ;2M2bX JQHX "BQHX
1pQHX jy- dN3Ĝ3yR U�T`X kyRjVX

kj3X J2ibT�Hm- JX 2i �HX a?�`2/ �M/ mMB[m2 +QKTQM2Mib Q7 ?mK�M TQTmH�@
iBQM bi`m+im`2 �M/ ;2MQK2@rB/2 bB;M�Hb Q7 TQbBiBp2 b2H2+iBQM BM aQmi?
�bB�X �KX CX >mKX :2M2iX 3N- djRĜd99 U.2+X kyRRVX

kjNX J2ixF2`- JX GX a2[m2M+BM; i2+?MQHQ;B2b ěi?2 M2ti ;2M2`�iBQMX L�im`2
_2pB2rb :2M2iB+b RR- jR 1S Ĝ U.2+X kyyNVX

k9yX J2v2`- JX 2i �HX � ?B;?@+Qp2`�;2 ;2MQK2 b2[m2M+2 7`QK �M �`+?�B+
.2MBbQp�M BM/BpB/m�HX a+B2M+2 jj3- kkkĜkke UP+iX kyRkVX

k9RX JB- >X 2i �HX S�Lh>1_ p2`bBQM RR, 2tT�M/2/ �MMQi�iBQM /�i� 7`QK
:2M2 PMiQHQ;v �M/ _2�+iQK2 T�i?r�vb- �M/ /�i� �M�HvbBb iQQH 2M@
?�M+2K2MibX Lm+H2B+ �+B/b _2bX 98- .R3jĜ.R3N UC�MX kyRdVX

k9kX KB;`�iBQMXBQKXBMi ?iiTb,ffKB;`�iBQMXBQKXBMif2m`QT2\ivT24KBbbBM;X
lT/�i2/ �m;mbi k8- kyRNX

k9jX JBD�`2b- �X aX 2i �HX L2r 2pB/2M+2 7Q` � ed-yyy@v2�`@QH/ ?mK�M T`2b@
2M+2 �i *�HH�Q *�p2- GmxQM- S?BHBTTBM2bX CX >mKX 1pQHX 8N- RkjĜRjk
UCmHv kyRyVX

k99X JBHH2`- :X >X 2i �HX SH2BbiQ+2M2 2tiBM+iBQM Q7 ;2MvQ`MBb M2riQMB, ?mK�M
BKT�+i QM �mbi`�HB�M K2;�7�mM�X a+B2M+2 k3j- ky8Ĝky3 UC�MX RNNNVX

k98X JBbbBM; JB;`�Mib S`QD2+iX 6�i�H CQm`M2vb 9, JBbbBM; JB;`�Mi *?BH/`2M
1M;HBb?X Bb#M, Nd3@Nk@Nye3@d3e@j UAPJ- kyRNVX

k9eX JBbbBM; JB;`�Mib S`QD2+iX 6�i�H CQm`M2vb oQHmK2 j S�`i R, AKT`QpBM;
.�i� QM JBbbBM; JB;`�Mib UAPJ- kyRdVX

k9dX JBiiMBF- �X 2i �HX h?2 ;2M2iB+ T`2?BbiQ`v Q7 i?2 "�HiB+ a2� `2;BQMX L�i
*QKKmM N- 99k UC�MX kyR3VX

k93X JQMiBM�`Q- 6X 2i �HX lM`�p2HHBM; i?2 ?B//2M �M+2bi`v Q7 �K2`B+�M
�/KBt2/ TQTmH�iBQMbX L�i *QKKmM e- e8Ne UJ�`X kyR8VX

k9NX JQQ`D�MB- SX 2i �HX � ;2M2iB+ K2i?Q/ 7Q` /�iBM; �M+B2Mi ;2MQK2b
T`QpB/2b � /B`2+i 2biBK�i2 Q7 ?mK�M ;2M2`�iBQM BMi2`p�H BM i?2 H�bi
98-yyy v2�`bX S`Q+X L�iHX �+�/X a+BX lXaX�X RRj- 8e8kĜ8e8d UJ�v
kyReVX

k8yX JQ`;�M- JX .X 2i �HX :2MQK2@rB/2 bim/v Q7 ?�B` +QHQm` BM lE "BQ#�MF
2tTH�BMb KQbi Q7 i?2 aLS ?2`Bi�#BHBivX L�i *QKKmM N- 8kdR U.2+X
kyR3VX

j3d
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k8RX LB2Hb2M- _X 2i �HX h`�+BM; i?2 T2QTHBM; Q7 i?2 rQ`H/ i?`Qm;? ;2MQKB+bX
L�im`2 89R- jykĜjRy UC�MX kyRdVX

k8kX LB;bi- SX _X 2i �HX 1�`Hv KQ/2`M ?mK�M b2iiH2K2Mi Q7 1m`QT2 MQ`i? Q7
i?2 �HTb Q++m``2/ 9j-8yy v2�`b �;Q BM � +QH/ bi2TT2@ivT2 2MpB`QMK2MiX
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b RRR- R9jN9ĜR9jNNX
BbbM, yykd@39k9 UkyR9VX

k8jX LQQM�M- CX SX 2i �HX a2[m2M+BM; �M/ �M�HvbBb Q7 L2�M/2`i?�H ;2MQKB+
.L�X a+B2M+2 jR9- RRRjĜRRR3 ULQpX kyyeVX

k89X LQp2K#`2- CX � ai2T?2Mb- JX AMi2`T`2iBM; T`BM+BT�H +QKTQM2Mi �M�@
Hvb2b Q7 bT�iB�H TQTmH�iBQM ;2M2iB+ p�`B�iBQMX L�iX :2M2iX 9y- e9eĜe9N
UJ�v kyy3VX

k88X LQp2K#`2- CX 2i �HX :2M2b KB``Q` ;2Q;`�T?v rBi?BM 1m`QT2X L�im`2
98e- N3ĜRyR ULQpX kyy3VX

k8eX LmiBH2- hX 2i �HX q?QH2@1tQK2 a2[m2M+BM; BM i?2 AbQH�i2/ SQTmH�iBQMb
Q7 *BH2MiQ 7`QK aQmi? Ai�HvX a+B _2T N- 9y8N UJ�`X kyRNVX

k8dX LvF�KT- EX 2i �HX a?2`HQ+, � +QKT`2?2MbBp2 `2}M2K2Mi Q7 i?2 �*J:@
�JS p�`B�Mi +H�bbB}+�iBQM +`Bi2`B�X :2M2iX J2/X RN- RRy8ĜRRRd UP+iX
kyRdVX

k83X PǶ*QMM2HH- CX � �HH2M- CX h?2 T`Q+2bb- #BQiB+ BKT�+i- �M/ ;HQ#�H BK@
THB+�iBQMb Q7 i?2 ?mK�M +QHQMBx�iBQM Q7 a�?mH �#Qmi 9d-yyy v2�`b �;QX
CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2 8eX a+QTBM; i?2 6mim`2 Q7 �`+?�2@
QHQ;B+�H a+B2M+2, S�T2`b BM >QMQm` Q7 _B+?�`/ EH2BM- dj Ĝ39X BbbM,
yjy8@99yj UkyR8VX

k8NX PH�H/2- AX 2i �HX � *QKKQM :2M2iB+ P`B;BM 7Q` 1�`Hv 6�`K2`b 7`QK
J2/Bi2``�M2�M *�`/B�H �M/ *2Mi`�H 1m`QT2�M G"E *mHim`2bX JQHX
"BQHX 1pQHX jk- jRjkĜjR9k U.2+X kyR8VX

keyX PH�H/2- AX 2i �HX h?2 "2�F2` T?2MQK2MQM �M/ i?2 ;2MQKB+ i`�Mb7Q`K@
�iBQM Q7 MQ`i?r2bi 1m`QT2X L�im`2 888- RNyĜRNe UJ�`X kyR3VX

keRX PHBpB2`B- GX 2i �HX *?�HH2M;2b BM i?2 B/2MiB}+�iBQM Q7 /2�/ KB;`�Mib BM
i?2 J2/Bi2``�M2�M, h?2 +�b2 bim/v Q7 i?2 G�KT2/mb� b?BTr`2+F Q7
P+iQ#2` j`/ kyRjX 6Q`2MbB+ a+BX AMiX k38- RkRĜRk3 U�T`X kyR3VX

kekX PK`�F- �X 2i �HX :2MQKB+ 1pB/2M+2 1bi�#HBb?2b �M�iQHB� �b i?2 aQm`+2
Q7 i?2 1m`QT2�M L2QHBi?B+ :2M2 SQQHX *m``X "BQHX ke- kdyĜkd8 UC�MX
kyReVX

j33
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kejX S  #Q- aX �M+B2Mi .L�, 2ti`�+iBQM- +?�`�+i2`Bx�iBQM- KQH2+mH�` +HQM@
BM;- �M/ 2MxvK�iB+ �KTHB}+�iBQMX S`Q+X L�iHX �+�/X a+BX lXaX�X 3e-
RNjNĜRN9j UJ�`X RN3NVX

ke9X S  #Q- aX 2i �HX :2M2iB+ �M�Hvb2b 7`QK �M+B2Mi .L�X �MMmX _2pX
:2M2iX j3- e98ĜedN Ukyy9VX

ke8X S  #Q- aX L2�M/2`i?�H K�M, BM b2�`+? Q7 HQbi ;2MQK2 U"�aA* "PPEa-
kyR8VX

keeX S  #Q- aX h?2 ?mK�M +QM/BiBQM@� KQH2+mH�` �TT`Q�+?X *2HH R8d- kReĜ
kke UJ�`X kyR9VX

kedX S�;�MB- GX 2i �HX 1i?BQTB�M ;2M2iB+ /Bp2`bBiv `2p2�Hb HBM;mBbiB+ bi`�iB@
}+�iBQM �M/ +QKTH2t BM~m2M+2b QM i?2 1i?BQTB�M ;2M2 TQQHX �KX CX
>mKX :2M2iX NR- 3jĜNe UCmHv kyRkVX

ke3X S�;�MB- GX 2i �HX :2MQKB+ �M�Hvb2b BM7Q`K QM KB;`�iBQM 2p2Mib /m`BM;
i?2 T2QTHBM; Q7 1m`�bB�X L�im`2 8j3- kj3Ĝk9k UP+iX kyReVX

keNX S�;�MB- GX 2i �HX h`�+BM; i?2 `Qmi2 Q7 KQ/2`M ?mK�Mb Qmi Q7 �7`B+� #v
mbBM; kk8 ?mK�M ;2MQK2 b2[m2M+2b 7`QK 1i?BQTB�Mb �M/ 1;vTiB�MbX
�KX CX >mKX :2M2iX Ne- N3eĜNNR UCmM2 kyR8VX

kdyX S�`QHQ- aX 2i �HX *?�`�+i2`Bx�iBQM Q7 i?2 #BQHQ;B+�H T`Q+2bb2b b?�TBM;
i?2 ;2M2iB+ bi`m+im`2 Q7 i?2 Ai�HB�M TQTmH�iBQMX "J* :2M2iX Re- Rjk
ULQpX kyR8VX

kdRX S�b+?Qm- SX 2i �HX J�`BiBK2 `Qmi2 Q7 +QHQMBx�iBQM Q7 1m`QT2X S`Q+X
L�iHX �+�/X a+BX lXaX�X RRR- NkRRĜNkRe UCmM2 kyR9VX

kdkX S�ii2`bQM- LX 2i �HX �M+B2Mi �/KBtim`2 BM ?mK�M ?BbiQ`vX :2M2iB+b
RNk- Rye8ĜRyNj ULQpX kyRkVX

kdjX S�ii2`bQM- LX- S`B+2- �X GX � _2B+?- .X SQTmH�iBQM bi`m+im`2 �M/
2B;2M�M�HvbBbX SGQa :2M2iX k- 2RNy U.2+X kyyeVX

kd9X S2`2B`�- _X 2i �HX ai`�B;?i7Q`r�`/ BM72`2M+2 Q7 �M+2bi`v �M/ �/KBt@
im`2 T`QTQ`iBQMb i?`Qm;? �M+2bi`v@BM7Q`K�iBp2 BMb2`iBQM /2H2iBQM KmH@
iBTH2tBM;X SGQa PL1 d- 2kNe39 UkyRkVX

kd8X S2`2b�MB- JX- 6BQ`2- AX- :�H�- JX- _QK�M/BMB- JX � h�;HB�+QxxQ- �X
G�i2 L2�M/2`i�Hb �M/ i?2 BMi2MiBQM�H `2KQp�H Q7 72�i?2`b �b 2pB/2M+2/
7`QK #B`/ #QM2 i�T?QMQKv �i 6mK�M2 *�p2 99 Fv "XSX- Ai�HvX S`Q+X
L�iHX �+�/X a+BX lXaX�X Ry3- j333Ĝj3Nj UJ�`X kyRRVX

kdeX S2bbBM�- �X � hBMû- oX �`+?2QHQ;B� /2H M2QHBiB+Q, HǶAi�HB� i`� BH oA 2 Ao
KBHH2MMBQ �X*X Bb#M, Nd3339jy9838j U*�`Q++B- kyy3VX

j3N



"B#HBQ;`�T?v

kddX S2i2`- "X JX �/KBtim`2- SQTmH�iBQM ai`m+im`2- �M/ 6@ai�iBbiB+bX :2@
M2iB+b kyk- R938ĜR8yR U�T`X kyReVX

kd3X S2i`- JX- S��#Q- aX- E2HbQ- CX � o2`MQi- "X GBKBib Q7 HQM;@i2`K b2H2+@
iBQM �;�BMbi L2�M/2`i�H BMi`Q;`2bbBQMX S`Q+X L�iHX �+�/X a+BX lXaX�X
RRe- RejNĜRe99 UC�MX kyRNVX

kdNX S2v`û;M2- aX 2i �HX Lm+H2�` .L� 7`QK irQ 2�`Hv L2�M/2`i�Hb `2p2�Hb
3y-yyy v2�`b Q7 ;2M2iB+ +QMiBMmBiv BM 1m`QT2X a+B2M+2 �/p�M+2b 8X
/QB,RyXRRkefb+B�/pX��r83dj UkyRNVX

k3yX S?BHHBTb- *X 6Q`2MbB+ ;2M2iB+ �M�HvbBb Q7 #BQ@;2Q;`�T?B+�H �M+2bi`vX
6Q`2MbB+ a+B AMi :2M2i R3- 9NĜe8 Ua2TiX kyR8VX

k3RX SB�xx�- �X- *�TT2HHQ- LX- PHBp2iiB- 1X � _2M/BM2- aX � ;2M2iB+ ?BbiQ`v
Q7 Ai�HvX �MM�Hb Q7 >mK�M :2M2iB+b 8k- kyjĜkRj URN33VX

k3kX SB2p�MB- hX �M/ *�HxQH�BQ- oX GB#2`i� /B KB;`�`2 U1BM�m/B- kyReVX
k3jX SBM?�bB- _X 2i �HX PTiBK�H �M+B2Mi .L� uB2H/b 7`QK i?2 AMM2` 1�`

S�`i Q7 i?2 >mK�M S2i`Qmb "QM2X SGQa PL1 Ry- 2yRkNRyk UkyR8VX
k39X SBb+Bi2HHB- oX- A�/B+B++Q- �X- .2 �M;2HBb- .X- SQ`i�- .X � *�ii�M2Q- *X

Ai�HvǶb #�iiH2 iQ B/2MiB7v /2�/ KB;`�MibX G�M+2i :HQ# >2�Hi? 9- 28RkĜ
8Rj U�m;X kyReVX

k38X SH�;MQH- oX � q�HH- CX .X SQbbB#H2 �M+2bi`�H bi`m+im`2 BM ?mK�M TQT@
mH�iBQMbX SGQa :2M2iX k- 2Ry8 UCmHv kyyeVX

k3eX SQHBK�MiB- _X � :2H2`Mi2`- CX �.>R", 6`QK �H+Q?QHBbK- M�im`�H b2@
H2+iBQM- �M/ +�M+2` iQ i?2 ?mK�M T?2MQK2X �KX CX J2/X :2M2iX "
L2m`QTbv+?B�i`X :2M2iX Rdd- RRjĜRk8 UJ�`X kyR3VX

k3dX SQT2- EX PX � h2``2HH- CX 1X 1MpB`QMK2Mi�H b2iiBM; Q7 ?mK�M KB;`�@
iBQMb BM i?2 +B`+mK@S�+B}+ `2;BQMX CQm`M�H Q7 "BQ;2Q;`�T?v j8- RĜkR
Ukyy3VX

k33X SQbi?- *X 2i �HX .22THv /Bp2`;2Mi �`+?�B+ KBiQ+?QM/`B�H ;2MQK2 T`QpB/2b
HQr2` iBK2 #QmM/�`v 7Q` �7`B+�M ;2M2 ~Qr BMiQ L2�M/2`i?�HbX L�i
*QKKmM 3- Rey9e UCmHv kyRdVX

k3NX S`BMx- JX 2i �HX .L� *QKKBbbBQM Q7 i?2 AMi2`M�iBQM�H aQ+B2iv 7Q`
6Q`2MbB+ :2M2iB+b UAa6:V, `2+QKK2M/�iBQMb `2;�`/BM; i?2 `QH2 Q7 7Q`2MbB+
;2M2iB+b 7Q` /Bb�bi2` pB+iBK B/2MiB}+�iBQM U.oAVX 6Q`2MbB+ a+B AMi :2M2i
R- jĜRk UJ�`X kyydVX

kNyX S`Bi+?�`/- CX EX- ai2T?2Mb- JX � .QMM2HHv- SX AM72`2M+2 Q7 TQTmH�@
iBQM bi`m+im`2 mbBM; KmHiBHQ+mb ;2MQivT2 /�i�X :2M2iB+b R88- N98Ĝ
N8N UCmM2 kyyyVX

jNy
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kNRX S`m72`- EX 2i �HX � ?B;?@+Qp2`�;2 L2�M/2`i�H ;2MQK2 7`QK oBM/BD�
*�p2 BM *`Q�iB�X a+B2M+2 j83- e88Ĝe83 ULQpX kyRdVX

kNkX S`m72`- EX 2i �HX h?2 +QKTH2i2 ;2MQK2 b2[m2M+2 Q7 � L2�M/2`i?�H 7`QK
i?2 �Hi�B JQmMi�BMbX L�im`2 8y8- 9jĜ9N UC�MX kyR9VX

kNjX S`m;MQHH2- 6X- J�MB+�- �X � "�HHQmt- 6X :2Q;`�T?v T`2/B+ib M2mi`�H
;2M2iB+ /Bp2`bBiv Q7 ?mK�M TQTmH�iBQMbX *m``X "BQHX R8- _R8NĜRey
UJ�`X kyy8VX

kN9X Sm`+2HH- aX 2i �HX SGALE, � iQQH b2i 7Q` r?QH2@;2MQK2 �bbQ+B�iBQM �M/
TQTmH�iBQM@#�b2/ HBMF�;2 �M�Hvb2bX �KX CX >mKX :2M2iX 3R- 88NĜ8d8
Ua2TiX kyydVX

kN8X Zm�+?- >X 2i �HX :2M2iB+ �/�Ti�iBQM �M/ L2�M/2`i�H �/KBtim`2 a?�T2/
i?2 AKKmM2 avbi2K Q7 >mK�M SQTmH�iBQMbX *2HH Red- e9jĜe8e UP+iX
kyReVX

kNeX ZmBMi�M�@Jm`+B- GX 2i �HX :2M2iB+ 2pB/2M+2 Q7 �M 2�`Hv 2tBi Q7 >QKQ
b�TB2Mb b�TB2Mb 7`QK �7`B+� i?`Qm;? 2�bi2`M �7`B+�X L�iX :2M2iX kj-
9jdĜ99R U.2+X RNNNVX

kNdX ZmBMi�Mb- "X- P`/QM2x@l;�H/2- �X- *�+?2B`Q- SX- *�``�+2/Q- �X �
aQ#`B/Q- JX CX J2/B+�H ;2MQKB+b, h?2 BMi`B+�i2 T�i? 7`QK ;2M2iB+
p�`B�Mi B/2MiB}+�iBQM iQ +HBMB+�H BMi2`T`2i�iBQMX �TTH h`�MbH :2MQK
j- eyĜed Ua2TiX kyR9VX

kN3X _�+BKQ- 6X- a�MF�`�`�K�M- aX- LB2Hb2M- _X � >m2`i�@a�M+?2x- 1X
1pB/2M+2 7Q` �`+?�B+ �/�TiBp2 BMi`Q;`2bbBQM BM ?mK�MbX L�iX _2pX
:2M2iX Re- j8NĜjdR UCmM2 kyR8VX

kNNX _�+BKQ- 6X- J�`M2iiQ- .X � >m2`i�@a�M+?2x- 1X aB;M�im`2b Q7 �`+?�B+
�/�TiBp2 AMi`Q;`2bbBQM BM S`2b2Mi@.�v >mK�M SQTmH�iBQMbX JQHX "BQHX
1pQHX j9- kNeĜjRd U62#X kyRdVX

jyyX _�/QpÍBÉ- .X- a`bÄ2M- �X PX- _�/QpÍBÉ- CX � 6`�v2`- .X qX 1pB/2M+2
7Q` L2�M/2`i�H D2r2H`v, KQ/B}2/ r?Bi2@i�BH2/ 2�;H2 +H�rb �i E`�TBM�X
SGQa PL1 Ry- 2yRRN3yk UkyR8VX

jyRX _�;?�p�M- JX 2i �HX lTT2` S�H�2QHBi?B+ aB#2`B�M ;2MQK2 `2p2�Hb /m�H
�M+2bi`v Q7 L�iBp2 �K2`B+�MbX L�im`2 8y8- 3dĜNR UC�MX kyR9VX

jykX _�HT?- SX � *QQT- :X h?2 ;2Q;`�T?v Q7 `2+2Mi ;2M2iB+ �M+2bi`v �+`Qbb
1m`QT2X SGQa "BQHX RR- 2RyyR888 UkyRjVX

jNR
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jyjX _�K�+?�M/`�M- aX 2i �HX amTTQ`i 7`QK i?2 `2H�iBQMb?BT Q7 ;2M2iB+ �M/
;2Q;`�T?B+ /Bbi�M+2 BM ?mK�M TQTmH�iBQMb 7Q` � b2`B�H 7QmM/2` 2z2+i
Q`B;BM�iBM; BM �7`B+�X S`Q+X L�iHX �+�/X a+BX lXaX�X Ryk- R8N9kĜR8N9d
ULQpX kyy8VX

jy9X _�KQb- 1X JX 2i �HX S?2MQivT2@:2MQivT2 AMi2;`�iQ` US?2:2MAV, bvM@
i?2bBxBM; ;2MQK2@rB/2 �bbQ+B�iBQM bim/v U:q�aV /�i� rBi? 2tBbiBM;
;2MQKB+ `2bQm`+2bX 1m`X CX >mKX :2M2iX kk- R99ĜR9d UC�MX kyR9VX

jy8X _�b+?F�- aX Svi?QM J�+?BM2 G2�`MBM; Bb#M, Rd3j888Rjy- Nd3Rd3j888Rjy
US�+Fi Sm#HBb?BM;- kyR8VX

jyeX _�bKmbb2M- JX 2i �HX �M �#Q`B;BM�H �mbi`�HB�M ;2MQK2 `2p2�Hb b2T�`@
�i2 ?mK�M /BbT2`b�Hb BMiQ �bB�X a+B2M+2 jj9- N9ĜN3 UP+iX kyRRVX

jydX _�bKmbb2M- JX 2i �HX �M+B2Mi ?mK�M ;2MQK2 b2[m2M+2 Q7 �M 2tiBM+i
S�H�2Q@1bFBKQX L�im`2 9ej- d8dĜdek U62#X kyRyVX

jy3X _�p2�M2- �X 2i �HX SQTmH�iBQM bi`m+im`2 Q7 KQ/2`M@/�v Ai�HB�Mb `2p2�Hb
T�ii2`Mb Q7 �M+B2Mi �M/ �`+?�B+ �M+2bi`B2b BM aQmi?2`M 1m`QT2X a+B2M+2
�/p�M+2b 8X /QB,RyXRRkefb+B�/pX��rj9NkX 2T`BMi, ?iiTb,ff�/p�M+2bX
b+B2M+2K�;XQ`;f+QMi2Mif8fNf2��rj9NkX7mHHXT/7X I?iiTb,ff�/p�M+2bX
b+B2M+2K�;XQ`;f+QMi2Mif8fNf2��rj9Nk= Ua2TiX kyRNVX

jyNX _2B+?- .X q?Q q2 �`2 �M/ >Qr q2 :Qi >2`2 UPt7Q`/ lMBp2`bBiv
S`2bb- kyR3VX

jRyX _2B+?- .X 2i �HX :2M2iB+ ?BbiQ`v Q7 �M �`+?�B+ ?QKBMBM ;`QmT 7`QK
.2MBbQp� *�p2 BM aB#2`B�X L�im`2 9e3- Ry8jĜRyey U.2+X kyRyVX

jRRX _2H2i?7Q`/- CX >X :2M2iB+ 2pB/2M+2 �M/ i?2 KQ/2`M ?mK�M Q`B;BMb
/2#�i2X >2`2/Biv U1/BM#V Ryy- 888Ĝ8ej UCmM2 kyy3VX

jRkX _2M/m- qX 2i �HX 1pB/2M+2 bmTTQ`iBM; �M BMi2MiBQM�H L2�M/2`i�H #m`B�H
�i G� *?�T2HH2@�mt@a�BMibX S`Q+X L�iHX �+�/X a+BX lXaX�X RRR- 3RĜ3e
UC�MX kyR9VX

jRjX _B+?�`/b- aX 2i �HX ai�M/�`/b �M/ ;mB/2HBM2b 7Q` i?2 BMi2`T`2i�iBQM Q7
b2[m2M+2 p�`B�Mib, � DQBMi +QMb2Mbmb `2+QKK2M/�iBQM Q7 i?2 �K2`B+�M
*QHH2;2 Q7 J2/B+�H :2M2iB+b �M/ :2MQKB+b �M/ i?2 �bbQ+B�iBQM 7Q`
JQH2+mH�` S�i?QHQ;vX :2M2iX J2/X Rd- 9y8Ĝ9k9 UJ�v kyR8VX

jR9X _Q#2`ib- _X :X 2i �HX L2r �;2b 7Q` i?2 H�bi �mbi`�HB�M K2;�7�mM�,
+QMiBM2Mi@rB/2 2tiBM+iBQM �#Qmi 9e-yyy v2�`b �;QX a+B2M+2 kNk- R333Ĝ
R3Nk UCmM2 kyyRVX

jR8X _Q2#`Q2Fb- qX � aQ`2bbB- JX L2�M/2`i�Hb `2pBb2/X S`Q+X L�iHX �+�/X
a+BX lXaX�X RRj- ejdkĜejdN UCmM2 kyReVX
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jReX _Q2#`Q2Fb- qX 2i �HX lb2 Q7 `2/ Q+?`2 #v 2�`Hv L2�M/2`i�HbX S`Q+X
L�iHX �+�/X a+BX lXaX�X RyN- R33NĜR3N9 U62#X kyRkVX

jRdX _Q?H7b- _X oX- 6mHH2`iQM- aX JX � q2B`- "X aX 6�KBHB�H B/2MiB}+�iBQM,
TQTmH�iBQM bi`m+im`2 �M/ `2H�iBQMb?BT /BbiBM;mBb?�#BHBivX SGQa :2M2iX
3- 2Ryyk9eN U62#X kyRkVX

jR3X _Qb2M#2`;- EX _X � H�i2 TH2BbiQ+2M2 ?mK�M bF2H2iQM 7`QK HBmDB�M;-
+?BM� bm;;2bib `2;BQM�H TQTmH�iBQM p�`B�iBQM BM b2tm�H /BKQ`T?BbK BM
i?2 ?mK�M T2HpBbX UkyykVX

jRNX _Qb2M#2`;- LX �X 2i �HX :2M2iB+ bi`m+im`2 Q7 ?mK�M TQTmH�iBQMbX a+B@
2M+2 kN3- kj3RĜkj38 U.2+X kyykVX

jkyX _Qb2M#2`;- LX �X- GB- GX JX- q�`/- _X � S`Bi+?�`/- CX EX AM7Q`K�iBp2@
M2bb Q7 ;2M2iB+ K�`F2`b 7Q` BM72`2M+2 Q7 �M+2bi`vX �KX CX >mKX :2M2iX
dj- R9ykĜR9kk U.2+X kyyjVX

jkRX _Qb2M#2`;- LX �X /Bbi`m+i, � T`Q;`�K 7Q` i?2 ;`�T?B+�H /BbTH�v Q7
TQTmH�iBQM bi`m+im`2X JQH2+mH�` 1+QHQ;v LQi2b 9- RjdĜRj3 Ukyy9VX

jkkX _mbb2HH- LX- J�`iBM- GX � EX- hX *X "mBH/BM; K2KQ`B2b, +QKK2K@
Q`�iBp2 /2TQbBib �i ��i�H?�v�FX �Mi?`QTQxQQHQ;B+� 99- Ryj ĜRk8 Ĝkj
UkyyNVX

jkjX a��;- GX 2i �HX 1ti2MbBp2 6�`KBM; BM 1biQMB� ai�`i2/ i?`Qm;? � a2t@
"B�b2/ JB;`�iBQM 7`QK i?2 ai2TT2X *m``X "BQHX kd- kR38ĜkRNj UCmHv
kyRdVX

jk9X a�Kb- �X CX 2i �HX �/�TiBp2Hv BMi`Q;`2bb2/ L2�M/2`i�H ?�THQivT2 �i i?2
P�a HQ+mb 7mM+iBQM�HHv BKT�+ib BMM�i2 BKKmM2 `2bTQMb2b BM ?mK�MbX
:2MQK2 "BQHX Rd- k9e ULQpX kyReVX

jk8X a�M+?2x@_QB;2- aX 2i �HX :2MQK2@qB/2 �bbQ+B�iBQM aim/v J2i�@�M�HvbBb
Q7 i?2 �H+Q?QH lb2 .BbQ`/2`b A/2MiB}+�iBQM h2bi U�l.AhV BM hrQ
SQTmH�iBQM@"�b2/ *Q?Q`ibX �K C Sbv+?B�i`v Rde- RydĜRR3 U62#X kyRNVX

jkeX a�MF�`�`�K�M- aX- S�ii2`bQM- LX- GB- >X- S��#Q- aX � _2B+?- .X h?2
/�i2 Q7 BMi2`#`22/BM; #2ir22M L2�M/2`i�Hb �M/ KQ/2`M ?mK�MbX SGQa
:2M2iX 3- 2RyykN9d UkyRkVX

jkdX a�MF�`�`�K�M- aX 2i �HX h?2 ;2MQKB+ H�M/b+�T2 Q7 L2�M/2`i?�H �M@
+2bi`v BM T`2b2Mi@/�v ?mK�MbX L�im`2 8yd- j89Ĝj8d UJ�`X kyR9VX

jk3X a�Mi�M/2`- *X- JQMiBM�`Q- 6X � *�T2HHB- *X a2�`+?BM; 7Q` �`+?�B+ +QM@
i`B#miBQM BM �7`B+�X �MMX >mKX "BQHX RĜRR UCmM2 kyRNVX

jNj
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jkNX a�`MQ- aX 2i �HX �M+B2Mi �M/ `2+2Mi �/KBtim`2 H�v2`b BM aB+BHv �M/
aQmi?2`M Ai�Hv i`�+2 KmHiBTH2 KB;`�iBQM `Qmi2b �HQM; i?2 J2/Bi2`@
`�M2�MX a+B _2T d- RN39 UJ�v kyRdVX

jjyX a�xxBMB- JX 2i �HX *QKTH2t BMi2`TH�v #2ir22M M2mi`�H �M/ �/�TiBp2
2pQHmiBQM b?�T2/ /Bz2`2MiB�H ;2MQKB+ #�+F;`QmM/ �M/ /Bb2�b2 bmb@
+2TiB#BHBiv �HQM; i?2 Ai�HB�M T2MBMbmH�X a+B _2T e- jk8Rj Ua2TiX kyReVX

jjRX a+?Bz2Hb- aX 2i �HX A`QM �;2 �M/ �M;HQ@a�tQM ;2MQK2b 7`QK 1�bi 1M;@
H�M/ `2p2�H "`BiBb? KB;`�iBQM ?BbiQ`vX L�i *QKKmM d- Ry9y3 UC�MX
kyReVX

jjkX a+?Q2i2Mb�+F- PX .2` lMi2`FB272` /2b >QKQ >2B/2H#2`;2MbBb �mb /2M
a�M/2M pQM J�m2` #2B >2B/2H#2`; UG2BTxB;- RNy3VX

jjjX a+?r�`x- CX JX- *QQT2`- .X LX- a+?m2HF2- JX � a22HQr- .X Jmi�iBQMh@
�bi2`k, Kmi�iBQM T`2/B+iBQM 7Q` i?2 /22T@b2[m2M+BM; �;2X L�iX J2i?Q/b
RR- jeRĜjek U�T`X kyR9VX

jj9X a2;mBM@P`H�M/Q- �X 2i �HX :2MQKB+ bi`m+im`2 BM 1m`QT2�Mb /�iBM; #�+F
�i H2�bi je-kyy v2�`bX a+B2M+2 j9e- RRRjĜRRR3 UkyR9VX

jj8X a2FmH�- SX 2i �HX :2M2iB+ `BbF p�`B�Mib 7Q` K2K#`�MQmb M2T?`QT�i?v,
2ti2MbBQM Q7 �M/ �bbQ+B�iBQM rBi? Qi?2` +?`QMB+ FB/M2v /Bb2�b2 �2iB@
QHQ;B2bX L2T?`QHX .B�HX h`�MbTH�MiX jk- jk8Ĝjjk U62#X kyRdVX

jjeX a2Mmi- "X- SB+F7Q`/- JX- :QKK2`v- .X � aû;�H2M- GX S�H�2Q2MpB`QM@
K2Mib �M/ i?2 Q`B;BM Q7 ?QKBMB/ #BT2/�HBbKX >BbiQ`B+�H "BQHQ;v jy-
k39ĜkNe UkyR3VX

jjdX aB2T2H- �X 2i �HX 1pQHmiBQM�`BHv +QMb2`p2/ 2H2K2Mib BM p2`i2#`�i2- BM@
b2+i- rQ`K- �M/ v2�bi ;2MQK2bX :2MQK2 _2bX R8- Ryj9ĜRy8y U�m;X
kyy8VX

jj3X aBKQMiB- *X LX 2i �HX h?2 T?2MQivTB+ H2;�+v Q7 �/KBtim`2 #2ir22M
KQ/2`M ?mK�Mb �M/ L2�M/2`i�HbX a+B2M+2 j8R- djdĜd9R U62#X kyReVX

jjNX aFQ;HmM/- SX 2i �HX :2MQKB+ /Bp2`bBiv �M/ �/KBtim`2 /Bz2`b 7Q` aiQM2@
�;2 a+�M/BM�pB�M 7Q`�;2`b �M/ 7�`K2`bX a+B2M+2 j99- d9dĜd8y UJ�v
kyR9VX

j9yX aFQ;HmM/- SX 2i �HX P`B;BMb �M/ ;2M2iB+ H2;�+v Q7 L2QHBi?B+ 7�`K2`b �M/
?mMi2`@;�i?2`2`b BM 1m`QT2X a+B2M+2 jje- 9eeĜ9eN U�T`X kyRkVX

j9RX aFQp- GX 2i �HX .2i2+iBM; �`+?�B+ BMi`Q;`2bbBQM mbBM; �M mM�/KBt2/
Qmi;`QmTX SGQa :2M2iX R9- 2Ryyde9R Ua2TiX kyR3VX

jN9
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j9kX aKBi?- 6X CX 2i �HX GQbb@Q7@7mM+iBQM Kmi�iBQMb BM i?2 ;2M2 2M+Q/BM;
}H�;;`BM +�mb2 B+?i?vQbBb pmH;�`BbX L�iX :2M2iX j3- jjdĜj9k UJ�`X
kyyeVX

j9jX aQ�`2b- SX 2i �HX h?2 1tT�MbBQM Q7 Ki.L� >�THQ;`QmT Gj rBi?BM �M/
Qmi Q7 �7`B+�X JQHX "BQHX 1pQHX kN- NR8ĜNkd UJ�`X kyRkVX

j99X aTQQ`- 6X 2i �HX _2+QMbi`m+i2/ >QKQ ?�#BHBb ivT2 P> d bm;;2bib
/22T@`QQi2/ bT2+B2b /Bp2`bBiv BM 2�`Hv >QKQX L�im`2 8RN- 3jĜ3e UJ�`X
kyR8VX

j98X ai�M2b+m- >X *X 2i �HX _BbF >G�@.Z�R �M/ SG�UkV_R �HH2H2b BM
B/BQT�i?B+ K2K#`�MQmb M2T?`QT�i?vX LX 1M;HX CX J2/X je9- eReĜeke
U62#X kyRRVX

j9eX ai2MbQM- SX .X 2i �HX >mK�M :2M2 Jmi�iBQM .�i�#�b2 U>:J.V, kyyj
mT/�i2X >mKX Jmi�iX kR- 8ddĜ83R UCmM2 kyyjVX

j9dX ai2r�`i- CX _X � ai`BM;2`- *X "X >mK�M 2pQHmiBQM Qmi Q7 �7`B+�, i?2
`QH2 Q7 `27m;B� �M/ +HBK�i2 +?�M;2X a+B2M+2 jj8- RjRdĜRjkR UJ�`X
kyRkVX

j93X ai`BM;2`- *X JQ/2`M ?mK�M Q`B;BMb, T`Q;`2bb �M/ T`QbT2+ibX S?BHQbX
h`�MbX _X aQ+X GQM/X- "- "BQHX a+BX j8d- 8ejĜ8dN U�T`X kyykVX

j9NX ai`BM;2`- *X h?2 Q`B;BM �M/ 2pQHmiBQM Q7 >QKQ b�TB2MbX S?BHQbX h`�MbX
_X aQ+X GQM/X- "- "BQHX a+BX jdR UCmHv kyReVX

j8yX ai`BM;2`- *X "X � �M/`2rb- SX :2M2iB+ �M/ 7QbbBH 2pB/2M+2 7Q` i?2
Q`B;BM Q7 KQ/2`M ?mK�MbX a+B2M+2 kjN- RkejĜRke3 UJ�`X RN33VX

j8RX amM- CX sX 2i �HX � /B`2+i +?�`�+i2`Bx�iBQM Q7 ?mK�M Kmi�iBQM #�b2/
QM KB+`Qb�i2HHBi2bX L�iX :2M2iX 99- RReRĜRRe8 UP+iX kyRkVX

j8kX h�KK- 1X 2i �HX :2MQK2@rB/2 �M�HvbBb Q7 *Q`bB+�M TQTmH�iBQM `2p2�Hb
� +HQb2 �{MBiv rBi? LQ`i?2`M �M/ *2Mi`�H Ai�HvX #BQ_tBpX /QB,RyXRRyRf
dkkRe8 UkyRNVX

j8jX h�ii2`b�HH- AX >mK�M Q`B;BMb, Pmi Q7 �7`B+�X S`Q+X L�iHX �+�/X a+BX
lXaX�X Rye- ReyR3ĜReykR Ua2TiX kyyNVX

j89X h2MM2bb2M- CX �X 2i �HX 1pQHmiBQM �M/ 7mM+iBQM�H BKT�+i Q7 `�`2 +Q/BM;
p�`B�iBQM 7`QK /22T b2[m2M+BM; Q7 ?mK�M 2tQK2bX a+B2M+2 jjd- e9ĜeN
UCmHv kyRkVX

j88X h?Q`T2- aX EX- J+*HvKQMi- CX JX � *`QKTiQM- _X >X h?2 �`#Q`2�H
Q`B;BMb Q7 ?mK�M #BT2/�HBbKX �MiB[mBiv 33- NyeĜNR9 UkyR9VX

j8eX hBKK2`K�MM- �X � 6`B2/`B+?- hX G�i2 SH2BbiQ+2M2 +HBK�i2 /`Bp2`b Q7
2�`Hv ?mK�M KB;`�iBQMX L�im`2 8j3- NkĜN8 UP+iX kyReVX
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j8dX hQ``QMB- �X- �+?BHHB- �X- J�+�mH�v- oX- _B+?�`/b- JX � "�M/2Hi- >X CX
>�`p2biBM; i?2 7`mBi Q7 i?2 ?mK�M Ki.L� i`22X h`2M/b :2M2iX kk-
jjNĜj98 UCmM2 kyyeVX

j83X h`BMF�mb- 1X 2i �HX �M 2�`Hv KQ/2`M ?mK�M 7`QK i?2 S2Ȕi2`� +m P�b2-
_QK�MB�X S`Q+X L�iHX �+�/X a+BX lXaX�X Ryy- RRkjRĜRRkje Ua2TiX
kyyjVX

j8NX h`vF�- EX �X 2i �HX L*"AǶb .�i�#�b2 Q7 :2MQivT2b �M/ S?2MQivT2b,
/#:�SX Lm+H2B+ �+B/b _2bX 9k- .Nd8ĜNdN UC�MX kyR9VX

jeyX lM/2`?BHH- SX �X � EBpBbBH/- hX lb2 Q7 v +?`QKQbQK2 �M/ KBiQ+?QM@
/`B�H .L� TQTmH�iBQM bi`m+im`2 BM i`�+BM; ?mK�M KB;`�iBQMbX �MMmX
_2pX :2M2iX 9R- 8jNĜ8e9 UkyydVX

jeRX l`#�MQrbFB- JX 2i �HX h?2 }`bi L2�M/2`i?�H iQQi? 7QmM/ LQ`i? Q7
i?2 *�`T�i?B�M JQmMi�BMbX L�im`rBbb2Mb+?�7i2M Nd- 9RRĜ9R8 U�T`X
kyRyVX

jekX o�M >Qmi- *X oX 2i �HX q?QH2 2tQK2 b2[m2M+BM; �M/ +?�`�+i2`Bx�iBQM
Q7 +Q/BM; p�`B�iBQM BM 9N-Ney BM/BpB/m�Hb BM i?2 lE "BQ#�MFX #BQ_tBpX
/QB,RyXRRyRf8dkj9dX 2T`BMi, ?iiTb,ffrrrX#BQ`tBpXQ`;f+QMi2Mif2�`Hvf
kyRNfyjfyNf8dkj9dX7mHHXT/7X I?iiTb,ffrrrX#BQ`tBpXQ`;f+QMi2Mif
2�`HvfkyRNfyjfyNf8dkj9d= UkyRNVX

jejX o�M wBM/2`2M "#�`F2`- 1X JX � G�i2@:H�+B�H �M/ SQbi@:H�+B�H *HB@
K�iB+ *Q``2H�iBQM #2ir22M 1�bi �7`B+� �M/ 1m`QT2X L�im`2 RN9- kyRĜ
kyj U�T`X RNekVX

je9X o22`�K�?- EX _X � >�KK2`- JX 6X h?2 BKT�+i Q7 r?QH2@;2MQK2
b2[m2M+BM; QM i?2 `2+QMbi`m+iBQM Q7 ?mK�M TQTmH�iBQM ?BbiQ`vX L�iX
_2pX :2M2iX R8- R9NĜRek UJ�`X kyR9VX

je8X o2`MQi- "X � �F2v- CX JX _2bm``2+iBM; bm`pBpBM; L2�M/2`i�H HBM2�;2b
7`QK KQ/2`M ?mK�M ;2MQK2bX a+B2M+2 j9j- RyRdĜRykR U62#X kyR9VX

jeeX o2`MQi- "X 2i �HX 1t+�p�iBM; L2�M/2`i�H �M/ .2MBbQp�M .L� 7`QK
i?2 ;2MQK2b Q7 J2H�M2bB�M BM/BpB/m�HbX a+B2M+2 j8k- kj8ĜkjN U�T`X
kyReVX

jedX oB;M2- CX .X h?2 Q`B;BMb Q7 �MBK�H /QK2biB+�iBQM �M/ ?mb#�M/`v, �
K�DQ` +?�M;2 BM i?2 ?BbiQ`v Q7 ?mK�MBiv �M/ i?2 #BQbT?2`2X *X _X
"BQHX jj9- RdRĜR3R UJ�`X kyRRVX

je3X oBHH�M2�- 6X �X � a+?`�B#2`- CX :X JmHiBTH2 2TBbQ/2b Q7 BMi2`#`22/BM;
#2ir22M L2�M/2`i?�H �M/ KQ/2`M ?mK�MbX L�i 1+QH 1pQH j- jNĜ99
UC�MX kyRNVX

jNe
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"B#HBQ;`�T?v

jeNX oBHHKQ�`2- "X 2i �HX S�H2Q�Mi?`QTQHQ;vX 1�`Hv >QKQ �i kX3 J� 7`QK
G2/B@:2`�`m- �7�`- 1i?BQTB�X a+B2M+2 j9d- Rj8kĜRj88 UJ�`X kyR8VX

jdyX q�HH- CX .X 2i �HX >B;?2` H2p2Hb Q7 M2�M/2`i?�H �M+2bi`v BM 1�bi �bB�Mb
i?�M BM 1m`QT2�MbX :2M2iB+b RN9- RNNĜkyN UJ�v kyRjVX

jdRX q�M;- EX- GB- JX � >�FQM�`bQM- >X �LLPo�_, 7mM+iBQM�H �MMQi�@
iBQM Q7 ;2M2iB+ p�`B�Mib 7`QK ?B;?@i?`Qm;?Tmi b2[m2M+BM; /�i�X Lm+@
H2B+ �+B/b _2bX j3- 2Re9 Ua2TiX kyRyVX

jdkX q�M;- aX 2i �HX :2M2iB+ p�`B�iBQM �M/ TQTmH�iBQM bi`m+im`2 BM M�iBp2
�K2`B+�MbX SGQa :2M2iX j- 2R38 ULQpX kyydVX

jdjX q2�p2`- hX .X Pmi Q7 �7`B+�, KQ/2`M ?mK�M Q`B;BMb bT2+B�H 72�im`2,
i?2 K2�MBM; Q7 M2�M/2`i�H bF2H2i�H KQ`T?QHQ;vX S`Q+X L�iHX �+�/X a+BX
lXaX�X Rye- Reyk3ĜReyjj Ua2TiX kyyNVX

jd9X q2B/2M`2B+?- 6X aQK2 S`Q#H2Kb .2�HBM; rBi? �M+B2Mi J�MX �K2`B+�M
�Mi?`QTQHQ;Bbi 9k- jd8Ĝj3j URN9yVX

jd8X q?B`H@*�``BHHQ- JX 2i �HX S?�`K�+Q;2MQKB+b FMQrH2/;2 7Q` T2`bQM�H@
Bx2/ K2/B+BM2X *HBMX S?�`K�+QHX h?2`X Nk- 9R9Ĝ9Rd UP+iX kyRkVX

jdeX qQH7- �X "X � �F2v- CX JX Pmibi�M/BM; [m2biBQMb BM i?2 bim/v Q7
�`+?�B+ ?QKBMBM �/KBtim`2X SGQa :2M2iX R9- 2Ryydj9N UJ�v kyR3VX

jddX q`B;?i- aX h?2 ;2M2iB+�H bi`m+im`2 Q7 TQTmH�iBQMbX �MM 1m;2M R8-
jkjĜj89 UJ�`X RN8RVX

jd3X sm2- uX 2i �HX 1M`B+?K2Mi Q7 HQr@7`2[m2M+v 7mM+iBQM�H p�`B�Mib `2@
p2�H2/ #v r?QH2@;2MQK2 b2[m2M+BM; Q7 KmHiBTH2 BbQH�i2/ 1m`QT2�M
TQTmH�iBQMbX L�i *QKKmM 3- R8Nkd UCmM2 kyRdVX

jdNX umMmb#�v2p- "X 2i �HX h?2 *�m+�bmb �b �M �bvKK2i`B+ b2KBT2`K2�#H2
#�``B2` iQ �M+B2Mi ?mK�M KB;`�iBQMbX JQHX "BQHX 1pQHX kN- j8NĜje8
UC�MX kyRkVX

j3yX umMmb#�v2p- "X 2i �HX h?2 ;2M2iB+ H2;�+v Q7 i?2 2tT�MbBQM Q7 hm`FB+@
bT2�FBM; MQK�/b �+`Qbb 1m`�bB�X SGQa :2M2iX RR- 2Ryy8ye3 U�T`X
kyR8VX

j3RX wQm- CX 2i �HX � T`BK2` QM /22T H2�`MBM; BM ;2MQKB+bX L�iX :2M2iX 8R-
RkĜR3 UC�MX kyRNVX

j3kX wrvMb- LX 2i �HX h?2 LQ`i?2`M _Qmi2 7Q` >mK�M /BbT2`b�H BM *2Mi`�H
�M/ LQ`i?2�bi �bB�, L2r 2pB/2M+2 7`QK i?2 bBi2 Q7 hQH#Q`@Re- JQM@
;QHB�X a+B _2T N- RRd8N U�m;X kyRNVX

jNd
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