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�;2@bT2+B}+ BM+QK2 i`2M/b BM 1m`QT2,
h?2 `QH2 Q7 2KTHQvK2Mi- r�;2b- �M/ bQ+B�H i`�Mb72`b

�mi?Q`b, "2`M?�`/ >�KK2`R- aQMD� aTBix2`k- �H2tB� S`bF�r2ixj

�#bi`�+i

h?Bb bim/v �M�Hvb2b �;2@bT2+B}+ /Bz2`2M+2b BM BM+QK2 i`2M/b BM MBM2 1m`QT2�M +QmMi`B2bX "�b2/ QM
/�i� 7`QK L�iBQM�H �++QmMib �M/ i?2 1m`QT2�M lMBQM ai�iBbiB+b QM AM+QK2 �M/ GBpBM; *QM/BiBQMb-
r2 [m�MiB7v �;2@bT2+B}+ +?�M;2b BM BM+QK2 #2ir22M kyy3 �M/ kyRd �M/ /2+QKTQb2 i?2b2 +?�M;2b
BMiQ 2KTHQvK2Mi- r�;2b- �M/ Tm#HB+ i`�Mb72` +QKTQM2MibX _2bmHib b?Qr i?�i BM+QK2 Q7 i?2 vQmM;2`
�;2 ;`QmTb bi�;M�i2/ Q` /2+HBM2/ BM KQbi +QmMi`B2b bBM+2 kyy3- r?BH2 BM+QK2 Q7 i?2 QH/2` TQTmH�iBQM
BM+`2�b2/X h?2 /2+QKTQbBiBQM �M�HvbBb BM/B+�i2b i?�i i?2 K�BM /`Bp2`b Q7 i?2 /Bp2`;BM; i`2M/b �`2
?B;?2` 2KTHQvK2Mi �KQM; i?2 QH/2` TQTmH�iBQM �M/ � bi`QM; BM+`2�b2 BM Tm#HB+ T2MbBQMb- 2bT2+B�HHv
7Q` rQK2MX

E2vrQ`/b, :2M2`�iBQM�H 1+QMQKv- AM+QK2- AMi2`;2M2`�iBQM�H 1[mBiv

Rhl qB2M- #2`M?�`/X?�KK2`!imrB2MX�+X�i
kqBii;2Mbi2BM *2Mi`2 7Q` .2KQ;`�T?v �M/ :HQ#�H >mK�M *�TBi�H UAA�a�- P2�q- lMBp2`bBiv Q7 oB2MM�V-
bQMD�XbTBix2`!mMBpB2X�+X�i

jqBii;2Mbi2BM *2Mi`2 7Q` .2KQ;`�T?v �M/ :HQ#�H >mK�M *�TBi�H UAA�a�- P2�q- lMBp2`bBiv Q7 oB2MM�V �M/ hl qB2M-
�7T!imrB2MX�+X�i

R



R AMi`Q/m+iBQM
AM+QK2 Q7 vQmM; �/mHib 72HH #2?BM/ i?2 BM+QK2 Q7 i?2 QH/2` TQTmH�iBQM BM KQbi 1m`QT2�M +QmMi`B2b
#2ir22M kyy3 �M/ kyRd- 2p2M BM +QmMi`B2b r?2`2 2KTHQvK2Mi `�i2b �KQM; i?2 vQmM; BM+`2�b2/ U1m@
`Qbi�i- kyky/-+VX >Qr2p2`- T`2pBQmb `2b2�`+? ?�b Tmi HBiiH2 2KT?�bBb QM 2ti2Mi �M/ i?2 +�mb2b Q7
�;2@bT2+B}+ /Bz2`2M+2b BM BM+QK2 i`2M/bX h?2 HBKBi2/ 2pB/2M+2 7Q+mb2b QM 2[mBp�HBb2/ ?Qmb2?QH/ BM@
+QK2 �M/ b?Qrb i?�i BM+QK2 Q7 ?Qmb2?QH/b rBi? +?BH/`2M �M/ vQmM; �/mHib bi�;M�i2/ Q` /2+`2�b2/
BM KQbi Q7 1m`QT2 �7i2` i?2 }M�M+B�H +`BbBb- r?BH2 Bi BM+`2�b2/ 7Q` i?2 QH/2` TQTmH�iBQM U*?2M 2i �HX-
kyR3c qBii;2Mbi2BM *2Mi`2- kykyVX q?BH2 2KTHQvK2Mi Bb B/2MiB}2/ �b �M BKTQ`i�Mi 2tTH�M�iBQM Q7
i?2 �;2@bT2+B}+ +?�M;2b BM BM+QK2- Qi?2` 7�+iQ`b ?�p2 `�`2Hv #22M bim/B2/ /B`2+iHvX *?2M 2i �HX UkyR3V
bm;;2bib i?�i #2bB/2 2KTHQvK2Mi- Tm#HB+ i`�Mb72`b �`2 BKTQ`i�Mi /`Bp2`b Q7 ;2M2`�iBQM�H /BbT�`BiB2b BM
BM+QK2X

EMQrH2/;2 �#Qmi �;2@bT2+B}+ BM+QK2 i`2M/b �M/ i?2B` /2i2`KBM�Mib Bb M2+2bb�`v iQ mM/2`bi�M/ +2M@
i`�H 2+QMQKB+ �M/ /2KQ;`�T?B+ /2p2HQTK2MibX �7i2` i?2 }M�M+B�H +`BbBb- TQp2`iv `�i2b BM+`2�b2/ Q`
bi�;M�i2/ �i ?B;? H2p2H �KQM; vQmM; �/mHib �M/ 7�KBHv ?Qmb2?QH/b BM K�Mv +QmMi`B2bX "v +QMi`�bi-
TQp2`iv `�i2b �KQM; QH/2` �/mHib /2+HBM2/ /m`BM; i?2 b�K2 T2`BQ/ U1m`Qbi�i- kyky#VX am+? /2p2HQT@
K2Mib `2[mB`2 �ii2MiBQM- #2+�mb2 i?2 2+QMQKB+ bBim�iBQM Q7 vQmM; �/mHib Bb � +`m+B�H /2i2`KBM�Mi B7
�M/ r?2M i?2v 7QmM/ � 7�KBHv �M/ i?2 MmK#2` Q7 +?BH/`2M i?2v ?�p2X *QMb2[m2MiHv- i?2B` /2i2`BQ`�i@
BM; 2+QMQKB+ bBim�iBQM Bb �KQM; i?2 2tTH�M�iBQMb 7Q` /2+HBM2 BM 72`iBHBiv BM b2p2`�H 1m`QT2�M +QmMi`B2b
UJ�ivbB�F 2i �HX- kykyc AJ6- kyR3c :QH/bi2BM 2i �HX- kyRjVX h?2 *PoA.@RN T�M/2KB+- BM �//BiBQM iQ
TQTmH�iBQM �;2BM;- rBHH 7m`i?2` BM+`2�b2 T`2bbm`2 QM vQmM; ;2M2`�iBQMb BM i?2 v2�`b iQ +QK2X Ai Bb i?mb
Q7 miKQbi BKTQ`i�M+2 iQ bim/v i?2 /`Bp2`b Q7 BM+QK2 +?�M;2b �i 2�+? HB72@bi�;2 iQ mM/2`bi�M/ i?2B`
`2H�iBQM rBi? bQ+B�H- 2+QMQKB+ �M/ /2KQ;`�T?B+ /2p2HQTK2MibX

1KTHQvK2Mi Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q` i?2 mM/2`bi�M/BM; Q7 �;2@bT2+B}+ /Bz2`2M+2b BM BM+QK2
i`2M/b- KQbi MQi�#Hv BM aQmi?2`M 1m`QT2X "2ir22M kyy3 �M/ kyRd- 2KTHQvK2Mi `�i2b Q7 i?2 R8@
jN@v2�`@QH/ /2+`2�b2/ #v N T2`+2Mi�;2@TQBMib BM Ai�Hv- :`22+2- �M/ aT�BM- r?BH2 2KTHQvK2Mi �KQM;
i?2 TQTmH�iBQM �;2/ 9y@8N BM+`2�b2/ U1m`Qbi�i- kyky+VX AM �//BiBQM- vQmM; T2QTH2 }M/ i?2Kb2Hp2b
BM+`2�bBM;Hv 2Mi`�TT2/ BM BMb2+m`2 �M/ i2KTQ`�`v rQ`F U"�`#B2`B 2i �HX- kyRNc :�`B#�H/B �M/ h�//2B-
kyRjVX h?Bb bi`QM; /2i2`BQ`�iBQM Q7 2KTHQvK2Mi QTTQ`imMBiB2b 7Q` i?2 vQmM; Bb 7QmM/ iQ #2 `2BM7Q`+2/
#v H�#Qm` K�`F2i BMbiBimiBQMb i?�i ;2M2`�i2 � T`QMQmM+2/ /m�HBiv BM i?2 H�#Qm` K�`F2ib, i?2 QH/2`-
T2`K�M2Mi 2KTHQv22b �`2 bi`QM;Hv T`Qi2+i2/- r?BH2 i?2 BMb2+m`Biv /m2 iQ � ~2tB#BHBb�iBQM Q7 i?2 H�#Qm`
K�`F2i ?�b #22M 2MiB`2Hv TH�+2/ QM vQmM; +Q?Q`ib U"�`#B2`B- kyRRc *?�mp2H �M/ a+?`ƺ/2`- kyR9VX 1K@
THQvK2Mi Q7 i?2 vQmM; �HbQ /2+`2�b2/ BM K�Mv q2bi2`M �M/ LQ`i?2`M 1m`QT2�M +QmMi`B2b- ?Qr2p2`-
iQ � Km+? H2bb2` /2;`22 i?�M BM aQmi?2`M 1m`QT2X "v +QMi`�bi- BM KQbi *2Mi`�H �M/ 1�bi2`M 1m`Q@
T2�M U*11V +QmMi`B2b 2KTHQvK2Mi BM+`2�b2/ 7Q` vQmM; �/mHib- �M/ 2p2M KQ`2 bQ 7Q` QH/2` rQ`FBM;
�;2 �/mHib U1m`Qbi�i- kyky+VX AM �HH 1m`QT2�M +QmMi`B2b 2t+2Ti i?2 i?`22 "�HiB+ +QmMi`B2b- A+2H�M/-
�M/ arBix2`H�M/ i?2 +?�M;2 Q7 2KTHQvK2Mi `�i2b BM T2`+2Mi�;2 TQBMib r�b KQ`2 7�pQm`�#H2 7Q` i?2
TQTmH�iBQM 9y@8N- +QKT�`2/ iQ i?2 TQTmH�iBQM R8@jNX _2K�`F�#H2 �`2 i?2 /Bz2`2M+2b #v ;2M/2`- rBi?
� Km+? bi`QM;2` BM+`2�b2 BM 2KTHQvK2Mi `�i2b Q7 rQK2M +QKT�`2/ iQ K2MX

�Hi?Qm;? 2KTHQvK2Mi Bb �M BKTQ`i�Mi /`Bp2` Q7 BM+QK2 i`2M/b- Bi /Q2b MQi 2MiB`2Hv 2tTH�BM i?2 mM2[m�H

k



/2p2HQTK2Mib BM BM+QK2 �+`Qbb �;2bX 6Q` 2t�KTH2- 2[mBp�HBb2/ BM+QK2 Q7 i?2 TQTmH�iBQM �;2/ e8Y
BM+`2�b2/ #v }p2 T2` +2Mi BM Ai�Hv �M/ b2p2M T2` +2Mi BM aT�BM- v2i rBi?Qmi �bbQ+B�i2/ BM+`2�b2b
BM 2KTHQvK2Mi 1m`Qbi�i Ukyky/VX h?Bb bm;;2bib i?�i BM �//BiBQM iQ 2KTHQvK2Mi- +?�M;2b BM r�;2b
�M/ Tm#HB+ i`�Mb72`b �`2 BKTQ`i�Mi +QKTQM2Mib iQ +QMbB/2` r?2M �M�HvbBM; i?2 mM/2`HvBM; +�mb2b
Q7 /Bp2`;BM; BM+QK2 i`2M/b �+`Qbb �;2 ;`QmTbX *?2M 2i �HX UkyR3V- 7Q` 2t�KTH2- bm;;2bib i?�i BM
�//BiBQM iQ H�#Qm` K�`F2i /2p2HQTK2Mib- i?2 /2bB;M Q7 bQ+B�H T`Qi2+iBQM Bb �M BKTQ`i�Mi /BK2MbBQM
iQ +QMbB/2`- bBM+2 Bi TQi2MiB�HHv ;m�`/b i?2 BM+QK2 Q7 QH/2` T2`bQMb r?BH2 Qz2`BM; HBiiH2 �bbBbi�M+2 iQ
vQmM; BM/BpB/m�HbX

.2bTBi2 i?2 BKTQ`i�Mi BKTHB+�iBQMb Q7 �;2@bT2+B}+ BM+QK2 i`2M/b 7Q` bQ+B2i�H �M/ /2KQ;`�T?B+ /2@
p2HQTK2Mi- MQ T`2pBQmb `2b2�`+?- iQ Qm` FMQrH2/;2- ?�b bvbi2K�iB+�HHv �M�Hvb2/ i?2b2 +?�M;2b BM �
+QKT�`�iBp2 K�MM2` 7Q` 1m`QT2X JQ`2Qp2`- Bi `2K�BMb mM+H2�` ?Qr 2KTHQvK2Mi- r�;2b �M/ Tm#HB+
i`�Mb72`b +QMi`B#mi2 iQ +?�M;2b BM BM+QK2 �+`Qbb /Bz2`2Mi ;2M2`�iBQMb BM i?2 T`2pBQmb /2+�/2bX Pm`
bim/v �BKb �i +HQbBM; i?2b2 ;�Tb #v �//`2bbBM; i?2 7QHHQrBM; `2b2�`+? [m2biBQMb #�b2/ QM /�i� 7`QK i?2
1m`QT2�M bvbi2K Q7 �++QmMib U1a�V �M/ i?2 1m`QT2�M ai�iBbiB+b QM AM+QK2 �M/ GBpBM; *QM/BiBQMb
U1l@aAG*V,

RX >Qr /B/ �;;`2;�i2 T2`@+�TBi� BM+QK2 �M/ Bib +QKTQM2Mib +?�M;2 #2ir22M kyy3 �M/ kyRd\

kX >Qr /Q i?2b2 +?�M;2b /Bz2` #2ir22M �;2 ;`QmTb\

jX q?�i /`Bp2b �;2@bT2+B}+ BM+QK2 i`2M/b, +?�M;2b BM 2KTHQvK2Mi- r�;2b- Q` i`�Mb72` BM+QK2\

h?2 +QmMi`B2b BM+Hm/2/ BM i?2 �M�HvbBb �`2 �mbi`B�- 1biQMB�- :`22+2- 6`�M+2- Ai�Hv- SQH�M/- aHQp2MB�-
aT�BM- �M/ ar2/2MX h?2b2 MBM2 +QmMi`B2b T`QpB/2 BM7Q`K�iBQM QM BM/BpB/m�H M2i BM+QK2 BM 1l@aAG*
7`QK kyy3 iQ kyRd- r?B+? Bb 2t@�Mi2 ?�`KQMBb2/ �M/ i?mb B/2�H 7Q` +QKT�`�iBp2 BM+QK2 bim/B2bX q2
7Q+mb QM BM/BpB/m�H BM+QK2 `�i?2` i?�M ?Qmb2?QH/ BM+QK2- bBM+2 i?2 H�ii2` TQi2MiB�HHv ?B/2b �;2@
bT2+B}+ +?�M;2b r?2M p�`BQmb ;2M2`�iBQMb HBp2 BM i?2 b�K2 ?Qmb2?QH/X JQ`2Qp2`- i?2 b2i Q7 +QmMi`B2b
`2T`2b2Mi /Bz2`2Mi r2H7�`2 `2;BK2b �M/ p�`BQmb 2+QMQKB+ /2p2HQTK2Mib /m`BM; i?2 Q#b2`p2/ T2`BQ/X

Pm` T�T2` Bb /BpB/2/ BMiQ i?`22 T�`ib- BM HBM2 rBi? Qm` i?`22 `2b2�`+? [m2biBQMbX 6B`bi- r2 K2�bm`2
iQi�H- MQM@�;2@bT2+B}+ +?�M;2b BM BM+QK2 �M/ Tm#HB+ `2/Bbi`B#miBQM #2ir22M kyy3 �M/ kyRd- mbBM;
�;;`2;�i2 2+QMQKB+ 1a� /�i�X �;;`2;�i2 /�i� �`2 KQ`2 +QKT`2?2MbBp2 �M/ `2HB�#H2 i?�M bm`p2v@
#�b2/ /�i� �M/ i?mb +QMbiBimi2 � #2M+?K�`F 7Q` +QKT�`BM; �M/ p2`B7vBM; i?2 bm`p2v@#�b2/ `2bmHibX
a2+QM/- r2 �M�Hvb2 �;2@bT2+B}+ +?�M;2b BM BM+QK2 #2ir22M kyy3 �M/ kyRd- mbBM; KB+`Q@H2p2H 1l@
aAG* /�i�X AM i?2 i?B`/ T�`i Q7 i?2 T�T2`- r2 /2+QKTQb2 i?2 �;2@bT2+B}+ +?�M;2b BM BM+QK2 BMiQ Bib
K�BM +QKTQM2Mib- i?2`2#v B/2MiB7vBM; ?Qr +?�M;2b BM 2KTHQvK2Mi- r�;2b �M/ bQ+B�H #2M2}ib �z2+i
�;2@bT2+B}+ BM+QK2 i`2M/bX

k .�i� �M/ J2i?Q/QHQ;v

kXR �;;`2;�i2 BM+QK2 BM i?2 1m`QT2�M avbi2K Q7 �++QmMib
.�i� 7`QK 1a� T`QpB/2 /2i�BH2/ BM7Q`K�iBQM QM i?2 H2p2H �M/ ivT2 Q7 ?Qmb2?QH/ b2+iQ` BM+QK2 �b
r2HH �b QM Tm#HB+ `2/Bbi`B#miBQM U7Q` � /2i�BH2/ /2b+`BTiBQM Q7 1a� b22 1m`QT2�M *QKKBbbBQM- kyRjVX

j



h?2 �MMm�H b2+iQ` �++QmMib �`2 �p�BH�#H2 7`QK i?2 1m`Qbi�i /�i�#�b2 U1m`Qbi�i- kyky�VX Pm` 7Q+mb Bb
QM 7Qm` [m�MiBiB2b, URV T`BK�`v BM+QK2 #27Q`2 Tm#HB+ `2/Bbi`B#miBQM- UkV T�vK2Mib Q7 i�t2b �M/ bQ+B�H
+QMi`B#miBQMb- UjV `2+2BTi Q7 bQ+B�H #2M2}ib- �M/ U9V /BbTQb�#H2 BM+QK2X h�F2M iQ;2i?2`- i?2b2 7Qm`
[m�MiBiB2b iQ;2i?2` bmKK�`Bx2 +?�M;2b BM iQi�H BM+QK2- i?2 2ti2Mi Q7 Tm#HB+ `2/Bbi`B#miBQM- �M/ Bib
+QMb2[m2M+2 7Q` /BbTQb�#H2 BM+QK2X 6Q` +QKT�`BbQM- r2 �HbQ +QMbB/2` :.S T2` +�TBi� �M/ Bib +?�M;2b-
#2+�mb2 Bi Bb i?2 KQbi +QKKQM K2�bm`2 Q7 2+QMQKB+ /2p2HQTK2MiX

RX S`BK�`v BM+QK2 BM 1a� K2�bm`2b BM+QK2 i?�i Bb ;2M2`�i2/ #v /B`2+i T�`iB+BT�iBQM BM i?2 T`Q@
/m+iBQM T`Q+2bb- #27Q`2 �Mv T�vK2Mi Q7 i�t2b Q` bQ+B�H +QMi`B#miBQMbX h?2 H�`;2bi +QKTQM2Mi
Q7 T`BK�`v BM+QK2 Q7 i?2 ?Qmb2?QH/ b2+iQ` Bb i?2 +QKT2Mb�iBQM Q7 2KTHQv22b- r?B+? +QMbBbi Q7
�HH ivT2b Q7 `2KmM2`�iBQM 7Q` rQ`F- BM+Hm/BM; bQ+B�H +QMi`B#miBQMb T�B/ #v 2KTHQv2`bX 6m`i?2`@
KQ`2- T`BK�`v BM+QK2 BM+Hm/2b �bb2i BM+QK2- bm+? �b BMi2`2bi- /BpB/2M/b- i?2 `2im`M iQ QrM2`b
Q7 mMBM+Q`TQ`�i2/ 2Mi2`T`Bb2b �M/ QrM2`@Q++mTB2/ ?QmbBM;X

kX h?2 BM+QK2 i�t `�iBQ K2�bm`2b BM+QK2 i�t2b `2H�iBp2 iQ T`BK�`v BM+QK2 �M/ i?mb b2`p2b �b �M
BM/B+�iQ` Q7 i?2 iQi�H bBx2 Q7 Tm#HB+ `2/Bbi`B#miBQMX 6Q` +�H+mH�iBM; i?2 BM+QK2 i�t `�iBQ- r2 +QK@
#BM2 b2p2`�H [m�MiBiB2b 7`QK 1a� �M/ BM7Q`K�iBQM QM i?2 i�t bi`m+im`2 U1m`QT2�M *QKKBbbBQM-
kyRNVX AM T�`iB+mH�`- Qm` /2}MBiBQM i�F2b BMiQ �++QmMi i�t2b QM T`Q/m+iBQM- i�t2b QM BM+QK2 �M/
r2�Hi? �b r2HH �b bQ+B�H +QMi`B#miBQMbX h�t2b T�B/ QM Tm#HB+ i`�Mb72`b bm+? �b T2MbBQMb �`2 MQi
BM+Hm/2/- #2+�mb2 M�iBQM�H p�`B�iBQMb BM i�t�iBQM bvbi2Kb +QmH/ #B�b +`Qbb@+QmMi`v +QKT�`BbQMbX
h?2 +QM+2Ti /Bz2`b 7`QK i?2 KQ`2 +QKKQM i�t@iQ@:.S `�iBQ- bBM+2 Qm` ;Q�H Bb MQi i?2 K2�@
bm`2K2Mi Q7 i?2 iQi�H i�t #m`/2M- #mi iQ +�Tim`2 �HH /B`2+i i�t2b i?�i �`2 T�B/ Qmi Q7 T`BK�`v
BM+QK2X *QMb2[m2MiHv- i�t2b QM T`Q/m+ib �`2 MQi BM+Hm/2/ BM i?2 BM+QK2 i�t `�iBQ- #2+�mb2
i?2v +QMbiBimi2 T�`i Q7 +QMbmKTiBQM 2tT2M/Bim`2 �M/ �z2+i /BbTQb�#H2 BM+QK2 QMHv BM/B`2+iHvX

jX h?2 #2M2}i `�iBQ Bb +�H+mH�i2/ �b i?2 `�iBQ Q7 iQi�H +�b? #2M2}ib 7`QK i?2 ;Qp2`MK2Mi iQ T`BK�`v
BM+QK2 Q7 ?Qmb2?QH/bX Ai b2`p2b �b �M BM/B+�iQ` Q7 i?2 BKTQ`i�M+2 Q7 Tm#HB+ `2/Bbi`B#miBQM pB�
+�b? i`�Mb72`bX AM 1a�- i?2 H�`;2bi ivT2 Q7 #2M2}ib �`2 bQ+B�H #2M2}ib- BM+Hm/BM; T2MbBQMb-
mM2KTHQvK2Mi #2M2}ib- 7�KBHv �HHQr�M+2b �M/ Qi?2` ivT2 Q7 bQ+B�H #2M2}ibX hQ #2 +QMbBbi2Mi
rBi? Qm` /2}MBiBQM Q7 i?2 i�t `�iBQ- r2 K2�bm`2 #2M2}ib M2i Q7 i�t2b �M/ bQ+B�H +QMi`B#miBQMb
i?�i �`2 T�B/ QM i?2b2 #2M2}ibX AM �//BiBQM- i?2 #2M2}i `�iBQ BM+Hm/2b Qi?2` +m``2Mi i`�Mb72`b
7`QK ;Qp2`MK2Mi b2+iQ` iQ ?Qmb2?QH/bX

9X .BbTQb�#H2 BM+QK2 Bb �M BM/B+�iQ` Q7 2+QMQKB+ r2HH#2BM; Q7 ?Qmb2?QH/bX Ai Bb +�H+mH�i2/ �b
T`BK�`v BM+QK2 H2bb i�t2b THmb +�b? #2M2}ib �M/ `2T`2b2Mib i?2 BM+QK2 Q7 ?Qmb2?QH/b i?�i +�M
#2 mb2/ 7Q` +QMbmKTiBQM �M/ b�pBM;X

kXk �;2@bT2+B}+ BM+QK2 BM 1l@aAG*
h?2 �;2@bT2+B}+ �M�HvbBb Q7 BM+QK2 +?�M;2b Bb #�b2/ QM 1l@aAG* /�i�X q2 /BbiBM;mBb? i?`22 �;2@
;`QmTb, i?2 vQmM; rQ`FBM; �;2 TQTmH�iBQM �i �;2 ky@jN- i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM �i �;2
9y@8N- �M/ i?2 2H/2`Hv TQTmH�iBQM �;2/ eyYX q2 /2+B/2/ 7Q` ky@v2�` �;2 ;`QmTb iQ ?�p2 bm{+B2Mi
Q#b2`p�iBQMb 7Q` `2HB�#H2 2biBK�i2b r?2M /BbiBM;mBb?BM; �HbQ #v ivT2 Q7 BM+QK2 �M/ ;2M/2`X �;2b ky@jN
+QBM+B/2 rBi? i?2 HB72 bi�;2 Q7 2�`Hv H�#Qm` K�`F2i +�`22`- 7�KBHv 7Q`K�iBQM �M/ +?BH/#2�`BM;X h?2

9



�;2 ;`QmT 9y@8N +QMbBbib K�BMHv Q7 T2`bQMb i?�i K�/2 i?2B` 7�KBHv /2+BbBQMb �H`2�/v- r?Q /Q MQi ?�p2
+�`2 `2bTQMbB#BHBiB2b 7Q` bK�HH +?BH/`2M- �M/ r?Q �`2 �+iBp2 QM i?2 H�#Qm` K�`F2iX h?2 �;2 #Q`/2` Q7
ey +Q``2bTQM/b iQ �+im�H `2iB`2K2Mi �;2 BM KQbi +QmMi`B2bc i?mb- i?2 �;2@;`QmT eyY +�Tim`2b i?2`27Q`2
K�BMHv i?2 ;`QmT Q7 `2iB`22bX 6Q` 2�+? Q7 i?2 i?`22 �;2 ;`QmTb r2 +�H+mH�i2 i?2 +?�M;2b BM �;2@bT2+B}+
K2�M BM+QK2 BM `2�H i2`Kb #2ir22M kyy3 �M/ kyRdX J2�Mb �`2 `2[mB`2/ #v i?2 /2+QKTQbBiBQM �M�HvbBbX
>Qr2p2`- r2 �HbQ T`QpB/2 2biBK�i2b Q7 +?�M;2b BM K2/B�M BM+QK2 �b r2HH �b i?2 }`bi �M/ i?2 i?B`/
[m�`iBH2 BM �TT2M/Bt �@RX

�HH BM+QK2 +QKTQM2Mib �`2 �bbB;M2/ iQ BM/BpB/m�Hb- �HbQ +QKTQM2Mib i?�i �`2 ;Bp2M �i ?Qmb2?QH/
H2p2H BM 1l@aAG*- BM+Hm/BM; 7�KBHv #2M2}ib- BKTmi2/ `2Mib- �bb2i BM+QK2 �M/ BM+QK2 Q7 T2`bQMb
vQmM;2` i?�M ReX 6�KBHv #2M2}ib �`2 �bbB;M2/ iQ i?2 T�`2Mib Q7 i?2 2+QMQKB+�HHv /2T2M/2Mi +?BH/`2M
BM i?2 ?Qmb2?QH/X aBM+2 T�`2Mi�H H2�p2 #2M2}ib �b T�`i Q7 iQi�H 7�KBHv #2M2}ib �`2 i�`;2i2/ �i i?2
T2`bQM i�FBM; Qp2` KQbi Q7 i?2 +�`2 `2bTQMbB#BHBiB2b- r2 /Bbi`B#mi2 7�KBHv #2M2}ib rBi?BM +QmTH2b
�++Q`/BM; iQ i?2 BMp2`b2 b?�`2 Q7 i?2B` H�#Qm` BM+QK2X A7 QM2 Q7 i?2 T�`iM2`b ?�b MQ BM+QK2 #2+�mb2
Q7 i?2 2M;�;2K2Mi BM +�`2 rQ`F- i?Bb T�`iM2` Bb �bbmK2/ iQ `2+2Bp2 �HH 7�KBHv #2M2}ibX AKTmi2/
`2Mi Bb `2;�`/2/ �b � ivT2 Q7 �bb2i BM+QK2 �M/ �bbB;M2/ iQ i?2 ?Qmb2?QH/ K2K#2`b i?�i `2TQ`i iQ #2
`2bTQMbB#H2 7Q` i?2 �++QKKQ/�iBQMX �bb2i BM+QK2 Bb �bbmK2/ iQ #2 2[m�HHv b?�`2/ �KQM; �HH �/mHib
BM i?2 ?Qmb2?QH/X9 h?2 T2`bQM�H BM+QK2 Q7 T2`bQMb #2HQr Re Bb �bbB;M2/ iQ i?2 R8@v2�`@QH/ K2K#2`b-
Q` i?2 QH/2bi +?BH/ BM +�b2 i?2`2 �`2 MQ R8@v2�`@QH/ T`2b2Mi BM i?2 ?Qmb2?QH/X

q2 r�Mi iQ 2KT?�bBx2- ?Qr2p2`- i?�i i?2 �bbmKTiBQMb 7Q` i?2 /Bbi`B#miBQM Q7 ?Qmb2?QH/ H2p2H BM+QK2
?�p2 HBiiH2 2z2+i QM i?2 H2p2H �M/ +?�M;2 Q7 �;2@bT2+B}+ BM+QK2X 6B`bi- BM+QK2 �i ?Qmb2?QH/ H2p2H
�++QmMib 7Q` H2bb i?�M ky T2`+2Mi Q7 iQi�H BM+QK2- rBi? BKTmi2/ `2Mib �b H�`;2bi +QKTQM2MiX a2+@
QM/- i?2 �;2 ;`QmT Q7 `2+BTB2Mib Q7 ?Qmb2?QH/@H2p2H BM+QK2 +�M #2 B/2MiB}2/ mM�K#B;mQmbHv BM KQbi
?Qmb2?QH/bX �M �Hi2`M�iBp2 �HHQ+�iBQM Q7 ?Qmb2?QH/@H2p2H BM+QK2 iQ �HH �/mHib BM 2[m�H b?�`2b `2bmHi2/
BM M2;HB;B#H2 /Bz2`2M+2b BM i?2 iQi�H +?�M;2b Q7 BM+QK2X h?2 b�K2 Bb i`m2 7Q` ;2M/2`@bT2+B}+ `2bmHib
rBi? i?2 2t+2TiBQM Q7 SQH�M/- r?2`2 �M BM+`2�b2 BM i?2 KQM2i�`v bmTTQ`i Q7 7�KBHB2b `2bmHi2/ BM �M
BM+`2�b2 Q7 BM+QK2 �KQM; i?2 ky@jN@v2�`@QH/X >2M+2- i?2 ;2M/2`@bT2+B}+ `2bmHib 7Q` SQH�M/ /2T2M/
QM ?Qr i?Bb BM+`2�b2/ #2M2}ib �`2 �HHQ+�i2/ rBi?BM � +QmTH2X

kXj .2+QKTQbBiBQM Q7 BM+QK2 +?�M;2b
*?�M;2b BM K2�M BM+QK2 /m`BM; i?2 kyy3@kyRd T2`BQ/ �`2 /2+QKTQb2/ iQ B/2MiB7v i?2 `QH2 Q7 2K@
THQvK2Mi- r�;2b �M/ Tm#HB+ i`�Mb72`bX h?Bb �M�HvbBb Bb bQH2Hv #�b2/ QM BM+QK2 �M/ 2KTHQvK2Mi /�i�
BM 1l@aAG*X h?2 /2;`22 Q7 2KTHQvK2Mi Bb K2�bm`2/ #v i?2 MmK#2` Q7 KQMi?b � T2`bQM r�b BM 2K@
THQvK2Mi /m`BM; i?2 BM+QK2 `272`2M+2 T2`BQ/c #2BM; 2KTHQv2/ 7Q` ir2Hp2 KQMi?b Bb +QMbB/2`2/ �b
7mHH 2KTHQvK2MiX q2 /BbiBM;mBb? #2ir22M i?`22 BM+QK2 +QKTQM2Mib, hQi�H BM+QK2 UuV Bb i?2 bmK Q7
BM+QK2 7`QK 2KTHQvK2Mi UuGV- Tm#HB+ #2M2}ib Uu"V �M/ Qi?2` BM+QK2 UuPVX h?2 bm#@+QKTQM2Mib
Q7 Qi?2` BM+QK2 �`2 +QKT�`�#Hv bK�HH- r?B+? Bb i?2 `2�bQM 7Q` +QK#BMBM; i?2K BMiQ � bBM;H2 +�i2;Q`vX
6Q` 2�+? �;2 ;`QmT i- r2 /2+QKTQb2 i?2 +?�M;2 BM iQi�H BM+QK2 #2ir22M kyy3 �M/ kyRd BMiQ +?�M;2b
9�/mHi T2`bQMb �`2 /2}M2/ �b �HH BM/BpB/m�Hb QH/2` i?�M j9X � T2`bQM #2ir22M �;2 Re �M/ j8 Bb +QmMi2/ �/mHi QMHv
B7 ?2 Q` b?2 Bb BM 2KTHQvK2Mi- 7Q+mbBM; QM /QK2biB+ rQ`F- Q` B7 i?2`2 �`2 QMHv T2`bQMb #2HQr �;2 j8 r?Q �`2 MQi BM
2KTHQvK2Mi BM i?2 ?Qmb2?QH/X
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Q7 Bib +QKTQM2Mib- rBi? ∆ `272``BM; iQ +?�M;2b BM T2`+2Mi Q7 iQi�H BM+QK2 BM kyy3X

∆ui = ∆YLi +∆u"i +∆uPi URV

6m`i?2`KQ`2- r2 /2+QKTQb2 i?2 +?�M;2b BM BM+QK2 7`QK 2KTHQvK2Mi BMiQ +?�M;2b BM 2KTHQvK2Mi
`�i2b �M/ +?�M;2b BM BM+QK2 T2` 2KTHQv2/ T2`bQMX AM+QK2 7`QK 2KTHQvK2Mi +�M #2 r`Bii2M �b
T`Q/m+i Q7 BM+QK2 T2` 2KTHQv2/ T2`bQM BM 2�+? �;2 ;`QmT UvHiV �M/ i?2 2KTHQvK2Mi `�i2 UHiVX

uGi = vHi ∗ Hi UkV

h?2 +?�M;2 BM BM+QK2 7`QK 2KTHQvK2Mi +�M i?2M #2 /2+QKTQb2/ BMiQ i?2 +?�M;2b Q7 i?2 irQ +QK@
TQM2Mib- #�b2/ QM i?2B` `2H�iBp2 +QMi`B#miBQMb, ∆uGi = ∆vH +∆Hi

�M �M�HQ;Qmb �TT`Q�+? Bb mb2/ 7Q` BM+QK2 7`QK Tm#HB+ i`�Mb72`b- 7Q` r?B+? r2 �bbmK2 i?�i i?2v �`2
/B`2+i2/ iQ i?2 MQM@2KTHQv2/ TQTmH�iBQMX q2 /2+QKTQb2 i?2 +?�M;2b BM Tm#HB+ #2M2}ib BMiQ +?�M;2b
BM i?2 b?�`2 Q7 MQM@2KTHQv2/ T2`bQMb U∆Mi- rBi? Mi = 1−HiV �M/ +?�M;2b BM #2M2}ib T2` MQM@2KTHQv2/
T2`bQM U∆v#iVX h?Bb /2+QKTQbBiBQM �BKb K�BMHv �i B/2MiB7vBM; i?2 +QMi`B#miBQMb Q7 2KTHQvK2Mi �M/
Q7 T2MbBQM #2M2}ib T2` `2iB`22 iQ i?2 BM+QK2 i`2M/ 7Q` i?2 TQTmH�iBQM eyYX

j _2bmHib

jXR *?�M;2b BM �;;`2;�i2 BM+QK2
h?2 }M�M+B�H +`BbBb �M/ i?2 bQp2`2B;M /2#i +`BbBb ?�/ � Km+? bi`QM;2` 2z2+i QM BM+QK2 Q7 i?2 ?Qmb2?QH/
b2+iQ` i?�M BM/B+�i2/ #v +?�M;2b BM :.SX q?BH2 :.S T2` +�TBi� /2+HBM2/ 7`QK kyy3 iQ kyRd QMHv
BM :`22+2 �M/ Ai�Hv U*QHmKM R BM h�#H2 RV- T2` +�TBi� T`BK�`v BM+QK2 Q7 ?Qmb2?QH/b /2+HBM2/ BM bBt
Qmi Q7 i?2 MBM2 �M�Hvb2/ +QmMi`B2b U*QHmKM kVX h?2 /2+HBM2 r�b KQbi T`QMQmM+2/ BM :`22+2 rBi? jk
T2` +2Mi- �M/ BM Ai�Hv �M/ aT�BM rBi? � /2+HBM2 Q7 KQ`2 i?�M Ry T2` +2MiX S`BK�`v BM+QK2 /2+`2�b2/
bHB;?iHv BM �mbi`B�- 6`�M+2 �M/ aHQp2MB� �M/ bHB;?iHv BM+`2�b2/ BM SQH�M/X PMHv ?Qmb2?QH/b BM 1biQMB�
�M/ ar2/2M ?�/ +QMbB/2`�#Hv KQ`2 BM+QK2 T2` +�TBi� BM kyRd i?�M BM kyy3 rBi? �M BM+`2�b2 #v �#Qmi
R8 T2` +2MiX

h?2 2ti2Mi Q7 Tm#HB+ `2/Bbi`B#miBQM BM+`2�b2/ BM �HH MBM2 +QmMi`B2b /m`BM; i?2 T2`BQ/ kyy3@kyRdX h?2
i�t `�iBQ bi�;M�i2/ BM aT�BM �M/ ar2/2M- �M/ BM+`2�b2/ BM i?2 Qi?2` +QmMi`B2b U*QHmKM j Q7 h�#H2
RV- rBi? i?2 ?B;?2bi BM+`2�b2 Q7 d T2` +2Mi BM :`22+2X S�`i Q7 i?2 ?B;?2` i�t2b r2`2 mb2/ iQ }M�M+2
BM+`2�bBM; +�b? i`�Mb72`bc i?2 #2M2}i `�iBQ BM+`2�b2/ BM �HH �M�Hvb2/ +QmMi`B2bX h?Bb BM+`2�b2 Q7 bQ+B�H
#2M2}ib `2H�iBp2 iQ T`BK�`v BM+QK2 r�b KQbi T`QMQmM+2/ BM Ai�Hv rBi? �M BM+`2�b2 Q7 8 T2`+2Mi�;2
TQBMib- �M/ BM 6`�M+2 �M/ aT�BM rBi? �M BM+`2�b2 Q7 9 T2`+2Mi�;2 TQBMibX h?2 +?�M;2b BM i?2 i�t `�iBQ
�M/ i?2 #2M2}i `�iBQ K2�bm`2 K�BMHv i?2 `2/Bbi`B#miBQM rBi?BM i?2 ?Qmb2?QH/ b2+iQ`- rBi? � bK�HH
2z2+i QM i?2 ?Qmb2?QH/ b2+iQ` �b � r?QH2X h?2`27Q`2- +?�M;2b BM /BbTQb�#H2 BM+QK2 7QHHQr H�`;2Hv i?2
+?�M;2b BM T`BK�`v BM+QK2X .BbTQb�#H2 BM+QK2 Q7 i?2 ?Qmb2?QH/ b2+iQ` BM+`2�b2/ BM 1biQMB�- SQH�M/
�M/ ar2/2M �M/ /2+HBM2/ BM i?2 Qi?2` bBt +QmMi`B2bX

e



h�#H2 R, _2�H BM+QK2 T2` +�TBi�- i�t2b �M/ #2M2}ib �M/ i?2B` +?�M;2 /m`BM; i?2 kyy3 @ kyRd T2`BQ/
UBM kyR3 T`B+2bV

URV UkV UjV U9V U8V

AM+QK2
:.S S`BK�`v i�t "2M2}i
T2` BM+QK2 `�iBQ `�iBQ .BbTQb�#H2

*QmMi`v +�TBi� USAV UW Q7 SAV UW Q7 SAV BM+QK2

kyRd @o�Hm2b
�h 9k-3Rd kd-kyj j3 k3 k9-jN9
11 R3-N88 Ry-3Nd jk k9 Ry-ykR
1G Re-89k Ry-83y jj k3 Ry-y9y
1a k8-k99 Re-jkR jk k9 R8-yd8
6_ j9-dRk kj-9NR 98 jj ky-e3j
Ah k3-NRN RN-3dy je ke Rd-N9y
SG Rk-98k d-eNy jy k8 d-k39
a1 9N-Rdd jy-yk8 j3 kj k8-8R8
aA kR-k3j Rk-3dR j8 kd RR-dNe

*?�M;2b kyy3@kyRd
UWV UWV UW@TQBMibV UW@TQBMibV UWV

�h k @j k k @k
11 R8 Re R R Rd
1G @k9 @jk d j @j8
1a y @Ry y 9 @d
6_ j @R 9 9 @R
Ah @d @R9 j 8 @Rk
SG RR k R k 9
a1 3 R8 y R Rd
aA R @j R j @k

aQm`+2, �mi?Q`bǶ QrM +�H+mH�iBQMb #�b2/ QM i?2 1a� kyRy �MMm�H b2+iQ` �++QmMibX

d



jXk �;2@bT2+B}+ +?�M;2b
h?2 �M�HvbBb Q7 BM+QK2 +?�M;2b #v �;2 `2p2�Hb H�`;2 /BbT�`BiB2b Uh�#H2 kVX AM+QK2 Q7 i?2 ky@jN@v2�`
QH/ /2+HBM2/ BM }p2 Q7 i?2 MBM2 �M�Hvb2/ +QmMi`B2bX PMHv BM 1biQMB� Bi BM+`2�b2/ #v KQ`2 i?�M 8 T2`
+2MiX h?2 BM+QK2 i`2M/b r2`2 KQ`2 7�pQm`�#H2 7Q` i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM- r?2`2 QMHv BM
:`22+2- Ai�Hv �M/ aT�BM BM+QK2 T2` +�TBi� /2+HBM2/X >Qr2p2`- i?2 ;�BMb BM BM+QK2 r2`2 +QM+2Mi`�i2/
BM i?2 TQTmH�iBQM eyY- rBi? �#bQHmi2 ;�BMb BM �HH +QmMi`B2b 2t+2Ti :`22+2X 1p2M BM :`22+2 i?2 /2+HBM2
BM BM+QK2 r�b Km+? H2bb 7Q` i?2 TQTmH�iBQM eyY +QKT�`2/ iQ i?2 T`BK2 rQ`FBM; �;2 TQTmH�iBQMX
AM+QK2 Q7 i?2 2H/2`Hv TQTmH�iBQM BM+`2�b2/ �HbQ BM Ai�Hv �M/ aT�BM- /2bTBi2 i?2 bi`QM; /2+HBM2b BM i?2
rQ`FBM; �;2 TQTmH�iBQMX Ai BM+`2�b2/ bi`QM;Hv BM �mbi`B�- 6`�M+2- ar2/2M �M/ aHQp2MB�- r?BH2 BM+QK2
Q7 i?2 rQ`FBM; �;2 TQTmH�iBQM K2`2Hv bi�;M�i2/ rBi? � +?�M;2 Q7 9 T2`+2Mi Q` H2bb Qp2` i?2 r?QH2
T2`BQ/ 7`QK kyy3 iQ kyRdX

I

h�#H2 k, J2�M BM/BpB/m�H M2i BM+QK2 #v �;2
AM/BpB/m�H M2i BM+QK2 BM kyRd UkyR3 T`B+2bV

*QmMi`v �;2 ky@jN �;2 9y@8N �;2 eyY hQi�H
�h kR-NRj jy-ee8 k8-R33 ke-k9y
11 RR-9yk Rk-k38 d-883 Ry-98e
1G e-88d Ry-d99 Ry-y9k N-jyd
1a Rk-9j3 R3-398 Rd-dk8 Re-eRy
6_ kR-8e9 jR-jdR jy-e9k k3-y3N
Ah Rk-3ke kR-jjN kR-yR8 R3-NRj
SG e-eyy d-ekR e-89k e-Nk9
a1 k9-Rdk j9-j3y k8-dRR k3-RR3
aA RR-8e8 R8-k9j Rk-RRN Rj-y3d

*?�M;2 BM `2�H M2i BM+QK2 kyy3 @ kyRd BM W

*QmMi`v �;2 ky@jN �;2 9y@8N �;2 eyY hQi�H
�h @R R RR j
11 Rd k3 d Rd
1G @9j @j3 @k9 @j9
1a @R3 @3 3 @9
6_ @9 R 3 j
Ah @Rd @N 9 @8
SG 8 k R k
a1 9 Re R9 Rk
aA R 9 d 9

aQm`+2, 1m`Qbi�i- 1l@aAG* +`Qbb@b2+iBQM /�i� 7Q` kyyN �M/ kyR3
UBM+QK2 `272`2M+2 v2�`b kyy3 �M/ kyRdV

h?2 Qp2`�HH T�ii2`M Q7 �#bQHmi2 �M/ `2H�iBp2 BM+QK2 HQbb2b Q7 i?2 vQmM; �`2 bBKBH�` �+`Qbb i?2 r?QH2
BM+QK2 /Bbi`B#miBQMX >Qr2p2`- K2�M p�Hm2b +�M #2 bi`QM;Hv BM~m2M+2/ #v H�`;2 BM+QK2b- Bi +?�M;2b
Kv MQi #2 `2T`2b2Mi�iBp2 7Q` BM/BpB/m�Hb BM i?2 KB//H2 Q` �i i?2 #QiiQK 2M/ Q7 i?2 /Bbi`B#miBQMX q2
i?2`27Q`2 T`2b2Mi +?�M;2b #v [m�`iBH2b BM i?2 �TT2M/Bt- a2+iBQM �@RX q?BH2 i?2 i?2 Qp2`�HH }M/BM;b

3



?QH/ �+`Qbb i?2 BM+QK2 /Bbi`B#miBQM- r2 Q#b2`p2 bi`QM; � T`QMQmM+2/ /2+HBM2 Q7 i?2 }`bi [m�`iBH2
�KQM; vQmM; �/mHib BM :`22+2- Ai�Hv �M/ aT�BMX h?Bb /2+HBM2 +�M #2 2tTH�BM2/ #v �M BM+`2�b2 Q7 i?2
b?�`2 Q7 T2`bQMb rBi? � HQr H2p2H Q7 2KTHQvK2Mi �M/ HQr BM+QK2 iQ KQ`2 i?�M QM2 [m�`i2` Q7 i?2
TQTmH�iBQM �M/ ?2M+2 2M+QKT�bb2b i?2 }`bi [m�`iBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQM BM kyRdX

.Bz2`2M+2b #2ir22M 1a� �M/ 1l@aAG* /�i� �`2 /m2 iQ i?2 7�+i i?�i 1l@aAG* +�Tim`2b QMHv T�`i Q7
i?2 BM+QK2 Q7 ?Qmb2?QH/bX h?2b2 /Bz2`2M+2b �`2 /2b+`B#2/ BM /2i�BH BM �TT2M/Bt �@kX AM T�`iB+mH�`-
�bb2i BM+QK2 Bb TQQ`Hv +�Tim`2/ BM 1l@aAG* rBi? i?2 2t+2TiBQM Q7 6`�M+2X h?2 �;;`2;�i2 /�i� 7`QK
1a� b?Qrb i?�i BM �mbi`B�- Ai�Hv �M/ aHQp2MB�- i?2 /2+HBM2 BM BM+QK2 T2` +�TBi� r�b H�`;2Hv i?2
`2bmHi Q7 � /2+HBM2 BM �bb2i BM+QK2- r?B+? 2tTH�BMb i?2 bi`QM;2` BM+`2�b2 Q` HQr2` /2+HBM2 Q7 BM+QK2 BM
1l@aAAG* +QKT�`2/ iQ 1a�X 6m`i?2`KQ`2- +?�M;2b BM i?2 bm`p2v K�v �HbQ �z2+i �;2@bT2+B}+ BM+QK2X
h?2 H�`;2 BM+`2�b2 BM BM+QK2 Q7 i?2 rQ`FBM; �;2 TQTmH�iBQM BM 1biQMB� Bb T�`iHv i?2 `2bmHi Q7 � #2ii2`
2biBK�iBQM Q7 H�#Qm` BM+QK2 BM 1l@aAG*c i?2 2biBK�i2b BM kyRd r2`2 Km+? +HQb2` iQ i?2 1a� p�Hm2b
i?�M BM kyy3X 6m`i?2`KQ`2- i?2 ?m;2 /2+HBM2 BM H�#Qm` BM+QK2 BM :`22+2 K�v #2 Qp2`bi�i2/- bBM+2
1l@aAG* +�Tim`2/ � HQr2` T�`i Q7 iQi�H H�#Qm` BM+QK2 BM kyRd- r?BH2 i?2 +Qp2`�;2 Q7 bQ+B�H #2M2}ib
BM+`2�b2/X

� +?�HH2M;2 BM �M 1l@aAG*@#�b2/ �M�HvbBb Bb i?2 2biBK�iBQM Q7 bi�M/�`/ 2``Q`bX 6B`bi- i?2 /�i� H�+Fb
b�KTH2 /2bB;M p�`B�#H2b iQ +�H+mH�i2 i?2 +Q``2+i bi�M/�`/ 2``Q`b /m2 iQ b�KTHBM;X a2+QM/- 7m`i?2`
`�M/QK 2``Q`b �`2 BMi`Q/m+2/ i?`Qm;? BKTmi�iBQM �M/ `2@r2B;?iBM; Q7 i?2 /�i� U:Q2/2Kû- kyRjV-
r?B+? Bb T�`iB+mH�` T`Q#H2K�iB+ 7Q` p�`B�#H2b rBi? � ?B;? b?�`2 Q7 BKTmi2/ p�Hm2b- bm+? �b �bb2i
BM+QK2X q2 +�H+mH�i2/ i?2 bi�M/�`/ 2``Q`b 7Q` i?2 �;2@bT2+B}+ 2biBK�i2b Q7 BM+QK2 +?�M;2b mbBM;
i?2 K2i?Q/ bm;;2bi2/ #v :Q2/2Kû UkyRjV �M/ h`BM/�/2 �M/ :Q2/2Kû UkyReV- �M/ `2TQ`i i?2 `2bmHib
BM a2+iBQM �@j BM i?2 �TT2M/BtX h?2 bi�M/�`/ 2``Q`b �`2 T�`iB+mH�`Hv ?B;? BM 6`�M+2- r?B+? +�M #2
2tTH�BM2/ #v i?2 ?B;? +Qp2`�;2 Q7 mM2[m�HHv@/Bbi`B#mi2/ �bb2i BM+QK2 �M/ i?2 +QMb2[m2Mi Km+? ?B;?2`
/BbT2`bBQM Q7 iQi�H BM+QK2X >Qr2p2`- � H�`;2 T�`i Q7 i?2 BM+QK2 /�i� Bb BKTmi2/ �M/ MQi b�KTH2/X
h`2�iBM; i?2 /�i� �b B7 Bi rQmH/ 2K2`;2 7`QK � `�M/QK b�KTH2 Qp2`2biBK�i2b i?2 bi�M/�`/ 2``Q`bX aQ
7�` r2 �`2 MQi �r�`2 Q7 K2i?Q/QHQ;v i?�i 2M�#H2 i?2 2biBK�iBQM Q7 bi�M/�`/ 2``Q`b �M/ +QM}/2M+2
BMi2`p�Hb Q7 p�`B�#H2b rBi? � H�`;2 b?�`2 Q7 BKTmi2/ /�i�X hQ 2p�Hm�i2 Qm` TQBMi 2biBK�i2b Q7 BM+QK2
r2 +�`27mHHv +QKT�`2 i?2K rBi? i?2 KQ`2 `2HB�#H2 �;;`2;�i2 /�i�X

jXj �;2@bT2+B}+ +?�M;2b #v ;2M/2`
h?2 BM+`2�b2 BM �p2`�;2 BM+QK2 BM QH/ �;2 Bb K�BMHv 2tTH�BM2/ #v i?2 BM+`2�b2 BM 72K�H2 H�#Q` 7Q`+2
T�`iB+BT�iBQM- r?B+? BM+`2�b2/ bm#bi�MiB�HHv BM i?2 H�bi /2+�/2bX �b � +QMb2[m2M+2- rQK2M 2�`M KQ`2
�M/ `2+2Bp2 ?B;?2` T2MbBQMb i?�i BM i?2 T�bi- pBbB#H2 BM i?2 bi`QM; BM+`2�b2 BM BM+QK2 Q7 rQK2M �;2/
eyY Uh�#H2 jVX �Hi?Qm;? i?2 +?�M;2 r�b Km+? H2bb T`QMQmM+2/ 7Q` K2M- �HbQ BM+QK2 Q7 K2M BM
i?2 �;2 ;`QmT eyY BM+`2�b2/- +QKT�`2/ iQ i?2 rQ`FBM; �;2 TQTmH�iBQMX 1t+2TiBQMb �`2 1biQMB� �M/
SQH�M/- r?2`2 i?2 BM+QK2 Q7 i?2 QH/2` TQTmH�iBQM BM+`2�b2/ H2bb i?�M i?2 BM+QK2 Q7 i?2 rQ`FBM; �;2
TQTmH�iBQMX

N



h�#H2 j, *?�M;2b BM K2�M M2i BM+QK2 #v �;2 �M/ ;2M/2`
J2M qQK2M

�;2 �;2 �;2 �;2 �;2 �;2
*QmMi`v ky@jN 9y@8N eyY ky@jN 9y@8N eyY

�h @R y e R 9 Re
11 RR kN e k9 ke 3
1G @9R @9R @k3 @99 @j9 @RN
1a @kk @R9 9 @Rk R Rk
6_ @3 @R k k 8 R9
Ah @RN @Rk j @R8 @9 8
SG y R @8 Ry k 8
a1 R R8 Rk 3 R3 Rd
aA j k k @k d Rk

aQm`+2, 1l@aAG* +`Qbb@b2+iBQM /�i�

jX9 .2+QKTQbBiBQM Q7 BM+QK2 +?�M;2b
JQbi Q7 i?2 �;2@bT2+B}+ /Bz2`2M+2b BM BM+QK2 i`2M/b +�M #2 2tTH�BM2/ i?`Qm;? +?�M;BM; 2KTHQvK2Mi
`�i2b U∆HV �M/ �M BM+`2�b2 BM i`�Mb72` BM+QK2 7Q` i?2 �;2 ;`QmT eyY U∆u"VX .2bTBi2 ?m;2 +`Qbb@
+QmMi`v /Bz2`2M+2b BM i?2 2ti2Mi Q7 BM+QK2 +?�M;2b- r2 Q#b2`p2 b2p2`�H +QKKQM T�ii2`MbX AM �HH
+QmMi`B2b- 2KTHQvK2Mi �KQM; i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM �M/ i?2 TQTmH�iBQM eyY BM+`2�b2/-
r?B+? Bb K�BMHv i?2 `2bmHi Q7 ?B;?2` 72K�H2 2KTHQvK2Mi �M/ H�i2` `2iB`2K2Mi 7Q` #Qi? ;2M/2`bX >B;?2`
2KTHQvK2Mi �KQM; QH/2` �;2 ;`QmTb `2/m+2/ i?2 b?�`2 Q7 T2MbBQM `2+2Bp2`b U∆MV �M/ b?QmH/ ?�p2
`2/m+2/ i?2 b?�`2 Q7 T2MbBQMb BM iQi�H BM+QK2X AMbi2�/- BM �HKQbi �HH +QmMi`B2b i?Bb 2z2+i r�b Qzb2i
#v �M BM+`2�b2 BM #2M2}ib T2` `2iB`22 U∆v#VX >B;?2` 2KTHQvK2Mi Bb i?2 K�BM `2�bQM 7Q` BM+`2�bBM;
BM+QK2 Q7 i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM �;2/ 9y@8Nc ?B;?2` 2KTHQvK2Mi iQ;2i?2` rBi? i?2 BM+`2�b2
BM #2M2}ib T2` `2iB`22 Bb i?2 2tTH�M�iBQM 7Q` i?2 BM+`2�bBM; BM+QK2 Q7 i?2 TQTmH�iBQM eyYX

*?�M;2b BM BM+QK2 T2` 2KTHQv22 U∆vHV �`2 �M BKTQ`i�Mi /`Bp2` 7Q` +?�M;2b BM BM+QK2 Q7 i?2 rQ`FBM;
�;2 TQTmH�iBQMX h?2 /2+HBM2 BM i?2 BM+QK2 Q7 i?2 vQmM; rQ`FBM; �;2 TQTmH�iBQM BM :`22+2- Ai�Hv �M/
aT�BM Bb � +QK#BM2/ 2z2+i Q7 HQr2` 2KTHQvK2Mi `�i2b �M/ HQr2` BM+QK2 T2` 2KTHQv22X h?2 /2+HBM2
7Q` i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM Bb K�BMHv /m2 iQ HQr2` BM+QK2 T2` 2KTHQv22X GBF2rBb2- BM+QK2
Q7 i?2 rQ`FBM; �;2 TQTmH�iBQM BM+`2�b2/ BM ar2/2M �M/ 1biQMB� K�BMHv #2+�mb2 Q7 ?B;?2` BM+QK2X AM
SQH�M/ BM+QK2 Q7 i?2 vQmM; rQ`FBM; �;2 BM+`2�b2/ #2+�mb2 Q7 ?B;?2` #2M2}ibX

AM ;2M2`�H- i?2 Qi?2` BM+QK2 +QKTQM2Mib UuPV +QMbiBimi2 � bK�HH T�`i Q7 ?Qmb2?QH/ BM+QK2 �M/
2tTH�BM � bK�HH T�`i Q7 i?2 BM+QK2 +?�M;2b rBi? i?2 2t+2TiBQM Q7 6`�M+2 �M/ 1biQMB�X AM 6`�M+2- i?Bb
T�ii2`M `2~2+ib i?2 /2+HBM2 BM �bb2i BM+QK2- � BM+QK2 +QKTQM2Mi r?B+? Bb Km+? #2ii2` +�Tim`2/ BM
6`�M+2- +QKT�`2/ iQ Qi?2` +QmMi`B2bX h?2 `2bmHib 7Q` 1biQMB� ?�p2 iQ #2 i�F2M rBi? � ;`�BM Q7 b�HiX
h?2 /2+HBM2 BM Qi?2` BM+QK2 Bb K�BMHv /m2 iQ � /2+HBM2 BM BKTmi2/ `2Mib BM 1l@aAG*- r?B+? r2 `2;�`/
mM`2�HBbiB+ BM Bib 2ti2Mi �M/ �i Q//b rBi? �;;`2;�i2 /�i� 7`QK 1a�X
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9 *QM+HmbBQM
Pm` bim/v `2p2�Hb H�`;2 /Bz2`2M+2b BM �;2@bT2+B}+ BM+QK2 i`2M/b BM �HH MBM2 +QmMi`B2b �M�Hvb2/X �H@
i?Qm;? i?2 2ti2Mi Q7 �;2@bT2+B}+ /Bz2`2M+2b p�`B2b ;`2�iHv �+`Qbb +QmMi`B2b- r2 M2p2`i?2H2bb Q#b2`p2
+QKKQM T�ii2`MbX

AM KQbi +QmMi`B2b- i?2 T2`BQ/ kyy3@kyRd Bb +?�`�+i2`Bx2/ #v � bi�;M�iBQM Q` /2+HBM2 BM i?2 BM+QK2 Q7
?Qmb2?QH/b �M/ �M BM+`2�b2 BM Tm#HB+ b2+iQ` `2/Bbi`B#miBQMX q?BH2 :.S T2` +�TBi� /2+`2�b2/ QMHv BM
:`22+2 �M/ Ai�Hv #2ir22M kyy3 �M/ kyRd- BM+QK2 T2` +�TBi� /2+`2�b2/ BM bBt Qmi Q7 i?2 MBM2 �M�Hvb2/
+QmMi`B2bX PMHv BM 1biQMB� �M/ ar2/2M- BM+QK2 BM+`2�b2/ bB;MB}+�MiHv rBi? �#Qmi R8 T2`+2Mi Qp2`
i?2 r?QH2 T2`BQ/X .m`BM; i?2 T2`Q/ 7`QK kyy3 iQ kyRd- BM+QK2 i�t2b `2H�iBp2 iQ T`BK�`v BM+QK2
BM+`2�b2/ BM b2p2M Q7 MBM2 +QmMi`B2b �M/ bi�;M�i2/ BM irQ- r?BH2 #2M2}ib `2H�iBp2 iQ T`BK�`v BM+QK2
BM+`2�b2/ BM �HH +QmMi`B2bX

h?2 �;2 ;`QmT ky@jN HQbi BM+QK2 `2H�iBp2 iQ QH/2` �;2 ;`QmTb BM �HH +QmMi`B2b 2t+2Ti 1biQMB� �M/
SQH�M/X AM }p2 Qmi Q7 MBM2 +QmMi`B2b- i?2 vQmM; HQbi 2p2M BM �#bQHmi2 i2`KbX h?2 /Bz2`2M+2b BM �;2@
bT2+B}+ BM+QK2 i`2M/b �`2 T�`iB+mH�`Hv ?B;? BM aQmi?2`M 1m`QT2X AM Ai�Hv �M/ aT�BM- K2�M BM+QK2 BM
i?2 TQTmH�iBQM �i �;2 ky@jN /2+HBM2/ #v �#Qmi Rd T2`+2Mi �M/ 7Q` i?2 QH/2` rQ`FBM; �;2 TQTmH�iBQM �i
�;2 9y@8N #v �#Qmi 2B;?i T2`+2MiX "v +QMi`�bi- BM+QK2 BM+`2�b2/ 7Q` i?2 2H/2`Hv TQTmH�iBQM �;2/ eyYX
AM :`22+2- BM+QK2 /2+HBM2/ 7Q` �HH �;2 ;`QmTb- #mi H2bb 7Q` i?2 QH/2` TQTmH�iBQMbX AM �mbi`B�- 6`�M+2-
aHQp2MB� �M/ ar2/2M- K2�M BM+QK2 Q7 i?2 TQTmH�iBQM ky@jN K2`2Hv bi�;M�i2/- r?BH2 Bi BM+`2�b2/
bi`QM;Hv 7Q` i?2 TQTmH�iBQM �;2/ ey �M/ QH/2`X

� /2+QKTQbBiBQM �M�HvbBb `2p2�H2/ i?�i i?2 K�BM /`Bp2`b Q7 i?2b2 �;2@bT2+B}+ /Bz2`2M+2b BM BM+QK2
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