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R AMi`Q/m+iBQM
h?2 TmxxH2 Q7 ?mK�M +QQT2`�iBQM Bb +2Mi`�H BM `2b2�`+? �+`Qbb i?2 bQ+B�H b+B2M+2bX >Qr
/Q ;2M2iB+�HHv mM`2H�i2/ BM/BpB/m�Hb K�M�;2 iQ +QQT2`�i2 2p2M r?2M i?2`2 �`2 bi`QM;
BM/BpB/m�H BM+2MiBp2b iQ /272+i\ �M/ B7 +QQT2`�iBQM Bb 72�bB#H2 Ĝ �b i?2 Qp2`+QKBM;
Q7 7`22@`B/2` T`Q#H2Kb BM ?mK�M bQ+B2iB2b iBK2 �M/ �;�BM /2KQMbi`�i2b Ĝ r?v /Q2b Bi
bQK2iBK2b #`2�F /QrM- H2�/BM; iQ bQ+B�H i2MbBQMb �M/ 2p2M +QM~B+i\ AM i?Bb T�T2`- r2
�ii2KTi iQ T`QpB/2 �M �Mbr2` iQ #Qi? [m2biBQMb #�b2/ QM i?2 `QH2 Q7 `2Tmi�iBQMX q2
�/p�M+2 i?2 ?vTQi?2bBb i?�i `2Tmi�iBQM�H +QMbB/2`�iBQMb i?�i +�M bmbi�BM +QQT2`�iBQM
rBi?BM ;`QmTb +�M H2�/ iQ i?2 #`2�F/QrM Q7 +QQT2`�iBQM �+`Qbb ;`QmTbX AM T�`iB+mH�`-
BM+QKT�iB#BHBiv BM i2`Kb Q7 i?2 `QH2 i?�i `2Tmi�iBQM TH�vb BM /Bz2`2Mi bQ+B2iB2b +�M #2
QM2 Q7 i?2 /`Bp2`b Q7 BMi2`;`QmT +QQT2`�iBQM 7�BHm`2- i2MbBQMb �M/ +QM~B+iX

h?�i `2Tmi�iBQM +�M 7�+BHBi�i2 H�`;2@b+�H2 +QQT2`�iBQM BM QM2@iBK2 BMi2`�+iBQMb Bb
� +2Mi`�H }M/BM; BM � `B+? HBi2`�im`2 BM 2+QMQKB+b �M/ 2pQHmiBQM�`v #BQHQ;v ULQr�F
�M/ aB;KmM/- RNN3�c 62?` �M/ : +?i2`- kyyyc 62?` �M/ 6Bb+?#�+?2`- kyyjc .�H "Ʀ-
kyy8c >2M`B+? 2i �HX- kyyeVX "mi i?2 BM7Q`K�iBQM�H +QMi2Mi Q7 `2Tmi�iBQM p�`B2b �+`Qbb
+mHim`2bX AM TmMBiBp2 `2Tmi�iBQM bvbi2Kb- BM/BpB/m�Hb TmMBb? /272+iQ`b BM Q`/2` iQ ;�BM �
`2Tmi�iBQM �b #2BM; ǳiQm;?Ǵ- 2Mbm`BM; i?�i 7mim`2 +Q@TH�v2`b rBHH +QQT2`�i2 UaB;KmM/ 2i
�HX- kyyRc "`�M/i 2i �HX- kyyjc /Qb a�MiQb 2i �HX- kyRRVX AM +mHim`2b rBi? BK�;2 b+Q`BM;- Q`
+QQT2`�iBQM@#�b2/ `2Tmi�iBQM- /272+iQ`b ;�BM � M2;�iBp2 BK�;2- i`B;;2`BM; Qi?2` ;`QmT
K2K#2`b iQ �pQB/ i?2K BM 7mim`2 BMi2`�+iBQMb ULQr�F �M/ aB;KmM/- RNN3#c JBHBMbFB 2i
�HX- kyykc avHr2bi2` �M/ _Q#2`ib- kyRjVX S`2pBQmb `2b2�`+? ?�b b?QrM i?�i #Qi? i?2b2
bvbi2Kb +�M BM/2T2M/2MiHv bmTTQ`i +QQT2`�iBQM rBi?BM � ;`QmT Ua+?H T72`- kyR3V �M/
2pB/2M+2 7`QK +`Qbb@+mHim`�H `2b2�`+? bm;;2bib p�`B�iBQM �+`Qbb bQ+B2iB2b BM i2`Kb Q7 i?2
`2H�iBp2 BKTQ`i�M+2 Q7 2�+? `2Tmi�iBQM bvbi2K UG2mM; �M/ *Q?2M- kyRRVX

q?�i ?�TT2Mb r?2M BM/BpB/m�Hb 7`QK � bQ+B2iv `2HB�Mi QM TmMBb?K2Mi@#�b2/ `2Tm@
i�iBQM }M/ i?2Kb2Hp2b BM � bQ+B2iv Q7 BK�;2 b+Q`BM;\ qBi? ;HQ#�HBx�iBQM- i?2 HQr2`BM;
Q7 i`�MbTQ`i�iBQM +Qbib �M/ `BbBM; BKKB;`�iBQM ~Qrb- BMi2`;`QmT +QMi�+i Bb #2+QKBM;
KQ`2 7`2[m2MiX lMHBF2 i?2Q`B2b bm;;2biBM; TQbBiBp2 2z2+ib Q7 +QMi�+i QM BMi2`;`QmT `2@
H�iBQMb U�HHTQ`i- RN89V- r2 T`QTQb2 i?�i +mHim`�H BM+QKT�iB#BHBiv BM i2`Kb Q7 `2Tmi�iBQM
bvbi2Kb +�M ?BM/2` BMi2`;`QmT +QQT2`�iBQM �M/ T`QKQi2 /2pB�Mi #2?�pBQ`- �pQB/�M+2
�M/ +QM~B+iX h?2 BMimBiBQM #2?BM/ i?Bb Bb bBKTH2X AM TmMBb?K2Mi@#�b2/ +mHim`2b- BM@
/BpB/m�H TmMBb?K2Mi Q7 /2pB�Mi #2?�pBQ` Bb 2M+Qm`�;2/X AM/BpB/m�Hb r?Q /QMǶi TmMBb?
�`2 +QMbB/2`2/ ǳr2�FǴ �M/ +�M #2 2tTHQBi2/X AM bQ+B2iB2b Q7 BK�;2 b+Q`BM;- +QQT2`�@
iBp2 #2?�pBQ` Bb T`2b+`B#2/ /B`2+iHv- rBi? MQ BKK2/B�i2 `QH2 7Q` BM/BpB/m�H TmMBb?K2MiX
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J2K#2`b Q7 � bQ+B2iv rBi? TmMBb?K2Mi@#�b2/ `2Tmi�iBQM i?2M H�+F BM+2MiBp2b iQ +QQT@
2`�i2 BM BMi2`�+iBQMb rBi? K2K#2`b Q7 � bQ+B2iv Q7 BK�;2 b+Q`BM;- i`B;;2`BM; i?2 H�ii2`
iQ �pQB/ bm+? BMi2`�+iBQMb �HiQ;2i?2`X

q2 #mBH/ � ;�K2 i?2Q`v KQ/2H #�b2/ QM � bQ+B�H K�i+?BM; ;�K2 iQ 7Q`K�HBx2 i?2b2
B/2�bX AM i?2 KQ/2H- TH�v2`b �`2 K�i+?2/ BM T�B`b 2�+? T2`BQ/ iQ TH�v � T`BbQM2`Ƕb
/BH2KK� 7QHHQr2/ #v � TmMBb?K2Mi T?�b2X h?2 MmK#2` Q7 TH�v2`b BM � ;`QmT Bb H�`;2 bQ
i?�i i?2 b�K2 T�B` `�`2Hv BMi2`�+ib irB+2- BKTHvBM; i?�i /B`2+i `2+BT`Q+Biv Bb mMHBF2Hv iQ
bmbi�BM +QQT2`�iBQMX �;2Mib �`2 ?2i2`Q;2M2Qmb BM i?2B` +Qbi Q7 +QQT2`�iBM; /m`BM; i?2
T`BbQM2`Ƕb /BH2KK� �M/ Q7 b�M+iBQMBM; /m`BM; i?2 TmMBb?K2Mi `QmM/X q2 +QMbB/2` irQ
ivT2b Q7 `2Tmi�iBQM�H K2+?�MBbKbX qBi? TmMBb?K2Mi@#�b2/ `2Tmi�iBQM- Q` ǳTmM@`2TǴ-
TH�v2`b +�M H2�`M i?2 TmMBiBp2 `2+Q`/ Q7 i?2B` QTTQM2MiX AM/BpB/m�Hb i?2M ?�p2 BM+2MiBp2b
iQ #mBH/ � `2Tmi�iBQM 7Q` TmMBb?BM; /272+iBQM- BM/m+BM; +QQT2`�iBp2 #2?�pBQ` #v i?2B`
QTTQM2Mi- #mi bQK2 TH�v2`b K�v }M/ Bi iQQ +QbiHv iQ /Q bQX _2Tmi�iBQM�H BM7Q`K�iBQM
+�M BMbi2�/ �HbQ `2T`2b2Mi T�bi BMbi�M+2b Q7 +QQT2`�iBQM �M/ /272+iBQMX A7 QTTQM2Mib
�pQB/ BMi2`�+iBQMb rBi? FMQrM /272+iQ`b- TH�v2`b ?�p2 BM+2MiBp2b iQ +QQT2`�i2 �M/ #mBH/
� ;QQ/ BK�;2 b+Q`2X q2 `272` iQ i?Bb �b � +QQT2`�iBQM@#�b2/ `2Tmi�iBQM- Q` ǳ+QQT@`2TǴX

q2 }`bi /2`Bp2 +QM/BiBQMb mM/2` r?B+? 2Bi?2` ivT2 Q7 `2Tmi�iBQM bvbi2K +�M bmTTQ`i
� +QQT2`�iBp2 2[mBHB#`BmK rBi?BM � ;`QmT- r?2`2 BM/BpB/m�Hb rBi? bm{+B2MiHv HQr +Qbi
+QQT2`�i2X q2 i?2M +QMbB/2` BMi2`�+iBQMb �+`Qbb ;`QmT #QmM/�`B2b- rBi? 2�+? ;`QmT
`2HvBM; QM i?2B` /BbiBM+i `2Tmi�iBQM�H K2+?�MBbKX _2Tmi�iBQM�H +QM+2`Mb +�``v Qp2`
iQ BMi2`;`QmT BMi2`�+iBQMb- �HHQrBM; 7Q` � +QQT2`�iBp2 2[mBH#`BmK �+`Qbb ;`QmTb mM/2`
bQK2r?�i iB;?i2` +QM/BiBQMb i?�M BM i?2 rBi?BM ;`QmT +�b2- #mi QMHv B7 #Qi? ;`QmTb
mb2 i?2 b�K2 ivT2 Q7 `2Tmi�iBQMX q?2M #Qi? ;`QmTb `2Hv QM +QQT@`2T- TH�v2`b +QQT2`@
�i2 BM BMi2`;`QmT BMi2`�+iBQMb iQ K�BMi�BM i?2B` TQbBiBp2 BK�;2 b+Q`2 rBi?BM i?2B` QrM
;`QmTX aBKBH�`Hv- r?2M `2Tmi�iBQM Bb TmMBb?K2Mi@#�b2/ BM #Qi? ;`QmTb- TH�v2`b TmMBb?
BM BMi2`;`QmT BMi2`�+iBQMb BM Q`/2` iQ �TT2�` ǳiQm;?Ǵ iQ i?2B` QrM T22`b- bmTTQ`iBM; �M
2[mBHB#`BmK Q7 Kmim�H +QQT2`�iBQMX am+? �M 2[mBHB#`BmK /Q2b MQi 2tBbi B7 ;`QmTb /Bz2`
BM i2`Kb Q7 i?2B` `2Tmi�iBQM bvbi2KbX J2K#2`b Q7 � +QQT@`2T ;`QmT /QMǶi TmMBb?- r?B+?
BKTHB2b i?�i TmM@`2T ;`QmT K2K#2`b ?�p2 MQ BM+2MiBp2b iQ +QQT2`�i2 BM BMi2`;`QmT BM@
i2`�+iBQMb- bBM+2 i?2v 7�+2 MQ i?`2�i Q7 TmMBb?K2Mi #v i?2B` QTTQM2Mi- �M/ +QQT2`�iBQM
Bb MQi `2r�`/2/ #v i?2B` ;`QmTǶb `2Tmi�iBQM ivT2X

q2 2tTHQ`2 irQ KQ/2H 2ti2MbBQMb rBi? bBKBH�` `2bmHibX 6B`bi- r2 �HHQr 7Q` i?2 ~Qr
Q7 `2Tmi�iBQM�H BM7Q`K�iBQM �+`Qbb ;`QmT #QmM/�`B2b- r?B+? bi`2M;i?2Mb BM+2MiBp2b iQ
+QQT2`�i2 �b HQM; �b #Qi? ;`QmTb �`2 Q7 i?2 b�K2 `2Tmi�iBQM�H ivT2X AM i?2 +�b2 Q7
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QM2 TmM@`2T �M/ QM2 +QQT@`2T ;`QmT- ?Qr2p2`- `2Tmi�iBQM b?�`2/ �+`Qbb ;`QmTb 7�BHb iQ
BM/m+2 +QQT2`�iBQM- �b Bi /Q2b MQi `2bQHp2 i?2 mM/2`HvBM; BM+QKT�iB#BHBiv Q7 �+iBQMb T`2@
b+`B#2/ #v i?2 `2bT2+iBp2 `2Tmi�iBQM K2+?�MBbKbX a2+QM/- r2 2tTHQ`2 Qmi+QK2b r?2M
TH�v2`b +�M 2M/Q;2MQmbHv �Hi2` i?2 T`Q#�#BHBiv Q7 BMi2`�+iBM; rBi? Qmi;`QmT K2K#2`bX
� +QQT2`�iBp2 2[mBHB#`BmK `2K�BMb 72�bB#H2 rBi? irQ bBKBH�` ;`QmTbX AM � bBim�iBQM
rBi? ;`QmT KBtBM;- r2 Q#b2`p2 2t+HmbBQM�`v #2?�pBQ`- rBi? �HH K2K#2`b Q7 i?2 +QQT@
`2T ;`QmT �pQB/BM; BMi2`�+iBQMb rBi? K2K#2`b Q7 i?2 TmM@`2T ;`QmTX

q2 /2KQMbi`�i2 i?2 #`Q�/ �TTHB+�#BHBiv Q7 i?2 KQ/2H BM 2tTH�BMBM; T�ii2`Mb Q7 BM@
i2`;`QmT +QQT2`�iBQM �M/ +QM~B+i #v i2biBM; Bib T`2/B+iBQMb BM irQ /Bz2`2Mi +QMi2tib,
�iiBim/2b Q7 ?Qbi TQTmH�iBQMb iQr�`/b BKKB;`�Mib �M/ #BH�i2`�H +QM~B+i �+`Qbb 2i?MB+
;`QmTbX � +2Mi`�H +?�HH2M;2 7Q` i?2 2KTB`B+�H �M�HvbBb Bb i?2 �#b2M+2 Q7 bvbi2K�iB+ K2�@
bm`2b Q7 `2Tmi�iBQM �+`Qbb bQ+B2iB2bX q2 Qp2`+QK2 i?Bb T`Q#H2K #v `2HvBM; QM � `2+2Mi
2i?MQ;`�T?B+ /�i�#�b2 Q7 7QHFHQ`2 K�/2 �p�BH�#H2 iQ 2+QMQKBbib #v JB+?�HQTQmHQb �M/
sm2 UkykRVX q2 T`Qtv 7Q` TmMBb?K2Mi@#�b2/ `2Tmi�iBQM #v i?2 T`2p�H2M+2 Q7 KQiB7b
`2H�i2/ iQ `2p2M;2 �M/ `2i�HB�iBQM BM � bQ+B2ivǶb Q`�H i`�/BiBQMbX q?2`2p2` TQbbB#H2- r2
+QKTH2K2Mi i?Bb K2�bm`2 rBi? irQ �//BiBQM�H T`QtB2bX h?2 }`bi QM2 `2HB2b QM +QHH2+iBQMb
Q7 2i?MQ;`�T?B+ K�i2`B�H 7Q` jy9 bQ+B2iB2b +�i�HQ;m2/ QMHBM2 #v i?2 >mK�M _2H�iBQMb
�`2� 6BH2b T`QD2+iX q2 +Q/2 �b TmMBb?K2Mi@#�b2/ i?Qb2 bQ+B2iB2b r?2`2 `2p2M;2 �M/ `2@
i�HB�iBQM �`2 K2MiBQM2/ BM i?2 b2+iBQMb Q7 i?2B` 2i?MQ;`�T?B+ `2+Q`/b /Bb+mbbBM; +QM~B+i
�M/ bQ+B�H +QMi`QHX h?2 b2+QM/ T`Qtv Bb � K2�bm`2 Q7 M2;�iBp2 `2+BT`Q+Biv- +QMbi`m+i2/
�b �M �;;`2;�i2 Q7 b2H7@`2TQ`i2/ rBHHBM;M2bb iQ TmMBb? �M/ i�F2 `2p2M;2 2HB+Bi2/ BM �
;HQ#�H `2T`2b2Mi�iBp2 bm`p2v Q7 2+QMQKB+ T`272`2M+2b- i?2 :HQ#�H S`272`2M+2 am`p2v
U6�HF 2i �HX- kyR3VX

q2 +QM/m+i irQ b2T�`�i2 2KTB`B+�H �M�Hvb2bX 6Q` i?2 }`bi QM2- r2 2t�KBM2 r?2i?2`
/Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v
T`2/B+i T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM �KQM; b2+QM/ ;2M2`�iBQM BKKB;`�Mib BM 1m`QT2X
q2 `2Hv QM i?2 1m`QT2�M aQ+B�H am`p2v U1aaV �M/ 2tTHQBi p�`B�iBQM BM 7QHFHQ`2 �+`Qbb
T�B`b Q7 ?Qbi �M/ Q`B;BM +QmMi`B2bX h?Bb �HHQrb mb iQ +QMi`QH 7Q` ?Qbi �M/ Q`B;BM +QmMi`v
}t2/ 2z2+ib- M2iiBM; Qmi 7�+iQ`b Ĝ bm+? �b TQHBiB+�H +HBK�i2 Q` ?BbiQ`v Ĝ i?�i K�v H2�/
iQ KQ`2 �MiB@BKKB;`�Mi �iiBim/2b BM +2`i�BM 1m`QT2�M +QmMi`B2b- �b r2HH �b 7�+iQ`b Ĝ
bm+? �b `2HB;BQM Q` bFBM +QHQ` Ĝ i?�i K�v K�F2 +2`i�BM ;`QmTb Q7 BKKB;`�Mib KQ`2 HBF2Hv
iQ #2 /Bb+`BKBM�i2/X

q2 }M/ i?�i BKKB;`�Mib 7`QK Q`B;BMb i?�i /Bz2` 7`QK i?2 ?Qbi +QmMi`v BM i?2
BKTQ`i�M+2 Q7 `2p2M;2 �`2 KQ`2 HBF2Hv iQ `2TQ`i #2BM; K2K#2`b Q7 � /Bb+`BKBM�i2/
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;`QmTX h?Bb `2bmHi Bb +QM/BiBQM�H QM Qi?2` K2�bm`2b Q7 #BH�i2`�H /Bbi�M+2 BM 2+QMQKB+
/2p2HQTK2Mi- ;2Q;`�T?B+ T`QtBKBiv- +QKKQM ?BbiQ`v �M/ +mHim`2X *QMbBbi2Mi rBi?
i?2 KQ/2H- /Bb+`BKBM�iBQM Q`B;BM�i2b 7`QK K2K#2`b Q7 `2H�iBp2Hv KQ`2 +QQT2`�iBQM@
#�b2/ bQ+B2iB2b �M/ Bb /B`2+i2/ iQr�`/b K2K#2`b Q7 `2H�iBp2Hv KQ`2 TmMBb?K2Mi@#�b2/
bQ+B2iB2b- `�i?2` i?�M pB+2 p2`b�X h?2 ivT2 Q7 /Bb+`BKBM�iBQM T`2/B+i2/ #v #BH�i2`�H
/Bz2`2M+2b BM `2p2M;2 Bb #�b2/ QM +mHim`�H ;`QmT �{HB�iBQM- /2}M2/ #v +?�`�+i2`BbiB+b
bm+? �b 2i?MB+ Q`B;BM- M�iBQM�HBiv Q` `2HB;BQM- �M/ MQi QM BM/BpB/m�H +?�`�+i2`BbiB+b bm+?
�b ;2M/2` Q` b2tm�H Q`B2Mi�iBQMX

�M BKTQ`i�Mi +QM+2`M 7Q` i?Bb �M�HvbBb Bb i?�i i?2 #BH�i2`�H /Bbi�M+2 BM `2p2M;2@
`2H�i2/ KQiB7b +�Tim`2b BM+QKT�iB#BHBiv BM /BK2MbBQMb Q7 +mHim`2 Qi?2` i?�M `2Tmi�iBQM
bi`m+im`2bX q2 `2Hv QM i?2 /�i�#�b2 Q7 7QHFHQ`2 iQ `mH2 Qmi � `QH2 7Q` irQ BKTQ`i�Mi
+QKT2iBM; i?2Q`2iB+�H K2+?�MBbKb #2?BM/ BMi2`;`QmT i2MbBQMb, Qp2`�HH T`QT2MbBiv iQ pB@
QH2M+2- � /Q+mK2Mi2/ 72�im`2 Q7 +mHim`2b Q7 ?QMQ` ULBb#2ii �M/ *Q?2M- RNNec :`QbD2�M-
kyR9c *�Q 2i �HX- kykRV- �M/ /Bz2`2M+2b BM +QQT2`�iBp2 T`272`2M+2b Uh�#2HHBMB- kyy3VX q2
}M/ MQ 2pB/2M+2 i?�i i?2 T`2p�H2M+2 Q7 2Bi?2` KQiB7b `2H�i2/ iQ +QM~B+i �M/ pBQH2M+2
Q` KQiB7b `2H�i2/ iQ +?2�iBM; �M/ /272+iBQM T`2/B+i T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX h?2
T`2/B+iBp2 TQr2` Q7 /Bz2`2M+2b BM `2p2M;2 KQiB7b `2K�BMb ?B;? 2p2M �7i2` +QMi`QHHBM; 7Q`
/Bz2`2M+2b BM 2+QMQKB+ T`272`2M+2b 7`QK :Sa �M/ /Bz2`2M+2b BM ir2Miv@QM2 ?mK�M p�H@
m2b +QKKQMHv mb2/ #v Tbv+?QHQ;Bbib iQ +QM/m+i +`Qbb@+mHim`�H +QKT�`BbQMb Ua+?r�`ix-
RNN9VX P7 �HH 2+QMQKB+ T`272`2M+2b K2�bm`2/ BM i?2 :Sa- QMHv /Bz2`2M+2b BM T�iB2M+2
?�p2 �M BM/2T2M/2Mi 2z2+i QM T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM- #mi �++QmMiBM; 7Q` i?2K
/Q2b MQi /BKBMBb? i?2 `QH2 Q7 /Bz2`2M+2b BM `2p2M;2X .Bz2`2M+2b BM M2;�iBp2 `2+BT`Q+Biv
bi`QM;Hv T`2/B+i /Bb+`BKBM�iBQM T�ii2`Mb QMHv r?2M /Bz2`2M+2b BM `2p2M;2 KQiB7b �`2 MQi
+QMi`QHH2/ 7Q`- +QM}`KBM; i?2 7�+i i?�i i?2b2 irQ K2�bm`2b +�Tim`2 � bBKBH�` mM/2`HvBM;
+QMbi`m+iX

6Q` Qm` b2+QM/ 2KTB`B+�H i2bi- r2 im`M iQ T�ii2`Mb Q7 +QM~B+i #2ir22M 2i?MB+ ;`QmTbX
q2 #mBH/ QM i?2 Q#b2`p�iBQM i?�i +QM~B+i Bb Q7i2M i?2 `2bmHi Q7 HQr2` BMi2MbBiv /Bb@
Tmi2b #2ir22M BM/BpB/m�Hb i?�i 2b+�H�i2 BMiQ H�`;2` b+�H2 i2MbBQMb U"Q2?K 2i �HX- RN39c
>Q`QrBix- RN38c _Q?M2`- kyRRVX hQ +QM/m+i �M �M�HvbBb �i i?2 2i?MB+ ;`QmT T�B` H2p2H-
KB``Q`BM; i?2 QM2 7Q` /Bb+`BKBM�iBQM- r2 mb2 i?2 1i?MB+ SQr2` _2H�iBQMb .�i�b2i 6�K@
BHv U1S_V UoQ;i 2i �HX- kyR8VX h?2 1S_ i`�+Fb �i �M �MMm�H 7`2[m2M+v �HH TQHBiB+�HHv
`2H2p�Mi ;`QmTb BM i?2 rQ`H/ �M/ i?2B` bi�imb �b K2K#2`b Q7 i?2 ;Qp2`MK2Mi Q` 2t@
+Hm/2/ 7`QK TQr2`X Ai �HbQ i`�+Fb +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ MQM@;Qp2`MK2Mi
;`QmTb #v HBMFBM; iQ /�i� QM +QM~B+i BM+B/2M+2 7`QK i?2 lTTb�H� *QM~B+i .�i� S`Q;`�K
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Ul*.SVX q2 HBMF ;`QmTb BM i?2 1S_ iQ i?2B` Q`�H i`�/BiBQMb �M/ Qi?2` 2i?MQ;`�T?B+
+?�`�+i2`BbiB+b i?`Qm;? i?2 1i?MQ;`�T?B+ �iH�b UJm`/Q+?- RNedVX q2 i?2M 2t�KBM2
r?2i?2` i?2 /Bbi�M+2 BM i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b T`2/B+ib i?2 Q++m``2M+2
Q7 +QM~B+i #2ir22M ;`QmTb- +QM/BiBQM�H QM ;Qp2`MK2Mi �M/ `2#2H ;`QmT mMQ#b2`p�#H2
}t2/ +?�`�+i2`BbiB+b �M/ +QmMi`v #v v2�` }t2/ 2z2+ibX

q2 }M/ i?�i � QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 BM i?2 �#bQHmi2 /Bbi�M+2 BM `2p2M;2
KQiB7b BM+`2�b2b i?2 T`Q#�#BHBiv Q7 +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � `2#2H ;`QmT #v
yXk8 bi�M/�`/ /2pB�iBQMbX h?Bb 2biBK�i2 BM+`2�b2b r?2M �++QmMiBM; 7Q` Qi?2` #BH�i2`�H
/Bz2`2M+2b b?QrM iQ �z2+i +QM~B+i BM+B/2M+2- bm+? �b HBM;mBbiB+ �M/ `2HB;BQmb /Bbi�M+2
UaTQH�Q`2 �M/ q�+xB�`;- kyRec :m�`MB2`B- kykkV- /Bz2`2M+2b BM TQHBiB+�H bQT?BbiB+�iBQM
�M/ bQ+B2i�H +QKTH2tBiv Q` BM2[m�HBiv BM M�im`�H 2M/QrK2MibX

�b BM i?2 +�b2 Q7 /Bb+`BKBM�iBQM- i?2 2z2+i Q7 /Bz2`2M+2b BM `2p2M;2 KQiB7b Bb MQi
/`Bp2M #v /Bbi�M+2 BM Qi?2` +mHim`�H 7�+iQ`b �z2+iBM; i?2 T`QT2MbBiv iQ +QQT2`�i2X .B7@
72`2M+2b BM i?2 T`2p�H2M+2 Q7 KQiB7b `2H�i2/ iQ pBQH2Mi +QM~B+i �M/ KQiB7b `2H�i2/ iQ
+?2�iBM; �`2 KQ`2 T`2/B+iBp2 Q7 +QM~B+i i?�M Q7 /Bb+`BKBM�iBQM �;�BMbi Qmi;`QmTb- #mi
MQM2 Q7 i?2 irQ /`Bp2b i?2 2z2+i Q7 `2p2M;2@`2H�i2/ i`�/BiBQMbX q2 �`2 �HbQ �#H2 iQ `mH2
Qmi i?�i Qm` K2�bm`2 +�Tim`2b /Bz2`2M+2b BM bm#bBbi2M+2 T�ii2`Mb- bT2+B}+�HHv `2HB�M+2
QM T�biQ`�HBbK- r?B+? Bb bi`QM;Hv �bbQ+B�i2/ rBi? ?QMQ` +mHim`2b U*�Q 2i �HX- kykRVX
aBKBH�`Hv- Qm` `2bmHib �`2 MQi /`Bp2M #v /Bz2`2M+2b BM 7Q`Kb Q7 Q`;�MBx�iBQM�H bi`m+im`2
b?QrM iQ �z2+i +QM~B+i BMi2MbBiv- bm+? �b b2;K2Mi�`v HBM2�;2b UJQb+QM� 2i �HX- kyRNVX
h?2 T`2/B+iBp2 TQr2` Q7 /Bz2`2M+2b BM `2p2M;2@`2H�i2/ KQiB7b `2K�BMb ?B;? BM �Hi2`M�@
iBp2 2KTB`B+�H bT2+B}+�iBQMb �M/ mbBM; /Bz2`2Mi K2i?Q/b Q7 +Hmbi2`BM; bi�M/�`/ 2``Q`b
7Q` BM72`2M+2X

h?2 `2K�BM/2` Q7 i?2 T�T2` T`Q+22/b �b 7QHHQrbX a2+iBQM k bm`p2vb HBi2`�im`2 QM
i?2 `QH2 Q7 `2Tmi�iBQM �M/ +mHim`�H BM+QKT�iB#BHBiv BM /`BpBM; +QM~B+i �M/ B/2MiB}2b Qm`
+QMi`B#miBQM iQ i?Bb HBM2 Q7 `2b2�`+?X AM a2+iBQM j r2 T`2b2Mi [m�HBi�iBp2 2pB/2M+2 QM
+`Qbb@+mHim`�H p�`B�iBQM BM `2Tmi�iBQM bvbi2Kbc r2 i?2M /Bb+mbb +�b2b BM r?B+? i?2 BMi2`@
�+iBQM Q7 TmMBb?K2Mi@#�b2/ �M/ +QQT2`�iBQM@#�b2/ bQ+B2iB2b H2�/b iQ /2pB�Mi #2?�pBQ`
QM i?2 T�`i Q7 i?2 7Q`K2` �M/ �pQB/�M+2 QM i?2 T�`i Q7 i?2 H�ii2`- Q7i2M `2bmHiBM; BM
BMi2`;`QmT i2MbBQMbX a2+iBQM 9 T`2b2Mib i?2 i?2Q`2iB+�H KQ/2HX a2+iBQM 8 `2TQ`ib 2KTB`B@
+�H 2pB/2M+2 +QMbBbi2Mi rBi? i?2 KQ/2HǶb T`2/B+iBQMbX q2 T`2b2Mi Qm` T`QtB2b Q7 `2HB�M+2
QM TmMBb?K2Mi@#�b2/ `2Tmi�iBQM �M/ b?Qr i?�i +`Qbb@+mHim`�H BM+QKT�iB#BHBiv BM i?2b2
K2�bm`2b T`2/B+ib /Bb+`BKBM�iBQM Q7 ?Qbi TQTmH�iBQMb �;�BMbi BKKB;`�Mib BM 1m`QT2
�M/ #BH�i2`�H +QM~B+i �+`Qbb 2i?MB+ ;`QmTb BM �7`B+� �M/ �bB�X a2+iBQM e +QM+Hm/2b �M/
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/Bb+mbb2b T�i?b iQ 7mim`2 `2b2�`+?X

k _2H�i2/ HBi2`�im`2
Pm` T�T2` +QMi`B#mi2b iQ HBi2`�im`2b BM KmHiBTH2 /Bb+BTHBM2b bim/vBM; +QQT2`�iBQM- `2T@
mi�iBQM- +mHim`2 �M/ +QM~B+iX _2b2�`+? BM 2+QMQKB+b �M/ 2pQHmiBQM�`v #BQHQ;v b?Qrb
i?�i i?2 2K2`;2M+2 Q7 +QQT2`�iBQM �KQM; mM`2H�i2/ BM/BpB/m�Hb +�M #2 2tTH�BM2/ #v
i?2 `QH2 Q7 `2Tmi�iBQM ULQr�F �M/ aB;KmM/- RNN3�c 62?` �M/ : +?i2`- kyyyc 62?` �M/
6Bb+?#�+?2`- kyyjc .�H "Ʀ- kyy8c >2M`B+? 2i �HX- kyyeVX .BbiBM+i HBM2b Q7 BM[mB`v QM
`2Tmi�iBQM@#�b2/ +QQT2`�iBQM ?�p2 b?QrM i?�i #Qi? BM/B`2+i `2+BT`Q+Biv ULQr�F �M/
aB;KmM/- RNN3#c JBHBMbFB 2i �HX- kyykc avHr2bi2` �M/ _Q#2`ib- kyRjV �M/ TmMBb?K2Mi
UaB;KmM/ 2i �HX- kyyRc "`�M/i 2i �HX- kyyjc /Qb a�MiQb 2i �HX- kyRRV +�M bmbi�BM +QQT@
2`�iBQM BM QM2@b?Qi BMi2`�+iBQMbX h?2 TQbbB#BHBiv i?�i #Qi? i?2b2 ivT2b Q7 `2Tmi�iBQM
+�M +Q@2tBbi �M/ 2pQHp2 2M/Q;2MQmbHv ?�b #22M 2bi�#HBb?2/ i?2Q`2iB+�HHv #v a+?H T72`
UkyR3VX hQ Qm` FMQrH2/;2- MQ bim/v +QMbB/2`b i?2 i?2Q`2iB+�H BKTHB+�iBQMb Q7 ǳKBt@
BM;Ǵ Q7 `2Tmi�iBQM bvbi2Kb BM i?2 +QMi2ti Q7 BMi2`;`QmT +QMi�+i- �M/ bT2+B}+�HHv i?2
T2`MB+BQmb 2z2+ib i?�i KBtBM; +�M ?�p2 7Q` BMi2`;`QmT +QQT2`�iBQMX

1KTB`B+�HHv- +`Qbb@+mHim`�H /Bz2`2M+2b BM i?2 `QH2 Q7 TmMBb?K2Mi ?�p2 #22M bim/@
B2/ BM i?2 +QMi2ti Q7 #2?�pBQ`�H 2tT2`BK2Mib- KQbi MQi�#Hv #v >2M`B+? 2i �HX UkyyeVX
>2``K�MM 2i �HX Ukyy3V /2KQMbi`�i2 bm#bi�MiB�H p�`B�iBQM BM i?2 `QH2 Q7 �MiB@bQ+B�H TmM@
Bb?K2Mi �+`Qbb bQ+B2iB2b BM i?2 +QMi2ti Q7 � Tm#HB+ ;QQ/b ;�K2X aBM+2 TmMBb?K2Mi Bb
K2i2/ �MQMvKQmbHv- i?Bb bim/v /Q2b MQi �HHQr � `QH2 7Q` `2Tmi�iBQM�H +QMbB/2`�iBQMb
BM b?�TBM; TmMBb?K2Mi /2+BbBQMbX *HQb2` iQ Qm` b2imT- "`QQFb 2i �HX UkyR3V }M/ i?�i
`2Tmi�iBQM�H +QMbB/2`�iBQMb +�M BKT2/2 +QQ`/BM�iBQM QM bQ+B�HHv QTiBK�H +QMp2MiBQMb
�+`Qbb- #mi �HbQ rBi?BM +mHim`�H ;`QmTbX h?2 T`2b2Mi T�T2` �//b iQ i?Bb 2KTB`B+�H HBi@
2`�im`2 #v mbBM; Q#b2`p�iBQM�H /�i� iQ b?Qr i?�i +`Qbb@bQ+B2i�H BM+QKT�iB#BHBiv BM i?2
BKTQ`i�M+2 Q7 TmMBb?K2Mi ?�b BKTHB+�iBQMb 7Q` KmHiBTH2 /QK�BMb Q7 bQ+B�H BMi2`�+iBQMb-
7`QK HQr@BMi2MbBiv i2MbBQMb �M/ /Bb+`BKBM�iBQM iQ H�`;2` b+�H2 +QM~B+iX

h?Bb bim/v �HbQ `2H�i2b iQ rQ`F bim/vBM; i?2 `QH2 Q7 +mHim`2 BM 2tTH�BMBM; +`Qbb@
bQ+B2i�H /Bz2`2M+2b BM +QQT2`�iBQMX JQbi T`QKBM2MiHv- h�#2HHBMB Ukyy3V T`QpB/2b �M
2tTH�M�iQ`v 7`�K2rQ`F 7Q` p�`B�iBQM BM i?2 b+QT2 Q7 +QQT2`�iBQM �+`Qbb bQ+B2iB2b #�b2/
QM i?2 BMi2`�+iBQM Q7 p�Hm2b Q7 ;QQ/ +QM/m+i U�Hi`mBbKV �M/ K�i2`B�H BM+2MiBp2bX 1MF2
UkyRNV #mBH/b QM i?Bb 7`�K2rQ`F iQ ?B;?HB;?i i?2 `QH2 Q7 FBMb?BT bvbi2Kb 7Q` i?2 2pQHmiBQM
Q7 /Bz2`2Mi ivT2b Q7 KQ`�H p�Hm2b- /BbiBM;mBb?BM; #2ir22M mMBp2`b�H p�Hm2b Ĝ �Hi`mBbK
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i?�i 2ti2M/b iQ KQ`2 bQ+B�HHv /Bbi�Mi T�`iM2`b Ĝ �M/ +QKKmM�H p�Hm2b Ĝ �Hi`mBbK +QM@
}M2/ iQ � M�``Qr BM;`QmTX *2Mi`�H BM i?Bb HBM2 Q7 `2b2�`+? Bb i?2 `QH2 Q7 T`272`2M+2bX
� `2H�i2/ HBi2`�im`2 BM TQHBiB+�H b+B2M+2 ?�b BMbi2�/ 2KT?�bBx2/ i?�i- 2p2M r?2M p�Hm2b
�`2 B/2MiB+�H- +QQT2`�iBQM `�i2b �+`Qbb bQ+B2iB2b K�v /Bz2` /m2 iQ mM/2`HvBM; /Bz2`@
2M+2b BM T�vQz bi`m+im`2b `2H�i2/ iQ i?2 2ti2`M�H 2MpB`QMK2Mi �M/ K�i2`B�H +QMbi`�BMib
U"2/M�` �M/ S�;2- kyyd- kyR3VX AM Qm` KQ/2H- bQ+B2iB2b ?�p2 B/2MiB+�H T`272`2M+2b �M/
+QMbi`�BMib- #mi /Bp2`;2 BM i?2 r�v i?2v mb2 `2Tmi�iBQM iQ bQHp2 +QQT2`�iBQM T`Q#H2KbX
.Bz2`2Mi `2Tmi�iBQM K2+?�MBbKb +�M #2 2[m�HHv 2z2+iBp2 BM bmbi�BMBM; +QQT2`�iBQM
rBi?BM ;`QmTb- #mi MQi �+`Qbb i?2KX Pm` �TT`Q�+? �HbQ +QKTH2K2Mib i?Bb HBi2`�im`2
#2+�mb2 Bi 2ti2M/b i?2 b+QT2 Q7 i?2 `2b2�`+? [m2biBQM- 7`QK B/2MiB7vBM; p�`B�iBQM BM
+mHim`2- iQ bim/vBM; i?2 BKTHB+�iBQMb Q7 i?Bb p�`B�iBQM 7Q` +`Qbb@+mHim`�H +QMi�+iX

� /BbiBM+i 72�im`2 Q7 Qm` bim/v `2H�iBp2 iQ i?2 �7Q`2K2MiBQM2/ rQ`F BM +mHim`�H
2+QMQKB+b Bb i?�i Bi ?B;?HB;?ib i?2 2tBbi2M+2 Q7 +`Qbb@+mHim`�H p�`B�iBQM BM K2+?�MBbKb
i?�i bmTTQ`i Q#b2`p�iBQM�HHv 2[mBp�H2Mi ;`QmT@H2p2H #2?�pBQ`b �M/ Qmi+QK2bX �b bm+?-
Qm` �TT`Q�+? Bb p2`v +HQb2 BM bTB`Bi iQ :`2B7 URNN9VX lbBM; i?2 +QKT�`BbQM #2ir22M
:2MQ2b2 �M/ J�;?`B#B i`�/2`b- :`2B7 URNN9V b?Qrb i?�i i?2 b�K2 7mM/�K2Mi�H 2+QMQKB+
T`Q#H2K +�M #2 bQHp2/ 2[m�HHv 2z2+iBp2Hv BM /Bz2`2Mi r�vb- 2�+? bmTTQ`i2/ #v /Bz2`2Mi
+mHim`�H #2HB27bX hQ bQHp2 i?2 T`Q#H2K Q7 �;2M+v- i?2 :2MQ2b2 `2HB2/ QM +QMi`�+ib �M/
BKT2`bQM�H `2H�iBQMb- r?BH2 i?2 J�;?`B#Bb `2HB2/ QM � +QHH2+iBpBbi bvbi2K Q7 BM7Q`K�iBQM@
b?�`BM;X u2i BMi2`;`QmT +QMi�+i BM i?2 +QMi2ti Q7 BMi2`M�iBQM�H i`�/2 7�pQ`2/ QM2 ;`QmT
Ui?2 :2MQ2b2V �M/ H2/ i?2 Qi?2` QM2 Ui?2 J�;?`B#BbV iQ 2tiBM+iBQMX Pm` 7`�K2rQ`F
bBKBH�`Hv +QMbB/2`b BbQH�i2/ +mHim`2b i?�i 2z2+iBp2Hv K�M�;2 iQ bQHp2 � bQ+B2i�H T`Q#H2K
U+QQT2`�iBQMV �M/ i?2B` BMi2`�+iBQM- #mi 7Q+mb2b QM `2Tmi�iBQM �b i?2 +`m+B�H �bT2+i Q7
+mHim`�H /Bz2`2M+2X

Pm` i?2Q`v �M/ 2KTB`B+�H `2bmHib �HbQ `2H�i2 iQ � pQHmKBMQmb HBi2`�im`2 QM i?2 /2@
i2`KBM�Mib Q7 +QM~B+iX *QM~B+i 7`2[m2MiHv Q++m`b �+`Qbb `�i?2` i?�M rBi?BM ;`QmTb-
rBi? ;`QmT K2K#2`b?BT /2i2`KBM2/ #v b�HB2Mi +?�`�+i2`BbiB+b HBF2 2i?MB+Biv- bFBM +QHQ`
Q` `2HB;BQMXR qBi? #QmM/�`B2b i�F2M �b ;Bp2M- K�i2`B�H /Bz2`2M+2b Q` BM2[m�HBiB2b BM
2M/QrK2Mib /`Bp2 +H�b?2b #2ir22M ;`QmTb UJBi`� �M/ _�v- kyR9c >m#2` �M/ J�vQ`�H-
kyR9c JQ`2HHB �M/ _Q?M2`- kyR8c :m�`BbQ �M/ _Q;�HH- kyRdc J+:mB`F �M/ LmMM- kykyc

R*QM~B+i �HQM; 2i?MB+ HBM2b +�M #2 2tTH�BM2/ #v i?2 BMbi`mK2Mi�H `QH2 Q7 2i?MB+Biv BM T`QpB/BM;
2t+Hm/�#H2 �++2bb iQ `2bQm`+2b U62�`QM- RNNNc *�b2HHB �M/ *QH2K�M- kyRjVX
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1#2`H2 2i �HX- kykyVX u2i i?2 HBi2`�im`2 ?�b �HbQ B/2MiB}2/ +mHim`�H /`Bp2`b Q7 BMi2`;`QmT
+QM~B+iX JQb+QM� 2i �HX UkyRdV �M/ JQb+QM� 2i �HX UkyRNV ?�p2 b?QrM i?�i +2`i�BM
ivT2b Q7 bQ+B�H Q`;�MBx�iBQM �`2 KQ`2 +QM~B+i@T`QM2X *�Q 2i �HX UkykRV T`QpB/2 2pB/2M+2
i?�i � +mHim`2 Q7 ?QMQ`- r?B+? K�F2b mb2 Q7 pBQH2Mi `2i�HB�iBQM �M/ Bb KQbi +QKKQMHv
7QmM/ �KQM; ?2`/BM; bQ+B2iB2b- Bb �bbQ+B�i2/ rBi? ?B;?2` +QM~B+i BM+B/2M+2X Pm` bim/v
/Bz2`b 7`QK i?2b2 rQ`Fb BM irQ `2bT2+ibX 6B`bi- Bi 7Q+mb2b QM i?2 BMbi`mK2Mi�H `QH2
Q7 `2i�HB�iBQM 7Q` `2Tmi�iBQM@#mBH/BM; �M/ /BbiBM;mBb?2b Bi i?2Q`2iB+�HHv �M/ 2KTB`B+�HHv
7`QK Qi?2` 2H2K2Mib Q7 +mHim`2 i?�i /`Bp2 T`QM2M2bb iQ pBQH2M+2X a2+QM/- #v b?B7iBM;
i?2 7Q+mb 7`QK ;`QmT@bT2+B}+ +mHim`�H +?�`�+i2`BbiB+b iQ i?2 BMi2`�+iBQM #2ir22M /Bz2`@
2Mi +mHim`2b- Bi b?Qrb i?�i bQ+B�H i2MbBQMb �M/ +QM~B+i �bbQ+B�i2/ rBi? +2`i�BM +mHim`�H
72�im`2b Q7 ;`QmTb K�v #2 KQ`2 +QKKQM BM BMi2`�+iBQMb rBi? BM+QKT�iB#H2 ;`QmTbX

hrQ bim/B2b QM BMi2`;`QmT +QM~B+i �`2 KQbi `2H�i2/ iQ i?2 i?2Q`2iB+�H b2imT BM
i?Bb T�T2`X _Q?M2` UkyRRV 2t�KBM2b ?Qr `2Tmi�iBQM #�b2/ QM `2i�HB�iBQM +�M bmTTQ`i
+QQT2`�iBQM BM #BH�i2`�H BMi2`�+iBQMbX AM i?�i KQ/2H- BM/BpB/m�Hb +�M 7Q`K � `2Tmi�iBQM
#Qi? BM i?2B` QrM ;`QmT �M/ BM Qi?2` ;`QmTb i?2v BMi2`�+i rBi?c i?2 HBF2HB?QQ/ Q7
BMi2`;`QmT +QM~B+i Bb �z2+i2/ #v i?2 7`2[m2M+v Q7 BMi2`�+iBQMb �+`Qbb ;`QmTb +�Tim`2/ #v
K2�bm`2b Q7 /Bp2`bBiv �M/ b2;`2;�iBQMX Pm` KQ/2H 7Q+mb2b MQi QM i?2 ivT2 Q7 BMi2`;`QmT
BMi2`�+iBQMb- #mi BM i?2 +QMi2Mi Q7 `2Tmi�iBQM- r?B+? p�`B2b �+`Qbb ;`QmTbX 62�`QM �M/
G�BiBM URNNeV �HbQ pB2r `2Tmi�iBQM �b � ;`QmT@bT2+B}+ 72�im`2X h?2v 2tTH�BM BMi2`2i?MB+
+QQT2`�iBQM #v b?QrBM; i?2Q`2iB+�HHv i?2 2tBbi2M+2 Q7 2[mBHB#`B� BM r?B+? ;`QmTb �pQB/
2b+�H�iBQM Q7 +QM~B+i �M/ 2[mBHB#`B� BM r?B+? BM;`QmTb ǳTQHB+2 i?2B` QrMXǴ "v �//BM; i?2
2H2K2Mi Q7 +`Qbb@+mHim`�H /Bz2`2M+2 r2 b?Qr i?�i i?2 2tBbi2M+2 Q7 bm+? 2[mBHB#`B� Bb KQ`2
HBF2Hv r?2M i?2 ;`QmTb i?�i BMi2`�+i b?�`2 i?2 b�K2 `2Tmi�iBQM�H +QMbB/2`�iBQMbX q?BH2
i?2B` i?2Q`v 2tTH�BMb r?v BMi2`;`QmT +QQT2`�iBQM Bb +QKKQM- Qm`b B/2MiB}2b +QM/BiBQMb
mM/2` r?B+? bm+? +QQT2`�iBQM Bb KQ`2 HBF2Hv iQ #`2�F /QrMX

1KTB`B+�HHv- Qm` bim/v +HQb2Hv `2H�i2b iQ rQ`F +QMM2+iBM; i?2 BM+B/2M+2 Q7 +QM~B+i
iQ +mHim`�H /Bbi�M+2 �+`Qbb ;`QmTbX a2p2`�H bim/B2b pB2r +mHim`�H /Bbi�M+2 �b /Bbi�M+2 BM
T`272`2M+2b Qp2` ;QQ/b U1bi2#�M �M/ _�v- kyRRc aTQH�Q`2 �M/ q�+xB�`;- kyRe- kyRdV-
rBi? i?2Q`2iB+�HHv KBt2/ +QM+HmbBQMb 7Q` i?2 HBF2HB?QQ/ Q7 +QM~B+iX aBKBH�` T`272`2M+2b
K�v BM+`2�b2 +QM~B+i Qp2` `Bp�H ;QQ/b- #mi `2/m+2 Bi Qp2` Tm#HB+ ;QQ/bX :m�`MB2`B UkykkV
T`QpB/2b 2pB/2M+2 7Q` i?Bb #v b?QrBM; i?�i i?2 HBF2HB?QQ/ Q7 +BpBH +QM~B+i Qp2` TQr2`
U�M/ i?mb Qp2` �++2bb iQ i?2 T`QpBbBQM Q7 Tm#HB+ ;QQ/bV BM+`2�b2b BM i?2 +mHim`�H /Bbi�M+2
Q7 `2#2H ;`QmTb 7`QK i?2 ;Qp2`MK2MiX Pm` bim/v 2KT?�bBx2b � +QM+`2i2 /BK2MbBQM Q7
?2i2`Q;2M2Biv �+`Qbb TQTmH�iBQMb- `2Tmi�iBQM- �M/ �ii2KTib iQ 2KTB`B+�HHv BbQH�i2 i?�i
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+?�MM2H 7`QK Qp2`�HH /Bz2`2M+2b BM T`272`2M+2b �M/ +mHim`2X AM � bBKBH�` p2BM- #mi
7Q+mbBM; QM � /Bz2`2Mi 2H2K2Mi Q7 +mHim`2- :m�`MB2`B �M/ hm`@S`�ib UkykyV b?Qr i?�i
/Bz2`2M+2b �+`Qbb ;`QmTb BM ;2M/2` MQ`Kb /`Bp2 +QM~B+i@`2H�i2/ b2tm�H pBQH2M+2X

6BM�HHv- �M/ #2vQM/ +QM~B+i- Qm` +QM+HmbBQMb ?�p2 BKTHB+�iBQMb 7Q` BMi2`;`QmT i2M@
bBQMb BM Qi?2` b2iiBM;b Q7 BMi2`;`QmT +QMi�+i- bm+? �b BKKB;`�iBQMX _2b2�`+? ?�b 7QmM/
bQK2 ;`QmTb Q7 BKKB;`�Mib �M/ `27m;22b iQ #2 KQ`2 pBQH2Mi@T`QM2 i?�M Qi?2`b /m2
iQ ;`QmT@bT2+B}+ +mHim`�H +?�`�+i2`BbiB+b Q7 +QHH2+iBp2 2tT2`B2M+2b UJB;m2H 2i �HX- kyRRc
:`QbD2�M- kyR9c *Qmii2MB2` 2i �HX- kyRNVX q2 ?B;?HB;?i BMbi2�/ BM+QKT�iB#BHBiB2b BM
+mHim`�H +?�`�+i2`BbiB+b #2ir22M BKKB;`�Mi �M/ ?Qbi TQTmH�iBQMbX *BiBx2Mb Q7 r2bi2`M
+QmMi`B2b i2M/ iQ /Bb+`BKBM�i2 �;�BMbi JB//H2 1�bi2`M- "�HF�M �M/ 1�bi2`M 1m`QT2�M
BKKB;`�Mib U>�BMKm2HH2` �M/ >�M;�`iM2`- kyRjc "�Mb�F 2i �HX- kyReV- � T`QT2MbBiv i?�i
?�b #22M �ii`B#mi2/ iQ `2HB;BQM U�/B/� 2i �HX- kyRy- kyR9V Q` #`Q�/ +BpBHBx�iBQM�H +H�b?2b
U>mMiBM;iQM- RNNeVX Pm` 7`�K2rQ`F M�``Qrb BM QM +QM+`2i2 +mHim`�H /Bz2`2M+2b `2H�i2/
iQ ?Qr K2K#2`b Q7 /Bz2`2Mi ;`QmTb mb2 `2Tmi�iBQM- �b � +QKTH2K2Mi�`v 7�+iQ` i?�i
+�M /`Bp2 +QM~B+i #2ir22M BKKB;`�Mib �M/ M�iBp2bX

j _2Tmi�iBQM ivT2b �M/ i?2B` BMi2`�+iBQM �+`Qbb +mH@
im`2b

jXR SmMBb?K2Mi@#�b2/ �M/ +QQT2`�iBQM@#�b2/ `2Tmi�iBQM
_2Tmi�iBQM�H +QMbB/2`�iBQMb ?�p2 #22M B/2MiB}2/ �b � 7mM/�K2Mi�H /`Bp2` Q7 ?mK�M +Q@
QT2`�iBQM #v � H�`;2 HBi2`�im`2 BM i?2 bQ+B�H b+B2M+2b U62�`QM �M/ G�BiBM- RNNec JBHBMbFB
2i �HX- kyykc .�H "Ʀ- kyy8VX *QQT2`�iBQM +�M #2 2{+B2MiHv bmbi�BM2/ i?`Qm;? /Bz2`2Mi
ivT2b Q7 `2Tmi�iBQM bvbi2KbX PM i?2 QM2 ?�M/- #mBH/BM; � `2Tmi�iBQM Q7 bQK2QM2 r?Q
TmMBb?2b i`�Mb;`2bbBQMb �;�BMbi i?2K +�M 2z2+iBp2Hv /2i2` +?2�iBM; BM 7mim`2 BMi2`�+@
iBQMbX PM i?2 Qi?2`- +QQT2`�iBQM +�M #2 �+?B2p2/ B7 BM/BpB/m�Hb #mBH/ � `2Tmi�iBQM Q7
bQK2QM2 r?Q +QQT2`�i2b- �M/ �pQB/ BMi2`�+iBQMb rBi? MQM@+QQT2`�iQ`bX

h?2 #2bi FMQrM 2t�KTH2b Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM bvbi2Kb �`2 +mHim`2b Q7
?QMQ`X AM bQ+B2iB2b Q7 ?QMQ`- BM/BpB/m�Hb UT`BK�`BHv K2MV �`2 b2MbBiBp2 iQ BMbmHi- �i@
i�+Fb QM 7�KBHv U2bT2+B�HHv 72K�H2 7�KBHv K2K#2`bV Q` T`QT2`iv- �M/ �`2 rBHHBM; iQ mb2
pBQH2M+2 iQ /272M/ i?2B` `2Tmi�iBQM �;�BMbi i?Qb2 r?Q bHB;?i i?2KX 6�BHm`2 iQ TmM@
Bb? T2`bQM�H BMbmHi `2bmHib BM � HQbb Q7 `2Tmi�iBQM i?�i Bb b?�K27mH 7Q` i?2 BM/BpB/m�H
�M/ BKTHB2b HQbb Q7 bi�imb BM i?2 +QKKmMBivX SmMBb?K2Mi +�M i�F2 i?2 7Q`K Q7 ?QMQ`
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FBHHBM;b- �M/ +�M 2b+�H�i2 BMiQ p2M/2ii�b- Q` iBi@7Q`@i�i bBim�iBQMb BM r?B+? i?2 TmMBb?2`
UQ` ?Bb 7�KBHv K2K#2`bV �`2 TmMBb?2/ #v i?2 TmMBb?22X aQ+B2iB2b Q7 ?QMQ` ?�p2 #22M
bim/B2/ #v 2i?MQ;`�T?2`b BM i?2 J2/Bi2``�M2�M U*�KT#2HH- RNe9c "Q2?K 2i �HX- RN39V-
i?2 JB//H2 1�bi Uai2r�`i- RNN9V �M/ *2Mi`�H �bB� UE2Bb2`- RNNRV- �M/ �`2 +QKKQMHv
�bbQ+B�i2/ rBi? bm#bBbi2M+2 bvbi2Kb `2HB�Mi QM T�biQ`�HBbK U*�Q 2i �HX- kykRVX *mHim`�H
Tbv+?QHQ;Bbib LBb#2ii �M/ *Q?2M ?�p2 B/2MiB}2/ � +mHim`2 Q7 ?QMQ` /2b+2M/BM; 7`QK
a+Qib@A`Bb? 7�`K2`b �b QM2 Q7 i?2 `QQib Q7 pBQH2M+2 BM i?2 la aQmi? ULBb#2ii �M/ *Q@
?2M- RNNec :`QbD2�M- kyR9VX q?BH2 pBQH2M+2 �M/ #HQQ/ FBHHBM;b ?�p2 #22M ;Bp2M Km+?
2KT?�bBb BM i?2 �Mi?`QTQHQ;B+�H HBi2`�im`2- i?2v +Q``2bTQM/ iQ /2pB�iBQMb `�i?2` i?�M
iQ i?2 2p2`v/�v 2tT2`B2M+2 Q7 ?QMQ`@#�b2/ bQ+B2iB2bX h?2 i?`2�i Q7 TmMBb?K2Mi Bb r?�i
bmbi�BMb +QQT2`�iBQM �M/ /2i2`b i`�Mb;`2bbQ`bX h?2 bQ+BQHQ;B+�H bim/v Q7 :QmH/ UkyyyV
BM *Q`bB+�- �M ?QMQ` bQ+B2iv FMQrM 7Q` p2M/2ii�b- /2KQMbi`�i2/ i?�i i?2 7`2[m2M+v Q7
?QMQ` FBHHBM;b r�b p2`v HQr BM T`�+iB+2X

G2mM; �M/ *Q?2M UkyRRV B/2MiB7v � /Bz2`2Mi `2Tmi�iBQM bvbi2K BM +mHim`2b Q7 7�+2X AM
bm+? +mHim`2b- Q7i2M i?Qm;?i iQ #2 +?�`�+i2`BbiB+ Q7 �bB�M bQ+B2iB2b- � T2`bQMǶb /B;MBiv Bb
/2}M2/ MQi #v i?2B` �#BHBiv iQ /272M/ i?2B` ?QMQ`- #mi #v #2?�pBM; �TT`QT`B�i2Hv rBi?BM
i?2 bvbi2K BM r?B+? i?2v �`2 2K#2//2/X ǳGQbBM; 7�+2Ǵ U>�K�Km`� 2i �HX- kyyNV �M/
i?2 �bbQ+B�i2/ b?�K2 Bb BM bm+? +�b2b i?2 i?`2�i i?�i bmbi�BMb T`QT2` #2?�pBQ`X lMHBF2
BM ?QMQ` +mHim`2b- Bi Bb MQi BM+mK#2Mi QM pB+iBKb Q7 �;;`2bbBQM iQ `2/`2bb ;`B2p�M+2b
i?2Kb2Hp2b UG2mM; �M/ *Q?2M- kyRRVX �#biBM2M+2 7`QK TmMBb?K2Mi Q7 i`�Mb;`2bbQ`b
Bb �HbQ � +?�`�+i2`BbiB+ Q7 +mHim`2b Q7 /B;MBivX AM `2bTQMb2 iQ Qz2Mb2- �M �;;`B2p2/
K2K#2` Q7 � +mHim`2 Q7 /B;MBiv K�v ǳ2t2`+Bb2 +Qp2`i �pQB/�M+2- [mB2iHv +miiBM; Qz
`2H�iBQMb rBi? i?2 Qz2M/2` rBi?Qmi �Mv +QM7`QMi�iBQMǴ U*�KT#2HH �M/ J�MMBM;- kyR9-
kyR3VX �pQB/�M+2 �M/ iQH2`�iBQM- 7Q` 2t�KTH2 Q7 �++B/2Mi�H T2`bQM�H BMDm`B2b- /BbiBM;mBb?
+mHim`2b Q7 7�+2 �M/ /B;MBiv 7`QK +mHim`2b Q7 ?QMQ`X lMHBF2 bQ+B2iB2b Q7 7�+2- bQ+B2iB2b
Q7 /B;MBiv `2bQ`i iQ i?2b2 #2?�pBQ`b MQi Qmi Q7 `2Tmi�iBQM�H +QMbB/2`�iBQMb- #mi Qmi Q7
BMi2`M�HBx2/ KQ`�H MQ`Kb UEBK �M/ *Q?2M- kyRyVX _2Tmi�iBQM�H +QMbB/2`�iBQMb �M/
�pQB/�M+2 Q7 i`�Mb;`2bbQ`b K�v- ?Qr2p2`- +Q2tBbi �b bi`�i2;B2b bmbi�BMBM; +QQT2`�iBQMX

jXk *`Qbb@+mHim`�H BMi2`�+iBQMb �M/ +mHim`�H BM+QKT�iB#BHBiv
q?�i ?�TT2Mb r?2M bQ+B2iB2b `2HB�Mi QM /Bz2`2Mi `2Tmi�iBQM bvbi2Kb BMi2`�+i\ � +?�`@
�+i2`BbiB+ 2t�KTH2 Bb T`QpB/2/ #v +QM~B+ib #2ir22M T�biQ`�HBbib �M/ �;`B+mHim`�HBbib-
i?2 7Q`K2` `2H�iBp2Hv KQ`2 `2HB�Mi QM TmMBb?K2Mi iQ b�M+iBQM Qz2M/2`b �M/ K�BMi�BM
?QMQ` U6B;m2`2/Q 2i �HX- kyy9VX 6�`K2`@?2`/2` +QM~B+ib ?�p2 #22M /Q+mK2Mi2/ bBM+2
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�MiB[mBiv Uhm`+?BM- kyy8V �M/ �`2 biBHH � T2`2MMB�H T`Q#H2K BM T�`ib Q7 i?2 rQ`H/- bm+?
�b i?2 `2;BQM Q7 i?2 a�?2H BM �7`B+�X �b 2t�KTH2b Q7 HQr@BMi2MbBiv +QM~B+ib UGA*V- i?2v
?�p2 #22M 2ti2MbBp2Hv �M�Hvx2/ #v ;2Q;`�T?2`b- �Mi?`QTQHQ;Bbib �M/ TQHBiB+�H b+B2MiBbib
UGBiiH2- RNNkc h?û#�m/ �M/ "�ii2`#m`v- kyyRc hm`M2`- kyy9VX h?2 HBi2`�im`2 ?�b /Q+m@
K2Mi2/ KmHiBTH2 i`B;;2`b Q7 i?2b2 +QM~B+ib- BM+Hm/BM; mM2p2M �++2bb iQ bi�i2 BMbiBimiBQMb
�M/ };?ib Qp2` `2bQm`+2b i`B;;2`2/ #v +HBK�i2 +?�M;2 U1#2`H2 2i �HX- kykyc J+:mB`F �M/
LmMM- kykyVX >Qr2p2`- T�`iB+BT�Mib i?2Kb2Hp2b ?�p2 �HbQ B/2MiB}2/ +mHim`�H /Bz2`2M+2b
�b �//BiBQM�H +�mb�H 7�+iQ`b UP7mQFm �M/ AbB72- kyyNVX am`p2vb Q7 7�`K2`b �M/ ?2`/2`b
Q7i2M `2p2�H /�K�;2 Q7 +`QTb BMBiB�i2/ #v T�biQ`�H ;`QmTb �b i?2 TQBMi Q7 QMb2i Q7 i?2
+QM~B+i Uhm`M2` 2i �HX- kyyeVX hQ bm+? �+iBQMb- 7�`K2`b Q7i2M `2THv rBi? 72M+BM; �M/
+miiBM; �++2bb Q7 ?2`/2`b iQ i?2B` +`QTb �M/ r�i2` `2bQm`+2bX �M/ r?BH2 pBQH2M+2 Q7
?2`/2`b ?�b Q7i2M #22M /Q+mK2Mi2/ U"2MD�KBMb2M 2i �HX- kyyNV- 2[mBp�H2Mi `2i�HB�iBM;
�+iBQMb QM i?2 T�`i Q7 7�`K2`b �`2 `�`2`X AM +2`i�BM +�b2b 7�`K2`b ?�p2 KB;`�i2/ Qmi Q7
� `2;BQM BM Q`/2` iQ �pQB/ ?2`/2`bǶ pBQH2M+2 �;�BMbi i?2K UhQM�?- kyyeVX h?Bb 2t�KTH2
BHHmbi`�i2b � T�ii2`M i?�i r2 �M�Hvx2 KQ`2 bvbi2K�iB+�HHv BM i?2 `2bi Q7 i?2 T�T2`, r?2M
bQ+B2iB2b `2HB�Mi QM TmMBb?K2Mi BMi2`�+i rBi? bQ+B2iB2b `2HB�Mi QM BK�;2 b+Q`BM;- i?2 7Q`@
K2` ?�p2 �M BM+2MiBp2 iQ +QKKBi Qz2Mb2b �;�BMbi i?2 H�ii2`- bBM+2 TmMBb?K2Mi /Q2b
MQi �MvKQ`2 7mM+iBQM �b /2i2``2MiX AK�;2 b+Q`BM; bQ+B2iB2b `2bTQM/ rBi? �pQB/�M+2
�M/ b?mMMBM;X h?2 2MbmBM; +QM~B+i Bb MQi M2+2bb�`BHv /m2 iQ i?2 ?B;?2` T`QT2MbBiv Q7
T�biQ`�H bQ+B2iB2b iQ +QKKBi pBQH2M+2X �b 1HHB+FbQM URNNRV b?Qrb BM i?2 +�b2 Q7 `m`�H
a?�bi� +QmMiv BM *�HB7Q`MB�- ?2`/BM; bQ+B2iB2b �`2 �#H2 iQ 2M7Q`+2 MQ`Kb Q7 +QQT2`�@
iBQM �M/ 7�+2 BMbi�M+2b Q7 rBi?BM ;`QmT +QM~B+i QMHv r?2M i?2 ;`QmT Bb BM}Hi`�i2/ #v
QmibB/2`b- mM7�KBHB�` rBi? i?Qb2 MQ`KbX

�;;`2bbBQM- �pQB/�M+2- �M/ i?2 #`2�F/QrM Q7 +QQT2`�iBQM 2Mbm2 BM Qi?2` bBim�iBQMb
Q7 +`Qbb@+mHim`�H +QMi�+i- bm+? �b BKKB;`�iBQMX P7i2M- i?�i Bb i?2 +�b2 r?2M BKKB@
;`�Mib 7`QK TmMBb?K2Mi@#�b2/ bQ+B2iB2b KQp2 iQ bQ+B2iB2b Q7 i?2 q2bi2`M rQ`H/- r?2`2
`2Tmi�iBQMb #�b2/ QM TmMBb?K2Mi ivTB+�HHv TH�v QMHv � KBMQ` `QH2X h?2 H�+F Q7 �++mH@
im`�iBQM ?�b #22M B/2MiB}2/ �b � +�M/B/�i2 `2�bQM #2?BM/ BKKB;`�Mi /2HBM[m2M+v BM
i?2 bQ+BQHQ;B+�H HBi2`�im`2 Uo2;� 2i �HX- RNNjVX q?BH2 i?2 +QM+2Ti +�M #`Q�/Hv `272` iQ
Tbv+?QHQ;B+�H /Bbi`2bb 7`QK /2�HBM; rBi? 7Q`2B;M MQ`Kb Q7 +QM/m+i Q` iQ i`�Mb;`2bbBQMb
i?�i ?�TT2M /m2 iQ H�+F Q7 7�KBHB�`Biv rBi? � M2r +mHim`2- Bi �HbQ �TTHB2b iQ � KQ`2
2tTHB+Bi +H�b? #2ir22M i?2 +mHim`2b Q7 M�iBp2b �M/ M2r+QK2`bX PM2 bm+? 2t�KTH2- i?2
7�KQmb 2i?MQ;`�T?v ǳai`22i *Q`M2` aQ+B2ivǴ /2b+`B#2b i?Bb +H�b? #2ir22M i?2 bQ+B�H
bi`m+im`2 Q7 BKKB;`�Mib 7`QK `m`�H Ai�Hv �M/ i?�i Q7 i?2 �M;HQ@b�tQM bQ+B2iv Q7 "QbiQM
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Uq?vi2- kyRkVX a2HHBM URNj3V 7Q`KmH�i2/ i?2 ǳ+mHim`2@+QM~B+iǴ ?vTQi?2bBb i?�i bi�i2b
i?�i � ;`QmTǶb +`BK2 `�i2 Bb TQbBiBp2Hv +Q``2H�i2/ rBi? i?2 2ti2Mi Q7 BM+QM;`mBiv #2@
ir22M i?2 ;`QmTǶb H2;�H MQ`Kb- 7QHFr�vb �M/ p�Hm2b- �M/ i?�i Q7 i?2 ?Qbi +QKKmMBivX
a?Q?�K URNekV T`QpB/2b 2pB/2M+2 7Q` i?Bb ?vTQi?2bBb BM i?2 +QMi2ti Q7 Ab`�2HX >2 Q#@
b2`p2b ?B;?2` +`BK2 `�i2b- bT2+B}+�HHv ?QKB+B/2 `�i2b- �KQM; �7`B+�M BKKB;`�Mib �M/
�ii`B#mi2b i?2b2 }M/BM;b MQi QMHv iQ +mHim`�H /Bbi�M+2 Ĝ r?B+? r�b ?B;?2bi #2ir22M i?�i
;`QmT �M/ Ab`�2HB bQ+B2iv +QKT�`2/ iQ BKKB;`�Mib 7`QK 2X;X 1m`QT2 Ĝ #mi �HbQ iQ ǳi?2
2tBbi2M+2 Q7 � +mHim`�H i`�/BiBQM �KQM; i?2 �7`B+�M BKKB;`�Mib Q7 b2iiHBM; /BbTmi2b #v
pBQH2M+2- � K2i?Q/ Q7 ǵb2H7@?2HTǶ r?B+? K�v ?�p2 #22M KQ`2 Q` H2bb �++2Ti2/ +QM/m+i
BM i?2B` +QmMi`B2b Q7 Q`B;BMǴ Ua?Q?�K- RNekVX aBKBH�` T�ii2`Mb ?�p2 #22M /Q+mK2Mi2/
BM Qi?2` +QmMi`B2bX �`QMQrBix UkyykV }M/b ?B;?2` /2HBM[m2M+v `�i2b �KQM; hm`FBb?
BKKB;`�Mib BM "2`HBM r?Q b+Q`2 ?B;?2` BM � hm`FBb? B/2MiBiv BM/2t i?�i K2�bm`2b B/2M@
iB}+�iBQM rBi? i`�/BiBQM�H hm`FBb? p�Hm2b- bm+? �b i?2 BKTQ`i�M+2 Q7 ?QMQ`X CmM;2`@h�b
UkyyRV �M/ "Qp2MF2`F �M/ 6QFF2K� UkyReV MQi2 i?2 /BbT`QTQ`iBQM�H +`BKBM�HBiv `�i2b
�KQM; JQ``Q+�Mb- �MQi?2` +mHim`2 Q7 ?QMQ`- BM i?2 L2i?2`H�M/b U� +QQT2`�iBQM@#�b2/
bQ+B2ivVX AKTQ`i�MiHv 7Q` Qm` �`;mK2Mi- /2HBM[m2M+v �TT2�`b iQ #2 +m`i�BH2/ r?2M2p2`
i?2 ;`QmT K�M�;2b iQ K�BMi�BM iB;?i bQ+B�H +QMi`QH Qp2` Bib K2K#2`b #v 7Q`KBM; � 7Q`K
Q7 2z2+iBp2 ;?2iiQ U�`QMQrBix- kyykVX

9 JQ/2H
AM i?Bb b2+iBQM r2 T`2b2Mi � KQ/2H Q7 BMi2`;`QmT +QQT2`�iBQM �M/ +QM~B+iX 6B`bi- r2 /2@
b+`B#2 ?Qr `2Tmi�iBQM +�M ?2HT bmbi�BM +QQT2`�iBQM rBi?BM � ;`QmTX q2 /BbiBM;mBb? irQ
ivT2b Q7 `2Tmi�iBQM i?�i /Bz2` BM i?2B` BM7Q`K�iBQM�H +QMi2Mi, r?2i?2` ;`QmT K2K#2`b
+QQT2`�i2/ BM T�bi BMi2`�+iBQMb- Q` r?2i?2` ;`QmT K2K#2`b ?�p2 TmMBb?2/ Qi?2`b r?Q
/272+i2/X a2+QM/- r2 b?Qr ?Qr +QQT2`�iBQM +�M #2 bmbi�BM2/ �+`Qbb ;`QmT #QmM/�`B2b-
�b HQM; �b #Qi? ;`QmTb `2Hv QM i?2 b�K2 `2Tmi�iBQM�H K2+?�MBbKX 6BM�HHv- r2 b?Qr
?Qr Kmim�H +QQT2`�iBQM #`2�Fb /QrM BM BMi2`�+iBQMb #2ir22M K2K#2`b Q7 irQ ;`QmTb
i?�i �`2 Q7 /Bz2`2Mi `2Tmi�iBQM�H ivT2bX

9XR a2imT
*QMbB/2` � ;`QmT Q7 T2QTH2 TH�vBM; � bQ+B�H K�i+?BM; ;�K2X 1�+? T2`BQ/- �HH K2K#2`b
Q7 i?2 ;`QmT �`2 `�M/QKHv T�B`2/ iQ TH�v �M 2ti2M/2/ T`BbQM2`Ƕb /BH2KK� ;�K2 i?�i
+QMbBbib Q7 irQ `QmM/bX AM i?2 }`bi `QmM/- TH�v2`b bBKmHi�M2QmbHv /2+B/2 r?2i?2` Q`

Rj



MQi iQ +QMi`B#mi2 iQ � DQBMi T`QD2+iX 1�+? +QMi`B#miBQM vB2H/b QmiTmi R- 2 > R > 1-
�M/ i?2 T�B`Ƕb iQi�H QmiTmi Bb 2[m�HHv bTHBi �KQM; i?2 irQ TH�v2`bX AM/BpB/m�Hb �`2
?2i2`Q;2M2Qmb rBi? `2bT2+i iQ +QMi`B#miBQM +Qbi ⇠i- r?2`2 ⇠i Bb /`�rM 7`QK � /Bbi`B#miBQM
rBi? +mKmH�iBp2 /Bbi`B#miBQM 7mM+iBQM G �M/ �bbQ+B�i2/ /2MbBiv 7mM+iBQM g- G(⇠) = 0

7Q` ⇠ < R/2 �M/ G(⇠) = 1 7Q` ⇠ � RX q2 �bbmK2 i?�i G Bb +QMiBMmQmb 2p2`vr?2`2X
AM �//BiBQM iQ +QMi`B#miBM; UcV �M/ MQM@+QMi`B#miBM; UdV- BM/BpB/m�Hb K�v �HbQ

+?QQb2 �+iBQM a �M/ �pQB/ i?2 T`BbQM2`Ƕb /BH2KK� `QmM/- BM r?B+? +�b2 i?2B` QTTQ@
M2Mi 2�`Mb � T�vQz Q7 x2`QXk �pQB/BM; i?2 }`bi `QmM/ BMi2`�+iBQM `2[mB`2b 2zQ`i 7`QK
i?2 TH�v2` r?Q +?QQb2b iQ /Q bQ- �M/ i?2`27Q`2 2Mi�BHb � +Qbi ⌫ � 0X 6Q` bBKTHB+Biv
Q7 2tTQbBiBQM- r2 �bbmK2 i?�i � TH�v2` r?Q QTib 7Q` a `2+2Bp2b � T�vQz i?�i Bb 2[m�H
iQ i?2 HQr2bi TQbbB#H2 T�vQz r?2M T�`iB+BT�iBM; BM i?2 T`BbQM2`Ƕb /BH2KK� ;�K2- BX2X
⌫ = ⇠ � R/2X h?2 +QKTH2i2 T�vQz K�i`Bt 7Q` i?2 `Qr TH�v2` BM i?2 }`bi `QmM/ Q7 i?2
BMi2`�+iBQM Bb i?2M ;Bp2M #v h�#H2 RX

h�#H2 R, 6B`bi bi�;2 ;�K2

+ / �
+ _@⇠i _fk@⇠i y
/ _fk y y
� �⌫ �⌫ �⌫

�;;`2;�i2 T�vQzb �`2 K�tBKBx2/ B7 #Qi? TH�v2`b +QMi`B#mi2- #mi TH�v2`b ?�p2 BM@
+2MiBp2b iQ QTi 7Q` i?2 QTTQ`imMBbiB+ +?QB+2 d bBM+2 R/2 > R� ⇠i �M/ 0 > R/2� ⇠i 7Q`
⇠i > R/2X q2 bim/v ?Qr � `2Tmi�iBQM K2+?�MBbK +�M ?2HT ;`QmTb iQ �+?B2p2 Kmim�H
+QQT2`�iBQMX �b rBHH #2+QK2 +H2�`- i?2 QTiBQM Q7 �pQB/BM; i?2 }`bi `QmM/ BMi2`�+iBQM a

;Bp2b TH�v2`b i?2 TQbbB#BHBiv iQ rBi??QH/ +QQT2`�iBQM 7`QK �M mM+QQT2`�iBp2 QTTQM2Mi
rBi?Qmi �TT2�`BM; QTTQ`imMBbiB+- �M/ rBHH TH�v �M BKTQ`i�Mi `QH2 BM � `2Tmi�iBQM�H
2[mBHB#`BmKX

�7i2` i?2 T`BbQM2`Ƕb /BH2KK�- 2�+? T�B` BKK2/B�i2Hv TH�vb � b2+QM/ `QmM/- r?2`2
TH�v2`b +�M +?QQb2 iQ TmMBb? i?2B` QTTQM2MiX � TmMBb?2` i Kmbi #2�` � +Qbi i > 0

iQ BM~B+i /�K�;2 d > 0 iQ i?2 TmMBb?22X h?2 BM/BpB/m�HǶb +Qbi Q7 TmMBb?K2Mi Bb BM/2@
T2M/2MiHv /`�rM 7`QK � /Bbi`B#miBQM rBi? +QMiBMmQmb +mKmH�iBp2 /Bbi`B#miBQM 7mM+iBQM
H(i) rBi? H() = 0 7Q`   0 �M/ H() = 1 7Q`  � dX q2 �bbmK2 i?�i i �M/ ⇠i �`2

kh?Bb Bb bBKBH�` iQ 2X;X _Q?M2` UkyRRVX
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BM/2T2M/2MiHv /Bbi`B#mi2/- T`Bp�i2 FMQrM- #mi MQi Tm#HB+Hv Q#b2`p2/X "Qi? /Bbi`B#miBQM
7mM+iBQMb G �M/ H �`2 B/2MiB+�H �+`Qbb BM/BpB/m�H �M/ Tm#HB+Hv FMQrMX

SH�v2`b �`2 BM}MBi2Hv HBp2/ �M/ K�tBKBx2 2tT2+i2/ T�vQzb p�Hm2/ rBi? � iBK2 /Bb@
+QmMi 7�+iQ` 0 < � < 1X h?2 ;`QmT Bb �bbmK2/ iQ #2 H�`;2- bQ i?�i i?2 b�K2 BM/BpB/m�Hb
�`2 `�`2Hv K�i+?2/ irB+2X h?Bb 2Mbm`2b i?�i /B`2+i `2+BT`Q+Biv Ĝ i?�i Bb- +QQT2`�iBM;
rBi? �M QTTQM2Mi B7 i?Bb QTTQM2Mi ?�b +QQT2`�i2/ rBi? i?2 TH�v2` BM i?2 T�bi Ĝ +�M
QMHv TH�v � KBMQ` `QH2- �M/ r2 7mHHv �#bi`�+i 7`QK Bi 7Q` bBKTHB+BivX AMbi2�/- TH�v2`b
+�M H2�`M i?2 `2Tmi�iBQM i?�i �M QTTQM2Mi ?�b rBi?BM i?2 ;`QmTX h?�i Bb- +QQT2`�iBQM
K�v #2 bmbi�BM2/ i?`Qm;? BM/B`2+i `2+BT`Q+Biv- �b `2Tmi�iBQM�H +QM+2`Mb +�M BM+2MiBpBx2
BM/BpB/m�Hb rBi? bm{+B2MiHv HQr +QMi`B#miBQM +Qbi ⇠i iQ +QQT2`�i2X q2 pB2r `2Tmi�iBQM
�b � +QHH2+iBp2 BMbiBimiBQM- r?B+? `2[mB`2b K2K#2`b Q7 i?2 ;`QmT iQ Q#b2`p2- `2+Q`/-
�M/ i`�MbKBi BM7Q`K�iBQM �#Qmi T�bi �+iBQMb Q7 K2K#2`b Q7 i?2 ;`QmTX � `2Tmi�iBQM
K2+?�MBbK Bb i?mb � ;`QmT@bT2+B}+ +?�`�+i2`BbiB+X

q2 +QMbB/2` irQ /Bz2`2Mi ivT2b Q7 `2Tmi�iBQMX AM i?2 }`bi- r?B+? r2 `272` iQ �b
+QQT2`�iBQM@#�b2/ `2Tmi�iBQM- Q` ǳ+QQT@`2TǴ- � ;`QmT F22Tb i`�+F Q7 i?2 }`bi `QmM/
�+iBQMb Q7 Bib K2K#2`b- M�K2Hv Q7 r?Q ?�b +QQT2`�i2/ �M/ r?Q ?�b /272+i2/ BM i?2
T�biX �Hi2`M�iBp2Hv- � ;`QmT rBi? TmMBb?K2Mi@#�b2/ `2Tmi�iBQM UǳTmM@`2TǴV `2+Q`/b
i?2 b2+QM/@`QmM/ `2bTQMb2b Q7 Bib TH�v2`b- F22TBM; i`�+F Q7 r?Q ?�b TmMBb?2/ �M mM+Q@
QT2`�iBp2 QTTQM2Mi- �M/ r?Q ?�b 7�BH2/ iQ /Q bQX q2 �bbmK2 i?�i � ;`QmT /Q2b MQi
?�p2 bm{+B2Mi BM7Q`K�iBQM�H +�T�+Biv iQ F22T i`�+F Q7 #Qi? ivT2b Q7 BM7Q`K�iBQM- #mi
BMbi2�/ ?�b iQ `2Hv QM 2Bi?2` QM2 Q` i?2 Qi?2` `2Tmi�iBQM�H K2+?�MBbKX

*QQT2`�iBQM@#�b2/ `2Tmi�iBQMX *QMbB/2` � `2Tmi�iBQM�H K2+?�MBbK #�b2/ QM
}`bi `QmM/ �+iBQMb- r?2`2 � TH�v2`Ƕb `2Tmi�iBQM im`Mb TQbBiBp2 Ucoop+V B7 i?2 TH�v2`
+QQT2`�i2b �M/ M2;�iBp2 Ucoop�V B7 i?2v /272+iX _2Tmi�iBQM Bb MQi +?�M;2/ B7 2Bi?2`
TH�v2` �pQB/b i?2 }`bi `QmM/X SH�v2`b FMQr i?2 `2Tmi�iBQM Q7 i?2B` QTTQM2Mi �M/ +�M
+QM/BiBQM i?2B` �+iBQMb QM i?Bb #BM�`v BM7Q`K�iBQMX

q?BH2 i?2`2 �Hr�vb 2tBbib � TQQHBM; 2[mBHB#`BmK r?2`2 �HH TH�v2`b /272+i �M/ ?�p2
coop�- r2 �`2 BMi2`2bi2/ BM � b2T�`�iBM; 2[mBHB#`BmK rBi? � +miQz ⇠̄- bQ i?�i TH�v2`b
rBi? ⇠i  ⇠̄ +QQT2`�i2 �;�BMbi TH�v2`b rBi? coop+ �M/ �pQB/ BMi2`�+iBQMb rBi? TH�v2`b
rBi? coop�X SH�v2`b rBi? ⇠i > ⇠̄ /272+i BM/2T2M/2MiHv Q7 i?2 QTTQM2MiǶb ivT2- �M/ MQ
TH�v2` TmMBb?2b /m`BM; i?2 b2+QM/ `QmM/X AM i?Bb 2[mBHB#`BmK- �HH TH�v2`b rBi? ⇠i  ⇠̄

?�p2 � coop+ `2Tmi�iBQM �M/ +QQT2`�i2 rBi? 2�+? Qi?2`- r?BH2 TH�v2`b rBi? ⇠i > ⇠̄ ?�p2
coop�X

lM/2` r?�i +QM/BiBQMb Bb i?Bb �M 2[mBHB#`BmK- bQ i?�i Bi Bb QTiBK�H 7Q` TH�v2`b
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rBi? ⇠i  ⇠̄ iQ +QQT2`�i2 rBi? � coop+ TH�v2` �M/ iQ �pQB/ � coop� TH�v2`\ .2MQi2
i?2 K�tBKmK 2tT2+i2/ /Bb+QmMi2/ HB72iBK2 T�vQz Q7 �M BM/BpB/m�H i rBi? coop+ �M/
coop�- `2bT2+iBp2Hv- �i i?2 #2;BMMBM; Q7 � T2`BQ/ rBi? V

+(⇠i) �M/ V
�(⇠i)X �7i2` #2BM;

K�i+?2/ rBi? �M QTTQM2Mi- i?2 `2Tmi�iBQM�H bi�M/BM; Q7 i?2 QTTQM2Mi Bb /2MQi2/ BM
T�`2Mi?2bBb- bQ i?�i- 7Q` 2t�KTH2- i?2 2tT2+i2/ /Bb+QmMi2/ T�vQz Q7 � coop+ TH�v2` i

i?�i Bb T�B`2/ rBi? � coop� QTTQM2Mi Bb /2MQi2/ #v V
+(�)(⇠i)X

�bbmKBM; i?�i Qi?2`b TH�v �++Q`/BM; iQ i?2 bm;;2bi2/ 2[mBHB#`BmK bi`�i2;v- �M
QTTQM2Mi rBi? coop+ ?�b ⇠j  ⇠̄ �M/ i?2`27Q`2 +QQT2`�i2b rBi? � coop+ TH�v2` �M/
�pQB/b � coop� TH�v2`X aBKBH�`Hv- �M QTTQM2Mi rBi? coop� /272+ib �;�BMbi 2Bi?2` ivT2 Q7
TH�v2`X �M QTTQM2Mi Bb Q7 ivT2 ⇠j  ⇠̄ rBi? T`Q#�#BHBiv G(⇠̄)X h?2M- V + = G(⇠̄)V +(+)+

(1�G(⇠̄))V +(�) rBi?

V
+(+)(⇠i) = max

c,d,a

8
>>><

>>>:

R� ⇠i + �V
+(⇠i) B7 c

R/2 + �V
�(⇠i) B7 d

R/2� ⇠i + �V
+(⇠i) B7 a

URV

V
+(�)(⇠i) = max

c,d,a

8
>>><

>>>:

R/2� ⇠i + �V
+(⇠i) B7 c

0 + �V
�(⇠i) B7 d

R/2� ⇠i + �V
+(⇠i) B7 a

UkV

aBKBH�`Hv- V � = G(⇠̄)V �(+) + (1�G(⇠̄))V �(�) rBi?

V
�(+)(⇠i) = max

c,d,a

8
>>><

>>>:

0 + �V
�(⇠i) B7 c

0 + �V
�(⇠i) B7 d

R/2� ⇠i + �V
�(⇠i) B7 a

UjV

V
�(�)(⇠i) = max

c,d,a

8
>>><

>>>:

R/2� ⇠i + �V
+(⇠i) B7 c

0 + �V
�(⇠i) B7 d

R/2� ⇠i + �V
�(⇠i) B7 a

U9V

h?2 QTiBK�H �+iBQM Bb c BM URV �M/ U9V �M/ a BM UkV B7 ⇠i  R/2+ �(V +�V
�)- �M/ d

BM �HH i?`22 +�b2b Qi?2`rBb2X LQiB+2 i?�i r2 �bbmK2 i?�i � TH�v2` +?QQb2b a Qp2` c BM UkV
r?2M2p2` i?2 irQ �+iBQMb vB2H/ i?2 b�K2 T�vQzX � TH�v2` Bb �Hr�vb BM/Bz2`2Mi #2ir22M
c �M/ d BM +�b2 UjV- bBM+2 i?2 QTTQM2Mi TH�vb a �M/ `2Tmi�iBQMb �`2 MQi mT/�i2/X h?Bb

Re



/2}M2b i?2 i?`2b?QH/

⇠̄ = R/2 + �(V +(⇠̄)� V
�(⇠̄))

r?B+? iQ;2i?2` rBi? UkV- UjV- �M/ U9V- BKTHB2b i?�i V �(�)(⇠̄) = V
�(+)(⇠̄) = V

+(�)(⇠̄) =

0 �M/ i?2`27Q`2 V
�(⇠̄) = 0X 6m`i?2` 7`QK URV r2 ?�p2 V

+(⇠̄) = G(⇠̄)V +(+) = G(⇠̄)R/2-
bQ i?�i i?2 i?`2b?QH/ Bb ;Bp2M #v

⇠̄ = (1 + �G(⇠̄))
R

2
⌘ M(⇠̄) U8V

q2 MQiB+2 i?�i M(.) Bb MQM@/2+`2�bBM; BM G(⇠) �M/ i?2`27Q`2 �HbQ BM ⇠X

S`QTQbBiBQM RX h?2`2 Bb �i H2�bi QM2 +QQT@`2T 2[mBHB#`BmK rBi? TQbBiBp2 +QQT2`�iBQM
`�i2b B7 i?2`2 Bb � ⇠ � R/2 bm+? i?�i

G(⇠) >
2

�R

✓
⇠ � R

2

◆

X

S`QQ7X LQiB+2 i?�i M(⇠) ?�b mTT2` #QmM/ (1 + �)R2 - bQ i?�i ⇠ > M(⇠) 7Q` �Mv ⇠ >

((1 + �)R/2)X "v i?2 +QM/BiBQM Q7 i?2 T`QTQbBiBQM- ⇠ < M(⇠) 7Q` bQK2 ⇠ � R/2X �b
M(⇠) Bb +QMiBMmQmb- i?2 BMi2`K2/B�i2 p�Hm2 i?2Q`2K BKTHB2b i?�i i?2`2 Bb �i H2�bi QM2
⇠̄ > R/2 rBi? G(⇠̄) > 0 bm+? i?�i ⇠̄ = M(⇠̄)X

S`QTQbBiBQM R bi�i2b i?�i �M 2[mBHB#`BmK rBi? TQbBiBp2 +QQT2`�iBQM `�i2b 2tBbib- �b
HQM; �b i?2`2 Bb � bm{+B2Mi K�bb Q7 BM/BpB/m�Hb rBi? `2H�iBp2Hv HQr +QMi`B#miBQM +QbiX
LQiB+2 i?�i 7Q` �Mv ⇠ 2 [R/2, R]- i?2 H2M;i? Q7 i?2 bmTTQ`i i?�i Bb iQ i?2 H27i Q7 ⇠ Bb �
b?�`2 ⇠�R/2

R/2 Q7 i?2 iQi�H bmTTQ`iX h?2 +QM/BiBQM Q7 i?2 T`QTQbBiBQM i?2M `2[mB`2b i?�i
i?2`2 Bb � ⇠ r?2`2 i?2 b?�`2 Q7 i?2 TQTmH�iBQM rBi? ⇠i < ⇠ Bb H�`;2` i?�M i?2 b?�`2 Q7 i?2
bmTTQ`i iQ i?2 H27i- b+�H2/ #v � 7�+iQ` 1/�X 6Q` i?2 `2bi Q7 i?Bb T�T2`- r2 rBHH �bbmK2
i?�i i?Bb +QM/BiBQM Bb b�iBb}2/- bQ i?�i � +QQT2`�iBp2 2[mBHB#`BmK 2tBbibX

q2 `272` iQ i?2 bQ+B�HHv QTiBK�H 2[mBHB#`BmK- M�K2Hv i?2 2[mBHB#`BmK rBi? ?B;?2bi
⇠̄- �b i?2 +QQT2`�iBp2 2[mBHB#`BmK rBi? �bbQ+B�i2/ +mi@Qz ⇠

cX h?�i Bb- r2 /2}M2 ⇠
c 

(1 + �)R/2 bm+? i?�i ⇠
c = M(⇠c) �M/ ⇠ > M(⇠) 7Q` �HH ⇠ > ⇠

cX AM i?2 +QQT2`�iBp2
2[mBHB#`BmK- +QQT2`�iBQM `�i2b �`2 ;Bp2M #v (G(⇠c))2- r?BH2 /272+iBQM `�i2b �`2 ;Bp2M #v
(1�G(⇠c))X

Rd



S`QTQbBiBQM kX AM � +QQT@`2T ;`QmT- +QQT2`�iBQM `�i2b U/272+iBQM `�i2bV BM i?2 +QQT@
2`�iBp2 2[mBHB#`BmK �`2 BM+`2�bBM; U/2+`2�bBM;V BM i?2 `2im`M iQ i?2 +QKKQM T`QD2+i R

�M/ BM i?2 /Bb+QmMi 7�+iQ` �X

S`QQ7X h?2 7mM+iBQM JUXV Bb BM+`2�bBM; BM R �M/ �X h?2 `2bT2+iBp2 /2`Bp�iBp2b �`2 ;Bp2M
#v

@M(.)

@R
= (1 + �G(⇠c)) > 0

@M(.)

@�
= G(⇠c)(R/2) � 0

h?2 `2bmHi Q7 i?2 T`QTQbBiBQM i?2M 7QHHQrb /B`2+iHv 7`QK i?2 7�+i i?�i @M/@⇠ < 1 �i
i?2 +QQT2`�iBp2 2[mBHB#`BmKX

SmMBb?K2Mi@#�b2/ `2Tmi�iBQMX L2ti- r2 im`M iQ � `2Tmi�iBQM�H K2+?�MBbK i?�i
Bb #�b2/ QM b2+QM/ `QmM/ �+iBQMb- r?B+? +�Tim`2b r?2i?2` BM/BpB/m�Hb TmMBb? QTTQM2Mib
r?Q /QMǶi +QMi`B#mi2X q2 +QMbB/2` �;�BM � bBKTH2 `2Tmi�iBQM�H b+Q`2X AM i?Bb +�b2- �
TH�v2` ;�BMb � TQbBiBp2 `2Tmi�iBQM Upun+V B7 i?2v TmMBb? �M QTTQM2Mi r?Q /Q2b MQi
+QQT2`�i2X A7 � TH�v2` 7�BHb iQ TmMBb? � MQM@+QQT2`�iQ`- i?2v 2�`M � M2;�iBp2 `2Tmi�iBQM
Upun�VX q?BH2 i?2`2 Bb � i`BpB�H TQQHBM; 2[mBHB#`BmK r?2`2 �HH BM/BpB/m�Hb /272+i �M/
MQ#Q/v TmMBb?2b- r2 �`2 BMi2`2bi2/ BM i?2 2tBbi2M+2 Q7 � b2T�`�iBM; 2[mBHB#`BmK rBi? �
i?`2b?QH/ ̃- r?2`2 TH�v2`b TmMBb? MQM@+QQT2`�iBQM B7 �M/ QMHv B7 i?2B` TmMBb?K2Mi +Qbi
i Bb #2HQr i?2 i?`2b?QH/X LQiB+2 i?�i i?Bb `2Tmi�iBQM /Q2b MQi +QMi�BM BM7Q`K�iBQM QM
r?2i?2` �M BM/BpB/m�H +QMi`B#mi2bX h?2`27Q`2- BM bm+? �M 2[mBHB#`BmK- �HH TH�v2`b /272+i
�;�BMbi � MQM@TmMBb?BM; QTTQM2Mi Upun�V- bBM+2 i?2`2 �`2 MQ BM+2MiBp2b iQ +QQT2`�i2X
SH�v2`b rBi? +QMi`B#miBQM +Qbi #2HQr bQK2 i?`2b?QH/ ⇠̃ rBHH +QQT2`�i2 �;�BMbi TH�v2`b
rBi? pun+- BM Q`/2` iQ �pQB/ #2BM; TmMBb?2/- r?BH2 i?2 Qi?2`b /272+iX

lM/2` r?�i +QM/BiBQMb Bb i?Bb QTiBK�H\ .272+iBM; �;�BMbi � pun+ QTTQM2Mi BM@
+`2�b2b }`bi `QmM/ T�vQzb- `2H�iBp2 iQ +QQT2`�iBM;- #v ⇠i �R/2- #mi +QK2b �i i?2 +Qbi
Q7 #2BM; TmMBb?2/ �M/ i?mb bmz2`BM; /�K�;2 dX h?2 i?`2b?QH/ 7Q` +QMi`B#miBM; r?2M
T�B`2/ rBi? � pun+ TH�v2` Bb i?2M

⇠̃ = d+R/2 UeV

h?�i Bb- � TH�v2` rBi? ⇠i  ⇠̃ Bb � +QM/BiBQM�H +QQT2`�iQ`- r?Q +QMi`B#mi2b r?2M
T�B`2/ rBi? � pun+ TH�v2` �M/ /272+ib Qi?2`rBb2X SH�v2`b rBi? ⇠i > ⇠̃ /272+i BM/2@

R3



T2M/2MiHv Q7 i?2 QTTQM2MiǶb `2Tmi�iBQMX _2Tmi�iBQM QMHv K�ii2`b B7 i?2 QTTQM2Mi Bb �
+QM/BiBQM�H +QQT2`�iQ`- �M/ i?2 p�Hm2 Q7 ?�pBM; pun+ `�i?2` i?�M pun� Bb i?2`27Q`2

V
+(i)� V

�(i) = G(⇠̃)

✓
R

2
+ �V

+(i)

◆
�G(⇠̃)max

p,np

8
<

:
�i + �V

+(i) B7 p
�V

�(i) B7 np
UdV

h?2 H�bi i2`K `2T`2b2Mib i?2 /2+BbBQM Q7 � pun� TH�v2` Q7 r?2i?2` iQ TmMBb? �M/
`2biQ`2 `2Tmi�iBQM Q` MQi- �M/ /2i2`KBM2b i?2 i?`2b?QH/ H2p2H 7Q` TmMBb?K2Mi +Qbi �b

̃ = �[V +(̃)� V
�(̃)]

lbBM; i?Bb BM UdV vB2H/b

̃ =
�G(⇠̃)

1� �G(⇠̃)
(R/2) U3V

�M/ TH�v2`b TmMBb? MQM@+QQT2`�iBQM B7 i?2v ?�p2 TmMBb?K2Mi +Qbi i < ̃X *QQT2`�@
iBQM `�i2b BM i?2 +QQT2`�iBp2 2[mBHB#`BmK �`2 G(⇠̃)H(̃)- r?BH2 /272+iBQM `�i2b �`2 ;Bp2M
#v QM2 KBMmb i?2 +QQT2`�iBQM `�i2X

S`QTQbBiBQM jX *QQT2`�iBQM `�i2b U/272+iBQM `�i2bV BM i?2 +QQT2`�iBp2 2[mBHB#`BmK Q7 �
TmM@`2T ;`QmT �`2 BM+`2�bBM; U/2+`2�bBM;V BM `2im`Mb R- i?2 /Bb+QmMi `�i2 � �M/ BM~B+i2/
/�K�;2 dX

S`QQ7X ⇠̃ Bb BM+`2�bBM; BM d �M/ BM R �M/ +QMbi�Mi BM �- ̃ Bb BM+`2�bBM; BM �- BM R �M/ BM
⇠̃X

9Xk *QKT�`BM; +QQT@`2T �M/ TmM@`2T
L2Bi?2` `2Tmi�iBQM�H K2+?�MBbK Bb �Hr�vb T`272`�#H2X q?B+? K2+?�MBbK +�M bmbi�BM
?B;?2` +QQT2`�iBQM `�i2b /2T2M/b QM i?2 T�`�K2i2` 2MpB`QMK2Mi- �M/ � /B`2+i +QKT�`@
BbQM Bb /B{+mHi �b i?2 TmM@`2T 2[mBHB#`BmK /2T2M/b QM �M �//BiBQM�H T�`�K2i2` UdV �M/
�M �//BiBQM�H /Bbi`B#miBQM UHVX

6Q` BHHmbi`�iBQM- r2 THQi +QQT2`�iBQM `�i2b 7Q` � T�`�K2i`Bx�iBQM rBi? R = 1.5-

RN



6B;m`2 R, *QQT2`�iBp2 2[mBHB#`BmK

d = 0.5-  ⇠ �(1, 1) �M/ � HBM2�` /2MbBiv 7mM+iBQM 7Q` ⇠ Q7 i?2 7Q`K

g(⇠) =
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�
� B7 R

2  ⇠  R

0 2Hb2

7Q` bQK2 � 2 [�8/R2
,��]X h?2 +Q2{+B2Mi � /2MQi2b i?2 bHQT2 Q7 i?2 /2MbBiv 7mM+iBQM-

rBi? H�`;2` �#bQHmi2 p�Hm2b Q7 � BM/B+�iBM; i?�i � H�`;2` b?�`2 Q7 i?2 TQTmH�iBQM ?�p2
`2H�iBp2Hv HQr p�Hm2b Q7 ⇠X AM i?2 H27i T�M2H Q7 6B;m`2 R r2 }t � = �1.35 �M/ p�`v �- BM
i?2 `B;?i T�M2H r2 }t � = 0.9 �M/ p�`v �X SmM@`2T +�M bmbi�BM ?B;?2` +QQT2`�iBQM `�i2b
i?�M +QQT@`2T B7 /Bb+QmMi 7�+iQ`b �`2 HQr- #mi i?2 `2H�iBQMb?BT BMp2`b2b �i ?B;? H2p2Hb Q7 �X
h?2 H�+F Q7 +QQT2`�iBQM mM/2` +QQT@`2T rBi? HQr /Bb+QmMi 7�+iQ`b KB``Q`b i?2 +QM/BiBQM
Q7 T`QTQbBiBQM RX Pm` `2bmHib BM/B+�i2 i?�i rBi? ?B;? /Bb+QmMi 7�+iQ`b- � TmMBb?K2Mi
#�b2/ K2+?�MBbK �+?B2p2b ?B;?2` +QQT2`�iBQM `�i2bX h?Bb Bb BM HBM2 rBi? i?2 Q#b2`p�iBQM
i?�i ?QMQ` +mHim`2b- r?B+? 2t?B#Bi � T�`iB+mH�`Hv bi`QM; 2KT?�bBb QM � `2Tmi�iBQM #�b2/
QM TmMBb?K2Mi- /2p2HQT2/ T`2/QKBM�MiHv BM ?2`/BM; 2+QMQKB2b rBi? HQr TQTmH�iBQM
/2MbBiv- r?2`2 BMi2`�+iBQMb �`2 `�`2 �M/ /Bb+QmMi 7�+iQ`b i?mb b?QmH/ #2 ?B;?2` ULBb#2ii
�M/ *Q?2M- RNNeVX *QQT2`�iBQM `�i2b �`2 �HbQ ?B;?2` rBi? TmMBb?K2Mi@#�b2/ `�i?2`
i?�M +QQT2`�iBQM@#�b2/ `2Tmi�iBQM B7 � Bb bK�HH Bb bK�HH BM �#bQHmi2 p�Hm2- i?�i Bb- B7
i?2`2 �`2 QMHv `2H�iBp2Hv 72r BM/BpB/m�Hb rBi? � HQr +QMi`B#miBQM +QbiX h?Bb KB``Q`b i?2
}M/BM; Q7 a+?H T72` UkyR3V i?�i bi�`iBM; 7`QK � TQQH Q7 /272+iQ`b- +QQT2`�iBQM Bb HBF2Hv
iQ �`Bb2 BMBiB�HHv rBi? bmTTQ`i 7`QK � TmMBb?K2Mi@#�b2/ `2Tmi�iBQM K2+?�MBbKX

ky



9Xj _2Tmi�iBQM �M/ BMi2`;`QmT BMi2`�+iBQMb
hQ bim/v BMi2`�+iBQMb �+`Qbb ;`QmT #QmM/�`B2b- r2 2ti2M/ i?2 KQ/2H iQ BM+Hm/2 irQ
;`QmTbX P++�bBQM�HHv- BM/BpB/m�Hb 7`QK /Bz2`2Mi ;`QmTb rBHH #2 T�B`2/ iQ;2i?2` iQ TH�v
i?2 b�K2 ;�K2 �b �#Qp2X � bBim�iBQM HBF2 i?Bb K�v Q++m` r?2M ;`QmTb Q++mTv M2B;?#Q`@
BM; i2``BiQ`B2b- b?�`2 2+QMQKB+ `2bQm`+2b- Q` r?2M K2K#2`b Q7 QM2 ;`QmT BKKB;`�i2 BMiQ
� i2``BiQ`v +m``2MiHv Q++mTB2/ #v �MQi?2` ;`QmTX A7 ;`QmTb mb2 `2Tmi�iBQM iQ bmbi�BM
+QQT2`�iBQM BM rBi?BM ;`QmT T�B`BM;b- r?2M +�M +QQT2`�iBQM �HbQ #2 bmbi�BM2/ �+`Qbb
;`QmTb\

.2MQi2 i?2 b?�`2 Q7 ;`QmT R BM i?2 iQi�H TQTmH�iBQM rBi? s1X SH�v2`b K�BMHv BMi2`�+i
rBi? K2K#2`b Q7 i?2B` QrM ;`QmT- #mi Q++�bBQM�H +`Qbb@;`QmT T�B`BM;b rBHH Q++m`X AM
2�+? T2`BQ/ � TH�v2` Bb T�B`2/ rBi? �M QTTQM2Mi Q7 i?2 b�K2 ;`QmT rBi? T`Q#�#BHBiv
1��X qBi? T`Q#�#BHBiv �- i?2 +Q@TH�v2` Bb `�M/QKHv /`�rM 7`QK i?2 r?QH2 TQTmH�iBQMX
h?mb- i?2 T`Q#�#BHBiv Q7 K22iBM; � K2K#2` Q7 i?2 QTTQbBi2 bQ+B2iv Bb r1 = �(1� s1) 7Q`
K2K#2`b Q7 ;`QmT R �M/ r2 = �s1 7Q` K2K#2`b Q7 ;`QmT kX

_2Tmi�iBQMb �`2 �bbmK2/ iQ `2K�BM ;`QmT@bT2+B}+- bQ i?�i `2Tmi�iBQM�H BM7Q`K�iBQM
Bb QMHv b?�`2/ �KQM; ;`QmT K2K#2`b- rBi?Qmi ~Qr Q7 BM7Q`K�iBQM �+`Qbb ;`QmT #QmM/@
�`B2bX h?Bb +�M #2 DmbiB}2/ #v �bbmKBM; i?�i BM/BpB/m�Hb ;QbbBT �#Qmi ;`QmT K2K#2`bǶ
�+iBQMb QMHv rBi? Qi?2` K2K#2`b Q7 i?2 BM;`QmT- #mi MQi rBi? Qmi;`QmT K2K#2`bX
q2 7m`i?2` �bbmK2 i?�i ;`QmTb +�MMQi B/2MiB7v QmibB/2`b- bQ i?�i BM/BpB/m�Hb +�MMQi
#mBH/ � T2`bQM�H `2Tmi�iBQM �+`Qbb ;`QmT #QmM/�`B2bX AM/BpB/m�Hb �`2 �r�`2 Q7 �p2`�;2
+?QB+2b Q7 K2K#2`b Q7 i?2 Qi?2` ;`QmT BM BMi2`;`QmT T�B`BM;b ?Qr2p2`- �M/ +?Qb2 i?2B`
�+iBQMb �++Q`/BM;HvX 6BM�HHv- r2 �bbmK2 i?�i ;`QmTb +�M Q#b2`p2 �HH BMi2`�+iBQMb Q7 i?2B`
K2K#2`b- �HbQ B7 i?2b2 BMi2`�+iBQMb i�F2 TH�+2 BM � T�B`BM; rBi? i?2 Qmi;`QmTX

�b 62�`QM �M/ G�BiBM URNNeV b?Qr 7Q` i?2 +�b2 Q7 irQ +QQT@`2T ;`QmTb- Kmim�H +Q@
QT2`�iBQM �+`Qbb ;`QmTb +�M #2 bmbi�BM2/ B7 `2Tmi�iBQM�H +QM+2`Mb 2ti2M/ iQ BMi2`;`QmT
T�B`BM;bX A7 TH�v2`b 72�` i?�i i?2v rBHH HQQb2 i?2B` coop+ `2Tmi�iBQM rBi?BM i?2B` ;`QmT
B7 i?2v /272+i �;�BMbi � TH�v2` 7`QK i?2 Qi?2` ;`QmT- i?2M i?2v ?�p2 BM+2MiBp2b iQ +QQT@
2`�i2X �b r2 b?Qr ?2`2- � bBKBH�` HQ;B+ �TTHB2b iQ TmM@`2T ;`QmTb, B7 7�BHBM; iQ TmMBb?
� /272+iBM; Qmi;`QmT K2K#2` HQr2`b QM2Ƕb bi�imb BM i?2B` QrM ;`QmT- i?2M i?2v ?�p2
BM+2MiBp2b iQ TmMBb?- r?B+? BM im`M BM+2MiBpBx2b QM2Ƕb QTTQM2Mi iQ +QQT2`�i2X

9XjXR hrQ +QQT@`2T ;`QmTb

*QMbB/2` }`bi irQ ;`QmTb i?�i #Qi? `2Hv QM +QQT@`2T iQ bmbi�BM +QQT2`�iBQM rBi?BM
i?2 ;`QmTX lM/2` r?�i +QM/BiBQMb +�M �M 2[mBHB#`BmK #2 bmbi�BM2/ BM r?B+? TH�v2`b

kR



+QQT2`�i2 BM BMi2`�+iBQMb rBi? Qmi;`QmT K2K#2`b\
�bbmK2 i?�i BM ;`QmT k- � b?�`2 p2 Q7 TH�v2`b +QQT2`�i2 BM BMi2`;`QmT BMi2`�+iBQMb-

r?BH2 i?2 `2bi /272+iX *QQT2`�iBQM Bb M2+2bb�`BHv mM+QM/BiBQM�H- bBM+2 `2Tmi�iBQMb +�MMQi
#2 7Q`K2/ �+`Qbb ;`QmT #QmM/�`B2b- �M/ TH�v2`b i?2`27Q`2 ?�p2 MQ BM7Q`K�iBQM �#Qmi
i?2B` QTTQM2MiǶb T�bi �+iBQMb BM �M BMi2`;`QmT T�B`BM;X q2 �`2 i?2M HQQFBM; 7Q` �
b2T�`�iBM; 2[mBHB#`BmK BM ;`QmT R- r?2`2 TH�v2`b rBi? ⇠ bK�HH2` i?�M bQK2 i?`2b?QH/
⇠̄1 +QQT2`�i2 rBi?BM i?2B` ;`QmT rBi? � coop+ QTTQM2Mi �M/ �pQB/ Qi?2`rBb2- �M/
+QQT2`�i2 mM+QM/BiBQM�HHv BM BMi2`;`QmT T�B`BM;bX SH�v2`b rBi? ⇠ > ⇠̄1 �Hr�vb /272+iX
q2 +QMbB/2` � K2+?�MBbK r?2`2 � TH�v2`Ƕb `2Tmi�iBQM im`Mb M2;�iBp2 r?2M2p2` i?2v
/272+i- #2 Bi BM BMi2`�+iBQMb rBi?BM; i?2 ;`QmT Q` BM Qmi;`QmT T�B`BM;b- �M/ im`Mb TQbBiBp2
�7i2` +QQT2`�iBQMX LQi2 i?�i BM i?2 2[mBHB#`BmK i?�i r2 �`2 +QMbB/2`BM; ?2`2- bm+? �
`2Tmi�iBQM�H K2+?�MBbK Bb BM7Q`K�iBQM�HHv 2{+B2Mi- bBM+2 � TH�v2` i?�i /272+ib �;�BMbi
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BMi2`�+iBM; rBi? i?2KX A7 TH�v2`b +�M BM~m2M+2 i?2 +?�M+2 Q7 #2BM; T�B`2/ �+`Qbb ;`QmT
#QmM/�`B2b- i?2M TH�v2`b rBi? ⇠ > ⇠̄ rBHH b22F Qmi BMi2`;`QmT T�B`BM;b- �M/ i?2 +QQT@
2`�iBp2 2[mBHB#`BmK QMHv bm`pBp2b mM/2` i?2 �bbmKTiBQM i?�i +QM/BiBQM�H +QQT2`�iQ`b-
r?Q �`2 BM/Bz2`2Mi- rBHH /Q i?2 b�K2X Pi?2`rBb2- i?2 b?�`2 Q7 /272+iQ`b BM BMi2`;`QmT
T�B`BM;b rBHH BM+`2�b2- bQ i?�i +QM/BiBQM�H +QQT2`�iQ`b T`272` rBi?BM ;`QmT T�B`BM;bX

AM i?2 +�b2 Q7 irQ TmM@`2T ;`QmTb- irQ QTTQbBM; 7Q`+2b �`2 �i TH�vX AM;`QmT T�B`BM;b
#2M2}i +QM/BiBQM�H +QQT2`�iBQM- �b ?�pBM; �++2bb iQ i?2 QTTQM2MiǶb `2Tmi�iBQM �HHQrb 7Q`
/272+iBM; �;�BMbi �M QTTQM2Mi i?�i /Q2b MQi TmMBb?X "mi MQM@TmMBb?2`b T`272` T�B`BM;b
rBi? Qmi;`QmT K2K#2`b- bBM+2 i?2M i?2B` M2;�iBp2 `2Tmi�iBQM +�MMQi #2 2tTHQBi2/X h?Bb
BM im`M K�F2b BMi2`;`QmT T�B`BM;b KQ`2 �ii`�+iBp2 7Q` �HH TH�v2`b- BM+Hm/BM; +QM/BiBQM�H
+QQT2`�iQ`bX q?B+? Q7 i?2 irQ 7Q`+2b T`2p�BHb- Q` r?2i?2` i?2v rBHH #�H�M+2 Qmi- /2T2M/b
QM i?2 T�`�K2i2` bT2+B}+�iBQMX

_2bmHib �`2 mM�K#B;mQmb BM i?2 +�b2 Q7 QM2 +QQT@`2T ;`QmT �M/ QM2 TmM@`2T ;`QmTX
�HH K2K#2`b Q7 i?2 +QQT@`2T ;`QmT rBHH �pQB/ BMi2`�+iBQMb �+`Qbb ;`QmT #QmM/�`B2b-
bBM+2 i?2B` QTTQM2Mib rBHH �Hr�vb /272+i �M/ bQK2 �HbQ TmMBb? MQM@+QQT2`�iBQMX A7
TQbbB#H2- i?2 +QQT@`2T ;`QmT rBHH i?2`27Q`2 QTi iQ b?mi /QrM �Mv BMi2`�+iBQMb rBi? i?2
TmM@`2T ;`QmTX

9XjX8 :QbbBT b?�`BM; �+`Qbb ;`QmT #QmM/�`B2b

aQ 7�` r2 �bbmK2/ i?�i `2Tmi�iBQM�H BM7Q`K�iBQM Bb MQi b?�`2/ �+`Qbb ;`QmT #QmM/�`B2bX
>2`2- r2 b?Qr i?�i i?2 K�BM `2bmHi ?QH/b B7 r2 `2H�t i?Bb �bbmKTiBQM- �M/ BMbi2�/
�bbmK2 i?�i BM BMi2`@;`QmT T�B`BM;b- TH�v2`b +�M H2�`M i?2 `2Tmi�iBQM�H bi�imb Q7 i?2B`
QTTQM2Mi rBi?BM i?2 Qi?2` ;`QmTX

AM i?2 +�b2b Q7 irQ +QQT@`2T ;`Qmb- 7mHH BM7Q`K�iBQM b?�`BM; BKTHB2b i?�i TH�v2` +�M
+QM/BiBQM i?2B` �+iBQMb BM BMi2`;`QmT T�B`BM;b BM i?2 b�K2 r�v �b BM T�B`BM;b rBi?BM
;`QmTX �b � `2bmHi- � TH�v2` ?�b i?2 b�K2 BM7Q`K�iBQM �M/ 7�+2b i?2 b�K2 BM+2MiBp2b
rBi? �HH QTTQM2MibX qBi? `2bT2+i iQ `2Tmi�iBQM- i?2 irQ ;`QmTb 2z2+iBp2Hv K2`;2
BMiQ QM2 H�`;2 ;`QmTX lM/2` i?2 �bbmKTiBQM i?�i #Qi? ;`QmTb �`2 B/2MiB+�H- bQ i?�i
G1+2(⇠) = G1(⇠) = G2(⇠)- i?2 M2r 2[mBHB#`BmK rBHH i?2M #2 /2}M2/ #v i?2 b�K2 +miQz
U8V �b BM i?2 bBM;H2 ;`QmT +�b2- �M/ +QQT2`�iBQM `�i2b BM BMi2`;`QmT BMi2`�+iBQMb �`2 i?2
b�K2 �b rBi?BM bBM;H2 ;`QmTbX
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aBKBH�`Hv- B7 #Qi? ;`QmTb �`2 TmM@`2T- H2�`MBM; r?2i?2` �M QTTQM2Mi Bb � TmMBb?2` Q`
MQi �HHQrb TH�v2`b iQ �TTHv i?2 b�K2 bi`�i2;v BM �+`Qbb@;`QmT T�B`BM;b �b rBi?BM@;`QmTX
�bbmKBM; B/2MiB+�H /Bbi`B#miBQM Q7 T�`�K2i2`b rBi?BM ;`QmTb- i?2 `2bmHiBM; 2[mBHB#`BmK
Bb /2}M2/ #2 UeV �M/ U3V- �M/ +QQT2`�iBQM `�i2b �`2 i?2 b�K2 �b BM i?2 bBM;H2 ;`QmT
+�b2X

AM #Qi? i?2b2 +�b2b- b?�`BM; Q7 `2Tmi�iBQM�H BM7Q`K�iBQM �+`Qbb ;`QmTb Bb #2M2}+B�H
7Q` +QQT2`�iBQMX "mi Kmim�H +QQT2`�iBQM `2K�BMb mM72�bB#H2 BM i?2 +�b2 Q7 � +QQT@`2T
�M/ � TmM@`2T ;`QmTX AM BMi2`;`QmT BMi2`�+iBQMb- TmM@`2T ;`QmT K2K#2`b +�M MQr H2�`M
r?2i?2` i?2B` QTTQM2Mi Bb FMQrM iQ #2 � +QQT2`�iQ` Q7 /272+iQ`- #mi i?Bb T`QpB/2b i?2K
rBi? MQ BM+2MiBp2b iQ �/Dmbi i?2B` #2?�pBQ`X L�K2Hv- i?2v H�+F BM+2MiBp2b iQ +QQT2`�i2-
�M/ rBHH i?mb /272+i BM �HH BMi2`;`QmT T�B`BM;bX J2K#2`b Q7 i?2 +QQT@`2T ;`QmT BMbi2�/
�`2 MQr �#H2 iQ +QM/BiBQM i?2B` �+iBQMb BM BMi2`;`QmT T�B`BM;b QM i?2 TmM@`2T bi�imb Q7
i?2B` QTTQM2MiX 1[m�iBQM UeV i?2M /2i2`KBM2b r?2i?2` i?2 +QQT@`2T TH�v2` +QQT2`�i2b
Q` /272+ib �+`Qbb ;`QmT- �M/ +QQT2`�iBQM `�i2b BM BMi2`�+iBQMb �+`Qbb ;`QmT rBHH #2 ?�H7
Q7 r?�i i?2v rQmH/ #2 rBi? irQ TmM@`2T ;`QmTb- �bbmKBM; i?�i T�`�K2i2` /Bbi`B#miBQMb
�`2 i?2 b�K2 �+`Qbb ;`QmTbX

8 1KTB`B+�H T�ii2`Mb
AM i?Bb b2+iBQM- r2 T`QpB/2 2pB/2M+2 i?�i Qm` i?2Q`v Bb +QMbBbi2Mi rBi? 2KTB`B+�H T�i@
i2`Mb T2`i�BMBM; iQ /Bz2`2Mi ivT2b Q7 BMi2`;`QmT i2MbBQMbX 6B`bi- r2 b?Qr i?�i +mHim`�H
BM+QKT�iB#BHBiv �+`Qbb bQ+B2iB2b BM i2`Kb Q7 `2Tmi�iBQM bvbi2Kb Bb +Q``2H�i2/ rBi? i?2
BMi2MbBiv Q7 Qmi;`QmT /Bb+`BKBM�iBQMX .Bb+`BKBM�iBQM Bb KQ`2 HBF2Hv iQ Q`B;BM�i2 7`QK
K2K#2`b Q7 +QQT@`2T bQ+B2iB2b �M/ #2 /B`2+i2/ �;�BMbi K2K#2`b Q7 TmM@`2T bQ+B2iB2b-
`�i?2` i?�M i?2 Qi?2` r�v �`QmM/X a2+QM/- r2 b?Qr i?�i BM+QKT�iB#BHBiv BM `2Tm@
i�iBQM K2+?�MBbKb Bb � +QMbBbi2Mi T`2/B+iQ` Q7 #BH�i2`�H +QM~B+i �+`Qbb 2i?MB+ ;`QmTbX
.Bz2`2M+2b BM `2Tmi�iBQM bvbi2Kb �`2 MQi K2`2 T`QtB2b 7Q` #BH�i2`�H /Bbi�M+2b BM Qi?2`
/BK2MbBQMb Q7 +mHim`2 Q` 7Q` BMi2`;`QmT /Bz2`2M+2b BM Qi?2` +QKKQM T`2/B+iQ`b Q7 +QM@
~B+iX

8XR J2�bm`BM; `2Tmi�iBQM K2+?�MBbKb
� K�DQ` +?�HH2M;2 BM i2biBM; Qm` �`;mK2Mi Bb i?�i r2 ?�p2 MQ T`2+Bb2 2KTB`B+�H r�v
Q7 +H�bbB7vBM; bQ+B2iB2b �b TmM@`2T Q` +QQT@`2TX h?�i rQmH/ `2[mB`2 FMQrH2/;2 MQi QMHv
Q7 #2?�pBQ`�H T�ii2`Mb- #mi �HbQ Q7 `2Tmi�iBQM�H +QMbB/2`�iBQMb- bm+? �b r?�i ivT2 Q7

kN



`2Tmi�iBQM bQ+B2iv K2K#2`b i`v iQ #mBH/- Q` r?�i `2Tmi�iBQM�H �bT2+i BMi2`2bib i?2K
i?2 KQbi �#Qmi T�`iB2b i?2v i`�Mb�+i rBi? Ur?2i?2` i?2v �`2 HBF2Hv iQ TmMBb? /2pB�iBQMb
Q` 2t?B#Bi +QQT2`�iBp2 #2?�pBQ`VX

AM i?2 �#b2M+2 Q7 bm+? BM7Q`K�iBQM- r2 2KTHQv �M BKT2`72+i T`Qtv Q7 TmMBb?K2Mi@
#�b2/ `2Tmi�iBQM mbBM; i?2 T`2p�H2M+2 Q7 KQiB7b `2H�i2/ iQ `2i�HB�iBQM �M/ `2p2M;2 BM �
bQ+B2ivǶb Q`�H i`�/BiBQMbX q2 `2Hv QM � +�i�HQ; Q7 7QHFHQ`2- /2}M2/ �b biQ`B2b �M/ #2HB27b
Q`�HHv i`�MbKBii2/ �+`Qbb ;2M2`�iBQMb- r?B+? r�b `2+2MiHv BMi`Q/m+2/ BM i?2 2+QMQKB+b
HBi2`�im`2 #v JB+?�HQTQmHQb �M/ sm2 UkykRV �M/ r?B+? `2+Q`/b i?Qmb�M/b Q7 KQiB7b 7Q`
`Qm;?Hv R-yyy bQ+B2iB2b rQ`H/rB/2X JB+?�HQTQmHQb �M/ sm2 UkykRV T`QpB/2 7`2[m2M+B2b
Q7 KQiB7b `2H�i2/ iQ /Bz2`2Mi +QM+2Tib �i i?2 H2p2H Q7 � +QmMi`v �M/ �i i?2 H2p2H Q7 �M
2i?MB+ ;`QmT BM i?2 1i?MQ;`�T?B+ �iH�b UJm`/Q+?- RNedV- QM2 Q7 i?2 KQbi rB/2Hv mb2/
�Mi?`QTQHQ;B+�H /�i�b2ib BM +`Qbb@+mHim`�H `2b2�`+? BM 2+QMQKB+bX h?Bb �HHQrb mb iQ mb2
/Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b #2ir22M T�B`b Q7 +QmMi`B2b Q`
2i?MB+ ;`QmTb �b � T`Qtv 7Q` /Bz2`2M+2b BM `2Tmi�iBQM K2+?�MBbKbX

6B;m`2 j, _2p2M;2 KQiB7b #v +QmMi`v

(.2232459,.4516716]
(.1892032,.2232459]
(.163585,.1892032]
[0,.163585]
No data

LQi2b, _2p2M;2@`2H�i2/ KQiB7b `2H�iBp2 iQ �HH KQiB7b `2+Q`/2/ BM i?2 7QHFHQ`2 +�i�HQ; Q7 JB+?�HQTQmHQb
�M/ sm2 UkykRV- #v +QmMi`vX

6Q` 2�+? bQ+B2iv U+QmMi`v Q` 2i?MB+ ;`QmTV- r2 +QKTmi2 i?2 iQi�H MmK#2` Q7 7QHFHQ`2
KQiB7b i?�i `2H�i2 iQ `2p2M;2- #v bmKKBM; mT KQiB7b 7`QK i?2 +�i�HQ; i?�i �`2 i�;;2/
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#v i?2 F2vrQ`/b `2p2M;2- TmMBb?- TmMBb?K2Mi- T2M�Hiv- `2i�HB�i2- `2i�HB�iBQMXj q2 /B@
pB/2 i?Bb MmK#2` #v i?2 iQi�H MmK#2` Q7 KQiB7b `2+Q`/2/ 7Q` 2�+? bQ+B2iv iQ �++QmMi 7Q`
p�`B�iBQM BM i?2 `B+?M2bb Q7 Q`�H i`�/BiBQMb �+`Qbb bQ+B2iB2bX 6B;m`2 j /2TB+ib i?2 /Bbi`B#m@
iBQM Q7 Qm` K2�bm`2 Q7 `2p2M;2@`2H�i2/ Q`�H i`�/BiBQMb �+`Qbb +QmMi`B2bX lMbm`T`BbBM;Hv-
`2p2M;2@`2H�i2/ i?2K2b �`2 KQ`2 T`2p�H2Mi BM `2;BQMb KQ`2 +QKKQMHv �bbQ+B�i2/ rBi?
?QMQ` +mHim`2b- bm+? �b i?2 JB//H2 1�bi- H�`;2 T�`ib Q7 �7`B+� �M/ aQmi?2`M 1m`QT2X
>Qr2p2`- i?2 K2�bm`2 /BbTH�vb p�`B�iBQM rBi?BM #Qi? +QMiBM2Mib �M/ bm#@+QMiBM2Mi�H
`2;BQMbX

q?2M TQbbB#H2- r2 +QKTH2K2Mi i?Bb K2�bm`2 rBi? irQ �//BiBQM�H T`QtB2b 7Q` TmM@
`2T +mHim`2bX h?2b2 K2�bm`2b �`2 �p�BH�#H2 7Q` � HBKBi2/ MmK#2` Q7 bQ+B2iB2b Q` �i i?2
+QmMi`v H2p2H QMHvX h?Bb �HHQrb mb iQ mb2 i?2K 7Q` p�HB/�iBQM Q7 Qm` #�b2HBM2 `2bmHib
`2HvBM; QM 7QHFHQ`2 QMHv BM �M�Hvb2b i?�i BMpQHp2 +QmMi`v T�B`bX

h?2 }`bi K2�bm`2 Bb �M BM/B+�iQ` 7Q` bQ+B2iB2b FMQrM iQ 2KTHQv `2i�HB�iQ`v T`�+@
iB+2b- �b /Q+mK2Mi2/ #v i?2 2i?MQ;`�T?B+ `2+Q`/X aBM+2 BM7Q`K�iBQM QM `2p2M;2 Bb
MQi �p�BH�#H2 BM +QKKQMHv mb2/ 2i?MQ;`�T?B+ /�i�#�b2b HBF2 i?2 1i?MQ;`�T?B+ �i@
H�b- r2 +QMbi`m+i i?Bb K2�bm`2 #�b2/ QM 2>_�6 qQ`H/ *mHim`2b- � H�`;2 +QHH2+iBQM Q7
2i?MQ;`�T?B+ K�i2`B�H 7Q` Qp2` jyy bQ+B2iB2b- Q`;�MBx2/ �M/ BM/2t2/ #v bm#D2+i �i i?2
T�`�;`�T? H2p2HX h?2 +�i�HQ; Q7 2i?MQ;`�T?B+ rQ`F Bb �p�BH�#H2 QMHBM2 �M/ � bmKK�`v
Bb T`QpB/2/ 7Q` 2�+? +mHim`2Ƕb K�BM �bT2+ib Q7 bQ+B�H �M/ +mHim`�H HB72X9 q2 +`�rH i?2
bmKK�`B2b 7Q` K2MiBQMb Q7 F2vrQ`/b `2H�i2/ iQ `2i�HB�iBQM- 7Q+mbBM; QM i?2 b2+iBQMb QM
+QM~B+i �M/ bQ+B�H +QMi`QH- r?B+? T2`i�BM iQ bQ+B2iB2bǶ BMi2`�+iBQMb rBi? Qmi;`QmTb �M/
K2�Mb Q7 K�BMi�BMBM; BM;`QmT +Q?2bBQM �M/ +QQT2`�iBQMX8 q2 i�; bQ+B2iB2b �b TmM@
`2T B7 i?2v BM+Hm/2 �Mv Q7 i?2 b2H2+i2/ F2vrQ`/b BM 2Bi?2` Q7 i?2 irQ `2H2p�Mi b2+iBQMb

jq2 7QHHQr *�Q 2i �HX UkykRV BM i?2 b2H2+iBQM Q7 F2vrQ`/bX h?2B` BMi2`2bi Bb BM mbBM; 7QHFHQ`2 iQ
[m�MiB7v i?2 T`2p�H2M+2 Q7 � +mHim`2 Q7 ?QMQ`- r?B+? i?2v �`;m2 Bb +?�`�+i2`Bx2/ #v #Qi? `2i�HB�iBQM �M/
� ;2M2`�H i2M/2M+v iQ pBQH2M+2X *QMb2[m2MiHv- i?2B` 7QHFHQ`2@#�b2/ K2�bm`2 +QK#BM2b +QM+2Tib `2H�i2/
iQ `2p2M;2 �M/ +QM+2Tib `2H�i2/ iQ pBQH2M+2 �M/ +QM~B+iX q2 /BbiBM;mBb? #2ir22M i?2 irQ b2ib Q7
F2vrQ`/b- #2+�mb2 r2 �`2 BMi2`2bi2/ bT2+B}+�HHv BM b2+QM/@T�`iv TmMBb?K2Mi i?�i b2`p2b � `2Tmi�iBQM@
#mBH/BM; Tm`TQb2X AM Qm` KQ/2H- i?Bb ivT2 Q7 `2Tmi�iBQM Bb MQi `2H�i2/ iQ � ?B;?2` T`2p�H2M+2 Q7 pBQH2M+2
BM 2[mBHB#`BmKX AM 7�+i- r2 b?Qr 2KTB`B+�HHv i?�i /Bz2`2M+2b #2ir22M bQ+B2iB2b BM i?2 T`2p�H2M+2 Q7
pBQH2M+2@`2H�i2/ KQiB7b /Q MQi T`2/B+i #BH�i2`�H i2MbBQMb QM+2 /Bz2`2M+2b BM `2Tmi�iBQM �`2 �++QmMi2/
7Q`X

9a22 2?`�7rQ`H/+mHim`2bXv�H2X2/mX
8h?2b2 BM+Hm/2 T`�+iB+2b HBF2 ;B7i@;BpBM;- K2/B�iBQM #v 2H/2`b- �b r2HH �b 72m/b �M/ Qi?2` `2i�HB�iQ`v

MQ`Kb mb2/ iQ K�BMi�BM bQ+B�H Q`/2` i?`Qm;? i?2 i?`2�i Q7 +QM~B+i 2b+�H�iBQMX
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Q7 i?2B` +mHim`2Ƕb bmKK�`vXe q2 �`2 �#H2 iQ +QMbi`m+i i?Bb K2�bm`2 7Q` jy9 bQ+B2iB2b
�p�BH�#H2 BM i?2 2>_�6 qQ`H/ *mHim`2b +QHH2+iBQMX q2 K�i+? bQ+B2iB2b BM i?2 2>_�6
iQ 2i?MB+ ;`QmTb BM i?2 1i?MQ;`�T?B+ �iH�b- �M/ �;;`2;�i2 i?2 2>_�6 BM/B+�iQ` iQ
i?2 +QmMi`v H2p2H 7QHHQrBM; � T`Q+2/m`2 bBKBH�` iQ :BmHB�MQ �M/ LmMM UkyR3VX 6m`i?2`
/2i�BHb QM i?2 +QMbi`m+iBQM Q7 i?Bb K2�bm`2 �`2 T`QpB/2/ BM a2+iBQM " Q7 i?2 �TT2M/BtX
h?2 2>_�6@/2`Bp2/ BM/B+�iQ` Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM Bb KQ/2`�i2Hv- #mi bB;@
MB}+�MiHv +Q``2H�i2/ rBi? i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b BM 7QHFHQ`2 �i i?2
2i?MB+ ;`QmT H2p2H- rBi? � +Q``2H�iBQM +Q2{+B2Mi Q7 yXkkj Up@p�Hm2 < 0.0005VX

h?2 b2+QM/ �Hi2`M�iBp2 T`Qtv Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM +QK2b 7`QK i?2 :HQ#�H
S`272`2M+2 am`p2v U:SaV U6�HF 2i �HX- kyR3VX h?2 :Sa Bb � `2T`2b2Mi�iBp2 bm`p2v Q7
2+QMQKB+ T`272`2M+2b +QM/m+i2/ BM de +QmMi`B2bX q2 mb2 i?2 K2�bm`2 Q7 M2;�iBp2 `2+B@
T`Q+Biv- r?B+? Bb � r2B;?i2/ �p2`�;2 Q7 `2bTQMb2b iQ i?`22 [m2biBQMbX hrQ Q7 i?2K
+�Tim`2 b2H7@�bb2bbK2Mib Q7 i?2 rBHHBM;M2bb iQ i�F2 `2p2M;2 �M/ iQ TmMBb? mM7�B` #2?�p@
BQ` iQr�`/b QM2Ƕb b2H7- �M/ +Q``2bTQM/ r2HH iQ i?2 `QH2 Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM
BM Qm` KQ/2HX h?2 i?B`/ [m2biBQM- rBHHBM;M2bb iQ TmMBb? mM7�B` #2?�pBQ` iQr�`/b Qi?2`b-
+�Tim`2b i?B`/@T�`iv TmMBb?K2Mi �M/ Bb H2bb `2H�i2/ iQ i?2 K2+?�MBbKb BM Qm` 7`�K2@
rQ`FX aBM+2 i?2 :Sa /Q2b MQi T`QpB/2 /Bb�;;`2;�i2/ `2bTQMb2b #v +QKTQM2Mi [m2b@
iBQM- i?2 Qp2`�HH K2�bm`2 Q7 M2;�iBp2 `2+BT`Q+Biv Bb � MQBbv T`Qtv Q7 `2Tmi�iBQM #mBHi QM
b2+QM/@T�`iv TmMBb?K2MiX LQM2i?2H2bb- r2 }M/ i?Bb K2�bm`2 iQ ?�p2 T`2/B+iBp2 TQr2`
BM Qm` 2KTB`B+�H �M�HvbBbXd

S�B`rBb2 +Q``2H�iBQMb BM �#bQHmi2 #BH�i2`�H /Bbi�M+2b #2ir22M M2;�iBp2 `2+BT`Q+Biv-
`2p2M;2@`2H�i2/ KQiB7b �M/ i?2 2>_�6 `2p2M;2 BM/B+�iQ` �i i?2 +QmMi`v H2p2H �`2 b?QrM
BM h�#H2 �XkX amKK�`v bi�iBbiB+b 7Q` �HH p�`B�#H2b mb2/ �`2 T`QpB/2/ BM h�#H2b �XR
U+QmMi`v H2p2HV �M/ �Xj U2i?MB+ ;`QmT H2p2HVX

ea2+iBQM " Q7 i?2 �TT2M/Bt T`QpB/2b 2t�KTH2b Q7 /2b+`BTiBQMb Q7 bQ+B2iB2b i�;;2/ �b 2KTHQvBM;
`2p2M;2 T`�+iB+2b- �b r2HH �b /2b+`BTiBQMb Q7 bQ+B2iB2b rBi? � x2`Q p�Hm2 BM i?2 2>_�6 BM/B+�iQ`- r?Qb2
T`�+iB+2b +Q``2bTQM/ iQ +QQT@`2T +mHim`2b BM Qm` KQ/2HX

dh?2 T`2/B+iBp2 TQr2` Q7 /Bz2`2M+2b BM M2;�iBp2 `2+BT`Q+Biv 7Q` #BH�i2`�H T2`+2TiBQMb Q7 /Bb+`BKB@
M�iBQM 7m`i?2` BKT`Qp2b r?2M r2 BMbi`mK2Mi i?Bb K2�bm`2 rBi? /Bz2`2M+2b BM `2p2M;2@`2H�i2/ KQiB7b
7`QK 7QHFHQ`2X h?Bb Ao bi`�i2;v BbQH�i2b p�`B�iBQM BM i?2 K2�bm`2 i?�i /Q2b MQi `2H�i2 iQ i?B`/@T�`iv
TmMBb?K2MiX

jk



8Xk .Bb+`BKBM�iBQM �;�BMbi BKKB;`�Mib
8XkXR .�i� �M/ 2KTB`B+�H bi`�i2;v

Pm` KQ/2H T`2/B+ib i?�i BM+QKT�iB#BHBiv BM `2Tmi�iBQM bvbi2Kb H2�/b iQ i?2 #`2�F/QrM
Q7 +QQT2`�iBQM- r?B+? K�MB72bib �b �pQB/�M+2 Q7 TmM@`2T ;`QmT K2K#2`b #v +QQT@`2T
;`QmT K2K#2`bX hQ i2bi i?Bb T`2/B+iBQM- r2 T`Qtv 7Q` +QQT2`�iBQM 7�BHm`2 rBi? /Bb+`BK@
BM�iBQM �;�BMbi K2K#2`b Q7 QM2 bQ+B2iv #v i?Qb2 Q7 �MQi?2`X

q2 mb2 /�i� 7`QK 2B;?i r�p2b Q7 i?2 1m`QT2�M aQ+B�H am`p2v U1aaV- � `2T`2b2Mi�iBp2
bm`p2v Q7 bQ+B�H �iiBim/2b +QM/m+i2/ BM jk 1m`QT2�M +QmMi`B2b 2p2`v irQ v2�`b #2ir22M
kyyk �M/ kyReX h?2 1aa �bFb `2bTQM/2Mib i?2 7QHHQrBM; [m2biBQM, ǳqQmH/ vQm /2b+`B#2
vQm`b2H7 �b #2BM; � K2K#2` Q7 � ;`QmT i?�i Bb /Bb+`BKBM�i2/ �;�BMbi BM i?Bb +QmMi`v\Ǵ
_2bTQMb2b �`2 #BM�`vX q2 `2H�i2 `2bTQMb2b Q7 BKKB;`�Mib iQ +mHim`�H /Bz2`2M+2b #2ir22M
i?2B` +QmMi`v Q7 `2bB/2M+2 �M/ i?2 +QmMi`v Q7 Q`B;BM Q7 i?2B` T�`2MibX q2 7Q+mb QM i?2
b2+QM/ ;2M2`�iBQM 7QHHQrBM; i?2 2KTB`B+�H HBi2`�im`2 BM +mHim`�H 2+QMQKB+b U:BmHB�MQ-
kyydc 62`M�M/2x- kyRRVX h?Bb bi`�i2;v �ii2Mm�i2b i?2 TQi2MiB�H T`Q#H2K Q7 /Bz2`2MiB�H
b2H2+iBQM Q7 KB;`�Mib �+`Qbb +mHim`2bX3 q2 `mM `2;`2bbBQMb Q7 i?2 7Q`K,

Dicot = �1Rco + sicot�2 + µc + ⌫o + ✓t + wco�3 + ✏icot UR9V

r?2`2 bm#b+`BTib i- c- o �M/ t /2MQi2 BM/BpB/m�Hb- `2bB/2M+2 +QmMi`B2b- Q`B;BM +QmMi`B2b
UQ7 BKKB;`�MibǶ T�`2MibV �M/ bm`p2v v2�`b- `2bT2+iBp2HvX Dicot Bb �M BM/B+�iQ` 7Q` b2+QM/
;2M2`�iBQM BKKB;`�Mib r?Q `2TQ`i #2HQM;BM; iQ � /Bb+`BKBM�i2/ ;`QmTX Rco Bb i?2
�#bQHmi2 /Bz2`2M+2 BM i?2 b?�`2 Q7 `2p2M;2@`2H�i2/ KQiB7b #2ir22M `2bB/2M+2 �M/ Q`B;BM
+QmMi`v- Qm` K�BM K2�bm`2 Q7 /Bz2`2M+2 BM `2Tmi�iBQM K2+?�MBbKbX h?2 p2+iQ` sicot

BM+Hm/2b � T�`bBKQMBQmb b2i Q7 BM/BpB/m�H@H2p2H +QMi`QHb U�;2- �;2 b[m�`2/ �M/ ;2M/2`VX
Pm` B/2MiB}+�iBQM H2p2`�;2b p�`B�iBQM �i i?2 +QmMi`v@T�B` H2p2HX µc �`2 `2bB/2M+2

+QmMi`v }t2/ 2z2+ib i?�i �++QmMi 7Q` iBK2@BMp�`B�Mi +?�`�+i2`BbiB+b Q7 1m`QT2�M ?Qbi
bQ+B2iB2b- bm+? �b HQr iQH2`�M+2 Q7 BKKB;`�Mib Q` +QMb2`p�iBp2 TQHBiB+�H �iiBim/2bX ⌫o

�`2 Q`B;BM +QmMi`v }t2/ 2z2+ib r?B+? �++QmMi 7Q` i?2 7�+i i?�i /Bb+`BKBM�iBQM K�v #2
?B;?2` �;�BMbi BKKB;`�Mib 7`QK TQQ`2` Q` HBM;mBbiB+�HHv �M/ `2HB;BQmbHv KQ`2 /Bbi�Mi

3q2 /2}M2 �b b2+QM/ ;2M2`�iBQM BKKB;`�Mib i?Qb2 rBi? 2Bi?2` T�`2Mi #Q`M �#`Q�/X q?2M #Qi?
T�`2Mib �`2 #Q`M �#`Q�/- r2 �bbB;M Q`B;BM +QmMi`v +?�`�+i2`BbiB+b #�b2/ QM i?2 +QmMi`v Q7 #B`i? Q7 i?2
KQi?2`X

jj



bQ+B2iB2bX ✓t �`2 v2�` }t2/ 2z2+ib- i?�i M2i Qmi iBK2 i`2M/b BM T2`+2TiBQMb Q7 /Bb@
+`BKBM�iBQM +QKKQM �+`Qbb �HH +QmMi`B2bX wco Bb � b2i Q7 +QMi`QHb �i i?2 +QmMi`v@T�B`
H2p2HX *QM/BiBQM�H QM i?2 +?�`�+i2`BbiB+b Q7 i?2 ?Qbi TQTmH�iBQM �M/ BKKB;`�MibǶ Q`B@
;BM +QmMi`B2b- T�B`@H2p2H +?�`�+i2`BbiB+b bm+? �b � +QKKQM ?BbiQ`B+�H T�bi Q` ;2Q;`�T?B+
T`QtBKBiv K�v K�F2 /Bb+`BKBM�iBQM KQ`2 BMi2Mb2 �;�BMbi bQK2 ;`QmTb Q7 BKKB;`�Mib
i?�M Qi?2`bX h?`Qm;?Qmi- r2 +Hmbi2` bi�M/�`/ 2``Q`b �i i?2 +QmMi`v@T�B` H2p2H- #mi
`2bmHib �`2 `Q#mbi iQ irQ@r�v +Hmbi2`BM; �i i?2 H2p2H Q7 Q`B;BM �M/ `2bB/2M+2 +QmMi`B2bX

8XkXk _2bmHib

6B;m`2 9 Bb � ;`�T?B+�H Qp2`pB2r Q7 Qm` #�b2HBM2 `2bmHiX Ai /2TB+ib i?2 +Q``2H�iBQM #2ir22M
T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM �M/ #BH�i2`�H /Bbi�M+2 BM i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/
KQiB7b- M2i Q7 `2bB/2M+2- Q`B;BM �M/ bm`p2v v2�` }t2/ 2z2+ibX *QMbBbi2Mi rBi? Qm`
i?2Q`2iB+�H T`2/B+iBQMb- i?2 ?B;?2` i?2 /Bz2`2M+2 #2ir22M +QmMi`B2b BM i2`Kb Q7 Qm` T`Qtv
Q7 `2Tmi�iBQM bvbi2Kb- i?2 ?B;?2` Bb i?2 HBF2HB?QQ/ Q7 BMi2`;`QmT �pQB/�M+2- K2�bm`2/ �b
UT2`+2Bp2/V /Bb+`BKBM�iBQMX h?2 `2H�iBQMb?BT Bb iB;?i �M/ MQi /`Bp2M #v QmiHB2` +QmMi`v
T�B`bXN

q2 2tTHQ`2 i?2b2 T�ii2`Mb KQ`2 bvbi2K�iB+�HHv BM h�#H2 kX *QHmKM R `2TQ`ib i?2
#�b2HBM2 +Q``2H�iBQM #2ir22M /Bbi�M+2 BM `2p2M;2 KQiB7b �M/ T2`+2TiBQMb Q7 /Bb+`BKBM�@
iBQM- �++QmMiBM; 7Q` }t2/ 2z2+ib �M/ BM/BpB/m�H +QMi`QHbX *QHmKMb k iQ 9 bm++2bbBp2Hv
�// +QMi`QHb �i i?2 ?Qbi@Q`B;BM +QmMi`v T�B` H2p2H i?�i +QmH/ �z2+i �iiBim/2b �M/ T�i@
i2`Mb Q7 #BH�i2`�H BMi2`�+iBQMb #2ir22M BKKB;`�Mib �M/ ?Qbi bQ+B2iB2bX 6QHHQrBM; :mBbQ
2i �HX UkyyNV- BM +QHmKM k r2 +QMi`QH 7Q` ;2Q;`�T?B+ /Bbi�M+2 �M/ 7Q` r?2i?2` +QmM@
i`B2b b?�`2 � +QKKQM #Q`/2`- Q{+B�H H�M;m�;2- �M/ +QHQMB�H T�biX *QMbBbi2Mi rBi? i?2
}M/BM;b Q7 :mBbQ 2i �HX UkyyNV 7Q` #BH�i2`�H i`mbi- BKKB;`�Mib 7`QK KQ`2 /Bbi�Mi +QmM@
i`B2b T2`+2Bp2 KQ`2 /Bb+`BKBM�iBQMc i?2 QTTQbBi2 Bb i`m2 Q7 BKKB;`�Mib 7`QK M2B;?#Q`BM;
+QmMi`B2bX AKKB;`�Mib 7`QK 7Q`K2` 1m`QT2�M +QHQMB2b /Q MQi `2TQ`i bB;MB}+�MiHv ?B;?2`
/Bb+`BKBM�iBQM- #mi BKKB;`�Mib b?�`BM; � +QKKQM H�M;m�;2 rBi? i?2B` ?Qbi bQ+B2iB2b
/QX h?Bb Bb +QMbBbi2Mi rBi? ?B;?2` H�#Q` K�`F2i +QKT2iBiBQM #2ir22M BKKB;`�Mib �M/
M�iBp2b r?2M i?2B` T`Q}H2b �`2 KQ`2 bBKBH�` U"Q`D�b- kyyjVX *QM/BiBQM�H QM Q`B;BM 7`QK
� 7Q`K2` +QHQMv- BKKB;`�Mib r?Q b?�`2 � H�M;m�;2 rBi? i?2B` /2biBM�iBQM +QmMi`v �`2

Nh?2 bHQT2 +Q2{+B2Mi Bb � = 1.06- p = 0.001X �7i2` i`BKKBM; i?2 iQT �M/ #QiiQK RW BM i2`Kb Q7
/Bbi�M+2 BM `2p2M;2 KQiB7b- r2 ?�p2 � = 1.15- p < 0.001X
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�HbQ KQ`2 HBF2Hv iQ #2 #2ii2` BMi2;`�i2/- � 72�im`2 +Q``2H�i2/ rBi? � ?B;?2` T`QT2MbBiv
iQ `2TQ`i /Bb+`BKBM�iBQM UG�D2p�`/B 2i �HX- kykyVX AM +QHmKM j r2 +QMi`QH 7Q` i?2 �#bQ@
Hmi2 /Bz2`2M+2 BM HQ; :.S T2` +�TBi� UK2�bm`2/ BM kyyyV #2ir22M `2bB/2M+2 �M/ Q`B;BM
+QmMi`vX h?2 `2H�iBQMb?BT #2ir22M /Bb+`BKBM�iBQM �M/ #BH�i2`�H BM+QK2 /Bz2`2M+2b Bb
M2;�iBp2- #mi MQi bB;MB}+�MiX AM +QHmKM 9- r2 �// � +QMi`QH 7Q` `2HB;BQmb bBKBH�`Biv-
K2�bm`2/ �b i?2 2KTB`B+�H T`Q#�#BHBiv i?�i irQ `�M/QKHv +?Qb2M BM/BpB/m�Hb BM irQ
+QmMi`B2b rBHH b?�`2 i?2 b�K2 `2HB;BQMXRy GQr2` `2HB;BQmb /Bbi�M+2 Bb bi`QM;Hv �bbQ+B�i2/
rBi? HQr2` T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM- +QMbBbi2Mi rBi? rQ`F B/2MiB7vBM; `2HB;BQM �b
QM2 Q7 i?2 K�BM /`Bp2`b Q7 /Bb+`BKBM�iBQM �;�BMbi BKKB;`�Mib BM 1m`QT2 U�/B/� 2i �HX-
kyR9c "�Mb�F 2i �HX- kyReVX �+`Qbb bT2+B}+�iBQMb- i?2 TQbBiBp2 TQBMi 2biBK�i2 Q7 i?2
/Bbi�M+2 BM `2p2M;2@`2H�i2/ KQiB7b `2K�BMb ?B;?Hv bB;MB}+�MiX

6B;m`2 9, .Bb+`BKBM�iBQM �M/ /Bz2`2M+2b BM `2p2M;2 T`2p�H2M+2- #BMM2/ b+�ii2`THQi
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LQi2b, S2`+2TiBQMb Q7 /Bb+`BKBM�iBQM �KQM; b2+QM/ ;2M2`�iBQM BKKB;`�Mib BM i?2 1aa �M/ /Bbi�M+2
#2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7bX 6B;m`2 THQib #BMM2/
`2bB/m�Hb Q7 p�`B�#H2b M2i Q7 ?Qbi �M/ Q`B;BM +QmMi`v }t2/ 2z2+ib �M/ bm`p2v v2�` }t2/ 2z2+ibX

Ryh?Bb K2�bm`2 Bb 7`QK :mBbQ 2i �HX UkyyNV �M/ Bi Bb +QKTmi2/ �b i?2 T`Q/m+i Q7 i?2 7`�+iBQM Q7
BM/BpB/m�Hb BM +QmMi`v j �M/ BM +QmMi`v i r?Q ?�p2 `2HB;BQM k- bmKK2/ �+`Qbb �HH `2HB;BQMbX .�i� QM
`2HB;BQmb �/?2`2M+2 Bb 7`QK i?2 qQ`H/ o�Hm2b am`p2vX

j8



J�;MBim/2b �`2 bK�HH- #mi K2�MBM;7mHX �b �M BHHmbi`�iBQM- +QMbB/2` i?2 +�b2 Q7
BKKB;`�Mib 7`QK 1;vTi- � +QmMi`v rBi? � `2H�iBp2Hv ?B;? T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/
KQiB7b UyXky8VX �++Q`/BM; iQ i?2 2biBK�i2 BM +QHmKM URV- �M 1;vTiB�M BKKB;`�Mi Bb
�`QmM/ 9 T2`+2Mi�;2 TQBMib KQ`2 HBF2Hv iQ 722H /Bb+`BKBM�i2/ BM i?2 lE- r?2`2 i?2
b?�`2 Q7 `2p2M;2 KQiB7b Bb yXR9k- +QKT�`2/ iQ :`22+2- r?2`2 i?2 `2bT2+iBp2 b?�`2 Bb
yXkykX AM/22/- BM Qm` /�i� irQ Qmi Q7 bBt BKKB;`�Mib Q7 1;vTiB�M Q`B;BM BM i?2 lE
722H /Bb+`BKBM�i2/- #mi QMHv QM2 Qmi Q7 2B;?i BM :`22+2X *QMp2`b2Hv- �M BKKB;`�Mi 7`QK
aBM;�TQ`2- � +QmMi`v rBi? � b?�`2 Q7 `2p2M;2 KQiB7b 2[m�H iQ yXRye- Bb T`2/B+i2/ iQ #2
RX3 T2`+2Mi�;2 TQBMib H2bb HBF2Hv iQ 722H /Bb+`BKBM�i2/ BM i?2 lE i?�M �M BKKB;`�Mi
7`QK 1;vTiX AM Qm` /�i�- MQM2 Qmi Q7 7Qm` aBM;�TQ`2�M BKKB;`�Mib BM i?2 lE `2TQ`i
#2HQM;BM; iQ � /Bb+`BKBM�i2/ ;`QmTX

h�#H2 k, .Bz2`2M+2b BM `2p2M;2 T`2p�H2M+2 �M/ T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM

.2TX p�`B�#H2 622Hb /Bb+`BKBM�i2/

URV UkV UjV U9V

.Bbi�M+2 `2p2M;2 KQiB7b yXRy9⇤⇤⇤ yXyNRj⇤⇤⇤ yXyN8R⇤⇤⇤ yXye8j⇤⇤⇤
UyXyjyjV UyXyjy3V UyXyjR8V UyXykjeV

*QMiB;mQmb @yXyje9⇤⇤⇤ @yXyjNj⇤⇤⇤ @yXyk93⇤⇤
UyXyRkNV UyXyRjRV UyXyRk9V

*QKKQM Q{+B�H H�M;m�;2 yXy8dj⇤⇤⇤ yXy8Nk⇤⇤⇤ yXyj88⇤⇤
UyXyRe3V UyXyRe3V UyXyR8dV

6Q`K2` +QHQMB�H `2H�iBQM yXyy9R9 yXyy89j @yXyy9R3
UyXyR9yV UyXyR9yV UyXyR9RV

.Bbi�M+2 #2ir22M +�TBi�Hb yXRky⇤⇤ yXRj8⇤⇤⇤ yXy88R
UyXy8k3V UyXy8k9V UyXy9ekV

.Bz2`2M+2 HQ; :.S TX+X @yXyy8e8 @yXyyNyR
UyXykkdV UyXykjkV

_2HB;BQmb bBKBH�`Biv @yXR8j⇤⇤⇤
UyXyke3V

P#b2`p�iBQMb kj3Ne kj3Ne kjeNj kjeNj
_@b[m�`2/ yXye9N yXyeee yXyee9 yXyeNk

LQi2b, .�i� 7`QK 1aa r�p2b R@3X �M Q#b2`p�iBQM Bb � b2+QM/ ;2M2`�iBQM BKKB;`�MiX 622H /Bb+`BKBM�i2/ Bb �M BM/B+�iQ`
7Q` `2bTQM/2Mib r?Q `2TQ`i #2BM; T�`i Q7 � /Bb+`BKBM�i2/ ;`QmTX .Bbi�M+2 `2p2M;2 KQiB7b K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2
#2ir22M i?2 `2bTQM/2MiǶb `2bB/2M+2 +QmMi`v �M/ i?2B` T�`2MibǶ +QmMi`v Q7 #B`i? BM i?2 T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b i?�i �`2
`2p2M;2@`2H�i2/X �HH +QHmKMb +QMi`QH 7Q` ;2M/2`- �;2 �M/ �;2 b[m�`2/- ?Qbi �M/ Q`B;BM +QmMi`v }t2/ 2z2+ib �M/ bm`p2v v2�`
}t2/ 2z2+ibX ai�M/�`/Bx2/ #2i� +Q2{+B2Mib `2TQ`i2/X ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 +QmMi`v T�B` H2p2HX aB;MB}+�M+2
H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

�M �//BiBQM�H i2bi�#H2 BKTHB+�iBQM Q7 Qm` i?2Q`v Bb i?�i /Bb+`BKBM�iBQM- �b � T`Qtv
Q7 �pQB/�M+2 Q7 BMi2`�+iBQMb- b?QmH/ Q`B;BM�i2 7`QK K2K#2`b Q7 +QQT@`2T bQ+B2iB2b �M/
#2 /B`2+i2/ iQr�`/b K2K#2`b Q7 TmM@`2T bQ+B2iB2b- `�i?2` i?�M pB+2 p2`b�X q2 2t@
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THB+BiHv i2bi i?Bb T`2/B+iBQM BM h�#H2 j #v /2+QKTQbBM; i?2 /Bbi�M+2 BM i?2 b?�`2 Q7
`2p2M;2 KQiB7b BM irQ T�`ibX q2 /2MQi2 #v .Bbi�M+2 `2p2M;2 KQiB7b U+V i?2 TQbBiBp2
/Bz2`2M+2 #2ir22M i?2 Q`B;BM �M/ ?Qbi +QmMi`vǶb b?�`2 Q7 7QHFHQ`2 KQiB7b `2H�i2/ iQ
`2p2M;2- �M/ rBi? .Bbi�M+2 `2p2M;2 KQiB7b U�V i?2 U�#bQHmi2 p�Hm2 Q7V i?2 `2bT2+iBp2
M2;�iBp2 /Bz2`2M+2X >B;?2` p�Hm2b Q7 .Bbi�M+2 `2p2M;2 KQiB7b U+V BKTHv i?�i i?2 b?�`2
Q7 `2p2M;2@`2H�i2/ KQiB7b Bb ?B;?2` BM i?2 `2bTQM/2MiǶb +QmMi`v Q7 Q`B;BM i?�M BM i?2
`2bB/2M+2 +QmMi`vX >B;?2` p�Hm2b Q7 .Bbi�M+2 `2p2M;2 U�V BKTHv BMbi2�/ i?2 QTTQbBi2
T�ii2`MX h?Bb bT2+B}+�iBQM /Q2b MQi �HHQr mb iQ bBKmHi�M2QmbHv +QMi`QH 7Q` `2bB/2M+2
�M/ Q`B;BM +QmMi`v }t2/ 2z2+ib- r?B+? �`2 +QHHBM2�` rBi? i?2 UHBM2�`V /Bbi�M+2 p�`B@
�#H2bX q2 `2TQ`i `2bmHib 7`QK bT2+B}+�iBQMb i?�i b2T�`�i2Hv +QMi`QH 7Q` Q`B;BM +QmMi`v
U+QHmKMb RĜkV �M/ ?Qbi +QmMi`v }t2/ 2z2+ib UjĜ9VX

*QMbBbi2Mi rBi? i?2 T`2/B+iBQM Q7 i?2 KQ/2H- T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM �`2 T`B@
K�`BHv 2tT`2bb2/ #v BKKB;`�Mib 7`QK +QmMi`B2b r?Qb2 Q`�H i`�/BiBQMb BM+Hm/2 KQ`2
K2MiBQMb Q7 `2p2M;2 i?�M i?Qb2 Q7 i?2B` /v�/B+ T�`iM2`X h?2 2biBK�i2/ 2z2+i Q7 .Bb@
i�M+2 `2p2M;2 KQiB7b U�V BMbi2�/ Bb M2p2` bB;MB}+�Mi �M/ Bb BM+QMbBbi2Mi BM bB;M �M/
K�;MBim/2 �+`Qbb bT2+B}+�iBQMbX .Bb+`BKBM�iBQM �M/ �pQB/�M+2 �TT2�`b iQ #2 T`2/QK@
BM�MiHv i?2 `2bTQMb2 Q7 +QQT@`2T bQ+B2iB2b iQr�`/b K2K#2`b Q7 TmM@`2T bQ+B2iB2bX

h�#H2 j, .Bb+`BKBM�iBQM #v ?B;?2`fHQr2` `2p2M;2 T`2p�H2M+2

.2TX p�`B�#H2 622Hb /Bb+`BKBM�i2/

URV UkV UjV U9V

.Bbi�M+2 `2p2M;2 KQiB7b UYV yXR99⇤⇤⇤ yXRR8⇤⇤⇤ yXyd3R⇤⇤⇤ yXy989⇤⇤⇤
UyXyj9yV UyXyke9V UyXyRN9V UyXyR88V

.Bbi�M+2 `2p2M;2 KQiB7b U@V yXykj3 y8ek @yXyRRR yXyRje
UyXyR3yV UyXykRkV UyXykyeV UyXyRdyV

P#b2`p�iBQMb kj3Ne kjeNj kjNRN kjdR8
_@b[m�`2/ yXy89k yXye9e yXyjd8 yXy89R

P`B;BM +QmMi`v 61 ! !

>Qbi +QmMi`v 61 ! !

*QMi`QHb ! !

LQi2b, .�i� 7`QK 1aa r�p2b R@3X �M Q#b2`p�iBQM Bb � b2+QM/ ;2M2`�iBQM BKKB;`�MiX 622H /Bb+`BKBM�i2/ Bb �M BM/B+�iQ`
7Q` `2bTQM/2Mib r?Q `2TQ`i #2BM; T�`i Q7 � /Bb+`BKBM�i2/ ;`QmTX .Bbi�M+2 `2p2M;2 KQiB7b U+V U`2bTX �V K2�bm`2b i?2
/Bz2`2M+2 BM i?2 T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b #2ir22M i?2 `2bTQM/2MiǶb `2bB/2M+2 +QmMi`v �M/ i?2B` T�`2MibǶ +QmMi`v Q7
#B`i? r?2M i?�i /Bz2`2M+2 Bb TQbBiBp2 U`2bTX- M2;�iBp2VX �HH +QHmKMb +QMi`QH 7Q` ;2M/2`- �;2 �M/ �;2 b[m�`2/ �M/ bm`p2v
v2�` }t2/ 2z2+ibX *QHmKMb k �M/ 9 BM+Hm/2 �HH #BH�i2`�H 2+QMQKB+- ;2Q@+mHim`�H �M/ `2HB;BQmb +QMi`QHbX ai�M/�`/Bx2/ #2i�
+Q2{+B2Mib `2TQ`i2/X ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 +QmMi`v T�B` H2p2HX aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8-
⇤ T< yXRX

AM h�#H2 9 r2 +QM/m+i � MmK#2` Q7 7�HbB}+�iBQM 2t2`+Bb2b iQ #2ii2` DmbiB7v � `QH2
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7Q` Qm` T`QTQb2/ K2+?�MBbK Q7 BM+QKT�iB#BHBiv BM `2Tmi�iBQM K2+?�MBbKbX *QHmKM
R `2THB+�i2b- 7Q` +QKT�`�#BHBiv- i?2 #�b2HBM2 `2bmHi rBi? ?Qbi �M/ Q`B;BM +QmMi`v }t2/
2z2+ib �M/ #BH�i2`�H +QMi`QHb U+QHmKM 9 Q7 h�#H2 kVX AM +QHmKMb k �M/ j r2 2t�KBM2
i?2 ;`QmM/b QM r?B+? BKKB;`�Mib T2`+2Bp2 /Bb+`BKBM�iBQM BM i?2 ?Qbi +QmMi`vX h?2
1aa �bFb `2bTQM/2Mib r?2i?2` i?2v 722H /Bb+`BKBM�i2/ /m2 iQ K2K#2`b?BT BM � MmK#2`
Q7 ;`QmT +�i2;Q`B2bX AM +QHmKM k Q7 h�#H2 9 r2 +QMbi`m+i � #BM�`v /2T2M/2Mi p�`B�#H2
7Q` `2bTQM/2Mib T2`+2BpBM; /Bb+`BKBM�iBQM QM i?2 #�bBb Q7 +QHQ` Q` `�+2- M�iBQM�HBiv-
H�M;m�;2 2i?MB+Biv Q` `2HB;BQMX h?2b2 +�i2;Q`B2b +Q``2bTQM/ iQ bQ+B�H ;`QmTb- r?B+? 7Q`K
i?2 mMBi Q7 +mHim`2 BM Qm` i?2Q`2iB+�H 7`�K2rQ`FX AM +QHmKM j r2 2t�KBM2 /Bb+`BKBM�iBQM
QM i?2 #�bBb Q7 �Mv Q7 i?2 `2K�BMBM; +�i2;Q`B2b- r?B+? BM+Hm/2 �;2- ;2M/2`- b2tm�HBiv �M/
/Bb�#BHBivX �b 2tT2+i2/- /Bb+`BKBM�iBQM /2`Bp2b T`BK�`BHv 7`QK bQ+B�H U2i?MQ`2HB;BQmb Q`
`�+B�HV ;`QmT #2HQM;BM; �M/ MQi 7`QK Qi?2` �ii`B#mi2bX

"BH�i2`�H /Bbi�M+2 BM i2`Kb Q7 i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b +QmH/ T`Qtv
7Q` +mHim`�H /Bbi�M+2 KQ`2 #`Q�/Hv- `�i?2` i?�M /Bz2`2M+2b bT2+B}+ iQ i?2 `QH2 Q7 `2T@
mi�iBQMX q2 �bb2bb i?2 `2H2p�M+2 Q7 i?Bb BKTQ`i�Mi +QM+2`M BM i?2 `2K�BM/2` Q7 i?2
i�#H2X 6B`bi- r2 2tTHQ`2 r?2i?2` i?2 b�HB2M+2 Q7 `2i�HB�iBQM BM � bQ+B2iv Bb � T`Qtv
7Q` Qi?2` 72�im`2b Q7 +mHim`2b Q7 ?QMQ`X 1KTB`B+�H `2b2�`+? b?Qrb i?�i ?QMQ` +mHim`2b
�`2 T`QM2 iQ BMi2`T2`bQM�H rBi?BM@;`QmT pBQH2M+2 ULBb#2ii �M/ *Q?2M- RNNec :`QbD2�M-
kyR9V �M/ KQ`2 #2HHB;2`2Mi �M/ HBF2Hv iQ #2 BMpQHp2/ BM BMi2`;`QmT +QM~B+i U*�Q 2i �HX-
kykRVX Pm` KQ/2H BMbi2�/ 2KT?�bBx2b TmMBb?K2Mi �b � `2Tmi�iBQM K2+?�MBbK i?�i bmb@
i�BMb � +QQT2`�iBp2 2[mBHB#`BmK- �M/ /Q2b MQi BKTHv � ?B;?2` 2[mBHB#`BmK �bbQ+B�iBQM Q7
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iQ pBQH2M+2X AM +QHmKM 9 Q7 h�#H2 9- r2 +QKTmi2 i?2 b?�`2 Q7 � +QmMi`vǶb 7QHFHQ`2 KQiB7b
i?�i `2H�i2 iQ pBQH2M+2 �M/ +QM~B+i- #v +QmMiBM; i?2 MmK#2` Q7 KQiB7b i�;;2/ #v i?2
+QM+2Tib pBQH2M+2- pBQH2Mi- #�iiH2- };?iBM;- �ii�+?- bQH/B2`- ;m�`/- i`QQT- �`Kv- 2M2Kv-
};?i2`- BMp�bBQM- BMp�/2- /272M/2`X h?2`2 Bb MQ bB;MB}+�Mi �bbQ+B�iBQM #2ir22M #BH�i2`�H
/Bz2`2M+2b BM pBQH2M+2@`2H�i2/ KQiB7b �M/ T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX

�M 2[m�HHv BKTQ`i�Mi +mHim`�H /Bz2`2M+2 +QmH/ #2 BM i?2 T`QT2MbBiv 7Q` +QQT2`�iBp2
#2?�pBQ`X AM +QMi`�bi iQ 7`�K2rQ`Fb HBF2 h�#2HHBMB Ukyy3V- bQ+B2iB2b BM Qm` KQ/2H /Q
MQi /Bz2` BM i2`Kb Q7 i?2 /Bbi`B#miBQM Q7 �;2MibǶ ivT2b- #mi BM i2`Kb Q7 i?2 `2Tmi�iBQM
K2+?�MBbKb i?�i bmbi�BM +QQT2`�iBQMX AM T`�+iB+2- TmMBb?K2Mi@#�b2/ KQiB7b K�v #2
KQ`2 T`2p�H2Mi BM bQ+B2iB2b r?2`2 /2+2TiBQM Bb KQ`2 rB/2bT`2�/- bBM+2 `2i�HB�iBQM K�v
/2p2HQT �b � K2+?�MBbK iQ /2�H rBi? mM+QQT2`�iBp2 #2?�pBQ`X _2bB/2Mib Q7 KQ`2 �Hi`mBb@
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iB+ Q` +QQT2`�iBp2 bQ+B2iB2b K�v i?2M #2 HBF2Hv iQ �pQB/ BKKB;`�Mib 7`QK bQ+B2iB2b r?2`2
+QQT2`�iBp2 ivT2b �`2 H2bb 7`2[m2MiX q2 T`Qtv 7Q` /Bz2`2M+2b BM +QQT2`�iBp2 #2?�pBQ`
mbBM; i?2 b?�`2 Q7 KQiB7b `2H�i2/ iQ /2+2TiBQM- i�;;2/ #v i?2 +QM+2Tib +?2�i- /2+2Bp2
�M/ i`B+FX �b r�b i?2 +�b2 rBi? /Bz2`2M+2b BM pBQH2M+2- +QHmKM j Q7 h�#H2 9 `2p2�Hb i?�i
#BH�i2`�H /Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 /2+2TiBQM@`2H�i2/ KQiB7b �`2 MQi bB;MB}+�MiHv
+Q``2H�i2/ rBi? T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX AM +QHmKM e r2 +QMi`QH 7Q` /Bbi�M+2b
BM �HH i?`22 ivT2b Q7 KQiB7b bBKmHi�M2QmbHvX "BH�i2`�H /Bbi�M+2b BM `2p2M;2 +QMiBMm2 iQ
T`2/B+i /Bb+`BKBM�iBQMX *QM/BiBQM�H QM i?2 `QH2 Q7 `2p2M;2- T2`+2Bp2/ /Bb+`BKBM�iBQM
Bb /2+`2�bBM; BM i?2 /Bbi�M+2 BM pBQH2M+2@`2H�i2/ KQiB7bX � TQi2MiB�H 2tTH�M�iBQM 7Q`
i?Bb }M/BM; Bb i?�i- 7Q` ;Bp2M /Bz2`2M+2b BM `2Tmi�iBQM K2+?�MBbKb- +QM~B+i Bb ?B;?2bi
#2ir22M irQ ;`QmTb rBi? � bi`QM; i2M/2M+v 7Q` UMQM `2p2M;2@`2H�i2/V pBQH2M+2c Bi Bb
BMbi2�/ /BKBMBb?2/ B7 QM2 Q7 i?2 ;`QmTb Bb H2bb +QM~B+i �M/ pBQH2M+2@T`QM2X

AM +QHmKMb d iQ Rk r2 +QMi`QH 7Q` #BH�i2`�H /Bz2`2M+2b BM 2+QMQKB+ T`272`2M+2b 7`QK
i?2 :SaX Pmi Q7 i?2 bBt 2+QMQKB+ T`272`2M+2b �M/ #2HB27b K2�bm`2/ �b T�`i Q7 i?2
bm`p2v- QMHv /Bz2`2M+2b BM T�iB2M+2 �M/ M2;�iBp2 `2+BT`Q+Biv +Q``2H�i2 rBi? T2`+2TiBQMb
Q7 /Bb+`BKBM�iBQMX �b /Bb+mbb2/ BM a2+iBQM 8XR- M2;�iBp2 `2+BT`Q+Biv 2M+QKT�bb2b K2�@
bm`2b Q7 b2+QM/@T�`iv TmMBb?K2Mi +HQb2Hv `2H�i2/ iQ TmMBb?K2Mi@#�b2/ `2Tmi�iBQM BM
Qm` KQ/2H �M/ Bb � `2�bQM�#H2 �Hi2`M�iBp2 T`Qtv 7Q` `2Tmi�iBQM ivT2bX AM +QHmKM Rj
r2 +QMi`QH bBKmHi�M2QmbHv 7Q` /Bz2`2M+2b BM �HH T`272`2M+2 /BK2MbBQMb �M/ /Bbi�M+2 BM
`2p2M;2@`2H�i2/ KQiB7bX AM i?Bb bT2+B}+�iBQM- M2;�iBp2 `2+BT`Q+Biv HQb2b BM K�;MBim/2
�M/ bB;MB}+�M+2X h?Bb Bb +QMbBbi2Mi rBi? i?Bb K2�bm`2 #2BM; � H2bb �++m`�i2 T`Qtv 7Q`
`2Tmi�iBQM /Bz2`2M+2bX S�iB2M+2 `2K�BMb � bi`QM; T`2/B+iQ` Q7 T2`+2TiBQMb Q7 /Bb+`BKB@
M�iBQMX 6�HF 2i �HX UkyR3V b?Qr i?�i T�iB2M+2 Bb bi`QM;Hv +Q``2H�i2/ rBi? BM+QK2- �b r2HH
�b rBi? � b2i Q7 T`272`2M+2b `2H�i2/ iQ BM/BpB/m�HBbK �M/ i?2 bTB`Bi Q7 +�TBi�HBbKX h?2v
/2KQMbi`�i2 i?�i i?Bb K2�bm`2 Bb KQ`2 T`2/B+iBp2 Q7 +QKT�`�iBp2 /2p2HQTK2Mi i?�M
KQbi Qi?2` +QKKQMHv 2KTHQv2/ �iiBim/BM�H K2�bm`2bX h?2 `2bmHib Q7 h�#H2 9 BM/B+�i2
i?�i /Bz2`2M+2b BM i?Bb +2Mi`�H /`Bp2` Q7 +QKT�`�iBp2 /2p2HQTK2Mi �`2 �HbQ BKTQ`i�Mi
7Q` BMi2`;`QmT BMi2`�+iBQMbX u2i- i?2b2 /Bz2`2M+2b �TT2�` BM/2T2M/2Mi 7`QK /Bz2`2M+2b
BM `2Tmi�iBQM ivT2b- r?Qb2 2biBK�i2/ 2z2+i `2K�BMb mM�z2+i2/X

*QHmKM R9 �//b +QMi`QHb 7Q` i?2 �#bQHmi2 #BH�i2`�H /Bbi�M+2 BM 2�+? Q7 ir2Miv@
QM2 T2`bQM�H ?mK�M p�Hm2b- bm+? �b i?2 BKTQ`i�M+2 Q7 #2BM; `2bT2+i2/ Q` bm++2bb7mHX
h?2b2 [m2biBQMb 7Q`K T�`i Q7 i?2 a+?r�`ix p�Hm2 bm`p2v- � KQ/mH2 Q7 i?2 1aa �BK2/ �i
K2�bm`BM; #�bB+ ?mK�M p�Hm2b `2+Q;MBx2/ �+`Qbb �HH +mHim`2b �++Q`/BM; iQ i?2 i?2Q`v
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BM a+?r�`ix URNN9VXRR 6B;m`2 8 pBbm�HBx2b i?2 `2bmHib 7Q` `2H2p�Mi +Q2{+B2Mib �M/ b?Qrb
i?�i i?2 /Bbi�M+2 BM `2p2M;2 KQiB7b `2K�BMb QM2 Q7 i?2 irQ KQbi BKTQ`i�Mi T`2/B+iQ`b Q7
T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX AM *QHmKM R8- r2 DQBMiHv +QMi`QH 7Q` /Bz2`2M+2b BM Qi?2`
7QHFHQ`2 KQiB7b- /Bz2`2M+2b BM 2+QMQKB+ T`272`2M+2b- �M/ /Bz2`2M+2b BM ?mK�M p�Hm2bX
Pp2`�HH- i?2b2 `2bmHib �`2 2M+Qm`�;BM; 7Q` Qm` �M�HvbBb �b i?2v bm;;2bi i?�i �pQB/�M+2
�M/ /Bb+`BKBM�iBQM �`2 MQi i?2 T`Q/m+i Q7 ;2M2`�H +mHim`�H /Bz2`2M+2b- #mi `�i?2` i?2
bT2+B}+ Qmi+QK2 Q7 +`Qbb@+mHim`�H /Bz2`2M+2b BM i?2 `QH2 Q7 TmMBb?K2MiX

6B;m`2 8, Pi?2` K2�bm`2b Q7 +mHim`�H /Bbi�M+2

Revenge
motifs

Violence
motifs

Cheating
motifs

Patience

Risk−taking

Positive
reciprocity

Negative
reciprocity

Altruism

Trust

−.1 −.05 0 .05 .1 .15

Standardized point estimate and 95% CIs

LQi2b, SQBMi 2biBK�i2b �M/ N8W BMi2`p�Hb 7`QK i?2 bT2+B}+�iBQM BM +QHmKM R8 Q7 h�#H2 9X

8XkXj _Q#mbiM2bb

AM h�#H2 8 r2 T`2b2Mi `2bmHib mbBM; i?2 irQ �Hi2`M�iBp2 T`QtB2b Q7 TmMBb?K2Mi@#�b2/
`2Tmi�iBQMX AM +QHmKMb R �M/ k r2 mb2 i?2 �#bQHmi2 #BH�i2`�H /Bbi�M+2 BM M2;�iBp2
`2+BT`Q+Biv 7`QK 6�HF 2i �HX UkyR3VX �b b?QrM BM h�#H2 9- /Bbi�M+2 BM M2;�iBp2 `2+BT`Q+Biv

RRh?2b2 [m2biBQMb �`2 T?`�b2/ �b 7QHHQrb, ǳLQr A rBHH #`B2~v /2b+`B#2 bQK2 T2QTH2X SH2�b2 HBbi2M
iQ 2�+? /2b+`BTiBQM �M/ i2HH K2 ?Qr Km+? 2�+? T2`bQM Bb Q` Bb MQi HBF2 vQmX lb2 i?Bb +�`/ 7Q` vQm`
�Mbr2`XǴ �Mbr2`b `�M;2 7`QK R Uo2`v Km+? HBF2 K2V iQ e ULQi HBF2 K2 �i �HHVX
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Bb TQbBiBp2Hv +Q``2H�i2/ rBi? T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX hQ Tm`;2 i?Bb K2�bm`2 Q7
i?2 +QKTQM2Mi `2H�i2/ iQ i?B`/@T�`iv TmMBb?K2Mi- r?B+? Bb 2ti`�M2Qmb iQ Qm` i?2Q`v-
r2 BMbi`mK2Mi Bi rBi? i?2 b?�`2 Q7 `2p2M;2 KQiB7b BM +QHmKMb j �M/ 9X *QMbBbi2Mi rBi?
K2�bm`2K2Mi 2``Q`- Ao 2biBK�i2b �`2 H�`;2` BM K�;MBim/2 i?�M PGa QM2bX

h�#H2 8, Pi?2` T`QtB2b Q7 /Bz2`2M+2 BM `2Tmi�iBQM ivT2b

.2TX p�`B�#H2 622H /Bb+`BKBM�i2/

PGa kaGa PGa

URV UkV UjV U9V U8V UeV UdV

.Bbi�M+2 M2;�iBp2 `2+BT`Q+Biv yXy9kN⇤⇤ yXy9jy⇤⇤ yX9N3⇤⇤ yXjj9⇤ yXyeRN⇤
UyXyky9V UyXyRdyV UyXkRyV UyXRd9V UyXyj8yV

.Bbi�M+2 `2p2M;2 U2>_�6V yXyj99 yXR99⇤ yXkj3⇤⇤⇤
UyXyeNyV UyXydjdV UyXyeN8V

.Bbi�M+2 `2p2M;2 KQiB7b yXyRkd
UyXyj3kV

P#b2`p�iBQMb R8NdR R8N8R R83eN R839N N8dk N99e N99y
_@b[m�`2/ yXy883 yXyekk yXye9d yXyedd yXyede
6@bi�iBbiB+ ReXyj RRXNd

*QMi`QHb ! ! ! !

LQi2b, .�i� 7`QK 1aa r�p2b R@3X �M Q#b2`p�iBQM Bb � b2+QM/ ;2M2`�iBQM BKKB;`�MiX 622H /Bb+`BKBM�i2/ Bb �M BM/B+�iQ` 7Q`
`2bTQM/2Mib r?Q `2TQ`i #2BM; T�`i Q7 � /Bb+`BKBM�i2/ ;`QmTX .Bbi�M+2 M2;�iBp2 `2+BT`Q+Biv K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2
#2ir22M i?2 `2bTQM/2MiǶb `2bB/2M+2 +QmMi`v �M/ i?2B` T�`2MibǶ +QmMi`v Q7 #B`i? BM M2;�iBp2 `2+BT`Q+Biv- 7`QK 6�HF 2i �HX
UkyR3VX .Bbi�M+2 `2p2M;2 U2>_�6V Bb i?2 �#bQHmi2 /Bz2`2M+2 BM K2MiBQMb Q7 `2p2M;2 BM 2>_�6 bQ+B2iB2b �p2`�;2/ �+`Qbb �HH
2i?MB+ ;`QmTb BM � +QmMi`vX .Bbi�M+2 `2p2M;2 KQiB7b K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M i?2 `2bTQM/2MiǶb `2bB/2M+2
+QmMi`v �M/ i?2B` T�`2MibǶ +QmMi`v Q7 #B`i? BM i?2 T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b i?�i �`2 `2p2M;2@`2H�i2/X �HH +QHmKMb
+QMi`QH 7Q` ;2M/2`- �;2 �M/ �;2 b[m�`2/- Q`B;BM �M/ ?Qbi +QmMi`v }t2/ 2z2+ib �M/ bm`p2v v2�` }t2/ 2z2+ibX *QHmKMb k- 9-
e �M/ d BM+Hm/2 #BH�i2`�H 2+QMQKB+- ;2Q@+mHim`�H �M/ `2HB;BQmb +QMi`QHbX ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 +QmMi`v T�B`
H2p2HX aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

q2 M2ti im`M iQ i?2 T`Qtv Q7 `2p2M;2@#�b2/ `2Tmi�iBQM r2 +QMbi`m+i mbBM; i?2 +QH@
H2+iBQM Q7 2i?MQ;`�T?B2b BM 2>_�6X h?Bb K2�bm`2 Bb �p�BH�#H2 7Q` � HBKBi2/ MmK#2` Q7
bQ+B2iB2b- `2bmHiBM; iQ � HQbb Q7 KQ`2 i?�M QM2 i?B`/ Q7 Qm` b�KTH2X q?BH2 TQbBiBp2Hv
+Q``2H�i2/ rBi? T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM- /Bbi�M+2 BM K2MiBQMb Q7 `2p2M;2 BM i?2
2i?MQ;`�T?B+ `2+Q`/ Bb QMHv K�`;BM�HHv bB;MB}+�Mi �7i2` i?2 BM+HmbBQM Q7 #BH�i2`�H +QM@
i`QHbX AM +QHmKM d- r2 bBKmHi�M2QmbHv BM+Hm/2 �HH i?`22 K2�bm`2b Q7 TmMBb?K2Mi@#�b2/
`2Tmi�iBQM BM i?2 `2;`2bbBQM- 7Q` i?2 `2bi`B+i2/ b�KTH2 7Q` r?B+? �HH i?`22 �`2 �p�BH�#H2X
.Bbi�M+2 BM i?2 2>_�6 K2�bm`2 2K2`;2b �b i?2 bi`QM;2bi T`2/B+iQ` Q7 /Bb+`BKBM�iBQMX
_2p2M;2 KQiB7b `2K�BM TQbBiBp2- #mi /BKBMBb? BM #Qi? K�;MBim/2 �M/ bB;MB}+�M+2X h?Bb
K�v BM/B+�i2 i?�i i?2 2>_�6 T`Qtv 7Q` TmM@`2T +mHim`2b- r?B+? `2HB2b QM /2i�BH2/ �M@
i?`QTQHQ;B+�H bim/B2b Q7 2�+? +mHim`�H ;`QmT- KQbi T`2+Bb2Hv +�Tim`2b i?2 /BK2MbBQM Q7
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BMi2`2biX LQM2i?2H2bb- i?2b2 `2bmHib b?QmH/ #2 pB2r2/ rBi? +�miBQM ;Bp2M i?2 HBKBi2/
MmK#2` Q7 +QmMi`v T�B`b 7Q` r?B+? i?2`2 Bb Qp2`H�T BM K2�bm`2bX

�b � 7m`i?2` +?2+F- r2 2tTHQ`2 �M �Hi2`M�iBp2 bT2+B}+�iBQM 7Q` Qm` K�BM 2tTH�M�iQ`v
p�`B�#H2X AM TH�+2 Q7 i?2 �#bQHmi2 /Bbi�M+2 BM `2p2M;2 KQiB7b Rco BM 2[m�iBQM UR9V-
r2 mb2 i?2 T`Q/m+i Q7 i?2 b?�`2b Q7 `2p2M;2@`2H�i2/ KQiB7b BM `2bB/2M+2 �M/ Q`B;BM
+QmMi`v- Rc ⇥ RoX �++Q`/BM; iQ i?2 i?2Q`v- �M BM+`2�b2 BM i?2 `2H2p�M+2 Q7 `2i�HB�iBQM
BM QM2 +QmMi`v b?QmH/ QMHv ?�p2 � /2i`BK2Mi�H 2z2+i QM /Bb+`BKBM�iBQM B7 Bi Bb Q7 HBiiH2
`2H2p�M+2 BM i?2 Qi?2` +QmMi`vX q2 i?mb 2tT2+i i?2 +Q2{+B2Mi QM Rc⇥Ro iQ #2 M2;�iBp2X
h�#H2 �X8 b?Qrb `2bmHib 7`QK `2;`2bbBQMb 2[mBp�H2Mi iQ i?Qb2 Q7 h�#H2 8- rBi? �HH #BH�i2`�H
�#bQHmi2 /Bz2`2M+2b `2TH�+2/ #v BMi2`�+iBQMb Q7 `2bB/2M+2 �M/ Q`B;BM +QmMi`v +QMi`QHb-
+QMbBbi2Mi rBi? i?2 7Q`K�i mb2/ 7Q` i?2 K�BM BM/2T2M/2Mi p�`B�#H2X h?2 +Q2{+B2Mi QM
i?2 BMi2`�+iBQM i2`K Bb bB;MB}+�MiHv M2;�iBp2 7Q` �HH i?`22 K2�bm`2b Q7 i?2 b�HB2M+2 Q7
`2p2M;2X �b BM h�#H2 8- i?2 2>_�6@/2`Bp2/ K2�bm`2 T`Qp2b iQ #2 i?2 KQbi `Q#mbiHv
T`2/B+iBp2 Q7 T2`+2TiBQMb Q7 /Bb+`BKBM�iBQMX

6BM�HHv- h�#H2 �X9 b?Qrb `2;`2bbBQM 2biBK�i2b 7`QK KQ/2Hb 2[mBp�H2Mi iQ i?Qb2 7`QK
Qm` K�BM `2bmHib BM h�#H2 k- #mi rBi? irQ@r�v +Hmbi2`BM; Q7 bi�M/�`/ 2``Q`b �i i?2 ?Qbi
�M/ Q`B;BM +QmMi`v H2p2HX h?Bb �HHQrb 7Q` �Mv +Q``2H�iBQM Q7 2``Q`b �+`Qbb BM/BpB/m�Hb
rBi? i?2 b�K2 Q`B;BM Q` i?2 b�K2 +m``2Mi `2bB/2M+2X ai�M/�`/ 2``Q`b �`2 bQK2r?�i
H�`;2` rBi? irQ@r�v +Hmbi2`BM;- #mi `2bmHib `2K�BM bB;MB}+�Mi �i i?2 8W H2p2HX

8Xj "BH�i2`�H +QM~B+i
Pm` i?2Q`v T`2/B+ib i?�i BM+QKT�iB#H2 `2Tmi�iBQM K2+?�MBbKb H2�/ iQ �pQB/�M+2 �M/
i?2 #`2�F/QrM Q7 +QQT2`�iBQM �+`Qbb ;`QmTbX A7 r2 +QMbB/2`- �b _Q?M2` UkyRRV- ?B;?
`�i2b Q7 /272+iBQM BM BMi2`;`QmT BMi2`�+iBQMb iQ #2 � K2�bm`2 Q7 bQ+B�H i2MbBQMb- i?2M
�M BKTHB+�iBQM Q7 i?2 7`�K2rQ`F Bb i?�i BMi2`;`QmT +H�b?2b �`2 KQ`2 +QKKQM r?2M
`2Tmi�iBQM K2+?�MBbKb /Bz2` �+`Qbb ;`QmTbX AM i?Bb b2+iBQM- r2 i2bi i?Bb T`2/B+iBQM
#v 2t�KBMBM; r?2i?2` /Bz2`2M+2b BM `2Tmi�iBQM T`2/B+i i?2 7`2[m2M+v Q7 BMi2`;`QmT
+QM~B+iX

8XjXR .�i�

"2+�mb2 Qm` BMi2`2bi Bb BM T`2/B+iBM; i?2 HBF2HB?QQ/ Q7 +QM~B+i #2ir22M T�B`b Q7 ;`QmTb
i?�i /Bz2` BM i?2B` `2Tmi�iBQM bvbi2Kb- Qm` �M�HvbBb `2[mB`2b � /v�/B+ /�i�b2i Q7 +QM~B+i
Q++m``2M+2X q2 `2Hv QM i?2 1i?MB+ SQr2` _2H�iBQMb .�i�b2i 6�KBHv U1S_V UoQ;i 2i
�HX- kyR8V- r?B+? T`QpB/2b �MMm�H /�i� QM �HH TQHBiB+�HHv `2H2p�Mi 2i?MB+ ;`QmTb 7Q`
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�HH +QmMi`B2b BM i?2 rQ`H/- +QKT`BbBM; � iQi�H Q7 Qp2` 3yy ;`QmTb #2ir22M RN9e �M/
kykRX :`QmTb �`2 /2}M2/ �b TQHBiB+�HHv `2H2p�Mi B7 ǳ�i H2�bi QM2 TQHBiB+�H Q`;�MBx�iBQM
?�b +H�BK2/ iQ `2T`2b2Mi i?2B` BMi2`2bib �i i?2 M�iBQM�H H2p2H Q` B7 i?2B` K2K#2`b �`2
bm#D2+i2/ iQ bi�i2@H2/ TQHBiB+�H /Bb+`BKBM�iBQMǴ UoQ;i 2i �HX- kyR8VX q2 mb2 i?2 1S_ iQ
+QMbi`m+i � /v�/B+ /�i�b2i BM r?B+? i?2 mMBi Q7 �M�HvbBb BM 2�+? v2�` Bb � T�B` 7Q`K2/
#v i?2 ;`QmT /QKBM�iBM; i?2 ;Qp2`MK2Mi �M/ 2�+? ;`QmT rBi?Qmi ;Qp2`MK2Mi TQr2`X

AM7Q`K�iBQM QM i?2 BM+B/2M+2 Q7 +QM~B+i #2ir22M ;`QmT T�B`b +QK2b 7`QK �*.k1S_-
� +QKTQM2Mi Q7 i?2 1S_ .�i�b2i 6�KBHv i?�i HBMFb 2i?MB+ ;`QmTb BM 1S_ iQ `2#2H
Q`;�MBx�iBQMb BM i?2 lTTb�H� *QM~B+i .�i� S`Q;`�KǶb Ul*.SV �+iQ` /�i�#�b2X h?2
l*.S Bb � rB/2Hv mb2/ /�i�b2i Q7 ;2Q`272`2M+2/ +QM~B+i 2p2Mib i?�i +Qp2`b i?2 2MiB`2
rQ`H/ BM i?2 T2`BQ/ RN3N@kyReX 1p2Mib �`2 `2;Bbi2`2/ �b +QM~B+i �M/ BM+Hm/2/ BM i?2
l*.S r?2M i?2v ?�p2 `2bmHi2/ BM �i H2�bi k8 7�i�HBiB2bX h?Bb BKTQb2b � `2H�iBp2Hv ?B;?
#�` 7Q` i2biBM; i?2 BKTHB+�iBQMb Q7 Qm` KQ/2H- r?B+? T2`i�BM iQ bQ+B�H i2MbBQMb i?�i
/Q MQi M2+2bb�`BHv `2bmHi BM rB/2bT`2�/ ?B;?@7�i�HBiv +H�b?2bX �//BiBQM�HHv- #2+�mb2
i?2 1S_ /�i�b2i Bb `2bi`B+i2/ iQ TQHBiB+�HHv `2H2p�Mi ;`QmTb- i?2 ivT2b Q7 +QM~B+ib i?�i
r2 +�M 2t�KBM2 �`2 �`K2/ +BpBH +QM~B+ib- i?�i �Hr�vb BM+Hm/2 i?2 ;Qp2`MK2Mi QM i?2
QM2 bB/2 �M/ `2#2H ;`QmTb BM?�#BiBM; i?2 b�K2 +QmMi`v QM i?2 Qi?2`X "Qi? Q7 i?2b2
HBKBi�iBQMb Q7 i?2 b2imT b?QmH/ #2 F2Ti BM KBM/ r?2M BMi2`T`2iBM; i?2 `2bmHib Q7 i?Bb
2KTB`B+�H 2t2`+Bb2X

q2 HBMF 2i?MB+ ;`QmTb BM i?2 1S_ iQ i?2 b?�`2 Q7 `2p2M;2@`2H�i2/ KQiB7b BM 7QHFHQ`2
pB� i?2 1i?MQ;`�T?B+ �iH�bX 6Q` �7`B+�- r2 `2Hv QM i?2 +QM+Q`/�M+2 i�#H2 #2ir22M i?2
irQ /�i� bQm`+2b +QMbi`m+i2/ #v JB+?�HQTQmHQb �M/ S�T�BQ�MMQm UkyReVX q2 2ti2M/
i?2 K�i+? #2ir22M 1S_ ;`QmTb �M/ ;`QmTb BM i?2 1i?MQ;`�T?B+ �iH�b iQ �bB� 7QHHQrBM;
� irQ@bi2T T`Q+2/m`2X 6B`bi- r2 mb2 i?2 +QQ`/BM�i2b Q7 2�+? ;`QmTǶb 2i?MB+ ?QK2H�M/
T`QpB/2/ BM i?2 1i?MQ;`�T?B+ �iH�b iQ B/2MiB7v �HH ;`QmTb i?�i BM?�#Bi i?2 �`2� +Qp2`2/
#v � TQHv;QM �bbQ+B�i2/ iQ � ;`QmT BM 1S_X SQHv;QMb Q7 2�+? ;`QmTǶb HQ+�iBQM �`2
7`QK :2Q1S_ Uqm+?2`T72MMB; 2i �HX- kyRRVX q2 �HbQ mb2 BM7Q`K�iBQM QM i?2 H�M;m�;2
bTQF2M #v 2�+? ;`QmT r?B+? Bb �p�BH�#H2 BM i?2 1i?MQ;`�T?B+ �iH�b �M/ 7Q` 1S_ ;`QmTb
i?`Qm;? i?2 1S_ 1i?MB+ .BK2MbBQMb .�i�b2i U1S_@1.V U"Q`K�MM 2i �HX- kyRdVX q2
+QMbB/2` ;`QmTb �b K�i+?2/ r?2M i?2v BM?�#Bi i?2 b�K2 TQHv;QM �M/ bT2�F i?2 b�K2
H�M;m�;2X L2ti- r2 +QKTH2K2Mi i?Bb HQ+�iBQM �M/ H�M;m�;2@#�b2/ K�i+? rBi? � K�Mm�H
K�i+? Q7 `2K�BMBM; ;`QmTb mbBM; QMHBM2 bQm`+2bX "�b2/ QM i?Bb T`Q+2/m`2- r2 �`2 �#H2
iQ K�i+? eRW Q7 1i?MQ;`�T?B+ �iH�b ;`QmTb BM �bB�X

>�pBM; �bbB;M2/ 2�+? ;`QmT BM 1S_ iQ i?2B` +QmMi2`T�`i BM i?2 1i?MQ;`�T?B+ �iH�b-
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r2 `2Hv QM 7`2[m2M+B2b Q7 7QHFHQ`2 KQiB7b �i i?2 2i?MB+ ;`QmT H2p2H 7`QK JB+?�HQTQmHQb
�M/ sm2 UkykRV iQ +QKTmi2 i?2 �#bQHmi2 /Bbi�M+2 BM i?2 b?�`2 Q7 `2p2M;2@`2H�i2/ KQiB7b
#2ir22M T�B`b Q7 2i?MB+ ;`QmTbX GBKBi2/ Qp2`H�T #2ir22M i?2 ;`QmTb BM 1S_ �M/
i?2 bQ+B2iB2b �p�BH�#H2 BM 2>_�6 qQ`H/ *mHim`2b T`Q?B#Bib mb 7`QK mbBM; i?2 2>_�6
BM/B+�iQ` Q7 `2p2M;2 T`�+iB+2b �b �M �Hi2`M�iBp2 T`Qtv Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQMX

q2 +QKTH2K2Mi i?Bb /�i� rBi? #BH�i2`�H /Bbi�M+2b #2ir22M ;`QmTb BM Qi?2` 7QHF@
HQ`2 KQiB7b- �b r2HH �b /Bbi�M+2b BM �//BiBQM�H +?�`�+i2`BbiB+b Q7 2i?MB+ ;`QmTb 7`QK i?2
1i?MQ;`�T?B+ �iH�bX q2 �HbQ +QMbi`m+i � MmK#2` Q7 ;2Q;`�T?B+ +QMi`QH p�`B�#H2b Ui2`@
`�BM `m;;2/M2bb- 2H2p�iBQM- bmBi�#BHBiv 7Q` �;`B+mHim`2V 7Q` TQHv;QMb �bbB;M2/ iQ 2�+?
;`QmT BM 1S_X 6m`i?2` /2i�BHb QM i?2 +QMbi`m+iBQM Q7 i?2 /�i�b2i �b r2HH �b p�`B�#H2
/2b+`BTiBQMb �M/ bQm`+2b �`2 T`QpB/2/ BM a2+iBQM " Q7 i?2 �TT2M/BtX h�#H2 �Xj `2TQ`ib
/2b+`BTiBp2 bi�iBbiB+bX

8XjXk 1KTB`B+�H bi`�i2;v

hQ 2t�KBM2 r?2i?2` /Bz2`2M+2b BM `2Tmi�iBQM K2+?�MBbKb T`2/B+i +QM~B+i Q++m``2M+2
#2ir22M 2i?MB+ ;`QmTb- r2 2biBK�i2 i?2 7QHHQrBM; 2[m�iBQM,

Cdct = �g1 + �g2 + �c + t + �1Rd ++⌦d�2 + "dct UR8V

r?2`2 Cdct Bb �M BM/B+�iQ` 7Q` +QM~B+i #2ir22M irQ ;`QmTb BM T�B` d BM +QmMi`v
c �i v2�` tX �g1 �M/ �g2 �`2 }t2/ 2z2+ib 7Q` i?2 ;`QmT BM ;Qp2`MK2Mi �M/ i?2 `2#2H
;`QmT- `2bT2+iBp2HvX �c �`2 +QmMi`v }t2/ 2z2+ib �M/ t �`2 v2�` }t2/ 2z2+ibX h?Bb
bT2+B}+�iBQM i?2M �++QmMib 7Q` �Mv iBK2@BMp�`B�Mi ;`QmT@bT2+B}+ +?�`�+i2`BbiB+b i?�i
K�F2 Bi KQ`2 HBF2Hv i?�i �Mv ;Bp2M ;`QmT- r?2i?2` BM TQr2` Q` MQi- Bb KQ`2 HBF2Hv iQ
2M;�;2 BM +QM~B+iX h?Qb2 BM+Hm/2 iBK2@BMp�`B�Mi 2i?MQ;`�T?B+ �M/ +mHim`�H +QM7QmM/2`b
HBMF2/ iQ i?2 T`QT2MbBiv iQ 2M;�;2 BM +QM~B+i- bm+? �b K�BM KQ/2 Q7 bm#bBbi2M+2 U*�Q 2i
�HX- kykRV Q` FBMb?BT bi`m+im`2 UJQb+QM� 2i �HX- kyRNVX *QmMi`v }t2/ 2z2+ib `mH2 Qmi i?2
BM~m2M+2 Q7 }t2/ +QmMi`v +?�`�+i2`BbiB+b i?�i �z2+i +QM~B+i T`QT2MbBiv- bm+? �b H2p2H
Q7 /2p2HQTK2Mi- BMbiBimiBQM�H [m�HBiv Q` ?BbiQ`B+�H H2;�+B2b Q7 +QHQMB�HBbKX u2�` }t2/
2z2+ib �++QmMi 7Q` b?Q+Fb +QKKQM �+`Qbb +QmMi`B2b �M/ 2i?MB+ ;`QmTb- bm+? �b ;HQ#�H
2+QMQKB+ /QrMim`MbX AM KQ`2 T�`bBKQMBQmb bT2+B}+�iBQMb r2 �++QmMi 7Q` � 7mHH b2i Q7
+QmMi`v@v2�` }t2/ 2z2+ib- M2iiBM; Qmi �Mv iBK2@p�`B�Mi 7�+iQ`b i?�i �z2+i �HH ;`QmTb
rBi?BM � +QmMi`vX :Bp2M i?�i T�B`b �`2 �Hr�vb 7Q`K2/ #2ir22M 2i?MB+ ;`QmTb Qmi Q7
TQr2` �M/ i?2 ;Qp2`MK2Mi- i?2b2 H�ii2` }t2/ 2z2+ib `mH2 Qmi i?2 +QM7QmM/BM; `QH2 Q7
+?�M;BM; ;Qp2`MK2Mi +?�`�+i2`BbiB+b- bm+? �b Qp2`�HH [m�HBiv Q` KBHBi�`v bi`2M;i?X
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Pm` BMi2`2bi HB2b BM i?2 2z2+i Q7 Rd- i?2 �#bQHmi2 /Bbi�M+2 #2ir22M 2i?MB+ ;`QmT@T�B`b
BM i?2 T`QKBM2M+2 Q7 `2p2M;2 BM i?2B` Q`�H i`�/BiBQMbX h?2 p2+iQ` ⌦d BM+Hm/2b /v�/@
bT2+B}+ +QMi`QHb i?�i +�M 2tTH�BM i?2 Q++m``2M+2 Q7 +QM~B+i rBi?BM � ;Bp2M ;`QmT T�B`X
h?2b2 BM+Hm/2 Qp2`�HH +mHim`�H /Bbi�M+2- ;2Q;`�T?B+ /Bbi�M+2- /Bz2`2M+2b BM ;2Q;`�T?B+
2M/QrK2Mib �M/ /Bz2`2M+2b BM +mHim`�H +?�`�+i2`BbiB+b `2H2p�Mi 7Q` +QM~B+iX q2 /Bb+mbb
i?2b2 +QMi`QHb �b r2 BMi`Q/m+2 i?2K #2HQrX h?`Qm;?Qmi- r2 +Hmbi2` bi�M/�`/ 2``Q`b �i
i?2 T�B` H2p2H- #mi Qm` `2bmHib �`2 `Q#mbi iQ +Hmbi2`BM; �i i?2 +QmMi`v H2p2HX

h?2 2z2+i Q7 Rd- i?2 �#bQHmi2 /Bz2`2M+2 Q7 � QM2@/BK2MbBQM�H p�`B�#H2- Bb B/2MiB}2/
7`QK irQ bQm`+2b Q7 p�`B�iBQMX qBi?BM � +QmMi`v- r2 +�M 2biBK�i2 �1 �b HQM; �b r2
Q#b2`p2 �i H2�bi irQ /Bz2`2Mi ;`QmTb BM TQr2` �M/ irQ /Bz2`2Mi ;`QmTb Qmi Q7 TQr2`-
�M/ �b HQM; �b i?2 ;`QmTb BM TQr2` /Q MQi �HH `�MF ?B;?2` Q` HQr2` rBi? `2bT2+i iQ i?2B`
b?�`2 Q7 `2p2M;2 KQiB7b i?�M �HH Q7 i?2 Qmi@Q7@TQr2` ;`QmTbX �//BiBQM�HHv- r2 2tTHQBi
p�`B�iBQM +QKBM; 7`QK i?2 7�+i i?�i i?2 b�K2 2i?MB+ ;`QmT Bb T`2b2Mi BM KQ`2 i?�M QM2
+QmMi`vX h�#H2 �Xe HBbib �HH +QmMi`B2b BM Qm` /�i� b2i i?�i 2t?B#Bi i?2 ivT2 Q7 p�`B�iBQM
r2 mb2 7Q` B/2MiB}+�iBQMX q2 �HbQ `2TQ`i `2bmHib 7Q` H2bb bi`BM;2Mi bT2+B}+�iBQMb i?�i
�HHQr 7Q` 2tTHQBiBM; i?2 p�`B�iBQM BM i?2 2MiB`2 /�i� b2iX

8XjXj _2bmHib

*QHmKM R Q7 h�#H2 e T`2b2Mib i?2 +Q``2H�iBQM #2ir22M +QM~B+i BM+B/2M+2 �M/ /Bbi�M+2
BM i?2 T`2p�H2M+2 Q7 `2p2M;2 KQiB7b BM 7QHFHQ`2- +QM/BiBQM�H QM ;`QmT- +QmMi`v �M/ v2�`
}t2/ 2z2+ibX � QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 i?2 b?�`2 Q7 `2p2M;2@`2H�i2/ KQiB7b
BM+`2�b2b i?2 HBF2HB?QQ/ Q7 +QM~B+i #v yXk8 Q7 � bi�M/�`/ /2pB�iBQMX h?Bb 2z2+i Bb QMHv
bB;MB}+�Mi �i i?2 RyW H2p2H- #mi Bib K�;MBim/2 Bb �TT`2+B�#H2, Bi bi�M/b #2ir22M i?2
2z2+i Q7 #2ir22M@;`QmT BM2[m�HBiv BM `�BM7�HH UyXRk bi�M/�`/ /2pB�iBQMbV U:m�`BbQ �M/
_Q;�HH- kyRdV �M/ i?�i Q7 HBM;mBbiB+ /Bbi�M+2 UyXje bi�M/�`/ /2pB�iBQMbV U:m�`MB2`B-
kykkVX

L2ti- r2 T`Q;`2bbBp2Hv BMi`Q/m+2 T�B`@H2p2H +QMi`QHb i?�i ?�p2 #Qi? #22M b?QrM iQ
�z2+i i?2 HBF2HB?QQ/ Q7 +QM~B+i �M/ �`2 TH�mbB#Hv +Q``2H�i2/ rBi? +`Qbb@;`QmT /Bz2`2M+2b
BM i?2 BKTQ`i�M+2 Q7 `2i�HB�iBQMX AM +QHmKM k- r2 +QMi`QH 7Q` +mHim`�H /Bbi�M+2b #2ir22M
;`QmTb- T`QtB2/ #v HBM;mBbiB+ �M/ `2HB;BQmb /Bbi�M+2X hQ +QKTmi2 HBM;mBbiB+ /Bbi�M+2- r2
K2`;2 2i?MB+ ;`QmTb iQ i?2 1i?MQHQ;m2- � /�i�b2i Q7 rQ`H/ H�M;m�;2b �M/ i?2B` +H�b@
bB}+�iBQM BMiQ HBM;mBbiB+ i`22b- �M/ 7QHHQr 62�`QM UkyyjV iQ +QKTmi2 +H�/BbiB+ /Bbi�M+2
#2ir22M H�M;m�;2 T�B`bX q2 +QKTmi2 `2HB;BQmb /Bbi�M+2 BM � bBKBH�` r�v- #v mbBM; i?2
BM7Q`K�iBQM QM `2HB;BQmb �{HB�iBQMb Q7 2�+? ;`QmT T`QpB/2/ BM i?2 1S_@1. /�i�b2i �M/
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7QHHQrBM; :m�`MB2`B �M/ hm`@S`�ib UkykyVX .2i�BHb QM i?2 +QMbi`m+iBQM Q7 i?2b2 p�`B@
�#H2 �`2 T`QpB/2/ BM i?2 �TT2M/Bt a2+iBQM "XjX q2 �HbQ +QMi`QH 7Q` i?2 HQ;;2/ ;2Q/2bB+
/Bbi�M+2 #2ir22M ;`QmT +2Mi`QB/b- #�b2/ QM i?2 TQHv;QMb Q7 2�+? ;`QmTǶb b2iiH2K2Mi
`2;BQM T`QpB/2/ #v :2Q1S_X

h�#H2 e, .Bz2`2M+2 BM `2p2M;2 T`2p�H2M+2 �M/ +QM~B+i BM+B/2M+2

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV

.Bbi�M+2 `2p2M;2 KQiB7b yXk9N⇤ yXjkN⇤⇤ yXdNN⇤⇤⇤ RXRRd⇤⇤⇤ RXRkR⇤⇤⇤ RXyNd⇤⇤⇤
UyXR9jV UyXR9dV UyXkd9V UyXkedV UyXke8V UyXjjeV

GBM;mBbiB+ /Bbi�M+2 @yXke3⇤⇤⇤ @yXkN3⇤⇤⇤ @yXk9R⇤⇤⇤ @yXkj3⇤⇤⇤ @yXkde⇤⇤⇤
UyXyNN9V UyXy9e9V UyXy8kkV UyXy8jyV UyXyNk8V

_2HB;BQmb /Bbi�M+2 yXNNy kX89j⇤⇤⇤ jX8de⇤⇤⇤ jXRdy⇤⇤⇤ kXkky⇤
UyXeyRV UyXNykV UyX3R3V UyX39kV URXR88V

GQ; ;2Q;`�T?B+ /Bbi�M+2 yX9kR⇤⇤⇤ yX83d⇤⇤⇤ yX8e9⇤⇤⇤ yX8ey⇤⇤⇤ yX8Rj⇤⇤⇤
UyXRRyV UyXRj9V UyXRk8V UyXRk9V UyXReeV

.Bbi�M+2 Dm`Bb/B+iBQM�H ?B2`�`+?v @yXdd3⇤ @RXR9y⇤⇤⇤ @RXRjk⇤⇤⇤ @RXRey⇤⇤
UyX9k8V UyX9y8V UyX9y9V UyX9dRV

.Bbi�M+2 b2iiH2K2Mi +QKTH2tBiv @yXyjjd @yXR8N @yXRNN @yXjy9
UyXkRdV UyXkkjV UyXkkkV UyXk3dV

.Bbi�M+2 >B;? :Q/b yXy3ee yXe83⇤ yXe39⇤ yXedd
UyXR9kV UyXj8RV UyXj98V UyX98yV

.Bbi�M+2 �;`B+mHim`�H bmBi�#BHBiv @yXRjN⇤ @yXR8j⇤ @yXRdj
UyXyd3dV UyXyddjV UyXRyeV

.Bbi�M+2 `m;;2/M2bb yXN3k RXyRy RXR99
UyXd9yV UyXdk3V URXk89V

.Bbi�M+2 2H2p�iBQM @yXj98 @yXjRR @yXkdN
UyX8N3V UyX8NkV URXy93V

.Bbi�M+2 ;`QmT bBx2 yX99j⇤ RXkRy
UyXk9eV UyX39yV

P#b2`p�iBQMb jNe3 jNR8 kN38 k3RR k3RR kR8d
_@b[m�`2/ yXjNy yXjNj yXjee yXjee yXje3 yXejj

*QmMi`v ⇥ u2�` 61 !

LQi2b, .�i� 7`QK 1S_ �M/ l*.SX �M Q#b2`p�iBQM Bb �M 2i?MB+ ;`QmT T�B`@+QmMi`v@v2�`X *QM~B+i BM+B/2M+2 Bb �M
BM/B+�iQ` 7Q` +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � T�B`2/ 2i?MB+ ;`QmT Qmi Q7 TQr2` BM � ;Bp2M v2�`X .Bbi�M+2 `2p2M;2
KQiB7b K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M i?2 irQ 2i?MB+ ;`QmTb BM i?2 T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b i?�i �`2 `2p2M;2@
`2H�i2/X �HH +QHmKMb +QMi`QH 7Q` ;`QmT U;Qp2`MK2Mi �M/ `2#2HbV }t2/ 2z2+ib- +QmMi`v �M/ v2�` }t2/ 2z2+ibX ai�M/�`/
2``Q`b �`2 +Hmbi2`2/ �i i?2 ;`QmT T�B` H2p2HX aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

*QM/BiBQM�H QM +QmMi`v }t2/ 2z2+ib- ?B;?2` ;2Q;`�T?B+ /Bbi�M+2 #2ir22M ;`QmTb
BM+`2�b2b i?2 HBF2HB?QQ/ Q7 +QM~B+i- bm;;2biBM; i?�i +BpBH r�` Bb KQ`2 HBF2Hv iQ Q++m` #2@
ir22M i?2 ;Qp2`MK2Mi �M/ ;2Q;`�T?B+�HHv T2`BT?2`�H 2i?MB+ ;`QmTbX GBM;mBbiB+ /Bbi�M+2
BMbi2�/ HQr2`b i?2 HBF2HB?QQ/ Q7 +QM~B+i- +QMbBbi2Mi rBi? i?2 }M/BM;b BM aTQH�Q`2 �M/
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q�+xB�`; UkyReV �M/ :m�`MB2`B UkykkV- r?Q }M/ i?�i KQ`2 +HQb2Hv `2H�i2/ TQTmH�iBQMb
�`2 KQ`2 T`QM2 iQ 2M;�;2 BM +QM~B+i �b i?2v b?�`2 bBKBH�` T`272`2M+2b �M/ K�v +H�b?
Qp2` `Bp�H ;QQ/bX AKTQ`i�MiHv- M2Bi?2` ;2Q/2bB+ MQ` Qp2`�HH +mHim`�H /Bbi�M+2 /`Bp2 i?2
2z2+i Q7 /Bz2`2M+2b BM `2p2M;2 KQiB7bX

AM +QHmKM j- r2 �++QmMi 7Q` /Bz2`2M+2b BM � b2i Q7 ;`QmT +?�`�+i2`BbiB+b `2+Q`/2/
BM i?2 1i?MQ;`�T?B+ �iH�b- r?B+? +�Tim`2 BKTQ`i�Mi /BK2MbBQMb Q7 /2p2HQTK2Mi �M/
BMbiBimiBQM�H bQT?BbiB+�iBQMX q2 i�F2 i?2 �#bQHmi2 /Bz2`2M+2 BM Dm`Bb/B+iBQM�H ?B2`�`+?v-
r?B+? `�M;2b 7`QK y UMQM2f�miQMQKQmb #�M/b Q` pBHH�;2bV iQ 9 U+QKTH2t bi�i2V- �M/
BM b2iiH2K2Mi +QKTH2tBiv- r?B+? `�M;2b 7`QK R U7mHHv KB;`�iQ`v Q` MQK�/B+ #�M/bV iQ
3 U+QKTH2t b2iiH2K2MibVX q2 �HbQ +QMi`QH 7Q` i?2 �#bQHmi2 /Bz2`2M+2 BM i?2 T`2b2M+2 Q7
>B;? :Q/bX "2HB27 BM >B;? :Q/b ?�b #22M b?QrM iQ +QMi`B#mi2 iQ +QQT2`�iBQM ULQ`2M@
x�v�M- kyRjV �M/ Bb +QMbB/2`2/ �M BKTQ`i�Mi T`2/B+iQ` Q7 +QM~B+i T`2p�H2M+2 UJ+:mB`F
�M/ LmMM- kykyVX h?2b2 /Bz2`2M+2b ?�p2 HBiiH2 BM/2T2M/2Mi 2z2+i QM i?2 HBF2HB?QQ/ Q7
#BH�i2`�H +QM~B+i- i?Qm;? ;`QmTb KQ`2 bBKBH�` BM i?2B` Dm`Bb/B+iBQM�H ?B2`�`+?v �`2 KQ`2
HBF2Hv iQ 2M;�;2 BM +QM~B+iX AM +QHmKM 9- r2 �++QmMi 7Q` /Bz2`2M+2b BM �;`B+mHim`�H
bmBi�#BHBiv- `m;;2/M2bb �M/ 2H2p�iBQMX *QHmKM 8 +QMi`QHb 7Q` /Bz2`2M+2b BM ;`QmT bBx2
#2ir22M i?2 ;Qp2`MK2Mi �M/ i?2 `2#2Hbc i?2 2biBK�i2/ 2z2+i Q7 i?Bb /Bz2`2M+2 bm;;2bib
i?�i +QM~B+i Bb KQ`2 HBF2Hv #2ir22M ;`QmTb Q7 mM2[m�H bBx2X 6BM�HHv- BM +QHmKM e r2
+QMi`QH 7Q` � 7mHH b2i Q7 +QmMi`v #v v2�` }t2/ 2z2+ibX AM+HmbBQM Q7 �HH +QMi`QHb �M/ }t2/
2z2+ib QMHv BM+`2�b2b i?2 K�;MBim/2 �M/ bB;MB}+�M+2 Q7 /Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7
`2p2M;2 KQiB7bX

h?2 2biBK�i2/ 2z2+ib �`2 H�`;2X �++Q`/BM; iQ i?2 `B+?2bi bT2+B}+�iBQM rBi? +QmMi`v@
v2�` }t2/ 2z2+ib BM +QHmKM e- � T�B` �i i?2 75th T2`+2MiBH2 Q7 /Bz2`2M+2b BM `2p2M;2
KQiB7b- bm+? �b i?2 J#mM/m �M/ i?2 "�FQM;Q BM �M;QH� UyXRyNV- ?�p2 � 9yXdW ?B;?2`
T`Q#�#BHBiv Q7 +QM~B+i 2�+? v2�` i?�M T�B`b rBi? 2[m�H `2p2M;2 p�Hm2bX

hQ T`QpB/2 � ;`�T?B+�H BHHmbi`�iBQM Q7 Qm` K�BM `2bmHi- r2 `2Hv QM �M �Hi2`M�iBp2
2KTB`B+�H bT2+B}+�iBQM Q7 i?2 7`QK

Cdct = �c,t + �1Rg1 + �2Rg2 + �1Rg1 ⇥Rg2 +⌦d�2 + ✏dct UReV

r?2`2 Rgi Bb i?2 b?�`2 Q7 ;`QmT iǶb 7QHFHQ`2 KQiB7b `2H�i2/ iQ `2p2M;2X 6B;m`2 e Bb
� +QMiQm` THQi Q7 i?2 T`2/B+i2/ T`Q#�#BHBiv Q7 +QM~B+i `2bmHiBM; 7`QK i?2 bT2+B}+�iBQM
BM Re- 2biBK�i2/ 7Q` /Bz2`2Mi p�Hm2b Q7 Rg1 �M/ Rg2 X *QM~B+i #2+QK2b KQ`2 HBF2Hv �b
;`QmTb /Bp2`;2 BM i2`Kb Q7 i?2 T`2p�H2M+2 Q7 `2p2M;2 BM i?2B` 7QHFHQ`2- �M/ i?2 `2bmHi Bb
bvKK2i`B+, +QM~B+i Bb 2[m�HHv HBF2Hv r?2M i?2 ;Qp2`MK2Mi Bb KQ`2 `2p2M;2@T`QM2 i?�M
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i?2 `2#2Hb �M/ pB+2 p2`b�X AMi2`2biBM;Hv- i?2 HQr2bi HBF2HB?QQ/ Q7 +QM~B+i Bb Q#b2`p2/
#2ir22M ;`QmTb rBi? � ?B;? T`QTQ`iBQM Q7 `2p2M;2 KQiB7b- BM HBM2 rBi? i?2 i?2Q`2iB+�H
`2bmHi i?�i i?2 +QQT2`�iBp2 2[mBHB#`BmK �+`Qbb ;`QmTb Bb KQbi bi�#H2 BM i?2 +�b2 Q7
irQ TmM@`2T ;`QmTbX :Bp2M i?�i `2i�HB�iBQM Q7i2M bTB`�Hb BM bQ+B2iB2b Q7 ?QMQ`- i?2
/2i2``2Mi 2z2+i Q7 TmMBb?K2Mi �M/ 2b+�H�iBQM K�v #2 KQ`2 TQr2`7mH BM BMi2`�+iBQMb
#2ir22M bm+? +mHim`2bX h�#H2 �X3 T`2b2Mib `2;`2bbBQM `2bmHib 7`QK i?2 bT2+B}+�iBQM
mM/2`HvBM; 6B;m`2 e- #mi �++QmMiBM; 7Q` �HH #BH�i2`�H +QMi`QHb �M/ }t2/ 2z2+ib �b BM
h�#H2 eX �b T`2/B+i2/ #v i?2 KQ/2H- i?2 BMi2`�+iBQM i2`K Bb `Q#mbiHv M2;�iBp2- BM/B+�iBM;
i?�i +QM~B+i BM+`2�b2b rBi? /Bp2`;2M+2 BM i?2 b�HB2M+2 Q7 `2p2M;2 KQiB7b rBi?BM �M 2i?MB+
;`QmT T�B`X

6B;m`2 e, .Bz2`2M+2 BM `2p2M;2 T`2p�H2M+2 �M/ +QM~B+i BM+B/2M+2- +QMiQm` THQi
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LQi2b, *QMiQm` THQi Q7 i?2 T`2/B+i2/ T`Q#�#BHBiv Q7 +QM~B+i �b � 7mM+iBQM Q7 i?2 b?�`2 Q7 `2p2M;2 KQiB7b
BM i?2 ;Qp2`MK2Mi Uv@�tBbV �M/ `2#2H ;`QmT Ut@�tBbVX S`2/B+i2/ p�Hm2b �`2 7`QK i?2 `2;`2bbBQM BM Re-
QKBiiBM; ;`QmT }t2/ 2z2+ib �M/ �++QmMiBM; 7Q` i?2 7QHHQrBM; #BH�i2`�H +QMi`QHb, `2HB;BQmb- HBM;mBbiB+
�M/ HQ; ;2Q/2bB+ /Bbi�M+2 �M/ BMi2`�+iBQMb #2ir22M ;Qp2`MK2Mi �M/ `2#2H ;`QmT +?�`�+i2`BbiB+b UDm`Bb@
/B+iBQM�H ?B2`�`+?v- b2iiH2K2Mi +QKTH2tBiv- >B;? :Q/b- �;`B+mHim`�H bmBi�#BHBiv- `m;;2/M2bb- 2H2p�iBQM-
;`QmT bBx2VX

�b BM i?2 �M�HvbBb Q7 a2+iBQM 8Xk- r2 r�Mi iQ `mH2 Qmi i?�i i?2 2z2+i Q7 /Bz2`2M+2b
BM i?2 b�HB2M+2 Q7 `2p2M;2 Bb /`Bp2M #v /Bz2`2M+2b BM +mHim`�H +?�`�+i2`BbiB+b +Q``2H�i2/
rBi? `2i�HB�iBQMX q2 mM/2`i�F2 i?Bb 2t2`+Bb2 BM h�#H2 dX *QHmKM R `2TQ`ib i?2 2biBK�i2
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BM +QHmKM 8 Q7 h�#H2 e 7Q` +QKT�`�#BHBivX AM +QHmKMb k �M/ j- r2 `2TH�+2 i?2 /Bbi�M+2
BM `2p2M;2 KQiB7b rBi? /Bbi�M+2b BM KQiB7b Q7 pBQH2M+2 �M/ /2+2TiBQM- `2bT2+iBp2HvX h?2
7Q`K2` b?QmH/ +�Tim`2 /Bz2`2M+2b BM i?2 Qp2`�HH #2HHB;2`2M+2 Q7 2i?MB+ ;`QmTb Q` BM
72�im`2b Q7 ?QMQ` bQ+B2iB2b `2H�i2/ iQ ?B;?2` pBQH2M+2- #mi MQi `2i�HB�iQ`v b2+QM/@T�`iv
TmMBb?K2MiX h?Bb p�`B�#H2 /Q2b MQi bB;MB}+�MiHv �z2+i +QM~B+i BM+B/2M+2X JQiB7b Q7
pBQH2M+2 i?�i T`2/B+i +QM~B+i@T`QM2M2bb �i i?2 ;`QmT H2p2H �`2 �H`2�/v +�Tim`2/ #v
;`QmT }t2/ 2z2+ibc /Bz2`2M+2b BM i?2b2 KQiB7b �+`Qbb ;`QmTb /Q MQi ?�p2 �//BiBQM�H
2tTH�M�iQ`v TQr2`X

h�#H2 d, 6�HbB}+�iBQM i2bib

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV UdV

.Bbi�M+2 `2p2M;2 KQiB7b RXyNd⇤⇤⇤ yX3eR⇤ RXykR⇤⇤ j89X9⇤⇤⇤ jdXRd⇤⇤⇤
UyXjjeV UyX9N9V UyX9yyV URy8X9V URkX88V

.Bbi�M+2 pBQH2M+2 KQiB7b yXRde @yXe8j
UyXRN8V UyX893V

.Bbi�M+2 +?2�iBM; KQiB7b yXeje⇤ yX3y3
UyXj8eV UyXddeV

.Bbi�M+2 ?2`/BM; /2T2M/2M+2 yXkRj @RkdXR⇤⇤⇤
UyX93dV UjdX98V

.Bbi�M+2 b2;K2Mi�`v HBM2�;2 @e8X3N⇤⇤⇤ @3XRRk⇤⇤⇤
URNX8NV UkXejNV

P#b2`p�iBQMb kR8d kR8d kR8d kR8d kR8d 88y 88y
_@b[m�`2/ yXejj yXejR yXejk yXejj yXejj yXe9d yXe9d

LQi2b, .�i� 7`QK 1S_ �M/ l*.SX �M Q#b2`p�iBQM Bb �M 2i?MB+ ;`QmT T�B`@+QmMi`v@v2�`X *QM~B+i BM+B/2M+2 Bb �M BM/B+�iQ`
7Q` +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � T�B`2/ 2i?MB+ ;`QmT Qmi Q7 TQr2` BM � ;Bp2M v2�`X .Bbi�M+2 `2p2M;2 KQiB7b-
.Bbi�M+2 pBQH2M+2 KQiB7b �M/ .Bbi�M+2 +?2�iBM; KQiB7b K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM i?2
T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b i?�i �`2 `2p2M;2@- pBQH2M+2@ �M/ +?2�iBM;@`2H�i2/- `2bT2+iBp2HvX .Bbi�M+2 ?2`/BM; /2T2M/2M+2
Bb i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM /2T2M/2M+2 QM ?2`/BM;- +QMbi`m+i2/ 7QHHQrBM; "2+F2` UkykRV �M/ *�Q
2i �HX UkykRVX .Bbi�M+2 b2;K2Mi�`v HBM2�;2 Bb i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM �M BM/B+�iQ` 7Q` i?2 T`2b2M+2
Q7 b2;K2Mi�`v HBM2�;2b- 7`QK JQb+QM� 2i �HX UkyRNVX �HH +QHmKMb +QMi`QH 7Q` ;`QmT U;Qp2`MK2Mi �M/ `2#2HbV }t2/ 2z2+ib-
+QmMi`v #v v2�` }t2/ 2z2+ib �M/ i?2 7QHHQrBM; #BH�i2`�H +QMi`QHb, `2HB;BQmb- HBM;mBbiB+ �M/ HQ; ;2Q/2bB+ /Bbi�M+2 �M/ �#bQHmi2
/Bz2`2#+2b #2ir22M ;Qp2`MK2Mi �M/ `2#2H ;`QmT +?�`�+i2`BbiB+b UDm`Bb/B+iBQM�H ?B2`�`+?v- b2iiH2K2Mi +QKTH2tBiv- T`2b2M+2
Q7 >B;? :Q/b- �;`B+mHim`�H bmBi�#BHBiv- `m;;2/M2bb- 2H2p�iBQM- ;`QmT bBx2VX ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 ;`QmT T�B`
H2p2HX aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

.Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 /2+2TiBQM@`2H�i2/ KQiB7b BMbi2�/ /Q T`2/B+i +QM~B+i
BM+B/2M+2 U+QHmKM jVX u2i r?2M DQBMiHv +QMi`QHHBM; 7Q` �HH i?`22 ivT2b Q7 KQiB7b BM +QH@
mKM 9- QMHv `2p2M;2@`2H�i2/ QM2b `2K�BM bB;MB}+�MiX h?Bb `2bmHi ?B;?HB;?ib i?2 `QH2 Q7
� bT2+B}+ K2+?�MBbK mM/2`HvBM; i?2 }M/BM; BM 2tBbiBM; rQ`F i?�i +mHim`2b Q7 ?QMQ`
�`2 �bbQ+B�i2/ rBi? pBQH2M+2X *QM/BiBQM�H QM i?2 ?B;?2` T`2p�H2M+2 Q7 pBQH2M+2 BM 2MpB@
`QMK2Mib r?2`2 ?QMQ` +mHim`2b i?`Bp2 Ĝ +?�`�+i2`Bx2/ #v HQr2` T2M2i`�iBQM Q7 7Q`K�H
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BMbiBimiBQMb- i`B#�H bi`m+im`2b �M/ HQr2` �p2`�;2 H2p2Hb Q7 /2p2HQTK2Mi U*Qmii2MB2` 2i
�HX- kyRdc *�bb�` 2i �HX- kyR9V Ĝ ?QMQ` +mHim`2b K�v +H�b? KQ`2 7`2[m2MiHv BM BMi2`�+iBQMb
rBi? bQ+B2iB2b i?�i /Q MQi ?�p2 i?2 b�K2 `QH2 7Q` `2i�HB�iBQMX AM/22/- i?Bb Bb +QMbBbi2Mi
rBi? Q#b2`p�iBQMb BM i?2 2i?MQ;`�T?B+ HBi2`�im`2 i?�i i?2 mb2 Q7 pBQH2M+2 rBi?BM ;`QmTb
i?�i 2KTHQv `2i�HB�iBQM T`�+iB+2b Bb MQi �b rB/2bT`2�/ �b i?2 7Q+mb QM FMQrM +�b2b Q7
p2M/2ii�b K�F2b Bi iQ #2 U:QmH/- kyyyVX _272``BM; iQ i?2 T�biQ`�H ;`QmT Q7 i?2 Lm2`
Q7 aQmi?2`M am/�M- "�i2b URN3jV b�vb ǳAMbQ7�` �b i?2 Lm2` `�B/2/ +�iiH2- i?2v i2M/2/
iQ `�B/ i?2 +�iiH2 Q7 Qi?2`bc `�B/b rBi?BM i?2 i`B#2 r2`2 `�`2XǴ U+Bi2/ BM _Q?M2` UkyRRVVX

*QMbBbi2Mi rBi? i?2 T`2pBQmb Q#b2`p�iBQM- +QHmKM 8 b?Qrb i?�i Qm` `2bmHib �`2 MQi
/`Bp2M #v /Bz2`2M+2b BM ;`QmTbǶ K�BM KQ/2 Q7 bm#bBbi2M+2X *�Q 2i �HX UkykRV }M/ i?�i
/2T2M/2M+2 QM ?2`/BM; Bb +Q``2H�i2/ rBi? i?2 T`2p�H2M+2 Q7 `2p2M;2@`2H�i2/ KQiB7b BM
7QHFHQ`2- �b r2HH �b rBi? b2H7@`2TQ`i2/ rBHHBM;M2bb iQ i�F2 `2p2M;2 �M/ � ?B;?2` T`2p�@
H2M+2 Q7 +QM~B+iX Pm` bT2+B}+�iBQMb BM+Hm/2 ;`QmT }t2/ 2z2+ib �M/ b?QmH/ i?mb �++QmMi
7Q` �Mv p�`B�iBQM BM ;`QmT@bT2+B}+ +QM~B+i@T`QM2M2bb +Q``2H�i2/ rBi? T�biQ`�HBbKX 6QH@
HQrBM; "2+F2` UkykRV �M/ *�Q 2i �HX UkykRV- r2 +QMbi`m+i � p�`B�#H2 K2�bm`BM; 2�+?
;`QmTǶb /2T2M/2M+2 QM ?2`/BM; mbBM; i?2 1i?MQ;`�T?B+ �iH�b �M/ +QKTmi2 i?2 �#bQHmi2
/Bz2`2M+2 BM i?Bb p�`B�#H2 #2ir22M ;`QmTbX h?2 `2bmHib BM +QHmKM 8 `2p2�H MQ bB;MB}+�Mi
2z2+i Q7 /Bz2`2M+2b BM ?2`/BM; /2T2M/2M+2 QM +QM~B+i BM+B/2M+2X S�biQ`�H ;`QmTb �`2
BM/22/ KQ`2 HBF2Hv iQ +H�b? rBi? ;`QmTb H2bb `2HB�Mi QM ?2`/BM;- #mi i?Bb 2z2+i �TT2�`b
iQ #2 /`Bp2M bT2+B}+�HHv #v i?2 `QH2 Q7 BM+QKT�iB#H2 `2Tmi�iBQM K2+?�MBbKb T`QtB2/ #v
`2p2M;2@`2H�i2/ KQiB7bXRk

AM +QHmKM e- r2 +QMi`QH 7Q` �MQi?2` bQ+B2i�H 72�im`2 FMQrM iQ �z2+i i?2 7`2[m2M+v
�M/ BMi2MbBiv Q7 +QM~B+i, b2;K2Mi�`v HBM2�;2X JQb+QM� 2i �HX UkyRNV b?Qr i?�i 2i?MB+
;`QmTb Q`;�MBx2/ BM b2;K2Mi�`v HBM2�;2b +�M [mB+FHv KQ#BHBx2 H�`;2 MmK#2`b Q7 BM/BpB/@
m�Hb r?Q i`�+2 i?2B` Q`B;BMb iQ i?2 b�K2 +QKKQM �M+2biQ`- H2�/BM; iQ +QM~B+i 2b+�H�iBQMX
.�i� QM b2;K2Mi�`v HBM2�;2 bQ+B2iB2b ?�b #22M +QKTBH2/ #v JQb+QM� 2i �HX UkyRNV 7Q`
� bK�HH MmK#2` Q7 ;`QmTb BM �7`B+�X h?Bb b2p2`2Hv HBKBib i?2 bBx2 Q7 Qm` /�i�b2i �M/
`2bmHib BM i?Bb �M�HvbBb b?QmH/ #2 BMi2`T`2i2/ ;Bp2M i?2 HBKBi2/ `2K�BMBM; p�`B�iBQM �7i2`
�++QmMiBM; 7Q` �HH #BH�i2`�H +QMi`QHb �M/ }t2/ 2z2+ibX .Bz2`2M+2b BM b2;K2Mi�`v HBM2�;2
bi`m+im`2 �`2 MQi r?�i /`Bp2b i?2 2z2+i Q7 /Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 `2p2M;2X AM

Rkh?2 #2i� +Q2{+B2Mi Q7 i?2 BM/2T2M/2Mi 2z2+i Q7 ?2`/BM; /2T2M/2M+2 QM +QM~B+i BM+B/2M+2 Bb RXjj8
Up@p�Hm2 < yXyyyVX
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7�+i- i?2 2z2+i Q7 i?2 /Bbi�M+2 BM i?2 b�HB2M+2 Q7 `2p2M;2 `2K�BMb +QMbBbi2Mi rBi? i?2
KQ/2H- 2p2M �7i2` bBKmHi�M2QmbHv �++QmMiBM; 7Q` /Bz2`2M+2b BM ?2`/BM; /2T2M/2M+2 �M/
b2;K2Mi�`v HBM2�;2 BM +QHmKM dX

8XjX9 _Q#mbiM2bb

Pm` K�BM `2bmHib `2K�BM bB;MB}+�Mi r?2M +Hmbi2`BM; bi�M/�`/ 2``Q`b �i i?2 +QmMi`v
H2p2H- �++QmMiBM; 7Q` mMQ#b2`p2/ /2T2M/2M+2 Q7 ;`QmT@T�B`b rBi?BM i?2 b�K2 +QmMi`v
Uh�#H2 �XdVX :Bp2M i?2 bK�HH MmK#2` Q7 +Hmbi2`b UReV- r2 `2TQ`i T@p�Hm2b 7`QK i?2
rBH/ #QQibi`�T 7QHHQrBM; *�K2`QM 2i �HX Ukyy3VX �HH 2biBK�i2b HQb2 BM T`2+BbBQM- #mi
i?2 2z2+i Q7 /Bz2`2M+2b BM i?2 T`2p�H2M+2 Q7 `2p2M;2 KQiB7b `2K�BM bB;MB}+�Mi �i i?2
8W H2p2H- r?BH2 Qi?2`rBb2 QMHv HBM;mBbiB+ �M/ `2HB;BQmb /Bbi�M+2 `2K�BM +QMbBbi2MiHv �M/
bB;MB}+�MiHv T`2/B+iBp2 Q7 +QM~B+i BM+B/2M+2X

h�#H2b �X3 �M/ �XN b?Qr i?�i #Qi? Qm` K�BM `2bmHib �M/ 7�HbB}+�iBQM i2bib `2K�BM
`Q#mbi iQ �M �Hi2`M�iBp2 bT2+B}+�iBQM i?�i 7QHHQrb 2[m�iBQM ReX

Pm` K�BM bT2+B}+�iBQMb BM+Hm/2 }t2/ 2z2+ib 7Q` #Qi? ;Qp2`MK2Mi �M/ Qmi@Q7@TQr2`
2i?MB+ ;`QmTb- 2Mbm`BM; i?�i r2 +QMi`QH 7Q` �HH Q#b2`p�#H2 �M/ mMQ#b2`p�#H2 ;`QmT@
bT2+B}+ +?�`�+i2`BbiB+b- �M/ B/2MiB7v 2z2+ib Q7 /Bbi�M+2b BM `2p2M;2 KQiB7b 7`QK /v�/B+
;`QmT T�B`BM;bX h?Bb- ?Qr2p2`- HBKBib i?2 b2i Q7 +QmMi`B2b BM Qm` /�i�b2i i?�i T`Q@
pB/2 bm{+B2Mi p�`B�iBQM 7Q` B/2MiB}+�iBQMX _2�bbm`BM;Hv- Qm` }M/BM;b /Q MQi /2T2M/
QM i?Bb bi`BM;2Mi bT2+B}+�iBQMX *QHmKMb R@j BM h�#H2 �XRy `2TQ`i `2bmHib 7`QK bT2+B@
}+�iBQMb i?�i BM+Hm/2 }t2/ 2z2+ib QMHv 7Q` i?2 Qmi@Q7@TQr2` ;`QmTb �M/- `2bT2+iBp2Hv-
v2�`- +QmMi`v �M/ v2�`- �M/ +QmMi`v@#v@v2�` 2z2+ibX *QHmKMb 8@d p2`B7v `Q#mbiM2bb
Q7 i?2b2 2biBK�i2b iQ `2TH�+BM; �#bQHmi2 /Bbi�M+2b #2ir22M ;`QmTb rBi? BMi2`�+iBQMb BM
;`QmT +?�`�+i2`BbiB+b- �b BM 2[m�iBQM ReX *QHmKMb 9 �M/ 3 `2TQ`i 2biBK�i2b 7`QK �M
2p2M KQ`2 bi`BM;2Mi bT2+B}+�iBQM- r?B+? +QMi`QHb 7Q` ;`QmT #v +QmMi`v }t2/ 2z2+ib 7Q`
#Qi? 2i?MB+ ;`QmTb BM � T�B`X AM i?2b2 H�bi `2;`2bbBQMb- r2 b?mi /QrM �Mv p�`B�iBQM /m2
iQ i?2 T`2b2M+2 Q7 i?2 b�K2 2i?MB+ ;`QmT BM /Bz2`2Mi +QmMi`B2bX _2bmHib `2K�BM `Q#mbi
i?`Qm;?QmiX

e *QM+HmbBQM
AM i?Bb T�T2`- r2 bim/v +QM/BiBQMb 7Q` +QQT2`�iBQM �M/ +QM~B+i r?2M bQ+B2iB2b rBi? /B7@
72`2Mi `2Tmi�iBQM�H +QMbB/2`�iBQMb UTmMBb?K2Mi@#�b2/ pb +QQT2`�iBQM@#�b2/V BMi2`�+iX
lbBM; � ;�K2 i?2Q`2iB+ KQ/2H- r2 b?Qr i?�i K2K#2`b Q7 � TmMBb?K2Mi@#�b2/ bQ+B2iv
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?�p2 HBiiH2 BM+2MiBp2 iQ +QQT2`�i2 BM bm+? BMi2`;`QmT BMi2`�+iBQMb- r?BH2 K2K#2`b Q7 �
bQ+B2iv rBi? +QQT2`�iBQM@#�b2/ `2Tmi�iBQM KB;?i BM +QMb2[m2M+2 �pQB/ bm+? BMi2`�+@
iBQMb �HHiQ;2i?2`X 1KTB`B+�H T�ii2`Mb QM T2`+2TiBQMb Q7 /Bb+`BKBM�iBQM Q7 BKKB;`�Mib
BM 1m`QT2�M +QmMi`B2b- �M/ Q7 BMi2`@2i?MB+ +QM~B+i BM �7`B+� �M/ �bB�- �`2 +QMbBbi2Mi
rBi? i?2 KQ/2HǶb T`2/B+iBQMbX

h?2 i?2Q`2iB+�H 7`�K2rQ`F T`2b2Mi2/ ?2`2 +�M #2 2ti2M/2/ BM p�`BQmb r�vbX PM2
bm+? 2ti2MbBQM +QM+2`Mb i?2 `QH2 Q7 BMbiBimiBQMb �M/ i?2 `mH2 Q7 H�rX aQ 7�` r2 ?�p2
�#bi`�+i2/ 7`QK �Mv BMbiBimiBQM�H K2+?�MBbKb i?�i 2M7Q`+2 +QQT2`�iBQM �M/ TmMBb? /2@
pB�Mi #2?�pBQ`X Ai +�M #2 b?QrM i?�i �HHQrBM; 7Q` � i?B`/ T�`iv 2M7Q`+2` ?�b /Bz2`2Mi
2z2+ib BM TmMBb?K2Mi@#�b2/ pb +QQT2`�iBQM@#�b2/ bQ+B2iB2bX 1ti2`M�H TmMBb?K2Mi Bb
+QKT�iB#H2 rBi? +QQT2`�iBQM@#�b2/ `2Tmi�iBQM �M/ +�M 2M?�M+2 +QQT2`�iBQM #v 7m`i?2`
BM+`2�bBM; i?2 +Qbi Q7 /2pB�Mi #2?�pBQ`X Ai Bb BMbi2�/ H2bb +QKT�iB#H2 rBi? TmMBb?K2Mi@
#�b2/ `2Tmi�iBQM- r?2`2 BMbiBimiBQM�HBx2/ TmMBb?K2Mi +`Qr/b Qmi BM+2MiBp2b 7Q` BM/BpB/@
m�H `2i�HB�iBQMX h?Bb BMbB;?i Bb +QMbBbi2Mi rBi? i?2 2KTB`B+�H Q#b2`p�iBQM i?�i i?2 `mH2
Q7 H�r Bb bi`QM;2` BM +QQT2`�iBQM@#�b2/ bQ+B2iB2b `�i?2` i?�M BM bQ+B2iB2b Q7 ?QMQ`X Ai
�HbQ 2+?Q2b- �H#2Bi i?`Qm;? � /Bz2`2Mi K2+?�MBbK- i?2 }M/BM;b Q7 h�#2HHBMB Ukyy3V i?�i
HQ+�H 2M7Q`+2K2Mi ?�b TQi2MiB�HHv T2`MB+BQmb 2z2+ib 7Q` +QQT2`�iBQMX q2 �`2 2tTHQ`BM;
i?Bb BMi2`�+iBQM #2ir22M +mHim`2 �M/ BMbiBimiBQMb BM T�`�HH2H `2b2�`+?X
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_272`2M+2b
�/B/�- *H�B`2 G- .�pB/ . G�BiBM- �M/ J�`B2@�MM2 o�H7Q`i- ǳA/2MiB7vBM; "�``B2`b

iQ JmbHBK AMi2;`�iBQM BM 6`�M+2-Ǵ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
kyRy- Ryd U8kV- kkj39ĜkkjNyX
- - �M/ - ǳJmbHBKb BM 6`�M+2, A/2MiB7vBM; � .Bb+`BKBM�iQ`v 1[mBHB#`BmK-Ǵ CQm`@
M�H Q7 SQTmH�iBQM 1+QMQKB+b- kyR9- kd U9V- RyjNĜRy3eX

�H2bBM�- �H#2`iQ- S�QH� :BmHB�MQ- �M/ L�i?�M LmMM- ǳPM i?2 P`B;BMb Q7 :2M/2`
_QH2b, qQK2M �M/ i?2 SHQm;?-Ǵ h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- kyRj- Rk3 UkV-
9eNĜ8jyX

�HHTQ`i- :Q`/QM- h?2 L�im`2 Q7 S`2Dm/B+2- _2�/BM;- J�, �//BbQM@q2bH2v- RN89X
�`QMQrBix- �- �bbBKBH�iBQM- �++mHim`�iBQM- �M/ Cmp2MBH2 .2HBM[m2M+v �KQM; a2+QM/

:2M2`�iBQM hm`FBb? uQmi?b BM "2`HBM- .�`iKQmi?, .�`iKQmi? Sm#HBb?BM; *QKT�Mv-
"�Mb�F- EB`F- C2Mb >�BMKm2HH2`- �M/ .QKBMBF >�M;�`iM2`- ǳ>Qr 1+QMQKB+-

>mK�MBi�`B�M- �M/ _2HB;BQmb *QM+2`Mb a?�T2 1m`QT2�M �iiBim/2b iQr�`/ �bvHmK
a22F2`b-Ǵ a+B2M+2- kyRe- j89 UejyNV- kRdĜkkkX

"�i2b- _Q#2`i >- ǳJQ/2`MBx�iBQM- 1i?MB+ *QKT2iBiBQM- �M/ i?2 _�iBQM�HBiv Q7 SQH@
BiB+b BM *QMi2KTQ`�`v �7`B+�-Ǵ BM .QM�H/ _Qi?+?BH/ �M/ oB+iQ` �X PHQ`mMbQH�- 2/bX-
ai�i2 p2`bmb 1i?MB+ *H�BKb, �7`B+�M SQHB+v .BH2KK�b- oQHX R8k- q2bipB2r S`2bb
"QmH/2`- *P- RN3j- TX RdRX

"2+F2`- �MF2- ǳPM i?2 1+QMQKB+ P`B;BMb Q7 _2bi`B+iBM; qQK2MǶb S`QKBb+mBiv-Ǵ h?2
_2pB2r Q7 1+QMQKB+ aim/B2b- kykRX

"2/M�`- C2MM� �M/ a+Qii 1 S�;2- ǳq?2M P`/2` �z2+ib S2`7Q`K�M+2, *mHim`2- "2@
?�pBQ`�H aTBHHQp2`b- �M/ AMbiBimiBQM�H S�i? .2T2M/2M+2-Ǵ �K2`B+�M SQHBiB+�H a+B2M+2
_2pB2r- kyR3- RRk URV- 3kĜN3X
�M/ a+Qii S�;2- ǳ*�M :�K2UbV h?2Q`v 1tTH�BM *mHim`2\ h?2 1K2`;2M+2 Q7

*mHim`�H "2?�pBQ` rBi?BM JmHiBTH2 :�K2b-Ǵ _�iBQM�HBiv �M/ aQ+B2iv- kyyd- RN URV-
e8ĜNdX

"2MD�KBMb2M- hQ` �- 6�mbiBM S J�;�M;�- �M/ CmK�MM2 JQb?B �#/�HH�?-
ǳh?2 EBHQb� EBHHBM;b, SQHBiB+�H 1+QHQ;v Q7 � 6�`K2`Ĝ>2`/2` *QM~B+i BM h�Mx�MB�-Ǵ
.2p2HQTK2Mi �M/ *?�M;2- kyyN- 9y UjV- 9kjĜ998X

"B`MB`- CƦ?�MM� E- .�pB/ . G�BiBM- CQM�i?�M qBHF2M72H/- .�pB/ J q�;m2b@
T�+F- �;�i?� a >mHi[mBbi- �M/ h2/ _ :m``- ǳAMi`Q/m+BM; i?2 �J�_ U�HH
JBMQ`BiB2b �i _BbFV .�i�-Ǵ CQm`M�H Q7 *QM~B+i _2bQHmiBQM- kyR3- ek URV- kyjĜkkeX

"Ʀ- S2/`Q .�H- ǳ*QQT2`�iBQM mM/2` i?2 a?�/Qr Q7 i?2 6mim`2, 1tT2`BK2Mi�H 1pB@
/2M+2 7`QK AM}MBi2Hv _2T2�i2/ :�K2b-Ǵ �K2`B+�M 1+QMQKB+ _2pB2r- kyy8- N8 U8V-
R8NRĜRey9X

"Q2?K- *?`BbiQT?2` 2i �HX- "HQQ/ _2p2M;2, h?2 �Mi?`QTQHQ;v Q7 62m/BM; BM JQM@
i2M2;`Q �M/ Qi?2` h`B#�H aQ+B2iB2b- G�r`2M+2, lMBp2`bBiv S`2bb Q7 E�Mb�b G�r`2M+2-
Ea- RN39X

"Q`D�b- :2Q`;2 C- ǳh?2 G�#Q` .2K�M/ *m`p2 Bb /QrMr�`/ aHQTBM;, _22t�KBMBM; i?2
AKT�+i Q7 AKKB;`�iBQM QM i?2 G�#Q` J�`F2i-Ǵ h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b-
kyyj- RR3 U9V- Rjj8ĜRjd9X
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"Q`K�MM- LBHb@*?`BbiB�M- G�`b@1`BF *2/2`K�M- �M/ J�Mm2H oQ;i- ǳG�M@
;m�;2- _2HB;BQM- �M/ 1i?MB+ *BpBH q�`-Ǵ CQm`M�H Q7 *QM~B+i _2bQHmiBQM- kyRd- eR
U9V- d99ĜddRX

"Qp2MF2`F- 6`�MF �M/ hBM2F2 6QFF2K�- ǳ*`BK2 �KQM; uQmM; JQ`Q++�M J2M BM
i?2 L2i?2`H�M/b, .Q2b i?2B` _2;BQM�H P`B;BM J�ii2`\-Ǵ 1m`QT2�M CQm`M�H Q7 *`BKB@
MQHQ;v- kyRe- Rj UjV- j8kĜjdRX

"`�M/i- >�MM2HQ`2- *?`BbiQT? >�m2`i- �M/ E�`H aB;KmM/- ǳSmMBb?K2Mi �M/
_2Tmi�iBQM BM aT�iB�H Sm#HB+ :QQ/b :�K2b-Ǵ S`Q+22/BM;b Q7 i?2 _Qv�H aQ+B2iv Q7
GQM/QM ", "BQHQ;B+�H a+B2M+2b- kyyj- kdy UR8RNV- RyNNĜRRy9X

"`QQFb- "2MD�KBM �- E�`H� >Qz- �M/ S`Bv�MF� S�M/2v- ǳ*mHim`�H AKT2/B@
K2Mib iQ G2�`MBM; iQ *QQT2`�i2, �M 1tT2`BK2Mi�H aim/v Q7 >B;?@ �M/ GQr@*�bi2
J2M BM `m`�H AM/B�-Ǵ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyR3- RR8
U98V- RRj38ĜRRjNkX

*�K2`QM- � *QHBM- CQM�? " :2H#�+?- �M/ .Qm;H�b G JBHH2`- ǳ"QQibi`�T@"�b2/
AKT`Qp2K2Mib 7Q` AM72`2M+2 rBi? *Hmbi2`2/ 1``Q`b-Ǵ h?2 _2pB2r Q7 1+QMQKB+b �M/
ai�iBbiB+b- kyy3- Ny UjV- 9R9Ĝ9kdX

*�KT#2HH- "`�/H2v �M/ C�bQM J�MMBM;- ǳJB+`Q�;;`2bbBQM �M/ JQ`�H *mHim`2b-Ǵ
*QKT�`�iBp2 aQ+BQHQ;v- kyR9- Rj UeV- eNkĜdkeX
�M/ - h?2 _Bb2 Q7 oB+iBK?QQ/ *mHim`2, JB+`Q�;;`2bbBQMb- a�72 aT�+2b- �M/ i?2

L2r *mHim`2 q�`b- aT`BM;2`- kyR3X
*�KT#2HH- CX EX- >QMQm`- 6�KBHv- �M/ S�i`QM�;2, � aim/v Q7 AMbiBimiBQMb �M/ JQ`�H

o�Hm2b BM � :`22F JQmMi�BM *QKKmMBivX- Pt7Q`/, *H�`2M/QM- RNe9X
*�Q- uBKBM;- "2MD�KBM 1MF2- �`KBM 6�HF- S�QH� :BmHB�MQ- �M/ L�i?�M

LmMM- ǳ>2`/BM;- q�`7�`2- �M/ � *mHim`2 Q7 >QMQ`, :HQ#�H 1pB/2M+2-Ǵ L"1_ qQ`F@
BM; S�T2` LQX rkNk8y kykRX

*�b2HHB- 6`�M+2b+Q �M/ qBH#m` CQ?M *QH2K�M- ǳPM i?2 h?2Q`v Q7 1i?MB+ *QM@
~B+i-Ǵ CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM- kyRj- RR UaRV- ReRĜRNkX

*�bb�`- �H2bb�M/`�- :BQp�MM� /Ƕ�//�- �M/ S�mHBM2 :`QbD2�M- ǳAMbiBimiBQM�H
Zm�HBiv- *mHim`2- �M/ LQ`Kb Q7 *QQT2`�iBQM, 1pB/2M+2 7`QK "2?�pBQ`�H 6B2H/ 1t@
T2`BK2Mib-Ǵ h?2 CQm`M�H Q7 G�r �M/ 1+QMQKB+b- kyR9- 8d UjV- 3kRĜ3ejX

*Qmii2MB2`- J�i?B2m- S�mHBM2 :`QbD2�M- �M/ J�`+ a�M;MB2`- ǳh?2 qBH/ q2bi
Bb qBH/, h?2 >QKB+B/2 _2bQm`+2 *m`b2-Ǵ CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B@
�iBQM- kyRd- R8 UjV- 883Ĝ838X
- o2`QMB+� S2i`2M+m- .QKBMB+ _Q?M2`- �M/ J�i?B�b h?Q2MB;- ǳh?2 oBQ@
H2Mi G2;�+v Q7 *QM~B+i, 1pB/2M+2 QM �bvHmK a22F2`b- *`BK2- �M/ Sm#HB+ SQHB+v BM
arBix2`H�M/-Ǵ �K2`B+�M 1+QMQKB+ _2pB2r- kyRN- RyN URkV- 9jd3Ĝ99k8X

/Qb a�MiQb- JB;m2H- .�MB2H C _�MFBM- �M/ *H�mb q2/2FBM/- ǳh?2 1pQHmiBQM
Q7 SmMBb?K2Mi i?`Qm;? _2Tmi�iBQM-Ǵ S`Q+22/BM;b Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QM ",
"BQHQ;B+�H a+B2M+2b- kyRR- kd3 URdy9V- jdRĜjddX

1#2`H2- lH`B+?- .QKBMB+ _Q?M2`- �M/ J�ii?B�b h?Q2MB;- ǳ>2�i �M/ >�i2,
*HBK�i2 a2+m`Biv �M/ 6�`K2`@>2`/2` *QM~B+ib BM �7`B+�-Ǵ *1S_ qQ`FBM; S�T2`
.SR889k kykyX

1HHB+FbQM- _Q#2`i *- P`/2` rBi?Qmi G�r- >�`p�`/ lMBp2`bBiv S`2bb- RNNRX
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1MF2- "2MD�KBM- ǳEBMb?BT- *QQT2`�iBQM- �M/ i?2 1pQHmiBQM Q7 JQ`�H avbi2Kb-Ǵ h?2
Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- kyRN- Rj9 UkV- N8jĜRyRNX

1bi2#�M- CQ�M �M/ .2#`�D _�v- ǳGBMFBM; *QM~B+i iQ AM2[m�HBiv �M/ SQH�`Bx�iBQM-Ǵ
�K2`B+�M 1+QMQKB+ _2pB2r- kyRR- RyR U9V- Rj98Ĝd9X

6�HF- �`KBM- �MF2 "2+F2`- h?QK�b .Q?K2M- "2MD�KBM 1MF2- .�pB/ >mz@
K�M- �M/ lr2 amM/2- ǳ:HQ#�H 1pB/2M+2 QM 1+QMQKB+ S`272`2M+2b-Ǵ h?2 Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b- kyR3- Rjj U9V- Re98ĜReNkX

62�`QM- C�K2b .- ǳq?v 1i?MB+ SQHBiB+b �M/ ǵSQ`FǶ h2M/ iQ :Q hQ;2i?2`-Ǵ BM ǳ�M
aa_*@J�+�`i?m` bTQMbQ`2/ +QM72`2M+2 QM ǳ1i?MB+ SQHBiB+b �M/ .2KQ+`�iB+ ai�#BH@
Biv-Ǵ lMBp2`bBiv Q7 *?B+�;QǴ *Bi2b22` RNNNX

62�`QM- C�K2b .X- ǳ1i?MB+ �M/ *mHim`�H .Bp2`bBiv #v *QmMi`v-Ǵ CQm`M�H Q7 1+QMQKB+
:`Qri?- kyyj- 3 UkV- RN8ĜkkkX

62�`QM- C�K2b . �M/ .�pB/ . G�BiBM- ǳ1tTH�BMBM; AMi2`2i?MB+ *QQT2`�iBQM-Ǵ
�K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r- RNNe- Ny U9V- dR8Ĝdj8X
�M/ - ǳ1i?MB+Biv- AMbm`;2M+v- �M/ *BpBH q�`-Ǵ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r-

kyyj- Nd URV- d8ĜNyX
62?`- 1`Mbi �M/ aBKQM : +?i2`- ǳ*QQT2`�iBQM �M/ SmMBb?K2Mi BM Sm#HB+ :QQ/b

1tT2`BK2Mib-Ǵ �K2`B+�M 1+QMQKB+ _2pB2r- kyyy- Ny U9V- N3yĜNN9X
�M/ l`b 6Bb+?#�+?2`- ǳh?2 L�im`2 Q7 >mK�M �Hi`mBbK-Ǵ L�im`2- kyyj- 9k8

UeNeyV- d38X
62`M�M/2x- _�[m2H- ǳ.Q2b *mHim`2 J�ii2`\-Ǵ BM C2bb "2M?�#B#- �H#2`iQ "BbBM- �M/

J�ii?2r PX C�+FbQM- 2/bX- >�M/#QQF Q7 aQ+B�H 1+QMQKB+b- oQHX R- 1Hb2pB2`- kyRR-
TTX 93RĜ8RyX

6B;m2`2/Q- �m`2HBQ CQbû- AH�MBi _Q#BM h�H- S`2MiBbb J+L2BH- �M/ �H7QMbQ
:mBHHûM- ǳ6�`K2`b- >2`/2`b- �M/ 6Bb?2`b, h?2 1+QHQ;v Q7 _2p2M;2-Ǵ 1pQHmiBQM �M/
>mK�M "2?�pBQ`- kyy9- k8 U8V- jjeĜj8jX

6Bb+?2`- :ɃMi?2`- >h o�M o2Hi?mBx2M- JJ a?�?- �M/ 6`2//v P L�+?i2`@
;�2H2- :HQ#�H �;`Q@1+QHQ;B+�H �bb2bbK2Mi 7Q` �;`B+mHim`2 BM i?2 kRbi *2Mim`v,
J2i?Q/QHQ;v �M/ _2bmHib- _QK2, 6QQ/ �M/ �;`B+mHim`2 P`;�MBx�iBQM Q7 i?2 lMBi2/
L�iBQMb- kyykX

:BmHB�MQ- S�QH�- ǳGBpBM; �``�M;2K2Mib BM q2bi2`M 1m`QT2, .Q2b *mHim`�H P`B;BM
J�ii2`\-Ǵ CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM- kyyd- 8 U8V- NkdĜN8kX
�M/ L�i?�M LmMM- ǳ�M+2bi`�H *?�`�+i2`BbiB+b Q7 JQ/2`M SQTmH�iBQMb-Ǵ 1+QMQKB+
>BbiQ`v Q7 .2p2HQTBM; _2;BQMb- kyR3- jj URV- RĜRdX

:Q`/QM- _�vKQM/ : �M/ "�`#�`� 6 :`BK2b- ǳ1i?MQHQ;m2, G�M;m�;2b Q7 i?2
qQ`H/X kyy8-Ǵ .�HH�b- h2t�b, aAG AMi2`M�iBQM�H- 6B7i22Mi?- kyyNX

:QmH/- _Q;2` o- ǳ_2p2M;2 �b a�M+iBQM �M/ aQHB/�`Biv .BbTH�v, �M �M�HvbBb Q7
o2M/2ii�b BM LBM2i22Mi?@*2Mim`v *Q`bB+�-Ǵ �K2`B+�M aQ+BQHQ;B+�H _2pB2r- kyyy- e8
U8V- e3kĜdy9X

:`2B7- �pM2`- ǳ*mHim`�H "2HB27b �M/ i?2 P`;�MBx�iBQM Q7 aQ+B2iv, � >BbiQ`B+�H �M/
h?2Q`2iB+�H _2~2+iBQM QM *QHH2+iBpBbi �M/ AM/BpB/m�HBbi aQ+B2iB2b-Ǵ CQm`M�H Q7 SQHBi@
B+�H 1+QMQKv- RNN9- Ryk U8V- NRkĜN8yX

:`QbD2�M- S�mHBM2- ǳ� >BbiQ`v Q7 oBQH2M+2, h?2 *mHim`2 Q7 >QMQ` �M/ >QKB+B/2
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BM i?2 la aQmi?-Ǵ CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM- kyR9- Rk U8V-
Rk38ĜRjReX

:m�`BbQ- �M/`2� �M/ h?Q`bi2M _Q;�HH- ǳ_�BM7�HH AM2[m�HBiv- SQHBiB+�H SQr2`- �M/
1i?MB+ *QM~B+i BM �7`B+�-Ǵ GA*Pa .Bb+mbbBQM S�T2` a2`B2b LQX jNR kyRdX

:m�`MB2`B- 1H2QMQ`�- ǳ*mHim`�H .Bbi�M+2 �M/ 1i?MB+ *BpBH *QM~B+i-Ǵ qQ`FBM; S�T2`
kykkX
�M/ �M� hm`@S`�ib- ǳ*mHim`�H .Bbi�M+2 �M/ *QM~B+i@_2H�i2/ a2tm�H oBQH2M+2-Ǵ

kykyX
:mBbQ- GmB;B- S�QH� a�TB2Mx�- �M/ GmB;B wBM;�H2b- ǳ*mHim`�H "B�b2b BM 1+QMQKB+

1t+?�M;2\-Ǵ h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- kyyN- Rk9 UjV- RyN8ĜRRjRX
>�BMKm2HH2`- C2Mb �M/ .QKBMBF >�M;�`iM2`- ǳq?Q :2ib � arBbb S�bbTQ`i\ �

L�im`�H 1tT2`BK2Mi BM AKKB;`�Mi .Bb+`BKBM�iBQM-Ǵ �K2`B+�M SQHBiB+�H a+B2M+2 _2@
pB2r- kyRj- Ryd URV- R8NĜR3dX

>�K�Km`�- h�F2b?B- wBi� J2BD2`- ai2p2M C >2BM2- E2M;Q E�K�v�- �M/
AxmKB >Q`B- ǳ�TT`Q�+?Ĝ�pQB/�M+2 JQiBp�iBQM �M/ AM7Q`K�iBQM S`Q+2bbBM;, �
*`Qbb@*mHim`�H �M�HvbBb-Ǵ S2`bQM�HBiv �M/ aQ+B�H Sbv+?QHQ;v "mHH2iBM- kyyN- j8 U9V-
989Ĝ9ekX

>2M`B+?- CQb2T?- _B+?�`/ J+1H`2�i?- �#B;�BH "�``- C2�M 1MbKBM;2`- *H�`F
"�``2ii- �H2t�M/2` "QHv�M�ix- Cm�M *�KBHQ *�`/2M�b- JB+?�2H :m`p2M-
1/rBMb :r�FQ- L�i�HB2 >2M`B+? 2i �HX- ǳ*QbiHv SmMBb?K2Mi �+`Qbb >mK�M
aQ+B2iB2b-Ǵ a+B2M+2- kyye- jRk U8d3RV- RdedĜRddyX

>2``K�MM- "2M2/BFi- *?`BbiB�M h?ƺMB- �M/ aBKQM : +?i2`- ǳ�MiBbQ+B�H SmM@
Bb?K2Mi �+`Qbb aQ+B2iB2b-Ǵ a+B2M+2- kyy3- jRN U83e3V- RjekĜRjedX

>Q`QrBix- .QM�H/ G- 1i?MB+ :`QmTb BM *QM~B+i- "2`F2H2v, lMBp2`bBiv Q7 *�HB7Q`MB�
S`2bb- RN38X

>m#2`- CQ?M �M/ G�m`� J�vQ`�H- ǳAM2[m�HBiv- 1i?MB+Biv �M/ *BpBH *QM~B+i-Ǵ qQ`F@
BM; S�T2`- *QHmK#B� lMBp2`bBiv kyR9X

>mMiBM;iQM- a�Km2H SX- h?2 *H�b? Q7 *BpBHBx�iBQMb �M/ i?2 _2K�FBM; Q7 qQ`H/
P`/2`- GQM/QM, aBKQM � a+?mbi2`- RNNeX

CmM;2`@h�b- CQbBM2- ǳ1i?MB+ JBMQ`BiB2b- aQ+B�H AMi2;`�iBQM �M/ *`BK2-Ǵ 1m`QT2�M
CQm`M�H QM *`BKBM�H SQHB+v �M/ _2b2�`+?- kyyR- N URV- 8ĜkNX

E2Bb2`- _X GBM+QHM- 6`B2M/ #v .�v- 1M2Kv #v LB;?i, P`;�MBx2/ o2M;2�M+2 BM �
EQ?Bbi�MB *QKKmMBiv- 6Q`i qQ`i?- hs, >QHi- _BM2?�`i �M/ qBMbiQM- RNNRX

EBK- uQmM;@>QQM �M/ .Qp *Q?2M- ǳAM7Q`K�iBQM- S2`bT2+iBp2- �M/ Cm/;K2Mib
�#Qmi i?2 a2H7 BM 6�+2 �M/ .B;MBiv *mHim`2b-Ǵ S2`bQM�HBiv �M/ aQ+B�H Sbv+?QHQ;v
"mHH2iBM- kyRy- je U9V- 8jdĜ88yX

G�D2p�`/B- L�xBi�- E�bb`� �_ PbFQQBB- >�MM�? G q�HF2`- �M/ �m#`2v G
q2bi7�HH- ǳh?2 S�`�/Qt #2ir22M AMi2;`�iBQM �M/ S2`+2Bp2/ .Bb+`BKBM�iBQM �KQM;
�K2`B+�M JmbHBKb-Ǵ SQHBiB+�H Sbv+?QHQ;v- kyky- 9R UjV- 83dĜeyeX

G2mM;- �M;2H� E@u �M/ .Qp *Q?2M- ǳqBi?BM@�M/ #2ir22M@*mHim`2 o�`B�iBQM, AM@
/BpB/m�H .Bz2`2M+2b �M/ i?2 *mHim`�H GQ;B+b Q7 >QMQ`- 6�+2- �M/ .B;MBiv *mHim`2bX-Ǵ
CQm`M�H Q7 S2`bQM�HBiv �M/ aQ+B�H Sbv+?QHQ;v- kyRR- Ryy UjV- 8ydX

GBiiH2- S2i2` .- h?2 1HmbBp2 :`�M�`v, >2`/2`- 6�`K2`- �M/ ai�i2 BM LQ`i?2`M E2Mv�-
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*�K#`B/;2 lMBp2`bBiv S`2bb- RNNkX
J+:mB`F- 1QBM 6X �M/ L�i?�M LmMM- ǳh`�Mb?mK�Mi S�biQ`�HBbK- *HBK�i2 *?�M;2

�M/ *QM~B+i BM �7`B+�-Ǵ L"1_ qQ`FBM; S�T2` LQX k3k9j kykyX
JB+?�HQTQmHQb- ai2HBQb �M/ 1HB�b S�T�BQ�MMQm- ǳh?2 GQM;@_mM 1z2+ib Q7 i?2

a+`�K#H2 7Q` �7`B+�-Ǵ �K2`B+�M 1+QMQKB+ _2pB2r- kyRe- Rye UdV- R3ykĜ93X
�M/ J2H�MB2 J2M; sm2- ǳ6QHFHQ`2-Ǵ h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- kykR-

Rje U9V- RNNjĜky9eX
JB;m2H- 1/r�`/- a2#�biB�M J a�B2;?- �M/ a?�MF2` a�iv�M�i?- ǳ*BpBH q�`

1tTQbm`2 �M/ oBQH2M+2-Ǵ 1+QMQKB+b � SQHBiB+b- kyRR- kj URV- 8NĜdjX
JBHBMbFB- J�M7`2/- .B`F a2KK�MM- �M/ >�Mb@CɃ`;2M E`�K#2+F- ǳ_2Tmi�iBQM

>2HTb aQHp2 i?2 h`�;2/v Q7 i?2 *QKKQMb��-Ǵ L�im`2- kyyk- 9R8 Ue3dyV- 9k9Ĝ9keX
JBi`�- �MB`#�M �M/ .2#`�D _�v- ǳAKTHB+�iBQMb Q7 �M 1+QMQKB+ h?2Q`v Q7 *QM@

~B+i, >BM/m@JmbHBK oBQH2M+2 BM AM/B�-Ǵ CQm`M�H Q7 SQHBiB+�H 1+QMQKv- kyR9- Rkk U9V-
dRNĜde8X

JQ`2HHB- J�bbBKQ �M/ .QKBMB+ _Q?M2`- ǳ_2bQm`+2 *QM+2Mi`�iBQM �M/ *BpBH
q�`b-Ǵ CQm`M�H Q7 .2p2HQTK2Mi 1+QMQKB+b- kyR8- RRd- jkĜ9dX

JQb+QM�- C�+Q#- L�i?�M LmMM- �M/ C�K2b � _Q#BMbQM- ǳE22TBM; Bi BM i?2
6�KBHv, GBM2�;2 P`;�MBx�iBQM �M/ i?2 a+QT2 Q7 h`mbi BM am#@a�?�`�M �7`B+�-Ǵ �K2`@
B+�M 1+QMQKB+ _2pB2r- S�T2`b �M/ S`Q+22/BM;b- kyRd- Ryd U8V- 8e8ĜdRX
- - 2i �HX- ǳEBMb?BT �M/ *QM~B+i, 1pB/2M+2 7`QK a2;K2Mi�`v GBM2�;2 aQ+B2iB2b
BM am#@a�?�`�M �7`B+�-Ǵ lMTm#HBb?2/ J�Mmb+`BTi- >�`p�`/ lMBp2`bBiv kyRNX

Jm`/Q+?- :2Q`;2 S2i2`- 1i?MQ;`�T?B+ �iH�b- SBiib#m`;?, lMBp2`bBiv Q7 Smiib#m`;?
S`2bb- RNedX

LBb#2ii- _B+?�`/ 1X �M/ .Qp *Q?2M- *mHim`2 Q7 >QMQ`, h?2 Sbv+?QHQ;v Q7 oBQ@
H2M+2 BM i?2 aQmi?- "QmH/2`- *P, q2bipB2r S`2bb- RNNeX

LQ`2Mx�v�M- �`�- "B; :Q/b, >Qr _2HB;BQM h`�Mb7Q`K2/ *QQT2`�iBQM �M/ *QM~B+i-
S`BM+2iQM, S`BM+2iQM lMBp2`bBiv S`2bb- kyRjX

LQr�F- J�`iBM � �M/ E�`H aB;KmM/- ǳh?2 .vM�KB+b Q7 AM/B`2+i _2+BT`Q+Biv-Ǵ
CQm`M�H Q7 h?2Q`2iB+�H "BQHQ;v- RNN3- RN9 U9V- 8eRĜ8d9X

LQr�F- J�`iBM �X �M/ E�`H aB;KmM/- ǳ1pQHmiBQM Q7 AM/B`2+i _2+BT`Q+Biv #v AK�;2
a+Q`BM;-Ǵ L�im`2- e RNN3- jNj Uee38V- 8djĜ8ddX

LmMM- L�i?�M �M/ .B2;Q Sm;�- ǳ_m;;2/M2bb, h?2 "H2bbBM; Q7 "�/ :2Q;`�T?v BM
�7`B+�-Ǵ _2pB2r Q7 1+QMQKB+b �M/ ai�iBbiB+b- kyRk- N9 URV- kyĜjeX

P7mQFm- �H#2`i l �M/ "2MD�KBM A AbB72- ǳ*�mb2b- 1z2+ib �M/ _2bQHmiBQM Q7
6�`K2`b@LQK�/B+ *�iiH2 >2`/2`b *QM~B+i BM .2Hi� ai�i2- LB;2`B�-Ǵ CQm`M�H Q7 �;`B@
+mHim`�H S`�+iB+2 �M/ a+B2M+2- kyyN- eN UR@kVX

_Q?M2`- .QKBMB+- ǳ_2Tmi�iBQM- :`QmT ai`m+im`2 �M/ aQ+B�H h2MbBQMb-Ǵ CQm`M�H Q7
.2p2HQTK2Mi 1+QMQKB+b- kyRR- Ne UkV- R33ĜRNNX

a+?H T72`- �H�BM- ǳh?2 1K2`;2M+2 �M/ a2H2+iBQM Q7 _2Tmi�iBQM avbi2Kb i?�i .`Bp2
*QQT2`�iBp2 "2?�pBQm`-Ǵ S`Q+22/BM;b Q7 i?2 _Qv�H aQ+B2iv ", "BQHQ;B+�H a+B2M+2b-
kyR3- k38 UR33eV- kyR3R8y3X

a+?r�`ix- a?�HQK >- ǳ�`2 h?2`2 lMBp2`b�H �bT2+ib BM i?2 ai`m+im`2 �M/ *QMi2Mib
Q7 >mK�M o�Hm2b\-Ǵ CQm`M�H Q7 aQ+B�H Abbm2b- RNN9- 8y U9V- RNĜ98X
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a2HHBM- h?Q`bi2M- ǳ*mHim`2 *QM~B+i �M/ *`BK2-Ǵ �K2`B+�M CQm`M�H Q7 aQ+BQHQ;v- RNj3-
99 URV- NdĜRyjX

a?Q?�K- a?HQKQ- ǳh?2 �TTHB+�iBQM Q7 i?2 ǳ*mHim`2@*QM~B+iǴ >vTQi?2bBb iQ i?2
*`BKBM�HBiv Q7 AKKB;`�Mib BM Ab`�2H-Ǵ h?2 CQm`M�H Q7 *`BKBM�H G�r- *`BKBMQHQ;v-
�M/ SQHB+2 a+B2M+2- RNek- 8j UkV- kydĜkR9X

aB;KmM/- E�`H- *?`BbiQT? >�m2`i- �M/ J�`iBM � LQr�F- ǳ_2r�`/ �M/ SmMBb?@
K2Mi-Ǵ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyyR- N3 URNV- Ryd8dĜRydekX

aTQH�Q`2- 1M`B+Q �M/ _QK�BM q�+xB�`;- ǳq�` �M/ _2H�i2/M2bb-Ǵ _2pB2r Q7 1+Q@
MQKB+b �M/ ai�iBbiB+b- kyRe- N3 U8V- Nk8ĜNjNX
�M/ - ǳh?2 SQHBiB+�H 1+QMQKv Q7 >2i2`Q;2M2Biv �M/ *QM~B+i-Ǵ h2+?MB+�H _2TQ`i-

L"1_ qQ`FBM; S�T2` LQX kjkd3 kyRdX
ai2r�`i- 6`�MF >2M/2`bQM- >QMQ`- *?B+�;Q, lMBp2`bBiv Q7 *?B+�;Q S`2bb- RNN9X
avHr2bi2`- E�`QHBM� �M/ :BH#2`i _Q#2`ib- ǳ_2Tmi�iBQM@"�b2/ S�`iM2` *?QB+2 Bb

�M 1z2+iBp2 �Hi2`M�iBp2 iQ AM/B`2+i _2+BT`Q+Biv BM aQHpBM; aQ+B�H .BH2KK�b-Ǵ 1pQ@
HmiBQM �M/ >mK�M "2?�pBQ`- kyRj- j9 UjV- kyRĜkyeX

h�#2HHBMB- :mB/Q- ǳh?2 a+QT2 Q7 *QQT2`�iBQM, o�Hm2b �M/ AM+2MiBp2b-Ǵ h?2 Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b- kyy3- Rkj UjV- Ny8ĜN8yX

h?û#�m/- "`B;Bii2 �M/ aBKQM "�ii2`#m`v- ǳa�?2H S�biQ`�HBbib, PTTQ`imMBbK-
ai`m;;H2- *QM~B+i �M/ L2;QiB�iBQMX � *�b2 aim/v 7`QK 1�bi2`M LB;2`-Ǵ :HQ#�H 1M@
pB`QMK2Mi�H *?�M;2- kyyR- RR URV- eNĜd3X

hQM�?- ai2p2- ǳJB;`�iBQM �M/ 6�`K2`@>2`/2` *QM~B+ib BM :?�M�Ƕb oQHi� "�bBM-Ǵ
*�M�/B�M CQm`M�H Q7 �7`B+�M aim/B2bfG� _2pm2 +�M�/B2MM2 /2b ûim/2b �7`B+�BM2b-
kyye- 9y URV- R8kĜRd3X

hm`+?BM- S2i2`- q�` �M/ S2�+2 �M/ q�`, h?2 GB72 *v+H2b Q7 AKT2`B�H L�iBQMb- SB-
kyy8X

hm`M2`- J�ii?2r .- ǳSQHBiB+�H 1+QHQ;v �M/ i?2 JQ`�H .BK2MbBQMb Q7 \_2bQm`+2
*QM~B+ib\, h?2 *�b2 Q7 6�`K2`Ĝ>2`/2` *QM~B+ib BM i?2 a�?2H-Ǵ SQHBiB+�H :2Q;`�T?v-
kyy9- kj UdV- 3ejĜ33NX
- �m;mbiBM2 � �v�MimM/2- 1. S�ii2`bQM- �M/ ES S�ii2`bQM- 6�`K2`@>2`/2`
_2H�iBQMb �M/ *QM~B+i J�M�;2K2Mi BM �;`Q@S�biQ`�H wQM2 Q7 LB;2` kyyeX

o2;�- qBHHB�K �- �M/`2b : :BH- :2Q`;2 C q�`?2Bi- _B+F a wBKK2`K�M- �M/
1H2MB �TQbTQ`B- ǳ�++mHim`�iBQM �M/ .2HBM[m2Mi "2?�pBQ` �KQM; *m#�M �K2`B+�M
�/QH2b+2Mib, hQr�`/ �M 1KTB`B+�H JQ/2H-Ǵ �K2`B+�M CQm`M�H Q7 *QKKmMBiv Sbv@
+?QHQ;v- RNNj- kR URV- RRjĜRk8X

oQ;i- J�Mm2H- LBHb@*?`BbiB�M "Q`K�MM- a2`�BM� _Ƀ2;;2`- G�`b@1`BF *2/@
2`K�M- S?BHBTT >mMxBF2`- �M/ Gm+ :B`�`/BM- ǳAMi2;`�iBM; .�i� QM 1i?MB+Biv-
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