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� .�i�, �//BiBQM�H AM7Q`K�iBQM

�XR *`Qbb@+QmMi`v .�i�, a�KTH2 *QMbi`m+iBQM
.2b+`BTiBQM �M/ bQm`+2bX Pm` �;;`2;�i2 �M�HvbBb `2[mB`2b +QK#BMBM; /�i� QM QmiTmi- 2t+?�M;2
`�i2- T`B+2b- BM2[m�HBiv- �M/ r�;2b 7Q` b2p2`�H +QmMi`B2bX hQ K2�bm`2 QmiTmi- r2 mb2 +QMbi�Mi :.S BM HQ+�H
+m``2M+v 7`QK i?2 qQ`H/ "�MFX q2 mb2 :.S T2` +�TBi� BM SSS 7`QK i?2 qQ`H/ "�MF iQ +H�bbB7v +QmMi`B2bX
S`B+2b �M/ MQKBM�H 2t+?�M;2 `�i2b +QK2 7`QK i?2 AJ6 AMi2`M�iBQM�H 6BM�M+B�H ai�iBbiB+b .�i�b2iX q2 mb2
i?2 +QMbmK2` T`B+2 BM/2t �b Qm` K2�bm`2 Q7 i?2 T`B+2 H2p2HX q2 K2�bm`2 BM2[m�HBiv mbBM; i?2 :BMB +Q2{+B2Mi-
r?B+? +�M #2 Q#i�BM2/ 7`QK SQp+�HL2i pB� � /B`2+i [m2`v 7`QK ah�h�X q2 +QKTH2K2Mi i?Bb /�i�b2i rBi?
/�i� 7`QK EQ`2� ai�iBbiB+b iQ ;2i :BMBǶb iBK2 b2`B2b 7Q` aQmi? EQ`2�X q2 mb2 G�2p2M �M/ o�H2M+B� UkyRkV
UmT/�i2/ BM G�2p2M �M/ o�H2M+B� UkyR3VV iQ B/2MiB7v +m``2M+v +`BbBb- #�MFBM; +`BbBb- �M/ bQp2`2B;M /27�mHib X
G�biHv- r2 +QK#BM2 /�i� 7`QK � p�`B2iv Q7 bQm`+2b iQ #mBH/ Qm` /�i�#�b2 QM r�;2bX h�#H2 �XR /2b+`B#2b i?2
/Bz2`2Mi bQm`+2b 7Q` r�;2 /�i�X

h�#H2 �XR Ĝ aQm`+2b Q7 q�;2b hBK2 a2`B2b

aQm`+2 *QmMi`B2b
1*G�* 1H a�Hp�/Q`

AGP �`K2MB�- *QHQK#B�- :2Q`;B�- >mM;�`v
AM/QM2bB�- JQH/Qp�- JQMi2M2;`Q- _mbbB�
aHQp�F _2Tm#HB+- lF`�BM2X

P1*. �mbi`B�- "2H;BmK- *x2+? _2Tm#HB+- *vT`mb
.2MK�`F - 6`�M+2- 6BMH�M/- :2`K�Mv- :`22+2
Ai�Hv- EQ`2�- GBi?m�MB�- Gmt2K#Qm`;- J2tB+Q
L2i?2`H�M/b- SQ`im;�H- aT�BM- ar2/2M- aHQp2MB�
lMBi2/ EBM;/QK- A`2H�M/X

a1.G�* "`�xBH- *Qbi� _B+�- >QM/m`�b- �`;2MiBM�
.QKBMB+�M _2Tm#HB+ *2Mi`�H "�MF .QKBMB+�M _2Tm#HB+

L�iBQM�H ai�iBbiB+�H AMbiBimi2 U"mH;�`B�V "mH;�`B�
ai�iBbiB+b 1biQMB� 1biQMB�
ai�iBbiB+b A+2H�M/ A+2H�M/

*2Mi`�H ai�iBbiB+b "m`2�m UG�ipB�V G�ipB�
.:11* US�`�;m�vV S�`�;m�v

L�iBQM�H AMbiBimi2 Q7 ai�iBbiB+b U_QK�MB�V _QK�MB�
AMbiBimiQ L�+BQM�H /2 1bi�/őbiB+� Ul`m;m�vV l`m;m�v

a�KTH2 b2H2+iBQMX q2 +QMbB/2` irQ FBM/b Q7 2TBbQ/2b, .2p�Hm�iBQMb �M/ `2+2bbBQMbX hQ B/2MiB7v i?2
7Q`K2`- r2 7QHHQr G�2p2M �M/ o�H2M+B� UkyRkVX h?2v +QMbB/2` � +m``2M+v +`BbBb � MQKBM�H /2p�Hm�iBQM Q7
KQ`2 i?�M jyW- r?B+? Bb �i H2�bi RyW ?B;?2` i?�M i?2 /2T`2+B�iBQM `�i2 Q7 i?2 T`2pBQmb v2�`X q2 +H�bbB7v �M
2TBbQ/2 �b � `2+2bbBQM B7 i?2`2Ƕb � +mKmH�iBp2 QmiTmi HQbb Q7 �i H2�bi kW BM +QMb2+miBp2 v2�`bXkk q2 7Q+mb QM
i?2 7Qm` v2�`b #27Q`2 �M/ �7i2` i?2 2TBbQ/2- r?2`2 r2 mb2 i?2 i`Qm;? iQ /�i2 i?2 `2+2bbBQMX

hQ #mBH/ Qm` b�KTH2- r2 T`Q+22/ �b 7QHHQrbX 6B`bi- r2 B/2MiB7v #Qi? FBM/b Q7 2TBbQ/2b b2T�`�i2Hv 7Q+mbBM;
QMHv QM 2K2`;BM; �M/ `B+? 2+QMQKB2b BM RNNy@kyR8Xkj h?2 iQi�H BMBiB�H b�KTH2 bBx2 Bb vB2H/b RyN /2p�Hm�iBQMb
�M/ kkd `2+2bbBQMbc Q7 i?2 H�ii2`- 8R Qp2`H�Tb rBi? � /2p�Hm�iBQMX h?�i Bb- i?2`2Ƕb � #B; /2p�Hm�iBQM /m`BM;

kkh?2 i?`2b?QH/ `2b2K#H2b *�HpQ- Ax[mB2`/Q �M/ h�HpB UkyyeV- r?Q 2bi�#HBb? � +miQz Q7 9WX Pm` HQr2`
i?`2b?QH/ �HHQrb mb iQ BM+`2�b2 i?2 b�KTH2 bBx2 ;Bp2M i?2 b+�`+Biv Q7 :BMB /�i�X

kjq2 7QHHQr l`B#2 �M/ a+?KBii@:`Q?û UkyRdV 7Q` +H�bbB7vBM; +QmMi`B2b �b 2K2`;BM; Q` `B+?X h?2v +QMbB/2`
�M 2+QMQKv �b 2K2`;BM; B7 i?2 ;2QK2i`B+ K2�M Q7 Bib :.S T2` +�TBi� BM SSS la /QHH�`b Q7 kyy8 Bb #2ir22M
j-yyy �M/ k8-yyy- �M/ `B+? B7 Bib H�`;2` i?�M k8-yyyX
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i?2 `2+2bbBQM Q` QM2 v2�` #27Q`2 Q` �7i2` BiX q2 7m`i?2` /Bb+�`/ Rjj `2+2bbBQMb �M/ 3j /2p�Hm�iBQMb 7Q` H�+F Q7
:BMB Q` r�;2 /�i�X 6`QK i?2 `2bmHiBM; 9j `2+2bbBQMb �M/ ke /2p�Hm�iBQMb- r2 /Bb+�`/ � 72r KQ`2 2TBbQ/2b 7Q`
/Bz2`2Mi `2�bQMb- bmKK�`Bx2/ BM h�#H2 �XkX q2 /QMǶi +QMbB/2` "2H�`mb- �b Bi Bb K�BMHv � +QKK�M/ 2+QMQKvX
h?2 K2+?�MBbKb r2 2tTHQ`2 BM i?Bb T�T2` /2T2M/ QM T�`i BM i?2 T`2b2M+2 Q7 K�`F2ib- �M/ i?mb i?2b2 2TBbQ/2b
�`2 MQi � ;QQ/ BHHmbi`�iBQMX "2+�mb2 Qm` T�T2` 7Q+mb2b QM /2p�Hm�iBQMb- r2 /QMǶi +QMbB/2` *vT`mb 2TBbQ/2b-
i?2 aHQp�F _2Tm#HB+ �M/ aHQp2MB�- i?�i Q++m` Dmbi �b i?2b2 2+QMQKB2b r2`2 i`�MbBiBQMBM; BMiQ i?2 1m`QxQM2X
q2 T`272` MQi iQ BM+Hm/2 i?2K BM i?2 MQKBM�HHv bi�#H2 `2+2bbBQMb �b i?2v KQp2 BMiQ � +QKTH2i2Hv /Bz2`2Mi
KQM2i�`v `2;BK2X G�biHv- r2 2t+Hm/2 2TBbQ/2b 7`QK av`B�- lF`�BM2- �M/ o2M2xm2H� /m`BM; T2`BQ/b Q7 +BpBH
r�`- bi`B72- Q` KBHBi�`v +QmTbX

h�#H2 �Xk Ĝ 1t+Hm/2/ 1TBbQ/2b

1TBbQ/2 _2�bQM 7Q` 1t+HmbBQM
"2H�`mb @ kyyN *QKK�M/ 1+QMQKv
"2H�`mb @ kyRR *QKK�M/ 1+QMQKv
"2H�`mb @ kyR8 *QKK�M/ 1+QMQKv
*vT`mb @ kyyN h`�MbBiBQM iQ 1m`Q
aHQp2MB� @ kyyN h`�MbBiBQM iQ 1m`Q

aHQp�F _2Tm#HB+ @ kyyN h`�MbBiBQM iQ 1m`Q
av`B� @ kyRR *BpBH q�`

lF`�BM2 @ kyR8 *BpBH q�`
o2M2xm2H� @kyyk *QmT
o2M2xm2H� @ kyRR *BpBH ai`B72

Pm` }M�H b�KTH2 ?�b 9y `2+2bbBQMb �M/ RN /2p�Hm�iBQMbX h�#H2 �Xj /2b+`B#2b `2+2bbBQMb �M/ /2p�Hm�iBQMb
2TBbQ/2bX q2 �HbQ +QMbB/2` /Bz2`2Mi bm#b�KTH2b 7Q` `Q#mbiM2bbX a2+iBQM �Xk /2i�BHb i?2 KQiBp�iBQM �M/ i?2
+QKTQbBiBQM Q7 2�+? Q7 i?2KX

o�`B�#H2 MQ`K�HBx�iBQMX q2 MQ`K�HBx2 i?2 /�i� bQ i?�i L1_- :.S- BM~�iBQM- r�;2b- �M/ :BMB ?�p2
� p�Hm2 Q7 y QM2 v2�` #27Q`2 i?2 2TBbQ/2X :BMB /�i� Bb bQK2iBK2b MQi �p�BH�#H2 BM �M �MMm�H 7`2[m2M+v- #2BM;
`2H2�b2/ #B�MMm�HHvX hQ �pQB/ ?�pBM; ;�Tb BM Qm` T�M2H- r2 HBM2�`Hv BMi2`TQH�i2/ :BMB /�i�X q2 �HbQ MQ`K�HBx2
i?2 /2p�Hm�iBQM �M/ BM~�iBQM `�i2 bQ i?�i i?2 THQib +�M #2 `2�/ �b T2`+2Mi�;2 TQBMib /2pB�iBQMb 7`QK i?2B`
p�Hm2 QM2 v2�` #27Q`2 i?2 2TBbQ/2X

"2+�mb2 bQK2 2TBbQ/2b BM i?2 b�KTH2 72�im`2 p2`v ?B;? BM~�iBQM �M/ /2p�Hm�iBQM `�i2b- r2 qBMbQ`Bx2 i?2

h�#H2 �Xj Ĝ 1TBbQ/2b r?2`2 r2 K2�bm`2 AM+QK2 AM2[m�HBiv

.2p�Hm�iBQMb _2+2bbBQMb
�`;2MiBM�@kyyk- �`;2MiBM�@kyR9- "`�xBH@RNNy �`;2MiBM�@RNN8- �`;2MiBM�@kyyN
"`�xBH@RNNj- "`�xBH@RNNN- "`�xBH@kyR8 �mbi`B�@kyyN- "2H;BmK@kyyN- "mH;�`B�@kyyN
*QHQK#B�@kyR8- *Qbi� _B+�@RNNR *QHQK#B�@RNNN- *vT`mb@kyR9- *x2+? _2Tm#HB+@kyyN
.QKBMB+�M _2Tm#HB+@kyyj .2MK�`F@kyyN- 1H a�Hp�/Q`@kyyN- 1biQMB�@kyyN
A+2H�M/@kyy3- EQ`2�@RNN3 6BMH�M/@kyyN- 6BMH�M/@kyR9- 6`�M+2@kyyN
J2tB+Q@RNN8 :2`K�Mv@kyyN- :`22+2@kyRj- >QM/m`�b@kyyN
S�`�;m�v@kyyk l`m;m�v@kyyk >mM;�`v@kyyN- A`2H�M/@kyyN- Ai�Hv@kyyN- Ai�Hv@kyR9

G�ipB�@kyRy- GBi?m�MB�@kyyN- Gmt2K#Qm`;@kyyN
J2tB+Q@kyyN- L2i?2`H�M/b@kyyN-SQ`im;�H@kyyN
SQ`im;�H@kyRj - _QK�MB�@kyRy- aHQp2MB�@kyRj
aT�BM@kyyN- aT�BM@kyRj- ar2/2M@kyyN- arBix2`H�M/@kyyN
lMBi2/ EBM;/QK@kyyN
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h�#H2 �X9 Ĝ a�KTH2b Q7 1TBbQ/2b

a�KTH2 _2+2bbBQMb .2p�Hm�iBQMb
6mHH b�KTH2 9y RN

LQ #�MFBM; +`BbBb ky 3
"�MFBM; +`BbBb ky RR
LQ /27�mHib jN R9

_2+2bbBQMb, �HH /2p�Hm�iBQMb 9y RR
�`2 �HbQ `2+2bbBQMb
AM+QK2 AM2[m�HBiv j8 R9

a?Q`i `2+2bbBQMb, QMHv k9 RN
`2+2bbBQMb mT iQ � v2�`

_2+2Mi b�KTH2, 1TBbQ/2b j3 Ry
7`QK kyyy QMr�`/b
LQ >vT2`BM~�iBQM jN Re

iQT �M/ #QiiQK kX8W Q7 i?2B` /Bbi`B#miBQMX q2 /Q i?Bb iQ BM+`2�b2 i?2 `2�/�#BHBiv Q7 i?2 THQib- �M/ Bi ?�b MQ
BKT�+i QM i?2 BMi2`T`2i�iBQM Q7 Qm` `2bmHibX

�Xk *`Qbb@*QmMi`v .�i�, _Q#mbiM2bb
h?Bb b2+iBQM 2tTH�BMb i?2 bm#b�KTH2b r2 +QMbB/2` iQ +QMi`QH 7Q` bT2+B�H FBM/b Q7 `2+2bbBQMb Q` /2p�Hm�iBQMbX

h�#H2 �X9 HBbib i?2 /Bz2`2Mi bm#b�KTH2b r2 +QMbB/2`X q2 +QMbB/2` i?2 }`bi 7Qm` b�KTH2b iQ BbQH�i2
i?2 2z2+i Q7 /2p�Hm�iBQMb 7`QK i?2 bQp2`2B;M Q` #�MFBM; +`BbBbX >�H7 Q7 i?2 `2+2bbBQM 2TBbQ/2b �HbQ 72�im`2
� #�MFBM; +`BbBb- r?BH2 �TT`QtBK�i2Hv 9yW Q7 /2p�Hm�iBQMb +QBM+B/2/ rBi? � #�MFBM; +`BbBbX �HKQbi MQM2
Q7 i?2 `2+2bbBQMb 72�im`2 � /27�mHi- rBi? :`22+2Ƕb kyyN@kyRj `2+2bbBQM #2BM; i?2 QMHv 2t+2TiBQMX 6Q` i?Bb
`2�bQM- r2 /QMǶi +QMbB/2` i?2 bm#b�KTH2 Q7 /27�mHib- 7Q+mbBM; QMHv QM 2TBbQ/2b rBi?Qmi � /27�mHiX AM i?2
+�b2 Q7 /2p�Hm�iBQMb- �HKQbi 3/4 Q7 i?2 2TBbQ/2b /QMǶi ?�p2 � /27�mHiX Ai KB;?i �HbQ #2 i?2 +�b2 i?�i bQK2
/2p�Hm�iBQMb /Q MQi H2�/ iQ +QMi`�+iBQMb BM QmiTmiX h?mb- i?2 +QKT�`BbQM rBi? `2+2bbBQMb Bb MQi �TT`QT`B�i2X
q2 +QMbB/2` � bm#b�KTH2 BM r?B+? r2 F22T QMHv i?Qb2 /2p�Hm�iBQMb rBi? `2+2bbBQMbX q2 F22T �HKQbi eyW Q7
Qm` `2+2bbBQMb BM i?Bb b�KTH2X

AM2[m�HBiv +�M #2 K2�bm`2/ +QMbmKTiBQM Q` BM+QK2 /�i�X "2+�mb2 r2 �`2 mHiBK�i2Hv BMi2`2bi2/ BM i?2
H�#Q` K�`F2i BKTHB+�iBQMb Q7 BM2[m�HBiv- r2 +QMbB/2` � bm#b�KTH2 BM r?B+? r2 QMHv BM+Hm/2 2TBbQ/2b 7Q` r?B+?
i?2 :BMB Bb 2biBK�i2/ mbBM; ?Qmb2?QH/Ƕb BM+QK2X SQp*�H BM+Hm/2b � p�`B�#H2 BM/B+�iBM; r?2i?2` BM+QK2 Q`
+QMbmKTiBQM r�b mb2/ 7Q` 2biBK�iBQM- r?B+? �HHQrb mb iQ }M/ i?2 bm#b�KTH2X AM i?Bb bm#b�KTH2 r2 F22T
�HKQbi NyW Q7 `2+2bbBQM 2TBbQ/2b �M/ �HKQbi d8W Q7 /2p�Hm�iBQMbX

Pm` /2p�Hm�iBQM 2p2Mib �`2 b?Q`iX "2+�mb2 r2 /Q MQi `2bi`B+i `2+2bbBQMb- i?2`2 KB;?i #2 HQM; 2TBbQ/2b-
`2/m+BM; i?2 `2+2bbBQMb b�KTH2Ƕb +QKT�`�#BHBivX q2 +QMbB/2` � bm#b�KTH2 BM r?B+? i?2 QMHv `2+2bbBQMb
BM+Hm/2/ �`2 i?Qb2 i?�i H�bi � v2�` Q` H2bbX AM i?Bb bm#b�KTH2- i?2 iQi�H MmK#2` Q7 `2+2bbBQM 2TBbQ/2b Bb k9X

Pm` b�KTH2 Q7 `2+2bbBQMb ?�b �HKQbi MQ 2TBbQ/2b 7`QK #27Q`2 kyyy- r?BH2 Qm` /2p�Hm�iBQMb b�KTH2 BM+Hm/2b
b2p2`�H 2TBbQ/2b 7`QK i?2 H�i2 ǶNybX hQ `2K2/v i?Bb- r2 +QMbB/2` � bm#b�KTH2 Q7 `2+2Mi 2TBbQ/2b- r?2`2 r2 QMHv
F22T i?Qb2 i?�i Q++m``2/ �7i2` kyyyX h?Bb b�KTH2 vB2H/b j3 `2+2bbBQMb �M/ Ry /2p�Hm�iBQMb- Dmbi Qp2` ?�H7 i?2
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/Qii2/ HBM2 THQib i?2 b�K2 p�`B�#H2b 7Q` `2+2bbBQMb rBi?Qmi /2p�Hm�iBQMbX h?2 v2�` x2`Q +Q``2bTQM/b iQ i?2
v2�` rBi? i?2 }`bi /`QT BM :.SX G�`;2 /2p�Hm�iBQM 2TBbQ/2b BM+Hm/2 �`;2MiBM� UkyykV- �`;2MiBM� UkyR9V-
"`�xBH URNNNV- "`�xBH UkyR8V- *QHQK#B� UkyR8V- *Qbi� _B+� URNNRV- .QKBMB+�M _2Tm#HB+ UkyyjV- A+2H�M/ Ukyy3V-
AM/QM2bB� URNN3V- EQ`2� URNN3V- J2tB+Q URNN8V- JQH/Qp� URNNNV- JQH/Qp� UkyR8V- S�`�;m�v UkyykV- lF`�BM2
UkyyNV �M/ l`m;m�v UkyykVX LQKBM�HHv bi�#H2 `2+2bbBQMb BM+Hm/2 �`;2MiBM� UkyyNV- �`K2MB� UkyyNV- �mbi`B�
UkyyNV- "2H;BmK UkyyNV- "mH;�`B� UkyyNV- *QHQK#B� URNNNV- *vT`mb UkyR9V- *x2+? _2Tm#HB+ UkyyNV- .2MK�`F
UkyyNV- 1H a�Hp�/Q` UkyyNV- 1biQMB� UkyyNV- 6BMH�M/ UkyyNV- 6BMH�M/ UkyR9V- 6`�M+2 UkyyNV- :2Q`;B� UkyyNV-
:2`K�Mv UkyyNV- :`22+2 UkyRjV- >QM/m`�b UkyyNV- >mM;�`v UkyyNV- A`2H�M/ UkyyNV- Ai�Hv UkyyNV- Ai�Hv UkyR9V-
G�ipB� UkyRyV- GBi?m�MB� UkyyNV- Gmt2K#Qm`; UkyyNV- J2tB+Q UkyyNV- JQH/Qp� UkyyNV- JQMi2M2;`Q UkyyNV-
L2i?2`H�M/b UkyyNV- SQ`im;�H UkyyNV- SQ`im;�H UkyRjV- _QK�MB� UkyRyV- _mbbB� UkyyNV- aHQp2MB� UkyRjV- aT�BM
UkyyNV- aT�BM UkyRjV- ar2/2M UkyyNV- arBix2`H�M/ UkyyNV �M/ i?2 lMBi2/ EBM;/QK UkyyNV
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LQi2b, S�M2Hb � iQ 1 THQi UBM i?2 7QHHQrBM; Q`/2`V i?2 +?�M;2 BM i?2 L1_- `2�H :.S- BM~�iBQM- �p2`�;2
`2�H H�#Q` BM+QK2 �M/ :BMB �i �M �MMm�H 7`2[m2M+vX �HH p�`B�#H2b �`2 2tT`2bb2/ BM T2`+2Mi�;2 TQBMib �M/
MQ`K�HBx2/ iQ x2`Q BM v2�` @RX h?2 #Hm2 bQHB/ HBM2 b?Qrb i?2 �p2`�;2 K�+`Q2+QMQKB+ /vM�KB+b BM � 3@v2�`
rBM/Qr �`QmM/ � H�`;2 /2p�Hm�iBQMX h?2 v2�` x2`Q +Q``2bTQM/b iQ i?2 v2�` Q7 i?2 /2p�Hm�iBQMX h?2 `2/ /Qii2/
HBM2 THQib i?2 b�K2 p�`B�#H2b 7Q` `2+2bbBQMb rBi?Qmi /2p�Hm�iBQMbX h?2 v2�` x2`Q +Q``2bTQM/b iQ i?2 v2�` rBi?
i?2 }`bi /`QT BM :.SX G�`;2 /2p�Hm�iBQM 2TBbQ/2b BM+Hm/2 �`;2MiBM� UkyykV- �`;2MiBM� UkyR9V- "`�xBH URNNyV-
"`�xBH URNNjV- "`�xBH URNNNV- "`�xBH UkyR8V- *QHQK#B� UkyR8V- *Qbi� _B+� URNNRV- .QKBMB+�M _2Tm#HB+ UkyyjV-
:2Q`;B� URNNNV- A+2H�M/ Ukyy3V- AM/QM2bB� URNN3V- EQ`2� URNN3V- J2tB+Q URNN8V- JQH/Qp� URNNNV- JQH/Qp�
UkyR8V- S�`�;m�v UkyykV- lF`�BM2 UkyyNV �M/ l`m;m�v UkyykVX LQKBM�HHv bi�#H2 `2+2bbBQMb BM+Hm/2 �`;2MiBM�
URNN8V- �`;2MiBM� UkyyNV- �`K2MB� UkyyNV- �mbi`B� UkyyNV- "2H;BmK UkyyNV- "mH;�`B� UkyyNV- *QHQK#B� URNNNV-
*x2+? _2Tm#HB+ UkyyNV- 1H a�Hp�/Q` UkyyNV- 6BMH�M/ UkyyNV- 6`�M+2 UkyyNV- :2Q`;B� UkyyNV- :2`K�Mv UkyyNV-
>QM/m`�b UkyyNV- >mM;�`v UkyyNV- GBi?m�MB� UkyyNV- J2tB+Q UkyyNV- JQH/Qp� UkyyNV- JQMi2M2;`Q UkyyNV-
L2i?2`H�M/b UkyyNV- SQ`im;�H UkyyNV- _mbbB� UkyyNV- aT�BM UkyyNV �M/ arBix2`H�M/ UkyyNV
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LQi2b, S�M2Hb � iQ 1 THQi UBM i?2 7QHHQrBM; Q`/2`V i?2 +?�M;2 BM i?2 L1_- `2�H :.S- BM~�iBQM- �p2`�;2
`2�H H�#Q` BM+QK2 �M/ :BMB �i �M �MMm�H 7`2[m2M+vX �HH p�`B�#H2b �`2 2tT`2bb2/ BM T2`+2Mi�;2 TQBMib �M/
MQ`K�HBx2/ iQ x2`Q BM v2�` @RX h?2 #Hm2 bQHB/ HBM2 b?Qrb i?2 �p2`�;2 K�+`Q2+QMQKB+ /vM�KB+b BM � 3@v2�`
rBM/Qr �`QmM/ � H�`;2 /2p�Hm�iBQMX h?2 v2�` x2`Q +Q``2bTQM/b iQ i?2 v2�` Q7 i?2 /2p�Hm�iBQMX h?2 `2/
/Qii2/ HBM2 THQib i?2 b�K2 p�`B�#H2b 7Q` `2+2bbBQMb rBi?Qmi /2p�Hm�iBQMbX h?2 v2�` x2`Q +Q``2bTQM/b iQ i?2
v2�` rBi? i?2 }`bi /`QT BM :.SX G�`;2 /2p�Hm�iBQM 2TBbQ/2b BM+Hm/2 �`;2MiBM� UkyykV- �`;2MiBM� UkyR9V-
"`�xBH UkyR8V- *QHQK#B� UkyR8V- .QKBMB+�M _2Tm#HB+ UkyyjV- A+2H�M/ Ukyy3V- JQH/Qp� UkyR8V- S�`�;m�v
UkyykV- lF`�BM2 UkyyNV �M/ l`m;m�v UkyykVX LQKBM�HHv bi�#H2 `2+2bbBQMb BM+Hm/2 �`;2MiBM� UkyyNV- �`K2MB�
UkyyNV- �mbi`B� UkyyNV- "2H;BmK UkyyNV- "mH;�`B� UkyyNV- *vT`mb UkyR9V- *x2+? _2Tm#HB+ UkyyNV- .2MK�`F
UkyyNV- 1H a�Hp�/Q` UkyyNV- 1biQMB� UkyyNV- 6BMH�M/ UkyyNV- 6BMH�M/ UkyR9V- 6`�M+2 UkyyNV- :2Q`;B� UkyyNV-
:2`K�Mv UkyyNV- :`22+2 UkyRjV- >QM/m`�b UkyyNV- >mM;�`v UkyyNV- A`2H�M/ UkyyNV- Ai�Hv UkyyNV- Ai�Hv UkyR9V-
G�ipB� UkyRyV- GBi?m�MB� UkyyNV- Gmt2K#Qm`; UkyyNV- J2tB+Q UkyyNV- JQH/Qp� UkyyNV- JQMi2M2;`Q UkyyNV-
L2i?2`H�M/b UkyyNV- SQ`im;�H UkyyNV- SQ`im;�H UkyRjV- _QK�MB� UkyRyV- _mbbB� UkyyNV- aHQp2MB� UkyRjV- aT�BM
UkyyNV- aT�BM UkyRjV- ar2/2M UkyyNV- arBix2`H�M/ UkyyNV �M/ lMBi2/ EBM;/QK UkyyNV
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�Xj aAS�, .�i� .2b+`BTiBQM
aQ7ir�`2 7Q` brQ`M bi�i2K2MibX "v H�r- �HH 2KTHQv2`b BM i?2 7Q`K�H b2+iQ`b- #Qi? T`Bp�i2 �M/
Tm#HB+- Kmbi bm#KBi brQ`M bi�i2K2Mib T`QpB/BM; i?2 BM7Q`K�iBQM BM+Hm/2/ BM rQ`F2`bǶ T�v+?2+Fb iQ aAS� 2p2`v
KQMi?X h?Bb BM7Q`K�iBQM Bb mb2/ 7Q` i�t Tm`TQb2b �M/ iQ +�H+mH�i2 +QMi`B#miBQMb iQ i?2 bQ+B�H b2+m`Biv bvbi2K
K�/2 #v 2KTHQv22bX 6B;m`2b �XN iQ �XRR /2b+`B#2 i?2 KQbi BKTQ`i�Mi 2Mi`B2b Q7 i?2 brQ`M bi�i2K2MiX 6Q`
KQ`2 BM7Q`K�iBQM- i?2 `2�/2` b?QmH/ `272` iQ i?2 K�Mm�H 7Q` /2+H�`BM; brQ`M bi�i2K2Mib- aA*Paa U�THB+�iBpQ
aBbi2K� /2 *�H+mHQ /2 P#HB;�+BQM2b /2 H� a2;m`B/�/ aQ+B�HVX

6B;m`2 �XN b?Qrb i?2 Bi2Kb BM+Hm/2/ BM i?2 aA*Paa ;2M2`�H BM7Q`K�iBQM 7Q`K, rQ`F2` B/2MiB}+�iBQM
MmK#2` Uǳ*lAGǴV- H2;�H M�K2 �M/ H�bi M�K2 Uǳ�T2HHB/Q v LQK#`2bǴV- ivT2 Q7 +QMi`�+i UǳJQ/�HB/�/ /2
*QMi`�i�+BQMǴV- �M/ *"� +Qp2`�;2 Uǳh`�#�D�/Q` 2M +QMp2MBQ +QH2+iBpQ /2 i`�#�DQǴVX 6B;m`2 �XRy b?Qrb
i?2 Bi2Kb 72�im`2/ BM i?2 H�#Q` BM+QK2 +QKTQM2Mib 7Q`K BM aA*Paa, #�bB+ H�#Q` BM+QK2 Uǳam2H/QǴV �M/
�//BiBQM�H +QKT2Mb�iBQM Uǳ�//B+BQM�H2bǴVX �//BiBQM�H +QKT2Mb�iBQM BM+Hm/2b 2ti`� BM+QK2 7`QK i2Mm`2 Q`
MB;?i rQ`F- �KQM; Qi?2`bX 6BM�HHv- 6B;m`2 �XRR b?Qrb i�t HB�#BHBiB2b �M/ bQ+B�H b2+m`Biv +QMi`B#miBQMbX

6B;m`2 �XN Ĝ aA*Paa, arQ`M ai�i2K2Mi 7Q` :2M2`�H AM7Q`K�iBQM

LQi2b, h?2 };m`2 b?Qrb i?2 2H2+i`QMB+ 7Q`K 2KTHQv2`b }HH Qmi iQ T`QpB/2 i?2B` ;2M2`�H BM7Q`K�iBQM iQ aAS�X

6B;m`2 �XRy Ĝ aA*Paa, arQ`M ai�i2K2Mi Q7 G�#Q` AM+QK2 *QKTQM2Mib

LQi2b, h?2 };m`2 b?Qrb i?2 2H2+i`QMB+ 7Q`K 2KTHQv2`b }HH Qmi iQ `2TQ`i i?2 +QKTQM2Mib Q7 i?2B` H�#Q` BM+QK2
iQ aAS�X

aAS� p�`B�#H2 /2b+`BTiBQMX h�#H2 �X8 /2b+`B#2b i?2 p�`B�#H2b BM i?2 aAS� /�i�b2iX qQ`F2`bǶ p�`B@
�#H2b BM+Hm/2 i?2 bQ+B�H b2+m`Biv MmK#2` U*Ʀ/B;Q lMB+Q /2 A/2MiB}+�+BƦM G�#Q`�H- *lAGV- ;2M/2`- /�i2 Q7
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6B;m`2 �XRR Ĝ aA*Paa, arQ`M ai�i2K2Mi 7Q` h�t �M/ aQ+B�H a2+m`Biv *QMi`B#miBQM

LQi2b, h?2 };m`2 b?Qrb i?2 2H2+i`QMB+ 7Q`K i?�i +�H+mH�i2b i�t �M/ bQ+B�H b2+m`Biv +QMi`B#miBQMbX

#B`i?- ivT2 Q7 +QMi`�+i- �M/ *"� +Qp2`�;2X hvT2 Q7 +QMi`�+i +�M #2 mb2/ iQ B/2MiB7v 7mHH@iBK2 pbX T�`i@iBK2
rQ`F2`b- Q` /BbiBM;mBb? #2ir22M }t2/ H2M;i? �M/ T2`K�M2Mi +QMi`�+ibX

6B`K@bT2+B}+ p�`B�#H2b BM+Hm/2 i?2 i�t A.- H2;�H `2bB/2M+v- �M/ BM/mbi`vX h?2 }`KǶb `2bB/2M+v Bb i?2
bi�i2 BM r?B+? i?2 }`K Bb H2;�HHv `2;Bbi2`2/X h?2 }`KǶb BM/mbi`v Bb �p�BH�#H2 �i i?2 9@/B;Bi AaA* _2pX j
+H�bbB}+�iBQMX

h?2 aAS� /�i�b2i �HbQ BM+Hm/2b p�`B�#H2b QM iQi�H H�#Q` BM+QK2 �M/ Bib +QKTQM2Mib 7Q` 2�+? rQ`F2`X
hQi�H H�#Q` BM+QK2 p�`B�#H2 Bb i?2 iQi�H MQKBM�H BM+QK2 `2+2Bp2/ #v i?2 rQ`F2` #27Q`2 i�t2b BM +m``2Mi T2bQbX
hQi�H H�#Q` BM+QK2 Bb �p�BH�#H2 7Q` i?2 2MiB`2 b�KTH2 UBX2X- RNN9 �M/ kyRNV- r?BH2 /�i� QM i?2 +QKTQM2Mib Q7
H�#Q` BM+QK2 �`2 QMHv �p�BH�#H2 �7i2` kyy3X

h�#H2 �X8 Ĝ o�`B�#H2b BM aAS�

o�`B�#H2 u2�`b BM /�i� a?Q`i /2b+`BTiBQM

qQ`F2`Ƕb p�`B�#H2b
qQ`F2` B/2MiB}+�iBQM MmK#2` RNN9@kyRN aQ+B�H a2+m`Biv LmK#2` U*lAGV
:2M/2` RNN9@kyRN
.�i2 Q7 "B`i? RNN9@kyRN
hvT2 Q7 +QMi`�+i kyyy@kyRN 1X;X- 6mHH iBK2- T�`i iBK2- i2KT rQ`F2`
*"� +Qp2`�;2 kyyj@kyRN "BM�`v p�`B�#H2

6B`KǶb p�`B�#H2b
6B`K B/2MiB}+�iBQM MmK#2` RNN9@kyRN h�t B/2MiB}+�iBQM MmK#2`
ai�i2 RNN9@kyRN ai�i2 BM r?B+? i?2 }`K Bb `2;Bbi2`2/
AM/mbi`v RNN9@kyRN 9@/B;Bib *AAl

G�#Q` BM+QK2 +QKTQM2Mib
hQi�H H�#Q` BM+QK2 RNN9@kyRN LQKBM�H BM T2bQb
"�b2 b�H�`v kyy3@kyRN
�//BiBQM�H kyy3@kyRN �//BiBQM�H #v i2Mm`2- MB;?i b?B7ib- 2i+X
1ti`� ?Qm`b kyy3@kyRN �//BiBQM�H #v T`2b2MiBbK- +QKKBbbBQMb- 2i+X
a�* kyy3@kyRN Rji? r�;2
o�+�iBQMb kyy3@kyRN
"QMmb 7Q` mM7�pQ`�#H2 �`2� kyy3@kyRN

LQi2b, h?2 i�#H2 /2b+`B#2b i?2 p�`B�#H2b BM aAS�- �HQM; rBi? i?2 v2�`b Q7 +Qp2`�;2 BM i?2 b�KTH2X
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a�KTH2 +QMbi`m+iBQMX h�#H2 �Xe /2b+`B#2b i?2 b�KTH2 bBx2 mb2/ BM i?2 �M�HvbBbX h?2 iQi�H MmK#2`
Q7 rQ`F2`@KQMi? Q#b2`p�iBQMb Bb k #BHHBQMX h?2 Q`B;BM�H /�i�b2i BM+Hm/2b �`QmM/ 3 KBHHBQM rQ`F2`b T2` v2�`
�M/ ?�H7 � KBHHBQM }`Kb T2` v2�`X

AM i?2 Q`B;BM�H /�i�b2i- �`QmM/ 3W Q7 rQ`F2`b �`2 vQmM;2` i?�M k8 Q` QH/2` i?�M e8 v2�`b- �M/ Q7 i?Qb2
rQ`F2`b- 9RW �`2 72K�H2X h?2`27Q`2- 8RW Q7 i?2 Q`B;BM�H b�KTH2 Bb K�H2 #2ir22M k8 �M/ e8 v2�`b Q7 �;2X

q2 /`QT /mTHB+�i2 Q#b2`p�iBQMb �i i?2 rQ`F2`@/�i2 H2p2H 7Q` i?2 7QHHQrBM; `2�bQMbX 6B`bi- 7Q` 2�+? rQ`F2`
r2 F22T QMHv i?2 ?B;?2bi@T�vBM; DQ# BM 2�+? KQMi?X G�#Q` H2;BbH�iBQM K�M/�i2b i?�i rQ`F2`b 2KTHQv2/ BM
i2KT �;2M+B2b #2 `2;Bbi2`2/ BM aAS� #v #Qi? i?2 +HB2Mi }`K �M/ i?2 i2KT �;2M+vX h?2`27Q`2- r2 /`QT i?2
7Q`K2`- �b Bi /Q2b MQi +QMi�BM `2H2p�Mi BM7Q`K�iBQM QM H�#Q` BM+QK2X h?2b2 /mTHB+�i2 Q#b2`p�iBQMb �++QmMi
7Q` kXk3W Q7 i?2 Q`B;BM�H b�KTH2X

q?2M r2 HBKBi Qm` /�i� iQ i?2 T`Bp�i2 b2+iQ`- r2 F22T jNW Q7 i?2 BMBiB�H b�KTH2X h?2 H�bi irQ }Hi2`b
+QMbBbi Q7 /`QTTBM; Q#b2`p�iBQMb rBi? H�#Q` BM+QK2 #2HQr ?�H7 Q7 i?2 KQMi?Hv �/Dmbi2/ `2�H KBMBKmK r�;2
�M/ H�#Q` BM+QK2 /m`BM; i?2 }`bi �M/ H�bi KQMi? Q7 � DQ# bT2HHX h?2b2 }Hi2`b 7m`i?2` /`QT 9W Q7 i?2 b�KTH2X
�7i2` BKTH2K2MiBM; �HH Q7 i?2b2 b�KTH2 `2bi`B+iBQMb- r2 F22T j8W Q7 i?2 Q`B;BM�H b�KTH2X

h�#H2 �Xe Ĝ .�i� .2b+`BTiBQM, *H2�MBM; ai�iBbiB+b

.2b+`BTiBQM aAS�
ai�`i /�i2 RNN9@Kd
1M/ /�i2 kyRN@Kd
hQi�H MmK#2` Q7 /�i2@rQ`F2`b Q#b2`p�iBQMb k-yk8-Njd-eje
�p2`�;2 �MMm�H MmK#2` Q7 rQ`F2`b d-dNe-ed9
�p2`�;2 �MMm�H MmK#2` Q7 }`Kb 8eR-8j3
*H2�MBM; LmK#2` Q7 _2KQp2/ P#b2`p�iBQMb

hQi�H W
�;2 Ik8 Q` =e8 ReN-k3e-833 3XjeW
62K�H2 3jR-ekd-Ndy 9RXy8W
h2KTX rQ`F2`b /mTHB+�i2 Q#b2`p�iBQMb R-yeN-jR9 yXy8W
qQ`F2`b /�i2 /mTHB+�i2 Q#b2`p�iBQMb Ub2+QM/ DQ#V 98-Nee-983 kXkdW
Sm#HB+ b2+iQ` rQ`F2` RNN-9ee-kR8 NX39W
q�;2 #2HQr ?�H7 KBMBKmK r�;2 Rj-8kN-9jd yXedW
6B`bi Q` H�bi Q#b2`p�iBQM BM �M 2KTHQvK2Mi bT2HH e9-Re9-jR3 jXRdW
_2K�BMBM; Q#b2`p�iBQMb dyy-3kd-jje j9X8NW

LQi2b, h?2 i�#H2 /2b+`B#2b i?2 bBx2 Q7 i?2 Q`B;BM�H b�KTH2- i?2 bBx2 Q7 /Bz2`2Mi ;`QmTb Q7 rQ`F2`b- �M/ i?2
bBx2 Q7 i?2 /`QTT2/ bm#b2ib Q7 i?2 b�KTH2 �7i2` �TTHvBM; i?2 b�KTH2 `2bi`B+iBQM �M/ }Hi2`b /Bb+mbb2/ BM a2+iBQM
kX S2`+2Mi�;2b �`2 Qp2` i?2 Q`B;BM�H MmK#2` Q7 Q#b2`p�iBQMb UBX2X- k #BHHBQM Q#b2`p�iBQMbVX �MMm�H �p2`�;2b
�`2 +�H+mH�i2/ 7`QK RNN8 iQ kyR3X

Rji? r�;2X q2 Tm`;2 iQi�H KQMi?Hv BM+QK2 Q7 i?2 Rji? b�H�`v T�B/ BM CmM2 �M/ .2+2K#2`X h?Bb 2ti`�
b�H�`v- FMQrM �b �;mBM�H/Q- Bb K�M/�i2/ #v H�r �M/ 2[m�Hb QM2@?�H7 Q7 i?2 ?B;?2bi r�;2 T�B/ Qp2` � b2K2bi2`X
lM7Q`imM�i2Hv- r2 QMHv Q#b2`p2 iQi�H BM+QK2 #27Q`2 kyy3- r?B+? K2�Mb i?�i r2 ?�p2 iQ +�H+mH�i2 2�+? rQ`F2`Ƕb
�;mBM�H/Q mbBM; i?2 7Q`KmH� i?�i i?2 H�r 2bi�#HBb?2bX q2 mb2 i?2 7QHHQrBM; 2[m�iBQM iQ BKTmi2 i?2 �;mBM�H/Q,

�;mBM�H/Q =

P
i21:6 Ii
12

⇥max
i21:6

yi, U�XRV

r?2`2 Ii Bb �M BM/B+�iQ` p�`B�#H2 7Q` r?2i?2` i?2 rQ`F2` r�b 2KTHQv2/ BM KQMi? i �M/ yi Bb iQi�H BM+QK2
UBM+Hm/BM; #QMmb2b- 2i+XVX 6Q` 2t�KTH2- �++Q`/BM; iQ i?2 7Q`KmH�- � rQ`F2` 2KTHQv2/ BM i?2 b�K2 }`K 7Q`

Re



i?2 2MiB`2 b2K2bi2` `2+2Bp2b ?�H7 Q7 i?2 K�tBKmK H�#Q` BM+QK2 b?2 2�`M2/ /m`BM; i?2 b2K2bi2`X

a2+iQ`�H *"�X h?2 �`;2MiBMB�M mMBQM bvbi2K 2t?B#Bib � ?B;? /2;`22 Q7 +2Mi`�HBx�iBQMX- #v r?B+? �
bBM;H2 mMBQM Bb ;Bp2M i?2 KQMQTQHv TQr2` #v H�r iQ `2T`2b2Mi rQ`F2`b rBi?BM � bT2+B}+ BM/mbi`v- � #`�M+?
Q7 �+iBpBiv- Q` ivT2 Q7 Q++mT�iBQM- B``2bT2+iBp2 Q7 r?2i?2` i?2 rQ`F2` Bb � mMBQM K2K#2`X lMBQMb i2M/ iQ
M2;QiB�i2 i?2 r�;2b Q7 #Hm2@+QHH�` rQ`F2`b �M/ i?2 HQr2` `�MFb Q7 r?Bi2@+QHH�` rQ`F2`bX 6m`i?2`KQ`2- i?2
mMBQM ?�b i?2 TQr2` iQ M2;QiB�i2 +QHH2+iBp2 �;`22K2Mib �i /Bz2`2Mi H2p2Hb Q7 `2T`2b2Mi�iBQM- bi�`iBM; 7`QK
}`K@H2p2H �;`22K2Mib �M/ 2ti2M/BM; iQ BM/mbi`v@rB/2 �;`22K2Mib BM r?B+? i?2 �;`22K2Mi +Qp2`b �HH i?2
rQ`F2`b `2T`2b2Mi2/ #v i?2 mMBQMX

6B;m`2b �XRk iQ �XR9 b?Qr bQK2 2t�KTH2b Q7 i?2 Q`B;BM�H *"� +QMi`�+ib bB;M2/ #v mMBQM `2T`2b2Mi�iBp2b
7Q` bQK2 b2+iQ`b �M/ /�i2bX "v H�r- r?2M2p2` i?2`2 Bb MQ M2r M2;QiB�iBQM Q7 *"� BM � ;Bp2M v2�`- i?2
T`2pBQmb *"� Bb p�HB/ 7Q` i?�i v2�`X h?2`2 �`2 MQ *"�b #2ir22M RNNe �M/ kyyk BM i?2 b2+iQ`b i?�i r2 bim/vX
6B;m`2 �XRk b?Qrb i?2 *"� +QMi`�+ib 7Q` i?2 �miQKQiBp2 b2+iQ` BM RNN9 �M/ kyyjX 6B;m`2 �XRj b?Qrb i?2
*"� +QMi`�+ib 7Q` 7`2B;?i i`�MbTQ`i #v `Q�/ b2+iQ` BM RNN8 �M/ kyyjX 6B;m`2 �XR9 b?Qrb i?2 *"� +QMi`�+ib
7Q` i?2 `2i�BH b2+iQ` BM kyyj �M/ kyy8X

6B;m`2 �XRk Ĝ *"� 2t�KTH2b, �miQKQiBp2 b2+iQ` BM RNN9 �M/ kyyj

LQi2b, h?Bb };m`2 b?Qrb i?2 Q`B;BM�H *"�b 7Q` i?2 �miQKQiBp2 b2+iQ` BM RNN9 �M/ kyyjX

Rd



6B;m`2 �XRj Ĝ *"� 2t�KTH2b, 6`2B;?i i`�MbTQ`i b2+iQ` #v `Q�/ b2+iQ` BM RNN8 �M/ kyyj

LQi2b, h?Bb };m`2 b?Qrb i?2 Q`B;BM�H *"�b 7Q` i?2 7`2B;?i i`�MbTQ`i b2+iQ` #v `Q�/ b2+iQ` BM RNN8 �M/ kyyjX

6B;m`2 �XR9 Ĝ *"� 2t�KTH2b, _2i�BH a2+iQ` BM kyyj �M/ kyy8

LQi2b, h?Bb };m`2 b?Qrb i?2 Q`B;BM�H *"� 7Q` i?2 `2i�BH b2+iQ` BM kyyj �M/ kyy8X

R3



�X9 *QKT�`BbQM rBi? �`;2MiBM�Ƕb >Qmb2?QH/ am`p2v 7Q` 6Q`K�H
1KTHQvK2Mi

h?Bb b2+iBQM +QKT�`2b i?2 K�BM }M/BM;b BM a2+iBQM 9 mbBM; aAS� /�i� rBi? bBKBH�` 2KTB`B+�H 2t2`+Bb2b mbBM;
1S> /�i�X

.�i� /2b+`BTiBQMX h?2 T`BK�`v ?Qmb2?QH/ bm`p2v BM �`;2MiBM� Bb i?2 S2`K�M2Mi >Qmb2?QH/ am`p2vX
Ai +Qp2`b jR H�`;2 m`#�M �`2�b rBi? 2biBK�i2/ `2T`2b2Mi�iBp2M2bb Q7 KQ`2 i?�M eyW Q7 i?2 iQi�H TQTmH�iBQMX
AM �Mv ;Bp2M v2�`- i?2 Qp2`�HH b�KTH2 bBx2 Bb �`QmM/ Ryy-yyy ?Qmb2?QH/b- �M/ i?2 �p2`�;2 `2bTQMb2 `�i2 Bb QM
i?2 Q`/2` Q7 NyW Ur?B+? Bb bBKBH�` iQ i?2 la J�`+? *m``2Mi SQTmH�iBQM am`p2vVX h?2 [m2biBQMM�B`2 +QMi�BMb
2ti2MbBp2 BM7Q`K�iBQM QM H�#Q` K�`F2i T�`iB+BT�iBQM U2X;X- ?Qm`b rQ`F2/- H�#Q` BM+QK2- i2Mm`2- i?2 BM/mbi`v
Q7 Q++mT�iBQMV �M/ /2KQ;`�T?B+b U2X;X- H2p2H Q7 2/m+�iBQM- �;2VX h?2 1S> +QM/m+i2/ i?2 bm`p2v irB+2 � v2�`
7`QK RNN8 �M/ kyyj �M/ [m�`i2`Hv 7`QK kyy9 QMr�`/X

h?2 1S> /BbiBM;mBb?2b #2ir22M BM7Q`K�H �M/ 7Q`K�H 2KTHQv22b- r?B+? �HHQrb mb iQ K�F2 �HKQbi /B`2+i
+QKT�`BbQMb rBi? i?2 aAS� /�i�b2iX h?Bb /BbiBM+iBQM Bb K�/2 mbBM; � bi�M/�`/ /2}MBiBQM Q7 BM7Q`K�HBiv
T`QTQb2/ #v i?2 AMi2`M�iBQM�H G�#Qm` P`;�MBx�iBQMX � H�+F Q7 +QKTHB�M+2 rBi? H�#Q` H2;BbH�iBQM /2i2`KBM2b
i?2 7Q`K�HfBM7Q`K�H +H�bbB}+�iBQMX JQ`2 bT2+B}+�HHv- r2 +H�bbB7v �Mv rQ`F2` �b 7Q`K�H U`2bTX BM7Q`K�HV B7 i?2
2KTHQv2` /Q2b T�v U`2bTX /Q2b MQi T�vV K�M/�iQ`v bQ+B�H b2+m`Biv +QMi`B#miBQMbX

a�KTH2X hQ +QKT�`2 aAS� �M/ 1S>- r2 7QHHQr i?2 b�K2 b�KTH2 b2H2+iBQM T`Q+2bbX h?�i Bb- r2 7Q+mb QM
K�H2 rQ`F2`b �;2/ k8@e8 r?Q �`2 2KTHQv2/ BM i?2 7Q`K�H T`Bp�i2 b2+iQ` �M/ 2�`M �i H2�bi ?�H7 Q7 i?2 RNNe
KBMBKmK r�;2X 1S>Ƕb 7`2[m2M+v Bb #B�MMm�H UBX2X- J�v �M/ P+iQ#2`V #2ir22M RNNe �M/ kyyk �M/ [m�`i2`Hv
7`QK kyyj iQ i?2 T`2b2MiX

:2M2`�H +QKT�`BbQM #2ir22M aAS� �M/ 1S>X h?2 K�BM +�p2�ib Q7 i?2 1S> rBi? aAS� �`2,
UBV i?2 ?Qmb2?QH/ bm`p2v Bb H2bb U`2bTX KQ`2V `2T`2b2Mi�iBp2 Q7 ?B;? U`2bTX HQrV BM+QK2 2�`M2`b- bBM+2 Bi Bb iQT
+Q/2/- UBBV biQ+F �M/ ~Qrb Q7 2KTHQvK2Mi �`2 +QKTmi2/ rBi?BM e@KQMi? T2`BQ/b /m2 iQ i?2 7`2[m2M+v Q7 i?2
bm`p2v- UBBBV bi�iBbiB+b �`2 MQBbB2` /m2 iQ � Km+? bK�HH2` b�KTH2 bBx2 �M/ i?2 T`2b2M+2 Q7 K2�bm`2K2Mi 2``Q`-
UBpV i?2 ?Qmb2?QH/ bm`p2v /2b+`B#2b �7i2`@i�t BM+QK2- r?BH2 aAS� BM+Hm/2b /�i� QM T`2@i�t BM+QK2- �M/ UpV
i?2`2 Bb � `Qi�iBM; b�KTH2 Q7 ?Qmb2?QH/b- bQ r2 +�MMQi 7QHHQr ?Qmb2?QH/b 7Q` KQ`2 i?�M QM2 v2�`X

J�BM 7�+ib rBi? 1S>X q2 Q`;�MBx2 i?2 /Bb+mbbBQM �`QmM/ i?2 7Qm` 7�+ib T`2b2Mi2/ BM a2+iBQM 9X
6B;m`2 �XR8 THQib i?2 iBK2 b2`B2b Q7 K2�M HQ; `2�H BM+QK2 BM #Qi? /�i�b2ibX

Ç �p2`�;2 `2�H BM+QK2, _2�H H�#Q` BM+QK2 BM i?2 aAS� /�i�b2i +HQb2Hv 7QHHQrb `2�H H�#Q` BM+QK2 BM
i?2 1>S BM i?2 T2`BQ/b RNNd@kyydX 6B;m`2 �XR8 THQib i?2 iBK2 b2`B2b Q7 K2�M HQ; `2�H BM+QK2 BM #Qi?
/�i�b2ibX h?2 H2p2Hb �`2 /Bz2`2Mi #2+�mb2 i?2 aAS� /�i�b2i `2TQ`ib i?2 #27Q`2@i�t BM+QK2- �M/ i?2
1S> /�i� `2bTQM/2Mib mbm�HHv `2TQ`i i?2B` �7i2`@i�t BM+QK2X 6Q` i?Bb `2�bQM- r2 MQ`K�HBx2 i?2 RNNe
�p2`�;2 BM+QK2 iQ x2`Q BM #Qi? /�i�b2ibX

Ç .Bbi`B#miBQM Q7 AM+QK2, h?2 K�BM 7�+i `2TQ`i2/ BM a2+iBQM 9 Bb � bB;MB}+�Mi ?2i2`Q;2M2Biv BM i?2
rBi?BM@rQ`F2` bT22/ Q7 `2+Qp2`v Q7 `2�H BM+QK2 �+`Qbb /Bz2`2Mi T�`ib Q7 i?2 /Bbi`B#miBQMX q2 +�MMQi
`2T`Q/m+2 i?Bb 7�+i BM i?2 1S>- bBM+2 i?2 1S> /�i�b2i Bb � b?Q`i `Qi�iBM; T�M2HX L2p2`i?2H2bb- r2 +�M
`2T`Q/m+2 i?2 +`Qbb@b2+iBQM�H 7�+ibX 6B;m`2 �XRe /2b+`B#2b i?2 2pQHmiBQM Q7 i?2 MQ`K�HBx2/ T2`+2MiBH2b
BM i?2 aAS� �M/ 1S> /�i�X h?2 +QKT`2bbBQM Q7 i?2 H�#Q` BM+QK2 /Bbi`B#miBQM ?QH/b �+`Qbb /�i�b2ib
rBi? � K�BM /Bz2`2M+2, �b 2tT2+i2/- T2`+2MiBH2b BM i?2 1S> �`2 Km+? MQBbB2` /m2 iQ i?2 b�KTH2 bBx2
�M/ K2�bm`2K2Mi 2``Q`X

RN



6B;m`2 �XR8 Ĝ �p2`�;2 GQ; _2�H AM+QK2 BM �`;2MiBM�, aAS� �M/ 1S>
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LQi2b, h?Bb };m`2 THQib i?2 K2�M UHQ;V `2�H H�#Q` BM+QK2 BM 1S> �M/ aAS� 7Q` K�H2 rQ`F2`b �;2/ k8@e8 �M/
2KTHQv2/ BM i?2 T`Bp�i2 b2+iQ`X q2 MQ`K�HBx2 �p2`�;2 H�#Q` BM+QK2 BM RNNe iQ x2`Q BM i?2 1S> �M/ aAS�X
1S> TQTmH�iBQM 2biBK�i2b �`2 Q#i�BM2/ mbBM; i?2 bm`p2vǶb 2tT�MbBQM 7�+iQ`bX

6B;m`2 �XRe Ĝ S2`+2MiBH2b Q7 H�#Q` BM+QK2, 1S> �M/ aAS�
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LQi2b, h?2 };m`2 THQib KQK2Mib Q7 i?2 KQMi?Hv `2�H BM+QK2 /Bbi`B#miBQM 7`QK C�Mm�`v kyyy iQ .2+2K#2`
kyyeX S�M2H � U"V THQib i?2 T2`+2MiBH2b Q7 i?2 HQ; `2�H BM+QK2 /Bbi`B#miBQM U⇥ RyyV MQ`K�HBx2/ #v i?2 �p2`�;2
/m`BM; kyyR 7`QK aAS� U1S>VX 1S> TQTmH�iBQM 2biBK�i2b mb2 i?2 bm`p2vǶb 2tT�MbBQM 7�+iQ`bX

ky



6B;m`2 �XRd `2T2�ib i?2 ?BbiQ;`�K BM i?2 K�BM i2ti �+`Qbb i?2 1S> �M/ aAS�X �b 2tT2+i2/- i?2 BM+QK2
/Bbi`B#miBQM BM i?2 aAS� /�i� ?�b � HQM;2` i�BH- b?QrBM; i?2 H�+F Q7 iQT@+Q/BM; BM i?2 �/KBMBbi`�iBp2
/�i�b2iX .2bTBi2 i?Bb- i?2 /Bbi`B#miBQMb Q7 BM+QK2 BM i?2 7Q`K�H b2+iQ` �`2 [mBi2 bBKBH�` �+`Qbb /�i�b2ibX

6B;m`2 �XRd Ĝ AM+QK2 .Bbi`B#miBQM BM kyyR �M/ kyye �+`Qbb 1S> �M/ aAS�
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�@ AM+QK2 .Bbi`B#miBQM BM kyyR �+`Qbb 1S> �M/ aAS�
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"@ AM+QK2 .Bbi`B#miBQM BM kyyR �+`Qbb 1S> �M/ aAS�

6Q`K�H@1S>
6Q`K�H@aAS�

LQi2, h?2 };m`2 THQib i?2 BM+QK2 /Bbi`B#miBQM BM aAS� �M/ 1S> /m`BM; kyyR �M/ kyyeX .Bbi`B#miBQMb �`2
rBMbQ`Bx2/ mbBM; i?2 N8i? T2`+2MiBH2 Q7 i?2 aAS� /Bbi`B#miBQM �b i?2 mTT2` #QmM/X .Bbi`B#miBQMb +Q``2bTQM/
iQ K�H2 rQ`F2`b �;2/ k8@e8 �M/ 2KTHQv2/ BM i?2 T`Bp�i2 b2+iQ`X 1S> TQTmH�iBQM 2biBK�i2b mb2 i?2 bm`p2vǶb
2tT�MbBQM 7�+iQ`bX

kR



�X8 JQK2Mib Q7 G�#Q` AM+QK2 .Bbi`B#miBQM, *QKT�`BbQM rBi?
i?2 la

h?Bb b2+iBQM /2b+`B#2b bi�iBbiB+b �+`Qbb i?2 b�KTH2 T2`BQ/ �M/ +QKT�`2b i?2K rBi? i?2 b�K2 bi�iBbiB+b +QK@
Tmi2/ 7Q` i?2 la #v :mp2M2M 2i �HX UkyR9VX 6Q` i?Bb 2t2`+Bb2- �M/ i?Bb 2t2`+Bb2 QMHv- r2 �TTHv i?2 b�K2 }Hi2`b
iQ Qm` /�i� �b i?2 QM2b mb2/ BM :mp2M2M 2i �HX UkyR9V- �M/ `2TQ`i bi�iBbiB+b �i �M �MMm�H 7`2[m2M+vX q2
+QMbi`m+i �MMm�H BM+QK2 7Q` K�H2 rQ`F2`b #v �;;`2;�iBM; KQMi?Hv BM+QK2 Q7 rQ`F2`b b�iBb7vBM; i?2 7QHHQrBM;
+`Bi2`B�, UBV #2ir22M k8 �M/ ey v2�`b Q7 �;2- UBBV �MMm�H BM+QK2 Bb H�`;2` i?�M � i?`2b?QH/ p�Hm2 b2i 7QHHQrBM;
:mp2M2M 2i �HX UkyR9V �M/ HQr2` i?�M i?2 NNXNNNi? T2`+2MiBH2X hQ `2THB+�i2 i?2B` K2i?Q/QHQ;v- r2 i�`;2i �
KBMBKmK r�;2 bm+? i?�i Bi ;2M2`�i2b i?2 b�K2 HQ; /Bz2`2M+2 #2ir22M i?2 KBMBKmK �M/ i?2 K2/B�M �MMm�H
BM+QK2X h?2`27Q`2- #v +QMbi`m+iBQM- r2 ;2M2`�i2 i?2 b�K2 bi�iBbiB+b 7Q` i?2 `2H�iBp2 KBMBKmK �MMm�H BM+QK2X

h?2 bi�M/�`/ /2pB�iBQM �M/ T2`+2MiBH2b Q7 �MMm�H HQ; BM+QK2 #2ir22M i?2 la �M/ �`;2MiBM� �`2 +HQb2
iQ 2�+? Qi?2`X h?2`2 Bb � [m�MiBi�iBp2 /Bz2`2M+2 BM i?2 ;`Qri? `�i2 Q7 �MMm�H BM+QK2- bBM+2 i?2 SRy �M/
SNy �`2 RyW HQr2`X h�#H2 �Xd +QKT�`2b �p2`�;2 �MMm�H H�#Q` BM+QK2 bi�iBbiB+b BM �`;2MiBM� �M/ i?2 laX "v
+QMbi`m+iBQM- i?2 QMHv bi�iBbiB+ i?�i Bb 2[m�H �+`Qbb /�i�b2ib Bb i?2 ǳJBM KBMmb S2`+X 8yXǴ

h?2 K�BM 7�+i BM :mp2M2M 2i �HX UkyR9V Bb i?�i i?2 bF2rM2bb Q7 �MMm�H BM+QK2 ;`Qri? Bb T`Q+v+HB+�H-
r?BH2 i?2 bi�M/�`/ /2pB�iBQM Q7 �MMm�H BM+QK2 ;`Qri? /Q2b MQi T`2b2Mi bB;MB}+�Mi ~m+im�iBQMbX q2 `2THB+�i2
i?2b2 7�+ib 7Q` �`;2MiBM�X 6B;m`2b �XR3 �M/ �XRN THQi i?2 +QKT�`BbQM Q7 i?2 b�K2 bi�iBbiB+b mb2/ BM :mp2M2M
2i �HX UkyR9V iQ p2`B7v i?2b2 #mbBM2bb +v+H2 T`QT2`iB2b �+`Qbb +QmMi`B2bX q?BH2 i?2 �`;2MiBMB�M H�#Q` K�`F2i
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10 20 30 40 50 60 70 80 90 100

�20

0

20

40

60

80

S2`+2MiBH2b Q7 AM+QK2 .Bbi`B#miBQM

HQ;
@T

QBM
ib

⇥
Ry

y

�12Yt�12 �12Yt �24Yt
�36Yt �48Yt

LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; RNNd@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 RNNd@kyyR T2`BQ/X

jR



6B;m`2 *X8 Ĝ �p;X BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR, 6mHH@iBK2
rQ`F2`b
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�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/ �M/ iQ 7mHH@iBK2 DQ#b QMHvX

6B;m`2 *Xe Ĝ �p;X BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR, AM+Hm/@
BM; x2`Q@BM+QK2 rQ`F2`b
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�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X
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6B;m`2 *Xd Ĝ �p;X BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR, Zm�`@
i2`Hv BM+QK2
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LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X �p2`�;2 BM+QK2 ;`Qri? Bb +QMbi`m+i2/ mbBM; /�i� QM
i?2 �p2`�;2 KQMi?Hv BM+QK2 BM i?2 H�bi [m�`i2` Q7 2�+? v2�`X
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6B;m`2 *X3 Ĝ .2+QKTQbBiBQM Q7 �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2
BM kyyy@kyyR, qQ`F2`b 2KTHQv2/ BM }`Kb rBi? �i H2�bi Ry 2KTHQv22b
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LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X _2H�iBp2 iQ i?2 #�b2HBM2 �M�HvbBb- i?2 b�KTH2 Bb 7m`i?2`
`2bi`B+i2/ iQ rQ`F2`b r?Q- BM .2+2K#2` kyyR- r2`2 2KTHQv2/ BM }`Kb rBi? �M �p2`�;2 bBx2 U/m`BM; i?2
kyyy@kyyR T2`BQ/V Q7 �i H2�bi Ry 2KTHQv22bX S�M2H � `2TH�+2b � rQ`F2`Ƕb H�#Q` BM+QK2 rBi? i?2 �p2`�;2 H�#Q`
BM+QK2 BM i?2 b2+iQ` Q7 2KTHQvK2MiX S�M2H " `2TH�+2b � rQ`F2`Ƕb H�#Q` BM+QK2 rBi? i?2 �p2`�;2 H�#Q` BM+QK2
BM i?2 }`K Q7 2KTHQvK2Mi M2i Q7 i?2 b2+iQ`�H �p2`�;2 H�#Q` BM+QK2X S�M2H * `2TH�+2b � rQ`F2`Ƕb H�#Q` BM+QK2
rBi? i?2 rQ`F2`Ƕb H�#Q` BM+QK2 M2i Q7 i?2 }`KǶb �p2`�;2 H�#Q` BM+QK2X
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6B;m`2 *XN Ĝ �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2, RNNd pb kyyR
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�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyR URNNe@RNNd `2bTXVX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q
?�/ �i H2�bi e KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 RNNe@RNNd �M/ kyyy@kyyR T2`BQ/bX

j8



>2`2- r2 +QMi`QH 7Q` rQ`F2`bǶ T`2@/2p�Hm�iBQM i`2M/b BM BM+QK2 ;`Qri? iQ p2`B7v r?2i?2` Qm` K�BM 7�+i
Bb /`Bp2M #v K2�M `2p2`bBQM BM ;`Qri? `�i2bX 6Q` i?Bb 2t2`+Bb2- r2 7QHHQr :mp2M2M 2i �HX UkyR9VX AM �//BiBQM
iQ +QMi`QHHBM; 7Q` �;2 �M/ i?2 T`2@/2p�Hm�iBQM H2p2H Q7 BM+QK2 Ȳ i

t - �b r2 /B/ BM Qm` #�b2HBM2 �M�HvbBb- r2 �//
� +QMi`QH 7Q` � rQ`F2`Ƕb BM+QK2 ;`Qri? 8 v2�`b #27Q`2 i?2 /2p�Hm�iBQM �Ȳ i

t ⌘ Ȳ i
t � Ȳ i

t � 59 Ur?2`2 t /2MQi2b
i?2 KQMi? T`BQ` iQ i?2 /2p�Hm�iBQMVX hQ /Q i?Bb- r2 bQ`i rQ`F2`b rBi?BM �M �;2 ;`QmT Uk8@kN- jy@k9- . . .-
ey@e8V #v i?2B` Ȳ i

t �M/ �Ȳ i
t - b2T�`�i2Hv- �M/ +QKTmi2 8y@ �M/ 9y@ [m�MiBH2 i?`2b?QH/b- `2bT2+iBp2HvX qBi?

i?2b2 i?`2b?QH/b �i ?�M/- r2 +�i2;Q`Bx2 rQ`F2`b BMiQ ;`QmTb �++Q`/BM; iQ i?2B` �;2- T`2@/2p�Hm�iBQM H2p2H Q7
BM+QK2 UBM/2t2/ #v lV- �M/ T`2@/2p�Hm�iBQM BM+QK2 ;`Qri? UBM/2t2/ #v gVX h?2M- r2 +QKTmi2 i?2 �p2`�;2
BM+QK2 Uyl,gt+k 7Q` k 2 {�12, 0, 12, 24, 36, 48}V �+`Qbb �HH rQ`F2`b rBi?BM 2�+? Q7 i?2b2 k-yyy +2HHbX 6BM�HHv- r2
2biBK�i2 i?2 7QHHQrBM; 2[m�iBQM pB� PGa,

yl,gt+k � yl,gt =
50X

l=1

↵l Ȳ {l}+
50X

g=1

�g �̄Y {g}+ "l,gt , U*XjV

r?2`2 Ȳ {l} Bb � /mKKv p�`B�#H2 2[m�H iQ QM2 B7 i?2 Q#b2`p�iBQM #2HQM;b iQ � ;`QmT Q7 rQ`F2`b BM i?2 l@i?
[m�MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQM- �M/ �̄Y {g} Bb � /mKKv p�`B�#H2 2[m�H iQ QM2 B7 i?2
Q#b2`p�iBQM #2HQM;b iQ � ;`QmT Q7 rQ`F2`b BM i?2 g@i? [m�MiBH2 Q7 i?2 T`2@/2p�Hm�iBQM /Bbi`B#miBQM Q7 BM+QK2
;`Qri?X 6B;m`2 *XRy THQib i?2 2biBK�i2/ p�Hm2b Q7 ↵l �i /Bz2`2Mi ?Q`BxQMb �b � 7mM+iBQM Q7 rQ`F2`bǶ TQbBiBQM
BM i?2 T`2@/2p�Hm�iBQM BM+QK2 /Bbi`B#miBQMX *QMi`QHHBM; 7Q` rQ`F2`bǶ T`2@/2p�Hm�iBQM BM+QK2 ;`Qri? /Q2b MQi
�z2+i Qm` K�BM 7�+i �#Qmi i?2 ?2i2`Q;2M2Qmb `2+Qp2`v �7i2` i?2 kyyk /2p�Hm�iBQMX h?mb- Qm` K�BM 7�+i Bb MQi
/`Bp2M #v K2�M `2p2`bBQM BM ;`Qri? `�i2bXk9

6B;m`2 *XRy Ĝ �p;X BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR, *QM@
i`QHb 7Q` T�bi i`2M/b
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LQi2b, h?2 };m`2 /2b+`B#2b �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7
�p2`�;2 KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e
KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X h?2 };m`2 THQib i?2 +Q2{+B2Mib ↵l 7`QK �M PGa
2biBK�iBQM Q7 2[m�iBQM U*XjVX

k9q2 BMbT2+i2/ i?2 2biBK�i2/ p�Hm2b Q7 �g �M/ 7QmM/ 2pB/2M+2 Q7 K2�M `2p2`bBQM BM BM+QK2 ;`Qri?- �b BM
:mp2M2M 2i �HX UkyR9VX >Qr2p2`- r2 }M/ i?�i i?Bb K2�M `2p2`bBQM ?�b MQ bBx�#H2 BKT�+i QM i?2 K�BM 7�+i
/Q+mK2Mi2/ BM i?2 T�T2`X

je



*Xk �M�iQKv Q7 i?2 _2+Qp2`v, � aBKTH2 o�`B�M+2 .2+QKTQbBiBQM
q2 /2+QKTQb2 i?2 Qp2`�HH +`Qbb@b2+iBQM�H p�`B�M+2 Q7 HQ; `2�H BM+QK2 BMiQ #2ir22M �M/ rBi?BM +QKTQM2Mib
�+`Qbb b2+iQ`b �M/ }`KbX G2i yijst #2 i?2 HQ; `2�H BM+QK2 Q7 rQ`F2` i 2KTHQv2/ BM }`K j BM 9@/B;Bi b2+iQ` s

BM T2`BQ/ tX h?Bb +�M #2 `2r`Bii2M BM i?2 7QHHQrBM; r�v,

yijst ⌘ ȳst + [ȳjst � ȳst] + [yijst � ȳjst] ,

r?2`2 ȳst Bb i?2 �p2`�;2 HQ; `2�H BM+QK2 BM b2+iQ` s- �M/ ȳjst Bb i?2 �p2`�;2 HQ; `2�H BM+QK2 BM }`K j BM b2+iQ`
sX h?2M- i?2 p�`B�M+2 Q7 yijst +�M #2 /2+QKTQb2/ BMiQ i?`22 +QKTQM2Mib,

var (yijst) ⌘ vars (ȳst)| {z }
"2ir22M@b2+iQ` /BbT2`bBQM

+
X

s

!stvarj [ȳjst|j 2 s]

| {z }
"2ir22M@}`K /BbT2`bBQM

+
X

j

!jtvar [yijst|i 2 (j, s)]

| {z }
qBi?BM@}`K /BbT2`bBQM

, U*X9V

r?2`2 !st Bb i?2 2KTHQvK2Mi b?�`2 Q7 b2+iQ` s BM i?2 b�KTH2 �M/ !jt Bb i?2 2KTHQvK2Mi b?�`2 Q7 }`K jX h?2
}`bi i2`K +�Tim`2b i?2 #2ir22M@b2+iQ` p�`B�M+2 Q7 b2+iQ`�H K2�M HQ; `2�H BM+QK2X h?2 b2+QM/ i2`K Bb i?2
r2B;?i2/ �p2`�;2 Q7 i?2 rBi?BM@b2+iQ` �M/ #2ir22M@}`K p�`B�M+2 Q7 }`K �p2`�;2 HQ; `2�H BM+QK2X h?2 H�bi
i2`K Bb i?2 r2B;?i2/ �p2`�;2 Q7 i?2 rBi?BM@b2+iQ` �M/ rBi?BM@}`K p�`B�M+2 Q7 rQ`F2`bǶ HQ; `2�H BM+QK2X

6B;m`2 *XRR- S�M2Hb � �M/ "- THQi i?2 `2bmHib Q7 i?2 /2+QKTQbBiBQM 7Q` 2�+? KQMi? #2ir22M C�Mm�`v
kyyy �M/ .2+2K#2` kyyeX .m`BM; i?Bb T2`BQ/- i?2 +`Qbb@b2+iBQM�H p�`B�M+2 Q7 HQ; `2�H BM+QK2 /2+`2�b2/ #v
kRXR HQ; TQBMibX P7 i?Bb iQi�H /2+`2�b2- � /2+`2�b2 Q7 dXR HQ; TQBMib r�b /m2 iQ i?2 #2ir22M@b2+iQ` +QKTQM2Mi-
� /2+`2�b2 Q7 dXk HQ; TQBMib r�b /m2 iQ i?2 #2ir22M@}`K +QKTQM2Mi- �M/ � /2+`2�b2 Q7 eX3 HQ; TQBMib r�b
/m2 iQ i?2 rBi?BM@}`K +QKTQM2MiX h?�i Bb- 2�+? +QKTQM2Mi �HKQbi 2[m�HHv �++QmMib 7Q` jjW Q7 i?2 /2+HBM2
BM H�#Q` BM+QK2 BM2[m�HBivX

� M�im`�H 7QHHQr@mT [m2biBQM Bb, >Qr BKTQ`i�Mi Bb i?2 `2�HHQ+�iBQM Q7 rQ`F2`b iQ 2tTH�BM i?2 #2ir22M@
b2+iQ` +QKTQM2Mi\ hQ �Mbr2` i?Bb [m2biBQM r2 +QKTmi2 � 7m`i?2` /2+QKTQbBiBQM Q7 i?2 +?�M;2 BM i?2
#2ir22M@b2+iQ` +QKTQM2Mi BM 2[m�iBQM U*X9V,

�vars (ȳst) =
X

s

!st

h
(ȳst � ȳt)

2 � (ȳst�1 � ȳt�1)
2
i

| {z }
6Bt2/ r2B;?ib

U*X8V

+
X

s

(!st � !st�1) (ȳst�1 � ȳt�1)
2

| {z }
6Bt2/ /BbT2`bBQM

.

>2`2 � /2MQi2b i?2 /Bz2`2M+2 QT2`�iQ`- BX2X- �yt = yt�yt�1X h?2 }`bi i2`K +�Tim`2b +?�M;2b BM i?2 #2ir22M@
b2+iQ` +QKTQM2Mi /m2 iQ +?�M;2b BM b2+iQ`�H b[m�`2/ /2pB�iBQMb 7`QK i?2 �p2`�;2 H�#Q` BM+QK2X h?2 b2+QM/
i2`K +�Tim`2b i?2 +QMi`B#miBQM Q7 +?�M;2b BM i?2 r2B;?i Q7 2�+? b2+iQ`X 6B;m`2 *XRR@S�M2H * THQib i?2 `2bmHib
Q7 i?Bb /2+QKTQbBiBQMX P7 i?2 Qp2`�HH /2+HBM2 BM i?2 #2ir22M@b2+iQ` +QKTQM2Mi Q7 eXe HQ; TQBMib- RX9 HQ;
TQBMib �`2 �++QmMi2/ 7Q` #v i?2 `2�HHQ+�iBQM Q7 rQ`F2`b �+`Qbb b2+iQ`b �M/ 8Xk HQ; TQBMib #v rBi?BM@b2+iQ`
+?�M;2b BM i?2 /2pB�iBQMb 7`QK i?2 �p2`�;2 H�#Q` BM+QK2X h?mb- QMHv kRW Q7 i?2 /2+HBM2 BM i?2 #2ir22M@b2+iQ`
+QKTQM2Mi Bb /m2 iQ i?2 `2�HHQ+�iBQM Q7 rQ`F2`b �+`Qbb b2+iQ`bX

q2 `2T2�i � bBKBH�` 2t2`+Bb2 7Q` #2ir22M@}`K /BbT2`bBQM �M/ }M/ i?�i i?2 p�`B�M+2 �+`Qbb }`KbǶ r�;2b
/2+`2�b2b /2bTBi2 i?2 `2�HHQ+�iBQM Q7 rQ`F2`bX q2 /2+QKTQb2 +?�M;2b BM #2ir22M@}`K /BbT2`bBQM BM i?`22

jd



i2`Kb �++Q`/BM; iQ i?2 7QHHQrBM; B/2MiBiv,

�
X

s

!stvarj [ȳjst|j 2 s] =
X

s,j2Jst&Jst�1

!st!jst

h
(ȳjst � ȳst)

2 � (ȳjst�1 � ȳst�1)
2
i

| {z }
6Bt2/ r2B;?ib

U*XeV

+
X

s,j2Jst&Jst�1

[!st!jst � !st�1!jst�1] (ȳjst � ȳst)
2

| {z }
6Bt2/ /BbT2`bBQM

+
X

s,j2Jst/Jst�1

!st!jst (ȳjst � ȳst)
2 �

X

s,j2Jst�1/Jst

!st!jst (ȳjst � ȳst)
2

| {z }
L2i 2Mi`v

.

>2`2 Jst /2MQi2b i?2 b2i Q7 }`Kb BM b2+iQ` s �i iBK2 tX h?2 }`bi irQ i2`Kb ?�p2 i?2 b�K2 2+QMQKB+
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/m2 iQ i?2 `2�HHQ+�iBQM Q7 rQ`F2`b #2ir22M bm`pBp�H �M/ M2r }`Kb Bb Qp2`b?�/Qr2/ #v i?2 /2+HBM2 BM i?2
/BbT2`bBQM Q7 K2�M H�#Q` BM+QK2 �+`Qbb }`KbX h?2`27Q`2- i?2 p�`B�M+2 �+`Qbb }`KbǶ r�;2b /2+`2�b2b /2bTBi2
i?2 `2�HHQ+�iBQM Q7 rQ`F2`b #2ir22M bm`pBp�H �M/ M2r }`KbX

j3



6B;m`2 *XRR Ĝ o�`B�M+2 /2+QKTQbBiBQM �+`Qbb b2+iQ`b- }`Kb- �M/ rQ`F2`b

2002 2004 2006

0.4

0.5

0.6

0.7

hBK2

HQ;
@T

QBM
ib

⇥
Ry

y

�@ hQi�H

2002 2004 2006
0.1

0.15

0.2

0.25

0.3

hBK2

HQ;
@T

QBM
ib

⇥
Ry

y

"@ .2+QKTQbBiBQM

a2+iQ` 6B`K
qQ`F2`

2002 2004 2006
�0.08

�0.06

�0.04

�0.02

0

0.02

0.04

0.06

hBK2

HQ;
@T

QBM
ib

⇥
Ry

y

*@ a2+iQ`@H2p2H p�`B�M+2
6Bt2/ r2B;?ib 6Bt2/ /BbTX
hQi�H

2002 2004 2006
�0.1
�0.08
�0.06
�0.04
�0.02

0
0.02
0.04
0.06
0.08

hBK2

HQ;
@T

QBM
ib

⇥
Ry

y
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L2i 2Mi`v hQi�H

LQi2b, h?2 };m`2 THQib i?2 iQi�H p�`B�M+2 �M/ Bib /2+QKTQbBiBQM �++Q`/BM; iQ U*X9V 7`QK C�Mm�`v Q7 kyyy
iQ .2+2K#2` Q7 kyyeX h?2 b2+iQ` +QKTQM2Mi Bb vars[ȳst]- r?2`2 ȳst Bb i?2 �p2`�;2 BM+QK2 �i b2+iQ` s /2}M2/
�i 9@/B;Bi aA* H2p2HX h?2 }`K +QKTQM2Mi Bb

P
s !stvars[ȳjst]- r?2`2 ȳjst Bb i?2 �p2`�;2 BM+QK2 �i }`K j BM

b2+iQ` b �M/ !st Bb Bib rQ`F2`bǶ b?�`2X h?2 rQ`F2` +QKTQM2Mi Bb
P

j !jtvarj [ȳijst]- r?2`2 ȳijst Bb i?2 H�#Q`
BM+QK2 Q7 rQ`F2` i �i }`K j BM b2+iQ` s �M/ !jt Bb i?2 }`KǶb j rQ`F2`b b?�`2 X
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*Xj 1+QMQKB+ J2+?�MBbK AA, >2i2`Q;2M2Qmb AM+QK2 6HQQ`b
h?Bb b2+iBQM T`2b2Mib �//BiBQM�H bi�iBbiB+b QM i?2 `QH2 Q7 mMBQMb BM �`;2MiBM�Ƕb H�#Q` K�`F2i iQ +QKTH2K2Mi
Qm` �M�HvbBb BM a2+iBQM 8X

>2`2 r2 /Bb+mbb i?2 `QH2b TH�v2/ #v mMBQMb BM +QMi`B#miBM; iQ i?2 +QKT`2bbBQM Q7 i?2 BM+QK2 /Bbi`B#miBQM
7`QK #2HQrX h?2 �`;2MiBMB�M mMBQM bvbi2K Bb +?�`�+i2`Bx2/ #v � ?B;? /2;`22 Q7 +2Mi`�HBx�iBQM- #v r?B+?
� bBM;H2 mMBQM Bb ;Bp2M i?2 KQMQTQHv TQr2` #v H�r iQ `2T`2b2Mi rQ`F2`b rBi?BM � bT2+B}+ BM/mbi`v- #`�M+?
Q7 �+iBpBiv- Q` ivT2 Q7 Q++mT�iBQM- B``2bT2+iBp2 Q7 r?2i?2` i?2 rQ`F2` Bb �M mMBQM K2K#2`X lMBQMb i2M/ iQ
M2;QiB�i2 i?2 r�;2b Q7 #Hm2@+QHH�` rQ`F2`b �M/ i?2 HQr2` `�MFb Q7 r?Bi2@+QHH�` rQ`F2`bX h?mb- i?2 r�;2b Q7
2KTHQv22b BM �/KBMBbi`�iBp2 �M/ K�M�;2`B�H DQ#b �`2 mbm�HHv MQi +Qp2`2/ #v mMBQM +QHH2+iBp2 #�`;�BMBM;- �M/
�`2 KQ`2 bm#D2+i iQ +QKT2iBiBp2 7Q`+2bX

aQK2 Q7 i?2 KQbi BKT`2bbBp2 2pB/2M+2 7Q` i?2 2z2+ib Q7 mMBQMBx�iBQM QM i?2 +QKT`2bbBQM Q7 i?2 BM+QK2
/Bbi`B#miBQM Bb T`2b2Mi2/ BM S�M2H � Q7 6B;m`2 *XRk- r?B+? b?Qrb i?2 MmK#2` Q7 +QMi`�+ib M2;QiB�i2/ #v mMBQMb
�M/ }`Kb BM Rk b2+iQ`b #2ir22M RNNe �M/ kyy3X h?2 };m`2 /BbiBM;mBb?2b #2ir22M +QMi`�+ib bB;M2/ #2ir22M
� mMBQM �M/ � bBM;H2 }`K �M/ i?Qb2 bB;M2/ #2ir22M � mMBQM �M/ `2T`2b2Mi�iBp2b Q7 i?2 2MiB`2 BM/mbi`vXk8

h?2 ;2M2`�H T�ii2`M i?�i 2K2`;2b �+`Qbb b2+iQ`b Bb i?�i BM i?2 v2�`b i?�i H2/ iQ i?2 `2+2bbBQM- i?2 Qp2`�HH
+QHH2+iBp2 #�`;�BMBM; T`Q+2bb r�b `�i?2` r2�FX h?Bb 2tTH�BMb i?2 `2H�iBp2Hv +QMbi�Mi �p2`�;2 r�;2 Q7 7Q`K�H
rQ`F2`b /m`BM; i?2 `2+2bbBQM T2`BQ/Xke >Qr2p2`- �7i2` i?2 BM+`2�b2 BM BM~�iBQM #`Qm;?i �#Qmi #v i?2 kyyk
/2p�Hm�iBQM- i?2`2 Bb � `�TB/ BM+`2�b2 BM i?2 MmK#2` Q7 +QMi`�+ib `2M2;QiB�i2/X h?2 b2+QM/ TB2+2 Q7 bm;;2biBp2
2pB/2M+2 +QM+2`Mb r?B+? rQ`F2`b �`2 KQ`2 HBF2Hv iQ #2M2}i 7`QK i?2 `2M2;QiB�iBQM Q7 +QHH2+iBp2 #�`;�BMBM;
�;`22K2MibX
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k8h?2 bQm`+2 Q7 i?2b2 /�i� �`2 i?2 Q`B;BM�H /Q+mK2Mib bB;M2/ #v i?2 T�`iB2b BM 2�+? +QHH2+iBp2 #�`;�BMBM;
+QMi`�+i �TT`Qp2/ #v i?2 �`;2MiBMB�M JBMBbi`v Q7 G�#Q`X h?2 b�KTH2 Q7 +QMi`�+ib BM+Hm/2b QMHv +QMi`�+ib
i?�i KQ/B}2/ i?2 b+�H2 Q7 #�bB+ r�;2b Q7 rQ`F2`bX

ke"27Q`2 kyyk- i?2 �`;2MiBMB�M H�r �HHQr2/ 2tTB`2/ +QMi`�+ib iQ `2K�BM p�HB/ mMiBH � M2r +QMi`�+i r�b
bB;M2/ #v i?2 mMBQM �M/ i?2 }`KbX h?2 `2bmHi Q7 i?Bb H�r r�b i?�i /m`BM; i?2 RNNyb � H�`;2 T`QTQ`iBQM Q7 i?2
r�;2b `2K�BM2/ /2i2`KBM2/ #v +QMi`�+ib M2;QiB�i2/ �i i?2 #2;BMMBM; Q7 i?2 /2+�/2 i?�i r2`2MǶi `2M2;QiB�i2/
�7i2` i?2B` 2tTB`�iBQMX
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6B;m`2 *XRj Ĝ LQ`K�HBx2/ H�#Q` BM+QK2 #v mMBQM +Qp2`�;2 �M/ H�#Q` BM+QK2 BM *"�b
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LQi2b, S�M2Hb � iQ 1 THQi i?2 �p2`�;2 H�#Q` BM+QK2 �+`Qbb Q++mT�iBQMb BM i?2 *"�b �M/ i?2 �p2`�;2 H�#Q`
BM+QK2 Q7 rQ`F2`b +Qp2`2/ �M/ MQi +Qp2`2/ #v mMBQMbX � rQ`F2` #2HQM;b iQ i?2 ;`QmT ǳ*Qp2`2/Ǵ B7 b?2 Bb
mMBQMBx2/ BM CmM2 kyyjX � rQ`F2` #2HQM;b iQ i?2 ;`QmT ǳ*Qp2`2/ � _�M;2Ǵ B7 b?2 Bb mMBQMBx2/ BM CmM2 kyyj
�M/ ?2` BM+QK2 Bb #2ir22M i?2 HQr2bi �M/ ?B;?2bi BM+QK2b �+`Qbb Q++mT�iBQMb BM i?2 *"� BM P+iQ#2` kyykX
� rQ`F2` #2HQM;b iQ i?2 ;`QmT ǳLQi *Qp2`2/Ǵ B7 b?2 Bb MQi mMBQMBx2/ BM CmM2 kyyjX
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. �//BiBQM�H J2+?�MBbKb �M/ _Q#mbiM2bb, �//BiBQM�H
_2bmHib

.XR a2+iQ`�H h`�/2 1tTQbm`2
h?Bb b2+iBQM T`2b2Mib �//BiBQM�H bi�iBbiB+b QM i?2 `QH2 Q7 i`�/2 BM �`;2MiBM�Ƕb H�#Q` K�`F2i iQ +QKTH2K2Mi
Qm` �M�HvbBb BM a2+iBQM eX

hBK2 b2`B2b Q7 i`�/�#H2 �M/ MQMi`�/�#H2 b2+iQ`bX h?2 K�BM i2ti +?�`�+i2`Bx2b i?2 /Bbi`B@
#miBQM�H BKT�+i Q7 i`�/2 BM 6B;m`2 RkX >2`2- r2 T`2b2Mi � iBK2 b2`B2b �M�HvbBb Q7 i`�/�#H2 �M/ MQM@i`�/�#H2
b2+iQ`b iQ b?Qr i?2 `2�HHQ+�iBQM Q7 H�#Q` �M/ HQM;2` i`2M/b Q7 b2+iQ`�H H�#Q` BM+QK2X

6B;m`2 .XR THQib i?2 �p2`�;2 `2�H H�#Q` BM+QK2 �+`Qbb b2+iQ`b- MQ`K�HBx2/ #v i?2 �p2`�;2 BM+QK2 BM i?2
MQMi`�/�#H2 b2+iQ` BM RNNeX q2 +�M b22 irQ +H2�` T�ii2`Mb �`QmM/ i?2 kyyk /2p�Hm�iBQMX 6B`bi- i?2`2 Bb MQ
T`2@/2p�Hm�iBQM ;�T �+`Qbb b2+iQ`b /m`BM; #Qi? i?2 2tT�MbBQM �M/ i?2 `2+2bbBQMX A7 i?2`2 Bb �Mv i`2M/- i?Bb
i`2M/ b?Qrb � 7�bi2` /2+HBM2 BM i`�/�#H2 b2+iQ` H�#Q` BM+QK2 `2H�iBp2 iQ MQMi`�/�#H2X a2+QM/- �7i2` i?2 kyyk
/2p�Hm�iBQM i?2`2 Bb � TQbBiBp2 ;�T #2ir22M �p2`�;2 H�#Q` BM+QK2 BM i?2 i`�/�#H2 �M/ MQM@i`�/�#H2 b2+iQ`b
i?�i `2�+?2/ � K�;MBim/2 Q7 RyW BM kyy8X h?2 bm`T`BbBM; 7�+i BM i?2 /�i� Bb i?�i i?Bb ;�T T2`bBbib mMiBH kyRy
U3 v2�`b �7i2` i?2 kyyk /2p�Hm�iBQMVX AM +QM+HmbBQM- i?2`2 Bb � bB;MB}+�Mi /Bz2`2M+2 BM H�#Q` BM+QK2 /vM�KB+b
�+`Qbb i?2 i`�/�#H2 �M/ MQMi`�/�#H2 b2+iQ`b i?�i [m�HBi�iBp2Hv 7QHHQrb i?2 T`2/B+i2/ BM+`2�b2 BM `2p2Mm2 BM
i`�/�#H2 b2+iQ`b `2H�iBp2 iQ i?2 MQMi`�/�#H2X

6B;m`2 .XR Ĝ G�#Q` BM+QK2 #v b2+iQ`
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LQi2b, h?2 };m`2 b?Qrb KQMi?Hv �p2`�;2 UHQ;V `2�H BM+QK2 7`QK RNNd i?B`/ [m�`i2` iQ kyRy b2+QM/ [m�`i2`
7Q` i?2 i`�/�#H2 �M/ MQMi`�/�#H2 b2+iQ`bX h?2 p�`B�#H2b �`2 b2�bQM�HHv �/Dmbi2/ �M/ MQ`K�HBx2/ #v i?2
�p2`�;2 BM+QK2 BM RNNe BM MQMi`�/�#H2 b2+iQ`bX _2+2bbBQM T2`BQ/b �`2 BM ;`�v �M/ KQMi?Hv /2p�Hm�iBQMb
H�`;2` i?�M RyW �`2 BM /Qii2/ #H�+F HBM2bX

Ai Bb � r2HH@FMQrM 7�+i BM i?2 HBi2`�im`2 QM bi`m+im`�H +?�M;2 i?�i i?2`2 Bb � rQ`H/@rB/2 b2+mH�` /2+HBM2 BM
2KTHQvK2Mi BM i?2 i`�/�#H2 b2+iQ` Ub22 "m2`� �M/ E�#QbFB UkyRkVVX �`;2MiBM� Bb MQi �M 2t+2TiBQMX 6B;m`2
.Xk@S�M2H � b?Qrb i?2 b?�`2 Q7 i`�/�#H2 2KTHQvK2Mi 7`QK RNNd iQ kyydX h?Bb b?�`2 /2+HBM2/ 7`QK 9yW
iQ jeW Qp2` Ry v2�`b- rBi? �M �p2`�;2 /2+HBM2 Q7 yXjjW T2` v2�`X qBi?BM i?2 +QMi2ti Q7 � HQr@7`2[m2M+v
`2�HHQ+�iBQM Q7 H�#Q` �b T�`i Q7 bi`m+im`�H +?�M;2- r2 }M/ � bK�HH `2�HHQ+�iBQM Q7 H�#Q` iQr�`/ i?2 i`�/�#H2
b2+iQ` �7i2` H�`;2 /2p�Hm�iBQMbX .m`BM; kyyk- r?2M i?2 +m``2M+v /2p�Hm2/ #v Ryy HQ;@TQBMib- i?2 b?�`2 Q7
i`�/�#H2 2KTHQvK2Mi BM+`2�b2/ #v QMHv RWX
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6B;m`2 .Xk Ĝ a2+iQ`�H 2KTHQvK2Mi
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LQi2b, S�M2Hb � �M/ " b?Qr i?2 2KTHQvK2Mi b?�`2 BM i?2 i`�/�#H2 b2+iQ` �M/ i?2 UHQ;V iQi�H 2KTHQvK2Mi
BM i?2 i`�/�#H2 �M/ MQMi`�/�#H2 b2+iQ`b- `2bT2+iBp2HvX hQi�H 2KTHQvK2Mi �+`Qbb b2+iQ`b Bb MQ`K�HBx2/ iQ x2`Q
BM .2+2K#2` kyyRX _2+2bbBQM T2`BQ/b �`2 BM ;`�v �M/ KQMi?Hv /2p�Hm�iBQMb H�`;2` i?�M RyW �`2 BM /Qii2/
#H�+F HBM2bX

:Bp2M i?2 iBKBM; Q7 i?2 Q`B;BM�iBQM Q7 i?2 T2`K�M2Mi ;�T #2ir22M b2+iQ`�H BM+QK2- r2 r�Mi iQ mM/2`bi�M/
r?2i?2` i?2 rQ`F2`b /`BpBM; i?Bb ;�T �`2 BM i?2 #QiiQK Q` i?2 iQT Q7 i?2 /Bbi`B#miBQM- Q` r?2i?2` Bi Bb mMB7Q`K
�+`Qbb i?2 /Bbi`B#miBQMX 6B;m`2 .Xj �Mbr2`b i?2b2 [m2biBQMbX 6B;m`2 .Xj b?Qrb- BM S�M2Hb � �M/ "- i?2
MQ`K�HBx2/ T2`+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM BM 2�+? b2+iQ`- �M/ S�M2Hb * �M/ . i?2 BMi2`[m�`iBH2 `�M;2
�M/ i?2 bi�M/�`/ /2pB�iBQMX

h?2 }`bi T�ii2`M r2 b22 BM 6B;m`2 .Xj Bb i?2 H�+F Q7 /vM�KB+b BM i?2 BM+QK2 /Bbi`B#miBQM �+`Qbb T2`+2MiBH2b
BM 2�+? b2+iQ` #27Q`2 i?2 /2p�Hm�iBQMX h?mb- i?2 BMi2`[m�`iBH2 `�M;2 �M/ i?2 bi�M/�`/ /2pB�iBQM �`2 +QMbi�Mi
#27Q`2 kyykX h?2b2 7�+ib /Q MQi BKTHv i?�i i?2 BM+QK2 /Bbi`B#miBQMb �`2 2[m�H �+`Qbb b2+iQ`bX h?2 BMi2`[m�`iBH2
`�M;2 �M/ i?2 bi�M/�`/ /2pB�iBQM �`2 H�`;2` BM i?2 i`�/�#H2 b2+iQ`- BKTHvBM; � H�`;2` /BbT2`bBQM +QKBM; 7`QK
i?2 iQT Q7 i?2 /Bbi`B#miBQMX

h?2 b2+QM/ T�ii2`M Bb 2�bB2` iQ pBbm�HHv �TT`2+B�i2 }p2 v2�`b �7i2` i?2 /2p�Hm�iBQMX �HH Q7 i?2 T2`+2MiBH2b
Q7 i?2 BM+QK2 /Bbi`B#miBQM BM i?2 i`�/�#H2 b2+iQ` �`2 H�`;2` i?�M i?2 T2`+2MiBH2b BM i?2 MQMi`�/�#H2 b2+iQ`X
h?mb- /Bz2`2M+2b �+`Qbb i?2 2MiB`2 /Bbi`B#miBQM �`2 `2bTQMbB#H2 7Q` i?2 Q#b2`p2/ ;�T BM `2H�iBp2 `2�H BM+QK2
BM i`�/�#H2 `2H�iBp2 iQ MQMi`�/�#H2 b2+iQ`bX
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6B;m`2 .Xj Ĝ S2`+2MiBH2b Q7 `2�H H�#Q` BM+QK2 /Bbi`B#miBQM #v b2+iQ`
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LQi2b, h?2 };m`2 /2TB+ib bi�iBbiB+b 7Q` KQMi?Hv `2�H BM+QK2 7`QK C�Mm�`v kyyy iQ .2+2K#2` kyyeX S�M2H
� U" `2bTXV /2b+`B#2b i?2 T2`+2MiBH2b BM i?2 Lh Uh `2bTXV b2+iQ` Q7 i?2 HQ; BM+QK2 /Bbi`B#miBQM U⇥ RyyV
MQ`K�HBx2/ #v i?2 �p2`�;2 /m`BM; kyyRX q2 mb2 Lh Uh `2bTXV iQ /2MQi2 i?2 MQMi`�/�#H2 Ui`�/�#H2 `2bTXV
b2+iQ`X q2 mb2 Px iQ i?2 t T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQMX S�M2Hb " �M/ * /2b+`B#2 i?2 BMi2`[m�`iBH2 `�M;2
UP75� P25V �M/ E2HH2vǶb bF2rM2bb UP90+P10�2P50

P90�P10 V 7Q` i?2 b�K2 iBK2 T2`BQ/ �+`Qbb b2+iQ`bX

a2+iQ`�H i`�/2 2tTQbm`2 �i BMTmi@QmiTmi K�i`Bt H2p2HX q2 �M�Hvx2 i?2 /2i2`KBM�Mib Q7
BM+QK2 /Bz2`2M+2b �+`Qbb b2+iQ`b �i � KQ`2 /Bb�;;`2;�i2/ H2p2HX >2`2- i?2 b2+iQ`b �`2 /2}M2/ �i BMTmi@QmiTmi
K�i`Bt H2p2H- +HQb2 iQ � j@/B;Bi aA* +H�bbB}+�iBQMX JQ`2 bT2+B}+�HHv- r2 `2T`Q/m+2 i?2 �M�HvbBb BM a2+iBQM e BM
irQ bi2TbX 6B`bi- r2 HBM2�`Hv T`QD2+i b2+iQ`�H H�#Q` BM+QK2 ;`Qri? rBi? _1_ �M/ Bib BMi2`�+iBQM rBi? i`�/2
2tTQbm`2X a2+QM/- r2 mb2 i?2 T`2/B+i2/ p�Hm2b iQ `2+QMbi`m+i �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i`�/2
2tTQbm`2X

Pm` ;Q�H 7Q` i?Bb �M�HvbBb Bb iQ 2biBK�i2 ?Qr b2+iQ`�H BM+QK2 +?�M;2b +Q``2H�i2 rBi? i?2 _1_ BM `2bTQMb2
iQ /Bz2`2M+2b BM i`�/2 2tTQbm`2X h?2 mbm�H +QM+2`M rBi? i?Bb ivT2 Q7 �M�HvbBb Bb i?�i i?2b2 p�`B�#H2b �`2 MQi
2tQ;2MQmbX hQ �HH2pB�i2 bm+? +QM+2`Mb- r2 2biBK�i2 i?2 7QHHQrBM; 2[m�iBQM,

�outcomest = ↵s + �t + ��RERt ⇥ AM/X AKTQ`i a?�`2s1997 + ��RERt ⇥ AM/X 1tTQ`i a?�`2s1997
+��RERt ⇥ AKTQ`i S2M2i`�iBQMs1997 + "st, U.XdV
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r?2`2 �outcomest Bb i?2 �MMm�H +?�M;2 BM bQK2 Qmi+QK2 p�`B�#H2 BM b2+iQ` s �i iBK2 t U2X;X- H�#Q` BM+QK2
;`Qri?V- �RERt Bb i?2 �MMm�H +?�M;2 BM i?2 `2�H 2t+?�M;2 `�i2- �M/ ✓s �M/ �t �`2 b2+iQ` �M/ iBK2 }t2/
2z2+ib- `2bT2+iBp2HvX h?2 p�`B�#H2b Q7 BMi2`2bi �`2 i?2 BMi2`�+iBQMb #2ir22M i?2 _1_ rBi? AKTX a?�`2s-
1tTX a?�`2s- �M/ AKT S2M2i`�iBQMsX h?2 BM/B`2+i BKTQ`i b?�`2 �M/ i?2 2tTQ`i b?�`2 �`2 i?2 BM/B`2+i b?�`2
Q7 BKTQ`i2/ BMi2`K2/B�i2 Qp2` iQi�H BMTmib �M/ i?2 BM/B`2+i 2tTQ`i b?�`2 BM b2+iQ` s Qp2` iQi�H T`Q/m+iBQM
7`QK i?2 L�iBQM�H AMTmi@PmiTmi J�i`Bt BM RNNd- r?B+? �`2 T`2/2i2`KBM2/ `2H�iBp2 iQ i?2 b�KTH2 Ub22 6`ő�b-
E�TH�M �M/ o2`?QQ;2M- kyyN- 7Q` � bBKBH�` �TT`Q�+?VX AKTQ`i T2M2i`�iBQM Bb iQi�H BKTQ`ib Qp2` QmiTmi KBMmb
i`�/2 #�H�M+2X

h?2 +Q2{+B2Mib Q7 i?2 BMi2`�+iBQM i2`Kb �- �- �M/ � +�Tim`2 i?2 2z2+i Q7 +?�M;2b BM `2H�iBp2 T`B+2b /m2
iQ ~m+im�iBQM BM _1_ QM H�#Q` BM+QK2X lM/2` i?2 �bbmKTiBQM i?�i b2+iQ`�H H�#Q` BM+QK2 Bb T`QTQ`iBQM�H
iQ b2+iQ`�H `2p2Mm2- i?2Q`v T`2/B+ib � TQbBiBp2 +Q2{+B2Mi 7Q` 2tTQ`iBM; b2+iQ`b �M/ i?Qb2 rBi? ?B;? BKTQ`i
T2M2i`�iBQM- �M/ M2;�iBp2 7Q` b2+iQ`b `2HvBM; QM BKTQ`i2/ BMi2`K2/B�i2 BMTmibX

h�#H2 .XR Ĝ a2+iQ`�H 1z2+ib Q7 � .2p�Hm�iBQM

URV UkV
:`Qri? �p2`�;2 BM+QK2 �p2`�;2 BM+QK2 ;`Qri?

�RERt ⇥ IS @yXRd9⇤⇤⇤ @yXR33⇤⇤⇤
UyXyjkV UyXyjkV

�RERt ⇥ ES yXk9y⇤⇤⇤ yXkNk⇤⇤⇤
UyXyRdV UyXyR3V

�RERt ⇥ IP yXykN⇤⇤ @yXyyk
UyXyR9V UyXyR8V

N RkyNR RkyNR
R2 yXdj8 yXdNk

LQi2b, h?2 /2T2M/2Mi p�`B�#H2b �`2 i?2 �p2`�;2 Q7 rBi?BM@rQ`F2` BM+QK2 �MMm�H ;`Qri? #v b2+iQ` �M/ i?2 �MMm�H ;`Qri? `�i2
Q7 �p2`�;2 b2+iQ`�H BM+QK2X h?2 BM/2T2M/2Mi p�`B�#H2b BM+Hm/2 i?2 BMi2`�+iBQM Q7 i?2 �MMm�H +?�M;2 BM i?2 _1_ rBi? i?2 2tTQ`i
b?�`2 #v BM/mbi`v- i?2 b?�`2 Q7 BKTQ`i2/ BMi2`K2/B�i2 BMTmib �M/ BKTQ`i T2M2i`�iBQM- �M/ iBK2 �M/ BM/mbi`v }t2/ 2z2+ibX h?2
2biBK�iBQM K2i?Q/ mb2/ BM �HH +QHmKMb Bb PGaX ⇤- ⇤⇤- �M/ ⇤ ⇤ ⇤ `2T`2b2Mi bi�iBbiB+�H bB;MB}+�M+2 �i i?2 RyW- 8W- �M/ RW H2p2H-
`2bT2+iBp2HvX

h?2`2 Bb � ?2i2`Q;2M2Qmb +Q``2H�iBQM Q7 b2+iQ`�H H�#Q` BM+QK2 rBi? _1_ �b � 7mM+iBQM Q7 b2+iQ`�H i`�/2
2tTQbm`2X _2bmHib �`2 b?QrM BM h�#H2 .XRX AM i?2 }`bi �M/ b2+QM/ +QHmKMb- i?2 Qmi+QK2 p�`B�#H2b �`2 i?2
�p2`�;2 BM+QK2 ;`Qri? �M/ i?2 ;`Qri? `�i2 Q7 �p2`�;2 b2+iQ`�H BM+QK2X hQ BMi2`T`2i i?2 +Q2{+B2Mi- `2K2K#2`
i?�i H�#Q` BM+QK2 /2+`2�b2b rBi? _1_ �b r2 2tTH�BM BM i?2 K�BM i2tiX q?BH2 BM+QK2 BM 2tTQ`iBM; b2+iQ`b �M/
b2+iQ`b rBi? ?B;? BKTQ`i T2M2i`�iBQM 7�HHb #v H2bb �7i2` � /2p�Hm�iBQM- BM+QK2 BM BKTQ`iBM; b2+iQ`b 7�HHb #v
KQ`2X h?Bb T�ii2`M �+`Qbb b2+iQ`b Bb +QMbBbi2Mi rBi? i?2 i?2Q`B2b /2b+`B#2/ �#Qp2X h?2 2biBK�i2/ 2H�biB+BiB2b
Q#i�BM2/ 7Q` i?2 ;`Qri? `�i2 Q7 �p2`�;2 BM+QK2 �`2 H�`;2` i?�M i?2 QM2b Q#i�BM2/ 7Q` �p2`�;2 BM+QK2 ;`Qri?
BM i?2 b2+iQ`X aBM+2 i?2 H�ii2` Bb +QKTmi2/ mbBM; rBi?BM@rQ`F2` BM+QK2 ;`Qri?ěi?mb- +QMi`QHHBM; 7Q` �Mv
iBK2@BMp�`B�Mi rQ`F2` +?�`�+i2`BbiB+běi?2 /Bz2`2M+2 bm;;2bib i?2 T`2b2M+2 Q7 +QKTQbBiBQM�H 2z2+ibX

h?2`2 Bb � bi`QM; +Q``2H�iBQM #2ir22M i?2 _1_ �M/ b2+iQ`�H H�#Q` BM+QK2 �b � 7mM+iBQM Q7 i`�/2 2tTQbm`2
�i i?2 jĜ/B;Bi aA* H2p2HX 6B;m`2 .X9 b?Qrb i?2 i?`22@v2�` b2+iQ`�H H�#Q` BM+QK2 ;`Qri? `�i2 �i i?2 BMTmi@
QmiTmi K�i`Bt H2p2H �M/ i?2B` T`2/B+iBQMb rBi? i?2 T`QD2+iBQM 2biBK�i2/ BM 2[m�iBQM U.XdVX �b i?2 };m`2
b?Qrb- i?2 bBKTH2 HBM2�` T`2/B+iBQM rBi? QMHv QM2 +Q2{+B2Mi BMi2`�+i2/ rBi? _1_ 2biBK�i2/ BM i?2 r?QH2
b�KTH2 ?�b � ;QQ/ }i /m`BM; i?2 kyyk /2p�Hm�iBQMX Ai +�M ;2M2`�i2 j8W Q7 i?2 2MiB`2 p�`B�iBQM rBi? �M
2H�biB+Biv Q7 yXRNX

h?2 bQHB/ U`2bTX /Qii2/V HBM2b BM 6B;m`2 .X8 b?Qr i?2 �p2`�;2 b2+iQ`�H H�#Q` BM+QK2 ;`Qri? `�i2 U`2bTX
�p2`�;2 T`2/B+i2/ b2+iQ`�H H�#Q` BM+QK2 ;`Qri? `�i2V #v T2`+2MiBH2b Q7 BM+QK2- �;;`2;�i2/ 7`QK �M BMTmi@
QmiTmi K�i`Bt b2+iQ` /2}MBiBQM H2p2HX "v +QMbi`m+iBQM- i?Bb };m`2 +�Tim`2b i?2 �;;`2;�i2 �p2`�;2 BM+`2�b2
BM H�#Q` BM+QK2 �i �`QmM/ � j@/B;Bi aA* +H�bbB}+�iBQM �M/ Bib +Q``2H�iBQM rBi? i`�/2 2tTQbm`2X �b i?2 };m`2
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6B;m`2 .X9 Ĝ a�KTH2 �M/ T`2/B+i2/ i?`22@v2�` b2+iQ`�H BM+QK2 ;`Qri?
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Sample change

Data
LP (R2=0.35,coe=0.19)

LQi2b, h?2 };m`2 b?Qrb `2�H BM+QK2 ;`Qri? Qp2` i?`22 v2�`b 7`QK .2+2K#2` kyyy iQ .2+2K#2` kyyj QM i?2
t@�tBb �M/ i?2 T`2/B+i2/ `2�H BM+QK2 ;`Qri? 7`QK i?2 T`QD2+iBQM U.XdVX 1�+? #Hm2 +B`+H2 b?Qrb i?2 b�KTH2
bBx2 BM MmK#2` Q7 rQ`F2`bX h?2 `2/ HBM2 b?Qrb i?2 HBM2�` T`QD2+iBQM #2ir22M i?2 T`2/B+i2/ b2+iQ`�H ;`Qri?
`�i2 �M/ i?2 b�KTH2 ;`Qri? `�i2X

b?Qrb- i?2 T`2/B+i2/ p�Hm2 Q7 U.XdV /Q2b MQi T`2b2Mi �HKQbi �Mv ?2i2`Q;2M2Qmb b2+iQ`�H H�#Q` BM+QK2 ;`Qri?X
h?2`27Q`2- Qm` +QM+HmbBQM QM i?2 `QH2 Q7 i`�/2 BM i?2 ?2i2`Q;2M2Qmb `2+Qp2`v Q7 H�#Q` BM+QK2b ?QH/b �i �
M�``Qr H2p2H Q7 /Bb�;;`2;�iBQMX

6B;m`2 .X8 Ĝ �p2`�;2 +QM/BiBQM�H BM+QK2 ;`Qri? 7Q` b�KTH2 �M/ T`2/B+i2/ b2+iQ`�H H�#Q`
BM+QK2 ;`Qri?
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a�KTH2 �12yt�12 a�KTH2 �12yt a�KTH2 �24yt a�KTH2 �36yt
a�KTH2 �48yt S`2/X �12yt�12 S`2/X �12yt S`2/X �24yt
S`2/X �36yt S`2/X �48yt

LQi2b, h?2 };m`2 THQib �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7 �p2`�;2
KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 bQHB/ HBM2b b?Qr �p2`�;2 b2+iQ`�H BM+QK2 ;`Qri?- �;;`2;�i2/
7`QK � BMTmi@QmiTmi@H2p2H b2+iQ`�H +H�bbB}+�iBQMX h?2 /Qii2/ HBM2b b?Qr T`2/B+i2/ �p2`�;2 b2+iQ`�H BM+QK2
;`Qri?- �;;`2;�i2/ 7`QK � BMTmi@QmiTmi@H2p2H b2+iQ`�H +H�bbB}+�iBQM 7`QK i?2 2biBK�i2b BM 2[m�iBQM U.XdVXh?2
b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e KQMi?b Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X
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.Xk *?�M;2b BM G�#Q` AM+QK2 _BbF
h?Bb b2+iBQM T`2b2Mib �//BiBQM�H bi�iBbiB+b �#Qmi i?2 /Bbi`B#miBQM Q7 BM+QK2 +?�M;2b iQ +QKTH2K2Mi Qm`
�M�HvbBb BM a2+iBQM eX

6B;m`2 .Xe Ĝ JQK2Mib Q7 i?2 .Bbi`B#miBQM Q7 G�#Q` AM+QK2 :`Qri?
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LQi2b, S�M2Hb � �M/ " THQi i?2 �p2`�;2 �M/ bi�M/�`/ /2pB�iBQM Q7 v2�`@Qp2`@v2�` BM+QK2 ;`Qri? 7`QK RNNd
}`bi [m�`i2` iQ kyyd }`bi [m�`i2`X

.Xj *?�M;2b BM i?2 JBMBKmK q�;2
GBF2 KQbi +QmMi`B2b- �`;2MiBM� ?�b � KBMBKmK r�;2 TQHB+vX :Bp2M i?2 BMbi�#BHBiv Q7 T`B+2b- i?2 H2M;i? Q7
i?2 T2`BQ/ Q7 �M�HvbBb- �M/ +?�M;2b Q7 i?2 MQKBM�H KBMBKmK r�;2- i?2 `2�H p�Hm2 Q7 i?2 KBMBKmK r�;2 K�v
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MQi ?�p2 #22M +QMbi�Mi Qp2` iBK2X h?2 Q#D2+iBp2 Q7 i?Bb bm#b2+iBQM Bb iQ i`�+F i?Bb `2�H p�Hm2 �M/ b?Qr ?Qr
#BM/BM; Bi Bb �i 2�+? TQBMi BM iBK2X

S�M2H � Q7 6B;m`2 .Xd THQib /Bz2`2Mi T2`+2MiBH2b Q7 i?2 BM+QK2 /Bbi`B#miBQM Qp2` iBK2X AM �HH +�b2b-
BM+QK2 Bb K2�bm`2/ BM `2�H i2`Kb �M/ BM HQ; TQBMibX q2 �HbQ +QKTmi2 i?2 `2�H p�Hm2 Q7 i?2 KQMi?Hv KBMBKmK
r�;2 �M/- �b r2 +�M b22- 2t+Hm/BM; i?2 H�bi T�`i Q7 kyy8- Bi Bb �Hr�vb HQr2` i?�M i?2 Ryi? T2`+2MiBH2 Q7 i?2
BM+QK2 /Bbi`B#miBQMX h?mb- i?2 KBMBKmK r�;2 /Q2b MQi b22K iQ #2 #BM/BM; 7Q` KQbi Q7 i?2 �+im�H BM+QK2
/Bbi`B#miBQMX S�M2H " Q7 6B;m`2 .Xd MQ`K�HBx2b T2`+2MiBH2b �M/ i?2 KBMBKmK r�;2 BM Q`/2` iQ i`�+F i?2B`
2pQHmiBQM KQ`2 2�bBHvX �Hi?Qm;? i?2v KQp2 BM i?2 b�K2 /B`2+iBQM KQbi Q7 i?2 iBK2 UBX2X- i?2 `2�H p�Hm2 Q7
KBMBKmK r�;2 BM+`2�b2bf/2+`2�b2b r?2M T2`+2MiBH2b �`2 BM+`2�bBM;f/2+`2�bBM;V- r2 b22 i?�i i?2 KBMBKmK
r�;2 BM+`2�b2b 7�bi2` �7i2` kyyjX h?Bb Bb +QMbBbi2Mi rBi? � b2`B2b Q7 �/DmbiK2Mib BM i?2 MQKBM�H KBMBKmK
r�;2 K�/2 BM i?�i T2`BQ/X

6B;m`2 .Xd Ĝ h?2 `QH2 Q7 i?2 KBMBKmK r�;2, kyyk S2`+2MiBH2b
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SRy Sk8 S8y
Sd8 SNy JBMX q�;2

LQi2b, h?2 };m`2 b?Qrb T2`+2MiBH2b Q7 i?2 KQMi?Hv `2�H BM+QK2 �M/ i?2 `2�H KBMBKmK r�;2X S�M2H � b?Qrb
i?2 H2p2H �M/ S�M2H " i?2 MQ`K�HBx2/ H2p2HbX S2`+2MiBH2b R- Ry- k8 �M/ i?2 K2/B�M �`2 BM+Hm/2/ iQ 7�+BHBi�i2
i?2 +QKT�`BbQM rBi? i?2 `2�H r�;2 /Bbi`B#miBQM BM 2�+? T2`BQ/X
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.X9 *?�M;2b BM >Qm`b p2`bmb >Qm`Hv q�;2b
� F2v [m2biBQM �#Qmi Qm` K�BM 7�+ib Bb r?2i?2` i?2v �`2 /`Bp2M #v +?�M;2b BM ?Qm`Hv r�;2b Q` +?�M;2b BM
?Qm`b Q7 rQ`FX 6Q` 2t�KTH2- B7 ?B;? BM+QK2 2�`M2`b rQ`F H2bb �7i2` /2p�Hm�iBQMb- i?2M i?2 +v+HB+�HBiv Q7 i?2
}`bi KQK2Mi Q7 i?2 /Bbi`B#miBQM Q7 H�#Q` BM+QK2 +QmH/ #2 /`Bp2M #v i?2 +v+HB+�HBiv Q7 ?Qm`bX >2`2- r2 b?Qr
i?�i i?Bb Bb MQi i?2 +�b2X hQ b?Qr i?Bb- r2 M22/ /�i� QM ?Qm`b Q7 rQ`F 7Q` 2�+? rQ`F2`X "mi bBM+2 Qm` K�BM
/�i�b2i /Q2b MQi BM+Hm/2 i?Bb BM7Q`K�iBQM- r2 `2Hv QM /�i� QM ?Qm`b Q7 rQ`F 7`QK i?2 M�iBQM�H H�#Q` 7Q`+2
bm`p2v �M/ BM7Q`K�iBQM QM i?2 rQ`F2`Ƕb ivT2 Q7 +QMi`�+i U7mHH iBK2 pb T�`i iBK2V 7`QK Qm` K�BM /�i�b2iX
�+`Qbb i?2 /Bz2`2Mi 2t2`+Bb2b r2 T2`7Q`K2/- r2 /Q MQi }M/ � bB;MB}+�Mi p�`B�iBQM BM ?Qm`b i?�i +QmH/ 2tTH�BM
i?2 K�BM 7�+ib BM a2+iBQM 9X

Ç hQi�H ?Qm`b �M/ /Bbi`B#miBQM Q7 ?Qm`b #v BM+QK2, hQi�H KQMi?Hv BM+QK2 BM � DQ# +�M #2 /BpB/2/
BMiQ ?Qm`b Q7 rQ`F �M/ r�;2 T2` ?Qm`X A7 yti /2MQi2b i?2 HQ;@`2�H BM+QK2- i?2M

yit = log(4) + log(hit) + log(wit), U.X3V

r?2`2 hit /2MQi2b ?Qm`b T2` r22F �M/ wit /2MQi2b r�;2 T2` ?Qm`X 6B;m`2b .X3 �M/ .XN b?Qr �p2`�;2
?Qm`b T2` r22F �+`Qbb rQ`F2`b �M/ #v [mBMiBH2b Q7 i?2 /Bbi`B#miBQM Q7 BM+QK2 BM i?2 T`Bp�i2 7Q`K�H
b2+iQ`X hQi�H ?Qm`b /`QT #v �i KQbi kW �7i2` i?2 kyyk /2p�Hm�iBQMX :Bp2M i?�i `2�H H�#Q` BM+QK2
/`QTb #v k3W- r2 +QM+Hm/2 i?�i +?�M;2b BM ?Qm`b +�MMQi [m�MiBi�iBp2Hv 2tTH�BM i?2 7�+ib `2TQ`i2/ BM
a2+iBQM 9X �//BiBQM�HHv- r2 /Q MQi }M/ bi�iBbiB+�HHv bB;MB}+�Mi /Bz2`2M+2b BM �p2`�;2 ?Qm`b rQ`F2/
�#Qp2 i?2 Rbi [mBMiBH2 Q7 i?2 BM+QK2 /Bbi`B#miBQM Q` +?�M;2b BM i?2 ?Qm`b Q7 rQ`F �+`Qbb [mBMiBH2bX 6Q`
i?2 Rbi [mBMiBH2- i?2`2 Bb � i2KTQ`�`v /2+`2�b2- r?B+? `2p2`ib BM QM2 [m�`i2`X h?2`27Q`2- r2 +QM+Hm/2
i?�i +?�M;2b BM ?Qm`b +�MMQi 2tTH�BM i?2 /2+`2�b2 BM BM2[m�HBivX

Ç h?2 /Bbi`B#miBQM Q7 ?Qm`Hv r�;2b, 6B;m`2 .XRy THQib i?2 2pQHmiBQM Q7 T2`+2MiBH2b Q7 i?2 /Bbi`B#miBQM
Q7 HQ; `2�H ?Qm`Hv r�;2b +QMbi`m+i2/ 7`QK i?2 M�iBQM�H H�#Q` 7Q`+2 bm`p2v #�b2/ QM 2[m�iBQM U.X3VX
Pp2`�HH- i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 ?Qm`Hv r�;2b `2b2K#H2 i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM
Q7 KQMi?Hv BM+QK2 Ub22 S�M2H "@6B;m`2 �XReVX "27Q`2 i?2 /2p�Hm�iBQM- �HH T2`+2MiBH2b �`2 �HKQbi
+QMbi�MiX �7i2` i?2 /2p�Hm�iBQM- i?2`2 Bb �M ?QKQ;2M2Qmb /`QT BM `2�H ?Qm`Hv r�;2b 7QHHQr2/ #v �
?2i2`Q;2M2Qmb `2+Qp2`v- BM r?B+? ?B;?2` T2`+2MiBH2b `2+Qp2` �i � bHQr2` bT22/X

Ç 6�+ib �+`Qbb ivT2b Q7 +QMi`�+i, q2 mb2 /�i� 7`QK aAS� QM i?2 rQ`F2`Ƕb ivT2 Q7 +QMi`�+i �b �M
�//BiBQM�H +QMi`QH 7Q` /Bz2`2M+2b BM ?Qm`b Q7 rQ`FX q2 /BpB/2 rQ`F2`b BMiQ irQ ;`QmTb, 7mHH iBK2 �M/
T�`i iBK2X h?2 7mHH@iBK2 ;`QmT BM+Hm/2b rQ`F2`b rBi? �M/ rBi?Qmi � i2`KBM�iBQM /�i2 bT2+B}2/ BM i?2B`
+QMi`�+ibX h?2 T�`i@iBK2 ;`QmT BM+Hm/2b b2�bQM�H rQ`F2`b- i`�BM22b- �M/ i2KTQ`�`v rQ`F2`bX AM Q`/2`
iQ #2 Qp2`Hv +�miBQmb- r2 �HbQ BM+Hm/2 BM i?Bb ;`QmT �HH rQ`F2`b BM i?2 �;`B+mHim`2- KBMBM;- }b?BM;- �M/
+QMbi`m+iBQM b2+iQ`b /m2 iQ i?2 b2+iQ`bǶ BMi2`KBii2Mi rQ`FBM; T2`BQ/bX 6B;m`2 .XRR THQib i?2 2pQHmiBQM
Q7 �p2`�;2 BM+QK2 7Q` 7mHH@ �M/ T�`i@iBK2 rQ`F2`bX �b r2 +�M b22 BM i?Bb };m`2- i?2 H2p2Hb �+`Qbb ;`QmTb
�`2 /Bz2`2Mi- #mi i?2B` +v+HB+�H +QKTQM2Mib �`2 bBKBH�`X 6B;m`2 .XRk THQib i?2 MQ`K�HBx2/ T2`+2MiBH2b
�M/ irQ K2�bm`2b Q7 /BbT2`bBQM Q7 i?2 BM+QK2 /Bbi`B#miBQM #v ivT2 Q7 +QMi`�+iX �b r2 +�M b22- i?2`2
�`2 MQ bvbi2K�iB+ /Bz2`2M+2b �+`Qbb i?2 irQ ;`QmTb Q7 rQ`F2`b UT2`?�Tb rBi? i?2 2t+2TiBQM Q7 i?2
Ryi? T2`+2MiBH2 Q7 T�`i@iBK2 rQ`F2`b- r?B+? `2+Qp2`b �i � bHQr2` T�+2VX q2 +QM+Hm/2 i?�i Qm` 7�+ib
�`2 K�BMHv /`Bp2M #v +?�M;2b BM ?Qm`Hv r�;2b �M/ MQi ?Qm`bX
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6B;m`2 .X3 Ĝ �p2`�;2 >Qm`b BM i?2 S`Bp�i2 6Q`K�H a2+iQ`
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LQi2b, h?2 };m`2 THQib i?2 �p2`�;2 ?Qm`b Q7 rQ`F BM i?2 T`BK�`v Q++mT�iBQM 7`QK C�Mm�`v kyyy iQ .2+2K#2`
kyye 7Q` K�H2 rQ`F2`b �;2/ k8@e8 2KTHQv2/ BM i?2 T`Bp�i2 7Q`K�H b2+iQ`X

6B;m`2 .XN Ĝ �p2`�;2 >Qm`b BM i?2 S`Bp�i2 6Q`K�H a2+iQ` #v AM+QK2 ZmBMiBH2b
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hBK2

Rbi ZmBMiBH2 kM/ j`/
9i? 8i?

LQi2b, h?2 };m`2 THQib i?2 �p2`�;2 ?Qm`b Q7 rQ`F 7`QK C�Mm�`v kyyy iQ .2+2K#2` kyye #v BM+QK2 [mBMiBH2
BM i?2 T`BK�`v Q++mT�iBQM 7Q` K�H2 rQ`F2`b �;2/ k8@e8 2KTHQv2/ BM i?2 T`Bp�i2 7Q`K�H b2+iQ`X
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6B;m`2 .XRy Ĝ S2`+2MiBH2b Q7 i?2 .Bbi`B#miBQM Q7 >Qm`Hv q�;2b
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LQi2b, h?2 };m`2 THQib i?2 T2`+2MiBH2b Q7 i?2 HQ; `2�H ?Qm`Hv r�;2 /Bbi`B#miBQM U⇥ RyyV 7`QK C�Mm�`v kyyy
iQ .2+2K#2` kyye MQ`K�HBx2/ #v i?2B` �p2`�;2 /m`BM; kyyRX h?2 b�KTH2 BM+Hm/2b K�H2 rQ`F2`b �;2/ k8@e8
2KTHQv2/ BM i?2 T`Bp�i2 7Q`K�H b2+iQ`X q2 mb2 Px iQ /2MQi2 i?2 x@i? T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQMX

6B;m`2 .XRR Ĝ �p2`�;2 _2�H G�#Q` AM+QK2, 6mHH@hBK2 pb S�`i@hBK2
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LQi2b, h?2 };m`2 b?Qrb KQMi?Hv �p2`�;2 UHQ;V `2�H BM+QK2 7`QK kyyy iQ kyye Q7 T�`i@iBK2 �M/ 7mHH@iBK2
rQ`F2`b #v ivT2 Q7 +QMi`�+iX h?2 p�`B�#H2 Bb b2�bQM�HHv �/Dmbi2/X _2+2bbBQM T2`BQ/b �`2 BM ;`�v �M/ KQMi?Hv
/2p�Hm�iBQMb H�`;2` i?�M RyW �`2 BM /Qii2/ #H�+F HBM2bX
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6B;m`2 .XRk Ĝ JQK2Mib Q7 i?2 .Bbi`B#miBQM Q7 G�#Q` AM+QK2, 6mHH@hBK2 pb S�`i@hBK2
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*@ ai�M/�`/ .2pB�iBQM

LQi2b, h?2 };m`2 b?Qrb bi�iBbiB+b 7Q` i?2 KQMi?Hv `2�H BM+QK2 7`QK C�Mm�`v kyyy iQ .2+2K#2` kyyeX S�M2H
� U" `2bTXV THQib i?2 T2`+2MiBH2b Q7 i?2 HQ; BM+QK2 /Bbi`B#miBQM U⇥ RyyV MQ`K�HBx2/ #v i?2B` �p2`�;2 /m`BM;
kyyR 7Q` 7mHH@iBK2 rQ`F2`b UT�`i@iBK2 rQ`F2`b `2bTXVX q2 mb2 Px iQ i?2 t@i? T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQMX
S�M2Hb * �M/ . THQi i?2 BMi2`[m�`iBH2 `�M;2 UP75 � P25V �M/ i?2 bi�M/�`/ /2pB�iBQM 7Q` i?2 b�K2 iBK2
T2`BQ/X
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.X8 qQ`F2`@bT2+B}+ AM~�iBQM
>Qmb2?QH/b �+`Qbb i?2 BM+QK2 /Bbi`B#miBQM +QMbmK2 /Bz2`2Mi KBt2b Q7 ;QQ/bX *`�pBMQ �M/ G2p+?2MFQ UkyRdV
/Q+mK2Mi i?Bb 7�+i 7Q` J2tB+Q �7i2` i?2 RNN9 /2p�Hm�iBQMX h?2v /BbiBM;mBb? #2ir22M �+`Qbb �M/ rBi?BM 2z2+ibX
h?2 }`bi Bb /m2 iQ TQQ`2` ?Qmb2?QH/b +QMbmKBM; � ?B;?2` b?�`2 Q7 i`�/�#H2 T`Q/m+ib- r?B+? 2tT2`B2M+2 � `Bb2
BM `2H�iBp2 T`B+2 �7i2` /2p�Hm�iBQMbX h?2 b2+QM/ +QK2b 7`QK `B+?2` ?Qmb2?QH/b +QMbmKBM; KQ`2 2tT2MbBp2
;QQ/b rBi?BM +�i2;Q`B2b- r?B+? /Q MQi BM+`2�b2 i?2B` T`B+2 �b Km+?X h?2v }M/ i?�i irQ v2�`b �7i2` i?2
/2p�Hm�iBQM- i?2 TQQ`2bi ?Qmb2?QH/b 2tT2`B2M+2/ �M BM~�iBQM `�i2 i?�i r�b #2ir22M j9 �M/ 9R T2`+2Mi�;2
TQBMib ?B;?2` i?�M i?2 `B+?2bi QM2bX A7 i?2b2 }M/BM;b �HbQ �TTHv BM �`;2MiBM�- i?Bb /Bz2`2MiB�H BM BM~�iBQM
`�i2b +QmH/ 2tTH�BM BM+QK2 BM i?2 #QiiQK Q7 i?2 /Bbi`B#miBQM `BbBM; KQ`2 iQ +QKT2Mb�i2 7Q` i?Bb ;�T BM
rQ`F2`@bT2+B}+ BM~�iBQM `�i2bX L2ti- r2 T`QpB/2 2pB/2M+2 i?�i i?Bb Bb ?B;?Hv mMHBF2HvX

hQ +QMbi`m+i rQ`F2`@bT2+B}+ T`B+2 BM/2t2b- r2 mb2 �`;2MiBM�Ƕb L�iBQM�H am`p2v Q7 >Qmb2?QH/ 1tT2M/B@
im`2b U1M+m2bi� L�+BQM�H /2 :�biQ /2 HQb >Q;�`2bĜ1L:>V iQ +QKTmi2 2tT2M/Bim`2 b?�`2b Q7 ?Qmb2?QH/b
rBi? ?2�/b r?Q r2`2 2KTHQv2/- K�H2- �M/ #2ir22M k8 �M/ e8 v2�`b QH/X q2 mb2 KB+`Q@/�i� 7`QK i?2 bm`p2v
+QM/m+i2/ BM RNNe- i?2 +HQb2bi iQ i?2 kyyk /2p�Hm�iBQMX �Hi?Qm;? i?2 bm`p2v �HHQrb mb iQ +QKTmi2 b?�`2b
7Q` 7�B`Hv bT2+B}+ +�i2;Q`B2b- T`B+2 /�i� 7Q` bm+? +�i2;Q`B2b �`2 MQi �p�BH�#H2 �i i?2 b�K2 H2p2H Q7 /Bb�;;`2@
;�iBQMX >2M+2- r2 7Q+mb QM N #`Q�/ +�i2;Q`B2b, 6QQ/ �M/ "2p2`�;2b- *HQi?BM;- >QmbBM;- >QmbBM; lTF22T-
>2�Hi?- h`�MbTQ`i�iBQM- 1/m+�iBQM- G2Bbm`2- �M/ Pi?2`Xkd q2 i?2M #mBH/ rQ`F2`@bT2+B}+ T`B+2 BM/B+2b mbBM;
i?2 r2B;?ib i?�i +Q``2bTQM/ iQ ?Qmb2?QH/ h �++Q`/BM; iQ

pht =
X

g

!h
g pgt, U.XNV

r?2`2 g /2MQi2b i?2 ;QQ/ +�i2;Q`v- !h
g Bb i?2 b?�`2 Q7 ?Qmb2?QH/Ƕb h 2tT2M/Bim`2 BM ;QQ/ +�i2;Q`v g U+QKTmi2/

7`QK i?2 2tT2M/Bim`2 bm`p2v BM RNNeV- �M/ pgt Bb i?2 T`B+2 BM/2t Q7 ;QQ/ g BM KQMi? t UQ#i�BM2/ 7`QK M�iBQM�H
bi�iBbiB+bVX h?2b2 T`B+2 BM/B+2b �HHQr mb iQ +QKTmi2 �M mTT2` #QmM/ Q7 i?2 BM~�iBQM `�i2b 2tT2`B2M+2/ #v
/Bz2`2Mi ivT2b Q7 ?Qmb2?QH/b- bBM+2 ?Qmb2?QH/b +�M bm#biBimi2 i?2B` /2K�M/b iQr�`/ ;QQ/b i?�i 2tT2`B2M+2
� HQr2` T`B+2 BM+`2�b2 �7i2` � /2p�Hm�iBQMX

6B;m`2 .XRj THQib i?2 �p2`�;2 +?�M;2 BM T`B+2b `2H�iBp2 iQ .2+2K#2` kyyR +QM/BiBQM�H QM i?2 TQbBiBQM BM
i?2 BM+QK2 /Bbi`B#miBQMX q?BH2 i?2 +m`p2b �`2 MQi +QMbi�Mi- i?2 M2;�iBp2 bHQT2 Bb MQi bB;MB}+�Mi BM K�;MBim/2-
b?QrBM; i?�i i?Bb /Bz2`2MiB�H BM BM~�iBQM `�i2b r�b MQi �b #B; BM i?Bb 2TBbQ/2X 6B;m`2 .XR9 THQib i?2 2[mBp�H2Mi
Q7 6B;m`2 e mbBM; BM+QK2@#BM@bT2+B}+ BM~�iBQM `�i2b 7`QK 6B;m`2 .XRj iQ +QKTmi2 `2�H BM+QK2 ;`Qri?X Ai Bb
2�bv iQ b22 i?�i i?2 K�BM `2bmHib �`2 mM+?�M;2/ r?2M i�FBM; /Bz2`2M+2b BM BM~�iBQM `�i2b �+`Qbb rQ`F2`b BMiQ
�++QmMiXk3

kd*`�pBMQ �M/ G2p+?2MFQ UkyRdV `2TQ`i i?2 �+`Qbb `2bmHib 7Q` R@/B;Bi �M/ N@/B;Bi +H�bbB}+�iBQMb Q7 2tT2M/B@
im`2bX q?BH2 i?2 K�;MBim/2b /Bz2` �++Q`/BM; iQ i?2 H2p2H Q7 /Bb�;;`2;�iBQM- i?2v b?Qr i?�i i?2 R@/B;Bi 2z2+i
Ui?2 b�K2 r2 +QKTmi2V `2K�BMb � ;QQ/ �TT`QtBK�iBQM Q7 i?2 N@/B;Bi 2z2+iX

k3q?BH2 i?2 #`Q�/ /2}MBiBQM Q7 2tT2M/Bim`2 +�i2;Q`B2b /Q2b MQi �HHQr mb iQ 2biBK�i2 i?2 rBi?BM 2z2+i- �b
BM *`�pBMQ �M/ G2p+?2MFQ UkyRdV- i?2 /Bz2`2M+2 BM ;`Qri? `�i2b Q7 BM+QK2 �+`Qbb rQ`F2`b Bb bQ bB;MB}+�Mi
i?�i Bi b?QmH/ #2 `Q#mbi iQ i?2 2tT2+i2/ K�;MBim/2 Q7 i?Bb 2z2+iX *`�pBMQ �M/ G2p+?2MFQ UkyRdV `2TQ`i i?�i
�b � `2bmHi Q7 i?2 RNN9 J2tB+�M /2p�Hm�iBQM- �#b2Mi �Mv +?�M;2b BM MQKBM�H BM+QK2- `2�H BM+QK2 72HH �#Qmi
8yW BM TQQ` ?Qmb2?QH/b �b QTTQb2/ iQ � 9yW /2+HBM2 BM `B+?2` ?Qmb2?QH/bX lM/2` i?Bb b+2M�`BQ- Qm` K�BM
`2bmHib rQmH/ biBHH ?QH/X
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6B;m`2 .XRj Ĝ AM~�iBQM rBi? `2bT2+i iQ kyyR �+`Qbb i?2 BM+QK2 /Bbi`B#miBQM
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LQi2b, h?2 };m`2 THQib i?2 HQ; +?�M;2 BM T`B+2b 7�+2/ #v ?Qmb2?QH/b +QM/BiBQM�H QM i?2B` TQbBiBQM BM i?2
BM+QK2 /Bbi`B#miBQMX

6B;m`2 .XR9 Ĝ �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM �p2`�;2 BM+QK2 BM kyyy@kyyR,
AM+QK2@bT2+B}+ BM~�iBQM `�i2b
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LQi2b, h?2 };m`2 THQib �p2`�;2 BM+QK2 ;`Qri? +QM/BiBQM�H QM i?2 T2`+2MiBH2 Q7 i?2 /Bbi`B#miBQM Q7 �p2`�;2
KQMi?Hv `2�H BM+QK2 /m`BM; kyyy@kyyRX h?2 b�KTH2 Bb `2bi`B+i2/ iQ rQ`F2`b r?Q ?�/ �i H2�bi e KQMi?b
Q7 2KTHQvK2Mi /m`BM; i?2 kyyy@kyyR T2`BQ/X AM+QK2@bT2+B}+ BM~�iBQM r�b bm#i`�+i2/ 7`QK MQKBM�H r�;2
;`Qri? iQ +QMbi`m+i `2�H r�;2 ;`Qri?X
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.Xe h?2 AM7Q`K�H G�#Q` J�`F2i
h?2 Tm`TQb2 Q7 i?Bb b2+iBQM Bb iQ T`QpB/2 � #`Q�/ TB+im`2 Q7 i?2 BM7Q`K�H b2+iQ`X GBF2 BM K�Mv Qi?2` /2p2HQTBM;
2+QMQKB2b- i?2 �`;2MiBM2 BM7Q`K�H b2+iQ` Bb [m�HBi�iBp2Hv �M/ [m�MiBi�iBp2 BKTQ`i�Mi- #mi i?2 aAS� /�i�#�b2
QMHv BM+Hm/2b BM7Q`K�iBQM �#Qmi i?2 7Q`K�H b2+iQ`X �b r2 rBHH b22- i?2 7Q`K�H �M/ BM7Q`K�H b2+iQ`b ?�p2
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