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J�`+? RN- kyky
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*PoA.@RN Bb bT`2�/BM; �M/ ?�b `2�+?2/ i?2 bi�i2 Q7 � rQ`H/rB/2 T�M/2KB+ �M/ ?2�Hi?
bvbi2Kb �`2 Q` rBHH #2 i2bi2/ BM ?Qr i?2v +�M /2�H rBi? BiX aQ 7�`- /m`BM; i?Bb 2�`Hv
T?�b2 Q7 i?2 T�M/2KB+- Qmi+QK2b BM i2`Kb Q7 +�b2@7�i�HBiv `�i2b U*6_V /Bz2` rB/2Hv
�+`Qbb +QmMi`B2bX q2 2tTHQ`2 ?Qr /Bz2`2M+2b BM HBpBM; �``�M;2K2Mib Q7 ;2M2`�iBQMb
rBi?BM 7�KBHB2b +QMi`B#mi2 iQ i?2 +`Qbb +QmMi`v /Bz2`2M+2bX q2 /Q+mK2Mi � bi`QM;
TQbBiBp2 +Q``2H�iBQM #2ir22M +QmMi`B2bǶ *6_b �M/ i?2 b?�`2 Q7 rQ`FBM;@�;2 7�KBHB2b
HBpBM; rBi? i?2B` T�`2MibX h?Bb bm;;2bi i?�i TQHB+v M22/b iQ 7Q+mb QM BMi2`@;2M2`�iBQM�H
bQ+B�H /Bbi�M+2 r?2M +QK#�iBM; i?Bb T�M/2KB+X

»q2 i?�MF S?BHBT CmM; �M/ _m/B "�+?K�MM 7Q` +QKK2Mib �M/ 722/#�+F r?BH2 +QM/m+iBM; i?Bb `2b2�`+?X
q2 �HbQ i?�MF CQ?�MM2b >�mb/Q`72` �M/ *X C2bbB+� J2i+�H7 7Q` p2`v ?2HT7mH 722/#�+F �M/ bm;;2biBQMbX �HH
`2K�BMBM; 2``Q`b �`2 Qm`bX Em?M �+FMQrH2/;2b 7mM/BM; #v i?2 .2mib+?2 6Q`b+?mM;b;2K2BMb+?�7i U.6:-
:2`K�M _2b2�`+? 6QmM/�iBQMV mM/2` :2`K�Mv�b 1t+2HH2M+2 ai`�i2;v Ĝ 1s* kRkefRĜ jNy3j33eeX

ÞlMBp2`bBiv Q7 "QMM- *1S_- *1aB7Q- Aw�
ßlMBp2`bBiv Q7 "QMM- *1S_- Aw�- *1aB7Q- 1*PLi`B#mi2
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R AMi`Q/m+iBQM

*PoA.@RN Bb bT`2�/BM; �`QmM/ i?2 rQ`H/ �M/ ?�b `2�+?2/ i?2 bi�i2 Q7 � rQ`H/rB/2 T�M/2KB+X
6B`bi 2biBK�i2b bm;;2bi i?�i iQ;2i?2` rBi? i?2 H�`;2 MmK#2`b Q7 /2�i?b- i?2`2 rBHH #2 �HbQ
H�`;2 2+QMQKB+ +QMb2[m2M+2b �i Q`/2`b Q7 K�;MBim/2 FMQrM 7`QK i?2 }M�M+B�H +`BbBb Q` 2p2M
�#Qp2X a+B2MiBbib Q7 �HH /Bb+BTHBM2b �`2 TmiiBM; BM i?2B` 2tT2`iBb2 iQ +QK#�i i?2 +QMb2[m2M+2b
Q7 i?2 T�M/2KB+X Pm` `2b2�`+? �BKb �i ?B;?HB;?iBM; i?2 `QH2 Q7 bQ+B�H M2irQ`Fb BM bT`2�/BM;
i?2 pB`mb iQ KQbi pmHM2`�#H2 bi`�i� Q7 i?2 TQTmH�iBQM- r?B+? Bb `2bTQMbB#H2 7Q` � H�`;2 MmK#2`
Q7 /2�i?b �M/ i?2 `BbF Q7 Qp2`r?2HKBM; HQ+�H ?2�Hi? bvbi2KbX

h?2 ?vTQi?2bBb Q7 i?Bb T�T2` Bb i?�i /Bz2`2M+2b �+`Qbb +QmMi`B2b BM BMi2`@;2M2`�iBQM�H bQ+B�H
BMi2`�+iBQMb TH�v � F2v `QH2 BM i?2 i`�MbKBbbBQM iQ ?B;?@`BbF TQTmH�iBQM ;`QmTbX Ai ?�b #22M
2bi�#HBb?2/ MQr i?�i- BKTQ`i�MiHv �HbQ mMHBF2 i?2 aT�MBb? ~m Ub22- 2X;X h�m#2M#2`;2` 2i �HX-
kyyRV- *PoA.@RN Bb T�`iB+mH�`Hv /2�/Hv 7Q` i?2 2H/2`Hv �M/ Qp2`@T`QTQ`iBQM�HHv +`2�i2b i?2
M22/ 7Q` BMi2MbBp2 +�`2 BM i?2b2 ;`QmTbX q2 2tTHQ`2 +`Qbb@+QmMi`v /Bz2`2M+2b BM ?Qmb2?QH/
bi`m+im`2b i?�i r2 mb2 �b /2b+`BTiBQM Q7 BMi2`@;2M2`�iBQM�H bQ+B�H +QMi�+ib Up2`iB+�H bQ+B�H
BMi2`�+iBQMVX A7 i?2 BMBiB�H BM72+iBQM ?�TT2Mb �KQM; i?2 rQ`FBM;@�;2 TQTmH�iBQM �M/ bQ+B�H
BMi2`�+iBQM Bb BMi`�@;2M2`�iBQM�H U?Q`BxQMi�H bQ+B�H BMi2`�+iBQMV HBF2 BM 6B;m`2 kU�V- r2 +�M
2tT2+i i?2 /Bb2�b2 iQ bT`2�/ KQ`2 bHQrHv BMiQ i?2 QH/2` bi`�i� Q7 i?2 TQTmH�iBQMX PM i?2
+QMi`�`v- B7 i?2`2 �`2 K�Mv BMi2`@;2M2`�iBQM�H +QMi�+ib Up2`iB+�H bQ+B�H BMi2`�+iBQMV HBF2 7Q`
+QmMi`v " BM 6B;m`2 kU#V i?2 pB`mb bT`2�/b [mB+FHv BM i?2 ?B;?@`BbF QH/2` bi`�i� Q7 i?2 TQTmH�@
iBQM H2�/BM; iQ BMBiB�HHv ?B;? *6_b BM +QmMi`v "X h?2 �bbmKTiBQM Q7 Q`B;BM�H BM72+iBQM BM i?2
rQ`FBM; �;2 TQTmH�iBQM `2~2+ib i?�i *PoA.@RN r�b KQbi HBF2Hv BKTQ`i2/ iQ Qi?2` +QmMi`B2b
7`QK *?BM� i?`Qm;? rQ`F@`2H�i2/ i`�p2HX

6B;m`2 R, a+?2K�iB+ +QmMi`v /Bz2`2M+2b BM BMi2`@ �M/ BMi`�@;2M2`�iBQM�H bQ+B�H BMi2`�+iBQMb

U�V >Q`BxQMi�H bQ+B�H BMi2`�+iBQM U#V >Q`BxQMi�H � p2`iB+�H bQ+B�H BMi2`�+iBQM

h?2 `2�bQMb 7Q` /Bz2`2M+2b BM bQ+B�H bi`m+im`2b �`2 +QKTH2tX h?2v +�M bi2K 7`QK +mHim`�H

k



Q` BMbiBimiBQM�H /Bz2`2M+2b- HBF2 i?2 T`2p�H2M+2 �M/ �zQ`/�#BHBiv Q7 +?BH/+�`2 7�+BHBiB2b- i?2
H2;�H `mH2b Q7 MQi H2�pBM; +?BH/`2M mM�++QKT�MB2/- i?2 H�#Q` K�`F2i �M/ 2+QMQKB+ bBim�iBQM
Q7 vQmM; rQ`F2`b �+`Qbb +QmMi`B2b- Q` i?2 b+�`+Biv Q7 ?QmbBM;X AM i?2 HB;?i Q7 +m``2Mi TQH@
B+v K2�bm`2b- BM T�`iB+mH�` b+?QQH +HQbm`2b- i�F2M �`QmM/ i?2 rQ`H/- bQ+B�H bi`m+im`2b KB;?i
[mB+FHv `2b?m|2 B7 ;`�M/T�`2Mib KQp2 Q` pBbBi +HQb2 iQ i?2B` ;`�M/+?BH/`2M iQ �++QKKQ/�i2
� 7�KBHB2bǶ M22/b 7Q` +?BH/ +�`2X lM/2`bi�M/BM; #2ii2` ?Qr bm+? BMi2`;2M2`�iBQM�H BMi2`�+iBQM
`2H�i2b iQ *6_b Bb i?2`27Q`2 � F2v �M/ T`2bbBM; +QM+2`M 7Q` TQHB+vK�FBM;X 1tBbiBM; `2b2�`+?
?�b �H`2�/v 2KT?�bBx2/ i?2 BKTQ`i�M+2 Q7 bQ+B�H +QMi�+ib 7Q` i?2 bT`2�/ Q7 BM72+iBQmb /Bb2�b2b
JQbbQM; 2i �HX Ukyy3V �HbQ BM+Hm/BM; bQK2 p2`v `2+2Mi rQ`F 7Q` i?2 +m``2Mi +`BbBb GBm 2i �HX
UkykyV �M/ "B 2i �HX UkykyVX h?2 irQ H�ii2` bim/B2b 2tTHB+BiHv HQQF �i rBi?BM ?Qmb2?QH/ i`�Mb@
KBbbBQM �M/ bm;;2bi i?�i p2`v +HQb2 +QMi�+ib- 7Q` 2t�KTH2- �KQM; ?Qmb2?QH/ K2K#2`b �`2
Q7 T�`iB+mH�` BKTQ`i�M+2X JQbbQM; 2i �HX Ukyy3V #v +QMi`�bi b?Qrb 7Q` � HBKBi2/ b�KTH2 Q7
+QmMi`B2b H�`;2 /Bz2`2M+2b BM +QMi�+ib Q7 i?2 MQM@rQ`FBM; �;2 TQTmH�iBQM rBi? rQ`FBM;@�;2
T2`bQMb- r?BH2 rBi?BM rQ`FBM;@�;2 +QMi�+ib �`2 `�i?2` bBKBH�` �+`Qbb +QmMi`B2bX

k .�i�

q2 `2Hv QM /�i� 7`QK 1m`QT2�M *2Mi`2 7Q` .Bb2�b2 S`2p2MiBQM �M/ *QMi`QH U1*.*V QM i?2
iQi�H MmK#2` Q7 /B�;MQb2/ *PoA. BM72+iBQMb �M/ i?2 MmK#2` Q7 /2+2�b2/ T�iB2M+2 �`QmM/ i?2
;HQ#2XR .�i� QM 7�KBHv HBpBM; +QM/BiBQMb ?�p2 #22M Q#i�BM2/ mbBM; i?2 QMHBM2 /�i� �M�HvbBb
iQQH Q7 i?2 qQ`H/ o�Hm2 am`p2v UqoaV U?iiT,ffrrrXrQ`H/p�Hm2bbm`p2vXQ`;frpbXDbTVX
Pm` K�BM /�i� bQm`+2 Bb i?2 bBti? r�p2 Q7 i?2 bm`p2v +QM/m+i2/ #2ir22M kyRy �M/ kyR9X 6Q`
+QmMi`B2b rBi?Qmi BM7Q`K�iBQM BM i?2 bBti? qoa- r2 ?�p2 #22M bmTTH2K2Mi2/ /�i� 7`QK i?2
}7i? qoa bm`p2v /�i� Q` i?2 1m`QT2�M o�Hm2 am`p2vX

1*.* /�i� bi�`i QM .2+2K#2` jR- kyRN �M/ H�i2bi MmK#2`b �`2 7Q` J�`+? R8- kykyX .�i�
�`2 /�BHv QM M2rHv +QM}`K2/ +�b2b �M/ /2�i?bX q2 bmK �HH +�b2b Qp2` i?2 Q#b2`p�iBQM T2`BQ/
�M/ /2`Bp2 *6_b �b i?2 `�iBQ Q7 /2�i?b Qp2` +QM}`K2/ +�b2bX q2 `2bi`B+i Qm` �M�HvbBb #2HQr
iQ +QmMi`B2b rBi? �i H2�bi kyy /B�;MQb2/ +�b2b #v J�`+? R8X 6Q` i?2 /�i� 7`QK i?2 qoa- r2
`2bi`B+i i?2 b�KTH2 iQ `2bTQM/2Mib Q7 �;2 jy iQ 9N �M/ `2TQ`i i?2 b?�`2 Q7 ?Qmb2?QH/b BM i?Bb
b�KTH2 r?Q HBp2 rBi? i?2B` T�`2MibX 6Q` Qm` #�b2HBM2 �M�HvbBb- r2 mb2 i?2 KQbi `2+2Mi /�i�
7Q` �HH +QmMi`B2b 2t+2Ti 7Q` *?BM�- A`�M- Ai�Hv- aQmi? EQ`2�- �M/ aT�BM- r?2`2 r2 mb2 `2bi`B+i
i?2 /�i� iQ i?2 H�bi /�v �i r?B+? iQi�H BM72+iBQMb �`2 #2HQr 8-yyy +�b2bX q2 /Q i?Bb iQ /2�H

R1*.* /�i� ?�p2 #22M /QrMHQ�/2/ QM J�`+? R8 �i k,8y TK U*1hV 7`QK ?iiTb,ffrrrX2+/+X2m`QT�X2mX

j
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rBi? +QM+2`Mb i?�i i2biBM; +�T�+BiB2b KB;?i #2+QK2 BMbm{+B2Mi QM+2 i?2 Qmi#`2�F #2+QK2b
H�`;2 b+�H2X � H�`;2 bT`2�/ +�M ?�p2 7m`i?2` b2+QM/�`v 2z2+ib QM *6_b r?2M i?2 HQ+�H ?2�Hi?
bvbi2K `mMb BMiQ +�T�+Biv +QMbi`�BMib B7- QM �p2`�;2- �M BM72+iBQM Q7 �M 2H/2`Hv T�iB2Mi ?�b
� Km+? ?B;?2` +QM;2biBQM 2ti2`M�HBiv i?�M i?2 BM72+iBQM Q7 � vQmM; T�iB2MiX q2 i?2`27Q`2
+?QQb2 i?2 8-yyy@+�b2 i?`2b?QH/ iQ �pQB/ i?2b2 2z2+ib 7`QK +�T�+Biv +QMbi`�BMib BM i?2 ?2�Hi?
bvbi2KX h?Bb b�KTH2 `2bi`B+iBQM �HHQrb mb iQ 7Q+mb KQ`2 +HQb2Hv QM i?2 ?vTQi?2bBb i?�i 7Q`
i?2 BMBiB�H /vM�KB+b Q7 i?2 Qmi#`2�F i?2 7Q`K Q7 i?2 bQ+B�H M2irQ`F Bb F2v 7Q` bT`2�/BM; i?2
pB`mb iQ i?2 2H/2`Hv �b � ?B;?@`BbF ;`QmTX q2 �HbQ `mM �M �Hi2`M�iBp2 /�i� i`2�iK2Mi- r?2`2
r2 mb2 i?2 KQbi `2+2Mi /�i� 7Q` �HH +QmMi`B2bX _2bmHib �`2 #v@�M/@H�`;2 bBKBH�`X

j �M�HvbBb

6B;m`2 kU�V b?Qrb 2biBK�i2b Q7 *6_b #�b2/ QM i?2 1*.* /�i� U#�b2HBM2 b�KTH2VX q2 }M/
H�`;2 /Bz2`2M+2b BM +�b2@7�i�HBiv `�i2b U*6_VX q2 2biBK�i2 i?2 ?B;?2bi *6_ 7Q` Ai�Hv rBi?
bQK2r?�i Qp2` 9 T2`+2Mi r?BH2 r2 2biBK�i2 7Q` +QmMi`B2b HBF2 LQ`r�v- .2MK�`F- ar2/2M-
�M/ :2`K�Mv HQr *6_b i?�i �`2 biBHH +HQb2 iQ Q` �i x2`QX h?2`2 �`2 K�Mv `2�bQMb 7Q` *6_b
iQ /Bz2` �+`Qbb +QmMi`B2b /m`BM; �M QM;QBM; Qmi#`2�F bm+? i?�i i?2v �`2 BKT2`72+i K2�bm`2b
Q7 i?2 mM/2`HvBM; T`Q#�#BHBiv Q7 /vBM; 7`QK �M QM;QBM; BM72+iBQM �i i?2 iBK2 i?2 *6_ Bb
+�H+mH�i2/X 1t�KTH2b �`2 /BpBbBQM #B�b B7 i?2 iQi�H MmK#2` Q7 BM72+iBQMb Bb mM/2`/2i2+i2/
Q` /Bz2`2M+2b BM i?2 /2}MBiBQM Q7 � 7�i�HBiv /m2 iQ *PoA. �+`Qbb +QmMi`B2bX >Qr2p2`- bm+?
BKT2`72+i K2�bm`2K2Mib Q7 i?2 mM/2`HvBM; KQ`i�HBiv `BbF Q7 i?2 �p2`�;2 BM72+i2/ T�iB2Mi
K�ii2`b 7Q` Qm` `2;`2bbBQM �M�HvbBb i?�i 7QHHQrb QMHv BMbQ7�` Bi rQmH/ +Q``2H�i2 rBi? i?2 bQ+B�H
bi`m+im`2X

hQ K2�bm`2 i?2 2ti2M/ Q7 BMi2`@;2M2`�iBQM�H BMi2`�+iBQM �+`Qbb +QmMi`B2b- r2 mb2 /�i� QM i?2
b?�`2 Q7 T2QTH2 #2ir22M �;2 jy@9N r?Q HBp2 rBi? i?2B` T�`2MibX h?2b2 /�i� �`2 i�F2M 7`QK
i?2 qoa /�i�X 6B;m`2 kU#V b?Qrb i?�i i?Bb b?�`2 p�`B2b /`�K�iB+�HHv �+`Qbb +QmMi`B2bX 6`QK
b?�`2b #2HQr 8 T2`+2Mi BM +QmMi`B2b HBF2 6`�M+2- arBix2`H�M/- �M/ i?2 L2i?2`H�M/b- iQ +�b2b
HBF2 C�T�M- *?BM�- aQmi? EQ`2�- �M/ Ai�Hv rBi? b?�`2b �#Qp2 ky T2`+2MiX *QK#BMBM; /�i�
7`QK 6B;m`2b kU�V �M/ kU#V H2i mb 2tTHQ`2 Qm` F2v ?vTQi?2bBbX

6Q` i?2 [m�MiBi�iBp2 �M�HvbBb- r2 `2bi`B+i i?2 +QmMi`v b�KTH2 iQ +QmMi`B2b rBi? KQ`2 i?�M
kyy +QM}`K2/ +�b2b U�b Q7 J�`+? R8VX q2 `mM � bBKTH2 HBM2�` `2;`2bbBQM r?2`2 r2 r2B;?i

9



+QmMi`B2b #v i?2 b[m�`2 `QQi Q7 i?2 MmK#2` Q7 +�b2bXk

CFRi = α + βxi + γi + εi URV

r?2`2 i?2 BM/2t i Bb 7Q` +QmMi`B2b- xi /2MQi2b i?2 +QmMi`v K2�bm`2 7Q` p2`iB+�H bQ+B�H BM@
i2`�+iBQM- �M/ γi /2MQi2b � /mKKv 7Q` i?2 1�bi �bB�M +QmMi`B2b i?�i r2 BM+Hm/2 BM bQK2
bT2+B}+�iBQMb /Bb+mbb2/ #2HQrX

6B;m`2 kU+V b?Qrb i?2 `2bmHi ;`�T?B+�HHvX Ai b?Qrb i?�i- BM HBM2 rBi? Qm` ?vTQi?2bBb- +QmMi`B2b
rBi? KQ`2 BMi2`@;2M2`�iBQM�H BMi2`�+iBQM rBi?BM � ?Qmb2?QH/ b?Qr � ?B;?2` BMBiB�H *6_X q2
b?Qr `2;`2bbBQM `2bmHib 7`QK 2[m�iBQM URV 7Q` �HH Q7 BM/mbi`B�HBx2/ +QmMi`B2b 7Q` r?B+? r2
?�p2 /�i�j �M/ 7Q` i?2 b�K2 b2i 2t+Hm/BM; Ai�HvX q2 `mM � `2;`2bbBQM QM � rQ`H/rB/2 b2i Q7
+QmMi`B2b- �M/ i?2 b�K2 �;�BM BM+Hm/BM; � /mKKv 7Q` i?2 1�bi �bB�M +QmMi`B2b- γ- BM i?2
`2;`2bbBQM BM 2[m�iBQM URVX9 h?2 /mKKv TB+Fb mT i?2 /Bz2`2Mi bi�M/�`/b Q7 ?v;B2M2 �M/
bQ+B�H MQ`Kb BM +QMi�+ib BM 1�bi �bB�X h?2 irQ }ii2/ HBM2b 7Q` i?2 +�b2 rBi? i?2 1�bi �bB�
/mKKv �`2 b2T�`�i2 T`2/B+iBQMb 7Q` i?2 �bB�M �M/ LQM@�bB�M +QmMi`B2b BM i?2 b�KTH2X h�#H2
R b?Qr i?2 `2bmHib 7Q` i?2 7Qm` `2;`2bbBQMbX

q?�i r2 }M/ Bb i?�i i?Qb2 +QmMi`B2b rBi? KQ`2 BMi2`@;2M2`�iBQM�H +QMi�+ib- T`QtB2/ #v i?2
b?�`2 Q7 KmHiB@;2M2`�iBQM ?Qmb2?QH/b- b?Qr � bB;MB}+�MiHv ?B;?2` +�b2 7�i�HBiv `�i2 UβV Ub22
h�#H2 RVX q2 BMi2`T`2i i?Bb �b bmTTQ`iBM; 2pB/2M+2 7Q` Qm` ?vTQi?2bBb i?�i i?2 bi`m+im`2 �M/
MQ`Kb Q7 bQ+B�H BMi2`�+iBQMb b?�T2 i?2 HBF2HB?QQ/ Q7 *PoA.@RN iQ #`2�F BMiQ 2H/2`Hv bi`�i�
Q7 i?2 TQTmH�iBQMX �b h�#H2 k b?Qrb i?2 `2bmHib 2ti2M/ iQ i?2 /�i� i`2�iK2Mi r?2`2 r2 mb2
KQbi `2+2Mi /�i� 7Q` �HH +QmMi`B2b rBi?Qmi BKTQbBM; i?2 8-yyy@+�b2b i?`2b?QH/X

kh?2 `2�bQM #2?BM/ i?Bb r2B;?iBM; b+?2K2 Bb i?�i BM +QmMi`B2b rBi? HQr +�b2 MmK#2`b- i?2 TQBMi 2biBK�i2
7Q` i?2 *6_ Bb H2bb T`2+Bb2X q2 `2bi`B+i iQ +QmMi`B2b rBi? kyy Q` KQ`2 +�b2b #2+�mb2 Q7 i?2 TQi2MiB�HHv H�`;2
2z2+ib Q7 BM/BpBbB#BHBiv BM �;;`�p�iBM; i?Bb T`Q#H2KX hQ ;2i � ;`�bT 7Q` i?2 bBx2 Q7 i?Bb mM+2`i�BMiv- `2+�HH i?�i
7Q` � kyy /`�rb #BMQKB�H /Bbi`B#miBQM rBi? jW T`Q#�#BHBiv iQ /`�r � QM2- NyW Q7 �HH +�b2b ?�p2 � b�KTH2
K2�M #2ir22M RW �M/ 8W- 7Q` kyyy /`�rb i?2 BMi2`p�H b?`BMFb iQ kX9@jXeWX

jh?2b2 �`2 �mbi`�HB�- �mbi`B�- "2H;BmK- *�M�/�- arBix2`H�M/- .2MK�`F- aT�BM- 6`�M+2- :2`K�Mv- Ai�Hv-
L2i?2`H�M/b- LQ`r�v- ar2/2M- i?2 lMBi2/ EBM;/QK- �M/ i?2 lMBi2/ ai�i2bX

9q2 BM+Hm/2 *?BM�- C�T�M- aBM;�TQ`2- �M/ aQmi? EQ`2� BM i?2 1�bi �bB� ;`QmTX

8



h�#H2 R, _2;`2bbBQM `2bmHib
URV UkV UjV U9V

#�b2HBM2 BM/mbi`B�HBx2/ BM/X +QmMi`B2b #�b2HBM2
+QmMi`B2b rfQ Ai�Hv rf 1�bi �bB� /mKKv

GBpBM; rf T�`2Mib UβV yXy9Ne∗ yXR89∗∗∗ yXRyd+ yXRyN∗∗∗

UyXy83V UyXyyyV UyXRRNV UyXyykV

�bB� /mKKv UγV @kXyjd∗∗

UyXyRjV

+QMbi�Mi UαV yXNje∗∗ yX9Rd yXekR+ yXe8j∗

UyXykeV UyXkkkV UyXR9NV UyXy38V
N k9 Rd Re k9
�/DX R2 yXRRe yX88j yXRy8 yXjRk

LQi2b, GBM2�` `2;`2bbBQM `2bmHibX *QmMi`v Q#b2`p�iBQMb �`2 r2B;?i2/ #v i?2 b[m�`2 `QQi Q7 i?2 MmK#2` Q7
BM72+i2/X a22 MQi2b iQ 6B;m`2 kU+V 7Q` 7m`i?2` /2i�BHbX    -  - -Y BM/B+�i2b bB;MB}+�M+2 �i i?2 R- 8- Ry- �M/
R8 T2`+2Mi H2p2H- `2bT2+iBp2HvX

h�#H2 k, _2;`2bbBQM `2bmHib
URV UkV UjV U9V

#�b2HBM2 BM/mbi`B�HBx2/ BM/X +QmMi`B2b #�b2HBM2
+QmMi`B2b rfQ Ai�Hv rf 1�bi �bB� /mKKv

GBpBM; rf T�`2Mib UβV yXRk9∗∗∗ yXjje∗∗∗ yXy33j yXkeN∗∗∗

UyXyyeV UyXyyyV UyXR8eV UyXyyyV

�bB� /mKKv UγV @9Xk8e∗∗∗

UyXyyRV

+QMbi�Mi UαV yX383 @yX9kk yXedk∗ yXy9ky
UyXk3kV UyXjdkV UyXyN3V UyXN93V

N k9 Rd Re k9
�/DX R2 yXkej yX3Rd yXydd yX8ek

LQi2b, GBM2�` `2;`2bbBQM `2bmHibX a22 MQi2b iQ 6B;m`2 kU+VX >2`2 i?2 1*.* /�i� �b Q7 J�`+? R8- kyky Bb mb2/
7Q` �HH +QmMi`B2bX    -  - -Y BM/B+�i2b bB;MB}+�M+2 �i i?2 R- 8- Ry- �M/ R8 T2`+2Mi H2p2H- `2bT2+iBp2HvX

e



6B;m`2 k, *�b2@7�i�HBiv `�i2b �M/ b?�`2 Q7 rQ`FBM;@�;2 TQTmH�iBQM HBpBM; rBi? T�`2Mib �+`Qbb
+QmMi`B2b
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U/V a?�`2 HBpBM; rf T�`2Mib 7m`i?2` 1l +QmMi`B2b

LQi2b, hQT H27i T�M2H, *�b2@7�i�HBiv `�i2b �+`Qbb +QmMi`B2bX .�i� �b Q7 J�`+? R8- kykyX �mi?Q`bǶ QrM
+�H+mH�iBQM #�b2/ QM /�i� 7`QK i?2 1*.*X hQT `B;?i T�M2H, h?2 };m`2 b?Qrb i?2 b?�`2 Q7 i?2 bm`p2v
T�`iB+BT�Mib �;2/ jy@9N- r?Q �Mbr2` i?�i i?2v HBp2 rBi? �i H2�bi QM2 T�`2Mi BM i?2 b�K2 ?Qmb2 BM i?2 qoa
kyRy@R9X "�b2/ QM i?2 ei? r�p2 Q7 i?2 rQ`H/ p�Hm2 bm`p2v 7Q` i?Qb2 +QmMi`B2b BM+Hm/2/- i?2 H�i2bi r�p2 Q7
i?2 1m`QT2�M p�Hm2 bm`p2v- �M/ i?2 }7i? r�p2 Q7 i?2 qQ`H/ o�Hm2 am`p2v- 7Q` i?2 `2K�BM/2`X PMHv +QmMi`B2b
rBi? KQ`2 i?�M kyy `2TQ`i2/ *PoA.@RN BM72+iBQMbX "QiiQK H27i T�M2H, a+�ii2` THQi Q7 i?2 *6_b #v +QmMi`v
�;�BMbi i?2 b?�`2 Q7 i?2 TQTmH�iBQM �;2 jy@9N HBpBM; rBi? � T�`2Mi BM i?2 b�K2 ?Qmb2X PMHv +QmMi`B2b rBi?
�i H2�bi kyy `2TQ`i2/ BM72+iBQMbX h?2 *6_b �`2 +�H+mH�i2/ QM i?2 J�`+? R8 /�i� 7Q` �HH +QmMi`B2b rBi? H2bb
i?�M 8yyy BM72+iBQMb �M/ 7Q` +QmMi`B2b �#Qp2 8yyy BM72+iBQMb 7Q` i?2 /�v i?2v `2�+?2/ i?Bb HBKBi UaT�BM- Ai�Hv-
*?BM�- aQmi? EQ`2�VX h?2 irQ }ii2/ HBM2b 7Q` i?2 +�b2 rBi? i?2 1�bi �bB� /mKKv �`2 b2T�`�i2 T`2/B+iBQMb
7Q` i?2 �bB�M �M/ LQM@�bB�M +QmMi`B2b BM i?2 b�KTH2 7`QK i?2 `2;`2bbBQM BM 2[m�iBQM URVX "QiiQK `B;?i
T�M2H, qQ`FBM;@�;2 TQTmH�iBQM HBpBM; rBi? T�`2Mib BM 1m`QT2�M lMBQM +QmMi`B2b MQi BM+Hm/2/ BM 6B;m`2 kU#V
UkyRy@R9VX a22 i?�i };m`2 7Q` 7m`i?2` /2i�BHbX

d



9 AKTHB+�iBQMb

h?2 }`bi Q#b2`p�iBQM r2 K�F2 Bb i?�i Ai�Hv i�F2b QM 2ti`2K2 p�Hm2b BM #Qi? /BK2MbBQMb Q7
bQ+B�H BMi2`�+iBQMb �+`Qbb ;2M2`�iBQMb �M/ BM i?2 +m``2Mi *6_ 2biBK�i2X q2 ?QT2 �M/ 2tT2+i
i?2 H�ii2` iQ ;Q /QrM BM i?2 2M/ QM+2 KQ`2 /�i� QM i?2 BM72+i2/ ?�b #22M i�F2M BMiQ �++QmMiX
aBKBH�`Hv- r2 2tT2+i i?2 2z2+i r2 ?B;?HB;?i iQ �HbQ /2+`2�b2 Qp2` iBK2 7Q` i?Qb2 +QmMi`B2b
rBi? H2bb p2`iB+�H bQ+B�H BMi2;`�iBQM QM+2 i?2 pB`mb rBHH bHQrHv }M/ Bib r�v BMiQ i?2 2H/2`Hv
TQTmH�iBQM �M/ +�M i?2M bT`2�/ BM i?2 ;`QmT Q7 i?2 2H/2`Hv #2+�mb2 i?2 2H/2`Hv �`2 ivTB+�HHv
bi`QM;Hv +QMM2+i2/ ?Q`BxQMi�HHv BM �HH +QmMi`B2bX

:Bp2M i?Bb- i?Qb2 +QmMi`B2b rBi? HQr 7�i�HBiv `�i2b- HBF2 i?2 a+�M/BM�pB�M +QmMi`B2b Q` :2`@
K�Mv- b?QmH/ i�F2 i?Bb �b � r�`MBM; bB;MX GBF2Hv i?2 HQr BMBiB�H 7�i�HBiv `�i2b �`2 mM7Q`imM�i2Hv
MQi ?2`2 iQ bi�v- QM+2 i?2 pB`mb bT`2�/bX

�i i?2 b�K2 iBK2- r2 ?QT2 i?Bb /�i� �M�HvbBb BM i?2 KB/bi Q7 i?2 QM;QBM; +`BbBb ?2HTb mb
iQ #2ii2` mM/2`bi�M/- ?Qr TBpQi�H Bi Bb iQ F22T i?2 2H/2`Hv mMBM72+i2/ �M/ r?�i `QH2 bQ+B�H
M2irQ`Fb �M/ HBMFb TH�v BM i?BbX q?�i Bb KQ`2- Bi K�v T`QpB/2 � r�`MBM; bB;M 7Q` i?Qb2
+QmMi`B2b r?2`2 i?2 2H/2`Hv �M/ i?2 vQmM; HBp2 +HQb2 iQ;2i?2`- ?Qr BKTQ`i�Mi Bi Bb iQ +QMi�BM
i?2 pB`mb i?2`2 2�`Hv QMX h?2 qoa /�i� �HHQr mb iQ B/2MiB7v i?2b2 +QmMi`B2bX qBi?BM i?2
1m`QT2�M lMBQM i?2 +QmMi`B2b r2 +QMbB/2` iQ #2 T�`iB+mH�`Hv �i `BbF �`2 SQH�M/- "mH;�`B�-
*`Q�iB�- �M/ aHQp2MB� #�b2/ QM i?2 /�i� b?QrM BM 6B;m`2 kU/VX AM 7�+i- i?2 MmK#2`b i?�i �`2
+m``2MiHv +QKBM; BM 7Q` SQH�M/ �M/ "mH;�`B� TQBMi iQr�`/b *6_b BM i?2 `�M;2 Q7 �M/ �#Qp2
jW Ĝ rBi? Q7 +Qm`b2 i?2 +�p2�i BM KBM/ i?�i i?2`2 Bb �M 2MQ`KQmb mM+2`i�BMiv `2;�`/BM;
i?2b2 MmK#2`b rBi? /2i2+i2/ BM72+iBQMb #2HQr Ryy +�b2bX aiBHH- r2 i?BMF Qm` �M�HvbBb +�M #2
?2HT7mH BM B/2MiB7vBM; bQ+B2iB2b i?�i �`2 T�`iB+mH�`Hv pmHM2`�#H2X

8 *QM+HmbBQMb

J2/B+�H `2b2�`+? �M/ i`2�iK2Mi �`2 7`QMi �M/ +2Mi2` iQ +QK#�iBM; i?Bb +m``2Mi +`BbBb �M/ �b
b+B2MiBbib r2 #2HB2p2 BM i?2 TQr2` Q7 K2/B+�H `2b2�`+? �M/ b+B2M+2X u2i- r2 �b bQ+B�H b+B2MiBbib
i?Qm;?i �#Qmi ?Qr r2 +�M ?2HT +QK#�iBM; i?2 +`BbBbX

�b bQ+B�H b+B2MiBbib- r2 FMQr ?Qr BKTQ`i�Mi #2?�pBQ`�H `2bTQMb2b �`2 �M/ r?�i +`BiB+�H
`QH2 bQ+B�H M2irQ`Fb ?�p2X h?Bb `2b2�`+? ?B;?HB;?ib i?2 `QH2 Q7 p2`iB+�H +QMM2+iBQMb �+`Qbb
;2M2`�iBQMb BM bT`2�/BM; *PoA.@RN iQ 2H/2`Hv TQTmH�iBQM bi`�i� `2H�iBp2Hv 2�`Hv /m`BM; �M

3



Qmi#`2�FX

q2 ?QT2 i?Bb `2b2�`+? ?2HTb iQ B/2MiB7v r?2`2 KQbi 2zQ`ib �`2 M22/2/ iQ `2/m+2 bQ+B�H BMi2`@
�+iBQMb iQ F22T +QMi�;BQM HQrX aBKBH�`Hv- Bi KB;?i ?2HT iQ /2bB;M K2�bm`2b iQ BKT`Qp2 i?2
`2bBHB2M+2 Q7 bQ+B2iv �b � r?QH2 iQ i?2 Qmi#`2�FX q2 mM/2`bi�M/ i?�i r?�i r2 +�M �// �b
2+QMQKBbib Bb p2`v HBKBi2/- ?Qr2p2`- r2 /Q mM/2`bi�M/ i?�i #2vQM/ i?2 BM/BpB/m�H `BbF #2BM;
?B;? 7Q` i?2 2H/2`Hv- �Mv BM72+iBQM Q7 � ?B;?@`BbF T2`bQM BKTQb2b � Km+? KQ`2 bm#bi�MiB�H
+QM;2biBQM 2ti2`M�HBiv iQ i?2 ?2�Hi? bvbi2K �b � r?QH2- bm+? i?�i 2zQ`ib M22/ iQ 7Q+mb QM
`2/m+BM; i?2b2 BM72+iBQMbX

AKTQ`i�MiHv- i?Bb BKTHB2b BM HB;?i Q7 b+?QQHb +HQbBM; BM K�Mv +QmMi`B2b- i?�i 2zQ`ib M22/ iQ #2
?B;? iQ 2tTH�BM Q` 2p2M 7Q`+2 i?2 QH/2` ;2M2`�iBQM MQi iQ bi2T BM �b +�`2i�F2`b 7Q` +?BH/`2MX
AMbi2�/- 2ti`�TQH�iBM; 7`QK Qm` }M/BM;b �M/ i�FBM; BMiQ �++QmMi i?2 `QH2 Q7 M2irQ`Fb KQ`2
;2M2`�HHv- r2 +QMbB/2` Bi F2v iQ /2bB;M bQ+B�H BMi2`�+iBQMb BM � r�v i?�i F22T +Hmbi2`b Q7
BMi2`�+iBM; T2QTH2 bK�HH �M/ �b mM+QMM2+i2/ �b TQbbB#H2X

N



_272`2M+2b
"B- ZX- qm- uX- J2B- aX- u2- *X- wQm- sX- w?�M;- wX- GBm- sX- q2B- GX- h`m2HQp2- aX �X- w?�M;-

hX- 2i �HX UkykyVX 1TB/2KBQHQ;v �M/ i`�MbKBbbBQM Q7 +QpB/@RN BM b?2Mx?2M +?BM�, �M�HvbBb
Q7 jNR +�b2b �M/ R-k3e Q7 i?2B` +HQb2 +QMi�+ibX K2/_tBpX

GBm- uX- 1;;Q- _X JX- �M/ Em+?�`bFB- �X CX UkykyVX a2+QM/�`v �ii�+F `�i2 �M/ bmT2`bT`2�/BM;
2p2Mib 7Q` b�`b@+Qp@kX h?2 G�M+2iX

JQbbQM;- CX- >2Mb- LX- CBi- JX- "2mi2Hb- SX- �m`�M2M- EX- JBFQH�D+xvF- _X- J�bb�`B- JX-
a�HK�bQ- aX- hQK#�- :X aX- q�HHBM;�- CX- 2i �HX Ukyy3VX aQ+B�H +QMi�+ib �M/ KBtBM; T�ii2`Mb
`2H2p�Mi iQ i?2 bT`2�/ Q7 BM72+iBQmb /Bb2�b2bX SGQa K2/B+BM2- 8UjVX

h�m#2M#2`;2`- CX EX- _2B/- �X >X- C�M+x2rbFB- hX �X- �M/ 6�MMBM;- hX :X UkyyRVX AMi2;`�iBM;
?BbiQ`B+�H- +HBMB+�H �M/ KQH2+mH�` ;2M2iB+ /�i� BM Q`/2` iQ 2tTH�BM i?2 Q`B;BM �M/ pB`mH2M+2
Q7 i?2 RNR3 bT�MBb? BM~m2Mx� pB`mbX S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv Q7
GQM/QMX a2`B2b ", "BQHQ;B+�H a+B2M+2b- j8eUR9ReV,R3kNĜR3jNX
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