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ABSTRACT

Studying China’s credit market using a structural default model that integrates credit risk, 
liquidity, and bailout, we document improved price discovery and deepening divide between 
state-owned enterprises (SOEs) and non-SOEs. Amidst liquidity deterioration, the presence of 
government bailout helps alleviate the heightened liquidity-driven default, making SOE bonds 
more valuable and widening the SOE premium. Meanwhile, the increased importance of 
government support makes SOEs more sensitive to bailout, while the heightened default risk 
increases non-SOEs’ sensitivity to credit quality. Examining the real impact, we find severe 
performance deteriorations of non-SOEs relative to SOEs, reversing the long-standing trend of 
non-SOEs outperforming SOEs.
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R AMi`Q/m+iBQM
h?2 +Q2tBbi2M+2 Q7 i?2 bi�i2@QrM2/ 2Mi2`T`Bb2b UaP1V rBi? }`Kb i?�i �`2 MQi bi�i2@QrM2/
UMQM@aP1V +`2�i2b i?2 bBM;H2 KQbi BKTQ`i�Mi /BpB/2 BM *?BM�Ƕb 2+QMQKv- rBi? MQM@aP1 }`Kb
+QKT2iBM; rBi? i?2 H2bb 2{+B2Mi #mi KQ`2 T`BpBH2;2/ aP1b 7Q` `2bQm`+2b Ĝ 2+QMQKB+- bQ+B�H-
�M/ TQHBiB+�HX PM +`2/Bi �HHQ+�iBQM- aP1b BM *?BM� �`2 FMQrM iQ ?�p2 T`272`2MiB�H �++2bb-
�Hi?Qm;? i?2 �+im�H K�;MBim/2b ?�p2 MQi #22M r2HH /Q+mK2Mi2/ BM i?2 HBi2`�im`2 QrBM;
iQ i?2 QT�+Biv Q7 #�MF HQ�Mb- i?2 /QKBM�Mi +`2/Bi +?�MM2H BM *?BM�XR G�+FBM; i?Bb +`BiB+�H
BM7Q`K�iBQM- 7m`i?2` /Bb+mbbBQMb QM i?2 `2�H BKT�+i Q7 i?2 +`2/Bi KBb�HHQ+�iBQM �M/ i?2 2MbmBM;
r2H7�`2 HQbb2b �`2 BM+QKTH2i2X JQ`2Qp2`- +?�M;BM; ;Qp2`MK2Mi TQHB+B2b +�M BM~m2M+2- 2Bi?2`
BMi2MiBQM�HHv Q` BM�/p2`i2MiHv- i?2 `2H�iBp2 +`2/Bi �HHQ+�iBQM #2ir22M aP1b �M/ MQM@aP1b-
�//BM; +QKTHB+�iBQMb iQ i?Bb 2MQ`KQmbHv BKTQ`i�Mi iQTB+Xk

h?Bb T�T2` bim/B2b i?2 +`2/Bi �HHQ+�iBQM #2ir22M aP1b �M/ MQM@aP1b mbBM; i?2 T`B+BM;
BM7Q`K�iBQM 7`QK *?BM�Ƕb +`2/Bi K�`F2i �M/ T`QpB/2b i?2 }`bi +QKT`2?2MbBp2 2pB/2M+2 BM i?2
HBi2`�im`2 QM i?Bb BKTQ`i�Mi iQTB+X "vT�bbBM; #�MF HQ�Mb �M/ b?�/Qr #�MFBM;- r2 7Q+mb Qm`
�ii2MiBQM QM i?2 +`2/Bi K�`F2i- r?B+?- iQi�HBM; 09X8 i`BHHBQM #v kyky- Bb b2+QM/ QMHv iQ i?2
lMBi2/ ai�i2bX lMHBF2 #�MF HQ�Mb- i?2 K�`F2i T`B+2b Q7 +Q`TQ`�i2 #QM/b �`2 /`Bp2M 2t+HmbBp2Hv
#v BMp2biQ`bǶ +QM+2`Mb Qp2` i?2 `BbF@�M/@`2im`M i`�/2Qz- �M/ +�M i?2`27Q`2 #2bi `2~2+i i?2
}`K@H2p2H +`2/Bi +QM/BiBQMbX q2 [m�MiB7v i?2 2ti2Mi Q7 aP1bǶ �/p�Mi�;2 BM +`2/Bi �HHQ+�iBQM
mbBM; i?2 aP1 T`2KBmK- K2�bm`2/ �b i?2 /Bz2`2M+2 BM +`2/Bi bT`2�/b #2ir22M MQM@aP1 �M/
aP1 #QM/b- +QMi`QHHBM; 7Q` +`2/Bi `�iBM;b �M/ Qi?2` #QM/ �M/ Bbbm2` +?�`�+i2`BbiB+bX "2+�mb2
Q7 i?2 ~mB/Biv Q7 +`2/Bi /BbT2Mb�iBQM- i?2 BM7Q`K�iBQM +�Tim`2/ #v i?2 aP1 T`2KBmK 7`QK
i?2 +`2/Bi K�`F2i Bb � `2~2+iBQM Q7 i?2 `2H�iBp2 +`2/Bi �HHQ+�iBQM MQi QMHv BM i?2 +`2/Bi K�`F2i
#mi �HbQ �+`Qbb �HH Qi?2` +`2/Bi +?�MM2Hb BM *?BM�X

Pm` K2�bm`2 Q7 i?2 aP1 T`2KBmK `2~2+ib � /22T2MBM; /BpB/2 #2ir22M aP1b �M/ MQM@
aP1bX S`BQ` iQ kyR3- i?2 aP1 T`2KBmK 7Q` Tm#HB+Hv@HBbi2/ }`Kb BM *?BM� ~m+im�i2b �`QmM/
� bi�#H2 H2p2H Q7 ky #Tb- BM/B+�iBM; � KQ/2`�i2 #mi MQM@i`BpB�H T`2KBmK 2MDQv2/ #v aP1b
/m2 iQ i?2B` T2`+2Bp2/ ;Qp2`MK2Mi bmTTQ`iX �7i2` i?2 `2H2�b2 Q7 i?2 �T`BH kyR3 L2r _2;@
mH�iBQMb- r2 }M/ � `�TB/Hv rQ`b2MBM; +`2/Bi +QM/BiBQM 7�+2/ #v MQM@aP1b `2H�iBp2 iQ i?2B`
aP1 +QmMi2`T�`ibX Pp2` Dmbi QM2 [m�`i2`- i?2 aP1 T`2KBmK 2tTHQ/2/ 7`QK k3 #Tb iQ �M mM@
T`2+2/2Mi2/ N3 #Tb BM kyR3ZkX aBM+2 LQp2K#2` kyR3- `2+Q;MBxBM; i?2 �/p2`b2 2z2+ib QM i?2

R�KQM; Qi?2`b- bim/B2b QM *?BM�Ƕb +`2/Bi �HHQ+�iBQMb iQ aP1b �M/ MQM@aP1b BM+Hm/2 .QHH�` �M/ q2B
UkyydV mbBM; bm`p2v /�i�- G�`/v UkyRNV mbBM; �;;`2;�i2 HQ�M pQHmK2 /�i� 7`QK *?BM� "�MFBM; aQ+B2iv- �M/
*QM; 2i �HX UkyRNV mbBM; T`QT`B2i�`v HQ�M@H2p2H pQHmK2 /�i� /m`BM; i?2 kyyN@kyRy biBKmHmbX hQ Qm` FMQrH2/;2-
i?2`2 ?�p2 MQi #22M �Mv +QKT`2?2MbBp2 bim/B2b QM i?2 aP1 KBb�HHQ+�iBQM mbBM; HQ�M T`B+BM; /�i�X

k"mBH/BM; QM i?2 Q#b2`p�iBQM i?�i KBb�HHQ+�iBQM +�M HQr2` �;;`2;�i2 iQi�H 7�+iQ` T`Q/m+iBpBiv- i?2 b2KBM�H
T�T2` #v >bB2? �M/ EH2MQr UkyyNV [m�MiB}2b i?2 TQi2MiB�H 2ti2Mi Q7 `2bQm`+2 KBb�HHQ+�iBQM BM *?BM� �M/
AM/B� p2`bmb i?2 lXaX mbBM; KB+`Q/�i� QM K�Mm7�+im`BM; 2bi�#HBb?K2MibX
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T`Bp�i2 b2+iQ`- i?2 *?BM2b2 ;Qp2`MK2Mi Qz2`2/ `2�bbm`�M+2b �M/ /2pBb2/ TQHB+B2b iQ bmTTQ`i
i?2 T`Bp�i2 b2+iQ`- #mi i?2 aP1 T`2KBmK- Q` i?2 MQM@aP1 /Bb+QmMi- /2i2`BQ`�i2b 7m`i?2`-
T2�FBM; �i R89 #Tb BM kyRNZjX Ai ?�b bBM+2 +QK2 /QrM iQ Nj #Tb �b Q7 kykyZkX

hQ mM/2`bi�M/ i?Bb iBK2@p�`vBM; M�im`2 Q7 i?2 aP1 T`2KBmK- r2 #mBH/ � bi`m+im`�H
/27�mHi KQ/2H i?�i BMi2;`�i2b +`2/Bi `BbF- HB[mB/Biv- �M/ #�BHQmiX h?`Qm;?Qmi i?2 KQ/2H-
i?2 bi`2M;i? Q7 i?2 ;Qp2`MK2Mi bmTTQ`i `2K�BMb bi�#H2- �M/ v2i- Bib BKTQ`i�M+2 �M/ p�Hm2
+�M BM+`2�b2 b?�`THv- `2bmHiBM; BM �M 2tTHQbBp2 aP1 T`2KBmKX *2Mi`�H iQ i?Bb `2bmHi Bb i?2
BMi2`�+iBQM #2ir22M #�BHQmi T`Q#�#BHBiv �M/ i?2 HB[mB/Biv@/`Bp2M /27�mHiX AM >2 �M/ sBQM;
UkyRkV- HB[mB/Biv@/`Bp2M /27�mHi 2K2`;2b 7`QK i?2 BMi2`�+iBQM #2ir22M HB[mB/Biv �M/ +`2/Bi
`BbF Ĝ BM+`2�b2/ /2#i@K�`F2i BHHB[mB/Biv 7Q`+2b }`Kb iQ BM+m` ?B;?2` HQbb2b BM `QHHBM; Qp2`
i?2B` K�im`BM; /2#i- H2�/BM; i?2 2[mBiv ?QH/2`b iQ /27�mHi �i � ?B;?2` 7mM/�K2Mi�H i?`2b?QH/
VBX Cmbi �b BM >2 �M/ sBQM; UkyRkV- r?2`2 i?2 BMi2`�+iBQM #2ir22M HB[mB/Biv �M/ +`2/Bi
`BbF ?B;?HB;?ib i?2 `QH2 Q7 b?Q`i@i2`K /2#i BM 2t�+2`#�iBM; i?2 `QHHQp2` `BbF- BM Qm` KQ/2H-
i?2 BMi2`�+iBQM #2ir22M i?2 `QHHQp2` `BbF �M/ i?2 TQi2MiB�H Q7 ;Qp2`MK2Mi #�BHQmi ?B;?HB;?ib
i?2 `QH2 Q7 aP1 #QM/b BM �HH2pB�iBM; i?2 HB[mB/Biv@/`Bp2M /27�mHiX *QM+2Tim�HHv- Qm` KQ/2H
Qz2`b i?2 BKTQ`i�Mi BMbB;?i i?�i- /m`BM; K�`F2i@rB/2 HB[mB/Biv /2i2`BQ`�iBQM- i?2 T`2b2M+2 Q7
;Qp2`MK2Mi #�BHQmi ?2HTb �HH2pB�i2 i?2 ?2B;?i2M2/ HB[mB/Biv@/`Bp2M /27�mHi 7Q` aP1b- r?BH2
i?2 H�+F Q7 ;Qp2`MK2Mi bmTTQ`i H2�p2b MQM@aP1b 2tTQb2/- /`BpBM; � r2/;2 #2ir22M i?2 irQX

�TTHvBM; i?Bb BKTQ`i�Mi BMbB;?i Q7 Qm` KQ/2H iQ i?2 HB[mB/Biv +`BbBb i`B;;2`2/ #v i?2 �T`BH
kyR3 L2r _2;mH�iBQMb- Qm` KQ/2HǶb BKTHB+�iBQM 7Q` i?2 2tTHQbBp2 aP1 T`2KBmK Bb BKK2/B@
�i2X h?2 T`BK�`v Tm`TQb2 Q7 i?2 kyR3 L2r _2;mH�iBQMb Bb iQ +QMi�BM i?2 `�TB/ BM+`2�b2 Q7
b?�/Qr #�MFBM; �M/ `2/m+2 i?2 bvbi2K�iB+ `BbF BM i?2 �bb2i@K�M�;2K2Mi BM/mbi`vX Pp2` i?2
b?Q`i `mM- ?Qr2p2`- i?2 mMT`2+2/2Mi2/ b+QT2 Q7 i?2 `2;mH�iBQMb b2p2`2Hv b?`BMFb i?2 }M�M+BM;
�M/ `2@}M�M+BM; +?�MM2Hb Q7 +Q`TQ`�i2 Bbbm2`b �M/ r2�F2Mb i?2 /2K�M/ 7Q` +Q`TQ`�i2 #QM/b
7`QK �bb2i K�M�;2`b- i`B;;2`BM; � HB[mB/Biv +`BbBb BM *?BM�Ƕb +`2/Bi K�`F2iX *QMbBbi2Mi rBi?
i?2 +QM/BiBQMb H�B/ Qmi BM >2 �M/ sBQM; UkyRkV- r2 Q#b2`p2 HB[mB/Biv /2i2`BQ`�iBQMb- `2/m+2/
�++2bb iQ i?2 #QM/ K�`F2i- �M/ BM+`2�bBM; /27�mHibX AKTQ`i�Mi 7Q` Qm` T�T2`- i?2b2 2z2+ib
Q++m` Km+? KQ`2 b2p2`2Hv 7Q` MQM@aP1b i?�M aP1b- `2~2+iBM; i?2 BM+`2�b2/ p�Hm2 Q7 ;Qp@
2`MK2Mi bmTTQ`i /m`BM; i?2 HB[mB/Biv +`BbBbX AM 2bb2M+2- i?Bb +H�bbB+ 2TBbQ/2 Q7 ~B;?i@iQ@b�72iv
?�b � *?BM2b2 +?�`�+i2`BbiB+ Ĝ �KB/ i?2 ?2B;?i2M2/ +QM+2`M Qp2` /27�mHi `BbF- BMp2biQ`b b22F
b�72iv BM aP1 #QM/b �M/ b?mM MQM@aP1 #QM/b- �KTHB7vBM; i?2 aP1 T`2KBmKX

1KTB`B+�H h2bib QM *`2/Bi S`B+BM; Ĝ q2 i2bi i?2 +`2/Bi@T`B+BM; BKTHB+�iBQMb Q7 Qm` KQ/2H
mbBM; i?2 KQ/2H@BKTHB2/ /27�mHi K2�bm`2- r?B+? BMi2;`�i2b i?2 2KTB`B+�H BM7Q`K�iBQM QM
+`2/Bi [m�HBiv- HB[mB/Biv +QM/BiBQM- �M/ i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i BMiQ QM2 mMB}2/
K2�bm`2X lM/2` Qm` KQ/2H- ln (Vt/VB) Bb i?2 /Bbi�M+2 #2ir22M � }`KǶb +m``2Mi �bb2i p�Hm2
Vt �M/ Bib /27�mHi #QmM/�`v VB- �M/- 7m`i?2` /BpB/2/ #v i?2 }`KǶb �bb2i pQH�iBHBiv σA- Bi
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#2+QK2b i?2 bi�M/�`/Bx2/ /Bbi�M+2@iQ@/27�mHi- � +QM+2Ti T`QTQb2/ #v J2`iQM URNd9V �M/
TQTmH�`Bx2/ #v JQQ/vǶb EJoX AM Qm` 2KTB`B+�H i2bi- r2 mb2 i?2 /27�mHi K2�bm`2 U.JV-
/2}M2/ �b i?2 BMp2`b2 Q7 i?2 /Bbi�M+2@iQ@/27�mHiX 6QHHQrBM; i?2 �TT`Q�+? Q7 JQQ/vǶb EJo-
r2 }`bi 2biBK�i2 i?2 Bbbm2`@H2p2H 2[mBiv p�Hm2 �M/ pQH�iBHBiv- �M/ i?2M mb2 i?2K iQ #�+F Qmi-
i?`Qm;? Qm` KQ/2HǶb T`B+BM; `2H�iBQMb- i?2 }`KǶb �bb2i p�Hm2 �M/ pQH�iBHBivX h?2 }M�H QmiTmi
Bb i?2 [m�`i2`Hv }`K@H2p2H .JX AMimBiBp2Hv- }`Kb rBi? ?B;?2` .JǶb �`2 +HQb2` iQ i?2B` /27�mHi
#QmM/�`v VB �M/ KQ`2 HBF2Hv iQ /27�mHi- �M/- rBi?BM Qm` KQ/2H- i?2 mM/2`HvBM; /`Bp2` +�M #2
KmHiB7�+2i2/X q?BH2 J2`iQMǶb KQ/2H@BKTHB2/ .J Bb /`Bp2M Tm`2Hv #v i?2 }`KǶb 7mM/�K2Mi�H
+`2/Bi [m�HBiv- Qm` .J mMB}2b +`2/Bi [m�HBiv- ;Qp2`MK2Mi bmTTQ`i- �M/ HB[mB/BivXj JQ`2Qp2`-
Qm` .J ?B;?HB;?ib i?2 BMi2`�+iBQMb Q7 i?2b2 i?`22 +QKTQM2Mib BM 2tTH�BMBM; +`2/Bi T`B+BM;-
+QMi`�`v iQ i?2 +QKKQMHv mb2/ HBM2�` +QK#BM�iBQMb Q7 i?2b2 +QKTQM2MibX 1KTB`B+�HHv- r2
}M/ i?�i r?BH2 J2`iQMǶb .J BM/B+�i2b i?�i MQM@aP1b �`2 QM �p2`�;2 ?2�Hi?B2` i?�M aP1b-
Qm` .J +QM+Hm/2b Qi?2`rBb2X "2?BM/ i?2 QTTQbBM; T`2/B+iBQMb Bb i?2 T`2b2M+2 Q7 #�BHQmi
T`Q#�#BHBiv BM Qm` KQ/2H- r?B+? HQr2`b i?2 /27�mHi #QmM/�`v 7Q` aP1b �M/ K�F2b i?2K b�72`
i?�M MQM@aP1bX AMi2`�+iBM; #�BHQmi rBi? BHHB[mB/Biv- i?Bb `2H�iBp2 b�72iv #2ir22M aP1b �M/
MQM@aP1b rQmH/ 7m`i?2` BM+`2�b2- �M/ +QMbBbi2MiHv- i?2 [m�`i2`Hv /Bz2`2M+2 BM .J #2ir22M
MQM@aP1b �M/ aP1b rB/2Mb +QMbB/2`�#Hv �7i2` kyR3ZkX

1[mBTT2/ rBi? Qm` KQ/2H@BKTHB2/ .J- r2 }`bi bim/v i?2 2ti2Mi iQ r?B+? Qm` KQ/2H
+�M 2tTH�BM i?2 iBK2@p�`vBM; aP1 T`2KBmKX 6`QK kyR9ZR iQ kyR3ZR- i?2 aP1 T`2KBmK
Bb QM �p2`�;2 kd #Tb Ui@bi�i49Xk3V �M/ i?2M 2H2p�i2b `�TB/Hv iQ �M �p2`�;2 H2p2H Q7 RRj #Tb
Ui@bi�i4dXdeV 7`QK kyR3Zk iQ kykyZkX 6Q+mbBM; }`bi QM i?2 T2`BQ/ r?2M i?2 aP1 T`2KBmK
Bb i?2 KQbi b2p2`2- r2 }M/ i?�i �//BM; Qm` .J �b �M 2tTH�M�iQ`v p�`B�#H2 `2/m+2b i?2 aP1
T`2KBmK 7`QK i?2 bi�;;2`BM; RRj #Tb iQ e #Tb Ui@bi�i4yXj3V- r?BH2 �//BM; J2`iQMǶb .J
7m`i?2` 2t�+2`#�i2b i?2 /BpB/2 �M/ BM+`2�b2b i?2 aP1 T`2KBmK 7`QK RRj #Tb iQ RRe #TbX9

JQ`2Qp2`- Qm` .J �HbQ rQ`Fb /m`BM; i?2 `2H�iBp2Hv +�HK T2`BQ/ 7`QK kyR9ZR iQ kyR3ZRX
�//BM; i?2 .J `2/m+2b i?2 aP1 T`2KBmK 7`QK i?2 Q`B;BM�H kd #Tb iQ e #Tb Ui@bi�i4yX3kV-
r?BH2 �//BM; J2`iQMǶb .J BM+`2�b2b i?2 aP1 T`2KBmK 7`QK kd #Tb iQ jk #Tb Ui@bi�i48Xy8VX

1[mBTT2/ rBi? Qm` KQ/2H@BKTHB2/ .J- r2 �HbQ bim/v i?2 2pQHpBM; M�im`2 Q7 T`B+2 /Bb@

jhQ +�Tim`2 i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i- r2 mb2 i?2 Bbbm2`@H2p2H ;Qp2`MK2Mi ?QH/BM;b /�i�- r?B+?
r2 +QMbi`m+i 7`QK i?2 ;`QmM/ mT mbBM; i?2 2[mBiv ?QH/BM;b Q7 �HH ;Qp2`MK2Mi@QrM2/ 2MiBiB2b rBi?BM i?2 iQT
i2M b?�`2?QH/2`b 7Q` 2�+? Tm#HB+Hv HBbi2/ }`KX hQ +�Tim`2 i?2 iBK2@p�`vBM; 2+QMQKv@rB/2 HB[mB/Biv +QM/BiBQM-
r2 b2i i?2 HB[mB/Biv b?Q+F BMi2MbBiv T�`�K2i2` ξ = 1 #27Q`2 kyR3Zk �M/ ξ = 2 �7i2` kyR3Zk 7Q` �HH Bbbm2`bX

9h?2 7�+i i?�i Qm` .J +�M 2tTH�BM i?2 aP1 T`2KBmK r?BH2 J2`iQMǶb .J +�MMQi BM/B+�i2b i?2 `QH2
Q7 ;Qp2`MK2Mi bmTTQ`i BM /22T2MBM; i?2 /BpB/2 #2ir22M aP1b �M/ MQM@aP1b- T�`iB+mH�`Hv /m`BM; HB[mB/Biv
+`Bb2bX h?2 7�BHm`2 Q7 J2`iQMǶb .J BM 2tTH�BMBM; i?2 aP1 T`2KBmK �HbQ bT2�Fb iQ i?2 +QKT2iBM; 2tTH�M�iBQM
i?�i /m2 iQ i?2B` Qp2`@#Q``QrBM; �M/ Qp2`@2tT�M/BM; /m`BM; i?2 +`2/Bi #QQK Q7 kyR9@kyRe- MQM@aP1b �`2
r2�F2` i?�M aP1b BM +`2/Bi [m�HBiv �M/ �`2 i?2`27Q`2 BHH@T`2T�`2/ 7Q` i?2 b2p2`2 +`2/Bi +QMi`�+iBQM BM kyR3X
Pm` `2bmHib BM/B+�i2 i?�i i?2 +`2/Bi /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1b Bb /`Bp2M #v i?2 /Bz2`2MiB�H
BM i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i- MQi i?�i BM 7mM/�K2Mi�H +`2/Bi [m�HBivX

j



+Qp2`v BM *?BM�Ƕb +`2/Bi K�`F2iX q?BH2 i?2 BM7Q`K�iBQM +QMi2Mi Q7 +`2/Bi bT`2�/b ?�b #22M
2ti2MbBp2Hv bim/B2/ 7Q` i?2 lXaX K�`F2i- Qm` T�T2` Qz2`b i?2 }`bi +QKT`2?2MbBp2 bim/v Q7
i?2 *?BM2b2 K�`F2iX 6`QK kyRy iQ kyky- i?Bb K�`F2i Bb BM7Q`K2/ #v irQ BKTQ`i�Mi b?Q+FbX
h?2 }`bi 2p2` /27�mHi BM kyR9ZR +?�M;2b BMp2biQ`bǶ T2`+2TiBQM Q7 +`2/Bi `BbF �M/ i?2 kyR3Zk
HB[mB/Biv +`BbBb mM/2`b+Q`2b i?2 BM+`2�bBM; BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`iX lbBM; Qm`
KQ/2H@BKTHB2/ .J iQ bim/v i?2 T`B+2 /Bb+Qp2`v BM *?BM�Ƕb +`2/Bi K�`F2i- r2 }M/ � K�`F2i
Q7 BKT`Qp2/ T`B+2 2{+B2M+v �b BMp2biQ`b T`B+2 irQ 2K2`;BM; `BbF 7�+iQ`b Ĝ /27�mHi `BbF �7i2`
kyR9ZR �M/ i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i �7i2` kyR3Zk- BMiQ i?2 +`2/Bi K�`F2iX

S`BQ` iQ kyR9- �b /27�mHi ?�/ M2p2` Q++m``2/ BM *?BM�Ƕb +`2/Bi K�`F2i- i?2 T`2p�H2Mi
#2HB27 Bb i?�i #QM/b �`2 K2�Mi iQ #2 T�B/ BM 7mHHX �++Q`/BM;Hv- T`BQ` iQ kyR9ZR- /27�mHi
K2�bm`2b �`2 mMBKTQ`i�Mi BM 2tTH�BMBM; +`2/Bi bT`2�/b �#Qp2 �M/ #2vQM/ +`2/Bi `�iBM;bX
SQbi kyR9ZR- ?Qr2p2`- /27�mHi K2�bm`2b 2K2`;2 �b �M BKTQ`i�Mi T`B+BM; 7�+iQ` 7Q` #Qi?
aP1 �M/ MQM@aP1 #QM/bX 6`QK kyR9ZR iQ kyR3ZR- QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 BM
J2`iQMǶb .J Bb �bbQ+B�i2/ rBi? �M BM+`2�b2 BM +`2/Bi bT`2�/ Q7 k9 #Tb 7Q` MQM@aP1 #QM/b
�M/ kj #Tb 7Q` aP1 #QM/bX AMi`Q/m+BM; Qm` .J- i?2 2ti2Mi Q7 i?2 T`B+2 /Bb+Qp2`v BKT`Qp2b
KQ/2`�i2Hv- BM/B+�iBM; i?�i i?Bb TQbi@/27�mHi T2`BQ/ Bb /QKBM�i2/ #v BM7Q`K�iBQM rBi? `2bT2+i
iQ ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv- +�Tim`2/ `2�bQM�#Hv r2HH #v J2`iQMǶb .JX

SQbi kyR3Zk- aP1b �M/ MQM@aP1b �`2 /BpB/2/ MQi QMHv BM i?2 H2p2H Q7 +`2/Bi T`B+BM; UBX2X-
i?2 2tTHQbBp2 aP1 T`2KBmKV- #mi �HbQ BM i?2 +QMi2Mi Q7 T`B+2 /Bb+Qp2`vX 6`QK kyR3Zk iQ
kykyZk- mM/2` i?2 ?2B;?i2M2/ +QM+2`M Qp2` /27�mHi `BbF- +`2/Bi bT`2�/b Q7 MQM@aP1b #2+QK2
bB;MB}+�MiHv KQ`2 b2MbBiBp2 iQ i?2 7mM/�K2Mi�H +`2/Bi [m�HBiv �b +�Tim`2/ #v J2`iQMǶb .JX
aT2+B}+�HHv- i?2 2+QMQKB+ bB;MB}+�M+2 Q7 J2`iQMǶb .J BM+`2�b2b 7`QK i?2 T`2pBQmb k9 #Tb iQ
dN #Tb 7Q` i?2 MQM@aP1 b�KTH2- #mi /2+`2�b2b bHB;?iHv 7`QK kj #Tb iQ ky #Tb 7Q` i?2 aP1
b�KTH2X AM/22/- rBi? ;Qp2`MK2Mi bmTTQ`i iQ ?2HT �HH2pB�i2 i?2 BM+`2�b2/ HB[mB/Biv@/`Bp2M
/27�mHi- i?2 2K2`;BM; +QM+2`M rBi?BM i?2 aP1 b�KTH2 Bb MQi i?2 }`KǶb ?2�Hi? #mi i?2 2ti2Mi
Q7 Bib ;Qp2`MK2Mi bmTTQ`iX �++Q`/BM;Hv- mbBM; Qm` .J iQ 2tTH�BM i?2 +`2/Bi bT`2�/b Q7 aP1b-
i?2 2+QMQKB+ bB;MB}+�M+2 KQ`2 i?�M /Qm#H2b 7`QK i?2 T`2pBQmb kj #Tb iQ 8R #Tb- r?B+? Bb iQ
#2 +QMi`�bi2/ rBi? i?2 H�+F Q7 BKT`Qp2K2Mi Q7 J2`iQMǶb .J BM 2tTH�BMBM; i?2 aP1 b�KTH2X
JQ`2Qp2`- Qm` mMB}2/ .J �HbQ QmiT2`7Q`Kb J2`iQMǶb .J BM 2tTH�BMBM; i?2 +`2/Bi bT`2�/b
7Q` i?2 MQM@aP1 b�KTH2 �M/ i?2 2+QMQKB+ bB;MB}+�M+2 BKT`Qp2b 7`QK i?2 T`2pBQmb k9 #Tb iQ
Ry8 #Tb- `2~2+iBM; i?2 p�Hm2 Q7 Qm` KQ/2HǶb mMB}2/ �TT`Q�+?X

1KTB`B+�H 1pB/2M+2b QM i?2 _2�H AKT�+i Ĝ h?2 `�TB/ rB/2MBM; Q7 i?2 aP1 T`2KBmK `2~2+ib
i?2 rQ`b2MBM; +`2/Bi +QM/BiBQM 7�+2/ #v MQM@aP1b BM i?2 #`Q�/2` 2+QMQKvX 1t�KBMBM; Bib
`2�H BKT�+i- r2 +QKT�`2/ i?2 `2H�iBp2 T2`7Q`K�M+2 #2ir22M aP1b �M/ MQM@aP1b #27Q`2
�M/ �7i2` i?2 kyR3 +`2/Bi iB;?i2MBM;- �M/ }M/ � `�TB/ T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@
aP1b `2H�iBp2 aP1bX S`BQ` iQ kyR3- +QMbBbi2Mi rBi? i?2 +QKKQM T2`+2TiBQM i?�i MQM@aP1b
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BM *?BM� �`2 KQ`2 2{+B2Mi i?�M aP1b- i?2 T2`7Q`K�M+2 ;�T BM [m�`i2`Hv `2im`M QM �bb2i
U_P�V #2ir22M MQM@aP1b �M/ aP1b Qb+BHH�i2b �`QmM/ �M �p2`�;2 H2p2H Q7 yX88W �M/ `2K�BMb
bB;MB}+�MiHv TQbBiBp2X SQbi kyR3- /`Bp2M #v i?2 b2p2`2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b-
i?Bb T2`7Q`K�M+2 ;�T +QHH�Tb2b T`2+BTBiQmbHv �M/ #2+QK2b BM/BbiBM;mBb?�#H2 7`QK x2`QX

q2 7m`i?2` 2tTH�BM i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b mbBM; i?2 }`K@H2p2H +`2/Bi
/2i2`BQ`�iBQM- K2�bm`2/ �b i?2 +?�M;2 BM i?2 /27�mHi K2�bm`2- ∆.J- `2�HBx2/ �i i?2 2p2Mi
[m�`i2` Q7 kyR3ZkX J2�bm`BM; i?2 TQbi@2p2Mi +?�M;2 BM T2`7Q`K�M+2- ∆_P�- #v i?2 /B7@
72`2M+2 #2ir22M i?2 TQbi@2p2Mi [m�`i2`Hv _P� �M/ Bib T`2@2p2Mi �p2`�;2- r2 mb2 ∆.J iQ
T`2/B+i ∆_P� �M/ }M/ i?�i- rBi?BM i?2 MQM@aP1 b�KTH2- +`2/Bi /2i2`BQ`�iBQM BM kyR3Zk
BM/22/ H2�/b iQ bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQMX �bbQ+B�i2/ rBi? QM2 bi�M/�`/ /2pB@
�iBQM BM+`2�b2 Q7 ∆.J �i kyR3Zk- i?2 bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM �p2`�;2/ Qp2`
i?2 }`bi irQ [m�`i2`b �7i2` kyR3Zk Bb 0.35%X AKTQ`i�MiHv- i?Bb +`2/Bi +?�MM2H Bb T`2b2Mi QMHv
7Q` i?2 MQM@aP1 b�KTH2- �b r2 /Q MQi }M/ bi`QM; 2pB/2M+2 Q7 T`2/B+i�#BHBiv 7Q` i?2 aP1
b�KTH2X JQ`2Qp2`- mbBM; J2`iQMǶb .J BMbi2�/ Q7 Qm` mMB}2/ .J- i?2 T`2/B+i�#BHBiv 7Q` i?2
MQM@aP1 b�KTH2 �HbQ ;Q2b �r�v- mM/2`b+Q`BM; i?2 BKTQ`i�M+2 Q7 Qm` KQ/2HǶb K2+?�MBbK BM
+�Tim`BM; i?2 i`m2 2ti2Mi Q7 i?2 +`Qbb@b2+iBQM�H +`2/Bi /2i2`BQ`�iBQMX

h�FBM; �/p�Mi�;2 Q7 i?2 BM7Q`K�iBp2M2bb Q7 ∆.J- r2 7m`i?2` bQ`i �HH }`Kb- aP1b �M/
MQM@aP1b- #v i?2B` ∆.J �i kyR3Zk BMiQ irQ ;`QmTbX 6B`Kb BM i?2 ?B;? ;`QmT �`2 7�+2/
rBi? rQ`b2MBM; +`2/Bi +QM/BiBQMb BM kyR3Zk- r?BH2 i?Qb2 BM i?2 HQr ;`QmT �`2 H2bb �z2+i2/X
AMi2`2biBM;Hv- r2 }M/ bB;MB}+�Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1b
BM #Qi? ;`QmTb- rBi? 0.77% 7Q` i?2 ?B;? ;`QmT �M/ 0.40% 7Q` i?2 HQr ;`QmTX h?2 7�+i
i?�i i?2 H2bb@�z2+i2/ ;`QmT- �b K2�bm`2/ #v Qm` .J- 2t?B#Bib � bB;MB}+�MiHv HQr2` `2H�iBp2
T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 0.40% Bb +QMbBbi2Mi rBi? Qm` ?vTQi?2bBb i?�i +`2/Bi /2i2`BQ`�iBQM
Q7 MQM@aP1b +QMi`B#mi2b iQ i?2B` T2`7Q`K�M+2 /2i2`BQ`�iBQMX "mi i?2 7�+i i?�i 2p2M i?2 H2bb@
�z2+i2/ MQM@aP1b �HbQ mM/2`T2`7Q`K `2H�iBp2 iQ i?2B` aP1 +QmMi2`T�`ib BM/B+�i2b i?�i i?2
/Bb�/p�Mi�;2 7�+2/ #v MQM@aP1b ;Q2b #2vQM/ i?2 +`2/Bi +?�MM2HX

_2H�iBp2 iQ Qm` K�BM ?vTQi?2bBb- r2 +QMbB/2` irQ �Hi2`M�iBp2 2tTH�M�iBQMb- r?B+? �i@
i`B#mi2 i?2 mM/2`T2`7Q`K�M+2 Q7 MQM@aP1b iQ i?2B` QrM pmHM2`�#BHBiv i?�i Bb mM`2H�i2/ iQ
i?2 H�+F Q7 ;Qp2`MK2Mi bmTTQ`iX 6B`bi- i?2 la@*?BM� i`�/2 r�`- r?B+? #2;BMb BM J�`+?
kyR3- �z2+ib i?2 MQM@aP1b KQ`2 b2p2`2Hv i?�M aP1b- +�mbBM; i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM
Q7 MQM@aP1b `2H�iBp2 iQ aP1bX a2+QM/- aP1b +�M #2ii2` rBi?bi�M/ i?2 kyR3 +`2/Bi iB;?i2M@
BM; #2+�mb2 i?2 ;Qp2`MK2Mi@K�M/�i2/ aP1 /2H2p2`�;BM; BM kyRe@Rd ?2HTb bi`2M;i?2M i?2B`
#�H�M+2 b?22i `2H�iBp2 iQ MQM@aP1bX lbBM; bQ`iBM; p�`B�#H2b KQiBp�i2/ #v i?2b2 irQ �Hi2`@
M�iBp2 ?vTQi?2b2b- r2 /Q MQi }M/ bi`QM; 2pB/2M+2 i?�i i?2 +`Qbb@b2+iBQM�H p�`B�iBQM �HQM;
i?2b2 /BK2MbBQMb +�M 2tTH�BM i?2 TQbi@2p2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2
iQ aP1b- +QMi`�`v iQ i?2 T`2/B+iBp2 `2bmHib Q#i�BM2/ mbBM; Qm` KQ/2H@BKTHB2/ .JX
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_2H�i2/ GBi2`�im`2 Ĝ Pm` T�T2` Bb KQiBp�i2/ #v i?2 HBi2`�im`2 QM i?2 aP1@`2H�i2/ +`2/Bi
KBb�HHQ+�iBQM �M/ Bib BKT�+i QM *?BM�Ƕb ;`Qri? U.QHH�` �M/ q2B UkyydV- >bB2? �M/ EH2MQr
UkyyNV- "`�M/i �M/ w?m UkyyyV- aQM;- aiQ`2bH2ii2M- �M/ wBHB#QiiB UkyRRV- �M/ G�`/v UkyRNVVX8

_2H�iBp2 iQ i?Bb HBi2`�im`2- r?B+? ?�b bQ 7�` #22M 7Q+mb2/ QM i?2 aP1bǶ T`272`2MiB�H �++2bb iQ
#�MF HQ�Mb- Qm` T�T2` Bb i?2 }`bi iQ �TT`Q�+? i?2 T`Q#H2K mbBM; T`B+BM; BM7Q`K�iBQM 7`QK i?2
+`2/Bi K�`F2iX lM2M+mK#2`2/ #v i?2 QT�[m2M2bb �bbQ+B�i2/ rBi? i?2 /Bbi`B#miBQMb Q7 #�MF
HQ�Mb- r2 �`2 �#H2 iQ mM+Qp2` rBi? T`2+BbBQM �M/ bT22/ i?2 `2H�iBp2 +`2/Bi �HHQ+�iBQM #2ir22M
aP1b �M/ MQM@aP1b BM *?BM�X 6Q` TQHB+vK�F2`b BM *?BM�- Qm` 2KTB`B+�H }M/BM;b b?QmH/ #2
BM7Q`K�iBp2 �M/ �H�`KBM;- �b i?2 2tTHQbBp2 aP1 T`2KBmK /Q+mK2Mi2/ BM Qm` T�T2` +QmH/
?�p2 � /2bi�#BHBxBM; 2z2+i QM *?BM�Ƕb +`2/Bi K�`F2i �M/ i?2 `�TB/ T2`7Q`K�M+2 /2i2`BQ`�@
iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1b +�HHb 7Q` � #2ii2` #�H�M+2 #2ir22M i?2 irQ BM/BbT2Mb�#H2
b2;K2Mib Q7 i?2 2+QMQKvXe

Pm` T�T2` +QMi`B#mi2b iQ i?2 �bb2i@T`B+BM; HBi2`�im`2 �b i?2 }`bi +QKT`2?2MbBp2 bim/v QM
i?2 BM7Q`K�iBQM +QMi2Mi Q7 +`2/Bi bT`2�/b BM *?BM�X 6Q` i?2 lXaX K�`F2i- i?2 HBMF #2ir22M
+`2/Bi bT`2�/b �M/ +`2/Bi [m�HBiv ?�b #22M r2HH 2bi�#HBb?2/ U*QHHBM@.m7`2bM2- :QH/bi2BM- �M/
J�`iBM UkyyRV- *�KT#2HH �M/ h�FbH2` UkyyjV- "�Q UkyyNV- �M/ "�Q- S�M- �M/ q�M; UkyRRVVX
6Q` i?2 *?BM2b2 K�`F2i- ?Qr2p2`- i?Bb iQTB+ ?�b MQi v2i #22M bvbi2K�iB+�HHv bim/B2/- �M/ Qm`
T�T2` }HHb i?2 ;�TX "v BM+Q`TQ`�iBM; #�BHQmi T`Q#�#BHBiv BMiQ i?2 bi`m+im`�H /27�mHi KQ/2H
Q7 >2 �M/ sBQM; UkyRkV �M/ i�FBM; i?2 mMB}2/ KQ/2H iQ i?2 /�i�- Qm` T�T2` Bb �HbQ i?2 }`bi
+QKT`2?2MbBp2 2KTB`B+�H bim/v QM � bi`m+im`�H KQ/2H i?�i mMB}2b +`2/Bi `BbF- HB[mB/Biv- �M/
#�BHQmiXd lMHBF2 i?2 +QKKQMHv T`�+iB+2/ `2/m+2/@7Q`K �TT`Q�+?- r?B+? BMi`Q/m+2b HB[mB/Biv
Q` #�BHQmi �b �//BiBQM�H 2tTH�M�iQ`v p�`B�#H2b- QmibB/2 Q7 i?2 +`2/Bi `BbF- r2 i�F2 � mMB}2/
�TT`Q�+? #v +�Tim`BM; i?2 BMi2`�+iBQMb Q7 i?2b2 +QKTQM2Mib mbBM; Qm` KQ/2H@BKTHB2/ .JX

Pm` T�T2` Bb �HbQ `2H�i2/ iQ i?2 HBi2`�im`2 bim/vBM; i?2 �bb2i@T`B+BM; BKTHB+�iBQMb Q7 i?2

8"�B- >bB2?- �M/ aQM; UkykyV 2t�KBM2 ?Qr ǳbT2+B�H /2�HbǴ 7Q` 7�pQ`2/ T`Bp�i2 }`Kb BM `2bQm`+2 �HHQ+�iBQM
+�M +QMi`B#mi2 iQ *?BM�Ƕb ;`Qri?X "�B 2i �HX UkykyV b?Qr ?Qr i?2 ǳ+QMM2+i2/Ǵ BMp2biQ`b K�v BM+`2�b2 i?2
�;;`2;�i2 QmiTmi Q7 i?2 T`Bp�i2 b2+iQ`X *QM; 2i �HX UkyRNV b?Qr i?�i i?2 biBKmHmb@/`Bp2M +`2/Bi 2tT�MbBQM Q7
kyyN@kyRy /BbT`QTQ`iBQM�i2Hv 7�pQ`b aP1bX >m�M;- S�;�MQ- �M/ S�MBxx� UkykyV bim/v ?Qr HQ+�H Tm#HB+ /2#i
+�M +`Qr/ Qmi i?2 BMp2biK2Mi Q7 T`Bp�i2 }`Kb r?BH2 H2�pBM; aP1b mM�z2+i2/X GB- q�M;- �M/ w?Qm UkykRV
}M/ i?�i *?BM�Ƕb `2+2Mi �MiB@+Q``mTiBQM +�KT�B;M ?2HTb +`2/Bi `2�HHQ+�iBQM 7`QK aP1b iQ MQM@aP1bX *?2M
2i �HX UkykjV bim/v i?2 BKT�+i Q7 i?2 kyyN biBKmHmb �M/ Bib BMi2`�+iBQM rBi? BM7`�bi`m+im`2 bT2M/BM; QM +`2/Bi
�HHQ+�iBQMX q?Bi2/ �M/ w?�Q UkykRV 2biBK�i2 i?2 `2�H HQbb2b �`BbBM; 7`QK i?2 +`Qbbɢb2+iBQM�H KBb�HHQ+�iBQM Q7
}M�M+B�H HB�#BHBiB2bX Pi?2` `2H�i2/ bim/B2b BM+Hm/2 *?2M 2i �HX UkyR8V �M/ "2HQ 2i �HX UkykkVX

eAM 2t�KBMBM; i?2 aP1 �M/ MQM@aP1 i2MbBQM- Qm` T�T2` Bb �HbQ `2H�i2/ iQ *�#�HH2`Q- >Qb?B- �M/ E�b?v�T
Ukyy3V- r?Q /Q+mK2Mi2/ ?Qr i?2 #�BHQmi Q7 xQK#B2 }`Kb +�M +�mb2 +QM;2biBQM �M/ ?m`i MQM@xQK#B2 }`KbX
AM Qm` T�T2`- i?2 i2MbBQM �`Bb2b Qmi Q7 i?2 T2`+2Bp2/ ;Qp2`MK2Mi bmTTQ`i 7Q` aP1b /m`BM; ;Qp2`MK2Mi@H2/
+`2/Bi iB;?i2MBM;X �FBM iQ i?2 +QM;2biBQM biQ`v- i?2 Qi?2`rBb2 ?2�Hi?v MQM@aP1b �`2 ?m`i #2+�mb2 Q7 i?2
+QM;2biBQM BM i?2 +`2/Bi K�`F2i- r?BH2 i?2 aP1b rBi? r2�F2` ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv `2K�BM2/ BMi�+iX

d>m�M;- LQx�r�- �M/ a?B UkykkV bim/v i?2 ;HQ#�H +`2/Bi bT`2�/ TmxxH2 mbBM; �M 2ti2M/2/ bi`m+im`�H
KQ/2H i?�i BM+Q`TQ`�i2b 2M/Q;2MQmb HB[mB/BivX

e



T`2b2M+2 Q7 ;Qp2`MK2Mi bmTTQ`iX 6Q+mbBM; QM i?2 BKT�+i Q7 G2?K�MǶb /27�mHi- "2`M/i- .m{2-
�M/ w?m UkyRNV /Q+mK2Mi H�`;2 TQbi@G2?K�M `2/m+iBQMb BM K�`F2i@BKTHB2/ T`Q#�#BHBiB2b Q7
;Qp2`MK2Mi #�BHQmi �M/ bB;MB}+�Mi BM+`2�b2b BM lXaX #�MFbǶ /2#i }M�M+BM; +QbibX "�H�bm#@
`�KMB�M �M/ *v`22 UkyRRV 2t�KBM2 i?2 2K2`;2M+2 Q7 iQQ@#B;@iQ@7�BH �7i2` i?2 RNN3 Gh*J
#�BHQmiX E2HHv- GmbiB;- �M/ LB2mr2`#m`;? UkyReV /Q+mK2Mi i?2 2ti2Mi Q7 iQQ@#B;@iQ@7�BH /m`@
BM; i?2 kyy3 +`BbBb mbBM; i?2 T`B+BM; /Bz2`2M+2 #2ir22M Tmi QTiBQMb QM i?2 }M�M+B�H b2+iQ` �M/
i?Qb2 QM BM/BpB/m�H #�MFbX _2H�i2/ iQ i?Bb HBi2`�im`2- r2 /Q+mK2Mi i?2 2K2`;BM; BKTQ`i�M+2
Q7 ;Qp2`MK2Mi bmTTQ`i BM /`BpBM; i?2 aP1 T`2KBmK �M/ K�F2 i?2 BKTQ`i�Mi Q#b2`p�iBQM
i?�i i?2 p�Hm2 Q7 ;Qp2`MK2Mi bmTTQ`i BM+`2�b2b /m`BM; � HB[mB/Biv +`BbBb- /22T2MBM; i?2 aP1
T`2KBmKX3

6BM�HHv- Qm` T�T2` Bb T�`i Q7 i?2 2K2`;BM; HBi2`�im`2 QM i?2 *?BM2b2 +`2/Bi K�`F2iXN

aim/vBM; i?2 p�Hm2 Q7 i?2 BKTHB+Bi ;Qp2`MK2Mi ;m�`�Mi22- CBM- q�M;- �M/ w?�M; UkykjV
7Q+mb QM i?2 }`bi H�`;2 aP1 /27�mHi BM kyR8- �M/ �M;- "�B- �M/ w?Qm UkykjV �M/ GBm- Gvm-
�M/ um UkykRV QM *?BM�Ƕb *?2M;iQm #QM/bX *?2M- >2- �M/ GBm UkykyV bim/v i?2 HBMF #2ir22M
i?2 ;`Qri? Q7 *?2M;iQm #QM/b �M/ i?2 kyyN biBKmHmb T�+F�;2 BM *?BM�X

h?2 `2bi Q7 Qm` T�T2` Bb Q`;�MBx2/ �b 7QHHQrbX a2+iBQM k T`QpB/2b #�+F;`QmM/ BM7Q`K�iBQM
QM *?BM�Ƕb +`2/Bi K�`F2i �M/ /Q+mK2Mib i?2 aP1 T`2KBmKX a2+iBQM j T`2b2Mib � mMB}2/
i?2Q`2iB+�H 7`�K2rQ`F #v BM+Q`TQ`�iBM; ;Qp2`MK2Mi #�BHQmi BMiQ i?2 bi`m+im`�H KQ/2H Q7 >2
�M/ sBQM; UkyRkVX a2+iBQM 9 +QMbi`m+ib Qm` KQ/2H@BKTHB2/ /27�mHi K2�bm`2 �M/ mb2b Bi
iQ bim/v Qm` KQ/2HǶb BKTHB+�iBQM QM +`2/Bi T`B+BM;X a2+iBQM 8 2t�KBM2b i?2 `2�H BKT�+iX
a2+iBQM e +QM+Hm/2bX 6m`i?2` /2i�BHb �`2 T`QpB/2/ BM �M AMi2`M2i �TT2M/BtX

k *?BM�Ƕb *`2/Bi J�`F2i �M/ i?2 aP1 S`2KBmK

kXR *?BM�Ƕb *`2/Bi J�`F2i �M/ Pm` .�i� a�KTH2
h?2 2K2`;2M+2 Q7 *?BM�Ƕb +`2/Bi K�`F2i Bb � `2+2Mi T?2MQK2MQMX 6`QK kyy3 i?`Qm;? kyky-
/QK2biB+ /2#i b2+m`BiB2b Bbbm2/ #v *?BM�Ƕb MQM@}M�M+B�H +QKT�MB2b BM+`2�b2/ #v 09Xj i`BHHBQM-

3�bbQ+B�i2/ rBi? i?2 T`2b2M+2 Q7 ;Qp2`MK2Mi bmTTQ`i Bb i?2 KQ`�H ?�x�`/ Bbbm2 7Q` i?2 aP1b BM *?BM�X
qBi?BM i?2 lXaX +QMi2ti- E�+T2`+xvF �M/ a+?M�#H UkyRjV /Q+mK2Mi i?�i KQM2v K�`F2i 7mM/b bmTTQ`i2/ #v
i?2B` bTQMbQ`b iQQF QM KQ`2 `BbFX AM Qm` b�KTH2- r2 }M/ i?�i i?2 H2p2`�;2 �M/ 7mM/�K2Mi�H `BbF UJ2`iQMǶb
.JV Q7 aP1b `2K�BM bi�#H2 irQ v2�`b #27Q`2 �M/ �7i2` i?2 kyR3 L2r _2;mH�iBQMbX

N6Q` Qp2`pB2rb QM i?2 *?BM2b2 +`2/Bi K�`F2i- b22 >m- S�M- �M/ q�M; UkykRV �M/ �Kbi�/ �M/ >2 UkyRNVX
_2+2Mi 2KTB`B+�H bim/B2b BM+Hm/2 JQ �M/ am#`�?K�Mv�K UkykyV QM +`2/Bi #QM/ HB[mB/Biv- *?2M 2i �HX UkykjV
QM i?2 p�Hm2 Q7 TH2/;2�#BHBiv BM *?BM2b2 +Q`TQ`�i2 #QM/b- GBm 2i �HX UkyRNV QM i?2 T`B+BM; BKTHB+�iBQMb Q7
vB2H/@+?�bBM; `2i�BH BMp2biQ`b- .BM;- sBQM;- �M/ w?�M; UkykkV QM i?2 Bbbm�M+2 Qp2`T`B+BM; Q7 *?BM2b2 +Q`TQ`�i2
#QM/b- :�Q 2i �HX UkyR8V QM i?2 /2i2`KBM�Mib Q7 HQ�M /27�mHib- >m�M;- GBm- �M/ a?B UkykkV QM i?2 /2i2`KBM�Mib
Q7 b?Q`i@i2`K +`2/Bi bT`2�/b- :�Q- >m�M;- �M/ JQ UkykkV QM i?2 2z2+i Q7 +`2/Bi 2M?�M+2K2Mi QM #QM/ T`B+BM;X

d



7`QK � M2;HB;B#H2 H2p2H BM kyy3 iQ 09X8 i`BHHBQM BM kyky- b2+QM/ QMHv iQ i?2 lXaX 6Q` i?2 #�MF@
/QKBM�i2/ }M�M+B�H bvbi2K BM *?BM�- i?2 T`2b2M+2 Q7 i?Bb K�`F2i@#�b2/ +`2/Bi +?�MM2H ?�b
QT2M2/ � M2r +?�MM2H Q7 /2#i }M�M+BM; i?�i Bb +?2�T2` �M/ KQ`2 2{+B2Mi i?�M i`�/BiBQM�H
#�MF HQ�MbX AM/22/- 7Q` MQM@}M�M+B�H }`Kb BM *?BM�- i?2 2K2`;2M+2 Q7 i?Bb QMb?Q`2 K�`F2i
?�b BM+`2�b2/ i?2B` �p2`�;2 `�iBQ Q7 K�`F2i@#�b2/ /2#i iQ #�MF /2#i 7`QK jX3W BM kyy3 iQ
kRXeW BM kykyX �b *?BM� 7m`i?2` QT2Mb mT Bib }M�M+B�H bvbi2K- i?Bb QMb?Q`2 +`2/Bi K�`F2i
?�b i?2 TQi2MiB�H Q7 #2+QKBM; � F2v +QKTQM2Mi Q7 i?2 ;HQ#�H }t2/@BM+QK2 K�`F2i- Qz2`BM;
T`QbT2+iBp2 BMi2`M�iBQM�H BMp2biQ`b 2tTQbm`2 iQ i?2 `2�H *?BM�X A7 i?2 `�TB/ ;`Qri? Q7 *?BM�Ƕb
2+QMQKv ?�b #22M i?2 biQ`v Q7 Qm` �;2 7Q` i?2 T�bi i?`22 /2+�/2b- i?2M- KQpBM; 7Q`r�`/- i?2
K�im`�iBQM Q7 *?BM�Ƕb }M�M+B�H K�`F2ib �M/ i?2B` BMi2;`�iBQM BMiQ i?2 ;HQ#�H K�`F2ib +�M
p2`v r2HH #2 i?2 biQ`v Q7 i?2 +QKBM; /2+�/2X

AM i?Bb T�T2`- r2 7Q+mb Qm` �M�HvbBb QM +Q`TQ`�i2 #QM/b BM *?BM�X aBKBH�` BM bi`m+im`2
iQ i?2B` +QmMi2`T�`ib BM i?2 lXaX- +Q`TQ`�i2 #QM/b BM *?BM� �`2 Q7 i?`22 ivT2b, i?2 K2/BmK@
i2`K MQi2b �++QmMi 7Q` i?2 H�`;2bi 7`�+iBQM �M/ �`2 i`�/2/ BM i?2 BMi2`@#�MF K�`F2i- i?2
+Q`TQ`�i2 #QM/b �`2 i?2 b2+QM/ H�`;2bi �M/ �`2 2t+?�M;2 i`�/2/- �M/ i?2 2Mi2`T`Bb2 #QM/b-
i`�/2/ BM #Qi? K�`F2ib- �++QmMi 7Q` QMHv � p2`v bK�HH TQ`iBQM Q7 Qm` HBbi2/ b�KTH2X 6Q+mbBM;
QM i?2 /BpB/2 #2ir22M aP1b �M/ MQM@aP1b- r2 7m`i?2` B/2MiB7v i?2 #QM/ Bbbm2` pB� i?2
LaP1 /mKKv- r?B+? 2[m�Hb QM2 7Q` MQM@aP1b �M/ x2`Q Qi?2`rBb2X h?Qm;? Qm` b�KTH2
BM+Hm/2b #QM/b Bbbm2/ #v HBbi2/ �M/ mMHBbi2/ }`Kb- Qm` 2KTB`B+�H �M�Hvb2b 7Q+mb KQbiHv QM
i?2 Tm#HB+Hv HBbi2/ aP1 �M/ MQM@aP1 }`Kb- r?B+? �`2 H�`;2` �M/ KQ`2 BKTQ`i�Mi iQ i?2
2+QMQKv �M/ r?Qb2 }M�M+B�H bi�i2K2Mib �M/ 2[mBiv K�`F2i BM7Q`K�iBQM ?2HT mb K2�bm`2
i?2B` +`2/Bi [m�HBiv �M/ i?2 TQi2MiB�H ;Qp2`MK2Mi bmTTQ`iX "2+�mb2 Q7 bT�+2 HBKBi�iBQMb- r2
T`QpB/2 � #`B27 bmKK�`v Q7 Qm` /�i� �b 7QHHQrbX 6m`i?2` /2i�BHb Q7 Qm` /�i� +�M #2 7QmM/ BM
�M AMi2`M2i �TT2M/BtX

q2 Q#i�BM Qm` /�i� QM #QM/ �M/ 2[mBiv T`B+BM; �M/ +QHH2+i i?2 Bbbm2`@H2p2H #�H�M+2@b?22i
BM7Q`K�iBQM 7`QK qBM/- � a?�M;?�B@#�b2/ /�i� b2`pB+2X 6Q` i?2 Tm`TQb2 Q7 bim/vBM; +`2/Bi
T`B+BM;- r2 +QMbi`m+i � b�KTH2 Q7 #QM/b Bbbm2/ #v aP1 �M/ MQM@aP1 }`Kb rBi? �+iBp2Hv
i`�/2/ biQ+Fb �M/ +Q`TQ`�i2 #QM/b �b 7QHHQrbX q2 BM+Hm/2 }t2/@`�i2 #QM/b Bbbm2/ #v MQM@
}M�M+B�H }`Kb �M/ 2t+Hm/2 #QM/b rBi? K�im`Biv H2bb i?�M QM2 v2�`- #QM/b r?Qb2 Bbbm2` ?�b
H2bb i?�M Ry i`�/BM; /�vb BM i?2 2[mBiv K�`F2i /m`BM; � [m�`i2` Q` ?�b KBbbBM; }M�M+B�H
bi�i2K2Mib /m`BM; � [m�`i2`- bBMF�#H2 #QM/b �M/ /27�mHi2/ #QM/bXRy hQ T`2p2Mi TQi2MiB�H
/�i� 2``Q`b Q` QmiHB2`b 7`QK /`BpBM; Qm` `2bmHib- r2 �HbQ i�F2 i?2 +QMb2`p�iBp2 i`2�iK2Mi #v

Ryq2 2t+Hm/2 /27�mHi2/ #QM/b �M/ Qi?2` #QM/b Bbbm2/ #v i?2 b�K2 /27�mHiBM; }`Kb bi�`iBM; 7`QK i?2
[m�`i2` #27Q`2 i?2 �+im�H /27�mHi /�i2X Pm` `2bmHib rQmH/ Qi?2`rBb2 #2 bi`QM;2`- �b i?Bb +QMb2`p�iBp2 i`2�iK2Mi
2z2+iBp2Hv i�F2b Qmi � 72r 2ti`2K2Hv ?B;? vB2H/b i?�i Q++m` #27Q`2 i?2 �+im�H /27�mHi /�i2bX :Bp2M i?2 HBKBi2/
MmK#2` Q7 /27�mHi2/ Bbbm2`b BM Qm` b�KTH2- k3 HBbi2/ MQM@aP1 �M/ k HBbi2/ aP1 Bbbm2`b- i?2 �+im�H 2z2+i Q7
i?Bb i`2�iK2Mi QM Qm` `2bmHib Bb KQbiHv M2;HB;B#H2X

3



rBMbQ`BxBM; i?2 +`2/Bi bT`2�/b �i HQr2` yX8W �M/ mTT2` NNX8W Q7 i?2 b�KTH2X
q2 +?QQb2 Qm` b�KTH2 T2`BQ/ iQ bi�`i 7`QK C�Mm�`v R- kyRy i?`Qm;? CmM2 jy- kykyX S`BQ`

iQ kyRy- i?2 +`2/Bi K�`F2i BM *?BM� Bb MQi /2p2HQT2/ 2MQm;? iQ ?�p2 �/2[m�i2 MmK#2`b Q7
MQM@aP1 Bbbm2`b 7Q` Qm` 2KTB`B+�H �M�HvbBbX q2 7m`i?2` b2T�`�i2 Qm` iBK2 T2`BQ/ BMiQ i?`22
T?�b2b #v irQ H�M/K�`F 2p2Mib BM *?BM�Ƕb +`2/Bi K�`F2i, i?2 }`bi 2p2` /27�mHi ?�TT2M2/ QM
J�`+? 9- kyR9 �M/ i?2 ǳL2r _2;mH�iBQMb QM �bb2i J�M�;2K2MiǴ `2H2�b2/ QM �T`BH kd- kyR3X
�++Q`/BM;Hv- S?�b2 A- 7`QK kyRyZR iQ kyRjZ9- +Qp2`b i?2 T`2@/27�mHi T2`BQ/c S?�b2 AA- 7`QK
kyR9ZR iQ kyR3ZR- +�Tim`2b i?2 }`bi r�p2 Q7 /27�mHib- r?B+? Q++m``2/ KQbiHv iQ mMHBbi2/
}`Kb BM BM/mbi`B2b bmz2`BM; 7`QK Qp2`+�T�+Bivc �M/ S?�b2 AAA- 7`QK kyR3Zk iQ kykyZk- +Qp2`b
TQbi@`2;mH�iBQMb T2`BQ/- r?2M i?2 b2+QM/ �M/ Km+? KQ`2 b2p2`2 r�p2 Q7 /27�mHib Q++m``2/-
KQbiHv iQ MQM@aP1 Bbbm2`bX

Pm` #QM/@H2p2H /�i� �`2 bmKK�`Bx2/ BM i?2 iQT T�M2H Q7 h�#H2 R- +QMbBbiBM; Q7 [m�`i2`Hv
#QM/ T`B+2b- #QM/ +?�`�+i2`BbiB+b- �M/ #QM/ i`�/BM; BM7Q`K�iBQMX 6Q` T`B+BM; /�i�- r2 +QK@
Tmi2 [m�`i2`Hv vB2H/ iQ K�im`Biv 7Q` 2�+? #QM/ mbBM; Bib H�bi i`�Mb�+iBQM T`B+2 Q7 i?2 [m�`i2`X
6QHHQrBM; i?2 +QMp2MiBQM BM i?2 K�`F2i- r2 mb2 i?2 *?BM2b2 .2p2HQTK2Mi "�MF U*."V #QM/b
�b i?2 `272`2M+2 +m`p2 �M/ +�H+mH�i2 i?2 +`2/Bi bT`2�/ �b i?2 /Bz2`2M+2 #2ir22M i?2 +Q`TQ`�i2
#QM/ vB2H/ �M/ *." vB2H/ Q7 i?2 b�K2 K�im`BivX 6Q` +`2/Bi `�iBM;b- r2 K2`;2 Qm` b�KTH2
rBi? i?2 `�iBM; /�i�b2i Q7 qBM/- r?B+? mT/�i2b +?�M;2b BM `�iBM; #v i?2 K�DQ` `�iBM; �;2M@
+B2b BM *?BM�X q2 +QMp2`i H2ii2` ;`�/2b BMiQ MmK2`B+�H MmK#2`b #v �bbB;MBM; R iQ ���- k
iQ ��Y- j iQ ��- 9 iQ ��@- �M/ bQ QMX AM *?BM�- ��� Bb i?2 iQT ;`�/2- rBi? ��Y �M/
�� BM i?2 KB//H2- �M/ ��@ Bb ;2M2`�HHv Q7 HQr [m�HBiv- �M/ p2`v 72r #QM/b �`2 #2HQr ��@X
*QKT�`2/ rBi? i?2 MQM@aP1 #QM/b- i?2 aP1 #QM/b BM ;2M2`�H ?�p2 ?B;?2` `�iBM;b- H�`;2`
Bbbm�M+2 bBx2- �M/ �`2 Q7 HQM;2` K�im`Biv- QH/2` BM �;2- �M/ HQr2` BM +QmTQM `�i2X

� MQM@i`BpB�H �KQmMi Q7 +Q`TQ`�i2 #QM/b BM *?BM� �`2 Bbbm2/ rBi? 2K#2//2/ QTiBQM�HBiv-
rBi? +�HH �M/ Tmi T`QpBbBQMb #2BM; i?2 irQ KQbi +QKKQM 72�im`2bX Smii�#H2 #QM/b ;Bp2
BMp2biQ`b i?2 QTiBQM iQ b2HH #�+F i?2 #QM/ �i Bib 7�+2 p�Hm2 �i bT2+B}2/ /�i2b #27Q`2 K�im`Biv-
K�FBM; i?2 #QM/ KQ`2 2tT2MbBp2 �M/ HQr2`BM; Bib vB2H/- r?BH2 +�HH�#H2 #QM/b ;Bp2 i?2 Bbbm2`
i?2 QTiBQMX lTQM 2t2`+BbBM; i?2 Tmii�#H2 Q` +�HH�#H2 QTiBQM- i?2 Bbbm2` mbm�HHv +�M 7m`i?2`
KQ/B7v i?2 +QmTQM `�i2 rBi?BM � T`2@b2i `�M;2 iQ K�F2 i?2 #QM/b H2bb Q` KQ`2 �ii`�+iBp2X �b
MQM@aP1b �`2 KQ`2 T`QM2 iQ BbbmBM; Tmii�#H2 #QM/b- i?2 T`2b2M+2 Q7 i?Bb QTiBQM�HBiv rQmH/
BM i?2Q`v /2+`2�b2 i?2 +`2/Bi bT`2�/b 7Q` MQM@aP1b- HQr2`BM; i?2 2biBK�i2/ aP1 T`2KBmK
�M/ #B�bBM; �;�BMbi Qm` }M/BM;bX Pm` 2KTB`B+�H 2biBK�iBQM �/Dmbib 7Q` i?Bb QTiBQM�HBiv #v
�bbB;MBM; Smii�#H2 �M/ *�HH�#H2 /mKKB2b iQ i?2 `2bT2+iBp2 #QM/bXRR

RRqBi?BM Qm` b�KTH2- r2 }M/ R9XeW Q7 K2/BmK@i2`K MQi2b UJhLbV �`2 +�HH�#H2 �M/ NXjW Tmii�#H2- �M/
aP1b #QM/b �++QmMi 7Q` 39XkW Q7 i?2 +�HH�#H2 JhLb �M/ 89XkW Tmii�#H2 JhLbX 6Q` i?2 2t+?�M;2@i`�/2/
+Q`TQ`�i2 #QM/b- r2 }M/ kX9W +�HH�#H2 �M/ ekXyW Tmii�#H2- �M/ MQM@aP1 #QM/b �++QmMi 7Q` 83XjW Q7 i?2

N



�MQi?2` mMB[m2 72�im`2 BM *?BM�Ƕb #QM/ K�`F2i Bb i?2 2[m�H BKTQ`i�M+2 Q7 i?2 BMi2`@#�MF
K�`F2i �M/ 2t+?�M;2b �b i`�/BM; p2Mm2b- rBi? i?2 7Q`K2` TQTmH�i2/ #v H�`;2 BMbiBimiBQM�H
BMp2biQ`b �M/ i?2 H�ii2` #v bK�HH �M/ K2/BmK@bBx2 BMp2biQ`bX lMHBF2 i?2 la +Q`TQ`�i2 #QM/
K�`F2i- r?B+? Bb /QKBM�i2/ #v Qp2`@i?2@+QmMi2` i`�/BM;- #Qi? i?2 2t+?�M;2b �M/ BMi2`@#�MF
K�`F2i +H�BK bB;MB}+�Mi K�`F2i b?�`2 BM #QM/ i`�/BM;X q2 mb2 i?2 /mKKv p�`B�#H2 1t+? iQ
BM/B+�i2 r?2i?2` i?2 Q#b2`p2/ #QM/ T`B+2 Bb 7`QK 2t+?�M;2 i`�/BM; iQ +QMi`QH 7Q` i?2 TQi2M@
iB�H /Bz2`2M+2b BM BMp2biQ` #2?�pBQ` �M/ `2;mH�iQ`v �mi?Q`BiB2b #2ir22M i?2b2 irQ K�`F2ibX
6BM�HHv- r2 `2TQ`i i?2 #QM/ i`�/BM; p�`B�#H2b iQ `2~2+i i?2 Qp2`�HH HB[mB/Biv +QM/BiBQM Q7 i?2
K�`F2iX 6Q` 2t�KTH2- h`�/BM;.�vb +QmMib i?2 MmK#2` Q7 i`�/BM; /�vb T2` [m�`i2`X aBKBH�`
iQ i?2 la K�`F2i- +Q`TQ`�i2 #QM/b �`2 QM �p2`�;2 BM7`2[m2MiHv i`�/2/X �b b?QrM BM h�#H2 R-
i?2 �p2`�;2 MmK#2` Q7 i`�/BM; /�vb T2` [m�`i2` Bb R8 7Q` HBbi2/ MQM@aP1 �M/ Ry 7Q` HBbi2/
aP1X _2H�iBp2 iQ MQM@aP1b- aP1 #QM/b �`2 H2bb 7`2[m2MiHv i`�/2/ #mi rBi? ?B;?2` im`MQp2`X

h?2 Bbbm2`@H2p2H 2[mBiv BM7Q`K�iBQM Bb bmKK�`Bx2/ BM i?2 #QiiQK T�M2H Q7 h�#H2 RX 6Q`
2�+? Q7 i?2 je8 MQM@aP1 �M/ 9yR aP1 }`Kb BM Qm` b�KTH2- r2 `2TQ`i i?2 iQi�H K�`F2i p�Hm2
Q7 Bib 2[mBiv BM HQ;�`Bi?K mM/2` 1[mBivaBx2X q2 7m`i?2` `2TQ`i i?2`2 BKTQ`i�Mi BMTmib mb2/
iQ K2�bm`2 i?2 +`2/Bi [m�HBiv Q7 � }`KX q2 mb2 /�BHv biQ+F `2im`Mb rBi?BM 2�+? [m�`i2` iQ
K2�bm`2 [m�`i2`Hv 2[mBiv pQH�iBHBivX hQ +�H+mH�i2 }`K H2p2`�;2- r2 +QHH2+i BM7Q`K�iBQM QM i?2
}`KǶb b?Q`i@ �M/ HQM;@i2`K HB�#BHBiB2b �M/ Bib #QQF p�Hm2 Q7 �bb2i 7`QK i?2 [m�`i2`Hv }M�M+B�H
bi�i2K2MibX G2p2`�;2 Bb +�H+mH�i2/ �b i?2 `�iBQ Q7 i?2 iQi�H +m``2Mi HB�#BHBiB2b THmb i?2 iQi�H
MQM@+m``2Mi HB�#BHBiB2b iQ i?2 iQi�H �bb2i p�Hm2X h?2 [m�`i2`Hv �bb2i ;`Qri? Bb +QKTmi2/ �b i?2
;`Qri? `�i2 Q7 i?2 �bb2i p�Hm2 �p2`�;2/ Qp2` i?2 T�bi i?`22 v2�`bX *QKT�`2/ rBi? MQM@aP1
}`Kb- aP1b QM �p2`�;2 ?�p2 H�`;2` 2[mBiv bBx2- HQr2` 2[mBiv pQH�iBHBiv- ?B;?2` H2p2`�;2 �M/
bK�HH2` �bb2i ;`Qri? i?�M MQM@aP1bX

kXk h?2 aP1 S`2KBmK BM *?BM�Ƕb *`2/Bi J�`F2i
q2 K2�bm`2 i?2 aP1 T`2KBmK #v 2biBK�iBM; i?2 /Bz2`2M+2 BM +`2/Bi bT`2�/b #2ir22M �
MQM@aP1 �M/ aP1 #QM/ �7i2` +QMi`QHHBM; 7Q` i?2B` +`2/Bi `�iBM;b �M/ Qi?2` #QM/ �M/ 2[mBiv
+?�`�+i2`BbiB+bX lbBM; i?2 +`2/Bi bT`2�/ Q7 #QM/ i BM [m�`i2` t- r2 T2`7Q`K i?2 [m�`i2`Hv
T�M2H `2;`2bbBQM,

*`2/BiaT`2�/i,t = a+ bLaP1 LaP1i,t + c_�iBM;i,t +
∑

k
*QMi`QHbki,t + εi,t , URV

r?2`2 i?2 [m�`i2`Hv mT/�i2/ LaP1 /mKKv 2[m�Hb QM2 7Q` MQM@aP1 Bbbm2`b �M/ x2`Q 7Q`

Tmii�#H2X �b aP1b Bbbm2 KQ`2 +�HH�#H2 #QM/b rBi? M2;�iBp2 QTiBQM p�Hm2b 7Q` BMp2biQ`b- r?BH2 MQM@aP1b Bbbm2
KQ`2 Tmii�#H2 #QM/b rBi? TQbBiBp2 QTiBQM p�Hm2b 7Q` BMp2biQ`b- �/DmbiBM; 7Q` i?Bb QTiBQM�HBiv rQmH/ QM �p2`�;2
/2+`2�b2 i?2 +`2/Bi bT`2�/b 7Q` aP1b �M/ BM+`2�b2 i?Qb2 7Q` MQM@aP1b- 7m`i?2` rB/2MBM; i?2 aP1 T`2KBmKX
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aP1b- �M/ i?2 +Q``2bTQM/BM; `2;`2bbBQM +Q2{+B2Mi bLaP1 K2�bm`2b i?2 aP1 T`2KBmKX "2@
bB/2b +`2/Bi `�iBM;b- i?2 �//BiBQM�H +QMi`QH p�`B�#H2b BM+Hm/2 #QM/ K�im`Biv- Bbbm�M+2 bBx2-
�;2- 2t+?�M;2 K�`F2i /mKKv- QTiBQM�HBiv- HB[mB/Biv- �M/ HQ; Q7 2[mBiv bBx2b 7Q` HBbi2/ }`KbX
q2 7m`i?2` BM+Hm/2 [m�`i2` }t2/ 2z2+i �M/ BM/mbi`v }t2/ 2z2+i iQ +QMi`QH 7Q` TQi2MiB�H
K�`F2i@rB/2 ~m+im�iBQMb �M/ BM/mbi`v /Bz2`2M+2b BM +`2/Bi bT`2�/bX

h?2 `2;`2bbBQM `2bmHib �`2 bmKK�`Bx2/ BM h�#H2 k- rBi? i@bi�iǶb `2TQ`i2/ BM b[m�`2/ #`�+F@
2ib- mbBM; bi�M/�`/ 2``Q`b /Qm#H2 +Hmbi2`2/ #v [m�`i2` �M/ #QM/ iQ i�F2 BMiQ �++QmMi Q7
+`Qbb@b2+iBQM�H �b r2HH �b iBK2@b2`B2b +Q``2H�iBQMb BM +`2/Bi bT`2�/bX "27Q`2 kyR3Zk- i?2 aP1
T`2KBmK 7Q` i?2 HBbi2/ b�KTH2 Bb 2biBK�i2/ �i ky #Tb Ui@bi�i4kXNdV �M/ kd #Tb Ui@bi�i49Xk3V
BM S?�b2 A �M/ AA- `2bT2+iBp2HvX *QMi`QHHBM; 7Q` +`2/Bi `�iBM; �M/ Qi?2` #QM/ +?�`�+i2`BbiB+b
�M/ }`K bBx2- i?2 aP1 Bbbm2`b QM �p2`�;2 2MDQv � T`2KBmK Q7 �#Qmi ky #Tb Qp2` i?2B` MQM@
aP1 +QmMi2`T�`ibX �b QM2 MQi+? BKT`Qp2K2Mi BM +`2/Bi `�iBM; Bb �bbQ+B�i2/ rBi? � `2/m+iBQM
BM +`2/Bi bT`2�/ Q7 �`QmM/ 8y #Tb /m`BM; i?Bb iBK2 T2`BQ/- i?Bb /Bz2`2M+2 BM }M�M+BM; +Qbi
#2ir22M MQM@aP1b �M/ aP1b Bb 2+QMQKB+�HHv bB;MB}+�MiX h?2 iQT T�M2H Q7 6B;m`2 R 7m`i?2`
`2TQ`ib i?2 iBK2@b2`B2b Q7 i?2 aP1 T`2KBmK �i i?2 [m�`i2`Hv 7`2[m2M+vX S`BQ` iQ kyR3Zk-
i?2 aP1 T`2KBmK ~m+im�i2b �`QmM/ ky #Tb �M/ bi�vb KQbiHv #2HQr 8y #Tb- �M/ i?2 }`bi
/27�mHi BM kyR9ZR /Q2b MQi b22K iQ ?�p2 �Mv bB;MB}+�Mi �/p2`b2 2z2+i QM i?2 aP1 T`2KBmKX
h�#H2 k �HbQ `2TQ`ib i?2 aP1 T`2KBmK 7Q` #QM/b Bbbm2/ #v mMHBbi2/ }`Kb, k8 #Tb BM S?�b2
A- NR #Tb BM S?�b2 AA- �M/ R3R #Tb BM S?�b2 AAAX *QKT�`2/ rBi? i?2 HBbi2/ b�KTH2- i?2 aP1
T`2KBmK 7Q` i?2 mMHBbi2/ }`Kb bi�`ib iQ BM+`2�b2 /m`BM; S?�b2 AA- �7i2` i?2 }`bi /27�mHi BM
kyR9- +QMbBbi2Mi rBi? i?2 7�+i i?�i i?2 }`bi r�p2 Q7 /27�mHib Q++m`b KQbiHv 7Q` mMHBbi2/ }`KbX

SQbi kyR3Zk- i?2 aP1 T`2KBmK 2tTHQ/2b `�i?2` bm//2MHv �M/ i?2 �p2`�;2 aP1 T`2KBmK
BM+`2�b2b iQ RRj #Tb Ui@bi�i4dXdeV BM S?�b2 AAA- 2[mBp�H2Mi iQ i?2 7mHH@b�KTH2 /Bz2`2M+2 BM
+`2/Bi bT`2�/ #2ir22M � iQT@MQi+? ���@`�i2/ #QM/ �M/ � bT2+mH�iBp2@;`�/2 ��@`�i2/ #QM/X
�b b?QrM BM i?2 iQT T�M2H Q7 6B;m`2 R- Qp2` Dmbi QM2 [m�`i2`- i?2 aP1 T`2KBmK `Bb2b b?�`THv
7`QK k3 #Tb BM kyR3ZR iQ �M mMT`2+2/2Mi2/ N3 #Tb BM kyR3ZkX "2?BM/ i?Bb /`�K�iB+ 2tTHQbBQM
BM aP1 T`2KBmK Bb i?2 7�bi /2i2`BQ`�iBM; +`2/Bi@K�`F2i +QM/BiBQMb 7Q` MQM@aP1 Bbbm2`bX �b
b?QrM BM h�#H2 R- rBi?Qmi �Mv +QMi`QHb- i?2 �p2`�;2 +`2/Bi bT`2�/ 7Q` MQM@aP1 Bbbm2`b Bb
kyj #Tb �M/ ky9 #Tb BM S?�b2b A �M/ AA- `2bT2+iBp2HvX Ai i?2M DmKTb iQ j89 #Tb BM S?�b2
AAAX "v +QMi`�bi- i?2 �p2`�;2 +`2/Bi bT`2�/ 7Q` aP1 Bbbm2`b ?�b `2H�iBp2Hv KQ/2bi BM+`2�b2b
Qp2` i?2 i?`22 T?�b2b, RkR #Tb- Rjk #Tb- �M/ Rdy #Tb- `2bT2+iBp2HvX aBM+2 LQp2K#2` kyR3-
`2+Q;MBxBM; i?2 �/p2`b2 2z2+ib QM i?2 T`Bp�i2 b2+iQ`- i?2 *?BM2b2 ;Qp2`MK2Mi �i p�`BQmb H2p2Hb
Qz2` `2�bbm`�M+2b �M/ /2pBb2 TQHB+B2b iQ bmTTQ`i i?2 T`Bp�i2 b2+iQ`- #mi i?2 aP1 T`2KBmK-
Q` i?2 MQM@aP1 /Bb+QmMi- /2i2`BQ`�i2b 7m`i?2`- T2�FBM; �i R89 #Tb BM kyRNZjX Ai ?�b bBM+2
+QK2 /QrM iQ #2HQr Ryy #Tb �M/ Bb �i Nj #Tb BM kykyZkX

�HbQ THQii2/ BM i?2 #�+F;`QmM/ Q7 i?2 iQT T�M2H Q7 6B;m`2 R �`2 i?2 iQi�H [m�`i2`Hv
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/27�mHi �KQmMib BM i?2 +`2/Bi K�`F2iX S`BQ` iQ kyR9ZR- *?BM�Ƕb +`2/Bi K�`F2i Bb 7`22 Q7
/27�mHi 2p2Mib- +QM}`KBM; i?2 /22T@`QQi2/ #2HB27 i?�i /2#i BMp2biQ`b rBHH �Hr�vb #2 #�BH2/
QmiX h?2 }`bi 2p2` /27�mHi BM kyR9 K�`Fb i?2 #2;BMMBM; Q7 �M 2`QbBQM iQ i?Bb bi`QM;Hv ?2H/
#2HB27XRk h?2 }`bi r�p2 Q7 /27�mHib Q++m`b �`QmM/ kyReZR �M/ KQbiHv iQ mMHBbi2/ Bbbm2`b-
rBi? [m�`i2`Hv /27�mHi �KQmMib `�M;BM; 7`QK H2bb i?�M _J" R #BHHBQM iQ RkXk #BHHBQM- bK�HH
+QKT�`2/ rBi? i?2 iQi�H �KQmMi Q7 _J" ReXR i`BHHBQM Q7 i?2 +`2/Bi K�`F2i BM kyReX 6`QK
kyR8Zk iQ kyReZj- i?2 mMHBbi2/ aP1b �`2 �z2+i2/ KQ`2 b2p2`2Hv i?�M mMHBbi2/ MQM@aP1b-
T�`iB+mH�`Hv 7Q` i?2 mMHBbi2/ aP1b BM Qp2`+�T�+Biv BM/mbi`B2bX ai�`iBM; 7`QK kyReZ9- i?2 iQi�H
�KQmMi Q7 /27�mHi BM i?2 +`2/Bi K�`F2i H2bb2Mb- �M/ i?2 7`�+iBQM Q7 mMHBbi2/ aP1 /27�mHib
`2/m+2/ `�i?2` /`�K�iB+�HHv- 7`QK 3jW BM kyReZj iQ RyW QM2 [m�`i2` H�i2` BM kyReZ9X 6`QK
i?�i TQBMi QM- i?2 MQM@aP1b i�F2 KQbi Q7 i?2 #HmMiX

kXj *`2/Bi hB;?i2MBM; �M/ GB[mB/Biv .2i2`BQ`�iBQM
AM *?BM�- MQM@}M�M+B�H }`Kb ?�p2 �++2bb iQ i?`22 BMi2`+QMM2+i2/ /2#i@}M�M+BM; +?�MM2Hb,
#�MF HQ�Mb- +`2/Bi K�`F2i- �M/ b?�/Qr #�MFBM;X _2H�iBp2 iQ i?2 QT�[m2 #�MF HQ�Mb i?�i
/QKBM�i2 i?2 }M�M+B�H bvbi2K BM *?BM�- i?2 2K2`;2M+2 Q7 i?2 +`2/Bi K�`F2i ?�b QT2M2/
� M2r +?�MM2H Q7 /2#i }M�M+BM; i?�i Bb +?2�T2`- KQ`2 i`�MbT�`2Mi- �M/ KQ`2 2{+B2MiHv
�HHQ+�i2/X 6Q` i?2 �bb2i@K�M�;2K2Mi BM/mbi`v BM *?BM�- i?2 ;`Qri? Q7 i?2 +`2/Bi K�`F2i
?�b �HbQ 2tT�M/2/ i?2B` BMp2biK2Mi 7`QMiB2` #v Qz2`BM; �M 2MiB`2Hv M2r �bb2i +H�bb Ĝ #2ir22M
i?2 HQr2` vB2H/BM; �M/ HQr2` `BbF ;Qp2`MK2Mi #QM/b �M/ i?2 ?B;?2` vB2H/BM; �M/ ?B;?2` `BbF
2[mBiv K�`F2iX AM/22/- i?2 ;`Qri? Q7 i?2 QMb?Q`2 +`2/Bi K�`F2i Bb +HQb2Hv +QMM2+i2/ rBi?
i?2 /2K�M/ 7`QK i?2 7�bi ;`QrBM; �bb2i@K�M�;2K2Mi BM/mbi`v BM *?BM�X

h?2 kyR3 L2r _2;mH�iBQMb QM �bb2i J�M�;2K2Mi

h?2 ;Qp2`MK2Mi@H2/ +`2/Bi iB;?i2MBM; bi�`ib �`QmM/ kyRd- /`Bp2M #v +QM+2`Mb Qp2` mMbmbi�BM@
�#H2 /2#i #m`/2Mb 7m2H2/ #v i?2 `�TB/ 2tT�MbBQM Q7 i?2 b?�/Qr #�MFBM; b2+iQ`X 1biBK�i2/ #v
JQQ/vǶb Zm�`i2`Hv *?BM� a?�/Qr "�MFBM; JQMBiQ`- i?2 bBx2 Q7 i?2 b?�/Qr #�MFBM; biQQ/ �i
e9X8 i`BHHBQM _J" #v 2M/@kyRe- Q7 r?B+? jyXR i`BHHBQM �`2 �bb2ib 7mM/2/ #v i?2 q2�Hi? J�M@
�;2K2Mi S`Q/m+i UqJSV �M/ RNX8 i`BHHBQM #v 2Mi`mbi2/ �M/ i`mbi2/ HQ�MbX am+? b?�/Qr
#�MFBM; TH�v2`b �`2 �HbQ /QKBM�Mi BM i?2 +Q`TQ`�i2 #QM/ K�`F2i- +QMM2+iBM; i?2 b?�/Qr

Rkh?2 }`bi 2p2` /27�mHi BM *?BM�Ƕb +`2/Bi K�`F2i iQQF TH�+2 QM J�`+? 9- kyR9- r?2M i?2 T`Bp�i2Hv@?2H/
Tm#HB+Hv@HBbi2/ bQH�` 2[mBTK2Mi +QKT�Mv- a?�M;?�B *?�Q`B aQH�` �M/ h2+?MQHQ;v *QX Gi/ U*?�Q`BV- r�b
mM�#H2 iQ K22i i?2 BMi2`2bi T�vK2Mi Q7 3NX3 KBHHBQM _J" QM Bib R #BHHBQM 2t+?�M;2@i`�/2/ #QM/X h?2 *?�Q`B
/27�mHi bm`T`Bb2/ i?2 +`2/Bi@K�`F2i BMp2biQ`b- r?Q ?�/ T`2pBQmbHv #2HB2p2/ i?�i i?2 ;Qp2`MK2Mi rQmH/ bi2T
BM iQ �p2`i i?2 /27�mHiX h`B;;2`2/ #v i?2 *?�Q`B /27�mHi- i?2 +`2/Bi bT`2�/b Q7 Qi?2` HQr +`2/Bi@[m�HBiv #QM/b
�HbQ BM+`2�b2/ bB;MB}+�MiHvX 6m`i?2` /2i�BHb +�M #2 7QmM/ BM �Kbi�/ �M/ >2 UkyRNVX
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#�MFBM; b2+iQ` iQ i?2 +`2/Bi K�`F2iX
h?2 ǳL2r _2;mH�iBQMb QM �bb2i J�M�;2K2MiǴ r�b �MMQmM+2/ BM �T`BH kyR3 rBi? i?2

T`BK�`v Tm`TQb2 Q7 `2bi`B+iBM; i?2 b?�`T BM+`2�b2 BM i?2 b?�/Qr #�MFBM; b2+iQ` �M/ `2/m+@
BM; bvbi2K�iB+ `BbF BM i?2 HQM; `mMX h?2 M2r `mH2b 7Q`+2 �bb2i K�M�;2`b iQ �/QTi M2i@�bb2i
p�Hm�iBQM �M/ �#�M/QM �KQ`iBx2/ �++QmMiBM;- #�M i?2 T`�+iB+2 Q7 T`BM+BT�H �M/ `2im`M ;m�`@
�Mi22b iQ 7mM/ BMp2biQ`b- HBKBi i?2 b+QT2 Q7 K�im`Biv KBbK�i+? Q7 i?2B` �bb2ib �M/ HB�#BHBiB2b-
7Q`#B/ KmHiB@iB2` M2biBM;- 7mM/ TQQHBM; �M/ +?�MM2H #mbBM2bb- �M/ M�``Qr i?2 b+QT2 Q7 [m�H@
B}2/ T`Q/m+ib �M/ [m�HB}2/ BMp2biQ`bX �Hi?Qm;? i?2 i�`;2i Q7 i?2 kyR3 L2r _2;mH�iBQMb
r�b i?2 �bb2i@K�M�;2K2Mi BM/mbi`v BM i?2 b?�/Qr #�MFBM; b2+iQ`- i?2 /QKBM�M+2 Q7 bm+?
TH�v2`b BM i?2 +`2/Bi K�`F2i K2�Mb i?�i i?2 HB[mB/Biv b?Q+F BM i?2 b?�/Qr #�MFBM; b2+iQ`
;2ib i`�MbKBii2/ iQ i?2 +`2/Bi K�`F2i �HKQbi BMbi�MiHvX

h?2 kyR3 L2r _2;mH�iBQMb �z2+i #QM/ K�`F2i HB[mB/Biv i?`Qm;? #Qi? /B`2+i �M/ BM/B`2+i
+?�MM2HbX AM T�`iB+mH�`- #v #�MMBM; �bb2i K�M�;2K2Mi T`Q/m+ib 7`QK BMp2biBM; BM MQMbi�M@
/�`/ �bb2ib- i?2 M2r `2;mH�iBQMb +�M BKT�+i i?2 }`Kb UT�`iB+mH�`Hv MQM@aP1bV BM/B`2+iHv
i?`Qm;? i?2B` BM�#BHBiv iQ `QHH Qp2` i?2B` /2#i BM i?2 b?�/Qr #�MFBM; b2+iQ`X JQ`2Qp2`- i?2
M2r `mH2b bB;MB}+�MiHv `2/m+2 i?2 �ii`�+iBp2M2bb Q7 i?2 �bb2i K�M�;2K2Mi T`Q/m+ib- HBKBi
i?2 `2;mH�iBQM@�z2+i2/ �bb2i K�M�;2`bǶ +�T�+Biv iQ /2H�v i?2 `2�HBx�iBQM Q7 K�`F2i `BbF- �M/
7Q`+2 i?2K iQ p�Hm2 b�72iv Qp2` vB2H/X �b � `2bmHi- i?2 7`�+iBQM Q7 ?QH/BM;b #v `2;mH�iBQM@
�z2+i2/ �bb2i K�M�;2`b BM #Qi? i?2 K2/BmK@i2`K MQi2b K�`F2i �M/ +Q`TQ`�i2 #QM/b K�`F2i
/2+`2�b2bXRj :Bp2M i?2 i`�MbT�`2M+v Qp2` i?2 QT�[m2M2bb Q7 #�MF HQ�Mb �M/ b?�/Qr #�MFBM;-
i?2 BKK2/B�i2 HB[mB/Biv BKT�+i Q7 i?2 kyR3 ;Qp2`MK2Mi@H2/ +`2/Bi iB;?i2MBM; Bb 72Hi �M/ Q#@
b2`p2/ KQbi pBbB#Hv BM i?2 +`2/Bi K�`F2iX AM Qi?2` rQ`/b- �Hi?Qm;? Qm` 2KTB`B+�H 2pB/2M+2b
�`2 7Q+mb2/ QM i?2 +`2/Bi K�`F2i- i?2 BMi2`@+QMM2+i2/M2bb Q7 i?2 i?`22 +`2/Bi +?�MM2Hb K2�Mb
i?�i i?2 ;Qp2`MK2Mi@H2/ iB;?i2MBM; #`Qm;?i QM #v i?2 kyR3 L2r _2;mH�iBQMb �z2+ib i?2
+`2/Bi �M/ HB[mB/Biv +QM/BiBQMb Q7 i?2 2MiB`2 2+QMQKvX

"QM/ GB[mB/Biv- Abbm�M+2- �M/ .27�mHib �7i2` i?2 kyR3 L2r _2;mH�iBQMb

hQ #2ii2` mM/2`bi�M/ i?2 HBMF #2ir22M i?2 HB[mB/Biv b?Q+F i`B;;2`2/ #v i?2 kyR3 L2r _2;m@
H�iBQMb �M/ i?2 TQbi@kyR3Zk 2tTHQbBQM Q7 i?2 aP1 T`2KBmK- r2 rQ`F mM/2` i?2 7`�K2rQ`F
Q7 >2 �M/ sBQM; UkyRkVX � 7Q`K�H /2p2HQTK2Mi Q7 i?2 KQ/2H Bb iQ #2 T`2b2Mi2/ BM a2+iBQM jX
>2`2 BM i?Bb b2+iBQM r2 K�T i?2 F2v BMbB;?i Q7 i?2B` KQ/2H iQ Qm` b2iiBM; �M/ T`QpB/2 2KTB`@
B+�H 2pB/2M+2b QM +Q`TQ`�i2 #QM/ HB[mB/Biv- Bbbm�M+2- �M/ /27�mHib bm``QmM/BM; i?2 kyR3 L2r

Rj"v Qm` 2biBK�iBQM 7`QK a?�M;?�B *H2�`BM; >Qmb2 �M/ a?�M;?�B aiQ+F 1t+?�M;2- i?2 7`�+iBQM Q7 ?QH/BM;b
#v `2;mH�iBQM@�z2+i2/ �bb2i K�M�;2`b BM K2/BmK@i2`K MQi2b BM+`2�b2b 7`QK kkXdW BM kyR9 iQ i?2 T2�F Q7
ekXNW BM kyRd �M/ i?2M /2+`2�b2b iQ eyXRW BM kyR3X h?2 `2/m+iBQM Bb KQ`2 b2p2`2 BM +Q`TQ`�i2 #QM/b-
/2+`2�bBM; 7`QK 9dXyW BM kyRd iQ jNXkW BM kyR3X
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_2;mH�iBQMbX �b H�B/ Qmi BM >2 �M/ sBQM; UkyRkV- HB[mB/Biv /2i2`BQ`�iBQM- BM+`2�b2/ `QHHQp2`
`BbF- �M/ ?B;?2` /27�mHi `�i2b �`2 BKTQ`i�Mi K2+?�MBbKb �M/ BKTHB+�iBQMb Q7 i?2B` KQ/2HX
q2 MQr T`QpB/2 `2H�i2/ 2KTB`B+�H 2pB/2M+2 bm``QmM/BM; i?2 kyR3 L2r _2;mH�iBQMbX

6B`bi- QM HB[mB/Biv- r2 mb2 i?2 T`B+2@#�b2/ BHHB[mB/Biv K2�bm`2 T`QTQb2/ #v "�Q- S�M-
�M/ q�M; UkyRRV �M/ +QKTmi2 i?2 KQMi?Hv #QM/@H2p2H :�KK�- r?B+? 2[m�Hb i?2 M2;�iBp2
Q7 +Qp (∆pt,∆pt−1) rBi? ∆pt #2BM; i?2 /�v@t +?�M;2 Q7 i?2 HQ; Q7 2M/@Q7@/�v i`�Mb�+iBQM
T`B+2bX hQ 2biBK�i2 i?2 KQMi?Hv :�KK�- r2 `2[mB`2 i?2 #QM/ iQ ?�p2 �i H2�bi Ry T�B`b Q7
∆pt �M/ ∆pt−1 /m`BM; � KQMi? �M/ i?Bb }Hi2`b Qmi � H�`;2 7`�+iBQM Q7 i?2 #QM/bX �b bm+?-
Qm` 2biBK�i2/ :�KK�Ƕb �`2 7Q` i?2 KQbi HB[mB/ #QM/b BM Qm` b�KTH2X hQ 7m`i?2` +QKT�`2
#2ir22M aP1b �M/ MQM@aP1b Q7 bBKBH�` `�iBM;b �M/ K�im`Biv- r2 �TTHv Qm` +�H+mH�iBQMb iQ
� bm#@b�KTH2 rBi? #QM/ `�iBM;b #2ir22M �� �M/ ��� �M/ K�im`Biv #2ir22M k v2�`b iQ 8
v2�`bX 6Q` i?Bb b�KTH2 Q7 #QM/b- r2 }M/ i?�i- /m`BM; S?�b2 AA- aP1 �M/ MQM@aP1 #QM/b
�`2 Q7 bBKBH�` K�;MBim/2 BM :�KK� rBi? aP1b bHB;?iHv H2bb HB[mB/ i?�M MQM@aP1bX SQbi
kyR3Zk- ?Qr2p2`- r2 Q#b2`p2 � b?�`T BM+`2�b2 BM i?2 BHHB[mB/Biv K2�bm`2 7Q` #Qi? aP1b �M/
MQM@aP1b- BM/B+�iBM; �M Qp2`�HH /2i2`BQ`�iBQM Q7 i?2 HB[mB/Biv +QM/BiBQM �7i2` i?2 kyR3 L2r
_2;mH�iBQMbX JQ`2Qp2`- i?2 BM+`2�b2 BM :�KK� Bb KQ`2 T`QKBM2Mi 7Q` MQM@aP1b `2H�iBp2
iQ aP1bX �b b?QrM BM T�M2H U�V Q7 6B;m`2 �XR- 7`QK S?�b2 AA iQ AAA- i?2 �p2`�;2 :�KK�
BM+`2�b2b 7`QK yXyd iQ yXkd 7Q` MQM@aP1b- +QKT�`2/ rBi? �M BM+`2�b2 7`QK yXyN iQ yXRd 7Q`
MQM@aP1b- BM/B+�iBM; i?�i i?2 TQbi@kyR3Zk HB[mB/Biv rQ`b2Mb #v � 7�+iQ` Q7 jX3 7Q` MQM@aP1b
�M/ RXN 7Q` aP1bX :Bp2M i?�i r2 �`2 �#H2 iQ 2biBK�i2 i?2 :�KK� 7Q` i?2 KQbi HB[mB/ #QM/b
BM Qm` b�KTH2- i?2 bBim�iBQM 7Q` i?2 Qi?2` H2bb HB[mB/ #QM/b rQmH/ #2 2p2M KQ`2 b2p2`2X

�b � H2bb /B`2+i K2�bm`2 Q7 HB[mB/Biv- i?2 i`�/BM; �+iBpBiB2b bmKK�`Bx2/ BM h�#H2 R �HbQ
Qz2` +QMbBbi2Mi 2pB/2M+2bX 6Q` 2t�KTH2- i?2 [m�`i2`Hv im`MQp2`b 7Q` #Qi? MQM@aP1b �M/
aP1b /`QT 7`QK S?�b2 AA iQ AAA- #mi i?2 `2/m+2/ i`�/BM; �+iBpBiv Bb KQ`2 b2p2`2 7Q` i?2
MQM@aP1 #QM/bX aT2+B}+�HHv- i?2 �p2`�;2 [m�`i2`Hv im`MQp2` Bb �`QmM/ jRW 7Q` #Qi? MQM@
aP1b �M/ aP1b BM S?�b2 AA- �M/ /`QTb iQ kyW 7Q` MQM@aP1b �M/ kdW 7Q` aP1bX Pp2`�HH-
Qm` 2pB/2M+2 bm;;2bib i?�i i?2 HB[mB/Biv +QM/BiBQM BM/22/ /2i2`BQ`�i2b �7i2` i?2 kyR3 L2r
_2;mH�iBQMb �M/ i?�i /2i2`BQ`�iBQM Bb KQ`2 b2p2`2 7Q` MQM@aP1b i?�M aP1bX

a2+QM/- QM `QHHQp2` `BbF- r2 +QKT�`2 i?2 �KQmMi Q7 M2r Bbbm�M+2 #v aP1b �M/ MQM@
aP1b BM i?2 +`2/Bi K�`F2iX q2 }M/ i?�i i?2 7`�+iBQM Q7 M2r Bbbm�M+2 #v MQM@aP1b /`QTb
bB;MB}+�MiHv �7i2` i?2 kyR3 L2r _2;mH�iBQMb- `2~2+iBM; i?2 BM+`2�b2/ /B{+mHiv 7Q` MQM@aP1b
iQ Bbbm2 M2r #QM/b iQ `QHHQp2` Qp2` i?2B` 2tBbiBM; /2#iX 6Q+mbBM; QM i?2 bm#@b�KTH2 Q7
+Q`TQ`�i2 #QM/b `�i2/ #2ir22M �� �M/ ���- i?2 7`�+iBQM Q7 M2r Bbbm�M+2 #v MQM@aP1b
/`QTb 7`QK jNXRW iQ RNX9W- r?2M �p2`�;2/ Qp2` irQ v2�`b #27Q`2 �M/ �7i2` kyR3ZkX S�M2H U#V
Q7 6B;m`2 �XR 7m`i?2` b?Qrb i?2 �p2`�;2 /Bz2`2M+2 BM #QM/ Bbbm�M+2 bBx2 #2ir22M MQM@aP1b
�M/ aP1b- r?B+? Bb 2biBK�i2/ 7`QK i?2 [m�`i2`Hv }`K@H2p2H `2;`2bbBQM �7i2` +QMi`QHHBM; 7Q`
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bBx2 �M/ BM/mbi`vX q2 +�M b22 � bi`QM; /2+`2�bBM; i`2M/ bBM+2 i?2 kyR3 L2r _2;mH�iBQMbX
J2�Mr?BH2- i?2 `2[mB`2K2Mi QM +`2/Bi `�iBM; ?�b �HbQ BM+`2�b2/ 7Q` M2r Bbbm�M+2X 6`QK S?�b2
AA iQ AAA- i?2 �p2`�;2 MmK2`B+�H `�iBM; �i Bbbm�M+2 /2+`2�b2b 7`QK kX9 iQ RXe 7Q` MQM@aP1b �M/
7`QK RXd iQ RXj 7Q` aP1bX �b HQr2` MmK2`B+�H `�iBM;b i`�MbH�i2 iQ ?B;?2` +`2/Bi `�iBM;b- i?2b2
+?�M;2b BM/B+�i2 i?�i bQK2 Bbbm2`b ?�p2 HQbi �++2bb iQ i?2 +Q`TQ`�i2 #QM/ K�`F2i BM S?�b2
AAA �M/ i?Bb bBim�iBQM Bb KQ`2 b2p2`2 7Q` MQM@aP1bX Pp2`�HH- r2 b22 � T�ii2`M Q7 `2/m+2/
�++2bb iQ +`2/Bi #v MQM@aP1b BM i?2 +Q`TQ`�i2 #QM/ K�`F2i �7i2` i?2 kyR3 L2r _2;mH�iBQMbX

h?B`/- QM /27�mHi �KQmMib �M/ /27�mHi `�i2- r2 Q#b2`p2/ mMT`2+2/2Mi2/ /27�mHib #v MQM@
aP1b bi�`iBM; 7`QK kyR3ZjX h?2 HBbi2/ MQM@aP1 Bbbm2`b- r?Q `2K�BM H�`;2Hv BMi�+i /m`BM;
i?2 }`bi r�p2 �`QmM/ kyReZR- �`2 b2p2`2Hv ?Bi �M/ �++QmMi 7Q` jdW Q7 i?2 iQi�H /27�mHi
�KQmMi BM i?2 +`2/Bi K�`F2i BM kyRNZ9X J2�Mr?BH2- i?2 K�;MBim/2 Q7 i?2 /27�mHi �KQmMi
?�b �HbQ BM+`2�b2/ /`�K�iB+�HHv 7`QK _J" R9X9 #BHHBQM BM kyR3Zk iQ Qp2` 8y #BHHBQM BM kyR3Z9X
aiBHH � bK�HH �KQmMi +QKT�`2/ iQ i?2 Qp2`�HH bBx2 Q7 i?2 +`2/Bi K�`F2i- i?2 7�+i i?�i Qp2`
NyW Q7 i?2 /27�mHi Q++m`b iQ MQM@aP1 Bbbm2`b Bb � +H2�` bB;M�H iQ i?2 K�`F2i i?�i i?2b2 �`2
i?2 KQ`2 pmHM2`�#H2 Bbbm2`bX q2 �HbQ +QKTmi2 i?2 QM2@v2�` /27�mHi `�i2b 7Q` Qm` b�KTH2 Q7
#QM/b +QMbi`m+i2/ 7Q` +`2/Bi T`B+BM;X h?2 /27�mHi `�i2 7Q` HBbi2/ MQM@aP1 BM+`2�b2/ `�TB/Hv
7`QK H2bb i?�M 8 #Tb #27Q`2 kyR3 iQ j8 #Tb BM kyR3Zk- r?BH2 i?2 �p2`�;2 /27�mHi `�i2 7Q`
HBbi2/ aP1b `2K�BMb +HQb2 iQ x2`Q �i �`QmM/ k #TbX

Pp2`�HH- i?2 kyR3 L2r _2;mH�iBQM ?�/ � T`Q7QmM/ 2z2+i QM i?2 +Q`TQ`�i2 #QM/ K�`F2iX
*QMbBbi2Mi rBi? i?2 K2+?�MBbK H�B/ Qmi BM >2 �M/ sBQM; UkyRkV- r2 Q#b2`p2 rQ`b2MBM;
HB[mB/Biv +QM/BiBQMb- `2/m+2/ �++2bb iQ i?2 #QM/ K�`F2i- �M/ BM+`2�bBM; /27�mHibX AKTQ`i�Mi
7Q` Qm` T�T2`- i?2b2 2z2+ib Q++m` Km+? KQ`2 b2p2`2Hv 7Q` MQM@aP1b i?�M aP1b- `2~2+iBM;
i?2 BM+`2�b2/ p�Hm2 Q7 ;Qp2`MK2Mi bmTTQ`i /m`BM; � HB[mB/Biv +`BbBbX Cmbi �b BM >2 �M/ sBQM;
UkyRkV- r?2`2 i?2 BMi2`�+iBQM #2ir22M HB[mB/Biv �M/ +`2/Bi `BbF ?B;?HB;?ib i?2 `QH2 Q7 b?Q`i@
i2`K /2#i BM 2t�+2`#�iBM; i?2 `QHHQp2` `BbF- BM Qm` T�T2`- i?2 BMi2`�+iBQM #2ir22M i?2 `QHHQp2`
`BbF �M/ i?2 TQi2MiB�H Q7 ;Qp2`MK2Mi #�BHQmi ?B;?HB;?ib i?2 `QH2 Q7 aP1 #QM/b BM �HH2pB�iBM;
HB[mB/Biv@/`Bp2M /27�mHiX

j h?2 JQ/2H

jXR � JQ/2H Q7 _QHHQp2` _BbF rBi? "�BHQmi
q2 rQ`F rBi? � mMB}2/ 7`�K2rQ`F #v BM+Q`TQ`�iBM; ;Qp2`MK2Mi #�BHQmi BMiQ i?2 bi`m+im`�H
KQ/2H Q7 >2 �M/ sBQM; UkyRkVX Pm` b2iiBM; 7QHHQrb /B`2+iHv i?�i Q7 >2 �M/ sBQM; UkyRkVX
6Q` +QKTH2i2M2bb- r2 T`QpB/2 � #`B27 2tTQbBiBQM Q7 i?2 KQ/2HX
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6B`K �bb2i S`Q+2bb �M/ .2#i ai`m+im`2

�b BM >2 �M/ sBQM; UkyRkV- i?2 }`KǶb �bb2i p�Hm2 Vt 7QHHQrb � ;2QK2i`B+ "`QrMB�M KQiBQM
mM/2` i?2 `BbF@M2mi`�H K2�bm`2-

dVt

Vt
= (r − δ)dt+ σdZt UkV

r?2`2 r Bb i?2 `BbF@7`22 `�i2- δ Bb i?2 +�b? T�vQmi `�i2- σ Bb i?2 �bb2i pQH�iBHBiv �M/ Zt

Bb � bi�M/�`/ "`QrMB�M KQiBQMX 6QHHQrBM; G2H�M/ �M/ hQ7i URNNeV- i?2 }`K +QKKBib iQ �
bi�iBQM�`v /2#i bi`m+im`2 (C, P,m)- r?2`2 m Bb i?2 K�im`Biv Q7 M2r /2#i +QMiBMmQmbHv Bbbm2/
#v i?2 }`K- P Bb i?2 iQi�H T`BM+BT�H Q7 i?Bb +QMiBMmmK Q7 #QM/b- �M/ C Bb i?2 iQi�H �MMm�H
+QmTQMX �i �Mv iBK2 t- i?2 iBK2@iQ@K�im`BiB2b Q7 i?2 #QM/b �`2 mMB7Q`KHv /Bbi`B#mi2/- �b
i?2 }`K Bbbm2b M2r #QM/b iQ `QHH Qp2` i?2 K�im`2/ #QM/ rBi? � T`BM+BT�H Q7 p = P/m �M/
+QmTQM T�vK2Mi Q7 c = C/m T2` v2�`X

GB[mB/Biv a?Q+F �M/ .2#i _QHHQp2`

G2i d(Vt,m) #2 i?2 K�`F2i T`B+2 Q7 � M2rHv Bbbm2/ #QM/- r?B+? Bb mb2/ iQ `2TH�+2 i?2
K�im`BM; #QM/ rBi? T`BM+BT�H pX .2T2M/BM; QM i?2 HB[mB/Biv +QM/BiBQM BM i?2 b2+QM/�`v
K�`F2i- d(Vt,m) +�M #2 /Bz2`2Mi 7`QK p- �M/ r?2M d(Vt,m) < p- i?2 }`K BM+m`b � `QHHQp2`
HQbbX >2 �M/ sBQM; UkyRkV KQ/2H i?2 b2+QM/�`v #QM/ K�`F2i HB[mB/Biv +QM/BiBQM pB� HB[mB/Biv@
b?Q+F2/ #QM/ BMp2biQ`b- 2�+? 2tT2`B2M+BM; �M B/BQbvM+`�iB+ HB[mB/Biv b?Q+F- r?Qb2 �``Bp�H iBK2
Bb ;Qp2`M2/ #v � SQBbbQM T`Q+2bb rBi? BMi2MbBiv ξX lTQM i?2 �``Bp�H Q7 i?2 HB[mB/Biv b?Q+F-
i?2 BMp2biQ` T�vb k 7`�+iBQM Q7 i?2 #QM/ p�Hm2 �b � +QbiX

h?2 p�Hm�iBQM Q7 QM2 mMBi Q7 � #QM/ rBi? � iBK2@iQ@K�im`Biv Q7 τ < m 7QHHQrb i?2 bi�M@
/�`/ T�`iB�H /Bz2`2MiB�H 2[m�iBQM-

rd (Vt, τ) = c− ξkd (Vt, τ)−
∂d (Vt, τ)

∂τ
+ (r − δ)Vt

∂d (Vt, τ)

∂V
+

1

2
σ2V 2

t

∂2d (Vt, τ)

∂V 2
, UjV

r?2`2 rd(Vt, τ) Bb i?2 `2[mB`2/ #QM/ `2im`M- QM i?2 `B;?i@?�M/ bB/2- c Bb i?2 +QmTQM T�v@
K2Mi- ξk d(Vt, τ) Bb i?2 HQbb /m2 iQ i?2 HB[mB/Biv b?Q+FX h?2 H�bi i?`22 i2`Kb �`2 i?2 mbm�H
BM}MBi2bBK�H ;2M2`�iQ` 7Q` V X

h�FBM; i?2 }`KǶb /27�mHi #QmM/�`v VB �b ;Bp2M- i?2 #QM/ T`B+2 +�M #2 bQHp2/ pB� i?2
7QHHQrBM; irQ #QmM/�`v +QM/BiBQMbX *QM/BiBQMBM; QM bm`pBp�H-

d(Vt, 0;VB) = p , 7Q` �HHVt > VB . U9V

*QM/BiBQMBM; QM /27�mHiBM; �i iBK2 τ iQ K�im`Biv �M/ �bbmKBM; � `2+Qp2`v `�i2 α-

d(VB, τ ;VB) =
αVB

m
. U8V

Re



:Qp2`MK2Mi "�BHQmi

_2H�iBp2 iQ i?2 Q`B;BM�H b2imT Q7 >2 �M/ sBQM; UkyRkV- r2 KQ/B7v i?2B` #QmM/�`v +QM/BiBQM
BM 2[m�iBQM U8V #v

d (VB, τ, πg;VB) =
αVB

m
(1− πg) +

P

m
πg , UeV

r?2`2 r2 �bbmK2 i?�i- +QM/BiBQMBM; QM /27�mHi �i τ ∈ [0,m]- i?2 ;Qp2`MK2Mi rBHH bi2T BM
rBi? � `BbF@M2mi`�H T`Q#�#BHBiv πg- �M/ BM i?2 2p2Mi Q7 � #�BHQmi- i?2 ;Qp2`MK2Mi ?2HTb i?2
}`K T�v #�+F i?2 T`BM+BT�H BM 7mHH iQ i?2 #QM/?QH/2`b- �pQB/BM; �Mv /2�/r2B;?i HQbbXR9 Pm`
#�BHQmi bT2+B}+�iBQM Bb bBKBH�` iQ i?�i BM "2`M/i- .m{2- �M/ w?m UkyRNV 2t+2Ti i?�i r2 /Q
MQi +QMbB/2` 7mim`2 #�BHQmib Q7 i?2 b�K2 }`KXR8

qBi? i?2 BMi`Q/m+iBQM Q7 ;Qp2`MK2Mi #�BHQmi BM 2[m�iBQM UeV- r2 +�M /Bz2`2MiB�i2 aP1b
7`QK MQM@aP1b #v +QMbB/2`BM; irQ }`Kb rBi? /Bz2`2Mi #�BHQmi T`Q#�#BHBiv πgX 6Q` MQM@
aP1b- r2 �bbmK2 i?�i πg Bb �Hr�vb x2`Q- `2/m+BM; i?2K iQ i?2 b2iiBM; bim/B2/ BM >2 �M/
sBQM; UkyRkVX 6Q` aP1b- i?2 #�BHQmi T`Q#�#BHBiv πg Bb �Hr�vb MQM@x2`Q �M/ i?2 p�`vBM;
K�;MBim/2 Q7 πg +�M #2 mb2/ iQ KQ/2H aP1b rBi? p�`vBM; /2;`22b Q7 ;Qp2`MK2Mi bmTTQ`iX
6QHHQrBM; >2 �M/ sBQM; UkyRkV- 7Q` � ;Bp2M p�Hm2 Q7 VB- r2 +�M bQHp2 i?2 #QM/ p�Hm2 7`QK
2[m�iBQM UjV rBi? #QmM/�`v +QM/BiBQMb U9V �M/ UeVX

1M/Q;2MQmb .27�mHi "QmM/�`v �M/ i?2 aP1 S`2KBmK

hQ bQHp2 7Q` i?2 2M/Q;2MQmb /27�mHi #QmM/�`v VB- r2 M22/ iQ +�H+mH�i2 i?2 p�Hm2 7Q` i?2
2[mBiv ?QH/2`bX .m2 iQ i?2 HB[mB/Biv b?Q+F BM i?2 b2+QM/�`v #QM/ K�`F2i- i?2 M2rHv Bbbm2/
#QM/ +�M #2 i`�/2/ �i � T`B+2 HQr2` i?�M p �M/ i?2 2[mBiv ?QH/2`b ?�p2 iQ Bbbm2 �//BiBQM�H
2[mBiv iQ #2�` i?2 `QHHQp2` HQbbX �b � `2bmHi- i?2 `QHHQp2` HQbb 2Mi2`b BMiQ i?2 2[mBiv p�Hm2-
�z2+iBM; i?2 2[mBiv ?QH/2`bǶ /2+BbBQM QM /27�mHiX .27�mHi ?�TT2Mb r?2M i?2 2[mBiv p�Hm2

R9h?2 +�b2 Q7 ZBM;?�B a�Hi G�F2 AM/mbi`v UZ>aGV +QMbiBimi2b �M BHHmbi`�iBp2 2t�KTH2 Q7 ;Qp2`MK2Mi
#�BHBM; Qmi �M aP1X ai�`iBM; 7`QK a2Ti2K#2` jy- kyRN- Z>aG- � HBbi2/ aP1 ?2H/ #v i?2 ai�i2@QrM2/ �bb2ib
amT2`pBbBQM �M/ �/KBMBbi`�iBQM Ua�a�*V Q7 ZBM;?�B S`QpBM+2- /27�mHi2/ QM Bib _J" eXRd9 #BHHBQM K2/BmK@
i2`K MQi2b �M/ +Q`TQ`�i2 #QM/bX qBi? i?2 ?2HT Q7 i?2 HQ+�H ;Qp2`MK2Mi- i?2 `2bi`m+im`BM; TH�M r�b [mB+FHv
�TT`Qp2/ #v i?2 +Qm`i QM �T`BH ky- kykyX h?2 `2+Qp2`v `�i2 7Q` i?2 #QM/?QH/2`b r�b RyyW B7 +?QQbBM; iQ `QHH
Qp2` i?2 /2#i Qp2` 8 v2�`b- r?B+? Bb Km+? ?B;?2` i?�M i?2 2biBK�i2/ `2+Qp2`v `�i2 Uj3X8RWV mM/2` HB[mB/�iBQMX
h?2 biQ+F T`B+2 Q7 Z>aG BM+`2�b2/ 7`QK dXee �i i?2 /27�mHi /�i2 iQ j8XNy �7i2` `2bi`m+im`BM; �M/ `2bmKTiBQMX

R8"2`M/i- .m{2- �M/ w?m UkyRNV +QMbB/2`b �HH i?2 7mim`2 TQi2MiB�H #�BHQmib �7i2` i?2 }`bi #�BHQmiX h?2v
b?Qr i?�i QM2@?�H7 iQ irQ@i?B`/b Q7 i?2 K�`F2i p�Hm2 Q7 7mim`2 #�BHQmi bm#bB/B2b Bb �bbQ+B�i2/ rBi? i?2 }`bi
TQi2MiB�H #�BHQmiX h?2 `2bmHib rQmH/ #2 [m�HBi�iBp2Hv bBKBH�` B7 r2 �// 7mim`2 #�BHQmib BMiQ i?2 KQ/2HX �b
i?2 K�BM Tm`TQb2 Q7 Qm` KQ/2H Bb iQ BHHmbi`�i2 i?2 #�bB+ K2+?�MBbK BM ;2M2`�iBM; i?2 aP1 T`2KBmK- r2 /Q
MQi +QMbB/2` i?2 /vM�biv Q7 i?2 #�BHQmi 7Q` bBKTHB+BivX

Rd



/`QTb iQ y �M/ i?2 2[mBiv ?QH/2`b r�HF �r�v 7`QK 7m`i?2` b2`pB+BM; i?2 /2#iX G2iiBM; E(Vt)

#2 i?2 2[mBiv p�Hm2- /27�mHi ?�TT2Mb r?2M E (VB) = 0X 6QHHQrBM; >2 �M/ sBQM; UkyRkV- i?2
T�`iB�H /Bz2`2MiB�H 2[m�iBQM 7Q` i?2 2[mBiv p�Hm�iBQM Bb ;Bp2M #v

rE = (r − δ)VtEV +
1

2
σ2V 2

t EV V + δVt − (1− π)C + d (Vt,m, πg)− p , UdV

r?2`2 rE Bb i?2 `2[mB`2/ 2[mBiv `2im`M- �M/ QM i?2 `B;?i@?�M/ bB/2- i?2 }`bi irQ i2`Kb �`2 i?2
2tT2+i2/ 2[mBiv p�Hm2 +?�M;2 rBi? `2bT2+i iQ i?2 /vM�KB+b Q7 �bb2i p�Hm2- δVt Bb i?2 }`KǶb
+�b? ~Qr- �M/ (1− π)C Bb i?2 �7i2`@i�t +QmTQM T�vK2MiX G�biHv �M/ KQbi BKTQ`i�MiHv-
d (Vt,m, πg)− p Bb i?2 `QHHQp2` ;�BMfHQbb #Q`M2 #v i?2 2[mBiv ?QH/2`bX

�b /Bb+mbb2/ BM >2 �M/ sBQM; UkyRkV- bQHpBM; i?2 2[mBiv p�Hm2 7`QK 2[m�iBQM UdV Bb +?�H@
H2M;BM; #2+�mb2 Bi 7m`i?2` BMpQHp2b i?2 #QM/ p�Hm�iBQM 7mM+iBQM d(Vt,m)- iQ #2 bQHp2/ 7`QK
2[m�iBQM UjV- ;Bp2M /27�mHi #QmM/�`v VBX Gm+FBHv- Qm` KQ/B}+�iBQM Q7 >2 �M/ sBQM; UkyRkV
/Q2b MQi �Hi2` i?2B` bQHmiBQM K2i?Q/ �M/- 7QHHQrBM; i?2 /2`Bp�iBQMb BM i?2B` �TT2M/Bt- r2 bQHp2
i?2 2[mBiv p�Hm2 7`QK 2[m�iBQM UdV rBi? i?2 #QmM/�`v +QM/BiBQMbX h?2 2M/Q;2MQmb /27�mHi
#QmM/�`v VB +�M #2 bQHp2/ 7`QK i?2 bKQQi? T�biBM; +QM/BiBQM E ′ (VB) = 0X SHm; VB BMiQ
i?2 #QM/@T`B+BM; 2[m�iBQM UjV- r2 Q#i�BM � +HQb2/@7Q`K bQHmiBQM 7Q` #QM/ p�Hm2 d (Vt,m, πg)X
h?2 +Q``2bTQM/BM; vB2H/ y(πg) 7Q` � #QM/ rBi? πg Bb ;Bp2M #v

d (Vt,m, πg) =
c

y(πg)

(
1− e−y(πg)m

)
+ p e−y(πg)m . U3V

*QMbB/2` irQ #QM/b rBi? B/2MiB+�H /2#i bi`m+im`2- 2t+2Ti QM2 Bb Bbbm2/ #v �M aP1 rBi?
#�BHQmi T`Q#�#BHBiv πg > 0 �M/ i?2 Qi?2` Bbbm2/ #v � MQM@aP1 rBi? πg = 0X h?2 aP1
T`2KBmK Bb /2}M2/ �b i?2 /Bz2`2M+2 #2ir22M i?2B` vB2H/bX

S`QTQbBiBQM RX h?2 aP1 T`2KBmK UaP1SV Bb /2}M2/ �b

SOEP = y(0)− y(πg), UNV

r?2`2 y(πg) Bb bQHp2/ #�b2/ QM 2[m�iBQM UjV- U9V- UeV �M/ U3V �M/ i?2 2M/Q;2MQmb #�MF`mTi+v
#QmM/�`v VB(πg) Bb ;Bp2M #v

VB(πg) =

(1−π)C+(1−e−(r+ξk)m)(p− c
r+ξk )

η + (p− c
r+ξk )[b(−a) + b(a)] + ( c

r+ξk − pπg)[(B(−ẑ) +B(ẑ)]
δ

η−1 +
α
m [B(−ẑ) +B(ẑ)](1− πg)

,

r?2`2 a ≡ r − δ − σ2/2

σ2
, z ≡ (a2σ4 + 2rσ2)1/2

σ2
, η ≡ z − a > 1, ẑ ≡ [a2σ4 + 2(r + ξk)σ2]1/2

σ2
,

b(x) =
1

z + x
e−(r+ξk)m

[
N(xσ

√
m)− ermN(−zσ

√
m)

]
,

B(x) =
1

z + x

[
N(xσ

√
m)− e

1
2 [z2−x2]σ2mN(−zσ

√
m)

]
.
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*2Mi`�H iQ i?2 F2v /2i2`KBM�Mib Q7 i?2 aP1 T`2KBmK Bb i?2 BMi2`�+iBQM #2ir22M ;Qp2`M@
K2Mi #�BHQmi �M/ HB[mB/Biv@/`Bp2M +`2/Bi `BbF UBX2X- `QHHQp2` `BbFVX �b b?QrM BM >2 �M/ sBQM;
UkyRkV- Qp2` iBK2- `QHHQp2` `BbF BM+`2�b2b rBi? /2i2`BQ`�iBM; HB[mB/Biv +QM/BiBQM UBX2X- ?B;?2`
ξVc �+`Qbb #QM/b- `QHHQp2` `BbF ?2B;?i2Mb 7Q` i?Qb2 rBi? b?Q`i2` K�im`BiB2b UBX2X- HQr2` mVX
�//BM; #�BHQmi T`Q#�#BHBiv πg iQ i?Bb b2iiBM;- r2 BMi`Q/m+2 � M2r 7Q`K Q7 +`Qbb@Bbbm2` p�`B@
�iBQM i?�i Bb mMB[m2 iQ *?BM�Ƕb +`2/Bi K�`F2iX lM/2` Qm` KQ/2H- aP1 Bbbm2`b rBi? TQbBiBp2
#�BHQmi T`Q#�#BHBiv πg �`2 b�72`- rBi? HQr2` /27�mHi T`Q#�#BHBiv- i?�M MQM@aP1 Bbbm2`b rBi?
πg = 0X �M/ i?2 p�Hm2 Q7 i?�i b�72iv +�M #2 K2�bm`2/ /B`2+iHv 7`QK i?2 +Q`TQ`�i2 #QM/
K�`F2i pB� i?2 aP1 T`2KBmKX �b i?2 HB[mB/Biv +QM/BiBQM /2i2`BQ`�i2b rBi? BM+`2�bBM; ξ-
;Qp2`MK2Mi #�BHQmi #2+QK2b KQ`2 p�Hm�#H2 BM �HH2pB�iBM; i?2 ?2B;?i2M2/ `QHHQp2` `BbF- �M/
i?2 aP1 T`2KBmK BM+`2�b2b �++Q`/BM;HvX

jXk JQ/2H *�HB#`�iBQM
hQ BHHmbi`�i2 MmK2`B+�HHv ?Qr i?2 BMi2`�+iBQM #2ir22M #�BHQmi T`Q#�#BHBiv �M/ HB[mB/Biv b?Q+F
�z2+ib #QM/ T`B+BM; �M/ i?2 aP1 T`2KBmK- r2 +�HB#`�i2 Qm` KQ/2H #v �/QTiBM; i?2 +�HB#`�@
iBQM T�`�K2i2`b 7`QK >2 �M/ sBQM; UkyRkV- rBi? KBMQ` �/DmbiK2Mib iQ K�i+? Qm` b�KTH2X
� KQ`2 +QKT`2?2MbBp2 2biBK�iBQM Q7 Qm` KQ/2H rBHH #2 +�``B2/ Qmi BM a2+iBQM 9X

6Q` i?2 ;2M2`�H 2MpB`QMK2Mi- r2 b2i i?2 `BbF@7`22 `�i2 r = 4% �M/ i?2 i�t `�i2 τ = 25%X
�i i?2 }`K H2p2H- r2 b2i i?2 #QM/ `2+Qp2`v `�i2 ;Bp2M /27�mHi α = 50%- i?2 T�vQmi `�i2
δ = 1%- �M/ i?2 �bb2i pQH�iBHBiv σ = 15%- 2biBK�i2/ 7`QK h�#H2 RX 6Q` #QM/ K�`F2i
HB[mB/Biv- r2 b2i i?2 i`�Mb�+iBQM +Qbi T�`�K2i2` k = 1.0% �M/ i?2 HB[mB/Biv b?Q+F BMi2MbBiv
T�`�K2i2` ξ = 1X 6Q` /2#i bi`m+im`2- r2 b2i i?2 #QM/ K�im`Biv m = 1- i?2 +m``2Mi }`K
7mM/�K2Mi�H p�Hm2 V0 = 100- �MMm�H +QmTQM T�vK2Mi C = 2.68- �M/ i?2 �p2`�;2 #QM/
T`BM+BT�H P = 51.30X qBi? i?Bb b2i Q7 #�b2HBM2 T�`�K2i2`b- i?2 QM2@v2�` M2rHv Bbbm2/ T�`
#QM/b ?�p2 � +`2/Bi bT`2�/ Q7 R8y #Tb mM/2` i?2 >2 �M/ sBQM; UkyRkV KQ/2H- 2[mBp�H2Mi iQ
� MQM@aP1 #QM/ rBi? #�BHQmi T`Q#�#BHBiv πg = 0X

q?BH2 i?2 2z2+i Q7 i?2 HB[mB/Biv@/`Bp2M /27�mHi ?�b #22M r2HH /Q+mK2Mi2/ BM >2 �M/ sBQM;
UkyRkV- r?�i Bb M2r BM Qm` KQ/2H Bb i?2 BMi2`�+iBQM #2ir22M #�BHQmi �M/ i?2 HB[mB/Biv@/`Bp2M
/27�mHiX 6BtBM; i?2 KQ/2H �i Bib #�b2HBM2 T�`�K2i2`b- r2 p�`v i?2 irQ F2v T�`�K2i2`b Q7 Qm`
KQ/2H- #�BHQmi T`Q#�#BHBiv πg �M/ i?2 HB[mB/Biv b?Q+F BMi2MbBiv ξ- �M/ `2TQ`i i?2 +`2/Bi bT`2�/
BM i?2 iQT T�M2H �M/ i?2 aP1 T`2KBmK BM i?2 #QiiQK T�M2H Q7 6B;m`2 kX *QMbBbi2Mi rBi?
Qm` BMimBiBQM- +`2/Bi bT`2�/b /2+`2�b2 BM #�BHQmi T`Q#�#BHBiv πg �M/ BM+`2�b2 BM i?2 HB[mB/Biv
b?Q+F BMi2MbBiv ξX JQ`2 BKTQ`i�MiHv- i?2 b2MbBiBpBiv Q7 +`2/Bi bT`2�/ iQ #�BHQmi T`Q#�#BHBiv
πg Bb KBH/ 7Q` bK�HH ξ- #mi BM+`2�b2b `�i?2` /`�K�iB+�HHv rBi? �M BM+`2�bBM; ξX �b b?QrM BM
i?2 iQT T�M2H- rBi? ξ = 2- i?2 +QMp2t `2H�iBQM #2ir22M +`2/Bi bT`2�/ �M/ #�BHQmi Bb 2bT2+B�HHv

RN



T`QKBM2Mi M2�` πg = 0X J�TTBM; i?Bb Q#b2`p�iBQM iQ Qm` b2iiBM;- MQM@aP1b rBi? πg = 0

�M/ aP1b rBi? TQbBiBp2 πg- r2 b22 i?�i- �b i?2 Qp2`�HH HB[mB/Biv +QM/BiBQM /2i2`BQ`�i2b rBi?
ξ KQpBM; iQr�`/ k- i?2 +`2/Bi bT`2�/ Q7 MQM@aP1 �M/ aP1 #QM/b #Qi? BM+`2�b2bX "mi i?2
MQM@HBM2�` BMi2`�+iBQM #2ir22M ξ �M/ πg K2�Mb i?�i i?2 +`2/Bi bT`2�/ Q7 i?2 MQM@aP1 #QM/
BM+`2�b2b Km+? KQ`2 b2p2`2Hv- ;BpBM; `Bb2 iQ i?2 2tTHQbBp2 aP1 T`2KBmKX

h?2 b�K2 Q#b2`p�iBQM +�M #2 K�/2 BM S�M2H � Q7 h�#H2 j- r?2`2 r2 `2TQ`i i?2 +`2/Bi
bT`2�/b 7Q` #QM/b Bbbm2/ #v }`Kb rBi? p�`vBM; πgX 6Q+mbBM; QM i?2 MQM@aP1 #QM/ rBi?
πg = 0 �M/ i?2 aP1 #QM/ rBi? πg = 0.6- r2 b22 i?�i- r?2M ξ = 1- i?2 +`2/Bi bT`2�/ Bb
R8y #Tb 7Q` MQM@aP1 �M/ Ryy #Tb 7Q` aP1X h?2 +Q``2bTQM/BM; aP1 T`2KBmK Bb 8y #Tb- �b
`2TQ`i2/ BM S�M2H " Q7 i?2 b�K2 i�#H2X AM+`2�bBM; ξ 7`QK R iQ k- i?2 +`2/Bi bT`2�/ BM+`2�b2b
iQ jRk #Tb 7Q` MQM@aP1 �M/ kyR #Tb 7Q` aP1- `2bmHiBM; BM �M aP1 T`2KBmK Q7 RRR #Tb
�i ξ = 2- r?B+? KQ`2 i?�M /Qm#H2b i?2 aP1 T`2KBmK �i ξ = 1X Ai b?QmH/ #2 2KT?�bBx2/
i?�i- BM Qm` +m``2Mi KQ/2H +�HB#`�iBQM- �b r2HH �b BM i?2 H�i2` 2KTB`B+�H 2biBK�iBQM- r2 b2i
i?2 b�K2 HB[mB/Biv T�`�K2i2` 7Q` i?2 MQM@aP1 �M/ aP1 #QM/bX �b bm+?- i?2 BKT�+i Q7
BHHB[mB/Biv /Q2b MQi 2Mi2` /B`2+iHv BMiQ i?2 aP1 T`2KBmKX AMbi2�/- i?2 `2bmHi Q7 BM+`2�bBM;
aP1 T`2KBmK rBi? BM+`2�bBM; ξ Bb /`Bp2M #v i?2 BMi2`�+iBQM #2ir22M #�BHQmi T`Q#�#BHBiv
�M/ HB[mB/Biv@/`Bp2M /27�mHi `BbF- /2KQMbi`�iBM; i?2 F2v K2+?�MBbK Q7 Qm` KQ/2HX >Bi #v
i?2 b�K2 HB[mB/Biv b?Q+F- MQM@aP1b /Bz2` 7`QK aP1b BM i?�i- rBi?Qmi ;Qp2`MK2Mi #�BHQmi-
i?2v �`2 KQ`2 pmHM2`�#H2 iQ i?2 BM+`2�b2/ HB[mB/Biv@/`Bp2M /27�mHiX *QMp2`b2Hv- ;Qp2`MK2Mi
bmTTQ`i ?2HTb �HH2pB�i2 i?2 `QHHQp2` `BbF 7Q` aP1b- K�FBM; i?2K b�72`X AM i?2 2ti`2K2 +�b2
r?2M πg = 1- i?2`2 rBHH #2 MQ HB[mB/Biv@/`Bp2M /27�mHi #2+�mb2 i?2 ;Qp2`MK2Mi rBHH �Hr�vb
#�BH Qmi i?2 }`K MQ K�ii2` ?Qr Km+? i?2 ξ BbX AM i?Bb +�b2- i?2 b2MbBiBpBiv Q7 +`2/Bi bT`2�/b
QM ξ rBHH QMHv `2Hv QM i?2 Tm`2 HB[mB/Biv +?�MM2HX

h?2 BKT�+i Q7 i?2 #�BHQmi T`Q#�#BHBiv QM i?2 HB[mB/Biv@/`Bp2 /27�mHi Bb 7m`i?2` b?QrM BM
S�M2H * Q7 h�#H2 j- r?B+? `2TQ`ib i?2 KQ/2H@BKTHB2/ QM2@v2�` /27�mHi T`Q#�#BHBiv 7Q` p�`vBM;
#�BHQmi T`Q#�#BHBiv πgX AM +�H+mH�iBM; i?2 �+im�H /27�mHi `�i2- r2 b2i i?2 �bb2i ;`Qri? mM/2`
i?2 �+im�H T`Q#�#BHBiv K2�bm`2 iQ µ = 15% 7QHHQrBM; h�#H2 RX .2KQMbi`�iBM; i?2 HB[mB/Biv@
/`Bp2M /27�mHi Q7 >2 �M/ sBQM; UkyRkV- BM+`2�bBM; ξ ?2B;?i2Mb i?2 QM2@v2�` /27�mHi `�i2 7Q`
#Qi? aP1b �M/ MQM@aP1bX _2~2+iBM; i?2 BMi2`�+iBQM #2ir22M #�BHQmi �M/ i?2 HB[mB/Biv@
/`Bp2M /27�mHi- r2 }M/ i?�i i?2 QM2@v2�` /27�mHi `�i2 Q7 i?2 MQM@aP1 #QM/ BM+`2�b2b Km+?
KQ`2 T`2+BTBiQmbHv rBi? BM+`2�bBM; ξ i?�M i?�i Q7 i?2 aP1 #QM/X

S�M2H . Q7 h�#H2 j b?Qrb ?Qr i?2 K�im`Biv m �z2+ib i?2 aP1 T`2KBmKX 6Q` #`2pBiv- r2
}t i?2 #�BHQmi T`Q#�#BHBiv iQ #2 yXe 7Q` i?2 aP1 #QM/ �M/ y 7Q` i?2 MQM@aP1 #QM/X q?2M
ξ = 1- r2 +�M b22 i?�i i?2 aP1 T`2KBmK /2+`2�b2b �b K�im`Biv BM+`2�b2b- BKTHvBM; i?�i i?2
aP1 T`2KBmK Bb KQ`2 T`QKBM2Mi r?2M i?2 `QHHQp2` T`2bbm`2 Bb ?B;?2`X JQ`2 BKTQ`i�MiHv-
i?2 /Bz2`2M+2 BM i?2 aP1 T`2KBmK UQ` KmHiBTHB2`V #2ir22M � ?B;?@ξ +�b2 Uξ = 2V �M/ � HQr@ξ

ky



QM2 Uξ = 1V �HbQ #2+QK2b H�`;2` r?2M i?2 K�im`Biv m /2+`2�b2b UBX2X- i?2 `QHHQp2` T`2bbm`2
BM+`2�b2bVX AM Qi?2` rQ`/b- Qm` `2bmHib #2+QK2 KQ`2 bB;MB}+�Mi r?2M i?2 `QHHQp2` `BbF Bb
?B;?2`- +QMbBbi2Mi rBi? i?2 K�BM BMimBiBQM BM >2 �M/ sBQM; UkyRkVX

JQpBM; �r�v 7`QK i?2 `2;BQM Q7 πg = 0- r?B+? /Bz2`2MiB�i2b MQM@aP1b 7`QK aP1b- Qm`
KQ/2H ?�b BKTHB+�iBQMb 7Q` i?2 +`2/Bi T`B+BM; �KQM; i?2 aP1b rBi? πg > 0X �b BHHmbi`�i2/ #v
i?2 #QiiQK T�M2H Q7 6B;m`2 k- mM/2` i?2 b�K2 ξ- i?2 b2MbBiBpBiv Q7 i?2 aP1 T`2KBmK iQ πg

2p2Mim�HHv i�T2`b Qz r?2M πg ;2ib +HQb2 iQ RX 6Q` HQr ξ- i?�i i`�MbBiBQM Q++m`b +HQb2 iQ πg = 0-
BM/B+�iBM; i?�i i?2 p�Hm2 Q7 ;Qp2`MK2Mi bmTTQ`i +�M #2 T`QtB2/ #v � x2`Q@QM2 p�`B�#H2- �FBM
iQ Qm` MQM@aP1 /mKKvX 1z2+iBp2Hv- r?2M ξ Bb HQr- i?2 /2+B/BM; 7�+iQ` Bb r?2i?2` Q` MQi i?2
}`K ?�b ;Qp2`MK2Mi bmTTQ`iX "mi �b ξ BM+`2�b2b- i?�i i`�MbBiBQM TQBMi KQp2b 7m`i?2` �r�v
7`QK πg = 0X 6Q` 2t�KTH2- }tBM; ξ = 2- i?2 aP1 T`2KBmK BM+`2�b2b `�i?2` `�TB/Hv rBi?BM
i?2 `�M;2 Q7 πg ∈ [0, 0.4] �M/ i?2M i�T2`b QzX h?Bb BKTHB2b i?�i- �b ξ BM+`2�b2b- r?2i?2` Q`
MQi � }`K ?�b ;Qp2`MK2Mi bmTTQ`i UBX2X- i?2 aP1 /mKKvV Bb MQi bm{+B2Mi BM7Q`K�iBQM iQ
/2i2`KBM2 i?2 K�;MBim/2 Q7 Bib aP1 T`2KBmKX AMbi2�/- i?2 2ti2Mi Q7 i?2 ;Qp2`MK2Mi bmTTQ`i
UBX2X- i?2 �+im�H K�;MBim/2 Q7 πgV #2+QK2b BKTQ`i�Mi BM /2i2`KBMBM; i?2 aP1 T`2KBmKX h?Bb
Q#b2`p�iBQM im`Mb Qmi iQ #2 BKTQ`i�Mi �b r2 �TTHv Qm` KQ/2H 2KTB`B+�HHv iQ bim/v i?2 T`B+2
/Bb+Qp2`v 7Q` aP1 #QM/b- #27Q`2 �M/ �7i2` i?2 kyR3 L2r _2;mH�iBQMbX

9 1KTB`B+�H h2bib QM *`2/Bi S`B+BM;
h?Bb b2+iBQM i�F2b Qm` KQ/2H iQ i?2 /�i� #v }`bi +QMbi`m+iBM; Qm` KQ/2H@BKTHB2/ /27�mHi
K2�bm`2- r?B+? mMB}2b i?2 i?`22 +QKTQM2Mib Q7 Qm` KQ/2H- M�K2Hv +`2/Bi- HB[mB/Biv- �M/
;Qp2`MK2Mi bmTTQ`i- BMiQ QM2 bBM;H2 K2�bm`2X q2 i?2M 2t�KBM2 Qm` KQ/2HǶb BKTHB+�iBQM QM
+`2/Bi T`B+BM;- BM+Hm/BM; 2tTH�BMBM; i?2 aP1 T`2KBmK �M/ bim/vBM; i?2 T`B+2 /Bb+Qp2`vX

9XR h?2 JQ/2H@AKTHB2/ .27�mHi J2�bm`2b
S`QTQb2/ #v J2`iQM URNd9V �M/ TQTmH�`Bx2/ #v JQQ/vǶb EJo- i?2 +QM+2Ti Q7 /Bbi�M+2@iQ@
/27�mHi 2p�Hm�i2b- BM mMBi Q7 bi�M/�`/ /2pB�iBQM- i?2 /Bbi�M+2 #2ir22M � }`KǶb +m``2Mi �bb2i
p�Hm2 �M/ Bib /27�mHi #QmM/�`vX :mB/2/ #v bi`m+im`�H KQ/2Hb Q7 /27�mHi- Bi Bb �M 2z2+iBp2
�M/ /Bb+BTHBM2/ r�v iQ K2�bm`2 i?2 Bbbm2`@H2p2H +`2/Bi [m�HBivX AM Qm` 2KTB`B+�H bim/v- r2 mb2
/27�mHi K2�bm`2 U.JV- r?B+? Bb i?2 BMp2`b2 Q7 i?2 /Bbi�M+2@iQ@/27�mHi U..VX � }`K rBi? �
?B;?2` /27�mHi K2�bm`2 Bb +HQb2` iQ Bib /27�mHi #QmM/�`v �M/ KQ`2 HBF2Hv iQ /27�mHiXRe

Re.Bbi�M+2@iQ@/27�mHi +�M #2 7m`i?2` i`�MbH�i2/ iQ /27�mHi T`Q#�#BHBivX lM/2` KQbi Q7 i?2 bi`m+im`�H KQ/2Hb
Q7 /27�mHi- ?Qr2p2`- i?�i i`�Mb7Q`K�iBQM ~�ii2Mb Qmi Km+? Q7 +`Qbb@Bbbm2` p�`B�iBQM BM /Bbi�M+2@iQ@/27�mHiX
6Q` i?Bb `2�bQM- r2 mb2 i?2 KQ/2H@BKTHB2/ /27�mHi K2�bm`2 BMbi2�/ Q7 KQ/2H@BKTHB2/ T`Q#�#BHBiv Q7 /27�mHi
7Q` Qm` 2KTB`B+�H i2bibX

kR



�i 2�+? [m�`i2` t �M/ 7Q` 2�+? Bbbm2` i- i?2 2KTB`B+�H +QMbi`m+iBQM Q7 .Jt,i 722/b i?2
KQ/2H }`K@iǶb #�H�M+2 b?22i �M/ 2[mBiv BM7Q`K�iBQM BM [m�`i2` t- �M/ i?2M #`BM;b #�+F i?2
KQ/2H@BKTHB2/ /27�mHi K2�bm`2X q2 bi�`i Qm` 2tTQbBiBQM rBi? J2`iQMǶb .J- �M/ i?2M KQp2
QM iQ +QMbi`m+i i?2 .J BKTHB2/ #v Qm` KQ/2H- BM+Q`TQ`�iBM; i?2 Bbbm2`@H2p2H ;Qp2`MK2Mi
bmTTQ`i UBX2X- πgV �M/ i?2 2+QMQKv@rB/2 HB[mB/Biv +QM/BiBQM UBX2X- ξVX q2 `272` iQ Bi �b �
mMB}2/ /27�mHi K2�bm`2- �b Bi +QK#BM2b BM7Q`K�iBQM QM +`2/Bi- HB[mB/Biv- �M/ ;Qp2`MK2Mi
bmTTQ`i BMiQ QM2 bBM;H2 K2�bm`2X

J2`iQMǶb .27�mHi J2�bm`2

qBi?BM i?2 bi`m+im`�H KQ/2H Q7 J2`iQM URNd9V- i?2 QM2@v2�` /Bbi�M+2@iQ@/27�mHi mM/2` i?2
�+im�H T`Q#�#BHBiv K2�bm`2 Bb

..J2`iQM
t =

ln(Vt/K) + (µ− σ2
A/2)

σA
; .JJ2`iQM

t =
(
..J2`iQM

t

)−1
, URyV

r?2`2 Vt Bb i?2 iBK2@t �bb2i p�Hm2 Q7 i?2 }`K- µ Bb Bib �bb2i ;`Qri?- σA Bb Bib �bb2i pQH�iBHBiv-
�M/ K Bb Bib /27�mHi #QmM/�`vX lM/2` J2`iQMǶb KQ/2H- /27�mHi #QmM/�`v Bb �M 2tQ;2MQmb
+QM+2Ti- 2[m�HBM; iQ i?2 7�+2 p�Hm2 Q7 i?2 }`KǶb /2#i Qmibi�M/BM;X �Hi?Qm;? Bi Bb i?2 `BbF@
M2mi`�H /Bbi�M+2@iQ@/27�mHi i?�i K�ii2`b 7Q` +`2/Bi T`B+2 UBX2X- `2TH�+2 µ #v rV- r2 7QHHQr
i?2 +QMp2MiBQM #v BM+Q`TQ`�iBM; i?2 Bbbm2`@H2p2H �bb2i ;`Qri? µ BMiQ i?2 /27�mHi K2�bm`2X
1KTB`B+�HHv- r2 }M/ i?2 �bb2i ;`Qri? iQ #2 BM7Q`K�iBp2 BM +`Qbb@b2+iBQM�H +`2/Bi T`B+BM;X

6QHHQrBM; JQQ/vǶb EJo UE2�H?Q72` �M/ Em`#�i UkyyRVV- r2 2biBK�i2 i?2 }`KǶb �bb2i
p�Hm2 V �M/ Bib +Q``2bTQM/BM; �bb2i pQH�iBHBiv σA #v bQHpBM; i?2 7QHHQrBM; MQM@HBM2�` 2[m�@
iBQMb bBKmHi�M2QmbHv-

Et = Vt N(d1)− erT KN(d2) ; σE =
V

E

∂E

∂V
σA , URRV

r?2`2 Et Bb i?2 iBK2@t p�Hm2 Q7 i?2 }`KǶb 2[mBiv- r Bb i?2 `BbF7`22 `�i2- σE Bb i?2 2[mBiv
pQH�iBHBiv- �M/- rBi? T +�Tim`BM; i?2 iBK2@?Q`BxQM Q7 BMi2`2bi-

d1 = d2 + σA

√
T ; d2 =

ln(Vt/K) + (r − σ2
A/2)T

σA

√
T

.

h?`Qm;?Qmi i?2 T�T2`- r2 }t T = 1 iQ 7Q+mb QM i?2 /27�mHi K2�bm`2 Qp2` � QM2@v2�` ?Q`BxQMX
6Q` 2�+? [m�`i2`- r2 mb2 i?2 �p2`�;2 ;`Qri? `�i2 Q7 i?2 �bb2i p�Hm2 BM i?2 T�bi i?`22 v2�`b

iQ 2biBK�i2 µ- i?2 /27�mHi #QmM/�`v K 2[m�Hb i?2 }`KǶb +m``2Mi HB�#BHBiB2b THmb QM2 ?�H7 Q7 Bib
HQM;@i2`K HB�#BHBiv- i?2 }`KǶb 2[mBiv p�Hm2 2[m�Hb i?2 }`KǶb K�`F2i +�TBi�HBx�iBQM- +�H+mH�i2/
#v KmHiBTHvBM; i?2 [m�`i2`@2M/ biQ+F T`B+2 #v i?2 +QKKQM 2[mBiv b?�`2b Qmibi�M/BM;X 6Q` i?2
2[mBiv pQH�iBHBiv σE- r2 mb2 /�BHv 2[mBiv `2im`Mb rBi?BM i?2 [m�`i2`- `2[mB`BM; i?�i i?2 Bbbm2`
?�b �i H2�bi Ry i`�/BM; /�vb BM i?2 [m�`i2`X 6Q` i?2 `BbF@7`22 `�i2- r2 mb2 i?2 QM2@v2�` #�MF

kk



/2TQbBi `�i2X qBi? i?2b2 BMTmib- r2 2biBK�i2 i?2 [m�`i2`Hv �bb2i p�Hm2 V �M/ �bb2i pQH�iBHBiv
σA 7`QK 2[m�iBQMb URRV �M/ +QKTmi2 i?2 [m�`i2`@t /27�mHi K2�bm`2 #v 2[m�iBQM URyVX

lMB}2/ .27�mHi J2�bm`2

lM/2` Qm` KQ/2H bT2+B}2/ BM a2+iBQM jXR- i?2 QM2@v2�` `BbF@M2mi`�H /Bbi�M+2@iQ@/27�mHi Bb

..lMB}2/
t =

ln(Vt/VB)

σA
; .JlMB}2/

t =
(
..lMB}2/

t

)−1
, URkV

r?2`2 VB Bb i?2 2M/Q;2MQmb /27�mHi #QmM/�`v /2`Bp2/ BM S`QTQbBiBQM R- Vt Bb i?2 iBK2@t �bb2i
p�Hm2- �M/ σA Bb i?2 �bb2i pQH�iBHBivXRd hQ 2biBK�i2 �bb2i p�Hm2 σA �M/ �bb2i pQH�iBHBiv Vt-
r2 7QHHQr i?2 b�K2 �TT`Q�+? �b 2�`HB2` 7Q` i?2 J2`iQM KQ/2H- 2t+2Ti i?�i i?2 +QKTmi�iBQM
BMpQHp2b KQ`2 KQ/2H T�`�K2i2`b- BM+Hm/BM; ;Qp2`MK2Mi bmTTQ`i πg �M/ HB[mB/Biv T�`�K2i2` ξX

q2 }`bi 2biBK�i2- �i i?2 [m�`i2`Hv 7`2[m2M+v- i?2 Bbbm2`@H2p2H 2[mBiv p�Hm2 Et �M/ 2[mBiv
pQH�iBHBiv σE �M/ i?2M mb2 i?2K iQ #�+F Qmi i?2 �bb2i p�Hm2 Vt �M/ �bb2i pQH�iBHBiv σV 7`QK

Et = f(Vt); σE =
V

E

∂f(V )

∂V
σA , URjV

r?2`2 i?2 +HQb2/@7Q`K 7Q`KmH� f(·) HBMFBM; i?2 }`K p�Hm2 Vt iQ Bib 2[mBiv p�Hm2 Et +�M
#2 7QmM/ BM 2[m�iBQM UkRV BM �TT2M/Bt �XRX lbBM; i?2 2biBK�i2/ �bb2i p�Hm2 �M/ �bb2i
pQH�iBHBiv- r2 i?2M +QKTmi2 i?2 /27�mHi #QmM/�`v VB �M/ Q#i�BM i?2 mMB}2/ /27�mHi K2�bm`2
pB� 2[m�iBQM URkVX

Pm` /27�mHi K2�bm`2 Bb mMB}2/ BM i?�i Bi +QK#BM2b BM7Q`K�iBQM QM +`2/Bi- HB[mB/Biv- �M/
#�BHQmi BMiQ QM2 bBM;H2 K2�bm`2X h?2 7Q+�H TQBMi Q7 i?2 K2�bm`2 Bb i?2 2M/Q;2MQmb /27�mHi
#QmM/�`v VB- /`Bp2M #v i?2 BMi2`�+iBQM Q7 i?2b2 i?`22 +QKTQM2MibX _2H�iBp2 iQ J2`iQMǶb
K2�bm`2- i?2 +QMbi`m+iBQM Q7 i?2 mMB}2/ /27�mHi K2�bm`2 `2[mB`2b irQ �//BiBQM�H TB2+2b Q7
BM7Q`K�iBQM, #�BHQmi �M/ HB[mB/BivX hQ +�Tim`2 i?2 /2i2`BQ`�iBM; HB[mB/Biv +QM/BiBQM i`B;;2`2/
#v i?2 ;Qp2`MK2Mi@H2/ +`2/Bi iB;?i2MBM;- r2 b2i i?2 HB[mB/Biv T�`�K2i2` ξ = 1 #27Q`2 kyR3Zk
�M/ ξ = 2 �7i2` kyR3ZkX �b BHHmbi`�i2/ BM 2[m�iBQM UjV- ξ k 2t2`ib � HB[mB/Biv +Qbi QM i?2
T`B+BM; Q7 i?2 #QM/- �M/ b2iiBM; k = 1.0% �M/ ξ = 1 i`�MbH�i2b iQ � HB[mB/Biv +Qbi Q7 Ryy #Tb
T2` mMBi p�Hm2 Q7 i?2 #QM/- r?B+? Bb �HbQ +QMbBbi2Mi rBi? i?2 �p2`�;2 #B/@�bF bT`2�/ BM i?2
/�i� 2biBK�i2/ 7`QK i?2 2t+?�M;2@i`�/2/ #QM/bX AM Qm` #�b2@+�b2 2biBK�iBQMb- r2 b2i i?2
+`Qbb@Bbbm2` ξ �M/ k iQ #2 i?2 b�K2 7Q` #Qi? MQM@aP1b �M/ aP1b- �Hi?Qm;? r2 �HbQ +QMbB/2`
�M �Hi2`M�iBp2 p2`bBQM �HHQrBM; 7Q` ?2i2`Q;2M2Qmb HB[mB/Biv T�`�K2i2`bX

hQ +�HB#`�i2 i?2 Bbbm2`@H2p2H #�BHQmi T`Q#�#BHBiv πg- i?2 bBKTH2bi �TT`Q�+? Bb iQ b2i πg = 0

7Q` MQM@aP1b �M/ � TQbBiBp2 πg- b�v 3yW- 7Q` aP1bX "mi �b /Bb+mbb2/ BM a2+iBQM jXk- rBi?

Rdh?Bb �TT`Q�+? Bb bBKBH�` iQ i?�i Q7 "2`M/i- .m{2- �M/ w?m UkyRNV- r?Q �// #�BHQmi T`Q#�#BHBiv iQ i?2
G2H�M/ KQ/2H �M/ mb2 i?2 KQ/2H@BKTHB2/ 2M/Q;2MQmb /27�mHi #QmM/�`v iQ +QKTmi2 /Bbi�M+2@iQ@/27�mHiX

kj



BM+`2�bBM; ξ- � bBKTH2 v2b@Q`@MQ /mKKv Bb MQi bm{+B2Mi iQ +�Tim`2 i?2 b2MbBiBpBiv Q7 i?2
KQ/2H@BKTHB2/ aP1 T`2KBmK iQ πgX hQ i�F2 BMiQ �++QmMi i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i
�#Qp2 �M/ #2vQM/ i?2 MQM@aP1 /mKKv- r2 mb2 i?2 Bbbm2`@H2p2H ;Qp2`MK2Mi ?QH/BM;b /�i�X
*QMbi`m+i2/ 7`QK i?2 ;`QmM/ mT- Qm` ;Qp2`MK2Mi@?QH/BM;b p�`B�#H2 K2�bm`2b i?2 bmK Q7
2[mBiv ?QH/BM;b #v �HH ;Qp2`MK2Mi@`2H�i2/ 2MiBiB2b rBi?BM i?2 iQT i2M b?�`2?QH/2`b 7Q` 2�+?
Tm#HB+Hv HBbi2/ }`KXR3 h?2 2t�+i K�TTBM; 7`QK ;Qp2`MK2Mi ?QH/BM;b iQ #�BHQmi T`Q#�#BHBiv Bb
BM~m2M+2/ #v i?2 Q#b2`p�iBQM i?�i r?BH2 KQ`2 ;Qp2`MK2Mi ?QH/BM;b Bb �bbQ+B�i2/ rBi? ?B;?2`
#�BHQmi T`Q#�#BHBiv- i?2 `2H�iBQM Bb MQi M2+2bb�`BHv HBM2�`X aK�HH BM+`2�b2b BM ;Qp2`MK2Mi
?QH/BM;b +�M #2 i`�MbH�i2/ iQ H�`;2 BM+`2�b2b BM #�BHQmi T`Q#�#BHBiv r?2M ;Qp2`MK2Mi ?QH/BM;b
Bb HQr- #mi- �#Qp2 � +2`i�BM i?`2b?QH/- i?Bb 2z2+i i�T2`b QzX AM Qm` bim/v- r2 mb2 � TQHvMQKB�H
7mM+iBQM iQ +�Tim`2 i?Bb 7Q`K Q7 MQM@HBM2�`Biv �M/ F22T i?2 K�TTBM; }t2/ �+`Qbb iBK2XRN

6Q` Qi?2` T�`�K2i2`b BM i?2 KQ/2H- r2 mb2 i?2 b�K2 p�Hm2 �b BM i?2 KQ/2H +�HB#`�iBQM
/2i�BH2/ BM a2+iBQM jXk- rBi? i?2 2t+2TiBQM Q7 /2#i T`BM+BT�H P �M/ +QmTQM CX q2 +�HB#`�i2
i?2 iQi�H /2#i T`BM+BTH2 P �b i?2 bmK Q7 HQM;@ �M/ b?Q`i@i2`K HB�#BHBiv 7Q` }`K i BM [m�`i2`
tX 6Q` i?2 +QmTQM `�i2 Q7 c T2` mMBi Q7 T`BM+BT�H- r2 b2i Bi iQ #2 i?2 �p2`�;2 +QmTQM `�i2 7Q`
}`K i BM [m�`i2` tX

9Xk 6m`i?2` .Bb+mbbBQMb QM i?2 1biBK�i2/ .27�mHi J2�bm`2b
h?2 bmKK�`v bi�iBbiB+b Q7 i?2 KQ/2H@BKTHB2/ /27�mHi K2�bm`2b U.JV �`2 `2TQ`i2/ BM h�#H2 R-
�HQM; rBi? i?2 `2bT2+iBp2 2biBK�i2b Q7 �bb2i p�Hm2 �M/ pQH�iBHBiv #�+F2/ Qmi 7`QK i?2 2[mBiv
p�Hm2 �M/ pQH�iBHBiv pB� 2[m�iBQM URjVX Pp2` i?2 7mHH b�KTH2- i?2 J2`iQMǶb .J Bb QM �p2`�;2
kkX8eW 7Q` aP1b �M/ kRXRNW 7Q` MQM@aP1b- BM/B+�iBM; i?�i MQM@aP1b �`2 BM ;2M2`�H ?2�Hi?B2`
i?�M aP1b �++Q`/BM; iQ i?2 J2`iQM KQ/2HX "v +QMi`�bi- �b BHHmbi`�i2/ BM T�M2Hb U+V �M/ U/V
Q7 6B;m`2 j- Qm` mMB}2/ .J T�BMib � /Bz2`2Mi TB+im`2 �M/ �bbB;Mb i?2 MQM@aP1b �b i?2 KQ`2
`BbFv ;`QmT #v � rB/2 K�`;BMX "2?BM/ i?Bb /Bz2`BM; K2bb�;2- Bb i?2 7�+i i?�i Qm` mMB}2/
.J 2p�Hm�i2b i?2 +`2/Bi [m�HBiv Q7 � }`K #v BMi2;`�iBM; i?2 ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv �b
+�Tim`2/ #v J2`iQMǶb .J iQ;2i?2` rBi? #�BHQmi T`Q#�#BHBiv πg �M/ i?2 HB[mB/Biv T�`�K2i2` ξX
� +H2�M /2+QKTQbBiBQM Bb /B{+mHi �b Bi Bb i?2 BMi2`�+iBQM Q7 i?2b2 i?`22 7Q`+2b i?�i K�ii2`b

R3q?BH2 i?2 MQM@aP1 /mKKv ?�b #22M mb2/ rB/2Hv �b � K2�bm`2 Q7 ;Qp2`MK2Mi bmTTQ`i- Qm` ;Qp2`MK2Mi@
?QH/BM;b p�`B�#H2- iQ Qm` FMQrH2/;2- ?�b MQi #22M +QKT`2?2MbBp2Hv 2tTHQ`2/ BM i?2 HBi2`�im`2 7Q` +`2/Bi T`B+BM;X
Pm` `Q#mbi K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;b- +QKTBH2/ 7`QK b2p2`�H /�i� bQm`+2b- +�M #2 p�Hm�#H2 7Q` 7mim`2
bim/B2b BM i?Bb �`2�X

RNG2i y #2 #�BHQmi T`Q#�#BHBiv �M/ x #2 ;Qp2`MK2Mi ?QH/BM;bX q2 mb2 i?2 K�TTBM; y = 1 − (x − 1)4

bQ i?�i i?2 b2MbBiBpBiv Q7 #�BHQmi T`Q#�#BHBiv iQ ;Qp2`MK2Mi ?QH/BM;b Bb ?B;? r?2M ;Qp2`MK2Mi ?QH/BM;b Bb
HQr �M/ ~�ii2Mb Qmi r?2M ;Qp2`MK2Mi ?QH/BM;b �TT`Q�+? RX q2 +QHH2+i `2+Qp2`v `�i2 BM7Q`K�iBQM QM �HH i?2
/27�mHi2/ aP1b �M/ }M/ �M BM+`2�bBM; �M/ +QMp2t `2H�iBQMb?BT #2ir22M ;Qp2`MK2Mi ?QH/BM;b �M/ `2+Qp2`v
`�i2bX _2bmHib mbBM; �Hi2`M�iBp2 K�TTBM;b- BM+Hm/BM; i?2 #BM�`v K�TTBM; pB� i?2 MQM@aP1 /mKKv �M/ y = x-
�`2 `2TQ`i2/ BM i?2 AMi2`M2i �TT2M/Bt �X9X
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7Q` i?2 2p�Hm�iBQM Q7 +`2/Bi `BbFX L2p2`i?2H2bb- Bi Bb BMbi`m+iBp2 iQ /Bb+mbb ?Qr i?2 irQ F2v
T�`�K2i2`b Uπg �M/ ξV BM~m2M+2 Qm` mMB}2/ .JX

h?2 _QH2 Q7 :Qp2`MK2Mi amTTQ`i πg

:Qp2`MK2Mi ?QH/BM;b- � F2v BMTmi iQ i?2 2KTB`B+�H +QMbi`m+iBQM Q7 Qm` mMB}2/ /27�mHi K2�@
bm`2- Bb QM �p2`�;2 8kXyW 7Q` i?2 aP1 b�KTH2 �M/ 2t?B#Bib � [mBi2 H�`;2 +`Qbb@Bbbm2` p�`B�iBQM-
�b b?QrM BM T�M2H U�V Q7 6B;m`2 jX 6Q` i?2 MQM@aP1 b�KTH2- ;Qp2`MK2Mi ?QH/BM;b Bb K�`F2/Hv
HQr2` Ĝ �M �p2`�;2 Q7 kX3W 7Q` i?2 T`Bp�i2Hv@QrM2/ 2Mi2`T`Bb2b USP1V �M/ RkX8W 7Q` � KBt@
im`2 Q7 Qi?2` MQM@aP1 }`Kb- �M/ i?2 +`Qbb@Bbbm2` p�`B�iBQM Bb 7�B`Hv M�``QrX JQ`2Qp2`- �b
b?QrM BM T�M2H U#V Q7 6B;m`2 j- i?2 iBK2@b2`B2b p�`B�iBQM Q7 ;Qp2`MK2Mi ?QH/BM;b Bb bi�#H2 /m`@
BM; Qm` b�KTH2 T2`BQ/X AM T�`iB+mH�`- i?2 ;Qp2`MK2Mi ?QH/BM;b 7Q` aP1b- r?B+? �`2 K�TT2/
BMiQ i?2 Bbbm2`@H2p2H #�BHQmi T`Q#�#BHBiv πg- /Q2b MQi 2t?B#Bi �Mv H�`;2 BM+`2�b2 /m`BM; S?�b2
AAAX �i i?2 b�K2 iBK2- ?Qr2p2`- i?2 mMB}2/ .J BM+`2�b2b bB;MB}+�MiHv 7Q` MQM@aP1b `2H�iBp2
iQ aP1b /m`BM; S?�b2 AAA- �b b?QrM BM T�M2H U/V Q7 6B;m`2 jX AM Qi?2` rQ`/b- i?2 bi`2M;i?
Q7 i?2 #�BHQmi `2K�BMb i?2 b�K2- r?BH2 i?2 p�Hm2 Q7 i?�i #�BHQmi BM+`2�b2b /m`BM; S?�b2 AAA-
+QMbBbi2Mi rBi? Qm` KQ/2HǶb K2+?�MBbKX

h?2 T`2b2M+2 Q7 i?2 TQbBiBp2 #�BHQmi T`Q#�#BHBiv πg 7Q` aP1b HQr2`b i?2 /27�mHi #QmM/�`v
�M/ `2/m+2b i?2 /27�mHi K2�bm`2b 7Q` aP1b `2H�iBp2 iQ MQM@aP1bX h?Bb K2bb�;2 Bb HQm/
�M/ +H2�` BM i?2 2KTB`B+�HHv 2biBK�i2/ /27�mHi K2�bm`2bX *QMi`�`v iQ J2`iQMǶb .J- Qm`
mMB}2/ .J BM/B+�i2b i?�i aP1b �`2 bB;MB}+�MiHv ?2�Hi?B2` i?�M MQM@aP1bX �b b?QrM BM
h�#H2 R- i?2 mMB}2/ .J Bb QM �p2`�;2 kRXN9W 7Q` aP1b �M/ jjX9jW 7Q` MQM@aP1bX �b
THQii2/ BM T�M2H U/V Q7 6B;m`2 j- i?2 /Bz2`2M+2 BM i?2 mMB}2/ .J #2ir22M MQM@aP1b �M/
aP1b Bb +QMbBbi2MiHv TQbBiBp2X JQ`2Qp2`- BMi2`�+iBM; #�BHQmi T`Q#�#BHBiv πg rBi? i?2 HB[mB/Biv
T�`�K2i2` ξ- Qm` KQ/2H 7m`i?2` BM/B+�i2b �M BM+`2�b2/ p�Hm2 Q7 #�BHQmi T`Q#�#BHBiv /m`BM;
HB[mB/Biv /2i2`BQ`�iBQMX *QMbBbi2MiHv- r2 b22 BM T�M2H U/V Q7 6B;m`2 j i?�i i?2 /Bz2`2M+2 BM
i?2 mMB}2/ .J #2ir22M MQM@aP1b �M/ aP1b Qb+BHH�i2b �`QmM/ �M �p2`�;2 H2p2H Q7 3X9kW BM
S?�b2 AA �M/ rB/2Mb iQ RkXkyW BM S?�b2 AAA- `2~2+iBM; i?Bb BMi2`�+iBQM 2z2+iX

h?2 _QH2 Q7 GB[mB/Biv S�`�K2i2` ξ

hQ BHHmbi`�i2 i?2 `QH2 Q7 ξ BM ;2M2`�iBM; i?2 /Bz2`2M+2 BM i?2 mMB}2/ .J #2ir22M MQM@aP1b
�M/ aP1b- r2 +�M T2`7Q`K � ?vTQi?2iB+�H +�H+mH�iBQM #v im`MBM; Qz i?2 HB[mB/Biv +QKTQM2MiX
E22TBM; Qi?2` T�`�K2i2`b 2t�+iHv i?2 b�K2- T�`iB+mH�`Hv i?2 �bb2i p�Hm2b �M/ pQH�iBHBiB2b i?�i
?�p2 �H`2�/v #22M #�+F2/ Qmi mM/2` Qm` bT2+B}+�iBQM Q7 ξ UBX2X- ξ = 1 #27Q`2 kyR3Zk �M/ ξ = 2

�7i2`r�`/bV- r2 +QKTmi2 i?2 mMB}2/ .J rBi? ξ = 0.001X h?2 /Bz2`2M+2 BM .J #2ir22M MQM@
aP1b �M/ aP1b `2/m+2b iQ �M �p2`�;2 H2p2H Q7 8XjyW BM S?�b2 AA �M/ `2K�BMb �i �M �p2`�;2
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H2p2H Q7 8X8jW BM S?�b2 AAAX *QKT�`2/ iQ 3X9kW BM S?�b2 AA �M/ RkXkyW BM S?�b2 AAA- i?Bb
`2/m+iBQM BM i?2 mMB}2/ .J 7QHHQrb /B`2+iHv 7`QK Qm` KQ/2HǶb F2v K2+?�MBbKX E22TBM;
�HH T�`�K2i2`b }t2/- BM+Hm/BM; i?2 �bb2i p�Hm2b �M/ pQH�iBHBiB2b- � ?B;?2` ξ BMi2MbB}2b i?2
HB[mB/Biv@/`Bp2M /27�mHiX lM/2` bm+? � bBim�iBQM- i?2 `QH2 Q7 ;Qp2`MK2Mi bmTTQ`i BM �HH2pB�iBM;
HB[mB/Biv@/`Bp2M /27�mHi #2+QK2b KQ`2 BKTQ`i�MiX >2M+2 r2 b22 � ?B;?2` /Bz2`2M+2 BM i?2
mMB}2/ .J #2ir22M MQM@aP1b �M/ aP1bX

lMHBF2 i?2 �#Qp2 BHHmbi`�iBQM- r?2`2 i?2 �KQmMi Q7 HB[mB/Biv@/`Bp2M /27�mHi +�M #2 /B�H2/
mT �M/ /QrM mbBM; i?2 HB[mB/Biv T�`�K2i2` ξ r?BH2 F22TBM; i?2 }`K 7mM/�K2Mi�Hb }t2/-
i?2 �+im�H 2KTB`B+�H +QMbi`m+iBQM Q7 i?2 mMB}2/ .J Bb +QMbi`�BM2/ #v i?2 /�i�- T�`iB+mH�`Hv
i?2 2[mBiv K�`F2i BM7Q`K�iBQM pB� 2[m�iBQM URjVX Ai Bb BKTQ`i�Mi iQ TQBMi Qmi i?�i- KQpBM;
7`QK S?�b2 AA iQ AAA- i?2 7m`i?2` /Bp2`;2M+2 BM mMB}2/ .J #2ir22M MQM@aP1b �M/ aP1b Bb
MQi +`2�i2/ K2+?�MB+�HHv #v i?2 BM+`2�b2 BM ξX _�i?2`- Bi Bb /`Bp2M #v i?2 2[mBiv K�`F2i
BM7Q`K�iBQMX aT2+B}+�HHv- BM +QMbi`m+iBM; i?2 mMB}2/ .J- r2 mb2 i?2 K�`F2i@Q#b2`p2/ 2[mBiv
p�Hm2 �M/ pQH�iBHBiv iQ }`bi #�+F Qmi i?2 mMH2p2`2/ �bb2i p�Hm2 �M/ pQH�iBHBiv- �M/ i?2M mb2
i?2K iQ +QKTmi2 i?2 2KTB`B+�H .JX AM #Qi? T`Q+2bb2b- i?2 HB[mB/Biv T�`�K2i2` ξ Bb BMpQHp2/-
#mi rBi? QTTQbBM; 2z2+ibX AM i?2 }`bi bi2T- � ?B;?2` ξ rQmH/ HQr2` i?2 �bb2i pQH�iBHBiv �M/
BM+`2�b2 i?2 �bb2i p�Hm2- K�FBM; i?2 }`K b�72` iQ K�i+? Q#b2`p2/ 2[mBiv p�Hm2 �M/ pQH�iBHBiv-
r?BH2 BM i?2 b2+QM/ bi2T- i?Bb ?B;?2` ξ rQmH/ KQp2 mT i?2 /27�mHi #QmM/�`v �M/ BM+`2�b2 i?2
/27�mHi K2�bm`2- +�M+2HBM; Qmi Bib QrM 2z2+i BM i?2 }`bi bi2TXky .m2 iQ i?2b2 irQ QTTQbBM;
7Q`+2b- �M BM+`2�b2 BM ξ ?�b � bK�HH 2z2+i QM i?2 mMB}2/ .J- �b b?QrM BM T�M2H U#V Q7
6B;m`2 �XkX

h?Bb HBKBi2/ M2i BKT�+i Q7 ξ QM Qm` 2KTB`B+�H +QMbi`m+iBQM Q7 i?2 mMB}2/ .J /Q2b MQi
BMp�HB/�i2 i?2 T`2b2M+2 Q7 HB[mB/Biv@/`Bp2M /27�mHi- �b rBi?Qmi Qm` mMB}2/ KQ/2H- i?2 `2H2p�Mi
BM7Q`K�iBQM +QMi�BM2/ BM i?2 2[mBiv K�`F2i +�MMQi #2 7mHHv +�Tim`2/X h?Bb +�M #2 BHHmbi`�i2/
#v i?2 2KTB`B+�H T2`7Q`K�M+2 Q7 J2`iQMǶb .J- r?B+? �HbQ mb2b 2[mBiv K�`F2i BM7Q`K�iBQM iQ
#�+F Qmi i?2 �bb2i p�Hm2b �M/ pQH�iBHBiB2b- #mi 7�BHb iQ 7mHHv +�Tim`2 i?2 BM+`2�b2/ HB[mB/Biv@
/`Bp2M /27�mHi BM S?�b2 AAAXkR

9Xj 1tTH�BMBM; i?2 aP1 S`2KBmK
1[mBTT2/ rBi? Qm` mMB}2/ /27�mHi K2�bm`2- r2 `2pBbBi i?2 aP1 T`2KBmK #v

kyAM Qm` KQ/2H- 7Q` � ;Bp2M b2i Q7 �bb2i p�Hm2 �M/ pQH�iBHBiv- � ?B;?2` ξ HQr2`b i?2 /27�mHi #QmM/�`v �M/
i?2M HQr2`b 2[mBiv p�Hm2 �M/ BM+`2�b2b 2[mBiv pQH�iBHBiv- �b b?QrM BM T�M2H U�V Q7 6B;m`2 �XkX _2p2`bBM; i?Bb
+�H+mH�iBQM- 7Q` � ;Bp2M b2i Q7 K�`F2i@Q#b2`p2/ 2[mBiv p�Hm2 �M/ pQH�iBHBiv- � ?B;?2` ξ H2�/b iQ � ?B;?2` �bb2i
p�Hm2 �M/ HQr2` �bb2i pQH�iBHBivX

kR.m`BM; S?�b2 AAA- i?2 2[mBiv pQH�iBHBiv 7Q` MQM@aP1b 7m`i?2` rB/2Mb `2H�iBp2 iQ aP1b- �M/ i?2 /Bz2`2M+2
BM J2`iQMǶb .J #2ir22M MQM@aP1b �M/ aP1b BM+`2�b2b KBH/Hv �M/ i?2M im`Mb TQbBiBp2 TQbi kyRNZkX

ke



*`2/BiaT`2�/i,t = a+ bLaP1 LaP1i,t + c.Ji,t + d_�iBM;i,t +
∑

k
*QMi`QHbki,t + εi,t , UR9V

r?2`2 .Ji,t Bb i?2 KQ/2H@BKTHB2/ /27�mHi K2�bm`2 7Q` Bbbm2`@i BM [m�`i2` tX h?2 Q`B;BM�H aP1
T`2KBmK �`Bb2b #2+�mb2 Q7 i?2 T`B+BM; /Bz2`2M+2 #2ir22M MQM@aP1b �M/ aP1b- r?B+? +�MMQi
#2 2tTH�BM2/ #v +`2/Bi `�iBM;b �M/ Qi?2` #QM/ �M/ }`K +?�`�+i2`BbiB+bX AM 7�+i- i?2 T`2b2M+2
Q7 i?2 aP1 T`2KBmK �M/ Bib 2tTHQbBQM �7i2` kyR3Zk �`2 i?2 K�BM KQiBp�iBQM Q7 Qm` mMB}2/
KQ/2H- T�`iB+mH�`Hv i?2 BMi`Q/m+iBQM Q7 #�BHQmi T`Q#�#BHBiv πg �M/ i?2 HB[mB/Biv T�`�K2i2` ξX
AM i?Bb b2+iBQM- r2 bim/v i?2 2ti2Mi iQ r?B+? i?2 BM7Q`K�iBQM +QMi�BM2/ BM Qm` mMB}2/ .J-
BM+Hm/BM; i?�i Q7 πg �M/ ξ- +�M ?2HT T`B+2 i?2 +`Qbb@b2+iBQM�H #QM/ bT`2�/b �+`Qbb aP1b �M/
MQM@aP1bX A7 Qm` KQ/2H K2+?�MBbK Bb BM/22/ +Q``2+i- i?2M i?2 BM+HmbBQM Q7 Qm` mMB}2/ .J
BM 2[m�iBQM UR9V b?QmH/ /`Bp2 Qmi i?2 aP1 T`2KBmK- `2bmHiBM; BM �M BMbB;MB}+�Mi +Q2{+B2Mi
bLaP1 7Q` i?2 LaP1 /mKKv- mM/2` #Qi? i?2 MQ`K�H HB[mB/Biv +QM/BiBQM Q7 S?�b2 AA �M/ i?2
HB[mB/Biv /2i2`BQ`�iBQM Q7 S?�b2 AAAX Pm` `2bmHib BM h�#H2 9 b?Qr i?�i i?Bb Bb BM/22/ i?2 +�b2X

6Q+mbBM; }`bi QM S?�b2 AAA- r?2M i?2 aP1 T`2KBmK Bb i?2 KQbi b2p2`2- r2 b22 i?�i �//BM;
mMB}2/ .J �b �M 2tTH�M�iQ`v p�`B�#H2 `2/m+2b i?2 aP1 T`2KBmK 7`QK � bi�;;2`BM; RRj #Tb
iQ � K2`2 e #TbX "v +QMi`�bi- �//BM; J2`iQMǶb .J BM+`2�b2b i?2 aP1 T`2KBmK bHB;?iHv
7`QK RRj #Tb iQ RRe #TbX h?2b2 `2bmHib BM/B+�i2 i?�i- mbBM; Qm` mMB}2/ .J iQ 2tTH�BM i?2
+`Qbb@Bbbm2` +`2/Bi [m�HBiv- i?2 b2p2`2 /BpB/2 BM +`2/Bi T`B+BM; #2ir22M MQM@aP1b �M/ aP1b
/Bb�TT2�`b- r?BH2 mbBM; J2`iQMǶb .J 7Q` i?2 b�K2 Tm`TQb2 2t�+2`#�i2b i?2 /BpB/2X h?Bb
+QMi`�bi BM/B+�i2b i?2 K�BM K2+?�MBbK Q7 Qm` KQ/2HX "2+�mb2 Q7 i?2 BM+`2�b2/ BKTQ`i�M+2
Q7 ;Qp2`MK2Mi bmTTQ`i /m`BM; i?Bb T2`BQ/ Q7 ?2B;?i2M2/ HB[mB/Biv /2i2`BQ`�iBQM- i?2 `2H�iBp2
+`2/Bi [m�HBiv Q7 aP1b �b +�Tim`2/ #v Qm` mMB}2/ .J #2+QK2b bB;MB}+�MiHv ?B;?2` i?�M i?�i
Q7 MQM@aP1bX "v +QMi`�bi- i?2 ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv �b K2�bm`2/ #v J2`iQMǶb .J
/Q2b MQi +�Tim`2 i?Bb 2z2+iX

Pm` mMB}2/ /27�mHi K2�bm`2 rQ`Fb MQi QMHv �KB/bi i?2 im`KQBH Q7 S?�b2 AAA- #mi �HbQ
/m`BM; i?2 `2H�iBp2Hv +�HK Q7 S?�b2 AAX �b b?QrM BM h�#H2 9- �//BM; i?2 mMB}2/ /27�mHi
K2�bm`2 `2/m+2b i?2 aP1 T`2KBmK BM S?�b2 AA 7`QK kd #Tb Ui@bi�i49Xk3V iQ e #Tb Ui@
bi�i4yX3kVX "v +QMi`�bi- �//BM; J2`iQMǶb /27�mHi K2�bm`2 BM+`2�b2b i?2 aP1 T`2KBmK 7`QK
kd #Tb iQ jk #Tb Ui@bi�i48Xy8VX AMi2`2biBM;Hv- �//BM; ;Qp2`MK2Mi ?QH/BM;b /B`2+iHv �b �M
2tTH�M�iQ`v p�`B�#H2 +�M 2tTH�BM �r�v i?2 aP1 T`2KBmK BM S?�b2 AAA- �M/ i?2 `2;`2bbBQM
+Q2{+B2Mi 7Q` ;Qp2`MK2Mi ?QH/BM;b Bb bK�HH �M/ BMbB;MB}+�Mi /m`BM; S?�b2 AAX h?2b2 2KTB`B+�H
`2bmHib /2KQMbi`�i2 i?2 p�Hm2 Q7 ?�pBM; � bi`m+im`�H KQ/2H �M/ `2�{`K i?2 BKTQ`i�M+2 Q7 Qm`
KQ/2H K2+?�MBbKX 6Q` i?2 T`2@/27�mHi T2`BQ/ Q7 S?�b2 A- MQM2 Q7 Qm` 2tTH�M�iQ`v p�`B�#H2b
rQ`Fb �M/ i?2 aP1 T`2KBmK `2K�BMb �i �`QmM/ ky #TbX h?Bb Bb � T2`BQ/ r?2M i?2 +`2/Bi
K�`F2i BM *?BM� ?�b MQi v2i 2tT2`B2M+2/ �Mv /27�mHi- �M/- �#Qp2 �M/ #2vQM/ +`2/Bi `�iBM;-

kd



+`2/Bi [m�HBiv /Q2b MQi b22K iQ #2 BKTQ`i�Mi 7Q` +`2/Bi T`B+BM; /m`BM; i?Bb 2�`Hv T2`BQ/ BM
*?BM�Ƕb +`2/Bi K�`F2iX

JQpBM; �r�v 7`QK i?2 T`2@/2}M2/ S?�b2b �M/ BHHmbi`�iBM; i?2 aP1 T`2KBmK `2bmHib
KQ`2 +QMiBMmQmbHv- i?2 #QiiQK T�M2H BM 6B;m`2 R 7m`i?2` THQib i?2 iBK2@b2`B2b Q7 i?2 aP1
T`2KBmK �i i?2 [m�`i2`Hv 7`2[m2M+v- �7i2` +QMi`QHHBM; 7Q` J2`iQMǶb .J �M/ Qm` mMB}2/ .J-
`2bT2+iBp2HvX *QKT�`2/ rBi? i?2 Q`B;BM�H aP1 T`2KBmK THQii2/ BM i?2 iQT T�M2H- r2 b22 i?�i
r?BH2 J2`iQMǶb .J +�MMQi ?2HT `2bQHp2 i?2 aP1 T`2KBmK- i?2 BM+HmbBQM Q7 Qm` mMB}2/ .J
?2HTb �HB;M i?2 +`Qbb@b2+iBQM�H T`B+BM; BM +`2/Bi bT`2�/b �M/ /`Bp2b Qmi i?2 aP1 T`2KBmKX

AM+Q`TQ`�iBM; >2i2`Q;2M2Biv BM i?2 GB[mB/Biv S�`�K2i2` ξ

q2 BM+Q`TQ`�i2 ?2i2`Q;2M2Qmb HB[mB/Biv T�`�K2i2` ξ #v +�HB#`�iBM; iQ i?2 �p2`�;2 #QM/
BHHB[mB/Biv U:�KK�V K2�bm`2/ �+`Qbb MQM@aP1 �M/ aP1 #QM/b #v `�iBM;b BM i?`22 T?�b2bX
6QHHQrBM; i?2 +QMp2MiBQM BM *?BM�- r2 i`2�i `�iBM; ��Y �M/ �#Qp2 �b ?B;? [m�HBiv �M/ ��
�M/ #2HQr �b HQr [m�HBivX �b � #2M+?K�`F- r2 `2b+�H2 ξ iQ #2 +HQb2 iQ R BM S?�b2 AA iQ K�i+?
i?2 i`�Mb�+iBQM +QbiXkk q2 `2@2biBK�i2 i?2 mMB}2/ .J �M/ mb2 i?2K iQ 2tTH�BM i?2 aP1
T`2KBmK- �M/ }M/ i?�i i?2 `2K�BMBM; mM2tTH�BM2/ aP1 T`2KBmK Bb Rd #Tb Ui@bi�i4RXNRV- e
#Tb Ui@bi�i4yXd8V �M/ Rd #Tb Ui@bi�i4RXkkV- `2bT2+iBp2Hv- BM S?�b2 A- AA- �M/ AAAX

Pp2`�HH- i?2 �//2/ ?2i2`Q;2M2Biv BM ξ /Q2b MQi `2bmHi BM � bB;MB}+�Mi BKT`Qp2K2Mi 7`QK
Qm` #�b2@+�b2 `2bmHib `2TQ`i2/ BM h�#H2 9X h?Bb `2bmHi KB;?i #2 TmxxHBM;- �b rBi?BM i?2 KQ/2H-
� ?B;?2` ξ rQmH/ `2bmHi BM � ?B;?2` /27�mHi T`Q#�#BHBivX "mi i?Bb Bb i`m2 QMHv B7 r2 F22T i?2
�bb2i pQH�iBHBiv }t2/X �b /Bb+mbb2/ BM a2+iBQM 9Xk- #v K�i+?BM; i?2 KQ/2H@BKTHB2/ 2[mBiv
p�Hm2 �M/ 2[mBiv pQH�iBHBiv iQ i?2 /�i� pB� 2[m�iBQM URjV- Qm` 2biBK�iBQM bi`�i2;v H�`;2Hv
+m`i�BHb i?2 BKT�+i Q7 ξ QM i?2 2KTB`B+�H /27�mHi K2�bm`2X Ai Bb i?2`27Q`2 MQi bm`T`BbBM;
i?�i �HHQrBM; ξ iQ p�`v �+`Qbb }`Kb /Q2b MQi BKT`Qp2 i?2 KQ/2H T2`7Q`K�M+2X Ai �HbQ `2@
2M7Q`+2b i?2 Q#b2`p�iBQM i?�i i?2 K�`F2i@Q#b2`p2/ 2[mBiv pQH�iBHBiv +QMi�BMb BM7Q`K�iBQM MQi
QMHv �#Qmi i?2 ǳ7mM/�K2Mi�HǴ /27�mHi `BbF #mi �HbQ i?2 HB[mB/Biv@/`Bp2M /27�mHi `BbFXkj hQ
i?2 2ti2Mi i?�i i?2`2 Bb ?2i2`Q;2M2Biv BM HB[mB/Biv- i?2 Bbbm2`@H2p2H 2[mBiv p�Hm2 �M/ 2[mBiv
pQH�iBHBiv- r?B+? �`2 i?2 F2v BMTmib BM Qm` KQ/2H 2biBK�iBQM- +�M Qz2` p�Hm�#H2 BM7Q`K�iBQMX

kkaT2+B}+�HHv- BM S?�b2 AAA- r2 b2i ξ iQ RXj9 �M/ RXdN 7Q` ?B;? �M/ HQr [m�HBiv aP1b- �M/ kXyR �M/ jXyk
7Q` ?B;? �M/ HQr [m�HBiv MQM@aP1bX AM S?�b2 AA- i?2 `2bT2+iBp2 MmK#2`b �`2 RXyj �M/ yXN8 7Q` ?B;? �M/ HQr
[m�HBiv aP1b- �M/ yXd9 �M/ yXNR 7Q` ?B;? �M/ HQr [m�HBiv MQM@aP1bX AM S?�b2 A- i?2 `2bT2+iBp2 MmK#2`b �`2
RX9d �M/ RXR3 7Q` ?B;? �M/ HQr [m�HBiv aP1b- �M/ RXj8 �M/ yX3e 7Q` ?B;? �M/ HQr [m�HBiv MQM@aP1bX

kjPM2 BKTQ`i�Mi 2KTB`B+�H BKTHB+�iBQM Q7 >2 �M/ sBQM; UkyRkV Bb i?�i- 7Q` � ;Bp2M b2i Q7 �bb2i p�Hm2
�M/ pQH�iBHBiv- � ?B;?2` ξ HQr2`b i?2 /27�mHi #QmM/�`v �M/ `2bmHib BM HQr2` 2[mBiv p�Hm2 �M/ ?B;?2` 2[mBiv
pQH�iBHBivX 1KTB`B+�HHv- i?Bb Bb +QMbBbi2Mi rBi? r?�i r2 }M/ BM i?2 /�i�X *`Qbb@b2+iBQM�HHv- r2 }M/ � bi`QM;
TQbBiBp2 +Q``2H�iBQM #2ir22M 2[mBiv pQH�iBHBiv �M/ #QM/ BHHB[mB/BivX Pp2` iBK2- i?2 �p2`�;2 /Bz2`2M+2 BM 2[mBiv
pQH�iBHBiv #2ir22M MQM@aP1b �M/ aP1b BM+`2�b2b 7`QK H2bb i?�M RW BM S?�b2 AA iQ �`QmM/ 3W BM S?�b2 AAA-
r?2M i?2 �;;`2;�i2 HB[mB/Biv rQ`b2MbX
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hQ 7m`i?2` BHHmbi`�i2 i?2 `QH2 Q7 Qm` KQ/2H BM 2ti`�+iBM; i?Bb p�Hm�#H2 BM7Q`K�iBQM 7`QK
i?2 2[mBiv K�`F2i- r2 2biBK�i2 i?2 �bb2i p�Hm2 �M/ pQH�iBHBiv /B`2+iHv 7`QK i?2 }`KǶb 2[mBiv
�M/ #QM/ pQH�iBHBiB2b rBi?Qmi mbBM; Qm` KQ/2H- �M/ i?2M mb2 Qm` KQ/2H iQ `2@2biBK�i2 i?2
mMB}2/ /27�mHi K2�bm`2b �M/ mb2 i?2K iQ 2tTH�BM i?2 aP1 T`2KBmKXk9 6Q+mbBM; QM S?�b2
AAA- r2 }M/ i?�i i?2 `2K�BMBM; mM2tTH�BM2/ aP1 T`2KBmK Bb 33 #Tb Ui@bi�i49XNdV rBi?Qmi
?2i2`Q;2M2Biv BM ξ �M/ 8y #Tb Ui@bi�i4kXkyV rBi? i?2 BM+Q`TQ`�iBQM Q7 ?2i2`Q;2M2Biv BM ξ �b
/2i�BH2/ BM 7QQiMQi2 kkX hrQ Q#b2`p�iBQMb �`2 BM Q`/2`X 6B`bi- +QKT�`2/ rBi? Qm` #�b2@+�b2
`2bmHib- i?Bb �TT`Q�+? +�M QMHv 2tTH�BM T�`i Q7 i?2 aP1 T`2KBmK BM S?�b2 AAA �M/ H2�p2 � H�`;2
+QKTQM2Mi Q7 i?2 aP1 T`2KBmK U33 #TbV mM2tTH�BM2/X a2+QM/- BM i?Bb b2iiBM;- ξ MQ HQM;2`
BM~m2M+2b i?2 2KTB`B+�H 2biBK�iBQM Q7 i?2 �bb2i pQH�iBHBiv �M/ #2+QK2b � 7`22 T�`�K2i2`X
*QMb2[m2MiHv- �HHQrBM; 7Q` ?2i2`Q;2M2Biv BM ξ BKT`Qp2b i?2 T2`7Q`K�M+2- BM/B+�iBM; i?�i i?2
BM7Q`K�iBQM +QMi�BM2/ BM i?2 ?2i2`Q;2M2Qmb ξ Bb ?2HT7mH BM 2tTH�BMBM; i?2 aP1 T`2KBmKX h?2
7�+i i?�i Qm` #�b2@+�b2 �TT`Q�+? +�M 2tTH�BM � H�`;2` 7`�+iBQM Q7 i?2 aP1 T`2KBmK i?�M i?2
�Hi2`M�iBp2 �TT`Q�+? bm;;2bib i?�i #v i�FBM; Qm` mMB}2/ KQ/2H b2`BQmbHv- r2 +�M 2z2+iBp2Hv
2ti`�+i HB[mB/Biv BM7Q`K�iBQM 7`QK 2[mBiv pQH�iBHBivX

9X9 S`B+2 .Bb+Qp2`v
q2 mb2 i?2 mMB}2/ /27�mHi K2�bm`2b iQ bim/v i?2 T`B+2 /Bb+Qp2`v BM *?BM�Ƕb +`2/Bi K�`F2i
#v 7Q+mbBM; QM i?2 aP1 �M/ MQM@aP1 b�KTH2b b2T�`�i2HvX q?BH2 i?2 BM7Q`K�iBQM +QMi2Mi
Q7 +`2/Bi bT`2�/b ?�b #22M 2ti2MbBp2Hv bim/B2/ 7Q` i?2 lXaX K�`F2i- Qm` T�T2` Bb i?2 }`bi
+QKT`2?2MbBp2 bim/v Q7 i?2 *?BM2b2 K�`F2iX 6`QK kyRy iQ kyky- i?Bb K�`F2i Bb BM7Q`K2/
#v irQ BKTQ`i�Mi b?Q+FbX h?2 }`bi 2p2` /27�mHi BM kyR9ZR +?�M;2b BMp2biQ`bǶ T2`+2TiBQM Q7
+`2/Bi `BbF �M/ i?2 kyR3Zk HB[mB/Biv +`BbBb mM/2`b+Q`2b i?2 BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`iX
Pm` 2KTB`B+�H �M�HvbBb �BKb iQ /Q+mK2Mi i?2B` BKT�+i QM T`B+2 /Bb+Qp2`vX

q2 T2`7Q`K i?2 [m�`i2`Hv T�M2H `2;`2bbBQM 7Q` i?2 aP1 �M/ MQM@aP1 b�KTH2b b2T�`�i2Hv,

*`2/BiaT`2�/i,t = a+ β.Ji,t + c_�iBM;i,t +
∑

k
*QMi`QHbki,t + εi,t , UReV

r?2`2 .Ji,t Bb- 7Q` Bbbm2` i BM [m�`i2` t- i?2 KQ/2H@BKTHB2/ /27�mHi K2�bm`2 �M/ i?2 +Q`@
`2bTQM/BM; `2;`2bbBQM +Q2{+B2Mi β +�Tim`2b i?2 BM7Q`K�iBQM +QMi2Mi Q7 +`2/Bi bT`2�/b rBi?
`2bT2+i iQ i?2 /27�mHi K2�bm`2Xk8 *2Mi`�H iQ Qm` �M�HvbBb Bb Qm` mMB}2/ K2�bm`2- r?B+? BMi2@

k96QHHQrBM; a+?�272` �M/ ai`2#mH�2p UkyydV- i?2 �bb2i p�Hm2 Bb i?2 bmK Q7 i?2 K�`F2i p�Hm2 Q7 2[mBiv �M/
i?2 #QQF p�Hm2 Q7 i?2 HB�#BHBiv- �M/ i?2 �bb2i pQH�iBHBiv Bb

σA
i,t =

√
(1− Li,t)

2 σE
i,t + L2

i,tσ
D
i,t + (1− Li,t)Li,tσE

i,tσ
D
i,tρ

ED UR8V
r?2`2 Li,t Bb i?2 }`KǶb H2p2`�;2- σE

i,t �M/ σD
i,t �`2 2[mBiv �M/ /2#i pQH�iBHBiv �M/ ρED Bb i?2 +Q``2H�iBQM #2ir22M

/2#i �M/ biQ+F `2im`MbX
k8h?2 +QMi`QH p�`B�#H2b �`2 i?2 b�K2 �b i?2 `2;`2bbBQM bT2+B}+�iBQMb BM 2[m�iBQMb URV �M/ UR9V mb2/ iQ
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;`�i2b i?2 i?`22 +QKTQM2Mib Q7 T`B+2 /Bb+Qp2`v Ĝ +`2/Bi `BbF- HB[mB/Biv `BbF- �M/ ;Qp2`MK2Mi
bmTTQ`iX hQ +QKT�`2 i?2 `2H�iBp2 BKTQ`i�M+2 Q7 i?2b2 +QKTQM2Mib- r2 7m`i?2` mb2 J2`iQMǶb
/27�mHi K2�bm`2 iQ T`Qtv 7Q` i?2 ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv i?�i Bb mM`2H�i2/ iQ #�BHQmi Q`
HB[mB/Biv- �M/ ;Qp2`MK2Mi ?QH/BM;b iQ T`Qtv 7Q` ;Qp2`MK2Mi bmTTQ`iX h?2 K�BM `2bmHib �`2
bmKK�`Bx2/ BM h�#H2 8- r?2`2 r2 `2TQ`i QMHv i?2 `2;`2bbBQM +Q2{+B2Mib 7Q` i?2 F2v 2tTH�M�@
iQ`v p�`B�#H2b �M/ i?2 +`2/Bi `�iBM;bX h?Qb2 7Q` i?2 +QMi`QH p�`B�#H2b ?�p2 #22M `2TQ`i2/ BM
i?2 Q`B;BM�H aP1 T`2KBmK `2;`2bbBQM BM h�#H2 k �M/ �`2 QKBii2/ 7Q` #`B27M2bbX

S`B+2 .Bb+Qp2`v �M/ i?2 6B`bi .27�mHi Q7 kyR9ZR

"27Q`2 i?2 }`bi /27�mHi BM kyR9ZR- +`2/Bi bT`2�/b �`2 mMBM7Q`K�iBp2 rBi? `2bT2+i iQ +`2/Bi
[m�HBiv �7i2` +QMi`QHHBM; 7Q` +`2/Bi `�iBM;bX �b b?QrM BM h�#H2 8- 7Q` #Qi? i?2 aP1 �M/
MQM@aP1 b�KTH2b- i?2 b2MbBiBpBiv Q7 +`2/Bi bT`2�/b iQ J2`iQMǶb .J Bb Q7 � `�i?2` bK�HH
K�;MBim/2 �M/ ?�b i?2 r`QM; bB;M 7Q` i?2 MQM@aP1bX AMi`Q/m+BM; mMB}2/ .J /Q2b MQi ?�p2
�Mv �//BiBQM�H BKT�+iX h?Bb H�+F Q7 �//BiBQM�H BM7Q`K�iBQM +QMi2Mi BM +`2/Bi bT`2�/b +�M #2
2tTH�BM2/ #v i?2 7�+i i?�i- #QM/ BMp2biQ`b ?�/ M2p2` 2tT2`B2M+2/ �Mv /27�mHi #27Q`2 kyR9ZRX
h?2B` T2`+2TiBQM Q7 +`2/Bi `BbF Bb bm+? i?�i `�iBM; Bb � bm{+B2Mi K2�bm`2 Q7 +`2/Bi `BbFX

h?Bb T2`+2TiBQM Bb �Hi2`2/ #v i?2 }`bi 2p2` /27�mHiX JQpBM; 7`QK S?�b2 A iQ AA- i?2 +Q27@
}+B2Mib 7Q` J2`iQMǶb .J #2+QK2 TQbBiBp2 �M/ bB;MB}+�Mi, RX8N Ui@bi�i4kXdyV 7Q` MQM@aP1b
�M/ RXkR Uibi�i4jXN8V 7Q` aP1bX �b +`2/Bi@K�`F2i BMp2biQ`b #2+QK2 �r�`2 Q7 i?2 TQbbB#BHBiv
Q7 /27�mHi `BbF- +`2/Bi bT`2�/b bi�`i iQ BM+Q`TQ`�i2 /27�mHi `2H�i2/ BM7Q`K�iBQM �#Qp2 �M/
#2vQM/ +`2/Bi `�iBM;X h?Bb BM+Hm/2b BM7Q`K�iBQM 7`QK i?2 Bbbm2`Ƕb }M�M+B�H bi�i2K2Mib �M/
2[mBiv T`B+BM;- F2v BMTmib iQ J2`iQMǶb .JX :�m;BM; i?2 2+QMQKB+ bB;MB}+�M+2 Q7 i?Bb BK@
T`Qp2K2Mi BM T`B+2 /Bb+Qp2`v- r2 }M/ i?�i QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 BM J2`iQMǶb .J
Bb �bbQ+B�i2/ rBi? k9 #Tb �M/ kj #Tb BM+`2�b2b BM +`2/Bi bT`2�/b- `2bT2+iBp2Hv- 7Q` MQM@aP1b
�M/ aP1bX .m`BM; i?Bb T2`BQ/- i?2 aP1 T`2KBmK Bb �#Qmi kd #Tb- �M/ QM2 MQi+? BM+`2�b2
BM +`2/Bi `�iBM; Bb �bbQ+B�i2/ rBi? �M �p2`�;2 `2/m+iBQM Q7 8y #Tb BM +`2/Bi bT`2�/X 6`QK i?Bb
T2`bT2+iBp2- i?2 2+QMQKB+ bB;MB}+�M+2 Q7 i?2 BKT`Qp2/ T`B+2 /Bb+Qp2`v Bb bBx�#H2X

AMi`Q/m+BM; i?2 mMB}2/ .J- i?2 2ti2Mi Q7 i?2 T`B+2 /Bb+Qp2`v Bb bBKBH�` iQ i?�i Q7 J2`@
iQMǶb .J- BM/B+�iBM; i?�i i?2 TQbi@/27�mHi T2`BQ/ Q7 S?�b2 AA Bb /QKBM�i2/ #v BM7Q`K�iBQM
rBi? `2bT2+i iQ ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBivX *QMbBbi2MiHv- ;Qp2`MK2Mi ?QH/BM;b �b � /B`2+i
2tTH�M�iQ`v p�`B�#H2 Bb MQi BKTQ`i�Mi BM 2tTH�BMBM; +`2/Bi bT`2�/b /m`BM; i?Bb T2`BQ/X lbBM;
�HH i?`22 p�`B�#H2b iQ;2i?2`- ?Qr2p2`- r2 }M/ i?�i i?2 mMB}2/ .J `2K�BMb BKTQ`i�Mi- #mi
MQi J2`iQMǶb .JX 6Q` i?2 aP1 b�KTH2- r?2`2 i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i Bb KQ`2

2biBK�i2 i?2 aP1 T`2KBmKX 6Q` #`B27M2bb- `2;`2bbBQM +Q2{+B2Mib Q7 i?2 +QMi`QH p�`B�#H2b �`2 MQi `2TQ`i2/
BM h�#H2 8- �M/ i?2 `2TQ`i2/ i@bi�iǶb mb2 bi�M/�`/ 2``Q`b /Qm#H2 +Hmbi2`2/ #v [m�`i2` �M/ #QM/ iQ i�F2 BMiQ
�++QmMi Q7 +`Qbb@b2+iBQM�H �b r2HH �b iBK2@b2`B2b +Q``2H�iBQMb BM +`2/Bi bT`2�/bX
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BKTQ`i�Mi- i?2 `2;`2bbBQM +Q2{+B2Mi 7Q` J2`iQMǶb .J Bb `2/m+2/ iQ yX9d Ui@bi�i4RX89V r?BH2
i?�i 7Q` mMB}2/ .J `2K�BMb H�`;2 �M/ bB;MB}+�MiX h?Bb `2bmHi BM/B+�i2b i?�i 2p2M /m`BM; MQ`@
K�H HB[mB/Biv +QM/BiBQM- i?2 BMi2`�+iBQM #2ir22M #�BHQmi T`Q#�#BHBiv �M/ i?2 HB[mB/Biv@/`Bp2M
/27�mHi biBHH K�ii2`b BM +`2/Bi T`B+BM;X

S`B+2 .Bb+Qp2`v �M/ i?2 GB[mB/Biv *`BbBb Q7 kyR3Zk

h?2 HB[mB/Biv +`BbBb Q7 kyR3Zk ;Bp2b mb � mMB[m2 QTTQ`imMBiv iQ bim/v i?2 BKT�+i Q7 HB[mB/Biv
QM T`B+2 /Bb+Qp2`vX 6Q` i?2 MQM@aP1 b�KTH2- r2 }M/ � K�`F2/ BKT`Qp2K2Mi BM i?2 BM7Q`@
K�iBQM +QMi2Mi Q7 +`2/Bi bT`2�/b rBi? `2bT2+i iQ i?2 ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBiv +�Tim`2/
#v J2`iQMǶb .JX �b b?QrM BM h�#H2 8- i?2 `2;`2bbBQM +Q2{+B2Mi �bbQ+B�i2/ rBi? J2`iQMǶb
.J BM+`2�b2b 7`QK RX8N Ui@bi�i4kXdyV iQ dX8j Uibi�i4jXedV 7Q` i?2 MQM@aP1 b�KTH2- �M/
i?2 +Q``2bTQM/BM; BM+`2K2Mi�H _@b[m�`2/ 2tTH�BM2/ #v J2`iQMǶb .J BM+`2�b2b 7`QK yXNW iQ
kX3WX "v +QMi`�bi- i?2 T`B+2 /Bb+Qp2`v 7Q` i?2 aP1 b�KTH2 /Q2b MQi 2t?B#Bi �Mv bB;MB}+�Mi
BKT`Qp2K2Mi mbBM; J2`iQMǶb .JX h?2 +Q2{+B2Mi �bbQ+B�i2/ rBi? J2`iQMǶb .J BM+`2�b2b
7`QK RXkR Ui@bi�i4jXN8V BM S?�b2 AA iQ kXR9 Ui@bi�i4kX9kV BM S?�b2 AAA- #mi i?2 +Q``2bTQM/@
BM; BM+`2K2Mi�H _@b[m�`2/ 2tTH�BM2/ #v J2`iQMǶb .J /2+`2�b2b bHB;?iHv 7`QK RXyW iQ yXdWX
JQ`2Qp2`- i?2 2+QMQKB+ bB;MB}+�M+2 Q7 J2`iQMǶb .J- �b K2�bm`2/ #v i?2 BM+`2�b2 BM +`2/Bi
bT`2�/ �bbQ+B�i2/ rBi? QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 BM J2`iQMǶb .J- Bb dN #Tb 7Q` i?2
MQM@aP1 b�KTH2- � K�`F2/ BKT`Qp2K2Mi 7`QK k9 #Tb BM S?�b2 AAX "v +QMi`�bi- 7Q` i?2 aP1
b�KTH2- i?2 2+QMQKB+ bB;MB}+�M+2 /2+`2�b2b bHB;?iHv 7`QK kj #Tb iQ ky #TbX

h?Bb +QMi`�bi BM T`B+2 /Bb+Qp2`v `2~2+ib i?2 F2v K2+?�MBbK Q7 Qm` KQ/2HX qBi?Qmi ;Qp@
2`MK2Mi bmTTQ`i iQ �HH2pB�i2 i?2 BM+`2�b2/ /27�mHi mM/2` i?2 rQ`b2MBM; HB[mB/Biv +QM/BiBQM-
+`2/Bi bT`2�/b Q7 MQM@aP1b #2+QK2 ?B;?Hv b2MbBiBp2 iQ +`2/Bi [m�HBiv UBX2X- J2`iQMǶb .JVX
"v +QMi`�bi- aP1 Bbbm2`b �`2 MQi mM/2` i?2 b�K2 b2p2`2 +QM+2`M Qp2` i?2 7mM/�K2Mi�H +`2/Bi
`BbFX lM/2` i?2 Qp2`�HH HB[mB/Biv /2i2`BQ`�iBQM- i?2 +QMi2Mi Q7 i?2B` T`B+2 /Bb+Qp2`v ?�b BMbi2�/
#2+QK2 /QKBM�i2/ #v i?2 BM7Q`K�iBQM QM ;Qp2`MK2Mi bmTTQ`iX h?Bb BM+`2�b2/ BKTQ`i�M+2
Q7 ;Qp2`MK2Mi bmTTQ`i mM/2` rQ`b2MBM; HB[mB/Biv- r?BH2 MQi +�Tim`2/ #v J2`iQMǶb .J- Bb
�M BKTQ`i�Mi +QKTQM2Mi Q7 Qm` mMB}2/ .JX �b � `2bmHi- Qm` mMB}2/ .J +�M 2tTH�BM i?2
BKT`Qp2K2Mi BM T`B+2 /Bb+Qp2`v 7Q` aP1b i?�i Bb MQi +�Tim`2/ #v J2`iQMǶb .JX �b b?QrM BM
h�#H2 8- KQpBM; 7`QK S?�b2 AA iQ AAA- i?2 `2;`2bbBQM +Q2{+B2Mi 7Q` Qm` mMB}2/ .J BM+`2�b2b
7`QK kXjd Ui49XkeV iQ eX3e Ui4eXeeV 7Q` i?2 aP1 b�KTH2- �M/ i?2 BM+`2K2Mi�H _@b[m�`2/
2tTH�BM2/ BM+`2�b2b 7`QK RX3W iQ 9XeWX JQ`2Qp2`- i?2 2+QMQKB+ bB;MB}+�M+2 Q7 Qm` mMB}2/
.J BM+`2�b2b 7`QK �`QmM/ kj #Tb BM S?�b2 AA iQ 8R #Tb BM S?�b2 AAA- � bi�`F +QMi`�bi iQ i?2
H�+F Q7 BKT`Qp2K2Mi mbBM; J2`iQMǶb .J 7Q` i?2 aP1 b�KTH2X

JQ`2Qp2`- #v BM+Q`TQ`�iBM; �HH i?`22 +QKTQM2Mib BMiQ QM2 bBM;H2 K2�bm`2- Qm` mMB}2/ .J
+�M 2tTH�BM i?2 T`B+2 /Bb+Qp2`v 7Q` i?2 MQM@aP1 b�KTH2 �b r2HH �b aP1b /m`BM; S?�b2 AAAX

jR



h?2 +Q2{+B2Mi 2biBK�i2 �bbQ+B�i2/ rBi? mMB}2/ .J Bb dX9y Ui@bi�i48X33V- +QKT�`2/ rBi?
dX8j Ui@bi�i4jXedV 7Q` J2`iQMǶb .JX *QKT�`BM; i?2B` 2+QMQKB+ bB;MB}+�M+2- QM2 bi�M/�`/
/2pB�iBQM BM+`2�b2 BM mMB}2/ .J Bb �bbQ+B�i2/ rBi? �M BM+`2�b2 BM i?2 +`2/Bi bT`2�/ Q7 Ry8 #Tb-
+QKT�`2/ rBi? dN #Tb 7Q` J2`iQMǶb .JX JQ`2Qp2`- i?2 BM+`2K2Mi�H _@b[m�`2/ 2tTH�BM2/ #v
i?2 mMB}2/ .J Bb 9XyW- +QKT�`2/ rBi? kX3W 7Q` J2`iQMǶb .JX lbBM; �HH i?`22 p�`B�#H2b
iQ;2i?2`- J2`iQMǶb .J Bb MQ HQM;2` bB;MB}+�Mi 7Q` i?2 aP1 b�KTH2- #mi `2K�BMb bB;MB}+�Mi
7Q` i?2 MQM@aP1b BM S?�b2 AAAX q2 }M/ i?�i i?2 �//BiBQM�H BM7Q`K�iBQM +QMi�BM2/ BM J2`iQMǶb
.J Bb KQbiHv `2H�i2/ iQ i?2 +`Qbb@Bbbm2` H2p2H BM7Q`K�iBQM QM �bb2i ;`Qri?- r?B+? Bb � F2v
BMTmi 7Q` J2`iQMǶb .J #mi MQi 7Q` Qm` mMB}2/ .JXke

S`B+2 .Bb+Qp2`v BM *?BM�Ƕb *`2/Bi J�`F2i- � :`�T?B+�H amKK�`v

hQ 2tTH�BM ?Qr T`B+2 /Bb+Qp2`v BM *?BM�Ƕb +`2/Bi K�`F2i 2pQHp2b Qp2` iBK2- r2 T2`7Q`K
i?2 T�M2H `2;`2bbBQM BM 2[m�iBQM UReV Qp2` �M 2B;?i@[m�`i2` `QHHBM; rBM/QrX h?2 `2;`2bbBQM
+Q2{+B2Mib 7Q` i?2 /27�mHi K2�bm`2b �`2 THQii2/ BM 6B;m`2 9X "v `2TQ`iBM; i?2 T`B+2 /Bb+Qp2`v
+QMiBMmQmbHv- i?Bb �TT`Q�+? b2`p2b iQ +QKTH2K2Mi Qm` `2bmHib `2TQ`i2/ BM h�#H2 8- r?2`2 i?2
T�M2H `2;`2bbBQMb �`2 T2`7Q`K2/ 7Q` i?`22 T?�b2bX

Pp2` iBK2- T`B+2 /Bb+Qp2`v BM *?BM�Ƕb +`2/Bi K�`F2i Bb i`�Mb7Q`K2/ #v irQ BKTQ`i�Mi
b?Q+FbX h?2 }`bi 2p2` /27�mHi BM kyR9ZR +?�M;2b BMp2biQ`bǶ T2`+2TiBQM Q7 +`2/Bi `BbFX S`BQ`
iQ i?2 b?Q+F- mbBM; 2Bi?2` J2`iQMǶb .J Q` Qm` mMB}2/ .J- i?2 2ti2Mi Q7 T`B+2 /Bb+Qp2`v- �7i2`
+QMi`QHHBM; 7Q` +`2/Bi `�iBM;b- Bb 2bb2MiB�HHv x2`QX �7i2` kyR9ZR- r2 b22 � pBbB#H2 BKT`Qp2K2Mi
BM i?2 `2;`2bbBQM +Q2{+B2Mi- `2~2+iBM; BMp2biQ`bǶ +?�M;BM; T2`+2TiBQM Q7 +`2/Bi `BbF �7i2` i?2
}`bi 2p2` /27�mHiX lMiBH i?2 2M/ Q7 S?�b2 AA- i?2 K�;MBim/2 Q7 T`B+2 /Bb+Qp2`v KQp2b p2`v
Km+? BM bvM+ 7Q` aP1b �M/ MQM@aP1b- BM/B+�iBM; � b?�`2/ +QM+2`M Qp2` i?2 7mM/�K2Mi�H
+`2/Bi [m�HBiv /m`BM; i?Bb TQbi@/27�mHi T2`BQ/X

h?2 b?Q+F BMi`Q/m+2/ #v i?2 kyR3Zk +`2/Bi iB;?i2MBM; mM/2`b+Q`2b i?2 BKTQ`i�M+2 Q7
;Qp2`MK2Mi bmTTQ`i �KB/bi HB[mB/Biv /2i2`BQ`�iBQM �M/ 2t�+2`#�i2b i?2 /BpB/2 #2ir22M aP1b
�M/ MQM@aP1b BM i?2 +`2/Bi K�`F2iX �HQM; rBi? i?2 `�TB/ /Bp2`;2M+2 BM +`2/Bi bT`2�/b UBX2X-
i?2 2tTHQbBp2 aP1 T`2KBmKV- r2 �HbQ Q#b2`p2 � /Bp2`;2M+2 BM i?2 +QMi2Mi Q7 T`B+2 /Bb+Qp2`vX
qBi?BM i?2 MQM@aP1 b�KTH2- +`2/Bi bT`2�/b #2+QK2 bB;MB}+�MiHv KQ`2 b2MbBiBp2 iQ i?2 +`Qbb@
Bbbm2` K2�bm`2b Q7 i?2 ǳ7mM/�K2Mi�HǴ +`2/Bi [m�HBivX �b b?QrM BM 6B;m`2 9- i?2 b2MbBiBpBiv
Q7 +`2/Bi bT`2�/b QM J2`iQMǶb .J BM+`2�b2b `�TB/Hv �7i2` i?2 HB[mB/Biv b?Q+F Q7 kyR3Zk-

keam;;2bi2/ #v �M �MQMvKQmb `272`22- r2 �HbQ 2t�KBM2 r?2i?2` i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`i Bb
/Bz2`2Mi #2ir22M BMi2`@#�MF K�`F2i �M/ 2t+?�M;2bX *QMbBbi2Mi rBi? i?2 BMimBiBQM i?�i i?2 K�BM BMp2biQ`b
BM i?2 BMi2`@#�MF K�`F2i U2X;X #�MFbV rQmH/ #2 KQ`2 HBF2Hv iQ 2ti2M/ }M�M+B�H bmTTQ`i iQ aP1b BM bi`2bb7mH
iBK2b- r2 }M/ i?�i i?2 aP1 T`2KBmK Bb BM/22/ H�`;2` BM i?2 BMi2`@#�MF b�KTH2 UR9R #Tb BM S?�b2 AAAV i?�M
BM i?2 2t+?�M;2 b�KTH2 UNR #Tb BM S?�b2 AAAVX JQ`2Qp2`- i?2 b2MbBiBpBiv Q7 +`2/Bi bT`2�/b QM ;Qp2`MK2Mi
bmTTQ`i �M/ mMB}2/ .J Bb �HbQ ?B;?2` BM i?2 BMi2`@#�MF b�KTH2 i?�M BM i?2 2t+?�M;2b b�KTH2X

jk



`2~2+iBM; i?2 BKT�+i Q7 i?2 BM+`2�b2/ HBF2HB?QQ/ Q7 HB[mB/Biv@/`Bp2M /27�mHi rBi?BM i?Bb b�KTH2X
6Q` aP1b- r?2`2 ;Qp2`MK2Mi bmTTQ`i +�M ?2HT �HH2pB�i2 i?2 BM+`2�b2/ HB[mB/Biv@/`Bp2M /27�mHi-
i?2`2 Bb MQ bB;MB}+�Mi BM+`2�b2 BM T`B+2 /Bb+Qp2`v �HQM; i?Bb /BK2MbBQMX AMbi2�/- +`2/Bi bT`2�/b
rBi?BM i?2 aP1 b�KTH2 #2+QK2 KQ`2 b2MbBiBp2 iQ i?2 2ti2Mi Q7 ;Qp2`MK2Mi- `2~2+iBM; i?2
BM+`2�b2/ BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`i mM/2` i?2 HB[mB/Biv /2i2`BQ`�iBQMX Pm` mMB}2/
.J- r?B+? BMi2;`�i2b +`2/Bi- HB[mB/Biv- �M/ ;Qp2`MK2Mi bmTTQ`i BMiQ QM2 bBM;H2 K2�bm`2- +�M
2tTH�BM i?2 +`2/Bi bT`2�/b 7Q` aP1b �b r2HH �b 7Q` MQM@aP1b- �b b?QrM BM 6B;m`2 9X

8 PM i?2 _2�H AKT�+i
h?Bb b2+iBQM bim/B2b i?2 `2�H BKT�+i Q7 i?2 kyR3 +`2/Bi iB;?i2MBM; #v +QKT�`BM; i?2 7mM/�@
K2Mi�H T2`7Q`K�M+2 Q7 aP1b �M/ MQM@aP1b #27Q`2 �M/ �7i2` i?2 b?Q+FX Pm` K�BM ?vTQi?@
2bBb #mBH/b QM i?2 Q#b2`p�iBQM i?�i i?2 `�TB/ rB/2MBM; Q7 i?2 aP1 T`2KBmK �7i2` kyR3Zk
`2~2+ib i?2 rQ`b2MBM; +`2/Bi +QM/BiBQM 7�+2/ #v MQM@aP1b BM i?2 #`Q�/2` 2+QMQKv- r?B+?
bm#b2[m2MiHv BKT�B`b i?2B` 7mM/�K2Mi�H T2`7Q`K�M+2 `2H�iBp2 iQ aP1bX q?BH2 � +QKTH2i2
mM/2`bi�M/BM; Q7 i?2 `2�H BKT�+i Bb QmibB/2 Q7 Qm` KQ/2H- Qm` �ii2KTib iQ b?2/ HB;?i QM
i?Bb BKTQ`i�Mi iQTB+- KQbiHv 2KTB`B+�H BM M�im`2- �`2 �b 7QHHQrbX a2+iBQM 8XR /Q+mK2Mib i?2
`�TB/ T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1b �7i2` i?2 kyR3 +`2/Bi iB;?i2M@
BM;X a2+iBQM 8Xk T2`7Q`Kb 2p2Mi bim/B2b iQ 2bi�#HBb? � HBMF #2ir22M +`2/Bi /2i2`BQ`�iBQM �M/
T2`7Q`K�M+2 /2i2`BQ`�iBQM 7Q` MQM@aP1bX a2+iBQM 8Xj T`QpB/2b 7m`i?2` /Bb+mbbBQMb �M/ Qz2`b
`Q#mbiM2bb i2bib QM �Hi2`M�iBp2 2tTH�M�iBQMbX

8XR SQbi@kyR3Zk S2`7Q`K�M+2 .2i2`BQ`�iBQM Q7 LQM@aP1b
h?2 TQbi@kyR3Zk 2tTHQbBQM Q7 i?2 aP1 T`2KBmK `2~2+ib i?2 /2i2`BQ`�iBM; +`2/Bi +QM/BiBQM
7�+2/ #v MQM@aP1b `2H�iBp2 iQ aP1b BM *?BM�X "2+�mb2 Q7 i?2 ~mB/Biv Q7 +`2/Bi /BbT2M@
b�iBQM �+`Qbb i?2 +`2/Bi K�`F2i- #�MF HQ�Mb �M/ b?�/Qr #�MFBM;- i?2 }M�M+BM; /B{+mHiB2b
2tT2`B2M+2/ #v MQM@aP1b 2tBbi MQi Dmbi BM i?2 +`2/Bi K�`F2i- #mi �`2 2+QMQKv@rB/2X h?Bb
KQiBp�i2b mb iQ bim/v i?2 `2�H BKT�+i Q7 i?2 +`2/Bi iB;?i2MBM; 7Q` � rB/2` `�M;2 Q7 }`Kb-
MQi Dmbi i?Qb2 rBi? �+iBp2 #QM/ i`�/BM;- r?2`2 �`2 mb2/ iQ bim/v +`2/Bi T`B+BM; BM a2+iBQM 9X
1tT�M/BM; Qm` b�KTH2 iQ BM+Hm/2 }`Kb rBi? BM�+iBp2 #QM/ i`�/BM;- r2 ?�p2 � +QHH2+iBQM Q7
H�`;2 �M/ BKTQ`i�Mi MQM@}M�M+B�H }`Kb BM *?BM� rBi? �++2bb iQ #Qi? i?2 +`2/Bi �M/ 2[mBiv
K�`F2iX h?2 bmKK�`v bi�iBbiB+b 7Q` i?Bb b�KTH2 Q7 Bbbm2`b- 3kR MQM@aP1b �M/ ekj aP1b- �`2
`2TQ`i2/ BM i?2 AMi2`M2i �TT2M/Bt �Xk #2+�mb2 Q7 i?2 H�+F Q7 bT�+2 BM i?2 K�BM i2tiXkd

kdh?2 }`K +?�`�+i2`BbiB+b �M/ +`Qbb@Bbbm2` /Bbi`B#miBQMb �`2 p2`v bBKBH�` iQ i?Qb2 `2TQ`i2/ BM h�#H2 R 7Q`
i?2 b�KTH2 mb2/ 7Q` +`2/Bi T`B+BM;X lbBM; J2`iQMǶb .J �b � T`Qtv Q7 i?2B` 7mM/�K2Mi�H +`2/Bi [m�HBiv- i?2

jj



hQ /B`2+iHv +QKT�`2 �M/ +QMi`�bi i?2 �;;`2;�i2 T2`7Q`K�M+2 Q7 MQM@aP1b �;�BMbi i?�i
Q7 aP1b- 6B;m`2 8 THQib i?2 iBK2@b2`B2b Q7 i?2 [m�`i2`Hv _P�b �p2`�;2/ �+`Qbb i?2 MQM@
aP1 �M/ aP1 b�KTH2b `2bT2+iBp2HvX 6Q+mbBM; }`bi QM MQM@aP1b- r2 b22 i?�i- rBi? i?2
2t+2TiBQM Q7 i?2 /QrMr�`/ i`2M/ 7`QK kyRy i?`Qm;? kyRk- i?2 �;;`2;�i2 [m�`i2`Hv _P� Q7
MQM@aP1b Qb+BHH�i2b �`QmM/ � +QMbi�Mi H2p2H Q7 RXkyW mMiBH kyR3 �M/ Bb /`Bp2M #v � bi`QM;
b2�bQM�HBiv- rBi? i?2 }`bi [m�`i2` T2`7Q`K�M+2 H�;;BM; bB;MB}+�MiHv #2?BM/ #2+�mb2 Q7 i?2
`2/m+2/ 2+QMQKB+ �+iBpBiB2b /m`BM; i?2 *?BM2b2 L2r u2�` +2H2#`�iBQMX �;�BMbi i?Bb T�ii2`M-
i?2 TQbi@kyR3 T2`7Q`K�M+2 Q7 MQM@aP1b �TT2�`b ?B;?Hv mMmbm�HX qBi?BM QM2 [m�`i2`- i?2
�;;`2;�i2 _P� +`�b?2b 7`QK RXyNW BM kyR3Zj iQ @yXj8W BM kyR3Z9- #`2�FBM; i?2 rQ`bi 2p2`
`2+Q`/ #v � rB/2 K�`;BM �M/ /`BpBM; i?2 �;;`2;�i2 T2`7Q`K�M+2 Q7 MQM@aP1b /22T BMiQ i?2
M2;�iBp2 i2``BiQ`vX S`BQ` iQ i?Bb 2p2Mi- i?2 �;;`2;�i2 _P� p�`B2b rBi?BM i?2 M�``Qr `�M;2
#2ir22M yX3dW iQ kXR9WX �7i2` Bib +`�b? BM kyR3Z9- i?2 �;;`2;�i2 _P� #QmM+2b #�+F /m`BM;
i?2 }`bi i?`22 [m�`i2`b Q7 kyRN- QMHv iQ THmM;2 #�+F iQ yXykW BM kyRNZ9X

J2�Mr?BH2- i?2 �;;`2;�i2 T2`7Q`K�M+2 Q7 aP1b �HbQ /2+`2�b2b- #mi MQi rBi? i?2 b�K2
b2p2`BivX 6`QK kyR3Zj iQ kyR3Z9- i?2 [m�`i2`Hv _P� /2+`2�b2b 7`QK yX39W iQ yX9dW- biBHH
�#Qp2 i?2 ?BbiQ`B+�H HQr Q7 yXjRW BM kyR8Z9X SQbi kyR3Z9- i?2 �;;`2;�i2 _P� #QmM+2b
#�+F /m`BM; i?2 }`bi i?`22 [m�`i2`b Q7 kyRN �M/ /`QTb #�+F iQ yX99W BM kyRNZ9X hQ 7m`i?2`
+QMi`�bi i?2B` T2`7Q`K�M+2 /Bz2`2M+2- r2 T2`7Q`K i?2 7QHHQrBM; [m�`i2`Hv `2;`2bbBQM

_P�i,t = a+ bLaP1 LaP1i,t + c1[mBiv aBx2i,t + εi,t , URdV

r?2`2 _P�i,t Bb }`K@iǶb _P� BM [m�`i2` t �M/ LaP1 Bb i?2 MQM@aP1 /mKKvX q2 7m`i?2`
�// 2[mBiv bBx2 �M/ [m�`i2` �M/ BM/mbi`v }t2/ 2z2+ib iQ i�F2 BMiQ �++QmMi Q7 i?2B` BM~m2M+2
QM _P�X h?2 +Q2{+B2Mi 7Q` i?2 MQM@aP1 /mKKv TB+Fb mT i?2 T2`7Q`K�M+2 ;�T #2ir22M
MQM@aP1b �M/ aP1b BM �;;`2;�i2X

�TTHvBM; i?Bb `2;`2bbBQM 7Q` 2�+? [m�`i2`- S�M2H U#V Q7 6B;m`2 8 THQib i?2 [m�`i2`Hv T2`7Q`@
K�M+2 ;�T- �b K2�bm`2/ #v bLaP1 BM i?2 �#Qp2 `2;`2bbBQM- #2ir22M MQM@aP1b �M/ aP1bX hQ
bKQQi? Qmi i?2 b2�bQM�HBiv- r2 7m`i?2` THQi i?2 T2`7Q`K�M+2 ;�T bLaP1 mbBM; � `QHHBM; rBM/Qr
Q7 3 [m�`i2` �M/ THQib i?2 bKQQi?2/ p2`bBQM �;�BMbi i?2 [m�`i2`Hv T2`7Q`K�M+2 ;�TX S`BQ`
iQ kyR3- i?2 T2`7Q`K�M+2 ;�T Qb+BHH�i2b �`QmM/ �M �p2`�;2 H2p2H Q7 yX88W �M/ `2K�BMb bB;@
MB}+�MiHv TQbBiBp2- +QMbBbi2Mi rBi? i?2 +QKKQM T2`+2TiBQM i?�i MQM@aP1b BM *?BM�- i?Qm;?
mM/2`T`BpBH2;2/- �`2 KQ`2 2{+B2Mi i?�M i?2B` aP1 +QmMi2`T�`ibX SQbi kyR3- i?Bb T2`7Q`K�M+2
;�T +QHH�Tb2b T`2+BTBiQmbHv �M/ #2+QK2b BM/BbiBM;mBb?�#H2 7`QK x2`Q- /`Bp2M K�BMHv #v i?2
T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b- �b b?QrM BM S�M2H U�V Q7 6B;m`2 8Xk3

MQM@aP1 Bbbm2`b �`2 BM ;2M2`�H ?2�Hi?B2`X LQi bm`T`BbBM;Hv- i?2v �HbQ ?�p2 HQr2` ;Qp2`MK2Mi ?QH/BM;b i?�M
i?2B` aP1 +QmMi2`T�`ibX lbBM; Qm` mMB}2/ .J- i?2 Qp2`�HH +`2/Bi [m�HBiv Q7 MQM@aP1b Bb bB;MB}+�MiHv r2�F2`X

k3"27Q`2 i?Bb KQ`2 b2p2`2 /2i2`BQ`�iBQM- r2 b22 i?�i i?2 T2`7Q`K�M+2 ;�T r�b �H`2�/v b?`BMFBM; 7`QK
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�TTHvBM; i?Bb `2;`2bbBQM 7Q` 2�+? Q7 Qm` i?`22 T?�b2b- S�M2H � Q7 h�#H2 e 7m`i?2` `2@
TQ`ib i?2 T2`7Q`K�M+2 ;�T bLaP1 #2ir22M MQM@aP1b �M/ aP1b mbBM; #Qi? _P� �M/ _P1X
"27Q`2 kyR3Zk- i?2 T`Q}i�#BHBiv ;�T Bb 7�B`Hv bi�#H2 �M/ bLaP1 Bb 2biBK�i2/ �i yX8eW �M/
yX8jW- `2bT2+iBp2Hv- BM S?�b2 A �M/ AA- r?B+?- BM �MMm�HBx2/ i2`Kb- �KQmMi iQ MQM@aP1b
QmiT2`7Q`KBM; aP1b #v �`QmM/ kW T2` v2�`X �7i2` kyR3Zk- i?2 _P� ;�T /`QTb iQ yXRjW
�M/ #2+QK2b bi�iBbiB+�HHv BMbB;MB}+�MiX �i i?2 b�K2 iBK2- i?2 +Q2{+B2Mi 7Q` i?2 2[mBiv bBx2-
� +QMi`QH p�`B�#H2- �HbQ BM+`2�b2b b?�`THv- BM/B+�iBM; bi`QM;2` T2`7Q`K�M+2 /2i2`BQ`�iBQM 7Q`
bK�HH2` }`Kb- r?B+? �`2 2tT2+i2/ iQ #2 KQ`2 pmHM2`�#H2 mM/2` +`2/Bi iB;?i2MBM;X q2 7m`i?2`
+QM/m+i � T`QT2MbBiv b+Q`2 K�i+?BM; USaJV iQ +QMi`QH i?2 /Bz2`2M+2b BM Qi?2` /BK2MbBQMb
#2ir22M MQM@aP1b �M/ aP1b #27Q`2 i?2 L2r _2;mH�iBQMbXkN q2 `2TQ`i i?2 M2r `2bmHib mbBM;
i?2 K�i+?2/ b�KTH2 BM S�M2H " Q7 h�#H2 eX aBKBH�`Hv- r2 }M/ � b?�`T /2+`2�b2 BM i?2 /Bz2`@
2M+2 BM _P� #2ir22M MQM@aP1b �M/ aP1b BM S?�b2 AAAX h?2 b�K2 T�ii2`M +�M #2 Q#b2`p2/
mbBM; _P1bX Pp2`�HH- �KB/ i?2 b2p2`2 +`2/Bi +QM/BiBQM- i?2 MQM@aP1 }`Kb BM *?BM� ?�p2 QM
�p2`�;2 HQbi i?2B` bmT2`BQ` T`Q}i�#BHBiv `2H�iBp2 iQ i?2 aP1 }`KbX

q2 7m`i?2` mb2 Qm` ;Qp2`MK2Mi ?QH/BM;b K2�bm`2 BM i?2 `2;`2bbBQM iQ +�Tim`2 i?2 2ti2Mi
Q7 ;Qp2`MK2Mi bmTTQ`iX �b b?QrM BM h�#H2 e- i?2 `2bmHib T�BMi � p2`v bBKBH�` TB+im`2 iQ r?2M
i?2 MQM@aP1 /mKKv Bb mb2/X S`BQ` iQ kyR3Zk- ?B;?2` ;Qp2`MK2Mi ?QH/BM;b �`2 BM ;2M2`�H
�bbQ+B�i2/ rBi? HQr2` _P� �M/ _P1- �M/- �7i2` kyR3Zk- i?2 M2;�iBp2 `2H�iBQM r2�F2Mb
bB;MB}+�MiHv BM K�;MBim/2 �M/ #2+QK2b bi�iBbiB+�HHv BMbB;MB}+�MiX SmiiBM; #Qi? i?2 MQM@
aP1 /mKKv �M/ ;Qp2`MK2Mi ?QH/BM;b BM i?2 b�K2 `2;`2bbBQM- r2 }M/ i?�i- BM S?�b2 A
�M/ AA- i?2 MQM@aP1 /mKKv Bb BKTQ`i�Mi BM 2tTH�BMBM; i?2 p�`B�iBQM BM _P� r?BH2 i?2
;Qp2`MK2Mi ?QH/BM;b �`2 mMBKTQ`i�MiX h?Bb Bb +QMbBbi2Mi rBi? Qm` }M/BM;b BM +`2/Bi T`B+BM;X
"27Q`2 kyR3Zk- ;Qp2`MK2Mi ?QH/BM;b �`2 MQi BKTQ`i�Mi BM 2tTH�BMBM; +`2/Bi bT`2�/b �#Qp2
�M/ #2vQM/ i?2 LaP1 /mKKvX SQbi kyR3Zk- i?2 2biBK�i2b 7Q` #Qi? p�`B�#H2b #2+QK2 bK�HH
�M/ BMbB;MB}+�Mi- `2~2+iBM; i?2 HQbb Q7 MQM@aP1bǶ bmT2`BQ` T`Q}i�#BHBiv `2H�iBp2 iQ aP1bX

Pp2`�HH- Qm` `2bmHib /Q+mK2Mi i?2 TQbi@kyR3 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H@
�iBp2 iQ aP1bX Ai b?QmH/ #2 2KT?�bBx2/ i?�i- rBi? �++2bb iQ #Qi? +`2/Bi �M/ 2[mBiv K�`F2i
}M�M+BM;- i?2 }`Kb BM+Hm/2/ BM Qm` b�KTH2 �`2 �KQM; i?2 H�`;2bi BM *?BM�X 6Q` bK�HH2` }`Kb
rBi?Qmi �++2bb iQ i?2 +`2/Bi K�`F2i- i?2 BKT�+i +QmH/ #2 KQ`2 b2p2`2X

kyRe i?`Qm;? kyRdX lMHBF2 i?2 TQbi@kyR3 +QHH�Tb2 Q7 i?2 T2`7Q`K�M+2 ;�T- r?B+? Bb /`Bp2M #v i?2 b2p2`2
/2i2`BQ`�iBQM Q7 MQM@aP1b- i?Bb ;`�/m�H `2/m+iBQM BM i?2 T2`7Q`K�M+2 ;�T Bb BM 7�+i /`Bp2M #v i?2 BKT`Qp2/
aP1 T2`7Q`K�M+2- `2bmHi2/ 7`QK i?2 aP1 `27Q`K i?�i #2;BMb BM kyR9X

kNaT2+B}+�HHv- r2 T2`7Q`K QM2@iQ@QM2 QTiBK�H K�i+?BM; rBi?Qmi `2TH�+2K2Mi �KQM; �HH i?2 }`Kb BM
kyR3ZR- +QMbBbiBM; Q7 9Nj aP1b �M/ e9N MQM@aP1bX .m`BM; i?2 K�i+?BM; T`Q+2bb- r2 `2[mB`2 �Mv T�B`
Q7 MQM@aP1 �M/ aP1 iQ #2 BM i?2 b�K2 BM/mbi`v �M/ i?2M +QMi`QH bBx2- "J- 7mM/�K2Mi�H [m�HBiv UJ2`iQMǶb
.JV- �M/ H2p2`�;2 r?2M +�H+mH�iBM; i?2 b+Q`2bX �b � `2bmHi- i?2 MmK#2` Q7 i?2 K�i+?2/ T�B`b `2/m+2 iQ ReNX
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8Xk *`Qbb@a2+iBQM�H .`Bp2`b Q7 S2`7Q`K�M+2 .2i2`BQ`�iBQM
6Q+mbBM; QM i?2 +`2/Bi iB;?i2MBM; i`B;;2`2/ #v i?2 kyR3 L2r _2;mH�iBQMb- r2 b2i kyR3Zk �b
i?2 2p2Mi /�i2 t �M/ +QKTmi2 i?2 TQbi@2p2Mi +?�M;2 BM T2`7Q`K�M+2 #v

∆_P�i,t+τ = _P�i,t+τ − _P�i,t−1 ,

r?2`2- 7Q` }`K i- _P�i,t+τ Bb Bib [m�`i2`Hv _P� `2�HBx2/ τ [m�`i2`b �7i2` i?2 2p2Mi /�i2 t-
�M/ _P�i,t−1 Bb Bib T`2@2p2Mi _P�- �p2`�;2/ �+`Qbb i?2 7Qm` T`2@2p2Mi [m�`i2`b t−j 7Q` j = 1

iQ 9- iQ bKQQi? Qmi i?2 b2�bQM�HBiv BM i?2 [m�`i2`Hv _P�bX 1z2+iBp2Hv- ∆_P�i,t+τ K2�bm`2b
}`K@iǶb +?�M;2 BM T2`7Q`K�M+2 `2�HBx2/ τ [m�`i2`b �7i2` i?2 2p2MiX 6BtBM; i?2 2p2Mi /�i2 t

�i kyR3Zk- S�M2H � Q7 h�#H2 d `2TQ`ib ∆_P�i,t+τ �p2`�;2/ Qp2` i?2 }`bi τ [m�`i2`b �7i2`
i?2 2p2Mi 7Q` #Qi? MQM@aP1b �M/ aP1bX *QMbBbi2Mi rBi? i?2 M2;�iBp2 BKT�+i Q7 i?2 +`2/Bi
iB;?i2MBM;- i?2 �p2`�;2 T2`7Q`K�M+2 +?�M;2b �`2 M2;�iBp2 �M/ bB;MB}+�Mi 7Q` #Qi? MQM@aP1b
�M/ aP1b- rBi? i?2 K�;MBim/2b 7Q` MQM@aP1b bB;MB}+�MiHv H�`;2`X Pp2` i?2 }`bi k �M/ 3
[m�`i2`b �7i2` kyR3Zk- M�K2Hv τ ∈ [1, 2] �M/ τ ∈ [1, 8] BM S�M2H �- i?2 `2bT2+iBp2 `2/m+iBQM
BM [m�`i2`Hv _P� Bb yX33W �M/ yXeNW �p2`�;2/ 7Q` i?2 MQM@aP1 b�KTH2- �M/ yXReW �M/
yXRdW 7Q` i?2 aP1 b�KTH2X

hQ 7Q`K�HHv 2biBK�i2 i?2 /Bz2`2M+2 BM T2`7Q`K�M+2 +?�M;2 #2ir22M MQM@aP1b �M/ aP1b-
r2 }t i?2 2p2Mi /�i2 t �i kyR3Zk- TQQH iQ;2i?2` i?2 }`bi τ [m�`i2`b �7i2` kyR3Zk- �M/ T2`@
7Q`K i?2 7QHHQrBM; T�M2H `2;`2bbBQM-

∆_P�i,t+τ = a+ bLaP1 LaP1i,t+τ + c1[mBiv aBx2i,t+τ + εi,t+τ , UR3V

r?2`2 i?2 +Q2{+B2Mi bLaP1 7Q` i?2 MQM@aP1 /mKKv Bb i?2 /Bz2`2M+2@BM@/Bz2`2M+2 2biBK�i2
i?�i +�Tim`2b i?2 /Bz2`2M+2 BM i?2 +?�M;2b BM T2`7Q`K�M+2 #2ir22M MQM@aP1b �M/ aP1bXjy

�b `2TQ`i2/ mM/2` ǳLaP1 @ aP1Ǵ Q7 S�M2H � Q7 h�#H2 d- Qp2` i?2 }`bi k �M/ 3 [m�`i2`b �7i2`
i?2 2p2Mi- i?2 `2bT2+iBp2 /Bz@BM@/Bz Q7 i?2 [m�`i2`Hv _P�- �b K2�bm`2/ #v bLaP1- Bb −0.67%

�M/−0.50%- BM/B+�iBM; i?�i i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b Bb bB;MB}+�MiHv H�`;2`
i?�M i?�i Q7 aP1bX

h?Bb `2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M MQM@aP1b �M/ aP1b- �b K2�bm`2/ #v
bLaP1- Bb i?2 7Q+�H TQBMi Q7 Qm` +`Qbb@b2+iBQM�H �M�HvbBbX aT2+B}+�HHv- Qm` K�BM Q#D2+iBp2 Bb iQ
2bi�#HBb? � +`Qbb@b2+iBQM�H HBMF #2ir22M i?2 }`K@H2p2H +`2/Bi /2i2`BQ`�iBQM �i kyR3Zk �M/ i?2
bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQMX hQ +�Tim`2 i?2 }`K@H2p2H +`2/Bi /2i2`BQ`�iBQM- r2 mb2
Qm` mMB}2/ /27�mHi K2�bm`2 U.JV �M/ +QKTmi2 i?2 +?�M;2 Q7 .J #v

∆.Ji,t = .Ji,t −.Ji,t−1 ,

jyq2 �HbQ �// 2[mBiv bBx2 �M/ [m�`i2` �M/ BM/mbi`v }t2/ 2z2+ib iQ +QMi`QH 7Q` i?2B` BM~m2M+2 QM _P�-
�M/ 7Q` #`2pBiv- r2 QMHv `2TQ`i i?2 `2;`2bbBQM +Q2{+B2Mib 7Q` i?2 F2v p�`B�#H2bX

je



r?2`2- 7Q` }`K i- .Ji,t Bb Bib mMB}2/ /27�mHi K2�bm`2 �i i?2 2p2Mi iBK2 t- �M/ .Ji,t−1

Bb Bib T`2@2p2Mi mMB}2/ /27�mHi K2�bm`2- �p2`�;2/ Qp2` i?2 7Qm` T`2@2p2Mi [m�`i2`bX *`Qbb@
b2+iBQM�HHv- }`Kb rBi? KQ`2 TQbBiBp2 ∆.Ji,t �`2 2tT2`B2M+BM; bi`QM;2` +`2/Bi /2i2`BQ`�iBQM �i
i?2 2p2Mi /�i2 tX h?Bb Q#b2`p�iBQM �TTHB2b 2[m�HHv iQ aP1b �M/ MQM@aP1b- �b- �++Q`/BM; iQ
Qm` KQ/2H- i?2 mMB}2/ .J BMi2;`�i2b i?2 +`2/Bi- HB[mB/Biv- �M/ ;Qp2`MK2Mi #�BHQmi BMiQ QM2
bBM;H2 K2�bm`2X "v +QMi`�bi- J2`iQMǶb /27�mHi K2�bm`2- r?B+? /Q2b MQi +QMbB/2` HB[mB/Biv Q`
;Qp2`MK2Mi bmTTQ`i- KB;?i MQi #2 �#H2 iQ 7mHHv +�Tim`2 i?2 +`2/Bi /2i2`BQ`�iBQM Q7 kyR3ZkXjR

q2 mb2 i?2 7QHHQrBM; T`2/B+iBp2 `2;`2bbBQM iQ i2bi Qm` ?vTQi?2bBb i?�i +`2/Bi /2i2`BQ`�iBQM
�i kyR3Zk H2�/b iQ bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM-

∆_P�i,t+τ = a+ β.J ∆.Ji,t + c1[mBiv aBx2i,t+τ + εi,t+τ , URNV

r?2`2 i?2 2p2Mi /�i2 t Bb }t2/ �i kyR3Zk �M/ i?2 T�M2H `2;`2bbBQM Bb T2`7Q`K2/ Qp2` i?2
}`bi τ [m�`i2`b �7i2` i?2 2p2Mi /�i2- 7Q` τ ≥ 1X *2Mi`�H iQ i?Bb `2;`2bbBQM Bb i?2 T`2/B+iQ`
∆.Ji,t- r?B+? mb2b BM7Q`K�iBQM mT iQ i?2 2p2Mi iBK2 t iQ T`2/B+i i?2 +?�M;2b BM T2`7Q`K�M+2
∆_P�i,t+τ - `2�HBx2/ τ [m�`i2`b �7i2` i?2 2p2MiX � M2;�iBp2 `2;`2bbBQM +Q2{+B2Mi β.J 7Q`
∆.Ji,t BM/B+�i2b i?�i }`Kb rBi? rQ`b2 +`2/Bi /2i2`BQ`�iBQMb BM kyR3Zk- �b +�Tim`2/ #v
?B;?2` ∆.Ji,t- bm#b2[m2MiHv 2tT2`B2M+2 KQ`2 b2p2`2 T2`7Q`K�M+2 /2i2`BQ`�iBQMbX

h?2 `2bmHib bmKK�`Bx2/ BM S�M2H " Q7 h�#H2 d +QM}`K i?Bb ?vTQi?2bBb 7Q` i?2 MQM@aP1
b�KTH2 �M/ b?2/ 7m`i?2` HB;?i QM i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM �HQM; i?2 7QH@
HQrBM; 7Qm` /BK2MbBQMbX 6B`bi- +QMbBbi2Mi rBi? i?2 ?vTQi?2bBb i?�i +`2/Bi /2i2`BQ`�iBQM 7Q`
MQM@aP1b H2�/b iQ i?2B` bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM- i?2 `2;`2bbBQM +Q2{+B2Mib
β.J �`2 M2;�iBp2 �M/ bB;MB}+�Mi- #Qi? bi�iBbiB+�HHv �M/ 2+QMQKB+�HHv- 7Q` i?2 MQM@aP1 b�K@
TH2X �bbQ+B�i2/ rBi? QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 Q7 ∆.Ji,t �i kyR3Zk- i?2 bm#b2[m2Mi
mM/2`T2`7Q`K�M+2 �p2`�;2/ Qp2` i?2 }`bi k �M/ 3 [m�`i2`b �7i2` kyR3Zk- Bb yXj8W �M/ yXkkW-
`2bT2+iBp2Hv- +QKT�`�#H2 iQ i?2 K�;MBim/2 Q7 i?2 /Bz@BM@/Bz 2biBK�iQ` bLaP1 i?�i K2�bm`2b
i?2 ;�T BM T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M MQM@aP1b �M/ aP1bX a2+QM/- aP1b �`2 H2bb
b2MbBiBp2 iQ /2i2`BQ`�iBM; +`2/Bi +QM/BiBQMbX h?2 `2;`2bbBQM +Q2{+B2Mib β.J �`2 2biBK�i2/
iQ #2 M2;�iBp2 7Q` i?2 aP1 b�KTH2- #mi bi�iBbiB+�HHv BMbB;MB}+�Mi- BM/B+�iBM; i?�i i?2 aP1b
7�+2/ rBi? KQ`2 +`2/Bi /2i2`BQ`�iBQM BM kyR3Zk /Q MQi bB;MB}+�MiHv mM/2`T2`7Q`K `2H�iBp2 iQ
i?2B` T22`bXjk h?B`/- mbBM; J2`iQMǶb .J iQ +�Tim`2 i?2 +`2/Bi /2i2`BQ`�iBQM BM kyR3Zk- r2

jR*QM+2Tim�HHv- QM2 KB;?i 2tT2+i +`2/Bi bT`2�/b iQ #2 � KQ`2 /B`2+i K2�bm`2 Q7 i?2 }`K@H2p2H +`2/Bi
/2i2`BQ`�iBQMX h?2 mb27mHM2bb Q7 +`2/Bi bT`2�/b mM/2` i?Bb b2iiBM; Bb HBKBi2/ �b Qm` b�KTH2 b?`BMFb +QMbB/2`�#Hv
B7 7Q+mbBM; QMHv QM }`Kb rBi? �+iBp2 #QM/ i`�/BM;X AKTQ`i�MiHv- i?2 MQM@aP1 }`Kb rBi?Qmi �+iBp2 #QM/
i`�/BM; KB;?i #2 7�+2/ rBi? +`2/Bi b[m22x2 BM #QM/ HQ�Mb Q` b?�/Qr #�MFBM;- r?Qb2 T`B+BM; r2 /Q MQi Q#b2`p2X
AM bim/vBM; i?2 `2�H BKT�+i Q7 +`2/Bi iB;?i2MBM;- Qm` BMi2`2bi Bb 7Q+mb2/ MQi QMHv QM i?Qb2 H�`;2bi }`Kb rBi?
�+iBp2 #QM/ i`�/BM;- #mi �HbQ QM i?Qb2 `2H�iBp2Hv bK�HH2` MQM@aP1b rBi? BM�+iBp2 #QM/ i`�/BM;X

jkq2 7m`i?2` 2biBK�i2 i?2 /Bz2`2M+2 BM β.J #2ir22M MQM@aP1b �M/ aP1b- �M/- MQi bm`T`BbBM;Hv- i?2

jd



/Q MQi }M/ �Mv T`2/B+i�#BHBiv 7Q` 2Bi?2` i?2 MQM@aP1 Q` aP1 b�KTH2- BM/B+�iBM; i?�i i?2
�//BiBQM�H BM7Q`K�iBQM QM HB[mB/Biv �M/ #�BHQmi BM+Q`TQ`�i2/ BMiQ i?2 mMB}2/ .J Bb BKTQ`@
i�Mi BM +�Tim`BM; i?2 i`m2 2ti2Mi Q7 +`Qbb@b2+iBQM�H +`2/Bi /2i2`BQ`�iBQM BM kyR3ZkX G�biHv-
iQ BbQH�i2 i?2 +`2/Bi `BbF /`Bp2M #v i?2 HB[mB/Biv �M/ #�BHQmi #2vQM/ Tm`2 7mM/�K2Mi�Hb- r2
+`2�i2 � M2r K2�bm`2 mbBM; i?2 /Bz2`2M+2 #2ir22M lMB}2/ ∆.Jt �M/ J2`iQM ∆.Jt �M/
`2T2�i i?2 T`2/B+i�#BHBiv i2biX LQi bm`T`BbBM;Hv- i?2`2 Bb � M2;�iBp2 `2H�iBQMb?BT #2ir22M
+`2/Bi /2i2`BQ`�iBQM BM kyR3Zk �M/ T2`7Q`K�M+2 /2i2`BQ`�iBQM TQbi@kyR3Zk 7Q` i?2 MQM@aP1
b�KTH2- #mi MQi 7Q` i?2 aP1 b�KTH2X h?Bb +QM}`Kb i?�i +`2/Bi /2i2`BQ`�iBQM Bb K�BMHv /`Bp2M
#v HB[mB/Biv �M/ ;Qp2`MK2Mi bmTTQ`i #2vQM/ 7mM/�K2Mi�HbX

"mBH/BM; QM i?2 BM7Q`K�iBp2M2bb Q7 ∆.Ji,t BM +�Tim`BM; i?2 }`K@H2p2H +`2/Bi /2i2`BQ`�@
iBQM- r2 bQ`i �HH }`Kb- aP1b �M/ MQM@aP1b- BM Qm` b�KTH2 #v i?2B` ∆.Ji,t �i i4kyR3Zk
BMiQ irQ ;`QmTbX 6B`Kb BM i?2 ?B;? ;`QmT ?�p2 ?B;?2` ∆.Ji,t �i kyR3Zk �M/ �`2 7�+2/ rBi?
rQ`b2MBM; +`2/Bi +QM/BiBQMb- r?BH2 }`Kb BM i?2 HQr ;`QmT �`2 H2bb �z2+i2/X 6Q+mbBM; QM i?2
+?�MM2H Q7 +`2/Bi /2i2`BQ`�iBQM H2�/BM; iQ T2`7Q`K�M+2 /2i2`BQ`�iBQM- Qm` ?vTQi?2bBb Bb i?�i
i?2 `2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M MQM@aP1b �M/ aP1b Bb bi`QM;2` 7Q` i?2 KQ`2
�z2+i2/ }`KbX hQ i2bi i?Bb ?vTQi?2bBb- r2 T2`7Q`K i?2 `2;`2bbBQM bT2+B}2/ BM 2[m�iBQM UR3V
7Q` i?2 ?B;? �M/ HQr ;`QmTb b2T�`�i2HvXjj h?2 `2bmHib �`2 bmKK�`Bx2/ BM S�M2H * Q7 h�#H2 dX
6B`bi- BM #Qi? i?2 ?B;? �M/ HQr ;`QmTb- i?2 /Bz@BM@/Bz `2;`2bbBQM +Q2{+B2Mib bLaP1 �`2 M2;�@
iBp2 �M/ bB;MB}+�Mi- `2~2+iBM; i?2 T`2p�H2M+2 Q7 i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b
`2H�iBp2 iQ aP1bX AM T�`iB+mH�`- Bi Bb T`2b2Mi MQi QMHv 7Q` i?Qb2 }`Kb KQ`2 �z2+i2/ #v i?2
+`2/Bi iB;?i2MBM;- #mi �HbQ 7Q` i?Qb2 H2bb �z2+i2/ }`Kb BM i?2 HQr ;`QmTX a2+QM/- +QKT�`BM;
i?2 K�;MBim/2 Q7 bLaP1 #2ir22M i?2 ?B;? �M/ HQr ;`QmTb- r2 }M/ i?�i- +QMbBbi2Mi rBi?
Qm` ?vTQi?2bBb- i?2 `2H�iBp2 rQ`b2MBM; T`Q}i�#BHBiv #2ir22M MQM@aP1b �M/ aP1b Bb BM/22/
bi`QM;2` 7Q` }`Kb 7�+2/ rBi? KQ`2 b2p2`2 +`2/Bi /2i2`BQ`�iBQM �i kyR3ZkX aT2+B}+�HHv- 2b@
iBK�i2/ Qp2` i?2 }`bi irQ [m�`i2`b �7i2` kyR3Zk- bLaP1 Bb −0.77% 7Q` i?2 ?B;? ;`QmT �M/
−0.40% 7Q` i?2 HQr ;`QmT- +QKT�`2/ rBi? i?2 7mHH@b�KTH2 2biBK�i2 Q7 −0.67%X

q2 7m`i?2` 2biBK�i2 i?2 /Bz2`2M+2 BM i?2 T2`7Q`K�M+2 ;�T bLaP1 #2ir22M i?2 ?B;? �M/
HQr ;`QmTb mbBM; i?2 7QHHQrBM; `2;`2bbBQM-

∆_P�i,t+τ = a+b>B;?i,t+cLaP1i,t+τ+d>B;?i,t×LaP1i,t+τ+
∑

k
*QMi`QHbki,t+εi,t+τ , UkyV

/Bz2`2M+2 Bb bB;MB}+�MiHv M2;�iBp2- /`Bp2M #v i?2 M2;�iBp2 T`2/B+i�#BHBiv +�Tim`2/ rBi?BM i?2 MQM@aP1 b�K@
TH2X q2 2biBK�i2 i?2 /Bz2`2M+2 #v BMi`Q/m+BM; i?2 MQM@aP1 /mKKv iQ i?2 T�M2H `2;`2bbBQM bT2+B}2/ BM
2[m�iBQM URNVX h?2 +Q2{+B2Mi 7Q` i?2 BMi2`�+iBQM i2`K #2ir22M i?2 MQM@aP1 /mKKv �M/ ∆.Ji,t +�Tim`2b
i?2 /Bz2`2MiB�H b2MbBiBpBiv #2ir22M MQM@aP1b �M/ aP1bX

jjhQ +QMi`QH 7Q` i?2 /Bz2`2M+2 BM i?2 bQ`iBM; p�`B�#H2 rBi?BM i?2 ?B;? �M/ HQr ;`QmTb- r2 7m`i?2` �// i?2
bQ`iBM; p�`B�#H2 �b � +QMi`QHX h?2 �p2`�;2 ∆.J BM kyR3Zk Bb 8W 7Q` aP1b �M/ dW 7Q` MQM@aP1b BM i?2 ?B;?
;`QmT- @yXkW 7Q` aP1b �M/ +HQb2 iQ y 7Q` MQM@aP1b BM i?2 HQr ;`QmTX h?2 `2bT2+iBp2 bi�M/�`/ /2pB�iBQM Q7
∆.J Bb 9X9W 7Q` aP1b �M/ eX8W 7Q` MQM@aP1bX
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r?2`2- 7Q` }`K i- >B;?i,t 2[m�Hb R B7 ∆.Ji,t Bb �#Qp2 i?2 K2/B�M �i i?2 2p2Mi /�i2 tX h?2
+Q2{+B2Mi d �bbQ+B�i2/ rBi? i?2 BMi2`�+iBQM i2`K Bb Qm` K�BM 7Q+mb- r?B+? K2�bm`2b i?2
/Bz2`2M+2 BM _P� `2/m+iBQM #2ir22M i?2 ?B;? �M/ HQr ;`QmTbX 6BtBM; i?2 2p2Mi /�i2 t

�i kyR3Zk �M/ 7Q+mbBM; QM i?2 irQ@[m�`i2` rBM/Qr �7i2` kyR3Zk- i?2 +Q2{+B2Mi 2biBK�i2-
�b `2TQ`i2/ mM/2` ǳ>B;? @ GQrǴ BM S�M2H *- Bb −0.44% Ui@bi�i4@kX8RV- BM/B+�iBM; i?�i i?2
`2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Bb bi`QM;2` 7Q` i?2 ?B;? ;`QmT- r?B+? BM+Hm/2b }`Kb i?�i
�`2 KQ`2 �z2+i2/ #v i?2 +`2/Bi iB;?i2MBM; �i i?2 2p2Mi /�i2 kyR3ZkX 1t�KBMBM; i?2 /Bz2`2M+2
Qp2` � HQM;2` rBM/Qr �7i2` i?2 2p2Mi- i?2 /Bz2`2MiB�H 2z2+i Bb bi�#H2 �M/ `2K�BMb bB;MB}+�MiX

6BM�HHv- mbBM; J2`iQMǶb ∆.J �b i?2 bQ`iBM; p�`B�#H2 �i kyR3Zk- r2 }M/ i?2 T2`7Q`K�M+2
;�T bLaP1 #2ir22M MQM@aP1b �M/ aP1b iQ #2 M2;�iBp2 �M/ bB;MB}+�Mi 7Q` #Qi? i?2 ?B;? �M/
HQr ;`QmTb- #mi i?2 /Bz2`2MiB�H 2z2+i #2ir22M i?2 irQ ;`QmTb Bb QMHv K�`;BM�HHv bB;MB}+�MiX
JQ`2Qp2`- mbBM; i?2 /Bz2`2M+2 #2ir22M lMB}2/ ∆.Jt �M/ J2`iQM ∆.Jt �b i?2 bQ`iBM;
p�`B�#H2 �i kyR3Zk- i?2 /Bz2`2MiB�H 2z2+i #2ir22M i?2 ?B;? �M/ HQr ;`QmTb #2+QK2b M2;�iBp2
�M/ bB;MB}+�MiX h?2b2 2pB/2M+2b �;�BM +QM}`K i?�i Bi Bb }`K@H2p2H BM7Q`K�iBQM QM i?2 BM@
i2`�+iBQM #2ir22M HB[mB/Biv �M/ #�BHQmi #2vQM/ 7mM/�K2Mi�Hb i?�i Bb BKTQ`i�Mi BM +�Tim`BM;
i?2 +`2/Bi /2i2`BQ`�iBQM 2tT2`B2M+2/ #v i?2 }`K BM kyR3ZkX

8Xj 6m`i?2` .Bb+mbbBQMb �M/ _Q#mbiM2bb h2bib
Pm` KQ/2H- #mBHi QM 2tQ;2MQmb }`K /vM�KB+b- Bb /2bB;M2/ 7Q` +`2/Bi T`B+BM;X PM i?2 iQTB+
Q7 i?2 `2�H BKT�+i- � ?m;2Hv +QKTHB+�i2/ v2i BKTQ`i�Mi Bbbm2- Qm` KQ/2HǶb `QH2 Bb HBKBi2/ iQ
i?2 2biBK�iBQM Q7 i?2 +`2/Bi +QM/BiBQM 7�+2/ #v MQM@aP1b `2H�iBp2 iQ aP1bX �b iQ i?2 2t�+i
+?�MM2H i?`Qm;? r?B+? i?2 +`2/Bi /2i2`BQ`�iBQM Q7 MQM@aP1b +�M H2�/ iQ i?2B` T2`7Q`K�M+2
/2i2`BQ`�iBQM- r?�i Qm` KQ/2H +�M Qz2` Bb p2`v Km+? HBKBi2/X h?Bb b2+iBQM Qz2`b 7m`i?2`
/Bb+mbbBQMb QM i?Bb BKTQ`i�Mi Bbbm2 �M/ Qz2`b �Hi2`M�iBp2 2tTH�M�iBQMb �M/ `Q#mbiM2bb i2bibX

6m`i?2` .Bb+mbbBQMb

qBi?BM i?2 +QMi2ti Q7 Qm` KQ/2H- ?�pBM; #�BHQmi Bb �Hr�vb KQ`2 2{+B2Mi �M/ BKT`Qp2b +`2/Bi
T`B+BM;- �b Bi ?2HTb iQ b�p2 i?2 #�MF`mTi+v +Qbib #v HQr2`BM; i?2 2M/Q;2MQmb /27�mHi #QmM/�`vX
ai2TTBM; QmibB/2 Q7 Qm` KQ/2H- i?2 2{+B2M+v Q7 #�BHBM; Qmi aP1b Bb +QMi`Qp2`bB�H �M/ QT2Mb iQ
2ti2MbBp2 /2#�i2bX aBKBH�`Hv- rBi?BM i?2 +QMi2ti Q7 Qm` KQ/2H- i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM
Q7 MQM@aP1b +�M #2 2tTH�BM2/ #v i?2 BM+`2�bBM; }M�M+BM; +Qbib 7�+2/ #v MQM@aP1b BM i?2
+`2/Bi K�`F2iX AM `2�HBiv- i?2 `2�H BKT�+i Q7 i?2 +`2/Bi /2i2`BQ`�iBQM 7�+2/ #v MQM@aP1b /Q2b
MQi bi�v K2`2Hv �i i?2 H2p2H Q7 }M�M+BM; +Qbib- #mi +�M T2M2i`�i2 KQ`2 /22THv iQ �z2+i i?2
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}`K 7mM/�K2Mi�HbXj9 6�+2/ rBi? i?2 rQ`b2MBM; +`2/Bi +QM/BiBQM- MQM@aP1b KB;?i 7Q`;Q M2r
T`QD2+ib �M/ biQT BMD2+iBM; +�TBi�Hb BMiQ 2tBbiBM; T`QD2+ib- r?BH2 i?2 H2bb �z2+i2/ aP1b ?�p2
i?2 +�T�+Biv iQ +QMiBMm2 i?2B` QT2`�iBQMb �M/ 2p2M i�F2 Qp2` i?2 T`QD2+ib 7`QK MQM@aP1bX hQ
+�Tim`2 i?Bb /22T2` 2z2+i- � KQ/2H i?�i 2M/Q;2MBx2b i?2 }`KǶb T`Q/m+iBQM T`Q+2bb Bb M22/2/X

JQpBM; #2vQM/ i?2 2+QMQKB+�HHv 7Q+mb2/ KQ/2Hb- i?2 /BpB/2 #2ir22M MQM@aP1b �M/
aP1b +�M ;Q #2vQM/ i?2 `2�HK Q7 }M�M+2 �M/ 2+QMQKB+b �M/ +2Mi`�H iQ i?Bb /BpB/2 Bb i?2
BM+`2�bBM; BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`iX aT2+B7vBM; �M/ i2biBM; i?2 +?�MM2Hb i?`Qm;?
r?B+? ;Qp2`MK2Mi bmTTQ`i +�M #2M2}i aP1b Qp2` MQM@aP1b �`2 #2vQM/ i?2 b+QT2 Q7 Qm`
T�T2`X "v 7Q+mbBM; QM i?2 +`2/Bi K�`F2i- r?B+? r2 +�M /B`2+iHv Q#b2`p2 �M/ K2�bm`2- Qm`
2pB/2M+2 Bb QMHv QM2 T�`i- �H#2Bi �M BKTQ`i�Mi T�`i- Q7 i?Bb bQ+B2iv@rB/2 i`2M/ KQpBM; �;�BMbi
MQM@aP1bX JQ`2Qp2`- i?2 2tTHQbBQM Q7 i?2 aP1 T`2KBmK +�Tim`2/ 7`QK i?2 +`2/Bi K�`F2i
+�M p2`v r2HH `2~2+i i?2 K�`F2iǶb 2tT2+i�iBQM Q7 i?Bb i`2M/ KQpBM; BM 7�pQ` iQr�`/b aP1bX

Pp2` i?2 T�bi b2p2`�H /2+�/2b- MQM@aP1b BM *?BM�- � i`2K2M/Qmb 2M;BM2 Q7 ;`Qri?- ?�p2
#22M +QKT2iBM; 7Q` `2bQm`+2b rBi? i?2 KQ`2 T`BpBH2;2/ �M/ H2bb 2{+B2Mi aP1bX Pm` 2KTB`B@
+�H 2pB/2M+2 TQBMib iQ �M mMT`2+2/2Mi2/ `2p2`b�H Q7 i?�i i`2M/ r?2M MQM@aP1b #2;BM iQ HQb2
i?2B` bmT2`BQ` T2`7Q`K�M+2 iQ aP1bX :Bp2M i?2 +2Mi`�H BKTQ`i�M+2 Q7 i?Bb iQTB+ 7Q` *?BM�Ƕb
2+QMQKv- i?2b2 2KTB`B+�H 7�+ib r�``�Mi +�`27mH /Q+mK2Mi�iBQM �M/ #2ii2` mM/2`bi�M/BM;X
lbBM; i?2 }`K@H2p2H +`2/Bi b?Q+Fb `2�HBx2/ BM i?2 2p2Mi [m�`i2` iQ T`2/B+i i?2B` bm#b2[m2Mi
T2`7Q`K�M+2 /2i2`BQ`�iBQMb- r2 }M/ i?�i i?2 MQM@aP1b 7�+2/ rBi? bi`QM;2` +`2/Bi /2i2`BQ`�@
iBQM BM kyR3Zk bm#b2[m2MiHv mM/2`T2`7Q`K KQ`2 b2p2`2Hv- r?BH2 aP1b /Q MQi 2t?B#Bi bm+?
+`Qbb@b2+iBQM�H b2MbBiBpBiB2b iQ +`2/Bi +QM/BiBQMbX h?Bb Bb Qm` #2bi �ii2KTi �i 2bi�#HBb?BM; �
HBMF #2ir22M +`2/Bi /2i2`BQ`�iBQM �M/ T2`7Q`K�M+2 /2i2`BQ`�iBQM 7Q` MQM@aP1bX hQ 2tTHQ`2
i?2 +`Qbb@b2+iBQM�H /`Bp2`b Q7 i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b- r2
7m`i?2` 2KTHQv � HBbi Q7 2tTH�M�iQ`v p�`B�#H2b- BM+Hm/BM; i?2 }`K@H2p2H H2p2`�;2- `QHHQp2` `BbF
�M/ HB[mB/Biv +�T�+Biv �i kyR3ZkXj8 "v 7�`- Qm` mMB}2/ ∆.J 2p�Hm�i2/ �i kyR3Zk Bb i?2
#2bi +`Qbb@b2+iBQM�H T`2/B+iQ` Q7 i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1bX

la@*?BM� h`�/2 q�` �b �M �Hi2`M�iBp2 1tTH�M�iBQM

aBM+2 J�`+? kyR3- i?2 lXaX �M/ *?BM� ?�p2 #22M 2M;�;2/ BM � +QMi2MiBQmb �M/ biBHH QM@;QBM;
i`�/2 r�`X A7 i?2 i`�/2 r�` �z2+ib i?2 MQM@aP1 }`Kb KQ`2 b2p2`2Hv i?�M aP1b- i?2M i?Bb

j9S22F �M/ _Qb2M;`2M UkyyyV 2biBK�i2 i?�i �M 2tQ;2MQmb HQ�M bmTTHv b?Q+F �`BbBM; 7`QK i?2 C�T�M2b2
#�MFBM; +`BbBb H2�/b iQ � /2+HBM2 BM `2�H 2+QMQKB+ �+iBpBiv BM i?2 +QKK2`+B�H `2�H 2bi�i2 b2+iQ` BM i?2 lXaXX

j8q2 K2�bm`2 `QHHQp2` `BbF #v i?2 `�iBQ Q7 +m``2Mi HB�#BHBiB2b iQ iQi�H HB�#BHBiB2b �M/ K2�bm`2 HB[mB/Biv
+�T�+Biv #v i?2 `�iBQ Q7 HB[mB/ �bb2ib iQ +m``2Mi HB�#BHBiB2bX lbBM; #Qi? K2�bm`2b iQ +�Tim`2 `QHHQp2` T`2bbm`2-
r2 /Q MQi }M/ �Mv T`2/B+i�#BHBiv QM i?2 bm#b2[m2Mi _P� `2/m+iBQMbX JQ`2Qp2`- i?2 TQbi@kyR3Zk T2`7Q`K�M+2
/2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1b `2K�BMb bB;MB}+�Mi BM i?2 bm#b�KTH2 rBi? HQr2` `QHHQp2` �M/ ?B;?
HB[mB/Biv +�T�+Biv UBX2X- ?2�Hi?B2` }`KbVX h?2 `2bmHib �`2 QKBii2/ 7Q` #`2pBiv �M/ �`2 �p�BH�#H2 mTQM `2[m2biX
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2p2Mi +�M TQi2MiB�HHv +QMi`B#mi2 iQ i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ
aP1bX q2 i2bi i?Bb ?vTQi?2bBb #v /BpB/BM; Qm` b�KTH2 BMiQ ;`QmTb Q7 KQ`2@ �M/ H2bb@�z2+i2/
}`Kb- mbBM; i?`22 K2�bm`2b Q7 i`�/2@r�` 2tTQbm`2X

Pm` }`bi K2�bm`2 Bb �i i?2 BM/mbi`v H2p2HX Pp2` i?2 +Qm`b2 Q7 i?2 i`�/2 r�`- i�`Bzb
?�p2 #22M BKTQb2/ QM � HBbi Q7 BM/mbi`B2bXje 6QHHQrBM; i?2 BM/mbi`v bT2+B}+�iBQM Q7 "2M;m`B�
2i �HX UkykkV- r2 bQ`i }`Kb #v i?2B` `2bT2+iBp2 BM/mbi`B2b BMiQ ?B;? �M/ HQr ;`QmTb- rBi? i?2
HQr ;`QmT +QMi�BMBM; }`Kb BM BM/mbi`B2b i?�i �`2 MQi /B`2+iHv �z2+i2/ #v i?2 i`�/2 r�`X hQ
Q#i�BM }`K@H2p2H 2tTQbm`2b- r2 7m`i?2` mb2 BM7Q`K�iBQM 7`QK i?2 2[mBiv K�`F2iX �b i?2 2[mBiv
K�`F2i +�M #2 /`Bp2M #v K�Mv 7�+iQ`b- r2 7Q+mb QM irQ b?Q`i 2TBbQ/2b r?2M i?2 i`�/2@r�`
M2rb i�F2b i?2 +2Mi2` bi�;2 BM i?2 *?BM2b2 K�`F2ibX h?2 }`bi 2TBbQ/2 Bb CmM2 kyR3- r?2M
i?2 *?BM2b2 �@b?�`2 K�`F2i 7�HHb #v Qp2` 3W- i`B;;2`2/ #v i?2 i�`Bz �MMQmM+2K2Mib �M/ i?2
�MiB+BT�iBQM Q7 i?2 2p2Mim�H H�mM+? Q7 i?2 }`bi r�p2 Q7 i�`Bzb i?�i #2;BMb QM CmHv eX q2
�bbmK2 i?�i }`Kb rBi? ?B;? #2i�b /m`BM; i?Bb KQMi? �`2 pB2r2/ #v BMp2biQ`b iQ #2 �z2+i2/
KQ`2 #v i?2 i`�/2 r�`X h?2 b2+QM/ 2TBbQ/2 Q++m`b QM J�v ye- kyRN- i?2 }`bi i`�/BM; /�v
�7i2` *?BM�Ƕb G�#Q` .�v #`2�F- r?2M i?2 �@b?�`2 K�`F2i THmKK2ib #v 8X83W- i`B;;2`2/ #v
S`2bB/2Mi h`mKTǶb �#`mTi 2b+�H�iBQM Q7 i?2 i`�/2 r�` pB� hrBii2`X q2 �bbmK2 i?�i }`Kb
2t?B#BiBM; KQ`2 M2;�iBp2 `2im`Mb QM i?Bb /�v ?�p2 ?B;?2` 2tTQbm`2bXjd

q2 T2`7Q`K Qm` `Q#mbiM2bb i2bib BM i?2 iQT T�M2Hb Q7 h�#H2 3 BM irQ /BK2MbBQMbX 6B`bi-
r2 2t�KBM2 i?2 b2MbBiBpBiv Q7 ∆_P�i,t+τ iQ i?2 i`�/2@r�` KQiBp�i2/ bQ`iBM; p�`B�#H2b iQ b22
B7 i?2v +�M 2tTH�BM i?2 +`Qbb@b2+iBQM�H p�`B�iBQM Q7 +?�M;2b BM _P� rBi?BM i?2 aP1 �M/ MQM@
aP1 b�KTH2b b2T�`�i2HvX h?2 bi`m+im`2 Q7 i?Bb i�#H2 7QHHQrb i?�i BM S�M2H " Q7 h�#H2 d- 2t+2Ti
i?�i i?2 bQ`iBM; p�`B�#H2 mM/2` i?2 +m``2Mi i�#H2 Bb KQiBp�i2/ MQi #v +`2/Bi 2tTQbm`2 #mi
i`�/2@r�` 2tTQbm`2X Pp2`�HH- r2 /Q MQi }M/ bi`QM; 2pB/2M+2 i?�i i`�/2 r�` Bb �M BKTQ`i�Mi
2tTH�M�iQ`v p�`B�#H2 7Q` i?2 bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQMX 6Q+mbBM; QM i?2 `2bmHib
r?2M i?2 }`bi@2TBbQ/2 #2i� Q` i?2 b2+QM/@2TBbQ/2 `2im`M �`2 mb2/- r2 }M/ BM/B+�iBQM i?�i
/m`BM; i?2 }`bi irQ [m�`i2`b �7i2` kyR3Zk- i?2 b2MbBiBpBiv 7Q` aP1b Bb M2;�iBp2 �M/ bB;MB}+�Mi-
BM/B+�iBM; i?�i aP1b KB;?i #2 KQ`2 b2MbBiBp2 iQ i?2 i`�/2 r�`X 6m`i?2` +QKT�`BM; i?2
b2MbBiBpBiv +Q2{+B2Mib #2ir22M aP1b �M/ MQM@aP1b- �b `2TQ`i2/ mM/2` ǳLaP1 @ aP1Ǵ- r2
/Q MQi }M/ �Mv bB;MB}+�Mi /Bz2`2M+2X

a2+QM/- r2 mb2 i?2 i`�/2@r�` KQiBp�i2/ bQ`iBM; p�`B�#H2 iQ bQ`i }`Kb BMiQ ?B;? �M/
HQr ;`QmTb- �M/ 2t�KBM2 i?2 `2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M MQM@aP1b �M/

jeh?Bb BM+Hm/2b BM/mbi`B�H �M/ +QKK2`+B�H K�+?BM2`v � +QKTmi2` 2[mBTK2Mi- 2H2+i`QMB+ 2[mBTK2Mi- i`�Mb@
TQ`i�iBQM 2[mBTK2Mi- �M/ HB;?i@K�Mm7�+im`BM; b2+iQ`b bm+? �b 7QQ/ � FBM/`2/ T`Q/m+ib- 7m`MBim`2- �M/ 7�#@
`B+�i2/ K2i�H T`Q/m+ibX a22 "2M;m`B� 2i �HX UkykkV 7Q` 7m`i?2` /2i�BHbX

jdlMHBF2 i?2 T`2pBQmb bQ`iBM; p�`B�#H2b- i?Bb p�`B�#H2 Bb Q#b2`p2/ �HKQbi QM2 v2�` �7i2` i?2 2p2Mi /�i2 Q7
kyR3ZkX hQ i?2 2ti2Mi i?�i i?2 i`�/2@r�` 2tTQbm`2 Bb � }`K@H2p2H +?�`�+i2`BbiB+ i?�i /Q2b MQi p�`v Qp2`
iBK2- r2 �`2 mbBM; i?Bb 2TBbQ/2 iQ ?2HT mb /Bz2`2MiB�i2 }`Kb i?�i �`2 KQ`2 �z2+i2/ 7`QK i?2 H2bb �z2+i2/X
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aP1b 7Q` i?2 irQ ;`QmTb b2T�`�i2HvX h?2 bi`m+im`2 Q7 i?Bb i�#H2 7QHHQrb i?�i BM S�M2H *
Q7 h�#H2 d- 2t+2Ti i?�i i?2 bQ`iBM; p�`B�#H2 mM/2` i?2 +m``2Mi i�#H2 Bb KQiBp�i2/ MQi #v
+`2/Bi 2tTQbm`2 #mi i`�/2@r�` 2tTQbm`2X A7 i?2 M2;�iBp2 BKT�+i Q7 i?2 i`�/2 r�` Bb BM/22/
#2?BM/ i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b- r2 rQmH/ 2tT2+i i?2 /Bz2`2M+2 `2TQ`i2/
7Q` i?2 HQr ;`QmT iQ #2 bK�HH2`- �b Bi +QMi�BMb }`Kb H2bb 2tTQb2/ iQ i?2 i`�/2 r�`X lT
iQ i?2 }`bi 7Qm` [m�`i2`b �7i2` kyR3Zk- r2 /Q MQi b22 �Mv bB;MB}+�Mi `2bmHib BM bmTTQ`i Q7
i?Bb ?vTQi?2bBbX 1ti2M/BM; i?2 TQbi@2p2Mi rBM/Qr 7m`i?2` iQ BM+Hm/2 kyRNZ9- r2 b22 bQK2
2pB/2M+2 Q7 i?Bb ?vTQi?2bBbX aT2+B}+�HHv- mbBM; i?2 QM2@/�v `2im`M QM J�v e- kyRN iQ +�Tim`2
i?2 i`�/2@r�` 2tTQbm`2- i?2 /Bz2`2M+2 BM ∆_P�i,t+τ #2ir22M MQM@aP1b �M/ aP1b Bb BM/22/
bK�HH2` 7Q` i?2 H2bb@�z2+i2/ }`Kb BM i?2 HQr ;`QmT- Qp2` i?2 rBM/Qr /2}M2/ #v τ ∈ [+1,+6]

�M/ τ ∈ [+1,+8]X h?�i Bb- r?2M �p2`�;2/ Qp2` i?2 }`bi e �M/ 3 [m�`i2`b �7i2` kyR3ZkX
Pp2`�HH- iQ i?2 2ti2Mi i?�i r2 +�M K2�bm`2 i`�/2@r�` 2tTQbm`2b rBi? �++m`�+v- r2 }M/

i?�i Bi +�MMQi 7mHHv 2tTH�BM i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1bX Pm`
`2bmHib +�M #2 7m`i?2` +Q``Q#Q`�i2/ #v i?2 }M/BM;b Q7 "2M;m`B� 2i �HX UkykkVX lbBM; 2tTQ`i
�M/ BKTQ`i /�i�- i?2v +QMbi`m+i }`K@H2p2H i�`Bz 2tTQbm`2b �M/ }M/ MQ bB;MB}+�Mi /Bz2`2M+2
#2ir22M aP1b �M/ MQM@aP1bX h?2v 7m`i?2` �TTHv i2tim�H �M�Hvb2b QM i?2 �MMm�H `2TQ`ib
Q7 Tm#HB+Hv HBbi2/ }`Kb iQ +QMbi`m+i }`K@H2p2H i`�/2 TQHB+v mM+2`i�BMivX h?2v }M/ � i`�/2@
r�` `2H�i2/ /2+HBM2 BM }`K T`Q}ib QMHv H�i2` BM kyRNZk �M/ ZjX Pp2` i?2 kyRdZ9@kyR3Z9
?Q`BxQM- i?2v /Q MQi }M/ bB;MB}+�Mi BKT�+i Q7 i`�/2 r�` QM }`K T`Q}ibX h?Bb BM+Hm/2b
kyR3Z9- r?2M i?2 TQbi@2p2Mi T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b Bb i?2 KQbi b2p2`2 BM
Qm` b�KTH2X Pp2`�HH- i?2b2 2pB/2M+2b BM/B+�i2 i?�i i?2 i`�/2 r�` Bb mMHBF2Hv iQ #2 i?2 K�BM
/`Bp2` Q7 i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1bX

h?2 kyRe@Rd aP1 .2H2p2`�;BM; �b �M �Hi2`M�iBp2 1tTH�M�iBQM

lM/2` i?2 /2H2p2`�;BM; ?vTQi?2bBb- i?2 kyRe@Rd ;Qp2`MK2Mi@K�M/�i2/ aP1 /2H2p2`�;BM;
+H2�Mb mT i?2 #�H�M+2 b?22i Q7 aP1b �M/ K�F2b i?2K ?2�Hi?B2` i?�M MQM@aP1bX �b � `2bmHi-
aP1b �`2 KQ`2 `2bBHB2Mi �M/ +�M #2ii2` rBi?bi�M/ i?2 +`2/Bi iB;?i2MBM; Q7 kyR3- r?BH2 i?2
Qp2`@2tT�MbBQM Q7 MQM@aP1b /m`BM; i?Bb T2`BQ/ K�F2b i?2K pmHM2`�#H2 iQ i?2 +`2/Bi b?Q+FX
*QMbBbi2Mi rBi? i?2 iBKBM; �M/ M�im`2 Q7 i?2 /2H2p2`�;BM; +�KT�B;M- i?2 �p2`�;2 H2p2`�;2-
K2�bm`2/ #v i?2 `�iBQ Q7 #QQF HB�#BHBiv iQ #QQF �bb2i- ?�b /2+HBM2/ ;`�/m�HHv 7`QK 8dX9W BM
kyR8Z9 iQ 88XdW BM kyRdZ9 7Q` i?2 aP1b BM Qm` b�KTH2- K2�Mr?BH2 i?2 �p2`�;2 H2p2`�;2 Q7
i?2 MQM@aP1b BM Qm` b�KTH2 ?�b BM+`2�b2/ 7`QK 9dXkW iQ 93XNWX J2�bm`BM; H2p2`�;2 #v #QQF
/2#i Qp2` #QQF �bb2i T�BMib � bBKBH�` TB+im`2X �HbQ `2~2+i2/ BM i?2b2 MmK#2`b Bb i?2 7�+i i?�i
aP1b �`2 KQ`2 H2p2`2/ i?�M MQM@aP1b- 2p2M �7i2` i?2 kyRe@Rd /2H2p2`�;BM; +�KT�B;MX

hQ i2bi i?Bb /2H2p2`�;BM; ?vTQi?2bBb- Qm` �TT`Q�+? Bb iQ +QKT�`2 i?2 TQbi@kyR3Zk T2`7Q`@
K�M+2 /2i2`BQ`�iBQM #2ir22M i?2 #2bi MQM@aP1b �;�BMbi i?2 rQ`bi aP1bX hQ +�Tim`2 i?2 TQ@
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i2MiB�H BKT�+i Q7 i?2 /2H2p2`�;BM; +�KT�B;M- 2bT2+B�HHv 7Q` aP1b- r2 mb2 i?`22 /2H2p2`�;BM;@
KQiBp�i2/ bQ`iBM; p�`B�#H2bX 6B`bi- 2�+? }`KǶb H2p2`�;2 `B;?i #27Q`2 i?2 kyR3 +`2/Bi iB;?i2MBM;-
�p2`�;2/ Qp2` i?2 7Qm` [m�`i2`b #27Q`2 kyR3ZkX a2+QM/- 2�+? }`KǶb +?�M;2 BM H2p2`�;2- +�H+m@
H�i2/ �b i?2 /Bz2`2M+2 #2ir22M i?2 7Qm`@[m�`i2` �p2`�;2 #27Q`2 kyR3Zk �M/ i?2 kyR8 �p2`�;2X
h?B`/- 2�+? }`KǶb +?�M;2 BM H2p2`�;2- +�H+mH�i2/ �b i?2 /Bz2`2M+2 #2ir22M i?2 7Qm`@[m�`i2`
�p2`�;2b #27Q`2 �M/ �7i2` P+iQ#2` kyRe- r?2M i?2 aP1 /2H2p2`�;BM; Bb 7Q`K�HHv �MMQmM+2/Xj3

hQ i?2 2ti2Mi i?�i i?2 /2H2p2`�;BM; +�KT�B;M Bb 2z2+iBp2- aP1b rBi? H�`;2` `2/m+iBQMb BM
H2p2`�;2 �`2 i?Qb2 BKT`Qp2/ aP1b mM/2` i?2 ?vTQi?2bBbX GBF2rBb2- aP1b rBi? HQr2` H2p2Hb
Q7 H2p2`�;2 `B;?i #27Q`2 kyR3Zk �`2 KQ`2 `2bBHB2Mi mM/2` i?2 /2H2p2`�;BM; ?vTQi?2bBbX

q2 i2bi i?2 /2H2p2`�;BM; ?vTQi?2bBb BM irQ bi2TbX 6B`bi- r2 2t�KBM2 i?2 b2MbBiBpBiB2b Q7
i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQMb iQ i?2 /2H2p2`�;BM;@KQiBp�i2/ bQ`iBM; p�`B�#H2bX
A7 /2H2p2`�;BM; +�KT�B;M Bb �M BKTQ`i�Mi /`Bp2` Q7 i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ@
`�iBQM- i?2M r2 rQmH/ 2tT2+i i?2 T`2/B+i�#BHBiv +Q2{+B2Mib βX - r?B+? T�`�HH2Hb β.J- iQ #2
M2;�iBp2 �M/ bB;MB}+�Mi- r?2`2 X Bb QM2 Q7 i?2 i?`22 /2H2p2`�;BM;@KQiBp�i2/ bQ`iBM; p�`B@
�#H2b- iQ `2~2+i i?2 ?vTQi?2bBb i?�i BKT`Qp2/ `2bBHB2M+2 +QMi`B#mi2b iQ HQr2` T2`7Q`K�M+2
/2i2`BQ`�iBQM 7Q` #Qi? MQM@aP1b �M/ aP1b- #mi 2bT2+B�HHv 7Q` aP1bX h?2 `2bmHib �`2 `2@
TQ`i2/ BM S�M2H " Q7 h�#H2 3X lbBM; i?2 H2p2H Q7 H2p2`�;2 `B;?i #27Q`2 kyR3Zk- i?2 b2MbBiBpBiv
+Q2{+B2Mib �`2 KQbiHv TQbBiBp2 �M/ BMbB;MB}+�MiX q?2M 2biBK�i2/ Qp2` i?2 }`bi 2B;?i [m�`@
i2`b �7i2` kyR3Zk- i?2 +Q2{+B2Mib #2+QK2 TQbBiBp2 �M/ r2�FHv bB;MB}+�Mi- BM/B+�iBM; i?�i
}`Kb rBi? ?B;?2` H2p2`�;2 BM 7�+i /2i2`BQ`�i2 H2bbX h?Bb Bb MQi bm`T`BbBM; ;Bp2M i?�i H2p2`�;2
Bb � ?B;?Hv 2M/Q;2MQmb p�`B�#H2 �M/ aP1bǶ H2p2`�;2 ?�b #22M +QMbBbi2MiHv ?B;?2` i?�M i?�i Q7
MQM@aP1b BM T�`i #2+�mb2 Q7 i?2B` ;Qp2`MK2Mi bmTTQ`iX lbBM; i?2 +?�M;2 Q7 H2p2`�;2 /m`BM;
i?2 /2H2p2`�;BM; +�KT�B;M- r2 }M/ bQK2 2pB/2M+2 i?�i aP1b /2H2p2`2/ KQ`2 +�M bm#b2@
[m2MiHv rBi?bi�M/ i?2 +`2/Bi iB;?i2MBM;X AM T�`iB+mH�`- mbBM; ∆G2p2`�;2 +�H+mH�i2/ �b i?2
/Bz2`2M+2 #2ir22M i?2 7Qm`@[m�`i2` �p2`�;2b #27Q`2 �M/ �7i2` P+i kyRe- i?2 +Q``2bTQM/BM;
T`2/B+i�#BHBiv +Q2{+B2Mib βX �`2 M2;�iBp2 �M/ bB;MB}+�Mi 7Q` i?2 aP1 b�KTH2X 6Q` MQM@aP1b-
i?2 /2H2p2`�;BM;@KQiBp�i2/ bQ`iBM; p�`B�#H2 2t?B#Bib MQ T`2/B+i�#BHBivX

a2+QM/- r2 +QKT�`2/ i?2 T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M MQM@aP1b �M/ aP1bX hQ
KBMBKBx2 i?2 BKT�+i Q7 i?2 /2H2p2`�;BM; +�KT�B;M- r2 i�F2 i?2 KQ`2 `2bBHB2Mi aP1b Qmi Q7 i?2
#2M+?K�`F ;`QmT �M/ 7Q+mb QM i?2 aP1b H2bb �z2+i2/ #v i?2 /2H2p2`�;BM; +�KT�B;MX hQ 7m`@
i?2` b?�`T2M i?2 +QMi`�bi- �KQM; i?2 MQM@aP1 b�KTH2- r2 i�F2 Qmi i?2 r2�F2` MQM@aP1b �M/
7Q+mb QM i?Qb2 KQ`2 `2bBHB2Mi MQM@aP1b- mbBM; i?2 b�K2 H2p2`�;2 K2�bm`2bX 1z2+iBp2Hv- r2
+QKT�`2 i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM #2ir22M i?2 `2bBHB2Mi MQM@aP1b �;�BMbi
i?2 H2bb `2bBHB2Mi aP1b- +QmMi2` iQ i?2 kyRe@Rd i`2M/ Q7 /2H2p2`�;BM; aP1b �M/ H2p2`�;BM;

j3PM P+iQ#2` Ryi?- kyRe- *?BM�Ƕb ai�i2 *QmM+BH Bbbm2/ ;mB/2HBM2b QM +miiBM; i?2 +Q`TQ`�i2@H2p2`�;2 `�iBQ-
K�`FBM; i?2 #2;BMMBM; Q7 � M2r T?�b2 BM i?2 /2@H2p2`�;BM; +�KT�B;MX
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MQM@aP1bX �b b?QrM BM S�M2H " Q7 h�#H2 3- i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7
MQM@aP1b `2H�iBp2 iQ aP1b `2K�BMb bB;MB}+�MiX Pp2` i?2 }`bi irQ [m�`i2`b �7i2` kyR3Zk- i?2
`2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Bb yX89W- yX9kW �M/ yXj8W- `2bT2+iBp2Hv- mbBM; i?2 i?`22
/2H2p2`�;BM;@KQiBp�i2/ bQ`iBM; p�`B�#H2bX *QKT�`2/ rBi? i?2 7mHH b�KTH2 `2bmHi Q7 yXedW-
i?2 `2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Bb H2bb b2p2`2- BM/B+�iBM; bQK2 2tTH�M�iQ`v �#BHBiv Q7
i?Bb /2H2p2`�;BM; ?vTQi?2bBbX :Bp2M i?2 H�+F Q7 i?2b2 /2H2p2`�;BM;@KQiBp�i2/ bQ`iBM; p�`B@
�#H2b BM 2tTH�BMBM; i?2 TQbi@kyR3Zk T2`7Q`K�M+2 /2i2`BQ`�iBQM 7Q` MQM@aP1b- ?Qr2p2`- i?2
/2H2p2`�;BM; ?vTQi?2bBb Bb mMHBF2Hv iQ #2 i?2 K�BM /`Bp2` Q7 Qm` `2bmHib QM i?2 TQbi@2p2Mi
T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b `2H�iBp2 iQ aP1bX

e *QM+HmbBQMb
JQiBp�i2/ #v i?2 +Q2tBbi2M+2 Q7 aP1b �M/ MQM@aP1b BM *?BM�- r2 bim/v i?2 `2H�iBp2 +`2/Bi
T`B+BM; #2ir22M i?2b2 irQ BKTQ`i�Mi b2;K2Mib Q7 *?BM�Ƕb 2+QMQKv mbBM; � bi`m+im`�H KQ/2H
Q7 /27�mHi i?�i BM+Q`TQ`�i2b #�BHQmi T`Q#�#BHBiv iQ i?2 KQ/2H Q7 >2 �M/ sBQM; UkyRkVX 6Q@
+mbBM; QM i?2 /BpB/2 Q7 aP1b �M/ MQM@aP1b BM +`2/Bi T`B+BM;- r2 [m�MiB7v i?2 2ti2Mi Q7 i?2
}M�M+BM; /Bb�/p�Mi�;2 Q7 MQM@aP1b `2H�iBp2 iQ aP1b- r?B+? rQ`b2Mb /`�K�iB+�HHv �KB/bi
i?2 ;Qp2`MK2Mi@H2/ +`2/Bi iB;?i2MBM;X lM/2` Qm` bi`m+im`�H /27�mHi KQ/2H i?�i mMB}2b +`2/Bi-
HB[mB/Biv- �M/ ;Qp2`MK2Mi #�BHQmi- i?Bb 2KTB`B+�HHv 2biBK�i2/ aP1 T`2KBmK +�Tim`2b i?2
p�Hm2 Q7 ;Qp2`MK2Mi bmTTQ`i- r?B+? BM+`2�b2b �KB/bi HB[mB/Biv /2i2`BQ`�iBQM �b i?2 T`2b2M+2
Q7 ;Qp2`MK2Mi #�BHQmi ?2HTb �HH2pB�i2 i?2 ?2B;?i2M2/ HB[mB/Biv@/`Bp2M /27�mHiX JQ`2Qp2`-
aP1b �M/ MQM@aP1b �`2 /BpB/2/ MQi QMHv BM i?2 H2p2H Q7 #QM/ T`B+BM;- #mi �HbQ BM i?2 +QM@
i2Mi Q7 i?2B` T`B+2 /Bb+Qp2`vX h?2 BM+`2�b2/ BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`i K�F2b aP1b
KQ`2 b2MbBiBp2 iQ #�BHQmi T`Q#�#BHBiv- r?BH2 i?2 ?2B;?i2M2/ /27�mHi `BbF BM+`2�b2b MQM@aP1bǶ
b2MbBiBpBiv iQ +`2/Bi [m�HBivX

6Q+mbBM; QM i?2 /BpB/2 Q7 aP1b �M/ MQM@aP1b BM 7mM/�K2Mi�H T2`7Q`K�M+2- r2 }M/ i?�i-
�7i2` kyR3Zk- MQM@aP1b #2;BM iQ HQb2 i?2B` HQM;@bi�M/BM; T2`7Q`K�M+2 �/p�Mi�;2 Qp2` aP1bX
lbBM; Qm` KQ/2H@BKTHB2/ /27�mHi K2�bm`2 iQ +�Tim`2 i?2 }`K@H2p2H +`2/Bi b?Q+Fb `2�HBx2/ BM
i?2 2p2Mi [m�`i2`- r2 }M/ i?�i i?2 MQM@aP1b 7�+2/ rBi? bi`QM;2` +`2/Bi /2i2`BQ`�iBQM BM
kyR3Zk bm#b2[m2MiHv mM/2`T2`7Q`K KQ`2 b2p2`2Hv- r?BH2 aP1b /Q MQi 2t?B#Bi bm+? +`Qbb@
b2+iBQM�H b2MbBiBpBiB2b iQ +`2/Bi +QM/BiBQMbX h?Bb Bb Qm` #2bi �ii2KTi �i 2bi�#HBb?BM; � HBMF
#2ir22M i?2 +`2/Bi /2i2`BQ`�iBQM Q7 MQM@aP1b �M/ i?2B` bm#b2[m2Mi T2`7Q`K�M+2 /2i2`BQ`�@
iBQMX L2p2`i?2H2bb- r2 }M/ i?�i i?2 `2H�iBp2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b Qp2`
aP1b Bb T`2b2Mi 2p2M �KQM; }`Kb H2bb �z2+i2/ #v i?2 +`2/Bi /2i2`BQ`�iBQM- �H#2Bi rBi? bB;@
MB}+�MiHv bK�HH2` K�;MBim/2b i?�M i?2 KQ`2 �z2+i2/ }`KbX h?Bb `2bmHi BM/B+�i2b i?�i i?2
/Bb�/p�Mi�;2 7�+2/ #v MQM@aP1b ;Q2b #2vQM/ i?2 +`2/Bi +?�MM2HX aT2+B7vBM; �M/ i2biBM; i?2
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�//BiBQM�H +?�MM2Hb i?`Qm;? r?B+? ;Qp2`MK2Mi bmTTQ`i +�M #2M2}i aP1b Qp2` MQM@aP1b �`2
#2vQM/ i?2 b+QT2 Q7 Qm` T�T2`X

*QKT2iBM; rBi? i?2 KQ`2 T`BpBH2;2/ aP1b 7Q` `2bQm`+2 �HHQ+�iBQM- MQM@aP1b BM *?BM�-
�M BM/BbT2Mb�#H2 2M;BM2 Q7 ;`Qri?- ?�p2 K�M�;2/ iQ QmiT2`7Q`K aP1b 7Q` Km+? Q7 i?2
`2+2Mi 2+QMQKB+ /2p2HQTK2Mi BM *?BM�X 6`QK kyRy iQ kyR3ZR- i?2 MQM@aP1b BM Qm` b�KTH2
+QMbBbi2MiHv Qp2`T2`7Q`K i?2 aP1b rBi? � [m�`i2`Hv _P� ;�T Q7 yX88WX SQbi kyR3- /`Bp2M
K�BMHv #v i?2 b2p2`2 T2`7Q`K�M+2 /2i2`BQ`�iBQM Q7 MQM@aP1b- i?Bb T2`7Q`K�M+2 ;�T +QHH�Tb2b
T`2+BTBiQmbHv �M/ #2+QK2b BM/BbiBM;mBb?�#H2 7`QK x2`QX �b *?BM� KQp2b QM iQ i?2 M2ti T?�b2
Q7 Bib /2p2HQTK2Mi- ?Qr iQ K�BMi�BM i?2 +Q2tBbi2M+2 Q7 MQM@aP1b �M/ aP1b Bb � ?m;2Hv
BKTQ`i�Mi iQTB+X Pm` 2KTB`B+�H }M/BM;b +�HH 7Q` ;Qp2`MK2Mi TQHB+B2b iQ #2ii2` #�H�M+2 i?2b2
irQ BKTQ`i�Mi b2;K2Mib Q7 *?BM�Ƕb 2+QMQKvX

_272`2M+2b
�Kbi�/- JX �M/ >2- wX UkyRNVX >�M/#QQF QM *?BM�Ƕb 6BM�M+B�H avbi2K, *?BM2b2 "QM/

J�`F2i �M/ AMi2`#�MF J�`F2iX L"1_ qQ`FBM; S�T2` LQX k889NX
�M;- �X- "�B- CX- �M/ w?Qm- >X UkykjVX h?2 :`2�i q�HH Q7 .2#i, _2�H 1bi�i2- SQHBiB+�H

_BbF- �M/ *?BM2b2 GQ+�H :Qp2`MK2Mi 6BM�M+BM; *QbiX h?2 CQm`M�H Q7 6BM�M+2 �M/ .�i�
a+B2M+2 N- RyyyN3X

"�B- *X1X- >bB2?- *XhX- �M/ aQM;- wXJX UkykyVX aT2+B�H .2�Hb rBi? *?BM2b2 *?�`�+i2`BbiB+bX
L"1_ J�+`Q2+QMQKB+b �MMm�H j9- j9RĜjdNX

"�B- *X1X- >bB2?- *XhX- aQM;- wXJX- �M/ q�M;- sX UkykyVX aT2+B�H .2�Hb 7`QK aT2+B�H
AMp2biQ`b, h?2 _Bb2 Q7 ai�i2@*QMM2+i2/ S`Bp�i2 PrM2`b BM *?BM�X L"1_ qQ`FBM; S�T2`
LQX k3RdyX

"�H�bm#`�KMB�M- "X �M/ *v`22- EX"X UkyRRVX J�`F2i .Bb+BTHBM2 Q7 "�MFb, q?v �`2 uB2H/
aT`2�/b QM "�MF@Abbm2/ am#Q`/BM�i2/ LQi2b �M/ .2#2Mim`2b LQi a2MbBiBp2 iQ "�MF _BbFb\
CQm`M�H Q7 "�MFBM; � 6BM�M+2 j8- kRĜj8X

"�Q- CX UkyyNVX ai`m+im`�H JQ/2Hb Q7 .27�mHi �M/ i?2 *`Qbb@a2+iBQM Q7 *Q`TQ`�i2 "QM/ uB2H/
aT`2�/bX qQ`FBM; T�T2`X

"�Q- CX- S�M- CX- �M/ q�M;- CX UkyRRVX h?2 AHHB[mB/Biv Q7 *Q`TQ`�i2 "QM/bX h?2 CQm`M�H Q7
6BM�M+2 eeUjV- NRRĜN9eX

"2HQ- 6X- >�Q- .X- GBM- sX- ZBm- wX- �M/ hQM;- CX UkykkVX ai�i2 PrM2`b?BT �M/ JQM2i�`v
amTTHv a?Q+Fb, � h�H2 Q7 hrQ a2+iQ`bX qQ`FBM; T�T2`X

"2M;m`B�- 6X- *?QB- CX- ar2MbQM- .XGX- �M/ sm- JXCX UkykkVX �MtB2iv Q` S�BM\ h?2 AKT�+i
Q7 h�`Bzb �M/ lM+2`i�BMiv QM *?BM2b2 6B`Kb BM i?2 h`�/2 q�`X CQm`M�H Q7 AMi2`M�iBQM�H
1+QMQKB+b Rjd- Ryjey3X
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"2`M/i- �X- .m{2- .X- �M/ w?m- uX UkyRNVX h?2 .2+HBM2 Q7 hQQ "B; iQ 6�BHX qQ`FBM; T�T2`X
"`�M/i- GX �M/ w?m- sX UkyyyVX _2/Bbi`B#miBQM BM � .2+2Mi`�HBx2/ 1+QMQKv, :`Qri? �M/

AM~�iBQM BM *?BM� mM/2` _27Q`KX CQm`M�H Q7 SQHBiB+�H 1+QMQKv Ry3UkV- 9kkĜ9jNX
*�#�HH2`Q- _XCX- >Qb?B- hX- �M/ E�b?v�T- �XEX Ukyy3VX wQK#B2 G2M/BM; �M/ .`2T`2bb2/

_2bi`m+im`BM; BM C�T�MX �K2`B+�M 1+QMQKB+ _2pB2r N3U8V- RN9jĜRNddX
*�KT#2HH- CXuX �M/ h�FbH2`- :X"X UkyyjVX 1[mBiv oQH�iBHBiv �M/ *Q`TQ`�i2 "QM/ uB2H/bX h?2

CQm`M�H Q7 6BM�M+2 83UeV- kjkRĜkj9NX
*?2M- .X- CB�M;- .X- GDmM;[pBbi- �X- Gm- >X- �M/ w?Qm- JX UkyR8VX ai�i2 *�TBi�HBbK pbX

S`Bp�i2 1Mi2`T`Bb2X L"1_ qQ`FBM; S�T2` LQX kyNjyX
*?2M- >X- *?2M- wX- >2- wX- GBm- CX- �M/ sB2- _X UkykjVX SH2/;2�#BHBiv �M/ �bb2i S`B+2b,

1pB/2M+2 7`QK i?2 *?BM2b2 *Q`TQ`�i2 "QM/ J�`F2ibX h?2 CQm`M�H Q7 6BM�M+2X
*?2M- EX- :�Q- >X- >B;;BMb- SX*X- q�;;QM2`- .X6X- �M/ w?�- hX UkykjVX JQM2i�`v aiBKmHmb

�KB/bi i?2 AM7`�bi`m+im`2 AMp2biK2Mi aT`22, 1pB/2M+2 7`QK *?BM�Ƕb GQ�M@G2p2H .�i�X h?2
CQm`M�H Q7 6BM�M+2 d3UkV- RR9dĜRky9X

*?2M- wX- >2- wX- �M/ GBm- *X UkykyVX h?2 6BM�M+BM; Q7 GQ+�H :Qp2`MK2Mi BM *?BM�, aiBKmHmb
GQ�M q�M2b �M/ a?�/Qr "�MFBM; q�t2bX CQm`M�H Q7 6BM�M+B�H 1+QMQKB+b RjdURV- 9kĜdRX

*QHHBM@.m7`2bM2- SX- :QH/bi2BM- _XaX- �M/ J�`iBM- CXaX UkyyRVX h?2 .2i2`KBM�Mib Q7 *`2/Bi
aT`2�/ *?�M;2bX h?2 CQm`M�H Q7 6BM�M+2 8eUeV- kRddĜkkydX

*QM;- GXqX- :�Q- >X- SQMiB+2HHB- CX- �M/ u�M;- sX UkyRNVX *`2/Bi �HHQ+�iBQM lM/2` 1+QMQKB+
aiBKmHmb, 1pB/2M+2 7`QK *?BM�X h?2 _2pB2r Q7 6BM�M+B�H aim/B2b jkUNV- j9RkĜj9eyX

.BM;- uX- sBQM;- qX- �M/ w?�M;- CX UkykkVX Abbm�M+2 Pp2`T`B+BM; Q7 *?BM�Ƕb *Q`TQ`�i2 .2#i
a2+m`BiB2bX CQm`M�H Q7 6BM�M+B�H 1+QMQKB+b R99URV- jk3Ĝj9eX

.QHH�`- .X �M/ q2B- aX UkyydVX .�b Uq�bi2/V E�TBi�H, 6B`K PrM2`b?BT �M/ AMp2biK2Mi
1{+B2M+vX L"1_ qQ`FBM; S�T2` LQX RjRyjX

:�Q- >X- >m�M;- uX- �M/ JQ- CX UkykkVX "QQbi2/ *`2/Bi _�iBM;b BM *?BM�, h?2 1z2+ib Q7
*`2/Bi 1M?�M+2K2Mi QM "QM/ S`B+BM;X qQ`FBM; T�T2`X

:�Q- >X- u�M- >X- u�M;- sX- �M/ w?�Q- GX UkyR8VX S`2/B+iBM; 6BM�M+B�H .Bbi`2bb BM *?BM�,
*`2/Bi J�`F2i p2`bmb aiQ+F J�`F2iX qQ`FBM; T�T2`X

>2- wX �M/ sBQM;- qX UkyRkVX _QHHQp2` _BbF �M/ *`2/Bi _BbFX h?2 CQm`M�H Q7 6BM�M+2 edUkV-
jNRĜ9kNX

>bB2?- *XhX �M/ EH2MQr- SXCX UkyyNVX JBb�HHQ+�iBQM �M/ J�Mm7�+im`BM; h6S BM *?BM� �M/
AM/B�X Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b Rk9U9V- R9yjĜR993X

>m- :XsX- S�M- CX- �M/ q�M;- CX UkykRVX *?BM2b2 *�TBi�H J�`F2i, �M 1KTB`B+�H Pp2`pB2rX
*`BiB+�H 6BM�M+2 _2pB2r RyUkV- Rk8ĜkyeX

>m�M;- CXwX- GBm- "X- �M/ a?B- wX Ukykk- y8VX .2i2`KBM�Mib Q7 a?Q`i@h2`K *Q`TQ`�i2 uB2H/
aT`2�/b, 1pB/2M+2 7`QK i?2 *QKK2`+B�H S�T2` J�`F2iX _2pB2r Q7 6BM�M+2 kdUkV- 8jNĜ8dNX
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>m�M;- CXwX- LQx�r�- uX- �M/ a?B- wX UkykkVX h?2 :HQ#�H *`2/Bi aT`2�/ SmxxH2X h?2 CQm`M�H
Q7 6BM�M+2- 7Q`i?+QKBM;X

>m�M;- uX- S�;�MQ- JX- �M/ S�MBxx�- lX UkykyVX GQ+�H *`Qr/BM;@Pmi BM *?BM�X h?2 CQm`M�H
Q7 6BM�M+2 d8UeV- k388Ĝk3N3X

CBM- aX- q�M;- qX- �M/ w?�M;- wX UkykjVX h?2 _2�H 1z2+ib Q7 AKTHB+Bi :Qp2`MK2Mi :m�`�Mi22,
1pB/2M+2 7`QK *?BM2b2 ai�i2@PrM2/ 1Mi2`T`Bb2 .27�mHibX J�M�;2K2Mi a+B2M+2 eNUeV-
je8yĜjed9X

E�+T2`+xvF- JX �M/ a+?M�#H- SX UkyRjVX >Qr a�72 �`2 JQM2v J�`F2i 6mM/b\ h?2 Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b Rk3UjV- RydjĜRRkkX

E2�H?Q72`- aX �M/ Em`#�i- JX UkyyRVX h?2 .27�mHi S`2/B+iBQM SQr2` Q7 i?2 J2`iQM �TT`Q�+?
_2H�iBp2 iQ .2#i _�iBM;b �M/ �++QmMiBM; o�`B�#H2b UEJo GG*VX

E2HHv- "X- GmbiB;- >X- �M/ LB2mr2`#m`;?- aXoX UkyReVX hQQ@avbi2KB+@iQ@6�BH, q?�i PT@
iBQM J�`F2ib AKTHv �#Qmi a2+iQ`@qB/2 :Qp2`MK2Mi :m�`�Mi22bX �K2`B+�M 1+QMQKB+
_2pB2r RyeUeV- Rkd3ĜRjRNX

G�`/v- LX UkyRNVX h?2 ai�i2 ai`BF2b "�+F, h?2 1M/ Q7 1+QMQKB+ _27Q`K BM *?BM�\ q�b?@
BM;iQM, S2i2`bQM AMbiBimi2 7Q` AMi2`M�iBQM�H 1+QMQKB+bX

G2H�M/- >X1X �M/ hQ7i- EX"X URNNeVX PTiBK�H *�TBi�H ai`m+im`2- 1M/Q;2MQmb "�MF`mTi+v-
�M/ i?2 h2`K ai`m+im`2 Q7 *`2/Bi aT`2�/bX h?2 CQm`M�H Q7 6BM�M+2 8RUjV- N3dĜRyRNX

GB- "X- q�M;- wX- �M/ w?Qm- >X UkykRVX *?BM�Ƕb �MiB@*Q``mTiBQM *�KT�B;M �M/ *`2/Bi
_2�HHQ+�iBQM 7`QK aP1b iQ LQM@aP1bX qQ`FBM; T�T2`X

GBm- *X- q�M;- aX- q2B- EXCX- �M/ w?QM;- LX UkyRNVX h?2 .2K�M/ 1z2+i Q7 uB2H/@*?�bBM; _2@
i�BH AMp2biQ`b, 1pB/2M+2 6`QK i?2 *?BM2b2 1Mi2`T`Bb2 "QM/ J�`F2iX CQm`M�H Q7 1KTB`B+�H
6BM�M+2 8y- 8dĜddX

GBm- GXsX- Gvm- uX- �M/ um- 6X UkykRVX GQ+�H :Qp2`MK2Mi AKTHB+Bi .2#i �M/ i?2 S`B+BM; Q7
*?2M;iQm "QM/bX CQm`M�H Q7 6BM�M+B�H _2b2�`+? 9N3URkV- RdyX

J2`iQM- _X*X URNd9VX PM i?2 S`B+BM; Q7 *Q`TQ`�i2 .2#i, h?2 _BbF ai`m+im`2 Q7 AMi2`2bi
_�i2bX h?2 CQm`M�H Q7 6BM�M+2 kNUkV- 99NĜ9dyX

JQ- CX �M/ am#`�?K�Mv�K- JX:X UkykyVX q?�i .`Bp2b GB[mB/Biv BM i?2 *?BM2b2 *`2/Bi "QM/
J�`F2ib\ qQ`FBM; T�T2`X

aQM;- wXJX- aiQ`2bH2ii2M- EX- �M/ wBHB#QiiB- 6X UkyRRVX :`QrBM; GBF2 *?BM�X �K2`B+�M
1+QMQKB+ _2pB2r RyRURV- kykĜkjNX

q?Bi2/- hXJX �M/ w?�Q- CX UkykRVX h?2 JBb�HHQ+�iBQM Q7 6BM�M+2X h?2 CQm`M�H Q7 6B@
M�M+2 deU8V- kj8NĜk9ydX
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The SOE Premium Controlling for Unified DM

U#V 1tTH�BMBM; i?2 aP1 S`2KBmK mbBM; JQ/2H@AKTHB2/ .J

6B;m`2 R, S�M2H U�V THQib i?2 /Bz2`2M+2 #2ir22M HBbi2/ MQM@aP1b �M/ HBbi2/ aP1b BM +`2/Bi
bT`2�/ UH27i �tBbV- 2biBK�i2/ mbBM; [m�`i2`Hv `2;`2bbBQMb- +QMi`QHHBM; 7Q` +`2/Bi `�iBM;b �M/
Qi?2` #QM/ �M/ }`K +?�`�+i2`BbiB+bX h?2 b?�/2/ �`2� BM/B+�i2b i?2 N8W +QM}/2M+2 BMi2`p�HbX
�HbQ `2TQ`i2/ �`2 i?2 iQi�H [m�`i2`Hv /27�mHi �KQmMib BM i?2 +`2/Bi K�`F2i U`B;?i �tBbVX S�M2H
U#V THQib i?2 iBK2@b2`B2b Q7 i?2 aP1 T`2KBmK �7i2` +QMi`QHHBM; 7Q` J2`iQMǶb .J U#Hm2 HBM2V
�M/ Qm` mMB}2/ .J U`2/ HBM2VX
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U�V *`2/Bi aT`2�/ U#TbV

U#V h?2 aP1 S`2KBmK U#TbV

6B;m`2 k, h?Bb };m`2 THQib i?2 +�HB#`�iBQM `2bmHibX h?2 iQT T�M2H b?Qrb i?2 +`2/Bi bT`2�/b
rBi? p�`vBM; #�BHQmi T`Q#�#BHBiv πg �M/ HB[mB/Biv b?Q+F BMi2MbBiv ξX h?2 #QiiQK T�M2H b?Qrb
i?2 aP1 T`2KBmK rBi? p�`vBM; #�BHQmi T`Q#�#BHBiv πg �M/ HB[mB/Biv b?Q+F BMi2MbBiv ξX h?2
aP1 T`2KBmK Bb /2}M2/ �b i?2 /Bz2`2M+2 #2ir22M MQM@aP1b Uπg = 0V �M/ aP1b rBi? TQbBiBp2
πgX 6Q` Qi?2` T�`�K2i2`b- b22 a2+iBQM jXkX
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Difference in Merton' Default Measure (right axis)
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2
l

+ e−(r+ξk)m

(
p− c

r + ξk

)


{N(−aσ

√
m)−ermN(−zσ

√
m)}

η

+
{N(aσ

√
m)−ermN(−zσ

√
m)}

γ





+

[
αVB

m
(1− πg) +

P

m
πg −

c

r + ξk

]



−

{
N(−ẑσ

√
m)−e

1
2 [z2−ẑ2]σ2m

N(−zσ
√
m)

}

a−ẑ+η

−

{
N(ẑσ

√
m)−e

1
2 [z2−ẑ2]σ2m

N(−zσ
√
m)

}

a+ẑ+η




.

aQ-

VB(πg) =

(1−π)C+(1−e−(r+ξk)m)(p− c
r+ξk )

η + (p− c
r+ξk )[b(−a) + b(a)] + ( c

r+ξk − pπg)[(B(−ẑ) +B(ẑ)]
δ

η−1 +
α
m [B(−ẑ) +B(ẑ)](1− πg)

,

R



r?2`2

a ≡ r − δ − σ2/2

σ2
, z ≡ (a2σ4 + 2rσ2)1/2

σ2
, η ≡ z − a > 1, ẑ ≡ [a2σ4 + 2(r + ξk)σ2]1/2

σ2
,

b(x) =
1

z + x
e−(r+ξk)m

[
N(xσ

√
m)− ermN(−zσ

√
m)

]
,

B(x) =
1

z + x

[
N(xσ

√
m)− e

1
2 [z2−x2]σ2mN(−zσ

√
m)

]
.

�Xk .�i� .2b+`BTiBQM
Pp2`pB2r Q7 *?BM�Ƕb *`2/Bi J�`F2i

1t+Hm/BM; }M�M+B�H #QM/b- i?2 *?BM2b2 +`2/Bi K�`F2i 7Q` MQM@}M�M+B�H +QKT�MB2b bi�M/b �i
_J" kj i`BHHBQM #v i?2 2M/ Q7 CmM2 kykyX �b b?QrM BM T�M2H U�V Q7 6B;m`2 �Xj- i?2 +`2/Bi BM@
bi`mK2Mib BM i?Bb K�`F2i �`2 +�i2;Q`Bx2/ BMiQ 7Qm` ;`QmTb, +Q`TQ`�i2 #QM/b- *?2M;iQm #QM/b-
+QKK2`+B�H T�T2`b- �M/ Qi?2` BMbi`mK2Mib BM+Hm/BM; T`Bp�i2 TH�+2K2Mi #QM/b- +QMp2`iB#H2
#QM/b- �M/ �bb2i@#�+F2/ b2+m`BiB2bX h?2 ;`QmT Q7 +Q`TQ`�i2 #QM/b- bBKBH�` BM bi`m+im`2 iQ
i?2 la +Q`TQ`�i2 #QM/b- Bb i?2 K�BM 7Q+mb Q7 Qm` T�T2`- BM+Hm/BM; J2/BmK@h2`K LQi2b-
*Q`TQ`�i2 "QM/b �M/ 1Mi2`T`Bb2 "QM/bX "v CmM2 kyky- i?2 iQi�H �KQmMi Qmibi�M/BM; Q7 Qm`
+Q`TQ`�i2 #QM/ b�KTH2 Bb _J" 3 i`BHHBQM- �++QmMiBM; 7Q` j9W Q7 i?2 +`2/Bi K�`F2iXjN

q2 bQ`i i?2 +Q`TQ`�i2 #QM/ b�KTH2 #v Bbbm2` ivT2 �HQM; irQ /BK2MbBQMbX 6B`bi �M/ 7Q`2@
KQbi- r2 +QMbB/2` r?2i?2` i?2 #QM/ Bbbm2` Bb � bi�i2@QrM2/ 2Mi2`T`Bb2 UaP1V Q` MQM@aP1X
a2+QM/- r2 +QMbB/2` r?2i?2` i?2 #QM/ Bbbm2` Bb Tm#HB+Hv HBbi2/ Q` mMHBbi2/X Pm` 2KTB`B+�H
bim/v 7Q+mb2b KQbiHv QM i?2 HBbi2/ }`Kb- r?B+? �`2 H�`;2` �M/ KQ`2 BKTQ`i�Mi iQ i?2 2+QMQKv
�M/ r?Qb2 }M�M+B�H bi�i2K2Mib �M/ 2[mBiv K�`F2i BM7Q`K�iBQM ?2HT mb K2�bm`2 i?2 +`2/Bi
[m�HBiv �b r2HH �b i?2 TQi2MiB�H ;Qp2`MK2Mi bmTTQ`i Q7 i?2 #QM/ Bbbm2`bX S�M2H U#V Q7 6B;@
m`2 �Xj QmiHBM2b i?2 Qp2`�HH bBx2 Q7 Qm` +Q`TQ`�i2 #QM/ b�KTH2- �M/ bmKK�`Bx2b i?2 `2H�iBp2
bBx2 Q7 i?2 7Qm` Bbbm2` ivT2bX h?2 Tm#HB+Hv HBbi2/ Bbbm2`b- BM+Hm/BM; #Qi? HBbi2/ aP1 �M/ HBbi2/
MQM@aP1- �++QmMi 7Q` jyW Q7 i?2 +Q`TQ`�i2 #QM/ b�KTH2- r?BH2 i?2 mMHBbi2/ Bbbm2`b �++QmMi
7Q` i?2 `2biX9y �MQi?2` mMB[m2 �bT2+i Q7 *?BM�Ƕb #QM/ K�`F2i Bb i?2 /QKBM�M+2 Q7 i?2 aP1
Bbbm2`b- 2bT2+B�HHv /m`BM; i?2 2�`Hv b�KTH2 T2`BQ/X Pp2` iBK2- i?2 MQM@aP1 Bbbm2`b +�i+?

jN*?2M;iQm #QM/b- �b b?QrM BM T�M2H U�V Q7 6B;m`2 �Xj iQ #2 �M BKTQ`i�Mi +QKTQM2Mi Q7 i?2 +`2/Bi K�`F2i-
�`2 2t+Hm/2/ 7`QK Qm` �M�HvbBb #2+�mb2 Q7 i?2B` mMB[m2 �bbQ+B�iBQM rBi? HQ+�H ;Qp2`MK2Mib BM *?BM�X Abbm2/ #v
HQ+�H ;Qp2`MK2Mi }M�M+BM; p2?B+H2b UG:6oV- *?2M;iQm #QM/b 2MDQv � `�i?2` bT2+B�H bi�imb BM *?BM�Ƕb +`2/Bi
K�`F2i �M/ �`2 MQi i?2 #2bi +`2/Bi BMbi`mK2Mib 7Q` Qm` Tm`TQb2X q2 2t+Hm/2 +QKK2`+B�H T�T2`b 7`QK Qm`
�M�HvbBb /m2 iQ i?2B` b?Q`i /m`�iBQM- �M/ i?2 Qi?2` +`2/Bi BMbi`mK2Mib /m2 iQ i?2B` MQM@bi�M/�`/ bi`m+im`2b
�M/ HBKBi2/ K�`F2i bBx2X

9yam;;2bi2/ #v �M �MQMvKQmb `272`22- bQK2 aP1b rBi? H�`;2 #QM/ �KQmMib Qmibi�M/BM; �i i?2 BMi2`#�MF
K�`F2i �`2 MQi HBbi2/ /m2 iQ i?2 bi`�i2;B+ +QM+2`M Q7 i?2 ;Qp2`MK2Mi- r?B+? +QMi`B#mi2b iQ i?2 /QKBM�M+2 Q7
mMHBbi2/ Bbbm2`b BM *?BM�Ƕb #QM/ K�`F2iX

k



mT bi2�/BHv BM bBx2 �M/ i?2 `�iBQ Q7 HBbi2/ aP1b iQ HBbi2/ MQM@aP1b BM �KQmMi Qmibi�M/BM;
/2+`2�b2b 7`QK Rj BM kyRy iQ � H2p2H +HQb2 iQ RXe BM kyR3X

h?2 S�M2H U+V Q7 6B;m`2 �Xj THQib i?2 [m�`i2`Hv /27�mHi �KQmMi BM i?2 +`2/Bi K�`F2i-
BM+Hm/BM; #Qi? +Q`TQ`�i2 #QM/b- +QKK2`+B�H T�T2`b- T`Bp�i2 TH�+2K2Mi MQi2b �M/ #QM/b-
�M/ +QMp2`iB#H2 #QM/bX h?2 }`bi r�p2 Q7 /27�mHib Q++m``2/ KQbiHv iQ T`Bp�i2Hv ?2H/ Bbbm2`b-
rBi? [m�`i2`Hv /27�mHi �KQmMib `�M;BM; 7`QK H2bb i?�M _J" R #BHHBQM iQ RkXk #BHHBQM BM
kyReZRX �i i?2 b�K2 iBK2- i?2 +Q`TQ`�i2 #QM/ K�`F2i r�b 2tT�M/BM; �;;`2bbBp2Hv rBi?
_J" ek8 #BHHBQM M2r Bbbm�M+2b BM kyReZR- �b b?QrM BM S�M2H U/V Q7 6B;m`2 �XjX ai�`iBM;
7`QK kyR3Zk- KQ`2 i?�M NyW Q7 i?2 /27�mHi Bb /`Bp2M #v MQM@aP1 Bbbm2`bX �`QmM/ i?Bb iBK2-
i?2 2tT`2bbBQM Q7 ǳ7�Bi?@#�b2/Ǵ T`B+BM; #2+�K2 TQTmH�` �KQM; +`2/Bi@K�`F2i BMp2biQ`bX h?2
7�Bi? Bb ?B2`�`+?B+�H- rBi? *?2M;iQm #QM/b- Bbbm2/ #v HQ+�H ;Qp2`MK2Mi }M�M+BM; p2?B+H2b- �i
i?2 iQT �M/ i?2`2 ?�b MQi #22M � `2�H /27�mHi Q++m``BM; iQ i?Bb ;`QmT Q7 *?2M;iQm #QM/bX hQ
KQbi BMp2biQ`b- i?2 HBbi2/ aP1b �HbQ b22K [mBi2 b�72X h?`Qm;?Qmi Qm` b�KTH2 T2`BQ/- i?2`2
�`2 QMHv irQ /27�mHi 2p2Mib 7Q` i?2 HBbi2/ aP1b rBi? � iQi�H /27�mHi �KQmMi Q7 eX8 #BHHBQMX

q2 T`QpB/2 7m`i?2` /2i�BHb BM +QHH2+iBM; i?2 #QM/ b�KTH2 Bbbm2/ #v HBbi2/ }`Kb- �b b?QrM BM
h�#H2 RX 6Q` +`2/Bi `�iBM;b- r2 K2`;2 Qm` b�KTH2 rBi? i?2 `�iBM; /�i�b2i Q7 qBM/- �M/ mT/�i2
�Mv +?�M;2b BM `�iBM; #v i?2 K�DQ` `�iBM; �;2M+B2b BM *?BM�- BM+Hm/BM; **sA- *?BM� GB�M?2-
.�:QM; :HQ#�H- �M/ a?�M;?�B "`BHHB�M+2X 6Q` 1t+? /mKKv- 2t+?�M;2@i`�/2/ #QM/b �++QmMi
7Q` eNW 7Q` HBbi2/ MQM@aP1- �M/ 8jW 7Q` mMHBbi2/ aP1X :Bp2M i?�i J2/BmK@h2`K LQi2b i`�/2
2t+HmbBp2Hv QM i?2 BMi2`@#�MF K�`F2i- *Q`TQ`�i2 "QM/b i`�/2 2t+HmbBp2Hv QM i?2 2t+?�M;2b-
�M/ 1Mi2`T`Bb2 "QM/b QMHv �++QmMi 7Q` � bK�HH 7`�+iBQM Q7 Qm` b�KTH2- i?Bb /Bz2`2MiB�iBQM BM
i`�/BM; p2Mm2 Bb p2`v Km+? �HB;M2/ rBi? i?2 HBbiBM; p2Mm2X 6Q` #QM/ i`�/BM; p�`B�#H2b- i?2`2
Bb � /`�K�iB+ /2+`2�b2 BM i`�/BM; �+iBpBiv Qp2` i?2 i?`22 iBK2 T2`BQ/b- �b b?QrM BM h�#H2 RX
S�`i Q7 i?Bb /2+`2�bBM; i`2M/ Bb /m2 iQ i?2 +`�+F/QrM Q7 �;2Mi@?QH/BM; i`�Mb�+iBQMb- r?B+?
Bb +Qp2`2/ 2ti2MbBp2Hv BM JQ �M/ am#`�?K�Mv�K UkykyVX AM �//BiBQM- r2 �HbQ +QMi`QH 7Q`
Bbbm2`bǶ BM/mbi`v BM Qm` �M�HvbBb mbBM; i?2 2H2p2M BM/mbi`v +�i2;Q`Bx�iBQM 7`QK qBM/X

amKK�`v ai�iBbiB+b Q7 lMHBbi2/ 6B`Kb, "QM/@G2p2H .�i�

S�M2H � Q7 h�#H2 �XR bmKK�`Bx2b Qm` #QM/ b�KTH2 Bbbm2/ #v mMHBbi2/ }`KbX Pp2`�HH- i?2`2
�`2 jN8 mMHBbi2/ MQM@aP1 Bbbm2`b rBi? R9Nd #QM/b- �M/ R9R3 mMHBbi2/ aP1 Bbbm2`b rBi? 8N9j
#QM/bX q2 7m`i?2` bmKK�`Bx2 Qm` b�KTH2 #v i?2 i?`22 bm#@T2`BQ/b- �M/- �b r2 +�M b22- i?2
MmK#2`b Q7 Bbbm2`b �M/ #QM/b p�`v Qp2` iBK2 �b r2HHX h?2 2t+?�M;2@i`�/2/ #QM/b �++QmMi 7Q`
9dW 7Q` mMHBbi2/ MQM@aP1b- �M/ ReW 7Q` mMHBbi2/ aP1bX 6Q` 2K#2//2/ QTiBQM�HBiv- rBi?BM
Qm` b�KTH2- r2 }M/ 8eW UkdWV Q7 mMHBbi2/ MQM@aP1 UaP1V #QM/b �`2 Tmii�#H2 r?BH2 9W
UNWV Q7 mMHBbi2/ MQM@aP1 UaP1V #QM/b �`2 +�HH�#H2X �b aP1b Bbbm2 KQ`2 +�HH�#H2 #QM/b
rBi? M2;�iBp2 QTiBQM p�Hm2b 7Q` BMp2biQ`b- r?BH2 MQM@aP1b Bbbm2 KQ`2 Tmii�#H2 #QM/b rBi?

j



TQbBiBp2 QTiBQM p�Hm2b 7Q` BMp2biQ`b- �/DmbiBM; 7Q` i?Bb QTiBQM�HBiv rQmH/ QM �p2`�;2 /2+`2�b2
i?2 +`2/Bi bT`2�/b 7Q` aP1b �M/ BM+`2�b2 i?Qb2 7Q` MQM@aP1b- 7m`i?2` rB/2MBM; i?2 aP1
T`2KBmKX *QKT�`BM; i?2 MQM@aP1 �M/ aP1 b�KTH2b 7m`i?2`- r2 b22 i?�i aP1 #QM/b BM
;2M2`�H ?�p2 ?B;?2` `�iBM;b- H�`;2` Bbbm�M+2 bBx2- �M/ rBi? HQM;2` K�im`Biv �M/ QH/2` BM �;2-
?B;?2` im`MQp2` #mi H2bb 7`2[m2Mi i`�/BM;b- +QMbBbi2Mi rBi? i?2 ;2M2`�H T�ii2`M BM i?2 HBbi2/
b�KTH2X

amKK�`v ai�iBbiB+b Q7 GBbi2/ 6B`Kb rBi? S�`iB+BT�iBQM BM *`2/Bi J�`F2i

6Q+mbBM; QM i?2 b�KTH2 Q7 HBbi2/ }`Kb rBi? T�`iB+BT�iBQM BM i?2 +`2/Bi K�`F2i- r?B+? r2
7Q+mb QM iQ bim/v i?2 `2�H BKT�+i- r2 `2TQ`i i?2 2[mBiv@H2p2H bmKK�`v bi�iBbiB+b BM S�M2H
" Q7 h�#H2 �XRX h?2`2 �`2 BM iQi�H 3kR MQM@aP1 Bbbm2`b �M/ ekj aP1 Bbbm2`bX h?2 MQM@
aP1 b�KTH2 QM �p2`�;2 ?�b � bK�HH2` 2[mBiv bBx2 i?�M i?�i Q7 i?2 aP1 b�KTH2X h?2 �p2`�;2
H2p2`�;2 7Q` MQM@aP1b Bb 9eXdW- HQr2` i?�M 8eX8W 7Q` i?2 aP1bX h?2 �MMm�HBx2/ pQH�iBHBiv 7Q`
i?Bb b�KTH2 Bb QM �p2`�;2 99XjW 7Q` MQM@aP1 �M/ jNXeW 7Q` aP1X h?2 �p2`�;2 �bb2i ;`Qri? 7Q`
MQM@aP1b Bb k3XdW- ?B;?2` i?�M i?2 ReXkW 7Q` i?2 aP1bX h?2 �p2`�;2 ;Qp2`MK2Mi ?QH/BM;b
�`2 jXeW 7Q` MQM@aP1b �M/ 93XyW 7Q` aP1bX q2 �HbQ `2TQ`i i?2 bmKK�`v bi�iBbiB+b Q7 i?2
J2`iQM .J �M/ mMB}2/ .J- �b r2HH �b i?2 `2bT2+iBp2 2biBK�i2b Q7 �bb2i p�Hm2 �M/ pQH�iBHBivX
aBKBH�` iQ i?2 T�ii2`M BM h�#H2 R- r2 }M/ i?�i aP1b BM ;2M2`�H ?�p2 ?B;?2` J2`iQM .J �M/
i?mb �`2 H2bb ?2�Hi?v i?�M MQM@aP1bX J2`iQMǶb .J Bb QM �p2`�;2 kjX9W 7Q` aP1b �M/ kRXNW
7Q` MQM@aP1bX >Qr2p2`- Qm` mMB}2/ .J BM/B+�i2b i?�i aP1b �`2 bB;MB}+�MiHv ?2�Hi?B2` i?�M
MQM@aP1bX h?2 mMB}2/ .J Bb QM �p2`�;2 kRX8W 7Q` aP1b �M/ k3XeW 7Q` MQM@aP1bX 6Q`
_P� �M/ _P1- r2 }M/ i?�i MQM@aP1b QM �p2`�;2 ?�p2 ?B;?2` _P� �M/ _P1 i?�M aP1b-
2bT2+B�HHv BM S?�b2 A �M/ AAX JQpBM; iQ S?�b2 AAA- r2 b22 � `2p2`b�H T�ii2`M �b aP1b MQr
?�p2 ?B;?2` T`Q}i�#BHBiv i?�M MQM@aP1bX

�Xj *QMbi`m+iBQM Q7 :Qp2`MK2Mi@>QH/BM;b J2�bm`2
E2v iQ i?2 aP1 +H�bbB}+�iBQM Bb r?2i?2` Q` MQi i?2 2M/@+QMi`QHH2` UBX2X- i?2 mHiBK�i2 +QM@
i`QHH2`V Q7 � }`K Bb i?2 bi�i2- r?B+? BM+Hm/2b i?2 bi�i2@QrM2/ �bb2ib bmT2`pBbBQM �M/ �/KBM@
Bbi`�iBQM +QKKBbbBQM Q7 i?2 bi�i2 +QmM+BH U+2Mi`�H a�a�*V- +2Mi`�H ;Qp2`MK2Mi BMbiBimiBQMb-
HQ+�H a�a�* �M/ HQ+�H ;Qp2`MK2Mi BMbiBimiBQMbX hQ +�Tim`2 i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmT@
TQ`i �#Qp2 �M/ #2vQM/ i?2 MQM@aP1 /mKKv- r2 mb2 BM7Q`K�iBQM QM ;Qp2`MK2Mi ?QH/BM;b
Q7 HBbi2/ }`KbX 6Q` 2�+? Tm#HB+Hv HBbi2/ }`K- Qm` ;Qp2`MK2Mi@?QH/BM;b p�`B�#H2 K2�bm`2b i?2
bmK Q7 2[mBiv ?QH/BM;b #v �HH ;Qp2`MK2Mi@`2H�i2/ 2MiBiB2b rBi?BM i?2 iQT i2M b?�`2?QH/2`bX
*QKT�`2/ rBi? i?2 MQM@aP1 /mKKv- r?B+? i`2�ib aP1b �M/ MQM@aP1b �b irQ bQHB/ #HQ+Fb-
Qm` K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;b Bb � +QMiBMmQmb p�`B�#H2 rBi? `B+?2` BM7Q`K�iBQM QM
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i?2 p�`B�iBQM BM i?2 bi`2M;i? Q7 ;Qp2`MK2Mi bmTTQ`i #Qi? �+`Qbb �M/ rBi?BM i?2 aP1 �M/
MQM@aP1 #HQ+FbX

AM +QMbi`m+iBM; i?2 ;Qp2`MK2Mi ?QH/BM;b K2�bm`2- r2 TB2+2 iQ;2i?2` b?�`2?QH/2` BM7Q`@
K�iBQM 7`QK i?`22 b2T�`�i2 /�i�b2ib 7`QK qBM/ 6BM�M+B�H AM7Q`K�iBQMX h?2 }`bi /�i�b2i Bb
i?2 ǳ�a?�`2AMbB/2>QH/2`Ǵ /�i�b2i U?2`2�7i2` a?�`2?QH/2` .�i�b2iV- r?B+? +QMi�BMb i?2 #�bB+
BM7Q`K�iBQM Q7 i?2 iQT Ry b?�`2?QH/2`b Q7 � HBbi2/ }`K- BM+Hm/BM; i?2B` M�K2b �M/ ?QH/BM;bX
h?Bb /�i�b2i Bb �p�BH�#H2 #2+�mb2 i?2 Tm#HB+Hv HBbi2/ }`Kb BM *?BM� �`2 `2[mB`2/ iQ /Bb+HQb2
bm+? BM7Q`K�iBQM BM i?2B` }M�M+B�H `2TQ`ibX lbBM; i?Bb BM7Q`K�iBQM- r2 }M/ i?�i- QM �p2`�;2-
i?2 iQT Ry b?�`2?QH/2`b ?QH/ eRXkW Q7 i?2 }`Kb �M/ i?Bb ?QH/BM; T2`+2Mi�;2 `2K�BMb bi�#H2
Qp2` iBK2 /m`BM; Qm` b�KTH2 T2`BQ/X 6Q` Qm` Tm`TQb2- i?2 K�BM /`�r#�+F Q7 i?Bb /�i�b2i Bb
Bi /Q2b MQi +QMi�BM BM7Q`K�iBQM QM i?2 b?�`2?QH/2`Ƕb �ii`B#miBQM Ĝ r?2i?2` Q` MQi � iQT@i2M
b?�`2?QH/2` Bb ;Qp2`MK2Mi `2H�i2/X

hQ B/2MiB7v i?2 ;Qp2`MK2Mi@`2H�i2/ �ii`B#miBQMb Q7 i?2 iQT@i2M b?�`2?QH/2`b- r2 7m`i?2`
K2`;2 i?2 a?�`2?QH/2` .�i�b2i rBi? irQ Qi?2` /�i�b2ib 7`QK qBM/ i?�i +QMi�BMb bm+? �i@
i`B#miBQM BM7Q`K�iBQMX PM2 Bb i?2 *QMi`QHH2` .�i�b2i mb2/ 2�`HB2` iQ ?2HT mb +QMbi`m+i i?2
LaP1 /mKKv- �M/ i?2 Qi?2` Bb i?2 ǳ*QKTAMi`Q/m+iBQMǴ /�i�b2i U?2`2�7i2` 6B`K .�i�b2iVX
q?BH2 i?2 *QMi`QHH2` .�i�b2i ;Bp2b mb /vM�KB+ BM7Q`K�iBQM QM }`KbǶ �ii`B#miBQM- Bib +QHH2+@
iBQM Q7 }`Kb Bb HBKBi2/ �b Bi +QMi�BMb QMHv }`Kb i?�i b2`p2 �b 2M/@+QMi`QHH2`b Q` �`2 `2H�i2/ iQ
2M/@+QMi`QHH2`bX h?2 6B`K .�i�b2i ?2HTb mb 2tT�M/ i?2 b�KTH2 bm#bi�MiB�HHv �b Bi +QMi�BMb
�ii`B#miBQM BM7Q`K�iBQM 7Q` /Bz2`2Mi ivT2b Q7 }`Kb- BM+Hm/BM; HBbi2/ �M/ mMHBbi2/ }`KbX9R

J2`;BM; i?2 i?`22 /�i�b2ib iQ;2i?2`- r2 �`2 �#H2 iQ TB2+2 iQ;2i?2` � `�i?2` +QKT`2?2MbBp2
TB+im`2 Q7 i?2 b?�`2?QH/2` bi`m+im`2b 7Q` i?2 HBbi2/ }`Kb BM Qm` b�KTH2X Pm` K2i?Q/QHQ;v
+�M K�i+? e9XdW UBM i2`Kb Q7 i?2 MmK#2` Q7 b?�`2?QH/2`bV �M/ 3NX3W UBM i2`Kb Q7 2[mBiv
?QH/BM;bV Q7 i?2 b?�`2?QH/2`bǶ �ii`B#miBQMb 7`QK kyRy i?`Qm;? kykyZkX lbBM; i?Bb BM7Q`K�@
iBQM- r2 +�M i?2M +�H+mH�i2 ;Qp2`MK2Mi ?QH/BM;b 7Q` �HH HBbi2/ }`Kb BM Qm` b�KTH2- BM+Hm/BM;
aP1b �M/ MQM@aP1bX

AM �//BiBQM iQ i?2 BMBiB�H +QMbi`m+iBQM UH�#2H2/ �b _�rV- r2 7m`i?2` BM+Q`TQ`�i2 irQ b2T@
�`�i2 /�i�#�b2b i?�i T`QpB/2 bBKBH�` BM7Q`K�iBQMX h?2 }`bi /�i�b2i Bb 7`QK qBM/- r?B+?
T`QpB/2b i?2 iQi�H ?QH/BM;b UBM b?�`2bV 7Q` �HH i?2 ;Qp2`MK2Mi@`2H�i2/ b?�`2?QH/2`b rBi?BM
i?2 iQT i2M b?�`2?QH/2`bX h?2B` �TT`Q�+? Bb 2z2+iBp2Hv i?2 b�K2 �b Qm` +QMbi`m+iBQMX *QK@
T�`BM; i?2B` K2�bm`2b �;�BMbi Qm`b- r2 }M/ � bm#bi�MiB�H �KQmMi Q7 BM+QMbBbi2M+B2b- rBi?
KBbbBM; Q#b2`p�iBQMb #2BM; i?2 K�BM /`Bp2`X 6Q` 2t�KTH2- *?BM�Ƕb #B;;2bi K�Mm7�+im`2` Q7
�B`@+QM/BiBQM2`b @ :`22 1H2+i`B+ Bb QrM2/ �M/ +QMi`QHH2/ #v w?m?�B a�a�* #27Q`2 .2+2K#2`
kyRN- #mi Bib ;Qp2`MK2Mi ?QH/BM;b BM7Q`K�iBQM Bb KBbbBM; BM qBM/ #27Q`2 kyy3X 1p2M 7Q` }`Kb

9Rh?2 K�BM /Bb�/p�Mi�;2 Q7 i?2 6B`K .�i�b2i Bb i?�i BM7Q`K�iBQM QM �ii`B#miBQM Bb KQ`2 HBF2Hv iQ #2 bi�iB+-
`2+Q`/2/ �i i?2 2Mi`v TQBMi Q7 i?2 }`KX LQM2i?2H2bb- i?Bb Bb i?2 #2bi r2 +�M /Q ;Bp2M i?2 /�i� HBKBi�iBQMbX
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r?Qb2 ;Qp2`MK2Mi ?QH/BM;b �`2 `2+Q`/2/ �b TQbBiBp2 BM qBM/- r2 biBHH }M/ K�Mv BMbi�M+2b
r?2M qBM/ 7�BHb iQ �++QmMi 7Q` �HH i?2 ;Qp2`MK2Mi@`2H�i2/ b?�`2bX

h?2 b2+QM/ /�i� bQm`+2 mb2/ BM Qm` +QKTBH�iBQM Bb *aJ�_- r?B+? T`QpB/2b i?2 �ii`B@
#miBQM BM7Q`K�iBQM 7Q` 2�+? iQT i2M b?�`2?QH/2`b- rBi?Qmi +�H+mH�iBM; i?2 iQi�H ;Qp2`MK2Mi
?QH/BM;bX q2 }M/ i?`22 TQi2MiB�H /`�r#�+Fb BM i?2B` /�i�X 6B`bi- i?2v /Q MQi b2T�`�i2 i?2
?QH/BM;b #v L�iBQM�H aQ+B�H a2+m`Biv 6mM/ ULaa6V- � ;Qp2`MK2Mi@`mM BMp2biK2Mi 7mM/ 2bi�#@
HBb?2/ T`BK�`BHv iQ T`QpB/2 � `2b2`p2 Q7 7mM/b 7Q` *?BM�Ƕb bQ+B�H b2+m`Biv bvbi2KX :Bp2M i?2
BMp2biK2Mi Q#D2+iBp2 Q7 Laa6- Bi Bb mMHBF2Hv i?�i i?2B` ?QH/BM;b rBHH #2 BM7Q`K�iBp2 7Q` i?2
Tm`TQb2 Q7 ;�m;BM; i?2 2ti2Mi Q7 ;Qp2`MK2Mi bmTTQ`iX 6Q` i?Bb `2�bQM- r2 2t+Hm/2 Laa6Ƕb
?QH/BM;b 7`QK i?2 K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;bX a2+QM/- T`BQ` iQ kyR9- *aJ�_ ?�b
K�Mv KBbbBM; Q#b2`p�iBQMb BM i?2 }`bi �M/ i?B`/ [m�`i2`b Q7 2�+? v2�`X Ai Bb TQbbB#H2 i?�i
i?2v 7Q+mb i?2B` �ii2MiBQM KQ`2 QM i?2 b2KB@�MMm�H �M/ �MMm�H `2TQ`ibX 6BM�HHv- 2p2M BM
`2+2Mi v2�`b- �b *aJ�_ BKT`Qp2b Bib /�i� +Qp2`�;2- r2 biBHH }M/ i?�i � bB;MB}+�Mi TQ`iBQM
Q7 BM�++m`�i2 2biBK�i2bX

Pp2`�HH- �HH i?`22 /�i� bQm`+2b T`QpB/2 p�Hm�#H2 �M/ v2i BKT2`72+i BM7Q`K�iBQM QM ;Qp2`M@
K2Mi ?QH/BM;bX Pm` Q#D2+iBp2 Bb iQ +QKTBH2 i?2 KQbi `Q#mbi K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;b
mbBM; i?2 BM7Q`K�iBQM +QMi�BM2/ BM i?2b2 /�i� bQm`+2bX Pm` �H;Q`Bi?K BM K2`;BM; i?2 i?`22
/�i�b2ib Bb �b 7QHHQrbX 6Q` [m�`i2`b r?2M i?2 ;Qp2`MK2Mi ?QH/BM;b p�Hm2b �`2 KBbbBM; BM �HH
i?`22 /�i� bQm`+2b- r2 }HH BM i?2 M2�`2bi p�Hm2 7`QK i?2 T`2pBQmb [m�`i2`bX 6Q` [m�`i2`b
r?2M �HH i?`22 /�i� bQm`+2b T`QpB/2 p�Hm2b- r2 �/QTi i?2 K�tBKmK �H;Q`Bi?K #v +?QQbBM;
i?2 ?B;?2bi ;Qp2`MK2Mi ?QH/BM;b �KQM; i?2 i?`22X lM/2`HvBM; i?Bb +?QB+2 Bb i?2 Q#b2`p�iBQM
i?�i i?2 KQbi T`2p�H2Mi 2``Q`b BM i?2b2 /�i� bQm`+2b �`2 KBbbBM; Q#b2`p�iBQMb, i?2 7�BHm`2 iQ
�bbB;M ;Qp2`MK2Mi �ii`B#miBQM iQ � ;Qp2`MK2Mi@`2H�i2/ b?�`2?QH/2`X 6Q` [m�`i2`b r?2M QM2
Q` irQ 2biBK�iBQMb �`2 KBbbBM;- r2 KQ/B7v Qm` �H;Q`Bi?K �b 7QHHQrbX amTTQb2 i?2 ;Qp2`MK2Mi
?QH/BM;b p�Hm2 7Q` � }`K Bb 98W 7`QK qBM/- 8yW 7`QK Qm` `�r 2biBK�iBQM- �M/ KBbbBM; 7`QK
*aJ�_ 7Q` QM2 T�`iB+mH�` [m�`i2`X q2 i?2M +?2+F i?2 p�Hm2b 7`QK �HH i?`22 bQm`+2b `2TQ`i2/
7Q` i?2 T`2pBQmb [m�`i2`X A7- /m`BM; i?2 T`2pBQmb [m�`i2`- #Qi? qBM/ �M/ _�r ?�p2 i?2 b�K2
?QH/BM;b �b BM i?2 +m``2Mi [m�`i2`- r?BH2 *aJ�_ ?�b � MQM@KBbbBM; p�Hm2- b�v 88W- r2 rBHH
}HH BM i?2 p�Hm2 Q7 88W 7Q` *aJ�_ 7Q` i?2 +m``2Mi [m�`i2` �M/ +?QQb2 i?2 K�tBKmK �KQM;
i?2 i?`22 2biBK�i2bX AM Qi?2` rQ`/b- Qm` `Q#mbi ;Qp2`MK2Mi ?QH/BM;b rBHH TB+F mT *aJ�_Ƕb
2biBK�iBQM U88WV BM i?Bb +�b2X "v +QMi`�bi- B7 2Bi?2` qBM/ Q` _�r BM/B+�i2b � +?�M;2 BM p�Hm2
7`QK i?2 T`2pBQmb [m�`i2` iQ i?2 +m``2Mi [m�`i2`- r2 rBHH i?2M +?QQb2 i?2 K�tBKmK QMHv
#2ir22M qBM/ �M/ _�rX AM i?Bb +�b2- Qm` `Q#mbi ;Qp2`MK2Mi ?QH/BM;b rBHH TB+F mT _�rǶb
2biBK�iBQM U8yWVX aBM+2 #Qi? *aJ�_ �M/ qBM/ ?�p2 K�Mv KBbbBM; p�Hm2b BM ZR �M/ Zj
7`QK kyRy iQ kyRj- i?Bb KQ/B}+�iBQM Bb M2+2bb�`v 7Q` Qm` +QMbi`m+iBQMX

h?2 F2v mM/2`HvBM; �bbmKTiBQM 7Q` Qm` +QMbi`m+iBQM Bb i?�i KQbi Q7 i?2 2``Q`b Q++m``2/
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BM i?2 i?`22 /�i� bQm`+2b �`2 /m2 iQ QKBbbBQMb, i?2 7�BHm`2 iQ �bbB;M bi�i2 �ii`B#miBQMb iQ
;Qp2`MK2Mi@`2H�i2/ 2MiBiB2bX "v +QMi`�bi- i?2 2``Q`b Q7 r`QM;Hv �bbB;MBM; bi�i2 �ii`B#miBQMb
iQ MQM@bi�i2 2MiBiB2b �`2 H2bb HBF2HvX hQ p2`B7v Qm` bi`�i2;v- r2 7m`i?2` `�M/QKHv +?QQb2 i2M
2t�KTH2b BM r?B+? i?2 ;Qp2`MK2Mi ?QH/BM;b K2�bm`2 T`QpB/2/ #v i?2 i?`22 /�i� bQm`+2b �`2
BM+QMbBbi2Mi �M/ K�Mm�HHv +?2+F i?2B` b?�`2?QH/2`Ƕb �ii`B#miBQMX q2 }M/ i?�i Bi Bb �Hr�vb i?2
+�b2 i?�i i?2 K�tBKmK ?QH/BM;b ?�p2 � H�`;2` �M/ KQ`2 �++m`�i2 +Qp2`�;2 i?�M i?2 `2biX �b
HQM; �b i?2 i?`22 /�i� bQm`+2b /Q MQi bvbi2K�iB+�HHv KBb@bT2+B7v i?2 �ii`B#miBQM BM7Q`K�iBQM
7Q` � ;Bp2M b?�`2?QH/2`- i?Bb Bb i?2 KQbi 2z2+iBp2 r�v 7Q` mb iQ +QKTBH2 i?2 MQM@Qp2`H�TTBM;
BM7Q`K�iBQM +QMi�BM2/ BM i?2 i?`22 /�i� bQm`+2bX AM i?Bb `2bT2+i- r2 #2HB2p2 i?�i Qm` `Q#mbi
K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;b Bb � KQ`2 T`2+Bb2 �M/ `Q#mbi K2�bm`2 Q7 ;Qp2`MK2Mi bmTTQ`i
+QKT�`2/ rBi? i?2 QM2b �/QTi2/ BM i?2 HBi2`�im`2X9k lbBM; 2Bi?2` i?2 BMBiB�H +QMbi`m+iBQM Q`
i?2 `2}M2/ p2`bBQM- i?2 K�BM K2bb�;2 Q7 Qm` }M/BM;b `2K�BMb `Q#mbi- �Hi?Qm;? i?2 `2}M2/
p2`bBQM /Q2b ?2HT `2/m+2 MQBb2 �M/ b?�`T2M Qm` }M/BM;bX

hQ #2ii2` �bb2bb i?2 /�i� [m�HBiv �+`Qbb /Bz2`2Mi bQm`+2b- r2 mb2 irQ K2�bm`2b iQ +QKT�`2
i?2B` /�i� [m�HBiv �;�BMbi Qm` `Q#mbi K2�bm`2 Q7 ;Qp2`MK2Mi ?QH/BM;bX 6Q` }`K i BM [m�`i2`
t- r2 K2�bm`2 i?2 �#bQHmi2 /Bz2`2M+2 BM ;Qp2`MK2Mi@?QH/BM;b K2�bm`2 #2ir22M 2�+? Q7 i?2
/�i� bQm`+2b �M/ Qm` `Q#mbi K2�bm`2X 6`QK i?Bb /2pB�iBQM- r2 7m`i?2` +�H+mH�i2 i?2 [m�`i2`Hv
2``Q` `�i2 �M/ i?2 K2�M 2``Q` 7Q` 2�+? Q7 i?2 /�i� bQm`+2b, i?2 [m�`i2`Hv 2``Q` `�i2 +�H+mH�i2b
i?2 T2`+2Mi Q7 BM+B/2Mib r?2M i?2 /2pB�iBQM Bb KQ`2 i?�M RW- r?BH2 i?2 K2�M 2``Q` `2TQ`ib i?2
�p2`�;2 Q7 i?2 /2pB�iBQM 7Q` 2�+? Q7 i?2 /�i� bQm`+2bX 1z2+iBp2Hv- i?2 }`bi K2�bm`2 7Q+mb2b QM
i?2 MmK#2` Q7 BM+B/2Mib r?2M 2``Q`b i�F2 TH�+2- r?BH2 i?2 b2+QM/ K2�bm`2 +�`2b KQ`2 �#Qmi
i?2 Qp2`�HH K�;MBim/2b Q7 i?2 2``Q`bX

6B;m`2 �X9 THQib i?2 [m�`i2`Hv 2``Q` `�i2b �M/ K2�M 2``Q`b 7Q` qBM/- *aJ�_- �M/ Qm`
BMBiB�H +QMbi`m+iBQM UH�#2H2/ �b _�rVX S�M2H U�V `2TQ`ib i?2 2``Q` `�i2b 7Q` i?2 i?`22 /�i�
bQm`+2bX Pp2`�HH- *aJ�_ QmiT2`7Q`Kb #Qi? qBM/ �M/ _�r BM �HH T2`BQ/b- rBi? BKT`QpBM;
/�i� [m�HBiv Qp2` iBK2X h?2 2``Q` `�i2 Bb �`QmM/ RdW BM S?�b2 A �M/ 3W BM S?�b2 AAAX 6Q`
qBM/- i?2 2``Q` `�i2b �`2 QM �p2`�;2 kyW BM S?�b2 A- 7QHHQr2/ #v � #B; DmKT BM kyR8Zj-
/`Bp2M K�BMHv #v i?2 biQ+F +`�b? BM CmHv kyR8 �KB/ i?2 ;Qp2`MK2MiǶb 2zQ`i iQ `2b+m2 i?2
K�`F2iX �b 7Q` _�r- i?2 2``Q` `�i2b �`2 QM �p2`�;2 kdW BM T?�b2 A �M/ i?2M /2+`2�b2 iQ RdW
�M/ `2K�BM bi�#H2 �7i2`r�`/bX

S�M2H U#V Q7 6B;m`2 �X9 `2TQ`ib i?2 K2�M 2``Q` 7Q` i?2 i?`22 /�i� bQm`+2bX q2 b22

9k6Q` 2t�KTH2- *QM; 2i �HX UkyRNV mb2 i?2 b?�`2 Q7 `2;Bbi2`2/ +�TBi�H 2z2+iBp2Hv QrM2/ #v i?2 ;Qp2`MK2Mi �b
i?2 K2�bm`2 Q7 bi�i2@QrM2`b?BT 7`QK �MMm�H am`p2v Q7 AM/mbi`B�H 6B`Kb U�aA6V Q7 *?BM�Ƕb L�iBQM�H "m`2�m
Q7 ai�iBbiB+bX h?2B` K2�bm`2 Q7 bi�i2 QrM2`b?BT Bb BM bTB`Bi iQ Qm` ;Qp2`MK2Mi ?QH/BM;b- #mi �aA6 bmz2`b
7`QK K�Mv KBbbBM; Q#b2`p�iBQMb BM i?2 b?�`2 Q7 ;Qp2`MK2Mi@`2;Bbi2`2/ +�TBi�H- 2p2M 7Q` H�`;2 aP1bX AM i?2
2t�KTH2 Q7 :`22 1H2+i`B+- i?2 b?�`2b Q7 ;Qp2`MK2Mi@`2;Bbi2`2/ +�TBi�H BM �aA6 �`2 x2`Q 7Q` i?2 T2`BQ/ 7`QK
RNN3 i?`Qm;? kyRjX
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� bB;MB}+�Mi /2+HBM2 BM K2�M 2``Q`- BM/B+�iBM; �M Qp2`�HH +QMp2`;2M+2 BM i?2 BM7Q`K�iBQM
+QMi�BM2/ BM i?2 i?`22 /�i� bQm`+2bX "v kyky- i?2 K2�M 2``Q` `�i2 Bb H2bb i?�M RW 7Q` qBM/
�M/ *aJ�_X AM/22/- TQbi kyR3- r2 b22 � T�ii2`M Q7 2tT�M/2/ /�i� +Qp2`�;2 �M/ BKT`QpBM;
/�i� [m�HBiv #v #Qi? *aJ�_ �M/ qBM/X *QMbBbi2Mi rBi? Qm` }M/BM;b Q7 i?2 2K2`;BM;
BKTQ`i�M+2 Q7 ;Qp2`MK2Mi bmTTQ`i 7Q` +`2/Bi T`B+BM;- i?2 T`Q72bbBQM�H /�i� T`QpB/2`b �`2
�HbQ K�FBM; KQ`2 2zQ`i iQ /Bz2`2MiB�i2 i?2 �{HB�iBQMb- bi�i2 �M/ MQM@bi�i2- Q7 i?2 iQT@i2M
b?�`2?QH/2`b- �i i?2 b�K2 iBK2- r2 Q#b2`p2 � bHB;?i BM+`2�b2 BM i?2 K2�M 2``Q` Q7 Qm` `�r
2biBK�iBQM- �b i?2 �//BiBQM�H BM7Q`K�iBQM 7`QK qBM/ �M/ *aJ�_ #2+QK2b KQ`2 p�Hm�#H2
BM ?2HTBM; mb +QMbi`m+i i?2 `Q#mbi K2�bm`2X JQ`2Qp2`- Qm` BMBiB�H +QMbi`m+iBQM i2M/b iQ ?�p2
?B;? 2``Q` `�i2b #mi `2H�iBp2Hv HQr K2�M 2``Q`b #2+�mb2 Q7 Qm` BM�#BHBiv iQ B/2MiB7v i?Qb2
bK�HH b?�`2?QH/2`b rBi? HQr ?QH/BM;b �KQM; i?2 iQT i2M b?�`2?QH/2`bX AM/22/- i?Bb Bb r?2`2
T`Q72bbBQM�H /�i� b2`pB+2b bm+? �b qBM/ �M/ *aJ�_ +�M �// p�Hm2X

Pp2`�HH- #v +QKTBHBM; i?2 BM7Q`K�iBQM 7`QK i?2 i?`22 /�i� bQm`+2b rBi? p�`vBM; /2;`22b
Q7 BM7Q`K�iBQM �M/ BKT2`72+iBQM- i?2 `Q#mbi p2`bBQM Q7 Qm` ;Qp2`MK2Mi ?QH/BM;b K2�bm`2 Bb
bQ 7�` i?2 KQbi +QKT`2?2MbBp2 r?2M Bi +QK2b iQ T`QtB2b 7Q` ;Qp2`MK2Mi bmTTQ`iX Ai +QmH/
#2 mb27mH 7Q` Qi?2` `2b2�`+? b2iiBM;b BM i?2 7mim`2X

"v mbBM; Qm` ;Qp2`MK2Mi ?QH/BM;b K2�bm`2 �b � T`Qtv 7Q` ;Qp2`MK2Mi bmTTQ`i- Qm`
mM/2`HvBM; ?vTQi?2bBb Bb i?�i- rBi? � ?B;?2` bi�F2 BMp2bi2/ BM � }`K- i?2 ;Qp2`MK2Mi Bb
KQ`2 HBF2Hv iQ 2ti2M/ bmTTQ`i- 2bT2+B�HHv BM iBK2b Q7 +`BbBbX 6QHHQrBM; i?Bb BMimBiBQM- QM2
BKTQ`i�Mi �bT2+i i?�i +�M #2 7m`i?2` 2tTHQ`2/ Bb i?2 +QM+2Mi`�iBQM Q7 ;Qp2`MK2Mi ?QH/BM;bX
6Q` 2t�KTH2- irQ }`Kb #Qi? rBi? 8yW Q7 ;Qp2`MK2Mi ?QH/BM;b KB;?i /Bz2` [mBi2 bB;MB}+�MiHv
BM ;Qp2`MK2Mi bmTTQ`i B7 QM2 Bb ?2H/ #v QM2 ;Qp2`MK2Mi 2MiBiv r?BH2 i?2 Qi?2` Bb ?2H/ #v
KmHiBTH2 ;Qp2`MK2Mi 2MiBiB2bX AM T�`iB+mH�`- i?2 QM2 rBi? +QM+2Mi`�i2/ ;Qp2`MK2Mi QrM2`b?BT
Bb KQ`2 HBF2Hv iQ `2+2Bp2 ;Qp2`MK2Mi bmTTQ`i BM iBK2b Q7 +`BbBb- r?BH2 i?2 QM2 rBi? KQ`2 /Bp2`b2
;Qp2`MK2Mi QrM2`b?BT KB;?i M22/ KQ`2 +QQ`/BM�iBQM 7`QK i?2 p�`BQmb ;Qp2`MK2Mi 2MiBiB2bX

�X9 �Hi2`M�iBp2 lMB}2/ .27�mHi J2�bm`2b
AM a2+iBQM 9XR- r2 mb2 i?2 [m�`iB+ 7mM+iBQM y = 1− (x−1)4 iQ i`�MbH�i2 ;Qp2`MK2Mi ?QH/BM;b
UxV BMiQ #�BHQmi T`Q#�#BHBiv UyVX AM i?Bb bm#b2+iBQM- r2 T`QpB/2 �Hi2`M�iBp2 K�TTBM;b mbBM;
HBM2�` Uy = xV- [m�/`�iB+ Uy = 1−(x−1)2V- +m#B+ Uy = 1−(x−1)3V 7mM+iBQM 7Q`Kb- �b r2HH �b
i?2 #BM�`v K�TTBM; pB� i?2 MQM@aP1 /mKKvX q2 7QHHQr i?2 b�K2 T`Q+2/m`2 BM +QMbi`m+iBM;
i?2 mMB}2/ /27�mHi K2�bm`2b �M/ `2TQ`i i?2 aP1 T`2KBmK �7i2` +QMi`QHHBM; 7Q` i?2 mMB}2/
.J BM S�M2H � Q7 h�#H2 �XkX 6`QK H27i iQ #QiiQK- i?2 aP1 T`2KBmK BM S?�b2 AAA Bb e #Tb
Ui@bi�i4yXj3V 7Q` [m�`iB+- kj #Tb Ui@bi�i4RXejV 7Q` +m#B+- 9y #Tb Ui@bi�i4kX3yV 7Q` [m�/`�iB+-
dk #Tb Ui@bi�i48XydV 7Q` HBM2�` �M/ j #Tb Ui@bi�i4yXReV 7Q` #BM�`v 7mM+iBQM 7Q`KbX JQpBM; iQ
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i?2 #BM�`v 7mM+iBQM ?�b i?2 HQr2bi _@a[m�`2X Pp2`�HH- Qm` mMB}2/ .J +�M 2tTH�BM � H�`;2
7`�+iBQM Q7 i?2 aP1 T`2KBmK �+`Qbb /Bz2`2Mi 7mM+iBQM 7Q`Kb- 2bT2+B�HHv 7Q` [m�`iB+- +m#B+ �M/
#BM�`v 7mM+iBQMb BM S?�b2 AA �M/ AAAX 6Q` i?2 #BM�`v 7mM+iBQM- i?2 HQr aP1 T`2KBmK �M/ i?2
HQr _@a[m�`2/ bm;;2bi i?�i �Hi?Qm;? i?2 #BM�`v 7mM+iBQM +�M 2tTH�BM �r�v i?2 +`2/Bi bT`2�/
/Bz2`2M+2 #2ir22M MQM@aP1b �M/ aP1b U#2ir22M@;`QmTb 2z2+iV- Bib 2tTH�M�iQ`v TQr2` QM
i?2 +`Qbb@b2+iBQM�H p�`B�iBQM UrBi?BM@;`QmTb 2z2+iV Bb r2�F2` +QKT�`2/ iQ Qi?2` 7mM+iBQM�H
7Q`KbX
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Difference in Issuance Size: NonSOEs - SOEs

U#V Abbm�M+2 aBx2 .Bz2`2M+2

6B;m`2 �XR, S�M2H U�V THQib i?2 [m�`i2`Hv �p2`�;2 Q7 i?2 BHHB[mB/Biv T`Qtv Ĝ :�KK� 7`QK "�Q-
S�M- �M/ q�M; UkyRRV 7Q` MQM@aP1b U#Hm2 HBM2V �M/ aP1b U`2/ HBM2VX hQ +QMi`QH 7Q` `�iBM;
�M/ K�im`Biv 2z2+ib- r2 BM+Hm/2 #QM/b rBi? `�iBM;b #2ir22M �� �M/ ��� �M/ K�im`Biv
#2ir22M k v2�`b �M/ 8 v2�`bX S�M2H U#V THQib i?2 /Bz2`2M+2 #2ir22M HBbi2/ MQM@aP1b �M/
HBbi2/ aP1b BM Bbbm�M+2 bBx2- 2biBK�i2/ mbBM; [m�`i2`Hv `2;`2bbBQMb- +QMi`QHHBM; 7Q` bBx2 �M/
BM/mbi`vX h?2 b?�/2/ �`2� BM/B+�i2b i?2 N8W +QM}/2M+2 BMi2`p�HbX
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U�V 1[mBiv oQH�iBHBiv- 6BtBM; �bb2i o�Hm2 �M/ oQH�iBHBiv

U#V lMB}2/ .27�mHi J2�bm`2- 6BtBM; 1[mBiv o�Hm2 �M/ oQH�iBHBiv

6B;m`2 �Xk, h?Bb };m`2 THQib i?2 +�HB#`�iBQM `2bmHibX h?2 iQT T�M2H b?Qrb i?2 2[mBiv pQH�iBHBiv
rBi? p�`vBM; #�BHQmi T`Q#�#BHBiv πg �M/ HB[mB/Biv b?Q+F BMi2MbBiv ξ- ;Bp2M i?2 }t2/ �bb2i p�Hm2
V0 = 100 �M/ �bb2i pQH�iBHBiv σA = 15%X h?2 #QiiQK T�M2H b?Qrb i?2 mMB}2/ /27�mHi K2�bm`2
rBi? p�`vBM; #�BHQmi T`Q#�#BHBiv πg �M/ HB[mB/Biv b?Q+F BMi2MbBiv ξ- ;Bp2M i?2 }t2/ 2[mBiv
p�Hm2 E = 38 �M/ 2[mBiv pQH�iBHBiv σE = 55%X h?2 2[mBiv p�Hm2 �M/ pQH�iBHBiv �`2 +�H+mH�i2/
r?2M ξ = 1 �M/ πg = 0X 6Q` Qi?2` T�`�K2i2`b- b22 a2+iBQM jXkX
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U/V Zm�`i2`Hv L2r Abbm�M+2

6B;m`2 �Xj, S�M2H U�V THQib i?2 iQi�H �KQmMi Qmibi�M/BM; Q7 i?2 *?BM2b2 +`2/Bi K�`F2i
U`B;?i �tBbV �M/ i?2 7`�+iBQM #v BMbi`mK2Mi ivT2 UH27i �tBbVX S�M2H U#V THQib i?2 iQi�H �KQmMi
Qmibi�M/BM; Q7 i?2 +Q`TQ`�i2 #QM/ K�`F2i U`B;?i �tBbV �M/ i?2 7`�+iBQM #v Bbbm2` ivT2 UH27i
�tBbVX .�i� 7Q` kyky Bb �b Q7 2M/ Q7 i?2 b2+QM/ [m�`i2`X S�M2H U+V THQib i?2 [m�`i2`Hv /27�mHi
�KQmMi U`B;?i �tBbV �M/ i?2 7`�+iBQM #v Bbbm2` ivT2 UH27i �tBbV �M/ /27�mHib #v �HH BMbi`mK2Mib
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