
*?�Ti2` k

"`22/BM; S`Q;`�Kb

kXR AMi`Q/m+iBQM

�b K2MiBQM2/ BM +?�Ti2` R �TTHB2/ T`2/B+iBQM Q7 #`22/BM; p�Hm2b Bb �M BMi2;`�H
T�`i Q7 #`22/BM; T`Q;`�KbX 6B;m`2 kXR b?Qrb i?2 +QMM2+iBQM #2ir22M i?2 /Bz2`@
2Mi T�`ib Q7 � #`22/BM; T`Q;`�KX
h?2 /2bB;M T`Q+2bb �M/ i?2 BKTH2K2Mi�iBQM Q7 � #`22/BM; T`Q;`�K �`2 /2i2`@
KBM2/ #v i?2 7QHHQrBM; irQ [m2biBQMbX

RX q?B+? ;Q�Hb b?QmH/ #2 �+?B2p2/ rBi? � #`22/BM; T`Q;`�K\
kX q?�i ivT2b Q7 K2�bm`2b b?QmH/ #2 mb2/ iQ �+?B2p2 i?2 #`22/BM; ;Q�H\

AM #Qi? [m2biBQMb i?2 #`22/BM; ;Q�H Bb � +2Mi`�H TQBMi �M/ ?2M+2 BM Q`/2` iQ #2
�#H2 iQ TH�M �M/ iQ BKTH2K2Mi � #`22/BM; T`Q;`�K- Bi Bb �M �#bQHmi2 `2[mB`2K2Mi
iQ /2}M2 � #`22/BM; ;Q�HX "`22/BM; ;Q�Hb +�M #2 /2}M2/ QM /Bz2`2Mi H2p2HbX 6Q`
2t�KTH2- #`22/BM; ;Q�Hb +�M #2

Ç 2+QMQKB+
Ç #BQHQ;B+�H
Ç 2i?B+�H Q`
Ç i�+iB+�H

1+QMQKB+ #`22/BM; ;Q�Hb �`2 7Q+mbBM; QM i?2 T`Q}i Q#i�BM2/ #v HBp2biQ+F #`22/@
BM;X "BQHQ;B+�H ;Q�Hb �`2 mb2/ r?2M i`�Bib /Q MQi ?�p2 �Mv K�`F2i�#H2 p�Hm2X AM
+�iiH2 #`22/BM;- #BQHQ;B+�H ;Q�Hb �`2 �TTHB2/ 7Q` b2+QM/�`v i`�BibRX 1i?B+�H #`22/@
BM; ;Q�Hb �`2 � KQ`2 `2+2Mi /2p2HQTK2MiX h?2B` K�BM 7Q+mb Bb i?2 T`2p2MiBQM
Q7 T?2MQivT2b r?B+? /Q MQi �HHQr i?2 �MBK�Hb iQ H2�/ � HB72 i?�i Bb 7`22 Q7 T�BM
�M/ Qi?2` ?2�Hi? `2H�i2/ `2bi`B+iBQMbX AM bQK2 +�b2b #`22/2`b KB;?i mb2 i�+iB+�H
;Q�Hb iQ bi�v BM #mbBM2bb r?B+? rQmH/ MQi #2 DmbiB}2/ #v 2+QMQKB+ `2�bQMbX
h?2`2 2tBbi irQ ivT2b Q7 #`22/BM; T`Q;`�KbX

R1t�KTH2b Q7 bm+? i`�Bib �`2 ?2�Hi? i`�Bib- +QM7Q`K�iBQM Q` HQM;2pBivX

RR
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6B;m`2 kXR, *QMM2+iBQM "2ir22M S�`ib P7 � "`22/BM; S`Q;`�K
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Ç #`22/BM; T`Q;`�Kb r?B+? 7Q+mb QM b2H2+iBQM `2bTQMb2
Ç #`22/BM; T`Q;`�Kb BM r?B+? i?2 �#BHBiv iQ b2HH #`22/BM; T`Q/m+i �M/ b2`@

pB+2b Bb Q7 +2Mi`�H BKTQ`i�M+2X
�i }`bi bB;?i- QM2 +QmH/ i?BMF i?�i �HH #`22/BM; T`Q;`�Kb �`2 7Q+mbBM; QM i?2
�+?B2p2K2Mi Q7 � +2`i�BM �KQmMi Q7 b2H2+iBQM `2bTQMb2X .2bTBi2 i?�i Bi Bb biBHH BK@
TQ`i�Mi iQ K�F2 i?Bb /Bz2`2MiB�iBQMX h?2 }`bi ivT2 Q7 #`22/BM; ;Q�Hb +�M K�BMHv
#2 Q#b2`p2/ BM +QmMi`B2b rBi? b+�`+2 `2bQm`+2b 7Q` ?mK�M Mmi`BiBQM �M/ rBi? �
`2bi`B+i2/ Qz2` 7Q` �MBK�H 7QQ/kX AM bm+? +QmMi`B2b i?2`2 Bb MQ BM7`�bi`m+im`2
�M/ i?2 7Q+mb Q7 HBp2biQ+F #`22/BM; Bb iQ mb2 i?2 �p�BH�#H2 `2bQm`+2b �b 2{+B2MiHv
�b TQbbB#H2X h?Bb Bb QMHv TQbbB#H2 pB� i?2 �+?B2p2K2Mi Q7 b2H2+iBQM `2bTQMb2X h?2
}`bi ivT2 Q7 #`22/BM; T`Q;`�Kb +�M �HbQ #2 Q#b2`p2/ BM +QmMi`B2b rBi? H�`;2
?2`/b Q` rBi?BM T`Bp�i2 +QKT�MB2b r?B+? `mM i?2B` QrM #`22/BM; T`Q;`�KbX 6Q`
bm+? H�`;2 7�`Kb Q` +QKT�MB2b- i?2B` #mbBM2bb bm++2bb /2T2M/b QM i?2 `2�HBx�iBQM
Q7 b2H2+iBQM `2bTQMb2X 1t�KTH2b r?2`2 bm+? #`22/BM; T`Q;`�Kb +�M #2 Q#b2`p2/
�`2 H�`;2 #227 +�iiH2 7�`Kb BM �mbi`�HB� Q` �`;2MiBM� Q` BM H�`;2 +QKT�MB2b BM TB;
#`22/BM; Q` BM +?B+F2M #`22/BM;X AM +�iiH2 #`22/BM; i?Bb ivT2 Q7 /2p2HQTK2Mi Bb
QMHv �i �M 2�`Hv bi�;2X "mi H�`;2 +QKT�MB2b BM i?2 �`2� Q7 �`iB}+B�H BMb2KBM�iBQM
U�AV bi�`i iQ i�F2 � /QKBM�iBM; `QH2 BM i?2 #`22/BM; #mbBM2bbX
h?2 b2+QM/ +�i2;Q`v Q7 #`22/BM; T`Q;`�Kb +�M #2 Q#b2`p2/ BM +�iiH2 #`22/BM; �M/
TB; #`22/BM; Q7 /2p2HQT2/ +QmMi`B2bX AM i?Bb bBim�iBQM- QMHv 72r 7�`Kb �M/ 72r
�A +QKT�MB2b /2i2`KBM2 i?2 #`22/BM; T`Q;`�KX h?2 #mbBM2bb bm++2bb Q7 i?2b2
72r +QKT�MB2b Bb KQ`2 BKTQ`i�Mi i?�M i?2 `2�HBx�iBQM Q7 b2H2+iBQM `2bTQMb2 Q7
i?2 TQTmH�iBQMX a2H2+iBQM `2bTQMb2 Bb biBHH /2bB`�#H2 #mi QMHv �b 7�` �b Bi ?2HTb 7Q`
K�tBKBxBM; i?2 T`Q}i Q7 i?2 72r BKTQ`i�Mi +QKT�MB2bX h?2 /Bz2`2M+2 #2ir22M
i?2 irQ ivT2b Q7 #`22/BM; T`Q;`�Kb Bb QMHv p2`v bK�HH- #mi Bi Bb BKTQ`i�Mi iQ
`2�HBx2 i?�i i?Bb /Bz2`2M+2 /Q2b 2tBbiX

kXk S�`ib P7 � "`22/BM; S`Q;`�K

6B;m`2 kXR b?Qrb i?2 T�`ib Q7 � #`22/BM; T`Q;`�KX h?2 /2bB;M Q7 � #`22/BM;
T`Q;`�K bi�`ib rBi? i?2 /2}MBiBQM Q7 � #`22/BM; ;Q�HX h?2 T2`7Q`K�M+2 i2biBM;-
i?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b �M/ i?2 K2�bm`2K2Mi Q7 i?2 b2H2+iBQM `2bTQMb2
�`2 T�`ib Q7 i?2 BM7Q`K�iBQM +2Mi2`2/ �bT2+i Q7 i?2 #`22/BM; T`Q;`�K Ub?QrM
BM ;`22MVX h?2 BKTH2K2Mi�iBQM T�`ib +QMbBbiBM; Q7 `2T`Q/m+iBQM i2+?MQHQ;B2b-
b2H2+iBQM �M/ K�iBM; �`2 /BbTH�v2/ BM `2/X

kXkXR S2`7Q`K�M+2 h2biBM;

a2`BQmb HBp2biQ+F #`22/BM; Bb �Hr�vb #�b2/ QM /�i�X h?2b2 /�i� �`2 mb2/ /B`2+iHv
�b b2H2+iBQM +`Bi2`B� Q` i?2v �`2 mb2/ �b BMTmi 7Q` T`2/B+iBM; #`22/BM; p�Hm2bX h?2
�++m`�+v Q7 i?2 +QHH2+i2/ /�i� /2i2`KBM2b i?2 [m�HBiv Q7 i?2 /2`Bp2/ T�`�K2i2`b

kam+? +QM/BiBQMb +QmH/ �HbQ #2 Q#b2`p2/ BM 1m`QT2 /m`BM; i?2 }`bi ?�H7 Q7 i?2 20th +2Mim`vX
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bm+? �b ?2`Bi�#BHBiv �M/ T`2/B+i2/ #`22/BM; p�Hm2bX �b � +QMb2[m2M+2 Q7 i?�i- �b
Km+? /�i� b?QmH/ #2 +QHH2+i2/ 7Q` 2p2`v �MBK�H BM i?2 TQTmH�iBQMX h?Bb +�MMQi
#2 /QM2 #2+�mb2 Bi Bb iQQ 2tT2MbBp2X h?2`27Q`2 2p2`v #`22/BM; Q`;�MBb�iBQM
?�b iQ QTiBKBx2 #2ir22M i?2 �KQmMi Q7 /�i� +QHH2+i2/ �M/ i?2 +Qbib i?�i �`2
Q++m``BM; 7Q` i?2 /�i� `2+Q`/BM; �+iBpBiB2bX
1tBbiBM; /�i� `2+Q`/BM; �+iBpBiB2b r2`2 Q7i2M bi�`i2/ 7Q` `2�bQMb i?�i �`2 MQi
`2H�i2/ iQ HBp2biQ+F #`22/BM;X h?2 7QHHQrBM; HBbi ;Bp2b � 72r 2t�KTH2bX

Ç KBHF b�KTH2 i2biBM; r�b bi�`i2/ 7Q` `2�bQMb Q7 [m�HBiv �bbm`�M+2 BM KBHF
BM/mbi`v +QKT�MB2b

Ç bi�iBQM #�b2/ i2biBM; BM TB; #`22/BM; r�b BMi`Q/m+2/ iQ K�F2 i?2 Q#b2`p2/
T2`7Q`K�M+2b +QKT�`�#H2

Ç QrM T2`7Q`K�M+2 `2+Q`/b Q7 �MBK�Hb �`2 biBHH i?2 KQbi BKTQ`i�Mi bQm`+2 Q7
BM7Q`K�iBQM

Ç BM /�B`v +�iiH2 #27Q`2 i?2 BMi`Q/m+iBQM Q7 ;2MQKB+ b2H2+iBQM- T`Q;2Mv i2biBM;
r�b i?2 KQbi BKTQ`i�Mi bQm`+2 Q7 BM7Q`K�iBQM 7Q` #mHHb BM i`�Bib i?�i �`2
QMHv 2tT`2bb2/ BM 72K�H2 QzbT`BM;bX

h?2 T2`7Q`K�M+2 i2biBM; T`Q;`�Kb /2i2`KBM2 �i r?B+? iBK2 TQBMi �M/ 7Q` r?B+?
�MBK�Hb r?B+? ivT2b Q7 /�i� �`2 �p�BH�#H2X h?2 H2M;i? Q7 i?2 ;2M2`�iBQM BMi2`p�H
/Q2b ?�p2 �M BM~m2M+2 QM r?2M +2`i�BM i`�Bib r?B+? �`2 2tT`2bb2/ QMHv BM QM2
b2t +�M #2 Q#b2`p2/X

kXkXRXR *H�bbB}+�iBQM Q7 S2`7Q`K�M+2 h2bib

S2`7Q`K�M+2 i2bib +�M #2 +H�bbB}2/ �++Q`/BM; iQ i?2 TH�+2 r?2`2 i?2 i2bi i�F2b
TH�+2X h?2 irQ K�BM ivT2b �`2 bi�iBQM i2bib �M/ }2H/ i2bibX ai�iBQMb i2bib
�HHQr 7Q` KQ`2 bi�M/�`/Bx2/ i2biBM; 2MpB`QMK2Mib �M/ 7Q` i?2 +QHH2+iBQM Q7 KQ`2
i`�Bib T2` i2bi2/ �MBK�HX AM K�Mv +�b2b i2biBM; bi�iBQMb �`2 �bbQ+B�i2/ rBi?
Q` ?�p2 i?2B` QrM `2b2�`+? H�#Q`�iQ`B2b BM r?B+? `2b2�`+? �#Qmi M2r i`�Bib Bb
+QM/m+i2/X h2biBM; bi�iBQMb �`2 +Qbi BMi2MbBp2 �M/ bQK2 T2QTH2 ?�p2 /Qm#ib
�#Qmi i?2 ;2M2`�HBx�#BHBiv Q7 bi�iBQM i2bi `2bmHib iQ i?2 KQ`2 ;2M2`�H +QM/BiBQMb
BM i?2 }2H/X
6B2H/ i2biBM; �`2 KQ`2 +Qbi 2{+B2Mi �M/ ?�TT2M mM/2` }2H/ +QM/BiBQMbX h?2
BMi`Q/m+iBQM Q7 "GlS �MBK�H KQ/2Hb iQ T`2/B+i #`22/BM; p�Hm2b �HHQrb 7Q` i?2
bBKmHi�M2Qmb 2biBK�iBQM Q7 2MpB`QMK2Mi�H 2z2+ib iQ;2i?2` rBi? i?2 T`2/B+iBQM
Q7 #`22/BM; p�Hm2bX >2M+2 � +QMbi�Mi �M/ +QMi`QHH�#H2 i2biBM; 2MpB`QMK2Mi ?�b
HQbi Bib DmbiB}+�iBQMX 6B2H/ i2biBM; +�M #2 KQ`2 pmHM2`�#H2 iQ bT2+B�H i`2�iK2Mib
Q7 b2H2+iBQM +�M/B/�i2bX
AM T`�+iB+�H HBp2biQ+F #`22/BM; r?2M2p2` TQbbB#H2 /�i� 7`QK i2biBM; bi�iBQMb �M/
7`QK }2H/ i2bib �`2 +QK#BM2/ iQ K�F2 QTiBK�H mb2 Q7 i?2 +QHH2+i2/ /�i� iQ
T`QpB/2 T`2/B+iBQMb Q7 #`22/BM; p�Hm2b rBi? K�tBK�H �++m`�+vX h?Bb Bb +2`i�BMHv
i?2 +�b2 BM TB; #`22/BM; bBM+2 i?2 H�i2 RNNybX AM +�iiH2 #`22/BM; T2`BQ/B+�HHv
`2im`MBM; 2tT2`BK2Mib rBi? bi�iBQM i2biBM; ?2`/b �`2 T2`7Q`K2/X AM i?2 RNNyb
i?2`2 r2`2 b2p2`�H i2biBM; ?2`/b mbBM; KmHiBTH2 QpmH�iBQM �M/ 2K#`vQ i`�Mb72`
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UJP1hV i2+?MQHQ;B2bX JQ`2 `2+2MiHv b2p2`�H 2tT2`BK2Mib rBi? KBt2/ 7Q`Kb Q7
bi�iBQM �M/ }2H/ i2biBM; r2`2 bi�`i2/X h?2 M2r ivT2b Q7 K2K#2`b?BT 7Q`Kb Q7
i?2 H�`;2 /�B`v +�iiH2 #`22/BM; Q`;�MBb�iBQMb +�M �HbQ #2 pB2r2/ �b bm+? KBt2/
T2`7Q`K�M+2 i2biBM; 7Q`KbX
� /Bz2`2Mi +H�bbB}+�iBQM +`Bi2`BQM 7Q` T2`7Q`K�M+2 i2bib �`2 i?2 `2H�iBQMb?BT #2@
ir22M i?2 b2H2+iBQM +�M/B/�i2 �M/ i?2 i2bi2/ �MBK�HbX "�b2/ QM i?�i +`Bi2`BQM
i?2 7QHHQrBM; i2bib +�M #2 /Bz2`2MiB�i2/,

Ç QrM T2`7Q`K�M+2 i2bi, T2`7Q`K�M+2 Q7 i?2 b2H2+iBQM +�M/B/�i2 Bb /B`2+iHv
K2�bm`2/

Ç bB# i2bi, i2bi2/ �MBK�Hb �M/ b2H2+iBQM +�M/B/�i2 �`2 7mHH@ Q` ?�H7@bB#b
Ç T`Q;2Mv i2bi, b2H2+iBQM +�M/B/�i2 Bb � T�`2Mi Q7 i?2 i2bi2/ �MBK�HbX

kXkXRXk h`�Bib

AM � #`22/BM; T`Q;`�K T2`7Q`K�M+2 i2bib b?QmH/ #2 /QM2 7Q` i?2 KQbi BKTQ`@
i�Mi i`�BibX hQ #2 �#H2 iQ BM+Hm/2 � i`�Bi BM � T2`7Q`K�M+2 i2bi- i?2 7QHHQrBM;
`2[mB`2K2Mib Kmbi #2 K2iX

Ç K2�bm`�#H2 rBi? ?B;? �++m`�+v
Ç 2+QMQKB+�HHv BKTQ`i�Mi
Ç bm{+B2MiHv H�`;2 ;2M2iB+ p�`B�M+2 �M/ `2�bQM�#H2 ?2`Bi�#BHBiv
Ç K2�bm`2K2Mi T`Q+2/m`2 b?QmH/ ?�p2 ?B;? `2T2�i�#BHBiv
Ç K2�bm`2K2Mi T`Q+2/m`2 Kmbi #2 mM#B�b2/ rBi? `2bT2+i iQ /Bz2`2Mi 2ti2`@

M�H 7�+iQ`b
Ç K2�bm`2/ i`�Bib b?QmH/ ?�p2 �b +HQb2Hv `2H�i2/ iQ T?vbBQHQ;B+�H 2tT`2bbBQM

Q7 i`�Bi Q7 BMi2`2bi
Ç r?2M2p2` TQbbB#H2 i`�Bib b?QmH/ #2 K2�bm`2 �M/ MQi bm#D2+iBp2Hv �bb2bb2/

*2`i�BM i`�Bib �`2 iQQ 2tT2MbBp2 iQ K2�bm`2 /B`2+iHvX AM i?Bb +�b2b �mtBHH�`v
i`�Bib �`2 mb2/X �mtBHB�`v i`�Bib Kmbi #2 2�bv �M/ 2{+B2Mi iQ K2�bm`2 �M/
Kmbi #2 +HQb2Hv +QMM2+i2/ iQ i?2 i`�Bi Q7 BMi2`2biX 1t�KTH2b Q7 �mtBHB�`v i`�Bib
�`2 #�+F@7�i i?B+FM2bb BM TB;b mb2/ �b T`Qtv i`�Bi 7Q` K2�iBM2bbX AM /�B`v +�iiH2
bQK�iB+ +2HH +QmMib �`2 mb2/ �b � T`Qtv 7Q` K�biBiBbX q?2M mbBM; �mtBHB�`v Q`
T`Qtv i`�Bib- QM2 ?�b iQ T2`BQ/B+�HHv p2`B7v i?2 +QMM2+iBQM #2ir22M i?2 T`Qtv
�M/ i?2 i`�Bi Q7 BMi2`2biX "2+�mb2 b2H2+iBQM Bb � /vM�KB+ T`Q+2bb +QMM2+iBQMb
#2ir22M i`�Bib �`2 bm#D2+i iQ +?�M;2bX

kXkXk S`2/B+iBQM P7 "`22/BM; o�Hm2b

h?2 K�DQ`Biv Q7 i?2 �+iBp2 #`22/BM; T`Q;`�Kb mb2 T`2/B+i2/ #`22/BM; p�Hm2bX
AM arBix2`H�M/- 72/2`�H `2;mH�iBQMb T`2b+`B#2 i?2 T`Q+2bb Q7 T`2/B+iBM; #`22/BM;
p�Hm2b BM Q`/2` iQ `2+2Bp2 bm#bB/B2b 7Q` i?2 #`22/BM; T`Q;`�KX h?2 T`2/B+iBQMb
b?QmH/ +Q``2+i 7Q` i?2 2MpB`QMK2Mi�H 7�+iQ`bX 1bT2+B�HHv r?2M +QMbB/2`BM; i`�Bib
rBi? HQr ?2`Bi�#BHBiv- T`2/B+iBQM Q7 #`22/BM; p�Hm2b mbBM; � "GlS #�b2/ KQ/2H
Bb � KmbiX
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h?2 `2+Q`/BM; Q7 i?2 T?2MQivTB+ K2�bm`2K2Mib /m`BM; i?2 T2`7Q`K�M+2 i2biBM;
Bb Q7i2M Km+? KQ`2 2tT2MbBp2 i?�M i?2 T`2/B+iBQM Q7 i?2 #`22/BM; p�Hm2bX h?Bb
K�F2b Bi +H2�` i?�i QMHv i?2 #2bi K2i?Q/b b?QmH/ #2 mb2/ iQ 2p�Hm�i2 i?2 T`2@
+BQmb /�i�X .�i� 2p�Hm�iBQMb QM � `QmiBM2 #�bBb r2`2 QMHv K�/2 TQbbB#H2 #v
i?2 �p�BH�#BHBiv Q7 +?2�T +QKTmiBM; TQr2`X �b � +QMb2[m2M+2 Q7 i?�i i?2 #B;
T2`7Q`K�M+2 ;�BMb BM HBp2biQ+F �MBK�Hb /B/ `mM T�`�HH2H iQ i?2 K�bbBp2 BM+`2�b2
Q7 +?2�T +QKTmiBM; TQr2`X
h?2 7`2[m2M+v ?Qr Q7i2M #`22/BM; p�Hm2b �`2 T`2/B+i2/ /2T2M/b QM i?2 bT2+B2bX
AM +�iiH2 #`22/BM; #`22/BM; p�Hm2b �`2 T`2/B+i2/ QMHv i?`22 iBK2b T2` v2�`X AM
TB; #`22/BM; bQK2 2p�Hm�iBQMb �`2 /QM2 2p2`v MB;?iX SB;b ?�p2 Km+? b?Q`i2`
;2M2`�iBQM BMi2`p�Hb �M/ i?2`27Q`2 i?2 +v+H2 r?2`2 M2r BM7Q`K�iBQM �#Qmi b2@
H2+iBQM +�M/B/�i2b �``Bp2 Bb Km+? b?Q`i2` +QKT�`2/ iQ +�iiH2X h?2 /m`�iBQM Q7
� H�+i�iBQM BM +�iiH2 Bb Km+? HQM;2` �M/ ?2M+2 i?2 7`2[m2M+v rBi? r?B+? M2r
BM7Q`K�iBQM �``Bp2b Bb bK�HH2` +QKT�`2/ iQ TB;bX qBi? M2r i2+?MQHQ;B2b bm+?
�b `Q#Qi KBHFBM; bvbi2Kb r?B+? �HHQr 7Q` Km+? KQ`2 7`2[m2Mi /�i� b�KTHBM;
�M/ rBi? 2p�Hm�iBQM K2i?Q/b i?�i �`2 #�b2/ QM /�BHv KBHF vB2H/ �M/ MQ HQM;2`
QM H�+i�iBQM vB2H/b- i?Bb /Bz2`2M+2 #2ir22M i?2 bT2+B2b Bb /2+`2�bBM;X 6`QK i?2
TQBMi Q7 pB2r Q7 ;2M2iB+ 2p�Hm�iBQM- r2 ?�p2 iQ MQi2 i?�i KQ`2 7`2[m2Mi 2p�Hm�@
iBQMb +�MMQi #2 /QM2 rBi? i?2 b�K2 �KQmMi Q7 K�Mm�H BMTmi +QKT�`2/ iQ H2bb
7`2[m2Mi 2p�Hm�iBQMbX

kXkXj _2T`Q/m+iBQM h2+?MQHQ;B2b

h?2 BMi`Q/m+iBQM Q7 `2T`Q/m+iBQM i2+?MQHQ;B2b BM HBp2biQ+F #`22/BM; ?�b #22M
`2bTQMbB#H2 7Q` i?2 K�bbBp2 b2H2+iBQM `2bTQMb2 bBM+2 i?2 20th +2Mim`vX �`iB}+B�H
BMb2KBM�iBQM U�AV BM +�iiH2 �M/ TB;b ?�p2 �HKQbi `2KQp2/ i?2 HBKBi 7Q` i?2
MmK#2` Q7 T`Q;2Mv T2` bB`2X 6Q` �HH bT2+B2b r?2`2 �A Bb mb2/ i?2 T`2/B+iBQM Q7
#`22/BM; p�Hm2b ?�b K�bbBp2Hv BKT`Qp2/X h?2 mb2 Q7 bB`2b �+`Qbb /Bz2`2Mi 7�`Kb
+QMM2+ib i?2 �MBK�Hb QM i?2 /Bz2`2Mi 7�`Kb QM � ;2M2iB+ H2p2HX h?Bb H2�/b iQ �
#2ii2` b2T�`�iBQM Q7 ;2M2iB+ 2z2+ib 7`QK 2MpB`QMK2Mi�H 7�+iQ`bX
6mim`2 /2p2HQTK2Mib �`2 7Q+mbBM; KQ`2 QM `2T`Q/m+iBQM i2+?MQHQ;B2b 7Q` /�KbX
1K#`vQ i`�Mb72` BM+`2�b2b i?2 MmK#2` Q7 T`Q;2Mv T2` KQi?2`X qBi? i?2 KQ`2
rB/2@bT`2�/ mb2 Q7 bm+? i2+?MQHQ;B2b- b2H2+iBQM BMi2MbBiv +�M #2 BM+`2�b2/ �M/
i?2 ;2M2`�iBQM BMi2`p�H +�M #2 /2+`2�b2/X "Qi? 2z2+ib ?�p2 � TQbBiBp2 BM~m2M+2
QM i?2 b2H2+iBQM `2bTQMb2X

kXkX9 "`22/mM; :Q�Hb

"`22/BM; ;Q�Hb +�M #2 7Q`KmH�i2/ BM irQ r�vb
RX SQHBiB+�H "`22/BM; :Q�Hb, 1ti2MbBp2 /2b+`BTiBQMb Q7 /2bB`�#H2 T`QT2`iB2b Q7

#`22/BM; �MBK�Hb r?B+? �`2 `2[mB`2/ #v i?2 K2K#2`b Q7 � #`22/BM; Q`@
;�MBb�iBQMX am+? /2b+`BTiBQMb +�M #2 T�`i Q7 +QMbiBimiBQMb Q7 � #`22/BM;
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Q`;�MBb�iBQM �M/ i?2v +�M +QMi�BM mM@�+?B2p�#H2 B/2�HBx�iBQMb �M/ BM+QK@
T�iB#H2 +QK#BM�iBQMb Q7 i`�Bi `2�HBx�iBQMbX am+? #`22/BM; ;Q�Hb +�MMQi #2
�bb2bb2/ 7`QK � b+B2MiB}+ TQBMi Q7 pB2rX 6m`i?2`KQ`2 Bi +�MMQi #2 p2`B}2/
r?2i?2` bm+? � #`22/BM; ;Q�H +�M #2 `2�+?2/ Q` MQiX

kX a+B2MiB}+ "`22/BM; :Q�Hb, J�i?2K�iB+�H 7mM+iBQM U�;;`2;�i2 ;2MQivT2V
r?B+? /2}M2b � /B`2+iBQM Q7 +?�M;2 BM i?2 /Bz2`2Mi i`�Bib �M/ � 7Q`+2 Q7
BMi2MbBiv rBi? r?B+? +?�M;2b �`2 2tT2+i2/ iQ ?�TT2MX am+? ;Q�Hb /Q MQi
/2}M2 i?2 }M�H ;Q�H- #mi i?2v ;Bp2 � /B`2+iBQM BM r?B+? +2`i�BM i`�Bib �`2
2tT2+i2/ iQ /2p2HQTX "�b2/ QM � b+B2MiB}+ #`22/BM; ;Q�H i?2 2tT2+i2/
`2bTQMb2 iQ b2H2+iBQM T2` v2�` +�M #2 +�H+mH�i2/X

kXj .Bz2`2Mi aT2+B2b

"`22/BM; T`Q;`�Kb 7Q` /Bz2`2Mi bT2+B2b ?�p2 � /Bz2`2Mi �`+?Bi2+im`2X h?2`2 �`2
irQ #�bB+�HHv /Bz2`2Mi bi`m+im`2bX

RX KQMQHBiB+ #`22/BM; T`Q;`�Kb rBi? K�Mv �+iBp2 7�`Kb BM i?2 #`22/BM;
T`Q;`�K �M/ rBi? � HQr /2;`22 Q7 bT2+B�HBx�iBQM Q7 i?2 bBM;H2 7�`KX

kX ?B2`�`+?B+�H #`22/BM; T`Q;`�Kb r?2`2 7�`Kb ?�p2 /Bz2`2Mi i�bFb BM i?2
#`22/BM; T`Q;`�KX

JQMQHBi?B+ #`22/BM; T`Q;`�Kb Ub22 6B;m`2 kXkV �`2 ivTB+�HHv 7QmM/ BM +�iiH2 �M/
?Q`b2 #`22/BM; Q`;�MBb�iBQMbX am+? bi`m+im`2b �`2 Q7i2M +?Qb2M r?2M bi�i2 bm#@
bB/B2b �`2 T�B/ iQ #`22/BM; Q`;�MBb�iBQMb #�b2/ QM i?2 MmK#2` Q7 �MBK�Hb BM i?2
?2`/#QQFX h?Bb ;Bp2b BM+2MiBp2 7Q` #`22/BM; TQTmH�iBQMb iQ BM+Hm/2 �HH �MBK�Hb
BM i?2 ?2`/#QQFX AM bT2+B2b HBF2 +�iiH2- T`Q;2Mv T2`7Q`K�M+2 i2bib `2[mB`2 H�`;2
TQTmH�iBQMb iQ �+?B2p2 ;QQ/ i2bi �++m`�+B2bX G�`;2 #`22/BM; TQTmH�iBQMb rBi?
K�Mv ?2`/b �`2 2�bB2` iQ #2 Q`;�MBx2/ BM KQMQHBi?B+ #`22/BM; T`Q;`�KbX
>B2`�`+?B+�H bi`m+im`2b �`2 KQ`2 7`2[m2MiHv 7QmM/ BM TB;b �M/ BM +?B+F2MX .B7@
72`2M+2b �`2 `QQi2/ BM #BQHQ;v �M/ BM 2+QMQKB+ +B`+mKbi�M+2bX AM TB;b �M/ BM
+?B+F2M TQTmH�iBQM bBx2b �`2 ?B;? �M/ +QMb2[m2MiHv i?2 KQM2i�`v p�Hm2 Q7 � bBM@
;H2 �MBK�H Bb [mBi2 HQrX S2`7Q`K�M+2 i2bib 7Q` +QKTH2i2 TQTmH�iBQMb rQmH/ #2
iQQ 2tT2MbBp2X "2+�mb2 TB;b �M/ +?B+F2M +�M ?�p2 � ?B;? MmK#2` Q7 T`Q;2Mv
T2` T�`2Mi- T2`7Q`K�M+2 i2biBM; �M/ #`22/BM; Bb `2bi`B+i2/ iQ � bK�HH MmK#2`
Q7 bT2+B�HBx2/ ?2`/bX >B;? MmK#2` Q7 T`Q;2MB2b T2` T�`2Mi �M/ b?Q`i ;2M2`�@
iBQM BMi2`p�Hb �HHQr iQ i`�MbKBi ;2M2iB+ T`Q;`2bb [mBi2 `�TB/HvX *`Qbb@#`22/BM;
iQ #2M2}i 7`QK TQbBiBp2 ?2i2`QbBb 2z2+ib Bb mb2/ 2ti2MbBp2Hv BM bm+? #`22/BM;
T`Q;`�KbX 6B;m`2 kXj b?Qrb i?2 bi`m+im`2 Q7 � ?B2`�`+?B+�H #`22/BM; T`Q;`�K BM
TB;bX
AM +�iiH2 �M/ ?Q`b2 #`22/BM;- i?2 bBim�iBQM Bb /Bz2`2MiX aBM;H2 #`22/BM; �MBK�Hb
+�M ?�p2 � p2`v ?B;? p�Hm2X qBi? i?2 HQr MmK#2`b Q7 T`Q;2Mv T2` T�`2Mi Bi Bb r2HH
rQ`i? r?BH2 iQ ?�p2 �HH #`22/BM; �MBK�Hb mM/2` � T2`7Q`K�M+2 i2bi �M/ iQ `2+Q`/
�b K�Mv i`�Bib �b TQbbB#H2 7`QK 2�+? �MBK�H BM i?2 TQTmH�iBQMX 6m`i?2`KQ`2-
KQbi /�i� mb2/ 7Q` #`22/BM; 2p�Hm�iBQMb �`2 �HbQ mb2/ 7Q` K�M�;2K2Mi Tm`TQb2bX
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6B;m`2 kXk, JQMQHBiB+ ai`m+im`2 Q7 *�iiH2 "`22/BM; S`Q;`�K
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6B;m`2 kXj, >B2`�`+?B+�H ai`m+im`2 Q7 SB; "`22/BM; S`Q;`�K
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>2M+2 Bi Bb MQ`K�H i?�i BM bm+? TQTmH�iBQMb i?2 p�bi K�DQ`BiB2b Q7 i?2 7�`Kb �`2
K2K#2`b Q7 � #`22/BM; Q`;�MBb�iBQMX

kX9 am++2bb P7 � "`22/BM; S`Q;`�K

AM 6B;m`2 kXR i?2 BM~m2MiB�H +QKTQM2Mib �`2 b?QrMX �HH i?2b2 7�+iQ`b �`2 iQ #2
+QMbB/2`2/ r?2M /2bB;MBM; �M/ r?2M `mMMBM; � #`22/BM; T`Q;`�KX h?2 bm++2bb
Q7 � #`22/BM; T`Q;`�K �b K2�bm`2/ #v i?2 b2H2+iBQM `2bTQMb2 Bb /2i2`KBM2/ #v
Dmbi 7Qm` 7�+iQ`b r?B+? �`2 ;Bp2M BM i?2 7QHHQrBM; 7Q`KmH�X

∆G = i ∗ rT I ∗ σT

L
= SD

L
UkXRV

r?2`2
i b2H2+iBQM BMi2MbBiv
rT I �++m`�+v Q7 T`2/B+i2/ #`22/BM; p�Hm2b
σT �//BiBp2 ;2M2iB+ bi�M/�`/ /2pB�iBQM
L ;2M2`�iBQM BMi2`p�H

h?2 7Qm` /2i2`KBMBM; 7�+iQ`b +�M #2 KQ/B}2/ iQ +?�M;2 i?2 b2H2+iBQM `2bTQMb2X
h?2 /2MQKBM�iQ` Q7 i?2 7`�+iBQM BM UkXRV Bb �HbQ +�HH2/ b2H2+iBQM /Bz2`2M+2 USDVX

kX9XR a2H2+iBQM AMi2MbBiv

a2H2+iBQM BMi2MbBiv i K2�bm`2b i?2 bmT2`BQ`Biv Q7 i?2 b2H2+i2/ �MBK�Hb +QKT�`2/
iQ i?2 TQTmH�iBQM K2�MX �bbmKBM; i?2 i`�Bib iQ #2 MQ`K�HHv /Bbi`B#mi2/- i?2
b2H2+iBQM BMi2MbBiv +�M #2 +QKTmi2/ #�b2/ QM i?2 b2H2+iBQM #QmM/�`vX :Bp2M �
i`�Bi r?B+? Bb iQ #2 BM+`2�b2/ #v b2H2+iBQM- i?2 �MBK�Hb iQ i?2 `B;?i �`2 +�HH2/ i?2
b2H2+i2/ �MBK�HbX PMHv b2H2+i2/ �MBK�Hb rBHH #2 T�`2Mib Q7 i?2 M2ti ;2M2`�iBQMX
h?2 K2�M Q7 i?2 b2H2+i2/ �MBK�Hb +Q``2bTQM/b iQ i?2 b2H2+iBQM /Bz2`2M+2 Ua.VX
G2i mb �bbmK2 i?�i i?2 b2H2+iBQM #QmM/�`v SB Bb QM2 bi�M/�`/ /2pB�iBQM σP

�#Qp2 i?2 TQTmH�iBQM K2�M M - ?2M+2

SB = M + σP

�++Q`/BM; iQ i?2 H�rb BKTHB2/ #v i?2 MQ`K�H /Bbi`B#miBQM- i?Bb K2�Mb i?�i �#Qmi
16% Q7 i?2 �MBK�Hb �`2 b2H2+i2/X h?2 b2H2+iBQM /Bz2`2M+2 Ua.V +Q``2bTQM/b iQ
1.53- i?�i K2�Mb i?2 K2�M Q7 i?2 b2H2+i2/ �MBK�Hb Bb 1.53 iBK2b i?2 T?2MQivTB+
bi�M/�`/ /2pB�iBQM �#Qp2 i?2 TQTmH�iBQM K2�MX
h?2 b2H2+iBQM BMi2MbBiv i +�M #2 2tT`2bb2/ �b i?2 b2H2+iBQM /Bz2`2M+2 Ua.V BM
mMBib Q7 i?2 T?2MQivTB+ bi�M/�`/ /2pB�iBQM

i = SD

σp
UkXkV
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h?2 b2H2+iBQM BMi2MbBiv i +�M �HbQ #2 +QKTmi2/ QMHv #�b2/ QM i?2 b2H2+iBQM #QmM/@
�`vX L�K2Hv

i = z

p
UkXjV

r?2`2
z /2MbBiv p�Hm2 �i b2H2+iBQM #QmM/�`v
p T`QTQ`iBQM Q7 �MBK�Hb b2H2+i2/

kX9Xk �++m`�+v P7 S`2/B+i2/ "`22/BM; o�Hm2b

h?2 �++m`�+v Q7 i?2 T`2/B+i2/ #`22/BM; p�Hm2b Bb K2�bm`2/ pB� i?2 +Q``2H�iBQM
#2ir22M i?2 i`m2 �M/ i?2 T`2/B+i2/ #`22/BM; p�Hm2bX AMimBiBp2Hv Bi Bb +H2�` i?�i
T`2/B+i2/ #`22/BM; p�Hm2b rBi? HQr �++m`�+B2b H2�/ iQ �MBK�Hb b2H2+i2/ i?�i �`2
QM i?2 r`QM; bB/2 Q7 i?2 b2H2+iBQM #QmM/�`vX h?2 KQ`2 �++m`�i2 i?2 T`2/B+i2/
#`22/BM; p�Hm2- i?2 HQr2` i?2 T`Q#�#BHBiv i?�i i?2 r`QM; �MBK�Hb �`2 b2H2+i2/X

kX9Xj �//BiBp2@;2M2iB+ o�`B�M+2

a2H2+iBQM `2bTQMb2 Bb K2�bm`2/ QM i?2 T?2MQivTB+ b+�H2- #mi Bi �+im�HHv ?�TT2Mb
QM i?2 ;2M2iB+ b+�H2X h?2 �//BiBp2@;2M2iB+ p�`B�M+2 /2i2`KBM2b ?Qr Km+? �
;Bp2M T?2MQivT2 +�M #2 +?�M;2/ 7Q` � ;Bp2M #`22/BM; BMp2biK2MiX GQr �//BiBp2@
;2M2iB+ p�`B�M+2b +�M 2tTH�BM r?v 7Q` bQK2 i`�Bib b2H2+iBQM `2bTQMb2b �`2 bK�HH
�Hi?Qm;? H�`;2 BMp2biK2Mib �`2 K�/2 �M/ #`22/BM; p�Hm2b �`2 T`2/B+i2/ rBi?
?B;? �++m`�+B2bX

kX9X9 :2M2`�iBQM AMi2`p�H

h?2 ;2M2`�iBQM BMi2`p�H +Q``2bTQM/b iQ i?2 �p2`�;2 �;2 Q7 i?2 T�`2Mib r?2M i?2B`
T`Q;2Mv Bb #Q`MX Ai +�M #2 BM~m2M+2/ #v TH�MMBM; �M/ #v i?2 mb2 Q7 #BQi2+?@
MQHQ;B2bX J�Mv T`�+iB+�H #`22/2`b ?�p2 T`Q#H2Kb iQ }M/ � TQbBiBp2 �iiBim/2
iQr�`/b b?Q`i2` ;2M2`�iBQM BMi2`p�HbX o2`v Q7i2M b?Q`i ;2M2`�iBQM BMi2`p�Hb �`2
+QM7QmM/2/ rBi? /2+`2�b2/ HQM;2pBivX h?2 7Q`K2` i2`K Bb �M BKTQ`i�Mi T�@
`�K2i2` r?B+? /2i2`KBM2b i?2 b2H2+iBQM `2bTQMb2 T2` v2�`X GQM;2pBiv QM i?2
Qi?2` ?�M/ Bb �M BKTQ`i�Mi i`�Bi i?�i BM~m2M+2b i?2 2+QMQKB+ T`Q}i�#BHBiv Q7 �
T`Q/m+iBQM ?2`/X

kX8 62/2`�H _2;mH�iBQMb

arBbb #`22/BM; Q`;�MBb�iBQMb �`2 Q#HB;2/ #v 72/2`�H `2;mH�iBQMb ("mM/2b`�i- kyRk)
iQ T`2/B+i #`22/BM; p�Hm2b QM � `2;mH�` #�bBb BM Q`/2` iQ Q#i�BM �Mv 72/2`�H
bm#bB/B2bX �`iB+H2 R Q7 i?2 `2;mH�iBQM +QMi�BMb i?2 7QHHQrBM; TQBMib
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�X i?2 `2+Q;MBiBQM Q7 #`22/BM; Q`;�MBb�iBQMb �M/ T`Bp�i2 #`22/BM; +QKT�MB2b
#X i?2 T�vK2Mi Q7 bm#bB/B2b
+X i?2 T�vK2Mi Q7 bm#bB/B2b iQ bmbi�BM `�`2 #`22/b
/X i?2 T�vK2Mi Q7 7mM/BM; 7Q` `2b2�`+? T`QD2+ib
2X i?2 BMi`Q/m+iBQM Q7 #`22/BM; �MBK�Hb �b r2HH �b b2K2M- 2;;b �M/ 2K#`vQb
7X i?2 [mQi�b iQ BKTQ`i #`22/BM; �MBK�Hb �M/ b2K2M

AM �`iB+H2 k i?2 i2`K T`2/B+iBQM Q7 #`22/BM; p�Hm2b Bb /2}M2/ �b �M �++2Ti2/
T`Q+2/m`2 �++Q`/BM; iQ +m``2MiHv `2+Q;MBx2/ bi�iBbiB+�H bi�M/�`/b iQ T`2/B+i i?2
;2M2iB+ p�Hm2b Q7 �M �MBK�H +QKT�`2/ iQ Qi?2` �MBK�Hb Q7 i?2 b�K2 TQTmH�iBQMX
h?2 72/2`�H ;Qp2`MK2Mi Bb TH�MMBM; iQ `2pB+2 i?2 `2;mH�iBQMb iQ bmTTQ`i �MB@
K�Hb #`22/BM;X h?2 TH�Mb �`2 #�b2/ QM (G2?K�MM 2i �HX- kyR3) r?B+? +QMi�BMb
bi`�i2;B2b 7Q` HBp2biQ+F #`22/BM; BM arBix2`H�M/X
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