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�#bi`�+i
J�Mv Q7 i?2 rQ`H/Ƕb TQQ` ?�p2 2tT2`B2M+2/ i`�mK�X q2 �`;m2 i?�i K2KQ`B2b Q7 i?Bb i`�mK�

BMi2`72`2 rBi? i?2 T`Q+2bb Q7 7mim`2 bBKmH�iBQM- /BKBMBb?BM; i?2 �#BHBiv iQ b22 ?Qr �+iBQMb
iQ/�v +�M BKT`Qp2 Qmi+QK2b iQKQ``QrX q2 BMi`Q/m+2 ;mB/2/ K2Mi�H 2tT2`B2M+BM; U:J1V Ĝ
�M BMi2`p2MiBQM BM r?B+? T�`iB+BT�Mib K2Mi�HHv bBKmH�i2 T�i?r�vb #2ir22M i?2B` �+iBQMb �M/
/2bB`2/ 2+QMQKB+ Qmi+QK2b Ĝ �b � `2bTQMb2- �M/ bim/v :J1Ƕb BKT�+i BM irQ _*hbX AM �
TQTmH�iBQM Q7 1`Bi`2�M `27m;22b BM 1i?BQTB�- :J1 BM+`2�b2b i?2 �#BHBiv Q7 `27m;22b iQ b22 �
TQbBiBp2 7mim`2- BM+`2�b2b i?2B` BMi2Mi iQ bi�v BM 1i?BQTB�- BM+`2�b2b H�#Q` 7Q`+2 T�`iB+BT�iBQM
�M/ BKT`Qp2b b2H7@`2TQ`i2/ r2H7�`2X AM � TQTmH�iBQM i?�i ?�b 2tT2`B2M+2/ pBQH2M+2 �M/ TQp2`iv
BM *QHQK#B�- � i`�/BiBQM�H 2Mi`2T`2M2m`B�H i`�BMBM; T`Q;`�K `2/m+2b i?2 �#BHBiv iQ BK�;BM2
� 7mim`2 BM #mbBM2bb �M/ rQ`b2Mb 2+QMQKB+ Qmi+QK2bX AMi2;`�iBM; :J1 BMiQ 2Mi`2T`2M2m`B�H
i`�BMBM; `2biQ`2b 7mim`2 i?BMFBM; �M/ `2KQp2b i?2b2 M2;�iBp2 2+QMQKB+ 2z2+ibX h?2 H�`;2bi ;�BMb
�++`m2 iQ i?2 KQbi i`�mK�iBx2/ T�`iB+BT�Mib BM Qm` b�KTH2bX

»q2 i?�MF ai27�M .2`+QM- s�pB2` :�#�Bt- E�`H� >Qz- amT`22i E�m`- �bBK E?r�D�- 1HB�M� G� 62``�`�- .�pB/ G�B#@
bQM- �M/`2B a?H2B72`- *?`Bb qQQ/`mz- �M/ b2KBM�` T�`iB+BT�Mib �i "1�J- *1S_ .2p2HQTK2Mi qQ`Fb?QT- *QHmK#B�-
1i?BQTB�M SQHB+v aim/B2b AMbiBimi2- 1lA- >�`p�`/fJAh .2p2HQTK2Mi a2KBM�`- GlAaa- J��bi`B+?i- J�`b2BHH2- Pt7Q`/-
S�/Qp�- _qA "2`HBM- �M/ hQmHQmb2 7Q` p2`v ?2HT7mH +QKK2MibX q2 ;`�i27mHHv �+FMQrH2/;2 7mM/BM; 7Q` i?2 *QHQK#B�
_*h #v AS� S2�+2 �M/ _2+Qp2`v S`Q;`�K- C@S�G SQbi@S`BK�`v 1/m+�iBQM- C@S�G CQ#b �M/ PTTQ`imMBiv AMBiB�iBp2-
i?2 _Q+F272HH2` 6QmM/�iBQM- �M/ i?2 AMbiBimi2 Q7 :HQ#�H �z�B`b �i i?2 Ga1 7Q` i?2 *QHQK#B� _*hX q2 ;`�i27mHHv
�+FMQrH2/;2 7mM/BM; 7Q` i?2 1i?BQTB� _*h #v i?2 ǳ"mBH/BM; i?2 1pB/2M+2 QM S`Qi`�+i2/ 6Q`+2/ .BbTH�+2K2MiǴ
T�`iM2`b?BT Q7 lMBi2/ EBM;/QKǶb 6Q`2B;M- *QKKQMr2�Hi? �M/ .2p2HQTK2Mi P{+2 U6*.PV- i?2 lMBi2/ L�iBQMb
>B;? *QKKBbbBQM2` 7Q` _27m;22b UlL>*_V- �M/ i?2 qQ`H/ "�MF :`QmT Uq":V �b r2HH �b i?2 S`QbT2+ib T�`iM2`@
b?BT #v i?2 JBMBbi`v Q7 6Q`2B;M �z�B`b Q7 i?2 EBM;/QK Q7 i?2 L2i?2`H�M/bX AM *QHQK#B�- r2 i?�MF AMMQp�iBQMb
7Q` SQp2`iv �+iBQM *QHQK#B� 7Q` i?2B` bmTTQ`i BM /�i� +QHH2+iBQM �M/ T�`iM2`b?BT K�M�;2K2Mi- �M/ r2 �`2 ;`�i27mH
iQ J�`B� S�mH� :ƦK2x 6`�M+Q- CQb2 .�pB/ �M;2H *�bi�ƢQ- *�KBHQ �M/`2b >2`M�M/2x 1bi`�/�- J�`B�M� J2/BM�-
�M/ J�Mm2H S�`/Q 7Q` i?2B` BMTmi BM i?2 +m``B+mHmK /2bB;M- i`�BMBM; �M/ bmT2`pBbBQM Q7 i?2 BKTH2K2Mi�iBQM i2�KX
AM 1i?BQTB�- r2 i?�MF u2?m�H�b?2i :2#`2K2/?M �bi2`�- oB+iQ`B� ai`QFQp�- �M/ "2Mv�K qQ`Fm 7Q` ;mB/�M+2 �M/
bmTTQ`i i?`Qm;?Qmi i?2 T`QD2+i �M/ __a K�M�;2K2Mi �M/ bi�z 7Q` i?2B` +QHH�#Q`�iBQMX JQmbi�7� 1H@E�b?H�M-
JB;m2H 6�D�`/Q@ai2BM? mb2`- J�i?Bb :`2mbbBM;- wBDmM GBM- :2Q`;2 J�+.QM�H/- u�+BM2 Pm�?BQmM2- JBb?� a2QM; �M/
�/� :B�M�bbB T`QpB/2/ 2t+2HH2Mi `2b2�`+? �bbBbi�M+2X h?2 *QHQK#B� _*h r�b `2;Bbi2`2/ rBi? i?2 �K2`B+�M 1+Q@
MQKB+ �bbQ+B�iBQM _*h _2;Bbi`v �b �1�_*h_@yyy9eN8 U?iiTb,ffrrrXbQ+B�Hb+B2M+2`2;Bbi`vXQ`;fi`B�Hbf9eN8VX
Ai `2+2Bp2/ 2i?B+b �TT`Qp�H 7`QK i?2 AMMQp�iBQM 7Q` SQp2`iv �+iBQM AMbiBimiBQM�H _2pB2r "Q�`/ la� UAS� A_"
S`QiQ+QH LQX R9ej3V �M/ i?2 GQM/QM a+?QQH Q7 1+QMQKB+b _2b2�`+? 1i?B+b *QKKBii22 U_27 LQX yydeN+VX h?2
1i?BQTB� _*h r�b `2;Bbi2`2/ rBi? i?2 �K2`B+�M 1+QMQKB+ �bbQ+B�iBQM _*h _2;Bbi`v �b �1�_*h_@yyy3Nj9
U?iiTb,ffrrrXbQ+B�Hb+B2M+2`2;Bbi`vXQ`;fi`B�Hbf3Nj9VX Ai `2+2Bp2/ 2i?B+b �TT`Qp�H 7`QK i?2 lMBp2`bBiv Q7 Pt@
7Q`/ U_27 LQX 1*PL*A�kR@kk@kjV �M/ i?2 GQM/QM a+?QQH Q7 1+QMQKB+b U_27 LQX 8Re39VX

Þ.2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, LX�b?`�7R!Hb2X�+XmF
ß.2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, ;XiX#`v�M!Hb2X�+XmF
Ȝ"Q++QMB lMBp2`bBiv, �H2tB�X/2H}MQ!mMB#Q++QMBXBi
ǥlTTb�H� lMBp2`bBiv, 2KBHvX?QHK2b!mmXb2
ãh?2 qQ`H/ "�MF, HB�+QpQM2!rQ`H/#�MFXQ`;

»»Pt7Q`/ J�`iBM a+?QQH �M/ .2T�`iK2Mi Q7 1+QMQKB+b- lMBp2`bBiv Q7 Pt7Q`/,
+?`BbiB�MXK2v2`!Qt7Q`/K�`iBMXQtX�+XmF

ÞÞh?2 qQ`H/ "�MF �M/ lMBp2`bBiv Q7 Pt7Q`/, �b?H2vXTQTH2!2+QMQKB+bXQtX�+XmF

https://www.socialscienceregistry.org/trials/4695
https://www.socialscienceregistry.org/trials/8934


R AMi`Q/m+iBQM
h`�mK�iB+ 2tT2`B2M+2b �`2 +QKKQM- �M/ i?2v /BbT`QTQ`iBQM�i2Hv �z2+i i?2 TQQ`X JQ`2 i?�M b2p2Miv
T2`+2Mi Q7 i?2 rQ`H/Ƕb TQTmH�iBQM ?�b 2tT2`B2M+2/ � i`�mK�- �M/ #v kyjy KQ`2 i?�M bBtiv T2`+2Mi
Q7 i?2 rQ`H/Ƕb TQQ` �`2 2tT2+i2/ iQ HBp2 BM 7`�;BH2 bi�i2b- +?�`�+i2`Bx2/ #v +QM~B+i- pBQH2M+2- �M/
i?2 i`�mK� i?�i BM2pBi�#Hv 7QHHQrb UE2bbH2` 2i �HX- kyRdVX .BbTH�+2K2Mi Bb T�`iB+mH�`Hv i`�mK�iB+-
�M/ i?2`2 �`2 +m``2MiHv RRy KBHHBQM 7Q`+B#Hv /BbTH�+2/ T2QTH2 rQ`H/rB/2- d8 T2`+2Mi Q7 r?QK HBp2 BM
HQr@ �M/ KB//H2@BM+QK2 +QmMi`B2bX qQ`FBM; iQ �HH2pB�i2 TQp2`iv BM+`2�bBM;Hv K2�Mb rQ`FBM; rBi?
i?2b2 i`�mK�@�z2+i2/ TQTmH�iBQMb- BM r?B+? �MtB2iv- /2T`2bbBQM- �M/ TQbi@i`�mK�iB+ bi`2bb /BbQ`/2`
USha.V �`2- mMbm`T`BbBM;Hv- KQ`2 T`2p�H2Mi USQxm2HQ 2i �HX- kykjVX 1pB/2M+2 7`QK Tbv+?QHQ;v
bm;;2bib i?�i i`�mK� �z2+ib QM2Ƕb �#BHBiv iQ BK�;BM2 i?2 7mim`2- TH�M- �M/ H2�`M M2r bFBHHb U>QHK2b
2i �HX- kyRdVX u2i T`QKBM2Mi �MiB@TQp2`iv T`Q;`�Kb- bm+? �b #mbBM2bb i`�BMBM; �M/ +�b? i`�Mb72`b-
`2Hv ?2�pBHv QM i?2 p2`v +Q;MBiBp2 +�T�+BiB2b r?B+? �`2 BKT�B`2/ #v i`�mK�iB+ 2tT2`B2M+2bX

h?�i BMp2biBM; BM i?2 7mim`2 BKTQb2b � bB;MB}+�Mi +Q;MBiBp2 +Qbi ?�b HQM; #22M `2+Q;MBx2/ #v
2+QMQKBbibX �b "ƺ?K@"�r2`F r`Qi2 BM R33N- ǳS`QpBbBQM 7Q` i?2 7mim`2 K�F2b MQ BM+QMbB/2`�#H2
/2K�M/b QM Qm` BMi2HH2+im�H bi`2M;i?XXX i?2 7mim`2 r2 Kmbi �MiB+BT�i2 �M/ TB+im`2X q2 Kmbi #2 �#H2
iQ 7Q`K � K2Mi�H TB+im`2 Q7 r?�i rBHH #2 i?2 bi�i2 Q7 Qm` r�Mib- M22/b- 722HBM;b- �i �Mv T�`iB+mH�`
TQBMi Q7 iBK2X �M/ r2 Kmbi #2 �#H2 iQ 7Q`K �MQi?2` b2i Q7 �MiB+BT�iBQMb �b iQ i?2 7�i2 Q7 i?Qb2
K2�bm`2b r?B+? r2 i�F2 �i i?2 KQK2Mi rBi? � pB2r iQ i?2 7mim`2ǴXR � HQM; i`�/BiBQM BM M2m`Qb+B2M+2-
Tbv+?B�i`v �M/ Tbv+?QHQ;v ?�b bim/B2/ i?2b2 ǳ/Qm#H2 �MiB+BT�iBQMbǴ �M/ i?2B` `2H�iBQMb?BT rBi?
KQiBp�iBQMX h?Bb HBi2`�im`2 b?Qrb i?�i BK�;BMBM; i?2 7mim`2 /`�rb QM T�bi 2tT2`B2M+2- mM+Qp2`BM;
� bi`QM; HBMF #2ir22M K2KQ`v �M/ 7mim`2 bBKmH�iBQM Ua+?�+i2` 2i �HX- kyydVX _2+2Mi 2+QMQKB+b
HBi2`�im`2 ?�b KQ/2H2/ i?2 BKT�+i Q7 K2KQ`v QM bBKmH�iBQM U"Q`/�HQ 2i �HX- kykyc J�HK2M/B2` �M/
q�+?i2`- kykRc "Q`/�HQ 2i �HX- kyk9V- #mi i?Bb HBi2`�im`2 ?�b MQi bim/B2/ i?2 bT2+B}+ `QH2 Q7 i`�mK�-
r?B+? Tbv+?QHQ;Bbib #2HB2p2 bB;MB}+�MiHv /BbiQ`ib i?2 bBKmH�iBQM T`Q+2bb- �M/ ?�b MQi bim/B2/ r?2i?2`
i?2 M2;�iBp2 BKT�+ib Q7 T�bi 2tT2`B2M+2 QM K2Mi�H 2tT2`B2M+BM; �M/ +?QB+2 +�M #2 �K2HBQ`�i2/Xk

q2 bim/v i?2 BMi2`�+iBQM #2ir22M i`�mK� �M/ K2KQ`v- /`�rBM; Qmi i?2 BKTHB+�iBQMb 7Q` �MiB@
TQp2`iv T`Q;`�KbX q2 �`;m2 i?�i i`�mK� BMi2`72`2b rBi? K2Mi�H bBKmH�iBQM- `2/m+BM; � bm`pBpQ`Ƕb
�#BHBiv iQ b22 i?2 rQ`H/Ƕb QTTQ`imMBiB2bX 6�BHm`2 iQ �++QmMi 7Q` i?Bb /BbiQ`iBQM `2/m+2b i?2 2z2+@
iBp2M2bb Q7 i`�/BiBQM�H T`Q;`�Kb- �M/ K�v 2p2M H2�/ i?2K iQ +�mb2 ?�`KX q2 /2bB;M �M/ i2bi �
M2r BMi2`p2MiBQM i?�i �BKb iQ �//`2bb i?2 K2KQ`v /BbiQ`iBQMb +`2�i2/ #v i`�mK� �M/ `2biQ`2 i?2
�#BHBiv iQ b22 � UTQbBiBp2V 7mim`2X :mB/2/ J2Mi�H 1tT2`B2M+BM; U:J1V i`�BMb T�`iB+BT�Mib iQ +`2�i2
T`QD2+iBQMb BMiQ i?2 7mim`2 rBi? bT2+B}+Biv �M/ 2KQiBQMb- �M/ iQ B/2MiB7v T�i?r�vb 7Q` �+?B2pBM;

Rh?2 SQbBiBp2 h?2Q`v Q7 *�TBi�H UR33NV- TTX k99 U"ƺ?K@"�r2`F- R33NV
k"v K2Mi�H 2tT2`B2M+BM; r2 K2�M i?2 T`Q+2bb Q7 pBpB/Hv �M/ KmHiB@b2MbQ`B�HHv BK�;BMBM; 2tT2`B2M+2b BM Qm` KBM/

�b B7 r2 r2`2 HBpBM; i?2KX h?Bb M2+2bb�`BHv BMpQHp2b i?BMFBM; BM K2Mi�H BK�;2b �M/ mbBM; �HH }p2 b2Mb2b- r?B+? �HbQ
2pQF2b Km+? ;`2�i2` 2KQiBQM US2�`bQM 2i �HX- kyR8c >QHK2b 2i �HX- kyReVX h?Bb T`Q+2bb Bb �HbQ FMQrM BM i?2 Tbv+?QHQ;v
HBi2`�im`2 �b K2Mi�H BK�;2`v- pBbm�HBx�iBQM- K2Mi�H bBKmH�iBQM- K2Mi�HBx�iBQM Q` BK�;BM�iBQMX
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Qmi+QK2b BM � b�72 bT�+2Xj q2 bim/v i?2 BKT�+i Q7 :J1 BM irQ _*hb +QM/m+i2/ rBi? /Bz2`2Mi
pmHM2`�#H2 TQTmH�iBQMb, 1`Bi`2�M `27m;22b BM �//Bb �#�#�- 1i?BQTB�c �M/ TQbi@+QM~B+i �M/ /BbTH�+2/
T2`bQMb BM "Q;Qi�- *QHQK#B�X q2 i�BHQ` � :J1 T`Q;`�K 7Q` 2�+? Q7 Qm` bim/v TQTmH�iBQMb �M/
b?Qr i?�i- �b ?vTQi?2bBx2/- :J1 BKT`Qp2b i?2 [m�HBiv Q7 K2KQ`v `2+�HH �M/ 7mim`2 bBKmH�iBQM
Ĝ [m�MiB}2/ mbBM; MQp2H K2�bm`2K2Mi iQQHb i?�i r2 /2p2HQTX :J1 �HbQ H2�/b iQ KQ`2 7Q`r�`/@
HQQFBM; #2?�pBQ` �M/ BKT`Qp2/ 2+QMQKB+ Qmi+QK2b `2H�iBp2 iQ i`�/BiBQM�H T`Q;`�Kb- r?B+? �`2
2Bi?2` mM/2`miBHBx2/ Q` ?�p2 M2;�iBp2 BKT�+ib BM Qm` TQTmH�iBQMbX

hQ 2tTH�BM ?Qr i`�mK� BMi2`72`2b rBi? 2+QMQKB+ /2+BbBQM K�FBM; �M/ iQ KQiBp�i2 Qm` :J1
BMi2`p2MiBQM- r2 T`QpB/2 � +QM+2Tim�H 7`�K2rQ`F i?�i /`�rb QM i?2 M2m`Qb+B2M+2 �M/ Tbv+?QHQ;v
HBi2`�im`2 QM K2KQ`v- i`�mK� �M/ K2Mi�H 2tT2`B2M+BM; UE�?�M� kyRkc *Q?2M �M/ E�?�M� kykkc
>QHK2b 2i �HX kykyc "Q`/�HQ 2i �HX kyk9VX9 h?2 HBi2`�im`2 /2b+`B#2b ?Qr K2KQ`v `2+�HH /2T2M/b QM
+QMi2ti- r?B+? BM+Hm/2b #Qi? BMi2`M�H U2X;X- 2KQiBQMbV �M/ 2ti2`M�H bi�i2b U2X;X- iBK2 �M/ TH�+2VX
1tT2`B2M+2b �`2 2M+Q/2/ BM K2KQ`v �HQM; rBi? i?2B` +QMi2ti U7Q`KBM; �M ǳ2tT2`B2M+2 #�MFǴV- �M/
�`2 KQ`2 HBF2Hv iQ #2 `2+�HH2/ r?2M i?2 `2i`B2p�H +QMi2ti Bb bBKBH�` iQ i?2 2M+Q/BM; +QMi2tiX 1KQiBQM
�i i?2 iBK2 Q7 2tT2`B2M+BM; Bb � F2v T�`i Q7 +QMi2tiX

h`�mK� BKT�+ib i?2 2tT2`B2M+2 #�MF BM irQ r�vbX 6B`bi- i`�mK� K2KQ`B2b +�``v p2`v M2;�iBp2
2KQiBQMbX "2+�mb2 K2KQ`v `2+�HH Bb biQ+?�biB+- i?2b2 M2;�iBp2 K2KQ`B2b K�v #2 bTQMi�M2QmbHv
`2+�HH2/- 2p2M r?2M i?2v �`2 MQi `2H2p�Mi iQ +?QB+2- i`B;;2`BM; M2;�iBp2 ~�b?#�+FbX a2+QM/- i?2
M2;�iBp2 2KQiBQMb 7`QK i`�mK� bi`QM;Hv �z2+i +QMi2ti- �M/ ?2M+2 �Mv K2KQ`B2b +`2�i2/ r?BH2 KQQ/
`2K�BMb HQr rBHH 2M+Q/2 T�`i Q7 i?2 M2;�iBp2 2tT2`B2M+2 Uh�HKB 2i �HX kyRNVX JQQ/ +QM;`m2Mi `2+�HH
K2�Mb i?Bb T`Q+2bb +QMiBMm2b 7Q` bQK2 iBK2, M2;�iBp2 KQQ/ H2�/b iQ `2+�HH Q7 M2;�iBp2 K2KQ`B2b-
r?B+? K�BMi�BMb M2;�iBp2 �z2+i- r?B+? T�bb2b iQ KQ`2 K2KQ`B2b BM i?2 K2KQ`v #�MF U*Q?2M �M/
E�?�M�- kykkVX >2M+2 i`�mK� +`2�i2b irQ ivT2b Q7 M2r K2KQ`B2b, /B`2+i i`�mK� K2KQ`B2b �M/
K2KQ`B2b rBi? M2;�iBp2Hv /BbiQ`i2/ 2KQiBQM�H p�H2M+2X A7 2MQm;? Q7 i?2b2 K2KQ`B2b �`2 +`2�i2/- i?2M
i`�mK� ?�b irQ �//BiBQM�H BKT�+ib, �pQB/�M+2- r?2`2 i`�mK� bm`pBpQ`b �pQB/ `2+�HHBM; K2KQ`B2b
�M/ bBKmH�iBM; i?2 7mim`2 bQ �b MQi iQ 2M+QmMi2` i?2 T�BM Q7 M2;�iBp2 `2+�HHc �M/ /BbiQ`iBQM- r?2`2
M2;�iBp2 K2KQ`B2b BMi2`72`2 rBi? �Mv bBKmH�iBQMb i?2 bm`pBpQ` K�F2b- +`Qr/BM; Qmi KQ`2 `2H2p�Mi
/QK�BMb bT2+B}+ K2KQ`B2b �M/ M2;�iBp2Hv �z2+iBM; �MiB+BT�iBQMb Q7 i?2 7mim`2 U"Q`/�HQ 2i �HX- kyk9VX
h?2b2 T`2/B+iBQMb �++QmMi 7Q` i?`22 F2v /B�;MQbiB+ +`Bi2`B� 7Q` Sha., BMi`mbBp2 K2KQ`B2b- �pQB/�M+2
�M/ /BbiQ`i2/ +Q;MBiBQM �#Qmi i?2 b2H7 �M/ 7mim`2 U�K2`B+�M Sbv+?B�i`B+ �bbQ+B�iBQM 2i �HX- kyRjVX

h?Bb �++QmMi Q7 i?2 BKT�+i Q7 i`�mK� ?�b BKTQ`i�Mi BKTHB+�iBQMb 7Q` i?2 /2bB;M Q7 TQp2`iv
�HH2pB�iBQM T`Q;`�KbX qQ`F T2`KBib �`2 Q7i2M �/pQ+�i2/ �b `2KQpBM; � +QMbi`�BMi i?�i +�mb2b
TQp2`iv �KQM; `27m;22bX >Qr2p2`- B7 i?2 i�`;2i2/ rQ`F2`b +�MMQi BK�;BM2 � TQbBiBp2 Qmi+QK2 7`QK

jPm` BMi2`p2MiBQM Bb /BbiBM+i 7`QK 2Bi?2` ;Q�H b2iiBM; Q` TH�MMBM;- BM i?�i Bi bT2+B}+�HHv �ii2KTib iQ +`2�i2
KmHiBb2MbQ`B�H 2tT2`B2M+2b- �b r2HH �b 7`QK i?2`�TB2b i?�i /B`2+iHv �//`2bb K2Mi�H ?2�Hi? +?�HH2M;2b �M/ bvKTiQKbX

9q2 +QM+2Mi`�i2 QM i?2 `QH2 Q7 K2KQ`v BM K2/B�iBM; i?2 BKT�+i Q7 i`�mK� #2+�mb2 Bi Bb i?Qm;?i iQ #2 � T`BK�`v
T�i?r�v- #mi Bi Bb MQi i?2 QMHv i?2Q`Bx2/ K2+?�MBbK i?`Qm;? r?B+? i`�mK� +�M �z2+i 2+QMQKB+ /2+BbBQM@K�FBM;
U"`2rBM �M/ >QHK2b- kyyjVX
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DQ# b2�`+?- i?2v rBHH MQi i�F2 �/p�Mi�;2 Q7 i?2 QTTQ`imMBivX � bBKBH�` �`;mK2Mi �TTHB2b iQ �Mv
T`Q;`�K i?�i T`QpB/2b �++2bb iQ �M QTTQ`imMBivX "mbBM2bb i`�BMBM; T`Q;`�Kb- r?B+? ?2HT b2H7@
2KTHQv2/ T�`iB+BT�Mib `mM bK�HH #mbBM2bb2b- �HbQ `2[mB`2 bB;MB}+�Mi 7Q`r�`/ i?BMFBM;c i?2v K�v MQi
rQ`F B7 i?2v /Q MQi /B`2+iHv �//`2bb i`�mK�Ƕb +QMbi`�BMibX AM/22/- Qm` KQ/2H Q7 i`�mK� bm;;2bib
i?�i � i`�BMBM; T`Q;`�K K�v K�F2 K�ii2`b rQ`b2X h`�BMBM; mbm�HHv BMpQHp2b i�FBM; �M 2Mi`2T`2M2m`
i?`Qm;? i?2 bi2Tb Q7 `mMMBM; � #mbBM2bb- �M/ i?Bb `mMb i?2 `BbF i?�i i?2b2 bi2Tb �HH #2+QK2 /BbiQ`i2/
#v i?2 M2;�iBp2 2KQiBQMb 7`QK T�`iB+BT�MibǶ i`�mK�- #mBH/BM; 2p2M ;`2�i2` #�``B2`b iQ i?2B` bm++2bbX
h?Bb �++QmMi bm;;2bib i?�i i`�mK�Ƕb M2;�iBp2 2+QMQKB+ BKT�+ib +QK2 7`QK M2;�iBp2 2KQiBQM�H
+Q/BM; Q7 i?2 i�bFb `2[mB`2/ iQ ;2i �?2�/X8 Pm` BMi2`p2MiBQM @ :J1 @ Bb � M�im`�H `2bTQMb2 iQ i?Bb
T`Q#H2KX

:J1 2M+Qm`�;2b BM/BpB/m�Hb iQ BK�;BM2 � b2i Q7 pBpB/ �M/ `2�HBbiB+ 7mim`2 2tT2`B2M+2b- r?BH2
H2�`MBM; ?Qr iQ iQH2`�i2 i?2 2K2`;2M+2 Q7 M2;�iBp2 2KQiBQMb `�Bb2/ #v /BbiQ`i2/ K2KQ`B2bX �b
KQ`2 `2�HBbiB+ 2tT2`B2M+2b �`2 bBKmH�i2/ �M/ 2M+Q/2/ BM K2KQ`v- M2;�iBp2Hv /BbiQ`i2/ K2KQ`B2b
�`2 H2bb HBF2Hv iQ #2 `2+�HH2/- �M/ KQiBp�iBQM Bb `2biQ`2/X :J1 /`�rb QM i?2 HBi2`�im`2 QM K2Mi�H
2tT2`B2M+BM; UQ` pBbm�HBx�iBQMfBK�;2`vV r?B+? b?Qrb i?�i- `2H�iBp2 iQ Qi?2` �TT`Q�+?2b HBF2 *Q;MB@
iBp2 "2?�pBQ`�H h?2`�Tv U*"hV- K2Mi�H 2tT2`B2M+BM; Bb �#H2 iQ +`2�i2 KQ`2 pBpB/ �M/ 2KQiBQM�H
bBKmH�iBQM U>QHK2b �M/ J�i?2rb- kyy8VX oBpB/ �M/ 2KQiBQM�H K2Mi�H 2tT2`B2M+2b Q7 i?2 i�bFb
`2[mB`2/ 7Q` �M �+iBQM 7�+BHBi�i2 i?2B` K2KQ`v +QMbQHB/�iBQM- 2M+Qm`�;2 H2�`MBM;- �M/ ?�p2 �HbQ #22M
b?QrM iQ #2 KQ`2 KQiBp�iBQM�H r?2M mb2/ �b i?2 #�bBb 7Q` bBKmH�iBM; i?2 7mim`2 U_ƺb+? 2i �HX- kykkVX

q2 i2bi i?2 2{+�+v Q7 :J1 BM irQ `�M/QKBx2/ +QMi`QHH2/ i`B�Hb- �M/ �`;m2 i?2 `2bmHib �`2
+QMbBbi2Mi rBi? i?2 i?2Q`v /Bb+mbb2/X AM Qm` }`bi i`B�H- r2 rQ`F2/ rBi? � `�M/QK b�KTH2 Q7 R-e8k
1`Bi`2�M `27m;22b BM �//Bb �#�#�- 1i?BQTB�X h?2b2 `27m;22b r2`2 MQKBM�HHv 2MiBiH2/ iQ `2+2Bp2 �
rQ`F T2`KBi U� ;`�Mi Q7 �++2bbV #mi ?�/ MQi `2+2Bp2/ Bi �i i?2 iBK2 Q7 Qm` T`Q;`�KX :Qp2`MK2Mi
Q{+B�Hb `�Bb2/ i?2 TQbbB#BHBiv i?�i � T2`KBi K�v MQi #2 ?2HT7mH #2+�mb2- /2bTBi2 i?2 7�+i i?�i i?2v
+QmH/ +m``2MiHv rQ`F BM7Q`K�HHv- 72r +?QQb2 iQ /Q bQ- bm;;2biBM; i?2 H�+F Q7 T2`KBi r�b MQi � F2v
+QMbi`�BMiX q2 +QHH�#Q`�i2/ rBi? i?2 ;Qp2`MK2Mi �M/ � HQ+�H Tbv+?QHQ;Bbi iQ /2bB;M � :J1 T`Q;`�K
i?�i i2�+?2b i?Bb TQTmH�iBQM iQ #mBH/ TQbBiBp2 K2Mi�H 2tT2`B2M+2b �#Qmi i?2B` +m``2Mi ?QK2 U�//Bb
�#�#�V- iQ 2MpBbBQM � b�72 K2Mi�H bT�+2 iQ K�M�;2 M2;�iBp2 K2Mi�H 2tT2`B2M+2b i?�i +`QT mT- �M/ iQ
K2Mi�HHv 2tT2`B2M+2 +QM+`2i2 bi2Tb iQr�`/b }M/BM; 2+QMQKB+ QTTQ`imMBiB2b BM �//BbX q2 /2bB;M2/
i?2 T`Q;`�K iQ #2 b+�H�#H2- �M/ /2HBp2`2/ Bi rBi? ?2HT Q7 i`�BM2`b 7`QK i?2 b�K2 `27m;22 +QKKmMBivX

hrQ KQMi?b �7i2` i?2 BMi2`p2MiBQM- r2 b22 � bB;MB}+�Mi BM+`2�b2 BM i?2 [m�HBiv Q7 K2Mi�H
2tT2`B2M+BM;- �b K2�bm`2/ #v i?2 pBpB/M2bb �M/ 2KQiBQM�H BMi2MbBiv Q7 K2KQ`B2b �M/ BK�;BM2/
7mim`2 b+2M�`BQbX h?Bb Bb +QMbBbi2Mi rBi? :J1 BM/m+2/ K2KQ`B2b +`QrBM; Qmi `2+�HH Q7 M2;�iBp2Hv
/BbiQ`i2/ K2KQ`B2b- `2/m+BM; �pQB/�M+2X h?Bb +?�M;2 BM bBKmH�iBQM i`�MbH�i2b BMiQ BKT�+ib QM
i�`;2i2/ #2?�pBQ`bX _2H�iBp2 iQ � +QMi`QH ;`QmT- `2+BTB2Mib Q7 :J1 �`2 KQ`2 HBF2Hv iQ `2TQ`i i?�i

8� H�`;2 2KTB`B+�H HBi2`�im`2 /Q+mK2Mib M2;�iBp2 BKT�+ib Q7 i`�mK� QM KQiBp�iBQM U>QHK2b �M/ J�i?2rb- kyy8-
kyRyc >QHK2b 2i �HX- kyye- kyy3c J�i?2rb 2i �HX- kyRjc _2MM2` 2i �HX- kyRNVX
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i?2v BMi2M/ iQ bi�v BM �//Bb �#�#�- iQ #2 2KTHQv2/ �M/ iQ rQ`F KQ`2 ?Qm`bX h?2B` +Q;MBiBQMb
�`2 H2bb /BbiQ`i2/X h?2 2z2+i QM 2KTHQvK2Mi Bb H�`;2, i?2 HBF2HB?QQ/ Q7 #2BM; 2KTHQv2/ �KQM;
`27m;22b �bbB;M2/ iQ i?2 :J1 T`Q;`�K BM+`2�b2b #v 8 T2`+2Mi�;2 TQBMib Qp2` � +QMi`QH ;`QmT K2�M
Q7 kR T2`+2MiX h`2�i2/ T�`iB+BT�Mib �HbQ bB;MB}+�MiHv BM+`2�b2 i?2B` rQ`FBM; ?Qm`b #v �#Qmi i?`22
?Qm`b T2` r22F- `2H�iBp2 iQ � +QMi`QH ;`QmT K2�M Q7 �#Qmi 3 ?Qm`b T2` r22FX AKTQ`i�MiHv- i?Bb
BM+`2�b2 BM ?Qm`b rQ`F2/ Bb /`Bp2M #v ?Qm`b 7`QK r�;2 rQ`F �b QTTQb2/ iQ +�bm�H rQ`F Q` mMT�B/
�TT`2MiB+2b?BTbX q2 �HbQ b22 �M BKT`Qp2K2Mi BM b2H7@`2TQ`i2/ 7QQ/ b2+m`Biv �M/ r2HH#2BM;Xe

AM Qm` b2+QM/ i`B�H- r2 rQ`F rBi? � b�KTH2 Q7 R-Ned �bTB`BM; 2Mi`2T`2M2m`b BM "Q;Qi�- *QHQK#B�
BM +QHH�#Q`�iBQM rBi? i?2 "Q;Qi� *Biv *QmM+BHX h?2 b�KTH2 r�b B/2MiB}2/ #v irQ HQ+�H /2T�`iK2Mib
`2bTQMbB#H2 7Q` `2@bFBHHBM; ;`QmTb i?�i Q7i2M bi`m;;H2 iQ 2M;�;2 rBi? �M/ #2M2}i 7`QK i`�/BiBQM�H
i`�BMBM; T`Q;`�KbX � H�`;2 b?�`2 Q7 Qm` b�KTH2 +QMbBbib Q7 BM/BpB/m�Hb r?Q r2`2 pB+iBKb Q7 pBQH2M+2
/m`BM; i?2 *QHQK#B�M BMi2`M�H �`K2/ +QM~B+i �M/ KB;`�Mib r?Q `2+2MiHv ~2/ i?2 o2M2xm2H�M +`BbBbX
h?2v `2T`2b2Mi � b2+QM/ BKTQ`i�Mi TQTmH�iBQM rBi? `2bT2+i iQ Qm` ?vTQi?2b2b- �b i?2 ;Qp2`MK2Mi
`2TQ`i2/ i?�i �ii2KTib iQ BKT`Qp2 2+QMQKB+ Qmi+QK2b 7Q` i?2b2 ;`QmTb BM *QHQK#B� ?�/ b?QrM
HBKBi2/ bm++2bbX �i i?2 b�K2 iBK2- 2Mi`2T`2M2m`B�H HBp2HB?QQ/b �`2 i?2 KQbi HBF2Hv bQm`+2 Q7 BM+QK2 7Q`
i?Bb TQTmH�iBQMX 6Q` i?Bb i`B�H- r2 /2bB;M2/ �M/ /2HBp2`2/ irQ p2`bBQMb Q7 �M 2Mi`2T`2M2m`B�H i`�BMBM;
T`Q;`�KX h?2 }`bi i�F2b � KQ`2 i`�/BiBQM�H 7Q`K- #v /2HBp2`BM; bFBHHb i?Qm;?i iQ #2 BKTQ`i�Mi 7Q`
#mbBM2bb bm++2bbXd h?2 b2+QM/ +QK#BM2/ i?2b2 #�bB+ bFBHHb rBi? :J1 2t2`+Bb2b /2bB;M2/ iQ +`2�i2
� b2i Q7 M2r `2�HBbiB+ BK�;BMBM;b �+`Qbb � `�M;2 Q7 #mbBM2bb@7Q+mb2/ �+iBQMbX � F2v BMMQp�iBQM Q7
i?Bb i`B�H Bb �M �ii2KTi iQ F22T i?2 irQ T`Q;`�Kb +QKT�`�#H2, i?2 i`�/BiBQM�H T`Q;`�K i�m;?i �
H2bbQM �M/ i?2M +QKTH2i2/ Bi rBi? � T2/�;Q;B+�H /2pB+2 iQ BM+`2�b2 `2i2MiBQM �M/ mM/2`bi�M/BM;-
7Q` 2t�KTH2 i?BMF@T�B`@b?�`2X h?2 :J1@2M?�M+2/ T`Q;`�K bm#biBimi2/ Qmi i?2 T2/�;Q;B+�H /2pB+2
rBi? � :J1 2t2`+Bb2 QM i?2 iQTB+ Q7 i?2 H2bbQMX h?2 i`B�H �HbQ BM+Hm/2b � +QMi`QH ;`QmT i?�i `2+2Bp2/
MQi?BM;X

q2 b?Qr b2p2`�H `2bmHib +QMbBbi2Mi rBi? Qm` i?2Q`vX 6B`bi- r2 }M/ i?�i i?2 i`�/BiBQM�H i`�BMBM;
T`Q;`�K `2/m+2/ 2�`MBM;b �KQM; Qm` b�KTH2 +QKT�`2/ iQ i?2 +QMi`QH- +QMbBbi2Mi rBi? Qm` +QM+2`Mb
�#Qmi ?�`K7mH 2z2+ibX a2+QM/- r2 /Q+mK2Mi � F2v K2+?�MBbK 7Q` i?2 HQbb BM 2�`MBM;b, i?Qb2
BM i?2 i`�/BiBQM�H i`�BMBM; T`Q;`�K b22 � `2/m+iBQM BM i?2 [m�HBiv Q7 i?2B` K2Mi�H 2tT2`B2M+BM;
`2H�i2/ iQ #mbBM2bb �+iBpBiB2b- +QMbBbi2Mi rBi? Qm` ?vTQi?2bBb i?�i i`�/BiBQM�H i`�BMBM; K�v bT`2�/
M2;�iBp2 2KQiBQM�H +QMi2ti iQ KQ`2 #mbBM2bb �+iBpBiB2b- H2�/BM; iQ �pQB/�M+2 Q7 bT2+B}+ i?BMFBM;
�#Qmi #mbBM2bb �+iBQMbX h?B`/- r2 b?Qr i?�i i?2 :J1 i`�BMBM; T`Q;`�K `2KQp2b i?2b2 2z2+ib, r2
b22 MQ `2/m+iBQM BM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; �M/ MQ `2/m+iBQM BM 2�`MBM;b +QKT�`2/ iQ
i?Qb2 r?Q `2+2Bp2/ MQ BMi2`p2MiBQMX LQi�#Hv- i?2b2 BKT�+ib �`2 bi`QM;2` 7Q` T�`iB+BT�Mib r?Q b+Q`2

eq2 �`;m2 i?�i i?2b2 `2bmHib �`2 mMHBF2Hv iQ #2 /`Bp2M #v bQ+B�H /2bB`�#BHBiv #B�b �b r2 b22 MQ BMi2`�+iBQM Q7 i?2
:J1 i`2�iK2Mi rBi? �M 2M/HBM2 K2�bm`2 Q7 i?2 J�`HQr2@*`QrM2 b+�H2 U*`QrM2 �M/ J�`HQr2- RNeyc .?�` 2i �HX-
kykkVX q2 �HbQ b22 � /2+`2�b2 BM ?Qm`b bT2Mi b2�`+?BM; 7Q` rQ`F- r?B+? i?Bb Bb +QMbBbi2Mi rBi? � `2/m+iBQM /m2 iQ
#2+QKBM; KQ`2 2z2+iBp2 BM }M/BM; 2KTHQvK2MiX

dh?2 +m``B+mHmK /`�rb QM rB/2Hv mb2/ #mbBM2bb i`�BMBM; T`Q;`�Kb- bm+? �b i?2 AMi2`M�iBQM�H G�#Qm`
P`;�MBx�iBQMǶb ai�`i �M/ AKT`Qp2 uQm` "mbBM2bb Q` i?2 AMi2`M�iBQM�H 6BM�M+2 *Q`TQ`�iBQMǶb "mbBM2bb 1/;2 T`Q;`�KbX
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?B;?2` QM � #�b2HBM2 K2�bm`2 Q7 i`�mK� 2tT2`B2M+2X *QMbBbi2Mi rBi? i?2 2KTB`B+�H 2pB/2M+2 b?QrBM;
i?�i rQK2M �`2 KQ`2 pmHM2`�#H2 iQ 2KQiBQM�H i�;;BM;- `2bmHib �`2 �HbQ KQ`2 T`QMQmM+2/ 7Q` rQK2MX

q?BH2 Qm` `2bmHib 7`QK *QHQK#B� �HB;M rBi? Qm` i?2Q`v- �M BKTQ`i�Mi +�p2�i `2K�BMbX h?2 :J1
i`2�iK2Mi Qp2`+�K2 i?2 T`Q#H2Kb rBi? i?2 i`�/BiBQM�H i`2�iK2Mi- #mi Bi /B/ MQi H2�/ iQ TQbBiBp2
Qmi+QK2b QM �p2`�;2X h?Bb Bb- T2`?�Tb- MQi bm`T`BbBM;- ;Bp2M i?2 KQ/2bi 2pB/2M+2 QM #mbBM2bb
i`�BMBM; T`Q;`�Kb �M/ i?2 `2H2p�M+2 Q7 b2H2+iBQM 2z2+ib BM �bb2bbBM; i?2B` BKT�+ib UJ+E2MxB2- kykRc
J+E2MxB2 2i �HX- kykjc J+E2MxB2 �M/ qQQ/`mz- kyR9VX aBM+2 i`�BMBM; T`Q;`�Kb Q7i2M i�`;2i KBt2/
TQTmH�iBQMb rBi? p�`vBM; i`�mK� ?BbiQ`B2b- M2;�iBp2 2z2+ib QM i`�mK�@�z2+i2/ BM/BpB/m�Hb K�v #2
K�bF2/ #v TQbBiBp2 Qmi+QK2b 7Q` Qi?2`bX Pm` :J1 BMi2`p2MiBQM ?�b i?2 TQi2MiB�H iQ 2HBKBM�i2 i?2b2
M2;�iBp2 2z2+ib r?BH2 T`2b2`pBM; #2M2}ib 7Q` H2bb@�z2+i2/ BM/BpB/m�Hb

Pm` T�T2` +QMi`B#mi2b iQ i?`22 F2v �`2�b Q7 HBi2`�im`2X 6B`bi- Bi ?B;?HB;?ib i?2 `QH2 Q7 pBpB/Hv
BK�;BMBM; 7mim`2 b+2M�`BQb- HBMFBM; i?Bb �#BHBiv iQ BMi2`@i2KTQ`�H /2+BbBQM@K�FBM; �M/ #2HB27 7Q`K�@
iBQM U"2+F2` �M/ JmHHB;�M- RNNdc :�#�Bt �M/ G�B#bQM- kyRdc "Q`/�HQ 2i �HX- kyk9VX 1KTB`B+�HHv-
�H�M �M/ 1`i�+ UkyR3V /2KQMbi`�i2 i?�i i2�+?BM; bim/2Mib iQ 2MpBbBQM i?2B` 7mim`2 b2Hp2b BKT`Qp2b
T�iB2M+2 �M/ T2`7Q`K�M+2- r?BH2 CQ?M �M/ P`FBM UkykRV }M/ i?�i pBbm�HBxBM; r�i2` +?HQ`BM�iBQM
vB2H/b bB;MB}+�Mi #2?�pBQ`�H +?�M;2bX q2 �HbQ `2H�i2 iQ rQ`F QM BKT2`72+i `2+�HH �M/ Bib BKT�+i
QM 2+QMQKB+ 7Q`2+�biBM; �M/ #2HB27b Uh�m#BMbFv 2i �HX- kyk9c *2MxQM- kykjVX a2+QM/- Qm` }M/BM;b
+QMi`B#mi2 iQ `2b2�`+? QM i?2 2+QMQKB+ +QMb2[m2M+2b Q7 +QM~B+i UoQQ`b 2i �HX- kyRkc *�HH2M 2i �HX-
kyR9c JQv�- kyR3V- Qz2`BM; T2`bT2+iBp2 BMbTB`2/ #v i?2Q`B2b Q7 K2KQ`v �M/ `2+�HH UJmHH�BM�i?�M-
kyykc :2MM�BQHB �M/ a?H2B72`- kyRyc "Q`/�HQ 2i �HX- kyRe- kyk9c J�HK2M/B2` �M/ q�+?i2`- kykRc
E�?�M�- kykyVX G�biHv- r2 /2bB;M �M/ i2bi � i`�mK�@BM7Q`K2/ i`�BMBM; iQQHě:J1ěi�`;2iBM; DQ#
b2�`+? �M/ 2Mi`2T`2M2m`b?BTX _2+2Mi 2pB/2M+2 ?B;?HB;?ib i?2 p�Hm2 Q7 i�BHQ`BM; BMi2`p2MiBQMb iQ
BM/BpB/m�H M22/b U*�`B� 2i �HX- kyk9c *�``�Mx� �M/ J+E2MxB2- kyk9V- �M/ Qm` �TT`Q�+? 2KT?�bBx2b
i?2 BKTQ`i�M+2 Q7 BM+Q`TQ`�iBM; i`�mK�@�r�`2M2bb iQ 2M?�M+2 BKT�+i BM 7`�;BH2 b2iiBM;bX

h?2 T�T2` T`Q+22/b �b 7QHHQrb, a2+iBQM k T`QpB/2b i?2 +QM+2Tim�H 7`�K2rQ`F Q7 2+QMQKB+
/2+BbBQM@K�FBM; BM i?2 7�+2 Q7 i`�mK� �M/ +H�`B}2b ?Qr ;mB/2/ K2Mi�H 2tT2`B2M+BM; +�M �//`2bb
i?2 BKT�+ib Q7 i`�mK� QM /2+BbBQM@K�FBM;X a2+iBQM j T`QpB/2b � K�i?2K�iB+�H p2`bBQM Q7 i?2 b�K2
�`;mK2Mi #mBH/BM; QM "Q`/�HQ 2i �HX Ukyk9VX a2+iBQM 9 /2b+`B#2b Qm` �TT`Q�+? BM /2bB;MBM; i`�mK�@
BM7Q`K2/ T`Q;`�Kb BM i?2 irQ b2iiBM;b Q7 Qm` `�M/QKBx2/ +QMi`QHH2/ i`B�HbX a2+iBQM 8 /2b+`B#2b i?2
BMi2`p2MiBQM �M/ 2p�Hm�iBQM /2bB;M Q7 i?2 irQ 2tT2`BK2Mib- �b r2HH �b i?2 K2�bm`2K2Mi Q7 K2Mi�H
2tT2`B2M+BM; [m�HBiv �M/ /QrMbi`2�K 2+QMQKB+ Qmi+QK2bX a2+iBQM e /2b+`B#2b i?2 `2bmHibX a2+iBQM
d T`QpB/2b � /Bb+mbbBQM Q7 i?2b2 `2bmHib- �M/ a2+iBQM 3 +QM+Hm/2bX

k J2KQ`v- i`�mK� �M/ 2+QMQKB+ /2+BbBQMb
q2 T`QpB/2 � K2KQ`v@#�b2/ 2tTH�M�iBQM 7Q` i?2 BKT�+i Q7 i`�mK� �M/ /2b+`B#2 r?v :J1 Bb
T`2/B+i2/ iQ ?2HTX Pm` #�bB+ �`;mK2Mi Bb bBKTH2X h`�mK� +�mb2b � K2KQ`v /BbiQ`iBQM r?2`2#v
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� H�`;2 b2i Q7 K2KQ`B2b 7`QK � #`Q�/ `�M;2 Q7 b2iiBM;b �M/ +QMi2tib #2+QK2 �bbQ+B�i2/ rBi?
bi`QM; M2;�iBp2 2KQiBQMbX h?2b2 K2KQ`B2b BMi2`72`2 rBi? i?2 `2+�HH Q7 KQ`2 `2H2p�Mi MQM@/BbiQ`i2/
K2KQ`B2bX "2+�mb2 r2 bBKmH�i2 i?2 7mim`2 #v `2K2K#2`BM; i?2 T�bi- � i`�mK� pB+iBK rBHH M22/ iQ
/`�r QM i?Bb b2i Q7 M2;�iBp2Hv i�;;2/ K2KQ`B2b iQ i?BMF �#Qmi i?2 7mim`2- H2�/BM; iQ irQ T`BK�`v
2z2+ibX 6B`bi- i`�mK� bm`pBpQ`b i`v iQ �pQB/ i?BMFBM; �#Qmi i?2 7mim`2- �M/ b2+QM/ r?2M i?2v /Q
i?BMF �#Qmi i?2 7mim`2 i?2v /Q bQ mbBM; M2;�iBp2 K2KQ`B2b i?mb K�FBM; i?2 7mim`2 b22K M2;�iBp2X
q2 bmKK�`Bx2 i?Bb #v b�vBM; i?�i i`�mK� bm`pBpQ`b +�MMQi b22 i?2 rQ`H/Ƕb QTTQ`imMBiB2bX q2
�HbQ 2tTHQ`2 i?2 BKTHB+�iBQMb Q7 i?Bb KQ/2H Q7 i`�mK� 7Q` /2p2HQTK2Mi T`Q;`�KKBM;X q2 �`;m2
i?�i K�Mv T`Q;`�Kb rBHH #2 H2bb 2z2+iBp2 7Q` i?Qb2 r?Q ?�p2 2tT2`B2M+2/ i`�mK�- �M/ K�v 2p2M
#�+F}`2- #mi i?�i :J1 +�M #2 +QK#BM2/ rBi? Qi?2` T`Q;`�Kb iQ BKT`Qp2 Qmi+QK2bX

q2 K�F2 Qm` �`;mK2Mi BM irQ r�vbX h?2 `2K�BM/2` Q7 i?Bb b2+iBQM T`QpB/2b � p2`#�H /Bb+mbbBQM-
�M/ `2H�i2b i?2 �`;mK2Mi iQ i?2 2tBbiBM; HBi2`�im`2 BM Tbv+?QHQ;v �M/ M2m`Qb+B2M+2X a2+iBQM j
T`QpB/2b � KQ`2 7Q`K�H K�i?2K�iB+�H KQ/2H i?�i #mBH/b QM "Q`/�HQ 2i �HX Ukyk9VX h?2 b2+iBQMb �`2
iQ bQK2 2ti2Mi 2t+?�M;2�#H2 �M/ +QmH/ #2 `2�/ BM �Mv Q`/2`X

kXR h?2 Sbv+?QHQ;B+�H AKT�+ib Q7 h`�mK�
6QHHQrBM; i?2 .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Q7 J2Mi�H .BbQ`/2`b U.aJ@8V U�K2`B+�M Sbv+?B@
�i`B+ �bbQ+B�iBQM 2i �HX- kyRjV- r2 /2}M2 � i`�mK�iB+ 2p2Mi �b /B`2+i Q` rBiM2bb2/ 2tTQbm`2 iQ �+im�H
Q` i?`2�i2M2/ /2�i?- b2`BQmb BMDm`v- Q` b2tm�H pBQH2M+2X h`�mK� +�M �HbQ Q++m` BM/B`2+iHv- bm+? �b
H2�`MBM; i?�i � pBQH2Mi Q` �++B/2Mi�H 2p2Mi ?�TT2M2/ iQ � +HQb2 7`B2M/ Q` 7�KBHv K2K#2`- Q` i?`Qm;?
2ti`2K2 2tTQbm`2 iQ i?2 /Bbim`#BM; /2i�BHb Q7 bm+? 2p2MibX

h`�mK�iB+ 2p2Mib �M/ i?2B` bvKTiQKb b?QmH/ #2 +QM+2Tim�HBx2/ �b #2BM; QM � +QMiBMmmK- rBi?
SQbi@h`�mK�iB+ ai`2bb .BbQ`/2` USha.V /B�;MQb2/ QM i?2 b2p2`2 2M/ Q7 i?2 bT2+i`mKX >Qr2p2`-
K�Mv BM/BpB/m�Hb K�v 2tT2`B2M+2 i`�mK�@`2H�i2/ bvKTiQKb i?�i �z2+i i?2B` /�BHv HBp2b- 2p2M B7 i?2v
/Q MQi K22i i?2 7mHH /B�;MQbiB+ +`Bi2`B� 7Q` Sha. UAMb2H 2i �HX- kyRyVX 1tTQbm`2 iQ i`�mK� ivTB+�HHv
H2�/b iQ 7Qm` T`BK�`v Tbv+?QHQ;B+�H BKT�+ib,

U�V _2@2tT2`B2M+BM; �M/ BMi2`72`2M+2, bm+? �b pB� BMi`mbBp2 b2MbQ`v@#�b2/ K2KQ`B2b Q7 i?2 i`�m@
K�iB+ 2p2MiUbV �M/ ~�b?#�+Fb

U#V �pQB/�M+2, bm+? �b �ii2KTib iQ Tmb? �r�v K2KQ`B2b Q7 i?2 i`�mK� �M/ �pQB/ i?2B` `2+�HH
i?Qm;? �pQB/�M+2 Q7 BMi2`M�H U2X;X 2KQiBQM�H bi�i2bV Q` 2ti2`M�H `2KBM/2`b Q7 i?2 2p2Mib U2X;X
TH�+2b Q` T2QTH2V

U+V .BbiQ`iBQM, bm+? �b M2;�iBp2 #2HB27b �#Qmi i?2 b2H7- i?2 rQ`H/ �M/ i?2 7mim`2

U/V �`Qmb�H, bm+? #2BM; QM 2/;2- ?vT2`@pB;BH�M+2- �M/ TQQ` bH22T

e



Pm` 7`�K2rQ`F +QM+2Mi`�i2b QM i?2 }`bi i?`22 Q7 i?2b2 T`BK�`v BKT�+ib- �b r2 #2HB2p2 i?2v �`2
i?2 KQbi BKTQ`i�Mi 7Q` mM/2`bi�M/BM; i?2 /2+BbBQM K�FBM; BKT�+ib Q7 i`�mK�X Ai Bb �HbQ BKTQ`i�Mi
iQ MQi2 i?�i 2tT2`B2M+BM; i`�mK� ?�b rB/2` BKT�+ib i?�M Sha.- bm+? �b /2T`2bb2/ KQQ/X S2QTH2
rBi? /2T`2bbBQM +�M �HbQ ?�p2 BMi`mbBp2 K2KQ`B2b Q7 M2;�iBp2 T�bi 2tT2`B2M+2b �M/ �pQB/�M+2- 7Q`
r?B+? i?2 K2+?�MBbKb Q7 K2KQ`v QmiHBM2/ #2HQr +�M b?�`2 `2H2p�M+2X >Qr2p2`- mMHBF2 /2T`2bbBQM
i`2�iK2Mib Ubm+? �b *"hV r?B+? 7Q+mb QM p2`#�H +Q;MBiBQM �M/ M2;�iBp2 i?Qm;?i- Qm` :J1 �TT`Q�+?
Bb i`�mK�@/`Bp2M �M/ 7Q+mb2/ QM BK�;2`v@#�b2/ +Q;MBiBQM �M/ T`QbT2+iBQMX

kXk J2KQ`v �b � S�i?r�v 7Q` h`�mK�Ƕb AKT�+i
h`�mK�@`2H�i2/ /BbQ`/2`b �`2 /BbQ`/2`b Q7 K2KQ`v U"`2rBM �M/ >QHK2b- kyyjc "`2rBM- kyR9- RNN3c
*Q?2M �M/ E�?�M�- kykkc _m#BM 2i �HX- kyy3VX h?2 ?�HHK�`F K2KQ`v /BbiQ`iBQM �bbQ+B�i2/ rBi?
i`�mK� Bb BMi`mbBp2 K2KQ`B2b Q7 i?2 i`�mK�iB+ 2p2MiX h?2b2 i�F2 i?2 7Q`K Q7 b2MbQ`v UT`2/QKBM�MiHv
pBbm�HV K2KQ`B2b r?B+? bT`BM; iQ KBM/ mM#B//2M U1?H2`b 2i �HX- kyy9c Av�/m`�B 2i �HX- kyRNVX q?BH2
2p2`vQM2 +�M 2tT2`B2M+2 BMpQHmMi�`v K2KQ`v `2+�HH- i?2 /BbiBM;mBb?BM; 72�im`2 Q7 i`�mK�iB+ `2�+iBQMb
Bb i?�i i?2b2 `2+�HHb �`2 �p2`bBp2- mMr�Mi2/ �M/ ?�p2 i`�mK�iB+ +QMi2Mi U"2`Mb 2i �HX- kyydc "2`Mib2M
�M/ _m#BM- kyykVX >2`2 r2 �`;m2 i?�i � bBKTH2 KQ/2H Q7 K2KQ`v 2M+Q/BM; �M/ `2+�HH i?�i #mBH/b
QM i?2 HBi2`�im`2 QM `2i`B2p2/ +QMi2ti U>Qr�`/ �M/ E�?�M�- kyykc E�?�M�- kyRk- kykyc q�+?i2`
�M/ E�?�M�- kykjc "Q`/�HQ 2i �HX- kyk9- kykjV +�M 2tTH�BM #Qi? i?Bb `2@2tT2`B2M+BM;- �b r2HH �b i?2
�pQB/�M+2 �M/ /BbiQ`iBQM 2z2+ib MQi2/ �#Qp2X

q2 i?BMF Q7 2TBbQ/B+ K2KQ`B2b Ui?�i Bb- K2KQ`B2b Q7 2p2Mib BM Qm` HB72- b22 hmHpBM; kyykV �b
#2BM; biQ`2/ BM � #�MF Q7 T�bi 2tT2`B2M+2bX h?2 #�MF +QMi�BMb K2Mi�H `2T`2b2Mi�iBQMb i?�i 2M+Q/2
#Qi? /2i�BHb Q7 i?2 2tT2`B2M+2 U+QMi2MiV �M/ i?2 +QMi2ti �i i?2 iBK2 Q7 2M+Q/BM;X *QMi2ti Bb � F2v
+QMbi`m+i �M/ Bi /2i2`KBM2b i?2 T`Q#�#BHBiv Q7 `2+�HH- �b r2HH �b i?2 2tT2`B2M+2 Q7 `2+�HHX *QMi2ti
/2b+`B#2b �M BM/BpB/m�HǶb K2Mi�H bi�i2- �M/ BM+Hm/2b #Qi? UK2Mi�H `2T`2b2Mi�iBQMb Q7V 2ti2`M�H 7�+iQ`b
bm+? �b TH�+2 �M/ iBK2- �M/ BMi2`M�H 7�+iQ`b bm+? �b 2KQiBQM�H bi�i2 �M/ +m``2Mi T`2@Q++mT�iBQMbX
*QMi2ti #Qi? �z2+ib- �M/ Bb �z2+i2/ #v- K2KQ`v `2+�HH i?`Qm;? i?`22 BMi2`�+iBM; K2+?�MBbKb,3

RX �b �H`2�/v MQi2/- +QMi2ti �i i?2 iBK2 Q7 2M+Q/BM; 7Q`Kb T�`i Q7 i?2 K2KQ`v i?�i Bb 2M+Q/2/X
aQ- 7Q` 2t�KTH2- B7 vQm r2`2 Q#b2bb2/ rBi? PM2 .B`2+iBQM r?2M vQm #Qm;?i vQm` }`bi +�`- i?2M
i?BMFBM; �#Qmi vQm` }`bi +�` K�v H2�/ vQm iQ `2+�HH PM2 .B`2+iBQMc

kX *QMi2ti bBKBH�`Biv /2i2`KBM2b i?2 HBF2HB?QQ/ Q7 `2+�HH- rBi? i?2 T`Q#�#BHBiv Q7 `2+�HH BM+`2�bBM;
r?2M i?2 `2+�HH +QMi2ti Bb KQ`2 bBKBH�` iQ i?2 2M+Q/BM; +QMi2tiX 6Q` 2t�KTH2- r?2M T2QTH2 �`2
BM � TQbBiBp2 KQQ/ i?2v �`2 KQ`2 HBF2Hv iQ `2+�HH TQbBiBp2 K2KQ`B2b UKQQ/ +QM;`m2Mi `2+�HH-

3Pm` 2KT?�bBb QM +QMi2ti /`�rb QM i?2 H�`;2 HBi2`�im`2 QM `2i`B2p2/ +QMi2ti i?2Q`vX a22 *Q?2M �M/ E�?�M�
UkykkV 7Q` �M �TTHB+�iBQM iQ 2KQiBQM�H /BbQ`/2` i?�i r2 ?�p2 #22M BMbTB`2/ #vc b22 "Q`/�HQ 2i �HX UkykyV- "Q`/�HQ
2i �HX UkykjV �M/ "Q`/�HQ 2i �HX Ukyk9V 7Q` 2pB/2M+2 b?QrBM; i?�i i?2 K2KQ`B2b i?�i r2 /`�r QM �`2 i?Qb2 r2 b22 �b
KQ`2 bBKBH�` iQ i?2 +QMi2ti BM r?B+? r2 �`2 K�FBM; � /2+BbBQMX

d



*Q?2M �M/ E�?�M�- kykkV- �M/ r?2M pBbBiBM; � +?BH/?QQ/ ?QK2- T2QTH2 �`2 KQ`2 HBF2Hv iQ
`2+�HH K2KQ`B2b 7`QK i?2B` +?BH/?QQ/ Uq�+?i2` �M/ E�?�M�- kykjVcN

jX _2i`B2p�H UQ` BK�;BM�iBQMV Bb �M BMi2`M�H 2tT2`B2M+2 BM Bib2H7- bm+? i?�i `2+�HHBM; � M2;�iBp2
K2KQ`v U�M/ Bib TQi2MiB�H 2K#2HHBb?K2MiV +`2�i2b � M2r M2;�iBp2 K2KQ`v �M/ �HbQ H2�/b iQ
� M2;�iBp2 2KQiBQM�H bi�i2X

1KQiBQMb �`2 � T�`iB+mH�`Hv BKTQ`i�Mi T�`i Q7 +QMi2ti �M/ �z2+i #Qi? 2M+Q/BM; �M/ `2+�HHX
1KQiBQMb �`2 2M+Q/2/ rBi? � K2KQ`v- �M/ r?2M � T2`bQM `2+�HHb � K2KQ`v i?2v `2@2tT2`B2M+2 bQK2
Q7 i?2 2KQiBQMb biQ`2/ rBi? BiX 6Q` 2t�KTH2- bm#D2+ib b?QrM � M2mi`�H Q#D2+i #2+QK2 2KQiBQM�HHv
�`Qmb2/ B7 i?�i Q#D2+i r�b T`2pBQmbHv 2M+QmMi2`2/ BM �M 2KQiBQM�H +QMi2ti Uo2Mim`�@"Q`i 2i �HX-
kyReV UK2+?�MBbKb R �M/ jVX 1KQiBQM �HbQ +?�M;2b `2+�HHX 1KQiBQM�H K2KQ`B2b �`2 KQ`2 HBF2Hv
iQ #2 `2i`B2p2/- �M/ `2+�HHBM; QM2 2KQiBQM�H Bi2K BM+`2�b2b i?2 HBF2HB?QQ/ Q7 `2+�HHBM; Qi?2`b rBi?
bBKBH�` 2KQiBQM�H p�H2M+2 UK2+?�MBbK k- b22 h�HKB 2i �HX- kyRN 7Q` � `2pB2rVX "Qi? i?2b2 2z2+ib �`2
bi`2M;i?2M2/ #v Qm` i2M/2M+v iQ T�v KQ`2 �ii2MiBQM iQ 2KQiBQM�H +QMi2Mi U2X;X- *?mM 2i �HX- kyRRVX

h?2b2 i?`22 K2+?�MBbKb- +QK#BM2/ rBi? i?2 `QH2 Q7 2KQiBQM- ?2HT 2tTH�BM i?2 K2KQ`v BKT�+ib
Q7 i`�mK�- r?B+? r2 +QM+2Tim�HBx2 �b i?2 bT`2�/ Q7 M2;�iBp2 2KQiBQMb �+`Qbb i?2 2tT2`B2M+2 #�MF,

RX h`�mK� Bb- #v /2}MBiBQM- � bi`QM;Hv M2;�iBp2Hv 2KQiBQM�H 2p2Mi- �M/ Bi rBHH +`2�i2 �M BMBiB�H
b2i Q7 M2;�iBp2 K2KQ`B2b- bT2+B}+ iQ i?2 i`�mK� +QMi2tiX

kX h`�mK� rBHH �HbQ +`2�i2 � M2;�iBp2 2KQiBQM�H bi�i2 i?�i bT`2�/b iQ #Qi? M2r �M/ QH/ K2KQ`B2b,

Ç L2;�iBpBiv rBHH #2 2M+Q/2/ �b T�`i Q7 i?2 +QMi2ti Q7 Qi?2` i2KTQ`�HHv T`QtBK�i2 2tT2`B@
2M+2b- 2p2M B7 i?2v �`2 Qi?2`rBb2 M2mi`�H Q` TQbBiBp2 2p2Mib UK2+?�MBbK RVc �M/

Ç h?2 `2+�HH Q7 � T`2pBQmbHv TQbBiBp2 K2KQ`v �7i2` i?2 i`�mK� rBHH H2�/ iQ i?2 2M+Q/BM; Q7
� M2r K2KQ`v rBi? � M2;�iBp2 2KQiBQM�H i�; UK2+?�MBbKb R �M/ jVX

jX L2;�iBp2 2KQiBQM rBHH H2�/ iQ i?2 `2+�HH Q7 Qi?2` M2;�iBp2 K2KQ`B2b- BM+Hm/BM; `2@2tT2`B2M+BM;
i?2 i`�mK� UKQQ/ +QM;`m2Mi `2+�HH- K2+?�MBbK kV- r?B+? rBHH K�BMi�BM M2;�iBp2 KQQ/X

Ç h?Bb M2;�iBp2 KQQ/ rBHH i?2M bT`2�/ 7m`i?2` iQ M2r �M/ QH/ K2KQ`B2b- �b BM bi2T kX

h?Bb bT`2�/ Q7 M2;�iBp2 2KQiBQMb i?`Qm;?Qmi i?2 K2KQ`v bvbi2K +�M 2tTH�BM i?2 T`BK�`v
Tbv+?QHQ;B+�H BKT�+ib Q7 i`�mK�X _2@2tT2`B2M+BM; �M/ BMi2`72`2M+2 Q7 i`�mK� K2KQ`B2b +�M #2
�++QmMi2/ 7Q` #v i?2 2ti`� �ii2MiBQM r2 T�v /m`BM; 2KQiBQM�H 2p2Mib- r?B+? K2�Mb i?�i i`�mK�
K2KQ`B2b �`2 biQ`2/ rBi? ;`2�i /2i�BH- �M/ i?2 bT`2�/ Q7 M2;�iBp2 2KQiBQM 7`QK i?Bb i`�mK� iQ Qi?2`
M2�`#v +QMi2tib K2�Mb i?2v �`2 HBF2Hv iQ #2 i`B;;2`2/ BM � ;`QrBM; `�M;2 Q7 b2iiBM;bX h?Bb M2;�iBp2

N_2i`B2p2/ +QMi2ti i?2Q`v bi�`i2/ �b �M 2tTH�M�iBQM 7Q` i?2 2KTB`B+�H `2;mH�`Biv i?�i `2+�HHBM; QM2 2H2K2Mi 7`QK �
HBbi BM+`2�b2b i?2 HBF2HB?QQ/ Q7 `2+�HH Q7 Qi?2` M2�`#v 2H2K2MibX h?Bb +�M #2 +�Tim`2/ #v K2+?�MBbKb R �M/ k iQ;2i?2`-
bQ HQM; �b iBK2 Bb T�`i Q7 +QMi2tiX
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2KQiBQM�H bT`2�/ BKT�+ib +?QB+2 �M/ +Q;MBiBQM i?`Qm;? i?2 K2+?�MBbK /2b+`B#2/ BM "Q`/�HQ 2i �HX
Ukyk9V- r?Q b?Qr i?�i /Bz2`2Mi 2tT2`B2M+2b @ MQi M2+2bb�`BHv #2HQM;BM; iQ i?2 b�K2 /QK�BM @
BMi2`72`2 rBi? 2�+? Qi?2` BM `2+�HHX h?`Qm;? i?2 H2Mb Q7 i?Bb KQ/2H- i`�mK� +�M #B�b i?2 `2+�HH T`Q+2bb
BM � rB/2 `�M;2 Q7 /QK�BMb #v i�FBM; i?2 T`BQ`Biv Qp2` i?2 `2+�HH Q7 /QK�BM@bT2+B}+ 2tT2`B2M+2b i?�i
rQmH/ #2 UKQ`2V `2H2p�Mi 7Q` � ;Bp2M /2+BbBQMXRy

�pQB/�M+2 Bb �++QmMi2/ 7Q` #v i?2 �p2`bBp2 M�im`2 Q7 `2+�HHBM; M2;�iBp2 K2KQ`B2b- �M/ i?2
mM/2`bi�M/�#H2 rBb? iQ �pQB/ `2+�HHBM; M2;�iBp2 2tT2`B2M+2b �M/ mMr�Mi2/ 2KQiBQMbX aim/B2b
bm;;2bi i?�i i?Bb �pQB/�M+2 +�M #2+QK2 p2`v #`Q�/- 2pB/2M+BM; i?2 bT`2�/ Q7 M2;�iBp2 2KQiBQMb
i?`Qm;? i?2 K2KQ`v #�MFX �7i2` i`�mK�- BM/BpB/m�Hb Q7i2M �pQB/ #Qi? 2ti2`M�H +QMi2ti `2KBM/2`b-
bm+? �b bT2+B}+ TH�+2b Q` T2QTH2 i?�i �`2 HBMF2/ #v bB;?i Q` bQmM/ iQ b2MbQ`v K2KQ`B2b Q7 i?2
i`�mK�- �M/ BMi2`M�H +QMi2ti `2KBM/2`b- `2TQ`iBM; 722HBM; MmK# `�i?2` i?�M b�/X � T�`iB+mH�`Hv r2HH
2pB/2M+2/ �bT2+i Q7 i?Bb MmK#BM; 2z2+i Bb i?2 /2p2HQTK2Mi Q7 �M ǳQp2`;2M2`�H K2KQ`v-Ǵ r?2`2#v
T2QTH2 7Q+mb QMHv QM i?2 ;2M2`�H bBim�iBQM U2X;X ǳ/m`BM; i?2 r�`ǴV `�i?2` i?�M bT2+B}+ 2p2Mi U2X;X
ǳi?2 KQ`MBM; Kv M2B;?#Q` r�b b?QiǴVX 6Q` 2t�KTH2- J+L�HHv 2i �HX URNN8V 7QmM/ BM � b�KTH2 Q7
jk +QK#�i p2i2`�Mb- i?�i i?Qb2 rBi? Sha. b?Qr2/ � K�`F2/ `2/m+iBQM BM i?2 �#BHBiv iQ `2i`B2p2
bT2+B}+ �miQ#BQ;`�T?B+�H K2KQ`B2bX aBKBH�` `2bmHib �`2 `2TQ`i2/ #v EH2BK �M/ 1?H2`b Ukyy3V- b22
�HbQ JQQ`2 �M/ wQ2HHM2` UkyydVX A7 i?Bb r2`2 Dmbi �M �ii2KTi iQ �pQB/ bT2+B}+ i`�mK� K2KQ`B2b
i?2M r2 KB;?i 2tT2+i i?�i i?2b2 BKT�+ib �z2+i QMHv M2;�iBp2 2p2Mib- #mi 2pB/2M+2 b?Qrb `2/m+2/
bT2+B}+Biv BM i?2 `2+�HH Q7 TQbBiBp2 2p2Mib- �b B7 �HH bT2+B}+ `2+�HH Bb #2BM; b?mi /QrM �M/ �pQB/2/
UEH2BK 2i �HX- kyR9VX AM/22/- i?Qb2 r?Q ?�p2 2tT2`B2M+2/ T�bi i`�mK� K�v bi`m;;H2 iQ ;2M2`�i2
K2Mi�H BK�;2b �i �HH U2p2M 7mim`2 BK�;2bV- rBi? bim/B2b b?QrBM; /2}+Bib BM p�`BQmb K2KQ`v T`Q+2bb2b
U.Qm;H�b "`2KM2` 2i �HX- RNN8c C2MFBMb 2i �HX- RNN3c "m+FH2v 2i �HX- kyyyVXRR

L2;�iBp2 2KQiBQM�H bT`2�/ �HbQ +`2�i2b /BbiQ`i2/ i?BMFBM;X h?2`2 Bb `B+? 2pB/2M+2 iQ bm;;2bi i?�i
r?2M T2QTH2 i?BMF �#Qmi i?2 7mim`2 UT`QbT2+iBp2 i?BMFBM;V i?2v /Q bQ #v `2+�HHBM; �M/ `2+QK#BMBM;
K2KQ`B2b 7`QK i?2 2tT2`B2M+2 #�MF Ua+?�+i2` 2i �HX- kyydc �//Bb 2i �HX- kyydc �//Bb- kykyc a+?�+i2`
2i �HX- kyRdc "mHH2v �M/ a+?�+i2`- kykjVX A7 i?2b2 K2KQ`B2b �`2 M2;�iBp2 bQ rBHH #2 i?2 `2bmHiBM;
i?Qm;?ib �M/ T`QD2+iBQMb �#Qmi i?2 7mim`2X h?�i T`QbT2+iBp2 i?BMFBM; `2HB2b QM 2TBbQ/B+ K2KQ`v
Bb bm;;2bi2/ #v � b2`B2b Q7 7�+ib, i?2 �#BHBiv iQ `2K2K#2` i?2 T�bi �M/ iQ i?BMF �#Qmi i?2 7mim`2
#Qi? /2p2HQT �`QmM/ i?2 b�K2 iBK2 BM +?BH/`2M Uam//2M/Q`7 �M/ _2/b?�r- kyRjVc i?2v �`2 #Qi?
/Bb`mTi2/ #v K2Mi�H BHH ?2�Hi? �M/ T?vbB+�H /�K�;2 iQ i?2 #`�BM UEH2BM 2i �HX- kyykc qBHHB�Kb 2i �HX-
RNNec >�bb�#Bb 2i �HX- kyydVc �;BM; `2/m+2b i?2 bT2+B}+Biv Q7 `2TQ`ib QM #Qi? K2KQ`B2b Q7 i?2 T�bi
�M/ BK�;BMBM;b Q7 i?2 7mim`2 U�//Bb 2i �HX- kyy3Vc �M/ BK�;BMBM; i?2 7mim`2 �M/ `2~2+iBM; QM i?2
T�bi mb2 i?2 b�K2 M2m`�H bvbi2Kb- rBi? 7J_A bim/B2b b?QrBM; � bi`QM; +Q``2bTQM/2M+2 #2ir22M
#`�BM �`2�b i?�i b?Qr �+iBpBiv r?2M T�`iB+BT�Mib �`2 �bF2/ iQ `2K2K#2` i?2 T�bi �M/ BK�;BM2 i?2
7mim`2 U�//Bb 2i �HX- kyydc h?�F`�H 2i �HX- kykyc >�bb�#Bb 2i �HX- kyydVX aim/B2b Q7 i?2 BKT�+i Q7

Ry� `2+2Mi i`2�iK2Mi 7Q` TQbi@i`�mK�iB+ BMi`mbBp2 K2KQ`B2b Bb QM2 i?�i mb2b �MQi?2` K2KQ`v i�bF iQ BMi2`72`2 rBi?
i?2b2 BMi`mbBQMb- FMQrM �b �M BK�;2`v@+QKT2iBM; i�bF BMi2`p2MiBQM UAv�/m`�B 2i �HX- kykjc _�KBM2MB 2i �HX- kykjVX

RR"`2KM2` UkyyeV b?Qrb +?�M;2b iQ F2v #`�BM �`2�b HBF2 i?2 ?BTTQ+�KTmb- �Kv;/�H�- �M/ K2/B�H T`27`QMi�H +Q`i2tX
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i`�mK� �HbQ /Q+mK2Mi ?Qr K2KQ`v �z2+ib i?BMFBM; �#Qmi i?2 7mim`2X 6Q` 2t�KTH2- EH2BK 2i �HX
UkyR9V 7QmM/ Sha. T�iB2Mib r2`2 H2bb �#H2 i?�M +QMi`QHb iQ ;2M2`�i2 bT2+B}+ /2i�BHb Q7 +m2/ 7mim`2
2p2MibX *`BiB+�HHv- i?Bb 2z2+i r�b T�`iB+mH�`Hv bi`QM; r?2M i?2v r2`2 �bF2/ iQ BK�;BM2 TQbBiBp2
7mim`2 2p2Mib- b22 �HbQ _�?K�M �M/ "`QrM UkykRV 7Q` � `2pB2rXRk

kXj h`�mK� �z2+ib .2+BbBQM@J�FBM; i?`Qm;? Bib GBMF rBi? J2KQ`v
h`�mK�Ƕb K2KQ`v /BbiQ`iBQMb /B`2+iHv �z2+i 2+QMQKB+ /2+BbBQM@K�FBM; #2+�mb2- �b r2 MQi2/ �#Qp2-
i?2 r�v r2 bBKmH�i2 i?2 7mim`2 Bb #v `2K2K#2`BM; i?2 T�bi- �M/ r?�i r2 bBKmH�i2 +?�M;2b +?QB+2b
U"Q`/�HQ 2i �HX- kyk9VX aBKmH�iBQM Bb BM/22/ +`m+B�H iQ i?BMF �#Qmi i?2 7mim`2- �M/ #Qi? i?2
HBF2HB?QQ/ �ii�+?2/ iQ 7mim`2 2p2Mib �M/ i?2 bi`2M;i? rBi? r?B+? r2 +�M BK�;BM2 i?2K /2T2M/
QM i?2 `2H�iBQMb?BT #2ir22M � `2+�HH2/ K2KQ`v �M/ i?2 i�`;2i 2p2MiX "2+�mb2 Q7 i?2 bi`QM; HBMF
#2ir22M T�bi K2KQ`v �M/ 2TBbQ/B+ 7mim`2 i?BMFBM;- i?2 �#BHBiv iQ K2Mi�HHv T`QD2+i BMiQ i?2 7mim`2 Bb
/22THv �z2+i2/ #v i?2 +QMi2Mib Q7 2tT2`B2M+2 #�MF- K2KQ`v `2+�HH T`Q+2bb2b �M/- i?mb- i`�mK�X �M
ǳQp2`;2M2`�HǴ `2+�HH bivH2 U� 7Q`K Q7 �pQB/�M+2 BMi2M/2/ iQ T`2p2Mi i?2 `2@2tT2`B2M+BM; Q7 i`�mK�
K2KQ`B2bV K2�Mb i?�i Bi Bb ?�`/ 7Q` T2QTH2 iQ T`2@2tT2`B2M+2 bT2+B}+ 2p2Mib BM i?2B` 7mim`2X 6Q`
bQK2QM2 �7i2` i`�mK�- i?2 7mim`2 +�M i?mb b22K mM+H2�`- +QM7mbBM; �M/ bBKTHv ?�`/ iQ BK�;BM2X
h?Bb /2}+Bi BM 7mim`2 i?BMFBM; �TTHB2b 2bT2+B�HHv iQ TQbBiBp2 2p2MibX A7 i?2 2�bB2bi i?BM; iQ `2+�HH Bb
M2;�iBp2 2p2Mib- �M/ QM2 mb2b i?2 T�bi iQ T`2/B+i i?2 7mim`2- i?2M � i`�mK� ?BbiQ`v BM+`2�b2b i?2
b2Mb2 Q7 � M2;�iBp2 7mim`2X �7i2` i`�mK� Ĝ T�`iB+mH�`Hv i`�mK�iB+ 2p2Mib BMpQHpBM; i?`2�i iQ HB72 Ĝ
i?2 7mim`2 +�M 722H 7Q`2b?Q`i2M2/ Ĝ 7Q` 2t�KTH2 i?�i QM2 ?�b H2bb v2�`b H27i iQ HBp2 �M/ K�FBM; �
TH�M Bb 7miBH2X AM bmKK�`v- i`�mK� Bb T`2/B+i2/ iQ ?�p2 i?`22 F2v BKT�+ib QM 7mim`2 i?BMFBM;,

Ç _2@2tT2`B2M+BM; �M/ BMi2`72`2M+2, q?2M M2;�iBp2 K2KQ`B2b BMi`m/2 BMiQ � i`�mK� pB+iBKǶb
i?BMFBM; i?2v ?BD�+F �ii2MiBQM- bm+F i?2 BM/BpB/m�H BMiQ i?2 T�bi �M/ /`�K�iB+�HHv BMi2`72`2
rBi? i?2 �#BHBiv iQ i?BMF +H2�`HvX h?2 BMi2`72`2M+2 +`2�i2/ #v i`�mK� K2KQ`B2b �HbQ `mMb
i?2 `BbF Q7 7m`i?2` bT`2�/ Q7 M2;�iBp2 2KQiBQM iQ M2r +QMi2tib BM i?2 K2KQ`v bvbi2KX h?Bb
?�TT2Mb #2+�mb2 i`�mK� +`2�i2b � biQ+F Q7 b�HB2Mi MQM@/QK�BM bT2+B}+ 2tT2`B2M+2b i?�i +�M
BKT2/2 i?2 `2+�HH Q7 Qi?2` K2KQ`B2b- 2p2M i?Qb2 rBi?BM i?2 /QK�BM Q7 +?QB+2 �M/ i?�i rQmH/
#2 KQ`2 mb27mH 7Q` i?BMFBM; �#Qmi i?2 7mim`2 U"Q`/�HQ 2i �HX- kyk9VX

Ç �pQB/�M+2, AM�#BHBiv iQ BK�;BM2 bT2+B}+ 2p2Mib BM i?2 7mim`2 UQp2`;2M2`�H K2KQ`vV K2�Mb
i`�mK� bm`pBpQ`b }M/ Bi ?�`/ iQ bBKmH�i2 i?2 7mim`2- ?�p2 HBKBi2/ BM7Q`K�iBQM rBi? r?B+? iQ
K�F2 /2+BbBQMb �M/ T2`+2Bp2 � 7Q`2b?Q`i2M2/ 7mim`2 i?�i Bb MQi rQ`i? TH�MMBM; 7Q`X h?2v }M/
Bi ?�`/ iQ K�F2 +QM+`2i2 TH�Mb �M/ /2+BbBQMb- �M/ iQ T`2@2tT2`B2M+2 TQbbB#H2 7mim`2 2p2Mib Q`
bBKmH�i2 �Hi2`M�iBp2 Qmi+QK2bX

Rkh`�mK� �HbQ BKT�B`b rQ`FBM; K2KQ`v- rQ`b2MBM; +Q;MBiBp2 #�M/rB/i? Ua+Qii 2i �HX- kyR8VX h?2 Tbv+?QHQ;B+�H
BKT�+ib Q7 i`�mK� bmKK�`Bx2/ BM i?Bb b2+iBQM +�M #2 i?Qm;?i Q7 �b � KB+`Q@7QmM/�iBQM Q7 bm+? +QMbi`�BMib, �ii2KTib
iQ Tmb? �r�v i`�mK�iB+ K2KQ`B2b Ui?`Qm;? �pQB/�M+2 �M/ Qp2`;2M2`�H K2KQ`vV �#bQ`# +Q;MBiBp2 `2bQm`+2bX u2i- �b
/Bb+mbb2/- i?2`2 �`2 7m`i?2` /B`2+i BKT�+ib Q7 i`�mK� QM +Q;MBiBQM r?B+? /Q MQi ;Q i?`Qm;? #�M/rB/i? +QMbi`�BMibX
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Ç .BbiQ`iBQM, S`2/QKBM�MiHv BK�;BMBM; M2;�iBp2 7mim`2 2p2Mib K�F2b T2QTH2 2tT2+i KQ`2 M2;�@
iBp2 Qmi+QK2bX J2Mi�H T`QD2+iBQMb BMiQ i?2 7mim`2 K�v H�+F /2i�BHb Q` bT2+B}+ TH�Mb- �M/ 2p2M
B7 TQbBiBp2- i?2B` H�+F Q7 +H�`Biv +�M 7�BH iQ 2pQF2 bi`QM; TQbBiBp2 2KQiBQMbX q?�i b22Kb iQ
#2 T�`iB+mH�`Hv BKT�B`2/ �7i2` i`�mK� Bb i?2 �#BHBiv iQ BK�;BM2 � TQbBiBp2 7mim`2- 2p2M r?2M
/2HB#2`�i2Hv i`vBM; iQ BK�;BM2 TQbBiBp2 7mim`2 2p2MibX �;�BM- i?Bb 2z2+i +�M #2 2tTH�BM2/ #v
i`�mK�Ƕb M2;�iBp2 2KQiBQMb bT`2�/BM; �+`Qbb /QK�BMb �M/ BMi2`72`BM; /m`BM; `2+�HHX

q2 bmKK�`Bx2 i?2 BKT�+i Q7 i?2b2 2z2+ib- +QK#BM2/ rBi? i?2 7�+i i?�i r2 BK�;BM2 i?2 7mim`2
#v `2K2K#2`BM; i?2 T�bi- �b, i`�mK� bm`pBpQ`b bi`m;;H2 iQ b22 i?2 rQ`H/Ƕb QTTQ`imMBiB2bX h?2v
rBHH bi`m;;H2 iQ T`2/B+i i?2 T`2+Bb2 BKTHB+�iBQMb Q7 i?2B` �+iBQMb U�pQB/�M+2V- r?2M i?2v /Q i`v iQ
K�F2 T`2+Bb2 T`2/B+iBQMb i?2v `mM i?2 `BbF Q7 `2@2tT2`B2M+BM; �M/ BMi2`72`2M+2- rBi? � 7m`i?2` bT`2�/
Q7 M2;�iBp2 2KQiBQMb- �M/ B7 i?2v �`2 bm++2bb7mH BM K�FBM; T`2+Bb2 T`2/B+iBQMb- i?2v rBHH #2 Qp2`Hv
T2bbBKBbiB+ U/BbiQ`iBQMVX

kX9 AKTHB+�iBQMb 7Q` 1+QMQKB+ .2p2HQTK2Mi S`Q;`�Kb
AM i?2 +QMi2ti Q7 2+QMQKB+ /2p2HQTK2Mi T`Q;`�Kb- i?2 BKT�+i Q7 i`�mK� QM K2KQ`v `2/m+2b i?2
�#BHBiv 7Q` 7Q`r�`/ i?BMFBM; �M/ /2+BbBQM@K�FBM; i?�i K�Mv /2p2HQTK2Mi i`�BMBM; T`Q;`�Kb `2[mB`2-
QT2Mb i?2 T2`bQM iQ i?2 `BbF Q7 mMr�Mi2/ M2;�iBp2 2KQiBQMb- �M/ +QMi`B#mi2b iQ HQr2` KQiBp�iBQM
BM ;2M2`�HX AM/22/- � H�`;2 HBi2`�im`2 /Q+mK2Mib M2;�iBp2 BKT�+ib Q7 i`�mK� QM KQiBp�iBQM U2X;X-
:Q2MDB�M 2i �HX- kyyRVX �b � `2bmHi- bm`pBpQ`b Q7 i`�mK� rBHH MQi #2 �#H2 iQ i�F2 #2bi �/p�Mi�;2
Q7 i?2 QTTQ`imMBiB2b i?2v K�v ?�p2X h?mb- T`Q;`�Kb i?�i BM+`2�b2 �p�BH�#BHBiv Q7 QTTQ`imMBiB2b-
7Q` 2t�KTH2 HQ�Mb- +�b? ?�M/Qmib Q` rQ`F T2`KBib- �M/ #mbBM2bb i`�BMBM; �`2 T`2/B+i2/ iQ #2 H2bb
2z2+iBp2 BM i`�mK� �z2+i2/ TQTmH�iBQMbX

AM �//BiBQM- iQ i?2 2ti2Mi i?�i i`�BMBM; T`Q;`�Kb `2[mB`2 �ii2M/22b iQ i?BMF �#Qmi i?2 bT2+B}+
+QMi2ti Q7 i?2B` 7mim`2 �+iBQMb- /m2 iQ `2i`B2p�H@+QMi2ti i?2Q`v U*Q?2M �M/ E�?�M�- kykkV- H27i
mM;mB/2/ T�`iB+BT�Mib `BbF #BM/BM; M2;�iBp2 2KQiBQMb iQ i?Qb2 M2r +QMi2tibX h?Bb rBHH 7m`i?2`
UBM�/p2`i2MiHvV BM/m+2 T`Q#H2K�iB+ /BbiQ`iBQMb �M/ �pQB/�M+2 BM i?2b2 /QK�BMbX 6Q` BMbi�M+2- i?2
TQbbB#BHBiv Q7 TQi2MiB�H HQbb2b Q` TQi2MiB�HHv M2;�iBp2 2tT2`B2M+2b UHBF2 #2BM; `2D2+i2/ 7`QK � HQ�M-
Q` MQi ?�pBM; �Mv +mbiQK2`bV +�M +m2 M2;�iBp2 K2KQ`B2bX h?Bb K2+?�MBbK `�Bb2b i?2 TQbbB#BHBiv
Q7 #�+F}`BM;X h?Bb 2+?Q2b F2v Bbbm2b `�Bb2/ #v i?2 HBi2`�im`2 QM i`�mK� BM7Q`K2/ T`Q;`�KKBM;-
i?�i Bb i?2 M22/ iQ �pQB/ `2B;MBiBM; T�bi i`�mK� r?2M T`QpB/BM; b2`pB+2b iQ pmHM2`�#H2 BM/BpB/m�Hb
U2X;X- *2Mi2` 7Q` am#bi�M+2 �#mb2 h`2�iK2Mi- kyR9V- �M/ i?2 TQbbB#BHBiv i?�i i`�mK� bm`pBpQ`b K�v
`2bTQM/ /Bz2`2MiHv 7`QK Qi?2`bX

6BM�HHv- bBM+2 i`�mK� +�M BKT�B` � T2`bQMǶb �#BHBiv iQ BK�;BM2 7mim`2 2p2Mib- 2bT2+B�HHv TQbBiBp2
QM2b i?�i 7Qbi2` KQiBp�iBQM- i`�mK� bm`pBpQ`b Q7i2M bi`m;;H2 iQ TH�M 7Q` /2bB`�#H2 Qmi+QK2b Q`
+QKT�`2 �Hi2`M�iBp2bX 1+QMQKB+ T`Q;`�Kb i?�i 2M+Qm`�;2 �/�TiBp2 7mim`2 i?BMFBM; �M/ ?2HT T2QTH2
K2Mi�HHv T`2@2tT2`B2M+2 TQbBiBp2 2p2Mib +QmH/ T`QpB/2 bm#bi�MiB�H bmTTQ`iX

RR



kX8 h?2 _QH2 Q7 :mB/2/ J2Mi�H 1tT2`B2M+BM; U:J1V
h?2 `QH2 Q7 K2KQ`v BM BK�;BMBM; i?2 7mim`2 BKTHB2b i?�i i`�mK� BM i?2 T�bi +�M ?�p2 QM;QBM;
BKT�+ib QM T2QTH2Ƕb +?QB+2b �#Qmi i?2B` 7mim`2X >Qr2p2`- Bi �HbQ QT2Mb i?2 TQbbB#BHBiv i?�i i?2
M2;�iBp2 BKT�+ib Q7 i`�mK� +QmH/ #2 KBiB;�i2/ #v +?�M;BM; i?2 b2i Q7 K2KQ`B2b i?�i �`2 mb2/ BM
bBKmH�iBM; i?2 7mim`2 �M/ `2b?�TBM; i?2 K2Mi�H T�i?r�vb i?�i �`2 mb2/ BM i?2 `2i`B2p�H T`Q+2bbX

"`Q�/Hv- i?2`2 �`2 irQ K�BM +H�bb2b Q7 �TT`Q�+?2b i?�i +QmH/ #2 i�F2M iQ Qp2`+QK2 Q` KBiB;�i2
i?2 2z2+ib Q7 i`�mK� QM i?2 #`�BM,

BV h?2 }`bi Bb � i`2�iK2Mi@#�b2/ �TT`Q�+? iQ `2/m+2 bvKTiQKb- #v 7Q+mbBM; QM i?2 T�bi i`�mK�X
h?2 H2�/BM; 2pB/2M+2@#�b2/ i?2`�TB2b 7Q` i?Bb �`2 i`�mK�@7Q+mb2/ *"h i2+?MB[m2b �M/ 1v2
KQp2K2Mi /2b2MbBiBx�iBQM �M/ `2T`Q+2bbBM; U1J._V i?2`�Tv U"BbbQM �M/ PHz- kykRVX h?2b2
BM+Hm/2 i?2 `2+�HH �M/fQ` `2@b+`BTiBM; Q7 M2;�iBp2 BMi`mbBp2 K2KQ`B2b BM � b�72 bT�+2- BM Q`/2`
iQ H2bb2M i?2B` 2KQiBQM�H +QMi2Mi- `2/m+2 `2@2tT2`B2M+BM; Q7 i`�mK�- `2/m+2 �pQB/�M+2 �M/
KBiB;�i2 BMi2`72`2M+2 Q7 i?2b2 bvKTiQKb BM /�BHv HB72X

BBV h?2 b2+QM/ �TT`Q�+? +�M #2 /2b+`B#2/ �b � bFBHHb #mBH/BM; �TT`Q�+? �M/ 7Q+mb2b BMbi2�/ QM
i?2 7mim`2X am+? �M �TT`Q�+? �+iBp2Hv T`QKQi2b �M �Hi2`M�iBp2 r�v Q7 BK�;BMBM; i?2 7mim`2-
#v #mBH/BM; � b2i Q7 �Hi2`M�iBp2 UBM+Hm/BM; TQbBiBp2V K2Mi�H 2tT2`B2M+2bX h?Bb +`2�i2b KQ`2
/B`2+i T�i?r�vb iQ 2MpBb�;2 �Hi2`M�iBp2 7mim`2b US2�`bQM 2i �HX- kyR8c >QHK2b 2i �HX- kyyd-
kyRNVX h?Bb �/�TiBp2 bFBHHb #mBH/BM; +�M #2 /QM2 rBi?Qmi /Bb+mbbBM; i`�mK�iB+ T�bi K2KQ`B2b-
r?B+? Bb �M �/p�Mi�;2 bBM+2 K�Mv i`�mK� bm`pBpQ`b �`2 `2Hm+i�Mi iQ /Q bQ �M/ 7m`i?2`KQ`2
rQmH/ M22/ iQ #2 /QM2 #v i`�BM2/ K2Mi�H ?2�Hi? T`Q72bbBQM�Hb U7Q` r?B+? i?2`2 Bb � `2bQm`+2
#QiiH2M2+FVX L2p2`i?2H2bb- �b r2 rBHH /2b+`B#2- i?2 �/�TiBp2 bFBHHb #mBH/BM; �TT`Q�+? r2 mb2
?�b i?2 #2M2}i i?�i Bi bi`2M;i?2Mb T2QTH2 �;�BMbi i?2 2z2+ib Q7 #2BM; /Bb`mTi2/ #v i`�mK�
K2KQ`B2b #v #mBH/BM; mT � `B+? KQ`2 �/�TiBp2 T`QbT2+iBp2 K2KQ`v #�MFX h?Bb H�ii2` bFBHHb
#mBH/BM; �TT`Q�+? r2 ?�p2 i2`K2/ :mB/2/ J2Mi�H 1tT2`B2M+BM; U:J1VX h?2 i2`K K2Mi�H
2tT2`B2M+BM; UJ1V 2M+QKT�bb2b i?2 T`Q+2bb2b /2b+`B#2/ BM i?2 Tbv+?QHQ;v HBi2`�im`2 p�`BQmbHv
�b K2Mi�H BK�;2`v- pBbm�HBx�iBQM- K2Mi�H bBKmH�iBQM- BK�;BM�iBQM- Q` K2Mi�HBx�iBQMX Ai Bb
;mB/2/ BM i?�i :J1 Bb BMbi`m+i2/ �M/ i�m;?i BM i?2 }`bi BMbi�M+2- rBi? i?2 �BK i?�i i?2
BM/BpB/m�H H2�`Mb ?Qr iQ mb2 J1 ~2tB#Hv �M/ i?mb i`�Mb72`b bFBHHb BMiQ iQ i?2B` /�BHv HB72XRj

h?`22 72�im`2b /BbiBM;mBb? :J1 �b � iQQH i?�i +�M #2 2�bBHv rQp2M BMiQ 2+QMQKB+ BMi2`p2MiBQMb
Rjq2 ?�p2 i?`22 K�BM `2�bQMb iQ T`272` :J1 7Q` Qm` Q#D2+iBp2bX 6B`bi- � i`2�iK2Mi �TT`Q�+? bm+? �b `2@b+`BTiBM; Q`

2tTQbm`2 iQ i`�mK� Kmbi #2 /QM2 BM � +HBMB+�H b2iiBM;- 7Q` r?B+? i?2`2 �`2 b2p2`2 `2bQm`+2 #QiiH2M2+FbX a2+QM/- 2p2M B7
i?2`�T2miB+ �TT`Q�+?2b �`2 �p�BH�#H2 BM HQr@BM+QK2 b2iiBM;b- HQr@/2K�M/ 7Q` K2Mi�H ?2�Hi? b2`pB+2b �M/ bQ+B�H MQ`Kb
K�v `2T`2b2Mi BKTQ`i�Mi #�``B2`b iQ TQi2MiB�H #2M2}+B�`B2bǶ 2M;�;2K2Mi BMiQ i?2b2 T`Q;`�Kb /m2 iQ- 7Q` 2t�KTH2-
biB;K�X h?B`/- r2 ?�p2 /2b+`B#2/ ?Qr i`�mK� �z2+ib #Qi? 2TBbQ/B+ �M/ T`QbT2+iBp2 K2KQ`B2bX h?2 K�BM 7Q+mb
Q7 i?2`�Tv Bb `2KQpBM; p2`v b�HB2Mi M2;�iBp2 2tT2`B2M+2b 7`QK K2KQ`v- r?B+? b?QmH/ BM im`M KBiB;�i2 /BbiQ`iBQMb-
`2@2tT2`B2M+BM; �M/ Ĝ T2`?�Tb BM i?2 HQM;2` i2`K Ĝ 2M�#H2 i`�mK� bm`pBpQ`b iQ bi�`i BK�;BMBM; i?2 7mim`2 �;�BMX :J1
BMbi2�/ /B`2+iHv i�`;2ib 7mim`2 i?BMFBM; �BKBM; iQ KQ`2 `�TB/Hv #QQbi i?Bb bFBHHX Pp2`�HH- +`2�iBM; � b2i Q7 TQbBiBp2
�Hi2`M�iBp2 T`QbT2+iBp2 K2KQ`B2b bi`BF2b mb �b i?2 #2bi QTiBQM iQ #mBH/ � b+�H�#H2 �M/ �++2Ti�#H2 BMi2`p2MiBQMX
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iQ ?2HT KBiB;�i2 i`�mK�@`2H�i2/ 2TBbQ/B+ K2KQ`v T`Q#H2Kb �M/ BKT`Qp2 T`QbT2+iBp2 K2KQ`v,R9

Ç :J1 7Q+mb2b QM T`QKQiBM; K2Mi�H 2tT2`B2M+BM; �#Qmi 7mim`2 2+QMQKB+ Qmi+QK2b- BM+Hm/BM;
TQbBiBp2 QM2b- �M/ i?2 T�i?r�vb Q7 �+iBQMb i?�i +QmH/ K�i2`B�HBx2 i?2b2 BMi2M/2/ Qmi+QK2bX
h?Bb /B`2+iHv `2/`2bb i?2 BM�#BHBiv iQ BK�;BM2 i?2 7mim`2- bi2T #v bi2T- r?B+? Bb � }`bi@Q`/2`
bFBHH M22/2/ 7Q` 2+QMQKB+ /2+BbBQM K�FBM; �M/ 7Q` i�FBM; �/p�Mi�;2 Q7 2+QMQKB+ QTTQ`imMBiB2bX

Ç :J1 T`QKQi2b KQ`2 �M/ `B+? TQbBiBp2 BK�;2b BM i?2 K2KQ`v #�MF i?�i +�M +QKT2i2 rBi?
i?2 `2i`B2p�H Q7 M2;�iBp2 K2KQ`B2b BM/m+2/ #v i`�mK�- BX2X r?B+? �`2 b2MbQ`B�HHv `B+?- /2i�BH2/
�M/ 2KQiBQM�HX h?Bb ?2HTb `2/m+2 HBF2HB?QQ/ Q7 i?2 BM/BpB/m�H ?�pBM; i?2B` �ii2MiBQM ?BD�+F2/
#v BMi`mbBp2 i`�mK�iB+ K2KQ`B2b #v �+iBp2Hv +`2�iBM; �M �Hi2`M�iBp2 b2i Q7 K2Mi�H bBKmH�iBQMb
US2�`bQM 2i �HX- kyR8V r?B+? +�M +�Tim`2 �ii2MiBQMX �b KmHiB@b2MbQ`B�H K2Mi�H 2tT2`B2M+2b
Ur?2i?2` `2�H Q` BK�;BM2/V �`2 biQ`2/ BM i?2 #`�BMǶb ǳK2KQ`v #�MFǴ- r2 �BK iQ +`2�i2 KQ`2
/B`2+i T�i?r�vb iQ 2MpBb�;2 �Hi2`M�iBp2 7mim`2b rBi?Qmi iQm+?BM; i`�mK�iB+ T�bi K2KQ`B2bX

Ç :J1 2M?�M+2b i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+2b #v BM+`2�bBM; i?2 bT2+B}+Biv �M/ 2KQiBQM�HBiv
Q7 K2Mi�H b+2M�`BQb- r?B+? BM im`M bmTTQ`ib K2KQ`v 2M+Q/BM; �M/ `2i2MiBQMX h?Bb ?2HTb `2/`2bb
i?2 ǳQp2`;2M2`�HǴ K2KQ`v 2z2+i Q7 i`�mK�- �M/ ?2M+2 Km`Fv Q` mMbT2+B}+ K2Mi�H 2tT2`B2M+BM;
�#Qmi i?2 7mim`2X aim/B2b QM `2+�HH /Bb+mbb2/ �#Qp2 b?Qr i?�i 2KQiBQM�H K2KQ`B2b ?�p2 �
`2i`B2p�H �/p�Mi�;2 #v #2BM; bi`QM;Hv iB2/ iQ i?2 `2+�HH +QMi2tiX _2b2�`+? QM 2TBbQ/B+ 7mim`2
i?BMFBM; BKTHB2b i?�i KQ`2 pBpB/ �M/ TQbBiBp2 2KQiBQM�H `2+�HHb �`2 KQ`2 KQiBp�iBQM�HX

AM T`BM+BTH2- Bi rQmH/ #2 TQbbB#H2 iQ i`v iQ +`2�i2 � b2i Q7 TQbBiBp2 2tT2`B2M+2b BM KmHiBTH2 r�vbX
6Q` 2t�KTH2- BMi2`p2MiBQMb i?�i b?Qr T�`iB+BT�Mib i?2 TQbBiBp2 2tT2`B2M+2b Q7 T2QTH2 HBF2 i?2Kb2Hp2b
rQmH/ }i BM Qm` 7`�K2rQ`FX >Qr2p2`- :J1 Bb T`2/B+i2/ iQ T2`7Q`K #2ii2` i?�M �Hi2`M�iBp2 KQ`2
i`�/BiBQM�H �M/ p2`#�H r�vb iQ +`2�i2 bm+? � T�i?r�v #2+�mb2, BV K2Mi�H 2tT2`B2M+2b Ub2MbQ`v
`2T`2b2Mi�iBQMbV Q7 TQbBiBp2 2tT2`B2M+2b +�``v KQ`2 2KQiBQM i?�M /Q2b p2`#�H i?BMFBM; U>QHK2b
2i �HX- kyy3V �M/ BBV �//BM; KQ`2 TQbBiBp2 2KQiBQM�H �M/ /2i�BH2/ K2KQ`B2b iQ i?2 T`QbT2+iBp2
K2KQ`v #�MF K�F2b i?2K KQ`2 HBF2Hv iQ #2 `2+�HH2/ �M/ KQ`2 HBF2Hv iQ +?�M;2 #2?�pBQ` U_2MM2`
2i �HX- kyRdVX h?2b2 T`QT2`iB2b Q7 K2Mi�H 2tT2`B2M+BM; 7QHHQr #2+�mb2 K2Mi�H 2tT2`B2M+BM; Bb FMQrM
iQ K�F2 mb2 Q7 i?2 b�K2 #`�BM T`Q+2bb2b �b �+im�HHv 2tT2`B2M+BM; BM@pBpQ US2�`bQM 2i �HX- kyR8VX AM
bmKK�`v- :J1 ?2HTb +`2�i2 � b2i Q7 TQbBiBp2- bi`QM;Hv 2KQiBQM�H- �M/ pBpB/ UT`QbT2+iBp2V K2KQ`B2b
i?�i �`2 iB2/ iQ BKTQ`i�Mi /QK�BMb Q7 2+QMQKB+ �+iBQMX

j � KQ/2H Q7 K2KQ`v �M/ /2+BbBQM K�FBM;
� /2+BbBQM K�F2` U.JV +QMbB/2`b r?B+? �+iBQMb a ∈ A iQ i�F2X hQ }t B/2�b- r2 +�M i?BMF Q7 i?2
b2i A �b +QMi�BMBM; �+iBQMb i?�i +QmH/ ?2HT i?2 .J ;2i � DQ#X h?2 #2M2}i Q7 �M �+iBQM Bb u(a)-

R9� ;mB/2/ �TT`Q�+? ?2HTb +`2�i2 � b�72 TH�+2 7Q` i?2 �7Q`2K2MiBQM2/ i�bFb �M/ +�M #2 /QM2 BM � ;`QmT b2iiBM;X
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i?2 +Qbi Q7 �M �+iBQM Bb c- �M/ b?2 rBb?2b iQ i�F2 �HH �+iBQMb 7Q` r?B+? u(a) > cX 1t@�Mi2 b?2 ?�b
MQ BM7Q`K�iBQM iQ /BbiBM;mBb? #2ir22M �+iBQMb BM A �M/ r2 �bbmK2 � `�M/QKMHv +?Qb2M �+iBQM ?�b
� M2;�iBp2 2tT2+i2/ miBHBiv 1

#A

∑
a∈A u(a) < c- bQ rBi?Qmi KQ`2 BM7Q`K�iBQM b?2 rBHH MQi i�F2 �Mv

�+iBQM- �M/ rBHH `2+2Bp2 miBHBiv 0XR8

:Bp2M i?Bb- Qm` .J p�Hm2b BM7Q`K�iBQMX .2MQi2 A′ = {a ∈ A : u(a) > c} iQ #2 i?2 b2i Q7 �+iBQMb
i?�i �`2 rQ`i? i�FBM;X h?2 2tT2+i2/ p�Hm2 Q7 BM7Q`K�iBQM i?�i `2p2�Hb r?2i?2` � `�M/QKHv +?Qb2M
�+iBQM Bb BM A′ Bb

V̂ (A) = 1
#A′

(
∑

a∈A′

u(a) − c

)
.

Pm` .J +�M ;2M2`�i2 BM7Q`K�iBQM �#Qmi �+iBQMb #v `2+�HHBM; K2KQ`B2b- �M/ i?2M mbBM; i?2
`2+�HH2/ K2KQ`B2b iQ bBKmH�i2 i?2 HBF2Hv miBHBiv Q7 i�FBM; i?2 �+iBQMX J2KQ`B2b �`2 `2+�HH2/ 7`QK
� b2i E- rBi? 2�+? K2KQ`v e ∈ E 2M+Q/BM; /2i�BHb Q7 �M 2p2Mi- bm+? �b i?2 miBHBiv 2tT2`B2M+2/
Uu(e)V- 2MpB`QMK2Mi�H 7�+iQ`b- �M/ �+iBQMb i�F2MX h?2 T`Q#�#BHBiv Q7 `2+�HH /2T2M/b QM i?2 bBKBH�`Biv
#2ir22M K2KQ`v �M/ �+iBQMX q2 7QHHQr "Q`/�HQ 2i �HX Ukyk9V �M/ �bbmK2 i?�i i?2 T`Q#�#BHBiv Q7
`2+�HHBM; K2KQ`v e r?2M +QMbB/2`BM; �+iBQM a Bb ;Bp2M #v

r(e, a; E) = s(e, a)∑
e′∈E s(e′, a) , URV

r?2`2 s(e, a) Bb � bvKK2i`B+ 7mM+iBQM i?�i K2�bm`2b i?2 bBKBH�`Biv #2ir22M e �M/ aX �b ?B;?HB;?i2/
#v "Q`/�HQ 2i �HX Ukyk9V � F2v BKTHB+�iBQM Q7 i?Bb `2+�HH 7mM+iBQM Bb BMi2`72`2M+2X amTTQb2 i?2 b2i
E +QMi�BMb #Qi? `2H2p�Mi �M/ B``2H2p�Mi K2KQ`B2b- r?2`2 �M B``2H2p�Mi K2KQ`v Bb QM2 i?�i /Q2b
MQi T`QpB/2 mb27mH BM7Q`K�iBQM �#Qmi �+iBQM aX �b i?2 b2i Q7 B``2H2p�Mi K2KQ`B2b BM+`2�b2 i?2
/2MQKBM�iQ` Q7 URV BM+`2�b2b- �M/ bQ i?2 T`Q#�#BHBiv i?�i � `2H2p�Mi K2KQ`v Bb `2+�HH2/ /2+`2�b2bX

>�pBM; /`�rM K2KQ`v e- Qm` /2+BbBQM K�F2` i?2M mb2b Bi iQ bBKmH�i2 i?2 Qmi+QK2 Q7 i�FBM;
�+iBQM a- rBi? bBKmH�i2/ 2tT2+i2/ miBHBiv ;Bp2M #v

Us(a, E) =
∑

e∈E

r(e, a; E)u(e).

q2 /2MQi2 i?Bb Us(a, E) UbBKmH�i2/ miBHBivV iQ /BbiBM;mBb? Bi 7`QK i`m2 2tT2+i2/ miBHBiv U(a)X
q?2M Qm` .J bBKmH�i2b b?2 T`2@2tT2`B2M+2b i?2 Qmi+QK2- BX2X 2tT2`B2M+2b T�`i Q7 i?2 miBHBiv

7`QK i?2 /`�rM 2p2Mi κu(e)- r?2`2 κ ∈ (0, 1) +�Tim`2b i?2 B/2� i?�i bBKmH�iBQM Bb MQi �b pBpB/ �b
`2�HBiv- #mi Bb �M 2tT2`B2M+2X h?mb i?2 2tT2+i2/ miBHBiv i?�i +QK2b 7`QK T`2@2tT2`B2M+BM; a Bb

Up(a, E) = κUs(a, E).

h?Bb 2tT2+i2/ miBHBiv /2T2M/b QM �+iBQM a #2+�mb2- �Hi?Qm;? b?2 K�v H�+F /B`2+i BM7Q`K�iBQM
R8q2 i?BMF Q7 i?Bb �b +QM+2Mi`�iBM; QM i?2 b2i Q7 `BbFv #mi TQi2MiB�HHv rQ`i?r?BH2 �+iBQMbX
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�#Qmi i?2 miBHBiv Q7 a Bib2H7- b?2 FMQrb r?B+? HB72 2p2Mib a `2b2K#H2b �M/ +�M T`2/B+i r?B+? K2KQ`B2b
rBHH #2 `2+�HH2/X 6Q` bQK2 �+iBQMb i?2 .J K�v 2tT2+i � M2;�iBp2 miBHBiv 7`QK i?2 T`2@2tT2`B2M+BM;X

h?2 T`Q+2bb Q7 bBKmH�iBQM 7Q` �M �+iBQM a ∈ A ;2M2`�i2b BM7Q`K�iBQM V (A) i?�i r2 �bbmK2 Bb
bQK2 7`�+iBQM Q7 i?2 p�Hm2 Q7 T2`72+i BM7Q`K�iBQM V̂ (A)- �M/ �HbQ � T2`@2tT2`B2M+BM; miBHBiv Up(a, E)X
Pm` .J /2+B/2b iQ `2+�HH �M/ bBKmH�i2 �+iBQM a B7

V (A) + Up(a, E) > 0.

h?2 b2i A +�M #2 /BpB/2/ BMiQ � bm#b2i i?�i i?2 .J rBHH +?QQb2 iQ bBKmH�i2-

S(A, E) = {a ∈ A : V (A) + Up(a, E) > 0} UkV

�M/ Bib +QKTH2K2Mi A/S(A, E) i?�i i?2 .J +?QQb2b MQi iQ bBKmH�i2X q2 `272` iQ S(A, E) �b i?2
bBKmH�iBQM b2iX �7i2` bBKmH�iBM; �M �+iBQM BM S(A, E)- b?2 i�F2b i?2 �+iBQM B7 u(e) > c 7Q` i?2 /`�rM
K2KQ`v �M/- #2+�mb2 � `�M/QKHv +?Qb2M �+iBQM ?�b � M2;�iBp2 2tT2+i2/ miBHBiv- b?2 /Q2b MQi i�F2
�Mv �+iBQM i?�i b?2 ?�b MQi bBKmH�i2/XRe h?2 bBKmH�iBQM T`Q+2bb i?2M /2}M2b � b2i Q7 �+iBQMb i?�i
i?2 .J rBHH i�F2- r?B+? /2T2M/b QM E

A(A, E) = {a ∈ S(A, E) : Us (a, E) > c} . UjV

jXR h?2 +Q;MBiBp2 BKT�+ib Q7 i`�mK�
hQ mM/2`bi�M/ i?2 BKT�+i Q7 i`�mK� K2KQ`B2b QM +Q;MBiBQM Bi Bb mb27mH iQ /BpB/2 i?2 b2i E BMiQ
i?`22 bm#b2ib, ER(A)- `2H2p�Mi mM/BbiQ`i2/ K2KQ`B2bc ET - i`�mK� K2KQ`B2bc �M/ ẼR(A)- `2H2p�Mi
#mi i`�mK� /BbiQ`i2/ K2KQ`B2bX

AM i?2 bBKTH2bi +�b2- ER(A) +QMbBbib Q7 K2KQ`B2b Q7 T`2pBQmb �ii2KTib iQ ;2i � DQ#- �M/ `2+Q`/b
i?2 i`m2 miBHBiv Q7 i?Qb2 2p2MibX q2 �bbmK2 i?�i ER(A) Bb mM#B�b2/- BM i?2 b2Mb2 i?�i B7 QMHv ER(A)
Bb mb2/ 7Q` `2+�HH �M/ bBKmH�iBQM- i?2M bBKmH�i2/ 2tT2+i2/ miBHBiv Bb �M mM#B�b2/ 2biBK�iQ` Q7 i`m2
miBHBiv

EUs(a, ER(A)) = U(a).

PM �p2`�;2- T2QTH2 /Q MQi K�F2 KBbi�F2b B7 i?2v `2Hv QM mM/BbiQ`i2/ �M/ `2H2p�Mi K2KQ`B2bX
h?2 b2i ET Bb i?2 b2i Q7 i`�mK� K2KQ`B2bX h?2b2 K2KQ`B2b ?�p2 irQ +?�`�+i2`BbiB+bX 6B`bi- i?2v

�`2 mMHBF2Hv iQ #2 /B`2+iHv `2H2p�Mi- 2X;X- i`�mK� K2KQ`B2b �`2 `�`2Hv /B`2+iHv `2H2p�Mi iQ HQQFBM;
7Q` � DQ#X AM i?2 H�M;m�;2 Q7 "Q`/�HQ 2i �HX Ukyk9V i?2v �`2 MQM@/QK�BM bT2+B}+X a2+QM/- i?2v �`2
Ĝ #v /2}MBiBQM Ĝ p2`v HQr uX h?2 }`bi +?�`�+i2`BbiB+ K2�Mb i?�i i`�mK� K2KQ`B2b +�M TQi2MiB�HHv

ReAi rQmH/ MQi +?�M;2 �Mvi?BM; B7 r2 �HHQr2/ i?2 .J iQ /`�r KmHiBTH2 K2KQ`B2bX
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BMi2`72`2 rBi? i?2 `2+�HH Q7 `2H2p�Mi K2KQ`B2bX .2MQi2 eR iQ #2 �Mv `2H2p�Mi K2KQ`v- i?2M 7`QK URV

r(eR(a), a; ER(A) ∪ ET ) < r(eR(a), a; ER(A)).

q?2M Qm` .J ;Q2b HQQFBM; 7Q` mb27mH BM7Q`K�iBQM �#Qmi ?Qr b?2 rBHH 7�`2 }M/BM; � DQ#- ?2` KBM/
K�v r2HH `2+�HH � i`�mK� K2KQ`v r?B+? T`QpB/2b MQ mb27mH BM7Q`K�iBQMX

h?2 b2+QM/ +?�`�+i2`BbiB+ BKTHB2b i?�i r?2M i`�mK� K2KQ`B2b /Q BMi2`72`2- i?2v +`2�i2 /BbiQ`i2/
i?BMFBM; �M/ mMTH2�b�Mi T`2@2tT2`B2M+BM;X PM �p2`�;2

Us(a, ER(A) ∪ ET ) < Ûs(a, ER(A)) & UP (a, ER(A)) < UP (a, ER(A) ∪ ET ).

"2+�mb2 i?2 i`�mK� K2KQ`B2b �`2 HBF2Hv ?�p2 p2`v HQr bBKBH�`Biv rBi? �M 2+QMQKB+ +?QB+2 a i?2b2
2z2+ib �`2 HBF2Hv iQ #2 bK�HH QM �p2`�;2- #mi iQ #2 [mBi2 /2p�bi�iBM; r?2M i?2v /Q Q++m`X A7 i?2
`2+�HH2/ 2p2Mi r�b p2`v HQr miBHBiv- T`2@2tT2`B2M+2/ miBHBiv κu(e) rBHH #2 p2`v HQrX q2 i?BMF Q7
i?Bb �b � ~�b?#�+F, BM �ii2KTiBM; iQ i?BMF �#Qmi i?2 7mim`2- i?2 i`�mK� bm`pBpQ` `2@2tT2`B2M+2b �
i`�mK� K2KQ`v- r?B+? H2�/b iQ bi`QM; M2;�iBp2 722HBM;bX

A7 i?Bb r2`2 i?2 QMHv BKT�+i Q7 i`�mK� Bi KB;?i MQi ?�p2 bi`QM; 2+QMQKB+ +QMb2[m2M+2bX >Qr2p2`-
�b /Bb+mbb2/ �#Qp2- i?Bb Bb MQi r?2`2 i?2 BKT�+i Q7 i`�mK� biQTb- #2+�mb2 i?2 M2;�iBp2 2KQiBQMb
7`QK i`�mK� +�M bT`2�/ i?`Qm;? i?2 K2KQ`v bvbi2K- +`2�iBM; � M2r b2i Q7 /BbiQ`i2/ K2KQ`B2b,
ẼR(A)X 1p2`v iBK2 � K2KQ`v Bb `2+�HH2/ �M/ �M �+iBQM bBKmH�i2/ � M2r K2KQ`v Bb +`2�i2/X h?Bb Bb
� K2KQ`v Q7 i?2 `2@2tT2`B2M+BM; �M/ Bb � +QKTQbBi2 Q7 i?2 QH/ K2KQ`v �M/ i?2 +QMi2ti �i i?2 iBK2
Q7 `2+�HH- r?B+? BM+Hm/2b i?2 /2+BbBQM K�F2`Ƕb +m``2Mi 2KQiBQMbX q2 +�M +�Tim`2 i?Bb #v �bbmKBM;
i?�i i?2 K2KQ`v e′- Q7 `2+�HHBM; i?2 K2KQ`v e- ?�b miBHBiv

u(e′) = αu(e) + (1 − α)ū,

r?2`2 ū Bb i?2 +m``2Mi 2KQiBQM�H bi�i2X h?Bb M2r K2KQ`v Bb �TT2M/2/ iQ i?2 2tBbiBM; b2i bQ
E′ = E ∪ {e′}X A7 2KQiBQM�H bi�i2 Bb bm#D2+i iQ MQBb2 i?�i Bb mM+Q``2H�i2/ rBi? `2+�HH- i?2M E(ū) = 0-
�M/ i?Bb 7Q`KmH�iBQM rBHH T`2/B+i � bHQr 7Q`;2iiBM; Q7 2KQiBQM�H p�Hm2 rBi? i?2 M2r K2KQ`B2b ?�pBM;
@ QM �p2`�;2 @ miBHBiv +HQb2` iQ x2`QX

h?Bb +`2�iBQM Q7 M2r K2KQ`B2b �HHQrb i?2 BKT�+ib Q7 i`�mK� iQ bT`2�/ �+`Qbb /QK�BMbX � F2v
�bT2+i Q7 i`�mK� Bb i?�i Bi M2;�iBp2Hv BKT�+ib 2KQiBQM�H bi�i2 7Q` �M 2ti2M/2/ iBK2 �7i2` i?2 2p2MiX
G2i i?2 H2p2H Q7 miBHBiv /m`BM; i?Bb T2`BQ/ #2 ũ << 0X 6Q` �Mv K2KQ`v e `2+�HH2/ r?BH2 ũ Bb i?2
2KQiBQM�H bi�i2- � M2r M2;�iBp2Hv /BbiQ`i2/ K2KQ`v ẽ rBHH #2 +`2�i2/ rBi?

u(ẽ) = αu(e) + (1 − α)ũ << u(e).

h?Bb T`Q+2bb +QMiBMm2b Qp2` iBK2, i?2 BMBiB�H i`�mK� +`2�i2b M2;�iBp2 2KQiBQMb- r?B+? mT/�i2

Re



2tBbiBM; K2KQ`B2b- r?B+? H2�/b iQ i?2 `2+�HH Q7 KQ`2 M2;�iBp2 K2KQ`B2b- r?B+? BM im`M M2;�iBp2Hv
BKT�+ib 2KQiBQM- r?B+? mT/�i2b �//BiBQM�H K2KQ`B2b- 2i+X �b /Bb+mbb2/ �#Qp2- i?Bb H2�/b i?2 BKT�+i
Q7 � bm{+B2MiHv M2;�iBp2 i`�mK� iQ bT`2�/ i?`Qm;?Qmi i?2 K2KQ`v bvbi2KX Ai Bb �b B7 i?2 M2;�iBpBiv
Q7 i?2 i`�mK� BMp�/2b i?2 T�bi- �M/ ?2M+2 i?2 T`2@2tT2`B2M+BM; Q7 i?2 7mim`2X q2 KQ/2H i?Bb �b
+`2�iBM; �M �//BiBQM�H b2i Q7 K2KQ`B2b ẼR(A) r?B+? �`2 `2H2p�Mi iQ i?2 �+iBQM A- 7Q` 2t�KTH2
#2+�mb2 i?2v �`2 �HH �#Qmi HQQFBM; 7Q` � DQ#- #mi ?�p2 /BbiQ`i2/ miBHBiv u(ẽ) << u(e)X

h?2 +`2�iBQM Q7 i?2b2 M2;�iBp2Hv /BbiQ`i2/ /QK�BM `2H2p�Mi K2KQ`B2b i?2M H2�/b iQ irQ �//BiBQM�H
+Q;MBiBp2 +?�M;2b #2vQM/ ~�b?#�+FbX

RX �pQB/�M+2, i?Qb2 rBi? K�Mv i`�mK�iB+ 2tT2`B2M+2b �pQB/ bBKmH�iBM; i?2 7mim`2

S(A, ER(A) ∪ ET ∪ ẼR(A)) ⊂ S(A, ER(A)),

r?2`2 S(A, ·) Bb /2}M2/ BM UkV �b i?2 b2i Q7 �+iBQMb i?2 .J +?QQb2b iQ bBKmH�i2X

kX .BbiQ`iBQM, i?Qb2 rBi? K�Mv i`�mK�iB+ 2tT2`B2M+2b ?�p2 � M2;�iBp2Hv /BbiQ`i2/ pB2r Q7 i?2K@
b2Hp2b �M/ i?2 7mim`2

Us(a, ER(A) ∪ ET ∪ ẼR(A)) << U(a).

h?2 +QK#BM2/ BKT�+i Q7 �pQB/�M+2 �M/ /BbiQ`iBQM Bb i?�i i?2 bBx2 Q7 i?2 �+iBQM b2i Bb `2/m+2/

A(A, ER(A) ∪ ET ∪ ẼR(A)) ⊂ A(A, ER(A)),

r?2`2 Ã(A, ·) Bb /2}M2/ BM UjVX h`�mK� H2�/b Qm` .J iQ �TT2�` mMKQiBp�i2/ �M/ BM�+iBp2- #2+�mb2
b?2 mM/2`2biBK�i2b ?Qr K�Mv �+iBQMb �`2 rQ`i?r?BH2 Ĝ b?2 +�MMQi b22 i?2 rQ`H/Ƕb QTTQ`imMBiB2bX

Pp2`�HH- i?Bb KQ/2H- � p2`v bBKTH2 2ti2MbBQM Q7 "Q`/�HQ 2i �HX Ukyk9V- ;Bp2b i?2 i?`22 F2v
/B�;MQbiB+ +`Bi2`B� 7Q` Sha., ~�b?#�+Fb- /BbiQ`iBQM �M/ �pQB/�M+2X � bBKTH2 r�v iQ +QM+2Tim�HBx2
i?2 KQ/2H Bb i?�i � i`�mK� bm`pBpQ` r�Mib iQ i?BMF �#Qmi i?2 7mim`2- #mi ?2` KBM/ bTQMi�M2QmbHv
im`Mb iQ `2+�HHBM; 2Bi?2` i`�mK� K2KQ`B2b- Q` i`�mK� /BbiQ`i2/ K2KQ`B2b- r?B+? BMi2`72`2 rBi? ?2`
�#BHBiv iQ `2+�HH `2H2p�Mi �M/ �++m`�i2 BM7Q`K�iBQMX A7 i?2b2 `2+QHH2+iBQMb �`2 T�BM7mH 2MQm;?- b?2
K�v biQT i?BMFBM; �#Qmi i?2 7mim`2 U�pQB/�M+2V- �M/ B7 b?2 /Q2b +QMiBMm2 iQ i?BMF �#Qmi i?2 7mim`2-
?2` bBKmH�iBQMb rBHH #2 Qp2`r?2HKBM;Hv M2;�iBp2 U/BbiQ`iBQMVX

jXk 1+QMQKB+ BKTHB+�iBQMb Q7 i`�mK�
h?2 KQ/2H ?�b bi`QM; 2+QMQKB+ BKTHB+�iBQMbX JQbi /B`2+iHv- i`�mK� bm`pBpQ`b rBHH #2 mMKQiBp�i2/
�M/ BM�+iBp2- 2p2M QmibB/2 Q7 i?2 /QK�BM Q7 i?2 i`�mK�- �M/ rBHH MQi #2 �#H2 iQ b22 i?2 rQ`H/Ƕb
QTTQ`imMBiB2bX h`�mK� ?�b � /B`2+i M2;�iBp2 BKT�+i QM i?2 2+QMQKB+ r2H7�`2 Q7 i`�mK� bm`pBpQ`bX

"2vQM/ i?Bb /B`2+i 2z2+i- Qm` KQ/2H Q7 i`�mK� �HbQ ?�b BKTHB+�iBQMb 7Q` i`�/BiBQM�H �MiB@TQp2`iv
T`Q;`�KbX J�Mv Q7 i?2b2 T`Q;`�Kb �`2 /2bB;M2/ iQ `2KQp2 i?2 TQQ`Ƕb 2+QMQKB+ +QMbi`�BMib- mM/2`
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i?2 �`;mK2Mi i?�i i?2 TQQ` �`2 2tT2`ib BM i?2B` QrM HBp2b- �M/ Dmbi M22/ QTTQ`imMBiB2bX JB+`Q}M�M+2-
+�b? i`�Mb72`b �M/ H�M/ iBiHBM; ?�p2 �HH #22M DmbiB}2/ BM i?Bb r�vX Pm` KQ/2H Q7 i`�mK� bm;;2bib
i?�i- BM TQTmH�iBQMb r?2`2 H�`;2 MmK#2`b Q7 T2QTH2 ?�p2 2tT2`B2M+2/ i`�mK�- i?2b2 T`Q;`�Kb rBHH
MQi #2 �b 2z2+iBp2, r?BH2 2+QMQKB+ +QMbi`�BMib 2tBbi- +Q;MBiBp2 +QMbi`�BMib �HbQ HBKBi i?2 �#BHBiv iQ
7mHHv H2p2`�;2 i?2 QTTQ`imMBiB2b i?2b2 T`Q;`�Kb T`QpB/2X

� b2+QM/ ivT2 Q7 �MiB@TQp2`iv T`Q;`�K 7Q+mb2b QM 2/m+�iBQM `�i?2` i?�M /B`2+i QTTQ`imMBiv U2X;X-
i2�+?BM; � K�M iQ }b?VX h?2b2 T`Q;`�Kb ;mB/2 BM/BpB/m�Hb QM �+iBQMb iQ i�F2 �M/ 2M+Qm`�;2 i?2K
iQ +QMbB/2` i?2 QTTQ`imMBiB2b i?Qb2 �+iBQMb KB;?i +`2�i2X 6Q` 2t�KTH2- � #mbBM2bb i`�BMBM; T`Q;`�K
KB;?i i2�+? bQK2QM2 �#Qmi � b2i Q7 �+iBQMb B- QM2 Q7 r?B+? KB;?i #2 i?2 M22/ iQ �TT`Q�+? � #�MF
7Q` +`2/BiX AM Qm` KQ/2H i?Bb �KQmMib iQ �V ;BpBM; i?2 BM/BpB/m�H �M 2tT2`B2M+2 BM r?B+? i?2 miBHBiv
Q7 ;QBM; iQ i?2 #�MF u(b) Bb ;`2�i2` i?�M c �M/ #V 2M+Qm`�;BM; i?2 /2+BbBQM K�F2` iQ T`2@2tT2`B2M+2
;QBM; iQ i?2 #�MFX

hQ b22 i?2 BKT�+i Q7 i?2b2 irQ 7Q`+2b- bmTTQb2 i?�i T`BQ` iQ i?2 i`�BMBM; T`Q;`�K Qm` .J ?�/
MQi bBKmH�i2/ �Mv Q7 i?2 #mbBM2bb �+iBQMb B- �M/ ?�/ � b2i Q7 `2H2p�Mi 2tT2`B2M+2b ER(B) i?�i r2`2
mM/BbiQ`i2/- #mi i?�i b?2 �HbQ ?�/ � H�`;2 biQ+F Q7 M2;�iBp2Hv /BbiQ`i2/ 2tT2`B2M+2b �M/ i`�mK�
K2KQ`B2b ẼX h?2 T`Q;`�K rBHH ?�p2 irQ BKT�+ib QM ?2` b2i Q7 K2KQ`B2bX 6B`bi- Bb � i2�+?BM; 2z2+i,
i?2 BM7Q`K�iBQM 7`QK i?2 T`Q;`�K i?�i u(b) > c +`2�i2b � M2r `2H2p�Mi K2KQ`v e1 i?�i Bb �//2/ iQ
i?2 K2KQ`v #�MFX a2+QM/- Bb � /BbiQ`iBQM 2z2+i, i?2 .JǶb bBKmH�iBQM Q7 i?2 Qmi+QK2 Q7 ;QBM; iQ
i?2 #�MF �HbQ +`2�i2b �M 2tT2`B2M+2 e2 i?�i 2Mi2`b i?2 K2KQ`v #�MFX h?Bb K2KQ`v rBHH- QM �p2`�;2-
#2 M2;�iBp2Hv /BbiQ`i2/ #v i?2 TQi2MiB�H BMi2`72`2M+2 Q7 i?2 K2KQ`B2b BM ẼX h?2b2 irQ 2z2+ib ;Q BM
QTTQbBi2 /B`2+iBQMb rBi? i?2 mT/�i2/ b2i Q7 `2H2p�Mi K2KQ`B2b #2BM; ER(B) ∪ {e1} ∪ {e2}X

h?2 Qp2`�HH BKT�+i Q7 i?2 i2�+?BM; �M/ /BbiQ`iBQM 2z2+ib Bb �M 2KTB`B+�H [m2biBQM- #mi rBi? �
TQTmH�iBQM i?�i Bb ?B;?Hv i`�mK�iBx2/ Bi Bb TQbbB#H2 i?�i i?2 T`Q;`�K rBHH #�+F}`2X G2i B #2 i?2
b2i Q7 �+iBQMb /Bb+mbb2/ BM i?2 T`Q;`�K- i?2M B7 i?2 /BbiQ`iBQM 2z2+i /QKBM�i2b i?2 i2�+?BM; 2z2+i

RX AM/m+2/ �pQB/�M+2,
S(B, ER(B) ∪ {e1} ∪ {e2}) ⊂ S(B, ER(B)).

bQ i?2 .J K�v biQT bBKmH�iBM; �/pQ+�i2/ �+iBQMbX

kX AM/m+2/ /BbiQ`iBQM,

Us(b, ER(B) ∪ {e1} ∪ {e2}) < Us(b, ER(B)) ∀b ∈ B,

bQ i?�i i?2 .J +QMbB/2`b �/pQ+�i2/ �+iBQMb iQ #2 HQr 2tT2+i2/ miBHBiv B7 b?2 /Q2b bBKmH�i2X

Pp2`�HH- i?2b2 irQ 2z2+ib rBHH +QK#BM2 iQ `2/m+2 i?2 HBF2HB?QQ/ i?�i i?2 .J i�F2 �+iBQMb i?�i
�`2 rBi?BM i?2 /QK�BM Q7 i?2 T`Q;`�KǶb i2�+?BM;

A(B, ER(B) ∪ {e1} ∪ {e2}) ⊂ A(B, ER(B))

R3



AM/m+2/ �pQB/�M+2 �HbQ ?�b �M BMi2`2biBM; i2bi�#H2 BKTHB+�iBQMX h`�mK�iBx2/ TQTmH�iBQMb r?Q
T�`iB+BT�i2 BM � i`�BMBM; T`Q;`�K- �M/ 7Q` r?QK i?2 /BbiQ`iBQM 2z2+i /QKBM�i2b i?2 i2�+?BM; 2z2+i
b?QmH/ #2 H2bb HBF2Hv iQ bBKmH�i2 �+iBQMb �bbQ+B�i2/ rBi? i?2 T`Q;`�KX h?Bb +�M #2 b22M �b � i2bi Q7
i?2 ?vTQi?2bBb i?�i bQK2 2tT2`B2M+2b +�M BMi2`72`2 rBi? i?2 T`Q+2bb Q7 bBKmH�iBQMX

jXj Pp2`+QKBM; i`�mK�, :J1
h?2 ;Q�H Q7 :J1 Bb iQ K�F2 � K2KQ`v T�i?r�v 7`QK � +m``2Mi bi�i2 iQ � /2bB`2/ bi�i2 i?�i /Q2b
MQi +`Qbb i?`Qm;? i?2 b2i Q7 /BbiQ`i2/ K2KQ`B2b ẼX h?Bb Bb /QM2 #v ;mB/BM; � .J iQ bBKmH�i2 �M
�+iBQM b i?�i Bb mb27mH U7Q` 2t�KTH2 ;QBM; iQ i?2 #�MF �b �#Qp2V #mi p2`v +�`27mHHv 2Mbm`2 i?�i �
`2�HBbiB+ TB+im`2 Bb +`2�i2/ Q7 i?2 miBHBiv �bbQ+B�i2/ rBi? i�FBM; i?�i �+iBQMX hQ KQ/2H i?Bb- bmTTQb2
i?�i i?2 /2bB`2/ �+iBQM Bb bX :J1 BMpQHp2b +�`27mHHv +`2�iBM; � b2i Q7 K2KQ`B2b Q` BK�;BM2/ 2p2Mib
ER(b) bm+? i?�i Us(b, ER(b)) = U(b)X h?2 BKTHB+�iBQM #2BM; i?�i �7i2` i?2 T`Q;`�K

|Us(b, Ẽ ∪ ER(b)) − U(b)| < |Us(b, Ẽ) − U(b)|

bQ i?�i i?2 .JǶb bBKmH�iBQMb �`2 KQ`2 �++m`�i2X

9 .2bB;MBM; h`�mK�@AM7Q`K2/ S`Q;`�Kb, hrQ 1t�KTH2b
h?Bb b2+iBQM /2b+`B#2b Qm` irQ TQTmH�iBQMb- �M/ i?2 bT2+B}+b Q7 i?2 :J1 T`Q;`�Kb /2HBp2`2/ iQ 2�+?X
h?2 }`bi bm#b2+iBQM +?�`�+i2`Bx2b T�bi i`�mK� 2tTQbm`2 �M/ bvKTiQKb BM i?2 i�`;2i TQTmH�iBQMb-
�M/ /2b+`B#2b ?Qr i?Bb i`�mK� �z2+ib 2+QMQKB+ �+iBpBivX h?2 b2+QM/ bm#b2+iBQM 2tTH�BMb ?Qr r2
/2bB;M2/ Qm` BMi2`p2MiBQMb iQ i�F2 BMiQ �++QmMi T2QTH2Ƕb i`�mK�iB+ 2tT2`B2M+2bX

9XR h`�mK� �M/ 1+QMQKB+ �+iBpBiv �KQM; i?2 omHM2`�#H2
a2iiBM; R, 1`Bi`2�M _27m;22b BM �//Bb �#�#�- 1i?BQTB�

1i?BQTB� ?Qbib � H�`;2 MmK#2` Q7 `27m;22b- `2~2+iBM; 2M/m`BM; +QM~B+i BM i?2 #`Q�/2` >Q`M Q7 �7`B+�
`2;BQMX �i i?2 iBK2 Q7 /�i� +QHH2+iBQM BM kykk- �HKQbi 33y-yyy `2;Bbi2`2/ `27m;22b 7`QK ke +QmMi`B2b
HBp2/ BM 1i?BQTB�X JQbi `27m;22b +QK2 7`QK aQmi? am/�M U9e T2`+2MiV- aQK�HB� UkN T2`+2MiV- 1`Bi`2�
URN T2`+2MiV- �M/ am/�M U8 T2`+2MiVX 1i?BQTB� ?�b- /2 Dm`2- QM2 Q7 i?2 KQbi T`Q;`2bbBp2 `27m;22
TQHB+v 7`�K2rQ`Fb BM �7`B+�- r?B+? ;Bp2b rB/2bT`2�/ `B;?ib iQ `27m;22b BM+Hm/BM; T�B/ 2KTHQvK2Mi
�M/ b2H7 2KTHQvK2Mi- �++2bb iQ 2/m+�iBQM- �M/ �++2bb iQ bQ+B�H �M/ }M�M+B�H b2`pB+2bX h?2`2 `2K�BMb-
?Qr2p2`- � bB;MB}+�Mi ;�T #2ir22M TQHB+v �M/ BKTH2K2Mi�iBQMX �i i?2 iBK2 Q7 /�i� +QHH2+iBQM- 7Q`K�H
rQ`F T2`KBib ?�/ MQi #22M ;`�Mi2/ iQ �Mv `27m;22b- �M/ /2 7�+iQ �++2bb iQ 2+QMQKB+ QTTQ`imMBiB2b
r�b HBKBi2/ iQ � bK�HH MmK#2` Q7 m`#�M `27m;22b 2M;�;BM; BM BM7Q`K�H rQ`F UlL>*_- kykR- kykkVX

RN



h?Bb T`QD2+i 7Q+mb2b QM QM2 bm+? m`#�M `27m;22 TQTmH�iBQM, `2;Bbi2`2/ `27m;22b 7`QK 1`Bi`2�
HQ+�i2/ BM �//Bb �#�#�- 1i?BQTB�Ƕb +�TBi�H +BivX AM 1i?BQTB�- � HBKBi2/ MmK#2` Q7 `27m;22b �`2
;`�Mi2/ T2`KBbbBQM iQ HBp2 BM m`#�M �`2�b QmibB/2 Q7 +�KTb B7 i?2v 7mH}HH +2`i�BM +`Bi2`B�- BM+Hm/BM;
bT2+B}+ T`Qi2+iBQM M22/b Q` i?2 �#BHBiv iQ M�K2 � bTQMbQ` r?Q +�M T`QpB/2 7Q` i?2KXRd .2bTBi2
i?Bb TQHB+v MQi H2;�HHv �zQ`/BM; `27m;22b i?2 `B;?i iQ rQ`F Q` QT2`�i2 i?2B` QrM #mbBM2bb2b- K�Mv
`27m;22b biBHH i�F2 mT BM7Q`K�H 2+QMQKB+ QTTQ`imMBiB2bX h?mb- i?Bb TQTmH�iBQM Q7 `27m;22b b2`p2b �b �M
BKTQ`i�Mi i2bi +�b2 7Q` #`Q�/2` 2+QMQKB+ BMi2;`�iBQM 2zQ`ib #v i?2 ;Qp2`MK2Mi �M/ BHHmbi`�i2b i?2
+?�HH2M;2b Q7 2+QMQKB+ b2H7@`2HB�M+2 BM �M m`#�M b2iiBM;- BM+Hm/BM; i?2 �#BHBiv iQ }M/ BM7Q`K�H rQ`F Q`
bi�`i � #mbBM2bb rBi?Qmi � T2`KBiX �++Q`/BM; iQ i?2 lL>*_ UkykRV- ǳ(K)Qbi Q7 i?2 `2;Bbi2`2/ m`#�M
`27m;22b �`2 MQi �#H2 iQ K22i i?2B` #�bB+ M22/b rBi? i?2 +m``2Mi BM+QK2 i?�i i?2v `2+2Bp2 2Bi?2`
7`QK BM7Q`K�H rQ`F Q` `2KBii�M+2bǴ UTX RjVX h?2 1`Bi`2�M `27m;22b r2 rQ`F rBi? i2M/ iQ ?�p2 KQ`2
�++2bb iQ 2+QMQKB+ QTTQ`imMBiB2b i?�M Qi?2` `27m;22 TQTmH�iBQMb /m2 i?2B` HBM;mBbiB+- 2i?MB+- �M/
+mHim`�H T`QtBKBiv rBi? i?2 ?Qbi +QKKmMBivX AM �//Bb �#�#�- M2irQ`Fb �KQM; 1`Bi`2�M `27m;22b
�M/ rBi? i?2 ?Qbi +QKKmMBiv �`2 i?2 K�BM bQm`+2 Q7 2+QMQKB+ QTTQ`imMBiB2bXR3

q2 T�`iM2`2/ rBi? i?2 1i?BQTB�M 72/2`�H ;Qp2`MK2MiǶb `27m;22 �;2M+v- i?2 1i?BQTB�M _27m;22
� _2im`M22 a2`pB+2 U__aV- iQ BKTH2K2Mi i?2 bim/vX q2 rQ`F2/ +HQb2Hv rBi? __a iQ /2i2`KBM2
�M �TT`QT`B�i2 bim/v b�KTH2 iQ bim/v i?2 2+QMQKB+ HBp2b Q7 pmHM2`�#H2 m`#�M `27m;22b �M/ �;`22/
iQ 7Q+mb QM i?2 1`Bi`2�M `27m;22 TQTmH�iBQM BM �//Bb �#�#�X aBM+2 2+QMQKB+ #2?�pBQ` Bb Qm` F2v
7Q+mb- r2 `2bi`B+i2/ Qm` b�KTH2 iQ `2;Bbi2`2/ `27m;22b �;2/ R3 iQ 8y rBi? �i H2�bi DmMBQ` ?B;? b+?QQH
2/m+�iBQM U1i?BQTB�M ;`�/2 d �M/ �#Qp2VXRN __a T`QpB/2/ mb rBi? � /2@B/2MiB}2/ HBbi Q7 �HH `2;Bbi2`2/
`27m;22b i?�i b�iBb}2/ i?2b2 +`Bi2`B� UL 4 je-RjeV- 7`QK r?B+? r2 /`2r � `�M/QK b�KTH2 bi`�iB}2/
#v ;2M/2` UL4k-yyyVX "27Q`2 bm`p2v 2MmK2`�iQ`b �TT`Q�+?2/ `27m;22b BM Qm` b�KTH2- r2 rQ`F2/
rBi? __a +�b2rQ`F2`b �M/ `27m;22 +QKKmMBiv H2�/2`b iQ /Bbb2KBM�i2 BM7Q`K�iBQM �#Qmi Qm` bim/vX
�7i2` i?Bb BMBiB�H �TT`Q�+?- � T`Q72bbBQM�H bm`p2v }`K �/KBMBbi2`2/ BM7Q`K2/ +QMb2Mi �M/ +QM/m+i2/
� #�b2HBM2 bm`p2v QM R-e8k `27m;22bXky h�#H2 R bmKK�`Bx2b i?2 +?�`�+i2`BbiB+b Q7 Qm` b�KTH2 �HQM;
i?2 K�`;BMb Q7 2+QMQKB+ pmHM2`�#BHBiv �M/ i`�mK�X

h?2 K2/B�M `27m;22 BM Qm` bim/v H27i 1`Bi`2� }p2 v2�`b T`BQ` iQ /�i� +QHH2+iBQM �M/ ?�b HBp2/ BM
�//Bb �#�#� 7Q` i?`22 v2�`bX � bB;MB}+�Mi K�DQ`Biv- N9 T2`+2Mi- 2tT`2bb2/ BMi2MiBQMb iQ H2�p2 �i
bQK2 TQBMi BM i?2 7mim`2X Pm` bm`p2v 2HB+Bib bm#D2+iBp2 2tT2+i�iBQMb Qp2` i?2 HBF2HB?QQ/ Q7 bi�vBM; BM

Rda22 qQH/2ib�/BF 2i �HX UkyRNV 7Q` � /2i�BH2/ /Bb+mbbBQM Q7 i?2 ǳQmi Q7 +�KTǴ TQHB+v UP*SV 7`QK � H2;�H T2`bT2+iBp2X
R3� kk@v2�` QH/ 1`Bi`2�M `27m;22 [mQi2/ #v "2iib 2i �HX UkyRNV T`QpB/2b �M BHHmbi`�iBp2 �++QmMi, ǳA �K rQ`FBM; �i

� K2i�H rQ`Fb?QT i?�i /Q2b r2H/BM; �M/ `2T�B`BM; 7Q` /QQ`b- �M/ ?Qmb2b �M/ 72M+2bX h?2 QrM2` Q7 i?2 rQ`Fb?QT Bb
1i?BQTB�MX A ;Qi +QMM2+i2/ iQ ?BK i?`Qm;? Kv 1`Bi`2�M `27m;22 7`B2M/ r?Q ?�b +QMi�+ib rBi? 1i?BQTB�MbXXX h?2`2
�`2 }p2 2KTHQv22b �i i?Bb rQ`Fb?QT �M/ �HH Q7 i?2K �`2 1`Bi`2�M `27m;22bǴ UTX NVX

RNh?2 b�KTHBM; 7`�K2 Bb #�b2/ QM � +2Mi`�HBx2/ lL>*_@__a /�i�#�b2X Pm` b�KTH2 2t+Hm/2b 1`Bi`2�M �bvHmK
b22F2`b MQi v2i ;`�Mi2/ `27m;22 bi�imb- `27m;22b i?�i ~2/ 7`QK hB;`�v #2ir22M kyky �M/ kykk- Q` 1i?BQTB�M BMi2`M�HHv
/BbTH�+2/ T2QTH2X AM �//Bb �#�#�- dd T2`+2Mi Q7 `27m;22b ?�p2 +QKTH2i2/ T`BK�`v 2/m+�iBQM U#�b2/ QM i?2 kykj qQ`H/
"�MF aQ+BQ@1+QMQKB+ am`p2v Q7 _27m;22b BM 1i?BQTB�V- bQ Qm` b�KTH2 Bb `2H2p�Mi iQ � H�`;2 b?�`2 Q7 i?2 TQTmH�iBQMX

kySQi2MiB�H `2bTQM/2Mib r2`2 �TT`Q�+?2/ BM `�M/QK Q`/2`X A7 � `2bTQM/2Mi +QmH/ MQi #2 7QmM/ Q` /B/ MQi +QMb2Mi
iQ T�`iB+BT�i2- i?2v r2`2 `2TH�+2/ rBi? bQK2QM2 7`QK i?2 b�K2 bi`�imK /`�rM 7`QK � b2T�`�i2 `2TH�+2K2Mi 7`�K2X

ky



1i?BQTB� �M/ 2tT2+i2/ BM+QK2 mM/2` p�`BQmb b+2M�`BQb UMQ 7Q`K�H rQ`F T2`KBi- R T2`+2Mi +?�M+2 Q7
7Q`K�H rQ`F T2`KBi- 8y T2`+2Mi +?�M+2- �M/ NN T2`+2Mi +?�M+2VX �i #�b2HBM2- i?2 K2/B�M `2bTQM/2Mi
BM/B+�i2b � 9y T2`+2Mi T`Q#�#BHBiv Q7 bi�vBM; BM 1i?BQTB� 7Q` i?2 i?`22 v2�`b 7QHHQrBM; i?2 bm`p2v
B7 MQi ;Bp2M � 7Q`K�H rQ`F@T2`KBiX �bbmKBM; � M2�`@+2`i�BM T2`KBi rBi? NN T2`+2Mi +?�M+2- i?2
K2/B�M `2bTQM/2Mi BM/B+�i2b � ey T2`+2Mi T`Q#�#BHBiv Q7 bi�vBM;X h?Bb bm;;2bib i?�i i?2 mM+2`i�BMiv
`2H�i2/ iQ i?2 H2;�H `B;?i iQ rQ`F +�M T�`iHv 2tTH�BM i?2 `2Hm+i�M+2 iQ bi�v BM 1i?BQTB�X h?2 r2�F
BMi2Mi iQ bi�v mM/2`b+Q`2b � i2M/2M+v 7Q` 2MpBbBQMBM; � p�;m2- /Bbi�Mi TQbBiBp2 7mim`2 U2X;X- KB;`�iBM;
iQ � i?B`/ +QmMi`vV Qp2` TH�MMBM; 7Q` �M mM+2`i�BM M2�`@i2`K 7mim`2X

h?2 �pQB/�M+2 Q7 TH�MMBM; +QM+`2i2Hv 7Q` i?2 M2�` 7mim`2 Bb +QMbBbi2Mi rBi? i?2 HQr `�i2 Q7
2+QMQKB+ �+iBpBiv Q#b2`p2/ BM i?2 b�KTH2X PMHv RN T2`+2Mi Q7 i?2 `2bTQM/2Mib r2`2 2+QMQKB+�HHv
�+iBp2 �i i?2 iBK2 Q7 i?2 #�b2HBM2 bm`p2vX h?Bb #`2�Fb /QrM iQ Rk T2`+2Mi 2M;�;2/ BM r�;2 rQ`F
�M/ d T2`+2Mi BM Qi?2` �+iBpBiB2b BM+Hm/BM; b2H7@2KTHQvK2MiX jN T2`+2Mi Q7 `2bTQM/2Mib BM/B+�i2
i?�i i?2v �`2 mM2KTHQv2/ #mi HQQFBM; 7Q` rQ`FX AM +QKT�`BbQM- 8N T2`+2Mi Q7 T2QTH2 BM i?2 ;2M2`�H
TQTmH�iBQM Q7 �//Bb �#�#� BM i?2 b�K2 �;2 `�M;2 �M/ rBi? i?2 b�K2 2/m+�iBQM �`2 2+QMQKB+�HHv
�+iBp2X *QM/BiBQM�H QM #2BM; 2KTHQv2/- i?2 �p2`�;2 r�;2 BM Qm` b�KTH2 Bb bHB;?iHv H2bb i?�M ?�H7
Q7 i?2 ;2M2`�H TQTmH�iBQM U�#Qmi la. N3 +QKT�`2/ iQ �#Qmi la. R3NVX h?2`2 Bb � T`QMQmM+2/
;2M/2` ;�T BM i?2 2+QMQKB+ HBp2b Q7 Qm` b�KTH2X �KQM; K2M- Re T2`+2Mi r2`2 BMpQHp2/ BM r�;2 rQ`F
+QKT�`2/ iQ Dmbi 3 T2`+2Mi Q7 rQK2MX h?Bb ;�T 2ti2M/b iQ BM+QK2- r?2`2 rQ`FBM; K2M `2TQ`i2/ �M
�p2`�;2 KQMi?Hv BM+QK2 Q7 j-3jy #B`` U�#Qmi la. e3V- +QKT�`2/ iQ rQ`FBM; rQK2M r?Q `2TQ`i2/
�M �p2`�;2 KQMi?Hv BM+QK2 Q7 k-888 #B`` U�#Qmi la. 98VX

J2Mi�H ?2�Hi? BM Qm` b�KTH2 Bb TQQ` `2H�iBp2 iQ i?2 ;2M2`�H TQTmH�iBQMX q2 }M/ i?�i Rj
T2`+2Mi Q7 Qm` b�KTH2 Bb �#Qp2 i?2 +mi@Qz 7Q` T`Q#�#H2 Sha.- `2H�iBp2 iQ 9 T2`+2Mi BM i?2 ;2M2`�H
TQTmH�iBQM UEQ2M2M 2i �HX- kyRdVXkR h?2b2 }M/BM;b �`2 BM HBM2 rBi? "2iib 2i �HX UkyRNV- r?Q }M/
i?�i 1`Bi`2�M `27m;22b BM �//Bb �#�#� 7�+2 bB;MB}+�MiHv KQ`2 K2Mi�H ?2�Hi? T`Q#H2Kb i?�M i?2
?Qbi +QKKmMBivX AM Qm` bim/v- Qp2` ?�H7 Q7 i?2 T�`iB+BT�Mib U8k T2`+2MiV `2TQ`i2/ /B`2+i 2tTQbm`2
iQ �i H2�bi QM2 i`�mK�iB+ 2p2MiX h?Bb `�i2 Bb MQi�#Hv ?B;?2` +QKT�`2/ iQ i?2 ;2M2`�H 1i?BQTB�M
TQTmH�iBQM- r?2`2 QMHv j8X3 T2`+2Mi `2TQ`i bBKBH�` 2tT2`B2M+2b U:B`K� 2i �HX- kykkVXkk q2 }M/ �
rB/2 bT2+i`mK Q7 i`�mK�iB+ 2tT2`B2M+2b rBi?BM Qm` b�KTH2- K�Mv Q7 r?B+? �`2 TH�mbB#Hv `2H�i2/
iQ 7Q`+2/ /BbTH�+2K2Mi, kyXd T2`+2Mi Q7 Qm` b�KTH2 `2TQ`i ?�pBM; /B`2+iHv 2tT2`B2M+2/ T?vbB+�H
�bb�mHi- RjX9 T2`+2Mi `2TQ`i ?�pBM; /B`2+iHv 2tT2`B2M+2/ b2p2`2 ?mK�M bmz2`BM;- �M/ RkX3 T2`+2Mi
`2TQ`i ?�pBM; /B`2+iHv 2tT2`B2M+2/ T?vbB+�H +QK#�i Q` 2tTQbm`2 iQ � r�`@xQM2 BM i?2 KBHBi�`v Q`
�b � +BpBHB�MX �KQM; rQK2M BM Qm` b�KTH2- dXe T2`+2Mi `2TQ`i ?�pBM; /B`2+iHv 2tT2`B2M+2/ b2p2`2
b2tm�H �bb�mHi Q` i?`2�i Q7 �bb�mHi U2X;X- `�T2- �ii2KTi2/ `�T2VX JQbi `2bTQM/2Mib `2TQ`i2/ i?�i
i?2B` KQbi i`�mK�iB+ 2tT2`B2M+2 ?�TT2M2/ KQ`2 i?�M irQ v2�`b T`BQ` iQ /�i� +QHH2+iBQMX

AM bmKK�`v- 1`Bi`2�M `27m;22b BM �//Bb �#�#� 7�+2 bB;MB}+�Mi +?�HH2M;2b BM 2+QMQKB+ BMi2;`�iBQMX
kRq2 mb2 i?2 SQbii`�mK�iB+ ai`2bb .BbQ`/2` *?2+FHBbi 7Q` .aJ@8 US*G@8V rBi? � +mi@Qz Q7 jRX
kkq2 mb2 i?2 GB72 1p2Mib *?2+FHBbi UG1*@8V 7Q` .aJ@8- r?B+? ?�b /2KQMbi`�i2/ ;QQ/ +QMbi`m+i p�HB/Biv �KQM;

1i?BQTB�M �/mHib U:B`K� 2i �HX- kykkVX

kR



1p2M B7 BM7Q`K�H HBp2HB?QQ/ QTTQ`imMBiB2b �`2 �++2bbB#H2- 2+QMQKB+ �+iBpBiv `2K�BMb HBKBi2/X 6Q`+B#Hv
/BbTH�+2/ TQTmH�iBQMb /Q MQi ?�p2 i?2 iBK2 iQ T`2@2tT2`B2M+2 TQbBiBp2 BK�;2b �M/ /2bB`�#H2 Qmi+QK2b
�#Qmi i?2B` HB72 �i /2biBM�iBQM- �M/ K�Mv 722H iQ #2 +�m;?i mT BM i?2 T�biX q2 ?vTQi?2bBx2 i?�i BM
Qm` b�KTH2- i?2 H�+F Q7 i?2b2 BK�;2b K�v #2 QM2 7�+iQ` i?�i 2tTH�BMb i?2 HQr rBHHBM;M2bb iQ BMp2bi
BMiQ � HB72 BM �//Bb �#�#� �M/ i?2 M2;�iBp2 pB2r Q7 r?�i i?2B` bi�v BM 1i?BQTB� K�v #`BM;X

a2iiBM; k, omHM2`�#H2 :`QmTb BM "Q;Qi¨- *QHQK#B�

.2+�/2b Q7 +BpBH +QM~B+i BM *QHQK#B� ?�p2 BMi2`M�HHv /BbTH�+2/ KQ`2 i?�M b2p2M KBHHBQM T2QTH2
UA.J*- kyRdVX qBi? Qp2` 3 KBHHBQM `2;Bbi2`2/ pB+iBKb Q7 +QM~B+i- i?2 kyRe T2�+2 /2�H #`Qm;?i
bQ+BQ@2+QMQKB+ BM+HmbBQM iQ i?2 7Q`27`QMi Q7 TQHB+v T`BQ`BiB2bX aBM+2 kyR8- *QHQK#B� ?�b �HbQ 7�+2/
� bB;MB}+�Mi BM~mt Q7 o2M2xm2H�M `27m;22b �M/ KB;`�Mib /m2 iQ i?2B` +QmMi`vǶb ?mK�MBi�`B�M +`BbBbX
"v P+iQ#2` kykk- i?2 *QHQK#B�M ;Qp2`MK2Mi `2TQ`i2/ kX3N KBHHBQM o2M2xm2H�M `27m;22b- KB;`�Mib-
�M/ �bvHmK b22F2`b U_9o- kykjVX h?Bb mMT`2+2/2Mi2/ BM~Qr ?�b �//2/ bQ+BQ@2+QMQKB+ +?�HH2M;2b
BM K�Mv +QKKmMBiB2b �H`2�/v bi`m;;HBM; rBi? TQbi@+QM~B+i `2+Qp2`vX

�b BM Qi?2` TQbi@+QM~B+i +QMi2tib- b2H7@2KTHQvK2Mi Bb 2KT?�bBx2/ �b �M 2z2+iBp2 iQQH 7Q` T`Q@
KQiBM; `2+Qp2`v- `2biQ`BM; BM/BpB/m�H 2+QMQKB+ �miQMQKv �M/ #QQbiBM; +QKKmMBiv /2p2HQTK2MiX
JB+`Q �M/ bK�HH@b+�H2 }`Kb `2T`2b2Mi2/ KQ`2 i?�M 3d T2`+2Mi Q7 }`Kb BM *QHQK#B� BM kyRe UP1*.-
kyR3V �M/ �`2 BM+`2�bBM;Hv bmTTQ`i2/ #v i?2 ;Qp2`MK2Mi- 7Q` 2t�KTH2 i?`Qm;? pQ+�iBQM�H �M/ bFBHHb
i`�BMBM; T`Q;`�Kb T`QpB/2/ #v i?2 a2`pB+BQ L�+BQM�H /2 �T`2M/Bx�D2 Ua1L�VX

>Qr2p2`- ;Qp2`MK2Mi�H �M/ MQM@;Qp2`MK2Mi�H �+iQ`b BM+`2�bBM;Hv `2+Q;MBx2 i?2 +?�HH2M;2b Q7
bmTTQ`iBM; i?2 2+QMQKB+ HBp2HB?QQ/b Q7 i`�mK�iBx2/ TQTmH�iBQMbX Pm` K22iBM;b rBi? Tm#HB+ �M/
T`Bp�i2 Q`;�MBx�iBQMb ?B;?HB;?i2/ i?�i bm`pBpQ`b Q7 +QM~B+i �M/ /BbTH�+2K2Mi r2`2 2Bi?2` MQi i�FBM;
mT T`Q;`�Kb Q` T2`7Q`KBM; rQ`b2 i?�M i?2 ;2M2`�H TQTmH�iBQMX �i Qm` T`QD2+iǶb BM+2TiBQM- i?2
;Qp2`MK2Mi T`QpB/2/ �/@?Q+ Tbv+?QHQ;B+�H bmTTQ`i- #mi /2K�M/ r�b HQrX JQbi ?B;?@i`�mK�- HQr@
BM+QK2 ?Qmb2?QH/b r2`2 mMrBHHBM; iQ T`BQ`BiBx2 K2Mi�H ?2�Hi? rBi?Qmi }`bi �//`2bbBM; i?2B` 2+QMQKB+
/B{+mHiB2bX h?2 ;Qp2`MK2Mi bQm;?i iQ /2bB;M �M/ i2bi � T`Q;`�K i?�i #H2M/2/ 2+QMQKB+ bFBHHb rBi?
Tbv+?QHQ;B+�H bmTTQ`i- �TT2�HBM; iQ i?Qb2 KQiBp�i2/ iQ BKT`Qp2 i?2B` 2+QMQKB+ HBp2b #mi `2[mB`BM;
?2HT rBi? TQbi@i`�mK� bvKTiQKbX h?2 F2v B/2� QM i?2 ;`QmM/ r�b i?�i � +QK#BM2/ T`Q;`�K rQmH/
i`B;;2` � pB`imQmb +v+H2 #2ir22M Tbv+?QHQ;B+�H ?2�Hi? �M/ 2+QMQKB+ Qmi+QK2bXkj

hQ /2HBp2` i?2 BMi2`p2MiBQM- r2 T�`iM2`2/ rBi? i?2 HQ+�H ;Qp2`MK2Mi Q7 "Q;Qi�- bT2+B}+�HHv i?2
.Bbi`B+i .2T�`iK2Mi Q7 aQ+B�H AMi2;`�iBQM Ua.AaV �M/ .Bbi`B+i .2T�`iK2Mi Q7 1+QMQKB+ .2p2HQT@
K2MiX Pm` ;Qp2`MK2Mi T�`iM2`b `2+`mBi2/ T�`iB+BT�Mib i?`Qm;? � KmHiB@+?�MM2H K2/B� +�KT�B;M
#v �/p2`iBbBM; �M 2Mi`2T`2M2m`b?BT T`Q;`�K T`QKQiBM; bQ7i bFBHHb- BM+Hm/BM; i?`Qm;? +QKKmMBiv
+2Mi2`b �M/ bQ+B�H K2/B� TH�i7Q`KbXk9 �b T�`i Q7 i?2B` K�M/�i2- i?2 a.Aa r2`2 `2[mB`2/ iQ i`�BM

kjh?Bb +QM+2Ti ?�b �HbQ #22M T`QTQb2/ #v `2b2�`+?2`b �b �M 2z2+iBp2 r�v iQ #QQbi i?2 /2K�M/ �M/ bmTTHv Q7
K2Mi�H ?2�Hi? b2`pB+2b BM HQr@`2bQm`+2 +QMi2tib �M/ BM+`2�b2 i?2 `2im`Mb iQ 2+QMQKB+ T`Q;`�Kb U_B/H2v 2i �HX- kykyVX

k9AMi2`2bi2/ �TTHB+�Mib r2`2 `2[mB`2/ iQ +QKTH2i2 � b?Q`i �TTHB+�iBQM 7Q`K- QMHBM2 Q` BM T2`bQM- r?B+? r�b mb2/

kk



MmK2`Qmb ;`QmTb i?�i 7�+2 2+QMQKB+ �M/ bQ+B�H +?�HH2M;2bX �b � `2bmHi- i?2v #`Qm;?i iQ mb � b�KTH2
i?�i BM+Hm/2b pB+iBKb Q7 +QM~B+i �M/ o2M2xm2H�M KB;`�Mib- �b r2HH �b HQr@BM+QK2 vQmi?- G:"hZ
;`QmTb- 2Mi`2T`2M2m`b rBi? /Bb�#BHBiB2b Q` +�`2`b i?2`2Q7- i?2 7Q`K2`Hv ?QK2H2bb- �M/ i?2 2H/2`Hv U2�+?
;`QmT Bb H�#2H2/ ǳbm#/BpBbBQMǴ BM i?2 2tT2`BK2MiVX h?2 `2bmHiBM; b�KTH2 i?mb 72�im`2b pmHM2`�#BHBiv
�HQM; KmHiBTH2 /BK2MbBQMb �M/ `2T`2b2Mib ;`QmTb i?�i Ĝ �++Q`/BM; iQ Qm` }2H/ T�`iM2`b Ĝ bi`m;;H2
rBi? i`�BMBM; �M/ i�FBM; mT Q7 2+QMQKB+ QTTQ`imMBiB2bX

Pm` }M�H b�KTH2 BM+Hm/2b R-Ned T�`iB+BT�MibX "Qi? i`�mK� 2tTQbm`2 �M/ bvKTiQKb �`2 p2`v
?B;? BM i?2 b�KTH2X �i #�b2HBM2- 3j T2`+2Mi `2TQ`i 2tTQbm`2 iQ i`�mK�iB+ T�bi 2tT2`B2M+2b- r?B+?
Bb ?B;?2` i?�M 2biBK�i2b Q7 2tTQbm`2 BM ;2M2`�H TQTmH�iBQMb- `�M;BM; #2ir22M eR T2`+2Mi �M/ dy
T2`+2MiX JQ`2Qp2`- i?2 ivT2b Q7 i`�mK� `2TQ`i2/ #v T�`iB+BT�Mib �`2 bi`BFBM;Hv /Bz2`2Mi 7`QK
Qi?2` b2iiBM;b, 93 T2`+2Mi Q7 T�`iB+BT�Mib `2TQ`i ?�pBM; HBp2/ Q` rBiM2bb2/ r�`@`2H�i2/ i`�mK�-
BM+Hm/BM; /2�i?- /BbTH�+2K2Mi �M/ iQ`im`2- �M/ eR T2`+2Mi `2TQ`i bm`BpBM; Q` rBiM2bbBM; �bb�mHiX
�b � #2M+?K�`F- i?2 q>P qQ`H/ J2Mi�H >2�Hi? bm`p2v }M/b i?�i 2tTQbm`2 iQ i?2b2 b�K2 ivT2b
Q7 i`�mK� Bb RjXR T2`+2Mi �M/ kkXN T2`+2Mi BM ;2M2`�H TQTmH�iBQMb �+`Qbb KQ`2 i?�M ky +QmMi`B2b
UEQ2M2M 2i �HX- kyRdVX h?2 b?�`2 Q7 T�`iB+BT�Mib TQbBiBp2Hv b+`22MBM; 7Q` Sha. Bb �HbQ ?B;? BM Qm`
*QHQK#B� b�KTH2- rBi? kk T2`+2Mi #2BM; �#Qp2 i?2 +mi@Qz 7Q` T`Q#�#H2 Sha.Xk8

omHM2`�#BHBiv �HbQ 2ti2M/b iQ i?2 2+QMQKB+ /QK�BMX �b b?QrM BM h�#H2 R- T�`iB+BT�Mib �`2 HQr@
BM+QK2- rBi? ed T2`+2Mi 2�`MBM; H2bb i?�M i?2 KBMBKmK r�;2 U+QKT�`2/ iQ 8R T2`+2Mi Qp2`�HH BM
*QHQK#B�VX h?2 �p2`�;2 KQMi?Hv BM+QK2 �i #�b2HBM2 Bb *PS 0eNj-ydd U�TT`QtBK�i2Hv la. 0kyyV-
r?B+? Bb �`QmM/ 3y T2`+2Mi Q7 i?2 *QHQK#B�M KQMi?Hv KBMBKmK r�;2X h?2 �p2`�;2 ?Qmb2?QH/ ?�b
jX8 T2QTH2 U+QKT�`2/ iQ jXR BM i?2 +QmMi`vVX q?BH2 88 T2`+2Mi Q7 i?2 b�KTH2 ?�b �M 2tBbiBM; #mbBM2bb-
i?2 `2K�BMBM; b?�`2 ?�b QMHv � #mbBM2bb B/2�X AM i2`Kb Q7 /2KQ;`�T?B+b- 83 T2`+2Mi Q7 T�`iB+BT�Mib
�`2 rQK2M- i?2 �p2`�;2 T�`iB+BT�Mi Bb jk v2�`b QH/ �M/ ?�b +QKTH2i2/ b2+QM/�`v b+?QQHBM;X

AM bmKK�`v- i?2 �bTB`BM; KB+`Q@2Mi`2T`2M2m`b BM Qm` "Q;Qi¨ b�KTH2 7�+2 bB;MB}+�Mi +?�HH2M;2b
BM BKT`QpBM; i?2B` Tbv+?QHQ;B+�H r2HH#2BM; �M/ 2+QMQKB+ HBp2HB?QQ/bX �b BM Qm` 1i?BQTB� b2iiBM;-
K�Mv BM/BpB/m�Hb i2M/ iQ 2MpBbBQM � p�;m2- /Bbi�Mi- �M/ TQbBiBp2 7mim`2- #mi �pQB/ TH�MMBM; 7Q` Bi
�M/ bi`m;;H2 iQ B/2MiB7v +QM+`2i2 bi2Tb iQ KQp2 7Q`r�`/X

9Xk :mB/2/ J2Mi�H 1tT2`B2M+BM; BM S`Q;`�K .2bB;M
"mBH/BM; QM i?2 BMbB;?i i?�i 2z2+iBp2 2+QMQKB+ T`Q;`�Kb 7Q` i`�mK�iBx2/ TQTmH�iBQMb b?QmH/ �//`2bb
i?2 +Q;MBiBp2 #�``B2`b +�mb2/ #v i`�mK�- r2 /2bB;M2/ irQ M2r i`�BMBM; +m``B+mH� i?�i i2�+? i?2
mb2 Q7 :J1 BM 2+QMQKB+ /2+BbBQM@K�FBM;X h?2 :J1 2t2`+Bb2b BM i?2 +m``B+mH� /`2r QM 2tBbiBM;

iQ b+`22M 7Q` 2HB;B#BHBivX P7 j-88j �TTHB+�Mib- k-jjd K2i i?2 T`2/2}M2/ +`Bi2`B�X 1HB;B#BHBiv `2[mB`2/ /2KQMbi`�iBM;
2Mi`2T`2M2m`b?BT TQi2MiB�H #v ?�pBM; � #mbBM2bb Q` TH�Mb iQ bi�`i QM2 rBi?BM i?`22 KQMi?b �M/ #2BM; �#H2 iQ /2b+`B#2
i?2 #mbBM2bb Q` B/2� �M/ +H�bbB7v Bi #v b2+iQ`X hQ �++QmMi 7Q` b2H7@7mM/2/ i`�MbTQ`i�iBQM +Qbib- �TTHB+�Mib M22/2/ iQ
`2TQ`i MQM@x2`Q BM+QK2 Q` #mbBM2bb b�H2b BM i?2 T�bi bBt KQMi?bX �//BiBQM�H +`Bi2`B� BM+Hm/2/ #2BM; HBi2`�i2- #2BM;
Qp2` R3 v2�`b QH/- �M/ T`QpB/BM; i?`22 TQBMib Q7 +QMi�+iX

k8q2 mb2 i?2 AKT�+i Q7 1p2Mi a+�H2@_2pBb2/ rBi? � +mi@Qz Q7 jj 7Q` bvKTiQKb Q7 Sha. U*`2�K2` 2i �HX- kyyjVX

kj



BK�;2`v@#�b2/ +Q;MBiBp2 i?2`�TB2b U7Q` BMbi�M+2- >QHK2b 2i �HX- kyRNc >�+FK�MM 2i �HX- kyRRV �M/
i?2 T`�+iB+�H 2tT2`B2M+2 rQ`FBM; rBi? T2QTH2 TQbi@i`�mK� Q7 S`Q72bbQ` 1KBHv >QHK2b Ĝ QM2 Q7 i?2
H2�/BM; +HBMB+�H Tbv+?QHQ;Bbib QM K2Mi�H BK�;2`v ;HQ#�HHv �M/ +Q@�mi?Q` Q7 i?Bb bim/vX hQ i�BHQ`
i?2 2t2`+Bb2b iQ i?2 2+QMQKB+ /QK�BM- i?2 `2b2�`+? i2�K +QM/m+i2/ 2ti2MbBp2 [m�HBi�iBp2 `2b2�`+?
rBi? i�`;2i TQTmH�iBQMb �M/ +HBMB+�H Tbv+?QHQ;Bbib BM *QHQK#B� �M/ 1i?BQTB�X h?2b2 BMi2`pB2rb
`2p2�H2/ i?2 K2KQ`B2b- #2HB27b- �M/ #2?�pBQ`b i?�i �B/ Q` ?BM/2` 2+QMQKB+ T`Q;`2bb- BM7Q`KBM; +�b2
bim/B2b BMbTB`2/ #v `2�H BM/BpB/m�Hb B/2MiB}2/ /m`BM; /�i� +QHH2+iBQMX "27Q`2 BKTH2K2MiBM; i?2
bim/v- r2 TBHQi2/ i?2 +m``B+mH� rBi? Qm` i�`;2i TQTmH�iBQMb BM #Qi? b2iiBM;bXke h?`Qm;?Qmi i?2
+m``B+mHmK /2p2HQTK2Mi T`Q+2bb- r2 +QMbmHi2/ ;Qp2`MK2Mi T�`iM2`b Ĝ K�M/�i2/ iQ /2p2HQT �M/
/2HBp2` T`Q;`�Kb i?�i #2M2}i pmHM2`�#H2 TQTmH�iBQMb Ĝ �b r2HH �b Qi?2` bi�F2?QH/2`bXkd

h?2 +m``B+mH� BKTH2K2Mi2/ BM *QHQK#B� �M/ 1i?BQTB� b?�`2 bBKBH�` 72�im`2b BM i?2 r�v BM r?B+?
:J1 Bb i�m;?i- �M/ /Bz2` QMHv BM i?2B` +QMi2Mi �M/ /2HBp2`vf/m`�iBQM- �b QmiHBM2/ BM i?2 M2ti
b2+iBQMX :Bp2M i?2 HBKBi2/ BMi2Mi iQ bi�v �M/ 2+QMQKB+ �+iBpBiv �KQM; Qm` `27m;22b- i?2 i`�BMBM; BM
1i?BQTB� �BKb iQ b?Qr+�b2 ?Qr K2Mi�H 2tT2`B2M+BM; +�M #2 mb2/ iQ bmTTQ`i �HH HBp2HB?QQ/ 7Q`KbX AM
T�`iB+mH�`- r2 7Q+mb QM BK�;BMBM; � TQi2MiB�H HB72 BM �//Bb �#�#� BM i?2 b?Q`i i2`K �M/ BM T`�+iB+BM;
i?2 bi2Tb i?�i +�M #2 i�F2M iQ �++2bb 2+QMQKB+ QTTQ`imMBiB2b BM i?Bb +QMi2tiX h?2 +m``B+mHmK BM
*QHQK#B� 7Q+mb2/ QM H2p2`�;BM; K2Mi�H 2tT2`B2M+BM; BM i?2 +QMi2ti Q7 2Mi`2T`2M2m`b?BTX

h?`22 E2v 62�im`2b Q7 :J1 h`�BMBM;

h?2 :J1 i`�BMBM; +m``B+mH� BM #Qi? *QHQK#B� �M/ 1i?BQTB� b?�`2 i?`22 F2v 72�im`2bX 6B`bi- i?2
:J1 i`�BMBM; T`Q;`�Kb T`QKQi2 K2Mi�H 2tT2`B2M+BM; �#Qmi 7mim`2 2+QMQKB+ Qmi+QK2b �M/ i?2
T�i?r�vb Q7 �+iBQMb i?�i +QmH/ K�i2`B�HBx2 i?2b2 BMi2M/2/ Qmi+QK2bX Pm` +m``B+mH� 7Q+mb bT2+B}+�HHv
QM i2�+?BM; T�`iB+BT�Mib iQ T`QD2+i i?2 7mim`2 �M/ T`2@2tT2`B2M+2 i?2 miBHBiv �bbQ+B�i2/ rBi? �Hi2`M�i2
7mim`2 Qmi+QK2bX PM+2 T�`iB+BT�Mib /2}M2 � 7mim`2 b+2M�`BQ- i?2v �`2 i�m;?i iQ K2Mi�HHv T`�+iB+2
i?2 bi2Tb M22/2/ iQ �+?B2p2 BiX Pm` [m�HBi�iBp2 `2b2�`+? 2KT?�bBx2/ i?2 BKTQ`i�M+2 Q7 T`QKQiBM;
+QM+`2i2 �+iBQM T�i?r�vb 7Q` Qm` i�`;2i TQTmH�iBQMbX J�Mv +QM~B+i bm`pBpQ`b �bTB`BM; iQ bi�`i �
#mbBM2bb bi`m;;H2/ iQ �`iB+mH�i2 ?Qr i?2v rQmH/ K�F2 i?2B` }`bi b�H2ě� 7Q`K Q7 �pQB/�M+2X 6Q`
BMbi�M+2- bQK2 +QmH/ MQi BK�;BM2 b2HHBM; iQ +mbiQK2`b- r?BH2 Qi?2`b 2MpBbBQM2/ 2tTQ`iBM; T`Q/m+ib
rBi?Qmi � +H2�` TH�M 7Q` i?2B` }`bi b�H2X �+iBp2Hv T`�+iB+BM; 7mim`2 b+2M�`BQb Bb 2tT2+i2/ iQ 2M?�M+2
i?2 +QM+`2i2M2bb �M/ `2�HBbK Q7 Qmi+QK2b- BM+`2�bBM; T�`iB+BT�MibǶ HBF2HB?QQ/ Q7 i�FBM; �+iBQMX
�//BiBQM�HHv- r?BH2 K2Mi�HHv `2?2�`bBM; i?2B` TH�Mb BM � b�72 bT�+2- T�`iB+BT�Mib B/2MiB7v TQi2MiB�H
Q#bi�+H2b �M/ bi`�i2;B2b iQ Qp2`+QK2 i?2K- `�i?2` i?�M K2`2Hv BK�;BMBM; TQbBiBp2 bQHmiBQMbX

S�`iB+BT�Mib �TTHv :J1 iQ 2+QMQKB+ /2+BbBQMb i?�i �`2 rB/2Hv �TTHB+�#H2 iQ i?2 2+QMQKB+ HBp2b

keAM *QHQK#B�- r2 TBHQi2/ i?2 +m``B+mHmK BM LQp2K#2` kyR3 �M/ J�v kyRN iQ `2}M2 i?2 b2bbBQMb iQ i?2 M22/b Q7
i?2 i�`;2i TQTmH�iBQMX q2 TBHQi2/ �HH 7Qm` b2bbBQMb Q7 i?2 1i?BQTB� +m``B+mHmK BM C�Mm�`v �M/ 62#`m�`v kykkX

kd6Q` BMbi�M+2- BM *QHQK#B�- r2 rQ`F2/ +HQb2Hv rBi? i?2 H2�/ Tbv+?QHQ;Bbi i2�K �i i?2 L�iBQM�H oB+iBKb lMBi
UlMB/�/ T�`� H�b oB+iBK�bV- i?2 L�iBQM�H h`�BMBM; a2`pB+2 Ua2`pB+BQ L�+BQM�H /2 �T`2M/Bx�D2 Q` a1L�V �M/ �Hi�
*QMb2D2`ő� 7Q` oB+iBKbǶ _B;?ib rBi?BM i?2 HQ+�H ;Qp2`MK2Mi- BM �//BiBQM iQ Qm` BKTH2K2MiBM; T�`iM2`bX

k9



Q7 i?2 TQQ`X 6Q` 2t�KTH2- T�`iB+BT�Mib K2Mi�HHv T`�+iB+2/ +QM/m+iBM; � +mbiQK2` bm`p2v �M/ � TH�M
iQ #2+QK2 KQ`2 T`Q/m+iBp2 �M/ H2bb r�bi27mH BM *QHQK#B�X � b2bbBQM QM b�pBM;b i�m;?i T�`iB+BT�Mib
iQ }`bi +�H+mH�i2 i?2B` r22FHv b�pBM;b +QMi`B#miBQM �M/ i?2M BK�;BM2 i?2B` b�pBM;b +QMi`B#miBQM
�++mKmH�iBM; Qp2` r22Fb- KQMi?b �M/ v2�`b iQ �TT`2+B�i2 i?2 HQM;@i2`K KQiBp�iBQM�H TQr2` Q7 bK�HH
?�#BibX hQ KQiBp�i2 i?2 BKTQ`i�M+2 Q7 bBKmH�iBM; �Hi2`M�iBp2 T�i?r�vb BMiQ i?2 7mim`2- T�`iB+BT�Mib
bm#b2[m2MiHv pBbm�HBx2/ i?2 +QMb2[m2M+2b Q7 2tT2`B2M+BM; � T2`bQM�H M2;�iBp2 b?Q+F BM i?2 BMbi�M+2
r?2`2 i?2v ?�/ b�p2/ p2`bmb MQiX AM 1i?BQTB�- T�`iB+BT�Mib mb2 :J1 iQ B/2MiB7v � bi2T Q` �+iBQM
i?�i i?2v +�M i�F2 iQr�`/b ;2M2`�iBM; BM+QK2 BM i?2 M2�` i2`KX S�`iB+BT�Mib r2`2 2M+Qm`�;2/ iQ
BKTH2K2Mi i?2b2 TH�Mb �b ?QK2rQ`F �M/ `2TQ`i #�+F QM i?2B` 2tT2`B2M+2b- rBi? i?2 ?QT2 i?�i i?2b2
`2~2+iBQMb b?QmH/ b2`p2 iQ BKT`Qp2 i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+2b Qp2` iBK2X

h?2 :J1 2t2`+Bb2b �`2 �HbQ bi`m+im`2/ iQ �//`2bb b2H7@HBKBiBM; #2HB27b �bbQ+B�i2/ rBi? i`�mK�iB+
2tT2`B2M+2b �M/ 2+QMQKB+ +?QB+2bX 6Q` BMbi�M+2- Qm` [m�HBi�iBp2 rQ`F BM *QHQK#B� b?Qr+�b2/ ?Qr
� ǳpB+iBK K2Mi�HBivǴ r�b Q7i2M �bbQ+B�i2/ rBi? HQr b2H7@+QM}/2M+2 �M/ HBKBi2/ T2`bQM�H BMBiB�iBp2
BM b22FBM; 2+QMQKB+ QTTQ`imMBiB2bX AM �//Bb �#�#�- M2�`Hv �HH `27m;22b �bTB`2 iQ H2�p2 1i?BQTB�-
/2bTBi2 i?2 bHBK +?�M+2b Q7 �+?B2pBM; i?Bb i?`Qm;? 7Q`K�H `2b2iiH2K2MiXk3 am+? 2tT2+i�iBQMb HBKBi
i?2 rBHHBM;M2bb iQ BMp2bi BMiQ � HB72 BM �//Bb �#�#�X :Bp2M i?2 ?B;? HBF2HB?QQ/ i?�i KQbi rBHH
`2K�BM i?2`2 BM i?2 b?Q`i i2`K- Qm` +m``B+mHmK 2M+Qm`�;2b T�`iB+BT�Mib iQ 2MpBbBQM i?2B` HBp2b �M/
HBp2HB?QQ/b BM �//Bb �#�#� Qp2` i?2 M2ti bBt KQMi?bX

a2+QM/- Qm` :J1 i`�BMBM; T`Q;`�Kb �`2 /2bB;M2/ iQ BKT`Qp2 i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;
i?`Qm;? BM+`2�b2/ bT2+B}+Biv �M/ 2KQiBQM�HBiv Q7 K2Mi�H b+2M�`BQbX �b /2b+`B#2/ BM a2+iBQM k-
i`�mK�iB+ 2tT2`B2M+2b +�M T`Q/m+2 �M ǳQp2`;2M2`�HǴ K2KQ`v �M/ ?2M+2 Km`Fv Q` mMbT2+B}+ K2Mi�H
2tT2`B2M+BM; �#Qmi i?2 7mim`2X hQ +QmMi2`�+i i?2b2 M2;�iBp2 2z2+ib Q7 i`�mK�- i?2 :J1 2t2`+Bb2b
BM Qm` +m``B+mH� 2M+Qm`�;2 T�`iB+BT�Mib iQ T`Q/m+2 ?B;?Hv /2i�BH2/ BK�;2b �#Qmi 7mim`2 Qmi+QK2b
�M/ i?2 T�i?r�vb Q7 �+iBQM iQ �ii�BM i?2KX GBF2 2tT2`B2M+2b BM `2�H HB72- K2Mi�H 2tT2`B2M+2b T`Q/m+2
�M 2KQiBQM�H `2bTQMb2 rBi?BM T�`iB+BT�Mib- r?B+? +�``B2b BM7Q`K�iBQM �#Qmi i?2 miBHBiv �bbQ+B�i2/
rBi? i?2 +QMi2Mi Q7 i?2B` bBKmH�i2/ b+2M�`BQbX h?2 :J1 2t2`+Bb2b BM Qm` +m``B+mH� �+iBp2Hv bQm;?i
iQ �KTHB7v TQbBiBp2 2KQiBQMb ;2M2`�i2/ #v i?2 K2Mi�H 2tT2`B2M+BM;- iQ #QQbi KQiBp�iBQMX JQ`2Qp2`-
2KQiBQMb 7�pQ` i?2 2M+Q/BM; Q7 i?2 M2rHv +`2�i2/ K2Mi�H 2tT2`B2M+2b BMiQ K2KQ`vX

h?2 7QHHQrBM; 2t+2`Tib 7`QK #Qi? K�Mm�Hb b?Qr ?Qr T�`iB+BT�Mib �`2 2M+Qm`�;2/ iQ +`2�i2
bT2+B}+ �M/ 2KQiBQM�H K2Mi�H BK�;2b- �M/ iQ 2M+Q/2 i?2K BM K2KQ`v 7Q` 7mim`2 `2i`B2p�H,

Ç lbBM; �HH vQm` b2Mb2b- r?�i /Q2b i?2 KQbi pBpB/ BK�;2 Q7 � ;QQ/ HB72 BM �//Bb �#�#�
HQQF HBF2\ A r�Mi vQm iQ +`2�i2 � TB+im`2 BM vQm` ?2�/X UXXXV A rQmH/ HBF2 vQm iQ
+�Tim`2 i?Bb BK�;2- �b B7 vQm r2`2 i�FBM; � T?QiQ;`�T?- bQ i?�i vQm +�M K2Mi�HHv
biQ`2 Bi �M/ mb2 r?2M2p2` vQm M22/ iQ `2K2K#2` BiX

k3a22 am#b2+iBQM jXR �M/ "2iib 2i �HX UkykjVX AM kykR- R83-kN9 `27m;22b 7`QK 1`Bi`2� r2`2 `2;Bbi2`2/ BM 1i?BQTB�-
v2i lL>*_ bm#KBii2/ QMHv 3yj +�b2b 7Q` 7Q`K�H `2b2iiH2K2MiX

k8



Ç h?BMF �#Qmi i?Bb b+2M2 7Q` � KQK2MiX A rQmH/ HBF2 7Q` vQm iQ T�BMi �M BK�;2 Q` �
pB/2Q BM vQm` ?2�/- �b B7 vQm r2`2 �M �`iBbi Q` � }HK /B`2+iQ` i`vBM; iQ +�Tim`2 i?Bb
KQK2MiX q?�i /Q vQm b22\ q?�i /Q vQm bK2HH\ >Qr /Q vQm 722H `B;?i MQr\

Ç q?�i �`2 vQm 722HBM;\ Ai Bb � ;QQ/ 722HBM;- Q` � #�/ 722HBM;\ UXXXV .Q vQm MQiB+2
�Mv b2Mb�iBQM BM vQm` #Q/v\ q?�i rQmH/ vQm M22/ iQ b22 BM i?2 BK�;2 iQ K�F2 Bi
KQ`2 TQr2`7mH\ PM � b+�H2 7`QK y iQ Ryy- ;`�/2 ?Qr T2`bm�bBp2 Bb vQm` BK�;2 �M/
vQm` 2KQiBQM BM i?Bb KQK2MiX A7 vQm ?�p2 H2bb i?�M 3y T2`+2Mi- r?�i 2Hb2 /Q vQm
?�p2 iQ /Q iQ 722H KQiBp�i2/ iQ b�p2\ Ai b?QmH/ #2 �b pBpB/ �b TQbbB#H2X

h?B`/- Qm` :J1 i`�BMBM; T`Q;`�Kb 7Q+mb QM T`QKQiBM; KQ`2 TQbBiBp2 BK�;2b i?�i +�M +QKT2i2
rBi? i?2 `2i`B2p�H Q7 M2;�iBp2 K2KQ`B2b BM/m+2/ #v i`�mK�X Pm` :J1 T`Q;`�Kb BMi2M/ iQ r2�F2M
i?2 BMi2`72`2M+2 Q7 i`�mK�iB+ K2KQ`B2b #v �+iBp2Hv +`2�iBM; �M �Hi2`M�iBp2 b2i Q7 K2Mi�H bBKmH�iBQMb
biQ`2/ BM i?2 2tT2`B2M+2 #�MFX h?2b2 �Hi2`M�iBp2 K2Mi�H BK�;2b M22/ iQ #2 TQr2`7mH 2MQm;? iQ
+QmMi2`�+i i`�mK� #v #2BM; b2MbQ`B�HHv `B+? �M/ 2KQiBQM�HHv +?�`;2/X "v K�FBM; TQbBiBp2 �M/
�/�TiBp2 BK�;2b `B+?2` �M/ KQ`2 /2i�BH2/- i?2v �`2 KQ`2 HBF2Hv iQ #2 ?2H/ BM �ii2MiBQMX h?2
T`Q;`�Kb �HbQ T`QpB/2 i2+?MB[m2b 7Q` iQH2`�iBM; M2;�iBp2 BK�;2b- �H#2Bi BM bHB;?iHv /Bz2`2Mi r�vb
�+`Qbb i?2 irQ b2iiBM;bX 6Q` BMbi�M+2- Qm` i`�BMBM; BM 1i?BQTB� r�b H�`;2Hv 7Q+mb2/ QM +`2�iBM;
TQbBiBp2 K2Mi�H BK�;2b iQ +?�HH2M;2 M2;�iBp2 i?BMFBM;X L2p2`i?2H2bb- T�`iB+BT�Mib r2`2 2M+Qm`�;2/
iQ �++2Ti M2;�iBp2 i?Qm;?ib i?�i +`QTT2/ mT �M/ H2p2`�;2 � K2Mi�H b�72 bT�+2 r?2M i?2b2 i?Qm;?ib
#2+�K2 Qp2`r?2HKBM;X h?2 b�72 bT�+2 r�b � /2/B+�i2/ TH�+2 BM QM2Ƕb KBM/ r?2`2 QM2 +QmH/ 722H b�72
�M/ +�HK- �M/ r?2`2 QM2 +QmH/ `2im`M iQ r?2M2p2` � +m``2Mi Q` 7mim`2 bBim�iBQM 72Hi i?`2�i2MBM;
Q` +QM+2`MBM;X AM *QHQK#B�- i?2 i`�BMBM; r2Mi � bi2T 7m`i?2` �M/ �bF2/ T�`iB+BT�Mib iQ bBKmH�i2
#Qi? M2;�iBp2 �M/ TQbBiBp2 7mim`2 b+2M�`BQbX h?2 ;Q�H Bb iQ `2/m+2 �pQB/�M+2 �M/ i2�+? T�`iB+BT�Mib
?Qr i?2v +�M 2z2+iBp2Hv 7�+2 M2;�iBp2 2KQiBQMb BM � +QMi`QHH2/ r�v rBi?Qmi #2BM; Qp2`r?2HK2/
#v i?2KX AM /Bz2`2Mi b+2M�`BQ bBKmH�iBQMb- T�`iB+BT�Mib H2�`Mi ?Qr iQ im`M M2;�iBp2 2KQiBQMb BMiQ
722HBM;b i?�i KQiBp�i2 i?2K iQ #2 KQ`2 T`Q/m+iBp2 �M/ /Q #2ii2` 7Q` i?2B` HBp2b �M/ #mbBM2bbX

8 1p�Hm�iBM; i?2 S`Q;`�Kb

8XR h`B�H .2bB;Mb
1tT2`BK2Mi A, 1i?BQTB�

q2 `�M/QKHv �bbB;M 8y T2`+2Mi Q7 i?2 b�KTH2 iQ i?2 :J1 BMi2`p2MiBQM �M/ i?2 Qi?2` 8y T2`+2Mi
iQ � +QMi`QH ;`QmT rBi?Qmi BMi2`p2MiBQMX h`2�iK2Mi �bbB;MK2Mi r�b bi`�iB}2/ #v ;2M/2`- �M/ �
+`Qbb@`�M/QKBx2/ T`BKBM; i`2�iK2Mi MQi /Bb+mbb2/ BM i?Bb T�T2`X

h?2 :J1 +m``B+mHmK +QMbBbib Q7 7Qm` QM2@?Qm` b2bbBQMb i?�i /2KQMbi`�i2 ?Qr K2Mi�H 2tT2`B2M+@
BM; +�M #2 mb2/, iQ BK�;BM2 �M/ TQbbB#Hv `27`�K2 � TQi2MiB�H HB72 BM �//Bb �#�#� BM i?2 BKK2/B�i2

ke



i2`Kc iQ #mBH/ � b�72 K2Mi�H bT�+2 �b � 7QmM/�iBQM 7Q` K�FBM; 2+QMQKB+ /2+BbBQMbc iQ `2~2+i QM
bT2+B}+ �+iBQMb i?�i +�M #2 i�F2M iQ �++2bb 2+QMQKB+ QTTQ`imMBiB2bc �M/ iQ i?BMF �#Qmi bT2+B}+
TH�Mb �M/ bi2Tb i?�i +�M #2 i�F2M iQr�`/b BKT`QpBM; 2+QMQKB+ Qmi+QK2bX 1�+? b2bbBQM 72�im`2b
irQ iQ i?`22 :J1 2t2`+Bb2b ;mB/2/ #v i?2 i`�BM2` �M/ BKTH2K2Mi2/ mbBM; � T`2@`2+Q`/2/ �m/BQ
#v � +HBMB+�H Tbv+?QHQ;Bbi- H�biBM; 8Ĝd KBMmi2bX h?2b2 `2+Q`/BM;b 2Mbm`2 bi�M/�`/Bx�iBQM �M/ ?B;?
[m�HBivX h`�BM2`b mb2 � b+`BTi2/ ;mB/2 UT`2T�`2/ #v `2b2�`+?2`bV 7Q` i?2 `2bi Q7 i?2 b2bbBQM- r?B+?
BM+Hm/2b KQK2Mib 7Q` T�`iB+BT�Mib iQ `2~2+i QM i?2B` 2tT2`B2M+2b �M/ T`Q#H2K@bQHp2 +?�HH2M;2b 7�+2/
BM T`�+iB+BM; TQbBiBp2 K2Mi�H 2tT2`B2M+2bX

�HH :J1 2t2`+Bb2b 7QHHQr i?2 b�K2 bi`m+im`2, 6B`bi- i?2 i`�BM2` ;Bp2b � #`B27 BMi`Q/m+iBQM
�M/ T`2T�`2b T�`iB+BT�Mib U2X;X- TQbim`2- #`2�i?BM;VX h?2M i?2 i`�BM2` ;mB/2b i?2 2t2`+Bb2 mbBM;
� b+`BTi T`2T�`2/ #v i?2 `2b2�`+?2`bX 6BM�HHv- /2#`B2}M; [m2biBQMb �`2 �bF2/ iQ 2M+Qm`�;2 `2~2+iBQM
�M/ KQiBp�i2 i?2 bm#b2[m2Mi �+iBpBiB2bX q?BH2 r2 /Q MQi b?�`2 BM7Q`K�iBQM �#Qmi M2r 2+QMQKB+
QTTQ`imMBiB2b BM i?2 BMi2`p2MiBQM- T�`iB+BT�Mib �`2 2M+Qm`�;2/ iQ +QMbB/2` bBKTH2 r�vb iQ H2p2`�;2
QTTQ`imMBiB2b i?�i �H`2�/v 2tBbi BM �//Bb �#�#� U2X;X- �bFBM; �+[m�BMi�M+2b �#Qmi TQi2MiB�H DQ#bVX

hQ #mBH/ i`mbi BM i?2 T`Q;`�K- i`�BM2`b r2`2 `27m;22b 7`QK i?2 b�K2 +QKKmMBiv rBi?Qmi bT2@
+B�HBx2/ i`�BMBM;X h?2v `2+2Bp2/ r22FHv i`�BMBM; �M/ bmT2`pBbBQM 7`QK +HBMB+�H Tbv+?QHQ;Bbib �M/
Tbv+?B�i`Bbib �i �//Bb �#�#� lMBp2`bBiv- H2/ #v .`X "2Mv�K qQ`Fm .m#�H2X lbBM; MQM@bT2+B�HBx2/
i`�BM2`b �HHQrb mb iQ i2bi �M BMi2`p2MiBQM rBi? b+�H2@mT TQi2MiB�H BM bBKBH�` +QMi2tibX a2bbBQMb iQQF
TH�+2 BM � +QKKmMBiv +2Mi2` `2Mi2/ 7`QK � HQ+�H L:PX � +QKT`2?2MbBp2 `BbF K�M�;2K2Mi T`QiQ+QH
r�b BM TH�+2 iQ 2Mbm`2 T�`iB+BT�Mi- i`�BM2`- �M/ 2MmK2`�iQ` b�72iv /m`BM; i?2 T`QD2+i /m`�iBQMXkN

1tT2`BK2Mi AA, *QHQK#B�

h?2 2tT2`BK2Mi BM *QHQK#B� 2p�Hm�i2b r?2i?2` BMi2;`�iBM; :J1 BMiQ bi�M/�`/ 2+QMQKB+ bmTTQ`i
T`Q;`�Kb +�M 2M?�M+2 i?2B` 2z2+iBp2M2bb 7Q` pmHM2`�#H2 TQTmH�iBQMbX �++Q`/BM;Hv- Qm` /2bB;M
`�M/QKHv �bbB;Mb 2HB;B#H2 �TTHB+�Mib BMiQ irQ K�BM i`2�iK2Mib, � i`�/BiBQM�H #mbBM2bb i`�BMBM;
Uǳi`�/BiBQM�H i`2�iK2MiǴ 7`QK ?2`2QMV �M/ � #mbBM2bb i`�BMBM; THmb :J1 Uǳ:J1 i`2�iK2MiǴ 7`QK
?2`2QMVX hQ 2tTHQ`2 i?2 M2i 2z2+i Q7 `2+2BpBM; � T`Q;`�K- r2 �HbQ `�M/QKHv �bbB;M T�`i Q7 i?2 b�KTH2
iQ � MQ BMi2`p2MiBQM ;`QmT- r?B+? /Q2b MQi `2+2Bp2 �Mv i`�BMBM; Uǳ+QMi`QHǴ 7`QK ?2`2QMVX :Bp2M
`2bi`B+iBQMb BM ;Qp2`MK2Mi 7mM/b- r2 �bbB;M2/ N8e T�`iB+BT�Mib iQ i?2 :J1 i`2�iK2Mi U93 T2`+2MiV-
883 iQ i?2 i`�/BiBQM�H i`2�iK2Mi Uk3 T2`+2MiV �M/ 98j iQ i?2 +QMi`QH Ukj T2`+2MiVX h`2�iK2Mi
�bbB;MK2Mi r�b bi`�iB}2/ #v bm#/BpBbBQM- b2t- �;2- 2Mi`2T`2M2m`b?BT bi�imb U?�pBM; �M 2tBbiBM;
#mbBM2bb- �M B/2� Q` #Qi?V- b�H2b 7Q` #mbBM2bb QrM2`b Q` BM+QK2 7Q` T2QTH2 rBi?Qmi � #mbBM2bbXjy

� F2v +?�HH2M;2 r�b /2bB;MBM; #Qi? i`2�iK2Mi �`Kb iQ #2 M2�`Hv B/2MiB+�H- /Bz2`BM; QMHv BM i?2

kNh?Bb BM+Hm/2/ � `272``�H bvbi2K 7Q` T�`iB+BT�Mib b?QrBM; bB;Mb Q7 b2p2`2 K2Mi�H BHHM2bbX P7 i?2 k9 B/2MiB}2/ �b
M22/BM; �//BiBQM�H K2Mi�H ?2�Hi? 2p�Hm�iBQM- Rd �;`22/ iQ b22F +�`2 �M/ r2`2 `272``2/ iQ � HQ+�H b2`pB+2 T`QpB/2`-
r?B+? �bb2bb2/ i?2B` M22/b BM +QHH�#Q`�iBQM rBi? +HBMB+�H Tbv+?QHQ;Bbib 7`QK �//Bb �#�#� lMBp2`bBivX

jyS�`iB+BT�Mib HBpBM; BM i?2 b�K2 �//`2bb �M/ 7Q`K2`Hv ?QK2H2bb �{HB�i2/ rBi? i?2 b�K2 b?2Hi2` r2`2 �bbB;M2/ iQ
i?2 b�K2 i`2�iK2Mi bi�imb iQ �pQB/ bTBHHQp2`bX 6Q` Qm` �M�HvbBb- r2 �;;`2;�i2 i?2 /�i� iQ ?Qmb2?QH/f+2Mi2` H2p2HX

kd



BM+HmbBQM Q7 :J1 2t2`+Bb2bX "Qi? i`�BMBM; T`Q;`�Kb +QMbBbi2/ Q7 i2M i?`22@?Qm` b2bbBQMb +Qp2`BM;
i?2 b�K2 2Mi`2T`2M2m`b?BT i?2K2b BM i?2 b�K2 Q`/2`X h?2 b2bbBQMb 7QHHQr2/ i?2 DQm`M2v Q7 �M
�bTB`BM; 2Mi`2T`2M2m`- rBi? i?2K2b BM+Hm/BM; T`Q/m+i /2p2HQTK2Mi- +mbiQK2` 2tT2`B2M+2- K�`F2iBM;-
+QKT2iBiBQM- b�pBM;b- }M�M+2- T`Q/m+iBpBiv- �M/ 2KTHQv22 K�M�;2K2MiXjR AM #Qi? +m``B+mH�- r2
KQiBp�i2/ i?2 `2H2p�M+2 Q7 i?2 +QMi2Mi Q7 2�+? b2bbBQM i?`Qm;? `2H�i�#H2 `2�H@HB72 biQ`B2bX

"Qi? i`2�iK2Mi �`Kb �HbQ ?�/ �M B/2MiB+�H /2HBp2`v 7Q`K�iX "Qi? +m``B+mH� r2`2 BKTH2K2Mi2/
BM r22FHv ;`QmT b2bbBQMb- rBi? +H�bb bBx2b Q7 R8 iQ k8 T�`iB+BT�Mib �M/ p2Mm2b �p�BH�#H2 BM i?2 b�K2
M2B;?#Q`?QQ/b �+`Qbb "Q;Qi�X hrQ i`�BM2`b H2/ 2�+? b2bbBQM, QM2 rBi? 2tT2`iBb2 BM Tbv+?QHQ;v Q`
bQ+B�H rQ`F- �M/ i?2 Qi?2` BM 2Mi`2T`2M2m`b?BTX hQ KBMBKBx2 i?2 BKT�+i Q7 i`�BM2` ?2i2`Q;2M2Biv-
i`�BM2`b r2`2 `2[mB`2/ iQ 7QHHQr � bi�M/�`/Bx2/ b+`BTi2/ K�Mm�H �M/ T`2b2Mi�iBQM /2+F T`2T�`2/ #v
i?2 `2b2�`+? i2�KX 6Q` �HH �+iBpBiB2b- i`�BM2`b r2`2 F2Ti b2T�`�i2 #v i`2�iK2Mi �`KX S�`iB+BT�Mib
r?Q �ii2M/2/ �i H2�bi b2p2M b2bbBQMb `2+2Bp2/ � +2`iB}+�i2X

h?2 F2v 72�im`2 i?�i /BbiBM;mBb?2b i?2 :J1 i`�BMBM; 7`QK i?2 i`�/BiBQM�H QM2 Bb i?2 BM+HmbBQM
Q7 i?`22 iQ 7Qm` K2Mi�H 2tT2`B2M+BM; 2t2`+Bb2b BM 2�+? b2bbBQMX AM i?2 i`�/BiBQM�H +m``B+mHmK- r2
`2TH�+2 i?2 :J1 2t2`+Bb2b rBi? ;`QmT /Bb+mbbBQMb- `QH2 TH�vb �M/ r`Bii2M rQ`F Q7 i?2 b�K2 +QMi2Mi
�M/ iBK2 H2M;i?X 6Q` 2t�KTH2- BM i?2 :J1 +m``B+mHmK- T�`iB+BT�Mib r2`2 2M+Qm`�;2/ iQ BK�;BM2
i?2B` T`Q/m+i Q` b2`pB+2 BM /2i�BH �M/ ?Qr i?2v 72Hi iQr�`/b i?2 T`Q/m+i- #27Q`2 BK�;BMBM; i?2 /�v
BM i?2 HB72 Q7 i?2B` #mbBM2bb �M/ MQiBM; i?2 2KQiBQMb i?�i �`Bb2X AM +QMi`�bi- T�`iB+BT�Mib BM i?2
i`�/BiBQM�H +m``B+mHmK r2`2 �bF2/ iQ i?BMF �#Qmi i?2B` T`Q/m+i �M/ r`Bi2 /QrM i?2 r�vb BM r?B+?
i?2B` #mbBM2bb B/2� K�i+?2b i?2B` T�bbBQMb �M/ bFBHHbXjk

8Xk J2�bm`2K2Mi
q2 +QM/m+i BM@T2`bQM #�b2HBM2 bm`p2vb BM #Qi? bim/B2b- 7QHHQr2/ #v T?QM2 Q` BM@T2`bQM 7QHHQr@mT
bm`p2vbX AM 1i?BQTB�- r2 +QM/m+i2/ #�b2HBM2 bm`p2vb #2ir22M J�v �M/ CmHv kykkX AM@T2`bQM 7QHHQr@
mT bm`p2vb r2`2 +QM/m+i2/ �TT`QtBK�i2Hv i?`22 KQMi?b �7i2` i?2 #�b2HBM2 �M/ �TT`QtBK�i2Hv bBt
r22Fb �7i2` i?2 BMi2`p2MiBQMX AM *QHQK#B�- i?2 #�b2HBM2 bm`p2v r�b +QM/m+i2/ BM irQ r�p2b #2ir22M
CmHv iQ a2Ti2K#2` kyRN �M/ a2Ti2K#2` iQ .2+2K#2` kyRNX hrQ `QmM/b Q7 T?QM2 7QHHQr@mT bm`p2vb
r2`2 +QM/m+i2/ BM J�v �M/ LQp2K#2` kyky U�TT`QtBK�i2Hv b2p2M �M/ i?B`i22M KQMi?b �7i2` i?2
BMi2`p2MiBQMVXjj AM Qm` �M�HvbBb- r2 TQQH i?2 H�ii2` irQ 7QHHQr@mT bm`p2vbX Pm` Qmi+QK2 K2�bm`2b
7QHHQr Qm` T`2@�M�HvbBb TH�Mb UǳS�SǴ 7`QK ?2`2QMV `2;Bbi2`2/ BM i?2 �1� _*h _2;Bbi`vXj9

jRh?2 +m``B+mH� /`2r QM K�i2`B�Hb 7`QK 2tBbiBM; 2Mi`2T`2M2m`b?BT i`�BMBM; T`Q;`�Kb- BM+Hm/BM; i?2 AMi2`M�iBQM�H
G�#Qm` P`;�MBx�iBQMǶb ai�`i �M/ AKT`Qp2 uQm` "mbBM2bb T`Q;`�KX

jk�b � b2+QM/ 2t�KTH2- BM i?2 :J1 ;`QmT T�`iB+BT�Mib BK�;BM2/ i?2B` T`Q/m+i Q` b2`pB+2 7`QK i?2 T2`bT2+iBp2
Q7 i?2B` i�`;2i +mbiQK2`- mbBM; 2KT�i?v iQ mM/2`bi�M/ +mbiQK2` M22/bX AM +QMi`�bi- i?2 i`�/BiBQM�H i`�BMBM; �bF2/
T�`iB+BT�Mib iQ +QKTH2i2 � i�#H2 bmKK�`BxBM; +mbiQK2` M22/b �M/ HBbiBM; ?Qr i?2B` T`Q/m+i �//`2bb2/ i?2KX

jjAM 1i?BQTB�- i?2 �p2`�;2 iBK2 #2ir22M #�b2HBM2 �M/ 2M/HBM2 r�b Nk /�vbX AM *QHQK#B�- �M BM@T2`bQM bm`p2v r�b
BMBiB�HHv b+?2/mH2/ iQ +QKK2M+2 BM 2�`Hv J�`+? kyky- #mi i?2M +�M+2HH2/ BM `2bTQMb2 iQ i?2 *PoA.@RN T�M/2KB+X

j91i?BQTB� _*h A., �1�_*h_@yyy3Nj9 U/QB,RyXRk8df`+iX3Nj9@RXRVc *QHQK#B� _*h A., �1�_*h_@yyy9eN8
U/QB,RyXRk8df`+iX9eN8@RXdVX _2TQ`ib i?�i /2i�BH /2pB�iBQMb 7`QK 2�+? S�S �`2 �p�BH�#H2 mTQM `2[m2biX
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q2 ?vTQi?2bBx2 i?�i Qm` BMi2`p2MiBQM rBHH }`bi BKT�+i i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;- r?B+?
i?2M BM im`M BKT`Qp2b /QrMbi`2�K 2+QMQKB+ Qmi+QK2b- 2bT2+B�HHv �KQM; T2QTH2 rBi? i`�mK�X h?2
`2K�BM/2` Q7 i?Bb b2+iBQM bmKK�`Bx2b ?Qr r2 K2�bm`2 2�+? Qmi+QK2 ;`QmT- rBi? � T�`iB+mH�` 7Q+mb
QM i?2 MQp2H BMbi`mK2Mib r2 mb2/ 7Q` K2Mi�H 2tT2`B2M+BM; [m�HBivX �TT2M/Bt bm#b2+iBQM �Xj �M/
bm#b2+iBQM "Xj +QMi�BM KQ`2 /2i�BHb QM K2�bm`2K2Mi BM 1i?BQTB� �M/ *QHQK#B� `2bT2+iBp2HvX

h`�mK�

q2 K2�bm`2 #Qi? i`�mK� 2tTQbm`2 �M/ bvKTiQKb BM Qm` b�KTH2bX 6Q` i?2 7Q`K2`- r2 +QM/m+i
�i #�b2HBM2 � +QMi2tim�HHv@`2H2p�Mi i`�mK� ?BbiQ`v +?2+FHBbi i?�i +�Tim`2b r?2i?2` `2bTQM/2Mib
2tT2`B2M+2/ Q` rBiM2bb2/ � i`�mK�iB+ 2p2Mi- �M/ Bib ivT2 U2X;X- �bb�mHi- M�im`�H /Bb�bi2`- iQ`im`2VX

hQ T`Qtv 7Q` i?2 H2p2H Q7 i`�mK�- r2 mb2 b+�H2b i?�i �bb2bb bm#D2+iBp2 /Bbi`2bb +�mb2/ #v i?2
KQbi i`�mK�iB+ 2p2Mi 2p2` HBp2/ BM i?2 T�bi KQMi? U�i #�b2HBM2 QMHvVX AM 1i?BQTB�- r2 mb2 i?2
S*G@8 Uq2�i?2`b 2i �HX- kyRjV- r?B+? Bb � ky@Bi2K b2H7@`2TQ`i K2�bm`2 i?�i �bb2bb2b i?2 ky .aJ@8
bvKTiQKb Q7 Sha.X AM *QHQK#B�- r2 mb2 i?2 kk@Bi2K AKT�+i Q7 1p2Mi a+�H2@_2pBb2/ UA1a@_- b22
q2Bbb �M/ J�`K�`- RNNdVX 6Q` #Qi? b+�H2b- bvKTiQKb BM+Hm/2 ǳi`Qm#H2 +QM+2Mi`�iBM;Ǵ- ǳ/Bbim`#BM;
/`2�KbǴ �M/ ǳi`vBM; MQi iQ i?BMF �#Qmi i?2 2p2MiǴX q2 /2b+`B#2 T�`iB+BT�Mib �b ǳ?B;? i`�mK�Ǵ
r?2M i?2B` b+Q`2b �`2 �#Qp2 T`�+iBiBQM2`bǶ i?`2b?QH/b 7Q` � T`QpBbBQM�H Sha. /B�;MQbBbX � b+Q`2 Q7
jR 7Q` i?2 S*G@8 �M/ � b+Q`2 Q7 jj 7Q` i?2 A1a@_ �`2 i?2 i?`2b?QH/b �#Qp2 r?B+? TQbi@i`�mK�iB+
bi`2bb bvKTiQKb �`2 +QMbB/2`2/ Q7 T`Q#�#H2 +HBMB+�H +QM+2`MX

J2Mi�H 1tT2`B2M+BM;

Pm` :J1 T`Q;`�Kb �BK2/ �i BKT`QpBM; i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; i?`Qm;? BM+`2�b2/
bT2+B}+Biv �M/ 2KQiBQM�HBiv Q7 K2Mi�H b+2M�`BQbX hQ i?Bb ;Q�H- r2 �/�Ti irQ K�BM b+�H2b rB/2Hv
mb2/ BM i?2 Tbv+?QHQ;v HBi2`�im`2 iQ 2+QMQKB+ /QK�BMb �M/ Qm` }2H/ b2iiBM;b, i?2 S`QbT2+iBp2
AK�;2`v h�bF USAhV Uaiƺ#2`- kyyyV �M/ i?2 �miQ#BQ;`�T?B+�H J2KQ`v h2bi U:`B{i? 2i �HX- kyyNVX

Pm` K�BM BMbi`mK2Mi T`2b2Mib T�`iB+BT�Mib rBi? /Bz2`2Mi b+2M�`BQb Ĝ r?B+? +�M ?�p2 TQbBiBp2-
M2;�iBp2- Q` M2mi`�H b2MiBK2Mi Ĝ �M/ �bFb i?2K iQ BK�;BM2 2�+? QM2 BM i?2B` KBM/b mbBM; �HH i?2B`
b2Mb2bX 6Q` 2�+? b+2M�`BQ- T�`iB+BT�Mib �`2 �bF2/ iQ BK�;BM2 2Bi?2` � `2H�i2/ T�bi Q` 7mim`2 2p2MiX
6Q` 2t�KTH2- BM 1i?BQTB�- r2 �bF T�`iB+BT�Mib iQ BK�;BM2 � 7mim`2 b+2M�`BQ r?2`2 ǳvQm �bF � 7`B2M/
iQ `2+QKK2M/ vQm 7Q` � DQ#Ǵ �M/ � T�bi K2KQ`v r?2`2 ǳ� 7`B2M/ Q7 vQm`b ;2ib }`2/ 7`QK � DQ#ǴX
AM *QHQK#B�- r2 bBKBH�`Hv �bF 7mim`2 b+2M�`BQb rBi? 2Bi?2` TQbBiBp2 b2MiBK2Mi U2X;X- ǳi?2 *PoA.@
RN T�M/2KB+ Bb Qp2`- �M/ vQm b�p2 2MQm;? KQM2v iQ #mv �M �bb2i vQm `2�HHv r�MiǴV Q` M2;�iBp2
b2MiBK2Mi U2X;X- ǳi?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm` #mbBM2bb +HQb2bǴVXj8

j8AM 1i?BQTB�- r2 �bF T�`iB+BT�Mib iQ BK�;BM2 QM2 TQbBiBp2- QM2 M2;�iBp2 �M/ irQ M2mi`�H b+2M�`BQb 7Q` T�bi
K2KQ`B2b- �M/ i?2 b�K2 KBt 7Q` 7mim`2 b+2M�`BQbX AM *QHQK#B�- r2 �bF T�`iB+BT�Mib iQ BK�;BM2 i?`22 TQbBiBp2 �M/
i?`22 M2;�iBp2 b+2M�`BQb- /BpB/2/ BMiQ #mbBM2bb@bT2+B}+ �M/ MQM@#mbBM2bb b+2M�`BQb- QMHv �#Qmi i?2 7mim`2X
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6Q` 2�+? b+2M�`BQ- i?2 [m�HBiv Q7 `2bTQM/2MibǶ K2Mi�H 2tT2`B2M+2b Bb b+Q`2/ �++Q`/BM; iQ Bib H2p2H
Q7 bT2+B}+Biv �M/ 2KQiBQM�HBivX AM 1i?BQTB�- i?Bb Bb /QM2 #v i`2�iK2Mi@#HBM/ `2b2�`+? �bbBbi�Mib-
r?Q +Q/2/ T�`iB+BT�MibǶ /2b+`BTiBQMb Q7 i?2B` K2Mi�H 2tT2`B2M+2 UBX2X �m/BQ `2+Q`/BM;bV 7QHHQrBM; �
T`2@/2}M2/ +Q/BM; b+?2K2X *Q/2`b �`2 �HbQ �bF2/ iQ �bb2bb i?2 b+2M�`BQbǶ 2KQiBQM�H p�H2M+2 U7`QK
p2`v M2;�iBp2 iQ p2`v TQbBiBp2VX AM #Qi? *QHQK#B� �M/ 1i?BQTB�- `2bTQM/2Mib �HbQ /2b+`B#2 i?2B`
K2Mi�H 2tT2`B2M+BM; �++Q`/BM; iQ Bib H2p2H Q7 bT2+B}+Biv �M/ 2KQiBQM�HBiv UQM � GBF2`i b+�H2 7`QK R
iQ 8VXje AM *QHQK#B�- r2 �//BiBQM�HHv 2HB+Bi i?2 2ti2Mi iQ r?B+? T�`iB+BT�Mib `2TQ`i bTQMi�M2QmbHv
mbBM; K2Mi�H 2tT2`B2M+BM; /m`BM; /�BHv HB72 mbBM; i?2 aTQMi�M2Qmb lb2 Q7 AK�;2`v a+�H2 UalAaV
UL2HBb 2i �HX- kyRNV �/�Ti2/ iQ i?2 2Mi`2T`2M2m`b?BT +QMi2tiX

q2 +QMbi`m+i �M Qp2`�HH BM/2t 7Q` i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; #v �;;`2;�iBM; i?2b2 bm#@
+QKTQM2Mib- �b T2` Qm` T`2@�M�HvbBb TH�Mb- �+`Qbb #Qi? T�bi �M/ 7mim`2 b+2M�`BQbX AM 1i?BQTB�-
r2 �p2`�;2 i?2 Q{+2@+Q/2/ b+Q`2b QM bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 b+2M�`BQb
U�KQM; M2mi`�H QM2bVX AM i?2 �#b2M+2 Q7 �m/BQ `2+Q`/BM;b BM *QHQK#B�- r2 �;;`2;�i2 K2�bm`2b Q7
b2H7@`2TQ`i2/ bT2+B}+Biv �M/ 2KQiBQM�HBiv 7`QK i?2 b+2M�`BQb �M/ 7`2[m2M+v Q7 mb2 7`QK i?2 alAaX

�TT2M/Bt *XR T`QpB/2b bmTTQ`i 7Q` i?2 p�HB/Biv Q7 Qm` K2�bm`2b- BM+Hm/BM; +Q``2H�iBQMb Q7 Qm`
K2Mi�H 2tT2`B2M+BM; BM/B+2b rBi? #�b2HBM2 2+QMQKB+ Qmi+QK2b �M/ i`�mK�X h?Bb 2pB/2M+2 Bb �HB;M2/
rBi? i?2 F2v T�ii2`Mb ?B;?HB;?i2/ BM a2+iBQM kX

1+QMQKB+ Pmi+QK2b

q2 i?2M K2�bm`2 i?2 BKT�+i Q7 i?2 :J1 BMi2`p2MiBQMb QM 2+QMQKB+ /2+BbBQM K�FBM;X q?2`2�b i?2
:J1 BMi2`p2MiBQM BM *QHQK#B� bQm;?i iQ i�`;2i 2Mi`2T`2M2m`b?BT #2?�pBQ`b- i?2 :J1 BMi2`p2MiBQM
BM 1i?BQTB� bmTTQ`i2/ KQ`2 ;2M2`�H BM+QK2@;2M2`�iBM; �+iBpBiB2bX >2M+2- BM 1i?BQTB�- r2 K2�bm`2
BV i?2 `2bTQM/2MiǶb +m``2Mi 2+QMQKB+ �+iBpBivc BBV i?2 MmK#2` Q7 ?Qm`b rQ`F2/ BM �Mv DQ# BM i?2 T�bi
r22Fc �M/ BBBV � DQ# b2�`+? BM/2tX :Bp2M i?2 rB/2bT`2�/ BMi2MiBQMb iQ H2�p2 �//Bb �#�#�- r2 �HbQ
+�Tim`2 i?2 BMi2MiBQMb iQ bi�v BM 1i?BQTB� mbBM; � #�ii2`v Q7 bi`m+im`2/ [m2biBQMbX

AM *QHQK#B�- r2 K2�bm`2 2z2+ib QM #mbBM2bb@`2H2p�Mi 2+QMQKB+ Qmi+QK2bX q2 +QHH2+i /�i� �i
i?2 ?2B;?i Q7 i?2 *PoA.@RN T�M/2KB+ BM kyky- �7i2` � M�iBQM�H HQ+F/QrM r�b BMBiB�i2/ �M/ b2p2`2Hv
`2bi`B+i2/ 2+QMQKB+ �+iBpBiv 7Q` Qm` b�KTH2X >2M+2- r2 /BbiBM;mBb? #2ir22M 2+QMQKB+ Qmi+QK2b BM
i?2 KQMi?b T`BQ` iQ �M/ �7i2` i?2 HQ+F/QrM BKTQb2/ QM i?2 k9th Q7 J�`+? kykyX 6Q` #Qi? T2`BQ/b- r2
+QMbi`m+i irQ T`BK�`v 2+QMQKB+ K2�bm`2b, BV �M 2�`MBM;b BM/2t +QK#BMBM; i�F2@?QK2 BM+QK2 �M/
#mbBM2bb b�H2b- rBi? i?2 H�ii2` +QM/BiBQM�H QM � #mbBM2bb QT2`�iBM;c �M/ BBV #mbBM2bb bi�imb BM/B+�iBM;
r?2i?2` � #mbBM2bb Bb �+iBp2- /2}M2/ �b QT2M Q` QMHv i2KTQ`�`BHv +HQb2/ /m`BM; i?2 HQ+F/QrMX
q2 +QMbi`m+i i?`22 �//BiBQM�H 2+QMQKB+ Qmi+QK2b K2�bm`2/ �i i?2 iBK2 Q7 i?2 bm`p2vb /m`BM;
i?2 T�M/2KB+, BV �M BMp2biK2Mi BM/2t +�Tim`BM; M2rHv �+[mB`2/ Q` bB;MB}+�MiHv BKT`Qp2/ #mbBM2bb
�bb2ibc BBV � b�72iv M2ib BM/2t +QK#BMBM; b�pBM;b �++`m2/ #27Q`2 i?2 HQ+F/QrM �M/ T2`+2TiBQMb Q7

jea2H7@`2TQ`ib �M/ #�+F@Q{+2 +Q/2/ K2�bm`2b �`2 TQbBiBp2Hv +Q``2H�i2/ BM i?2 1i?BQTB� b�KTH2 Ub22 6B;m`2 *kVX

jy



BM7Q`K�H bmTTQ`i M2irQ`Fb /m`BM; i?2 HQ+F/QrMc BBBV �M BM/2t Q7 *PoA.@bT2+B}+ �+iBQMb- `�M;BM;
7`QK /Bp2`bB7vBM; T`Q/m+ib iQ �/?2`BM; iQ ;Qp2`MK2Mi *PoA.@RN ;mB/2HBM2b QM +`2�iBM; � b�72 rQ`F
2MpB`QMK2MiX q2 7m`i?2` +QMbB/2` /QrMbi`2�K BKT�+ib QM KQ`2 ;2M2`�H r2H7�`2 Qmi+QK2b- BM+Hm/BM;
K2Mi�H r2HH#2BM; BM #Qi? bim/v +QMi2tibX AM 1i?BQTB�- r2 �HbQ K2�bm`2 7QQ/ b2+m`Biv- +QMbmKTiBQM
2tT2M/Bim`2b- �M/ T?vbB+�H r2HH#2BM;X

e _2bmHib

eXR 1i?BQTB�, _2bmHib 7Q` � .B`2+i :J1 S`Q;`�K
h?Bb b2+iBQM T`2b2Mib i?2 K�BM `2bmHib Q7 Qm` 2tT2`BK2Mi rBi? 1`Bi`2�M `27m;22b BM �//Bb �#�#�-
1i?BQTB�X q2 }`bi b?Qr i?�i i?2 BMi2`p2MiBQM Bb 2z2+iBp2 BM BM+`2�bBM; i?2 [m�HBiv Q7 K2Mi�H
2tT2`B2M+BM; �M/ BKT`Qp2b 2+QMQKB+ Qmi+QK2b �KQM; T�`iB+BT�Mib- �M/ i?2M +QMbB/2` ?2i2`Q;2M2Qmb
i`2�iK2Mi 2z2+ib �b bT2+B}2/ BM Qm` T`2@�M�HvbBb TH�MX

1KTB`B+�H ai`�i2;v

1KTB`B+�H aT2+B}+�iBQMX 6Q` �HH Qmi+QK2b- r2 T`2b2Mi BMi2Mi@iQ@i`2�i 2biBK�i2b 7Q` BM/BpB/m�H i BM
bi`�imK s mbBM; i?2 7QHHQrBM; bT2+B}+�iBQM,

yis = α + β · GMEi + δs + εis U9V

r?2`2 GMEi Bb �M BM/B+�iQ` p�`B�#H2 7Q` #2BM; �bbB;M2/ iQ i?2 :J1 i`2�iK2Mi �M/ δs �`2 +QMi`QHb
7Q` bi`�iB}+�iBQM p�`B�#H2b U;2M/2` �M/ � T`BKBM; i`2�iK2Mi MQi /Bb+mbb2/ ?2`2VX �b `�M/QKBx�iBQM
r�b �i i?2 BM/BpB/m�H H2p2H- r2 `2TQ`i 1B+F2`Ĝ>m#2`Ĝq?Bi2 bi�M/�`/ 2``Q`bX q2 �HbQ �m;K2Mi
i?Bb bT2+B}+�iBQM rBi? � b2i Q7 BM/BpB/m�H@H2p2H +QMi`QHb Xi +?Qb2M mbBM; SQbi@.Qm#H2 a2H2+iBQM
G�bbQ U"2HHQMB 2i �HX- kyR9VX lMH2bb MQi2/ Qi?2`rBb2- �HH Qmi+QK2 p�`B�#H2b �`2 bi�M/�`/Bx2/ �M/
2tT`2bb2/ BM bi�M/�`/ /2pB�iBQMb Q7 i?2 +QMi`QH ;`QmT �M/ BM/B+2b �`2 +QMbi`m+i2/ #v �p2`�;BM;
�+`Qbb bi�M/�`/Bx2/ bm#@Bi2Kb- 7QHHQrBM; Qm` T`2@�M�HvbBb TH�M �M/ EHBM; 2i �HX UkyydV h?2 PMHBM2
�TT2M/Bt `2T`Q/m+2b Qm` K�BM �M�HvbBb rBi? 2MmK2`�iQ` }t2/ 2z2+ib UBM h�#H2b *N �M/ *RyVX

"�H�M+2 �M/ �ii`BiBQMX h`2�iK2Mi �bbB;MK2Mi r�b #�H�M+2/ QM #�b2HBM2 Q#b2`p�#H2b Uh�#H2 �kVX
Pp2`�HH �ii`BiBQM r�b HQr BM i?2 7QHHQr@mT bm`p2v U�i R8 T2`+2MiVX h?2 i`2�iK2Mi ;`QmT r�b e
T2`+2Mi�;2 TQBMib KQ`2 HBF2Hv iQ `2THv iQ i?2 bm`p2v i?�M i?2 +QMi`QHX L2p2`i?2H2bb- r2 }M/ MQ
/Bz2`2M+2b BM Q#b2`p�#H2b �KQM; 2M/HBM2 `2bTQM/2Mib #2ir22M i`2�iK2Mi �M/ +QMi`QH Uh�#H2 �8VX
PMHBM2 �TT2M/Bt �Xk +QMi�BMb 7m`i?2` /2i�BHb �#Qmi �ii`BiBQM �M/ `2H�i2/ `Q#mbiM2bb 2t2`+Bb2bX

jR



_2bmHib QM J2Mi�H 1tT2`B2M+BM;

Pm` }`bi b2i Q7 `2bmHib b?Qrb i?�i i?2 :J1 BMi2`p2MiBQM bB;MB}+�MiHv BM+`2�b2/ i?2 [m�HBiv Q7 K2Mi�H
2tT2`B2M+BM; �KQM; T�`iB+BT�Mib Uh�#H2 kVX S�`iB+BT�Mib �bbB;M2/ iQ i?2 :J1 i`2�iK2Mi BM+`2�b2/
i?2B` Qp2`�HH [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; [m�HBiv #v yXyN bi�M/�`/ /2pB�iBQMb- mbBM; Q{+2@+Q/2/
�m/BQ `2+Q`/BM;b Q7 :J1 b+2M�`BQbX h?Bb Qp2`�HH BKT�+i Bb /`Bp2M #v � bB;MB}+�Mi BM+`2�b2 BM i?2
2KQiBQM�HBiv Q7 `2TQ`i2/ b+2M�`BQb U� yXRj bi�M/�`/ /2pB�iBQM BM+`2�b2V �M/ BM i?2 7`2[m2M+v Q7
TQbBiBp2 b+2M�`BQb U� yXRR bi�M/�`/ /2pB�iBQM BM+`2�b2VXjd h?Bb Bb +QMbBbi2Mi rBi? i?2 7Q+mb Q7 i?2
T`Q;`�K QM ;2M2`�iBM; TQbBiBp2 �M/ 2KQiBQM�H BK�;2bX

Pm` K2Mi�H 2tT2`B2M+BM; [m�HBiv K2�bm`2b �`2 #�b2/ QM 2M+Q/2/ �m/BQ `2+Q`/BM;b iQ KBiB;�i2
+QM+2`Mb �#Qmi T�`iB+BT�MibǶ `2TQ`iBM; Q` bQ+B�H /2bB`�#BHBiv #B�bX L2p2`i?2H2bb- QM2 K�v biBHH rQ``v
i?�i i?2 ivT2b rQ`/b i?�i i?2 T�`iB+BT�Mib mb2 Ĝ QM r?B+? i`2�iK2Mi@#HBM/2/ `2b2�`+? �bbBbi�Mib
#�b2 i?2B` +Q/BM; Ĝ +�M biBHH #2 BM~m2M+2/ #v i?Bb #B�bX hQ �//`2bb i?Bb- h�#H2 *k T`2b2Mib 2biBK�i2b
QM K2Mi�H 2tT2`B2M+BM; BM/B+2b Q7 i?2 i`2�iK2Mi /mKKv BMi2`�+i2/ rBi? T�`iB+BT�MibǶ b+Q`2 BM i?2
J�`HQr2@*`QrM2 aQ+B�H .2bB`�#BHBiv a+�H2 U*`QrM2 �M/ J�`HQr2- RNeyc .?�` 2i �HX- kykkV K2�bm`2/
�i 2M/HBM2X h?2 +Q2{+B2Mib QM i?2 BMi2`�+iBQM #2ir22M i?2 i`2�iK2Mi �M/ i?2 bQ+B�H /2bB`�#BHBiv
b+Q`2 i2M/ iQ #2 M2;�iBp2 �M/ r2 +�M M2p2` `2D2+i i?2 MmHH ?vTQi?2bBb Q7 MQ 2z2+i- bm;;2biBM; i?�i
T2QTH2 KQbi +QM+2`M2/ rBi? bQ+B�H �TT`Qp�H /Q MQi `2bTQM/ /Bz2`2MiHv iQ Qm` K2Mi�H 2tT2`B2M+BM;
[m2biBQMbX Pp2`�HH- Qm` `2bmHib BM/B+�i2 i?�i Qm` BMi2`p2MiBQM r�b 2{+�+BQmb BM BM+`2�bBM; i?2 [m�HBiv
Q7 K2Mi�H 2tT2`B2M+BM; �KQM; � ?B;?Hv pmHM2`�#H2 �M/ i`�mK�iBx2/ TQTmH�iBQMX

_2bmHib QM 1+QMQKB+ Pmi+QK2b

AM Qm` i?2Q`2iB+�H 7`�K2rQ`F- :J1 +�M +`2�i2 M2r 2tT2`B2M+2b i?�i +QKT2i2 rBi? i`�mK� K2KQ`B2b
7Q` `2+�HH- `2/m+BM; /BbiQ`iBQM �M/ �pQB/�M+2- mHiBK�i2Hv BKT`QpBM; /2+BbBQM@K�FBM;X AM HBM2 rBi?
i?2 H�ii2` T`2/B+iBQM- h�#H2 j T`QpB/2b 2pB/2M+2 7Q` i?2 TQbBiBp2 BKT�+ib Q7 :J1 QM /QrMbi`2�K
2+QMQKB+ Qmi+QK2bX _2bmHib BM *QHmKMb URV iQ U9V b?Qr BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM T�`@
iB+BT�MibǶ rBHHBM;M2bb iQ BMp2bi BM i?2B` bi�v BM �//Bb �#�#�- �M BKTQ`i�Mi /2i2`KBM�Mi BM i?2
/2+BbBQM K�FBM; Q7 i?2b2 `27m;22b �M/ � F2v 72�im`2 BM Qm` BMi2`p2MiBQMX h?2 :J1 i`2�iK2Mi
BM+`2�b2b T�`iB+BT�MibǶ BMi2Mi iQ bi�v BM �//Bb �#�#� BM i?2 7QHHQrBM; i?`22 v2�`b #v yXRd bi�M/�`/
/2pB�iBQMbX h?Bb +Q``2bTQM/b iQ �M BM+`2�b2 Q7 jXN T2`+2Mi�;2 TQBMib 7`QK � +QMi`QH ;`QmT K2�M Q7
�#Qmi 9kXN T2`+2Mi Q7 `2bTQM/2Mib r?Q BM/B+�i2 i?�i i?2v BMi2Mi iQ `2K�BM BM �//Bb �#�#�X

*QMbBbi2Mi rBi? BM+`2�b2/ rBHHBM;M2bb iQ bi�v BM �//Bb �#�#�- r2 }M/ i?�i i`2�i2/ T�`iB+BT�Mib
i�F2 +QM+`2i2 �+iBQMb iQ BKT`Qp2 i?2B` +m``2Mi 2+QMQKB+ HBp2HB?QQ/bX S�`iB+BT�Mib �`2 yXRk bi�M/�`/
/2pB�iBQMb KQ`2 HBF2Hv iQ #2 rQ`FBM;- � bm#bi�MiB�H BM+`2�b2 Q7 8 T2`+2Mi�;2 TQBMib Qp2` � +QMi`QH
;`QmT K2�M Q7 kR T2`+2MiX h`2�i2/ T�`iB+BT�Mib �HbQ bB;MB}+�MiHv BM+`2�b2 i?2B` rQ`FBM; ?Qm`b #v

jdh?2b2 `2bmHib �`2 #�b2/ QM [m�HBiv �bb2bbK2Mib #v i`2�iK2Mi@#HBM/ `2b2�`+? �bbBbi�Mib- �b QmiHBM2/ BM
bm#b2+iBQM 8XkX _2bmHib �`2 `Q#mbi- �H#2Bi MQBbB2`- r?2M mbBM; T`BM+BT�H +QKTQM2Mi �M�HvbBb US*�V BM/B+2b i?�i
+QK#BM2 2ti2`M�HHv@+Q/2/ K2�bm`2b �M/ b2H7@`2TQ`i2/ K2�bm`2b Q7 K2Mi�H 2tT2`B2M+BM; [m�HBiv Uh�#H2 *RVX

jk



yXR9 bi�M/�`/ /2pB�iBQMb Q` �#Qmi i?`22 ?Qm`b T2` r22F- `2H�iBp2 iQ � +QMi`QH ;`QmT K2�M Q7 �#Qmi
3 ?Qm`b T2` r22FX h?Bb BM+`2�b2 BM ?Qm`b rQ`F2/ Bb /`Bp2M #v � bB;MB}+�Mi BM+`2�b2 BM ?Qm`b 7`QK
r�;2 rQ`F �b QTTQb2/ iQ +�bm�H rQ`F Q` mMT�B/ �TT`2MiB+2b?BTb Uh�#H2 *dVXj3

"Qi? i?2 BMi2MbBp2 �M/ 2ti2MbBp2 2z2+ib K�BMHv +QK2 7`QK T�`iB+BT�Mib r?Q r2`2 �+iBp2Hv HQQFBM;
7Q` � DQ# �i #�b2HBM2 U9y T2`+2Mi Q7 i?2 b�KTH2VX AM HBM2 rBi? i?�i- r2 }M/ i?�i i?2 :J1 i`2�iK2Mi
bB;MB}+�MiHv /2+`2�b2b DQ# b2�`+? �+iBpBiv BM Qm` b�KTH2 Uh�#H2 j- *QHmKM kVX h?Bb bm;;2bib i?�i i?2
i`2�iK2Mi BKT`Qp2b T�`iB+BT�MibǶ 2z2+iBp2M2bb �i HQQFBM; 7Q` 2+QMQKB+ QTTQ`imMBiB2bX �b � `2bmHi
Q7 KQ`2 ?Qm`b bT2Mi rQ`FBM;- BM+QK2 7`QK H�#Q` U#Qi? r�;2 �M/ b2H7 2KTHQvK2MiV �HbQ BM+`2�b2bX
q?BH2 i?2 2z2+i QM BM+QK2 Bb H�`;2 Ĝ yX9j bi�M/�`/ /2pB�iBQMb- Q` � 8kXd T2`+2Mi BM+`2�b2 BM r22FHv
BM+QK2 Ĝ r2 +�miBQM i?�i i?Bb Bb �M BM+`2�b2 7`QK � p2`v HQr #�b2 UkR8 #B`` BM +QMi`QH ;`QmT-
�`QmM/ 9 la.V �M/ Bb /`Bp2M #v � bK�HH b?�`2 Q7 �+iBp2Hv rQ`FBM; BM/BpB/m�Hb Ub22 h�#H2 *3 7Q`
MQM@bi�M/�`/Bx2/ H�#Q` K�`F2i Qmi+QK2bVX

h?2 :J1 i`2�iK2Mi ?�b �//BiBQM�H TQbBiBp2 BKT�+ib QM /QrMbi`2�K 2+QMQKB+ Qmi+QK2b BM
Qm` b�KTH2 Uh�#H2 j- *QHmKMb 8 iQ NVX _2TQ`i2/ 7QQ/ b2+m`Biv- #�b2/ QM � 7Qm`@Bi2K p2`bBQM Q7 i?2
+QKKQMHv mb2/ 6QQ/ AMb2+m`Biv 1tT2`B2M+2 a+�H2 U6A16aV- BM+`2�b2b bm#bi�MiB�HHv #v yXkk bi�M/�`/
/2pB�iBQMbX h?2 +Q2{+B2Mi QM i?2 i`2�iK2Mi /mKKv 7Q` iQi�H +QMbmKTiBQM 2tT2M/Bim`2 Bb TQbBiBp2-
#mi MQi bi�iBbiB+�HHv bB;MB}+�MiX GB72 b�iBb7�+iBQM K2�bm`2/ #v i?2 *�Mi`BH H�//2` BM+`2�b2b #v yXRj
bi�M/�`/ /2pB�iBQMbX 6BM�HHv- i?2 :J1 i`2�iK2Mi bB;MB}+�MiHv BM+`2�b2b � +QK#BM2/ K2�bm`2 Q7
T?vbB+�H �M/ K2Mi�H ?2�Hi? #�b2/ QM i?2 q>P .Bb�#BHBiv �bb2bbK2Mi a+?2/mH2 Uq>P.�aV #v yXRe
bi�M/�`/ /2pB�iBQMbX h?2 `2bmHib QM i�`;2i2/ #2?�pBQ`b �M/ /QrMbi`2�K Qmi+QK2b �`2 `Q#mbi r?2M
r2 BMi2`�+i i?2 i`2�iK2Mi BM/B+�iQ` rBi? i?2 T�`iB+BT�MibǶ bQ+B�H /2bB`�#BHBiv b+Q`2 Uh�#H2 *jVXjN

>2i2`Q;2M2Qmb h`2�iK2Mi 1z2+ib

q2 2t�KBM2 ?2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib #v #�b2HBM2 i`�mK� 2tTQbm`2 �M/ ;2M/2`X Pm` i?2Q@
`2iB+�H 7`�K2rQ`F bm;;2bib i?�i :J1 +�M KBiB;�i2 i?2 BKT�+i Q7 i`�mK� QM 2+QMQKB+ Qmi+QK2b-
bQ r2 �MiB+BT�i2 H�`;2` i`2�iK2Mi 2z2+ib 7Q` BM/BpB/m�Hb rBi? ?B;?2` #�b2HBM2 i`�mK� bvKTiQKbX

q2 /2}M2 `2bTQM/2Mib i?�i �`2 �#Qp2 i?2 S*G@8 +mi@Qz 7Q` T`Q#�#H2 Sha. �i #�b2HBM2 �b ǳ?B;?
i`�mK�XǴ q2 }M/ i?�i i?2 :J1 i`2�iK2Mi ?�b `2H�iBp2Hv H�`;2` TQbBiBp2 i`2�iK2Mi 2z2+ib 7Q` i?Qb2
T�`iB+BT�Mib QM bQK2 /BK2MbBQMb Uh�#H2 *9 �M/ 6B;m`2 j�- H27i T�M2HVX 6Q` ?Qm`b rQ`F2/ T2` r22F-
+QMi`QH ;`QmT T�`iB+BT�Mib BM i?2 ǳ?B;? i`�mK�Ǵ ;`QmT rQ`F2/ yXRN bi�M/�`/ /2pB�iBQMb Q` jX3
?Qm`b H2bb i?�M i?2B` T22`bX h?2 :J1 i`2�iK2Mi `2p2`b2b i?Bb ;�T #v bB;MB}+�MiHv BM+`2�bBM; ?Qm`b
rQ`F2/ �KQM; T�`iB+BT�Mib BM i?2 ǳ?B;? i`�mK�Ǵ ;`QmT #v yX8R bi�M/�`/ /2pB�iBQMb Q` RyXj ?Qm`bX

j3AM h�#H2 *d- r2 /Bb�;;`2;�i2 i`2�iK2Mi 2z2+ib QM H�#Q` K�`F2i Qmi+QK2b �i i?2 2ti2MbBp2 �M/ i?2 BMi2MbBp2
K�`;BM #v i?2 ivT2 Q7 rQ`FX q?BH2 Qm` 2tT2`BK2Mi Bb MQi TQr2`2/ iQ /2i2+i 2z2+ib b2T�`�i2Hv 7Q` rQ`F BM r�;2
2KTHQvK2Mi- QrM #mbBM2bb- +�bm�H 2KTHQvK2Mi- �M/ mMT�B/ �TT`2MiB+2b?BTb- r2 i�F2 i?2 bB;MB}+�Mi BM+`2�b2 BM r�;2
rQ`F �b bm;;2biBp2 2pB/2M+2 i?�i i`2�i2/ T�`iB+BT�Mib BM+`2�b2 i?2B` rQ`F BM #2ii2` T�B/- KQ`2 /2bB`�#H2 �+iBpBiB2bX

jNq2 �HbQ 2biBK�i2 i`2�iK2Mi 2z2+ib QM Qi?2` T`2@bT2+B}2/ #2?�pBQ`�H Qmi+QK2bX q2 /Q MQi }M/ �Mv 2z2+ib QM `BbF
i�FBM;- b2H7@2{+�+v �M/ `2b2`p�iBQM r�;2bX q2 }M/ bi`QM; i`2�iK2Mi 2z2+ib QM QTiBKBbK UyXRd bi�M/�`/ /2pB�iBQMbV-
r?B+? �HB;Mb rBi? Qm` }M/BM; i?�i i?2 :J1 i`2�iK2Mi #QQbib TQbBiBp2 K2Mi�H 2tT2`B2M+BM;X

jj



6Q` `2TQ`i2/ HB72 b�iBb7�+iBQM- r2 bBKBH�`Hv }M/ i?�i T�`iB+BT�Mib BM i?2 ǳ?B;? i`�mK�Ǵ ;`QmT �`2
yX99 bi�M/�`/ /2pB�iBQMb H2bb b�iBb}2/- #mi i?2 :J1 i`2�iK2Mi `2p2`b2b i?Bb ;�T #v bB;MB}+�MiHv
BM+`2�bBM; HB72 b�iBb7�+iBQM BM i?2 ǳ?B;? i`�mK�Ǵ ;`QmT #v yX8R bi�M/�`/ /2pB�iBQMbX

6Q` 72K�H2 T�`iB+BT�Mib- `2bmHib �`2 KBt2/ Uh�#H2 *8 �M/ 6B;m`2 j�- `B;?i T�M2HVX 62K�H2
T�`iB+BT�Mib BM i?2 +QMi`QH ;`QmT 7�`2 rQ`b2 i?�M K2M QM KQbi /BK2MbBQMb Q7 2+QMQKB+ �+iBpBiv- #mi
i`2�iK2Mi 2z2+ib QM i�`;2i2/ #2?�pBQ`b �`2 �HbQ ;2M2`�HHv r2�F2` 7Q` rQK2MX h?2 QMHv Qmi+QK2 QM
r?B+? r2 }M/ bB;MB}+�MiHv bi`QM;2` 2z2+ib 7Q` rQK2M `2H�iBp2 iQ K2M Bb i?2 q>P.�a b+Q`2- r?2`2
i?2 Qp2`�HH i`2�iK2Mi 2z2+ib �`2 /`Bp2M #v 72K�H2 T�`iB+BT�MibX

� +QM7QmM/BM; +?�MM2H i?`Qm;? r?B+? i?2 BMi2`p2MiBQM K�v �z2+i H�#Q` K�`F2i Qmi+QK2b Bb
#v +?�M;BM; MQ`Kb `2H�i2/ iQ i?2 �++2Ti�#BHBiv Q7 rQ`FBM;X �b /Bb+mbb2/ BM bm#b2+iBQM 9XR- K�Mv
1`Bi`2�M `27m;22b BM �//Bb �#�#� �`2 MQi 7Q`K�HHv �HHQr2/ iQ rQ`F- �Hi?Qm;? BM7Q`K�H 2KTHQvK2Mi
Bb rB/2bT`2�/X AM Qm` b�KTH2- r2 }M/ MQ 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 b?�`2 Q7 T�`iB+BT�Mib
r?Q `2TQ`i #2BM; BM�+iBp2 #2+�mb2 ǳi?2v �`2 MQi �HHQr2/ iQ rQ`FǴ U�HbQ MQi /Bz2`2MiB�HHv #v ;2M/2`
Q` #�b2HBM2 i`�mK�VX hQ 7m`i?2` T`QpB/2 2pB/2M+2 QM r?2i?2` i?2 i`2�iK2Mi +?�M;2/ T2`+2TiBQMb
QM rQ`F T2`KBbbBQMb- r2 +QHH2+i2/ T�`iB+BT�MibǶ b+Q`2b BM � ǳ`mH2 Q`B2Mi�iBQMǴ b+�H2 U6BM2 2i �HX-
kyReV- r?B+? +�Tim`2b QM2Ƕb �iiBim/2b iQr�`/b `mH2b �M/ `2;mH�iBQMX q2 /Q MQi }M/ ?2i2`Q;2M2Qmb
i`2�iK2Mi 2z2+ib #v i?2 T�`iB+BT�MibǶ b+Q`2b BM i?Bb b+�H2- bm;;2biBM; i?�i i?2 i`2�iK2Mi /Q2b MQi
QMHv BM/m+2 T�`iB+BT�Mib r?Q i2M/ iQ #2 KQ`2 iQH2`�Mi Q7 pBQH�iBM; `mH2b iQ rQ`F KQ`2 Uh�#H2 *eVX

AM bmK- r2 }M/ 2pB/2M+2 i?�i i?2 :J1 i`2�iK2Mi BKT`Qp2b #Qi? K2Mi�H 2tT2`B2M+BM; �M/ 2+Q@
MQKB+ Qmi+QK2b �KQM; `27m;22b- rBi? bQK2 TQbBiBp2 2z2+ib #2BM; +QM+2Mi`�i2/ BM T�`iB+BT�Mib rBi?
?B;?2` #�b2HBM2 i`�mK� #m`/2MX q2 MQr im`M iQ Qm` b2+QM/ 2tT2`BK2Mi- BM r?B+? r2 i2bi r?2i?2`
:J1 +�M BM+`2�b2 i?2 2z2+iBp2M2bb Q7 bi�M/�`/ 2+QMQKB+ T`Q;`�Kb 7Q` pmHM2`�#H2 TQTmH�iBQMbX

eXk *QHQK#B�, _2bmHib 7Q` � S`Q;`�K �/�Ti2/ lbBM; :J1
h?Bb b2+iBQM T`2b2Mib i?2 K�BM `2bmHib Q7 i?2 2tT2`BK2Mi BM *QHQK#B�X q2 }`bi b?Qr i?�i i?2
i`�/BiBQM�H i`�BMBM; /2+`2�b2b #Qi? i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; �M/ 2�`MBM;b- #mi i?2 :J1@
�/�Ti2/ T`Q;`�K Bb �#H2 iQ Qp2`+QK2 i?2b2 M2;�iBp2 2z2+ibX q2 i?2M /Bb+mbb ?2i2`Q;2M2Qmb i`2�i@
K2Mi 2z2+ib- r?B+? rBHH b?2/ HB;?i QM TQbbB#H2 K2+?�MBbKbX

1KTB`B+�H ai`�i2;v
1KTB`B+�H bT2+B}+�iBQMX 6Q` �HH Qm` Qmi+QK2b- r2 T`2b2Mi BMi2Mi@iQ@i`2�i 2biBK�i2b 7Q` ?Qmb2?QH/ i

BM bi`�imK s �M/ bm`p2v r�p2 w mbBM; i?2 7QHHQrBM; bT2+B}+�iBQM,

yisw = α + β · Ti + δs + δw + εisw U8V

j9



r?2`2 δs �`2 +QMi`QHb 7Q` bi`�iB}+�iBQM p�`B�#H2b Ubm#/BpBbBQM BMi2`�+i2/ rBi? i?2 2tT2`BK2Mi�H r�p2-
;2M/2`- �;2 ;`QmT- 2Mi`2T`2M2m`b?BT bi�imb �M/ BM+QK2 ;`QmTV �M/ δw �`2 bm`p2v r�p2 }t2/ 2z2+ibX
ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 ?Qmb2?QH/ H2p2HX9y q2 `2TQ`i BM i?2 �TT2M/Bt bT2+B}+�iBQMb
r?B+? �HbQ BM+Hm/2 � b2i Q7 ?Qmb2?QH/@H2p2H +QMi`QHb Xi +?Qb2M mbBM; SQbi@.Qm#H2 a2H2+iBQM G�bbQ
U"2HHQMB 2i �HX- kyR9VX lMH2bb MQi2/ Qi?2`rBb2- �HH Qmi+QK2 p�`B�#H2b �`2 bi�M/�`/Bx2/ �M/ 2tT`2bb2/
BM bi�M/�`/ /2pB�iBQMb Q7 i?2 +QMi`QH ;`QmTX AM/B+2b �`2 +QMbi`m+i2/ #v bmKKBM; �+`Qbb bi�M/�`/Bx2/
bm#@Bi2Kb �M/ `2@bi�M/�`/BxBM; i?2 Qp2`�HH BM/2tX �b bT2+B}2/ BM i?2 S�S- r2 HBKBi i?2 b�KTH2 iQ
BM/BpB/m�Hb r?Q �++2Ti2/ iQ T�`iB+BT�i2 BM i?2 i`�BMBM; U3e T2`+2Mi Q7 i?2 b�KTH2VX

Pm` K�BM i�#H2b b?Qr i?`22 bT2+B}+�iBQMb +QKT�`BM; /Bz2`2Mi i`2�iK2Mi ;`QmTb �b /2MQi2/ #v
Ti, BV i`�/BiBQM�H i`�BMBM; p2`bmb MQ BMi2`p2MiBQM- BBV :J1 i`2�iK2Mi p2`bmb i`�/BiBQM�H i`�BMBM;-
�M/ BBBV :J1 i`2�iK2Mi p2`bmb MQ BMi2`p2MiBQMX9R h?2 +QKT�`BbQM rBi? i?2 MQ@BMi2`p2MiBQM ;`QmT
T`QpB/2b �M 2biBK�i2 Q7 i?2 2z2+i Q7 `2+2BpBM; � i`�/BiBQM�H Q` :J1@�m;K2Mi2/ 2Mi`2T`2M2m`b?BT
T`Q;`�KX q2 BMi2`T`2i /Bz2`2M+2b #2ir22M i?2 irQ i`�BMBM; T`Q;`�Kb �b i?2 BKT�+i Q7 mbBM; :J1
i2+?MB[m2b `2H�iBp2 iQ bi�M/�`/ T2/�;Q;B+�H i2+?MB[m2b U2X;X- i?BMF@T�B`@b?�`2- T`Qb �M/ +QMb HBbibVX

"�H�M+2 �M/ �ii`BiBQMX h`2�iK2Mi �bbB;MK2Mi r�b #�H�M+2/ QM #�b2HBM2 Q#b2`p�#H2b Uh�#H2 "RVX
Pp2`�HH- d3 T2`+2Mi Q7 Qm` b�KTH2 T�`iB+BT�i2/ BM �i H2�bi QM2 Q7 i?2 irQ 7QHHQr@mT bm`p2vb- �M/ r2
}M/ MQ /Bz2`2M+2b BM `2bTQMb2 `�i2 #2ir22M i?2 :J1 �M/ i?2 i`�/BiBQM�H i`�BMBM; i`2�iK2Mi �`KbX
q?BH2 i?2 +QMi`QH ;`QmT r�b �`QmM/ 8 T2`+2Mi�;2 TQBMib H2bb HBF2Hv iQ `2THv iQ i?2 bm`p2vb i?�M �Mv
Q7 i?2 i`2�iK2Mi �`Kb- r2 }M/ HBiiH2 Q#b2`p�#H2 /Bz2`2M+2b �KQM; 7QHHQr@mT `2bTQM/2Mib #2ir22M
i?2 +QMi`QH �M/ i?2 i`2�iK2Mi ;`QmTb Uh�#H2 "8VX h?2 PMHBM2 �TT2M/Bt �Xk +QMi�BMb 7m`i?2` /2i�BHb
�#Qmi �ii`BiBQM �M/ b?Qrb `Q#mbiM2bb 2t2`+Bb2b iQ /2�H rBi? BiX

_2bmHib QM J2Mi�H 1tT2`B2M+BM;

h�#H2 9 b?Qrb i?2 K�BM `2bmHib Q7 i?2 *QHQK#B� 2tT2`BK2Mi QM K2Mi�H 2tT2`B2M+BM; [m�HBivX *QHmKM
URV T`2b2Mib i`2�iK2Mi 2z2+ib QM �M Qp2`�HH BM/2t r?B+? +QK#BM2b ?Qr 7`2[m2MiHv T�`iB+BT�Mib mb2
K2Mi�H 2tT2`B2M+BM; BM i?2B` /�BHv HBp2b- �b r2HH �b K2�bm`2b Q7 bT2+B}+Biv �M/ 2KQiBQM�HBivX *QHmKMb
UkV �M/ UjV Q7 h�#H2 9 bTHBi i?2 BM/2t BM � #mbBM2bb@`2H�i2/ +QKTQM2Mi UBM+Hm/BM; QMHv �Mbr2`b iQ
#mbBM2bb@`2H�i2/ b+2M�`BQbV �M/ � MQM@#mbBM2bb QM2X q?BH2 r2 2tT2+i i?2 i`2�iK2Mib iQ +`2�i2 �
r2/;2 BM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; #2ir22M 2tT2`BK2Mi�H ;`QmTb BM i?2 #mbBM2bb /QK�BM-
r?2i?2` i?2b2 BKT`Qp2K2Mib bTBHH Qp2` BMiQ Qi?2` /QK�BMb `2K�BMb �M 2KTB`B+�H [m2biBQMX

S�M2H � Q7 h�#H2 9 +QKT�`2b i?2 K2Mi�H 2tT2`B2M+BM; [m�HBiv Q7 T�`iB+BT�Mib BM i?2 i`�/BiBQM�H
i`�BMBM; rBi? i?Qb2 BM i?2 MQ BMi2`p2MiBQM ;`QmTX *QHmKM UkV b?Qrb i?�i �bbB;MK2Mi iQ i?2

9yq2 +QHH�Tb2 i?2 /�i� iQ i?2 ?Qmb2?QH/ H2p2H iQ �++QmMi 7Q` i?2 bK�HH b?�`2 Q7 BM/BpB/m�Hb r?Q `2TQ`i2/ HBpBM; BM
i?2 b�K2 �//`2bb �b �MQi?2` T�`iB+BT�Mi �M/ r2`2 i?mb `�M/QKBx2/ BM i?2 b�K2 i`2�iK2MiX

9R�b bT2+B}2/ BM Qm` S�S- /m2 iQ BMbm{+B2Mi b�KTH2 bBx2 �M/ Qm` BKTH2K2Mi�iBQM T�`iM2`Ƕb T`272`2M+2b- r2 /Q MQi
?�p2 irQ bm#/BpBbBQMb BM i?2 Tm`2 +QMi`QH ;`QmT 7Q` QM2 Q7 i?2 2tT2`BK2Mi�H r�p2bX AM Q`/2` iQ mb2 i?2 7mHH �p�BH�#H2
b�KTH2- r2 T`272` `mMMBM; b2T�`�i2 `2;`2bbBQMb +QKT�`BM; i?2 :J1 i`2�iK2Mi iQ 2�+? Q7 i?2 Qi?2` irQ �`KbX
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i`�/BiBQM�H i`�BMBM; rQ`b2Mb K2Mi�H 2tT2`B2M+BM; [m�HBiv BM i?2 #mbBM2bb /QK�BM U#v yXRe a.VX
*QHmKMb U9V iQ UeV mMT�+F i?Bb 2z2+i #v b?QrBM; i?�i T�`iB+BT�Mib i`�BM2/ BM � +QMp2MiBQM�H r�v �`2
#Qi? H2bb HBF2Hv iQ mb2 K2Mi�H 2tT2`B2M+BM; U*QHmKM 9V �M/ ?�p2 HQr2` bT2+B}+Biv �M/ 2KQiBQM�HBiv
�bbQ+B�i2/ rBi? #mbBM2bb b+2M�`BQb i?2v �`2 �bF2/ iQ BK�;BM2 UH�bi irQ +QHmKMbVX *Q2{+B2Mib QM
i?2 i`�/BiBQM�H i`2�iK2Mi /mKKv �`2 BM/22/ M2;�iBp2 BM �HH i?2 /BK2MbBQMb Q7 K2Mi�H 2tT2`B2M+BM;
[m�HBiv r2 �bF2/ �#Qmi U#mi MQi bi�iBbiB+�HHv bB;MB}+�MiVX

q?BH2 i?2 i`�/BiBQM�H i`�BMBM; +`Qr/b@Qmi T�`iB+BT�MibǶ K2Mi�H 2tT2`B2M+BM; BM i?2 #mbBM2bb
/QK�BM- i?Bb M2;�iBp2 2z2+i /Q2b MQi 2ti2M/ iQ Qi?2` /QK�BMbX h�#H2 9 U*QHmKM jV b?Qrb i?�i
i?2`2 �`2 MQ /Bz2`2M+2b BM Qm` K2Mi�H 2tT2`B2M+BM; BM/2t #2ir22M i?2 i`2�iK2Mi �M/ +QMi`QH ;`QmTb
BM MQM@#mbBM2bb b+2M�`BQb UMQi bi�iBbiB+�HHv bB;MB}+�Mi +Q2{+B2Mi Q7 @yXy8 a.VX �b � `2bmHi- i?2
i`2�iK2Mi 2z2+i QM i?2 Qp2`�HH K2Mi�H 2tT2`B2M+BM; BM/2t r?B+? +QK#BM2b #Qi? #mbBM2bb �M/ MQM@
#mbBM2bb b+2M�`BQb Bb �HbQ M2;�iBp2- #mi MQi bi�iBbiB+�HHv bB;MB}+�Mi U*QHmKM RVX Pp2`�HH- i?2b2
`2bmHib bm;;2bi i?�i i2�+?BM; #mbBM2bb +QM+2Tib BM � i`�/BiBQM�H r�v Ĝ KQbiHv p2`#�H Ĝ +`Qr/b Qmi
i?2 [m�HBiv �M/ mb2 Q7 K2Mi�H 2tT2`B2M+BM; BM i?2 i�`;2i2/ /QK�BMX

h�#H2 9 US�M2H "V +QKT�`2b i?2 K2Mi�H 2tT2`B2M+BM; [m�HBiv Q7 T�`iB+BT�Mib BM i?2 :J1 i`�BMBM;
rBi? i?Qb2 BM i?2 i`�/BiBQM�H i`�BMBM;X *QHmKM UkV b?Qrb i?�i :J1@i`�BM22b b+Q`2 yXR3 a. ?B;?2`
BM K2Mi�H 2tT2`B2M+BM; [m�HBiv BM i?2 #mbBM2bb /QK�BM i?�M i?2B` T22`b BM i?2 i`�/BiBQM�H T`Q;`�KX
h?Bb TQbBiBp2 r2/;2 Bb +QM+2Mi`�i2/ QM K2�bm`2b Q7 K2Mi�H 2tT2`B2M+BM; [m�HBiv `�i?2` i?�M mb2- BM
T�`iB+mH�` bT2+B}+Biv UyXRj a.- T4yXy8V �M/ 2KQiBQM�HBiv UyXRd a.- T4yXyjVX >Qr2p2`- i?2`2 Bb MQ
TQbBiBp2 ;�T #2ir22M i?2 irQ ;`QmTb BM MQM@#mbBM2bb b+2M�`BQbX

q?2M HQQFBM; �i i?2 M2i BKT�+i Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ +QMi`QH Uh�#H2 9- S�M2H *V-
r2 }M/ i?�i i?2`2 Bb � TQbBiBp2- #mi bK�HH �M/ MQi bi�iBbiB+�HHv bB;MB}+�Mi `2bmHi QM #Qi? #mbBM2bb
�M/ MQM@#mbBM2bb K2Mi�H 2tT2`B2M+BM; [m�HBivX Pp2`�HH- i?2 2pB/2M+2 BM h�#H2 9 BM/B+�i2b i?�i i?2
i`�/BiBQM�H i`�BMBM; `2/m+2b i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM; �KQM; T�`iB+BT�MibX h?2 :J1
i`�BMBM; Bb �#H2 iQ `2biQ`2 K2Mi�H 2tT2`B2M+BM; [m�HBiv- #mi /Q2b MQi H2�/ iQ � M2i BKT`Qp2K2Mi
+QKT�`2/ iQ i?2 +QMi`QHX

h?2b2 `2bmHi +�M #2 mM/2`biQQ/ i?`Qm;? i?2 H2Mb Q7 Qm` +QM+2Tim�H 7`�K2rQ`FX S�`iB+BT�iBQM
BMiQ i`�BMBM; 2Mi�BHb irQ /Bz2`2Mi 7Q`+2bX PM i?2 QM2 ?�M/- T�`iB+BT�Mib �`2 �bF2/ iQ i?BMF �#Qmi i?2
7mim`2- 2p2M r?2M i?2v mbm�HHv i2M/ iQ �pQB/ BiX h?Bb +�M H2�/ iQ M2;�iBp2 2KQiBQMb �M/- i?`Qm;?
+QMi2ti `2i`B2p�H- � `BbF i?�i i`�mK�iB+ K2KQ`B2b ;2i /`�rM 7`QK i?2 2tT2`B2M+2 #�MFX �b � `2�+iBQM-
T�`iB+BT�Mib TQbi@i`�BMBM; K�v #2+QK2 2p2M KQ`2 HBF2Hv iQ �pQB/ TH�MMBM; 7Q` i?2 7mim`2 �M/ i?BMFBM;
+QM+`2i2Hv �#Qmi BiX PM i?2 Qi?2` ?�M/- � i`�BMBM; K�v 2M�#H2 T�`iB+BT�Mib iQ bBKmH�i2 M2r UKQ`2
TQbBiBp2V b+2M�`BQb BM i?2B` KBM/b �M/ +QmMi2`�+i i`�mK� BMi2`72`2M+2- `2biQ`BM; KQiBp�iBQM �M/
+QM+`2i2 bi2Tb iQ BMp2bi BM i?2 7mim`2X h?2 `2bmHib Q7 h�#H2 9 bm;;2bi i?�i i?2 7Q`K2` 7Q`+2 T`2p�BH
BM i?2 i`�/BiBQM�H T`Q;`�KX �7i2` i?2 i`�BMBM;- i?2 /2+HBM2 BM K2Mi�H 2tT2`B2M+BM; [m�HBiv Bb �
bvKTiQK Q7 T�`iB+BT�MibǶ `27`�BMBM; 7`QK +QM+`2i2Hv �M/ pBpB/Hv BK�;BMBM; 7mim`2 #mbBM2bb b+2M�`BQbX
h?2 :J1 i`�BMBM; +QmMi2`�+ib i?Bb /2+HBM2 #v ?2HTBM; T�`iB+BT�Mib `2b?�T2 i?2 ivT2b Q7 b+2M�`BQb

je



`2+�HH2/ /m`BM; i?2 T`Q;`�KX 6QHHQrBM; i?2 HQ;B+ Q7 Qm` i?2Q`v- r2 i?2M 2tT2+i KQiBp�iBQM �M/
7Q`r�`/@HQQFBM; �+iBQMb BM i?2 i`�/BiBQM�H i`�BMBM; iQ #2 rQ`b2 QM �p2`�;2 i?�M BM i?2 :J1 i`�BMBM;X
h?2 +QKT�`BbQM #2ir22M i?2 :J1 i`�BMBM; �M/ i?2 +QMi`QH Bb BMbi2�/ �K#B;mQmbX

h?2`2 �`2 irQ TQBMib rQ`i? /Bb+mbbBM; #27Q`2 HQQFBM; �i /QrMbi`2�K 2+QMQKB+ Qmi+QK2bX 6B`bi-
QM2 K�v rQM/2` r?v i?2 `2bmHib QM K2Mi�H 2tT2`B2M+BM; /Bz2` BM Qm` b2+QM/ 2tT2`BK2Mi 7`QK i?Qb2
BM 1i?BQTB�X q2 �+FMQrH2/;2 i?�i /Bz2`2M+2b BM i?2 b�KTH2 Q` b2iiBM; K�v +QMi`B#mi2 iQ i?BbX
>Qr2p2`- r2 #2HB2p2 i?�i i?2`2 Bb �HbQ � F2v /Bz2`2M+2 BM i?2 /2bB;M Q7 i?2 irQ 2tT2`BK2Mib r?B+?
K�v 2tTH�BM r?v i?2 :J1 i`�BMBM; /Q2b MQi ?�p2 � M2i TQbBiBp2 BKT�+i BM *QHQK#B�X h?2 i`2�iK2Mi
BM i?2 `27m;22b b�KTH2 QMHv +QMbBbib Q7 :J1 2t2`+Bb2b- r?B+? �`2 K2�Mi iQ HBKBi i?2 BMbm`;2M+2 Q7
M2;�iBp2 BMi`mbBp2 `2+�HHX AM i?2 *QHQK#B� i`�BMBM;- :J1 2t2`+Bb2b QMHv `2T`2b2Mi � i?B`/ Q7 i?2
+QMi2Mib iQ r?B+? T�`iB+BT�Mib �`2 2tTQb2/X h?Bb H2�p2b `QQK 7Q` i?BMFBM; �#Qmi i?2 7mim`2 QmibB/2
Q7 i?2 ;mB/2/ �M/ b�72 2MpB`QMK2Mi Qz2`2/ #v Qm` K2Mi�H 2tT2`B2M+BM; BMi2`p2MiBQMX

� b2+QM/ TQBMi Bb �#Qmi i?2 /QK�BM@bT2+B}+ 2z2+ib i?�i r2 }M/ BM *QHQK#B�X � +�p2�i Q7 i?Bb
`2bmHi Bb i?�i #mbBM2bb b+2M�`BQb r2`2 QMHv �bF2/ iQ BM/BpB/m�Hb rBi? � #mbBM2bb �i i?2 iBK2 Q7 i?2
bm`p2vb- �M/ i?mb r2 �`2 +QMbB/2`BM; QMHv �TT`QtBK�i2Hv ?�H7 Qm` b�KTH2 7Q` i?Bb `2bmHiX9k h?Bb
72�im`2 Q7 Qm` K2�bm`2b K2�Mb i?�i i?2`2 �`2 irQ TQbbB#H2 `2�bQMb mM/2`HvBM; i?2 i`2�iK2Mi 2z2+ib
BM #mbBM2bb@bT2+B}+ b+2M�`BQb `2H�iBp2 iQ MQM@#mbBM2bb b+2M�`BQbX 6B`bi- :J1 K�v #2 /QK�BM@bT2+B}+
�M/ i?mb +�M QMHv #2 i`�BM2/ 7Q` � bT2+B}+ ivT2 Q7 /2+BbBQM@K�FBM;X �++Q`/BM; iQ i?Bb 2tTH�M�iBQM-
i?2 bm#@b�KTH2 Q7 T�`iB+BT�Mib rBi? � #mbBM2bb K�v ?�p2 �M �/p�Mi�;2 BM H2�`MBM; #2+�mb2 i?2B`
2tT2`B2M+2 #�MF �H`2�/v +QMi�BMb BK�;2b rBi?BM i?2 b�K2 /QK�BM- r?B+? �`2 7�bi2` iQ #2 `2i`B2p2/
�M/ mb2/ /m`BM; :J1 2t2`+Bb2bX a2+QM/- Bi K�v #2 i?2 +�b2 i?�i 2Mi`2T`2M2m`b ?�p2 /Bz2`2Mi
#�b2HBM2 +?�`�+i2`BbiB+b r?B+? K�F2b i?2K KQ`2 HBF2Hv iQ H2�`M K2Mi�H 2tT2`B2M+BM; U2X;- HQr2`
+Qbib Q7 K2Mi�H bBKmH�iBQM #2+�mb2 Q7 ?B;?2` BM+QK2VX hQ /BbiBM;mBb? #2ir22M i?2b2 �Hi2`M�iBp2
2tTH�M�iBQMb- r2 +?2+F r?2i?2` i?2 #mbBM2bb bm#@b�KTH2 BKT`Qp2b Bib K2Mi�H 2tT2`B2M+BM; QmibB/2
i?2 #mbBM2bb /QK�BM- r?B+? rQmH/ BM/B+�i2 i?�i i?Bb ;`QmT ?�b HQr2` +Qbib Q7 H2�`MBM; K2Mi�H
2tT2`B2M+BM; BM ;2M2`�HX q2 /Q MQi }M/ bmTTQ`i 7Q` i?Bb 2z2+i- ;Bp2M i?�i �HbQ i?2 #mbBM2bb bm#@
b�KTH2 /Q2b MQi BKT`Qp2 MQM@#mbBM2bb K2Mi�H 2tT2`B2M+BM; BM i?2 :J1 i`�BMBM; Ub22 h�#H2 *R9VX
q2 MQr im`M iQ i?2 /Bb+mbbBQM Q7 i`2�iK2Mi 2z2+ib QM /QrMbi`2�K 2+QMQKB+ Qmi+QK2bX

_2bmHib QM 1+QMQKB+ Pmi+QK2b

�++Q`/BM; iQ Qm` +QM+2Tim�H 7`�K2rQ`F- � /2+HBM2 BM K2Mi�H 2tT2`B2M+BM; [m�HBiv b?QmH/ #2 �bbQ+B@
�i2/ rBi? r2�F2` �#BHBiv iQ BK�;BM2 �M/ TH�M 7Q` i?2 7mim`2- rBi? +QMb2[m2Mi HQr2` KQiBp�iBQM �M/

9k>�pBM; � #mbBM2bb �i i?2 iBK2 Q7 i?2 bm`p2vb Bb 2M/Q;2MQmb iQ i`2�iK2Mi bi�imbX >Qr2p2`- `2bmHib QM i?2
+QKT�`BbQM #2ir22M :J1 �M/ i?2 i`�/BiBQM�H i`�BMBM; �`2 mM+?�M;2/ r?2M `2bi`B+iBM; Qm` b�KTH2 iQ ?Qmb2?QH/b
i?�i ?�/ � #mbBM2bb �i #�b2HBM2 U8R T2`+2Mi, +Q2z4yXR3R- T4yXy83VX q2 }M/ MQ /Bz2`2M+2b BM #�b2HBM2 #mbBM2bb bi�imb
�+`Qbb i`2�iK2Mi �`Kb BM #Qi? 7QHHQr@mT bm`p2vb- H2M/BM; bmTTQ`i iQ i?2 �bbmKTiBQM Q7 KQMQiQMB+Biv, 39X8 T2`+2Mi
Q7 ?Qmb2?QH/b BM i?2 :J1 i`2�iK2Mi i?�i ?�/ � #mbBM2bb �i #�b2HBM2 �HbQ ?�/ � #mbBM2bb BM i?2 }`bi 7QHHQr@mT bm`p2v-
+QKT�`2/ iQ 3R T2`+2Mi BM i?2 i`�/BiBQM�H i`�BMBM; ;`QmT Up = 0.29VX h?2b2 T`QTQ`iBQMb b?B7i iQ d8X8 T2`+2Mi BM i?2
:J1 i`2�iK2Mi �M/ djXd T2`+2Mi BM i?2 i`�/BiBQM�H i`�BMBM; BM i?2 b2+QM/ 7QHHQr@mT bm`p2v Up = 0.66VX

jd



rQ`b2 2+QMQKB+ +?QB+2bX q2 T`2/B+i 2+QMQKB+ Qmi+QK2b iQ #2 #2ii2` BM i?2 :J1 i`�BMBM; +QKT�`2/
iQ i?2 i`�/BiBQM�H- r?BH2 i?2 Qp2`�HH M2i BKT�+i Q7 i?2 :J1 i`�BMBM; Bb �K#B;mQmbX Pm` `2bmHib �`2
BM HBM2 rBi? i?2b2 T`2/B+iBQMbX

h�#H2 8 T`2b2Mib i?2 K�BM `2bmHib QM 2+QMQKB+ Qmi+QK2b BM i?2 *QHQK#B� 2tT2`BK2MiX 6B`bi- r2
}M/ i?�i i?2 i`�/BiBQM�H i`�BMBM; #�+F}`2bX *QKT�`2/ iQ i?2 MQ BMi2`p2MiBQM ;`QmT- T�`iB+BT�Mib
�bbB;M2/ iQ i?2 i`�/BiBQM�H T`Q;`�K b+Q`2 yXRe a. HQr2` Up < 0.05V QM �M Qp2`�HH BM/2t Q7 2+QMQKB+
Qmi+QK2b BM i?2 KQMi?b �7i2` i`�BMBM; �M/ #27Q`2 i?2 *PoA.@RN T�M/2KB+ Uh�#H2 8- S�M2H �-
*QHmKM RVX � bBKBH�` M2;�iBp2 2z2+i T2`bBbib BM i?2 KQMi?b /m`BM; i?2 T�M/2KB+- #mi i?2 2z2+i
#2+QK2b bK�HH2` �M/ MQi bB;MB}+�Mi U*QHmKM kVX

AM +QMi`�bi- S�M2H " b?Qrb i?�i 2K#2//BM; i?2 :J1 i`2�iK2Mi rBi?BM i?2 #mbBM2bb +m``B+mHmK
Bb 2{+�+BQmb BM �pQB/BM; i?Bb M2;�iBp2 2�`MBM; 2z2+iX 6Q` #Qi? i?2 T`2@*PoA. �M/ *PoA. T2`BQ/b-
T�`iB+BT�Mib BM i?2 :J1 i`2�iK2Mi ?�p2 bB;MB}+�MiHv ?B;?2` �;;`2;�i2 2+QMQKB+ Qmi+QK2b i?�M
i?2B` T22`b BM i?2 i`�/BiBQM�H i`2�iK2MiX h?Bb 2pB/2M+2 bm;;2bib i?�i i?2 :J1 +QKTQM2Mi Q7 Qm`
+m``B+mH� #`BM;b � H�`;2 TQbBiBp2 p�Hm2- r?B+? Bb �#H2 iQ +QKT2Mb�i2 i?2 M2;�iBp2 2z2+ib #`Qm;?i #v
i?2 i`�/BiBQM�H i`�BMBM; +QMi2MibX

h?2 r2/;2 BM Qmi+QK2b #2ir22M i?2 :J1 �M/ i?2 i`�/BiBQM�H i`�BMBM; Bb /`Bp2M #v 2�`MBM;b-
r?B+? BM+Hm/2 #Qi? BM+QK2 7`QK �Mv bQm`+2 �M/ b�H2b BM i?2 #mbBM2bbX :Bp2M i?2 p2`v bF2r2/
/Bbi`B#miBQM Q7 2�`MBM;b BM i?2 b�KTH2- *QHmKMb UjV �M/ U8V Q7 h�#H2 8 mb2 �M BMp2`b2@?vT2`#QHB+
bBM2 UA>aV i`�Mb7Q`K�iBQM bi�M/�`/Bx2/ rBi? `2bT2+i iQ i?2 MQ BMi2`p2MiBQM ;`QmTX �++Q`/BM; iQ
i?Bb K2�bm`2- i?2 i`�/BiBQM�H T`Q;`�K /2+`2�b2b 2�`MBM;b #v yXR9 a. iQ yXkk a. BM i?2 irQ T2`BQ/b
+QMbB/2`2/ rBi? `2bT2+i iQ MQi `2+2BpBM; �Mv +Qm`b2X q?BH2 i?2 :J1 i`�BMBM; 7mHHv `2biQ`2b i?2
2[m�HBiv Q7 2�`MBM;b rBi? i?2 +QMi`QH- S�M2H * Q7 h�#H2 8 b?Qrb i?�i i?2 :J1 /Q2b MQi H2�/ iQ �
M2i BKT`Qp2K2MiX

�b i?2 A>a i`�Mb7Q`K�iBQM �p2`�;2b 2z2+ib �i i?2 BMi2MbBp2 �M/ 2ti2MbBp2 K�`;BM- r2 HQQF �i
[m�MiBH2 i`2�iK2Mi 2z2+ib QM i?2 H2p2H Q7 2�`MBM;b iQ �bb2bb i?2 /Bbi`B#miBQM�H BKT�+i Q7 i?2 i`�BMBM;X
6B;m`2 *9 b?Qrb i?�i i?2 /2+HBM2 BM 2�`MBM;b BM i?2 i`�/BiBQM�H i`�BMBM; K�BMHv ?�TT2Mb #2HQr i?2
K2/B�MX qBi? `2bT2+i iQ i?2 +QMi`QH- i`�BM22b BM i?2 i`�/BiBQM�H T`Q;`�K 2tT2`B2M+2 � bB;MB}+�Mi
/2+`2�b2 BM 2�`MBM;b BM T2`+2MiBH2b 8 �M/ Ry- TQBMiBM; iQ � H�`;2` b?�`2 Q7 T�`iB+BT�Mib rBi? MQ
2�`MBM;b �i �HH Q` rBi? p2`v HQr }M�M+B�H BM~QrbX AM #Qi? T`2@*PoA. �M/ *PoA. T2`BQ/b- i?2`2
Bb �HbQ � bB;MB}+�Mi M2;�iBp2 2z2+i QM 2�`MBM;b �i BMi2`K2/B�i2 T2`+2MiBH2b U#2ir22M ky �M/ 8yVX9j

h?2 ;�T BM 2�`MBM;b #2ir22M i?2 irQ i`�BMBM;b Bb MQi /`Bp2M #v � /Bz2`2MiB�H HBF2HB?QQ/ Q7 QT2MBM; �
#mbBM2bb BM i?2 72r KQMi?b `B;?i �7i2` i?2 BMi2`p2MiBQM U*QHmKM U9V Q7 h�#H2 8VX >Qr2p2`- r2 }M/
i?�i T�`iB+BT�Mib �bbB;M2/ iQ i?2 :J1 ;`QmT �`2 KQ`2 HBF2Hv iQ F22T i?2B` #mbBM2bb QT2M /m`BM;
i?2 *PoA.@RN T�M/2KB+ i?�M i?Qb2 BM i?2 i`�/BiBQM�H i`�BMBM; U*QHmKM UeVV- T2`?�Tb TQBMiBM; iQ
?B;?2` `2bBHB2M+2 Q` KQiBp�iBQM iQ i�F2 +QM+`2i2 �+iBQMb 7Q` i?2B` #mbBM2bbX

9jh�#H2 *Rd b?Qrb [m�MiBH2 i`2�iK2Mi 2z2+ibX h?2 2�`MBM;b ;�T #2ir22M i?2 i`�/BiBQM�H �M/ :J1 i`�BMBM; #27Q`2
*PoA. Bb +QM+2Mi`�i2/ QM i?2 H27i i�BHX AM i?2 *PoA. T2`BQ/- /Bbi`B#miBQM�H `2bmHib �`2 BMbi2�/ KQ`2 KBt2/X
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*QHmKM UdV Q7 h�#H2 8 b?Qrb i?�i i?2`2 Bb MQ BKT�+i Q7 �Mv Q7 i?2 i`�BMBM;b QM �M BM/2t Q7 b�72iv
M2ib- r?B+? BM+Hm/2b b�pBM;b- T2`+2Bp2/ 2�b2 Q7 }M/BM; KQM2v 7Q` +m``2Mi 2tT2Mb2b �M/ rQ`FBM; ?Qm`b
BM � b�72 2MpB`QMK2MiX aBKBH�`Hv- M2Bi?2` i?2 i`�/BiBQM�H MQ` i?2 :J1 i`2�iK2Mi �z2+i i?2 ivT2b Q7
�+iBQMb i?�i `2bTQM/2Mib i�F2 BM `2bTQMb2 iQ i?2 T�M/2KB+ b?Q+F U2X;X- +QMi�+iBM; bmTTHB2`b- b22FBM;
;Qp2`MK2Mi bmTTQ`iV Q` i?2B` rBHHBM;M2bb iQ BMp2bi BM Bi2Kb 7Q` i?2B` #mbBM2bb Q` rQ`FX

S�M2H * Q7 h�#H2 8 b?Qrb i?2 +QKT�`BbQM BM 2+QMQKB+ Qmi+QK2b #2ir22M i?2 :J1 i`�BMBM; �M/
i?2 +QMi`QH ;`QmTX AM HBM2 rBi? i?2 2z2+ib /Bb+mbb2/ 7Q` K2Mi�H 2tT2`B2M+BM; [m�HBiv- r2 }M/ i?�i
i?2`2 �`2 MQ bB;MB}+�Mi 2z2+ib Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ i?2 MQ@BMi2`p2MiBQM ;`QmTX 1p2M B7
+Q2{+B2Mib i2M/ iQ #2 TQbBiBp2 BM bB;M 7Q` KQbi Q7 i?2 BM/2t2b- MQM2 Q7 i?2K Bb �#Qp2 i?2 i?`2b?QH/
7Q` bi�iBbiB+�H bB;MB}+�M+2X q2 T`QpB/2 bQK2 2tTH�M�iBQM 7Q` i?Bb `2bmHi BM i?2 /Bb+mbbBQMX

>2i2`Q;2M2Qmb h`2�iK2Mi 1z2+ib

6B;m`2 j# b?Qrb ?2i2`Q;2M2Biv BM i`2�iK2Mi 2z2+ib #v #�b2HBM2 i`�mK�X Pm` K2�bm`2 Q7 i`�mK� Bb
�M BM/B+�iQ` i?�i i�F2b p�Hm2 Q7 QM2 B7 � T2`bQM `2TQ`ib iQ #2 � pB+iBK Q7 i?2 +QM~B+i Q` � `2+2Mi
o2M2xm2H�M KB;`�Mi- Q` B7 b?2 b+Q`2b �#Qp2 � i?`2b?QH/ Q7 jj BM i?2 AKT�+i Q7 1p2Mi a+Q`2 b+�H2X
q2 H�#2H �b ǳ?B;? i`�mK�Ǵ T�`iB+BT�Mib rBi? p�Hm2 QM2 QM i?Bb BM/B+�iQ`- �M/ ǳHQr i`�mK�Ǵ i?Qb2
r?Q M2Bi?2` `2TQ`i iQ #2 TQbi@+QM~B+i pB+iBKbfKB;`�Mib MQ` ?�p2 ?B;? i`�mK� bvKTiQKbX99 h?2
};m`2b b?Qrb irQ b2ib Q7 `2bmHib, i?2 +QKT�`BbQM #2ir22M i?2 i`�/BiBQM�H �M/ +QMi`QH UrBi? 2KTiv
b[m�`2bV- �M/ i?2 +QKT�`BbQM #2ir22M :J1 �M/ i`�/BiBQM�H UrBi? 7mHH /B�KQM/bVX GB;?i #Hm2
+Q2{+B2Mib `2TQ`i i`2�iK2Mi 2z2+ib 7Q` T2QTH2 rBi? HQr i`�mK�- r?2`2�b Q`�M;2 +Q2{+B2Mib `2TQ`i
2z2+ib 7Q` T2QTH2 rBi? ?B;? i`�mK� Ub+Q`BM; R BM i?2 �7Q`2K2MiBQM2/ BM/B+�iQ`VX h�#H2 *R3 `2TQ`ib
i?2 `2;`2bbBQM QmiTmi +Q``2bTQM/BM; iQ i?2 +Q2{+B2Mib b?QrM BM 6B;m`2 j#X

6B;m`2 j# b?Qrb i?�i Qm` i`2�iK2Mi 2z2+ib �`2 KBiB;�i2/ BM i?2 HQr@i`�mK� ;`QmT- 7Q` #Qi?
+QKT�`BbQMbX 6Q` i?Bb ;`QmT- r2 }M/ MQ bB;MB}+�Mi 2z2+ib QM 2Bi?2` K2Mi�H 2tT2`B2M+BM; [m�HBiv Q`
2+QMQKB+ Qmi+QK2b 7Q` 2Bi?2` i?2 :J1 Q` i`�/BiBQM�H i`�BMBM;X AM +QMi`�bi- Qm` `2bmHib �`2 /`Bp2M #v
i?2 ?B;?@i`�mK� ;`QmTX "Qi? i?2 M2;�iBp2 BKT�+i Q7 i?2 i`�/BiBQM�H i`�BMBM; �M/ i?2 +QKT2Mb�iBM;
2z2+i Q7 i?2 :J1 i`�BMBM; �`2 H�`;2` �KQM; ?B;?@i`�mK� T�`iB+BT�MibX 6Q` BMbi�M+2- K2Mi�H
2tT2`B2M+BM; [m�HBiv BM #mbBM2bb b+2M�`BQb /2+`2�b2b #v yXjd a. �KQM; i`�mK�iBx2/ T�`iB+BT�Mib
�bbB;M2/ iQ i?2 i`�/BiBQM�H i`�BMBM; U+QKT�`2/ iQ �M �p2`�;2 2z2+i Q7 @yXRe a.V- #mi Bi Bb �HbQ
+QKTH2i2/ `2biQ`2/ BM i?2 :J1 i`�BMBM;X *Q2{+B2Mib �`2 bBKBH�`Hv H�`;2 7Q` i?2 2z2+ib QM 2�`MBM;bX

6B;m`2 9 7m`i?2` b?Qrb i?�i Qm` `2bmHib QM #Qi? K2Mi�H 2tT2`B2M+BM; �M/ 2+QMQKB+ Qmi+QK2b
�`2 /`Bp2M #v 72K�H2 T�`iB+BT�MibX h`2�iK2Mi 2z2+ib QM 72K�H2 T�`iB+BT�Mib �`2 bi`QM;2` �+`Qbb �HH
F2v p�`B�#H2b Q7 BMi2`2bi- 2t+2Ti 7Q` bi�`iBM; � #mbBM2bbX �i #�b2HBM2- rQK2M `2TQ`i2/ � bBKBH�`
MmK#2` Q7 i`�mK�iB+ 2tT2`B2M+2b �b K2M #mi 2tT2`B2M+2/ � ?B;?2` i`�mK� #m`/2M �++Q`/BM; iQ i?2
A1a@_ b+�H2X >Qr2p2`- ;2M/2`@#�b2/ ?2i2`Q;2M2Qmb 2z2+ib T2`bBbi 2p2M �7i2` +QMi`QHHBM; 7Q` i`�mK�-

99q2 Q#i�BM bBKBH�` `2bmHib- �H#2Bi MQBbB2`- r?2M /2}MBM; ǳ?B;? i`�mK�Ǵ QMHv mbBM; i?2 A1a i?`2b?QH/X
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bm;;2biBM; i?�i ;2M/2`@bT2+B}+ 7�+iQ`b #2vQM/ i`�mK� #m`/2Měbm+? �b /Bz2`2M+2b BM i?2 2KQiBQM�H
i�;;BM; Q7 K2KQ`B2b ě�`2 BKTQ`i�Mi BM b?�TBM; i`�BMBM; Qmi+QK2bX

h?2b2 ?2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib +QM}`K i?2 F2v `QH2 i?�i i`�mK�iB+ 2tT2`B2M+2b �M/
;2M/2` TH�v BM b?�TBM; T2QTH2Ƕb `2im`Mb 7`QK T�`iB+BT�iBQM BMiQ 2+QMQKB+ T`Q;`�KbX h?2v �HbQ
T`QpB/2 bmTTQ`i iQ i?2 B/2� i?�i i?2 i`�/BiBQM�H i`�BMBM; 2t�+2`#�i2b i?2 2+QMQKB+ +Qbib Q7 i`�mK�
BM Qm` b2iiBM;X �b T�`iB+BT�Mib �`2 Tmb?2/ iQ i?BMF �#Qmi 7mim`2 +?QB+2b- i?2 `BbF Q7 `2+�HHBM; T�bi
M2;�iBp2 2tT2`B2M+2b b22Kb iQ #`BM; i?2K #�+F iQ � H2�`Mi #2?�pBQ`, b?miiBM; /QrM i?2B` K2Mi�H
BK�;2b �M/ 2KQiBQMbX �b i?2 7mim`2 #2+QK2b 2p2M H2bb +QM+`2i2 �M/ pBpB/ BM T2QTH2Ƕb KBM/b- i?2B`
KQiBp�iBQM iQ �+i Bb HQr2`2/- �M/ i?2B` 2+QMQKB+ Qmi+QK2b �`2 rQ`b2X

q2 T`QpB/2 bm;;2biBp2 2pB/2M+2 7Q` i?Bb KQiBp�iBQM�H +?�MM2H BM i?2 M2ti T�`�;`�T?bX

am;;2biBp2 1pB/2M+2 QM J2+?�MBbKb

q?v /Q2b i?2 i`�/BiBQM�H i`�BMBM; H2�/ iQ � /2+HBM2 BM 2+QMQKB+ Qmi+QK2b\ q2 2tTHQ`2 i?2
�7Q`2K2MiBQM2/ KQiBp�iBQM�H +?�MM2H, T�`iB+BT�Mib BM i?2 i`�/BiBQM�H i`�BMBM; HQb2 KQiBp�iBQM iQ
Tmi 2zQ`i BM i?2B` #mbBM2bbX q2 xQQK BM QM /Bz2`2Mi ivT2b Q7 �+iBQMb i?�i i`�BM22b +�M i�F2
iQ bi�`i Q` ;`Qr i?2B` #mbBM2bb, i�`;2i2/ BMp2biK2Mib- BMi`Q/m+BM; M2r T`Q/m+ib- ;2iiBM; 7mM/b-
2tT�M/BM; BMTmib UBX2X rQ`FBM; ?Qm`b- 2KTHQv22b- `�r K�i2`B�HbVX q2 #2HB2p2 i?2b2 Qmi+QK2b �`2
;QQ/ BM/B+�iQ`b 7Q` KQiBp�iBQM #2+�mb2 i?2v QMHv /2T2M/ QM T2QTH2Ƕb rBHHBM;M2bb iQ i�F2 BMBiB�iBp2
7Q` i?2B` #mbBM2bb U2X;X- i?2v /Q MQi `2Hv QM /2K�M/ #v +HB2MibV �M/- i?mb- /Bz2`2M+2b K�v 2K2`;2
`B;?i �7i2` i?2 BMi2`p2MiBQMX

6B;m`2 8 b?Qrb i`2�iK2Mi 2z2+ib QM i?Bb b2i Q7 #mbBM2bb@Q`B2Mi2/ �+iBQMbX GB;?i #Hm2 +Q2{+B2Mib
b?Qr i?2 +QKT�`BbQM #2ir22M i?2 i`�/BiBQM�H i`�BMBM; �M/ i?2 +QMi`QH �M/ :J1 i`�BMBM;b TQQH2/
iQ;2i?2`- r?BH2 /�`F #Hm2 +Q2{+B2Mib b?Qr i?2 +QKT�`BbQM #2ir22M i?2 :J1 �M/ +QMi`QH ;`QmTX
h?2 };m`2 b?Qrb i?�i T�`iB+BT�Mib �bbB;M2/ iQ i?2 i`�/BiBQM�H i`�BMBM; Ĝ +QKT�`2/ iQ i?2 Qi?2` irQ
2tT2`BK2Mi�H ;`QmTb Ĝ �`2 H2bb HBF2Hv iQ BMp2bi iBK2- KQM2v Q` 2zQ`i BM i?2B` #mbBM2bbX 6Q` BMbi�M+2-
+QKT�`2/ iQ i?2 :J1 i`�BMBM;- i?2 i`�/BiBQM�H i`�BM22b b+Q`2 yXRk a. HQr2` QM � K2�bm`2 Q7 7mM/BM;
Q#i�BM2/ 7Q` i?2 #mbBM2bb �M/ �`2 8 T2`+2Mi�;2 TQBMib H2bb HBF2Hv iQ BMp2bi �M ?Qm` Q7 rQ`F BM i?2
#mbBM2bbX h?Bb 2pB/2M+2 Bb BM HBM2 rBi? i?2 B/2� i?�i i?2 i`�/BiBQM�H i`�BMBM; /Bb+Qm`�;2b T2QTH2 7`QK
2p2M i`vBM; iQ BMp2bi BM i?2B` 7mim`2 #mbBM2bbX AM +QMi`�bi- i?2 :J1 i`�BMBM; /Q2b MQi QMHv `2biQ`2
KQiBp�iBQM- #mi �HbQ BKT`Qp2b Bi rBi? `2bT2+i iQ i?2 +QMi`QH �HQM; bQK2 /BK2MbBQMbX 6Q` BMbi�M+2-
:J1 T�`iB+BT�Mib �`2 KQ`2 HBF2Hv iQ BMp2bi BM #mbBM2bb Bi2Kb- iQ BMi`Q/m+2 M2r T`Q/m+ib Q` iQ ;2i
M2r BMTmib 7Q` i?2B` #mbBM2bb +QKT�`2/ iQ i?2B` T22`b r?Q /B/ MQi `2+2Bp2 �Mv BMi2`p2MiBQMX

h�F2M iQ;2i?2`- i?2b2 `2bmHib TQBMi �i +?�M;2b BM KQiBp�iBQM Ĝ /`Bp2M #v � /Bz2`2MiB�H mb2 �M/
2z2+iBp2M2bb BM K2Mi�H bBKmH�iBQM Ĝ �b QM2 Q7 i?2 K�BM +?�MM2Hb i?`Qm;? r?B+? i?2 irQ i`2�iK2Mi
;`QmTb ?�/ �M BKT�+i QM T�`iB+BT�MibǶ #2?�pBQ` �M/ +?QB+2bX98

98.�i� +QHH2+i2/ 7`QK �TT`QtBK�i2Hv 8y T2`+2Mi Q7 i?2 Q`B;BM�H b�KTH2 BM kykR U�TT`QtBK�i2Hv irQ v2�`b �7i2` i?2
BMi2`p2MiBQMV bm;;2biBp2Hv b?Qr i?�i :J1@i`�BM2/ #mbBM2bb QrM2`b �`2 KQ`2 HBF2Hv iQ 2M;�;2 BM K�`F2iBM; �+iBpBiB2b
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d .Bb+mbbBQM
h?2 L2i AKT�+i Q7 i?2 :J1 S`Q;`�K BM *QHQK#B�

AM i?2 *QHQK#B� _*h- i?2 :J1 i`�BMBM; Qp2`+QK2b i?2 /`�r#�+Fb Q7 i?2 i`�/BiBQM�H T`Q;`�K- #mi
7�BHb iQ �+?B2p2 � M2i TQbBiBp2 BKT�+i `2H�iBp2 iQ i?2 +QMi`QH ;`QmT Uh�#H2 8VX h?Bb Qmi+QK2 HBF2Hv
bi2Kb 7`QK irQ +QKT2iBM; 2z2+ib, BV i?2 2K2`;2M+2 Q7 M2;�iBp2 2KQiBQMb TQi2MiB�HHv `2+�HHBM; #�/
2tT2`B2M+2b �M/ M2;�iBp2Hv i�;;BM; #mbBM2bb@`2H�i2/ �+iBpBiB2b Ui?`Qm;? KQQ/ +QM;`m2Mi `2i`B2p�HV
�M/ BBV i?2 +QmMi2`�+iBM; 2z2+i Q7 H2�`MBM; ?Qr iQ ;2M2`�i2 TQbBiBp2 K2Mi�H 2tT2`B2M+2bX

h?Bb i?2Q`2iB+�H �++QmMi ?�b BKTHB+�iBQMb 7Q` BMi2`T`2iBM; i?2 2z2+ib Q7 i`�BMBM; T`Q;`�Kb �+`Qbb
/Bz2`2Mi b2iiBM;bX �b KQbi i`�BMBM; T`Q;`�Kb i�`;2i /Bp2`b2 T�`iB+BT�Mib- BM+Hm/BM; i?Qb2 rBi?
�M/ rBi?Qmi i`�mK�- M2;�iBp2 2z2+ib K�v #2 Q#b+m`2/ #v �p2`�;2bX Pm` :J1 BMi2`p2MiBQM ?�b
i?2 TQi2MiB�H iQ KBiB;�i2 i?2b2 M2;�iBp2 2z2+ib r?BH2 K�BMi�BMBM; #2M2}ib 7Q` MQM@i`�mK�iBx2/
TQTmH�iBQMbX h?Bb TQbbB#BHBiv /2T2M/b QM ?Qr ;2M2`�HBx�#H2 i?2 `BbF Q7 M2;�iBp2 `2+�HH Bb �+`Qbb
b2iiBM;b �M/ TQTmH�iBQMbX 6B;m`2 *8 T`QpB/2b bm;;2biBp2 2pB/2M+2 QM i?2 ;2M2`�HBx�#BHBiv Q7 TQ@
i2MiB�HHv M2;�iBp2 BKT�+i Q7 i`�/BiBQM�H i`�BMBM; QM i`�mK�iBx2/ TQTmH�iBQMbX *QMbB/2`BM; �HH
2Mi`2T`2M2m`b?BT i`�BMBM; BMi2`p2MiBQMb 7`QK i?2 K2i�@�M�HvbBb BM J+E2MxB2 2i �HX UkykjV �M/
rBi?Qmi �++2bb iQ KB+`Q/�i�- r2 �TT`QtBK�i2 i`�mK� H2p2Hb BM bim/v b�KTH2b #v +�i2;Q`BxBM;
+QmMi`B2b #�b2/ QM i?2 kyRN P1*. BM/2t Q7 ǳoBQH2M+2 �;�BMbi qQK2MǴ UP`;�MBb�iBQM 7Q` 1+QMQKB+
*QQT2`�iBQM �M/ .2p2HQTK2Mi- kykyV �M/ i?2B` b?�`2 Q7 72K�H2 T�`iB+BT�MibX h?2 BMimBiBQM Bb i?�i
72K�H2 T�`iB+BT�Mib BM i`�BMBM; T`Q;`�Kb +QM/m+i2/ BM +QMi2tib rBi? ?B;? ;2M/2`@#�b2/ pBQH2M+2 �`2
KQ`2 HBF2Hv iQ ?�p2 2tT2`B2M+2/ i`�mK� �M/ pBQH2M+2 BM i?2 T�biX AM HBM2 rBi? Qm` QrM `2bmHib- r2
}M/ i?�i i`�BMBM; T`Q;`�Kb /2HBp2`2/ iQ rQK2M BM ?B;? ;2M/2`@#�b2/ pBQH2M+2 +QMi2tib ?�p2 HQr2`
�p2`�;2 i`2�iK2Mi 2z2+ib �M/ H�`;2` +QM}/2M+2 BMi2`p�Hb U2p2M B7 b�KTH2 bBx2b �`2 bBKBH�` �+`Qbb
+�i2;Q`B2bVX LQi�#Hv- Qmi Q7 �HH i?2 bim/B2b rBi? � M2;�iBp2 TQBMi 2biBK�i2 UN Qmi Q7 kRV- d bim/B2b
?�p2 � 72K�H2 b?�`2 �#Qp2 8y T2`+2Mi �M/ �`2 +QM/m+i2/ BM +QmMi`B2b rBi? ?B;? pBQH2M+2 �;�BMbi
rQK2MX h?Bb }M/BM; bm;;2bib i?�i i`�/BiBQM�H i`�BMBM; T`Q;`�Kb- /2bB;M2/ rBi?Qmi +QMbB/2`BM;
T�`iB+BT�MibǶ T�bi 2tT2`B2M+2b- K�v BM/22/ #2 H2bb 2z2+iBp2 Q` 2p2M ?�`K7mH iQ bQK2 #2M2}+B�`B2bX

q2 �HbQ �+FMQrH2/;2 i?�i i?2 *PoA.@RN T�M/2KB+ K�v ?�p2 �z2+i2/ Qm` `2bmHib- �b i?2`2 r2`2
QMHv � 72r KQMi?b #2ir22M i?2 2M/ Q7 i?2 T`Q;`�K �M/ i?2 QMb2i Q7 i?2 T�M/2KB+X h?Bb HBKBi2/ iBK2
rBM/Qr K�v ?�p2 #22M BMbm{+B2Mi 7Q` 2Mi`2T`2M2m`b iQ �TTHv i?2B` M2r FMQrH2/;2 �M/ ;2M2`�i2
TQbBiBp2 2z2+ibX LQM2 Q7 Qm` +Qm`b2b r�b /2bB;M2/ iQ ;mB/2 2Mi`2T`2M2m`b i?`Qm;? T2`BQ/b Q7 rB/2`
2+QMQKB+ im`KQBHX h?mb- r2 BMi2`T`2i Qm` M2i 2z2+ib �b � HQr2` #QmM/ Q7 r?�i +QmH/ ?�p2 �+?B2p2/
mM/2` MQ`K�H +B`+mKbi�M+2b Q` rBi? +QMi2Mi KQ`2 /B`2+iHv HBMF2/ iQ #mbBM2bb bi`�i2;v BM /B{+mHi
iBK2bX q2 #2HB2p2 i?�i BMi2;`�iBM; :J1 rBi?BM � bm++2bb7mH T`Q;`�K i�BHQ`2/ iQ +m``2Mi 2+QMQKB+
+B`+mKbi�M+2b K�v H2�/ iQ TQbBiBp2 M2i 2z2+ib- T`2b2MiBM; �M BKTQ`i�Mi �`2� 7Q` 7mim`2 `2b2�`+?X

r?B+? K�v 2tTQb2 i?2K iQ M2;�iBp2 722/#�+F �M/ 2KQiBQMb U2X;X- b22F 722/#�+F 7`QK +mbiQK2`b �M/ +QKT2iBiQ`bVX AM
+QMi`�bi- i`�/BiBQM�H i`�BM22b 2M;�;2 KQ`2 BM #m/;2iBM; �M/ `2+Q`/ F22TBM;X
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3 *QM+HmbBQM
�b Q7 iQ/�v- KQ`2 i?�M Ryy KBHHBQM T2QTH2 rQ`H/rB/2 ?�p2 #22M 7Q`+B#Hv /BbTH�+2/ #v r�`- +QM~B+i
�M/ ?mK�M `B;?ib pBQH�iBQMb UlL>*_- kyk9VX u2i- r2 biBHH ?�p2 � HBKBi2/ mM/2`bi�M/BM; �#Qmi ?Qr
i?2b2 i`�mK�iB+ 2tT2`B2M+2b b?�T2 i?2 +?QB+2b �M/ BMp2biK2Mi i?2b2 TQTmH�iBQMb HBpBM; BM 7`�;BH2
b2iiBM;b K�F2 7Q` i?2B` 7mim`2X h?2 TQi2MiB�H 7Q` /Bz2`2MiB�H BKT�+ib Q7 /2p2HQTK2Mi T`Q;`�Kb
#�b2/ QM BM/BpB/m�HǶb T�bi 2tT2`B2M+2b �M/ i`�mK�iB+ ?BbiQ`B2b ?B;?HB;?ib i?2 BKTQ`i�M+2 Q7 /2bB;MBM;
i`�mK�@BM7Q`K2/ BMi2`p2MiBQMbX

AM i?Bb T�T2`- r2 /2bB;M2/ �M/ 2p�Hm�i2/ irQ i`�mK�@BM7Q`K2/ i`�BMBM; T`Q;`�Kb �BK2/ �i
`2biQ`BM; i?2 �#BHBiv iQ BK�;BM2 i?2 7mim`2 �KQM; pmHM2`�#H2 TQTmH�iBQMbX Pm` �TT`Q�+? Bb ;`QmM/2/
BM M2m`Qb+B2MiB}+ �M/ Tbv+?QHQ;v `2b2�`+? /2KQMbi`�iBM; i?�i i`�mK�iB+ 2tT2`B2M+2b +�M bB;MB}@
+�MiHv BKT2/2 i?2 �#BHBiv iQ BK�;BM2 i?2 7mim`2- 2Bi?2` i?`Qm;? �pQB/�M+2 Q` 2t+2bbBp2 M2;�iBp2
7mim`2 i?BMFBM;X *QMbBbi2Mi rBi? i?Bb ?vTQi?2bBb- r2 }M/ i?�i Qm` i`�BMBM; /BbT`QTQ`iBQM�i2Hv
#2M2}ib i?Qb2 r?Q ?�p2 2tT2`B2M+2/ ?B;? #�b2HBM2 i`�mK�X

h?2 +�T�+Biv iQ BK�;BM2 i?2 7mim`2 Bb 7QmM/�iBQM�H 7Q` K�FBM; BKTQ`i�Mi 2+QMQKB+ /2+BbBQMb-
`�M;BM; 7`QK ?mK�M +�TBi�H /2p2HQTK2Mi iQ b�pBM;b �M/ BMp2biK2MiX h?Bb Bb 2bT2+B�HHv i`m2 BM
mM+2`i�BM �M/ `BbFv /QK�BMb- bm+? �b 2Mi`2T`2M2m`b?BT �M/ DQ# b2�`+?X h?`Qm;? i`�BMBM; BM K2Mi�H
2tT2`B2M+BM;- BM/BpB/m�Hb +�M H2�`M iQ b22 i?2 rQ`H/Ƕb QTTQ`imMBiB2b BM i?2 7mim`2- 2p2M �7i2` /B{+mHi
2tT2`B2M+2b BM i?2 T�biX
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6B;m`2b

�bb2bb2/
2HB;B#BHBiv

UM4je-RjeV

1t+Hm/2/- MQi 2HB;B#H2 UM4e-dNjV,
�V �HHQ+�i2/ iQ TBHQiBM; UM48-8kNV
#V .2+HBM2/ iQ T�`iB+BT�i2 UM4R3kV
+V *QmH/ MQi `2�+? UM4R-y3kV

1HB;B#H2- #mi MQi `2+`mBi2/ UM4kN-j9jV

_�M/QKBx2/
UM4R-3yyV

AMi2`p2MiBQM ;`QmT *QMi`QH ;`QmT

�HHQ+�i2/ iQ BMi2`p2MiBQM UM4NyyV
*QKTH2i2/ #�b2HBM2 UM4dN3V
_2+2Bp2/ BMi2`p2MiBQM UM4ee9V
.B/ MQi `2+2Bp2 BMi2`p2MiBQM UM4Rj9V

J2Mi�H ?2�Hi? b+`22MBM; UM4eV
.B/ MQi `2�+? UM4Rk3V

�HHQ+�i2/ iQ +QMi`QH ;`QmT UM4NyyV
*QKTH2i2/ #�b2HBM2 UM4389V

GQbi iQ 7QHHQr@mT UM4RyRV
J2Mi�H ?2�Hi? b+`22MBM; UM4RV
.B/ MQi `2�+? UM4RyyV

1M/HBM2 +QKTH2i2/ UM4eNdV

GQbi iQ 7QHHQr@mT UM4R8NV
.B/ MQi `2�+? UM4R8NV

1M/HBM2 +QKTH2i2/ UM4eN3V

�M�Hvx2/ UM4eNdV �M�Hvx2/ UM4eN3V

6B;m`2 RX 1i?BQTB� h`B�H 6HQr .B�;`�K
LQi2b, h?Bb ~Qr+?�`i 7QHHQrb i?2 *QMbQHB/�i2/ ai�M/�`/b Q7 _2TQ`iBM; h`B�Hb U*PLaP_hV `2+QKK2M/�iBQMb
UJQ?2` 2i �HX- kyRyVX _2+2Bp2/ BMi2`p2MiBQM `272`b iQ T�`iB+BT�Mib r?Q #2;�M i?2 }`bi b2bbBQM Q7 i?2 :J1
BMi2`p2MiBQMX 1HB;B#BHBiv r�b �bb2bb2/ QM i?2 mMBp2`b2 Q7 �HH `2;Bbi2`2/ `27m;22b i?�i b�iBb}2/ i?2 BM+HmbBQM +`Bi2`B�
U`27m;22b �;2/ R3 iQ 8y rBi? �i H2�bi ;`�/2 d 2/m+�iBQMVX J2Mi�H ?2�Hi? b+`22MBM; r�b +QM/m+i2/ �i 2p2`v TQBMi
Q7 +QMi�+i rBi? `2bTQM/2MibX aBt T�`iB+BT�Mib r2`2 2t+Hm/2/ 7`QK i?2 i`2�iK2Mi ;`QmT �i #�b2HBM2 �M/ `272``2/ iQ
7m`i?2` 2p�Hm�iBQMX PM2 T�`iB+BT�Mi r�b 2t+Hm/2/ 7`QK i?2 i`2�iK2Mi ;`QmT �i i?2 TQBMi Q7 i?2 }`bi BMi2`p2MiBQM �M/
`272``2/ 7Q` 7m`i?2` 2p�Hm�iBQMX
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�bb2bb2/ 2HB;B#BHBiv UM4j-88jV 1t+Hm/2/- MQi 2HB;B#H2 UM4R-kReV
1HB;B#H2- #mi MQi `2+`mBi2/ UM4jdyV

_�M/QKBx2/ UM4R-NedV

:J1 BMi2`p2MiBQM ;`QmT h`�/BiBQM�H BMi2`p2MiBQM ;`QmT *QMi`QH ;`QmT

�HHQ+�i2/ iQ :J1 UM4N8eV
*QKTH2i2/ #�b2HBM2 UM4d88V
_2+2Bp2/ BMi2`p2MiBQM UM488jV

�HHQ+�i2/ iQ i`�/BiBQM�H UM4883V
*QKTH2i2/ #�b2HBM2 UM499dV
_2+2Bp2/ BMi2`p2MiBQM UM4jyRV

�HHQ+�i2/ iQ +QMi`QH UM498jV
*QKTH2i2/ #�b2HBM2 UM4j98V

GQbi iQ 7QHHQr@mT UM 4 kyeV GQbi iQ 7QHHQr@mT UM 4 Rk8V GQbi iQ 7QHHQr@mT UM 4 RR8V

�M�Hvx2/ UM4edRV �M�Hvx2/ UM4j38V �M�Hvx2/ UM4jj3V

6B;m`2 kX *QHQK#B� h`B�H 6HQr .B�;`�K
LQi2b, h?Bb ~Qr+?�`i 7QHHQrb i?2 *QMbQHB/�i2/ ai�M/�`/b Q7 _2TQ`iBM; h`B�Hb U*PLaP_hV `2+QKK2M/�iBQMb UJQ?2`
2i �HX- kyRyVX hQ #2 2HB;B#H2- T�`iB+BT�Mib M22/2/ iQ /2KQMbi`�i2 2Mi`2T`2M2m`b?BT TQi2MiB�H #v `2TQ`iBM; ?�pBM; �
#mbBM2bb Q` TH�Mb iQ H�mM+? � #mbBM2bb BM i?2 7QHHQrBM; i?`22 KQMi?bX q2 7m`i?2` /2}M2/ 2Mi`2T`2M2m`b?BT TQi2MiB�H
iQ 2M+QKT�bb i?Qb2 r?Q +QmH/ /2b+`B#2 i?2B` #mbBM2bb Q` #mbBM2bb B/2� BM � 72r rQ`/b �M/ +H�bbB7v i?2K #v b2+iQ`X AM
Q`/2` iQ �++QmMi 7Q` i?2 M22/ iQ b2H7@7mM/ i`�MbTQ`i�iBQM +Qbib iQ i?2 i`�BMBM; +2Mi2`b- r2 HBKBi2/ 2HB;B#BHBiv iQ i?Qb2
�TTHB+�Mib r?Q `2TQ`i2/ 2Bi?2` MQM@x2`Q BM+QK2 Q` #mbBM2bb b�H2b BM i?2 T�bi bBt KQMi?bX 1HB;B#H2 �TTHB+�Mib r2`2
�HbQ `2[mB`2/ iQ #2 HBi2`�i2- Qp2` i?2 �;2 Q7 R3 v2�`b �M/ iQ T`QpB/2 i?`22 TQBMib Q7 +QMi�+iX ǳ_2+2Bp2/ BMi2`p2MiBQMǴ
`2TQ`ib i?2 MmK#2` Q7 T2QTH2 r?Q �ii2M/2/ �i H2�bi QM2 b2bbBQMX ǳGQbi iQ 7QHHQr@mTǴ `2TQ`ib i?2 MmK#2` Q7 T2QTH2
r?Q /B/ MQi T�`iB+BT�i2 BM #Qi? i?2 KB/HBM2 �M/ 2M/HBM2 bm`p2vbX h?2 b�KTH2 7Q` i?2 �M�HvbBb BM+Hm/2b QMHv T2QTH2
r?Q �++2Ti2/ iQ T�`iB+BT�i2 BM i?2 i`�BMBM;X
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Overall Index

Intent to Stay

Job Search

Hours Worked

Employment

Labor Income

Food Security

Consumption

Life Satisfaction

WHODAS Score

Mental Experiencing

Targeted Behaviors

Downstream Outcomes

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

GME - Low Trauma
GME - High trauma

U�V 1i?BQTB�

Business Index

Earnings pre-COVID

Earnings during COVID

Business pre-COVID

Business during COVID

 Mental experiencing

 Economic outcomes

-1 -.5 0 .5 1

Traditional vs PC - Low Trauma
GME vs Trad - Low Trauma
Traditional vs PC - High Trauma
GME vs Trad - High Trauma

U#V *QHQK#B�

6B;m`2 jX >2i2`Q;2M2Qmb h`2�iK2Mi 1z2+ib QM J�BM Pmi+QK2b- #v h`�mK�

LQi2b, h?2 };m`2 b?Qrb ?2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib QM K�BM Qmi+QK2b #v #�b2HBM2 i`�mK�X 6Q` i?2 1i?BQTB�
`2bmHib BM T�M2H U�V- i?2 };m`2 THQib +Q2{+B2Mi 2biBK�i2b 7`QK bT2+B}+�iBQM URV �m;K2Mi2/ rBi? �M BMi2`�+iBQM i2`K
7Q` #�b2HBM2 i`�mK�X ǳ>B;? h`�mK�Ǵ Bb /2}M2/ �b � #�b2HBM2 b+Q`2 Q7 KQ`2 i?�M jR QM i?2 S*G@8- � ky@Bi2K b2H7@
`2TQ`i K2�bm`2 i?�i �bb2bb2b ky bvKTiQKb Q7 Sha. �b /2}M2/ BM i?2 .B�;MQbiB+ �M/ ai�iBbiB+�H J�Mm�H Q7 J2Mi�H
.BbQ`/2`b- 6B7i? 1/BiBQM U.aJ@8VX Pmi+QK2b �M/ `2;`2bbBQM bT2+B}+�iBQMb �`2 /2}M2/ �b BM S�M2H � Q7 h�#H2b k �M/
jX h?2 +Q2{+B2Mib b?QrM BM i?2 };m`2 �`2 i?2 i`2�iK2Mi 2z2+ib BM i?2 HQr UBM Tm`TH2V �M/ ?B;? UBM Q`�M;2V i`�mK�
b�KTH2bX AM *QHQK#B� UT�M2H #V- r2 +�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 jj QM i?2 AKT�+i Q7
1p2Mi a+Q`2 UA1a@_V �i #�b2HBM2- Q` B7 i?2v `2TQ`i iQ ?�p2 #22M � pB+iBK Q7 i?2 +BpBH +QM~B+i- Q` � `2+2Mi o2M2xm2H�M
KB;`�MiX Pmi+QK2b �M/ `2;`2bbBQM bT2+B}+�iBQMb �`2 /2}M2/ �b BM h�#H2b 9 �M/ 8X h?2 };m`2 BM T�M2H U#V `2TQ`ib 7Qm`
/Bz2`2Mi +Q2{+B2Mib 7`QK irQ `2;`2bbBQMbX PM2 `2;`2bbBQM +QKT�`2b i?2 i`�/BiBQM�H i`�BMBM; rBi? i?2 +QMi`QH U2KTiv
/B�KQM/bV- �M/ i?2 Qi?2` i?2 :J1 i`�BMBM; �;�BMbi i?2 i`�/BiBQM�H QM2 U7mHH +B`+H2bVX 1�+? +Q2{+B2Mi b?Qrb i?2
i`2�iK2Mi 2z2+i rBi?BM i?2 b�KTH2 Q7 T2QTH2 rBi? ?B;? UBM Q`�M;2V Q` HQr UBM Tm`TH2V i`�mK�X Ny T2`+2Mi +QM}/2M+2
BMi2`p�Hb �`2 b?QrM 7Q` �HH +Q2{+B2Mi 2biBK�i2bX
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Overall Index

Intent to Stay

Job Search

Hours Worked

Employment

Labor Income

Food Security

Consumption

Life Satisfaction

WHODAS Score

Mental Experiencing

Targeted Behaviors

Downstream Outcomes

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

GME - Men
GME - Women

U�V 1i?BQTB�

Business Index

Earnings pre-COVID

Earnings during COVID

Business pre-COVID

Business during COVID

 Mental experiencing

 Economic outcomes

-1 -.5 0 .5

Traditional vs PC - Men
GME vs Trad - Men
Traditional vs PC - Women
GME vs Trad - Women

U#V *QHQK#B�

6B;m`2 9X >2i2`Q;2M2Qmb h`2�iK2Mi 1z2+ib QM J�BM Pmi+QK2b- #v :2M/2`

LQi2b, h?2 };m`2 b?Qrb ?2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib QM K�BM Qmi+QK2b #v ;2M/2`X 6Q` i?2 1i?BQTB� `2bmHib
BM T�M2H U�V- i?2 };m`2 THQib +Q2{+B2Mi 2biBK�i2b 7`QK bT2+B}+�iBQM URV �m;K2Mi2/ rBi? �M BMi2`�+iBQM i2`K 7Q`
;2M/2`X Pmi+QK2b �M/ `2;`2bbBQM bT2+B}+�iBQMb �`2 /2}M2/ �b BM S�M2H � Q7 h�#H2b k �M/ jX h?2 +Q2{+B2Mib b?QrM
BM i?2 };m`2 �`2 i?2 i`2�iK2Mi 2z2+ib BM i?2 K�H2 UBM Tm`TH2V �M/ 72K�H2 UBM Q`�M;2V b�KTH2bX AM *QHQK#B� UT�M2H
#V- Qmi+QK2b �M/ `2;`2bbBQM bT2+B}+�iBQMb �`2 /2}M2/ �b BM h�#H2b 9 �M/ 8X h?2 };m`2 BM T�M2H U#V `2TQ`i 7Qm`
/Bz2`2Mi +Q2{+B2Mib 7`QK irQ `2;`2bbBQMbX PM2 `2;`2bbBQM +QKT�`2b i?2 i`�/BiBQM�H i`�BMBM; rBi? i?2 +QMi`QH U2KTiv
/B�KQM/bV- �M/ i?2 Qi?2` i?2 :J1 i`�BMBM; �;�BMbi i?2 i`�/BiBQM�H QM2 U7mHH +B`+H2bVX 1�+? +Q2{+B2Mi b?Qrb i?2
i`2�iK2Mi 2z2+i rBi?BM i?2 b�KTH2 Q7 rQK2M UBM Q`�M;2V Q` K2M UBM Tm`TH2VX Ny T2`+2Mi +QM}/2M+2 BMi2`p�Hb b?QrM
7Q` �HH +Q2{+B2Mi 2biBK�i2bX



Investment for business

Any new product

Funding for business

Any hour, employee or input

Any hour in business

-.2 -.1 0 .1 .2

Trad vs PC+*ME *ME vs PC

6B;m`2 8X *QHQK#B�, � .2+HBM2 BM JQiBp�iBQM BM i?2 h`�/BiBQM�H h`�BMBM;
LQi2b, h?2 };m`2 b?Qrb `2bmHib QM K2�bm`2b Q7 2Mi`2T`2M2m`B�H �+iBQMX ǳAMp2biK2Mi 7Q` #mbBM2bbǴ Bb �M BM/B+�iQ`
7Q` ?�pBM; BMp2bi2/ BM #mbBM2bb �bb2ib Q` iQQHb BM i?2 H�bi bBt KQMi?b- ǳ�Mv M2r T`Q/m+iǴ Bb �M BM/B+�iQ` 7Q` ?�pBM;
BMi`Q/m+2/ � M2r T`Q/m+i BM i?2 #mbBM2bb- ǳ6mM/BM; 7Q` #mbBM2bbǴ Bb i?2 bi�M/�`/Bx2/ mM+QM/BiBQM�H �KQmMi Q7 7mM/BM;
Q#i�BM2/ 7Q` i?2 #mbBM2bb- ǳ�Mv ?Qm`- 2KTHQv22b Q` BMTmiǴ Bb �M BM/B+�iQ` 7Q` ?�pBM; BMp2bi2/ �Mv �KQmMi Q7 ?Qm`b-
?�pBM; �Mv 2KTHQv22b Q` ?�pBM; #Qm;?i M2r BMTmib 7Q` i?2 #mbBM2bbX h?2 HB;?i #Hm2 +Q2{+B2Mib b?Qr i?2 2z2+i Q7 i?2
i`�/BiBQM�H i`�BMBM; +QKT�`2/ iQ #Qi? i?2 :J1 �M/ +QMi`QH UTQQH2/VX h?2 /�`F #Hm2 +Q2{+B2Mib b?Qr i?2 +QKT�`BbQM
#2ir22M i?2 :J1 �M/ i?2 +QMi`QH ;`QmTbX h?2 `2;`2bbBQM bT2+B}+�iBQM Bb /2}M2/ �b BM h�#H2b 9 �M/ 8X
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h�#H2b

h�#H2 RX 1+QMQKB+ omHM2`�#BHBiv �M/ h`�mK� BM Pm` a�KTH2b

1tT2`BK2Mi�H
a�KTH2b

*QKT�`BbQM
a�KTH2b

URV UkV UjV U9V
1i?BQTB� *QHQK#B� 1i?BQTB�† *QHQK#B�‡

S�M2H �, aQ+BQ2+QMQKB+ +?�`�+i2`BbiB+b �M/ 2+QMQKB+ �+iBpBiv
�;2 k3Xe jkXy jRX8 jjX8
>Qmb2?QH/ bBx2 RX3 jX8 kXRy jXR
1M;�;2/ BM T`Q/m+iBp2 �+iBpBiv U7`�+iBQM Q7 b�KTH2V(a) yXRN RXyy yX8N yX88
q�;2 B7 2KTHQv2/ Ula0 T2` KQMi?V(b) N3XRN Mf� R3NXRy Mf�
1�`MBM;b #2HQr KBMBKmK r�;2 U7`�+iBQM Q7 b�KTH2V Mf� yXed Mf� yX8R

1i?BQTB� *QHQK#B� qQ`H/ :2M2`�H SQTmH�iBQM
S�M2H ", SQbi i`�mK�iB+ bi`2bb /BbQ`/2`(c)

�i `BbF Q7 Sha. U7`�+iBQM Q7 b�KTH2 �#Qp2 i?`2b?QH/V yXRj yXkk yXy9¶

S�M2H *, 1tTQbm`2 iQ i`�mK� UHBp2/ Q` rBiM2bb2/V
�Mv i`�mK� U7`�+iBQM Q7 b�KTH2V yXN3 yX3j yXeR∗∗ iQ yXdy∗

LmK#2` Q7 i`�mK�b
J2�M 8 kX3
J2/B�M 9 k
R i`�mK� U7`�+iBQM Q7 b�KTH2V yXRy yXk9 yXkd∗∗

k i`�mK�b U7`�+iBQM Q7 b�KTH2V yXRk yXky yXR8∗∗

j i`�mK�b U7`�+iBQM Q7 b�KTH2V yXRj yXRd yXRy∗∗

9 Q` KQ`2 i`�mK�b U7`�+iBQM Q7 b�KTH2V yXe8 yXke yXRy∗∗

S�M2H ., 1tTQbm`2 iQ bT2+B}+ ivT2b Q7 i`�mK�
�bb�mHi- BM+HX b2tm�H- r2�TQM U7`�+iBQM Q7 b�KTH2V yXdy yXeR yXkj∗

q�`- iQ`im`2- /2�i?- /BbTH�+2K2Mi U7`�+iBQM Q7 b�KTH2V yXde yX93 yXRj∗

GB72@i?`2�i2MBM; BHHM2bb �M/ �++B/2Mib U7`�+iBQM Q7 b�KTH2V yXNk yX8R yXj9∗

S�M2H 1, qQ`bi i`�mK� HBp2/ Q` rBiM2bb2/
G2bb i?�M j v2�`b �;Q U7`�+iBQM Q7 b�KTH2V yX99 yXjk
_2bTQM/2MiǶb Q` bQK2QM2Ƕb HB72 r�b BM /�M;2` U7`�+iBQM Q7 b�KTH2V yXd3 yX3R

LQi2b, (a) 6Q` 1i?BQTB�- 2+QMQKB+ �+iBpBiv `272`b iQ �Mv r�;2 2KTHQvK2Mi Q` b2H7@2KTHQvK2Mi BM i?2 H�bi d /�vbX AM Qm` *QHQK#B�
b�KTH2- 2HB;B#BHBiv r�b HBKBi2/ iQ T�`iB+BT�Mib r?Q ?�/ MQM@x2`Q BM+QK2 Q` #mbBM2bb b�H2b BM i?2 T�bi bBt KQMi?b- bQ i?2 2MiB`2 b�KTH2
Bb 2+QMQKB+�HHv �+iBp2 #v /2}MBiBQMX 6Q` i?2 *QHQK#B�M ;2M2`�H TQTmH�iBQM- r2 mb2 i?2 M�iBQM�H 2biBK�i2 Q7 i?2 U7Q`K�H �M/ BM7Q`K�HV
2KTHQvK2Mi iQ TQTmH�iBQM `�iBQ 7Q` T2QTH2 i?�i �`2 �i H2�bi R8 v2�`b QH/X (b) *QM/BiBQM�H K2�M 7Q` `2bTQM/2Mib r?Q `2TQ`i2/ �
r�;2 BM+QK2- BM la0 T2` KQMi?- +QMp2`i2/ mbBM; T2`BQ/ �p2`�;2 2t+?�M;2 `�i2b 7`QK i?2 qQ`H/ .2p2HQTK2Mi AM/B+�iQ` /�i�#�b2X
(c) AM 1i?BQTB�- r2 mb2 i?2 S*G@8 TQbi@i`�mK�iB+ bi`2bb /BbQ`/2` USha.V +?2+FHBbi- � ky@Bi2K b2H7@`2TQ`i K2�bm`2 Q7 Sha. bvKTiQKbX
AM *QHQK#B�- r2 mb2 i?2 AKT�+i Q7 1p2Mi a+Q`2 _2pBb2/ UA1a@_V b+�H2- � kk@Bi2K b2H7@`2TQ`i K2�bm`2 Q7 Sha. bvKTiQKbX
aQm`+2b, † 1i?BQTB�M L�iBQM�H G�#Q` 6Q`+2 �M/ JB;`�iBQM am`p2v kykRX q2 `2bi`B+i i?2 b�KTH2 mbBM; i?2 b�K2 +`Bi2`B� �b Qm`
2tT2`BK2Mi�H b�KTH2 U`2bB/2M+2 BM �//Bb �#�#�- R3 iQ 8y v2�`b QH/- rBi? �i H2�bi DmMBQ` ?B;? b+?QQH 2/m+�iBQM +QKTH2i2/VX q�;2
BM+QK2 7`QK i?2 kykR bm`p2v Bb BM~�i2/ iQ kykk mbBM; 1i?BQTB�Ƕb *QMbmK2` S`B+2 AM~�iBQM 7`QK i?2 qQ`H/ .2p2HQTK2Mi AM/B+�iQ`
/�i�#�b2 iQ K�i+? Qm` 2tT2`BK2Mi�H b�KTH2X ‡ "�b2/ QM i?2 kykR /�i� 7`QK i?2 .2T�`i�K2MiQ �/KBMBbi`�iBpQ L�+BQM�H /2
1bi�/őbiB+� U.�L1V :`�M 1M+m2bi� AMi2;`�/� /2 >Q;�`2b U:1A>V 7Q` �HH *QHQK#B�X ¶ EQ2M2M 2i �HX UkyRdV
∗ E2bbH2` 2i �HX UkyRdV ∗∗ E2bbH2` 2i �HX Ukyy8V § a+?2BM 2i �HX UkykRV
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h�#H2 kX 1i?BQTB�, :J1 h`2�iK2Mi AM+`2�b2b h?2 Zm�HBiv Q7 J2Mi�H 1tT2`B2M+BM;

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXyNR   yXyjy yXRjk   yXRRj   
UyXyjyV UyXy99V UyXy93V UyXyjNV

(yXRNd) (yXyRy) (yXyRy)

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXyNk   yXyke yXRjk   yXRRN   
UyXyjyV UyXy99V UyXy93V UyXyj3V

(yXkkd) (yXyyd) (yXyye)

*QMi`QH J2�M yXyy yXyy @yXyR yXyR
P#b2`p�iBQMb Rjjk Rjjk Rjjk RjkN

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 [m�HBiv Q7 K2Mi�H
2tT2`B2M+BM;- BM+Hm/BM; i?2 bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX
S�M2H � b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2
i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M rBi? S.a G�bbQX aT2+B}+Biv `272`b iQ i?2
+H�`Biv Q7 i?2 BK�;2b i?2 `2bTQM/2Mi Bb �#H2 iQ ;2M2`�i2X 1KQiBQM�HBiv `272`b iQ i?2 bi`2M;i?
Q7 i?2 2KQiBQMb i?2b2 BK�;2b 2Mi�BHX SQbBiBpBiv `272`b iQ i?2 7`2[m2M+v Q7 TQbBiBp2 BK�;2b
�TT2�`BM; r?2M `2bTQM/2Mib �`2 T`2b2Mi2/ rBi? M2mi`�H b+2M�`BQbX 6m`i?2` /2i�BHb QM i?2
Qmi+QK2b �`2 `2TQ`i2/ BM �TT2M/Bt �XjX �HH i?2 BM/2t2b �`2 #�b2/ QM i`2�iK2Mi@#HBM/
+Q/BM; /QM2 BM i?2 #�+F@Q{+2- #�b2/ QM T�`iB+BT�MibǶ `2+Q`/BM;bX
_Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -
   /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX
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h�#H2 jX 1i?BQTB�, :J1 h`2�iK2Mi AKT`Qp2b h�`;2i2/ "2?�pBQ`b �M/ .QrMbi`2�K Pmi+QK2b

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a a+Q`2

URV UkV UjV U9V U8V UeV UdV U3V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXRd3   @yXyNd  yXR98  yXRk9  yXkRN   yXy8e yXRjR  yXR83   
UyXy8jV UyXy9kV UyXy8eV UyXy89V UyXy8RV UyXy8yV UyXy8kV UyXy9NV
(yXyy9) (yXyRd) (yXyRk) (yXyRd) (yXyyR) (yXyj9) (yXyRk) (yXyy9)

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXRdR   @yXyNN  yXyN3  yXy3y yXkRd   yXy8e yXRj9   yXRe8   
UyXy8jV UyXy9kV UyXy8yV UyXy9NV UyXy93V UyXy9jV UyXy8yV UyXy9dV
(yXyyj) (yXyRe) (yXyjy) (yXy9e) (yXyyR) (yXydy) (yXyRy) (yXyyk)

*QMi`QH J2�M @yXyy @yXyy @yXyy @yXyy yXyy yXyy @yXyy @yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM #2?�pBQ`b i�`;2i2/ #v i?2 BMi2`p2MiBQM U*QHmKMb R iQ 9V �M/ 7m`i?2` /QrMbi`2�K Qmi+QK2b U*QHmKMb 8 iQ NVX S�M2H
� b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M rBi? S.a G�bbQX AMi2Mi iQ bi�v Bb i?2 bi�M/�`/Bx2/
�p2`�;2 Q7 i?2 BMi2M/2/ /m`�iBQM Q7 bi�vb BM 1i?BQTB� �+`Qbb p�`BQmb b+2M�`BQb i?�i p�`v i?2 HBF2HB?QQ/ Q7 Q#i�BMBM; � rQ`F T2`KBiX CQ# b2�`+? Bb �M BM/2t �;;`2;�iBM; i?2 MmK#2`
Q7 ?Qm`b bT2Mi- i?2 MmK#2` Q7 +�HHb K�/2- i?2 MmK#2` Q7 +?�MM2Hb mb2/- �M/ i?2 KQM2v bT2Mi BM b2�`+?BM; 7Q` �Mv DQ#X >Qm`b rQ`F2/ `272`b iQ i?2 bi�M/�`/Bx2/ MmK#2` Q7 ?Qm`b
rQ`F2/ BM �Mv FBM/ Q7 DQ#X 1KTHQvK2Mi Bb � bi�M/�`/Bx2/ /mKKv 2[m�H iQ R B7 `2bTQM/2Mib ?�/ #22M 2M;�;2/ BM �Mv ivT2 Q7 rQ`F BM i?2 T�bi r22FX h?2 6QQ/ b2+m`Biv BM/2t Bb
/2}M2/ �b BM i?2 aQ+B�H 1+QMQKB+ am`p2v Q7 1i?BQTB� �M/ BM+Hm/2b `2p2`b2@+Q/2/ [m2biBQMb �#Qmi- 2X;X- MQi ?�pBM; 2MQm;? 7QQ/ Q` i?2 MmK#2` Q7 /�vb rBi? H2bb T`272``2/ 7QQ/X
*QMbmKTiBQM Bb �M BM/2t Q7 iQi�H 2tT2M/Bim`2b- 2t+Hm/BM; i?Qb2 HBMF2/ rBi? Qmi;QBM; �M/ QM;QBM; i`�Mb72`b bm+? �b `2KBii�M+2b �M/ Qi?2` i`�Mb72`bX GB72 a�iBb7�+iBQM Bb #�b2/ QM
i?2 *�Mi`BH a2H7@�M+?Q`BM; ai`BpBM; a+�H2- � b2H7@`2TQ`i2/ r2HH#2BM; b+Q`2X h?2 q>P.�a b+Q`2 `272`b iQ i?2 qQ`H/ >2�Hi? P`;�MBx�iBQM .Bb�#BHBiv �bb2bbK2Mi a+?2/mH2- r?B+?
K2�bm`2b b2H7@`2TQ`i2/ ?2�Hi? H2p2HbX 6m`i?2` /2i�BHb QM i?2 Qmi+QK2b �`2 `2TQ`i2/ BM �TT2M/Bt �XjX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2
#`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX
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h�#H2 9X *QHQK#B�, h`�/BiBQM�H h`�BMBM; _2/m+2b i?2 Zm�HBiv Q7 J2Mi�H 1tT2`B2M+BM;- :J1
h`�BMBM; _2biQ`2b Bi

am#@BM/B+2b BM #mbBM2bb /QK�BM
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM #mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2 aT2+B}+Biv 1KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXyeN @yXR8d @yXy9N @yXydj @yXRkN @yXRkk
UyXyd8V UyXy3NV UyXyd9V UyXy3eV UyXy3yV UyXy3RV

(yXk9N) (yXk9N) (yXk9N)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`2�iK2Mi yXyke yXRd3  @yXyye yXyNy yXRjj yXRed  
UyXyejV UyXyd9V UyXyeRV UyXydkV UyXye3V UyXye8V

(yXy3j) (yXy89) (yXyj9)

S�M2H *, :J1 pb *QMi`QH

:J1 i`2�iK2Mi yXyR9 yXy9e yXyy9 yXykj yXyjd yXy99
UyXyeeV UyXydeV UyXye9V UyXydjV UyXydyV UyXyeNV

(RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy @yXRy @yXRy
L BM *QMi`QH 88y jNy 88y jNy jNy jNy
L BM h`�/BiBQM�H e8e 98e e8e 98e 989 989
L BM :J1 RR9y 3jN RR9y 3j3 3j8 3j8

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H
i`�BMBM;V QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; +QKT�`2/ iQ
i?2 +QMi`QHX S�M2H " b?Qrb i?2 2z2+i Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ i?2 i`�/BiBQM�HX S�M2H * b?Qrb i?2 2z2+i
Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ i?2 +QMi`QHX h?2 Qp2`�HH BM/2t BM *QHmKM URV Bb �;;`2;�i2b i?2 K2�bm`2b Q7
7`2[m2M+v Q7 mb2- bT2+B}+Biv �M/ 2KQiBQM�HBivX h?2 #mbBM2bb UMQM@#mbBM2bbV BM/2t Bb +QMbi`m+i2/ +QMbB/2`BM; QMHv
b+2M�`BQb BM UQmibB/2V i?2 #mbBM2bb /QK�BMX aT2+B}+Biv `272`b iQ i?2 +H�`Biv Q7 i?2 BK�;2b `2bTQM/2Mib �`2 �#H2 iQ
+`2�i2X 1KQiBQM�HBiv `272`b iQ i?2 bi`2M;i? Q7 i?2 2KQiBQMb i?2b2 BK�;2b 2Mi�BHX 6`2[m2M+v Q7 mb2 `272`b iQ i?2
7`2[m2M+v rBi? r?B+? `2bTQM/2Mib mb2 K2Mi�H 2tT2`B2M+BM;X �HH BM/B+2b �`2 #�b2/ QM b2H7@`2TQ`ibX 6m`i?2` /2i�BHb
QM i?2 Qmi+QK2b �`2 `2TQ`i2/ BM �TT2M/Bt "XjX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� �M/ bm`p2v r�p2
}t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX
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h�#H2 8X *QHQK#B� .QrMbi`2�K Pmi+QK2b, h`�/BiBQM�H h`�BMBM; "�+F}`2b- :J1 h`�BMBM; Bb
h`�mK� _Q#mbi

Pp2`�HH BM/B+2b S`2@+QpB/ bm#@BM/B+2b *QpB/ bm#@BM/B+2b

S`2@+QpB/ *QpB/ 1�`MBM;b "mbBM2bb 1�`MBM;b "mbBM2bb a�72iv
M2ib

*QpB/
�+iBQMb AMp2biK2Mi

URV UkV UjV U9V U8V UeV UdV U3V UNV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXR8d  @yXyNy @yXkkk  yXyyR @yXR99  @yXykk yXyR9 @yXyd9 @yXy93
UyXyd3V UyXydyV UyXyNeV UyXyjkV UyXydRV UyXyjRV UyXye3V UyXyedV UyXyeeV

(yXRed) (RXyyy) (yXRed) (yXNyN) (RXyyy) (yX3jk) (yXNyN)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`2�iK2Mi yXRj9  yXR9y  yXRNR  yXyky yXR9R  yXy93 yXyk9 yXy39 yXyee
UyXyeeV UyXy8NV UyXy3jV UyXykdV UyXyeyV UyXyk8V UyXy8dV UyXy83V UyXy8jV

(yXy3k) (yXj9N) (yXy3k) (yXRyd) (yX9yk) (yXRd9) (yXkyd)

S�M2H *, :J1 pb *QMi`QH

:J1 i`2�iK2Mi yXyRR yXyd8 @yXyyd yXyjR yXy9y yXyjj yXy9d @yXyyj yXyek
UyXyejV UyXyeyV UyXyeeV UyXykNV UyXy8dV UyXyk3V UyXyeRV UyXyejV UyXyeyV

(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXyy yXdy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H @yXRy @yXRy @yXky yXdy @yXRy yXey yXyy @yXRy @yXRy
L BM *QMi`QH j9e 88k jkj jjj 8jN 88k 89e 88R 8e9
L BM h`�/BiBQM�H 9yd eey j3y jNk e9k e8N e8y e8d eed
L BM :J1 dy9 RR9d ee8 edN RRR8 RR98 RRj9 RR9k RR8N

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM /QrMbi`2�K
2+QMQKB+ Qmi+QK2bX S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; +QKT�`2/ iQ i?2 +QMi`QHX S�M2H " b?Qrb i?2 2z2+i Q7 i?2 :J1 i`�BMBM;
+QKT�`2/ iQ i?2 i`�/BiBQM�HX S�M2H * b?Qrb i?2 2z2+i Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ i?2 +QMi`QHX h?2 Qp2`�HH BM/B+2b �`2 +QMbi`m+i2/ 7`QK
i?2 �;;`2;�iBQM Q7 i?2 bm#@BM/B+2b HBbi2/ BM *QHmKMb UjV iQ UNVX h?2 Qmi+QK2 p�`B�#H2 BM *QHmKMb UjV �M/ U8V Bb i?2 BMp2`b2@?vT2`#QHB+ bBM2
Q7 2�`MBM;b UBM+QK2 �M/ b�H2bVX AM *QHmKMb U9V �M/ UeV- i?2 Qmi+QK2 Bb �M BM/B+�iQ` 7Q` ?�pBM; �M QT2`�iBM; #mbBM2bbX h?2 BM/2t Q7 b�72iv
M2ib BM+Hm/2b #Qi? �+im�H U2X;X- b�pBM;bV �M/ T2`+2Bp2/ b�72iv M2ib /m`BM; i?2 *QpB/ T�M/2KB+X h?2 BM/2t Q7 *QpB/ �+iBQMb �p2`�;2b /Bz2`2Mi
K2�bm`2b i?�i `2bTQM/2Mib K�v ?�p2 i�F2M BM `2bTQMb2 iQ i?2 T�M/2KB+X h?2 BMp2biK2Mi BM/2t Bb i?2 bi�M/�`/Bx2/ b?�`2 Q7 /Bz2`2Mi +�i2;Q`v
BMp2biK2Mib i?�i � T2`bQM K�/2X 6m`i?2` /2i�BHb QM i?2 Qmi+QK2b �`2 `2TQ`i2/ BM �TT2M/Bt "XjX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM
bi`�i� �M/ bm`p2v r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX
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_272`2M+2b
�//Bb- .X _X UkykyVX J2Mi�H iBK2 i`�p2H\ � M2m`Q+Q;MBiBp2 KQ/2H Q7 2p2Mi bBKmH�iBQMX _2pB2r Q7

S?BHQbQT?v �M/ Sbv+?QHQ;v RRUkV- kjjĜk8NX

�//Bb- .X _X- �X hX qQM;- �M/ .X GX a+?�+i2` UkyydVX _2K2K#2`BM; i?2 T�bi �M/ BK�;BMBM;
i?2 7mim`2, *QKKQM �M/ /BbiBM+i M2m`�H bm#bi`�i2b /m`BM; 2p2Mi +QMbi`m+iBQM �M/ 2H�#Q`�iBQMX
L2m`QTbv+?QHQ;B� 98UdV- RjejĜRjddX

�//Bb- .X _X- �X hX qQM;- �M/ .X GX a+?�+i2` Ukyy3VX �;2@`2H�i2/ +?�M;2b BM i?2 2TBbQ/B+ bBKmH�iBQM
Q7 7mim`2 2p2MibX Sbv+?QHQ;B+�H b+B2M+2 RNURV- jjĜ9RX

�H�M- aX �M/ aX 1`i�+ UkyR3VX 6Qbi2`BM; S�iB2M+2 BM i?2 *H�bb`QQK, _2bmHib 7`QK _�M/QKBx2/
1/m+�iBQM�H AMi2`p2MiBQMX CQm`M�H Q7 SQHBiB+�H 1+QMQKv RkeU8V- R3e8 Ĝ RNRRX

�K2`B+�M Sbv+?B�i`B+ �bbQ+B�iBQM- .X- �X SX �bbQ+B�iBQM- 2i �HX UkyRjVX .B�;MQbiB+ �M/ bi�iBbiB+�H
K�Mm�H Q7 K2Mi�H /BbQ`/2`b, .aJ@8- oQHmK2 8X �K2`B+�M Tbv+?B�i`B+ �bbQ+B�iBQM q�b?BM;iQM-
.*X

"2+F2`- :X aX �M/ *X "X JmHHB;�M URNNdVX h?2 1M/Q;2MQmb .2i2`KBM�iBQM Q7 hBK2 S`272`2M+2 X
h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b RRkUjV- dkNĜd83X

"2HHQMB- �X- oX *?2`MQx?mFQp- �M/ *X >�Mb2M UkyR9VX >B;?@/BK2MbBQM�H K2i?Q/b �M/ BM72`2M+2 QM
bi`m+im`�H �M/ i`2�iK2Mi 2z2+ibX CQm`M�H Q7 1+QMQKB+ S2`bT2+iBp2b k3UkV- kNĜ8yX

"2`Mb- :X aX- .X G�B#bQM- �M/ :X GQ2r2Mbi2BM UkyydVX AMi2`i2KTQ`�H +?QB+2ĜiQr�`/ �M BMi2;`�iBp2
7`�K2rQ`FX h`2M/b BM +Q;MBiBp2 b+B2M+2b RRURRV- 93kĜ933X

"2`Mib2M- .X �M/ .X *X _m#BM UkyykVX 1KQiBQM�HHv +?�`;2/ �miQ#BQ;`�T?B+�H K2KQ`B2b �+`Qbb
i?2 HB72 bT�M, h?2 `2+�HH Q7 ?�TTv- b�/- i`�mK�iB+ �M/ BMpQHmMi�`v K2KQ`B2bX Sbv+?QHQ;v �M/
�;BM; RdU9V- ejeX

"2iib- �X- GX 6`vbx2`- PX ai2`+F- �M/ LX PK�i� UkyRNVX _27m;22 1+QMQKB2b BM �//Bb �#�#� Ĝ
hQr�`/b ambi�BM�#H2 PTTQ`imMBiB2b 7Q` l`#�M *QKKmMBiB2bX _27m;22 aim/B2b *2Mi`2 _2TQ`i-
Pt7Q`/ .2T�`iK2Mi Q7 AMi2`M�iBQM�H .2p2HQTK2Mi- Pt7Q`/- lEX

"2iib- �X- LX PK�i�- CX aBm- �M/ PX ai2`+F UkykjVX _27m;22 KQ#BHBiB2b BM 1�bi �7`B+�, mM/2`bi�M/BM;
b2+QM/�`v KQp2K2MibX CQm`M�H Q7 1i?MB+ �M/ JB;`�iBQM aim/B2b 9NURRV- ke93Ĝked8X

"BbbQM- CX AX �M/ JX PHz UkykRVX S`2p2MiBQM �M/ i`2�iK2Mi Q7 Sha., i?2 +m``2Mi 2pB/2M+2 #�b2X

"Q`/�HQ- SX- :X "m``Q- EX *QzK�M- LX :2MM�BQHB- �M/ �X a?H2B72` Ukyk9VX AK�;BMBM; i?2 7mim`2,
K2KQ`v- bBKmH�iBQM- �M/ #2HB27bX _2pB2r Q7 1+QMQKB+ aim/B2b- `/�2ydyX

"Q`/�HQ- SX- EX *QzK�M- LX :2MM�BQHB- �M/ �X a?H2B72` UkyReVX ai2`2QivT2b X h?2 Zm�`i2`Hv CQm`M�H
Q7 1+QMQKB+b RjRU9V- Rd8jĜRdN9X

"Q`/�HQ- SX- CX CX *QMHQM- LX :2MM�BQHB- aX uX ErQM- �M/ �X a?H2B72` UkykjVX J2KQ`v �M/ T`Q#�#BHBivX
h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b Rj3URV- ke8ĜjRRX

"Q`/�HQ- SX- LX :2MM�BQHB- �M/ �X a?H2B72` UkykyVX J2KQ`v- �ii2MiBQM- �M/ *?QB+2X Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b Rj8UjV- RjNNĜR99kX
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"ƺ?K@"�r2`F- 1X pX UR33NVX h?2 TQbBiBp2 i?2Q`v Q7 +�TBi�HX GQM/QM �M/ L2r uQ`F- J�+KBHH�M �M/
+QX

"`2KM2`- CX .X UkyyeVX h`�mK�iB+ bi`2bb, 2z2+ib QM i?2 #`�BMX .B�HQ;m2b BM +HBMB+�H
M2m`Qb+B2M+2 3U9V- 998Ĝ9eRX

"`2rBM- *X _X URNN3VX AMi`mbBp2 �miQ#BQ;`�T?B+�H K2KQ`B2b BM /2T`2bbBQM �M/ TQbi@i`�mK�iB+ bi`2bb
/BbQ`/2`X �TTHB2/ *Q;MBiBp2 Sbv+?QHQ;v, h?2 P{+B�H CQm`M�H Q7 i?2 aQ+B2iv 7Q` �TTHB2/ _2b2�`+?
BM J2KQ`v �M/ *Q;MBiBQM RkU9V- j8NĜjdyX

"`2rBM- *X _X UkyR9VX 1TBbQ/B+ K2KQ`v- T2`+2Tim�H K2KQ`v- �M/ i?2B` BMi2`�+iBQM, 7QmM/�iBQMb 7Q`
� i?2Q`v Q7 TQbii`�mK�iB+ bi`2bb /BbQ`/2`X Sbv+?QHQ;B+�H #mHH2iBM R9yURV- eNX

"`2rBM- *X _X �M/ 1X �X >QHK2b UkyyjVX Sbv+?QHQ;B+�H i?2Q`B2b Q7 TQbii`�mK�iB+ bi`2bb /BbQ`/2`X
*HBMB+�H Tbv+?QHQ;v `2pB2r kjUjV- jjNĜjdeX

"m+FH2v- hX *X- 1X "X "H�M+?�`/- �M/ qX L2BHH UkyyyVX AM7Q`K�iBQM T`Q+2bbBM; �M/ Tib/, � `2pB2r
Q7 i?2 2KTB`B+�H HBi2`�im`2X *HBMB+�H Sbv+?QHQ;v _2pB2r kyU3V- Ry9RĜRye8X

"mHH2v- �X �M/ .X GX a+?�+i2` UkykjVX 1TBbQ/B+ 7mim`2 i?BMFBM;- K2KQ`v- �M/ /2+BbBQM@K�FBM;X
J2KQ`v BM a+B2M+2 7Q` aQ+B2iv, h?2`2 Bb LQi?BM; �b S`�+iB+�H �b � :QQ/ h?2Q`v- RkjX

*�HH2M- JX- JX Ab�[x�/2?- CX .X GQM;- �M/ *X aT`2M;2` UkyR9VX oBQH2M+2 �M/ _BbF S`272`2M+2,
1tT2`BK2Mi�H 1pB/2M+2 7`QK �7;?�MBbi�MX �K2`B+�M 1+QMQKB+ _2pB2r Ry9URV- RkjĜ93X

*�Mi`BH- >X URNe8VX h?2 T�ii2`M Q7 ?mK�M +QM+2`MbX L2r "`mMbrB+F- LC, _mi;2`b lMBp2`bBiv S`2bbX

*�`B�- �X aX- :X :Q`/QM- JX E�bv- aX ZmBMM- aX PX a?�KB- �M/ �X h2vi2H#QvK Ukyk9VX �M �/�TiBp2
i�`;2i2/ }2H/ 2tT2`BK2Mi, CQ# b2�`+? �bbBbi�M+2 7Q` `27m;22b BM CQ`/�MX CQm`M�H Q7 i?2 1m`QT2�M
1+QMQKB+ �bbQ+B�iBQM kkUkV- d3RĜ3jeX

*�``�Mx�- 1X �M/ .X J+E2MxB2 Ukyk9VX CQ# i`�BMBM; �M/ DQ# b2�`+? �bbBbi�M+2 TQHB+B2b BM /2p2HQTBM;
+QmMi`B2bX CQm`M�H Q7 1+QMQKB+ S2`bT2+iBp2b j3URV- kkRĜk99X

*2Mi2` 7Q` am#bi�M+2 �#mb2 h`2�iK2Mi- hX UkyR9VX h`�mK�@BM7Q`K2/ +�`2 BM #2?�pBQ`�H ?2�Hi?
b2`pB+2bX

*2Mi`�H ai�iBbiB+b �;2M+v Q7 1i?BQTB� UkykyVX 1i?BQTB� aQ+BQ2+QMQKB+ am`p2v U1aaV f GBpBM;
ai�M/�`/b J2�bm`2K2Mi aim/v UGaJaV kyR3@kyRN am`p2v _2TQ`iX h2+?MB+�H `2TQ`i- *2Mi`�H
ai�iBbiB+b �;2M+v Q7 1i?BQTB� �M/ qQ`H/ "�MF- �//Bb �#�#�X

*2MxQM- CX UkykjVX *`2/Bi J�`F2i 1tT2`B2M+2b �M/ J�+`Q2+QMQKB+ 1tT2+i�iBQMb, 1pB/2M+2 �M/
h?2Q`vX

*?2M- :X- aX JX :mHHv- �M/ .X 1/2M UkyyRVX o�HB/�iBQM Q7 � M2r ;2M2`�H b2H7@2{+�+v b+�H2X
P`;�MBx�iBQM�H `2b2�`+? K2i?Q/b 9URV- ekĜ3jX

*?mM- JX JX- CX .X :QHQK#- �M/ LX "X hm`F@"`QrM2 UkyRRVX � i�tQMQKv Q7 2ti2`M�H �M/ BMi2`M�H
�ii2MiBQMX �MMm�H `2pB2r Q7 Tbv+?QHQ;v ek- djĜRyRX

*Q?2M- _X hX �M/ JX CX E�?�M� UkykkVX � K2KQ`v@#�b2/ i?2Q`v Q7 2KQiBQM�H /BbQ`/2`bX
Sbv+?QHQ;B+�H `2pB2r RkNU9V- d9kX
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*`2�K2`- JX- _X "2HH- �M/ aX 6�BHH� UkyyjVX Sbv+?QK2i`B+ T`QT2`iB2b Q7 i?2 AKT�+i Q7 1p2Mi a+�H2ě
_2pBb2/X "2?�pBQm` _2b2�`+? �M/ h?2`�Tv 9RURkV- R93N Ĝ R9NeX

*`QrM2- .X SX �M/ .X J�`HQr2 URNeyVX � M2r b+�H2 Q7 bQ+B�H /2bB`�#BHBiv BM/2T2M/2Mi Q7
Tbv+?QT�i?QHQ;vX CQm`M�H Q7 *QMbmHiBM; Sbv+?QHQ;v k9U9V- j9NĜj89X

.?�`- .X- hX C�BM- �M/ aX C�v�+?�M/`�M UkykkVX _2b?�TBM; �/QH2b+2MibǶ :2M/2` �iiBim/2b, 1pB/2M+2
7`QK � a+?QQH@"�b2/ 1tT2`BK2Mi BM AM/B�X �K2`B+�M 1+QMQKB+ _2pB2r RRkUjV- 3NNĜNkdX

.Qm;H�b "`2KM2`- CX- SX _�M/�HH- hX JX a+Qii- aX *�T2HHB- _X .2H�M2v- :X J+*�`i?v- �M/ .X aX
*?�`M2v URNN8VX .2}+Bib BM b?Q`i@i2`K K2KQ`v BM �/mHi bm`pBpQ`b Q7 +?BH/?QQ/ �#mb2X Sbv+?B�i`v
_2b2�`+? 8NURV- NdĜRydX

1?H2`b- �X- �X >�+FK�MM- �M/ hX JB+?�2H Ukyy9VX AMi`mbBp2 `2@2tT2`B2M+BM; BM TQbi@i`�mK�iB+ bi`2bb
/BbQ`/2`, S?2MQK2MQHQ;v- i?2Q`v- �M/ i?2`�TvX J2KQ`v RkU9V- 9yjĜ9R8X

6BM2- �X- "X o�M _QQBD- uX 62H/K�M- aX a?�HpB- 1X a+?2T2`- JX G2B#- �M/ 1X *�mzK�M UkyReVX _mH2
Q`B2Mi�iBQM �M/ #2?�pBQ`, .2p2HQTK2Mi �M/ p�HB/�iBQM Q7 � b+�H2 K2�bm`BM; BM/BpB/m�H �++2Ti�M+2
Q7 `mH2 pBQH�iBQMX Sbv+?QHQ;v- Sm#HB+ SQHB+v- �M/ G�r kkUjV- jR9X

:�#�Bt- sX �M/ .X G�B#bQM UkyRdVX JvQTB� �M/ .Bb+QmMiBM;X h2+?MB+�H `2TQ`i- L�iBQM�H "m`2�m Q7
1+QMQKB+ _2b2�`+?- *�K#`B/;2- J�X

:2MM�BQHB- LX �M/ �X a?H2B72` UkyRyVX q?�i *QK2b iQ JBM/X Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b Rk8U9V-
RjNNĜR9jjX

:B`K�- 1X- �X �K2i�D- JX �H2K�v2?m- "X JBHFB�b- JX u�`2/- aX JBb`�- �X ai2p2MbQM- EX *X EQ2M2M-
"X :2H�v2- �M/ aX h272``� UkykkVX J2�bm`BM; i`�mK�iB+ 2tT2`B2M+2b BM � b�KTH2 Q7 1i?BQTB�M
�/mHib, Sbv+?QK2i`B+ T`QT2`iB2b Q7 i?2 HB72 2p2Mib +?2+FHBbi@8X 1m`QT2�M CQm`M�H Q7 h`�mK� �
.BbbQ+B�iBQM eU9V- RyykN3X

:Q2MDB�M- �X EX- GX JQHBM�- �X JX ai2BM#2`;- GX �X 6�B`#�MFb- JX GX �Hp�`2x- >X �X :Q2MDB�M- �M/
_X aX SvMQQb UkyyRVX SQbii`�mK�iB+ bi`2bb �M/ /2T`2bbBp2 `2�+iBQMb �KQM; LB+�`�;m�M �/QH2b+2Mib
�7i2` >m``B+�M2 JBi+?X �K2`B+�M DQm`M�H Q7 Tbv+?B�i`v R83U8V- d33ĜdN9X

:`B{i?- CX qX- CX �X amKM2`- 1X .2#22`- 6X _�2b- .X >2`K�Mb- aX JBM2F�- _X 1X wBM#�`;- �M/ JX :X
*`�bF2 UkyyNVX �M Bi2K `2bTQMb2 i?2Q`vf+QM}`K�iQ`v 7�+iQ` �M�HvbBb Q7 i?2 �miQ#BQ;`�T?B+�H
J2KQ`v h2biX J2KQ`v RdUeV- eyNĜekjX

>�+FK�MM- �X- CX "2MM2ii@G2pv- �M/ 1X �X >QHK2b UkyRRVX Pt7Q`/ ;mB/2 iQ BK�;2`v BM +Q;MBiBp2
i?2`�TvX PlS Pt7Q`/X

>�bb�#Bb- .X- .X EmK�`�M- �M/ 1X �X J�;mB`2 UkyydVX lbBM; BK�;BM�iBQM iQ mM/2`bi�M/ i?2 M2m`�H
#�bBb Q7 2TBbQ/B+ K2KQ`vX CQm`M�H Q7 M2m`Qb+B2M+2 kdU8kV- R9je8ĜR9jd9X

>�bb�#Bb- .X- .X EmK�`�M- aX .X o�MM- �M/ 1X �X J�;mB`2 UkyydVX S�iB2Mib rBi? ?BTTQ+�KT�H
�KM2bB� +�MMQi BK�;BM2 M2r 2tT2`B2M+2bX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b Ry9U8V-
RdkeĜRdjRX

>QHK2b- 1X �M/ �X J�i?2rb UkyRyVX J2Mi�H BK�;2`v BM 2KQiBQM �M/ 2KQiBQM�H /BbQ`/2`bX *HBMB+�H
Tbv+?QHQ;v `2pB2r jy- j9NĜekX
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>QHK2b- 1X �X- �X �`Mix- �M/ JX _X aKm+F2` UkyydVX AK�;2`v `2b+`BTiBM; BM +Q;MBiBp2 #2?�pBQm`
i?2`�Tv, AK�;2b- i`2�iK2Mi i2+?MB[m2b �M/ Qmi+QK2bX CQm`M�H Q7 "2?�pBQ` h?2`�Tv �M/
1tT2`BK2Mi�H Sbv+?B�i`v j3U9V- kNdĜjy8X

>QHK2b- 1X �X- aX 1X "H�+Fr2HH- aX "m`M2ii >2v2b- 6X _2MM2`- �M/ 6X _�2b UkyReVX J2Mi�H AK�;2`v BM
.2T`2bbBQM, S?2MQK2MQHQ;v- SQi2MiB�H J2+?�MBbKb- �M/ h`2�iK2Mi AKTHB+�iBQMbX �MMm�H `2pB2r
Q7 +HBMB+�H Tbv+?QHQ;v RkURV- k9NĜk3yX

>QHK2b- 1X �X- �X :?�/2`B- 1X 1`BFbbQM- EX PX G�m`B- PX JX EmF�+F�- JX J�KBb?- 1X GX C�K2b-
�M/ _X JX oBbb2` UkyRdVX ǵA +�MǶi +QM+2Mi`�i2Ƕ, � 72�bB#BHBiv bim/v rBi? vQmM; `27m;22b BM ar2/2M
QM /2p2HQTBM; b+B2M+2@/`Bp2M BMi2`p2MiBQMb 7Q` BMi`mbBp2 K2KQ`B2b `2H�i2/ iQ i`�mK�X "2?�pBQm`�H
�M/ *Q;MBiBp2 Sbv+?Qi?2`�Tv 98UkV- NdĜRyNX

>QHK2b- 1X �X- aX �X >�H2b- EX uQmM;- �M/ JX .B aBKTHB+BQ UkyRNVX AK�;2`v@"�b2/ *Q;MBiBp2
h?2`�Tv 7Q` "BTQH�` .BbQ`/2` �M/ JQQ/ AMbi�#BHBivX L2r uQ`F, h?2 :mBH7Q`/ S`2bbX

>QHK2b- 1X �X- hX CX G�M;- JX GX JQmH/b- �M/ �X JX ai22H2 Ukyy3VX S`QbT2+iBp2 �M/ TQbBiBp2 K2Mi�H
BK�;2`v /2}+Bib BM /vbT?Q`B�X "2?�pBQm` _2b2�`+? �M/ h?2`�Tv 9eU3V- NdeĜN3RX

>QHK2b- 1X �X �M/ �X J�i?2rb Ukyy8VX J2Mi�H BK�;2`v �M/ 2KQiBQM, � bT2+B�H `2H�iBQMb?BT\
1KQiBQM 8U9V- 93NX

>QHK2b- 1X �X- �X J�i?2rb- hX .�H;H2Bb?- �M/ "X J�+FBMiQb? UkyyeVX SQbBiBp2 BMi2`T`2i�iBQM
i`�BMBM;, 1z2+ib Q7 K2Mi�H BK�;2`v p2`bmb p2`#�H i`�BMBM; QM TQbBiBp2 KQQ/X "2?�pBQ`
i?2`�Tv jdUjV- kjdĜk9dX

>QHK2b- 1X �X- �X J�i?2rb- "X J�+FBMiQb?- �M/ hX .�H;H2Bb? Ukyy3VX h?2 +�mb�H 2z2+i Q7 K2Mi�H
BK�;2`v QM 2KQiBQM �bb2bb2/ mbBM; TB+im`2@rQ`/ +m2bX 1KQiBQM 3UjV- jN8X

>QHK2b- 1X �X- _X *X PǶ*QMMQ`- oX >X S2``v- AX h`�+2v- aX q2bb2Hv- GX �`b2M2�mHi- *X "�HH�`/-
>X *?`Bbi2Mb2M- _X *X aBHp2`- AX 1p2`�HH- hX 6Q`/- �X CQ?M- hX E�#B`- EX EBM;- AX J�/�M- aX JB+?B2-
�X EX S`xv#vHbFB- _X a?�7`�M- �X ar22M2v- *X JX qQ`i?K�M- GX u�`/H2v- EX *Qr�M- *X *QT2-
JX >QiQT7- �M/ 1X "mHHKQ`2 UkykyVX JmHiB/Bb+BTHBM�`v `2b2�`+? T`BQ`BiB2b 7Q` i?2 *PoA.@RN
T�M/2KB+, � +�HH 7Q` �+iBQM 7Q` K2Mi�H ?2�Hi? b+B2M+2X h?2 G�M+2i Sbv+?B�i`v d- 89dĜ8eyX

>Qr�`/- JX qX �M/ JX CX E�?�M� UkyykVX � /Bbi`B#mi2/ `2T`2b2Mi�iBQM Q7 i2KTQ`�H +QMi2tiX CQm`M�H
Q7 K�i?2K�iB+�H Tbv+?QHQ;v 9eUjV- keNĜkNNX

A.J* UkyRdVX :_A. kyRd, :HQ#�H _2TQ`i QM AMi2`M�H .BbTH�+2K2MiX h2+?MB+�H `2TQ`i- AMi2`M�H
.BbTH�+2K2Mi JQMBiQ`BM; *2Mi`2 UA.J*V- :2M2p�- arBix2`H�M/X

AMb2H- hX- "X *mi?#2`i- JX :�`p2v- _X >2BMbb2M- .X aX SBM2- EX ZmBMM- *X a�MBbHQr- �M/ SX q�M;
UkyRyVX _2b2�`+? /QK�BM +`Bi2`B� U_.Q*V, iQr�`/ � M2r +H�bbB}+�iBQM 7`�K2rQ`F 7Q` `2b2�`+? QM
K2Mi�H /BbQ`/2`bX

Av�/m`�B- GX- CX >B;?}2H/- JX E�Mbi`mT- �X J�`F?�K- oX _�KBM2MB- "X :mQ- hX C�FB- CX EBM;bH�F2-
:X JX :QQ/rBM- *X amKK2`b- 2i �HX UkykjVX _2/m+BM; BMi`mbBp2 K2KQ`B2b �7i2` i`�mK� pB� �M
BK�;2`v@+QKT2iBM; i�bF BMi2`p2MiBQM BM *PoA.@RN BMi2MbBp2 +�`2 bi�z, � `�M/QKBb2/ +QMi`QHH2/
i`B�HX h`�MbH�iBQM�H Sbv+?B�i`v RjURV- kNyX
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Av�/m`�B- GX- _X JX oBbb2`- �X G�m@w?m- EX SQ`+?2`2i- �X >Q`b+?- 1X �X >QHK2b- �M/ 1X GX C�K2b
UkyRNVX AMi`mbBp2 K2KQ`B2b Q7 i`�mK�, � i�`;2i 7Q` `2b2�`+? #`B/;BM; +Q;MBiBp2 b+B2M+2 �M/ Bib
+HBMB+�H �TTHB+�iBQMX *HBMB+�H Tbv+?QHQ;v `2pB2r eN- edĜ3kX

C2MFBMb- JX- SX G�M;H�Bb- .X .2HBb- �M/ _X *Q?2M URNN3VX G2�`MBM; �M/ K2KQ`v BM `�T2 pB+iBKb
rBi? TQbii`�mK�iB+ bi`2bb /BbQ`/2`X h?2 �K2`B+�M DQm`M�H Q7 Tbv+?B�i`v R88- kd3ĜNX

CQ?M- �X �M/ EX P`FBM UkykRVX *�M aBKTH2 Sbv+?QHQ;B+�H AMi2`p2MiBQMb AM+`2�b2 S`2p2MiBp2 >2�Hi?
AMp2biK2Mi\ CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM- *QM/BiBQM�HHv �++2Ti2/X

E�?�M�- JX CX UkyRkVX 6QmM/�iBQMb Q7 ?mK�M K2KQ`vX PlS la�X

E�?�M�- JX CX UkykyVX *QKTmi�iBQM�H KQ/2Hb Q7 K2KQ`v b2�`+?X �MMm�H _2pB2r Q7 Sbv+?QHQ;v dR-
RydĜRj3X

E2bbH2`- _X *X- aX �;mBH�`@:�tBQH�- CX �HQMbQ- *X "2MD2i- 1X CX "`QK2i- :X *�`/QbQ- GX .2;2M?�`/i-
:X /2 :B`QH�KQ- _X oX .BMQHQp�- 6X 62``v- aX 6HQ`2b+m- PX :m`2D2- CX JX >�`Q- uX >m�M;- 1X :X
E�`�K- LX E�r�F�KB- aX G22- CX@SX G2TBM2- .X G2pBMbQM- 6X L�p�``Q@J�i2m- "X@1X S2MM2HH-
JX SB�xx�- CX SQb�/�@oBHH�- EX JX a+Qii- .X CX ai2BM- JX h2M >�p2- uX hQ``2b- JX *X oB�M�- JX oX
S2imF?Qp�- LX �X a�KTbQM- �X JX w�bH�pbFv- �M/ EX *X EQ2M2M UkyRdVX h`�mK� �M/ Sha. BM i?2
q>P qQ`H/ J2Mi�H >2�Hi? am`p2vbX 1m`QT2�M CQm`M�H Q7 Sbv+?Qi`�mK�iQHQ;v 3UbmT8V- Rj8jj3jX

E2bbH2`- _X *X- :X �M/`2rb- GX CX *QHT2- 1X >B`BTB- .X EX J`Q+x2F- aX@GX LQ`K�M/- 1X 1X q�Hi2`b-
�M/ �X JX w�bH�pbFv UkyykVX a?Q`i b+`22MBM; b+�H2b iQ KQMBiQ` TQTmH�iBQM T`2p�H2M+2b �M/ i`2M/b
BM MQM@bT2+B}+ Tbv+?QHQ;B+�H /Bbi`2bbX Sbv+?QHQ;B+�H K2/B+BM2 jkUeV- N8NĜNdeX

E2bbH2`- _X *X- SX "2`;HmM/- PX .2KH2`- _X CBM- EX _X J2`BF�M;�b- �M/ 1X 1X q�Hi2`b Ukyy8VX GB72iBK2
S`2p�H2M+2 �M/ �;2@Q7@PMb2i .Bbi`B#miBQMb Q7 .aJ@Ao .BbQ`/2`b BM i?2 L�iBQM�H *QKQ`#B/Biv
am`p2v _2THB+�iBQMX �`+?Bp2b Q7 :2M2`�H Sbv+?B�i`v ekUeV- 8NjĜeykX

EH2BK- "X �M/ �X 1?H2`b Ukyy3VX _2/m+2/ �miQ#BQ;`�T?B+�H K2KQ`v bT2+B}+Biv T`2/B+ib /2T`2bbBQM
�M/ TQbii`�mK�iB+ bi`2bb /BbQ`/2` �7i2` `2+2Mi i`�mK�X CQm`M�H Q7 +QMbmHiBM; �M/ +HBMB+�H
Tbv+?QHQ;v deUkV- kjRX

EH2BK- "X- "X :`�?�K- aX 6B?Qbv- _X aiQii- �M/ �X 1?H2`b UkyR9VX _2/m+2/ bT2+B}+Biv BM 2TBbQ/B+
7mim`2 i?BMFBM; BM TQbii`�mK�iB+ bi`2bb /BbQ`/2`X *HBMB+�H Sbv+?QHQ;B+�H a+B2M+2 kUkV- Re8ĜRdjX

EH2BM- aX "X- CX GQ7imb- �M/ CX 6X EB?Hbi`QK UkyykVX J2KQ`v �M/ i2KTQ`�H 2tT2`B2M+2, h?2 2z2+ib
Q7 2TBbQ/B+ K2KQ`v HQbb QM �M �KM2bB+ T�iB2MiǶb �#BHBiv iQ `2K2K#2` i?2 T�bi �M/ BK�;BM2 i?2
7mim`2X aQ+B�H *Q;MBiBQM kyU8V- j8jĜjdNX

EHBM;- CX _X- CX "X GB2#K�M- �M/ GX 6X E�ix UkyydVX 1tT2`BK2Mi�H �M�HvbBb Q7 L2B;?#Q`?QQ/ 1z2+ibX
1+QMQK2i`B+� d8URV- 3jĜRRNX

EQ2M2M- EX *X- �X _�i�M�i?�`�i?Q`M- GX L;- EX �X J+G�m;?HBM- 1X CX "`QK2i- .X CX ai2BM- 1X :X
E�`�K- �X J2`QM _mb+BQ- *X "2MD2i- EX a+Qii- �M/ 2i �HX UkyRdVX SQbii`�mK�iB+ bi`2bb /BbQ`/2`
BM i?2 qQ`H/ J2Mi�H >2�Hi? am`p2vbX Sbv+?QHQ;B+�H J2/B+BM2 9dURjV- kkeyĜkkd9X

J�+G2Q/- �X EX- :X aX _Qb2- �M/ CX JX :X qBHHB�Kb URNNjVX *QKTQM2Mib Q7 ?QT2H2bbM2bb �#Qmi i?2
7mim`2 BM T�`�bmB+B/2X *Q;MBiBp2 h?2`�Tv �M/ _2b2�`+? RdU8V- 99RĜ988X
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J�HK2M/B2`- lX �M/ CX �X q�+?i2` UkykRVX J2KQ`v Q7 S�bi 1tT2`B2M+2b �M/ 1+QMQKB+ .2+BbBQMbX
AM JX CX E�?�M� �M/ �X .X q�;M2` U1/bXV- h?2 Pt7Q`/ >�M/#QQF Q7 >mK�M J2KQ`v- oQHmK2 kX
Pt7Q`/ lMBp2`bBiv S`2bbX

J�i?2rb- �X- oX _B/;2r�v- �M/ 1X �X >QHK2b UkyRjVX 622Hb HBF2 i?2 `2�H i?BM;, AK�;2`v Bb #Qi?
KQ`2 `2�HBbiB+ �M/ 2KQiBQM�H i?�M p2`#�H i?Qm;?iX *Q;MBiBQM �M/ 1KQiBQM kdUkV- kRdĜkkNX SJA.,
kkd3ykkyX

J+E2MxB2- .X UkyRdVX >Qr 1z2+iBp2 �`2 �+iBp2 G�#Q` J�`F2i SQHB+B2b BM .2p2HQTBM; *QmMi`B2b\ �
*`BiB+�H _2pB2r Q7 _2+2Mi 1pB/2M+2X h?2 qQ`H/ "�MF _2b2�`+? P#b2`p2` jkUkV- RkdĜR89X

J+E2MxB2- .X UkykRVX aK�HH #mbBM2bb i`�BMBM; iQ BKT`Qp2 K�M�;2K2Mi T`�+iB+2b BM /2p2HQTBM;
+QmMi`B2b, `2@�bb2bbBM; i?2 2pB/2M+2 7Q` ǵi`�BMBM; /Q2bMǶi rQ`FǶX Pt7Q`/ _2pB2r Q7 1+QMQKB+
SQHB+v jd- kdeĜjyRX

J+E2MxB2- .X �M/ *X qQQ/`mz UkyR9VX q?�i �`2 r2 H2�`MBM; 7`QK #mbBM2bb i`�BMBM; �M/
2Mi`2T`2M2m`b?BT 2p�Hm�iBQMb �`QmM/ i?2 /2p2HQTBM; rQ`H/\ h?2 qQ`H/ "�MF _2b2�`+?
P#b2`p2` kNURV- 93Ĝ3kX

J+E2MxB2- .X- *X qQQ/`mz- EX "DQ`p�iM- JX "`m?M- CX *�B- CX :QMx�H2x@l`B#2- aX ZmBMM- hX aQMQ#2-
�M/ JX o�H/BpB� UkykjVX h`�BMBM; 1Mi`2T`2M2m`bX oQt.2pGBi RX

J+L�HHv- _X CX- LX "X G�bFQ- JX GX J�+FHBM- �M/ _X EX SBiK�M URNN8VX �miQ#BQ;`�T?B+�H
K2KQ`v /Bbim`#�M+2 BM +QK#�i@`2H�i2/ TQbii`�mK�iB+ bi`2bb /BbQ`/2`X "2?�pBQm` `2b2�`+? �M/
i?2`�Tv jjUeV- eRNĜejyX

JQ?2`- .X- aX >QT2r2HH- EX 6X a+?mHx- oX JQMiQ`B- SX *X :Ǡixb+?2- SX CX .2p2`2�mt- .X 1H#Qm`M2-
JX 1;;2`- �M/ .X :X �HiK�M UkyRyVX *PLaP_h kyRy 1tTH�M�iBQM �M/ 1H�#Q`�iBQM, mT/�i2/
;mB/2HBM2b 7Q` `2TQ`iBM; T�`�HH2H ;`QmT `�M/QKBb2/ i`B�HbX "JC j9yX

JQQ`2- aX �X �M/ GX �X wQ2HHM2` UkyydVX Pp2`;2M2`�H �miQ#BQ;`�T?B+�H K2KQ`v �M/ i`�mK�iB+
2p2Mib, �M 2p�Hm�iBp2 `2pB2rX Sbv+?QHQ;B+�H #mHH2iBM RjjUjV- 9RNX

JQv�- �X UkyR3VX oBQH2M+2- Tbv+?QHQ;B+�H i`�mK�- �M/ `BbF �iiBim/2b, 1pB/2M+2 7`QK pB+iBKb Q7
pBQH2M+2 BM *QHQK#B�X CQm`M�H Q7 .2p2HQTK2Mi 1+QMQKB+b RjR- R8ĜkdX

JmHH�BM�i?�M- aX UkyykVX � J2KQ`v@"�b2/ JQ/2H Q7 "QmM/2/ _�iBQM�HBiv X h?2 Zm�`i2`Hv CQm`M�H
Q7 1+QMQKB+b RRdUjV- dj8Ĝdd9X

L2HBb- aX- 1X �X >QHK2b- CX qX :`B{i?- �M/ 6X _�2b UkyRNVX J2Mi�H BK�;2`v /m`BM; /�BHv
HB72, Sbv+?QK2i`B+ 2p�Hm�iBQM Q7 i?2 aTQMi�M2Qmb lb2 Q7 AK�;2`v a+�H2 UalAaVX Sbv+?QHQ;B+�
"2H;B+� 89URV- RNX

P1*. UkyR3VX aJ1b BM Sm#HB+ S`Q+m`2K2Mi , S`�+iB+2b �M/ ai`�i2;B2b 7Q` a?�`2/ "2M2}ibX ú/BiBQMb
P*.1- S�`BbX

P`;�MBb�iBQM 7Q` 1+QMQKB+ *QQT2`�iBQM �M/ .2p2HQTK2Mi UkykyVX :2M/2`- AMbiBimiBQMb �M/
.2p2HQTK2Mi U1/BiBQM kyRNV .�i�#�b2X

S2�`bQM- CX- hX L�b2H�`Bb- 1X �X >QHK2b- �M/ aX JX EQbbHvM UkyR8VX J2Mi�H BK�;2`v, 7mM+iBQM�H
K2+?�MBbKb �M/ +HBMB+�H �TTHB+�iBQMbX h`2M/b BM +Q;MBiBp2 b+B2M+2b RNURyV- 8NyĜeykX
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SQxm2HQ- CX _X- _X "`�/2M#`BMF- JX 6X aiB2`M�- �M/ PX ai2`+F UkykjVX .2T`2bbBQM- pBQH2M+2
�M/ bQ+BQ2+QMQKB+ Qmi+QK2b �KQM; `27m;22b BM 1�bi �7`B+�, 2pB/2M+2 7`QK � KmHiB+QmMi`v
`2T`2b2Mi�iBp2 bm`p2vX "JC J2Mi >2�Hi? keURVX

_9o UkykjVX _9o JQp2K2Mib _2TQ`i, 6Qm`i? Zm�`i2` kykkX h2+?MB+�H `2TQ`i- AMi2`�;2M+v
*QQ`/BM�iBQM SH�i7Q`K 7Q` _27m;22b �M/ JB;`�Mib U_9oVX

_�?K�M- LX �M/ �X .X "`QrM UkykRVX J2Mi�H iBK2 i`�p2H BM TQbi@i`�mK�iB+ bi`2bb /BbQ`/2`, +m``2Mi
;�Tb �M/ 7mim`2 /B`2+iBQMbX 6`QMiB2`b BM Sbv+?QHQ;v Rk- ek9dydX

_�KBM2MB- oX- SX JBHH`Qi?- GX Av�/m`�B- hX C�FB- CX EBM;bH�F2- CX >B;?}2H/- *X amKK2`b-
JX "X "QMb�HH- �M/ 1X �X >QHK2b UkykjVX h`2�iBM; BMi`mbBp2 K2KQ`B2b �7i2` i`�mK� BM
?2�Hi?+�`2 rQ`F2`b, � "�v2bB�M �/�TiBp2 `�M/QKBb2/ i`B�H /2p2HQTBM; �M BK�;2`v@+QKT2iBM; i�bF
BMi2`p2MiBQMX JQH2+mH�` Sbv+?B�i`v k3UdV- kN38ĜkNN9X

_2Bb#2`;- .X- .X S2�`bQM- �M/ aX EQbbHvM UkyyjVX AMimBiBQMb �M/ BMi`QbT2+iBQMb �#Qmi BK�;2`v,
h?2 `QH2 Q7 BK�;2`v 2tT2`B2M+2 BM b?�TBM; �M BMp2biB;�iQ`Ƕb i?2Q`2iB+�H pB2rbX �TTHB2/ *Q;MBiBp2
Sbv+?QHQ;v Rd- R9d Ĝ ReyX

_2MM2`- 6X- CX GX CB- �X SB+i2i- 1X �X >QHK2b- �M/ aX 1X "H�+Fr2HH UkyRdVX 1z2+ib Q7 2M;�;BM; BM
`2T2�i2/ K2Mi�H BK�;2`v Q7 7mim`2 TQbBiBp2 2p2Mib QM #2?�pBQm`�H �+iBp�iBQM BM BM/BpB/m�Hb rBi?
K�DQ` /2T`2bbBp2 /BbQ`/2`X *Q;MBiBp2 h?2`�Tv �M/ _2b2�`+? 9R- jeNĜj3yX

_2MM2`- 6X- 6X Jm`T?v- CX CB- hX J�MHv- �M/ 1X >QHK2b UkyRNVX J2Mi�H BK�;2`v �b � ǳKQiBp�iBQM�H
�KTHB}2`Ǵ iQ T`QKQi2 �+iBpBiB2bX "2?�pBQm` _2b2�`+? �M/ h?2`�Tv RR9X

_B/H2v- JX- :X _�Q- 6X a+?BH#�+?- �M/ oX S�i2H UkykyVX SQp2`iv- /2T`2bbBQM- �M/ �MtB2iv, *�mb�H
2pB/2M+2 �M/ K2+?�MBbKbX a+B2M+2 jdyUe8kkV- 2��vykR9X

_ƺb+?- aX �X- .X 6X ai`�K�++B�- �M/ _X :X "2MQBi UkykkVX S`QKQiBM; 7�`bB;?i2/ /2+BbBQMb pB� 2TBbQ/B+
7mim`2 i?BMFBM;, � K2i�@�M�HvbBbX CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v, :2M2`�H R8RUdV- ReyeX

_m#BM- .X *X- .X "2`Mib2M- �M/ JX EX "Q?MB Ukyy3VX � K2KQ`v@#�b2/ KQ/2H Q7 TQbii`�mK�iB+
bi`2bb /BbQ`/2`, 2p�Hm�iBM; #�bB+ �bbmKTiBQMb mM/2`HvBM; i?2 Sha. /B�;MQbBbX Sbv+?QHQ;B+�H
`2pB2r RR8U9V- N38X

a+?�+i2`- .X GX- .X _X �//Bb- �M/ _X GX "m+FM2` UkyydVX _2K2K#2`BM; i?2 T�bi iQ BK�;BM2 i?2
7mim`2, i?2 T`QbT2+iBp2 #`�BMX L�im`2 `2pB2rb M2m`Qb+B2M+2 3UNV- e8dĜeeRX

a+?�+i2`- .X GX- .X _X �//Bb- �M/ EX EX axTmM�` UkyRdVX 1b+�TBM; i?2 T�bi, *QMi`B#miBQMb Q7
i?2 ?BTTQ+�KTmb iQ 7mim`2 i?BMFBM; �M/ BK�;BM�iBQMX h?2 ?BTTQ+�KTmb 7`QK +2HHb iQ bvbi2Kb,
ai`m+im`2- +QMM2+iBpBiv- �M/ 7mM+iBQM�H +QMi`B#miBQMb iQ K2KQ`v �M/ ~2tB#H2 +Q;MBiBQM- 9jNĜ9e8X

a+?2BM- CX- *X >QmH2- �X l`;�Mmb- JX *HQmiB2`- PX S�ii2`bQM@GQK#�- uX q�M;- aX EBM;- qX G2pBMbQM-
�X :mû`BM- SX G272#p`2- �M/ GX GX .�pBb UkykRVX S`2p�H2M+2 Q7 TQbi@i`�mK�iB+ bi`2bb /BbQ`/2` BM
i?2 lMBi2/ ai�i2b, � bvbi2K�iB+ HBi2`�im`2 `2pB2rX *m``2Mi J2/B+�H _2b2�`+? �M/ PTBMBQM jdURkV-
kR8RĜkReRX

a+Qii- CX *X- :X 1X J�ii- EX JX q`Q+FH�;2- *X *`MB+?- CX CQ`/�M- aX JX aQmi?rB+F- CX >X E`vbi�H-
�M/ "X *X a+?r2BMb#m`; UkyR8VX � [m�MiBi�iBp2 K2i�@�M�HvbBb Q7 M2m`Q+Q;MBiBp2 7mM+iBQMBM; BM
TQbii`�mK�iB+ bi`2bb /BbQ`/2`X Sbv+?QHQ;B+�H #mHH2iBM R9RURV- Ry8X

8N



aBM+H�B`- oX :X �M/ EX �X q�HHbiQM Ukyy9VX h?2 /2p2HQTK2Mi �M/ Tbv+?QK2i`B+ 2p�Hm�iBQM Q7 i?2
"`B27 _2bBHB2Mi *QTBM; a+�H2X �bb2bbK2Mi RRURV- N9ĜRyRX

aKBi?- "X qX- CX .�H2M- EX qB;;BMb- 1X hQQH2v- SX *?`BbiQT?2`- �M/ CX "2`M�`/ Ukyy3VX h?2
#`B27 `2bBHB2M+2 b+�H2, �bb2bbBM; i?2 �#BHBiv iQ #QmM+2 #�+FX AMi2`M�iBQM�H DQm`M�H Q7 #2?�pBQ`�H
K2/B+BM2 R8- RN9ĜkyyX

aiƺ#2`- CX UkyyyVX S`QbT2+iBp2 +Q;MBiBQMb BM �MtB2iv �M/ /2T`2bbBQM, _2THB+�iBQM �M/ K2i?Q/QHQ;B+�H
2ti2MbBQMX *Q;MBiBQM � 1KQiBQM R9U8V- dk8ĜdkNX

am//2M/Q`7- hX �M/ CX _2/b?�r UkyRjVX h?2 /2p2HQTK2Mi Q7 K2Mi�H b+2M�`BQ #mBH/BM; �M/ 2TBbQ/B+
7Q`2bB;?iX �MM�Hb Q7 i?2 L2r uQ`F �+�/2Kv Q7 a+B2M+2b RkNeURV- Rj8ĜR8jX

h�HKB- .X- GX CX GQ?M�b- �M/ LX .X .�r UkyRNVX � `2i`B2p2/ +QMi2ti KQ/2H Q7 i?2 2KQiBQM�H
KQ/mH�iBQM Q7 K2KQ`vX Sbv+?QHQ;B+�H `2pB2r RkeU9V- 988X

h�m#BMbFv- .X- GX "mi2`�- JX a�++�`QH�- �M/ *X GB�M Ukyk9VX "2HB27b �#Qmi i?2 1+QMQKv
�`2 1t+2bbBp2Hv a2MbBiBp2 iQ >Qmb2?QH/@G2p2H a?Q+Fb, 1pB/2M+2 7`QK GBMF2/ am`p2v �M/
�/KBMBbi`�iBp2 .�i�X h2+?MB+�H `2TQ`i- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

h?�F`�H- SX SX- EX SX J�/Q`2- .X _X �//Bb- �M/ .X GX a+?�+i2` UkykyVX _2BMbi�i2K2Mi Q7 2p2Mi
/2i�BHb /m`BM; 2TBbQ/B+ bBKmH�iBQM BM i?2 ?BTTQ+�KTmbX *2`2#`�H *Q`i2t jyU9V- kjkRĜkjjdX

hmHpBM;- 1X UkyykVX 1TBbQ/B+ K2KQ`v, 6`QK KBM/ iQ #`�BMX �MMm�H `2pB2r Q7 Tbv+?QHQ;v 8jURV-
RĜk8X

lL>*_ UkykRVX 1i?BQTB� *QmMi`v _27m;22 _2bTQMb2 SH�MX *QmMi`v _27m;22 _2bTQMb2 SH�M kyky
iQ kykR- lMBi2/ L�iBQMb >B;? *QKKBbbBQM2` 7Q` _27m;22b UlL>*_V- :2M2p�X

lL>*_ UkykkVX 1i?BQTB� *QmMi`v _27m;22 _2bTQMb2 SH�MX *QmMi`v _27m;22 _2bTQMb2 SH�M
C�Mm�`v kykk iQ .2+2K#2` kykk- lMBi2/ L�iBQMb >B;? *QKKBbbBQM2` 7Q` _27m;22b UlL>*_V-
:2M2p�X

lL>*_ Ukyk9VX :HQ#�H h`2M/b, 6Q`+2/ /BbTH�+2K2Mi BM kykjX h2+?MB+�H `2TQ`i- lMBi2/ L�iBQMb
>B;? *QKKBbbBQM2` 7Q` _27m;22b UlL>*_V- *QT2M?�;2M- .2MK�`FX

o2Mim`�@"Q`i- *X- �X Gƺr- CX q2M/i- 6X .QH+Qb- �X PX >�KK- �M/ JX q2vK�` UkyReVX q?2M
M2mi`�H im`Mb bB;MB}+�Mi, #`�BM /vM�KB+b Q7 `�TB/Hv 7Q`K2/ �bbQ+B�iBQMb #2ir22M M2mi`�H biBKmHB
�M/ 2KQiBQM�H +QMi2tibX 1m`QT2�M CQm`M�H Q7 L2m`Qb+B2M+2 99U8V- kRdeĜkR3jX

oQQ`b- JX CX- 1X 1X JX LBHH2b2M- SX o2`rBKT- 1X >X "mHi2- _X G2MbBMF- �M/ .X SX oX aQ2bi
UkyRkVX oBQH2Mi *QM~B+i �M/ "2?�pBQ`, � 6B2H/ 1tT2`BK2Mi BM "m`mM/BX �K2`B+�M 1+QMQKB+
_2pB2r RykUkV- N9RĜNe9X

q�+?i2`- CX �X �M/ JX CX E�?�M� UkykjVX � _2i`B2p2/@*QMi2ti h?2Q`v Q7 6BM�M+B�H .2+BbBQMb X
h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b RjNUkV- RyN8ĜRR9dX

q2�i?2`b- 6X qX- "X hX GBix- hX JX E2�M2- SX �X S�HKB2`B- "X SX J�`t- SX SX a+?Mm``- 2i �HX UkyRjVX
h?2 Tib/ +?2+FHBbi 7Q` /bK@8 UT+H@8VX

q2Bbb- .X �M/ *X J�`K�` URNNdVX h?2 AKT�+i Q7 1p2Mi a+�H2ě_2pBb2/X q, qBHbQM CX- E2�M2
hXU`2/XVX �bb2bbBM; Tbv+?QHQ;B+�H i`�mK� �M/ Sha., � ?�M/#QQF 7Q` T`�+iBiBQM2`bX

ey



qBHHB�Kb- CX JX :X- LX *X 1HHBb- *X hv2`b- >X >2�Hv- :X _Qb2- �M/ �X EX J�+H2Q/ URNNeVX h?2
bT2+B}+Biv Q7 �miQ#BQ;`�T?B+�H K2KQ`v �M/ BK�;2�#BHBiv Q7 i?2 7mim`2X J2KQ`v � +Q;MBiBQM k9-
RReĜRk8X

qQH/2ib�/BF- hX EX- 6X JmH�im- �M/ CX 1/Qb� UkyRNVX 1i?BQTB�Ƕb _27m;22 SQHB+v Pp2`?�mH,
AKTHB+�iBQMb QM i?2 Pmi Q7 *�KT _2;BK2 �M/ _B;?ib iQ _2bB/2M+2- JQp2K2Mi �M/ 1M;�;2K2Mi
BM :�BM7mH 1KTHQvK2MiX CQm`M�H Q7 1i?BQTB�M >mK�M _B;?ib G�r 9URV- Rk9ĜR3eX

eR



PMHBM2 �TT2M/Bt

G2�`MBM; iQ a22 i?2 qQ`H/Ƕb PTTQ`imMBiB2b,
J2KQ`v- J2Mi�H 1tT2`B2M+BM;- �M/ i?2
1+QMQKB+ GBp2b Q7 i?2 omHM2`�#H2

L�p� �b?`�7- :?�`�/ "`v�M- �H2tB� .2H}MQ- 1KBHv �X >QHK2b-
G2QM�`/Q A�+QpQM2- *?`BbiB�M CQ?�MM2b J2v2`- �b?H2v SQTH2

h�#H2 Q7 *QMi2Mib
� .2i�BHb Q7 1tT2`BK2Mi R U1i?BQTB�V k

�XR hBK2HBM2 Q7 �+iBpBiB2b �M/ .�i� *QHH2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X k
�Xk "�H�M+2- h�F2 mT- �M/ �ii`BiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k
�Xj J2�bm`2K2Mi �M/ *QMbi`m+iBQM Q7 Pmi+QK2 o�`B�#H2b X X X X X X X X X X X X X X X X X j
�X9 *Qbi 1z2+iBp2M2bb �M/ a+�H�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8
�X8 �TT2M/Bt � 6B;m`2b �M/ h�#H2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

" .2i�BHb Q7 1tT2`BK2Mi k U*QHQK#B�V Rj
"XR hBK2HBM2 Q7 �+iBpBiB2b �M/ .�i� *QHH2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X Rj
"Xk "�H�M+2- h�F2 mT- �M/ �ii`BiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
"Xj J2�bm`2K2Mi �M/ *QMbi`m+iBQM Q7 Pmi+QK2 o�`B�#H2b X X X X X X X X X X X X X X X X X R9
"X9 *Qbi 1z2+iBp2M2bb �M/ a+�H�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re
"X8 �TT2M/Bt " 6B;m`2b �M/ h�#H2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd

* �//BiBQM�H _2bmHib k9
*XR J2Mi�H 1tT2`B2M+BM; J2�bm`2b, o�HB/�iBQM X X X X X X X X X X X X X X X X X X X X X X X X k9
*Xk 1tT2`BK2Mi R U1i?BQTB�V X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
*Xj 1tT2`BK2Mi k U*QHQK#B�V X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd
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� .2i�BHb Q7 1tT2`BK2Mi R U1i?BQTB�V
h?Bb �TT2M/Bt +QMi�BMb �//BiBQM�H BKTH2K2Mi�iBQM /2i�BHb 7Q` 1tT2`BK2Mi R U1i?BQTB�VX

�XR hBK2HBM2 Q7 �+iBpBiB2b �M/ .�i� *QHH2+iBQM
6B;m`2 �R b?Qrb i?2 iBK2HBM2 Q7 i?2 BMi2`p2MiBQM �M/ /�i� +QHH2+iBQMX h?2 T`BK�`v /�i� bQm`+2b
7Q` i?2 1i?BQTB� 2tT2`BK2Mi �`2 � #�b2HBM2 bm`p2v �M/ �M 2M/HBM2 bm`p2v +QM/m+i2/ �TT`QtBK�i2Hv
ey /�vb �7i2` i?2 2M/ Q7 i?2 BMi2`p2MiBQMX h?2 #�b2HBM2 bm`p2v r�b +QHH2+i2/ QM � `QHHBM; #�bBb
#2ir22M �T`BH �M/ CmHv kykkX 6Q` i`2�i2/ T�`iB+BT�Mib- i?2 }`bi :J1 b2bbBQM r�b /2HBp2`2/ irQ
r22Fb �7i2` i?2 #�b2HBM2 bm`p2vX h?2 `2K�BMBM; i?`22 :J1 b2bbBQMb r2`2 /2HBp2`2/ QM � r22FHv
#�bBbX h?2 2M/HBM2 /�i� +QHH2+iBQM r�b +QKTH2i2/ BM P+iQ#2` kykkX �HH #�b2HBM2 �M/ 2M/HBM2 bm`p2vb
r2`2 +QM/m+i2/ BM T2`bQMX

:Bp2M i?2 b2MbBiBp2 +QMi2ti �M/ pmHM2`�#BHBiv Q7 i?2 TQTmH�iBQM- r2 +QHH�#Q`�i2/ rBi? � bm`p2v
}`K iQ `2+`mBi �M/ i`�BM 1`Bi`2�M `27m;22b �b 2MmK2`�iQ`bX h?Bb ;`QmT Q7 2MmK2`�iQ`b r�b /Bz2`2Mi
7`QK i?2 ;`QmT Q7 `27m;22b BKTH2K2MiBM; i?2 :J1 b2bbBQMbX q2 /2+B/2/ iQ rQ`F rBi? `27m;22
+QKKmMBiv K2K#2`b 7Q` i?`22 `2�bQMb, }`bi- i?2b2 `27m;22b +QmH/ +QKKmMB+�i2 2z2+iBp2Hv rBi?
Qi?2` `27m;22bc b2+QM/- Qm` [m�HBi�iBp2 rQ`F �M/ ;Qp2`MK2Mi T�`iM2`b bm;;2bi2/ i?Bb �TT`Q�+? KB;?i
`2/m+2 bQ+B�H /2bB`�#BHBiv +QM+2`Mbc �M/ i?B`/- r2 �MiB+BT�i2/ i?2B` BMpQHp2K2Mi rQmH/ BM+`2�b2 i`mbi
rBi?BM i?2 bm`p2v2/ +QKKmMBivX h?2 T`QD2+i r�b T`2b2Mi2/ iQ `2bTQM/2Mib �b �M BM/2T2M/2Mi
�+�/2KB+ `2b2�`+? T`QD2+iX S`QiQ+QHb iQ KBMBKBx2 i?2 `BbF Q7 BM72+iBQM 7`QK *PoA.@RN r2`2 BM
TH�+2 �M/ r2`2 KQMBiQ`2/ #v i?2 bm`p2v }`KX

�Xk "�H�M+2- h�F2 mT- �M/ �ii`BiBQM
"�H�M+2
h�#H2 �k b?Qrb i?�i i`2�iK2Mi �bbB;MK2Mi Bb #�H�M+2/ �i #�b2HBM2X h?2`2 Bb MQ bB;MB}+�Mi /Bz2`2M+2
#2ir22M i?2 i`2�iK2Mi �M/ +QMi`QH ;`QmTb �i #�b2HBM2 QM `2H2p�Mi /2KQ;`�T?B+- 2+QMQKB+- �M/ ?2�Hi?
+?�`�+i2`BbiB+bX q2 �HbQ 7�BH iQ `2D2+i i?2 MmHH BM � DQBMi Q`i?Q;QM�HBiv i2bi Q7 i?2 bB;MB}+�M+2 Q7 �HH
i?2 p�`B�#H2b b?QrM BM h�#H2 �k QM i`2�iK2Mi �bbB;MK2Mi U6UR3- RejRV4yX3N- T4yXeyVX

S`Q;`�K h�F2@mT
AM i2`Kb Q7 T`Q;`�K i�F2@mT- d8 T2`+2Mi Q7 T�`iB+BT�Mib �bbB;M2/ iQ i?2 :J1 i`2�iK2Mi �ii2M/2/
�i H2�bi QM2 b2bbBQMX PM �p2`�;2- T�`iB+BT�Mib �ii2M/2/ irQ b2bbBQMb- BX2X ?�H7 Q7 i?2 7Qm`@b2bbBQM
T`Q;`�KX h�#H2 �j b?Qrb i?2 K�BM Q#b2`p�#H2 +Q``2H�i2b Q7 i�F2@mTX PH/2` �M/ KQ`2 i`�mK�iBx2/
T�`iB+BT�Mib �`2 KQ`2 HBF2Hv iQ �ii2M/ �i H2�bi QM2 b2bbBQMb- r?BH2 rQK2M �M/ `2bTQM/2Mib rBi?
?B;?2` 2tT2M/Bim`2b �`2 H2bb HBF2Hv iQ 2M;�;2 BM i?2 T`Q;`�KX

am`p2v �ii`BiBQM
q2 bm`p2v2/ 39 T2`+2Mi Q7 #�b2HBM2 `2bTQM/2Mib BM Qm` 2M/HBM2 bm`p2v- bQ Qp2`�HH �ii`BiBQM Bb HQrX
h�#H2 �9 b?Qrb i?�i p2`v 72r Q#b2`p�#H2b T`2/B+i T�`iB+BT�iBQM iQ i?2 2M/HBM2 bm`p2vX _2bTQM@
/2Mib r?Q �`2 vQmM;2` �i #�b2HBM2 �ii`Bi2/ KQ`2 i?�M Qi?2`b UbB;MB}+�Mi �i Ry T2`+2MiV- �M/ bQ
/B/ `2bTQM/2Mib rBi? � #2ii2` 2+QMQKB+ bBim�iBQM UiQi�H 2tT2M/Bim`2b Bb bB;MB}+�Mi �i R T2`+2Mi
�M/ i?2 7`2[m2M+v Q7 b�pBM;b Bb bB;MB}+�Mi �i 8 T2`+2MiVX LQ Qi?2` /2KQ;`�T?B+ Q` 2KTHQvK2Mi
+?�`�+i2`BbiB+b �`2 `2H�i2/ rBi? T�`iB+BT�iBQM BMiQ i?2 2M/HBM2X

k



h?2 bm`p2v �ii`BiBQM `�i2 #v i`2�iK2Mi Bb bmKK�`Bx2/ BM h�#H2 �R #2HQrX h?2 �ii`BiBQM `�i2
#2ir22M #�b2HBM2 �M/ 2M/HBM2 BM i?2 ;`QmT �bbB;M2/ iQ i?2 :J1 i`2�iK2Mi Bb 8Xe T2`+2Mi�;2 TQBMib
HQr2` i?�M BM i?2 +QMi`QH ;`QmT Up = 0.002VX9e >Qr2p2`- MQiB+2 i?�i Qm` 2M/HBM2 +QMi�BMb 2t�+iHv
8yW Q7 `2bTQM/2Mib 7`QK i?2 i`2�iK2Mi �M/ i?2 +QMi`QH ;`QmTb- `2bT2+iBp2Hv- r?B+? +Q``2bTQM/b
iQ i?2 i`2�iK2Mi �bbB;MK2Mi b?�`2b BM i?2 Qp2`�HH b�KTH2 U#mi QMHv #�b2HBM2 T�`iB+BT�Mib +QmH/ #2
BMpBi2/ iQ i?2 BMi2`p2MiBQMXV

h�#H2 �RX am`p2v �ii`BiBQM _�i2- #v h`2�iK2Mi

URV UkV UjV U9V U8V
h`2�iK2Mi ai�imb Pp2`�HH "�b2HBM2 1M/HBM2 �ii`BiBQM `�i2

URV@UjV UkV@UjV
:J1 h`2�iK2Mi Nyy dN3 eNd yXkk8 yXRke
*QMi`QH Nyy 389 eN3 yXkk9 yXR3j
6mHH b�KTH2 R-3yy R-e8k R-jN8 yXkk8 yXR8e

h�#H2 �8 KBiB;�i2b +QM+2`Mb `2H�i2/ iQ /Bz2`2MiB�H �ii`BiBQM #v b?QrBM; i?�i i?2 Q#b2`p�#H2
+?�`�+i2`BbiB+b Q7 T�`iB+BT�Mib BM i?2 2M/HBM2 bm`p2v �`2 #�H�M+2/ #2ir22M i`2�iK2Mi ;`QmTbX h?2
QMHv 2t+2TiBQM Bb iQi�H UmM+QM/BiBQM�HV BM+QK2- r?B+? Bb je T2`+2Mi ?B;?2` �KQM; i?2 i`2�i2/
+QKT�`2/ iQ i?2 +QMi`QH ;`QmT- #mi i?Bb Bb QMHv bB;MB}+�Mi �i i?2 Ry T2`+2Mi H2p2HX AM amTTH2K2Mi�`v
K�i2`B�Hb- iQ 7m`i?2` �//`2bb /Bz2`2MiB�H �ii`BiBQM- r2 b?Qr i?�i Qm` K�BM `2bmHib �`2 #`Q�/Hv `Q#mbi
mbBM; G22 "QmM/b iQ +Q``2+i 7Q` /Bz2`2MiB�H �ii`BiBQM #2ir22M i?2 i`2�iK2Mi �M/ +QMi`QH ;`QmTbX

�Xj J2�bm`2K2Mi �M/ *QMbi`m+iBQM Q7 Pmi+QK2 o�`B�#H2b
q2 +QHH2+i2/ i?`22 7�KBHB2b Q7 T`BK�`v Qmi+QK2b, K2Mi�H 2tT2`B2M+BM;- 2+QMQKB+ Qmi+QK2b �M/
Tbv+?QHQ;B+�H Qmi+QK2bX q2 +QMbi`m+i Qm` BM/B+2b rBi?BM 2�+? 7�KBHv 7QHHQrBM; EHBM;- GB2#K�M-
�M/ E�ix UkyydV, UBV �HH p�`B�#H2b �`2 }`bi +QMbBbi2MiHv bB;M2/ U2X;X ?B;?2` p�Hm2 �bbQ+B�i2/ rBi?
?B;?2` �#BHBiv Q` r2H7�`2Vc �M/ UBBV 2�+? +QKTQM2Mi Q7 i?2 BM/2t Bb i?2M bi�M/�`/Bx2/ #v bm#i`�+iBM;
i?2 +QMi`QH ;`QmT K2�M �M/ /BpB/BM; #v i?2 +QMi`QH ;`QmT bi�M/�`/ /2pB�iBQMX AM i?2 +�b2 r?2`2
i?2`2 �`2 KmHiBTH2 bm#b+�H2b- r2 i�F2 i?2 �p2`�;2 Q7 i?2 bi�M/�`/Bx2/ +QKTQM2MibX q2 T`QpB/2
/2i�BHb QM i?2 +QMbi`m+iBQM Q7 i?2 Qmi+QK2 p�`B�#H2b 7Q` 2�+? 7�KBHv BM i?2 7QHHQrBM; T�`�;`�T?bX

6�KBHv R, J2Mi�H 1tT2`B2M+BM;

Pm` Qp2`�HH K2Mi�H 2tT2`B2M+BM; BM/2t Bb +QMbi`m+i2/ 7`QK �M �/�Ti2/ p2`bBQM Q7 i?2 S`QbT2+iBp2
AK�;2`v h�bF UJ�+G2Q/ 2i �HX- RNNjc aiƺ#2`- kyyyc >QHK2b 2i �HX- kyy3V �M/ i?2 �miQ#BQ;`�T?B+�H
K2KQ`v i2bi UJ+L�HHv 2i �HX- RNN8VX AM #Qi? i?2 #�b2HBM2 �M/ 2M/HBM2 bm`p2vb- r2 T`2b2Mi T�`iB+B@
T�Mib rBi? irQ p2`bBQMb Q7 i?Bb i2bi, QM2 Q`B2Mi2/ iQ i?2 7mim`2 �M/ QM2 Q`B2Mi2/ iQ i?2 T�biX 6Q`
#Qi? p2`bBQMb- r2 T`2b2Mi T�`iB+BT�Mib rBi? 7Qm` /Bz2`2Mi b+2M�`BQb UbT2+B}+ iQ i?2 p2`bBQM ;Bp2MV
�M/ �bF i?2K iQ BK�;BM2 � bT2+B}+ K2KQ`v Q` 7mim`2 2p2Mi i?�i Bb HBMF2/ iQ i?2 ;Bp2M b+2M�`BQ rBi?BM
98 b2+QM/bX h?2 b+2M�`BQb BM+Hm/2 QM2 M2;�iBp2- QM2 TQbBiBp2 �M/ irQ M2mi`�HX 6Q` 2�+? K2KQ`v Q`
7mim`2 2p2Mi i?2v K2MiBQM- r2 i?2M �bF T�`iB+BT�Mib iQ `2T`Q/m+2 Bi BM i?2B` KBM/ �M/ `2TQ`i i?2
pBpB/M2bb �M/ 2KQiBQM�H BMi2MbBiv Q7 Bi- #Qi? QM 8@TQBMib b+�H2bX q2 7m`i?2` �bF i?2 bm`p2vQ` 7Q`
i?2 2KQiBQM�H �z2+i `2~2+i2/ BM i?2 `2bTQMb2X

9eq2 Q#i�BM � T@p�Hm2 7`QK �M PGa `2;`2bbBQM Q7 �ii`BiBQM QM i?2 :J1 i`2�iK2Mi BM/B+�iQ`X
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6QHHQrBM; Qm` S�S- 7Q` #Qi? p2`bBQMb Q7 i?2 i2bi- r2 +Q/2/ i?2 �Mbr2`b ;Bp2M #v T�`iB+BT�Mib
BM i?2 #�+F Q{+2 BM i2`Kb Q7 i?`22 K2�bm`2b, BV bT2+B}+Biv- BBV 2KQiBQM�HBiv �M/ BBBV TQbBiBpBivX
_2b2�`+? �bbBbi�Mib r2`2 #HBM/ iQ i`2�iK2Mi �M/ ?�/ iQ +Q/2 i?2 �Mbr2`b #�b2/ QM +`Bi2`B� ;Bp2M #v
i?2 `2b2�`+? i2�KX "Qi? bT2+B}+Biv �M/ 2KQiBQM�HBiv r2`2 `�i2/ QM � b+�H2 7`QK R UǳLQ K2KQ`v �i
�HHǴ Q` ǳLQ 2KQiBQM �i �HHǴV iQ 8 Uǳo2`v bT2+B}+Ǵ Q` ǳ1ti`2K2Hv bi`QM; 2KQiBQMbǴVX SQbBiBpBiv r�b
`�i2/ QM � b+�H2 7`QK R Uǳo2`v M2;�iBp2ǴV iQ 9 Uǳo2`v TQbBiBp2ǴVX Pm` /2i�BH2/ [m2biBQMb �`2 HBbi2/
BM h�#H2 �e #2HQrX

q2 ;�p2 /2i�BH2/ ;mB/2HBM2b iQ `2b2�`+? �bbBbi�Mib �M/ 2t�KTH2b QM ?Qr iQ TH�+2 `2+Q`/BM;b QM
/Bz2`2Mi TQBMib Q7 i?2 b+�H2bX q2 7QHHQr2/ i?2 Tbv+?QHQ;B+�H HBi2`�im`2 U:`B{i? 2i �HX- kyyNV iQ #mBH/
i?2 +`Bi2`B� 7Q` /2}MBM; ǳbT2+B}+Ǵ �Mbr2`b- r?B+? K2�M i?�i i?2v `272` iQ 2p2Mib r?B+? ?�TT2M2/
QM � T�`iB+mH�` /�v �M/ H�bi2/ H2bb i?�M k9 ?Qm`bX "v +QMi`�bi- MQM@bT2+B}+ K2KQ`B2b /Q MQi `272`
iQ �Mv bT2+B}+ 2p2Mi #mi `�i?2` iQ /QBM; �M �+iBQM BM ;2M2`�HX

Pp2`�HH r2 +QMbi`m+i i?`22 /Bz2`2Mi BM/B+2b 7Q` 2�+? Q7 i?2 irQ p2`bBQMb Q7 i?2 b+�H2 UT�bi �M/
7mim`2V- r?B+? r2 i?2M +QK#BM2/ BMiQ i?`22 �;;`2;�i2 BM/B+2b Q7 bT2+B}+Biv- 2KQiBQM�H BMi2MbBiv-
�M/ TQbBiBpBivX

6�KBHv k, 1+QMQKB+ Qmi+QK2b

q2 7Q+mb QM irQ K�BM b2ib Q7 2+QMQKB+ Qmi+QK2b, URV 1KTHQvK2Mi Qmi+QK2b- UkV BM+QK2- +QMbmKT@
iBQM- �M/ r2H7�`2X

RX 1KTHQvK2Mi Qmi+QK2b, CQ# b2�`+?- 2M;�;2K2Mi BM 2KTHQvK2Mi �M/fQ` b2H7@2KTHQvK2Mi U2t@
i2MbBp2 �M/ BMi2MbBp2 K�`;BMVX

Ç CQ# b2�`+? Bb K2�bm`2/ rBi? � #�ii2`v Q7 [m2biBQMb �/�Ti2/ 7`QK i?2 1i?BQTB�M aQ+BQ2+Q@
MQKB+ am`p2v U1aaV f GBpBM; ai�M/�`/ J2�bm`2K2Mi aim/v UGaJaV U*2Mi`�H ai�iBbiB+b
�;2M+v Q7 1i?BQTB�- kykyV �M/ T`2pBQmb HBi2`�im`2 BM i?Bb +QMi2ti, }`bi- r2 �bF r?2i?2`
i?2 T2`bQM HQQF2/ 7Q` r�vb iQ bi�`i QM2 Q7 i?2 7QHHQrBM; �+iBpBiB2b, BV MQM@�;`B+mHim`�H Q`
MQM@}b?BM; #mbBM2bb 7Q` vQm`b2H7 Q` 7Q` vQm` ?Qmb2?QH/- BBV +�bm�H- T�`i@iBK2- Q` i2KTQ`�`v
H�#Q`- BBBV r�;2 Q` b�H�`v rQ`F- BpV mMT�B/ �TT`2MiB+2b?BTX A7 i?2v /B/- r2 �bF 7Q` i?2
MmK#2` Q7 ?Qm`b bT2Mi b2�`+?BM;- i?2 MmK#2` Q7 +�HHb K�/2- KQM2v bT2Mi- +?�MM2Hb mb2/-
H2M;i? Q7 b2�`+? �M/ +?�M+2b i?�i i?2v rBHH bi�`i i?2 �+iBpBiv rBi?BM j KQMi?bX �b K�BM
Qmi+QK2b- r2 mb2 � /mKKv p�`B�#H2 7Q` �Mv b2�`+? U2[m�H iQ R B7 � T2`bQM b2�`+?2/ 7Q`
�Mv Q7 i?2 �+iBpBiB2bV �M/ r2 #mBH/ �M BM/2t Q7 2zQ`i BM b2�`+? #v �;;`2;�iBM; BM �M BM/2t
i?2 ?Qm`b- MmK#2` Q7 +�HHb K�/2- MmK#2` Q7 +?�MM2Hb mb2/ �M/ KQM2v bT2MiX

Ç 1M;�;2K2Mi BM 2KTHQvK2Mi �M/fQ` b2H7@2KTHQvK2Mi Bb K2�bm`2/ �b � /mKKv 2[m�H iQ
R B7 � T2`bQM Bb BMpQHp2/ BM �Mv Q7 i?2 7QHHQrBM; �+iBpBiB2b BV ?�b � MQM@�;`B+mHim`�H Q`
MQM@}b?BM; #mbBM2bb 7Q` vQm`b2H7 Q` 7Q` vQm` ?Qmb2?QH/- Q` BBV Bb BM +�bm�H- T�`i@iBK2- Q`
i2KTQ`�`v H�#Q`- Q` BBBV Bb BM r�;2 Q` b�H�`v rQ`F- Q` BpV Bb BM �M mMT�B/ �TT`2MiB+2b?BTX
A7 `2bTQM/2Mib rQ`F BM � bT2+B}+ �+iBpBiv- r2 �bF 7Q` i?2 MmK#2` Q7 ?Qm`b rQ`F2/X Pm`
�M�HvbBb 7Q+mb2b QM � /mKKv 7Q` �Mv 2+QMQKB+ �+iBpBiv �M/ i?2 iQi�H MmK#2` Q7 ?Qm`b
bT2MiX q2 7Q+mb QM i?2 �;;`2;�i2 �+`Qbb �HH �+iBpBiB2b- #mi r2 �HbQ `2TQ`i `2bmHib 7Q` 2�+?
�+iBpBiv b2T�`�i2Hv 7Q` +QKTH2i2M2bb BM i?2 �TT2M/BtX

kX AM+QK2- +QMbmKTiBQM- �M/ r2H7�`2, 2�`MBM;b- b�pBM;b- +QMbmKTiBQM- 7QQ/ b2+m`Biv
q2 �/�Ti � MmK#2` Q7 bm`p2v KQ/mH2 7`QK i?2 1aafGaJa iQ K2�bm`2 #�b2HBM2 �M/ 2M/HBM2
HBpBM; bi�M/�`/b Q7 bim/v T�`iB+BT�MibX *HQb2Hv 7QHHQrBM; i?2 1aafGaJa H2ib mb +QKT�`2 i?2
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bim/v b�KTH2 iQ i?2 #`Q�/2` TQTmH�iBQM BM i?2 ?Qbi +QKKmMBiv Q7 �//Bb �#�#�X 6Q` i?Bb
Qmi+QK2 7�KBHv- r2 +QHH2+i /�i� QM b2p2M /BK2MbBQMb, URV BM+QK2 7`QK 2+QMQKB+ �+iBpBiB2b-
UkV 6QQ/ +QMbmKTiBQM U�i ?QK2 �M/ �r�v 7`QK ?QK2V- /B2i�`v /Bp2`bBiv- �M/ MQM@7QQ/
+QMbmKTiBQM- UjV 6QQ/ b2+m`Biv- U9V b�pBM;b- U8V ?QmbBM;- UeV BM+QKBM; �M/ Qmi;QBM; i`�Mb72`b-
UdV bmTTQ`i 7`QK p�`BQmb �bbBbi�M+2 T`Q;`�KbX Pm` 7QQ/ b2+m`Biv BM/2t Bb i?2 iQi�H b+Q`2 UbmKV
Q7 i?2 7Qm`@Bi2K p2`bBQM Q7 i?2 6QQ/ AMb2+m`Biv 1tT2`B2M+2 a+�H2 U6A16aVX Ai BM+Hm/2b `2p2`b2@
+Q/2/ [m2biBQMb �#Qmi BV MQi ?�pBM; 2MQm;? 7QQ/- BBV MmK#2` Q7 /�vb rBi? H2bb T`272``2/ 7QQ/-
BBBV MmK#2` Q7 /�vb rBi? HBKBi2/ 7QQ/ p�`B2iv �M/ BpV MmK#2` Q7 /�vb MQ 2�iBM; 7Q` 7mHH /�v BM
i?2 T�bi r22FX Pm` iQi�H BM+QK2 BM/2t BM+Hm/2b 2�`MBM;b 7`QK r�;2 rQ`F UBM i?2 H�bi b2p2M
/�vbV �M/ T`Q}ib 7`QK b2H7@2KTHQvK2Mi UBM i?2 H�bi ir2Hp2 KQMi?bVX

6�KBHv j, J2Mi�H �M/ T?vbB+�H ?2�Hi?

q2 mb2 irQ #`Q�/ K2�bm`2b Q7 r2HH@#2BM; �M/ T?vbB+�H ?2�Hi?, URV i?2 *�Mi`BH a2H7@�M+?Q`BM;
ai`BpBM; a+�H2 �M/ i?2 UkV qQ`H/ >2�Hi? P`;�MBx�iBQM .Bb�#BHBiv �bb2bbK2Mi a+?2/mH2 Uq>P.�aV
a+?2/mH2 kXyX

q2 mb2 i?2 *�Mi`BH a2H7@�M+?Q`BM; ai`BpBM; a+�H2 U*�Mi`BH- RNe8V �b � bBKTH2 �M/ rB/2Hv@mb2/
b2H7@`2TQ`i2/ K2�bm`2 Q7 r2HH@#2BM;X q2 7QHHQr :�HHmTǶb BKTH2K2Mi�iBQM, r2 �bF `2bTQM/2Mib iQ
BK�;BM2- mbBM; � pBbm�H �B/- � H�//2` rBi? bi2Tb MmK#2`2/ 7`QK x2`Q �i i?2 #QiiQK iQ Ry �i i?2 iQT-
r?2`2 i?2 iQT `2T`2b2Mib i?2 #2bi TQbbB#H2 HB72 7Q` `2bTQM/2Mib �M/ i?2 #QiiQK i?2 rQ`bi TQbbB#H2
HB72X q2 i?2M �bF `2bTQM/2Mib irQ [m2biBQMbX U�VǳPM r?B+? bi2T Q7 i?2 H�//2` rQmH/ vQm b�v vQm
T2`bQM�HHv 722H vQm bi�M/ �i i?Bb iBK2\Ǵ U#V ǳPM r?B+? bi2T /Q vQm i?BMF vQm rBHH bi�M/ �#Qmi }p2
v2�`b 7`QK MQr\ǴX Pm` HB72 b�iBb7�+iBQM BM/2t Bb i?2 bi�M/�`/Bx2/ �p2`�;2 Q7 i?2 �Mbr2`b iQ i?2 irQ
[m2biBQMbX

h?2 qQ`H/ >2�Hi? P`;�MBx�iBQM .Bb�#BHBiv �bb2bbK2Mi a+?2/mH2 Uq>P.�aV Bb � rB/2Hv mb2/
K2�bm`2 Q7 /Bb�#BHBiv �M/ 7mM+iBQM�H BKT�B`K2Mi BM BM �++Q`/�M+2 rBi? i?2 AMi2`M�iBQM�H *H�bbB}+�@
iBQM Q7 6mM+iBQMBM;- .Bb�#BHBiv �M/ >2�Hi?X q2 mb2 i?2 Rk@Bi2K b2H7@`2TQ`i2/ p2`bBQM �M/ b+Q`2 Bi
mbBM; i?2 q>PǶb bBKTH2 �//BiBp2 K2i?Q/ Ui?2 b+Q`2 `�M;2b 7`QK Rk iQ eyVX Pm` q>P.�a Qmi+QK2
p�`B�#H2 Bb bi�M/�`/Bx2/ �M/ `2p2`b2@+Q/2/- bQ i?�i ?B;?2` p�Hm2b BM/B+�i2/ HQr2` /Bb�#BHBivX

�X9 *Qbi 1z2+iBp2M2bb �M/ a+�H�#BHBiv
AM 1i?BQTB�- i?2 :J1 BMi2`p2MiBQM H2�/b iQ � ;�BM BM mM+QM/BiBQM�H KQMi?Hv 2�`MBM;b Q7 8kXd9 T2`+2Mi
Qp2` i?2 +QMi`QH ;`QmT Ĝ �H#2Bi 7`QK � p2`v HQr #�b2 Q7 �#Qmi la. ReXey T2` KQMi? U�TT2M/Bt
h�#H2 *3VX q?BH2 i?Bb 2biBK�i2 Bb #�b2/ QM � HBKBi2/ MmK#2` Q7 MQM@x2`Q 2�`MBM;b Q#b2`p�iBQMb �M/
Bb b2MbBiBp2 iQ 2ti`2K2 p�Hm2b- Bi Bb bm;;2biBp2 Q7 i?2 BMi2`p2MiBQMǶb +Qbi 2z2+iBp2M2bbX h?Bb +QKT�`2b
7�pQ`�#Hv- 2X;X- iQ i?2 pQ+�iBQM�H i`�BMBM; T`Q;`�Kb `2pB2r2/ #v J+E2MxB2 UkyRdV- r?B+? vB2H/ �M
�p2`�;2 2�`MBM;b ;�BM Q7 Rd T2`+2Mi �i � ivTB+�H +Qbi Q7 la. 8yy iQ la. R-dyy T2` T2`bQM i`�BM2/X

h�#H2 �d T`QpB/2b KQ`2 /2i�BH2/ /�i� QM T`Q;`�K +QbibX .BpB/BM; i?2 iQi�H +Qbi Q7 la. R8k-R3y
#v ee9 �+im�H #2M2}+B�`B2b Ur?Q iQQF mT �i H2�bi QM2 b2bbBQM Q7 i?2 :J1 BMi2`p2MiBQMV `2bmHib BM
�p2`�;2 +Qbib Q7 la. kkN T2` #2M2}+B�`vX q2 2biBK�i2 i?2 K�`;BM�H +Qbib iQ /2HBp2` i?2 T`Q;`�K iQ
�M �//BiBQM�H #2M2}+B�`v iQ #2 �TT`QtBK�i2Hv la. 83- i?Qm;? r2 +�miBQM i?�i bT2+B}+ 72�im`2b Q7
i?2 BKTH2K2Mi�iBQM BM7`�bi`m+im`2 Ubm+? �b Qm` `BbF K�M�;2K2Mi 7`�K2rQ`FV rBHH MQi b+�H2 HBM2�`HvX
q?BH2 i?2 BKTH2K2Mi�iBQM Q7 i?2 BMi2`p2MiBQM r�b `2b2�`+?2`@H2/ �M/ bmT2`pBb2/- r2 #2HB2p2 i?�i i?2
T`Q;`�K Bb �TT`QT`B�i2 iQ #2 b+�H2/ mT rBi?BM i?2 T`Q;`�KKBM; Q7 ;Qp2`MK2Mib �M/ /2p2HQTK2Mi
T�`iM2`bX q?2M /QBM; bQ- Bi rBHH #2 BKTQ`i�Mi iQ 2Mbm`2 � ?B;? [m�HBiv Q7 i`�BMBM; �M/ �M 2z2+iBp2
`BbF K�M�;2K2Mi 7`�K2rQ`F �M/ `272``�H bvbi2K i?�i 2Mbm`2b b�72iv Q7 T�`iB+BT�Mib �M/ bi�zX
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�X8 �TT2M/Bt � 6B;m`2b �M/ h�#H2b

6B;m`2 �RX hBK2HBM2 Q7 AKTH2K2Mi�iBQM �M/ .�i� *QHH2+iBQM

LQi2b, h?Bb };m`2 BHHmbi`�i2b i?2 iBK2HBM2 Q7 /�i� +QHH2+iBQM �M/ BMi2`p2MiBQM /2HBp2`v 7Q` i?2 1i?BQTB� i`B�HX h?2 #�b2HBM2
bm`p2v r�b +QM/m+i2/ QM � `QHHBM; #�bBb /m`BM; �T`BH �M/ CmHv kykkX 6Q` i`2�i2/ T�`iB+BT�Mib- i?2 }`bi :J1 b2bbBQM r�b
/2HBp2`2/ irQ r22Fb �7i2` i?2 #�b2HBM2 bm`p2vX h?2 `2K�BMBM; i?`22 :J1 b2bbBQMb r2`2 /2HBp2`2/ QM � r22FHv #�bBbX

e



h�#H2 �kX 1i?BQTB�, "�b2HBM2 "�H�M+2

URV UkV UjV
o�`B�#H2 *QMi`QH h`2�iK2Mi .Bz2`2M+2

.2KQ;`�T?B+b
�;2 k3Xk38 k3Xe33 yX9yj

UeXe38V UdXR3kV UyXj9RV
62K�H2 yX9NN yX8yy yXyyR

UyX8yyV UyX8yyV UyXyk8V
u2�`b Q7 a+?QQHBM; RyX8eR RyX8k3 @yXyjj

UjXR8yV UjXRyeV UyXR89V
>Qmb2?QH/ aBx2 RXdN9 RX3d3 yXy38

URX8d3V URXdkNV UyXy3RV
u2�`b BM �//Bb kX39d jXyye yXRey

URXN89V UkXjjjV UyXRyeV
1KTHQvK2Mi �M/ 2+QMQKB+ Qmi+QK2b

1M;�;2/ BM qQ`F yXR3N yXkyd yXyR3
UyXjNRV UyX9y8V UyXykyV

>Qm`b qQ`F2/ dXN93 3Xjjy yXj3R
UkyX8j9V UkyXejRV URXyRjV

CQ# a2�`+? >Qm`b 9XRyk 9XN3e yX339
URjXRdRV UR9XN8jV UyXeNjV

hQi�H 1tT2M/Bim`2 9-jNRXj3R 9-jeyX333 @jyX9N9
Uk-yjNXkjjV Uk-ee9Xy9RV URReXk3kV

6QQ/ a2+m`Biv ReXNey RdXkR3 yXk83
UjXNkeV UjXNyRV UyXRNjV

6`2[m2M+v Q7 a�pBM;b yXkNe yXjRj yXyRd
UyX98dV UyX9e9V UyXykjV

hQi�H AM+QK2 k3kXjje jkeXN9d 99XeRk
UNd9Xk3RV UR-y8RXeRjV U9NX399V

"�MF �++QmMi yXN8k yXN9N @yXyyj
UyXkR9V UyXkkRV UyXyRRV

q22FHv q�;2 RjdX9kN RjNXk89 RX3k8
U933XdkyV U9NjXe89V Uk9XR3yV

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib 9Xddy 9X3ey yXy3N

UkXdNRV UkXNRdV UyXR9yV
Sha. a+Q`2 R8Xyyd R8XRek yXR88

URjXNjjV URjXNdyV UyXe3dV
GB72 a�iBb7�+iBQM eXdkN eXeey @yXyeN

URX83kV URX8N9V UyXyd3V
Pp2`�HH >2�Hi? yXdke yXdkk @yXyy9

UyXRRRV UyXRy3V UyXyy8V
P#b2`p�iBQMb 389 dN3 R-e8k

LQi2b, h?2 i�#H2 T`2b2Mib � #�H�M+2 i2bi �i #�b2HBM2 7Q` i?2 1i?BQTB� 2tT2`BK2MiX *QHmKMb R �M/ k b?Qr i?2 K2�M �M/
bi�M/�`/ 2``Q`b 7Q` i?2 +QMi`QH �M/ :J1 i`2�iK2MiX h?2 H�bi +QHmKM b?Qr i?2 /Bz2`2M+2 #2ir22M i`2�iK2Mi �`KbX  T<yXRy-
  T<yXy8-    T<yXyRX 1M;�;2/ BM rQ`F Bb � /mKKv i?�i Bb QM2 B7 `2bTQM/2Mib �`2 2M;�;2/ BM �Mv 2+QMQKB+ �+iBpBiv BM i?2
T�bi r22FX >Qm`b rQ`F2/ `272`b iQ i?2 mM+QM/BiBQM�H MmK#2` Q7 ?Qm`b rQ`F2/ BM i?2 T�bi r22FX hQi�H 2tT2M/Bim`2b `272`b iQ
iQi�H BM/BpB/m�H +QMbmKTiBQM 2tT2M/Bim`2b BM i?2 T�bi r22F- BM 1i?BQTB�M #B``X 6QQ/ b2+m`Biv Bb i?2 iQi�H b+Q`2 UbmKV Q7 i?2
7Qm`@Bi2K p2`bBQM Q7 i?2 6QQ/ AMb2+m`Biv 1tT2`B2M+2 a+�H2 U6A16aVX 6`2[m2M+v Q7 b�pBM;b BM/B+�i2b i?2 7`2[m2M+v BM r?B+?
`2bTQM/2Mib b�v i?2v +QmH/ b�p2 eyy 1i?BQTB�M #B``X hQi�H BM+QK2 Bb i?2 mM+QM/BiBQM�H r22FHv BM+QK2 7`QK r�;2 2KTHQvK2Mi
�M/ b2H7@2KTHQvK2MiX "�MF �++QmMi Bb �M BM/B+�iQ` i?�i Bb QM2 B7 `2bTQM/2Mib ?�p2 � `2;Bbi2`2/ �++QmMi rBi? � }M�M+B�H
BMbiBimiBQMX q22FHv r�;2 Bb i?2 mM+QM/BiBQM�H r22FHv BM+QK2 7`QK r�;2 rQ`F QMHvX LmK#2` Q7 i`�mK�iB+ 2p2Mib `272`b iQ i?2
MmK#2` Q7 2p2Mib 7`QK i?2 GB72 1p2Mib *?2+FHBbi 7Q` .aJ@8 UG1*@8V T2`bQM�HHv 2tT2`B2M+2/ Q` rBiM2bb2/X Sha. a+Q`2 `272`b
iQ i?2 b+Q`2 QM i?2 Sha. *?2+FHBbi 7Q` .aJ@8 US*G@8VX GB72 b�iBb7�+iBQM `272`b iQ i?2 *�Mi`BH a2H7@�M+?Q`BM; ai`BpBM; a+�H2X
Pp2`�HH ?2�Hi? `272`b iQ i?2 Qp2`�HH b+Q`2 QM i?2 qQ`H/ >2�Hi? P`;�MBx�iBQM .Bb�#BHBiv �bb2bbK2Mi a+?2/mH2 Uq>P.�aVX

d



h�#H2 �jX 1i?BQTB�, AMi2`p2MiBQM h�F2@mT

URV UkV UjV
o�`B�#H2 LQ h�F2@mT h�F2@mT .Bz2`2M+2

.2KQ;`�T?B+b
�;2 kdX99e kNXRyN RXee9   

UeXj8kV UdX9yRV UyX83kV
62K�H2 yXedj yX99R @yXkjk   

UyX9dyV UyX9NdV UyXy9yV
u2�`b Q7 a+?QQHBM; RyX839 RyX8y3 @yXyde

UjXk3yV UjXy9dV UyXk8jV
>Qmb2?QH/ aBx2 RX3yd RXNyj yXyNe

URXdR8V URXdj9V UyXR9RV
u2�`b BM �//Bb kXNjR jXyjk yXRyR

URXeN9V UkX8R9V UyXRNyV
1KTHQvK2Mi �M/ 2+QMQKB+ Qmi+QK2b

1M;�;2/ BM qQ`F yXkyj yXky3 yXyy8
UyX9yjV UyX9yeV UyXyjjV

>Qm`b qQ`F2/ 3XRe3 3Xj39 yXkRe
UkyXkdkV UkyXde3V URXe3RV

CQ# a2�`+? >Qm`b 9Xy98 8Xjy9 RXk8N
UR9Xj9RV UR8XRkNV URXkReV

hQi�H 1tT2M/Bim`2b 9-39RXN39 9-RNdX3jk @e99XR8j   
Uj-NkNXdejV Uk-y98X8N9V UkR8X3k9V

6QQ/ a2+m`Biv R3Xyk8 ReXN98 @RXy3y   
UjXeReV UjXN83V UyXjR8V

6`2[m2M+v Q7 a�pBM;b yXj8R yXjyy @yXy8R
UyX9dNV UyX98NV UyXyj3V

hQi�H AM+QK2 jy8XN8j jj9Xyej k3XRRy
UR-R9yX3jdV UR-ykyX8kkV U38Xee8V

"�MF �++QmMi yXN8y yXN93 @yXyyj
UyXkRdV UyXkkkV UyXyR3V

q22FHv q�;2 RRkX98y R93XjjN j8X333
U9jRX8kyV U8RjXykdV U9yXRNeV

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib 9X9je 8Xyyj yX8e3  

UkX39NV UkXNk3V UyXkjdV
Sha. a+Q`2 RjX9ey R8Xdj3 kXkd3  

URkX9edV UR9X9y3V URXRj8V
GB72 a�iBb7�+iBQM eX3yd eXeRR @yXRNe

URX98RV URXejdV UyXRjyV
Pp2`�HH >2�Hi? yXdjk yXdRN @yXyRj

UyXRyeV UyXRyNV UyXyyNV
P#b2`p�iBQMb kyk 8N3 R-e89

LQi2b, h?2 i�#H2 T`2b2Mib +?�`�+i2`BbiB+b Q7 T�`iB+BT�Mib i?�i �ii2M/2/ �i H2�bi QM2 b2bbBQM Q7 i?2 BMi2`p2MiBQM U*QHmKM kV
�M/ i?Qb2 i?�i /B/ MQi U*QHmKM RVX *QHmKMb R �M/ k b?Qr i?2 K2�M �M/ bi�M/�`/ 2``Q`b 7Q` 2�+? ;`QmTX *QHmKM j b?Qrb
i?2 /Bz2`2M+2 #2ir22M #Qi? ;`QmTb- rBi? bB;MB}+�M+2 BM/B+�i2/ �b 7QHHQrb,  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2
/2}M2/ BM i?2 MQi2 iQ i�#H2 �kX

3



h�#H2 �9X 1i?BQTB�, am`p2v �ii`BiBQM �i 1M/HBM2

URV UkV UjV
o�`B�#H2 .B/ MQi /`QT .`QTT2/ .Bz2`2M+2

h`2�iK2Mi ai�imb
:J1 h`2�iK2Mi yX8yy yXjNj @yXRyd   

UyX8yyV UyX93NV UyXyj9V
.2KQ;`�T?B+b

�;2 k3XeRN kdXdk9 @yX3N8 
UdXyR3V UeXjNkV UyX9dyV

62K�H2 yX9Nd yX8R9 yXyRd
UyX8yyV UyX8yRV UyXyj9V

u2�`b Q7 a+?QQHBM; RyX8d3 RyXjee @yXkRk
UjXyN9V UjXjRRV UyXkRkV

>Qmb2?QH/ aBx2 RX38j RXdj8 @yXRR3
URXed3V URX8y8V UyXRRkV

u2�`b BM �//Bb kXNy8 jXykd yXRkj
UkXRNkV URX3d3V UyXR9eV

1KTHQvK2Mi �M/ 2+QMQKB+ Qmi+QK2b
1M;�;2/ BM qQ`F yXRNd yXRN3 yXyyR

UyXjN3V UyX9yyV UyXykdV
>Qm`b qQ`F2/ 3Xyk8 3XdRe yXeNR

UkyX99yV UkRXjkeV URXjNdV
CQ# a2�`+? >Qm`b 9Xd9d jXj89 @RXjNj

UR9XR33V URjXjjdV UyXN88V
hQi�H 1tT2M/Bim`2b 9-jRkX9R3 9-dk8Xjyd 9RkX33N   

Uk-y8yXdy9V Uj-8NkX33kV UReyXyyRV
6QQ/ a2+m`Biv RdXyye RdX8R9 yX8y3 

UjX33dV U9Xy9kV UyXkeeV
6`2[m2M+v Q7 a�pBM;b yXkNk yXjdy yXydd  

UyX988V UyX939V UyXyjRV
hQi�H AM+QK2 kNeXeN3 j9kX3N3 9eXkyy

UNN9X99RV UR-Ry8X889V Ue3XdkNV
"�MF �++QmMi yXN8j yXNj9 @yXyky

UyXkRRV UyXk9NV UyXyR8V
q22FHv q�;2 RjyXN8k Rd3Xk88 9dXjyj

U9ejX9yeV UeRNXRykV UjjXjRdV
h`�mK� �M/ K2Mi�H ?2�Hi?

LmK#2` Q7 h`�mK�iB+ 1p2Mib 9X3Rk 9X3kR yXyyN
UkX39RV UkXNR9V UyXRN9V

Sha. a+Q`2 R8XReN R9Xeyd @yX8ek
UR9XyyeV URjXejeV UyXN9dV

GB72 a�iBb7�+iBQM eXe3R eXdd9 yXyNj
URX83eV URX8NNV UyXRy3V

Pp2`�HH >2�Hi? yXdk8 yXdR3 @yXyy3
UyXRy3V UyXRRNV UyXyydV

P#b2`p�iBQMb R-jN8 k8d R-e8k
LQi2b, h?2 i�#H2 T`2b2Mib #�b2HBM2 +?�`�+i2`BbiB+b Q7 `2bTQM/2Mib i?�i r2`2 7QmM/ �i 2M/HBM2 U*QHmKM RV �M/ i?Qb2 i?�i
r2`2 MQi 7QmM/ �i 2M/HBM2 U*QHmKM kVX *QHmKMb R �M/ k b?Qr i?2 K2�M �M/ bi�M/�`/ 2``Q`bX h?2 H�bi +QHmKM b?Qrb i?2
/Bz2`2M+2 #2ir22M +QHmKMb R �M/ k- rBi? bB;MB}+�M+2 BM/B+�i2/ �b 7QHHQrb,  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2
/2}M2/ BM i?2 MQi2 iQ i�#H2 �kX

N



h�#H2 �8X 1i?BQTB�, "�b2HBM2 *?�`�+i2`BbiB+b Q7 _2bTQM/2Mib �i 1M/HBM2- #v h`2�iK2Mi

URV UkV UjV
o�`B�#H2 *QMi`QH h`2�iK2Mi .Bz2`2M+2

.2KQ;`�T?B+b
�;2 k3Xj93 k3X3Ny yX89R

UeXdR3V UdXjyRV UyXjdeV
62K�H2 yX9Nd yX9Ne @yXyyR

UyX8yyV UyX8yyV UyXykdV
u2�`b Q7 a+?QQHBM; RyXeRj RyX89k @yXydR

UjXyN9V UjXyN8V UyXReeV
>Qmb2?QH/ aBx2 RX3y9 RXNyk yXyNN

URX83NV URXdekV UyXyNyV
u2�`b BM �//Bb kXd38 jXyk9 yXkjN  

URXN8kV UkX9y8V UyXRRdV
1KTHQvK2Mi �M/ 2+QMQKB+ Qmi+QK2b

1M;�;2/ BM qQ`F yXR3k yXkRk yXyjy
UyXj3eV UyX9yNV UyXykRV

>Qm`b qQ`F2/ dXe9y 3X9Ry yXddy
UkyXjjeV UkyX88kV URXyN8V

CQ# a2�`+? >Qm`b 9XRej 8XjjR RXRe3
URkX3RkV UR8X9kNV UyXdeRV

hQi�H 1tT2M/Bim`2b 9-j9jXddk 9-k3RXyky @ekXd8j
Uk-y8kX899V Uk-y9NX38jV URyNX3j3V

6QQ/ a2+m`Biv ReXNjj RdXydN yXR9e
UjX338V UjX3NRV UyXky3V

"�MF �++QmMi yXN8d yXN8y @yXyyd
UyXkyjV UyXkRNV UyXyRRV

6`2[m2M+v Q7 a�pBM;b yXk3k yXjyj yXyky
UyX98yV UyX9eyV UyXyk9V

q22FHv q�;2 Rk8Xe9k RjeXkdy RyXek3
U99kXN3kV U93jXk88V Uk9X3kkV

hQi�H AM+QK2 k8RXjjN j9kXRkk NyXd3j 
U3NRXNdeV UR-y3eXRd9V U8jXkR9V

h`�mK� �M/ K2Mi�H ?2�Hi?
GB72 a�iBb7�+iBQM eXdRd eXe9e @yXydR

URX83eV URX838V UyXy38V
Pp2`�HH >2�Hi? yXdkd yXdkj @yXyy9

UyXRRyV UyXRyeV UyXyyeV
LmK#2` Q7 h`�mK�iB+ 1p2Mib 9XdRe 9XNy3 yXRNk

UkXd8kV UkXNkdV UyXR8kV
Sha. a+Q`2 R8XR8N R8XRdN yXyky

UR9XR9RV URjX33yV UyXd8yV
P#b2`p�iBQMb eN3 eNd R-jN8

LQi2b, h?2 i�#H2 T`2b2Mib #�b2HBM2 +?�`�+i2`BbiB+b Q7 `2bTQM/2Mib �i 2M/HBM2- #v i`2�iK2Mi bi�imbX *QHmKMb R �M/ k b?Qr
i?2 K2�M �M/ bi�M/�`/ 2``Q`b 7Q` i?2 +QMi`QH �M/ :J1 i`2�iK2MiX h?2 H�bi +QHmKM b?Qr i?2 /Bz2`2M+2 #2ir22M i`2�iK2Mi
�`Kb- rBi? bB;MB}+�M+2 BM/B+�i2/ �b 7QHHQrb,  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2 /2}M2/ BM i?2 MQi2 iQ i�#H2
�kX

Ry



h�#H2 �eX J2�bm`2K2Mi, J2Mi�H 1tT2`B2M+BM; BM 1i?BQTB� aim/v

_272`2M+2
S2`BQ/ a+2M�`BQb Zm2biBQMb 7Q`

1�+? a+2M�`BQ

S�bi

_2bTQM/2Mib �`2 T`2b2Mi2/ rBi? i?2 7QHHQrBM; b+2M�`BQb
BM `�M/QKBx2/ Q`/2`X 6Q` 2�+? b+2M�`BQ- i?2v �`2 �bF2/
iQ i?BMF Q7 � bT2+B}+ 2p2Mi i?�i ?�b ?�TT2M2/X

RV � `2H�iBp2 ;2ib bB+F UM2;�iBp2V
kV PM2 Q7 vQm` 7`B2M/b ;2ib � DQ# UTQbBiBp2V
jV uQm i�F2 � ?2�Hi? i2bi UM2mi`�HV
9V uQm TH�M vQm` M2ti /�v UM2mi`�HV

aT2+B}+Biv
UR ǳLQ K2KQ`v �i �HHǶ
iQ 8 Ǵo2`v bT2+B}+ǴV

1KQiBQM�HBiv
UR ǳLQ 2KQiBQM �i �HHǶ
iQ 8 Ǵ1ti`2K2Hv bi`QM; 2KQiBQMbǴV

SQbBiBpBiv
UR ǳo2`v M2;�iBp2Ƕ
iQ 9 Ǵo2`v TQbBiBp2ǴV

6mim`2

_2bTQM/2Mib �`2 T`2b2Mi2/ rBi? i?2 7QHHQrBM; b+2M�`BQb
BM `�M/QKBx2/ Q`/2`X 6Q` 2�+? b+2M�`BQ- i?2v �`2 �bF2/
iQ i?BMF Q7 � bT2+B}+ 2p2Mi i?�i +QmH/ ?�TT2M BM i?2 7mim`2X

RV aQK2QM2 BMbmHib vQm QM i?2 bi`22i UM2;�iBp2V
kV aQK2QM2 ;Bp2b vQm � rBMMBM; HQii2`v iB+F2i UTQbBiBp2V
jV uQm �bF bQK2QM2 7Q` � DQ# UM2mi`�HV
9V uQm ;Q Qmi 7Q` � r�HF BM vQm` M2B;?#Q`?QQ/ UM2mi`�HV

LQi2b, h?2 [m2biBQMb 7Q` 2�+? b+2M�`BQ r2`2 b2H7@�bb2bb2/ �M/ `�i2/ #v i`2�iK2Mi@#HBM/ `2b2�`+? �bbBbi�Mib #�b2/ QM �m/BQ
`2+Q`/BM;bX h?2 i�#H2 T`2b2Mib �M 1M;HBb? i`�MbH�iBQM Q7 i?2 hB;`BMv� [m2biBQMM�B`2X h?2 Q`B;BM�H [m2biBQMM�B`2 Bb �p�BH�#H2
7`QK i?2 �mi?Q`b mTQM `2[m2biX

RR



h�#H2 �dX 1i?BQTB�, .2i�BH2/ +Qbi 2biBK�i2b

*�i2;Q`v *Qbib Ula.V *QKK2Mib

S`Q;`�K �/KBMBbi`�iBQM �M/ bi�z +Qbib 83-R8d S`QD2+i bi22`BM; �M/ +QQ`/BM�iBQMX
ai�z iBK2 Q7 `27m;22 2tT2`i �M/ Tbv+?B�i`BbiX

h�`;2iBM; +Qbib kR-y8e *QKKmMBiv Qmi`2�+? +�KT�B;M
ai�z i`�BMBM; j-edR :Qp2`MK2Mi BM+2TiBQM rQ`Fb?QT THmb i`�BMBM;
S�`iB+BT�Mi i`�BMBM; e-yyy h`�BMBM; p2Mm2 ?B`2 �M/ `2H�i2/ +Qbib
AKTH2K2Mi�iBQM �M/ T`Q;`�K K�i2`B�H +Qbib 8j-y8d S`Q/m+iBQM Q7 +m``B+mHmK K�i2`B�Hb

U2bTX pB/2QV �M/ BKTH2K2Mi�iBQM Q7 i`�BMBM;
lb2` +Qbib MQM2
�p2`i2/ +Qbib MQM2
JQMBiQ`BM; +Qbib Ry-k9y _BbF K�M�;2K2Mi 7`�K2rQ`F

�M/ `272``�H bvbi2K
hQi�H T`Q;`�K +Qbib R8k-R3y
LQi2b, h?2 i�#H2 T`2b2Mib � /2i�BH2/ +Qbi 2biBK�i2b 7QHHQrBM; i?2 C@S�G +QbiBM; i2KTH�i2 7Q` +Qbi 2z2+iBp2M2bb
�M�HvbBbX q2 �bbmK2 �M 1h"fla. 2t+?�M;2 `�i2 Q7 8RXde 7Q` kykk i�F2M 7`QK i?2 qQ`H/ "�MF q.A /�i�#�b2X a22
rrrXTQp2`iv�+iBQMH�#XQ`;f`2bQm`+2f+QM/m+iBM;@+Qbi@2z2+iBp2M2bb@�M�HvbBb@+2� 7Q` KQ`2 /2i�BHb QM i?2 i2KTH�i2X
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" .2i�BHb Q7 1tT2`BK2Mi k U*QHQK#B�V
h?Bb �TT2M/Bt +QMi�BMb �//BiBQM�H /2i�BHb 7Q` 1tT2`BK2Mi k U*QHQK#B�VX

"XR hBK2HBM2 Q7 �+iBpBiB2b �M/ .�i� *QHH2+iBQM
h?2 BMi2`p2MiBQM r�b /2HBp2`2/ BM irQ r�p2b- i?2 }`bi i�FBM; TH�+2 7`QK CmHv iQ a2Ti2K#2` kyRN �M/
i?2 b2+QM/ 7`QK a2Ti2K#2` iQ .2+2K#2` kyRNX 6B;m`2 "R b?Qrb i?2 iBK2HBM2 Q7 i?2 BMi2`p2MiBQM �M/
/�i� +QHH2+iBQMX q2 +QM/m+i2/ �M 2ti2MbBp2 [m�HBi�iBp2 bim/v �M/ irQ TBHQib iQ `2}M2 i?2 +m``B+mHmK
�M/ _*h /2bB;M BM i?2 v2�` T`BQ` iQ BKTH2K2Mi�iBQMX "27Q`2 bi�`iBM; i?2 i`�BMBM; rBi?BM #Qi? r�p2b-
r2 }`bi b+`22M2/ BMi2`2bi2/ �TTHB+�Mib iQ /2i2`KBM2 2HB;B#BHBiv- `�M/QKBx2/ 2HB;B#H2 T�`iB+BT�Mib BMiQ
i?2 i?`22 i`2�iK2Mi �`Kb �M/ +QM/m+i2/ � #�b2HBM2 bm`p2vX 6Q` T�`iB+BT�Mib BM #Qi? r�p2b- r2
+QM/m+i2/ i?2 }`bi 7QHHQr@mT T?QM2 bm`p2v e iQ 3 KQMi?b �M/ i?2 b2+QM/ 7QHHQr@mT T?QM2 bm`p2v
Rk iQ R9 KQMi?b �7i2` i?2 2M/ Q7 i?2 i`�BMBM; T`Q;`�KX q2 ?�/ Q`B;BM�HHv b+?2/mH2/ �M BM@T2`bQM
7QHHQr@mT bm`p2v 7Q` 2�`Hv J�`+? kyky- #mi Bi r�b +�M+2HH2/ BM `2bTQMb2 iQ i?2 *QpB/@RN T�M/2KB+
�M/ i?2 bi`BM;2Mi M�iBQMrB/2 HQ+F/QrM BM *QHQK#B�X h?mb r2 ?�/ iQ +?�M;2 TH�Mb �M/ BKTH2K2Mi2/
irQ T?QM2 bm`p2vb +QKK2M+BM; BM J�v �M/ LQp2K#2` kykyX

:Bp2M i?2 b2MbBiBp2 +QMi2ti �M/ pmHM2`�#BHBiv Q7 i?2 TQTmH�iBQM- r2 mb2/ bm`p2vQ`b 7`QK AMMQ@
p�iBQMb 7Q` SQp2`iv �+iBQM UAS�V *QHQK#B�- �M BM/2T2M/2Mi MQMT`Q}i `2b2�`+? Q`;�MBx�iBQMX AS�
*QHQK#B� +QKKmMB+�i2/ iQ `2bTQM/2Mib i?�i i?2v r2`2 +QM/m+iBM; � bm`p2v QM 2Mi`2T`2M2m`b BM
"Q;Qi� BM +QHH�#Q`�iBQM rBi? i?2 HQ+�H ;Qp2`MK2Mi T�`iM2`X q2 M22/2/ iQ +Bi2 Qm` ;Qp2`MK2Mi
T�`iM2` iQ 2M+Qm`�;2 T�`iB+BT�iBQM BM � +QMi2ti rBi? bQK2 Q7 i?2 HQr2bi i`mbi `�i2b ;HQ#�HHv- #mi
i?2`2 r�b MQ K2MiBQM Q7 i?2 T`Q;`�K Bib2H7X �HH `2bTQM/2Mib r2`2 +QKT2Mb�i2/ *PS 0Ry-yyy U0kX3V
7Q` i?2B` iBK2- B``2bT2+iBp2 Q7 r?2i?2` i?2v +QKTH2i2/ i?2 bm`p2vX

"Xk "�H�M+2- h�F2 mT- �M/ �ii`BiBQM
"�H�M+2
h�#H2 "R b?Qrb i?�i i`2�iK2Mi �bbB;MK2Mi Bb #�H�M+2/ QM Q#b2`p�#H2b 7Q` i?2 7mHH b�KTH2 Q7
`�M/QKBx2/ T�`iB+BT�MibX _2bmHib �`2 i?2 b�K2 r?2M HBKBiBM; iQ QMHv i?2 b�KTH2 r?Q �++2Ti2/
iQ T�`iB+BT�i2 BM i?2 i`�BMBM;- r?B+? Bb i?2 QM2 mb2/ 7Q` i?2 �M�HvbBb Uh�#H2 "kVX q2 �HbQ 7�BH iQ
`2D2+i i?2 MmHH Q7 � DQBMi Q`i?Q;QM�HBiv i2bi Q7 i?2 bB;MB}+�M+2 Q7 �HH i?2 p�`B�#H2b b?QrM BM h�#H2 "R
QM i`2�iK2Mi �bbB;MK2Mi U6UR8-R3R3V4yXe8- T4yX3jVX

h�F2@lT
h?2 i�F2 mT Q7 2�+? i`2�iK2Mi ;`QmT Bb bm#bi�MiB�H- rBi? �#Qmi edW Q7 BM/BpB/m�Hb �ii2M/BM; �i
H2�bi QM2 b2bbBQM BM i?2 :J1 i`�BMBM; �+`Qbb #Qi? r�p2b- +QM/BiBQM�H QM +QM}`KBM; �ii2M/�M+2X
"v r�v Q7 +QKT�`BbQM- �ii2M/�M+2 `�i2b BM i?2 J+E2MxB2 �M/ qQQ/`mz UkyR9V `2pB2r Q7 #mbBM2bb
i`�BMBM; T`Q;`�Kb BM /2p2HQTBM; +QmMi`B2b `�M;2 7`QK jN iQ NkW- rBi? � K2�M Q7 e9WX P7 i?Qb2
�ii2M/BM; �i H2�bi QM2 b2bbBQM- 93W �ii2M/2/ b2p2M Q` KQ`2 Q7 i?2 i2M b2bbBQMb BM i?2 :J1 i`2�iK2Mi
�M/ [m�HB}2/ 7Q` � +2`iB}+�i2X aBKBH�`Hv- ejW �ii2M/2/ �i H2�bi QM2 b2bbBQM BM i?2 i`�/BiBQM�H
i`�BMBM; �+`Qbb #Qi? r�p2bX P7 i?Qb2 �ii2M/BM; �i H2�bi QM2 b2bbBQM- 8jW �ii2M/2/ b2p2M Q` KQ`2
b2bbBQMb BM i?2 i`�/BiBQM�H i`�BMBM;X h�F2 mT `�i2b �`2 83W �M/ 88W BM i?2 :J1 �M/ i`�/BiBQM�H
;`QmT- `2bT2+iBp2Hv- B7 r2 /Q MQi +QM/BiBQM QM +QM}`K2/ �ii2M/�M+2X Pm` b�KTH2 Bb ?B;?Hv `2bQm`+2@
+QMbi`�BM2/ �M/ KQ#BH2X AM +QHH�#Q`�iBQM rBi? Qm` ;Qp2`MK2Mi T�`iM2`b- r2 /2p2HQT2/ b2p2`�H
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bi`�i2;B2b iQ K�tBKBx2 +QKTHB�M+2 �KQM; i?Qb2 r?Q r2`2 `�M/QKBx2/ iQ #Qi? i`�BMBM; i`2�iK2MibX
6Q` BMbi�M+2- T�`iB+BT�Mib r2`2 �bbB;M2/ iQ p2Mm2b i?�i K�i+?2/ i?2B` HQ+�iBQM T`272`2M+2b iQ i?2
#2bi 2ti2Mi TQbbB#H2X Pm` bmT2`pBbQ`b 2Mbm`2/ i?�i T�`iB+BT�Mib r2`2 `2KBM/2/ QM � r22FHv #�bBb
Qp2` q?�ib�TT ;`QmTb- i2ti K2bb�;2b �M/ T?QM2 +�HHbX S�`iB+BT�Mib r?Q �ii2M/2/ b2p2M Q` KQ`2
b2bbBQMb `2+2Bp2/ � +2`iB}+�i2 bB;M2/ Qz #v i?2 ;Qp2`MK2Mi T�`iM2` Ua.AaV �M/ i?2 qQ`H/ "�MF-
�M/ BMpBi2/ iQ �ii2M/ � ;`�/m�iBQM +2`2KQMv BM i?2 +�b2 Q7 i?2 b2+QM/ r�p2X

�//BiBQM�HHv- h�#H2 "j b?Qrb r?B+? #�b2HBM2 +?�`�+i2`BbiB+b �`2 +Q``2H�i2/ rBi? i�F2 mTX q2 }M/
i?�i QH/2` T2QTH2- i?Qb2 r?Q ?�p2 � #mbBM2bb �M/ rBi? ?�/ � H�`;2` MmK#2` Q7 i`�mK�iB+ 2tT2`B2M+2b
�`2 KQ`2 HBF2Hv iQ T�`iB+BT�i2 BM �i H2�bi QM2 b2bbBQM- r?BH2 rQK2M �M/ T2QTH2 rBi? bi`QM;2` i`�mK�
bvKTiQKb �M/fQ` /Bbi`2bb �`2 H2bb HBF2Hv iQ i�F2@mT i?2 i`�BMBM;X

�ii`BiBQM
q2 bm`p2v2/ d9W Q7 �HH T�`iB+BT�Mib BM Qm` }`bi 7QHHQr@mT bm`p2v �M/ ejW Q7 T�`iB+BT�Mib BM Qm`
b2+QM/ 7QHHQr@mT bm`p2vX h�#H2 "9 b?Qrb i?�i b2H2+iBQM BMiQ i?2 bm`p2vb Bb `2H�i2/ rBi? � 72r
Q#b2`p�#H2 +?�`�+i2`BbiB+bX 6Q` BMbi�M+2- T�`iB+BT�Mib rBi? � bHB;?iHv ?B;?2` BM+QK2 #27Q`2 i?2
i`�BMBM; �`2 H2bb HBF2Hv iQ T�`iB+BT�i2 BM i?2 7QHHQr@mT bm`p2vb i?�M i?2B` T22`b rBi? HQr2` T`2@
BMi2`p2MiBQM BM+QK2X AM/BpB/m�Hb r?Q iQQF T�`i iQ i?2 #�b2HBM2 bm`p2v Q` �ii2M/2/ KQ`2 b2bbBQMb Q7
i?2 i`�BMBM; �`2 KQ`2 HBF2Hv iQ �HbQ T�`iB+BT�i2 BM i?2 7QHHQr@mTX

q?2M i2biBM; r?2i?2` �ii`BiBQM Bb /Bz2`2MiB�H �+`Qbb i`2�iK2Mi ;`QmTb- r2 }M/ i?�i T�`iB+BT�iBQM
BM #Qi? i?2 KB/HBM2 �M/ 2M/HBM2 bm`p2vb Bb i?2 b�K2 #2ir22M T�`iB+BT�Mib 7`QK Qm` :J1 �M/
i`�/BiBQM�H i`�BMBM; ;`QmTbX deW �M/ d8W Q7 T�`iB+BT�Mib 7`QK Qm` :J1 �M/ i`�/BiBQM�H i`�BMBM;
;`QmTb `2bTQM/2/ iQ Qm` KB/HBM2 bm`p2v- �M/ e9W �M/ e8W T�`iB+BT�i2/ BM i?2 2M/HBM2 bm`p2v-
`2bT2+iBp2HvX >Qr2p2`- dyW �M/ 8dW Q7 i?2 MQ@BMi2`p2MiBQM ;`QmT T�`iB+BT�Mib r2`2 BMi2`pB2r2/ BM
i?2 }`bi �M/ b2+QM/ 7QHHQr@mT bm`p2vb- `2bT2+iBp2HvX Pp2`�HH- i?2 HBF2HB?QQ/ Q7 `2THvBM; iQ �Mv Q7 i?2
irQ 7QHHQr@mT bm`p2vb Bb 9 T2`+2Mi�;2 TQBMib HQr2` BM i?2 Tm`2 +QMi`QH i?�M �Mv Q7 i?2 Qi?2` irQ
i`2�iK2Mi �`Kb Ubi�iBbiB+�HHv bB;MB}+�Mi �i i?2 RyWVX

.2bTBi2 i?Bb bK�HH /Bz2`2M+2 BM `2bTQMb2 `�i2 #2ir22M i?2 i`�BMBM; �`Kb �M/ i?2 +QMi`QH- h�#H2 "8
b?Qrb i?�i i?2 Q#b2`p�#H2 +?�`�+i2`BbiB+b Q7 T�`iB+BT�Mib BM i?2 KB/HBM2 Q` 2M/HBM2 �`2 #�H�M+2/
#2ir22M i`2�iK2Mi ;`QmTbX h?Bb Bb `2�bbm`BM; 2pB/2M+2 i?�i- QM Q#b2`p�#H2b- i?2 b�KTH2b Q7 `2bTQM@
/2Mib HQQF bBKBH�` �+`Qbb i`2�iK2Mi �`KbX h�#H2b *R8 �M/ *Re b?Qr i?�i i?2 `2bmHib �`2 `Q#mbi r?2M
�//BM; BMp2`b2@T`Q#�#BHBiv r2B;?iBM; iQ Qm` `2;`2bbBQMbX AM amTTH2K2Mi�`v K�i2`B�Hb- iQ 7m`i?2` /2�H
rBi? �ii`BiBQM- r2 mb2 G22 "QmM/b iQ +Q``2+i 7Q` /Bz2`2MiB�H �ii`BiBQM #2ir22M i?2 i`2�iK2Mib �M/
i?2 +QMi`QHX

"Xj J2�bm`2K2Mi �M/ *QMbi`m+iBQM Q7 Pmi+QK2 o�`B�#H2b
q2 +QHH2+i2/ i?`22 7�KBHB2b Q7 T`BK�`v Qmi+QK2b, K2Mi�H 2tT2`B2M+BM;- 2+QMQKB+ Qmi+QK2b �M/
Tbv+?QHQ;B+�H `2bBHB2M+2X q2 +QMbi`m+i Qm` BM/B+2b rBi?BM 2�+? 7�KBHv 7QHHQrBM; EHBM; 2i �HX UkyydV,
UBV �HH p�`B�#H2b �`2 }`bi +QMbBbi2MiHv bB;M2/ U2X;X ?B;?2` p�Hm2 �bbQ+B�i2/ rBi? ?B;?2` �#BHBiv Q`
r2H7�`2Vc �M/ UBBV 2�+? +QKTQM2Mi Q7 i?2 BM/2t Bb i?2M bi�M/�`/Bx2/ #v bm#i`�+iBM; i?2 +QMi`QH
;`QmT K2�M �M/ /BpB/BM; #v i?2 +QMi`QH ;`QmT bi�M/�`/ /2pB�iBQMX AM i?2 +�b2 r?2`2 i?2`2 �`2
KmHiBTH2 bm#b+�H2b- r2 i�F2 irQ �//BiBQM�H bi2Tb, UBBBV i?2 bmK Q7 i?2 bi�M/�`/Bx2/ +QKTQM2Mib Bb
i�F2M �M/ UBpV i?2 bmK Bb bi�M/�`/Bx2/ �;�BM mbBM; i?2 +QMi`QH ;`QmT K2�M �M/ bi�M/�`/ /2pB�iBQMX
6Q` i?2 Tbv+?QHQ;B+�H b+�H2b- r2 }`bi bmK i?2 BM/BpB/m�H `2bTQMb2 Bi2Kb rBi?BM � b+�H2 T`BQ` iQ
bi�M/�`/BxBM; i?2 BM/B+2bX q2 T`QpB/2 /2i�BHb QM i?2 +QMbi`m+iBQM Q7 i?2 Qmi+QK2 p�`B�#H2b 7Q` 2�+?
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7�KBHv BM i?2 7QHHQrBM; T�`�;`�T?bX

6�KBHv R, J2Mi�H 1tT2`B2M+BM;

Pm` Qp2`�HH K2Mi�H 2tT2`B2M+BM; BM/2t Bb +QMbi`m+i2/ 7`QK �M �/�Ti2/ p2`bBQM Q7 i?2 aTQMi�M2Qmb
lb2 Q7 AK�;2`v a+�H2 U_2Bb#2`; 2i �HX- kyyjV �M/ i?2 S`QbT2+iBp2 AK�;2`v h�bF UJ�+G2Q/ 2i �HX-
RNNjc aiƺ#2`- kyyyc >QHK2b 2i �HX- kyy3VX Pm` Qp2`�HH BM/2t Q7 K2Mi�H 2tT2`B2M+BM; [m�HBiv +QK#BM2b
i?`22 BM/B+2b,

R 6`2[m2M+v Q7 mb2X h?2 b+�H2 +QMbBbib Q7 2B;?i bi�i2K2Mib /2bB;M2/ iQ �bb2bb i?2 T`QT2MbBiv Q7
�M BM/BpB/m�H iQ mb2 K2Mi�H 2tT2`B2M+BM; BM 2Bi?2` #mbBM2bb@`2H�i2/ Q` MQM@#mbBM2bb b+2M�`BQbX
6Q` 2t�KTH2- r2 �bF `2bTQM/2Mib iQ +QMbB/2` ǳq?2M A M22/ iQ ;Q iQ � K22iBM;- A TB+im`2 i?2
`Qmi2 BM Kv KBM/ #27Q`2 ;QBM;Ǵ- �M/ bi�i2 i?2 2ti2Mi iQ r?B+? i?2v �;`22 QM � GBF2`i b+�H2
7`QK R iQ 8X q2 #mBH/ QM2 BM/2t QM i?2 7`2[m2M+v Q7 mb2 Q7 K2Mi�H 2tT2`B2M+BM; 7`QK i?Bb
b+�H2X

k@j aT2+B}+Biv �M/ 2KQiBQM�HBivX h?2 b+�H2 �bFb `2bTQM/2Mib iQ BK�;BM2 i?`22 TQbBiBp2 �M/ i?`22
M2;�iBp2 b+2M�`BQb- 2Bi?2` `2H�i2/ iQ i?2B` #mbBM2bb Q` MQiX 6Q` 2t�KTH2- `2bTQM/2Mib �`2 �bF2/
iQ BK�;BM2 � b+2M�`BQ BM r?B+? ǳi?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm �`2 bi`m;;HBM;
iQ K�F2 2M/b K22iǴ Q` ǳi?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm` #mbBM2bb Bb /QBM; r2HHǴX
_2bTQM/2Mib �`2 i?2M �bF2/ iQ �bb2bb i?2 pBpB/M2bb �M/ 2KQiBQM�H BMi2MbBiv �bbQ+B�i2/ rBi?
2�+? BK�;2X q2 #mBH/ irQ BM/B+2b 7`QK i?Bb b+�H2, QM2 7Q` bT2+B}+Biv- �M/ QM2 7Q` 2KQiBQM�HBiv
U#Qi? QM � b+�H2 7`QK R iQ 8VX

.2i�BHb �#Qmi i?2 [m2biBQMb mb2/ BM Qm` b+�H2b �`2 `2TQ`i2/ BM h�#H2 "eX

6�KBHv k, 1+QMQKB+ Pmi+QK2b

q2 +QMbi`m+i 2+QMQKB+ BM/B+2b iQ +�Tim`2 /QrMbi`2�K i`2�iK2Mi 2z2+ib �M/ /BbiBM;mBb? #2ir22M
irQ iBK2 T2`BQ/b, URV 2+QMQKB+ �+iBpBiv T`BQ` iQ i?2 *QpB/@RN BM/m+2/ HQ+F/QrM UBX2X #27Q`2 k9
J�`+? kykyV �M/ UkV 2+QMQKB+ �+iBpBiv /m`BM; i?2 HQ+F/QrMX �HH i?2 K�BM +QMiBMmQmb p�`B�#H2b BM
i?Bb 7�KBHv UBX2X- BM+QK2- `2p2Mm2b- b�pBM;b- ?Qm`b �M/ 7mM/BM;V �`2 rBMbQ`Bx2/ �i i?2 NNth T2`+2MiBH2
�M/ i`�Mb7Q`K2/ mbBM; �M BMp2`b2 ?vT2`#QHB+ bBM2 i`�Mb7Q`K�iBQMX

6Q` i?2 T`2@*PoA. T2`BQ/- r2 ?�p2 irQ K�BM K2�bm`2b Q7 2+QMQKB+ Qmi+QK2b- #Qi? #�b2/ QM
T�`iB+BT�MibǶ `2+�HH Q7 i?2 KQMi?b T`BQ` iQ i?2 M�iBQM�H HQ+F/QrM,

Ç "mbBM2bb bi�imb, i?Bb Bb � /mKKv 2[m�H iQ QM2 B7 i?2 T2`bQM ?�/ � #mbBM2bb T`2@*PoA.- �M/
y Qi?2`rBb2X

Ç 1�`MBM;b, i?Bb Bb �M BM/2t r?B+? BM+Hm/2b b�H2b �M/ i�F2@?QK2 BM+QK2- +QM/BiBQM�H QM QrMBM;
� #mbBM2bb- Q` bBKTHv i�F2@?QK2 BM+QK2 B7 MQ #mbBM2bb 2tBbib �i i?2 iBK2 Q7 i?2 bm`p2vX q2 �bF
�#Qmi BM+QK2 BM � ivTB+�H r22F BM i?2 KQMi? T`BQ` iQ i?2 bi�`i Q7 i?2 HQ+F/QrM- �M/ �#Qmi
i?2 #2bi KQMi? Q7 b�H2b BM i?2 bBt KQMi?b T`BQ` iQ i?2 bi�`i Q7 i?2 HQ+F/QrMX

6Q` i?2 T2`BQ/ /m`BM; *PoA.@RN- r2 +QMbi`m+i Qm` Qmi+QK2b �b 7QHHQrb,

Ç "mbBM2bb bi�imb, i?Bb Bb � /mKKv 2[m�H iQ R B7 i?2 T2`bQM ?�b � #mbBM2bb r?B+? Bb LPh
T2`K�M2MiHv +HQb2/- y B7 i?2 T2`bQM ?�b MQ #mbBM2bb Q` i?2 #mbBM2bb ?�b T2`K�M2MiHv +HQb2/
UbBM+2 J�`+? kykyVc
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Ç 1�`MBM;b, i?Bb BM/2t Bb +QMbi`m+i2/ �b i?2 QM2 7Q` i?2 T`2@*PoA. T2`BQ/- #mi `272`b iQ i?2
b�H2b BM i?2 KQMi? T`BQ` iQ i?2 bm`p2v �M/ i?2 BM+QK2 BM i?2 r22F #27Q`2c

Ç AMp2biK2Mi, i?Bb BM/2t K2�bm`2b r?2i?2` � T2`bQM �+[mB`2/ � M2r �bb2i Q` bB;MB}+�MiHv
BKT`Qp2 �M 2tBbiBM; �bb2i 7Q` i?2B` #mbBM2bb- Qmi Q7 � ;Bp2M HBbi Q7 TQbbB#H2 BMp2biK2Mi +�i2;Q`B2bX
�b i?Bb BM/2t /Q2b MQi +H2�`Hv /BbiBM;mBb? #2ir22M i?2 T`2@*PoA. �M/ *PoA. T2`BQ/- r2
BM+Hm/2 Bi rBi?BM i?2 *PoA. T2`BQ/ Qmi+QK2bc

Ç a�72iv M2ib, i?Bb BM/2t BM+Hm/2b irQ bm#@BM/2t2b- QM2 7Q` b�pBM;b BM i?2 T`2@*QpB/ T2`BQ/
U�+im�H b�72iv M2ibV �M/ QM2 7Q` i?2B` T2`+2TiBQMb Q7 BM7Q`K�H bmTTQ`i M2irQ`Fb /m`BM; i?2
T�M/2KB+ UT2`+2Bp2/ b�72iv M2ibVX h?2b2 T2`+2TiBQMb BM+Hm/2 r?2i?2` i?2 `2bTQM/2Mi i?BMFb
iQ ?�p2 2MQm;? b�pBM;b 7Q` i?2 }`bi irQ KQMi?b Q7 i?2 HQ+F/QrM- r?2i?2` i?2v rQmH/ #2 �#H2
iQ 2�bBHv Q#i�BM kyy-yyy T2bQb rBi?BM i?2 M2ti KQMi? �M/ r?2i?2` i?2v ?�p2 2MQm;? +�b? iQ
+Qp2` 2tT2Mb2b 7Q` i?2 7QHHQrBM; r22FX

Ç *QpB/ �+iBQMb, i?Bb BM/2t i`B2b iQ +�Tim`2 ?Qr 2Mi`2T`2M2m`b �/�Ti i?2B` #mbBM2bb iQ i?2
T�M/2KB+ �M/ i?2 �bbQ+B�i2/ ;Qp2`MK2Mi `2bi`B+iBQMbX h?Bb BM/2t BM+Hm/2b irQ bm#@BM/B+2bX
PM2 bm#@BM/2t Bb 7Q` i?2 #2?�pBQ`�H `2bTQMb2 i?�i T2QTH2 ?�/ iQ *PoA.@RN T�M/2KB+- 7Q`
BMbi�M+2 r2 �bF T�`iB+BT�Mib r?2i?2` i?2v b2i mT � b�72 rQ`F 2MpB`QMK2Mib- B/2MiB}2/ �Hi2`@
M�iBp2 bmTTHv +?�BMb Q` /Bp2`bB}2/ i?2B` T`Q/m+ibX h?2 Qi?2` bm#@BM/2t Bb 7Q` ǳb�72Ǵ rQ`FBM;
?Qm`b- /2}M2/ �b i?2 T`QTQ`iBQM Q7 iQi�H ?Qm`b rQ`F2/ /m`BM; r?B+? bQ+B�H /Bbi�M+BM;- 7`2[m2Mi
?�M/ r�b?BM;- i?2 mb2 Q7 7�+2 K�bFb Q` ?QK2 rQ`FBM; r2`2 �/?2`2/ iQX

6�KBHv j, Sbv+?QHQ;B+�H `2bBHB2M+2

q2 2tTHQ`2 r?2i?2` i?2 i`2�iK2Mi ?�b /QrMbi`2�K 2z2+ib QM K2Mi�H r2HH@#2BM; /m`BM; i?2
T�M/2KB+ #v #mBH/BM; irQ BM/B+2bX h?2 }`bi BM/2t +�Tim`2b Tbv+?QHQ;B+�H `2bBHB2M+2- /2}M2/ �b
i?2 �#BHBiv iQ `2bTQM/ r2HH BM i?2 7�+2 Q7 �/p2`bBivX q2 mb2 i?`22 b+�H2b 7Q` i?Bb BM/2t, i?2 "`B27
_2bBHB2Mi *QTBM; a+�H2 UaBM+H�B` �M/ q�HHbiQM- kyy9V- �M/ �/�Ti2/ bm#b2i Q7 bi�i2K2Mib 7`QK i?2
"`B27 _2bBHB2M+2 a+�H2 UaKBi? 2i �HX- kyy3V �M/ � a2H7@2{+�+v b+�H2 U*?2M 2i �HX- kyyRVX

h?2 b2+QM/ BM/2t `2~2+ib Tbv+?QHQ;B+�H /Bbi`2bb- �b K2�bm`2/ #v i?2 E2bbH2` Ee MQM@bT2+B}+
/Bbi`2bb b+�H2 UE2bbH2` 2i �HX- kyykVX

"X9 *Qbi 1z2+iBp2M2bb �M/ a+�H�#BHBiv
h�#H2 "d T`QpB/2b KQ`2 /2i�BH2/ /�i� QM T`Q;`�K +Qbib- 7QHHQrBM; i?2 C@S�G +QbiBM; i2KTH�i2 7Q`
+Qbi@2z2+iBp2M2bb �M�HvbBbX .BpB/BM; i?2 iQi�H +Qbi #v �+im�H #2M2}+B�`B2b Ur?Q iQQF mT �i H2�bi
QM2 b2bbBQM Q7 2Bi?2` i?2 :J1 Q` i`�/BiBQM�H i`�BMBM; BMi2`p2MiBQMbV `2bmHib BM �p2`�;2 +Qbib Q7 la.
8jk T2` #2M2}+B�`vX q2 `2TQ`i i?2 +Qbib iQ /2HBp2` i?2 T`Q;`�K iQ i?2 #2M2}+B�`B2b i?�i iQQF mT
i?2 T`Q;`�KX q2 2biBK�i2 i?2 K�`;BM�H +Qbib iQ /2HBp2` i?2 T`Q;`�K iQ �M �//BiBQM�H #2M2}+B�`v
iQ #2 �TT`QtBK�i2Hv la. R9e- i?Qm;? r2 +�miBQM i?�i bT2+B}+ 72�im`2b Q7 i?2 BKTH2K2Mi�iBQM
BM7`�bi`m+im`2 K�v MQi b+�H2 mT HBM2�`HvX

� F2v �bT2+i Q7 b+�H�#BHBiv BM *QHQK#B� Bb i?2 �#BHBiv iQ /2HBp2` i?2 T`Q;`�K i?`Qm;? MQM@
bT2+B�HBx2/ i`�BM2`b �M/ BM � ;`QmT@#�b2/ b2iiBM;bX q2 #2HB2p2 i?�i i?2 T`Q;`�K +�M #2 b+�H2/
mT rBi?BM i?2 T`Q;`�KKBM; Q7 ;Qp2`MK2Mib �M/ /2p2HQTK2Mi T�`iM2`bX AM MQp2H +QMi2tib- i?2
2z2+iBp2M2bb Q7 :J1 rBHH HBF2Hv ?BM;2 QM +�`27mHHv �/�TiBM; i?2 :J1 2t2`+Bb2b iQ i?2 bT2+B}+
bBim�iBQM 7�+2/ #v i?2 TQTmH�iBQM Q7 BMi2`2biX h?Bb +�M #2 /QM2 i?`Qm;? [m�HBi�iBp2 rQ`F BM
+QHH�#Q`�iBQM rBi? K2Mi�H ?2�Hi? T`Q72bbBQM�Hb �M/ Qi?2` `2H2p�Mi 2tT2`ibX

Re



"X8 �TT2M/Bt " 6B;m`2b �M/ h�#H2b

6B;m`2 "RX hBK2HBM2 Q7 AKTH2K2Mi�iBQM �M/ .�i� *QHH2+iBQM

LQi2b, h?Bb };m`2 BHHmbi`�i2b i?2 iBK2HBM2 Q7 /�i� +QHH2+iBQM �M/ BMi2`p2MiBQM /2HBp2`v 7Q` i?2 *QHQK#B� i`B�HX h?2 #�b2HBM2
bm`p2v �M/ BMi2`p2MiBQM r2`2 +QM/m+i2/ BM irQ b2T�`�i2 r�p2b BM CmHv@a2Ti2K#2` kyRN �M/ a2Ti2K#2`@.2+2K#2` kyRNX
S�`iB+BT�Mib BM #Qi? r�p2b r2`2 BMpBi2/ iQ i?2 7QHHQr@mT bm`p2vb BM kykyX

Rd



h�#H2 "RX *QHQK#B�, "�b2HBM2 "�H�M+2

URV UkV UjV U9V U8V UeV
J2�Mb S�B`rBb2 /Bz2`2M+2b

o�`B�#H2 :J1 h`�/BiBQM�H *QMi`QH :J1@h`�/ :J1@* h`�/@*

.2KQ;`�T?B+b
62K�H2 yX8d3 yX83y yX8dR @yXyyk yXyyd yXyyN

UyX9N9V UyX9N9V UyX9NeV UyXN8RV UyX3y9V UyXd3kV
�;2 UR3@k3V yXey9 yX8dR yXekN yXyjj @yXyk8 @yXy83 

UyX93NV UyX9N8V UyX939V UyXkRNV UyXj3kV UyXyeNV
�;2 UkN@98V yXk9y yXk8y yXkdk @yXyRR @yXyjj @yXykk

UyX9kdV UyX9j9V UyX99eV UyXe9kV UyXkyNV UyX98yV
�;2 U9e@8NV yXyNk yXRRj yXyN9 @yXykR @yXyyk yXyRN

UyXk3NV UyXjRdV UyXkNkV UyXkykV UyX3NRV UyXjjNV
u2�`b Q7 1/m+�iBQM RjXRjk RjXy9e RjXjee yXy3e @yXkj9 @yXjky

UjXj99V UjXeeeV UjXRj8V UyXeNyV UyXkdjV UyXRNeV

"mbBM2bb �M/ �bb2ib
PMHv "mbBM2bb PrM2` yXk9k yXk98 yXkje @yXyyj yXyye yXyyN

UyX9k3V UyX9jyV UyX9k8V UyX3N8V UyX3k8V UyXd8dV
PMHv >�p2 � "mbBM2bb A/2� yX9NR yX933 yX9N9 yXyyj @yXyyj @yXyye

UyX8yyV UyX8yyV UyX8yRV UyXNyRV UyXNk8V UyX38yV
>�p2 "mbBM2bb �M/ "mbBM2bb A/2� yXked yXkee yXkdy yXyyk @yXyyj @yXyy9

UyX99jV UyX99kV UyX999V UyXN93V UyXNReV UyX33RV
AM+QK2 ≤ KBM r�;2 yXeed yXeej yXe9R yXyy9 yXyke yXykk

UyX9dkV UyX9djV UyX93yV UyX339V UyXje9V UyX93jV
AM+QK2 > KBM r�;2 yXk9y yXkjy yXk93 yXyRy @yXyyN @yXyR3

UyX9kdV UyX9kRV UyX9jkV UyXedjV UyXdj9V UyX8RRV
�bb2ib PrM2/ RRXe3R RRXdN9 RRX3j8 @yXRR9 @yXR88 @yXy9R

UjX38jV UjXNR8V UjXd3kV UyXejkV UyX89kV UyX338V
>Qmb2?QH/ aBx2 jX939 jX8dN jXe8y @yXyN8 @yXRe8 @yXydy

URX88eV URX8NNV URXdRjV UyXjk8V UyXRjdV UyX8edV
a�p2 JQMi?Hv UufLV yX88k yX8jR yX83y yXyky @yXyk3 @yXy93

UyX9N3V UyX8yyV UyX9N9V UyX8ydV UyXjNeV UyXR3eV
>�/ �++2bb iQ *`2/Bi UufLV yXR8e yXR9j yXRj3 yXyR9 yXyR3 yXyy9

UyXje9V UyXj8yV UyXj98V UyX8kkV UyX9jjV UyX3eRV

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib kXRkj kXkN8 kXjy3 @yXRej @yXRd9 @yXyyk

UkXkNeV UkX9kkV UkX8jNV UyXkyNV UyXkj9V UyXNNRV
>B;? h`�mK� avKTiQKb UA1a > jjV yXk99 yXkjR yXkjR yXyRk yXyRk @yXyyy

UyX9jyV UyX9kkV UyX9kkV UyXej8V UyXeeNV UyXNNeV
h`�mK� avKTiQKb UA1aV RdXN98 RdXe8y RdXd38 yXkN8 yXR8N @yXRje

UkkX99kV UkkX8NkV UkyXN83V UyX3jRV UyXNRkV UyXNjkV
.Bbi`2bb a+Q`2 UE2bbH2`V RjXRdy RjXkjk RjXRj3 @yXyek yXyjk yXyN9

U9XkRjV U9XykRV UjXNdyV UyX3yjV UyXNyeV UyXd93V
P#b2`p�iBQMb Nye 8jR 9R8 R-9jN R-jkj N93

LQi2b, h?2 i�#H2 T`2b2Mib � #�H�M+2 i2bi �i #�b2HBM2 7Q` �HH i?`22 i`2�iK2Mi �`KbX *QHmKMb R- k- �M/ j b?Qr i?2 K2�M �M/
bi�M/�`/ 2``Q`b 7Q` i?2 :J1 i`2�iK2Mi- i`�/BiBQM�H i`2�iK2Mi- �M/ +QMi`QH ;`QmTb- `2bT2+iBp2HvX h?2 7QHHQrBM; j +QHmKMb
b?Qr i?2 /Bz2`2M+2b #2ir22M i`2�iK2Mi �`Kb rBi? bB;MB}+�M+2 BM/B+�i2/ �b 7QHHQrb,  T<yXRy-   T<yXy8-    T<yXyRX
ǳAM+QK2 ≤ KBM r�;2Ǵ BM/B+�i2b i?�i i?2 `2bTQM/2Mi r�b 2�`MBM; H2bb QM � KQMi?Hv #�bBb i?�M i?2 *QHQK#B�M KBMBKmK r�;2
�i i?2 iBK2 Q7 2HB;B#BHBiv b+`22MBM; 7Q` i?2 T`QD2+iX ǳ�bb2ib PrM2/Ǵ Bb � p�`B�#H2 r?B+? +QmMib i?2 MmK#2` Q7 �bb2ib i?�i
i?2 T2`bQM QrMb UQmi Q7 � ;Bp2M HBbiVX h?2 MmK#2` Q7 i`�mK�iB+ 2p2Mib Bb +�H+mH�i2/ mbBM; � +QMi2tim�HHv@`2H2p�Mi i`�mK�
?BbiQ`v +?2+FHBbiX h`�mK� bvKTiQKb �`2 K2�bm`2/ mbBM; i?2 AKT�+i Q7 1p2Mi a+Q`2 _2pBb2/ b+�H2X h?2 ǳ.Bbi`2bb b+Q`2Ǵ Bb
� K2�bm`2 Q7 �MtB2iv- /2T`2bbBQM �M/ ;2M2`�H /Bbi`2bb +QKTmi2/ mbBM; i?2 E2bbH2` E@e b+�H2X

R3



h�#H2 "kX *QHQK#B�, "�b2HBM2 "�H�M+2 �KQM; h?Qb2 r?Q �++2Ti2/ h`�BMBM;

URV UkV UjV U9V U8V UeV
J2�Mb S�B`rBb2 /Bz2`2M+2b

o�`B�#H2 :J1 h`�/BiBQM�H *QMi`QH :J1@h`�/ :J1@* h`�/@*

.2KQ;`�T?B+b
62K�H2 yX8d9 yX8dN yX8dR @yXyye yXyyj yXyy3

UyX9N8V UyX9N9V UyX9NeV UyX39dV UyXNj9V UyX3yNV
�;2 UR3@k3V yX8NR yX8dj yXekN yXyRN @yXyj3 @yXy8e 

UyX9NkV UyX9N8V UyX939V UyX8kkV UyXkyRV UyXyNyV
�;2 UkN@98V yXk98 yXk9N yXkdk @yXyy9 @yXykd @yXykj

UyX9jRV UyX9jjV UyX99eV UyX3eNV UyXjRkV UyX99jV
�;2 U9e@8NV yXyNe yXRRN yXyN9 @yXyk9 yXyyk yXyk8

UyXkN9V UyXjk8V UyXkNkV UyXRNdV UyXNkdV UyXkk9V
u2�`b Q7 1/m+�iBQM RjXR8d RjXyj8 RjXjee yXRkk @yXkyN @yXjjR

UjXjR8V UjX8NyV UjXRj8V UyX83dV UyXjjjV UyXR3NV

"mbBM2bb �M/ �bb2ib
PMHv "mbBM2bb PrM2` yXk98 yXk98 yXkje yXyyy yXyyN yXyyN

UyX9jRV UyX9jRV UyX9k8V UyXNN8V UyXdk9V UyXd8dV
PMHv >�p2 � "mbBM2bb A/2� yX9dd yX9dd yX9N9 @yXyyy @yXyRd @yXyRd

UyX8yyV UyX8yyV UyX8yRV UyXN3dV UyX8eNV UyXekRV
>�p2 "mbBM2bb �M/ "mbBM2bb A/2� yXkd3 yXkd8 yXkdy yXyyk yXyy3 yXyye

UyX993V UyX99dV UyX999V UyXNk9V UyXde9V UyX38jV
AM+QK2 ≤ KBM r�;2 yXee8 yXedd yXe9R @yXyRR yXyk9 yXyje

UyX9dkV UyX9e3V UyX93yV UyXedNV UyXjN3V UyXke8V
AM+QK2 > KBM r�;2 yXkj3 yXkkR yXk93 yXyRe @yXyRy @yXykd

UyX9keV UyX9ReV UyX9jkV UyX8ykV UyXe33V UyXj9NV
�bb2ib PrM2/ RRXeeR RRX3N9 RRX3j8 @yXkjj @yXRd8 yXy83

UjX3jNV UjXNekV UjXd3kV UyXj89V UyX9N3V UyX39RV
>Qmb2?QH/ aBx2 jX98k jXeyN jXe8y @yXR8d @yXRNd @yXy9R

URX8yeV URXeydV URXdRjV UyXRkyV UyXyddV UyXd98V
a�p2 JQMi?Hv UufLV yX89N yX8j8 yX83y yXyR9 @yXyjR @yXy98

UyX9N3V UyX9NNV UyX9N9V UyXeeRV UyXj8NV UyXkjyV
>�/ �++2bb iQ *`2/Bi UufLV yXR8j yXR8y yXRj3 yXyyj yXyR8 yXyRk

UyXjeyV UyXj83V UyXj98V UyXNyNV UyX8jRV UyXe99V

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib kXk9d kXj9k kXjy3 @yXyNy @yXy8e yXy9y

UkXjjyV UkXjedV UkX8jNV UyX8RjV UyXdRyV UyX3RkV
>B;? h`�mK� avKTiQKb UA1a > jjV yXk9k yXkk3 yXkjR yXyR9 yXyRy @yXyy9

UyX9kNV UyX9kyV UyX9kkV UyXeyNV UyXdR3V UyXNRkV
h`�mK� avKTiQKb UA1aV RdXe98 RdXR9k RdXd38 yX8yj @yXR9y @yXe9j

UkkXkdjV UkkXyy8V UkyXN83V UyXdk9V UyXNkjV UyXeNRV
.Bbi`2bb a+Q`2 UE2bbH2`V RjXyN3 RjXR3d RjXRj3 @yXyNy @yXy9y yXy8y

U9XRykV UjXN3yV UjXNdyV UyXdk3V UyX33kV UyX3e3V
P#b2`p�iBQMb dN8 9eR 9R8 R-k8d R-kRR 3dd

LQi2b, h?2 i�#H2 T`2b2Mib � #�H�M+2 i2bi �i #�b2HBM2 7Q` �HH i?`22 i`2�iK2Mi �`Kb- +QMbB/2`BM; QMHv i?2 b�KTH2 Q7 T2QTH2
r?Q �++2Ti2/ iQ T�`iB+BT�i2 BM i?2 i`�BMBM; UBX2X Qm` �M�HvbBb b�KTH2VX *QHmKMb R- k- �M/ j b?Qr i?2 K2�M �M/ bi�M/�`/
2``Q`b 7Q` i?2 :J1 i`2�iK2Mi- i`�/BiBQM�H i`2�iK2Mi- �M/ +QMi`QH ;`QmTb- `2bT2+iBp2HvX h?2 7QHHQrBM; j +QHmKMb b?Qr i?2
/Bz2`2M+2b #2ir22M i`2�iK2Mi �`KbX  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2 /2}M2/ BM i?2 MQi2 iQ i�#H2 "RX

RN



h�#H2 "jX *QHQK#B�, AMi2`p2MiBQM h�F2@mT

URV UkV UjV
o�`B�#H2 LQ h�F2@mT h�F2@mT .Bz2`2M+2

.2KQ;`�T?B+b
62K�H2 yXeRR yX88j @yXy83  

UyX933V UyX9NdV UyXyk3V
�;2 UR3@k3V yXekj yX8e8 @yXy83  

UyX938V UyX9NeV UyXykdV
�;2 UkN@98V yXk88 yXkje @yXyky

UyX9jeV UyX9k8V UyXjNdV
�;2 U9e@8NV yXydy yXRk9 yXy89   

UyXk88V UyXjjyV UyXyyRV
u2�`b Q7 1/m+�iBQM RjXyRN RjXRRR yXyNR

UjXe8eV UjXjekV UyXed8V

"mbBM2bb �M/ �bb2ib
PMHv "mbBM2bb PrM2` yXkkR yXkeR yXyjN 

UyX9R8V UyX9jNV UyXy39V
PMHv >�p2 � "mbBM2bb A/2� yX8kk yX9e9 @yXy83  

UyX8yyV UyX9NNV UyXyjyV
>�p2 "mbBM2bb �M/ "mbBM2bb A/2� yXk8d yXkd9 yXyRd

UyX9jdV UyX99eV UyX9e8V
AM+QK2 ≤ KBM r�;2 yXe8y yXedd yXykd

UyX9ddV UyX9e3V UyXk3eV
AM+QK2 > KBM r�;2 yXk99 yXkjj @yXyRR

UyX9jyV UyX9kjV UyXe9RV
�bb2ib PrM2/ RRXe89 RRXd8N yXRy8

UjXNR3V UjX3ejV UyXeeRV
>Qmb2?QH/ aBx2 jXeyy jX93e @yXRR9

URXe8NV URX8R3V UyXk8yV
a�p2 JQMi?Hv UufLV yX8kj yX88R yXyk3

UyX8yyV UyX9N3V UyXjejV
>�/ �++2bb iQ *`2/Bi UufLV yXR9e yXR89 yXyy3

UyXj89V UyXjeRV UyXdkjV

h`�mK� �M/ J2Mi�H >2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib RX3d8 kX9kR yX89e   

UkXjNyV UkXkd9V UyXyyyV
>B;? h`�mK� avKTiQKb UA1a=jjV yXkd8 yXkRd @yXy8N  

UyX99dV UyX9RkV UyXykNV
h`�mK� avKTiQKb UA1aV kyXkeN ReXkNe @jXNd9   

Uk9Xj9yV UkRXR8dV UyXyyeV
.Bbi`2bb a+Q`2 UE2bbH2`V RjXdde RkX3j9 @yXN9R   

U9XeydV UjXdNdV UyXyyyV
P#b2`p�iBQMb eR8 3ye R-389

LQi2b, h?2 i�#H2 T`2b2Mib +?�`�+i2`BbiB+b Q7 T�`iB+BT�Mib i?�i �ii2M/2/ �i H2�bi QM2 b2bbBQM Q7 i?2 BMi2`p2MiBQM U*QHmKM kV
�M/ i?Qb2 i?�i /B/ MQi U*QHmKM RVX *QHmKMb R �M/ k b?Qr i?2 K2�M �M/ bi�M/�`/ 2``Q`b 7Q` 2�+? ;`QmTX *QHmKM j b?Qrb
i?2 /Bz2`2M+2 #2ir22M #Qi? ;`QmTb- rBi? bB;MB}+�M+2 BM/B+�i2/ �b 7QHHQrb,  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2
/2}M2/ BM i?2 MQi2 iQ i�#H2 "RX

ky



h�#H2 "9X *QHQK#B�, am`p2v �ii`BiBQM �i JB/HBM2 �M/ 2M/HBM2

URV UkV UjV U9V U8V UeV
S�`iB+BT�i2/ BM JB/HBM2 S�`iB+BT�i2/ BM 1M/HBM2

o�`B�#H2 LQ u2b .Bz LQ u2b .Bz
h`2�iK2Mib

:J1 h`2�iK2Mi yX99e yX938 yXyjN yX98d yX93e yXykN
UyX9N3V UyX8yyV UyXRddV UyX9NNV UyX8yyV UyXk8dV

h`�/BiBQM�H h`2�iK2Mi yXkdj yXkdd yXyyj yXkej yXk3j yXyRN
UyX99eV UyX99dV UyX3NdV UyX99RV UyX98yV UyXjN9V

*QMi`QH yXkd3 yXkjN @yXyjN yXkd3 yXkjk @yXy9d  
UyX99NV UyX9kdV UyXRkkV UyX99NV UyX9kkV UyXyj3V

"�b2HBM2 S�`iB+BT�iBQM yXedk yX3ee yXRN9   yXdRe yX3d8 yXR8N   
UyX9dyV UyXj9RV UyXyyyV UyX98RV UyXjjyV UyXyyyV

hQi�H �ii2M/�M+2 kX9yd jXd8e RXj8y   kX8dd jX3Nk RXjR8   
UjXk9RV UjXeNNV UyXyyyV UjXk8yV UjXd8kV UyXyyyV

q�p2 R S�`iB+BT�Mi yXj8N yXjRd @yXy9k yXjR3 yXjjk yXyR9
UyX93yV UyX9eeV UyXRkeV UyX9eeV UyX9dRV UyX89NV

.2KQ;`�T?B+b
62K�H2 yX838 yX8dR @yXyR9 yX883 yX839 yXyke

UyX9NjV UyX9N8V UyXeRjV UyX9NdV UyX9NjV UyXjRRV
�;2 UR3@k3V yX8Nj yX8Ne yXyyj yXeRN yX83j @yXyje

UyX9NkV UyX9NRV UyXNy3V UyX93eV UyX9NjV UyXR9eV
�;2 UkN@98V yXkde yXk9e @yXyjR yXk9R yXk8N yXyR3

UyX993V UyX9jRV UyXkjRV UyX9k3V UyX9jNV UyX9RdV
�;2 U9e@8NV yXy83 yXRR8 yXy83   yXy3k yXRRj yXyjR  

UyXkj9V UyXjkyV UyXyyyV UyXkd9V UyXjReV UyXyjdV
u2�`b Q7 1/m+�iBQM RjXdN9 RjXykR @yXddk   RjX93j RjXyj9 @yX99N  

UjXjNyV UjXjkNV UyXyyRV UjXjj3V UjXj8jV UyXykkV
"mbBM2bb �M/ �bb2ib

PMHv "mbBM2bb PrM2` yXRN3 yXk8d yXy83  yXkkR yXk88 yXyj9
UyXjNNV UyX9jdV UyXyRjV UyX9R8V UyX9jeV UyXRRNV

PMHv >�p2 � "mbBM2bb A/2� yX938 yX93y @yXyy8 yX9d9 yX938 yXyRy
UyX8yyV UyX8yyV UyX3ejV UyX8yyV UyX8yyV UyXe33V

>�p2 "mbBM2bb �M/ "mbBM2bb A/2� yXjRd yXkek @yXy89  yXjy9 yXk8N @yXy98 
UyX9eeV UyX99yV UyXy9yV UyX9eRV UyX9jNV UyXy8jV

AM+QK2 ≤ KBM r�;2 yX83y yXe33 yXRy3   yXeRe yXe33 yXydk   
UyX9N9V UyX9ejV UyXyyyV UyX93dV UyX9e9V UyXyyjV

AM+QK2 = KBM r�;2 yXk3N yXkRN @yXydy   yXkdy yXkRd @yXy8j  
UyX989V UyX9R9V UyXyyeV UyX998V UyX9RkV UyXyReV

�bb2ib PrM2/ RkXjk3 RRXejk @yXeNd   RkXkyN RRX8dk @yXejd   
U9Xyy8V UjX3RjV UyXyRyV U9XykRV UjXddRV UyXyyeV

>Qmb2?QH/ aBx2 jXkd3 jXey3 yXjjy   jX9jR jX8Nj yXRek 
URX899V URX8NkV UyXyykV URXeyeV URX8ddV UyXy3jV

a�p2 JQMi?Hv UufLV yX8jN yX888 yXyRe yX8ej yX893 @yXyR8
UyX9NNV UyX9NdV UyXej8V UyX9NdV UyX9N3V UyX8NdV

>�/ �++2bb iQ *`2/Bi UufLV yXReR yXR9e @yXyR8 yXRj3 yXR8j yXyR8
UyXje3V UyXj8jV UyX8j8V UyXj98V UyXjeyV UyX9eyV

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib RX88N kX8R8 yXN8e   RX3ke kX8j3 yXdRk   

UkXyReV UkX988V UyXyyyV UkXR39V UkX9ejV UyXyyyV
>B;? h`�mK� avKTiQKb UA1a=jjV yXkyd yXk9k yXyje yXkk8 yXk9y yXyR9

UyX9yeV UyX9kNV UyXkyjV UyX9R3V UyX9kdV UyX883V
h`�mK� avKTiQKb UA1aV R8XjeN R3Xyej kXeN9 ReXNRR RdX3Rk yXNyR

UkRXk3jV UkRXNN9V UyXyeeV UkRXeejV UkRXNd8V UyX93RV
.Bbi`2bb a+Q`2 UE2bbH2`V RjXk9e RjXRy8 @yXR9R RjXk9N RjXy3R @yXReN

U9XRjyV U9XyRkV UyXeR8V U9Xy8eV U9Xyk8V UyX9deV
P#b2`p�iBQMb jNN R-kdj R-edk 83N R-y3j R-edk

LQi2b, h?2 i�#H2 b?Qrb Q#b2`p�#H2 /Bz2`2M+2b #2ir22M T2QTH2 r?Q T�`iB+BT�i2/ Q` MQi BM i?2 KB/HBM2 bm`p2v U*QHmKMb R-
k �M/ jV �M/ 2M/HBM2 bm`p2v U*QHmKMb 9- 8 �M/ eVX *QHmKMb R- k �M/ 9- 8 b?Qr K2�Mb �M/ bi�M/�`/ 2``Q`b- r?BH2 *QHmKMb
j �M/ e b?Qr /Bz2`2M+2b BM K2�Mb �M/ i?2B` bi�M/�`/ 2``Q`bX  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2 /2}M2/ BM i?2
MQi2 iQ i�#H2 "RX

kR



h�#H2 "8X *QHQK#B�, .Bz2`2M+2b �+`Qbb h`2�iK2Mib BM i?2 "�b2HBM2 *?�`�+i2`BbiB+b Q7 _2bTQM/2Mib
�i JB/HBM2 �M/ 1M/HBM2

URV UkV UjV U9V U8V UeV
JB/HBM2 /Bz2`2M+2b 1M/HBM2 /Bz2`2M+2b

o�`B�#H2 :J1@h`�/ :J1@S* h`�/@S* :J1@h`�/ :J1@S* h`�/@S*

.2KQ;`�T?B+b
62K�H2 @yXy99 @yXyRj yXyjy @yXyj3 @yXykd yXyRR

UyXR3dV UyXdy8V UyX9jkV UyXk3jV UyX9d9V UyXdN9V
�;2 UR3@k3V yXyjR @yXyyR @yXyjR yXyeR @yXyRj @yXyd9 

UyXj8kV UyXN3jV UyX9ReV UyXy33V UyXdjdV UyXy3yV
�;2 UkN@98V @yXyke @yXy9N @yXykj @yXyR3 @yXy9d @yXykN

UyXjeeV UyXRy3V UyX9N3V UyX8e9V UyXReeV UyX99kV
�;2 U9e@8NV @yXyjj @yXyRR yXykR @yXy8y  yXyyN yXy8N  

UyXRjNV UyXey8V UyX9RjV UyXy9kV UyXe38V UyXyjjV
u2�`b Q7 1/m+�iBQM @yXRkN @yXR39 @yXy88 yXyyj @yXkj8 @yXkjd

UyXeyyV UyX99NV UyX398V UyXNNkV UyXj39V UyX999V

"mbBM2bb �M/ �bb2ib
PMHv "mbBM2bb PrM2` @yXyyj yXykR yXyk9 @yXyyj yXyky yXykk

UyXNRkV UyX9NkV UyX9dNV UyXNkdV UyX888V UyX899V
PMHv >�p2 � "mbBM2bb A/2� yXyRk @yXykk @yXyj9 @yXyye @yXyyN @yXyyj

UyXdR8V UyX8jjV UyXj39V UyX3eNV UyX3R9V UyXN9kV
>�p2 "mbBM2bb �M/ "mbBM2bb A/2� @yXyye yXyyR yXyyd yXyRk @yXyRy @yXykj

UyX3jeV UyXNdkV UyX3j8V UyXeNNV UyXd83V UyX89dV
AM+QK2 ≤ KBM r�;2 @yXyRy yXyR9 yXyk8 yXyj3 yXyRk @yXyke

UyXd99V UyXe8NV UyX8yRV UyXk8dV UyXdkNV UyX8RdV
AM+QK2 > KBM r�;2 yXyR3 yXyy8 @yXyRj @yXyRN yXyye yXyk8

UyX8R9V UyX3edV UyXe3eV UyX8k8V UyX389V UyX93RV
�bb2ib PrM2/ @yXjjj @yXkRd yXRRd @yXky9 @yXR8e yXy93

UyXkkdV UyX993V UyXdRdV UyX933V UyXeyNV UyX333V
>Qmb2?QH/ bBx2 @yXRjk @yXkjk @yXRyy @yXRRR @yXRNN @yXy33

UyXkjjV UyXydyV UyX93jV UyXj98V UyXR8jV UyX8e9V
a�p2 JQMi?Hv UufLV yXyRd yXyyk @yXyR8 yXykk @yXyRk @yXyjj

UyXejkV UyXN88V UyXdkjV UyX8eNV UyXdd3V UyX9ejV
>�/ �++2bb iQ *`2/Bi UufLV yXyyj yXyRj yXyyN @yXyRR yXyyR yXyRj

UyX3NjV UyXek3V UyXd8yV UyXe3kV UyXNeyV UyXeNeV

h`�mK� �M/ K2Mi�H ?2�Hi?
LmK#2` Q7 h`�mK�iB+ 1p2Mib @yXRy9 @yXy39 yXyky @yXyN8 @yXRRk @yXyRd

UyX8kkV UyXejdV UyXNRNV UyX839V UyX8edV UyXNj3V
>B;? h`�mK� avKTiQKb UA1a=jjV yXyRk yXyRk yXyyR yXyRk yXyyk @yXyRy

UyXdyeV UyXdy8V UyXN3kV UyXdy8V UyXN8jV UyXdNkV
h`�mK� avKTiQKb UA1aV yXy9e @yX9yj @yX993 yXRyN @yX8eR @yXedy

UyXNddV UyX3ydV UyX3yNV UyXN9NV UyXd8jV UyXdj9V
.Bbi`2bb a+Q`2 UE2bbH2`V @yXkdR @yXRky yXR8y @yXR39 @yXy38 yXyNN

UyXj93V UyXeNkV UyXe8NV UyX899V UyX3yRV UyXd33V
P#b2`p�iBQMb NeN NkR e8e 3jk ddd 88d

LQi2b, h?2 i�#H2 b?Qrb T�B`rBb2 /Bz2`2M+2b BM K2�Mb 7Q` #�b2HBM2 p�`B�#H2b #2ir22M 2�+? i`2�iK2Mi ;`QmT �i KB/HBM2
U*QHmKMb R- k �M/ jV �M/ 2M/HBM2 U*QHmKMb 9- 8 �M/ eVX  T<yXRy-   T<yXy8-    T<yXyRX o�`B�#H2b �`2 /2}M2/ BM i?2
MQi2 iQ i�#H2 "RX

kk



h�#H2 "eX J2�bm`2K2Mi, J2Mi�H 1tT2`B2M+BM;

J2Mi�H 2tT2`B2M+BM; Zm2biBQMb
AM/2t2b Zm2biBQMUbV

6`2[m2M+v Q7 mb2 ǳPM � b+�H2 Q7 R iQ 8- ?Qr Km+? /Q vQm �;`22 rBi? i?Bb bi�i2K2Mi\Ǵ- r?2`2 MmK#2`b R iQ 8 K2�Mi `2bT2+iBp2Hv, ai`QM;Hv
/Bb�;`22c .Bb�;`22c L2Bi?2` �;`22 MQ` /Bb�;`22c �;`22c ai`QM;Hv �;`22X h?2 bi�i2K2Mib mb2/ r2`2 �b 7QHHQrb,

Ç q?2M A M22/ iQ ;Q iQ � K22iBM;- A TB+im`2 i?2 `Qmi2 BM Kv KBM/ #27Q`2 ;QBM;X
Ç q?2M A i?BMF �#Qmi � +mbiQK2` mbBM; Kv T`Q/m+i Q` b2`pB+2- A BK�;BM2 i?2 +mbiQK2`Ƕb 2tT2`B2M+2 i?`Qm;? TB+im`2b
�M/ b2Mb�iBQMb BM Kv KBM/X
Ç q?2M A i?BMF �#Qmi i?2 /�v �?2�/- A +`2�i2 K2Mi�H TB+im`2b Q7 �HH i?2 i�bFb A Kmbi /QX
Ç q?2M A �K 7�+2/ rBi? /B{+mHi bBim�iBQMb- A K2Mi�HHv 2tT2`B2M+2 i?2 �+iBQMb A +QmH/ i�F2 �M/ i?2 +QMb2[m2M+2b Q7
i?Qb2 �+iBQMb #27Q`2 `2�+iBM;X
Ç q?2M A i?BMF �#Qmi i?2 ivT2 Q7 #mbBM2bb A r�Mi iQ ?�p2- A HBp2 i?2 2tT2`B2M+2 Q7 `mMMBM; i?�i #mbBM2bb BM Kv KBM/X
Ç q?2M A 722H Qp2`r?2HK2/- A }M/ � K2Mi�H TH�+2 Q` iBK2 r?2`2 A 722H b�72 �M/ +�HKX
Ç q?2M bQK2QM2 Bb mTb2i rBi? K2- A HBp2 i?�i T2`bQMǶb 2tT2`B2M+2 BM Kv KBM/ iQ mM/2`bi�M/ r?�i KB;?i ?�p2 +�mb2/
i?2 bBim�iBQMX
Ç q?2M A #mv �M �bb2i 7Q` Kv #mbBM2bb- �M BK�;2 Q7 QrMBM; i?2 �bb2i TQTb mT BM Kv KBM/ #27Q`2 #mvBM; BiX

1KQiBQM�HBiv �M/ aT2+B}+Biv LQr A �K ;QBM; iQ �bF vQm iQ BK�;BM2 � +QmTH2 Q7 b+2M�`BQbX q?2M vQm BK�;BM2 2�+? QM2 Q7 i?2K- TH2�b2 +HQb2 vQm`
2v2b- �M/ H2i K2 FMQr r?2M vQm �`2 /QM2 BK�;BMBM; BiX �7i2`r�`/b- A rBHH �bF vQm [m2biBQMb �#Qmi i?2 BK�;2X

Zm2biBQM QM 2KQiBQM�HBivX 6Q` 2�+? Q7 i?2 7QHHQrBM; b+2M�`BQb- ǳq?�i Bb i?2 BMi2MbBiv Q7 i?2 2KQiBQM T`Q/m+2/ BM vQm
#v i?Bb BK�;2\X lb2 � b+�H2 7`QK R iQ 8 r?2`2 R K2�Mb ǴMQ 2KQiBQM �i �HHǴ- k ǴHBiiH2- #mi r2�F 2KQiBQMbǴ- j ǴKQ/2`�i2
2KQiBQMbǴ- 9 Ǵbi`QM; 2KQiBQMbǴ �M/ 8 Ǵ2ti`2K2Hv bi`QM; 2KQiBQMbǴXǴ

Zm2biBQM QM bT2+B}+BivX 6Q` 2�+? Q7 i?2 7QHHQrBM; b+2M�`BQb- ǳlbBM; � b+�H2 7Q` i?2 K2Mi�H BK�;2 r?2`2 R K2�Mb ǴMQ
BK�;2 �i �HHǴ- k K2�Mb Ǵp�;m2 �M/ /BKǴ- j K2�Mb ǴKQ/2`�i2Hv +H2�` �M/ pBpB/Ǵ- 9 K2�Mb Ǵ`2�bQM�#Hv +H2�` �M/ pBpB/Ǵ
�M/ 8 K2�Mb ǴT2`72+iHv +H2�` �M/ pBpB/Ǵ- ?Qr /2i�BH2/ Bb i?Bb BK�;2 7`QK R iQ 8\Ǵ

Ç A r�Mi vQm iQ BK�;BM2 i?�i i?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm b�p2 2MQm;? KQM2v iQ #mv �M �bb2i vQm `2�HHv
r�MiX
Ç A r�Mi vQm iQ BK�;BM2 i?2 *PoA.@RN T�M/2KB+ Bb Qp2` �M/ vQm bT2M/ [m�HBiv iBK2 rBi? vQm` 7�KBHv �M/ 7`B2M/bX
Ç A r�Mi vQm iQ BK�;BM2 i?�i i?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm` #mbBM2bb Bb /QBM; r2HHX
Ç A r�Mi vQm iQ BK�;BM2 i?�i i?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm �`2 bi`m;;HBM; iQ K�F2 2M/b K22iX
Ç A r�Mi vQm iQ BK�;BM2 i?�i i?2 *PoA.@RN T�M/2KB+ Bb Qp2`- �M/ vQm ?�p2 ?�/ � b2`BQmb /Bb�;`22K2Mi rBi? bQK2QM2
+HQb2 iQ vQmX
Ç A r�Mi vQm iQ BK�;BM2 i?�i i?2 *PoA.@RN T�M/2KB+ Bb Qp2` �M/ vQm` #mbBM2bb +HQb2bX

h�#H2 "dX *QHQK#B�, .2i�BH2/ +Qbi 2biBK�i2b

*�i2;Q`v *Qbib Ula.V *QKK2Mib

S`Q;`�K �/KBMBbi`�iBQM �M/ bi�z +Qbib kN8-eR8 S`QD2+i bi22`BM; �M/ +QQ`/BM�iBQMX
ai�z iBK2 Q7 T`QD2+i K�M�;2`- bmT2`pBbQ`b �M/ i`�BM2`bX

h�`;2iBM; +Qbib R8-ejj *QKKmMBiv Qmi`2�+? +�KT�B;M �M/ �TTHB+�iBQM b+`22MBM;
ai�z i`�BMBM; d-yje h`�BMBM; p2Mm2b �M/ K�i2`B�Hbc #�+F@mT i`�BM2`b
S�`iB+BT�Mi i`�BMBM; 9e-kyy h`�BMBM; p2Mm2 ?B`2 �M/ K�i2`B�Hb
AKTH2K2Mi�iBQM �M/ T`Q;`�K K�i2`B�H +Qbib 8y-e8j S`Q/m+iBQM Q7 +m``B+mHmK K�i2`B�Hb �M/ BKTH2K2Mi�iBQM

Q7 i`�BMBM;- BM+HX ;`�/m�iBQM +2`2KQMv �M/ 7�B`
lb2` +Qbib Rj-kNR h`�MbTQ`i bm#bB/v
�p2`i2/ +Qbib MQM2
JQMBiQ`BM; +Qbib MQM2
hQi�H T`Q;`�K +Qbib 9k3-9kN
LQi2b, h?2 i�#H2 T`2b2Mib � /2i�BH2/ +Qbi 2biBK�i2b 7QHHQrBM; i?2 C@S�G +QbiBM; i2KTH�i2 7Q` +Qbi 2z2+iBp2M2bb �M�HvbBbX q2
�bbmK2 � *PSfla. 2t+?�M;2 `�i2 Q7 j9yj �M/ kyRN +Qbib �`2 �/Dmbi2/ iQ kykk la. mbBM; � *SA@#�b2/ BM~�iBQM �/DmbiK2Mi
7�+iQ` Q7 RXReN- /2`Bp2/ 7`QK i?2 qQ`H/ "�MF q.A /�i�#�b2X a22 rrrXTQp2`iv�+iBQMH�#XQ`;f`2bQm`+2f+QM/m+iBM;@+Qbi@
2z2+iBp2M2bb@�M�HvbBb@+2� 7Q` KQ`2 /2i�BHb QM i?2 i2KTH�i2X

kj

https://www.povertyactionlab.org/resource/conducting-cost-effectiveness-analysis-cea
https://www.povertyactionlab.org/resource/conducting-cost-effectiveness-analysis-cea


* �//BiBQM�H _2bmHib
*XR J2Mi�H 1tT2`B2M+BM; J2�bm`2b, o�HB/�iBQM

U�V J2Mi�H 1tT2`B2M+BM; �M/ 1+QMQKB+ q2H7�`2

U#V J2Mi�H 1tT2`B2M+BM; �M/ GB72 a�iBb7�+iBQM

6B;m`2 *RX J2Mi�H 1tT2`B2M+BM; �M/ 1+QMQKB+ Pmi+QK2b
LQi2b, h?2 };m`2 b?Qrb #BMM2/ b+�ii2` THQib 7Q` i?2 +Q``2H�iBQM #2ir22M Qm` K2Mi�H 2tT2`B2M+BM; BM/2t �M/ /Bz2`2Mi
K2�bm`2b Q7 2+QMQKB+ Qmi+QK2bX "Qi? p�`B�#H2b QM i?2 t@�tBb �M/ v@�tBb �`2 mM+QM/BiBQM�H BM/2t2b BM i?2 TQbi@
BMi2`p2MiBQM bm`p2vb- QMHv 7Q` i?2 +QMi`QH ;`QmTX �HH i?2 };m`2b +QMi`QH 7Q` bi`�iB}+�iBQM p�`B�#H2bX qBi?BM 2�+? T�M2H-
i?2 };m`2 QM i?2 G>a Bb 7Q` 1i?BQTB� �M/ i?2 };m`2 QM i?2 _>a 7Q` *QHQK#B�X 6Q` 1i?BQTB�- K2Mi�H 2tT2`B2M+BM;
K2�bm`2b �`2 #�+F@+Q/2/- �M/ BM+Hm/2 bT2+B}+Biv- 2KQiBQM�HBiv �M/ TQbBiBpBivX 6Q` *QHQK#B�- K2Mi�H 2tT2`B2M+BM;
K2�bm`2b �`2 b2H7@`2TQ`i2/- BM+Hm/BM; bT2+B}+Biv- 2KQiBQM�HBiv �M/ 7`2[m2M+v Q7 mb2X AM S�M2H U�V- i?2 r2H7�`2 BM/2t
BM 1i?BQTB� BM+Hm/2b mM+QM/BiBQM�H r22FHv r�;2- iQi�H 2tT2M/Bim`2- 7QQ/ b2+m`Biv- 7`2[m2M+v Q7 b�pBM;bX AM *QHQK#B�-
Bi Bb i?2 2�`MBM;b BM/2t Bb 7Q` i?2 T`2@*QpB/ T2`BQ/X AM S�M2H U#V- HB72 b�iBb7�+iBQM Bb i?2 bi�M/�`/Bx2/ `2bTQMb2 iQ i?2
*�Mi`BH H�//2` [m2biBQM UQM � b+�H2 7`QK R iQ RyVX 6Q` *QHQK#B�- i?Bb [m2biBQM r�b �bF2/ QMHv BM i?2 b2+QM/ 7QHHQr@mT
bm`p2vX

k9



6B;m`2 *kX J2Mi�H 1tT2`B2M+BM;, *Q``2H�iBQM #2ir22M "�+F@*Q/2/ �M/ a2H7@_2TQ`i2/ J2�bm`2b

LQi2b, h?2 };m`2 b?Qrb � #BMM2/ b+�ii2` THQi 7Q` i?2 +Q``2H�iBQM #2ir22M #�+F@+Q/2/ �M/ b2H7@`2TQ`i2/ K2�bm`2b
Q7 K2Mi�H 2tT2`B2M+BM; 7`QK i?2 1i?BQTB� 2tT2`BK2MiX "Qi? BM/2t2b �p2`�;2 bi�M/�`/Bx2/ BM/2t2b Q7 bT2+B}+Biv-
2KQiBQM�HBiv �M/ 7`2[m2M+v Q7 TQbBiBp2 b+2M�`BQb UQmi Q7 i?2 M2mi`�H QM2b T`QTQb2/VX 6Q` b2H7@`2TQ`i2/ K2�bm`2b- i?2
H�ii2` 7`2[m2M+v r�b �bF2/ iQ i?2 2MmK2`�iQ` +QM/m+iBM; i?2 bm`p2v rBi? i?2 `2bTQM/2MiX h?2 };m`2 +QMi`QHb 7Q`
bi`�i� �M/ 2MmK2`�iQ` }t2/ 2z2+ibX _2bmHib �`2 mM+?�M;2/ r?2M `2KQpBM; i?2 2MmK2`�iQ`Ƕb }t2/ 2z2+ibX

k8



U�V 1i?BQTB� U#V *QHQK#B�

6B;m`2 *jX J2Mi�H 1tT2`B2M+BM; Zm�HBiv �M/ h`�mK�

LQi2b, h?2 };m`2 `2TQ`ib +Q2{+B2Mib QM �M BM/B+�iQ` p�`B�#H2 7Q` ǳ>B;? i`�mK�Ǵ bvKTiQKb 7Q` /Bz2`2Mi K2�bm`2b
Q7 K2Mi�H 2tT2`B2M+BM;, 7`2[m2M+v- [m�HBiv Q7 TQbBiBp2 b+2M�`BQb UBM+Hm/BM; bT2+B}+Biv �M/ 2KQiBQM�HBivV �M/ [m�HBiv
Q7 M2;�iBp2 b+2M�`BQb UBM+Hm/BM; bT2+B}+Biv �M/ 2KQiBQM�HBivVX AM T�M2H U�V- i?2 }`bi #�` QM i?2 H27i BM/B+�i2b i?2
7`2[m2M+v rBi? r?B+? `2bTQM/2Mib +QK2 mT rBi? TQbBiBp2 BK�;2b r?2M T`QKTi2/ rBi? M2mi`�H b+2M�`BQbX �HH i?2
K2�bm`2b BM T�M2H U�V �`2 #�+F@+Q/2/ #v i`2�iK2Mi@#HBM/ `2b2�`+? �bbBbi�Mib- �`2 Q`B2Mi2/ iQ i?2 T�bi �M/ +QK2 7`QK
i?2 #�b2HBM2 bm`p2v 7Q` i?2 7mHH b�KTH2X *QMi`QHb BM+Hm/2 bi`�i� �M/ 2MmK2`�iQ` }t2/ 2z2+ibX AM T�M2H U#V- i?2 }`bi
#�` QM i?2 H27i BM/B+�i2b i?2 7`2[m2M+v rBi? r?B+? `2bTQM/2Mib mb2 K2Mi�H 2tT2`B2M+BM; BM i?2B` 2p2`v/�v HB72X �HH i?2
K2�bm`2b BM T�M2H U#V �`2 b2H7@`2TQ`i2/- Q`B2Mi2/ iQ i?2 7mim`2 �M/ +QK2 7`QK 7QHHQr@mT bm`p2vb QMHv 7Q` i?2 +QMi`QH
;`QmTX *QMi`QHb 7Q` bi`�i� �`2 BM+Hm/2/X

ke



*Xk 1tT2`BK2Mi R U1i?BQTB�V

h�#H2 *RX 1i?BQTB�, S*� AM/2t 7Q` J2Mi�H 1tT2`B2M+BM; Zm�HBiv

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXR89  yXy98 yXRjj  yXRek  
UyXyekV UyXyeRV UyXy8NV UyXyejV

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXR9d  yXyj9 yXRkd  yXR9k  
UyXyeRV UyXyeyV UyXy83V UyXyekV

*QMi`QH J2�M @yXy3 @yXyk @yXyd @yXy3
P#b2`p�iBQMb Rjjk Rjjk Rjjk RjkN

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 [m�HBiv Q7 K2Mi�H
2tT2`B2M+BM;- BM+Hm/BM; i?2 bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX
S�M2H � b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2
i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M mbBM; S.a G�bbQX h?2 i�#H2 `2T`Q/m+2b
h�#H2 k Q7 i?2 K�BM T�T2`- #mi i?2 Qmi+QK2 K2�bm`2b ?2`2 �`2 #mBHi 7`QK � S`BM+BT�H
*QKTQM2Mi �M�HvbBb US*�V mbBM; K2Mi�H 2tT2`B2M+BM; p�`B�#H2b i?�i BM+Hm/2 #Qi?
`2bTQM/2MibǶ �Mbr2`b �M/ #�+F@+Q/2/ p�Hm2bX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -
  -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

kd



h�#H2 *kX 1i?BQTB�, J2Mi�H 1tT2`B2M+BM; Zm�HBiv AMi2`�+i2/ rBi? aQ+B�H .2bB`�#BHBiv a+Q`2

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+�iBQM 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXyNR  yXykN yXRjy  yXRR8  
UyXyjyV UyXy99V UyXy93V UyXyjNV

aQ+B�H .2bB`�#BHBiv yXyy3 @yXyyR @yXyR9 yXy9y
UyXykyV UyXyjRV UyXyjRV UyXykeV

:J1 h`2�iK2Mi × aQ+B�H /2bB`�#BHBiv @yXyR8 @yXyjy @yXyey yXy99
UyXykNV UyXy9kV UyXy9eV UyXyjdV

T@p�Hm2, :J1 h`2�iX Y :J1 h`2�iX t aQ+B�H .2bB`�#BHBiv 4 y yXyeN yXNNk yXkNy yXyyk

*QMi`QH J2�M yXyy yXyy @yXyR yXyR
P#b2`p�iBQMb Rjjk Rjjk Rjjk RjkN

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;- BM+Hm/BM; i?2 bT2+B}+Biv-
2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX S�M2H � b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2
i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M mbBM; S.a G�bbQX h?2 Qmi+QK2 K2�bm`2b 7Q` K2Mi�H 2tT2`B2M+BM; [m�HBiv BM i?Bb
i�#H2 �`2 /2}M2/ �b BM h�#H2 kX aQ+B�H /2bB`�#BHBiv Bb #�b2/ QM i?2 J�`HQr2Ĝ*`QrM2 aQ+B�H .2bB`�#BHBiv a+�H2- r?B+? K2�bm`2b i?2
BM/BpB/m�H T`QT2MbBiv 7Q` bQ+B�H /2bB`�#BHBiv #B�bX h?2 b+Q`2 r�b K2�bm`2/ �i 2M/HBM2X _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._
b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

k3



h�#H2 *jX 1i?BQTB�, 1+QMQKB+ Pmi+QK2b AMi2`�+i2/ rBi? aQ+B�H .2bB`�#BHBiv a+Q`2

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a

URV UkV UjV U9V U8V UeV UdV U3V

J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXRdN   @yXyN8  yXR9d   yXy3k yXkR3   yXy9e yXRj8   yXR8d   
UyXy8jV UyXy9kV UyXy8eV UyXy8kV UyXy8RV UyXyjRV UyXy8RV UyXy9NV
(yXyy8) (yXy9e) (yXyke) (yXRke) (yXyyR) (yXRjR) (yXyke) (yXyye)

aQ+B�H .2bB`�#BHBiv @yXy8N yXydN  yXyj3 yXy9d @yXydd  @yXy33   yXRk8   yXyee 
UyXyj3V UyXyjkV UyXyjdV UyXyjeV UyXyjdV UyXyk9V UyXyjeV UyXyj3V
(yXRke) (yXyjj) (yXkk9) (yXRek) (yXyeN) (yXyyj) (yXyy8) (yXRye)

:J1 h`2�iK2Mi t aQ+B�H .2bB`�#BHBiv yXyN3 @yXyyk yXyje yXyk8 yXyky yXyy9 yXykR @yXyNR 
UyXy8kV UyXy9yV UyXy89V UyXy8RV UyXy9dV UyXyjRV UyXy8kV UyXy9dV
(yXyd3) (yXjNy) (yXkdR) (yXjjR) (yXjjR) (yXj3d) (yXjjR) (yXyd3)

:J1 h`2�iXY :J1 h`2�iX t aQ+B�H .2bB`�#BHBiv 4 y yXyy yXRk yXyj yXRe yXyy yXk9 yXyj yXjj
*QMi`QH J2�M @y @y @y @y y @y @y @y
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 j Q7 i?2 K�BM T�T2`- r?B+? b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM 2KTHQvK2Mi �M/ r2HH#2BM; Qmi+QK2bX AM i?Bb i�#H2- i?2 i`2�iK2Mi BM/B+�iQ` :J1 Bb
BMi2`�+i2/ rBi? i?2 b+Q`2 QM i?2 J�`HQr2Ĝ*`QrM2 aQ+B�H .2bB`�#BHBiv a+�H2- r?B+? K2�bm`2b i?2 BM/BpB/m�H T`QT2MbBiv 7Q` bQ+B�H /2bB`�#BHBiv #B�bX h?2 b+Q`2 r�b K2�bm`2/ �i 2M/HBM2X _Q#mbi bi�M/�`/
2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

kN



h�#H2 *9X 1i?BQTB�, 1+QMQKB+ Pmi+QK2b #v "�b2HBM2 h`�mK�

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a

URV UkV UjV U9V U8V UeV UdV U3V

J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXR3k   @yXyNj  yXy3e yXyek yXkyk   yXyek yXydk yXRkk  
UyXy83V UyXy9dV UyXyeRV UyXy8eV UyXy8jV UyXyj8V UyXy8eV UyXy8kV
(yXyRy) (yXyd9) (yXkyR) (yXkey) (yXyyk) (yXRRd) (yXkk9) (yXyje)

>B;? h`�mK� yXy99 yXyk3 @yXR3e  yXykd @yX9jN   @yXyRe @yX99j   @yXjdj   
UyXRydV UyXydeV UyXydNV UyXRydV UyXRkjV UyXyejV UyXRyNV UyXRkNV
(yX8kj) (yX8kj) (yXyje) (yX8kj) (yXyyj) (yX8kj) (yXyyk) (yXyRj)

:J1 h`2�iK2Mi t >B;? h`�mK� @yXyjj @yXyke yX9ky   yXRk8 yXR9e @yXyNj yX99y   yXkdk 
UyXR9eV UyXRy9V UyXR89V UyXR8jV UyXRejV UyXy3yV UyXR9jV UyXReRV
(yX8kj) (yX8kj) (yXyRd) (yXj3k) (yXj8e) (yXk93) (yXyRy) (yXRkj)

:J1 h`2�iXY :J1 h`2�iX >B;? h`�mK� 4 y yXke yXky yXyy yXRN yXyk yXed yXyy yXyR
*QMi`QH J2�M @y @y @y @y y @y @y @y
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 j Q7 i?2 K�BM T�T2`- r?B+? b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM 2KTHQvK2Mi �M/ r2HH#2BM; Qmi+QK2bX AM i?Bb i�#H2- i?2 i`2�iK2Mi BM/B+�iQ` :J1
Bb BMi2`�+i2/ rBi? �M BM/B+�iQ` 7Q` ǳ>B;? h`�mK�Ǵ- r?B+? i�F2b p�Hm2 QM2 B7 i?2 `2bTQM/2Mi b+Q`2b �#Qp2 i?2 i?`2b?QH/ Q7 jR BM i?2 S*G@8 b+�H2 7Q` i`�mK� bvKTiQKb- r?B+? Bb bm;;2biBp2 Q7
Sha. U�bF2/ �i #�b2HBM2VX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

jy



h�#H2 *8X 1i?BQTB�, 1+QMQKB+ Pmi+QK2b #v :2M/2`

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a

URV UkV UjV U9V U8V UeV UdV U3V

J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXRNN   @yXRdj  yXkRN  yXy9d yXRdR  yXye9 yXRRe yXy9d
UyXydeV UyXyd9V UyXyN9V UyXyjdV UyXyd9V UyXy98V UyXydkV UyXy8NV
(yXykR) (yXyjj) (yXyjj) (yXR8k) (yXyjj) (yXR99) (yXRyy) (yXked)

62K�H2 RXye8   @yXeRy   @yX8Rk   @yXjed   @yXRed   yXy93 @yXke3   @yX3NN   
UyXyeRV UyXyeyV UyXyedV UyXykNV UyXyeyV UyXyj8V UyXy8NV UyXy8yV
(yXyyR) (yXyyR) (yXyyR) (yXyyR) (yXyRe) (yXR98) (yXyyR) (yXyyR)

:J1 h`2�iK2Mi t 62K�H2 @yXy9y yXR8R @yXR8R @yXyky yXyNd @yXyjR yXykN yXkky  
UyXRydV UyXy39V UyXRRkV UyXy9NV UyXRykV UyXyejV UyXRyjV UyXyNNV
(yXjjN) (yXydR) (yXR98) (yXjjN) (yXkkR) (yXjjN) (yXjjN) (yXyjd)

:J1 h`2�iXY:J1 h`2�iXt62K�H2 4 y yXyj yX8N yXkd yX9y yXyy yX9e yXy8 yXyy
*QMi`QH J2�M @y @y @y y y @y @y @y
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 j Q7 i?2 K�BM T�T2`- r?B+? b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM 2KTHQvK2Mi �M/ r2HH#2BM; Qmi+QK2bX AM i?Bb i�#H2- i?2 i`2�iK2Mi BM/B+�iQ`
:J1 Bb BMi2`�+i2/ rBi? �M BM/B+�iQ` 7Q` #2BM; � 72K�H2 `2bTQM/2MiX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2
�i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

jR



h�#H2 *eX 1i?BQTB�, 1+QMQKB+ Pmi+QK2b #v _mH2 P`B2Mi�iBQM a+�H2

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a

URV UkV UjV U9V U8V UeV UdV U3V

J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXRd3   @yXRyR  yXR98  yXy3k yXkkd   yXy8y yXRjd   yXReR   
UyXy8jV UyXy9kV UyXy8eV UyXy8jV UyXy8yV UyXyjkV UyXy8RV UyXy9NV
(yXyye) (yXyje) (yXyjy) (yXkj8) (yXyyR) (yXkj8) (yXyjy) (yXyye)

_mH2 P`B2Mi�iBQM @yXyR3 yXRkj   yXy8y @yXyy9 @yXRyk   yXyyR @yXy88 @yXyyk
UyXyj8V UyXyj8V UyXyjNV UyXyj3V UyXyjNV UyXyRNV UyXyjdV UyXyjdV
(yXeje) (yXyy8) (yXj8y) (yXeje) (yXyjy) (yXeje) (yXk8j) (yXeje)

:J1 h`2�iK2Mi t _mH2 P`B2Mi�iBQM yXykR @yXy8R @yXy8e @yXyjk @yXyRk @yXyjk @yXyje @yXy8e
UyXy93V UyXy99V UyXy8eV UyXy8kV UyXy8RV UyXykeV UyXy8yV UyXy93V
(yXeje) (yXj8y) (yXjN3) (yXeje) (yXeje) (yXj8y) (yX8e3) (yXj8y)

:J1 h`2�iXY :J1 h`2�iX t _mH2 P`B2Mi�iBQM 4 y yXyR yXyk yXke yX9N yXyy yXee yXR3 yXRk
*QMi`QH J2�M @y @y @y @y y @y @y @y
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 j Q7 i?2 K�BM T�T2`- r?B+? b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM 2KTHQvK2Mi �M/ r2HH#2BM; Qmi+QK2bX AM i?Bb i�#H2- i?2 i`2�iK2Mi BM/B+�iQ` :J1 Bb
BMi2`�+i2/ rBi? i?2 `2bTQM/2MiǶb b+Q`2 QM � ǳ_mH2 P`B2Mi�iBQMǴ b+�H2- r?B+? +�Tim`2b i?2 2ti2Mi iQ r?B+? i?2v +�`2 �#Qmi 7QHHQrBM; `mH2b �M/ `2;mH�iBQMX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._
b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

jk



h�#H2 *dX 1i?BQTB�, .2i�BH2/ G�#Q` J�`F2i Pmi+QK2b

qQ`F ai�imb U1ti2MbBp2 J�`;BMV >Qm`b qQ`F2/ UAMi2MbBp2 J�`;BMV G�#Q`
AM+QK2�Mv q�;2 PrM #mbBM2bb *�bm�H lMT�B/ hQi�H q�;2 PrM #mbBM2bb *�bm�H lMT�B/

URV UkV UjV U9V U8V UeV UdV U3V UNV URyV URRV

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXRk9  yXyN8 yXy38 yXyeR @yXyee yXR98  yXRRR  yXRRe yXyeR @yXyj8 yXR9j  
UyXy89V UyXy88V UyXyeRV UyXy8eV UyXy9dV UyXy8eV UyXy8eV UyXydyV UyXy8dV UyXy8kV UyXyejV

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXy3y yXyey yXyd8 yXy9y @yXy89 yXyN3  yXydR yXyNd yXy83 @yXyjy yXRkR 
UyXy9NV UyXy8yV UyXyeyV UyXy88V UyXy99V UyXy8yV UyXy8RV UyXyedV UyXy83V UyXy8RV UyXyejV

*QMi`QH J2�M @yXyy @yXyy @yXyy yXyy yXyy @yXyy @yXyy @yXyy @yXyy @yXyy yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 b?Qrb BMi2MiBQM@iQ@i`2�i 2biBK�i2b Q7 i?2 :J1 i`2�iK2Mi QM rQ`F bi�imb U2ti2MbBp2 K�`;BMV- ?Qm`b rQ`F2/ UBMi2MbBp2 K�`;BMV- �M/ H�#Q` BM+QK2 Qp2`
i?2 T�bi b2p2M /�vbX qQ`F bi�imb Bb � bi�M/�`/Bx2/ /mKKv p�`B�#H2 i?�i i�F2b i?2 p�Hm2 Q7 QM2 r?2M � `2bTQM/2Mi ?�b rQ`F2/ Qp2` i?2 T�bi b2p2M /�vb- BM �Mv �+iBpBiv
U+QHmKM RV Q` bT2+B}+ �+iBpBiB2b U+QHmKMb k i?`Qm;? 8VX >Qm`b rQ`F2/ `272`b iQ i?2 bi�M/�`/Bx2/- mM+QM/BiBQM�H MmK#2` Q7 ?Qm`b rQ`F2/- 7`QK �Mv �+iBpBiv U+QHmKM
eV Q` bT2+B}+ �+iBpBiB2b U+QHmKMb d i?`Qm;? RyVX G�#Q` BM+QK2 `272`b iQ i?2 bi�M/�`/Bx2/- mM+QM/BiBQM�H bmK Q7 BM+QK2 Qp2` i?2 T�bi d /�vb 7`QK b2H7@2KTHQvK2Mi Q`
r�;2 2KTHQvK2MiX S�M2H � b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M rBi? S.a G�bbQX
_Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

jj



h�#H2 *3X 1i?BQTB�, LQM@ai�M/�`/Bx2/ G�#Q` J�`F2i AKT�+ib

�Mv rQ`F hQi�H AM+QK2 q�;2 AM+QK2 "mbBM2bb AM+QK2
URV UkV UjV U9V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXy8  RRjXjy  3dXe8 k8Xe8 
UyXykkV U9NX38yV U93X9e9V URjXk3eV

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXyj N8XNy 3yXdN kjXej 
UyXykyV U8yXRkjV U9dXNRkV URkXddNV

*QMi`QH J2�M yXkR kR9X3k kRdX93 @kXee
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 b?Qrb BMi2MiBQM@iQ@i`2�i 2biBK�i2b Q7 i?2 :J1 i`2�iK2Mi QM 2KTHQvK2Mi- iQi�H H�#Q`
BM+QK2- r�;2 2KTHQvK2Mi BM+QK2- �M/ b2H7@2KTHQvK2Mi BM+QK2 Qp2` i?2 T�bi b2p2M /�vbX 1KTHQvK2Mi
U+QHmKM RV Bb � /mKKv p�`B�#H2 i?�i i�F2b i?2 p�Hm2 Q7 QM2 r?2M � `2bTQM/2Mi ?�b rQ`F2/ Qp2` i?2 T�bi
b2p2M /�vb- BM �Mv �+iBpBivX hQi�H H�#Q` BM+QK2 U+QHmKM kV Bb i?2 bmK Q7 BM+QK2 7`QK r�;2 2KTHQvK2Mi
U+QHmKM jV �M/ BM+QK2 7`QK b2H7@2KTHQvK2Mi U+QHmKM 9VX AM+QK2 7`QK r�;2 2KTHQvK2Mi �M/ 7`QK
b2H7@2KTHQvK2Mi �`2 2�+? rBMbQ`Bx2/ �i i?2 NNi? T2`+2MiBH2X �HH BM+QK2 p�Hm2b �`2 mM+QM/BiBQM�H BM
1i?BQTB�M #B`` T2` r22FX hQi�H BM+QK2 T2` KQMi? BM i?2 +QMi`QH ;`QmT Bb �TT`QtBK�i2Hv la. ReXey U9
× kR9X3k 1h" f 8RXde 1h",la.X �p2`�;2 2t+?�M;2 `�i2 7Q` kykk i�F2M 7`QK i?2 qQ`H/ "�MF qQ`H/
.2p2HQTK2Mi AM/B+�iQ`b /�i�#�b2VX S�M2H � b?Qrb Ahh 2z2+ib +QMi`QHHBM; 7Q` `�M/QKBx�iBQM bi`�i�
U;2M/2` �M/ T`BK2 i`2�iK2MiV- r?BH2 S�M2H " �//b +QMi`QHb +?Qb2M rBi? S.a G�bbQX _Q#mbi bi�M/�`/
2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

j9



h�#H2 *NX 1i?BQTB�, h`2�iK2Mi AM+`2�b2b h?2 Zm�HBiv Q7 J2Mi�H 1tT2`B2M+BM; UqBi? 1MmK2`�iQ`
6Bt2/ 1z2+ibV

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXy3k   yXyjR yXRy3  yXRyN   
UyXykNV UyXy9kV UyXy9dV UyXyj3V

(yXR3R) (yXykk) (yXyR9)

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXyde   yXyy3 yXRR9  yXRRy   
UyXyk3V UyXy9kV UyXy9dV UyXyj3V

(yXjN9) (yXyRe) (yXyRR)

*QMi`QH J2�M yXyy yXyy @yXyR yXyR
P#b2`p�iBQMb Rjjk Rjjk Rjjk RjkN

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 k Q7 i?2 K�BM T�T2`- �//BM; 2MmK2`�iQ`bǶ }t2/ 2z2+ibX
_2;`2bbBQM bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/ BM i?2 MQi2 iQ h�#H2 kX _Q#mbi bi�M/�`/
2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2
bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

j8



h�#H2 *RyX 1i?BQTB�, h`2�iK2Mi AKT`Qp2b h�`;2i2/ "2?�pBQ`b �M/ .QrMbi`2�K Pmi+QK2b UqBi?
1MmK2`�iQ` 6Bt2/ 1z2+ibV

h�`;2i2/ "2?�pBQ`b .QrMbi`2�K Pmi+QK2b
AMi2Mi iQ ai�v CQ# a2�`+? >Qm`b qQ`F2/ 1KTHQvK2Mi 6QQ/ a2+m`Biv *QMbmKTiBQM GB72 a�iBb7�+iBQM q>P.�a a+Q`2

URV UkV UjV U9V U8V UeV UdV U3V

S�M2H �, J�BM aT2+B}+�iBQM

:J1 h`2�iK2Mi yXR8y   @yXy3e  yXR9e   yXRkk  yXkyy   yXyjd yXyN3  yXR8e   
UyXy99V UyXyjNV UyXy8eV UyXy89V UyXy93V UyXy8RV UyXy93V UyXy9dV
(yXyyj) (yXyRN) (yXyRk) (yXyRN) (yXyyR) (yXye9) (yXyk9) (yXyyj)

S�M2H ", S.a G�bbQ

:J1 h`2�iK2Mi yXR88   @yXyd8 yXyNd  yXyde yXkyj   yXy89 yXRy3  yXReN   
UyXy98V UyXy9RV UyXy9NV UyXy93V UyXy9eV UyXy9jV UyXy9dV UyXy98V
(yXyyk) (yXy9e) (yXy99) (yXydy) (yXyyR) (yXy38) (yXykd) (yXyyR)

*QMi`QH J2�M @yXyy @yXyy @yXyy @yXyy yXyy yXyy @yXyy @yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 j Q7 i?2 K�BM T�T2`- �//BM; 2MmK2`�iQ`bǶ }t2/ 2z2+ibX _2;`2bbBQM bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/ BM i?2 MQi2 iQ h�#H2 jX _Q#mbi
bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

je



*Xj 1tT2`BK2Mi k U*QHQK#B�V

h�#H2 *RRX *QHQK#B�, J2Mi�H 1tT2`B2M+BM; _2bmHib rBi? S.a G�bbQ

am#@BM/B+2b BM #mbBM2bb /QK�BM
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM #mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2 aT2+B}+Biv 1KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyd8 @yXR8d @yXy9N @yXyd9 @yXRjy @yXRkk
UyXydjV UyXy33V UyXydjV UyXy38V UyXydNV UyXy3yV

(yXkj3) (yXkj3) (yXkj3)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi yXyjk yXRd8  @yXyyR yXyNy yXRjj  yXRed  
UyXyeyV UyXydjV UyXy8NV UyXydRV UyXyedV UyXye8V

(yXy3y) (yXy8k) (yXyjR)

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi yXyyR yXyj8 @yXyyd yXyky yXykd yXy8y
UyXyeRV UyXyd9V UyXyeRV UyXydjV UyXye3V UyXyedV

(RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy @yXRy @yXRy
L BM *QMi`QH 88y jNy 88y jNy jNy jNy
L BM h`�/BiBQM�H e8e 98e e8e 98e 989 989
L BM :J1 RR9y 3jN RR9y 3j3 3j8 3j8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 9 7`QK i?2 K�BM T�T2` �//BM; +QMi`QHb +?Qb2M rBi? S.a G�bbQX _2;`2bbBQM bT2+B}+�iBQMb
�M/ Qmi+QK2b �`2 /2}M2/ BM i?2 MQi2 iQ h�#H2 9X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`2�iK2Mi p2`bmb +QMi`QH- S�M2H
" +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi- �M/ T�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi?
`2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

jd



h�#H2 *RkX *QHQK#B�, .QrMbi`2�K Pmi+QK2b rBi? S.a G�bbQ

Pp2`�HH AM/B+2b S`2@+QpB/ bm#@BM/B+2b *QpB/ bm#@BM/B+2b

S`2@+QpB/ *QpB/ 1�`MBM;b "mbBM2bb 1�`MBM;b "mbBM2bb a�72iv
M2ib

*QpB/
�+iBQMb AMp2biK2Mi

URV UkV UjV U9V U8V UeV UdV U3V UNV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXRRd @yXyd9 @yXRNN  yXyRN @yXR9k  @yXyyN yXyRy @yXyd9 @yXyRe
UyXyd8V UyXye8V UyXyNkV UyXyjyV UyXydyV UyXyjyV UyXye9V UyXyedV UyXye8V

(yXRde) (RXyyy) (yXRde) (RXyyy) (RXyyy) (yXd3N) (RXyyy)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXyN3 yXRyN yXR3e  yXyRy yXR9R  yXyje yXy9y yXy39 yXy9R
UyXyekV UyXy8eV UyXy3kV UyXykeV UyXyeyV UyXyk9V UyXy89V UyXy8dV UyXy8RV

(yXyNy) (yX9jy) (yXyNy) (yXkkR) (yXj9y) (yXkkR) (yXj9y)
S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; yXyR9 yXy3R yXyy8 yXyk3 yXykN yXyjy yXyey @yXyy8 yXy8e
UyXyeRV UyXy83V UyXye8V UyXykdV UyXy8dV UyXykdV UyXy8NV UyXyekV UyXy8dV

(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXyy yXdy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H @yXRy @yXRy @yXky yXdy @yXRy yXey yXyy @yXRy @yXRy
L BM *QMi`QH j9e 88k jkj jjj 8jN 88k 89e 88R 8e9
L BM h`�/BiBQM�H 9yd eey j3y jNk e9k e8N e8y e8d eed
L BM :J1 dy9 RR9d ee8 edN RRR8 RR98 RRj9 RR9k RR8N

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 8 7`QK i?2 K�BM T�T2` �//BM; +QMi`QHb +?Qb2M rBi? S.a G�bbQX _2;`2bbBQM bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/
BM i?2 MQi2 iQ h�#H2 8X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`2�iK2Mi p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H
i`2�iK2Mi- �M/ T�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/
[@p�Hm2b BM b[m�`2 #`�+F2ibX

j3



h�#H2 *RjX *QHQK#B�, q2HH#2BM; Pmi+QK2b

Pp2`�HH AM/2t am#@BM/B+2b

q2HH#2BM; E2bbH2` _2bBHB2M+2 �M/
b2H7@2{+�+v

URV UkV UjV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyRe @yXyRk @yXy8k
UyXydyV UyXydyV UyXydkV

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi yXyy9 yXyRd @yXyj8
UyXy83V UyXy8dV UyXyejV

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi yXyyj yXyRR @yXy9N
UyXye9V UyXye9V UyXyeeV

J2�M .o BM *QMi`QH yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy yXyy yXyy
L BM *QMi`QH 898 898 898
L BM h`�/BiBQM�H e9N e9d e9N
L BM :J1 RRj9 RRjj RRj9

LQi2bX h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi
U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM r2HH#2BM;X h?2 Qmi+QK2 BM *QHmKM
URV Bb �M Qp2`�HH BM/2t- r?B+? +QK#BM2b i?2 bm#@BM/B+2b 7`QK *QHmKMb UkV �M/ UjVX
h?2 BM/2t BM *QHmKM UkV Bb i?2 bi�M/�`/Bx2/ b+Q`2 BM i?2 E2bbH2` Ee .Bbi`2bb b+�H2
U`2p2`b2 +Q/2/ iQ i?�i ?B;?2` p�Hm2b BM/B+�i2 ?B;?2` r2HH#2BM;VX h?2 BM/2t BM *QHmKM
UjV K2�bm`2b i?2 `2bTQM/2MiǶb `2bBHB2M+2 �M/ b2H7@2{+�+vX S�M2H � b?Qrb i?2 2z2+i
Q7 i?2 i`�/BiBQM�H i`�BMBM; +QKT�`2/ iQ i?2 +QMi`QH- S�M2H " +QKT�`2b i?2 :J1
i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`�BMBM; �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 :J1 rBi?
`2bT2+i iQ i?2 +QMi`QHX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� �M/ bm`p2v
r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- b?�`T2M2/ [@p�Hm2b BM
b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb
`2bT2+iBp2HvX

jN



h�#H2 *R9X *QHQK#B�, J2Mi�H 1tT2`B2M+BM; Pmi+QK2b BM a�KTH2 rBi? "mbBM2bb �i "�b2HBM2

am#@BM/B+2b BM "mbBM2bb .QK�BM
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM #mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2 aT2+B}+Biv 1KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXye3 @yXRjR @yXy98 @yXy8j @yXR98 @yXyd9
UyXRykV UyXRRRV UyXRyjV UyXRRRV UyXRy9V UyXRykV

(yXNd9) (yXNd9) (yXNd9)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXyee yXR3R yXyy8 yXy3e yXR3N  yXR9k 
UyXy3eV UyXyN8V UyXy3jV UyXyNRV UyXy33V UyXy38V

(yXRe9) (yXRy9) (yXRy9)

S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; yXyRd yXy8k @yXyRj yXy8d yXyj8 yXy9d
UyXyN8V UyXyN3V UyXyNeV UyXyNdV UyXyNyV UyXyNyV

(RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy @yXRy yXyy
L BM *QMi`QH kd3 k9R kd3 k9R k9R k9R
L BM h`�/BiBQM�H j9R k38 j9R k38 k39 k39
L BM :J1 8N8 8Rj 8N8 8Rk 8yN 8yN

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 9 7`QK i?2 K�BM T�T2` QMHv BM i?2 b�KTH2 Q7 T2QTH2 rBi? � #mbBM2bb �i #�b2HBM2X _2;`2bbBQM
bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/ BM i?2 MQi2 iQ h�#H2 9X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`2�iK2Mi p2`bmb
+QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi- �M/ T�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1
i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX
 -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

9y



h�#H2 *R8X *QHQK#B�, J2Mi�H 1tT2`B2M+BM; Pmi+QK2b rBi? AMp2`b2 S`Q#�#BHBiv q2B;?iBM;

am#BM/B+2b BM i?2 "mbBM2bb .QK�BM
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM #mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2 aT2+B}+Biv 1KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXy8k @yXRej @yXyj9 @yXy9e @yXRke @yXR8j 
UyXydeV UyXyNkV UyXyd9V UyXyNRV UyXy3RV UyXy39V

(yXk83) (yXkkj) (yXkkj)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXyy8 yXRd9  @yXyk3 yXyN9 yXRje yXReR  
UyXye8V UyXyddV UyXyejV UyXydjV UyXydyV UyXye3V

(yXy33) (yXy8d) (yXy88)

S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; @yXyy8 yXyk8 @yXyR3 yXyj9 yXyk9 yXyR3
UyXyedV UyXyddV UyXyeeV UyXydeV UyXydyV UyXydyV

(RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy @yXRy @yXRy
L BM *QMi`QH 88y jNy 88y jNy jNy jNy
L BM h`�/BiBQM�H e8e 98e e8e 98e 989 989
L BM :J1 RR9y 3jN RR9y 3j3 3j8 3j8

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 9 7`QK i?2 K�BM T�T2` �//BM; r2B;?ib 7Q` i?2 T`Q#�#BHBiv Q7 i�FBM; T�`i iQ i?2 KB/HBM2
�M/ 2M/HBM2 bm`p2vbX _2;`2bbBQM bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/ BM i?2 MQi2 iQ h�#H2 9X S�M2H � b?Qrb i?2 2z2+i
Q7 i?2 i`�/BiBQM�H i`2�iK2Mi p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi- �M/ T�M2H
* HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._
b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

9R



h�#H2 *ReX *QHQK#B�, .QrMbi`2�K Pmi+QK2b rBi? AMp2`b2 S`Q#�#BHBiv q2B;?iBM;

Pp2`�HH AM/B+2b S`2@+QpB/ bm#@BM/B+2b *QpB/ bm#@BM/B+2b q2HH#2BM; bm#@BM/B+2b
S`2@+QpB/

2+QM
*QpB/
2+QM q2HH#2BM; 1�`MBM;b "mbBM2bb 1�`MBM;b "mbBM2bb a�72iv

M2ib
*QpB/
�+iBQMb AMp2biK2Mi E2bbH2` _2bBHB2M+2 �M/

b2H7@2{+�+v
URV UkV UjV U9V U8V UeV UdV U3V UNV URyV URRV URkV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXyd3 @yXydd @yXyRy @yXRjN yXyjj @yXR89  @yXyyN yXyjR @yXyd3 @yXyjj @yXyye @yXy9j
UyXyNeV UyXydyV UyXydyV UyXRy3V UyXyjNV UyXydRV UyXyj9V UyXye3V UyXyedV UyXyedV UyXydyV UyXydkV

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`2�iK2Mi yXRjd  yXR9R  yXyy9 yXR39  yXykR yXR8k  yXy8y yXyRN yXy3R yXydk yXyRd @yXy9R
UyXye8V UyXy8NV UyXy83V UyXy3yV UyXykdV UyXyeRV UyXyk8V UyXy8dV UyXy8dV UyXy89V UyXy83V UyXye9V

S�M2H *, :J1 pb *QMi`QH

:J1 i`2�iK2Mi yXy9R yXyde yXyy8 yXyRk yXy99 yXy9y yXy9j yXy9N @yXyRN yXyd8 yXyR8 @yXy8N
UyXyedV UyXy8NV UyXye9V UyXye3V UyXyjyV UyXy8dV UyXyjyV UyXyeRV UyXyekV UyXyeRV UyXye9V UyXyedV

J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXdy yXyy yXdy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H @yXRy @yXRy yXyy @yXky yXdy @yXRy yXey yXyy @yXRy @yXRy yXyy yXyy
L BM *QMi`QH j9e 88k 898 jkj jjj 8jN 88k 89e 88R 8e9 898 898
L BM h`�/BiBQM�H 9yd eey e9N j3y jNk e9k e8N e8y e8d eed e9d e9N
L BM :J1 dy9 RR9d RRj9 ee8 edN RRR8 RR98 RRj9 RR9k RR8N RRjj RRj9

LQi2bX h?Bb i�#H2 `2T`Q/m+2b h�#H2 8 7`QK i?2 K�BM T�T2` �//BM; r2B;?ib 7Q` i?2 T`Q#�#BHBiv Q7 i�FBM; T�`i iQ i?2 KB/HBM2 �M/ 2M/HBM2 bm`p2vbX _2;`2bbBQM bT2+B}+�iBQMb �M/ Qmi+QK2b �`2 /2}M2/ BM
i?2 MQi2 iQ h�#H2 8 �M/- 7Q` r2HH#2BM; Qmi+QK2b- iQ h�#H2 *RjX S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`2�iK2Mi p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi-
�M/ T�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2
�i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

9k



h�#H2 *RdX *QHQK#B�, Zm�MiBH2 h`2�iK2Mi 1z2+ib QM 1�`MBM;b

1�`MBM;b AM/2t
S`2@+QpB/ *QpB/

URV UkV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

Zy8, h`�/BiBQM�H i`�BMBM; @yXydk   yXyyy
UyXyRdV UyXyR8V

ZRy, h`�/BiBQM�H i`�BMBM; @yXykR yXyye
UyXyRdV UyXyR9V

Zk8, h`�/BiBQM�H i`�BMBM; @yXykk @yXyRk
UyXykRV UyXyR9V

Z8y, h`�/BiBQM�H i`�BMBM; @yXyjj yXyyy
UyXyk8V UyXyRdV

Zd8, h`�/BiBQM�H i`�BMBM; @yXykk yXyNj   
UyXy9NV UyXyjkV

ZNy, h`�/BiBQM�H i`�BMBM; yXykN yXyNj
UyXky3V UyXRyyV

ZN8, h`�/BiBQM�H i`�BMBM; @yXRey @yX98d  
UyX9NNV UyXkjkV

S�M2H ", :J1 pb h`�/BiBQM�H

Zy8, :J1 i`2�iK2Mi yXy98   yXyyy
UyXyRjV UyXyRjV

ZRy, :J1 i`2�iK2Mi yXyk9 yXyye
UyXyRjV UyXyRkV

Zk8, :J1 i`2�iK2Mi yXykk yXyky 
UyXyR8V UyXyRRV

Z8y, :J1 i`2�iK2Mi yXyR8 yXyyy
UyXyRNV UyXyRjV

Zd8, :J1 i`2�iK2Mi @yXyRe @yXy9j
UyXyj3V UyXyjyV

ZNy, :J1 i`2�iK2Mi @yXykj @yXyy3
UyXR33V UyXy38V

ZN8, :J1 i`2�iK2Mi @yXRey yXykd
UyXkk9V UyXRjyV

S�M2H *, :J1 pb *QMi`QH

Zy8, :J1 i`2�iK2Mi yXyyy yXyyy
UyXyRkV UyXyR8V

ZRy, :J1 i`2�iK2Mi yXyy9 yXyRk
UyXyR9V UyXyR9V

Zk8, :J1 i`2�iK2Mi yXyyy yXyy3
UyXyReV UyXyRkV

Z8y, :J1 i`2�iK2Mi @yXyR3 yXyyy
UyXykyV UyXyRjV

Zd8, :J1 i`2�iK2Mi @yXyj9 yXyjk
UyXy98V UyXykeV

ZNy, :J1 i`2�iK2Mi @yXy3j yXRRe
UyXkk9V UyXyN9V

ZN8, :J1 i`2�iK2Mi @yXkN3 @yXj3j
UyX93jV UyXk8jV

J2�M .o BM *QMi`QH yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy
L BM *QMi`QH jkj 8jN
L BM h`�/BiBQM�H j3y e9k
L BM :J1 ee8 RRR8

LQi2bX h?Bb i�#H2 b?Qrb [m�MiBH2 i`2�iK2Mi 2z2+ib QM i?2
bi�M/�`/Bx2/ 2�`MBM; BM/B+2b BM i?2 *QHQK#B� 2tT2`BK2MiX
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 irQ i`2�iK2Mi �`Kb QM
T`2 �M/ TQbi@*QpB/ 2�`MBM;b b2T�`�i2Hv 7Q` /Bz2`2Mi BM+QK2
T2`+2MiBH2b BM i?2 b�KTH2X S�M2H � b?Qrb i?2 2z2+i Q7 i?2
i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2
:J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi �M/ S�M2H *
HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ
i?2 +QMi`QHX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i�
�M/ bm`p2v r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2
BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8-
�M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX



6B;m`2 *9X Zm�MiBH2 h`2�iK2Mi 1z2+ib QM 1�`MBM;b G2p2Hb

U�V h`�/BiBQM�H pb *QMi`QH

U#V :J1 pb h`�/BiBQM�H

LQi2b, h?2 6B;m`2 b?Qrb [m�MiBH2 i`2�iK2Mi 2z2+ib QM 2�`MBM;b UBM H2p2Hb- rBMbQ`Bb2/ �i i?2 NNi? T2`+2MiBH2V BM i?2
*QHQK#B� 2tT2`BK2MiX 6B;m`2 U�V b?Qrb i?2 +QKT�`BbQM #2ir22M i?2 i`�/BiBQM�H i`�BMBM; �M/ i?2 +QMi`QH- r?BH2 6B;m`2
U#V b?Qrb i?2 +QKT�`BbQM #2ir22M i?2 :J1 i`�BMBM; �M/ i?2 i`�/BiBQM�H QM2X 6B;m`2b QM i?2 H27i@?�M/ bB/2 mb2 �b
/2T2M/2Mi p�`B�#H2 MQM@bi�M/�`/Bx2/ 2�`MBM;b H2p2Hb T`2@*QpB/- �M/ };m`2b QM i?2 `B;?i@?�M/ bB/2 MQM@bi�M/�`/Bx2/
2�`MBM;b H2p2Hb /m`BM; *QpB/X

99



h�#H2 *R3X *QHQK#B�, >2i2`Q;2M2Biv #v "�b2HBM2 h`�mK�

J2Mi�H 1tT2`B2M+BM;
U#mbBM2bbV

1�`MBM;b
T`2@*PoA.

1�`MBM;b
/m`BM; *PoA.

"mbBM2bb
T`2@*PoA.

"mbBM2bb
/m`BM; *PoA.

URV UkV UjV U9V U8V

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXRRd yXyk3 @yXyR8 yXyk9 @yXyyj
UyXRkeV UyXRkRV UyXRyyV UyXy9kV UyXy9yV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? i`�mK� yXydN yXkyy yXR8d yXyje yXyy9
UyXRk9V UyXRReV UyXyNeV UyXy93V UyXy9dV
(RXyyy) (yX883) (yX883) (RXyyy) (RXyyy)

h`�/BiBQM�H h`�BMBM; × >B;? h`�mK� @yXy3j @yX899   @yXkdd  @yXy8R @yXy99
UyXRdyV UyXRN9V UyXR9yV UyXyejV UyXyeRV
(RXyyy) (yXy3d) (yX8yk) (RXyyy) (RXyyy)

h`�/ Y h`�/ × >B;? h`�mK� @yXkyy @yX8Re @yXkNj @yXyke @yXy9d
T@p�Hm2, h`�/ Y h`�/ × >B;? h`�mK� 4 y yXyNN yXyyR yXyyj yX83e yXjkR

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi yXydj yXyjR yXRRy @yXyyj yXyjR
UyXyN3V UyXyNRV UyXyd3V UyXyjjV UyXyjkV
(RXyyy) (RXyyy) (yX33R) (RXyyy) (RXyyy)

>B;? h`�mK� @yXykk @yXjNN  @yXRkd @yXyjj @yXy89
UyXRk8V UyXR8eV UyXRy8V UyXy98V UyXy9kV
(RXyyy) (yXRNe) (yX33R) (RXyyy) (yX33R)

:J1 h`2�iK2Mi × >B;? h`�mK� yXk8y yXjdk  yXydd yXy8k yXyjN
UyXR9NV UyXRdeV UyXRkkV UyXy89V UyXy8RV
(yXe3j) (yXjkN) (RXyyy) (RXyyy) (RXyyy)

:J1 Y :J1 × >B;? h`�mK� yXjkj yX9yj yXR3d yXy8y yXydR
T@p�Hm2, :J1 Y :J1 × >B;? h`�mK� 4 y yXyy9 yXyy3 yXy93 yXk8j yXyde

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi @yXyke yXye3 yXRke yXyjj yXyj3
UyXRRyV UyXRyjV UyXy3jV UyXyj3V UyXyjdV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? h`�mK� yXyeR yXR8k yXRky yXykk @yXyyd
UyXRkjV UyXRyeV UyXyN9V UyXy93V UyXy9dV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 h`2�iK2Mi × >B;? h`�mK� yXReN @yXRek @yXR3e @yXyy9 @yXyRk
UyXR9dV UyXRj9V UyXRR9V UyXy8dV UyXy88V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 Y :J1 × >B;? h`�mK� yXR9j @yXyN9 @yXyey yXykN yXyke
T@p�Hm2, :J1 Y :J1 × >B;? h`�mK� yXR89 yXk89 yX99R yX9NN yX8ke
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXdy
J2�M .o BM h`�/BiBQM�H @yXRy @yXky @yXRy yXdy yXey
L BM *QMi`QH jNy jkj 8jN jjj 88k
L BM h`�/BiBQM�H 98e j3y e9k jNk e8N
L BM :J1 3jN ee8 RRR8 edN RR98

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM i?2 K�BM Qmi+QK2b- BMi2`�+i2/ rBi? �M
BM/2t 7Q` ǳ>B;? h`�mK�ǴX Pmi+QK2 p�`B�#H2b �M/ `2;`2bbBQM +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2` Uh�#H2b 9 �M/ 8VX q2 +�i2;Q`Bx2 `2bTQM/2Mib
�b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 jj Q` �#Qp2 QM i?2 AKT�+i Q7 1p2Mi a+Q`2 UA1a@_V �i #�b2HBM2- Q` B7 i?2v `2TQ`i iQ ?�p2 #22M � pB+iBK Q7 i?2 +BpBH +QM~B+i-
Q` � `2+2Mi o2M2xm2H�M KB;`�MiX S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H
i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/
[@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX



h�#H2 *RNX *QHQK#B�, >2i2`Q;2M2Biv #v :2M/2`

J2Mi�H 1tT2`B2M+BM;
U#mbBM2bbV

1�`MBM;b
T`2@*PoA.

1�`MBM;b
/m`BM; *PoA.

"mbBM2bb
T`2@*PoA.

"mbBM2bb
/m`BM; *PoA.

URV UkV UjV U9V U8V

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyyj yXy9N @yXykR yXRR9  yXyjN
UyXRkdV UyXRjRV UyXyNeV UyXy93V UyXy9dV
(yXe99) (yX89d) (yX838) (yXyNy) (yXjRk)

62K�H2 yXkR8 @yXykk @yXRNe  yXydR yXyje
UyXRk9V UyXRkjV UyXyN8V UyXy93V UyXy9eV
(yXky9) (yX838) (yXRjN) (yXky9) (yXjRk)

h`�/BiBQM�H h`�BMBM; × 62K�H2 @yXkej @yX9e9  @yXky3 @yXRN8   @yXRyj 
UyXRdRV UyXR3eV UyXRj3V UyXyejV UyXyeRV
(yXky9) (yXyNy) (yXky9) (yXyjy) (yXky9)

h`�/ Y h`�/ × 62K�H2 @yXkee @yX9R9 @yXkkN @yXy3R @yXye9
T@p�Hm2, h`�/ Y h`�/ × 62K�H2 4 y yXyke yXyyk yXykk yXy8k yXRy3

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi yXyyj @yXyde @yXy83 @yXykj yXyjR
UyXRRRV UyXRyNV UyXy3jV UyXyjNV UyXyj3V
(yX3jd) (yX9dy) (yX9dy) (yX9dy) (yX9dy)

62K�H2 @yXyjR @yX93R   @yX9yk   @yXRRj   @yXy88
UyXRkRV UyXRjNV UyXyN3V UyXy9RV UyXy9yV
(yXeee) (yXyy9) (yXyyR) (yXyR3) (yXkj3)

:J1 h`2�iK2Mi × 62K�H2 yXjyd  yX989   yXjjd   yXydj yXykN
UyXR9dV UyXRekV UyXRR3V UyXy8jV UyXy8yV
(yXyed) (yXyRd) (yXyRd) (yXkj3) (yX9dy)

:J1 Y :J1 × 62K�H2 yXjRy yXjdN yXkdN yXy8y yXy8N
T@p�Hm2, :J1 Y :J1 × 62K�H2 4 y yXyyk yXyyR yXyyR yXRe9 yXyde

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi yXyjj yXyyk @yXyj8 yXyN9  yXyeN
UyXRR8V UyXRR9V UyXy3eV UyXy98V UyXy9jV
(yXN8j) (yXN8j) (yXN8j) (yXjk3) (yXjk3)

62K�H2 yXkkd @yXyjy @yXRNj  yXyee yXyjj
UyXRkjV UyXRkkV UyXyN8V UyXy9dV UyXy9eV
(yXjk3) (yXN8j) (yXjk3) (yX9k8) (yXNRR)

:J1 h`2�iK2Mi × 62K�H2 yXykR @yXyRd yXRkN @yXRRR @yXyej
UyXR9NV UyXR9jV UyXRR9V UyXy8dV UyXy88V
(yXN8j) (yXN8j) (yX93j) (yXjk3) (yX93j)

:J1 Y :J1 × 62K�H2 yXy88 @yXyR8 yXyN9 @yXyRd yXyye
T@p�Hm2, :J1 Y :J1 × 62K�H2 4 y yX8dN yX38d yXkR3 yXejR yX3eN
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXdy
J2�M .o BM h`�/BiBQM�H @yXRy @yXky @yXRy yXdy yXey
L BM *QMi`QH jNy jkj 8jN jjj 88k
L BM h`�/BiBQM�H 98e j3y e9k jNk e8N
L BM :J1 3jN ee8 RRR8 edN RR98

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM i?2 K�BM Qmi+QK2b- BMi2`�+i2/ rBi?
�M BM/B+�iQ` 7Q` #2BM; � rQK�MX Pmi+QK2 p�`B�#H2b �M/ `2;`2bbBQM +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2` Uh�#H2b 9 �M/ 8VX S�M2H � b?Qrb i?2
2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1
i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i
i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX



6B;m`2 *8X h`�/BiBQM�H h`�BMBM; S`Q;`�Kb �M/ h`�mK�, :2M2`�HBxBM; i?2B` SQi2MiB�HHv q2�F2`
AKT�+i BM omHM2`�#H2 a�KTH2b
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Point Estimate Upper Bound Lower Bound

LQi2b, h?2 6B;m`2 b?Qrb TQBMi 2biBK�i2b �M/ i?2 mTT2` �M/ HQr2` #QmM/b Q7 i?2 +QM}/2M+2 BMi2`p�Hb Q7 i?2 2z2+i Q7
kR /Bz2`2Mi 2Mi`2T`2M2m`b?BT i`�BMBM;b QM b�H2bX .�i� +QK2 7`QK J+E2MxB2 2i �HX UkykjV �M/ i?2 +Q2{+B2Mib b?QrM
+QK2 7`QK i?2 `�M/QK 2z2+ib K2i�@�M�HvbBb T2`7Q`K2/ #v i?2 �mi?Q`bX q2 +�i2;Q`Bx2/ +QmMi`B2b r?2`2 i?2 bim/B2b
r2`2 +QM/m+i2/ #�b2/ QM i?2 kyRN P1*. BM/2t Q7 ǳoBQH2M+2 �;�BMbi qQK2MǴ UP1*.- kyRNVX h?Bb Bb i?2 p�`B�#H2
QM i?2 t@�tBbX q2 i?2M /BbiBM;mBb? #2ir22M bim/B2b rBi? � ?B;? Q` HQr b?�`2 Q7 72K�H2 T�`iB+BT�Mib- bTHBiiBM; �i i?2
K2/B�M UdRWVX h?2 ;`�T? QM i?2 H27i@?�M/ bB/2 b?Qrb bim/B2b rBi? � #2HQr@K2/B�M b?�`2 Q7 72K�H2 T�`iB+BT�Mib URy
BM iQi�HV- �M/ i?2 ;`�T? QM i?2 `B;?i@?�M/ bB/2 b?Qrb bim/B2b rBi? �M �#Qp2@K2/B�M b?�`2 Q7 72K�H2 T�`iB+BT�Mib URR
BM iQi�H- Q7 r?B+? 3 rBi? RyyW rQK2M BM i?2 i`�BMBM;VX h?2 BMimBiBQM 7Q` i?Bb 2t2`+Bb2 Bb i?�i 72K�H2 T�`iB+BT�Mib BM
i`�BMBM; T`Q;`�Kb +QM/m+i2/ BM +QMi2tib rBi? ?B;? pBQH2M+2 �;�BMbi rQK2M �`2 KQ`2 HBF2Hv iQ ?�p2 2tT2`B2M+2/
i`�mK� �M/ pBQH2M+2 BM i?2 T�biX �++Q`/BM; iQ Qm` 2pB/2M+2- r2 2tT2+i i?2 i`�BMBM; T`Q;`�Kb iQ ?�p2 KQ`2 KBt2/
Qmi+QK2b BM i?2b2 +QMi2tib- �b i?2v K�v �p2`�;2 � TQbBiBp2 BKT�+i QM MQM@i`�mK�iBx2/ T�`iB+BT�Mib �M/ � Kmi2/ Q`
2p2M M2;�iBp2 BKT�+i QM i`�mK�iBx2/ T�`iB+BT�MibX

9d



. S`2@�M�HvbBb SH�M US�SV _2TQ`ib
h?2b2 `2TQ`ib /2b+`B#2 ?Qr i?2 �M�HvbBb Q7 i?2 1i?BQTB� �M/ *QHQK#B� 2tT2`BK2Mib T`2b2Mi2/ BM
i?2 K�BM #Q/v Q7 i?2 T�T2` �M/ QMHBM2 �TT2M/Bt �HB;M rBi? i?2 T`2@�M�HvbBb TH�Mb US�SV `2;Bbi2`2/
rBi? i?2 �K2`B+�M 1+QMQKB+ �bbQ+B�iBQM _*h _2;Bbi`vX

A7 MQi 7QmM/ #2HQr- i?2b2 `2TQ`ib �`2 �p�BH�#H2 mTQM `2[m2biX

93



G2�`MBM; iQ a22 i?2 qQ`H/Ƕb PTTQ`imMBiB2b,
J2KQ`v- J2Mi�H 1tT2`B2M+BM;- �M/ i?2 1+QMQKB+ GBp2b Q7 i?2 omHM2`�#H2

S`2@�M�HvbBb SH�M _2TQ`i U1i?BQTB�V

L�p� �b?`�7» :?�`�/ "`v�MÞ �H2tB� .2H}MQß 1KBHv �X >QHK2bȜ

G2QM�`/Q A�+QpQM2ǥ *?`BbiB�M CQ?�MM2b J2v2`ã �b?H2v SQTH2»»

h?Bb /Q+mK2Mi /2b+`B#2b ?Qr i?2 �M�HvbBb Q7 i?2 1i?BQTB� 2tT2`BK2Mi T`2b2Mi2/ BM i?2 K�BM #Q/v
Q7 i?2 T�T2` �M/ QMHBM2 �TT2M/Bt �HB;Mb rBi? i?2 T`2@�M�HvbBb TH�M `2;Bbi2`2/ rBi? i?2 �K2`B+�M 1+Q@
MQKB+ �bbQ+B�iBQM _*h _2;Bbi`v �b �1�_*h_@yyy3Nj9 U?iiTb,ffrrrXbQ+B�Hb+B2M+2`2;Bbi`vX
Q`;fi`B�Hbf3Nj9VX

».2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, LX�b?`�7R!Hb2X�+XmF
Þ.2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, ;XiX#`v�M!Hb2X�+XmF
ß"Q++QMB lMBp2`bBiv, �H2tB�X/2H}MQ!mMB#Q++QMBXBi
ȜlTTb�H� lMBp2`bBiv, 2KBHvX?QHK2b!mmXb2
ǥh?2 qQ`H/ "�MF, HB�+QpQM2!rQ`H/#�MFXQ`;
ãPt7Q`/ J�`iBM a+?QQH �M/ .2T�`iK2Mi Q7 1+QMQKB+b- lMBp2`bBiv Q7 Pt7Q`/,
+?`BbiB�MXK2v2`!Qt7Q`/K�`iBMXQtX�+XmF

»»h?2 qQ`H/ "�MF �M/ lMBp2`bBiv Q7 Pt7Q`/, �b?H2vXTQTH2!2+QMQKB+bXQtX�+XmF

https://www.socialscienceregistry.org/trials/8934
https://www.socialscienceregistry.org/trials/8934


*QMi2Mib
R *QKT�`BbQM "2ir22M S`2@�M�HvbBb SH�M �M/ S�T2` j

k S`BKBM; AMi2`p2MiBQM Re
kXR .2b+`BTiBQM Q7 i?2 AMi2`p2MiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re
kXk S`BKBM; h`2�iK2Mi 1z2+i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

kXkXR 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM; �i "�b2HBM2 X X X X X X X X X X X X X Re
kXkXk 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM;- AMi2`�+iBQM rBi? :2M/2` X X X X X X Rd
kXkXj 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM;- AMi2`�+iBQM rBi? Sha. X X X X X X R3

kXj AMi2`�+iBQM Q7 S`BKBM; �M/ :J1 h`2�iK2Mi X X X X X X X X X X X X X X X X X X X X X X X RN

j "�b2HBM2 S�ii2`Mb ky
jXR _2H�iBQMb?BT #2ir22M AM/B+2b Q7 S�bif6mim`2 �M/ SQbBiBp2fL2;�iBp2 J2Mi�H 1tT2`B@

2M+BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky
jXk h`�mK� �M/ 6mim`2 J2Mi�H 1tT2`B2M+BM; X X X X X X X X X X X X X X X X X X X X X X X X kR
jXj h`�mK�- _BbF S`272`2M+2b �M/ S`BKBM; X X X X X X X X X X X X X X X X X X X X X X X X X X kk

9 h`2�iK2Mi 1z2+ib QM _BbF h�FBM; �b T2` S�S kj

8 �//BiBQM�H �M�HvbBb QM J2+?�MBbKb �b T2` S�S k9

e �//BiBQM�H h`2�iK2Mi 1z2+i 1biBK�i2b ke

d G22 "QmM/b k3

k



R *QKT�`BbQM "2ir22M S`2@�M�HvbBb SH�M �M/ S�T2`

h�#H2 RX .Bz2`2M+2b "2ir22M _2;Bbi2`2/ S`2@�M�HvbBb SH�M �M/ 6BM�H J�Mmb+`BTiX

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

RX AMi`Q/m+iBQM
q2 mb2 � `2T`2b2Mi�iBp2 bm`p2v �KQM; `27m;22b
BM �//Bb �#�#� �M/ � `�M/QKBx2/ i`B�H Q7 �
Tbv+?QHQ;B+�H T`Q;`�K QM ǳTQbBiBp2 BK�;2`vǴ iQ
bim/v i?2 `QH2 Tbv+?QHQ;B+�H +QMbi`�BMib bm+? �b
i`�mK� QM i?2 �#BHBiv iQ BK�;BM2 i?2 T`2b2Mi Q`
7mim`2- �M/ b2+QM/Hv QM 2+QMQKB+ Qmi+QK2bX

AKTH2K2Mi2/ �b bT2+B}2/X

kX .2b+`BTiBQM Q7 i?2 BMi2`p2MiBQMb

kXR AK�;2`v@#�b2/ BMi2`p2MiBQM
SQbBiBp2 BK�;2`v i`�BMBM;- +HQb2Hv 7QHHQrBM; >QHK2b
2i �HX UkyRNV

AKTH2K2Mi2/ �b bT2+B}2/X h?2
}M�H K�Mmb+`BTi `272`b iQ i?2
BK�;2`v@#�b2/ BMi2`p2MiBQM �b
;mB/2/ K2Mi�H 2tT2`B2M+BM;
U:J1V- � KQ`2 /2b+`BTiBp2
�M/ BMimBiBp2 H�#2H 7Q` Qm`
BMi2`p2MiBQMX

kXk S`BKBM; BMi2`p2MiBQM
q2 +`Qbb@`�M/QKBx2 � T`BKBM; BMi2`p2MiBQM i?�i
?�b #22M mb2/ BM i?2 HBi2`�im`2b Q7 Tbv+?QHQ;v �M/
2+QMQKB+bX q2 �/�Ti i?2 T`QiQ+QH #v *�HH2M 2i �HX
UkyR9V iQ �/KBMBbi2` irQ T`BK2b Dmbi #27Q`2 �bFBM;
bm#D2+ib iQ K�F2 � `BbFv BMp2biK2Mi +?QB+2X

h?2 +`Qbb@`�M/QKBx2/ T`BKBM;
BMi2`p2MiBQM Bb MQi /Bb+mbb2/
BM i?2 T�T2`X q2 T`272` iQ
7Q+mb QM i?2 K�BM i`2�iK2Mi
7Q` 2tTQbBiBQM�H +H�`Biv- MQi H2�bi
#2+�mb2 i?2 +`Qbb@`�M/QKBx2/
T`BKBM; BMi2`p2MiBQM r�b MQi
�/KBMBbi2`2/ BM *QHQK#B�X .2@
i�BH2/ `2bmHib QM i?2 T`BKBM;
i`2�iK2Mi �`2 T`QpB/2/ #2HQrX

a2+iBQM k #2HQr T`Q@
pB/2b � /2i�BH2/ /2@
b+`BTiBQM Q7 i?2 T`BK@
BM; BMi2`p2MiBQMX

j



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

jX hBK2HBM2 Q7 AKTH2K2Mi�iBQM �M/ .�i� *QHH2+iBQM

"�b2HBM2 bm`p2v BM J�v kykkX 6Qm` KB/HBM2 bm`p2vb
k3- j8- 9k- �M/ 9N /�vb �7i2` #�b2HBM2X 1M/HBM2
�TT`QtBK�iBp2Hv ey /�vb �7i2` i?2 #�b2HBM2 bm`p2vX

h?2 iBKBM; Q7 bm`p2vb Bb bHB;?iHv
/Bz2`2Mi 7`QK i?2 iBKBM; bT2+B@
}2/ BM i?2 S�S /m2 iQ HQ;BbiB+�H
+?�HH2M;2b /m`BM; BKTH2K2Mi�@
iBQMX h?2 #�b2HBM2 bm`p2v
bi`2i+?2/ 7`QK J�v i?`Qm;?
CmHv kykkX AM@T2`bQM 7QHHQr@
mT bm`p2vb r2`2 +QM/m+i2/ �T@
T`QtBK�i2Hv i?`22 KQMi?b �7i2`
i?2 #�b2HBM2 �M/ �TT`QtBK�i2Hv
bBt r22Fb �7i2` i?2 BMi2`p2MiBQMX
h?2 �p2`�;2 iBK2 #2ir22M iBK2
#2ir22M #�b2HBM2 �M/ 2M/HBM2
r�b Nk /�vb U3e /�vb �i i?2
k8i? T2`+2MiBH2- Ryd �i i?2 d8i?
T2`+2MiBH2VX

h?2 7Qm` KB/HBM2 bm`p2vb �`2
MQi `2TQ`i2/ BM i?2 T�T2` 7Q`
2tTQbBiBQM�H +H�`BivX

6B;m`2 �8 BM i?2 �T@
T2M/Bt Q7 i?2 T�T2`
T`QpB/2b �M BHHmbi`�@
iBQM Q7 i?2 2tT2`B@
K2Mi�H iBK2HBM2X

9X a�KTH2
Pm` TQTmH�iBQM Q7 BMi2`2bi Bb `2+Q;MBx2/ `27m;22b
7`QK 1`Bi`2�- +m``2MiHv HBpBM; BM �//Bb �#�#�-
1i?BQTB�X �b 2+QMQKB+ #2?�pBQ` Bb � F2v 7Q+mb
Q7 Qm` bim/v- r2 `2bi`B+i Qm` b�KTH2 iQ `27m;22b
�;2/ R3 iQ 8y rBi? �i H2�bi DmMBQ` ?B;? b+?QQH
2/m+�iBQM U1i?BQTB�M ;`�/2 d �M/ �#Qp2VX h?Bb
/2}MBiBQM 2t+Hm/2b 1`Bi`2�M �bvHmK b22F2`b r?Q
?�p2 MQi #22M ;`�Mi2/ `27m;22 bi�imb- `27m;22b i?�i
~2/ 7`QK hB;`�v �b � `2bmHi Q7 i?2 QM;QBM; +QM~B+i-
Q` BMi2`M�HHv /BbTH�+2/ T2QTH2X q2 Q#i�BM2/ �
HBbi +Qp2`BM; i?2 mMBp2`b2 Q7 �HH 7Q`K�HHv `2;Bbi2`2/
`27m;22b i?�i b�iBb}2/ i?2b2 +`Bi2`B� �b Q7 LQp2K#2`
Ry- kykR UL 4 je-RjeV 7`QK i?2 :Qp2`MK2Mi Q7
1i?BQTB�Ƕb _27m;22b �M/ _2im`M22b a2`pB+2b U__aVX
q2 i?2M i�F2 � `�M/QK b�KTH2 bi`�iB}2/ #v ;2M/2`
�M/ �M �//BiBQM�H QM2 �b `2TH�+2K2Mi 7`�K2X

�b bT2+B}2/X
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*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

8X J2�bm`2K2Mi Q7 T`BK�`v Qmi+QK2b

8XR 6�KBHv R, _BbF i�FBM;
hrQ mMBM+2MiBpBx2/ bm`p2v Bi2Kb �/�Ti2/ 7`QK
i?2 :HQ#�H S`272`2M+2 am`p2v U6�HF 2i �HX- kyR3VX
PM2 `2THB+�i2b 2t�+iHv i?2 :Sa [m2biBQM QM `BbF
T`272`2M+2b �M/ QM2 +QMi2tim�HBx2b Bi rBi?BM i?2 T�bi
r22FX
�M BM+2MiBpBx2/ K2�bm`2 Q7 `BbF �p2`bBQM mbBM; i?2
:M22xv@SQii2`b@*?�`M2bb BMp2biK2Mi i�bF U*?�`@
M2bb �M/ :M22xv- kyRyc :M22xv �M/ SQii2`b- RNNdVX
h?2 i?`22 K2�bm`2b �`2 +QK#BM2/ BMiQ �M BM/2t Q7
`BbF �p2`bBQMX Pmi+QK2b 7Q` 2�+? bm#T�`i Q7 i?2
BM/2t �`2 `2TQ`i2/ 7Q` +QKTH2i2M2bbX

�b bT2+B}2/- #mi MQi `2TQ`i2/
BM i?2 T�T2` 7Q` 2tTQbBiBQM�H
+H�`BivX

_2bmHib `2TQ`i2/ BM
b2+iBQM 9 #2HQrX

8Xk 6�KBHv k, J2KQ`v
hrQ b+�H2b- #Qi? �/�Ti2/ iQ i?2 1i?BQTB�M +QMi2ti,
RV qQ`/ #�b2/ �miQ#BQ;`�T?B+�H K2KQ`v i2bi
UJ+L�HHv 2i �HX- RNN8V- Q`B2Mi2/ iQr�`/b i?2 T�bi
�M/ kV a+2M�`BQ #�b2/ �/�Ti2/ p2`bBQM Q7 i?2
�miQ#BQ;`�T?B+�H K2KQ`v i2bi UJ+L�HHv 2i �HX-
RNN8V- Q`B2Mi2/ iQr�`/b i?2 T�biX
6Q` #Qi? b+�H2b- r2 rBHH +Q/2 i?2 �Mbr2`b ;Bp2M
#v T�`iB+BT�Mib BM i?2 #�+F@Q{+2 BM i2`Kb Q7 i?`22
K2�bm`2b, BV i?2B` bT2+B}+Biv- BBV 2KQiBQM�H BMi2MbBiv
�M/ BBBV b2MiBK2Mi UTQbBiBp2 Q` M2;�iBp2VX q2 rBHH
7QHHQr i?2 Tbv+?QHQ;B+�H HBi2`�im`2 U:`B{i? 2i �HX-
kyyNV iQ #mBH/ i?2 +`Bi2`B� 7Q` /2}MBM; ǴbT2+B}+Ǵ
�Mbr2`b- �M/ ?�p2 `2b2�`+? �bbBbi�Mib U#HBM/ iQ
i`2�iK2MiV +Q/2 i?2 �Mbr2`b #�b2/ QM i?2 +`Bi2`B�
;Bp2MX q2 rBHH �HbQ �bF i?2 `2b2�`+? �bbBbi�Mib iQ
+Q/2 i?2 �Mbr2`b BM i2`Kb Q7 i?2 H2p2H Q7 2KQiBQM�H
BMi2MbBiv �M/ b2MiBK2Mi UTQbBiBp2 Q` M2;�iBp2VX h?Bb
bi2T rBHH H2�/ iQ i?`22 /Bz2`2Mi BM/2t2b 7Q` 2�+? Q7
i?2 b+�H2b �#Qp2- r?B+? r2 rBHH +QK#BM2 BMiQ i?`22
�;;`2;�i2 BM/2t2b Q7 bT2+B}+Biv- 2KQiBQM�H BMi2MbBiv
�M/ b2MiBK2Mi Q7 K2KQ`B2bX

.QM2 �b bT2+B}2/X AM i?2
T�T2`- r2 mb2 BM/B+2b /2}M2/
7`QK i?2 b+2M�`BQ@#�b2/ b+�H2 7Q`
+QKT�`�#BHBiv rBi? Qm` 7mim`2@
Q`B2Mi2/ K2�bm`2b Q7 K2Mi�H
2tT2`B2M+BM;X
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*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

q2 rBHH +?2+F i?2 +Q``2H�iBQM #2ir22M i?2 #�+F@
Q{+2 K2�bm`2b rBi? K2�bm`2b Q7,
Ĝ S�`iB+BT�MibǶ b2H7@`2TQ`i2/ pBpB/M2bb �M/ 2KQ@
iBQM�H BMi2MbBiv
Ĝ am`p2vQ`bǶ `2+Q`/2/ bT2+B}+Biv �M/ b2MiBK2Mi
Ĝ aT2+B}+Biv- 2KQiBQM�H BMi2MbBiv �M/ b2MiBK2Mi
T`Q/m+2/ mbBM; i2ti �M�HvbBb

h2ti �M�HvbBb Q7 �Mbr2`b r�b MQi
/QM2 ;Bp2M KQ`2 /2i�BH2/ /�i�
�p�BH�#H2 7`QK #�+F@Q{+2 +Q/@
BM;X *Q``2H�iBQMb #2ir22M b2H7@
`2TQ`i2/ K2�bm`2b �M/ #�+F@
+Q/2/ BM/2t2b �`2 `2TQ`i2/ BM
�TT2M/Bt *XR Q7 i?2 T�T2`X
h?2 +Q``2H�iBQMb #2ir22M Qi?2`
/Bz2`2Mi K2�bm`2b r2`2 MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

a22 bm#b2+iBQM jXR #2@
HQr 7Q` +Q``2H�iBQMb Q7
/Bz2`2Mi K2Mi�H 2t@
T2`B2M+BM; K2�bm`2bX

q2 rBHH +`2�i2 i?2 7QHHQrBM; BM/2t2b,

Ç �M BM/2t Q7 i?2 T`QTQ`iBQM Q7 M2mi`�H
b+2M�`BQbfrQ`/b i?�i �`2 +Q/2/ �b M2;�iBp2
�M/ �M BM/2t Q7 i?2 bT22/ rBi? r?B+? T2QTH2
`2i`B2p2 M2;�iBp2 �M/ �M BM/2t Q7 i?2 bT22/ Q7
`2i`B2p�H Q7 TQbBiBp2 b+2M�`BQbfrQ`/b

Ç � pBpB/M2bb Q7 M2;�iBp2 BK�;2b BM/2t �M/ �
pBpB/M2bb Q7 TQbBiBp2 BK�;2b BM/2t mbBM; b2H7
`2TQ`i2/ pBpB/M2bb

Ç � K2�bm`2 Q7 bT2+B}+Biv 7Q` TQbBiBp2 �M/
M2;�iBp2 BK�;2b mbBM; � +QK#BM2/ BM/2t Q7
bm`p2vQ` �M/ i2ti �M�HvbBb

Ç r2 rBHH +`2�i2 � b2T�`�i2 K2�bm`2b Q7
2KQiBQM�H BMi2MbBiv 7Q` TQbBiBp2 �M/ M2;�iBp2
BK�;2b mbBM; b2H7 `2TQ`i2/ 2KQiBQM�H BMi2MbBiv

Pp2`�HH- i?Bb rBHH ;Bp2 mb N K2�bm`2b, TQbBiBp2 bT22/-
TQbBiBp2 pBpB/M2bb- TQbBiBp2 bT2+B}+Biv- TQbBiBp2
2KQiBQM�H BMi2MbBiv- M2;�iBp2 7`2[m2M+v UTQbBiBp2
7`2[m2M+v Bb i?2 +QKTH2K2Mi�`v b?�`2V- M2;�iBp2
bT22/- M2;�iBp2 pBpB/M2bb- M2;�iBp2 bT2+B}+Biv �M/
M2;�iBp2 BMi2MbBivX

aT22/ r�b MQi +QKTmi2/X 6Q`
+QM+Bb2M2bb- MQi �HH i?2b2 /Bb@
�;;`2;�i2/ BM/B+2b �`2 `2TQ`i2/
BM i?2 T�T2`X �TT2M/Bt h�#H2
*R BM i?2 K�BM K�Mmb+`BTi
b?Qrb `2bmHib r?2M +QK#BMBM;
b2H7@`2TQ`i2/ �M/ #�+F@+Q/2/
K2�bm`2b BM �M BM/2t #mBHi 7`QK
T`BM+BT�H +QKTQM2Mi �M�HvbBbX

a22 bm#b2+iBQM jXR #2@
HQr 7Q` +Q``2H�iBQMb Q7
i?2b2 /Bz2`2Mi K2M@
i�H 2tT2`B2M+BM; K2�@
bm`2bX

e



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

8Xj 6�KBHv j, 6mim`2 AK�;2`v
PM2 b+�H2, �/�Ti2/ p2`bBQM Q7 i?2 �miQ#BQ;`�T?B+�H
K2KQ`v i2bi U:`B{i? 2i �HX- kyyNV- Q`B2Mi2/ iQ i?2
7mim`2- �/�Ti2/ iQ i?2 1i?BQTB�M +QMi2tiX
q2 rBHH +Q/2 i?2 �Mbr2`b ;Bp2M #v T�`iB+BT�Mib
BM i?2 #�+F@Q{+2 BM i2`Kb Q7 i?2B` bT2+B}+Biv-
2KQiBQM�H BMi2MbBiv �M/ b2MiBK2Mi UTQbBiBp2 Q`
M2;�iBp2VX q2 rBHH 7QHHQr i?2 Tbv+?QHQ;B+�H
HBi2`�im`2 U:`B{i? 2i �HX- kyyNV iQ #mBH/ i?2 +`Bi2`B�
7Q` /2}MBM; ǴbT2+B}+Ǵ �Mbr2`b- �M/ ?�p2 `2b2�`+?
�bbBbi�Mib +Q/2 i?2 �Mbr2`b #�b2/ QM i?2 +`Bi2`B�
;Bp2M U#HBM/ iQ i`2�iK2MiVX q2 rBHH �bF i?2 `2b2�`+?
�bbBbi�Mib iQ �HbQ +Q/2 i?2 �Mbr2`b BM i2`Kb Q7 i?2
H2p2H Q7 2KQiBQM�H BMi2MbBiv �M/ b2MiBK2Mi UTQbBiBp2
Q` M2;�iBp2VX h?Bb rBHH H2�/ iQ i?`22 /Bz2`2Mi BM/2t2b
7Q` i?2 b+�H2X

.QM2 �b bT2+B}2/X

hQ;2i?2` rBi? i?2 #�+F@Q{+2 K2�bm`2b- r2 rBHH �HbQ
+Q``2H�i2 �M/ +QMbi`m+i K2�bm`2b #�b2/ QM,
Ĝ S�`iB+BT�MibǶ b2H7@`2TQ`i2/ pBpB/M2bb �M/ 2KQ@
iBQM�H BMi2MbBiv
Ĝ am`p2vQ`bǶ `2+Q`/2/ p�H2M+2
Ĝ h2ti �M�HvbBb- r?B+? rBHH ;Bp2 mb2 K2�bm`2b Q7
bT2+B}+Biv- 2KQiBQM�H BMi2MbBiv �M/ b2MiBK2MiX

h2ti �M�HvbBb Q7 �Mbr2`b r�b MQi
/QM2 ;Bp2M KQ`2 /2i�BH2/ /�i�
�p�BH�#H2 7`QK #�+F@Q{+2 +Q/@
BM;X *Q``2H�iBQMb #2ir22M b2H7@
`2TQ`i2/ K2�bm`2b �M/ #�+F@
+Q/2/ BM/2t2b �`2 `2TQ`i2/ BM
i?2 �TT2M/Bt Q7 i?2 T�T2`X
h?2 +Q``2H�iBQMb #2ir22M Qi?2`
/Bz2`2Mi K2�bm`2b r2`2 MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

a22 bm#b2+iBQM jXR #2@
HQr 7Q` +Q``2H�iBQMb Q7
/Bz2`2Mi K2Mi�H 2t@
T2`B2M+BM; K2�bm`2bX

q2 rBHH �HbQ +QMbi`m+i i?`22 Qp2`�HH BM/2t2b
r?B+? +QK#BM2 bT2+B}+Biv- 2KQiBQM�H BMi2MbBiv �M/
b2MiBK2Mi 7Q` #Qi? T�bi �M/ 7mim`2 2p2Mib iQ
+?�`�+i2`Bx2 T2QTH2Ƕb BK�;2`vX

�b bT2+B}2/X h?Bb Bb Qm` K�BM
K2Mi�H 2tT2`B2M+BM; BM/2t BM i?2
T�T2`X

d



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

q2 rBHH +`2�i2 i?2 7QHHQrBM; BM/B+2b,

Ç �M BM/2t Q7 i?2 T`QTQ`iBQM Q7 M2mi`�H b+2M�`BQb
i?�i �`2 +Q/2/ �b M2;�iBp2c

Ç � pBpB/M2bb Q7 M2;�iBp2 BK�;2b BM/2t �M/ �
pBpB/M2bb Q7 TQbBiBp2 BK�;2b BM/2t mbBM; b2H7
`2TQ`i2/ pBpB/M2bbc

Ç � K2�bm`2 Q7 bT2+B}+Biv 7Q` TQbBiBp2 �M/
M2;�iBp2 BK�;2b mbBM; i2ti �M�HvbBbc

Ç � b2T�`�i2 K2�bm`2b Q7 2KQiBQM�H BMi2MbBiv
7Q` TQbBiBp2 �M/ M2;�iBp2 BK�;2b mbBM; b2H7
`2TQ`i2/ 2KQiBQM�H BMi2MbBivX

Pp2`�HH- i?Bb rBHH ;Bp2 mb d K2�bm`2b, TQbBiBp2
pBpB/M2bb- TQbBiBp2 bT2+B}+Biv- TQbBiBp2 2KQiBQM�H
BMi2MbBiv- M2;�iBp2 7`2[m2M+v UTQbBiBp2 7`2[m2M+v
Bb i?2 +QKTH2K2Mi�`v b?�`2V- M2;�iBp2 pBpB/M2bb-
M2;�iBp2 bT2+B}+Biv �M/ M2;�iBp2 BMi2MbBivX

h2ti �M�HvbBb Q7 �Mbr2`b r�b
MQi /QM2 ;Bp2M KQ`2 /2i�BH2/
/�i� �p�BH�#H2 7`QK #�+F@Q{+2
+Q/BM;X 6Q` +QM+Bb2M2bb- MQi
�HH i?2b2 /Bb�;;`2;�i2/ BM/B+2b
�`2 `2TQ`i2/ BM i?2 T�T2`X
�TT2M/Bt h�#H2 *R BM i?2
K�BM K�Mmb+`BTi b?Qrb `2bmHib
r?2M +QK#BMBM; b2H7@`2TQ`i2/
�M/ #�+F@+Q/2/ K2�bm`2b BM
�M BM/2t #mBHi 7`QK T`BM+BT�H
+QKTQM2Mi �M�HvbBbX

a22 bm#b2+iBQM jXR #2@
HQr 7Q` +Q``2H�iBQMb Q7
i?2b2 /Bz2`2Mi K2M@
i�H 2tT2`B2M+BM; K2�@
bm`2bX
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*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

eX J2�bm`2K2Mi Q7 b2+QM/�`v Qmi+QK2b

eXR 1KTHQvK2Mi Qmi+QK2b
CQ# b2�`+?, K2�bm`2b rBi? � #�ii2`v Q7 [m2biBQMb
�/�Ti2/ 7`QK i?2 1i?BQTB�M aQ+BQ2+QMQKB+ am`p2v
f GBpBM; ai�M/�`/ J2�bm`2K2Mi aim/v UGaJaV
�M/ T`2pBQmb HBi2`�im`2 QM i?2 bm#D2+iX .mKKv 7Q`
�Mv b2�`+?- BM/2t Q7 2zQ`i BM b2�`+? #v �;;`2;�iBM;
?Qm`b- MmK#2` Q7 +�HHb K�/2- MmK#2` Q7 +?�MM2Hb
�M/ KQM2v bT2MiX 9 ivT2b Q7 �+iBpBiB2b i�F2M
BMiQ �++QmMi, R Ĝ MQM@�;`B+mHim`�H Q` MQM@}b?BM;
#mbBM2bb 7Q` vQm`b2H7 Q` ?Qmb2?QH/- k Ĝ +�bm�H
T�`i@iBK2 Q` i2KTQ`�`v H�#Qm`- j Ĝ r�;2 rQ`F 9
Ĝ mMT�B/ �TT`2MiB+2b?BTX GQQF �i i?2 H2M;i? Q7
b2�`+? �M/ #2HB27b QM bi�`iBM; �M �+iBpBiv iQ B/2MiB7v
K2+?�MBbKbX
1M;�;2K2Mi BM 2KTHQvK2Mi �M/ Q` b2H7@
2KTHQvK2Mi, /mKKv 2[m�H iQ R B7 � T2`bQM Bb
BMpQHp2/ BM �Mv Q7 i?2 7Qm` �+iBpBiB2bX LmK#2`
Q7 ?Qm`b rQ`F2/ BM bT2+B}+ �+iBpBiB2bX �;;`2;�i2
�+`Qbb �HH �+iBpBiB2b �M/ mb2 7Q` 6._ +Q``2+iBQMb Y
`2TQ`i `2bmHib 7Q` 2�+? b2T�`�i2 �+iBpBivX

�b bT2+B}2/X

eXkX AM+QK2- *QMbmKTiBQM- �M/ q2H7�`2
q2 �/�Ti bm`p2v KQ/mH2b 7`QK i?2 1aafGaJaX
R Ĝ AM+QK2 7`QK 2+QMQKB+ �+iBpBiB2b k Ĝ
6QQ/ +QMbmKTiBQM- /B2i�`v /Bp2`bBiv- MQM@7QQ/
+QMbmKTiBQMX j Ĝ 6QQ/ b2+m`Biv 9 Ĝ a�pBM;b 8 Ĝ
>QmbBM; e Ĝ AM+QKBM; �M/ Qmi;QBM; i`�Mb72`b d Ĝ
amTTQ`i 7`QK p�`BQmb �bbBbi�M+2 T`Q;`�KbX
q2 +QMbi`m+i �M Qp2`�HH- bi�M/�`/Bx2/ BM/2t
7QHHQrBM; EHBM; 2i �HX UkyydVX h?2 bi�M/�`/Bx2/
BM/2t rBHH #2 Qm` K�BM Qmi+QK2 �M/ rBHH #2 mb2/
7Q` 6._ +Q``2+iBQMb- i?2 `2K�BMBM; Qmi+QK2b rBHH #2
`2TQ`i2/ 7Q` +QKTH2i2M2bb �M/ iQ �B/ BMi2`T`2i�iBQMX

h?2 T�T2` `2TQ`ib `2bmHib QM
b2H2+i2/ +QKTQM2Mib Q7 i?2 BM@
/2t 7Q` +H�`Biv UBM+QK2- +QM@
bmKTiBQM- 7QQ/ b2+m`BivVX .�i�
QM ?QmbBM; [m�HBiv r�b M2p2`
+QHH2+i2/ /m2 iQ KQ/B}+�iBQMb
iQ i?2 bm`p2v BMbi`mK2Mi /m`BM;
i?2 }M�H bi�;2b Q7 BMbi`mK2Mi
/2p2HQTK2MiX

_2bmHib QM i?2 T`2@
bT2+B}2/ Qp2`�HH BM@
/2t �M/ �HH bm#BM/B+2b
U2t+2Ti 7Q` ?QmbBM;V
�`2 `2TQ`i2/ BM h�@
#H2 Rk #2HQrX

eXj q2HH@#2BM; �M/ S?vbB+�H ?2�Hi?
R Ĝ *�Mi`BH a2H7@�M+?Q`BM; ai`BpBM; a+�H2 k Ĝ q>P
.Bb�#BHBiv �bb2bbK2Mi a+?2/mH2 Uq>P.�aV kXyX
q2 `2TQ`i i?2 irQ /BK2MbBQMb b2T�`�i2Hv i?`Qm;?
bm#@BM/2t2b �M/ +QMbi`m+i �M Qp2`�HH bi�M/�`/Bx2/
BM/2t 7QHHQrBM; EHBM; 2i �HX UkyydV- mb2/ BM 6._
+Q``2+iBQMbX

�b bT2+B}2/X

N



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

eX9 Pi?2` K2�bm`2b
hQ bim/v i?2 K2+?�MBbKb Q7 i?2 BMi2`p2MiBQM- r2
�HbQ K2�bm`2 �M/ �M�Hvx2, RX :2M2`�HBx2/ b2H7@
2{+�+v Ua+?r�`x2` �M/ C2`mb�H2K- RNN8V K2�bm`2/
mbBM; � b?Q`i2M2/ e@Bi2Kb b+�H2 U_QKTT2H 2i �HX-
kyRjV kX _2pBb2/ GB72 P`B2Mi�iBQM h2bi UK2�bm`2/
QMHv �i 2M/HBM2V jX 1tT2+i�iBQMb Q7 2KTHQvK2Mi-
2�`MBM;b �M/ KQp2K2Mi +QM/BiBQM�H QM `2+2BpBM;
rBi? � +2`i�BM T`Q#�#BHBiv � T2`KBi iQ rQ`F BM
1i?BQTB� 9X _2b2`p�iBQM r�;2 8X _2�+iBQM iQ
M2;�iBp2 �M/ TQbBiBp2 T`BKBM; QM `BbF@i�FBM;

q2 i2bi i?Bb K2+?�MBbKb �b
bT2+B}2/- #mi `2bmHib �`2 MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

_2bmHib `2TQ`i2/ BM
h�#H2 Ry �M/ b2+@
iBQM 8 #2HQrX

dX _Q#mbiM2bb *?2+Fb

Ç aQ+B�H /2bB`�#BHBiv #B�b, 7QHHQrBM; .?�` 2i �HX
UkykkV- r2 mb2 i?2 J�`HQr2@*`QrM2 aQ+B�H
.2bB`�#BHBiv a+�H2X q2 rBHH T`2b2Mi i?2
BMi2`�+iBQM Q7 i?2 J�`HQr2Ĝ*`QrM2 b+�H2 rBi?
i?2 BK�;2`v BMi2`p2MiBQM i`2�iK2Mi bi�imb �b
� `Q#mbiM2bb +?2+FX

Ç _2bTQM/2Mib i?�i �`2 KQ`2 +QM+2`M2/ �#Qmi
`mH2 pBQH�iBQMb UBX2X rQ`FBM; rBi?Qmi �
T2`KBiV K�v mM/2`@`2TQ`i i?2B` 2M;�;2K2Mi
BM 2+QMQKB+ �+iBpBiB2bX q2 K2�bm`2 i?2
BM/BpB/m�H T`QT2MbBiv iQ i?BMF �#Qmi `mH2b
BM � `mH2@Q`B2Mi2/ K�MM2` pb BM � K�MM2`
i?�i `2+Q;MBx2b 2t+2TiBQMb mbBM; i?2 _mH2
Q`B2Mi�iBQM b+�H2 U6BM2 2i �HX- kyReVX q2
rBHH `2TQ`i �M/ /Bb+mbb TQi2MiB�H /Bz2`2M+2b BM
2KTHQvK2Mi Qmi+QK2b #v i?2 BM/BpB/m�H b+Q`2
QM i?Bb b+�H2 �b � `Q#mbiM2bb +?2+FX

.QM2 �b bT2+B}2/X h�#H2b
rBi? ?2i2`Q;2M2Biv �HQM; #Qi?
/BK2MbBQMb �`2 `2TQ`i2/ BM i?2
�TT2M/Bt Q7 i?2 T�T2`X

Ry



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

3X 1KTB`B+�H ai`�i2;v
q2 2biBK�i2 i?2 BMi2Mi@iQ@i`2�i 2z2+i Q7 Qz2`BM;
BK�;2`v i`�BMBM; QM Qm` T`BK�`v �M/ b2+QM/�`v
Qmi+QK2b- +QKT�`2/ iQ � +QMi`QH ;`QmT r?Q `2+2Bp2/
MQ BMi2`p2MiBQMX �HH bT2+B}+�iBQMb i�F2 i?2 7QHHQrBM;
7Q`K,
Yi = β0 + β1Ti + σXi + εi

r?2`2 Yi Bb i?2 Qmi+QK2 Q7 BMi2`2bi 7Q` BM/BpB/m�H
BX Ti Bb � /mKKv p�`B�#H2 BM/B+�iBM; r?2i?2` �M
BM/BpB/m�H r�b Qz2`2/ i?2 BK�;2`v i`�BMBM;X Xi Bb
� p2+iQ` Q7 #�b2HBM2 +QMi`QHb �M/ bi`�i� p�`B�#H2b
mb2/ BM b�KTHBM; �M/ εi Bb i?2 2``Q` i2`KX β1
K2�bm`2b i?2 2biBK�i2/ i`2�iK2Mi 2z2+i Q7 i?2
BK�;2`v i`�BMBM;X 6Q` 2p2`v T`BK�`v Qmi+QK2- r2
i2bi i?2 MmHH ?vTQi?2bBb i?�i i?2 BK�;2`v i`�BMBM;
?�b MQ BKT�+iX q2 mb2 `Q#mbi bi�M/�`/ 2``Q`b
#2+�mb2 i`2�iK2Mi �bbB;MK2Mi Bb �i i?2 BM/BpB/m�H
H2p2HX Pm` K�BM bT2+B}+�iBQM QMHv +QMi`QHb 7Q`
bi`�iB}+�iBQM p�`B�#H2b BM Xi U;2M/2` �M/ T`BKBM;VX

.QM2 �b bT2+B}2/X

NX >2i2`Q;2M2Biv �M�HvbBb
q2 2tT2+i Qm` BK�;2`v T`Q;`�K iQ ?�p2 /Bz2`2MiB�H
i`2�iK2Mi 2z2+ib 7Q` i?Qb2 BM/BpB/m�Hb r?Q b?Qr
?B;?2` bvKTiQKb Q7 TQbi@i`�mK�iB+ bi`2bb �i
#�b2HBM2X q2 7Q+mb QM i`�mK� �M/ ;2M/2`X q2
�BK iQ /Bb+BTHBM2 i?Bb 2tTHQ`�iQ`v �M�HvbBb #v
mbBM; i?2 ;2M2`�HBx2/ `�M/QK 7Q`2bi �H;Q`Bi?K #v
*?2`MQx?mFQp 2i �HX UkyR3VX q2 K2�bm`2 i`�mK�
bvKTiQKb #v mbBM; i?2 S*G@8 b+�H2, 7Q` Sha.-
r2 +QMbi`m+i � i`�mK� /mKKv p�`B�#H2 iQ BM/B+�i2
T2QTH2 rBi? � S*G@8 b+Q`2 �#Qp2 jRX :Bp2M
i?�i r2 �`2 MQi bQH2Hv BMi2`2bi2/ BM TQTmH�iBQMb
rBi? Sha. #mi �HbQ ;2M2`�HHv ?B;? bvKTiQKb Q7
i`�mK�- r2 +QMbi`m+i � b2+QM/ /mKKv p�`B�#H2
r?2`2 r2 bTHBi i?2 b�KTH2 �i i?2 K2/B�M S*G@
8 b+Q`2X >2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib rBHH #2
2biBK�i2/ #v BMi2`�+iBM; i`2�iK2Mi bi�imb rBi? i?2
}`bi i`�mK� /mKKv- �M/ BM � b2T�`�i2 `2;`2bbBQM-
rBi? � 72K�H2 /mKKvX q2 rBHH 7m`i?2` 2tTHQ`2 Qm`
`2bmHib #v +QM/m+iBM; ?2i2`Q;2M2Biv �M�HvbBb rBi?
i?2 b2+QM/ /mKKv 7Q` i`�mK� /2b+`B#2/ �#Qp2X

h?2 T�T2` b?Qrb ?2i2`Q;2M2Biv
QM i`�mK� �M/ ;2M/2` �b T`2@
bT2+B}2/X >2i2`Q;2M2Biv #v
Sha. �M/ ;2M/2` Bb BM+Hm/2/
BM i?2 T�T2`Ƕb �TT2M/BtX >2i@
2`Q;2M2Biv �M�HvbBb #�b2/ QM
;2M2`�HBx2/ `�M/QK 7Q`2bi Bb MQi
BM+Hm/2/ BM i?2 K�BM T�T2`
7Q` 2tTQbBiBQM�H +H�`BivX 1t@
THQ`�iQ`v �M�HvbBb mbBM; S*G@
8 �#Qp2 K2/B�M �b �Hi2`M�iBp2
p�`B�#H2 7Q` i`�mK� Bb �HbQ
MQi `2TQ`i2/ BM i?2 T�T2` 7Q`
+QM+Bb2M2bbX

>2i2`Q;2M2Biv �M�Hv@
bBb #�b2/ QM ;2M2`@
�HBx2/ `�M/QK 7Q`2bib
7Q` K�BM /QrMbi`2�K
Qmi+QK2b �M/ �Hi2`@
M�iBp2 bT2+B}+�iBQM Q7
i`�mK� Bb �p�BH�#H2
mTQM `2[m2biX

RR



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

RyX JmHiBTH2 >vTQi?2b2b i2biBM; +Q``2+iBQM
6QHHQrBM; "2MD�KBMB 2i �HX UkyyeV- r2 rBHH mb2 7�Hb2
/Bb+Qp2`v `�i2 +Q``2+iBQMb iQ �++QmMi 7Q` KmHiBTH2
?vTQi?2bBb i2biBM; �+`Qbb Qm` T`BK�`v �M/ b2+QM/�`v
Qmi+QK2 p�`B�#H2bX 6Q` 2�+? ?vTQi?2bBb i2bi- r2
rBHH `2TQ`i irQ p�Hm2b, T@p�Hm2 7`QK i?2 q�H/ i2bi
�M/ i?2 7�Hb2 /Bb+Qp2`v `�i2 [@p�Hm2- i�F2M �+`Qbb
T`BK�`v Qmi+QK2bX q2 rBHH /Q 6._ +Q``2+iBQMb
b2T�`�i2Hv 7Q` T`BK�`v �M/ b2+QM/�`v Qmi+QK2b-
`2~2+iBM; Qmi #2HB27 i?�i `2bmHib BM 2�+? /QK�BM �`2
Q7 b2T�`�i2 BMi2`2biX

q2 `2TQ`i [@p�Hm2b �M/ T@p�Hm2b
�b bT2+B}2/X

RRX *Qp�`B�i2 b2H2+iBQM
q2 }`bi T`2b2Mi �HH bT2+B}+�iBQMb +QMi`QHHBM; 7Q` Qm`
bi`�iB}+�iBQM p�`B�#H2b- ;2M/2` �M/ T`BK2 i`2�iK2MiX
hQ BM+`2�b2 i?2 T`2+BbBQM Q7 Qm` 2biBK�i2b- r2
�HbQ T`2b2Mi � b2+QM/ b2i Q7 `2bmHib BM+Hm/BM;
#�b2HBM2 +Qp�`B�i2bX 6QHHQrBM; "2HHQMB 2i �HX UkyR9V-
r2 �/QTi i?2 ǴTQbi@/Qm#H2@b2H2+iBQMǴ K2i?Q/ 7Q`
b2H2+iBM; `2;`2bbQ`b- BM+Hm/BM; }`bi@Q`/2` BMi2`�+iBQM
�M/ [m�/`�iB+ i2`KbX q2 rBHH +Q``2+i 7Q` 6._
rBi?BM 2�+? K2i?Q/- #mi MQi �+`QbbX

.QM2 �b bT2+B}2/X

RkX "�H�M+2
q2 rBHH i2bi 7Q` #�H�M+2 QM #�b2HBM2 p�`B�#H2b �+`Qbb
i`2�iK2Mi �M/ +QMi`QH ;`QmTbX q2 rBHH 2biBK�i2 �
`2;`2bbBQM r?2`2 yi /2MQi2b i?2 #�b2HBM2 p�`B�#H2b
7Q` BM/BpB/m�H i- �M/ +QMi`QH 7Q` ;2M/2`X 6Q` 2�+?
#�b2HBM2 p�`B�#H2- r2 `2TQ`i i?2 T@p�Hm2 7`QK i?2
q�H/ i2bi QM i?2 i`2�iK2Mi /mKKvX

h�#H2 �k BM i?2 �TT2M/Bt Q7
i?2 K�BM K�Mmb+`BTi T`2b2Mib �
#�H�M+2 i2biX q2 `2TQ`i i?2
K2�Mb Q7 b2H2+i2/ #�b2HBM2 p�`B@
�#H2b BM +QMi`QH �M/ i`2�iK2Mi-
�b r2HH �b � i2bi Q7 i?2 /Bz2`2M+2X
q2 T`272` i?Bb #�H�M+2 i�#H2
7Q` +H�`Biv �M/ 7Q` +QKT�`�#BHBiv
rBi? i?2 *QHQK#B� 2tT2`BK2MiX

RjX h2biBM; 7Q` /Bz2`2MiB�H �ii`BiBQM
hQ i2bi 7Q` /Bz2`2MiB�H �ii`BiBQM- r2 rBHH +`2�i2
� /mKKv p�`B�#H2 7Q` r?2i?2` i?2 BM/BpB/m�HǶb
BMi2`pB2r Bb KBbbBM; BM 7QHHQr@mT bm`p2vb �M/ `2;`2bb
i?Bb /mKKv QM i?2 i`2�iK2Mi /mKKB2bX A7 �M/
QMHv B7 r2 }M/ bB;MB}+�Mi /Bz2`2MiB�H �ii`BiBQM #v
i`2�iK2Mi bi�imb- r2 rBHH `2TQ`i G22 UkyyNV #QmM/bX
hQ �/Dmbi 7Q` �ii`BiBQM- r2 rBHH �HbQ `2TQ`i i?2 K�BM
i�#H2b rBi? BMp2`b2 T`Q#�#BHBiv r2B;?iBM; UASqVX

�ii`BiBQM i�#H2 /QM2 �b bT2+B}2/X
AM i?2 S�T2`- r2 b?Qr #�H�M+2
QM Q#b2`p�#H2b 7Q` i?2 `2bTQM@
/2Mib iQ i?2 2M/HBM2 bm`p2vX

h�#H2 Rj �M/ h�@
#H2 R9 #2HQr b?Qr G22
"QmM/b 7Q` Qm` K�BM
`2bmHib i�#H2bX h�#H2b
rBi? ASq �`2 �p�BH@
�#H2 mTQM `2[m2biX

Rk



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

R9X >vTQi?2b2b 7Q`KmH�i2/ BM i?2 S�S UbmKK�`vV

R9XRX "�b2HBM2 S�ii2`Mb

R9XRXR J2KQ`v �M/ 6mim`2 AK�;2`v
Pm` }`bi ?vTQi?2bBb Bb i?�i K2KQ`v Bb � bQm`+2 Q7
i?BMFBM; �#Qmi i?2 7mim`2 Ua+?�+i2` 2i �HX- kyydV-
?2M+2 r2 2tT2+i 7mim`2 BK�;2`v iQ #2 `2H�i2/ iQ
K2KQ`v,

Ç JQ`2 U7`2[m2Mi- pBpB/fbT2+B}+ �M/ 2KQiBQM@
�HHv BMi2Mb2V TQbBiBp2 K2KQ`B2b �`2 TQbBiBp2Hv
+Q``2H�i2/ rBi? KQ`2 U7`2[m2Mi- pBpB/fbT2+B}+
�M/ 2KQiBQM�HHv BMi2Mb2V TQbBiBp2 BK�;BM2/
7mim`2 b+2M�`BQbX

Ç JQ`2 U7`2[m2Mi- pBpB/fbT2+B}+ �M/ 2KQiBQM@
�HHv BMi2Mb2V M2;�iBp2 K2KQ`B2b �`2 TQbBiBp2Hv
+Q``2H�i2/ rBi? KQ`2 U7`2[m2Mi- pBpB/fbT2+B}+
�M/ 2KQiBQM�HHv BMi2Mb2 M2;�iBp2V BK�;BM2/
7mim`2 b+2M�`BQbX

q?BH2 i?2 p�`B�#H2b K2MiBQM2/
�`2 /Bb+mbb2/ BM i?2 T�T2`- i?2
`2bmHib Q7 i?2 +Q``2H�iBQMb �`2
MQi b?QrM BM i?2 T�T2` 7Q`
+QM+Bb2M2bbX

q2 T`2b2Mi i?2b2
+Q``2H�iBQMb #2HQr BM
bm#b2+iBQM jXRX

R9XRXk h`�mK� �M/ J2KQ`v
q2 2tT2+i T2QTH2 rBi? bi`QM;2` i`�mK� bvKTiQKb
iQ ?�p2 � /Bz2`2Mi K2KQ`v /�i�#�b2 rBi? `2bT2+i iQ
T2QTH2 rBi? r2�F2` i`�mK� bvKTiQKbX q2 2tT2+i,

Ç J2KQ`B2b �KQM; i`�mK�iBx2/ T2QTH2 iQ #2
KQ`2 M2;�iBp2 +QKT�`2/ iQ T2QTH2 rBi?
r2�F2` i`�mK� bvKTiQKbX

Ç Zm�HBiv T`2/B+iBQMb �`2 �K#B;mQmbX SQbBiBp2
�M/ M2;�iBp2 K2KQ`B2b �KQM; i`�mK�iBx2/
T2QTH2 K�v �HbQ /Bz2` BM pBpB/M2bb- bT2+B}+Biv
�M/ 2KQiBQM�H BMi2MbBiv +QKT�`2/ iQ T2QTH2
rBi? r2�F2` i`�mK� bvKTiQKbX

h2bi2/ �b bT2+B}2/X _2bmHib �`2
BM+Hm/2/ BM i?2 �TT2M/Bt Q7 i?2
T�T2`X

Rj



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

R9XRXj h`�mK� �M/ 6mim`2 AK�;2`v
q2 2tT2+i,

Ç 6mim`2 BK�;BM2/ b+2M�`BQb �KQM; i`�mK�iBx2/
T2QTH2 rBHH #2 KQ`2 M2;�iBp2 +QKT�`2/ iQ
T2QTH2 rBi? r2�F2` i`�mK� bvKTiQKbX h?Bb
BKTHB2b i?�i T2QTH2 rBi? i`�mK� K�v +QK2
mT KQ`2 7`2[m2MiHv rBi? M2;�iBp2 7mim`2
b+2M�`BQbX

Ç Zm�HBiv T`2/B+iBQMb �`2 �K#B;mQmbX

h2bi2/ �b bT2+B}2/- #mi MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

_2bmHib BM+Hm/2/ BM
6B;m`2 R #2HQrX

R9XRX9 h`�mK� �M/ _BbF S`272`2M+2b
q2 2tT2+i T2QTH2 rBi? bi`QM;2` i`�mK� bvKTiQKb
iQ #2 KQ`2 `BbF �p2`b2 rBi? `2bT2+i iQ T2QTH2 rBi?
r2�F2` i`�mK� bvKTiQKbX AM T�`iB+mH�` r2 2tT2+i
KQ`2 i`�mK�iBx2/ T2QTH2 iQ b?Qr KQ`2 `BbF �p2`bBQM
+QKT�`2/ iQ H2bb i`�mK�iBx2/ T2QTH2X

h2bi2/ �b bT2+B}2/- #mi MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

_2bmHib BM+Hm/2/ BM
6B;m`2 k #2HQrX

R9XRX8 h`�mK� �M/ S`BKBM;
q2 2tT2+i i?2 M2;�iBp2 T`BKBM; BMi2`p2MiBQM iQ ?�p2
i?2 7QHHQrBM; 2z2+ib,

Ç S2QTH2 r?Q �`2 2tTQb2/ iQ i?2 M2;�iBp2
T`BK2 BMp2bi H2bb BM i?2 `BbFv BMp2biK2Mi i�bF
+QKT�`2/ iQ T2QTH2 2tTQb2/ iQ i?2 TQbBiBp2
T`BK2X

Ç AiǶb �K#B;mQmb r?2i?2` KQ`2 i`�mK�iBx2/
T2QTH2 `2bTQM/ KQ`2 Q` H2bb bi`QM;Hv iQ i?2
M2;�iBp2 T`BK2- +QKT�`2/ iQ H2bb i`�mK�iBx2/
T2QTH2 2tTQb2/ iQ i?2 M2;�iBp2 T`BK2X

q2 /Q MQi BM+Hm/2 �M�HvbBb Q7
i?2 T`BKBM; BMi2`p2MiBQM BM i?2
T�T2` 7Q` 2tTQbBiBQM�H +H�`Biv-
#mi

�M�HvbBb BM+Hm/2/
BM b2+iBQM k #2HQrX
h�#H2 k b?Qrb i?2
2z2+i Q7 T`BKBM; QM
K2Mi�H 2tT2`B2M+BM;
K2�bm`2b- �M/
h�#H2b j �M/ 9
b?Qr ?2i2`Q;2M2Biv
#v ;2M/2` �M/
i`�mK�X h�#H2 8
b?Qrb i?2 BMi2`�+iBQM
#2ir22M i?2 K2Mi�H
2tT2`B2M+BM;
BMi2`p2MiBQM �M/
i?2 T`BKBM;
K�MBTmH�iBQM QM
K2Mi�H 2tT2`B2M+BM;
Qmi+QK2bX AM
bm#b2+iBQM jXj-
6B;m`2 j b?Qrb i?�i
i?2 T`BKBM; 2z2+i QM
`BbF Bb +QM+2Mi`�i2/
QM T2QTH2 rBi? ?B;?
i`�mK�X

R9



*QMiBMm�iBQM Q7 h�#H2 R

S`2@�M�HvbBb SH�M 6BM�H K�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

R9XkX h?2 BKT�+i Q7 BK�;2`v i`�BMBM; QM Qmi+QK2b

R9XkXR J2KQ`v
q2 2tT2+i i?2 BK�;2`v i`�BMBM; iQ ?�p2 i?2
7QHHQrBM; 2z2+ib QM K2KQ`v, RV SQbBiBp2 K2KQ`B2b
T`Q/m+2/ #v T2QTH2 i`�BM2/ BM BK�;2`v i2M/ iQ #2
KQ`2 pBpB/fbT2+B}+ �M/ 2KQiBQM�H- +QKT�`2/ iQ i?2
+QMi`QH ;`QmT �M/ kV h?Bb i`2�iK2Mi Q7 BK�;2`v
2z2+i rBHH #2 H�`;2` 7Q` i`�mK�iBx2/ T2QTH2X

h2bi2/ �b bT2+B}2/- ?vTQi?2bBb
+QM}`K2/ BM i?2 /�i�X AM
i?2 T�T2`- r2 `2TQ`i BM/B+2b
i?�i +QK#BM2 T�bi �M/ 7mim`2
b+2M�`BQbX

R9XkXR 6mim`2 AK�;2`v
q2 2tT2+i i?2 BK�;2`v i`�BMBM; iQ ?�p2 i?2
7QHHQrBM; 2z2+ib QM 7mim`2 BK�;2`v, RV SQbBiBp2
7mim`2 BK�;BM2/ b+2M�`BQb b?QmH/ #2 KQ`2 TQbBiBp2-
2Bi?2` BM 7`2[m2M+v Q` b2MiBK2Mi- kV AK�;BM2/
7mim`2 b+2M�`BQb T`Q/m+2/ #v T2QTH2 i`�BM2/ BM
BK�;2`v i2M/ iQ #2 KQ`2 pBpB/fbT2+B}+ �M/
2KQiBQM�H- +QKT�`2/ iQ i?2 +QMi`QH ;`QmT- jV AiǶb
�K#B;mQmb r?2i?2` i?2 i`�BMBM; rBHH BM+`2�b2 i?2
pBpB/M2bbfbT2+B}+Biv Q7 QMHv TQbBiBp2 b+2M�`BQb- Q`
#Qi? TQbBiBp2 �M/ M2;�iBp2 QM2b- 9V h?2b2 i`2�iK2Mi
2z2+ib rBHH #2 bi`QM;2` 7Q` i`�mK�iBx2/ T2QTH2- 8V
h?Bb i`2�iK2Mi 2z2+i Bb H�`;2` 7Q` rQK2MX

h2bi2/ �b bT2+B}2/- ?vTQi?2bBb
+QM}`K2/ BM i?2 /�i�X AM
i?2 T�T2`- r2 `2TQ`i BM/B+2b
i?�i +QK#BM2 T�bi �M/ 7mim`2
b+2M�`BQbX

R9XkXk _BbF h�FBM;
q2 2tT2+i i?2 BK�;2`v i`�BMBM; iQ ?�p2 i?2
7QHHQrBM; 2z2+ib QM `BbF i�FBM;, RV S2QTH2 i`�BM2/ BM
BK�;2`v BMp2bi KQ`2 BM i?2 `BbFv BMp2biK2Mi ;�K2-
+QKT�`2/ iQ i?2 +QMi`QH ;`QmT- kV h?Bb i`2�iK2Mi
2z2+i Bb H�`;2` 7Q` i`�mK�iBx2/ T2QTH2- j V h?Bb
i`2�iK2Mi 2z2+i Bb H�`;2` 7Q` rQK2MX

h2bi2/ �b bT2+B}2/- #mi MQi
BM+Hm/2/ BM i?2 T�T2` 7Q` 2tTQ@
bBiBQM�H +H�`BivX

AM+Hm/2/ BM b2+iBQM 9
#2HQrX

R9Xj a2+QM/�`v Qmi+QK2b
q2 2tT2+i i?2 BK�;2`v i`�BMBM; iQ BKT`Qp2
b2+QM/�`v Qmi+QK2b, RV S2QTH2 i`�BM2/ BM BK�;2`v
b2�`+? KQ`2 7Q` �M 2+QMQKB+ �+iBpBiv- ?�p2 #2ii2`
2KTHQvK2Mi Qmi+QK2b- BM+QK2- +QMbmKTiBQM- r2H@
7�`2 �M/ K2Mi�H �M/ T?vbB+�H ?2�Hi? +QKT�`2/ iQ
i?2 +QMi`QH ;`QmT- kV h?2b2 i`2�iK2Mi 2z2+ib �`2
H�`;2` 7Q` i?Qb2 r?Q �`2 i`�mK�iBx2/ �i #�b2HBM2- jV
h?Bb i`2�iK2Mi 2z2+ib �`2 H�`;2` 7Q` rQK2MX

h2bi2/ �b bT2+B}2/- �M/ `2TQ`i2/
BM i?2 T�T2`X

R8



k S`BKBM; AMi2`p2MiBQM

kXR .2b+`BTiBQM Q7 i?2 AMi2`p2MiBQM
hQ b?2/ HB;?i QM i?2 K2+?�MBbK i?`Qm;? r?B+? i?2 i`2�iK2Mi �z2+ib Qmi+QK2b 7Q` T�`iB+BT�Mib- r2 +`Qbb@
`�M/QKBx2 � T`BKBM; BMi2`p2MiBQM i?�i ?�b #22M mb2/ BM i?2 HBi2`�im`2b Q7 Tbv+?QHQ;v �M/ 2+QMQKB+bX q2
�/�Ti i?2 T`QiQ+QH #v *�HH2M 2i �HX UkyR9V iQ �/KBMBbi2` irQ T`BK2b Dmbi #27Q`2 �bFBM; bm#D2+ib iQ K�F2 �
`BbFv BMp2biK2Mi +?QB+2X Pm` T`QiQ+QH Bb #�b2/ QM 2ti2MbBp2 TBHQiBM; �M/ [m�HBi�iBp2 BMi2`pB2rb +QM/m+i2/
rBi? i?2 TQTmH�iBQM Q7 BMi2`2biX

q2 �bF QM2 ?�H7 Q7 `2bTQM/2Mib, ǳA rQmH/ MQr HBF2 iQ bT2�F rBi? vQm �#Qmi �M 2tT2`B2M+2 BM i?2 T�bi
i?�i K�/2 vQm ?�TTv Q` DQvQmbX h?Bb +QmH/ #2 �Mvi?BM;- 7Q` 2t�KTH2 #B`i? Q7 +?BH/- K�``B�;2 Q7 � `2H�iBp2-
Q` bm++2bb BM vQm` DQ#X SH2�b2 i`v iQ i?BMF Q7 i?Bb 2p2Mi �M/ `2K2K#2` ?Qr vQm 72Hi ?�TTv Q` DQvQmbX A7
vQm 722H +QK7Q`i�#H2- +QmH/ vQm b?�`2 rBi? K2 r?�i i?Bb 2p2Mi r�b\Ǵ USPaAhAo1V �M/ i?2 Qi?2` ?�H7 Q7
`2bTQM/2Mib � M2;�iBp2 �M�HQ;m2 UL1:�hAo1V, ǳA rQmH/ MQr HBF2 iQ bT2�F rBi? vQm �#Qmi �M 2tT2`B2M+2 BM
i?2 T�bi i?�i K�/2 vQm 72�`7mH Q` �MtBQmbX h?Bb +QmH/ #2 �Mvi?BM;- 7Q` 2t�KTH2 ;2iiBM; bB+F- 2tT2`B2M+BM;
pBQH2M+2- HQbBM; � HQp2/ T2`bQM- HQbBM; � DQ#- 2i+X SH2�b2 i`v iQ i?BMF Q7 i?Bb 2p2Mi �M/ `2K2K#2` ?Qr vQm
72Hi 72�`7mH Q` �MtBQmbX A7 vQm 722H +QK7Q`i�#H2- +QmH/ vQm b?�`2 rBi? K2 r?�i i?Bb 2p2Mi r�b\ǴX h?2 T`BKBM;
r�b +QM/m+i2/ �i #�b2HBM2 �M/ 2M/HBM2X

kXk S`BKBM; h`2�iK2Mi 1z2+i
kXkXR 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM; �i "�b2HBM2

h�#H2 kX S`BKBM; �M/ J2Mi�H 1tT2`B2M+BM; �i "�b2HBM2

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

h`�mK� S`BKBM; @yXyRe @yXykN yXyjk @yXy89
UyXykdV UyXy9yV UyXy9kV UyXyjdV

*QMi`QH J2�M yXy8 yXyR yXyd yXy3
P#b2`p�iBQMb RejR Re8k Re8k Re8k

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 T`BKBM; i`2�iK2Mi QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;-
BM+Hm/BM; i?2 bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX q2 b?Qr i?2 Ahh
2z2+i 7Q` �M PGa `2;`2bbBQMX aT2+B}+Biv `272`b iQ i?2 +H�`Biv Q7 i?2 BK�;2b `2bTQM/2Mib
`2K2K#2`X 1KQiBQM�HBiv `272`b iQ i?2 bi`2M;i? Q7 i?2 2KQiBQMb i?2b2 BK�;2b 2Mi�BHX SQbBiBpBiv
`272`b iQ i?2 7`2[m2M+v Q7 TQbBiBp2 BK�;2b �TT2�`BM; r?2M `2bTQM/2Mib �`2 T`2b2Mi2/ rBi?
b+2M�`BQbX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiVX
_Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R
T2`+2Mi H2p2Hb `2bT2+iBp2HvX

q2 }M/ MQ bB;MB}+�Mi 2z2+ib Q7 i?2 T`BKBM; BMi2`p2MiBQM QM Qm` K2�bm`2b Q7 K2Mi�H 2tT2`B2M+BM; �i
#�b2HBM2 U#�+F@+Q/2/ K2�bm`2bVX

Re



kXkXk 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM;- AMi2`�+iBQM rBi? :2M/2`

h�#H2 jX S`BKBM; �M/ J2Mi�H 1tT2`B2M+BM; �i "�b2HBM2- #v :2M/2`

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

h`�mK� S`BKBM; @yXyRd yXyy9 yXyRN @yXyed
UyXyj3V UyXy8eV UyXyekV UyXy8kV

62K�H2 @yXy8R @yXRj9  yXyd3 @yXyey
UyXyjNV UyXy83V UyXyeyV UyXy8kV

h`�mK� S`BKBM; × 62K�H2 yXyyk @yXye8 yXyke yXyke
UyXy88V UyXy3RV UyXy38V UyXyd9V

*QMi`QH J2�M yXy8 yXyR yXyd yXy3
P#b2`p�iBQMb RejR Re8k Re8k Re8k

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 T`BKBM; �M/ ;2M/2` QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;- BM+Hm/BM; i?2
bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX q2 b?Qr i?2 Ahh 2z2+i 7Q` �M PGa `2;`2bbBQMX
AM/B+2b �`2 /2b+`B#2/ BM i?2 MQi2 iQ h�#H2 kX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/
T`BK2 i`2�iK2MiVX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/
R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h?2 i�#H2 BM/B+�i2b i?�i 72K�H2 `2bTQM/2Mib �`2 �#H2 iQ mb2 bB;MB}+�MiHv H2bb bT2+B}+ T�bi BK�;2b i?�M
i?2B` K�H2 +QmMi2`T�`ib UT I yXy8VX Ai �HbQ �TT2�`b i?�i i?2`2 Bb MQ 2z2+i Q7 i?2 i`�mK� T`BKBM; #v ;2M/2`X

Rd



kXkXj 1z2+i Q7 S`BKBM; QM J2Mi�H 1tT2`B2M+BM;- AMi2`�+iBQM rBi? Sha.

h�#H2 9X S`BKBM; �M/ J2Mi�H 1tT2`B2M+BM; �i "�b2HBM2- #v Sha.

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

h`�mK� S`BKBM; @yXyjj @yXyjj yXyR8 @yXy3R  
UyXykNV UyXy9jV UyXy9eV UyXy9yV

Sha. yXyNR yXkk8  yXyN8 @yXy9N
UyXyejV UyXyNkV UyXyN9V UyXy3eV

h`�mK� S`BKBM; × Sha. yXRRy @yXyy8 yXRyk yXRN3 
UyXy3RV UyXRkyV UyXRk9V UyXRRRV

*QMi`QH J2�M yXy8 yXyR yXyd yXy3
P#b2`p�iBQMb RejR Re8k Re8k Re8k

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 T`BKBM; �M/ i`�mK� QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;- BM+Hm/BM; i?2
bT2+B}+Biv- 2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX q2 b?Qr i?2 Ahh 2z2+i 7Q` �M PGa `2;`2bbBQMX
AM/B+2b �`2 /2b+`B#2/ BM i?2 MQi2 iQ h�#H2 kX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/
T`BK2 i`2�iK2MiVX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/
R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h?Bb i�#H2 BM/B+�i2b i?�i T`BKBM; ?�b � bB;MB}+�Mi M2;�iBp2 2z2+i QM i?2 TQbBiBpBiv Q7 K2KQ`B2b UT I
yXy8V 7Q` T2QTH2 rBi? MQ Sha. `BbFX >Qr2p2`- i?Bb 2z2+i Bb `2p2`b2/ 7Q` `2bTQM/2Mib rBi? Sha. UT I yXRVX
h?2 M2;�iBp2 T`BKBM; i?mb ?�b �M �K#B;mQmb 2z2+i QM i?2 [m�HBiv Q7 K2KQ`B2bX

R3



kXj AMi2`�+iBQM Q7 S`BKBM; �M/ :J1 h`2�iK2Mi

h�#H2 8X S`BKBM; �M/ :J1 i`2�iK2Mi

Pp2`�HH
AM/2t

am#@BM/B+2b
aT2+B}+Biv 1KQiBQM�HBiv SQbBiBpBiv

URV UkV UjV U9V

h`�mK� S`BKBM; @yXyjy @yXyRj @yXRyd yXykN
UyXy9jV UyXye8V UyXyedV UyXy8dV

:J1 h`2�iK2Mi yXydj yXyyd yXy8d yXR8N   
UyXy9jV UyXyekV UyXyeNV UyXy88V

h`�mK� S`BKBM; t :J1 yXyje yXy9d yXR8j @yXyNk
UyXyeRV UyXy33V UyXyNdV UyXyd3V

*QMi`QH J2�M yXy8 yXyR yXyd yXy3
P#b2`p�iBQMb Rjjk Rjjk Rjjk RjkN

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 T`BKBM; QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;- BM+Hm/BM; i?2 bT2+B}+Biv-
2KQiBQM�HBiv- �M/ 7`2[m2M+v Q7 TQbBiBp2 BK�;2bX q2 b?Qr i?2 Ahh 2z2+i 7Q` �M PGa `2;`2bbBQMX AM/B+2b
�`2 /2b+`B#2/ BM i?2 MQi2 iQ h�#H2 kX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2
�i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

�b i?2 i�#H2 �#Qp2 BHHmbi`�i2b- r2 /Q MQi }M/ � bB;MB}+�Mi BMi2`�+iBQM #2ir22M i?2 :J1 i`2�iK2Mi �M/
i?2 T`BKBM; i`2�iK2MiX

RN



j "�b2HBM2 S�ii2`Mb

jXR _2H�iBQMb?BT #2ir22M AM/B+2b Q7 S�bif6mim`2 �M/ SQbBiBp2fL2;�iBp2 J2Mi�H 1tT2`B@
2M+BM;

h�#H2 eX *Q``2H�iBQM #2ir22M BM/B+2b `2H�i2/ iQ TQbBiBp2 b+2M�`BQb

o�`B�#H2b S, 1KQiBQMb S, oBpB/M2bb S, 6`2[m2M+v 6, 1KQiBQMb 6, oBpB/M2bb 6, 6`2[m2M+v
S, 1KQiBQMb RXyyy
S, oBpB/M2bb yX38y   RXyyy
S, 6`2[m2M+v yXR8d   yXRj9   RXyyy
6, 1KQiBQMb yXk8R   yXk9j   yXyy3 RXyyy
6, oBpB/M2bb yXkkR   yXk8j   yXyye yX3eN   RXyyy
6, 6`2[m2M+v yXydk   yXyd8   yXy3k   yXRRe   yXRk8   RXyyy

h�#H2 dX *Q``2H�iBQM #2ir22M BM/B+2b `2H�i2/ iQ M2;�iBp2 b+2M�`BQb

o�`B�#H2b S, 1KQiBQMb S, oBpB/M2bb 6, 1KQiBQMb 6, oBpB/M2bb
S, 1KQiBQMb RXyyy
S, oBpB/M2bb yXekN   RXyyy
6, 1KQiBQMb yXRRy   yXRyj   RXyyy
6, oBpB/M2bb yXR38   yXk8d   yXekd   RXyyy

h�#H2 3X *Q``2H�iBQM #2ir22M BM/B+2b `2H�i2/ iQ #Qi? TQbBiBp2 �M/ M2;�iBp2 b+2M�`BQb

o�`B�#H2b S, L2; 1KQiBQMb S, L2; oBpB/M2bb S, SQb 1KQiBQMb S, SQb oBpB/M2bb 6, L2; 1KQiBQMb 6, L2; oBpB/M2bb 6, SQb 1KQiBQMb 6, SQb oBpB/M2bb
S, L2; 1KQiBQMb RXyyy
S, L2; oBpB/M2bb yXekN   RXyyy
S, SQb 1KQiBQMb yXkjk   yXR89   RXyyy
S, SQb oBpB/M2bb yXR3d   yXkey   yX38y   RXyyy
6, L2; 1KQiBQMb yXRRy   yXRyj   yXyd3   yXyeN   RXyyy
6, L2; oBpB/M2bb yXR38   yXk8d   yXyd8   yXRjy   yXekd   RXyyy
6, SQb 1KQiBQMb yXkjN   yXkeN   yXk8R   yXk9j   yXkkR   yXkdk   RXyyy
6, SQb oBpB/M2bb yXkk3   yXkN9   yXkkR   yXk8j   yXkkR   yXjy8   yX3eN   RXyyy

AM h�#H2b e- d �M/ 3- ǳSǴ /2MQi2b T�bi K2KQ`B2b- r?BH2 ǳ6Ǵ /2MQi2b 7mim`2 b+2M�`BQbX �b 2tT2+i2/-
i?2 2KQiBQM�HBiv- pBpB/M2bb- �M/ TQbBiBpBiv Q7 K2KQ`B2b �M/ 7mim`2 BK�;2b rBi?BM TQbBiBp2 b+2M�`BQb �`2
TQbBiBp2Hv +Q``2H�i2/X JQ`2Qp2`- MQi QMHv i?2b2 +Q``2H�iBQMb ?QH/ rBi?BM i?2 T�bi Q` i?2 7mim`2- #mi �HbQ
#2ir22M /Bz2`2Mi iBK2 7`�K2bX h?Bb BM/B+�i2b i?�i i?2 [m�HBiv +QKTQM2Mib Q7 K2KQ`v �M/ 7mim`2 K2Mi�H
2tT2`B2M+BM; �`2 TQbBiBp2Hv +Q``2H�i2/- �b ?vTQi?2bBx2/X

ky



jXk h`�mK� �M/ 6mim`2 J2Mi�H 1tT2`B2M+BM;

6B;m`2 RX h`�mK� �M/ i?2 [m�HBiv Q7 7mim`2 K2Mi�H 2tT2`B2M+BM;
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Mental experiencing quality (future)
Back-coded quality of mental experiencing in future scenarios. Frequency includes both future and past scenarios combined.
Baseline measures, controlling for strata and enumerator FE

Experiment 1 - Ethiopia

AM HBM2 rBi? Qm` ?vTQi?2b2b- `2bTQM/2Mib rBi? Sha. bvKTiQKb �TT2�` iQ BK�;BM2 TQbBiBp2 7mim`2
b+2M�`BQb H2bb 7`2[m2MiHv i?�M `2bTQM/2Mib rBi?Qmi Sha. bvKTiQKbX h?2 [m�HBiv Q7 TQbBiBp2 Q` M2;�iBp2
7mim`2 b+2M�`BQb Bb bBKBH�` iQ i?2B` MQM@i`�mK�iBx2/ +QmMi2`T�`ibX

kR



jXj h`�mK�- _BbF S`272`2M+2b �M/ S`BKBM;

6B;m`2 kX h`�mK� �M/ `BbF i�FBM;
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Risk Taking by PTSD and Priming Status

h?2 };m`2 �#Qp2 bm;;2bib i?�i i?2 2z2+i Q7 T`BKBM; Bb bB;MB}+�MiHv KQ`2 T`QMQmM+2/ �KQM; BM/BpB/m�Hb
rBi? T`Q#�#H2 Sha.X GQQFBM; �i i?2 `BbF BM/2t �b Qm` #2bi +QK#BM2/ K2�bm`2 Q7 `BbF T`272`2M+2b- r2 }M/
i?�i #Qi? i?2 M2;�iBp2 T`BK2 K�F2b `2bTQM/2Mib bHB;?iHv H2bb @ #mi MQi bB;MB}+�MiHv @ `BbF �p2`b2 B7 i?2v ?�p2
Sha.X h?2`2 Bb MQ bm+? 2z2+i 7Q` T2QTH2 rBi? MQ Sha. `BbFX
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9 h`2�iK2Mi 1z2+ib QM _BbF h�FBM; �b T2` S�S

h�#H2 NX :J1 h`2�iK2Mi 1z2+i QM _BbF h�FBM;

URV UkV UjV U9V
_BbF AM/2t a2H7 _2TQ`i2/ a2H7 _2TQ`i2/ Ud/V _BbF h�bF

:J1 h`2�iK2Mi yXyRkd yXy8dd @yXykdd yXyy3kj
UyXyj38V UyXy89RV UyXy89yV UyXy8kyV

P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8
J2�M .o yXyyejd yXyk3d @yXyRj3 yXyy9kk
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 i?`22 /Bz2`2Mi `BbF T`272`2M+2
K2�bm`2b U+QHmKMb k- j- �M/ 9V �M/ �M BM/2t i?�i +QK#BM2b �HH i?`22 K2�bm`2b U+QHmKM RVX a2H7@
`2TQ`i2/ `BbF T`272`2M+2 Bb i?2 Ubi�M/�`/Bx2/V rBHHBM;M2bb iQ i�F2 `BbFb- b2H7@`2TQ`i2/ QM � b+�H2
7`QK y iQ Ry mbBM; i?2 bm`p2v [m2biBQM 7`QK i?2 :HQ#�H S`272`2M+2b am`p2v 6�HF 2i �HX UkyR3VX
a2H7@`2TQ`i2/ `BbF T`272`2M+2 Ud /�vV Bb i?2 b�K2 K2�bm`2- #mi 7Q` � d@/�v `272`2M+2 T2`BQ/X
_BbF i�bF `272`b iQ i?2 Ubi�M/�`/Bx2/V �KQmMi Q7 1i?BQTB�M #B`` i?2 `2bTQM/2Mi /2+H�`2/
i?2v rQmH/ #2 rBHHBM; iQ BMp2bi BM � `BbFv BMp2biK2Mi QTTQ`imMBiv #�b2/ QM i?2 :M22xv@
SQii2`b@*?�`M2bb BMp2biK2Mi i�bF U*?�`M2bb �M/ :M22xv- kyRyc :M22xv �M/ SQii2`b- RNNdVX
�HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiV �M/ 2MmK2`�iQ`
}t2/ 2z2+ibX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry-
8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h?Bb i�#H2 b?Qrb i?�i i?2 :J1 i`2�iK2Mi /Q2b MQi ?�p2 � bB;MB}+�Mi 2z2+i QM i?2 `BbF �p2`bBQM Q7
`2bTQM/2MibX h?2`27Q`2- `BbF �p2`bBQM Bb HBF2Hv MQi � K2+?�MBbK 2tTH�BMBM; i?2 BKT`Qp2/ /QrMbi`2�K
Qmi+QK2b �7i2` i?2 :J1 i`2�iK2MiX

kj



8 �//BiBQM�H �M�HvbBb QM J2+?�MBbKb �b T2` S�S

h�#H2 RyX 1z2+i Q7 :J1 h`2�iK2Mi QM _BbF h�FBM;- PTiBKBbK- �bTB`�iBQMb- a2H7@1{+�+v- �M/ _2b2`p�iBQM
q�;2b

_BbF AM/2t PTiBKBbK �bTB`�iBQMb a2H7 1{+�+v _2b2`p�iBQM q�;2
URV UkV UjV U9V U8V

:J1 h`2�iK2Mi yXyRj yXRe8   yXyNN yXykd yXy93
UyXyjNV UyXy8jV UyXy89V UyXy89V UyXy9dV

*QMi`QH J2�M @yXyy @yXyy @yXy8 yXyy yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8

h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 BMi2`K2/B�i2 Qmi+QK2b HBF2Hv iQ ?B;?HB;?i i?2
K2+?�MBbKb �i TH�vX _BbF h�FBM; Bb i?2 bi�M/�`/Bx2/ BM/2t Q7 `BbF T`272`2M+2 K2�bm`2b /2b+`B#2/ BM h�#H2 NX
PTiBKBbK Bb i?2 bi�M/�`/Bx2/ p�Hm2 Q7 i?2 _2pBb2/ GB72 P`B2Mi�iBQM h2bi Ua+?2B2` 2i �HX- RNN9VX �bTB`�iBQM
K2�bm`2b `2bTQM/2MibǶ �bTB`�iBQMb #�b2/ QM 7Qm` [m2biBQMb, ǳ.Q vQm 2tT2+i iQ rQ`F 7Q` T�v BM � MQM@7�KBHv
2Mi2`T`Bb2 UBM+Hm/BM; vQm` QrM #mbBM2bbV BM i?2 7mim`2\Ǵ- ǳ.Q vQm 2tT2+i iQ rQ`F 7Q` T�v BM � 7�KBHv 2Mi2`T`Bb2
BM i?2 7mim`2\Ǵ- ǳ.Q vQm b22 vQm`b2H7 +QMiBMmBM; vQm` 2/m+�iBQM BM i?2 7mim`2\Ǵ �M/ ǳq?�i Bb i?2 H2p2H
Q7 b+?QQHBM; vQm rQmH/ HBF2 vQm` 2H/2bi +?BH/ iQ +QKTH2i2\ǴX a2H7 1{+�+v Bb i?2 bi�M/�`/Bx2/ b+Q`2 Q7 i?2
;2M2`�HBx2/ b2H7@2{+�+v b+�H2 Ua+?r�`x2` �M/ C2`mb�H2K- RNN8VX h?2 `2b2`p�iBQM r�;2 BM/2t Bb �M BM/2t #�b2/
QM /2+H�`2/ `2b2`p�iBQM r�;2b mM/2` p�`BQmb b+2M�`BQb Q7 `2+2BpBM; Q` MQi `2+2BpBM; � rQ`F T2`KBi BM 1i?BQTB�X
�HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiV �M/ 2MmK2`�iQ` }t2/ 2z2+ibX
_Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b-  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb
`2bT2+iBp2HvX

h?Bb i�#H2 b?Qrb i?�i i?2 :J1 i`2�iK2Mi ?�b � bi`QM;- TQbBiBp2- �M/ bi�iBbiB+�HHv bB;MB}+�Mi UT I yXy8V
2z2+i QM i`2�i2/ `2bTQM/2MibǶ QTiBKBbKX Ai �HbQ ?�b � bi�iBbiB+�HHv bB;MB}+�Mi UT I yXRV TQbBiBp2 2z2+i QM
`2bTQM/2MiǶb �bTB`�iBQMbX

k9



6B;m`2 9X h`2�iK2Mi 1z2+ib QM S`Q#�#BHBiv Q7 ai�vBM;
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95% CI

Probability of Staying depending on Probability of Receiving a Permit and GME Treatment

h?Bb ;`�T? bm;;2bib i?�i i?2 /2+H�`2/ T`Q#�#BHBiv Q7 bi�vBM; Bb +QMbBbi2MiHv ?B;?2` 7Q` i`2�i2/ `2bTQM/2Mib
+QKT�`2/ iQ i?2 +QMi`QH ;`QmT- B``2bT2+iBp2 QM i?2 T`Q#�#BHBiv Q7 Q#i�BMBM; � rQ`F T2`KBiX JQ`2Qp2`- i?2
/2+H�`2/ T`Q#�#BHBiv Q7 rQ`FBM; rBi?Qmi � rQ`F T2`KBi Bb ?B;?2` 7Q` i?2 i`2�i2/ i?�M 7Q` i?2 +QMi`QH ;`QmTX
h?Bb 2pB/2M+2 `2BM7Q`+2b i?�i QM2 Q7 K�BM `2bmHib Q7 i?2 BMi2`p2MiBQM Bb �M BM+`2�b2 BM BMi2Mi iQ bi�vX

6B;m`2 8X h`2�iK2Mi 1z2+ib QM 1tT2+i2/ q�;2
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16000

18000

  No permit Permit

Control
Treatment
95% CI

Expected Wage Conditional on Staying depending on Receiving a Permit and GME Treatment

h?Bb ;`�T? b?Qrb i?�i i?2 i`2�iK2Mi b22Kb iQ BM+`2�b2 i?2 2tT2+i2/ r�;2 7Q` i`2�i2/ ;`QmT +QKT�`2/ iQ
i?2 +QMi`QH ;`QmT- B``2bT2+iBp2 QM `2+2BpBM; � T2`KBi Q` MQiX h?Bb Bb +QMbBbi2Mi rBi? i?2 Qi?2` `2bmHib r2 }M/
QM i?2 �+im�H BM+`2�b2 BM BM+QK2 7`QK 2KTHQvK2Mi- �b r2HH �b i?2 i`2�iK2Mi ;`QmTǶb BM+`2�b2/ QTiBKBbKX

k8



e �//BiBQM�H h`2�iK2Mi 1z2+i 1biBK�i2b

h�#H2 RRX 1z2+i Q7 :J1 h`2�iK2Mi QM G�#Q` J�`F2i Pmi+QK2b

�Mv rQ`F PrM #mbBM2bb *�bm�H rQ`F q�;2 rQ`F lMT�B/ rQ`F
URV UkV UjV U9V U8V

:J1 h`2�iK2Mi yXRk9  yXy38 yXyeR yXyN8 @yXyee
UyXy89V UyXyeRV UyXy8eV UyXy88V UyXy9dV

*QMi`QH J2�M @yXyy @yXyy yXyy @yXyy yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8

h?Bb i�#H2 b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM /Bb�;;`2;�i2/ 2KTHQvK2Mi Qmi+QK2bX h?Bb Bb �HbQ
b?QrM BM i?2 T�T2` BM �TT2M/Bt h�#H2 *dX �Mv rQ`F Bb � bi�M/�`/Bx2/ /mKKv 2[m�H iQ R B7 i?2 `2bTQM/2Mi
rQ`F2/ BM i?2 T�bi d /�vbX PrM #mbBM2bb Bb � bi�M/�`/Bx2/ /mKKv 2[m�H iQ R B7 i?2 `2bTQM/2Mi ?�/ i?2B`
QrM #mbBM2bb BM i?2 T�bi d /�vbX *�bm�H rQ`F Bb � bi�M/�`/Bx2/ /mKKKv 2[m�H iQ R B7 i?2 `2bTQM/2Mi
rQ`F2/ mM/2` � +�bm�H +QMi`�+i BM i?2 T�bi d /�vX q�;2 rQ`F Bb � bi�M/�`/Bx2/ /mKKv 2[m�H iQ R B7 i?2
`2bTQM/2Mi rQ`F2/ 7Q` r�;2 BM+QK2 BM i?2 T�bi d /�vbX 6BM�HHv- mMT�B/ rQ`F Bb � bi�M/�`/Bx2/ /mKKv
2[m�H iQ R B7 i?2 `2bTQM/2Mi mM/2`iQQF �Mv mMT�B/ rQ`F BM i?2 T�bi d /�vbX �HH `2;`2bbBQMb +QMi`QH 7Q`
`�M/QKBx�iBQM bi`�i� U;2M/2` �M/ T`BK2 i`2�iK2MiVX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2bX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 RR BM/B+�i2b i?�i i?2 :J1 i`2�iK2Mi ?�b � bB;MB}+�Mi UT I yXy8V TQbBiBp2 2z2+i QM `2bTQM/2Mib
;2iiBM; �Mv DQ#X h?Bb 2z2+i �TT2�`b iQ #2 KQbiHv /`Bp2M #v `2bTQM/2Mib }M/BM; r�;2 rQ`F- r?BH2 i?2 2z2+i
QM QrMBM; � #mbBM2bb �M/ mM/2`i�FBM; +�bm�H Q` mMT�B/ rQ`F Bb BMbB;MB}+�MiX

ke



h�#H2 RkX 1z2+i Q7 :J1 h`2�iK2Mi QM GBpBM; ai�M/�`/b AM/2t �M/ am#BM/B+2b

Pp2`�HH AM/2t AM+QK2 *QMbmKTiBQM 6QQ/ a2+m`Biv a�pBM;b h`�Mb72`b �bbBbi�M+2
URV UkV UjV U9V U8V UeV UdV

:J1 h`2�iK2Mi yXRyk   yXR9j  yXy8e yXkRN   yXRNk   yXy9k @yXy9y
UyXyk8V UyXyejV UyXy8yV UyXy8RV UyXy88V UyXy9yV UyXy8yV

*QMi`QH J2�M yXyy yXyy yXyy yXyy @yXyy @yXyy yXyy
P#b2`p�iBQMb RjN8 RjN8 RjN8 RjN8 RjN8 RjN8 RjN8
h?Bb i�#H2 b?Qrb i?2 2z2+i Q7 i?2 :J1 i`2�iK2Mi QM i?2 T`2@bT2+B}2/ r2HH#2BM; BM/2t �M/ Bib bm#+QKTQM2MibX h?2 T`2@�M�HvbBb
TH�M BM+Hm/2/ � bm#@BM/2t QM ?QmbBM; +?�`�+i2`BbiB+bc ?Qr2p2`- i?Bb K2�bm`2 r�b QKBii2/ 7`QK /�i� +QHH2+iBQM /m2 iQ KQ/B}+�iBQMb
iQ i?2 bm`p2v BMbi`mK2Mi /m`BM; i?2 }M�H bi�;2 Q7 BMbi`mK2Mi /2p2HQTK2MiX *QHmKM URV T`2b2Mib i?2 Qp2`�HH bi�M/�`/Bx2/ BM/2t-
+QHmKMb UkV i?`Qm;? UdV T`2b2Mi i?2 Ubi�M/�`/Bx2/V bm#@BM/B+2bX AM+QK2 `272`b iQ i?2 bi�M/�`/Bx2/- mM+QM/BiBQM�H bmK Q7 BM+QK2 Qp2`
i?2 T�bi d /�vb 7`QK b2H7@2KTHQvK2Mi Q` r�;2 2KTHQvK2Mi Ub�K2 �b `2TQ`i2/ BM h�#H2 *d Q7 i?2 �TT2M/Bt Q7 i?2 K�BM K�Mmb+`BTiVX
*QMbmKTiBQM Bb �M BM/2t Q7 iQi�H 2tT2M/Bim`2b- 2t+Hm/BM; i?Qb2 HBMF2/ rBi? Qmi;QBM; �M/ QM;QBM; i`�Mb72`b bm+? �b `2KBii�M+2b
�M/ Qi?2` i`�Mb72`b Ub�K2 �b `2TQ`i2/ BM h�#H2 j Q7 i?2 K�BM K�Mmb+`BTiVX 6QQ/ b2+m`Biv Bb �M BM/2t i�F2M #�b2/ QM i?2 1i?BQTB�
aQ+BQ2+QMQKB+ am`p2v U1aaV �M/ BM+Hm/2b `2p2`b2@+Q/2/ [m2biBQMb �#Qmi- 2X;X- MQi ?�pBM; 2MQm;? 7QQ/ Q` i?2 MmK#2` Q7 /�vb rBi?
H2bb T`272``2/ 7QQ/ Ub�K2 �b `2TQ`i2/ BM h�#H2 j Q7 i?2 K�BM K�Mmb+`BTiVX a�pBM;b Bb �M BM/2t Q7 iQi�H b�pBM;b Qp2` i?2 T�bi d /�vbX
h`�Mb72`b `272`b iQ �M BM/2t Q7 i`�Mb72`b iQ Qi?2`b ?Qmb2?QH/b b2Mi �M/ `2+2Bp2/X �bbBbi�M+2 `272`b iQ �M BM/2t Q7 �Mv bQ+B�H �bbBbi�M+2
T`Q;`�Kb #2M2}i2/ 7`QK- 2X;X 1i?BQTB�Ƕb l`#�M S`Q/m+iBp2 a�72iv L2iX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� U;2M/2` �M/
T`BK2 i`2�iK2MiV �M/ 2MmK2`�iQ` }t2/ 2z2+ibX _Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -
   /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 Rk BM/B+�i2b i?�i i?2 TQbBiBp2 r2H7�`2 2z2+ib /Q+mK2Mi2/ BM i?2 K�BM K�Mmb+`BTi �`2 �HbQ `2~2+i2/
BM i?2 T`2@`2;Bbi2`2/- Qp2`�HH BM/2t Q7 r2H7�`2 U+QHmKM RVX

kd



d G22 "QmM/b

h�#H2 RjX G22 "QmM/b 7Q` h�#H2 k Q7 i?2 S�T2` UJ2Mi�H 1tT2`B2M+BM; _2bmHibV

J2�M h`2�iK2Mi
1z2+i
(L)

GQr2`flTT2`
"QmM/b
(L)

Pp2`�HH AM/2t yXyNR   yXykefyXRek   
(Rjjk) (Rk3d)

aT2+B}+Biv yXyjy @yXy8efyXRjd   
(Rjjk) (Rk3d)

1KQiBQM�HBiv yXRjk   yXyyRfyXk9R   
(Rjjk) (Rk3d)

6`2[m2M+v Q7 SQbBiBp2b yXRRj   yXy8NfyXkkR   
(RjkN) (Rk38)

G22 UkyyNV #QmM/b 7Q` 2biBK�i2/ i`2�iK2Mi 2z2+ib �`2 b?QrM BM *QHmKM UkVX h?2
MmK#2` Q7 Q#b2`p�iBQMb BM+Hm/2/ r?2M +�H+mH�iBM; i?2 mTT2` �M/ HQr2` #QmM/b
�`2 b?QrM BM b[m�`2 #`�+F2ibX .Bz2`2MiB�H �ii`BiBQM Bb �i 8Xe T2`+2Mi�;2 TQBMib
#2ir22M i?2 i`2�iK2Mi �M/ i?2 +QMi`QH ;`QmTbX  T<yXR-   T<yXy8-    T<yXyRX

h�#H2 R9X G22 "QmM/b 7Q` h�#H2 j Q7 i?2 S�T2` U.QrMbi`2�K Pmi+QK2b _2bmHibV

ai�M/�`/Bb2/ J2�M
h`2�iK2Mi 1zX

(L)

.BzX �ii`BiBQM
jXkW
(L)

AMi2Mi iQ ai�v yXRd3   yXy3jfyXk3k
(RjN8) (Rj8y)

CQ# a2�`+? @yXyNd  @yXk89f@yXyNe
(RjN8) (Rj8y)

>Qm`b qQ`F2/ yXR98  @yXy8RfyXR98  
(RjN8) (Rj8y)

1KTHQvK2Mi yXRk9  @yX8Re   fyXRe3   
(RjN8) (Rj8y)

6QQ/ a2+m`Biv yXkRN   yXRdk   fyXj99   
(RjN8) (Rj8y)

*QMbmKTiBQM yXy8e @yXyNRfyXRke  
(RjN8) (Rj8y)

GB72 a�iBb7�+iBQM yXRjR  @yXyykfyXke3   
(RjN8) (Rj8y)

q>P.�a a+Q`2 yXR83   yXRjy  fyXjRj   
(RjN8) (Rj8y)

G22 UkyyNV #QmM/b 7Q` 2biBK�i2/ i`2�iK2Mi 2z2+ib �`2 b?QrM BM *QHmKM UkVX h?2
MmK#2` Q7 Q#b2`p�iBQMb BM+Hm/2/ r?2M +�H+mH�iBM; i?2 mTT2` �M/ HQr2` #QmM/b
�`2 b?QrM BM b[m�`2 #`�+F2ibX .Bz2`2MiB�H �ii`BiBQM Bb �i 8Xe T2`+2Mi�;2 TQBMib
#2ir22M i?2 i`2�iK2Mi �M/ i?2 +QMi`QH ;`QmTbX  T<yXR-   T<yXy8-    T<yXyRX

h�#H2b Rj �M/ R9 b?Qr i?�i Qm` K�BM `2bmHib �`2 #`Q�/Hv `Q#mbi mbBM; G22 "QmM/b iQ +Q``2+i 7Q` /Bz2`2MiB�H
�ii`BiBQM #2ir22M i?2 i`2�iK2Mi �M/ +QMi`QH ;`QmTbX

k3



_272`2M+2b
"2HHQMB- �X- oX *?2`MQx?mFQp- �M/ *X >�Mb2M UkyR9VX AM72`2M+2 QM h`2�iK2Mi 1z2+ib �7i2` a2H2+iBQM �KQM;
>B;?@.BK2MbBQM�H *QMi`QHbX h?2 _2pB2r Q7 1+QMQKB+ aim/B2b 3RUkV- ey3Ĝe8yX

"2MD�KBMB- uX- �X JX E`B2;2`- �M/ .X u2FmiB2HB UkyyeVX �/�TiBp2 HBM2�` bi2T@mT T`Q+2/m`2b i?�i +QMi`QH i?2
7�Hb2 /Bb+Qp2`v `�i2X "BQK2i`BF� NjUjV- 9NRĜ8ydX

*�HH2M- JX- JX Ab�[x�/2?- CX .X GQM;- �M/ *X aT`2M;2` UkyR9VX oBQH2M+2 �M/ _BbF S`272`2M+2, 1tT2`BK2Mi�H
1pB/2M+2 7`QK �7;?�MBbi�MX �K2`B+�M 1+QMQKB+ _2pB2r Ry9URV- RkjĜR93X

*?�`M2bb- :X �M/ lX :M22xv UkyRyVX SQ`i7QHBQ *?QB+2 �M/ _BbF �iiBim/2b, �M 1tT2`BK2MiX 1+QMQKB+
AM[mB`v 93URV- RjjĜR9eX

*?2`MQx?mFQp- oX- JX .2KB`2`- 1X .m~Q- �M/ AX 62`M�M/2x@o�H UkyR3VX :2M2`B+ K�+?BM2 H2�`MBM; BM72`2M+2
QM ?2i2`Q;2M2Qmb i`2�iK2Mi 2z2+ib BM `�M/QKBx2/ 2tT2`BK2Mib- rBi? �M �TTHB+�iBQM iQ BKKmMBx�iBQM BM
AM/B�X h2+?MB+�H `2TQ`i- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

.?�`- .X- hX C�BM- �M/ aX C�v�+?�M/`�M UkykkVX _2b?�TBM; �/QH2b+2MibǶ :2M/2` �iiBim/2b, 1pB/2M+2 7`QK
� a+?QQH@"�b2/ 1tT2`BK2Mi BM AM/B�X �K2`B+�M 1+QMQKB+ _2pB2r RRkUjV- 3NNĜNkdX

6�HF- �X- �X "2+F2`- hX .Q?K2M- "X 1MF2- .X >mzK�M- �M/ lX amM/2 UkyR3VX :HQ#�H 1pB/2M+2 QM 1+QMQKB+
S`272`2M+2bX h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b RjjU9V- Re98ĜReNkX

6BM2- �X- "X o�M _QQBD- uX 62H/K�M- aX a?�HpB- 1X a+?2T2`- JX G2B#- �M/ 1X *�mzK�M UkyReVX _mH2 Q`B2Mi�iBQM
�M/ #2?�pBQ`, .2p2HQTK2Mi �M/ p�HB/�iBQM Q7 � b+�H2 K2�bm`BM; BM/BpB/m�H �++2Ti�M+2 Q7 `mH2 pBQH�iBQMX
Sbv+?QHQ;v- Sm#HB+ SQHB+v- �M/ G�r kkUjV- jR9X

:M22xv- lX �M/ CX SQii2`b URNNdVX �M 1tT2`BK2Mi QM _BbF h�FBM; �M/ 1p�Hm�iBQM S2`BQ/bX h?2 Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b RRkUkV- ejRĜe98X

:`B{i?- CX qX- CX �X amKM2`- 1X .2#22`- 6X _�2b- .X >2`K�Mb- aX JBM2F�- _X 1X wBM#�`;- �M/ JX :X
*`�bF2 UkyyNVX �M Bi2K `2bTQMb2 i?2Q`vf+QM}`K�iQ`v 7�+iQ` �M�HvbBb Q7 i?2 �miQ#BQ;`�T?B+�H J2KQ`v
h2biX J2KQ`v RdUeV- eyNĜekjX

>QHK2b- 1X �X- aX �X >�H2b- EX uQmM;- �M/ JX .B aBKTHB+BQ UkyRNVX AK�;2`v@#�b2/ +Q;MBiBp2 i?2`�Tv 7Q`
#BTQH�` /BbQ`/2` �M/ KQQ/ BMbi�#BHBivX AK�;2`v@#�b2/ +Q;MBiBp2 i?2`�Tv 7Q` #BTQH�` /BbQ`/2` �M/ KQQ/
BMbi�#BHBivX L2r uQ`F- Lu- la, h?2 :mBH7Q`/ S`2bbX S�;2b, pBBB- R39X

EHBM;- CX _X- CX "X GB2#K�M- �M/ GX 6X E�ix UkyydVX 1tT2`BK2Mi�H �M�HvbBb Q7 L2B;?#Q`?QQ/ 1z2+ibX
1+QMQK2i`B+� d8URV- 3jĜRRNX

G22- .X aX UkyyNVX h`�BMBM;- q�;2b- �M/ a�KTH2 a2H2+iBQM, 1biBK�iBM; a?�`T "QmM/b QM h`2�iK2Mi 1z2+ibX
_2pB2r Q7 1+QMQKB+ aim/B2b deUjV- RydRĜRRykX

J+L�HHv- _X CX- LX "X G�bFQ- JX GX J�+FHBM- �M/ _X EX SBiK�M URNN8VX �miQ#BQ;`�T?B+�H K2KQ`v /Bbim`#�M+2
BM +QK#�i@`2H�i2/ TQbii`�mK�iB+ bi`2bb /BbQ`/2`X "2?�pBQm` _2b2�`+? �M/ h?2`�Tv jjUeV- eRNĜejyX

_QKTT2H- JX- *X >2``K�MM@GBM;2M- _X q�+?i2`- 6X 1/2HK�MM- >X@.X .ɃM;2M- "X SB2bF2- �M/ :X :`�M/2
UkyRjVX � b?Q`i 7Q`K Q7 i?2 :2M2`�H a2H7@1{+�+v a+�H2 U:a1@eV, .2p2HQTK2Mi- Tbv+?QK2i`B+ T`QT2`iB2b
�M/ p�HB/Biv BM �M BMi2`+mHim`�H MQM@+HBMB+�H b�KTH2 �M/ � b�KTH2 Q7 T�iB2Mib �i `BbF 7Q` ?2�`i 7�BHm`2X :Ja
Sbv+?Q@aQ+B�H@J2/B+BM2 RyURVX J2/BmK, i2tif?iKH Sm#HBb?2`, :2`K�M J2/B+�H a+B2M+2 :Ja Sm#HBb?BM;
>Qmb2X

kN



a+?�+i2`- .X GX- .X _X �//Bb- �M/ _X GX "m+FM2` UkyydVX _2K2K#2`BM; i?2 T�bi iQ BK�;BM2 i?2 7mim`2, i?2
T`QbT2+iBp2 #`�BMX L�im`2 `2pB2rb M2m`Qb+B2M+2 3UNV- e8dĜeeRX

a+?2B2`- JX 6X- *X aX *�`p2`- �M/ JX qX "`B/;2b URNN9VX .BbiBM;mBb?BM; QTiBKBbK 7`QK M2m`QiB+BbK U�M/ i`�Bi
�MtB2iv- b2H7@K�bi2`v- �M/ b2H7@2bi22KV, � `22p�Hm�iBQM Q7 i?2 GB72 P`B2Mi�iBQM h2biX CQm`M�H Q7 T2`bQM�HBiv
�M/ bQ+B�H Tbv+?QHQ;v edUeV- RyejX

a+?r�`x2`- _X �M/ JX C2`mb�H2K URNN8VX :2M2`�HBx2/ a2H7@1{+�+v b+�H2X AM CX q2BMK�M- aX q`B;?i- �M/
JX CQ?MbQM U1/bXV- J2�bm`2b BM ?2�Hi? Tbv+?QHQ;v, � mb2`Ƕb TQ`i7QHBQX *�mb�H �M/ +QMi`QH #2HB27b- TTX
j8ĜjdX qBM/bQ`- lE, L61_@L1GaPLX

jy



G2�`MBM; iQ a22 i?2 qQ`H/Ƕb PTTQ`imMBiB2b,
J2KQ`v- J2Mi�H 1tT2`B2M+BM;- �M/ i?2 1+QMQKB+ GBp2b Q7 i?2 omHM2`�#H2

S`2@�M�HvbBb SH�M _2TQ`i U*QHQK#B�V

L�p� �b?`�7» :?�`�/ "`v�MÞ �H2tB� .2H}MQß 1KBHv �X >QHK2bȜ G2QM�`/Q A�+QpQM2ǥ

*?`BbiB�M CQ?�MM2b J2v2`ã �b?H2v SQTH2»»

h?Bb /Q+mK2Mi /2b+`B#2b ?Qr i?2 �M�HvbBb Q7 i?2 *QHQK#B� 2tT2`BK2Mi T`2b2Mi2/ BM i?2 K�BM #Q/v Q7 i?2 T�T2`
�M/ QMHBM2 �TT2M/Bt �HB;Mb rBi? i?2 T`2@�M�HvbBb TH�M `2;Bbi2`2/ rBi? i?2 �K2`B+�M 1+QMQKB+ �bbQ+B�iBQM _*h
_2;Bbi`v �b �1�_*h_@yyy9eN8 U?iiTb,ffrrrXbQ+B�Hb+B2M+2`2;Bbi`vXQ`;fi`B�Hbf9eN8V

».2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, LX�b?`�7R!Hb2X�+XmF
Þ.2T�`iK2Mi Q7 1+QMQKB+b- GQM/QM a+?QQH Q7 1+QMQKB+b, ;XiX#`v�M!Hb2X�+XmF
ß"Q++QMB lMBp2`bBiv, �H2tB�X/2H}MQ!mMB#Q++QMBXBi
ȜlTTb�H� lMBp2`bBiv, 2KBHvX?QHK2b!mmXb2
ǥh?2 qQ`H/ "�MF, HB�+QpQM2!rQ`H/#�MFXQ`;
ãPt7Q`/ J�`iBM a+?QQH �M/ .2T�`iK2Mi Q7 1+QMQKB+b- lMBp2`bBiv Q7 Pt7Q`/,
+?`BbiB�MXK2v2`!Qt7Q`/K�`iBMXQtX�+XmF

»»h?2 qQ`H/ "�MF �M/ lMBp2`bBiv Q7 Pt7Q`/, �b?H2vXTQTH2!2+QMQKB+bXQtX�+XmF

https://www.socialscienceregistry.org/trials/4695


*QMi2Mib

RX *QKT�`BbQM "2ir22M S`2@�M�HvbBb SH�M �M/ S�T2` j

kX J2Mi�H 1tT2`B2M+BM;, h�#H2 rBi? AM/B+2b .Bb�;;`2;�i2/ #v o�H2M+2 N

jX 1tTHQ`�iQ`v �M�HvbBb, h`2�iK2Mi �bbB;MK2Mi �b AMbi`mK2Mi 7Q` �ii2M/�M+2 RR

9X >2i2`Q;2M2Biv �M�HvbBb Rj
9XR S`2@_2;Bbi2`2/ h?`2b?QH/ 7Q` "�b2HBM2 h`�mK� UA1a � jjV X X X X X X X X X X X X X X X X X X X X X X X X X Rj
9Xk "�b2HBM2 h`�mK� �M/ q2HH@"2BM; Pmi+QK2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9
9Xj �Hi2`M�iBp2 h?`2b?QH/ 7Q` "�b2HBM2 h`�mK� UA1a � k9V X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

8X _Q#mbiM2bb Q7 J�BM _2bmHib _2KQpBM; qBMbQ`Bb�iBQM R3

eX .2�HBM; rBi? �ii`BiBQM, G22 "QmM/b U2ti`�- MQi BM+Hm/2/ BM S�SV RN

k



RX *QKT�`BbQM "2ir22M S`2@�M�HvbBb SH�M �M/ S�T2`

h�#H2 R, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S`2@`2;Bbi2`2/ �M�HvbBb TH�M
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

RX AMi`Q/m+iBQM

h?2 `2b2�`+? ;Q�H Q7 i?2 bim/v Bb iQ i2bi r?2i?2`
pBbm�HBb�iBQM +�M #2 i�m;?i �M/ r?2i?2` Bi
BKT`Qp2b Tbv+?QHQ;B+�H �M/ 2+QMQKB+ `2bBHB2M+2
�KQM; pmHM2`�#H2 `2+BTB2MibX

.QM2 �b bT2+B}2/X

kX .2b+`BTiBQM Q7 i?2 AMi2`p2MiBQMb

q2 /2bB;M2/ �M 2Mi`2T`2M2m`b?BT i`�BMBM; Qp2`@
H�B/ rBi? pBbm�HBx�iBQM i2+?MB[m2b �M/ � i`�/B@
iBQM�H i`�BMBM; bi`m+im`2/ bQ �b iQ `2/m+2 +QM@
7QmM/BM; /Bz2`2M+2b
@ kX� h2�+?BM; oBbm�HBb�iBQMb
q2 /`2r QM K2Mi�H BK�;2`v i2+?MB[m2b /2p2H@
QT2/ #v SA 1KBHv >QHK2b �M/ 2KTHQv2/ BM +HBM@
B+�H Tbv+?QHQ;vX �HH pBbm�HBx�iBQM 2t2`+Bb2b 7QH@
HQr2/ � bi�M/�`/Bx2/ bi`m+im`2, R@1MpBbBQMBM;
i?2 7mim`2- k@J2Mi�H T`�+iB+2 Q7 ;Q�Hb �M/ bm#
bi2Tb- j@�/QTiBM; i?2 T2`bT2+iBp2 Q7 Qi?2`b

AKTH2K2Mi2/ �b bT2+B}2/X h?2 }M�H
K�Mmb+`BTi `272`b iQ i?2 BK�;2`v BMi2`@
p2MiBQM �b ;mB/2/ K2Mi�H 2tT2`B2M+BM;
U:J1V- �b � KQ`2 /2b+`BTiBp2 �M/ BMim@
BiBp2 H�#2H 7Q` Qm` BMi2`p2MiBQMX

jX hBK2HBM2 Q7 BKTH2K2Mi�iBQM �M/
/�i� +QHH2+iBQM

h?2 BMi2`p2MiBQM r�b BKTH2K2Mi2/ BM irQ #HQ+Fb,
q�p2 R iQQF TH�+2 #2ir22M CmHv �M/ a2Ti2K#2`
kyRN �M/ q�p2 k iQQF TH�+2 #2ir22M a2Ti2K#2`
�M/ .2+2K#2` kyRNX

.QM2 �b bT2+B}2/

9X a�KTH2

Pm` ;Qp2`MK2Mi T�`iM2`- a.Aa- `2+`mBi2/ T�`iB+@
BT�Mib i?`Qm;? � KmHiB@+?�MM2H K2/B� +�KT�B;M-
r?B+? r2`2 i?2M b+`22M2/ �++Q`/BM; iQ T`2/2@
}M2/ +`Bi2`B�X _�M/QKBb�iBQM BMiQ i?2 i?`22
i`2�iK2Mi �`Kb r�b bi`�iB}2/ #�b2/ QM bQK2 /2@
KQ;`�T?B+ p�`B�#H2bX q2 /Qm#H2/ i?2 b�KTH2 bBx2
7Q` i?2 pBbm�HBx�iBQM i`2�iK2Mi BM Q`/2` iQ K22i
i?2 #m/;2i `2TQ`iBM; `2[mB`2K2Mib Q7 Qm` ;Qp2`M@
K2Mi T�`iM2`X

.QM2 �b bT2+B}2/X

j



h�#H2 R, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S`2@`2;Bbi2`2/ �M�HvbBb TH�M
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

8X �M�HvbBb r?BH2 #HBM/ iQ i`2�iK2Mi
�bbB;MK2Mi

AMMQp�iBQMb 7Q` SQp2`iv �+iBQM UAS�V *QHQK#B�
T`QpB/2/ i?2 `2b2�`+? i2�K rBi? �HH /�i� QKBi@
iBM; i`2�iK2Mi bi�imbX q2 �bb2bb2/ r?2i?2` i?2
p�`B�#H2b r2`2 TQQ`Hv K2�bm`2/- +QMi�BM2/ p2`v
HBiiH2 p�`B�iBQM Q` K�Mv H�`;2 QmiHB2`bX q2 i?2M
`2pBb2/ i?2 S�S rBi? �M �//2M/mK bm#KBii2/
iQ i?2 �1� _*h `2;Bbi`vX

.QM2 �b bT2+B}2/X q2 `2TQ`i i?2
�HB;MK2Mi rBi? i?2
�//2M/mK #2HQrX

eX S`BK�`v Qmi+QK2b
Ç eX� Pmi+QK2 o�`B�#H2b +QMbi`m+iBQM

lMH2bb Qi?2`rBb2 bT2+B}2/- r2 +QMbi`m+i Qm` BM@
/B+2b rBi?BM 2�+? 7�KBHv 7QHHQrBM; EHBM; 2i �HX
UkyydVX

.QM2 �b bT2+B}2/

Ç eX# 6�KBHv R, J2Mi�H AK�;2`v

�/�Ti2/ p2`bBQM Q7 i?2 aTQMi�M2Qmb lb2 Q7 AK@
�;2`v a+�H2 UL2HBb 2i �HX- kyRNV, hQ K2�bm`2 i?2
7`2[m2M+v Q7 pBbm�HBx�iBQM mb�;2- r2 �/�Ti2/ i?2
aTQMi�M2Qmb lb2 Q7 AK�;2`v a+�H2
�/�Ti2/ S`QbT2+iBp2 AK�;2`v h�bF Uaiƺ#2`-
kyyyV, hQ �bb2bb i?2 [m�HBiv Q7 pBbm�HBx�iBQM
BM �M 2Mi`2T`2M2m`b?BT /QK�BM- r2 �/�Ti2/ i?2
S`QbT2+iBp2 AK�;2`v h�bFX q2 #mBH/ 7Qm` BM/B+2b
7`QK i?Bb b+�H2,

URV hrQ BM/B+2b 7Q` TQbBiBp2 b+2M�`BQb, QM2 7Q`
2KQiBQM�H p�H2M+2 �M/ QM2 7Q` pBpB/M2bbc

UkV hrQ BM/B+2b 7Q` M2;�iBp2 b+2M�`BQb, QM2 7Q`
2KQiBQM�H p�H2M+2 �M/ QM2 7Q` pBpB/M2bbX

AM i?2 K�BM T�T2`- r2 /Q MQi /BbiBM;mBb?
#2ir22M TQbBiBp2 �M/ M2;�iBp2 p�H2M+2-
#mi r2 `2TQ`i QM2 BM/2t 7Q` 2KQiBQM�H
p�H2M+2 U+�HH2/ ǳ2KQiBQM�HBivǴV �M/ QM2
BM/2t 7Q` pBpB/M2bb U+�HH2/ ǳbT2+B}+BivǴVX
JQ`2Qp2`- BM i?2 K�BM T�T2`- r2 /BbiBM@
;mBb? #2ir22M �M BM/2t BM i?2 #mbBM2bb
/QK�BM �M/ QmibB/2 i?2 #mbBM2bb /QK�BMX

h�#H2b j �M/ 9
`2TQ`i2/ #2HQr
/BbiBM;mBb? #2ir22M
TQbBiBp2 �M/ M2;�iBp2
p�H2M+2X

Ç eX+ 6�KBHv k, Sbv+?QHQ;B+�H
_2bBHB2M+2

q2 #mBH/ irQ BM/B+2b, URV Tbv+?QHQ;B+�H `2bBHB2M+2
�M/ UkV �MtB2iv �M/ /2T`2bbBQMX

.QM2 �b bT2+B}2/X

9



h�#H2 R, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S`2@`2;Bbi2`2/ �M�HvbBb TH�M
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

Ç eX/ 6�KBHv j, 1+QMQKB+ `2bBHB2M+2

q2 /BbiBM;mBb? #2ir22M irQ iBK2 T2`BQ/b, URV
2+QMQKB+ �+iBpBiv #27Q`2 i?2 *PoA.@RN@BM/m+2/
HQ+F/QrM �M/ UkV 2+QMQKB+ �+iBpBiv /m`BM; i?2
*PoA.@RN HQ+F/QrM T2`BQ/X

.QM2 �b bT2+B}2/- 2t+2Ti i?�i i?2 BMp2bi@
K2Mi [m2biBQMb `272``2/ iQ BMp2biK2Mib
TQi2MiB�HHv /QM2 /m`BM; #Qi? T2`BQ/bX AM
i?2 2M/HBM2 bm`p2v BM LQp2K#2` kyky-
r2 �bF2/ �#Qmi BMp2biK2Mi #2ir22M CmM2
kyky �M/ i?2 BMi2`pB2rX h?2 }M�H BM/2t
i?mb BM+Hm/2b BMp2biK2Mi �+`Qbb #Qi? i?2
T`2@*PoA. �M/ *PoA. T2`BQ/bX h?Bb
Bb r?v i?2 T�T2` BM+Hm/2b Bi rBi?BM i?2
*PoA. T2`BQ/X

dX� 1KTB`B+�H ai`�i2;v

6Q` 2p2`v T`BK�`v Qmi+QK2- r2 2biBK�i2 i?2 7QH@
HQrBM; bT2+B}+�iBQM �i i?2 BM/BpB/m�H H2p2H,Ԩք � ᅬЈ � ᅬφ ੁ BK�;2`Ԩք � ᅲ ੁ Ԝք � ᅮ ੁ ԧք � ᅱ � ᅷք
q2 BM+Hm/2 r�p2 �M/ r�p2@bm# /B`2+iBQM }t2/
2z2+ib ᅱX ᅷք Bb � K2�M x2`Q 2``Q` i2`KX
6Q` i?2 BK�;2`v �M/ ǳ#mbBM2bb@�b@mbm�HǴ i`2�i@
K2Mi �`Kb- r2 `2bi`B+i i?2 b�KTH2 7Q` �M�HvbBb
iQ T2QTH2 r?Q +QM}`K2/ i?2B` T�`iB+BT�iBQM iQ
i?2 T`Q;`�Kb U#27Q`2 i`2�iK2Mi �bbB;MK2MiVXq2
MQM2i?2H2bb +QHH2+i2/ Qmi+QK2b QM i?2 7mHH b�K@
TH2X
_�M/QKBx�iBQM Q++m``2/ �i i?2 BM/BpB/m�H H2p2H
7Q` KQbi Q7 i?2 b�KTH2X 6Q` �HH bT2+B}+�iBQMb-
r2 mb2 `Q#mbi bi�M/�`/ 2``Q`b iQ +Q``2+i 7Q` ?2i@
2`QbF2/�biB+BivX
q2 �HbQ 2biBK�i2 i?2 BMi2Mi@iQ@i`2�i BKT�+i Q7
i?2 ǳ#mbBM2bb@�b@mbm�HǴ i`�BMBM; `2H�iBp2 iQ i?2
Tm`2 +QMi`QHX
q2 rBHH �HbQ 2tTHQ`2 BMbi`mK2MiBM; mbBM; `�M/QK
�bbB;MK2Mi �b �M BMbi`mK2Mi 7Q` �ii2M/�M+2X

.QM2 �b bT2+B}2/- 2t+2Ti, :Bp2M i?�i r2
?�p2 irQ /Bz2`2Mi bm`p2v r�p2b- r2 �// �
bm`p2v r�p2 /mKKv �M/ +Hmbi2` i?2 bi�M@
/�`/ 2``Q` �i i?2 ?Qmb2?QH/ H2p2HX
q2 /2+B/2/ iQ +QHH�Tb2 i?2 /�i�b2i �i
i?2 ?Qmb2?QH/ H2p2H �M/ +Hmbi2` i?2
bi�M/�`/ 2``Q`b �i i?2 ?Qmb2?QH/ H2p2H
iQ �++QmMi 7Q` i?Qb2 T�`iB+BT�Mib r?Q
HBp2 iQ;2i?2` �M/fQ` #2HQM; iQ i?2 b�K2
7Q`K2`Hv@?QK2H2bb +Hmbi2`- r?B+? r2`2
�bbB;M2/ iQ i?2 b�K2 i`2�iK2Mi bi�imbX
h?2 BMi2Mi@iQ@i`2�i BKT�+i Q7 i?2
ǳ#mbBM2bb@�b@mbm�HǴ i`�BMBM; `2H�iBp2 iQ
i?2 Tm`2 +QMi`QH Bb `2TQ`i2/ BM S�M2H *
BM i?2 K�BM i�#H2b BM i?2 T�T2`X

�b 2tTHQ`�iQ`v �M�Hv@
bBb- i?2 S�S �HbQ T`Q@
TQb2/ iQ mb2 �M BMbi`m@
K2Mi�H p�`B�#H2 bi`�i@
2;v iQ BMbi`mK2Mi �i@
i2M/�M+2 rBi? i`2�i@
K2Mi �bbB;MK2MiX q2
/Q MQi `2TQ`i i?Bb
�M�HvbBb BM i?2 T�T2`-
#mi b?Qr Bi #2HQr BM
h�#H2b 8 �M/ eX

dX# *Q``2+iBQM 7Q` KmHiBTH2 ?vTQi?2bBb
i2biBM;

q2 mb2 7�Hb2 /Bb+Qp2`v `�i2 U6._V +Q``2+iBQMb
U"2MD�KBMB 2i �HX- kyyeV iQ �++QmMi 7Q` KmHiBTH2
+QKT�`BbQMb �+`Qbb Qm` BM/B+2b Q7 T`BK�`v Qmi@
+QK2 p�`B�#H2b rBi?BM 6�KBHB2b R- k �M/ jX
q2 rBHH MQi +Q``2+i 7Q` KmHiBTH2 ?vTQi?2bBb i2bi@
BM; BM Qm` 2tTHQ`�iQ`v �M�HvbBbX

.QM2 �b bT2+B}2/- �M/ b?QrM BM i?2 T�@
T2`X
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h�#H2 R, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S`2@`2;Bbi2`2/ �M�HvbBb TH�M
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

dX+ *Qp�`B�i2b

AM Qm` �M�HvbBb- r2 }`bi T`2b2Mi `2bmHib rBi? QMHv
Qm` `�M/QKBx�iBQM bi`�i� /mKKv p�`B�#H2b �M/
}t2/ 2z2+ibX hQ BM+`2�b2 i?2 T`2+BbBQM Q7 Qm` 2b@
iBK�i2b- 7QHHQrBM; "2HHQMB 2i �HX UkyR9V- r2 �/QTi
i?2 ǳTQbi@/Qm#H2@b2H2+iBQMǴ K2i?Q/ 7Q` b2H2+iBM;
`2;`2bbQ`b- BM+Hm/BM; }`bi@Q`/2` BMi2`�+iBQM �M/
[m�/`�iB+ i2`KbX

.QM2 �b bT2+B}2/- �M/ b?QrM BM i?2
T�T2`X

3X >2i2`Q;2M2Biv �M�HvbBb

q2 2tT2+i Qm` BK�;2`v T`Q;`�K iQ ?�p2 /Bz2`@
2MiB�H i`2�iK2Mi 2z2+ib 7Q` i?Qb2 BM/BpB/m�Hb r?Q
b?Qr ?B;?2` bvKTiQKb Q7 TQbi@i`�mK�iB+ bi`2bb
�i #�b2HBM2X hQ +QM/m+i ?2i2`Q;2M2Biv �M�HvbBb-
r2 `mM � 7mHHv BMi2`�+i2/ KQ/2H- r?2`2#v i?2 F2v
+Q2{+B2Mib �`2 QM i?2 i`2�iK2Mi- � /mKKv 7Q`
?B;? `2TQ`i2/ i`�mK� bvKTiQKb �i #�b2HBM2 �M/
i?2B` BMi2`�+iBQMX

RX q2 ;Bp2 � b+Q`2 Q7 x2`Q BM i?2 AKT�+i Q7
1p2Mi a+�H2@_2pBb2/ iQ �HH `2bTQM/2Mib r?Q
`2TQ`i2/ i?�i i?2v /B/ MQi 2tT2`B2M+2 �
i`�mK�iB+ 2p2Mi BM i?2 T�biX

kX q2 +`2�i2 � /mKKv p�`B�#H2 7Q` i?Qb2 T�`@
iB+BT�Mib rBi? �M AKT�+i Q7 1p2Mi a+�H2@
_2pBb2/ b+Q`2 Q7 �#Qp2 jj �i #�b2HBM2X

jX q2 BM+Hm/2 � /mKKv 7Q` ?B;? `2TQ`i2/
TQbi@i`�mK� bvKTiQKb �M/ �M BMi2`�+iBQMX

9X q2 +Q``2+i 7Q` KmHiBTH2 ?vTQi?2bBb i2biBM;
�+`Qbb BM/B+2b rBi?BM 7�KBHB2bX

8X q2 +QM/m+i � irQ@bB/2/ i2bi iQ i2bi i?2 MmHH
?vTQi?2bBb i?�i i?2`2 �`2 MQ ?2i2`Q;2MQmb
i`2�iK2Mi 2z2+ibX

*QMbi`m+iBQM Q7 p�`B�#H2 �b bT2+B}2/X
>Qr2p2`- #2+�mb2 r2 QMHv ?�p2 �TT`Qt@
BK�i2Hv � i?B`/ Q7 i?2 b�KTH2 �#Qp2 �
b+Q`2 Q7 jj BM i?2 A1a@_- i?2 T�T2` mb2b
�M �Hi2`M�iBp2 BM/2t 7Q` ǳ?B;? i`�mK�Ǵ
i?�i T`QpB/2b � KQ`2 #�H�M+2/ bTHBi Q7
i?2 b�KTH2X h?Bb BM/2t +QK#BM2b i?2 T`2@
`2;Bbi2`2/ A1a i?`2b?QH/ UA1a � jjV rBi?
�M BM/B+�iQ` 7Q` r?2i?2` � T�`iB+BT�Mi `2@
TQ`ib iQ #2 � `2+2Mi o2M2xm2H�M KB;`�Mi
Q` � pB+iBK Q7 i?2 *QHQK#B�M +BpBH +QM@
~B+i UBX2X Bi Bb � /mKKv 2[m�H iQ R B7
� T2`bQM ?�b �b A1a b+Q`2 �#Qp2 jj Q`
Bb `2;Bbi2`2/ �b pB+iBKfKB;`�MiVX h?2b2
r2`2 irQ F2v TQTmH�iBQMb i?�i r2`2 i�`@
;2i2/ 7Q` i?2 T`Q;`�KX h?Bb Bb i?2 K�BM
i`�mK� BM/2t mb2/ BM i?2 T�T2` 7Q` ?2i@
2`Q;2M2BivX
AM i?Bb `2TQ`i- r2 b?Qr `Q#mbiM2bb mbBM;
BV i?2 T`2@`2;Bbi2`2/ i?`2b?QH/ �M/ BBV mb@
BM; �M �Hi2`M�iBp2 i?`2b?QH/ Q7 k9 BM i?2
AKT�+i Q7 1p2Mi a+�H2@_2pBb2/ Ui?Bb r�b
bT2+B}2/ BM Qm` S�S �//2M/mK- b22 #2@
HQrVX
6Q` #`2pBiv- r2 /Q MQi b?Qr BM i?2 T�@
T2` ?2i2`Q;2M2Biv #v i`�mK� 7Q` i?2 r2HH@
#2BM; Qmi+QK2b- #mi Bi Bb b?QrM BM i?Bb
`2TQ`iX

h�#H2 d b?Qrb � 7mHHv
BMi2`�+i2/ KQ/2H 7Q`
i?2 K�BM Qmi+QK2b
Q7 i?2 T�T2` mbBM;
i?2 T`2@`2;Bbi2`2/
A1a� �� i?`2b?QH/ 7Q`
?B;? i`�mK�X
h�#H2b 3 �M/ N b?Qr
� 7mHHv BMi2`�+i2/
KQ/2H 7Q` r2HH@#2BM;
Qmi+QK2b mbBM; i?2
/Bz2`2Mi /2}MBiBQMb
7Q` ?B;? i`�mK�X
h�#H2b Ry �M/ RR
b?Qr � 7mHHv BMi2`@
�+i2/ KQ/2H 7Q` i?2
K�BM �M/ r2HH@#2BM;
Qmi+QK2b Q7 i?2 T�T2`
mbBM; i?2 ӾӺԈ � ��
i?`2b?QH/ 7Q` ?B;?
i`�mK�X

e



h�#H2 k, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ �//2M/mK iQ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S�S �//2M/mK
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

�RX h`�Mb7Q`KBM; p�`B�#H2b

q2 rBHH i�F2 � HQ;�`Bi?KB+ i`�Mb7Q`K�iBQM Q7 �HH
i?2 KQM2i�`v p�`B�#H2b T`BQ` iQ bi�M/�`/BbBM;X
q2 rBHH BKTmi2 i?2 KB/@TQBMi 7Q` `2bTQMb2b i?�i
r2`2 T`QpB/2/ BM `�M;2bX _�M;2b r2`2 �M QTiBQM
7Q` `2bTQM/2Mib r?Q 72Hi mM+QK7Q`i�#H2 Q` mM@
�#H2 iQ T`QpB/2 2t�+i 2biBK�i2b Q7 i?2B` BM+QK2-
`2p2Mm2b �M/ b�pBM;bX
q2 rBHH �HbQ KmHiBTHv i?2 BM+QK2 K2�bm`2b #v
7Qm` iQ +QMp2`i i?2K 7`QK r22FHv iQ +QKT�`�#H2
KQMi?Hv K2�bm`2bX

.QM2 �b bT2+B}2/- mbBM; �M AMp2`b2 >v@
T2`#QHB+ avM2 i`�Mb7Q`K�iBQM 7Q` �HH i?2
K2MiBQM2/ p�`B�#H2bX

�kX h`2�iBM; QmiHB2`b

q2 7QmM/ i?�i K�Mv /Bbi`B#miBQMb r2`2 ?B;?Hv
bF2r2/ iQ i?2 `B;?iX q2 rBHH �HbQ rBMbQ`Bx2 �i
i?2 NNi? T2`+2MiBH2 �M/ T`2b2Mi `2bmHib rBi? �M/
rBi?Qmi rBMbQ`Bx�iBQMX

�b bT2+B}2/- r2 rBMbQ`Bx2/ �i i?2 NNi?

T2`+2MiBH2 �M/ T`2b2Mi2/ �HH `2bmHib QM �HH
p�`B�#H2b rBi? i?2b2 2ti`2K2 p�Hm2b rBi?
rBMbQ`Bx�iBQMX

AM i?2 K�BM T�T2`- r2
/B/MǶi BM+Hm/2 `2bmHib
rBi?Qmi rBMbQ`Bx�iBQMX
h?Bb �M�HvbBb +�M #2
7QmM/ #2HQr BM h�#H2
RkX

�jX AK�;2`v �M/ Tbv+?QHQ;B+�H `2bBHB2M+2
BM/2t2b, KBMBKmK /2i2+i�#H2 2z2+i

q2 7QmM/ i?�i BK�;2`v �M/ Tbv+?QHQ;B+�H b+�H2b
7Q` `2bBHB2M+2 �M/ b2H7@2{+�+v i2M/2/ iQ #2
bF2r2/ iQr�`/b ?B;? p�Hm2b 7Q` KQbi Q7 i?2 b+�H2
Bi2KbX q2 �bbB;M2/ 7�F2 i`2�iK2Mi bi�imb2b iQ
`2bTQM/2Mib- rBi? b?�`2b #2HQM;BM; iQ i?2 i?`22
i`2�iK2Mi �`Kb r?B+? +Q``2bTQM/ iQ i?2 �+im�H
b?�`2b Q7 i?2 }2H/ 2tT2`BK2MiX q2 i?2M 2biB@
K�i2/ i`2�iK2Mi 2z2+ib QM i?2 BK�;2`v BM/2t
Q7 i?2 pBbm�HBx�iBQM i`�BMBM; �;�BMbi QM2 Q7 i?2
Qi?2` i`2�iK2Mi �`Kb- +QMi`QHHBM; 7Q` bi`�i� iQ
}M/ i?2 J.1X

.QM2 �b bT2+B}2/X

�9X h`2�iBM; bi�M/�`/ 2``Q`b

6Q` Qm` T`BK�`v bT2+B}+�iBQMb- r2 T`2b2Mi #Qi?
`Q#mbi bi�M/�`/ 2``Q`b �M/ `�M/QKBx�iBQM BM72`@
2M+2 bi�M/�`/ 2``Q`b- 7QHHQrBM; uQmM; UkyRNVX

.QM2 �b bT2+B}2/X

d



h�#H2 k, .Bz2`2M+2b #2ir22M }M�H K�Mmb+`BTi �M/ �//2M/mK iQ T`2@`2;Bbi2`2/ �M�HvbBb TH�M

S�S �//2M/mK
6BM�H J�Mmb+`BTi- �/?2`2M+2 iQ
S�S- �M/ `2�bQMb

�//BiBQM�H h�#H2b
�M/ 6B;m`2b

�8X >2i2`Q;2M2Biv �M�HvbBb mbBM; #�b2HBM2
i`�mK�

q?2M +QM/m+iBM; Qm` ?2i2`Q;2M2Biv �M�HvbBb- r2
mb2 �M BKT�+i Q7 2p2Mi b+Q`2 Q7 jj- �b T`2@
bT2+B}2/- i?`2b?QH/ �#Qp2 r?B+? TQbi@i`�mK�iB+
bi`2bb bvKTiQKb K�v #2 +QMbB/2`2/ iQ #2 � T`Q#@
�#H2 +HBMB+�H +QM+2`MX hQ �//`2bb TQi2MiB�H TQr2`
+QM+2`Mb- r2 rBHH �HbQ mb2 � i?`2b?QH/ Q7 k9 BM
Qm` �M�HvbBb- �#Qp2 r?B+? TQbi@i`�mK�iB+ bi`2bb
bvKTiQKb �`2 bm;;2biBp2 Q7 � +HBMB+�H +QM+2`MX
q2 rBHH i`2�i i?Bb �b � b2T�`�i2 7�KBHv Q7 Qmi@
+QK2b �M/ +Q``2+i 7Q` KmHiBTH2 ?vTQi?2b2b i2bi@
BM; rBi?BM i?2 7�KBHvX

h?Bb �M�HvbBb Bb MQi b?QrM BM i?2 T�T2`-
#mi +�M #2 7QmM/ #2HQrX

h�#H2b Ry �M/ RR b?Qr
i`�mK� ?2i2`Q;2M2Biv
QM K�BM Qmi+QK2b �M/
r2HH#2BM; Qmi+QK2b
rBi? i?2 A1a � k9
i?`2b?QH/X

�eX 1sh_� LPh AL S�S @ .2�HBM;
rBi? �ii`BiBQM

AM i?2 *QHQK#B� S�S- r2 /B/ MQi bT2+B7v �
bi`�i2;v iQ /2�H rBi? �ii`BiBQMX u2i- BM i?2
1i?BQTB� S�S- r2 bT2+B}2/ i?�i r2 rQmH/ mb2
G22 "QmM/b UG22- kyyNV �M/ AMp2`b2 S`Q#�#BHBiv
q2B;?iBM; UASqVX 6Q` +QKTH2i2M2bb- r2 `2TQ`i
QM i?2b2 bi`�i2;B2b ?2`2X

h�#H2b rBi? ASq �`2 b?QrM BM i?2 K�BM
�TT2M/Bt Q7 i?2 T�T2`X

h�#H2 Rj `2TQ`i2/
#2HQr b?Qrb G22
"QmM/bX

3



kX J2Mi�H 1tT2`B2M+BM;, h�#H2 rBi? AM/B+2b .Bb�;;`2;�i2/ #v o�H2M+2

h�#H2 j, _2bmHib QM Pp2`�HH J2Mi�H 1tT2`B2M+BM;, .Bb�;;`2;�i2/ AM/B+2b rBi? o�H2M+2

Pp2`�HH am#+QKTQM2Mib Q7 Pp2`�HH AM/2t
Pp2`�HH
BM/2t

6`2[m2M+v
Q7 mb2

SQbBiBp2
bT2+B}+Biv

SQbBiBp2
2KQiBQM�HBiv

L2;�iBp2
bT2+B}+Biv

L2;�iBp2
2KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXyeN @yXyky @yXyj9 @yXy8R @yXyk9 @yXRye
UyXyd8V UyXydjV UyXyd8V UyXydRV UyXye3V UyXydRV

(yX33N) (yXNjN) (yXeN8)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXyke @yXydk yXykR yXyk9 yXy8e yXyN3 
UyXyejV UyXyeRV UyXyejV UyXyeyV UyXy8NV UyXy8NV

(yX383) (yX8Re) (yX9y8)

S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; yXyR9 @yXye3 yXyj3 yXykj yXye9 yXyj3
UyXyeeV UyXye8V UyXye9V UyXyeRV UyXyeRV UyXyeyV

(RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy yXyy yXyy yXyy yXyy @yXRy
L BM *QMi`QH 88y 88y 89d 89d 89d 89d
L BM h`�/BiBQM�H e8e e8e e8j e8j e89 e89
L BM :J1 RR9y RRjN RRj8 RRj8 RRje RRje
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H
i`�BMBM;V QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;X h?2 Qp2`�HH BM/2t BM *QHmKM URV Bb �;;`2;�i2b i?2 K2�bm`2b
Q7 7`2[m2M+v Q7 mb2- bT2+B}+Biv �M/ 2KQiBQM�HBivX aT2+B}+Biv `272`b iQ i?2 +H�`Biv Q7 i?2 BK�;2b `2bTQM/2Mib
�`2 �#H2 iQ +`2�i2- 7Q` TQbBiBp2 UBM *QHmKM UjVV Q` M2;�iBp2 UBM *QHmKM U8VV b+2M�`BQbX 1KQiBQM�HBiv `272`b iQ
i?2 bi`2M;i? Q7 i?2 2KQiBQMb i?2b2 BK�;2b 2Mi�BH- - 7Q` TQbBiBp2 UBM *QHmKM U9VV Q` M2;�iBp2 UBM *QHmKM UeVV
b+2M�`BQbX 6`2[m2M+v Q7 mb2 `272`b iQ i?2 7`2[m2M+v rBi? r?B+? `2bTQM/2Mib mb2 K2Mi�H 2tT2`B2M+BM;X �HH BM@
/2t2b �`2 #�b2/ QM b2H7@`2TQ`ib- �M/ +QKTmi2/ QM �HH /QK�BMb �+`Qbb b+2M�`BQb U`2H�i2/ Q` MQi iQ #mbBM2bbVX
�HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� �M/ bm`p2v r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2
BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/
R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

*QHmKM URV Q7 h�#H2 j `2THB+�i2b i?2 K�BM `2bmHib b?QrM BM i?2 T�T2` U*QHmKM R Q7 h�#H2 9VX *QHmKMb UjV iQ UeV
bTHBi i?2 Qp2`�HH K2Mi�H 2tT2`B2M+BM; BM/2t #v TQbBiBp2 Q` M2;�iBp2 p�H2M+2X _2bmHib �`2 p2`v bBKBH�` �+`Qbb BM/B+2b-
rBi? Dmbi bHB;?iHv #B;;2` +Q2{+B2Mib QM ǳM2;�iBp2 2KQiBQM�HBivǴ- BX2X i?2 BMi2MbBiv Q7 2KQiBQMb 7Q` M2;�iBp2 b+2M�`BQbX
h?Bb 2z2+i Bb BM HBM2 rBi? QM2 Q7 i?2 K�BM ;Q�Hb Q7 i?2 T`Q;`�K BM *QHQK#B�- r?B+? r�b iQ `2/m+2 �pQB/�M+2 �M/
i`�BM T�`iB+BT�Mib iQ iQH2`�i2 M2;�iBp2 2KQiBQMb �M/ H2p2`�;2 i?2K 7Q` T`Q/m+iBpBivX

N



h�#H2 9, _2bmHib QM "mbBM2bb@_2H�i2/ J2Mi�H 1tT2`B2M+BM;, .Bb�;;`2;�i2/ AM/B+2b rBi? o�H2M+2

Pp2`�HH am#+QKTQM2Mib Q7 "mbBM2bb AM/2t
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM@#mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2

SQbBiBp2
bT2+B}+Biv

SQbBiBp2
2KQiBQM�HBiv

L2;�iBp2
bT2+B}+Biv

L2;�iBp2
2KQiBQM�HBiv

URV UkV UjV U9V U8V UeV UdV U3V

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXyeN @yXR8d @yXy9N @yXydj @yXy3e @yXRke @yXyNe @yXy38
UyXyd8V UyXy3NV UyXyd9V UyXy3eV UyXy3dV UyXy3jV UyXyd3V UyXydNV

(yXe8j) (yXe8j) (yXe8j) (yXe8j) (yXe8j)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXyke yXRd3  @yXyye yXyNy yXydj yXyNR yXRyR yXRek  
UyXyejV UyXyd9V UyXyeRV UyXydkV UyXydkV UyXyeNV UyXyeeV UyXyejV

(yXke9) (yXjkd) (yXke9) (yXke9) (yXy83)

S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; yXyR9 yXy9e yXyy9 yXykj yXyjN @yXyjR yXyky yXydj
UyXyeeV UyXydeV UyXye9V UyXydjV UyXyd9V UyXyeNV UyXyeNV UyXyeeV

(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy yXyy @yXRy yXyy yXyy
L BM *QMi`QH 88y jNy 88y jNy jNy jNy j3N jNy
L BM h`�/BiBQM�H e8e 98e e8e 98e 98k 98j 98k 98y
L BM :J1 RR9y 3jN RR9y 3j3 3j8 3j8 3jk 3jj
h?Bb i�#H2 b?Qrb i?2 b�K2 `2bmHib �b h�#H2 j �#Qp2- #mi /BbiBM;mBb?2b #2ir22M #mbBM2bb �M/ MQM@#mbBM2bb `2H�i2/ b+2M�`BQbX *QHmKMb
U9V iQ U3V QMHv 7Q+mb QM #mbBM2bb@`2H�i2/ b+2M�`BQbX

*QHmKMb URV iQ U9V Q7 h�#H2 9 `2THB+�i2 i?2 K�BM `2bmHib b?QrM BM i?2 T�T2` U*QHmKMb URV iQ U9V Q7 h�#H2 9VX *QHmKMb
U8V iQ U3V bTHBi i?2 #mbBM2bb@`2H�i2/ K2Mi�H 2tT2`B2M+BM; BM/2t #v TQbBiBp2 Q` M2;�iBp2 p�H2M+2X �b /Bb+mbb2/ 7Q` i?2
i�#H2 �#Qp2- `2bmHib �`2 p2`v bBKBH�` �+`Qbb BM/B+2bX h?Bb +QM}`Kb � ;2M2`�H BKT`Qp2K2Mi BM K2Mi�H 2tT2`B2M+BM;
BM #Qi? i?2 TQbBiBp2 �M/ M2;�iBp2 /QK�BMb- BM HBM2 rBi? i?2 :J1 2t2`+Bb2b 7Q+mbBM; QM #mBH/BM; `2�HBbiB+ 7mim`2
b+2M�`BQbX

Ry



jX 1tTHQ`�iQ`v �M�HvbBb, h`2�iK2Mi �bbB;MK2Mi �b AMbi`mK2Mi 7Q` �i@
i2M/�M+2

h�#H2 8, _2bmHib QM J2Mi�H 1tT2`B2M+BM; AMbi`mK2MiBM; �ii2M/�M+2 rBi? h`2�iK2Mi �bbB;MK2Mi

am#@BM/B+2b BM "mbBM2bb .QK�BM
Pp2`�HH
BM/2t

"mbBM2bb
BM/2t

LQM #mbBM2bb
BM/2t

6`2[m2M+v
Q7 mb2 aT2+B}+Biv 1KQiBQM�HBiv

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyRR @yXyj8 @yXyye @yXyRd @yXyk3 @yXyjy
UyXykyV UyXykkV UyXykyV UyXykRV UyXykyV UyXykyV

:J1 h`2�iK2Mi @yXyy9 yXyyd @yXyyd yXyy9 yXyy8 yXyyN
UyXyRNV UyXykyV UyXyR3V UyXyRNV UyXyR3V UyXyR3V

T@p�Hm2, h`�/BiBQM�H pb :J1 yXedy yXykR yXN8R yXkjj yXy88 yXyR8
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy @yXRy yXyy yXyy @yXRy @yXRy
L BM *QMi`QH 88y jNy 88y jNy jNy jNy
L BM h`�/BiBQM�H e8e 98e e8e 98e 989 989
L BM :J1 RR9y 3jN RR9y 3j3 3j8 3j8
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H
i`�BMBM;V QM i?2 [m�HBiv Q7 K2Mi�H 2tT2`B2M+BM;X �ii2M/�M+2 BM 2�+? T`Q;`�K Bb BMbi`mK2Mi2/ rBi? i?2 Q`B;BM�H
i`2�iK2Mi �bbB;MK2MiX h?2 Qp2`�HH BM/2t BM *QHmKM URV Bb �;;`2;�i2b i?2 K2�bm`2b Q7 7`2[m2M+v Q7 mb2- bT2+B}+Biv
�M/ 2KQiBQM�HBivX h?2 #mbBM2bb UMQM@#mbBM2bbV BM/2t Bb +QMbi`m+i2/ +QMbB/2`BM; QMHv b+2M�`BQb BM UQmibB/2V i?2
#mbBM2bb /QK�BMX aT2+B}+Biv `272`b iQ i?2 +H�`Biv Q7 i?2 BK�;2b `2bTQM/2Mib �`2 �#H2 iQ +`2�i2X 1KQiBQM�HBiv `272`b
iQ i?2 bi`2M;i? Q7 i?2 2KQiBQMb i?2b2 BK�;2b 2Mi�BHX 6`2[m2M+v Q7 mb2 `272`b iQ i?2 7`2[m2M+v rBi? r?B+? `2bTQM@
/2Mib mb2 K2Mi�H 2tT2`B2M+BM;X �HH BM/2t2b �`2 #�b2/ QM b2H7@`2TQ`ibX �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM
bi`�i� �M/ bm`p2v r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM
b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 8 b?Qrb `2bmHib 7`QK bBt /Bz2`2Mi `2;`2bbBQMb Q7 K2Mi�H 2tT2`B2M+BM; BM/B+2b QM irQ K�BM BM/2T2M/2Mi p�`B�#H2b
7Q` �ii2M/�M+2 iQ 2�+? T`Q;`�K Uh`�/BiBQM�H �M/ :J1 i`�BMBM;VX �ii2M/�M+2 Bb BMbi`mK2Mi2/ rBi? i?2 Q`B;BM�H
i`2�iK2Mi �bbB;MK2MiX h?2 QKBii2/ ;`QmT Bb i?2 +QMi`QH ;`QmTX h?2 H�bi `Qr Q7 i?2 i�#H2 UǳT@p�Hm2, h`�/BiBQM�H pb
:J1ǴV b?Qrb i?2 T@p�Hm2 Q7 � i2bi Q7 2[m�HBiv Q7 i?2 irQ +Q2{+B2Mib b?QrM BM i?2 i�#H2X h?2 h�#H2 +QM}`Kb i?2 K�BM
`2bmHib Q7 i?2 T�T2`, i?2 i`�/BiBQM�H i`�BMBM; /2+`2�b2b K2Mi�H 2tT2`B2M+BM; [m�HBiv- �M/ i?2 irQ T`Q;`�Kb +`2�i2 �
r2/;2 BM K2Mi�H 2tT2`B2M+BM; [m�HBiv BM i?2 #mbBM2bb /QK�BM Ur?B+? Bb bi�iBbiB+�HHv /Bz2`2Mi iQ x2`Q- ԟ � ����VX

RR



h�#H2 e, _2bmHib QM 1+QMQKB+ Pmi+QK2b AMbi`mK2MiBM; �ii2M/�M+2 rBi? h`2�iK2Mi �bbB;MK2Mi

Pp2`�HH AM/B+2b S`2@+QpB/ bm#@BM/B+2b *QpB/ bm#@BM/B+2b

S`2@+QpB/ *QpB/ 1�`MBM;b "mbBM2bb 1�`MBM;b "mbBM2bb a�72iv
M2ib

*QpB/
�+iBQMb AMp2biK2Mi

URV UkV UjV U9V U8V UeV UdV U3V UNV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyje @yXykR @yXy88  yXyyj @yXyjj @yXyy8 yXyy8 @yXykk @yXyyd
UyXykRV UyXyRNV UyXykeV UyXyyNV UyXyRNV UyXyy3V UyXyR3V UyXyR3V UyXyR3V

:J1 h`2�iK2Mi @yXyyk yXyRe @yXyyd yXyy3 yXyy9 yXyy3 yXyRR @yXyyy yXyRR
UyXyR3V UyXyRdV UyXyRNV UyXyy3V UyXyReV UyXyy3V UyXyRdV UyXyRdV UyXyRdV

T@p�Hm2, h`�/BiBQM�H pb :J1 yXy8k yXyR3 yXyjy yX9e3 yXykR yXy8e yXedR yXR98 yXR39
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXyy yXdy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H @yXRy @yXRy @yXky yXdy @yXRy yXey yXyy @yXRy @yXRy
L BM *QMi`QH j9e 88k jkj jjj 8jN 88k 89e 88R 8e9
L BM h`�/BiBQM�H 9yd eey j3y jNk e9k e8N e8y e8d eed
L BM :J1 dy9 RR9d ee8 edN RRR8 RR98 RRj9 RR9k RR8N
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM /QrMbi`2�K
2+QMQKB+ Qmi+QK2bX �ii2M/�M+2 BM 2�+? T`Q;`�K Bb BMbi`mK2Mi2/ rBi? i?2 Q`B;BM�H i`2�iK2Mi �bbB;MK2MiX h?2 Qp2`�HH BM/B+2b �`2
+QMbi`m+i2/ 7`QK i?2 �;;`2;�iBQM Q7 i?2 bm#@BM/B+2b HBbi2/ BM *QHmKMb UjV iQ UNVX h?2 Qmi+QK2 p�`B�#H2 BM *QHmKMb UjV �M/ U8V Bb i?2
BMp2`b2@?vT2`#QHB+ bBM2 Q7 2�`MBM;b UBM+QK2 �M/ b�H2bVX AM *QHmKMb U9V �M/ UeV- i?2 Qmi+QK2 Bb �M BM/B+�iQ` 7Q` ?�pBM; �M QT2`�iBM;
#mbBM2bbX h?2 BM/2t Q7 b�72iv M2ib BM+Hm/2b #Qi? �+im�H U2X;X- b�pBM;bV �M/ T2`+2Bp2/ b�72iv M2ib /m`BM; i?2 *QpB/ T�M/2KB+X h?2 BM/2t
Q7 *QpB/ �+iBQMb �p2`�;2b /Bz2`2Mi K2�bm`2b i?�i `2bTQM/2Mib K�v ?�p2 i�F2M BM `2bTQMb2 iQ i?2 T�M/2KB+X h?2 BMp2biK2Mi BM/2t
Bb i?2 bi�M/�`/Bx2/ b?�`2 Q7 /Bz2`2Mi +�i2;Q`v BMp2biK2Mib i?�i � T2`bQM K�/2X �HH `2;`2bbBQMb +QMi`QH 7Q` `�M/QKBx�iBQM bi`�i� �M/
bm`p2v r�p2 }t2/ 2z2+ibX *Hmbi2`2/ bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2
bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 e b?Qrb `2bmHib 7`QK MBM2 /Bz2`2Mi `2;`2bbBQMb Q7 2+QMQKB+ Qmi+QK2b QM irQ K�BM BM/2T2M/2Mi p�`B�#H2b
7Q` �ii2M/�M+2 iQ 2�+? T`Q;`�K Uh`�/BiBQM�H �M/ :J1 i`�BMBM;VX �ii2M/�M+2 Bb BMbi`mK2Mi2/ rBi? i?2 Q`B;BM�H
i`2�iK2Mi �bbB;MK2MiX h?2 QKBii2/ ;`QmT Bb i?2 +QMi`QH ;`QmTX h?2 H�bi `Qr Q7 i?2 i�#H2 UǳT@p�Hm2, h`�/BiBQM�H
pb :J1ǴV b?Qrb i?2 T@p�Hm2 Q7 � i2bi Q7 2[m�HBiv Q7 i?2 irQ +Q2{+B2Mib b?QrM BM i?2 i�#H2X h?2 h�#H2 +QM}`Kb
i?2 K�BM `2bmHib Q7 i?2 T�T2`, i?2 i`�/BiBQM�H i`�BMBM; /2+`2�b2b 2�`MBM;b- �M/ i?2 irQ T`Q;`�Kb +`2�i2 � r2/;2 BM
2+QMQKB+ Qmi+QK2b #Qi? BM i?2 T`2@*QpB/ �M/ *QpB/ T2`BQ/ Ur?B+? �`2 bi�iBbiB+�HHv /Bz2`2Mi iQ x2`Q- ԟ � ���� �M/ԟ � ����� `2bT2+iBp2HvVX

Rk



9X >2i2`Q;2M2Biv �M�HvbBb

9XR S`2@_2;Bbi2`2/ h?`2b?QH/ 7Q` "�b2HBM2 h`�mK� UA1a � jjV

h�#H2 d, J�BM Pmi+QK2b qBi? h`�mK� AMi2`�+iBQM Uh`�mK� /2}M2/ �b S`2@_2;Bbi2`2/ AM/2t, A1a � jjV

J2Mi�H 1tT2`B2M+BM;
U#mbBM2bbV

1�`MBM;b
T`2@*PoA.

1�`MBM;b
/m`BM; *PoA.

"mbBM2bb
T`2@*PoA.

"mbBM2bb
/m`BM; *PoA.

URV UkV UjV U9V U8V

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXkyy @yXkyN @yXRyy @yXyyy @yXykd
UyXRReV UyXRkRV UyXy3NV UyXy9yV UyXyjNV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? h`�mK� UA1a � jjV yXRjd yXRkN yXykj yXykk yXyyj
UyXR9RV UyXRR9V UyXRyeV UyXyeyV UyXy8NV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

h`�/BiBQM�H h`�BMBM; ੎ >B;? h`�mK� @yXy9N @yXkk3 @yXR8j @yXyk3 @yXyR3
UyXkyjV UyXkjRV UyXR83V UyXydNV UyXyddV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

h`�/ Y h`�/ ੎ >B;? h`�mK� @yXk9N @yX9jd @yXk8j @yXykN @yXy98
T@p�Hm2, h`�/ Y h`�/ ੎ >B;? h`�mK� 4 y yXR9d yXyjR yXy8d yXe3j yX8ye

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM;4R yXR89 yXRNN yXRyN yXyRk yXye9  
UyXyNkV UyXRy8V UyXyd8V UyXyjkV UyXyjRV
(yXddd) (yXddd) (yX3Nk) (RXyyy) (yXddd)

>B;? h`�mK� UA1a � jjV yXyee @yXR89 @yXR8y @yXyRk @yXykR
UyXR8kV UyXRNNV UyXRkRV UyXy8jV UyXy8kV
(RXyyy) (RXyyy) (yX3Nk) (RXyyy) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXkyd yXRey yXy38 yXyde yXyjk
UyXR38V UyXkkNV UyXR9dV UyXyeeV UyXye9V
(yX3Nk) (RXyyy) (RXyyy) (yX3Nk) (RXyyy)

:J1 Y :J1 ੎ >B;? i`�mK� yXjeR yXj8N yXRN9 yXy33 yXyN8
T@p�Hm2, :J1 Y :J1 ੎ >B;? i`�mK� 4 y yXyk8 yXyde yXRk9 yXRkd yXyNR

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi yXyy8 yXyRj yXykd yXykd yXy9d
UyXyN8V UyXy39V UyXyd8V UyXyjeV UyXyj8V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? h`�mK� UA1a � jjV yXR8d yXyN3 @yXy8d yXykk yXyy8
UyXR9kV UyXRykV UyXRyeV UyXy83V UyXy8NV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXRky @yXyde @yXykk yXy9k @yXyyR
UyXRdRV UyXR99V UyXRj8V UyXydyV UyXyeNV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? i`�mK� yXRk8 @yXyej yXyye yXyeN yXy9e
T@p�Hm2, :J1 Y :J1 ੎ >B;? i`�mK� 4 y yXj3k yX839 yXNeR yXkey yX99e
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXdy
J2�M .o BM h`�/BiBQM�H @yXRy @yXky @yXRy yXdy yXey
L BM *QMi`QH jNy jkj 8jN jjj 88k
L BM h`�/BiBQM�H 98e j3y e9k jNk e8N
L BM :J1 3jN ee8 RRR8 edN RR98
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM i?2 K�BM Qmi+QK2b
Q7 i?2 2tT2`BK2Mi- BMi2`�+i2/ rBi? �M BM/2t 7Q` ǳ>B;? h`�mK�ǴX q2 +�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 jj Q` �#Qp2
QM i?2 AKT�+i Q7 1p2Mi a+Q`2 UA1a@_V �i #�b2HBM2X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b
i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX
_2;`2bbBQMb KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2`X *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/
[@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 d `2THB+�i2b i?2 `2bmHib Q7 h�#H2 *XR3 Q7 i?2 T�T2`- #mi mbBM; i?2 T`2@`2;Bbi2`2/ BM/2t Q7 ǳ?B;? i`�mK�ǴX
_2bmHib �`2 [m�HBi�iBp2Hv bBKBH�` #2ir22M i?2 irQ i�#H2bX h?2 i`2�iK2Mi 2z2+ib BM i?2 ǳ?B;? i`�mK�Ǵ b�KTH2 �`2
�HbQ p2`v bBKBH�` BM K�;MBim/2b BM i?2 irQ +�b2bX

Rj



9Xk "�b2HBM2 h`�mK� �M/ q2HH@"2BM; Pmi+QK2b

h�#H2 3, q2HH@#2BM; Pmi+QK2b qBi? h`�mK� AMi2`�+iBQM Uh`�mK� /2}M2/ �b T`2@`2;Bbi2`2/, A1a � jjV

Pp2`�HH AM/2t am#@BM/B+2b

q2HH#2BM; E2bbH2` _2bBHB2M+2 �M/
b2H7@2{+�+v

URV UkV UjV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXy8e @yXyej @yXykj
UyXy3RV UyXy3RV UyXy3NV

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a� jjV @yXey3   @yXe9d   yXyk8

UyXRj8V UyXRjkV UyXRjjV
(yXyyR) (RXyyy)

h`�/BiBQM�H h`�BMBM; ੎ >B;? h`�mK� yXR9e yXRee @yXyR3
UyXRdeV UyXRdjV UyXR3kV

(RXyyy) (RXyyy)

h`�/ Y h`�/ ੎ >B;? h`�mK� yXyNy yXRyj @yXy9y
T@p�Hm2, h`�/ Y h`�/ ੎ >B;? h`�mK� 4 y yX8dy yX8yj yX3yk

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi @yXyyk yXyy3 @yXyke
UyXyedV UyXyeeV UyXydeV

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a� jjV @yX9Ny   @yX8y9   @yXyjk

UyXRRdV UyXRReV UyXRkdV
(yXyyR) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXy38 yXyNj @yXyjN
UyXR9eV UyXR99V UyXReRV

(RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? h`�mK� yXy39 yXRyR @yXye8
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� yX8R3 yX9jj yXe9d

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi @yXy8k @yXy8d @yXyy8
UyXyddV UyXydeV UyXy3jV

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a� jjV @yXeek   @yXeN3   @yXyRj

UyXRj8V UyXRjkV UyXRjeV
(yXyyR) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXk9k yXkdy @yXyek
UyXReyV UyXR8dV UyXReeV

(yXkd9) (RXyyy)

:J1 Y :J1 ੎ >B;? h`�mK� yXRNy yXkRj @yXyed
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yXR3R yXRk8 yXe9d
J2�M .o BM *QMi`QH yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy yXyy yXyy
L BM *QMi`QH 898 898 898
L BM h`�/BiBQM�H e9N e9d e9N
L BM :J1 RRj9 RRjj RRj9
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/
i`�/BiBQM�H i`�BMBM;V QM i?2 r2HH@#2BM; Qmi+QK2b- BMi2`�+i2/ rBi? �M BM/2t 7Q` ǳ>B;? h`�mK�ǴX q2
+�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 jj Q` �#Qp2 QM i?2 AKT�+i Q7 1p2Mi a+Q`2
UA1a@_V �i #�b2HBM2X h?2 }`bi bm#@BM/2t +�Tim`2b Tbv+?QHQ;B+�H `2bBHB2M+2 UaBM+H�B` �M/ q�HHbiQM-
kyy9c aKBi? 2i �HX- kyy3c *?2M 2i �HX- kyyRVX h?2 b2+QM/ bm#@BM/2t `2~2+ib Tbv+?QHQ;B+�H /Bbi`2bb-
�b K2�bm`2/ #v i?2 E2bbH2` Ee MQM@bT2+B}+ /Bbi`2bb b+�H2 UE2bbH2` 2i �HX- kyykVX S�M2H � b?Qrb
i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ
i?2 i`�/BiBQM�H i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i
iQ i?2 +QMi`QHX _2;`2bbBQMb KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2`X
*Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

R9



h�#H2 N, q2HH@#2BM; Pmi+QK2b qBi? h`�mK� AMi2`�+iBQM Uh`�mK� /2}M2/ �b BM i?2 T�T2`, A1a � jj � .mKKv 7Q`
"2BM; oB+iBKfo2Mm2xm2H� JB;`�MiV

Pp2`�HH AM/2t am#@BM/B+2b

q2HH#2BM; E2bbH2` _2bBHB2M+2 �M/
b2H7@2{+�+v

URV UkV UjV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; yXy9R yXyjy yXy9N
UyXyNyV UyXy3NV UyXyNdV

(yX83k) (yX83k)
>B;? h`�mK� @yXkyd @yXk8R  yXReR

UyXRydV UyXRyeV UyXRy8V
(yXRke) (yXk3e)

h`�/BiBQM�H h`�BMBM; ੎ >B;? h`�mK� @yXR89 @yXRk8 @yXkR9
UyXRjdV UyXRjeV UyXR9jV

(yXje3) (yXk3e)

h`�/ Y h`�/ ੎ >B;? h`�mK� @yXRRj @yXyN8 @yXRee
T@p�Hm2, h`�/ Y h`�/ ੎ >B;? h`�mK� 4 y yXk3e yXjee yXRR3

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi @yXy8N @yXy9k @yXy38
UyXyd8V UyXydjV UyXy3jV

(yX333) (yX3RR)
>B;? h`�mK� @yXjNe   @yX9Rk   @yXyey

UyXyN9V UyXyNjV UyXRyjV
(yXyyR) (yX333)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXRek yXR88 yXRR3
UyXRR3V UyXRReV UyXRkNV

(yX3RR) (yX3RR)

:J1 Y :J1 ੎ >B;? h`�mK� yXRyj yXRRj yXyjj
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� yXk8N yXky3 yXdj3

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi @yXyyy @yXyyk @yXyye
UyXy3kV UyXy3RV UyXyNyV

(RXyyy) (RXyyy)
>B;? h`�mK� @yXkjd  @yXkde  yXRjy

UyXRy3V UyXRy3V UyXRyeV
(yXyed) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� @yXyyR yXyRN @yXyNk
UyXRkdV UyXRkdV UyXRjyV

(RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? h`�mK� @yXyyk yXyRd @yXyN3
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yXN38 yX3ek yXjyk
J2�M .o BM *QMi`QH yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy yXyy yXyy
L BM *QMi`QH 898 898 898
L BM h`�/BiBQM�H e9N e9d e9N
L BM :J1 RRj9 RRjj RRj9
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/
i`�/BiBQM�H i`�BMBM;V QM i?2 r2HH@#2BM; Qmi+QK2b- BMi2`�+i2/ rBi? �M BM/2t 7Q` ǳ>B;? h`�mK�ǴX
q2 +�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 jj Q` �#Qp2 QM i?2 AKT�+i Q7 1p2Mi
a+Q`2 UA1a@_V �i #�b2HBM2- Q` i?2v `2TQ`i #2BM; � pB+iBK Q7 i?2 BMi2`M�H +QM~B+i �M/fQ` o2M2xm2H�M
KB;`�MiX h?2 }`bi bm#@BM/2t +�Tim`2b Tbv+?QHQ;B+�H `2bBHB2M+2 UaBM+H�B` �M/ q�HHbiQM- kyy9c aKBi?
2i �HX- kyy3c *?2M 2i �HX- kyyRVX h?2 b2+QM/ bm#@BM/2t `2~2+ib Tbv+?QHQ;B+�H /Bbi`2bb- �b K2�bm`2/
#v i?2 E2bbH2` Ee MQM@bT2+B}+ /Bbi`2bb b+�H2 UE2bbH2` 2i �HX- kyykVX S�M2H � b?Qrb i?2 2z2+i Q7
i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H
i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX
_2;`2bbBQMb KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2`X *Hmbi2`2/ bi�M/�`/
2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2
�i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2b 3 �M/ N #`Q�/Hv b?Qr i?�i i?2`2 �`2 MQ 2z2+ib Q7 i?2 i`2�iK2Mib QM r2HH@#2BM; Qmi+QK2b- 2Bi?2` BM i2`Kb
Q7 /Bbi`2bb UK2�bm`2/ mbBM; i?2 E2bbH2`@e b+�H2V Q` `2bBHB2M+2 �M/ b2H7@2{+�+vX h?2v �HbQ ?B;?HB;?i ?Qr T�`iB+BT�Mib
rBi? ?B;? i`�mK� �i #�b2HBM2 ?�p2 rQ`b2 r2HH@#2BM; Qmi+QK2bX q?BH2 i?2 2z2+i Q7 i?2 i`2�iK2Mib QM r2HH#2BM;
rBi?BM i?2 ?B;?@i`�mK� b�KTH2 Bb ;2M2`�HHv TQbBiBp2- +Q2{+B2Mib �`2 2biBK�i2/ rBi? MQBb2X

R8



9Xj �Hi2`M�iBp2 h?`2b?QH/ 7Q` "�b2HBM2 h`�mK� UA1a � k9V

h�#H2 Ry, J�BM Pmi+QK2b rBi? h`�mK� AMi2`�+iBQM lbBM; �Hi2`M�iBp2 h`�mK� AM/B+�iQ` UA1a � k9V

J2Mi�H 1tT2`B2M+BM;
U#mbBM2bbV

1�`MBM;b
T`2@*PoA.

1�`MBM;b
/m`BM; *PoA.

"mbBM2bb
T`2@*PoA.

"mbBM2bb
/m`BM; *PoA.

URV UkV UjV U9V U8V

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXRN3 @yXke3  @yXRj3 @yXyRj @yXy98
UyXRk9V UyXRjRV UyXyN9V UyXy9jV UyXy9RV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? h`�mK� UA1a � k9V yXRee yXy3R @yXyej yXy8N yXyjy
UyXRj9V UyXRkyV UyXRyNV UyXy88V UyXy89V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

h`�/BiBQM�H h`�BMBM; ੎ >B;? h`�mK� @yXy89 yXyyk yXyyj yXyRe yXy9k
UyXR39V UyXkkRV UyXR89V UyXydjV UyXydRV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

h`�/ Y h`�/ ੎ >B;? h`�mK� @yXk8j @yXkee @yXRj8 yXyyj @yXyy9
T@p�Hm2, h`�/ Y h`�/ ੎ >B;? h`�mK� 4 y yXyd3 yXRjj yXkde yXN88 yXN8k

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi yXRde yXkkd yXRke yXyje yXyNy   
UyXRyyV UyXRReV UyXy3yV UyXyj8V UyXyjjV
(yX83e) (yX88k) (yXeR8) (yXd3R) (yXyN8)

>B;? h`�mK� UA1a � k9V yXydj @yXyyy @yXy39 yXy8d yXy83
UyXRj8V UyXRdjV UyXRRjV UyXy9dV UyXy9dV
(RXyyy) (RXyyy) (RXyyy) (yXd3R) (yXd3R)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXRRk yXyjd yXyy9 @yXyRy @yXyeR
UyXRe8V UyXkyyV UyXRj3V UyXyeyV UyXy83V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (yXd3R)

:J1 Y :J1 ੎ >B;? h`�mK� yXk3d yXke9 yXRjy yXyk8 yXykN
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yXyjR yXyNN yXk9R yXeye yX89N

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi yXy9y yXyyy yXyRy yXy9R yXy83
UyXRyRV UyXy33V UyXydeV UyXyjdV UyXyjeV
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

>B;? h`�mK� UA1a � k9V yXRN3 yXyey @yXRkN yXy8k yXyk9
UyXRjjV UyXRyNV UyXRRyV UyXy89V UyXy89V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� @yXyyR @yXyR8 yXyjj @yXyye @yXyj8
UyXReyV UyXR9NV UyXRj8V UyXyeeV UyXye9V
(RXyyy) (RXyyy) (RXyyy) (RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? h`�mK� yXyj3 @yXyR9 yXy9j yXyj8 yXykj
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yXdeR yXNyy yXeNN yX8RN yXedk
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXdy yXdy
J2�M .o BM h`�/BiBQM�H @yXRy @yXky @yXRy yXdy yXey
L BM *QMi`QH jNy jkj 8jN jjj 88k
L BM h`�/BiBQM�H 98e j3y e9k jNk e8N
L BM :J1 3jN ee8 RRR8 edN RR98
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/ i`�/BiBQM�H i`�BMBM;V QM i?2 K�BM Qmi+QK2b
Q7 i?2 2tT2`BK2Mi- BMi2`�+i2/ rBi? �M BM/2t 7Q` ǳ>B;? h`�mK�ǴX q2 +�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 k9 Q` �#Qp2 QM
i?2 AKT�+i Q7 1p2Mi a+Q`2 UA1a@_V �i #�b2HBM2X S�M2H � b?Qrb i?2 2z2+i Q7 i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2
:J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX _2;`2bbBQMb
KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2`X *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM
b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

Re



h�#H2 RR, q2HH@"2BM; Pmi+QK2b rBi? h`�mK� AMi2`�+iBQM lbBM; �Hi2`M�iBp2 h`�mK� AM/B+�iQ` UA1a � k9V

Pp2`�HH AM/2t am#@BM/B+2b

q2HH#2BM; E2bbH2` _2bBHB2M+2 �M/
b2H7@2{+�+v

URV UkV UjV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H h`�BMBM; @yXyky @yXykR @yXy8y
UyXy39V UyXy39V UyXyNjV

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a � k9V @yX8jN   @yX8e9   @yXyjR

UyXRkjV UyXRkkV UyXRkeV
(yXyyR) (RXyyy)

h`�/BiBQM�H h`�BMBM; ੎ >B;? h`�mK� yXyRk yXyy3 yXydk
UyXR83V UyXR8eV UyXRedV

(RXyyy) (RXyyy)

h`�/ Y h`�/ ੎ >B;? h`�mK� @yXyyN @yXyRj yXykk
T@p�Hm2, h`�/ Y h`�/ ੎ >B;? h`�mK� 4 y yXN9N yXNkk yX3d8

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 h`2�iK2Mi @yXykd @yXyky @yXyRd
UyXydyV UyXye3V UyXy3yV

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a � k9V @yX8je   @yX8eR   yXyy3

UyXRyRV UyXRyyV UyXRR8V
(yXyyR) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXRyd yXRky @yXye9
UyXRjyV UyXRk3V UyXR9eV

(RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? h`�mK� yXydN yXRyy @yXy3R
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yX9e3 yXj8e yX8Rk

S�M2H *, :J1 pb *QMi`QH

:J1 h`2�iK2Mi @yXy93 @yXy8R @yXyRN
UyXydNV UyXyd3V UyXy38V

(RXyyy) (RXyyy)
>B;? h`�mK� UA1a � k9V @yX8dd   @yXey9   @yXy99

UyXRk9V UyXRkkV UyXRkdV
(yXyyR) (RXyyy)

:J1 h`2�iK2Mi ੎ >B;? h`�mK� yXRje yXR9N @yXyye
UyXR9NV UyXR9dV UyXR88V

(RXyyy) (RXyyy)

:J1 Y :J1 ੎ >B;? i`�mK� yXy33 yXyN3 @yXyk8
T@p�Hm2, :J1 Y :J1 ੎ >B;? h`�mK� 4 y yX9Nk yX9j9 yX39N
J2�M .o BM *QMi`QH yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H yXyy yXyy yXyy
L BM *QMi`QH 898 898 898
L BM h`�/BiBQM�H e9N e9d e9N
L BM :J1 RRj9 RRjj RRj9
h?Bb i�#H2 b?Qrb i?2 BKT�+i Q7 2�+? i`2�iK2Mi BM i?2 *QHQK#B� 2tT2`BK2Mi U:J1 i`2�iK2Mi �M/
i`�/BiBQM�H i`�BMBM;V QM i?2 r2HH@#2BM; Qmi+QK2b- BMi2`�+i2/ rBi? �M BM/2t 7Q` ǳ>B;? h`�mK�ǴX q2
+�i2;Q`Bx2 `2bTQM/2Mib �b ǳ>B;? h`�mK�Ǵ B7 i?2v b+Q`2 k9 Q` �#Qp2 QM i?2 AKT�+i Q7 1p2Mi a+Q`2
UA1a@_V �i #�b2HBM2X h?2 }`bi bm#@BM/2t +�Tim`2b Tbv+?QHQ;B+�H `2bBHB2M+2 UaBM+H�B` �M/ q�HHbiQM-
kyy9c aKBi? 2i �HX- kyy3c *?2M 2i �HX- kyyRVX h?2 b2+QM/ bm#@BM/2t `2~2+ib Tbv+?QHQ;B+�H /Bbi`2bb-
�b K2�bm`2/ #v i?2 E2bbH2` Ee MQM@bT2+B}+ /Bbi`2bb b+�H2 UE2bbH2` 2i �HX- kyykVX _2;`2bbBQMb
KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7 i?2 T�T2`X S�M2H � b?Qrb i?2 2z2+i Q7
i?2 i`�/BiBQM�H i`�BMBM; p2`bmb +QMi`QH- S�M2H " +QKT�`2b i?2 :J1 i`2�iK2Mi iQ i?2 i`�/BiBQM�H
i`2�iK2Mi �M/ S�M2H * HQQFb �i i?2 BKT�+i Q7 i?2 :J1 i`2�iK2Mi rBi? `2bT2+i iQ i?2 +QMi`QHX
*Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX  -   -    
/2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2b Ry �M/ RR b?Qr i?�i i?2 ?2i2`Q;2M2Biv Q7 i`2�iK2Mi 2z2+ib #v i`�mK� T`2b2Mi2/ BM i?2 T�T2` Bb `Q#mbi iQ
i?2 T`2+Bb2 /2}MBiBQM Q7 i`�mK� mb2/X AM T�`iB+mH�`- mbBM; �b /2}MBiBQM Q7 ǳ>B;? h`�mK�Ǵ #2BM; �#Qp2 k9 BM i?2
AKT�+i Q7 1p2Mi a+Q`2 UA1aV ;Bp2b [m�HBi�iBp2Hv bBKBH�` `2bmHib iQ i?2 �Hi2`M�iBp2 /2}MBiBQMb Q7 ǳ>B;? h`�mK�Ǵ mb2/
BM i?2 T�T2` �M/ BM i?Bb `2TQ`i- 7Q` #Qi? 2+QMQKB+ �M/ r2HH#2BM; Qmi+QK2bX

Rd



8X _Q#mbiM2bb Q7 J�BM _2bmHib _2KQpBM; qBMbQ`Bb�iBQM

h�#H2 Rk, J�BM 1+QMQKB+ Pmi+QK2b rBi? LQM@qBMbQ`Bb2/ 1+QMQKB+ AM/B+�iQ`b

Pp2`�HH AM/B+2b S`2@+QpB/ bm#@BM/B+2b *QpB/ bm#@BM/B+2b

S`2@+QpB/ *QpB/ 1�`MBM;b 1�`MBM;b a�72iv
M2ib

*QpB/
�+iBQMb

URV UkV UjV U9V U8V UeV

S�M2H �, h`�/BiBQM�H pb *QMi`QH

h`�/BiBQM�H i`�BMBM; @yXR8d  @yXyNy @yXkkj  @yXR98  yXyRj @yXydk
UyXyd3V UyXyeNV UyXyN8V UyXydRV UyXye3V UyXyedV

(yXy3k) (yXy3k) (yXeyk) (yXkjk)

S�M2H ", :J1 pb h`�/BiBQM�H

:J1 i`�BMBM; yXRjy  yXRj3  yXR39  yXR9y  yXyk8 yXy3R
UyXyeeV UyXy8NV UyXy3kV UyXyeyV UyXy8dV UyXy83V

(yXy8j) (yXy8j) (yXkdR) (yXRky)

S�M2H *, :J1 pb *QMi`QH

:J1 i`�BMBM; yXyy3 yXydj @yXyR9 yXyj3 yXy9e @yXyy9
UyXyejV UyXyeyV UyXye8V UyXy83V UyXyeRV UyXyejV

(RXyyy) (RXyyy) (RXyyy) (RXyyy)
J2�M .o BM *QMi`QH yXyy yXyy yXyy yXyy yXyy yXyy
J2�M .o BM h`�/BiBQM�H @yXRy @yXRy @yXky @yXRy yXyy @yXRy
L BM *QMi`QH j9e 88k jkj 8jN 89e 88R
L BM h`�/BiBQM�H 9yd eey j3y e9k e8y e8d
L BM :J1 dy9 RR9d ee8 RRR8 RRj9 RR9k
h?Bb i�#H2 b?Qrb `2bmHib QM i?2 K�BM 2+QMQKB+ BM/B+2b mb2/ BM i?2 T�T2`- #mi rBi?Qmi rBMbQ`Bx�@
iBQM �i i?2 NN֏ԗ T2`+2MiBH2X _2;`2bbBQMb KQ/2Hb �M/ +QMi`QHb �`2 /2}M2/ �b BM i?2 K�BM i�#H2b Q7
i?2 T�T2`X *Hmbi2`2/ bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b- 6._ b?�`T2M2/ [@p�Hm2b BM b[m�`2 #`�+F2ibX
 -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 Rk b?Qrb i?�i i?2 K�BM `2bmHib Q7 i?2 T�T2` QM 2+QMQKB+ Qmi+QK2b �`2 `Q#mbi r?2M r2 +QMbB/2` MQM@rBMbQ`Bx2/
p�`B�#H2b BM Qm` 2+QMQKB+ BM/B+2bX

R3



eX .2�HBM; rBi? �ii`BiBQM, G22 "QmM/b U2ti`�- MQi BM+Hm/2/ BM S�SV

h�#H2 Rj, G22 "QmM/b

:J1@h`�/BiBQM�H :J1@*QMi`QH h`�/BiBQM�H@*QMi`QH
J2�M h`2�iK2Mi

1z2+i
(L)

GQr2`flTT2`
"QmM/b
(L)

J2�M h`2�iK2Mi
1z2+i
(L)

GQr2`flTT2`
"QmM/b
(L)

J2�M h`2�iK2Mi
1z2+i
(L)

GQr2`flTT2`
"QmM/b
(L)

J�t .Bz �ii`BiBQM yXNW J�t .Bz �ii`BiBQM eXdW J�t .Bz �ii`BiBQM dXeW
J2Mi�H 1tT2`B2M+BM; UQp2`�HHV yXyke yXyRRfyXy9N yXyR9 @yXRye fyXR8e  @yXyeN @yXR8N  fyXRyy

(RdNe) (Rd3d) (ReNy) (Reky) (Rkye) (RRe8)

J2Mi�H 1tT2`B2M+BM; U#mbBM2bbV yXRd3  yXRe9  fyXkyR   yXy9e @yXyeRfyXky9   @yXR8d @yXk8k   fyXyk3

(RkN8) (Rk33) (RkkN) (RRd3) (39e) (3RNf3RN)

J2Mi�H 1tT2`B2M+BM; UMQM@#mbBM2bbV @yXyye @yXykyfyXyky yXyy9 @yXRy8 fyXR9e  @yXy9N @yXR9N  fyXRky 

(RdNe) (Rd3d) (ReNy) (Reky) (Rkye) (RRe8)

1�`MBM;b T`2@*PoA. yXRNR  yXRdd  fyXk3N   @yXyyd @yXyeRfyXRj8  @yXkkk  @yXkNd   fyXyRN

(Ry98) (Nj9) (N33) (3e3) (dyj) (eky)

"mbBM2bb T`2@*PoA. yXyky yXykefyXyjN yXyjR yXyk8fyXyej  yXyyR @yXykyfyXyR3

(RydR) (N8e) (RyRk) (3Ny) (dk8) (ejd)

1�`MBM;b /m`BM; *PoA. yXR9R  yXRj8  fyXReR   yXy9y @yXyy3fyXkyR   @yXR99  @yXRNN   fyXy83

(Rd8d) (Rd93) (Re89) (R838) (RR3R) (RR9k)

"mbBM2bb /m`BM; *PoA. yXy93 yXy98 fyXy8j  yXyjj yXyR9fyXyd8   @yXykk @yXy99fyXyRj

(R3y9) (RdN9) (ReNd) (Reke) (RkRR) (RRdyfRRdy)

a�72iv AM/2t yXyk9 yXyRjfyXy98 yXy9d @yXy98fyXRN8   yXyR9 @yXy3RfyXR9k  

(Rd39) (Rdd8) (Re3y) (ReRy) (RRNe) (RR88)

"mbBM2bb _2bTQMb2 yXy39 yXy9kfyXRRN  @yXyyj @yXRdk   fyXRe9   @yXyd9 @yXkkk   fyXRyy

(RdNN) (RdNy) (ReNj) (Rekk) (Rky3) (RRed)

AMp2biK2Mi yXyee yXy9efyXyd9 yXyek @yXyN9 fyXRky  @yXy93 @yXkyy   f@yXyyy

(R3ke) (R3Re) (Rdkj) (Re8k) (RkjR) (RRNyfRRNy)

E2bbH2` yXyRd yXyyefyXy9R yXyRR @yXydefyXR8j  @yXyRk @yXyNefyXRk8 

(Rd3y) (RddR) (Red3) (Rey3) (RRNk) (RR8k)

Sbv+?X _2bBHB2M+2 @yXyj8 @yXy93f@yXyyR @yXy9N @yXRj3  fyXRR3 @yXy8k @yXR9y fyXRy8

(Rd3j) (Rdd9) (RedN) (ReyN) (RRN9) (RR8jfRR8j)

h?Bb i�#H2 b?Qrb G22 #QmM/b 7Q` 2biBK�i2/ i`2�iK2Mi 2z2+ib �`2 b?QrM BM *QHmKMb UkV- U9V �M/ UeVX h?2 MmK#2` Q7 Q#b2`p�iBQMb BM+Hm/2/ r?2M
+�H+mH�iBM; i?2 mTT2` �M/ HQr2` #QmM/b �`2 b?QrM BM b[m�`2 #`�+F2ibX  -   -    /2MQi2 bB;MB}+�M+2 �i i?2 Ry- 8- �M/ R T2`+2Mi H2p2Hb `2bT2+iBp2HvX

h�#H2 Rj b?Qrb G22 "QmM/b 7Q` i?2 K�BM Qmi+QK2b Q7 BMi2`2bi BM i?2 2tT2`BK2MiX Ai b?Qrb i?�i i?2 i`2�iK2Mi
2z2+ib Q7 i?2 :J1 i`�BMBM; +QKT�`2/ iQ i?2 i`�/BiBQM�H i`�BMBM; �`2 #QmM/2/ �r�v 7`QK x2`Q- +QM}`KBM; i?�i i?2`2
Bb � TQbBiBp2 BKT�+i Q7 Qm` :J1 i`�BMBM; +QKT�`2/ iQ � i`�/BiBQM�H #mbBM2bb i`�BMBM;X _2;�`/BM; i?2 +QKT�`BbQM
#2ir22M 2�+? i`�BMBM; �`K �M/ i?2 MQ@BMi2`p2MiBQM ;`QmT- i?2 G22 #QmM/b QM Qm` K�BM 2+QMQKB+ Qmi+QK2b Q7 BMi2`2bi
UBX2X 2�`MBM;b- #mbBM2bb bi�imb �M/ K2Mi�H 2tT2`B2M+BM;V �`2 �HbQ /B`2+iBQM�HHv �HB;M2/ rBi? i?2 `2bmHib T`2b2Mi2/ BM
i?2 K�BM i�#H2bX

RN



_272`2M+2b
"2HHQMB- �X- oX *?2`MQx?mFQp- �M/ *X >�Mb2M UkyR9VX AM72`2M+2 QM h`2�iK2Mi 1z2+ib �7i2` a2H2+iBQM �KQM; >B;?@
.BK2MbBQM�H *QMi`QHbX h?2 _2pB2r Q7 1+QMQKB+ aim/B2b 3RUkV- ey3Ĝe8yX

"2MD�KBMB- uX- �X JX E`B2;2`- �M/ .X u2FmiB2HB UkyyeVX �/�TiBp2 HBM2�` bi2T@mT T`Q+2/m`2b i?�i +QMi`QH i?2 7�Hb2
/Bb+Qp2`v `�i2X "BQK2i`BF� NjUjV- 9NRĜ8ydX

*?2M- :X- aX JX :mHHv- �M/ .X 1/2M UkyyRVX o�HB/�iBQM Q7 � M2r ;2M2`�H b2H7@2{+�+v b+�H2X P`;�MBx�iBQM�H `2b2�`+?
K2i?Q/b 9URV- ekĜ3jX

E2bbH2`- _X *X- :X �M/`2rb- GX CX *QHT2- 1X >B`BTB- .X EX J`Q+x2F- aX@GX LQ`K�M/- 1X 1X q�Hi2`b- �M/ �X JX
w�bH�pbFv UkyykVX a?Q`i b+`22MBM; b+�H2b iQ KQMBiQ` TQTmH�iBQM T`2p�H2M+2b �M/ i`2M/b BM MQM@bT2+B}+ Tbv+?QHQ;B+�H
/Bbi`2bbX Sbv+?QHQ;B+�H K2/B+BM2 jkUeV- N8NĜNdeX

EHBM;- CX _X- CX "X GB2#K�M- �M/ GX 6X E�ix UkyydVX 1tT2`BK2Mi�H �M�HvbBb Q7 L2B;?#Q`?QQ/ 1z2+ibX 1+QMQK2i@
`B+� d8URV- 3jĜRRNX

G22- .X aX UkyyNVX h`�BMBM;- q�;2b- �M/ a�KTH2 a2H2+iBQM, 1biBK�iBM; a?�`T "QmM/b QM h`2�iK2Mi 1z2+ibX _2pB2r
Q7 1+QMQKB+ aim/B2b deUjV- RydRĜRRykX

L2HBb- aX- 1X �X >QHK2b- CX qX :`B{i?- �M/ 6X _�2b UkyRNVX J2Mi�H BK�;2`v /m`BM; /�BHv HB72, Sbv+?QK2i`B+
2p�Hm�iBQM Q7 i?2 aTQMi�M2Qmb lb2 Q7 AK�;2`v a+�H2 UalAaVX Sbv+?QHQ;B+� "2H;B+� 89URV- RNX

aBM+H�B`- oX :X �M/ EX �X q�HHbiQM Ukyy9VX h?2 /2p2HQTK2Mi �M/ Tbv+?QK2i`B+ 2p�Hm�iBQM Q7 i?2 "`B27 _2bBHB2Mi
*QTBM; a+�H2X �bb2bbK2Mi RRURV- N9ĜRyRX

aKBi?- "X qX- CX .�H2M- EX qB;;BMb- 1X hQQH2v- SX *?`BbiQT?2`- �M/ CX "2`M�`/ Ukyy3VX h?2 #`B27 `2bBHB2M+2 b+�H2,
�bb2bbBM; i?2 �#BHBiv iQ #QmM+2 #�+FX AMi2`M�iBQM�H DQm`M�H Q7 #2?�pBQ`�H K2/B+BM2 R8- RN9ĜkyyX

aiƺ#2`- CX UkyyyVX S`QbT2+iBp2 +Q;MBiBQMb BM �MtB2iv �M/ /2T`2bbBQM, _2THB+�iBQM �M/ K2i?Q/QHQ;B+�H 2ti2MbBQMX
*Q;MBiBQM � 1KQiBQM R9U8V- dk8ĜdkNX

uQmM;- �X UkyRNVX *?�MM2HBM; 6Bb?2`, _�M/QKBx�iBQM i2bib �M/ i?2 bi�iBbiB+�H BMbB;MB}+�M+2 Q7 b22KBM;Hv bB;MB}+�Mi
2tT2`BK2Mi�H `2bmHibX h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b Rj9UkV- 88dĜ8N3X
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