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R AMi`Q/m+iBQM
am//2M �M/ H�`;2 `2�H 2t+?�M;2 `�i2 U_1_V /2p�Hm�iBQMb �`2 �bbQ+B�i2/ rBi? bB;MB}+�Mi �M/
�#`mTi BM+`2�b2b BM BM~�iBQM- iQ;2i?2` rBi? +QHH�Tb2b BM QmiTmi �M/ +?�M;2b BM `2H�iBp2 `2p@
2Mm2b Q7 b2+iQ`b rBi? /Bz2`2Mi i`�/2 2tTQbm`2X .2bTBi2 i?2 BKTQ`i�M+2 Q7 i?2b2 2TBbQ/2b BM
#mbBM2bb +v+H2b �+`Qbb 2K2`;BM; 2+QMQKB2b- i?2`2 Bb HBiiH2ĜiQĜMQM2 2pB/2M+2 QM i?2B` `2H�iBQM@
b?BT rBi? i?2 H�#Q` K�`F2i- �M/ 2bT2+B�HHv i?2 ?2i2`Q;2M2Qmb 2z2+ib �+`Qbb rQ`F2`bX h?2
H�+F Q7 2KTB`B+�H 7�+ib iQ ;mB/2 2+QMQKB+ i?2Q`v KQiBp�i2b Qm` `2b2�`+? [m2biBQM, >Qr /Q2b
i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 2pQHp2 /m`BM; H�`;2 /2p�Hm�iBQMb\

q2 bim/v H�#Q` BM+QK2 /vM�KB+b /m`BM; H�`;2 /2p�Hm�iBQMb BM �`;2MiBM�X h?2 �p2`�;2
KQMi?Hv H�#Q` BM+QK2 /`QTb /m`BM; i?2 7Qm` /2p�Hm�iBQM 2TBbQ/2b BM Qm` b�KTH2- rBi? �M
�p2`�;2 2H�biB+Biv +HQb2 iQ KBMmb QM2 i?B`/X q2 /Q MQi }M/ i?Bb T�ii2`M BM `2+2bbBQMb rBi?Qmi
H�`;2 /2p�Hm�iBQMbX h?2 KQbi MQp2H }M/BM; Q7 i?Bb T�T2` Bb i?2 /2+`2�b2 BM BM2[m�HBiv /m`BM;
i?2 `2+Qp2`v �7i2` i?2 kyyk /2p�Hm�iBQMX h?2 bi�M/�`/ /2pB�iBQM Q7 HQ; `2�H BM+QK2 /`QTb #v
R9W /m2 iQ ?2i2`Q;2M2Qmb `2+Qp2`v `�i2b rBi?BM rQ`F2`b, r?BH2 rQ`F2`b BM i?2 Ryi? T2`+2MiBH2
Q7 i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQM ;�BM 9jW QM �p2`�;2 �7i2` 7Qm` v2�`b- i?2 Nyi?
2tT2`B2M+2/ �M �p2`�;2 HQbb Q7 eWX q2 /2+QKTQb2 i?2 /vM�KB+b Q7 BM+QK2 �+`Qbb BM+QK2
T2`+2MiBH2b BM � #2ir22M@b2+iQ`- #2ir22M@}`K- �M/ rBi?BM@}`K +QKTQM2Mib �M/ }M/ i?�i i?2
#2ir22M@}`K +QKTQM2Mi Bb i?2 T`BK�`v /`Bp2` Q7 i?2 /Bz2`2M+2b BM i?2 bT22/ Q7 `2+Qp2`vX q2
}M/ i?�i H�#Q` K�`F2i KQ#BHBiv �M/ mMBQMBx�iBQM 2tTH�BM i?2 ?2i2`Q;2M2Qmb `2+Qp2`v �+`Qbb
rQ`F2`b- r?BH2 i?2`2 Bb � HBKBi2/ `QH2 7Q` i`�/2 2tTQbm`2 �M/ +?�M;2b BM H�#Q` BM+QK2 `BbFX

h?2 �M�HvbBb Q7 i?2 /vM�KB+b Q7 i?2 H�#Q` BM+QK2 /Bbi`B#miBQM /m`BM; H�`;2 /2p�Hm�iBQMb
`2[mB`2b i?2 +QK#BM�iBQM Q7 irQ 7�+iQ`b MQi +QKKQMHv 7QmM/ iQ;2i?2` BM i?2 T`2pBQmb HBi2`@
�im`2, i?2 �p�BH�#BHBiv Q7 `B+? KB+`Q@/�i� �`QmM/ 2TBbQ/2b Q7 H�`;2 �M/ bm//2M /2p�Hm�iBQMbX
AM i?Bb T�T2`- r2 K2�bm`2 H�#Q` /vM�KB+b mbBM; � MQp2H �/KBMBbi`�iBp2 2KTHQv2`@2KTHQv22
K�i+?2/ /�i�b2i /m`BM; i?2 RNN9@kyRN T2`BQ/ BM �`;2MiBM�- r?B+? +Qp2`b 7Qm` H�`;2 /2p�Hm@
�iBQMbX Pm` K�BM T�M2H /�i�b2i +QMi�BMb BM7Q`K�iBQM �#Qmi MQKBM�H T`2@i�t H�#Q` +QKT2M@
b�iBQM 7Q` rQ`F2`b 2KTHQv2/ BM i?2 7Q`K�H T`Bp�i2 b2+iQ`X

h?2`2 �`2 i?`22 �/p�Mi�;2b Q7 mbBM; i?2b2 /�i�, 7`2[m2M+v- [m�HBiv- �M/ +Qp2`�;2X h?2
7`2[m2M+v Q7 i?2 /�i� Bb KQMi?Hvc i?mb- r2 +�M /BbiBM;mBb? #2ir22M BM+QK2 ~m+im�iBQMb
+QKBM; 7`QK 2�`MBM;b Q` 2KTHQvK2Mi bi�imb �M/ i?2B` BMi2`�+iBQM 7Q` H�#Q` BM+QK2 �i � ?B;?
7`2[m2M+vX h?2 bQm`+2 Q7 i?2 /�i� Bb 2KTHQv2`bǶ brQ`M bi�i2K2Mib mb2/ 7Q` i�t Tm`TQb2b �M/
iQ /2}M2 rQ`F2`bǶ bQ+B�H b2+m`Biv +QMi`B#miBQMbc i?mb- i?2 /�i� +QMi�BMb HBiiH2 K2�bm`2K2Mi
2``Q`- r?B+? Bb � +QKKQM T`Q#H2K rBi? bm`p2v@#�b2/ KB+`Q@/�i�X "2bB/2b- i?2`2 Bb MQ iQT@
+Q/BM;X h?2 +Qp2`�;2 Q7 i?2 /�i� Bb i?2 mMBp2`b2 Q7 7Q`K�H rQ`F2`b- r?B+? �HHQr mb iQ 7QHHQr
i?2 b�K2 rQ`F2` Q` }`K 7Q` mT iQ ke v2�`bX

Pm` }`bi }M/BM; Bb i?�i �p2`�;2 H�#Q` BM+QK2 /`QTb /m`BM; i?2 H�`;2bi /2p�Hm�iBQM
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2TBbQ/2b Qm` /�i� +Qp2`b, C�Mm�`v Q7 kyyk- C�Mm�`v Q7 kyR9- .2+2K#2` kyR8- �M/ J�v
Q7 kyR3X �+`Qbb �HH Q7 i?2b2 /2p�Hm�iBQMb- �p2`�;2 BM+QK2 /`QTb #v yX9yW r?2M i?2 _1_
/2p�Hm2b #v RWX AKTQ`i�MiHv- i?Bb +Q``2H�iBQM #2ir22M i?2 +?�M;2 BM �p2`�;2 H�#Q` BM+QK2
�M/ _1_ /2p�Hm�iBQM `�i2b Bb MQi T`2b2Mi /m`BM; `2+2bbBQM 2TBbQ/2b rBi?Qmi � /2p�Hm�iBQMX
6Q` 2t�KTH2- QmiTmi /`QTT2/ #v RdW 7`QK RNN3 iQ kyyRX L2p2`i?2H2bb- i?2 �p2`�;2 H�#Q`
BM+QK2 �HKQbi /B/ MQi +?�M;2X h?Bb H�+F Q7 +Q``2H�iBQM #2ir22M i?2 #mbBM2bb +v+H2 �M/ �p@
2`�;2 BM+QK2 ?QH/b /m`BM; T2`BQ/b Q7 HQr BM~�iBQM- bm+? �b i?2 RNN3@kyyR `2+2bbBQM UrBi?
�M �p2`�;2 BM~�iBQM `�i2 Q7 yX8WV- �M/ T2`BQ/b Q7 ?B;? BM~�iBQM- 7Q` 2t�KTH2- i?2 kyy3@kyyN
�M/ kyRR@kyRk `2+2bbBQMb Ur?2M QmiTmi /`QTT2/ #v RkW �M/ eW- `2bT2+iBp2HvVX h?2 bi`QM;
+Q``2H�iBQM #2ir22M i?2 `2�H 2t+?�M;2 `�i2 �M/ K2�M H�#Q` BM+QK2 KQiBp�i2b i?2 �M�HvbBb Q7
i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 �`QmM/ H�`;2 /2p�Hm�iBQMbX

q2 i?2M 7Q+mb QM i?2 /vM�KB+b Q7 2KTHQvK2Mi �`QmM/ H�`;2 /2p�Hm�iBQMbX h?2 r2�F
+Q``2H�iBQM #2ir22M H�#Q` BM+QK2 �M/ QmiTmi /Q2b MQi �TTHv iQ 2KTHQvK2Mi- �M/ 2Mi`v �M/
b2T�`�iBQM `�i2bX hQi�H 2KTHQvK2Mi �M/ i?2 2Mi`v `�i2 �`2 T`Q@+v+HB+�H- r?BH2 i?2 b2T�`�iBQM
`�i2 Bb +QmMi2`@+v+HB+�HX JQ`2 `2H2p�Mi iQ Qm` `2b2�`+? [m2biBQM- r2 }M/ � bB;MB}+�Mi QM@
BKT�+i /`QT BM i?2 b2T�`�iBQM `�i2 �7i2` i?2 kyyk /2p�Hm�iBQMX h?2 b2T�`�iBQM `�i2 r�b 9W
BM .2+2K#2` kyyR �M/ /`QTT2/ iQ kX3W i?`22 KQMi?b �7i2` i?2 /2p�Hm�iBQMX AM +QMi`�bi iQ
2KTHQvK2Mi /vM�KB+b BM /2p2HQT2/ 2+QMQKB2b- i?2 b2T�`�iBQM �M/ 2Mi`v `�i2b /`Bp2 �;;`2;�i2
2KTHQvK2Mi /vM�KB+b BM 2[m�H T`QTQ`iBQMbX q?BH2 i?2 +QMi`B#miBQM Q7 i?2 b2T�`�iBQM `�i2
Bb bK�HH #27Q`2 kyyR- Bi #2+QK2b � bB;MB}+�Mi /`Bp2` �7i2` i?2 kyyk /2p�Hm�iBQMX

h?2 K�BM 7�+i `2;�`/b i?2 ?2i2`Q;2M2Qmb /vM�KB+b Q7 i?2 BM+QK2 /Bbi`B#miBQM �`QmM/
/2p�Hm�iBQMbX 6Q+mbBM; QM i?2 kyyk /2p�Hm�iBQM- r2 }M/, BV MQ KQp2K2Mi Q7 i?2 /Bbi`B#miBQM
Q7 BM+QK2 /m`BM; i?2 irQ v2�`b #27Q`2 i?2 /2p�Hm�iBQM- BBV � ?QKQ;2M2Qmb /`QT BM BM+QK2
/m`BM; i?2 }`bi irQ [m�`i2`b �7i2` i?2 /2p�Hm�iBQM- �M/ BBBV � ?2i2`Q;2M2Qmb `2+Qp2`vX q?BH2
i?2 Ryi? �M/ k8i? T2`+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM `2+Qp2` iQ i?2B` T`2@/2p�Hm�iBQM
H2p2Hb kk KQMi?b �7i2` i?2 /2p�Hm�iBQM- Bi i�F2b d9 KQMi?b iQ i?2 Nyi? T2`+2MiBH2 iQ `2+Qp2`X
h?Bb Km+? bHQr2` `2+Qp2`v Q7 ?B;?@BM+QK2 2�`M2`b `2H�iBp2 iQ HQr@BM+QK2 2�`M2`b BKTHB2b �
/`QT BM i?2 /2;`22 Q7 BM2[m�HBiv Q7 BM+QK2X 6Q` 2t�KTH2- i?2 BMi2`[m�`iBH2 `�M;2 /2+`2�b2b
#v �HKQbi jyW HQ;@TQBMib irQ v2�`b �7i2` i?2 /2p�Hm�iBQMX h?Bb 7�+i �HbQ ?QH/b /m`BM; i?2
`2+Qp2`v Q7 i?2 kyR8 /2p�Hm�iBQM- �M/ r2 /Q MQi }M/ i?Bb T�ii2`M BM i?2 kyR9 �M/ kyR3
/2p�Hm�iBQMb bBM+2 i?2`2 Bb MQi 2MQm;? iBK2 7Q` i?2 2+QMQKv iQ `2+Qp2` BM Qm` /�i�X

q?BH2 i?2 /vM�KB+b Q7 /Bz2`2Mi T2`+2MiBH2b Q7 i?2 /Bbi`B#miBQM �`2 BM7Q`K�iBp2 Q7 +`Qbb@
b2+iBQM�H bi�iBbiB+b- i?2v /Q MQi `2~2+i BM/BpB/m�H BM+QK2 /vM�KB+b Q7 rQ`F2`b �+`Qbb i?2
BM+QK2 /Bbi`B#miBQMX q2 2ti2M/ i?2 �M�HvbBb #v `�MFBM; rQ`F2`b �++Q`/BM; iQ i?2B` T`2@
/2p�Hm�iBQM Ukyyy@kyyRV BM+QK2 �M/ �M�HvxBM; i?2B` rBi?BM@rQ`F2` �p2`�;2 BM+QK2 ;`Qri?X
q2 }M/ �M 2KTB`B+�H T�ii2`M Q7 ǳT�`�HH2H /`QT �M/ TBpQiBM;XǴ JQ`2 bT2+B}+�HHv- /m`BM; i?2
v2�` #27Q`2 i?2 /2p�Hm�iBQM- i?2 �p2`�;2 v2�`@Qp2`@v2�` BM+QK2 ;`Qri? Bb +HQb2 iQ x2`Q �+`Qbb
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i?2 /Bbi`B#miBQMX AM i?2 v2�` �7i2` i?2 /2p�Hm�iBQM- i?2`2 Bb � ?QKQ;2M2Qmb �p2`�;2 /`QT
BM BM+QK2 Q7 k9WX >Qr2p2`- BM i?2 7QHHQrBM; v2�`b- r2 }M/ bm#bi�MiB�H #2ir22M@rQ`F2`
?2i2`Q;2M2Biv, �7i2` 7Qm` v2�`b- i?2 �p2`�;2 BM+QK2 ;`Qri? Q7 rQ`F2`b BM i?2 Ryi? T2`+2MiBH2
Q7 i?Bb /Bbi`B#miBQM ?�/ 2tT2`B2M+2/ �M �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? Q7 9jW `2H�iBp2 iQ
i?2 KQMi? T`2+2/BM; i?2 /2p�Hm�iBQM- r?BH2 i?2 �p2`�;2 +mKmH�iBp2 ;`Qri? Q7 i?Qb2 BM i?2
Nyi? T2`+2MiBH2 r�b @eWX am+? ?2i2`Q;2M2Qmb `2+Qp2`v Bb �HKQbi HBM2�` UrBi? M2;�iBp2 bHQT2V
BM i?2 rQ`F2`Ƕb TQbBiBQM BM i?2 /Bbi`B#miBQMX h?Bb 7�+i Bb `Q#mbi iQ 7m`i?2` bTHBiiBM; rQ`F2`b
�++Q`/BM; iQ i?2B` +?�`�+i2`BbiB+b #27Q`2 i?2 /2p�Hm�iBQM U�;2 ;`QmT- R@/B;Bi BM/mbi`v- ;2M/2`-
7mHH@iBK2 bi�imbV �M/ iQ i?2 BM+HmbBQM Q7 rQ`F2`b rBi? x2`Q KQMi?Hv BM+QK2 BM i?2 7Q`K�H
T`Bp�i2 b2+iQ`X

q2 }M/ i?�i #2ir22M@}`K ?2i2`Q;2M2Biv Bb i?2 K�BM +QMi`B#miQ` iQ i?2 ǳTBpQiBM;Ǵ 2z2+i
BM i?2 `2+Qp2`vX q2 /2+QKTQb2 i?2 /vM�KB+b Q7 BM+QK2 �+`Qbb BM+QK2 T2`+2MiBH2b BM �
#2ir22M@b2+iQ`- #2ir22M@}`K- �M/ rBi?BM@}`K +QKTQM2MibX q2 }M/ i?�i i?2 #2ir22M@}`K
+QKTQM2Mi Bb i?2 T`BK�`v /`Bp2` Q7 i?2 HBM2�` `2H�iBQM #2ir22M i?2 bT22/ Q7 `2+Qp2`v �M/
i?2 T`2@/2p�Hm�iBQM BM+QK2X 6Q` i?2 BM+QK2 H2p2Hb #2HQr i?2 eyi? T2`+2MiBH2b- i?2 �p2`�;2
b2+iQ`�H BM+QK2 �M/ rQ`F2`bǶ BM+QK2 `2H�iBp2 iQ i?2 �p2`�;2 Q7 i?2 }`K Bb �HKQbi +QMbi�MiX
h?2 ?2i2`Q;2M2Qmb `2+Qp2`v Q7 }`KbǶ �p2`�;2 H�#Q` BM+QK2 `2H�iBp2 iQ i?2 b2+iQ` BM+`2�b2b
#v kyW U`2bTX @3WV 7Q` rQ`F2`b BM i?2 Ryi? U`2bTX Nyi?V T2`+2MiBH2b- �M/ Bi Bb HBM2�` �+`Qbb
i?2 T2`+2MiBH2b Q7 i?2 /Bbi`B#miBQMX h?mb- Qm` /�i� bm;;2bi i?�i iQ bim/v i?2 ?2i2`Q;2M2Qmb
H�#Q` BM+QK2 /vM�KB+b /m`BM; H�`;2 /2p�Hm�iBQMb- 2+QMQKBbib b?QmH/ 7Q+mb i?2B` �ii2MiBQM
QM 2tTH�BMBM; i?2 /`Bp2`b Q7 }`KbǶ �p2`�;2 H�#Q` BM+QK2 `2H�iBp2 iQ i?2 b2+iQ`X

q?BH2 i?2 7�+ib /2b+`B#2/ bQ 7�` T`QpB/2 � bi�iBbiB+�H /2b+`BTiBQM Q7 H�#Q` BM+QK2 /vM�KB+b
/m`BM; H�`;2 /2p�Hm�iBQMb- i?2v /Q MQi 2tTH�BM i?2 2+QMQKB+ /`Bp2`b #2?BM/ i?2KX 6Q` i?Bb
`2�bQM- r2 T`QpB/2 bm;;2biBM; 2pB/2M+2 Q7 7Qm` TQi2MiB�H 2+QMQKB+ K2+?�MBbKbX q2 bim/v
i?2 `QH2 Q7 H�#Q` KQ#BHBiv- mMBQMBx�iBQM- i`�/2 2tTQbm`2- �M/ H�#Q` BM+QK2 `BbFX

G�#Q` KQ#BHBiv Bb i?2 T`BK�`v K2+?�MBbK iQ 2tTH�BM ?2i2`Q;2M2Qmb `2+Qp2`v �+`Qbb T2`@
+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQMX q2 /2KQMbi`�i2 i?2 +H�BK BM i?`22 bi2TbX 6B`bi- r2
b?Qr i?�i i?2 +mKmH�iBp2 T`Q#�#BHBiv Q7 b2T�`�iBQMb �M/ DQ#@iQ@DQ# i`�MbBiBQMb �`2 /2+`2�b@
BM; BM BM+QK2X h?mb- H�#Q` KQ#BHBiv Bb KQ`2 T`2p�H2Mi �KQM; HQr@BM+QK2 2�`M2`bX a2+QM/-
r2 b?Qr i?�i �p2`�;2 BM+QK2 ;`Qri? �+`Qbb DQ#b �7i2` � b2T�`�iBQM Bb QMHv TQbBiBp2 7Q` HQr@
BM+QK2 2�`M2`b- �M/ Bi Bb TQbBiBp2 �M/ /2+`2�bBM; BM T`2@/2p�Hm�iBQM BM+QK2 �7i2` � DQ#@iQ@DQ#
i`�MbBiBQMX

hQ 2p�Hm�i2 i?2 [m�MiBi�iBp2 `QH2 Q7 H�#Q` KQ#BHBiv- r2 +QMbi`m+i b2p2`�H +QmMi2`7�+im�H
BM+QK2 b2`B2bX q2 +QMbi`m+i +mKmH�iBp2 H�#Q` BM+QK2 +?�M;2b rBi?Qmi +QMbB/2`BM; BM+QK2
+?�M;2b 2tT2`B2M+2/ �7i2` b2T�`�iBQMb- �7i2` DQ#@iQ@DQ# i`�MbBiBQMb- Q` #Qi?X q2 b?Qr i?�i
rQ`F2`b BM i?2 Ryi? U`2bTX Nyi?V T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQM 2tT2`B2M+2/ � RyW
U`2bTX @8WV 7�bi2` `2+Qp2`v BM i?2 /�i� `2H�iBp2 iQ i?2 +QmMi2`7�+im�H b2`B2b i?�i 2t+Hm/2
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+?�M;2b BM BM+QK2 �7i2` b2T�`�iBQMb �M/ DQ#@iQ@DQ# i`�MbBiBQMbX h?2 [m�MiBi�iBp2 K�;MBim/2
Q7 i?2 `2+Qp2`v BM i?2 +QmMi2`7�+im�H H�#Q` BM+QK2 b2`B2b Bb QM2@?�H7 Q7 i?2 `2+Qp2`v BM }`KbǶ
�p2`�;2 H�#Q` BM+QK2X h?mb- H�#Q` KQ#BHBiv �HHQrb rQ`F2`b iQ ?2/;2 �;�BMbi BM~�iBQMX

lMBQMBx�iBQM Bb �MQi?2` BKTQ`i�Mi K2+?�MBbK iQ 2tTH�BM i?2 `2+Qp2`v Q7 BM+QK2- 2bT2@
+B�HHv �i i?2 KB//H2@iQ@iQT Q7 i?2 BM+QK2 /Bbi`B#miBQMX lMBQMb /2i2`KBM2 i?2 KBMBKmK H�#Q`
BM+QK2 7Q` �HH rQ`F2`b +Qp2`2/ �i i?2 b2+iQ`�H H2p2HX 6Q` i?Bb `2�bQM- r2 bim/v i?2 BM+QK2
/vM�KB+b #v mMBQMBx�iBQM bi�imb 7Q` +Qp2`2/ rQ`F2`b rBi? BM+QK2b +HQb2 iQ i?�i KBMBKmK
BM }p2 b2+iQ`b rBi? bi`QM; mMBQMbX q2 }M/ i?�i i?2 BM+QK2 ;`Qri? Q7 mMBQMBx2/ rQ`F2`b
Bb jyW ?B;?2` `2H�iBp2 iQ MQM@mMBQMBx2b rQ`F2`b BM 7Qm` BM/mbi`B2bX AM i?Qb2 b2+iQ`b- mMBQMb
M2;QiB�i2/ �M BM+`2�b2 BM BM+QK2 #2ir22M jyW iQ eyW �#Qp2 BM~�iBQMX 6Q` i?2 `2K�BMBM;
b2+iQ`- r2 }M/ i?�i i?2 `2+Qp2`v Q7 BM+QK2 /Q2b MQi p�`v rBi? mMBQMBx�iBQM bi�imb- bBM+2 i?2
mMBQM M2;QiB�i2/ �M BM+`2�b2 bBKBH�` iQ BM~�iBQMX �+`Qbb �HH BM/mbi`B2b- mMBQMBx2/ rQ`F2`b
�`2 K�BMHv KB//H2@iQ@iQT BM+QK2 2�`M2`b- �M/ i?2B` BM+QK2 `2+Qp2`b eW 7�bi2` `2H�iBp2 iQ
MQM@mMBQMBx2/ rQ`F2`bX

q2 }M/ � HBKBi2/ `QH2 7Q` i`�/2 �M/ BM+QK2 `BbF BM 2tTH�BMBM; Qm` i?2 +2Mi`�H 7�+iX hQ
mM/2`bi�M/ i?2 `QH2 Q7 i`�/2- r2 bim/v H�#Q` BM+QK2 BM i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b-
�M/ BM KQ`2 /Bb�;;`2;�i2/ BM/mbi`v +H�bbB}+�iBQMbX q2 }M/ i?�i i?2 _1_ �M/ b2+iQ`�H H�#Q`
BM+QK2 �`2 +Q``2H�i2/- �M/ i?2B` +Q``2H�iBQM Bb � 7mM+iBQM Q7 i`�/2 2tTQbm`2X 6Q` 2t�KTH2-
r?BH2 H�#Q` BM+QK2 BM i?2 i`�/�#H2 b2+iQ` r�b /2+`2�bBM; #27Q`2 i?2 kyyk /2p�Hm�iBQM- Bi
T2`bBbi2MiHv BM+`2�b2b #v RyW `2H�iBp2 iQ i?2 MQM@i`�/�#H2 b2+iQ`bX L2p2`i?2H2bb- r2 �HbQ }M/
i?�i rQ`F2`bǶ T2`K�M2Mi BM+QK2 T`2@/2p�Hm�iBQM �M/ i?2 `2+Qp2`v Q7 b2+iQ`�H H�#Q` BM+QK2
�`2 MQi +Q``2H�i2/ �b i?2 #2ir22M@b2+iQ` BM+QK2 `2+Qp2`v bm;;2bi2/X 6BM�HHv- r2 }M/ i?�i
i?2 /BbT2`bBQM Q7 v2�`@Qp2`@v2�` BM+QK2 ;`Qri? BM+`2�b2b bB;MB}+�MiHv UBX2X- i?2 BMi2`[m�`iBH2
`�M;2 BM+`2�b2 #v kyWVX h?2`27Q`2- � /2+`2�b2 BM BM+QK2 `BbF +�MMQi 2tTH�BM i?2 /`QT BM
BM2[m�HBivX

6BM�HHv- r2 bim/v i?2 `QH2 Q7 TQHB+v +?�M;2b Q` �//BiBQM�H /BK2MbBQMb Q7 i?2 H�#Q` K�`F2i iQ
mM/2`bi�M/ i?2 ?2i2`Q;2M2Qmb H�#Q` K�`F2i /vM�KB+b /m`BM; /2p�Hm�iBQMb #2ii2`X aBM+2 Qm`
/�i�b2i /Q2b MQi BM+Hm/2 BM7Q`K�iBQM Q7 ?Qm`b Q7 rQ`F- r2 K�F2 mb2 Q7 H�#Q` 7Q`+2 bm`p2vb
�M/ /�i� QM rQ`F2`b rBi? 7mHH@iBK2 H�#Q` +QMi`�+ib BM Qm` K�BM /�i�b2iX h?2 /2+`2�b2 BM
BM2[m�HBiv Bb �HbQ Q#b2`p2/ 7Q` 7mHH@iBK2 rQ`F2`b QMHv �M/ BM i?2 /Bbi`B#miBQM Q7 ?Qm`Hv r�;2bX
h?2`27Q`2- i?2 /`QT BM BM2[m�HBiv Bb /`Bp2M #v � +QKT`2bbBQM Q7 ?Qm`Hv r�;2b- �M/ MQi #v
i?2 /vM�KB+b Q7 ?Qm`bX aBM+2 Qm` �M�HvbBb Bb #�b2/ QM `2�H H�#Q` BM+QK2 +QMbi`m+i2/ rBi?
i?2 �;;`2;�i2 *SA- r2 �HbQ `2T`Q/m+2 Qm` +2Mi`�H 7�+i rBi? `2�H BM+QK2 +QMbi`m+i2/ rBi?
BM+QK2@bT2+B}+ *SAbX h?2 TBpQiBM; Q7 i?2 `2�H BM+QK2 `2+Qp2`v /2+`2�b2b bHB;?iHv- #mi bBM+2
TBpQiBM; BM MQKBM�H `2�H BM+QK2 Bb }p2 iBK2b i?2 BM+QK2@bT2+B}+ *SA- i?2 TBpQiBM; BM `2�H
BM+QK2 Bb �HKQbi mM�z2+i2/X 6BM�HHv- r2 �M�Hvx2 i?2 `QH2 TH�v2/ #v irQ TQHB+v BMi2`p2MiBQMb
�7i2` i?2 kyyk /2p�Hm�iBQM, +?�M;2b BM i?2 KBMBKmK r�;2 �M/ BM i?2 b2p2`�M+2 T�vK2MiX
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L2Bi?2` Q7 i?2K +�M 2tTH�BM i?2 /2+`2�b2 BM BM2[m�HBiv �M/ i?2 /`QT BM i?2 b2T�`�iBQM `�i2
�7i2` i?2 kyyk /2p�Hm�iBQMX

AKTHB+�iBQM 7Q` 2+QMQKB+ i?2Q`vX �Hi?Qm;? Qm` `2bmHib KB;?i MQi [m�MiBi�iBp2Hv �TTHv
BM +QMi2tib rBi? /Bz2`2Mi H�#Q` K�`F2i BMbiBimiBQMb- i?2v TQBMi iQr�`/b K2+?�MBbKb QM ?Qr
2+QMQKB2b �/Dmbi �7i2` bm//2M �M/ H�`;2 /2p�Hm�iBQMbX

aBM+2 i?2 Q`B;BM�H rQ`F Q7 "BHb �M/ EH2MQr Ukyy9V- �M/ /2bTBi2 i?2 BKTQ`i�M+2 Q7 r�;2
`B;B/BiB2b BM K�+`Q2+QMQKB+ ~m+im�iBQMb Ub22 *?`BbiB�MQ- 1B+?2M#�mK �M/ 1p�Mb- kyy8V-
i?2`2 ?�b �M BKT`2bbBp2 /2p2HQTK2Mi Q7 i?2Q`B2b 7Q` T`B+BM; #2?�pBQ` `2H�iBp2 iQ r�;2bX h?2
�`;mK2Mi #2?BM/ i?2 /Bz2`2MiB�H /2p2HQTK2Mi Bb i?2 �p�BH�#BHBiv Q7 ?B;?@[m�HBiv T`B+BM; /�i�-
r?B+? Bb �#b2Mi 7Q` r�;2bX 6B`bi- r2 b?Qr i?�i `2�H H�#Q` BM+QK2 /2+`2�b2b /m`BM; H�`;2
/2p�Hm�iBQMb /m2 iQ 7�bi2` �/DmbiK2Mi BM T`B+2b i?�M r�;2bX a2+QM/- r2 b?Qr i?�i i?2 bHQr
`2+Qp2`v Q7 r�;2b Bb ?2i2`Q;2M2Qmb �+`Qbb i?2 BM+QK2 /Bbi`B#miBQMX h?Bb 7�+i +QMM2+ib i?2
/vM�KB+b Q7 r�;2b iQ BM2[m�HBiv �i � #mbBM2bb +v+H2 7`2[m2M+vX h?2`27Q`2- +�MQMB+�H KQ/2Hb Q7
bm//2M biQTb Ub22- 2X;X- J2M/Qx�- kyRyV b?QmH/ BM+Q`TQ`�i2 ~m+im�iBQMb BM BM2[m�HBiv /m`BM;
H�`;2 /2p�Hm�iBQMb �b � T`QT�;�iBQM K2+?�MBbK U2X;X- i?2 `QH2 Q7 BM2[m�HBiv iQ 2tTH�BM i?2
BKT`2bbBp2 �`;2MiBM2�M `2+Qp2`vV- �M/ �b � T`BK�`v +QMbB/2`�iBQM 7Q` i?2 /2p2HQTK2Mi Q7
QTiBK�H TQHB+B2bX

*�MQMB+�H KQ/2Hb BM BMi2`M�iBQM�H K�+`Q2+QMQKB+b `2Hv QM i?2 �bbmKTiBQM i?�i H�#Q`
K�`F2ib BM i?2 i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b �`2 BMi2;`�i2/ Ub22- 2X;X- "�H�bb�- RNe9-
a�Km2HbQM- RNe9VX h?mb- BM HB;?i Q7 TQbBiBp2 b?Q+Fb iQ `2p2Mm2 T2` rQ`F BM i?2 i`�/�#H2 b2+iQ`-
QM2 b?QmH/ 2tT2+i2/ �M BM+`2�b2 BM i?2 `2H�iBp2 H�#Q` /2K�M/ BM i?2 i`�/�#H2 b2+iQ`X qBi?
BMi2;`�i2/ H�#Q` K�`F2ib- 2[mBHB#`BmK 2KTHQvK2Mi BM i?2 i`�/�#H2 b2+iQ` �M/ K�`F2i@rB/2
r�;2b �`2 ?B;?2`X AM i?Bb T�T2`- r2 }M/ i?�i BM `2bTQMb2 iQ � H�`;2 �M/ T2`bBbi2Mi TQbBiBp2
b?Q+F iQ `2p2Mm2 T2` rQ`F2` BM i?2 i`�/�#H2 b2+iQ`- `2H�iBp2 i`�/�#H2 2KTHQvK2Mi 2tT2`B2M+2b
� bK�HH �M/ i2KTQ`�`v BM+`2�b2- r?BH2 i?2 i`�/�#H2 r�;2 T`2KBmK BM+`2�b2b T2`K�M2MiHvX �H
iQm;? QM2 rQmH/ M22/ � KQ/2H iQ [m�MiB7v i?2 /2T�`im`2 7`QK i?2 �bbmKTiBQM Q7 BMi2;`�i2/
H�#Q` K�`F2ib- Qm` 2pB/2M+2 b?Qrb i?�i KQ/2Hb #�b2/ QM 7`B+iBQM�H H�#Q` K�`F2ib rQmH/
T`QpB/2 � KQ`2 `2�HBbiB+ /2TB+iBQM Q7 i?2 `2bTQMb2 Q7 �M 2+QMQKv iQ � H�`;2 /2p�Hm�iBQMX

_2H�i2/Hv- i?2 ivTB+�H +�HB#`�iBQM Q7 i?2 bi�M/�`/ KQ/2H rBi? 7`B+iBQM�H H�#Q` K�`F2ib
U.JSV �bbmK2b � +QMbi�Mi b2T�`�iBQM `�i2 #�b2/ QM i?2 7�+i i?�i b2T�`�iBQMb +QMi`B#mi2
HBiiH2 iQ 2KTHQvK2Mi /vM�KB+b BM /2p2HQT2/ 2+QMQKB2b Ub22- 2X;X- a?BK2`- kyy8VX AM i?Bb
T�T2`- r2 b?Qr i?�i BM �M 2K2`;BM; 2+QMQKv i?�i 2tT2`B2M+2b � H�`;2 /2+`2�b2 BM `2�H r�;2b-
i?2 b2T�`�iBQM `�i2 #2+QK2b � `2H2p�Mi /`Bp2` Q7 �;;`2;�i2 2KTHQvK2MiX 1tTH�BMBM; i?Bb
7�+i rQmH/ `2[mB`2 2ti2M/BM; � KQ/2H rBi? 2M/Q;2MQmb b2T�`�iBQMb Ub22- 2X;X- JQ`i2Mb2M �M/
SBbb�`B/2b- RNN9V #v BM+Hm/BM; MQKBM�H 7`B+iBQMbX h?Bb Bb i?2 M2ti bi2T BM Qm` �;2M/�X
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GBi2`�im`2 `2pB2rX q2 ?B;?HB;?i i?`22 +QMi`B#miBQMb rBi? T`2pBQmb rQ`F, i?2 �M�HvbBb Q7
UBV i?2 K�+`Q2+QMQKB+ +QMb2[m2M+2b Q7 H�`;2 /2p�Hm�iBQMb- UBBV `2�H H�#Q` BM+QK2 /vM�KB+b
�7i2` � bB;MB}+�Mi BM+`2�b2 BM BM~�iBQM- �M/ UBBBV #mbBM2bb +v+H2 /vM�KB+b Q7 H�#Q` BM+QK2 BM
/2p2HQT2/ pbX /2p2HQTBM; 2+QMQKB2bX

a2p2`�H T�T2`b bim/v i?2 2+QMQKB+ +QMb2[m2M+2b Q7 H�`;2 /2p�Hm�iBQMbX h?2 T`B+2 /vM�K@
B+b �7i2` H�`;2 /2p�Hm�iBQMb Bb �M�Hvx2/ BM "m`bi2BM- 1B+?2M#�mK �M/ _2#2HQ Ukyy8VX h?2v
}M/ i?�i QM �p2`�;2- j3W Q7 i?2 iQi�H MQKBM�H 2t+?�M;2 `�i2 /2T`2+B�iBQM Bb BM+Q`TQ`�i2/ BMiQ
*SA T`B+2b rBi?BM k9 KQMi?bX h?mb- H�`;2 /2p�Hm�iBQMb i2M/ iQ #2 7QHHQrBM; #v H�`;2 bTBF2b
BM �;;`2;�i2 BM~�iBQMX h?2 /Bbi`B#miBQM�H +QMb2[m2M+2b Q7 H�`;2 /2p�Hm�iBQM �`2 �M�Hvx2/
BM *`�pBMQ �M/ G2p+?2MFQ UkyRdV- .`2MBF- S2`2B`� �M/ S2`2x UkyR3V- �M/ >�mbK�M- _?Q/2
�M/ qB2H�M/ UkyRNV �+`Qbb /Bz2`2Mi /BK2MbBQMbX h?2 }`bi T�T2` 7Q+mb2b QM ?Qmb2?QH/@H2p2H
BM~�iBQM- i?2 b2+QM/ T�T2` 7Q+mb2b QM i?2 +�TBi�H ;�BMb rBi? 7Q`2B;M �bb2ib ?QH/BM;b- �M/ i?2
i?B`/ T�T2` 7Q+mb2b QM `2/Bbi`B#miBQM #2ir22M 7�`K2`b �M/ MQM@7�`K2`bX 6`QK � KQ`2 �;@
;`2;�i2 T2`bT2+iBp2- i?2 BMi2`�+iBQM #2ir22M i?2 H�#Q` K�`F2i �M/ /2p�Hm�iBQMb Bb �M�Hvx2/
BM 1B+?2M;`22M �M/ a�+?b URN38V �M/ a+?KBii@:`Q?û �M/ l`B#2 UkyReVX h?2v �`;m2 i?�i
� /2p�Hm�iBQM- �M/ Bib mTr�`/ T`2bbm`2 QM T`B+2b- +�M Qp2`+QK2 /QrMr�`/ MQKBM�H r�;2
`B;B/BiB2b �M/ biBKmH�i2 QmiTmiX AM i?Bb T�T2`- r2 2ti2M/ i?2 T`2pBQmb �M�HvbBb #v 7Q+mbBM;
QM i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 �M/ 2KTHQvK2Mi �7i2` H�`;2 /2p�Hm�iBQMb
mbBM; �/KBMBbi`�iBp2 KB+`Q@/�i� 7`QK �M 2K2`;BM; 2+QMQKvX

�MQi?2` bi`�M/ Q7 i?2 HBi2`�im`2 �M�Hvx2b i?2 DQBMi /vM�KB+b Q7 i?2 `2�H 2t+?�M;2 `�i2
�M/ i?2 H�#Q` K�`F2i BM i?2 la Ub22 *�KT� �M/ :QH/#2`;- kyyR- :QH/#2`; �M/ h`�+v- kyyR-
:Qm`BM+?�b- RNN3- �KQM; Qi?2`bVXR *�KT� �M/ :QH/#2`; UkyyRV �M/ :Qm`BM+?�b URNN3V
7Q+mb QM i?2 la K�Mm7�+im`BM; b2+iQ` �M/ }M/ bK�HH iQ MmHH +Q``2H�iBQMb Q7 `2�H 2t+?�M;2
`�i2b rBi? 2KTHQvK2MiX h?2 7Q`K2` }M/b �M 2H�biB+Biv Q7 yXy9 Q7 H�#Q` BM+QK2 rBi? `2bT2+i iQ
� `2�H 2t+?�M;2 `�i2 /2T`2+B�iBQM- r?BH2 i?2 H�ii2` }M/b bm#bi�MiB�H 2z2+ib QM i?2 /2bi`m+iBQM
�M/ +`2�iBQM `�i2b Q7 i`�/�#H2 DQ#b �M/ MQ 2z2+ib BM MQM@i`�/�#H2 BM/mbi`B2bX :QH/#2`; �M/
h`�+v UkyyRV b?Qr i?�i � KQ`2 bB;MB}+�Mi �bbQ+B�iBQM Q7 `2�H 2t+?�M;2 `�i2b �M/ H�#Q` BM+QK2
Bb +QM+2Mi`�i2/ �KQM; rQ`F2`b r?Q +?�M;2 DQ#bX AM +QMi`�bi iQ i?2b2 T�T2`b- BM � /2p2HQTBM;
2+QMQKv bm+? �b �`;2MiBM�- r2 }M/ i?�i b?Q`iHv �7i2` � /2p�Hm�iBQM `2�H r�;2b �+`Qbb �HH
b2+iQ`b 7�HH- #mi BM i?2 K2/BmKfHQM;@`mM i`�/�#H2 r�;2b #2+QK2 T2`bBbi2MiHv ?B;?2` i?�M BM
i?2 MQM@i`�/�#H2 b2+iQ`Xk �HbQ- r2 }M/ bK�HH `2�HHQ+�iBQM 2z2+ib Q7 2KTHQvK2Mi iQr�`/b i?2
i`�/�#H2 b2+iQ` 2p2M i?Qm;? i?2 �M�HvbBb 7Q+mb2b QM H�`;2 /2p�Hm�iBQMbX

R6m`i?2` 2pB/2M+2 7`QK i?2 lXaX- 6`�M+2 �M/ Ai�Hv +�M #2 7QmM/ BM :Qm`BM+?�b URNNNV- EH2BM- a+?m? �M/
h`B2bi UkyyjV- �M/ Lm++B �M/ SQxxQHQ UkyRyVX

kh?2 T`2pBQmb HBi2`�im`2 ?�b /Q+mK2Mi2/ b?Q`i@`mM BM+`2�b2b BM i?2 r�;2 T`2KBmK Q7 i?2 i`�/�#H2 �M/
2tTQ`iBM; b2+iQ` /m`BM; i?2 J2tB+�M +`BbBb BM RNN9 U*m;�i- kyRN- 6`ő�b- E�TH�M �M/ o2`?QQ;2M- kyyNVX
AMbi2�/- r2 /Q+mK2Mi i?�i bm+? BM+`2�b2b �`2 Q#b2`p2/ mT iQ R8 v2�`b �7i2` � /2p�Hm�iBQMX h?Bb `2bmHi Bb
bmTTQ`i2/ #v 2pB/2M+2 BM .Bt@*�`M2B`Q �M/ EQp�F UkyRdV- r?Q �M�Hvx2/ i?2 HQM;@H�biBM; 2z2+i Q7 +?�M;2b BM
i�`BzX

d



h?Bb T�T2` /Q+mK2Mib i?2 2pQHmiBQM Q7 i?2 /Bbi`B#miBQM Q7 `2�H H�#Q` BM+QK2 �7i2` �M
BM+`2�b2 BM BM~�iBQM Q7 j8WX h?Bb 2p2Mi- +QK#BM2/ rBi? i?2 �p�BH�#BHBiv Q7 � KQMi?Hv T�M2H-
�HHQrb mb iQ T`QpB/2 MQp2H 2pB/2M+2 �#Qmi i?2 �/DmbiK2Mi T`Q+2bb Q7 i?2 /Bbi`B#miBQM Q7 MQKB@
M�H H�#Q` BM+QK2 BM i?2 b?Q`i@ �M/ K2/BmK@ `mMX h?2 K�BM FMQrM 7�+ib �#Qmi r�;2 biB+FBM2bb
BM 2MpB`QMK2Mib rBi? HQr �M/ bi�#H2 BM~�iBQM �`2, UBV i?2 b?�`2 Q7 rQ`F2`b 2tT2`B2M+BM; r�;2
+?�M;2b rBi?BM � [m�`i2` Bb #2ir22M yXkR �M/ yXj8- UBBV i?2 ?�x�`/ `�i2 Q7 �/DmbiK2Mi ?�b
�M BMp2`i2/ l@b?�T2 rBi? � T2�F �i QM2 v2�`- UBBBV i?2 b?�`2 Q7 rQ`F2`b 2tT2`B2M+BM; � r�;2
+mi Bb kX9W 7Q` DQ# bi�v2`b �M/ R3X8W 7Q` DQ# brBi+?2`bXj h?2b2 7�+ib �`2 `2TQ`i2/ BM i?2 la
�M/ 1m`QT2 #v E�?M URNNdV- .B+F2Mb 2i �HX UkyydV- aB;m`/bbQM �M/ aB;m`/�`/QiiB` UkyRRV-
G2 "B?�M- JQMiQ`Mĕb �M/ >2+F2H UkyRkV- "�`�iiB2`B- "�bm �M/ :Qiib+?�HF UkyR9V- �M/ KQ`2
`2+2MiHv #v CQ UkyRNV �M/ :`B;b#v- >m`bi �M/ uBH/B`K�x UkyRNVX >2`2- r2 T`QpB/2 MQp2H
2pB/2M+2 �#Qmi i?2 /Bz2`2Mi bT22/ Q7 `2�H �/DmbiK2Mi �+`Qbb i?2 BM+QK2 /Bbi`B#miBQM �7i2` �
bB;MB}+�Mi BM+`2�b2 BM BM~�iBQMX q2 }M/ i?�i ?B;?@BM+QK2 2�`M2`b i�F2 7Qm` KQ`2 v2�`b iQ
`2p2`i iQ i?2B` T`2@BM~�iBQM�`v b?Q+F H2p2H i?�M HQr@BM+QK2 2�`M2`bX h?�i Bb- i?2 `2+Qp2`v
Q7 `2�H BM+QK2 Bb ?2i2`Q;2M2Qmb- +�M #2 T`2/B+i2/ #v rQ`F2`bǶ +?�`�+i2`BbiB+b- �M/ ?�b H�`;2
2z2+ib QM BM2[m�HBivX

Pm` T�T2` Bb +HQb2Hv `2H�i2/ iQ T`2pBQmb rQ`F QM i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7
H�#Q` BM+QK2X q?BH2 i?2 K2�bm`2K2Mi �M/ �M�HvbBb Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2
BM /2p2HQT2/ +QmMi`B2b Bb � T`QKBM2Mi `2b2�`+? �`2�- Km+? H2bb Bb FMQrM �#Qmi /2p2HQTBM;
+QmMi`B2bX aiQ`2bH2ii2M- h2HK2` �M/ u�`QM Ukyy9V mb2 �M BMMQp�iBp2 i2+?MB[m2 iQ 2biBK�i2
#mbBM2bb +v+H2 ~m+im�iBQMb Q7 i?2 BMMQp�iBQM Q7 i?2 T2`bBbi2Mi +QKTQM2Mi Q7 H�#Q` BM+QK2 `BbF
mbBM; i?2 �;2 T`Q}H2 Q7 i?2 +`Qbb@b2+iBQM�H /BbT2`bBQMX *HQb2Hv `2H�i2/ iQ i?Bb T�T2`- :mp2M2M-
PxF�M �M/ aQM; UkyR9V bim/v i?2 #mbBM2bb +v+H2 ~m+im�iBQMb Q7 ?B;?2` Q`/2` KQK2Mib Q7 i?2
/Bbi`B#miBQM Q7 BM+QK2 ;`Qri? BM i?2 la mbBM; /�i� rBi? BM7Q`K�iBQM �#Qmi i?2 mMBp2`b2
Q7 rQ`F2`bX9 h?2v }M/ MQ p�`B�iBQM BM i?2 /BbT2`bBQM �M/ � bB;MB}+�Mi p�`B�iBQM BM i?2
bF2rM2bb Q7 BM+QK2 ;`Qri?X lbBM; bBKBH�` /�i� +Qp2`BM; i?2 mMBp2`b2 Q7 7Q`K�H rQ`F2`b- #mi
rBi? � ?B;?2` 7`2[m2M+v- r2 +QMiBMm2 iQ }M/ bBKBH�` �p2`�;2 bi�iBbiB+b �M/ p�`B�iBQMb BM i?2
bF2rM2bb Q7 �MMm�H H�#Q` BM+QK2 `BbF �b BM :mp2M2M 2i �HX UkyR9VX >Qr2p2`- r2 /Q }M/
bB;MB}+�Mi pQH�iBHBiv Q7 i?2 /BbT2`bBQM Q7 i?2 H2p2H �M/ ;`Qri? `�i2 Q7 H�#Q` BM+QK2 /m`BM;
H�`;2 /2p�Hm�iBQMbX hQ i?2 #2bi Q7 Qm` FMQrH2/;2- i?Bb Bb i?2 }`bi T�T2` i?�i /Q+mK2Mib i?�i
MQKBM�H b?Q+Fb BM /2p2HQTBM; +QmMi`B2b /Q �z2+i B/BQbvM+`�iB+ H�#Q` BM+QK2 `BbFX

6BM�HHv- r2 +QMi`B#mi2 iQ i?2 HBi2`�im`2 i?�i 2KTB`B+�HHv /Q+mK2Mib i?2 K�BM /`Bp2`b Q7 �;@
;`2;�i2 2KTHQvK2MiX h?2 /`Bp2` Q7 2KTHQvK2Mi /vM�KB+b BM /2p2HQT2/ 2+QMQKB2b Bb bim/B2/
#v >�HH Ukyy8V- _B//2` �M/ p�M /2M "2`; UkyyjV- CQHBp2i- SQbi2H@oBM�v �M/ _Q#BM UkyyeV �M/

jAM bQK2 1m`QT2�M +QmMi`B2b- i?2 HBi2`�im`2 �HbQ `2TQ`ib � H�`;2 H2p2H Q7 bvM+?`QMBx�iBQM �`QmM/ �M bT2+B}+
/�i2X

9a22 >QzK�MM �M/ J�H�+`BMQ UkyRNV �M/ "mb+?- .QK2BD- :mp2M2M �M/ J�/2`� UkyR3V 7Q` � bBKBH�`
�M�HvbBb BM Ai�Hv �M/ :2`K�Mv- `2bT2+iBp2HvX
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>Q#BDM �M/ �?BM UkyyNV- �M/ a?BK2` UkyRkVX �+`Qbb /Bz2`2Mi /2p2HQT2/ +QmMi`B2b- /�i�#�b2b-
�M/ T2`BQ/b- i?2v /Q+mK2Mi � bBKBH�` 7�+i, 2KTHQvK2Mi ~m+im�iBQMb �`2 K�BMHv /`Bp2M #v
KQp2K2Mib BM i?2 DQ# }M/BM; `�i2- �M/ MQi BM i?2 b2T�`�iBQM `�i2X AM �MQi?2` +QMi2ti- r2
}M/ i?�i KQp2K2Mib BM i?2 b2T�`�iBQM `�i2 �`2 �M BKTQ`i�Mi /`Bp2` Q7 �;;`2;�i2 2KTHQvK2Mi
�`QmM/ /2p�Hm�iBQM 2TBbQ/2b- /m`BM; r?B+? r2 Q#b2`p2 � H�`;2 /2+`2�b2 BM `2�H H�#Q` BM+QK2X
h?2b2 `2bmHib +�M #2 BMi2`T`2i2/ �b 2pB/2M+2 Q7 i?2 7�+i i?�i r�;2b Q7 BM+mK#2Mi rQ`F2`b
�`2 BM/22/ �HHQ+�iBp2X AM �//BiBQM- i?2 DQBMi +QHH�Tb2 Q7 `2�H r�;2b �M/ b2T�`�iBQM `�i2b Bb
+QMbBbi2Mi rBi? i?2 T`2p�H2M+2 Q7 MQM@*Q�b2�M b2T�`�iBQMb �b /Q+mK2Mi2/ #v C ;2`- a+?Q272`
�M/ wr2BKɃHH2` UkyRNVX

G�vQmiX h?2 T�T2` Bb Q`;�MBx2/ �b 7QHHQrbX a2+iBQM k /2b+`B#2b i?2 /�i� �M/ a2+iBQM j
T`2b2Mib �;;`2;�i2 #mbBM2bb +v+H2 7�+i rBi? 2KT?�bBb BM H�`;2 /2p�Hm�iBQMbX a2+iBQM 9 T`2b2Mib
Qm` irQ M2r 7�+ibX a2+iBQM 8 T`2b2Mib 2pB/2M+2 QM i?2 K2+?�MBbKb #2?BM/ i?2b2 7�+ibX a2+iQ`
e b?Qrb i?2 `Q#mbiM2bb Q7 Qm` }M/BM;X h?2 H�bi b2+iBQM +QM+Hm/2bX

k .�i�
h?Bb b2+iBQM /2b+`B#2b i?2 MQp2H /�i�b2i i?�i r2 H2p2`�;2 iQ bim/v i?2 /vM�KB+b Q7 i?2 BM+QK2
/Bbi`B#miBQM �7i2` H�`;2 /2p�Hm�iBQMbX AMi2`2bi2/ `2�/2`b b?QmH/ `272` iQ PMHBM2 �TT2M/Bt
a2+iBQM � 7Q` � /22T2` /Bb+mbbBQM Q7 p�`B�#H2b BM aAS�- b�KTH2 +QMbi`m+iBQM- �M/ +`Qbb@
p�HB/�iBQM Q7 aAS� `2bmHibX

.�i� /2b+`BTiBQMX q2 mb2 �/KBMBbi`�iBp2 2KTHQv2`@2KTHQv22 K�i+?2/ KQMi?Hv T�M2H
/�i� 7`QK �`;2MiBM�X h?2 /�i� bi�`ib BM CmHv RNN9 �M/ 2M/b BM CmM2 kyRNX Pm` /�i�
bQm`+2 Bb i?2 �`;2MiBM�Ƕb L�iBQM�H aQ+B�H a2+m`Biv avbi2K UǳaBbi2K� AMi2;`�/Q S`2pBbBQM�H
�`;2MiBMQǴ- aAS� 7`QK ?2`2QMVX 6QHHQrBM; i?2 RNNj bQ+B�H b2+m`Biv `27Q`K- aAS� bi�`i2/
+QHH2+iBM; 2KTHQv2` �M/ 2KTHQv22 �/KBMBbi`�iBp2 `2+Q`/b iQ +�H+mH�i2 i�t HB�#BHBiB2b �M/ bQ@
+B�H b2+m`Biv +QMi`B#miBQMbX "v H�r- �HH 2KTHQv2`b BM i?2 7Q`K�H b2+iQ` Kmbi T`2b2Mi brQ`M
bi�i2K2Mib T`QpB/BM; `2H2p�Mi rQ`F2` +QKT2Mb�iBQM BM7Q`K�iBQM iQ aAS� 2p2`v KQMi?X

aAS� i`�+Fb 2�+? rQ`F2`Ƕb iQi�H KQMi?Hv H�#Q` BM+QK2 BM i?2 7Q`K�H b2+iQ` rBi?Qmi K2�@
bm`2K2Mi 2``Q` Q` iQT@+Q/BM;- BM+Hm/BM; �HH 7Q`Kb Q7 T�vK2Mi i?�i +QmH/ i`B;;2` i�t HB�#BHBiB2b
Q` bQ+B�H b2+m`Biv +QMi`B#miBQMb U2X;X- #�b2 r�;2- #QMmb2b- Qp2`iBK2 +QKT2Mb�iBQM- 2i+XVX h?2
/�i�b2i �HbQ BM+Hm/2b `2H2p�Mi /2KQ;`�T?B+ BM7Q`K�iBQM QM 2�+? rQ`F2` �M/ i?2B` DQ#b- �b r2HH
�b bQK2 +?�`�+i2`BbiB+b Q7 i?2 }`K- bm+? �b 9@/B;Bi BM/mbi`v �M/ bi�i2X AKTQ`i�MiHv- aAS�
�HbQ T`QpB/2b }`K �M/ rQ`F2` B/2MiB}2`b i?�i �`2 +QMbBbi2Mi �+`Qbb i?2 2MiB`2 T2`BQ/- �HHQrBM;
mb iQ �M�Hvx2 BM+QK2 /vM�KB+b 7Q` BM/BpB/m�H rQ`F2`b �M/ }`Kb QM � KQMi?Hv 7`2[m2M+v 7Q`
mT iQ ke v2�`bX

N



*Qp2`�;2X h?2 /�i�b2i +Qp2`b i?2 mMBp2`b2 Q7 7Q`K�H rQ`F2`b 2KTHQv2/ BM �HH `2;BQMb-
T`Bp�i2 BM/mbi`B2b- ivT2b Q7 +QMi`�+ib UBMi2`Mb?BTb- i2KTQ`�`v rQ`F2`b- 7mHH@iBK2 2KTHQv22b-
�M/ Qi?2`bV- �M/ BM i?2 Tm#HB+ b2+iQ`X PM2 Q7 i?2 #2M2}ib Q7 �M�HvxBM; i?2 �`;2MiBM2 H�#Q`
K�`F2i Bb i?�i- `2H�iBp2 iQ Qi?2` G�iBM �K2`B+�M 2+QMQKB2b- i?2 BM7Q`K�HBiv `�i2 Bb MQi �b
?B;?ě2X;X- :�bT�`BMB �M/ hQ`M�`QHHB UkyyNV `2TQ`i � 7Q`K�HBiv `�i2 BM J2tB+Q Q7 98WX 6B;m`2
1XR9@S�M2H " b?Qrb i?2 iBK2 b2`B2b Q7 i?2 b?�`2 Q7 7Q`K�H 2KTHQvK2Mi BM i?2 T`Bp�i2 b2+iQ`
7Q` K�H2 b�H�`B2/ rQ`F2`b �;2/ #2ir22M k8 iQ e8 BM �`;2MiBM�X �i i?2 #2;BMMBM; Q7 i?2
b�KTH2- i?2 7Q`K�H 2KTHQvK2Mi b?�`2 bi�`ib M2�` dyW- rBi? � KBMBKmK Q7 eRW BM kyyk- �M/
i?2M bi�#BHBx2b �i dkW �7i2` kyyNX q2 +QM+Hm/2 i?�i Qm` /�i� +Qp2`b � H�`;2 b?�`2 Q7 i?2
Qp2`�HH TQTmH�iBQMX

a�KTH2 b2H2+iBQM �M/ Q#D2+i Q7 �M�HvbBbX q2 T`2b2Mi 7�+ib �#Qmi i?2 UHQ;V `2�H T`2@i�t
iQi�H H�#Q` +QKT2Mb�iBQM Q7 K�H2 rQ`F2`b �;2/ #2ir22M k8 �M/ e8 BM i?2 T`Bp�i2 b2+iQ`X8 q2
`2bi`B+i Qm` b�KTH2 iQ K�H2 rQ`F2`b �;2/ #2ir22M k8 �M/ e8 v2�`b iQ �pQB/ Bbbm2b `2H�i2/
iQ H�#Q` 7Q`+2 T�`iB+BT�iBQM �M/ `2iB`2K2MiX 6BM�HHv- r2 /`QT Q#b2`p�iBQMb +QKBM; 7`QK
DQ# bT2HHb BMpQHpBM; rQ`F2`b 2KTHQv2/ BM i?2 Tm#HB+ b2+iQ`- bBM+2 i?2B` r�;2b KB;?i MQi #2
K�`F2i@/2i2`KBM2/ �M/ bm#D2+i iQ Qi?2` MQM@K�`F2i 7Q`+2bX

q2 �TTHv bQK2 }Hi2`b iQ KQMi?Hv `2�H H�#Q` BM+QK2 BM Qm` �M�HvbBbX q2 2HBKBM�i2 QmiHB2`b
�M/ rBMbQ`Bx2 iQT Q#b2`p�iBQMbX q2 /2}M2 QmiHB2`b �b rQ`F2`b r?Q 2�`M H2bb i?�M ?�H7 Q7
i?2 KQMi?Hv KBMBKmK r�;2X "2+�mb2 i?2 KBMBKmK r�;2 BM �`;2MiBM� ?�b +?�M;2/ Qp2`
iBK2- r2 mb2 i?2 RNNe p�Hm2 BM `2�H i2`Kb UBX2X- 200$ /QHH�`b T2` KQMi?V �M/ �/Dmbi Bi #v
i?2 �p2`�;2 ;`Qri? `�i2 Q7 `2�H r�;2b BM i?2 2MiB`2 b�KTH2 UBX2X- kW �MMm�H ;`Qri?VX q2
rBMbQ`Bx2 Q#b2`p�iBQMb �#Qp2 i?2 NNXNNNi? T2`+2MiBH2X 6BM�HHv- r2 �HbQ QKBi i?2 }`bi �M/ H�bi
r�;2 Q7 2�+? DQ# bT2HH /m2 iQ iBK2 �;;`2;�iBQM +QM+2`Mb- bBM+2 r2 /Q MQi FMQr i?2 /�v � bT2HH
bi�`ibf2M/b- Q` B7 i?2 H�bi r�;2 BM+Hm/2b b2p2`�M+2 T�vK2MiX �Hi?Qm;? r2 /Q MQi +QMbB/2`
i?2b2 KQMi?Hv b�H�`B2b BM i?2 �M�HvbBb Q7 H�#Q` BM+QK2- r2 mb2 i?2b2 Q#b2`p�iBQMb iQ �M�Hvx2
2KTHQvK2Mi ~QrbX h?2 }M�H /�i�b2i rBi? Qm` b�KTH2 b2H2+iBQM �M/ }Hi2`b +QMi�BMb KQ`2
i?�M dyy KBHHBQM rQ`F2`@KQMi? Q#b2`p�iBQMbX

6BM�HHv- r2 Tm`;2 i?2 KQMi?Hv H�#Q` BM+QK2 Q7 i?2 Rji? b�H�`v T�B/ BM CmM2 �M/ .2+2K#2`
iQ �pQB/ bTm`BQmb b2�bQM�HBivX h?Bb 2ti`� b�H�`v Bb #v H�r �M/ 2[m�Hb QM2 ?�H7 Q7 i?2 ?B;?2bi
r�;2 T�B/ Qp2` i?2 b2K2bi2`X lM7Q`imM�i2Hv- r2 QMHv Q#b2`p2 iQi�H BM+QK2 #27Q`2 kyy3- bQ
r2 mb2 i?2 7Q`KmH� 2bi�#HBb?2/ #v H�r iQ +�H+mH�i2 2�+? rQ`F2`Ƕb Rji? b�H�`vX

�//BiBQM�H /�i�X q2 +QKTH2K2Mi i?2 aAS� /�i�#�b2 rBi? i?2 BM7Q`K�iBQM +QMi�BM2/ BM
*QHH2+iBp2 "�`;�BMBM; �;`22K2Mib U*"�b- 7`QK ?2`2QMV M2;QiB�i2/ #v i`�/2 mMBQMb �i i?2

8.m2 iQ i?2 BMi2`p2MiBQM Q7 BM~�iBQM bi�iBbiB+b BM �`;2MiBM� BM kyyd- r2 mb2 +QMbmK2` T`B+2 BM/B+2b T`QpB/2/
#v M�iBQM�H bi�iBbiB+b #27Q`2 kyyd �M/ S`B+2ai�ib 7`QK kyyd QMr�`/ iQ +QMbi`m+i `2�H H�#Q` BM+QK2X
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b2+iQ`�H H2p2HX AM �`;2MiBM�- � bBM;H2 mMBQM ?�b KQMQTQHv TQr2` iQ `2T`2b2Mi rQ`F2`b �i
i?2 b2+iQ`�H H2p2HX h?�i mMBQM bB;Mb � +QMi`�+i +Qp2`BM; �HH 2KTHQv2/ rQ`F2`b BM i?2 b2+iQ`
BM/2T2M/2MiHv Q7 i?2B` K2K#2`b?BT bi�imbX q2 /B;BiBx2 i?2b2 +QMi`�+ib �i i?2 b2+iQ`�H H2p2H
7Q` b2p2`�H Q7 i?2 KQbi BKTQ`i�Mi mMBQMbX q2 �HbQ mb2 /�i� 7`QK i?2 S2`K�M2Mi >Qmb2?QH/
am`p2v Uǳ1M+m2bi� S2`K�M2Mi2 /2 >Q;�`2bǴ- 1S> 7`QK ?2`2QMV- r?B+? Bb i?2 K�BM ?Qmb2?QH/
bm`p2v BM �`;2MiBM�X

*`Qbb p�HB/�iBQM Q7 aAS� /�i�X aBM+2 i?Bb Bb QM2 Q7 i?2 72r T�T2`b mbBM; i?2 aAS�
/�i�b2i- � 7m`i?2` /Bb+mbbBQM Q7 i?2 [m�HBiv Q7 i?2 /�i� Bb K2`Bi2/X

6B`bi- �HKQbi �HH H�#Q` bi�iBbiB+b BM M�iBQM�H �++QmMib BM �`;2MiBM� mb2 i?2 aAS� /�i�b2i
U2X;X- r�;2b- mT/�i2b Q7 i?2 H�#Q` p�Hm2 �//2/ �i i?2 b2+iQ`�H H2p2H 7`QK i?2 L�iBQM�H *2Mbmb-
2KTHQvK2Mi bi�iBbiB+b- �KQM; Qi?2`bVX JQ`2Qp2`- r2 [m�HBi�iBp2Hv `2T`Q/m+2 i?2 K�BM 7�+ib
BM a2+iBQMb j �M/ 9 7Q` 7Q`K�H rQ`F2`b r?2M2p2` Bb TQbbB#H2 mbBM; 1S> rBi? bQK2 +�p2�ibX
�//BiBQM�HHv- r2 +QKTmi2 bmKK�`v bi�iBbiB+b �TTHvBM; i?2 b�K2 /�i� }Hi2`b �b BM :mp2M2M
2i �HX UkyR9V iQ #2M+?K�`F i?2K rBi? lXaX bi�iBbiB+bX q2 }M/ bBKBH�` bi�iBbiB+b QM �p2`�;2
�MMm�H BM+QK2 �+`Qbb i?2 b�KTH2- �M/ i?2 +v+HB+�HBiv Q7 BM+QK2 ;`Qri? bF2rM2bb rBi? QmiTmiX
Pp2`�HH- r2 �`2 +QM}/2Mi i?�i i?2 aAS� /�i�b2i Bb � ?B;?@[m�HBiv bQm`+2 Q7 BM7Q`K�iBQM QM
�`;2MiBM�Ƕb 7Q`K�H K�`F2iX

a2�bQM�HHv �/DmbiK2MiX q2 b2�bQM�HHv �/Dmbi �HH@iBK2 b2`B2b mbBM; i?2 s@Rj�_AJ�@
a1�ha a2�bQM�H �/DmbiK2Mi T`Q;`�K /2p2HQT2/ �M/ mb2/ #v i?2 lXaX "m`2�m Q7 i?2 *2MbmbX

j �;;`2;�i2 6�+ib �7i2` _1_ .2p�Hm�iBQMb
h?Bb b2+iBQM /2b+`B#2b #mbBM2bb +v+H2 7�+ib 7Q` � MmK#2` Q7 K�+`Q2+QMQKB+ �M/ H�#Q` K�`@
F2i p�`B�#H2bX q2 �M�Hvx2 i?2 _1_- `2�H ;`Qbb /QK2biB+ T`Q/m+i U:.SV- �M/ BM~�iBQM 7Q`
K�+`Q2+QMQKB+ p�`B�#H2bX 6Q` i?2 H�#Q` K�`F2i- r2 7Q+mb QM i?2 `2�H H�#Q` BM+QK2- biQ+F
Q7 2KTHQvK2Mi- �M/ ~Qrb #2ir22M 2KTHQvK2Mi �M/ MQM@2KTHQvK2Mi BM i?2 7Q`K�H T`Bp�i2
b2+iQ` U7`QK ?2`2QM r2 `272` iQ i?Bb bi�i2 �b bBKTHv MQM@2KTHQvK2MiVX q2 b?Qr � bi`QM;
+QKQp2K2Mi #2ir22M `2�H H�#Q` BM+QK2 �M/ ~Qrb Q7 2KTHQvK2Mi bi�imb rBi? i?2 _1_ /m`@
BM; H�`;2 /2p�Hm�iBQMbX q2 /Q MQi Q#b2`p2 � bBKBH�` bi`QM; +QKQp2K2Mi Q7 `2�H H�#Q` BM+QK2
rBi? QmiTmiX h?2b2 #mbBM2bb +v+H2 7�+ib KQiBp�i2 i?2 2KT?�bBb QM bim/vBM; i?2 /vM�KB+b Q7
i?2 H�#Q` BM+QK2 /Bbi`B#miBQM �7i2` i?2 KQbi bB;MB}+�Mi /2p�Hm�iBQM BM Qm` b�KTH2X

J�+`Q2+QMQKB+ "mbBM2bb *v+H2 6�+ibX q2 }`bi /2b+`B#2 i?2 K�+`Q2+QMQKB+ 2MpB`QM@
K2Mi /m`BM; i?2 T2`BQ/ Q7 �M�HvbBb iQ +QMi2tim�HBx2 Qm` K2�bm`2K2Mi 2t2`+Bb2X 6B;m`2 R@S�M2H
� b?Qrb i?2 UHQ;V _1_ #2ir22M �`;2MiBM� �M/ i?2 lMBi2/ ai�i2b �M/ UHQ;V `2�H QmiTmi 7Q`
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i?2 T2`BQ/ Q7 Qm` /�i�X q2 K�`F `2+2bbBQM T2`BQ/b BM ;`�v �M/ �Mv KQMi?Hv /2p�Hm�iBQM `�i2
H�`;2` i?�M RyW rBi? #H�+F /Qii2/ p2`iB+�H HBM2bX q2 /2}M2 � `2+2bbBQM T2`BQ/ �b � b2[m2M+2
Q7 [m�`i2`b BM r?B+? i?2 [m�`i2`Hv ;`Qri? `�i2 Q7 `2�H :.S Bb M2;�iBp2X 6B;m`2 R@S�M2H "
THQib v2�`Hv BM~�iBQM �M/ MQKBM�H 2t+?�M;2 `�i2 UL1_- 7`QK ?2`2QMV ;`Qri?X

6B;m`2 R Ĝ J�+`Q2+QMQKB+ "mbBM2bb *v+H2 6�+ib BM �`;2MiBM� RNN9@kyRN
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LQi2b, h?2 };m`2 THQib 7Qm` K�+`Q2+QMQKB+ iBK2 b2`B2b BM �`;2MiBM� 7Q` i?2 T2`BQ/ #2ir22M RNN9@i?B`/
[m�`i2` iQ kyRN@b2+QM/ [m�`i2`X S�M2H � /2b+`B#2b i?2 _1_ U#Hm2V �M/ `2�H :.S U`2/V- �M/ S�M2H "
/2b+`B#2b L1_ �M/ BM~�iBQMX �HH p�`B�#H2b �`2 2tT`2bb2/ BM HQ;@TQBMib ⇥ RyyX _1_ Bb +QKTmi2/ �i �
KQMi?Hv 7`2[m2M+v- �M/ Bi Bb MQ`K�HBx2/ #v i?2 ?BbiQ`B+�H K2/B�M 7`QK RNe8 iQ kyRNX :S. Bb +QKTmi2/ �i
� [m�`i2`Hv 7`2[m2M+v- b2�bQM�HHv �/Dmbi2/ �M/ MQ`K�HBx2/ iQ x2`Q BM i?2 i?B`/ [m�`i2` Q7 RNN3X _2+2bbBQMb
T2`BQ/b �`2 BM ;`2v- �M/ KQMi?Hv /2p�Hm�iBQMb H�`;2` i?�M RyW �`2 K�`F2/ rBi? #H�+F /Qii2/ HBM2bX

�`;2MiBM� Bb +?�`�+i2`Bx2/ #v bB;MB}+�Mi p�`B�iBQMb BM i?2 2+QMQKB+ 2MpB`QMK2MiX "2@
ir22M RNN9 �M/ kyRN- i?2`2 r2`2 irQ 2t+?�M;2 `�i2 `2;BK2b, � }t2/ 2t+?�M;2 `�i2 7`QK
C�Mm�`v Q7 RNN9 iQ .2+2K#2` Q7 kyyR- BM r?B+? i?2 M�iBQM�H +m``2M+v r�b T2;;2/ QM2@iQ@QM2
iQ i?2 la .QHH�`- �M/ � ~Q�iBM; 2t+?�M;2 `�i2 7`QK C�Mm�`v Q7 kyyk iQ i?2 T`2b2MiX h?2
�p2`�;2 BM~�iBQM BM i?2 irQ `2;BK2b r�b `2K�`F�#Hv /Bz2`2MiX q?BH2 BM i?2 }`bi `2;BK2- i?2
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�p2`�;2 �MMm�HBx2/ BM~�iBQM r�b +HQb2 iQ yX8W- BM i?2 b2+QM/ `2;BK2 i?2 �p2`�;2 BM~�iBQM
r�b kyWX

Pm` b�KTH2 BM+Hm/2b b2p2M `2+2bbBQMb rBi? /Bz2`2Mi +QKQp2K2Mi rBi? i?2 _1_- r?B+?
�HHQr mb iQ /BbiBM;mBb? H�#Q` K�`F2i /vM�KB+b /m`BM; `2+2bbBQMb rBi? �M/ rBi?Qmi /2p�Hm�@
iBQMbX _2+2bbBQM T`2+2/2/ Q` 7QHHQr2/ #v H�`;2 /2p�Hm�iBQMb �`2 RNN3@kyyk- kyR9- kyRe- �M/
kyR3 `2+2bbBQMbX h?2 RNN3@kyyk `2+2bbBQM 72�im`2/ � +mKmH�iBp2 QmiTmi /`QT Q7 @kRW- rBi? �
r2�F /2T`2+B�iBQM Q7 i?2 `2�H 2t+?�M;2 `�i2 /m2 iQ � HQr2` BM~�iBQM `�i2 `2H�iBp2 iQ i?2 laX
h?2 2M/ Q7 i?2 `2+2bbBQM r�b �bbQ+B�i2/ rBi? i?2 KQbi bB;MB}+�Mi /2p�Hm�iBQMb BM Qm` b�KTH2X
h?2 Qi?2` `2+2bbBQMb BM i?Bb ;`QmT ?�p2 [m�HBi�iBp2Hv bBKBH�` /vM�KB+b- #mi rBi? � bK�HH2`
K�;MBim/2X _2+2bbBQMb rBi?Qmi H�`;2 /2p�Hm�iBQMb �`2 i?2 RNN8- kyy3- �M/ kyRR `2+2bbBQMbX
�HH i?2b2 `2+2bbBQMb r2`2 bm#bi�MiB�HběBX2X- eW- RkW- �M/ eW QmiTmi /`QT BM +?`QMQHQ;B+�H
Q`/2`X

h?2 T2`BQ/ Q7 �M�HvbBb +Qp2`b 7Qm` H�`;2 �M/ bm//2M /2p�Hm�iBQMb rBi? � b�r@iQQi?2/
T`Q}H2, C�Mm�`v Q7 kyyk- C�Mm�`v Q7 kyR9- .2+2K#2` Q7 kyR8- �M/ J�v Q7 kyR3X AM i?2
}`bi KQMi? Q7 kyyk- �`;2MiBM� �#�M/QM2/ Bib QM2@iQ@QM2 T2; iQ i?2 la .QHH�`X h?2 `2bmHiBM;
/2T`2+B�iBQM `�i2 r�b Q7 RyyW UBM HQ; TQBMibV- 2M/BM; � T2`BQ/ Q7 bHQr _1_ /2T`2+B�iBQMX h?2
b2+QM/ bm//2M /2p�Hm�iBQM Q7 RRW Bb K�BMHv �bbQ+B�i2/ rBi? � /2+BbBQM Q7 i?2 �`;2MiBMB�M
*2Mi`�H "�MF iQ biQT BMi2`p2MBM; BM i?2 7Q`2B;M 2t+?�M;2 K�`F2i #v b2HHBM; 7Q`2B;M `2b2`p2bX
h?2 /2p�Hm�iBQM BM .2+2K#2` Q7 kyR8 Q++m``2/ �7i2` � +?�M;2 Q7 ;Qp2`MK2MiX h?2 M2r
�mi?Q`BiB2b `2KQp2/ �HH i?2 `2bi`B+iBQMb QM i?2 QT2`�iBQM Q7 i?2 2t+?�M;2 `�i2 K�`F2ib- rBi?
� bm#b2[m2Mi /2p�Hm�iBQM Q7 jRW BM i?2 M2ti i?`22 KQMi?bX h?2 H�bi /2p�Hm�iBQM BM J�v kyR3
7QHHQr2/ i?2 ;Qp2`MK2MiǶb H�+F Q7 +�T�+Biv iQ `QHHQp2` b?Q`i@K�im`Biv /2#i �M/ i?2 �TT`Qp�H
Q7 i?2 H�`;2bi `2b+m2 TH�M #v i?2 AJ6 BM Bib 2MiB`2 ?BbiQ`vX

h?2 /2p�Hm�iBQM 2TBbQ/2b BM Qm` b�KTH2 �`2 H�`;2 �M/ BM/m+2 � bB;MB}+�Mi BM+`2�b2 BM
�;;`2;�i2 T`B+2bX h?2 Q`/2` Q7 K�;MBim/2 Q7 i?2b2 /2p�Hm�iBQMb �`2 bB;MB}+�Mi 2p2M BM +QK@
T�`BbQM iQ 2K2`;BM; 2+QMQKB2bX 6QHHQrBM; � bi�M/�`/ +H�bbB}+�iBQM Q7 2K2`;BM; 2+QMQKB2b
BM i?2 HBi2`�im`2- i?2 NNi? T2`+2MiBH2 Q7 i?2 _1_ ;`Qri? `�i2 /Bbi`B#miBQM 7Q` i?Bb ;`QmT Q7
+QmMi`B2b Bb k8W- `2bT2+iBp2HvX h?mb- Qm` b�KTH2 +Qp2`b i?`22 i�BH 2p2Mib BM i2`Kb Q7 _1_
~m+im�iBQMbX 6BM�HHv- 2�+? /2p�Hm�iBQM Bb �bbQ+B�i2/ rBi? � H�`;2 T�bb@i?`Qm;? BMiQ /QK2biB+
+QMbmK2` T`B+2b Ub22 6B;m`2 R@S�M2H "V +QMbBbi2Mi rBi? BMi2`M�iBQM�H 2pB/2M+2X "m`bi2BM 2i �HX
Ukyy8V /Q+mK2Mi2/ �M �p2`�;2 2H�biB+Biv Q7 �MMm�H BM~�iBQM iQ � H�`;2 MQKBM�H /2p�Hm�iBQM
Q7 QM2@i?B`/ �+`Qbb 2K2`;BM; 2+QMQKB2bX h?2 �p2`�;2 `�iBQ Q7 v2�`Hv +?�M;2b Q7 BM~�iBQM Qp2`
v2�`Hv +?�M;2 Q7 i?2 L1_ Bb yXj9 �+`Qbb /2p�Hm�iBQMb UBX2X- yXkN- yXk3- yXRj- yXNd 7Q` 2�+?
/2p�Hm�iBQM BM +?`QMQHQ;B+�H Q`/2`VX

h?Bb T�T2` 7Q+mb2b K�BMHv QM i?2 kyyk /2p�Hm�iBQM i?�i ?�b i?`22 �//BiBQM�H 72�im`2b-
�T�`i 7`QK Bib bBx2 �M/ p�`B�iBQM BM BM~�iBQMX 6B`bi- Bi Bb �bbQ+B�i2/ rBi? � T2`bBbi2Mi ~m+@
im�iBQM Q7 i?2 _1_, Bi iQQF }p2 v2�`b iQ `2p2`i iQ i?2 ?BbiQ`B+�H K2/B�M �M/ i2M v2�`b iQ

Rj



`2�+? T`2@/2p�Hm�iBQM H2p2HbX a2+QM/- Bib bBx2 iQQF K�`F2i T�`iB+BT�Mib #v bm`T`Bb2- r?BH2 i?2
Qi?2` /2p�Hm�iBQMb r2`2 T�`iB�HHv T`2/B+i2/X h?B`/- r2 }M/ i?�i �7i2` i?2 /2p�Hm�iBQM i?2`2
Bb � `2+Qp2`v BM `2�H :.S �M/ QmiTmi T2` rQ`F2`- F2v /2i2`KBM�Mib 7Q` i?2 `2+Qp2`v Q7 H�#Q`
BM+QK2X h?mb- Bib bBx2- bm//2MM2bb- T2`bBbi2M+2- mMT`2/B+i�#BHBiv �M/ bm#b2[m2M+2 `2+Qp2`v-
K�F2b i?2 kyyk /2p�Hm�iBQM T�`iB+mH�`Hv /2bB`�#H2 iQ �M�Hvx2Xe

G�#Q` J�`F2i "mbBM2bb *v+H2 6�+ibX q?�i �`2 i?2 +v+HB+�H T`QT2`iB2b Q7 �;;`2;�i2
H�#Q` BM+QK2 �M/ 2KTHQvK2Mi\ �b r2 2tTH�BM2/ �#Qp2- i?2 T`2p�H2M+2 Q7 bm//2M BM+`2�b2b
BM BM~�iBQM /m`BM; H�`;2 /2p�Hm�iBQMb Bb �M 2KTB`B+�H `2;mH�`Biv �+`Qbb 2K2`;BM; K�`F2ibX
L2p2`i?2H2bb- +?�M;2b BM `2�H H�#Q` BM+QK2 /2T2M/ QM i?2 `2H�iBp2 ~2tB#BHBiv Q7 MQKBM�H H�@
#Q` BM+QK2 pBbĜ�ĜpBb T`B+2b- iQ;2i?2` rBi? +?�M;2b BM i?2 K�`;BM�H T`Q/m+i Q7 H�#Q`X q?BH2
"m`bi2BM 2i �HX Ukyy8V T`QpB/2 2pB/2M+2 QM i?2 2KTB`B+�H T`QT2`iB2b Q7 T`B+2b �7i2` /2p�Hm�@
iBQMb- i?2`2 Bb b+�`+2 2pB/2M+2 �#Qmi i?2 /vM�KB+b Q7 H�#Q` BM+QK2 �7i2` bB;MB}+�Mi +?�M;2b
BM BM~�iBQMX PM i?2 QM2 ?�M/- r2 ?�p2 +QMbB/2`�#H2 KB+`Q@/�i� 2pB/2M+2 Q7 H�#Q` BM+QK2
Q` r�;2b �/DmbiK2Mi 7�+ib BM HQr �M/ bi�#H2 BM~�iBQM +QmMi`B2b- r?2`2 i?2v `2bTQM/ K�BMHv
iQ B/BQbvM+`�iB+ KQiBp2bX PM i?2 Qi?2` ?�M/- r2 ?�p2 K�+`QĜ2biBK�i2b Ub22 7Q` 2t�KTH2
*?`BbiB�MQ- 1B+?2M#�mK �M/ 1p�Mb- kyy8V #�b2/ QM bi`m+im`�H KQ/2Hb i?�i 7�pQ` � /QKBM�Mi
`QH2 Q7 r�;2 `B;B/BiB2b iQ 2tTH�BM �;;`2;�i2 iBK2b b2`B2bXd

h?2 �p2`�;2 KQMi?Hv H�#Q` BM+QK2 /`QTb bB;MB}+�MiHv /m`BM; i?2 7Qm` /2p�Hm�iBQM 2TBbQ/2b
/2b+`B#2/ �#Qp2X q2 /Q MQi }M/ i?Bb T�ii2`M BM `2+2bbBQMb rBi?Qmi H�`;2 /2p�Hm�iBQMbX 6B;@
m`2 k@S�M2H � THQib i?2 HQ; �p2`�;2 `2�H BM+QK2 `2H�iBp2 iQ i?2 �p2`�;2 BM+QK2 BM RNNeX
6B;m`2 k@S�M2H " THQib i?2 +v+HB+�H +QKTQM2Mi Q7 �p2`�;2 `2�H H�#Q` BM+QK2 �7i2` �TTHvBM; �
>Q/`B+F@S`2b+Qii }Hi2` U>S }Hi2` 7`QK ?2`2QMVX �b i?2 };m`2 b?Qrb- BM i?2 }`bi bBt KQMi?b
�7i2` i?2 kyyk /2p�Hm�iBQM- i?2`2 r�b � /`QT BM HQ; �p2`�;2 H�#Q` BM+QK2 Q7 keWX �7i2` i?Bb
bB;MB}+�Mi /`QT- Bi iQQF irQ v2�`b 7Q` �p2`�;2 BM+QK2 iQ `2p2`i iQ Bib T`2@/2p�Hm�iBQM H2p2HX
h?2 2H�biB+Biv Q7 H�#Q` BM+QK2 iQ i?2 _1_ BM i?Bb /2p�Hm�iBQM 2TBbQ/2 Bb @yXkR- Km+? H�`;2`
i?�M T`2pBQmb 2biBK�i2b Ub22 7Q` 2t�KTH2 *�KT� �M/ :QH/#2`;- kyyRVX h?Bb 2H�biB+Biv i�F2b
p�Hm2b Q7 @yXe9- @yXk8- �M/ @yX8 BM kyR9- kyR8- �M/ kyR3 /2p�Hm�iBQMb- `2bT2+iBp2HvX � bK�HH2`
`2+Qp2`v Bb QMHv Q#b2`p2/ BM i?2 i?B`/ H�`;2 /2p�Hm�iBQM BM i?2 b�KTH2X

q2 /Q MQi }M/ � bB;MB}+�Mi +Q``2H�iBQM #2ir22M �p2`�;2 H�#Q` BM+QK2 �M/ QmiTmi /m`BM;
`2+2bbBQMb i?�i �`2 MQi �bbQ+B�i2/ rBi? bm//2M +?�M;2b BM i?2 _1_X h?Bb T`QT2`iv ?QH/b BM
T2`BQ/b rBi? HQr �M/ ?B;? BM~�iBQM `�i2b UBX2X- #27Q`2 �M/ �7i2` kyyRVX h?Bb H�+F Q7 +Q``2H�iBQM

eAM �TT2M/Bt "XR- r2 T`2b2Mi /�i� QM 2t+?�M;2 `�i2 2tT2+i�iBQMb 7`QK � bm`p2v Q7 T`Q72bbBQM�H 7Q`2+�bi2`b
T`QpB/2/ #v *QMb2Mbmb 1+QMQKB+bX AM .2+2K#2` kyyR- �;2Mib r2`2 2tT2+iBM; � /2p�Hm�iBQM Q7 dW rBi?BM i?2
7QHHQrBM; Rk KQMi?b- bQ +H2�`Hv- � /2p�Hm�iBQM `�i2 Q7 KQ`2 i?�M RyyW ?�/ � bBx�#H2 mM2tT2+i2/ +QKTQM2MiX
AM �TT2M/Bt "Xk- r2 THQi i?2 /vM�KB+b Q7 QmiTmi T2` rQ`F2` �b � bBKTH2 K2�bm`2 Q7 H�#Q` T`Q/m+iBpBivX

d>2`2 r2 mb2 ǳr�;2Ǵ iQ `272` iQ H�#Q` BM+QK2 mM/2` i?2 BKTHB+Bi �bbmKTiBQM i?�i i?2 BMi2MbBp2 K�`;BM
Q7 H�#Q` bmTTHv Bb +QMbi�MiX q2 �M�Hvx2 i?2 `Q#mbiM2bb Q7 i?Bb �bbmKTiBQM BM a2+iBQM e rBi? �//BiBQM�H
BM7Q`K�iBQM QM T�`iĜ �M/ 7mHHĜiBK2 rQ`F2`b �M/ r22FHv ?Qm`b Q7 rQ`FX
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"X �p2`�;2 _2�H G�#Q` AM+QK2 >S@+v+H2b

LQi2b, h?2 };m`2 b?Qrb KQMi?Hv #mbBM2bb +v+H2b ~m+im�iBQMb Q7 �p2`�;2 UHQ;V `2�H BM+QK2 7`QK RNN9 i?B`/
[m�`i2` iQ kyRN b2+QM/ [m�`i2`X S�M2H � b?Qrb i?2 �p2`�;2 `2�H H�#Q` BM+QK2 �M/ Bib i`2M/ rBi? >S }Hi2`X
S�M2H " b?Qrb i?2 /2i`2M/2/ �p2`�;2 `2�H H�#Q` BM+QK2 rBi? >S }Hi2`X q2 mb2 �M bKQQi?BM; T�`�K2i2`b
BM i?2 >S }Hi2` Q7 RkNeyy iQ `2KQp2 i?2 i`2M/ +QKTQM2MiX _2+2bbBQMb T2`BQ/b �`2 BM ;`2v �M/ KQMi?Hv
/2p�Hm�iBQM H�`;2` i?�M RyW �`2 BM #H�+F /Qii2/ HBM2bX

Bb bm`T`BbBM;- ;Bp2M i?2 K�;MBim/2b Q7 i?2 `2+2bbBQMbX h?2 irQ `2+2bbBQM /m`BM; i?2 }t2/
2t+?�M;2 `�i2 `2;BK2 UBX2X- RNN8 �M/ kyy3@kyyR `2+2bbBQMbV ?�p2 +mKmH�iBp2 QmiTmi /`QTb Q7
eW �M/ kRW- `2bT2+iBp2HvX .2bTBi2 i?2 bB;MB}+�Mi QmiTmi /`QT �M/ i?2 M2;�iBp2 2z2+i Bi ?�/
QM 2KTHQvK2Mi Ub22 #2HQrV- i?2`2 �`2 MQ MQiB+2�#H2 ~m+im�iBQMb BM �p2`�;2 H�#Q` BM+QK2X
aBKBH�` T�ii2`Mb ?QH/ /m`BM; `2+2bbBQMb rBi?BM i?2 ~Q�iBM; 2t+?�M;2 `�i2 `2;BK2X

.Q +?�M;2b BM `2�H BM+QK2 +Q``2H�i2 rBi? H�#Q` K�`F2i ~Qrb\ q?BH2 2KTHQvK2Mi Bb
bi`QM;Hv T`Q@+v+HB+�H- Bib /`Bp2`běi?2 DQ# }M/BM; �M/ b2T�`�iBQM `�i2běK�v p�`v Qp2` i?2
#mbBM2bb +v+H2X aim/vBM; i?2b2 /`Bp2`b BM7Q`Kb mb �#Qmi r?B+? 7`B+iBQMb r2 M22/ iQ bim/v iQ
2tTH�BM ~m+im�iBQMb BM i?2 H�#Q` K�`F2iX 6Q` 2t�KTH2- B7 ~m+im�iBQMb BM i?2 DQ#@}M/BM; `�i2
K�BMHv /`Bp2 mM2KTHQvK2Mi- i?2M r�;2b Q7 M2r ?B`2bě�M/ i?2Q`B2b i?�i 2tTH�BM i?2Kě
�`2 2bb2MiB�H iQ mM/2`bi�M/ 2KTHQvK2Mi /vM�KB+b USBbb�`B/2b- kyyNVX h?Bb `2bmHi #`2�Fb B7
i?2 b2T�`�iBQM `�i2 Bb i?2 T`BK�`v /`Bp2` Q7 2KTHQvK2Mi /vM�KB+bX AM i?�i +�b2- r�;2b Q7
BM+mK#2Mi rQ`F2`b �`2 �HHQ+�iBp2 �M/ K�ii2` 7Q` #mbBM2bb +v+H2 /vM�KB+bX

Zm�MiBi�iBp2Hv- i?2 DQ#@}M/BM; `�i2 Bb i?2 K�BM /`Bp2` Q7 mM2KTHQvK2Mi ~m+im�iBQMb
�+`Qbb /2p2HQT2/ +QmMi`B2bX a?BK2` UkyRkV b?Qrb i?�i ~m+im�iBQMb BM i?2 DQ#@}M/BM; `�i2
�++QmMi 7Q` �HKQbi 3yW Q7 mM2KTHQvK2Mi ~m+im�iBQMb /m`BM; i?2 RN93 iQ kyyd T2`BQ/ Ui?Bb
MmK#2` BM+`2�b2b iQ N8W bBM+2 RN38VX h?Bb 7�+i Bb `Q#mbi �+`Qbb +QmMi`B2b �M/ iQ �Hi2`M�iBp2
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K2i?Q/b 7Q` i?2 +QKTmi�iBQM Q7 i?2 DQ# }M/BM; �M/ b2T�`�iBQMb `�i2bX3 q?BH2 i?2 }M/BM;b Q7
i?2b2 T�T2`b ?�p2 ;mB/2/ i?2 /2p2HQTK2Mi Q7 i?2Q`B2b iQ bim/v #mbBM2bb +v+H2b BM /2p2HQT2/
2+QMQKB2b- i?2B` b�KTH2 /Q2b MQi BM+Hm/2 2TBbQ/2b Q7 bm//2M biQTb BM 2K2`;BM; 2+QMQKB2b
rBi? H�`;2 /`QTb BM `2�H H�#Q` BM+QK2X 6Q` i?Bb `2�bQM- r2 `2pBbBi i?2B` �M�HvbBb BM Qm` /�i�X

q2 �M�Hvx2 i?2 biQ+F Q7 2KTHQvK2Mi �M/ i?2 ~Qrb #2ir22M 2KTHQvK2Mi �M/ MQM@
2KTHQvK2Mi rBi?BM i?2 7QHHQrBM; �++QmMiBM; 7`�K2rQ`FX h?Bb 7`�K2rQ`F Bb KQiBp�i2/ #v
i?2 7�+i i?�i r2 /Q MQi M22/ iQ K�F2 �bbmKTiBQMb �#Qmi r?2i?2` � rQ`F2` Bb mM2KTHQv2/
Q` rQ`FBM; 2Hb2r?2`2 U2X;X- BM i?2 BM7Q`K�H Q` Tm#HB+ b2+iQ`bV B7 r2 /Q MQi Q#b2`p2 ?2` BM i?2
b�KTH2ěb22 �HbQ .�pBb �M/ >�HiBr�M;2` URNNkV 7Q` � bBKBH�` �TT`Q�+?X G2i Nt #2 i?2 biQ+F
Q7 2KTHQv2/ rQ`F2`b BM Qm` b�KTH2 BM T2`BQ/ tX q2 r`Bi2 i?2 H�r Q7 KQiBQM Q7 Nt K�FBM;
mb2 Q7 i?2 2Mi`v (N entry

t ) �M/ 2tBi ~Qrb UN exit
t V,

Nt = Nt�1 � N exit
t| {z }

stNt�1

+N entry
t| {z }

etNt�1

= Nt�1(1 + et � st), URV

r?2`2 et �M/ st /2MQi2 i?2 2Mi`v �M/ b2T�`�iBQM `�i2b BM T2`BQ/ t- `2bT2+iBp2HvX
"mbBM2bb +v+H2 ~m+im�iBQMb Q7 i?2 b2T�`�iBQM `�i2 �`2 [m�MiBi�iBp2Hv bB;MB}+�MiX h?2 KQbi

bB;MB}+�Mi ~m+im�iBQM Q7 i?2 b2T�`�iBQM `�i2 Bb �7i2` i?2 kyyk /2p�Hm�iBQM- r?2`2 Bi 7�HHb 7`QK
� T`2@/2p�Hm�iBQM H2p2H Q7 9W iQ kX3WX 6B;m`2 j@S�M2H � �M/ S�M2H " THQi i?2 2pQHmiBQM Q7
2KTHQvK2Mi- 2Mi`v `�i2b- �M/ b2T�`�iBQM `�i2bX �b i?2 };m`2 b?Qrb- 2KTHQvK2Mi �M/ 2Mi`v
`�i2b �`2 T`Q@+v+HB+�H- b2T�`�iBQM `�i2b �`2 +QmMi2`@+v+HB+�H- �M/ i?2`2 Bb � M2;�iBp2 i`2M/ BM
i?2 2Mi`v �M/ b2T�`�iBQM `�i2bXN � M�im`�H [m2biBQM Bb, ?Qr Km+? Q7 i?2 Q#b2`p2/ /vM�KB+b
Q7 �;;`2;�i2 2KTHQvK2Mi Bb /m2 iQ ~m+im�iBQMb BM b2T�`�iBQM �M/ 2Mi`v `�i2b\

a2T�`�iBQM �M/ 2Mi`v `�i2b /`Bp2 �;;`2;�i2 2KTHQvK2Mi /vM�KB+b BM �HKQbi 2[m�H T`Q@
TQ`iBQMbX q2 b?Qr i?Bb T`QT2`iv BM i?2 7QHHQrBM; r�vX 6B`bi- r2 +�H+mH�i2 s �M/ e iQ #2 i?2
�p2`�;2 b2T�`�iBQM �M/ 2Mi`v `�i2b /m`BM; i?2 b�KTH2X h?2M- r2 `2@+QKTmi2 i?2 iBK2 b2`B2b
Q7 �;;`2;�i2 2KTHQvK2Mi rBi? i?2 +QmMi2`7�+im�H b2T�`�iBQM Q` 2Mi`v `�i2b,

N s
t = N s

t�1(1� st + e) �M/ N e
t = N e

t�1(1� s+ et), UkV

rBi? N e
0 = N s

0 = N0- r?2`2 N0 Bb i?2 Q#b2`p2/ 2KTHQvK2Mi BM i?2 }`bi KQMi? Q7 i?2
b�KTH2X 6B;m`2 UjV@S�M2H * b?Qrb i?2 +v+HB+�H +QKTQM2Mi Q7 Nt- N e

t - N s
t - iQ;2i?2` rBi? i?2B`

bmKX LQi2 i?�i i?2 Q#b2`p2/ /vM�KB+b Q7 Nt �`2 +HQb2 iQ N e
t + N s

t X h?2 KQbi bB;MB}+�Mi
~m+im�iBQM Q7 N s

t Bb /m`BM; i?2 kyyk /2p�Hm�iBQM r?2`2 Bi ;2M2`�i2b � +QMbB/2`�#H2 /vM�KB+b
Q7 iQi�H 2KTHQvK2MiX

3a22 >�HH Ukyy8V- _B//2` �M/ p�M /2M "2`; UkyyjV- CQHBp2i 2i �HX UkyyeV �M/ >Q#BDM �M/ �?BM UkyyNV 7Q`
bBKBH�` `2bmHib �+`Qbb /2p2HQT2/ +QmMi`B2b- /�i�b2ib �M/ iBK2 T2`BQ/bX

Nh?2 i`2M/ BM 2Mi`v �M/ b2T�`�iBQMb `�i2b �`2 +QMbBbi2Mi rBi? 2KTB`B+�H T�ii2`Mb �+`Qbb +QmMi`B2b Ub22 7Q`
2t�KTH2 a?BK2`- kyy8VX

Re
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a2T�`�iBQM
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*X aQm`+2b Q7 �;;`2;�i2 1KTHQvK2Mi 6Hm+im�iBQMb

.�i�
Ns

Ne

Ns +Ne

LQi2b, h?2 T�M2Hb � �M/ " THQi UBM i?2 7QHHQrBM; Q`/2`V i?2 iQi�H 2KTHQvK2Mi �M/ 2Mi`v �M/ b2T�`�iBQM
`�i2bX h?2 S�M2H * b?Qrb UHQ;V �;;`2;�i2 2KTHQvK2Mi- Ne

t - Ns
t - �M/ Ne

t +Ns
t rBi? >S }Hi2`X Ne

t �M/ Ns
t �`2

/2}M2/ BM 2[m�iBQM UkVX q2 mb2 >S }Hi2` iQ /2+QKTQb2 2�+? p�`B�#H2 BM i`2M/ �M/ +v+H2 rBi? �M bKQQi?BM;
T�`�K2i2`b Q7 RkNeyyX _2+2bbBQMb T2`BQ/b �`2 BM ;`2v �M/ KQMi?Hv /2p�Hm�iBQM H�`;2` i?�M RyW �`2 BM #H�+F
/Qii2/ HBM2bX
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.Bb+mbbBQM Q7 �;;`2;�i2 7�+ibX q2 }M/ i?�i i?2 bB;MB}+�Mi +?�M;2b BM `2�H BM+QK2 BM@
i2`�+i rBi? H�#Q` ~Qrb #2ir22M 2KTHQvK2Mi �M/ MQM@2KTHQvK2MiX h?Bb 7�+i K�ii2`b 7Q` i?2
/2p2HQTK2Mi Q7 H�#Q` K�`F2i KQ/2Hb i?�i bim/v bm//2M biQTbX h?2 K�;MBim/2 Q7 i?Bb BM@
i2`�+iBQM /m`BM; i?2 kyyk /2p�Hm�iBQM bm;;2bib i?2 BKTQ`i�M+2 Q7 2M/Q;2MQmb b2T�`�iBQMb iQ
2tTH�BM �;;`2;�i2 2KTHQvK2Mi /vM�KB+bX L2p2`i?2H2bb- i?2`2 �`2 irQ 2ti`2K2 +�b2b 7Q` KQ/@
2Hb Q7 2M/Q;2MQmb b2T�`�iBQMb, h?2 *Q�b2�M +�b2ěBM r?B+? b2T�`�iBQMb �`2 2{+B2MiěQ` i?2
MQM@*Q�b2�M +�b2ěBM r?B+? b2T�`�iBQMb �`2 BM2{+B2Mi Ub22 C ;2`- a+?Q272` �M/ wr2BKɃHH2`-
kyRNVX

hQ 2tTH�BM 2�+? +�b2- /2}M2 i?2 #�`;�BMBM; b2i Q7 � K�i+? #2ir22M � rQ`F2` �M/ � }`K �b
i?2 BMi2`p�H Q7 r�;2b #2ir22M i?2 QTTQ`imMBiv +Qbib Q7 i?2 }`K �M/ rQ`F2`X �b HQM; �b i?Bb
#�`;�BMBM; b2i Bb MQi 2KTiv 7Q` � ;Bp2M }`K@rQ`F2` T�B`- i?2`2 2tBbib � r�;2 bm+? i?�i i?2
T�B` rBHH 2tTHQBi i?2 ;�BMb 7`QK i?2 K�i+? i?`Qm;? 2KTHQvK2MiX h?2 *Q�b2�M p2`bBQM Q7 i?2
KQ/2H `�iBQM�HBx2b i?2 kyyk /`QT BM b2T�`�iBQM `�i2 rBi? � H�`;2 7`�+iBQM Q7 #�`;�BMBM; b2ib
#2+QKBM; 2KTiv /m`BM; i?2 bB;MB}+�Mi `2+2bbBQM #27Q`2 i?2 /2p�Hm�iBQMX AM i?Bb +�b2- i?2`2
2tBbi MQ r�;2b i?�i +�M bmbi�BM � bB;MB}+�Mi 7`�+iBQM Q7 K�i+?2b- �M/ i?2 2{+B2Mi Qmi+QK2 Bb
i?2B` /BbbQHmiBQMX AM i?2 MQM@*Q�b2�M +�b2- i?2 H�`;2 b2T�`�iBQM #27Q`2 i?2 /2p�Hm�iBQM Bb /m2
iQ � /2+`2�b2 Q7 }`KǶb QTTQ`imMBiv +Qbi #2HQr i?2 `2�H r�;2X AM i?Bb +�b2- � HQr2` `2�H r�;2
�+`Qbb � H�`;2 7`�+iBQM Q7 K�i+?2b �7i2` � /2p�Hm�iBQM /2+`2�b2b i?2 H2p2H Q7 b2T�`�iBQMb BM i?2
2+QMQKvX h?2 MQM@*Q�b2�M +�b2 `2biQ`2 2{+B2M+v �7i2` i?2 /2p�Hm�iBQM bBM+2 i?2 }`K@rQ`F2`
T�B` �`2 2tTHQBiBM; i?2 ;�BMb Q7 i?2 K�i+?X

Pm` /�i� TQBMib iQ i?2 MQM@*Q�b2�M +�b2 �b i?2 /`BpBM; K2+?�MBbK #2?BM/ i?2 /`QT BM
b2T�`�iBQMbX 6B`bi- i?2 +QK#BM�iBQM Q7 `B;B/ r�;2b #27Q`2 i?2 /2p�Hm�iBQM Ub22 6B;m`2 kV-
�M/ �M �;;`2;�i2 QmiTmi /`QT Q7 @kRW HBF2Hv K�/2 i?2 mTT2` #QmM/ Q7 i?2 #�`;�BMBM; b2i
Q7 bQK2 }`Kb ?Bi i?2B` rQ`F2`bǶ r�;2b- H2�/BM; iQ BM2{+B2Mi b2T�`�iBQMbX a2+QM/- i?2`2 r2`2
MQ +?�M;2b BM mM2KTHQvK2Mi #2M2}ib BM �`;2MiBM� /m`BM; i?Bb T2`BQ/X h?mb- r2 /Q MQi }M/
2pB/2M+2 BM 7�pQ` Q7 �Mv i?2Q`v i?�i 2tTH�BMb i?2 /`QT BM b2T�`�iBQMb #�b2/ QM �M BM+`2�b2
BM i?2 rQ`F2`bǶ QTTQ`imMBiv +QbiX h?B`/- i?2 2pB/2M+2 r2 T`QpB/2 #2HQr 7m`i?2` bmTTQ`i i?2
`QH2 mMBQMb TH�v2/ BM UMQiV `2M2;QiB�iBM; r�;2b #27Q`2 i?2 /2p�Hm�iBQMX

9 .Bbi`B#miBQM�H 6�+ib �7i2` _1_ .2p�Hm�iBQMb
AM i?Bb b2+iBQM- r2 7Q+mb QM i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 �7i2` H�`;2
/2p�Hm�iBQMbX AM i?2 T`2pBQmb b2+iBQM- r2 /Q+mK2Mi2/ � H�`;2 �;;`2;�i2 /`QT BM `2�H BM+QK2
�7i2` i?2 kyyk /2p�Hm�iBQM �M/ i?2 bm#b2[m2Mi `2+Qp2`vX >2`2- r2 �M�Hvx2 i?2 ?2i2`Q;2M2Qmb
2z2+ib Q7 i?2 kyyk /2p�Hm�iBQM QM rQ`F2`b HQ+�i2/ �+`Qbb i?2 BM+QK2 /Bbi`B#miBQMX q2 T`2b2Mi
bBKBH�` �M�HvbBb 7Q` i?2 Qi?2` /2p�Hm�iBQM 2TBbQ/2b BM i?2 �TT2M/BtX
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9XR >2i2`Q;2M2Qmb .vM�KB+b �+`Qbb i?2 AM+QK2 .Bbi`B#miBQM
:Bp2M i?2 bB;MB}+�Mi 7�HH �M/ i?2 bm#b2[m2Mi `2+Qp2`v Q7 K2�M BM+QK2 �7i2` i?2 kyyk /2@
p�Hm�iBQM- irQ M�im`�H [m2biBQMb �`Bb2X q�b i?Bb 7�HH 2tT2`B2M+2/ ?QKQ;2M2QmbHv �+`Qbb i?2
BM+QK2 /Bbi`B#miBQM\ q?�i r2`2 i?2 /Bbi`B#miBQM�H /vM�KB+b Q7 H�#Q` BM+QK2 /m`BM; i?2 `2@
+Qp2`v T2`BQ/\ 6B;m`2 9 THQib KQK2Mib Q7 i?2 BM+QK2 /Bbi`B#miBQMěMQ`K�HBx2/ T2`+2MiBH2b-
i?2 BMi2`[m�`iBH2 `�M;2- �M/ i?2 bi�M/�`/ /2pB�iBQMě/m`BM; irQ v2�`b #27Q`2 �M/ }p2 v2�`b
�7i2` i?2 /2p�Hm�iBQMX h?2 }`bi BKTQ`i�Mi Q#b2`p�iBQM Bb i?�i- �b r2 +�M b22 BM i?2 };m`2-
i?2`2 Bb MQ bB;MB}+�Mi ~m+im�iBQM �+`Qbb T2`+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM #27Q`2 i?2 kyyk
/2p�Hm�iBQM /2bTBi2 i?2 b2p2`Biv Q7 i?2 `2+2bbBQMX h?Bb H�+F Q7 ~m+im�iBQMb Bb �HbQ `2~2+i2/
BM i?2 2pQHmiBQM Q7 i?2 BMi2`[m�`iBH2 `�M;2 �M/ i?2 bi�M/�`/ /2pB�iBQMX a2+QM/- i?2`2 Bb �M
?QKQ;2M2Qmb /`QT Q7 keW �+`Qbb i?2 /Bbi`B#miBQM Q7 `2�H BM+QK2 /m`BM; i?2 }`bi irQ [m�`i2`b
�7i2` i?2 /2p�Hm�iBQMX h?Bb /`QT Bb i?2 `2bmHi Q7 i?2 `�TB/ BM+`2�b2 BM BM~�iBQM �M/ � H�+F Q7
MQKBM�H �/DmbiK2Mi Q7 r�;2bX

.2bTBi2 i?Bb ?QKQ;2M2Qmb 7�HH- 6B;m`2 9 b?Qrb i?�i i?2`2 Bb bB;MB}+�Mi ?2i2`Q;2M2Biv BM i?2
bT22/ Q7 `2+Qp2`v Q7 `2�H BM+QK2 �+`Qbb /Bz2`2Mi T�`ib Q7 i?2 /Bbi`B#miBQMX q?BH2 T2`+2MiBH2b
#2HQr i?2 K2/B�M bi�`i `2+Qp2`BM; �7i2` i?2 i?B`/ [m�`i2`- T2`+2MiBH2b �#Qp2 i?2 K2/B�M
+QMiBMm2 7�HHBM; 7Q` irQ �//BiBQM�H [m�`i2`bX �Hi2`M�iBp2Hv- MQi2 i?�i i?2 Ryi? T2`+2MiBH2 Q7
i?2 BM+QK2 /Bbi`B#miBQM `2+Qp2`b iQ Bib T`2@/2p�Hm�iBQM H2p2H BM kR KQMi?b- r?BH2 Bi i�F2b eR
KQMi?b 7Q` i?2 Nyi? T2`+2MiBH2 iQ `2+Qp2`X h?Bb 7�bi2` `2+Qp2`v Q7 i?2 #QiiQK Q7 i?2 BM+QK2
/Bbi`B#miBQM BKTHB2b i?�i i?2 /Bbi`B#miBQM #2+�K2 H2bb mM2[m�H �7i2` i?2 /2p�Hm�iBQMX

h?2 +QKT`2bbBQM BM i?2 /Bbi`B#miBQM /m`BM; i?2 `2+Qp2`v Bb `2~2+i2/ BM i?2 2pQHmiBQM Q7
i?2 BMi2`@[m�`iBH2 `�M;2 �M/ i?2 bi�M/�`/ /2pB�iBQMX h?2 BMi2`[m�`iBH2 `�M;2 /`QTb 7`QK +HQb2
iQ RyyW iQ 3yW- �M/ i?2 bi�M/�`/ /2pB�iBQM /`QTb 7`QK dNW iQ e3WX h?Bb `2+Qp2`v +�M #2
KQ`2 2�bBHv b22M BM 6B;m`2 8- r?B+? +QKT�`2b i?2 `2�H BM+QK2 /Bbi`B#miBQMb BM kyyR �M/ kyyeX
6Qm` v2�`b �7i2` i?2 /2p�Hm�iBQM- i?2`2 Bb � bm#bi�MiB�H b?B7i mTr�`/b BM i?2 #QiiQK Q7 i?2
`2�H BM+QK2 /Bbi`B#miBQM �M/ +QKT`2bbBQM Q7 `2�H r�;2b 7`QK i?2 iQTX

q?BH2 i?2 T`2pBQmb �M�HvbBb Bb BM7Q`K�iBp2 Q7 +`Qbb@b2+iBQM�H bi�iBbiB+b- Bi /Q2b MQi `2~2+i
BM+QK2 /vM�KB+b Q7 BM/BpB/m�H rQ`F2`b �+`Qbb i?2 BM+QK2 /Bbi`B#miBQM /m`BM; �M/ �7i2` i?2
/2p�Hm�iBQMX h?Bb Bb bBKTHv #2+�mb2 i?2 B/2MiBiB2b Q7 i?2 rQ`F2`b #2?BM/ 2�+? T2`+2MiBH2 +�M
+?�M;2 /`�biB+�HHv Qp2` iBK2X q2 �//`2bb i?Bb Bbbm2 #v bim/vBM; rQ`F2`bǶ BM+QK2 ;`Qri?
+QM/BiBQM�H QM i?2B` T`2@/2p�Hm�iBQM H2p2H Q7 BM+QK2X

hQ /Q i?Bb- r2 `�MF rQ`F2`b �++Q`/BM; iQ i?2B` T2`K�M2Mi `2�H KQMi?Hv BM+QK2 /m`BM; i?2
T`2@/2p�Hm�iBQM T2`BQ/ �M/ ;`QmT i?2K BM T2`+2MiBH2b �++Q`/BM; iQ i?Bb `�MFBM;X >Qr2p2`-
i?2 T`2b2M+2 Q7 �M �;2 T`Q}H2 BM BM+QK2 rBHH `2M/2` i?Bb `�MFBM; KQ`2 7�pQ`�#H2 iQr�`/b
QH/2` rQ`F2`b- i?mb +QM7QmM/BM; BM+QK2 �M/ �;2 /Bz2`2M+2bX q2 �//`2bb i?Bb Bbbm2 7QHHQrBM;
:mp2M2M 2i �HX UkyR9VX q2 }`bi `mM � TQQH2/ `2;`2bbBQM rBi? �HH i?2 /�i� BM i?2 b�KTH2 Q7 HQ;
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LQi2b, h?2 };m`2 THQib KQK2Mib Q7 i?2 /Bbi`B#miBQM Q7 KQMi?Hv `2�H BM+QK2 7`QK C�Mm�`v Q7 kyyy iQ
.2+2K#2` Q7 kyyeX S�M2H � THQib i?2 T2`+2MiBH2b Q7 i?2 HQ; BM+QK2 /Bbi`B#miBQM U⇥ RyyV MQ`K�HBx2/ #v i?2B`
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v2�`@Qp2`@v2�` ;`Qri? Q7 `2�H BM+QK2 UM2i Q7 i?2 HB72 +v+H2 T`Q}H2V 7`QK .2+2K#2` Q7 kyyR
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6B;m`2 8 Ĝ AM+QK2 .Bbi`B#miBQM BM kyyR �M/ kyye
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LQi2, h?2 };m`2 THQib i?2 BM+QK2 /Bbi`B#miBQM BM kyyR �M/ kyyeX .Bbi`B#miBQMb �`2 qBMbQ`Bx2/ mbBM; i?2
N8i? T2`+2MiBH2 Q7 /Bbi`B#miBQM �b i?2 mTT2` #QmM/X

h?2 }`bi 7�+i Bb i?�i- /m`BM; i?2 v2�` #27Q`2 i?2 /2p�Hm�iBQM- i?2 �p2`�;2 v2�`@Qp2`@v2�`
BM+QK2 ;`Qri? Uyt � yt�12V Bb +HQb2 iQ x2`Q 7Q` �HH T2`+2MiBH2bX h?Bb ?QKQ;2M2Qmb �p2`�;2
;`Qri? /Bb�TT2�`b �7i2` i?2 /2p�Hm�iBQM �M/ i?2 T�ii2`M i?�i 2K2`;2b �+`Qbb i?2 BM+QK2
/Bbi`B#miBQM Bb QM2 Q7 � ǳT�`�HH2H /`QT �M/ TBpQiǴX h?�i Bb- BM i?2 v2�` �7i2` i?2 /2p�Hm�iBQM-
i?2`2 Bb � T�`�HH2H �p2`�;2 /`QT BM BM+QK2 Uyt+12 � ytV Q7 k9W �+`Qbb T2`+2MiBH2b- 7QHHQr2/
#v � TBpQiBM; Q7 i?2 +mKmH�iBp2 K2�M BM+QK2 ;`Qri? +2Mi2`2/ �`QmM/ i?2 BM+QK2 ;`Qri? Q7
i?2 ?B;?2bi@BM+QK2 rQ`F2`bX h?2 ;�T Bb [m�MiBi�iBp2Hv bB;MB}+�MiX �7i2` 7Qm` v2�`b Uyt+48 �
ytV- i?2 �p2`�;2 BM+QK2 ;`Qri? Q7 rQ`F2`b BM i?2 Ryi? T2`+2MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM
/Bbi`B#miBQM ?�/ 2tT2`B2M+2/ �M �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? Q7 9jW `2H�iBp2 iQ i?2
KQMi? T`2+2/BM; i?2 /2p�Hm�iBQM- r?BH2 i?2 �p2`�;2 +mKmH�iBp2 ;`Qri? Q7 i?Qb2 BM i?2 Nyi?
T2`+2MiBH2 r�b @eWX

q2 2ti`�+i irQ +QM+HmbBQMb 7`QK i?Bb �M�HvbBbX 6B`bi- BM+QK2 /vM�KB+b KQMQiQMB+�HHv
/2T2M/ QM i?2 rQ`F2`Ƕb TQbBiBQM BM i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQMX a2+QM/- i?2
�bvKK2i`B+ `2+Qp2`v �M/ i?2 +QKT`2bbBQM Q7 i?2 BM+QK2 /Bbi`B#miBQM Bb i?2 `2bmHi Q7 i?2
H�`;2` rBi?BM@rQ`F2` �p2`�;2 ;`Qri? `�i2b 7Q` rQ`F2`b �i i?2 #QiiQK Q7 i?2 /Bbi`B#miBQMX

.Bb+mbbBQM Q7 `2H2p�M+2 Q7 K�BM 7�+iX 6B;m`2 e Bb bm`T`BbBM; �M/ i?2 ;Q�H Q7 i?2 `2bi Q7
i?Bb T�T2` Bb iQ 2tTHQ`2 i?2 2+QMQKB+ K2+?�MBbKb #2?BM/ BiX Ai Bb bm`T`BbBM; bBM+2 Bi bi�i2b
i?�i i?2 K�BM bQm`+2 Q7 BM+QK2 7Q` � H�`;2 K�DQ`Biv Q7 i?2 TQTmH�iBQM- BX2X H�#Q` BM+QK2-
r?2`2 t +Q``2bTQM/b iQ i?2 KQMi? Q7 i?2 /2p�Hm�iBQM- ỹit Bb i?2 HQ; `2�H H�#Q` BM+QK2- da �`2 i?2 +Q2{+B2Mib
Q7 i?2 �;2 /mKKB2b BM i?2 TQQH2/ `2;`2bbBQM- �M/ N i

t�m Bb �M BM/B+�iQ` Q7 2KTHQvK2Mi BM T2`BQ/ t�mX q2
b+�H2 i?2 �;2 /mKKB2b bQ i?�i i?2 }t2/ 2z2+i Q7 � k8 v2�` QH/ rQ`F2` K�i+?2b i?2 �p2`�;2 H�#Q` BM+QK2 Q7
� k8 v2�` QH/ rQ`F2` BM i?2 `2;`2bbBQM b�KTH2X

kR



6B;m`2 e Ĝ �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR
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LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b i?�i ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X

`2+Qp2`b 7�bi2` 7Q` HQr BM+QK2 rQ`F2`bX
h?2 T`2pBQmb HBi2`�im`2 ?�b K2�bm`2/ i?2 /Bbi`B#miBQM�H 2z2+ib Q7 KQM2i�`v �M/ 2t+?�M;2

`�i2 TQHB+v Q`B;BM�i2/ 7`QK /Bz2`2Mi +?�MM2HbX .Q2TF2 �M/ a+?M2B/2` UkyyeV �M/ o2`M2` �M/
:vQM;vQbB UkyR3V ?�p2 bim/B2/ i?2 /Bbi`B#miBQM�H BKT�+i `2bmHiBM; 7`QK i?2 `2p�Hm�iBQM Q7
MQKBM�H /2#iX S`2pBQmb `2b2�`+? 7Q+mbBM; QM `2/Bbi`B#miBQM�H BKT�+i Q7 H�`;2 /2p�Hm�iBQMb
?�p2 7QmM/ i?�i HQr@BM+QK2 rQ`F2`b �`2 i?2 QM2b i?�i �`2 KQ`2 M2;�iBp2Hv �z2+i2/X h?2v 2t@
T2`B2M+2 H�`;2` BM+`2�b2b BM ?Qmb2?QH/@bT2+B}+ BM~�iBQM U2X;X- *`�pBMQ �M/ G2p+?2MFQ UkyRdVV-
�M/ � H�`;2` M2;�iBp2 `2p�Hm�iBQM Q7 i?2B` MQKBM�H �bb2ib bBM+2 i?2v i2M/ iQ b�p2 BM HQ+�H +m`@
`2M+v �bb2ib U2X;X- .`2MBF 2i �HX UkyR3VVX

AM i?Bb T�T2`- r2 /Q+mK2Mi i?�i KQM2i�`v TQHB+v- i?`Qm;? Bib 2t+?�M;2 `�i2 TQHB+v- �HbQ
?�b /Bbi`B#miBQM�H +QMb2[m2M+2b /m2 iQ i?2 /vM�KB+b Q7 MQKBM�H H�#Q` BM+QK2X h?2 }`bi
/Bbi`B#miBQM�H +QMb2[m2M+2 BMpQHp2b `2/Bbi`B#miBQM #2ir22M rQ`F2`b �M/ }`KbX �b r2 b?Qr
BM 6B;m`2 "Xk BM i?2 �TT2M/Bt- �7i2` i?2 kyyk /2p�Hm�iBQM- i?2`2 Bb � /2+`2�b2 BM i?2 �MMm�H
H�#Q` b?�`2 7`QK 9yW iQ jRW /m2 iQ i?2 `�TB/ BM+`2�b2 BM i?2 BM~�iBQM `�i2 �M/ i?2 H�+F Q7
bBKBH�`Hv `�TB/ �/DmbiK2Mi Q7 MQKBM�H r�;2bX h?2 b2+QM/ bi2T BM i?2 `2/Bbi`B#miBp2 T`Q+2bb
BMpQHp2b i?2 ?2i2`Q;2M2Qmb `�i2b Q7 `2+Qp2`v Q7 `2�H BM+QK2 Q7 rQ`F2`b �+`Qbb i?2 BM+QK2
/Bbi`B#miBQMX

h?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2ě�M/ 2tT2+i�iBQMb Q7 BiěK�ii2`b 7Q` �;;`2;�i2 /2K�M/
r?2M2p2` K�`F2ib �`2 BM+QKTH2i2X h?2`2 Bb � H�`;2 HBi2`�im`2 b?QrBM; i?Bb +?�MM2H BM K�+`Q2@
+QMQKB+b- 7Q` 2t�KTH2 E�TH�M- JQHH �M/ oBQH�Mi2 UkyR3V �M/ �m+H2`i �M/ _Q;MHB2 UkyR3VX
h?2 ;2M2`�HBx�iBQM �M/ BKTQ`i�M+2 Q7 i?Bb +?�MM2H 7Q` mM/2`bi�M/BM; H�#Q` /vM�KB+b BM Qi?2`
+QmMi`B2b Bb �M BMi2`2biBM; p2Mm2 7Q` 7mim`2 `2b2�`+?X a2+QM/- B7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM@

kk



+QK2 �z2+ib i?2 /Bbi`B#miBQM Q7 r2H7�`2- i?2M i?2 bim/v Q7 QTiBK�H TQHB+v pBb@�b@pBb �+im�H
TQHB+B2b b22Kb iQ #2 � T`QKBbBM; `2b2�`+? �`2�X

_Q#mbiM2bbX hQ BMp2biB;�i2 i?2 `Q#mbiM2bb Q7 i?2 `2bmHib #2?BM/ 6B;m`2 e- r2 T2`7Q`K2/
bBKBH�` �M�HvbBb rBi? /Bz2`2Mi bm#b�KTH2b Q7 i?2 /�i�X AM 2�+? +�b2- r2 ?�p2 7QmM/ i?�i i?2
K�BM }M/BM; QM i?2 ?2i2`Q;2M2Qmb `2+Qp2`v Q7 `2�H BM+QK2 �7i2` i?2 kyyk /2p�Hm�iBQM biBHH
?QH/bX _2bmHib �`2 T`2b2Mi2/ BM q2# �TT2M/Bt a2+iBQM *X

6B`bi- r2 2tTHQ`2 i?2 TQbbB#BHBiv i?�i � bm#;`QmT Q7 rQ`F2`b Bb /`BpBM; i?2 K�BM �;;`2;�i2
`2bmHiX hQ �//`2bb i?Bb- r2 T2`7Q`K �//BiBQM�H bTHBib Q7 i?2 /�i�X :Bp2M i?2 H�`;2 +?�M;2 BM
`2H�iBp2 T`B+2 �+`Qbb b2+iQ`b #`Qm;?i �#Qmi #v i?2 /2p�Hm�iBQM- i?2 Q#b2`p2/ T�ii2`M +QmH/ #2
i?2 `2bmHi Q7 � +QKTQbBiBQM�H 2z2+iX �Hi?Qm;? r2 rBHH 2tTHQ`2 i?Bb 7m`i?2` #2HQr- r2 `2T`Q/m+2
i?2 K�BM }M/BM; #v bTHBiiBM; i?2 b�KTH2 �++Q`/BM; iQ i?2 R@/B;Bi b2+iQ` Q7 2KTHQvK2Mi Q7
2�+? rQ`F2` BM .2+2K#2` kyyRX 6B;m`2 *XR b?Qrb i?�i i?2 [m�HBi�iBp2 T�ii2`M Bb T`2b2Mi BM
2�+? Q7 i?2 #`Q�/ b2+iQ`bX aBKBH�` +QKTQbBiBQM�H 2z2+ib KB;?i �`Bb2 /m2 iQ /Bz2`2M+2b BM i?2
;`Qri? `�i2b Q7 BM+QK2 #v �;2X 6B;m`2 *Xk `2T`Q/m+2b i?2 K�BM };m`2 #v ;`QmTb Q7 rQ`FBM;
�++Q`/BM; iQ i?2B` �;2 BM .2+2K#2` kyyR Uk8@kN- jy@j9- 2i+XV �M/ b?Qrb bBKBH�` T�ii2`Mb BM
2�+? bm#;`QmT Q7 rQ`F2`bX q2 �HbQ `2T`Q/m+2 i?2 };m`2 mbBM; /�i� Q7 rQK2M Ub22 6B;m`2
*XjV �M/ }M/ bBKBH�` `2bmHibX 6BM�HHv- r2 p2`B7v i?�i Qm` }M/BM; Bb MQi /`Bp2M #v i?2 r�v
r2 +QMbi`m+i i?2 K2�bm`2 Q7 T2`K�M2Mi BM+QK2X h?mb- 7QHHQrBM; :mp2M2M 2i �HX UkyR9V- r2
+QKTmi2 i?2 K2�bm`2 Q7 T2`K�M2Mi BM+QK2 �b i?2 �p2`�;2 KQMi?Hv BM+QK2 BM i?2 8 v2�`b
T`BQ` iQ i?2 /2p�Hm�iBQMb U�b QTTQb2/ iQ k v2�`b �b BM i?2 #�b2HBM2 �M�HvbBbVX 6B;m`2 *X9
b?Qrb i?2 `2bmHib- r?B+? �`2 [mBi2 bBKBH�` iQ i?Qb2 7QmM/ BM i?2 #�b2HBM2 �M�HvbBbX

PM2 TQi2MiB�H +QM+2`M rQmH/ #2 i?�i i?2 7�+i Bb /`Bp2M #v +?�M;2b BM i?2 BMi2MbBp2 K�`;BM
Ui?2 MmK#2` Q7 ?Qm`b Q7 rQ`FV Q` i?2 2ti2MbBp2 K�`;BM Ui?2 2KTHQvK2Mi bi�imb Q7 � rQ`F2`VX
hQ �//`2bb i?2 }`bi +QM+2`M- r2 2tTHQBi BM7Q`K�iBQM QM i?2 7mHH@iBK2fT�`i@iBK2 bi�imb Q7
i?2 rQ`F2`Ƕb DQ#X 6B;m`2 *X8 `2T`Q/m+2b i?2 K�BM 7�+i mbBM; /�i� QM 7mHH@iBK2 DQ#b QMHv �M/
b?Qrb � bBKBH�` T�ii2`M �b BM i?2 #�b2HBM2 �M�HvbBbX hQ �//`2bb i?2 b2+QM/ +QM+2`M- r2 2ti2M/
i?2 b�KTH2 iQ BM+Hm/2 i?2 ǳx2`QbǴ, A7 � rQ`F2` Bb MQi 2KTHQv2/ BM i?2 T`Bp�i2 7Q`K�H b2+iQ`
BM �Mv ;Bp2M KQMi?- r2 `2TH�+2 ?Bb BM+QK2 #v x2`QX h?Bb ;2M2`�i2b � #�H�M+2/ T�M2H 7Q` 2�+?
rQ`F2` 2KTHQv2/ BM .2+2K#2` kyyRX 6B;m`2 *Xe b?Qrb i?�i i?2 K�BM }M/BM; Bb `Q#mbiXRR

�MQi?2` TQi2MiB�H +QM+2`M Q7 i?Bb �M�HvbBb Bb i?�i i?2 Q#b2`p2/ ǳTBpQiBM;Ǵ KB;?i #2 i?2
`2bmHi Q7 K2�M `2p2`bBQM Q7 H�#Q` BM+QK2X q?BH2 i?Bb +QM+2`M Bb [m�HBi�iBp2Hv p�HB/- Bi Bb MQi
p�HB/ [m�MiBi�iBp2Hv 7Q` i?2 Q#b2`p2/ T2`bBbi2M+2 Q7 H�#Q` BM+QK2X q2 p2`B7v i?Bb bi�i2K2Mi
`2THB+�iBM; 6B;m`2 e bi�`iBM; BM RNNd- r?2M �;;`2;�i2 H�#Q` BM+QK2 r�b bi�;M�Mi- iQ BbQH�i2

RRhQ /2�H rBi? i?2 HQ; �M/ i?2 x2`Qb- r2 7QHHQr i?2 HBi2`�im`2 Ub22 7Q` 2t�KTH2 :mp2M2M- PxF�M �M/ aQM;-
kyR9V �M/ `2TH�+2 E(� log yt) rBi? � logE(yt)X "v +QKTmiBM; i?2 b�K2 bi�iBbiB+b BM Qm` Q`B;BM�H b�KTH2
rBi?Qmi i?2 x2`Qb r2 +QM+Hm/2 i?�i i?2 /Bz2`2M+2b �i i?2 #QiiQK Q7 i?2 /Bbi`B#miBQM #2ir22M 6B;m`2 e �M/
6B;m`2 *Xe �`2 KQbiHv /m2 iQ C2Mb2M@BM2[m�HBiv 2z2+ibX

kj



i?2 2z2+i Q7 K2�M `2p2`bBQM Ub22 6B;m`2 1XRd BM i?2 q2# �TT2M/BtVX h?2 T�ii2`Mb #2ir22M
#Qi? };m`2b �`2 +H2�`Hv /Bz2`2Mi, BM i?2 �M�HvbBb bi�`iBM; BM RNNd �p2`�;2 BM+QK2 ;`Qri? Bb
Kmi2/ �M/ i?2`2 Bb MQ ǳTBpQiBM;Ǵ 2z2+i �+`Qbb i?2 BM+QK2 /Bbi`B#miBQMX 6`QK i?Bb �M�HvbBb-
r2 +QM+Hm/2 i?�i BM+QK2 /vM�KB+b �7i2` i?2 /2p�Hm�iBQM �`2 MQi �M �`iB7�+i Q7 K2�M `2p2`bBQM
�M/ /2T2M/ QM i?2 rQ`F2`Ƕb TQbBiBQM BM i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQMX

9Xk �M�iQKv Q7 i?2 _2+Qp2`v, � aBKTH2 o�`B�M+2 .2+QKTQbBiBQM
*�M i?2 /2+`2�b2 BM BM2[m�HBiv #2 2tTH�BM2/ #v #2ir22M@ Q` rBi?BM@;`QmT /vM�KB+b\ h?Bb Bb
�M BKTQ`i�Mi [m2biBQM bBM+2 /2p�Hm�iBQMb �`2 �bbQ+B�i2/ rBi? H�`;2 +?�M;2b BM `2H�iBp2 T`B+2b
�+`Qbb b2+iQ`b �M/ }`Kb- �M/ i?mb +QmH/ �z2+i T�`iB+mH�` ;`QmT Q7 rQ`F2`b /Bz2`2MiHvX q2
/2+QKTQb2 i?2 Qp2`�HH +`Qbb@b2+iBQM�H p�`B�M+2 Q7 HQ; `2�H BM+QK2 BMiQ #2ir22M �M/ rBi?BM
+QKTQM2Mib �+`Qbb b2+iQ`b �M/ }`KbX G2i yijst #2 i?2 HQ; `2�H BM+QK2 Q7 rQ`F2` i- 2KTHQv2/
BM }`K j BM 9@/B;Bi b2+iQ` s BM T2`BQ/ tX h?Bb +�M #2 `2r`Bii2M BM i?2 7QHHQrBM; r�v,

yijst ⌘ ȳst + [ȳjst � ȳst] + [yijst � ȳjst] ,

r?2`2 ȳst Bb i?2 �p2`�;2 HQ; `2�H BM+QK2 BM b2+iQ` s- �M/ ȳjst Bb i?2 �p2`�;2 HQ; `2�H BM+QK2
BM }`K j BM b2+iQ` sX h?2M- i?2 p�`B�M+2 Q7 yijst +�M #2 /2+QKTQb2/ BMiQ i?`22 +QKTQM2Mib,

var (yijst) ⌘ vars (ȳst)| {z }
"2ir22M@b2+iQ` /BbT2`bBQM

+
X

s

!stvarj [ȳjst|j 2 s]

| {z }
"2ir22M@}`K /BbT2`bBQM

+
X

j

!jtvar [yijst|i 2 (j, s)]

| {z }
qBi?BM@}`K /BbT2`bBQM

, UjV

r?2`2 !st Bb i?2 2KTHQvK2Mi b?�`2 Q7 b2+iQ` s BM i?2 b�KTH2- �M/ !jt Bb i?2 2KTHQvK2Mi
b?�`2 Q7 }`K jX h?2 }`bi i2`K +�Tim`2b i?2 #2ir22M@b2+iQ` p�`B�M+2 Q7 b2+iQ`�H K2�M HQ;
`2�H BM+QK2X h?2 b2+QM/ i2`K Bb i?2 r2B;?i2/ �p2`�;2 Q7 i?2 rBi?BM@b2+iQ` �M/ #2ir22M@
}`K p�`B�M+2 Q7 }`K �p2`�;2 HQ; `2�H BM+QK2X h?2 H�bi i2`K Bb i?2 r2B;?i2/ �p2`�;2 Q7 i?2
rBi?BM@b2+iQ` �M/ rBi?BM@}`K p�`B�M+2 Q7 rQ`F2`bǶ HQ; `2�H BM+QK2X

6B;m`2 d- S�M2Hb � �M/ "- THQi i?2 `2bmHib Q7 i?2 /2+QKTQbBiBQM 7Q` 2�+? KQMi? #2ir22M
C�Mm�`v kyyy �M/ .2+2K#2` kyyeX .m`BM; i?Bb T2`BQ/- i?2 +`Qbb@b2+iBQM�H p�`B�M+2 Q7 HQ; `2�H
BM+QK2 /2+`2�b2/ #v kRXR HQ; TQBMibX P7 i?Bb iQi�H /2+`2�b2- � /2+`2�b2 Q7 dXR HQ; TQBMib r�b
/m2 iQ i?2 #2ir22M@b2+iQ` +QKTQM2Mi- � /2+`2�b2 Q7 dXk HQ; TQBMib r�b /m2 iQ i?2 #2ir22M@
}`K +QKTQM2Mi- �M/ � /2+`2�b2 Q7 eX3 HQ; TQBMib r�b /m2 iQ i?2 rBi?BM@}`K +QKTQM2MiX
h?�i Bb- 2�+? +QKTQM2Mi �HKQbi 2[m�HHv �++QmMib 7Q` jjW Q7 i?2 /2+HBM2 BM H�#Q` BM+QK2
BM2[m�HBivX

� M�im`�H 7QHHQr mT [m2biBQM Bb, ?Qr BKTQ`i�Mi Bb i?2 `2�HHQ+�iBQM Q7 rQ`F2`b iQ 2tTH�BM
i?2 #2ir22M@b2+iQ` +QKTQM2Mi\ hQ �Mbr2` i?Bb [m2biBQM r2 +QKTmi2 � 7m`i?2` /2+QKTQbBiBQM

k9



Q7 i?2 +?�M;2 BM i?2 #2ir22M@b2+iQ` +QKTQM2Mi BM 2[m�iBQM UjV,

�vars (ȳst) =
X

s

!st

⇥
(ȳst � ȳt)

2 � (ȳst�1 � ȳt�1)
2⇤

| {z }
6Bt2/ r2B;?ib

U9V

+
X

s

(!st � !st�1) (ȳst�1 � ȳt�1)
2

| {z }
6Bt2/ /BbT2`bBQM

.

>2`2 � /2MQi2b i?2 /Bz2`2M+2 QT2`�iQ`- BX2X- �yt = yt�yt�1X h?2 }`bi i2`K +�Tim`2b +?�M;2b
BM i?2 #2ir22M@b2+iQ` +QKTQM2Mi /m2 iQ +?�M;2b BM b2+iQ`�H b[m�`2/ /2pB�iBQMb 7`QK i?2
�p2`�;2 H�#Q` BM+QK2X h?2 b2+QM/ i2`K +�Tim`2b i?2 +QMi`B#miBQM Q7 +?�M;2b BM i?2 r2B;?i
Q7 2�+? b2+iQ`X 6B;m`2 d@S�M2H * THQib i?2 `2bmHib Q7 i?Bb /2+QKTQbBiBQMX 6`QK i?2 Qp2`�HH
/2+HBM2 BM i?2 #2ir22M@b2+iQ` +QKTQM2Mi Q7 eXe HQ; TQBMib- RX9 HQ; TQBMib �`2 �++QmMi2/ #v
i?2 `2�HHQ+�iBQM Q7 rQ`F2`b �+`Qbb b2+iQ`b �M/ 8Xk HQ; TQBMib #v rBi?BM b2+iQ` +?�M;2b BM i?2
/2pB�iBQMb 7`QK i?2 �p2`�;2 H�#Q` BM+QK2X h?mb- QMHv kRW Q7 i?2 /2+HBM2 BM i?2 #2ir22M@
b2+iQ` +QKTQM2Mi Bb /m2 iQ i?2 `2�HHQ+�iBQM Q7 rQ`F2`b �+`Qbb b2+iQ`bX

q2 `2T2�i � bBKBH�` 2t2`+Bb2 7Q` #2ir22M@}`Kb /BbT2`bBQM �M/ }M/ i?�i i?2 p�`B�M+2
�+`Qbb }`KbǶ r�;2b /2+`2�b2b /2bTBi2 i?2 `2�HHQ+�iBQM Q7 rQ`F2`bX q2 /2+QKTQb2 +?�M;2b BM
#2ir22M@}`Kb /BbT2`bBQM BM i?`22 i2`Kb �++Q`/BM; iQ i?2 7QHHQrBM; B/2MiBiv,

�
X

s

!stvarj [ȳjst|j 2 s] =
X

s,j2Jst&Jst�1

!st!jst

⇥
(ȳjst � ȳst)

2 � (ȳjst�1 � ȳst�1)
2⇤

| {z }
6Bt2/ r2B;?ib

U8V

+
X

s,j2Jst&Jst�1

[!st!jst � !st�1!jst�1] (ȳjst � ȳst)
2

| {z }
6Bt2/ /BbT2`bBQM

+
X

s,j2Jst/Jst�1

!st!jst (ȳjst � ȳst)
2 �

X

s,j2Jst�1/Jst

!st!jst (ȳjst � ȳst)
2

| {z }
L2i 2Mi`v

.

>2`2 Jst /2MQi2b i?2 b2i Q7 }`Kb BM b2+iQ` s �i iBK2 tX h?2 }`bi irQ i2`Kb ?�p2 i?2 b�K2
2+QMQKB+ BMi2`T`2i�iBQM �b BM i?2 /2+QKTQbBiBQM Q7 i?2 #2ir22M@b2+iQ` +QKTQM2MiX h?2 i?B`/
i2`K K2�bm`2b i?2 +?�M;2 BM i?2 p�`B�M+2 /m2 iQ i?2 2Mi`v �M/ 2tBi Q7 }`KbX 6B;m`2 d@S�M2H
. THQib i?2 /2+QKTQbBiBQM BM 2[m�iBQM U8VX h?2 p�`B�M+2 BM+`2�b2b /m2 iQ +?�M;2b BM i?2
r2B;?ib Q7 2�+? }`K �M/ M2i 2Mi`vX h?2 Qp2`�HH BM+`2K2Mi Bb Q7 �`QmM/ yXj HQ; TQBMibX h?2
BM+`2�b2 BM i?2 p�`B�M+2 �+`Qbb }`KbǶ K2�M H�#Q` BM+QK2 /m2 iQ i?2 `2�HHQ+�iBQM Q7 rQ`F2`
#2ir22M bm`pBp�H �M/ M2r }`Kb Bb Qp2`b?�/Qr2/ #v i?2 /2+HBM2 BM i?2 /BbT2`bBQM Q7 K2�M
H�#Q` BM+QK2 �+`Qbb }`KbX h?2`27Q`2- i?2 p�`B�M+2 �+`Qbb }`KbǶ r�;2b /2+`2�b2b /2bTBi2 i?2
`2�HHQ+�iBQM Q7 rQ`F2`b #2ir22M bm`pBp�H �M/ M2r }`KbX

k8



6B;m`2 d Ĝ o�`B�M+2 /2+QKTQbBiBQM �+`Qbb b2+iQ`b- }`Kb- �M/ rQ`F2`b
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y

.@ 6B`K@H2p2H p�`B�M+2
6Bt2/ r2B;?ib 6Bt2/ /BbTX
L2i 2Mi`v hQi�H

LQi2b, h?2 };m`2 THQib i?2 iQi�H p�`B�M+2 �M/ Bib /2+QKTQbBiBQM �++Q`/BM; iQ UjV 7`QK C�Mm�`v Q7 kyyy iQ
.2+2K#2` Q7 kyyeX h?2 b2+iQ` +QKTQM2Mi Bb vars[ȳst]- r?2`2 ȳst Bb i?2 �p2`�;2 BM+QK2 �i b2+iQ` s /2}M2/
�i 9 /B;Bib@H2p2H *AAlX h?2 }`K +QKTQM2Mi Bb

P
s !stvars[ȳjst]- r?2`2 ȳjst Bb i?2 �p2`�;2 BM+QK2 �i }`K j

BM b2+iQ` b �M/ !st Bb Bib rQ`F2`b b?�`2X h?2 rQ`F2` +QKTQM2Mi Bb
P

j !jtvarj [ȳijst]- r?2`2 ȳijst Bb i?2 H�#Q`
BM+QK2 Q7 rQ`F2` i �i }`K j BM b2+iQ` s �M/ !jt Bb i?2 }`KǶb j rQ`F2`b b?�`2 X

ke



9Xj h?2 _QH2 Q7 a2+iQ`b �M/ 6B`Kb �+`Qbb i?2 .Bbi`B#miBQM
�Hi?Qm;? i?2 p�`B�M+2 /2+QKTQbBiBQM Bb � mb27mH bi�`iBM; TQBMi mb2/ BM i?2 HBi2`�im`2 Ub22
7Q` 2t�KTH2 aQM;- S`B+2- :mp2M2M- "HQQK �M/ oQM q�+?i2`- kyR3V- Bi /Q2b MQi T`QpB/2 �
+?�`�+i2`Bx�iBQM Q7 i?2 `2H2p�M+2 Q7 i?2 /Bz2`2Mi +QKTQM2Mib Ub2+iQ`- }`K- rQ`F2`V 7Q` i?2
`2+Qp2`v Q7 rQ`F2`b HQ+�i2/ BM /Bz2`2Mi T�`ib Q7 i?2 BM+QK2 /Bbi`B#miBQMX h?2`27Q`2- r2
+QKTH2K2Mi i?2 T`2pBQmb �M�HvbBb rBi? � b2`B2b Q7 +QmMi2`7�+im�H 2t2`+Bb2bX

AM i?2 }`bi 2t2`+Bb2- r2 ;�m;2 i?2 `2H2p�M+2 Q7 #2ir22M@b2+iQ` ?2i2`Q;2M2Biv �+`Qbb i?2
H�#Q` BM+QK2 /Bbi`B#miBQM #v �bFBM;, ?Qr rQmH/ i?2 /vM�KB+b Q7 H�#Q` BM+QK2 #2?�p2 B7 BM
2�+? T2`BQ/ rQ`F2`b ?�/ 2�`M2/ i?2 �p2`�;2 BM+QK2 BM i?2 b2+iQ`\ h?�i Bb- 7Q` 2�+? rQ`F2`
r2 +QKTmi2 �ȳs(it)- r?2`2 ȳs(it) Bb i?2 �p2`�;2 BM+QK2 BM i?2 9@/B;Bi b2+iQ` 2KTHQvBM; rQ`F2`
i BM T2`BQ/ tX "v +QMbi`m+iBQM- i?Bb };m`2 �HbQ +�Tim`2b i?2 �;;`2;�i2 �p2`�;2 BM+`2�b2 BM
H�#Q` BM+QK2X 6B;m`2 3@S�M2H � THQib i?2 `2bmHib #v �p2`�;BM; i?Bb +QmMi2`7�+im�H BM+QK2
;`Qri? �+`Qbb rQ`F2`b BM 2�+? T2`+2MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM /Bbi`B#miBQM Ui?2 `�MFBM; Q7
rQ`F2`b Bb i?2 b�K2 �b i?2 QM2 mb2/ BM i?2 #�b2HBM2 6B;m`2 eVX h?2 irQ K�BM }M/BM;b �`2,
RV i?2 ?2i2`Q;2M2Qmb b2+iQ`�H H�#Q` BM+QK2 ;`Qri? /Q2b MQi H2�/ iQ ?2i2`Q;2M2Qmb `2+Qp2`B2b
7Q` rQ`F2`b #2HQr i?2 eyi? T2`+2MiBH2- �M/ kV T�`i Q7 i?2 /2+`2�b2 BM BM2[m�HBiv Bb /m2 iQ
bHQr2` `2+Qp2`v Q7 �p2`�;2 b2+iQ`�H H�#Q` BM+QK2 BM b2+iQ`b 2KTHQvBM; rQ`F2`b �i i?2 iQT Q7
i?2 /Bbi`B#miBQMX

hQ K2�bm`2 i?2 +QMi`B#miBQM Q7 i?2 #2ir22M@}`K +QKTQM2Mi �+`Qbb i?2 BM+QK2 /Bbi`B#m@
iBQM r2 �bF, ?Qr rQmH/ i?2 /vM�KB+b Q7 H�#Q` BM+QK2 HQQF HBF2 B7 BM 2�+? T2`BQ/ rQ`F2`b
?�/ 2�`M2/ i?2 �p2`�;2 BM+QK2 BM i?2 }`K UM2i Q7 i?2 �p2`�;2 BM+QK2 T�B/ BM i?2 b2+iQ`V\
6Q` i?Bb r2 `2TH�+2 i?2 rQ`F2`Ƕb BM+QK2 ;`Qri? b?QrM #27Q`2- #v i?2 rQ`F2`Ƕb ;`Qri? BM
ȳj(it) � ȳs(it)- r?B+? Bb i?2 �p2`�;2 BM+QK2 T�B/ BM }`K j 2KTHQvBM; rQ`F2` i BM T2`BQ/ t M2i
Q7 i?2 �p2`�;2 BM+QK2 T�B/ BM i?2 b2+iQ` Q7 i?2 }`KX 6B;m`2 3@S�M2H " b?Qrb i?�i i?Bb +QK@
TQM2Mi Bb `2bTQMbB#H2 7Q` � H�`;2 7`�+iBQM Q7 i?2 ǳTBpQiBM;Ǵ Q#b2`p2/ BM i?2 #�b2HBM2 6B;m`2
eX qQ`F2`b #2HQr i?2 eyi? T2`+2MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQM 2tT2`B2M+2
� TQbBiBp2 BM+QK2 ;`Qri? 7`QK i?2 #2ir22M@}`K +QKTQM2Mi- r?BH2 rQ`F2`b �#Qp2 i?Bb T2`@
+2MiBH2 2tT2`B2M+2 � M2;�iBp2 BM+QK2 ;`Qri?X h?mb- i?2 /2+`2�b2 BM BM2[m�HBiv �++QmMi2/ 7Q`
#v i?2 #2ir22M@}`K +QKTQM2Mi Bb /m2 iQ � KQMQiQMB+�HHv HQr2` �p2`�;2 BM+QK2 ;`Qri? BM
}`Kb 2KTHQvBM; ?B;?2`@BM+QK2 rQ`F2`bX

6BM�HHv- i?2 `2K�BMBM; TB2+2 Q7 i?2 /2+QKTQbBiBQM Bb ;Bp2M #v +?�M;2b BM yit� ȳj(it)- r?B+?
Bb � rQ`F2`Ƕb i H�#Q` BM+QK2 BM T2`BQ/ t M2i Q7 i?2 �p2`�;2 BM+QK2 T�B/ BM i?2 }`K 2KTHQvBM;
?BKX 6B;m`2 3@S�M2H * THQib i?2 �p2`�;2 ;`Qri? Q7 i?Bb +QKTQM2Mib �+`Qbb i?2 /Bbi`B#miBQMX
JQbi Q7 i?2 ?2i2`Q;2M2Biv BM i?2 rBi?BM@}`K �M/ #2ir22M@rQ`F2` +QKTQM2Mi Bb +QKBM; 7`QK �
7�bi2` BM+QK2 ;`Qri? 7Q` rQ`F2`b #2HQr i?2 Ryi? T2`+2MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM /Bbi`B#miBQM
�M/ � bHQr2` ;`Qri? 7Q` rQ`F2`b �i i?2 iQT Q7 i?2 /Bbi`B#miBQMX
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*@ qQ`F2` *QKTQM2Mi

LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b i?�i ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X S�M2H � `2TH�+2b � rQ`F2`Ƕb H�#Q` BM+QK2 #v i?2
�p2`�;2 H�#Q` BM+QK2 BM i?2 b2+iQ` Q7 2KTHQvK2MiX S�M2H " `2TH�+2b � rQ`F2`Ƕb H�#Q` BM+QK2 #v i?2 �p2`�;2
H�#Q` BM+QK2 BM i?2 }`K Q7 2KTHQvK2Mi M2i Q7 i?2 b2+iQ`�H �p2`�;2 H�#Q` BM+QK2X S�M2H * `2TH�+2b � rQ`F2`Ƕb
H�#Q` BM+QK2 #v i?2 rQ`F2`Ƕb H�#Q` BM+QK2 M2i Q7 i?2 }`KǶb �p2`�;2 H�#Q` BM+QK2X

k3



h?2 K�BM i�F2�r�v Q7 i?Bb b2+iBQM Bb i?�i BM Q`/2` iQ 2tTH�BM i?2 H�#Q` BM+QK2 /vM�KB+b
Q7 BM/BpB/m�H rQ`F2`b �i i?2 iQT Q7 i?2 BM+QK2 /Bbi`B#miBQM QM2 M22/b iQ 7Q+mb KQ`2 QM i?2
#2ir22M@b2+iQ` �M/ rBi?BM@}`K +QKTQM2MibX PM i?2 Qi?2` ?�M/- iQ mM/2`bi�M/ i?2 /vM�KB+b
7Q` rQ`F2`b �i i?2 KB//H2 �M/ #QiiQK Q7 i?2 BM+QK2 /Bbi`B#miBQM QM2 M22/b iQ 7Q+mb QM i?2
#2ir22M@}`K +QKTQM2MiX

8 J2+?�MBbKb
AM i?Bb b2+iBQM- r2 �M�Hvx2 � b2i Q7 TQi2MiB�H K2+?�MBbKb i?�i KB;?i 2tTH�BM i?2 /`QT BM
BM+QK2 BM2[m�HBiv �7i2` i?2 kyyk /2p�Hm�iBQMX q2 }M/ i?�i H�#Q` KQ#BHBiv �M/ mMBQMBx�iBQM
�`2 BKTQ`i�Mi /2i2`KBM�Mib Q7 i?2 ?2i2`Q;2M2Qmb `2+Qp2`v Q7 `2�H BM+QK2X

8XR G�#Q` JQ#BHBiv
h?2 b2�`+? HBi2`�im`2 ?�b B/2MiB}2/ � K2+?�MBbK i?�i T`Q/m+2b ?2i2`Q;2M2Qmb BM+QK2 ;`Qri?
�+`Qbb rQ`F2`b BM `2bTQMb2 iQ �;;`2;�i2 b?Q+Fb, H�#Q` KQ#BHBiv rBi?BM i?2 DQ# H�//2` Ub22
7Q` 2t�KTH2 "m`/2ii �M/ JQ`i2Mb2M- RNN3VX � M�im`�H [m2biBQM �`Bb2b, >Qr /Q2b KQ#BHBiv
�+`Qbb }`Kb �z2+i i?2 ?2i2`Q;2M2Qmb `2+Qp2`v �7i2` i?2 /2p�Hm�iBQM\ q2 T`QpB/2 �M �Mbr2` iQ
i?Bb [m2biBQM #v, BV bim/vBM; i?2 BM+B/2M+2 Q7 /Bz2`2Mi ivT2b Q7 i`�MbBiBQMb �+`Qbb i?2 BM+QK2
/Bbi`B#miBQM- kV /Q+mK2MiBM; i?2 +QM/BiBQM�H �p2`�;2 BM+QK2 ;`Qri? #v ivT2 Q7 i`�MbBiBQM �M/
�+`Qbb i?2 BM+QK2 /Bbi`B#miBQM- �M/ jV +QKTmiBM; � b2i Q7 +QmMi2`7�+im�H BM+QK2 /vM�KB+bX

6B;m`2 N@S�M2H � THQib i?2 +mKmH�iBp2 T`Q#�#BHBiv Q7 2tT2`B2M+BM; � b2T�`�iBQM Qp2` i?2
}`bi 9 v2�`b �7i2` i?2 /2p�Hm�iBQM �b � 7mM+iBQM Q7 � rQ`F2`Ƕb TQbBiBQM BM i?2 T`2@/2p�Hm�iBQM
T2`K�M2Mi BM+QK2 /Bbi`B#miBQM Ub�K2 `�MFBM; Q7 rQ`F2`b �b BM 6B;m`2 eVX h?Bb T`Q#�#BHBiv Bb
KQMQiQMB+�HHv /2+`2�bBM; BM i?2 TQbBiBQM Q7 i?2 /Bbi`B#miBQM- rBi? i?2 2t+2TiBQM Q7 rQ`F2`b
�i i?2 p2`v iQTX _2H�i2/Hv- 6B;m`2 N@S�M2H " THQib i?2 �p2`�;2 BM+QK2 ;`Qri? �+`Qbb �HH 1@
L@1 i`�MbBiBQMb rBi?BM T2`+2MiBH2b Q7 i?2 /Bbi`B#miBQMX AM i?2 }`bi v2�` �7i2` i?2 /2p�Hm�iBQM-
rQ`F2`b #2HQr i?2 kyi? T2`+2MiBH2 2tT2`B2M+2/ � TQbBiBp2 �p2`�;2 ;`Qri?- r?BH2 rQ`F2`b �#Qp2
i?2 kyi? T2`+2MiBH2 2tT2`B2M+2/ H�`;2 M2;�iBp2 ;`Qri?X AM i?2 7QHHQrBM; v2�`b- rQ`F2`b #2HQr
i?2 8yi? T2`+2MiBH2 2tT2`B2M+2/ H�`;2` TQbBiBp2 ;`Qri? /m`BM; 1@L@1 i`�MbBiBQM- r?BH2 i?2
HQQb2b Q7 ?B;?@BM+QK2 rQ`F2`b r2`2 bK�HH2`X

6B;m`2 N@S�M2Hb * �M/ . THQi i?2 b�K2 Q#D2+ib 7Q` i?2 +�b2 Q7 DQ#@iQ@DQ# i`�MbBiBQMbX
Zm�HBi�iBp2Hv- i?2 T�ii2`Mb �`2 i?2 b�K2 �b i?2 QM2b Q#b2`p2/ 7Q` b2T�`�iBQMbX h?2 QMHv
/Bz2`2M+2 Bb i?�i bi�`iBM; 7`QK i?2 b2+QM/ v2�` �7i2` i?2 /2p�Hm�iBQM- rQ`F2`b BM �HH T2`+2MiBH2b
2tT2`B2M+2/ � TQbBiBp2 BM+QK2 ;`Qri? �7i2` � DQ#@iQ@DQ# i`�MbBiBQM QM �p2`�;2X AKTQ`i�MiHv-
i?2 �p2`�;2 BM+QK2 ;`Qri? Bb biBHH /2+`2�bBM; BM i?2 TQbBiBQM BM i?2 BM+QK2 /Bbi`B#miBQMX

AM bmKK�`v- rQ`F2`b iQr�`/b i?2 #QiiQK Q7 i?2 /Bbi`B#miBQM 2tT2`B2M+2 b2T�`�iBQM b?Q+Fb

kN
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�p;X ;`Qri?, DQ#@iQ@DQ# i`�MbBiBQMb

LQi2b, S�M2H � THQib i?2 +mKmH�iBp2 T`Q#�#BHBiv Q7 2tT2`B2M+BM; � b2T�`�iBQM #2ir22M i?2 .2+2K#2` kyyR
�M/ i?2 .2+2K#2` BM i?2 M2ti 9 v2�`bX S�M2H " THQib i?2 �p2`�;2 /Bz2`2M+2 #2ir22M i?2 UHQ;V BM+QK2 BM i?2
M2r DQ# 7QmM/ �7i2` � b2T�`�iBQM /m`BM; 2�+? v2�` �7i2` i?2 /2p�Hm�iBQM �M/ i?2 UHQ;V BM+QK2 BM i?2 T`2pBQmb
DQ#X S�M2H * THQib i?2 +mKmH�iBp2 T`Q#�#BHBiv Q7 2tT2`B2M+BM; � DQ#@iQ@DQ# i`�MbBiBQM #2ir22M i?2 .2+2K#2`
kyyR �M/ i?2 .2+2K#2` BM i?2 M2ti 9 v2�`bX S�M2H . THQib i?2 �p2`�;2 /Bz2`2M+2 #2ir22M i?2 UHQ;V BM+QK2 BM
i?2 M2r DQ# 7QmM/ �7i2` � DQ#@iQ@DQ# i`�MbBiBQM /m`BM; 2�+? v2�` �7i2` i?2 /2p�Hm�iBQM �M/ i?2 UHQ;V BM+QK2
BM i?2 T`2pBQmb DQ#X �HH };m`2b �`2 +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7 �p2`�;2 KQMi?Hv `2�H
BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b i?�i ?�/ �i H2�bi e KQMi?b Q7 2KTHQvK2Mi
/m`BM; i?2 kyyy@kyyR T2`BQ/X

�i � ?B;?2` `�i2- #mi QM �p2`�;2 i?2B` BM+QK2 BM+`2�b2b BM 2�+? i`�MbBiBQMX h?2 QTTQbBi2 Bb i`m2
7Q` ?B;?2`@BM+QK2 rQ`F2`bX Ai Bb �HbQ i?2 +�b2 i?�i HQr2`@BM+QK2 rQ`F2`b �`2 KQ`2 HBF2Hv iQ
K�F2 DQ#@iQ@DQ# i`�MbBiBQMb �M/ iQ 2tT2`B2M+2 H�`;2 BM+QK2 ;`Qri? QM �p2`�;2 r?2M K�FBM;
bm+? i`�MbBiBQMbX

hQ [m�MiB7v ?Qr BKTQ`i�Mi H�#Q` KQ#BHBiv Bb iQ 2tTH�BM i?2 ?2i2`Q;2M2Qmb `2+Qp2`v Q7

jy



BM+QK2 r2 +QMbi`m+i b2p2`�H +QmMi2`7�+im�H b2`B2b Q7 BM+QK2X 6B`bi- r2 +QKTmi2 +QmMi2`7�+@
im�H BM+QK2 /vM�KB+b rBi?Qmi +?�M;2b /m2 iQ DQ#@iQ@DQ# i`�MbBiBQMbX 6Q` 2�+? rQ`F2`- r2
+QKTmi2 i?2 BM+QK2 ;`Qri? `�i2 7Q` 2�+? T�B` Q7 bm#b2[m2Mi BM+QK2bX h?2M- r2 B/2MiB7v
i?2 +?�M;2b BM BM+QK2 i?�i �`2 /m2 iQ DQ#@iQ@DQ# i`�MbBiBQMb �M/ `2TH�+2 i?2K rBi? � x2`QX
6BM�HHv- r2 `2+QMbi`m+i 7Q` 2�+? rQ`F2` i?2 iBK2 b2`B2b Q7 i?2 H2p2H Q7 H�#Q` BM+QK2 rBi?
i?2b2 +QmMi2`7�+im�H ;`Qri? `�i2bX h?2b2 +QmMi2`7�+im�H BM+QK2 /vM�KB+b `2~2+i Q#b2`p2/
BM+QK2 ;`Qri? 7Q` BM+mK#2Mi rQ`F2`b �M/ QKBi BM+QK2 ;`Qri? 2tT2`B2M+2/ /m`BM; DQ#@iQ@DQ#
i`�MbBiBQMX

6B;m`2 Ry@S�M2H � +QKT�`2b i?2 #�b2HBM2 `2bmHib rBi? i?2 +QmMi2`7�+im�H BM+QK2 /vM�KB+b
U7Q` 2�b2 Q7 2tTQbBiBQM- 6B;m`2 Ry@S�M2H " THQib i?2 /Bz2`2M+2 #2ir22M #Qi? HBM2bVX q2 +�M
b22 i?�i DQ#@iQ@DQ# i`�MbBiBQMb /Q MQi ;2M2`�i2 �Mv ?2i2`Q;2M2Qmb BM+QK2 ;`Qri? #27Q`2 �M/
BKK2/B�i2Hv �7i2` i?2 /2p�Hm�iBQMX >Qr2p2`- /m`BM; i?2 `2+Qp2`v T?�b2- r2 b22 i?�i DQ#@iQ@
DQ# TQbBiBp2Hv +QMi`B#mi2/ iQ ?B;?2` BM+QK2 ;`Qri? 7Q` rQ`F2`b #2HQr i?2 eyi? T2`+2MiBH2- �M/
QMHv bHB;?iHv M2;�iBp2Hv 7Q` rQ`F2`b �i i?2 iQT Q7 i?2 /Bbi`B#miBQMX Zm�MiBi�iBp2Hv- DQ#@iQ@DQ#
i`�MbBiBQMb ;2M2`�i2 � bB;MB}+�Mi 7`�+iBQM Q7 i?2 TBpQiBM; Q#b2`p2/ BM S�M2H " Q7 6B;m`2 3
Ur?B+? �HbQ b?Qrb bBKBH�` +?�M;2b #27Q`2 �M/ BKK2/B�i2Hv �7i2` i?2 /2p�Hm�iBQM- 7QHHQr2/ #v
TQbBiBp2 BM+QK2 ;`Qri? 7Q` rQ`F2`b #2HQr i?2 eyi? T2`+2MiBH2VX

L2ti- r2 T2`7Q`K � bBKBH�` 2t2`+Bb2 rBi? i?2 �BK Q7 [m�MiB7vBM; i?2 `QH2 Q7 KQ#BHBiv /m2
iQ b2T�`�iBQMbX AM i?Bb +�b2- r2 B/2MiB7v i?2 +?�M;2b BM BM+QK2 i?�i �`2 /m2 iQ b2T�`�iBQMb
�M/ `2TH�+2 i?2K rBi? � x2`QX qBi? i?Bb +QmMi2`7�+im�H ;`Qri? `�i2b- r2 `2+QMbi`m+i i?2
iBK2 b2`B2b Q7 H�#Q` BM+QK2 7Q` 2�+? rQ`F2`X 6B;m`2 Ry@S�M2H " b?Qrb i?2 `2bmHibX AM i?Bb
+�b2- i?2 TBpQiBM; i?�i +�M #2 �ii`B#mi2/ iQ BM+QK2 ;`Qri? ;2M2`�i2/ #v b2T�`�iBQMb Bb 2p2M
bi`QM;2`X h?2 �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? 7Q` rQ`F2`b #2HQr i?2 eyi? T2`+2MiBH2 r�b
8X9WX AMbi2�/- rQ`F2`b �i i?2 p2`v iQT 2tT2`B2M+2 �M �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? Q7
@kW /m2 iQ b2T�`�iBQMbXRk

8Xk lMBQMBx�iBQM
*�M mMBQMBx�iBQM bi�imb 2tTH�BM i?2 ?2i2`Q;2M2Qmb BM/BpB/m�H `2+Qp2`B2b �+`Qbb i?2 BM+QK2
/Bbi`B#miBQM\ u2bX q2 �Mbr2` i?Bb [m2biBQM BM i?`22 bi�i2bX 6B`bi- r2 #`B2~v /2b+`B#2 i?2 `QH2
Q7 mMBQMbX a2+QM/- r2 bim/v i?2 `QH2 Q7 mMBQMb rBi?BM b2+iQ`bX �b r2 b?Qr �#Qp2- i?2 T`BK�`v
bQm`+2 Q7 ?2i2`Q;2M2Qmb `2+Qp2`v Q7 H�#Q` BM+QK2 Bb rBi?BM BM/mbi`B2bX 6BM�HHv- r2 `2T`Q/m+2
Qm` K�BM 7�+i #v mMBQMBx�iBQM bi�imb �M/ }M/ bB;MB}+�Mi /Bz2`2M+2b #v mMBQMBx�iBQMX

� bBM;H2 mMBQM ?�b KQMQTQHv TQr2` iQ `2T`2b2Mi rQ`F2`b �M/ M2;QiB�i2 � *"� �i �
b2+iQ`�H H2p2HX � *"� /2i2`KBM2b i?2 KBMBKmK H�#Q` BM+QK2 7Q` �HH rQ`F2`b BM i?�i b2+iQ`

Rk�b � +QKT�`BbQM- i?2 �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? 7Q` rQ`F2`b #2HQr U�#Qp2V i?2 eyi? T2`+2MiBH2
BM S�M2H " Q7 6B;m`2 3 r�b RRXjW U@9X3WVX
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.@ "Qi?, .Bz2`2M+2

LQi2b, S�M2H � /2b+`B#2b #Qi? i?2 �+im�H �p2`�;2 BM+QK2 ;`Qri? �M/ i?2 +QmMi2`7�+im�H BM+QK2 ;`Qri?
i?�i QKBib BM+QK2 +?�M;2b 2tT2`B2M+2/ /m`BM; DQ#@iQ@DQ# i`�MbBiBQMbX S�M2H " THQib i?2 /Bz2`2M+2 #2ir22M
i?2 �+im�H �M/ i?2 +QmMi2`7�+im�H /vM�KB+b iQ 2�b2 i?2 +QKT�`BbQMX S�M2H * /2b+`B#2b #Qi? i?2 �+im�H
�p2`�;2 BM+QK2 ;`Qri? �M/ i?2 +QmMi2`7�+im�H BM+QK2 ;`Qri? i?�i QKBib BM+QK2 +?�M;2b 2tT2`B2M+2/ �7i2`
b2T�`�iBQMbX S�M2H . THQib i?2 /Bz2`2M+2 #2ir22M i?2 �+im�H �M/ i?2 +QmMi2`7�+im�H /vM�KB+b iQ 2�b2 i?2
+QKT�`BbQMX S�M2Hb 1 �M/ 6 T`2b2Mi bBKBH�` `2bmHib 7Q` i?2 +QK#BM2/ 2z2+ib Q7 DQ#@iQ@DQ# i`�MbBiBQMb �M/
b2T�`�iBQMbX �HH };m`2b �`2 +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7 �p2`�;2 KQMi?Hv `2�H BM+QK2
/m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b i?�i ?�/ �i H2�bi e KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2
kyyy@kyyR T2`BQ/X
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�+`Qbb Q++mT�iBQMbX h?2 *"� +Qp2`b rQ`F2`b `2;�`/H2bb Q7 K2K#2`b?BT i?�i #v H�r ?�b iQ
#2 �#Qp2 i?2 M�iBQM�H KBMBKmK r�;2X �//BiBQM�HHv- 7Q` i?2 H�`;2bi }`Kb BM bQK2 b2+iQ`b-
mMBQMb �i }`KĜH2p2H �HbQ M2;QiB�i2 }`KĜbT2+B}+ *"�bX

6B;m`2 RR Ĝ LQ`K�HBx2/ H�#Q` BM+QK2 #v mMBQM +Qp2`�;2- �M/ H�#Q` BM+QK2 BM *"�b
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.X J2+?�MB+b

2002 2003 2004 2005

1

1.5

2

2.5

1X 6`2B;?i i`�MbTQ`i #v `Q�/

LQi2b, h?2 T�M2Hb � iQ 1 THQi UBM i?2 7QHHQrBM; Q`/2`V i?2 �p2`�;2 H�#Q` BM+QK2 �+`Qbb Q++mT�iBQMb BM i?2
*"�b �;`22K2Mib- i?2 �p2`�;2 H�#Q` BM+QK2 Q7 rQ`F2`b +Qp2`2/ �M/ MQi +Qp2`2/ #v mMBQMbX � rQ`F2` #2HQM;b
iQ i?2 ;`QmT ǳ*Qp2`2/Ǵ B7 Bi Bb mMBQMBx2 BM CmM2 kyyj �M/ ?2` BM+QK2 Bb #2ir22M i?2 HQr2bi �M/ ?B;?2bi BM+QK2
�+`Qbb Q++mT�iBQMb BM *"�bX � rQ`F2` #2HQM;b iQ i?2 ;`QmT ǳLQi *Qp2`2/Ǵ B7 Bi Bb MQi mMBQMBx2 BM CmM2 kyyjX

jj



6QHHQrBM; i?2 kyyk /2p�Hm�iBQM- mMBQMBx2/ rQ`F2`b r?Qb2 r�;2b r2`2 +Qp2`2/ #v � *"�
b�r i?2B` H�#Q` BM+QK2 `2+Qp2` 7�bi2` i?�M i?Qb2 MQM@mMBQMBx2/ rQ`F2`bX 6B;m`2 .Xk b?Qrb
BM+QK2 #v mMBQMBx�iBQM bi�i2 7Q` bQK2 b2+iQ`b rBi? bi`QM; mMBQMbX h?2 };m`2 T`2b2Mib i?2
�p2`�;2 BM+QK2 BM *"� �+`Qbb Q++mT�iBQMb- i?2 �p2`�;2 BM+QK2 Q7 +Qp2`2/ �M/ MQM@+Qp2`2/
rQ`F2`b #v � mMBQM +QMi`�+iX 6Q` +Qp2`2/ rQ`F2`b- r2 mb2 i?2B` mMBQMBx�iBQM bi�imb BM CmM2
kyyj- �M/ r2 �// i?2 �//BiBQM�H +QM/BiBQM i?�i i?2B` H�#Q` BM+QK2 Bb rBi?BM i?2 `�M;2 Q7
BM+QK2b 2bi�#HBb? #v i?2 *"� �+`Qbb Q++mT�iBQM BM P+iQ#2` kyykXRj

6Q` �HH i?2 BM/mbi`B2b BM r?B+? *"�b r2`2 �#Qp2 BM~�iBQM- i?2 MQKBM�H BM+QK2 ;`Qri? Q7
mMBQMBx2/ rQ`F2`b ;`Qri? jyW KQ`2 i?�M MQM@mMBQMBx2 rQ`F2`bX h?2 H�#Q` BM+QK2 ;`Qri?
`�i2 7Q` mMBQMBx2/ rQ`F2`b +HQb2Hv 7QHHQrb i?2 �p2`�;2 ;`Qri? `�i2 bT2+B}2/ #v i?2 *"�
�+`Qbb Q++mT�iBQMbX h?Bb [m�HBi�iBp2 T�ii2`M ?QH/b BM `2i�BH i`�/2- +QMbi`m+iBQM- KQiQ` p2?B+H2
K�Mm7�+im`BM;- �M/ 7`2B;?i i`�MbTQ`i #v `Q�/X 6BM�HHv- i?2`2 Bb QM2 b2+iQ` UBX2X- K2+?�MB+bV BM
r?B+? *"�b BM+QK2 ;`Qri? Bb �HKQbi 2[m�H iQ i?2 +mKmH�i2/ BM~�iBQM #2ir22M kyyk@kyy8X
AM i?�i b2+iQ`- i?2 BM+QK2 ;`Qri? #2ir22M kyyk@kyy8 /Q2b MQi p�`v #v mMBQMBx�iBQM bi�imbX

lMiBH MQr- r2 ?�p2 7Q+mb2/ QM i?2 `QH2 Q7 i?2 mMBQMBx�iBQM bi�imb BM i?2 `2+Qp2`v Q7 H�#Q`
BM+QK2X q2 7QmM/ � bi`QM; /Bz2`2M+2 #2ir22M mMBQMBx2/ �M/ MQM@mMBQMBx2/ rQ`F2`bX LQr-
r2 T`2b2Mi i?2 +QMi`B#miBQM Q7 mMBQMBx�iBQM bi�imb iQ i?2 K�BM 7�+i Q7 i?Bb T�T2`X 6B;m`2
Rk `2TQ`ib i?2 b?�`2 Q7 mMBQMBx2/ rQ`F2`b �M/ �p2`�;2 H�#Q` BM+QK2 ;`Qri? #v mMBQMBx�iBQM
bi�imb BM i?2 b�K2 7Q`K�i �b 6B;m`2 eX 6Q` 6B;m`2 Rk- +Qp2`�;2 QMHv `2T`2b2Mib mMBQMBx�iBQM
bi�imbXR9

h?2 b?�`2 Q7 mMBQMBx2/ rQ`F2`b Bb BM+`2�bBM; BM i?2 T2`+2MiBH2 7Q` i?2 rQ`F2` #2ir22M
i?2 y �M/ dyi? T2`+2MiBH2- �M/ /2+`2�bBM; 7`QK i?2 dy iQ Ryyi? T2`+2MiBH2X h?2 b?�`2 Q7
mMBQMBx2/ rQ`F2`b Bb �#Qp2 9yW #2ir22M i?2 kyi? �M/ 3yi? T2`+2MiBH2bX h?mb- mMBQMBx�iBQM
bi�imb �TT2�`b iQ �z2+i QMHv rQ`F2`b BM i?2 KB//H2@iQ@iQT Q7 i?2 BM+QK2 /Bbi`B#miBQM �M/
/Q2b MQi �z2+i rQ`F2`b �i i?2 iQT MQ` �i i?2 #QiiQK Q7 i?2 /Bbi`B#miBQMX JQ`2Qp2`- i?2
�p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? r�b ?B;?2` 7Q` mMBQMBx2/ rQ`F2`b i?�M MQM@mMBQMBx2/
rQ`F2`bX h?2 �p2`�;2 /Bz2`2M+2 Q7 i?2 BM+QK2 ;`Qri? �+`Qbb mMBQMBx�iBQM bi�imb Bb +HQb2 iQ
x2`Q #2ir22M .2+2K#2` kyyk �M/ .2+2K#2` kyyRX A7 r2 7Q+mb �ii2MiBQM iQ i?2 T2`+2MiBH2b
H2bb i?�M i?2 dyi?- Bi Bb �TT�`2Mi i?�i i?2 /Bz2`2M+2b Q7 BM+QK2 ;`Qri? 7Q` mMBQMBx2/ rQ`F2`

Rjh?2b2 ;`QmTb �`2 +QMbi`m+i2/ mbBM; i?2 mMBQMBx�iBQM bi�imb p�`B�#H2 BM i?2 aAS� /�i� �M/ BM+QK2 +Qp2`2/
#v i?2 *"�bX h?2 mMBQMBx�iBQM p�`B�#H2 bi�`ib BM CmM2 kyyj- �M/ T`2b2Mi � ?B;? /2;`22 Q7 T2`bBbi2M+2 BM
i?2 b�KTH2X 6Q` i?Bb `2�bQM- r2 �`2 +QM}/2Mi i?�i i?2 K�DQ`Biv Q7 i?2b2 rQ`F2`b r2`2 mMBQMBx2/ UQ` MQiV
#2ir22M kyyk �M/ kyyjX aBM+2 mMBQMb M2;QiB�i2 KBMBKmK H�#Q` BM+QK2 �+`Qbb rQ`F2`b- r2 �//2/ i?2 b2+QM/
+QM/BiBQM iQ B/2MiB7v rQ`F2`b M2�` i?�i KBMBKmK BM P+iQ#2` kyykX q2 mb2 i?�i /�i2 bBM+2 #2ir22M RNN8 �M/
LQp2K#2` Q7 kyyk mMBQMb /B/ MQi +?�M;2 i?2B` *"�bX

R9h?2 /B;Bi�HBx�iBQM Q7 �HH BM/mbi`B2b *"�b �M/ i?2 K2`;2 rBi? aAS� /�i� Bb QmibB/2 i?2 b+QT2 Q7 i?Bb T�T2`X
1�+? BM/mbi`v ?�b Bib QrM BM/mbi`v bT2+B}+ +QMi`�+i 7Q`K�i i?�i +?�M;2b Qp2` iBK2X h?2`27Q`2- r2 r2`2 MQi
�#H2 iQ bi�M/�`/Bx2 *"�b �+`Qbb �HH BM/mbi`B2b iQ K2`;2 rBi? aAS� /�i�X L2p2`i?2H2bb- r2 `2T`Q/m+2 6B;m`2
.Xk BM i?2 PMHBM2 �TT2M/Bt rBi? /Bz2`2Mi /2}MBiBQM Q7 mMBQMBx�iBQM bi�imb iQ b?Qr ?Qr i?2b2 /2}MBiBQMb
�z2+i BM+QK2 #v mMBQMBx�iBQM bi�imbX

j9



6B;m`2 Rk Ĝ �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H Q7 �p2`�;2 BM+QK2 kyyy@kyyR #v mMBQM@
Bx�iBQM bi�imb
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"X �p;X +mKmH�iBp2 BM+QK2 ;`Qri?

*Qp2`2/ LQi *Qp2`2/
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*X .Bz2`2M+2 Q7 �p;X +mKmH�iBp2 BM+QK2 ;`Qri? #v mMBQMBx�iBQM bi�imb
yt � yt�12 yt+12 � yt yt+24 � yt+12
yt+36 � yt+24 yt+48 � yt+36

LQi2b, S�M2H � b?Qrb i?2 b?�`2/ Q7 mMBQMBx2 rQ`F2`b #v T2`+2MiBH2b Q7 BM+QK2 �b BM 6B;m`2 eX S�M2H " b?Qrb
i?2 �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? #v T2`+2MiBH2b �M/ mMBQMBx�iBQM bi�imbX S�M2H * b?Qrb i?2 /Bz2`2M+2
Q7 i?2 �p2`�;2 +mKmH�iBp2 BM+QK2 ;`Qri? #2ir22M mMBQMBx2 �M/ MQi mMBQMBx2 rQ`F2`b #v T2`+2MiBH2bX

`2H�iBp2 iQ MQM@mMBQMBx2/ rQ`F2`b BM+`2�b2/ Qp2` iBK2X h?2 �p2`�;2 /Bz2`2M+2 QM2 v2�` �7i2`
i?2 /2p�Hm�iBQM r�b 9W- �M/ i?�i /Bz2`2M+2 #2+QK2b eW 7Qm` v2�`b �7i2` i?2 /2p�Hm�iBQMX

8Xj a2+iQ`�H h`�/2 1tTQbm`2
*�M i`�/2 2tTQbm`2 2tTH�BM i?2 ?2i2`Q;2M2Qmb BM/BpB/m�H `2+Qp2`B2b �+`Qbb i?2 BM+QK2 /Bb@
i`B#miBQM\ LQ- 2t+2Ti 7Q` rQ`F2`b �#Qp2 i?2 3yi? T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQMX h?2
rQ`F2`b �#Qp2 i?2 3yi? T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQM r2`2 2KTHQv2/ K�BMHv BM b2+@
iQ`b rBi? � `2H�iBp2 HQr H�#Q` BM+QK2 `2+Qp2`věr2 /2b+`B#2 i?2b2 b2+iQ`b #2HQrX q2 �M�Hvx2
i?Bb [m2biBQM mbBM; � #`Q�/ +H�bbB}+�iBQM Q7 i`�/2 2tTQbm`2- BX2X- i`�/�#H2 �M/ MQM@i`�/�#H2

j8



b2+iQ`bX q2 H2�p2 Qm` �M�HvbBb Q7 b2+iQ`�H i`�/2 2tTQbm`2 �i i?2 j@/B;Bi aA* H2p2H 7Q` i?2
PMHBM2 �TT2M/BtX

h`�/2 2tTQbm`2 2tTH�BMb i?2 ?2i2`Q;2M2Qmb BM/BpB/m�H `2+Qp2`B2b �+`Qbb i?2 BM+QK2 /Bbi`B@
#miBQM B7 irQ +QM/BiBQMb �`2 b�iBb}2/X 6B`bi- _1_ �M/ b2+iQ`�H H�#Q` BM+QK2 �`2 +Q``2H�i2/-
�M/ i?2B` +Q``2H�iBQM Bb � 7mM+iBQM Q7 i`�/2 2tTQbm`2X a2+QM/- rQ`F2`bǶ T2`K�M2Mi BM+QK2
T`2@/2p�Hm�iBQM �M/ b2+iQ`�H H�#Q` BM+QK2 `2+Qp2`v �`2 +Q``2H�i2/- �M/ i?Bb +Q``2H�iBQM Bb
�HbQ � 7mM+iBQM Q7 i`�/2 2tTQbm`2X q?BH2 r2 }M/ bi`QM; bmTTQ`i 7Q` i?2 }`bi +QM/BiBQM- r?BH2
r2 /Q MQi }M/ bmTTQ`i 7Q` i?Bb b2+QM/ +QM/BiBQM 7Q` rQ`F2`b rBi? BM+QK2b #2HQr i?2 3yi?
T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQMX

6B;m`2 Rj@S�M2H � b?Qrb b2+iQ`�H BM+QK2 ;`Qri? �+`Qbb i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b
�M/ 6B;m`2 Rj@S�M2H " b?Qrb Bib /Bz2`2M+2X q2 +QMbi`m+i i?2b2 };m`2b BM irQ bi2TbX 6B`bi-
r2 /BpB/2 rQ`F2`b �+`Qbb i?2 T2`+2MiBH2b Q7 BM+QK2 rBi? i?2 b�K2 }Hi2` �b BM a2+iBQM 9 �M/ BM
i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b /2T�`iBM; 7`QK � 7Qm` /B;Bib@H2p2H aA* +H�bbB}+�iBQMX h?2
i`�/�#H2 b2+iQ` BM+Hm/2b �;`B+mHim`2- HBp2biQ+F- �M/ ?mMiBM;- }b?BM; �M/ `2H�i2/ b2`pB+2b- KBM@
BM;- �M/ i?2 K�Mm7�+im`BM; BM/mbi`vX a2+QM/- 7Q` 2�+? T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQM-
r2 �;;`2;�i2 i?2 b2+iQ`�H BM+QK2 ;`Qri? Q7 �HH rQ`F2`b BM i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b
b2T�`�i2Hv- mbBM; �b r2B;?ib b?�`2 Q7 rQ`F2`b BM 2�+? b2+iQ` BM i?�i T2`BQ/X

h?2 H�#Q` BM+QK2 Q7 i`�/�#H2 b2+iQ` rQ`F2`b T2`K�M2MiHv BM+`2�b2/ #v RyW `2H�iBp2 iQ
i?�i Q7 MQM@i`�/�#H2 b2+iQ` rQ`F2`b �7i2` .2+2K#2` kyyRXh?2 �p2`�;2 /Bz2`2M+2 �+`Qbb T2`@
+2MiBH2b Q7 BM+QK2 Bb RW BM 7�pQ` Q7 i?2 MQM@i`�/�#H2 b2+iQ` #2ir22M .2+2K#2` Q7 kyyy �M/
kyyRXR8 6QHHQrBM; i?2 kyyk /2p�Hm�iBQM- i?2`2 Bb � 7�bi2` `2+Qp2`v Q7 i?2 i`�/�#H2 b2+iQ` H�#Q`
BM+QK2 i?�M BM i?2 MQM@i`�/�#H2 b2+iQ`X h?2 �p2`�;2 /Bz2`2M+2b �+`Qbb T2`+2MiBH2b BM Qp2`
i?2 +Qm`b2 Q7 9 v2�`b �`2 dW- RkW- R9W- �M/ NW BM +?`QMQHQ;B+�H Q`/2`X AM +QM+HmbBQM- i?2`2
Bb � bB;MB}+�Mi /Bz2`2M+2 BM H�#Q` BM+QK2 /vM�KB+b �+`Qbb i?2 i`�/�#H2 �M/ MQM@i`�/�#H2
b2+iQ`b `2bmHiBM; 7`QK i?2 T`2/B+i2/ BM+`2�b2 Q7 `2p2Mm2 BM i?2 i`�/�#H2 b2+iQ`b `2H�iBp2 iQ
i?2 MQM@i`�/�#H2 [m�HBi�iBp2HvX

h?2 ?2i2`Q;2M2Qmb b2+iQ`�H H�#Q` BM+QK2 `2+Qp2`v �TTHB2b iQ iQT T2`+2MiBH2b Q7 i?2 /Bb@
i`B#miBQM- BX2X- KQ`2 bB;MB}+�Mi i?�M i?2 3yi? T2`+2MiBH2X h?2 b?�`2 Q7 ?B;?@BM+QK2 rQ`F2`b
UBX2X- �#Qp2 i?2 3yi? T2`+2MiBH2V Bb +HQb2 iQ jeW BM i?2 i`�/�#H2 b2+iQ`- +HQb2 iQ i?2 mM+QM@
/BiBQM�H �p2`�;2 �+`Qbb �HH rQ`F2`bX h?mb- QM2 +�MMQi 2tTH�BM i?2 /vM�KB+ Q7 i?2b2 rQ`F2`b
mbBM; i?2B` +QM+2Mi`�iBQM BM MQM@i`�/�#H2 b2+iQ`bX _�i?2`- i?Bb /vM�KB+ `2bmHib 7`QK i?2b2
rQ`F2`bǶ bT2+B�HBx�iBQM �+`Qbb 7Qm` b2+iQ`b rBi? H�`;2 M2;�iBp2 BM+QK2 ;`Qri? �7i2` i?2 kyyk
/2p�Hm�iBQMbX qBi?BM i?2 MQM@i`�/�#H2 b2+iQ`b- i?2b2 rQ`F2`b bT2+B�HBx2 BM i?2 }M�M+B�H BM@
i2`K2/B�iBQM �M/ i2H2+QKKmMB+�iBQM b2+iQ`bX qBi?BM i?2 i`�/�#H2 b2+iQ`b- i?2v bT2+B�HBx2 BM
BM/mbi`B2b T`Q/m+BM; K2/B+�H T`Q/m+ib �M/ KQiQ` p2?B+H2bX h?2b2 irQ b2+iQ`b ?2�pBHv `2Hv

R86B;m`2 .X8 BM i?2 PMHBM2 �TT2M/Bt b?Qrb i?�i i?2 `2H�iBp2 r�;2b Q7 i`�/�#H2 rQ`F2`b r�b bHB;?iHv
/2+`2�bBM; `2H�iBp2 iQ MQM@i`�/�#H2 rQ`F2`b #2ir22M RNN9 �M/ kyyRX

je



6B;m`2 Rj Ĝ �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H 7Q` i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b
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�X �p;X *mKmH�iBp2 AM+QK2 :`Qri? #v a2+iQ`
�12yT,t�12 �12yT,t �24yT,t �36yT,t �48yT,t
�12yNT,t�12 �12yNT,t �24yNT,t �36yNT,t �48yNT,t
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"X .Bz2`2M+2 Q7 �p;X *mKmH�iBp2 AM+QK2 :`Qri? �+`Qbb a2+iQ`b
�12(yT,t�12 � yNT,t�12) �12(yT,t � yNT,t)
�24(yT,t � yNT,t) �36(yT,t � yNT,t)
�48(yT,t � yNT,t)

LQi2b, S�M2H � U`2bTX S�M2H "V THQib �p2`�;2 BM+QK2 ;`Qri? BM i?2 i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ` U`2bTX
i?2 /Bz2`2M+2 #2ir22M i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`bV +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM
Q7 �p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b i?�i ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X

jd



QM BKTQ`ib rBi? � HQr 2H�biB+Biv Q7 bm#biBimiBQM BM i?2 b?Q`i `mMX

8X9 *?�M;2b BM G�#Q` AM+QK2 _BbF
*�M i?2 /2+`2�b2 BM BM2[m�HBiv #2 2tTH�BM2/ #v � HQr2` H�#Q` BM+QK2 `BbF\ hQ BHHmbi`�i2 i?2
HQ;B+ Q7 i?Bb [m2biBQM- bmTTQb2 i?�i i?2 BM+QK2 T`Q+2bb 7QHHQrb � bi�M/�`/ �_URV T`Q+2bbX
h?2M- � /2+`2�b2 BM i?2 bi�M/�`/ /2pB�iBQM Q7 i?2 BMMQp�iBQM rQmH/ i`�MbH�i2 BMiQ � +QK@
T`2bbBQM Q7 i?2 bi�iBQM�`v /Bbi`B#miBQMX h?mb- � /2+`2�b2 BM i?2 bi�M/�`/ /2pB�iBQM Q7 BM+QK2
;`Qri? +QmH/ 2tTH�BM � HQr2` H2p2H Q7 BM2[m�HBivX PM2 TQi2MiB�H bQm`+2 Q7 � /2+HBM2 BM H�#Q`
BM+QK2 `BbF Bb i?2 Q#b2`p2/ b?�`T /2+`2�b2 BM i?2 b2T�`�iBQM `�i2 �7i2` i?2 kyyk /2p�Hm�iBQMX
h?2 HBi2`�im`2 ?�b T`2pBQmbHv /Q+mK2Mi2/ i?�i DQ# /BbTH�+2K2Mib �`2 ivTB+�HHv �bbQ+B�i2/
rBi? H�`;2 +mKmH�iBp2 2�`MBM;b HQbb2b Ub22 7Q` 2t�KTH2 .�pBb �M/ q�+?i2`- kyRRVX h?mb- B7
i?2 BM+B/2M+2 Q7 bm+? H�`;2 M2;�iBp2 b?Q+Fb /2+`2�b2b- i?2 /Bbi`B#miBQM �7i2` i?2 /2p�Hm�iBQM
+QmH/ #2+QK2 KQ`2 2[m�HX

L2p2`i?2H2bb- i?2 `2[mB`2K2Mib 7Q` i?Bb K2+?�MBbK iQ rQ`F �`2 MQi Q#b2`p2/ BM i?2 /�i�,
AM2[m�HBiv /2+`2�b2/ /2bTBi2 �M BM+`2�b2 BM i?2 bi�M/�`/ /2pB�iBQM Q7 BM+QK2 ;`Qri?X 6B;m`2
UR9V b?Qrb b2H2+i2/ KQK2Mib Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 ;`Qri?X .m`BM; i?2 `2+2bbBQM
�M/ #27Q`2 i?2 /2p�Hm�iBQM- i?2 BMi2`[m�`iBH2 `�M;2 Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 ;`Qri?
Bb �HKQbi +QMbi�Mi �M/ E2HH2vǶb bF2rM2bb +QMiBMmQmbHv /2+`2�b2b UbBKBH�` T�ii2`Mb ?�p2 #22M
/Q+mK2Mi2/ 7Q` i?2 la #v :mp2M2M- PxF�M �M/ aQM;- kyR9VX �7i2` i?2 /2p�Hm�iBQM- i?2`2
Bb � bB;MB}+�Mi BM+`2�b2 BM i?2 /BbT2`bBQM Q7 v2�`@Qp2`@v2�` BM+QK2 ;`Qri?X 6B;m`2 UR9V@S�M2H
" b?Qrb � b?�`T �M/ T2`bBbi2Mi BM+`2�b2 BM i?2 BMi2`[m�`iBH2 `�M;2 Q7 v2�`@Qp2`@v2�` BM+QK2
;`Qri? 7`QK #2HQr kyW mT iQ 9yWX JQ`2Qp2`- i?2 BM+`2�b2 BM /BbT2`bBQM Bb MQi bvKK2i`B+X
�7i2` i?2 /2p�Hm�iBQM- i?2`2 Bb � `2p2`b�H BM i?2 M2;�iBp2 i`2M/ BM i?2 bF2rM2bb- r?B+? +?�M;2b
7`QK @yXk iQ �M �p2`�;2 Q7 yXR8X AM Qi?2` rQ`/b- i?2 `B;?i i�BH Q7 i?2 /Bbi`B#miBQM Q7 BM+QK2
;`Qri? 2tT�M/bX �b S�M2H . b?Qrb- KQbi Q7 i?2 KQp2K2Mib BM bF2rM2bb +QK2 7`QK +?�M;2b
BM i?2 /Bbi`B#miBQM �#Qp2 i?2 K2/B�MěeyW Q7 E2HH2vǶb bF2rM2bb +�M #2 �ii`B#mi2/ iQ i?2
mTT2` i�BH �7i2` i?2 /2p�Hm�iBQMX

hrQ K2+?�MBbKb +QmH/ 2tTH�BM i?2 BM+`2�b2 BM H�#Q` BM+QK2 `BbFX 6B`bi- � H�`;2` `2�HHQ+�@
iBQM Q7 H�#Q`- bBM+2 i?2 `2�HHQ+�iBQM Q7 rQ`F2`b �+`Qbb 2KTHQvK2Mi bi�i2b- }`Kb- �M/ b2+iQ`b
Bb �bbQ+B�i2/ rBi? H�`;2 BM+QK2 p�`B�iBQMb- �b T`2pBQmbHv b?QrMX a2+QM/- i?2 7�+i i?�i i?2
bi�M/�`/ /2pB�iBQM Q7 BM+QK2 ;`Qri? Q7 DQ# bi�v2`b �HbQ BM+`2�b2b Ub22 6B;m`2 .XN BM q2#
�TT2M/BtV TQBMib iQ �M �//BiBQM�H K2+?�MBbK, ?2i2`Q;2M2Qmb �``Bp�H `�i2b Q7 �/DmbiK2Mi
iBK2b Q7 MQKBM�H BM+QK2 BM i?2 b?Q`i `mM �7i2` � /2p�Hm�iBQM- �M/ ?2i2`Q;2M2Qmb ;`Qri? BM
`2�H BM+QK2 +QM/BiBQM�H QM �/DmbiK2Mi BM i?2 K2/BmK `mMX
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6B;m`2 R9 Ĝ JQK2Mib Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 ;`Qri?
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LQi2b, h?2 T�M2Hb � iQ . THQi UBM i?2 7QHHQrBM; Q`/2`V i?2 �p2`�;2- i?2 BMi2`[m�`iBH2 `�M;2- E2HH2vǶb bF2rM2bb
UP90+P10�2⇥P50

P90�P10 V- �M/ i?2 /2+QKTQbBiBQM Q7 i?2 E2HH2vǶb bF2rM2bb UP90�P50
P90�P10 V Q7 v2�`@Qp2`@v2�` BM+QK2 ;`Qri?

7`QK kyyy iQ kyydX a22 6B;m`2 .XN BM q2# �TT2M/Bt . 7Q` i?2 +QKTH2i2 iBK2 b2`B2bX

e _Q#mbiM2bb �M/ *QM7QmM/BM; 6�+iQ`b
h?Bb b2+iBQM �M�Hvx2b r?2i?2` i?2 K�BM 7�+i T`2b2Mi2/ BM a2+iBQM 9 +QmH/ #2 /`Bp2M #v Qi?2`
7�+iQ`bX q2 T`QpB/2 2pB/2M+2 i?�i i?Bb Bb MQi i?2 +�b2X AM Q`/2` iQ �//`2bb i?Bb KQbi p�HB/
+QM+2`M- r2 +?2+F i?�i i?2 `2bmHib �`2 T`2b2Mi BM i?2 Qi?2` /2p�Hm�iBQMb BM i?2 b�KTH2X q2
�HbQ 2bi�#HBb? i?�i i?2v r2`2 MQi /`Bp2M #v +QM7QmM/BM; 7�+iQ`b 7`QK Qi?2` TQHB+B2b �z2+iBM;
i?2 H�#Q` K�`F2i BM �`;2MiBM�X q2 T`QpB/2 � bmKK�`v Q7 i?2 `2bmHib ?2`2- �M/ i?2 �M�HvbBb
+�M #2 7QmM/ BM i?2 q2# �TT2M/Bt 1X
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*?�M;2b BM i?2 KBMBKmK r�;2X h?2 MQKBM�H KQMi?Hv KBMBKmK r�;2 BM �`;2MiBM�
?�b #22M }t2/ �i kyy0 7`QK �m;mbi RNNj mMiBH CmHv kyyjXRe �7i2` i?2 kyyk /2p�Hm�iBQM- i?2`2
Bb � +QMiBMmQmb /`QT BM i?2 `2�H KBMBKmK r�;2- mMiBH Bib }`bi �/DmbiK2Mi BM CmHv kyyjX aBM+2
i?2M- Bi ?�b 2tT2`B2M+2/ � b2`B2b Q7 BM+`2�b2b- �M/ #v i?2 2M/ Q7 kyy8- Bib `2�H p�Hm2 #2+�K2
2[mBp�H2Mi iQ i?2 Ryi? T2`+2MiBH2 Q7 i?2 `2�H BM+QK2 /Bbi`B#miBQMX

q2 T`QpB/2 2pB/2M+2 b?QrBM; i?�i +?�M;2b BM i?2 `2�H KBMBKmK r�;2 +QmH/ MQi ?�p2
#22M i?2 K�BM /`Bp2` #2?BM/ i?2 /`QT BM BM2[m�HBiv �7i2` i?2 /2p�Hm�iBQMX 6B`bi- r2 b?Qr
i?�i i?2 iBKBM; Q7 i?Bb TQi2MiB�H 2tTH�M�iBQM Bb KBb�HB;M2/X aBt KQMi?b �7i2` i?2 /2p�Hm�iBQM-
/Bp2`;2Mi /vM�KB+b Q7 i?2 #QiiQK �M/ iQT T2`+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM 2K2`;2X
h?Bb Q++m`b r?BH2 �i i?2 b�K2 iBK2 i?2 `2�H KBMBKmK r�;2 F2Ti /2+`2�bBM; /m2 iQ � H�+F Q7
�/DmbiK2Mi �M/ #2+�K2 2p2M H2bb #BM/BM;X h?mb- i?2 /`QT BM BM2[m�HBiv T`2+2/2b i?2 BM+`2�b2
BM i?2 `2�H KBMBKmK r�;2X AM �//BiBQM- Bi Bb rQ`i? TQBMiBM; Qmi i?�i �7i2` i?2 H�`;2 BM+`2�b2
BM i?2 `2�H KBMBKmK r�;2 BM a2Ti2K#2` kyy9 Q7 KQ`2 i?�M ky HQ; TQBMib r2 /Q MQi b22 �Mv
7m`i?2` H�`;2 +?�M;2b BM BM2[m�HBivXRd

a2+QM/- i?2 ?2i2`Q;2M2Qmb `2+Qp2`v r2 Q#b2`p2 BM 6B;m`2 e Bb �HKQbi � HBM2�` 7mM+iBQM Q7
i?2 TQbBiBQM Q7 � rQ`F2` BM i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQMX Ai Bb ?B;?Hv mMHBF2 i?�i
+?�M;2b BM i?2 KBMBKmK r�;2 ?�/ bTBHH2/ Qp2` mT iQ i?2 3yi? Q` Nyi? T2`+2MiBH2 BM bm+? �
b?Q`i T2`BQ/ Q7 iBK2X

*?�M;2b BM b2p2`�M+2 T�vK2MibX _2�H H�#Q` BM+QK2 �M/ DQ# b2T�`�iBQMb /2+`2�b2/
/m`BM; i?2 kyyk /2p�Hm�iBQM- bm;;2biBM; i?�i BM+mK#2Mi rQ`F2`bǶ r�;2b �`2 �HHQ+�iBp2X 6Q`
i?Bb `2�bQM- r2 bim/v i?2 `QH2 Q7 �MQi?2` TQHB+v i?�i +QmH/ #v �M BKTQ`i�Mi /`Bp2` Q7 i?2
b2T�`�iBQM `�i2X

h?2 �`;2MiBM2�M ;Qp2`MK2Mi /Qm#H2/ b2p2`�M+2 T�vK2Mib BM 62#`m�`v Q7 kyykX q2
bim/v i?2 2z2+i Q7 i?Bb TQHB+v +?�M;2 rBi? i?`22 2t2`+Bb2X 6Q` 2�+? 2t2`+Bb2- r2 +QMbi`m+i
irQ ;`QmTb Q7 rQ`F2`b- QM2 i?�i Bb �z2+i #v i?2 b2p2`�M+2 TQHB+v �M/ �MQi?2` i?�i Bb MQiX h?2
7Q`K2` ;`QmTb Bb i?2 +QMi`QH ;`QmT i?�i �HHQr mb iQ bim/v i?2 BKT�+i Q7 +?�M;2b BM b2p2`�M+2
T�vK2MiX AM i?2 }`bi 2t2`+Bb2- r2 bim/v i?2 b2T�`�iBQM ;`QmT BM 7Q`K�H �M/ BM7Q`K�H rQ`F2`bX
"v +QMbi`m+iBQM- BM7Q`K�H rQ`F2`b /Q MQi `2+2Bp2 b2p2`�M+2 T�vK2MiX AM i?2 b2+QM/ 2t2`+Bb2-
r2 bim/v i?2 b2T�`�iBQM #v i2Mm`2 ;`QmTb mbBM; i?2 /Bb+QMiBMmQmb +?�M;2b Q7 b2p2`�M+2
T�vK2Mi BM bT2+B}+ KQMi?bX 6Q` 2t�KTH2- #v H�r- rQ`F2`b rBi? H2bb i?�M i?`22 U`2bTX KQ`2V
KQMi?b Q7 2KTHQvK2Mi /QMǶi U`2bTX /QV `2+2Bp2 b2p2`�M+2 T�vK2MiX AM i?2 i?B`/ 2t2`+Bb2-
r2 bim/v i?2 b2T�`�iBQM #v /�i2 �`QmM/ C�Mm�`v kyyj mbBM; i?2 /Bb+QMiBMmQmb +?�M;2 Q7

Re:Bp2M i?2 H�+F Q7 �/DmbiK2Mi BM bm+? � HQM; T2`BQ/ Q7 iBK2- Bi Bb MQi bm`T`BbBM; i?�i i?2 KQMi?Hv KBMBKmK
r�;2 #2+�K2 #BM/BM; 7Q` � bK�HH 7`�+iBQM Q7 i?2 TQTmH�iBQMX AM kyyR- Bi r�b 2[mBp�H2Mi iQ i?2 KQMi?Hv MQKBM�H
BM+QK2 Q7 � rQ`F2` BM i?2 kM/ T2`+2MiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQMX

Rdq2 /Q b22 �M BM+`2�b2 BM i?2 ;�T #2ir22M i?2 Ryi? T2`+2MiBH2 �M/ i?2 K2/B�M BM i?2 KQMi? Q7 i?2 BM+`2�b2
Q7 i?2 `2�H KBMBKmK r�;2 Q7 eWX >Qr2p2`- i?Bb /Bz2`2M+2 Bb +QKBM; 7`QK � +QKT`2bbBQM #2ir22M i?2 k8i?
T2`+2MiBH2 �M/ i?2 K2/B�M- #Qi? Q7 r?B+? �`2 7�` 7`QK i?2 KBMBKmK r�;2 2p2M �7i2` Bib BM+`2�b2X
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b2p2`�M+2 T�vK2Mi BM i?�i /�i2 7Q` M2r ?B`2bX qQ`F2`b #27Q`2 U`2bTX �7i2`V C�Mm�`v kyyj /Q
U`2bTX /QMǶiV `2+2Bp2 /Qm#H2 b2p2`�M+2 T�vK2MiX

�+`Qbb �HH i?2 2t2`+Bb2b �M/ 7Q` rQ`F2`b rBi? H2bb i?�M R8 KQMi?b Q7 i2Mm`2- r2 }M/ �
HBKBi2/ `QH2 7Q` i?2 BM+`2�b2 BM b2p2`�M+2 T�vK2Mi iQ 2tTH�BM i?2 i?2 /`QT BM i?2 b2T�`�iBQM
`�i2X qQ`F2`b rBi? H2bb i?�M R8 KQMi?b Q7 i2Mm`2 �`2 �HKQbi dyW Q7 iQi�H b2T�`�iBQMbX q?BH2
i?Bb b22Kb TmxxHBM; 7`QK �M 2+QMQKB+ T2`bT2+iBp2- bQK2 BMbiBimiBQM�H +?�M;2b `�iBQM�HBx2/
i?2 HBKBi2/ `QH2bX 6B`bi- QMHv e 2p2`v Ry K�H2 rQ`F2`b BM i?2 7Q`K�H b2+iQ` `2+2Bp2 b2p2`�M+2
T�vK2MiXR3 a2+QM/- i?2 b�K2 H�r i?�i BM+`2�b2/ i?2 b2p2`�M+2 T�vK2Mi �HbQ /2MB2/ BM/2t@
�iBQM BM i?2 2+QMQKv iQ �HH T�vK2MibX aBM+2 i?2 b2p2`�M+2 T�vK2Mi Bb � 7mM+iBQM Q7 T�bi
MQKBM�H BM+QK2 �M/ v2�`Hv BM~�iBQM 2tT2+i�iBQM r2`2 �`QmM/ NyW BM kyyk- `2�H b2p2`�M+2
T�vK2Mi �7i2` ;QBM; iQ i?2 Dm/B+B�`v rQmH/ MQi BM+`2�b2 BM `2�H i2`KbX h?2 bmT`2K2 +Qm`i
�HHQr2/ BM/2t�iBQM Q7 b2p2`�M+2 T�vK2Mib BM �m;mbi kyyjX

*?�M;2b BM ?Qm`b p2`bmb ?Qm`Hv r�;2bX h?`Qm;?Qmi i?2 T�T2`- r2 `2TQ`i 7�+ib �#Qmi
KQMi?Hv `2�H H�#Q` BM+QK2 �M/ MQi ?Qm`Hv r�;2b /m2 iQ /�i� HBKBi�iBQMbX L2p2`i?2H2bb- r2
T2`7Q`K2/ i?`22 2t2`+Bb2b iQ b?Qr i?�i i?2 K�BM 7�+ib T`2b2Mi2/ BM a2+iBQM 9 �`2 MQi /`Bp2M
#v ~m+im�iBQMb BM ?Qm`b Q7 rQ`F- #mi BMbi2�/ #v +?�M;2b BM ?Qm`Hv r�;2bX 6Q` � /2i�BH2/
/2b+`BTiBQM Q7 i?Bb `Q#mbiM2bb +?2+F- b22 q2# �TT2M/Bt a2+iBQM 1X9X

AM i?2 }`bi 2t2`+Bb2- r2 +QKTmi2/ �p2`�;2 r22FHv ?Qm`b �M/ i?2 /Bbi`B#miBQM Q7 �p2`�;2
r22FHv ?Qm`b #v [mBMiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM BM i?2 M�iBQM�H H�#Q` 7Q`+2 bm`p2v- r?B+?
/Q2b +QMi�BM BM7Q`K�iBQM QM ?Qm`b Q7 rQ`FX q?BH2 �p2`�;2 ?Qm`b rQ`F2/ /`QT #v �i KQbi
kW �7i2` i?2 kyyk /2p�Hm�iBQM- i?Bb K�;MBim/2 +�MMQi 2tTH�BM i?2 /`QT Q7 `2�H H�#Q` BM+QK2
Q7 �HKQbi jyWX q2 �HbQ }M/ �HKQbi MQ /Bz2`2M+2 BM i?2 2pQHmiBQM Q7 ?Qm`b rQ`F2/ �+`Qbb
[mBMiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQMX JQ`2Qp2`- i?2 bK�HH /`QT BM ?Qm`b Bb ?QKQ;2M2Qmb
�+`Qbb i?2 BM+QK2 /Bbi`B#miBQMX h?mb- /Bz2`2M+2b �+`Qbb BM+QK2 ;`QmTb +�MMQi �++QmMi 7Q`
i?2 H�`;2 /2+`2�b2 BM BM2[m�HBivX AM i?2 b2+QM/ 2t2`+Bb2- r2 �M�Hvx2/ rQ`F2`bǶ `2�H ?Qm`Hv
r�;2b mbBM; i?2 b�K2 /�i�X q2 }M/ i?�i i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 ?Qm`Hv r�;2b
7QHHQrb +HQb2Hv i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 KQMi?Hv BM+QK2X

AM i?2 H�bi 2t2`+Bb2- r2 /BpB/2 rQ`F2`b �++Q`/BM; iQ i?2B` 7mHH@ �M/ T�`i@iBK2 bi�imb mbBM;
BM7Q`K�iBQM QM rQ`F2`bǶ ivT2b Q7 H�#Q` +QMi`�+i BM i?2 aAS� /�i�b2iXRN q2 }M/ [mBi2 bBKBH�`
/vM�KB+b Q7 i?2 K2�M `2�H H�#Q` BM+QK2 �+`Qbb ;`QmTb Q7 7mHH@ �M/ T�`i@iBK2 rQ`F2`bX q2 �HbQ

R3h?2`2 �`2 irQ `2�bQMb r?v i?2 b2p2`�M+2 T�vK2Mi /Q MQi �TTHv BM bQK2 +�b2bX PM2- MQM2 Q7 i?2 rQ`F2`b
r?Q HQbi i?2B` DQ#b #2+�mb2 i?2 +QMi`�+i +�K2 iQ �M 2M/ BM � }t2/@i2`K +QMi`�+i `2TQ`i `2+2BpBM; b2p2`�M+2X
a2+QM/- �M BM2z2+iBp2 Dm/B+B�`v iQ;2i?2` i?�i H�v2`Ƕb 722b �`2 mbm�HHv � b?�`2 Q7 i?2 b2p2`�M+2 T�vK2Mi- BKTHB2b
i?�i QMHv rQ`F2`b rBi? ?B;?2` b2p2`�M+2 T�vK2Mi +�M }M/ � H�rv2` rBHHBM; iQ `2T`2b2Mi ?2`f?BKX

RNh?2 7mHH@iBK2 ;`QmT BM+Hm/2b rQ`F2`b rBi? �M/ rBi?Qmi � i2`KBM�iBQM /�i2 bT2+B}2/ BM i?2B` +QMi`�+ibX
h?2 T�`i@iBK2 ;`QmT �HbQ BM+Hm/2b b2�bQM�H rQ`F2`b- i`�BM22b- �M/ i2KTQ`�`v rQ`F2`bX AM Q`/2` iQ #2 Qp2`Hv
+�miBQmb- r2 �HbQ BM+Hm/2 BM i?Bb ;`QmT �HH rQ`F2`b BM i?2 �;`B+mHim`2- KBMBM;- }b?BM;- �M/ +QMbi`m+iBQM b2+iQ`b
/m2 iQ i?2 BMi2`KBii2Mi rQ`FBM; T2`BQ/b i?2b2 b2+iQ`b ?�p2X
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}M/ bBKBH�` /vM�KB+b BM i?2 BMi2`[m�`iBH2 `�M;2 �M/ i?2 bi�M/�`/ /2pB�iBQM Q7 i?2 /Bbi`B#miBQM
Q7 H�#Q` BM+QK2 �+`Qbb ;`QmTbX

qQ`F2`@bT2+B}+ BM~�iBQMX A7 r2 �`2 BMi2`2bi2/ BM � rQ`F2`Ƕb +QMbmKTiBQM TQbbB#BHBiB2b
�7i2` � /2p�Hm�iBQM- i?2 �TT`QT`B�i2 /2~�iQ` 7Q` � rQ`F2`Ƕb MQKBM�H BM+QK2 UyiV b?QmH/ #2
#�b2/ QM 2�+? rQ`F2`Ƕb +QMbmKTiBQM #�bF2i UpiV BMbi2�/ Q7 i?2 �;;`2;�i2 *SA UpVX q2 +�M
/2+QKTQb2 `2�H BM+QK2 Q7 BMi2`2bi �b, yi/pi ⌘ (yi/p)⇥ (p/pi)X AM i?Bb T�T2`- r2 7Q+mb QM i?2
}`bi +QKTQM2Mi yi/p iQ K�F2 i?2 +QKT�`BbQM Q7 `2�H BM+QK2 /vM�KB+b �+`Qbb rQ`F2`b KQ`2
i`�MbT�`2MiX

AM q2# �TT2M/Bt a2+iBQM 1X8 r2 `2T`Q/m+2 6B;m`2 e +QMbi`m+iBM; K2�bm`2b Q7 rQ`F2`@
bT2+B}+ /2~�iQ`bX lbBM; KB+`Q@/�i� 7`QK i?2 M�iBQM�H 2tT2M/Bim`2 bm`p2v BM �`;2MiBM�- r2
/Q+mK2Mi i?�i Bi Bb BM/22/ i?2 +�b2 i?�i ?Qmb2?QH/b rBi? HQr2` BM+QK2b 2tT2`B2M+2/ � ?B;?2`
BM~�iBQM `�i2 �7i2` i?2 /2p�Hm�iBQM- bBM+2 i?2B` +QMbmKTiBQM #�bF2i Bb iBHi2/ iQr�`/b ;QQ/b
rBi? T`B+2b i?�i +Q@KQp2 KQ`2 rBi? i?2 MQKBM�H 2t+?�M;2 `�i2 U�b BM *`�pBMQ �M/ G2p+?2MFQ-
kyRdVX >Qr2p2`- i?2b2 /Bz2`2M+2b BM rQ`F2`@bT2+B}+ BM~�iBQM `�i2b �`2 MQi H�`;2 2MQm;? iQ
Qp2`im`M Qm` K�BM 7�+iX

h?2 BM7Q`K�H H�#Q` K�`F2iX AM q2# �TT2M/Bt a2+iBQM 1Xe- r2 T`QpB/2 � #`Q�/2` TB+im`2
Q7 i?2 �`;2MiBM2 H�#Q` K�`F2i /m`BM; /2p�Hm�iBQMb #v 2ti2M/BM; i?2 �M�HvbBb iQ i?2 BM7Q`K�H
H�#Q` K�`F2iX 6B`bi- `2;�`/BM; i?2 /vM�KB+b Q7 H�#Q` BM+QK2- r2 }M/ i?�i Bi �HbQ /2+`2�b2b BM
i?2 BM7Q`K�H K�`F2i �7i2` /2p�Hm�iBQMbX AM 7�+i- i?2 /`QT Bb H�`;2` �M/ 2p2M KQ`2 T2`bBbi2Mi
i?�i BM i?2 7Q`K�H b2+iQ`X >Qr2p2`- r2 /Q MQi b22 � +H2�` +QKT`2bbBQM Q7 i?2 +`Qbb@b2+iBQM�H
/Bbi`B#miBQM Q7 BM7Q`K�H BM+QK2X h?Bb Bb +QMbBbi2Mi rBi? i?2 7�+i i?�i mMBQMb Ĝr?B+? �`2
T`2b2Mi QMHv BM i?2 7Q`K�H b2+iQ`Ĝ 2tTH�BM � 7�bi2` `2+Qp2`v Q7 `2�H BM+QK2bX

_2;�`/BM; i?2 /vM�KB+b Q7 BM7Q`K�H 2KTHQvK2Mi- r2 }M/ i?�i �7i2` i?2 /2p�Hm�iBQM i?2
b?�`2 Q7 BM7Q`K�H 2KTHQvK2Mi /2+`2�b2b- r?B+? Bb BM HBM2 rBi? BKT`QpBM; +QM/BiBQMb BM i?2
7Q`K�H H�#Q` K�`F2iX AM �//BiBQM- bBM+2 i?2 /2+HBM2 Q7 i?2 BM7Q`K�HBiv `�i2 Bb �bbQ+B�i2/ rBi?
i`�MbBiBQMb 7`QK i?2 BM7Q`K�H iQ i?2 7Q`K�H b2+iQ` Ur?B+? QM �p2`�;2 T�vb ?B;?2` r�;2bV-
H�#Q` KQ#BHBiv TH�vb �M �//BiBQM�H `QH2 BM +QKT`2bbBM; i?2 Qp2`�HH BM+QK2 /Bbi`B#miBQMX

d *QM+HmbBQM
q2 bim/v H�#Q` BM+QK2 /vM�KB+b /m`BM; H�`;2 /2p�Hm�iBQMb BM �`;2MiBM�X Pm` K�BM 7�+i
Bb � ?2i2`Q;2M2Qmb `2+Qp2`v Q7 i?2 `2�H BM+QK2 �+`Qbb i?2 BM+QK2 /Bbi`B#miBQMX q2 2tTHQ`2
TQi2MiB�H K2+?�MBbKb 7Q` i?Bb 7�+i- }M/BM; 2KTB`B+�H bmTTQ`i 7Q` K2+?�MBbKb BMpQHpBM; ?2i@
2`Q;2M2Qmb H�#Q` KQ#BHBiv �M/ ?2i2`Q;2M2Qmb /2;`22b Q7 mMBQMBx�iBQM �+`Qbb i?2 BM+QK2 /Bb@
i`B#miBQMX q2 /Q MQi }M/ 2KTB`B+�H bmTTQ`i 7Q` K2+?�MBbK BMpQHpBM; �M BM+`2�b2 BM H�#Q`

9k



K�`F2i `BbF �M/ ?2i2`Q;2M2Qmb 2tTQbm`2 iQ i`�/2X AM+Q`TQ`�iBM; i?2b2 7�+ib iQ � +�MQMB+�H
KQ/2H Q7 bm//2M biQTb Bb i?2 M2ti bi2T BM i?Bb `2b2�`+? �;2M/�X

9j



_272`2M+2b
�m+H2`i- �X �M/ _Q;MHB2- JX UkyR3VX AM2[m�HBiv �M/ �;;`2;�i2 /2K�M/X h2+?X `2TX- L�@

iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

"�H�bb�- "X URNe9VX h?2 Tm`+?�bBM;@TQr2` T�`Biv /Q+i`BM2, � `2�TT`�Bb�HX CQm`M�H Q7 TQHBi@
B+�H 1+QMQKv- dk UeV- 839Ĝ8NeX

"�`�iiB2`B- �X- "�bm- aX �M/ :Qiib+?�HF- SX UkyR9VX aQK2 2pB/2M+2 QM i?2 BKTQ`i�M+2
Q7 biB+Fv r�;2bX �K2`B+�M 1+QMQKB+ CQm`M�H, J�+`Q2+QMQKB+b- e URV- dyĜRyRX

"BHb- JX �M/ EH2MQr- SX CX Ukyy9VX aQK2 2pB/2M+2 QM i?2 BKTQ`i�M+2 Q7 biB+Fv T`B+2bX
CQm`M�H Q7 TQHBiB+�H 2+QMQKv- RRk U8V- N9dĜN38X

"m`/2ii- EX �M/ JQ`i2Mb2M- .X hX URNN3VX q�;2 /Bz2`2MiB�Hb- 2KTHQv2` bBx2- �M/ mM@
2KTHQvK2MiX AMi2`M�iBQM�H 1+QMQKB+ _2pB2r- TTX k8dĜkdjX

"m`bi2BM- �X- 1B+?2M#�mK- JX �M/ _2#2HQ- aX Ukyy8VX G�`;2 .2p�Hm�iBQMb �M/ i?2
_2�H 1t+?�M;2 _�i2X CQm`M�H Q7 SQHBiB+�H 1+QMQKv- RRj U9VX

"mb+?- *X- .QK2BD- .X- :mp2M2M- 6X �M/ J�/2`�- _X UkyR3VX �bvKK2i`B+ #mbBM2bb@
+v+H2 `BbF �M/ bQ+B�H BMbm`�M+2X h2+?X `2TX- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

*�KT�- CX JX �M/ :QH/#2`;- GX aX UkyyRVX 1KTHQvK2Mi p2`bmb r�;2 �/DmbiK2Mi �M/
i?2 mb /QHH�`X _2pB2r Q7 1+QMQKB+b �M/ ai�iBbiB+b- 3j UjV- 9ddĜ93NX

*?`BbiB�MQ- GX- 1B+?2M#�mK- JX �M/ 1p�Mb- *X Ukyy8VX LQKBM�H `B;B/BiB2b �M/ i?2
/vM�KB+ 2z2+ib Q7 � b?Q+F iQ KQM2i�`v TQHB+vX CQm`M�H Q7 SQHBiB+�H 1+QMQKv- RRj URV- TTX
RĜ98X

*`�pBMQ- CX �M/ G2p+?2MFQ- �X �X UkyRdVX h?2 /Bbi`B#miBQM�H +QMb2[m2M+2b Q7 H�`;2
/2p�Hm�iBQMbX �K2`B+�M 1+QMQKB+ _2pB2r- Ryd URRV- j9ddĜj8yNX

*m;�i- :X UkyRNVX 1K2`;BM; K�`F2ib- ?Qmb2?QH/ ?2i2`Q;2M2Biv- �M/ 2t+?�M;2 `�i2 TQHB+vX
h2+?X `2TX- LQ`i?r2bi2`M lMBp2`bBivX

.�pBb- aX CX �M/ >�HiBr�M;2`- CX URNNkVX :`Qbb DQ# +`2�iBQM- ;`Qbb DQ# /2bi`m+iBQM- �M/
2KTHQvK2Mi `2�HHQ+�iBQMX h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- Ryd UjV- 3RNĜ3ejX

Ė �M/ q�+?i2`- hX oX UkyRRVX _2+2bbBQMb �M/ i?2 +Qbib Q7 DQ# HQbbX "`QQFBM;b S�T2`b QM
1+QMQKB+ �+iBpBiv- TTX RĜdkX

.B+F2Mb- qX hX- :Q2ii2- GX- :`Qb?2M- 1X GX- >QH/2M- aX- J2bbBM�- CX-
a+?r2Bix2`- JX 1X- hm`mM2M- CX �M/ q�`/- JX 1X UkyydVX >Qr r�;2b +?�M;2, KB+`Q
2pB/2M+2 7`QK i?2 BMi2`M�iBQM�H r�;2 ~2tB#BHBiv T`QD2+iX CQm`M�H Q7 1+QMQKB+ S2`bT2+iBp2b-
kR UkV- RN8ĜkR9X

.Bt@*�`M2B`Q- _X �M/ EQp�F- "X EX UkyRdVX h`�/2 HB#2`�HBx�iBQM �M/ `2;BQM�H /vM�KB+bX
�K2`B+�M 1+QMQKB+ _2pB2r- Ryd URyV- kNy3Ĝ9eX

.Q2TF2- JX �M/ a+?M2B/2`- JX UkyyeVX AM~�iBQM �M/ i?2 `2/Bbi`B#miBQM Q7 MQKBM�H r2�Hi?X
CQm`M�H Q7 SQHBiB+�H 1+QMQKv- RR9 UeV- RyeNĜRyNdX
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.`2MBF- �X- S2`2B`�- :X �M/ S2`2x- .X CX UkyR3VX q2�Hi? `2/Bbi`B#miBQM �7i2` 2t+?�M;2
`�i2 /2p�Hm�iBQMbX �1� S�T2`b �M/ S`Q+22/BM;b- Ry3- 88kĜ8eX

1B+?2M;`22M- "X �M/ a�+?b- CX URN38VX 1t+?�M;2 _�i2b �M/ 1+QMQKB+ _2+Qp2`v BM i?2
RNjybX h?2 CQm`M�H Q7 1+QMQKB+ >BbiQ`v- 98 U9V- Nk8ĜN9eX

6`Ō�b- CX �X- E�TH�M- .X aX �M/ o2`?QQ;2M- 1X �X UkyyNVX 1tTQ`ib �M/ r�;2 T`2KB�,
1pB/2M+2 7`QK J2tB+�M 2KTHQv2`@2KTHQv22 /�i�X h2+?X `2TX

:�bT�`BMB- GX �M/ hQ`M�`QHHB- GX UkyyNVX G�#Q` BM7Q`K�HBiv BM H�iBM �K2`B+� �M/ i?2
+�`B##2�M, S�ii2`Mb �M/ i`2M/b 7`QK ?Qmb2?QH/ bm`p2v KB+`Q/�i�X _2pBbi� .2b�``QHHQ v
aQ+B2/�/- UejV- RjĜ3yX

:QH/#2`;- GX �M/ h`�+v- CX UkyyRVX 1t+?�M;2 `�i2b �M/ r�;2bX h2+?X `2TX- L�iBQM�H
"m`2�m Q7 1+QMQKB+ _2b2�`+?X

:Qm`BM+?�b- SX@PX URNN3VX 1t+?�M;2 `�i2b �M/ DQ#b, q?�i /Q r2 H2�`M 7`QK DQ# ~Qrb\
L"1_ K�+`Q2+QMQKB+b �MMm�H- Rj- R8jĜky3X

Ė URNNNVX 1t+?�M;2 `�i2b /Q K�ii2`, 6`2M+? DQ# `2�HHQ+�iBQM �M/ 2t+?�M;2 `�i2 im`#mH2M+2-
RN39ĜRNNkX 1m`QT2�M 1+QMQKB+ _2pB2r- 9j UdV- RkdNĜRjReX

:`B;b#v- CX- >m`bi- 1X �M/ uBH/B`K�x- �X UkyRNVX �;;`2;�i2 MQKBM�H r�;2 �/DmbiK2Mib,
L2r 2pB/2M+2 7`QK �/KBMBbi`�iBp2 T�v`QHH /�i�X h2+?X `2TX- L�iBQM�H "m`2�m Q7 1+QMQKB+
_2b2�`+?X

:mp2M2M- 6X- PxF�M- aX �M/ aQM;- CX UkyR9VX h?2 L�im`2 Q7 *QmMi2`+v+HB+�H AM+QK2
_BbFX CQm`M�H Q7 SQHBiB+�H 1+QMQKv- Rkk UjV- ekRĜeeyX

>�HH- _X 1X Ukyy8VX CQ# HQbb- DQ# }M/BM;- �M/ mM2KTHQvK2Mi BM i?2 mb 2+QMQKv Qp2` i?2
T�bi }7iv v2�`bX L"1_ K�+`Q2+QMQKB+b �MMm�H- ky- RyRĜRjdX

>�mbK�M- CX EX- _?Q/2- SX qX �M/ qB2H�M/- CX 6X UkyRNVX _2+Qp2`v 7`QK i?2 ;`2�i
/2T`2bbBQM, h?2 7�`K +?�MM2H BM bT`BM; RNjjX �K2`B+�M 1+QMQKB+ _2pB2r- RyN UkV- 9kdĜdkX

>Q#BDM- "X �M/ �?BM- �X UkyyNVX CQ#@}M/BM; �M/ b2T�`�iBQM `�i2b BM i?2 Q2+/X 1+QMQKB+b
G2ii2`b- Ry9 UjV- Ryd Ĝ RRRX

>Q77K�MM- 1X "X �M/ J�H�+`BMQ- .X UkyRNVX 1KTHQvK2Mi iBK2 �M/ i?2 +v+HB+�HBiv Q7
2�`MBM;b ;`Qri?X CQm`M�H Q7 Sm#HB+ 1+QMQKB+b- ReN- ReyĜRdRX

C�;2`- aX- a+?Q272`- "X �M/ wr2BKȽHH2`- CX UkyRNVX J�`;BM�H DQ#b �M/ DQ# bm`THmb, �
i2bi Q7 i?2 2{+B2M+v Q7 b2T�`�iBQMbX h2+?X `2TX- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

CQ- uX CX UkyRNVX .QrMr�`/ MQKBM�H r�;2 `B;B/Biv BM i?2 lMBi2/ ai�i2bX h2+?X `2TX- h2+?MB+�H
`2TQ`i- *QHmK#B� lMBp2`bBivX

CQHBp2i- :X- SQbi2H@oBM�v- 6X �M/ _Q#BM- CX@JX UkyyeVX h?2 2KTB`B+�H +QMi2Mi Q7 i?2
DQ# b2�`+? KQ/2H, G�#Q` KQ#BHBiv �M/ r�;2 /Bbi`B#miBQMb BM 2m`QT2 �M/ i?2 mbX 1m`QT2�M
1+QMQKB+ _2pB2r- 8y U9V- 3dd Ĝ NydX

E�?M- aX URNNdVX 1pB/2M+2 Q7 MQKBM�H r�;2 biB+FBM2bb 7`QK KB+`Q/�i�X h?2 �K2`B+�M 1+Q@
MQKB+ _2pB2r- 3d U8V- NNjĜRyy3X
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E�TH�M- :X- JQHH- "X �M/ oBQH�Mi2- :X GX UkyR3VX JQM2i�`v TQHB+v �++Q`/BM; iQ ?�MFX
�K2`B+�M 1+QMQKB+ _2pB2r- Ry3 UjV- eNdĜd9jX

EH2BM- JX qX- a+?m?- aX �M/ h`B2bi- _X EX UkyyjVX CQ# +`2�iBQM- DQ# /2bi`m+iBQM- �M/
i?2 `2�H 2t+?�M;2 `�i2X CQm`M�H Q7 AMi2`M�iBQM�H 1+QMQKB+b- 8N UkV- kjNĜke8X

G2 "B?�M- >X- JQMiQ`MĐb- CX �M/ >2+F2H- hX UkyRkVX aiB+Fv r�;2b, 2pB/2M+2 7`QK
[m�`i2`Hv KB+`Q2+QMQKB+ /�i�X �K2`B+�M 1+QMQKB+ CQm`M�H, J�+`Q2+QMQKB+b- 9 UjV- RĜ
jkX

J2M/Qx�- 1X :X UkyRyVX am//2M biQTb- }M�M+B�H +`Bb2b- �M/ H2p2`�;2X �K2`B+�M 1+QMQKB+
_2pB2r- Ryy U8V- RN9RĜeeX

JQ`i2Mb2M- .X hX �M/ SBbb�`B/2b- *X �X URNN9VX CQ# +`2�iBQM �M/ DQ# /2bi`m+iBQM BM
i?2 i?2Q`v Q7 mM2KTHQvK2MiX h?2 `2pB2r Q7 2+QMQKB+ bim/B2b- eR UjV- jNdĜ9R8X

Lm++B- 6X �M/ SQxxQHQ- �X 6X UkyRyVX h?2 2t+?�M;2 `�i2- 2KTHQvK2Mi �M/ ?Qm`b, q?�i
}`K@H2p2H /�i� b�vX CQm`M�H Q7 AMi2`M�iBQM�H 1+QMQKB+b- 3k UkV- RRkĜRkjX

SBbb�`B/2b- *X �X UkyyNVX h?2 mM2KTHQvK2Mi pQH�iBHBiv TmxxH2, Ab r�;2 biB+FBM2bb i?2
�Mbr2`\ 1+QMQK2i`B+�- dd U8V- RjjNĜRjeNX

_B//2`- :X �M/ p�M /2M "2`;- :X CX UkyyjVX J2�bm`BM; H�#Q` K�`F2i 7`B+iBQMb, � +`Qbb@
+QmMi`v +QKT�`BbQMX CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM- R URV- kk9Ĝk99X

a�Km2HbQM- SX �X URNe9VX h?2Q`2iB+�H MQi2b QM i`�/2 T`Q#H2KbX h?2 `2pB2r Q7 2+QMQKB+b
�M/ bi�iBbiB+b- TTX R98ĜR89X

a+?KBii@:`Q?ö- aX �M/ l`B#2- JX UkyReVX .QrMr�`/ MQKBM�H r�;2 `B;B/Biv- +m``2M+v
T2;b- �M/ BMpQHmMi�`v mM2KTHQvK2MiX CQm`M�H Q7 SQHBiB+�H 1+QMQKv- Rk9 U8V- R9eeĜR8R9X

a?BK2`- _X Ukyy8VX h?2 +v+HB+�H #2?�pBQ` Q7 2[mBHB#`BmK mM2KTHQvK2Mi �M/ p�+�M+B2bX h?2
�K2`B+�M 1+QMQKB+ _2pB2r- N8 URV- k8Ĝ9NX

Ė UkyRkVX _2�bb2bbBM; i?2 AMb �M/ Pmib Q7 lM2KTHQvK2MiX _2pB2r Q7 1+QMQKB+ .vM�KB+b-
R8 UkV- RkdĜR93X

aB;m`/bbQM- CX �M/ aB;m`/�`/QiiB`- _X UkyRRVX 1pB/2M+2 Q7 LQKBM�H q�;2 _B;B/Biv
�M/ q�;2 a2iiBM; 7`QK A+2H�M/B+ JB+`Q/�i�X 1+QMQKB+b rT88- .2T�`iK2Mi Q7 1+QMQKB+b-
*2Mi`�H #�MF Q7 A+2H�M/X

aQM;- CX- S`B+2- .X CX- :mp2M2M- 6X- "HQQK- LX �M/ oQM q�+?i2`- hX UkyR3VX
6B`KBM; mT BM2[m�HBivX h?2 Zm�`i2`Hv DQm`M�H Q7 2+QMQKB+b- Rj9 URV- RĜ8yX

aiQ`2bH2ii2M- EX- h2HK2`- *X AX �M/ u�`QM- �X Ukyy9VX *v+HB+�H .vM�KB+b BM A/BQbvM@
+`�iB+ G�#Q` J�`F2i _BbFX CQm`M�H Q7 SQHBiB+�H 1+QMQKv- RRk UjV- eN8ĜdRdX
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