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:�#`B2H E`2BK�M- .�pB/ *Qt- S�pHQb S`QiQT�T�b E2pBM qm

G2�`MBM; a+2M2 :Bbi iQ AKT`Qp2 P#D2+i _2+Q;MBiBQM BM
*QMpQHmiBQM�H L2m`�H L2irQ`Fb

�#bi`�+i

�/p�M+2K2Mib BM +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbV ?�p2 K�/2 bB;@

MB}+�Mi bi`B/2b iQr�`/ �+?B2pBM; ?B;? T2`7Q`K�M+2 H2p2Hb QM Q#D2+i `2+Q;MB@

iBQM i�bFbX >Qr2p2`- BM i?2 `2�H rQ`H/- Q#D2+ib �`2 �HKQbi �Hr�vb T`2b2Mi2/

rBi?BM b+2M2b rBi? Qi?2` T2QTH2 �M/ Q#D2+ibX q?BH2 bQK2 �TT`Q�+?2b miBHBx2

BM7Q`K�iBQM 7`QK i?2 2MiB`2 b+2M2 iQ T`QTQb2 `2;BQMb Q7 BMi2`2bi- i?2 i�bF Q7

BMi2`T`2iBM; � T�`iB+mH�` `2;BQM Q` Q#D2+i Bb biBHH T2`7Q`K2/ BM/2T2M/2MiHv Q7

Qi?2` Q#D2+ib �M/ 72�im`2b BM i?2 BK�;2X >2`2 r2 /2KQMbi`�i2 i?�i � b+2M2Ƕb

Ƕ;BbiǶ +�M bB;MB}+�MiHv +QMi`B#mi2 iQ ?Qr r2HH ?mK�Mb +�M `2+Q;MBx2 Q#D2+ibX

h?2b2 }M/BM;b �`2 +QMbBbi2Mi rBi? i?2 MQiBQM i?�i ?mK�Mb 7Qp2�i2 QM �M

Q#D2+i �M/ BM+Q`TQ`�i2 BM7Q`K�iBQM 7`QK i?2 T2`BT?2`v iQ �B/ BM `2+Q;MBiBQMX

q2 mb2 � #BQHQ;B+�HHv BMbTB`2/ irQ@T�`i +QMpQHmiBQM�H M2m`�H M2irQ`F i?�i

KQ/2Hb i?2 7Qp2� �M/ T2`BT?2`v iQ T`QpB/2 � T`QQ7@Q7@T`BM+BTH2 /2KQMbi`�@

iBQM i?�i +QKTmi�iBQM�H Q#D2+i `2+Q;MBiBQM +�M bB;MB}+�MiHv #2M2}i 7`QK i?2

;Bbi Q7 i?2 b+2M2 �b +QMi2tim�H BM7Q`K�iBQMX Pm` KQ/2H vB2H/b �++m`�+v BK@

T`Qp2K2Mib Q7 mT iQ 8yW BM +2`i�BM Q#D2+i +�i2;Q`B2b r?2M BM+Q`TQ`�iBM;

+QMi2tim�H ;Bbi- r?BH2 QMHv BM+`2�bBM; i?2 Q`B;BM�H KQ/2H bBx2 #v 8WX h?Bb

T`QTQb2/ KQ/2H KB``Q`b Qm` BMimBiBQM �#Qmi ?Qr i?2 ?mK�M pBbm�H bvbi2K

`2+Q;MBx2b Q#D2+ib- bm;;2biBM; bT2+B}+ #BQHQ;B+�HHv TH�mbB#H2 +QMbi`�BMib iQ

BKT`Qp2 K�+?BM2 pBbBQM �M/ #mBH/BM; BMBiB�H bi2Tb iQr�`/b i?2 +?�HH2M;2 Q7

b+2M2 mM/2`bi�M/BM;X

BBB



*QMi2Mib

R AMi`Q/m+iBQM R

k "�+F;`QmM/ 9
kXR hvT2b Q7 *QMi2tim�H AM7Q`K�iBQM X X X X X X X X X X X X X X X X 8

kXRXR a2K�MiB+ *QMi2ti X X X X X X X X X X X X X X X X X X X X e
kXRXk aT�iB�H *QMi2ti X X X X X X X X X X X X X X X X X X X X X X e
kXRXj a+�H2 *QMi2ti X X X X X X X X X X X X X X X X X X X X X X X d

kXk 6Qp2�H �M/ S2`BT?2`�H oBbBQM X X X X X X X X X X X X X X X X X X d
kXkXR S2`BT?2`�H oBbBQM X X X X X X X X X X X X X X X X X X X X X 3
kXkXk h?2 :Bbi Q7 � a+2M2 X X X X X X X X X X X X X X X X X X X N

kXj _QH2 Q7 *QMi2ti BM *LLb X X X X X X X X X X X X X X X X X X X X N

j J2i?Q/b RR
jXR .�i�b2i X X X X X X 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
jXk "2?�pBQ`�H 1tT2`BK2Mib X X X X X X X X X X X X X X X X X X X X X Rk
jXj *QKTmi�iBQM�H JQ/2H Q7 a+2M2 :Bbi X X X X X X X X X X X X X X R9

jXjXR 6Qp2� bm#@M2irQ`F 7Q` Q#D2+i `2+Q;MBiBQM X X X X X X X X R9
jXjXk S2`BT?2`v bm#@M2irQ`F 7Q` +QMi2tim�H KQ/mH�iBQM X X X Re
jXjXj h`�BMBM; X X X X X X X X X X X X X X X X X X X X X X X X X X Rd
jXjX9 1p�Hm�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 Rd

9 _2bmHib R3
9XR >mK�M P#D2+i _2+Q;MBiBQM AKT`Qp2b qBi? *QMi2ti X X X X X R3

9XRXR JBMBK�H *QMi2ti *QM/BiBQM X X X X X X X X X X X X X X X R3
9XRXk 6mHH *QMi2ti *QM/BiBQM X X X X X X X X X X X X X X X X X RN
9XRXj *QMi`B#miBQM Q7 *QMi2ti AM+`2�b2b 6Q` aK�HH P#D2+ib X ky

Bp



9Xk :BbiL2i *�Tim`2b :Bbi@GBF2 *QMi2ti X X X X X X X X X X X X X X kk
9XkXR lM/2`bi�M/BM; q?2M hQ lb2 *QMi2ti X X X X X X X X X kj
9XkXk :`�/B2Mi@"�b2/ AMi2`T`2i�iBQM Q7 :Bbi X X X X X X X X X k9
9XkXj _Q#mbiM2bb iQ "Hm``BM; X X X X X X X X X X X X X X X X X ke
9XkX9 G2�`MBM; _2T`2b2Mi�iBQMb Q7 a2K�MiB+ *QMi2ti X X X X kd

8 *QM+HmbBQM jy
8XyXR GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X jR
8XyXk �TTHB+�iBQM iQ bi�i2@Q7@i?2@�`i KQ/2Hb X X X X X X X X X jk

p



h?Bb i?2bBb Bb /2/B+�i2/ iQ Kv 7�KBHv- r?Q ?�b bmTTQ`i2/ K2
2M/H2bbHv /m`BM; Kv iBK2 �i >�`p�`/X

pB



�+FMQrH2/;K2Mib

A r�Mi iQ i?�MF S`Q72bbQ` :�#`B2H E`2BK�M 7Q` ?Bb bi2�/v bmTTQ`i Q7 Kv
T�bbBQM 7Q` `2b2�`+? BM +QKTmi2` pBbBQM �M/ M2m`Qb+B2M+2X A �HbQ r�Mi iQ
2tT`2bb Kv ;`�iBim/2 7Q` S`Q72bbQ` .�pB/ *Qt QM ?Bb �/pB+2 �M/ bmTTQ`i 7Q`
Kv `2b2�`+? �M/ 7Q` T`QpB/BM; BMp�Hm�#H2 +QKTmi2 `2bQm`+2b 7Q` Kv #`Qi?2`
1`B+ �M/ AX 6BM�HHv- A i?�MF S�pHQb S`QiQT�T�b �M/ A�*a 7Q` ?�pBM; K2
bim/v �M/ `2b2�`+? �i >�`p�`/ BM i?2 }`bi TH�+2X A `2�HHv �TT`2+B�i2 �HH i?2
2M+Qm`�;2K2Mi �M/ ;mB/�M+2 vQm ?�p2 �HH T`QpB/2/X

pBB



1
AMi`Q/m+iBQM

P#b2`p2`b +�M `�TB/Hv 2ti`�+i ;HQ#�H BM7Q`K�iBQM 7`QK � b+2M2-
`272``2/ iQ �b i?2 BK�;2 ;Bbi (R3)X AM � 72r ?mM/`2/ KBHHBb2+QM/b- Q#b2`p2`b
`2HB�#Hv �b+2`i�BM bmKK�`v b+2M2 BM7Q`K�iBQM- 2p2M B7 bT2+B}+ Q#D2+ib �`2
MQi `2+Q;MBx�#H2 (k8)X � T`QKBM2Mi 72�im`2 Q7 i?2 T`BK�i2 pBbm�H bvbi2K Bb
2++2Mi`B+Biv@/2T2M/2Mi b�KTHBM;- rBi? � ?B;?@`2bQHmiBQM 7Qp2�H `2;BQM �M/ �
HQr2` `2bQHmiBQM T2`BT?2`vX h?2 T2`BT?2`v ?�b � /2+�vBM; /2MbBiv Q7 +2HHb
�b 7mM+iBQM Q7 /Bbi�M+2 7`QK i?2 7Qp2�- �M/ �HHQrb 7Q` 7�bi2` �TT`QtBK�i2
T2`+2TiBQMX qBi? Qi?2`b (j)- (jR)- �M/ (Rk)- r2 +QMD2+im`2 i?�i HQr@`2bQHmiBQM
T2`BT?2`�H BM7Q`K�iBQM T`QpB/2b �M BMBiB�H �TT`QtBK�iBQM Q7 i?2 b+2M2 ;BbiX
� b+2M2Ƕb ;Bbi BM+Hm/2b T`QT2`iB2b U2X;X- M�im`�HM2bb- QT2MM2bb- `Qm;?M2bb-
2i+XV i?�i `2T`2b2Mi i?2 /QKBM�Mi bT�iB�H bi`m+im`2 Q7 � b+2M2 (Rd)X a2+QM/@
Q`/2` bi�iBbiB+b +�M #2 mb2/ iQ +QKTmi2 ;HQ#�H 72�im`2b 7`QK i?2 BK�;2 �M/ iQ
+H�bbB7v i?2 b+2M2 �++Q`/BM; iQ i?2b2 /BK2MbBQMb- rBi?Qmi M22/BM; BM7Q`K�iBQM
�#Qmi bT2+B}+ Q#D2+ib (kd)X

R



6B;m`2 RXR, hQT, � b+?2K�iB+ Q7 p�`BQmb bT�iB�H T`QT2`iB2b Q7 � b+2M2 7`QK (Rd)X JB/@
/H2, 1p2M rBi? bB;MB}+�Mi #Hm``BM;- Q#b2`p2`b +�M �b+2`i�BM ;2M2`�H 72�im`2b Q7 i?2
b+2M2X "QiiQK, (Rk) T`QpB/2b 2pB/2M+2 i?�i i?2 T2`BT?2`v Bb KQ`2 mb27mH i?�M i?2
7Qp2� BM /2i2`KBMBM; i?2 ;Bbi Q7 � b+2M2X

.m`BM; b+2M2 mM/2`bi�M/BM;- T2`BT?2`�H BM7Q`K�iBQM +�M #2 mb2/ iQ T`Q@
TQb2 `2;BQMb Q7 BMi2`2bi 7Q` �+iBp2 b�KTHBM;- �M/ i?2 2v2b +�M i?2M [mB+FHv
7Qp2�i2 QM i?2b2 `2;BQMb 7Q` ?B;?@`2bQHmiBQM BMi2`T`2i�iBQMX h?2 BMi2`TH�v

k



#2ir22M 7Qp2�H �M/ T2`BT?2`�H BM7Q`K�iBQM K�v 2M�#H2 7�bi2` `2+Q;MBiBQM Q7
Q#D2+ib rBi?BM � b+2M2 rBi? � bB;MB}+�MiHv `2/m+2/ MmK#2` Q7 +2HHbX _2+2MiHv-
`2;BQM@#�b2 +QMpQHmiBQM�H M2m`�H M2irQ`Fb U_@*LLV HBF2 ?�p2 #22M mb2/ 7Q`
Q#D2+i /2i2+iBQM �M/ +H�bbB}+�iBQM rBi?BM b+2M2bX h?2b2 �`+?Bi2+im`2b (ky)
KB``Q` 2H2K2Mib Q7 �+iBp2 b�KTHBM; pB� b2[m2MiB�H 7Qp2�iBQM #v +`2�iBM; `2@
;BQM T`QTQb�Hb QM i?2 BK�;2- 7QHHQr2/ #v Q#D2+i `2+Q;MBiBQM BM 2�+? `2;BQMX
h?Qb2 `2;BQM T`QTQb�Hb +mi /QrM QM i?2 +Qbi Q7 ?�pBM; iQ BMi2;`�i2 BM7Q`@
K�iBQM 7`QK i?2 r?QH2 b+2M2 /m`BM; 2�+? Q#D2+i +H�bbB}+�iBQMX u2i- i?2b2
KQ/2Hb H�+F +`BiB+�H +QKTQM2Mib Q7 +QMi2tim�H BM7Q`K�iBQM T`QpB/2/ #v BM@
i2`�+iBQMb #2ir22M i?2 7Qp2� �M/ i?2 T2`BT?2`v r?B+? �`2 +?�`�+i2`BbiB+ Q7
?mK�M pBbBQM, UBV � HQr `2bQHmiBQM �M/ `�TB/ T2`BT?2`�H bvbi2K- UBBV BMi2`�+@
iBQMb #2ir22M T2`BT?2`v �M/ 7Qp2�H BM7Q`K�iBQM- �M/ UBBBV ;HQ#�H b?�`BM; Q7
BM7Q`K�iBQM H2�`M2/ �+`Qbb 7Qp2�iBQMbX lbBM; ;HQ#�H 72�im`2b 7`QK i?2 b+2M2
;Bbi K�v `2/m+2 i?2 M22/ 7Q` �//BiBQM�H `2;BQM T`QTQb�Hb- �B/BM; `2+Q;MBiBQM
Q7 �HH Q#D2+ib rBi?BM i?2 b�K2 b+2M2 �M/ 2M7Q`+BM; �HH Q#D2+ib BM � b+2M2 iQ
#2 BM~m2M+2/ #v i?2 b�K2 T`BQ` /m`BM; BM72`2M+2X q?BH2 b2p2`�H T`2pBQmb �`@
+?Bi2+im`2b ?�p2 /2KQMbi`�i2/ i?2 mb27mHM2bb Q7 +QMi2ti BM `2+Q;MBiBQM �M/
/2i2+iBQM- i?2v ?�p2 7Q+mb2/ QM ?B;? `2bQHmiBQM +QMi2tim�H BM7Q`K�iBQM- b2@
K�MiB+ +QMi2ti- �M/ Q#D2+i +Q@Q++m``2M+2bX h?2 `QH2 Q7 HQr@`2bQHmiBQM �M/
;HQ#�H ;Bbi@HBF2 72�im`2b BM Q#D2+i `2+Q;MBiBQM mbBM; /22T +QMpQHmiBQM�H M2m`�H
M2irQ`Fb Bb biBHH TQQ`Hv mM/2`biQQ/X AM i?Bb T�T2`- r2 7Q+mb QM #mBH/BM; �
#BQHQ;B+�HHv@BMbTB`2/ bvbi2K i?�i BM+Q`TQ`�i2b ;HQ#�H ;Bbi BMiQ Q#D2+i `2+Q;MB@
iBQMX q2 T`QTQb2 � KQ/2H i?�i BM+Q`TQ`�i2b 7Qp2�HfT2`BT?2`�H BMi2`�+iBQMb-
+QKT�`2 i?2 `2bmHib rBi? #2?�pBQ`�H K2�bm`2K2Mib- �M/ T`QpB/2 T`QQ7@Q7@
T`BM+BTH2 2pB/2M+2 i?�i � +QKTmi�iBQM�H �`+?Bi2+im`2 i?�i T`QpB/2b ;Bbi H2p2H
BM7Q`K�iBQM iQ i?2 7Qp2�H `2+Q;MBiBQM K�+?BM2`v +�M BKT`Qp2 `2+Q;MBiBQM �+@
+m`�+vX

j



2
"�+F;`QmM/

h`�/BiBQM�H K2i?Q/b Q7 mM/2`bi�M/BM; Q#D2+i `2+Q;MBiBQM �TT2�H
iQ Q#D2+i@bT2+B}+ 72�im`2b iQ �b+2`i�BM BM7Q`K�iBQMX 6Q` 2t�KTH2- �M Q#D2+iǶb
+QHQ`- i2tim`2- b?�T2- �M/ BMi2MbBiv +�M �HH +�Tim`2 mMB[m2 2H2K2Mib Q7 �M
Q#D2+i iQ � +2`i�BM 2ti2MiX >Qr2p2`- Q#D2+ib BM i?2 `2�H rQ`H/ �`2 `�`2Hv
T`2b2Mi2/ BM BbQH�iBQMX *QKKQM bQm`+2b Q7 p�`B�#BHBiv BM+Hm/2 Q++HmbBQM-
p�`B�#H2 HB;?iBM;- �M/ /Bz2`BM; Q`B2Mi�iBQMbX *QMi2tim�H BM7Q`K�iBQM +�M
TH�v � F2v `QH2 BM Qp2`+QKBM; i?2b2 +QK#BM�iQ`B+ +QKTH2tBiB2bX

h?2 `QH2 Q7 +QMi2ti 7Q` pBbm�H `2+Q;MBiBQM Bb BMimBiBp2 iQ KQbi Q#b2`p2`bX 6Q`
2t�KTH2- /2i2`KBMBM; i?2 /Bz2`2M+2 #2ir22M � bMQr#Q�`/ �M/ � bF�i2#Q�`/
+�M #2 �B/2/ #v i?2 T`2b2M+2 Q7 2Bi?2` T�p2K2Mi Q` bMQr- 2bT2+B�HHv r?2M i?2
Q#D2+i Bib2H7 Bb T�`iB�HHv Q++Hm/2/ Q` bK�HH U6B;m`2 kXRVX AM �//BiBQM- Q#D2+ib
r?B+? H�+F K�Mv /Bb+2`MBM; 72�im`2b Q7i2M `2[mB`2 +QMi2ti iQ #2 B/2MiB}2/X
>Qr2p2`- i?2 +QMi`B#miBQMb Q7 +QMi2ti �`2 ?�`/ iQ TBMTQBMi ;Bp2M i?2 p�`vBM;
/2}MBiBQMb Q7 +QMi2tiX AM i?Bb b2+iBQM- r2 rBHH +Qp2` i?2 /Bz2`2Mi ivT2b Q7
+QMi2tim�H BM7Q`K�iBQM- Bib `QH2 BM ?mK�M �M/ +QKTmi2` pBbBQM- �M/ i?2 #�bBb

9



6B;m`2 kXR, � bMQr#Q�`/ �M/ bF�i2#Q�`/ T`2b2Mi2/ rBi? �M/ rBi?Qmi +QMi2tiX

Q7 � b+2M2Ƕb Ƕ;BbiǶX

kXR hvT2b Q7 *QMi2tim�H AM7Q`K�iBQM

*QMi2tib 2tBbib BM K�Mv 7Q`Kb Ĝ Q#D2+i `2+Q;MBiBQM +�M #2 �B/2/ #v bK�HH
+Hm2b bm+? �b �b M2B;?#Q`BM; Q#D2+ib- �b r2HH �b 7mHH@b+�H2 bT�iB�H H�vQmib Q7
M�im`�H b+2M2bX "B2/2`K�M 2i �HX (8) +?�`�+i2`Bx2b �M Q#D2+iǶb #2HQM;BM; BM
b+2M2b #v Bib BMi2`TQbBiBQM- bmTTQ`i- T`Q#�#BHBiv- TQbBiBQM- �M/ 7�KBHB�` bBx2X
:�HH2;mBHHQb 2i �HX (d) +`vbi�HBx2b i?2b2 +QMi2ti ivT2b 7Q` pBbm�H `2+Q;MBiBQM
#v i?`22 ivT2b, TFNBOUJD- TQBUJBM- �M/ TDBMFX

4FNBOUJD +QMi2ti Bb Ƕi?2 HBF2HB?QQ/ Q7 �M Q#D2+i iQ #2 7QmM/ BM bQK2 b+2M2b
#mi MQi Qi?2`bǶX

4QBUJBM +QMi2ti Bb Ƕi?2 HBF2HB?QQ/ Q7 }M/BM; �M Q#D2+i BM bQK2 TQbBiBQM �M/
MQi Qi?2`bǶX

8



4DBMF +QMi2ti Bb Ƕ#�b2/ QM i?2 b+�H2b Q7 �M Q#D2+i rBi? `2bT2+i iQ Qi?2`bǶX

kXRXR a2K�MiB+ *QMi2ti

*QMiBMmQmb 2tTQbm`2 iQ i?2 `2�H rQ`H/ �HHQr #BQHQ;B+�H pBbm�H bvbi2Kb iQ �M@
iB+BT�i2 �M/ 2tT2+i Q`/2` �M/ +QMiBMmBiv #2ir22M Q#D2+ib BM b+2M2bX � b+2M2
+�M #2 ;2M2`�HHv mM/2`biQQ/ �b � K2�MBM;7mH BMi2`T`2i�iBQM Q7 �M BK�;2 �b
� r?QH2- �b QTTQb2/ iQ � bT2+B}+ Q#D2+iX 6Q` 2t�KTH2- r2 K�v #2 mb2/ iQ
b22BM; TQib �M/ T�Mb BM FBi+?2Mb- r?BH2 r2 rQmH/ MQi 2tT2+i iQ b22 � KQiQ`@
+v+H2 BM � #2/`QQKX "Qi? FBi+?2Mb �M/ #2/`QQKb b2`p2 �b H�i2Mi p�`B�#H2b
i?�i +QMM2+i Q#D2+ib r?B+? Q++m` iQ;2i?2` rBi? ?B;? 7`2[m2M+vX h?2 BKTQ`@
i�M+2 Q7 b+2M2@H2p2H +QMi2tim�H BM7Q`K�iBQM ?�p2 #22M b?QrM iQ #2 BKTQ`i�Mi
7Q` ?mK�M Q#D2+i `2+Q;MBiBQMX S�HK2` (RN) }M/b i?�i Q#D2+i `2+Q;MBiBQM BK@
T`Qp2b B7 T`2pBQmbHv T`2b2Mi2/ rBi? � b2K�MiB+�HHv +QMbBbi2Mi biBKmHmb- �M/
BKT�B`2/ r?2M T`2b2Mi2/ rBi? �M BM+QMbBbi2Mi biBKmHmbX

q2 +�M KQ`2 7Q`K�HHv mM/2`bi�M/ b2K�MiB+ +QMi2ti i?`Qm;? "�v2bǶ 7Q`@
KmH�- rBi? �M Q#D2+iǶb b+2M2 b2`pBM; �b � T`BQ`,

1(PCKFDUJ|TDFOFL) =
1(TDFOFL|PCKFDUJ)1(PCKFDUJ)

1(TDFOFL)

kXRXk aT�iB�H *QMi2ti

�M Q#D2+iǶb bT�iB�H +QMi2ti Bb mM/2`biQQ/ �b Bib `2H�iBp2 TQbBiBQM BM i?2 b+2M2X
6Q` 2t�KTH2- r2 �`2 mb2/ iQ b22BM; +2BHBM; 7�Mb �#Qp2 mb- r?2`2�b r2 2tT2+i
;`�bb iQ #2 #2HQr mbX

AM ;2M2`�H- Q#D2+iǶb bT�iB�H HQ+�iBQM +�M #2 bBKBH�`Hv 7Q`KmH�i2/ �b �
"�v2bB�M T`BQ`,

1(PCKFDUJ|QPTJUJPOL) =
1(QPTJUJPOL|PCKFDUJ)1(PCKFDUJ)

1(QPTJUJPOL)
-

r?2`2 QPTJUJPOL `272`b iQ � HQ+�iBQM K�TTBM; BM k.X
*�H+mH�iBM; i?2 2t�+i HQ+�iBQM Q7 Q#D2+ib BM � b+2M2 Bb /B{+mHi- bBM+2 b+2M2b

K�v #2 T`2b2Mi2/ �i p�`BQmb �M;H2b �M/ b+�H2bX LQM2i?2H2bb- T`2pBQmb rQ`F
?�b #22M T`2b2Mi2/ i?�i �BK iQ +�Tim`2 i?2b2 `2H�iBQMb?BTbX a?QiiQM 2i �HX

e



(kk) mb2b � +H�bbB}2` λJ r?B+? K�Tb i?2 `2H�iBQMb?BTb #2ir22M Q#D2+i +H�bb D
�M/ TBt2H BM/2t J,

λJ(DJ, J; θλ) = MPHθλ(DJ, Ĵ)

-
r?2`2 Ĵ Bb MQ`K�HBx2/ iQ �++QmMi 7Q` p�`vBM; b+�H2b Q7 BK�;2b- �M/ θλ `272`

iQ KQ/2H T�`�K2i2`bX

kXRXj a+�H2 *QMi2ti

AM M�im`�H b+2M2b- Q#D2+ib �/?2`2 iQ +QMbi`�BMib QM �#bQHmi2 bBx2 �M/ `2H�iBp2
b+�H2X h?2 `2H�iBp2 T`QTQ`iBQMb Q7 Q#D2+ib rBi?BM � b+2M2 b2`p2 iQ `2;mH�`Bx2
i?2 ?vTQi?2bBb bT�+2 7Q` 2�+? Q#D2+iX 6Q` 2t�KTH2- r?2M i`vBM; iQ /Bb+2`M
Q#D2+ib TH�+2/ QM � /BMM2` TH�i2- r2 rQmH/ BMimBiBp2Hv 2tT2+i MQi iQ b22 Q#@
D2+ib bm+? �b +?�B`b- p�b2b- �M/ H�KTb 2p2M i?Qm;? i?2v KB;?i b?�`2 b2K�MiB+
+QMi2ti rBi? TH�i2b bBM+2 i?2v rQmH/ #2 iQQ H�`;2 iQ }i QM � TH�i2X

S`2pBQmb rQ`Fb r?B+? BM+Q`TQ`�i2 b+�H2 +QMi2ti BM+Hm/2 hQ``�H#� (ke)-
r?B+? /2}M2b Q#D2+ib BM �M BK�;2 �b, 0 = {P, Y,σ}- r?2`2 P Bb i?2 Q#D2+i
+H�bb- Y Bb i?2 bT�iB�H HQ+�iBQM- �M/ σ Bb i?2 b+�H2 `2H�iBp2 iQ i?2 r?QH2 BK�;2X

kXk 6Qp2�H �M/ S2`BT?2`�H oBbBQM

P#D2+i `2+Q;MBiBQM BM ?mK�Mb Bb ;2M2`�HHv +?�`�+i2`Bx2/ #v � bi`2�K Q7 +QM@
M2+i2/ +QKTQM2Mib BM i?2 #`�BM i?�i T�bb BM7Q`K�iBQM iQ 2�+? Qi?2`X 6B`bi-
i?2 `2iBM� T2`+2Bp2b pBbm�H biBKmHB BM 7Qm` T`Q+2bbBM; bi�;2b, T?QiQ`2+2TiBQM-
i`�MbKBbbBQM iQ #BTQH�` +2HHb- i`�MbKBbbBQM iQ ;�M;HBQM +2HHb- �M/ i`�MbKBbbBQM
�HQM; i?2 QTiB+ M2`p2X L2ti- i?2 QTiB+ M2`p2 b2`p2b iQ +QKT`2bb �M/ +�``v
BM7Q`K�iBQM iQ i?2 H�i2`�H ;2MB+mH�i2 Mm+H2mb UG:LV BM i?2 i?�H�KmbX h?Bb
BM7Q`K�iBQM Bb i?2M T�bb2/ QMiQ i?2 p2Mi`�H bi`2�K- r?B+? Bb mM/2`biQQ/ iQ
#2 `2bTQMbB#H2 7Q` Q#D2+i B/2MiB}+�iBQM �M/ `2+Q;MBiBQMX

d



6B;m`2 kXk, hQT, � KQ/mH�` pBbm�HBx�iBQM Q7 i?2 ?mK�M pBbm�H bvbi2K 7`QK (kN)X "Qi@
iQK, h?2 /Bbi`B#miBQM Q7 `Q/b �M/ +QM2b �+`Qbb /2;`22b Q7 2++2Mi`B+Biv 7`QK (k)X

kXkXR S2`BT?2`�H oBbBQM

LQi �HH BMTmi Bb `2+2Bp2/ 2[m�HHv #v i?2 `2iBM�X h?2 7Qp2� +QMi�BMb i?2 ?B;?2bi
TQbbB#H2 pBbm�H �+mBiv- +QMi�BMBM; � ?B;?2` /2MbBiv Q7 +QM2b i?�M �Mvr?2`2
2Hb2 BM i?2 `2iBM�X h?2 `2iBM�H ;�M;HBQM `2+2TiQ` +2HHb ?�p2 i?2 bK�HH2bi
`2+2TiBp2 }2H/bX h?Bb �HHQrb Q#b2`p2`b iQ T`Q+2bb ?B;?Hv /2i�BH2/ Q#D2+ibX

�i i?2 b�K2 iBK2- i?2 /2MbBiv Q7 `2iBM�H ;�M;HBQM +2HHb /2+�v HBM2�`Hv �r�v
7`QK i?2 +2Mi2` Q7 i?2 `2iBM�X h?2 `2;BQM QmibB/2 i?2 7Qp2� Bb `272``2/ iQ �b
i?2 T2`BT?2`vX h?2 7Q`KmH�iBQM Q7 i?2 /2MbBiv �b � 7mM+iBQM Q7 2++2Mi`B+Biv
Bb 7QmM/ BM (jy),

EHG(S, L) = EHG(ï)Y

[
BL

(
ð+

S
Sñ,L

)−ñ

+ (ð− BL)FYQ

(
− S

SF,L

)]

- r?2`2 EHG(ï) Bb i?2 /2MbBiv �i S = ï- SF,L Bb b+�H2 7�+iQ` Q7 i?2 2tTQM2MiB�H-

3



BL Bb i?2 r2B;?iBM; Q7 i?2 }`bi i2`K- �M/ i?2 K2`B/B�M Bb BM/B+�i2/ #v LX
h?Bb T`Q;`2bbBp2 /2+�v �HHQrb ?mK�M Q#b2`p2`b iQ b�KTH2 7`QK i?2 2MiB`2

b+2M2 rBi?Qmi ?�pBM; iQ T`Q+2bb BMTmi �i i?2 b�K2 `2bQHmiBQM �i 2�+? bT�iB�H
HQ+�iBQMX

kXkXk h?2 :Bbi Q7 � a+2M2

P#b2`p2`b +�M `�TB/Hv 2ti`�+i ;HQ#�H BM7Q`K�iBQM 7`QK � b+2M2- `272``2/ iQ �b
i?2 BK�;2 ;Bbi (Re)X AM Dmbi � ;H�M+2- i?2 pBbm�H bvbi2K +�M 7Q`K `2T`2b2Mi�@
iBQMb rBi? 2MQm;? BM7Q`K�iBQM iQ `2+Q;MBx2 i?2 b+2M2 �b r2HH �b � 72r Q#D2+ibX
Ai ?�b #22M b?QrM i?�i i?�i ?mK�Mb +�M `2+Q;MBx2 i?2 ;Bbi Q7 � b+2M2 rBi?
Qp2` 3yW �++m`�+v BM �b HBiiH2 �b je KBHHBb2+QM/b (R)X h?Bb `2T`2b2Mi�iBQM +�M
BMpQHp2 �HH H2p2Hb Q7 T`Q+2bbBM; 7`QK HQr H2p2H +QHQ`b �M/ bT�iB�H 7`2[m2M+B2b
iQ ?B;?2` H2p2H T`QT2`iB2b bm+? �b bT�iB�H `2H�iBQMb?BTb �M/ Q#D2+ibX

a+2M2 ;Bbi +�M #2 mM/2`biQQ/ �b #Qi? DPODFQUVBM �M/ QFSDFQUVBMX h?2 p2`#�H
/2b+`BTiBQM Q7 �M BK�;2- bm+? �b � b2K�MiB+ /2b+`BTiBQM Q7 i?2 b+2M2 U2;X Ƕi?2
~QQ` Q7 � `�BM7Q`2biǶV Bb +QM+2Tim�HX J2�Mr?BH2- T2`+2Tim�H BK�;2 T`QT2`iB2b
bm+? �b bT�iB�H 7`2[m2M+v- +QHQ`- �M/ i2tim`2 K�F2 mT i?2 bi`m+im`2 Q7 �
b+2M2X

kXj _QH2 Q7 *QMi2ti BM *LLb

a2p2`�H M2m`�H M2irQ`F �`+?Bi2+im`2b BM+Q`TQ`�iBM; +QMi2tim�H BM7Q`K�iBQM
?�p2 #22M T`2pBQmbHv T`QTQb2/X ai�iBbiB+�H +Q``2H�iBQMb #2ir22M HQr@H2p2H
72�im`2b Q7 +QMi2ti �M/ Q#D2+ib ?�p2 #22M mb2/ 7Q` +QMi2ti@#�b2/ Q#D2+i T`BK@
BM; (ke)X �//BiBQM�HHv- ;HQ#�H +QMi2tim�H 72�im`2b +�M �+i �b T`BQ`b 7Q` TH�+2
�M/ Q#D2+i `2+Q;MBiBQM (k3)X 6�+2 /2i2+iBQM ?�b #22M b?QrM iQ #2M2}i 7`QK
� b2T�`�i2 M2irQ`F i?�i /2i2+ib +QQ++m``BM; #Q/B2b (jk)X *QMi2ti +�M �HbQ
#2 BM+Q`TQ`�i2/ #v +QM+�i2M�iBM; T`2/B+iBQMb K�/2 mbBM; H�`;2` #QmM/BM;
#Qt2b �`QmM/ i?2 b�K2 Q#D2+i (e) Q` i?`Qm;? � � _2+m``2Mi L2m`�H L2irQ`F
U_LLV i?�i KQp2b H�i2`�HHv �+`Qbb �M BK�;2 �M/ mT/�i2b BM7Q`K�iBQM �i 2�+?
bi2T (9)X AMi2;`�iBM; BM7Q`K�iBQM �i irQ /Bz2`2Mi `2bQHmiBQMb +�M BKT`Qp2 �+@
iBQM `2+Q;MBiBQM (Ry)X � irQ@T�`i +QMpQHmiBQM�H KQ/2H i?�i +QM+�i2M�i2b �M
_*LL rBi? � +QMi2tim�H M2irQ`F +�M BKT`Qp2 Q#D2+i /2i2+iBQM (3)X >Qr@

N



6B;m`2 kXj, hQT, :HQ#�H 72�im`2b Q7 � b+2M2 �`2 2ti`�+i2/ 7`QK i?2 2MiB`2 BK�;2-
r?BH2 HQ+�H 72�im`2b +�M #2 2ti`�+i2/ 7`QK bT2+B}+ `2;BQMbX "QiiQK, .2bTBi2 #2BM;
;Bp2M QMHv ;HQ#�H 72�im`2b- Q#b2`p2`b +�M +QM}/2MiHv /2b+`B#2 i?2 b+2M2 Q7 �M BK�;2X
h?Bb 2z2+i bT2�Fb iQ i?2 bi`QM; mb2 Q7 T`BQ`b ?mK�Mb mb2 i?`Qm;? i?2 ;Bbi Q7 � b+2M2
(R3)X

2p2`- bQ 7�` i?2b2 KQ/2Hb ?�p2 7Q+mb2/ QM BMi2;`�iBM; +QMi2tim�H BM7Q`K�iBQM
mbBM; � }t2/ b2i Q7 +QMpQHmiBQM�H }Hi2`b �M/ TQQHBM; QT2`�iBQMb 7Q` �HH ivT2b
Q7 +QMi2tim�H BM7Q`K�iBQMX AM Qm` +QKTmi�iBQM�H KQ/2H- r2 7Q+mb QM ?Qr
+?�M;2b BM ?Qr BM7Q`K�iBQM Bb T`Q+2bb2/ #v *LLb +�M H2�/ iQ BKT`Qp2K2Mib
BM Q#D2+i `2+Q;MBiBQMX

Ry



3
J2i?Q/b

h?2 `QH2 Q7 � b+2M2ǰb ;Bbi QM Q#D2+i `2+Q;MBiBQM Bb K2�bm`2/ #Qi?
Tbv+?QT?vbB+b 2tT2`BK2Mib �M/ BM +QKTmi�iBQM�H KQ/2HbX 6B`bi- bi�`iBM;
rBi? ?mK�M Q#b2`p2`b- r2 +QM/m+i � b2i Q7 2tT2`BK2Mib i?�i BbQH�i2 i?2
2z2+i Q7 +QMi2ti �M/ `2bi`B+i i?2 �KQmMi Q7 iBK2 Q#b2`p2`b �`2 �HHQr2/ iQ
pB2r i?2 BK�;2X q2 i?2M Q#b2`p2 i?2 `2H�iBp2 2z2+ib Q7 �//BM; +QMi2ti �M/
mb2 i?2K �b � #�b2HBM2 7Q` #2M+?K�`FBM; Qm` +QKTmi�iBQM�H KQ/2HbX 6Q` Qm`
+QKTmi�iBQM�H KQ/2H- r2 mb2 � irQ@bi`2�K +QMpQHmiBQM�H M2m`�H M2irQ`F-
r?2`2 QM2 bi`2�K Bb 72/ Dmbi i?2 Q#D2+i �M/ i?2 Qi?2` bi`2�K Bb 72/ Dmbi i?2
+QMi2tiX

jXR .�i�b2i

q2 �M�Hvx2/ BK�;2b 7`QK i?2 Ja@*P*P /�i�b2i- r?B+? ?�b #22M rB/2Hv
mb2/ 7Q` Q#D2+i@BM@b+2M2 #2M+?K�`Fb (Rj)X h?Bb /�i� ?�b � ?B;?2` /Bp2`bBiv
Q7 +�i2;Q`B2b rBi?BM 2�+? BK�;2 �M/ BMbi�M+2b T2` +�i2;Q`v r?2M +QKT�`2/

RR



iQ Qi?2` Q#D2+i /2i2+iBQM �M/ `2+Q;MBiBQM /�i�b2ib HBF2 AK�;2L2i- S�a�G
oP*- K�FBM; Bi /2bB`�#H2 iQ bim/v i?2 2z2+ib Q7 +QMi2tiX

h?2 kyR9 i`�BMBM; /�i�b2i U3jE BK�;2bV r�b mb2/ 7Q` i`�BMBM; �M/ i?2 kyR9
p�HB/�iBQM /�i�b2i U9RE BK�;2bV 7Q` i2biBM;X h?2 BK�;2b +QMi�BM Q#D2+ib i?�i
bT�M 3y +�i2;Q`B2b BM+Hm/BM; #B+v+H2- +�`- /Q;- +HQ+F- 2i+X U6B;m`2 jXRV

jXk "2?�pBQ`�H 1tT2`BK2Mib

q2 /2bB;M2/ �M Tbv+?QT?vbB+b 2tT2`BK2Mi iQ BbQH�i2 i?2 2z2+i Q7 +QMi2ti
h?2 #2?�pBQ`�H 2tT2`BK2Mib r2`2 T2`7Q`K2/ QM �K�xQM J2+?�MB+�H hm`F-
�M QMHBM2 i�bF TH�i7Q`KX � iQi�H Q7 R-yyy Q#D2+ib r2`2 `�M/QKHv b2H2+i2/
7`QK i?2 Ja@*P*P /�i�b2i- rBi? QM2 Q#D2+i b2H2+i2/ 7`QK 2�+? BK�;2X 1�+?
Q#D2+i r�b b?QrM iQ Q#b2`p2`b mM/2` irQ TQbbB#H2 +QM/BiBQMb, UBV KBMBK�H
+QMi2ti UQ#D2+i rBi? KBMBK�H #QmM/BM; #Qt �M/ UBBV 7mHH +QMi2ti U2MiB`2 b+2M2X
U6B;m`2 jXkV �HH i?2 BK�;2b r2`2 b?QrM BM +QHQ`X PM �p2`�;2- i?2 KBMBK�H
+QMi2ti BK�;2b r2`2 R89tR8R TBt2Hb BM bBx2 r?2`2�b i?2 7mHH +QMi2ti BK�;2b
r2`2 9e3t838 TBt2Hb BM bBx2X

AM 2�+? i`B�H- bm#D2+ib r2`2 b?QrM � #H�MF ;`�v b+`22M Uk b2+QM/bV- 7QHHQr2/
#v � r?Bi2 #QmM/BM; #Qt BM/B+�iBM; i?2 HQ+�iBQM Q7 i?2 mT+QKBM; Q#D2+i Q7
BMi2`2bi Uk b2+QM/bV- �M/ i?2M i?2 BK�;2 rBi? i?2 r?Bi2 #QmM/BM; #Qt 7Q`
kyy Kb U6B;m`2 jXkVX AM Q`/2` iQ KBMBKBx2 2v2 KQp2K2Mib �M/ i?mb }t i?2
Q#b2`p2`Ƕb 7Qp2� iQ i?2 Q#D2+i Q7 BMi2`2bi- r2 HBKBi2/ i?2 2tTQbm`2 iBK2 iQ
kyy KbX 1�+? BK�;2- BM 2�+? Q7 i?2 irQ TQbbB#H2 +QMi2ti +QM/BiBQMb- r�b
H�#2H2/ #v i?`22 bm#D2+ib- �M/ 2�+? bm#D2+i r�b �bF2/ iQ T`QpB/2 mT iQ i?`22
H�#2Hb 7Q` i?2 Q#D2+i BMbB/2 i?2 #QtX 1�+? `2bTQMb2 r�b K�Mm�HHv +?2+F2/
�M/ +QKT�`2/ iQ i?2 +Q``2bTQM/BM; ;`QmM/ i`mi? H�#2HX A7 irQ Q7 i?2 i?`22
bm#D2+ibǶ H�#2Hb K�i+?2/ rBi? i?2 ;`QmM/ i`mi? H�#2H 7Q` � ;Bp2M Q#D2+i-
i?2 BK�;2 r�b b+Q`2/ �b +Q``2+iHv `2+Q;MBx2/X hQ T`2p2Mi p�`B�#H2 pB2rBM;
+QM/BiBQMb �+`Qbb bm#D2+ib- r2 b2i � }t2/ 7`�K2 ?2B;?i Q7 e8y TBt2Hb �M/
`2bi`B+i2/ 7`�K2 �M/ BK�;2 `2bBxBM; /m2 iQ /Bz2`2M+2b BM #`Qrb2` rBM/Qr
bBx2 Q` b+`22M `2bQHmiBQMX 1�+? b2[m2M+2 r�b � b�p2/ �b � :A6 }H2 �M/
`2M/2`2/ #v i?2 bm#D2+iǶb #`Qrb2` �7i2` 7mHH HQ�/BM;X

Rk



6B;m`2 jXR, hQT, � /Bbi`B#miBQM Q7 i?2 MmK#2` Q7 +�i2;Q`B2b T2` BK�;2 �+`Qbb b2p2`�H
/�i�b2ibX "QiiQK, a�KTH2 BK�;2b �M/ i?2B` b2;K2Mi�iBQMb 7`QK Ja@*P*P /�i�b2iX
(Rj)

Rj



6B;m`2 jXk, � b+?2K�iB+ Q7 i?2 Tbv+?QT?vbB+b 2tT2`BK2MiX 1�+? Q#b2`p2` Bb ;Bp2M
�M Q#D2+i 2Bi?2` rBi? Q` rBi?Qmi +QMi2ti 7Q` kyy Kb �7i2` #2BM; ;Bp2M � }t�iBQM +m2
#27Q`2?�M/X JBMBK�H +QMi2ti Bb b?QrM QM iQT- r?BH2 7mHH +QMi2ti Bb b?QrM QM i?2 #Qi@
iQKX

jXj *QKTmi�iBQM�H JQ/2H Q7 a+2M2 :Bbi

h?2 �`+?Bi2+im`2 +QMbBbib Q7 irQ bm#@M2irQ`Fb- � 7Qp2�H M2irQ`F �M/ � T2@
`BT?2`�H M2irQ`F U6B;m`2 jXjVX

jXjXR 6Qp2� bm#@M2irQ`F 7Q` Q#D2+i `2+Q;MBiBQM

q2 mb2/ � KQ/B}2/ p2`bBQM Q7 i?2 o::@Re �`+?Bi2+im`2 �b Qm` #�b2HBM2 KQ/2H
7Q` Q#D2+i `2+Q;MBiBQMX h?Bb �`+?Bi2+im`2 ?�b #22M b?QrM iQ T2`7Q`K r2HH QM
/�i�b2ib HBF2 AK�;2L2i (kj)X q2 7QHHQr i?2 +QMpQHmiBQM�H H�v2`b Q7 o::@Re
rBi? irQ 7mHHv +QMM2+i2/ H�v2`b Q7 H2M;i? 9yNe �M/ Ryk9X q?BH2 i?2 Q`B;BM�H
BKTH2K2Mi�iBQM Q7 o::@Re ?�/ irQ 7mHHv +QMM2+i2/ H�v2`b Q7 H2M;i? 9yNe
7QHHQr2/ #v QM2 H�v2` Q7 Ryyy 7Q` +H�bbB}+�iBQM- r2 `2/m+2 i?2 bBx2 Q7 QM2 Q7
i?2 H2M;i? 9yNe H�v2`b iQ Ryk9 b�p2 +QKTmi�iBQM�H +QbibX q2 }M�HHv }MBb?
rBi? � }M�H +H�bbB}+�iBQM H�v2` Q7 H2M;i? 3yX q2 +QMbi`�BM2/ i?2 BMTmi bBx2
iQ #2 jtkk9tkk9- r?B+? Bb i?2 /27�mHi BMTmi /BK2MbBQM 7Q` o::@ReX

R9



6B;m`2 jXj, :BbiL2i �`+?Bi2+im`2X

R8



jXjXk S2`BT?2`v bm#@M2irQ`F 7Q` +QMi2tim�H KQ/mH�iBQM

.2bB;MBM; � +QKTmi�iBQM�H KQ/2H Q7 i?2 T2`BT?2`v

*QKTmi�iBQM�H KQ/2Hb Q7 ;Bbi M22/ iQ #2 �#H2 iQ +�Tim`2 mb27mH BM7Q`K�@
iBQM �#Qmi � b+2M2 �i � `2H�iBp2Hv HQr +QKTmi�iBQM�H +QbiX hQ 2M+Qm`�;2 i?2
KQ/2H iQ TB+F mT ;Bbi@HBF2 72�im`2b- r2 HQQF iQ i?2 T`QT2`iB2b Q7 ?mK�M T2@
`BT?2`�H pBbBQM i?�i �`2 /BbiBM+i 7`QK i?2 7Qp2� Ĝ M�K2Hv- � bK�HH2` MmK#2`
Q7 mMBib rBi? H�`;2` `2+2TiBp2 }2H/bX h?2b2 T`QT2`iB2b `2bmHi BM HQr2` pBbm�H
�+mBiv �M/ `2/m+2/ b2MbBiBpBiv iQ /2i�BHX q2 +�Tim`2 bBKBH�` 2z2+ib Q7 H�`;2`
`2+2TiBp2 }2H/b BM +QMpQHmiBQM�H M2m`�H M2irQ`Fb rBi? H�`;2` F2`M2H bBx2b-
r?2`2 p�Hm2b BM i?2 �+iBp�iBQM bT�+2 �`2 /2`Bp2/ 7`QK � H�`;2` }2H/ Q7 BM7Q`@
K�iBQM 7`QK i?2 72�im`2 bT�+2X q2 QKBii2/ K�t@TQQHBM; QT2`�iBQMb 7QmM/
BM o::@Re iQ #2ii2` T`2b2`p2 bT�iB�H BM7Q`K�iBQM BM � b+2M2 Ĝ #v 2ti`�+iBM;
BM7Q`K�iBQM 7`QK `2;BQMb Q7 ?B;?2bi �+iBpBiv- K�t@TQQHBM; QT2`�iBQMb `2/m+2
BM7Q`K�iBQM �#Qmi bT�iB�H bi`m+im`2 (kR)X AMbi2�/- r2 mb2/ H�`;2` bi`B/2 bBx2b
BM 2�`HB2` H�v2`b iQ `2/m+2 i?2 /BK2MbBQM�HBiv Q7 +QMi2ti �M/ T`2b2`p2 bT�iB�H
BM7Q`K�iBQM (N)- (R9)X

_2+2TiBp2 }2H/ bBx2 �b � 7mM+iBQM Q7 F2`M2H bBx2

hQ #2ii2` mM/2`bi�M/ i?2 2z2+i Q7 F2`M2H bBx2b QM H�`;2` `2+2TiBp2 }2H/ bBx2b-
r2 +�H+mH�i2/ i?2 T�i? /Bbi`B#miBQM Q7 *LLb rBi? /Bz2`2Mi F2`M2H bBx2bX q2
/2}M2 i?2 T�i? /Bbi`B#miBQM iQ #2 i?2 MmK#2` Q7 T�i?b i?�i 2�+? TBt2H BM i?2
BMTmi BK�;2 ?�b iQ `2�+? � M2m`QM BM i?2 }M�H H�v2` Q7 i?2 *LLX q2 TQbimH�i2
i?�i i?2 KQ`2 T�i?b i?�i �M BMTmi TBt2H ?�b iQ `2�+? i?2 }M�H M2m`QM- i?2
KQ`2 �#BHBiv Bi ?�b iQ BM~m2M+2 Bib p�Hm2X

6B;m`2 jX9 b?Qrb �M 2t�KTH2 Q7 ?Qr }Hi2` bBx2 BM+`2�b2b i?2 `2+2TiBp2 }2H/
bBx2 Q7 M2m`QMb BM � *LLX

AKTH2K2Mi�iBQM

h?2 T2`BT?2`v M2irQ`F mb2b �M 3@H�v2` 7mHHv@+QMpQHmiBQM�H M2m`�H M2irQ`F
bi`m+im`2X h?2 +QMi2ti BMTmi Bb jt993t993 BM bBx2 �M/ +QMi�BMb i?2 2MiB`2
b+2M2- KBMmb i?2 Q#D2+i Ui?2 KBMBK�H #QmM/BM; #Qt Bb `2TH�+2/ rBi? x2`Q

Re



6B;m`2 jX9, � k. THQi Q7 i?2 /Bbi`B#miBQM Q7 T�i?b iQ � bBM;H2 M2m`QM Qp2` 3 +QMpQ@
HmiBQM�H H�v2`bX >2`2- r2 mb2 i?2 MmK#2` Q7 T�i?b �b � T`Qtv Q7 mM/2`bi�M/BM; i?2
`2+2TiBp2 }2H/ Q7 M2m`QMbX G27i, h?2 T�i? /Bbi`B#miBQM r?2M mbBM; � jtj }Hi2` bBx2X
_B;?i, h?2 T�i? /Bbi`B#miBQM r?2M mbBM; � 8t8 }Hi2` bBx2X

p�Hm2bVX h?2 }`bi 8 H�v2`b ?�p2 � 8t8 F2`M2H bBx2- 7QHHQr2/ #v j H�v2`b rBi?
jtj F2`M2H bBx2- �HH rBi? _2Gl �+iBp�iBQMX h?2 }`bi e H�v2`b Q7 i?2 M2irQ`F
?�p2 � bi`B/2 Q7 k- r?BH2 i?2 H�bi k H�v2`b ?�p2 � bi`B/2 Q7 RX h?2 ~�ii2M2/
H�v2` Bb +QM+�i2M�i2/ rBi? i?2 T2MmHiBK�i2 H�v2` BM i?2 7Qp2�H M2irQ`FX 6B@
M�HHv- i?Bb +QM+�i2M�i2/ H�v2` Bb 7QHHQr2/ #v � /2Mb2 H�v2` Q7 H2M;i? 3y 7Q`
+H�bbB}+�iBQMX AM iQi�H- i?Bb ;Bbi KQ/2H �//b 8XdJ T�`�K2i2`b iQ i?2 #�b2HBM2
o::@Re KQ/2H- r?B+? Bb H2bb i?�M 8W Q7 i?2 iQi�H MmK#2` Q7 T�`�K2i2`b BM
Qm` #�b2HBM2 KQ/2H URkRJVX

jXjXj h`�BMBM;

"Qi? KQ/2Hb r2`2 i`�BM2/ Qp2` RJ bBM;H2@#�i+? Bi2`�iBQMb mbBM; i?2 �/�K
QTiBKBx2` (RR) rBi? � bi�`iBM; H2�`MBM; `�i2 Q7 ðï−õX h?2 7Qp2� bm#M2irQ`F
r�b ;Bp2M T`2@i`�BM2/ r2B;?ib 7`QK AK�;2L2i- r?BH2 i?2 T2`BT?2`v bm#M2i@
rQ`F r�b MQi bBM+2 i?2 �`+?Bi2+im`2 /2pB�i2b 7`QK o::@ReX

jXjX9 1p�Hm�iBQM

JQ/2Hb i`�BM2/ QM i?2 Ja@*P*P /�i�b2i ?�p2 ivTB+�HHv #22M #2M+?K�`F2/
QM K2i`B+b HBF2 K2�M �p2`�;2 T`2+BbBQM UK�SV iQ K2�bm`2 #Qi? /2i2+iBQM
�M/ `2+Q;MBiBQMX >Qr2p2`- ?2`2 r2 2p�Hm�i2/ `2+Q;MBiBQM �HQM2 ;Bp2M i?�i
� `2;BQM Q7 BMi2`2bi ?�b �H`2�/v #22M /2i2`KBM2/X �b bm+?- r2 7Q+mb2/ QM
+�i2;Q`v@rBb2 T`2/B+iBQM �++m`�+v �b Qm` T`BK�`v K2i`B+ 7Q` Qm` +QKTmi�@
iBQM�H KQ/2HbX q2 T`QpB/2 iQT@R- iQT@j- �M/ iQT@8 �++m`�+v iQ #2 +QMbBbi2Mi
rBi? K2�bm`2b Q7 `2+Q;MBiBQM `�i2b QM /�i�b2ib HBF2 AK�;2L2i �M/ *A6�_@RyX

Rd



4
_2bmHib

q2 T`2b2Mi i?`22 K�BM `2bmHib, 6B`bi- r2 T`2b2Mi i?2 Q#b2`p2/ TQbBiBp2
2z2+i Q7 +QMi2ti QM ?mK�M `2+Q;MBiBQMX a2+QM/- r2 b?Qr i?�i Qm` +QKTm@
i�iBQM�H KQ/2H BKT`Qp2b rBi? +QMi2ti- #mi rBi? � `2H�iBp2Hv HQr2` K�`iBMX
6BM�HHv- r2 /BbTH�v ?Qr i?2 72�im`2b H2�`M2/ #v i?2 T2`BT?2`�H bm#@M2irQ`F
2t?B#Bi i`�Bib +QMbBbi2Mi rBi? b+2M2 ;Bbi T`Q+2bb2/ #v i?2 T2`BT?2`v BM i?2
?mK�M pBbm�H bvbi2KX

9XR >mK�M P#D2+i _2+Q;MBiBQM AKT`Qp2b qBi? *QMi2ti

9XRXR JBMBK�H *QMi2ti *QM/BiBQM

>mK�Mb b?Qr2/ 8RX9W T2`7Q`K�M+2 UN8W +QM}/2M+2 BMi2`p�H Q7 (93XRj-
89Xe)WV BM i?2 KBMBK�H +QMi2ti +QM/BiBQM U6B;m`2 9XRVX q?2`2�b i?2 +QK@
Tmi�iBQM�H KQ/2Hb r2`2 7Q`+2/ iQ +H�bbB7v Q#D2+ib BMiQ 3y TQbbB#H2 +�i2;Q`B2b-
BM i?2 #2?�pBQ`�H 2tT2`BK2Mib bm#D2+ib r2`2 7`22 iQ mb2 �Mv rQ`/ iQ /2@

R3



6B;m`2 9XR, U�V P#D2+i `2+Q;MBiBQM T2`7Q`K�M+2 BM i?2 #2?�pBQ`�H 2tT2`BK2Mi #�b2/
QM M4Ryyy BK�;2b 7Q` KBMBK�H +QMi2ti UH27iV Q` 7mHH +QMi2ti U`B;?iVX 1``Q` #�`b /2MQi2
N8W +QM}/2M+2 BMi2`p�HbX U"V hQT@j �++m`�+v 7Q` i?2 b�K2 b2i Q7 Ryyy BK�;2b 7Q` i?2
o::@Re UH27iV �M/ :BbiL2i KQ/2H rBi? 7mHH +QMi2ti

b+`B#2 i?2 BK�;2bX >2M+2- i?2`2 Bb MQ +H2�` /2}MBiBQM Q7 +?�M+2 H2p2Hb 7Q`
i?2 Tbv+?QT?vbB+b 2tT2`BK2MibX >Qr2p2` i?2b2 `2bmHib b?Qr i?�i bm#D2+ib
T2`7Q`K2/ `2�bQM�#Hv r2HH BM i?Bb i�bF ;Bp2M i?2 +QMbi`�BMib �M/ T`QpB/2
� #�b2HBM2 iQ 2p�Hm�i2 `2+Q;MBiBQM T2`7Q`K�M+2 mM/2` HBKBi2/ 2tTQbm`2 Q7
bK�HH mMb2;K2Mi2/ Q#D2+ib rBi? KBMBK�H +QMi2tiX

9XRXk 6mHH *QMi2ti *QM/BiBQM

q?2M bm#D2+ib r2`2 T`2b2Mi2/ rBi? 7mHH +QMi2ti BK�;2b- i?2B` T2`7Q`K�M+2
BM+`2�b2/ iQ e3X8W UN8W +QM}/2M+2 BMi2`p�H Q7 (e8Xy- dRX3)W- 6B;m`2 9XRVX
>2`2- r2 /2i2`KBM2 � +Q``2+i T`2/B+iBQM iQ K2�M irQ Qmi Q7 i?`22 bm#D2+ib
�;`22 QM i?2 b�K2 +Q``2+i ;`QmM/ i`mi?X h?2 `2+Q;MBiBQM `�i2b 7Q` QM2 Qmi
Q7 i?`22 bm#D2+ib +Q``2+iHv H�#2HBM; �M Q#D2+i rBi?Qmi �M/ rBi? +QMi2ti �`2
e3X8W �M/ 33XRW- `2bT2+iBp2HvX

RN



6B;m`2 9Xk, h?`22 2t�KTH2 BK�;2b b?QrBM; i?2 KBMBK�H +QMi2ti #QmM/BM; #Qt U`2/V-
i?2 /2b+`BTiBQMb 7`QK j bm#D2+ib rBi? KBMBK�H Q` 7mHH +QMi2ti- i?2 o::@Re �M/ :Bbi@
L2i H�#2Hb �M/ i?2 ;`QmM/ i`mi? H�#2HbX U�V *QMi2ti ?2HTb i?2 KQ/2H- ?mK�Mb ;Qi Bi
`B;?i rBi?Qmi +QMi2tic U"V *QMi2ti ?2HT2/ ?mK�Mb- KQ/2Hb ;Qi Bi r`QM;X U*V *QMi2ti
?2HTb #Qi? ?mK�Mb �M/ KQ/2HbX

9XRXj *QMi`B#miBQM Q7 *QMi2ti AM+`2�b2b 6Q` aK�HH P#D2+ib

h?2 2z2+i Q7 +QMi2ti Bb MQi i?2 b�K2 7Q` �HH Q#D2+ibX AM Qm` bim/v- r2 Q#b2`p2/
i?�i +QMi2ti ?�b � Km+? bK�HH2` 2z2+i r?2M i?2 Q#D2+i Bb �H`2�/v T`QpB/2/
BM ?B;?@`2bQHmiBQM- r?2`2�b bK�HH Q#D2+ib #2M2}i Km+? 7`QK ?�pBM; +QMi2tiX

ky



h?2 T`QTQ`iBQM Q7 +QMi2ti BM �M BK�;2 +Q``2H�i2b rBi? ?Qr Km+? +QMi2ti
BKT`Qp2b Q#D2+i `2+Q;MBiBQM T2`7Q`K�M+2X q2 +QKTmi2 i?2 `�iBQ S #2ir22M
i?2 MmK#2` Q7 TBt2Hb BM i?2 +QMi2ti UTBt2Hb BM BK�;2 @ TBt2Hb BM Q#D2+iV �M/ i?2
MmK#2` Q7 TBt2Hb BM i?2 Q#D2+iX P#D2+i `2+Q;MBiBQM BKT`Qp2K2Mi rBi? +QMi2ti
BM+`2�b2/ �TT`QtBK�i2Hv HQ;�`Bi?KB+�HHv rBi? SX �i � `�iBQ Q7 S ∼ ñïï- i?2
BKT`Qp2K2Mi r�b �b H�`;2 �b jyWX

6B;m`2 9Xj, *QMi2ti >2HTb JQ`2 qBi? aK�HH2` P#D2+ibX q2 K2�bm`2 i?2 2z2+i Q7
+QMi2ti �b � 7mM+iBQM Q7 Q#D2+i bBx2 iQ #2 HQ;�`Bi?KB+�HHv BM+`2�bBM;X U�V b?Qrb �++m@
`�+v BKT`Qp2K2Mib 7Q` ?mK�Mb- r?BH2 U"V b?Qrb BKT`Qp2K2Mib 7Q` i?2 +QKTmi�iBQM�H
KQ/2HX

kR



h�#H2 9XR, �++m`�+v QM :BbiL2i QM Ja@*P*P kyR9 p�HB/�iBQM b2iX

�p2`�;2 �++m`�+v QM 9RE BK�;2b 7`QK kyR9@p�H
hQT@R �** hQT@j �** hQT@8 �**

P#D2+i PMHv j8XjW 88XkW e8XRW
P#D2+i Y :Bbi 9RXRW eRXdW dRXRW

h�#H2 9Xk, :BbiL2i pbX Pi?2` JQ/2Hb

*QKT�`BbQMb qBi? Pi?2` JQ/2Hb
hQT@R �** hQT@j �** hQT@8 �** O S�`�K2i2`b

o::@Re UPMHv P#D2+iV j8XjW 88XkW e8XRW RkRJ
o::@Re UYRyW +`QTV jdXkW 8dXkW e8XNW RkRJ
o::@Re UYk8W +`QTV j3XdW 83XkW eeXNW RkRJ
aTQiHB;?i L2i jNX9W eyX3W dyXkW k99J
:BbiL2i 9RXRW eRXdW dRXRW RkdJ

9Xk :BbiL2i *�Tim`2b :Bbi@GBF2 *QMi2ti

q2 i`�BM2/ #Qi? i?2 o::@Re KQ/2H �M/ i?2 :BbiL2i KQ/2H 7Q` Q#D2+i +H�b@
bB}+�iBQMX AM i?2 KBMBK�H +QMi2ti +QM/BiBQM- i?2 o::@Re KQ/2H �+?B2p2/
� iQT@j �++m`�+v Q7 88XkW UN8W +QM}/2M+2 BMi2`p�H (89Xd- 88Xd)W- +?�M+2 4
RXk8W- U6B;m`2 9XRVX AMi`Q/m+BM; i?2 7mHH +QMi2tim�H BM7Q`K�iBQM BKT`Qp2/
�p2`�;2 iQT@j +�i2;Q`v �++m`�+v #v eX8WX h�#H2 9XR `2TQ`ib iQT@R- iQT@j �M/
iQT@8 �++m`�+v 7Q` i?2 KBMBK�H +QMi2ti �M/ 7mHH +QMi2ti +QM/BiBQMbX lbBM;
Qi?2` �`+?Bi2+im`2b BMbi2�/ Q7 o::@Re rBi? i?2 KBMBK�H +QMi2ti +QM/BiBQM
/B/ MQi +?�M;2 i?2 +QM+HmbBQMX 6Q` 2t�KTH2- iQT@R T2`7Q`K�M+2 r�b j3X3W
7Q` _2bL2i8y- BKT`QpBM; mTQM o::Re �i j8XjW #mi biBHH #2HQr :BbiL2i �i
9RXRWX

�b MQi2/ �#Qp2- r2 +�MMQi [m�MiBi�iBp2Hv +QKT�`2 i?2 +QKTmi�iBQM�H
�M/ #2?�pBQ`�H `2bmHibX �i � [m�HBi�iBp2 H2p2H- i?2 +QKTmi�iBQM�H KQ/2H +�T@
im`2b i?2 #2?�pBQ`�H BKT`Qp2K2Mi BM �++m`�+v r?2M +QMi2tim�H BM7Q`K�iBQM
Bb BM+Q`TQ`�i2/X 6B;m`2 9Xk b?Qrb b2p2`�H 2t�KTH2b BHHmbi`�iBM; � p�`B2iv Q7
+QMi2tim�H 2z2+ib r?2`2 �//BM; ;Bbi@HBF2 BM7Q`K�iBQM +�M ?2HT ?mK�Mb- i?2
KQ/2H- Q` #Qi?X �//BM; bHB;?iHv KQ`2 +QMi2tim�H BM7Q`K�iBQM iQ o::@Re
BKT`Qp2b Bib T2`7Q`K�M+2 #mi /Q2b MQi `2�+? i?2 T2`7Q`K�M+2 Q7 :BbiL2iX

kk



lbBM; i?2 aTQiHB;?i M2irQ`F KQ/2H- r?B+? �HbQ +QMi�BMb � b2+QM/ bi`2�K
T`Q+2bbBM; r?QH2 +QMi2ti (3)- vB2H/b HQr2` T2`7Q`K�M+2 i?�M :BbiL2iX �//B@
iBQM�HHv- aTQiHB;?i M2i `2[mB`2b �HKQbi irB+2 �b K�Mv T�`�K2i2`b �b :BbiL2iX
� #`2�F/QrM #v Q#D2+i +�i2;Q`v b?Qrb i?�i ;Bbi +�M BKT`Qp2 `2+Q;MBiBQM
`�i2b #v �b Km+? �b jy@8yW BM +�i2;Q`B2b HBF2 Ƕ7Q`FǶ �M/ ǶbTQQMǶ Uh�#H2 9XjVX
*QMi2ti /Q2b MQi �Hr�vb ?2HT- bm+? �b BM +�i2;Q`B2b HBF2 Ƕ+Qm+?Ƕ �M/ Ƕ�TTH2ǶX
hQT@j �++m`�+v BM+`2�b2b BM 83 Qmi Q7 3y UdkX8WV- Q7 +�i2;Q`B2bX 6B;m`2 9X9
b?Qrb i?2 /Bbi`B#miBQM Q7 M2i +?�M;2 BM �++m`�+v �+`Qbb +�i2;Q`B2bX

6B;m`2 9X9, h?2 M2i TQbBiBp2 +QMi`B#miBQM Q7 +QMi2ti QM �++m`�+v `�i2X q2 Q#b2`p2/
i?�i 83f3y +�i2;Q`B2b BKT`Qp2/ �++m`�+v �b � `2bmHi Q7 BM+Hm/BM; +QMi2tim�H ;BbiX

aBKBH�` iQ i?2 #2?�pBQ`�H 2tT2`BK2Mib- :BbiL2i �HbQ `2p2�H2/ � HQ;�`Bi?@
KB+ BM+`2�b2 BM i?2 BKT`Qp2K2Mi /m2 iQ +QMi2ti rBi? �M BM+`2�bBM; `�iBQ Q7
+QMi2ti iQ Q#D2+i U6B;m`2 9XjVX S2`7Q`K�M+2 BM i?2 :BbiL2i KQ/2H BKT`Qp2/
#v �b Km+? �b RyW BM BK�;2b rBi? � kyy,R +QMi2ti iQ Q#D2+i bBx2 `�iBQX

9XkXR lM/2`bi�M/BM; q?2M hQ lb2 *QMi2ti

q2 �`2 BMi2`2bi2/ BM r?2M +QMi2ti Bb mb27mHX "v �M�HvxBM; i?2 EG@.Bp2`;2M+2
Q7 i?2 bQ7iK�t T`2/B+iBQM H�v2` 7`QK � mMB7Q`K /Bbi`B#miBQM- r2 K�v ?�p2
� T`Qtv 7Q` � M2irQ`FǶb +2`i�BMivX AMimBiBp2Hv- bBM+2 i?2 bQ7iK�t H�v2` Bb

kj



h�#H2 9Xj, _2+Q;MBiBQM �++m`�+v 7Q` i?2 9 +�i2;Q`B2b b?QrBM; i?2 H�`;2bi TQbBiBp2
+QMi2ti 2z2+i UiQTV �M/ i?2 9 +�i2;Q`B2b b?QrBM; i?2 H�`;2bi M2;�iBp2 +QMi2ti 2z2+i
U#QiiQKV- #�b2/ QM 9RF iQi�H Ja@*P*P BK�;2b BM i?2 kyR8 p�HB/�iBQM b2iX UN8W
+QM}/2M+2 BMi2`p�Hb BM T�`2Mi?2bBbVX

*�i2;Q`v@rBb2 �++m`�+v
*�i2;Q`v aTQQM 6Q`F JQmb2 _�+F2i

P#D2+i PMHv kRXRW
UR3Xj- kjX9V

dX9W
U8XN- 3XNV

e8XRW
UjRXy- j3XkV

88XdW
U8kXN- 83X8V

P#D2+i Y :Bbi d9XdW
UdkXk- ddXkV

9yX8W
UjdXd- 9jXjV

e9XyW
UeyX9- edXeV

3kXdW
U3yX8- 39XNV

*�i2;Q`v *Qm+? �TTH2 E2v#Q�`/ *2HH S?QM2

P#D2+i PMHv 8jXkW
U8yXe- 88X3V

ejXRW
U83X3- edX9V

e8XeW
UekXj- eNXyV

9yXjW
UjdXN- 9kXeV

P#D2+i Y :Bbi jNXNW
UjdX9- 9kX9V

8kX9W
U93Xy- 8eX3V

8eXeW
U8jXy- eyXRV

jRX8W
UkNXN- jjXdV

+QMbi`�BM2/ iQ bmK iQ R- i?2M HQr2` p�Hm2b rQmH/ BM/B+�i2 i?�i i?2`2 Bb H2bb
r2B;?i QM �Mv T�`iB+mH�` T`2/B+iBQM- r?BH2 ?B;?2` p�Hm2b K2�M i?�i i?2`2
�`2 T�`iB+mH�` +H�bb2b i?�i �`2 ;Bp2M Km+? ;`2�i2` r2B;?iX AM 6B;m`2 9X8-
r2 Q#b2`p2 i?2 /Bp2`;2M+2b 7Q` +�b2b r?2M i?2 Q#D2+i@QMHv M2irQ`F T`Q/m+2b
+Q``2+i �M/ BM+Q``2+i T`2/B+iBQMb /Bz2`b [m�HBi�iBp2HvX J2�Mr?BH2- r2 i?2`2
Bb MQ +H2�` /Bz2`2M+2 #2ir22M i?2 /Bp2`;2M+2 7Q` r?2M +QMi2ti ?2HTb 7`QK
r?2M Bi /Q2b MQiX q2 TQbimH�i2 i?�i EG@.Bp2`;2M+2 �HQM2 Bb MQi � bi`QM;
2MQm;? BM/B+�iQ` 7Q` FMQrBM; r?2M iQ �// +QMi2ti- �M/ i?Bb rQmH/ #2 �M
BMi2`2biBM; �`2� 7Q` 7m`i?2` `2b2�`+?X

9XkXk :`�/B2Mi@"�b2/ AMi2`T`2i�iBQM Q7 :Bbi

hQ ;�BM BMimBiBQM �#Qmi i?2 BK�;2 72�im`2b mb2/ #v i?2 7Qp2� �M/ T2`BT?2`v
bm#@M2irQ`Fb- r2 +�H+mH�i2/ i?2 ;`�/B2Mi Q7 i?2 BMTmi BK�;2 rBi? `2bT2+i iQ
i?2 7mHHv +QMM2+i2/ H�v2`b 7`QK i?2 T2`BT?2`v bm#@M2irQ`F �M/ i?2 7Qp2� bm#@
M2irQ`F- +�HH2/ � b�HB2M+v@K�T (k9)X 6B;m`2 9Xe b?Qrb 2t�KTH2 BK�;2b �M/
i?2 b�HB2M+v K�Tb 7Q` 2�+? i?`Qm;? i?2 7Qp2� �M/ T2`BT?2`v bm#@M2irQ`FbX
Zm�HBi�iBp2Hv- r?BH2 o::@Re /2i2`KBM2b /2i�BH2/ HBM2b �M/ 2/;2b �b BKTQ`@
i�Mi 7Q` Q#D2+i `2+Q;MBiBQM- :BbiL2i 7Q+mb2b QM #`Q�/2` �M/ KQ`2 mMB7Q`K
72�im`2bX �b QmiHBM2/ BM i?2 BMi`Q/m+iBQM- r2 i?BMF Q7 i?2 T2`BT?2`v bm#@

k9



6B;m`2 9X8, hQT, h?2 /Bbi`B#miBQMb Q7 EH@.Bp2`;2M+2b 7`QK � lMB7Q`K /Bbi`B#miBQM 7Q`
+Q``2+i �M/ BM+Q``2+i T`2/B+iBQMb 7Q` � o::@Re ;Bp2M QMHv i?2 Q#D2+iX "QiiQK, h?2
b�K2 /Bbi`B#miBQMb 7Q` :BbiL2i r?2M +QMi2ti ?2HTb �M/ r?2M Bi /Q2b MQiX

M2irQ`F �b T`QpB/BM; +Q�`b2 b+2M2 ;Bbi BM7Q`K�iBQM mbBM; mMBib rBi? +Q�`b2`
`2+2TiBp2 }2H/bX h?Bb Bb +QMbBbi2Mi rBi? Qm` 2�`HB2` �M�HvbBb Q7 i?2 H�`;2`
`2+2TiBp2 }2H/b `2bmHiBM; 7`QK H�`;2` F2`M2H bBx2bX
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6B;m`2 9Xe, q2 +�H+mH�i2 i?2 ;`�/B2Mi Q7 i?2 BMTmi BK�;2 rBi? `2bT2+i iQ i?2 }M�H
7mHHv +QMM2+i2/ H�v2`b 7`QK #Qi? � o::@Re �M/ :BbiL2iǶb T2`BT?2`v bm#@M2irQ`FX
"Qi? M2irQ`Fb �`2 ;Bp2M i?2 r?QH2 BK�;2 UQ#D2+i �M/ +QMi2tiVX q2 +�M [m�HBi�iBp2Hv
b?Qr i?�i i?2 T2`BT?2`v bm#@M2irQ`F Bb �z2+i2/ #v � Km+? H�`;2` +Qp2`�;2 QM i?2
BMTmi BK�;2 r?2M +QKT�`2/ iQ i?2 o::@ReX

9XkXj _Q#mbiM2bb iQ "Hm``BM;

q2 +QMD2+im`2/ i?�i i?2 BKT`Qp2K2Mi BMi`Q/m+2/ #v :BbiL2i rQmH/ #2 `Q@
#mbi iQ bB;MB}+�Mi /2;`22b Q7 b+2M2 #Hm``BM;X h?Bb rQmH/ +Q``Q#Q`�i2 Qm`
mM/2`bi�M/BM; Q7 i?2 ?mK�M T2`BT?2`vǶb H�`;2` `2+2TiBp2 }2H/b- r?B+? +�T@
im`2b KQ`2 ;HQ#�H 72�im`2b `�i?2` i?�M }M2` HQ+�H 72�im`2bX AM Q`/2` iQ i2bi
i?2 2ti2Mi iQ r?B+? :BbiL2i mb2b ;Bbi@HBF2 72�im`2b iQ �B/ BM Q#D2+i `2+Q;MB@
iBQM- r2 T`Q/m+2/ T`2/B+iBQMb �i 9y /Bz2`2Mi H2p2Hb Q7 +QMi2ti /2;`�/�iBQM
mbBM; :�mbbB�M #Hm``BM;X "Hm``BM; r�b �TTHB2/ QMHv iQ i?2 +QMi2ti �M/ MQi
iQ i?2 Q#D2+iX 6B;m`2 9Xd b?Qrb Q#D2+i `2+Q;MBiBQM `�i2b 7Q` :BbiL2i pbX #�b2@
HBM2 �++m`�+v 7`QK o::@Re �b � 7mM+iBQM Q7 i?2 H2p2H Q7 :�mbbB�M #Hm``BM;

ke



BMi`Q/m+2/X 1p2M r?2M Q#D2+i@/BbiBM;mBb?BM; 72�im`2b �`2 #Hm``2/ �r�v 7`QK
i?2 +QMi2ti- :BbiL2i biBHH T2`7Q`Kb 7�pQ`�#Hv +QKT�`2/ iQ o::@ReX

6B;m`2 9Xd, *QMi2ti BKT`Qp2b :BbiL2i iQT@j �++m`�+v U#Hm2V rBi? `2bT2+i iQ o::@
Re U;`22MV 2p2M �7i2` bB;MB}+�Mi �KQmMi Q7 #Hm``BM; Bb �TTHB2/ iQ i?2 +QMi2ti BMTmi
Ut@�tBbVX "QiiQK, 1t�KTH2 BK�;2 rBi? #Hm``2/ +QMi2ti �M/ +QMbi�Mi Q#D2+iX

9XkX9 G2�`MBM; _2T`2b2Mi�iBQMb Q7 a2K�MiB+ *QMi2ti

q2 2t�KBM2/ r?2i?2` i?2 T2`BT?2`�H +QKTQM2Mi Q7 :BbiL2i +�M H2�`M ;Bbi@
HBF2 b+2M2 mM/2`bi�M/BM; �b � #vT`Q/m+i Q7 Q#D2+i `2+Q;MBiBQMX hQ /Q bQ-
r2 }`bi H�#2H2/ R-yyy BK�;2b 7`QK i?2 Ja@*P*P /�i�b2i �b �M BM/QQ` Q`

kd



Qmi/QQ` b+2M2 QM �K�xQM J2+?�MB+�H hm`FX 1�+? bm#D2+i r�b ;Bp2M � r?QH2
BK�;2 �M/ r�b ;Bp2M �M mMHBKBi2/ �KQmMi Q7 iBK2 iQ +?QQb2 #2ir22M ǶBM/QQ`Ƕ
Q` ǶQmi/QQ`Ƕ H�#2Hb QM 2�+? b+2M2X

hQ 2p�Hm�i2 i?2 ivT2 Q7 `2T`2b2Mi�iBQMb 2�+? bm#@M2irQ`F +`2�i2b- r2 72/
2�+? BK�;2 BM Bib 2MiB`2Hv i?`Qm;? i?2 7Qp2�H �M/ T2`BT?2`�H bm#@+QKTQM2Mib
�M/ 2ti`�+i2/ i?2 7mHHv +QMM2+i2/ H�v2` 7`QK 2�+?X q2 mb2/ i@/Bbi`B#mi2/
biQ+?�biB+ M2B;?#Q` 2K#2//BM; Ui@aL1V (R8)- � +QKKQMHv mb2/ MQM@HBM2�`
/BK2MbBQM�HBiv `2/m+iBQM i2+?MB[m2- iQ pBbm�HBx2 i?2 `2T`2b2Mi�iBQM H�v2`b BM
irQ /BK2MbBQMbX �7i2` THQiiBM; i?2 `2T`2b2Mi�iBQMb 7Q` 2�+?- r2 Qp2`H�B/ i?2
i`m2 H�#2Hb r?B+? �`2 mMFMQrM iQ 2�+? M2irQ`F �i BM72`2M+2X

Zm�HBi�iBp2Hv- i?2 T2`BT?2`v bm#@M2irQ`F `2T`2b2Mib b+2M2@H2p2H BM7Q`K�@
iBQM Km+? KQ`2 +H2�`Hv i?�M o::@Re- �b +�M #2 �TT`2+B�i2/ #v i?2 #2ii2`
pBbm�H b2T�`�iBQM Q7 i?2 BM/QQ` �M/ Qmi/QQ` H�#2HbX o�`vBM; i?2 T2`TH2tBiv
T�`�K2i2` BM iaL1 7`QK 8 iQ 98 BM BM+`2K2Mib Q7 Ry /B/ MQi T`Q/m+2 �Mv
�TT`2+B�#H2 /Bz2`2M+2b BM i?2 iaL1 pBbm�HBx�iBQM BM 6B;m`2 9X3X � HQ;BbiB+
`2;`2bbBQM +H�bbB}2` i`�BM2/ QM i?2 /2Mb2 H�v2` r2B;?ib vB2H/b �M �++m`�+v
Q7 dkXkW �M/ d8XRW rBi? o::@Re �M/ :BbiL2i- `2bT2+iBp2Hv- iQ b2T�`�i2
BM/QQ` �M/ Qmi/QQ` BK�;2bX q?2M i`�BMBM; i?2 +H�bbB}2` mbBM; i?2 iaL1
2K#2//BM;- i?2 +H�bbB}+�iBQM �++m`�+v r�b eRW �M/ 3yW rBi? o::@Re �M/
:BbiL2i- `2bT2+iBp2HvX
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6B;m`2 9X3, hQT, �M 2t�KTH2 Q7 �M BK�;2 H�#2H2/ Qmi/QQ` UH27iV �M/ �M BK�;2 H�@
#2H2/ BM/QQ` U`B;?iVX "QiiQK, � THQi Q7 i@aL1 2K#2//BM;b QM i?2 7mHHv +QMM2+i2/
H�v2`b 7Q` � o::@Re i`�BM2/ QMHv iQ `2+Q;MBx2 Q#D2+ib UiQTV �M/ i?2 T2`BT?2`�H bm#@
M2irQ`F Q7 :BbiL2i i`�BM2/ iQ BM+Q`TQ`�i2 +QMi2ti U#QiiQKVX
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5
*QM+HmbBQM

Pm` `2bmHib bmTTQ`i i?2 MQiBQM i?�i b+2M2 ;Bbi +�M BKT`Qp2 Q#@
D2+i `2+Q;MBiBQM BM #Qi? ?mK�Mb �M/ +QKTmi2`bX q2 b?Qr i?�i �
M2irQ`F i?�i Bb BMbTB`2/ #v H�`;2` `2+2TiBp2 }2H/b �M/ � HQr2` /2MbBiv Q7 `2@
+2TiQ` +2HHb BM i?2 ?mK�M T2`BT?2`v +�M H2�`M `2T`2b2Mi�iBQMb �`2 #Qi? mb27mH
7Q` Q#D2+i `2+Q;MBiBQM �M/ +�M 2t?B#Bi ;Bbi@HBF2 [m�HBiB2bX

h?2 #2?�pBQ`�H 2tT2`BK2Mib b?Qr i?�i �//BM; kyy Kb Q7 2tTQbm`2 iQ +QM@
i2tim�H BM7Q`K�iBQM +�M T`QpB/2 � H�`;2 �/p�Mi�;2 BM Q#D2+i `2+Q;MBiBQMX
Zm�HBi�iBp2Hv- i?Bb 2z2+i Bb `2T`Q/m+2/ BM i?2 T`QQ7@Q7@T`BM+BTH2 /m�H �`+?B@
i2+im`2 T`2b2Mi2/- r?2`2#v � bm#@M2irQ`F T`Q+2bb2b BM7Q`K�iBQM rBi?BM i?2
7Qp2� �M/ � b2+QM/ bm#@M2irQ`F T`QpB/2b ;Bbi@HBF2 72�im`2bX q2 TQbBi i?�i
i?2 T2`BT?2`�H bm#M2irQ`F- rBi? H�`;2` F2`M2Hb �M/ rB/2` bi`B/2b BMbi2�/ Q7
K�t@TQQHBM;- KBKB+b i?2 #BQHQ;B+�H 7mM+iBQMb Q7 i?2 ?mK�M T2`BT?2`�H bvbi2K
BM +`2�iBM; � ;Bbi@HBF2 mM/2`bi�M/BM; Q7 � b+2M2X h?Bb +QKTmi�iBQM�H KQ/2H
�HbQ b?Qrb �M BKT`Qp2K2Mi BM Q#D2+i `2+Q;MBiBQM T2`7Q`K�M+2 r?2M i?2 7mHH
+QMi2ti Bb mb2/- 2p2M i?Qm;? Bi QMHv BM+`2�b2b i?2 Qp2`�HH T�`�K2i2` bBx2 #v

jy



8WX q2 Tm`bm2/ i?`22 �TT`Q�+?2b iQr�`/b mM/2`bi�M/BM; r?�i �bT2+ib Q7
i?2 b+2M2 �`2 mb2/ #v :BbiL2i, URV q2 +QMbi`m+i2/ b�HB2M+v K�Tb iQ pBbm@
�HBx2 i?2 BK�;2 �`2�b i?�i r2`2 mb2/ #v 2�+? bm#@M2irQ`FX q?BH2 i?2 7Qp2�
bm#@M2irQ`F }M/b HQ+�H 2/;2b �M/ HBM2b- :BbiL2i }M/b KQ`2 ?QHBbiB+ b+2M2
BM7Q`K�iBQM +Q``2bTQM/BM; iQ ;Bbi@HBF2 72�im`2bX h?Bb �HbQ bm;;2bib i?�i i?2
T2`BT?2`v bm#@M2irQ`F Bb MQi K2`2Hv H2�`MBM; �//BiBQM�H HQ+�H 72�im`2b iQ
BM+`2�b2 i?2 TQr2` Q7 i?2 7Qp2� bm#M2irQ`FX UkV :BbiL2i biBHH QmiT2`7Q`Kb
o::@Re 2p2M r?2M T`QpB/2/ ?B;?Hv #Hm``2/ +QMi2tiX h?Bb Q#b2`p�iBQM T`Q@
pB/2b �//BiBQM�H bmTTQ`i iQ i?2 MQiBQM i?�i i?2 T2`BT?2`�H +QKTQM2Mi Q7
:BbiL2i H2�`Mb iQ 2ti`�+i ;HQ#�H 72�im`2b i?�i �`2 T`2b2`p2/ i?`Qm;? bB;MB7@
B+�Mi #Hm``BM;X UjV � /BK2MbBQM�HBiv `2/m+iBQM �M�HvbBb Q7 i?2 T2MmHiBK�i2
/2Mb2 H�v2`b rBi?BM o::@Re �M/ :BbiL2i `2p2�Hb i?�i i?2 T2`BT?2`v bm#@
M2irQ`F 2M+Q/2b b+2M2@H2p2H BM7Q`K�iBQMX q2 BMi`Q/m+2 i?2 BM/QQ`fQmi/QQ`
H�#2H �b � T2`+2Tim�H T`QT2`iv Q7 i?2 b+2M2X h?2 +H2�` b2T�`�iBQM Q7 TQBMib BM
Qm` HQr2` /BK2MbBQM�H 2K#2//BM; Q7 i?2 `2T`2b2Mi�iBQMb BKTHB2b i?�i i?2 T2@
`BT?2`v bm#M2irQ`F Bb �#H2 iQ H2�`M T2`+2Tim�H T`QT2`iB2b BM �M mMbmT2`pBb2/
K�MM2`X

8XyXR GBKBi�iBQMb

q?BH2 i?2 +QKTmi�iBQM�H 2tT2`BK2Mi BMpQHp2/ 7Q`+2/@+?QB+2 3y@r�v +�i2;Q@
`Bx�iBQM �M/ i?2 ?mK�M #2?�pBQ`�H 2tT2`BK2Mi BMpQHp2/ 7`22 Q#D2+i M�KBM;
K�FBM; /B`2+i +QKT�`BbQMb /B{+mHi iQ BMi2`T`2i- i?2 +QMi2tim�H 2z2+i r�b
H�`;2` 7Q` ?mK�Mb i?�M i?2 KQ/2HX PM2 TQi2MiB�H bQm`+2 7Q` i?Bb /Bz2`2M+2
Bb i?�i ?mK�Mb +QmH/ b2H2+iBp2Hv mb2 +QMi2ti /m`BM; `2+Q;MBiBQMX AMimBiBp2Hv-
bQK2 Q#D2+ib �`2 2�bv iQ `2+Q;MBx2 �M/ K�v MQi `2[mB`2 +QMi2tiX P#b+m`2/
Q` bK�HH Q#D2+ib- QM i?2 Qi?2` ?�M/- K�v #2 ?B;?Hv /2T2M/2Mi QM +QMi2ti 7Q`
�++m`�i2 `2+Q;MBiBQMX h?Bb Q#b2`p�iBQM Bb bmTTQ`i2/ #v i?2 H�`;2 /Bz2`2M+2b
#2ir22M +�i2;Q`v T2`7Q`K�M+2X Pm` 7Q`KmH�iBQM Q7 :BbiL2i BMpQHp2b � bBK@
TH2 +QM+�i2M�iBQM Q7 i?2 T2`BT?2`�H M2irQ`F iQ �M 2tBbiBM; Q#D2+i `2+Q;MBiBQM
KQ/2HX aBM+2 BM72`2M+2 BM M2m`�H M2irQ`Fb Bb /2i2`KBMBbiB+- i?2 +QMi`B#miBQM
Q7 +QMi2tim�H 72�im`2b rBHH #2 i?2 b�K2 2�+? iBK2X � ;�iBM; Q` r2B;?iBM;
K2+?�MBbK BM i?2 +QM+�i2M�iBQM H�v2` i?�i /2i2`KBM2b i?2 Ǵmb27mHM2bbǴ Q7
i?2 +QMi2ti #27Q`2 K2`;BM; +�M `2/m+2 BMbi�M+2b r?2`2 +QMi2ti /Q2b MQi ?2HT

jR



Q` 2p2M K�v ?m`i `2+Q;MBiBQMX >Qr2p2`- K2�bm`2b Q7 M2irQ`F +QM}/2M+2 �`2
biBHH mM/2`/2p2HQT2/ �b b?QrM BM Qm` �M�HvbBb Q7 EG@.Bp2`;2M+2X

8XyXk �TTHB+�iBQM iQ bi�i2@Q7@i?2@�`i KQ/2Hb

q2 +?Qb2 iQ mb2 i?2 o::@Re KQ/2H �b � #�b2HBM2 �M/ #�+F#QM2 7Q` i?2 7Qp2�
bm#@M2irQ`FX u2i- i?2 :BbiL2i �`+?Bi2+im`2 b?QmH/ #2 �K2M�#H2 iQ KQbi 2t@
BbiBM; Q#D2+i `2+Q;MBiBQM KQ/2HbX h?2`2 2tBbi 2t+2TiBQMb 7Q` _@*LLb- bBM+2
72�im`2 K�Tb �`2 +QKTmi2/ QM+2 �i � }t2/ +QK#BM�iBQM Q7 F2`M2H bBx2 �M/
bi`B/2bX lMHBF2 :BbiL2i- _@*LLb QMHv +QKTmi2 72�im`2b �i QM2 ivT2 Q7 `2b@
QHmiBQMX :HQ#�H ;Bbi@HBF2 72�im`2b +QMbiBimi2 #mi QM2 �bT2+i Q7 +QMi2tim�H
BM7Q`K�iBQMX 6mim`2 2zQ`ib b?QmH/ �HbQ #2M2}i 7`QK +QK#BMBM; ;Bbi rBi?
Qi?2` +QMi2tim�H +m2b BM+Hm/BM; i2KTQ`�H BM7Q`K�iBQM- ?B;?@H2p2H b2K�MiB+
+QMi2ti- �M/ i2KTQ`�H BMi2;`�iBQM pB� �+iBp2 b�KTHBM; i?`Qm;? KmHiBTH2 b�+@
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