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2tTH�BM i?Bb T?2MQK2MQM �M/ �HbQ b2�`+?BM; 7Q` K2�Mb iQ `2/m+2 BiX >Qr2p2`- r?BH2
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*QKT�`�iBp2 aim/v Q7 1H2+iQ`�H bvbi2Kb U*a1aV- A b?Qr i?�i i?2`2 Bb +QMbB/2`�#H2
?2i2`Q;2M2Biv BM H2p2Hb Q7 �z2+iBp2 TQH�`Bx�iBQM �KQM; T�`iBb�MbX A �HbQ b?Qr i?�i
T�`iBb�Mb r?Qb2 T�`iBb�Mb?BT Bb `QQi2/ BM bQ+B�H ;`QmTb �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/X
h?2b2 }M/BM;b ?�p2 K�DQ` BKTHB+�iBQMb 7Q` Qm` BMi2`T`2i�iBQM Q7 i?2 T?2MQK2MQM Q7
�z2+iBp2 TQH�`Bx�iBQM �M/ 7Q` �ii2KTib iQ `2/m+2 BiX

h?Bb Bb �M 2�`Hv /`�7iX TH2�b2 2K�BH i?2 �mi?Q` U2`B+;mMi2`K�MM!#2`F2H2vX2/mV 7Q` i?2 KQbi
`2+2Mi p2`bBQM #27Q`2 +BiBM;X



aBM+2 i?2 Tm#HB+�iBQM Q7 h?2 �K2`B+�M oQi2` U*�KT#2HH 2i �HX RNeyV- b+?QH�`b Q7 TQHBiB+�H

#2?�pBQ` ?�p2 #22M F22MHv �r�`2 Q7 i?2 +QM+2Ti Q7 T�`iv B/2MiB}+�iBQM- r?B+? bi�#BHBx2b pQi2

+?QB+2 �M/ �+ib �b � ǳT2`+2Tim�H b+`22MǴ i?�i Q`B2Mib +BiBx2MbǶ BMi2`�+iBQMb rBi? i?2 TQHBiB+�H

bvbi2KX AM `2+2Mi v2�`b i?Qm;?- K�Mv b+?QH�`b ?�p2 �`;m2/ i?�i T�`iv B/2MiB}+�iBQM Bb KQ`2

i?�M bBKTHv � T2`+2Tim�H b+`22M #mi �HbQ � bQ+B�H B/2MiBiv U:`22M- S�HK[mBbi �M/ a+?B+FH2`

kyykc :`22M2 kyy9c >m//v- J�bQM �M/ ��`Ǡ2 kyR8VX .`�rBM; QM aQ+B�H A/2MiBiv h?2Q`v

U>m//v kyyRc h�D72H RNdyc h�D72H 2i �HX RNdNV- i?2b2 b+?QH�`b �`;m2 i?�i T�`iBb�Mb �`2 #B�b2/

BM 7�pQ` Q7 i?2B` T�`iv �M/ �;�BMbi i?2 Qi?2` T�`iv UQ` T�`iB2bVX 1ti2MbBp2 �K2`B+�M �M/ bQK2

+QKT�`�iBp2 2pB/2M+2 b?Qrb i?�i T�`iBb�M B/2MiB}+�iBQM H2�/b T�`iBb�Mb iQ bi`QM;Hv T`272`

i?2B` bB/2 iQ i?2 Qi?2` bB/2- � T?2MQK2MQM b+?QH�`b +�HH ǳ�z2+iBp2 TQH�`Bx�iBQMǴ U:B/`QM-

�/�Kb �M/ >Q`M2 kyRNc Av2M;�`- aQQ/ �M/ G2HF2b kyRkc Av2M;�` �M/ q2birQQ/ kyR8c _2BHD�M

kykyVX

6BM/BM;b Q7 BM+`2�bBM; �z2+iBp2 TQH�`Bx�iBQM ?�p2 H2/ iQ +QMbB/2`�#H2 72�`b i?�i T�`iBb�Mb

�`2 MQi QMHv #B�b2/ BM i?2B` �bb2bbK2Mib Q7 ;Qp2`MK2Mib U"�`i2Hb kyykc "mHHQ+F �M/ G2Mx kyRNc

1MMb- E2HHbi2/i �M/ J+�pQv kyRkV #mi �HbQ bi`QM;Hv /BbHBF2 i?2 Qi?2` bB/2X h?2`2 �`2 72�`b

i?�i �z2+iBp2 TQH�`Bx�iBQM K�v H2�/ T�`iBb�Mb iQ +QMbB/2` /2+BbBQMb K�/2 #v QTTQbBM; T�`iB2b

BHH2;BiBK�i2 UG2pBibFv �M/ wB#H�ii kyR3c aQK2` �M/ J+*Qv kyR3V �M/ K�v i`mbi i?2K H2bb

U>2i?2`BM;iQM �M/ _m/QHT? kyR8V �M/ 2p2M +QMi2KTH�i2 pBQH2M+2 �;�BMbi TQHBiB+�H QTTQM2Mib

UE�HKQ2 �M/ J�bQM kyRNVX h?2`2 Bb 2pB/2M+2 i?�i T�`iBb�M #B�b BM~m2M+2b r?Q T�`iBb�Mb

BMi2`�+i rBi? BM p�`BQmb bQ+B�H bBim�iBQMb U*?2M �M/ _Q?H� kyR3c Av2M;�`- aQQ/ �M/ G2HF2b

kyRkc >m#2` �M/ J�H?Qi`� kyRdc LB+?QHbQM 2i �HX kyReV- i?2B` 2+QMQKB+ #2?�pBQ`b U:2`#2`

�M/ >m#2` kyRyc :B7i �M/ :B7i kyR8c J+*QMM2HH 2i �HX kyR3c JB+?2HBi+? kyR8c S�M�;QTQmHQb

2i �HX kyReV- �M/ i?2B` ?2�Hi? #2?�pBQ` U>2`b? �M/ :QH/2M#2`; kyRec E`mT2MFBM kykyc G2`@

K�M- a�/BM �M/ h`�+?iK�M kyRdVX JQ`2 `2+2MiHv- i?2`2 ?�b #22M T�`iB+mH�` +QM+2`M i?�i

T�`iBb�Mb?BT K�v BM~m2M+2 +BiBx2MbǶ #2?�pBQ`b BM `2bTQMb2 iQ i?2 +m``2Mi *PoA.@RN T�M@

/2KB+ U*HBMiQM 2i �HX kykyc .`m+FK�M 2i �HX kykyc :�/�`B�M- :QQ/K�M �M/ S2TBMbFv kykyc

J�F`B/Bb �M/ _Qi?r2HH kykyVX
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Ai Bb +H2�` i?�i �z2+iBp2 TQH�`Bx�iBQM Bb � `2�HBiv �HH Qp2` i?2 rQ`H/ U:B/`QM- �/�Kb �M/

>Q`M2 kyRNc _2BHD�M kykyc q�;M2` kykyc q2birQQ/ 2i �HX kyR3VX a+?QH�`b �HbQ BM+`2�bBM;Hv

mM/2`bi�M/ r?v Bi 2tBbib U2X;X "Qm;?2` kyRdc G2p2M/mbFv kyRjc J�bQM kyR3c P`` �M/ >m#2`

kykyVX _2+2Mi bim/B2b ?�p2 �HbQ +QMbB/2`2/ K2i?Q/b iQ `2/m+2 Bi U�?H2` �M/ aQQ/ kyR3c

G2p2M/mbFv kyR3�-#VX Pi?2` �mi?Q`b �HbQ �`;m2 i?�i bQK2 Q7 i?2 KQbi rB/2Hv mb2/ K2�bm`2b

Q7 �z2+iBp2 TQH�`Bx�iBQM Qp2`bi�i2 Bi U.`m+FK�M 2i �HX kyRNc EH�`- E`mTMBFQp �M/ _v�M kyR3VX

AM bTBi2 Q7 i?Bb �++mKmH�iBQM Q7 FMQrH2/;2 �#Qmi �z2+iBp2 TQH�`Bx�iBQM- b+?QH�`b biBHH

FMQr HBiiH2 �#Qmi ?2i2`Q;2M2Biv BM �z2+iBp2 TQH�`Bx�iBQMX h?2`2 Bb bQK2 2pB/2M+2 i?�i bQK2

T�`iBb�Mb �`2 �K#Bp�H2Mi �M/- i?2`27Q`2- H2bb #B�b2/ iQr�`/b i?2B` T�`iv UG�pBM2- CQ?MbiQM

�M/ ai22M#2`;2M kyRkVX JQ`2Qp2`- `2b2�`+? #v J�bQM UkyR3V b?Qrb i?�i T�`iBb�Mb r?Qb2

MQM@T�`iBb�M B/2MiBiB2b �HB;M rBi? i?2B` T�`iBb�M B/2MiBiB2b �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/-

bm;;2biBM; QM2 bm+? bQm`+2 Q7 ?2i2`Q;2M2BivX

A #mBH/ QM 2�`Hv �`;mK2Mib �#Qmi T�`iBb�Mb?BT #2BM; `QQi2/ BM bQ+B�H ;`QmTb U*�KT#2HH

2i �HX RNeyV �M/ J�bQMǶb `2+2Mi rQ`F b?QrBM; i?�i i?2 �HB;MK2Mi #2ir22M T�`iBb�M �M/

MQM@TQHBiB+�H bQ+B�H B/2MiBiB2b BM+`2�b2b �z2+iBp2 TQH�`Bx�iBQM UJ�bQM kyR3VX A �`;m2 i?�i �

F2v /2i2`KBM�Mi Q7 bmb+2TiB#BHBiv iQ �z2+iBp2 TQH�`Bx�iBQM Bb r?2i?2` QM2Ƕb T�`iBb�Mb?BT Bb

`QQi2/ BM bQ+B�H ;`QmTbX q?2M � T�`iBb�MǶb bQ+B�H ;`QmT K2K#2`b?BTb +H2�`Hv Tmb? i?2K BM

i?2 /B`2+iBQM Q7 i?2 b�K2 T�`iv- i?2v b?QmH/ #2 KQ`2 #B�b2/ iQr�`/b i?�i T�`ivX

Jv �`;mK2Mi Bb #`Q�/2` i?�M J�bQMǶb �`;mK2Mi �#Qmi B/2MiBiv �HB;MK2Mi i?Qm;?X S�`iB@

b�Mb rBi? �HB;M2/ B/2MiBiB2b b?QmH/ #2 KQ`2 �z2+iBp2Hv TQH�`Bx2/X >Qr2p2`- B/2MiBiv �HB;MK2Mi

Bb MQi i?2 QMHv `2�bQM r?v �M �HB;MK2Mi #2ir22M bQ+B�H ;`QmTb �M/ T�`iBb�Mb?BT b?QmH/ H2�/

iQ BM+`2�b2/ �z2+iBp2 TQH�`Bx�iBQMX

h?2`2 �`2 }p2 `2�bQMb r?v bQ+B�HHv@`QQi2/ T�`iBb�Mb b?QmH/ #2 KQ`2 #B�b2/X hrQ Q7

i?2b2 /2`Bp2 7`QK J�bQMǶb �`;mK2Mi �#Qmi B/2MiBiv �HB;MK2MiX q?2M B/2MiBiB2b �HB;M- Ai Bb

2�bB2` 7Q` T�`iBb�Mb iQ T2`+2Bp2 /Bz2`2M+2b #2ir22M BM@T�`iBb�Mb �M/ Qmi@T�`iBb�MbX JQ`2Qp2`-

i?2v �`2 KQ`2 KQiBp�i2/ iQ T`272` i?2B` T�`iv iQ Qi?2` T�`iB2b U_Q++�b �M/ "`2r2` kyykVX

6m`i?2`KQ`2- r?2M T�`iBb�Mb �`2 K2K#2`b Q7 bQ+B�H ;`QmTb i?�i bi`QM;Hv bmTTQ`i � ;Bp2M

j



T�`iv- i?2v �`2 KQ`2 HBF2Hv iQ #2 2tTQb2/ iQ 72HHQr ;`QmT K2K#2`b r?Q bmTTQ`i i?2 b�K2

T�`iv �b r2HH �b iQ +m2b 7`QK ;`QmT H2�/2`b bmTTQ`iBM; i?2 b�K2 T�`iv U"`�/2`- hm+F2`

�M/ h?2``B�mHi kyR9c .2HH�SQbi�- a?B �M/ J�+v kyR8VX h?2B` ;`QmT K2K#2`b?BT Bb �HbQ

HBF2Hv iQ BM/m+2 bBKBH�` TQHB+v T`272`2M+2b r?B+? K�v +QMi`B#mi2 iQ �z2+iBp2 TQH�`Bx�iBQM

U"Qm;?2` kyRdc P`` �M/ >m#2` kykyVX h?mb- T�`iBb�Mb r?Qb2 bQ+B�H ;`QmT iB2b `2BM7Q`+2 i?2B`

T�`iBb�Mb?BT b?QmH/ #2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ i?�M i?Qb2 r?Qb2 T�`iBb�Mb?BT Bb MQi `QQi2/

BM ;`QmTb Q` r?Q �`2 2tTQb2/ iQ KmHiBTH2 +QM~B+iBM; ;`QmT BM~m2M+2bX

AM i?Bb T�T2`- A mb2 �K2`B+�M /�i� 7`QK i?2 �K2`B+�M L�iBQM�H 1H2+iBQM aim/B2b U�L1aV

�M/ +`Qbb@M�iBQM�H /�i� 7`QK i?2 *QKT�`�iBp2 aim/v Q7 1H2+iQ`�H avbi2Kb U*a1aV iQ �bb2bb

i?2 `2H�iBQMb?BT #2ir22M bQ+B�H ;`QmT K2K#2`b?BT �M/ T�`iBb�Mb?BTX hQ �bb2bb bQ+B�H bQ`iBM;-

A �bb2bb r?2i?2` Bi Bb TQbbB#H2 iQ +Q``2+iHv T`2/B+i � T�`iBb�MǶb T�`iv FMQrBM; i?2B` bQ+B�H ;`QmT

K2K#2`b?BTbX A i?2M �bb2bb ?Qr Km+? KQ`2 �z2+iBp2Hv TQH�`Bx2/ bQ+B�HHv@bQ`i2/ T�`iBb�Mb

�`2 i?�M mMbQ`i2/ T�`iBb�MbX A b?Qr i?�i bQ+B�HHv@bQ`i2/ T�`iBb�Mb �`2 +QMbB/2`�#Hv KQ`2

�z2+iBp2Hv TQH�`Bx2/ i?�M T�`iBb�Mb r?Qb2 �ii�+?K2Mib �`2 MQi `QQi2/ BM bQ+B�H ;`QmTbX

h?2b2 }M/BM;b ?�p2 BKTQ`i�Mi BKTHB+�iBQMb 7Q` /2KQ+`�iB+ �++QmMi�#BHBiv �M/ `2bTQM@

bBp2M2bb U�+?2M �M/ "�`i2Hb kyReV �b r2HH �b 7Q` /2KQ+`�iB+ bi�#BHBiv UG2pBibFv �M/ wB#H�ii

kyR3c Av2M;�`- aQQ/ �M/ G2HF2b kyRkV- bQ+B�H ?�`KQMv- 2+QMQKB+ T`QbT2`Biv- �M/ TQbbB#Hv

?2�Hi? Qmi+QK2bX q?BH2 K�Mv T�`iBb�Mb bi`QM;Hv T`272` i?2B` bB/2- Qi?2`b r?Qb2 T�`iBb�M

�ii�+?K2Mib �`2 2Bi?2` MQi `QQi2/ BM bQ+B�H ;`QmTb Q` r?Qb2 T�`iBb�M �ii�+?K2Mib �`2 `QQi2/

BM +`Qbb@+miiBM; bQ+B�H ;`QmTb �`2 +QMbB/2`�#Hv H2bb �z2+iBp2Hv TQH�`Bx2/X h?mb- r?2M +QM@

bB/2`BM; i?2 2z2+ib Q7 T�`iBb�Mb?BT QM TQHBiB+�H- 2+QMQKB+- �M/ ?2�Hi? Qmi+QK2b- b+?QH�`b

b?QmH/ +QMbB/2` i?�i bQK2 T�`iBb�Mb �`2 KQ`2 HBF2Hv iQ �+i BM r�vb i?�i ?�p2 /2H2i2`BQmb

+QMb2[m2M+2b i?�M Qi?2`bX
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R S�`iBb�Mb?BT �b � :`QmT@"�b2/ A/2MiBiv

a+?QH�`b Q7 T�`iBb�Mb?BT ?�p2 HQM; �`;m2/ i?�i B/2MiB}+�iBQM rBi? � T�`iv Bb ;`QmM/2/ BM

bQ+B�H ;`QmTb U*�KT#2HH 2i �HX RNeyVX _2+2Mi b+?QH�`b?BT ?�b ;QM2 7m`i?2` #v H2p2`�;BM;

aQ+B�H A/2MiBiv h?2Q`v Uh�D72H RNdyc h�D72H 2i �HX RNdNV iQ B/2MiB7v i?2 +�mb2b �M/ BKTHB+�iBQMb

Q7 T�`iBb�Mb?BTX h?2 BKTHB+�iBQM Q7 T�`iBb�Mb?BT #2BM; � bQ+B�H B/2MiB}+�iBQM Bb i?�i T�`iBb�Mb

Q7 � T�`iv �`2 #B�b2/ BM 7�pQ` Q7 i?2B` T�`iv �M/ i?2B` +Q@T�`iBb�Mb �M/ �;�BMbi i?2 Qmi@T�`iv

UQ` Qmi@T�`iB2bV �M/ Qmi@T�`iBb�MbX h?Bb ?�b BKTHB+�iBQMb 7Q` #B�b2b BM #Qi? i?2 TQHBiB+�H �M/

MQM@TQHBiB+�H rQ`H/bX

LmK2`Qmb bim/B2b ?�p2 /Q+mK2Mi2/ T�`iBb�MbǶ BM+`2�bBM;Hv TQbBiBp2 �iiBim/2b iQr�`/b

i?2B` T�`iv �M/ Bib T�`iBb�Mb +QKT�`2/ iQ i?2 Qi?2` T�`iv UQ` T�`iB2bV U7Q` � `2pB2r- b22

Av2M;�` 2i �HX kyRNVX h?2`2 Bb �HbQ 2pB/2M+2 Q7 T�`iBb�Mb #2BM; #B�b2/ BM 7�pQ` Q7 i?2B` +Q@

T�`iBb�Mb �i i?2 2tT2Mb2 Q7 Qi?2` T�`iB2bǶ T�`iBb�Mb UAv2M;�`- aQQ/ �M/ G2HF2b kyRkc Av2M;�`

�M/ q2birQQ/ kyR8VX q?BH2 BMBiB�HHv T`2b2Mi2/ �b �M �K2`B+�M T?2MQK2MQM- Bi ?�b #2+QK2

BM+`2�bBM;Hv +H2�` i?�i �z2+iBp2 TQH�`Bx�iBQM Bb �b Km+? Q7 � `2�HBiv BM Qi?2` /2KQ+`�+B2b

U:B/`QM- �/�Kb �M/ >Q`M2 kyRNc _2BHD�M kykyc q2birQQ/ 2i �HX kyR3VX

h?2b2 }M/BM;b ?�p2 H27i bQK2 b+?QH�`b +QM+2`M2/ �#Qmi i?2 7mim`2 Q7 /2KQ+`�+v �M/

bQ+B�H ?�`KQMv BM bQ+B2iB2b i?�i �`2 `Bp2M #v T�`iBb�M /BpB/2b UG2pBibFv �M/ wB#H�ii kyR3VX A7

+BiBx2Mb bBKTHv 7QHHQr i?2 H2�/ Q7 TQHBiB+�H 2HBi2b QM i?2B` bB/2 Q7 i?2 T�`iBb�M /BpB/2- ?Qr +�M

i?2v ?QH/ ;Qp2`MK2Mib �++QmMi�#H2\ JQ`2Qp2`- ?Qr +�M /2KQ+`�+v 7mM+iBQM B7 T�`iBb�Mb Q7

QM2 T�`iv +QMbB/2` i?2 �+iBQMb Q7 2H2+i2/ Q{+B�Hb 7`QK i?2 Qi?2` T�`iv BHH2;BiBK�i2\ >Qr +�M

bQ+B2iv `2K�BM BMi�+i r?2M T�`iBb�Mb �pQB/ bQ+B�H +QMi�+i rBi? i?2 Qi?2` bB/2\

AM bTBi2 Q7 i?Bb 2ti2MbBp2 HBi2`�im`2 /Q+mK2MiBM; i?2 TQr2` Q7 T�`iBb�Mb?BT BM i?2 lMBi2/

ai�i2b �M/ iQ bQK2 2ti2Mi 2Hb2r?2`2- Bi Bb biBHH mM+H2�` r?�i Bb /`BpBM; BiX a+?QH�`b ?�p2 T`Q@

TQb2/ � rB/2 p�`B2iv Q7 TQi2MiB�H 2tTH�M�iBQMbX h?2 KQbi Q#pBQmb 2tTH�M�iBQM BM i?2 �K2`@

B+�M +QMi2ti Bb i?�i BM+`2�b2/ TQH�`Bx�iBQM �i i?2 2HBi2 H2p2H UJ+*�`iv- SQQH2 �M/ _Qb2Mi?�H

kyyeV ?�b +�mb2/ BM+`2�b2/ K�bb TQH�`Bx�iBQM U_Q;QrbFB �M/ ami?2`H�M/ kyReVX q?BH2 bQK2

b+?QH�`b bi`QM;Hv bmTTQ`i i?Bb T2`bT2+iBp2- Qi?2`b �`;m2 i?�i �z2+iBp2 TQH�`Bx�iBQM Bb H�`;2Hv
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mM`2H�i2/ iQ B/2QHQ;v UAv2M;�`- aQQ/ �M/ G2HF2b kyRkc J�bQM kyR3VX JQ`2Qp2`- i?Bb 2tTH�@

M�iBQM H�`;2Hv `2~2+ib /2p2HQTK2Mib �KQM; i?2 T�`iB2b BM i?2 lMBi2/ ai�i2b �M/ Bb mMHBF2Hv

iQ #2 #`Q�/Hv �TTHB+�#H2 BM Qi?2` +QmMi`B2b U:B/`QM- �/�Kb �M/ >Q`M2 kyRNc _2BHD�M kykyVX

Pi?2` b+?QH�`b ?�p2 #H�K2/ i?2 K2/B�X �++Q`/BM; iQ i?Bb pB2r- #`Q�/#�M/ BMi2`M2i �M/

T�`iBb�M K2/B� ?�p2 2tTQb2/ +BiBx2Mb iQ BK#�H�M+2/ T�`iBb�M +QMi2Mi i?mb `2BM7Q`+BM; i?2B`

?QbiBHBiv iQr�`/b i?2 Qi?2` bB/2 UG2HF2b- aQQ/ �M/ Av2M;�` kyRdc G2p2M/mbFv kyRjVX h?2`2

Bb �HbQ 2pB/2M+2 i?�i i?2 2z2+ib Q7 T�`iBb�M K2/B� +�M #2 i`�MbKBii2/ iQ T2QTH2 r?Q �`2

MQi /B`2+iHv 2tTQb2/ iQ i?2K i?`Qm;? /Bb+mbbBQMb rBi? T22`b U.`m+FK�M- G2p2M/mbFv �M/

J+G�BM kyR3VX aQ+B�H K2/B� +�M �HbQ BM+`2�b2 TQH�`Bx�iBQM U"�BH 2i �HX kyR3VX _2b2�`+?

?�b �HbQ b?QrM i?�i +Qp2`�;2 Q7 TQH�`Bx�iBQM �KQM; TQHBiB+�H 2HBi2b #v i?2 K2/B� +�M K�F2

+BiBx2Mb KQ`2 TQH�`Bx2/ UG2p2M/mbFv �M/ J�H?Qi`� kyReVX _2H�i2/Hv- +�KT�B;Mb ?�p2 #22M

b?QrM iQ BM+`2�b2 TQH�`Bx�iBQM UAv2M;�`- aQQ/ �M/ G2HF2b kyRkc aQQ/ �M/ Av2M;�` kyReVX

Pi?2` 2tTH�M�iBQMb 7Q+mb KQ`2 QM +BiBx2Mb �M/ r?v i?2v KB;?i #2 �z2+iBp2Hv TQH�`Bx2/X

PM2 2tTH�M�iBQM i?�i 7Q+mb2b QM T�`iBb�Mb Bb i?�i �z2+iBp2 TQH�`Bx�iBQM Bb +�mb2/ #v i?2

�HB;MK2Mi #2ir22M TQHB+v T`272`2M+2b �M/ T�`iv B/2MiB}+�iBQM U"Qm;?2` kyRdc q2#bi2` �M/

�#`�KQrBix kyRdVX >Qr2p2`- bQK2 Q7 i?2 KQbi BM~m2MiB�H bim/B2b QM �z2+iBp2 TQH�`Bx�iBQM

b?Qr 2pB/2M+2 Q7 ?B;? �M/ BM+`2�bBM; �z2+iBp2 TQH�`Bx�iBQM 2p2M �KQM; T�`iBb�Mb r?Q /Q MQi

b?�`2 i?2B` T�`iB2bǶ TQbBiBQMb UAv2M;�`- aQQ/ �M/ G2HF2b kyRkc J�bQM kyR3VX

J�bQM �M/ ?2` +QHH2�;m2b `2D2+i i?2 �`;mK2Mi i?�i TQH�`Bx�iBQM Bb `2H�i2/ iQ �M BM+`2�b2/

+Q``2bTQM/2M+2 #2ir22M TQHB+v T`272`2M+2b �M/ T�`iBb�Mb?BT UJ�bQM kyR3c J�bQM �M/ q`QM@

bFB kyR3VX �++Q`/BM; iQ i?Bb T2`bT2+iBp2- +BiBx2Mb �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ r?2M i?2v

?�p2 MQM@T�`iBb�M B/2MiBiB2b- BM+Hm/BM; B/2QHQ;B+�H �M/ MQM@TQHBiB+�H B/2MiBiB2b- i?�i �HB;M

rBi? i?2B` T�`iv B/2MiB}+�iBQMX qQ`F BM aQ+B�H A/2MiBiv h?2Q`v UaAhV b?Qrb i?�i +QM~B+i@

BM; B/2MiBiB2b `2/m+2b T2QTH2Ƕb +QKKBiK2Mib iQ i?2B` B/2MiBiB2b U_Q++�b �M/ "`2r2` kyykVX

�++Q`/BM; iQ i?Bb aAh T2`bT2+iBp2- �HB;M2/ B/2MiBiB2b T`QpB/2 #Qi? i?2 +Q;MBiBp2 �M/ KQiBp�@

iBQM�H #�bBb 7Q` �z2+iBp2 TQH�`Bx�iBQM �b Bi K�F2b +H2�` i?2 +QMM2+iBQMb #2ir22M ;`QmTb �M/

T`QpB/2b T�`iBb�Mb rBi? i?2 KQiBp�iBQM iQ T`272` i?2B` ;`QmT iQ i?2 Qi?2` bB/2X amTTQ`iBM;

e



i?Bb T2`bT2+iBp2- J�bQM UkyRe- kyR3V �M/ J�bQM �M/ q`QMbFB UkyR3V }M/ i?�i T�`iBb�Mb r?Q

b?�`2 bQ+B�H B/2MiBiB2b i?�i �`2 �bbQ+B�i2/ rBi? i?2B` T�`iB2b �`2 KQ`2 �z2+iBp2Hv TQH�`Bx�iBQMX

� `2H�i2/ HBM2 Q7 `2b2�`+? #v _Q#BbQM �M/ JQbFQrBix UkyRNV }M/b i?�i �iiBim/2b iQr�`/b

i?2 ;`QmTb i?�i K�F2 mT T�`iB2bǶ +Q�HBiBQMb BM~m2M+2 �z2+iBp2 TQH�`Bx�iBQMX S�`iBb�Mb rBi?

r�`K2` �iiBim/2b iQr�`/b i?2 ;`QmTb �HB;M2/ rBi? i?2B` T�`iv �M/ KQ`2 M2;�iBp2 �iiBim/2b

iQr�`/b i?2 ;`QmTb �HB;M2/ rBi? i?2 Qi?2` T�`iv �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/X

q?BH2 � MmK#2` Q7 bim/B2b BM `2+2Mi v2�`b ?�p2 bm;;2bi2/ i?�i �z2+iBp2 TQH�`Bx�iBQM Bb

Qp2`2biBK�i2/ U�?H2` �M/ aQQ/ kyR3c .`m+FK�M 2i �HX kyRNc EH�`- E`mTMBFQp �M/ _v�M kyR3V

�M/ i?�i i?2`2 K�v #2 r�vb iQ `2/m+2 Bib 2z2+ib U�?H2` �M/ aQQ/ kyR3c G2p2M/mbFv kyR3�-#V-

i?2`2 ?�b #22M p2`v HBiiH2 `2+Q;MBiBQM Q7 ?2i2`Q;2M2Biv BM �z2+iBp2 TQH�`Bx�iBQM �KQM; T�`@

iBb�MbX a+?QH�`b 7`2[m2MiHv +QKT�`2 T�`iBb�Mb rBi? /Bz2`2Mi p�Hm2b Q7 i?2B` 2tTH�M�iQ`v

p�`B�#H2 Q7 BMi2`2bi U"Qm;?2` kyRdc J�bQM kyR3VX >Qr2p2`- `�`2Hv /Q b+?QH�`b �+FMQrH2/;2

i?�i bQK2 T�`iBb�Mb �`2 KQ`2 #B�b2/ i?�M Qi?2`bX h?2 bim/v #v G�pBM2- CQ?MbiQM �M/ ai22M@

#2`;2M UkyRkV- b?QrBM; i?�i K�Mv T�`iBb�Mb �`2 �K#Bp�H2Mi �M/ �b � `2bmHi H2bb #B�b2/- Bb

QM2 Q7 i?2 `�`2 2t+2TiBQMbX

A �`;m2 i?�i i?2 HBi2`�im`2 QM bQ+B�H bQ`iBM; TQBMib bm;;2bib � K�DQ` bQm`+2 Q7 i?�i ?2i@

2`Q;2M2BivX A7 i?2 bQ`iBM; Q7 bQ+B�H �M/ B/2QHQ;B+�H ;`QmTb BMiQ T�`iB2b BM+`2�b2b �z2+iBp2

TQH�`Bx�iBQM UJ�bQM kyR3V- Bi �HbQ K2�Mb i?�i T�`iBb�Mb r?Q �`2 MQi bQ`i2/ b?QmH/ #2 H2bb

�z2+iBp2Hv TQH�`Bx2/X h?Bb Bb T�`iB+mH�`Hv i?2 +�b2 rBi? `2bT2+i iQ bQ+B�H ;`QmTb #2+�mb2-

r?BH2 #Qi? B/2QHQ;v U.`m+FK�M- S2i2`bQM �M/ aHQi?mmb kyRjc G2Mx kyRkc G2p2M/mbFv kyyNV

�M/ bQ+B�H B/2MiB}+�iBQMb U1;�M kyRNV �`2 BM~m2M+2/ #v T�`iB2b- i?2`2 �`2 HBKBib iQ ?Qr Km+?

bQ+B�H ;`QmT K2K#2`b?BT +�M #2 BM~m2M+2/ #v T�`iB2bX Ai Bb Km+? KQ`2 /B{+mHi iQ +?�M;2

QM2Ƕb ;2M/2`- QM2Ƕb BM+QK2 Q` 2/m+�iBQM- 7Q` 2t�KTH2- i?�M iQ brBi+? QM2Ƕb B/2QHQ;B+�H B/2M@

iB}+�iBQMX h?mb- bQK2 T�`iBb�Mb �`2 M2+2bb�`BHv ;QBM; iQ #2 KQ`2 bQ+B�HHv bQ`i2/ i?�M Qi?2`b

/m2 iQ i?2B` T�`iB+mH�` +QK#BM�iBQMb Q7 bQ+B�H ;`QmT K2K#2`b?BTbX

A 7Q+mb QM � #`Q�/2` +QM+2TiBQM Q7 bQ+B�H bQ`iBM; i?�M mb2/ BM J�bQM UkyR3VX J�bQM

7Q+mb2b QM �HB;MK2Mi #2ir22M bQ+B�H �M/ T�`iBb�M B/2MiBiB2bX A 7Q+mb QM i?2 �HB;MK2Mi #2ir22M
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QM2 Q` KQ`2 bQ+B�H ;`QmTb �M/ T�`iBb�Mb?BTX h?2 /Bz2`2M+2 Bb i?�i bQ+B�H ;`QmT �HB;MK2Mi +�M

�z2+i �z2+iBp2 TQH�`Bx�iBQM BM K�Mv KQ`2 r�vb i?�i B/2MiBiv �HB;MK2MiX A7 T�`iBb�Mb B/2MiB7v

bQ+B�H ;`QmTb i?�i bmTTQ`i i?2B` T�`iv- i?2v b?QmH/ #2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ #2+�mb2

i?�i �HB;MK2Mi +H�`B}2b r?Q Bb T�`i Q7 2�+? ;`QmT �M/ ;Bp2b T�`iBb�Mb KQ`2 KQiBp�iBQM iQ

T`272` i?2B` bB/2 U_Q++�b �M/ "`2r2` kyykVX

>Qr2p2`- i?2`2 �`2 `2�bQMb Qi?2` i?�M B/2MiBiv �HB;MK2Mi i?�i bQ+B�H@`QQi2/ T�`iBb�Mb

b?QmH/ #2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ U"`�/2`- hm+F2` �M/ h?2``B�mHi kyR9c .2HH�SQbi�- a?B

�M/ J�+v kyR8VX aQ+B�H ;`QmT K2K#2`b?BT BM~m2M+2b T2QTH2Ƕb bQ+B�H M2irQ`Fb bQ #2BM; T�`i

Q7 � bQ+B�H ;`QmT i?�i Bb �HB;M2/ rBi? QM2Ƕb T�`iv K2�Mb i?�i QM2Ƕb bQ+B�H +QMi�+ib b?QmH/

`2BM7Q`+2 QM2Ƕb T�`iBb�Mb?BTX h?2`2 Bb 2pB/2M+2 i?�i T�`iBb�Mb �`2 KQ`2 #B�b2/ BM ?QKQ;2M2Qmb

bQ+B�H b2iiBM;b UEH�` kyR9VX *QMp2`b2Hv- ?2i2`Q;2M2Qmb 2MpB`QMK2Mib BM+`2�b2 �K#Bp�H2M+2

UJmix kyyk�V �M/ T2QTH2Ƕb mM/2`bi�M/BM; Q7 i?2 Qi?2` bB/2 Jmix Ukyyk#VX JQ`2Qp2`- #2BM;

T�`i Q7 � bQ+B�H ;`QmT /2i2`KBM2b i?2 bQ+B�H 2HBi2b r?Q BM~m2M+2b QM2Ƕb TQHBiB+�H pB2rbX

�MQi?2` `2�bQM bQ+B�HHv@bQ`i2/ T�`iBb�Mb K�v #2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ Bb i?�i i?2v

K�v #2 KQ`2 HBF2Hv iQ b?�`2 TQHB+v T`272`2M+2b �M/ T�`iBb�Mb r?Q b?�`2 i?2B` T�`ivǶb TQHB+v

T`272`2M+2b �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/ U"Qm;?2` kyRdc P`` �M/ >m#2` kykyVX

q?2M T�`iBb�Mb �`2 K2K#2`b Q7 bQ+B�H ;`QmTb i?�i �`2 MQi �HB;M2/ rBi? i?2B` T�`iv-

i?2v �`2 2Bi?2` +`Qbb@T`2bbm`2/ Q` bBKTHv K2K#2`b Q7 mM�HB;M2/ bQ+B�H ;`QmTbX "2BM; +`Qbb@

T`2bbm`2/ K2�Mb i?2v �`2 T�`i Q7 bQ+B�H ;`QmTb i?�i �`2 �HB;M2/ rBi? �MQi?2` T�`ivX 1�`Hv

bim/B2b �`;m2/ i?�i +`Qbb@T`2bbm`2b- r?2`2#v T�`iBb�Mb r?Q �`2 K2K#2`b Q7 bQ+B�H ;`QmTb

i?�i bmTTQ`i � /Bz2`2Mi T�`iv- H2�/ T�`iBb�Mb iQ ?�p2 � r2�F2` �ii�+?K2Mi iQ i?2B` T�`iv �M/

2M;�;2 H2bb rBi? i?2 TQHBiB+�H bvbi2K U*�KT#2HH 2i �HX RNeyc G�x�`b72H/- "2`2HbQM �M/ :�m/2i

RN93VX Pi?2` mMbQ`i2/ T�`iBb�Mb K�v #2 K2K#2`b Q7 ;`QmTb i?�i bBKTHv �`2 MQi �bbQ+B�i2/

rBi? bmTTQ`i 7Q` � T�`iB+mH�` T�`ivX A7 i?�i Bb i?2 +�b2- i?2v H�+F i?2 B/2MiBiv- bQ+B�H +QMi�+i-

;`QmT 2HBi2- �M/ TQHB+v #�b2b 7Q` /2p2HQTBM; bi`QM; �z2+iBp2 TQH�`Bx�iBQMX

1p2` bBM+2 i?2 TBQM22`BM; `2b2�`+? #v a?2`B7 URN8eV- b+?QH�`b ?�p2 FMQrM i?�i T2QTH2 i2M/

iQ �+i �b K2K#2`b Q7 ;`QmTb 2p2M r?2M i?2 #�bBb 7Q` ;`QmT 7Q`K�iBQM Bb r2�FX aQ+B�H A/2MiBiv
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h?2Q`v bim/B2b `2T2�i2/Hv b?Qr2/ i?�i T2QTH2 +�M �+i �b K2K#2`b Q7 ;`QmTb 7Q`K2/ �`QmM/

�`#Bi`�`v +QMbB/2`�iBQMb Uh�D72H RNdyc h�D72H 2i �HX RNdNVX Ai Bb i?mb BKTQ`i�Mi iQ +QMbB/2` �

rB/2 p�`B2iv Q7 /2KQ;`�T?B+ p�`B�#H2b �b TQbbB#H2 #�b2b 7Q` ;`QmT #2?�pBQ`X

aQ+B�H bQ`iBM; K�v ?�p2 +�mb2/ �M BM+`2�b2 BM �z2+iBp2 TQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2b-

�b �`;m2/ #v J�bQM UkyR3VX >Qr2p2`- Kv �`;mK2Mi Bb MQi i?�i bQ+B�HHv@bQ+B�H T�`iBb�Mb?BT

H2�/b iQ �z2+iBp2 TQH�`Bx�iBQM U�Hi?Qm;? A /Q +QMbB/2` i?�i � TQbbB#BHBivVX AMbi2�/ A �`;m2 i?�i

T�`iBb�Mb �`2 ?2i2`Q;2M2Qmb BM i?2B` �iiBim/2b iQr�`/b T�`iB2bX AM T�`iB+mH�`- bQ+B�HHv@bQ`i2/

T�`iBb�Mb �`2 KQ`2 #B�b2/ BM 7�pQ` Q7 i?2B` T�`ivX AM Qi?2` rQ`/b- B7 T2QTH2 r?Q �`2 bQ+B�HHv

bBKBH�` iQ � ;Bp2M T�`iBb�M Q7 � T�`iv �`2 KQ`2 bmTTQ`iBp2 Q7 i?�i T�`iv- i?�i T�`iBb�M b?QmH/

#2 KQ`2 �z2+iBp2Hv TQH�`Bx2/X

k J2i?Q/b �M/ .�i�

A �bb2bb i?2 `2H�iBQMb?BT #2ir22M bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT �M/ �z2+iBp2 TQH�`Bx�iBQM BM i?2

lMBi2/ ai�i2b �M/ +`Qbb@M�iBQM�HHvX 6Q` i?2 �K2`B+�M �M�Hvb2b- A mb2 i?2 �K2`B+�M L�iBQM�H

1H2+iBQM aim/B2b U�L1aV *mKmH�iBp2 .�i� 6BH2 URN93@kyReVX 6Q` i?2 +QKT�`�iBp2 �M�Hvb2b-

A mb2 i?2 *QKT�`�iBp2 aim/v Q7 1H2+iQ`�H avbi2Kb U*a1a kyRNV AMi2;`�i2/ JQ/mH2 .�i�b2i

UAJ.VX A �HbQ bmTTH2K2Mi i?2 *a1a AJ. rBi? i?2 H�i2bi `2H2�b2 Q7 /�i� 7`QK KQ/mH2 8X AM

iQi�H- A mb2 /�i� 7`QK R3k 2H2+iBQMb BM 8j +QmMi`B2bXR A QMHv BM+Hm/2 2H2+iBQMb 7`QK +QmMi`B2b

i?�i r2`2 `�i2/ �i H2�bi T�`iHv 7`22 #v 6`22/QK >Qmb2 UBX2X K2�M Q7 6`22/QK >Qmb2 +BpBH �M/

TQHBiB+�H HB#2`iB2b b+Q`2b 2[m�H iQ Q` bK�HH2` i?�M 8VX

A 7Q+mb QM �bb2bbBM; �z2+iBp2 TQH�`Bx�iBQM mbBM; 722HBM; i?2`KQK2i2`b �M/ T�`iv `�iBM;b �b

/QM2 BM MmK2`Qmb T`BQ` bim/B2b UAv2M;�`- aQQ/ �M/ G2HF2b kyRkc _2BHD�M kykyc q�;M2` kykyVXk

RLQi2 i?�i A +QMbB/2` "2H;BmK irQ b2T�`�i2 +QmMi`B2b- 6H�M/2`b �M/ q�HHQMB�- ;Bp2M i?�i

i?2 T�`iv bvbi2Kb �`2 b2T�`�i2 BM i?�i +QmMi`v �M/ #2+�mb2 i?2 bm`p2vb r2`2 `mM BM/2T2M@

/2MiHv BM i?2 irQ `2;BQMbX
kla bim/B2b ivTB+�HHv mb2 i?2 �L1a 722HBM; i?2`K2i2`b r?B+? `mM 7`QK y iQ Ryy- r?2`2�b

+QKT�`�iBp2 bim/B2b `2Hv QM *a1a HBF2@/BbHBF2 [m2biBQMb- r?B+? `mM 7`QK y iQ RyX

N



h?2 /2T2M/2Mi p�`B�#H2 Bb � +QKT�`BbQM Q7 T�`iv `�iBM;b �KQM; `2bTQM/2Mib 7Q` i?2B` QrM

T�`iv +QKT�`2/ iQ Qi?2` T�`iB2bX AM Kv �K2`B+�M �M�Hvb2b- 7QHHQrBM; 2tBbiBM; rQ`F U2X;X

Av2M;�`- aQQ/ �M/ G2HF2b kyRkc Av2M;�` �M/ q2birQQ/ kyR8V- A bBKTHv �bb2bb i?2 �#bQHmi2

/Bz2`2M+2 #2ir22M K�DQ` T�`iv T�`iBb�MbǶ 722HBM; i?2`KQK2i2` `�iBM;b Q7 i?2B` QrM T�`iv

�M/ i?2B` `�iBM;b Q7 i?2 Qi?2` K�DQ` T�`ivX h?2 �L1a �bF2/ `2bTQM/2Mib iQ `�i2 T�`iBb�Mb

U.2KQ+`�ib Q` _2Tm#HB+�MbV Q7 2�+? K�DQ` T�`iv 7`QK RNe9 iQ RN3k �M/ i?2M 2�+? Q7 i?Qb2

T�`iB2b 7`QK RNd3 iQ kyRe mbBM; 722HBM; i?2`KQK2i2`b 7`QK y iQ RyyX A mb2 T�`iBb�M 722HBM;

i?2`KQK2i2`b 7`QK RNe9 iQ RNd3 i?2M T�`iv 722HBM; i?2`KQK2i2`b 7Q` bm#b2[m2Mi v2�`bX A

BM+Hm/2 H2�M2`b BM �HH �M�Hvb2bX

AM Kv +QKT�`�iBp2 �M�Hvb2b- A mb2 *a1a T�`iv HBF2f/BbHBF2 [m2biBQMb r?B+? �bF T2QTH2

?Qr Km+? i?2v HBF2 2�+? T�`iv QM � b+�H2 7`QK y iQ Ry- r?2`2 y K2�Mb i?2v bi`QM;Hv /BbHBF2

i?2 T�`iv �M/ Ry i?�i i?2v bi`QM;Hv HBF2 BiX A �/QTi i?2 K2�bm`2 Q7 �z2+iBp2 TQH�`Bx�iBQM

T`2b2Mi2/ BM _2BHD�M UkykyV- r?B+? +QMbBbib BM �bb2bbBM; i?2 /Bz2`2M+2 #2ir22M `�iBM;b Q7

T�`iBb�MbǶ QrM T�`iv �M/ i?2B` `�iBM;b Q7 2�+? Q7 i?2 Qi?2` T�`iB2b- r?2`2 2�+? /Bz2`2M+2 Bb

r2B;?i2/ #v i?2 pQi2 b?�`2 Q7 i?2 Qmi@T�`ivX h?2 �z2+iBp2 TQH�`Bx�iBQM K2�bm`2 Bb `2T`2b2Mi2/

#v 1[m�iBQM URVX 6Q` 2�+? T�`iBb�M UBV- Bi +�H+mH�i2b i?2 /Bz2`2M+2 #2ir22M i?2B` BM@T�`iv

`�iBM; UT�`iv TV �M/ i?2 `�iBM; Q7 2�+? Qmi@T�`iv UT�`iv xVX Ai i?2M r2B;?ib 2�+? /Bz2`2M+2

#v i?2 T`QTQ`iBQM Q7 pQi2b 7Q` 2�+? Qmi@T�`iv �KQM; T�`iB2b Qi?2` i?�M T�`iv TX

�z2+iBp2 SQH�`Bx�iBQMi =
∑

z !=p

(Ratingi,p −Ratingi,z)
( oQi2 a?�`2z
1− oQi2 a?�`2p

)
URV

h?2 +QM+2Ti Q7 T�`iv B/2MiB}+�iBQM ?�b +H2�` HBKBi�iBQMb BM T�`iv bvbi2Kb QmibB/2 i?2

lMBi2/ ai�i2b rBi? KmHiBTH2 T�`iB2bX AM T�`iB+mH�`- T�`iBb�Mb +?�M;2 i?2B` B/2MiB}+�iBQMb

KQ`2 Q7i2M QmibB/2 i?2 la- bQK2iBK2b KQ`2 Q7i2M i?�M i?2B` pQi2b Uh?QK�bb2M RNdeV �M/

+BiBx2Mb �`2 BM~m2M+2/ #v T�`iB2b i?2v HBF2 #mi /Q MQi M2+2bb�`BHv B/2MiB7v rBi?X h?2`2 �`2 �HbQ

72r2` T�`iBb�Mb BM KQbi MQM@�K2`B+�M /2KQ+`�+B2b U:mMi2`K�MM kykyVX JQ`2Qp2`- QmibB/2

i?2 la- +H2�p�;2b /Q MQi �Hr�vb K�T QMiQ � /BpB/2 #2ir22M irQ QTTQbBM; T�`iB2b U2X;X >Q#QHi-

G22T2` �M/ hBHH2v kykyVX A- i?2`27Q`2- �HbQ mb2 �Hi2`M�iBp2 K2�bm`2b Q7 �z2+iBp2 TQH�`Bx�iBQM

Ry



/2p2HQT2/ #v q�;M2` UkykyV- r?B+? �`2 bT2+B}+�HHv �/�Ti2/ iQ KmHiB@T�`iv bvbi2KbX A `2TQ`i

`2bmHib mbBM; QM2 Q7 ?Bb K2�bm`2b- i?2 r2B;?i2/ /Bbi�M+2 7`QK i?2 KQbi@HBF2/ T�`iv BM i?2

K�BM i2ti- �M/ +QMbB/2` i?2 Qi?2` i?`22 BM i?2 PMHBM2 �TT2M/BtX

h?2 r2B;?i2/ /Bbi�M+2 7`QK i?2 KQbi@HBF2/ T�`iv Bb +�H+mH�i2/ �b b?QrM BM 2[m�iBQM UkVX

6Q` 2�+? `2bTQM/2Mi- A }`bi /2i2`KBM2 i?2 ?B;?2bi `�iBM; i?2v ;Bp2 iQ QM2 Q` KQ`2 T�`iB2b

Ulikemax,iVX A i?2M i�F2 i?2 b[m�`2/ /Bz2`2M+2 #2ir22M `�iBM;b Q7 2�+? Q7 i?2 T�`iB2b i?�i /Q

MQi `2+2Bp2 i?2 ?B;?2bi `�iBM; UT�`iB2b pV �M/ i?2 ?B;?2bi `�iBM;X am#b2[m2MiHv- A r2B;?i i?2b2

#v i?2B` pQi2 b?�`2 UVpV- i?2M A i�F2 i?2 b[m�`2 `QQi Q7 i?2b2 r2B;?i2/ b[m�`2/ /Bz2`2M+2bX

.Bbi�M+2i =

√√√√
P∑

p=1

Vp(likeip − likemax,i)2 UkV

hQ K2�bm`2 bQ+B�H bQ`iBM;- A �bb2bb ?Qr r2HH r2 +�M T`2/B+i QM2Ƕb T�`iv mbBM; i?2B` bQ+B�H

;`QmT K2K#2`b?BTbX Jv �TT`Q�+? Bb `2H�i2/ iQ irQ �TT`Q�+?2b iQ �bb2bbBM; i?2 `2H�iBQMb?BT

#2ir22M T�`iBb�Mb?BT �M/ bQ+B�H ;`QmT �ii�+?K2Mib mb2/ BM i?2 HBi2`�im`2X 6B`bi- J�bQM

UkyR3V +QMbB/2`b i?2 BKT�+i Q7 bK�HH �//BiBp2 b+�H2b Q7 B/2MiBiB2b �bbQ+B�i2/ rBi? T�`iBb�Mb?BT

rBi? 2�+? T�`ivX "2+�mb2 B/2MiBiB2b +�M 7Q`K �`QmM/ � p�`B2iv Q7 /Bz2`2Mi ivT2b Q7 ;`QmTb-

MQi QMHv HQM;@bi�M/BM; QM2b Uh�D72H RNdyc h�D72H 2i �HX RNdNV- A +QMbB/2` �HH �p�BH�#H2 K2�bm`2b

Q7 bQ+B�H ;`QmT K2K#2`b?BTX

a2+QM/- "`�/2`- hm+F2` �M/ h?2``B�mHi UkyR9V T`QTQb2 i?2 *`Qbb S`2bbm`2b a+Q`2- r?B+?

�bb2bb2b i?2 p�`B�#BHBiv BM i?2 T`2/B+i2/ T`Q#�#BHBiB2b Q7 #2BM; � T�`iBb�M Q7 2�+? T�`ivX h?2B`

K2�bm`2 BMpQHp2b +QMbi`m+iBM; �M �//BiBp2 KQ/2H Q7 T�`iBb�Mb?BT- T`2/B+iBM; i?2 T`Q#�#BHBiv

i?�i 2�+? T�`iBb�M Bb � T�`iBb�M Q7 2�+? T�`iv- i?2M- 7Q` 2�+? T�`iBb�M- +�H+mH�iBM; i?2 p�`B�M+2

�+`Qbb i?2 T`Q#�#BHBiB2b Q7 #2BM; � T�`iBb�M Q7 2�+? T�`ivX

h?Bb K2�bm`2 MB+2Hv TB+Fb mT i?2 +QM+2Ti Q7 +`Qbb@T`2bbm`2bX >Qr2p2`- A 7Q+mb QM �M

�Hi2`M�iBp2 K2�bm`2 7Q` irQ `2�bQMbX 6B`bi- i?2 b+�H2 Bb /B{+mHi iQ BMi2`T`2iX a2+QM/- Bi `2HB2b

QM �bbmKTiBQMb �#Qmi i?2 +Q``2+i +Q/BM; Q7 /2KQ;`�T?B+ p�`B�#H2b �M/ i?�i /2KQ;`�T?B+b

BKT�+i T�`iBb�Mb?BT BM �M �//BiBp2 r�vX A- i?2`27Q`2 7Q+mb QM �M �Hi2`M�iBp2 K2�bm`2 i?�i /Q2b

RR



MQi `2[mB`2 /2+BbBQMb �#Qmi p�`B�#H2 +Q/BM; �M/ i?�i /Q2b MQi BKTQb2 � T�`iB+mH�` 7mM+iBQM�H

7Q`KX A �HbQ `mM �M�Hvb2b mbBM; i?2 +`Qbb@T`2bbm`2b b+Q`2 i?Qm;?X h?2v �`2 BM a2+iBQM R Q7

i?2 PMHBM2 �TT2M/BtX

AMbi2�/ Q7 mbBM; � +QMp2MiBQM�H `2;`2bbBQM KQ/2H- A mb2 � _�M/QK 6Q`2bi +H�bbB}2` U"`2BK�M

kyyRVX � _�M/QK 6Q`2bi +H�bbB}2` +QK#BM2b � H�`;2 MmK#2` Q7 /2+BbBQM i`22b- 2�+? Q7 r?B+?

/2p2HQT #`�M+?BM; `mH2b BM Q`/2` iQ #2bi �++QmMi 7Q` i?2 +�i2;Q`v Q7 i?2 p�`B�#H2 Q7 BMi2`2bi

U?2`2- T�`iv B/2MiB}+�iBQMVX "v H2p2`�;BM; � H�`;2 MmK#2` Q7 /2+BbBQM i`22b- Bi T`Q/m+2b i?2

#2bi TQbbB#H2 +H�bbB}+�iBQMbX 6Q` 2�+? �M�HvbBb- �7i2` BKTmiBM; KBbbBM; /2KQ;`�T?B+ p�`B�#H2b

mbBM; � `�M/QK 7Q`2bi- A `mM 8yy i`22b mbBM; i?2 `�M/QK6Q`2bi _ T�+F�;2X A i?2M +`2�i2 �

/mKKv p�`B�#H2 +Q/2/ R B7 i?2 _�M/QK 6Q`2bi +Q``2+iHv +H�bbB}2b � T�`iBb�MǶb T�`iv �M/ y B7

Bi 7�BHb iQ +H�bbB7v i?2B` T�`ivX h?2 Qmi+QK2 Bb i?mb 2�bv iQ BMi2`T`2iX A7 � TQr2`7mH +H�bbB}+�@

iBQM �H;Q`Bi?K Bb �#H2 iQ +Q``2+iHv B/2MiB7v � T�`iBb�MbǶ T�`iv- i?2v �`2 +Q/2/ RX Pi?2`rBb2-

i?2v �`2 +Q/2/ yXj

AM i?2 +QKT�`�iBp2 /�i�- A +`2�i2 b2T�`�i2 K2�bm`2b Q7 bQ+B�H bQ`iBM; mbBM; #Qi? T�`iv

B/2MiB}+�iBQM �M/ T�`iv `�iBM;bX 6Q` T�`iBb�Mb?BT- A bBKTHv T`2/B+i `2bTQM/2MibǶ T�`iv B/2M@

iB}+�iBQMbX 6Q` T�`iv `�iBM;b- A T`2/B+i i?2 T�`iv i?2v `�i2 ?B;?2biX A7 i?2`2 Bb � iB2 7Q` i?2B`

?B;?2bi@`�i2/ T�`iv- A `�M/QKHv b2H2+i QM2 Q7 i?Qb2 T�`iB2b �b i?2B` T`272``2/ T�`ivX A +`2@

�i2 i?2b2 T�`iv@`�iBM; #�b2/ K2�bm`2b 7Q` `2;`2bbBQM KQ/2Hb mbBM; i?2 �z2+iBp2 TQH�`Bx�iBQM

K2�bm`2b /2p2HQT2/ #v q�;M2` UkykyV 7Q` KmHiB@T�`iv bvbi2KbX

Ai Bb �TT`QT`B�i2 iQ 2tTH�BM 7m`i?2` i?2 �//2/ p�Hm2 Q7 MQi `2HvBM; QM � HBM2�` KQ/2H Q7

T�`iBb�Mb?BTX � p�`B�#H2 K�v #2 �bbQ+B�i2/ rBi? bmTTQ`i 7Q` � T�`iB+mH�` T�`iv �KQM; T2QTH2

rBi? +2`i�BM p�Hm2b Q7 �MQi?2` p�`B�#H2 #mi MQi Qi?2`bX 6Q` 2t�KTH2- `2HB;BQmb �ii2M/�M+2

Bb bi`QM;Hv �bbQ+B�i2/ rBi? #2BM; � _2Tm#HB+�M T�`iBb�M �KQM; r?Bi2 �K2`B+�MbX 6Q`iv@QM2

T2`+2Mi Q7 r?Bi2b r?Q M2p2` �ii2M/ � `2HB;BQmb b2`pB+2 r2`2 _2Tm#HB+�M BM kyRe +QKT�`2/ iQ

d3 T2`+2Mi Q7 i?Qb2 r?Q �ii2M/ � `2HB;BQmb b2`pB+2 2p2`v r22FX q?BH2 _2Tm#HB+�M T�`iBb�Mb?BT
jLQi2 i?�i- r?2M +`2�iBM; i?2 bQ+B�H bQ`iBM; p�`B�#H2b- A QMHv BM+Hm/2 T�`iBb�Mb Q7 T�`iB2b

rBi? �i H2�bi jy B/2MiB}2`b BM i?2 /�i�b2iX

Rk



/Q2b BM+`2�b2 �#Qmi i?`22 iBK2b r?2M `2HB;BQbBiv BM+`2�b2b 7`QK i?2 HQr2bi iQ ?B;?2bi H2p2Hb

�KQM; "H�+Fb U7`QK 7Qm` iQ Rj T2`+2MiV- QMHv bK�HH KBMQ`BiB2b Q7 2p2M i?2 KQbi /2pQmi "H�+Fb

�`2 _2Tm#HB+�MbX h?mb- � HBM2�` K2�bm`2 Q7 bQ+B�H bQ`iBM; rQmH/ BM+Q``2+iHv +QMbB/2` � p2`v

`2HB;BQmb �7`B+�M �K2`B+�M iQ #2 +`Qbb@T`2bbm`2/ 2p2M i?Qm;? `2HB;BQmb �ii2M/�M+2 /Q2b MQi

bi`QM;Hv TmHH �7`B+�M �K2`B+�Mb iQr�`/b i?2 _2Tm#HB+�M S�`ivX Jv �TT`Q�+? i?mb +QMbB/2`b

� `2HB;BQmb �7`B+�M �K2`B+�M .2KQ+`�i bQ+B�HHv bQ`i2/ #2+�mb2 � ?m;2 K�DQ`Biv Q7 T2QTH2

b?�`BM; i?2B` +?�`�+i2`BbiB+b B/2MiB7v �b .2KQ+`�ibX

A �M�Hvx2 i?2 `2H�iBQMb?BT #2ir22M bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT �M/ �z2+iBp2 TQH�`Bx�iBQM

�i #Qi? i?2 �;;`2;�i2 UBX2X 2H2+iBQMV �M/ BM/BpB/m�H H2p2HbX AM �;;`2;�i2 �M�Hvb2b- A BM+Hm/2

� MmK#2` Q7 +QMi`QHb i?�i K�v K�F2 T�`iBb�Mb KQ`2 �z2+iBp2Hv TQH�`Bx2/ BM bQK2 +QMi2tib

�M/ i?�i K�v K�F2 T�`iBb�Mb KQ`2 bQ+B�HHv bQ`i2/X h?2b2 �`2 .�HiQMǶb B/2QHQ;B+�H TQH�`Bx�@

iBQM BM/2t U.�HiQM kyy3V- i?2 2z2+iBp2 MmK#2` Q7 2H2+iQ`�H T�`iB2b UG��FbQ �M/ h��;2T2`�

RNdNV- i?2 TQHBiB+�H `2;BK2 Ur?2i?2` T�`HB�K2Mi�`v- T`2bB/2MiB�H- Q` b2KB@T`2bB/2MiB�HV- �M/

i?2 2H2+iQ`�H bvbi2K UT`QTQ`iBQM�H- K�DQ`Bi�`B�M Q` KBt2/VX

AM bm#b2[m2Mi KQ/2Hb- A +QMi`QH 7Q` i?2 TQbbB#BHBiv i?�i T�`iBb�Mb?BT Bb 2�bB2` iQ T`2/B+i

BM bQK2 2H2+iBQMb i?�M BM Qi?2`b /2T2M/BM; QM i?2 MmK#2` Q7 T�`iB2b �M/ i?2 /Bbi`B#miBQMb

Q7 /2KQ;`�T?B+b �M/ T�`iBb�Mb?BTX A /Q MQi +QMi`QH 7Q` i?Bb p�`B�#H2 BM BMBiB�H KQ/2Hb #2@

+�mb2- BM +QMi2tib r?2`2 T�`iBb�Mb?BT Bb 2�bB2` iQ T`2/B+i- T�`iBb�Mb b?QmH/ #2 KQ`2 �z2+i2/

#v i?2 K2+?�MBbKb K2MiBQM2/ �#Qp2, i?2v b?QmH/ T2`+2Bp2 ;`2�i2` Qp2`H�T #2ir22M i?2B`

T�`iBb�M �M/ MQM@TQHBiB+�H B/2MiBiB2b- i?2v b?QmH/ BMi2`�+i KQ`2 rBi? T2QTH2 r?Q b?�`2 i?2

b�K2 T�`iBb�M �ii�+?K2Mi- i?2v b?QmH/ #2 2tTQb2/ iQ KQ`2 ?QKQ;2M2Qmb +m2b 7`QK bQ+B�H

;`QmT H2�/2`b- �M/ i?2v b?QmH/ b?�`2 KQ`2 TQHB+v T`272`2M+2b rBi? 72HHQr ;`QmT K2K#2`bX

>Qr2p2`- A �// i?Bb +QMi`QH iQ bm#b2[m2Mi KQ/2Hb iQ 2Mbm`2 i?�i `2bmHib �`2 MQi �`iB7�+ib Q7

i?2 +H�bbB}+�iBQM K2i?Q/ A mb2X

hQ +QMi`QH 7Q` ?Qr 2�bv Bi Bb iQ +H�bbB7v � T�`iBb�M BM � ;Bp2M +QMi2ti- A +`2�i2 bBKmH�i2/

/�i� BM 2�+? 2H2+iBQM r?2`2 A `�M/QKHv b�KTH2- b2T�`�i2Hv 7Q` 2�+? p�`B�#H2- #Qi? T�`iB@

b�Mb?BT �M/ /2KQ;`�T?B+ p�`B�#H2b 7`QK i?2 �+im�H /Bbi`B#miBQMbX AM Qi?2` rQ`/b- BM i?2

Rj



bBKmH�i2/ /�i�b2ib- i?2 mMBp�`B�i2 /Bbi`B#miBQMb Q7 2�+? p�`B�#H2 �`2 B/2MiB+�H iQ i?2 `2�H@

rQ`H/ /Bbi`B#miBQMbX >Qr2p2`- #2+�mb2 A `�M/QKHv b�KTH2 2�+? p�`B�#H2 BM/2T2M/2MiHv- BM

i?2b2 bBKmH�iBQMb- i?2`2 Bb MQ `2H�iBQMb?BT #2ir22M �Mv Q7 i?2 /2KQ;`�T?B+b �M/ T�`iBb�M@

b?BTX A i?2M `mM i?2 `�M/QK 7Q`2bi +H�bbB}2` QM i?2 bBKmH�i2/ /�i� iQ /2i2`KBM2 ?Qr K�Mv

T�`iBb�Mb A rQmH/ +Q``2+iHv +H�bbB7v /m2 iQ i?2 MmK#2` Q7 T�`iB2b UBi Bb 2�bB2` iQ +H�bbB7v T�`iB@

b�Mb r?2M i?2`2 �`2 72r2` T�`iB2bV- i?2 /Bbi`B#miBQMb Q7 /2KQ;`�T?B+b- �M/ i?2 /Bbi`B#miBQMb

Q7 T�`iBb�Mb?BTX A +�H+mH�i2 i?2 bBKmH�i2/ T2`+2Mi�;2b Q7 +Q``2+iHv +H�bbB}2/ T�`iBb�Mb BM 2�+?

2H2+iBQM �M/ BM+Hm/2 i?2K �b +QMi`QH p�`B�#H2b BM �;;`2;�i2@H2p2H KQ/2HbX

j _2bmHib

jXR >2i2`Q;2M2Biv BM �z2+iBp2 SQH�`Bx�iBQM

GBiiH2 +QMbB/2`2/ BM i?2 HBi2`�im`2 QM �z2+iBp2 TQH�`Bx�iBQM Bb ?2i2`Q;2M2Biv BM BMi2`@T�`iv

�z2+i �KQM; T�`iBb�MbX 6B;m`2 RU�V Bb � /2MbBiv THQi b?QrBM; i?2 /Bbi`B#miBQMb Q7 �z2+iBp2

TQH�`Bx�iBQM �KQM; .2KQ+`�ib �M/ _2Tm#HB+�Mb BM i?2 lMBi2/ ai�i2b- �b �bb2bb2/ mbBM;

722HBM; i?2`KQK2i2`b BM i?2 kyRe �L1aX _2+�HH i?�i �HH Kv �M�Hvb2b BM+Hm/2 H2�M2`b �M/

i?�i i?2b2 `2bmHib- HBF2 �HH Qi?2` `2bmHib T`2b2Mi2/ BM i?Bb T�T2`- �`2 7mHHv r2B;?i2/X Ai b?Qrb

i?�i �K2`B+�M T�`iBb�Mb �`2 7�` 7`QK mMB7Q`KHv �z2+iBp2Hv TQH�`Bx2/X JQbi T�`iBb�Mb `�i2

i?2B` T�`iv #2ir22M y �M/ 8y TQBMib ?B;?2` i?�M i?2 Qi?2` T�`iv U88 T2`+2Mi Q7 T�`iBb�Mb Q7

2�+? T�`ivVX aK�HH KBMQ`BiB2b ?�p2 � p2`v bi`QM; T`272`2M+2 UQp2` 8y TQBMibV 7Q` i?2B` bB/2

Ukj T2`+2Mi Q7 .2KQ+`�ib �M/ RN T2`+2Mi Q7 _2Tm#HB+�MbV Q` `�i2 i?2 irQ bB/2b 2[m�HHv URd

T2`+2Mi Q7 .2KQ+`�ib �M/ ky T2`+2Mi Q7 _2Tm#HB+�MbVX 1p2M bK�HH2` KBMQ`BiB2b T`272` i?2

Qi?2` T�`iv iQ i?2B` QrM U9 T2`+2Mi Q7 .2KQ+`�ib �M/ 8 T2`+2Mi Q7 _2Tm#HB+�MbVX

S�`iBb�Mb +`Qbb@M�iBQM�HHv �HbQ ?�p2 ?2i2`Q;2M2Qmb H2p2Hb Q7 �z2+iBp2 TQH�`Bx�iBQMX 6B;@

m`2 RU#V b?Qrb i?2 /Bbi`B#miBQM 7Q` i?2 2MiB`2 *a1a /�i�b2i 7Q` �HH T�`iBb�Mb UmbBM; i?2

K2�bm`2 T`2b2Mi2/ BM 2[m�iBQM URVX JQbi T�`iBb�Mb U88 T2`+2MiV BM i?2 *a1a T`272` i?2B`

T�`iv iQ i?2 Qi?2` T�`iB2b #2ir22M y �M/ 8 TQBMib U8 Bb i?2 KB/TQBMi Q7 i?2 *a1a HBF2@/BbHBF2
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b+�H2VX � H�`;2 KBMQ`Biv Uj9 T2`+2MiV T`272` i?2B` T�`iv #v Qp2` }p2 TQBMib �M/ KBMQ`BiB2b

`�i2 i?2B` T�`iv �M/ i?2 Qi?2` T�`iB2b 2[m�HHv Ud T2`+2MiV Q` `�i2 Qi?2` T�`iB2b ?B;?2` Uj

T2`+2MiVX q?BH2 r2 +�MMQi +H2�`Hv +QKT�`2 /Bz2`2M+2b BM 722HBM; i?2`KQK2i2`b iQ /Bz2`2M+2b

BM HBF2@/BbHBF2 b+Q`2b +�H+mH�i2/ BM bHB;?iHv /Bz2`2Mi r�vb #2ir22M i?2 la �L1a /�i� �M/

i?2 *a1a- i?2 biQ`v b22Kb i?2 b�K2 BM i?2 la �M/ BM i?2 +QKT�`�iBp2 /�i�b2iX h?2`2 Bb

+QMbB/2`�#H2 ?2i2`Q;2M2Biv BM ?Qr T�`iBb�Mb 722H �#Qmi i?2B` T�`iv +QKT�`2/ iQ i?2 Qmi@T�`iv

UQ` T�`iB2bVX

6B;m`2 R, .Bbi`B#miBQMb Q7 �z2+iBp2 SQH�`Bx�iBQM
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jXk aQ+B�H aQ`iBM; �M/ �z2+iBp2 SQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2b

A }`bi +QMbB/2` ?Qr bQ+B�HHv bQ`i2/ T�`iBb�Mb �`2 BM i?2 lMBi2/ ai�i2b �M/ ?Qr bQ+B�H bQ`iBM;

`2H�i2b iQ �z2+iBp2 TQH�`Bx�iBQMX 6B;m`2 k b?Qrb i?2 `2H�iBQMb?BT #2ir22M i?2 T2`+2Mi�;2

Q7 T�`iBb�Mb r?Qb2 T�`iv r2 +�M T`2/B+i FMQrBM; i?2B` /2KQ;`�T?B+ +?�`�+i2`BbiB+b �M/ i?2

Qp2`�HH H2p2H Q7 �z2+iBp2 TQH�`Bx�iBQM BM 2�+? �L1a bim/vX Ai b?Qrb i?�i H�`;2 K�DQ`BiB2b

Q7 �K2`B+�M T�`iBb�Mb �`2 bQ+B�HHv bQ`i2/X aQ+B�H bQ`iBM; ?�b #22M ?B;?2` BM i?2 T�bi i?`22
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T`2bB/2MiB�H 2H2+iBQMb �Hi?Qm;? Bi r�b �i Bib ?B;?2bi BM RNe9X

�i i?2 �;;`2;�i2 2H2+iBQM H2p2H- i?2 `2H�iBQMb?BT Bb mM+H2�`X h?2 i?`22 KQbi `2+2Mi T`2b@

B/2MiB�H 2H2+iBQMb U�M/ iQ bQK2 2ti2Mi i?2 RNe9 2H2+iBQMV ?�p2 ?B;? T2`+2Mi�;2b Q7 +Q``2+iHv

+H�bbB}2/ T�`iBb�Mb �M/ ?B;? �z2+iBp2 TQH�`Bx�iBQMX h?mb- K�FBM; i?2 `2H�iBQMb?BT �TT2�`

iQ #2 TQbBiBp2X >Qr2p2`- i?2 `2H�iBQMb?BT #2ir22M i?2 irQ p�`B�#H2b �TT2�`b M2;�iBp2 r?2M

HQQFBM; �i i?2 Qi?2` 2H2+iBQMbX

6B;m`2 k, aQ+B�H aQ`iBM; �M/ �z2+iBp2 SQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2b
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A i2bi i?2 `2H�iBQMb?BT #2ir22M bQ+B�H bQ`iBM; �M/ �z2+iBp2 TQH�`Bx�iBQM #Qi? �i i?2 2H2+iBQM

H2p2H �M/ �i i?2 BM/BpB/m�H H2p2H BM � KQ`2 bvbi2K�iB+ r�v BM h�#H2 RX h?2 }`bi KQ/2H Bb �

#Bp�`B�i2 2H2+iBQM@H2p2H PGa `2;`2bbBQM Q7 i?2 r2B;?i2/ K2�M �z2+iBp2 TQH�`Bx�iBQM BM � ;Bp2M

2H2+iBQM QM i?2 T2`+2Mi�;2 Q7 bQ+B�HHv@bQ`i2/ T�`iBb�MbX h?2 +Q2{+B2Mi QM i?2 T2`+2Mi�;2 Q7

bQ+B�HHv@bQ`i2/ T�`iBb�Mb 7�BHb iQ `2�+? bB;MB}+�M+2X h?2 b2+QM/ KQ/2H �//b i?2 bBKmH�i2/

T2`+2Mi�;2 Q7 bQ+B�HHv@`QQi2/ T�`iBb�Mb �M/ biBHH }M/b MQ `2H�iBQMb?BT #2ir22M bQ+B�HHv@bQ`i2/

T�`iBb�Mb?BT �M/ �z2+iBp2 TQH�`Bx�iBQMX >Qr2p2`- i?2 bBKmH�i2/ bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT

p�`B�#H2 ?�b � TQbBiBp2 �M/ bB;MB}+�Mi +Q2{+B2MiX LQi2 i?Qm;? i?�i i?Bb �TT2�`b iQ `2~2+i �

iBK2 i`2M/- bBM+2 Bi #2+QK2b BMbB;MB}+�Mi r?2M A BM+Hm/2 � HBM2�` i`2M/ �b r2HH UMQi b?QrMVX

Re



h?2`2 Bb i?mb MQ `2H�iBQMb?BT #2ir22M bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT �M/ �z2+iBp2 TQH�`Bx�iBQM

�i i?2 2H2+iBQM H2p2H BM i?2 lMBi2/ ai�i2bX h?2 i?B`/ KQ/2H Bb �M BM/BpB/m�H@H2p2H `2;`2bbBQM

Q7 �z2+iBp2 TQH�`Bx�iBQM QM i?2 /mKKv p�`B�#H2 BM/B+�iBM; i?�i � T�`iBb�M Bb bQ+B�HHv bQ`i2/X

Ai �HbQ BM+Hm/2b 2H2+iBQM }t2/ 2z2+ibX h?2 +Q2{+B2Mi QM i?2 aQ+B�HHv@aQ`i2/ S�`iBb�M /mKKv

Bb eXdd �M/ bB;MB}+�Mi b?QrBM; i?�i bQ+B�HHv@bQ`i2/ T�`iBb�Mb �`2 eXdd TQBMib KQ`2 �z2+iBp2Hv

TQH�`Bx2/ �+`Qbb �HH 2H2+iBQMb 7`QK RNe9 iQ kyReX h?2 ;�T Q7 eXdd TQBMib Bb H�`;2 +QMbB/2`BM;

#�b2HBM2 H2p2Hb Q7 �z2+iBp2 TQH�`Bx�iBQMX �+`Qbb 2H2+iBQMb- T�`iBb�Mb r?Q �`2 MQi bQ+B�HHv

bQ`i2/ b+Q`2 k8X8N QM �z2+iBp2 TQH�`Bx�iBQM Ui?2 BMi2`+2Ti BM i?2 BM/BpB/m�H@H2p2H KQ/2HVX

h?mb- bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT Bb �bbQ+B�i2/ rBi? � keX9 T2`+2Mi BM+`2�b2 BM �z2+iBp2

TQH�`Bx�iBQMX

h�#H2 R, JQ/2Hb Q7 �z2+iBp2 SQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2b

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti −20.54 −14.47 25.59∗

(39.36) (34.36) (0.79)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.73 −0.10

(0.60) (0.60)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.97∗

(0.35)
aQ+B�HHv@aQ`i2/ S�`iBb�M 6.77∗

(0.30)
1H2+iBQM 61b No No Y es
N 23 23 40389
R2 0.07 0.33 0.08
�/DX R2 0.02 0.26 0.08
_2bB/X b/ 6.50 5.66 28.50
ai�M/�`/ 2``Q`b BM T�`2Mi?2b2b
∗ BM/B+�i2b bB;MB}+�M+2 �i p < 0.05

h?2 }`bi irQ KQ/2Hb �`2 2H2+iBQM@H2p2H `2;`2bbBQMb Q7 �z2+iBp2 TQH�`Bx�iBQM QM i?2 T2`+2Mi�;2
Q7 bQ+B�HHv@bQ`i2/ T�`iBb�MbX h?2v b?Qr i?2`2 Bb MQ `2H�iBQMb?BT #2ir22M bQ+B�H@bQ`iBM; �M/
�z2+iBp2 TQH�`Bx�iBQM �i i?2 2H2+iBQM H2p2H BM i?2 lMBi2/ ai�i2bX h?2`2 Bb � bi`QM; `2H�iBQMb?BT
#2ir22M bQ+B�H bQ`iBM; �M/ �z2+iBp2 TQH�`Bx�iBQM �i i?2 BM/BpB/m�H H2p2H i?Qm;?X aQ+B�HHv
bQ`i2/ T�`iBb�Mb �`2 eXdd /2;`22b KQ`2 �z2+iBp2Hv TQH�`Bx2/ i?�M mMbQ`i2/ T�`iBb�MbX

>Qr /Q2b i?2 ;�T #2ir22M T�`iBb�Mb r?Q �`2 bQ+B�HHv bQ`i2/ �M/ mMbQ`i2/ p�`v �+`Qbb

Rd



2H2+iBQMb\ 6B;m`2 j b?Qrb +Q2{+B2Mib QM i?2 bQ+B�HHv@bQ`i2/ /mKKv p�`B�#H2 7`QK b2T�`�i2

PGa `2;`2bbBQMb `mM BM 2�+? 2H2+iBQMX Ai b?Qrb i?�i bQ+B�HHv@bQ`i2/ T�`iBb�Mb ?�p2 #22M

bB;MB}+�MiHv KQ`2 �z2+iBp2Hv TQH�`Bx2/ BM M2�`Hv 2p2`v 2H2+iBQM bBM+2 RNe9 ULQi2 i?�i A �TTHv

i?2 >QHK +Q``2+iBQM 7Q` KmHiBTH2 ?vTQi?2bBb i2biBM;VX h?2 QMHv 2t+2TiBQMb �`2 RNe3- RNd9-

�M/ RN33X h?2 K�;MBim/2 Q7 i?2 /Bz2`2M+2 r�b T�`iB+mH�`Hv H�`;2 BM RNN3- kyR3- �M/ kyRe-

r?2M Bi r�b Qp2` Ry TQBMibX AM kyRk- Bi r�b NXe3 TQBMibX h?2b2 �`2 H�`;2 ;�TbX h?2 T2`+2Mi�;2

BM+`2�b2 BM �z2+iBp2 TQH�`Bx�iBQM �bbQ+B�i2/ rBi? bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT ?�b #22M �#Qmi

� i?B`/ BM i?2 T�bi i?`22 T`2bB/2MiB�H 2H2+iBQMb UjN T2`+2Mi BM kyy3- k3 T2`+2Mi BM kyRk- �M/

jR T2`+2Mi BM kyReVX

6B;m`2 j, *Q2{+B2Mi QM aQ+B�H aQ`iBM; BM 2�+? �K2`B+�M 1H2+iBQM
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h?Bb };m`2 b?Qrb PGa `2;`2bbBQMb Q7 �z2+iBp2 TQH�`Bx�iBQM QM bQ`iBM; bQ`iBM; BM 2�+? �L1a
2H2+iBQM bim/v bBM+2 RNe9X L2�`Hv �HH +Q2{+B2Mib �`2 bB;MB}+�MiHv TQbBiBp2 2p2M r?2M �TTHvBM;
� >QHK +Q``2+iBQM 7Q` KmHiBTH2 ?vTQi?2bBb i2biBM;X aQ+B�HHv@bQ`i2/ T�`iBb�Mb ?�p2 #2+QK2
T�`iB+mH�`Hv /BbiBM+i BM i?2 T�bi i?`22 2H2+iBQMbX

h?2b2 /Bz2`2M+2b BM �z2+iBp2 TQH�`Bx�iBQM �`2 +QKT�`�#H2 BM K�;MBim/2 iQ i?2 2z2+ib Q7

`2+2Mi i`2�iK2Mib i?�i ?�p2 #22M 7QmM/ iQ HQr2` �z2+iBp2 TQH�`Bx�iBQMX G2p2M/mbFv UkyR3�V-
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7Q` 2t�KTH2- }M/b i?�i T`BKBM; �K2`B+�M B/2MiBiv BM+`2�b2b `�iBM;b Q7 i?2 Qmi@T�`iv #v 8Xey

/2;`22bX A7 A +?�M;2 i?2 Qmi+QK2 p�`B�#H2 iQ Qmi@T�`iv `�iBM;b- A }M/ i?�i bQ+B�HHv@bQ`i2/

T�`iBb�Mb /BbHBF2/ i?2 Qmi@T�`iv eXRR /2;`22b KQ`2 BM kyReX h?mb- i?2 ;�Tb BM �z2+iBp2

TQH�`Bx�iBQM �`2 BKTQ`i�Mi /Bz2`2M+2b i?�i b?QmH/ #2 i�F2M b2`BQmbHv #v b+?QH�`bX

h?2 /Bz2`2M+2 #2ir22M bQ+B�HHv@bQ`i2/ T�`iBb�Mb �M/ T�`iBb�Mb r?Q �`2 MQi bQ+B�HHv bQ`i2/

Bb H�`;2bi BM 2H2+iBQMb rBi? ?B;? �z2+iBp2 TQH�`Bx�iBQMX h?2 +Q``2H�iBQM #2ir22M �z2+iBp2

TQH�`Bx�iBQM �M/ i?2 ;�T #2ir22M bQ+B�HHv@bQ`i2/ �M/ mMbQ`i2/ T�`iBb�Mb Bb yXejX AM i?2 i?`22

2H2+iBQMb rBi? i?2 ?B;?2bi �z2+iBp2 TQH�`Bx�iBQM Ukyy3- kyRk- �M/ kyRe- r?2M Bi r�b �#Qp2 j8

TQBMibV- i?2 ;�T #2ir22M bQ`i2/ �M/ mMbQ`i2/ T�`iBb�Mb r�b �#Qmi Ry TQBMibX

h?2 /Bp2`;2M+2 #2ir22M bQ+B�HHv@bQ`i2/ �M/ mMbQ`i2/ T�`iBb�Mb +�M #2 b22M KQbi +H2�`Hv

BM 6B;m`2 9X Ai b?Qrb i?2 i`2M/b BM �z2+iBp2 TQH�`Bx�iBQM �KQM; #Qi? ivT2b Q7 T�`iBb�MbX

aQ+B�HHv@bQ`i2/ T�`iBb�Mb r2`2 �Hr�vb KQ`2 �z2+iBp2Hv TQH�`Bx2/X >Qr2p2`- �z2+iBp2 TQH�`@

Bx�iBQM BM+`2�b2/ +QMbB/2`�#Hv �KQM; bQ+B�HHv@bQ`i2/ T�`iBb�Mb BM i?2 RNNybX �Hi?Qm;? Bi

BM+`2�b2/ �KQM; mMbQ`i2/ T�`iBb�Mb #2ir22M kyyy �M/ kyRk- � #B; ;�T BM �z2+iBp2 TQH�`@

Bx�iBQM ?�b QT2M2/ mT #2ir22M bQ+B�HHv@bQ`i2/ �M/ mMbQ`i2/ T�`iBb�MbX Ai Bb +H2�` i?�i MQi

�HH T�`iBb�Mb ?�p2 #22M 2[m�HHv �z2+i2/ #v �z2+iBp2 TQH�`Bx�iBQMX >�pBM; � T�`iv B/2MiB}+�@

iBQM i?�i Bb `QQi2/ BM bQ+B�H ;`QmTb /BbiBM;mBb?2b T�`iBb�Mb r?Qb2 �z2+iBp2 TQH�`Bx�iBQM ?�b

BM+`2�b2/ i?2 KQbiX
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6B;m`2 9, h`2M/b BM �z2+iBp2 SQH�`Bx�iBQM �KQM; aQ+B�HHv@aQ`i2/ �M/ lMbQ`i2/ S�`iBb�Mb
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i?�M mMbQ`i2/ T�`iBb�MbX >Qr2p2`- i?2 ;�T #2ir22M i?2 irQ ivT2b Q7 T�`iBb�Mb BM+`2�b2/
bi�`iBM; BM i?2 RNNybX

jXj aQ+B�H aQ`iBM; �M/ �z2+iBp2 SQH�`Bx�iBQM *`Qbb@L�iBQM�HHv

AM i?Bb b2+iBQM- A +QMbB/2` i?2 BKT�+i Q7 bQ+B�H bQ`iBM; QM �z2+iBp2 TQH�`Bx�iBQM BM i?2 +QK@

T�`�iBp2 /�i�b2iX 6B;m`2 8 Bb � b+�ii2`THQi Q7 K2�M �z2+iBp2 TQH�`Bx�iBQM BM 2�+? +QmMi`v QM

i?2 T2`+2Mi�;2 Q7 bQ+B�HHv@bQ`i2/ T�`iBb�MbX9 Ai BM+Hm/2b �M PGa `2;`2bbBQM HBM2 �b r2HH �b �

GP1aa `2;`2bbBQM HBM2X �b r2 +�M b22- i?2`2 Bb +H2�`Hv � TQbBiBp2 `2H�iBQMb?BT #2ir22M �;@

;`2;�i2 bQ+B�H bQ`iBM; �M/ �;;`2;�i2 �z2+iBp2 TQH�`Bx�iBQMX "v 7�`- i?2 KQbi bQ+B�HHv@bQ`i2/

+QmMi`v Bb aQmi? �7`B+�- r?B+? ?�b � +Q``2bTQM/BM;Hv ?B;? H2p2H Q7 �z2+iBp2 TQH�`Bx�iBQMX

h?2 la ?�b i?2 i?B`/ ?B;?2bi H2p2H Q7 bQ+B�H bQ`iBM; �Hi?Qm;? Bi ?�b i?2 kei? ?B;?2bi H2p2H Q7

�z2+iBp2 TQH�`Bx�iBQMX
9A i�F2 i?2 �p2`�;2 �+`Qbb 2H2+iBQMb BM 2�+? +QmMi`vX

ky



6B;m`2 8, aQ+B�H aQ`iBM; �M/ �z2+iBp2 SQH�`Bx�iBQM *`Qbb@L�iBQM�HHv
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h?Bb };m`2 b?Qrb i?�i i?2`2 Bb � TQbBiBp2 `2H�iBQMb?BT #2ir22M bQ+B�H bQ`iBM; �M/ �z2+iBp2
TQH�`Bx�iBQM �i i?2 +QmMi`v H2p2HX

h�#H2 k b?Qrb +QKT�`�iBp2 KQ/2Hb Q7 �z2+iBp2 TQH�`Bx�iBQMX h?2 }`bi irQ +QHmKMb b?Qr

`2bmHib 7`QK 2H2+iBQM@H2p2H KQ/2Hb �M/ i?2 b2+QM/ b?Qr `2bmHib 7`QK �M BM/BpB/m�H@H2p2H KQ/2HX

hQ `mH2 Qmi Qi?2` TQbbB#H2 2tTH�M�iBQMb 7Q` �z2+iBp2 TQH�`Bx�iBQM- i?2 2H2+iBQM@H2p2H KQ/2Hb

BM+Hm/2 i?2 +QMi`QHb /2b+`B#2/ �#Qp2X h?2 b2+QM/ KQ/2H �HbQ +QMi`QHb 7Q` i?2 bBKmH�i2/

T2`+2Mi�;2 Q7 bQ+B�HHv@`QQi2/ T�`iBb�MbX h?2 BM/BpB/m�H@H2p2H KQ/2H BM+Hm/2b 2H2+iBQM }t2/

2z2+ibX

h?2 2H2+iBQM@H2p2H KQ/2H b?Qrb i?�i BM+`2�bBM; i?2 T2`+2Mi�;2 Q7 bQ+B�HHv@bQ`i2/ T�`iBb�Mb

#v QM2 T2`+2Mi�;2 TQBMi BM+`2�b2b �z2+iBp2 TQH�`Bx�iBQM #v yXyk TQBMibX q?2M +QMi`QHHBM;

7Q` ?Qr 2�bv Bi Bb iQ +H�bbB7v T�`iBb�Mb BM 2�+? 2H2+iBQM- i?2 ;�T BM+`2�b2b iQ yXy9 TQBMibX

h?2 KQ/2H T`2/B+ib i?�i KQpBM; 7`QK i?2 }`bi [m�`iBH2 U9yXydV iQ i?2 7Qm`i? [m�`iBH2 U88XReV

QM bQ+B�H bQ`iBM; BM+`2�b2b �z2+iBp2 TQH�`Bx�iBQM #v yXjy TQBMibX h?2 BM/BpB/m�H@H2p2H KQ/2H

b?Qrb i?�i bQ+B�HHv@bQ`i2/ T�`iBb�Mb �`2 yX9N TQBMib KQ`2 �z2+iBp2Hv TQH�`Bx2/ �+`Qbb +QmMi`B2b

kR



i?�M mMbQ`i2/ T�`iBb�MbX Pp2`�HH- i?2 ;�T #2ir22M bQ+B�HHv@bQ`i2/ �M/ mMbQ`i2/ T�`iBb�Mb Bb

bK�HH2` QmibB/2 i?2 lMBi2/ ai�i2b i?�M BM i?2 lMBi2/ ai�i2bX �z2+iBp2 TQH�`Bx�iBQM Bb 3Xed

T2`+2Mi bi`QM;2` �KQM; bQ+B�HHv@bQ`i2/ T�`iBb�Mb i?�M �KQM; mMbQ`i2/ T�`iBb�MbX

h�#H2 k, *QKT�`�iBp2 �z2+iBp2 SQH�`Bx�iBQM JQ/2Hb

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 2.31∗ 2.33∗ 5.72∗

(0.58) (0.59) (0.10)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.02∗ 0.04∗

(0.01) (0.01)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb −0.02

(0.01)
aQ+B�HHv@aQ`i2/ S�`iBb�M 0.49∗

(0.01)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.27∗ 0.27∗

(0.07) (0.07)
1L1S −0.04 −0.04

(0.03) (0.03)
a2KB@S`2bB/2MiB�H _2;BK2 −0.14 −0.12

(0.19) (0.19)
S`2bB/2MiB�H _2;BK2 −0.67∗ −0.60∗

(0.23) (0.23)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K −0.03 −0.03

(0.17) (0.17)
JBt2/ 1H2+iQ`�H avbi2K −0.31 −0.28

(0.20) (0.19)
_2 0.28 0.29 0.11
�/DX _2 0.25 0.26 0.11
LmKX Q#bX 179 179 159736
∗p < 0.05

h?2 }`bi irQ KQ/2Hb �`2 2H2+iBQM@H2p2H KQ/2Hb Q7 �z2+iBp2 TQH�`Bx�iBQMX h?2v b?Qr i?�i
2H2+iBQMb rBi? QM2 T2`+2Mi KQ`2 bQ+B�HHv@`QQi2/ T�`iBb�Mb ?�p2 yXyk TQBMib ?B;?2` �z2+iBp2
TQH�`Bx�iBQMX h?2 i?B`/ KQ/2H Bb �M BM/BpB/m�H@H2p2H KQ/2HX Ai b?Qrb i?�i bQ+B�HHv@`QQi2/
T�`iBb�Mb �`2 yX9N TQBMib KQ`2 �z2+iBp2Hv TQH�`Bx2/X LQi2 i?�i i?`22 2H2+iBQMb U>QM; EQM;
URNN3 �M/ kyyyV �M/ aHQp2MB� kyRRV r2`2 2t+Hm/2/ #2+�mb2 i?2v ?�/ 72r2` i?�M irQ T�`iB2b
rBi? �i H2�bi jy T�`iBb�Mb BM i?2 /�i�b2i

6B;m`2 e b?Qrb +Q2{+B2Mib 7`QK b2T�`�i2 PGa `2;`2bbBQMb Q7 �z2+iBp2 TQH�`Bx�iBQM QM

kk



i?2 bQ+B�H bQ`iBM; /mKKv BM 2�+? +QmMi`vX AM +QmMi`B2b rBi? KQ`2 i?�M QM2 2H2+iBQM BM

i?2 /�i�b2i- 2H2+iBQM }t2/ 2z2+ib �`2 BM+Hm/2/X h?2 };m`2 T`2b2Mib i?2 +Q2{+B2Mib #v i?2

K2�M H2p2H Q7 �z2+iBp2 TQH�`Bx�iBQM BM 2�+? +QmMi`vX Pp2`�HH- d9 T2`+2Mi Q7 +Q2{+B2Mib �`2

bB;MB}+�MiHv TQbBiBp2 �7i2` +Q``2+iBM; 7Q` KmHiBTH2 ?vTQi?2bBb i2biBM; mbBM; � >QHK +Q``2+iBQMX

�b BM la 2H2+iBQMb- i?2 T2`+2Mi�;2 Q7 bB;MB}+�MiHv TQbBiBp2 +Q2{+B2Mib BM+`2�b2b �b i?2 H2p2H

Q7 �z2+iBp2 TQH�`Bx�iBQM BM+`2�b2bX "2HQr 8- i?2 +Q2{+B2Mi QM bQ+B�HHv@`QQi2/ T�`iBb�Mb?BT Bb

QMHv bB;MB}+�Mi �M/ TQbBiBp2 BM e3 T2`+2Mi Q7 +QmMi`B2bX �#Qp2 8- Bi Bb bB;MB}+�MiHv TQbBiBp2

BM �HH +QmMi`B2bX *H2�`Hv- BM +QmMi`B2b i?�i �`2 KQ`2 �z2+iBp2Hv TQH�`Bx2/- i?2 2ti2Mi iQ r?B+?

QM2Ƕb T�`iBb�Mb?BT Bb `QQi2/ BM bQ+B�H ;`QmTb /BbiBM;mBb?2b T�`iBb�Mb r?Q �`2 KQ`2 Q` H2bb

�z2+iBp2Hv TQH�`Bx2/X

6B;m`2 e, JQ/2Hb Q7 �z2+iBp2 SQH�`Bx�iBQM BM 1�+? *QmMi`v
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h?Bb };m`2 b?Qrb i?2 +Q2{+B2Mi QM i?2 bQ+B�H bQ`iBM; /mKKv 7`QK b2T�`�i2 `2;`2bbBQMb BM
2�+? +QmMi`v Q7 �z2+iBp2 TQH�`Bx�iBQM QM i?2 bQ+B�H bQ`iBM; /mKKv �M/ 2H2+iBQM }t2/ 2z2+ib BM
+QmMi`B2b rBi? KmHiBTH2 2H2+iBQMb BM i?2 /�i�b2iX JQbi +Q2{+B2Mib �`2 TQbBiBp2 �M/ bB;MB}+�Mi
Ud9 T2`+2MiVX �HH +Q2{+B2Mib �`2 bB;MB}+�Mi BM +QmMi`B2b r?2`2 K2�M �z2+iBp2 TQH�`Bx�iBQM Bb
Qp2` 8X
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jX9 �Hi2`M�iBp2 J2�bm`2b

h?2 �#Qp2 �M�Hvb2b r2`2 #�b2/ QM K2�bm`2b Q7 T�`iBb�Mb?BT mb2/ BM i?2 �L1a �M/ i?2

*a1aX >Qr2p2`- i?2 +QM+2Ti Q7 T�`iBb�Mb?BT ?�b HQM; #22M bm#D2+i iQ +`BiB+BbK QmibB/2 i?2

la U:�``v kyydc :mMi2`K�MM kykyc h?QK�bb2M RNdeVX JQ`2 `2+2MiHv- q�;M2` UkykyV ?�b

T`QTQb2/ K2�bm`2b Q7 �z2+iBp2 TQH�`Bx�iBQM i?�i #2ii2` `2~2+i i?2 `2�HBiB2b Q7 KmHiB@T�`iv

bvbi2Kb BM r?B+? +BiBx2Mb K�v B/2MiB7v rBi? KQ`2 i?�M QM2 T�`iv �M/ BM r?B+? KmHiBTH2

+H2�p�;2b /BpB/2 pQi2`bX AM i?Bb b2+iBQM- A `2T2�i i?2 �M�Hvb2b T`2b2Mi2/ �#Qp2- #mi T`2b2Mi

`2bmHib mbBM; QM2 Q7 q�;M2`Ƕb K2�bm`2b- i?2 r2B;?i2/ /Bbi�M+2 7`QK i?2 KQbi@HBF2/ T�`ivX

6B;m`2 d b?Qrb i?2 /Bbi`B#miBQM Q7 r2B;?i2/ K2�M /Bbi�M+2b 7`QK T2QTH2Ƕb KQbi HBF2/ T�`ivX

lMHBF2 i?2 T`2pBQmb K2�bm`2b Q7 �z2+iBp2 TQH�`Bx�iBQM- i?Bb QM2 +�M QMHv ?�p2 TQbBiBp2 p�Hm2b

#v /2}MBiBQMX

�b rBi? i?2 K2�bm`2b +`2�i2/ mbBM; T�`iv B/2MiB}+�iBQM- p�Hm2b Q7 i?Bb K2�bm`2 �`2 2t@

i`2K2Hv p�`B�#H2X JQbi `2bTQM/2Mib U89 T2`+2MiV ?�p2 b+Q`2b #2ir22M R �M/ 8- r?BH2 � H�`;2

KBMQ`Biv ?�b b+Q`2b �#Qp2 8 UjN T2`+2MiVX � bK�HH KBMQ`Biv Ub2p2M T2`+2MiV ?�b � b+Q`2 Q7 y-

K2�MBM; i?�i i?2v /B/ MQi `�i2 2p2M � bBM;H2 T�`iv rBi? � MQM@M2;HB;B#H2 pQi2 b?�`2 #2HQr i?2

`�iBM; Q7 i?2B` KQbi@HBF2/ T�`ivX h?mb- �b rBi? i?2 i?2 T�`iv@B/2MiB}+�iBQM@#�b2/ K2�bm`2b-

i?2`2 Bb +QMbB/2`�#H2 p�`B�iBQM BM b+Q`2b QM i?2 r2B;?i2/ /Bbi�M+2 K2�bm`2X

k9



6B;m`2 d, .2MbBiv Q7 q2B;?i2/ J2�M .Bbi�M+2b 7`QK i?2 JQbi@GBF2/ S�`iv
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6B;m`2 j T`2b2Mib KQ/2Hb bBKBH�` iQ i?Qb2 T`2b2Mi2/ �#Qp2 #mi mbBM; i?2 r2B;?i2/ /Bb@

i�M+2 7`QK T2QTH2Ƕb KQbi@HBF2/ T�`iv �b i?2 /2T2M/2Mi p�`B�#H2X �b r2 +�M b22- �i i?2

2H2+iBQM H2p2H- i?2`2 Bb � bHB;?iHv r2�F2` `2H�iBQMb?BT #2ir22M i?2 T2`+2Mi�;2 Q7 T2QTH2 rBi?

bQ+B�HHv@bQ`i2/ T`272`2M+2b �M/ i?2 �;;`2;�i2 K2�bm`2 Q7 �z2+iBp2 TQH�`Bx�iBQM i?�M mbBM; i?2

T�`iv B/2MiB}+�iBQM K2�bm`2X �i i?2 BM/BpB/m�H H2p2H- ?Qr2p2`- i?2 `2H�iBQMb?BT Bb bi`QM;2`X

aQ+B�HHv@`QQi2/ T�`iBb�Mb �`2 yXed TQBMib KQ`2 �z2+iBp2Hv TQH�`Bx2/ i?�M MQM@`QQi2/ T�`iB@

b�MbX h?mb- i?2 }M/BM; i?�i bQ+B�HHv@`QQi2/ T�`iBb�Mb?BT Bb KQ`2 #B�b2/ ?QH/b mbBM; i?Bb

�Hi2`M�iBp2 K2�bm`2 Q7 TQH�`Bx�iBQMX a2+iBQM k Q7 i?2 PMHBM2 �TT2M/Bt T`2b2Mib bBKBH�` `2@

bmHib mbBM; i?2 i?`22 Qi?2` K2�bm`2b /2p2HQT2/ #v q�;M2` UkykyVX _2bmHib �`2 bBKBH�` rBi?

i?2 Qi?2` i?`22 K2�bm`2bX

ke



h�#H2 j, JQ/2Hb Q7 q2B;?i2/ J2�M .Bbi�M+2 7`QK JQbi@GBF2/ S�`iv

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 2.61∗ 2.62∗ 6.14∗

(0.54) (0.52) (0.08)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.02∗ 0.02∗

(0.01) (0.01)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb −0.00

(0.01)
aQ+B�HHv@aQ`i2/ S�`iBb�M 0.71∗

(0.01)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.28∗ 0.28∗

(0.05) (0.05)
1L1S 0.02 0.02

(0.04) (0.03)
a2KB@S`2bB/2MiB�H _2;BK2 −0.09 −0.08

(0.22) (0.23)
S`2bB/2MiB�H _2;BK2 −0.16 −0.16

(0.22) (0.23)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K 0.00 0.01

(0.24) (0.24)
JBt2/ 1H2+iQ`�H avbi2K −0.07 −0.06

(0.29) (0.29)
_2 0.31 0.31 0.10
�/DX _2 0.28 0.28 0.10
LmKX Q#bX 182 182 275855
∗p < 0.05

h?2 }`bi irQ KQ/2Hb �`2 2H2+iBQM@H2p2H KQ/2Hb Q7 r2B;?2/@K2�M /Bbi�M+2 7`QK i?2 KQbi@HBF2/
T�`ivX h?2v b?Qr i?�i 2H2+iBQMb rBi? QM2 T2`+2Mi KQ`2 bQ+B�HHv@`QQi2/ T�`iBb�Mb ?�p2 yXyk
TQBMib ?B;?2` �z2+iBp2 TQH�`Bx�iBQMX h?2 i?B`/ KQ/2H Bb �M BM/BpB/m�H@H2p2H KQ/2HX Ai b?Qrb
i?�i bQ+B�HHv@`QQi2/ T�`iBb�Mb �`2 yXdR TQBMib KQ`2 �z2+iBp2Hv TQH�`Bx2/X

6B;m`2 N b?Qrb +Q2{+B2Mib QM i?2 bQ+B�HHv@bQ`i2/ T�`iBb�Mb?BT /mKKv BM 2�+? +QmMi`v #v

i?2 H2p2H Q7 Qp2`�HH �z2+iBp2 TQH�`Bx�iBQM �b �bb2bb2/ mbBM; i?Bb K2�bm`2X Ai b?Qrb i?�i i?2

;�T #2ir22M bQ+B�HHv@bQ`i2/ �M/ mMbQ`i2/ T�`iBb�Mb Bb H�`;2` BM 2H2+iBQMb rBi? KQ`2 �z2+iBp2

TQH�`Bx�iBQMX Pp2`�HH- 9dXk T2`+2Mi Q7 +Q2{+B2Mib �`2 bB;MB}+�MiHv /Bz2`2Mi 7`QK y �M/ TQb@

BiBp2X h?�i T2`+2Mi�;2 Bb ?B;?2` BM +QmMi`B2b rBi? �z2+iBp2 TQH�`Bx�iBQM �#Qp2 i?2 K2/B�M

kd



UeRX8 T2`+2MiV i?�M BM +QmMi`B2b r?2`2 Bi Bb #2HQr i?2 K2/B�M UjyX3 T2`+2MiVX h?mb- �b A

7QmM/ BM Kv �M�Hvb2b �#Qp2- bQ+B�H bQ`iBM; K�ii2`b KQbi r?2M �z2+iBp2 TQH�`Bx�iBQM Bb ?B;?X

6B;m`2 N, *Q2{+B2Mi QM aQ+B�HHv@aQ`iBM; .mKKv #v J2�M q2B;?2/ .Bbi�M+2 7`QK
JQbi@GBF2/ S�`iv
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A �HbQ mb2/ i?2 +`Qbb@T`2bbm`2 b+Q`2 /2p2HQT2/ #v "`�/2`- hm+F2` �M/ h?2``B�mHi UkyR9V

�b �M 2tTH�M�iQ`v p�`B�#H2 �M/ }M/ bBKBH�` `2bmHib Ua22 a2+iBQM R Q7 i?2 PMHBM2 �TT2M/BtVX

A �HbQ i`B2/ �Hi2`M�iBp2 +H�bbB}2`bX A i`B2/ mbBM; KmHiBMQKB�H `2;`2bbBQM rBi? /2KQ;`�T?B+

p�`B�#H2b BM+Hm/2/ �//BiBp2Hv �M/ 7QmM/ bBKBH�` `2bmHibX A �HbQ i`B2/ `mMMBM; � +H�bbB}2` mbBM;

/2KQ;`�T?B+ p�`B�#H2b i?�i �`2 +QKKQM iQ �HH 2H2+iBQM bim/B2b BM i?2 *a1a �M/ 7QmM/ bBKBH�`

`2bmHibX

9 *QM+HmbBQM

_2+2Mi b+?QH�`b?BT ?�b b?QrM i?�i �z2+iBp2 TQH�`Bx�iBQM Bb � `2�HBiv BM i?2 lMBi2/ ai�i2b �M/

2Hb2r?2`2X q?BH2 MmK2`Qmb bim/B2b b22F iQ 2tTH�BM i?Bb T?2MQK2MQM- KQbi /Q MQi +QMbB/2`

?2i2`Q;2M2Biv BM �z2+iBp2 TQH�`Bx�iBQMX A +QMbB/2` bm+? p�`B�iBQM �KQM; T�`iBb�MbX

k3



"mBH/BM; QM `2+2Mi rQ`F #v J�bQM UkyR3V QM bQ+B�H bQ`iBM;- A �`;m2 i?�i T�`iBb�Mb r?Qb2

T�`iv �ii�+?K2Mib �`2 `QQi2/ BM bQ+B�H ;`QmTb �`2 KQ`2 HBF2Hv iQ ?�p2 � bi`QM; T`272`2M+2 7Q`

i?2B` BM@;`QmT Qp2` i?2 Qmi@;`QmTX A T`QpB/2 }p2 `2�bQMb 7Q` i?Bb /Bz2`2M+2X hrQ Q7 i?2K

�`2 7`QK aQ+B�H A/2MiBiv h?2Q`v, bQ+B�H bQ`iBM; +H�`B}2b r?Q Bb BM i?2 BM@;`QmT �M/ BM+`2�b2b

i?2 KQiBp�iBQM 7Q` #2BM; #B�b2/ BM 7�pQ` Q7 QM2Ƕb BM@;`QmT U_Q++�b �M/ "`2r2` kyykVX hrQ

Qi?2`b 7QHHQr 7`QK bQ+BQHQ;B+�H T2`bT2+iBp2b QM TQHBiB+�H #2?�pBQ`, bQ+B�HHv@`QQi2/ T�`iBb�Mb

+QKKmMB+�i2 KQ`2 rBi? 72HHQr T�`iBb�Mb �M/ i?2v �`2 KQ`2 2tTQb2/ iQ +m2b 7`QK bQ+B�H

;`QmT K2K#2`b r?Q bmTTQ`i i?2 b�K2 T�`ivX � }7i? `2�bQM 7QHHQrb 7`QK i?2 TQHB+v@Q`B2Mi2/

T2`bT2+iBp2 QM �z2+iBp2 TQH�`Bx�iBQM U"Qm;?2` kyRdc P`` �M/ >m#2` kykyV, bQ+B�H ;`QmT

K2K#2`b b?�`2 TQHB+v T`272`2M+2b- r?B+? BM im`M K�v T`Q/m+2 �z2+iBp2 TQH�`Bx�iBQMX

lbBM; /�i� 7`QK i?2 �K2`B+�M L�iBQM�H 1H2+iBQM aim/v U�L1aV �M/ i?2 *QKT�`�iBp2

aim/v Q7 1H2+iQ`�H avbi2Kb U*a1aV- A b?Qr i?�i i?2`2 Bb +QMbB/2`�#H2 ?2i2`Q;2M2Biv BM �z2+@

iBp2 TQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2b �M/ +`Qbb@M�iBQM�HHvX A �HbQ b?Qr i?�i bQ+B�H bQ`iBM;

�++QmMib 7Q` T�`i Q7 i?2 p�`B�iBQM BM �z2+iBp2 TQH�`Bx�iBQM �i #Qi? i?2 BM/BpB/m�H H2p2H �M/

�+`Qbb +QmMi`B2bX A b?Qr i?�i i?Bb }M/BM; ?QH/b 2p2M r?2M mbBM; �Hi2`M�iBp2 K2�bm`2b Q7

�z2+iBp2 TQH�`Bx�iBQMX

h?2b2 `2bmHib ?�p2 K�DQ` BKTHB+�iBQMb 7Q` i?2 bim/v Q7 �z2+iBp2 TQH�`Bx�iBQM �M/ 7Q`

�bb2bbK2Mib Q7 TQbbB#H2 bQHmiBQMbX q?BH2 b22FBM; iQ 2tTH�BM �z2+iBp2 TQH�`Bx�iBQM- b+?QH�`b

b?QmH/ +QMbB/2` i?�i MQi �HH T�`iBb�Mb �`2 2[m�HHv TQH�`Bx2/X h?2 p�`B�#H2b i?�i K�F2 bQK2

bQ+B�HHv@bQ`i2/ T�`iBb�Mb KQ`2 TQH�`Bx2/ KB;?i MQi ?�p2 i?2 b�K2 2z2+i QM mMbQ`i2/ T�`iBb�MbX

JQ`2Qp2`- r?2M +QMbB/2`BM; bQHmiBQMb iQ `2/m+2 �z2+iBp2 TQH�`Bx�iBQM- b+?QH�`b Kmbi +QMbB/2`

r?2i?2` i?2B` T`QTQb2/ bQHmiBQMb rQ`F QM /Bz2`2Mi ivT2b Q7 T�`iBb�MbX A7 � i`2�iK2Mi `2/m+2b

�z2+iBp2 TQH�`Bx�iBQM �KQM; mMbQ`i2/ T�`iBb�Mb- Bi b?QmH/ T`Q#�#Hv #2 b22M �b H2bb 2z2+iBp2

i?�M QM2 i?�i K�M�;2b iQ `2/m+2 Bi �KQM; bQ+B�HHv@bQ`i2/ T�`iBb�Mb- r?Qb2 ;`2�i2` BMi2`@T�`iv

�MBKQbBiv K�v #2 Km+? KQ`2 +?�HH2M;BM; iQ `2/m+2X

Jm+? KQ`2 `2K�BMb iQ #2 /QM2 iQ mM/2`bi�M/ ?2i2`Q;2M2Biv �KQM; T�`iBb�MbX q?BH2 A

?�p2 B/2MiB}2/ QM2 BKTQ`i�Mi +Q``2H�i2 Q7 ?2i2`Q;2M2Biv- i?2`2 �`2 bm`2Hv Qi?2`bX 6mim`2 rQ`F

kN



b?QmH/ B/2MiB7v i?2b2 �M/ /2i2`KBM2 ?Qr i?2v BM~m2M+2 i?2 bi`2M;i? Q7 �z2+iBp2 TQH�`Bx�iBQM

�b r2HH �b `2bTQMb2b iQ T`QTQb2/ bQHmiBQMbX

jy



_272`2M+2b

�+?2M- *?`BbiQT?2` > �M/ G�``v J "�`i2HbX kyReX .2KQ+`�+v 7Q` _2�HBbib, q?v 1H2+iBQMb

.Q LQi S`Q/m+2 _2bTQMbBp2 :Qp2`MK2MiX S`BM+2iQM, S`BM+2iQM lMBp2`bBiv S`2bbX

�?H2`- .Qm;H�b CX �M/ :�m`�p aQQ/X kyR3X ǳh?2 S�`iB2b BM Pm` >2�/b, JBbT2`+2TiBQMb �#Qmi

S�`iv *QKTQbBiBQM �M/ h?2B` *QMb2[m2M+2bXǴ CQm`M�H Q7 SQHBiB+b 3yUjVX

"�BH- *?`BbiQT?2` �- GBb� S �`;vH2- h�vHQ` q "`QrM- CQ?M S "mKTmb- >�Q?�M *?2M-

J" 6�HHBM >mMx�F2`- C�2KBM G22- J�`+mb J�MM- 6`B2/QHBM J2`?Qmi �M/ �H2t�M/2` oQH@

7QpbFvX kyR3X ǳ1tTQbm`2 iQ PTTQbBM; oB2rb QM aQ+B�H J2/B� +�M AM+`2�b2 SQHBiB+�H SQH�`@

Bx�iBQMXǴ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b RR8UjdV,NkReĜNkkRX

"�`i2Hb- G�``v JX kyykX ǳ"2vQM/ i?2 `mMMBM; i�HHv, S�`iBb�M #B�b BM TQHBiB+�H T2`+2TiBQMbXǴ

SQHBiB+�H #2?�pBQ` k9UkV,RRdĜR8yX Aa"L, yRNy@Njky Sm#HBb?2`, aT`BM;2`X

"Qm;?2`- GQ`B .X kyRdX ǳh?2 *Q``2H�i2b Q7 .Bb+Q`/, A/2MiBiv- Abbm2 �HB;MK2Mi- �M/ SQHBiB+�H

>QbiBHBiv BM SQH�`Bx2/ �K2`B+�XǴ SQHBiB+�H "2?�pBQ` jNUjV,djRĜdekX

"`�/2`- h2/- CQb?m� �X hm+F2` �M/ �M/`2r h?2``B�mHiX kyR9X ǳ*`Qbb T`2bbm`2 b+Q`2b, �M

BM/BpB/m�H@H2p2H K2�bm`2 Q7 +mKmH�iBp2 T�`iBb�M T`2bbm`2b �`BbBM; 7`QK bQ+B�H ;`QmT K2K@

#2`b?BTbXǴ SQHBiB+�H "2?�pBQ` jeURV,kjĜ8RX Aa"L, yRNy@Njky Sm#HBb?2`, aT`BM;2`X

"`2BK�M- G2QX kyyRX ǳ_�M/QK 6Q`2bibXǴ J�+?BM2 G2�`MBM; 98,8ĜjkX

"mHHQ+F- CQ?M : �M/ :�#`B2H G2MxX kyRNX ǳS�`iBb�M "B�b BM am`p2vbXǴ �MMm�H _2pB2r Q7

SQHBiB+�H a+B2M+2 kkX

*�KT#2HH- �M;mb- S?BHBT 1 *QMp2`b2- q�``2M 1 JBHH2` �M/ .QM�H/ 1 aiQF2bX RNeyX h?2

�K2`B+�M oQi2`X L2r uQ`F, qBH2vX

*?2M- J E2Bi? �M/ _vM2 _Q?H�X kyR3X ǳh?2 1z2+i Q7 S�`iBb�Mb?BT �M/ SQHBiB+�H �/p2`iBbBM;

QM *HQb2 6�KBHv hB2bXǴ a+B2M+2 jeyUejNkV,RykyĜRyk9X

jR



*HBMiQM- CQb?m�- CQM *Q?2M- CQ?M a G�TBMbFB �M/ J�`+ h`mbbH2`X kykyX ǳS�`iBb�M S�M/2KB+,

>Qr S�`iBb�Mb?BT �M/ Sm#HB+ >2�Hi? *QM+2`Mb �z2+i AM/BpB/m�HbǶ aQ+B�H .Bbi�M+BM; .m`BM;

*PoA.@RNXǴ �p�BH�#H2 �i aa_L jejjNj9 X

*a1aX kyRNX ǳ*a1a AMi2;`�i2/ JQ/mH2 .�i�b2i UAJ.V (.�i�b2i �M/ /Q+mK2Mi�iBQM)XǴX

l_G, RyXd3y9f+b2bXBK/XkyRN@Ry@Rd

.�HiQM- _mbb2HH CX kyy3X ǳh?2 Zm�MiBiv �M/ i?2 Zm�HBiv Q7 S�`iv avbi2Kb, S�`iv avb@

i2K SQH�`Bx�iBQM- Aib J2�bm`2K2Mi- �M/ Aib *QMb2[m2M+2bXǴ *QKT�`�iBp2 SQHBiB+�H aim/B2b

9RUdV,3NNĜNkyX

.2HH�SQbi�- .�MB2H- uQM;`2M a?B �M/ JB+?�2H J�+vX kyR8X ǳq?v .Q GB#2`�Hb .`BMF G�ii2b\Ǵ

�K2`B+�M CQm`M�H Q7 aQ+BQHQ;v RkyU8V,R9djĜR8RRX

.`m+FK�M- C�K2b LX- 1`BF S2i2`bQM �M/ _mM2 aHQi?mmbX kyRjX ǳ>Qr 2HBi2 T�`iBb�M TQH�`@

Bx�iBQM �z2+ib Tm#HB+ QTBMBQM 7Q`K�iBQMXǴ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r RydURV,8dĜdNX

Aa"L, yyyj@y889 Sm#HBb?2`, *�K#`B/;2 lMBp2`bBiv S`2bbX

.`m+FK�M- C�K2b LX- J�ii?2r aX G2p2M/mbFv �M/ �m/`2v J+G�BMX kyR3X ǳLQ M22/ iQ

r�i+?, >Qr i?2 2z2+ib Q7 T�`iBb�M K2/B� +�M bT`2�/ pB� BMi2`T2`bQM�H /Bb+mbbBQMbXǴ �K2`@

B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 ekURV,NNĜRRkX Aa"L, yyNk@838j Sm#HBb?2`, qBH2v PMHBM2

GB#`�`vX

.`m+FK�M- C�K2b- a EH�`- u E`mTMBFQp- J G2p2M/mbFv �M/ C" _v�MX kyRNX h?2 AHHmbBQM Q7

�z2+iBp2 SQH�`Bx�iBQMgS?. i?2bBb aiQMv "`QQF lMBp2`bBivX

.`m+FK�M- C�K2b- a�K�`� EH�`- u�MM� E`mTMBFQp- J�ii?2r G2p2M/mbFv �M/ CQ?M "�``v

_v�MX kykyX ǳh?2 SQHBiB+�H AKT�+i Q7 �z2+iBp2 SQH�`Bx�iBQM, >Qr S�`iBb�M �MBKmb a?�T2b

*PoA.@RN �iiBim/2bXǴ LQ`i?r2bi2`M AMbiBimi2 7Q` SQHB+v _2b2�`+? qQ`FBM; S�T2` X

1;�M- S�i`B+F CX kyRNX ǳA/2MiBiv �b .2T2M/2Mi p�`B�#H2, >Qr �K2`B+�Mb a?B7i h?2B` A/2MiBiB2b

iQ �HB;M rBi? h?2B` SQHBiB+bXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 X

jk



1MMb- S2i2` E- S�mH J E2HHbi2/i �M/ :`2;Q`v 1 J+�pQvX kyRkX ǳh?2 +QMb2[m2M+2b Q7

T�`iBb�Mb?BT BM 2+QMQKB+ T2`+2TiBQMbXǴ Sm#HB+ PTBMBQM Zm�`i2`Hv deUkV,k3dĜjRyX

:�/�`B�M- a?�M� Emb?M2`- a�`� q�HH�+2 :QQ/K�M �M/ h?QK�b " S2TBMbFvX kykyX ǳS�`iBb�M@

b?BT- ?2�Hi? #2?�pBQ`- �M/ TQHB+v �iiBim/2b BM i?2 2�`Hv bi�;2b Q7 i?2 *PoA.@RN T�M/2KB+XǴ

>2�Hi? "2?�pBQ`- �M/ SQHB+v �iiBim/2b BM i?2 1�`Hv ai�;2b Q7 i?2 *PoA.@RN S�M/2KB+ X

:�``v- CQ?MX kyydX ǳJ�FBM; S�`iv A/2MiB}+�iBQM JQ`2 o2`b�iBH2, PT2`�iBQM�HBbBM; i?2 *QM@

+2Ti 7Q` i?2 JmHiBT�`iv a2iiBM;XǴ 1H2+iQ`�H aim/B2b keUkV,j9eĜj83X

:2`#2`- �H�M a �M/ :`2;Q`v � >m#2`X kyRyX ǳS�`iBb�Mb?BT- SQHBiB+�H *QMi`QH- �M/ 1+QMQKB+

�bb2bbK2MibXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 89URV,R8jĜRdjX

:B/`QM- LQ�K- C�K2b �/�Kb �M/ qBHH >Q`M2X kyRNX ǳhQr�`/ � *QKT�`�iBp2 _2b2�`+?

�;2M/� QM �z2+iBp2 SQH�`Bx�iBQM BM J�bb Sm#HB+bXǴ �Sa� *QKT�`�iBp2 SQHBiB+b L2rbH2ii2`

kNURV,jyĜjeX

:B7i- E�`2M �M/ h?QK�b :B7iX kyR8X ǳ.Q2b SQHBiB+b AM~m2M+2 >B`BM;\ 1pB/2M+2 7`QK �

_�M/QKBx2/ 1tT2`BK2MiXǴ SQHBiB+�H "2?�pBQ` jdUjV,e8jĜed8X

:`22M- .QM�H/ SX- "`�/H2v S�HK[mBbi �M/ 1`B+ a+?B+FH2`X kyykX S�`iBb�M ?2�`ib �M/ KBM/b,

SQHBiB+�H T�`iB2b �M/ i?2 bQ+B�H B/2MiBiB2b Q7 pQi2`bX u�H2 lMBp2`bBiv S`2bbX

:`22M2- ai2p2MX kyy9X ǳaQ+B�H A/2MiBiv h?2Q`v �M/ S�`iv A/2MiB}+�iBQMXǴ aQ+B�H a+B2M+2

Zm�`i2`Hv 38URV,RjeĜR8jX

:mMi2`K�MM- 1`B+X kykyX "2vQM/ S�`iv A/2MiB}+�iBQMX AM _2b2�`+? >�M/#QQF QM SQHBiB@

+�H S�`iBb�Mb?BT- 2/X >2M`BF Pb+�`bbQM �M/ aƺ`2M >QHK#2`;X 1/r�`/ 1H;�` Sm#HBb?BM;

TTX jj8Ĝj93X

>2`b?- 1Bi�M . �M/ J�ii?2r L :QH/2M#2`;X kyReX ǳ.2KQ+`�iB+ �M/ _2Tm#HB+�M S?vbB+B�Mb

S`QpB/2 .Bz2`2Mi *�`2 QM SQHBiB+Bx2/ >2�Hi? Abbm2bXǴ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv

Q7 a+B2M+2b RRjU9kV,RR3RRĜRR3ReX

jj



>2i?2`BM;iQM- J�`+ C �M/ h?QK�b C _m/QHT?X kyR8X q?v q�b?BM;iQM qQMǶi qQ`F, SQ@

H�`Bx�iBQM- SQHBiB+�H h`mbi- �M/ i?2 :Qp2`MBM; *`BbBbX *?B+�;Q, lMBp2`bBiv Q7 *?B+�;Q

S`2bbX

>Q#QHi- a�`�- h?QK�b C G22T2` �M/ C�K2b hBHH2vX kykyX ǳ.BpB/2/ #v i?2 oQi2, �z2+iBp2

SQH�`Bx�iBQM BM i?2 q�F2 Q7 i?2 "`2tBi _272`2M/mKXǴ "`BiBb? CQm`M�H Q7 SQHBiB+�H a+B2M+2 X

>m#2`- :`2;Q`v � �M/ L2BH J�H?Qi`�X kyRdX ǳSQHBiB+�H >QKQT?BHv BM aQ+B�H _2H�iBQMb?BTb,

1pB/2M+2 7`QK PMHBM2 .�iBM; "2?�pBQ`XǴ h?2 CQm`M�H Q7 SQHBiB+b dNURV,keNĜk3jX

>m//v- G2QMB2X kyyRX ǳ6`QK aQ+B�H iQ SQHBiB+�H A/2MiBiv, � *`BiB+�H 1t�KBM�iBQM Q7 aQ+B�H

A/2MiBiv h?2Q`vXǴ SQHBiB+�H Sbv+?QHQ;v kkURV,RkdĜR8eX

>m//v- G2QMB2- GBHHB�M� J�bQM �M/ G2M2 ��`Ǡ2X kyR8X ǳ1tT`2bbBp2 T�`iBb�Mb?BT, *�KT�B;M

BMpQHp2K2Mi- TQHBiB+�H 2KQiBQM- �M/ T�`iBb�M B/2MiBivXǴ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r

RyNURV,RĜRdX Aa"L, yyyj@y889 Sm#HBb?2`, *�K#`B/;2 lMBp2`bBiv S`2bbX

Av2M;�`- a?�MiQ- :�m`�p aQQ/ �M/ uT?i�+? G2HF2bX kyRkX ǳ�z2+i- MQi B/2QHQ;v, � bQ+B�H

B/2MiBiv T2`bT2+iBp2 QM TQH�`Bx�iBQMXǴ Sm#HB+ QTBMBQM [m�`i2`Hv deUjV,9y8Ĝ9jRX Aa"L, yyjj@

jeks Sm#HBb?2`, Pt7Q`/ lMBp2`bBiv S`2bbX

Av2M;�`- a?�MiQ �M/ a2�M CX q2birQQ/X kyR8X ǳ62�` �M/ HQ�i?BM; �+`Qbb T�`iv HBM2b, L2r

2pB/2M+2 QM ;`QmT TQH�`Bx�iBQMXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 8NUjV,eNyĜdydX

Aa"L, yyNk@838j Sm#HBb?2`, qBH2v PMHBM2 GB#`�`vX

Av2M;�`- a?�MiQ- uT?i�+? G2HF2b- J�ii?2r G2p2M/mbFv- L2BH J�H?Qi`� �M/ a2�M CX q2bi@

rQQ/X kyRNX ǳh?2 Q`B;BMb �M/ +QMb2[m2M+2b Q7 �z2+iBp2 TQH�`Bx�iBQM BM i?2 lMBi2/ ai�i2bXǴ

�MMm�H _2pB2r Q7 SQHBiB+�H a+B2M+2 kk,RkNĜR9eX Aa"L, RyN9@kNjN Sm#HBb?2`, �MMm�H _2@

pB2rbX

E�HKQ2- L�i?�M S �M/ GBHHB�M� J�bQMX kyRNX G2i?�H K�bb T�`iBb�Mb?BT, S`2p�H2M+2- +Q``2@

H�i2b- �M/ 2H2+iQ`�H +QMiBM;2M+B2bX AM L*�Sa� �K2`B+�M SQHBiB+b J22iBM;X
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EH�`- a�K�`�X kyR9X ǳS�`iBb�Mb?BT BM � aQ+B�H a2iiBM;XǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2

83UjV,e3dĜdy9X

EH�`- a�K�`�- u�MM� E`mTMBFQp �M/ CQ?M "�``v _v�MX kyR3X ǳ�z2+iBp2 TQH�`Bx�iBQM Q` T�`@

iBb�M /Bb/�BM\ lMi�M;HBM; � /BbHBF2 7Q` i?2 QTTQbBM; T�`iv 7`QK � /BbHBF2 Q7 T�`iBb�Mb?BTXǴ

Sm#HB+ PTBMBQM Zm�`i2`Hv 3kUkV,jdNĜjNyX Aa"L, yyjj@jeks Sm#HBb?2`, Pt7Q`/ lMBp2`bBiv

S`2bb laX

E`mT2MFBM- J�b?�X kykyX ǳ.Q2b S�`iBb�Mb?BT �z2+i *QKTHB�M+2 rBi? :Qp2`MK2Mi _2+QK@

K2M/�iBQMb\Ǵ SQHBiB+�H "2?�pBQ` TTX RĜkkX

G��FbQ- J�`FFm �M/ _2BM h��;2T2`�X RNdNX ǳǳ1z2+iBp2Ǵ LmK#2` Q7 S�`iB2b, � J2�bm`2

rBi? �TTHB+�iBQM iQ q2bi 1m`QT2XǴ *QKT�`�iBp2 SQHBiB+�H aim/B2b RkURV,jĜkdX

G�pBM2- >Qr�`/ :X- *?`BbiQT?2` .X CQ?MbiQM �M/ J�`+Q _X ai22M#2`;2MX kyRkX h?2 �K#Bp�@

H2Mi T�`iBb�M, >Qr +`BiB+�H HQv�Hiv T`QKQi2b /2KQ+`�+vX Pt7Q`/ lMBp2`bBiv S`2bbX

G�x�`b72H/- S�mH 6X- "2`M�`/ "2`2HbQM �M/ >�x2H :�m/2iX RN93X h?2 S2QTH2Ƕb *?QB+2, >Qr

i?2 oQi2` J�F2b lT >Bb JBM/ BM � S`2bB/2MiB�H *�KT�B;MX L2r uQ`F, *QHmK#B� lMBp2`bBiv

S`2bbX

G2HF2b- uT?i�+?- :�m`�p aQQ/ �M/ a?�MiQ Av2M;�`X kyRdX ǳh?2 >QbiBH2 �m/B2M+2, h?2 1z2+i

Q7 �++2bb iQ "`Q�/#�M/ AMi2`M2i QM S�`iBb�M �z2+iXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2

eRURV,8ĜkyX Aa"L, yyNk@838j Sm#HBb?2`, qBH2v PMHBM2 GB#`�`vX

G2Mx- :�#`B2H aX kyRkX 6QHHQr h?2 G2�/2`\ >Qr oQi2`b _2bTQM/ iQ SQHBiB+B�MbǶ SQHB+B2b �M/

S2`7Q`K�M+2X *?B+�;Q, lMBp2`bBiv Q7 *?B+�;Q S`2bbX

G2`K�M- �Kv 1- J2`2/Bi? G a�/BM �M/ a�Km2H h`�+?iK�MX kyRdX ǳSQHB+v lTi�F2 �b SQHBiB+�H

"2?�pBQ`, 1pB/2M+2 7`QK i?2 �zQ`/�#H2 *�`2 �+iXǴ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r

RRRU9V,d88ĜddyX
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G2p2M/mbFv- J�ii?2rX kyyNX h?2 S�`iBb�M aQ`i, >Qr GB#2`�Hb "2+�K2 .2KQ+`�ib �M/

*QMb2`p�iBp2b "2+�K2 _2Tm#HB+�MbX *?B+�;Q, lMBp2`bBiv Q7 *?B+�;Q S`2bbX

G2p2M/mbFv- J�ii?2rX kyRjX ǳS�`iBb�M J2/B� 1tTQbm`2 �M/ �iiBim/2b hQr�`/ i?2 PTTQbB@

iBQMXǴ SQHBiB+�H *QKKmMB+�iBQM jyU9V,8e8Ĝ83RX

G2p2M/mbFv- J�ii?2r �M/ L2BH J�H?Qi`�X kyReX ǳ.Q2b J2/B� *Qp2`�;2 Q7 S�`iBb�M SQH�`Bx�@

iBQM �z2+i SQHBiB+�H �iiBim/2b\Ǵ SQHBiB+�H *QKKmMB+�iBQM jjUkV,k3jĜjyRX Aa"L, Ry83@9eyN

Sm#HBb?2`, h�vHQ` � 6`�M+BbX

G2p2M/mbFv- J�ii?2r aX kyR3�X ǳ�K2`B+�Mb- LQi S�`iBb�Mb, *�M S`BKBM; �K2`B+�M L�iBQM�H

A/2MiBiv _2/m+2 �z2+iBp2 SQH�`Bx�iBQM\Ǵ h?2 CQm`M�H Q7 SQHBiB+b 3yURV,8NĜdyX

G2p2M/mbFv- J�ii?2r aX kyR3#X ǳq?2M 1zQ`ib iQ .2TQH�`Bx2 i?2 1H2+iQ`�i2 6�BHXǴ Sm#HB+

PTBMBQM Zm�`i2`Hv 3kUjV,83jĜ8NkX

G2pBibFv- ai2p2M �M/ .�MB2H wB#H�iiX kyR3X >Qr .2KQ+`�+B2b .B2X L2r uQ`F, "`Q�/r�v

"QQFbX

J�F`B/Bb- *?`BbiQb �M/ CQM�i?�M h _Qi?r2HHX kykyX ǳh?2 _2�H *Qbi Q7 SQHBiB+�H SQH�`Bx�iBQM,

1pB/2M+2 7`QK i?2 *PoA.@RN S�M/2KB+XǴ �p�BH�#H2 �i aa_L jej3jdj X

J�bQM- GBHB�M�X kyR3X ǳlM+BpBH �;`22K2Mi, >Qr SQHBiB+b "2+�K2 Pm` A/2MiBivXǴX

J�bQM- GBHHB�M�X kyReX ǳ� +`Qbb@+miiBM; +�HK, >Qr bQ+B�H bQ`iBM; /`Bp2b �z2+iBp2 TQH�`@

Bx�iBQMXǴ Sm#HB+ PTBMBQM Zm�`i2`Hv 3yUaRV,j8RĜjddX Aa"L, yyjj@jeks Sm#HBb?2`, Pt7Q`/

lMBp2`bBiv S`2bb laX

J�bQM- GBHHB�M� �M/ CmHB2 q`QMbFBX kyR3X ǳPM2 h`B#2 iQ "BM/ h?2K �HH, >Qr Pm` aQ+B�H

:`QmT �ii�+?K2Mib ai`2M;i?2M S�`iBb�Mb?BTXǴ �/p�M+2b BM SQHBiB+�H Sbv+?QHQ;v jN amTTHX

R,k8dĜkddX

J+*�`iv- LQH�M- E2Bi? hX SQQH2 �M/ >Qr�`/ _Qb2Mi?�HX kyyeX SQH�`Bx2/ �K2`B+�, h?2

.�M+2 Q7 A/2QHQ;v �M/ lM2[m�H _B+?2bX *�K#`B/;2- J�bb, JAh S`2bbX

je



J+*QMM2HH- *?`BbiQT?2`- uQi�K J�`;�HBi- L2BH J�H?Qi`� �M/ J�ii?2r G2p2M/mbFvX kyR3X

ǳh?2 1+QMQKB+ *QMb2[m2M+2b Q7 S�`iBb�Mb?BT BM SQH�`Bx2/ 1`�XǴ �K2`B+�M CQm`M�H Q7

SQHBiB+�H a+B2M+2 ekURV,8ĜR3X

JB+?2HBi+?- E`BbiBMX kyR8X ǳ.Q2b 1H2+iQ`�H *QKT2iBiBQM 1t�+2`#�i2 AMi2`2i?MB+ Q` AMi2`@

T�`iBb�M 1+QMQKB+ .Bb+`BKBM�iBQM\ 1pB/2M+2 7`QK � 6B2H/ 1tT2`BK2Mi BM J�`F2i S`B+2

"�`;�BMBM;XǴ h?2 �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r RyNURV,9jX

Jmix- .B�M� *X kyyk�X ǳh?2 *QMb2[m2M+2b Q7 *`Qbb@*miiBM; L2irQ`Fb 7Q` SQHBiB+�H S�`iB+B@

T�iBQMXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 9eU9V,3j3Ĝ388X

Jmix- .B�M� *X kyyk#X ǳ*`Qbb@*miiBM; aQ+B�H L2irQ`Fb, h2biBM; .2KQ+`�iB+ h?2Q`v BM

S`�+iB+2XǴ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r NeURV,RRRĜRkeX

LB+?QHbQM- ai2T?2M S- *?2Hb2� J *Q2- C�bQM 1KQ`v �M/ �MM� o aQM;X kyReX ǳh?2 SQHBiB+b

Q7 "2�miv, h?2 1z2+ib Q7 S�`iBb�M "B�b QM S?vbB+�H �ii`�+iBp2M2bbXǴ SQHBiB+�H "2?�pBQ`

j3U9V,33jĜ3N3X

P``- GBHH� o �M/ :`2;Q`v � >m#2`X kykyX ǳh?2 SQHB+v "�bBb Q7 J2�bm`2/ S�`iBb�M �MBKQbBiv

BM i?2 lMBi2/ ai�i2bXǴ �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 e9UjV,8eNĜ83eX

S�M�;QTQmHQb- *Qbi�b- .QM�H/ S :`22M- CQM�i?�M E`�bMQ- JB+?�2H a+?r�K@"�B`/- 1`B+

JQQ`2 �M/ EvH2 1M/`2bX kyReX _BbFv "mbBM2bb, .Q2b *Q`TQ`�i2 SQHBiB+�H :BpBM; �z2+i

*QMbmK2` "2?�pBQ`\ AM �MMm�H J22iBM; Q7 i?2 �K2`B+�M SQHBiB+�H a+B2M+2 �bbQ+B�iBQM-

S?BH�/2HT?B�X

_2BHD�M- �M/`2bX kykyX ǳǵ62�` �M/ HQ�i?BM; �+`Qbb T�`iv HBM2bǶU�HbQV BM 1m`QT2, �z2+iBp2

TQH�`Bb�iBQM BM 1m`QT2�M T�`iv bvbi2KbXǴ 1m`QT2�M DQm`M�H Q7 TQHBiB+�H `2b2�`+? 8NUkV,jdeĜ

jNeX Aa"L, yjy9@9Rjy Sm#HBb?2`, qBH2v PMHBM2 GB#`�`vX

_Q#BbQM- CQb?m� �M/ _�+?2H GX JQbFQrBixX kyRNX ǳh?2 :`QmT "�bBb Q7 S�`iBb�M �z2+iBp2

SQH�`Bx�iBQMXǴ h?2 CQm`M�H Q7 SQHBiB+b 3RUjVX

jd



_Q++�b- aQMB� �M/ J�`BHvMM " "`2r2`X kyykX ǳaQ+B�H A/2MiBiv *QKTH2tBivXǴ S2`bQM�HBiv �M/

aQ+B�H Sbv+?QHQ;v _2pB2r eUkV,33ĜRyeX

_Q;QrbFB- CQM *X �M/ CQb2T? GX ami?2`H�M/X kyReX ǳ>Qr B/2QHQ;v 7m2Hb �z2+iBp2 TQH�`Bx�iBQMXǴ

SQHBiB+�H "2?�pBQ` j3UkV,938Ĝ8y3X

a?2`B7- Jmx�72`X RN8eX 1tT2`BK2Mib BM :`QmT *QM~B+iX oQHX RN8X

aQK2`- Jm`�i �M/ C2MMB72` J+*QvX kyR3X ǳ.ûD¨ pm\ SQH�`Bx�iBQM �M/ 2M/�M;2`2/ /2KQ+`�@

+B2b BM i?2 kRbi +2Mim`vXǴX

aQQ/- :�m`�p �M/ a?�MiQ Av2M;�`X kyReX ǳ*QKBM; iQ .BbHBF2 vQm` PTTQM2Mib, h?2 SQH�`BxBM;

AKT�+i Q7 SQHBiB+�H *�KT�B;MbXǴ �p�BH�#H2 �i aa_L k39ykk8 X

h�D72H- >2M`BX RNdyX ǳ1tT2`BK2Mib BM BMi2`;`QmT /Bb+`BKBM�iBQMXǴ a+B2MiB}+ �K2`B+�M

kkjU8V,NeĜRyjX Aa"L, yyje@3djj Sm#HBb?2`, CahP_X

h�D72H- >2M`B- CQ?M *X hm`M2`- qBHHB�K :X �mbiBM �M/ ai2T?2M qQ`+?2HX RNdNX ǳ�M BMi2;`�iBp2

i?2Q`v Q7 BMi2`;`QmT +QM~B+iXǴ P`;�MBx�iBQM�H B/2MiBiv, � `2�/2` 8e,e8X Sm#HBb?2`, Pt7Q`/

lMBp2`bBiv S`2bb Pt7Q`/- lEX

h?QK�bb2M- C�+[m2bX RNdeX S�`iv A/2MiB}+�iBQM �b � *`Qbb@L�iBQM�H *QM+2Ti, Aib J2�MBM;

BM i?2 L2i?2`H�M/bX AM S�`iv A/2MiB}+�iBQM �M/ "2vQM/- 2/X A�M "m/;2- ApQ` *`2r2 �M/

.2MMBb 6�`HB2X L2r uQ`F, CQ?M qBH2v �M/ aQMb TTX kejĜkeeX

q�;M2`- J�`FmbX kykyX ǳ�z2+iBp2 TQH�`Bx�iBQM BM KmHiBT�`iv bvbi2KbXǴ 1H2+iQ`�H aim/B2b X

q2#bi2`- ai2p2M q �M/ �H�M A �#`�KQrBixX kyRdX ǳh?2 A/2QHQ;B+�H 6QmM/�iBQMb Q7 �z2+iBp2

SQH�`Bx�iBQM BM i?2 la 1H2+iQ`�i2XǴ �K2`B+�M SQHBiB+b _2b2�`+? 98U9V,ekRĜe9dX

q2birQQ/- a2�M CX- a?�MiQ Av2M;�`- ai27��M q�H;`�p2- _�7�2H G2QMBbBQ- GmBb JBHH2` �M/

PHBp2` ai`BD#BbX kyR3X ǳh?2 iB2 i?�i /BpB/2b, *`QbbɢM�iBQM�H 2pB/2M+2 Q7 i?2 T`BK�+v Q7 T�`@

ivBbKXǴ 1m`QT2�M CQm`M�H Q7 SQHBiB+�H _2b2�`+? 8dUkV,jjjĜj89X Aa"L, yjy9@9Rjy Sm#HBb?2`,

qBH2v PMHBM2 GB#`�`vX
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aQ+B�HHv@aQ`i2/ S�`iBb�Mb �`2 JQ`2 �z2+iBp2Hv
SQH�`Bx2/, 1pB/2M+2 7`QK i?2 lMBi2/ ai�i2b �M/

1Hb2r?2`2
PMHBM2 �TT2M/Bt

1`B+ :mMi2`K�MM
lMBp2`bBiv Q7 *�HB7Q`MB�- "2`F2H2v

P+iQ#2` 3- kyky

R �M�Hvb2b mbBM; `2p2`b2 +`Qbb@T`2bbm`2 b+Q`2b
h?2b2 �M�Hvb2b �`2 #�b2/ QM i?2 +`Qbb@T`2bbm`2 b+Q`2 T`QTQb2/ #v "`�/2`- hm+F2` �M/ h?2`@
`B�mHi UkyR9VX >Qr2p2`- A /Q MQi `2b+�H2 i?2K bQ i?�i ?B;?2` p�Hm2b BM/B+�i2 ;`2�i2` +`Qbb@
T`2bbm`2bX AMbi2�/- ?B;?2` p�Hm2b BM/B+�i2 KQ`2 bQ+B�H bQ`iBM;X h?2 MmK#2` Q7 2H2+iBQMb 7Q`
r?B+? A +�M +�H+mH�i2 +`Qbb@T`2bbm`2 b+Q`2b Bb bK�HH2` i?�M i?2 MmK#2` 7Q` r?B+? A ?�p2
K2�bm`2b Q7 +Q``2+i +H�bbB}+�iBQM #2+�mb2 A 2t+Hm/2 T�`iBb�Mb rBi? p�Hm2b Q7 7�+iQ` p�`B�#H2b
b?�`2/ #v 72r2` i?�M jy `2bTQM/2MibX h?Bb Bb M2+2bb�`v iQ ;2i i?2 `2;`2bbBQM KQ/2Hb iQ `mMX
h?2 t@�bBb BM i?2 };m`2 #2HQr Bb QM � HQ; Ry b+�H2X



6B;m`2 R, _2p2`b2 *`Qbb@S`2bbm`2b �M/ �z2+iBp2 SQH�`Bx�iBQM
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h�#H2 R, �z2+iBp2 SQH�`Bx�iBQM JQ/2Hb

1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 3.32∗ 5.77∗

(0.38) (0.10)
*`Qbb@S`2bbm`2b a+Q`2 2.72∗ 1.26∗

(0.83) (0.07)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.23∗

(0.07)
1L1S −0.06

(0.04)
a2KB@S`2bB/2MiB�H _2;BK2 −0.16

(0.19)
S`2bB/2MiB�H _2;BK2 −0.53∗

(0.21)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K −0.03

(0.18)
JBt2/ 1H2+iQ`�H avbi2K −0.31

(0.18)
_2 0.26 0.10
�/DX _2 0.23 0.10
LmKX Q#bX 162 122251
∗p < 0.05

h?2b2 �M�Hvb2b BM+Hm/2 72r2` 2H2+iBQMb i?�M _�M/QK 6Q`2bi KQ/2Hb #2+�mb2 Q7 HQbi +�b2b /m2
iQ bK�HH MmK#2`b BM p�`B�#H2 +�i2;Q`B2bX
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6B;m`2 k, *Q2{+B2Mib QM _2p2`b2 *S a+Q`2b �M/ �z2+iBp2 SQH�`Bx�iBQM *`Qbb@L�iBQM�HHv
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k �M�Hvb2b mbBM; K2�bm`2b Q7 �z2+iBp2 TQH�`Bx�iBQM T`Q@
TQb2/ #v q�;M2` UkykyV

AM �//BiBQM iQ i?2 r2B;?i2/ K2�M /Bbi�M+2 7`QK i?2 KQbi@HBF2/ T�`iv A mb2 BM i?2 K�BM i2ti-
q�;M2` UkykyV T`QTQb2b i?`22 Qi?2` K2�bm`2b,

Ç lMr2B;?i2/ K2�M /Bbi�M+2 7`QK i?2 KQbi@HBF2/ T�`iv

lMr2B;?i2/ .Bbi�M+2i =

√∑P
p=1(likeip − likemax,i)2

np
URV

Ç lMr2B;?i2/ aT`2�/ Q7 HBF2@/BbHBF2 b+Q`2b

lMr2B;?i2/ aT`2�/i =

√∑P
p=1(likeip − likei)2

np
UkV

r?2`2 likei Bb i?2 �p2`�;2 HBF2@/BbHBF2 b+Q`2 `2bTQM/2Mi B ;Bp2b �+`Qbb �HH T�`iB2bX

Ç q2B;?i2/ aT`2�/ Q7 HBF2@/BbHBF2 b+Q`2b

q2B;?i2/ aT`2�/i =

√√√√
P∑

p=1

Vp(likeip − likei)2 UjV

9



r?2`2 likei =
∑P

p=1 Vp ∗ likeip

6B;m`2 j, .Bbi`B#miBQMb Q7 1�+? J2�bm`2 Q7 �z2+iBp2 SQH�`Bx�iBQM

U�V lMr2B;?i2/ J2�M .Bbi�M+2 7`QK i?2
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h�#H2 k, JQ/2Hb Q7 lMr2B;?i2/ J2�M .Bbi�M+2 7`QK JQbi@GBF2/ S�`iv

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 2.91∗ 2.91∗ 6.34∗

(0.52) (0.51) (0.07)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.02∗ 0.02∗

(0.01) (0.01)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.00

(0.01)
aQ+B�HHv@aQ`i2/ S�`iBb�M 0.44∗

(0.01)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.24∗ 0.24∗

(0.05) (0.05)
1L1S 0.02 0.02

(0.03) (0.02)
a2KB@S`2bB/2MiB�H _2;BK2 −0.00 −0.00

(0.22) (0.23)
S`2bB/2MiB�H _2;BK2 −0.02 −0.02

(0.22) (0.24)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K 0.04 0.04

(0.23) (0.23)
JBt2/ 1H2+iQ`�H avbi2K 0.10 0.10

(0.27) (0.28)
_2 0.27 0.27 0.11
�/DX _2 0.24 0.23 0.11
LmKX Q#bX 182 182 257748
∗p < 0.05

d



h�#H2 j, JQ/2Hb Q7 lMr2B;?i2/ aT`2�/ Q7 GBF2@.BbHBF2 a+Q`2b

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 1.91∗ 1.95∗ 3.05∗

(0.24) (0.22) (0.04)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.01∗ 0.01∗

(0.00) (0.00)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb −0.01

(0.00)
aQ+B�HHv@aQ`i2/ S�`iBb�M 0.30∗

(0.00)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.12∗ 0.12∗

(0.02) (0.02)
1L1S 0.00 0.00

(0.02) (0.01)
a2KB@S`2bB/2MiB�H _2;BK2 −0.05 −0.04

(0.10) (0.10)
S`2bB/2MiB�H _2;BK2 −0.07 −0.05

(0.11) (0.11)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K −0.24∗ −0.23∗

(0.08) (0.08)
JBt2/ 1H2+iQ`�H avbi2K −0.22∗ −0.20

(0.11) (0.12)
_2 0.29 0.31 0.10
�/DX _2 0.26 0.27 0.10
LmKX Q#bX 182 182 271661
∗p < 0.05
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h�#H2 9, JQ/2Hb Q7 q2B;?i2/ aT`2�/ Q7 GBF2@.BbHBF2 a+Q`2b

1H2+iBQM G2p2H 1H2+iBQM G2p2H AM/BpB/m�H G2p2H
AMi2`+2Ti 0.92∗ 0.94∗ 2.80∗

(0.36) (0.37) (0.04)
W aQ+B�HHv@aQ`i2/ S�`iBb�Mb 0.01∗ 0.02∗

(0.00) (0.00)
W aBKmH�i2/ aQ+B�HHv@aQ`i2/ S�`iBb�Mb −0.00

(0.01)
aQ+B�HHv@aQ`i2/ S�`iBb�M 0.41∗

(0.00)
.�HiQMǶb A/2QHQ;B+�H SQH�`Bx�iBQM AM/2t 0.12∗ 0.12∗

(0.04) (0.04)
1L1S −0.01 −0.01

(0.03) (0.02)
a2KB@S`2bB/2MiB�H _2;BK2 −0.16 −0.16

(0.12) (0.13)
S`2bB/2MiB�H _2;BK2 −0.50∗ −0.49∗

(0.13) (0.13)
S`QTQ`iBQM�H 1H2+iQ`�H avbi2K −0.22 −0.21

(0.15) (0.16)
JBt2/ 1H2+iQ`�H avbi2K −0.19 −0.17

(0.16) (0.17)
_2 0.26 0.27 0.11
�/DX _2 0.23 0.23 0.11
LmKX Q#bX 182 182 230024
∗p < 0.05

N
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_272`2M+2b
"`�/2`- h2/- CQb?m� �X hm+F2` �M/ �M/`2r h?2``B�mHiX kyR9X ǳ*`Qbb T`2bbm`2 b+Q`2b, �M

BM/BpB/m�H@H2p2H K2�bm`2 Q7 +mKmH�iBp2 T�`iBb�M T`2bbm`2b �`BbBM; 7`QK bQ+B�H ;`QmT K2K@
#2`b?BTbXǴ SQHBiB+�H "2?�pBQ` jeURV,kjĜ8RX Aa"L, yRNy@Njky Sm#HBb?2`, aT`BM;2`X

q�;M2`- J�`FmbX kykyX ǳ�z2+iBp2 TQH�`Bx�iBQM BM KmHiBT�`iv bvbi2KbXǴ 1H2+iQ`�H aim/B2b X

RR


