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RX AMi`Q/m+iBQM

�M�HvbBM; i?2 b?�T2b Q7 T�`ib Q7 #BQHQ;B+�H Q`;�Mb
�M/ Q`;�MBbKb ?�b #22M i?2 Q#D2+i Q7 2ti2MbBp2 bim/v
7Q` Qp2` � +2Mim`v Uh?QKTbQM- RN9kVX h?Bb BMi2`2bi
BM b?�T2 Bb �HbQ T`2b2Mi BM K2/B+BM2, b2p2`�H bim/@
B2b ?�p2 7Q+mb2/ BM i?2 `2H�iBQMb?BT #2ir22M Q`;�M
KQ`T?QHQ;v �M/ BHHM2bbX 6Q` BMbi�M+2- +�`/B�+ b?�T2
`2KQ/2Hb iQ BKT`Qp2 +�`/B�+ T`2bbm`2fpQHmK2 QmiTmi
mM/2` �#MQ`K�H rQ`FBM; +QM/BiBQMb- �M/ Bi Bb mb2/ iQ
�bb2bb i?2 T`2b2M+2f2pQHmiBQM Q7 BHHM2bb U�`ib 2i �HX-
RNN9c :`QbbK�M 2i �HX- RNd8VX AM � Mmib?2HH- T`2bbm`2
Qp2`HQ�/ T`Q/m+2b +QM+2Mi`B+ `2KQ/2HHBM; Ui?B+F2MBM;
Q7 i?2 KvQ+�`/BmK rBi?Qmi /BH�iBQM Q7 i?2 p2Mi`B@
+H2V iQ K�BMi�BM r�HH bi`2bb2b HQr- �M/ pQHmK2 Qp2`@
HQ�/ /BH�i2b i?2 p2Mi`B+H2 rBi?Qmi � KvQ+�`/B�H K�bb
i?B+F2MBM;X h?Bb Bb �M Qp2`bBKTHB+�iBQM- �b � pQHmK2
Qp2`HQ�/ rBHH �HbQ BM+`2�b2 T`2bbm`2- �M/ i?2 2t�+i `2@
KQ/2HHBM; K2+?�MBbKb �M/ i`B;;2`b �i � +2HHmH�` H2p2H
�`2 biBHH mM/2` `2b2�`+? �M/ /Bb+mbbBQMX h?2 +H�bbB@
+�H r�v Q7 �M�HvbBM; b?�T2 BM i?2 +HBMB+�H +QKKm@
MBiv +QMbBbib BM K�Mm�HHv 2ti`�+iBM; ?�M/@+`�7i2/ 72�@
im`2b- �M/ �M�HvbBM; i?2b2 b?�T2 /2b+`BTiQ`bX h?2b2
K2�bm`2K2Mib �`2 mbm�HHv bi�M/�`/Bb2/ �M/ /2}M2/
BM ;mB/2HBM2b UG�M; 2i �HX- kyR8V- �M/ mbm�HHv `272`
iQ ;HQ#�H +?�`�+i2`BbiB+b Q7 i?2 b?�T2 i?�i +�``v HBiiH2
`2;BQM�H BM7Q`K�iBQMX

LQr�/�vb- Bi Bb TQbbB#H2 iQ �+[mB`2 j. BK�;2b BM
+HBMB+�H `QmiBM2X 6m`i?2`KQ`2- �/p�M+2b BM +QKTmi@
BM; T2`KBi iQ �miQK�iB+�HHv b2;K2Mi i?2 BK�;2b �M/
iQ ;2M2`�i2 T2`bQM�HBb2/ j. KQ/2Hb Q7 i?2 Q`;�Mb
U:QMx�H2x "�HH2bi2` 2i �HX- kyyyc JBi+?2HH 2i �HX- kyykc
1+�#2`i 2i �HX- kyyec "2`M�`/ 2i �HX- kyR3VX ai�iBbiB+�H
b?�T2 �M�HvbBb Uaa�V Bb � b2i Q7 i2+?MB[m2b iQ `2T`2@
b2Mi #Qi? b?�T2b �M/ BK�;2b �M/ /Q i?2 �M�HvbBb /B@
`2+iHv rBi? i?2b2 Q#D2+ib- MQi #2BM; HBKBi2/ iQ QMHv
�M�Hvb2 T`2pBQmbHv /2}M2/ K2�bm`2K2MibX aa� Bb
mb2/ BM i?2 K2/B+�H BK�;BM; }2H/- BM Q`/2` iQ B/2MiB7v
�M/ `2T`2b2Mi b?�T2 p�`B�#BHBiv Q7 i?Qb2 Q`;�Mb U*2`@
`QH�x� 2i �HX- kyR8c "H�M+ 2i �HX- kyRkc _�D�K�MB 2i �HX-
kyydc aB2``� 2i �HX- kyyeVX h?Bb �HHQrb 2tT`2bbBM; �M/
[m�MiB7vBM; `2;BQM�H b?�T2 T�ii2`Mb BM � `Q#mbi �M/
Q#D2+iBp2 K�MM2`- BMbi2�/ Q7 rQ`FBM; rBi? � bK�HH
b2i Q7 T`2/2}M2/ K2�bm`2K2Mib QM i?2 b?�T2b UHBF2
pQHmK2b �M/ /B�K2i2`bVX aa� +�M #2 mb2/ iQ;2i?2`
rBi? bi�iBbiB+�H H2�`MBM; i2+?MB[m2b iQ +QMbi`m+i KQ/@

2Hb i?�i }M/ `2;BQM�H /Bz2`2M+2b BM �M�iQKv i?�i �`2
�bbQ+B�i2/ iQ T�i?QHQ;B2b Uw?�M; 2i �HX- kyR9�c aBM;?
2i �HX- kyR9c o�`�MQ 2i �HX- kyRdc a�`p�`B 2i �HX- kyRdV-
#�b2/ QM � +QMi`QH �M/ � T�i?QHQ;B+�H TQTmH�iBQMX
_Qm;?Hv- i?2 ivTB+�H 7`�K2rQ`F +QMbBbib Q7 }`bi mbBM;
aa� iQ +QMbi`m+i �M �iH�b Q7 �HH b?�T2b BM i?2 TQTmH�@
iBQM- i?2M mb2 T`BM+BT�H +QKTQM2Mib �M�HvbBb US*�V
Q` �MQi?2` /BK2MbBQM�HBiv `2/m+iBQM U._V i2+?MB[m2
iQ }M/ � HQr@`�MF `2T`2b2Mi�iBQM Q7 i?2 b?�T2 bT�+2-
�M/ }M�HHv mb2 � +H�bbB}+�iBQM �H;Q`Bi?K QM i?�i bT�+2
iQ i`�BM � KQ/2H i?�i T`2/B+ib i?2 +QMi`QHfT�i?QHQ;B+
bi�imbX

"2vQM/ T�i?QHQ;B+�H p�`B�#BHBiv- i?2 b?�T2 Q7 �M
Q`;�M �HbQ 2t?B#Bib p�`B�#BHBiv /m2 iQ Qi?2` 7�+iQ`b-
HBF2 HB72bivH2- ;2M/2`- 2i?MB+Biv- Q` bBx2X h?2 7`�K2@
rQ`F /2b+`B#2/ �#Qp2 mb2b i?2 BKTHB+Bi ?vTQi?2bBb
i?�i /Bz2`2M+2b BM b?�T2 �`2 QMHv /m2 iQ i?2 T�i?QH@
Q;vX AM bQK2 +�b2b i?2 `2KQ/2HHBM; �bbQ+B�i2/ iQ
i?2 T�i?QHQ;v Bb T`QKBM2Mi �M/ 2�bBHv B/2MiB}�#H2X
>Qr2p2`- BM Qi?2`b- HBF2 bm#+HBMB+�H Q` 2�`Hv@bi�;2
bim/B2b- /Bz2`2M+2b +�M Q7i2M #2 p2`v bm#iH2 �M/
H2bb T`QMQmM+2/ i?�M /2KQ;`�T?B+@`2H�i2/ p�`B�#BH@
BivX :Bp2M i?2 /B{+mHiv iQ �+[mB`2 K2/B+�H /�i�-
K�Mv BK�;BM; bim/B2b �`2 +`Qbb@b2+iBQM�H �M/ Q#b2`@
p�iBQM�H- �M/ T�`iB+BT�Mib �`2 `2+`mBi2/ T`QbT2+iBp2HvX
�b BK�;BM; /�i�b2ib ?�p2 ivTB+�HHv HQr b�KTH2 bBx2b-
Bi Bb MQi �Hr�vb TQbbB#H2 iQ Q#i�BM #�H�M+2/ bm#@
/�i�b2ib- �M/ `2b2�`+?2`b �`2 7Q`+2/ iQ �M�Hvb2 BK@
#�H�+2/ /�i�b2ibX A7 H27i mM+Q``2+i2/ i?Bb BK#�H�M+2
BM i?2 TQTmH�iBQM +?�`�+i2`BbiB+b K�v `2bmHi BM r`QM;
+QM+HmbBQMbfKQ/2Hb U*Q?2M 2i �HX- kyR3VX 1p2M BM
+�b2b r?2`2 i?2 T�i?QHQ;B+�H `2KQ/2HHBM; Bb bB;MB}@
+�Mi- �M/ i?2 TQTmH�iBQMb �`2 bBKBH�` BM i2`Kb Q7 /2@
KQ;`�T?B+b- /2KQ;`�T?B+@`2H�i2/ p�`B�#BHBiv rBHH �//
MQBb2 iQ i?2 �M�HvbBbX � MmK#2` Q7 �mi?Q`b ?�p2 2t@
THQ`2/ i?2 mb�;2 Q7 MQM@BK�;BM; BM7Q`K�iBQMX 6Q`
BMbi�M+2 aBM;? 2i �HX T`QTQb2/ � T`Q+2/m`2 bBKBH�`
iQ T�`iB�H +Q``2H�iBQM #2ir22M b?�T2 �M/ b2p2`�H +HBM@
B+�H p�`B�#H2b r?BH2 +Q``2+iBM; 7Q` +QM7QmM/BM; p�`B@
�#H2bUaBM;? 2i �HX- kyR9VX w?�M; 2i �HX �/Dmbi2/ #v
/2KQ;`�T?B+b BM i?2B` bim/B2b Q7 +�`/B�+ `2KQ/2HHBM;
BM KvQ+�`/B�H BM7�`+iBQM Uw?�M; 2i �HX- kyR9#V- �M/
w?�M; 2i �HX �M/ J�m;2` �i �HX 2tTHQ`2/ i?2 `2@
H�iBQMb?BT #2ir22M b?�T2 �M/ +H�bbB+�H +HBMB+�H K2�@
bm`2K2Mib Uw?�M; 2i �HX- kyRd- kyR9#c J�m;2` 2i �HX-
kyRNVX >Qr2p2`- MQi �HH �mi?Q`b BM+Hm/2 +Q``2+iBQMb

j



7Q` +QM7QmM/2`b- �M/ i?2B` 2z2+i BM b?�T2 �M�HvbBb
bim/B2b ?�b MQi #22M v2i [m�MiBi�iBp2Hv i2bi2/X

AM i?Bb T�T2`- r2 T`2b2Mi � aa� 7`�K2rQ`F iQ }M/
/Bz2`2M+2b #2ir22M +QMi`QH �M/ T�i?QHQ;B+�H TQTm@
H�iBQMb i?�i QmiTmib i?2 KQbi /Bb+`BKBM�iBM; b?�T2
T�ii2`M- i?�i +�M #2 pBbm�HBb2/ 7Q` BMi2`T`2i�#BHBivX
q2 [m�MiBi�iBp2Hv �M/ [m�HBi�iBp2Hv b?Qr i?2 2z2+i
�M BK#�H�M+2 BM i?2 +QM7QmM/BM; p�`B�#H2b ?�b BM i?2
�M�HvbBb- �M/ T`QTQb2 i2+?MB[m2b iQ `2/m+2 i?�i 27@
72+iX h?2 T`QTQb2/ KQ/2H +QMbBbib Q7 i?2 7QHHQrBM;
bi2Tb, URV i?2 +QMbi`m+iBQM Q7 �M �iH�b Q7 i?2 T2`bQM@
�HBb2/ j. K2b?2b �miQK�iB+�HHv ;2M2`�i2/ 7`QK BK@
�;2bc UkV B/2MiB}+�iBQM �M/ `2KQp�H Q7 b?�T2 p�`B�#BH@
Biv /m2 iQ +QM7QmM/BM; p�`B�#H2bc UjV /BK2MbBQM�HBiv
`2/m+iBQM �M/ +H�bbB}+�iBQMX

hQ BHHmbi`�i2 i?2 7`�K2rQ`F- r2 mb2 � /�i�b2i Q7
+�`/B�+ K�;M2iB+ `2bQM�M+2 BK�;BM; UJ_AV BMpQHp@
BM; b2/2Mi�`v +QMi`QHb �M/ i`B�i?HQM �i?H2i2bX h?Bb
/�i�b2i r�b +QHH2+i2/ iQ bim/v i?2 `2KQ/2HHBM; /m2
iQ i?2 2ti2M/2/ T`�+iB+2 Q7 2M/m`�M+2 bTQ`i- r?B+?
T`Q/m+2b � pQHmK2 Qp2`HQ�/ iQ i?2 ?2�`iX h?Bb pQH@
mK2 Qp2`HQ�/ i`B;;2`b +QKT2Mb�iQ`v K2+?�MBbKb iQ
BKT`Qp2 +�`/B�+ QmiTmi �M/ rBi?bi�M/ i?2 BM+`2�b2/
T`2bbm`2 /m`BM; 2t2`+Bb2X h?2 r?QH2 Q7 i?Bb `2KQ/@
2HHBM; Bb +�HH2/ i?2 �i?H2i2Ƕb >2�`i �M/ BMpQHp2b bm#@
bi�MiB�H +?�M;2b BM 7mM+iBQM �M/ ;2QK2i`v �i #Qi?
`2bi �M/ /m`BM; 2t2`+Bb2 U.Ƕ�M/`2� 2i �HX- kyR8c a+?B@
`Qb 2i �HX- kyRjVX �Hi?Qm;? i?2 `2KQ/2HHBM; Bb MQi
v2i +QKTH2i2Hv mM/2`biQQ/- `2b2�`+?2`b ?�p2 2bi�#@
HBb?2/ � bi`QM; `2H�iBQMb?BT #2ir22M +�`/BQTmHKQM�`v
T2`7Q`K�M+2 /m`BM; 2t2`+Bb2 �M/ +�`/B�+ ;2QK2i`v �i
`2bi UG� :2`+?2 2i �HX- kyRkc a+?�`?�; 2i �HX- kyykVX

kX J2i?Q/QHQ;v

h?2 7mHH T`Q+2bb iQ +QKTmi2 i?2 +QM7QmM/2` BMp�`B@
�Mi KQbi /Bb+`BKBM�iBM; b?�T2 T�ii2`M #2ir22M irQ
TQTmH�iBQMb Bb bmKK�`Bb2/ BM 6B;m`2 RX h?2 T`2@
b2Mi2/ 7`�K2rQ`F +QMbBbib Q7 3 K�BM bi2Tb,

RX *QKTmi2 i?2 K2�M b?�T2 Q7 i?2 TQTmH�iBQM- �M/
`2;Bbi2` �HH b?�T2b iQ i?Bb i2KTH�i2X

kX A/2MiB7v �M/ `2KQp2 b?�T2 p�`B�#BHBiv �i@
i`B#mi�#H2 iQ +QM7QmM/BM; p�`B�#H2bX

jX h`�BM � +H�bbB}+�iBQM KQ/2H iQ Q#i�BM i?2 KQbi
/Bb+`BKBM�iBM; b?�T2 T�ii2`M #2ir22M #Qi? TQT@

mH�iBQMb �M/ ;2M2`�i2 � pBbm�H `2T`2b2Mi�iBQM Q7
i?2 KQbi /Bb+`BKBM�iBM; b?�T2 T�ii2`M

kXRX �iH�b +QMbi`m+iBQM
6`QK i?2 b?Q`i �tBb Ua�V J_A b2[m2M+2- r2 mb2 �

KQ/2H@#�b2/ �miQK�iB+ b2;K2Mi�iBQM K2i?Q/ iQ Q#@
i�BM T2`bQM�HBb2/ K2b?2b rBi? TQBMi@iQ@TQBMi +Q``2@
bTQM/2M+2 U1+�#2`i 2i �HX- kyyeVX h?2 K2i?Q/ /2@
7Q`Kb � 7mHH ?2�`i U9 +?�K#2`bV i2KTH�i2 K2b? mb@
BM; � TQHv�{M2 /27Q`K�iBQM iQ K�i+? i?2 KvQ+�`/B�H
#QmM/�`B2bX h?2 K2i?Q/ BM+Hm/2b bHB+2 +Q``2+iBQM iQ
`2KQp2 KBb�HB;MK2Mi #2ir22M +QMb2+miBp2 bHB+2bX

aBM+2 QMHv i?2 p2Mi`B+H2b r2`2 pBbB#H2 BM Qm` BK�;2b-
r2 /Bb+�`/2/ i?2 �i`B� �M/ #B; p2bb2Hb 7`QK 2�+? b2;@
K2Mi2/ b?�T2X 1�+? `2bmHiBM; K2b? ?�b 999e p2`iB+2b
Ui?2 H27i p2Mi`B+H2 UGoV ?�b jy8k p2`iB+2b �M/ i?2 `B;?i
p2Mi`B+H2 U_oV ?�b Rdde p2`iB+2b- i?2 `B;?i@KQbi T�`i
Q7 i?2 b2TimK #2HQM;b iQ #Qi? p2Mi`B+H2bV BM TQBMi@
iQ@TQBMi +Q``2bTQM/2M+2- �M/ Nyy9 i`B�M;H2bX PMHv
i?2 2M/ /B�biQHB+ U1.V 7`�K2 Bb b2H2+i2/ 7Q` i?2 �M�H@
vbBbX aBM+2 K2b?2b �`2 BM TQBMi@iQ@TQBMi +Q``2bTQM@
/2M+2 �M/ b?�`2 i?2 b�K2 +QMM2+iBpBiv- i?2v +�M #2
�M�Hvb2/ mbBM; i?2 TQBMi /Bbi`B#miBQM KQ/2H US.JV
U*QQi2b 2i �HX- RNN8VX AM S.J- i?2 b?�T2 Q7 2�+? T�@
iB2Mi j Bb �bbQ+B�i2/ iQ � p2+iQ` rBi? i?2 +QM+�i2M�i2/
TQbBiBQM (x, y, z) Q7 Bib MQ/2b- ;BpBM; � b?�T2 p2+iQ`,

Xj = (x0, y0, z0, x1, y1, z1 . . . xN , yN , zN) URV

� T`Q#H2K rBi? i?Bb T�`�K2i`Bb�iBQM Bb i?�i Bi
/Q2b MQi �pQB/ /2;2M2`�i2 b2H7@BMi2`b2+iBM; b?�T2bX
JQ`2 +QKTH2t i2+?MB[m2b ?�p2 #22M /2p2HQT2/- BM
r?B+? K2b?2b �`2 `2T`2b2Mi2/ #v i?2 �+iBQM Q7 /B7@
72Q`KQT?BbK iQ � ;Bp2M `272`2M+2 U�b?#m`M2` �M/
6`BbiQM- kyRRc JBHH2` 2i �HX- kyyec .m``H2K�M 2i �HX-
kyR9VX h?2b2 `2T`2b2Mi�iBQMb �pQB/ b2H7@BMi2`b2+iBQMb
�M/ T`QpB/2 � KQ`2 �++m`�i2 b?�T2 `2T`2b2Mi�iBQM-
#mi ?�p2 � #B;;2` +QKTmi�iBQM�H +QbiX q2 +?Qb2 S.J
Qp2` i?2b2 `2T`2b2Mi�iBQMb bBM+2 r2 ?�p2 MQi Q#b2`p2/
�Mv Q7 i?2 MQM@/Bz2QKQ`T?B+ �`i27�+ibX AM bmTTH2@
K2Mi�`v K�i2`B�H aR r2 ?�p2 +QKT�`2/ i?2 K2i`B+
BM/m+2/ #v i?2b2 K2i?Q/b rBi? i?2 S.J �M/ 7QmM/
QMHv KBMQ` /Bz2`2M+2bX q2 �TTHB2/ ;2M2`�HBb2/ S�`@
iB�H S`Q+`mbi2b �M�HvbBb U.`v/2M �M/ J�`/B�- RNN3V
iQ �HB;M i?2 K2b?2b i?mb `2KQpBM; i?2 TQbBiBQMBM; �M/
Q`B2Mi�iBQM p�`B�#BHBivX q2 K�BMi�BM2/ bBx2 /m`BM;
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6B;m`2 R, a+?2K� Q7 i?2 7`�K2rQ`F �M/ Bib /Bz2`2Mi +QKTQM2MibX h?2 BMTmi �`2 i?2 b?Q`i �tBb J_A- �M/ i?2 /2KQ;`�T?B+b Q7
i?2 TQTmH�iBQMX 6`QK i?2 BK�;2- r2 ;2M2`�i2 � T2`bQM�HBb2/ j. K2b? Q7 i?2 p2Mi`B+H2b- �M/ �HB;M i?2K mbBM; S`Q+`mbi2b �M�HvbBbX
�7i2`r�`/b- r2 `2KQp2 +QM7QmM/BM;@`2H�i2/ b?�T2 p�`B�#BHBiv mbBM; +QM7QmM/BM; /2~�iBQMX h?Bb Bb 7QHHQr2/ #v � /BK2MbBQM�HBiv
`2/m+iBQM �M/ � +H�bbB}+�iBQM bi2TbX h?2 }M�H bi2T Bb iQ +QKTmi2 i?2 KQbi /Bb+`BKBM�iBp2 b?�T2 T�ii2`M 7`QK i?2 +H�bbB}+�iBQM
KQ/2H +Q2{+B2MibX

i?Bb bi2T- #mi /Bz2`2M+2b BM bBx2 /m2 iQ �Mi?`QTQK2i@
`B+ p�`B�#H2b rBHH #2 B/2MiB}2/ �M/ `2KQp2/ BM Qi?2`
bi2Tb Q7 i?2 7`�K2rQ`FX h?Bb �H;Q`Bi?K Bb �M Bi2`�iBp2
K2i?Q/- �i 2�+? Bi2`�iBQM +QKTmi2b �M 2biBK�iBQM Q7
i?2 K2�M b?�T2 X̄ j �M/ i?2M `B;B/Hv `2;Bbi2`b 2�+?
b?�T2 iQ i?�i 2biBK�i2/ K2�MX h?Bb Bb `2T2�i2/ mMiBH
+QMp2`;2M+2- BM Q`/2` iQ Q#i�BM �M mM#B�b2/ K2�MX
>2`2 r2 b?Qr � 7mHH Bi2`�iBQM j Q7 i?2 �H;Q`Bi?K,

X̄ j =
1
n

n∑
X j

i UkV

∀i : Rj
i , t

j
i = arg min

R,t
‖R(Xi − t) − X̄ j‖2 UjV

X j+1
i = Rj

i (Xi − ti) U9V

kXkX *QM7QmM/BM; /2~�iBQM
hQ B/2MiB7v �M/ `2KQp2 i?2 b?�T2 p�`B�#BHBiv `2@

H�i2/ iQ i?2 +QM7QmM/BM; p�`B�#H2b UMV- �M/ MQi iQ
i?2 bim/B2/ +QM/BiBQM- r2 mb2 � T`Q+2/m`2 bBKBH�` iQ
T�`iB�H +Q``2H�iBQM- �b /QM2 BM UaBM;? 2i �HX- kyR9V 7Q`
� `2;`2bbBQM T`Q#H2KX q2 �bbmK2 i?�i b?�T2 X +�M
#2 /2+QKTQb2/ BM i?2 bmK Q7 i?2 TQTmH�iBQM K2�M
UµXV �M/ bQK2 /27Q`K�iBQM 7`QK i?�i K2�M i?�i Bb

+QKTQb2/ Q7 MQBb2 UεV- p�`B�#BHBiv +�mb2/ #v i?2 +QM@
7QmM/BM; p�`B�#H2b UXMV �M/ p�`B�#BHBiv 7`QK Qi?2`
bQm`+2b UXiVX h?2 H�bi +QKTQM2Mi BM+Hm/2b `2KQ/@
2HHBM; /m2 iQ T�i?QHQ;v ,

X = µX + XM + Xi + ε U8V

h?2 }`bi bi2T +QMbBbib BM 2biBK�iBM; XM #v #mBH/BM;
� HBM2�` KQ/2H Ur?Qb2 +Q2{+B2Mib �`2 wMV i?�i T`2@
/B+ib i?2 2tT2+i2/ b?�T2 7`QK i?2 +QM7QmM/BM; p�`B@
�#H2b MX h?2 i`�BMBM; /�i� Q7 i?Bb KQ/2H Bb QMHv QM2
TQTmH�iBQM Ui?2 +QMi`QHbV- iQ �pQB/ BMi`Q/m+BM; TQb@
bB#H2 BMi2`@TQTmH�iBQM /Bz2`2M+2b BM i?2 KQ/2HX h?Bb
T`2/B+iBQM rBHH #2 Qm` XMX h?2M- 7Q` i?2 b?�T2 Q7
2�+? BM/BpB/m�H- r2 bm#i`�+i i?2 T`2/B+i2/ b?�T2 7`QK
i?2 �+im�H b?�T2 Q#i�BMBM; i?2 T`2/B+iBQM `2bB/m�HbX
_2bB/m�Hb `2T`2b2Mi i?2 T�`i Q7 i?2 b?�T2 p�`B�#BHBiv
i?�i +�MMQi #2 2tTH�BM2/ #v i?2 +QM7QmM/BM; p�`B@
�#H2bX hQ K�BMi�BM i?2 `2bB/m�H p2+iQ`b BM i?2 b�K2
`�M;2 �b i?2 Q`B;BM�H b?�T2 p2+iQ`b- r2 bmKK�i2 i?2
Q`B;BM�H TQTmH�iBQM b?�T2 K2�MX h?2 }M�H 7Q`KmH�
`2�/b,

Xres = X − XM = (X − wc · M) + µX UeV
h?2 `2;`2bbBQM KQ/2H +Q2{+B2Mib wc �`2 +QKTmi2/
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mbBM; T�`iB�H H2�bi b[m�`2b USGaV rBi? i?2 b?�T2b
X �M/ +QM7QmM/BM; p�`B�#H2b MX SGa Bb � `2;`2b@
bBQM K2i?Q/ i?�i T`QD2+ib i?2 BMTmi �M/ QmiTmi /�i�
iQ irQ HQr@/BK2MbBQM bm#bT�+2b U+�HH2/ 2K#2//BM;bV
i?�i ?�p2 K�tBK�H +Qp�`B�M+2 Uq2;2HBM- kyyyVX h?2
+QM7QmM/BM; p�`B�#H2b �`2 bi�M/�`/Bb2/ iQ ?�p2 1
bi�M/�`/ /2pB�iBQM �M/ 0 K2�M- #mi b?�T2b �`2 QMHv
bi�M/�`/Bb2/ iQ ?�p2 0 K2�MX h?2 7mHH T`Q+2bb Bb /2@
b+`B#2/ #2HQr- �M/ +QMbBbib BM �M Bi2`�iBp2 T`Q+2bb
r?2`2 �i 2�+? Bi2`�iBQM � M2r `2;`2bbBQM /BK2MbBQM
Q7 i?2 HQr@/BK2MbBQM�H bT�+2b Bb +QKTmi2/X h?2 T`2@
/B+i2/ T�`i Bb i?2M `2KQp2/ 7`QK i?2 BMTmi �M/ Qmi@
Tmi bT�+2b- �M/ i?2 T`Q+2bb Bb `2T2�i2/ mMiBH i?2 /2@
bB`2/ MmK#2` Q7 Bi2`�iBQMb Bb `2�+?2/X a2p2`�H p2`@
bBQMb Q7 SGa 2tBbi- �M/ r2 mb2/ qQH/Ƕb p2`bBQMX �HH
SGa p2`bBQMb �;`22 BM i?2 }`bi Bi2`�iBQM- #mi ;Bp2 /B7@
72`2Mi `2bmHi 7Q` 2K#2//BM; bT�+2b Q7 KQ`2 i?�M QM2
/BK2MbBQMX >2`2 r2 b?Qr i?2 �H;Q`Bi?K 7Q` i?2 r@i?
Bi2`�iBQM Q7 � SGa �bbQ+B�iBM; �M BMTmi bT�+2 X rBi?
bQK2 `2bTQMb2 Y- #Qi? #2BM; K�i`B+2bX AM Qm` b2iiBM;-
�M/ QMHv 7Q` i?Bb T�`i X rBHH #2 i?2 +QM7QmM/BM; p�`B@
�#H2b UM BM i?2 `2bi Q7 i?2 T�T2`V �M/ Y i?2 b?�T2
p2+iQ`b UX BM i?2 `2bi Q7 i?2 T�T2`VX

6B`bi- r2 +QKTmi2 i?2 M2r /BK2MbBQMb Q7 i?2 2K@
#2//BM; bT�+2b #v bQHpBM; �M 2B;2Mp2+iQ` T`Q#H2K,

ur, vr = arg max
‖u∗‖=1,‖v∗‖=1

u∗tXtYv∗ UdV

q2 +QKTmi2 i?2 `�MF QM2 �TT`QtBK�iBQMb U?�i
p�`B�#H2bV- �M/ i?2 `2;`2bbBQM +Q2{+B2Mi wrc 7Q` PGa
`272`b iQ i?2 +H�bbB+�H Q`/BM�`v H2�bi b[m�`2bX

X̂r = OLS prediction(Xrur,Yrvr)

wr = vr(ur)t (Xrur)tYrvr

Xrur,

Ŷr = OLS prediction(Yrur, Xrvr)

U3V

h?2b2 `�MF QM2 QTiBKBb�iBQMb �`2 mb2/ iQ mT/�i2
i?2 BMTmi X �M/ Bib QmiTmi Y #v `2KQpBM; i?2 T�`i
i?�i Bb �H`2�/v T`2/B+i2/X

Xr+1 = Xr − X̂r

Yr+1 = Yr − Ŷr UNV

h?2 }M�H `2bmHi Q7 i?2 �H;Q`Bi?K Bb i?2 `2;`2bbBQM
+Q2{+B2Mib w 7`QK X iQ Yc �M/ Bi Bb Q#i�BM2/ #v bmK@

KBM; �HH i?2 QM2@`�MF �TT`QtBK�iBQM `2;`2bbBQM +Q27@
}+B2MibX

w =
∑

r

wr URyV

h?2 +Q2{+B2Mib wi Q7 i?2 T`2/B+iBQM KQ/2H- �bbQ@
+B�i2/ iQ +QM7QmM/2` p�`B�#H2 Mi- Q7 i?Bb KQ/2H +�M
�HbQ #2 pBbm�HBb2/ �M/ BMi2`T`2i2/X q2 +�M +QMbB/2`
i?2 T�`iB�H /2i2`KBM�iBQM +Q2{+B2Mi- �M/ pBbm�HBb2
i?2 b?�T2 T�ii2`M KQbi �bbQ+B�i2/ iQ � +2`i�BM +QM@
7QmM/2`- �b B7 Bi r2`2 � /Bb+`BKBM�iBM; b?�T2 Ub22 bm#@
b2+iBQM kXjVX

kXkXRX .BK2MbBQM�HBiv `2/m+iBQM
:Bp2M i?2 ?B;? /BK2MbBQM�HBiv Q7 i?2 b?�T2 p2+iQ`b

�M/ HQr MmK#2` Q7 b�KTH2b- r2 mb2 � ._ K2i?Q/
iQ }M/ � bm#bT�+2 i?�i +QMi�BMb i?2 KQbi `2H2p�Mi
b?�T2 T�ii2`MbX q2 +?QQb2 HBM2�` K2i?Q/b Qp2` MQM@
HBM2�` �Hi2`M�iBp2b /m2 iQ i?2B` ?B;?2` BMi2`T`2i�#BH@
Biv- �b i?2 T`QD2+iBQM 7mM+iBQM Bb +QKTmi2/ 2t�+iHvX
�//BiBQM�HHv- �M BMBiB�H 2tTHQ`�iBQM Q7 � MQM@HBM2�`
�TT`�Q+? Ub22 bmTTH2K2Mi�`v K�i2`B�H akV /B/ MQi
H2�/ iQ /Bz2`2Mi `2bmHib h?2 ;2M2`�H HBM2�` ._ KQ/2H
`2�/b,

Xorig = µX + KXred + ε URRV
1�+? b?�T2 Xorig Bb 2tT`2bb2/ �b i?2 TQTmH�iBQM

K2�MUµxV THmb bQK2 b?�T2@bT2+B}+ �bbQ+B�i2/ HQr@
/BK2MbBQM�HBiv p2+iQ` Xred �M/ � MQBb2 i2`K εX h?2
2K#2//BM; K�i`Bt K Bb +QMbi`m+i2/ /2T2M/BM; QM i?2
/BK2MbBQM�HBiv `2/m+iBQM K2i?Q/- �M/ +QMi�BMb i?2
KQbi BMi2`2biBM; b?�T2 /B`2+iBQMb �++Q`/BM; iQ � +2`@
i�BM K2i`B+X

q2 mb2 i?`22 /Bz2`2Mi K2i?Q/b Q7 HBM2�` ._, S*�-
SGa �M/ � +QK#BM�iBQM Q7 #Qi?X S*� �M/ SGa ?�p2
#22M `2TQ`i2/ iQ #2 mb2/ BM +QMDmM+iBQM iQ +H�bbB}@
+�iBQM K2i?Q/b- �M/ BM T�`iB+mH�` HQ;BbiB+ `2;`2bbBQM
U"�biB2M- kyy8VX q2 ?�p2 /2b+`B#2/ i?2 `2;`2bbBQM
KQ/�HBiv Q7 SGa BM bm#b2+iBQM kXk- #mi SGa �HbQ +QK@
Tmi2b � ._ bT�+2X h?2 /Bz2`2M+2 Bb i?�i r2 /Bb+�`/
i?2 `2;`2bbBQM +Q2{+B2Mib w �M/ QMHv mb2 2K#2//BM;
p2+iQ`b ur BM 2[m�iBQM d Q7 i?2 BMTmi bT�+2X h?2b2
p2+iQ`b /2}M2 � p2+iQ` bm#bT�+2- #mi �`2 MQi ;m�`�M@
i22/ iQ #2 Q`i?Q;QM�H- bQ r2 mb2 QR /2+QKTQbBiBQM
UGQ`/ 2i �HX- RNNNV iQ Q#i�BM �M Q`i?QMQ`K�H #�b2X
h?2 +QK#BM2/ K2i?Q/ Bb #�b2/ QM T`2}Hi2`BM; i?2

e



b?�T2 mbBM; S*�- F22TBM; � ?B;? MmK#2` Q7 +QKTQ@
M2Mib U> 90% Q7 i?2 p�`B�M+2V- iQ i?2M mb2 �b BMTmi
iQ � SGaX h?Bb /2+`2�b2b i?2 +QKTmi�iBQM iBK2- �M/
�//b bi�#BHBiv #v /2MQBbBM; i?2 /�i�X *QMi`�`v iQ i?2
ivTB+�H T`Q+2/m`2 BM K�+?BM2 H2�`MBM;- r2 +?Qb2 MQi
iQ bi�M/�`/Bb2 i?2 S*� KQ/2b #v p�`B�M+2 #27Q`2 �T@
THvBM; SGa- �b i?2 p�`B�M+2 Q7 2�+? S*� KQ/2 +�``B2b
BKTQ`i�Mi BM7Q`K�iBQM Q7 i?2 bB;M�H@iQ@MQBb2@`�iBQX

kXjX *H�bbB}+�iBQM
AM i?Bb b2+iBQM- r2 T`2b2Mi i?2 K2i?Q/ mb2/ iQ i`�BM

i?2 +H�bbB}2` KQ/2H �M/ mb2 i?2 KQ/2H +Q2{+B2Mib iQ
Q#i�BM i?2 KQbi /Bb+`BKBM�iBM; b?�T2X h?2 b?�T2 72�@
im`2b Q#i�BM2/ 7`QK i?2 ._ �`2 +QK#BM2/ rBi? i?2
+QM7QmM/BM; p�`B�#H2b BM � HQ;BbiB+ `2;`2bbBQM KQ/2HX
q2 +?QQb2 HQ;BbiB+ `2;`2bbBQM #2+�mb2 r2 2tT2+i MQi
iQ ?�p2 � +QKTH2i2 b2T�`�iBQM #2ir22M #Qi? TQTmH�@
iBQMb- �M/ r2 r�Mi i?2 KQ/2H iQ #2 bBKTH2 �M/ BM@
i2`T`2i�#H2X h?2 HQ;BbiB+ KQ/2H ;Bp2b � T`Q#�#BHBiv
i?�i �M BM/BpB/m�H j rBi? b?�T2 Xj �M/ +QM7QmM/BM;
p�`B�#H2b Mj #2HQM;b iQ i?2 T�i?QHQ;B+�H Q` +QMi`QH
TQTmH�iBQMbX

Pr(y j = +QMi`QH |Xj,Mj) = logit(〈Xj,wX〉 + 〈MjwM〉 + b)
URkV

GQ;Bi `272`b iQ i?2 HQ;BbiB+ 7mM+iBQM x '→ 1/(1 +
exp(−x))X wX �M/ wM �`2 i?2 HQ;BbiB+ `2;`2bbBQM +Q@
2{+B2Mib 7Q` i?2 b?�T2 �M/ +QM7QmM/BM; p�`B�#H2b `2@
bT2+iBp2Hv- �M/ �`2 +?Qb2M iQ KBMBKBx2 i?2 HQ;@HQbb Q7
i?2 T`Q#�#BHBiv Q7 i?2 i`�BMBM; /�i� XX h?2 HQ;@HQbb
Bb i?2 HQ;�`Bi?K Q7 i?2 T`Q#�#BHBiv i?�i i?2 KQ/2H Bb
BM+QMbBbi2Mi rBi? i?2 Q#b2`p2/ /�i�,

1
n

n∑
log
(∣∣∣y j − Pr(y j = 1|Xj,Mj)

∣∣∣
)

URjV

h?2 HQ;BbiB+ `2;`2bbBQM +Q2{+B2Mib �bbQ+B�i2/ iQ i?2
b?�T2 wX- +�M #2 K�TT2/ 7`QK i?2 `2/m+2/ b?�T2
bT�+2 iQ i?2 7mHH bT�+2 #v mbBM; i?2 Tb2m/QBMp2`b2 Q7
i?2 /BK2MbBQM�HBiv `2/m+iBQM K�i`BtX G2i wXred #2 i?2
+Q2{+B2Mib �bbQ+B�i2/ iQ i?2 `2/m+2/ b?�T2 KQ/2Hb-
�M/ KPCA �M/ KPLS i?2 T`QD2+iBQM K�i`B+2b Q7 S*�
�M/ SGa `2bT2+iBp2HvX h?2M i?2 +Q2{+B2Mib �bbQ+B@
�i2/ rBi? i?2 7mHH b?�T2 �`2,

wX = Kt
PCAKt

PLS wXred UR9V

h?2M- r2 +�M pBbm�HBb2 �M/ BMi2`T`2i i?2 b?�T2 T�i@
i2`MX �M�HQ;QmbHv iQ KmHiBp�`B�i2 `2;`2bbBQM- r?2`2
i?2 +Q2{+B2Mib �`2 BM/2t2/ #v i?2 bi�M/�`/ /2pB�@
iBQM iQ �HHQr +QKT�`BbQM �KQM; i?2K- r2 M22/ iQ
�/Dmbi 7Q` /Bz2`2M+2b BM p�`B�M+2 Q7 i?2 /Bz2`2Mi +Q@
Q`/BM�i2bX aBM+2 MQ/2 +QQ`/BM�i2b +�``v MQ K2�MBM;
QM i?2B` QrM- r2 i`2�i b?�T2 �b �M Q#D2+i Bib2H7 �M/ /Q
S*� r?Bi2MBM; Q7 i?2 b?�T2- �b Bb ivTB+�HHv /QM2 rBi?
Qi?2` KmHiB/BK2MbBQM�H bB;M�Hb UE2bbv 2i �HX- kyR3VX
aBM+2 r2 �`2 QMHv BMi2`2bi2/ BM i?2 `2KQ/2HHBM; /B`2+@
iBQM- r2 MQ`K�HBb2 i?2 p2+iQ` iQ #2 mMBi�`v BM i?2 L2
MQ`KX qBi? i?2b2 +Q``2+iBQMb- �HH i?2 b?�T2 72�im`2b
�`2 +Q``2+iHv b+�H2/ #v i?2B` BKTQ`i�M+2 BM T`2/B+@
iBQMX h?2 7mHH T`Q+2bb iQ }M/ i?2 bi�M/�`/Bb2/ b?�T2
T�ii2`M ŵ `2�/b,

ŵ =
Σ1/2wX

‖Σ1/2wX‖
UR8V

q?2`2 Σ Bb i?2 +Qp�`B�M+2 K�i`Bt 2biBK�i2/ mbBM;
S*�X 6Q` pBbm�HBb�iBQM- r2 +�M ;2M2`�i2 b?�T2b i?�i
�`2 `2T`2b2Mi�iBp2 Q7 i?�i b?�T2 T�ii2`M #v �//BM; i?2
`2KQ/2HHBM; b?�T2 T�ii2`M- b+�H2/ rBi? � T�`�K2i2`
λ- iQ i?2 K2�M b?�T2X hQ F22T i?2 b?�T2b rBi?BM i?2
Q`B;BM�H `�M;2- r2 BKTQb2 i?�i λ ?�b iQ #2 rBi?BM 3
bi�M/�`/ /2pB�iBQMb Q7 i?2 p�`B�M+2 �bbQ+B�i2/ iQ i?2
b?�T2 T�ii2`MX

Xrepr(λ) = µX + λŵ UReV

q2 +�M [m�MiB7v i?2 T`2b2M+2 Q7 `2KQ/2HHBM; BM
2�+? b?�T2- Q#i�BMBM; � b+�H�` b+Q`2 7Q` 2�+? BM/BpB/@
m�H- #v +QKTmiBM; i?2 /Qi T`Q/m+i Q7 i?2 b?�T2 p2+@
iQ`b rBi? i?2 `�r HQ;BbiB+ `2;`2bbBQM +Q2{+B2Mib �bbQ@
+B�i2/ iQ i?2 b?�T2 QMHvX h?2 T`2pBQmb S*� r?Bi2M@
BM; Bb QMHv /QM2 7Q` pBbm�HBb�iBQM �M/ +QKT�`BbQM Q7
KQ/2bX A7 i?2 b?�T2 T�ii2`M M22/b iQ #2 [m�MiB}2/
BM � TQTmH�iBQM- i?2 Q`B;BM�H QM2 rBi?Qmi bi�M/�`/@
Bx�iBQM M22/b iQ #2 mb2/X

b+Q`2i = 〈wX , Xi − µX〉 URdV

h?2 b?�T2 T�ii2`Mb +�M #2 +QKT�`2/ mbBM; i?2
L2 /Qi T`Q/m+i #2ir22M bi�M/�`/Bb2/ b?�T2 p2+iQ`b-
r?B+? +QBM+B/2b rBi? i?2 +Q``2H�iBQM Q7 i?2 b+Q`2b �b@
bQ+B�i2/ iQ 2�+? T�ii2`MX

d



jX 1tT2`BK2Mi�H b2imT

jXRX *HBMB+�H /�i�b2i
h?2 bim/v +QKT`Bb2b dd +QMi`QHb �M/ 3N �i?H2i2b

i?�i mM/2`r2Mi � J_A- iQ bim/v i?2 +�`/B�+ `2KQ/@
2HHBM; i`B;;2`2/ #v i?2 T`�+iB+2 Q7 2M/m`�M+2 bTQ`iX
h?2 bim/v r�b �TT`Qp2/ #v � HQ+�H 2i?B+�H #Q�`/- �M/
�HH T�`iB+BT�Mib ;�p2 r`Bii2M BM7Q`K2/ +QMb2Mi 7Q` i?2
?�M/HBM; Q7 i?2B` /�i�X _2+`mBi2/ �i?H2i2b ?�/ #22M
i`�BMBM; �M 2M/m`�M+2 bTQ`i- i`B�i?HQM- Qp2` Ry? �
r22F /m`BM; i?2 H�bi 8 v2�`bX �HH i?2 bim/v T�`iB+B@
T�Mib r2`2 *�m+�bB�M �M/ MQM2 ?�/ T`2pBQmb +�`/BQ@
p�b+mH�` /Bb2�b2- MQ` r2`2 �Mv /2i2+i2/ /m`BM; i?2
bim/vX JQ`2 /2i�BHb QM i?2 `2+`mBiK2Mi T`QiQ+QH �`2
7QmM/ BM "2`M�`/BMQ 2i �HX UkykyVX h�#H2 R b?Qrb i?2
/2KQ;`�T?B+b Q7 #Qi? TQTmH�iBQMbX

h?2 +QMi`QHb �M/ �i?H2i2b +QK2 7`QK /Bz2`2Mi bim/@
B2b- �M/ i?2 /2KQ;`�T?B+b Q7 #Qi? TQTmH�iBQMb /B/ MQi
K�i+? 2t�+iHv BM �;2- #mi `Qm;?Hv `2T`2b2Mi i?2 b�K2
;2M2`�H TQTmH�iBQM BM �;2 �M/ ;2M/2`X h?2 bim/v T`Q@
iQ+QH �M/ `�/BQHQ;Bbi r2`2 i?2 b�K2 7Q` #Qi? +�b2bX
�;2 Bb bi�iBbiB+�HHv /Bz2`2Mi #2ir22M �i?H2i2b �M/
+QMi`QHb- #mi i?2 /Bz2`2M+2 Bb p2`v bK�HH Uk v2�`bVX
q2 /Q MQi 2tT2+i #B; /Bz2`2M+2b /m2 iQ i?Bb BK#�H@
�M+2- bBM+2 #Qi? �i?H2i2b �M/ +QMi`QHb �`2 KB//H2@
�;2/X h?2`2 �`2 �HbQ bi�iBbiB+�HHv bB;MB}+�Mi /Bz2`@
2M+2b BM #Qi? r2B;?i �M/ #Q/v bm`7�+2 �`2� U"a�V-
#mi i?2b2 +Q``2bTQM/ iQ T?vbBQHQ;B+�H `2KQ/2HHBM;
bBM+2 2M/m`�M+2 �i?H2i2b �`2 Q#pBQmbHv }ii2` i?�M i?2
;2M2`�H TQTmH�iBQMX q2 mb2/ �b TQbbB#H2 +QM7QmM/2`b
�;2- "a� �M/ ;2M/2`- i?2 ivTB+�H �/DmbiK2Mi p�`B@
�#H2b BM +�`/BQHQ;v bim/B2bX

h?2 J_A �+[mBbBiBQM r�b 1*:@;�i2/ 7`QK i?2 _@
T2�F /m`BM; #`2�i?@?QH/X h?2 J_A K�+?BM2b r2`2
aB2K2Mb �2`2Q �M/ aB2K2Mb J�;M2iQK- rBi? �M BM@
TH�M2 bT�iB�H `2bQHmiBQM `�M;BM; 7`QK yX8KK iQ RKKX
h?2 bT�+BM; #2ir22M bHB+2b `�M;2 #2ir22M 3KK �M/
RyX9KK- �M/ i?2 bHB+2 i?B+FM2bb r�b 3KKX J_A b2@
[m2M+2b r2`2 �+[mB`2/ rBi? k8 7`�K2b T2` +�`/B�+ +v@
+H2X h?2 p2Mi`B+mH�` +QMiQm`b U2TB+�`/BmK �M/ 2M/Q@
+�`/BmK BM i?2 +�b2 Q7 i?2 Go- �M/ QMHv 2TB+�`/BmK
Q7 i?2 _o V r2`2 �miQK�iB+�HHv b2;K2Mi2/ 7`QK i?2
J_A a� mbBM; i?2 �miQK�iB+ T`Q+2/m`2 /2b+`B#2/ BM
i?2 K2i?Q/QHQ;vX 1. BK�;2b r2`2 b2H2+i2/ �b i?2
QM2b rBi? K�tBK�H Go pQHmK2- �M/ i?2 `2bi Q7 i?2
+�`/B�+ +v+H2 r�b /Bb+�`/2/X

h?2 [m�HBiv Q7 i?2 �miQK�iB+ b2;K2Mi�iBQMb r�b
�bb2bb2/ #v QM2 Q7 Qm` 2tT2`ib- #mi MQ K�Mm�H `2}M2@
K2Mi r�b T2`7Q`K2/ BM Q`/2` iQ T`2b2`p2 TQBMi@rBb2
+Q``2bTQM/2M+2bX *�b2b r?2`2 2``Q`b +QmH/ MQi #2
+QMbB/2`2/ iQ #2 bK�HH r2`2 /Bb+�`/2/, irQ BM/BpB/@
m�Hb U#Qi? Q7 i?2K �i?H2i2bV r2`2 /Bb+�`/2/ #2+�mb2
i?2 b2;K2Mi�iBQM r�b BM+QMbBbi2Mi rBi? i?2 BK�;2X
h?2 b2;K2Mi�iBQM �M/ `2;Bbi`�iBQM 2``Q`b �`2 ?�M@
/H2/ �b MQBb2 BM Qm` bim/vX h?2 K2b?2b r2`2 p2`v
mMB7Q`K �M/ r2 7QmM/ MQ b2H7@BMi2`b2+iBM; �`i27�+ibX
�b � +QMb2[m2M+2 Q7 i?2 i?B+F bHB+2b- i?2 �T2t r�b
MQi +Q``2+iHv BK�;2/ �M/ T`2b2Mi2/ Km+? KQ`2 MQBb2
i?�M i?2 #�b�H T�`i Q7 i?2 p2Mi`B+H2bX LQ 2ti`� T`Q@
+2bbBM; r�b /QM2 iQ +Q``2+i 7Q` TQi2MiB�H �T2t �`i2@
7�+ibX q2 /2+B/2/ iQ H2�p2 i?2 �T2t BM i?2 bim/v iQ
�pQB/ #QmM/�`v 2z2+ibX

jXkX �miQK�iB+ K2�bm`2K2Mib
q2 +QKTmi2/ �miQK�iB+ K2�bm`2K2Mib Q7 i?2 j.

b?�T2b i?�i �`2 �M�HQ;Qmb iQ i?2 +H�bbB+�H +HBMB+�H
K2�bm`2K2Mib- mbBM; i?2 TQBMi@iQ@TQBMi +Q``2bTQM@
/2M+2 �M/ H�#2HHBM; +QKBM; 7`QK i?2 KQ/2H@#�b2/
`2;Bbi`�iBQM �M/ b2;K2Mi�iBQMX h?Bb �HHQr2/ � #2i@
i2` mM/2`bi�M/BM; Q7 i?2 /Bb+`BKBM�iBp2 b?�T2 T�i@
i2`Mb #v �bb2bbBM; ?Qr i?2b2 K2�bm`2K2Mib p�`v BM
`2bTQMb2 iQ i?2 `2KQ/2HHBM; b+Q`2 λ QM i?2 bvMi?2iB@
+�HHv ;2M2`�i2/ K2b?2b �++Q`/BM; iQ 2[m�iBQM ReX q2
+QKTmi2/ i?2 1. pQHmK2b Q7 #Qi? p2Mi`B+H2b- �b r2HH
�b i?2 KvQ+�`/B�H K�bb Q7 i?2 GoX

jXjX "JA@#�b2/ /QrMb�KTHBM;
P#2bBiv U/2}M2/ �b #Q/v K�bb BM/2t U"JAV = jyV

�M/ Qp2`r2B;?i U/2}M2/ �b "JA = k8V ?�p2 #22M `2@
TQ`i2/ �b `BbF 7�+iQ`b iQ +�`/BQp�b+mH�` BHHM2bb2b BM
i?2 HBi2`�im`2 �M/ ?�p2 � +H2�` BM~m2M+2 BM +�`/B�+
b?�T2 �M/ 7mM+iBQM U�HT2`i 2i �HX- kyR3VX am`T`Bb@
BM;Hv- Qp2`r2B;?i �M/ �i?H2iB+ `2KQ/2HHBM; b?�`2 bBK@
BH�`BiB2bX 1p2M B7 QM2 KB;?i 2tT2+i i?2K iQ #2 QTTQ@
bBi2- �b 2M/m`�M+2 �i?H2i2b �M/ Qp2`r2B;?i #Q/v 7�i
�`2 BM i?2 QTTQbBi2 bB/2b Q7 i?2 bT2+i`mK- #Qi? `2@
KQ/2HHBM;b �`2 i`B;;2`2/ #v �M BM+`2�b2 Q7 i?2 ?2�`iǶb
HQ�/BM;X AM i?2 +�b2 Q7 i?2 �i?H2i2b- Bi Bb i?2 BM+`2�b2
Q7 +�`/B�+ QmiTmi U*PV /m`BM; 2t2`+Bb2 i?�i T`Q/m+2b
� pQHmK2 Qp2`HQ�/- �M/ BM i?2 Q#2b2 Bi Bb � KBt Q7 BM@
+`2�b2/ *P M22/b �i `2bi iQ �++QmMi 7Q` i?2 #B;;2`

3



h�#H2 R, SQTmH�iBQM /2KQ;`�T?B+b Q7 i?2 bim/v T�`iB+BT�MibX �i?H2i2b ?�p2 � HQr2` ?2�`i `�i2 �M/ r2B;?i i?�M +QMi`QHbX h?2
�;2 Bb bB;MB}+�MiHv /Bz2`2Mi- #mi #Qi? +Q?Q`ib �`2 KB//H2@�;2/ �M/ r2 /Q MQi 2tT2+i K�DQ` �;2@`2H�i2/ /Bz2`2M+2bX h?2 T@p�Hm2b
�`2 Q#i�BM2/ mbBM; � J�MM@q?BiM2v i2biX

�i?H2i2b *QMi`QHb T@p�Hm2
�;2 (v) j8X9UeXRV jjX9UjX3V yXyRj
"a� (K2) RXd3UyXRNV RX3eUyXkyV yXyy8
q2B;?i (F;) eeX3URRXjV djX8UR8XRV yXyyR
>2B;?i (K) RXdRUyXyNV RXdjUyXy3V yXR8R
qQK2M (W) yX93 yX99 yXNj3
_2biBM; >_ (#TK) 8dXkU3X9V e8X3URyXeV IyXyyR

#Q/v bBx2 UG�pB2 2i �HX- kyydV �M/ � p2Mi`B+mH�` T`2b@
bm`2 Qp2`HQ�/ /m2 iQ �M BM+`2�b2 Q7 �`i2`B�H T`2bbm`2
UJ2bb2`HB 2i �HX- RN3kVX

hQ bim/v i?2 2z2+i Q7 �M BK#�H�M+2 BM � b?�T2@
�z2+iBM; p�`B�#H2 #2ir22M i?2 +QMi`QH �M/ +�b2 TQT@
mH�iBQMb- r2 #B�b2/ Qm` TQTmH�iBQM iQ BM+`2�b2 i?2
"JA Q7 i?2 +QMi`QHb- �b Qp2`r2B;?i ?�b � r2HH FMQrM
2z2+i QM i?2 ?2�`iX hQ ;2M2`�i2 i?2 BK#�H�M+2- i?2
+QMi`QH +H�bb r�b /QrMb�KTH2/ iQ K�BMi�BM QMHv k8W
Q7 Bib +QMi`QHb- 7�pQm`BM; F22TBM; i?2 QM2b rBi? ?B;?2`
"JAX h?2 BM/BpB/m�Hb iQ `2KQp2 r2`2 b2H2+i2/ `�M@
/QKHv �KQM; i?2 +QMi`QHb- rBi? � T`Q#�#BHBiv Q7 #2@
BM; F2Ti T`QTQ`iBQM�H iQ i?2 `�MF Q7 Bib "JA BM i?2
+QMi`QH TQTmH�iBQMX �i?H2i2b r2`2 MQi /QrMb�KTH2/X
h?Bb T`Q+2/m`2 r�b `2T2�i2/ rBi? Ryy /Bz2`2Mi b22/b
iQ Q#i�BM /Bz2`2Mi BK#�H�M+2/ /�i�b2ib �M/ �// `Q@
#mbiM2bb iQ i?2 `2bmHibX

q2 �M�Hvb2/ ?Qr i?Bb BK#�H�M+2 �z2+i2/ i?2 `2@
KQ/2HHBM; T�ii2`M 7QmM/- �M/ iQ r?B+? 2ti2Mi +QmH/
+QM7QmM/BM; �/DmbiK2Mi �M/ +QM7QmM/BM; /2~�iBQM
+Q``2+i i?Bb 2z2+iX hQ bim/v i?2 bi�#BHBiv Q7 i?2
b?�T2 T�ii2`M- r2 +QKTmi2/ i?2 L2 T`Q/m+i #2ir22M
i?2 /Bb+`BKBM�iBp2 b?�T2 T�ii2`Mb Q#i�BM2/ rBi? i?2
/QrMb�KTH2/ /�i�b2ib �M/ i?2 `2bmHib Q#i�BM2/ rBi?
i?2 7mHH /�i�b2i- i?�i b2`p2b �b ;`QmM/i`mi?X h?Bb r�b
T2`7Q`K2/ 7Q` i?2 /Bz2`2Mi ._ K2i?Q/bX q2 �HbQ
i2bi2/ i?2 L2 T`Q/m+i Q7 i?2 /Bb+`BKBM�iBp2 T�ii2`Mb
rBi? i?2 "JA@b?�T2 T�ii2`M- Q#i�BM2/ rBi? �M �/�T@
i�iBQM Q7 Qm` 7`�K2rQ`F iQ i?2 `2;`2bbBQM T`Q#H2KX
�//BiBQM�HHv- r2 +QKT�`2/ [m�HBi�iBp2Hv i?2 �miQ@
K�iB+ K2�bm`2K2Mi `2bTQMb2 iQ i?2 `2KQ/2HHBM; b+Q`2
Q7 #Qi? i?2 /QrMb�KTH2/ �M/ Q`B;BM�H /�i�b2iX q2
i2bi2/ #Qi? i?2 +Qp�`B�i2 �/DmbiK2Mi- �M/ i?2 +QM@

7QmM/BM; /2~�iBQMX 6Q` i?2 +QM7QmM/BM; /2~�iBQM-
r2 �HbQ 2p�Hm�i2/ ?Qr /Bz2`2Mi +?QB+2b /m`BM; i?2
i`�BMBM; Q7 i?2 b?�T2 T`2/B+iBQM KQ/2H �z2+i2/ i?2
Q#i�BM2/ KQbi /Bb+`BKBM�iBp2 b?�T2 T�ii2`MX

9X _2bmHib

9XRX .BK2MbBQM�HBiv `2/m+iBQM

hQ +?QQb2 i?2 #2bi +QM};m`�iBQM Q7 T�`�K2i2`b 7Q`
i?2 ._ K2i?Q/- r2 mb2/ Ry@7QH/ +`Qbb p�HB/�iBQM
U*oV �M/ +QKTmi2/ i?2 K2�M HQ;@HQbb Q7 �HH i?2 p�HB@
/�iBQM b2i- /2}M2/ BM 2[m�iBQM Rj- Qp2` � rB/2 +QK#B@
M�iBQM Q7 T�`�K2i2`bX AM i�#H2 k r2 }M/ i?2 HQ;@HQbb
Q7 i?2 #2bi T�`�K2i2` +?QB+2 7Q` i?2 j /Bz2`2Mi ._
K2i?Q/b US*�- SGa �M/ S*� Y SGaVX h?2v +Q``2@
bTQM/ iQ � S*� rBi? 8 KQ/2b- � SGa rBi? j �M/ i?2
S*� Y SGa rBi? ky S*� KQ/2b �M/ j SGa KQ/2bX
AM i?2 bmTTH2K2Mi�`v K�i2`B�H aj- h�#H2 j b?Qrb i?2
`2bmHib Q7 �HH i?2 T�`�K2i2` +QK#BM�iBQMb i2bi2/X h?Bb
2tT2`BK2Mi �HbQ T`QpB/2/ �M Qp2`pB2r Q7 ?Qr i?2 mb2
Q7 /2KQ;`�T?B+b �z2+i2/ i?2 +H�bbB}+�iBQM K2i`B+b,
i?2`2 Bb � +QMbB/2`�#H2 BKT`Qp2K2Mi BM i2`Kb Q7 HQ;@
HQbb r?2M i?2 +QM7QmM/BM; p�`B�#H2b �`2 mb2/ BM i?2
KQ/2H- �M/ � KBMQ` BKT`Qp2K2Mi r?2M mbBM; SGa BM@
bi2�/ Q7 S*�X q?2M mbBM; S*� Y SGa- i?2 K2i`B+
Bb p2`v bBKBH�` iQ SGaX *QM7QmM/BM; /2~�iBQM ;�p2 �
rQ`b2 `2bmHi i?�M i?2 `�r UMQM@/2~�i2/V b?�T2b r?2M
�/DmbiK2Mi Bb mb2/X >Qr2p2`- +QM7QmM/BM; /2~�iBQM
BKT`Qp2/ i?2 `2bmHiBM; +H�bbB}+�iBQM K2i`B+ rBi? `2@
bT2+i iQ i?2 `�r r?2M +QM7QmM/2`b �`2 MQi �//2/ iQ
i?2 HQ;BbiB+ `2;`2bbBQM KQ/2HX

N



h�#H2 k, Ry@7QH/ *o HQ;@HQbb b+Q`2b Q7 i?2 #2bi +?QB+2 7Q` 2�+? ._ K2i?Q/X

LQ /2~�iBQM LQ /2~�iBQM
J2i?Q/ LQ �/DX *QM7QmM/2`b �/DX LQ �/DX *QM7QmM/2`b �/DX
S*�5 yX83 yX9e yX93 yX9e
SGa3 yX8N yX99 yX8k yX93
S*�20 Y SGa3 yX8N yX9j yX8y yX9e

h

9XkX �i?H2iB+ KQ/2H

q2 �TTHB2/ Qm` 7`�K2rQ`F iQ B/2MiB7v i?2 �i?H2iB+
`2KQ/2HHBM; BM Qm` /�i�b2i- �M/ +QKT�`2/ i?2 2z2+i
Q7 mbBM; i?2 /Bz2`2Mi ._ K2i?Q/ �M/ +QM7QmM/BM;@
#B�b +Q``2+iBQM K2i?Q/b U+QM7QmM/BM; /2~�iBQM �M/
�/DmbiK2MiVX q2 mb2/ i?2 ._ T�`�K2i2`b 7QmM/ BM
i?2 T`2pBQmb b2+iBQM pB� *oX 6B;m`2 k b?Qrb i?2 L2
T`Q/m+i #2ir22M �HH +QK#BM�iBQMb Q7 ._ K2i?Q/b �M/
i?2 �/DmbiK2Mi Q` MQi #v +QM7QmM/BM; p�`B�#H2bX 6Q`
i?2 Q`B;BM�H UMQ +QM7QmM/BM; /2~�i2/V b?�T2b UH27iV-
r2 7QmM/ #B; /Bz2`2M+2b /m2 i?2 BM+HmbBQM Q` MQi Q7
i?2 +QM7QmM/BM; p�`B�#H2bX h?2 ._ +?QB+2 ;�p2 QMHv
KBMQ` /Bz2`2M+2b BM i?Bb /�i�b2i, i?2 `2bmHiBM; KQbi
/Bb+`BKBM�iBM; KQ/2b Q7 i?2 ._ r2`2 p2`v bBKBH�`X
q?2M i?2 +QM7QmM/BM; /2~�iBQM r�b �TTHB2/ U6B;m`2
k#V- i?2 mb2 Q7 i?2 +QM7QmM/BM; �/DmbiK2Mi #2+�K2
`2/mM/�Mi �M/ /B/ MQi BM~m2M+2 i?2 `2bmHiBM; b?�T2X

6B;m`2 j /2TB+ib i?2 KQbi /Bb+`BKBM�iBp2 b?�T2 T�i@
i2`Mb- 2tT`2bb2/ �b K2�M Y k ah.- Q#i�BM2/ #v i?2
S*� KQ/2H rBi? �M/ rBi?Qmi �/DmbiK2MiX 6B;m`2 9
b?Qrb i?2B` �bQ+B�i2/ K2�bm`2K2Mi `2bTQMb2X "Qi?
i?2 �/Dmbi2/ �M/ mM�/Dmbi2/ KQ/2Hb 7QmM/ �M BM@
+`2�b2 Q7 i?2 p2Mi`B+mH�` pQHmK2b i?�i Bb i?2 b�K2 7Q`
#Qi? Go �M/ _oX "Qi? KQ/2Hb 7QmM/ b?�T2 +?�M;2b
BM i?2 _o, i?2 Qmi~Qr `2;BQM /BH�i2/ KQ`2 i?�M i?2
BMH2i #�b2 �M/ �T2tX _2;�`/BM; KvQ+�`/B�H K�bb-
?Qr2p2`- i?2 KQ/2Hb ;�p2 /Bz2`2Mi `2bmHibX �7i2` +QM@
7QmM/2` �/DmbiK2Mi- r2 Q#b2`p2/ � H�`;2 BM+`2�b2 Q7
Go KvQ+�`/B�H K�bb bBKBH�` iQ p2Mi`B+mH�` /BH�iBQM-
r?BH2 i?2 mM�/Dmbi2/ KQ/2H 7QmM/ MQ /Bz2`2M+2 BM i?2
K�bbX h?2 BM+`2�b2 Q7 K�bb Q7 i?2 �/Dmbi2/ KQ/2H Bb
+QM+2Mi`�i2/ BM i?2 #�b2 �M/ HQr2` BM i?2 �T2t, i?2
#�b2 Q7 i?2 Go Bb ~�ii2` �M/ Bb 2tTQb2/ iQ #B;;2` K2@
+?�MB+�H bi`2bb- bQ Bi Bb KQ`2 T`QM2 iQ +QKT2Mb�iQ`v
KvQ+�`/B�H i?B+F2MBM;X 6BM�HHv- i?2 BM+`2�b2 Q7 p2M@
i`B+mH�` pQHmK2 BM i?2 �/Dmbi2/ KQ/2H Bb KQ`2 T`Q@

MQmM+2/ i?�M BM i?2 mM�/Dmbi2/ KQ/2HX
h?2 �/DmbiK2Mi Q` MQi #v +QM7QmM/2`b `2bmHi2/

BM #B; /Bz2`2M+2b #2ir22M i?2 `2KQ/2HHBM; T�ii2`Mb
7QmM/X PM i?2 Qi?2` ?�M/- /Bz2`2M+2b /m2 iQ ._
r2`2 bK�HH2`- v2i MQi2rQ`i?vX 6B;m`2 8 b?Qrb i?2 `2@
KQ/2HHBM; T�ii2`Mb 7QmM/ 7Q` i?2 /Bz2`2Mi ._ i2+?@
MB[m2b- rBi? � +QHQ`K�T b?QrBM; i?2 HQ+�H �KQmMi Q7
`2KQ/2HHBM;, `22/ BM/B+�i2b bm#bi�MiB�H +?�M;2b �M/
#Hm2 MQ `2KQ/2HHBM;X h?2 };m`2 b?Qrb � pB2r Q7 i?2
_o 7`22 r�HH- r?B+? Bb i?2 `2;BQM i?�i 2tT2`B2M+2/
KQ`2 b?�T2 +?�M;2bX �HH j b?�T2 T�ii2`Mb r2`2 bBKB@
H�` �M/ 7QHHQr2/ i?2 b�K2 ;HQ#�H i`2M/b- #mi i?2v T`2@
b2Mi2/ `2;BQM�H /Bz2`2M+2bX q2 Q#b2`p2/ i?�i #Qi?
SGa �M/ S*� Y SGa 7QmM/ � `2KQ/2HHBM; i?�i r�b
HQ+�HBb2/ BM i?2 _o QmiH2i �M/ - �i � HQr2` /2;`22-
BM i?2 �T2t- r?BH2 S*� b?Qr2/ � KQ`2 bT�iB�HHv /Bb@
i`B#mi2/ `2KQ/2HHBM; i?�i �HbQ �z2+i2/ i?2 #�b2 �M/
?�/ � bKQQi?2` i`�MbBiBQM #2ir22M i?2 �z2+i2/ �M/
mM�z2+i2/ �`2�bX

9XjX "JA KQ/2H
hQ ?�p2 � #2ii2` mM/2`bi�M/BM; Q7 i?2 2z2+i Q7 �M

2H2p�i2/ "JA BM i?2 p2Mi`B+H2b- r2 +QMbi`m+i2/ � `2@
;`2bbBQM KQ/2H i?�i T`2/B+ib "JA 7`QK i?2 +�`/B�+
b?�T2X �b �i?H2i2b �M/ +QMi`QHb ?�/ /Bz2`2Mi `�M;2b
Q7 "JA- �M/ iQ �pQB/ }M/BM; �Mv BMi2`72`2M+2 rBi?
i?2 `2KQ/2HHBM; /m2 iQ 2M/m`�M+2 bTQ`i- r2 QMHv mb2
i?2 +QMi`QHb iQ #mBH/ i?2 "JA KQ/2HX �HbQ- bBM+2
"JA �M/ #Q/v bBx2 �`2 `2H�i2/- r2 /B/ MQi mb2 i?2
+QM7QmM/BM; p�`B�#H2b BM i?Bb KQ/2HX h?2 KQ/2H r�b
#mBHi mbBM; � SGa BM Bib Q`B;BM�H `2;`2bbBQM KQ/2- mb@
BM; 3 /BK2MbBQMbX hQ 2p�Hm�i2 i?2 KQ/2H T`2/B+iBQM
+�T�#BHBiv- r2 +QKTmi2/ i?2 /2i2`KBM�iBQM +Q2{+B2Mi
R2 mbBM; 8@7QH/ *o- r?B+? r�b 0.44X aBKBH�` iQ +H�bbB@
}+�iBQM- r2 Q#i�BM2/ bvMi?2iB+ `2T`2b2Mi�iBp2 b?�T2b
Ux̂bV �bbQ+B�i2/ rBi? +2`i�BM "JA p�Hm2 bX h?2 bvM@
i?2iB+ K2b? �bbQ+B�i2/ rBi? � +2`i�BM "JA r�b i?2
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U�V P`B;BM�H b?�T2bX U#V *QM7QmM/BM; /2~�iBQMX

6B;m`2 k, L2 T`Q/m+i #2ir22M i?2 KQbi /Bb+`BKBM�iBp2 b?�T2 T�ii2`MUi?2 L2 T`Q/m+i #2ir22M i?2 KQbi /Bb+`BKBM�iBp2 b?�T2
+QBM+B/2b rBi? i?2 +Q``2H�iBQM #2ir22M b+Q`2bV Q#i�BM2/ mbBM; /Bz2`2Mi +QK#BM�iBQMb Q7 ._ i2+?MB[m2b �M/ mbBM; Q` MQi i?2
+QM7QmM/BM; �/DmbiK2Mi BM i?2 HQ;BbiB+ KQ/2HX AM bm#};m`2 k�- r2 +�M b22 i?�i /Bz2`2M+2b /m2 iQ i?2 ._ K2i?Q/ r2`2 b2+QM/�`v
iQ i?2 �/DmbiK2Mi r?2M i?2 b?�T2b �`2 MQi /2~�i2/X AM bm#};m`2 k#- r2 +�M b22 i?�i i?2 /Bz2`2M+2b /m2 iQ �/DmbiK2Mi /Bb�TT2�`
�7i2` i?2 b?�T2b �`2 +Q``2+i2/ mbBM; +QM7QmM/BM; /2~�iBQMX

6B;m`2 j, h?2 TB+im`2 /2TB+ib i?2 K2�M b?�T2 Q7 i?2 TQTmH�iBQM U`B;?iV- �M/ i?�i K2�M b?�T2 �7i2` �TTHvBM; kah. Q7 i?2
�i?H2iB+ `2KQ/2HHBM; Q#i�BM2/ �7i2` �/DmbiBM; #v +QM7QmM/BM; UH27iV �M/ i?2 b�K2 `2KQ/2HHBM; rBi?Qmi i?2 �/DmbiK2Mi U+2Mi2`VX
"Qi? `2KQ/2HHBM; T�ii2`Mb b?Qr � /BH�iBQM Q7 i?2 p2Mi`B+H2b- rBi? � #B;;2` /BH�iBQM Q7 i?2 _o QmiH2i- #mi i?2 QM2 �/Dmbi2/
#v +QM7QmM/2`b ?�b � KQ`2 T`QMQmM+2/ /BH�iBQM- �M/ �HbQ � +H2�` BM+`2�b2 Q7 i?2 #�b�H Go r�HH i?B+FM2bbX h?2 /Bz2`2Mi `Qrb
+Q``2bTQM/ iQ irQ /Bz2`2Mi pB2rb, i?2 iQT `Qr /2TB+ib � HQM;Bim/BM�H pB2r Q7 i?2 �Mi2`BQ` r�HH Q7 #Qi? p2Mi`B+H2b �M/ i?2 #QiiQK
+Q``2bTQM/b iQ � b?Q`i �tBb pB2r Q7 i?2 #�b2- rBi? i?2 Q#b2`p2` HQ+�i2/ BM i?2 �i`B�X
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6B;m`2 9, h?2 THQi b?Qrb i?2 K2�bm`2K2Mi `2bTQMb2 iQ i?2 `2KQ/2HHBM;, 7Q` 2�+? Q7 i?2 bvMi?2iB+ K2b?2b ;2M2`�i2/ #v �//BM;
i?2 b?�T2 `2KQ/2HHBM; T�ii2`M iQ i?2 K2�M b?�T2 rBi? /Bz2`2Mi K�;MBim/2- r2 +QKTmi2 +H�bbB+�H K2�bm`2K2Mib �M/ b?Qr i?2
p�`B�iBQM `�iBQ rBi? `2bT2+i iQ i?2 K2�M b?�T2X

6B;m`2 8, *HQb2@mT QM i?2 `B;?i p2Mi`B+mH�` 7`22 r�HH Q7 i?2 /Bz2`2Mi KQ/2Hb T`2/B+iBM; i?2 �i?H2iB+ `2KQ/2HHBM; b?�T2 T�ii2`MX
h?2 `2/@#Hm2 +QHQ` K�T 2M+Q/2b i?2 `2;BQM�H �KQmMi Q7 `2KQ/2HHBM;, `2/ K2�Mb #B; /Bz2`2M+2b +QKT�`2/ iQ i?2 +QMi`QH
TQTmH�iBQM- �M/ #Hm2 bK�HHf MQ `2KQ/2HHBM;X q2 +�M b22 i?�i S*� `2KQ/2HHBM; Bb bKQQi?Hv /Bbi`B#mi2/ i?`Qm;? i?2 r?QH2
p2Mi`B+H2- r?BH2 i?2 `2bmHib Q#i�BM2/ rBi? SGa �M/ S*� Y SGa T`2b2Mi � KQ`2 HQ+�HBx2/ `2KQ/2HHBM; rBi? � b?�`T2` `2/@#Hm2
i`�MbBiBQM, i?2 `2KQ/2HHBM; Bb +QM+2Mi`�i2/ BM i?2 Qmi~QrX

QM2 ?�pBM; KBMBK�H@/Bbi�M+2 iQ i?2 K2�M b?�T2 Umb@
BM; i?2 J�?�H�MQ#Bb /Bbi�M+2V- +QMbi`�BM2/ iQ ?�pBM;
i?2 `2[mB`2/ T`2/B+i2/ "JAX

h?2 `2T`2b2Mi�iBp2 b?�T2b �bbQ+B�i2/ iQ "JA p�H@
m2b Q7 RdX8 �M/ jy- r?B+? �`2 p2`v 2ti`2K2 p�H@
m2b- +�M #2 b22M BM 6B;m`2 e- �M/ 6B;m`2 d b?Qrb
i?2 K2�bm`2K2Mi `2bTQMb2 Q7 i?2 `2KQ/2HHBM;X h?2
"JA@�bbQ+B�i2/ `2KQ/2HHBM; +QMbBbib Q7 � KQ/2`�i2
BM+`2�b2 Q7 p2Mi`B+mH�` bBx2 �M/ � #B;;2` BM+`2K2Mi Q7
i?2 KvQ+�`/B�H K�bbX

9X9X *QM7QmM/BM; �/DmbiK2Mi

6B;m`2 3� /2TB+ib i?2 L2 T`Q/m+ib #2ir22M i?2 �i?@
H2iB+ `2KQ/2HHBM; b?�T2 T�ii2`M UMQ`K�HBb2/ iQ #2 �
mMBi�`v p2+iQ`V /2`Bp2/ 7`QK i?2 7mHH TQTmH�iBQM- �M/
i?2 b?�T2 T�ii2`M /2`Bp2/ 7`QK i?2 "JA@BK#�H�M+2/
TQTmH�iBQMbX q2 7QmM/ i?�i rBi?Qmi �/DmbiK2Mi i?2
BK#�H�M+2 +QM7mb2/ i?2 K2i?Q/- �M/ Bi KBt2/ i?2
/Bz2`2M+2b /m2 iQ "JA rBi? i?2 QM2b `2H�i2/ iQ 2M@
/m`�M+2 i`�BMBM;X h?2 �/DmbiK2Mi #v +QM7QmM/BM;
p�`B�#H2b `2bmHi2/ BM � #2ii2` �;`22K2Mi #2ir22M i?2
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6B;m`2 e, avMi?2iB+ `2T`2b2Mi�iBp2 b?�T2b Q7 � T�iB2Mi rBi? "JA Q7 RdX8 �M/ �MQi?2` rBi? "JA jy �++Q`/BM; iQ i?2 "JA
T`2/B+iBM; KQ/2HX h?2 `2KQ/2HHBM; +QMbBbi2/ Q7 �M BM+`2�b2 Q7 pQHmK2 UbT2+B�HHv BM i?2 �tB�H /B`2+iBQMbV �M/ Go KvQ+�`/B�H
K�bbX

6B;m`2 d, J2�bm`2K2Mi `2bTQMb2 Q7 i?2 "JA@`2H�i2/ b?�T2 +?�M;2bX �b b22M BM i?2 pBbm�H `2T`2b2Mi�iBQM Q7 i?2 b?�T2b- Bib K�BM
+QKTQM2Mi Bb �M BM+`2�b2 Q7 i?2 KvQ+�`/B�H K�bb- +QKTH2K2Mi2/ rBi? � bK�HH2` BM+`2�b2 Q7 pQHmK2bX

/QrMb�KTH2/@/2`Bp2/ `2KQ/2HHBM; T�ii2`Mb �M/ i?2
7mHH@TQTmH�iBQM T�ii2`M i?�M i?2 mM�/Dmbi2/ KQ/2H-
�b +�M #2 b22M BM 6B;m`2 N�X 6B;m`2 3# b?Qrb i?2 /Qi
T`Q/m+i #2ir22M i?2 KQbi /Bb+`BKBM�iBM; b?�T2 T�i@
i2`M Q#i�BM2/ rBi? i?2 /QrMb�KTH2/ U#QtTHQiV �M/
7mHH Ui?B+F bQHB/ HBM2bV /�i�b2ib- �M/ �HbQ i?2 b?�T2
T�ii2`M �bbQ+B�i2/ iQ "JA- +QKTmi2/ �b /2b+`B#2/ BM
b2+iBQM 9XjX h?2`2- r2 +�M b22 i?�i BM i?2 /QrMb�K@
TH2/ /�i�b2ib- i?2 "JA@�bbQ+B�i2/ `2KQ/2HHBM; �M/
i?2 �i?H2iB+ QM2 ?�/ HQr2` +Q``2H�iBQMX h?Bb /`QT Q7
+Q``2H�iBQM r�b H�`;2` 7Q` i?2 KQ/2Hb mM�/Dmbi2/ #v
+QM7QmM/2` p�`B�#H2bX

6B;m`2 N� b?Qrb i?2 K2�bm`2K2Mi `2bTQMb2 iQ i?2
�i?H2iB+ `2KQ/2HHBM; Q7 b2p2`�H KQ/2Hb i`�BM2/ rBi?
� /QrMb�KTH2/ TQTmH�iBQMX Ai b?Qrb /Bz2`2Mi ._
K2i?Q/b rBi? +QM7QmM/BM; �/DmbiK2Mi UmTT2` `QrV
�M/ rBi?Qmi +QM7QmM/BM; �/DmbiK2Mi UHQr2` `QrVX
q2 +�M b22 i?�i r?2M MQ +QM7QmM/BM; +Q``2+iBQM Bb
mb2/- i?2 `2KQ/2HHBM; 7QmM/ Bb �bbQ+B�i2/ rBi? HQr2`
KvQ+�`/B�H K�bb- +QMi`�`v iQ r?�i Bb Q#b2`p2/ rBi?
i?2 7mHH /�i�b2i 2tT2`BK2Mi BM r?B+? KvQ+�`/B�H K�bb
r�b K�BMi�BM2/X q?2M i?2 b?�T2 Bb �/Dmbi2/ #v +QM@
7QmM/2`b- �i?H2iB+ `2KQ/2HHBM; r�b �;�BM �bbQ+B�i2/
rBi? �M BM+`2�b2 Q7 KvQ+�`/B�H K�bb- +QMbBbi2Mi rBi?
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i?2 7mHH TQTmH�iBQM KQ/2HX 6B;m`2 Ry b?Qrb i?2 /Bb@
+`BKBM�iBM; b?�T2 T�ii2`Mb 7Q` � `�M/QKHv b2H2+i2/
/QrMb�KTH2/ /�i�b2iX h?2`2- r2 +�M Q#b2`p2 i?�i
i?2 KQ/2H �bbQ+B�i2b �i?H2iB+ `2KQ/2HHBM; rBi? � /2@
+`2�b2 Q7 i?2 r�HH i?B+FM2bb BM i?2 b2TimK �M/ �TB+�H
`2;BQMb Q7 i?2 Go r?2M +QM7QmM/2`b �`2 MQi +QMbB/@
2`2/X

_2bmHiBM; b?�T2 T�ii2`Mb r2`2 �z2+i2/ #v i?2 ._
K2i?Q/b- SGa r�b KQ`2 mMbi�#H2 i?�M S*� �M/
S*� Y SGa- r?Q ?�/ � #2ii2` +Q``2H�iBQM iQ i?2B`
7mHH@TQTmH�iBQM /Bb+`BKBM�iBM; b?�T2X AM 6B;m`2 N�-
r2 +�M b22 i?�i SGa r�b MQi �#H2 iQ `2+Qp2` i?2 BM@
+`2�b2 Q7 KvQ+�`/B�H K�bb- �M/ Bib KQ/2 T`2b2Mi2/
MQ p�`B�iBQM BM i?2 KvQ+�`/B�H K�bb r?BH2 #Qi? S*�
�M/ S*� Y SGa +QmH/X

9X8X *QM7QmM/BM; /2~�iBQM
AM i?Bb bm#b2+iBQM r2 �M�Hvx2 i?2 2z2+i Q7 i?2

+QM7QmM/BM; /2~�iBQMX �b bi�i2/ �#Qp2- i?2 b?�T2
T`2/B+iBQM KQ/2H Q7 i?2 +QM7QmM/BM; /2~�iBQM r�b
i`�BM2/ mbBM; QMHv i?2 +QMi`QHbX q2 i2bi2/ irQ TQbbB@
#H2 b+2M�`BQb, i?2 +�b2 BM r?B+? i?2 �i?H2i2b TQTmH�@
iBQM r�b /QrMb�KTH2/- �M/ i?2`27Q`2 i?2 #mBH/BM; Q7
i?2 b?�T2 `2bB/m�H KQ/2H r�b MQi �z2+i2/c �M/ r?2M
i?2 +QMi`QHb r2`2 /QrMb�KTH2/ U�b BM i?2 T`2pBQmb
bm#b2+iBQMVX h?2 7Q`K2` r�b i?2 KQbi �TT`QT`B�i2
bBim�iBQM iQ �TTHv +QM7QmM/BM; /2~�iBQM- bBM+2 i?2`2
rQmH/ MQi #2 2ti`� mMbi�#BHBivf#B�b BMi`Q/m+2/ /m`@
BM; i?2 +QM7QmM/BM; /2~�iBQM bi2T- r?BH2 i?2 H�ii2`
+QmH/ BMi`Q/m+2 i?2 #B�b BM i?2 /�i�b2i /m`BM; i?2
+QM7QmM/BM; /2~�iBQM T`Q+2bbX 6BM�HHv- r2 b?Qr i?2
TQi2MiB�H /�M;2` Q7 i`�BMBM; i?2 `2bB/m�H KQ/2H mbBM;
#Qi? TQTmH�iBQMb �M/ ?Qr i?2 +QM7QmM/BM; /2~�iBQM
+QmH/ 2p2M BM+`2K2Mi #B�bX

q?2M +QMi`QHb r2`2 MQi /QrMb�KTH2/- i?2 TQTmH�@
iBQM mb2/ iQ i`�BM i?2 b?�T2 T`2/B+iBQM KQ/2H r�b `2H@
�iBp2Hv mM#B�b2/X AMbi2�/ Q7 /QrMb�KTHBM; i?2 +QM@
i`QHb- r2 /QrMb�KTH2/ i?2 �i?H2i2b- `2KQpBM; �i?@
H2i2b rBi? ?B;? "JA �M�HQ;QmbHv iQ i?2 T`Q+2/m`2
mb2/ iQ /QrMb�KTH2 i?2 +QMi`QHbX 6B;m`2 RR� �M/ RR#
/2TB+i i?2 b�K2 2tT2`BK2Mib �b BM i?2 T`2pBQmb b2+@
iBQM, i?2 /Qi T`Q/m+i #2ir22M i?2 KQbi /Bb+`BKBM�i@
BM; b?�T2 Q#i�BM2/ rBi? i?2 /QrMb�KTH2/ /�i� �M/
i?2 `2KQ/2HHBM; Q#i�BM2/ +QMbB/2`BM; i?2 r?QH2 TQT@
mH�iBQM- �M/ �HbQ i?2 /Qi T`Q/m+i rBi? i?2 "JA KQ/2X
_2bmHib b?Qr2/ � +QMbB/2`�#H2 /2+`2�b2 BM p�`B�#BHBiv

�M/ � ?B;?2` +Q``2H�iBQM rBi? i?2 7mHH@/�i�b2i@/2`Bp2/
`2KQ/2HHBM; i?�M i?2 +QM7QmM/2` �/DmbiK2Mi 2tT2`@
BK2Mib U6B;m`2 3�VX �//BM; +QM7QmM/2` �/DmbiK2Mi
QM iQT Q7 +QM7QmM/BM; /2~�iBQM /B/ MQi T`Q/m+2 �M
BM+`2�b2 Q7 �++m`�+vX

6B;m`2 Rj� b?Qrb i?2 `2bmHib r?2M i?2 TQTmH�iBQM
BM r?B+? i?2 `2bB/m�H Bb i`�BM2/ Bb /QrMb�KTH2/X q2
/QrMb�KTH2/ i?2 +QMi`QHb #�b2/ QM i?2B` "JAX _2@
bmHib r2`2 Km+? rQ`b2 i?�M r?2M �i?H2i2b r2`2 /QrM@
b�KTH2/- �M/ 2p2M rQ`b2 i?�M � bBKTH2 +QM7QmM/2`
�/DmbiK2MiX �//BM; +QM7QmM/BM; �/DmbiK2Mi QM iQT
Q7 +QM7QmM/BM; /2~�iBQM ?�/ � #2M2}+B�H 2z2+iX 6B;@
m`2 Rj# b?Qrb i?2 2z2+i Q7 mbBM; #Qi? �i?H2i2b �M/
+QMi`QHb BM i?2 i`�BMBM; Q7 i?2 b?�T2@T`2/B+iBQM KQ/2H
7Q` +QM7QmM/BM; /2~�iBQM, i?2`2 r�b � /`QT BM bi�@
#BHBiv +QKT�`2/ iQ i?2 mb2 Q7 � bBM;H2 TQTmH�iBQM
r?2M SGa �M/ S*� Y SGa r2`2 mb2/ U6B;m`2 3�VX
ai`�M;2Hv i?2`2 r�b �M BKT`Qp2K2Mi +QKT�`2/ iQ i?2
#�b2HBM2 Ur?2`2 +QM7QmM/2`b �`2 +QKTH2i2Hv B;MQ`2/VX

h?2`27Q`2 r2 Q#b2`p2/ i?�i mbBM; #Qi? TQTmH�iBQMb
BM i?2 i`�BMBM; Q7 i?2 b?�T2 T`2/B+iBQM KQ/2H /m`BM;
i?2 +QM7QmM/BM; /2~�iBQM bi2T `2bmHi2/ BM rQ`b2 `2@
bmHibX q2 2tTHQ`2/ i?2 `2�bQM r?v mbBM; #Qi? TQTm@
H�iBQMb +�M +`2�i2 � +QM7QmM/BM; 2z2+i- �bbQ+B�iBM; �M
BK#�H�M+2 BM � p�`B�#H2 iQ i?2 BMi2`@+H�bb b?�T2 /Bz2`@
2M+2bX h?Bb +�M ?�TT2M 2p2M r?2M i?2 p�`B�#H2 Bb MQi
�bbQ+B�i2/ iQ �Mv b?�T2 `2KQ/2HHBM;X hQ BHHmbi`�i2
i?Bb 2z2+i- r2 +`2�i2/ � /mKKv bvMi?2iB+ p�`B�#H2
r?B+? Bb Dmbi i?2 �i?H2i2 H�#2H THmb :�mbbB�M MQBb2X
P#pBQmbHv- #v ;2M2`�iBQM r2 FM2r i?�i i?Bb p�`B�#H2
/B/ MQi ?�p2 �Mv /B`2+i `2H�iBQMb?BT iQ b?�T2X hQ
2p�Hm�i2 i?Bb 2z2+i- r2 +QKTmi2/ i?2 L2 /Qi T`Q/m+i
rBi? i?2 KQbi /Bb+`BKBM�iBM; b?�T2 #2ir22M �i?H2i2b
�M/ +QMi`QHb �M/ i?2 b?�T2 T�ii2`M �bbQ+B�i2/ iQ i?2
/mKKv p�`B�#H2 BM i?2 b?�T2@T`2/B+iBQM KQ/2HX q2
`2T2�i2/ i?Bb 7mHH p�`B�#H2 ;2M2`�iBQM �M/ L2 T`Q/m+ib
+QKTmi�iBQM T`Q+2bb 100 iBK2b iQ `2KQp2 `�M/QKM2bb
Q7 i?2 �M�HvbBbX 6B;m`2 R9 UH27iV b?Qrb i?2 /Bbi`B#miBQM
Q7 i?Bb /mKKv p�`B�#H2 7Q` � +2`i�BM b22/X q2 +QM@
bi`m+i2/ irQ `2bB/m�H KQ/2Hb QM2 QMHv rBi? i?2 +QM@
i`QHb- �M/ i?2 Qi?2` rBi? #Qi? TQTmH�iBQMbX 6B;m`2
R9 U`B;?iV b?Qrb i?2 /Bbi`B#miBQM Q7 i?2 /Qi T`Q/m+i
Q7 i?2 b?�T2 T`2/B+iBQM KQ/2H +Q2{+B2Mib �bbQ+B�i2/
iQ i?2 /mKKv p�`B�#H2 r?2M #Qi? TQTmH�iBQMb �`2
mb2/- �M/ r?2M QMHv i?2 +QMi`QHb �`2 mb2/X h?2 b?�T2
�bbQ+B�i2/ iQ i?2 /mKKv p�`B�#H2 Bb BM/2T2M/2Mi iQ
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U�V ai�#BHBiv iQ BK#�H�M+2 U#V .Qi T`Q/m+i rBi? "JA KQ/2HX

6B;m`2 3, 1z2+i Q7 mbBM; +QM7QmM/BM; �/DmbiK2Mi BM i?2 bi�#BHBiv Q7 i?2 KQ/2Hb /2`Bp2/ 7`QK i?2 BK#�H�M+2/ /�i�b2ib 7Q` i?2 j
/Bz2`2Mi ._ K2i?Q/bX �V �;`22K2Mi Q7 i?2 KQ/2H i`�BM2/ QM /QrMb�KTH2/ /�i� rBi? i?2 QM2 QM 7mHH /�i�- K2�bm`2/ pB� Bib /Qi
T`Q/m+iX #V h?2 i?B+F bQHB/ HBM2b +Q``2bTQM/ iQ i?2 /Qi T`Q/m+i #2ir22M i?2 "JA b?�T2 `2KQ/2HHBM; T�ii2`M- �M/ i?2 �i?H2iB+
b?�T2 `2KQ/2HHBM; /2`Bp2/ 7`QK i?2 7mHH TQTmH�iBQMX h?2 #QtTHQib b?Qr i?2 /Qi T`Q/m+i #2ir22M i?2 /QrMb�KTH2/ /2`Bp2/
b?�T2 T�ii2`Mb �M/ i?2 "JA b?�T2 `2KQ/2HHBM; T�ii2`MX q?2M �/DmbiK2Mi Bb mb2/- i?2 �i?H2iB+ �M/ "JA KQ/2 ?�p2 � TQbBiBp2
`2H�iBQM UB2- i?2v ?�p2 `2KQ/2HHBM; T�`iB�HHv BM i?2 b�K2 /B`2+iBQMV- /m2 iQ #Qi? T�`iB�HHv `2bTQM/BM; iQ �M BM+`2�b2 Q7 T`2bbm`2c
?Qr2p2`- i?�i `2H�iBQM +�M #2+QK2 M2;�iBp2 �7i2` /QrMb�KTHBM;- bBM+2 i?2 +QMi`QHb #2+QK2 KQ`2 Qp2`r2B;?iX

U�V J2�bm`2K2Mi `2bTQMb2 rBi? +QM7QmM/2` �/DmbiK2MiX

U#V J2�bm`2K2Mi `2bTQMb2 rBi?Qmi +QM7QmM/2` �/DmbiK2MiX

6B;m`2 N, J2�bm`2K2Mi `2bTQMb2 Q7 i?2 /QrMb�KTH2/ TQTmH�iBQM rBi? �M/ rBi?Qmi �/DmbiK2MiX q2 +�M b22 i?�i i?2 mM�/Dmbi2/
K2i?Q/b }M/ � M2;�iBp2 `2H�iBQMb?BT #2ir22M �i?H2iB+ `2KQ/2HHBM; �M/ Go K�bb- #mi i?2 �/Dmbi2/ K2i?Q/b }M/ � TQbBiBp2
`2H�iBQMb?BTX 6B;m`2 9 b?Qrb i?2 2[mBp�H2Mi THQib 7Q` i?2 KQ/2Hb i`�BM2/ rBi? i?2 7mHH TQTmH�iBQM- r?B+? r2 mb2 �b ;`QmM/i`mi?X
h?2 �/Dmbi2/ KQ/2Hb �`2 KQ`2 bBKBH�` iQ i?2 ;`QmM/i`mi? i?�M i?2 mM�/Dmbi2/X

i?2 �i?H2iB+ `2KQ/2HHBM; r?2M QMHv QM2 TQTmH�iBQM Bb
mb2/- #mi #2+QK2b p2`v bBKBH�` iQ i?2 +QMi`QH@�i?H2i2
/Bz2`2M+2 r?2M #Qi? TQTmH�iBQMb �`2 mb2/ BM i`�BMBM;

/m2 iQ +QM7QmM/BM; 2z2+iX
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6B;m`2 Ry, J2�M b?�T2 U`B;?iV- �M/ K2�M b?�T2 Y kah. Q7 i?2 �i?H2iB+ b?�T2 `2KQ/2HHBM; T�ii2`MUH27iV- /2`Bp2/ 7`QK � "JA@
BK#�H�M+2/ TQTmH�iBQMX h?2 T�ii2`M BM i?2 +2Mi2` +QHmKM r�b Q#i�BM2/ rBi?Qmi �/DmbiK2Mi- r?BH2 i?2 QM2 QM i?2 `B;?i r�b
�/Dmbi2/X q2 +�M i?�i i?2 mM�/Dmbi2/ KQ/2H }M/b � /2+`2�b2 Q7 KvQ+�`/B�H K�bb BM i?2 �TB+�H �M/ b2Ti�H r�HHb- r?BH2 i?2
�/Dmbi2/ }M/b �M BM+`2�b2 Q7 K�bb

U�V .Qi T`Q/m+i rBi? 7mHH /�i� KQ/2HX U#V .Qi T`Q/m+i iQ "JA KQ/2H 7Q` `2bB/m�HX

6B;m`2 RR, ai�#BHBiv �M�HvbBb Q7 i?2 +QM7QmM/BM; /2~�iBQM K2i?Q/ r?2M i?2 �i?H2i2b Ui?�i �`2 MQi mb2/ BM i?2 +QMbi`m+iBQM Q7
i?2 `2bB/m�H KQ/2HV �`2 /QrMb�KTH2/X

8X .Bb+mbbBQM

h?2 b?�T2 KQ/2Hb +Q``2bTQM/BM; iQ i?2 �i?H2iB+
�M/ Qp2`r2B;?i `2KQ/2HHBM; +Q``Q#Q`�i2/ i?2 +m``2Mi
+HBMB+�H HBi2`�im`2X h?2 "JA `2KQ/2HHBM; +QMbBbi2/ BM

KQbiHv � +QM+2Mi`B+ `2KQ/2HHBM;- #Qi? i?2 Go K�bb
�M/ Go 1.o BM+`2�b2/- BM+`2�bBM; KQ`2 i?2 K�bb
i?�M i?2 pQHmK2, i?Bb +QBM+B/2b rBi? i?2 ?vTQi?2bBb
i?�i `2KQ/2HHBM; Bb +QM+2Mi`B+ iQ +QT2 rBi? 2H2p�i2/
T`2bbm`2 UBM+`2�b2 Q7 KvQ+�`/B�H K�bbV �M/ *P /2@

Re



6B;m`2 Rk, J2�bm`2K2Mib `2bTQMb2 Q7 i?2 b?�T2 T�ii2`M 7QmM/ rBi? i?2 �i?H2i2@/QrMb�KTH2/ /�i�X h?2`2 r2`2 p2`v bK�HH
/Bz2`2M+2b #2ir22M i?2 /Bz2`2Mi ._ K2i?Q/b- �M/ �HH K2i?Q/b r2`2 �#H2 iQ `2+Qp2` i?2 Q`B;BM�H b?�T2 T�ii2`MX

U�V *QM7QmM/2` /2~�iBQM i`�BM2/ QM +QMi`QHb
QMHvX

U#V *QM7QmM/2` /2~�iBQM i`�BM2/ QM #Qi?
+H�bb2bX

6B;m`2 Rj, 1z2+i Q7 i?2 TQTmH�iBQM mb2/ iQ i`�BM i?2 +QM7QmM/2` /2~�iBQM KQ/2H QM i?2 /Bb+`BKBM�iBp2 T�ii2`M bi�#BHBiv- �bb2bb2/
pB� Bib L2 T`Q/m+i rBi? i?2 `2bmHi Q#i�BM2/ mbBM; i?2 7mHH TQTmH�iBQMX am#};m`2 �V b?Qrb r?2M i?2 i`�BMBM; Q7 i?2 b?�T2 T`2/B+iBQM
KQ/2H BM i?2 +QM7QmM/2` /2~�iBQM bi2T Bb i`�BM2/ mbBM; i?2 /QrMb�KTH2/ +H�bb- �M/ bm#};m`2 #V b?Qrb r?2M #Qi? +QMi`QHb �M/
�i?H2i2b �`2 mb2/ 7Q` i`�BMBM;X

6B;m`2 R9, h?Bb };m`2 b?Qrb i?2 /Bbi`B#miBQM Q7 i?2 /mKKv p�`B�#H2 mb2/ �b � +QM7QmM/2`- �M/ i?2 /Qi T`Q/m+i #2ir22M i?2
`2;`2bbBQM +Q2{+B2Mib �bbQ+B�i2/ iQ i?2 /mKKv p�`B�#H2 BM i?2 `2bB/m�H KQ/2H �M/ i?2 �i?H2iB+ `2KQ/2HHBM; b?�T2 T�ii2`MX

K�M/b UBM+`2�b2 Q7 pQHmK2VX �MQi?2` ?BMi i?�i i?2
`2KQ/2HHBM; r�b KQbiHv T`2bbm`2 /`Bp2M Bb i?�i i?2
b2TimK Q7 i?2 K2b? `2T`2b2MiBM; � ?B;? "JA BM/BpB/@
m�H T`2b2Mib � #mH;2 #2HQr i?2 �Q`i�- i?�i ?�b #22M
/2b+`B#2/ �b �M 2�`Hv BM/B+�iQ` Q7 2H2p�i2/ T`2bbm`2
U"�Hi�2p� 2i �HX- kyydc :�m/`QM 2i �HX- kyReVX h?2
�i?H2iB+ `2KQ/2HHBM; +QMbBbi2/ Q7 � T`2/QKBM�Mi BM@
+`2�b2 Q7 pQHmK2- �M/ B7 +QM7QmM/2` �/DmbiK2Mi r�b

T2`7Q`K2/- �M BM+`2�b2 Q7 KvQ+�`/B�H K�bbX h?2`2 Bb
bQK2 +QMi`Qp2`bv B7 2M/m`�M+2 �i?H2i2b `2KQ/2HHBM;
Bb KQ`2 2++2Mi`B+ U i?2v BM+`2�b2 i?2B` pQHmK2 KQ`2
i?�M i?2B` K�bbV Q` +QM+2Mi`B+ Ui?2v BM+`2�b2 i?2B`
K�bb KQ`2 i?�M i?2B` pQHmK2V- #mi i?2`2 Bb � +QMb2M@
bmb i?�i i?2`2 Bb #Qi? �M BM+`2�b2 Q7 K�bb �M/ pQHmK2
Ua+?�`?�; 2i �HX- kyykV- �M/ i?2`27Q`2 r2 +QMbB/2`2/
i?2 �/Dmbi2/ KQ/2H KQ`2 �++m`�i2X h?2 BM+`2�b2 Q7
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p2Mi`B+mH�` pQHmK2 BM i?2 +QM7QmM/2` �/Dmbi2/ KQ/2H
Bb +QMbB/2`�#Hv H�`;2` i?�M i?2 mM�/Dmbi2/X h?2b2
/Bz2`2M+2b #2ir22M i?2 �/Dmbi2/ �M/ MQi �/Dmbi2/
KQ/2Hb +�M #2 2tTH�BM2/ #2+�mb2 i?2 p�`B�#BHBiv BM
bBx2 �M/ KvQ+�`/B�H K�bb +�M +QK2 �HbQ 7`QK i?2 T�@
iB2Mib KQ`T?QK2i`B+b, #B; T2`bQMb ?�p2 #B; ?2�`ibX
qBi?Qmi +QMbB/2`BM; i?Bb 2ti`� MQM@BK�;BM; BM7Q`K�@
iBQM- Bi Bb MQi TQbbB#H2 iQ /Bb+2`M r?2M i?2 bBx2 Q7 i?2
?2�`i Bb /m2 iQ i?2 T�iB2Mi #2BM; #B;- Q` i?2 ?2�`i ?�/
� /BH�iBQM �b � `2KQ/2HHBM; `2�+iBQM iQ 2t2`+Bb2X

h?2 �`iB}+B�HHv ;2M2`�i2/ BK#�H�M+2/ b2ib �HHQr2/
mb iQ p�HB/�i2 Qm` ?vTQi?2bBb, rBi?Qmi �Mv +Q``2+iBQM-
i?2 �i?H2iB+ `2KQ/2HHBM; T`2b2Mi2/ � `2/m+iBQM BM Go
KvQ+�`/B�H K�bbX h?Bb Bb Q#pBQmbHv 7�Hb2- bBM+2 �HH
bim/B2b ?�p2 7QmM/ i?�i 2M/m`�M+2 2t2`+Bb2 T`QpQF2b
�M BM+`2�b2 Q7 KvQ+�`/B�H K�bbX h?2 /QrMb�KTH2/
+QMi`QH TQTmH�iBQM ?�/ � ?B;? T2`+2Mi�;2 Q7 Qp2`@
r2B;?i- r?Q ?�/ � +QM+2Mi`B+ `2KQ/2HHBM; �M/ +�mb@
BM; i?2 T`2pBQmb �bbQ+B�iBQM rBi? +QMi`QHb �M/ ?B;?2`
KvQ+�`/B�H K�bb BM i?2 mM�/Dmbi2/ KQ/2HX h?2 bi�@
#BHBiv �M�HvbBb- �HbQ b?Qr2/ � #B;;2` K�i+? #2ir22M
i?2 /QrMb�KTH2/@/2`Bp2/ `2KQ/2HHBM; �M/ i?2 7mHH@
/�i�b2i QM2 r?2M +QM7QmM/BM; �/DmbiK2Mi r�b mb2/X

q2 �HbQ bim/B2/ �MQi?2` bi`�i2;v, +QM7QmM/BM; /2@
~�iBQMX *QM7QmM/BM; /2~�iBQM +QMbBbib Q7 ;2M2`�iBM;
� KQ/2H i?�i T`2/B+ib b?�T2 7`QK i?2 +QM7QmM/2`b-
�M/ rQ`FBM; rBi? i?2 `2bB/m�H Q7 i?�i T`2/B+iBQMX Pm`
`2bmHib b?Qr2/ i?�i i?Bb bi`�i2;v rQ`F2/ r2HH r?2M
i?2`2 r�b �++2bb iQ � ;QQ/ TQTmH�iBQM iQ i`�BM i?2
b?�T2 T`2/B+iBQM KQ/2H, Qi?2`rBb2 Bi +�M �+im�HHv BM@
+`2�b2 #B�bX h?Bb r�b b?QrM r?2M i`�BMBM; QM i?2
/QrMb�KTH2/ TQTmH�iBQM- Q` r?2M #Qi? i?2 +�b2 �M/
+QMi`QH r2`2 mb2/ bBKmHi�M2QmbHvX

6BM�HHv- r2 +QKT�`2/ /Bz2`2Mi HBM2�` K2i?Q/b 7Q`
._, S*� �M/ SGaX AM i?2 Q`B;BM�H /�i�b2i- r2 Q#@
i�BM2/ � #2ii2` +H�bbB}+�iBQM �++m`�+v mbBM; SGaX q2
�HbQ b?Qr2/ i?�i SGa r�b �#H2 iQ +�Tim`2 KQ`2 HQ@
+�HBb2/ `2KQ/2HHBM; i?�M S*�- i?�i r�b HBKBi2/ iQ
bKQQi? �M/ ;HQ#�H `2KQ/2HHBM;X >Qr2p2`- S*� Qmi@
T2`7Q`K2/ SGa BM bi�#BHBiv i2bi2/ /m`BM; i?2 /QrM@
b�KTHBM; �M�HvbBbX "Qi? KQ/2Hb +QmH/ #2 +QK#BM2/
#v mbBM; � +Q�`b2 S*�- i?�i QMHv `2KQp2b i?2 KQ/2b
2M+Q/BM; p2`v HBiiH2 p�`B�M+2- rBi? � SGaX qBi? i?Bb
K2i?Q/ r2 r2`2 �#H2 iQ +�Tim`2 #Qi? HQ+�HBb2/ `2@
KQ/2HHBM; �M/ ?�p2 ?B;? bi�#BHBiv iQ BK#�H�M+2bX AM
Qm` rQ`F- r2 ?�p2 7Q+mb2/ QM HBM2�` ._ K2i?Q/b-

#mi i?2 b�K2 `2bmHib �`2 Q#i�BM2/ mbBM; MQM@HBM2�`
K2i?Q/b, �M 2tT2`BK2Mi mbBM; l@J�S +�M #2 7QmM/
BM bmTTH2K2Mi�`v K�i2`B�H ak �M/ r2 Q#b2`p2/ i?2
b�K2 +QM7QmM/BM; 2z2+i i?�i r�b T�`iB�HHv +Q``2+i2/
�7i2` mbBM; +QM7QmM/BM; �/DmbiK2MiX

� HBKBi�iBQM Q7 Qm` rQ`F Bb i?�i QMHv b?�T2 72�im`2b
r2`2 +QMbB/2`2/X Ai `2K�BMb iQ #2 b22M B7 BMi2MbBiv@
#�b2/ 72�im`2b- bm+? �b `�/BQKB+b U*2iBM 2i �HX- kyR3V-
+�M T`QpB/2 �//2/ p�Hm2 iQ i?2 +H�bbB}+�iBQM T`Q#@
H2KX �MQi?2` HBKBi�iBQM Bb i?�i QMHv 1. r�b �M�H@
vb2/ mbBM; i?Bb i2+?MB[m2- r?B+? KB;?i #2 2MQm;?
7Q` bim/vBM; �i?H2iB+ `2KQ/2HHBM;X 6Q` Qi?2` +QM/B@
iBQMb i?�i T`BK�`BHv �z2+i i?2 bvbiQHB+ T?�b2- i?2 7mHH
+�`/B�+ /vM�KB+b b?QmH/ #2 �M�Hvb2/ mbBM; bT�iBQ@
i2KTQ`�H �iH�b2bX 6m`i?2`KQ`2- bBM+2 QMHv a� BK@
�;2b r2`2 mb2/ 7Q` +QMbi`m+iBM; i?2 KQ/2H- i?2 �TB+�H
`2;BQM +QmH/ MQi #2 �M�Hvb2/ �++m`�i2Hv, 7Q` �bb2bb@
BM; �TB+�H `2KQ/2HHBM;- j.@2+?Q+�`/BQ;`�T?v KB;?i
#2 #2ii2` bmBi2/X

eX *QM+HmbBQM

q2 ?�p2 T`2b2Mi2/ � aa� 7`�K2rQ`F iQ }M/ `2@
;BQM�H b?�T2 /Bz2`2M+2b #2ir22M irQ TQTmH�iBQMb-
i�FBM; bT2+B�H +�`2 iQ +Q``2+i 7Q` �Mv TQi2MiB�H #B�b
`2H�i2/ iQ /2KQ;`�T?B+b T�`�K2i2`bX h?2 7`�K2@
rQ`F Bb 7mHHv HBM2�`, Bi mb2/ � S*� b2[m2MiB�HHv +QK@
#BM2/ rBi? � SGa �b /BK2MbBQM�HBiv `2/m+iBQM Q7 i?2
b?�T2b- 7QHHQr2/ #v � HQ;BbiB+ `2;`2bbBQM KQ/2HX h?2
HBM2�`Biv �HHQrb iQ 2�bBHv BMi2`T`2i �M/ pBbm�HBb2 i?2
KQ/2H �M/ #mBH/ bvMi?2iB+ `2T`2b2Mi�iBp2 b?�T2b Q7
i?2 KQ/2HX hQ +Q``2+i 7Q` +QM7QmM/BM; 2z2+ib- Bi BM@
+Q`TQ`�i2b �/DmbiK2Mi- r?2`2 i?2 +QM7QmM/BM; p�`B@
�#H2b �`2 �//2/ iQ i?2 HQ;BbiB+ KQ/2H �M/ +QM7QmM/@
BM; /2~�iBQM- r?B+? +QMbBbib Q7 #mBH/BM; � `2;`2bbBQM
KQ/2H i?�i T`2/B+ib b?�T2 7`QK +QM7QmM/BM; p�`B@
�#H2b- �M/ r2 mb2/ Bi iQ `2KQp2 i?2 b?�T2 p�`B�#BHBiv
�bbQ+B�i2/ iQ i?2b2 p�`B�#H2bX

q2 �TTHB2/ Qm` 7`�K2rQ`F iQ � `2�H /�i�b2i +QMbBbi@
BM; Q7 �i?H2i2b �M/ +QMi`QHb iQ }M/ i?2 `2KQ/2HHBM;
/m2 iQ i?2 T`�+iB+2 Q7 2M/m`�M+2 2t2`+Bb2X Pm` `2bmHib
+QM}`K2/ i?2 +m``2Mi HBi2`�im`2 QM 2M/m`�M+2@bTQ`i
`2KQ/2HHBM; BM i?2 Go, p2Mi`B+mH�` /BH�iBQM �M/ BM+`2@
K2Mi Q7 KvQ+�`/B�H K�bb- bT2+B�HHv BM i?2 #�b�H �`2�X
AM i?2 _o- r2 7QmM/ i?�i i?2 pQHmK2 BM+`2�b2 r�b
MQi ?QKQ;2M2Qmb #mi +QM+2Mi`�i2/ BM i?2 Qmi~QrX

R3



AM i?2 +QMi`QHb- r2 mb2/ �M �/�Ti�iBQM Q7 Qm` +H�b@
bB}+�iBQM 7`�K2rQ`F iQ `2;`2bbBQM iQ 2tTHQ`2 Q#2bBiv
`2KQ/2HHBM; �M/ 7QmM/ Bi iQ #2 K�BMHv �M BM+`2�b2 Q7
KvQ+�`/B�H K�bbX

AM i?Bb TQTmH�iBQM- r2 �M�Hvb2/ i?2 2z2+i Q7 +QM@
7QmM/2`b BM � b2KB@bvMi?2iB+ /�i�b2i Q#i�BM2/ #v
/QrMb�KTHBM; i?2 +QMi`QH TQTmH�iBQM MQM@mMB7Q`KHv-
F22TBM; BM/BpB/m�Hb rBi? ?B;? "JAX 1p2M B7 �i?H2iB+
`2KQ/2HHBM; Bb p2`v T`QKBM2Mi- r2 r2`2 �#H2 iQ #B�b
i?2 KQ/2H iQ QmiTmi i?�i �i?H2i2b ?�p2 HQr2` KvQ+�`@
/B�H K�bb i?�M +QMi`QHbX h?Bb r�b +Q``2+i2/ r?2M �/@
DmbiK2Mi r�b mb2/X >Qr2p2`- r2 7QmM/ i?�i r2 +QmH/
QMHv mb2 +QM7QmM/BM; /2~�iBQM r?2M i?2 +QMi`QH TQT@
mH�iBQM r�b `2H�iBp2Hv #B; �M/ #�H�M+2/- �M/ B7 i?�i Bb
MQi i?2 +�b2 mbBM; +QM7QmM/BM; /2~�iBQM +�M �+im�HHv
BM+`2K2Mi #B�bX >2`2- r2 T`2b2Mi2/ �M 2t�KTH2 Q7 �
+�`/BQHQ;v �TTHB+�iBQM- #mi i?2 T`QTQb2/ K2i?Q/ Bb
MQi mMB[m2 7Q` i?2 ?2�`iX 6mim`2 bim/B2b +QmH/ B/2M@
iB7v r?B+? /2KQ;`�T?B+ p�`B�#H2b BM~m2M+2 i?2 b?�T2
Q7 Qi?2` Q`;�Mb- #�b2/ QM i?2 b�K2 K2i?Q/QHQ;vX

AM Qm` rQ`F r2 ?�p2 i2bi2/ QMHv HBM2�` aa� K2i?@
Q/b- #mi i?Bb +QM7QmM/2`@`2H�i2/ T`Q#H2Kb KB;?i �T@
T2�` 2p2M KQ`2 rBi? i?2 mb2 Q7 KQ`2 +QKTH2t 7`�K2@
rQ`Fb- �#H2 iQ +�Tim`2 MQM@HBM2�` b?�T2 T�ii2`Mb iQ
+�Tim`2 bm#iH2` KQ`T?QHQ;v /Bz2`2M+2b BM TQTmH�@
iBQMb i?�i �`2 �HKQbi BM/BbiBM;mBb?�#H2 7`QK +QMi`QHb
�M/ /Bz2`2M+2b +�MMQi #2 7QmM/ i?`Qm;? i`�/BiBQM�H
K2�MbX

�+FMQrH2/;2K2Mib

q2 i?�MF .` q22b2 �M/ .` :`Qi? 7`QK S?BHBTb
_2b2�`+? >�K#m`; 7Q` i?2 b2;K2Mi�iBQM iQQH �M/ .`
SB2HH� 7Q` 7`mBi7mH /Bb+mbbBQMbX

6mM/BM;

h?Bb bim/v r�b T�`iB�HHv bmTTQ`i2/ #v i?2
aT�MBb? JBMBbi`v Q7 1+QMQKv �M/ *QKT2iBiBp2@
M2bb U;`�Mi .1SkyRj@99Nkj@S- hALkyR9@8kNkj@
_c J�`B� /2 J�2xim lMBib Q7 1t+2HH2M+2 S`Q@
;`�KK2 @ J.J@kyR8@y8ykV- 2H 6QM/Q 1m`QT2Q
/2 .2b�``QHHQ _2;BQM�H U61.1_V - i?2 1m`Q@
T2�M lMBQM mM/2` i?2 >Q`BxQM kyky S`Q;`�KK2
7Q` _2b2�`+?- AMMQp�iBQM U;`�Mi �;`22K2Mi LQX

e9kede *�`/BQ6mMsBQMV �M/ 1`�bKmbY S`Q;`�KK2
U6`�K2rQ`F �;`22K2Mi MmK#2`, kyRj@yy9yV- ǳH�
*�Bt�Ǵ 6QmM/�iBQM UG*6fS_f:LR9fRykdyyy8-
G*6fS_f:LR3fRyjRyyyjV- AMbiBimiQ /2 a�Hm/
*�`HQb AAA USAR9fyykke- SARdfyyed8V BMi2;`�i2/ BM
i?2 ǳSH�M L�+BQM�H AY.YAǴ �M/ �:�l_ kyRd a:_
;`�Mi MǞ R8jRX

_272`2M+2b

�HT2`i- JX�X- E�`i?BF2v�M- EX- �#/mHH�?- PX- :?�/@
#�M- _X- kyR3X P#2bBiv �M/ *�`/B�+ _2KQ/2HBM;
BM �/mHib, J2+?�MBbKb �M/ *HBMB+�H AKTHB+�iBQMbX
S`Q;`2bb BM *�`/BQp�b+mH�` .Bb2�b2b eR- RR9ĜRkjX
/QB,RyXRyRefDXT+�/XkyR3XydXyRkX

�`ib- hX- S`BMx2M- 6XqX- aMQ2+Ft- GX>X1X>X- _BD+F2M-
CXJX- _2M2K�M- _XaX- RNN9X �/�TiBQM Q7 +�`/B�+
bi`m+im`2 #v K2+?�MB+�H 722/#�+F BM i?2 2MpB`QM@
K2Mi Q7 i?2 +2HH, � KQ/2H bim/vX "BQT?vbB+�H
CQm`M�H ee- N8jĜNeRX /QB,RyXRyRefayyye@j9N8UN9V
3y3de@3X

�b?#m`M2`- CX- 6`BbiQM- EXCX- kyRRX .Bz2QKQ`T?B+
`2;Bbi`�iBQM mbBM; ;2Q/2bB+ b?QQiBM; �M/ :�mbb@
L2riQM QTiBKBb�iBQMX L2m`QAK�;2 /QB,RyXRyRefDX
M2m`QBK�;2XkyRyXRkXy9NX

"�Hi�2p�- �X- J�`+BM�F- JX- "BDM2Mb- "X- JQ;;`B/;2-
CX- >2- 6X- �MiQMBQb- hX- J�+:`2;Q`- :X- ami?2`@
H�M/- :X- kyydX _2;BQM�H H27i p2Mi`B+mH�` /27Q`K�@
iBQM �M/ ;2QK2i`v �M�HvbBb T`QpB/2b BMbB;?ib BM Kv@
Q+�`/B�H `2KQ/2HHBM; BM KBH/ iQ KQ/2`�i2 ?vT2`@
i2MbBQMX 1m`QT2�M CQm`M�H Q7 1+?Q+�`/BQ;`�T?v
/QB,RyXRyRefDX2mD2XkyydXy3Xyy9X

"�biB2M- SX- kyy8X SGa ;2M2`�HBb2/ HBM2�` `2;`2bbBQMX
*QKTmi�iBQM�H ai�iBbiB+b � .�i� �M�HvbBb 93- RdĜ
9eX /QB,RyXRyRefDX+b/�Xkyy9XykXyy8X

"2`M�`/- PX- G�H�M/2- �X- wQiiB- *X- *2`p2M�MbFv-
6X- u�M;- sX- >2M;- SX�X- *2iBM- AX- G2F�/B`-
EX- *�K�`�- PX- :QMx�H2x "�HH2bi2`- JX�X- a�M@
`QK�- :X- L�T2H- aX- S2i2`b2M- aX- hxB`Bi�b- :X-
:`BMB�b- 1X- E?2M2/- JX- EQHH2`�i?m- oX�X- E`Bb?@
M�Km`i?B- :X- _Q?2- JXJX- S2MM2+- sX- a2`K2b�Mi-
JX- Ab2Mb22- 6X- C�;2`- SX- J�B2`@>2BM- EX>X- 6mHH-
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SXJX- qQH7- AX- 1M;2H?�`/i- aX- "�mK;�`iM2`- *X6X-
EQ+?- GXJX- qQHi2`BMF- CXJX- Ab;mK- AX- C�M;- uX-
>QM;- uX- S�i`�p�HB- CX- C�BM- aX- >mK#2`i- PX-
CQ/QBM- SXJX- kyR3X .22T G2�`MBM; h2+?MB[m2b
7Q` �miQK�iB+ J_A *�`/B�+ JmHiB@ai`m+im`2b a2;@
K2Mi�iBQM �M/ .B�;MQbBb, Ab i?2 S`Q#H2K aQHp2/\
A111 h`�Mb�+iBQMb QM J2/B+�H AK�;BM; jd- k8R9Ĝ
k8k8X /QB,RyXRRyNfhJAXkyR3Xk3jd8ykX

"2`M�`/BMQ- :X- a�Mx /2 H� :�`x�- JX- .QK2M2+?@
sBK2MQb- "X- S`�i@:QMx¨H2x- aX- S2`2�- _XCX-
"H�M+Q- AX- "m`;Qb- 6X- a2TmHp2/�@J�`iBM2x- �X-
_Q/`B;m2x@GQT2x- JX- *`BbTB- 6X- "mi�FQz- *X-
:QMx�H2x "�HH2bi2`- JX�X- .2 *`�2M2- JX- aBi@
;2b- JX- "BDM2Mb- "X- kykyX h?`22@/BK2MbBQM�H
`2;BQM�H #B@p2Mi`B+mH�` b?�T2 `2KQ/2HBM; Bb �bbQ@
+B�i2/ rBi? 2t2`+Bb2 +�T�+Biv BM 2M/m`�M+2 �i?@
H2i2bX 1m`QT2�M CQm`M�H Q7 �TTHB2/ S?vbBQHQ;v
/QB,RyXRyydfbyy9kR@yky@y9jj8@jX

"H�M+- _X- a2BH2`- *X- axûF2Hv- :X- LQHi2- GXSX- _2v2b-
JX- kyRkX ai�iBbiB+�H KQ/2H #�b2/ b?�T2 T`2/B+@
iBQM 7`QK � +QK#BM�iBQM Q7 /B`2+i Q#b2`p�iBQMb �M/
p�`BQmb bm``Q;�i2b, �TTHB+�iBQM iQ Q`i?QT�2/B+ `2@
b2�`+?X J2/B+�H AK�;2 �M�HvbBb Re- RR8eĜRReeX
/QB,RyXRyRefDXK2/B�XkyRkXy9Xyy9X

*2``QH�x�- CXCX- _2v2b- JX- amKK2`b- _XJX-
:QMx�H2x@"�HH2bi2`- JX�X- GBM;m`�`m- JX:X- kyR8X
�miQK�iB+ KmHiB@`2bQHmiBQM b?�T2 KQ/2HBM; Q7
KmHiB@Q`;�M bi`m+im`2bX J2/B+�H AK�;2 �M�HvbBb k8-
RRĜkRX /QB,RyXRyRefDXK2/B�XkyR8Xy9XyyjX

*2iBM- AX- a�M`QK�- :X- S2i2`b2M- aX1X- L�T2H- aX-
*�K�`�- PX- :QMx�H2x "�HH2bi2`- JX�X- G2F�/B`-
EX- kyR3X � `�/BQKB+b �TT`Q�+? iQ +QKTmi2`@
�B/2/ /B�;MQbBb rBi? +�`/B�+ +BM2@J_A- BM, G2+@
im`2 LQi2b BM *QKTmi2` a+B2M+2 UBM+Hm/BM; bm#@
b2`B2b G2+im`2 LQi2b BM �`iB}+B�H AMi2HHB;2M+2 �M/
G2+im`2 LQi2b BM "BQBM7Q`K�iB+bVX /QB,RyXRyydf
Nd3@j@jRN@d889R@y&$n'NX

*Q?2M- CXSX- Gm+F- JX- >QM�`B- aX- kyR3X .Bbi`B#miBQM
K�i+?BM; HQbb2b +�M ?�HHm+BM�i2 72�im`2b BM K2/B+�H
BK�;2 i`�MbH�iBQM- BM, G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2 UBM+Hm/BM; bm#b2`B2b G2+im`2 LQi2b BM �`@
iB}+B�H AMi2HHB;2M+2 �M/ G2+im`2 LQi2b BM "BQBM7Q`@
K�iB+bVX /QB,RyXRyydfNd3@j@yjy@yyNk3@R&$n'eyX

*QQi2b- hX- h�vHQ`- *X- *QQT2`- .X- :`�?�K- CX- RNN8X
�+iBp2 a?�T2 JQ/2Hb@h?2B` h`�BMBM; �M/ �TTHB+�@
iBQMX *QKTmi2` oBbBQM �M/ AK�;2 lM/2`bi�M/BM;
eR- j3Ĝ8NX /QB,RyXRyyef+pBmXRNN8XRyy9X

.Ƕ�M/`2�- �X- G� :2`+?2- �X- :QHB�- 1X- h2bF2- �XCX-
"QbbQM2- 1X- _mbbQ- JX:X- *�H�#`ǁ- _X- "�;;Bb?-
�XGX- kyR8X _B;?i ?2�`i bi`m+im`�H �M/ 7mM+iBQM�H
`2KQ/2HBM; BM �i?H2i2bX 1+?Q+�`/BQ;`�T?v jk- RRĜ
kkX /QB,RyXRRRRf2+?QXRkkkeX

.`v/2M- GX- J�`/B�- EXoX- RNN3X ai�iBbiB+�H a?�T2
�M�HvbBb- BM, CQ?M qBH2v � aQMX

.m``H2K�M- aX- S`�bi�r�- JX- *?�`QM- LX- EQ`2M@
#2`;- CX_X- CQb?B- aX- :2`B;- :X- h`Qmp\\- �X- kyR9X
JQ`T?QK2i`v Q7 �M�iQKB+�H b?�T2 +QKTH2t2b rBi?
/2Mb2 /27Q`K�iBQMb �M/ bT�`b2 T�`�K2i2`bX L2m@
`QAK�;2 RyR- j8Ĝ9NX /QB,RyXRyRefDXM2m`QBK�;2X
kyR9XyeXy9jX

1+�#2`i- PX- S2i2`b- CX- q22b2- CX- GQ`2Mx- *X-
oQM "2`;- CX- q�HF2`- JXCX- PHbx2rbFB- JX1X- o2K@
#�`- JX- kyyeX �miQK�iB+ ?2�`i b2;K2Mi�iBQM BM
*h, *m``2Mi �M/ 7mim`2 �TTHB+�iBQMbX J2/B+�@
JmM/B 8y- RkĜRdX

:�m/`QM- SX.X- GBm- .X- a+?QHx- 6X- >m- EX- 6HQ`2b+m-
*X- >2``K�MM- aX- "BDM2Mb- "X- 1`iH- :X- aiƺ`F- aX-
q2B/2K�MM- 6X- kyReX h?2 b2Ti�H #mH;2ě�M 2�`Hv
2+?Q+�`/BQ;`�T?B+ bB;M BM ?vT2`i2MbBp2 ?2�`i /Bb@
2�b2X CQm`M�H Q7 i?2 �K2`B+�M aQ+B2iv Q7 >vT2`@
i2MbBQM Ry- dyĜ3yX /QB,RyXRyRefDXD�b?XkyR8XRRXyyeX

:QMx�H2x "�HH2bi2`- JX�X- wBbb2`K�M- �X- "`�/v- JX-
kyyyX a2;K2Mi�iBQM �M/ K2�bm`2K2Mi Q7 #`�BM
bi`m+im`2b BM J_A BM+Hm/BM; +QM}/2M+2 #QmM/bX
J2/B+�H BK�;2 �M�HvbBb 9- R3NĜkyyX

:`QbbK�M- qX- CQM2b- .X- J+G�m`BM- GXSX- RNd8X q�HH
bi`2bb �M/ T�ii2`Mb Q7 ?vT2`i`QT?v BM i?2 ?mK�M
H27i p2Mi`B+H2X CQm`M�H Q7 *HBMB+�H AMp2biB;�iBQM 8e-
8eĜe9X /QB,RyXRRdkfC*ARy3ydNX

E2bbv- �X- G2rBM- �X- ai`BKK2`- EX- kyR3X PTiB@
K�H q?Bi2MBM; �M/ .2+Q``2H�iBQMX h?2 �K2`B+�M
ai�iBbiB+B�M dk- jyNĜjR9X /QB,RyXRy3yfyyyjRjy8X
kyReXRkddR8NX

ky
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G� :2`+?2- �X- "m`Mb- �XhX- JQQM2v- .XCX- AM@
/2`- qXCX- h�vHQ`- �XCX- "Q;�2`i- CX- J�+Ab��+-
�XAX- >2B/#Ƀ+?2H- >X- S`BQ`- .XGX- kyRkX 1t2`+Bb2@
BM/m+2/ `B;?i p2Mi`B+mH�` /vb7mM+iBQM �M/ bi`m+@
im`�H `2KQ/2HHBM; BM 2M/m`�M+2 �i?H2i2bX 1m`Q@
T2�M >2�`i CQm`M�H jj- NN3ĜRyyeX /QB,RyXRyNjf
2m`?2�`iDf2?`jNdX

G�M;- _XJX- "�/�MQ- GXSX- JQ`@�pB- oX- �}H�HQ- CX-
�`Kbi`QM;- �X- 1`M�M/2- GX- 6H�+?bF�KT7- 6X�X-
6Qbi2`- 1X- :QH/bi2BM- aX�X- EmxM2ibQp�- hX- G�M@
+2HHQiiB- SX- Jm`�`m- .X- SB+�`/- JX>X- _B2ixb+?2H-
1X_X- _m/bFB- GX- aT2M+2`- EXhX- hb�M;- qX- oQB;i-
CXlX- kyR8X _2+QKK2M/�iBQMb 7Q` +�`/B�+ +?�K#2`
[m�MiB}+�iBQM #v 2+?Q+�`/BQ;`�T?v BM �/mHib, �M
mT/�i2 7`QK i?2 �K2`B+�M bQ+B2iv Q7 2+?Q+�`/BQ;@
`�T?v �M/ i?2 1m`QT2�M �bbQ+B�iBQM Q7 +�`/BQp�b@
+mH�` BK�;BM;X 1m`QT2�M >2�`i CQm`M�H *�`/BQp�b@
+mH�` AK�;BM; /QB,RyXRyNjf2?D+BfD2pyR9X

G�pB2- *XCX- JBH�MB- _XoX- o2Mim`�- >XPX- *�`/2@
M�b- :X�X- J2?`�- JX_X- J2bb2`HB- 6X>X- kyydX
.BbT�`�i2 1z2+ib Q7 G27i o2Mi`B+mH�` :2QK2i`v
�M/ P#2bBiv QM JQ`i�HBiv BM S�iB2Mib qBi? S`2@
b2`p2/ G27i o2Mi`B+mH�` 1D2+iBQM 6`�+iBQMX h?2
�K2`B+�M CQm`M�H Q7 *�`/BQHQ;v Ryy- R9eyĜR9e9X
/QB,RyXRyRefDX�KD+�`/XkyydXyeXy9yX

GQ`/- LX- :QHm#- :X>X- GQ�M- *X6XoX- RNNNX J�i`Bt
*QKTmi�iBQMbX h?2 J�i?2K�iB+�H :�x2ii2 3j- 88eX
/QB,RyXkjydfjekRyRjX

J�m;2`- *X- :BH#2`i- EX- G22- �XJX- a�M;?pB- JXJX-
�mM;- LX- 6mM;- EX- *�`�T2HH�- oX- SB2+?MBF- aXEX-
L2m#�m2`- aX- S2i2`b2M- aX1X- amBM2bB�Tmi`�- �X-
uQmM;- �X�X- kyRNX _B;?i p2Mi`B+mH�` b?�T2 �M/
7mM+iBQM, +�`/BQp�b+mH�` K�;M2iB+ `2bQM�M+2 `272`@
2M+2 KQ`T?QHQ;v �M/ #Bp2Mi`B+mH�` `BbF 7�+iQ` KQ`@
T?QK2i`B+b BM lE "BQ#�MFX CQm`M�H Q7 *�`/BQ@
p�b+mH�` J�;M2iB+ _2bQM�M+2 kR- 9RX /QB,RyXRR3ef
bRkNe3@yRN@y88R@eX

J2bb2`HB- 6X>X- o2Mim`�- >XPX- _2BbBM- 1X- .`2bHBMbFB-
:X_X- .mMM- 6X:X- J�+S?22- �X�X- 6`Q?HB+?- 1X.X-
RN3kX "Q`/2`HBM2 ?vT2`i2MbBQM �M/ Q#2bBiv, irQ
T`2?vT2`i2MbBp2 bi�i2b rBi? 2H2p�i2/ +�`/B�+ Qmi@
TmiX *B`+mH�iBQM ee- 88ĜeyX /QB,RyXRReRfyRX*A_X
eeXRX88X

JBHH2`- JXAX- h`Qmpû- �X- uQmM2b- GX- kyyeX :2Q/2bB+
b?QQiBM; 7Q` +QKTmi�iBQM�H �M�iQKvX CQm`M�H Q7
J�i?2K�iB+�H AK�;BM; �M/ oBbBQM /QB,RyXRyydf
bRy38R@yy8@jek9@yX

JBi+?2HH- aX*X- "Qb+?- CX:X- G2HB2p2H/i- "XSX6X-
o�M /2` :22bi- _XCX- _2B#2`- CX>X*X- aQMF�- JX-
kyykX j@. �+iBp2 �TT2�`�M+2 KQ/2Hb, a2;K2Mi�@
iBQM Q7 +�`/B�+ J_ �M/ mHi`�bQmM/ BK�;2bX A111
h`�Mb�+iBQMb QM J2/B+�H AK�;BM; kR- RRedĜRRd3X
/QB,RyXRRyNfhJAXkyykX3y99k8X

_�D�K�MB- EXhX- aivM2`- JX�X- h�HB#- >X- w?2M;- :X-
LQHi2- GXSX- :QMx�H2x "�HH2bi2`- JX�X- kyydX ai�@
iBbiB+�H /27Q`K�#H2 #QM2 KQ/2Hb 7Q` `Q#mbi j. bm`@
7�+2 2ti`�TQH�iBQM 7`QK bT�`b2 /�i�X J2/B+�H AK�;2
�M�HvbBb RR- NNĜRyNX /QB,RyXRyRefDXK2/B�XkyyeXy8X
yyRX

a�`p�`B- aXAX- _Q/`B;m2x@GQT2x- JX- LmƢ2x@:�`+B�-
JX- aBi;2b- JX- a2TmHp2/�@J�`iBM2x- �X- *�K�`�-
PX- "mi�FQz- *X- :`�i�+Qb- 1X- "BDM2Mb- "X- *`BbTB-
6X- kyRdX S2`bBbi2M+2 Q7 *�`/B�+ _2KQ/2HBM;
BM S`2�/QH2b+2Mib qBi? 62i�H :`Qri? _2bi`B+iBQMX
*B`+mH�iBQM, *�`/BQp�b+mH�` AK�;BM; RyX /QB,RyX
RReRf*A_*AJ�:AL:XRReXyy8kdyX

a+?�`?�;- CX- a+?M2B/2`- :X- l`?�mb2M- �X- _Q+?2ii2-
oX- E`�K�MM- "X- EBM/2`K�MM- qX- kyykX �i?H2i2Ƕb
?2�`iX CQm`M�H Q7 i?2 �K2`B+�M *QHH2;2 Q7 *�`/B@
QHQ;v 9y- R38eĜR3ejX /QB,RyXRyRefaydj8@RyNdUykV
yk9d3@eX

a+?B`Qb- *X:X- �?K2/- JXAX- a�M�;�H�- hX- w?�- qX-
J+:B{M- .X*X- "�KK�M- JXJX- :mTi�- >X- GHQv/-
aX:X- .2MM2v- hXaX- .2HHǶAi�HB�- GXCX- kyRjX AK@
TQ`i�M+2 Q7 i?`22@/BK2MbBQM�H ;2QK2i`B+ �M�HvbBb
BM i?2 �bb2bbK2Mi Q7 i?2 �i?H2i2Ƕb ?2�`iX �K2`B@
+�M CQm`M�H Q7 *�`/BQHQ;v RRR- RyedĜRydkX /QB,RyX
RyRefDX�KD+�`/XkyRkXRkXykdX

aB2``�- _X- wb2KHv2- :X- axûF2Hv- :X- "�DF�- JX- kyyeX
:2M2`�iBQM Q7 p�`B�#H2 �M�iQKB+�H KQ/2Hb 7Q` bm`@
;B+�H i`�BMBM; bBKmH�iQ`bX J2/B+�H AK�;2 �M�HvbBb
Ry- kd8Ĝk38X /QB,RyXRyRefDXK2/B�Xkyy8XRRXyyjX

aBM;?- LX- h?QK�b 6H2i+?2`- SX- a�Km2H S`2biQM- CX-
EBM;- _X.X- J�``QM- CXaX- q2BM2`- JXqX- CQb?B- aX-
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kyR9X Zm�MiB7vBM; �M�iQKB+�H b?�T2 p�`B�iBQMb BM
M2m`QHQ;B+�H /BbQ`/2`bX J2/B+�H AK�;2 �M�HvbBb R3-
eReĜejjX /QB,RyXRyRefDXK2/B�XkyR9XyRXyyRX

h?QKTbQM- .XqX- RN9kX PM ;`Qri? �M/ 7Q`KX /QB,RyX
kjydfkyRNjjyX

o�`�MQ- oX- :�#`B2H2- aX- h2`2bB- GX- .`v/2M- AXGX-
Sm//m- SX1X- hQ``QK2Q- *X- SB`�b- SX- kyRdX h?2
hSa .B`2+i h`�MbTQ`i, � L2r J2i?Q/ 7Q` h`�Mb@
TQ`iBM; .27Q`K�iBQMb BM i?2 aBx2@�M/@a?�T2 aT�+2X
AMi2`M�iBQM�H CQm`M�H Q7 *QKTmi2` oBbBQM Rk9-
j39Ĝ9y3X /QB,RyXRyydfbRRkej@yRd@RyjR@NX

q2;2HBM- CX- kyyyX � bm`p2v Q7 S�`iB�H G2�bi a[m�`2b
USGaV K2i?Q/b- rBi? 2KT?�bBb QM i?2 irQ@#HQ+F
+�b2X h2+?MB+�H _2TQ`i jdR- .2T�`iK2Mi Q7 ai�iBb@
iB+b- lMBp2`bBiv Q7 q�b?BM;iQM- a2�iiH2- kyyyX
/QB,RyXRXRXjyXReX

w?�M;- sX- *Qr�M- "X_X- "Hm2KF2- .X�X- 6BMM- CXSX-
6QMb2+�- *X:X- E�/Bb?- �X>X- G22- .X*X- GBK�-
CX�X- amBM2bB�Tmi`�- �X- uQmM;- �X�X- J2/`�MQ@
:`�+B�- SX- kyR9�X �iH�b@#�b2/ [m�MiB}+�iBQM Q7
+�`/B�+ `2KQ/2HBM; /m2 iQ KvQ+�`/B�H BM7�`+iBQMX
SGQa PL1 /QB,RyXRjdRfDQm`M�HXTQM2XyRRyk9jX

w?�M;- sX- *Qr�M- "X_X- "Hm2KF2- .X�X- 6BMM- CXSX-
6QMb2+�- *X:X- E�/Bb?- �X>X- G22- .X*X- GBK�-
CX�X*X- amBM2bB�Tmi`�- �X- uQmM;- �X�X- J2/`�MQ@
:`�+B�- SX- kyR9#X �iH�b@"�b2/ Zm�MiB}+�iBQM Q7
*�`/B�+ _2KQ/2HBM; .m2 iQ JvQ+�`/B�H AM7�`+iBQMX
SGQa PL1 N- 2RRyk9jX /QB,RyXRjdRfDQm`M�HXTQM2X
yRRyk9jX

w?�M;- sX- J2/`�MQ@:`�+B�- SX- �K#�H2@o2MF�i2b?-
"X- "Hm2KF2- .X�X- *Qr�M- "X_X- 6BMM- CXSX-
E�/Bb?- �X>X- G22- .X*X- GBK�- CX�X*X- uQmM;-
�X�X- amBM2bB�Tmi`�- �X- kyRdX P`i?Q;QM�H /2@
+QKTQbBiBQM Q7 H27i p2Mi`B+mH�` `2KQ/2HBM; BM Kv@
Q+�`/B�H BM7�`+iBQMX :B;�a+B2M+2 eX /QB,RyXRyNjf
;B;�b+B2M+2f;Btyy8X
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