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�+FMQrH2/;2K2Mib

6B`bi Q7 �HH A rQmH/ HBF2 iQ i?�MF Kv bmT2`pBbQ`b ai2p2 >�HH- S?BHBTT2 _Qmt �M/ :BmHB�
oB;;B�MB 7Q` i?2B` bmTTQ`i- ;mB/�M+2 �M/ 7`B2M/b?BTX h?2v i?Qm;?i K2 iQ 7�+2 T`Q#H2Kb
rBi?Qmi HQbBM; i?2 QTiBKBbK �Hr�vb b?QrBM; � #B; +QM}/2M+2 QM K2c Biöb i?�MFb iQ i?2K
i?�i A +QmH/ ôbm`pBp2ô �M/ `2�+i BM Kv /�`F KQK2Mi- r?2M A r�b +QMpBM+2/ i?�i Kv
rQ`F r�b MQi ;QQ/ 2MQm;? �M/ Bi rQmH/ M2p2` #2X qBi? i?2B` /Bz2`2Mi +QKT2i2M+2b �M/
�TT`Q�+?2b i?2v K�v#2 K�/2 Kv HB72 i?Qm;? bQK2iBK2b- #mi i?2v ?�p2 #22M �#H2 iQ T�bb
K2 i?2B` ?m;2 2Mi?mbB�bK �M/ T�bbBQM 7Q` i?2 `2b2�`+?, i?2 #2bi ;B7i A +QmH/ �bF 7Q`5

.22T2bi ;`�iBim/2 �`2 �HbQ /m2 iQ *BMQ oB;;B�MB �M/ *�`HQb a�Mi�K�`BM�- /2bTBi2 i?2v
�`2 T`Q#�#Hv i?2 irQ KQbi #mbv U�M/ FBM/V K2M A ?�p2 2p2` K2i- i?2v ?�p2 �Hr�vb 7QmM/
iBK2 7Q` K2- ;BpBM; mb27mH bm;;2biBQMb �M/ 2M+Qm`�;2K2MiX AM T�`iB+mH�` *BMQ ?�b #22M
Kv `272`2M+2 TQBMi 7Q` �HH Kv v2�`b BM :`2MQ#H2- �Hr�vb T`2b2Mi BM 2p2`v FBM/ Q7 bBim�iBQM,
b�/ KQK2Mib- T2`bQM�H �M/ rQ`F �+?B2p2K2MibXXXQ` Dmbi iQ bKQF2 � +B;�`2ii25

aT2+B�H i?�MFb �HbQ iQ i?2 K2K#2`b Q7 Kv i?2bBb +QKKBii22, S�mH CQ?MbQM- a2#�biB�MQ
6QiB- 6`�M+2b+Q aBHp2bi`B �M/ up2b :m2;m2M 7Q` i?2B` +QKK2Mib �M/ 2M+Qm`�;2K2Mi �M/
7Q` i?2B` +QMi`B#miBQM iQ K�F2 i?2 /272M+2 /�v � p2`v bT2+B�H QM2X

Jv bBM+2`2 i?�MFb �HbQ ;Q2b iQ i?2 i2+?MB+B�Mb �i #Qi? H�#Q`�iQ`B2b BM _QK� �M/ :`2MQ#H2,
L�M/Q- S�b+�H �M/ �H2t rBi?Qmi r?QK A rQmH/ MQi #2 �#H2 iQ `mM Kv 2tT2`BK2Mib �M/
i?�i ?�p2 #22M `2�HHv rBHHBM; �M/ ?2HT7mHX J�Mv i?�MFb iQ _ûKB �M/ C2`QK2 7Q` `2bQHpBM;
i?2 mM+QmMi�#H2 BM7Q`K�iB+b T`Q#H2Kb A ?�/- �M/ *�`QH2 �M/ a?22`�x�/2 iQ ?2HT K2 Qmi
rBi? �HH i?2 #m`2�m+`�iB+ 7Q`Kb �M/ iQ #2 p2`v T�iB2Mi �M/ FBM/X

A Qr2 Kv /22T2bi ;`�iBim/2 iQ Kv +QHH2�;m2b �M/ 7`B2M/b 1/r�`/ �M/Á- S�i`BxB� G�M�i¨-
6`�M+2b+� *�bBMB- 1HK� *?�`�H�KTB/Qm- _QK�BM2 "`QbbB2` �M/ *?`BbiB�M J�`�M/2i 7Q`
i?2B` �/pBb2b- bm;;2biBQM �M/ i2+?MB+�H ?2HT BM #Qi? 2tT2`BK2Mib T`2T�`�iBQM �M/ /�i�
�M�HvbBbX AKTQ`i�Mi �M/ rBb2 �/pBb2b +QM+2`MBM; i?2 2tT2`BK2Mib +�K2 �HbQ 7`QK SB2``2
"2bm2HH2b �M/ C�+[m2b .2b`m2b iQ r?QK A rQmH/ �HbQ HBF2 iQ b?Qr Kv ;`�iBim/2X

A rQmH/ HBF2 iQ i?�MF *ûHBM2 �M/ J�`+Q 7Q` i?2B` H�M;m�;2 bmTTQ`i BM i?2 r`BiBM; Q7 6`2M+?
�M/ Ai�HB�M bmKK�`B2b- r?2M A r�b HQbi BM i?2 KBtim`2 Q7 H�M;m�;2b TQTmH�iBM; Kv TQQ`
+QM7mb2/ #`�BM

Jv i?�MFb �M/ �TT`2+B�iBQMb �HbQ ;Q iQ Kv +QHH2�;m2b �M/ 7`B2M/b �H2bb�M/`Q- �M;;B- *û@
HBM2- 1//v- 1HK�- 6�#`BxBQ- 6`�M+2b+�- >�M�- E�/?B- J�iiB�b- L�M/Q- S�i`BxB�- _B++�`/Q-
aK`Bi �M/ am`Bv�pmic i?2v ?�p2 �++QKT�MB2/ K2 BM i?Bb rQM/2`7mH i`BT BMbB/2 �M/ QmibB/2
i?2 H�# i�FBM; +�`2 Q7 K2 �Mv iBK2 A M22/2/ �M/ i?2v K�/2 i?Bb i?`22 v2�` Q7 Kv HB72 p2`v
?�TTv �M/ DQv7mHX

G�bi #mi MQi H2�bi A rQmH/ HBF2 iQ i?�MF Kv 7�KBHv, K�KK�- T�T¨ 2 7`�i2HHQX h?2`2 �`2
K�Mv `2�bQMb iQ i?�MF i?2K �M/ A rBHH MQi 2MmK2`�i2 i?2K ?2`2- #mi i?2 K�BM QM2 Bb
i?�i MQi QMHv i?2v HQp2 K2 #mi i?2v K�F2 Bi +H2�` 2p2`v /�vX A �HbQ ?�p2 iQ bT2+B�H i?�MF
Kv /�/ �b- #2bB/2 i?2 KQ`�H bmTTQ`i- ?2 T`QpB/2/ K2 bQK2 bT2+B�H ?QK2@K�/2 KQH/b 7Q`
Kv b�KTH2b K�FBM; TQbbB#H2 Kv 2tT2`BK2MibX
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�#bi`�+i

�b rBi? K�Mv K�i2`B�Hb- i?2 T`Q+2bb2b Q7 bi`�BM HQ+�HBb�iBQM �`2 F2v iQ i?2 /27Q`K�iBQM #2@
?�pBQm` Q7 `Q+Fb �M/ bQBHb- #2+�mb2- 7Q` 2t�KTH2- HQ+�HBb2/ /27Q`K�iBQM Bb Q7i2M T`2@+m`bQ`
iQ K�i2`B�H 7�BHm`2X h?2`27Q`2 i?2 mM/2`bi�M/BM; Q7 i?2 T`Q+2bb2b H2�/BM; iQ HQ+�HBb2/ /27Q`@
K�iBQM- �M/ i?mb iQ 7�BHm`2- BM ;2QK�i2`B�Hb Bb +`BiB+�H iQ i?2 bm++2bb Q7 K�Mv ;2Qi2+?MB+�H
2M;BM22`BM; T`QD2+ibX

h?Bb rQ`F Bb 7Q+mb2/ QM i?2 �M�HvbBb Q7 HQ+�HBb2/ /27Q`K�iBQM BM ?�`/ bQBHb- bQ7i `Q+Fb �M/-
KQ`2 ;2M2`�HHv- +2K2Mi2/ ;`�MmH�` K�i2`B�HbX 6Q` bm+? K�i2`B�Hb HQ+�HBx2/ /27Q`K�iBQM-
BM i?2 7Q`K Q7 HQ+�HBx2/ bi`�BM- BX2X- b?2�` �M/ +QKT�+iBQM #�M/b- Bb Q7i2M �bbQ+B�i2/ rBi?
/�K�;2- BX2X- BMi2` �M/ BMi`�@;`�MmH�` 7`�+im`2b �M/ +`�+Fb- /2�#QM/BM; �M/ #`2�F�;2 Q7
T�`iB+H2b U;`�BM +`mb?BM;VX 6m`i?2`KQ`2- K�+`Q7`�+im`2b �`2 +QKKQMHv bm``QmM/2/ #v
K2bQ �M/ KB+`Q +`�+Fb �M/ � T`Q+2bb xQM2 Q7 KB+`Q7`�+im`BM; T`2+2/2b i?2B` T`QT�;�@
iBQMX hQ bim/v HQ+�HBb2/ T?2MQK2M� bm+? �b bi`�BM �M/ /�K�;2 HQ+�HBb�iBQM- bQK2 FBM/
Q7 MQM@/2bi`m+iBp2- 7mHH�}2H/ K2�bm`2K2Mi ?�b iQ #2 mb2/X q2HH@FMQrM i2+?MB[m2b BM ;2@
QK2+?�MB+b BM+Hm/2 s@`�v iQKQ;`�T?v- iQ bim/v K�i2`B�H bi`m+im`2- �M/ .B;Bi�H AK�;2
*Q``2H�iBQM U.A*V Q7 k. Q` j. UpQHmK2V BK�;2b- iQ bim/v K�i2`B�H FBM2K�iB+b �M/ bi`�BM
}2H/bX .A* ?�b T`Qp2M iQ #2 � p2`v TQr2`7mH iQQH BM i?2 bim/v Q7 ?2i2`Q;2M2Qmb T?2@
MQK2M�- #mi T`QpB/2b QMHv /�i� QM FBM2K�iB+b �M/ bi`�BM �M/ MQi QM �bbQ+B�i2/ T`QT2`iv
+?�M;2b U2X;X- 2H�biB+ T`QT2`iB2bVX AM i?Bb i?2bBb �MQi?2` iQQH- mHi`�bQMB+ iQKQ;`�T?v- Bb
bm;;2bi2/ �b � 7mHH@}2H/ K2�bm`2K2Mi Q7 i?2 2H�biB+ T`QT2`iv p�`B�iBQMb BM i2bi bT2+BK2Mb
i?`Qm;? K�TTBM; Q7 mHi`�bQMB+ r�p2 T`QT�;�iBQM p2HQ+BiB2bX lHi`�bQMB+ iQKQ;`�T?v- �b
+QKTH2K2Mi�`v i2+?MB[m2 iQ .A* �M/ Qi?2` 7mHH@}H2/ K2�bm`2b- +�M i?mb T`QpB/2 M2r
BMbB;?i BMiQ i?2 /27Q`K�iBQM T`Q+2bb2bX

AM `Q+F �M/ bQBH K2+?�MB+b- �+QmbiB+ �M/ mHi`�bQMB+ K2i?Q/b ?�p2 HQM; #22M mb2/ iQ K2�@
bm`2 i?2 2H�biB+ T`QT2`iB2b Q7 i2bi K�i2`B�Hb- BM+Hm/BM; /m`BM; K2+?�MB+�H i2biBM;X >Qr2p2`-
bm+? K2�bm`2b ?�p2 ;2M2`�HHv #22M HBKBi2/ iQ QMHv � 72r K2�bm`2K2Mi T�i?b Umbm�HHv Dmbi
QM2V 7Q` � r?QH2 b�KTH2- i?mb `2bi`B+iBM; i?2 bim/v Q7 ?2i2`Q;2M2BivX lHi`�bQMB+ iQKQ;`�@
T?v +�M Qp2`+QK2 i?Bb HBKBi�iBQM iQ T`QpB/2 � 7mHH@}2H/ K2�bm`2X h?2 K�BM +QMi`B#miBQMb
Q7 i?Bb rQ`F �`2 i?2 /2p2HQTK2Mi Q7 mHi`�bQMB+ iQKQ;`�T?v �M�HvbBb 7Q` H�#Q`�iQ`v ;2@
QK2+?�MB+b U#Qi? BM i2`Kb Q7 i?2 2tT2`BK2Mi�H K2i?Q/ �M/ bm#b2[m2Mi /�i� �M�HvbBbV
�M/ Bib �TTHB+�iBQM iQ �M�Hvb2 K�i2`B�H /27Q`K�iBQM �M/- BM T�`iB+mH�`- K�i2`B�H 2pQHmiBQM
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/m`BM; HQ�/BM; UiBK2@H�Tb2 mHi`�bQMB+ iQKQ;`�T?vVX � F2v +QMi`B#miBQM Bb i?2 BKTH2K2M@
i�iBQM Q7 i?2 .Qm#H2 "2�K 6Q`KBM; i2+?MB[m2- 7Q` i?2 T�`iB+mH�` +�b2 Q7 H�#Q`�iQ`v i2bi
QM ;2QK�i2`B�Hb- iQ T`QpB/2 BKT`Qp2/ [m�HBiv /�i� �M/ i?mb 2ti`�+iBQM Q7 KQ`2 T`2+Bb2
BM7Q`K�iBQMX h?2 /2p2HQT2/ mHi`�bQMB+ iQKQ;`�T?v �TT`Q�+? ?�b #22M �TTHB2/ iQ BMp2biB@
;�i2 ;2QK�i2`B�H #2?�pBQm` BM H�#Q`�iQ`v i2bibX AM i?Bb +QMi2ti- 2tT2`BK2Mi�H +�KT�B;Mb
?�p2 #22M +�``B2/ Qmi QM /Bz2`2Mi K�i2`B�Hb- r?2`2 i?2 mHi`�bQMB+ iQKQ;`�T?v ?�b #22M
+QKTH2K2Mi2/ #v +QKT�`BbQMb rBi? /BbTH�+2K2Mi �M/ bi`�BM }2H/b 7`QK k. �M/ j. .A*
THmb bi`m+im`�H �M�HvbBb #v s@`�v iQKQ;`�T?vX � +QKT�`BbQM #2ir22M .A* �M/ mHi`�bQMB+
iQKQ;`�T?v `2bmHib `2p2�Hb i?�i i?2 H�ii2` b?Qrb BKTQ`i�Mi +?�M;2b BMbB/2 i?2 b�KTH2
BM � bi�;2 Q7 HQ�/BM; r?2`2 i?2 .A* K�v MQiX �b mHi`�bQMB+ iQKQ;`�T?v Bb b2MbBiBp2 iQ
/�K�;2- Bi +�M #2 +QM+Hm/2/ i?�i i?2 /2;`22 Q7 /27Q`K�iBQM M22/2/ iQ +�mb2 /2i2+i�#H2
/�K�;2 Bb #2HQr i?2 `2bQHmiBQM Q7 i?2 .A*X JQ`2Qp2`- i?2 mHi`�bQMB+ iQKQ;`�T?v b22Kb iQ
#2 �#H2 iQ /2i2+i i?2 /�K�;2/ xQM2 bm``QmM/BM; 7`�+im`2 iBTb �M/ i?mb +�M BM/B+�i2 r?2`2
i?2 7`�+im`2b rBHH T`QT�;�i2X >Qr2p2`- r?2M /27Q`K�iBQM #2+QK2b iQQ ?B;? Q` 7`�+im`2b
T`QT�;�i2- mHi`�bQMB+ bB;M�Hb +�MMQi #2 �+[mB`2/- bQ mHi`�bQMB+ iQKQ;`�T?v Bb MQi TQbbB@
#H2c BM bm+? bBim�iBQMb .A* +�M biBHH T`QpB/2 BKTQ`i�Mi BM7Q`K�iBQM QM i?2 /27Q`K�iBQM
K2+?�MBbKbX h?2 /Bz2`2Mi 7mHH@}2H/ i2+?MB[m2b 2KTHQv2/ BM i?Bb rQ`F ?�p2 i?mb #22M
7QmM/ iQ T`QpB/2 /Bz2`2Mi �M/ +QKTH2K2Mi�`v BM7Q`K�iBQMX 6m`i?2`KQ`2- Bi Bb b?QrM i?�i
#2ii2` mM/2`bi�M/BM; Q7 i?2 K2+?�MB+�H #2?�pBQm` Q7 ;2QK�i2`B�Hb +�M #2 ;�BM2/ i?`Qm;?
i?2 +QK#BM�iBQM Q7 KQ`2 i?�M QM2 i2+?MB[m2X
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h�#H2 Q7 +QMi2Mib p

AMi`Q/m+iBQM R

A .2p2HQTK2Mi Q7 lHi`�bQMB+ hQKQ;`�T?v h2+?MB[m2 7Q` :2@
QK2+?�MB+�H aim/B2b

R :2M2`�H +QMi2ti d
RXR AMi`Q/m+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 X X X X X X X X X X X d
RXk a2BbKB+ iQKQ;`�T?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 3
RXj q�p2 p2HQ+Biv iQKQ;`�T?v �i H�#Q`�iQ`v b+�H2 X X X X X X X X X X X X X X X X X N
RX9 P+2�MQ;`�T?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 X N

k .�i� �+[mBbBiBQM �M/ �M�HvbBb RR
kXR AMi`Q/m+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 X X X X X X X X X X X RR
kXk 1tT2`BK2Mi�H b2i mT �M/ /�i� �+[mBbBiBQM bvbi2K X X X X X X X X X X X X X X X RR
kXj 6BiiBM; ;2QK2i`B+�H T�`�K2i2`b 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
kX9 .Qm#H2 "2�K 6Q`KBM; 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
kX8 hBK2 TB+FBM; 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
kXe AMp2`bBQM 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 kj

kXeXR _�v i?2Q`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 k8
kXeXk a2MbBiBpBiv E2`M2Hb 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 k3
kXeXj J�tBKmK � TQbi2`BQ`B 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 jj
kXeX9 ao. 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 je

kXd amKK�`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 X X X j3

j avMi?2iB+ /�i� i2bib 9R
jXR AMi`Q/m+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 X X X X X X X X X X X 9R
jXk AM~m2M+2 Q7 ?2i2`Q;2M2BiB2b BM i?2 }iiBM; Q7 ;2QK2i`B+�H T�`�K2i2`b X X X X X 9k
jXj hQKQ;`�T?B+ BMp2`bBQM rBi? �M >QKQ;2M2Qmb bi�`iBM; KQ/2H X X X X X X X X X 98

jXjXR JQ/2H@#�b2/ iQKQ;`�T?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 98
jXjXk .�i�@#�b2/ iQKQ;`�T?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 9d

jX9 hQKQ;`�T?B+ BMp2`bBQM rBi? �M AM?QKQ;2M2Qmb bi�`iBM; KQ/2H X X X X X X X 8y

p



h�#H2 Q7 +QMi2Mib

jX9XR JQ/2H@#�b2/ iQKQ;`�T?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 8j
ao.fJ�S +QKT�`BbQM 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 8e

jX9Xk .�i�@#�b2/ iQKQ;`�T?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 8e
jX8 *?2+F2`#Q�`/ �M�HvbBb 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 8e
jXe .Bb+mbbBQM �M/ *QM+HmbBQMb 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 ey

AA �TTHB+�iBQMb

9 *QKTH2K2Mi�`v 7mHH }2H/ K2�bm`2K2Mib 7Q` 2tT2`BK2Mi�H ;2QK2+?�MB+b ed
9XR AMi`Q/m+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 X X X X X X X X X X X ed
9Xk s@_�v hQKQ;`�T?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 ed

9XkXR .�i� �+[mBbBiBQM @ a+�MM2` X X X X X X X X X X X X X X X X X X X X X X X X e3
9XkXk .�i� �M�HvbBb @ _2+QMbi`m+iBQM X X X X X X X X X X X X X X X X X X X X X X eN

9Xj .B;Bi�H AK�;2 *Q``2H�iBQM U.A*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 dR

8 L�im`�H _Q+F d8
8XR 1tT2`BK2Mi�H J2i?Q/b 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 d8

8XRXR h`B�tB�H i2bi 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 d8
8XRXk lHi`�bQMB+ hQKQ;`�T?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 de
8XRXj s@_�v hQKQ;`�T?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 de

8Xk J�i2`B�H @ oQb;2b b�M/biQM2 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 dd
8Xj _2bmHib 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 d3

8XjXR o1*9 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 d3
lHi`�bQMB+ hQKQ;`�T?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 d3
s@_�v hQKQ;`�T?v �M/ j.@.A* X X X X X X X X X X X X X X X X X X X X X 3d
*QKT�`BbQM #2ir22M mHi`�bQMB+ iQKQ;`�T?v �M/ s@_�v hQKQ;`�T?v

f j.@.A* 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 33
8X9 *QM+HmbBQMb 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 3N

e _Q+F b�KTH2 rBi? � FMQrM ;2QK2i`v NR
eXR 1tT2`BK2Mi�H J2i?Q/b 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 NR

eXRXR SH�M2 bi`�BM +QKT`2bbBQM i2bi X X X X X X X X X X X X X X X X X X X X X X X NR
"�``2ii2@?QH/BM; /2pB+2 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 Nk

eXRXk lHi`�bQMB+ hQKQ;`�T?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 Nk
eXRXj S?QiQ b2i mT 7Q` .A* 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 N9
eXRX9 s@_�v hQKQ;`�T?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 N9

eXk J�i2`B�H �M/ b�KTH2 T`2T�`�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 N9
eXj _2bmHib, TH�M2 bi`�BM +QKT`2bbBQM i2bi rBi? 7mHH }2H/ K2�bm`2K2Mib X X X X X N8

eXjXR 6G1hyj 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 N8
lHi`�bQMB+ hQKQ;`�T?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 N8
.B;Bi�H AK�;2 *Q``2H�iBQM U.A*V X X X X X X X X X X X X X X X X X X X X X RyR
*QKT�`BbQM #2ir22M mHi`�bQMB+ iQKQ;`�T?v �M/ .A* X X X X X X X X X Ry9
j. @ .B;Bi�H AK�;2 *Q``2H�iBQM Uj.@.A*V X X X X X X X X X X X X X X X X RR9

eX9 _2bmHib, HQ+�H s@_�v hQKQ;`�T?v X X X X X X X X X X X X X X X X X X X X X X X RR8
eX8 *QM+HmbBQMb 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 RRe

pB



d �`iB}+B�HHv +2K2Mi2/ ;`�MmH�` K�i2`B�H RRN
dXR 1tT2`BK2Mi�H J2i?Q/b 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 RRN

dXRXR h`B�tB�H i2bi 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 RRN
dXRXk SH�M2 bi`�BM +QKT`2bbBQM i2bib rBi? mHi`�bQMB+ iQKQ;`�T?v �M/ k.@.A*Rkk

SH�M2 bi`�BM +QKT`2bbBQM i2bi X X X X X X X X X X X X X X X X X X X X X X X Rkk
lHi`�bQMB+ iQKQ;`�T?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 Rkj
S?QiQ b2i mT 7Q` .A* 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 Rkj
s@_�v hQKQ;`�T?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 Rkj

dXk J�i2`B�H @ *G1*� 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 Rk9
dXkXR a�KTH2 T`2T�`�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 X X X X Rk9
dXkXk J2+?�MB+�H #2?�pBQm` BM +QMp2MiBQM�H i`B�tB�H i2biBM; X X X X X X X X X Rke

dXj _2bmHib, TH�M2@bi`�BM +QKT`2bbBQM i2bib rBi? 7mHH@}2H/ �M�HvbBb X X X X X X X X Rjk
dXjXR *G1hRk" 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 Rjj

lHi`�bQMB+ iQKQ;`�T?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 Rjj
.B;Bi�H AK�;2 *Q``2H�iBQM U.A*V X X X X X X X X X X X X X X X X X X X X X R9y
*QKT�`BbQM #2ir22M mHi`�bQMB+ iQKQ;`�T?v �M/ .A* X X X X X X X X X R9R

dX9 *QM+HmbBQMb 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 R93
dX8 S2`bT2+iBp2b 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 R8R

dX8XR *v+HBM; i2bi @ T`2HBKBM�`v `2bmHib X X X X X X X X X X X X X X X X X X X X X R8R
�+QmbiB+ �M�HvbBb 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 R8R

*QM+HmbBQMb �M/ S2`bT2+iBp2b R8d

_ûbmKû 2M 7`�MÏ�Bb ReR

_B�bbmMiQ BM Bi�HB�MQ RNj

"B#HBQ;`�T?v kk8

pBB





AMi`Q/m+iBQM

h?2 bim/v Q7 bi`�BM HQ+�HBb�iBQM Bb BKTQ`i�Mi 7Q` i?2 #2ii2` mM/2`bi�M/BM; Q7 i?2 K2+?�MB@
+�H #2?�pBQm` Q7 ;2QK�i2`B�HbX AM 7�+i- K�Mv 2t�KTH2b Q7 HQ+�HBb2/ /27Q`K�iBQM T?2MQK2M�
+�M #2 7QmM/ BM M�im`2c 6B;m`2 R b?Qrb bQK2 Q7 i?2 KQ`2 bT2+i�+mH�` QM2bX .27Q`K�iBQMb
+�M i�F2 TH�+2 Qp2` � H�`;2 iBK2- 7Q` BMbi�M+2 BM i2+iQMB+ T`Q+2bb2b U6B;m`2 R U�VV- Q` p2`v
[mB+FHv- �b +�M Q++m` BM b2BbKB+ 2p2Mib U6B;m`2b R U#V �M/ U+V r?B+? `272` iQ i?2 b�K2
2�`i?[m�F2VX AM i?2 }`bi irQ BK�;2b i?2 HQ+�HBb�iBQM Q7 /27Q`K�iBQM Bb +?�`�+i2`Bb2/ #v
+QMiBMmQmb /BbTH�+2K2Mib r?2`2�b BM i?2 i?B`/ TB+im`2 i?2 /BbTH�+2K2Mib b?Qr � bi`QM;
/Bb+QMiBMmBiv BX2X- � 7`�+im`2X JQ`2Qp2`- b2p2`�H 2tT2`BK2Mi�H `2bmHib 7Q` ;2QK�i2`B�Hb U2X;X-
.2b`m2b �M/ oB;;B�MB- kyy9V ?�p2 b?QrM i?�i bi`�BM HQ+�HBb�iBQM Q++m`b KQ`2 �b � `mH2 i?�M
�b i?2 2t+2TiBQMX AM T�`iB+mH�` �i i?2 H�#Q`�iQ`v b+�H2 Bi ?�b #22M /2KQMbi`�i2/ i?�i i?2
+QM}MBM; T`2bbm`2 BM~m2M+2b i?2 bi`�BM HQ+�HBb�iBQM BM K�Mv Q7 Bib �bT2+ib- 2X;X- BM+HBM�@
iBQM- i?B+FM2bb �M/ MmK#2` Q7 HQ+�HBb�iBQM #�M/b 7Q`K2/ U6B;m`2 k U�VVX 6m`i?2`KQ`2- i?2
KB+`Q@K2+?�MBbKb BMpQHp2/ BM i?2 /27Q`K�iBQM U2X;X- ;`�BM `2�``�M;2K2Mi- ;`�BM +`mb?BM;-
+2K2Mi #`2�F�;2V /2T2M/ QM i?2 +QM}MBM; T`2bbm`2X 6Q` 2t�KTH2- bi`�BM HQ+�HBb�iBQM BM
TQ`Qmb b�M/biQM2b +�M BMpQHp2 /BH�i�Mi b?2�` #�M/b- �i HQr +QM}MBM; T`2bbm`2b- �M/ �
i`�MbBiBQM iQ +QKT�+i�Mi b?2�` #�M/b �M/ +QKT�+iBQM #�M/b rBi? BM+`2�bBM; K2�M bi`2bb
U6B;m`2 k U#VVX

AM i?Bb rQ`F i?2 �M�HvbBb Bb 7Q+mb2/ QM ?�`/ bQBHb- bQ7i `Q+Fb �M/- KQ`2 ;2M2`�HHv- +2K2Mi2/
;`�MmH�` K�i2`B�HbX 1t�KTH2b Q7 M�im`�H ;2Qi2+?MB+�H K�i2`B�Hb BM+Hm/2/ BM i?Bb ;`QmT �`2
Tv`Q+H�biB+ r2�F `Q+Fb- +�`#QM�i2 b�M/b- +�H+�`2MBi2b �M/ +QKT�+i2/ /2+QKTQb2/ ;`�MBi2X
AM i?Bb +�b2 HQ+�HBb2/ /27Q`K�iBQM Bb Q7i2M �bbQ+B�i2/ rBi? 7`�+im`BM; �i /Bz2`2Mi b+�H2bX
J�+`Q7`�+im`2b �`2 +QKKQMHv bm``QmM/2/ #v K2bQ �M/ KB+`Q +`�+Fb �M/ i?2B` T`QT�;�iBQM

U�V U#V U+V

6B;m`2 R, 6QH/ BM *�HB7Q`MB�öb "Q``2;Q /2b2`i U�Vc BK�;2b Q7 ^xKBi 2�`i?[m�F2 +QMb2[m2M+2b U#V
�M/ U+V

R



AMi`Q/m+iBQM

U�V U#V

6B;m`2 k, "ûbm2HH2 2i �HX UkyyyV

Bb T`2+2/2/ #v � T`Q+2bb xQM2 Ub22 6B;m`2 jVX h?2 KB+`Q7`�+im`BM; i?�i +?�`�+i2`Bb2b bm+?
T`Q+2bb xQM2b +�M #2 BMi2`T`2i2/ �b /�K�;2- bBM+2 Bi �Hi2`b i?2 K2+?�MB+�H T`QT2`iB2b Q7
i?2 K�i2`B�HX ai`�BM HQ+�HBb�iBQM BM `Q+Fb- BM i?2 7Q`K Q7 b?2�` Q` +QKT�+iBQM #�M/b-
�`2 �HbQ �bbQ+B�i2/ rBi? bK�HH@b+�H2 7`�+im`BM; bm+? i?�i i?2v �`2 �HbQ HQ+�HBb2/ /�K�;2
xQM2bX AM i?Bb +QMi2ti /�K�;2 +�M BM+Hm/2 /2@#QM/BM; �M/ #`2�F�;2 Q7 T�`iB+H2b U;`�BM
+`mb?BM;VX h?2 +H�bbB+�H K2i?Q/ iQ �M�Hvb2 KB+`Q7`�+im`BM; Bb i?2 mb2 Q7 i?BM b2+iBQMbX
h?Bb i2+?MB[m2- ?Qr2p2`- BKTHB2b i?2 /2bi`m+iBQM Q7 i?2 b�KTH2 �M/ Bi +�M MQi #2 mb2/ iQ
7QHHQr i?2 2pQHmiBQM Q7 i?2 /27Q`K�iBQMX h?2`27Q`2 bQK2 FBM/ Q7 7mHH }2H/ MQM /2bi`m+iBp2
K2�bm`2K2Mi ?�b iQ #2 BMi`Q/m+2/ Ub22 oB;;B�MB �M/ >�HH- kyy3c oB;;B�MB 2i �HX- kyRkVX

6B;m`2 j, 6`�+im`2 rBi? bm``QmM/BM; 7`�+im`2 T`Q+2bb xQM2 U6SwVX h?2 T`Q+2bb xQM2 +QMbBbib Q7
KB+`Q@ �M/ K2bQ+`�+Fb U"�+F2`b- kyy8VX

� }`bi i2Mi�iBp2 iQ mb2 7mHH@}2H/ K2�bm`2K2Mib BM 2tT2`BK2Mi�H ;2QK2+?�MB+b r�b +�``B2/
Qmi BM i?2 2�`Hv RNeyb BM *�K#`B/;2- r?2M t@`�v `�/BQ;`�T?v r�b 2KTHQv2/ iQ �M�Hvb2
TH�M2@bi`�BM +QKT`2bbBQM b�M/#Qt i2bibX h?2 Q`B;BM�H B/2� r�b iQ 7QHHQr i?2 TQbBiBQMb Q7
H2�/ K�`F2`b- �M/ iQ mb2 i?2 K2�bm`2/ /BbTH�+2K2Mib iQ +QKTmi2 bi`�BM }2H/bX >Qr2p2`
i?2 `�/BQ;`�T?v �HbQ `2p2�H2/ i?2 T`2b2M+2 Q7 HQ+�HBb2/ 72�im`2b +?�`�+i2`Bx2/ #v � HQr2`
/2MbBiv U_Qb+Q2- RNdyc _Qb+Q2 2i �HX- RNejVX h?Bb T`QpB/2/ M2r 2pB/2M+2 i?�i bi`�BM

k



HQ+�HBb�iBQM BM bQBHb Bb �bbQ+B�i2/ rBi? /BH�iBQMX

�MQi?2` 2t�KTH2 Q7 i?2 2�`Hv mb2 Q7 7mHH@}2H/ K2�bm`2K2Mib BM ;2QK2+?�MB+b r�b 6�Hb2
_2HB27 ai2`2QT?QiQ;`�KK2i`v U6_aV BMi`Q/m+2/ #v "mii2`}2H/ 2i �HX URNdyV �M/ i?2M
2ti2MbBp2Hv 2KTHQv2/ �M/ /2p2HQT2/ BM i?2 RN3yb BM :`2MQ#H2 U.2b`m2b- RN39c .2b`m2b �M/
.mi?BHH2mH- RN39c .2b`m2b �M/ oB;;B�MB- kyy9VX h?2 K2i?Q/ BMpQHp2b +QKT�`BM; � +QmTH2 Q7
T?QiQb Q7 i?2 bm`7�+2 Q7 � b�KTH2 i�F2M �i /Bz2`2Mi HQ�/BM; bi2TbX h?2 bi2`2Qb+QTB+ 2z2+i
�HHQrb i?2 /27Q`K�iBQM i?�i Q++m``2/ BM i?2 iBK2H�Tb2 #2ir22M i?2 �+[mBbBiBQM Q7 i?2 irQ
T?QiQb iQ #2 /B`2+iHv T2`+2Bp2/ �b � }+iBiBQmb `2HB27 r?2M pB2r2/ BM � bi2`2Q+QKT�`�iQ`X
qBi? 6_a i?2 TH�M�` /27Q`K�iBQM Q7 � b�KTH2 /m`BM; � TH�M2 bi`�BM +QKT`2bbBQM i2bi +�M
i?mb #2 7QHHQr2/ iQ T`QpB/2 2bb2MiB�H BM7Q`K�iBQM 7Q` HQ+�HBb�iBQM bim/B2bX

qBi? i?2 +QMbi�Mi T`Q;`2bb Q7 i2+?MQHQ;v i?2 irQ i2+?MB[m2b #`B2~v /2b+`B#2/ �#Qp2
2pQHp2/ iQ T`QpB/2 ;`2�i2` �M/ `B+?2` BM7Q`K�iBQMX s@`�v `�/BQ;`�T?B2b �`2 MQr T`Q+2bb2/
iQ BK�;2 i?2 +QKTH2i2 j. pQHmK2 Q7 � b�KTH2 i?`Qm;? � iQKQ;`�T?B+ `2+QMbi`m+iBQM
U"�`m+?2H 2i �HX- kyyyc .2b`m2b 2i �HX- kyyec E2i+?�K �M/ *�`HbQM- kyyRc J22b 2i �HX-
kyyjc Pi�MB �M/ P#�`�- kyy9c aH�M2v �M/ E�F- RN33VX 6m`i?2`KQ`2- b�KTH2b +�M #2 T?Q@
iQ;`�T?2/ #v /B;Bi�H +�K2`�b �M/ 6_a ?�b #22M `2TH�+2/ #v .B;Bi�H AK�;2 *Q``2H�iBQM
U.A*VX .A* T`QpB/2b i?2 /BbTH�+2K2Mi }2H/- �M/ i?mb bi`�BM }2H/- #2ir22M irQ /B;Bi�H
BK�;2b i?�i +�M #2 k.- rBi? T?QiQb- Q` j.- rBi? s@`�v iQKQ;`�T?v U2X;X- >�HH- kyRkc
>�HH 2i �HX- kyRy#VX

AM i?Bb i?2bBb �MQi?2` iQQH- mHi`�bQMB+ iQKQ;`�T?v- Bb bm;;2bi2/ 7Q` 7mHH@}2H/ K2�bm`2K2Mi
Q7 i?2 mHi`�bQMB+ p2HQ+BiB2b- �M/ i?mb 2H�biB+ T`QT2`iB2b Q7 i2bi bT2+BK2MbX lHi`�bQMB+
iQKQ;`�T?v Bb #�b2/ QM 2H�biB+ r�p2 T`QT�;�iBQM i?2Q`vX AM i?2 +QMi2ti Q7 ;2QK�i2`B�Hb
i?2 i2`K ó2H�biB+ô Bb mb2/ BM i?2 b2Mb2 i?�i r�p2b T`QT�;�i2 rBi?Qmi +�mbBM; T2`K�M2Mi
/27Q`K�iBQM #2+�mb2 Q7 i?2B` bK�HH �KTHBim/2X 1H�biB+ r�p2 T`QT�;�iBQM Bb ;Qp2`M2/ #v
p2HQ+Biv �M/ �ii2Mm�iBQM BM i?2 K2/BmK �M/ �HbQ #v i?2 7`2[m2M+v Q7 i?2 T`QT�;�iBM;
r�p2X 6m`i?2`KQ`2 i?2 p2HQ+Biv Bb HBMF2/ iQ i?2 2H�biB+ T`QT2`iB2b Q7 i?2 K�i2`B�H i?`Qm;?
r?B+? i?2 r�p2 T`QT�;�i2bX AM `Q+F �M/ bQBH K2+?�MB+b- �+QmbiB+ �M/ mHi`�bQMB+ K2i?Q/b
?�p2 HQM; #22M mb2/ iQ K2�bm`2 i?2 2H�biB+ T`QT2`iB2b Q7 i2bi K�i2`B�Hb- BM+Hm/BM; /m`BM;
K2+?�MB+�H i2biBM;X >Qr2p2`- bm+? K2�bm`2b ?�p2 ;2M2`�HHv #22M HBKBi2/ iQ QMHv � 72r
Umbm�HHv QM2V K2�bm`2K2Mi 7Q` � r?QH2 b�KTH2- i?mb `2bi`B+iBM; i?2 mM/2`bi�M/BM; Q7
�Mv ?2i2`Q;2M2BiB2bX lHi`�bQMB+ iQKQ;`�T?v Bb #�b2/ QM KmHiBTH2 K2�bm`2K2Mib �+`Qbb
� i2bi b�KTH2- r?B+? �`2 K�i?2K�iB+�HHv `2+QMbi`m+i2/ iQ T`QpB/2 i?2 TQi2MiB�H iQ K�T
?2i2`Q;2M2Qmb 2H�biB+ T`QT2`iB2b BMbB/2 i?2 b�KTH2X 6m`i?2`KQ`2- r?BHbi .A* ?�b T`Qp2M iQ
#2 � p2`v TQr2`7mH iQQH BM i?2 bim/v Q7 ?2i2`Q;2M2Qmb T?2MQK2M�- Bi +�M QMHv T`QpB/2 /�i�
QM FBM2K�iB+b �M/ bi`�BM �M/ MQi QM �bbQ+B�i2/ T`QT2`iv +?�M;2b U2X;X- 2H�biB+ T`QT2`iB2bV-
r?B+? �`2 iQ #2 2tT2+i2/ BM i?2 K�i2`B�Hb Q7 BMi2`2bi ?2`2- 2X;X- /m2 iQ +QKT�+iBQM �M/
`2H�i2/ TQ`QbBiv `2/m+iBQM Q` ;`�BM +`mb?BM;X h?2`27Q`2- i?2 mb2 Q7 mHi`�bQMB+ iQKQ;`�T?v
�b +QKTH2K2Mi�`v i2+?MB[m2 +�M T`QpB/2 M2r BMbB;?i BMiQ i?2 /27Q`K�iBQM T`Q+2bb2bX

h?2 }`bi �BK Q7 i?Bb rQ`F Bb iQ /2p2HQT 2tT2`BK2Mi�H i2+?MB[m2b i?�i �`2 �/�Ti2/ iQ i?2
bim/v Q7 i?2 HQ+�HBb2/ /27Q`K�iBQM K2+?�MBbKb Q7 +2K2Mi2/ ;`�MmH�` K�i2`B�HbX h?2 b2+@
QM/ Q#D2+iBp2 Bb iQ BMp2biB;�i2 2tT2`BK2Mi�HHv- mbBM; bm+? iQQHb- i?2 /27Q`K�iBQM #2?�pBQm`
Q7 i?2b2 K�i2`B�Hb i?`Qm;? i?2 bim/v Q7 �M �`iB}+B�H `Q+F i?�i K�v #2 +QMbB/2`2/ �b �M
�M�HQ;m2 iQ `2�H K�i2`B�Hb Q7 i?Bb +H�bbX hQ Q#i�BM � `Q+F@HBF2 K�i2`B�H ;`�BMb Q7 GB;?i
1tT�M/2/ *H�v �;;`2;�i2b UG1*�V- r?B+? �`2 +`mb?�#H2 T�`iB+H2b- ?�p2 #22M +2K2Mi2/

j



AMi`Q/m+iBQM

BM i?2 H�#Q`�iQ`vX h?2 mb2 Q7 �M �`iB}+B�H K�i2`B�H �HHQrb i?2 +QMi`QH Q7 i?2 +2K2Mi�iBQM
H2p2H �b r2HH �b i?2 TQ`QbBiv Q7 i?2 b�KTH2bX JQ`2Qp2` �M/ KQbi BKTQ`i�MiHv- i?2 Q#i�BM2/
+2K2Mi2/ bQBH Bb Km+? H2bb `2bBbi�Mi i?�M i?2 M�im`�H `Q+Fb �M/ +�M- i?2`27Q`2- #2 i2bi2/ BM
bi�M/�`/ ;2Qi2+?MB+�H �TT�`�imb MQ`K�HHv mb2/ 7Q` bQBHbX am+? �TT�`�imb �`2- BM ;2M2`�H-
KQ`2 ~2tB#H2 i?�M i?Qb2 bT2+B}+�HHv /2bB;M2/ iQ i2bi `Q+Fb �M/ i?2v �HHQr i?2 BMi2;`�iBQM
Q7 i?2 bT2+B�H 2[mBTK2Mi mb2/ BM i?Bb rQ`FX h?2 Tm`TQb2 Q7 i?2 bim/v r�b iQ /2p2HQT
2tT2`BK2Mi�H K2i?Q/b i?�i- iQ;2i?2` rBi? Qi?2`b i2+?MB[m2b- +QmH/ ?2HT iQ B/2MiB7v �M/
BMp2biB;�i2 i?2 /Bz2`2Mi /27Q`K�iBQM T`Q+2bb2b /2b+`B#2/ �#Qp2X

� bB;MB}+�Mi T�`i Q7 i?Bb rQ`F ?�b #22M iQ /2p2HQT i?2 mHi`�bQMB+ iQKQ;`�T?v i2+?MB[m2
�b � 7mHH }2H/ K2�bm`2K2Mi �TT`Q�+? BM 2tT2`BK2Mi�H ;2QK�i2`B�Hb �M/ iQ T`QpB/2 `2bmHib
7`QK Bib �TTHB+�iBQM iQ �M 2ti2MbBp2 2tT2`BK2Mi�H +�KT�B;MX h?2`27Q`2 i?2 i?2bBb ?�b #22M
/BpB/2/ BMiQ irQ K�BM T�`ibX h?2 }`bi T�`i /2b+`B#2b i?2 rQ`F QM i?2 /2p2HQTK2Mi Q7
i?2 K2i?Q/ �M/ iQ BKTH2K2Mi i?2 p�`BQmb �bT2+ib BM i?2 #2bi �M/ KQbi +QKTH2i2 K�MM2`X
JQ`2Qp2`- � MmK2`B+�H bim/v QM bvMi?2iB+ /�i�- mb27mH iQ �bb2b i?2 #2bi T`Q+2/m`2 7Q` i?2
/Bz2`2Mi bBim�iBQMb- Bb T`2b2Mi2/X AM i?2 b2+QM/ T�`i i?2 �TTHB+�iBQMb Q7 i?2 mHi`�bQMB+
iQKQ;`�T?v iQ `2�H 2tT2`BK2Mib �`2 b?QrM �M/ +QKT�`2/ iQ i?2 `2bmHib Q#i�BM2/ mbBM;
Qi?2` 7mHH }2H/ K2�bm`2K2Mi i2+?MB[m2bX _2bmHib �`2 T`2b2Mi2/ 7Q` i2bib T2`7Q`K2/ QM
/Bz2`2Mi K�i2`B�Hb �M/ mM/2` /Bz2`2Mi +QM/BiBQMb- BM+Hm/BM; /m`BM; HQ�/BM;- iQ �M�Hvb2 i?2
mHi`�bQMB+ iQKQ;`�T?v `2bTQMb2 BM /Bz2`2Mi +QMi2tib �M/ iQ +?�`�+i2`Bb2 i?2 /27Q`K�iBQM
#2?�pBQm` Q7 i?2 K�i2`B�HbX
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S�`i A

.2p2HQTK2Mi Q7 lHi`�bQMB+
hQKQ;`�T?v h2+?MB[m2 7Q`

:2QK2+?�MB+�H aim/B2b

8





*?�Ti2` R

:2M2`�H +QMi2ti

RXR AMi`Q/m+iBQM

h?2 �BK Q7 mHi`�bQMB+ p2HQ+Biv iQKQ;`�T?v Bb iQ /2i2`KBM2 i?2 r�p2 T`QT�;�iBQM p2HQ+Biv
}2H/ BMbB/2 �M Q#D2+iX aBM+2 i?2 HQ+�H r�p2 bT22/ Bb HBMF2/ iQ i?2 2H�biB+ T`QT2`iB2b Q7 i?2
K�i2`B�H Bib p�`B�iBQMb +�M `2p2�H ?2i2`Q;2M2BiB2b �M/ /Bb+QMiBMmBiB2b BM i?2 2H�biB+ T`QT2`iv
}2H/ Q7 i?2 bim/B2/ Q#D2+i- r?B+? +QmH/ #2 /m2 iQ- 7Q` 2t�KTH2- /2TQbBiBQM�H p�`B�iBQMb
Q` /�K�;2X A7 i?2 mHi`�bQMB+ K2�bm`2K2Mib �`2 K�/2 BM � iBK2 H�Tb2 b2Mb2 rBi? `2bT2+i
iQ bQK2 T`Q+2bb- 2X;X- /27Q`K�iBQM- i?2M +?�M;2b BM i?2 2H�biB+ T`QT2`iv }2H/ +�M �HbQ #2
/2i2`KBM2/X

lM/2` i?2 ?vTQi?2bBb Q7 � HBM2�` 2H�biB+ +QMiBMmmK i?2 r�p2 T`QT�;�iBQM 2[m�iBQM +�M #2
r`Bii2M �b

∂2εpQH

∂t2
=

λ+ 2µ

ρ
▽2 εpQH, URXRV

r?B+? `2T`2b2Mib � Tm`2 T`2bbm`2 r�p2 i?�i T`QT�;�i2b rBi? � p2HQ+Biv vp =
√
M/ρ- r?2`2

ρ Bb i?2 /2MbBiv- λ �M/ µ �`2 i?2 G�Kûöb +QMbi�Mib �M/ M = λ + 2µ Bb i?2 Q2/QK2i`B+
KQ/mHmbX h?2 b�K2 FBM/ Q7 2[m�iBQM +�M #2 r`Bii2M 7Q` b?2�` r�p2b �b

∂2Ωi

∂t2
=

µ

ρ
▽2 Ωi, URXkV

r?2`2 Ωi Bb i?2 `Qi�iBQM �`QmM/ i?2 �tBb B- /m2 iQ i?2 /BbiQ`iBQM εjk �M/ i?2 �bbQ+B�i2/

p2HQ+Biv T`QT�;�iBQM Bb vs =
√

G
ρ
- rBi? G = µ #2BM; i?2 b?2�` KQ/mHmbX h?2`27Q`2- BM

2H�biB+ K�i2`B�H- i?2 r�p2 T`QT�;�iBQM p2HQ+Biv Bb /B`2+iHv T`QTQ`iBQM�H iQ i?2 b[m�`2 `QQi
Q7 K�i2`B�H biBzM2bb �M/ BMp2`b2Hv T`QTQ`iBQM�H iQ i?2 b[m�`2 `QQi Q7 /2MbBivX

AM � ;`�MmH�` K�i2`B�H i?2 ?vTQi?2bBb Q7 � +QMiBMmmK +�M #2 +QMbB/2`2/ b�iBb}2/ B7 i?2
H2M;i? Q7 i?2 T`QT�;�iBM; r�p2 Bb bB;MB}+�MiHv H�`;2` i?�M i?2 K2�M ;`�BM bBx2X lHi`�@
bQmM/ r�p2b �`2 +?�`�+i2`Bx2/ #v 7`2[m2M+B2b ?B;?2` i?2M ky F>x Ui?2 K�tBKmK �m/B#H2
7`2[m2M+vV- �M/ i?2 `�M;2 Q7 7`2[m2M+B2b mb2/ BM i?Bb rQ`F �`2 9yy�Ryyy F>xX *QMbB/2`BM;

d



*>�Sh1_ RX :1L1_�G *PLh1sh

i?�i i?2 T`QT�;�iBQM p2HQ+BiB2b BM i?2 K�i2`B�Hb bim/B2/ BM i?Bb rQ`F �`2 �`QmM/ kyyy Kfb-
i?2 r�p2H2M;i?- +�H+mH�i2/ �b i?2 `�iBQ #2ir22M i?2 p2HQ+Biv �M/ i?2 7`2[m2M+v- Bb BM i?2
`�M;2 Q7 k�8 KK- r?B+? Bb +QMbB/2`�#Hv H�`;2` i?2M i?2 jyy µK K2�M /B�K2i2` Q7 ;`�BMb Q7
i?2 K�i2`B�HbX h?2 ?vTQi?2bBb Q7 HBM2�` 2H�biB+Biv Bb ;m�`�Mi22/ r?2M i?2 r�p2 �KTHBim/2
Bb bK�HH 2MQm;? iQ �pQB/ T2`K�M2Mi /27Q`K�iBQM Q` pBb+Qmb 2z2+ibc i?Bb Bb �bbmK2/ iQ #2
i?2 +�b2 7Q` i2bib T`2b2Mi2/ ?2`2BMX

AM i?Bb rQ`F QMHv T`2bbm`2 r�p2b US@r�p2bV �`2 +QMbB/2`2/X h?Bb Bb KQ`2 +QKKQM BM
`Q+F K2+?�MB+b i?�M BM bQBH K2+?�MB+b- r?2`2 b?2�` r�p2b ?�p2 #22M H�`;2Hv mb2/- 7Q`
BMbi�M+2 mbBM; #2M/2` 2H2K2Mib iQ /2i2`KBM2 i?2 b?2�` KQ/mHmb UG22 �M/ a�Mi�K�`BM�-
kyy8c oB;;B�MB �M/ �iFBMbQM- RNN8�c#VX

h?2 �+[mBbBiBQM b2i@mT 7Q` mHi`�bQMB+ iQKQ;`�T?v mb2/ BM i?Bb rQ`F U/2b+`B#2/ BM i?2
7QHHQrBM; +?�Ti2`V BMpQHp2b �M �``�v Q7 óbQm`+2ô i`�Mb/m+2`b i?�i b2M/ mHi`�bQMB+ r�p2b
BMiQ i?2 b�KTH2 �M/ i?2 i`�MbKBii2/ bB;M�Hb �`2 `2+2Bp2/ �i b2p2`�H TQBMib #v ó`2+2Bp2`ô
i`�Mb/m+2`bX h?Bb ;2QK2i`v Bb p2`v bBKBH�` iQ i?�i mb2/ BM b2BbKB+ +`Qbb@r2HH i`�MbKBbbBQM
iQKQ;`�T?v- r?B+? Bb � +QKKQMHv mb2/ ;2QT?vbB+�H i2+?MB[m2 BM `2bQm`+2 2tTHQ`�iBQM �M/
T`Q/m+iBQM U2X;X- i?2 QBH �M/ ;�b BM/mbi`vVX h?2 Q`B;BM�HBiB2b Q7 i?Bb bim/v Bb i?2 mb2 Q7
KmHiB�2H2K2Mi i`�Mb/m+2` �``�vb Ui?2 ó#�``2ii2bôV i?�i T`QpB/2 � ?m;2 [m�MiBiv Q7 /�i�
T2`KBiiBM; � ;`2�i bT�iB�H `2bQHmiBQM- i?2 �TTHB+�iBQM �i i?2 H�#Q`�iQ`v b+�H2 iQ bim/v
HQ+�HBb2/ /27Q`K�iBQM �M/ i?2 mb2 Q7 iBK2H�Tb2 KQMBiQ`BM; rBi? � ;QQ/ iBK2 `2bQHmiBQM Q7
2pQHpBM; /27Q`K�iBQM T`Q+2bbX h?2 7mHH /2b+`BTiBQM Q7 i?2 mHi`�bQMB+ i2+?MB[m2 Bb T`2b2Mi2/
BM i?2 M2ti +?�Ti2` �M/ bQK2 2t�KTH2b Q7 `2H�i2/ �TTHB+�iBQM BM ;2QT?vbB+b- H�#Q`�iQ`v
;2QK2+?�MB+b �M/ Q+2�MQ;`�T?v �`2 /2b+`B#2/ #2HQrX

RXk a2BbKB+ iQKQ;`�T?v

�+QmbiB+ r�p2b �`2 2ti2MbBp2Hv mb2/ iQ BK�;2 i?2 1�`i?öb bm#@bm`7�+2- BM i?Bb +�b2 i?2
bQm`+2 bB;M�Hb �`2 Q7i2M M�im`�H b2BbKB+ r�p2b UBX2X- 7`QK 2�`i?[m�F2bVc 7Q` �M Qp2`pB2r
Q7 i?Bb i2+?MB[m2b b22 Av2` �M/ >B`�?�`� URNNjVX Pi?2` 2t�KTH2b �i 2M;BM22`BM; b+�H2-
r?B+? Bb � H�`;2 b+�H2- +QKT�`2/ iQ i?2 +m``2Mi �TTHB+�iBQM- �Hi?Qm;? bK�HH2` i?�M i?2
;2QHQ;B+�H QM2- �`2 #Q`2?QH2 �M/ +`Qbb@?QH2 b2BbKB+ iQKQ;`�T?B2bX h?2 irQ i2+?MB[m2b
/Bz2` 7Q` i?2 mb2/ ;2QK2i`v- �M/ BM T�`iB+mH�` 7Q` i?2 bQm`+2 TQbBiBQMbX AM #Q`2?QH2
iQKQ;`�T?v � K2+?�MB+�H r�p2 Bb T`Q/m+2/ �i i?2 bm`7�+2 r?BH2 `2+2Bp2` i`�Mb/m+2`b �`2
TH�+2/ i?`Qm;?Qmi QM2 Q` KQ`2 #Q`2?QH2bX AM +`Qbb@?QH2 iQKQ;`�T?v i?2 bB;M�H bQm`+2
Bb �HbQ TH�+2/ BMbB/2 � #Q`2?QH2X J�Mv �TT`Q�+?2b iQ bQHp2 i?2 BMp2`bBQM T`Q#H2K ?�p2
#22M T`QTQb2/ 7Q` i?2b2 ;2QK2i`B2b BM i?2 T�bi v2�`b- BM+Hm/BM; rBi? +m`p2/ `�v i`�+BM;
U2X;X- "2``vK�M- RNNRV- �MBbQi`QTv U2X;X- *?�TK�M �M/ S`�ii- RNNkc S`�ii �M/ *?�TK�M-
RNNkV- r�p2T�i?b U2X;X- o�M a+?��+F- RNN9c o�b+Q �M/ J�D2`- RNNjV �M/- KQ`2 `2+2MiHv-
7mHH@r�p2 BMp2`bBQM U2X;X- "`QbbB2` 2i �HX- kyyNc oB`B2mt �M/ PT2`iQ- kyyNVX
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RXjX q�o1 o1GP*Ahu hPJP:_�S>u �h G�"P_�hP_u a*�G1

RXj q�p2 p2HQ+Biv iQKQ;`�T?v �i H�#Q`�iQ`v b+�H2

h?2 T`BM+BTH2b mM/2`HvBM; b2BbKB+ iQKQ;`�T?v +�M #2 �TTHB2/ iQ � bK�HH2` b+�H2- BM H�#@
Q`�iQ`v i2bib mbBM; mHi`�bQMB+ 7`2[m2M+v r�p2b- iQ +?�`�+i2`Bb2 i?2 T`QT2`iv /Bbi`B#miBQMb
BMbB/2 b�KTH2b �M/ i?2B` +?�M;2b THmb- 2p2Mim�HHv- i?2 K2+?�MBbKb #v r?B+? i?2v +?�M;2
U>�HH- kyyNVX >Qr2p2` HBiiH2 HBi2`�im`2 ?�b #22M Tm#HBb?2/ QM H�#Q`�iQ`v b+�H2 mHi`�bQMB+
iQKQ;`�T?vc bQK2 2t�KTH2b �`2 T`QpB/2/ BM i?2 7QHHQrBM;X G22 2i �HX Ukyy8V /2p2HQT2/ �
bvbi2K iQ i`�MbKBi �M/ �+[mB`2 b?2�` r�p2b mbBM; � b2i Q7 #2M/2` 2H2K2Mib TH�+2/ QM �
`B;B/ 7`�K2- rBi? �#Qmi i2M i`�Mb/m+2`b T2` bB/2X h?2 bvbi2K Bb BMbi�HH2/ rBi?BM � i`m2
i`B�tB�H #Qt #27Q`2- r?B+? Bb }HH2/ rBi? bQBH- �M/ �HHQrb i?2 /2i2+iBQM Q7 p2HQ+Biv �MQK�@
HB2b BMbB/2 i?2 bQBHX h?2 /BK2MbBQMb Q7 i?2 b�KTH2 �`2 365 × 270mm- r?B+? �`2 �#Qp2
i?2 b�KTH2 bBx2b mb2/ BM +H�bbB+�H ;2QK2+?�MB+ +?�`�+i2`Bx�iBQMX h?2v �HbQ +QKT�`2/ i?2
BMp2`bBQM Q#i�BM2/ mbBM; � ó+`Qbb@?QH2ô +QM};m`�iBQM �M/ � j@bB/2 BHHmKBM�iBQM- BM r?B+?
i`�Mb/m+2`b �`2 TH�+2 �HbQ QM i?2 #QiiQK bB/2 Q7 i?2 7`�K2X h?2 �+[mBbBiBQM Q7 /�i� rBi?
i?2 j@bB/2/ ;2QK2i`v �TT2�`2/ iQ T`QpB/2 BKT`Qp2/ BK�;BM; rBi? `2/m+2/ �`i27�+ib- +QK@
T�`2/ iQ i?2 +`Qbb@r2HH ivT2 ;2QK2i`vc i?Bb Bb � TQbbB#H2 2ti2MbBQM Q7 i?2 +m``2Mi rQ`F #mi
?�b MQi #22M TQbbB#H2 BM i?2 +m``2Mi 2tT2`BK2Mi�H b2i@mTX a+Qii �M/ �#QmbH2BK�M Ukyy9V
`2;Bbi2`2/ �+QmbiB+ bB;M�Hb T`QT�;�iBM; �+`Qbb � p2`iB+�H TH�M2 Q7 � b�KTH2 /m`BM; i`B�tB�H
+QKT`2bbBQM mbBM; irQ �``�bv Q7 i2M i`�Mb/m+2`bc i?2 bBx2 Q7 i?2 b�KTH2 #2BM; �#Qmi R8
+KX h?2v Q#b2`p2/ �M BM+`2�b2 Q7 T`QT�;�iBQM p2HQ+Biv /m`@ BM; i?2 BbQi`QTB+ +QKT`2bbBQM
r?BH2- /m`BM; i?2 �tB�H HQ�/BM;- � /Bzmb2 HQr p2HQ+Biv xQM2 /2p2HQT2/ �M/ HQ+�HBb2/ iQ 7Q`K
�M BM+HBM2/ #�M/ �b i?2 T2�F@bi`2bb r�b �+?B2p2/X JBi`� �M/ q2biK�M UkyyNV +QM/m+i2/
�M 2tT2`BK2Mi�H bim/v +QK#BMBM; MmK2`B+�H KQ/2HHBM; �M/ j. mHi`�bQMB+ iQKQ;`�T?v QM
b�KTH2b- bHB;?iHv #B;;2` i?�M bi�M/�`/ i`B�tB�H bT2+BK2Mb- i2bi2/ mM/2` i`B�tB�H +QKT`2b@
bBQMX h?2v mb2/ R8 bQm`+2 i`�Mb/m+2`b �M/ R3 `2+2Bp2` i`�Mb/m+2`b TH�+2/ �HH �`QmM/ i?2
b�KTH2 iQ Q#i�BM � j. BK�;2 Q7 i?2 p2HQ+Biv }2H/X h?2 �ii2KTi iQ BK�;2 i?2 7�BHm`2 TH�M2
r�b MQi �+?B2p2/ /m`BM; i?2B` rQ`FX

RX9 P+2�MQ;`�T?v

P+2�M �+QmbiB+ iQKQ;`�T?v Bb � `2KQi2@b2MbBM; i2+?MB[m2 7Q` H�`;2@b+�H2 KQMBiQ`BM; Q7
i?2 Q+2�M BMi2`BQ` mbBM; HQr@7`2[m2M+v bQmM/X h?Bb K2i?Q/ mb2b i?2 �``Bp�H iBK2 +?�M;2b
iQ 2biBK�i2 i?2 p�`B�#BHBiv Q7 i?2 T`QT�;�iBQM p2HQ+Biv BM i?2 r�i2`- r?B+? Bb `2H�i2/ iQ
r�i2` i2KT2`�im`2 p�`B�iBQMbX am+? K2�bm`2K2Mib �`2 ivTB+�HHv T2`7Q`K2/ #2ir22M � 72r
rB/2Hv b2T�`�i2/ bQm`+2b �M/ `2+2Bp2` �``�vb Ub22 Aim`#2 2i �HX- kyyN#c SBT2`�FBb 2i �HX- kyyec
aF�`bQmHBb �M/ *Q`Mm2HH2- kyydVX "�b2/ QM r�p2H2M;i? b+�HBM;- bK�HH2` b+�H2 H�#Q`�iQ`v
i2bib +�M #2 T2`7Q`K2/ mbBM; ?B;?2` 7`2[m2M+v r�p2bX G�#Q`�iQ`v i2bib- +�``B2/ Qmi mbBM;
mHi`�bQMB+ i`�Mb/m+2` �``�vb Uó#�``2ii2bôV- �HHQr i?2 /2p2HQTK2Mi �M/ i?2 +�HB#`�iBQM Q7
i?2 K2i?Q/ BM B/2�HBb2/ +QM/BiBQMb �M/ T`QpB/2/ � ?m;2 �KQmMi Q7 /�i� i?�i +�M MQi #2
Q#i�BM2/ �i i?2 H�`;2 b+�H2X PM2 Q7 i?2 K�DQ` +?�HH2M;2b Q7 i?Bb K2i?Q/ Bb i?2 b2T�`�iBQM
�M/ i?2 B/2MiB}+�iBQM Q7 i?2 KmHiBTH2 �``Bp�H bB;M�Hb U_Qmt 2i �HX- kyy3VX aQK2 Q7 i?2
�/p�M+2b Q7 mHi`�bQMB+ iQKQ;`�T?v 7Q` H�#Q`�iQ`v ;2QK2+?�MB+b T`2b2Mi2/ BM i?Bb +m``2Mi
rQ`F �`2 #�b2/ QM bm+? T`2pBQmb /2p2HQTK2Mib BM Q+2�M �+QmbiB+bX

N





*?�Ti2` k

.�i� �+[mBbBiBQM �M/ �M�HvbBb

kXR AMi`Q/m+iBQM

h?Bb +?�Ti2` T`2b2Mib i?2 T`Q+2bb /2p2HQT2/ iQ T2`7Q`K H�#Q`�iQ`v iBK2�H�Tb2 mHi`�bQMB+
hQKQ;`�T?vc r?2M TQbbB#H2 i?2 bi2Tb Q7 i?2 T`Q+2/m`2 �`2 /2b+`B#2/ BM i?2 b�K2 Q`/2`
�b i?2v �`2 +�``B2/ QmiX h?2 �+[mBbBiBQM b2imT Bb /2b+`B#2/ }`bi 7QHHQr2/ #vi?2 T`Q+2bb iQ
2ti`�+i i`�p2H@iBK2 /�i�- BM+Hm/BM; � T`2b2Mi�iBQM Q7 i?2 .Qm#H2 "2�K 6Q`KBM; T`Q+2/m`2
mb2/ iQ 2M?�M+2 /�i� [m�HBivX AM i?2 H�bi b2+iBQM- i?2 BMp2`bBQM i?2Q`v Bb BMi`Q/m+2/c
irQ T`QT�;�iBQM KQ/2Hb- M�K2Hv `�v i?2Q`v �M/ a2MbBiBpBiv E2`M2Hb- �M/ irQ K2i?Q/b iQ
T2`7Q`K K�i`Bt BMp2`bBQM �`2 T`2b2Mi2/X

�Hi?Qm;? i?2 i?2Q`v #2?BM/ i?2 iQKQ;`�T?B+ BMp2`bBQM ?�b MQi #22M /2p2HQT2/ /m`BM;
i?Bb rQ`F- �HH i?2 BKTH2K2Mi�iBQMb Q7 i?2 i?2Q`v BM J�iH�# Ü ?�p2 #22M- BM �//BiBQM iQ
bQK2 BKT`Qp2K2Mib iQ i?2 K2i?Q/- r?B+? �`2 ?B;?HB;?i2/ BM i?2 7QHHQrBM;X

kXk 1tT2`BK2Mi�H b2i mT �M/ /�i� �+[mBbBiBQM bvbi2K

�M BKTQ`i�Mi Bbbm2 Q7 i?Bb rQ`F Bb i?2 �+[mBbBiBQM Q7 mHi`�bQMB+ /�i� /m`BM; K2+?�MB+�H
i2bibX h?�MFb iQ i?2 mb2 Q7 �``�vb Q7 mHi`�bQMB+ i`�Mb/m+2`b UQ` ó"�``2ii2bôV �M �bbQ+B�i2/
�+[mBbBiBQM bvbi2K- BM mb2 �i i?2 Aah2``2 U:`2MQ#H2V- � H�`;2 �M/ mMT`2+2/2Mi2/ [m�MiBiv
Q7 K2�bm`2K2Mib +�M #2 K�/2 BM 2p2`v b?Q`i iBK2X

hrQ FBM/b Q7 #�``2ii2b r2`2 mb2/ BM i?2 rQ`FX h?2b2 +QMbBbi Q7 2Bi?2` jk Q` e9 TB2xQ@
+2`�KB+ i`�Mb/m+2`b- �#Qmi R8 Q` ky KK rB/2 �M/ RX8 Q` yXd8 KK ?B;?- `2bT2+iBp2HvX
6B;m`2 kXR b?Qrb i?2 e9 i`�Mb/m+2` #�``2ii2b �M/ i?2B` /BK2MbBQMX h?2 K�BM 7`2[m2M+v
Q7 i?2 i`�Mb/m+2`b Bb yX8 �M/ R J>x- `2bT2+iBp2HvX h?2 bB;M�Hb �`2 ;2M2`�i2/ �M/ `2+2Bp2/
mbBM; � e9 +?�MM2H 2KBii2`@`2+2Bp2` bvbi2K /2p2HQT2/ #v G2+Q2m` 1H2+i`QMB+bX h?2 bQm`+2
i`�Mb/m+2`- 2t+Bi2/ #v �M 2H2+i`B+ bB;M�H- pB#`�i2b BM +QMi�+i rBi? i?2 i2bi bT2+BK2Mc i?Bb
pB#`�iBQM T`QT�;�i2b i?`Qm;? i?2 b�KTH2 mMiBH Bi `2�+?2b i?2 `2+2Bp2` i`�Mb/m+2`b r?B+?-
BM im`M- pB#`�i2 T`Q/m+BM; 2H2+i`B+ bB;M�HbX AM i?2 }`bi bi�;2 Q7 i?2 rQ`F i?2 i`�Mb/m+2`b
r2`2 2t+Bi2/ #v � b[m�`2/ r�p2 Q7 �/�Ti�#H2 �KTHBim/2 �M/ T2`BQ/X am#b2[m2MiHv i?2
�TT�`�imb r�b KQ/B}2/ iQ �HHQr i?2 7Q`K�iBQM Q7 r�p2H2ib Q7 �/Dmbi�#H2 K�BM 7`2[m2M+v-

RR





kXjX 6AhhAL: :1PJ1h_A*�G S�_�J1h1_a

U�V U#V U+V

6B;m`2 kXk, 1t�KTH2 Q7 `�v +Qp2`�;2 ;2M2`�i2/ #v irQ �+[mBbBiBQMb K�/2 mbBM; i?2 e9 i`�Mb/m+2`
#�``2ii2b U�V �M/ U#V- �M/ i?2 jk i`�Mb/m+2` #�``2ii2 U+V

kXj 6BiiBM; ;2QK2i`B+�H T�`�K2i2`b

h?2 #�``2ii2b �`2 ?2H/ BM TH�+2 /m`BM; óBM@bBimô K2�bm`2K2Mi #v bmTTQ`i Ub22 b2+iBQM kXkV-
?Qr2p2` i?2B` TQbBiBQM Bb MQi T2`72+iHv +QMi`QHH2/X JQ`2Qp2`- #2ir22M i?2 2ti2`M�H bm`7�+2
Q7 i?2 #�``2ii2b �M/ i?2 TB2xQ2H2+i`B+ i`�Mb/m+2`b i?2`2 Bb � H�v2` Q7 mMFMQrM i?B+FM2bb �M/
#2ir22M i?2 bm`7�+2 Q7 i?2 b�KTH2 �M/ i?2 bm`7�+2 Q7 #�``2ii2 i?2`2 Bb � H�v2` Q7 KQH�bb2b
T`QpB/BM; �+QmbiB+ +QmTHBM;- r?B+? Bb �HbQ Q7 mMFMQrM i?B+FM2bbX L2p2`i?2H2bb- FMQrBM;
i?2 ;2QK2i`v Q7 i?2 bvbi2K Bb 2bb2MiB�H BM i?2 BMp2`bBQM T`Q+2bbX h?2`27Q`2 �M 2zQ`i
?�b #22M K�/2 iQ `2+Qp2` i?2 b2i mT ;2QK2i`v 7`QK i?2 �+[mB`2/ /�i� i?2 F2v ;2QK2i`B+
T�`�K2i2`b �`2 /2b+`B#2/ BM 6B;m`2 kXjX J�FBM; i?2 ?vTQi?2bBb Q7 �M ?QKQ;2M2Qmb p2HQ+Biv
}2H/ Q7 p�Hm2 v- i?2 i`�p2H iBK2 #2ir22M i?2 ith bQm`+2 �M/ i?2 jth `2+2Bp2` +�M #2 2p�Hm�i2/
BM i2`K Q7 i?2b2 /Bz2`2Mi ;2QK2i`B+�H 7�+iQ`b #v i?2 `2H�iBQM

tij =

√
(lengthx + i∆tra bBM(αs) + j∆tra bBM(αr))2 + (i∆tra +Qb(αs)− j∆tra +Qb(αr)−∆z)2

v
,

UkXRV

r?2`2 lengthx Bb i?2 ?Q`BxQMi�H /Bbi�M+2 #2ir22M i?2 #�``2ii2b BM+Hm/BM; i?2 irQ mMFMQrM
i?B+FM2bb2b- ∆tra Bb i?2 p2`iB+�H /Bbi�M+2 #2ir22M i?2 i`�Mb/m+2`b BM i?2 �``�v- αr �M/ αs

�`2 i?2 BM+HBM�iBQMb Q7 i?2 `2+2Bp2` �M/ bQm`+2 #�``2ii2b �M/ ∆z i?2 p2`iB+�H b?B7i #2ir22M
i?2K Ub22 6B;m`2 kXjVX

�HH i?2 �p�BH�#H2 �``Bp�H iBK2 /�i� +�M #2 }ii2/ iQ Q#i�BM i?2 mMFMQrM ;2QK2i`B+�H T�`�K@
2i2`b THmb i?2 p2HQ+Biv p�Hm2 Ur?B+? rBHH #2 �M BMi2`K2/B�i2 p�Hm2 Q7 `2�H BM?QKQ;2M2Qmb
}2H/öb p�Hm2bVX h?Bb T`Q+2/m`2 ?�b #22M BKTH2K2Mi2/ BM � J�iH�#Ü +Q/2 rBi? i?2 7QHHQrBM;
bi2Tb,

RX 2ti`�+iBM; Q7 i?2 K2�bm`2/ �``Bp�H iBK2b 7`QK i?2 `�r /�i� Ui?`Qm;? i?2 T`Q+2/m`2
/2b+`B#2/ BM b2+iBQM kX8Vc

Rj
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6B;m`2 kXd, aHB+2 i?`Qm;? i?2 j. K�i`Bt- `2bmHiBM; 7`QK ."6- 7Q` � }t2/ iBK2- rBi? i?2 bQm`+2
�M/ i?2 `2+2Bp2` BM ?Q`BxQMi�HHv QTTQbBi2 TQbBiBQMbX h?2 +QHQm`b `2T`2b2Mi i?2 2Mp2HQT2 Q7 i?2
�KTHBim/2c QMHv QM2 �KTHBim/2 T2�F Bb pBbB#H2- r?B+? bm;;2bib i?�i QMHv QM2 bB;M�H Bb `2+2Bp2/ #v
i?2 i`�Mb/m+2`- �i H2�bi 7Q` i?Bb iBK2X

;BpBM; 2ti`� BM7Q`K�iBQM QM i�F2@Qz �M/ �``Bp�H �M;H2b- Bi �HHQrb b2T�`�iBQM Q7 /Bz2`2Mi
�``Bp�Hb, irQ T�i?b rBHH ?�p2 /BbiBM+i i�F2@Qz �M;H2b �M/fQ` /BbiBM+i �``Bp�H �M;H2b bQ i?2
�KTHBim/2 T2�Fb rBHH #2 b2T�`�i2/ BM A = f(θs, θr, t) bT�+2X h?2 bB;M�H +Q``2bTQM/BM; iQ
i?2 lth T�i? +�M i?2M #2 2tT`2bb2/ #v pr0,s0(t, θ

l
r, θ

l
s) Ub22 6B;m`2 kXe �M/ kX3VX

AM i?2 2tT2`BK2Mib /2b+`B#2/ H�i2`- i?2 �``�vb Q7 i`�Mb/m+2`b �`2 Km+? #B;;2` i?�M i?2
i?`22�i`�Mb/m+2`��``�v mb2/ BM i?2 �#Qp2 2t�KTH2 UNr = Ns = 32/64Vc BM i?Bb +�b2 ."6
+�M #2 T2`7Q`K2/ mbBM; �HH �p�BH�#H2 i`�Mb/m+2`b U@R iQ ?�p2 �M Q// MmK#2` Q7 i`�Mb/m+2`bV
Q` mbBM; � bm#@�``�v U6B;m`2 kXNVX h?2 T`Q#H2K Bb iQ /2}M2 i?2 +Q``2+i bBx2 �M/ bi`m+im`2
Q7 i?2 bm#@�``�vc i?Bb Bbbm2 ?�b #22M �//`2bb2/ BM Aim`#2 UkyRyV rBi? i?2 7QHHQr `2bmHib,

� i?2 bm#@�``�v b?QmH/ #2 i?2 #B;;2bi TQbbB#H2c bBM+2 i?2 �M;mH�` `2bQHmiBQM Bb BMp2`b2Hv
T`QTQ`iBQM�H iQ i?2 �``�v ?2B;?ic

� i?2 bm#@�``�v b?QmH/ #2 +2Mi`2/ QM i?2 `272`2M+2 i`�Mb/m+2`X

q?2M i?2`2 �`2 bi`QM; ?2i2`Q;2M2BiB2b +HQb2 iQ i?2 i`�Mb/m+2` �``�vb- �b Bb Q7i2M i?2 +�b2
7Q` ;2QK�i2`B�Hb U2X;X- r?2`2 HQ+�HBb2/ /27Q`K�iBQMb +`Qbb i?2 2MiB`2 b�KTH2 BM+Hm/BM; i?2
#QmM/�`B2bV- Bi Bb MQi 2�bv iQ /2i2`KBM2 r?B+? Bb i?2 #B;;2bi TQbbB#H2 bBx2c BM 7�+i- r?2M
i?2 bm#@�``�v Bb TQbBiBQM2/ �+`Qbb �M ?2i2`Q;2M2Biv- i?2 ."6 `2bmHi +�M #2 �z2+i2/ #v
BiX JQ`2Qp2`- i?2 #2M2}ib /m2 iQ �M BM+`2�bBM; �``�v bBx2 �`2 iQ #2 r2B;?i2/ �;�BMbi �M
BM+`2�bBM; +QKTmi�iBQM�H iBK2 �M/ � HQbb Q7 `2bQHmiBQM BM i2`Kb Q7 �``Bp�H iBK2 �M/ i�F2@
Qzf�``Bp�H �M;H2 K�Tb Ub22 +?�Ti2` kX8VX .2bTBi2 �ii2KTib iQ }M/ �M Q#D2+iBp2 +`Bi2`BQM
iQ /2}M2 i?2 #2bi �``�v bBx2- Bi `2K�BMb � +�b2 /2T2M/2Mi T`Q#H2K �M/ � T�`�K2i`B+ bim/v
Bb `2[mB`2/ �b b?QrM #v hm`F�v� UkyRkV RX

PM+2 i?2 irQ bm#@�``�v bBx2b UN̂r �M/ N̂sV �`2 +?Qb2M- i?2 ."6 +�M #2 T2`7Q`K2/ 7Q` i?2
Ns − (N̂s − 1) bQm`+2b �M/ i?2 Nr − (N̂r − 1) `2+2Bp2`bc

RX Ja* i?2bBb rQ`F bmT2`pBb2/ #v i?2 �mi?Q`X

R3



kX9X .Pl"G1 "1�J 6P_JAL:

6B;m`2 kX3, aHB+2b i?`Qm;? i?2 j. K�i`Bt- `2bmHiBM; 7`QK ."6- 7Q` irQ /Bz2`2Mi iBK2b- BM r?B+?
irQ �KTHBim/2 T2�Fb +�M #2 B/2MiB}2/ U�VU#VX h?2 bB;M�H `2+2Bp2/ #v i?2 +2Mi`�H i`�Mb/m+2` Q7 i?2
bm#@�``�v Bb THQii2/ BM K�;2Mi�- r?BH2 7Q` 2�+? iBK2- i?2 K�tBKmK Q7 �HH 2Mp2HQT2b +Q``2bTQM/BM;
iQ 2�+? �M;H2 T�B` Ui?2 ó2Mp2HQT2 Q7 i?2 2Mp2HQT2bôV Bb `2T`2b2Mi2/ BM `2/X h?2 #Hm2 /Qi �M/ i?2
;`22M /Qi +Q``2bTQM/ iQ i?2 2Mp2HQT2 T2�Fb Q7 i?2 irQ bB;M�Hb B/2MiB}2/ #v ."6 U+VX h?2 irQ
bB;M�Hb Q#i�BM2/ 7`QK ."6- `2H�iBp2 iQ irQ T�B`b Q7 �M;H2b �`2 THQii2/ BM #Hm2 �M/ ;`22M U/VX

prp,sk(t, θr, θs) =
∑

i

∑

j

p(t+ Tr(θr, yrp, yri) + Ts(θs, ysk − ysj), yri, ysj)

N̂rN̂s

, UkXeV

rBi?

p−
N̂r − 1

2
6 i 6 p+

N̂r − 1

2
, k −

N̂s − 1

2
6 j 6 k +

N̂s − 1

2
,

1 +
N̂r − 1

2
6 p 6 Nr −

N̂r − 1

2
, 1 +

N̂s − 1

2
6 k 6 Ns −

N̂s − 1

2
.

h?2 #B; �/p�Mi�;2b Q7 mbBM; ."6 �`2 i?2 ;�BM Q7 BM7Q`K�iBQM �#Qmi i?2 i�F2@Qz �M/ �``Bp�H
�M;H2b- r?B+? �`2 mMFMQrM Qi?2`rBb2- �M/ i?2 TQbbB#BHBiv iQ b2T�`�i2 bB;M�Hb �``BpBM; �i
`2+2Bp2`b KQ`2 Q` H2bb �i i?2 b�K2 iBK2- #mi 7QHHQrBM; /Bz2`2Mi T�i?bX �MQi?2` 7�pQm`�#H2

RN











*>�Sh1_ kX .�h� �*ZlAaAhAPL �L. �L�GuaAa

p2HQ+Biv }2H/ BM i?2 Q#D2+iX h?Bb Bb `272``2/ iQ �b iQKQ;`�T?B+ BMp2`bBQMX am+? �M BMp2`bBQM
`2[mB`2b � KQ/2H Q7 r�p2 T`QT�;�iBQM i?�i �HHQrb i?2 7Q`r�`/ T`Q#H2K iQ #2 r`Bii2M �b �
7mM+iBQM�H k,

tat = F1(v), UkXNV

r?2`2 tat Bb i?2 �``Bp�H iBK2 #2ir22M � bQm`+2@`2+2Bp2` T�B` �M/ v Bb i?2 b+�H�` }2H/ �bbQ+B@
�iBM; i?2 MQ`K Q7 i?2 T@r�p2 p2HQ+Biv |vp| = v iQ 2p2`v TQBMi BM i?2 Q#D2+iX � T2`im`#�iBQM
BM i?2 p2HQ+Biv }2H/ +�M #2 `2H�i2/ iQ �``Bp�H iBK2 +?�M;2b #v

∆t = F2(∆v). UkXRyV

h?2 BMp2`bBQM Q7 2[m�iBQM kXRy rBHH #2 `272``2/ iQ �b /Bz2`2MiB�H iQKQ;`�T?vX

.Bz2`2MiB�H iQKQ;`�T?v +�M #2 ó/�i�@#�b2/ô- r?2M i?2 ∆iat �`2 2p�Hm�i2/ #2ir22M irQ
b2ib Q7 r�p2b �+[mB`2/ �i irQ /Bz2`2Mi iBK2b U7Q` BMbi�M+2 �7i2` � bi2T Q7 HQ�/BM;V- Q`
óKQ/2H@#�b2/ô- r?2M i?2 ∆iat �`2 `2H�i2/ iQ �M BMBiB�H@;m2bb p2HQ+Biv }2H/ UQ7i2M ?QKQ@
;2M2QmbV- i?Bb H�bi �TT`Q�+? +�M #2 mb2/ iQ ;2i i?2 }2H/ Q7 �#bQHmi2 p2HQ+Biv p�Hm2b 2X;X-
BM � bBM;H2 iQKQ;`�T?v �+[mBbBiBQMX LQi2 i?�i i?2 H�ii2` Bb i?2 óbi�M/�`/ô iQKQ;`�T?B+
�TT`Q�+?X

AM ;2M2`�H- 7Q` i`�p2H@iBK2 BMp2`bBQM- i?2 p2HQ+Biv Bb i�F2M iQ #2 � +QMiBMmQmb }2H/X >Qr2p2`-
iQ bQHp2 i?2 BMp2`b2 T`Q#H2K- i?2 Q#b2`p2/ Q#D2+i Bb bT�iB�HHv /Bb+`2iBx2/ BMiQ +2HHb- BM 2�+?
Q7 r?B+? i?2 p2HQ+Biv Bb +QMbB/2`2/ iQ #2 +QMbi�MiX AM i?Bb K�MM2` 2[m�iBQM UkXRyV +�M #2
`2r`Bii2M BM K�i`Bt 7Q`K �b

∆i = M ·∆p, UkXRRV

r?2`2 ∆i Bb i?2 /�i� p2+iQ`- rBi? /BK2MbBQM [1 × m] rBi? m i?2 MmK#2` Q7 /�i�- ∆p
Bb � p2+iQ` Q7 /BK2MbBQM [1 × n]- rBi? n i?2 MmK#2` Q7 +2HHb BM r?B+? i?2 KQ/2H ?�b
#22M /Bb+`2iBx2/- �M/ M Bb � K�i`Bt Q7 /BK2MbBQM [m × n] i?�i `2T`2b2Mib i?2 T?vbB+�H
KQ/2H HBMFBM; /�i� Ui`�p2H iBK2 p�`B�iBQMb ∆iV iQ i?2 KQ/2H Up2HQ+Biv T2`im`#�iBQM }2H/
∆pVX h?2 7mM+iBQM�H F - �M/ i?mb i?2 M K�i`Bt- +�M #2 /2`Bp2/ 7`QK /Bz2`2Mi i?2Q`B2bc
i?2 bBKTH2bi KQ/2H #2BM; i?2 /2b+`BTiBQM Q7 i?2 T`QT�;�iBQM #v `�v@T�i?b +QMM2+iBM; i?2
bQm`+2b �M/ `2+2Bp2`b Ub22 b2+iBQM kXeXRV- #mi Qi?2` T`QT�;�iBQM KQ/2Hb +�M #2 mb2/ Ub22
b2+iBQM kXeXkVX

ai�`iBM; 7`QK 2[m�iBQM UkXRRV i?`22 T`Q#H2Kb +�M #2 /2}M2/,

RX h?2 7Q`r�`/ T`Q#H2K- BM r?B+? i?2 p2HQ+Biv }2H/ p �M/ Bib T2`im`#�iBQM ∆p �`2
;Bp2M �M/ i?2 Q#D2+iBp2 Bb iQ /2i2`KBM2 M �M/ ∆iX h?2 bQHmiBQM Q7 i?2 7Q`r�`/
T`Q#H2K BMpQHp2b }`bi i?2 bT�iB�H /Bb+`2iBx�iBQM Q7 i?2 KQ/2H- i?2 +QKTmi�iBQM Q7
i?2 `�v T�i?b #2ir22M i?2 bQm`+2b �M/ `2+2Bp2`b �M/- }M�HHv- i?2 +QKTmi�iBQM Q7 i?2
/Bz2`2M+2 BM i`�p2HiBK2 �HQM; 2�+? `�v T�i?c

kX h?2 BMp2`bBQM T`Q#H2K- Q` HBM2�` iQKQ;`�T?v- i?2 p2HQ+Biv }2H/ p- �M/ Q` Bib T2`im`@
#�iBQM ∆p- Bb mMFMQrM r?BH2 M �M/ ∆i �`2 ;Bp2M- BX2X- M Bb FMQrM Q` �bbmK2/X

kX � 7mM+iBQM�H Bb � 7mM+iBQM i?�i K�Tb � 7mM+iBQM bT�+2 Q` � p2+iQ` bT�+2 iQ � b2i Q7 `2�H MmK#2`b

k9



kXeX ALo1_aAPL

h?2 BKTHB+Bi �bbmKTiBQM i?�i Bb K�/2 BM HBM2�` iQKQ;`�T?v Bb i?�i i?2 K�i`Bt M
Bb BM/2T2M/2Mi Q7 i?2 p2HQ+Biv }2H/- �M/ i?mb- i?2 `2H�iBQM Bb ∆p �M/ ∆i #2+QK2b
HBM2�`X h?2 i2`K HBM2�` `272`b iQ i?2 `2H�iBQM #2ir22M ∆p �M/ ∆i �M/ MQi iQ i?2
b?�T2 Q7 i?2 `�vT�i?b- r?B+? +�M BM 7�+i #2 bi`�B;?i Q` +m`pBHBM2�`c

jX AM MQMHBM2�` iQKQ;`�T?v- Q` MQMHBM2�` BMp2`bBQM- QMHv i?2 i`�p2HiBK2 +?�M;2 p2+iQ`
∆i Bb ;Bp2Mc i?2 ;Q�H Bb iQ BM72` ∆p �M/- BM+B/2Mi�HHv- MX AM i?Bb T`Q#H2K i?2
/2T2M/2M+2 Q7 i?2 r�p2 T`QT�;�iBQM U2X;X- i?2 `�v T�i?bV QM i?2 p2HQ+Biv /Bbi`B#miBQM
bi`QM;Hv BM~m2M+2b i?2 /2bB;M Q7 i?2 BMp2`bBQM �H;Q`Bi?KX LQMHBM2�` BMp2`bBQM Bb
`2[mB`2/ 7Q` T`Q#H2Kb rBi? bB;MB}+�Mi p2HQ+Biv p�`B�iBQMb �+`Qbb i?2 `2;BQM Q7 BMi2`2bic
i?2 `�vT�i?b BM bm+? K2/B� rBHH b?Qr H�`;2 +m`p�im`2- r?B+? +�M MQi #2 FMQrM #27Q`2
i?2 BMp2`bBQM T`Q+2bb #2;BMbX

aQHpBM; T`Q#H2K R BKTHB2b i?2 p2`v bBKTH2- /B`2+i �TTHB+�iBQM Q7 2[m�iBQM UkXRRVX S`Q#H2Kb
k �M/ j +�M #2 bQHp2/ �TT`QtBK�i2Hv mbBM; BMp2`bBQM i2+?MB[m2bX AM KQbi bBim�iBQMb i?2
bvbi2K Bb Qp2`/2i2`KBM2/ Ui?2 MmK#2` Q7 i`�p2H iBK2 /�i� Bb H�`;2` i?2M i?2 MmK#2`
Q7 mMFMQrMb BX2X- i?2 MmK#2` Q7 +2HHbVX Ai 7QHHQrb i?�i K�i`Bt M Bb MQi b[m�`2 bQ Bib
BMp2`b2 M−1 /Q2b MQi 2tBbiX 1[m�iBQM UkXRRV +�MMQi #2 bQHp2/ /B`2+iHv �M/ K2i?Q/ iQ
}M/ � Tb2m/QBMp2`b2 Kmbi #2 mb2/X h?2`2 �`2 K�Mv K2i?Q/b iQ bQHp2 i?Bb T`Q#H2K- 7Q`
2t�KTH2 BM i?2 bi�M/�`/ H2�bi b[m�`2b K2i?Q/ i?2 MQ`K�H bQHmiBQM 7Q` ∆p +�M #2 2tT`2bb2/
�M�HviB+�HHv �b

∆p̂ = (MTM)−1MT∆i. UkXRkV

hrQ Q7 K2i?Q/b �`2 mb2/ BM i?Bb rQ`F iQ bQHp2 i?2 BMp2`b2 T`Q#H2K, bBM;mH�` p�Hm2 /2@
+QKTQbBiBQM �M/ i?2 K�tBKmK � TQbi2`BQ`B K2i?Q/- r?B+? rBHH #2 T`2b2Mi2/ BM 7QHHQrBM;
T�`�;`�T?b UkXeXj �M/ kXeX9VX AM i?2 +�b2 Q7 MQMHBM2�` BMp2`bBQM- i?2 bQHmiBQM Bb �+?B2p2/
mbBM; �M Bi2`�iBp2 �H;Q`Bi?K BM r?B+? 2�+? HQQT Bb �+im�HHv i?2 HBM2�` 7Q`K k Q7 i?2 T`Q#H2K
UHBM2�`Bx2/ BMp2`bBQMV �M/ BMpQHp2b �M mT/�iBM; Q7 i?2 M K�i`Bt �++Q`/BM; iQ i?2 M2r
p2HQ+Biv K�T �i 2�+? Bi2`�iBQMX AM i?2 7QHHQrBM; irQ b2+iBQMb- i?2 irQ T`QT�;�iBQM KQ/2Hb
mb2/ BM i?Bb rQ`F iQ +QMbi`m+i K�i`Bt M �`2 T`2b2Mi2/X

kXeXR _�v i?2Q`v

h?2 KQ/2H /2b+`B#2/ ?2`2BM Bb #�b2/ QM `�v i?2Q`v- 7Q` 7m`i?2` /2i�BHb b22 7Q` 2t�KTH2
"2``vK�M URNNRVX

h?2 iBK2 i�F2M #v � r�p2 iQ i`�p2H �HQM; � ;Bp2M `�v T�i? 1 rBHH #2

t1 =

∫

1

dl

v(l)
, UkXRjV

r?2`2 v(l) Bb i?2 p2HQ+Biv �HQM; i?2 `�v T�i? �M/ l Bb i?2 +m`pBHBM2�` �#b+Bbb�X

�++Q`/BM; iQ 62`K�iöb T`BM+BTH2- �KQM; i?2 BM}MBi2 TQbbB#H2 +m`pBHBM2�` +QMiBMmQmb T�i?b
+QMM2+iBM; irQ TQBMib Ui?Bb b2i rBHH #2 +�HH2/ 1BUITV i?2 r�p2 7QHHQrb i?2 T�i? i?�i KBMB@
KBx2b Bib i`�p2HiBK2X h?Bb KBMBKmK i`�p2H iBK2 `�vT�i? Bb MQi M2+2bb�`BHv i?2 bi`�B;?i HBM2
+QMM2+iBM; i?2 irQ TQBMib #2+�mb2 ?2i2`Q;2M2BiB2b BM i?2 p2HQ+Biv }2H/ +�M K2�M � HQM;2`

k8
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T�i? +�M #2 7QHHQr2/ BM � b?Q`i2` iBK2 i?�M i?2 bi`�B;?i QM2X h?2`27Q`2- i?2 KBMBKmK
i`�p2HiBK2 #2ir22M � ;Bp2M +QmTH2 Q7 TQBMib rBHH #2

tta = min1 ∈ 1BUIT t1(v). UkXR9V

hQ Q#i�BM i?2 `2H�iBQM #2ir22M p2HQ+Biv T2`im`#�iBQMb �M/ +?�M;2b BM �``Bp�H iBK2b- 2[m�@
iBQM UkXRjV Kmbi #2 /Bz2`2MiB�i2/- r?B+? ;Bp2b,

∆t =

∫

1

−
∆v(`)

v2(`)
dl, UkXR8V

r?2`2 ` Bb i?2 TQbBiBQM p2+iQ`X

h?2 +QKTQM2Mib Q7 i?2 T`Q#H2K �`2 i?2 Q#b2`p2/ i`�p2H@iBK2b- �Hr�vb BM � 7Q`K Q7 +?�M;2b-
∆t1 � ∆tm 7Q` i?2 m bQm`+2@`2+2Bp2` T�B`b- �M/ i?2 T2`im`#�iBQM Q7 p2HQ+Biv }2H/ ∆v(`)X
aBM+2 1B Bb i?2 62`K�i `�vT�i? +QMM2+iBM; i?2 Bi? bQm`+2@`2+2Bp2` T�B`- i?2 7QHHQrBM; 2[m�@
iBQM ?QH/b-

∆ti =

∫

1

−
∆v(`)

v2(`))
dl1i , i = 1, ... ,m. UkXReV

AMi`Q/m+BM; i?2 /Bb+`2iBx2/ KQ/2H 7Q` i?2 p2HQ+Biv }2H/ �M/ /2}MBM; lij �b i?2 H2M;i? Q7
i?2 Bi? T�i? i?`Qm;? i?2 Di? +2HH ;Bp2b

lij =

∫

1 ∩ cellj

dl1i . UkXRdV

1[m�iBQM UkXR8V +�M i?mb #2 `2r`Bii2M �b

∆ti =
n∑

j=1

−
lij

v2j
∆vj, i = 1, ... ,m j = 1, ... , n. UkXR3V

LQi2 i?�i 7Q` �Mv ;Bp2M i- i?2 `�vT�i? H2M;i?b lij �`2 x2`Q 7Q` KQbi +2HHb j- �b � ;Bp2M `�v
T�i? rBHH- BM ;2M2`�H- BMi2`b2+i QMHv � 72r Q7 i?2 +2HHb BM i?2 KQ/2HX .2}MBM; irQ +QHmKM
p2+iQ`b- p �M/ i- �M/ � K�i`Bt- M-

∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M = −




l11
v2
1

l12
v2
2

. . . l1n
v2n

l21
v2
1

l22
v2
2

. . . l2n
v2n

XXX
XXX

X X X
XXX

lm1

v2
1

lm2

v2
2

. . . lmn

v2n
,




UkXRNV

i?2 ;2M2`�H K�i`Bt 2[m�iBQM UkXRRV Bb `2+Qp2`2/X

∆i = M ·∆p UkXkyV

ke
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1[m�iBQM UkXkyV +�M #2 b22M �b � MmK2`B+�H �TT`QtBK�iBQM Q7 2[m�iBQM UkXR8V BM /Bb+`2iBx2/
7Q`KX A7 i?2 `�v T�i?b mb2/ iQ 7Q`K i?2 K�i`Bt M b�iBb7v 62`K�iöb T`BM+BTH2 i?2M M Bb
BKTHB+BiHv � 7mM+iBQM Q7 vX

h?`22 /Bz2`2Mi �TT`Q�+?2b iQ i`�+2 i?2 `�vb �`2 mb2/ BM i?Bb rQ`F, bi`�B;?i `�vb- +m#B+
`�vb �M/ +m`p2/ `�vb #�b2/ QM 2BFQM�H 2[m�iBQMX

h?2 +�b2 Q7 bi`�B;?i `�vb Bb i?2 bBKTH2bi �M/ i?2 BMp2`bBQM T`Q#H2K +�M #2 bQHp2/ BM Bib
HBM2�` 7Q`K bBM+2 M /Q2b MQi /2T2M/ QM i?2 p2HQ+Biv }2H/X

h?2 +QM+2Ti Q7 +m#B+ `�vb Bb MQi � mbm�H QM2 UBi Bb BM 7�+i T2`?�Tb [mBi2 MQp2HV �M/ ?�b #22M
B/2MiB}2/ �b � K2�Mb iQ 2M`B+? i?2 BMp2`bBQM #v mbBM; i?2 �//BiBQM�H BM7Q`K�iBQM ;�BM2/
7`QK i?2 mb2 Q7 i?2 ."6 BM i?2 /�i� T`Q+2bbBM;X *m#B+ `�vb +�M #2 i`�+2/ mbBM; i�F2@Qz
�M/ �``Bp�H �M;H2b 7`QK i?2 ."6 T`Q+2/m`2, FMQrBM; i?2 TQbBiBQMb Q7 i?2 irQ i`�Mb/m+2`b
�M/ i?2 irQ �M;H2b- � TQHvMQKB�H Q7 i?B`/ /2;`22 +�M #2 /2}M2/X h?Bb �TT`Q�+? /2T2M/b
QM i?2 p2HQ+Biv }2H/ QMHv BM/B`2+iHv �M/ `2K�BMb � HBM2�` BMp2`bBQM T`Q#H2K- #mi- mMHBF2
bi`�B;?i- `�vb i�F2b BMiQ �++QmMi i?2 BM?QKQ;2M2Biv Q7 i?2 p2HQ+Biv }2H/- 2p2M i?Qm;?
`�vT�i?b 7QmM/ rBi? i?Bb K2i?Q/ /QMöi 7QHHQr i?2 i`m2 T?vbB+bX Ai Kmbi #2 mM/2`HBM2/
i?�i i?2 QmiTmi Q7 ."6 Bb i?2 iBK2 /2H�v �+`Qbb i?2 HQ+�H �``�v �M/ QMHv i?`Qm;? �
?vTQi?2bBb QM i?2 HQ+�H p2HQ+Biv +�M i?Bb iBK2 /2H�v #2 i`�Mb7Q`K2/ iQ �M;H2bX �M �TT`Q�+?
iQ mT/�iBM; i?2 KQ/2H +QmH/ BMpQHp2 i?2 HQ+�H p2HQ+Biv 7`QK i?2 BMp2`i2/ p2HQ+Biv }2H/ iQ
`2+�H+mH�i2 i?2 �M;H2bc i?Bb T`Q+2/m`2 ?�b #22M �TTHB2/ rBi? bm++2bb BM i?Bb rQ`FX

*m`p2/ `�vb �`2 i`�+2/ mbBM; � J�iH�#Ü +Q/2- #�b2/ QM � KQ/mH2 BM i?2 *`2r2b b2BbKB+
T`Q+2bbBM; iQQH#Qt UlMBp2`bBiv Q7 *�H;�`vV j r`Bii2M #v *?�/ >Q;�M i?�i mb2b � 7�bi@
K�`+?BM; 2BFQM�H 2[m�iBQM bQHp2` U7QHHQrBM; a2i?B�M �M/ SQTQpB+B- RNNNVX ai�`iBM; 7`QK
� p2HQ+Biv }2H/ �M/ � ;Bp2M bQm`+2 TQbBiBQM- i?2 +Q/2 `2im`Mb � K�T Q7 }`bi �``Bp�H iBK2-
BX2X- � K�T Q7 i?2 iBK2 i�F2M #v � r�p2 iQ T`QT�;�i2 7`QK i?2 bQm`+2 iQ 2�+? TQBMi BM i?2
KQ/2H bT�+2X qBi? i?Bb T`Q+2/m`2 irQ i`�p2HiBK2 K�Tb +�M #2 ;2M2`�i2/, QM2 +QMbB/2`BM;
i?2 bQm`+2 �b bi�`iBM; TQBMi �M/ i?2 Qi?2` i�FBM; i?2 `2+2Bp2` �b bi�`iBM; TQBMi Ub22 6B;m`2
kXR9VX h?2 i`�p2HiBK2 K�Tb +�M #2 bmKK2/ iQ Q#i�BM � +QK#BM2/ i`�p2HiBK2 K�T U6B;m`2
kXR8V- BM r?B+? i?2 óp�HH2vô Bb `2T`2b2Mi�iBp2 Q7 i?2 6`2bM2H r�p2T�i? #2ir22M i?2 bQm`+2
�M/ `2+2Bp2` Uo�M a+?��+F- RNN9c o�b+Q �M/ J�D2`- RNNjV �b b?QrM BM 6B;m`2 kXR8U�VX
h?2 T�i? 7QHHQrBM; i?2 p�HH2v BM +QMM2+iBM; i?2 bQm`+2 iQ i?2 `2+2Bp2` Bb i?2 6`2bM2H `�v@
T�i?X >2`2 i?2 +2Mi`�H T�i? Bb �TT`QtBK�i2/ #v � TQHvMQKB�H Q7 /2;`22 d �M/ � i`�+2`
+Q/2 �bbQ+B�i2b i?2 `2bT2+iBp2 `�v H2M;i? iQ 2�+? +2HH Q7 i?2 KQ/2H bT�+2X hQ 7Q`+2 i?2
TQHvMQKB�H iQ ;Q i?`Qm;? i?2 bQm`+2 �M/ `2+2Bp2` TQbBiBQMb- i?2b2 �`2 ;Bp2M � r2B;?i Q7
i?Qmb�M/ iBK2b KQ`2 i?2M i?2 Qi?2` TQBMib BM i?2 }iiBM; T`Q+2bbX 6B;m`2 kXR8U#V b?Qrb
� b2H2+iBQM Q7 2BFQM�H `�vb i`�+2/ i?`Qm;? i?2 p2HQ+Biv }2H/ �M/ 6B;m`2 kXR8U+V b?Qrb i?2
}M�H `�v /2MbBiv K�T 7Q` �HH i`�+2/ `�vb- r?B+? Bb +QMbi`m+i2/ #v bmKKBM;- 7Q` 2�+? +2HH-
i?2 T�`iB�H H2M;i?b lij- /2}M2/ BM 2[m�iBQM kXRd,

ray densityj =
∑

i

lij. UkXkRV

jX b22 ?iiT,ffrrrX+`2r2bXQ`;f_2b2�`+?GBMFbf6`22aQ7ir�`2f 7Q` `272`2M+2b

kd
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hBK2 p�`B�iBQMb +�M #2 +�H+mH�i2/ bi�`iBM; 7`QK i?2 T`2bbm`2 p�`B�iBQM �b

∆t = −
∆ṗ

p̈
. UkXk3V

_2TH�+BM; 2[m�iBQMb UkXkeV �M/ UkXkdV BM UkXk3V r2 Q#i�BM i?2 2tT`2bbBQM 7Q` ∆t �b �
7mM+iBQM Q7 p2HQ+Biv T2`im`#�iBQMb- ∆v-

∆i(``, `b) =

∫

V

K(`)∆v(`)dV (`), UkXkNV

r?2`2

K(`) =
1

2π

∫
∞

−∞

jω

p̈
Q(`, ``, `b, ω)e

jωtdω, UkXjyV

�M/

Q(`, ``, `b, ω) =
2ω2

v3(`)
Ps(ω)G(`|`b, ω)G(``|`, ω). UkXjRV

h?mb i?2 haE Bb ;Bp2M #v i?2 2[m�iBQM

K(`) =
1

πp̈ v3(`)

∫
jωG(`|`b, ω)G(``|`, ω)ω

2Ps(ω)e
jωtdω. UkXjkV

AMi`Q/m+BM; i?2 bT�iB�H /Bb+`2iBx�iBQM- 2[m�iBQM UkXkNV #2+QK2b

∆ti =
∑

j

Kij∆vjdx dy, UkXjjV

r?2`2 ∆ti Bb i?2 iBK2 p�`B�iBQM Q7 i?2 ith bQm`+2f`2+2Bp2` +QmTH2- Kij Bb i?2 p�Hm2 Q7 haE
2p�Hm�i2/ �i i?2 jth +2HH 7Q` i?2 ith bQm`+2f`2+2Bp2` +QmTH2 �M/ ∆vj Bb i?2 T2`im`#�iBQM iQ
i?2 p2HQ+Biv �i i?2 +2HH jX

.2}MBM; p2+iQ`b dt- ∆p �M/ K�i`Bt M �b

∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M =




K11 K12 . . . K1n

K21 K22 . . . K2n

XXX
XXX

X X X
XXX

Km1 Km2 . . . Kmn




dx dy, UkXj9V

i?2 ;2M2`�H BMp2`bBQM 2[m�iBQM UkXRRV Bb `2i`B2p2/-

∆i = M ·∆p. UkXj8V

jy
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h?2 a2MbBiBpBiv E2`M2Hb `2T`2b2Mi�iBQM b?Qrb i?�i i?2 i`�p2H iBK2b �`2 b2MbBiBp2 iQ p2HQ+Biv
T2`im`#�iBQMb BM �`2�b bm``QmM/BM; i?2 `�vT�i?b #mi MQi iQ i?2 +?�M;2b i�FBM; TH�+2 QM
i?2 `�vT�i?b i?2Kb2Hp2bc KQ`2Qp2` bQK2 xQM2b Q7 TQbBiBp2 b2MbBiBpBiv �`2 T`2b2Mi- BX2X-
xQM2b r?2`2 �M BM+`2�b2 BM p2HQ+Biv T`Q/m+2b � bHQrBM; /QrM Q7 i?2 r�p2 T`QT�;�iBQM
UJ�`[m2`BM; 2i �HX- RNN3c RNNNVX

q?2M bB;M�Hb �`2 i`2�i2/ #v ."6- i?2 `2H�i2/ haEb �`2 BM~m2M+2/ �M/- BM T�`iB+mH�`- �b
i?2 bQm`+2 �M/ `2+2Bp2` �`2 MQ HQM;2` TQBMib- i?2 b?�T2 Q7 i?2 haE +?�M;2b iQ #2+QK2 �
M�``Qr2` #2�K �M/ i?2 TQbBiBp2 b2MbBiBpBiv xQM2b `2/m+2 Ub22 6B;m`2 kXReVX

ai�`iBM; 7`QK 2[m�iBQM UkXeV i?2 2tT`2bbBQM Q7 i?2 T`2bbm`2 p�`B�iBQM rBi? ."6 +�M #2
r`Bii2M �b

∆pDBF (t) =
N̂r∑

i=1

N̂s∑

j=1

∆pij[t− Tr(θr, yri)− Ts(θs, ysj)], UkXjeV

r?2`2 ∆pij Bb i?2 bB;M�H p�`B�iBQM #2ir22M i?2 ith `2+2Bp2` �M/ i?2 jth bQm`+2 Q7 i?2
bm#@�``�vb �M/ yri/ysj i?2 /Bbi�M+2 #2ir22M i?2 ith `2+2Bp2`fjth bQm`+2 �M/ i?2 +2Mi`�H
i`�Mb/m+2`X

am#biBimiBQMb Q7 2[m�iBQMb UkXkeV �M/ UkXkdV BMiQ UkXk3V H2�/b iQ � M2r /2}MBiBQM Q7
Q(`, ``, `b, ω)-

QDBF (`, ``, `b, ω) =
N̂r∑

i=1

N̂s∑

j=1

Qij(`, ``, `b, ω)e
jω[Tr(θr,yri)+Ts(θs,ysj)]. UkXjdV

h?2 haE 7Q` ."6 /�i� Bb i?2M ;Bp2M #v

K(`) =
1

2π

∫
∞

−∞

jω

p̈
QDBF (`, ``, `b, ω)e

jωtdω. UkXj3V

6B;m`2 kXRe, 1t�KTH2b Q7 a2MbBiBpBiv E2`M2Hb +�H+mH�i2/ mbBM; /Bz2`2Mi bBx2 7Q` bm#@�``�vbX

jR
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ray densityj =
∑

i

Kij. UkX9RV

kXeXj J�tBKmK � TQbi2`BQ`B

AM i?2 irQ T`2pBQmb T�`�;`�T?b �TT`Q�+?2b iQ +QMbi`m+i i?2 M K�i`Bt r2`2 T`2b2Mi2/X
AM i?Bb b2+iBQM QM2 Q7 i?2 K2i?Q/b +?Qb2M iQ BMp2`i 2[m�iBQM UkXRjV rBHH #2 /2b+`B#2/c i?2
7QHHQrBM; b2+iBQM T`2b2Mib �M �Hi2`M�iBp2X h?2 7QHHQrBM; /2b+`BTiBQM Bb #�b2/ QM Aim`#2
UkyRyV �M/ i?2 `272`2M+2b i?2`2BMX

J�tBKmK � TQbi2`BQ`B K2i?Q/ Bb #�b2/ QM "�v2bö i?2Q`2K i?�i �HHQrb i?2 BMi`Q/m+iBQM Q7
� T`BQ`B BM7Q`K�iBQMb BM i?2 BMp2`bBQMc Bi +�M �HbQ i�F2 BMiQ �++QmMi i?2 T`2b2M+2 Q7 MQBb2
BM /�i� #v �//BM; � i2`K iQ 2[m�iBQM UkXRjV-

∆i = M ·∆p + /, UkX9kV

r?2`2, / Bb i?2 MQBb2- r?B+? Bb �bbmK2/ iQ #2 � +2Mi`2/ :�mbbB�M `�M/QK p2+iQ` (E[/] = 0)
r?Qb2 +Qp�`B�M+2 K�i`Bt Bb Cd� = �E[//T ]c ∆p Bb i?2 p2+iQ` Q7 i?2 KQ/2H iQ #2 2biBK�i2/-
;�mbbB�M Q7 K2�M µ∆p = E[∆p] �M/ +Qp�`B�M+2 K�i`Bt Q7 Cm = E[∆p∆pT ]X

J�tBKmK � TQbi2`BQ`B 2biBK�iBQM +QMbBbib BM }M/BM; i?2 p2+iQ` ∆pMAP i?�i K�tBKBx2b
i?2 T`Q#�#BHBiv /2MbBiv Q7 ∆p FMQrBM; ∆i- p(∆p|∆i) �HbQ +�HH2/ T`Q#�#BHBiv /2MbBiv �
TQbi2`BQ`BX �++Q`/BM; iQ "�v2b i?Bb T`Q#�#BHBiv /2MbBiv +�M #2 r`Bii2M �b

p(∆p|∆i) =
p(∆i|∆p)p(∆p)

p(∆i)
. UkX9jV

"2+�mb2 p(∆i) /Q2b MQi /2T2M/ QM ∆p iQ K�tBKBx2 i?2 T`Q#�#BHBiv /2MbBiv � TQbi2`BQ`B
Bi Bb bm{+B2Mi iQ K�tBKBx2 i?2 MmK2`�iQ` Q7 2[m�iBQM UkX9jV-

p(∆p,∆i) = p(∆i|∆p)p(∆p). UkX99V

aBM+2 i?2 MQBb2 Bb :�mbbB�M- p(∆i|∆p)- i?2 +QM/BiBQM�H T`Q#�#BHBiv Q7 ∆i ;Bp2M ∆p- +�M
#2 r`Bii2M �b

p(∆i|∆p) =
1

(2π)m/2|Cd|1/2
e−

1

2
(∆i−M·∆p)T C

−1

d
(∆i−M·∆p), UkX98V

r?BH2- mM/2` i?2 �bbmKTiBQM Q7 ∆p #2BM; :�mbbB�M- p(∆p)- � T`BQ`B T`Q#�#BHBiv /2MbBiv
+�M 2tT`2bb2/ #v

p(∆p) =
1

(2π)n/2|Cm|1/2
e−

1

2
(∆p−µ∆p)

T C
−1
m (∆p−µ∆p). UkX9eV

am#biBimiBM; 2[m�iBQMb UkX98V �M/ UkX9eV BMiQ 2[m�iBQM UkX99V- T`QpB/2b

jj



*>�Sh1_ kX .�h� �*ZlAaAhAPL �L. �L�GuaAa

p(∆i,∆p) = p(∆i|∆p)p(∆p) =

= e
1

2 [(∆i−M·∆p)T C
−1

d
(∆i−M·∆p)+(∆p−µ∆p)

T C
−1
m (∆p−µ∆p)].

UkX9dV

hQ K�tBKBb2 i?2 � TQbi2`BQ`B T`Q#�#BHBiv /2MbBiv `2[mB`2b i?2 KBMBKBx�iBQM Q7 i?2 [m�/`�iB+
2tT`2bbBQM BM #`�+F2ib BM 2[m�iBQM UkX9dV- BX2X-

S = (∆i −M ·∆p)TC−1
d (∆i −M ·∆p) + (∆p − µ∆p)

TC−1
m (∆p − µ∆p). UkX93V

h?2 KQ/2H ∆pMAP i?�i KBMBKBx2b S Bb 7QmM/ #v b2iiBM; iQ x2`Q i?2 }`bi /2`Bp�iBp2 Q7 S
rBi? `2bT2+i iQ ∆pX h?2 `2bmHi +�M #2 r`Bii2M BM irQ /Bz2`2Mi 7Q`Kb /2T2M/BM; QM i?2
MmK#2` Q7 KQ/2H T�`�K2i2`b- n- rBi? `2bT2+i iQ i?2 MmK#2` Q7 /�i�- m,

B7 n < m-

∆̃pMAP = µ∆p + (MTC−1
d M+ C−1

m )−1MTCT
d (∆i −M · µ∆p); UkX9NV

B7 n > m-
∆̃pMAP = µ∆p + CmM

T (MCmM
T + Cd)

−1(∆i −M · µ∆p). UkX8yV

h?2 +?QB+2 #2ir22M i?2 irQ `2H�iBQMb Bb T2`7Q`K2/ �miQK�iB+�HHv #v i?2 BMp2`bBQM +Q/2
BKTH2K2Mi2/ BM J�iH�# ÜX

�M BKTQ`i�Mi bi2T BM i?2 BMp2`bBQM T`Q+2bb Bb i?2 +?QB+2 Q7 i?2 i?`22 T�`�K2i2`b Cd- Cm
�M/ µ∆pc BM i?2 7QHHQrBM; � b?Q`i /2b+`BTiBQM Q7 i?2B` T?vbB+�H BMi2`T`2i�iBQMb �M/ Q7 i?2
+`Bi2`B�- mb2/ ?2`2BM- iQ b2H2+i i?2K Bb T`2b2Mi2/X

@ Cd Q7i2M +�HH2/ /�i� +Qp�`B�M+2 K�i`Bt- `2T`2b2Mib i?2 MQBb2 +Qp�`B�M+2 Q7 i?2 /�i�X h?2
MQBb2 BM+Hm/2b �HbQ KQ/2HHBM; 2``Q`b �M/ /�i� �+[mBbBiBQM 2``Q`bX .B�;QM�H 2H2K2Mib
Q7 i?Bb K�i`Bt `2T`2b2Mi i?2 p�`B�M+2 Q7 2�+? 2H2K2Mi Q7 MQBb2 p2+iQ` /- BX2X- i?2
p�`B�M+2 Q7 2�+? K2�bm`2K2Mic r?BH2 MQM /B�;QM�H 2H2K2Mib `2T`2b2Mi i?2 HBMF #2@
ir22M /Bz2`2Mi K2�bm`2K2MibX AM i?2 ?vTQi?2bBb Q7 `�M/QK :�mbbB�M MQBb2 �M/
BM/2T2M/2Mi K2�bm`2K2Mib Cd = σ2

dIn UIn Bb i?2 B/2MiBiv K�i`Bt Q7 /BK2MbBQM nVc

@ µ∆p `2T`2b2Mib i?2 � T`BQ`B K2�M p�Hm2b Q7 KQ/2H T�`�K2i2`b- ∆p- BX2X- i?2 KQbi T`Q#@
�#H2 p2HQ+Biv }2H/ T2`im`#�iBQMc i?Bb }2H/ KB;?i #2 /2`Bp2/ 7`QK Qi?2` i2+?MB[m2b
B7 �p�BH�#H2 9X >Qr2p2`- mbm�HHv- �b BM i?Bb rQ`F- i?2 KQbi T`Q#�#H2 p2HQ+Biv }2H/ Bb
�bbmK2/ iQ #2 i?2 bi�`iBM; QM2- bQ i?�i µ∆p = 0c

@ Cm Q7i2M +�HH2/ KQ/2H +Qp�`B�M+2 K�i`Bt- `2T`2b2Mib i?2 mM+2`i�BMiv QM i?2 � T`BQ`B
KQ/2H- BX2- QM µ∆pX .B�;QM�H 2H2K2Mib `2T`2b2Mi i?2 mM+2`i�BMiv BM i?2 p2HQ+Biv p�Hm2
T2`im`#�iBQM �i � bT2+B}+ TQBMi BM i?2 bT�+2 r?BH2 MQM@/B�;QM�H 2H2K2Mib `2T`2b2Mi
i?2 bi�iBbiB+ HBMF #2ir22M p2HQ+Biv T2`im`#�iBQM �i /Bz2`2Mi TQBMib Q7 i?2 bT�+2X h?Bb
K�i`Bt +�M #2 2tT`2bb2/ �b Cm = σ2

mC
1
m r?2`2 σm Bb HBMF2/ iQ i?2 mM+2`i�BMiv Q7 µ∆p

p�Hm2- �b /Bb+mbb2/ #2HQr- r?BH2 C1
m /2}M2 i?2 �HHQr2/ p�`B�iBQMb #2ir22M M2B;?#Qm`

+2HHb BM i?2 KQ/2HX

9X � +�M/B/�i2 7Q` i?Bb Bb T2`?�Tb bi`�BM }2H/ /�i� 7`QK .B;Bi�H AK�;2 *Q``2H�iBQM #mi +m``2MiHv i?2
mb2 Q7 bm+? /�i� ?�b MQi #22M bm++2bb7mHX

j9
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Q7 �M Q`B;BM�H K2i?Q/ Q7 Q#i�BMBM; BM7Q`K�iBQM �#Qmi mMFMQrM ;2QK2i`B+�H T�`�K2i2` #v
/�i� }iiBM;X

.Qm#H2 "2�K 6Q`KBM;- � i2+?MB[m2 iQ 2M?�M+2 /�i� [m�HBiv �M/ iQ 2ti`�+i KQ`2 BM7Q`@
K�iBQM- BX2X- i�F2 Qz �M/ �``Bp�H �M;H2b- r�b i?2M BMi`Q/m+2/c i?Bb i2+?MB[m2 ?�b #22M
�H`2�/v mb2/ BM Qi?2` }2H/b- r?2`2 `2~2+iBQMb TH�v �M BKTQ`i�Mi `QH2- iQ bQHp2 T`Q#H2Kb
bm+? �b �``Bp�Hb b2T�`�iBQM �M/ B/2MiB}+�iBQMX AM i?2 +�b2 Q7 mHi`�bQMB+ iQKQ;`�T?v 7Q`
H�#Q`�iQ`v ;2QK2+?�MB+b- ."6 b?Qrb i?�i T`2@2tBbiBM; ?2i2`Q;2M2BiB2b Q` HQ+�HBb2/ /27Q`@
K�iBQMb- /m2 iQ i?2 HQ�/BM;- +�M /2pB�i2 r�p2T�i?b 7`QK i?2 /B`2+i i`�D2+iQ`v �M/ +�mb2
KmHiBTH2 �``Bp�HbX � J�iH�#Ü +Q/2 ?�b #22M r`Bii2M iQ BKTH2K2Mi ."6 T`Q+2/m`2 7Q` i?Bb
bT2+B}+ +�b2- i?2 bQ7ir�`2 Bb T`QpB/2/ rBi? �M BMi2`�+iBp2 :lAX

�M �miQK�iB+ i`�p2H@iBK2 TB+FBM; T`Q+2/m`2 ?�b �HbQ #22M BKTH2K2Mi2/ rBi? bT2+B�H �i@
i2MiBQM iQ mb2`öbö +QMi`QH #v � ;`�T?B+�H BMi2`7�+2X

AM i?2 H�bi b2+iBQM i?2 BMp2`bBQM T`Q+2/m`2 iQ /2`Bp2 i?2 p2HQ+Biv }2H/ BM i?2 i2bi Q#D2+i ?�b
#22M T`2b2Mi2/X hrQ T`QT�;�iBQM KQ/2H ?�p2 #22M T`QTQb2/, `�v i?2Q`v �M/ b2MbBiBpBiv
F2`M2HbX AM i?2 7`�K2rQ`F Q7 `�v i?2Q`v iQ i�F2 BMiQ �++QmMi i?2 ?2i2`Q;2M2BiB2b Q7 i?2
p2HQ+Biv }2H/ irQ �TT`Q�+?2b ?�p2 #22M mb2/, +m#B+ `�vb- i?�i 2tTHQBi �M;H2 BM7Q`K�iBQM
+QKBM; 7`QK ."6- �M/ +m`p2/ `�vb- r?Qb2 i`�+BM; Bb #�b2/ QM 2BFQM�H 2[m�iBQMX AM i?2
+�b2 Q7 aE i?2 p2HQ+Biv ?2i2`Q;2M2BiB2b ?�p2 �M BM~m2M+2 QM :`22Möb 7mM+iBQMb 7`QK r?2`2
aE �`2 +�H+mH�i2/- i?2b2 7mM+iBQMb +�M MQi #2 +�H+mH�i2/ �M�HviB+�HHv �Mv KQ`2 �M/ �
T`QT�;�iBQM +Q/2 Bb M22/2/X h?2 +?�Ti2` +QM+Hm/2b rBi? i?2 /2b+`BTiBQM Q7 irQ K2i?Q/b
iQ }M/ i?2 Tb2m/QBMp2`b2 Q7 � K�i`BtX h?2 BMp2`bBQM T`Q+2bb ?�b #22M BKTH2K2Mi2/ BM �
J�iH�#Ü +Q/2 i?�i �HHQrb i?2 mb2` iQ +QMi`QH b2p2`�H T�`�K2i2`b �b r2HH �b i?2 T`QT�;�iBQM
KQ/2H �M/ i?2 BMp2`bBQM K2i?Q/X

AM i?2 7QHHQrBM; +?�Ti2` bQK2 BMp2`bBQM `2bmHib #�b2/ QM bvMi?2iB+ /�i� i2bi �`2 T`2b2Mi2/c
i?2b2 `2bmHib rBHH �HHQr iQ +QKT�`2 i?2 /Bz2`2Mi i2+?MB[m2b T`QTQb2/ ?2`2BMX

jN





*?�Ti2` j

avMi?2iB+ /�i� i2bib

jXR AMi`Q/m+iBQM

h?Bb +?�Ti2` Bb /2/B+�i2/ iQ i?2 �M�HvbBb Q7 bvMi?2iB+ /�i� i2bib iQ 2tTHQ`2 i?2 /Bz2`2Mi
iQKQ;`�T?v i2+?MB[m2b T`2b2Mi2/ BM +?�Ti2` kX avMi?2iB+ /�i� �`2 Q#i�BM2/ #v � 7mHH T`QT@
�;�iBQM �M�HvbBb i?`Qm;? � bvMi?2iB+ p2HQ+Biv }2H/c i?Bb �M�HvbBb Bb +�``B2/ Qmi mbBM; i?2
}MBi2 /Bz2`2M+2 +Q/2 6qhk.n�*PlahnhAJ1 /2p2HQT2/ #v _QK�BM "`QbbB2` UAah2``2-
:`2MQ#H2V �b � T�`i Q7 i?2 T`QD2+i a1Aa*PS1X h?2 bBKmH�i2/ /�i� �`2 i`2�i2/ 7QHHQrBM;
i?2 b�K2 T`Q+2/m`2b mb2/ 7Q` i?2 /�i� �+[mB`2/ /m`BM; i?2 `2�H 2tT2`BK2Mib- r?2M M2Bi?2`
i?2 T`QT�;�iBQM p2HQ+Biv }2H/ MQ` i?2 2t�+i b2i@mT ;2QK2i`v �`2 FMQrMX

h?2 �BK Q7 i?2 bim/v BM i?Bb +?�Ti2` Bb iQ i2bi i?2 /�i� �M�HvbBb T`Q+2/m`2b- BM B/2�H
+QM/BiBQMb- iQ 2tTHQ`2 i?2 +�T�+BiB2b Q7 i?2 BMp2`bBQM �M/ iQ p2`B7v i?2 +`Bi2`B� �/QTi2/
BM i?2 +?QB+2 Q7 T�`�K2i2`bX �MQi?2` Q#D2+iBp2 Bb iQ /2i2`KBM2 i?2 T`QT�;�iBQM KQ/2H
i?�i ;Bp2b i?2 #2bi `2bmHib �M/ i?2 /Bz2`2Mi �`i27�+ib i?�i +�M Q++Qm`X Ai Bb BKTQ`i�Mi
iQ MQi2 i?�i i?2b2 bvMi?2iB+ i2bib- THmb Qi?2`b MQi T`2b2Mi2/- ?�p2 #22M 2bb2MiB�H iQ i?2
/2p2HQTK2Mi Q7 i?2 K2i?Q/ mb2/ BM i?2 �TTHB+�iBQMb Q7 S�`i AA Q7 i?Bb i?2bBbX

AM i?2 }`bi b2+iBQM i?2 BM~m2M+2 Q7 p2HQ+Biv ?2i2`Q;2M2BiB2b BM i?2 ;2QK2i`B+�H T�`�K2i2`
}iiBM; T`Q+2/m`2 Bb /Bb+mbb2/X h?2 bm#b2[m2Mi b2+iBQM +QMbB/2`b i?2 BMp2`bBQM T`Q+2bb
�TTHB2/ iQ irQ bvMi?2iB+ +�b2 bim/B2bX AM i?2 }`bi +�b2- �M ?QKQ;2M2Qmb KQ/2H 2pQHp2b
rBi? i?2 7Q`K�iBQM Q7 �M BM+HBM2/ ?2i2`Q;2M2Biv Q7 /2+`2�bBM; p2HQ+BivX AM i?2 b2+QM/ +�b2-
i?2 bi�`iBM; KQ/2H T`2b2Mib �M BM+HBM2/ ?2i2`Q;2M2Biv Q7 ?B;? p2HQ+Biv �M/ i?2 T2`im`#�iBQM
+QMbBbib Q7 � /2+`2�bBM; Q7 p2HQ+Biv #Qi? QmibB/2 �M/ rBi?BM i?2 Q`B;BM�H #�M/ Ub22 6B;m`2
jXRkVX LQi2 i?�i- BM i?2 }`bi +�b2- i?2 p2HQ+Biv +QMi`�bi �i i?2 2/;2b Q7 i?2 ?2i2`Q;2M2Biv Bb
b?�`T r?2`2�b BM i?2 b2+QM/ +�b2 i?2 +QMi`�bi BM #Qi? i?2 Q`B;BM�H }2H/ �M/ i?2 2pQHmiBQM
�`2 bKQQi?X

9R
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S�_�J1h1_a

>QKQ;2M2Qmb }2H/ �M/ p2`iB+�H i`�Mb/m+2` �``�v
*Q2{+B2Mib UrBi? N8W +QM}/2M+2 #QmM/bV,
�H7�_ 4 @yXyyy889R U@RdkX8- RdkX8V ê
�H7�a 4 @yXyyRyee U@RdkX8- RdkX8V ê
/2Hi�nx 4 kXRje2@ye U@yXRy8j- yXRy8jV K
H2M;i?nt 4 yXyj9Nd UyXyj9Ne- yXyj9NdV K
p2H 4 kR38 UkR38- kR38V Kfb

>QKQ;2M2Qmb }2H/ �M/ BM+HBM2/ i`�Mb/m+2` �``�v
*Q2{+B2Mib UrBi? N8W +QM}/2M+2 #QmM/bV,
�H7�_ 4 @RXj8j U@jX8kR2Yy9- jX8k2Yy9V ê
�H7�a 4 RXj8N U@jX8k2Yy9- jX8kR2Yy9V ê
/2Hi�nx 4 @9XNRe2@ye U@kRX8k- kRX8kV K
H2M;i?nt 4 yXyj8yk UyXyjk- yXyj3y9V K
p2H 4 kR3R UkRd3- kR38V KfbX

AM i?2 }`bi 2t�KTH2 #Qi? i?2 p2HQ+Biv �M/ i?2 ?Q`BxQMi�H /Bbi�M+2 UH2M;i?ntV �`2 bHB;?iHv
mM/2`2biBK�i2/ r?BH2 i?2 Qi?2` T�`�K2i2`b +�M #2 +QMbB/2`2/ iQ #2 x2`QX � bBKBH�` `2bmHi
Bb 7QmM/ 7Q` i?2 b2+QM/ +�b2 r?2`2 p2HQ+Biv- ?Q`BxQMi�H /Bbi�M+2 �M/ p2`iB+�H b?B7i U/2Hi�nxV
�`2 r2HH 2biBK�i2/X >Qr2p2`- r?BH2 i?2 }ii2/ BM+HBM�iBQM Q7 i?2 `2+2Bp2` #�``2ii2 Bb +HQb2 iQ
i?2 `2�H QM2- � bvKK2i`B+ BM+HBM�iBQM Bb ;m2bb2/ 7Q` i?2 bQm`+2 #�``2ii2- r?B+? Bb p2`iB+�H
BM `2�HBivX

*QMbB/2` MQr �M BM?QKQ;2M2Qmb p2HQ+Biv }2H/ rBi? � b[m�`2- HQr p2HQ+Biv Ukyyy KfbV
xQM2 TQbBiBQM2/ #2ir22M i?2 i`�Mb/m+2` �``�vb Ub22 6B;m`2 jXkVX h?2 b�K2 irQ +�b2b
Q7 i?2 #�``2ii2bö TQbBiBQMb T`2b2Mi2/ �#Qp2 �`2 �M�Hvb2/- �M/ i?2 ;2M2`�H KQ/2H Q7 i?2
7mM+iBQM iQ #2 }ii2/ bi�vb i?2 b�K2X h?2 `2bmHib Q7 i?2 }iiBM; T`Q+2bb �`2 T`2b2Mi2/ BM
6B;m`2 jXk �M/ bmKK�`Bb2/ #2HQrX

AM?QKQ;2M2Qmb }2H/ �M/ p2`iB+�H i`�Mb/m+2` �``�v
*Q2{+B2Mib UrBi? N8W +QM}/2M+2 #QmM/bV,
�H7�_ 4 @yXRded U@eX3y32Yy9- eX3y32Yy9V ê
�H7�a 4 yXk3R9 U@eX3y32Yy9- eX3y32Yy9V ê
/2Hi�nx 4 yXyyyRyk9 U@9yX3- 9yX3V K
H2M;i?nt 4 yXyj9j9 U@yXy3djN- yXR8eRV K
p2H 4 kRk9 UkRR8- kRjjV Kfb

AM?QKQ;2M2Qmb }2H/ �M/ BM+HBM2/ i`�Mb/m+2` �``�v
*Q2{+B2Mib UrBi? N8W +QM}/2M+2 #QmM/bV,
�H7�_ 4 @RX8de U@RXy82Yy8- RXy82Yy8V ê
�H7�a 4 RX8Re U@RXy82Yy8- RXy82Yy8V ê
/2Hi�nx 4 yXyyyR3dN U@ejXRN- ejXRNV K
H2M;i?nt 4 yXyj99d U@yXjyNN- yXjd3NV K
p2H 4 kRky UkRRk- kRkNV KfbX
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6B;m`2 jX9, JQ/2H@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i `�vb �M/ +Q``2H�iBQM H2M;i?b
Q7 y KK- RX8 KK- j KK �M/ e KK `2bT2+iBp2Hv

ao. BMp2`bBQMb Bb T`2b2Mi2/ BM i?2 M2ti b2+iBQMX 6B;m`2 jX9 b?Qrb � +QKT�`BbQM Q7 7Qm`
iQKQ;`�T?B2b +�``B2/ Qmi mbBM; � bi`�B;?i `�v T`QT�;�iBQM KQ/2H �M/ /Bz2`2Mi +?�`�+i2`@
BbiB+ +Q``2H�iBQM H2M;i?b λx �M/ λyX AM+`2�bBM; i?2 +Q``2H�iBQM H2M;i?b `2bmHib BM i?2 BK�;2b
#2BM; bKQQi?2` �M/ i?2 ;2QK2i`v Bb H2bb r2HH `2T`Q/m+2/ BM i2`Kb Q7 H�v2` i?B+FM2bbX >Qr@
2p2`- b2iiBM; i?2 +Q``2H�iBQM H2M;i?b iQ x2`Q T`Q/m+2b �M BM?QKQ;2M2Biv BMbB/2 i?2 H�v2`-
r?B+? Bb MQi `2�HX h?Bb +QM}`Kb i?�i- BM i?2 +�b2 Q7 `�vb- r?B+? ?�p2 BM}MBi2bBK�H i?B+F@
M2bb- Bi Bb T`272`�#H2 iQ BMi`Q/m+2 � bT�iB�H bKQQi?BM; i?`Qm;? i?2 +Q``2H�iBQM H2M;i?- #mi
i?Bb b?QmH/ MQi #2 iQQ H�`;2X h?2 #2bi `2bmHi- BM i?Bb +�b2- Bb ;Bp2M #v λx = λy = 1.5 KKX

h?2 T`2b2M+2 Q7 i?2 /�KTBM; T�`�K2i2` ε +QMi`QHb i?2 p�`B�iBQM Q7 i?2 `2bmHi�Mi p2HQ+Biv
}2H/ 7`QK i?2 bi�`iBM; QM2 �M/ `2bmHib BM � `2bB/m�H ∆iX hQ KBMBKBx2 i?Bb `2bB/m�H rBi?Qmi
BM/m+BM; T?vbB+�HHv mM`2�bQM�#H2 `Qm;?M2bb BM i?2 p2HQ+Biv }2H/- i?2 BMp2`bBQM +�M #2
Bi2`�i2/ mbBM; i?2 `2bB/m�H ∆i �b BMTmiX A7 i?2 mb2/ T`QT�;�iBQM KQ/2H �HHQrb Bi UBX2X-
2BFQM�H `�vb Q` aE MmK2`B+�HV- i?2 M K�i`Bt +�M #2 mT/�i2/ mbBM; i?2 `2bmHi�Mi p2HQ+Biv
}2H/X AM i?Bb rQ`F i?2 T`QT�;�iBQM KQ/2H Bb mT/�i2/ r?2M- �i H2�bi BM QM2 TQBMi- i?2
p2HQ+Biv p�Hm2 +?�M;2b KQ`2 i?�M R W rBi? `2bT2+i iQ i?2 p�Hm2 mb2/ BM i?2 H�bi +�H+mH�iBQM
Q7 i?2 M K�i`BtX

Ai Bb BKTQ`i�Mi iQ �/QTi � ;QQ/ +`Bi2`BQM iQ +?Qb2 i?2 QTiBKmK MmK#2` Q7 Bi2`�iBQMb BM i?2
T`Q+2bb /2b+`B#2/ �#Qp2 bQ �b iQ K�tBKBx2 i?2 #2M2}i Q7 i?2 T`Q+2bb rBi?Qmi mMM2+2bb�`v
BM+`2�b2 Q7 i?2 +QKTmi�iBQM�H iBK2 Q` /2;`�/�iBQM Q7 i?2 BK�;2X 6B;m`2 jX8- BM r?B+? i?2
Bi2`�iBQM MmK#2` Bb THQii2/ �;�BMbi i?2 K2�M `2bB/m�H 2``Q`- bm;;2bib i?�i i?2 TQBMi Q7
K�tBKmK +m`p�im`2 +�M #2 +?Qb2M �b i?2 QM2 �7i2` r?B+? i?2 BKT`Qp2K2Mi BM i2`Kb Q7
2``Q` Bb MQi bB;MB}+�MiX � bvbi2K�iB+ pBbm�H �M�HvbBb Q7 i?2 `2bmHi�Mi BK�;2b +QM}`K2/
i?Bb +`Bi2`BQM iQ #2 � bmBi�#H2 QM2X

PM+2 i?2 T`QT2` MmK#2` Q7 Bi2`�iBQMb ?�b #22M +?Qb2M 7Q` 2�+? ε- i?2 i`�/2@Qz +m`p2 +�M
#2 +QMbi`m+i2/ �b /2b+`B#2/ BM b2+iBQM kXeXjX 6B;m`2 jXe T`2b2Mib i?2 i`�/2@Qz +m`p2 7Q`
i?2 +�b2 Q7 bi`�B;?i `�vb BM i?Bb bvMi?2iB+ 2t�KTH2X h?2 +`Bi2`BQM Q7 K�tBKmK +m`p�im`2
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6B;m`2 jX8, 1``Q` 2pQHmiBQM rBi? Bi2`�iBQMb 7Q` iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i `�vb �M/
/Bz2`2Mi ε T�`�K2i2`bX

+QmH/ #2 mb2/ iQ +?QQb2 i?2 QTiBKmK ε p�Hm2- ?Qr2p2` i?2 T`Q+2bb ?�b MQi #22M �miQK�i2/
#2+�mb2 mb2` 2tT2`B2M+2 Bb Q7i2M KQ`2 `2H2p�Mi BM i?2 +?QB+2X AM i?2 2t�KTH2 b?QrM BM
6B;m`2 jXe- i?2 #2bi KQ/2H b22Kb iQ #2 i?2 QM2 +Q``2bTQM/BM; iQ ε = 50- bBM+2 Bi b?Qrb �
;QQ/ +QKT`QKBb2 #2ir22M i?2 KQ`2 `2�HBbiB+ 2biBK�iBQM Q7 i?2 p2HQ+Biv p�Hm2b BMbB/2 i?2
#�M/ �M/ i?2 `2/m+iBQM Q7 i?2 �`i27�+ib Ui?Bb Bb BM 7�+i +HQb2 iQ i?2 K�tBKmK +m`p�im`2
TQBMiVX h?2 i`�/2@Qz +m`p2b Q#i�BM2/ 7Q` i?2 Qi?2` T`QT�;�iBQM KQ/2Hb �M�Hvb2/ �`2
bBKBH�` iQ i?2 QM2 T`2b2Mi2/ BM 6B;m`2 jXeX Ai Kmbi #2 MQi2/ i?�i i?2 QTiBKmK p�Hm2 7Q`
i?2 ε T�`�K2i2` /2T2M/b QM K�Mv 7�+iQ`b- BM+Hm/BM; i?2 T`QT�;�iBQM KQ/2H- i?2`27Q`2- Bi
Kmbi #2 2p�Hm�i2/ 7Q` 2p2`v bBM;H2 +�b2X

6B;m`2 jXd T`2b2Mib � +QKT�`BbQM #2ir22M i?2 /Bz2`2Mi T`QT�;�iBQM KQ/2Hb mb2/ BM i?2
BMp2`bBQM iQ `2+Qp2` i?2 }M�H bi2T Q7 i?2 p2HQ+Biv 2pQHmiBQMX h?2 mb2 Q7 +m#B+ `�vb /Q2b MQi
b22K iQ T`Q/m+2 � #B; BKT`Qp2K2Mi- BM 7�+i i?2 bi`m+im`2 Bb bBKBH�` iQ i?�i Q#i�BM2/ rBi?
bi`�B;?i `�vbX h?2 mb2 Q7 2BFQM�H `�vb `2/m+2b i?2 +`Qbb �`i27�+i Ur?B+? ;Bp2b iQ i?2 H�v2`
� bHB;?i ?Qm`;H�bb b?�T2V � HBiiH2X >Qr2p2` i?2 bi`�B;?i `�vb ;Bp2 � #2ii2` `2bmHi BM i2`Kb
Q7 �#bQHmi2 p2HQ+Biv p�Hm2bX h?2 a2MbBiBpBiv E2`M2Hb ;2M2`�i2 �M �`i27�+i r?Qb2 bi`m+im`2
7QHHQrb i?2 Qb+BHH�iBQM Q7 i?2 6`2bM2H xQM2b- BM �//BiBQM iQ i?2 +`Qbb �`i27�+iX 6m`i?2`KQ`2
i?Bb T`QT�;�iBQM KQ/2H ;Bp2b i?2 rQ`b2 `2bmHib +QM+2`MBM; i?2 �#bQHmi2 p�Hm2bX

jXjXk .�i�@#�b2/ iQKQ;`�T?v

h?2 /�i�@#�b2/ iQKQ;`�T?v Bb Q#i�BM2/ #v BMp2`iBM; 2[m�iBQM kXRR r?2`2 ∆i Bb i?2 /Bz2`@
2M+2 #2ir22M i?2 K2�bm`2/ �``Bp�H iBK2b Q7 irQ �+[mBbBiBQM }H2bc QM2 }H2 rBHH #2 `272``2/
iQ �b ó`272`2M+2ô �M/ i?2 Qi?2` �b ó+m``2MiôX hQ `2+Qp2` i?2 �#bQHmi2 p�Hm2b Q7 i?2 p2HQ+Biv
}2H/ Bi Bb M2+2bb�`v iQ FMQr i?2 p2HQ+Biv }2H/ +Q``2bTQM/BM; iQ i?2 `272`2M+2 }H2c 7Q` BM@
bi�M+2 #v `mMMBM; � KQ/2H@#�b2/ iQKQ;`�T?v 7Q` i?2 }`bi bi2TX AM i?Bb bvMi?2iB+ 2t�KTH2
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6B;m`2 jXe, h`�/2@Qz +m`p2- rBi? `2H�iBp2 BK�;2b- 7Q` i?2 +�b2 Q7 bi`�B;?i `�vbX

Bi Bb MQi M2+2bb�`v iQ Q#i�BM i?2 Q`B;BM�H p2HQ+Biv }2H/ #2+�mb2 Bi Bb FMQrMX

hQ Q#i�BM i?2 p2HQ+Biv 2pQHmiBQM mbBM; i?2 �#Qp2 T`Q+2/m`2- i?2 /Bz2`2M+2 Q7 �``Bp�H iBK2b
∆i +�M #2 +�H+mH�i2/ `272``BM; �Hr�vb iQ i?2 b�K2 �+[mBbBiBQM }H2- 7Q` BMbi�M+2 i?2 }`bi
QM2- Q` #v bi2Tb UBM i?2 bi2T �TT`Q�+?- i?2 +m``2Mi }H2 rBHH #2+QK2 i?2 `272`2M+2 QM2
�i i?2 bm#b2[m2Mi bi2TVX AM i?2 +�b2 Q7 bi`�B;?i `�vb Q` �M�HviB+�H b2MbBiBpBiv F2`M2Hb- BM
r?B+? i?2 T`QT�;�iBQM KQ/2H /Q2b MQi /2T2M/ QM i?2 p2HQ+Biv }2H/- i?2`2 Bb MQ #2M2}i
BM i?2 bi2T T`Q+2/m`2- �b i?2 �`i27�+ib /m2 iQ i?2 BM+Q``2+i `�v T�i?b rBHH #2 bmKK2/X
6B;m`2 jX3 b?Qrb i?2 }M�H BK�;2 Q#i�BM2/ mbBM; i?2 irQ T`Q+2/m`2b r?BH2 6B;m`2 jXN
T`2b2Mib � b2i Q7 /�i�@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i `�vb U}`bi HBM2V �M/
aE Ub2+QM/ HBM2VX h?2 BK�;2b BM i?2 }`bi +QHmKM r2`2 Q#i�BM2/ mbBM; i?2 }`bi }H2 �b i?2
`272`2M+2 �M/ i?2 H�bi �b i?2 +m``2Mi }H2X h?2 b2+QM/ �M/ i?B`/ +QHmKMb b?Qr i?2 bi2T
/�i�@#�b2/ iQKQ;`�T?B2b �i i?2 #2;BMMBM; Q7 i?2 T`Q+2bb �M/ �i i?2 2M/ Q7 Bi- `2bT2+iBp2HvX
�b 2tT2+i2/- BM i?2 }`bi irQ +�b2b- r?2M i?2 bi�`iBM; p2HQ+Biv }2H/ Bb ?QKQ;2M2Qmb- i?2
�`i27�+ib �`2 H2bb BKTQ`i�Mi bBM+2 i?2 ?vTQi?2bBb Q7 ?QKQ;2M2Biv mb2/ BM i?2 T`QT�;�iBQM
KQ/2H Bb `2bT2+i2/X >Qr2p2`- BM i?2 H�bi +�b2- i?2 �`i27�+ib �`2 �KTHB}2/X h?2`27Q`2 i?2
/�i�@#�b2 iQKQ;`�T?v rBi? � }t2/ `272`2M+2 }H2 Bb T`272``2/ 7Q` i?2b2 T`QT�;�iBQM KQ/2HbX

AM i?2 +�b2b Q7 +m#B+ `�vb- 2BFQM�H `�vb �M/ MmK2`B+�H b2MbBiBpBiv F2`M2Hb- BX2X- r?2M i?2
T`QT�;�iBQM KQ/2H /2T2M/b QM i?2 p2HQ+Biv }2H/- i?2 bi2T T`Q+2/m`2 +�M ?�p2 � TQbBiBp2
BM~m2M+2 QM i?2 `2bmHibX >Qr2p2`- T2`7Q`KBM; � /�i�@#�b2/ iQKQ;`�T?v mbBM; i?2 }`bi }H2
�b `272`2M+2 Bb BM2z2+iBp2- #2+�mb2 i?2 T`QT�;�iBQM KQ/2H Bb �Hr�vb +�H+mH�i2/ mbBM; i?2
p2HQ+Biv }2H/ +Q``2bTQM/BM; iQ i?2 `272`2M+2 }H2 i?�i- BM i?Bb +�b2- rQmH/ #2 ?QKQ;2M2QmbX
h?2M i?2`2 Bb MQ #2M2}i iQ mbBM; � }2H/@/2T2M/2Mi KQ/2H 7Q` i?2 BMBiB�H bi2TX

6B;m`2 jXRy T`2b2Mib � +QKT�`BbQM Q7 /�i�@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; i?2 /Bz2`@
2Mi T`QT�;�iBQM KQ/2Hb UmbBM; i?2 }`bi }H2 �b i?2 `272`2M+2 7Q`- bi`�B;?i `�vb �M/ �M�HviB+�H
aE- �M/ i?2 bi2T T`Q+2/m`2 7Q` +m#B+ `�vb- 2BFQM�H `�vb �M/ MmK2`B+�H aEVX h?2 `2bmHib
b?Qr i?�i i?2 mb2 Q7 +m#B+ `�vb BKT`Qp2b i?2 }M�H BK�;2, r?BH2 i?2 �`i27�+ib �`2 M2�`Hv
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U�V U#V U+V

U/V U2V U7V

6B;m`2 jXN, 1t�KTH2 Q7 /�i�@#�b2/ iQKQ;`�T?B2b Q7 i?2 H�bi bi2T Q7 p2HQ+Biv 2pQHmiBQM mbBM; i?2
}`bi }H2 �b `272`2M+2 U�VU/V- Q7 i?2 }`bi bi2T Q7 irQ }H2b U#VU2V �M/ i?2 H�bi bi2T Q7 irQ }H2b
U+VU7VX AM i?2 }`bi HBM2 iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i `�vb �`2 T`2b2Mi2/ �M/ BM i?2
b2+QM/ HBM2 iQKQ;`�T?B2b +�``B2/ Qmi mbBM; aEX
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U�V U#V U+V

6B;m`2 jXRR, ai`�B;?i `�v /2MbBiv- BX2X- +Q``2bTQM/BM; iQ �M ?QKQ;2M2Qmb p2HQ+Biv }2H/- U�V �M/
i?2 `�iBQ #2ir22M i?2 +m#B+ `�v /2MbBiv U#V �M/ i?2 2BFQM�H `�v /2MbBiv U+V +�H+mH�i2/ 7Q` i?2 H�bi
bi2T Q7 i?2 p2HQ+Biv 2pQHmiBQM U6B;m`2 jXRyVX

i?2 ?2i2`Q;2M2Biv �`2 bKQQi? UBX2X- i?2`2 Bb � p2HQ+Biv ;`�/B2Mi �M/ MQi � +QMi`�biVX

jX9XR JQ/2H@#�b2/ iQKQ;`�T?v

q?2M i?2 b�KTH2 Bb Q`B;BM�HHv BM?QKQ;2M2Qmb Bi Bb 2bb2MiB�H iQ +�``v Qmi � KQ/2H@#�b2/
iQKQ;`�T?v 7Q` i?2 BMBiB�H bi�;2- 2p2M r?2M T2`7Q`KBM; � /�i�@#�b2/ �M�HvbBbX

6B;m`2 jXRj T`2b2Mib irQ 2t�KTH2b Q7 KQ/2H@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i
`�vb �b i?2 T`QT�;�iBQM KQ/2HX h?2 irQ iQKQ;`�T?B2b /Bz2` QMHv BM i?2 BMBiB�H p2HQ+Biv
p�Hm2X AM i?2 }`bi +�b2 i?2 p�Hm2 +QKBM; 7`QK i?2 }iiBM; T`Q+2/m`2 ?�b #22M mb2/- r?BH2 BM
i?2 b2+QM/ +�b2 i?2 2t�+i p�Hm2 Q7 kyyy Kfb ?�b #22M 2KTHQv2/ iQ �bbm`2 �M ?QKQ;2M2Qmb
#�+F;`QmM/X Ai Bb b?QrM i?�i- �b Bb BMimBiBp2- r?2M � ;QQ/ BMBiB�H p�Hm2 Bb +?Qb2M i?2 `2bmHi
T`2b2Mib H2bb �`i27�+ib �M/ i?2 BK�;2 Bb +H2�`2`c i?2`27Q`2- BM i?2 7QHHQrBM;- i?2 2t�+i
BMBiB�H p�Hm2 ?�b #22M mb2/X q?2M i?2 +Q``2+i #�+F;`QmM/ p2HQ+Biv p�Hm2 Bb mMFMQrM �
T�`�K2i`B+ bim/v Bb M2+2bb�`v iQ }M/ i?2 #2bi p�Hm2 Ub22 b2+iBQM eXjXRVX

�Hi?Qm;? i?2 BMp2`bBQM +�``B2/ Qmi mbBM; bi`�B;?i `�vb ;Bp2b � ;QQ/ `2bmHi- �b b?QrM BM
6B;m`2 jXRjU+V- i?2 �/QTiBQM Q7 T`QT�;�iBQM KQ/2Hb i?�i i�F2 BMiQ �++QmMi i?2 T?vbB+b
BKT`Qp2b i?2 iQKQ;`�T?v #Qi? BM `2bQHmiBQM �M/ BM �#bQHmi2 p�Hm2b Ub22 6B;m`2 jXR9VX AM
T�`iB+mH�`- /2bTBi2 i?2 2BFQM�H `�vb T`QpB/BM; BM � #2ii2` ;2QK2i`v- i?2 mb2 Q7 +m#B+ `�vb-
�b BM i?2 T`2pBQmb 2t�KTH2- b22Kb iQ #2 i?2 #2bi �TT`Q�+?X

aBKBH�`Hv iQ i?2 T`2pBQmb 2t�KTH2- i?2 aE b22K iQ ;Bp2 rQ`b2 `2bmHib i?�M i?2 `�vb 2p2M
i?Qm;? BM i?Bb +�b2 i?2 �`i27�+ib �`2 H2bb T`QMQmM+2/ �M/ KQ`2 +QKT�`�#H2 iQ i?2 �`i27�+ib
�TT2�`BM; BM i?2 `�v +�b2bX 6B;m`2 jXR8 T`2b2Mib irQ 2t�KTH2 Q7 iQKQ;`�T?B2b +�``B2/ Qmi
mbBM; aEc i?2 QMHv /Bz2`2M+2 #2ir22M i?2 irQ BK�;2b Bb i?�i iQ Q#i�BM i?2 b2+QM/ QM2 �
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ao.fJ�S +QKT�`BbQM

6B;m`2 jXRe b?Qrb � +QKT�`BbQM #2ir22M iQKQ;`�T?B2b +�``B2/ Qmi mbBM; i?2 ao. U}`bi
HBM2V �M/ i?2 J�S Ub2+QM/ HBM2V BMp2`bBQM K2i?Q/bX h?2 i?`22 BK�;2b BM 2�+? HBM2 /Bz2`
QMHv BM i?2 ;`B/ bBx2 mb2/ iQ /Bb+`2iBx2 i?2 KQ/2H, `2bT2+iBp2Hv- j KK- RX8 KK �M/ yXd8 KKX
h?2 ao. K2i?Q/ /Q2b MQi +QMbB/2` �Mv HBMF #2ir22M M2B;?#Q`BM; +2HHb bQ /2+`2�bBM; i?2
+2HH bBx2 +�mb2b i?2 �TT2�`�M+2 Q7 KmHiBTH2 bi`m+im`2b- r?B+? KBMBKBx2 i?2 `2bB/m�H 2``Q`
�Hi?Qm;? i?2v �`2 mM`2�HX h?2 bKQQi?BM; T�`�K2i2`b λ- mb2/ BM i?2 J�S K2i?Q/- K�F2
i?2 KQ/2H K2b? BM/2T2M/2Mi- i?2`27Q`2 /2+`2�bBM; i?2 ;`B/ bBx2 BM+`2�b2b i?2 `2bQHmiBQM Q7
i?2 BK�;2 rBi?Qmi BMi`Q/m+BM; �Mv 2ti`� �`i27�+iX h?2 bBx2 Q7 RX8 KK Bb T`272``2/ #2+�mb2
Bi ;Bp2b i?2 #2bi +QKT`QKBb2 #2ir22M � ;QQ/ `2bQHmiBQM �M/ � b?Q`i +QKTmi�iBQM iBK2X

jX9Xk .�i�@#�b2/ iQKQ;`�T?v

PM+2 i?2 bi�`iBM; p2HQ+Biv }2H/ ?�b #22M `2+Qp2`2/ 7`QK � KQ/2H@#�b2/ iQKQ;`�T?v Ub22
T`2pBQmb b2+iBQMV- i?2 p2HQ+Biv T2`im`#�iBQM T`2b2Mi2/ BM 6B;m`2 jXRkU#V +�M #2 Q#i�BM2/
mbBM; /�i�@#�b2/ iQKQ;`�T?vX q?2M i?2 p2HQ+Biv }2H/ Bb bi`QM;Hv BM?QKQ;2M2Qmb- �b
BM i?Bb +�b2- i?2 mb2 Q7 � T`QT�;�iBQM KQ/2H i?�i i�F2b Bi BMiQ �++QmMi i?2 #�+F;`QmM/
p2HQ+Biv }2H/ +�M BKT`Qp2 i?2 `2bmHi +QMbB/2`�#HvX �b b?QrM BM 6B;m`2 jXRd- rBi? bi`�B;?i
`�vb i?2 p�Hm2b �M/ i?2 bi`m+im`2 Q7 i?2 p2HQ+Biv +?�M;2b Bb r2HH `2+QMbi`m+i2/- #mi i?2
bBx2 Q7 i?2 #�M/ Bb Qp2`2biBK�i2/X h?2 mb2 Q7 +m#B+ Q` 2BFQM�H `�vb `2bmHib BM � M�``Qr2/
�M/ KQ`2 `2�HBbiB+ #�M/- T`2b2`pBM; � ;QQ/ 2biBK�iBQM Q7 i?2 T2`im`#�iBQM p�Hm2bX AM
T�`iB+mH�`- rBi? i?2 2BFQM�H `�vb i?2 #�M/ Bb bi`�B;?i- ?QKQ;2M2Qmb �M/ p2`v r2HH /2}M2/X
h?2 aE ;Bp2b bBKBH�` `2bmHib iQ i?2 bi`�B;?i `�vb BM i2`Kb Q7 i?B+FM2bb Q7 i?2 #�M/- #mi
i?2 p�Hm2b �`2 MQi �b r2HH `2+Qp2`2/ �M/ �M 2ti`� bi`m+im`2 Bb pBbB#H2 BMbB/2 i?2 #�M/X �b
7Q` i?2 KQ/2H@#�b2/ iQKQ;`�T?B2b- r?2M i?2 r2B;?iBM; Bb �TTHB2/ U6B;m`2 jXRd U2VV i?2
p�Hm2b �`2 KQ`2 `2�HBbiB+- #mi i?2 2/;2b +�M MQi #2 `2+QMbi`m+i2/X

6B;m`2 jXR3 T`2b2Mib i?2 MQ`K�HBb2/ `�v /2MbBiv +QKTmi2/ 7Q` +m#B+ �M/ 2BFQM�H `�vbX
AM #Qi? +�b2b i?2 `�vb �`2 +QM+2Mi`�i2/ BMbB/2 i?2 #�M/ 7Q` i?2 `2�bQM i?�i i?2 ?B;?2`
p2HQ+Biv K�F2b i?2 T�i?b i`�p2HHBM; BM i?2 #�M/ [mB+F2`X

jX8 *?2+F2`#Q�`/ �M�HvbBb

hQ bim/v i?2 bT�iB�H b2MbBiBpBiv Q7 i?2 /Bz2`2Mi T`QT�;�iBQM KQ/2Hb mb2/ BM i?2 BMp2`bBQM
� +?2+F2`#Q�`/ �M�HvbBb ?�b #22M T2`7Q`K2/X h?Bb �M�HvbBb +QMbBbib Q7 mbBM; i?2 2[m�iBQM

∆̂p = M−1M∆p UjXRV

iQ `2+Qp2` � p2HQ+Biv T2`im`#�iBQM }2H/ ∆p- r?B+? Bb +QMbi`m+i2/ �b � +?2+F2`#Q�`/ Q7 ?B;?
�M/ HQr p2HQ+Biv p�Hm2b- i2biBM; b2p2`�H ;`B/ bBx2b iQ 2tTHQ`2 i?2 K�tBKmK `2bQHmiBQM i?2
K2i?Q/b +�M �+?B2p2X h?2 K�i`Bt M +QMi�BMb i?2 /2T2M/2M+2 QM i?2 T`QT�;�iBQM KQ/2H
�M/ Bib BMp2`b2 M−1 Bb +�H+mH�i2/ mbBM; i?2 J�S K2i?Q/X
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U�V U#V U+V

6B;m`2 jXR3, ai`�B;?i `�v /2MbBiv- BX2X- +Q``2bTQM/BM; iQ �M ?QKQ;2M2Qmb p2HQ+Biv }2H/- U�V �M/
i?2 `�iBQ #2ir22M i?2 +m#B+ `�v /2MbBiv U#V �M/ i?2 2BFQM�H `�v /2MbBiv U+V +�H+mH�i2/ 7Q` i?2
bi�`iBM; p2HQ+Biv }2H/X

h?2 b2MbBiBpBiv Q7 i?2 BMp2`bBQM- #2vQM/ i?2 /2T2M/2M+2 QM i?2 T`QT�;�iBQM KQ/2H- /2@
T2M/b QM i?2 #�+F;`QmM/ p2HQ+Biv }2H/X q?2M i?2 #�+F;`QmM/ p2HQ+Biv Bb ?QKQ;2M2Qmb
i?2`2 rBHH MQi #2 �Mv /Bz2`2M+2 #2ir22M bi`�B;?i- +m#B+ �M/ 2BFQM�H `�vb- BM i?Bb +�b2 i?2
#2bi `2bQHmiBQM �+?B2p2/ Bb e KKc i?2 +Q``2bTQM/BM; `2bmHi Q7 i?2 +?2+F2`#Q�`/ �M�HvbBb
Bb T`2b2Mi2/ B7 6B;m`2 jXRNU�VX Ai +�M #2 b22M i?�i i?2 b2MbBiBpBiv Bb MQi ?QKQ;2M2Qmb
�M/ 7QHHQrb �TT`QtBK�i2Hv i?2 `�v /2MbBiv U6B;m`2 jXRRU�VVc i?2 p�Hm2b Q7 i?2 p2HQ+Biv
T2`im`#�iBQM �`2 �Hr�vb mM/2`2biBK�i2/- #mi �++2Ti�#H2X

6Q` i?2 +�b2 Q7 aE- irQ +?2+F2`#Q�`/ �M�Hvb2b �`2 T`2b2Mi2/ BM 6B;m`2 jXRNU#V- rBi?Qmi �M/
rBi? i?2 r2B;?iBM; QM i?2 2/;2X AM i?2 }`bi +�b2- i?2 +?�M;2b Q7 p2HQ+Biv �`2 +QM+2Mi`�i2/
QM i?2 #Q`/2`b Q7 i?2 b�KTH2 r?BH2 BM i?2 b2+QM/ +�b2 i?2v �`2 KQ`2 ?QKQ;2M2QmbX AM i?2
irQ +�b2b i?2 #2bi `2bQHmiBQM Bb 9 KK �M/ i?2 bi`m+im`2 Q7 i?2 `2bmHi�Mi iQKQ;`�T?v Bb
bBKBH�` U2t+2Ti �i i?2 2/;2bVX

q?2M i?2 bi�`iBM; p2HQ+Biv }2H/ Bb BM?QKQ;2M2Qmb- 2[m�iBQM UjXRV +�M MQi #2 mb2/ iQ +�``v
Qmi i?2 +?2+F2`#Q�`/ �M�HvbBb Q7 bi`�B;?i `�vb �M/ �M�HviB+�H aE bBM+2 i?2 �TT`QtBK�iBQM
Q7 i?2 iBK2 /2H�v ∆i ;Bp2M #v M∆p Bb MQi `2�HBbiB+X 6B;m`2 jXky b?Qrb i?2 +?2+F2`#Q�`/
�M�HvbBb T2`7Q`K2/ mbBM; +m#B+ �M/ 2BFQM�H `�vb 7Q` �M BM?QKQ;2M2Qmb p2HQ+Biv }2H/X h?Bb
};m`2 T`2b2Mib- BM i?2 }`bi +QHmKM- i?2 BMBiB�H p2HQ+Biv }2H/- BM i?2 b2+QM/ +QHmKM- i?2
+?2+F2`#Q�`/ p2HQ+Biv T2`im`#�iBQM }2H/- r?B+? ?�b � ;`B/ bBx2 Q7 e KK BM #Qi? +�b2b-
�M/- BM i?2 H�bi +QHmKM- i?2 `2bmHi�Mi iQKQ;`�T?B2bX h?2 bi`m+im`2 Q7 i?2 }M�H BK�;2b Bb
bBKBH�` iQ i?2 QM2 Q#i�BM2/ mbBM; bi`�B;?i `�vb UBM � ?QKQ;2M2Qmb }2H/V- #mi i?2 BK�;2b
�`2 /2;`�/2/- i?Bb BKTHB2b i?�i- r?2M i?2 #�+F;`QmM/ p2HQ+Biv Bb BM?QKQ;2M2Qmb- i?2
b2MbBiBpBiv Bb `2/m+2/X
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U#V

6B;m`2 jXky, ai�`iBM; p2HQ+Biv }2H/- +?2+F2`#Q�`/ p2HQ+Biv T2`im`#�iBQM K�T �M/ BMp2`bBQM `2+QM@
bi`m+iBQM Q#i�BM2/ mbBM; +m#B+ `�vb U�V �M/ 2BFQM�H `�vb U#VX *QHQm`#�`b Q7 p2HQ+Biv T2`im`#�iBQMb
�`2 MQi T`2b2Mi2/ bBM+2 i?2 �#bQHmi2 p�Hm2b �`2 B``2H2p�MiX

h?2 b2+QM/ T�`i Q7 i?2 +?�Ti2` T`2b2Mi2/ i?2 �M�HvbBb Q7 �M BMBiB�HHv ?QKQ;2M2Qmb b�KTH2
7Q` r?�i i?2 b�KTH2 r�b �bbmK2/ iQ#2 M�im`�HHv ?QKQ;2M2Qmb T2`im`#2/ #v �M BM+HBM2/
#�M/ Q7 /2+`2�bBM; T`QT�;�iBQM p2HQ+BivX h?2 �BK Q7 i?Bb bim/v r�b iQ `2T`Q/m+2 i?2
#2?�pBQ` Q7 � `Q+F b�KTH2 i2bi2/ BM i`B�tB�H +QM/BiBQMb U+?�Ti2` 8V Q` BM TH�BM bi`�BM +QK@
T`2bbBQM U+?�Ti2` dVX 7Q` r?B+? i?2 b�KTH2 r�b �bbmK2/ iQ #2 BMBiB�HHv ?QKQ;2M2QmbX
JQ/2H@#�b2/ �M/ /�i�@#�b2/ iQKQ;`�T?B2b ?�p2 #22M +�``B2/ Qmi iQ `2T`Q/m+2 i?2 2pQ@
HmiBQM Q7 i?2 p2HQ+Biv }2H/ 7Q` i?2b2 bvMi?2iB+ i2bibX h?2 `2bmHib bm;;2bi i?�i /�i�@#�b2/
iQKQ;`�T?B2b T`Q/m+2 BK�;2b Q7 ?B;?2` [m�HBiv- #Qi? BM i2`Kb Q7 �#bQHmi2 p�Hm2b �M/ �`i2@
7�+ib- 2t+2Ti 7Q` i?2 aE r?B+? ;2M2`�i2 bi`QM;2` �`i27�+ibX h?2 T`QT�;�iBQM KQ/2Hb i?�i
+QMbB/2` i?2 T?vbB+b Q7 i?2 r�p2 T`QT�;�iBQM �`2 2tT2+i2/ iQ ;Bp2 BM ;2M2`�H #2ii2` `2bmHibc
i?Bb Bb i?2 +�b2 7Q` i?2 +m#B+ `�vb �M/ i?2 MmK2`B+�H aE- #mi MQi 7Q` i?2 2BFQM�H `�vbX �
TQbbB#H2 2tTH�M�iBQM 7Q` i?Bb mM2tT2+i2/ `2bmHi Bb i?2 bi`m+im`2 Q7 i?2 ?2i2`Q;2M2Biv- r?B+?
Bb +?�`�+i2`Bx2/ #v � bi`QM; /Bb+QMiBMmBiv �M/ i?2 `�v i`�+BM; +�M QMHv �++QmMi 7Q` bKQQi?
p�`B�iBQMbX
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q?2M i?2 bi�`iBM; p2HQ+Biv KQ/2H Bb BM?QKQ;2M2Qmb U�b BM i?2 +�b2 /Bb+mbb2/ BM +?�Ti2`
eV Bi Bb M2+2bb�`v iQ }`bi T2`7Q`K � KQ/2H@#�b2/ iQKQ;`�T?v iQ 2biBK�i2 i?2 #�+F;`QmM/
p2HQ+Biv }2H/ #27Q`2 i?2 bm#b2[m2Mi p2HQ+Biv T2`im`#�iBQMb +�M #2 2p�Hm�i2/ i?`Qm;? /�i�@
#�b2/ iQKQ;`�T?B2bX h?2 +�b2 bim/v T`2b2Mi2/ BM i?Bb +?�Ti2` +QMbB/2`b �M ?QKQ;2M2Qmb
KQ/2H +`Qbb2/ #v �M BM+HBM2/ H�v2` Q7 ?B;?2` p2HQ+BivX h?2 }2H/b ?�p2 #22M bKQQi?2/
iQ �pQB/ i?2 T`Q#H2K BM i?2 BMp2`bBQM /m2 iQ bi`QM; /Bb+QMiBMmBiB2b- r?B+? +�M MQi #2
`2T`Q/m+2/X AM i?2 BMp2`bBQM i?2 KQ/2H@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; `�vb �HH ;Bp2
;QQ/ `2bmHib- �M/ �M BKT`Qp2K2Mi Bb pBbB#H2 r?2M +m#B+ �M/ 2BFQM�H `�vb �`2 2KTHQv2/X
*QMp2`b2Hv i?2 aE 7�BH BM i?2 2biBK�iBQM Q7 i?2 BMi2`M�H p�Hm2 Q7 i?2 H�v2`X �MQi?2` �bT2+i-
?B;?HB;?i2/ BM i?2 T`2b2Mi�iBQM Q7 i?2 KQ/2H@#�b2/ iQKQ;`�T?v- Bb i?2 BKTQ`i�M+2 Q7 i?2
bi�`iBM; p2HQ+Biv p�Hm2 BM i?2 /2i2`KBM�iBQM Q7 � ;QQ/ `2bmHiX h?Bb Kmbi #2 2p�Hm�i2/ iQ #2
�b +HQb2 �b TQbbB#H2 iQ i?2 `2�H QM2- Qi?2`rBb2 i?2 �`i27�+ib rBHH #2 KQ`2 bB;MB}+�MiX .�i�@
#�b2/ iQKQ;`�T?B2b b?Qr i?�i- BM i?2 T`2b2M+2 Q7 bi`QM; ?2i2`Q;2M2BiB2b- i?2 T`QT�;�iBQM
KQ/2Hb i?�i /Q MQi i�F2 BMiQ �++QmMi i?2 p2HQ+Biv }2H/- BX2X- bi`�B;?i `�vb �M/ �M�HviB+�H
aE- �`2 MQi �#H2 iQ `2+QMbi`m+i T`QT2`Hv i?2 ;2QK2i`v Q7 i?2 T2`im`#�iBQM- BM T�`iB+mH�`
i?2 i?B+FM2bb Q7 i?2 #�M/X *m#B+ �M/ 2BFQM�H `�vb T`QpB/2 � p2`v �++m`�i2 `2T`2b2Mi�iBQM
Q7 i?2 p2HQ+Biv T2`im`#�iBQM }2H/X JQ`2Qp2`- Bi Bb b?QrM i?�i mbBM; � r2B;?iBM; QM i?2
2/;2b Q7 aE BKT`Qp2b i?2 `2bmHi- �i H2�bi BM i2`Kb Q7 i?2 �#bQHmi2 p2HQ+Biv p�Hm2- �Hi?Qm;?
i?2 #Q`/2` Q7 i?2 KQ/2H +�M MQi #2 `2+QMbi`m+i2/X

h?2 irQ BMp2`bBQM K2i?Q/b- J�S �M/ ao.- T`2b2Mi2/ BM +?�Ti2` k ?�p2 #22M +QKT�`2/X
.2bTBi2 i?2 }`bi K2i?Q/ `2[mB`BM; i?2 +?QB+2 Q7 i?`22 T�`�K2i2`b- �b QTTQb2/ iQ i?2 ao.
i?�i M22/b QMHv QM2 T�`�K2i2`- i?2 J�S �TT`Q�+? Bb T`272``2/ #2+�mb2 Bi K�F2b i?2
T`Q+2bb K2b? BM/2T2M/2Mi �M/ T`QpB/2b � H�`;2` +QMi`QH iQ i?2 mb2`

h?2 bvMi?2iB+ i2bib ?�p2 �HbQ �HHQr2/ i?2 #2bi BMp2`bBQM T�`�K2i2`b UMmK#2` Q7 Bi2`�@
iBQMb- /�KTBM; �M/ +Q``2H�iBQM H2M;i?bV iQ #2 /2i2`KBM�i2/X h?2 +`Bi2`BQM Q7 K�tBKmK
+m`p�im`2 ?�b #22M �TTHB2/ iQ +?QQb2 i?2 #2bi MmK#2` Q7 Bi2`�iBQMb BM i?2 KQ/2H@#�b2/
iQKQ;`�T?v T`Q+2bbX h?2 i2bib QM i?2 bvMi?2iB+ /�i� b?Qr i?Bb iQ #2 � ;QQ/ �TT`Q�+?-
�b Bi B/2MiB}2b i?2 #2bi i`�/2@Qz #2ir22M +QKTmi�iBQM iBK� �M/ KQ/2H `2bQHmiBQMX h?2
b�K2 +`Bi2`BQM +�M #2 2KTHQv2/ iQ /2i2`KBM2 i?2 bmBi�#H2 ε /�KTBM; T�`�K2i2`- #mi �
#2ii2` p�Hm2 +�M #2 mb�HHv /2}M2/ #v pBbm�H +?2+F #v i?2 mb2`X � T�`�K2i`B+ bim/v ?�b
#22M +�``B2/ Qmi iQ /2}M2 i?2 +Q``2H�iBQM H2M;i?b UλV �M/ i?2 ;`B/ bBx2 7Q` i?2 KQ/2HX h?2
#2bi T�`�K2i2`b 7`QK i?2b2 i2bib �`2 mb2/ BM KQbi Q7 i?2 bm#b2[m2Mi �M�Hvb2b- #Qi? BM i?Bb
+?�Ti2` �M/ BM i?2 �TTHB+�iBQMb Q7 S�`i AA Q7 i?Bb i?2bBb- #mi i?2v +�M p�`v /2T2M/BM; QM
i?2 bT2+B}+ T`Q#H2KX

AM +QM+HmbBQM- Bi +�M #2 bi�i2/ i?�i i?2 BMp2`bBQM T`Q+2/m`2 T`2b2Mi2/ BM +?�Ti2` k Bb
�#H2 iQ `2T`Q/m+2 i?2 T`QT�;�iBQM p2HQ+Biv }2H/ bi�`iBM; 7`QK i?2 K2�bm`2/ �``Bp�H iBK2b
�M/ iQ 2biBK�i2 p2HQ+Biv T2`im`#�iBQMb- 2p2M i?Qm;? i?2 `2+Qp2`2/ p�Hm2b �`2 ;2M2`�HHv
mM/2`2biBK�i2/X h?2 `2bQHmiBQM �+?B2p2/ /2T2M/b QM i?2 T`QT�;�iBQM KQ/2H mb2/ �M/ QM
i?2 BMBiB�H p2HQ+Biv }2H/- �b b?QrM #v i?2 +?2+F2`#Q�`/ �M�HvbBbX �Hi?Qm;? i?2 bvMi?2iB+
i2bib b22K iQ BM72` i?�i `�v i?2Q`v ?�b iQ #2 T`272``2/- �M/ i?2`27Q`2 Bb mb2/ BM i?2 K�DQ`Biv
Q7 i?2 �TTHB+�iBQMb Q7 S�`i AA Q7 i?2 i?2bBb- BM bQK2 +�b2b aE +�M H2�/ iQ T`272`�#H2 `2bmHibX
h?Bb Bb i?2 +�b2 7Q` i?2 2t�KTH2 T`2b2Mi2/ BM +?�Ti2` d- r?B+? ?�b #22M �M�Hvb2/ mbBM;
�HH �p�BH�#H2 T`QT�;�iBQM KQ/2Hb �M/ i?2 #2bi iQKQ;`�T?B2b ?�p2 #22M Q#i�BM2/ mbBM;
aEX h?Bb `2bmHi Bb T`Q#�#Hv /m2 iQ i?2 r2B;?iBM; QM i?2 2/;2b- i?�i b22Kb iQ rQ`F #2ii2`

ek
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7Q` i?�i T�`iB+mH�` bi`m+im`2 Q7 i?2 p2HQ+Biv T2`im`#�iBQM- r?B+? Bb bm#p2`iB+�HX Ai rBHH #2
BMi2`2biBM; iQ i2bi bm+? � r2B;?iBM; QM i?2 2/;2b 7Q` i?2 `�vbc i?Bb ?�b MQi v2i #22M +�``B2/
Qmi /m2 iQ iBK2 +QMbi`�BMbX

ej





S�`i AA

�TTHB+�iBQMb
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*?�Ti2` 9

*QKTH2K2Mi�`v 7mHH }2H/
K2�bm`2K2Mib 7Q` 2tT2`BK2Mi�H
;2QK2+?�MB+b

9XR AMi`Q/m+iBQM

h?Bb +?�Ti2` T`2b2Mib i?2 +QKTH2K2Mi�`v 7mHH }2H/ K2�bm`2K2Mi i2+?MB[m2b i?�i ?�p2
#22M mb2/ BM i?2 i?2 2tT2`BK2Mi�H �M�HvbBb T`2b2Mi2/ BM i?2 7QHHQrBM; +?�Ti2`bX h?Bb
i?2bBb ?�b 7Q+mb2/ QM i?2 BKTH2K2Mi�iBQM �M/ /2p2HQTK2Mi Q7 mHi`�bQMB+ iQKQ;`�T?v �b
� i2+?MB[m2 iQ bim/v i?2 2pQHmiBQM Q7 ?2i2`Q;2M2Qmb /27Q`K�iBQM �M/ /�K�;2 �M/ i?2
�TT`Q�+? ?�b #22M 7mHHv /2b+`B#2/ BM T�`i AX .A* �M/ s@`�v iQKQ;`�T?v ?�p2 #22M mb2/
�b �//BiBQM�H +QKTH2K2Mi�`v iQQHb BM i?2 2tT2`BK2Mib �M/ bQ- 7Q` +QKTH2i2M2bb- � #`B27
T`2b2Mi�iBQM Q7 i?2b2 i2+?MB[m2b Bb T`QpB/2/ BM i?2 7QHHQrBM;X

9Xk s@_�v hQKQ;`�T?v

s@`�v +QKTmi2/ iQKQ;`�T?v U*hV Bb � MQM@/2bi`m+iBp2 i2+?MB[m2 i?�i �HHQrb pBbm�HBx�@
iBQM �M/ +?�`�+i2`Bx�iBQM Q7 � b+�MM2/ Q#D2+i BM i?`22 /BK2MbBQM�H bT�+2X h?2 #�bBb Q7
i?Bb i2+?MB[m2 Bb i?�i �M s@`�v Q7 � ;Bp2M BMi2MbBiv- T�bbBM; i?`Qm;? �M Q#D2+i- rBHH #2
�ii2Mm�i2/ #v i?2 K�i2`B�Hb +QKTQbBM; i?2 Q#D2+iX h?Bb �ii2Mm�iBQM +�M #2 mb2/ iQ K�T
i?2 BMi2`M�H bi`m+im`2 Q7 Q#D2+ibX

h`�MbKBbbBQM iQKQ;`�T?v Bb i?2 KQbi +QKKQM �M/ bBKTH2bi s@`�v iQKQ;`�T?v i2+?MB[m2
�M/ +QMbBbib BM K2�bm`BM; i?2 s@`�v �ii2Mm�iBQM #v `2+Q`/BM; i`�MbKBbbBQM i?`Qm;? i?2
b�KTH2 Q7 BMi2`2bi U`�/BQ;`�T?vV Qp2` � `�M;2 Q7 +QM+2Mi`B+ `Qi�iBQM Q7 i?2 i?2 Q#D2+iX
J�i?2K�iB+�H ô`2+QMbi`m+iBQMô Q7 i?2 `�/BQ;`�T?B2b T`QpB/2b i?2 bT�iB�H /Bbi`B#miBQM Q7
i?2 HBM2�` �ii2Mm�iBQM +Q2{+B2Mi µ BM i?2 Q#D2+iX h?2 �ii2Mm�iBQM Bb /m2 iQ � MmK#2` Q7
T?vbB+�H BMi2`�+iBQMb,

� +QKTiQM /Bz`�+iBQMc
� T?QiQ2H2+i`B+ �#bQ`TiBQMc

ed
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� _�vH2B;? /Bz`�+iBQMc
� T�B` T`Q/m+iBQMc
� T?QiQ/BbBMi2;`�iBQMX

PMHv i?2 }`bi i?`22 T`Q+2bb2b Q++m` BM i?2 2M2`;v BMi2`p�H mb2/ BM *h �M/ K�BMHv i?2
T?QiQ2H2+i`B+ �#bQ`TiBQM U7Q` 1M2`;v I RyyF2oV �M/ *QKTiQM /Bz`�+iBQM U7Q` 1M2`;v =
RyyF2oVX h?mb i?2 �ii2Mm�iBQM +Q2{+B2Mi +�M #2 ;Bp2M �b

µ = ρ

[
a
Zm

EnA︸ ︷︷ ︸
S?QiQ2H2+i`B+

�#bQ`TiBQM

+ b
Z

A

]

︸︷︷︸
*QKTiQM

b+�iii2`BM;

, U9XRV

r?2`2 E Bb i?2 s@`�v 2M2`;v- ρ Bb i?2 K�bb /2MbBiv- Z Bb i?2 �iQKB+ MmK#2`- A Bb i?2
�iQKB+ r2B;?i �M/ m,n, a �M/ b �`2 +QMbi�MibX

Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i µ Bb 7mM+iBQM Q7 i?2 K�bb /2MbBiv ρ �b r2HH �b Q7 i?2 �iQKB+
MmK#2` Z bQ Bi Bb TQbbB#H2 iQ +QKT�`2 BM /2MbBiv irQ /Bz2`2Mi xQM2b BM i?2 Q#D2+i QMHv B7
i?2 �iQKB+ MmK#2` Bb +QMbi�Mi �M/ KQ`2Qp2` � +?�M;2 Q7 i?2 �iQKB+ MmK#2` +�M +�M+2H
i?2 /Bz2`2M+2 BM /2MbBiv #2ir22M irQ xQM2bX >Qr2p2`- B7 i?2 2M2`;v Bb KQ`2 i?�i Ryy F2o
*QKTiQM b+�ii2`BM; Bb T`2/QKBM�Mi �M/ µ rBHH /2T2M/ KQbiHv QM i?2 K�bb /2MbBiv- #mi
i?2 +QMi`�bi rBi?BM i?2 BK�;2 rBHH #2 HQr2`X

AM i?2 7QHHQrBM;- i?2 /�i� �+[mBbBiBQM �M/ �M�HvbBb �`2 /2b+`B#2/ #`Q�/HvX JQbi Q7 i?2
i`2�iK2Mi T`2b2Mi2/ Bb i�F2M 7`QK G2MQB`öb MQi2b UG2MQB`- kyy3Vc 7Q` KQ`2 /2i�BHb b22
"�`m+?2H 2i �HX UkyyyVc .2b`m2b 2i �HX UkyyeVc E2i+?�K �M/ *�`HbQM UkyyRVc J22b 2i �HX
UkyyjVc Pi�MB �M/ P#�`� Ukyy9Vc aH�M2v �M/ E�F URN33VX

9XkXR .�i� �+[mBbBiBQM @ a+�MM2`

�M s@_�v b+�MM2` Bb +QKTQb2/ Q7 � bQm`+2- � /2i2+iQ` �M/ � bvbi2K 7Q` i?2 KmHiB@�M;H2
K2�bm`2K2Mibc i?2 [m�HBiv Q7 i?2 �+[mB`2/ /�i� /2T2M/b QM K�Mv 7�+iQ`b- #`B2~v /2b+`B#2/
#2HQrX

h?2`2 �`2 i?`22 /Bz2`2Mi ivT2b Q7 b+�MM2` 7Q` s@`�v *h, K2/B+�H b+�MM2`b- BM/mbi`B�HfH�#Q@
`�iQ`v b+�MM2`b �M/ bvM+?`Qi`QMX h?2 /Bz2`2M+2 #2ir22M i?2 }`bi irQ �M/ i?2 bvM+?`Qi`QM
Bb i?2 T?vbB+�H r�v Q7 s@`�vb T`Q/m+iBQM �M/ i?2 /Bz2`2Mi +?�`�+i2`BbiB+b Q7 i?2 `2bmHi�Mi
s@`�v #2�KX

h?2 +?�`�+i2`BbiB+b Q7 �M s@`�v #2�K �`2 i?2 2M2`;v- r?B+? /2i2`KBM2b i?2 +�T�+Biv Q7
i?2 s@`�vb iQ ;Q i?`Qm;? K�ii2`- i?2 BMi2MbBiv UT?QiQM ~mtV- i?2 +QMp2`;2M+2 �M/ i?2
bBx2X h?2 H�bi i?`22 +QM+m` iQ i?2 /2i2`KBM�iBQM Q7 ó#`BHHB�M+2ôX � ?B;? #`BHHB�M+2 T2`KBib
7Q+mbBM; QM p2`v bK�HH b�KTH2b- iQ ?�p2 � KQMQ+?`QK�iB+ #2�K �M/ � p2`v b?Q`i b+�MMBM;
iBK2X :2M2`�HHv QMHv i?2 bvM+?`Qi`QM T`QpB/2b � ?B;? #`BHHB�M+2 �M/ � KQMQ+?`QK�iB+
#2�KX h�#H2 9XR b?Qrb bQK2 +?�`�+i2`BbiB+b 7Q` i?2 /Bz2`2Mi ivT2b Q7 b+�MM2`bX 6Q`
i?2 Tm`TQb2 Q7 i?Bb bim/v- i?2 KQbi bmBi�#H2 b+�MM2` Bb i?2 BM/mbi`B�HfH�#Q`�iQ`v QM2 �b-
/2bTBi2 `2[mB`2b HQM;2` b+�MMBM; iBK2b- Bi T`QpB/2b � ?B;?2` `2bQHmiBQM rBi? `2bT2+i iQ
K2/B+�H b+�MM2`b �M/ Bi �HHQrb iQ b+�M b�KTH2b Q7 � 72r +2MiBK2i`2b BM bBx2X

e3
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6B;m`2 9XR, s@`�v *h b+�MM2` �i G�#Q`�iQB`2 ja@_

h?2 s@`�v �+[mBbBiBQM BM i?Bb rQ`F ?�b #22M T2`7Q`K2/ BM i?2 s@`�v *h b+�MM2` �i G�#@
Q`�iQB`2 ja@_ Ub22 h�#H2 9Xk- 6B;m`2 9XR �M/ 6B;m`2 9XkVX h?Bb Bb � KmHiB@b+�H2 b+�MM2`
r?2`2 i?2 KmHiB@b+�H2 7mM+iBQM Bb �+?B2p2/ #v � +QMB+ #2�K �M/ �/DmbiK2Mi Q7 i?2 /Bbi�M+2
#2ir22M i?2 ;2M2`�iQ` �M/ i?2 bT2+BK2M �M/ +?�M;BM; i?2 bTQi bBx2 U7`QK 8µK iQ 8yµKVX
h?2 KBMBKmK bTQi bBx2- r?B+? Kmbi #2 bK�HH2` i?2M i?2 bK�HH2bi /2bB`2/ `2bQHp2/ �`2�-
/2T2M/b QM i?2 TQr2` bmTTHB2/ iQ i?2 bQm`+2X 6Q` i?Bb b+�MM2` i?2 bT�iB�H `2bQHmiBQM p�`B2b
7`QK 8 µK3 7Q` � b�KTH2 /B�K2i2` Q7 9 KK iQ kky µK3 7Q` � b�KTH2 /B�K2i2` Q7 kRy KKX
h?Bb b+�MM2` Bb �HbQ KmHiB�2M2`;v rBi? �M 2t+Bi�iBQM pQHi�;2 7`QK 9yFo iQ R8yFo BX2X-
�#Qmi R8 iQ ey F2oX AM h�#H2 9Xk i?2 s@`�v ;2M2`�iQ` +?�`�+i2`BbiB+b �`2 bmKK�`Bb2/X h?2
�+[mBbBiBQM �M/ +QMi`QH Bb +�``B2/ Qmi #v i?2 bQ7ir�`2 _s@�+i /2p2HQT2/ #v _s@bQHmiBQMbÜX

9XkXk .�i� �M�HvbBb @ _2+QMbi`m+iBQM

h?2 b2i Q7 BK�;2b U`�/BQ;`�T?B2bV �+[mB`2/ #v i?2 b+�MM2` �i /Bz2`2Mi �M;H2b ?�b iQ #2
T`Q+2bb2/ iQ `2+QMbi`m+i bHB+2b i?�i �`2 k. BK�;2b Q7 i?2 �ii2Mm�iBQM �i 2�+? ?2B;?i BM
i?2 b�KTH2X h?2 bQ7ir�`2 mb2/ 7Q` i?Bb rQ`F Bb .B;B*h- /2p2HQT2/ #v .B;Bb2MbÜX

h?2 #�bB+ +QM+2Ti Q7 i?2 `2+QMbi`m+iBQM �M�HvbBb Bb b+?2K�iBb2/ BM 6B;m`2 9XjX S2`7Q`KBM;
i?2 b�K2 T`Q+2/m`2 7Q` � ;`2�i MmK#2` Q7 BK�;2b- +Q``2bTQM/BM; iQ bK�HH `Qi�iBQM- Bi Bb
TQbbB#H2 iQ `2+QMbi`m+i i?2 bHB+2b BM /2i�BHX h?2 `2+QMbi`m+i2/ bHB+2b �`2- bm#b2[m2MiHv-
�M�Hvb2/ #v BK�;2 T`Q+2bbBM; bQ7ir�`2 U2X;X- AK�;2 CV- 7Q` 2t�KTH2- TmiiBM; �HH i?2 k.
bHB+2b iQ;2i?2` T`QpB/2b � j. `2T`2b2Mi�iBQM Q7 i?2 Q#D2+iX

eN
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hvT2 Q7 b+�MM2` J2/B+�H AM/mbi`B�H avM+?`QiQM

s@`�v bQm`+2 s@`�v im#2 S�`iB+H2 �++2H�`�iQ`

:2QK2i`v #2�K 6�M Q` +QM2 #2�K S�`�HH2H #2�K

_2bQHmiBQM Ryy@8yy µm Ry@Ryy µm yXR@Ry µm

P#D2+i bBx2 /K +K KK

a+�MMBM; iBK2 a2+QM/b iQ KBM JBM iQ ?Qm`b a2+QM/b iQ KBM

h�#H2 9XR, *?�`�+i2`BbiB+b Q7 /Bz2`2Mi ivT2b Q7 s@`�v b+�MM2`b Ui�F2M 7`QK G2MQB`öbö MQi2b
G2MQB`- kyy3V

hvT2 JB+`Q7Q+mb 2M+HQb2/ im#2

hm#2 pQHi�;2 �/Dmbi�#H2 `�M;2 9yFo iQ R8yFo

�MQ/2 +m``2Mi �/Dmbi�#H2 `�M;2 y�� iQ 8yy��

J�tBKmK TQr2` d8q

6Q+�H bTQi bBx2

aK�HH bTQi KQ/2 d�K URyqV Q` 8�K U9qV

J2/BmK bTQi KQ/2 ky�K UjyqV

G�`;2 bTQi KQ/2 8y�K Ud8qV

"2�K QT2M �M;H2 9jê

SQbBiBQM Q7 i?2 7Q+�H TQBMi RdKK #2?BM/ i?2 QmiTmi rBM/Qr

PmiTmi rBM/Qr K�i2`B�H "2`vHHBmK Ukyy�K i?B+FV

h�#H2 9Xk, *?�`�+i2`BbiB+b Q7 s@`�v b+�MM2` �i G�#Q`�iQB`2 ja@_ U:`2MQ#H2V

dy
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6B;m`2 9Xk, BMbB/2 Q7 s@`�v *h b+�MM2`öb +�#BMö �i G�#Q`�iQB`2 ja@_

6B;m`2 9Xj, #�bB+ +QM+2Ti Q7 i?2 s@`�v `2+QMbi`m+iBQM �M�HvbBb Ui�F2M 7`QK G2MQB`öbö MQi2b
G2MQB`- kyy3V

9Xj .B;Bi�H AK�;2 *Q``2H�iBQM U.A*V

h?2 Tm`TQb2 Q7 .B;Bi�H AK�;2 *Q``2H�iBQM U.A*V Bb iQ K2�bm`2 i?2 /BbTH�+2K2Mi }2H/b-
�M/ 2p2Mim�HHv /BbiQ`iBQM �M/ /27Q`K�iBQM }2H/b- #2ir22M T�B`b Q7 BK�;2bX h?Bb Q#D2+iBp2
Bb �+?B2p2/ i?`Qm;? � bQ7ir�`2 i?�i i`�+Fb �miQK�iB+�HHv `2;BQMb i?`Qm;? � b2`B2b Q7 /B;Bi�H
BK�;2bX � MmK#2` Q7 T�T2`b ?�p2 #22M Tm#HBb?2/ QM i?2 bm#D2+i- b22 >�HH UkyRkV 7Q` �M
Qp2`pB2r �M/ `272`2M+2bX .m`BM; i?Bb rQ`F #Qi? k.@.A* �M/ j.@pQHmK2 .A* ?�p2 #22M
+�``B2/ QmiX h?2 H�ii2` ?�p2 #22M �TTHB2/ iQ s@`�v iQKQ;`�T?B2b T2`7Q`K2/ T`2 �M/ TQbi
KQ`i2K- BX2X- #27Q`2 �M/ �7i2` i?2 K2+?�MB+�H i2bibX

AM i?Bb rQ`F k.�.A* Bb �TTHB2/ iQ /B;Bi�H T?QiQ;`�T?b Q7 � bB/2 Q7 � i2bi b�KTH2 i�F2M

dR
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/m`BM; HQ�/BM;c Bi Bb Q#pBQmb- i?2`27Q`2- i?�i i?2 b�KTH2 Kmbi #2 pBbB#H2X 6m`i?2`KQ`2-
BM i?2 bBKTH2bi +�b2 Q7 TB+im`2b i�F2M #v QMHv QM2 +�K2`�- QMHv TH�M�` /BbTH�+2K2Mib
+�M #2 2p�Hm�i2/- r?BHbi Qmi Q7 TH�M2 /27Q`K�iBQM +�M +�mb2 mM`2�HBbiB+ 72�im`2b BM i?2
+Q``2H�iBQM `2bmHibX hQ �pQB/ i?Bb T`Q#H2K CX .2b`m2b /2p2HQT2/ UBM :`2MQ#H2V � ó#B�tB�Hô
�TT�`�imb- BM r?B+? i?2 b�KTH2 Bb HQ�/2/ BM TH�M2 bi`�BM +QM/BiBQMb- r?B+? �`2 ;m�`�Mi22/
#v irQ p2`v i?B+F ;H�bb TH�i2Mbc i?2b2 TH�i2Mb �HbQ �HHQr iQ i�F2 TB+im`2b Q7 i?2 bm`7�+2
Q7 i?2 b�KTH2 /m`BM; i?2 i2biX JQ`2Qp2`- T�`iB+mH�` �ii2MiBQM Kmbi T�B/ iQ TH�+2 i?2
+�K2`� T2`T2M/B+mH�` iQ i?2 b�KTH2öb bm`7�+2X Ai Bb BKTQ`i�Mi iQ bi`2bb i?�i .A* T`QpB/2b
/BbTH�+2K2Mib #2ir22M irQ BK�;2b- i?2`27Q`2 i?2 `2bmHi�Mi K�T rBHH #2 �M BM+`2K2Mi�H
}2H/ Q7 i?2 p�`B�#H2 Q7 BMi2`2bi U/BbTH�+2K2Mi Q` bi`�BMVX h?2 .A* T`2b2Mi2/ BM i?Bb rQ`F
�`2 Q#i�BM2/ mbBM; i?2 +Q/2 S?QiQq�`T- /2p2HQT2/ #v aX�X >�HHX

h?2 ;2M2`�H T`Q+2/m`2 7Q` bi`�BM �M�HvbBb �/QTi2/ #v KQbi Q7 .A* +Q/2b- �M/ BM T�`iB+mH�`
#v S?QiQq�`T +�M #2 bmKK�`Bb2/ BM i?2 7QHHQrBM; bi2Tb,

RX /2}MBiBQM Q7 MQ/2b /Bbi`B#mi2/ Qp2` i?2 }`bi BK�;2c

kX /2}MBiBQM Q7 � `2;BQM +2Mi`2/ QM 2�+? MQ/2 Ui?2 +Q``2H�iBQM rBM/QrVc

jX +�H+mH�iBQM Q7 � +Q``2H�iBQM +Q2{+B2Mi 7Q` �HH k. /BbTH�+2K2Mib Q7 i?2 +Q``2H�iBQM
rBM/Qr rBi?BM �M �`2� Ui?2 b2�`+? rBM/QrV �`QmM/ i?2 i�`;2i MQ/2 BM i?2 b2+QM/
BK�;2c

9X /2}MBiBQM Q7 i?2 /Bb+`2i2 /BbTH�+2K2Mi UBMi2;2` MmK#2` Q7 TBt2HbV- ;Bp2M #v i?2 /Bb@
TH�+2K2Mi rBi? i?2 #2bi +Q``2H�iBQMc

8X bm#@TBt2H `2}M2K2Mi U#2+�mb2 i?2 /BbTH�+2K2Mib �`2 `�`2Hv BMi2;2` MmK#2`b Q7 TBt@
2HbVc

eX +�H+mH�iBQM Q7 i?2 bi`�BMb #�b2/ QM i?2 /2`Bp2/ /BbTH�+2K2Mib �M/ � +QMiBMmmK �b@
bmKTiBQMX

h?2 T�`�K2i2`b BMpQHp2/ BM T`Q+2bb bm+? �b i?2 MQ/2 /Bbi`B#miBQM- +Q``2H�iBQM rBM/Qr bBx2
�M/ b2�`+? rBM/Qr bBx2 �`2 +�b2 /2T2M/2Mi �M/ Kmbi #2 QTiBKBx2/ 2�+? iBK2 #v i2biBM;
b2p2`�H p�Hm2b �M/ �M�HvbBM; i?2 `2bmHibX 6Q` 7m`i?2` /2i�BHb b22 >�HH 2i �HX UkyRy#V �M/
>�HH UkyRkVX

h?2 .A* T`Q+2/m`2 /Q2b MQi `2[mB`2 TH�+2K2Mi Q7 bT2+B}+ K�`F2`b QM i?2 T?QiQ;`�T?2/
bm`7�+2 �Hi?Qm;? � +H2�` 7�#`B+ Q` i2tim`2 Kmbi #2 pBbB#H2 �+`Qbb i?2 b�KTH2X h?2 bT2+BK2Mb
i2bi2/ /m`BM; i?Bb rQ`F ?�p2 #22M T`2T�`2/ iQ Q#i�BM � bKQQi? r?Bi2 TH�M�` bm`7�+2 QM
iQT Q7 r?B+? }M2 #H�+F bT2+FH2b ?�p2 #22M T�BMi2/X AM � }`bi bi�;2- bT2+FH2b r2`2 Q#i�BM2/
mbBM; � +QKKQM bT`�v Q7 K�ii T�BMic �7i2`r�`/b �M �B`#`mb?- r?B+? T`QpB/2/ }M2` �M/
KQ`2 `2;mH�` bT2+FH2b- ?�b #22M mb2/X

h?2 T?QiQ;`�T?b /m`BM; i?2 i2bib �`2 �+[mB`2/ mbBM; � +�K2`� TH�+2/ BM 7`QMi Q7 i?2
b�KTH2- r?B+? Bb BHHmKBM�i2/ #v irQ ?�HQ;2M HB;?ib U6B;m`2 9X9VX h?2 +�K2`� 2KTHQv2/
Bb � LBFQM Ü .j i?�i- i?�MFb iQ �M BMi2;`�i2/ iBK2`- +�M #2 b2i iQ i�F2 TB+im`2b �i }t2/
iBK2 BMi2`p�Hb

.A* Bb +QKKQMHv �TTHB2/ iQ T?QiQ;`�T?b- #mi +�M #2 �TTHB2/- BM T`BM+BTH2- iQ �Mv k.
�M/ j. `2T2�i2/ BK�;2b Q7 �M Q#D2+iX AM T�`iB+mH�`- B7 b�KTH2b �`2 b+�MM2/ BM � s@`�v
iQKQ;`�T? Ub22 T`2pBQmb b2+iBQMV #27Q`2 �M/ �7i2` i?2 i2bi- i?2 j. pQHmK2b Q#i�BM2/
#v s@`�v iQKQ;`�T?v +�M #2 +Q``2H�i2/ iQ T`QpB/2 � j. /BbTH�+2K2Mi }2H/ �M/- i?mb-

dk



9XjX .A:Ah�G AJ�:1 *P__1G�hAPL U.A*V

6B;m`2 9X9, 1tT2`BK2Mi�H b2i mT mb2/ iQ i�F2 TB+im`2b Q7 i?2 b�KTH2 /m`BM; i?2 HQ�/BM; BM+Hm/BM;
i?2 HB;?iBM; �M/ +�K2`� `2[mB`2/ iQ i�F2 i?2 T?QiQ;`�T?b mb2/ iQ +�``v Qmi k.@.A*X

i?2 7mHH bi`�BM i2MbQ` }2H/X h?2 T`Q+2/m`2 /Q2b MQi +?�M;2 rBi? i?2 /BK2MbBQMb Q7 i?2
BK�;2- i?2 K�BM +?�HH2M;2 #2BM; i?2 BM+`2�b2 Q7 i?2 +QKTmi�iBQMb /m2 iQ i?2 i`2K2M/Qmb
BM+`2�b2 Q7 i?2 MmK#2` Q7 +Q``2H�iBQMb �M/ b2�`+? QT2`�iBQMb iQ #2 T2`7Q`K2/X >2`2 �HH
i?2 i2bi b�KTH2b ?�p2 #22M b+�MM2/ BM i?2 s@`�v b+�MM2` #27Q`2 �M/ �7i2` i?2 K2+?�MB+�H
i2bibX h?2b2 BK�;2b ?�p2 #22M �M�Hvb2/ #v j.�pQHmK2 .A* UrBi? i?2 +Q/2 hQKQq�`T-
/2p2HQT2/ #v aX�X >�HHV iQ T`QpB/2 i?2 7mHH j. p2+iQ` /BbTH�+2K2Mib �M/ j. i2MbQ` bi`�BM
}2H/bX

dj





*?�Ti2` 8

L�im`�H _Q+F

h?Bb +?�Ti2` T`2b2Mib i?2 �TTHB+�iBQM Q7 mHi`�bQMB+ iQKQ;`�T?v �M/ s@`�v iQKQ;`�T?v
iQ BK�;2 b�KTH2b Q7 M�im`�H `Q+F i2bi2/ mM/2` i`B�tB�H +QKT`2bbBQMX h?2 `Q+F mb2/ BM
i?Bb bim/v Bb � b�M/biQM2 +QKBM; 7`QK i?2 oQb;2b KQmMi�BM BM 6`�M+2X h?2 Q#D2+iBp2
Q7 i?Bb bim/v Bb iQ 2tTHQ`2 i?2 +�T�#BHBiv Q7 i?2 mHi`�bQMB+ iQKQ;`�T?v iQ `2T`Q/m+2 i?2
HQ+�HBb�iBQM Q7 /27Q`K�iBQMX aBM+2 Bi Bb MQi TQbbB#H2 iQ BMbi�HH i?2 mHi`�bQMB+ i`�Mb/m+2`
�``�v BMbB/2 i?2 i`B�tB�H +2HH- i?2 r�p2 �+[mBbBiBQMb ?�p2 #22M +�``B2/ Qmi #27Q`2 �M/ �7i2`
i?2 K2+?�MB+�H i2biX h?2 �+QmbiB+ �M�HvbBb Bb � T�`i Q7 � H�`;2` bim/v- iQ +?�`�+i2`Bb2 i?2
`Q+F #2?�pBQm`- +�``B2/ Qmi #v *?�`�H�KTB/Qm UkyRRVX h?2 mHi`�bQMB+ �M�Hvb2b- `�M �b
T�`i Q7 � bim/v #v 1XJX *?�`�H�TB/Qm- ?�p2 #22M `2pBbBi2/ mbBM; i?2 T`Q+2/m`2 /2b+`B#2/
BM +?�Ti2` k iQ +?2+F i?2 BKT`Qp2K2Mib T`QpB/2/ #v i?2 M2r T`Q+2bbBM; �H;Q`Bi?KbX AM
i?2 M2ti b2+iQM i?2 2tT2`BK2Mi�H K2i?Q/b �`2 T`2b2Mi2/- 7QHHQr2/ #v � #`B27 /2b+`BTiBQM
Q7 i?2 i2bi2/ K�i2`B�HX AM i?2 H�bi T�`i Q7 i?2 +?�Ti2` i?2 7mHH }2H/ `2bmHib �`2 T`2b2Mi2/
�M/ /Bb+mbb2/X

8XR 1tT2`BK2Mi�H J2i?Q/b

8XRXR h`B�tB�H i2bi

h?2 i`B�tB�H /2pB+2 �i G�#Q`�iQB`2 ja_ Bb � "Bb?QT � q2bH2v@ivT2 bi`2bb T�i? i`B�tB�H +2HH-
r?B+? +�M #2 mb2/ 7Q` �miQK�i2/ bi`2bb Q` bi`�BM +QMi`QH i2bibX h?2 K�tBKmK +QM}MBM;
T`2bbm`2 �TTHB+�#H2 Bb ey JS� �M/ i?2 /2pB�iQ`B+ bi`2bb +�M ;Q mT iQ kdy JS�X � b+?2K� Q7
i?2 i`B�tB�H �TT�`�imb Bb b?QrM BM 6B;m`2 8XRX GQ+�H �tB�H �M/ `�/B�H bi`�BM +�M #2 K2�bm`2/
mbBM; bi`�BM ;�m;2b ;Hm2/ /B`2+iHv QMiQ i?2 K2K#`�M2 i?�i D�+F2ib i?2 bT2+BK2MX 6Qm`
B/2MiB+�H BM/2T2M/2Mi T`2bbm`2@pQHmK2 +QMi`QHH2`b bmTTHv 7Qm` /Bz2`2Mi T`2bbm`2b UBX2X- i?2
/2pB�iQ`B+ bi`2bb- i?2 +QM}MBM; T`2bbm`2- �M/ i?2 iQT �M/ #QiiQK TQ`2 T`2bbm`2bVX .m`BM;
i?2b2 2tT2`BK2Mib- QMHv i?2 /2pB�iQ`B+ bi`2bb �M/ i?2 +QM}MBM; T`2bbm`2 r2`2 `2+Q`/2/
bBM+2 i?2 b�KTH2b r2`2 i2bi2/ /`vX �HH i`B�tB�H +QKT`2bbBQM i2bib r2`2 T2`7Q`K2/ mM/2`
bi`�BM +QMi`QH- �i � +QMbi�Mi `�i2 Q7 �tB�H /BbTH�+2K2MiX 6m`i?2` BM7Q`K�iBQM QM i?Bb
i`B�tB�H �TT�`�imb +�M #2 7QmM/ BM "ûbm2HH2 2i �HX UkyyyVX

d8



*>�Sh1_ 8X L�hl_�G _P*E

6B;m`2 8XR, a+?2K�iB+ Q7 i?2 i`B�tB�H +2HH, URV HQr2` +2HH- UkV bT2+BK2M- UjV mTT2` +2HH- U9V b2H7@
+QKT2Mb�i2/ HQ�/ TBbiQM- U8V /2pB�iQ`B+ T`2bbm`2 +?�K#2`- UeV #QHib- UdV M2QT`2M2 K2K#`�M2- U3V
HQ�/ +�Tb- UNV 2MH�`;2/ TH�i2M- URyV BMi2`M�H iB;?i +QMM2+iQ`b- URRV bi22H b?2�i?X U"ûbm2HH2 2i �HX-
kyyyV

8XRXk lHi`�bQMB+ hQKQ;`�T?v

lHi`�bQMB+ r�p2b r2`2 2KBii2/ �M/ �+[mB`2/ mbBM; irQ #�``2ii2b Q7 e9 i`�Mb/m+2`b- 2�+?
i`�Mb/m+2` #2BM; yXd8 KK ?B;? �M/ �#Qmi ky KK rB/2- i?2 +?�`�+i2`BbiB+ 7`2[m2M+v Q7 i?2
i`�Mb/m+2`b Bb R J>xX hrQ b+�Mb ?�p2 #22M T2`7Q`K2/- b?B7iBM; i?2 #�``2ii2b p2`iB+�HHv- iQ
+Qp2` i?2 2MiB`2 ?2B;?i Q7 i?2 b�KTH2bX h?2 i`�Mb/m+2` �``�vb r2`2 ?2H/ #v ?�M/ /m`BM;
i?2 �+[mBbBiBQMb- r?B+? i�F2 QMHv 72r b2+QM/bX a�KTH2b r2`2 b+�MM2/ #27Q`2 �M/ �7i2`
i?2 i`B�tB�H i2bibc i?2 Q#D2+iBp2 #2BM; iQ +QKT�`2 i?2 irQ �+[mBbBiBQMb iQ Q#i�BM p2HQ+Biv
+?�M;2bX >Qr2p2`- i?2 +QKT�`BbQM Bb MQi 72�bB#H2 bBM+2 Bi r�b MQi TQbbB#H2 iQ �bbm`2 i?�i
i?2 TQbBiBQMb Q7 i?2 #�``2ii2b r2`2 2t�+iHv i?2 b�K2 BM i?2 irQ b+�MbX h?2`27Q`2- i?2
mM+2`i�BMiB2b QM i?2 i`�Mb/m+2`b TQbBiBQMb K�F2 Bi BKTQbbB#H2 iQ b2T�`�i2 i?2 i`�p2H iBK2
+?�M;2b /m2 iQ p2HQ+Biv T2`im`#�iBQMb 7`QK i?Qb2 /m2 iQ i?2 +?�M;2 BM TH�+2K2Mi Q7 i?2
#�``2ii2bX AM i?Bb rQ`F QMHv /�i� �+[mB`2/ �7i2` i?2 K2+?�MB+�H i2bi �`2 T`2b2Mi2/X

8XRXj s@_�v hQKQ;`�T?v

h?2 bim/B2/ b�KTH2 r�b b+�MM2/ BM i?2 G�#Q`�iQB`2 ja_ s@`�v iQKQ;`�T? #27Q`2 �M/
�7i2` i?2 K2+?�MB+�H i2biX hQ Q#i�BM �M BK�;2 Q7 i?2 +QKTH2i2 b�KTH2 Bi +QmH/ MQi #2
TH�+2/ +HQb2 iQ i?2 s@`�v bQm`+2 /m2 iQ i?2 ;2QK2i`v Q7 i?2 bvbi2K Ub22 b2+iBQM 9XkXRVX
h?2 +HQb2bi /Bbi�M+2 i?�i �HHQrb i?2 7mHH b�KTH2 iQ #2 BK�;2/ T`QpB/2b � pQt2H bBx2 BM i?2
`2+QMbi`m+i2/ iQKQ;`�T?B2b Q7 50× 50× 50µm3X h?2 b�KTH2 r�b �HbQ b+�MM2/- �7i2` i?2

de



8XkX J�h1_A�G @ oPa:1a a�L.ahPL1

6B;m`2 8Xk, .2pB�iQ`B+ bi`2bb �M/ pQHmK2i`B+ bi`�BM p2`bmb �tB�H bi`�BM BM +QKT`2bbBQM i2bib
U"ûbm2HH2 2i �HX- kyyyVX

K2+?�MB+�H i2bi- �i � ?B;?2` `2bQHmiBQM- �#Qmi jy µm pQt2H rB/i?- xQQKBM; QM i?2 +2Mi`�H
T�`iX

8Xk J�i2`B�H @ oQb;2b b�M/biQM2

h?2 oQb;2b b�M/biQM2 Bb � TQQ`Hv +2K2Mi2/ `Q+F rBi? � TQ`QbBiv Q7 kkW �M/ K�BM ;`�BM
/BK2MbBQM Q7 jyy µmX 6B;m`2 8Xk T`2b2Mib i?2 bi`2bb@bi`�BM `2bTQMb2 Q7 i`B�tB�H +QKT`2b@
bBQM i2bib- +QM/m+i2/ mM/2` � p�`B2iv Q7 +QM}MBM; T`2bbm`2b U7`QK y iQ ey JS�V- QM /`v
+vHBM/`B+�H bT2+BK2MbX h?2b2 `2bmHib ?�p2 #22M Q#i�BM2/ #v "ûbm2HH2 2i �HX UkyyyV r?Q
+QKK2Mi2/ i?�i i?2 QMb2i Q7 HQ+�HBb2/ /27Q`K�iBQM r�b /2i2+i2/ #27Q`2 i?2 T2�F bi`2bbX
h?2 Q`B2Mi�iBQM �M/ i?2 +QKTH2tBiv Q7 i?2 #�M/b /2T2M/2/ QM i?2 �TTHB2/ +QM}MBM; T`2b@
bm`2X h?2v �HbQ BM/B+�i2/ i?�i 7`QK y iQ Ry JS� +QM}MBM; T`2bbm`2b- �tB�H bTHBiiBM; iQQF
TH�+2- 7Q` Ry �M/ jy JS� QM2 Q` irQ T�`�HH2H b?2�` #�M/b /2p2HQT2/ BM bT2+BK2Mb- �M/
7`QK 9y iQ ey JS� +QMDm;�i2 b?2�` #�M/b r2`2 7Q`K2/X h?2 �mi?Q`b bm;;2bi2/ i?�i i?2
+QM}MBM; T`2bbm`2 BM+`2�b2 `2bmHi2/ BM �M BM+`2�b2 BM i?2 BM+HBM�iBQM �M;H2 Q7 i?2 #�M/
iQr�`/b i?2 K�DQ` BKTQb2/ T`BM+BT�H bi`2bb /B`2+iBQM- �M BM+`2�b2 BM i?2 MmK#2` Q7 b?2�`
#�M/b- �M/ � /2+`2�b2 BM i?2 /Bbi�M+2 #2ir22M i?2K U6B;m`2 8XjVX

dd



*>�Sh1_ 8X L�hl_�G _P*E

6B;m`2 8Xj, P#b2`p2/ b?2�` #�M/ T�ii2`Mb p2`bmb +QM}MBM; T`2bbm`2 7Q` +QKT`2bbBQM i2bi rBi?
>f. 4 k �M/ RX h?2 �M;H2 Q7 i?2 #�M/b rBi? `2bT2+i iQ i?2 K�DQ` T`BM+BT�H bi`2bb BM+`2�b2b rBi?
i?2 +QM}MBM; T`2bbm`2- �M/ #�M/b #2+QK2 KQ`2 �M/ KQ`2 MmK2`Qmb �M/ +HQb2 U"ûbm2HH2 2i �HX-
kyyyVX

8Xj _2bmHib

AM i?Bb b2+iBQM i?2 `2bmHib Q#i�BM2/ mbBM; 7mHH }2H/ i2+?MB[m2b QM i?2 i`B�tB�H i2bi bT2+BK2M
�`2 T`2b2Mi2/X aBM+2 M2Bi?2` i?2 �+QmbiB+ MQ` i?2 s@`�v /�i� +�M #2 �+[mB`2/ /m`BM;
i?2 K2+?�MB+�H i2bi i?2 7mHH }2H/ K2�bm`2K2Mib �`2 QMHv �p�BH�#H2 #27Q`2 �M/ �7i2` i?2
HQ�/BM;X hQ �HHQr i?2 #�``2ii2b iQ #2 TH�+2/ BM +QMi�+i rBi? i?2 b+�MM2/ bT2+BK2M- �
bi�M/�`/ i`B�tB�H b�KTH2 U/B�K2i2` Q7 j3 KK �M/ ?2B;?i Q7 d3 KKV ?�b #22M +mi iQ
Q#i�BM irQ T�`�HH2H ~�i p2`iB+�H bm`7�+2b k +K rB/2X JQ`2Qp2`- iQ 7Q`+2 i?2 /27Q`K�iBQM
iQ HQ+�HBb2 BM i?2 KB//H2 Q7 i?2 b�KTH2- irQ MQi+?2b ?�p2 #22M 7Q`K2/ QM i?2 ~�i bm`7�+2b
Ub22 6B;m`2 8X9VX h?2 �M;H2 7Q`K2/ #2ir22M i?2 MQi+?2b ?�b #22M +?Qb2M iQ `2bT2+i
i?2 M�im`�H BM+HBM�iBQM Q7 /27Q`K�iBQM #�M/ �i � bT2+B}+ +QM}MBM; T`2bbm`2X �HH /�i�-
mb2/ iQ +�``v Qmi i?2 �M�HvbBb T`2b2Mi2/ ?2`2BM- ?�p2 #22M �+[mB`2/ #v *?�`�H�KTB/Qm
UkyRRV /m`BM; ?2` S?.X a�KTH2b r2`2 i2bi2/ �i b2p2`�H +QM}MBM; T`2bbm`2bc ?Qr2p2`-
QMHv b�KTH2b i2bi2/ mM/2` � +QM}MBM; T`2bbm`2 Q7 8yJS� �`2 +QMbB/2`2/ ?2`2X h?2b2
b�KTH2b ?�p2 #22M b?2�`2/ iQ `2�+? /Bz2`2Mi bi`�BM H2p2Hb- iQ bBKmH�i2 i?2 bi2Tb Q7 i?2
bi`�BM 2pQHmiBQMX h�#H2 8XR bmKK�`Bb2 i?2 �p�BH�#H2 /�i� �M/ i?2 }M�H bi`�BM 7Q` 2�+?
i2bi2/ b�KTH2X 6B;m`2 8X8 b?Qrb i?2 bi`2bb@bi`�BM `2bTQMb2 Q7 i?2 b�KTH2b mM/2` i`B�tB�H
+QKT`2bbBQM U*?�`�H�KTB/Qm- kyRRVX AM i?2 7QHHQrBM; i?2 �M�HvbBb +�``B2/ Qmi QM b�KTH2
o1*9 Bb /2i�BH2/X

8XjXR o1*9

lHi`�bQMB+ hQKQ;`�T?v

� }`bi i2Mi�iBp2 Q7 mHi`�bQMB+ iQKQ;`�T?v �M�HvbBb- QM oQb;2b b�M/biQM2- ?�b #22M +�``B2/
Qmi #v aX�X >�HH- 1@JX *?�`�HKTB/Qm �M/ GX _2bi�BMQ �i G�#Q`�iQB`2 ja_ r?B+? KQ@
iBp�i2/ i?2 T`2b2Mi rQ`F Ub22 *?�`�H�KTB/Qm- kyRRc >�HH �M/ hm/Bb+Q- kyRkc >�HH 2i �HX-

d3



8XjX _1alGha

6B;m`2 8X9, aF2i+? Q7 i`B�tB�H b�KTH2 ;2QK2i`vX hrQ p2`iB+�H T�`�HH2H ~�i bm`7�+2b �`2 `2�HBb2/
iQ �bbm`2 i?2 +QMi�+i #2ir22M i?2 �+QmbiB+ i`�Mb/m+2` �``�vb �M/ i?2 b�KTH2X hrQ MQi+?2b 7Q`+2
i?2 HQ+�HBb�iBQM Q7 /27Q`K�iBQM iQ Q++m` BM i?2 KB//H2 Q7 i?2 b�KTH2X U*?�`�H�KTB/Qm- kyRRVX

a�KTH2
M�K2

r�p2
�+[mBbBiBQM s@`�v T`2 s@`�v TQbi

6BM�H �tB�H
bi`�BM

oG_y s s RXk9W

o1*R s RXR8W

o1*9 s s s RX88W

o1*8 s s s RXk3W

h�#H2 8XR, amKK�`v Q7 i2bi2/ b�KTH2b rBi? BM7Q`K�iBQM QM �p�BH�#H2 /�i� �M/ }M�H ;HQ#�H bi`�BM
H2p2HX

dN



*>�Sh1_ 8X L�hl_�G _P*E

6B;m`2 8X8, ai`2bb@bi`�BM `2bTQMb2 7`QK bT2+BK2Mb HQ�/2/ mM/2` 8y JS� +QM}MBM; T`2bbm`2bX
ai`2bb /2pB�iQ` Bb THQii2/ p2`bmb ;HQ#�H �tB�H bi`�BMX aT2+BK2Mb r2`2 i�F2M iQ /Bz2`2Mi �tB�H bi`�BM
p�Hm2bX U*?�`�H�KTB/Qm- kyRRVX

kyydc kyRy�c >�HH- kyyNc _2bi�BMQ- kyy3VX .m`BM; i?2 T`2+2/2Mi �M�HvbBb i?2 i`�p2H iBK2
TB+FBM; r�b +�``B2/ Qmi rBi? i?2 �B/ Q7 � TB+F2` #�b2/ QM i?2 �F�BF2 AM7Q`K�iBQM *`Bi2`BQM
U�A*V Ub22 Em`x 2i �HX- kyy8VX h?Bb K2i?Q/ Bb MQi T`2+Bb2 �M/ `2[mB`2/ i?2 mb2` iQ pBbm�HHv
+QMi`QH 2p2`v b2H2+i2/ iBK2 �M/ 2p2Mim�HHv KQ/B7v Bi #v ?�M/bc i?Bb T`Q+2/m`2 BMi`Q/m+2b
�M mb2` /2T2M/2/ 2``Q` i?�i `2/m+2b i?2 +QM}/2M+2 QM i?2 /�i�X � }`bi BKT`Qp2K2Mi
iQ i?Bb T`Q+2/m`2 r�b BMi`Q/m+2/ #v hm/Bb+Q UkyyNVX 6m`i?2` BKT`Qp2K2Mib �`2 TQbbB#H2
i?`Qm;? i?2 �TTHB+�iBQM Q7 i?2 ."6 �TT`Q�+? /2b+`B#2/ BM +?�Ti2` k- �b T`2b2Mi2/ BM i?2
7QHHQrBM;X

hBK2 /2H�v K�Tb 6B;m`2 8Xe b?Qrb irQ iBK2 /2H�v K�Tb- rBi? `2bT2+i iQ � ?QKQ;2@
M2Qmb }2H/X h?2 }`bi /�i�@b2i r�b Q#i�BM2/ #v 1XJX *?�`�H�TB/Qm- mbBM; i?2 �A* TB+FBM;-
r?BH2 i?2 b2+QM/ QM2 ?�b #22M Q#i�BM2/ mbBM; i?2 T`Q+2/m`2 /2b+`B#2/ BM b2+iBQM kX8 QM
bB;M�Hb T`Q+2bb2/ #v ."6X h?2 M2r T`Q+2/m`2 �HHQrb i?2 �M�HvbBb Q7 KQ`2 bB;M�Hb- i?�MFb
iQ i?2 BKT`Qp2/ bB;M�H iQ MQBb2 `�iBQ �M/ i?2 b2T�`�iBQM Q7 /Bz2`2Mi �``Bp�HbX h?Bb 2z2+i
Bb T�`iB+mH�`Hv pBbB#H2 BM +Q``2bTQM/2M+2 rBi? i?2 MQi+?2b UTH�+2/ �i � ?2B;?i Q7 �#Qmi 8
+K �i i?2 bQm`+2 bB/2 �M/ �#Qmi j +K �i `2+2Bp2` bB/2VX JQ`2Qp2` BM i?2 T`2pBQmb TB+FBM;
�HH bB;M�Hb 2KBii2/ #v i?2 i`�Mb/m+2` TH�+2/ �#Qp2 jXj +K �M/ `2+2Bp2/ #v i?2 i`�Mb/m+2`b
TH�+2/ #2HQr jX9 +K- �b r2HH �b i?2 r�p2b T`QT�;�iBM; BM i?2 iQT T�`i Q7 i?2 b�KTH2- +QmH/
MQi #2 �M�Hvb2/X h?2 M2r T`Q+2/m`2 T`QpB/2 � Km+? bKQQi?2`- bi`m+im`2/X �M/ /2}M2/
iBK2@/2H�v K�T i?�i +QM}`K i?2 /�i� �`2 KQ`2 `2HB�#H2X

JQ/2H@#�b2/ iQKQ;`�T?v 6B;m`2 8Xd b?Qrb i?2 y@Qzb2i p2HQ+Biv T`Q}H2 �M/ irQ
KQ/2H@#�b2/ iQKQ;`�T?B2b Q#i�BM2/ mbBM; i?2 i`�p2H iBK2 TB+F2/ rBi? i?2 �A* K2i?Q/X
h?2 }`bi BMp2`bBQM ?�b #22M +�``B2/ Qmi mbBM; � +Q/2- BKTH2K2Mi2/ #v aX�X >�HH- #�b2/
QM i?2 H2�bi b[m�`2 K2i?Q/c i?2 `2;mH�`Bb�iBQM +QMbBbiBM; Q7 +QMi`QH Q7 i?2 HQ+�H ;`�/B2Mi
Ub22 a�Mi�K�`BM� �M/ 6`�ii�- kyyeVX h?2 b2+QM/ iQKQ;`�T?v ?�b #22M Q#i�BM2/ mbBM;
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`2bmHi Bb iQQ bKQQi?- i?mb � p�Hm2 Q7 ky ?�b #22M b2H2+i2/X h?Bb +?QB+2 Bb +QM}`K2/ #v i?2
M2r i`�/2@Qz +m`p2 U6B;m`2 8XRRVX

6B;m`2 8XRk T`2b2Mib i?2 BMp2`bBQM `2bmHib- Q#i�BM2/ mbBM; /Bz2`2Mi T`QT�;�iBQM KQ/2HbX
_2bmHiBM; BK�;2b �`2 p2`v bBKBH�`- i?2`27Q`2 Bi +�M MQi #2 +H2�`Hv bi�i2/ r?B+? KQ/2H ;Bp2b
i?2 #2bi `2bmHi BM i?Bb +�b2X h?2 2BFQM�H `�vb- ?Qr2p2`- T`QpB/2 � bHB;?iHv #2ii2` /2}M2/
#�M/ �M/ `2/m+2/ ?B;? p2HQ+Biv �`i27�+i �i i?2 iQT H27i- ?2M+2 Bi ?�b #22M T`272``2/X
"2bB/2 � �p2`�;2 p2HQ+Biv b?B7i Q7 �#Qmi 9yy Kfb- i?2 K�BM /Bz2`2M+2b #2ir22M i?Bb b2i Q7
iQKQ;`�T?B2b �M/ i?2 iQKQ;`�T?B2b +�``B2/ Qmi mbBM; i?2 �A*@TB+F2/ /�i� �`2 `2/m+2/
?B;?fHQr �`i27�+ib �i i?2 iQT �M/ #QiiQK- �M/ i?�i- rBi? i?2 M2r T`Q+2/m`2- #2bB/2
i?2 HQr p2HQ+Biv #�M/ Q#b2`p�#H2 #2ir22M i?2 MQi+?2b- irQ KQ`2 #�M/b �`2 pBbB#H2X h?2
#�M/ bi�`iBM; 7`QK i?2 iQT MQi+? Bb r2HH 7Q`K2/ �M/ `2�+?2b i?2 iQT #QmM/�`v Q7 i?2
b�KTH2- r?BH2 i?2 #�M/ bi�`iBM; 7`QK i?2 #QiiQK MQi+? Bb H2bb r2HH /2}M2/X h?2 +2Mi`�H
#�M/- ?Qr2p2`- b22Kb iQ #2 H2bb /2}M2/ i?�M BM i?2 T`2pBQmb UrBi? i?2 �A*@TB+F2/ /�i�V
BMp2`bBQMc � TQbbB#H2 2tTH�M�iBQM +QmH/ #2 2t+2bbBp2 bKQQi?BM; #v #Qi? i?2 ."6 �M/ i?2
+Q``2H�iBQM H2M;i?bX �MQi?2` `2�bQM +�M #2 i?2 bi`QM; p2HQ+Biv /Bb+QMiBMmBiv Q++m``BM; �i
i?2 MQi+?2bX �b b?QrM 7Q` Qi?2` bBKBH�` b�KTH2b- BM i?Bb FBM/ Q7 bBim�iBQM i?2 r�p2b �`2
bTHBi �M/ irQ r�p2 7`QMib �`2 `2;Bbi2`2/ Ub22 6B;m`2 kXRyVX *QMbB/2`BM; KmHiBTH2 �``Bp�Hb
+QmH/ #2 ?2HT7mH BM i?Bb bBim�iBQMX h?2 /Bz2`2M+2 #2ir22M i?2 iQKQ;`�T?B2b Q#i�BM2/ mbBM;
i?2 irQ /�i� b2ib KB;?i �HbQ #2 /m2 iQ i?2 bK�HH2` MmK#2` Q7 i`�Mb/m+2`b mb2/X .2bTBi2
jk i`�Mb/m+2`b b22KBM; iQ #2 bm{+B2Mi iQ �+?B2p2 � ;QQ/ `2bmHi- i?Bb ?vTQi?2bBb Kmbi #2
p�HB/�i2/ #v i2biBM; i?2 BMp2`bBQM mbBM; i?2 r?QH2 b2i Q7 /�i�X

� 7m`i?2` T`QQ7 Q7 i?2 T`Q#H2K�iB+ bBim�iBQM +HQb2 iQ i?2 MQi+?2b Bb ;Bp2M #v i?2 `�v /2MbBiv-
+�H+mH�i2/ 7Q` +m#B+ �M/ 2BFQM�H `�vbc 6B;m`2 8XRj b?Qrb i?2 MQ`K�HBb2/ `�v /2MbBiB2b �M/
i?2 `�iBQb #2ir22M +m`p2/ `�v /2MbBiB2b �M/ bi`�B;?i `�v /2MbBivX AM #Qi? +�b2b � H�+F Q7
`�vT�i?b Bb +H2�`Hv pBbB#H2 BM i?2 `2;BQMb Q7 i?2 MQi+?2bX h?2 ;QQ/ �;`22K2Mi #2ir22M
i?2 `�v /2MbBiB2b +�H+mH�i2/ 7Q` +m#B+ �M/ 2BFQM�H `�vb- bm;;2bib i?�i i?2 2BFQM�H i`�+BM;
+�M `2T`Q/m+2 r2HH i?2 i�F2 Qz �M/ �``Bp�H �M;H2b K2�bm`2/ #v ."6c QM i?2 Qi?2` ?�M/-
i?Bb BM/B+�i2b i?�i i?2 ?vTQi?2bBb Q7 +m#B+ T�i?b Bb MQi bQ 7�` 7`QK i?2 `2�HBivX Ai Kmbi #2
MQi2/ i?�i i?2 p2HQ+Biv ;`�/B2Mib �`2 [mBi2 H�`;2- 2bT2+B�HHv BM i?2 `2;BQM Q7 i?2 MQi+?2b-
�M/ bQ T2`?�Tb i?2 `2bQHmiBQM Q7 i?2 +m``2Mi �TT`Q�+? Bb MQi �#H2 iQ 7mHHv +�Tim`2 bm+?
;`�/B2MibX

6B;m`2 8XR9 T`2b2Mib � T`2HBKBM�`v `2bmHi Q#i�BM2/ mbBM; a2MbBiBpBiv E2`M2Hb #�b2/ QM
:`22Möb 7mM+iBQMb +�H+mH�i2/ MmK2`B+�HHvX h?2 iQKQ;`�T?v Q#i�BM2/ �i i?2 }`bi Bi2`�iBQM
Bb bBKBH�` iQ i?2 iQKQ;`�T?B2b Q#i�BM2/ mbBM; i?2 Qi?2` T`QT�;�iBQM KQ/2Hb Ui?2 �`i27�+ib
QM i?2 `B;?i KB//H2 T�`i �`2 /m2 iQ +?QB+2 Q7 i?2 BMp2`bBQM T�`�K2i2`bVX "�b2/ QM i?2
p2HQ+Biv }2H/ `2+Qp2`2/ �i i?2 }`bi Bi2`�iBQM i?2 r�p2 T`QT�;�iBQM Bb bBKmH�i2/ iQ +�H+mH�i2
i?2 :`22Möb 7mM+iBQMb �M/ i?mb i?2 aE 7Q` i?2 BM?QKQ;2M2Qmb }2H/ Ub22 b2+iBQM kXeXkVX h?2
b2+QM/ Bi2`�iBQM ?�b MQi #22M +�``B2/ Qmi #2+�mb2 Q7 i2+?MB+�H T`Q#H2Kb BM i?2 mT/�iBM;
Q7 i?2 KQ/2HH2/ i`�p2H iBK2bX h?2 };m`2 b?Qrb- ?Qr2p2`- i?�i i?2 T`Q+2/m`2 Bb TH�+2 2p2M
i?Qm;? � 7m`i?2` 2zQ`i Bb M22/2/ iQ `2�+? i?2 #2M2}i Q7 i?2 mT/�i2/ T`QT�;�iBQM KQ/2HX
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BM/B+�i2b i?�i i?2 iQT #�M/ 2ti2M/b mMiBH i?2 mTT2` #QmM/�`v Q7 i?2 b�KTH2- �b b?QrM
#v i?2 mHi`�bQMB+ iQKQ;`�T?vX � +QKT�`BbQM #2ir22M i?2 irQ i2+?MB[m2b +QM}`Kb i?2
;QQ/ [m�HBiv Q7 i?2 `2+QMbi`m+i2/ ;2QK2i`v Q7 i?2 p2HQ+Biv }2H/ �M/ i?2 ;QQ/ �++Q`/�M+2
#2ir22M p2HQ+Biv �MQK�Hv p�Hm2b �M/ i?2 /27Q`K�iBQM H2p2HX 6m`i?2` rQ`F iQ BKT`Qp2
i?2 mHi`�bQMB+ iQKQ;`�T?v `2bmHib BM i?Bb K�i2`B�H b?QmH/ BMpQHp2 i?2 BKTH2K2Mi�iBQM Q7
KmHiBTH2 �``Bp�Hb BM i?2 BMp2`bBQM �b r2HH �b /2i�BH2/ bim/v QM i?2 MmK#2` Q7 i`�Mb/m+2`b
iQ #2 mb2/ BM #Qi? ."6 �M/ BMp2`bBQM T`Q+2bb2bX h?2 mb2 Q7 MmK2`B+�H a2MbBiBpBiv E2`M2Hb
�HbQ ?2HT iQ �+?B2p2 � ?B;?2` `2bQHmiBQMX

Ny



*?�Ti2` e

_Q+F b�KTH2 rBi? � FMQrM ;2QK2i`v

h?Bb +?�Ti2` T`2b2Mib � +�b2 bim/v +�``B2/ Qmi QM b�KTH2b Q7 M�im`�H `Q+F BM r?B+? �M
BM+HBM2/ H�v2` Q7 +2K2Mi2/ bQBH ?�b #22M BMi`Q/m+2/X h?2 �BK Q7 i?Bb �M�HvbBb Bb iQ bim/v
i?2 `2bQHmiBQM Q7 i?2 mHi`�bQMB+ iQKQ;`�T?v BM � bBKTHB}2/ bBim�iBQM BM r?B+? i?2 ;2QK2i`v
Q7 i?2 T`Q#H2K Bb FMQrMX AM 7�+i- /m`BM; i?2 HQ�/BM; i?2 /27Q`K�iBQM Bb 2tT2+i2/ iQ Q++m`
QMHv BMbB/2 i?2 H�v2` r?BH2 i?2 irQ T�`ib Q7 `Q+F #2?�p2 HBF2 `B;B/ #HQ+Fbc i?2 H�v2` #2BM;
2tT2+i2/ iQ #2 r2�F2` i?�M i?2 `Q+FX AM i?2 }`bi b2+iBQM- i?2 2tT2`BK2Mi�H K2i?Q/b mb2/
/m`BM; i?2 bim/v �`2 BMi`Q/m+2/ i?2M i?2 K�i2`B�H �M/ i?2 b�KTH2 T`2T�`�iBQM T`Q+2/m`2
�`2 /2b+`B#2/X h?2 H�bi T�`i Q7 i?2 +?�Ti2` Bb /2/B+�i2/ iQ i?2 T`2b2Mi�iBQM Q7 i?2 `2bmHib
Q#i�BM2/ mbBM; i?2 /Bz2`2Mi i2+?MB[m2bX

eXR 1tT2`BK2Mi�H J2i?Q/b

eXRXR SH�M2 bi`�BM +QKT`2bbBQM i2bi

h?2 TH�M2 bi`�BM +QKT`2bbBQM i2bib r2`2 +�``B2/ Qmi mbBM; i?2 �TT�`�imb �i i?2 G�#Q`�iQB`2
ja_ BM :`2MQ#H2X h?Bb �TT�`�imb- /2p2HQT2/ #v .2b`m2b /m`BM; Bb i?2bBb U.2b`m2b- RN39V
�HHQrb TB+im`2b iQ #2 i�F2M Q7 i?2 bm`7�+2 Q7 � b�KTH2 r?BH2 Bi Bb HQ�/2/ BM TH�M2 bi`�BM
+QM/BiBQMb- � bF2i+? Q7 i?2 /2pB+2 Bb b?QrM BM 6B;m`2 eXRX hrQ i`�MbT�`2Mi `B;B/ r�HHb- 8y
KK i?B+F- T`2p2Mi /BbTH�+2K2Mib- �M/ bQ bi`�BM- iQ Q++m` BM i?2 /B`2+iBQM T2`T2M/B+mH�`
iQ i?2 T?QiQ;`�T?2/ bm`7�+2X qBi?BM i?2b2 r�HHb � j8 KK i?B+F T`BbK�iB+ bT2+BK2M Bb
KQmMi2/- bm``QmM/2/ � K2K#`�M2 B7 +QM}MBM; T`2bbm`2 Bb �TTHB2/X *QM7Q`KBM; iQ i?2
+QM+2TiBQM Q7 i?2 �TT�`�imb- i?2 bBx2 Q7 i2bi2/ b�KTH2b BM i?2 TH�M2 Q7 /27Q`K�iBQM +�M
p�`v BM i?2 `�M;2b Q7 d8�j8y KK �M/ Ny�Rd8 KK Q7 ?2B;?i �M/ rB/i? `2bT2+iBp2HvX .m`BM;
i?Bb rQ`F bK�HH2` bT2+BK2Mb ?�/ iQ #2 mb2/ bBM+2 T`2HBKBM�`v i2bib bm;;2bi2/ i?�i i?2
mHi`�bQMB+ r�p2b rQmH/ MQi T`QT�;�i2 i?`Qm;? KQ`2 i?�M j�9 +K Q7 i?2 bim/v K�i2`B�Hc
i?2 bBx2 Q7 i?2 i2bi2/ b�KTH2b Bb 35 × 35 × 70 KK3X h?2 iQT TH�i2M Bb 7`22 iQ `Qi�i2 �M/
iQ bHB/2 ?Q`BxQMi�HHv- BM i?2 TH�M2 Q7 /27Q`K�iBQM- iQ 7QHHQr i?2 /BbTH�+2K2Mi Q7 i?2 mTT2`
TQ`iBQM Q7 i?2 bT2+BK2M- BM +�b2 bi`�BM HQ+�HBb�iBQM Q++m`b /m`BM; i?2 /2pB�iQ`B+ HQ�/BM;X
�HH i?2 bm`7�+2b Q7 i?2 b�KTH2 BM +QMi�+i rBi? i?2 K�+?BM2 �`2 Hm#`B+�i2/ rBi? � KBtim`2
Q7 ;`2�b2 �M/ p�b2HBM2X h?2 �TT�`�imb Bb 2[mBTT2/ rBi? � H�`;2 +2HH i?�i bm``QmM/b i?2

NR
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6B;m`2 eXR, a+?2K�iB+ Q7 i?2 ó#B�tB�Hô +2HH U.2b`m2b �M/ oB;;B�MB- kyy9VX

bT2+BK2M �M/ +�M #2 }HH2/ rBi? bBHB+QM2 QBH iQ �TTHv � +QM}MBM; T`2bbm`2X h?2 +2HH ?�b 9
H�`;2 SH2tB;H�b rBM/Qrb- T�`�HH2Hb iQ bT2+BK2M bm`7�+2b- r?B+? �HHQr i?2 /B`2+i Q#b2`p�iBQM
Q7 i?2 bT2+BK2M /m`BM; i?2 i2bi i?`Qm;? i?Bb +QM}M2K2Mi +2HHX >Qr2p2`- �HH i?2 i2bib
+�``B2/ Qmi /m`BM; i?Bb rQ`F ?�p2 #22M T2`7Q`K2/ rBi?Qmi +QM}MBM; T`2bbm`2X AM 7�+i-
7Q` i?2 H�bi b2i Q7 2tT2`BK2Mib i?2 +2HH r�b `2TH�+2/ rBi? � i`BTQ/ bmTTQ`iBM; i?2 HQ�/BM;
bvbi2Kc i?Bb +QM};m`�iBQM 7�+BHBi�i2b i?2 b2i mT Q7 i?2 2tT2`BK2Mib- �b Bi �HHQrb i?2 TH�M2
bi`�BM /2pB+2 iQ #2 mb2/ rBi?Qmi `2KQpBM; i?2 T`2bbm`2 +2HH U#v i?2 Qp2`?2�/ +`�M2, b22
6B;m`2 eXkVX � b+`2r D�+F- r?B+? `2bib QM iQT Q7 i?2 /2pB+2- �TTHB2b � bi`�BM�+QMi`QHH2/
�tB�H HQ�/BM; rBi? � bT22/ Q7 e µKfKBMmi2X h?2 p2`iB+�H /BbTH�+2K2Mib Q7 i?2 iQT TH�i2M
�`2 K2�bm`2/ #v �M Go.h r?BH2 i?2 �tB�H HQ�/ Bb K2�bm`2/ #v �M BMi2`M�H HQ�/ +2HHX .�i�
�+[mBbBiBQM Bb +�``B2/ Qmi rBi? � T`Q+2bb BMi2`7�+2 mMBi HBMF2/ iQ � +QKTmi2`X

"�``2ii2@?QH/BM; /2pB+2

hQ �+[mB`2 �+QmbiB+ /�i� /m`BM; i?2 HQ�/BM; i?2 i`�Mb/m+2` �``�v ó#�``2ii2bô ?�p2 iQ #22M
?2H/ BM TH�+2 #v � bmTTQ`iX � /2pB+2 ?�b #22M /2bB;M2/ /m`BM; i?Bb rQ`F 7Q` i?Bb Tm`TQb2X
6B;m`2 eXj b?Qrb � b+?2K�iB+ `2T`2b2Mi�iBQM Q7 i?2 /2bB;M2/ TB2+2b- BMi2;`�i2/ BMiQ i?2
T`2@2tBbiBM; +QM};m`�iBQM- THmb � /2i�BH Q7 i?2 #�``2ii2b ?QmbBM;X h?2 M2r TB2+2b BM+Hm/2
� rB/2 bmTTQ`i- i?�i Bb TH�+2/ #2ir22M i?2 #�b2 �M/ i?2 #QiiQK TH�i2M- BM r?B+? irQ
p2`iB+�H bmTTQ`ib �`2 }t2/c i?2 #�``2ii2 ?QmbBM;b �`2 i?2Kb2Hp2b }t2/ iQ i?2b2 p2`iB+�H
bmTTQ`ibX h?2 ?Q`BxQMi�H TQbBiBQM Q7 i?2 bmTTQ`ib �M/ i?2 p2`iB+�H TQbBiBQM Q7 i?2 #�``2ii2b
?QmbBM;b �`2 �/Dmbi�#H2X 6Qm` bT`BM;b �`2 TH�+2/ #2ir22M 2�+? #�``2ii2 �M/ Bib ?QmbBM; iQ
�bbm`2 i?2 +QMi�+i rBi? i?2 b�KTH2 i?`Qm;?Qmi � i2bi- 2p2M rBi? b�KTH2 /BbTH�+2K2MibX

eXRXk lHi`�bQMB+ hQKQ;`�T?v

lHi`�bQMB+ r�p2b r2`2 2KBii2/ �M/ �+[mB`2/ mbBM; irQ #�``2ii2b Q7 jk i`�Mb/m+2`b 2H2K2Mi
2�+? i`�Mb/m+2` #2BM; RX8 KK ?B;? �M/ �#Qmi R8 KK rB/2- i?2 +?�`�+i2`BbiB+ 7`2[m2M+v Q7

Nk
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i?2 i`�Mb/m+2`b Bb yX8 J>xX � +QKTH2i2 b2i Q7 mHi`�bQMB+ /�i� r�b Q#i�BM2/ �#Qmi 2p2`v
98 b2+QM/b- r?B+? Bb i?2 iBK2 M22/2/ iQ �+[mB`2 �M/ /QrMHQ�/ i?2 /�i�X h?2 �+[mBbBiBQM
bvbi2K r�b +QMM2+i2/ iQ � +QKTmi2` i?�i �HHQr2/ i?2 /�i� �+[mBbBiBQM iQ #2 KQMBiQ`2/
/m`BM; i?2 i2biX

"�b2/ QM i?2 BMbB;?i ;�BM2/ 7`QK i?2 bvMi?2iB+ /�i� i2bi Ub2+iBQM jX9V- mHi`�bQMB+ iQKQ@
;`�T?B2b ?�p2 #22M +�``B2/ Qmi mbBM; 2BFQM�H `�vb �b T`QT�;�iBQM KQ/2H- � ;`B/ bBx2 Q7 RX8
KK- �M/ +Q``2H�iBQM H2M;i?b Q7 RX8 KKX h?2 ε T�`�K2i2` �M/ i?2 bi�`iBM; p2HQ+Biv p�Hm2
�`2- +QMp2`b2Hv- �/�Ti2/ iQ i?2 T�`iB+mH�` +�b2X

eXRXj S?QiQ b2i mT 7Q` .A*

>B;? `2bQHmiBQM TB+im`2b Q7 i?2 bm`7�+2 Q7 i?2 b�KTH2 r2`2 i�F2M /m`BM; HQ�/BM;X h?2
LBFQM .j- +�K2`� i?�i r�b mb2/ �HHQrb TB+im`2b iQ #2 i�F2M �i }t2/ BMi2`M�Hb i?�MFb
iQ �M BMi2`M�H iBK2`X .m`BM; i?2 i2bib T`2b2Mi2/ BM i?Bb b2+iBQM- T?QiQ;`�T?b r2`2 i�F2M
2p2`v irQ KBMmi2bX h?2 b[m�`2 BK�;2 TBt2Hb rBi? i?Bb b2i mT �`2 �#Qmi RNµK rB/2 �M/
2�+? BK�;2 r�b 6080× 4044 TBt2HbX

eXRX9 s@_�v hQKQ;`�T?v

1p2`v i2bi2/ b�KTH2 r�b b+�MM2/ BM �M s@`�v iQKQ;`�T? #27Q`2 �M/ �7i2` i?2 K2+?�MB+�H
i2biX hQ Q#i�BM �M BK�;2 Q7 i?2 +QKTH2i2 b�KTH2b i?2v +�M MQi #2 TH�+2/ +HQb2 iQ i?2 s@
`�v bQm`+2 /m2 iQ i?2 ;2QK2i`v Q7 i?2 bvbi2K Ub22 b2+iBQM 9XkXRVX h?2 +HQb2bi /Bbi�M+2 i?�i
�HHQrb i?2 7mHH b�KTH2 iQ #2 BK�;2/ T`QpB/2b � pQt2H bBx2 BM i?2 `2+QMbi`m+i2/ iQKQ;`�T?B2b
Q7 50 × 50 × 50µK3X PM2 b�KTH2 r�b b+�MM2/ �7i2` i?2 i2bi rBi? d µK pQt2H rB/i? #v
T2`7Q`KBM; � HQ+�H iQKQ;`�T?vX

eXk J�i2`B�H �M/ b�KTH2 T`2T�`�iBQM

a�KTH2b r2`2 T`2T�`2/ #v +miiBM; � T`BbK�iB+ #HQ+F Q7 `Q+F bQ i?�i i?2 2/;2b 7Q`K2/
QM i?2 7`QMi �M/ #�+F bm`7�+2b �`2 BM+HBM2/ Q7 98ê r?BH2 i?2 2/;2b 7Q`K2/ QM i?2 H�i2`�H
bm`7�+2b �`2 ?Q`BxQMi�H �b b?QrM BM 6B;m`2 eX9U�VX h?2 irQ `2bmHiBM; #HQ+Fb �`2 i?2M
TH�+2/ BM � KQH/ rBi? � b[m�`2 b2+iBQM Q7 j8 KK T2` bB/2 �M/ ?2B;?i Q7 dy KKX aBM+2 i?2
Q#D2+iBp2 r�b iQ +`2�i2 � H�v2` Q7 +2K2Mi2/ bQBH #2ir22M i?2 irQ #HQ+Fb i?2 BMBiB�H #HQ+F
Q7 `Q+F Bb b?Q`i2` i?�M i?2 KQH/- r?BH2 Bib b2+iBQM K�i+?2b i?2 KQH/ b2+iBQMX h?2 pQB/
#2ir22M i?2 irQ #HQ+Fb Bb }HH2/ #v � KBtim`2 Q7 >QbimM >LjR b�M/- +2K2Mi- �M/ r�i2`-
i?2 T`QTQ`iBQM #2ir22M +2K2Mi �M/ b�M/ #2BM; yX8 r?BH2 i?2 r�i2` r�b �//2/ mMiBH i?2
T�bi2 �bbmK2/ � �/2[m�i2 +QMbBbi2M+vX hQ BKT`Qp2 i?2 +Q?2bBQM #2ir22M i?2 `Q+F �M/ i?2
+2K2Mi2/ bQBH i?2 `Q+F bm`7�+2b r2`2 BKT`2;M�i2 #v � T`Q/m+i K�/2 7Q` i?2 Tm`TQb2X hrQ
i?B+FM2bb2b 7Q` i?2 H�v2` r2`2 `2�HBb2/, 8 KK �M/ Ry KKX h?2 `Q+F mb2/ BM i?2 bT2+BK2Mb
Bb i?2 6QMi�BM2#H2�m b�M/biQM2- i?2 K2+?�MB+�H #2?�pBQm` Q7 r?B+? Bb /2b+`B#2/ 2Hb2r?2`2
U"ûbm2HH2 2i �HX- kyyyVX

6B;m`2 eX9 b?Qrb � p2`iB+�H bHB+2 i?`Qm;? �M s@`�v iQKQ;`�T?v U#V �M/ i?2 K2/B�M Q7 �HH
p2`iB+�H bHB+2b U+V 7`QK #27Q`2 HQ�/BM;X Ai +�M #2 b22M i?�i i?2 H�v2` Bb +QKTQb2/ #v � KQ`2
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p2HQ+Biv /2+`2�b2b rBi? i?2 HQ�/BM; #mi i?2 p2HQ+Biv T2`im`#�iBQMb �`2 MQi ?QKQ;2M2Qmb
i?`Qm;?Qmi i?2 ?2B;?i Q7 i?2 b�KTH2X .2bTBi2 i?2 y@Qzb2i p2HQ+Biv T`Q}H2 bm;;2bi �M
BM?QKQ;2M2Biv Q7 i?2 b�KTH2 Bi Bb BKTQbbB#H2 7`QK i?Bb bBKTHB}2/ �M�HvbBb iQ `2+Qp2` i?2
BMi`BMbB+ ;2QK2i`v Q7 i?2 bT2+BK2MX

hBK2 K�Tb 6B;m`2 eXd b?Qrb i?2 iBK2 K�T 7Q` i?2 }H2 dy �M/ i?2 iBK2 /2H�v K�Tb 7Q`
}H2 RRy- R8y- �M/ RNy `2H�iBp2 iQ }H2 dyX .m`BM; i?2 }`bi bi2T QMHv KBMQ` p2HQ+Biv +?�M;2b
Q++m`- �b +�M #2 b22M �HbQ 7`QK i?2 y@Qzb2i p2HQ+Biv T`Q}H2bX AM i?2 bi2T R8y�dy � i?2 `2/
xQM2 iQ i?2 H27i BM/B+�i2b �M BM+`2�b2 Q7 i`�p2H iBK2- �M/ i?mb � HQr p2HQ+Biv T2`im`#�iBQM-
HQ+�i2/ +HQb2 iQ i?2 #QiiQK Q7 i?2 `2+2Bp2` #�``2ii2X AM i?2 H�bi bi2T i?2 p2HQ+Biv T2`im`@
#�iBQM ?�b T`QT�;�i2/ i?`Qm;? i?2 7mHH bT2+BK2M- KQ`2Qp2` i?2`2 Bb � bB;MB}+�Mi HQbb Q7
�+QmbiB+ bB;M�Hb- BX2X- i?2 �KTHBim/2 Q7 i?2 `2;Bbi2`2/ bB;M�Hb Bb iQQ HQr iQ �HHQr i?2 iBK2
TB+FBM;X

JQ/2H@#�b2/ iQKQ;`�T?B2b 6B;m`2 eX3U�V b?Qrb �M 2t�KTH2 Q7 KQ/2H@#�b2/ iQKQ;@
`�T?v 7Q` i?2 }H2 dy- i?2 y@Qzb2i p2HQ+Biv T`Q}H2 Q#i�BM2/ 7`QK K2�bm`2/ �M/ KQ/2HH2/
i`�p2H iBK2b- �M/ i?2 BMTmi /�i� BM i?2 7Q`K Q7 iBK2 /2H�v K�T rBi? `2bT2+i iQ � ?QKQ@
;2M2Qmb p2HQ+Biv }2H/- i?2 p�Hm2 Q7 i?2 +QMbi�Mi p2HQ+Biv Bb ke9y Kfb �b /2i2`KBM2/ #v
i?2 T�`�K2i2` }iiBM; T`Q+2/m`2X h?2 iQKQ;`�T?v BM 6B;m`2 eX3U�V Bb �z2+i2/ #v � bi`QM;
+`Qbb �`i27�+i 2M?�M+2/ #v i?2 i?2 /�i�X h?2 #Hm2 bTQi BM i?2 iQT H27i Q7 i?2 iBK2 K�T
+Q``2bTQM/b iQ � ?B;? p2HQ+Biv �MQK�Hv BM+HBM2/ BM i?2 b�K2 /B`2+iBQM �b i?2 �`i27�+iX
AM 7�+i- �HH /�i� +Q``2bTQM/BM; iQ i?2 }`bi irQ `2+2Bp2`b �M/ i?2 H�bi irQ bQm`+2b b22K
BM+QMbBbi2Mi- 2bT2+B�HHv B7 i?2 iBK2 /2H�v K�T Bb +QKT�`2/ iQ i?2 QM2 T`2b2Mi2/ BM 6B;m`2
kXRjU+V- r?B+? +Q``2bTQM/b iQ i?2 b�K2 ;2QK2i`vX h?2b2 /�i� ?�p2 #22M `2KQp2/ �M/
i?2 �M�HvbBb `2T2�i2/X h?2 BMp2`bBQM `2bmHi Q#i�BM2/ mbBM; i?2 M2r /�i� b2i- T`2b2Mi2/ BM
6B;m`2 eX3U#V- b?Qrb i?�i i?2 +`Qbb �`i27�+i /Bb�TT2�`bX h?2`27Q`2 i?2 �M�Hvb2b T`2b2Mi2/
BM i?2 7QHHQrBM; ?�p2 #22M +�``B2/ Qmi mbBM; i?2 `2/m+2/ BMTmi /�i�X

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 H�v2` Q7 +2K2Mi2/ bQBH `2bmHib BM � ?B;? p2HQ+Biv #�M/X
h?Bb BKTHB2b i?�i i?2 H�v2` Bb biBz2` i?�M i?2 bm``QmM/BM; `Q+F- r?B+? Bb BM +QMi`�bi rBi?
i?2 2tT2+i�iBQM i?�i i?2 `2�H `Q+F rQmH/ #2 biBz2` i?�M i?2 �`iB}+B�H QM2X

h?2 �M�HvbBb Q7 i?2 bvMi?2iB+ /�i� Ub2+iBQM jX9V mM/2`HBM2/ i?2 BKTQ`i�M+2 Q7 i?2 bi�`i@
BM; p2HQ+Biv p�Hm2- r?B+? b?QmH/ #2 i?2 +HQb2bi TQbbB#H2 iQ i?2 `2�H #�+F;`QmM/ p2HQ+BivX
h?2`27Q`2 b2p2`�H bi�`iBM; p2HQ+Biv p�Hm2b ?�p2 #22M i2bi2/X h?2 `2bmHiBM; BK�;2b �`2
b?QrM BM 6B;m`2 eXNX h?2 p�Hm2 Q7 k8yy Kfb ?�b #22M +?Qb2M �b i?2 KQbi �TT`QT`B�i2
bBM+2 Bi T`QpB/2 � ;QQ/ +QKT`QKBb2 #2ir22M i?2 ?QKQ;2M2Biv Q7 i?2 #�+F;`QmM/ �M/ i?2
`2bQHmiBQM Q7 i?2 H�v2` ;2QK2i`vX h?2 +?QB+2 Q7 i?2 � T�`�K2i2` ?�b #22M #�b2/ QM i?2
i`�/2 Qz +m`p2 T`2b2Mi2/ BM 6B;m`2 eXRyX �Hi?Qm;? i?2 i?2 +m`p2 /Q2b MQi b?Qr i?2 +H�b@
bB+�H ?vT2`#QHB+ b?�T2- ε 4 Ryy +�M #2 B/2MiB}2/ �b i?2 #2bi p�Hm2c i?Bb +?QB+2 Bb 2M/Q`b2/
#v � pBbm�H �M�HvbBbX

hQ /2KQMbi`�i2 i?2 ;QQ/ `2bQHmiBQM �+?B2p2/ BM i?2 `2+QMbi`m+iBQM Q7 i?2 H�v2` ;2QK2i`v-
i?2 mHi`�bQMB+ iQKQ;`�T?v UT`2b2Mi2/ BM 6B;m`2 eXRRU�V rBi? �/Dmbi2/ +QHQm` b+�H2V ?�b
#22M Qp2`H�BM QM i?2 s@`�v BK�;2b T`2b2Mi2/ BM 6B;m`2 eX9 U#V �M/ U+VX h?2 Qp2`H�BM
BK�;2b- b?QrM BM 6B;m`2 eXRRU#V �M/ U+V- +QM}`K i?2 ;QQ/ [m�HBiv Q7 i?2 H�v2` ;2QK2i`v

Nd
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U�V

U#V

U+V

6B;m`2 eXe, � b2H2+iBQM Q7 y@Qzb2i p2HQ+Biv T`Q}H2b 7Q` /Bz2`2Mi bi�;2 Q7 HQ�/ U�Vc y�Qzb2i
p2HQ+BiB2b U#V �M/ p2HQ+Biv T2`im`#�iBQM U+V 2pQHmiBQMX
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U�V U#V

U+V U/V

6B;m`2 eXd, hBK2 K�T 7Q` i?2 BMBiB�H bi�i2X .2H�v K�T #2ir22M i?2 i`�p2H iBK2b K2�bm`2/ 7Q`
}H2 dy U�V �M/ 7Q` }H2 RRy U#V- R8y U+V- �M/ RNy U/VX

T`QpB/2/ #v i?2 mHi`�bQMB+ iQKQ;`�T?v- #Qi? BM i2`Kb Q7 BM+HBM�iBQM �M/ #�M/ i?B+FM2bb-
�Hi?Qm;? i?2 b?�`T #QmM/�`B2b �`2 MQi `2T`Q/m+B#H2X

h?2 2pQHmiBQM Q7 i?2 p2HQ+Biv }2H/ /m`BM; i?2 HQ�/BM; Bb T`2b2Mi2/ BM 6B;m`2 eXRk i?`Qm;?
� b2H2+iBQM Q7 KQ/2H@#�b2/ iQKQ;`�T?B2bX �b 2tT2+i2/ BM i?2 }`bi T�`i Q7 i?2 i2bi QMHv
KBMQ` +?�M;2b Q7 p2HQ+Biv Q++m` r?BH2- BM � H�i2` bi�;2- � /2+`2�b2 Q7 p2HQ+Biv Bb `2;Bbi2`2/
BMbB/2 �M/ QmibB/2 i?2 H�v2`- r?B+? b22Kb iQ `2/m+2 Bib i?B+FM2bb- 2bT2+B�HHv �i i?2 #QiiQKX
h?Bb BM/B+�i2 i?�i /�K�;2 Q++m`b BM #Qi? i?2 `Q+F �M/ i?2 +2K2Mi2/ K�i2`B�HX

6Q` +QKTH2i2M2bb- `2bmHib Q#i�BM2/ mbBM; Qi?2` T`QT�;�iBQM KQ/2Hb �`2 b?QrMX AM T�`@
iB+mH�`- i?2 KQ/2H@#�b2/ iQKQ;`�T?B2b +�``B2/ Qmi mbBM; bi`�B;?i `�vb- +m#B+ `�vb �M/
b2MbBiBpBiv F2`M2Hb- 7Q` }H2b dy �M/ RNy- �`2 T`2b2Mi2/ BM 6B;m`2 eXRj �M/ eXR9 `2bT2+iBp2HvX
�b ?�b #22M +QKK2Mi2/ BM b2+iBQM jX9c �Hi?Qm;? i?2 bi`�B;?i `�vb T`QpB/2 +QKT�`�#H2
`2bmHib rBi? +m`p2/ `�vb- i?2 #�M/ Bb r2HH H2bb /2}M2/X 6m`i?2`KQ`2- +m#B+ `�vb T`Q/m+2
� r2HH /2}M2/ #�M/- #mi bHB;?iHv #2Mi- r?BH2 aE ;Bp2- �b 2tT2+i2/- HQr2` p2HQ+Biv p�Hm2bX

NN
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U�V

U#V

6B;m`2 eX3, .2H�v iBK2 K�T #2ir22M }H2 dy �M/ � ?QKQ;2M2Qmb K2/BmK �M/ +Q``2bTQM/BM;
mHi`�bQMB+ iQKQ;`�T?v �M/ y�Qzb2i p2HQ+Biv T`Q}H2b 7Q` U�V i?2 +QKTH2i2 b2i Q7 /�i� �M/ U#V i?2
`2/m+2/ b2i Q7 /�i�X

Ryy
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U�V

U#V

U+V

6B;m`2 eXR3, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

Ryd
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U�V

U#V

U+V

6B;m`2 eXRN, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

Ry3
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U�V

U#V

U+V

6B;m`2 eXky, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

RyN
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U�V

U#V

U+V

6B;m`2 eXkR, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

RRy
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U�V

U#V

U+V

6B;m`2 eXkk, *QKT�`BbQM #2ir22M pQHmK2i`B+ �M/ b?2�` bi`�BM }2H/b 7`QK k.@.A* �M/ lHi`�@
bQMB+ iQKQ;`�T?v 7Q` i?2 b�K2 BM+`2K2Mi Q7 HQ�/BM;X

RRR
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U�V

U#V

U+V

6B;m`2 eXkj, *QKT�`BbQM #2ir22M pQHmK2i`B+ �M/ b?2�` bi`�BM }2H/b 7`QK k.@.A* �M/ lHi`�@
bQMB+ iQKQ;`�T?v 7Q` i?2 b�K2 BM+`2K2Mi Q7 HQ�/BM;X

RRk
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U�V

U#V

U+V

6B;m`2 eXk9, *QKT�`BbQM #2ir22M pQHmK2i`B+ �M/ b?2�` bi`�BM }2H/b 7`QK k.@.A* �M/ lHi`�@
bQMB+ iQKQ;`�T?v 7Q` i?2 b�K2 BM+`2K2Mi Q7 HQ�/BM;X

RRj
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6B;m`2 eXk8, a?2�` bi`�BM }H2/ 7`QK k.@.A* 7Q` � b�KTH2 U6G1h9V rBi? i?B+F2` +2K2Mi2/ bQBH
H�v2`X

/27Q`K�iBQMb Q++m``BM;X AM i?Bb +�b2 i?2 /�K�;2 Bb TQi2MiB�HHv +�mb2/ #v i?2 `mTim`2
Q7 i?2 +2K2Mic i?Bb b?QmH/ #2 +QM}`K2/ i?`Qm;? � KB+`Q@b+�H2 �M�HvbBb Q7 i?2 K�i2`B�HX
h?2 7�+i i?�i i?2 mHi`�bQMB+ iQKQ;`�T?v Bb MQi �#H2 iQ /2i2+i i?2 /27Q`K�iBQMb Q++m``BM;
BMbB/2 i?2 H�v2` KB;?i #2 2tTH�BM2/ #v irQ +QKTH2K2Mi�`v 7�+iQ`b,

� .A* b?Qrb +QKT�+iBQM �HQM; i?2 H�v2` #QmM/�`B2b �M/ /BH�iBQM BMbB/2c bBM+2 i?2 i?2
mHi`�bQMB+ iQKQ;`�T?v +�M MQi 7mHHv `2bQHp2 i?Bb bi`m+im`2 i?2 +QK#BM�iBQM Q7 i?2 +QK@
T�+iBQM �M/ /BH�iBQM +QmH/ `2bmHi BM mM/2i2+i�#H2 M2i p2HQ+Biv +?�M;2bc

� i?2 bi`�BM Q++m``BM; BM i?2 H�v2` Bb K�BMHv HBM2�` 2H�biB+ �M/ MQ K2�bm`�#H2 /�K�;2 Bb
T`Q/m+2/ �M/ MQM�HBM2�` 2z2+ib �`2 M2;HB;B#H2 /m2 iQ � ?B;? +2K2Mi +QM+2Mi`�iBQMX

JQ`2Qp2`- i?2 7`�+im`2b pBbB#H2 BM i?2 .A* /Q MQi �TT2�` BM i?2 mHi`�bQMB+ iQKQ;`�T?B2b-
r?B+? Bb MQ`K�HHv p2`v b2MbBiBp2 iQ 7`�+im`BM;X

h?2 .A* b?Qrb i?�i b?2�` bi`�BM Bb Q++m``BM; BM i?2 r?QH2 i?B+FM2bb Q7 i?2 +2K2Mi2/ bQBH
H�v2`X h?Bb ?�TT2Mb bvbi2K�iB+�HHv 7Q` 2�+? i2bi2/ b�KTH2X AM 6B;m`2 eXk8 �M 2t�KTH2
Q7 b?2�` bi`�BM }2H/ 7Q` � bT2+BK2M rBi? � i?B+F2` H�v2` URy KKV Bb T`2b2Mi2/X h?Bb
T?2MQK2MQM +�M 2tTH�BM i?2 /Bz2`2Mi K2+?�MB+�H #2?�pBQm` �i i?2 K�+`Q b+�H2 7Q` i?2
irQ ;`QmT Q7 b�KTH2b U6B;m`2 eX8VX AM 7�+i B7 i?2 b�K2 b?2�` /27Q`K�iBQM i�F2 TH�+2 BM �
#B;;2` TQ`iBQM Q7 i?2 b�KTH2- i?2 /BbTH�+2K2Mi- 7`QK r?B+? i?2 bi`�BM �i i?2 K�+`Q b+�H2
Bb +�H+mH�i2/- rBHH BM+`2�b2X

j. @ .B;Bi�H AK�;2 *Q``2H�iBQM Uj.@.A*V

.A* ?�b #22M +�``B2/ Qmi #2ir22M i?2 irQ j. pQHmK2b Q#i�BM2/ 7`QK s@`�v b+�Mb T2`@
7Q`K2/ #27Q`2 �M/ �7i2` i?2 K2+?�MB+�H i2biX h?2 `2bmHi Q7 i?Bb �M�HvbBb Bb T`2b2Mi2/ BM
6B;m`2 eXke �b pQHmK2i`B+ �M/ b?2�` bi`�BMX _2;�`/BM; i?2 pQHmK2i`B+ bi`�BMb- i?2 j.@.A*
+QM}`Kb K�BMHv r?�i Bb b22M BM i?2 k.@.A*- 2t+2Ti 7Q` i?2 p2`iB+�H 7`�+im`2b i?�i �`2 MQi
pBbB#H2 ?2`2BMX h?Bb bm;;2bi i?�i i?Qb2 7`�+im`2b �`2 QMHv M2�` i?2 bm`7�+2 �M/ Bi 2tTH�BMb
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MQi b2MbBiBp2 iQ `2p2`bB#H2 2H�biB+ /27Q`K�iBQMbX

h?2 Q#b2`p�iBQM K�/2 QM i?2 K2+?�MBbKb +QmH/ MQi #2 �+?B2p2/ mbBM; i?2 7mHH }2H/ i2+?@
MB[m2b b2T�`�i2Hv bBM+2 i?2v T`QpB/2 /Bz2`2Mi �M/ +QKTH2K2Mi�`v BM7Q`K�iBQMX h?Bb 2t@
T2`BK2Mi +QM}`Kb i?�i iQ �+?B2p2 � ;QQ/ mM/2`bi�M/BM; Q7 i?2 K2+?�MB+�H #2?�pBQm` Q7
;2QK�i2`B�Hb i?2 mb2 Q7 KmHiBTH2 i2+?MB[m2b Bb M2+2bb�`vX

Ai rQmH/ #2 BMi2`2biBM; iQ +�``v Qmi Qi?2` 2tT2`BK2Mib r?2`2 i?2 BM+HBM2/ H�v2` Bb �+im�HHv
H2bb biBz �M/ #Q`2 #`BiiH2 i?�M i?2 bm``QmM/BM; `Q+F iQ bim/v i?2 mHi`�bQMB+ iQKQ;`�T?v
`2bTQMb2 BM bm+? � +�b2X
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*?�Ti2` d

�`iB}+B�HHv +2K2Mi2/ ;`�MmH�`
K�i2`B�H

h?Bb +?�Ti2` T`2b2Mib i?2 2tT2`BK2Mi�H `2bmHib- 7Q` �M �`iB}+B�H `Q+F�HBF2 K�i2`B�H- Q#@
i�BM2/ mbBM; 7mHH�}2H/ K2�bm`2K2MibX h?2 bim/B2/ K�i2`B�H Bb �M �M�HQ;m2 Q7 `2�H +2K2Mi2/
;`�MmH�` K�i2`B�Hb- bm+? �b Tv`Q+H�biB+ r2�F `Q+Fb- +�`#QM�i2 b�M/b- +�H+�`2MBi2b �M/ +QK@
T�+i2/ /2+QKTQb2/ ;`�MBi2X �M �/p�Mi�;2 Q7 mbBM; �M �`iB}+B�H K�i2`B�H Bb i?2 TQbbB#BHBiv
Q7 +QMi`QHHBM; b�KTH2 T`QT2`iB2b- bm+? �b TQ`QbBiv �M/ +2K2Mi�iBQM H2p2HX 6mi?2`KQ`2
b�KTH2b T`2T�`2/ BM H�#Q`�iQ`v b?Qr � HQr2` `2bBbi�M+2- +QKT�`2/ iQ i?2 M�im`�H QM2b-
r?B+? �HHQrb i?2 mb2 Q7 bi�M/�`/ ;2Qi2+?MB+�H �TT�`�imb- MQ`K�HHv mb2/ 7Q` bQBHb- BMbi2�/
Q7 i?2 �TT�`�imb /2bB;M2/ 7Q` `Q+FbX h?2 BMi2;`�iBQM Q7 i?2 2ti`� 2[mBTK2Mi `2[mB`2/ 7Q`
i?2 mHi`�bQMB+ iQKQ;`�T?v +�M MQi #2 BMi2;`�i2/ bBKTHv BMiQ `Q+F /27Q`K�iBQM �TT�`�imb-
r?B+? rQ`F �i ?B;?2` T`2bbm`2bX

� #`B27 /2b+`BTiBQM Q7 i?2 2tT2`BK2Mi�H K2i?Q/b Bb 7QHHQr2/ #v i?2 T`2b2Mi�iBQM Q7 i?2
bim/B2/ K�i2`B�H- BM T�`iB+mH�` i?2 b�KTH2 T`2T�`�iBQM T`Q+2/m`2 Bb /2i�BH2/ �M/ i?2 K2@
+?�MB+�H #2?�pBQm` Q7 bim/B2/ K�i2`B�H mM/2` i`B�tB�H +QKT`2bbBQM Bb �M�Hvb2/X AM i?2 H�bi
T�`i Q7 i?2 +?�Ti2` mHi`�bQMB+ iQKQ;`�T?v �M/ k.@.A* `2bmHib 7Q` TH�M2@bi`�BM +QKT`2b@
bBQM i2bib �`2 b?QrMX

dXR 1tT2`BK2Mi�H J2i?Q/b

dXRXR h`B�tB�H i2bi

*vHBM/`B+�H b�KTH2b Q7 i?2 �`iB}+B�H bQ7i `Q+F r2`2 i2bi2/ BM i`B�tB�H +QKT`2bbBQMX hrQ
2tBbiBM; i`B�tB�H �TT�`�imb2b r2`2 mb2/- QM2 BM lMBp2`bBi¨ /B _QK� óhQ` o2`;�i�ô- r?2`2
KQbi Q7 i?2 2tT2`BK2Mi�H T`Q;`�KK2 r�b +�``B2/ Qmi- �M/ QM2 BM lMBp2`bBi¨ /B _QK� óG�
a�TB2Mx�ôX h?2 H�ii2` Bb � bi�M/�`/ i`B�tB�H �TT�`�imb 7Q` j3 KK /B�K2i2`- de KK ?B;?
b�KTH2b �M/ rBHH bQ MQi #2 /2b+`B#2/ BM /2i�BHX h?2 i`B�tB�H �TT�`�imb mb2/ �i _QK� óhQ`
o2`;�i�ô +QKT`Bb2b � bi�M/�`/ i`B�tB�H +2HH �M/ HQ�/BM; 7`�K2 i?�i ?�p2 #22M KQ/B}2/ iQ
`2M/2` i?2 bvbi2K bi`2bb@T�i? +QMi`QHH2/X
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h?Bb b2+iBQM /2b+`B#2b #`B2~v i?2 i`B�tB�H �TT�`�imb BM _QK� óhQ` o2`;�i�ô �M/ bQK2
KQ/B}+�iBQMb iQ i?2 bvbi2K iQ K2�bm`2 pQHmK2 bi`�BMb QM /`v b�KTH2bX P`B;BM�H rQ`F
QM i?2 i`B�tB�H �TT�`�imb BM+Hm/2/ i?2 /2p2HQTK2Mi Q7 � M2r +QMi`QH +Q/2 7Q` bi`2bb@
T�i? i`B�tB�H i2biBM; �M/ i`�Mb/m+2` +�HB#`�iBQM- r?B+? r�b /2p2HQT2/ mbBM; � G�#pB2r
BMi2`7�+2c i?Bb Bb MQi /2b+`B#2/ BM i?Bb i?2bBb- 7Q` 7m`i?2` /2i�BHb i?2 `2�/2` Bb `272``2/ iQ
hm/Bb+Q UkyRj#VX

h?2 i`B�tB�H bvbi2K �i _QK� óhQ` o2`;�i�ô +`QKT`Bb2b � +vHBM/`B+�H +2HH- � TBbiQM +QM@
M2+i2/ iQ � 7`�K2- � T`2bb /`BpBM; i?2 +2HH #�b2 mT- �M �B`fr�i2` BMi2`7�+2 iQ KmHiBTHv
T`2bbm`2- � pQHmK2i2`- �M/ � b2i Q7 i`�Mb/m+2`b �M/ T`2bbm`2 +QMi`QHH2`b +QMM2+i2/ iQ �
�f. +QMp2`i2`X AMbB/2 i?2 +2HH- r?B+? +�M #2 }HH2/ #v r�i2` �M/ T`2bbm`Bb2/- i?2 b�KTH2 Bb
TH�+2/ QM � #�b2 T2/2bi�H �M/ r`�TT2/ BM � K2K#`�M2- r?B+? �HHQrb i?2 +2HH T`2bbm`2 iQ
�+i QM i?2 b�KTH2öb bm`7�+2X h?2 TBbiQM i`�Mb72`b i?2 HQ�/ iQ i?2 b�KTH2 r?BH2 i?2 7`�K2
�bbm`2b i?2 +QMi`�bib #2ir22M i?2 TBbiQM �M/ i?2 #�b2 KQpBM; mTX hQ �bbm`2 i?2 +QM@
M2iBQM #2ir22M i?2 b�KTH2 �M/ i?2 2ti2`M�H BMbi`mK2Mi�iBQM i?2 #�b2 T2/2bi�H Bb TB2`+2/
iQ �HHQr TQ`2 T`2bbm`2 +QMi`QH �M/ K2�bm`2K2Mi Q7 b�KTH2 pQHmK2 +?�M;2bX �M ?v/`�mHB+
bvbi2K +QMbBbiBM; Q7 � `2b2`pQB`- � /Bbi`B#miBQM #HQ+F- �M/ � K�Mm�H TmKT �bbm`2 i?2 r�i2`
+B`+mH�iBQM Ub22 6B;m`2 dXRVX

hrQ i`�Mb/m+2`b K2�bm`2 i?2 +2HH T`2bbm`2 �M/ i?2 TQ`2 T`2bbm`2 Dmbi QmibB/2 i?2 +2HH r?BH2
� Go.h K2�bm`2b i?2 p2`iB+�H /BbTH�+2K2Mib #2ir22M i?2 TBbiQM �M/ i?2 KQpBM; +2HHX h?2
7Q`+2 �+iBM; QM i?2 b�KTH2 Bb K2�bm`2/ #v � HQ�/ +2HH TQbBiBQM2/ BMbB/2 i?2 TBbiQMX h?2
pQHmK2 +?�M;2b Q7 i?2 b�KTH2 �`2 MQ`K�HHv K2�bm`2/ #v � pQHmK2i2`- r?B+? �HHQrb �HbQ
�TTHB+�iBQM Q7 i?2 /2bB`2/ TQ`2 T`2bbm`2X h?2 pQHmK2i2` Bb +QKTQb2/ Q7 irQ +?�K#2`b
#QmM/2/ #v irQ #2HHQ7`�K `QHHBM; b2�Hb +QMM2+i2/ #v � TBbiQMX h?2 bm`7�+2 Q7 i?2 TBbiQM
#2BM; }t2/ K2�bm`BM; i?2 /BbTH�+2K2Mib Q7 i?2 TBbiQM i?2 pQHmK2 Q7 r�i2` 2Mi2`BM; Q`
;QBM; Qmi i?2 pQHmK2i2` +�M #2 `2+Qp2`2/ Ub22 6B;m`2 dXkVX h?2 b�K2 T`BM+BTH2 Bb �TTHB2/
iQ i?2 T`2bbm`2 KmHiBTHB2`- BM i?Bb +�b2 i?2 #QiiQK �M/ iQT bm`7�+2b Q7 i?2 BMi2`M�H TBbiQM
?�p2 /Bz2`2Mi �`2�b- bQ i?�i i?2 T`2bbm`2 �TTHB2/ �i i?2 #QiiQK +?�K#2` Bb i`�Mb72` iQ i?2
iQT +?�K#2` BM+`2�b2/ #v � 7�+iQ` 2[m�H iQ i?2 `�iBQ #2ir22M i?2 irQ �`2�bX

.m`BM; i2bib +�``B2/ Qmi QM /`v b�KTH2b Bi Bb MQi TQbbB#H2 iQ K2�bm`2 i?2 pQHmK2 +?�M;2b
mbBM; i?2 pQHmK2i2` +QMM2+i2/ iQ i?2 b�KTH2X h?2`27Q`2 i?2 +?�M;2b Q7 b�KTH2 pQHmK2
�`2 `2+Qp2`2/ #v K2�bm`BM; i?2 r�i2` pQHmK2 p�`B�iBQMb BMbB/2 i?2 +2HH �M/ �TTHvBM; i?2
M2+2bb�`v +Q``2+iBQMb Ub22 :2Q`;QTQmHQb �M/ o�`/QmH�FBb- kyy8VX h?2 T`2bbm`2 KmHiBTHB2`
?�b #22M �/�Ti2/ iQ �HHQr pQHmK2 +?�M;2 K2�bm`2K2Mib #v �//BM; � bmTTQ`i 7Q` � Go.h-
r?B+? KQMBiQ`b i?2 /BbTH�+2K2Mib Q7 i?2 TBbiQM Ub22 6B;m`2 dXjVX

a�KTH2b �`2 TQbBiBQM2/ QM i?2 #�b2 T2/2bi�H �M/ r`�TT2/ BMiQ � K2K#`�M2- }t2/ iQ
i?2 T2/2bi�H �M/ iQ i?2 iQT +mT #v 7Qm` Q@`BM;bX AM i?2 +�b2 Q7 i2bib +�``B2/ Qmi BM
b�im`�i2/ +QM/BiBQMb- b�KTH2b �`2 T`2pBQmbHv TH�+2/ BM � b2�H2/ +QMi�BM2` }HH2/ #v r�i2`
�M/ +QMM2+i2/ iQ i?2 p�+mmK TmKTc KQ`2Qp2` /m`BM; i?2 b2i mT irQ TQ`Qmb biQM2b �`2
TH�+2/ �i i?2 2/;2b Q7 i?2 b�KTH2 iQ �bbm`2 i?2 /`�BM�;2X PM+2 i?2 +2HH Bb b2�H2/ �M/
T`2bbm`Bb2/ i?2 K2+?�MB+�H T`2bb Bb �+iBp�i2/ BKTQbBM; � bT22/ Q7 yXyk KKfKBM iQ BMBiB�i2
i?2 b?2�` HQ�/BM;X

.�i� �+[mB`2/ /m`BM; i?2 i2bib M22/ iQ #2 TQbi@T`2+2bb2/ iQ +�H+mH�i2 i?2 T?vbB+�H [m�iBiB2b
�HHQrBM; i?2 K2+?�MB+�H #2?�pBQm` +?�`�+i2`Bb�iBQMX AM T�`iB+mH�` iQ Q#i�BM i?2 pQHmK2
+?�M;2b- bi�`iBM; 7`QK i?2 r�i2` pQHmK2 +?�M;2b BM i?2 +2HH- /m`BM; i?2 b?2�` HQ�/BM;
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6B;m`2 dX9, � }`bi i2Mi�iBp2 Q7 #�``2ii2b ?QH/BM; /2pB+2X

AM � }`bi bi�;2 Q7 i?2 rQ`F i?2 Hm#`B+�iBQM �i b�KTH2 bm`7�+2b r�b Q#i�BM2/ mbBM; ;`2�b2-
?Qr2p2` i?Bb +�mb2b HB;?i `2~2+iBQMb i?�i +�M +QKT`QKBb2 i?2 /B;Bi�H BK�;2 +Q``2H�iBQMX
h?2`27Q`2 i?2 ;`2�b2 r�b `2TH�+2/ #v � KBtim`2 Q7 ;`2�b2 �M/ p�b2HHBM2X

lHi`�bQMB+ iQKQ;`�T?v

lHi`�bQMB+ r�p2b r2`2 2KBii2/ �M/ �+[mB`2/ mbBM; irQ #�``2ii2b Q7 jk i`�Mb/m+2`b- 2�+?
i`�Mb/m+2` #2BM; RX8 KK ?B;? �M/ R8 KK rB/2- i?2 +?�`�+i2`BbiB+ 7`2[m2M+v Q7 i?2 i`�Mb@
/m+2`b Bb yX8 J>xX � +QKTH2i2 b2i Q7 mHi`�bQMB+ /�i� r�b Q#i�BM2/ �#Qmi 2p2`v jy b2+QM/b-
r?B+? Bb i?2 iBK2 M22/2/ iQ �+[mB`2 �M/ /QrMHQ�/ i?2 /�i�X h?2 �+[mBbBiBQM bvbi2K r�b
+QMM2+i2/ iQ � +QKTmi2` i?�i �HHQr2/ i?2 /�i� �+[mBbBiBQM iQ #2 KQMBiQ`2/ /m`BM; i?2
i2biX

S?QiQ b2i mT 7Q` .A*

>B;? `2bQHmiBQM TB+im`2b Q7 i?2 bm`7�+2 Q7 i?2 b�KTH2 r2`2 i�F2M /m`BM; HQ�/BM;X h?2
LBFQM .j- +�K2`� i?�i r�b mb2/ �HHQrb TB+im`2b iQ #2 i�F2M �i }t2/ BMi2`M�Hb i?�MFb
iQ �M BMi2`M�H iBK2`X .m`BM; i?2 i2bib T`2b2Mi2/ BM i?Bb b2+iBQM T?QiQ;`�T?b r2`2 i�F2M
2p2`v irQ KBMmi2bX h?2 b[m�`2 BK�;2 TBt2Hb rBi? i?Bb b2i mT �`2 �#Qmi RNµK rB/2 �M/
2�+? BK�;2 r�b ey3y × 9y99 TBt2HbX

s@_�v hQKQ;`�T?v

1p2`v i2bi2/ b�KTH2 r�b b+�MM2/ BM �M s@`�v iQKQ;`�T? #27Q`2 �M/ �7i2` i?2 K2+?�MB+�H
i2biX hQ Q#i�BM �M BK�;2 Q7 i?2 +QKTH2i2 b�KTH2b i?2v +�M MQi #2 TH�+2/ +HQb2 iQ i?2 s@
`�v bQm`+2 /m2 iQ i?2 ;2QK2i`v Q7 i?2 bvbi2K Ub22 b2+iBQM 9XkXRVX h?2 +HQb2bi /Bbi�M+2 i?�i
�HHQrb i?2 7mHH b�KTH2 iQ #2 BK�;2/ T`QpB/2b � pQt2H bBx2 BM i?2 `2+QMbi`m+i2/ iQKQ;`�T?B2b
Q7 8y × 8y × 8y µK3 X aQK2 b�KTH2b ?�p2 #22M b+�MM2/ �i � ?B;?2` `2bQHmiBQM- �#Qmi jy
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µK pQt2H rB/?i- xQQKBM; QM i?2 +2Mi`�H T�`iX PM2 +vHBM/`B+�H b�KTH2- i2bi2/ BM i`B�tB�H
+QKT`2bbBQM- r�b b+�MM2/ �7i2` i?2 i2bi rBi? d µK pQt2H rB/i? #v T2`7Q`KBM; � HQ+�H
iQKQ;`�T?v 7Q+mb QM � xQM2 +`Qbb2/ #v � b?2�` #�M/X

dXk J�i2`B�H @ *G1*�

dXkXR a�KTH2 T`2T�`�iBQM

h?2 b�KTH2b �`2 K�/2 Q7 +`mb?2/ ;`�BMb Q7 GB;?i 1tT�M/2/ *H�v �;;`2;�i2b UG1*�V
+2K2Mi2/ rBi? bi�M/�`/ SQ`iH�M/ +2K2Mi iQ Q#i�BM � TQ`Qmb �`iB}+B�H b�M/biQM2X h?2
;`�BMb �`2 +`mb?2/ �M/ bB7i2/ iQ Q#i�BM � ?QKQ;2M2Qmb b�M/ U;`�BM bBx2 Rdy@9ky �KVX
*2K2Mi Bb �//2/ iQ Q#i�BM � k,R ;`�BM,+2K2Mi r2B;?i `�iBQM �M/ i?2M i?2 KBtim`2 Bb
?v/`�i2/ rBi? � r�i2`f+2K2Mi `�iBQ Q7 RyyWX h?2 `2bmHi�Mi T�bi2 Bb [mBi2 /`v �M/ MQi
~mB/X

hrQ /Bz2`2Mi ;2QK2i`B2b �`2 mb2/ iQ K�F2 b�KTH2b,

RX +vHBM/`B+�H- rBi? bi�M/�`/ bBx2 7Q` i`B�tB�H i2bi U/B�K2i2` Q7 j3 KK �M/ ?2B;?i Q7 de
KKVc

kX T`BbK�iB+- rBi? � b[m�`2 b2+iBQM Q7 j8KK T2` bB/2 �M/ ?2B;?i Q7 dyKK 7Q` i?2 #B�tB�H
i2bibX

a2p2`�H i2bib r2`2 +�``B2/ Qmi �i i?2 #2;BMMBM; iQ }M/ i?2 #2bi T`Q+2/m`2 iQ 7Q`K i?2
b�KTH2b,

� h?2 KBtim`2 r�b TQm`2/ BM H�v2`b BMiQ i?2 KQH/c pB#`�iBQM �M/ `�M/QK +QKT�+iBQM
UmbBM; � bK�HH TBbiQMV r2`2 �TTHB2/ iQ 2�+? H�v2`c

� �b �#Qp2- #mi rBi?Qmi pB#`�iBQMc
� i?2 KQH/ r�b }HH2/ +QKTH2i2Hv rBi? i?2 K�i2`B�H �M/ pB#`�i2/c
� i?2 K�i2`B�H r�b TQm`2/ BM H�v2`b BMiQ i?2 KQH/ �M/ +QKT�+i2/ mbBM; � TBbiQM /2bB;M2/

iQ +Qp2` i?2 bm`7�+2 �`2� Q7 i?2 b�KTH2 b2+iBQM- /`QTTBM; i?2 TBbiQM 7`QK �M �p2`�;2
?2B;?i Q7 k +KX h?Bb T`Q+2/m`2 r�b `2T2�i2/ mbBM; irQ /Bz2`2Mi H�v2` i?B+FM2bb2b Uk
KK �M/ 9 KKVX

_2;�`/BM; i?2 T`BbK�iB+ bT2+BK2Mb- BM � }`bi bi�;2 Q7 i?2 rQ`F- � KQH/ rBi? � b[m�`2
b2+iBQM Q7 dy KK T2` bB/2 �M/ ?2B;?i Q7 j8 KK ?�b #22M mb2/X a�KTH2b K�/2 BM i?Bb KQH/
r2`2 i?2M +mi BM ?�Hp2b iQ `2�+? i?2 i�`;2i bBx2X AM i?Bb +�b2 i?2 H�v2`b r2`2 p2`iB+�HHv
Q`B2Mi2/X �i � H�i2` bi�;2 � KQmH/ rBi? � ?2B;?i Q7 dy KK �M/ � b[m�`2 b2+iBQM Q7 j8×j8
KK2 r�b mb2/iQ KQH/ i?2 b�KTH2b rBi? ?Q`BxQMi�H H�v2`BM;X

qBi? i?2 �B/ Q7 j. s@_�v iQKQ;`�T?v i?2 KB+`Q@bi`m+im`2b Q7 i?2 b�KTH2b- Q#i�BM2/ 7`QK
i?2 �#Qp2 T`2T�`�iBQM i2+?MB[m2b- r2`2 �M�Hvb2/ �M/ +QKT�`2/X �b b?QrM BM 6B;m`2 dX8-
i?2 �`iB}+B�H `Q+F Q#i�BM2/ ?�b i?2 KB+`Q@bi`m+im`2 Q7 � bQ7i TQ`Qmb `Q+F- �b BMi2M/2/X
GQ+�H TQ`QbBiv ?�b #22M +?Qb2M �b � `2T`2b2Mi�iBp2 T�`�K2i2` Q7 i?2 bi`m+im`2 �M/ +�M
#2 +QKTmi2/ #v }`bi T2`7Q`KBM; � #BM�`Bb�iBQM Q7 t@`�v BK�;2b BM r?B+? R `2T`2b2Mib i?2
bQHB/ �M/ y i?2 pQB/ �M/ i?2M +QmMiBM; i?2 TBt2Hb +Q``2bTQM/BM; iQ i?2 pQB/bc i?2 K�BM
/B{+mHiv Q7 i?Bb i2+?MB[m2 Bb 2bi�#HBb?BM; i?2 i?`2b?QH/ iQ #2 mb2/ BM i?2 #BM�`Bb�iBQMX
6B;m`2 dXe b?Qrb 2t�KTH2b Q7 #BM�`Bb�iBQMX
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6B;m`2 dXd, �p2`�;2 Q7 i?2 p2`iB+�H bHB+2b 7`QK s@`�v iQKQ;`�T?v U�V �M/ H�v2` TQ`QbBiv T`Q}H2b
7Q` � 72r b�KTH2b U#VX

h?2 p�Hm2b Q7 K2�M TQ`QbBiv BM � H�v2` r2`2 THQii2/ Qp2` i?2 ?2B;?i Q7 i?2 b�KTH2X �b
b?QrM BM 6B;m`2 dXd i?2 b�KTH2b T`2T�`2/ rBi? pB#`�iBQM QMHv U�*1hy9 �M/ �*1hyeV
�`2 bi`QM;Hv BM?QKQ;2M2Qmb r?BH2 i?2 b�KTH2b K�/2 #v +QKT�+iBQM U�*1hyj- *G1hRR
�M/ *G1hRjV T`2b2Mi QMHv bHB;?i Qb+BHH�iBQM �`QmM/ �M �HKQbi +QMbi�Mi p�Hm2 Q7 TQ`QbBivX
h?2 QMHv `2�bQM 7Q` �*1hyj b?QrBM; � ;`2�i2` BM?QKQ;2M2Biv +QKT�`2/ iQ i?2 Qi?2` irQ
b�KTH2b K�/2 #v +QKT�+iBQM Bb i?2 /Bz2`2Mi i2+?MB[m2 mb2/ iQ +QKT�+iX

*QMb2[m2MiHv- Bi r�b /2+B/2/ iQ �/QTi i?2 H�bi T`Q+2/m`2 HBbi2/ �#Qp2 UmbBM; � H�v2`
i?B+FM2bb Q7 k KKV rBi? i?2 �//BiBQM�H �TTHB+�iBQM Q7 � iQQH bT2+B}+�HHv /2bB;M2/ iQ �TTHv
+QMi`QHH2/ /vM�KB+ T`2bbm`2 iQ i?2 TBbiQM Ub22 hm/Bb+Q- kyRj�VX

h?2 mTT2` T�`i Q7 �HH i?2 b�KTH2b T`2b2Mib � bi`QM; BM+`2�b2 BM TQ`QbBiv- /m2 iQ i?2 HQr
[m�HBiv Q7 t@`�v `2+QMbi`m+iBQM �i i?2 iQT �M/ #QiiQK Q` iQ `2�H BKT2`72+iBQMb BM i?2
b�KTH2X AM 7�+i- /m`BM; +QKT�+iBQM- �b K�i2`B�H Bb �//2/ 7`QK �#Qp2- i?2 HQr2` H�v2`b
�`2 �HbQ 2z2+i2/- #mi i?Bb 2z2+i ;`�/m�HHv /BKBMBb?2b rBi? /2Ti?X *QMb2[m2MiHv i?2 iQT
H�v2`b rBHH #2 H2bb +QKT�+i2/X h?2`27Q`2- 7m`i?2` H�v2`b r2`2 �//2/- �#Qp2 �M/ #2vQM/ i?2
b2i ?2B;?i Q7 i?2 b�KTH2- �M/ H�i2` `2KQp2/ iQ +`2�i2 � b�KTH2 rBi? i?2 /2bB`2/ /2MbBiv
i?`Qm;?Qmi Ub22 hm/Bb+Q- kyRj�VX

dXkXk J2+?�MB+�H #2?�pBQm` BM +QMp2MiBQM�H i`B�tB�H i2biBM;

h?2 bi`2bb�bi`�BM #2?�pBQm` Q7 i?2 �`iB}+B�H bQ7i `Q+F rBi? +`mb?�#H2 ;`�BMb mM/2` 2t@
�KBM�iBQM U*G1*�V `2bmHib 7`QK i?2 BMi2`TH�v Q7 /Bz2`2Mi K2+?�MBbKb Q7 /27Q`K�iBQM-
BM+Hm/BM;, U�V ;`�MmH�` `2�``�M;2K2Mi rBi? `2H�iBp2 7`B+iBQM�H bHB/BM; �M/ `Qi�iBQM- U#V
/2@#QM/BM;- �M/ U+V #`2�F�;2 Q7 T�`iB+H2b U;`�BM +`mb?BM;VX h?2b2 �`2 K2+?�MBbKb r?B+?
?�p2 �HH #22M Q#b2`p2/ iQ Q++m` BM ;2Qi2+?MB+�H K�i2`B�Hb bm+? �b Tv`Q+H�biB+ r2�F `Q+Fb-
+�`#QM�i2 b�M/b- +�H+�`2MBi2b �M/ +QKT�+i2/ /2+QKTQb2/ ;`�MBi2 �M/ i?2 �`iB}+B�H `Q+F
i2bi2/ K�v #2 +QMbB/2`2/ � T?vbB+�H KQ/2HX h?2 2tT2`BK2Mi�H T`Q;`�KK2 +�``B2/ Qmi BM

Rke
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b�KTH2 M�K2
T`2T�`�iBQM

/�i2
σ′
c UFS�V

b�im`�iBQM
+QM/BiBQMb

MQi2b

*G1hRj kjXRkXRy 8y b�im`�i2/

*G1hR8 yjXyRXRR Ryy b�im`�i2/

*G1hRe y8XyRXRR kyy b�im`�i2/

*G1hkk RRXykXRR 9yy b�im`�i2/

*G1hk3 kyXyNXRR 9yy /`v

*G1hkN kkXyNXRR kyy /`v

*G1hjy RRXRyXRR kyy /`v
biQTT2/ �i

T2�F

*G1hjR RjXRyXRR 9yy /`v
biQTT2/ �i

T2�F

*G1hjk ydXRRXRR Ryy /`v

*G1hjj yNXRRXRR Ryy /`v
biQTT2/ �i

T2�F

*G1hj3 kNXydXRk Ryy /`v

*G1h9y ykXy3XRk Ryy /`v

h�#H2 dXR, amKK�`v Q7 i2bi2/ b�KTH2b rBi? BM7Q`K�iBQM QM T`2T�`�iBQM /�i2- i2biBM; +QM/BiBQMb
�M/ BM/B+�iBQMb Q7 i?2 b?2�` bi`�BM �ii�BM2/ /m`BM; i?2 i2biX

i`B�tB�H +QKT`2bbBQM Bb bmKK�`Bb2/ BM h�#H2 dXRX h?2 i�#H2 bmKK�`Bb2b i?2 /�i2b Q7 T`2T�@
`�iBQM Q7 i?2 b�KTH2b- i?2 +2HH T`2bbm`2 �i r?B+? i?2 i2bib r2`2 +QM/m+i2/- i?2 +QM/BiBQMb
Q7 i?2 b�KTH2 /m`BM; i?2 i2bi UBX2X- r?2i?2` i?2 b�KTH2b r2`2 b?2�`2/ /`v Q` b�im`�i2/V-
�M/ i?2 b?2�` bi`�BM �ii�BM2/ /m`BM; i?2 i2bi UBX2X r?2i?2` i?2 b�KTH2b r2`2 b?2�`2/ iQ
`2H�iBp2Hv H�`;2 bi`�BMb Q` i?2 i2bib r2`2 BMi2``mTi2/ �i T2�FVX h?2 `2bmHib Q7 i?2 i2bib
rBHH #2 T`2b2Mi2/ �b i?`22 /Bz2`2Mi ;`QmTb- /2T2M/BM; QM i?2 /�i2 Q7 T`2T�`�iBQM- b2`pBM;
�b �M BM/B+�iBQM Q7 i?2 BMBiB�H bi`m+im`2 Q7 i?2 b�KTH2b- �M/ QM i?2 /`�BM�;2 +QM/BiBQMb
/m`BM; i?2 i2bi U/`v Q` b�im`�i2/VX

h?2 bi`2bb@bi`�BM +m`p2b Q#i�BM2/ 7`QK +QMp2MiBQM�H /`�BM2/ i`B�tB�H +QKT`2bbBQM i2bib �i
+QM}MBM; T`2bbm`2b BM i?2 `�M;2 50 < pö0 < 400 FS� �`2 b?QrM BM 6B;m`2 dX3U�V BM i2`Kb
Q7 /2pB�iQ` bi`2bb- [- p2`bmb b?2�` bi`�BM- εs c i?2 +Q``2bTQM/BM; +m`p2b Q7 pQHmK2 bi`�BM-
εv - p2`bmb b?2�` bi`�BM- εs- �`2 b?QrM BM 6B;m`2 dX3U#VX

*QMbB/2`BM; i?2 }`bi ;`QmT- i?2 +m`p2b b?Qr i?�i 7Q` b�KTH2b *G1*� Rj iQ Re- i2bi2/
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mM/2` +QM}MBM; T`2bbm`2b BM i?2 `�M;2 50 < pö0 < 200 FS�- i?2 K�tBKmK K2�M 2z2+iBp2
bi`2bb BM i?2 BbQi`QTB+ +QKT`2bbBQM bi�;2 r�b MQi bm{+B2Mi iQ +�mb2 K�DQ` vB2H/X 6Q`
i?2b2 b�KTH2b i?2 /2pB�iQ` bi`2bb BM+`2�b2b mT iQ � `2H�iBp2Hv r2HH /2}M2/ T2�F- r?B+? Bb
�ii�BM2/ �i b?2�` bi`�BMb BM i?2 `�M;2 yX8 � yXdWX 6`QK i?2 TQBMi Q7 pB2r Q7 pQHmK2i`B+
bi`�BM i?2b2 i2bib �`2 +?�`�+i2`Bb2/ #v p2`v bK�HH BMBiB�H +QKT`2bbBQM 7QHHQr2/ #v /BH�iBQM
�7i2` T2�FX h?2 bi`2bb T2�Fb �`2 7QHHQr2/ #v � `�TB/ /2+`2�b2 Q7 i?2 /2pB�iQ` bi`2bb iQr�`/b
�M mHiBK�i2 bi�i2 r?2`2 i?2 `�i2 Q7 /BH�iBQM Bb x2`QX h2bi *G1*� kk- +�``B2/ Qmi �i �
+QM}MBM; bi`2bb Q7 9yy FS�- b?Qrb � KQ`2 /m+iBH2 bi`2bb@bi`�BM #2?�pBQm` rBi? � ;2MiH2
T2�F Q++m``BM; �i � b?2�` bi`�BM Q7 �#Qmi kX8WX �i i?2 #2;BMMBM; Q7 i?Bb i2bi i?2 b�KTH2
+QKT`2bb2b bB;MB}+�MiHv �M/ i?2M /BH�i2bX h?2 T2�F bi`2bb Bb 7QHHQr2/ #v � ;2MiH2` /2+`2�b2
Q7 i?2 /2pB�iQ` bi`2bb iQr�`/b �M mHiBK�i2 bi�i2 r?2`2 i?2 `�i2 Q7 /BH�iBQM i2M/b iQ x2`QX

a�KTH2b Q7 i?2 b2+QM/ ;`QmT- *G1hk3@jj- r2`2 i2bi2/ mM/2` +QM}MBM; T`2bbm`2 BM `�M;2
100 < pö0 < 400 FS�X h?2b2 b�KTH2b b?Qr HQr2` bi`2M;i?- rBi? `2bT2+i iQ i?2 b�KTH2b
Q7 i?2 }`bi ;`QmT �M/ i?2B` bi`2bb T2�Fb �`2 H2bb r2HH /2}M2/X h?2 bi`2bb@bi`�BM +m`p2b
BM/B+�i2 � i`�MbBiBQM iQ KQ`2 /m+iBH2 #2?�pBQm` rBi? BM+`2�bBM; +QM}MBM; T`2bbm`2X h?Bb
i`�MbBiBQM Bb �HbQ +QM}`K2/ #v i?2 pQHmK2i`B+ bi`�BM `2bTQMb2c BM 7�+i- b�KTH2b *G1hjk
�M/ kN- i2bi2/ �i � +QM}MBM; T`2bbm`2 Q7 Ryy �M/ kyy FS�- �`2 +?�`�+i2`Bb2/ #v �M BMBiB�H
+QKT`2bbBQM 7QHHQr2/ #v /BH�iBQM �7i2` i?2 T2�F U`�i2 Q7 /BH�iBQM i2M/b iQ x2`Q �i i?2
2M/ Q7 i?2 i2biV r?BH2 b�KTH2 *G1hk3- i2bi2/ �i � +QM}MBM; T`2bbm`2 Q7 9yy FS�- b?Qrb
+QKT�+iBQM QMHvX

h?2 irQ b�KTH2b 7Q`KBM; i?2 H�bi ;`QmT r2`2 i2bi2/ mM/2` � +QM}MBM; T`2bbm`2 Q7 Ryy
FS�c i?2v b?Qr � /m+iBH2 #2?�pBQm` �M/ � p2`v HQr bi`2M;i?X � TQbbB#H2 `2�bQM 7Q` bm+?
#2?�pBQm` +�M #2 i?2 b?Q`i iBK2 2H�Tb2/ #2ir22M i?2 T`2T�`�iBQM �M/ i?2 i`B�tB�H i2bi@
BM;- r?B+? r�b QMHv bHB;?iHv HQM;2` i?�M � KQMi?X h?Bb iBK2 r�b T`Q#�#Hv MQi bm{+B2Mi
iQ �HHQr i?2 7mHH bi`2M;i?2MBM; Q7 i?2 +2K2MiX h?Bb +�M 2tTH�BM r?v i?2b2 b�KTH2b #2@
?�p2 bBKBH�`Hv iQ b�KTH2b i2bi2/ �i 9yy FS�- BM r?B+? /2@#QM/BM; UT`Q#�#Hv Q++m``BM; BM
BbQi`QTB+ +QKT`2bbBQMV `2/m+2b i?2 2z2+i Q7 i?2 +2K2MiX h?2b2 b�KTH2b �`2 �HbQ +QMbB/@
2`�#Hv KQ`2 TQ`Qmb i?�M i?2 Qi?2`b- r?B+? +QmH/ #2 /m2 iQ i?2 /Bz2`2Mi 2MpB`QMK2Mi�H
+QM/BiBQMb i?2 iBK2 Q7 i?2B` T`2T�`�iBQM U2X;X ?B;?2` `QQK i2KT2`�im`2VX

6B;m`2 dXN T`2b2Mib i?2 i`B�tB�H /�i� THQii2/ BM i2`Kb Q7 bi`2bb `�iBQ- η = q/pö- p2`bmb b?2�`
bi`�BM- εs X 6`QK i?2 `2bmHib Bi Bb MQi 2�bv iQ B/2MiB7v � r2HH /2}M2/ p�Hm2 Q7 KQ#BHBb2/ bi`2bb
`�iBQ �i i?2 2M/ Q7 i?2 i2bi- η = M X 6Q` b�KTH2b i2bi �i +QM}MBM; T`2bbm`2 #2HQr 9yy FS�
i?2 #2?�pBQm` r�b �Hr�vb �bbQ+B�i2/ rBi? i?2 7Q`K�iBQM Q7 r2HH /2}M2/ bHBT bm`7�+2b �M/-
i?2`27Q`2- �i H�`;2` bi`�BMb- bi`2bb@bi`�BM /�i� +�MMQi #2 /B`2+iHv +QKTmi2/ 7`QK �TTHB2/
7Q`+2b �M/ /BbTH�+2K2Mib K2�bm`2/ �i i?2 #QmM/�`v Q7 i?2 b�KTH2X

6B;m`2 dXRy b?Qrb i?2 bi`2bb�/BH�i�M+v `2H�iBQMb?BTb Q#b2`p2/ /m`BM; /`�BM2/ i`B�tB�H +QK@
T`2bbBQM BM i2`Kb Q7 /BH�i�M+v- d = �δεv/δεs - �M/ bi`2bb `�iBQ- ηX h?2 2tT2`BK2Mi�H bi`2bb@
/BH�i�M+v `2H�iBQMb?BTb b?Qr i?�i- 7Q` b�KTH2b i2bi2/ mM/2` � +QM}MBM; T`2bbm`2 Q7 9yy
FS�- i?2 T2�F Q7 η T`2+2/2b i?2 TQBMi BM i?2 i2bi r?2`2 i?2 bi`2bb /BH�i�M+v Bb KBMBKmKX
h?2 2tT2`BK2Mi�H bi`2bb /BH�i�M+v +m`p2b �`2 BM+QMbBbi2Mi rBi? � QM2@iQ@QM2 `2H�iBQMb?BT
#2ir22M /BH�i�M+v �M/ bi`2bb `�iBQc i?2 +QM/BiBQM d = 0- r?B+? BM +H�bbB+�H +`BiB+�H bi�i2
KQ/2Hb /2}M2b i?2 7`B+iBQM Q7 i?2 K�i2`B�H- Bb �ii�BM2/ mM/2` /Bz2`2Mi p�Hm2b Q7 i?2 bi`2bb
`�iBQX h?Bb ?�b #22M Q#b2`p2/ 7Q` Qi?2` ;`�MmH�` K�i2`B�H rBi? bi`m+im`�H /2;`�/�iBQMc BM
T�`iB+mH�`- 7Q` r2�FHv +2K2Mi2/ Tv`Q+H�biB+ bQ7i `Q+Fb rBi? +`mb?�#H2 ;`�BMb i?Bb ?�b #22M
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6B;m`2 dXRj, GQ+�H s@`�v iQKQ;`�T?v rBi? � `2bQHmiBQM Q7 d µK- 7Q+mb QM i?2 b?2�` #�M/ 7Q`
b�KTH2 *G1hkNX

� TH�i2�m r?BH2 *G1hRk" �M/ *G1hR3� T`2b2Mi KQ`2 7`�;BH2 `2bTQMb2bc Qi?2` b�KTH2b
?�p2 MQi #22M HQ�/2/ 2MQm;? iQ `2�+? i?2 T2�FX �b 2tT2+i2/- b�KTH2b +QKTQb2/ #v
?Q`BxQMi�H H�v2`b �`2 ;2M2`�HHv H2bb biBzX a�KTH2b i2bi2/ #v +v+HBM; i?2 HQ�/ r2`2 T`Q/m+2/
BM � H�i2` bi�;2 Q7 i?2 rQ`F- mbBM; i?2 M2r KQH/ �M/ i?2 }M�H T`Q+2/m`2c i?2v b?Qr �
Km+? KQ`2 ?QKQ;2M2Qmb #2?�pBQm` ?B;?HB;?iBM; i?2 BKTQ`i�M+2 Q7 i?2 b�KTH2 T`Q/m+iBQM
T?�b2X 6QHHQrBM; � bi�M/�`/ T`Q+2/m`2 iQ K�F2 bT2+BK2Mb Bb +`m+B�H iQ Q#i�BM `2T2�i�#H2
`2bmHib iQ;2i?2` rBi? � +�`27mH T`2T�`�iBQM Q7 b�KTH2b bm`7�+2b- iQ �bbm`2 � ;QQ/ +QMi�+i
#2ir22M i?2 b�KTH2 �M/ i?2 ;H�bb TH�i2MbX

h?2 L2ti b2+iBQMb T`2b2Mi i?2 2tT2`BK2Mi�H `2bmHib Q#i�BM2/ 7Q` i?2 b�KTH2 *G1hRk"
7QHHQ2r #v T`2HBKBM�`v `2bmHib 7Q` i?2 +v+HBM; HQ�/BM; i2bi- *G1hjeX

dXjXR *G1hRk"

lHi`�bQMB+ iQKQ;`�T?v

y@Qzb2i p2HQ+Biv T`Q}H2 h?2 y@Qzb2i p2HQ+Biv T`Q}H2 �M�HvbBb- r?B+? Bb � bBKTHB}2/
�M�HvbBb Q7 mHi`�bQMB+ /�i�- Bb /2b+`B#2/ BM b2+iBQM eXjXRX 6B;m`2 dXR8U�V T`2b2Mib � b2H2+iBQM
Q7 y@Qzb2i p2HQ+Biv T`Q}H2b +Q``2bTQM/BM; iQ }p2 bi�;2b Q7 HQ�/BM; 7Q` b�KTH2 *G1hRk"X
Ai Bb TQbbB#H2 iQ b22 i?�i- 2p2M 7Q` i?2 }`bi �+[mBbBiBQM }H2- i?2 p2HQ+Biv Bb MQi ?QKQ;2M2Qmb
i?`Qm;?Qmi i?2 b�KTH2X AM 6B;m`2b dXR8U#V �M/ U+V b?Qr i?2 +QKTH2i2 2pQHmiBQM Q7 i?2
p2HQ+BiB2b �M/ i?2 2pQHmiBQM Q7 i?2 p2HQ+Biv T2`im`#�iBQMb `2bT2+iBp2Hv i?`Qm;? i?2 i2biX �HH
i?2b2 `2T`2b2Mi�iBQMb bm;;2bi i?�i- BM � }`bi T?�b2 Q7 i?2 HQ�/BM;- � HQr p2HQ+Biv �MQK�Hv
�TT2�`b BM i?2 #QiiQK Q7 i?2 b�KTH2 �M/ T`QT�;�i2b iQr�`/ i?2 mTT2` T�`iX q?BH2 BM �
H�i2` bi�;2 i?2 HQr p2HQ+Biv T2`im`#�iBQM �TT2�`b iQ #2 bi`QM;2` �i i?2 iQTX 6Q` p�Hm2b
Q7 bi`�BM H�`;2` i?�M �#Qmi yXdW U+Q``2bTQM/BM; iQ i?2 r�p2 �+[mBbBiBQM }H2 kyyV bB;M�Hb

Rjj
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a�KTH2
M�K2

r�p2
�+[mBbBiBQM T?QiQb s@`�v T`2

s@`�v
TQbi

MQi2

*G1hRk� s
#`QF2M /m`BM;

i2bi

*G1hRk" s s s #`QF2M �7i2` i2bi

*G1hR9� s s s s
T`Q#H2Kb rBi?

.A*

*G1hR3� s s

*G1hj9 s s s s +v+HBM; i2bi

*G1hj8 s s s s +v+HBM; i2bi

*G1hje s s s s +v+HBM; i2bi

h�#H2 dXk, amKK�`v Q7 i2bi2/ b�KTH2b rBi? BM7Q`K�iBQM QM �p�BH�#H2 /�i� �M/ i2bi +QM/BiBQMbX

`2;Bbi2`2/ �i i?2 `2+2Bp2` i`�Mb/m+2`b �`2 MQi bm{+B2MiHv +H2�` iQ #2 �M�Hvb2/c i?Bb +�M
#2 /m2 iQ 7`�+im`2b Q` KB+`Q7`�+im`2b i?�i T`2p2Mi i?2 r�p2b 7`QK T`QT�;�iBM;X h?2 #Hm2
p2`iB+�H HBM2 BM 6B;m`2b dXR8U#V �M/ U+V Bb `2H�i2/ iQ � +Q``mTi2/ �+[mBbBiBQM }H2 T`Q#�#Hv
+�mb2/ #v � i2KTQ`�`v i2+?MB+�H T`Q#H2K Q7 i?2 �+[mBbBiBQM bvbi2KX

hBK2 .2H�v K�Tb h?2 b2[m2M+2 Q7 p2HQ+Biv T2`im`#�iBQMb /Bbi`B#miBQM /2b+`B#2/ �#Qp2
7Q` i?2 y@Qzb2i /�i�- +�M #2 b22M �HbQ BM i?2 iBK2 /2H�v K�Tb BM 6B;m`2 dXReX h?2 iBK2
/2H�v K�Tb +�H+mH�i2/ #2ir22M }H2 Ryy �M/ R- �M/ R9k �M/ R b?Qr �M BM+`2K2Mi Q7 i`�p2H
iBK2b BM i?2 #QiiQK H27i- i?�i +Q``2bTQM/ iQ � HQr2` p2HQ+Biv BM i?2 #QiiQK Q7 i?2 b�KTH2-
r?BH2 BM i?2 /2H�v K�Tb +�H+mH�i2/ #2ir22M }H2 R39 �M/ R- �M/ kyy �M/ R i?2 BM+`2�b2 Q7
i`�p2H iBK2b Bb HQ+�i2/ �i i?2 iQT `B;?i- r?B+? +Q``2bTQM/b iQ � /2+`2�b2 BM p2HQ+Biv BM i?2
iQT Q7 i?2 b�KTH2X �M �//BiBQM�H BM7Q`K�iBQM +QKBM; 7`QK /2H�v K�Tb- i?�i +�M MQi #2
`2+Qp2`2/ 7`QK i?2 y@Qzb2i p2HQ+Biv T`Q}H2b- Bb � /2+`2�b2 Q7 i`�p2H iBK2b +QM+2Mi`�i2/ BM
i?2 }`bi irQ BMi2`p�Hb Qmi Q7 i?2 /B�;QM�Hc i?Bb `2/m+iBQM Q7 i`�p2H iBK2b Bb 2pB/2M+2 Q7 �
p2HQ+Biv T2`im`#�iBQM T`Q#�#Hv bBim�i2/ BM � bB/2 Q7 i?2 b�KTH2X h?2 `Bb2 Q7 i?2 p2HQ+Biv
�i i?Bb bi�;2 Q7 i?2 HQ�/BM; +�M #2 /m2 iQ i?2 +HQbm`2 Q7 T`2@2tBbiBM; KB+`Q7`�+im`2bX

JQ/2H@#�b2/ iQKQ;`�T?v AMp2`bBQM Q7 i?2 �+QmbiB+ /�i� ?�b #22M +�``B2/ Qmi iQ
7�+BHBi�i2 i?2 BMi2`T`2i�iBQM #v `2+QMbi`m+iBQM Q7 i?2 p2HQ+Biv }2H/ rBi?BM i?2 b�KTH2X �
KQ/2H�#�b2b iQKQ;`�T?v 7Q` i?2 }`bi }H2 Bb `2[mB`2/ bBM+2- �b Bi r�b TQBMi2/ Qmi #v i?2 y@
Qzb2i p2HQ+Biv T`Q}H2 �M�HvbBb- �i i?2 #2;BMMBM; Q7 i?2 i2bi i?2 b�KTH2 BM BM?QKQ;2M2QmbX
h?Bb KQ/2H@#�b2/ iQKQ;`�T?v ?�b #22M T2`7Q`K2/ rBi? b2p2`�H BMBiB�H p2HQ+Biv p�Hm2b-
i?`22 Q7 r?B+? �`2 T`2b2Mi2/ BM 6B;m`2 dXRdX *QMi`�`BHv iQ r?�i r�b T`2b2Mi2/ BM *?�Ti2`
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U�V

U#V

U+V

6B;m`2 dXR8, � b2H2+iBQM Q7 y@Qzb2i p2HQ+Biv T`Q}H2b 7Q` /Bz2`2Mi bi�;2 Q7 HQ�/ U�Vc y@Qzb2i
p2HQ+BiB2b U#V �M/ p2HQ+Biv T2`im`#�iBQM U+V 2pQHmiBQMX

Rje



dXjX _1alGha, SG�L1@ah_�AL *PJS_1aaAPL h1aha qAh> 6lGG@6A1G. �L�GuaAa

U�V U#V

U+V U/V

6B;m`2 dXRe, .2H�v K�T #2ir22M i?2 i`�p2H iBK2b K2�bm`2/ 7Q` }H2 j �M/ 7Q` }H2 U�V Ryy- U#V
R9k- U+V R39 �M/ U/V kyyX

Rjd
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U�V U#V U+V

6B;m`2 dXR3, *QKT�`BbQM #2ir22M KQ/2H@#�b2/ mHi`�bQMB+ iQKQ;`�T?v U�V �M/ � p2`iB+�H bHB+2
7`QK i?2 s@`�v iQKQ;`�T?v �i i?2 +2Mi`2 Q7 i?2 b�KTH2 U#V �M/ i?2 �p2`�;2 Qp2` dy p2`iB+�H bHB+2b
�`QmM/ Bi U+VX

Q#i�BM2/ #v aE@k. �M/ bi`�B;?i `�vb- b22Kb iQ #2 �M �`i27�+iX >Qr2p2` i?2`2 �`2 MQ
�+QmbiB+�H `2�bQMb iQ /Bb+�`/ QM2 Q` �MQi?2` K2i?Q/ �M/ i?Bb /Bb+`2T�M+v bm;;2bib i?2
HBKBi Q7 �M�HviB+�H KQ/2H ?�b #22M `2�+?2/ �M/ � MmK2`B+�H �M�HvbBb Bb bmBi�#H2- 2Bi?2`
2tTHQBiBM; i?2 MmK2`B+�H +�H+mH�iBQM Q7 aE Q` mbBM; � 7mHH r�p2�7Q`K BMp2`bBQMX

h?2 +QMbB/2`�#H2 /Bz2`2M+2 BM i?2 BK�;2b Q#i�BM2/ mbBM; i?2 /Bz2`2Mi T`QT�;�iBQM KQ/2Hb
Bb /m2 iQ i?2 b?�T2 Q7 i?2 a2MbBiBpBiv E2`M2Hb- Q` iQ i?2 `�vT�i?b mb2/ iQ +QMbi`m+i i?2 M
K�i`BtX �M B/2� Q7 i?2 ;2M2`�H bi`m+im`2b Q7 i?2 M K�i`B+2b +�H+mH�i2/ mbBM; i?2 /Bz2`2Mi
K2i?Q/b- Bb ;Bp2M #v i?2 `�v /2MbBiv K�Tb T`2b2Mi2/ BM 6B;m`2 dXky �M/ +�H+mH�i2/ rBi?
2[m�iBQMb kXkR �M/ kX9RX Ai +�M #2 2�bBHv b22M i?�i aE@k. �M/ bi`�B;?i `�vb T`2b2Mi �
+QM+2Mi`�iBQM Q7 `�v /2MbBiv BM i?2 KB//H2 Q7 i?2 b�KTH2- r?B+? Bb T`Q#�#Hv i?2 +�mb2 Q7
i?2 bi`QM; ?B;? p2HQ+Biv T2`im`#�iBQM HQ+�i2/ �i i?2 b�K2 TH�+2X aE@j.- BMbi2�/- `2bmHib
BM � KQ`2 ?QKQ;2M2Qmb `�v /2MbBivX

h?2 mb2 Q7 +m#B+ �M/ 2BFQM�H `�vb ;Bp2b bBKBH�` `2bmHib �b BM i?2 +�b2 Q7 bi`�B;?i `�vbX
aBM+2 7Q` +m#B+ �M/ 2BFQM�H `�vb i?2 /�i�@#�b2/ iQKQ;`�T?v Bb +�``B2/ Qmi mbBM; � bi2T
T`Q+2/m`2 U7Q` KQ`2 /2i�BHb `272` iQ b2+iBQM jXjXkV- i?2 +QKT�`BbQM rBi? `2bmHib Q#i�BM2/
rBi? bi`�B;?i `�vb Bb b?Qr BM i2`Kb Q7 i?2 }M�H p2HQ+Biv }2H/ U6B;m`2 dXkRVX

hBK2 H�Tb2 2pQHmiBQM 6B;m`2b dXkk �M/ dXkj b?Qr � b2[m2M+2 Q7 mHi`�bQMB+ iQKQ;`�@
T?B2b +�``B2/ Qmi �i /Bz2`2Mi bi�;2b /m`BM; i?2 HQ�/BM;X h?2 }`bi +QHmKM T`2b2Mib i?2
KQ/2H@#�b2/ iQKQ;`�T?B2b r?BH2 i?2 b2+QM/ �M/ i?B`/ +QHmKMb T`2b2Mi i?2 `2bmHib Q7
/�i�@#�b2/ iQKQ;`�T?B2b, i?2 p2HQ+Biv T2`im`#�iBQM }2H/ �M/ i?2 `2bmHi�Mi p2HQ+Biv }2H/
`2bT2+iBp2HvX �HH i?2 BMp2`bBQMb r2`2 +�``B2/ Qmi mbBM; ε = 50 7Q` KQ/2H@#�b2 iQKQ;`�@
T?B2b �M/ ε = 2 7Q` /�i�@#�b2/ iQKQ;`�T?B2b- +?�`�+i2`BbiB+ H2M;i?b λx = λy = 3 KK-
�M/ j.@aE �b T`QT�;�iBQM KQ/2HX q?2M i?2 j. p2`bBQM Q7 i?2 :`22Möb 7mM+iBQM Bb mb2/
iQ +�H+mH�i2 aE Bi Bb M2+2bb�`v iQ /2}M2 � i?B+FM2bb BM r?B+? i?2 T`QT�;�iBQM �+ibc BM i?Bb

RjN
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U�V U#V U+V

6B;m`2 dXRN, *QKT�`BbQM #2ir22M mHi`�bQMB+ iQKQ;`�T?v `2bmHib 7Q` /Bz2`2Mi T`QT�;�iBQM KQ/2H
7Q` bi2T kyy @ jX .�i�@#�b2/ iQKQ;`�T?B2b 7Q` U�V j. aE- U#V k. aE- �K/ U+V bi`�B;?i `�vbX

+�b2- #�b2/ QM i2biBM; b2p2`�H p�Hm2b � i?B+FM2bb Q7 R KK ?�b #22M +?Qb2M bBM+2 Bi ;Bp2
p�Hm2b Q7 p2HQ+Biv T2`im`#�iBQM BM i?2 b�K2 `�M;2 �b i?2 Qi?2` T`QT�;�iBQM KQ/2HbX Ai
Bb BKTQ`i�Mi iQ MQiB+2 i?�i i?2 �#bQHmi2 p�Hm2 Q7 i?2 i?B+FM2bb QMHv �z2+ib i?2 b+�H2 Q7
`2bmHi�Mi p2HQ+Biv T2`im`#�iBQM #mi MQi Bib bi`m+im`2X

AM i?2 b2[m2M+2 T`2b2Mi2/- irQ bi2Tb- +Q``2bTQM/BM; iQ r�p2 �+[mBbBiBQM }H2b Rej �M/
Rd8- ?�p2 #22M �//2/ +QKT�`2/ iQ 6B;m`2 dXR8 iQ b?Qr i?�i MQ �#`mTi +?�M;2b Q++m` BM
i?2 BK�;2b /m`BM; i?2 HQ�/BM;X h?2 /�i�@#�b2/ iQKQ;`�T?B2b �TT2�` +QMbBbi2MiHv #2ii2`
`2bQHp2/ BM bT�+2 i?�M KQ/2H@#�b2/ iQKQ;`�T?B2bc i?Bb Bb KQbi 2pB/2Mi BM i?2 H�bi bi2T
Q7 i?2 2pQHmiBQM r?2`2 i?2 /�i�@#�b2/ iQKQ;`�T?v b?Qrb � bm#p2`iB+�H bi`m+im`2 i?�i
Bb BMpBbB#H2 BM i?2 +Q``2bTQM/BM; KQ/2H@#�b2/ iQKQ;`�T?vX h?2 p2HQ+Biv T2`im`#�iBQM
}2H/b T`2b2Mi2/ BM 6B;m`2 dXkk- b?Qr � HQr p2HQ+Biv �MQK�Hv ;`QrBM; 7`QK i?2 #QiiQK Q7
i?2 b�KTH2 �M/ �M BM+HBM2/ ?B;? p2HQ+Biv T2`im`#�iBQM Bb pBbB#H2 BM i?2 KB//H2 H27i xQM2X
JQ`2Qp2` 6B;m`2 dXkjU2V bm;;2bib i?�i i?2 p2HQ+Biv T2`im`#�iBQM 2pQHpBM; �i i?2 iQT Q7
i?2 b�KTH2- r?B+? �TT2�`b bi`QM;2` i?�M i?2 QM2 Q++m``BM; �i i?2 #QiiQK BM i?2 y@Qzb2i
p2HQ+Biv T`Q}H2- Bb BM 7�+i +QKT�`�#H2 iQ i?2 H�ii2` BM i2`Kb Q7 i?2 T2`im`#�iBQM BM i?2
iQKQ;`�T?v #mi KQ`2 bT�iB�HHv 2ti2M/2/- �i H2�bi �i i?Bb bi�;2X h?Bb Q#b2`p�iBQM Bb QMHv
TQbbB#H2 i?`Qm;? i?2 bT�iB�H `2bQHmiBQM T`QpB/2/ #v i?2 iQKQ;`�T?v BMp2`bBQM Q7 �HH i?2
/�i�X

.B;Bi�H AK�;2 *Q``2H�iBQM U.A*V

.B;Bi�H BK�;2 +Q``2H�iBQM ?�b #22M +�``B2/ Qmi �7i2` i2biBM; b2p2`�H p�Hm2b 7Q` MQ/2 bT�+@
BM;- +Q``2H�iBQM rBM/Qr bBx2- b2�`+? `�M;2- �M/ i?2 bBx2 Q7 i?2 iBK2 BMi2`p�H #2ir22M i?2
TB+im`2bX h?2 p�Hm2 +?Qb2M 7Q` i?2 BK�;2b T`2b2Mi2/ BM i?Bb b2+iBQM �`2 ky Tt 7Q` MQ/2
bT�+BM;- ky Tt 7Q` i?2 +Q``2H�iBQM rBM/Qr bBx2- Ry Tt BM �Mv /B`2+iBQM �b b2�`+? `�M;2- �M/
�M BMi2`p�H Q7 Ry TB+im`2bX 6B;m`2b dXk9- dXk8 �M/ dXke b?Qr i?2 `2bmHi�Mi /BbTH�+2K2Mi

R9y
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U�V U#V U+V

6B;m`2 dXky, _�v/2MbBiv +�H+mH�i2/ 7Q` U�V j. aE- U#V k. aE- �M/ U+V bi`�B;?i `�vbX

}2H/b- i?2 ?Q`BxQMi�H +QKTQM2Mi QM i?2 H27i bB/2 �M/ i?2 p2`iB+�H +QKTQM2Mi BM i?2 +2Mi`2-
QM i?2 `B;?i bB/2 irQ `2/ bi�`b TQBMi Qmi i?2 �M�Hvb2/ BMi2`p�H QM i?2 HQ�/BM; +m`p2X

_2;�`/BM; i?2 ;2M2`�H #2?�pBQm` Q7 i?2 b�KTH2- Bi +�M #2 MQiB+2 i?�i bm#p2`iB+�H KB+`Q7`�+@
im`2b �TT2�` r2HH #27Q`2 i?2 T2�F �i i?2 iQT Q7 i?2 b�KTH2 �M/ i?2M T`QT�;�i2 iQr�`/b i?2
#QiiQKX h?2 }M�H `mTim`2 Q++m`b �HQM; �M BM+HBM2/ K�+`Q7`�+im`2 i?�i Bi Bb �HbQ pBbB#H2
BM 6B;m`2 dX9X h?`Qm;?Qmi i?2 i2bi i?2 /BbTH�+2K2Mi }2H/b �TT2�` iQ ?�p2 ;2M2`�H Q`B2M@
i�iBQM i?�i Bb MQi +QMbBbi2Mi rBi? bBKTH2 +QKT`2bbBQMc i?Bb Q`B2Mi�iBQM Bb 2pB/2Mi 7`QK i?2
+QMiQm` HBM2b- r?B+? �`2 BM+HBM2/ U7`QK mTT2` H27i iQ HQr2` `B;?iVX h?2 ;`�/B2Mib Q7 i?2b2
/BbTH�+2K2Mi }2H/b +�M #2 b22M BM i?2 bi`�BM }2H/b- T`2b2Mi2/ BM i?2 M2ti b2+iBQM- i?�i
�`2 BM+HBM2/ BM i?2 b�K2 /B`2+iBQM �M/ +QMbBbi2Mi rBi? i?2 }M�H `mTim`2 Q`B2Mi�iBQMX h?Bb
BM+HBM�iBQM �HbQ b22Kb iQ #2 +QKT�iB#H2 iQ i?2 BMBiB�H bi`m+im`2 Q7 i?2 p2HQ+Biv }2H/ Ub22
6B;m`2 dXR3VX

*QKT�`BbQM #2ir22M mHi`�bQMB+ iQKQ;`�T?v �M/ .A*

h?Bb b2+iBQM T`2b2Mib � +QKT�`BbQM #2ir22M i?2 irQ i2+?MB[m2b T`2b2Mi2/ �#Qp2c BM T�`@
iB+mH�` 6B;m`2 dXkd T`2b2Mib i?2 .A* bi`�BM }2H/b UpQHmK2i`B+ +QKTQM2Mi QM i?2 H27i �M/
b?2�` +QKTQM2Mi BM i?2 +2Mi`2V �M/ i?2 bi2T /�i�@#�b2/ p2HQ+Biv iQKQ;`�T?B2b +Q``2@
bTQM/BM; iQ i?2 b�K2 bi`�BM BMi2`p�HX hQ Q#i�BM � bKQQi?2` bi`�BM }2H/ i?2 .A* r2`2
+�``B2/ Qmi mbBM; � +Q``2H�iBQM rBM/Qr Q7 Rky Ttc �HH Qi?2` T�`�K2i2`b �`2 i?2 b�K2 �b BM
i?2 T`2pBQmb b2+iBQMX 6B;m`2 dXk3 b?Qrb i?2 b�K2 BK�;2b THQii2/ rBi? � /Bz2`2Mi +QHQm`
b+�H2 iQ 2M?�M+2 i?2 +QMbi`�bi �M/ i?mb iQ 7�+BHBi�i2 i?2 BMi2`T`2i�iBQMX

h?2 mHi`�bQMB+ iQKQ;`�T?v BM i?2 }`bi bi2T b?Qrb � ;2M2`�H /2+`2�b2 Q7 p2HQ+Biv- r?B+?
Bb +QM+2Mi`�i2/ BM i?2 #QiiQK T�`i- �M/ � ?B;? p2HQ+Biv �MQK�Hv BM i?2 H27i bB/2X AM
i?2 irQ bm#b2[m2Mi bi2Tb i?2 p2HQ+Biv /2+`2�b2b bB;MB}+�MiHv BM i?2 iQT T�`i �M/ i?Bb
HQr p2HQ+Biv �MQK�Hv 2ti2M/b iQ i?2 #QiiQK T`QT�;�iBM; KQbiHv BM i?2 H27i bB/2X h?2
?B;? p2HQ+Biv �MQK�Hv `2/m+2 #mi Bb biBHH pBbB#H2X h?2 .A* bi`�BM }2H/b �`2 MQBbv �M/-

R9R





dXjX _1alGha, SG�L1@ah_�AL *PJS_1aaAPL h1aha qAh> 6lGG@6A1G. �L�GuaAa

U�V U#V U+V

U/V U2V U7V

U;V U?V UBV

6B;m`2 dXkk, hBK2�H�Tb 2pQHmiBQM �M�HvbBbX JQ/2H@#�b2/ iQKQ;`�T?v U1st +QHmKMV- p2HQ+Biv
T2`im`#�iBQM }2H/ U2nd +QHmKMV �M/ p2HQ+Biv }2H/ 7`QK /�i�@#�b2/ iQKQ;`�T?v U3rd +QHmKMVX

R9j
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U�V U#V U+V

U/V U2V U7V

U;V U?V UBV

6B;m`2 dXkj, hBK2�H�Tb 2pQHmiBQM �M�HvbBbX JQ/2H@#�b2/ iQKQ;`�T?v U1st +QHmKMV- p2HQ+Biv
T2`im`#�iBQM }2H/ U2nd +QHmKMV �M/ p2HQ+Biv }2H/ 7`QK /�i�@#�b2/ iQKQ;`�T?v U3rd +QHmKMVX
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dXjX _1alGha, SG�L1@ah_�AL *PJS_1aaAPL h1aha qAh> 6lGG@6A1G. �L�GuaAa

6B;m`2 dXk9, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

R98
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6B;m`2 dXk8, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

R9e



dXjX _1alGha, SG�L1@ah_�AL *PJS_1aaAPL h1aha qAh> 6lGG@6A1G. �L�GuaAa

6B;m`2 dXke, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

R9d
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i?�i i?2 7`�+im`2 T`QT�;�i2b r2`2 i?2 mHi`�bQMB+ iQKQ;`�T?v bm;;2bi2/X

6`QK i?2 +QKT�`BbQM Bi +�M #2 +QM+Hm/2/ i?�i i?2 bi`�BM M22/2/ iQ +`2�i2 K2�bm`�#H2
+?�M;2b BM T`QT�;�iBQM p2HQ+BiB2b BM i?Bb K�i2`B�H Bb #2HQr i?2 bi`�BM p�Hm2b `2bQHp2/ BM
i?2 .A*- BX2X- Bi Bb p2`v bK�HHX h?2`27Q`2 i?2 mHi`�bQMB+ iQKQ;`�T?v +�M +QMi`B#mi2 iQ i?2
HQ+�HBb�iBQM �M�HvbBb ;BpBM; 2ti`� BM7Q`K�iBQM MQi �p�BH�#H2 Qi?2`rBb2X

dX9 *QM+HmbBQMb

AM i?Bb +?�Ti2` �M 2tT2`BK2Mi�H +�KT�B;M +�``B2/ Qmi QM �M �`iB}+B�H `Q+F�HBF2 K�i2`B�H
?�b #22M T`2b2Mi2/X h?2 Q#D2+iBp2 Q7 i?Bb rQ`F r�b iQ bim/v i?2 TH�M2 bi`�BM +QKT`2bbBQM
`2bTQMb2 Q7 � K�i2`B�H +?�`�+i2`Bb2/ #v +`mb?�#H2 ;`�BMb mbBM; 7mHH@}2H/ K2i?Q/b �M/-
BM T�`iB+mH�`- mHi`�bQMB+ iQKQ;`�T?v iQ 7QHHQr i?2 /�K�;2 T`Q+2bbX �M �`iB}+B�H `Q+F
?�b #22M T`272``2/ #2+�mb2 Bi r�b 2tT2+i2/ iQ #2 KQ`2 ?QKQ;2M2Qmb �M/ Bi Qz2`b i?2
TQbbB#BHBiv iQ +QMi`QH i?2 /2;`22 Q7 +2K2Mi�iBQM �M/ i?2 TQ`QbBiv Q7 i?2 b�KTH2bX

h?2 K2+?�MB+�H �M�HvbBb #�b2/ QM i`B�tB�H +QKT`2bbBQM i2bib T`Qp2/ i?�i i?2 �`iB}+B�H
K�i2`B�H T`2T�`2/ BM i?2 H�#Q`�iQ`v T`2b2Mib i?2 b�K2 #2?�pBQm` �b i?2 M�im`�H `Q+Fb Q7
BMi2`2bi BM i?Bb rQ`F #mi- rBi? � HQr2` `2bBbi�M+2X .2bTBi2 bQK2 Bbbm2b- `2H�i2/ iQ 2MpB`QM@
K2Mi�H +QM/BiBQMb- i?2 b�KTH2 T`2T�`�iBQM T`Q+2/m`2 �bbm`2b �M �++2Ti�#H2 `2T2�i�#BHBiv
Q7 i?2 b�KTH2 `2bTQMb2X �b 2tT2+i2/- i?Bb K�i2`B�H b?Qrb /Bz2`2Mi #2?�pBQm`b 7Q` BM@
+`2�bBM; +QM}MBM; T`2bbm`2X 6m`i?2`KQ`2- i?2 i`�MbBiBQM #2ir22M i?2 #`BiiH2 �M/ /m+iBH2
`2bTQMb2 Q++m`b �i HQr +QM}MBM; T`2bbm`2- rBi? `2bT2+i iQ i?2 M�im`�H `Q+Fb- r?B+? �HHQrb
i?2 �M�HvbBb Q7 i?2 /Bz2`2Mi BMpQHp2/ K2+?�MBbKb mbBM; bi�M/�`/ ;2Qi2+?MB+�H �TT�`�imb
Q`B;BM�HHv +QM+2Bp2/ iQ i2bi bQBHbX �TT�`�imb bT2+B}+�HHv /2bB;M2/ 7Q` `Q+Fb �`2 ;2M2`�HHv
H2bb ~2tB#H2 �M/ /Q MQi 7�+BHBi�i2 i?2 BMi2;`�iBQM Q7 i?2 bT2+B�H 2[mBTK2Mi 7Q` mHi`�bQMB+
iQKQ;`�T?v mb2/ BM i?Bb rQ`FX JQ`2Qp2`- i?2 mHi`�bQMB+ i`�Mb/m+2` #�``2ii2b �`2 MQi /2@
bB;M2/ iQ rQ`F mM/2` T`2bbm`2X �Hi?Qm;? i?2 TH�M2�bi`�BM +QKT`2bbBQM i2bib T`2b2Mi2/ BM
i?Bb i?2bBb ?�p2 #22M +�``B2/ Qmi rBi?Qmi +QM}MBM; T`2bbm`2- 7mim`2 2tT2`BK2Mib +QmH/ #2
+QM+2Bp2/ iQ mb2 i?2 #B�tB�H �TT�`�imb iQ �M�Hvb2 i?2 �`iB}+B�H K�i2`B�H `2bTQMb2 mM/2`
+QM}MBM; T`2bbm`2c 7Q` BMbi�M+2 �TTHvBM; p�+mmK BMbB/2 i?2 b�KTH2X

AM i?2 H�bi b2+iBQM Q7 i?2 +?�Ti2`- `2bmHib 7Q` � bT2+B}+ bT2+BK2M �`2 T`2b2Mi2/X h?2
mHi`�bQMB+ iQKQ;`�T?v �M�HvbBb b?Qrb i?�i i?2 b�KTH2 Bb MQi ?QKQ;2M2Qmb- �b Bb +QM}`K2/
#v i?2 s@`�v iQKQ;`�T?vX � +QKT�`BbQM #2ir22M i?2b2 irQ 7mHH }2H/ i2+?MB[m2b �HbQ
bm;;2bi i?�i i?2 bi`m+im`2 T`QpB/2 #v i?2 KQ/2H@#�b2/ mHi`�bQMB+ iQKQ;`�T?v Bb TH�mbB#H2X

h?2 mHi`�bQMB+ iQKQ;`�T?v T`2b2Mi2/ BM i?Bb +?�Ti2` r�b +�``B2/ Qmi mbBM; � T`QT�;�iBQM
KQ/2H /Bz2`2Mi Uj.�aEV 7`QK i?2 QM2b T`2b2Mi2/ BM i?2 T`2pBQmb +?�Ti2`bX hQ Q#i�BM i?2
#2bi `2bmHib Bi Bb BKTQ`i�Mi iQ i2bi �HH TQbbB#H2 T`QT�;�iBQM KQ/2Hb iQ �bb2b r?B+? QM2 i?2
KQbi bmBi�#H2 7Q` i?2 bT2+B}+ +�b2X h?2 2pQHmiBQM Q7 i?2 p2HQ+Biv }H2/ /m`BM; i?2 HQ�/BM;
?�b #22M T`Q/m+2/ mbBM; KQ/2H@#�b2/ �M/ /�i�@#�b2/ iQKQ;`�T?B2b �M/ Bi +�M #2 BM72``2/
i?�i i?2 b2+QM/ K2i?Q/ T`QpB/2b #2ii2` `2bQHp2/ bi`m+im`2 �M/ Bi ?�b iQ #2 T`272``2/X .A*
b?Qr2/ i?�i bm#p2`iB+�H KB+`Q7`�+im`2b T`QT�;�i2 7`QK i?2 iQT Q7 i?2 b�KTH2 r2HH #27Q`2
i?2 T2�F bi`2bb �M/ i?�i i?2 }M�H `mTim`2 K2+?�MBbK +QMbBbib QM �M BM+HBM2/ K�+`Q7`�+im`2
i`�p2`bBM; i?2 r?QH2 b�KTH2X h?2 BM+HBM�iBQM Q7 i?Bb }M�H K2+?�MBbK +�M #2 ;HBKTb2/ �HbQ
BM i?2 /BbTH�+2K2Mi ;`�/B2Mi �i i?2 p2`v #2;BMMBM; Q7 i?2 i2bi �M/ �HbQ BM i?2 ;2M2`�H
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dX9X *PL*GlaAPLa

6B;m`2 dXkd, *QKT�`BbQM #2ir22M pQHmK2i`B+ �M/ b?2�` bi`�BM }2H/b 7`QK k.@.A* �M/ lHi`�@
bQMB+ iQKQ;`�T?v 7Q` i?2 b�K2 BM+`2K2Mi Q7 HQ�/BM;X
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6B;m`2 dXk3, *QKT�`BbQM #2ir22M pQHmK2i`B+ �M/ b?2�` bi`�BM }2H/b 7`QK k.@.A* �M/ lHi`�@
bQMB+ iQKQ;`�T?v 7Q` i?2 b�K2 BM+`2K2Mi Q7 HQ�/BM; rBi? � p�`B�#H2 +QHQm` b+�H2X

R8y



dX8X S1_aS1*hAo1a

6B;m`2 dXkN, >Q`BxQMi�H �M/ p2`iB+�H /BbTH�+2K2Mi }2H/b 7`QK k.@.A*X

bi`m+im`2 Q7 i?2 liQKQ- 2X;X- 6B;m`2 dXkkU+VU7VUHV �M/ 6B;m`2 dXkjU+VU7VX � +QKT�`BbQM
#2ir22M .A* �M/ mHi`�bQMB+ iQKQ;`�T?v `2bmHib `2p2�Hb i?�i i?2 H�ii2` b?Qrb BKTQ`i�Mi
+?�M;2b BMbB/2 i?2 b�KTH2 BM � bi�;2 Q7 HQ�/BM; r?2`2 i?2 .A* /Q2b MQi /BbTH�vb 2pB/2Mi
/27Q`K�iBQMbX aBM+2 i?2 mHi`�bQMB+ iQKQ;`�T?v Bb b2MbBiBp2 iQ /�K�;2- Bi +�M #2 +QM+Hm/2/
i?�i i?2 /2;`22 Q7 /27Q`K�iBQM M22/2/ iQ +�mb2 /�K�;2 Bb #2HQr i?2 `2bQHmiBQM Q7 i?2
.A* 7Q` i?Bb K�i2`B�HX >Qr2p2`- BKT`Qp2K2Mib iQ i?2 bi`�BM +�H+mH�iBQM K2i?Q/ KB;?i
2M�#H2 #2ii2` `2bQHmiBQM Q7 i?2 bi`�BM �bbQ+B�i2/ rBi? i?Bb /�K�;2X 6`�+im`2 K2+?�MB+b
i?2Q`v bm;;2bib i?�i � 7`�+im`2b iBT Bb bm``QmM/2/ #v � /�K�;2/ xQM2 i?`Qm;? r?B+? i?2
7`�+im`2 rBHH 2p2Mim�HHv T`QT�;�i2X lHi`�bQMB+ iQKQ;`�T?v b22Kb iQ #2 �#H2 iQ /2i2+i i?Bb
/�K�;2/ xQM2 �M/ i?mb iQ BM/B+�i2 r?2`2 i?2 7`�+im`2b rBHH T`QT�;�i2X �b mM/2`HBM2/ 7Q`
i?2 Qi?2` +�b2 bim/B2b T`2b2Mi2/ BM i?Bb rQ`F- .A* �M/ mHi`�bQMB+ iQKQ;`�T?v T`QpB/2
+QKTH2K2Mi�`v BM7Q`K�iBQM QM K�i2`B�H #2?�pBQm` �M/ iQ;2i?2` i?2v K�F2 � TQr2`7mH
2tT2`BK2Mi�H iQQH- r?BHbi b2T�`�i2Hv BKTQ`i�Mi BMbB;?i Bb KBbb2/ Q` Bb /B{+mHi iQ BMi2`T`2i
7`QK i?2 /�i�X

dX8 S2`bT2+iBp2b

dX8XR *v+HBM; i2bi @ T`2HBKBM�`v `2bmHib

AM i?Bb b2+iBQM bQK2 T`2HBKBM�`v `2bmHib QM +v+HBM; i2bib �`2 T`2b2Mi2/X Ai Kmbi #2 mM@
/2`HBM2/ i?�i i?2b2 `2bmHib �`2 MQi M2+2bb�`BHv i?2 #2bi i?�i +�M #2 �+?B2p2/ mbBM; i?2
�p�BH�#H2 /�i�- i?2 �BK Q7 i?Bb b2+iBQM #2BM; QMHv iQ b?Qr i?2 TQi2MiB�H Q7 i?2 K2i?Q/ BM
bm+? bBim�iBQMbX

�+QmbiB+ �M�HvbBb

6B;m`2b dXjy b?Qrb- 7Q` 2�+? +v+H2 Q7 HQ�/BM; � b2H2+iBQM Q7 y@Qzb2i p2HQ+Biv /Bz2`2M+2
T`Q}H2bX h?2 /Bz2`2M+2 #2BM; +�H+mH�i2/ �Hr�vb `272``BM; iQ i?2 }H2 kR- i?�i Bb i�F2M �b
i?2 bi�`iBM; QM2 bBM+2 BM i?Bb T`2HBKBM�`v �M�Hvb2 Bi r�b MQi TQbbB#H2 iQ `2+Qp2` ;QQ/
�+QmbiB+ /�i� #27Q`2X
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U�V

U#V

U+V

6B;m`2 dXjy, � b2H2+iBQM Q7 y@Qzb2i p2HQ+Biv T`Q}H2b 7Q` /Bz2`2Mi bi�;2 Q7 HQ�/ BM i?2 U�V }`bi-
U#V b2+QM/- �M/ U+V i?B`/ +v+H2 Q7 HQ�/BM;X

R8k



dX8X S1_aS1*hAo1a

h?2 +QKTH2i2 2pQHmiBQM Q7 i?2 y@Qzb2i p2HQ+Biv T`Q}H2 Bb ;Bp2M BM 6B;m`2 dXjR r?2`2 Bi Bb
TQbbB#H2 iQ b22 ?Qr i?2 p2HQ+BiB2b p�`v +v+HB+�HHv rBi? HQ�/BM;X h?2 ;QQ/ +Q``2bTQM/2M+2
#2ir22M i?2 HQ�/BM; +v+H2b �M/ p2HQ+Biv p�`B�iBQM Bb �M BM/B+�iBQM Q7 i?2 `2T2�i�#BHBiv
Q7 i?2 K2i?Q/X h?2 /2+`2�b2 BM p2HQ+Biv /m`BM; i?2 mMHQ�/BM; T`Q+2bb2b KB;?i #2 /m2
iQ i?2 QT2MBM; Q7 i?2 KB+`Q7`�+im`2b T`Q/m+2/ /m`BM; i?2 HQ�/BM;X 6m`i?2`KQ`2 Bi Kmbi
#2 MQiB+2/ i?�i BM i?2 iQT T�`i Q7 i?2 b�KTH2 i?2 �+QmbiB+ bB;M�Hb �`2 HQbi p2`v [mB+FHvc
?Qr2p2` � KQ`2 +�`27mH �M�HvbBb KB;?i `2+Qp2` bm+? /�i�X

Ai Bb BMi2`2biBM; iQ b22 ?Qr i?2 p2HQ+Biv p�`B2b rBi? i?2 bi`�BM /m`BM; i?2 +v+HBM;X 6B;m`2
dXjk b?Qrb i?2 2pQHmiBQM Q7 i?2 �p2`�;2 p2HQ+Biv �i i?2 #QiiQK �M/ BM i?2 KB//H2 Q7 i?2
b�KTH2X

q?BHbi i?2b2 `2bmHib �`2 Dmbi � T`2HBKBM�`v ;HBKTb2 Q7 � +v+HBM; i2bi- i?2v b?Qr +H2�`Hv bQK2
BMi2`2biBM; BMbB;?i i?�i KB;?i #2 ;�BM2/ #v T2`7Q`KBM; bm+? HQ�/BM; BM +QMDmM+iBQM rBi?
i?2 mHi`�bQMB+ KQMBiQ`BM;X am+? � i2ti �HbQ T`QpB/2b i?2 TQi2MiB�H iQ +QKT�`2 K�+`Qb+QTB+
T`QT2`iv 2pQHmiBQM iQ i?2 7mHH@}2H/ 2pQHmiBQMX 6mim`2 rQ`F rBHH 2M/2�pQm` iQ 2ti`�+i KQ`2
BMbB;?i 7`QK i?Bb i2bi �M/ iQ 2bi�#HBb? � +QKTH2i2 2tT2`BK2Mi�H T`QiQ+QH BMpQHpBM; +v+HB+
i2biBM;- mHi`�bQMB+ iQKQ;`�T?v �M/ .A*X
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U�V

U#V

6B;m`2 dXjR, y�Qzb2i p2HQ+BiB2b U�V �M/ p2HQ+Biv T2`im`#�iBQM U#V 2pQHmiBQMX
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6B;m`2 dXjk, 1pQHmiBQM Q7 y@Qz b2ii p2HQ+Biv rBi? bi`�BM �i i?2 #QiiQK �M/ i?2 KB//H2 Q7 i?2
b�KTH2X

R88





*QM+HmbBQMb �M/ S2`bT2+iBp2b

�+QmbiB+ K2�bm`2K2Mib �`2 Q7i2M mb2/ iQ bim/v i?2 #2?�pBQm` Q7 ;2QK�i2`B�Hb #Qi? BM
i?2 H�#Q`�iQ`v �M/ �i i?2 }2H/ b+�H2- �b r2HH �b BM Qi?2` /Bb+BTHBM2b- 2X;X- Q+2�MQ;`�T?v
bim/B2b Q7 r�i2` T`QT2`iB2b p�`B�iBQMbX h?2 MQp2Hiv Q7 i?Bb rQ`F Bb i?2 BKTH2K2Mi�iBQM Q7
BMp2`bBQM i2+?MB[m2b Q7 i?2 ivT2 mb2/ BM Q+2�MQ;`�T?v �M/ ;2QT?vbB+b BM � +QKTH2i2Hv M2r
+QMi2ti- BX2X- H�#Q`�iQ`v ;2QK2+?�MB+bX AM T�`iB+mH�` K2i?Q/b mb2/ BM i?2 Q+2�MQ;`�T?B+
bim/B2b ?�p2 #22M �TTHB2/ iQ � ;2QK2i`v bBKBH�` iQ b2BbKB+ +`Qbb@r2HH iQKQ;`�T?v- #mi
�i �M 2MiB`2Hv /Bz2`2Mi b+�H2 r?B+? ?�b- i?mb- T`2b2Mi2/ � M2r b2i Q7 +?�HH2M;2b iQ #2
�//`2bb2/X h?2 }`bi +?�HH2M;2 Bb ;Bp2M- 7`QK �M �+QmbiB+ TQBMi Q7 pB2r- #v i?2 ;2QK2i`v
mb2/ �M/ #v i?2 BM?QKQ;2M2Biv Q7 i?2 bim/B2/ K�i2`B�HbX JQ`2Qp2`- i?2 �TTHB+�iBQMb �i
i?2 H�#Q`�iQ`v b+�H2 BMpQHp2 i?2 /2bB`2 iQ �Mbr2` � /Bz2`2Mi b2i Q7 [m2biBQMb +QM+2`MBM;
K2+?�MBbKb i?�i �`2 p2`v /Bz2`2MiX 6m`i?2`KQ`2- i?2 BM7Q`K�iBQM bQm;?i Bb �HbQ [mBi2
/Bz2`2Mi- r?B+? `2[mB`2b � MmK#2` Q7 �/�Ti�iBQMb iQ #Qi? i?2 �+[mBbBiBQM �M/ T`Q+2bbBM;
�TT`Q�+?2b �M/ i?2 BMi2`T`2i�iBQMX

h?2 K�BM +QMi`B#miBQMb Q7 i?Bb rQ`F BMpQHp2 i?2 /2p2HQTK2Mi Q7 mHi`�bQMB+ iQKQ;`�T?v
�M�HvbBb 7Q` H�#Q`�iQ`v ;2QK2+?�MB+b �M/ i?2 �TTHB+�iBQM iQ �M�Hvb2 K�i2`B�H /27Q`K�iBQMX
h?2 BKTH2K2Mi�iBQM Q7 i?2 .Qm#H2 "2�K 6Q`KBM; i2+?MB[m2 BM i?2 T�`iB+mH�` +�b2 Q7 H�#@
Q`�iQ`v i2bi QM ;2QK�i2`B�Hb T`QpB/2b BKT`Qp2/ [m�HBiv /�i� �M/ i?mb T2`KBib 2ti`�+iBQM
Q7 KQ`2 T`2+Bb2 BM7Q`K�iBQMX � #B; 2zQ`i ?�b #22M K�/2 iQ �bb2bb i?2 QTiBKmK �TT`Q�+?
7Q` i?2 �``Bp�H iBK2 TB+FBM; �M/ iQ T`QpB/2 � mb2`@7`B2M/Hv b2KB �miQK�i2/ K2i?Q/QHQ;v
7Q` [mB+F �M/ `Q#mbi T`Q+2bbBM;X � i2+?MB[m2 iQ /2i2`KBM2 i?2 mMFMQrM ;2QK2i`B+�H
�+[mBbBiBQM T�`�K2i2`b ?�b �HbQ #22M /2p2HQT2/ �M/ i?2 #2bi �TT`Q�+? 7Q` iQKQ;`�T?B+
BMp2`bBQM- 7Q` � ;Bp2M b2i mT- ?�b #22M BMp2biB;�i2/X J2i?Q/QHQ;B2b 7Q` /�i�� �M/ KQ/2H�
#�b2/ iQKQ;`�T?B2b ?�p2 �HbQ #22M 2bi�#HBb?2/ 7Q` iBK2@H�Tb2 �M�HvbBb Q7 p2HQ+Biv }2H/
2pQHmiBQMX

avMi?2iB+ i2bib ?�p2 #22M mb2/ iQ �bb2bb i?2 #2bi T`Q+2/m`2b 7Q` /Bz2`2Mi bBim�iBQMbX AM@
7�+i- BM BMp2`b2 T`Q#H2Kb i?2 K�DQ` `QH2 Q7 K�Mv �bT2+ib +�mb2b T`Q#H2Kb Q7 bQHmiBQM
MQM@mMB[m2M2bbX h?2 BM~m2M+2 Q7 i?2b2 7�+iQ`b U."6 T�`�K2i2`b- T`QT�;�iBQM KQ/2Hb- BM@
p2`bBQM K2i?Q/b �M/ BMp2`bBQM T�`�K2i2`bV ?�b #22M 2ti2MbBp2Hv +QMbB/2`2/ BM i?2 i?2bBb
b?QrBM; i?2 `2bmHib Q7 T�`�K2i`B+ bim/B2b +�``B2/ Qmi QM bvMi?2iB+ �M/ `2�H /�i�

h?2 /2p2HQT2/ mHi`�bQMB+ iQKQ;`�T?v �TT`Q�+? ?�b #22M �TTHB2/ iQ BMp2biB;�i2 ;2QK�@
i2`B�H #2?�pBQm` BM H�#Q`�iQ`v i2bibX AM i?Bb +QMi2ti- �M 2tT2`BK2Mi�H +�KT�B;M ?�b #22M
+�``B2/ Qmi QM /Bz2`2Mi K�i2`B�Hb BM+Hm/BM; +QKT�`BbQMb rBi? /BbTH�+2K2Mi �M/ bi`�BM
}2H/b 7`QK .B;Bi�H AK�;2 *Q``2H�iBQM �M/ s@`�v iQKQ;`�T?vX S�`i AA Q7 i?2 i?2bBb ?�b
T`2b2Mi2/ i?2 `2bmHib Q7 i?2b2 2tT2`BK2Mib iQ i2bi i?2 mHi`�bQMB+ iQKQ;`�T?v K2i?Q/ �M/
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iQ mb2 i?Bb �b � iQQH iQ BMp2biB;�i2 i?2 K2+?�MB+�H #2?�pBQm` i?`22 /Bz2`2Mi ;2QK�i2`B�Hb-
� M�im`�H b�M/biQM2- � T?vbB+�H KQ/2H Q7 � HQ+�HBb2/ /27Q`K�iBQM xQM2 �M/ �M �`iB}+B�H
+2K2Mi2/ ;`�MmH�` `Q+FX

AM i?2 }`bi �TTHB+�iBQM bim/v- mHi`�bQMB+ iQKQ;`�T?v- s@`�v iQKQ;`�T?v- �M/ j.@.A* ?�p2
#22M mb2/ iQ BMp2biB;�i2 i?2 7�BHm`2 K2+?�MBbKb �M/ i?2 +QMb2[m2Mi HQ+�HBb2/ /27Q`K�iBQM
BM � b�KTH2 Q7 M�im`�H `Q+F /27Q`K2/ mM/2` i`B�tB�H +QKT`2bbBQMX AM i?Bb +�b2- i?2 b�KTH2
?�/ MQi+?2b BM i?2 bB/2b iQ 2M+Qm`�;2 i?2 2tT2+i2/ HQ+�HBb2/ /27Q`K�iBQM- BM i?2 7Q`K Q7 �
b?2�` #�M/- iQ Q++m` BM i?2 KB//H2 Q7 i?2 b�KTH2X h?2 mHi`�bQMB+ iQKQ;`�T?v `2p2�H2/ i?2
T`2b2M+2 Q7 i?`22 HQ+�HBb2/ #�M/b Q7 HQr p2HQ+Biv- QM2 +QMM2+iBM; i?2 MQi+?2b �M/ i?2 Qi?2`b
2ti2M/BM; 7`QK i?2 MQi+?2b iQ i?2 iQT �M/ #QiiQK b�KTH2öb #QmM/�`B2bX h?Bb bi`m+im`2
Bb T�`iHv +QM}`K2/ #v � ?B;? `2bQHmiBQM s@`�v iQKQ;`�T?v �M/ #v j.@.A* �M�HvbBbX h?2
HQ+�HBb2/ #�M/b BM i?2 mHi`�bQMB+ iQKQ;`�T?v b22K iQ 2ti2M/ KQ`2 �M/ �TT2�` rB/2` i?�M
BM i?2 Qi?2` i2+?MB[m2bc i?Bb bm;;2bib i?2 T`2b2M+2 Q7 � /�K�;2 xQM2- +?�`�+i2`Bb2/ #v
KB+`Q7`�+im`BM;- bm``QmM/BM; i?2 HQ+�HBb2/ /27Q`K�iBQM #�M/b �M/ 2ti2M/BM; 7m`i?2` i?�M
Bb �TT�`2Mi BM i?2 bi`�BM }2H/bX h?Bb K�i2`B�H `2bTQMb2 Bb �HbQ T�`iB�HHv pBbB#H2 BM i?2
pQHmK2i`B+ bi`�BM }2H/ 7`QK j.@.A*X AM i?2 b�K2 +QMi2ti i?2 BKT`Qp2K2Mib- BMi`Q/m+2/
/m`BM; i?Bb rQ`F BM #Qi? TB+FBM; �M/ BMp2`bBQM T`Q+2/m`2b- ?�p2 �HbQ #22M b?QrMX

hQ /2i2`KBM2 i?2 bT�iB�H �M/ i2KTQ`�H `2bQHmiBQM Q7 i?2 iBK2H�Tb2 mHi`�bQMB+ iQKQ;`�T?v
BM � bBKTHB}2/ bBim�iBQM- i2bib ?�p2 #22M +�``B2/ Qmi QM `Q+F b�KTH2b +QMi�BMBM; � H�v2`
Q7 +2K2Mi2/ bQBH #2ir22M irQ #HQ+Fb Q7 `Q+FX h?Bb T�`iB+mH�` ;2QK2i`v r�b +?Qb2M rBi?
i?2 Q#D2+iBp2 iQ FMQr � T`BQ`B i?2 `2;BQM Q7 i?2 b�KTH2 r?2`2 KQbi Q7 i?2 /�K�;2 rBHH
Q++m` #2+�mb2 Q7 i?2 biBzM2bb +QMi`�bi #2ir22M i?2 H�v2` �M/ i?2 `Q+FX h?2 +QKT�`BbQM
#2ir22M � KQ/2H@#�b2/ mHi`�bQMB+ iQKQ;`�T?v �M/ �M s@`�v iQKQ;`�T?v Q7 i?2 BMi�+i
b�KTH2 T`Qp2/ i?�i i?2 8 KK H�v2` Q7 +2K2Mi2/ bQBH +�M #2 r2HH `2bQHp2/ �M/ i?mb i?2
`2bQHmiBQM Q7 i?2 mHi`�bQMB+ BMp2`bBQM `2bT2+ib i?2 2tT2+i�iBQMX h?2 iBK2H�Tb2 mHi`�bQMB+
iQKQ;`�T?v �M�HvbBb bm++2bb7mHHv `2p2�H2/ i?�i i?2 BM+HBM2/ H�v2` Bb biBz2` i?�M i?2 bm`@
`QmM/BM; `Q+F �M/ i?�i i?2 H�ii2` /�K�;2b /m`BM; i?2 HQ�/BM;X .A* b?Qrb- iQ i?2 +QMi`�`v-
� +QM+2Mi`�iBQM Q7 bi`�BM BMbB/2 i?2 H�v2` r?BH2 i?2 irQ #HQ+Fb Q7 `Q+F b?Qr QMHv KBMQ`
/27Q`K�iBQMX JQ`2Qp2`- i?2 pQHmK2i`B+ bi`�BM- K2�bm`2/ #v .A*- /BbTH�vb +QKT�+iBQM �i
i?2 #QmM/�`B2b #2ir22M i?2 +2K2Mi2/ bQBH �M/ i?2 `Q+F rBi? /BH�iBQM BMbB/2 i?2 H�v2`X h?2
mHi`�bQMB+ iQKQ;`�T?v Bb MQi �#H2 iQ `2bQHp2 bm+? bi`m+im`2- �b Bib bT�iB�H `2bQHmiBQM Bb
#2HQr i?2 BMpQHp2/ /BK2MbBQMbX h?2 mHi`�bQMB+ iQKQ;`�T?v /Q2b- ?Qr2p2`- T`QpB/2 BM7Q`@
K�iBQM �#Qmi i?2 /Bz2`2Mi K2+?�MBbKb Q++m``BM; BMbB/2 i?2 H�v2` �M/ BM i?2 `Q+FX h?2
7�+i i?�i i?2 /27Q`K�iBQM BM/m+2b QMHv � bK�HH 2z2+i QM i?2 p2HQ+BiB2b BM i?2 H�v2` bm;;2bib
i?�i i?2b2 /27Q`K�iBQMb �`2 K�BMHv HBM2�` 2H�biB+ �M/ /Q MQi /�K�;2 i?2 K�i2`B�HX PM
i?2 +QMi`�`v i?2 bm``QmM/BM; `Q+F Bb /�K�;2/ /2bTBi2 QMHv 2tT2`B2M+BM; bK�HH bi`�BMbX �
TQbbB#H2 2tTH�M�iBQM iQ i?Bb #2?�pBQm` Bb i?2 `mTim`2 Q7 i?2 M�im`�H +2K2Mi i?�i +�mb2b
/2�#QM/BM; Q7 i?2 ;`�BMb r?2`2�b i?2 +2K2Mi #2ir22M i?2 ;`�BMb BM i?2 H�v2` Bb bi`QM;2`
�M/ /Q2b MQi /�K�;2X

_2bmHib Q7 i`B�tB�H �M/ TH�M2 bi`�BM +QKT`2bbBQM i2bib QM � K�i2`B�H rBi? +2K2Mi2/ +`mb?@
�#H2 ;`�BMb ?�p2 �HbQ #22M T`2b2Mi2/X h?2 K2+?�MB+�H �M�HvbBb #�b2/ QM i`B�tB�H +QK@
T`2bbBQM i2bib T`Qp2/ i?�i i?2 �`iB}+B�H K�i2`B�H T`2T�`2/ BM i?2 H�#Q`�iQ`v T`2b2Mib i?2
b�K2 #2?�pBQm` �b i?2 M�im`�H `Q+Fb Q7 BMi2`2bi BM i?Bb rQ`F- #mi �i HQr2` +QM}MBM; T`2b@
bm`2b �++2bbB#H2 #v bi�M/�`/ bQBH K2+?�MB+b �TT�`�imbX � i2+?MB[m2 ?�b #22M /2p2HQT2/
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iQ T`2T�`2 b�KTH2b #v +2K2Mi�iBQM Q7 +`mb?2/ GB;?i 1tT�M/2/ *H�v �;;`2;�i2bX .2bTBi2
i?2 2bi�#HBb?2/ T`Q+2/m`2 T`QpB/BM; [mBi2 ?QKQ;2MQmb b�KTH2b- i?2 mHi`�bQMB+ iQKQ;`�@
T?v �M�HvbBb Q7 i?2 TH�M2 bi`�BM i2bib b?Qrb i?�i i?2 i2bi2/ b�KTH2 Bb MQi ?QKQ;2M2Qmb
�M/ `2p2�Hb � bi`m+im`2 i?�i Bb +QMbBbi2Mi rBi? s@`�v iQKQ;`�T?v BK�;2bX � +QKT�`BbQM
#2ir22M .A* �M/ mHi`�bQMB+ iQKQ;`�T?v `2bmHib `2p2�Hb i?�i BKTQ`i�Mi p2HQ+Biv +?�M;2b
Q++m` BMbB/2 i?2 b�KTH2 BM � bi�;2 Q7 HQ�/BM; r?2`2 i?2 .A* /Q2b MQi /BbTH�v �Mv 2pB/2Mi
/27Q`K�iBQMX lHi`�bQMB+ iQKQ;`�T?v Bb b2MbBiBp2 iQ +?�M;BM; 2H�biB+ T`QT2`iB2b- 2X;X- /�K@
�;2- i?2`27Q`2 Bi +�M #2 +QM+Hm/2/ i?�i i?2 /2;`22 Q7 /27Q`K�iBQM M22/2/ iQ +�mb2 /�K�;2
BM i?Bb K�i2`B�H Bb #2HQr i?2 bi`�BM `2bQHmiBQM Q7 i?2 .A*X JQ`2Qp2`- i?2 mHi`�bQMB+ iQ@
KQ;`�T?v b22Kb iQ #2 �#H2 iQ /2i2+i i?2 T`Q+2bb xQM2 �?2�/ Q7 i?2 7`�+im`2 iBTb �M/ i?mb
BM/B+�i2b BM �/p�M+2 r?2`2 7`�+im`2b rBHH T`QT�;�i2X

h?2 2tT2`BK2Mi�H `2bmHib �M/ Q#b2`p�iBQMb i?�i ?�p2 #22M T`2b2Mi2/ +QmH/ MQi #2 �+?B2p2/
mbBM; i?2 7mHH�}2H/ i2+?MB[m2b b2T�`�i2Hv bBM+2 i?2v T`QpB/2 /Bz2`2Mi �M/ +QKTH2K2Mi�`v
BM7Q`K�iBQM �M/ rQmH/ +2`i�BMHv #2 BM�++2bbB#H2 iQ bi�M/�`/ �TT`Q�+?2bX h?2b2 2tT2`B@
K2Mib i?mb +QM}`K i?�i iQ �+?B2p2 � ;QQ/ mM/2`bi�M/BM; Q7 i?2 K2+?�MB+�H #2?�pBQm` Q7
;2QK�i2`B�Hb i?2 +QK#BM�iBQM Q7 KQ`2 i?�M QM2 7mHH�}2H/ i2+?MB[m2b Bb M2+2bb�`vX

AM i2`Kb Q7 i?2 mHi`�bQMB+ iQKQ;`�T?v- i?2 2tT2`BK2Mib ?�p2 �HbQ ?B;?HB;?i2/ i?2 mb2 Q7
/Bz2`2Mi T`QT�;�iBQM KQ/2Hb BM i?2 BMp2`b2 �M�HvbBb /2T2M/BM; QM i?2 K�i2`B�H �M/ Bib
K2+?�MB+�H `2bTQMb2X hQ Q#i�BM i?2 #2bi `2bmHib Bi ?�b #22M b?QrM i?�i Bi Bb BKTQ`i�Mi iQ
i2bi �HH TQbbB#H2 T`QT�;�iBQM KQ/2Hb iQ �bb2bb i?2 QM2 KQbi bmBi�#H2 7Q` i?2 bT2+B}+ +�b2X

q?BHbi bB;MB}+�Mi �/p�M+2b ?�p2 #22M K�/2 rBi? `2bT2+i iQ i?2 mb2 Q7 iBK2@H�Tb2 mHi`�bQMB+
iQKQ;`�T?v �b � 7mHH�}2H/ �M�HvbBb iQQH BM 2tT2`BK2Mi�H ;2QK2+?�MB+b- 7m`i?2` rQ`F b?QmH/
#2 /QM2 iQ 7m`i?2` BKT`Qp2 i?2 K2i?Q/X AM T�`iB+mH�`- i?2 �M�HvbBb +QmH/ #2 2M?�M+2/
i?`Qm;? i?2 BMi2;`�iBQM Q7 KmHiBTH2 �``Bp�H BM7Q`K�iBQM- �b �p�BH�#H2 7`QK i?2 ."6X h?2
mb2 Q7 /Qm#H2 /Bz2`2M+2 iQKQ;`�T?v Uu�M; 2i �HX- kyRRV +QmH/ �HbQ �B/ i?2 iBK2@H�Tb2
BMp2`bBQMX �MBbQi`QTv +QmH/ �HbQ #2 i�F2M BMiQ �++QmMi BM i?2 T`QT�;�iBQM KQ/2H- 2X;X-
7QHHQrBM; i?2 �TT`Q�+? Q7 *?�TK�M �M/ S`�ii URNNkVc S`�ii �M/ *?�TK�M URNNkVX h?2
TQi2MiB�H Q7 a2MbBiBpBiv E2`M2Hb ?�b #22M b?QrM BM #Qi? i?2 bvMi?2iB+ �M/ `2�H 2t�KTH2b-
#mi i?Bb K2i?Q/ Bb HBKBi2/ #v i?2 �M�HviB+�H +�H+mH�iBQM Q7 :`22Möb 7mM+iBQMb- r?B+? /Q2b
MQi �HHQr i?2 Q`B;BM�H p2HQ+Biv }2H/ iQ #2 i�F2M BMiQ �++QmMiX � bvbi2K�iB+ �TTHB+�iBQM Q7
MmK2`B+�H +QKTmi�iBQM 7Q` a2MbBiBpBiv E2`M2Hb +QmH/ H2�/ iQ `2H2p�Mi BKT`Qp2K2Mib Q7 i?2
BMp2`bBQM `2bmHiX �MQi?2` /B`2+iBQM 7Q` TQbbB#H2 BKT`Qp2K2Mi Q7 i?2 bT�iB�H `2bQHmiBQM Q7
i?2 mHi`�bQMB+ iQKQ;`�T?v Bb iQ mb2 i?2 7mHH r�p2 7Q`K Q7 i?2 `2;Bbi2`2/ bB;M�Hb BMbi2�/ Q7
2ti`�+iBM; QMHv i?2 BM7Q`K�iBQM QM i?2 i`�p2H iBK2bX 6mHH r�p2 7Q`K iQKQ;`�T?v ?�b #22M
BKTH2K2Mi2/- 7Q` 2t�KTH2- #v _QK�BM "`QbbB2` �i Aah2``2 U:`2MQ#H2VX � +QHH�#Q`�iBQM
rBi? ?Bb i2�K Bb +m``2MiHv QM;QBM; �M/ }`bi `2bmHib �`2 2tT2+i2/ BM i?2 M2ti 72r KQMi?bX
AM 7�+i i?2 ."6 rQ`F Q7 i?Bb i?2bBb ?�b �H`2�/v H2�/ iQ bQK2 M2r /2p2HQTK2Mib BM i?2 7mHH
r�p2 7Q`K �TT`Q�+? U"`QbbB2` 2i �HX- kyRyVX

_2;�`/BM; i?2 2tT2`BK2Mib- � KQ`2 /2i�BH2/ �M�HvbBb rBHH #2 T2`7Q`K2/ 7Q` i?2 i2bib +�``B2/
Qmi BM TH�M2 bi`�BM +QM/BiBQM rBi? +v+HB+ HQ�/X JQ`2Qp2`- 7mim`2 mHi`�bQMB+ iQKQ;`�T?v
i2bib /m`BM; HQ�/BM; rBi? +QM}MBM; T`2bbm`2 rBHH 2M�#H2 i?2 bim/v Q7 /Bz2`2Mi /27Q`K�iBQM
`2;BK2b �M/ K2+?�MBbKbX AM bm+? 2tT2`BK2Mib i?2 mHi`�bQMB+ iQKQ;`�T?v Bb 2tT2+i2/ iQ
rQ`F #2ii2` bBM+2 /27Q`K�iBQM T`Q+2bb b?QmH/ MQi BMpQHp2 H�`;2 /Bb+QMiBMmBiB2b U7`�+im`BM;VX
AM 7�+i- bBM+2 7`�+im`2b T`2p2Mi i?2 r�p2 T`QT�;�iBQM- i?2 mM+QM}M2/ i2bib `2T`2b2Mi i?2
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rQ`b2 +�b2 b+2M�`BQ 7Q` i?2 mHi`�bQMB+ iQKQ;`�T?vX Ai Bb �HbQ rQ`i? MQiBM; i?�i �TTHvBM; �
+QM}MBM; T`2bbm`2 iQ i?2 i2bi bT2+BK2Mb rBHH �HbQ T`QpB/2 � K2�Mb iQ K�BMi�BM i?2 +QMi�+i
Q7 i?2 i`�Mb/m+2`bX >Qr2p2` i?Bb rQmH/ `2[mB`2 ó#�`2ii2bô i?�i +�M QT2`�i2 mM/2` T`2bbm`2
�M/ i?�i �`2 ~2tB#H2 bQ i?2v +�M KQp2 rBi? i?2 b�KTH2 r�HHbX h?Bb- i?2`27Q`2- `2[mB`2b
7m`i?2` i2+?MB+�H /2p2HQTK2Mib- #mi ?�b i?2 TQi2MiB�H iQ T`QpB/2 bB;MB}+�Mi M2r BMbB;?i
BMiQ /27Q`K�iBQM T`Q+2bb2b BM `Q+Fb �M/ bQBHbX

h?2 �BK Q7 2tT2`BK2Mib Bb iQ T`QpB/2 mM/2`bi�M/BM; Q7 T`Q+2bb2b �M/ K2+?�MBbKb iQ
�/p�M+2 K�i2`B�H KQ/2HHBM; �M/ /�i� iQ +�HB#`�i2 KQ/2HbX h?2 mHi`�bQMB+ iQKQ;`�T?v
i2+?MB[m2 T`2b2Mi2/ ?2`2BM T`QpB/2b M2r /�i� iQ �+?B2p2 bm+? ;Q�Hb- BM T�`iB+mH�` i?2
K2�bm`2K2Mi Q7 i?2 2pQHmiBQM Q7 � K�i2`B�H T`QT2`iv U2H�biB+BivVX h?2`27Q`2- +QMbiBimiBp2
H�rb i?�i BM+Hm/2 T`QT2`iv 2pQHmiBQM +QmH/ MQr #2 +�HB#`�i2/ rBi? bm+? /�i�X aBM+2 i?2
/�i� 7`QK mHi`�bQMB+ iQKQ;`�T?v �`2 7mHH�}2H/- i?2 ?2i2`Q;2M2Biv Q7 i?2 T`Q+2bb2b +�M
�HbQ #2 +�Tim`2/ BM i?2 KQ/2HbX PM2 +QmH/ �HbQ BK�;BM2 � KQ`2 /B`2+i +QM7`QMi�iBQM Q7
KQ/2HHBM; �M/ 2tT2`BK2Mib #v mbBM; � ;Bp2M +QMbiBimiBp2 KQ/2H- BM � }MBi2 2H2K2Mi 7`�K2@
rQ`F 7Q` 2t�KTH2- iQ T`2/B+i i?2 2pQHpBM; 2H�biB+ T`QT2`iv }2H/ i?�i +QmH/ #2 +QKT�`2/
iQ i?2 mHi`�bQMB+ iQKQ;`�T?v BMp2`i2/ }2H/X hQ Qp2`+QK2 i?2 `2bQHmiBQM �M/ �`i27�+i Bb@
bm2b BM?2`2Mi BM mHi`�bQMB+ iQKQ;`�T?v- bm+? � +QM7`QMi�iBQM KB;?i BMpQHp2 � bBKmH�i2/
mHi`�bQMB+ iQKQ;`�T?v 2tT2`BK2Mi i?`Qm;? i?2 }MBi2 2H2K2Mi bBKmH�i2/ 2H�biB+ T`QT2`iv
}2H/ iQ T`QpB/2 �M 2[mBp�H2Mi b2i Q7 /�i�X lHiBK�i2Hv i?Bb �TT`Q�+? rQmH/ H2M/ Bib2H7 iQ �
7mHH�}2H/ T`Q+2/m`2- BM+Hm/BM; .A*- iQ +�HB#`�i2 �/p�M+2/ +QMbiBimiBp2 H�rbX

Rey
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AMi`Q/m+iBQM

Göûim/2 /2 H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM 2bi /ömM2 BKTQ`i�M+2 +`m+B�H2 /�Mb Hö�M�H@
vb2 /2b `ûTQMb2b Kû+�MB[m2b /2b ;ûQK�iû`B�mtX .�Mb H� M�im`2 QM i`Qmp2 /2 MQK#`2mt
2t2KTH2b /2 T?ûMQK�M2b /2 HQ+�HBb�iBQM- /QMi +2`i�BMb bQMi KQMi`û2b 2M 6B;m`2 RX G� /û@
7Q`K�iBQM T2mi �pQB` HB2m i`�b H2Mi2K2Mi- +QKK2 HQ`b /2b KQmp2K2Mib i2+iQMB[m2b U6B;m`2
R U�VV- Qm i`�b `�TB/2K2Mi- T�` 2t2KTH2 HQ`b /2 ûpûM2K2Mib bBbKB[m2b U6B;m`2 R U#V 2i
U+V- H2b /2mt BK�;2b 7QMi `û7û`2M+2 �m K�K2 i`2K#H2K2Mi /2 i2``2VX .�Mb H2b /2mt T`2@
KB�`2b T?QiQb- H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM b2 +�`�+iû`Bb2 T�` mM KQmp2K2Mi +QMiBMmX
�m +QMi`�B`2 /�Mb H� i`QBbB�K2 BK�;2- H2b /ûTH�+2K2Mib KQMi`2Mi mM2 7Q`i2 /Bb+QMiBMmBiû-
+ö2bi ¨ /B`2 mM2 7`�+im`2X SHmbB2m`b `ûbmHi�ib 2tTû`BK2Mi�mt QMi /ûKQMi`û [m2- /�Mb H2 +�b
/2b ;ûQK�iû`B�mt- H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM b2 T`Q/mBi bvbiûK�iB[m2K2Mi T2M/�Mi
H2 +?�`;2K2Mi 2i MQM T�b T2M/�Mi mM ûpûM2K2Mi 2t+2TiBQMM2H UT�` 2t2KTH2 .2b`m2b �M/
oB;;B�MB- kyy9VX 1M T�`iB+mHB2`- ¨ Höû+?2HH2 /m H�#Q`�iQB`2- BH � ûiû /ûKQMi`û [m2 H� T`2b@
bBQM /2 +QM}M2K2Mi BM~m2M+2 H2b /Bp2`b �bT2+ib /2 H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM i2Hb
[m2 HöBM+HBM�BbQM- H2 MQK#`2 2i HöûT�Bbb2m` /2b #�M/2b /2 HQ+�HBb�iBQM U6B;m`2 k U�VVX .2
H� T`2bbBQM /2 +QM}M2K2Mi /ûT2M/`QMi û;�H2K2Mi H2b KB+`Q@Kû+�MBbK2b BKTHB[mûb /�Mb H�
/û7Q`K�iBQM U`û�``�M;2K2Mi 2i û+`�b2K2Mi /2b ;`�BMb- `mTim`2 /m +BK2Mi- 2i+XVX S�` 2t2K@
TH2- /�Mb mM2 ;`�b TQ`2mb2- H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM T2mi �i`2 +�`�+iû`Bbû2 T�` /2b
#�M/2b /2 +Bb�BHH2K2Mi /BH�i�Mi2b- ¨ /2b T`2bbBQMb /2 +QM}M2K2Mi 7�B#H2- Qm +QKT�+i�Mi2b-
TQm` /2b p�H2m`b ûH2pû2b /2 i2MbBQM KQv2MM2 2{+�+2 U6B;m`2 k U#VVX

*2 i`�p�BH 2bi +2Mi`û bm` Höûim/2 /2b bQHb /m`b- `Q+?2b i2M/`2b 2i K�iû`B�mt ;`�MmH�B`2b

U�V U#V U+V

6B;m`2 R , SHB /�Mb H2 /ûb2`i /2 "Q``2;Q 2M *�HB7Q`MB2 U�V c BK�;2b /2b +QMbû[m2M+2b /m bûBbK2
/öAxKBi U#V 2i U+V

ReR



_ûbmKû 2M 7`�MÏ�Bb

U�V U#V

6B;m`2 k , "ûbm2HH2 2i �HX UkyyyV

+BK2Miûb 2M ;ûMû`�HX G2b K�iû`B�mt M�im`2Hb �TT�`i2M�Mi ¨ +2 ;`QmT2 +QKT`2MM2Mi /2b
`Q+?2b Tv`Q+H�biB[m2b- b�#H2b +�`#QM�iûb- +�H+�`ûMBi2b 2i ;`�MBiX .�Mb +2 +�b- H� HQ+�HBb�@
iBQM /2 H� /û7Q`K�iBQM 2bi bQmp2Mi �bbQ+Bû2 ¨ /2b T?ûMQK�M2b /2 7`�+im`�iBQM ¨ /Bzû`2Mi2b
û+?2HH2bX G2b K�+`Q7`�+im`2b bQMi ;ûMû`�H2K2Mi 2MiQm`û2b /2 KûbQ 2i KB+`Q 7`�+im`2b 2i
H2m` T`QT�;�iBQM 2bi T`û+û/û2 /ömM2 xQM2 /2 T`Q+2bbmb UpQB` 6B;m`2 jV c H� KB+`Q}bbm`�iBQM-
[mB +�`�+iû`Bb2 +2ii2 xQM2- T2mi �i`2 B/2MiB}û2b +QKK2 2M/QKK�;2K2Mi +�` +2H� �z2+i2
H2b T`QT`Bûiûb Kû+�MB[m2b /m K�iû`B�mX G2b #�M/2b /2 +Bb�BHH2K2Mi Qm /2 +QKT�+iBQM bQMi
bQmp2Mi �bbQ+Bû2b ¨ /2b KB+`Q}bbm`2b 2i 2HH2b T2mp2Mi û;�H2K2Mi �i`2 +QMbB/û`û2b +QKK2
/2 H� HQ+�HBb�iBQM /ö2M/QKK�;2K2MiX .�Mb H2 +�/`2 /2 H� Kû+�MB[m2 /2b `Q+?2b- Hö2M/QK@
K�;2K2Mi T2mi �i`2 +�mbûb T�` /2b T?ûMQK�M2b /2 /ûi�+?2K2Mi U`mTim`2 /m +BK2MiV 2i
û+`�b2K2Mi /2b ;`�BMbX G� Kûi?Q/2 +H�bbB[m2 TQm` �M�Hvb2` H2b KB+`Q7`�+im`2b 2bi HömiBHBb�@
iBQM /2 H�K2b KBM+2bX *2ii2 i2+?MB[m2 BKTHB[m2 H� /2bi`m+iBQM /2 Höû+?�MiBHHQM- H2 `2M/�Mi-
T�` +QMbû[m2Mi- BMmiBHBb�#H2 TQm` bmBp`2 HöûpQHmiBQM /2 H� /û7Q`K�iBQMX *ö2bi H� `�BbQM TQm`
H�[m2HH2 mM2 bQ`i2 /2 K2bm`2 /2 +?�KT MQM /2bi`m+iBp2 /QBi �i`2 KBb 2M TH�+2 UpQB` oB;;B�MB
�M/ >�HH- kyy3 c oB;;B�MB 2i �HX- kyRkVX

6B;m`2 j , 6`�+im`2 �p2+ `2H�iB7 xQM2 /2 T`Q+2bbmb UwSSVX G� xQM2 /2 T`Q+2bbmb 2bi +QMbiBimû2
/2 KB+`Q 2i K2bQ }bbm`2b U"�+F2`b- kyy8VX

Rek



lM2 T`2KB�`2 i2Mi�iBp2 /ömiBHBb2` H2b K2bm`2b /2 +?�KT 2M ;ûQKû+�MB[m2 2tTû`BK2Mi�H �
ûiû +QM/mBi �m /û#mi /2b �MMû2b RNey ¨ *�K#`B/;2- QM /2b `�/BQ;`�T?B2b �mt `�vQMb s QMi
ûiû miBHBbû2b TQm` �M�Hvb2` /2b 2tTû`B2M+2b /2 +QKT`2bbBQM TH�M2 bm` b�#H2X GöB/û2 Q`B;BM�H2
ûi�Bi /2 bmBp`2 H2b TQbBiBQMb /2b K�`[m2m`b /2 THQK# BMbû`ûb /�Mb Höû+?�MiBHHQM- 2i /ömiBHBb2`
H2b /ûTH�+2K2Mib K2bm`ûb TQm` +�H+mH2` H2b +?�KTb /2 /û7Q`K�iBQMX G2b `�/BQ;`�T?B2b QMi
û;�H2K2Mi `ûpûHû /2b #�M/2b HQ+�HBbû2b +�`�+iû`Bbû2b T�` mM2 /2MbBiû THmb 7�B#H2 T�` `�TTQ`i
¨ H� K�iB�`2 2MpB`QMM�Mi2- Qz`�Mi �BMbB mM2 T`2mp2 bmTTHûK2Mi�B`2 [m2 H� HQ+�HBb�iBQM /2
/û7Q`K�iBQMb /�Mb H2b bQHb 2bi �bbQ+Bû2 ¨ H� /BH�i�iBQM U_Qb+Q2- RNdy c _Qb+Q2 2i �HX- RNejVX

lM �mi`2 2t2KTH2 /2 H� T`2KB�`2 miBHBb�iBQM /2 K2bm`2b /2 +?�KT 2M ;ûQKû+�MB[m2 2bi H�
biû`ûQT?QiQ;`�KKûi`B2 /2 7�mt `2HB27b U6_aV- BMi`Q/mBi2 T�` "mii2`}2H/ 2i �HX URNdyV TmBb
H�`;2K2Mi miBHBbû2 2i /ûp2HQTTû2 /�Mb H2b �MMû2b [m�i`2@pBM;i ¨ :`2MQ#H2 U.2b`m2b- RN39 c
.2b`m2b �M/ .mi?BHH2mH- RN39 c .2b`m2b �M/ oB;;B�MB- kyy9VX *2ii2 i2+?MB[m2 BKTHB[m2 H�
+QKT�`�BbQM /ömM2 T�B`2 /2 T?QiQ;`�T?B2b /2 H� bm`7�+2 /2 Höû+?�MiBHHQM T`Bb2b ¨ /Bzû`2Mib
MBp2�mt /2 +?�`;2X Gö2z2i biû`ûQb+QTB[m2 T2`K2i H� pBbm�HBb�iBQM /B`2+i2 /2 H� /û7Q`K�iBQM
[mB bö2bi T`Q/mBi2 /�Mb HöBMi2`p�HH2 /2 i2KTb 2Mi`2 H2b /2mt T?QiQb- HQ`b[m2 +2HH2b@+B bQMi
�M�Hvbûb �p2+ mM bi2`2Q+QKT�`�iQ`2X G� biû`ûQT?QiQ;`�KKûi`B2 T2`K2i /2 bmBp`2 H� /û@
7Q`K�iB M /ömM û+?�MiBHHQM bQmKBb2 ¨ mM2 +QKT`2bbBQM TH�M2 7Qm`MBbb�Mi /2b BM7Q`K iBQMb
2bb2MiB2HH2b TQm` Höûim/2 /2 HQ+�HBb�iBQMX

G2b T`Q;`�b i2+?MQHQ;B[m2b /2 +2b /2`MB�`2b �MMû2b QMi T2`KBb H2 /ûp2HQTT2K2Mi /2 +2b
/2mt i2+?MB[m2b /û+`Bi2b #`B�p2K2Mi +B@/2bbmb2i T2`K2i2Mi /2 7Qm`MB` /2b BM7Q`K�iBQMb /2
THmb 2M THmb `B+?2bX G2b `�/BQ;`�T?B2b �mt `�vQMb s T2mp2Mi �i`2 ûH�#Q`û2b TQm` `2T`Q@
/mB`2 H� iQi�HBiû /m pQHmK2 /2 Höû+?�MiBHHQM ¨ i`�p2`b mM2 `2+QMbi`m+iBQM iQKQ;`�T?B[m2
U"�`m+?2H 2i �HX- kyyy c .2b`m2b 2i �HX- kyye c E2i+?�K �M/ *�`HbQM- kyyR c J22b 2i �HX-
kyyj c Pi�MB �M/ P#�`�- kyy9 c aH�M2v �M/ E�F- RN33VX G2b T?QiQ;`�T?B2b MmKû`B[m2b
QMi `2KTH�+û +2HH2b �M�HQ;B[m2b- 2i /QM+ H� biû`ûQT?QiQ;`�KKûi`B2 � ûiû `2KTH�+û2 T�`
H� +Q``ûH�iBQM /öBK�;2b MmKû`B[m2b U.A*V [mB 7Q`MBi H2 +?�KT /2b /ûTH�+2K2ib 2i T�`
+QMbû[m2Mi- H2 +?�KT /2 /û7Q`K�iBQM- 2Mi`2 /2mt BK�;2b MmKû`B[m2b- [mB T2mi �i`2 ¨
/2mt /BK2MbBQMb- /�Mb H2 +�b /2b T?QiQ;`�T?B2b- Qm 2M i`QBb /BK2MbBQMb- +QKK2 TQm` H�
iQKQ;`�T?B2 ¨ `�vQMb s UpQB`- T�` 2t2KTH2- >�HH- kyRk c >�HH 2i �HX- kyRy#VX

.�Mb +2ii2 i?�b2- MQmb bm;;û`QMb HömiBHBb�iBQM /ömM �mi`2 QmiBH- H� iQKQ;`�T?B2 mHi`�bQMQ`2-
[mB T2`K2i H� K2bm`2 /m +?�KT /2 H� pBi2bb2 mHi`�bQMB[m2 /�Mb mM û+?�MiBHHQM- �BMbB [m2
b2b T`QT`Bûiûb ûH�biB[m2b- 2M 2tTHQBi�Mi H� i?ûQ`B2 /2 H� T`QT�;�iBQM /2b QM/2bX .�Mb H2
/QK�BM2 /2b ;ûQK�iû`B�mt- �p2+ H2 i2`K2 ?ûH�biB[m2@- MQmb 2Mi2M/QMb [m2 H2b QM/2b b2
T`QT�;2Mi b�Mb T`QpQ[m2` /2 /û7Q`K�iBQMb T2`K�M2Mi2b 2M `�BbQM /2 H2m` 7�B#H2 �KTHB@
im/2X G� T`QT�;�iBQM /2b QM/2b ûH�biB[m2b 2bi `û;B2 T�` H� pBi2bb2 2i Hö�iiûMm�iBQM /�Mb H2
KBHB2m /2 T`QT�;�iBQM- K�Bb �mbbB T�` H� 7`û[m2M+2 /2b QM/2b 2HH2b@K�K2bX G� pBi2bb2 /2
T`QT�;�iBQM 2bi HBû2 �mt T`QT`Bûiûb ûH�biB[m2b /m K�iû`B�m- 2M 2z2ib- /�Mb H� Kû+�MB[m2
/2b bQHb 2i /2b `Q+?2b /2b Kûi?Q/2b �+QmbiB[m2b 2i mHi`�bQMB[m2b QMi ûiû H�`;2K2Mi miBHBbûb
TQm` K2bm`2` +2b T`QT`Bûiûb /�Mb /2b +QM/BiBQMb bi�iB[m2b- K�Bb �mbbB T2M/�Mi H2b 2bb�Bb
Kû+�MB[m2bX hQmi27QBb- +2b K2bm`2b QMi ûiû HBKBiû2b ¨ mM T2iBi MQK#`2 U;ûMû`�H2K2Mi mMV
TQm` Hö2Mb2K#H2 /2 Höû+?�MiBHHQM M2 T2`K2ii�Mi /QM+ T�b Hö�M�Hvb2 /2b ?ûiû`Q;ûMûBiûbX G�
iQKQ;`�T?B2 mHi`�bQMQ`2 2bi 7QM/û2 bm` H� `2+QMbi`m+iBQM K�i?ûK�iB[m2 /2 /Bzû`2Mi2b
K2bm`2b 2z2+imû2b bm` mM û+?�MiBHHQM TQm` Q#i2MB` mM2 +�`i2 /2b T`QT`Bûiûb ûH�biB[m2b-
K2ii�Mi 2M ûpB/2M+2 H2b ?ûiû`Q;ûMûBiûbX .2 THmb- #B2M [möBH �Bi ûiû T`Qmpû [m2 H� +Q`@

Rej



_ûbmKû 2M 7`�MÏ�Bb

`ûH�iBQM MmKû`B[m2 /2b BK�;2b 2bi mM QmiBH i`�b TmBbb�Mi TQm` Höûim/2 /2b T?ûMQK�M2b
?ûiû`Q;�M2b- +2i BMbi`mK2Mi T2mi 7Qm`MB` /2b BM7Q`K�iBQMb mMB[m2K2Mi bm` ��H� +BMûK�@
iB[m2 2i H� /û7Q`K�iBQM- K�Bb T�b bm` H2b p�`B�iBQMb /2b T`QT`Bûiûb [mB H2m` bQMi �bbQ+Bû2b
2i [mB bQMi �ii2M/m2b /�Mb H2b K�iû`B�mt /öBMiû`�i TQm` +2 i`�p�BH UT�` 2t2KTH2- 2M `�BbQM
/2 H� `û/m+iBQM /2 H� TQ`QbBiû /m2 ¨ H� +QKT�+iBQM Qm ¨ Höû+`�b2K2Mi /2b ;`�BMbVX S�`
+QMbû[m2M+2- H� iQKQ;`�T?B2 mHi`�bQMQ`2- miBHBbû2 +QKK2 i2+?MB[m2 +QKTHûK2Mi�B`2- T2mi
7Qm`MB` mM2 MQmp2HH2 pm2 /m T`Q+2bbmb /2 /û7Q`K�iBQMX

GöQ#D2+iB7 T`BM+BT�H /2 +2 i`�p�BH 2bi H2 /ûp2HQTT2K2Mi /2b i2+?MB[m2b 2tTû`BK2Mi�H2b [mB
bö�/�Ti2Mi ¨ Höûim/2 /2b Kû+�MBbK2b [mB +QM/mBb�Mi ¨ H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM
/�Mb H2b K�iû`B�mt ;`�MmH�B`2b +BK2MiûbX lM �mi`2 Q#D2+iB7 2bi /öûim/B2` 2tTû`BK2Mi�H2@
K2Mi H2 +QKTQ`i2K2Mi Kû+�MB[m2 /ömM2 `Q+?2 �`iB}+B2HH2 *2HH2@+B [mB T2mi �i`2 +QMbB/û`û
+QKK2 mM KQ/�H2 T?vbB[m2 /2 +2b K�iû`B�mt- 2i T2`K2i /ömiBHBb2` +2b i2+?MB[m2bX SQm`
Q#i2MB` mM K�iû`B�m +QKT�`�#H2 ¨ mM2 `Q+?2- /2b ;`�BMb /ö�`;BH2 2tT�Mbû UGB;?i 1tT�M/2/
*H�v �;;`2;�i2bV QMi ûiû +BK2Miûb 2M H�#Q`�iQB`2X *2b ;`�BMb bQMi i`�b Hû;2`b 2i 7`�;BH2b 2M
`�BbQM /2 H2m` 7Q`i2 TQ`QbBiû BMi2`M2X GömiBHBb�iBQM /ömM2 `Q+?2 �`iB}+B2HH2 T2`K2i H2 +QM@
i`¬H2 /m MBp2�m /2 +BK2Mi�iBQM �BMbB [m2 /2 H� TQ`QbBiû /2b û+?�MiBHHQMb- K�Bb bm`iQmi H2
K�iû`B�m Q#i2Mm 2bi #2�m+QmT KQBMb `ûbBbi�Mi [m2 H2b `Q+?2b M�im`2HH2b 2i T2mi /QM+ �i`2
i2biû /�Mb H2b �TT�`2BHb ;ûQi2+?MB[m2b MQ`K�H2K2Mi miBHBbûb TQm` H2b bQHbX *2b �TT�`2BHb
bQMi- 2M ;ûMû`�H- THmb ~2tB#H2b [m2 +2mt bTû+B}[m2K2Mi +QMÏmb TQm` i2bi2` H2b `Q+?2`b 2i
BHb T2`K2ii2Mi HöBMiû;`�iBQM /2b û[mBT2K2Mib bTû+B�mt miBHBbûb /�Mb +2 i`�p�BHX G2 #mi /2
+2ii2 ûim/2 ûi�Bi /öûH�#Q`2` /2b Kûi?Q/2b 2tTû`BK2Mi�H2b [mB- �p2+ /ö�mi`2b i2+?MB[m2b-
TQm``�B2Mi �B/2` ¨ B/2MiB}2` 2i ¨ ûim/B2` H2b /Bzû`2Mib T`Q+2bbmb /2 /û7Q`K�iBQM /û+`Bib
T`û+û/2KK2MiX

lM2 T�`iB2 BKTQ`i�Mi2 /2 H� i?�b2 2bi +QMb�+`û2 �m /ûp2HQTT2K2Mi /2 H� iQKQ;`�T?B2
mHi`�bQMQ`2 +QKK2 i2+?MB[m2 /2 K2bm`2 /2 +?�KT TQm` i2bi2` H2b ;ûQK�iû`B�mt 2i bQM
�TTHB+�iBQM /�Mb mM2 p�bi2 +�KT�;M2 2tTû`BK2Mi�H2X G� i?�b2 � /QM+ ûiû /BpBbû2 2M /2mt
T�`iB2b T`BM+BT�H2bX G� T`2KB�`2 T�`iB2 /û+`Bi H2 i`�p�BH /2 /ûp2HQTT2K2Mi /2 H� Kûi?Q/2
2i /2 KBb2 2M ¾mp`2 /2 iQmb b2b /Bzû`2Mib �bT2+ibX lM2 ûim/2 MmKû`B[m2 bm` /2b /QMMû2b
bvMi?ûiB[m2b- miBH2 TQm` ûp�Hm2` H� K2BHH2m`2 T`Q+û/m`2 /�Mb H2b /Bzû`2Mi2b bBim�iBQMb- 2bi
�mbbB T`ûb2Miû2X .�Mb H� /2mtB�K2 T�`iB2 /2b �TTHB+�iBQMb /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 ¨
/2b 2tTû`B2M+2b `û2HH2b bQMi T`ûb2Miû2b 2i +QKT�`û2b �mt `ûbmHi�ib Q#i2Mmb ¨ Hö�B/2 /ö�mi`2b
i2+?MB[m2b /2 K2bm`2 /2 +?�KTX G2b `ûbmHi�ib bQMi T`ûb2Miûb TQm` H2b i2bib 2z2+imûb bm`
/Bzû`2Mib K�iû`B�mt 2i /�Mb /Bzû`2Mi2b +QM/BiBQMb- v +QKT`Bb T2M/�Mi H2 +?�`;2K2Mi-
TQm` �M�Hvb2` H� `ûTQMb2 /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 /�Mb /Bzû`2Mib +QMi2ti2b 2i TQm`
+�`�+iû`Bb2` H2 +QKTQ`i2K2Mi ¨ H� /û7Q`K�iBQM /2b K�iû`B�mtX

S�`iB2 A

GöQ#D2+iB7 /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 2bi /2 /ûi2`KBM2` H2 +?�KT /2 pBi2bb2 /2 T`QT�@
;�iBQM /2b QM/2b ¨ HöBMiû`B2m` /ömM Q#D2iX SmBb[m2 H� pBi2bb2 /2 T`QT�;�iBQM HQ+�H2 2bi HBû2
�mt T`QT`Bûiûb ûH�biB[m2b /m K�iû`B�m- b2b p�`B�iBQMb T2mp2Mi `ûpûH2` H2b ?ûiû`Q;ûMûBiûb
2i H2b /Bb+QMiBMmBiûb /m2b- T�` 2t2KTH2- ¨ Hö2M/QKK�;2K2Mi Qm ¨ /2b bi`�iB}+�iBQMbX aB
Hö�+[mBbBiBQM /2b QM/2b 2bi 2z2+imû2 ¨ /2b BMi2`p�HH2b /2 i2KTb �m +Qm`b /ömM T`Q+2bbmb
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/QMMû- UT�` 2t2KTH2- mM2 /û7Q`K�iBQMV- QM T2mi û;�H2K2Mi /ûi2`KBM2` H2b +?�M;2K2Mib
/m +?�KT /2 T`QT`Bûiûb ûH�biB[m2 /m K�iû`B�m bQmb 2t�K2MX

.�Mb +2 i`�p�BH MQmb �HHQMb MQmb `û7û`2` ¨ H� T`QT�;�iBQM /2b QM/2b ûH�biB[m2b /�Mb H2b
bQHB/2b ûH�biB[m2b HBMû�B`2b c Hö?vTQi?�b2 /2 H� +QMiBMmBiû /m KBHB2m 2bi DmbiB}û2 bB H� HQM;m2m`
/öQM/2 λ /2 H� T2`im`#�iBQM 2bi b2MbB#H2K2Mi bmTû`B2m`2 ¨ H� /BK2MbBQM +�`�+iû`BbiB[m2 /m
KBHB2m- �HQ`b [m2 Hö?vTQi?�b2 /öûH�biB+Biû 2bi �++2Ti�#H2 /�Mb H2 +�b QM H2b QM/2b bQMi /2
7�B#H2 �KTHBim/2- +ö2bi ¨ /B`2 [m�M/ BHb M2 T`QpQ[m2Mi T�b /2 /û7Q`K�iBQMb T2`K�M2Mi2b
/�Mb H2 K�iû`B�mX

G2b QM/2b miBHBbû2b /�Mb Hö�TTHB+�iBQM /û+`Bi2 /�Mb +2ii2 i?�b2- bQMi /2b QM/2b mHi`�bQMQ`2b-
/2b QM/2b Kû+�MB[m2b /2 pQHmK2 UQM/2b SV- +�`�+iû`Bbû2b T�` /2b 7`û[m2M+2b bmTû`B2m`2b ¨
Hö�m/BiBQM ?mK�BM2X G� 7`û[m2M+2 +H�bbB[m2K2Mi miBHBbû TQm` /Bb+`BKBM2` /2b QM/2b bQMQ`2b
/2 +2HH2b mHi`�bQMQ`2b 2bi }tû2 ¨ ky F>xX G2b ?�mi2b 7`û[m2M+2b /2b QM/2b miBHBbû2b 2i H2b
+�`�+iû`BbiB[m2b Kû+�MB[m2b /m K�iû`B�m ûim/Bû T2`K2ii2Mi /2 b�iBb7�B`2 H� +QM/BiBQM /2
+QMiBMmBiû c 2M 7�Bi- H� 7`û[m2M+2 7 /2b QM/2b b2 bBim2 2Mi`2 9yy >x 2i R J>x 2i H� pBi2bb2 /2
T`QT�;�iBQM /�Mb H2 K�iû`B�m- o- 2bi /2 HöQ`/`2 kyyy Kfb- ¨ T�`iB` /2 H�[m2HH2 MQmb TQmpQMb
7�+BH2K2Mi +�H+mH2` H� HQM;m2m` /öQM/2 λ 4 o f 7 Uk�8 KKV [mB 2bi #2�m+QmT THmb ;`�M/2
[m2 H� i�BHH2 KQv2MM2 /2b ;`�BMb [mB 2bi /2 HöQ`/`2 /2 jyy µKX .2 THmb Hö�KTHBim/2 /2b
QM/2b 2bi bm{b�KK2Mi 7�B#H2 TQm` 2pBi2` [m2 H2 K�iû`B�m 2Mi`2 /�Mb H2 /QK�BM2 TH�biB[m2X
Göû[m�iBQM /m KQmp2K2Mi TQm` mM KBHB2m ûH�biB[m2 HBMû�B`2 BbQi`QT2- +�`�+iû`Bbû2 T�` H�
/2MbBiû /2 K�bb2 ρ- 2i H2b +QMbi�Mi2b ûH�biB[m2b /2 G�Kû λ 2i µ- T2mi �i`2 û+`Bi2

∂2εpQH

∂t2
=

λ+ 2µ

ρ
▽2 εpQH, URV

[mB 2bi Höû[m�iBQM /ömM2 QM/2 /2 Tm`2 +QKT`2bbBQM [mB b2 T`QT�;2 �p2+ mM2 pBi2bb2 vp =√
λ+2µ

ρ
=

√
M
ρ

- QM J U= λ+2µV 2bi KQ/mH2 /öQM/2 /2 +QKT`2bbBQM c +2 ivT2 /öQM/2b bQMi

�TT2Hûb ?QM/2b /2 pQHmK2@ Qm ?QM/2 S@X

PM T2mt +QM+Hm`2 [m2 H� pBi2bb2 /2 T`QT�;�iBQM /ömM2 QM/2 2bi /B`2+i2K2Mi T`QTQ`iBQMM2HH2
¨ H� `�+BM2 +�``û2 /2 H� `B;B/Biû /m K�iû`B�m 2i BMp2`b2K2Mi T`QTQ`iBQMM2HH2 ¨ H� `�+BM2
+�``û2 /2 b� /2MbBiû /2 K�bb2X

GömiBHBb�iBQM /2b QM/2b /2 pQHmK2- +QKK2 /�Mb +2 i`�p�BH- 2bi +Qm`�Mi /�Mb H� Kû+�MB[m2
/2b `Q+?2b THmi¬i [m2 /�Mb H� Kû+�MB[m2 /2b bQHb- QM H2b QM/2b /2 +Bb�BHH2K2Mi QMi ûiû
H�`;2K2Mi miBHBbû2 /�Mb H2 T�bbû- T�` 2t2KTH2 TQm` H� /ûi2`KBM�iBQM /m KQ/mH2 /2 +B@
b�BHH2K2Mi T�` /2b ûHûK2Mib #2M/2` UG22 �M/ a�Mi�K�`BM�- kyy8 c oB;;B�MB �M/ �iFBMbQM-
RNN8� c#VX

Gö�+[mBbBiBQM /2 /QMMû2b- [mB 2bi mM �bT2+i BKTQ`i�Mi /2 +2 i`�p�BH- b2 T`Q/mBi pB� /2mt
#�``2ii2b /2 i`�Mb/m+i2m`b ¨ mHi`�bQMb miBHBbû2b ¨ HöAah2``2 U:`2MQ#H2VX .�Mb H2 T`ûb2Mi
i`�p�BH- MQmb �pQMb miBHBbû /2mt ivT2b /2 #�``2ii2b- +QKTQbûb `2bT2+iBp2K2Mi /2 e9fjk
i`�Mb/m+i2m`b TBûxQ@+û`�KB[m2b /2 H�`;2m` /ö2MpB`QM kyfR8 KK 2i yXd8fRX8 KK /2 ?�m@
i2m`- [mB bQMi 2t+Biûb �p2+ mM2 7`û[m2M+2 /2 RfyX8 J>x c H2 };m`2 9 KQMi`2 H� +QmTH2 /2
#�``2ii2b +QKTQbû2b T�` e9 i`�Mb/m+i2m`b 2i H2m`b i�BHH2bX G2b bB;M�mt bQMi T`Q/mBib T�` mM
bvbi�K2 /2 e9 ûK2ii2m`b@`û+2Ti2m`b +�M�mt- /ûp2HQTTûb T�` G2+Q2m` 1H2+i`QMB+bX GQ`b /2
Hö�+[mBbBiBQM mM2 #�``2ii2 7QM+iBQMM2 +QKK2 bQm`+2 i�M/Bb [m2 Hö�mi`2 `2ÏQBi H2b bB;M�mt c
2M T�`iB+mHB2` HöQM/2 ûKBb2 T�` H2 T`2KB2` i`�Mb/m+i2m` /2 H� #�``2ii2 bQm`+2 2bi `2Ïm 2i
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2M`2;Bbi`û T�` iQmb H2b i`�Mb/m+i2m`b /2 H� #�``2ii2 /2 `û+2Ti2m`b ;`�+2 ¨ e9 +QMp2`iBbb2m`b
�M�HQ;B[m2b@MmKû`B[m2b BM/ûT2M/�Mib c HöQTû`�iBQM 2bi `ûTûiû2 TQm` iQmb H2b i`�Mb/m+i2m`b
/2 H� #�``2ii2 bQm`+2X .�Mb mM2 T`2KB2` i2KTb- H2b i`�Mb/m+i2m`b QMi ûiû 2t+Biûb T�` mM2
QM/2 +�``û2 /ö�KTHBim/2 2i Tû`BQ/2 �Dmbi�#H2bX SmBb H2 bvbi�K2 � ûiû KQ/B}û TQm` T2`K2i@
i`2 H� 7Q`K�iBQM /öQM/2H2ii2b TQm` H2b[m2HH2b BH 2bi TQbbB#H2 /2 `û;H2` H� 7`û[m2M+2 +2Mi`�H2-
H�`;2m` /2 #�M/2 2i Hö�KTHBim/2X G2 +QMi`¬H2 /m T`Q+2bbmb /2 HöûKBbbBQM 2i H� `û+2TiBQM 2bi
�bbm`û2 T�` mM2 BMi2`7�+2 J�iH�#ÜX

6B;m`2 9 , S?QiQ;`�T?B2 /ömM2 #�``2ii2 +QKTQbû2b /2 e9 i`�Mb/m+i2m`b �p2+ b2b /BK2MbBQMb 2i
mM û+?�MiBHHQM /2 ;`�b

G� ;ûQKûi`B2 miBHBbû2 2bi i`�b bBKBH�B`2 ¨ +2HH2 miBHBbû2 TQm` H� iQKQ;`�T?B2 bBbKB[m2 +`Qbb@
r2HH- i2+?MB[m2 +Qm`�KK2Mi miBHBbû2 2M ;ûQT?vbB[m2 TQm` Hö2tTHQ`�iBQM 2i Hö2ti`�+iBQM /2
`2bbQm`+2b +QKK2 H2 Tûi`QH2 2i H2 ;�x M�im`2HX GöQ`B;BM�HBiû /2 +2ii2 ûim/2 +QMbBbi2 2M
HömiBHBb�iBQM /2b #�``2ii2b- [mB 7Qm`MBbb2Mi mM2 ;`�M/2 [m�MiBiû /2 /QMMû2b- T2`K2ii�Mi
/öQ#i2MB` mM2 ?�mi2 `ûbQHmiBQM bT�iB�H2- Hö�TTHB+�iBQM ¨ Höû+?2HH2 /m H�#Q`�iQB`2 TQm` ûim/B2`
H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM 2i Hö�+[mBbBiBQM /2 /QMMû2b �m }H /m i2KTb �p2+ mM2 #QMM2
`ûbQHmiBQM i2KTQ`2HH2 TQm` Hö�M�Hvb2 /2b T?ûMQK�M2b /2 /û7Q`K�iBQMX

S�`KB /2b BMMQp�iBQMb BMi`Q/mBi2b /�Mb +2 i`�p�BH- bQMi +QKT`Bb2b HöûH�#Q`�iBQM /ömM2
T`Q+û/m`2 /2 }iiBM; /2b T�`�K�i`2b ;ûQKûi`B[m2b- [mB M2 bQMi T�b iQmDQm`b +QMMm2b- 2i H�
KBb2 2M ¾p`2 /2 H� i2+?MB[m2 /2 H� /Qm#H2 7Q`K�iBQM /2 pQBb U."6V TQm` H� ;ûQKûi`B2 2i
H2 K�iû`B�m �M�HvbûbX G2 ."6 2bi mM2 i2+?MB[m2 #B2M +QMMm2 TQm` �KûHBQ`2` H2 `�TTQ`i
bB;M�H f #`mBi 2i TQm` H� /ûi2`KBM�iBQM 2i H� bûT�`�iBQM /2b bB;M�mt c +2ii2 i2+?MB[m2 � ûiû
H�`;2K2Mi miBHBbû2 /ûD¨ ¨ T�`iB` /2 H� b2+QM/2 KQBiBû /m bB�+H2 /2`MB2` /�Mb /Bp2`b /QK�BM2b
i2Hb [m2 HöQ+û�MQ;`�T?B2- H� ;ûQT?vbB[m2 2i H2b b+B2M+2b /2b iûHû+QKKmMB+�iBQMb UGQ �M/
G22- RNNj c GQmB2 2i �HX- kyyNVX lM2 #`�p2 BMi`Q/m+iBQM ¨ +2ii2 Kûi?Q/2 2bi T`ûb2Miû2 +B
/2bbQmb- TQm` THmb /2 /ûi�BHb bm` H� i?ûQ`B2 2i H2b �TTHB+�iBQMb p2mBHH2x pQmb `û7û`2` ¨ "Qm2
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2i �HX UkyRRV c .2 *�+[m2`�v 2i �HX UkyRRV c Aim`#2 UkyRyV c Aim`#2 2i �HX UkyyN� c#V c G2 hQmxû
2i �HX UkyRkV c J�`�M/2i 2i �HX UkyRRV c LB+QH�b 2i �HX Ukyy3V c _Qmt 2i �HX Ukyy3V c a�`F�`
2i �HX UkyRkVX

lM2 QM/2 TH�M2 [mB b2 T`QT�;2 �p2+ mM �M;H2 bm` H� p2`iB+�H2 �``Bp2 �mt `û+2Ti2m`b- �HB;Mûb
p2`iB+�H2K2Mi- �p2+ /2b /Bzû`2Mib i2KTb /ö�``Bpû2 ¨ +�mb2 /2b /Bzû`2Mi2b /Bbi�M+2b BK@
THB[mû2bX G2 `2i�`/ �p2+ H2[m2H H2 bB;M�H �ii2BMi H2 i@�K2 `û+2Ti2m`- T�` `�TTQ`i �m `û+2Ti2m`
+2Mi`�H- T2mi �i`2 2tT`BKû T�` H� 7Q`KmH2

Tr(θr, yr0 − yri) =
(yr0 − yri) bBM θr

v
, UkV

QM θr 2bi Hö�M;H2 /2 `û+2TiBQM- yr0 2bi H� TQbBiBQM /m i`�Mb/m+i2m` +2Mi`�H2 /2 Hö�Mi2MM2 /2b
`û+2Ti2m`b- yri 2bi H� TQbBiBQM /m i`�Mb/m+i2m` i@�K2 2i v 2bi H� pBi2bb2 /2 T`QT�;�iBQM /2
HöQM/2X

G� 6Q`K�iBQM /2 oQB2b +QMbBbi2 ¨ /û+�H2`- i2KTQ`2HH2K2Mi UbmBp�Mi H� HQB Tr +Q``2bTQM@
/�Mi ¨ +2`i�BMb �M;H2 /2 `û+2TiBQM θr 2i pBi2bb2 /2 T`QT�;�iBQMV- H2b bB;M�mt /2b /Bzû`2Mib
`û+2Ti2m`b- TmBb ¨ 2M 7�B`2 H� bQKK2X aB mM2 QM/2 �ii2BMi H2b `û+2Ti2m`b �p2+ Hö�M;H2 /2
`û+2TiBQM +QMbB/û`û- H2 /û+�H�;2 H� K2ii`� 2M T?�b2 bm` iQmb H2b `û+2Ti2m`b 2i 2HH2 b2`�
bQKKû2 /2 7�ÏQM +Q?û`2Mi2 2i Hö�KTHBim/2 /m bB;M�H `ûbmHi�i b2`� K�tBK�H2X 1M `2p�M+?2-
2M +QMbB/û`�Mi /2b �M;H2b /Bzû`2Mib- H2b bB;M�mt b2 bQKK2Mi /2 K�MB�`2 /2bi`m+iBp2 2i
Hö�KTHBim/2 b2`� KBMBK2 UpQB` 6B;m`2 8VX Gö�M;H2 /2 `û+2TiBQM `û2HH2 T2mi �HQ`b �i`2 /ûi2`@
KBMû2- TQm` mM2 pBi2bb2 /2 T`QT�;�iBQM /ûi2`KBMû2- 2M �TTHB[m�Mi /Bp2`b `2i�`/b- +�H+mHûb
TQm` mM2 bû`B2 /ö�M;H2b- 2i 2M +?QBbBbb�Mi Hö�M;H2 TQm` H2[m2H Hö�KTHBim/2 2bi K�tBK�H2X

G� K�K2 bi`�iû;B2 T2mi �i`2 �TTHB[mû2 TQm` /ûi2`KBM2` Hö�M;H2 /2 ûKBbbBQM /2 HöQM/2- 2M
+2 +�b 2M T�`H2 /2 /Qm#H2 7Q`K�iBQM /2 pQBbX

GQ`b[m2 H2 KBHB2m /2 T`QT�;�iBQM T`ûb2Mi2 mM2 ?ûiû`Q;ûMûBiû BKTQ`i�Mi2 HöûM2`;B2 /2 HöQM/2
ûKBb2 T2mi bmBp`2 THmbB2m`b +?2KBMb [mB `2M/2Mi /B{+BH2 HöBMi2`T`ûi�iBQM /2b bB;M�mt 2M@
`2;Bbi`ûb TmBb[m2 BHb T2mp2Mi BMi2`�;B` /2 7�ÏQM /2bi`m+iBp2 UpQB` 6B;m`2 eVX GömiBHBb�iBQM
/2 H� ."S /�Mb +2 +�b 2bi 2bb2MiB2HH2 +�`- ¨ +¬iû /2b BM7Q`K�iBQMb bmTTHûK2Mi�B`2b bm`
H2b �M;H2b /2 T`QT�;�iBQM- 2HH2 T2`K2i /2 bûT�`2` H2b /Bzû`2Mi2b �``Bpû2b , H2b bB;M�mt +Q`@
`2bTQM/�Mi �mt /Bzû`2Mi2b i`�D2+iQB`2b �m`QMi mM �M;H2 /2 `û+2TiBQM 2ifQm ûKBbbBQM- 2M
/QMM�Mi /2mt i�+?2b /ö�KTHBim/2 bûT�`ûbX .�Mb H� 6B;m`2 d 2bi T`ûb2Miû mM 2t2KTH2 /2 H�
bûT�`�iBQM /2b /2mt 7`QMib /öQM/2 /�Mb mM +�b `û2HX

SQm` +?�[m2 bB;M�H ûKBb H2b i2KTb /2 pQH bQMi +�H+mHûb 2M /ûi2`KBM�Mi H2 i2KTb /m K�t@
BKmK TQm` mM bB;M�H /2 `û7û`2M+2 U2M ;ûMû`�H +2HmB [mB 2bi ?Q`BxQMi�HV 2i �DQmi�Mi H2
/û+�H�;2 K2bm`û 2Mi`2 H2 bB;M�H /2 `û7û`2M+2 2i +2 2M`2;Bbi`û �m i`�Mb/m+i2m` bmBp�Mi- [mB
/2pB2Mi bm++2bbBp2K2Mi H2 bB;M�H /2 `û7û`2M+2X SQm` /ûi2`KBM2` H2 /û+�H�;2 /2 T?�b2 2Mi`2
H2b /2mt bB;M�mt- H2 i?ûQ`�K2 /m /û+�H�;2 2bi 2tTHQBiûX .�Mb +2 i?ûQ`�K2- TQm` 7�B`2 p�`B2`
H� T?�b2 /ömM bB;M�H x(t) /2 ∆t- BH 7�mi KmHiBTHB2` bQM bT2+i`2 T�` e−jω∆t aKBi? UkyRkVX
.�Mb H2 /QK�BM2 7`û[m2MiB2H H2 i?ûQ`�K2 /m /û+�H�;2 T2mi böû+`B`2

Fωk
(x(t−∆t)) = e−jωk∆tX(ωk), UjV

QM X(ωk) 2bi H2 k@�K2 +Q2{+B2Mi /2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` /2 x(t) 2i Fωk
(x) 2bi X(ωk)X

Red
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∆i = M ·∆p, UdV

QM ∆i 2bi H2 p2+i2m` /2b /QMMû2b- /2 /BK2MbBQM [1×m] �p2+ m H2 MQK#`2 /2 /QMMû2b- ∆p
2bi mM p2+i2m` /2 /BK2MbBQM [1×n]- �p2+ n H2 MQK#`2 /2b +2HHmH2b /m KQ/�H2- 2i M 2bi mM2
K�i`B+2 /2 /BK2MbBQM [m×n] [mB `2T`ûb2Mi2 H2 KQ/�H2 T?vbB[m2 [mB `2HB2 H2b /QMMû2b U+ö2bi
¨ /B`2 H2b p�`B�iBQMb /2 i2KTb /2 `û+2TiBQM ∆iV �m KQ/�H2 UH2 +?�KT /2 H� T2`im`#�iBQM
/2 pBi2bb2 ∆pVX

G2 7QM+iBQMM2H F 2i /QM+ H� K�i`B+2 M- T2mi �i`2 /û`Bpû /2 THmbB2m`b i?ûQ`B2b c H2 KQ/�H2
/2 T`QT�;�iBQM H2 THmb bBKTH2- 2bi H� i?ûQ`B2 /2b `�vQMb- /û+`Bi2 T�` mM +?2KBM [mB +QMM2+i2
bQm`+2b 2i `û+2Ti2m`b- K�Bb BH 2tBbi2 /ö�mi`2b KQ/�H2b /2 T`QT�;�iBQMX

a2HQM H� i?ûQ`B2 /2b `�vQMb UpQB` T�` 2t2KTH2 "2``vK�M- RNNRV H2 i2KTb Mû+2bb�B`2 ¨ HöQM/2
TQm` b2 T`QT�;2` H2 HQM; /ömM2 i`�D2+iQB`2 /QMMû2 1 2bi û;�H ¨ ,

t1 =

∫

1

dl

v(l)
. U3V

SQm` Q#i2MB` H� `2H�iBQM 2Mi`2 H2b T2`im`#�iBQMb /2 H� pBi2bb2 2i H2b p�`B�iBQMb /2b i2KTb
/2 `û+2TiBQM- Höû[m�iBQM U3V /QBi �i`2 /Bzû`2M+Bû2 c TQm` +?�[m2 T�B`2 i ûK2ii2m`@`û+2Ti2m`
QM T2mi û+`B`2 ,

∆ti =

∫

1

−
∆v(`)

v2(`))
dl1i , i = 1, ... ,m. UNV

QM ` 2bi H2 p2+i2m` TQbBiBQMX

*QMbB/û`�Mi mM KQ/�H2 7Q`Kû /2 n +2HHmH2b 2i BM/B[m�Mi �p2+ lij H� HQM;m2m` /2 HöBMi2`b2+iBQM
2Mi`2 H2 i@�K2 i`�D2i- 2i H� j@�K2 +2HHmH2

lij =

∫

1 ∩ cellj

dl1i . URyV

Höû[m�iBQM UNV T2mi �i`2 `ûû+`Bi

∆ti =
n∑

j=1

−
lij

v2j
∆vj, i = 1, ... ,m j = 1, ... , n. URRV

AH 2bi T`�iB[m2 /2 /û}MB` /2b p2+i2m`b /2b T2`im`#�iBQMb /2 H� pBi2bb2∆p 2i /2b i2KTb ∆i
2i mM2 K�i`B+2 /2b HQM;m2m`b M ,

Rdy



∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M = −




l11
v2
1

l12
v2
2

. . . l1n
v2n

l21
v2
1

l22
v2
2

. . . l2n
v2n

XXX
XXX

X X X
XXX

lm1

v2
1

lm2

v2
2

. . . lmn

v2n
,




URkV

�}M /2 /ûi2`KBM2` Höû[m�iBQM UdVX

.�Mb +2 i`�p�BH i`QBb �TT`Q+?2b /Bzû`2Mi2b QMi ûiû miBHBbû2b TQm` i`�+2` H2b `�vQMb , H2b
`�vQMb /`QBib- H2b `�vQMb +m#B[m2b 2i H2b `�vQMb +Qm`#2bX .�Mb H2 +�b /2b `�vQMb /`QBib H2
T`Q#H�K2 BMp2`b2 T2mi �i`2 `ûbQHm /�Mb b� 7Q`K2 HBMû�B`2 TmBb[m2 H� K�i`B+2 M M2 /ûT2M/
T�b /m +?�KT /2 H� pBi2bb2X G2b `�vQMb +m#B[m2b bQMi +�H+mHûb ¨ T�`iB` /2b BM7Q`K�iBQMb
bm` H2b �M;H2b /2 T`QT�;�iBQM Q#i2Mm2b T�` H� ."6- /�Mb +2 +�b- H� K�i`B+2 M /ûT2M/ /m
+?�KT /2 H� pBi2bb2 mMB[m2K2Mi BM/B`2+i2K2Mi 2i- T�` +QMbû[m2Mi- HöBMp2`bBQM `2bi2 HBMû�B`2-
K�Bb H2b `�vQMb `2~�i2Mi Hö?ûiû`Q;ûMûBiû /2 H� pBi2bb2X G2b `�vQMb +Qm`#2b bQMi +�H+mHûb ¨
T�`iB` /2 Höû[m�iBQM /2 1BFQM�H- [mB T2`K2i /2 +�H+mH2`- TQm` +?�[m2 TQBMi /2 Hö2bT�+2-
H2 i2KTb /2 pQH /ömM2 QM/2 ûKBb2 T�` mM2 bQm`+2 TQM+im2HH2- TQm` mM +?�KT /2 pBi2bb2
/2 T`QT�;�iBQM /QMMûX �p2+ +2ii2 T`Q+û/m`2 /2mt +�`i2b /2 i2KTb /2 pQH T2mp2Mi �i`2
+�H+mHû2b- 2M T`2M�Mi +QKK2 TQBMi /2 bQm`+2 /2 HöQM/2 bQBi HöûK2ii2m` bQBi H2 `û+2Ti2m` c
+2b +�`i2b bQMi 2MbmBi2 bQKKû2b TQm` Q#i2MB` mM2 +�`i2 /2 i2KTb +QK#BMû2 /�Mb H�[m2H
H� ?p�HHû2@ 2Mi`2 H2b /2mt i`�Mb/m+i2m`b- 2bi `2T`ûb2Mi�iBp2 /2 H� i`�D2+iQB`2 /2 HöQM/2
Ur�p2T�i?V Uo�M a+?��+F- RNN9 c o�b+Q �M/ J�D2`- RNNjV 2i H2 i`�D2i [mB `2HB2 H� bQm`+2
2i H2 `û+2Ti2m`- bmBp�Mi H2 KBMBKmK /2 +2ii2 p�HHû2- 2bi H2 `�vQM /2 6`2bM2H miBHBbû TQm`
HöBMp2`bBQMX

G� i?ûQ`B2 /2b `�vQMb 2bi mM2 �TT`QtBK�iBQM ?�mi2 7`û[m2M+2 [mB BKTHB[m2 [m2 H2 i2KTb
/2b pQH bQBi BM/ûT2M/�Mib /2 H� 7`û[m2M+2 /m bB;M�H 2i /2 Hö?ûiû`Q;ûMûBiû /2 H� pBi2bb2 [mB
M2 bQMi T�b /B`2+i2K2Mi i`�p2`bû2b T�` H2 `�vQMX lM �mi`2 KQ/�H2 /2 T`QT�;�iBQM- [mB
M2 T`ûpQBi T�b +2b `2bi`B+iBQMb- 2bi +2HmB /2b MQv�mt /2 b2MbB#BHBiû- Qm a2MbBiBpBiv E2`M2Hb
UaEV- [mB 2bi #�bû bm` Hö�TT`QtBK�iBQM /2 "Q`M UqQQ/r�`/- RNNkV 2i HB2 H2b p�`B�iBQMb /2b
i2KTb /2 pQH- ∆t- ¨ H2b T2`im`#�iBQMb /2 H� pBi2bb2 /2 T`QT�;�iBQM- ∆v- �p2+ mM2 `2H�iBQM
HBMû�B`2-

∆t =

∫

V

K(`)∆v(`)dV (`), URjV

QM ` 2bi H2 p2+i2m` TQbBiBQM 2i V 2bi H2 /QK�BM2 /2 T`QT�;�iBQM U/�Mb +2 +�b mM2 bm`7�+2VX

G2 aE 2bi +�H+mHû 2M miBHBb�Mi Höû[m�iBQM

K(`) =
1

2π

∫
∞

−∞

jω

p̈
Q(`, ``, `b, ω)e

jωtdω, UR9V

QM ω 2bi H� 7`û[m2M+2 �M;mH�B`2- p̈ H� /û`Bpû2 b2+QM/2 /m bB;M�H bQm`+2- `b 2i `` H2b TQbBiBQMb
/2 HöûK2ii2m` 2i /m `û+2Ti2m`- `2bT2+iBp2K2Mi- 2i

RdR
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Q(`, ``, `b, ω) =
2ω2

v3(`)
Ps(ω)G(`|`b, ω)G(``|`, ω), UR8V

�p2+ G(`|`b, ω) 2i G(``|`, ω) 7QM+iBQMb /2 :`22M 2i Ps(ω) H2 bT2+i`2 /m bB;M�H bQm`+2X

1M BMi`Q/mBb�Mi H� /Bb+`ûiBb�iBQM /m KQ/�H2- Hö2[m�iBQM URjV /2pB2Mi

∆ti =
∑

j

Kij∆vjdx dy, UReV

QM ∆ti 2bi H� p�`B�iBQM /2b i2KTb /2 pQH 2Mi`2 H� i@�K2 T�B`2 ûK2ii2m`f`û+2Ti2m`- Kij 2bi
H� p�H2m` /2 aE ûp�Hmûb /�Mb H2 j@�K2 +2HHmH2 TQm` H� i@�K2 T�B`2 ûK2ii2m`f`û+2Ti2m` 2i
∆vj 2bi H� T2`im`#�iBQM /2 H� pBi2bb2 /�Mb H� j@�K2 +2HHmH2X

1M /û}MBbb�Mi H2b p2+i2m`b dt- ∆p 2i H� K�i`B+2 M +QKK2

∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M =




K11 K12 . . . K1n

K21 K22 . . . K2n

XXX
XXX

X X X
XXX

Km1 Km2 . . . Kmn




dx dy, URdV

QM `2i`Qmp2 Höû[m�iBQM ;ûMû`�H2 /2 HöBMp2`bBQM UdVX

G2 i`�Bi2K2Mi /2b /QMMû2b T�` ."6 BM~m2M+2 H2 aE 2i- 2M T�`iB+mHB2`- TmBb[m2 HöûK2ii2m`
2i H2 `û+2Ti2m` M2 bQMi THmb TQM+im2Hb- BHb +?�M;2Mi H2m` 7Q`K2 UpQB` 6B;m`2 3VX .�Mb +2
+�b- H2 aE 2bi +�H+mHû 2M KQ/B}�Mi H� /û}MBiBQM /2 Q(`, ``, `b, ω)

QDBF (`, ``, `b, ω) =
N̂r∑

i=1

N̂s∑

j=1

Qij(`, ``, `b, ω)e
jω[Tr(θr,yri)+Ts(θs,ysj)]. UR3V

"B2M [m2 /2 MQK#`2mb2b 7�ÏQMb /öBMp2`iB` Höû[m�iBQM UdV 2tBbi2Mi- /�Mb +2 i`�p�BH QMi ûiû
2t�KBMû2b 2i +QKT�`û2b /2mt i2+?MB[m2b , H� Kûi?Q/2 /m K�tBKmK � TQbi2`BQ`B UJ�SV
2i /2 +2HH2 /2 H� /û+QKTQbBiBQM 2M p�H2m`b bBM;mHB�`2b Uao.VX

G� Kûi?Q/2J�S 2bi #�bû2 bm` H2 i?ûQ`�K2 /2 "�v2b [mB T2`K2i HöBMi`Q/m+iBQM /�Mb
HöBMp2`bBQM /2b BM7Q`K�iBQMb +QMMm2b � T`BQ`B 2i /2 +QMbB/û`2` H� T`ûb2M+2 /m #`mBi /�Mb
H2b /QMMû2b 2M �DQmi�Mi mM i2`K2 /2 Höû[m�iBQM UdV-

∆i = M ·∆p + /, URNV

QM / 2bi H2 #`mBi- - mM p2+i2m` �Hû�iQB`2 ;�mbbB2M +2Mi`û (E[/] = 0)- /2 K�i`B+2 /2 +Qp�`B�M+2
Cd� = �E[//T ] = σ2

dIn 2i ∆p 2bi H2 p2+i2m` /2b T�`�K�i`2b ¨ 2biBK2`- ;�mbbB2M /2 KQv2MM2
µ∆p = E[∆p] 2i K�i`B+2 /2 +Qp�`B�M+2 Cm = E[∆p∆pT ] = σ2

mC
1
mX

Gö2biBK�i2m` J�S +QMbBbi2 � +?QBbB` H2 p2+i2m` ∆pMAP [mB K�tBKBb2 H� /2MbBiû /2 T`Q#�@
#BHBiû +QM/BiBQMM2HH2 /2 ∆p b�+?�Mi ∆i- p(∆p|∆i) û;�H2K2Mi �TT2Hû /2MbBiû /2 T`Q#�#BHBiû

Rdk



6B;m`2 3 , 1t2KTH2 /2 MQv�mt /2 b2MbB#BHBiû +�H+mHû2 2M miBHBb�Mi /Bzû`2Mi2b i�BHH2b /2 H� bQmb@
�Mi2MM2 TQm` H2 i`�Bi2K2Mi ."6X

� TQbi2`BQ`BX G2 `ûbmHi�i }M�H TQm` H2 +?�KT /2 pBi2bb2 T2mi �i`2 û+`Bi bQmb /2mt 7Q`K2b-
b2HQM [m2 H2 MQK#`2 /2 +2HHmH2b n THmb T2iBi Qm THmb ;`�M/ [m2 H2 MQK#`2 /2 /QMMû2b
/BbTQMB#H2b m ,

bB n < m-

∆̃pMAP = µ∆p + (MTC−1
d M+ C−1

m )−1MTCT
d (∆i −M · µ∆p); UkyV

bB n > m-

∆̃pMAP = µ∆p + CmM
T (MCmM

T + Cd)
−1(∆i −M · µ∆p). UkRV

SQm` THmb /2 /ûi�BHb bm` H� /ûi2`KBM�iBQM /2b `2H�iBQMb +B@/2bbmb b2 `û7û`2` ¨ Aim`#2 UkyRyVX

*ö2bi i`�b BKTQ`i�Mi /2 #B2M +?QBbB` H2b T�`�K�i`2b /öBMp2`bBQM 2i 2M T�`iB+mHB2` /2 T�`�K�i`2
ε = σm/σd- [mB T2`K2i /2 T2b2` HöBM~m2M+2 /2b /QMMû2b T�` `�TTQ`i �mt BM7Q`K�iBQMb +QM@
Mm2b � T`BQ`B- 2i H2b HQM;m2m`b /2 +Q``ûH�iBQM λx 2i λy- [mB b2`p2Mi TQm` H� +QMbi`m+iBQM /2
H� K�i`B+2 C1

m 2i QMi mM2 7QM+iBQM /2 HBbb�;2X

G� /û+QKTQbBiBQM 2M p�H2m`b bBM;mHB�`2b 2bi miBHBbû2 TQm` /û}MB` mM2 K�i`B+2 Tb2m/Q@BMp2`b2
M−1 T�` H� /û+QKTQbBiBQM /2 H� K�i`B+2 M /2 /BK2MbBQMb m× n /�Mb i`QBb K�i`B+2b

M = USV∗, UkkV

QM U2bi mM2 K�i`B+2 mMBi�B`2 /2 /BK2MbBQM m×m- S 2bi mM2 K�i`B+2 /B�;QM�H2 /2 /BK2M@
bBQM m×n /2b p�H2m`b `û2Hb TQbBiB7b 2i V∗ 2bi H� K�i`B+2 �/DQBMi2 /ömM2 K�i`B+2 mMBi�B`2 /2
/BK2MbBQM n×nX G2b i2`K2b /2 H� /B�;QM�H2 /2 S +Q``2bTQM/2Mi �mt p�H2m`b bBM;mHB�`2b /2
H� K�i`B+2 M c BHb bQMi Q`;�MBbûb T�` Q`/`2 /û+`QBbb�Mi 2i T2mp2Mi �i`2 +QMbB/û`ûb H2b +Q27@
}+B2Mib `2T`ûb2Mi�iB7b /m bvbi�K2X G2 MQK#`2- r- /2 p�H2m`b bBM;mHB�`2b MQM MmHH2b BM/B[m2
H2 `�M; /2 H� K�i`B+2 MX SQm` Q#i2MB` mM2 #QMM2 `2T`ûb2Mi�iBQM /m bvbi�K2 BH Mö2bi T�b
Mû+2bb�B`2 /ömiBHBb2` iQmb +2b T�`�K�i`2b 2i /QM+ TQm` Q#i2MB` H� K�i`B+2 Tb2m/QBMp2`b2 /2

Rdj
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H� K�i`B+2 S 2bi bm{b�Mi2 TQm` Q#i2MB` H� K�i`B+2 Tb2m/Q@BMp2`b2 /2 K�i`B+2 a bBKTH2K2Mi
mM H2m` bQmb@2Mb2K#H2 Sn ,

S̃−1
kk =

{
1/Skk k = 1, · · · , Sn < r-

0 k = Sn + 1, · · · , rX
UkjV

G� Tb2m/QBMp2`b2 /2 H� K�i`B+2 M T2mi �i`2 /ûi2`KBMû2 T�` H� `2H�iBQM

M̃−1 = VS̃
−1
U∗ Uk9V

2i H2 +?�KT /2b T2`im`#�iBQMb /2 H� pBi2bb2 T2mi �i`2 +�H+mHû2 +QKK2

∆̃pSV D = M̃−1 ·∆i. Uk8V

SQm` THmb /2 /ûi�BHb bm` +2ii2 i2+?MB[m2 /öBMp2`bBQM H2 H2+i2m` 2bi `2MpQvû ¨ J�`�M/2i
UkyRRV 2i ¨ Hö2M+v+HQTû/B2 2M HB;M2 qBFBT2/B� kX

G� i2+?MB[m2 /2 iQKQ;`�T?B2 T`ûb2Miû2 � ûiû �TTHB[mû2 ¨ /2b /QMMû2b bvMi?ûiB[m2b �}M
/2 i2bi2` H� T`Q+û/m`2 2M /2b +QM/BiBQMb B/û�H2b- 2tTHQ`2` Hö2{+�+Biû 2i pû`B}2` H2b +`Bi�`2b
/2 +?QBt /2b T�`�K�i`2bX lM �mi`2 Q#D2+iB7 /2 Hö�M�Hvb2 /2b /QMMû2b bvMi?ûiB[m2b 2bi /2
/û}MB` H2 K2BHH2m` KQ/�H2 /2 T`QT�;�iBQM ¨ �/QTi2` 2i H2b /Bp2`b �`i27�+ib [mB T2mp2Mi
/û`Bp2` /2 HöBMp2`bBQMX G2b i2bib bm` H2b /QMMû2b bvMi?ûiB[m2b bQMi /2 ;`�M/2 BKTQ`i�M+2
TQm` H2 /ûp2HQTT2K2Mi /2 H� Kûi?Q/2 2i bQM �TTHB+�iBQM ¨ /2b +�b `û2Hb T`ûb2Miûb /�Mb
/2mtB�K2 T�`iB2 /2 H� i?�b2X

G2b /QMMû2b bvMi?ûiB[m2b QMi ûiû Q#i2Mm2b T�` bBKmH�iBQM /2 H� T`QT�;�iBQM /2b QM/2b /�Mb
mM +?�KT /2 pBi2bb2 �`iB}+B2H ;`�+2 ¨ mM +Q/2 ¨ /Bzû`2M+2b }MB2b- 6qhk.n�*PlahnhAJ1-
/ûp2HQTTû T�` _QK�BM "`QbbB2` UAah2``2- :`2MQ#H2V /�Mb H2 T`QD2i a1Aa*PS1X G2b /QM@
Mû2b Q#i2Mm2b QMi 2MbmBi2 ûiû �M�Hvbû2b bmBp�Mi H� K�K2 T`Q+û/m`2 miBHBbû2 TQm` H2b /QM@
Mû2b �+[mBb2b �m +Qm`b /2b 2tTû`B2M+2b `û2HH2b- HQ`b[m2 H2 +?�KT /2 H� pBi2bb2 /2 T`QT�;�iBQM
2i H� ;ûQKûi`B2 2t�+i2 /m T`Q#H�K2 bQMi BM+QMMm2X

G2 #mi /2 H� T`2KB�`2 ûim/2 bm` H2b /QMMû2b bvMi?ûiB[m2b 2bi /2 bBKmH2` HöûpQHmiBQM /m
+?�KT /2 H� pBi2bb2 /2 T`QT�;�iBQM /ömM û+?�MiBHHQM- ?QKQ;�M2 ¨ HöQ`B;BM2- /�Mb H2[m2H
BH b2 /ûp2HQTT2 mM2 #�M/2 /2 /û7Q`K�iBQM +�`�+iû`Bbû T�` mM2 `û/m+iBQM /2 H� pBi2bb2X G�
};m`2 N KQMi`2 H2 +?�KT /2 pBi2bb2 �`iB}+B2H +Q``2bTQM/�Mi ¨ Höûi�i }M�H 2i H2b `2+QMbi`m+@
iBQMb iQKQ;`�T?B[m2b Q#i2Mm2b 2M miBHBb�Mi /Bzû`2Mib ivT2b /2 KQ/�H2b /2 T`QT�;�iBQMX
GömiBHBb�iBQM /2 `�vQMb +m#B[m2 M2 /QMM2 T�b /2b �KûHBQ`�iBQMb bB;MB}+�iBp2b T�` `�TTQ`i ¨
HöBK�;2 Q#i2Mm2 T�` `�vQMb /`QBibX Gö2KTHQB /2 `�vQMb +Qm`#2b `û/mBi Hû;�`2K2Mi Hö�`i27�+i
¨ +`QBt- +2 [mB +QM7�`2 ¨ H� +Qm+?2 /2 7�B#H2 pBi2bb2 mM2 Hû;�`2 7Q`K2 /2 b�#HB2`- K�Bb H2b
`�vQMb /`QBib Qz`2Mi mM2 K2BHH2m` `ûbmHi�i 2M i2`K2 /2 p�H2m`b �#bQHm2bX GöBK�;2 T`Q/mBi2
¨ T�`iB` /m MQv�m /2 H� b2MbB#BHBiû KQMi`2- ¨ +¬iû /2 Hö�`i27�+i ¨ +`QBt- /2b bi`m+im`2b [mB
bmBp2Mi H2b Qb+BHH�iBQMb /2b xQM2b /2 6`2bM2H- /2 THmb +2 `ûbmHi�i b2K#H2 �i`2 H2 TB`2 2M
p�H2m` �#bQHm2X

G2b T�`�K�i`2b /öBMp2`bBQM QMi ûiû +?QBbBb T�` mM2 ûim/2 T�`�Kûi`B[m2X 1M T�`iB+mHB2`
HöBM~m2M+2 /2b HQM;m2m` /2 +Q``ûH�iBQM λx 2i λy 2bi T`ûb2Miû2 /�Mb H� 6B;m`2 RyX Zm�M/ H2b

kX ?iiT,ff2MXrBFBT2/B�XQ`;frBFBfaBM;mH�`np�Hm2n/2+QKTQbBiBQM
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6B;m`2 Ry , hQKQ;`�T?B2 KQ/2H@#�b2/ Q#i2Mm2 ¨ Hö�B/2 /2b `�vQMb /`QBib 2i HQM;m2m`b /2 +Q`@
`ûH�iBQM û;�H2 ¨ y KK- R-8 KK- j KK 2i e KK `2bT2+iBp2K2MiX

G2 T�`�K�i`2 ε 2bi 2biBKû ;`�+2 ¨ H� +QMbi`m+iBQM /2 H� +Qm`#2 /2 +QKT2Mb�iBQM- /QMi
H2b +Q`/QMMû2b /2b TQBMib- +Q``2bTQM/�Mi2b ¨ /Bzû`2Mib ε- 2i bQMi H� /ûpB�iBQM /m KQ/�H2
UKBb}iV 2i b� `m;QbBiû U`Qm;?M2bbV /û}MB +QKK2 ,

KBb7Bi =
|∆i −∆icalc|

∆i
, UkeV

`Qm;?M2bb =

√∑
(▽2(∆p))2

3n
. UkdV

G� K2BHH2m`2 bQHmiBQM +Q``2bTQM/ ;ûMû`�H2K2Mi �m ;2MQm /2 H� +Qm`#2 /2 +QKT2Mb�iBQM-
K�Bb H� +Q``2bTQM/�M+2 Mö2bi T�b iQmDQm`b bB M2ii2 c HöQTû`�i2m` 2bi +?QBbB- /QM+- b2HQM bQM
2tTû`B2M+2 H� bQHmiBQM H� THmb +Q``2+i2 T�`KB +2HH2b +Q``2bTQM/�Mi ¨ mM pQBbBM�;2 /2 +2
TQBMiX .�Mb H� };m`2 RR 2bi `2T`ûb2Miû2 H� +Qm`#2 /2 +QKT2Mb�iBQM TQm` H2 +�b /2b `�vQMb
/`QBib c TQm` +2i 2t2KTH2- H2 K2BHH2m` `ûbmHi�i b2K#H2 �i`2 +2 [mB +Q``2bTQM/ ¨ ε = 50-
+�` BH 7Qm`MBi mM #QM +QKT`QKBb 2Mi`2 mM2 2biBK�iBQM `û�HBbi2 /2 H� p�H2m` /2 H� pBi2bb2 ¨
HöBMiû`B2m` /2 H� +Qm+?2 BM+HBMû2 2i H� `û/m+iBQM /2b �`i27�+ibX AH 2bi BKTQ`i�Mi /2 MQi2` [m2
H� p�H2m` QTiBK�H2 /2 ε /ûT2M/ /2 MQK#`2mt 7�+i2m`b- v +QKT`Bb H2 KQ/�H2 /2 T`QT�;�iBQM
miBHBbû- 2i /QBi /QM+ �i`2 ûp�Hmû +�b T�` +�bX

lM2 /2mtB�K2 +�b /öûim/2 2t�KBMûb �p2+ /2b /QMMû2b bvMi?ûiB[m2b- T`ûb2Miû /�Mb H� 6B;m`2
Rk- +QMbB/�`2 mM +?�KT /2 pBi2bb2 BMBiB�H ?ûiû`Q;�M2- /�Mb H2[m2H mM2 +Qm+?2 BM+HBMû2 2bi
+�`�+iû`Bbû2 T�` mM2 pBi2bb2 /2 T`QT�;�iBQM bmTû`B2m`2 T�` `�TTQ`i ¨ mM 7QM/ ?QKQ;�M2X
*2 +?�KT � 2MbmBi2 ûiû T2`im`#û 2M `û/mBbb�Mi H� p�H2m` /2 H� pBi2bb2 ¨ Hö2tiû`B2m` /2 H�
+Qm+?2 X

G� };m`2 Rj KQMi`2 /2mt 2t2KTH2b /2 iQKQ;`�T?B2b KQ/2H@#�b2/ Q#i2Mm2b 2M miBHBb�Mi H2b
`�vQMb /`QBibX G2b /2mt iQKQ;`�T?B2b M2 /Bz�`2Mi [m2 T�` H� p�H2m` /2 H� pBi2bb2 BMBiB�H2
miBHBbû2 /�Mb HöBMp2`bBQM , /�Mb H2 T`2KB2` +�b � ûiû miBHBbû H� p�H2m` i`Qmpû2 T�` H� T`Q+û/m`2

Rde



6B;m`2 RR , *Qm`#2 /2 +QKT2Mb�iBQM- �p2+ `2H�iB7b BK�;2b- TQm` H2 +�b /2b `�vQMb /`QBibX

/2 }iiBM; /2b T�`�K�i`2b- i�M/Bb [m2- /�Mb H2 b2+QM/ +�b- QM miBHBb2 H� p�H2m` 2t�+i2 /m
7QM/X aB H� p�H2m` +Q``2+i2 /2 H� pBi2bb2 2bi +?QBbB2- H2 `ûbmHi�i T`ûb2Mi2 KQBMb /ö�`i27�+ib
2i HöBK�;2 2bi THmb +H�B`2 c +B@/2bbQmb � ûiû 2MbmBi2 miBHBbû2 H� p�H2m` 2t�+i2 /2 kyyy K f bX
GQ`b[m2 H� p�H2m` +Q``2+i2 /m 7QM/ Mö2bi T�b +QMMm2 2bi Mû+2bb�B`2 mM2 ûim/2 T�`�Kûi`B[m2
TQm` Höûp�Hm2`X

"B2M [m2 HöBMp2`bBQM Q#i2Mm2 2M miBHBb�Mi H2b `�vQMb /`QBib 7Qm`MBi /2b `ûbmHi�ib b�iBb7�Bb�Mib-
Hö�/QTiBQM /2b KQ/�H2b /2 T`QT�;�iBQM [mB iB2MM2Mi +QKTi2 /2 H� T?vbB[m2 /m T`Q#H�K2
�TTQ`i2Mi mM2 �KûHBQ`�iBQM /2b iQKQ;`�T?B2b ¨ H� 7QBb 2M i2`K2b /2 `ûbQHmiBQM [m2 /2b
p�H2m`b �#bQHm2b UoQB` 6B;m`2 R9VX 1M T�`iB+mHB2`- K�H;`û HömiBHBb�iBQM /2b `�vQMb +Qm`#2
/QMM2 mM2 K2BHH2m`2 H� ;ûQKûi`B2- HömiBHBb�iBQM /2b `�vQMb +m#B[m2b b2K#H2 �i`2 H� K2BHH2m`2
�TT`Q+?2X

lM2 7QBb [m2 H2 +?�KT /2 pBi2bb2 BMBiB�H � ûiû `2+QMbi`mBi- H2 +?�KT /2 T2`im`#�iBQMb
T`ûb2Miû ¨ H� };m`2 Rk U#V T2mi �i`2 Q#i2Mm 2M miBHBb�Mi H� iQKQ;`�T?B2 /�i�@#�b2/X aB H2
+?�KT /2 pBi2bb2 2bi 7Q`i2K2Mi ?ûiû`Q;�M2- +QKK2 /�Mb +2 +�b- HömiBHBb�iBQM /ömM KQ/�H2
/2 T`QT�;�iBQM [mB T`2M/ 2M +QKTi2 H2 +?�KT BMBiB�H /2 pBi2bb2 T2mi �KûHBQ`2` 7Q`i2@
K2Mi H2b `ûbmHi�ibX *QKK2 KQMi`û 2M 6B;m`2 R8 HömiBHBb�iBQM /2b `�vQMb /`QBib T2`K2i
/2 `2+QMbi`mB`2 2{+�+2K2Mi H� bi`m+im`2 2i Hö2MiBiû /2 H� T2`im`#�iBQM K�Bb HöûT�Bbb2m`
/2 H� +Qm+?2 BM+HBMû2 2bi bm`2biBKû2X Gö�/QTiBQM /2b `�vQMb +m#B[m2b Qm +Qm`#2b /QMM2
mM2 +Qm+?2 KBM+2 2i `û�HBbi2- 2M T`ûb2`p�Mi H� #QMM2 2biBK�iBQM /2 H� p�H2m` �#bQHm2X 1M
T�`iB+mHB2`- HömiBHBb�iBQM /2b `�vQMb +Qm`#2b 7Qm`MBi mM2 #�M/2 /`QBi2- HBbb2 2i i`�b #B2M
/û}MB2X

PM T2mi +QM+Hm`2 [m2 H� T`Q+û/m`2 /öBMp2`bBQM /ûp2HQTTû2 2bi +�T�#H2 /2 `2T`Q/mB`2 H2
+?�KT /2 H� pBi2bb2 /2 T`QT�;�iBQM � T�`iB` /2b i2KTb /2 pQH 2i 2biBK2` H2 +?�KT /2
T2`im`#�iBQMb /2 pBi2bb2 K�K2 bB H2b p�H2m`b i`Qmpû2b bQMi ;ûMû`�H2K2Mi bQmb@2biBKû2bX
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S�`iB2 AA

G� /2mtB�K2 T�`iB2 /2 H� i?�b2 2bi +QMb�+`û2 ¨ Hö�TTHB+�iBQM /2 H� i2+?MB[m2 /2 iQKQ;`�T?B2
mHi`�bQMQ`2- /ûp2HQTTû2 2i /û+`Bi2 /�Mb H� T`2KB�`2 T�`iB2- ¨ /2b +�b `û2HbX � +¬iû /2 H�
iQKQ;`�T?B2 mHi`�bQMQ`2 QMi ûiû miBHBbû2b /2mt �mi`2b K2bm`2b /2 +?�KT- H� iQKQ;`�T?B2
¨ `�vQMb s- [mB /QMM2 mM pQHmK2 `2T`ûb2Mi�Mi T`BM+BT�H2K2Mi H� /2MbBiû /2 Höû+?�MiBHHQM-
2i H� +Q``ûH�iBQM MmKû`B[m2 /öBK�;2b U.A*V- [mB 7Qm`MBi H2 +?�KT /2 /ûTH�+2K2Mi- 2i /QM+
H� /û7Q`K�iBQM- 2Mi`2 /2mt BK�;2b [mB T2mp2Mi �i`2 ¨ /2mt Qm i`QBb /BK2MbBQMbX

G� T`2KB�`2 �TTHB+�iBQM T`ûb2Miû2 +QM+2`M2 Höûim/2 /ömM2 `Q+?2 M�im`2HH2- H2 ;`�b /2 oQb;2b-
+?�`;û /�Mb /2b +QM/BiBQMb i`B�tB�HX GöQ#D2+iB7 /2 +2ii2 ûim/2 2bi /ö2tTHQ`2` H� +�T�+Biû
/2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 /2 `2T`Q/mB`2 H� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQMX SmBb[m2
H2b #�``2ii2b /2 i`�Mb/m+i2m`b M2 TQmp�B2Mi T�b �i`2 BMbi�HHû2b /�Mb H� +2HHmH2 i`B�tB�H2-
H2b QM/2b QMi ûiû �+[mBb �p�Mi 2i �T`�b H2 i2bi Kû+�MB[m2X Gö�M�Hvb2 �+QmbiB[m2 2bi mM2
T�`iB2 /ömM THmb ;`�M/2 T`QD2i TQm` +�`�+iû`Bb2` H2 +QKTQ`i2K2Mi /2 H� `Q+?2 `û�HBbû2 T�`
*?�`�H�KTB/Qm UkyRRVX G2b �M�Hvb2b mHi`�bQMQ`2b- /ûD¨ `û�HBbû2b T�` 1J *?�`�H�TB/Qm-
QMi ûiû `ûpBbû2b 2M miBHBb�Mi H� T`Q+û/m`2 KBb2 �m TQBMi �m +Qm`b /2 +2ii2 i?�b2 TQm`
pû`B}2` H2b �KûHBQ`�iBQMb /m MQmp2H �H;Q`Bi?K2X

G� 6B;m`2 Re KQMi`2 H2 T`Q}H /2 pBi2bb2- Kû/Bû bm` HöûT�Bbb2m` /2 Höû+?�MiBHHQM- 2i /2mt
iQKQ;`�T?B2b KQ/2H@#�b2/ Q#i2Mm2b 2M miBHBb�Mi /2b i2KTb /2 pQH bûH2+iBQMMûb T�` 1J
*?�`�H�TB/Qm 2M miBHBb�Mi H� Kûi?Q/2 �A*X G� T`2KB�`2 BMp2`bBQM � ûiû `û�HBbû2 ¨ Hö�B/2
/ömM +Q/2- KBb2 2M Q2mp`2 T�` a� >�HH- #�bû bm` H� Kûi?Q/2 /2b KQBM/`2b +�``ûb 2i
/�Mb H2[m2H H� `û;mH�`Bb�iBQM +QMbBbi2 ¨ +QMi`¬H2` H2 ;`�/B2Mi HQ+�H UpQB` a�Mi�K�`BM� �M/
6`�ii�- kyyeVX G� /2mtB�K2 iQKQ;`�T?B2 � ûiû Q#i2Mm2 2M miBHBb�Mi H� Kûi?Q/2 /öBMp2`bBQM
J�S /û+`Bi /�Mb H� T`2KB�`2 T�`iB2 /2 +2 i`�p�BHX G2b /2mt BK�;2b KQMi`2Mi H� K�K2 H�
bi`m+im`2- +2T2M/�Mi- H2 MQmp2�m T`Q+2bbmb /öBMp2`bBQM T`Q/mBi mM2 BK�;BM2 THmb HBbb2 2i
H2b �`i27�+ib b2K#H2Mi �i`2 `û/mBibX

G� 6B;m`2 RdT`ûb2Mi2 H2b `ûbmHi�ib /öBMp2`bBQM Q#i2Mmb 2M miBHBb�Mi /Bzû`2Mib KQ/�H2b /2
T`QT�;�iBQMX G2b BK�;2b Q#i2Mm2b bQMi i`�b bBKBH�B`2b 2i BH Mö2bi /QM+ T�b 7�+BH2 /2 /ûi2`@
KBM2` H2 KQ/�H2 T`QT�;�iBQM QTiBK�H /�Mb +2 +�bX hQmi27QBb- H2b `�vQMb +Qm`#2b QMi ûiû
T`û7û`ûb +�` HöBK�;2 [mB H2m` 2bi �bbQ+Bû2 KQMi`2 mM2 #�M/2 mM T2m THmb K�`[mû2 2i Hö�`i2@
7�+i T`ûb2Mi 2M ?�mi ¨ ;�m+?2- +QKTQbû /ömM2 xQM2 /2 pBi2bb2 ûH2pû2- 2bi KQBMb T`QMQM+ûX
G� T`BM+BT�H2 /Bzû`2M+2 2Mi`2 +2 ;`QmT2 /2 iQKQ;`�T?B2b 2i +2HH2 Q#i2Mm2 2M miBHBb�Mi
H2b i2KTb /2 pQH bûH2+iBQMMû �p2+ H2 T`Q+û/m`2 �A*- �BMbB [m2 mM2 pBi2bb2 KQv2MM2 THmb
ûH2pû2 /2 ¨ 9yy Kfb- 2bi H� `û/m+iBQM /2b �`i27�+ib /�Mb H� T�`iB2 bmTû`B2m`2 2i BM7û`B2m`2
/2 Höû+?�MiBHHQM U+QMbiBimûb T�` /2b xQM2b /2 ?�mi2f#�bb2 pBi2bb2V 2i Hö�TT�`BiBQM /2 /2mt
#�M/2b /2 HQ+�HBb�iBQM 2M THmb ¨ +2HH2 pBbB#H2 2Mi`2 H2b /2mt 2Mi�BHH2bX G� #�M/2 [mB b2
/ûp2HQTT2 ¨ T�`iB` /2 Hö2Mi�BHH2 bmTû`B2m` 2bi #B2M 7Q`Kû 2i �ii2BMi H2 #Q`/ /2 Höû+?�MiBHHQM-
i�M/Bb [m2 +2HmB [mB 2bi 7Q`Kû ¨ T�`iB` /2 Hö2Mi�BHH2 BM7û`B2m`2 2bi KQBMb /û}MB2X �p2+ H�
MQmp2HH2 T`Q+û/m`2- +2T2M/�Mi- H� #�M/2 /m KBHB2m- [mB `2HB2 H2b /2mt 2Mi�BHH2b- 2bi KQBMb
/û}MB2- mM2 2tTHB+�iBQM TQbbB#H2 TQm``�Bi �i`2 mM HBbb�;2 2t+2bbB7 T�` H� ."6 2i HömiBHBb�iBQM
/2b HQM;m2m`b /2 +Q``ûH�iBQMX

G� 6B;m`2 R3U�VKQMi`2 mM2 +QmT2 p2`iB+�H2- +?QBbB2 /�Mb H� T�`iB2 +2Mi`�H2 /2 Höû+?�MiBHHQM-
/2 H� iQKQ;`�T?B2 ¨ `�vQM s 2M #�bb2 `ûbQHmiBQM Ui�BHH2 /2 pQt2H /2 HöQ`/`2 /2 8y µKV
`û�HBbû2 �T`�b Hö2bb�B i`B�tB�HX .�Mb +2ii2 BK�;2 H� HQ+�HBb�iBQM /2b /û7Q`K�iBQMb Mö2bi T�b
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6B;m`2 kk , *QKT�`�BbQM 2Mi`2 H� /û7Q`K�iBQM pQHmKB[m2 2i /2 +Bb�BHH2K2Mi Q#i2Mm2 ¨ T�`iB`
/2 H� k.@.A* 2i /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 TQm` mM2 T�`iB+mHB�`2 ûi�T2 /2 +?�`;2K2MiX

.�Mb H� };m`2 kk- 2bi `2T`ûb2Miû2 H� +QKT�`�BbQM 2Mi`2 .A*- 2M i2`K2b /2 /û7Q`K�iBQM
pQHmKB[m2 2i /2 +Bb�BHH2K2Mi- 2i H� iQKQ;`�T?B2 mHi`�bQMQ`2 /�i�@#�b2/ TQm` mM2 +2`i�BM2
ûi�T2 /2 +?�`;2K2MiX G2 /2mt i2+?MB[m2b b2K#H2Mi /QMM2` /2b `ûbmHi�ib QTTQbûb 2i +QM@
i`�/B+iQB`2b TmBb[m2 H2b /û7Q`K�iBQMb Q#i2Mm T�` .A* bQMi +QM+2Mi`ûb ¨ HöBMiû`B2m` /2 H�
+Qm+?2 /2 bQH +BK2Miû i�M/Bb [m2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 KQMi`2 [m2 /2b +?�M;2@
K2Mib /2 pBi2bb2 ¨ Hö2tiû`B2m`X G� .A* û+?Qm2 ¨ +�Tim`2` H2b /û7Q`K�iBQMb /�Mb H� `Q+?2
T`Q#�#H2K2Mi T�`+2 [m2 Hö�KTHBim/2 /2 +2b /û7Q`K�iBQMb 2bi BM7û`B2m` ¨ H� `ûbQHmiBQM /2
H� i2+?MB[m2X .�Mb +2 +�b Hö2M/QKK�;2K2Mi- `2H2pû T�` H� iQKQ;`�T?B2 mHi`�bQMQ`2- 2bi
TH�mbB#H2K2Mi /m2 ¨ H� `mTim`2 /m +BK2Mi 2Mi`2 H2b ;`�BMbX G2 7�Bi [m2 H� iQKQ;`�T?B2
mHi`�bQM2 M2 /ûi2+i2 T�b H� /û7Q`K�iBQM [mB b2 T`Q/mBi /�Mb H� +Qm+?2 TQm``�Bi bö2tTHB[m2`
T�` H� M�im`2 ûH�biB[m2 /2 H� /û7Q`K�iBQM- Qm T�` b� bi`m+im`2 �m b2BM /2 H� +Qm+?2 , H�
.A* KQMi`2 +QKT�+i�iBQM �mt 2ti`ûKBiûb 2i /BH�i�iBQM ¨ HöBMiû`B2m` [mB T2mp2Mi `ûbmHi2` 2M
mM2 p�`B�iBQM MmHH2 /2 H� pBi2bb2- +QKTi2 i2Mm /2 H� `ûbQHmiBQM BM7û`B2m`2 /2 H� iQKQ;`�T?B2
mHi`�bQMQ`2X

G� /2`MB�`2 �TTHB+�iBQM ¨ mM +�b `û2H /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 +QM+2`M2 mM K�iû`B�m
;`�MmH�B`2 �`iB}+B2HH2K2Mi +BK2Miû- bBKBH�B`2 �mt `Q+?2b M�im`2HH2b i2HH2b [m2 H2b ;`�b Qm H2b
`Q+?2b Tv`Q+H�biB[m2bX Gö�p�Mi�;2 /ömiBHBb2` mM K�iû`B�m bvMi?ûiB[m2 +QMbBbi2 2M TQmpQB`
+QMi`¬H2` +2`i�BM2b T`QT`Bûiûb /2 Höû+?�MiBHHQM i2HH2 [m2 H� TQ`QbBiû 2i H2 /2;`û /2 +BK2M@
i�iBQMX .2 THmb- H2b û+?�MiBHHQMb T`ûT�`ûb 2M H�#Q`�iQB`2 KQMi`2Mi mM2 `ûbBbi�M+2 KBM2m`2
[m2 H2b `Q+?2b M�im`2HH2b- T2`K2ii�Mi HömiBHBb�iBQM /2 H2b �TT�`2BHb miBHBbûb TQm` H2b bQHb �m
HB2m /2 +2mt +QMÏmb TQm` H2b `Q+?2`b- [mB bQMi 2M ;ûMû`�H THmb `B;B/2 2i M2 T2`K2ii2Mi T�b
HöBMiû;`�iBQM /2 Höû[mBT2K2Mi Mû+2bb�B`2 TQm` Hö�+[mBbBiBQM /2b QM/2bX

"B2M [m2 mM2 T`Q+û/m`2 bi�M/�`/ TQm` H� T`ûT�`�iBQM /2b û+?�MiBHHQMb � ûiû KBb �m TQBMi
+2mt@+B M2 bQMi T�b T�`7�Bi2K2Mi ?QKQ;�M2- +QKK2 � ûiû `ûpûHû T�` H� iQKQ;`�T?B2 mHi`�@
bQMQ`2 KQ/2H@#�b2/ `2T`ûb2Miû 2M };m`2 kjU�VX G� bi`m+im`2 pBbB#H2 �m +2Mi`2 /2 Höû+?�MiBH@
HQM- +QKTi2 i2Mm [m2 H2b p�`B�iBQMb /2 pBi2bb2 2M D2m bQMi Mû;HB;2�#H2b- T2mi �i`2 2tTHB[mû
T�` +QKT�`�BbQM �p2+ H� iQKQ;`�T?B2 ¨ `�vQMb s 2z2+imû �p�Mi H2 +?�`;2K2MiX 1M 7�Bi
H� K�K2 bi`m+im`2 2bi pBbB#H2 /�Mb H� +QmT2 p2`iB+�H2 +Q``2bTQM/�Mi �m +2Mi`2 /2 Höû+?�M@
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U�V U#V U+V

6B;m`2 kj , *QKT�`�BbQM 2Mi`2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 KQ/2H@#�b2/ /2 Höûi�i BMBiB�H U�V 2i
mM2 b2+iBQM p2`iB+�H2 /2 H� iQKQ;`�T?B2 ¨ `�vQMb s +Q``2bTQM/�Mi �m +2Mi`2 /2 Höû+?�MiBHHQM U#V
2i H� K2/B�M2 /2b dy b2+iBQMb �miQm` /2 +2HH2@+B U+VX

iBHHQM- T`ûb2Miû /�Mb H� };m`2 kjU#VX .�Mb H� K�K2 };m`2 2bi `2T`ûb2Miû2 H� Kû/B�M2 /2
THmbB2m`b +QmT2b p2`iB+�H2b TQm` KQMi`2` [m2 +2 T?ûMQK�M2 M2 b2 HBKBi2 T�b ¨ mM2 b2mH2
b2+iBQMX

G� };m`2 k9 T`ûb2Mi2 mM2 +QKT�`�BbQM 2Mi`2 H2b /û7Q`K�iBQMb- pQHmKB[m2 2i /2 +Bb�BHH2@
K2Mi- Q#i2Mm T�` .A* 2i iQKQ;`�T?B2 mHi`�bQMQ`2 /�i�@#�b2/ TQm` H� K�K2 ûi�T2 /2
+?�`;2K2MiX G2 iQKQ;`�T?B2 mHi`�bQMQ`2 KQMi`2- TQm` H2 T`2KB2` BMi2`p�HH2- mM2 /BKBMm@
iBQM ;ûMû`�H2 /2 H� pBi2bb2 +QM+2Mi`û2b /�Mb H� T�`iB2 BM7û`B2m`2 /2 Höû+?�MiBHHQM 2i mM2 xQM2
/2 ?�mi2@pBi2bb2 ¨ ;�m+?2X .�Mb H2b /2mt ûi�T2b bmBp�Mi2b H� pBi2bb2 /BKBMm2 /2 K�MB�`2
bB;MB}+�iBp2 /�Mb H� xQM2 bmTû`B2m`2 2i +2ii2 �MQK�HB2 /2 7�B#H2 pBi2bb2 böûi2M/ p2`b H2 #�b-
T`QT�;2�Mi T`BM+BT�H2K2Mi p2`b H2 +¬iû ;�m+?2X G� xQM2 /2 ?�mi2 pBi2bb2 b2 `û/mBi `2bi�Mi
+2T2M/�Mi pBbB#H2X G2b +?�KTb /2 /û7Q`K�iBQM Q#i2Mm2 T�` .A* bQMi i`�b #`mv�Mi 2i BH Möv
� T�b /2b bi`m+im`2b +H�B`2K2Mi pBbB#H2- 2t+2TiBQM 7�Bi T�` H2b 7`�+im`2b [mB b2 T`QT�;2Mi ¨
T�`iB` /m #Q`/ bmTû`B2m` /2 Höû+?�MiBHHQMX Gö�MQK�HB2 /2 ?�mi2 pBi2bb2 +Q``2bTQM/ ¨ mM2
xQM2 T�`iB+mHB�`2K2Mi #`mv�Mi2 /�Mb H2 +?�KT /2b /û7Q`K�iBQMb [mB b2K#H2 bm;;û`2` mM
+QKT�+i�iBQM /m K�iû`B�m c +2 T?ûMQK�M2 TQm``�Bi +Q``2bTQM/`2 ¨ H� 72`K2im`2 /2b KB@
+`Q}bbm`2b T`û2tBbi�Mi2bX .�Mb H2 /2mtB�K2 BMi2`p�HH2 /2 +?�`;2K2Mi H� +QM+2Mi`�iBQM /2
7�B#H2 pBi2bb2 /�Mb H� T�`iB2 bmTû`B2m`2 2bi HBû2 ¨ H� T`QT�;�iBQM /2b 7`�+im`2b K�K2 bB 2HH2b
MöQMi T�b 2M+Q`2 �ii2BMi H� xQM2 /öBMiû`�i /2 HöBMp2`bBQM iQKQ;`�T?B[m2X

G2 `ûbmHi�i H2 THmb BMiû`2bb�Mi b2 i`Qmp2 /�Mb H� /2`MB�`2 ûi�T2 /2 +?�`;2K2Mi QM H2b
7`�+im`2b bQMi +H�B`2K2Mi pBbB#H2b /�Mb H2 +?�KT /2b /û7Q`K�iBQMb 2i- 2M T�`iB+mHB2`- +2HH2
/2 /`QBi2- [mB 2bi T`û/QKBM�Mi2- �ii2BMi H� xQM2 +Qmp2`i2 T�` H� iQKQ;`�T?B2 mHi`�bQMQ`2X
G2 BK�;2b Q#i2Mm2b �p2+ .A* b2K#H2Mi /QM+ bm;;û`2` [m2 H� 7`�+im`2 pBbB#H2 bm` H� /`QBi
2bi +2HH2 [mB p� b2 T`QT�;2` THmb `�TB/2K2Mi- �m +QMi`�B`2- H� iQKQ;`�T?B2 mHi`�bQMQ`2
KQMi`2 mM2 T2`im`#�iBQM /2 H� pBi2bb2 /�Mb H� xQM2 bBimû2 ¨ ;�m+?2- +2 [mB BM/B[m2 [m2 H2
K�iû`B�m 2bi THmb 2M/QKK�;û /�Mb +2 T�`iB2 /2 Höû+?�MiBHHQMX GöBMi2`p�HH2 bmBp�Mi U6B;m`2
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k8V- TQm` H2[m2H HöBMp2`bBQM T�` mHi`�bQMb Mö2bi T�b /BbTQMB#H2 UTmBb[m2 H� i`�MbKBbbBQM /2b
bB;M�mt Mö2bi T�b bm{b�MiV KQMi`2 [m2 H� 7`�+im`2 b2 T`QT�;2 /�Mb H� /B`2+iBQM bm;;û`û2
T�` H� iQKQ;`�T?B2X

.2 +2ii2 +QKT�`�BbQM QM T2mi +QM+Hm`2 [m2 H� /û7Q`K�iBQM Mû+2bb�B`2 TQm` T`Q/mB`2 /2b
p�`B�iBQMb K2bm`�#H2 /2 pBi2bb2 /2 T`QT�;�iBQM /�Mb +2 K�iû`B�m 2bi BM7û`B2m`2 ¨ H� `û@
bQHmiBQM /2 H� .A* 2i /QM+ H� iQKQ;`�T?B2 mHi`�bQMQ`2 T2mi +QMi`B#m2` ¨ Hö�M�Hvb2 /2 H�
HQ+�HBb�iBQM /2 /û7Q`K�iBQM 2M 7Qm`MBbb�Mi /2b BM7Q`K�iBQMb MQM /BbTQMB#H2b �mi`2K2MiX

*QM+HmbBQMb

G2b K2bm`2b �+QmbiB[m2b bQMi bQmp2Mi miBHBbû2b TQm` ûim/B2` H2 +QKTQ`i2K2Mi /2b ;ûQ@
K�iû`B�mt ¨ H� 7QBb 2M H�#Q`�iQB`2 2i BM bBim- K�Bb �mbbB /�Mb /ö�mi`2b /QK�BM2b i2Hb [m2-
T�` 2t2KTH2- HöQ+û�MQ;`�T?B2 [mB ûim/B2 H2b p�`B�iBQMb /2b T`QT`Bûiûb /�Mb Hö2�mX GöQ`B;B@
M�HBiû /2 +2 i`�p�BH +QMbBbi2 2M HöBKTHûK2Mi�iBQM /2b i2+?MB[m2b /öBMp2`bBQM /ûD¨ miBHBbû2b
2M Q+û�MQ;`�T?B2 2i 2M ;ûQT?vbB[m2 /�Mb mM iQmi MQmp2�m +QMi2ti2 +ö2bi ¨ /B`2 Hö2t@
Tû`BK2Mi�iBQM ;ûQKû+�MB[m2 ¨ Höû+?2HH2 /m H�#Q`�iQB`2X 1M T�`iB+mHB2` H2b Kûi?Q/2b /2
HöQ+û�MQ;`�T?B2 QMi ûiû �TTHB[mû2b ¨ mM2 ;ûQKûi`B2 bBKBH�B`2b ¨ +2HH2 miBHBbû2 TQm` H� iQKQ@
;`�T?B2 bBbKB[m2 K�Bb ¨ mM2 û+?2HH2 K�Bb +QKTH�i2K2Mi /Bzû`2Mi- �p2+ iQmb H2b MQmp2�mt
T`Q#H�K2b [m2 +2H� BKTHB[m2X G2 T`2KB2` /û}- /m TQBMi /2 pm2 �+QmbiB[m2- 2bi /QMMû2 T�`
H� ;ûQKûi`B2 miBHBbû2 2i Hö?ûiû`Q;ûMûBiû /m K�iû`B�m ûim/BûX Gö�TTHB+�iBQM ¨ Höû+?2HH2 /m H�#@
Q`�iQB`2 `2~�i2 H� pQHQMiû /öûim/B2` /2b Kû+�MBbK2b /Bzû`2Mib /2 +2mt [mB bQMi BKTHB[mûb
/�Mb mM2 H�`;2 û+?2HH2 2i /QM+ H2b BM7Q`K�iBQMb [m2 QM p2mi Q#i2MB` /2 H2b /QMMû2b bQMi
i`�b /Bzû`2Mi2b 2i Mû+2bbBi2Mi /QM+ mM2 bû`B2 /2 `û;H�;2b /2b Kûi?Q/2b /ö�+[mBbBiBQM 2i /2
i`�Bi2K2Mi /2 /QMMû2b- �BMbB [m2 H2m` BMi2`T`ûi�iBQMX

G� T`BM+BT�H2 +QMi`B#miBQM /2 +2 i`�p�BH 2bi H2 /ûp2HQTT2K2Mi /2 Hö�M�Hvb2 T�` iQKQ;`�@
T?B2 mHi`�bQMQ`2 /�Mb H2 /QK�BM2 /2 H� ;ûQKû+�MB[m2 ¨ Höû+?2HH2 /m H�#Q`�iQB`2 2i /2 bQM
�TTHB+�iBQM TQm` Höûim/2 /m +QKTQ`i2K2Mi 2M /û7Q`K�iBQM /m K�iû`B�mX Gö�TTHB+�iBQM
/2 H� /Qm#H2 7Q`K�iBQM /2b pQBb /�Mb H2 +�b T�`iB+mHB2` /2b i2bib /2 H�#Q`�iQB`2 bm` H2b
;ûQK�iû`B�mt �KûHBQ`2 H� [m�HBiû /2b /QMMû2b �+[mBb2b 2i T2`K2i /QM+ Hö2ti`�+iBQM /öBM@
7Q`K�iBQMb THmb T`û+Bb2X lM ;`�M/ 2zQ`i � ûiû 7�Bi �}M /2 /ûi2`KBM2` H� K2BHH2m`2 �TT`Q+?2
TQm` HöB/2MiB}+�iBQM /m i2KTb /ö�``Bpû 2i /2 7Qm`MB` mM2 T`Q+û/m`2 /2 i`�Bi2K2Mi /2 /QM@
Mû2b b2KB@�miQK�iB[m2- 7�+BH2 ¨ miBHBb2`- K�Bb- 2M K�K2 i2KTb- `�TB/2 2i `Q#mbi2X AH � ûiû
û;�H2K2Mi /ûp2HQTTû mM2 i2+?MB[m2 TQm` Höûp�Hm�iBQM /2b T�`�K�i`2b ;ûQKûi`B[m2b [mB
M2 bQMi T�b +QMMmb HQ`b Hö�+[mBbBiBQM /2 /QMMû2b 2i QM � `2+?2`+?û H� K2BHH2m`2 �TT`Q+?2
TQm` Q#i2MB` mM2 #QMM2 BMp2`bBQM iQKQ;`�T?B[m2 TQm` mM2 +QM};m`�iBQM /QMMû2X .2mt
Kûi?Q/2b /2 iQKQ;`�T?B2- KQ/2H@ 2i /�i�@#�b2/ QMi ûiû û;�H2K2Mi KBb2b 2M TH�+2 TQm`
Hö�M�Hvb2 /2 HöûpQHmiBQM /�Mb H2 i2KTb /m +?�KT /2 pBi2bb2bX

SQm` B/2MiB}2` H� K2BHH2m`2 Kûi?Q/2 ¨ miBHBb2` /�Mb H2b /Bzû`2Mi2b bBim�iBQMb QMi ûiû 27@
72+imû2b /2b �M�Hvb2b MmKû`B[m2b bm` /2b /QMMû2b bvMi?ûiB[m2bX .�Mb H2b T`Q#H�K2b /öBM@
p2`bBQM MQK#`2mt �bT2+ib DQm2Mi mM `¬H2 /ûi2`KBM�Mi 2i T2mp2Mi +�mb2` /2b T`Q#H�K2b /2
MQM@mMB+Biû /2 H� bQHmiBQMX GöBM~m2M+2 /2 +2b 7�+i2m`b UH2b T�`�K�i`2b /2 ."6- H2 KQ/�H2
/2 T`QT�;�iBQM- H� Kûi?Q/2 /öBMp2`bBQM 2i H2b T�`�K�i`2b miBHBbûbV � ûiû H�`;2K2Mi 2t@
�KBMû2 �m +Qm`b /2 H� i?�b2 2i H2b `ûbmHi�ib /2b ûim/2b T�`�Kûi`B[m2b 2z2+imû2b bm` /2b
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6B;m`2 k9 , *QKT�`�BbQM 2Mi`2 H� /û7Q`K�iBQM pQHmKB[m2 2i /2 +Bb�BHH2K2Mi Q#i2Mm2 ¨ T�`iB`
/2 H� k.@.A* 2 Hb iQKQ;`�T?B2 mHi`�bQMQ`2 /�i�@#�b2/ TQm` H� K�K2 ûi�T2 +?�`;2K2MiX
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6B;m`2 k8 , .û7Q`K�iBQM pQHmKB[m2 2i /2 +Bb�BHH2K2Mi Q#i2Mm2 ¨ T�`iB` /2 H� k.@.A*X

/QMMû2b bvMi?ûiB[m2b 2i `û2HH2b QMi ûiû 7Qm`MBX

G� i2+?MB[m2 /2 iQKQ;`�T?B2 mHi`�bQMQ`2 � 2MbmBi2 ûiû miBHBbû2 TQm` ûim/B2` H2 +QKTQ`i2@
K2Mi /2b ;ûQK�iû`B�mt /�Mb H2b i2bib /2 H�#Q`�iQB`2X � +2i 2z2i- mM2 +�KT�;M2 2tTû`B@
K2Mi�H2 � ûiû 2z2+imû2 bm` /Bzû`2Mib K�iû`B�mt /QMi H2b `ûbmHi�ib QMi ûiû +QKT�`ûb �p2+
Hö�M�Hvb2 /2 iQKQ;`�T?B2 ¨ `�vQMb s 2i /2 H� +Q``ûH�iBQM MmKû`B[m2 /2b BK�;2bX .�Mb H�
/2mtB�K2 T�`iB2 /2 H� i?�b2 QMi ûiû 2tTQbûb H2b `ûbmHi�ib /2 +2b 2tTû`B2M+2b TQm` pû`B}2` H�
p�HB/Biû /2 H� Kûi?Q/2 /2 iQKQ;`�T?B2 mHi`�bQMQ`2 2i TQm` ûim/B2` H2 +QKTQ`i2K2Mi Kû@
+�MB[m2 /ömM2 `Q+?2 M�im`2HH2- /ömM KQ/�H2 T?vbB[m2 `2T`ûb2Mi�Mi mM #�M/2 /2 HQ+�HBb�iBQM
2i mM `Q+?2 �`iB}+B2HH2K2Mi +BK2Miû2X

.�Mb H� T`2KB�`2 �TTHB+�iBQM H� iQKQ;`�T?B2 mHi`�bQMQ`2- H� iQKQ;`�T?B2 ¨ `�vQMb s 2i H�
j.@.A* QMi ûiû miBHBbû2b TQm` ûim/B2` H2b Kû+�MBbK2b /2 `mTim`2 2i H� +QMbû[m2Mi2 HQ+�HB@
b�iBQM /2b /27Q`K�iBQMb /�Mb mM û+?�MiBHHQM /2 `Q+?2 M�im`2HH2 bQmb +?�`;2K2Mi i`B�tB�HX
.�Mb +2 +�b- bm` H2b +¬iûb /2 Höû+?�MiBHHQM QMi ûiû +`ûûb /2mt 2Mi�BHH2b TQm` 7Q`+2` H� HQ+�H@
Bb�iBQM- bQmb H� 7Q`K2 /2 #�M/2b /2 +Bb�BHH2K2Mi- ¨ b2 +QM+2Mi`2` /�Mb H� T�`iB2 +2Mi`�H2
/2 Höû+?�MiBHHQMX G� iQKQ;`�T?B2 mHi`�bQMQ`2 � `ûpûHû H� T`ûb2M+2 /2 i`QBb #�M/2b /2 HQ+�H@
Bb�iBQM- +�`�+iû`Bbû2b T�` mM2 `û/m+iBQM /2 H� pBi2bb2- /QMi HömM2 `2HB2 H2b /2mt 2Mi�BHH2b 2i
H2b �mi`2b böûi2M/2Mi � T�`iB` /2b 2Mi�BHH2b 2M /B`2+iBQM /2b #Q`/b BM7û`B2m`2 2i bmTû`B2m`2
/2 Höû+?�MiBHHQMX *2ii2 bi`m+im`2 2bi T�`iB2HH2K2Mi +QM}`Kû2 T�` H� iQKQ;`�T?B2 ¨ `�vQMb
s ¨ ?�mi2 `ûbQHmiBQM 2/ T�` Hö�M�Hvb2 /2 +Q``ûH�iBQM /2 HöBK�;2 j.X G� iQKQ;`�T?B2 mH@
i`�bQM2 KQMi`2 /2b #�M/b /2 HQ+�HBb�iBQM THmb H�`;2- ¨ H� 7QBb 2M i2`K2b /2 HQM;m2m` 2i
/öûT�Bbb2m`- T�` `�TTQ`i ¨ H2b �mi`2b i2+?MB[m2b- +2 [mB bm;;�`2 Hö2tBbi2M+2 /ömM2 xQM2 2M@
/QKK�;û2- +�`�+iû`Bbû T�` KB+`Q}bbm`�iBQM- [mB 2MiQm`2 H2b #�M/2b /2 /û7Q`K�iBQM 2i [mB
böûi2M/ �m@/2H¨ /2 H� HQ+�HBb�iBQM BM/B[mû T�` H2 +?�KT /2b /û7Q`K�iBQMbX *2 T?ûMQK�M2
2bi T�`iB2HH2K2Mi pBbB#H2 �mbbB /�Mb H2 +?�KT /2 H� /û7Q`K�iBQM pQHmKB[m2 `ûbmHi�Mi /2 H�
j.@.A*X .�Mb H2 K�K2 +QMi2ti2 QMi ûiû T`ûb2Miûb H2b �KûHBQ`�iBQMb TQm` H2b T`Q+û/m`2b
/2 bûH2+iBQM /m i2KTb /2 pQH 2i /öBMp2`bBQMX

SQm` /ûi2`KBM2` H� `ûbQHmiBQM bT�iB�H2 2i i2KTQ`2HH2 /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 2M +QM@
/BiBQMb bBKTHB}û2b /2b i2bib QMi ûiû 2z2+imûb bm` /2b û+?�MiBHHQMb /2 `Q+?2 +QMi2M�Mi mM2
+Qm+?2 /2 bQH +BK2Miû �`iB}+B2HH2K2MiX *2ii2 ;ûQKûi`B2 T�`iB+mHB�`2 T2`K2i /2 +QMM�Wi`2
� T`BQ`B H� `û;BQM /2 Höû+?�MiBHHQM /�Mb H�[m2HH2 QM �ii2M/ H� +QM+2Mi`�iBQM /ö2M/QKK�;2@
K2Mi 2M `�BbQM /m +QMi`�bi2 /2 `B;B/Biû 2Mi`2 H� +Qm+?2 /2 bQH +BK2Miû 2i H2b #HQ+b /2 `Q+?2X
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G� +QKT�`�BbQM 2Mi`2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 KQ/2H@#�b2/ 2i H� iQKQ;`�T?B2 ¨ `�vQMb
s TQm` Höû+?�MiBHHQM BMi�+i � KQMi`û [m2 H� +Qm+?2 /2 8 KK /2 bQH +BK2Miû 2bi /û}MB2
/ömM2 K�MB�`2 b�iBb7�Bb�Mi2 T�` H� iQKQ;`�T?B2 mHi`�bQMQ`2 2i [m2- T�` +QMbû[m2Mi- H�
`ûbQHmiBQM Q#i2Mm2 +Q``2bTQM/ �mt �ii2Mi2bX Gö�M�Hvb2 i2KTQ`2HH2 � `ûpûHû [m2 H� +Qm+?2
BM+HBMû2 2bi THmb `B;B/2 [m2 H� `Q+?2 �miQm` 2i [m2 +2HH2@+B 2bi 2M/QKK�;û2 T2M/�Mi H2
+?�`;2K2MiX G� .A*- �m +QMi`�B`2- KQMi`2 mM2 +QM+2Mi`�iBQM /2 /û7Q`K�iBQM ¨ HöBMiû`B2m`
/2 H� +Qm+?2 /2 bQH +BK2Miû 2i b2mH2K2Mi /2b /û7Q`K�iBQMb KBM2m`2b /�Mb H2b /2mt #HQ+b
/2 `Q+?2X 1M T�`iB+mHB2`- H� /û7Q`K�iBQM pQHmKB[m2 T`ûb2Mi2 mM2 /BH�i�iBQM ¨ HöBMiû`B2m`
/2 H� +Qm+?2 2i mM2 +QKT�+i�iBQM bm` H2b #Q`/b 2Mi`2 H� +Qm+?2 2i H� `Q+?2X G� iQKQ;`�@
T?B2 mHi`�bQMQ`2 Mö2bi T�b 2M K2bm`2 /2 `ûbQm/`2 +2ii2 bi`m+im`2 TmBb[m2 b� `ûbQHmiBQM 2bi
BM7û`B2m`2 ¨ H� /BK2MbBQMb BKTHB[mû2- +2ii2 i2+?MB[m2 T2mi +2T2M/�Mi 7Qm`MB` /2b BM7Q`K�@
iBQMb bm` H2b Kû+�MBbK2b /2 /û7Q`K�iBQM �v�Mi HB2m /�Mb H2b /2mt /Bzû`2Mib K�iû`B�mt ,
H2 7�Bi [m2 H� /û7Q`K�iBQM BM/mBb2 [m2 /2b 2z2ib KBM2m`b bm` H� pBi2bb2 /2 T`QT�;�iBQM �m
b2BM /2 H� +Qm+?2 bm;;�`2 [m2 +2ii2 /û7Q`K�iBQM 2bi T`BM+BT�H2K2Mi ûH�biB[m2 2i [m2 2HH2
Mö2M/QKK�;2 T�b H2 K�iû`B�mX 1M `2p�M+?2- H� `Q+?2 �miQm` 2bi 2M/QKK�;û2 K�H;`û H�
/û7Q`K�iBQM HBKBiû2X lM2 2tTHB+�iBQM TQbbB#H2 /2 +2 T?ûMQK�M2 2bi /QMMû2 T�` H� `mTim`2
/m +BK2Mi M�im`2H [mB T`QpQ[m2 H2 /ûi�+?2K2Mi /2b ;`�BMb- �HQ`b [m2 H2 +BK2Mi miBHBbû TQm`
H� 7Q`K�iBQM /2 H� +Qm+?2 BMi2`M2 2bi THmb `ûbBbi�Mi 2i Mö2bi T�b 2M/QKK�;ûX

.�Mb H2 /2`MB2` +?�TBi`2 bQMi T`ûb2Miûb H2b `ûbmHi�ib /2b 2bb�Bb /2 +QKT`2bbBQM i`B�tB�H2
2i TH�M bm` ��mM K�iû`B�m ;`�MmH�B`2 �`iB}+B2HH2K2Mi +BK2Miû- +�`�+iû`Bbû T�` /2b ;`�BMb
û+`�b�#H2X Gö�M�Hvb2 Kû+�MB[m2 #�bû2 bm` /2b i2bib i`B�tB�mt QMi KQMi`û [m2 +2ii2 K�iû`B�m
�`iB}+B2H- T`ûT�`û /�Mb H2 H�#Q`�iQB`2- � H2 K�K2 +QKTQ`i2K2Mi Kû+�MB[m2 /2b `Q+?2b M�@
im`2Hb /öBMiû`�i TQm` +2 i`�p�BH- K�Bb �p2+ /2b T`2bbBQMb /2 +QM}M2K2Mi THmb #�b- �++2bbB#H2
�p2+ H2b �TT�`2BHb miBHBbûb TQm` Höûim/2 /2 H� Kû+�MB[m2 /2b bQHbX "B2M [möBH �Bi ûiû ûi�#HB
mM2 T`Q+û/m`2 TQm` H� +BK2Mi�iBQM /2b ;`�BMb /ö�`;BH2 2tT�Mbû2- +2 [mB �bbm`2 mM #QM
MBp2�m /2 Hö?QKQ;ûMûBiû /2 Höû+?�MiBHHQM- H� iQKQ;`�T?B2 mHi`�bQMQ`2 `ûp�H2 [m2 Höû+?�MiBH@
HQM Mö2bi T�b mMB7Q`K2- K�Bb T`ûb2Mi2 mM2 bi`m+im`2 [mB 2bi +Q?û`2Mi2 �p2+ +2HmB KQMi`û2
T�` H� iQKQ;`�T?B2 ¨ `�vQMb sX lM2 +QKT�`�BbQM 2Mi`2 .A* 2i iQKQ;`�T?B2 mHi`�bQMQ`2
BM/B[m2 [m2 H� pBi2bb2 /2 T`QT�;�iBQM bm#Bi /2b KQ/B}+�iBQMb BKTQ`i�Mi2b ¨ mM MBp2�m
/2 +?�`;2K2Mi TQm` H�[m2H H� .A* M2 T`ûb2Mi2 �m+mM2 /û7Q`K�iBQM MQi�#H2X SmBb[m2 H�
iQKQ;`�T?B2 mHi`�bQMQ`2 2bi b2MbB#H2 �mt p�`B�iBQMb /2b T`QT`Bûiûb ûH�biB[m2b- ¨ b�pQB` Hö2M@
/QKK�;2K2Mi- BH T2mi �i`2 +QM+Hm [m2 H2 MBp2�m /2 /û7Q`K�iBQM Mû+2bb�B`2 TQm` +�mb2` /2
Hö2M/QKK�;2K2Mi /�Mb +2i K�iû`B�m 2bi BM7û`B2m`2 ¨ H� `ûbQHmiBQM /2 H� .A*X .2 THmb- H�
iQKQ;`�T?B2 mHi`�bQMQ`2 b2K#H2 �i`2 +�T�#H2 /2 /ûi2+i2` H� xQM2 /2 i`�Bi2K2Mi [mB T`û+�/2
H� 7`�+im`2- 2i /QM+ /öBM/B[m2` b� /B`2+iBQM /2 T`QT�;�iBQMX

G2b `ûbmHi�ib 2tTû`BK2Mi�mt 2i H2b Q#b2`p�iBQMb 7�Bi2b Mö�m`�B2Mi T�b Tm �i`2 Q#i2Mmb 2M
miBHBb�Mi mM2 b2mH2 K2bm`2 /2 +?�KT- TmBb[m2 +?�+mM2 �TTQ`i2 /2b BM7Q`K�iBQMb /Bzû`2Mi2b
2i +QKTHûK2Mi�B`2b- 2i �m`�B2Mi +2`i�BM2K2Mi ûiû BM�++2bbB#H2 2M miBHBb�Mi H2b Kûi?Q/2b
i`�/BiBQMM2HH2bX *2b 2tTû`B2M+2b +QM}`K2Mi /QM+ [m2- TQm` +QKT`2M/`2 H2 +QKTQ`i2K2Mi
Kû+�MB[m2 /2b ;ûQK�iû`B�mt- BH 2bi Mû+2bb�B`2 /ömiBHBb2` mM2 +QK#BM�BbQM /2 i2+?MB[m2b
[mB 7Qm`MBbb2Mi /2b K2bm`2b /2 +?�KTX

SQm` H� iQKQ;`�T?B2 mHi`�bQMQ`2- H2b 2tTû`B2M+2b QMi KQMi`û [m2 HömiBHBb�iBQM /ömM KQ/�H2
/2 T`QT�;�iBQM THmi¬i [mömM �mi`2 /ûT2M/ /m K�iû`B�m 2i /2 bQM `ûTQMb2 Kû+�MB[m2X
�}M /öQ#i2MB` H2 K2BHH2m` `ûbmHi�i TQbbB#H2 2bi /QM+ Mû+2bb�B`2 /2 i2bi2` iQmb H2b KQ/�H2b
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TQbbB#H2b TQm` i`Qmp2` +2HmB [mB b2`�Bi H2 THmb �TT`QT`Bû �m +�b T�`iB+mHB2`X

"B2M [m2 /2b T`Q;`�b bB;MB}+�iB7b QMi ûiû �++QKTHBb /�Mb HömiBHBb�iBQM /2 H� iQKQ;`�T?B2
mHi`�bQMQ`2 TQm` Höûim/2 /2 HöûpQHmiBQM /2 H� pBi2bb2 /2 T`QT�;�iBQM �m +Qm`b /2b 2bb�Bb
bm` H2b ;2QK�iû`B�mt- /2b ûim/2b +QKTHûK2Mi�B`2b bQMi Mû+2bb�B`2bX 1M T�`iB+mHB2` Hö�M�H@
vb2 TQm``�Bi �i`2 �KûHBQ`û2 ;`�+2 ¨ HöBMiû;`�iBQM /2b �``Bpû2b KmHiBTH2b- `û+mTû`ûb T�`
Hö�TTHB+�iBQM /2 H� ."6- /�Mb H2 T`Q+2bbmb /öBMp2`bBQM 2i Hö�MBbQi`QTB2 /�Mb H2b KQ/�H2b
/2 T`QT�;�iBQM- +QKK2 bm;;û`û T�` *?�TK�M �M/ S`�ii URNNkV c S`�ii �M/ *?�TK�M
URNNkVX GöliBHBb�iBQM /2 H� iQKQ;`�T?B2 �mt /Bzû`2M+2b /Qm#H2b Uu�M; 2i �HX- kyRRV T2mi
�B/2` TQm` H� iQKQ;`�T?B2 /Bzû`2MiB2HH2X Gö�M�Hvb2 /2b /QMMû2b bvMi?ûiB[m2b 2i +2mt bm`
/2b /QMMû2b `û2HH2b QMi /ûKQMi`û H2 TQi2MiB2H /2b MQv�mt /2 b2MbB#BHBiû Ua2MbBiBpBiv E2`@
M2HbV c +2ii2 Kûi?Q/2 2bi +2T2M/�Mi HBKBiû2 �m +�H+mH �M�HviB[m2 /2b 7QM+iBQMb /2 :`22M
[mB M2 T2mp2Mi T�b T`2M/`2 2M +QKTi2 H2 +?�KT /2 pBi2bb2 BMBiB�H2X Gö�TTHB+�iBQM bvbiûK�@
iB[m2 /2 Kûi?Q/2b MmKû`B[m2b TQm` H2 +�H+mH /2b MQv�mt /2 b2MbB#BHBiû T2mp2Mi +QM/mB`2
¨ /2b �KûHBQ`�iBQMb bB;MB}+�iBp2b /�Mb H2b `ûbmHi�ibX lM2 �mi`2 TQbbB#BHBiû TQm` �m;K2Mi2`
H� `ûbQHmiBQM bT�iB�H2 /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 2bi HömiBHBb�iBQM /2 H� 7Q`K2 +QKTH�i2
/2b QM/2b �+[mBb2b �m HB2m /2 H2 b2mH i2KTb /2 pQHX G� iQKQ;`�T?B2 /2 H� 7Q`K2 +QKTH�i2
/2b QM/2b � ûiû KBb2 2M ¾mp`2- T�` 2t2KTH2- T�` _QK�BM "`QbbB2` ¨ öAah2``2 U:`2MQ#H2V
�p2+ [mB BH 2bi �+im2HH2K2Mi �+iBp2 mM2 +QQTû`�iBQMX G2 i`�p�BH 7�Bi bm` H� ."6 /�Mb +2ii2
i?�b2 � +QM/mBi ¨ /2b ûpQHmiBQMb /�Mb Hö�TT`Q+?2 [mB +QMbB/�`2 H� 7Q`K2 +QKTH�i2 /2b QM/2b
U"`QbbB2` 2i �HX- kyRyV 2i /ö�mi`2b `ûbmHi�ib bQMi �ii2M/mb /�Mb H� H2b KQBb ¨ p2MB`X

1M +2 [mB +QM+2`M2 H2b 2tTû`B2M+2b- mM2 �M�Hvb2 /ûi�BHHû2 /2b 2bb�Bb +v+HB[m2b 2M +QKT`2b@
bBQM TH�M2 b2`� 2z2+imûX .2 THmb Hö�+[mBbBiBQM /2b QM/2b mHi`�bQMB[m2b 2bi T`ûpm T2M/�Mi
/2b 2tTû`B2M+2b �p2+ T`2bbBQM /2 +QM}M2K2Mi- 2M T2`K2ii�Mi Höûim/2 /2 /Bzû`2Mib Kû+�M@
BbK2b /2 /û7Q`K�iBQMX .�Mb +2b +QM/BiBQMb QM bö�ii2M/ [m2 H� iQKQ;`�T?B2 mHi`�bQMQ`2
7Qm`MBbb2 /2 K2BHH2m`b `ûbmHi�ib +�` H2b T`Q+2bbmb /2 /û7Q`K�iBQM M2 /2p`�Bi T�b BKTHB[m2`
/2 7Q`i2b /Bb+QMiBMmBiûb U}bbm`2bVX 1M 7�Bi- TmBb[m2 H2b }bbm`2b T`ûpB2MM2Mi H� T`QT�;�iBQM
/2b QM/2b- H2b 2bb�Bb b�Mb T`2bbBQM /2 +QM}M2K2Mi `2T`ûb2Mi2Mi H2 TB`2 b+ûM�`BQ TQm` H�
iQKQ;`�T?B2 mHi`�bQMQ`2X Gö�TTHB+�iBQM /ömM2 T`2bbBQM /2 +QM}M2K2Mi �m`� �mbbB H� 7QM+@
iBQM /ö�bbm`2` H2 +QMi�+i 2Mi`2 H2b +�Ti2m`b 2i Höû+?�MiBHHQMX *2T2M/�Mi Hö�+[mBbBiBQM /2b
bB;M�mt �+QmbiB[m2b /�Mb +2b 2tTû`B2M+2b Mû+2bbBi2 HömiBHBb�iBQM /2 #�``2ii2b /2 i`�Mb/m+@
i2m`b +�T�#H2b /2 i`�p�BHH2` bQmb T`2bbBQM 2i [mB bQB2Mi ~2tB#H2b- /2 K�MB�`2 ¨ bmBp`2 H�
/û7Q`K�iBQM /2b #Q`/b /2 Höû+?�MiBHHQMX *2 ivT2 /2 2tTû`B2M+2b Mû+2bbBi2- T�` +QMbû[m2Mi-
H2 /ûp2HQTT2K2Mi i2+?MQHQ;B[m2 /2b BMbi`mK2Mib +QM+2`Mûb K�Bb BH T2mi /QMM2` MQmp2HH2b
2i bB;MB}+�iBp2b +QMi`B#miBQMb ¨ H� +QKT`û?2MbBQM /m +QKTQ`i2K2Mi /2b `Q+?2b 2i /2b bQHbX

GöQ#D2+iB7 /2 Hö�M�Hvb2 2tTû`BK2Mi�H2 2bi /ö�KûHBQ`2` H� +QKT`û?2MbBQM /m +QKTQ`i2K2Mi
Kû+�MB[m2 2i H2b Kû+�MBbK2b BKTHB[mûb /�Mb H2b T`Q+2bbmb /2 /û7Q`K�iBQM TQm` �TTQ`i2`
/2 MQmp2�mt ûHûK2Mib TQm` H� KQ/ûHBb�iBQM /2b K�iû`B�mt ûim/Bûb 2i /2b /QMMû2b TQm`
Höûi�HQMM�;2 /2b KQ/�H2b 2tBbi�MibX G� i2+?MB[m2 /2 iQKQ;`�T?B2 mHi`�bQMQ`2- T`ûb2Miû2
/�Mb +2ii2 i?�b2 T`QTQb2 /2 MQmp2�mt ivT2b /2 `ûbmHi�ib miBH2b ¨ +2ii2 }M- 2M T�`iB+mHB2`
2HH2 7Qm`MBi HöûpQHmiBQM /2b T`QT`Bûiûb ûH�biB[m2b /m K�iû`B�m Qmp`�Mi H� TQbbB#BHBiû /2
+�HB#`2` H2b HQBb /2 +QKTQ`i2K2Mi [mB +QMbB/�`2Mi +2 ;2M`2 /öûpQHmiBQMX ûi�Mi /QMMû [m2
H2b `ûbmHi�ib Q#i2Mmb ¨ T�`iB` /2 H� iQKQ;`�T?B2 mHi`�bQMQ`2 bQMi /2b K2bm`2b /2 +?�KT
2bi TQbbB#H2 /öBMiû;`û2b /�Mb H2b KQ/�H2b �mbbB Hö?ûiû`Q;ûMûBiû BMi`BMb�[m2 /2 T`Q+2bbmb 2M
TH�+2X PM T2mi �mbbB BK�;BM2` mM2 +QKT�`�BbQM THmb /B`2+i2 2Mi`2 H2b `ûbmHi�ib MmKû`B[m2b
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_ûbmKû 2M 7`�MÏ�Bb

2i H2b /QMMû2b 2tTû`BK2Mi�H2b 2M miBHBb�Mi mM KQ/�H2 /2 +QKTQ`i2K2Mi- T�` 2t2KTH2 T�`
mM +Q/2 ¨ ûHûK2Mib }MBb- TQm` T`û/B`2 HöûpQHmiBQM /m +?�KT /2b T`QT`Bûiûb ûH�biB[m2b-
[mB T2mp2Mi 2MbmBi2 �i`2 +QKT�`û2b �p2+ H2 +?�KT /2 p�`B�iBQMb /2 pBi2bb2 /û`Bpûb T�` H�
iQKQ;`�T?B2 mHi`�bQMQ`2X SQm` `û/mB`2 H2b T`Q#H�K2b HBûb ¨ H� `ûbQHmiBQM /2 H� iQKQ;`�T?B2
mHi`�bQMQ`2 2i �mt �`i27�+ib T`QT`2b /2 +2ii2 i2+?MB[m2- +2ii2 +QKT�`�BbQM T2mi miBHBb2`
mM +?�KT /2 pBi2bb2 }+iB7- Q#i2Mm 2M BMp2`b�Mi H2b /QMMû2b Q#i2Mm2b T�` H� bBKmH�iBQM /2
H� T`QT�;�iBQM /2b QM/2b ¨ i`�p2`b H2 +?�KT /2 T`QT`Bûiûb ûH�biB[m2b /m KQ/�H2X
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_B�bbmMiQ BM Bi�HB�MQ

AMi`Q/mxBQM2

GQ bim/BQ /2HH� HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMB � /B +`m+B�H2 BKTQ`i�Mx� M2HHö�M�HBbB /2HH�
`BbTQbi� K2++�MB+� /2B ;2QK�i2`B�HBX AM M�im`� bB `Bb+QMi`�MQ KQHiB 2b2KTB /B 72MQK2MB /B
HQ+�HBxx�xBQM2- �H+mMB /2B [m�HB bQMQ KQbi`�iB BM 6B;m`� RX G� /27Q`K�xBQM2 TmÁ �pp2MB`2
+QM i2KTB KQHiQ HmM;?B- +QK2 �/ 2b2KTBQ /m`�Mi2 KQpBK2MiB i2iiQMB+B U6B;m`� R U�VV-
Q KQHiQ p2HQ+2K2Mi2- T2` 2b2KTBQ /m`�Mi2 2p2MiB bBbKB+B U6B;m`2 R U#V 2 U+V- 2Mi`�K#2
H2 BKK�;BMB bB `B72`Bb+QMQ �HHQ bi2bbQ i2``2KQiQVX L2HH2 T`BK2 /m2 7QiQ H� HQ+�HBxx�xBQM2
/2HH2 /27Q`K�xBQMB � +�`�ii2`Bxx�i� /� bTQbi�K2MiB +QMiBMmB K2Mi`2 M2HH� i2`x� BKK�;@
BM2 ;HB bTQbi�K2MiB KQbi`�MQ mM� 7Q`i2 /Bb+QMiBMmBi¨- +BQ� mM� 7`�iim`�X .Bp2`bB `BbmHi�iB
bT2`BK2Mi�HB /BKQbi`�MQ +?2- M2H +�bQ /B ;2QK�i2`B�HB- H� HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMB
�ppB2M2 bBbi2K�iB+�K2Mi2 /m`�Mi2 BH +�`B+Q 2 MQM +QK2 2p2MiQ 2++2xBQM�H2 Up2/B- T2` 2b@
2KTBQ- .2b`m2b �M/ oB;;B�MB- kyy9VX AM T�`iB+QH�`2- �HH� b+�H� /B H�#Q`�iQ`BQ- � bi�iQ /B@
KQbi`�iQ +?2 H� T`2bbBQM2 /B +QM}M�K2MiQ BM~m2Mx� p�`B �bT2iiB /2HH� HQ+�HBxx�xBQM2 /2HH2
/27Q`K�xBQMB [m�HB HöBM+HBM�xBQM2- BH MmK2`Q 2 HQ bT2bbQ`2 /2HH2 #�M/2 /B HQ+�HBxx�xBQM2
U6B;m`� k U�VVX .�HH� T`2bbBQM2 /B +QM}M�K2MiQ /BT2M/QMQ �M+?2 B KB+`Q@K2++�MBbKB
+QBMpQHiB M2HH� /27Q`K�xBQM2 U`B�``�M;B�K2MiQ 2 7`�MimK�xBQM2 /2B ;`�MB- `Qiim`� /2H +2@
K2MiQ 2++XVX S2` 2b2KTBQ- BM mMö�`2M�`B� TQ`Qb�- H� HQ+�HBxx�xBQM2 /2HH� /27Q`K�xBQM2 TmÁ
`BbmHi�`2 BM #�M/2 /B i�;HBQ /BH�i�MiB- � #�bb2 T`2bbBQMB /B +QM}M�K2MiQ- Q +QKT�ii�MiB-
T2` 2H2p�iB p�HQ`B /2HH� i2MbBQM2 K2/B� 2{+�+2 U6B;m`� k U#VVX

Zm2biQ H�pQ`Q � BM+2Mi`�iQ bmHHQ bim/BQ /B i2``2MB /m`B- `Q++2 i2M2`2 2 K�i2`B�HB ;`�Mm@
H�`B +2K2Mi�iB BM ;2M2`�H2X J�i2`B�HB M�im`�HB �TT�`i2M2MiB � [m2biQ ;`mTTQ +QKT`2M/QMQ

U�V U#V U+V

6B;m`� R, SB2;� M2H /2b2`iQ /2H "Q``2;Q BM *�HB7Q`MB� U�Vc BKK�;BMB /2HH2 +QMb2;m2Mx2 /2H
i2``2KQiQ /B ^xKBi U#V 2 U+V
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_B�bbmMiQ BM Bi�HB�MQ

U�V U#V

6B;m`� k, "ûbm2HH2 2i �HX UkyyyV

`Q++2 TB`Q+H�biB+2- b�##B2 +�`#QM�iB+?2- +�H+�`2MBiB 2 ;`�MBiBX AM [m2biB +�bB H� HQ+�HBx@
x�xBQM2 /2HH2 /27Q`K�xBQMB � bT2bbQ �bbQ+B�i� � 72MQK2MB /B 7`�iim`�xBQM2 � p�`B2 b+�H2X G2
K�+`Q7`�iim`2 bQMQ BM ;2M2`2 +QMiQ`M�i2 /� K2bQ 2 KB+`Q 7`�iim`2 2 H� HQ`Q T`QT�;�xBQM2
� T`2+2/mi� /� mM� xQM� /B T`Q+2bbQ Up2/B 6B;m`� jVc H� KB+`Q72bbm`�xBQM2 +?2 +�`�ii2`Bxx�
[m2bi� xQM� TmÁ 2bb2`2 B/2MiB}+�i� +QK2 /�MMQ- BM [m�MiQ �Hi2`� H2 T`QT`B2i¨ K2++�MB+?2
/2H K�i2`B�H2X G2 #�M/2 /B i�;HBQ Q /B +QKT�ii�xBQM2 bQMQ bT2bbQ �bbQ+B�i2 � KB+`Q72b@
bm`�xBQM2 2 [mBM/B TQbbQ 2bb2`2 +QMbB/2`�i2 �M+?2 HQ+�HBxx�xBQMB /B /�MMQX L2H +QMi2biQ
/2HH� K2++�MB+� /2HH2 `Q++2 BH /�MMQ TmÁ 2bb2`2 T`QpQ+�iQ /� 72MQK2MB /B b+QHH�K2MiQ U`Qi@
im`� /2H +2K2MiQV 2 /B 7`�MimK�xBQM2 /2B ;`�MBX h`�/BxBQM�HK2Mi2- T2` �M�HBxx�`2 [m2biB
72MQK2MB- bB miBHBxx�MQ /2HH2 b2xBQMB bQiiBH2 +?2 BKTHB+�MQ- T2`Á H� /Bbi`mxBQM2 /2H T`QpBMQ
2 MQM TQbbQMQ /mM[m2 2bb2`2 mb�i2 T2` bim/B�`2 Hö2pQHmxBQM2 /2B T`Q+2bbB /B /27Q`K�xBQM2c
aB � /mM[m2 +`2�i� H� M2+2bbBi¨ /B BMi`Q/m``2 /2HH2 i2+MB+?2 /B �M�HBbB MQM /Bbi`miiBp2 +?2
7Q`MBb+�MQ /2HH2 KBbm`2 /B +�KTQ Up2/B oB;;B�MB �M/ >�HH- kyy3c oB;;B�MB 2i �HX- kyRkVX

6B;m`� j, 6`�iim`� +QM `2H�iBp� xQM� /B T`Q+2bbQ +QMi`�//BbiBMi� /� KB+`Q 2 K2bQ 72bbm`2
U"�+F2`b- kyy8VX

lM T`BKQ i2Mi�iBpQ /B KBbm`2 /B +�KTQ �TTHB+�iQ �HH� ;2QK2++�MB+�- M2H [m�H2 p2MM2`Q
miBHBxx�i2 /2HH2 `�/BQ;`�}2 � `�;;B s T2` Hö�M�HBbB /B T`Qp2 /B +QKT`2bbBQM2 TB�M� bm b�##B2-
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� bi�iQ T`QTQbiQ M2B T`BKB �MMB b2bb�Mi� � *�K#`B/;2X GöB/2� BMBxB�H2 /B [m2biQ 2bT2`B@
K2MiQ 2`� [m2HH� /B b2;mB`2 H2 TQbBxBQMB /B /Bp2`bB K�`+�iQ`B /B TBQK#Q BMb2`BiB M2H T`QpBMQ
2 /B mb�`2 ;HB bTQbi�K2MiB KBbm`�iB T2` BH +�H+QHQ /2H +�KTQ /B /27Q`K�xBQMBc imii�pB�
H2 `�/BQ;`�}2 KQbi`�`QMQ /2HH2 #�M/2 HQ+�HBxx�i2 +QMi`�//BbiBMi2 /� mM� /2MbBi¨ KBMQ`2
`BbT2iiQ �H K�i2`B�H2 +B`+Qbi�Mi2- 7Q`M2M/Q +Qbb mHi2`BQ`B T`Qp2 +?2 H� HQ+�HBxx�xBQM2 /2HH2
/27Q`K�xBQMB M2B i2``2MB bB� �bbQ+B�i� � /BH�i�xBQM2 U_Qb+Q2- RNdyc _Qb+Q2 2i �HX- RNejVX

lM �Hi`Q 2b2KTBQ /B T`BKQ miBHBxxQ /B KBbm`2 /B +�KTQ BM ;2QK2++�MB+� � H� bi2`2Q7QiQ;`�K@
K2i`B� /2H 7�HbQ `BHB2pQ U6_aV- BMi`Q/Qii� /� "mii2`}2H/ 2i �HX URNdyV 2 TQB �KTB�K2Mi2
mb�i� 2 bpBHmTT�i� M2;HB �MMB Qii�Mi� � :`2MQ#H2 U.2b`m2b- RN39c .2b`m2b �M/ .mi?BHH2mH-
RN39c .2b`m2b �M/ oB;;B�MB- kyy9VX Zm2bi� i2+MB+� T`2p2/2 BH +QM7`QMiQ /B mM� +QTTB� /B
7QiQ;`�}2 /2HH� bmT2`}+B2 /2H T`QpBMQ b+�ii�i2 � /Bp2`bB HBp2HHB /B +�`B+QX Gö2z2iiQ bi2`2Q@
b+QTB+Q T2`K2ii2 /B pBbm�HBxx�`2 /B`2ii�K2Mi2 +QK2 7�HbQ `BHB2pQ H� /27Q`K�xBQM2 p2`B}@
+�i�bB M2HHöBMi2`p�HHQ /B i2KTQ i`�b+Q`bQ i`� B /m2 b+�iiB- [m�M/Q [m2biB p2M;QMQ �M�HBxx�iB
+QM mMQ bi2`2Q+QKT�`�iQ`2X G� bi2`2Q7QiQ;`�KK2i`B� +QMb2Mi2 /B b2;mB`2 H� /27Q`K�xBQM2
/B mM T`QpBMQ bQiiQTQbiQ � +QKT`2bbBQM2 TB�M� 7Q`M2M/Q BM7Q`K�xBQMB 2bb2MxB�HB �HHQ bim/BQ
/2HH� HQ+�HBxx�xBQM2X

AH T`Q;`2bbQ i2+MQHQ;B+Q /B [m2biB mHiBKB �MMB ?� +QMb2MiBiQ HQ bpBHmTTQ /2HH2 /m2 i2+MB+?2
�TT2M� /2b+`Bii2 +QMb2Mi2M/Q H� `�++QHi� BM7Q`K�xBQMB b2KT`2 TBM `B++?2 2 �##QM/�MiBX
G2 `�/BQ;`�}2 � `�;;B s TQbbQMQ 2bb2`2 2H�#Q`�i2 T2` pBbm�HBxx�`2 HöBMi2`Q pQHmK2 /2H
T`QpBMQ i`�KBi2 mM� `B+Qbi`mxBQM2 iQKQ;`�}+� U"�`m+?2H 2i �HX- kyyyc .2b`m2b 2i �HX- kyyec
E2i+?�K �M/ *�`HbQM- kyyRc J22b 2i �HX- kyyjc Pi�MB �M/ P#�`�- kyy9c aH�M2v �M/ E�F-
RN33VX G2 7QiQ;`�}2 /B;Bi�HB ?�MMQ bQbiBimBiQ [m2HH2 �M�HQ;B+?2 2 [mBM/B H� bi2`2Q7QiQ;`�K@
K2i`B� � bi�i� `BKTB�xx�i� /�HH� +Q``2H�xBQM2 /B;Bi�H2 /B BKK�;BMB U.A*V +?2 `2biBimBb+2 BH
+�KTQ /2;HB bTQbi�K2MiB- 2 [mBM/B /B /27Q`K�xBQMB- i`� /m2 BKK�;BMB /B;Bi�HB- +?2 TQbbQMQ
2bb2`2 #B/BK2MbBQM�HB- M2H +�bQ /2HH2 7QiQ;`�}2- Q i`B/BK2MbBQM�HB- +QK2 �/ 2b2KTBQ T2` H2
iQKQ;`�}2 � `�;;B s Up2/B- T2` 2b2KTBQ- >�HH- kyRkc >�HH 2i �HX- kyRy#VX

*QM BH T`2b2Mi2 H�pQ`Q bB bm;;2`Bb+2 HömiBHBxxQ /B mM �Hi`Q bi`mK2MiQ- H� iQKQ;`�}� mH@
i`�bQMB+�- +?2 T2`K2ii2 H� KBbm`�xBQM2 /2H +�KTQ /B p2HQ+Bi¨ mHi`�bQMB+?2 /2H T`QpBMQ 2
[mBM/B /2HH2 bm2 T`QT`B2i¨ 2H�biB+?2- b7`mii�M/Q H� i2Q`B� /2HH� T`QT�;�xBQM2 /2HH2 QM/2X
L2H +�KTQ /2B ;2QK�i2`B�HB- +QM BH i2`KBM2 ó2H�biB+Qô bB pmQH2 BMi2M/2`2 +?2 H2 QM/2 bB T`Q@
T�;�MQ b2Mx� +�mb�`2 /27Q`K�xBQMB T2`K�M2MiB � +�mb� /2HH� HQ`Q HBKBi�i� �KTB2xx�X G�
T`QT�;�xBQM2 /2HH2 QM/2 2H�biB+?2 � ;Qp2`M�i� /�HH� p2HQ+Bi¨ 2 /�HHö�ii2Mm�xBQM2 /2H K2xxQ
/B T`QT�;�xBQM2 K� �M+?2 /�HH� 7`2[m2Mx� /2HH2 QM/2 bi2bb2X G� p2HQ+Bi¨ /B T`QT�;�xBQM2 �
H2;�i� � bm� pQHi� �HH2 T`QT`B2i¨ 2H�biB+?2 /2H K�i2`B�H2- BM7�iiB- M2HH� K2++�MB+� /2B i2``2MB
2 /2HH2 `Q++2- K2iQ/B �+mbiB+B 2 mHi`�bQMB+B bQMQ bi�iB H�`;�K2Mi2 mb�iB T2` KBbm`�`2 [m2bi2
T`QT`B2i¨ BM +QM/BxBQMB bi�iB+?2 K� �M+?2 /m`�Mi2 T`Qp2 K2++�MB+?2X hmii�pB� [m2bi2 KBb@
m`2 2`�MQ BM ;2M2`�H2 `Bbi`2ii2 � mM MmK2`Q HBKBi�iQ U/B bQHBiQ mM�V T2` HöBMi2`Q T`QpBMQ MQM
T2`K2ii2M/Q [mBM/B Hö�M�HBbB /B 2p2Mim�HB 2i2`Q;2M2Bi¨X G� iQKQ;`�}� mHi`�bQMB+� bB #�b�
bmHH� `B+Qbi`mxBQM2 K�i2K�iB+� /B /Bp2`b2 KBbm`2 2z2iim�i2 bm mM +�KTBQM2- K�TT�M/QM2
H2 T`QT`B2i¨ 2H�biB+?2 2 2pB/2MxB�M/Q +Qbb H2 2p2Mim�HB 2i2`Q;2M2Bi¨X AMQHi`2- b2##2M2 bB�
bi�iQ T`Qp�iQ +?2 H� +Q``2H�xBQM2 /B;Bi�H2 /B BKK�;BMB � mMQ bi`mK2MiQ KQHiQ TQi2Mi2 T2`
HQ bim/BQ /B 72MQK2MB 2i2`Q;2M2B- [m2biQ bi`mK2MiQ TmÁ T`Q+m`�`2 BM7Q`K�xBQMB bQHQ bmHH�
+BM2K�iB+� 2 H� /27Q`K�xBQM2- K� MQM bmHH2 p�`B�xBQMB /B T`QT`B2i¨ �/ 2bb2 �bbQ+B�i2 2 +?2
+B bB �bT2ii� M2B K�i2`B�HB /B BMi2`2bb2 T2` [m2biQ H�pQ`Q U�/ 2b2KTBQ /QpmiB �HH� `B/mxBQM2
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_B�bbmMiQ BM Bi�HB�MQ

/B TQ`QbBi¨ BM b2;mBiQ � +QKT�ii�xBQM2 Q �HH� 7`�MimK�xBQM2 /2B ;`�MBVX S2`i�MiQ H� iQKQ@
;`�}� mHi`�bQMB+�- mb�i� +QK2 i2+MB+� +QKTH2K2Mi�`2- TmÁ 7Q`MB`2 mM� MmQp� pBbBQM2 /2H
T`Q+2bbQ /B /27Q`K�xBQM2X

GQ b+QTQ T`BK�`BQ /B [m2biQ H�pQ`Q � HQ bpBHmTTQ /B i2+MB+?2 bT2`BK2Mi�HB +?2 bB �/�iiBMQ
�HHQ bim/BQ /2B K2++�MBbKB +?2 TQ`i�MQ �HH� HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMB M2B K�i2@
`B�HB ;`�MmH�`B +2K2Mi�iBX lM �Hi`Q Q#B2iiBpQ � [m2HHQ /B BMp2biB;�`2 bT2`BK2Mi�HK2Mi2 BH
+QKTQ`i�K2MiQ K2++�MB+Q /B mM� `Q++B� �`iB}+B�H2- +?2 TmÁ 2bb2`2 +QMbB/2`�i� mM KQ/2HHQ
}bB+Q /B [m2biB K�i2`B�HB- b7`mii�M/Q H2 i2+MB+?2 /B +mB bQT`�X S2` Qii2M2`2 mM K�i2`B�H2
�bbBKBH�#BH2 �/ mM� `Q++B�- /2B ;`�MB /B �`;BHH� 2bT�Mb� UGB;?i 1tT�M/2/ *H�v �;;`2;�i2bV
bQMQ bi�iB +2K2Mi�iB BM H�#Q`�iQ`BQc [m2biB ;`�MB bQMQ KQHiQ H2;;2`B 2 7�+BHK2Mi2 7`�M@
imK�#BHB � +�mb� /2HH� HQ`Q 2H2p�i� TQ`QbBi¨ BMi2`M�X GömiBHBxxQ /B mM� `Q++B� �`iB}+B�H2
T2`K2ii2 /B +QMi`QHH�`2 HQ bi�iQ /B +2K2Mi�xBQM2 +Qbb +QK2 H� TQ`QbBi¨ /2H +�KTBQM2- K�
bQT`�iimiiQ BH K�i2`B�H2 Qii2MmiQ � KQHiQ K2MQ `2bBbi2Mi2 /B mM� `Q++B� M�im`�H2 2 TmÁ
[mBM/B 2bb2`2 i2bi�iQ +QM �TT�`2++?B�im`2 ;2Qi2+MB+?2 bi�M/�`/ +QM+2TBi2 T2` HQ bim/BQ /B
i2``2MBX Zm2biB /BbTQbBiBpB bQMQ ;2M2`�HK2Mi2 TBM ~2bbB#BHB /B [m2HHB T`Q;2ii�iB T2` T`Qp2
bm `Q++B� 2 T2`K2iiQMQ HöBMi2;`�xBQM2 /2HH� bT2+B�H2 bi`mK2Mi�xBQM2 miBHBxx�i� BM [m2biQ
bim/BQX AH T`2b2Mi2 H�pQ`Q bB T`QTQM2 /B bpBHmTT�`2 T`Q+2/m`2 bT2`BK2Mi�HB +?2- BMbB2K2 �/
�Hi`2 i2+MB+?2- TQbb�MQ �Bmi�`2 �/ B/2MiB}+�`2 2 BMp2biB;�`2 B /Bp2`bB T`Q+2bbB /27Q`K�iBpB
/2b+`BiiB T`2+2/2Mi2K2Mi2X

lM� T�`i2 bB;MB}+�iBp� /2HH� i2bB � /2/B+�i� �HH� K2bb� � TmMiQ /2HH� iQKQ;`�}� mHi`�@
bQMB+� +QK2 i2+MB+� /B KBbm`� /B +�KTQ M2HH� bT2`BK2Mi�xBQM2 bmB ;2QK�i2`B�HB 2 �HH�
bm� �TTHB+�xBQM2 BM mM� +�KT�;M� bT2`BK2Mi�H2X G� i2bB � bi�i� T2`i�MiQ /BpBb� BM /m2
T�`iB T`BM+BT�HBX G� T`BK� T�`i2 /2b+`Bp2 BH H�pQ`Q /B bpBHmTTQ /2H K2iQ/Q 2 /B BKTH2@
K2Mi�xBQM2 /B imiiB B p�`B �bT2iiBc pB � BMQHi`2 T`2b2Mi�iQ mMQ bim/BQ MmK2`B+Q bm /�iB
bBMi2iB+B miBH2 T2` p�Hmi�`2 [m�H2 bB� H� KB;HBQ` T`Q+2/m`� /� miBHBxx�`2 � b2+QM/� /2HH2
/Bp2`b2 +QM/BxBQMBX A `BbmHi�iB /2HHö�TTHB+�xBQM2 /2HH� iQKQ;`�}� mHi`�bQMB+� � 2bT2`BK2MiB
`2�HB bQMQ T`2b2Mi�iB M2HH� b2+QM/� T�`i2 /2HH� i2bB 2 K2bbB � +QM7`QMiQ +QM B `BbmHi�iB
Qii2MmiB +QM �Hi`2 i2+MB+?2 /B KBbm`2 /B +�KTQX aQMQ bi�i2 2z2iim�i2 �M�HBbB iQKQ;`�}+?2
bm K�i2`B�HB /Bz2`2MiB 2 BM /Bp2`b2 +QM/BxBQMB- BM T�`iB+QH�`2 /m`�Mi2 H� 7�b2 /B +�`B+Q- T2`
bim/B�`2 H� `BbTQbi� /2HH� iQKQ;`�}� mHi`�bQMB+� BM +QMi2biB /Bp2`bB 2 T2` +�`�ii2`Bxx�`2 BH
+QKTQ`i�K2MiQ /27Q`K�iBpQ /2B p�`B K�i2`B�HBX

S�`i2 A

GöQ#B2iiBpQ /2HH� iQKQ;`�}� mHi`�bQMB+� � [m2HHQ /B /2i2`KBM�`2 BH +�KTQ /B p2HQ+Bi¨ /B
T`QT�;�xBQM2 /2HH2 QM/2 �HHöBMi2`MQ /B mM Q;;2iiQX SQB+?û H� p2HQ+Bi¨ /B T`QT�;�xBQM2 HQ+�H2
� H2;�i� �HH2 T`QT`B2i¨ 2H�biB+?2 /2H K�i2`B�H2 H2 bm2 p�`B�xBQMB TQbbQMQ `Bp2H�`2 2i2`Q;2M2Bi¨
2 /Bb+QMiBMmBi¨ /Qpmi2- T2` 2b2KTBQ- � bi`�iB}+�xBQMB Q /�MMQX a2 Hö�+[mBbBxBQM2 /2HH2 QM/2
pB2M2 2z2iim�i� �/ BMi2`p�HHB /B i2KTQ /m`�Mi2 HQ bpQH;BK2MiQ /B mM /2i2`KBM�iQ T`Q+2bbQ-
�/ 2b2KTBQ /27Q`K�iBpQ- bB TQbbQMQ /2i2`KBM�`2 �M+?2 B Kmi�K2MiB /2H +�KTQ /B T`QT`B2i¨
2H�biB+?2 /2H K�i2`B�H2 BM 2b�K2X

L2H T`2b2Mi2 H�pQ`Q bB 7�`¨ `B72`BK2MiQ �HH� T`QT�;�xBQM2 /B QM/2 2H�biB+?2 BM K2xxB 2H�biB+B
HBM2�`Bc HöBTQi2bB /B +QMiBMmBi¨ /2H K2xxQ � ;BmbiB}+�i� b2 H� HmM;?2xx� /öQM/� λ /2HH�
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T2`im`#�xBQM2 � bB;MB}+�iBp�K2Mi2 K�;;BQ`2 /2HH� /BK2MbBQM2 +�`�ii2`BbiB+� /2H K2xxQ-
K2Mi`2 HöBTQi2bB /B 2H�biB+Bi¨ � �++2ii�#BH2 M2H +�bQ BM +mB H2 QM/2 �##B�MQ TB++QH� �KTB2xx�-
+BQ� [m�M/Q MQM T`QpQ+�MQ /27Q`K�xBQMB T2`K�M2MiB M2H K�i2`B�H2X

G2 QM/2 miBHBxx�i2 M2HHö�TTHB+�xBQM2 /B +mB bB `B72`Bb+2 BM [m2bi� i2bB bQMQ QM/2 mHi`�bQMB+?2
+BQ� QM/2 K2++�MB+?2 /B pQHmK2 UQM/2 SV +�`�ii2`Bxx�i2 /� 7`2[m2Mx2 bmT2`BQ`B � [m2HH2
m/B#BHB /�HHöQ`2++?BQ mK�MQX G� 7`2[m2Mx� +QMp2MxBQM�HK2Mi2 miBHBxx�i� T2` /Bb+`BKBM�`2
H2 QM/2 bQMB+?2 /� [m2HH2 mHi`�bQMB+?2 � }bb�i� BM ky F>xX G2 2H2p�i2 7`2[m2Mx2 /2HH2
QM/2 miBHBxx�i2 BMbB2K2 �HH2 +�`�ii2`BbiB+?2 K2++�MB+?2 /2H K�i2`B�H2 bim/B�iQ T2`K2iiQMQ
/B bQ//Bb7�`2 BH `2[mBbBiQ /B +QMiBMmBi¨c BM7�iiB- H� 7`2[m2Mx� 7 /2HH2 QM/2 � +QKT`2b� i`�
9yy F>x 2 R J>x 2 H� p2HQ+Bi¨ /B T`QT�;�xBQM2 �HHöBMi2`MQ /2H K�i2`B�H2- o- � /B +B`+�
kyyy Kfb /� +mB bB TmÁ `B+�p�`2 7�+BHK2Mi2 H� HmM;?2xx� /öQM/� λ 4 of7 Uk�8 KKV +?2
`BbmHi� KQHiQ K�;;BQ`2 /2HH� /BK2MbBQM2 K2/B� /2B ;`�MB /2H K�i2`B�H2 +?2 � /2HHöQ`/BM2
/B jyy µKX AMQHi`2 Hö�KTB2xx� /2HH2 QM/2 � bm{+B2Mi2K2Mi2 TB++QH� /� MQM TQ`i�`2 BH
K�i2`B�H2 BM +�KTQ TH�biB+QX Gö2[m�xBQM2 /2H KQiQ T2` mM K2xxQ 2H�biB+Q HBM2�`2 BbQi`QTQ-
+�`�ii2`Bxx�iQ /� /2MbBi¨ /B K�bb� ρ- 2 +Qbi�MiB 2H�biB+?2 /B G�Kû λ 2 µ- TmÁ 2bb2`2 b+`Bii�

∂2εpQH

∂t2
=

λ+ 2µ

ρ
▽2 εpQH, Uk3V

+?2 `�TT`2b2Mi� Hö2[m�xBQM2 /B mMöQM/� /B Tm`� +QKT`2bbBQM2@/BH�i�xBQM2 +?2 bB T`QT�;�

+QM p2HQ+Bi¨ vp =
√

λ+2µ
ρ

=
√

M
ρ

- /Qp2 J U= λ+2µV � BH KQ/mHQ � /BH�i�xBQM2 i`�bp2`b�H2

BKT2/Bi� Q KQ/mHQ 2/QK2i`B+Qc [m2biQ iBTQ /B QM/2 p2M;QMQ /2ii2 óQM/2 /B pQHmK2ô Q
óQM/2 SôX

aB +QM+Hm/2 +?2 H� p2HQ+Bi¨ /B T`QT�;�xBQM2 /B mMöQM/� � /B`2ii�K2Mi2 T`QTQ`xBQM�H2 �HH�
`�/B+2 [m�/`�i� /2HH� `B;B/2xx� /2H K�i2`B�H2 2 BMp2`b�K2Mi2 T`QTQ`xBQM�H2 �HH� `�/B+2
[m�/`�i� /2HH� bm� /2MbBi¨ /B K�bb�X

GömiBHBxxQ /2HH2 QM/2 /B pQHmK2- +QK2 BM [m2biQ H�pQ`Q- � +QKmM2 M2HH� K2++�MB+� /2HH2
`Q++2 TBM +?2 M2HH� K2++�MB+� /2B i2``2MB- /Qp2 H2 QM/2 /B i�;HBQ bQMQ bi�i2 H�`;�K2Mi2
miBHBxx�i2 BM T�bb�iQ- T2` 2b2KTBQ T2` H� /2i2`KBM�xBQM2 /2H KQ/mHQ /B i�;HBQ i`�KBi2
#2M/2` 2H2K2Mib UG22 �M/ a�Mi�K�`BM�- kyy8c oB;;B�MB �M/ �iFBMbQM- RNN8�c#VX

Gö�+[mBbBxBQM2 /2B /�iB- +?2 � mM �bT2iiQ BKTQ`i�Mi2 /B [m2biQ H�pQ`Q- �ppB2M2 ;`�xB2 � /m2
p2iiQ`B /B i`�b/miiQ`B mHi`�bQMB+B U+?B�K�iB ó#�``2ii2ôV BM mbQ �H Aah2``2 U:`2MQ#H2VX L2H
T`2b2Mi2 H�pQ`Q bQMQ bi�iB miBHBxx�iB /m2 iBTB /B #�``2ii2- +QKTQbiB `BbT2iiBp�K2Mi2 /� e9fjk
i`�b/miiQ`B TB2xQ+2`�KB+B H�`;?B +B`+� kyfR8 KK 2 �HiB yXd8fRX8 KK +?2 p2M;QMQ 2++Bi�iB
+QM mM� 7`2[m2Mx� T�`B � RfyX8 J>xc H� 6B;m`� 9 KQbi`� H� +QTTB� /B #�``2ii2 +QKTQbi2
/� e9 i`�b/miiQ`B 2 H2 `2H�iBp2 /BK2MbBQMBX AH b2;M�H2 � T`Q/QiiQ ;`�xB2 � mM bBbi2K�
/B e9 +�M�HB `B+2i`�bK2iiBiQ`B bpBHmTT�iQ /� G2+Q2m` 1H2+i`QMB+bX .m`�Mi2 Hö�+[mBbBxBQM2
mM� #�``2ii� 7mMxBQM� bQHQ +QK2 bQ`;2Mi2 K2Mi`2 Hö�Hi`� `B+2p2 BH b2;M�H2c BM T�`iB+QH�`2
HöQM/�- BMpB�i� /�H T`BKQ i`�b/miiQ`2 /2HH� #�``2ii� bQ`;2Mi2- pB2M2 `B+2pmi� 2 `2;Bbi`�i�
/� imiiB B i`�b/miiQ`B /2HH� #�``2ii� `B+2p2Mi2 ;`�xB2 � e9 +QMp2`iBiQ`B �M�HQ;B+Q@/B;Bi�H2
BM/BT2M/2MiBc bB `BT2i2 [mBM/B HöQT2`�xBQM2 T2` imiiB B `BK�M2MiB i`�b/miiQ`B /2HH� #�``2ii�
bQ`;2Mi2X AM mM� T`BK� 7�b2 /2H H�pQ`Q B i`�b/miiQ`B bQMQ bi�iB 2++Bi�iB /� mMöQM/� [m�/`� /B
�KTB2xx� 2 T2`BQ/Q `2;QH�#BHBc bm++2bbBp�K2Mi2 BH bBbi2K� � bi�iQ KQ/B}+�iQ T2` T2`K2ii2`2
H� 7Q`K�xBQM2 /B r�p2H2i T2` B [m�HB � TQbbB#BH2 `2;QH�`2 H� 7`2[m2Mx� +2Mi`�H2- H� H�`;?2xx�

RNd



_B�bbmMiQ BM Bi�HB�MQ

/B #�M/� 2 Hö�KTB2xx�X AH +QMi`QHHQ /2HHöBMi2`Q T`Q+2bbQ /B 2KBbbBQM2 2 `B+2xBQM2 � �bbB+m`�iQ
/� mMöBMi2`7�++B� J�iH�#ÜX

6B;m`� 9, 6QiQ;`�}� /2HH2 #�``2ii2 +QKTQbi2 /� e9 i`�b/miiQ`B +QM H2 `2H�iBp2 /BK2MbBQMB 2 /B
mM T`QpBMQ /B �`2M�`B�

G� ;2QK2i`B� �/QT2`�i� � KQHiQ bBKBH2 � [m2HH� miBHBxx�i� M2HH� iQKQ;`�}� bBbKB+� +`Qbb@
r2HH- +?2 � mM� i2+MB+� +QKmM2K2Mi2 mb�i� BM ;2Q}bB+� T2` Hö2bTHQ`�xBQM2 2 Hö2bi`�xBQM2 /B
`BbQHb2 [m�HB BH T2i`QHBQ 2 BH ;�b M�im`�H2X GöQ`B;BM�HBi¨ /B [m2biQ bim/BQ +QMbBbi2 M2HHömiBHBxxQ
/2HH2 #�``2ii2- +?2 7Q`MBb+QMQ mM� ;`�M/2 [m�MiBi¨ /B /�iB +QMb2Mi2M/Q /B Qii2M2`2 mMö�Hi�
`BbQHmxBQM2 bT�xB�H2- Hö�TTHB+�xBQM2 � b+�H� /B H�#Q`�iQ`BQ- T2` HQ bim/BQ /2HH� HQ+�HBxx�xBQM2
/2HH2 /27Q`K�xBQMB- 2 Hö�+[mBbBxBQM2 /2B /�iB M2H i2KTQ +QM mM� #mQM� `BbQHmxBQM2 i2KTQ`�H2
T2` Hö�M�HBbB /2B T`Q+2bbB /27Q`K�iBpBX

h`� H2 BMMQp�xBQMB BMi`Q/Qii2 BM [m2biQ H�pQ`Q `B2Mi`�MQ Hö2H�#Q`�xBQM2 /B mM� T`Q+2/m`�
/B }iiBM; /2B T�`�K2i`B ;2QK2i`B+B- +?2 MQM bQMQ b2KT`2 MQiB- 2 HöBKTH2K2Mi�xBQM2 /2HH�
i2+MB+� /2H .Qm#H2 "2�K 6Q`KBM; U."6V T2` H� ;2QK2i`B� 2 B K�i2`B�HB BM 2b�K2X AH "2�K
6Q`KBM; � mM� i2+MB+� #2M MQi� T2` BH KB;HBQ`�K2MiQ /2H `�TTQ`iQ b2;M�H2f`mKQ`2 2 H�
/2i2`KBM�xBQM2 2 b2T�`�xBQM2 /2B b2;M�HBc [m2bi� i2+MB+� � bi�i� H�`;�K2Mi2 miBHBxx�i� ;B¨
� T�`iB`2 /�HH� b2+QM/� K2i¨ /2HHQ b+Q`bQ b2+QHQ BM /Bp2`bB +�KTB [m�HB HöQ+2�MQ;`�}�- H�
;2Q}bB+� 2 H� b+B2Mx� /2HH2 i2H2+QKmMB+�xBQMB UGQ �M/ G22- RNNjc GQmB2 2i �HX- kyyNVX .B
b2;mBiQ � T`2b2Mi�i� mM� #`2p2 BMi`Q/mxBQM2 � [m2biQ K2iQ/Qc T2` K�;;BQ`B /2ii�;HB bmHH2
#�bB i2Q`B+?2 2 H2 �TTHB+�xBQMB bB `BK�M/� � "Qm2 2i �HX UkyRRVc .2 *�+[m2`�v 2i �HX UkyRRVc
Aim`#2 UkyRyVc Aim`#2 2i �HX UkyyN�c#Vc G2 hQmxû 2i �HX UkyRkVc J�`�M/2i 2i �HX UkyRRVc
LB+QH�b 2i �HX Ukyy3Vc _Qmt 2i �HX Ukyy3Vc a�`F�` 2i �HX UkyRkVX

lMöQM/� TB�M� +?2 pB�;;B� +QM mM +2`iQ �M;QHQ bmHH� p2`iB+�H2 `�;;BmM;2`¨ B `B+2pBiQ`B-
�HHBM2�iB p2`iB+�HK2Mi2- +QM /Bz2`2MiB i2KTB /B �``BpQ � +�mb� /2HH2 /Bp2`b2 HmM;?2xx2 /2B
i`�;BiiB T2`+Q`bBX AH `Bi�`/Q +QM BH [m�H2 BH b2;M�H2 `�;;BmM;2 BH `B+2pBiQ`2 i@2bBKQ- `BbT2iiQ
�H `B+2pBiQ`2 +2Mi`�H2- TmÁ 2bb2`2 2bT`2bbQ /�HH� 7Q`KmH�

Tr(θr, yr0 − yri) =
(yr0 − yri) bBM θr

v
, UkNV

RN3
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AH 7mMxBQM�H2 F - 2 [mBM/B H� K�i`B+2 M- TQbbQMQ 2bb2`2 /2`Bp�iB /� /Bp2`b2 i2Q`B2c BH KQ/2HHQ
/B T`QT�;�xBQM2 TBM b2KTHB+2 � [m2HHQ /2HH� i2Q`B� /2B `�;;B- /2b+`BiiB /� mM T2`+Q`bQ +?2
+QMM2ii2 bQ`;2MiB 2 `B+2pBiQ`B- K� 2bBbiQMQ �Hi`B KQ/2HHB /B T`QT�;�xBQM2X

a2+QM/Q H� i2Q`B� /2B `�;;B Up2/B T2` 2b2KTBQ "2``vK�M- RNNRV BH i2KTQ M2+2bb�`BQ �{M+?û
mMöQM/� bB T`QT�;?B HmM;Q mM /2i2`KBM�iQ T2`+Q`bQ 1 � T�`B �,

t1 =

∫

1

dl

v(l)
. Uj8V

S2` Qii2M2`2 H� `2H�xBQM2 i`� H2 T2`im`#�xBQMB /2HH� p2HQ+Bi¨ 2 H2 p�`B�xBQMB /2B i2KTB /B
�``BpQ- Hö2[m�xBQM2 Uj8V /2p2 2bb2`2 /Bz2`2MxB�i�c T2` Q;MB +QTTB� i bQ`;2Mi2@`B+2pBiQ`2 bB
TmÁ b+`Bp2`2,

∆ti =

∫

1

−
∆v(`)

v2(`))
dl1i , i = 1, ... ,m. UjeV

/Qp2 ` � BH p2iiQ`2 TQbBxBQM2X

*QMbB/2`�M/Q mM KQ/2HHQ +QbiBimBiQ /� n +2HH2 2 BM/B+�M/Q +QM lij H� HmM;?2xx� /2HHöBMi2`b2xBQM2
i`� Höi@2bBKQ T2`+Q`bQ 2 H� j@2bBK� +2HH�

lij =

∫

1 ∩ cellj

dl1i . UjdV

Hö2[m�xBQM2 UjeV TmÁ 2bb2`2 `Bb+`Bii� +QK2

∆ti =
n∑

j=1

−
lij

v2j
∆vj, i = 1, ... ,m j = 1, ... , n. Uj3V

� +QMp2MB2Mi2 BM}M2 /2}MB`2 B p2iiQ`B +QHQMM� /2HH2 T2`im`#�xBQMB /B p2HQ+Bi¨ ∆p 2 /2B
i2KTB ∆i 2 mM� K�i`B+2 /2HH2 HmM;?2xx2 M,

∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M = −




l11
v2
1

l12
v2
2

. . . l1n
v2n

l21
v2
1

l22
v2
2

. . . l2n
v2n

XXX
XXX

X X X
XXX

lm1

v2
1

lm2

v2
2

. . . lmn

v2n
,




UjNV

BM KQ/Q /� TQi2` `Bi`Qp�`2 Hö2[m�xBQM2 Uj9VX

AM [m2biQ H�pQ`Q bQMQ bi�iB BKTH2K2Mi�iB i`2 /Bp2`bB �TT`Q++B T2` i`�++B�`2 B `�;;B, B `�;;B
`2iiBHBM2B- B `�;;B +m#B+B 2 B `�;;B +m`pBX L2H +�bQ /2B `�;;B `2iiBHBM2B BH T`Q#H2K� BMp2`bQ TmÁ
2bb2`2 `BbQHiQ M2HH� bm� 7Q`K� HBM2�`2 BM [m�MiQ H� K�i`B+2 M MQM /BT2M/2 /�H +�KTQ /B
p2HQ+Bi¨X A `�;;B +m#B+B bQMQ +�H+QH�iB � T�`iB`2 /�HH2 BM7Q`K�xBQMB bm;HB �M;QHB /B T�`i2Mx� 2

kyk



/B �``BpQ `B+�p�i2 /�H ."6- BM [m2biQ +�bQ H� K�i`B+2 M /BT2M/2 /�H +�KTQ /B p2HQ+Bi¨ bQHQ
BM/B`2ii�K2Mi2- 2 [mBM/B HöBMp2`bBQM2 `BK�M2 HBM2�`2 K� B `�;;B i2M;QMQ BM +QMbB/2`�xBQM2
H2 2i2`Q;2M2Bi¨ /2HH� p2HQ+Bi¨X A `�;;B +m`pB bQMQ +�H+QH�iB � T�`iB`2 /�HHö2[m�xBQM2 /B
1BFQM�H +?2 T2`K2ii2 /B +�H+QH�`2 T2` Q;MB TmMiQ /2HH2 bT�xBQ BH i2KTQ /B �``BpQ /B mMöQM/�
2K2bb� /� mM� bQ`;2Mi2 TmMim�H2- /�iQ mM +�KTQ /B p2HQ+Bi¨ /B T`QT�;�xBQM2X *QM [m2bi�
T`Q+2/m`� bB TQbbQMQ +�H+QH�`2 /m2 K�TT2 /B i2KTB /B �``BpQ- miBHBxx�M/Q +QK2 TmMiQ
/B T�`i2Mx� T2` HöQM/� H� bQ`;2Mi2 T`BK� 2 BH `B+2pBiQ`2 TQBc bQKK�M/Q [m2bi2 K�TT2 bB
QiiB2M2 mM� K�TT� /B i2KTB +QK#BM�i� BM +mB H� óp�HH2ô- +QKT`2b� i`� B /m2 i`�b/miiQ`B-
� `�TT`2b2Mi�iBp� /2HH� i`�B2iiQ`B� /2HHöQM/� Ur�p2T�i?V Uo�M a+?��+F- RNN9c o�b+Q �M/
J�D2`- RNNjV 2 BH T2`+Q`bQ +?2 +QMM2ii2 bQ`;2Mi2 2 `B+2pBiQ`2- b2;m2M/Q BH KBMBKQ /B [m2bi�
p�HH2- � BH `�;;BQ /B 6`2bM2H mb�iQ T2` HöBMp2`bBQM2X

G� i2Q`B� /2B `�;;B bB #�b� bmHH2 7`2[m2Mx2 �bBMiQiB+?2 +Qbb +?2 BH i2KTQ /B �``BpQ � BM/BT2M@
/2Mi2 /�HH� 7`2[m2Mx� /2H b2;M�H2 2 /�HH2 2i2`Q;2M2Bi¨ /2HH� p2HQ+Bi¨ +?2 MQM bQMQ /B`2ii�@
K2Mi2 �ii`�p2`b�i2 /�H `�;;BQX lM KQ/2HHQ /B T`QT�;�xBQM2 �Hi2`M�iBpQ- +?2 MQM T`2p2/2
[m2bi2 `2bi`BxBQMB- � [m2HHQ /2B ;mb+B /B b2MbB#BHBi¨ Q a2MbBiBpBiv E2`M2Hb UaEVc [m2biQ KQ/@
2HHQ bB #�b� bmHHö�TT`QbbBK�xBQM2 /B "Q`M UqQQ/r�`/- RNNkV 2 H2;� H2 p�`B�xBQMB /2B i2KTB
/B �``BpQ- ∆t- �HH2 T2`im`#�xBQMB /2HH� p2HQ+Bi¨ /B T`QT�;�xBQM2- ∆v i`�KBi2 mM� `2H�xBQM2
HBM2�`2-

∆t =

∫

V

K(`)∆v(`)dV (`), U9yV

/Qp2 ` � BH p2iiQ`2 TQbBxBQM2 2 V � HöBMi2`Q /QKBMBQ /B T`QT�;�xBQM2 UBM [m2biQ +�bQ mM�
bmT2`}+B2VX

AH aE � +�H+QH�iQ i`�KBi2 Hö2[m�xBQM2

K(`) =
1

2π

∫
∞

−∞

jω

p̈
Q(`, ``, `b, ω)e

jωtdω, U9RV

/Qp2 ω � H� 7`2[m2Mx� +B`+QH�`2- p̈ H� /2`Bp�i� b2+QM/� /2H b2;M�H2 bQ`;2Mi2- `b 2 `` H2
TQbBxBQMB /2HH� bQ`;2Mi2 2 /2H `B+2pBiQ`2 `BbT2iiBp�K2Mi2 2

Q(`, ``, `b, ω) =
2ω2

v3(`)
Ps(ω)G(`|`b, ω)G(``|`, ω), U9kV

+QM G(`|`b, ω) 2 G(``|`, ω) 7mMxBQMB /B :`22M 2 Ps(ω) HQ bT2ii`Q /2H b2;M�H2 bQ`;2Mi2X

AMi`Q/m+2M/Q H� /Bb+`2iBxx�xBQM2 bT�xB�H2 /2H KQ/2HHQ Hö2[m�xBQM2 U9yV /Bp2Mi�

∆ti =
∑

j

Kij∆vjdx dy, U9jV

/Qp2 ∆ti � H� p�`B�xBQM2 /B i2KTQ /ö�``BpQ i`� Höi@2bBK� +QTTB� bQ`;2Mi2f`B+2pBiQ`2- Kij � BH
p�HQ`2 /2H aE p�Hmi�iQ M2HH� j@2bBK� +2HH� T2` H� i@2bBK� +QTTB� bQ`;2Mi2f`B+2pBiQ`2 2 ∆vj
� H� T2`im`#�xBQM2 /2HH� p2HQ+Bi¨ M2HH� j@2bBK� +2HH�X

.2}M2M/Q B p2iiQ`B dt- ∆p 2 H� K�i`B+2 M +QK2

kyj
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∆p =




∆v1

∆v2

XXX

∆vn




, ∆i =




∆t1

∆t2

XXX

∆tm




, M =




K11 K12 . . . K1n

K21 K22 . . . K2n

XXX
XXX

X X X
XXX

Km1 Km2 . . . Kmn




dx dy, U99V

bB `Bi`Qp� Hö2[m�xBQM2 ;2M2`�H2 /2HHöBMp2`bBQM2 Uj9VX

AH i`�ii�K2MiQ /2B /�iB i`�KBi2 ."6 BM~m2Mx� B aE BM T�`iBH+QH�`2- TQB+?û H� bQ`;2Mi2 2 BH
`B+2pBiQ`2 MQM bQMQ TBM TmMiB7Q`KB- +�K#B� H� HQ`Q 7Q`K� Ub22 6B;m`2 3VX AM [m2biQ +�bQ BH
aE � +�H+QH�iQ KQ/B}+�M/Q H� /2}MBxBQM2 /B Q(`, ``, `b, ω) +QK2 b2;m2

QDBF (`, ``, `b, ω) =
N̂r∑

i=1

N̂s∑

j=1

Qij(`, ``, `b, ω)e
jω[Tr(θr,yri)+Ts(θs,ysj)]. U98V

6B;m`� 3, 1b2KTBQ /B a2MbBiBpBiv E2`M2Hb +�H+QH�iB miBHBxx�M/Q i�;HB2 /Bp2`b2 /2B bQiiQp2iiQ`B /B
i`�b/miiQ`B T2` BH i`�ii�K2MiQ ."6X

"2M+?û 2bBbi�MQ MmK2`QbB KQ/B T2` T`Q+2/2`2 �HHöBMp2`bBQM2 /2HHö2[m�xBQM2 Uj9V- M2H T`2@
b2Mi2 H�pQ`Q bQMQ bi�i2 +QMbB/2`�i2 2 +QM7`QMi�i2 /m2 i2+MB+?2, BH K2iQ/Q /2H K�bbBKQ �
TQbi2`BQ`B UJ�SV 2 [m2HHQ /2HH� /2+QKTQbBxBQM2 �B p�HQ`B bBM;QH�`2 Uao.VX

AH K2iQ/Q /2H K�bbBKQ � TQbi2`BQ`2 � #�b�iQ bmH i2Q`2K� /B "�v2b +?2 T2`K2ii2 /B BMi`Q@
/m``2 BM7Q`K�xBQMB MQi2 � T`BQ`B M2HHöBMp2`bBQM2 2 /B +QMbB/2`�`2 H� T`2b2Mx� /B `mKQ`2 M2B
/�iB �;;BmM;2M/Q mM i2`KBM2 M2HHö2[m�xBQM2 Uj9V-

∆i = M ·∆p + /, U9eV

ky9



/Qp2 / � BH `mKQ`2- +?2 bB bmTTQM2 bB� mM p2iiQ`2 ;�mbbB�MQ +QM K2/B� MmHH� (E[/] = 0)
2 +Qp�`B�Mx� Cd� = �E[//T ] = σ2

dIn 2 ∆p � BH p2iiQ`2 /2H KQ/2HHQ /� biBK�`2- �M+?ö2bbQ
;�mbbB�MQ /B K2/B� µ∆p = E[∆p] 2 +Qp�`B�Mx� Cm = E[∆p∆pT ] = σ2

mC
1
mX

AH K2iQ/Q J�S +QMbBbi2 M2H i`Qp�`2 BH p2iiQ`2 ∆pMAP +?2 K�bbBKBxx� H� /2MbBi¨ /B T`Q#@
�#BHBi¨ /B ∆p /�iQ ∆i- p(∆p|∆i) �M+?2 MQi� +QK2 T`Q#�#BHBi¨ � TQbi2`BQ`BX AH `BbmHi�iQ
}M�H2 T2` BH +�KTQ /B p2HQ+Bi¨ TmÁ 2bb2`2 b+`BiiQ BM /m2 7Q`K2 � b2+QM/� +?2 BH MmK2`Q /B
+2HH2 n bB� KBMQ`2 Q K�;;BQ`2 /2H MmK2`Q /B /�iB � /BbTQbBxBQM2 m,

b2 n < m-

∆̃pMAP = µ∆p + (MTC−1
d M+ C−1

m )−1MTCT
d (∆i −M · µ∆p); U9dV

b2 n > m-
∆̃pMAP = µ∆p + CmM

T (MCmM
T + Cd)

−1(∆i −M · µ∆p). U93V

S2` K�;;BQ`B /2ii�;HB bmHH� /2i2`KBM�xBQM2 /2HH2 `2H�xBQMB /B +mB bQT`� bB `BK�M/� � Aim`#2
UkyRyVX

LQi2pQH2 BKTQ`i�Mx� `Bp2bi2 H� b+2Hi� /2B T�`�K2i`B /B BMp2`bBQM2 2/ BM T�`iB+QH�`2 /2H
T�`�K2i`Q ε = σm/σd- +?2 +QMb2Mi2 T2b�`2 HöBM~m2Mx� /2B /�iB `BbT2iiQ �HH2 BM7Q`K�xBQMB
MQi2 � T`BQ`B- 2 /2HH2 HmM;?2xx2 /B +Q``2H�xBQM2 λx 2 λy- +?2 `B2Mi`�MQ M2HH� +Qbi`mxBQM2
/2HH� K�i`B+2 C1

m 2 ?�MMQ mM� 7mMxBQM2 /B bKQQi?BM;X

G� /2+QKTQbBxBQM2 �B p�HQ`B bBM;QH�`B T2`K2ii2 /B /2}MB`2 mM� K�i`B+2 Tb2m/QBMp2`b� M−1

i`�KBi2 H� /2+QKTQbBxBQM2 /2HH� K�i`B+2 M /B /BK2MbBQMB m× n BM i`2 K�i`B+B

M = USV∗, U9NV

/Qp2 U � mM� K�i`B+2 mMBi�`B� /B /BK2MbBQMB m × m- S � mM� K�i`B+2 /B�;QM�H2 /B /B@
K2MbBQMB m×n +QM p�HQ`B `2�HB MQM M2;�iBpB 2 V∗ � H� i`�bTQbi� +QMBm;�i� /B mM� K�i`B+2
mMBi�`B� /B /BK2MbBQMB n × nX A p�HQ`B /B�;QM�HB /2HH� K�i`B+2 S bQMQ MQiB +QK2 p�HQ`B
bBM;QH�`B /2HH� K�i`B+2 M- bQMQ Q`;�MBxx�iB BM Q`/BM2 /2+`2b+2Mi2 2 TQbbQMQ 2bb2`2 +QM@
bB/2`�iB B +Q2{+B2MiB `�TT`2b2Mi�iBpB /2H bBbi2K�c BH MmK2`Q- r- /B p�HQ`B bBM;QH�`B MQM MmHHB
� BH `�M;Q /2HH� K�i`B+2 MX S2` Qii2M2`2 mM� #mQM� `�TT`2b2Mi�xBQM2 /2H bBbi2K� MQM
bQMQ M2+2bb�`B imiiB B p�HQ`B bBM;QH�`B +Qbb +?2 T2` Qii2M2`2 H� K�i`B+2 Tb2m/QBMp2`b� /2HH�
K�i`B+2 S � bm{+B2Mi2 mM bQiiQBMbB2K2- Sn- /B 2bbB,

S̃−1
kk =

{
1/Skk k = 1, · · · , Sn < r-

0 k = Sn + 1, · · · , rX
U8yV

G� Tb2m/QBMp2`b� /2HH� K�i`B+2 M bB `B+�p� [mBM/B /�HH� `2H�xBQM2

M̃−1 = VS̃
−1
U∗ U8RV

2 BH +�KTQ /2HH2 T2`im`#�xBQMB /2HH� p2HQ+Bi¨ TmÁ 2bb2`2 +�H+QH�iQ +QK2

∆̃pSV D = M̃−1 ·∆i. U8kV

ky8
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S2` K�;;BQ`B /2ii�;HB bm [m2bi� i2+MB+� /B BMp2`bBQM2 BH H2iiQ`2 � `BK�M/�iQ � J�`�M/2i
UkyRRV 2 �HHö2M+B+HQT2/B� QM@HBM2 qBFBT2/B� 9X

G� i2+MB+� iQKQ;`�}+� T`2b2Mi�i� � bi�i� �TTHB+�i� � /�iB bBMi2iB+B T2` i2bi�`M2 H� T`Q@
+2/m`� BM +QM/BxBQMB B/2�HB- BM KQ/Q /� TQi2`M2 2bTHQ`�`2 Hö2{+B2Mx� 2 p2`B}+�`2 B +`Bi2`B
/B b+2Hi� /2B T�`�K2i`BX lM �Hi`Q Q#B2iiBpQ /2HHö�M�HBbB /B /�iB bBMi2iB+B � [m2HHQ /B /2@
i2`KBM�`2 [m�H2 bB� BH KB;HBQ` KQ/2HHQ /B T`QT�;�xBQM2 /� �/Qii�`2 2 B p�`B �`i27�iiB +?2
TQbbQMQ `BbmHi�`2 /�HHöBMp2`bBQM2X A i2bi bm /�iB bBMi2iB+B bQMQ bi�iB /B 7QM/�K2Mi�H2 BK@
TQ`i�Mx� T2` HQ bpBHmTTQ /2H K2iQ/Q 2 H� bm� �TTHB+�xBQM2 �B +�bB `2�HB T`2b2Mi�iB M2HH�
b2+QM/� T�`i2 /2HH� i2bBX

A /�iB bBMi2iB+B bQMQ bi�iB Qii2MmiB bBKmH�M/Q H� T`QT�;�xBQM2 /2HH2 QM/2 �ii`�p2`bQ mM +�K@
TQ /B p2HQ+Bi¨ �`iB}+B�H2 ;`�xB2 �/ mM +Q/B+2 �HH2 /Bz2`2Mx2 }MBi2- 6qhk.n�*PlahnhAJ1-
bpBHmTT�iQ /� _QK�BM "`QbbB2` UAah2``2- :`2MQ#H2V �HHöBMi2`MQ /2H T`Q;2iiQ a1Aa*PS1X
A /�iB +Qbb Qii2MmiB bQMQ bi�iB TQB �M�HBxx�iB b2;m2M/Q H� bi2bb� T`Q+2/m`� miBHBxx�i� T2` B
/�iB �+[mBbBiB /m`�Mi2 ;HB 2bT2`BK2MiB `2�HB- [m�M/Q bB� BH +�KTQ /B p2HQ+Bi¨ /B T`QT�;�xBQM2
+?2 Hö2b�ii� ;2QK2i`B� /2H T`Q#H2K� bQMQ BM+Q;MBiBX

AH T`BKQ bim/BQ bm /�iB bBMi2iB+B KB`� � bBKmH�`2 Hö2pQHmxBQM2 /2H +�KTQ /B p2HQ+Bi¨ /B
T`QT�;�xBQM2 /B ömM T`QpBMQ Q`B;BM�`B�K2Mi2 QKQ;2M2Q BM +mB bB bpBHmTT� mM� #�M/� /B /2@
7Q`K�xBQM2 +�`�ii2`Bxx�i� /� mM� `B/mxBQM2 /2HH� p2HQ+Bi¨X G� 6B;m`� N KQbi`� BH +�KTQ /B
p2HQ+Bi¨ �`iB}+B�H2 +Q``BbTQM/2Mi2 �HHQ bi�iQ }M�H2 2 H2 `B+Qbi`mxBQMB iQKQ;`�}+?2 Qii2Mmi2
miBHBxx�M/Q /Bp2`bB iBTB /B KQ/2HHB /B T`QT�;�xBQM2X GömbQ /B `�;;B +m#B+B MQM b2K#`� T`Q@
/m``2 bB;MB}+�iBpB KB;HBQ`�K2MiB `BbT2iiQ �HHöBKK�;BM2 Qii2Mmi� i`�KBi2 `�;;B `2iiBHBM2BX
GömiBHBxxQ /2B `�;;B +m`pB `B/m+2 H2;;2`K2Mi2 Hö�`i27�iiQ � +`Q+2- +?2 +QM72`Bb+2 �HHQ bi`�iQ
/B #�bb� p2HQ+Bi¨ mM� H2;;2`� 7Q`K� � +H2bbB/`�c imii�pB� B `�;;B `2iiBHBM2B 7Q`MBb+QMQ mM
`BbmHi�iQ KB;HBQ`2 BM p�HQ`2 �bbQHmiQX GöBKK�;BM2 ;2M2`�i� miBHBxx�M/Q B a2MbBiBpBiv E2`M2H
QHi`2 � KQbi`�`2 /2;HB �`i27�iiB +?2 b2;mQMQ H2 Qb+BHH�xBQMB /2HH2 xQM2 /B 6`2bM2H- +?2 bB
bQKK�MQ �HHö�`i27�iiQ � +`Q+2- `BbmHi� 2bb2`2 H� T2;;BQ`2 BM p�HQ`2 �bbQHmiQX

A T�`�K2i`B /B BMp2`bBQM2 bQMQ bi�iB b+2HiB i`�KBi2 mMQ bim/BQ T�`�K2i`B+QX AM T�`iB+QH�`2
HöBM~m2Mx� /2HH2 HmM;?2xx2 /B +Q``2H�xBQM2 λx 2 λy � T`2b2Mi�i� BM 6B;m`� RyX AM+`2K2Mi�M/Q
[m2bi2 HmM;?2xx2 H2 BKK�;BMB `BbmHi�MiB bQMQ K2MQ `m;Qb2 2 H� ;2QK2i`B� /2HHQ bi`�iQ �
K2MQ /2}MBi� BM i2`KBMB /B bT2bbQ`2X hmii�pB� �MMmHH�`2 [m2biB T�`�K2i`B TQ`i� �/ mM
/2i2`BQ`�K2MiQ /2HHöBKK�;BM2- BM7�iiB HQ bi`�iQ `BbmHi� MQM TBM QKQ;2M2QX L2H +�bQ /2B
`�;;B- +?2 ?�MMQ mMQ bT2bbQ`2 BM}MBi2bBK�H2- � /mM[m2 T`272`B#BH2 BMi`Q/m``2 mM H2;;2`Q
bKQQi?BM; bT�xB�H2 i`�KBi2 H2 HmM;?2xx2 /B +Q``2H�xBQM2X AH p�HQ`2 QiiBK�H2- T2` [m2biQ
bT2+B}+Q +�bQ- `BbmHi� 2bb2`2 λx = λy = 1.5 KKX

A T�`�K2i`Q ε pB2M2 biBK�iQ +Qbi`m2M/Q H� +m`p� /B +QKT2Mb�xBQM2- B +mB TmMiB- +Q``BbTQM@
/2MiB � /Bp2`bB ε- ?�MMQ T2` +QQ`/BM�i2 H� /2pB�xBQM2 /2H KQ/2HHQ UKBb}iV 2 H� bm� `m;QbBi¨
U`Qm;?M2bbV +Qbb /2}MBi2,

KBb7Bi =
|∆i −∆icalc|

∆i
, U8jV

9X ?iiT,ff2MXrBFBT2/B�XQ`;frBFBfaBM;mH�`np�Hm2n/2+QKTQbBiBQM
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_B�bbmMiQ BM Bi�HB�MQ

6B;m`� Ry, hQKQ;`�}2 KQ/2H@#�b2/ Qii2Mmi2 mb�M/Q `�;;B `2iiBHBM2B 2 HmM;?2xx2 /B +Q``2H�xBQM2
T�`B � y KK- RX8 KK- j KK �M/ e KK `BbT2iiBp�K2Mi2X

/2MiB �/ mM BMiQ`MQ /B [m2biQ TmMiQX AM 6B;m`� RR � `BTQ`i�i� H� +m`p� /B +QKT2Mb�xBQM2
T2` BH +�bQ /B `�;;B `2iiBHBM2Bc T2` [m2biQ 2b2KTBQ BH `BbmHi�iQ KB;HBQ`2 b2K#`� 2bb2`2 [m2HHQ
+Q``BbTQM/2Mi2 � ε = 50 TQB+?û 7Q`MBb+2 mM #mQM +QKT`QK2bbQ i`� mMö2biBK�xBQM2 `2�HBb@
iB+� /2H p�HQ`2 /2HH� p2HQ+Bi¨ �HHöBMi2`MQ /2HHQ bi`�iQ BM+HBM�iQ 2 H� `B/mxBQM2 /2;HB �`i27�iiBX
� BKTQ`i�Mi2 7�` MQi�`2 +?2 BH p�HQ`2 QiiBK�H2 /B ε /BT2M/2 /� KQHiB 7�iiQ`B- i`� +mB BH
KQ/2HHQ /B T`QT�;�xBQM2 mb�iQ- 2 /2p2 2bb2`2 /mM[m2 p�Hmi�iQ +�bQ T2` +�bQX

6B;m`� RR, *m`p� /B +QKT2Mb�xBQM2- +QM `2H�iBp2 BKK�;BMB- T2` BH +�bQ /B `�;;B `2iiBHBM2BX

lM b2+QM/Q +�bQ /B bim/BQ 2b�KBM�iQ +QM /�iB bBMi2iB+B- T`2b2Mi�iQ BM 6B;m`� Rk- T`2p2/2
mM +�KTQ /B p2HQ+Bi¨ BMBxB�H2 2i2`Q;2M2Q- BM +mB mMQ bi`�iQ BM+HBM�iQ � +�`�ii2`Bxx�iQ /�

ky3







U�V U#V U+V

6B;m`� R8, hQKQ;`�}2 /�i�@#�b2/ Qii2Mmi2 mb�M/Q `�;;B `2iiBHBM2B U�V- `�;;B +m#B+B U#V 2 `�;;B
+m`pB U+VX

bQiiQbiBK�iBX

S�`i2 AA

G� b2+QM/� T�`i2 /2HH� i2bB � /2/B+�i� �HHö�TTHB+�xBQM2 /2HH� i2+MB+� /2HH� iQKQ;`�}� mH@
i`�bQMB+�- bpBHmTT�i� 2 /2b+`Bii� M2HH� T`BK� T�`i2- � /2B +�bB `2�HBX �HH� iQKQ;`�}� mH@
i`�bQMB+� bQMQ bi�i2 �{�M+�i2 �Hi`2 /m2 KBbm`2 /B +�KTQ- H� iQKQ;`�}� � `�;;B s- BH +mB
`BbmHi�iQ � mM pQHmK2 `�TT`2b2Mi�i2 T`BM+BT�HK2Mi2 H� /2MbBi¨ /2H +�KTBQM2- 2 H� +Q``2@
H�xBQM2 /B;Bi�H2 /öBKK�;BMB U.A*V +?2 7Q`MBb+2 BH +�KTQ /2;HB bTQbi�K2MiB- 2 [mBM/B /2HH2
/27Q`K�xBQMB- i`� /m2 BKK�;BMB +?2 TQbbQMQ 2bb2`2 #B Q i`B/BK2MbBQM�HBX

G� T`BK� �TTHB+�xBQM2 T`2b2Mi�i� `B;m�`/� HQ bim/BQ /B mM� `Q++B� M�im`�H2- Hö�`2M�`B� /2B
oQb;B- +�`B+�i� BM +QM/BxBQMB i`B�bbB�HBX GöQ#B2iiBpQ /B [m2biQ bim/BQ � [m2HHQ /B 2bTHQ`�`2
H� +�T�+Bi¨ /2HH� iQKQ;`�}� mHi`�bQMB+� /B `BT`Q/m``2 H� HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMBX
SQB+?û MQM � TQbbB#BH2 BMbi�HH�`2 H2 #�``2ii2 /B i`�b/miiQ`B M2HH� +2HH� i`B�bbB�H2- H2 QM/2
bQMQ bi�i2 �+[mBbBi2 T`BK� 2 /QTQ H� T`Qp� K2++�MB+�X Gö�M�HBbB �+mbiB+� � T�`i2 /B mMQ
bim/BQ TBM �KTBQ T2` H� +�`�ii2`Bxx�xBQM2 /2H +QKTQ`i�K2MiQ /2HH� `Q++B� 2b2;mBiQ /�
*?�`�H�KTB/Qm UkyRRVX G2 �M�HBbB mHi`�bQMB+?2- ;B¨ 2z2iim�i2 /� 1XJX *?�`�H�TB/Qm-
bQMQ bi�i2 `BpBbBi�i2 miBHBxx�M/Q H� T`Q+2/m`� bpBHmTT�i� /m`�Mi2 [m2bi� i2bB T2` p2`B}+�`2
B KB;HBQ`�K2MiB �TTQ`i�iB /�H MmQpQ �H;Q`BiKQX

G� 6B;m`� Re T`2b2Mi� BH T`Q}HQ /B p2HQ+Bi¨- K2/B�iQ bmHHQ bT2bbQ`2 /2H T`QpBMQ- 2 /m2
iQKQ;`�}2 KQ/2H@#�b2/ Qii2Mmi2 miBHBxx�M/Q B i2KTB /B �``BpQ b2H2xBQM�iB /� 1XJX *?�`@
�H�TB/Qm i`�KBi2 BH K2iQ/Q �A*X G� T`BK� BMp2`bBQM2 � bi�i� 2b2;mBi� mb�M/Q mM +Q/B+2-
BKTH2K2Mi�iQ /� aX�X >�HH- #�b�iQ bmH K2iQ/Q /2B KBMBKB [m�/`�iB 2 M2H [m�H2 H� `2@
;QH�`Bxx�xBQM2 +QMbBbi2 M2H +QMi`QHHQ /2H ;`�/B2Mi2 HQ+�H2 Up2/B a�Mi�K�`BM� �M/ 6`�ii�-

kRR



_B�bbmMiQ BM Bi�HB�MQ

6B;m`� Re, S`Q}HQ /B p2HQ+Bi¨- K2/B�iQ bmHHQ bT2bbQ`2 /2H T`QpBMQ U�V 2 H2 iQKQ;`�}2 KQ/2H@#�b2/
Qii2Mmi2 mb�M/Q BH K2iQ/Q /B BMp2`bBQM2 BKTH2K2Mi�iQ /� aX�X >�HH U*?�`�H�KTB/Qm- kyRRV U#V
2 H� T`Q+2/m`� /B BMp2`bBQM2 BKTH2K2Mi�i� BM [m2biQ H�pQ`Q U+VX

kyyeVX G� b2+QM/� iQKQ;`�}� � bi�i� BMp2+2 Qii2Mmi� b7`mii�M/Q BH K2iQ/Q /B BMp2`bBQM2
J�S /2b+`BiiQ M2HH� T`BK� T�`i2 /B [m2biQ H�pQ`QX G2 /m2 BKK�;BMB KQbi`�MQ H� bi2bb�
bi`miim`�- imii�pB� BH MmQpQ T`Q+2bbQ /B BMp2`bBQM2 T`Q/m+2 mM BKK�;BM� K2MQ `m;Qb� 2
;HB �`i27�iiB b2K#`�MQ 2bb2`2 `B/QiiBX

G� 6B;m`� Rd T`2b2Mi� B `BbmHi�iB /B BMp2`bBQM2 Qii2MmiB mb�M/Q /Bp2`bB KQ/2HHB /B T`QT�;�xBQM2X
G2 BKK�;BMB `BbmHi�MiB bQMQ KQHiQ bBKBHB 2 MQM � /mM[m2 +?B�`Q [m�H2 bB� BH KQ/2HHQ /B
T`QT�;�xBQM2 QiiBK�H2 BM [m2biQ +�bQX hmii�pB� B `�;;B +m`pB bQMQ bi�iB T`272`BiB BM [m�MiQ
HöBKK�;BM2 �/ 2bbB �bbQ+B�i� KQbi`� mM� #�M/� H2;;2`K2Mi2 TBM /2}MBi� 2 Hö�`i27�iiQ- T`2@
b2Mi2 BM �HiQ � bBMBbi`� 2 +QbiBimBiQ /� mM� xQM� /B 2H2p�i� p2HQ+Bi¨- � K2MQ T`QMmM+B�iQX
G� /Bz2`2Mx� T`BM+BT�H2 i`� [m2biQ ;`mTTQ /B iQKQ;`�}2 2 [m2HH2 Qii2Mmi2 mb�M/Q B i2KTB
/B �``BpQ b2H2xBQM�iB +QM BH K2iQ/Q �A*- QHi`2 � T`2b2Mi�`2 mM� p2HQ+Bi¨ K2/B� bmT2`BQ`2 /B
+B`+� 9yy Kfb- +QMbBbi2 M2HH� `B/mxBQM2 /2;HB �`i27�iiB M2HH� T�`i2 bmT2`BQ`2 2 BM72`BQ`2 /2H
T`QpBMQ UbQbiBimBiB /�HHö�Hi2`M�Mx� /B xQM2 �/ �Hi�f#�bb� p2HQ+Bi¨V 2 Hö�TT�`BxBQM2 /B /m2
mHi2`BQ`B #�M/2 /B HQ+�HBxx�xBQM2 BM �;;BmMi� � [m2HH� pBbB#BH2 i`� B /m2 BMi�;HBX G� #�M/�
+?2 bB bpBHmTT� � T�`iB`2 /�HHöBMi�;HBQ bmT2`BQ`2 � #2M 7Q`K�i� 2 `�;;BmM;2 BH #Q`/Q bmT2`B@
Q`2 /2H T`QpBMQ- K2Mi`2 [m2HH� +?2 bB 7Q`K� � T�`iB`2 /�HHöBMi�;HB BM72`BQ`2 � K2MQ /2}MBi�X
*QM H� MmQp� T`Q+2/m`�- BMp2+2- H� #�M/� +2Mi`�H2- +?2 +QMM2ii2 B /m2 BMi�;HB- `BbmHi� K2MQ
/2}MBi�c mM� TQbbB#BH2 bTB2;�xBQM2 TQi`2##2 2bb2`2 Hö2++2bbBpQ bKQQi?BM; +QMb2;m2Mi2 �H
."6 2 �HHömiBHBxxQ /2HH2 HmM;?2xx2 /B +Q``2H�xBQM2X

G� 6B;m`� R3U�V KQbi`� mM� b2xBQM2 p2`iB+�H2- b+2Hi� M2HH� T�`i2 +2Mi`�H2 /2H T`QpBMQ- /2HH�
iQKQ;`�}� � `�;;B s � #�bb� `BbQHmxBQM2 U/BK2MbBQM2 /2H pQt2H /B +B`+� 8y µKV 2b2;mBi�
/QTQ H� T`Qp� i`B�bbB�H2X .� [m2bi� BKK�;BM2 H� HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMB MQM
� 7�+BHK2Mi2 pBbB#BH2- 7�ii� 2++2xBQM2 T2` /m2 TB++QH2 72bbm`2 pB+BMQ �;HB BMi�;HBX aB 7�
MQi�`2 +?2 [m2bi2 7`�iim`2 `�TT`2b2Mi�MQ /2HH2 7Q`iB /Bb+QMiBMmBi¨ M2H +�KTQ /B p2HQ+Bi¨

kRk











6B;m`� kk, *QM7`QMiQ i`� /27Q`K�xBQMB pQHmK2i`B+?2 2 /B i�;HBQ `B+�p�i2 /�HH� k.@.A* 2 H�
iQKQ;`�}� mHi`�bQMB+� T2` mM /2i2`KBM�iQ bi2T /B +�`B+QX

T`QpBMQ- +QMbB/2`�M/Q +?2 H2 p�`B�xBQMB /B p2HQ+Bi¨ BM ;BQ+Q bQMQ i`�b+m`�#BHB- TmÁ 2bb2`2
bTB2;�i� +QM7`QMi�M/QH� +QM H� iQKQ;`�}� � `�;;B s 2z2iim�i� T`BK� /2H +�`B+QX AM7�iiB
M2HH� b2xBQM2 p2`iB+�H2 +Q``BbTQM/2Mi2 �H +2Mi`Q /2H T`QpBMQ- T`2b2Mi�i� BM 6B;m`� kjU#V-
bB `Bi`Qp� HQ bi2bbQ iBTQ /B bi`miim`�X L2HH� bi2bb� };m`� � KQbi`�i� H� K2/B�M� /B /Bp2`b2
b2xBQMB p2`iB+�HB T2` bQiiQHBM2�`2 +?2 [m2biQ 72MQK2MQ MQM � +QM}M�iQ �/ mM� bQH� b2xBQM2X

G� 6B;m`� k9 T`2b2Mi� BH +QM7`QMiQ i`� H2 /27Q`K�xBQMB- pQHmK2i`B+� 2 /B i�;HBQ- Qii2Mmi2
/�HH� .A* 2 H� iQKQ;`�}� mHi`�bQMB+� /�i�@#�b2/ T2` HQ bi2bbQ bi2T /B +�`B+QX G� iQ@
KQ;`�}� mHi`�bQMB+� KQbi`�- T2` BH T`BKQ BMi2`p�HHQ- mM ;2M2`�H2 /2+`2K2MiQ /B p2HQ+Bi¨
+QM+2Mi`�iQ M2HH� T�`i2 BM72`BQ`2 /2H +�KTBQM2 2 mM� xQM� /B �Hi� p2HQ+Bi¨ M2HH� T�`i2 bBM@
Bbi`�X L2B /m2 bi2T b2;m2MiB H� p2HQ+Bi¨ /BKBMmBb+2 bB;MB}+�iBp�K2Mi2 M2HH� xQM� bmT2`BQ`2
2 [m2bi� �MQK�HB� /B #�bb� p2HQ+Bi¨ bB 2bi2M/2 p2`bQ BH #�bbQ T`QT�;�M/QbB T`BM+BT�HK2Mi2
M2H H�iQ bBMBbi`QX G� xQM� /B �Hi� p2HQ+Bi¨ bB `B/m+2 `BK�M2M/Q imii�pB� pBbB#BH2X A +�KTB
/B /27Q`K�xBQM2 Qii2MmiB i`�KBi2 .A* bQMQ KQHiQ `mKQ`QbB 2 M2bbmM� bi`miim`� � +?B�`�@
K2Mi2 pBbB#BH2- 2++2xBQM 7�ii� T2` H2 7`�iim`2 +?2 bB T`QT�;�MQ /�H #Q`/Q bmT2`BQ`2 /2H
T`QpBMQX Gö�MQK�HB� /B �Hi� p2HQ+Bi¨ +Q``BbTQM/2 �/ mM� xQM� T�`iB+QH�`K2Mi2 `mKQ`Qb�-
M2H +�KTQ /B /27Q`K�xBQMB- +?2 b2K#`� bm;;2`B`2 mM� +QKT�ii�xBQM2 /2H K�i2`B�H2c [m2biQ
72MQK2MQ TQi`2##2 +Q``BbTQM/2`2 �HH� +?Bmbm`� /B KB+`Q7`�iim`2 T`22bBbi2MiBX L2H b2+QM/Q
BMi2`p�HHQ /B +�`B+Q +QMbB/2`�iQ H� +QM+2Mi`�xBQM2 /B #�bb� p2HQ+Bi¨ M2HH� T�`i2 bmT2`BQ`2
� H2;�i� �HH� T`QT�;�xBQM2 /2HH2 7`�iim`2 #2M+?û [m2bi2 MQM �##�BMQ �M+Q`� `�;;BmMiQ H�
xQM� /B BMi2`2bb2 /2HHöBMp2`bBQM2 iQKQ;`�}+�X

AH `BbmHi�iQ TBM BMi2`2bb�Mi2 bB `Bi`Qp� M2HHömHiBKQ bi2T /B +�`B+Q M2H [m�H2 H2 7`�iim`2 bQMQ
+?B�`�K2Mi2 pBbB#BHB M2H +�KTQ /2HH2 /27Q`K�xBQMB 2- BM T�`iB+QH�`2- [m2HH� /B /2bi`�- T`2@
/QKBM�Mi2 `BbT2iiQ �HHö�Hi`�- `�;;BmM;2 H� xQM� +QT2`i� /�HH� iQKQ;`�}� mHi`�bQMB+�X G2
BKK�;BMB Qii2Mmi2 +QM H� .A* b2K#`�MQ [mBM/B bm;;2`B`2 +?2 H� 7`�iim`� pBbB#BH2 bmHH�
/2bi`� bB� [m2HH� +?2 bB T`QT�;?2`¨ TBM p2HQ+2K2Mi2- �H +QMi`�`BQ H� iQKQ;`�}� mHi`�bQMB+�
KQbi`� mM� T2`im`#�xBQM2 /2HH� p2HQ+Bi¨ M2HH� xQM� � bBMBbi`�- BM/B+�M/Q +?2 BH K�i2`B�H2 �
TBM /�MM2;;B�iQ BM [m2HH� T�`i2 /2H +�KTBQM2X GöBMi2`p�HHQ bm++2bbBpQ U6B;m`� k8V- T2` BH
[m�H2 HöBMp2`bBQM2 mHi`�bQMB+� MQM � /BbTQMB#BH2 UBM [m�MiQ H� i`�bKBbbBQM2 /2B b2;M�HB MQM
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_B�bbmMiQ BM Bi�HB�MQ

U�V U#V U+V

6B;m`� kj, *QM7`QMiQ i`� H� iQKQ;`�}� mHi`�bQMB+� KQ/2H@#�b2/ /2HHQ bi�iQ BMBxB�H2 U�V 2 mM�
b2xBQM2 p2`iB+�H2 /2HH� iQKQ;`�}� � `�;;B s +Q``BbTQM/2Mi2 �H +2Mi`Q /2H T`QpBMQ U#V 2 H� K2/B�
bm dy b2xBQMB BMiQ`MQ �/ 2bb� U+VX

� bm{+B2Mi2V KQbi`� +?2 H� 7`�iim`� bB T`QT�;� M2HH� /B`2xBQM2 bm;;2`Bi� /�HH� iQKQ;`�}�X

.� [m2biQ +QM7`QMiQ bB TmÁ +QM+Hm/2`2 +?2 H� /27Q`K�xBQM2 M2+2bb�`B� � +`2�`2 p�`B�xBQMB
KBbm`�#BHB M2HH� p2HQ+Bi¨ /B T`QT�;�xBQM2 BM [m2biQ K�i2`B�H2 � BM72`BQ`2 �HH2 `BbQHmxBQM2
/2HH� .A*X G� iQKQ;`�}� mHi`�bQMB+� TmÁ [mBM/B +QMi`B#mB`2 �HHö�M�HBbB /2HH� HQ+�HBxx�xBQM2
/2HH2 /27Q`K�xBQMB 7Q`M2M/Q BM7Q`K�xBQMB �Hi`BK2MiB MQM /BbTQMB#BHBX

*QM+HmbBQMB

JBbm`�xBQMB �+mbiB+?2 bQMQ bT2bbQ BKTB2;�i2 T2` HQ bim/BQ /2H +QKTQ`i�K2MiQ /2B ;2QK�i2@
`B�HB bB� BM H�#Q`�iQ`BQ +?2 BM bBiQ- K� �M+?2 BM �Hi`B +�KTB +QK2- �/ 2b2KTBQ- HöQ+2�MQ;`�}�
+?2 bim/B� H2 p�`B�xBQMB /2HH2 T`QT`B2i¨ M2HHö�+[m�X GöQ`B;BM�HBi¨ /B [m2biQ H�pQ`Q +QMbBbi2
M2HHöBKTH2K2Mi�xBQM2 /B i2+MB+?2 /B BMp2`bBQM2- ;B¨ miBHBxx�i2 BM Q+2�MQ;`�}� 2 ;2Q}bB+�- BM
mM +QMi2biQ +QKTH2i�K2Mi2 MmQpQ +BQ� M2HH� bT2`BK2Mi�xBQM2 ;2QK2++�MB+� � b+�H� /B H�#@
Q`�iQ`BQX AM T�`iB+QH�`2 bB bQMQ �TTHB+�iB K2iQ/B T`QT`B /2HH� Q+2�MQ;`�}� �/ mM ;2QK2i`B�
bBKBH2 � [m2HH2 mb�i� T2` H� iQKQ;`�}� +`Qbb@r2HH K� �/ mM� b+�H� +QKTH2i�K2Mi2 /Bp2`b�-
+QM imii2 H2 MmQp2 T`Q#H2K�iB+?2 +?2 2bb� +QKTQ`i�X G� T`BK� b}/�- /�H TmMiQ /B pBbi�
/2HHö�+mbiB+�- � /�i� /�HH� ;2QK2i`B� miBHBxx�i� 2 /�HHö2i2`Q;2M2Bi¨ /2H K�i2`B�H2 bim/B�iQX
Gö�TTHB+�xBQM2 � b+�H� /B H�#Q`�iQ`BQ BKTHB+�- BMQHi`2- H� pQHQMi¨ /B BMp2biB;�`2 K2++�MBbKB
+?2 /Bz2`Bb+QMQ /� [m2HHB +QBMpQHiB � p�bi� b+�H�c /B +QMb2;m2Mx� H2 BM7Q`K�xBQMB +?2 bB
pQ;HBQMQ `B+�p�`2 /�B /�iB /B BMTmi bQMQ TBmiiQbiQ /Bp2`b2 2 `B+?B2/QMQ /mM[m2 mM� b2@
`B2 /B �/2;m�K2MiB �B K2iQ/B /B �+[mBbBxBQM2 2 2H�#Q`�xBQM2 /2B /�iB- MQM+?û �HH� HQ`Q
BMi2`T`2i�xBQM2X

G� +QMi`B#mxBQM2 T`BM+BT�H2 /B [m2biQ H�pQ`Q +QMbBbi2 M2HHQ bpBHmTTQ /2HHö�M�HBbB i`�KBi2
iQKQ;`�}� mHi`�bQMB+� M2H +�KTQ /2HH� ;2QK2++�MB+� � b+�H� /B H�#Q`�iQ`BQ 2 H� bm� �TTHB@
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6B;m`� k9, *QM7`QMiQ i`� /27Q`K�xBQM2 pQHmK2i`B+� 2 /B i�;HBQ `B+�p�i� /�HH� k.@.A* 2 H�
iQKQ;`�}� mHi`�bQMB+� /�i�@#�b2/ T2` HQ bi2bbQ bi2T /B +�`B+QX
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6B;m`� k8, .27Q`K�xBQM2 pQHmK2i`B+� 2 /B i�;HBQ `B+�p�i� /�HH� k.@.A*X

+�xBQM2 T2` HQ bim/BQ /2H +QKTQ`i�K2MiQ /27Q`K�iBpQ /2H K�i2`B�H2X GöBKTH2K2Mi�xBQM2
/2H .Qm#H2 "2�K 6Q`KBM; M2H +�bQ T�`iB+QH�`2 /2HH2 T`Qp2 /B H�#Q`�iQ`BQ bm ;2QK�i2`B@
�HB KB;HBQ`� H� [m�HBi¨ /2B /�iB �+[mBbBiB 2 T2`K2ii2 [mBM/B Hö2bi`�xBQM2 /B BM7Q`K�xBQMB
TBM T`2+Bb2X lM ;`�M/2 b7Q`xQ � bi�iQ +QKTBmiQ T2` bi�#BHB`2 Hö�TT`Q++BQ KB;HBQ`2 T2`
HöB/2MiB}+�xBQM2 /2H i2KTQ /B �``BpQ 2 T2` 7Q`MB`2 mM� T`Q+2/m`� /B 2H�#Q`�xBQM2 /�iB b2KB@
�miQK�iB+�- /B 7�+BH2 mbQ K�- �H i2KTQ bi2bbQ- p2HQ+2 2 `Q#mbi�X aB � BMQHi`2 2H�#Q`�i� mM�
i2+MB+� T2` H� p�Hmi�xBQM2 /B �H+mMB T�`�K2i`B ;2QK2i`B+B +?2 `BbmHi�MQ BM+Q;MBiB /m`�Mi2
Hö�+[mBbBxBQM2 /2B /�iB 2 bB � BMp2biB;�iQ bm [m�H2 bB� Hö�TT`Q++BQ KB;HBQ`2 T2` Qii2M2`2 mM�
#mQM� BMp2`bBQM2 iQKQ;`�}+� T2` mM /�i� +QM};m`�xBQM2X aQMQ �M+?2 bi�i2 bi�#BHBi2 /m2
K2iQ/QHQ;B2 /B iQKQ;`�}�- /�i�@ 2 KQ/2H@#�b2/- T2` Hö�M�HBbB /2HHö2pQHmxBQM2 M2H i2KTQ
/2H +�KTQ /B p2HQ+Bi¨X

S2` B/2MiB}+�`2 H� KB;HBQ` T`Q+2/m`� /� miBHBxx�`2 M2HH2 /Bp2`b2 bBim�xBQMB bQMQ bi�i2 bpQHi2
/2HH2 �M�HBbB MmK2`B+?2 bm /�iB bBMi2iB+BX L2B T`Q#H2KB /B BMp2`bBQM2- KQHiB �bT2iiB ;BQ+�MQ
mM `mQHQ /2i2`KBM�Mi2 +�mb�M/Q T`Q#H2KB /B MQM mMB+Bi¨ /2HH� bQHmxBQM2X GöBM~m2Mx� /B
[m2biB 7�iiQ`B UB T�`�K2i`B /2H ."6- BH KQ/2HHQ /B T`QT�;�xBQM2- BH K2iQ/Q /B BMp2`bBQM2 2
B T�`�K2i`B BM 2bb2 mb�iBV � bi�i� H�`;�K2Mi2 2b�KBM�i� /m`�Mi2 H� i2bB 2 bQMQ bi�iB 7Q`MBiB
B `BbmHi�iB /B bim/B T�`�K2i`B+B 2b2;mBiB bm /�iB bBMi2iB+B 2 `2�HBX

G� i2+MB+� /2HH� iQKQ;`�}� mHi`�bQMB+� � bi�i� TQB miBHBxx�i� T2` BMp2biB;�`2 BH +QKTQ`@
i�K2MiQ /B ;2QK�i2`B�HB BM T`Qp2 /B H�#Q`�iQ`BQX � [m2biQ b+QTQ � bi�i� 2z2iim�i� mM�
+�KT�;M� bT2`BK2Mi�H2 bm /Bp2`bB K�i2`B�HB B +mB `BbmHi�iB bQMQ bi�iB +QM7`QMi�iB +QM H2
�M�HBbB /B iQKQ;`�}� � `�;;B s 2 /B +Q``2H�xBQM2 /B;Bi�H2 /B BKK�;BMBX L2HH� b2+QM/� T�`i2
/2HH� i2bB bQMQ bi�iB 2bTQbiB B `BbmHi�iB /B [m2biB 2bT2`BK2MiB pQHiB � p2`B}+�`2 H� #QMi¨ /2H
K2iQ/Q /2HH� iQKQ;`�}� mHi`�bQMB+� 2 �/ miBHBxx�`2 [m2bi� i2+MB+� T2` BMp2biB;�`2 BH +QK@
TQ`i�K2MiQ K2++�MB+Q /B mM� `Q++B� M�im`�H2- /B mM KQ/2HHQ }bB+Q `�TT`2b2Mi�Mi2 mM�
#�M/� /B HQ+�HBxx�xBQM2 2 /B mM� `Q++B� �`iB}+B�HK2Mi2 +2K2Mi�i�X

L2HH� T`BK� �TTHB+�xBQM2 H� iQKQ;`�}� mHi`�bQMB+�- H� iQKQ;`�}� � `�;;B s 2 H� .A*
i`B/BK2MbBQM�H2 bQMQ bi�i2 mb�i2 T2` BM/�;�`2 B K2++�MBbKB /B `Qiim`2 2 H� +QMb2;m2Mi2
HQ+�HBxx�xBQM2 /2HH2 /27Q`K�xBQMB BM mM +�KTBQM2 /B `Q++B� M�im`�H2 /27Q`K�i� BM +QM/BxBQMB
i`B�bbB�HBX AM [m2biQ +�bQ bmB H�iB /2H T`QpBMQ bQMQ bi�iB `B+�p�iB /m2 BMi�;HB T2` 7Q`x�`2
H� HQ+�HBxx�xBQM2- M2HH� 7Q`K� /B #�M/2 /B i�;HBQ- � +QM+2Mi`�`bB M2HH� T�`i2 +2Mi`�H2 /2H
+�KTBQM2X G� iQKQ;`�}� mHi`�bQMB+� ?� `Bp2H�iQ H� T`2b2Mx� /B i`2 #�M/2 /B HQ+�HBxx�xBQM2-
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+�`�ii2`Bxx�i2 /� mM� `B/mxBQM2 /2HH� p2HQ+Bi¨- /2HH2 [m�HB mM� +QMM2ii2 B /m2 BMi�;HB 2 H2
�Hi`2 bB 2bi2M/QMQ /�;HB BMi�;HB p2`bQ B HBKBiB BM72`BQ`2 2 bmT2`BQ`2 /2H T`QpBMQX Zm2bi�
bi`miim`� � T�`xB�HK2Mi2 +QM72`K�i� /� mM� iQKQ;`�}� � `�;;B s �/ �Hi� `BbQHmxBQM2
2 /�HHö�M�HBbB j. /B +Q``2H�xBQM2 /B BKK�;BMBX L2HH� iQKQ;`�}� mHi`�bQMB+� H2 #�M/2 /B
HQ+�HBxx�xBQM2 b2K#`�MQ 2bb2`2 TBM 2bi2b2- bB� BM i2`KBMB /B HmM;?2xx� +?2 /B bT2bbQ`2-
`BbT2iiQ �HH2 �Hi`2 i2+MB+?2- bm;;2`2M/Q Hö2bBbi2Mx� /B mM� xQM� /B /�MMQ- +�`�ii2`Bxx�i�
/� KB+`Q72bbm`�xBQM2- +?2 +B`+QM/� H2 #�M/2 /B /27Q`K�xBQM2 2 +?2 bB 2bi2M/2 QHi`2 H�
HQ+�HBxx�xBQM2 KQbi`�i� /�H +�KTQ /B /27Q`K�xBQMBX Zm2biQ 72MQK2MQ � T�`xB�HK2Mi2
pBbB#BH2 �M+?2 M2H +�KTQ /B /27Q`K�xBQMB pQHmK2i`B+?2 /2`Bp�MiB /�HH� j.@.A*X L2HHQ bi2bbQ
+QMi2biQ bQMQ bi�iB T`2b2Mi�iB B KB;HBQ`�K2MiB �TTQ`i�iB �HH2 T`Q+2/m`2 /B b2H2xBQM2 /2H
i2KTQ /B �``BpQ 2 /B BMp2`bBQM2X

S2` /2i2`KBM�`2 H� `BbQHmxBQM2 bT�xB�H2 2 i2KTQ`�H2 /2HH� iQKQ;`�}� mHi`�bQMB+� BM +QM@
/BxBQMB b2KTHB}+�i2 bQMQ bi�i2 2z2iim�i2 /2HH2 T`Qp2 bm +�KTBQMB /B `Q++B� +QMi2M2MiB mMQ
bi`�iQ /B i2``2MQ +2K2Mi�iQ �`iB}+B�HK2Mi2X Zm2bi� T�`iB+QH�`2 ;2QK2i`B� T2`K2ii2 /B
+QMQb+2`2 � T`BQ`B H� `2;BQM2 /2H T`QpBMQ M2HH� [m�H2 +B bB �bT2ii� +?2 H� K�;;BQ` T�`i2 /2H
/�MMQ �##B� HmQ;Q � +�mb� /2H +QMi`�biQ /B `B;B/2xx� i`� HQ bi`�iQ /B i2``2MQ 2 B #HQ++?B
/B `Q++B�X AH +QM7`QMiQ i`� H� iQKQ;`�}� mHi`�bQMB+� KQ/2H@#�b2/ 2 H� iQKQ;`�}� � `�;;B
s /2H T`QpBMQ BMi�iiQ ?� /BKQbi`�iQ +?2 HQ bi`�iQ /B 8 KK /B i2``2MQ +2K2Mi�iQ pB2M2
/2}MBiQ BM K�MB2`� bQ//Bb7�+2Mi2 /�HH� iQKQ;`�}� mHi`�bQMB+� 2 +?2- [mBM/B- H� `BbQHmxBQM2
Qii2Mmi� +Q``BbTQM/2 �HH2 �bT2ii�iBp2X Gö�M�HBbB i2KTQ`�H2 ?� `Bp2H�iQ +?2 HQ bi`�iQ BM+HB@
M�iQ � TBM `B;B/Q `BbT2iiQ �HH� `Q++B� +B`+Qbi�Mi2 2 +?2 [m2biömHiBK� bB /�MM2;;B� /m`�Mi2
BH +�`B+QX G� .A*- �H +QMi`�`BQ- KQbi`� mM� +QM+2Mi`�xBQM2 /B /27Q`K�xBQM2 �HHöBMi2`MQ
/2HHQ bi`�iQ /B i2``2MQ +2K2Mi�iQ 2 bQHQ /27Q`K�xBQMB KBMQ`B M2B /m2 #HQ++?B /B `Q++B�c
BM T�`iB+QH�`2 H� /27Q`K�xBQM2 pQHmK2i`B+� 2pB/2MxB� /BH�i�xBQM2 �HHöBMi2`MQ /2HHQ bi`�iQ
2 +QKT�ii�xBQM2 �B #Q`/B i`� HQ bi`�iQ +2K2Mi�iQ 2 H� `Q++B�X G� iQKQ;`�}� mHi`�bQMB+�
MQM � BM ;`�/Q /B `BbQHp2`2 [m2bi� bi`miim`� TQB+?û H� bm� `BbQHmxBQM2 � �H /B bQiiQ /2HH2
/BK2MbBQMB +QBMpQHi2c [m2bi� i2+MB+� TmÁ imii�pB� 7Q`MB`2 BM7Q`K�xBQMB bmB K2++�MBbKB /B
/27Q`K�xBQM2 +?2 ?�MMQ HmQ;Q M2B /m2 /Bp2`bB K�i2`B�HB, BH 7�iiQ +?2 H� /27Q`K�xBQM2 BM@
/m+� bQHQ 2z2iiB KBMQ`B bmHH� p2HQ+Bi¨ /B T`QT�;�xBQM2 �HHöBMi2`MQ /2HHQ bi`�iQ +2K2Mi�iQ
bm;;2`Bb+2 +?2 [m2bi� /27Q`K�xBQM2 bB� T`2p�H2Mi2K2Mi2 2H�biB+� 2 MQM /�MM2;;B BH K�i2@
`B�H2X �H +QMi`�`BQ H� `Q++B� +B`+Qbi�Mi2 bB /�MM2;;B� MQMQbi�Mi2 H� /27Q`K�xBQM2 +?2 pB
?� HmQ;Q bB� HBKBi�i�X lM� TQbbB#BH2 bTB2;�xBQM2 T2` [m2biQ 72MQK2MQ � /�i� /�HH� `Qiim`�
/2H +2K2MiQ M�im`�H2 +?2 +�mb� HQ b+QHH�K2MiQ /2B ;`�MB- K2Mi`2 BH +2K2MiQ miBHBxx�iQ T2`
7Q`K�`2 HQ bi`�iQ BMi2`MQ � TBM `2bBbi2Mi2 2 MQM bB /�MM2;;B�X

L2HHömHiBKQ +�TBiQHQ bQMQ bi�iB T`2b2Mi�iB B `BbmHi�iB /B T`Qp2 /B +QKT`2bbBQM2 i`B�bbB�H2
2 TB�M� bm /B mM K�i2`B�H2 ;`�MmH�`2 �`iB}+B�HK2Mi2 +2K2Mi�iQ +�`�ii2`Bxx�iQ /� ;`�MB
7`�MimK�#BHBX Gö�M�HBbB K2++�MB+� #�b�i� bmHH2 T`Qp2 i`B�bbB�HB ?� /BKQbi`�iQ +?2 [m2biQ
K�i2`B�H2 �`iB}+B�H2- T`2T�`�iQ BM H�#Q`�iQ`BQ- T`2b2Mi� HQ bi2bbQ +QKTQ`i�K2MiQ K2++�@
MB+Q /2HH2 `Q++2 M�im`�HB /B BMi2`2bb2 T2` [m2biQ H�pQ`Q K� � T`2bbBQMB /B +QM}M�K2MiQ
TBM #�bb2- �++2bbB#BHB �M+?2 +QM �TT�`2++?B�im`2 miBHBxx�i2 T2` HQ bim/BQ /2HH� K2++�MB+�
/2B i2``2MBX LQMQbi�Mi2 bB� bi�i� bi�#BHBi� mM� T`Q+2/m`� T2` H� +2K2Mi�xBQM2 /2B ;`�MB /B
�`;BHH� 2bT�Mb�- +?2 ;�`�MiBb+2 mM #mQM HBp2HHQ /B QKQ;2M2Bi¨ /2H +�KTBQM2- H� iQKQ;`�}�
mHi`�bQMB+� `Bp2H� +?2 BH T`QpBMQ MQM � QKQ;2M2Q K� 2bB#Bb+2 mM� bi`miim`� +?2 � +QMbBb@
i2Mi2 +QM [m2HH� KQbi`�i� /�HH� iQKQ;`�}� � `�;;B sX lM +QM7`QMiQ i`� .A* 2 iQKQ;`�}�
mHi`�bQMB+� BM/B+� +?2 H� p2HQ+Bi¨ /B T`QT�;�xBQM2 bm#Bb+2 BKTQ`i�MiB Kmi�K2MiB � HBp2HHB
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/B +�`B+Q T2` B [m�HB H� .A* MQM 2pB/2MxB� M2bbmM� /27Q`K�xBQM2 �TT`2xx�#BH2X SQB+?û H�
iQKQ;`�}� mHi`�bQMB+� � b2MbB#BH2 �B +�K#B�K2MiB /2HH2 T`QT`B2i¨ 2H�biB+?2- +BQ� �H /�M@
MQ- bB TmÁ +QM+Hm/2`2 +?2 BH HBp2HHQ /B /27Q`K�xBQM2 M2+2bb�`BQ � +�mb�`2 /�MMQ BM [m2biQ
K�i2`B�H2 � BM72`BQ`2 �HH� `BbQHmxBQM2 /2HH� .A*X AMQHi`2 H� iQKQ;`�}� mHi`�bQMB+� b2K#`�
2bb2`2 BM ;`�/Q /B `BH2p�`2 H� xQM� /B T`Q+2bbQ +?2 T`2+2/2 H� 7`�iim`� 2 [mBM/B /B BM/B+�`2
BM �MiB+BTQ H� /B`2xBQM2 /B T`QT�;�xBQM2 /2HH� bi2bb�X

A `BbmHi�iB bT2`BK2Mi�HB 2 H2 Qbb2`p�xBQMB T`2b2Mi�i2 MQM �p`2##2`Q TQimiQ 2bb2`2 Qii2MmiB
mb�M/Q mM� bQH� KBbm`� /B +�KTQ BM [m�MiQ Q;MmM� /B 2bb2 7Q`MBb+2 BM7Q`K�xBQMB /Bp2`b2
2 +QKTH2K2Mi�`B 2 b�`2##2`Q /B +2`iQ bi�iB BM�++2bbB#BHB miBHBxx�M/Q �TT`Q++B i`�/BxBQM�HBX
Zm2biB 2bT2`BK2MiB +QM72`K�MQ [mBM/B +?2 T2` +QKT`2M/2`2 BH +QKTQ`i�K2MiQ K2++�MB+Q
/2B ;2QK�i2`B�HB � M2+2bb�`BQ miBHBxx�`2 mM� +QK#BM�xBQM2 /B i2+MB+?2 +?2 7Q`MBb+�MQ KBbm`2
/B +�KTQX

L2H +�KTQ /2HH� iQKQ;`�}� mHi`�bQMB+�- ;HB 2bT2`BK2MiB ?�MMQ 2pB/2MxB�iQ +QK2 HömbQ /B
mM KQ/2HHQ /B T`QT�;�xBQM2 TBmiiQbiQ +?2 /B mM �Hi`Q /BT2M/� /�H K�i2`B�H2 2 /�HH� bm�
`BbTQbi� K2++�MB+�X S2` Qii2M2`2 BH KB;HBQ` `BbmHi�iQ TQbbB#BH2 � /mM[m2 M2+2bb�`BQ i2bi�`2
imiiB B TQbbB#BHB KQ/2HHB T2` p2`B}+�`2 [m�H2 bB� BH TBM �/2;m�iQ �H +�bQ bT2+B}+QX

a2##2M2 bB�MQ bi�iB �TTQ`i�iB bB;MB}+�iBpB T`Q;`2bbB M2HHömbQ /2HH� iQKQ;`�}� mHi`�bQMB+�
T2` HQ bim/BQ /2HHö2pQHmxBQM2 /2HH� p2HQ+Bi¨ /B T`QT�;�xBQM2 /m`�Mi2 T`Qp2 /B +�`B+Q bm ;2Q@
K�i2`B�HB mHi2`BQ`B bim/B bQMQ M2+2bb�`BX AM T�`iB+QH�`2 Hö�M�HBbB TQi`2##2 2bb2`2 KB;HBQ`�i�
i`�KBi2 HöBMi2;`�xBQM2 /2;HB �``BpB KmHiBTHB- `2bB /BbTQMB#BHB /�HHö�TTHB+�xBQM2 /2H .Qm#H2
"2�K 6Q`KBM;- M2H T`Q+2bbQ /B BMp2`bBQM2 2 /2HHö�MBbQi`QTB� M2B KQ/2HHB /B T`QT�;�xBQM2-
+QK2 bm;;2`BiQ /� *?�TK�M �M/ S`�ii URNNkVc S`�ii �M/ *?�TK�M URNNkVX GömiBHBxxQ
/2HH� iQKQ;`�}� � /QTTB2 /Bz2`2Mx2 Uu�M; 2i �HX- kyRRV TmÁ �Bmi�`2 M2HH� iQKQ;`�}� /B7@
72`2MxB�H2X aB� H2 �M�HBbB bm /�iB bBMi2iB+B +?2 [m2HH2 bm /�iB `2�HB ?�MMQ /BKQbi`�iQ BH
TQi2MxB�H2 /2B ;mb+B /B b2MbB#BHBi¨ Ua2MbBiBpBiv E2`M2HbVc [m2biQ K2iQ/Q � imii�pB� HBKBi�iQ
/�H +�H+QHQ �M�HBiB+Q /2HH2 7mMxBQMB /B :`22M +?2 MQM T2`K2ii2 /B i2M2`2 BM +QMbB/2`�xBQM2
BH +�KTQ /B p2HQ+Bi¨ BMBxB�H2X Gö�TTHB+�xBQM2 bBbi2K�iB+� /B K2iQ/B MmK2`B+B T2` BH +�H@
+QHQ /2B ;mb+B /B b2MbB#BHBi¨ TmÁ �TTQ`i�`2 MQi2pQHB KB;HBQ`�K2MiB �B `BbmHi�iBX lMö�Hi`�
TQbbB#BH2 /B`2xBQM2 T2` BM+`2K2Mi�`2 H� `BbQHmxBQM2 bT�xB�H2 /2HH� iQKQ;`�}� mHi`�bQMB+� �
HömiBHBxxQ /2HH� 7Q`K� +QKTH2i� /2HH2 QM/2 �+[mBbBi2 BMp2+2 +?2 /2H bQHQ i2KTQ /B �``BpQX
G� iQKQ;`�}� /2HHöQM/� +QKTH2i� � bi�i� BKTH2K2Mi�i�- T2` 2b2KTBQ- /� _QK�BM "`QbbB2`
�HHö Aah2``2 U:`2MQ#H2V +QM BH [m�H2 � �iim�HK2Mi2 BM �iiQ mM� +QHH�#Q`�xBQM2X AH H�pQ`Q
+QKTBmiQ bmH ."6 BM [m2biQ i2bB ?� TQ`i�iQ �/ �H+mMB bpBHmTTB M2HHö�TT`Q++BQ +?2 +QMbB/@
2`� H� 7Q`K� +QKTH2i� /2HHöQM/� U"`QbbB2` 2i �HX- kyRyV 2 mHi2`BQ`B `BbmHi�iB bQMQ �ii2bB M2B
T`QbbBKB K2bBX

S2` [m�MiQ `B;m�`/� ;HB 2bT2`BK2MiB p2``¨ 2z2iim�i� mMö�M�HBbB /2ii�;HB�i� /2HH2 T`Qp2 +B@
+HB+?2 BM +QKT`2bbBQM2 TB�M�X AMQHi`2 bB T`2p2/2 Hö�+[mBbBxBQM2 /B QM/2 mHi`�bQMB+?2 /m`�Mi2
2bT2`BK2MiB +?2 T`2p2/�MQ Hö�TTHB+�xBQM2 /B mM� T`2bbBQM2 /B +QM}M�K2MiQ- +QMb2Mi2M/Q
+Qbb HQ bim/BQ /Bz2`2MiB K2++�MBbKB /B /27Q`K�xBQMBX *B bB �bT2ii� +?2 H� iQKQ;`�}� mH@
i`�bQMB+�- BM [m2bi2 +QM/BxBQMB- /B� `BbmHi�iB KB;HBQ`B BM [m�MiQ B T`Q+2bbB /B /27Q`K�xBQM2
MQM /Qp`2##2`Q BKTHB+�`2 7Q`iB /Bb+QMiBMmBi¨ U72bbm`�xBQM2VX AM 2z2iiB- TQB+?û H2 72bbm`2
BKT2/Bb+QMQ H� T`QT�;�xBQM2 /2HH2 QM/2- H2 T`Qp2 MQM +QM}M�i2 `�TT`2b2Mi�MQ HQ b+2M�`BQ
T2;;BQ`2 T2` H� iQKQ;`�}� mHi`�bQMB+�X Gö�TTHB+�xBQM2 /B mM� T`2bbBQM2 /B +QM}M�K2MiQ
bpQH;2`¨ �M+?2 H� 7mMxBQM2 /B �bbB+m`�`2 BH +QMi�iiQ i`� B i`�b/miiQ`B 2 BH T`QpBMQX hmii�pB�

kkk



Hö�+[mBbBxBQM2 /2B b2;M�HB �+mbiB+B BM [m2biB 2bT2`BK2MiB `B+?B2/2 HömiBHBxxQ /B #�``2ii2 /B
i`�b/miiQ`B +?2 TQbb�MQ H�pQ`�`2 bQiiQ T`2bbBQM2 2 +?2 bB�MQ ~2bbB#BHB- BM KQ/Q /� b2;mB`2
H� /27Q`K�xBQM2 /2HH� T�`2i2 /2H T`QpBMQX Zm2biQ iBTQ /B T`Qp2 bT2`BK2Mi�HB `B+?B2/2-
/mM[m2- mM mHi2`BQ`2 bpBHmTTQ i2+MQHQ;B+Q /2;HB bi`mK2MiB +QBMpQHiB K� TmÁ 7Q`MB`2 MmQpB
2 bB;MB}+�iBpB +QMi`B#miB T2` H� +QKT`2MbBQM2 /2H +QKTQ`i�K2MiQ /27Q`K�iBpQ /B `Q++2 2
i2``2MBX

GöQ#B2iiBpQ /2HH2 �M�HBbB bT2`BK2Mi�HB � KB;HBQ`�`2 H� +QKT`2MbBQM2 /2H +QKTQ`i�K2MiQ
K2++�MB+Q 2 /2B K2++�MBbKB +QBMpQHiB M2B T`Q+2bbB /27Q`K�iBpB T2` 7Q`MB`2 MmQpB 2H2K2MiB
T2` H� KQ/2HH�xBQM2 /2B K�i2`B�HB bim/B�iB 2 /�iB T2` H� +�HB#`�xBQM2 /B KQ/2HHB T`22bBbi2MiBX
G� i2+MB+� /2HH� iQKQ;`�}� mHi`�bQMB+�- T`2b2Mi�i� BM [m2bi� i2bB- Qz`2 MmQpB iBTB /B `BbmH@
i�iB miBHB � [m2biQ b+QTQc BM T�`iB+QH�`2 7Q`MBb+2 Hö2pQHmxBQM2 /2HH2 T`QT`B2i¨ 2H�biB+?2 /2H
K�i2`B�H2 �T`2M/Q �HH� TQbbB#BHBi¨ /B +�HB#`�`2 H2;;B +QbiBimiBp2 +?2 i2M;�MQ BM +QMbB/2`@
�xBQM2 [m2biQ iBTQ /B 2pQHmxBQM2X SQB+?û B `BbmHi�iB Qii2MmiB i`�KBi2 iQKQ;`�}� mHi`�bQMB+�
bQMQ KBbm`2 /B +�KTQ � TQbbB#BH2 BMi2;`�`2 M2B KQ/2HHB �M+?2 HöBMi`BMb2+� 2i2`Q;2M2Bi¨ /2B
T`Q+2bbB BM �iiQX aB TmÁ �M+?2 BKK�;BM�`2 mM +QM7`QMiQ TBM /B`2iiQ i`� `BbmHi�iB MmK2`B+B
2 bT2`BK2Mi�HB mb�M/Q mM /�iQ KQ/2HHQ +QbiBimiBpQ- miBHBxx�M/Q T2` 2b2KTBQ mM +Q/B+2 �;HB
2H2K2MiB }MBiB- T2` T`2/B`2 Hö2pQHmxBQM2 /2H +�KTQ /B T`QT`B2i¨ 2H�biB+?2- +?2 TQbb�MQ TQB
2bb2`2 +QKT�`�i2 +QM B +�KTB /B p�`B�xBQMB /B p2HQ+Bi¨ /2`Bp�iB /�HH� iQKQ;`�}� mHi`�bQMB+�X
S2` `B/m``2 B T`Q#H2KB H2;�iB �HH� `BbQHmxBQM2 /2HH� iQKQ;`�}� mHi`�bQMB+� 2 /2;HB �`i27�iiB
T`QT`B /B [m2bi� i2+MB+�- [m2biQ +QM7`QMiQ TQi`2##2 +QBMpQH;2`2 mM +�KTQ /B p2HQ+Bi¨ }i@
iBxBQ- Qii2MmiQ BMp2`i2M/Q B /�iB `B+�p�iB /�HH� bBKmH�xBQM2 /2HH� T`QT�;�xBQM2 /2HH2 QM/2
�ii`�p2`bQ BH +�KTQ /B T`QT`B2i¨ 2H�biB+?2 T`Qp2MB2Mi2 /�H KQ/2HHQX
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"B#HBQ;`�T?v

hQ#B�b "�+F2`bX 6`�+im`2 iQm;?M2bb /2i2`KBM�iBQM �M/ KB+`QK2+?�MB+b Q7 `Q+F mM/2`
KQ/2 A �M/ KQ/2 AA HQ�/BM;X S?. i?2bBb- lMBp2`bBi ib#B#HBQi?2F- kyy8X

CX "�`m+?2H- CXuX "m{2`2- �M/ 1X J�B`2X s@`�v iQKQ;`�T?v BM K�i2`B�H b+B2M+2X kyyyX

CX:X "2``vK�MX G2+im`2 MQi2b QM MQMHBM2�` BMp2`bBQM �M/ iQKQ;`�T?v, R- #Q`2?QH2 b2BbKB+
iQKQ;`�T?vX h2+?MB+�H `2TQ`i- G�r`2M+2 GBp2`KQ`2 L�iBQM�H G�#X- *� UlMBi2/ ai�i2bV-
RNNRX

S "ûbm2HH2- C .2b`m2b- �M/ a _�vM�m/X 1tT2`BK2Mi�H +?�`�+i2`Bb�iBQM Q7 i?2 HQ+�HBb�iBQM
T?2MQK2MQM BMbB/2 � pQb;2b b�M/biQM2 BM � i`B�tB�H +2HHX AMi2`M�iBQM�H CQm`M�H Q7 _Q+F
J2+?�MB+b �M/ JBMBM; a+B2M+2b- jdU3V,Rkkj�Rkjd- kyyyX

S "Qm2- S _Qmt- J *�KTBHHQ- �M/ " /2 *�[m2`�vX .Qm#H2 #2�K7Q`KBM; T`Q+2bbBM; BM �
b2BbKB+ T`QbT2+iBM; +QMi2tiX AM �:l 6�HH J22iBM; �#bi`�+ib- pQHmK2 R- T�;2 yj- kyRRX

_X "`QbbB2`X hrQ@/BK2MbBQM�H 7`2[m2M+v@/QK�BM pBb+Q@2H�biB+ 7mHH r�p27Q`K BMp2`bBQM,
S�`�HH2H �H;Q`Bi?Kb- QTiBKBx�iBQM �M/ T2`7Q`K�M+2X *QKTmi2`b � :2Qb+B2M+2b- jd
U9V,999 � 988- kyRRX AaaL yyN3@jyy9X /QB, RyXRyRefDX+�;2QXkyRyXyNXyRjX l_G
?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyN3jyy9RyyyjkjdX

_ "`QbbB2`- S _Qmt- 1 hm/Bb+Q- �M/ a >�HHX a2BbKB+ BK�;BM; #v /Qm#H2 #2�K7Q`KBM; 7mHH
r�p27Q`K BMp2`bBQMX AM �:l 6�HH J22iBM; �#bi`�+ib- pQHmK2 R- T�;2 ky9d- kyRyX

_QK�BM "`QbbB2`- aiûT?�M2 PT2`iQ- �M/ C2�M oB`B2mtX a2BbKB+ BK�;BM; Q7 +QKTH2t QMb?Q`2
bi`m+im`2b #v k/ 2H�biB+ 7`2[m2M+v@/QK�BM 7mHH@r�p27Q`K BMp2`bBQMX :2QT?vbB+b- d9UeV,
q**Ry8�q**RR3- kyyNX

_X "mii2`}2H/- _XJX >�`FM2b- �M/ EXwX �M/`�r2bX � bi2`2QT?QiQ;`�KK2i`+ K2i?Q/ 7Q`
K2�bm`BM; /BbTH�+2K2Mib }2H/bX :ûQi2+?MB[m2- kNUjV,jy3�jR9- RNdyX

*> *?�TK�M �M/ _: S`�iiX h`�p2HiBK2 iQKQ;`�T?v BM �MBbQi`QTB+ K2/B��BX i?2Q`vX
:2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RyNURV,R�RN- RNNkX

1XJX *?�`�H�KTB/QmX 1tT2`BK2Mi�H aim/v Q7 GQ+�HBb2/ .27Q`K�iBQM BM SQ`Qmb a�M/biQM2bX
S?. i?2bBb- >2`BQi q�ii lMBp2`bBiv �M/ lMBp2`bBiû /2 :`2MQ#H2- kyRRX

"2MQBi .2 *�+[m2`�v- S?BHBTT2 _Qmt- JB+?2H *�KTBHHQ- ai27�M *�i?2HBM2- �M/ SB2``2 "Qm2X
1H�biB+@r�p2 B/2MiB}+�iBQM �M/ 2ti`�+iBQM i?`Qm;? �``�v T`Q+2bbBM;, �M 2tT2`BK2Mi�H
BMp2biB;�iBQM �i i?2 H�#Q`�iQ`v b+�H2X CQm`M�H Q7 �TTHB2/ :2QT?vbB+b- d9UkV,3R�33- kyRRX
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_B�bbmMiQ BM Bi�HB�MQ

CX .2b`m2bX G� HQ+�HBb�iBQM /2 H� /û7Q`K�iBQM /�Mb H2b K�iû`B�mt ;`�MmH�B`2bX S?. i?2bBb-
laJ: �M/ ALS:- :`2MQ#H2- 6`�M+2- RN39X

CX .2b`m2b �M/ "X .mi?BHH2mHX J2�bm`2K2Mi Q7 i?2 bi`�BM }2H/ Q7 � TH�M2 Q#D2+i #v i?2
7�Hb2@`2HB27 bi2`2QT?QiQ;`�KK2i`B+ K2i?Q/X CQm`M�H /2 K2+�MB[m2 i?2Q`B[m2 2i �TTHB[m22-
jURV,dN�Ryj- RN39X

CX .2b`m2b �M/ :X oB;;B�MBX ai`�BM HQ+�HBx�iBQM BM b�M/, �M Qp2`pB2r Q7 i?2 2tT2`BK2Mi�H
`2bmHib Q#i�BM2/ BM ;`2MQ#H2 mbBM; bi2`2QT?QiQ;`�KK2i`vX AMi2`M�iBQM�H CQm`M�H 7Q`
LmK2`B+�H �M/ �M�HviB+�H J2i?Q/b BM :2QK2+?�MB+b- k3U9V,kdN�jkR- kyy9X

CX .2b`m2b- :X oB;;B�MB- �M/ SX "2bm2HH2X �/p�M+2b BM s@`�v hQKQ;`�T?v 7Q` :2QK�i2`B�HbX
qBH2v PMHBM2 GB#`�`v- kyyeX

AXPX :2Q`;QTQmHQb �M/ AX o�`/QmH�FBbX *Q``2+iBQMb QM i?2 bT2+BK2M pQHmK2 +?�M;2 �M/
�tB�H 7Q`+2 BM i?2 rvF2?�K 7�``�M+2 r7RRyyRfbM, Ryyk8d@N i`B�tB�H +2HHX kyy8X

aX�X >�HHX .B;Bi�H BK�;2 +Q`2H�iBQM BM 2T2`BK2Mi�H ;2QK2+?�MB+bX AM :X oB;;B�MB- aX�X
>�HH- �M/ 1X _QK2`Q- 2/BiQ`b- �G1_h .Q+iQ`�H b+?QQH kyRk @ �/p�M+2/ 2tT2`BK2Mi�H
i2+?MB[m2b BM ;2QK2+?�MB+b- T�;2b eN�RykX h?2 �HHB�M+2 Q7 G�#Q`�iQ`B2b BM 1m`QT2 7Q`
_2b2�`+? �M/ h2+?MQHQ;v- kyRkX Aa"L Nd3@j@yy@yjNe3j@yX

aX�X >�HH �M/ 1X hm/Bb+QX 6mHH@}2H/ mHi`�bQMB+ K2�bm`2K2Mi UmHi`�bQMB+ iQKQ;`�T?vV BM
2tT2`BK2Mi�H ;2QK2+?�MB+bX AM :X oB;;B�MB- aX�X >�HH- �M/ 1X _QK2`Q- 2/BiQ`b- �G1_h
.Q+iQ`�H b+?QQH kyRk @ �/p�M+2/ 2tT2`BK2Mi�H i2+?MB[m2b BM ;2QK2+?�MB+bX h?2 �HHB�M+2
Q7 G�#Q`�iQ`B2b BM 1m`QT2 7Q` _2b2�`+? �M/ h2+?MQHQ;v- kyRkX Aa"L Nd3@j@yy@yjNe3j@yX

aX�X >�HH- :X oB;;B�MB- 1XJX *?�`�H�KTB/Qm- SX "ûbm2HH2- �M/ *X _Qmbb2�mX *�`�+iû`Bb�@
iBQM /2 Hö2M/QKK�;2K2Mi HQ+�HBbû /�Mb H2b ;ûQK�iû`B�mt ¨ Hö�B/2 /2b QM/2b mHi`�bQMQ`2b
2M +QM/BiBQMb /2 H�#Q`�iQB`2X AM R3�K2 *QM;`�b 6`�MÏ�Bb /2 Jû+�MB[m2- :`2MQ#H2- kd@jR
�Q?i- kyydX

aX�X >�HH- 1X *?�`�H�KTB/Qm- 1X hm/Bb+Q- SX _Qmt- �M/ :X oB;;B�MBX 6mHH@}2H/ H�#Q`�@
iQ`v BK�;BM; Q7 HQ+�HBb2/ /27Q`K�iBQM BM b�M/biQM2X AM dkM/ Ji;X- 1m`X �bbQ+X 1tTHQ`X
:2QT?vbX 1tT�M/2/ �#bi`�+ib- T�;2b RN3k�RN3e- kyRy�X

aX�X >�HH- .X JmB` qQQ/- 1X A#`�BK- �M/ :X oB;;B�MBX GQ+�HBb2/ /27Q`K�iBQM T�ii2`MBM;
BM k/ ;`�MmH�` K�i2`B�Hb `2p2�H2/ #v /B;Bi�H BK�;2 +Q``2H�iBQMX :`�MmH�` K�ii2`- RkURV,
R�R9- kyRy#X

ai2T?2M � >�HHX q?2M ;2QT?vbB+b K2i ;2QK2+?�MB+b, AK�;BM; Q7 ;2QK2+?�MB+�H T`QT2`iB2b
�M/ T`Q+2bb2b mbBM; 2H�biB+ r�p2bX AM J2+?�MB+b Q7 L�im`�H aQHB/b- T�;2b R9d�Rd8X
aT`BM;2`- kyyNX

AX Aim`#2X hQKQ;`�T?B2 �+QmbiB[m2 ?�mi2 `ûbQHmiBQM /�Mb mM ;mB/2 /öQM/2 Q+û�MB[m2X S?.
i?2bBb- AMbiBimi L�iBQM�H SQHvi2+?MB[m2 /2 :`2MQ#H2@ALS:- kyRyX

AX Aim`#2- SX _Qmt- CX oB`B2mt- �M/ "X LB+QH�bX h`�p2H@iBK2 b2MbBiBpBiv F2`M2Hb p2`bmb /Bz`�+@
iBQM T�ii2`Mb Q#i�BM2/ i?`Qm;? /Qm#H2 #2�K@7Q`KBM; BM b?�HHQr r�i2`X h?2 CQm`M�H Q7
i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�- Rke,dRj- kyyN�X

kke



AQM Aim`#2- S?BHBTT2 _Qmt- "�`#�`� LB+QH�b- C2�M oB`B2mt- �M/ Cû`¬K2 A J�`bX a?�HHQr@
r�i2` �+QmbiB+ iQKQ;`�T?v T2`7Q`K2/ 7`QK � /Qm#H2@#2�K7Q`KBM; �H;Q`Bi?K, bBKmH�@
iBQM `2bmHibX P+2�MB+ 1M;BM22`BM;- A111 CQm`M�H Q7- j9UkV,R9y�R9N- kyyN#X

>XJX Av2` �M/ EX >B`�?�`�X a2BbKB+ iQKQ;`�T?v, i?2Q`v �M/ T`�+iB+2X *?�TK�M
� >�HH- RNNjX Aa"L Nd3y9RkjdRNy8X l_G ?iiT,ff#QQFbX;QQ;H2XBif#QQFb\B/4

FKk_o83@NmJ*X

_X�X E2i+?�K �M/ qX.X *�`HbQMX �+[mBbBiBQM- QTiBKBx�iBQM �M/ BMi2`T`2i�iBQM Q7 t@
`�v +QKTmi2/ iQKQ;`�T?B+ BK�;2`v, �TTHB+�iBQMb iQ i?2 ;2Qb+B2M+2bX *QKTmi2`b �
:2Qb+B2M+2b- kdU9V,j3R�9yy- kyyRX

CQ+?2M > Em`x- *?`BbiB�M l :`Qbb2- �M/ >�Mb@qQH7 _2BM?�`/iX ai`�i2;B2b 7Q` `2HB�#H2
�miQK�iB+ QMb2i iBK2 TB+FBM; Q7 �+QmbiB+ 2KBbbBQMb �M/ Q7 mHi`�bQmM/ bB;M�Hb BM +QM+`2i2X
lHi`�bQMB+b- 9jUdV,8j3�89e- kyy8X

So G�/2X �miQK�iB+ pQHmK2 +?�M;2 �M/ T`2bbm`2 K2�bm`2K2Mi /2pB+2b 7Q` i`B�tB�H i2biBM;
Q7 bQBHbX �ahJ :2Qi2+?MB+�H h2biBM; CQm`M�H- RRU9V- RN33X

:`û;QB`2 G2 hQmxû- "�`#�`� LB+QH�b- Cû`¬K2 A J�`b- S?BHBTT2 _Qmt- �M/ "2MQBi Pm/QK@
T?2M;X .Qm#H2@+�TQM �M/ /Qm#H2@KmbB+�H 7Q` �``Bp�H b2T�`�iBQM �M/ Q#b2`p�#H2 2biBK�@
iBQM BM �M �+QmbiB+ r�p2;mB/2X 1l_�aAS CQm`M�H QM �/p�M+2b BM aB;M�H S`Q+2bbBM;-
kyRkURV,R�Rj- kyRkX

CQM;@am# G22- �K2`B+Q G 62`M�M/2x- �M/ C *�`HQb a�Mi�K�`BM�X a@r�p2 p2HQ+Biv iQ@
KQ;`�T?v, bK�HH@b+�H2 H�#Q`�iQ`v �TTHB+�iBQMX :2Qi2+?MB+�H h2biBM; CQm`M�H- k3U9V,R�N-
kyy8X

CXaX G22 �M/ CX*X a�Mi�K�`BM�X "2M/2` 2H2K2Mib, T2`7Q`K�M+2 �M/ bB;M�H BMi2`T`2i�iBQMX
CQm`M�H Q7 :2Qi2+?MB+�H �M/ :2Q2MpB`QMK2Mi�H 1M;BM22`BM;- RjRUNV,Ryej�Rydy- kyy8X

LX G2MQB`X �/p�M+2/ 2tT2`BK2Mi�H ;2QK2+?�MB+b +Qm`b2 MQi2b @t@`�v iQKQ;`�T?v- MQi2-
kyy3X

uXhX GQ �M/ aXqX G22X �Mi2MM� >�M/#QQF, �Mi2MM� i?2Q`vX �Mi2MM� >�M/#QQFX
aT`BM;2`- RNNjX Aa"L Nd3y99kyR8NjyX l_G ?iiT,ff#QQFbX;QQ;H2XBif#QQFb\B/4

mtZSk_7p99J*X

_X>XuX GQmB2- uX GB- >X�X am`�r22`�- �M/ "X om+2iB+X S2`7Q`K�M+2 �M�HvbBb Q7 #2�K7Q`K@
BM; BM irQ ?QT �KTHB7v �M/ 7Q`r�`/ `2H�v M2irQ`Fb rBi? �Mi2MM� +Q``2H�iBQMX qB`2H2bb
*QKKmMB+�iBQMb- A111 h`�Mb�+iBQMb QM- 3UeV,jRjk�jR9R- kyyNX

*X J�`�M/2iX .ûi2+iBQM 2i HQ+�HBb�iBQM /2 +B#H2 2M ;mB/2 /öQM/2 , �TTHB+�iBQM �m +QM+2Ti
/2 #�``B�`2 �+QmbiB[m2 ¨ Höû+?2HH2 /m H�#Q`�iQB`2X S?. i?2bBb- lMBp2`bBiû /2 :`2MQ#H2-
kyRRX

*?`BbiB�M J�`�M/2i- S?BHBTT2 _Qmt- "�`#�`� LB+QH�b- �M/ Cû`¬K2 J�`bX h�`;2i /2i2+iBQM
�M/ HQ+�HBx�iBQM BM b?�HHQr r�i2`, �M 2tT2`BK2Mi�H /2KQMbi`�iBQM Q7 i?2 �+QmbiB+ #�``B2`
T`Q#H2K �i i?2 H�#Q`�iQ`v b+�H2X h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�- RkN
URV,38�Nd- kyRRX

kkd



_B�bbmMiQ BM Bi�HB�MQ

>X J�`[m2`BM;- :X LQH2i- �M/ 6� .�?H2MX h?`22@/BK2MbBQM�H r�p27Q`K b2MbBiBpBiv F2`M2HbX
:2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RjkUjV,8kR�8j9- RNN3X

>X J�`[m2`BM;- 6� .�?H2M- �M/ :X LQH2iX h?`22@/BK2MbBQM�H b2MbBiBpBiv F2`M2Hb 7Q` }MBi2@
7`2[m2M+v i`�p2HiBK2b, i?2 #�M�M��/Qm;?Mmi T�`�/QtX :2QT?vbB+�H CQm`M�H AMi2`M�@
iBQM�H- RjdUjV,3y8�3R8- RNNNX

6X J22b- _X ar2MM2M- JX o�M :22i- �M/ SX C�+Q#bX �TTHB+�iBQMb Q7 t@`�v +QKTmi2/
iQKQ;`�T?v BM i?2 ;2Qb+B2M+2bX :2QHQ;B+�H aQ+B2iv- GQM/QM- aT2+B�H Sm#HB+�iBQMb- kR8
URV,R�e- kyyjX

_m/`�DBi JBi`� �M/ 1 q2biK�MX AMp2biB;�iBQM Q7 i?2 bi`2bb BK�;BM; BM `Q+F b�KTH2b mbBM;
MmK2`B+�H KQ/2HBM; �M/ H�#Q`�iQ`v iQKQ;`�T?vX AMi2`M�iBQM�H CQm`M�H Q7 :2Qi2+?MB+�H
1M;BM22`BM;- jU9V,8Rd- kyyNX

"�`#�`� LB+QH�b- AQM Aim`#2- S?BHBTT2 _Qmt- �M/ C2`QK2 A J�`bX .Qm#H2 7Q`K�iBQM /2
pQB2b TQm` H� bûT�`�iBQM 2i HöB/2MiB}+�iBQM /öQM/2b, �TTHB+�iBQMb 2M +QMi2ti2 7Q`i2K2Mi
#`mBiû 2i ¨ H� +�KT�;M2 7�7yjX haX h`�Bi2K2Mi /m bB;M�H- k8U9V,kNj�jy9- kyy3X

CX Pi�MB �M/ uX P#�`�X s`�v *h 7Q` :2QK�i2`B�Hb, aQBHb- *QM+`2i2- _Q+Fb AMi2`M�iBQM�H
qQ`Fb?QT QM s`�v *h 7Q` :2QK�i2`B�Hb- EmK�KQiQ- C�T�MX h�vHQ` � 6`�M+Bb- kyy9X

:a SBT2`�FBb- 1E aF�`bQmHBb- �M/ :L J�F`�FBbX _viQp �TT`QtBK�iBQM Q7 iQKQ;`�T?B+
`2+2TiBQMb BM r2�FHv `�M;2@/2T2M/2Mi Q+2�M 2MpB`QMK2MibX h?2 CQm`M�H Q7 i?2 �+QmbiB+�H
aQ+B2iv Q7 �K2`B+�- Rky,Rky- kyyeX

_: S`�ii �M/ *> *?�TK�MX h`�p2HiBK2 iQKQ;`�T?v BM �MBbQi`QTB+ K2/B��BBX �TTHB+�@
iBQMX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RyNURV,ky�jd- RNNkX

CXqXaX _�vH2B;?X h?2 h?2Q`v Q7 aQmM/, AM k oQHX LmK#2` pX RX J�+KBHH�M- RN99X Aa"L
Nd3y93eeykNkNX l_G ?iiT,ff#QQFbX;QQ;H2XBif#QQFb\B/4p9La�HbhrMZ*X

GX _2bi�BMQX *?�`�+i2`BxBM; bi`�BM HQ+�HBx�iBQM BM b�M/biQM2 #v 7mHH }2H/ K2�bm`2K2MibX
J�bi2`öb i?2bBb- lMBp2`bBiû CQb2T? 6Qm`B2` � :`2MQ#H2 ALS- kyy3X

EX>X _Qb+Q2X h?2 BM~m2M+2 Q7 bi`�BMb BM bQBH K2+?�MB+bX :2Qi2+?MB[m2- kyUkV,RkN�Rdy-
RNdyX

EX>X _Qb+Q2- CX_X6X �`i?m`- �M/ _X:X C�K2bX .2i2`KBM�iBQM Q7 bi`�BMb BM bQBHb #v t@`�v
K2i?Q/X *BpX 1M;X Sm#HB+ qQ`Fb _2pX- 83,3dj�3de-RyyN�RyRk- RNejX

S?BHBTT2 _Qmt- "`m+2 .X *Q`Mm2HH2- qX �X EmT2`K�M- �M/ qX aX >Q/;FBbbX h?2 bi`m+im`2
Q7 `�vHBF2 �``Bp�Hb BM � b?�HHQr@r�i2` r�p2;mB/2X h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv
Q7 �K2`B+�- Rk9UeV,j9jy�j9jN- kyy3X /QB, RyXRRkRfRXkNNejjyX l_G ?iiT,ffHBMFX�BTX

Q`;fHBMFf\C�afRk9fj9jyfRX

CX*X a�Mi�K�`BM� �M/ .X 6`�ii�X .Bb+`2i2 aB;M�Hb �M/ AMp2`b2 S`Q#H2Kb, �M AMi`Q/m+iBQM
7Q` 1M;BM22`b �M/ a+B2MiBbibX CQ?M qBH2v � aQMb- kyyeX Aa"L Nd3y9dyykR33yX l_G
?iiT,ff#QQFbX;QQ;H2XBif#QQFb\B/4MT#"ndQ+P8+*X

kk3



CBi a�`F�`- *?`BbiB�M J�`�M/2i- S?BHBTT2 _Qmt- a?�M2 q�HF2`- "`m+2 . *Q`Mm2HH2- �M/
q� EmT2`K�MX a2MbBiBpBiv F2`M2H 7Q` bm`7�+2 b+�ii2`BM; BM � r�p2;mB/2X h?2 CQm`M�H
Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�- RjR,RRR- kyRkX

h1 a+Qii �M/ uQmM�M2 �#QmbH2BK�MX �+QmbiB+�H BK�;BM; �M/ K2+?�MB+�H T`QT2`iB2b Q7
bQ7i `Q+F �M/ K�`BM2 b2/BK2Mib, 6BM�H i2+?MB+�H `2TQ`iO R8jykX .2T�`iK2Mi Q7 1M2`;v
U.P1 �r�`/ LmK#2`, .1@6*ke@yR"*R8jykV- kyy9X

CX�X a2i?B�M �M/ �XJX SQTQpB+BX j@/ i`�p2HiBK2 +QKTmi�iBQM mbBM; i?2 7�bi K�`+?BM;
K2i?Q/X :2QT?vbB+b- e9UkV,8Re�8kj- RNNNX

1E aF�`bQmHBb �M/ ". *Q`Mm2HH2X h`�p2H@iBK2 b2MbBiBpBiv F2`M2Hb BM Q+2�M �+QmbiB+ iQKQ;@
`�T?vX h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�- RRe,kkd- kyy9X

1KK�Mm2H aF�`bQmHBb �M/ "`m+2 *Q`Mm2HH2X h`�p2H@iBK2 b2MbBiBpBiv F2`M2Hb BM HQM;@`�M;2
T`QT�;�iBQMX h2+?MB+�H `2TQ`i- .hA* .Q+mK2Mi- kyydX

JX aH�M2v �M/ �X E�FX S`BM+BTH2b Q7 +QKTmi2`Bx2/ iQKQ;`�T?B+ BK�;BM;X aA�J- S?BH�/2H@
T?B�- RN33X

CmHBmb PX aKBi?X aT2+i`�H �m/BQ aB;M�H S`Q+2bbBM;X ?iiT,ff++`K�Xbi�M7Q`/X2/mf(DQbf@

b�bTf- kyRkX QMHBM2 #QQFX

1X hm/Bb+QX li`�bQMB+ �M/ t@`�v iQKQ;`�T?B2b iQ bim/v HQ+�HBx2/ /27Q`K�iBQM BM b�M/biQM2X
J�bi2`öb i?2bBb- lMBp2`bBiû CQb2T? 6Qm`B2` � :`2MQ#H2 ALS- kyyNX

1X hm/Bb+QX �`iB+B�H `Q+F b�KTH2 T`2T�`�iBQMX h2+?MB+�H `2TQ`i- kyRj�X

1X hm/Bb+QX hm/BHQ;- mb2` K�Mm�HX h2+?MB+�H `2TQ`i- kyRj#X

1X hm/Bb+QX liQKQ- mb2` K�Mm�HX h2+?MB+�H `2TQ`i- kyRj+X

aX hm`F�v�X AKT`Qp2K2Mib iQ mHi`�bQMB+ /�i� �M�HvbBb 7Q` 7mHH }2H/ /�K�;2 2pQHmiBQM
K�TTBM; BM bQ7i `Q+FbX J�bi2`öb i?2bBb- lMBp2`bBiû CQb2T? 6Qm`B2` � :`2MQ#H2 ALS- kyRkX

JX�X o�M a+?��+FX *�H+mH�iBM; 7`2bM2H xQM2b 7Q` +`Qbbr2HH iQKQ;`�T?vX U8,T�T2` *V- RNN9X

.q o�b+Q �M/ 1G J�D2`X q�p2T�i? i`�p2HiBK2 iQKQ;`�T?vX :2QT?vbB+�H CQm`M�H AMi2`@
M�iBQM�H- RR8UjV,Ry88�RyeN- RNNjX

:X oB;;B�MB �M/ aX�X >�HHX 6mHH@}2H/ K2�bm`2K2Mib- � M2r iQQH 7Q` H�#Q`�iQ`v 2tT2`BK2Mi�H
;2QK2+?�MB+bX kyy3X

:X oB;;B�MB- aX�X >�HH- �M/ 1X _QK2`Q- 2/BiQ`bX �G1_h .Q+iQ`�H b+?QQH kyRk @ �/p�M+2/
2tT2`BK2Mi�H i2+?MB[m2b BM ;2QK2+?�MB+bX h?2 �HHB�M+2 Q7 G�#Q`�iQ`B2b BM 1m`QT2 7Q`
_2b2�`+? �M/ h2+?MQHQ;v- kyRkX

:XJX"X oB;;B�MB �M/ CX>X �iFBMbQMX AMi2`T`2i�iBQM Q7 #2M/2` 2H2K2Mi i2bibX AM AMi2`M�@
iBQM�H CQm`M�H Q7 _Q+F J2+?�MB+b �M/ JBMBM; a+B2M+2b �M/ :2QK2+?�MB+b �#bi`�+ib-
pQHmK2 jk- T�;2b jdj��jdj�X 1Hb2pB2`- RNN8�X

kkN



_B�bbmMiQ BM Bi�HB�MQ

:XJX"X oB;;B�MB �M/ CX>X �iFBMbQMX aiBzM2bb Q7 }M2@;`�BM2/ bQBH �i p2`v bK�HH bi`�BMbX
:2Qi2+?MB[m2- 98UkV,k9N�ke8- RNN8#X

C2�M oB`B2mt �M/ aiûT?�M2 PT2`iQX �M Qp2`pB2r Q7 7mHH@r�p27Q`K BMp2`bBQM BM 2tTHQ`�iBQM
;2QT?vbB+bX :2QT?vbB+b- d9UeV,q**R�q**ke- kyyNX

JX qQQ/r�`/X q�p2@2[m�iBQM iQKQ;`�T?vX :2QT?vbB+b- 8d,R8�ke- RNNkX

.B u�M;- JB+?�2H 62?H2`- �HBbQM J�H+QHK- �M/ GB�MDB2 >m�M;X *�`#QM b2[m2bi`�iBQM
KQMBiQ`BM; rBi? �+QmbiB+ /Qm#H2@/Bz2`2M+2 r�p27Q`K BMp2`bBQM, � +�b2 bim/v QM b�+`Q+
r�HF�r�v pbT /�i�X AM a1:- 1tT�M/2/ �#bi`�+ib- pQHmK2 jy- T�;2b 9kdj�9kdd- kyRRX
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