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K�bi2`Ƕb i?2bBb 7Q+mb QM `2[mB`2/ BMBiB�H bm`p2vBM; �M/ 2p�Hm�iBQM Q7 +Q``2+iM2bbX
6B;m`2 RXR TH�+2b i?2b2 irQ i2+?MB+�H `2TQ`ib QM i?2 iBK2HBM2 7Q` i?2 T`�+iB+�H
�TT`Q�+? �b � r?QH2X h?2 T`2HBKBM�`v T`QD2+i +QMi�BMb � ;2M2`�H bm`p2v Q7 i?2
2/;2@/BbDQBMi T @T�i?b T`Q#H2KX �//BiBQM�HHv- Bi +QMi�BMb �M BMBiB�H HQQF �i BK@
TH2K2Mi�iBQM /2i�BHb Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- rBi? bm;;2bi2/ +?�M;2b iQ
�+?B2p2 � bHB;?iHv #2ii2` iBK2 +QKTH2tBivX h?Bb K�bi2`Ƕb i?2bBb r�b bmTTQb2/ iQ
7m`i?2` i?2 T`�+iB+�H �TT`Q�+?- HQQFBM; �i BKTH2K2Mi�iBQM �M/ BMBiB�H 2KT2`B+�H
2p�Hm�iBQM Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX >Qr2p2`- /m2 iQ i?2 /Bb+Qp2`v Q7 b2p@
2`�H mM?�M/H2/ 2/;2@+�b2b BM i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- Q7 p�`vBM; /2;`22b Q7
MQM@i`BpB�HBiv- i?2 i?2bBb ?�b KQp2/ iQr�`/b � KQ`2 BM@/2Ti? i?2Q`2iB+�H 2p�Hm�@
iBQM Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- BMbT2+iBM; Bib +Q``2+iM2bbX q?BH2 i?2 ;2M2`�H
+QM+2Tib Q7 i?2 �H;Q`Bi?K rQ`F T`QT2`Hv- r2 rBHH b?Qr � ?�M/7mH Q7 2/;2@+�b2b
i?�i �`2 2Bi?2` MQi +Qp2`2/ #v Q` MQi +Q``2+iHv ?�M/H2/ #v Ar�i� �M/ uQFQBX �T@
T`QT`B�i2 KQ/B}+�iBQMb iQ KBiB;�i2 i?2b2 MQM@i`BpB�H 2/;2@+�b2b rBHH #2 T`2b2Mi2/-
�++QKT�MB2/ #v +Q``2+iM2bb T`QQ7bX

h?2 i?2bBb Bb bi`m+im`2/ �b 7QHHQrbX *?�Ti2` k T`QpB/2b �M BMi`Q/m+iBQM iQ
i?2 `2[mB`2/ FMQrH2/;2 �#Qmi i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K- �b r2HH �b �M

k



BM@/2Ti? ;mB/2 iQ i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX �//BiBQM�HHv- Bi iQm+?2b QM i?2 MQ@
i�iBQM- i2`Kb �M/ bivH2 Q7 };m`2b mb2/ i?`Qm;?Qmi i?2 i?2bBbX *?�Ti2`b j i?`Qm;?
e 2�+? 7Q+mb2b QM 2Bi?2` /BbiBM+i T�`ib Q7 i?2 �H;Q`Bi?K Q` ivT2b Q7 2/;2 +�b2bX
1�+? Q7 i?2 +?�Ti2`b BMi`Q/m+2b � KBb@ Q` mM?�M/H2/ 2/;2 +�b2- T`QpBM; i?2 Q++m`@
`2M+2 Q7 i?2 2/;2 +�b2- �M/ bm;;2biBM; �M/ T`QpBM; +Q``2+iM2bb Q7 KQ/B}+�iBQMb iQ
i?2 �H;Q`Bi?K iQ KBiB;�i2 i?2 KBbbBM; ?�M/HBM; Q7 i?2 +�b2X *?�Ti2` j /Bb+mbb i?2
�TT2�`�M+2 Q7 bQ@+�HH2/ `2/mM/�Mi b2H7@HQQTbX *?�Ti2` 9 /2b+`B#2b irQ +�b2b BM
r?B+? i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 /Bb+Qp2`b b?Q`i+mib r?2M MQM2 Bb TQbbB#H2X
*?�Ti2` 8 BMi`Q/m+2b � +�b2 BM r?B+? i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM
+`2�i2b BMp�HB/ �m;K2MiBM; r�HFbX 6BM�HHv- *?�Ti2` e b?Qrb i?2 �TT2�`�M+2 Q7
+v+H2b BM T @T�i?b- T`QpB/BM; irQ /BbiBM+i `2KQp�H �TT`Q�+?2bX *?�Ti2` d +QMi�BMb
+QM+Hm/BM; `2K�`Fb �M/ /Bb+mbbBQM QM 7mim`2 rQ`FX

j
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*?�Ti2` k

"�+F;`QmM/

h?Bb +?�Ti2` +Qp2`b i?2 #�+F;`QmM/ BM7Q`K�iBQM `2[mB`2/ iQ mM/2`bi�M/ i?2 K�BM
+QMi2Mib Q7 i?Bb i?2bBbX a2+iBQM kXR +QMi�BMb BM7Q`K�iBQM �#Qmi i?2 /2}MBiBQMb
�M/ MQi�iBQM mb2/ BM i?Bb i?2bBb- �HQM; rBi? �M 2tTH�M�iBQM Q7 ?Qr iQ `2�/ i?2
/`�rM ;`�T?bX h?2M- BM a2+iBQM kXk- � ;2M2`�H BMi`Q/m+iBQM iQ i?2 2/;2@/BbDQBMi
T @T�i?b T`Q#H2K Bb ;Bp2M- rBi? a2+iBQM kXj +QMi�BMBM; � i?Q`Qm;? 2tTH�M�iBQM
Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX h?Bb i?2bBb Bb QMHv +QM+2`M2/ rBi? i?Bb �H;Q`Bi?K
�M/ i?mb /Q2b MQi iQm+? QM �Mv Q7 i?2 Qi?2` 2tBbiBM; �H;Q`Bi?KbX 6Q` /Bb+mbbBQM
QM �HH FMQrM �H;Q`Bi?Kb- �b r2HH �b � ;2M2`�H bm`p2v Q7 i?2 2/;2@/BbDQBMi T @T�i?b
T`Q#H2K- b22 i?2 `2TQ`i 7`QK i?2 T`2HBKBM�`v T`QD2+i 7Q` i?Bb i?2bBb (N)X

kXR .2}MBiBQMb- LQi�iBQM �M/ 6B;m`2b
q2 /2}M2 � ;`�T?- G = (V ,E)- �b � b2i Q7 p2`iB+2b �M/ � b2i Q7 2/;2b +QMM2+iBM;
T�B`b Q7 p2`iB+2bX �HH ;`�T?b �`2 �bbmK2/ iQ #2 mM/B`2+i2/ mMH2bb Qi?2`rBb2 bi�i2/-
i?�i Bb- �HH 2/;2b +�M #2 mb2/ BM #Qi? /B`2+iBQMbX � ;`�T? Bb b�B/ iQ #2 bBKTH2 B7
i?2`2 Bb �i KQbi QM2 2/;2 #2ir22M �Mv T�B` Q7 p2`iB+2b- Qi?2`rBb2 Bi Bb +�HH2/ �
KmHiB;`�T?X h?2 p2`iB+2b �M 2/;2 +QMM2+ib �`2 +�HH2/ i?2 �/D�+2Mi p2`iB+2b Q7 i?2
2/;2X A7 �M 2/;2 QMHv ?�b QM2 �/D�+2Mi p2`i2t Bi Bb +�HH2/ � b2H7@HQQT- +QMM2+iBM;
� p2`i2t iQ Bib2H7X AM � ;`�T?- � r�HF Bb /2}M2/ �b �M Q`/2`2/ HBbi Q7 2/;2b �M/
p2`iB+2b- v0,e1, v1, . . . ,en , vn - r?2`2 2/;2 ei +QMM2+ib p2`iB+2b vi°1 �M/ vi X � r�HF
Bb +�HH2/ � T�i? B7 2�+? p2`i2t BM i?2 ;`�T? �TT2�`b �i KQbi QM+2- i?�i Bb- i?2`2 �`2
MQ +v+H2b BM i?2 r�HFX �HH p2`iB+2b QM i?2 r�HF 2t+2Ti 7Q` v0 �M/ vn �`2 +�HH2/ i?2
BMi2`M�H p2`iB+2b Q7 i?2 r�HFX q2 b�v i?�i ei Bb r�HF2/ BM i?2 /B`2+iBQM 7`QK vi°1
iQ vi X A7 � r�HF +QMi�BMb � +v+H2- r2 +�HH i?2 p2`i2t pBbBi2/ irB+2 BM i?2 +v+H2 i?2
+QMM2+iBM; p2`i2t Q7 i?2 +v+H2X � r�HF BM � ;`�T? rBi? p2`iB+2b a,b, . . . , z,1,2,3, . . .
+�M #2 /2MQi2/ #v a °1°3°2° c- i?2 b2[m2M+2 Q7 p2`iB+2b pBbBi2/ #v i?2 r�HF-

8



B7 Bi Bb mM�K#B;mQmb r?B+? 2/;2b �`2 mb2/ #v i?2 r�HFX LQi iQ #2 +QM7mb2/ rBi?
i?2 H�i2` BMi`Q/m+2/ MQi�iBQM Q7 bvK#QHb QM � r�HF UBMi`Q/m+2/ BM a2+iBQM kXjV-
abcbcbX

� ;`�T? Bb b�B/ iQ #2 � i`22 B7 i?2`2 Bb 2t�+iHv QM2 TQbbB#H2 r�HF #2ir22M �Mv
T�B` Q7 p2`iB+2b BM i?2 ;`�T?X � i`22 Bb b�B/ iQ #2 `QQi2/ B7 � bBM;H2 p2`i2t BM i?2
i`22 ?�b #22M /2bB;M�i2/ �b � `QQi MQ/2X � ;`�T? +QMbBbiBM; Q7 +QKTQM2Mib i?�i
�`2 �HH i`22b Bb +�HH2/ � 7Q`2biX LQi2 i?�i � bBM;H2 p2`i2t 7Q`Kb � i`22- bQ � 7Q`2bi
+�M �HbQ #2 /2}M2/ �b � ;`�T? r?2`2 i?2`2 7Q` �Mv T�B` Q7 p2`iB+2b 2tBbib �i KQbi
QM2 r�HF #2ir22M i?2 p2`iB+2b- BX2X- �M �+v+HB+ ;`�T?X AM i?2 +QMi2ti Q7 2tT�M/BM;
� `QQi2/ 7Q`2bi- �M 2/;2 Bb +�HH2/ � 7`QMiB2` 2/;2 B7 BMb2`iBM; Bi BMiQ i?2 7Q`2bi
`2bmHib BM +QK#BMBM; � bBM;H2@p2`i2t i`22 rBi? � `QQi2/ i`22X AM i?Bb +QMi2ti- �HH
Qi?2` 2/;2b �`2 +�HH2/ BMi2`BQ` 2/;2bX

6Q` T @T�i?b �M/ i?2 +QM+2Tib Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- r2 �/QTi � bBKBH�`
MQi�iBQM �b i?2 QM2 mb2/ #v Ar�i� �M/ uQFQBX q2 /2}M2 P iQ K2�M � b2i Q7 2/;2@
/BbDQBMi T @T�i?b- B7 MQi Qi?2`rBb2 bT2+B}2/X P j Bb /2}M2/ iQ #2 i?2 j @i? T @T�i?
BM P X P j K�v #2 mb2/ iQ /2MQi2 �M �`#Bi`�`v T @T�i?- rBi?Qmi �Mv `272`2M+2b iQ
P c BM i?2b2 +�b2b Bi b?QmH/ 7QHHQr 7`QK +QMi2ti r?�i T @T�i? P j Bb `272``BM; iQX
6m`i?2` MQi�iBQM `2H�i2/ iQ i?2 +QM+2Tib Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K rBHH #2
BMi`Q/m+2/- iQ;2i?2` rBi? i?2 mM/2`HvBM; +QM+2Tib- BM a2+iBQM kXjX

AHHmbi`�iBM; i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K `2[mB`2b /`�rBM; ;`�T?b rBi?
T`QT2`iB2b i?�i �`2 MQi 7QmM/ BM bi�M/�`/ ;`�T?bX q2 i?mb- BM i?Bb i?2bBb- 2KTHQv
� +QHQ`@+Q/BM; Q7 2/;2b �M/ p2`iB+2b iQ /BbiBM;mBb? i?2B` T`QT2`iB2bX q?BH2 MQ`K�H
p2`iB+2b BM � ;`�T? rBHH #2 /`�rM BM #H�+F- i2`KBM�Hb rBHH #2 /`�rM BM Q`�M;2X
"Qi? i2`KBM�Hb �M/ MQM@i2`KBM�Hb K�v #2 H�#2H2/ BM � ;`�T?c BM i?2b2 +�b2b
i2`KBM�Hb rBHH �Hr�vb #2 H�#2H2/ #v H2ii2`b- r?BH2 MQM@i2`KBM�Hb rBHH #2 H�#2H2/
#v MmK#2`bX 1/;2b �`2 MQ`K�HHv /`�rM BM #H�+Fc ?Qr2p2`- B7 i?2v #2HQM; iQ �
T @T�i? i?2v rBHH #2 /`�rM BM Q`�M;2 UHB;?i ;`�v BM #H�+F �M/ r?Bi2VX 6Q` i?2
+�b2 Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K Ub22 a2+iBQM kXjV- �M �m;K2MiBM; r�HF rBHH
?�p2 Bib 2/;2b /`�rM BM #Hm2 U/�`F ;`�v BM #H�+F �M/ r?Bi2V #2bB/2b i?2 �H`2�/v
/`�rM 2/;2b BM i?2 ;`�T?X A7 �M 2/;2 Bb H�#2H2/ BM i?2 Ar�i�ĜuQFQB �H;Q`Bi?K-
i?2 H�#2HBM; Bb ;Bp2M +HQb2 iQ 2�+? 2M/ Q7 2�+? 2/;2X h?2 H�#2HBM; rBHH BM bQK2
+�b2b #2 QKBii2/ iQ bBKTHB7v i?2 };m`2bX q?BH2 i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K
/2�Hb rBi? mM/B`2+i2/ ;`�T?b- 2/;2b BM T @T�i?b K�v �i iBK2b #2 /`�rM �b /B`2+i2/
2/;2bX h?Bb Bb iQ BM/B+�i2 i?2 Q`/2` Q7 i?2 2/;2b BM i?2 T @T�i?b r?2M i?2`2 �`2
+v+H2b T`2b2Mi BM i?2KX �//BiBQM�HHv- 2/;2b BM T @T�i?b K�v #2 /`�rM �b /Qii2/
Q` /�b?2/ HBM2b iQ /Bz2`2MiB�i2 #2ir22M /BbiBM+i T @T�i?bX .�b?2/ 2/;2b BM i?2
�m;K2MiBM; r�HF BM/B+�i2b i?�i i?2 �m;K2MiBM; r�HF +QMiBMm2b QmibB/2 Q7 i?2
/`�rM T�`i Q7 i?2 ;`�T?X 6B;m`2 kXR +QMi�BMb 2t�KTH2b Q7 ;`�T?b /`�rM BM i?2
bivH2 /2b+`B#2/ �#Qp2X

q?2M `272``BM; iQ iBK2 +QKTH2tBiv- �b BM O (E)- E �M/ V `272` iQ- `2bT2+iBp2Hv-
i?2 MmK#2` Q7 2/;2b �M/ p2`iB+2b BM i?2 ;Bp2M ;`�T?X �//BiBQM�HHv- BM i?Bb +QMi2ti

e



b i

`

U�V 1t�KTH2 7Q` i?2 2/;2@/BbDQBMi
T @T�i?b T`Q#H2K

b i

`

ibi

bi

bi

bi

b
i b

b
i

i b

bi

U#V 1t�KTH2 7Q` i?2 Ar�i�@uQFQB
�H;Q`Bi?K

6B;m`2 kXR, 1t�KTH2 ;`�T?b iQ b?Qr i?2 MQi�iBQM mb2/ BM i?Bb i?2bBb

Q �M/ P j `272` iQ i?2 K�tBKmK H2M;i? Q7- `2bT2+iBp2Hv- i?2 �m;K2MiBM; r�HF �M/
� T @T�i?X

6Q` Tb2m/Q+Q/2- � bBKBH�` bivH2 iQ i?2 QM2 2KTHQv2/ #v *Q`K2M- G2Bb2`bQM- 2i
�HX BM i?2B` BMi`Q/m+iQ`v #QQF QM �H;Q`Bi?Kb (Ry) rBHH #2 mb2/X :2M2`�HHv- BM/2Mib
rBHH #2 mb2/ iQ b2T�`�i2 HQ;B+�H b+QT2b Q7 +Q/2 UB7f2Hb2- 7Q`fr?BH2- 2i+XVX o�`B�#H2b
/2}M2/ BM QM2 b+QT2 Bb �p�BH�#H2 BM �HH Qi?2` b+QT2b Q7 � T`Q+2/m`2- #mi MQi �+`Qbb
T`Q+2/m`2bX o�`B�#H2b �`2 2Bi?2` bBKTH2 p�Hm2b UBMi2;2`- #QQH2�M- #vi2- 2i+XV Q`
i`2�i2/ �b Q#D2+ibX �M Q#D2+i Bb ?2`2 � +QHH2+iBQM Q7 p�`B�#H2b- 2�+? �++2bbB#H2
i?`Qm;? /Qi MQi�iBQM- 2X;X- 2Xb`+X �++2bbBM; �M/ bHB+BM; HBbib Bb +QMbB/2`2/ BM i?2
b�K2 r�v i?�i CmHB� /Q2b UbBKBH�` iQ i?2 Tvi?QMB+ r�vV- mbBM; #`�+F2i MQi�iBQM-
+QHQM 7Q` bHB+BM;- 2M/ iQ K2�M i?2 BM/2t Q7 i?2 H�bi 2H2K2Mi BM i?2 HBbi �M/ R@
BM/2tBM;X 6BM�HHv- i?2 7mM+iBQMb 1MmK2`�i2 �M/ 6BHi2` �`2 �bbmK2/ iQ 2tBbi-
`2bT2+iBp2Hv im`MBM; � HBbi Q7 p�Hm2b BMiQ � HBbi Q7 imTH2b- UBM/2t- p�Hm2V- �M/ }Hi2`BM;
� HBbi QM � ;Bp2M +QM/BiBQMX

kXk h?2 1/;2@.BbDQBMi T @S�i?b S`Q#H2K
G2i G = (V ,E) #2 � KmHiB;`�T? rBi?Qmi b2H7@HQQTb- �M/ H2i T µ V #2 � b2i Q7
i2`KBM�HbX h?2M � T @T�i? BM G rBi? `2;�`/b iQ T Bb � T�i? BM i?2 ;`�T?- i?�i
bi�`ib �M/ 2M/b BM /BbiBM+i i2`KBM�Hb- rBi? 2�+? BMi2`M�H p2`i2t Q7 i?2 T�i? MQi
BM T X � b2i P Q7 T @T�i?b Bb b�B/ iQ #2 2/;2@/BbDQBMi B7 �M/ QMHv B7 i?2 T @T�i?b
BM i?2 b2i �`2 �HH T�B`@rBb2 2/;2@/BbDQBMiX :Bp2M � KmHiB;`�T? G = (V ,E) rBi?Qmi
b2H7@HQQTb �M/ � b2i Q7 i2`KBM�Hb- T µV - i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K �bFb iQ
}M/ �Mv K�tBKmK@+�`/BM�HBiv b2i Q7 2/;2@/BbDQBMi T @T�i?bX 6Q` �Mv bm+? ;`�T?
�M/ b2i Q7 i2`KBM�Hb- i?2`2 K�v 2tBbi KQ`2 i?�M QM2 bQHmiBQM iQ i?2 2/;2@/BbDQBMi
T @T�i?b T`Q#H2KX

q?BH2 i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K Bb +QM+2`M2/ rBi? }M/BM; � K�tBKmK@
+�`/BM�HBiv b2i Q7 2/;2@/BbDQBMi T @T�i?b- i?2 BMBiB�H rQ`F QM � bQHmiBQM r�b K�/2 #v
J�/2` (k)X >2 /2`Bp2/ � 7Q`KmH� 7Q` }M/BM; i?2 bBx2 Q7 � K�tBKmK@+�`/BM�HBiv b2i

d



Q7 2/;2@/BbDQBMi T @T�i?bX q?BH2 i?Bb i?2bBb Bb QMHv +QM+2`M2/ rBi? i?2 Ar�i�ĜuQFQB
�H;Q`Bi?K- r2 rBHH BM+Hm/2 J�/2`Ƕb i?2Q`2K BM �//BiBQM iQ � b?Q`i /2b+`BTiBQM Q7
Bib rQ`FBM;bX h?Bb i?2Q`2K T`QpB/2b � /Bz2`2Mi r�v Q7 pB2rBM; i?2 T`Q#H2K- r?B+?
KB;?i ?2HT BHHmbi`�i2 i?2 +QKTH2tBiv Q7 i?2 T`Q#H2K �M/ Bib �H;Q`Bi?KbX J�/2`Ƕb
i?2Q`2K Bb `2T2�i2/ #2HQr- BM h?2Q`2K kXRX h?2 7Q`KmH�iBQM Q7 i?2 i?2Q`2K ?2`2
Bb i?2 b�K2 �b mb2/ BM i?2 T`2HBKBM�`v T`QD2+i 7Q` i?Bb i?2bBb- i?�i Bb i?2 �7Q`2@
K2MiBQM2/ bm`p2v (N)X h?Bb 7Q`KmH�iBQM #mBH/b QM i?2 rQ`Fb Q7 a+?`BpD2`- Ar�i�
�M/ uQFQB- �M/ E2BbDT2` 2i �HX (9- e- RR)X

h?2Q`2K kXR UJ�/2`Ƕb i?2Q`2KV :Bp2M � KmHiB;`�T? G = (V ,E) �M/ � bm#b2i
T µ V - i?2M i?2 K�tBKmK MmK#2` Q7 2/;2@/BbDQBMi T @T�i?b 7Q` ;`�T? G �M/ T -
∏(T ;G)- Bb ;Bp2M #v

∏(T ;G) = min
X

1
2

"
X

t2T
d(Xt )° Q//(G \ X )

#

r?2`2 X Bb � +QHH2+iBQM Q7 |T | /BbDQBMi bm#b2ib- Xt µ V bm+? i?�i 2�+? Xt
+QMi�BMb � bBM;H2 i2`KBM�H t 2 T X d(S) /2MQi2b i?2 MmK#2` Q7 2/;2b ;QBM; Qmi Q7
� bm#b2i S µV iQ G \ S- �M/ odd(G \ X ) /2MQi2b i?2 MmK#2` Q7 +QKTQM2Mib Ci Q7
G \ X rBi? d(Ci ) Q//X

hQ mM/2`bi�M/ r?�i J�/2`Ƕb i?2Q`2K /Q2b- QM2 ?�b iQ +QMbB/2` � ;`�T? �b �
b2i Q7 +QKTQM2Mib +QMM2+i2/ #v 2/;2b- i?�i Bb- � ;`�T? +�M #2 /BpB/2/ BMiQ /BbDQBMi
b2ib Q7 p2`iB+2b BM �Mv MmK#2` Q7 r�vbX 6Q` i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K-
QM2 +�M +QMbB/2` i?2 ;`�T? iQ #2 /BpB/2/ #v |T | bm+? /BbDQBMi b2ib Q7 p2`iB+2b- rBi?
2�+? b2i +QMi�BMBM; � bBM;H2 i2`KBM�H �M/ x2`Q Q` KQ`2 MQM@i2`KBM�HbX 6Q` �Mv
bm+? /BpBbBQM Q7 i?2 ;`�T?- � T @T�i? Kmbi mb2 i?2 2/;2b #2ir22M i?2 +QKTQM2Mib
Q7 i?2 ;`�T?- rBi? QM2 7Q` 2�+? Q7 i?2 irQ +QKTQM2Mib rBi? i2`KBM�Hb Bi rBHH pBbBiX
6Q` pBbBi2/ +QKTQM2Mib rBi?Qmi i2`KBM�Hb- �M 2p2M MmK#2` Q7 i?2b2 2ti2`M�H
2/;2b Kmbi #2 mb2/X q?�i J�/2`Ƕb i?2Q`2K /Q2b Bb iQ Bi2`�i2 Qp2` �HH bm+?
TQbbB#H2 /BpBbBQM Q7 i?2 ;`�T?- }M/BM; i?2 KQbi `2bi`B+iBp2 QM2 #�b2/ QM i?2
MmK#2` Q7 2/;2b ;QBM; #2ir22M i?2 +QKTQM2MibX h?Bb /BpBbBQM Q7 i?2 ;`�T? }M/b
i?2 +?QF2 TQBMib 7Q` i?2 T @T�i?b- �M/ i?mb i?2 KQbi `2bi`B+iBp2 /BpBbBQM ;Bp2b
�M �TT`QtBK�iBQM iQ i?2 bBx2 Q7 i?2 K�tBKmK@+�`/BM�HBiv b2ib Q7 T @T�i?bX h?2
`2�bQMBM; #2?BM/ i?Bb- Bb i?�i r?BH2 i?2 H2bb `2bi`B+iBp2 /BpBbBQM K�v b22K iQ #2
�#H2 iQ T�+F KQ`2 T @T�i?b- i?2 +QmMiBM; Q7 2/;2b /Q2b MQi i�F2 BMiQ +QMbB/2`�iBQM
?Qr K�Mv +QKTQM2Mib � T @T�i? Kmbi pBbBi QM Bib r�v #2ir22M i?2 +QKTQM2Mib
rBi? i2`KBM�HbX � 7mHH T`QQ7 Q7 i?2 i?2Q`2K rBHH MQi #2 ;Bp2M ?2`2X h?2 BMi2`2bi2/
`2�/2` +�M `272` iQ �Mv Q7 i?2 7Qm` �7Q`2K2MiBQM2/ rQ`Fb 7Q` � /2i�BH2/ T`QQ7X
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kXj h?2 Ar�i�ĜuQFQB �H;Q`Bi?K
>2`2- �M BM@/2Ti? /2b+`BTiBQM Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K Bb ;Bp2MX h?2 2MiB`2
�H;Q`Bi?K rBHH #2 +Qp2`2/- #mi i?2 H2p2H Q7 /2i�BH Q7 i?2 /Bz2`2Mi +QKTQM2Mib rBHH
/Bz2` #�b2/ QM r?�i �M/ ?Qr Km+? Bb `2[mB`2/ BM Q`/2` iQ mM/2`bi�M/ i?2 H�i2`
/Bb+mbbBQMX

AM kyky Ar�i� �M/ uQFQB Tm#HBb?2/ � T�T2` /2i�BHBM; � M2r /2i2`KBMBbiB+
�H;Q`Bi?K 7Q` i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K- #mBH/BM; QM � bBKBH�` b+?2K2
iQ i?�i Q7 1/KQM/bǶ 7�KQmb #HQbbQKBM; �H;Q`Bi?K 7Q` i?2 K�tBKmK K�i+?BM;
T`Q#H2K (9- 8)X q?BH2 i?2B` �H;Q`Bi?K r�b MQi ;Bp2M � bT2+B}+ M�K2- r2 rBHH BM i?Bb
i?2bBb `272` iQ i?2 �H;Q`Bi?K �b i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- �b r�b �HbQ /QM2 BM i?2
T`2HBKBM�`v T`QD2+iX h?2 Ar�i�ĜuQFQB �H;Q`Bi?K Bb �M Bi2`�iBp2 �H;Q`Bi?K- r?2`2
2�+? Bi2`�iBQM i�F2b � b2i Q7 n 2/;2@/BbDQBMi T @T�i?b �b BMTmi- �M/ 2Bi?2` `2im`Mb
� b2i Q7 n +1 2/;2@/BbDQBMi T @T�i?b Q` ;m�`�Mi22b i?�i i?2 b2i Q7 n 2/;2@/BbDQBMi
T @T�i?b Bb � b2i Q7 K�tBKmK +�`/BM�HBivX

� +2Mi`�H +QM+2Ti BM i?2 Ar�i�ĜuQFQB �H;Q`Bi?K Bb i?2 bQ@+�HH2/ H�#2H2/ ;`�T?X
6Q` �M BMbi�M+2 Q7 i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K- i?2 H�#2H2/ ;`�T? Bb �
KQ/B}2/ +QTv Q7 i?2 mM/2`HvBM; ;`�T?- r?2`2 i?2 KQ/B}+�iBQMb �`2 /2T2M/2Mi
QM i?2 +m``2Mi bi�i2 Q7 i?2 �H;Q`Bi?K- i?�i Bb- i?2 KQ/B}+�iBQMb /2T2M/ QM i?2
+m``2MiHv 7QmM/ T @T�i?bX � H�#2H2/ ;`�T? Bb i?mb /2}M2/ QM � ;`�T?- G- �M/ � b2i
Q7 T @T�i?b- P X AM i?2 H�#2H2/ ;`�T?- 2�+? i2`KBM�H Bb ;Bp2M � mMB[m2 H�#2HX :QBM;
7`QK i2`KBM�H s iQ i2`KBM�H t QM � T @T�i?- i?2 }`bi 2M/ Q7 2�+? 2/;2 Bb H�#2H2/
#v s- r?BH2 i?2 b2+QM/ 2M/ Bb H�#2H2/ #v t X �//BiBQM�HHv- � b2H7@HQQT Bb +`2�i2/ QM
2�+? Q7 i?2 BMi2`M�H p2`iB+2b Q7 i?2 T @T�i?X h?2b2 b2H7@HQQTb �`2 H�#2H2/ BM i?2
b�K2 r�v �b i?2 MQ`K�H 2/;2bX LQi2 i?�i i?2 Q`/2` BM r?B+? i?2 bvK#QHb �`2
�//2/ iQ � b2H7@HQQT /Q2b MQi K�ii2`- �b HQM; �b i?2 Q`/2` Bb }t2/ �7i2` +`2�iBQMX
"Qi? i?2 b2H7@HQQTb �M/ i?2 2/;2b Q7 � T @T�i? �`2 b�B/ iQ #2 H�#2H2/- r?BH2 �HH
Qi?2` 2/;2b �`2 +�HH2/ 7`22X �M 2t�KTH2 Q7 i?Bb +�M #2 b22M BM 6B;m`2 kXR#- r?2`2
�M 2t�KTH2 Q7 � H�#2H2/ ;`�T?- rBi? � bBM;H2 T @T�i?- Bb b?QrMX

6Q` �Mv r�HF- W - BM i?2 H�#2H2/ ;`�T?- i?2 bvK#QHb QM i?2 r�HF- /2MQi2/ #v
∞(W )- �`2 i?2 Q`/2`2/ bi`BM; Q7 bvK#QHb i?�i �TT2�` QM i?2 p2`iB+2b �M/ 2/;2b Q7
i?2 r�HF- ;QBM; 7`QK v0 iQ vn X lbBM; i?Bb /2}MBiBQM Q7 bvK#QHb QM � r�HF- �MQi?2`
+2Mi`�H +QM+2Ti Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K +�M #2 BMi`Q/m+2/X �M �m;K2MiBM;
r�HF Bb � r�HF BM i?2 H�#2H2/ ;`�T?- r?2`2 i?2 7QHHQrBM; T`QT2`iB2b ?QH/X

UBV h?2 r�HF Bb #2ir22M irQ i2`KBM�Hb Uv0 �M/ vnV- rBi? �HH BMi2`M�H p2`iB+2b Q7
i?2 r�HF #2BM; MQM@i2`KBM�HbX

UBBV AM i?2 bvK#QHb QM i?2 r�HF- i?2`2 �`2 MQ +QMb2+miBp2 �TT2�`�M+2b Q7 i?2
b�K2 bvK#QHX
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UBBBV h?2 r�HF mb2b 2�+? 7`22 2/;2 �M/ b2H7@HQQT �i KQbi QM+2- rBi? �HH Qi?2`
H�#2H2/ 2/;2b #2BM; mb2/ �i KQbi QM+2 BM 2�+? /B`2+iBQMX

q?BH2 r2 rBHH MQi +Qp2` i?2 `2�bQMBM; #2?BM/ i?2b2 T`QT2`iB2b BM /2i�BH- MQi2
i?�i r?2M i?2`2 �`2 MQ H�#2H2/ 2/;2b BM �M �m;K2MiBM; r�HF- i?2 �m;K2MiBM;
r�HF 7Q`Kb � T @T�i? i?�i Bb T�B`@rBb2 2/;2@/BbDQBMi rBi? �HH Qi?2` T @T�i?b BM i?2
H�#2H2/ ;`�T?X AM ;2M2`�H- i?2 +m``2Mi �m;K2MiBM; r�HF BM i?2 �H;Q`Bi?K rBHH
#2 /2MQi2/ #v QX �HbQ- MQi2 i?�i Bi +�M #2 b?QrM i?�i � b2i Q7 2/;2@/BbDQBMi
T @T�i?b ?�b K�tBKmK +�`/BM�HBiv B7 �M/ QMHv B7 Bi Bb BKTQbbB#H2 iQ +QMbi`m+i �Mv
�m;K2MiBM; r�HF BM i?2 H�#2H2/ ;`�T?X

1�+? Bi2`�iBQM Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K +QMbBbib Q7 irQ T`Q+2/m`2b- i?2
b2�`+? T`Q+2/m`2 �M/ i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2 b2�`+? T`Q+2/m`2 i`B2b
iQ }M/ �M �m;K2MiBM; r�HF- ;m�`�Mi22BM; i?�i B7 Bi /Q2b MQi }M/ �M �m;K2MiBM;
r�HF- Bi Bb BKTQbbB#H2 iQ +QMbi`m+i QM2 BM i?2 H�#2H2/ ;`�T?X A7 i?2 b2�`+? T`Q+2@
/m`2 }M/b �M �m;K2MiBM; r�HF- i?2M i?2 �m;K2Mi�iBQM T`Q+2/m`2 �TTHB2b � b2i
Q7 bm#@T`Q+2/m`2b Bi2`�iBp2Hv KQ/B7vBM; i?2 �m;K2MiBM; r�HF �M/ T @T�i?b mMiBH
i?2 �m;K2MiBM; r�HF MQ HQM;2` +QMi�BMb �Mv H�#2H2/ 2/;2bX h?2M- i?2 �H;Q`Bi?K
+`2�i2b � M2r b2i Q7 T @T�i?b- +QMi�BMBM; i?2 KQ/B}2/ T @T�i?b �M/ i?2 �m;K2Mi@
BM; r�HFX "v Bi2`�iBM; mMiBH i?2 b2�`+? T`Q+2/m`2 /Q2b MQi `2im`M �M �m;K2MiBM;
r�HF- i?2 �H;Q`Bi?K 2tT�M/b � b2i Q7 2/;2@/BbDQBMi T @T�i?b- ;m�`�Mi22BM; i?�i i?2
7QmM/ b2i ?�b K�tBKmK +�`/BM�HBiv �i i?2 i2`KBM�iBQM Q7 i?2 �H;Q`Bi?KX

kXjXR h?2 a2�`+? S`Q+2/m`2
h?2 b2�`+? T`Q+2/m`2 i`B2b iQ }M/ �M �m;K2MiBM; r�HF BM i?2 H�#2H2/ ;`�T?X h?Bb
Bb /QM2 i?`Qm;? � 7Q`2bi 2tT�MbBQM T`Q+2bb- r?2`2 � 7Q`2bi Bb Bi2`�iBp2Hv 2tT�M/2/
mbBM; p2`iB+2b �M/ 2/;2b 7`QK i?2 H�#2H2/ ;`�T?X �M 2t�KTH2 Q7 i?Bb T`Q+2bb Bb
b?QrM BM 6B;m`2 kXkX AMBiB�HHv- i?2 7Q`2bi +QMbBbib Q7 � b2i Q7 bBM;H2@p2`i2t `QQi2/
i`22b- QM2 7Q` 2�+? i2`KBM�H BM i?2 H�#2H2/ ;`�T?X h?Bb +�M #2 b22M BM 6B;m`2b kXk�
�M/ kXk#- r?2`2 i?2 mM/2`HvBM; H�#2H2/ ;`�T? �M/ i?2 BMBiB�H 7Q`2bi �`2 b?QrMX
h?2M- i?`Qm;? �//BM; 2/;2b U�M/ p2`iB+2bV iQ i?2 ;`�T?- i?2 `QQi2/ i`22b �`2
2tT�M/2/X h?2 TQBMi ?2`2 Bb iQ +`2�i2 � 7Q`2bi mM/2` +2`i�BM `2bi`B+iBQMbX h?Bb-
bm+? i?�i �//BM; �Mv BMi2`BQ` 2/;2 BM i?2 7Q`2bi i?�i bm{+2 +2`i�BM T`QT2`iB2b rBHH
`2bmHi BM i?2 BMi2`BQ` 2/;2 �HQM; rBi? i?2 T�i?b 7`QK i?2 �/D�+2Mi p2`iB+2b Q7 i?2
BMi2`BQ` 2/;2 iQ i?2B` `2bT2+iBp2 i2`KBM�Hb U`QQi p2`iB+2bV 7Q`Kb �M �m;K2MiBM;
r�HFX h?2 �H;Q`Bi?K ;m�`�Mi22b i?Bb #v HBKBiBM; r?B+? 2/;2b +�M #2 mb2/ BM i?2
2tT�MbBQM Q7 i?2 7Q`2biX

h?2 7Q`2bi 2tT�MbBQM +QMbBbib Q7 � irQ bi2T T`Q+2bb- `2T2�i2/ mMiBH 2Bi?2` �M
�m;K2MiBM; r�HF Bb 7QmM/ Q` Bi `mMb Qmi Q7 2/;2bX 6Q` �Mv T�`i Q7 i?2 T`Q+2bb- �M
2/;2 Bb QMHv +QMbB/2`2/ B7 7Q` 2�+? Q7 Bib �/D�+2Mi p2`iB+2b- i?2 bvK#QH QM i?2 2/;2
+HQb2bi iQ i?2 p2`i2t Bb /BbiBM+i 7`QK i?2 H�#2H Q7 i?2 p2`i2t- Q` B7 i?2 p2`i2t /Q2b
MQi ?�p2 � H�#2H i?2 }`bi bvK#QH QM i?2 r�HF 7`QK i?2 p2`i2t iQ `QQiX h?2 `2�bQM
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b i

`

U�V
b i

`

U#V
b i

`

U+V
b i

`

U/V

b i

`

U2V
b i

`

U7V
b i

`

U;V
b i

`

U?V

6B;m`2 kXk, 1t�KTH2 Q7 i?2 b2�`+? T`Q+2/m`2

#2?BM/ i?Bb- Bb i?�i iQ �#H2 iQ }M/ �M �m;K2MiBM; r�HF- QM2 Kmbi ;m�`�Mi22 i?�i
T`QT2`iv UBBV ?QH/bX h?mb i?2 7Q`2bi Bb 2tT�M/2/ BM bm+? � r�v i?�i i?Bb T`QT2`iv
?QH/b 7Q` i?2 r�HFb 7`QK �Mv p2`i2t iQ Bib `2bT2+iBp2 `QQi p2`i2tX

h?2 }`bi bi2T Q7 i?2 7Q`2bi 2tT�MbBQM Bb i?2 �//BiBQM Q7 7`QMiB2` 2/;2bX >2`2-
7`QMiB2` 2/;2b 7`QK i?2 H�#2H2/ ;`�T?- i?�i bm{+2 i?2 �#Qp2 T`QT2`iv- �`2 �//2/
mMiBH i?2 T`Q+2bb `mMb Qmi Q7 7`QMiB2` 2/;2bX h?2 2/;2b +�M #2 +?Qb2M BM �Mv Q`/2`X
6B;m`2b kXk+- kXk/- kXk2 �M/ kXk7 b?Qr �M 2t�KTH2 Q7 i?Bb T�`i Q7 i?2 2tT�MbBQMX
h?2M- BM bi2T irQ- � bBM;H2 BMi2`BQ` 2/;2 Bb b2H2+i2/ 7`QK i?2 b2i Q7 TQbbB#H2 BMi2`BQ`
2/;2bX h?Bb 2/;2 K�v 7�HH BMiQ QM2 Q7 i?`22 +�i2;Q`B2b, URV Bi +QMM2+ib irQ p2`iB+2b
BM /BbiBM+i i`22b- UkV Bi +QMM2+ib irQ p2`iB+2b BM i?2 b�K2 i`22 i?�i /Q MQi b?�`2
�Mv 2/;2b QM i?2B` r�HFb iQ i?2 `QQi p2`i2t- �M/ UjV Bi +QMM2+ib irQ p2`iB+2b BM i?2
b�K2 i`22 i?�i b?�`2 bQK2 bm#@T�i? QM i?2B` r�HFb iQ i?2 `QQi p2`i2tX 6Q` +�b2b
URV �M/ UkV- i?Bb BMi2`BQ` 2/;2 7Q`Kb �M �m;K2MiBM; r�HF BM i?2 �7Q`2K2MiBQM2/
r�v- �M/ i?2 b2�`+? T`Q+2/m`2 +�M `2im`M i?Bb �m;K2MiBM; r�HFX AM +�b2 UjV Bi
/Q2b MQi 7Q`K �M �m;K2MiBM; r�HF- �b- /m2 iQ i?2 `2bi`B+iBQMb b2i 7Q` i?2 �//2/
2/;2b- i?2 b?�`2/ 2/;2 +HQb2bi iQ i?2 `QQi p2`i2t rBHH #2 � 7`22 2/;2X h?mb UBBBV
rQmH/ MQi ?QH/ 7Q` i?2 +QMbi`m+i2/ r�HFX 6B;m`2 kXk; b?Qrb �M 2t�KTH2 Q7 �M
BMi2`BQ` 2/;2- /�b?2/ BM i?2 };m`2- �//2/ iQ i?2 7Q`2biX h?Bb 2/;2 Bb BM +�i2;Q`v
URV �M/ 6B;m`2 kXk? b?Qrb i?2 `2bmHiBM; �m;K2MiBM; r�HF BM i?2 H�#2H2/ ;`�T?X

hQ ?�M/H2 +�b2 UjV �M/ #2 �#H2 iQ ;m�`�Mi22 i?�i i?2 b2�`+? T`Q+2/m`2 }M/b
�M �m;K2MiBM; r�HF r?2M TQbbB#H2- i?2 +QM+2Ti Q7 � #HQbbQK Bb BMi`Q/m+2/X �
#HQbbQK Bb � bi`m+im`2 BM i?2 ;`�T?- +QMbBbiBM; Q7 � +v+H2 �M/ TQbbB#Hv � T�i?
QmibB/2 Q7 i?Bb +v+H2X h?2 mb�;2 Q7 i?2 +QM+2Ti ?2`2 Bb bBKBH�` iQ ?Qr 1/KQM/b
mb2/ i?2 +QM+2Ti BM ?Bb #HQbbQK �H;Q`Bi?K- r?2`2 7Q` �M �`#Bi`�`v �m;K2MiBM;
r�HF QM2 +�M �Hr�vb }M/ � r�HF i?`Qm;? i?2 #HQbbQK i?�i }ib BMiQ i?2 �m;K2MiBM;
r�HF rBi?Qmi #`2�FBM; UBBV �M/ UBBBVX h?�i Bb- �M 2MiB`2 #HQbbQK +�M #2 i`2�i2/ �b
� bBM;H2 rBH/+�`/ p2`i2t i?�i MQ K�ii2` i?2 bvK#QHb �`QmM/ Bi +�M #2 2tT�M/2/
BM bm+? � r�v i?�i � p�HB/ �m;K2MiBM; r�HF +�M #2 +`2�i2/X

AM i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- � #HQbbQK Bb +`2�i2/ 2p2`v iBK2 �M BMi2`BQ` 2/;2
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b i

`

U�V
b i

`

U#V
b i

`

U+V
b i

`

B1

U/V

6B;m`2 kXj, 1t�KTH2 Q7 i?2 +`2�iBQM Q7 � #HQbbQK

i?�i 7�HHb BMiQ +�i2;Q`v UjV Bb b2H2+i2/ BM i?2 b2+QM/ bi2T Q7 i?2 T`Q+2/m`2X h?2
#HQbbQK +QMbBbib Q7 i?2 +v+H2 +`2�i2/ #v i?2 BMi2`BQ` 2/;2 �M/ i?2 /BbiBM+i BMBiB�H
T�`ib Q7 i?2 r�HFb iQ i?2 `QQi p2`i2t 7`QK i?2 �/D�+2Mi p2`iB+2b Q7 i?2 BMi2`BQ`
2/;2X �//BiBQM�HHv- H�#2H2/ 2/;2b �`2 �//2/ iQ #HQbbQK 7`QK i?2 bi�`i Q7 i?2
+QKKQM bm#@T�i? iQ i?2 `QQi p2`i2t mMiBH � 7`22 2/;2 Bb 7QmM/X aQ- /2T2M/BM;
QM ?Qr i?Bb +QKKQM bm#@T�i? HQQFb- �Mvr?2`2 7`QK x2`Q iQ �HH #mi QM2 Q7 Bib
2/;2b KB;?i #2 �//2/ iQ i?2 #HQbbQKX q?2M � #HQbbQK Bb +`2�i2/- i?2 p2`iB+2b
BM i?2 #HQbbQK �`2 +QMi`�+i2/ BMiQ � bBM;H2 p2`i2t BM i?2 ;`�T? rBi? � bT2+B�H
H�#2H- �M/ i?2 b2�`+? T`Q+2/m`2 DmKTb #�+F iQ bi2T RX h?2 +QMi`�+iBQM +`2�i2b
+QTB2b Q7 i?2 2/;2b +QMM2+iBM; p2`iB+2b BM i?2 #HQbbQK iQ i?2 `2bi Q7 i?2 ;`�T?-
MQr +QMM2+iBM; i?2 #HQbbQK p2`i2t iQ i?2 `2bi Q7 i?2 ;`�T?X 6B;m`2 kXj b?Qrb
�M 2t�KTH2 Q7 i?2 +`2�iBQM Q7 � #HQbbQK- r?2`2 i?2 mM/2`HvBM; H�#2H2/ ;`�T? Bb
b?QrM BM 6B;m`2 kXj�X 6B;m`2 kXj# b?Qrb i?2 b2�`+? T`Q+2/m`2 �7i2` b2H2+iBM; �M
BMi2`BQ` 2/;2 BM +�i2;Q`v UjV- /�b?2/ BM i?2 };m`2X AM 6B;m`2 kXj+- i?2 2/;2b Q7
i?2 `2bmHiBM; #HQbbQK �`2 b?QrM �b /�b?2/- rBi? 6B;m`2 kXj/ b?QrBM; i?2 bi�i2
Q7 i?2 7Q`2bi �7i2` i?2 +`2�iBQM Q7 i?2 #HQbbQKX

A7 i?2 b2+QM/ bi2T `2im`Mb �M �m;K2MiBM; r�HF +QMi�BMBM; QM2 Q` KQ`2 #HQb@
bQKb- 2�+? #HQbbQK +�M #2 2tT�M/2/ #v }`bi i`vBM; iQ i�F2 i?2 /B`2+i `Qmi2 Qmi
Q7 i?2 #HQbbQK- i?�i Bb- ;QBM; bi`�B;?i iQr�`/b i?2 `QQi p2`i2tX A7 i?2 bvK#QH
T`2+2/BM; i?2 2Mi`v iQ i?2 #HQbbQK /Q2b MQi �HHQr 7Q` i?Bb- i?2 `2[mB`2K2Mib b2i
2�`HB2` 7Q` 7`QMiB2` 2/;2b ;m�`�Mi22b i?�i r�HFBM; �`QmM/ i?2 +v+H2 BM i?2 #HQbbQK
/Q2b MQi `2bmHi BM +QMb2+miBp2 �TT2�`�M+2b Q7 bvK#QHb BM i?2 r�HFX aBM+2 i?2 QMHv
T�`i Q7 i?2 #HQbbQK i?�i K�v #2 mb2/ irB+2 Bb i?2 2/;2b BM i?2 +QKKQM bm#@T�i?-
UBBBV Kmbi ?QH/ BM �HH bm+? bBim�iBQMb �b i?2b2 2/;2b �`2 �HH H�#2H2/X 6B;m`2 kX9
b?Qrb irQ 2t�KTH2b Q7 2tT�MbBQM Q7 � #HQbbQK BM �M �m;K2MiBM; r�HFX AM 6B;m`2
kX9�- i?2 bvK#QH QM i?2 �m;K2MiBM; r�HF T`2+2/BM; i?2 #HQbbQK Bb sX aBM+2 Bi
Bb TQbbB#H2 iQ ;Q /B`2+iHv mT i?2 #HQbbQK rBi?Qmi #`2�FBM; UBBV- i?Bb /B`2+iBQM Bb
+?Qb2MX AM i?2 +�b2 Q7 6B;m`2 kX9#- i?2 T`2+2/BM; bvK#QH- u- K�F2b Bi BKTQbbB#H2
iQ ;Q /B`2+iHv mT i?2 #HQbbQK �M/ i?2 HQM; r�v �`QmM/ Bb i�F2M BMbi2�/X

lbBM; i?Bb #HQbbQK +QM+2Ti- Ar�i� �M/ uQFQB b?Qr2/ i?�i 2Bi?2` �M �m;K2Mi@
BM; r�HF Bb 7QmM/ BM i?2 b2�`+? T`Q+2/m`2 Q` i?2`2 �`2 MQM2 BM i?2 H�#2H2/ ;`�T?X
h?2`2 �`2 � +QmTH2 Q7 BKTQ`i�Mi T`QT2`iB2b Q7 i?Bb `2im`M2/ �m;K2MiBM; r�HF
i?�i rBHH #2 M22/2/ 7Q` i?2 H�i2` /Bb+mbbBQMX 6B`bi- i?2 `2im`M2/ �m;K2MiBM; r�HF
+QMbBbib Q7 �i KQbi irQ pBbBib iQ 2�+? p2`i2tc �b bm+?- Bi ?�b � H2M;i? Q7 H2bb i?�M
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6B;m`2 kX9, 1t�KTH2 Q7 � #HQbbQK 2tT�MbBQMX h?2 BMi2`BQ` 2/;2 i?�i +`2�i2/ i?2
#HQbbQK Bb /�b?2/X

2 |V |X a2+QM/- /m2 iQ i?2 +?Qb2M 2tT�MbBQM K2i?Q/ 7Q` #HQbbQKb- �HH b2H7@HQQTb
i?�i �TT2�` BM i?2 �m;K2MiBM; r�HF �`2 M2+2bb�`v iQ K�BMi�BM UBBVX

kXjXk h?2 �m;K2Mi�iBQM S`Q+2/m`2
h?2 �m;K2Mi�iBQM T`Q+2/m`2 i�F2b i?2 �m;K2MiBM; r�HF QmiTmii2/ #v i?2 b2�`+?
T`Q+2/m`2 �M/ i`B2b iQ bBKTHB7v i?2 �m;K2MiBM; r�HF bm+? i?�i Bi #2+QK2b T�B`@
rBb2 2/;2@/BbDQBMi rBi? i?2 T @T�i?bX Ai /Q2b i?Bb #v T2`7Q`KBM; � b2i Q7 QT2`�iBQMb
i?�i +�M KQ/B7v #Qi? i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i?bX h?2b2 QT2`�iBQMb
�BK �i `2/m+BM; i?2 Qp2`H�T #2ir22M i?2 2/;2b mb2/ BM i?2 �m;K2MiBM; r�HF �M/
i?2 T @T�i?bX "v ;m�`�Mi22BM; i?�i 2�+? QT2`�iBQM `2bmHib BM � /2+`2�b2 BM i?Bb
Qp2`H�T- r?BH2 K�BMi�BMBM; i?2 T`QT2`iB2b Q7 i?2 �m;K2MiBM; r�HF �M/ T @T�i?b-
i?2 T`Q+2/m`2 rBHH BM i?2 2M/ `2bmHi BM i?2 �m;K2MiBM; r�HF ?�pBM; MQ Qp2`H�T
rBi? i?2 T @T�i?bX

q?2M i�HFBM; �#Qmi Qp2`H�Tb #2ir22M i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i?b-
i?2 Qp2`H�Tb �`2 MQi ;2M2`�HHv +QMbB/2`2/ �b Qp2`H�Tb Q7 bBM;H2 2/;2b- #mi `�i?2` �b
b2[m2M+2b Q7 Qp2`H�TTBM; 2/;2b- i?�i Bb- � bQ@+�HH2/ +QM+2Ti Q7 P@b2;K2Mib Bb mb2/X
� P@b2;K2Mi Bb /2}M2/ �b � +QMiBMmQmb T�`i Q7 i?2 �m;K2MiBM; r�HF +QMbBbiBM;
2MiB`2Hv Q7 2/;2b 7`QK � bBM;H2 T @T�i?- rBi? i?2 T`2+2/BM; �M/ bm++22/BM; 2/;2b
BM i?2 �m;K2MiBM; r�HF MQi #2HQM;BM; iQ i?2 T @T�i?X q?BH2 � P@b2;K2Mi Bb �Mv
bm+? Qp2`H�T- �M Qp2`H�T Bb +�HH2/ � P j @b2;K2Mi B7 Bi Bb �M Qp2`H�T Q7 i?2 j @i?
T @T�i?X :Bp2M i?Bb /2}MBiBQM Q7 P@b2;K2Mib- i?2 �m;K2Mi�iBQM T`Q+2/m`2 �BKb
iQ +QMiBMmQmbHv `2/m+2 i?2 MmK#2` Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HFX h?�i
Bb- i?2 MmK#2` Q7 P@b2;K2Mib ?�b iQ /2+`2�b2 2p2`v Bi2`�iBQM Q7 i?2 T`Q+2/m`2-
r?BH2 i?2 MmK#2` Q7 Qp2`H�TTBM; 2/;2b /Q2b MQi K�ii2` BM Bib2H7X h?2 MmK#2` Q7
P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF K�v #2 /2MQi2/ #v µ(Q)X � P@b2;K2Mi Bb
+�HH2/ bi@/B`2+i2/ B7 Bi #2HQM;b iQ � T @T�i? r?B+? ?�b 2M/@p2`iB+2b H�#2H2/ s �M/ t -
�M/ i?2 2/;2b BM i?2 P@b2;K2Mi �`2 mb2/ BM i?2 /B`2+iBQM ;QBM; 7`QK s iQ t QM i?2
T @T�i?X h?Bb Bb � ;2M2`�H +QM+2Ti- r?2`2 i?2 H�#2Hb Q7 i?2 i2`KBM�Hb Q7 � T @T�i?
�`2 MQ`K�HHv �bbmK2/ iQ #2 s �M/ t X aBKBH�`Hv- ;Bp2M �M bi@/B`2+i2/ P j @b2;K2Mi-
� P j @b2;K2Mi Bb +�HH2/ ib@/B`2+i2/ B7 Bi mb2b i?2 2/;2b Q7 i?2 T @T�i? BM i?2 QTTQbBi2
/B`2+iBQMX
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6B;m`2 kX8, 1t�KTH2b Q7 b?Q`i+mi ivT2b j �M/ 9

h?2 �m;K2Mi�iBQM T`Q+2/m`2 T2`7Q`Kb irQ /Bz2`2Mi QT2`�iBQMb- � b?Q`i+mi QT@
2`�iBQM �M/ � T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- /2T2M/BM; QM i?2 +m``2Mi
bi�i2 Q7 i?2 �m;K2MiBM; r�HFX 6Q` #Qi? Q7 i?2 QT2`�iBQMb- QMHv i?2 P j @b2;K2Mib Q7
i?2 T @T�i? Q7 }`bi P@b2;K2Mi BM i?2 �m;K2MiBM; r�HF Bb +QMbB/2`2/X h?mb- r?2M
i�HFBM; �#Qmi i?2b2 QT2`�iBQMb �M/ P j @b2;K2Mib- P j `272`b iQ i?Bb T @T�i?X AM �
bBM;H2 Bi2`�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2 i?2 b?Q`i+mi QT2`�iBQM Bb �Hr�vb
T2`7Q`K2/ B7 i?2 �m;K2MiBM; r�HF �HHQrb 7Q` Bi- rBi? i?2 T�`iB�H bvKK2i`B+ /B7@
72`2M+2 QT2`�iBQM T2`7Q`K2/ QMHv r?2M Bi Bb MQi TQbbB#H2 iQ T2`7Q`K i?2 b?Q`i+mi
QT2`�iBQMX h?Bb Bb /m2 iQ i?2 b?Q`i+mi QT2`�iBQM 2bi�#HBb?BM; +2`i�BM T`QT2`iB2b
7Q` i?2 BMi2`�+iBQM #2ir22M i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i? r?2M i?2`2 �`2
MQ KQ`2 b?Q`i+mib TQbbB#H2X h?2b2 T`QT2`iB2b �`2 `2[mB`2/ BM Q`/2` iQ T`Qp2 i?�i
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM `2bmHib BM �M �m;K2MiBM; r�HF �M/
p�HB/ T @T�i?bX

h?2 b?Q`i+mi QT2`�iBQM i`B2b iQ }M/ irQ P j @b2;K2Mib bm+? i?�i `2TH�+BM; i?2
T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 bi�`i Q7 i?2 }`bi �M/ 2M/ Q7 i?2 b2+QM/
rBi? i?2 T�`i Q7 i?2 T @T�i? #2ir22M i?2 irQ `2bmHib BM i?2 �m;K2MiBM; r�HF
bi�vBM; p�HB/X AM bQK2 +�b2b- i?2 bi�`i �M/ 2M/ Q7 i?2 P j @b2;K2Mib K�v #2 i?2
b�K2 p2`i2tc BM bm+? +�b2b- � b2H7@HQQT QM i?2 ;Bp2M p2`i2t K�v #2 BMb2`i2/- #mi
QMHv r?2M Bi Bb M2+2bb�`v iQ bm{+2 UBBVX Ar�i� �M/ uQFQB +H�bbB7v 7Qm` ivT2b Q7
TQbbB#H2 b?Q`i+mib- +H�bbB}2/ #�b2/ QM i?2 Q`/2` Q7 i?2 P j @b2;K2Mib BM #Qi? i?2
�m;K2MiBM; r�HF �M/ i?2 T @T�i?X h?Bb i?2bBb rBHH `2[mB`2 FMQrH2/;2 Q7 irQ Q7
i?2b2- M�K2Hv ivT2 j �M/ 9X hvT2 j b?Q`i+mib �`2 b?Q`i+mib #2ir22M �M bi@/B`2+i2/
�M/ � ib@/B`2+i2/ P j @b2;K2Mi- r?2`2 i?2 bi@/B`2+i2/ P j @b2;K2Mi �TT2�`b #27Q`2
i?2 ib@/B`2+i2/ QM2 BM i?2 �m;K2MiBM; r�HF �M/ ?�b Bib BMBiB�H p2`i2t #2BM; 2Bi?2`
i?2 b�K2 p2`i2t �b i?2 2M/ p2`i2t Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi Q` �TT2�`BM; QM
i?2 b@bB/2 Q7 i?Bb p2`i2tX �//BiBQM�HHv- i?2 bvK#QH bm++22/BM; i?2 ib@/B`2+i2/ P j @
b2;K2Mi Kmbi MQi #2 � t X _272` iQ 6B;m`2 kX8� 7Q` �M 2t�KTH2 Q7 bm+? � bBim�iBQMX
� ivT2 9 b?Q`i+mi `2[mB`2b i?2 b�K2 b2i Q7 QM2 bi@/B`2+i2/ �M/ QM2 ib@/B`2+i2/
P j @b2;K2MiX AM i?Bb ivT2- i?2 2M/ p2`i2t Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi Bb 2Bi?2`
i?2 b�K2 �b i?2 BMBiB�H p2`i2t Q7 i?2 bi@/B`2+i2/ QM2 Q` �TT2�`b b@bB/2 Q7 i?Bb
p2`i2tX �//BiBQM�HHv- i?2 bvK#QH T`2+2/BM; i?2 bi@/B`2+i2/ P j @b2;K2Mi Kmbi MQi
#2 t X _272` iQ 6B;m`2 kX8# 7Q` �M 2t�KTH2 Q7 � ivT2 9 b?Q`i+mi bBim�iBQMX A7 i?2
`2�/2` Bb BMi2`2bi2/ BM i?2 `2K�BMBM; ivT2b Q7 b?Q`i+mib- `272` iQ Ar�i� �M/ uQFQBǶb
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6B;m`2 kXe, 1t�KTH2 Q7 i?2 b?Q`i+mi QT2`�iBQM

T�T2`X
AM i?2B` T�T2`- Ar�i� �M/ uQFQB QmiHBM2 � }p2 bi2T T`Q+2bb 7Q` }M/BM; TQbbB#H2

b?Q`i+mibX ai2T y #mBH/b /�i� bi`m+im`2b Q7 BM7Q`K�iBQM �#Qmi i?2 �m;K2MiBM;
r�HF �M/ Bib P j @b2;K2MibX h?2 bi2T +QMbBbib Q7 �M Bi2`�iBQM Qp2` i?2 2/;2b BM i?2
�m;K2MiBM; r�HF- b2iiBM; pst Q` pt s iQ x 7Q` � ;Bp2M 2/;2 B7 i?2 2/;2 #2HQM;b iQ i?2
x@i? P j @b2;K2Mi �M/ Bi Bb- `2bT2+iBp2Hv- bi@/B`2+i2/ Q` ib@/B`2+i2/X �//BiBQM�HHv-
7Q` 2�+? P j @b2;K2Mi 7QmM/- 2Mi2`UtV �M/ H2�p2UtV Bb b2i B7- `2bT2+iBp2Hv- i?2 T`2@
+2/BM; �M/ bm++22/BM; bvK#QHb BM i?2 �m;K2MiBM; r�HF �`2 M2Bi?2` s MQ` t X h?2
`2K�BMBM; 7Qm` bi2Tb 2�+? }M/ b?Q`i+mib Q7 i?2B` `2bT2+iBp2 ivT2X aBM+2 i?2v �`2
MQi M22/2/- bi2Tb R �M/ k �`2 MQi 2tTH�BM2/ ?2`2X h?2 QMHv `2[mB`2/ FMQrH2/;2
�#Qmi i?2b2 bi2Tb Bb i?�i B7 i?2v /Q MQi }M/ � b?Q`i+mi- i?2M i?2 p�Hm2b Q7 pst �M/
pt s /2+`2�b2 r�HFBM; i?2 T @T�i? 7`QK- `2bT2+iBp2Hv- s �M/ t X �//BiBQM�HHv- i?2v
;m�`�Mi22 i?�i P j @b2;K2Mib rBi? i?2 b�K2 /B`2+iBQM �`2 p2`i2t@/BbDQBMiX

ai2T j }M/b b?Q`i+mib Q7 ivT2 j #v Bi2`�iBM; Qp2` i?2 2/;2b �M/ b2H7@HQQTb QM
i?2 T @T�i? 7`QK s iQ t X 1�+? iBK2 �M 2/;2 rBi? pst b2i Bb 7QmM/ p§

st Bb mT/�i2/
iQ i?Bb p�Hm2X 6BM/BM; �M 2/;2 7Q` r?B+? pt s Bb ;`2�i2` i?�M p§

st �M/ H2�p2 Bb
b2i- � b?Q`i+mi rBi? i?2 irQ P j @b2;K2Mib Bb `2im`M2/X h?2 bi2T �HbQ +QMi�BMb
� b2+QM/ Bi2`�iBQM- rBi? i?2 `QH2b Q7 st �M/ t s `2p2`b2/- Bi2`�iBM; Qp2` i?2 T @
T�i? BM i?2 QTTQbBi2 Q`/2`X AM � bBKBH�` 7�b?BQM- bi2T 9 }M/b b?Q`i+mib Q7 ivT2
9X Ai �HbQ T2`7Q`Kb i?Bb /Qm#H2 Bi2`�iBQM Qp2` i?2 T @T�i?- rBi? i?2 `QH2b Q7 st
�M/ t s `2p2`b2/ BM i?2 b2+QM/ Bi2`�iBQMX .Bz2`2MiB�iBM; 7`QK bi2T j- bi2T 9 F22Tb
i`�+F Q7 i?2 H�bi b22M ib@/B`2+i2/ P j @b2;K2Mi- p§

t s - +QKT�`BM; 7QmM/ bi@/B`2+i2/ P j @
b2;K2Mib iQ i?Bb p§

t s p�Hm2- +?2+FBM; B7 i?2v ?�p2 � HQr2` pst p�Hm2X �//BiBQM�HHv-
2Mi2` Bb mb2/ BMbi2�/ Q7 H2�p2X

� bBKTH2 2t�KTH2 Q7 i?2 2t2+miBQM Q7 i?2 b?Q`i+mi QT2`�iBQM +�M #2 b22M BM
6B;m`2 kXeX h?2`2- BM 6B;m`2 kXe�- �M �m;K2MiBM; r�HF rBi? irQ P@b2;K2Mib
#2HQM;BM; iQ i?2 b�K2 T @T�i? +�M #2 b22MX h?2 b2imT b?Qrb �M 2t�KTH2 Q7 i?2
bBKTH2bi ivT2 Q7 b?Q`i+mi- ivT2 R- r?2`2 i?2 irQ P j @b2;K2Mib �`2 2[m�HHv /B`2+i2/
�M/ �TT2�` BM i?2 b�K2 Q`/2` BM #Qi? i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i?X AM
bm+? � +�b2- i?2 �m;K2MiBM; r�HF +�M #2 bBKTHB}2/ �b b?QrM BM 6B;m`2 kXe#- r?2`2
i?2 T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 irQ P j @b2;K2Mib ?�b #22M +?�M;2/
iQ i?2 T�`i Q7 i?2 T @T�i? #2ir22M i?2 irQX LQi2 i?�i r?BH2 i?2`2 �`2 MQr i?`22
2/;2b i?�i Qp2`H�T #2ir22M i?2 �m;K2MiBM; r�HF �M/ T @T�i?b- �b QTTQb2/ iQ
i?2 2�`HB2` irQ- i?2 MmK#2` Q7 P@b2;K2Mib ?�b /2+`2�b2/ #v RX Ar�i� �M/ uQFQB
b?Qr2/ i?�i i?2 b?Q`i+mi QT2`�iBQM �Hr�vb `2/m+2b i?2 MmK#2` Q7 P@b2;K2Mib #v
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U#V �7i2`

6B;m`2 kXd, 1t�KTH2 Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM

�i H2�bi R- KQ`2 B7 i?2`2 r2`2 Qi?2` P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF #2ir22M
i?2 irQX

AM i?2 2t�KTH2 Q7 6B;m`2 kXe i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HF /2+`2�b2bX
h?Bb Bb MQi �Hr�vb i?2 +�b2- �M/ i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HF K�v BM+`2�b2
#v �HKQbi i?2 2MiB`2 H2M;i? Q7 i?2 T @T�i?X �//BiBQM�HHv- r?BH2 MQi b?QrM BM i?2
};m`2- i?2 M2r 2/;2b BMb2`i2/ BMiQ i?2 �m;K2MiBM; r�HF K�v �H`2�/v #2 BM mb2
BM i?2 �m;K2MiBM; r�HFX A7 i?Bb Bb i?2 +�b2- iQ K�F2 bm`2 i?�i UBBBV Bb F2Ti BMi�+i-
QM2 Q7 i?2 Q++m``2M+2b �M/ i?2 2/;2b #2ir22M i?2 irQ Q++m``2M+2b �`2 `2KQp2/
7`QK i?2 �m;K2MiBM; r�HFX

h?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM T2`7Q`Kb � bT2+B�H BMi2`+?�M;2 Q7
i?2 2/;2b BM i?2 T @T�i? �M/ i?2 �m;K2MiBM; r�HFX h?2 M2r T @T�i? Bb 7Q`K2/ #v
+QM+�i2M�iBM; i?2 2/;2b BM i?2 T @T�i? #27Q`2 i?2 P j @b2;K2Mi rBi? i?2 2/;2b Q7 i?2
�m;K2MiBM; r�HF #27Q`2 i?2 P j @b2;K2MiX AM � bBKBH�` 7�b?BQM- i?2 M2r �m;K2MiBM;
r�HF Bb 7Q`K2/ #v +QM+�i2M�iBQM Q7 i?2 2/;2b �7i2` i?2 P j @b2;K2Mi BM i?2 T @T�i?
�M/ i?2 2/;2b �7i2` i?2 P j @b2;K2Mi BM i?2 �m;K2MiBM; r�HFX �M 2t�KTH2 Q7 i?Bb
T`Q+2/m`2 Bb b?QrM BM 6B;m`2 kXd- r?2`2BM 6B;m`2 kXd� �M �m;K2MiBM; r�HF rBi? �
bBM;H2 P@b2;K2Mi Bb b?QrMX q?BH2 i?2`2 Bb MQ /B`2+iBQM b?QrM BM i?2 };m`2- i?2`2
Bb �M �bbmKTiBQM ?2`2 i?�i i?2 �m;K2MiBM; r�HF Bb +QMbB/2`2/ iQ ;Q 7`QK u iQ r X
:Bp2M i?Bb- i?2 `2bmHi Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM +�M #2 b22M
BM 6B;m`2 kXd#X q?BH2 i?2 H2M;i? Q7 #Qi? i?2 T @T�i? �M/ i?2 �m;K2MiBM; r�HF
/2+`2�b2/ BM i?2 2t�KTH2 Q7 6B;m`2 kXd- i?Bb Bb MQi �Hr�vb i?2 +�b2X h?2 +QK#BM2/
H2M;i? Q7 i?2 irQ rBHH �Hr�vb /2+`2�b2- r?BH2 i?2 BMi2`+?�M;2 Q7 2/;2b K�v `2bmHi
BM i?2 H2M;i? Q7 QM2 Q7 i?2K BM+`2�bBM;X

h?2 b?Q`i+mi QT2`�iBQM `2/m+2b i?2 MmK#2` Q7 P j @b2;K2Mib BM i?2 �m;K2MiBM;
r�HFX LQM2i?2H2bb- i?2`2 Bb MQ ;m�`�Mi22 i?�i i?2`2 Bb QMHv QM2 P j @b2;K2Mi BM i?2
�m;K2MiBM; r�HF r?2M i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/X
h?Bb- �b i?2`2 �`2 bQK2 +QK#BM�iBQMb Q7 P j @b2;K2Mib r?2`2 i?2 bvK#QHb QM i?2
�m;K2MiBM; r�HF /Q MQi �HHQr 7Q` b?Q`i+mibX h?mb- i?2`2 K�v #2 P j @b2;K2Mib
#Qi? QM i?2 b@bB/2 �M/ i@bB/2 Q7 i?2 P j @b2;K2Mi `2KQp2/ BM i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQMX 6Q` i?2 QM2b QM i?2 b@bB/2- i?2 b?Q`i+mi QT2`�iBQM ;m�`�Mi22b
i?�i i?2 TQbbB#H2 +?�M;2 BM bvK#QHb QM i?2 T @T�i? /Q2b MQi `2bmHi BM UBBV #2BM;
BMp�HB/�i2/X PM i?2 i@bB/2- QM i?2 Qi?2` ?�M/- i?2 2/;2b Q7 i?2 T @T�i? �`2 MQr
7`22 2/;2b- �M/ UBBBV K�v #2 #`QF2M 7`QK /m�H mb�;2 Q7 i?2b2 7`22 2/;2bX �b bm+?- �
b2+QM/ QT2`�iBQM- i?2 mM+`QbbBM; QT2`�iBQM- Bb T2`7Q`K2/ �i i?2 2M/ Q7 i?2 T�`iB�H
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U+V �7i2` mM+`QbbBM;

6B;m`2 kX3, 1t�KTH2 Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rBi? mM+`QbbBM;

bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX
h?2 mM+`QbbBM; QT2`�iBQM `2KQp2b �HH /m�H mb�;2b Q7 i?2 MQr 7`22- T`2pBQmbHv

H�#2H2/- 2/;2b BM i?2 �m;K2MiBM; r�HFX h?2 b?Q`i+mi QT2`�iBQM ;m�`�Mi22b i?�i
i?2b2 /m�H mb�;2b �`2 #Qi? 2[m�HHv /B`2+i2/X aBM+2 QM2 Q7 i?2 mb�;2b /B/ MQi
�TT2�` BM i?2 �m;K2MiBM; r�HF #27Q`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM-
bBKTHv `2KQpBM; i?2K BM i?2 r�v i?�i r�b /QM2 BM i?2 b?Q`i+mi QT2`�iBQM rQmH/
`BbF BMp�HB/�iBM; UBBVX AMbi2�/ Ar�i� �M/ uQFQB 7QmM/ i?�i i?2 ;m�`�Mi22b Q7 i?2
b?Q`i+mi QT2`�iBQM �HHQr i?2 irQ mb�;2b iQ #Qi? #2 `2KQp2/ r?2M i?2 2/;2b
#2ir22M i?2K �`2 ~BTT2/ Umb2/ BM i?2 QTTQbBi2 /B`2+iBQM �M/ Q`/2`VX

6B;m`2 kX3 b?Qrb �M 2t�KTH2 bBim�iBQM r?2`2 i?2 mM+`QbbBM; QT2`�iBQM Kmbi #2
T2`7Q`K2/ �b T�`i Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX 6B;m`2 kX3� +QM@
i�BMb i?2 BMBiB�H bBim�iBQM rBi? �M �m;K2MiBM; r�HF +QMi�BMBM; i?`22 P@b2;K2Mib-
irQ #2HQM;BM; iQ i?2 b�K2 T @T�i?X Ai Bb MQi TQbbB#H2 iQ T2`7Q`K � b?Q`i+mi QT@
2`�iBQM ?2`2- �b i?�i rQmH/ `2bmHi BM i?2 �m;K2MiBM; r�HF ?�pBM; � `2T2iBiBQM Q7
bvK#QHbX h?mb- i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/X 6B;m`2
kX3# b?Qrb i?2 `2bmHi Q7 T2`7Q`KBM; i?2 BMi2`+?�M;2 Q7 i?2 2/;2bX h?2`2- i?2 2/;2
Q7 r?�i r�b i?2 i?B`/ P@b2;K2Mi Bb mb2/ irB+2X q?BH2 Bi K�v MQi #2 BKK2/B�i2Hv
Q#pBQmb 7`QK i?2 };m`2- i?2 2/;2 Bb mb2/ irB+2 BM i?2 b�K2 /B`2+iBQMX S2`7Q`KBM;
i?2 mM+`QbbBM; QT2`�iBQM `2bmHib BM i?2 bBim�iBQM Q7 6B;m`2 kX3+- r?2`2 i?2 irQ
mb�;2b Q7 i?2 7`22 2/;2 �`2 `2KQp2/X

h?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM ?�b b2p2`�H BMi2`2biBM; T`QT2`iB2bX
6B`bi- Bi +�M #2 b22M i?�i i?2 QT2`�iBQM /2H2i2b i?2 2/;2b Q7 � P@b2;K2Mi- `2/m+BM;
i?2 MmK#2` Q7 P@b2;K2Mib #v �i H2�bi QM2X 1bT2+B�HHv- Bi +�M #2 b?QrM i?�i i?2
M2r 2/;2b BM i?2 �m;K2MiBM; r�HF +�M MQi 7Q`K �Mv P@b2;K2MibX "v i?Bb- Bi �HbQ
7QHHQrb i?�i i?2 MmK#2` Q7 Qp2`H�TTBM; 2/;2b /2+`2�b2bX JQ`2Qp2`- i?2 T @T�i?
+?�M;2/ BM i?2 QT2`�iBQM rBHH `2K�BM � p�HB/ T @T�i? bBM+2 i?2 2/;2b ;�BM2/ 7`QK
i?2 �m;K2MiBM; r�HF r?2`2 �HH 7`22 2/;2b T`BQ` iQ i?2 QT2`�iBQMX

AM K�Mv r�vb- i?2 b?Q`i+mi QT2`�iBQM �M/ T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`@
�iBQM +�M #2 +QMbB/2`2/ �b irQ QT2`�iBQMb i?�i BM +QK#BM�iBQM Tmb? i?2 Q++m`@
`2M+2b Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF #�+Fr�`/bX h?2 b?Q`i+mi QT2`�iBQM
/2+Hmii2`b i?2 BMi2`M�Hb Q7 i?2 �m;K2MiBM; r�HF- �HHQrBM; i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM iQ Tmb? i?2 #QmM/�`v Q7 r?2`2 i?2 P@b2;K2Mib K�v Q++m` BM
i?2 �m;K2MiBM; r�HFX

Rd



kXjXj hBK2 *QKTH2tBiv
q?BH2 i?2 2t�+i iBK2 +QKTH2tBiv Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K Bb MQi BKTQ`i�Mi
7Q` i?2 /Bb+mbbBQM ?2`2- i?2 iBK2 +QKTH2tBiB2b Q7 i?2 bm#@T`Q+2/m`2b �`2 M22/2/
iQ b?Qr i?�i i?2 H�i2` KQ/B}+�iBQMb iQ i?2 �H;Q`Bi?K /Q MQi `2bmHi BM �M BM+`2�b2
BM iBK2 +QKTH2tBivX q2 i?mb ;Bp2 � b?Q`i BMi`Q/m+iBQM iQ i?2 iBK2 +QKTH2tBiv Q7
i?2 �H;Q`Bi?KX

�b T`2pBQmbHv K2MiBQM2/- i?2 Ar�i�ĜuQFQB �H;Q`Bi?K +QMbBbib Q7 � b2i Q7 Bi2`@
�iBQMb- 2�+? }M/BM; QM2 �//BiBQM�H T @T�i?X �b bm+?- i?2`2 +�M #2 � K�tBKmK Q7
|E | Bi2`�iBQMbX 1�+? Bi2`�iBQM +QMbBbib Q7 QM2 �TTHB+�iBQM Q7 i?2 b2�`+? T`Q+2/m`2-
r?B+? Ar�i� �M/ uQFQB b?Qr2/ iQ ?�p2 � iBK2 +QKTH2tBiv Q7 O (V E)X �//BiBQM�HHv-
i?2 �m;K2Mi�iBQM T`Q+2/m`2 +QMbBbib Q7 Bi2`�iBQMb r?2`2 2Bi?2` i?2 b?Q`i+mi QT@
2`�iBQM Q` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/X 1�+? Q7 i?2b2
QT2`�iBQMb r�b b?QrM iQ ?�p2 � iBK2 +QKTH2tBiv Q7 O (E)X aBM+2 #Qi? QT2`�iBQMb
`2/m+2 i?2 MmK#2` Q7 P@b2;K2Mib #v �i H2�bi QM2- �M/ i?2 MmK#2` Q7 P@b2;K2Mib
�7i2` i?2 b2�`+? T`Q+2/m`2 +�M MQi #2 H�`;2` i?�M O (V )- /m2 iQ i?2 HBKBib QM i?2
H2M;i? Q7 i?2 �m;K2MiBM; r�HF- Ar�i� �M/ uQFQB b?Qr2/ i?�i i?2`2 �`2 �i KQbi
O (V ) Bi2`�iBQMb BM i?2 �m;K2Mi�iBQM T`Q+2/m`2X �b bm+?- i?2 iBK2 +QKTH2tBiv Q7
i?2 �m;K2Mi�iBQM T`Q+2/m`2 r�b b?QrM iQ #2 O (V E)X AM +QM+HmbBQM- i?Bb ;Bp2b
i?2 Ar�i�ĜuQFQB �H;Q`Bi?K � iBK2 +QKTH2tBiv Q7 O

°
V E 2¢X

kXjX9 AKT`Qp2K2Mib 6`QK i?2 S`2HBKBM�`v S`QD2+i
�b T�`i Q7 i?2 T`2HBKBM�`v T`QD2+i 7Q` i?Bb i?2bBb- TQbbB#H2 BKT`Qp2K2Mib- BM `2@
;�`/b iQ iBK2 +QKTH2tBiv- r2`2 7QmM/ 7Q` i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX h?2b2
BKT`Qp2K2Mib `2bmHi2/ BM � `2/m+iBQM BM i?2 iBK2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K iQ
O

°
V 2E +E 2¢X �b i?2 +?�M;2/ �H;Q`Bi?K /Q2b MQi ;`2�iHv /Bz2` 7`QK i?2 Ar�i�Ĝ

uQFQB �H;Q`Bi?K- i?2 H�i2` /Bb+mbb2/ KQ/B}+�iBQMb iQ i?2 Ar�i�ĜuQFQB �H;Q`Bi?K
b?QmH/ #2 b?QrM iQ �HbQ rQ`F T`QT2`Hv 7Q` i?2b2 BKT`Qp2K2Mib rBi?Qmi `2/m+@
BM; i?2 BKT`Qp2K2Mib iQ i?2 iBK2 +QKTH2tBivX h?mb- i?2 +?�M;2b rBHH #2 #`B2~v
+Qp2`2/ ?2`2X

h?2 BKT`Qp2K2Mib bm;;2bi2/ �`2 irQ7QH/X 6Q` i?2 b2�`+? T`Q+2/m`2 � +?�M;2
BM /�i� bi`m+im`2b r�b bm;;2bi2/X �M 2/;2 b?QmH/ `272` iQ i?2 TQbBiBQM Q7 Bib
�/D�+2Mi p2`iB+2b BM �M �``�v `�i?2` i?�M i?2 p2`iB+2b Bib2H7X lbBM; i?Bb- Bi r�b
b?QrM i?�i #HQbbQK +`2�iBQM ?�/ � iBK2 +QKTH2tBiv Q7 O (V ) `�i?2` i?�M i?2 O (E)
iBK2 +QKTH2tBiv Q7 � bi�M/�`/ +QMi`�+iBQM BM i?2 ;`�T?X h?Bb- �b #HQbbQK +`2�iBQM-
�M/ i?mb i?2 +QMi`�+iBQM Q7 i?2 ;`�T?- +QmH/ #2 /QM2 rBi?Qmi KQ/B}+�iBQMb iQ
i?2 2/;2b #v bBKTHv `2TH�+BM; i?2 p2`iB+2b Q7 i?2 #HQbbQK BM i?2 p2`i2t �``�vX
h?Bb `2bmHi2/ BM i?2 b2�`+? T`Q+2/m`2 ?�pBM; � iBK2 +QKTH2tBiv Q7 O

°
V 2 +E

¢
X

6Q` i?2 �m;K2Mi�iBQM T`Q+2/m`2 i?2 iBK2 +QKTH2tBiv Bb K�BMHv #QmM/ #v
i?2 bBx2 Q7 i?2 �m;K2MiBM; r�HFX �b T`2pBQmbHv K2MiBQM2/- i?2 H2M;i? Q7 i?2
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�m;K2MiBM; r�HF K�v BM+`2�b2 7`QK #Qi? i?2 b?Q`i+mi QT2`�iBQM �M/ i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX h?Bb `2bmHib BM i?2 H2M;i? Q7 i?2 �m;K2MiBM;
r�HF MQi #2BM; #QmM/ #v O (V )- #mi `�i?2` #v O (E)X aBM+2 i?2 �m;K2MiBM;
r�HF BMBiB�HHv ?�b �i KQbi irQ pBbBib iQ 2�+? p2`i2t- Bi r�b b?Qr2/ i?�i #Qi?
QT2`�iBQMb `2bmHi BM �i KQbi QM2 �//BiBQM�H pBbBi iQ �Mv p2`i2tX h?mb- 2tTHQBiBM;
i?2 T`QT2`iB2b Q7 i?2 �m;K2MiBM; r�HF- � T`Q+2/m`2- aBKTHB7v- r�b /2bB;M2/ iQ
`2KQp2 �i H2�bi QM2 pBbBi 7`QK 2�+? p2`i2t i?�i r�b pBbBi2/ i?`B+2X h?Bb `2bmHiBM;
BM i?2 �m;K2MiBM; r�HF ?�pBM; � H2M;i? Q7 O (V )- �M/ i?2 �m;K2Mi�iBQM T`Q+2/m`2
?�pBM; � iBK2 +QKTH2tBiv Q7 O

°
V 2¢X

RN



ky



*?�Ti2` j

_2/mM/�Mi a2H7@GQQTb

AM i?2B` T�T2`- Ar�i� �M/ uQFQB K�F2 �M �bbmKTiBQM `2;�`/BM; bQ@+�HH2/ `2/mM@
/�Mi b2H7@HQQTb- i?�i Bb- b2H7@HQQTb BM i?2 �m;K2MiBM; r�HF i?�i +�M #2 /2H2i2/
rBi?Qmi `2bmHiBM; BM i?2 �TT2�`�M+2 Q7 +QMb2+miBp2 bvK#QHb QM i?2 �m;K2MiBM;
r�HFX h?2 �mi?Q`b K�F2 i?2 �bbmKTiBQM i?�i rBi?Qmi HQbb Q7 ;2M2`�HBiv QM2 +�M
�bbmK2 i?2 �m;K2MiBM; r�HF iQ ?�p2 MQ bm+? b2H7@HQQTbX h?2 mb�;2 Q7 i?Bb �b@
bmKTiBQM b22Kb iQ K�BMHv #2 `2H�i2/ iQ i?2 /2}MBiBQM Q7 � P@b2;K2MiX h?Bb- �b
rBi? i?2 �bbmKTiBQM Bi Bb ;m�`�Mi22/ i?�i � P@b2;K2Mi Bb 2Bi?2` � bBM;H2 b2H7@HQQT
Q` � bm#@T�i? Q7 � T @T�i?X 6Q` i?Bb ;m�`�Mi22- i?2 ;Bp2M `2HB�M+2 QM MQ `2/mM/�Mi
b2H7@HQQTb Bb bi`QM;2` i?�M M2+2bb�`vX h?Bb- �b � b2H7@HQQT K�v #2 `2/mM/�Mi 2p2M
r?2M Bi /Q2b MQi �TT2�` /B`2+iHv #27Q`2 Q` �7i2` �M 2/;2 Q7 i?2 b�K2 T @T�i? BM
i?2 �m;K2MiBM; r�HFX �b rBHH #2 b22M b?Q`iHv- i?2 �H;Q`Bi?K rBHH BM bQK2 +�b2b
#2 �#H2 iQ #`2�F i?2 �bbmKTiBQM �#Qp2 �M/ T`Q/m+2 r?�i r2 rBHH +�HH � bi�M@
/�HQM2 `2/mM/�Mi b2H7@HQQT- i?�i Bb- � `2/mM/�Mi b2H7@HQQT i?�i 7Q`Kb � P@b2;K2Mi
+QMi�BMBM; QMHv Bib2H7X

q2 ?�p2 MQi #22M �#H2 iQ T`Qp2 Q` /BbT`Qp2 i?2 Q++m``2M+2 Q7 MQM@bi�M/�HQM2
b2H7@HQQTbX Ai b22Kb HBF2Hv i?�i i?2 Q++m``2M+2 Q7 i?2b2 Bb MQi TQbbB#H2 BM i?2
bi�M/�`/ QT2`�iBQM�H bT�+2 Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K r?2`2 i?2 BMi2`�+iBQMb
#2ir22M i?2 /Bz2`2Mi QT2`�iBQMb b22K iQ KBiB;�i2 �Mv bm+? TQbbB#BHBiB2bX Ai Bb-
?Qr2p2`- TQbbB#H2 7Q` i?2 QT2`�iBQMb Q7 i?2 �H;Q`Bi?K- rBi? p�HB/ bBim�iBQMb i?�i
?�p2 #22M +`�7i2/ /B`2+iHv BMbi2�/ Q7 #2BM; � T`Q/m+i Q7 i?2 �H;Q`Bi?K Bib2H7- iQ
T`Q/m+2 bm+? MQM@bi�M/�HQM2 `2/mM/�Mi b2H7@HQQTbX h?mb- r?BH2 Bi K�v TQbbB#H2
iQ T`Qp2 i?2 MQM@2tBbi2M+2 i?`Qm;? �M BMi`B+�i2 T`QQ7 Q7 i?2 BMi2`�+iBQMb #2ir22M
i?2 QT2`�iBQMb- bm+? � T`QQ7 ;Bp2b HBiiH2 rQ`i?X �b 7Q` �Mv KBMQ` +?�M;2 iQ i?2
�H;Q`Bi?K- bm+? �b �HH i?2 +?�M;2b BM i?Bb i?2bBb- i?2 T`QQ7 ?�b iQ #2 `2T2�i2/
rBi? �TT`QT`B�i2 +?�M;2bX

q?BH2 T`QpBM; i?2 MQM@2tBbi2M+2 Q7 MQM@bi�M/�HQM2 b2H7@HQQTb K�v K�F2 Bi
TQbbB#H2 iQ B;MQ`2 `2/mM/�Mi b2H7@HQQTb �HH iQ;2i?2`- i?2`2 Bb MQ ;m�`�Mi22 i?�i
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U�V G�#2H2/ ;`�T? rBi?
�M �m;K2MiBM; r�HF

b
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U#V �7i2` 2t2+miBQM Q7 i?2
b?Q`i+mi QT2`�iBQM

b
i `

m p

U+V _2KQp�H Q7 `2/mM/�Mi
b2H7@HQQT

6B;m`2 jXR, 1t�KTH2 Q7 � bBim�iBQM r?2`2 i?2 b?Q`i+mi QT2`�iBQM +�M `2bmHi BM i?2
�m;K2MiBM; r�HF ?�pBM; � `2/mM/�Mi b2H7@HQQTX

Ar�i� �M/ uQFQB ?�p2 MQi `2HB2/ QM i?2 T`QT2`iv BM Qi?2` T�`ib Q7 i?2 T�T2`X
:Bp2M i?Bb �M/ i?2 `2bmHiBM; bBKTHB}+�iBQMb iQ i?2 H�i2` KQ/B}+�iBQMb- r2 rBHH
`�i?2` T`2b2Mi � T`Q+2/m`2 iQ 2HBKBM�i2 `2/mM/�Mi b2H7@HQQTb BM i?2 �m;K2MiBM;
r�HFX h?Bb Bb 2bT2+B�HHv `QQi2/ BM i?2 7�+i i?�i i?2 H�i2` T`2b2Mi2/ KQ/B}+�iBQMb
BM+`2�b2 i?2 +?�M+2 Q7 `2/mM/�Mi b2H7@HQQTb Q++m``BM;X AM i?2 H�i2` BMi`Q/m+2/
T`Q+2/m`2 Bi rBHH #2 �bbmK2/ i?�i i?2 `2/mM/�Mi b2H7@HQQTb +�M #Qi? #2 bi�M/�HQM2
�M/ MQM@bi�M/�HQM2X

"27Q`2 BMi`Q/m+BM; � T`Q+2/m`2 i?�i `2KQp2b �Mv `2/mM/�Mi b2H7@HQQTb BM i?2
�m;K2MiBM; r�HF- irQ 2t�KTH2b Q7 bBim�iBQMb BM r?B+? `2/mM/�Mi b2H7@HQQTb �`2
+`2�i2/ rBHH #2 b?QrM- QM2 7Q` i?2 b?Q`i+mi QT2`�iBQM �M/ QM2 7Q` i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX Ai +�M #2 p2`B}2/ i?�i i?2 �m;K2MiBM; r�HFb Q7
i?2 2t�KTH2b +�M #2 +`2�i2/ #v i?2 b2�`+? T`Q+2/m`2- /2T2M/BM; QM i?2 Q`/2` BM
r?B+? i?2 2/;2b �`2 +?Qb2MX 6Q` i?2 b2�`+? T`Q+2/m`2- Bi 7QHHQrb /B`2+iHv 7`QK
i?2 �`;mK2Mi�iBQM �M/ T`QQ7b Q7 Ar�i� �M/ uQFQB i?�i i?2 T`Q+2/m`2 rBHH MQi
`2bmHi BM �Mv `2/mM/�Mi b2H7@HQQTbX h?Bb- /m2 iQ ?Qr i?2 #HQbbQK 2tT�MbBQM Bb
T2`7Q`K2/ �M/ i?2 +`Bi2`B� +?Qb2M 7Q` i?2 p�HB/Biv Q7 b2H7@HQQTb �b BMi2`BQ` 2/;2b
BM i?2 7Q`2bi 2tT�MbBQMX

AM i?2 b?Q`i+mi QT2`�iBQM � M2r b2H7@HQQT K�v #2 �//2/ iQ i?2 �m;K2MiBM;
r�HF- #mi QMHv r?2M Bi Bb �#bQHmi2Hv M22/2/- i?�i Bb- i?2 b2H7@HQQT Bb MQi �//2/
iQ i?2 �m;K2MiBM; r�HF mMH2bb i?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF `2[mB`2 BiX
�b bm+?- i?Bb b2H7@HQQT Bb M2p2` `2/mM/�MiX h?2 b?Q`i+mi QT2`�iBQM K�v biBHH
`2bmHi BM i?2 �m;K2MiBM; r�HF +QMi�BMBM; `2/mM/�Mi b2H7@HQQTb- �b i?2 bvK#QHb
QM i?2 r�HF K�v +?�M;2- �M/ i?mb �H`2�/v 2tBbiBM; b2H7@HQQTb K�v im`M 7`QK
MQM@`2/mM/�Mi iQ `2/mM/�MiX 6B;m`2 jXR b?Qrb �M 2t�KTH2 Q7 bm+? � bBim�iBQMX
h?2`2- BM 6B;m`2 jXR�- i?2 �m;K2MiBM; r�HF ?�b i?2 bvK#QHb str tr uvr X h?2 b2H7@
HQQT UuvV Bb bm``QmM/2/ #v r Ƕb- K2�MBM; Bi Bb MQM@`2/mM/�MiX �7i2` �TTHB+�iBQM
Q7 i?2 b?Q`i+mi QT2`�iBQM- �b b22M BM 6B;m`2 jXR#- i?2 bvK#QHb �`2 sr tuvr X h?Bb
K2�Mb i?�i i?2 b2H7@HQQT ?�b #2+QK2 `2/mM/�Mi �M/ +�M #2 `2KQp2/ �b b22M BM
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6B;m`2 jXk, 1t�KTH2 Q7 � bBim�iBQM r?2`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`@
�iBQM `2bmHib BM `2/mM/�Mi b2H7@HQQTb BM i?2 �m;K2MiBM; r�HFX

6B;m`2 jXR+X h?2M- i?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF �`2 sr tr r?B+? bm{+2
UBBVX

aBM+2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rBHH MQi #2 `mM mMH2bb i?2`2
�`2 MQ b?Q`i+mib �p�BH�#H2- �Mv bBim�iBQMb BM r?B+? i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQM T`Q/m+2 `2/mM/�Mi b2H7@HQQTb rBHH M2+2bb�`BHv #2 KQ`2 +QKTH2t i?�M 7Q`
i?2 b?Q`i+mi QT2`�iBQMX �M 2t�KTH2 Q7 i?Bb +�M #2 b22M BM 6B;m`2 jXkX h?2`2-
BM 6B;m`2 jXk�- �M �m;K2MiBM; r�HF +QMi�BMBM; }p2 P@b2;K2Mib- Q7 r?B+? irQ
�`2 MQM@`2/mM/�Mi b2H7@HQQTb- +�M #2 b22MX q2 rBHH �bbmK2 i?�i i?2 bvK#QHb
QM i?2 b2H7@HQQT QM i?2 T @T�i? 7`QK r iQ t �`2 tr r?2M ;QBM; 7`QK u iQ s BM
i?2 �m;K2MiBM; r�HF- �b Qi?2`rBb2 � b?Q`i+mi Bb TQbbB#H2X h?Bb Bb � TQbbB#H2
bBim�iBQM- �b i?2 Q`/2` Q7 i?2 bvK#QHb QM b2H7@HQQTb Bb /2i2`KBM2/ T`BQ` iQ i?2
b2�`+? T`Q+2/m`2 �M/ +�M i�F2 �Mv Q7 i?2 irQ TQbbB#H2 Q`/2`bX A7 i?Bb Bb i?2 +�b2-
i?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF rBHH #2 ustuv t str sr sX h?Bb K2�Mb i?�i �
b?Q`i+mi QT2`�iBQM +�M MQi #2 T2`7Q`K2/ QM i?2 irQ P j @b2;K2Mib Q7 i?2 T @T�i?
;QBM; 7`QK s iQ t X �b bm+?- 6B;m`2b jXk# �M/ jXk+ b?Qr i?2 2t2+miBQM Q7 i?2
T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM QM i?2 ;Bp2M �m;K2MiBM; r�HFX "Qi? Q7
i?2 b2H7@HQQTb BM i?2 Q`B;BM�H �m;K2MiBM; r�HF �`2 F2Ti BM i?2 M2r �m;K2MiBM;
r�HFX aBM+2 i?2 bvK#QHb Q7 i?2 M2r �m;K2MiBM; r�HF �`2 t vutr sr s- i?2 b2H7@HQQT
QM i?2 T @T�i? 7`QK u iQ v Bb MQM@`2/mM/�Mi r?BH2 i?2 Qi?2` b2H7@HQQT Bb `2/mM/�MiX
_2KQpBM; i?2 `2/mM/�Mi b2H7@HQQT `2bmHib BM i?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF
#2+QKBM; t vusr sX h?2 `2K�BMBM; b2H7@HQQT Bb MQr �HbQ `2/mM/�Mi �M/ +�M #2
`2KQp2/X

h?2 2t�KTH2 7`QK i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM b?Qrb �M BKTQ`@
i�Mi bBim�iBQM i?�i Kmbi #2 ?�M/H2/ r?2M `2KQpBM; `2/mM/�Mi b2H7@HQQTb- i?�i Bb-
i?2 �m;K2MiBM; r�HF K�v +QMi�BM KQ`2 i?�M QM2 `2/mM/�Mi b2H7@HQQT- �M/ `2KQp@
BM; QM2 `2/mM/�Mi b2H7@HQQT K�v `2bmHi BM �MQi?2` b2H7@HQQT #2+QKBM; `2/mM/�MiX
q?BH2 Bi b22Kb mMHBF2Hv i?�i i?2 b?Q`i+mi QT2`�iBQM K�v `2bmHi BM i?Bb Q++m``BM;
BM i?2 bi�M/�`/ Ar�i�ĜuQFQB �H;Q`Bi?K- bQK2 Q7 i?2 +?�M;2b bm;;2bi2/ H�i2` BM
i?Bb i?2bBb- 7Q` 2t�KTH2 QM2 Q7 i?2 r�vb iQ ?�M/H2 +v+H2b BM i?2 T @T�i?b- K�v �HbQ
`2bmHi BM i?2 Q++m``2M+2 Q7 KQ`2 i?�M QM2 bm++2bbBp2 b2H7@HQQTX A7 i?2`2 �`2 KQ`2

kj



i?�M QM2 bm++2bbBp2 b2H7@HQQT BM i?2 �m;K2MiBM; r�HF- i?2 b?Q`i+mi QT2`�iBQM K�v
`2bmHi BM QM2 Q` KQ`2 Q7 i?2b2 #2+QKBM; `2/mM/�MiX

q2 rBHH MQr T`2b2Mi � T`Q+2/m`2- _2KQp2@_2/mM/�Mi@a2H7@GQQTb- r?B+?
i?`Qm;? bBKTH2 Bi2`�iBQM Q7 i?2 �m;K2MiBM; r�HF `2KQp2b `2/mM/�Mi b2H7@HQQTbX
aBM+2 � b2H7@HQQT Bb `2/mM/�Mi QMHv r?2M i?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM;
Bi �`2 MQi 2[m�H- i?2 T`Q+2/m`2 +`2�i2b � HBbi Q7 i?2 bvK#QHb QM i?2 �m;K2MiBM;
r�HF iQ �HHQr 7Q` +QMbi�Mi iBK2 `272`2M+BM;X h?2 T`Q+2/m`2 i?2M +`2�i2b � M2r
�m;K2MiBM; r�HF i?`Qm;? Bi2`�iBQM Qp2` i?2 QH/ �m;K2MiBM; r�HFX �HH 2/;2b i?�i
�`2 MQi `2/mM/�Mi b2H7@HQQTb �`2 �//2/ iQ i?2 M2r �m;K2MiBM; r�HFX � b2H7@HQQT
Bb BM i?Bb +�b2 +H�bbB}2/ �b `2/mM/�Mi B7 i?2 H�bi bvK#QH BM i?2 M2r �m;K2MiBM;
r�HF Bb MQi 2[m�H iQ i?2 M2ti bvK#QH BM i?2 QH/ �m;K2MiBM; r�HFX h?Bb- �b rBHH #2
b?QrM H�i2`- ;m�`�Mi22b i?�i i?2 M2r r�HF bm{+2 UBBVX Ai Bb rQ`i? MQiBM; i?�i i?2`2
K�v biBHH #2 `2/mM/�Mi b2H7@HQQTb BM i?2 `2bmHiBM; �m;K2MiBM; r�HFX h?Bb- �b 7Q`
� bBim�iBQM rBi? b2p2`�H +QMb2+miBp2 b2H7@HQQTb- rBi? QMHv i?2 H�bi #2BM; +H�bbB}2/
�b `2/mM/�Mi- i?2 +?Qb2M QM2@T�bb bi`�i2;v Q7 i?2 T`Q+2/m`2 /Q2b MQi �HHQr i?2
+?�M;2b 7`QK i?2 `2KQp�H Q7 i?2 H�bi b2H7@HQQT iQ T`QT�;�i2 iQ i?2 T`2pBQmb b2H7@
HQQTbX h?mb- � T`Q+2/m`2 _2KQp2@�HH@_2/mM/�Mi@a2H7@GQQTb Bb +`2�i2/X
h?Bb T`Q+2/m`2 +�HHb i?2 _2KQp2@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2 mMiBH MQ
`2/mM/�Mi b2H7@HQQTb �`2 /2H2i2/ BM � bBM;H2 �TTHB+�iBQMX

_2KQp2@_2/mM/�Mi@a2H7@GQQTb(Q)
R ∞ 4 ∞(Q)
k p 4 ∞(R)
j pn 4 k
9 /2H2i2/ 4 7�Hb2
8 Q 0 4 2KTiv T�i?
e 7Q` e BM Q.2/;2b
d B7 e.H�#2H2/
3 pn Y4 k
N B7 e.sr c 6= e.d st Q` p == ∞(pn )

Ry �// e iQ Q 0

RR B7 e.H�#2H2/
Rk p = e./bi@bvK#QH
Rj 2Hb2 /2H2i2/ 4 i`m2
R9 `2im`M Q 0- /2H2i2/

q2 rBHH MQr b?Qr �M/ T`Qp2 i?2 p�HB/Biv �M/ iBK2 +QKTH2tBiv Q7 i?2 _2KQp2@
_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2X

G2KK� jXR _2KQp2@_2/mM/�Mi@a2H7@GQQTb `2im`Mb �M �m;K2MiBM; r�HFX
h?2 `2bmHiBM; �m;K2MiBM; r�HF K�v QMHv /Bz2` 7`QK i?2 BMTmi �m;K2MiBM; r�HF
#v QM2 Q` KQ`2 /2H2i2/ b2H7@HQQTbX
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S`QQ7, �M 2/;2 Bb M2p2` `2KQp2/ �7i2` #2BM; �//2/ iQ Q 0X h?mb- 7Q` i?2 /B7@
72`2M+2 #2ir22M Q �M/ Q 0 iQ QMHv #2 i?2 /2H2iBQM Q7 b2H7@HQQTb- Bi Kmbi #2 b?QrM
i?�i �HH MQ`K�H 2/;2b �`2 �//2/ iQ Q 0 �M/ �HH 2/;2b BM Q 0 �`2 �//2/ BM i?2B`
Q`B;BM�H Q`/2`X h?2 QMHv iBK2 �M 2/;2 Bb �//2/ iQ Q 0 Bb QM HBM2 RyX 6Q` HBM2 Ry iQ
Q++m`- �i H2�bi QM2 Q7 i?2 +QM/BiBQMb QM HBM2 N Kmbi #2 p�HB/X �Mv MQM@b2H7@HQQT
2/;2 bm{+2 i?2 }`bi +QM/BiBQM- �M/ i?mb HBM2 Ry `mMb 7Q` �HH MQM@b2H7@HQQT 2/;2bX
JQ`2Qp2`- bBM+2 i?2 HQQT Q7 HBM2 e r�HFb Q 7`QK bi�`i iQ }MBb?- i?2 2/;2b BM Q 0

Kmbi 7QHHQr i?2 b�K2 Q`/2` �b BM QX h?mb- i?2 QMHv /Bz2`2M+2 #2ir22M Q �M/ Q 0

K�v #2 KBbbBM; b2H7@HQQTbX
aBM+2 QMHv b2H7@HQQTb K�v #2 /2H2i2/- Bi 7QHHQrb i?�i Q 0 Bb � r�HFX �//BiBQM�HHv-

bBM+2 MQ M2r 2/;2b �`2 �//2/- i?2 T`QT2`iB2b UBV �M/ UBBBV Q7 �m;K2MiBM; r�HFb
Kmbi #2 7mH}HH2/X 6Q` �M 2/;2- e- B7 #Qi? Q7 i?2 +QM/BiBQMb QM HBM2 N �`2 7�Hb2-
i?2M e Bb � b2H7@HQQT �M/ i?2 bvK#QH Q7 i?2 M2ti H�#2H2/ 2/;2 BM Q Bb /Bz2`2Mi
7`QK i?2 H�bi bvK#QH BM Q 0X h?mb /2H2iBM; bm+? e /Q2b MQi #`2�F T`QT2`iv UBBV Q7
�M �m;K2MiBM; r�HFX 1bT2+B�HHv- 2p2M i?Qm;? i?2 +?2+F QM HBM2 N +?2+Fb r?2i?2`
Q` MQi 2�+? 2/;2 +�M #2 `2KQp2/ rBi? MQ `2;�`/b iQ i?2 `2KQp�H Q7 H�i2` 2/;2b
BM Q- UBBV Kmbi ?QH/ bBM+2 �M 2/;2 Bb QMHv `2KQp2/ B7 Bi Bb ;m�`�Mi22/ i?�i Q 0

+QM+�i2M�i2/ rBi? i?2 `2K�BM/2` Q7 Q bm{+2 UBBVX Á

G2KK� jXk _2KQp2@_2/mM/�Mi@a2H7@GQQTb 2Bi?2` `2KQp2b �i H2�bi QM2 `2@
/mM/�Mi b2H7@HQQT �M/ `2im`Mb i`m2 7Q` Ǵ/2H2i2/Ǵ Q` i?2`2 �`2 MQ `2/mM/�Mi b2H7@
HQQTb BM i?2 �m;K2MiBM; r�HF- i?2 �m;K2MiBM; r�HF Bb MQi +?�M;2 �M/ 7�Hb2 Bb
`2im`M2/ 7Q` Ǵ/2H2i2/ǴX

S`QQ7, �bbmK2 i?�i Q ?�b �i H2�bi QM2 `2/mM/�Mi b2H7@HQQTX h?2M- r?2M e Bb
i?2 }`bi `2/mM/�Mi b2H7@HQQT Q7 Q- M2Bi?2` Q7 i?2 +QM/BiBQMb QM HBM2 N K�v ?QH/X e
Bb Q7 +Qm`b2 � b2H7@HQQT- �M/ bBM+2 e Bb � `2/mM/�Mi b2H7@HQQT i?2 bvK#QH T`2+2/BM;
e- p- Kmbi /Bz2` 7`QK i?2 bvK#QH bm++22/BM; e- ∞[pn]X h?mb- HBM2 Ry Bb M2p2` `�M
�M/ e Bb MQi �//2/ iQ i?2 M2r �m;K2MiBM; r�HFX JQ`2Qp2`- bBM+2 MQM2 Q7 i?2
+QM/BiBQMb QM HBM2 N ?QH/- HBM2 Rj Kmbi #2 `mM �M/ /2H2i2/ rBHH #2 b2i iQ i`m2X

�bbmK2 i?2 QTTQbBi2- M�K2Hv i?�i Q ?�b MQ `2/mM/�Mi b2H7@HQQTbX h?2M- �i
H2�bi QM2 Q7 i?2 +QM/BiBQMb QM HBM2 N Kmbi ?QH/ 7Q` �HH 2/;2b e- �b 2Bi?2` e Bb MQi
� b2H7@HQQT- Q` e Bb � MQM@`2/mM/�Mi b2H7@HQQT �M/ i?mb i?2 bvK#QH #27Q`2 e- p- Bb
2[m�H iQ i?2 bvK#QH �7i2` e- ∞[pn]X h?mb- HBM2 Rj rBHH M2p2` #2 `mM �M/ /2H2i2/ rBHH
�Hr�vb `2K�BM 7�Hb2X Ai 7QHHQrb /B`2+iHv 7`QK G2KK� jXR i?�i i?2 �m;K2MiBM;
r�HF /Q2b MQi +?�M;2X Á

G2KK� jXj _2KQp2@_2/mM/�Mi@a2H7@GQQTb ?�b � iBK2 +QKTH2tBiv Q7 O (Q)

S`QQ7, GBM2 R Bb � bBKTH2 Bi2`�iBQM Qp2` i?2 �m;K2MiBM; r�HF �M/ +�M #2 T2`@
7Q`K2/ BM O (Q)X GBM2b k i?`Qm;? 8 �M/ R9 +�M #2 T2`7Q`K2/ BM +QMbi�Mi iBK2X
h?2 HQQT QM HBM2 e Bb �M Bi2`�iBQM Qp2` i?2 �m;K2MiBM; r�HF �M/ i?mb +QMbBbib Q7
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O (Q) Bi2`�iBQMbX 1�+? Q7 i?2 QT2`�iBQMb QM HBM2b d i?`Qm;? Rj +�M #2 T2`7Q`K2/
BM +QMbi�Mi iBK2X h?mb- i?2 HQQT Q7 HBM2 e ?�b � iBK2 +QKTH2tBiv Q7 O (Q)X Ai
7QHHQrb i?�i i?2 r?QH2 T`Q+2/m`2 ?�b � iBK2 +QKTH2tBiv Q7 O (Q)X Á

h?2_2KQp2@�HH@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2 rBHH MQr #2 T`2b2Mi2/
rBi? T`QQ7b 7Q` i?2 p�HB/Biv �M/ iBK2 +QKTH2tBivX �b T`2pBQmbHv K2MiBQM2/- i?Bb
T`Q+2/m`2 bBKTHv �TTHB2b i?2 _2KQp2@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2 mM@
iBH MQ b2H7@HQQTb ?�p2 #22M /2H2i2/ BM � bBM;H2 �TTHB+�iBQMX

_2KQp2@�HH@_2/mM/�Mi@a2H7@GQQTb(Q)
R /2H2i2/ 4 i`m2
k r?BH2 /2H2i2/
j Q- /2H2i2/ 4 _2KQp2@_2/mM/�Mi@a2H7@GQQTbUQV
9 `2im`M Q

G2KK� jX9 G2i Q �M/ Q 0 #2 i?2 �m;K2MiBM; r�HF- `2bT2+iBp2Hv- #27Q`2 �M/ �7i2`
i?2 �TTHB+�iBQM Q7 i?2 _2KQp2@�HH@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2X h?2M-
i?2 MmK#2` Q7 �TTHB+�iBQMb T2`7Q`K2/ Q7 i?2 _2KQp2@_2/mM/�Mi@a2H7@GQQTb
T`Q+2/m`2 Bb bK�HH2` i?�M Q` 2[m�H iQ µ(Q)°µ(Q 0)+2X

S`QQ7, �bbmK2 i?�i i?2`2 �`2 MQ `2/mM/�Mi b2H7@HQQTb BM i?2 �m;K2MiBM; r�HF-
i?2M i?2`2 Bb QMHv QM2 �TTHB+�iBQM Q7 i?2 T`Q+2/m`2- �M/ i?2`2 Bb MQ +?�M;2 BM i?2
MmK#2` Q7 P@b2;K2MibX aBM+2 i?2 MmK#2` Q7 �TTHB+�iBQMb Bb H2bb i?�M i?2 +QMbi�Mi
k- i?Bb +�b2 ?QH/bX

LQr �bbmK2 i?�i i?2`2 Bb �i H2�bi QM2 `2/mM/�Mi b2H7@HQQT BM i?2 �m;K2MiBM;
r�HFX h?2M- i?2`2 �`2 i?`22 TQbbB#H2 +H�bbB}+�iBQMb 7Q` i?2 b2H7@HQQTb i?�i rBHH #2
`2KQp2/ 7`QK i?2 �m;K2MiBM; r�HFX h?2 b2H7@HQQTb K�v �HH #2 bi�M/�HQM2- � KBt
Q7 bi�M/�HQM2 �M/ MQM@bi�M/�HQM2 Q` MQM@bi�M/�HQM2X AM �HH Q7 i?2b2 +�b2b- G2KK�
jXk ;m�`�Mi22b i?�i i?2 MmK#2` Q7 �TTHB+�iBQMb Q7 i?2 _2KQp2@_2/mM/�Mi@
a2H7@GQQTb T`Q+2/m`2 rBHH �i KQbi #2 �M 2[m�H �KQmMi Q7 iBK2b iQ i?2 MmK#2`
Q7 b2H7@HQQTb `2KQp2/X

6Q` i?2 +�b2 Q7 QMHv bi�M/�HQM2 b2H7@HQQTb- �M 2MiB`2 P@b2;K2Mi Bb `2KQp2/
7Q` 2�+? `2KQp2/ b2H7@HQQTX h?mb- i?2 MmK#2` Q7 �TTHB+�iBQMb +�M MQi #2 ?B;?2`
i?�M µP (Q)°µP (Q 0)+1- rBi? i?2 R #2BM; � `2bmHi Q7 ?�pBM; iQ T2`7Q`K �M 2ti`�
�TTHB+�iBQM BM i?2 2M/ iQ +?2+F i?�i i?2`2 �`2 MQ `2K�BMBM; `2/mM/�Mi b2H7@HQQTbX

6Q` i?2 +�b2 Q7 QMHv MQM@bi�M/�HQM2 b2H7@HQQTb- QM2 +�M b22 i?�i URV `2KQpBM;
� MQM@bi�M/�HQM2 b2H7@HQQT /Q2b MQi +?�M;2 r?2i?2` Q` MQi i?2 T`2pBQmb Q` M2ti
b2H7@HQQT Bb `2/mM/�Mi �M/ UkV �HH MQM@bi�M/�HQM2 b2H7@HQQTb �`2 `2/mM/�Mi �M/
+�M #2 `2KQp2/ BM � bBM;H2 �TTHB+�iBQM Q7 i?2 T`Q+2/m`2X 6Q` URV Bi bm{+2b iQ
b22 i?�i � MQM@bi�M/�HQM2 b2H7@HQQT Bb 2Bi?2` 7QHHQr2/ #v Q` T`2+2/2/ #v �M 2/;2
7`QK i?2 b�K2 T @T�i? rBi? i?2 b�K2 bvK#QHb BM i?2 b�K2 Q`/2` �b i?2 b2H7@HQQTX
h?Bb 7QHHQrb /B`2+iHv 7`QK i?2 /2}MBiBQM Q7 �M �m;K2MiBM; r�HFX h?mb- `2KQpBM;

ke



i?2 MQM@bi�M/�HQM2 b2H7@HQQT /Q2b MQi +?�M;2 i?2 bvK#QHb #27Q`2 Q` �7i2` �Mv
Qi?2` b2H7@HQQTX 6Q` UkV QM2 +�M b22 i?�i /m2 iQ i?2 2/;2 T`2+2/BM; Q` bm++22/BM;
i?2 b2H7@HQQT ?�pBM; i?2 b�K2 bvK#QHb �b i?2 b2H7@HQQT- i?2 bvK#QH #27Q`2 �M/
�7i2` � MQM@bi�M/�HQM2 b2H7@HQQT +�M M2p2` #2 i?2 b�K2X h?mb- i?2v rBHH �Hr�vb
#2 `2KQp2/ #v i?2 T`Q+2/m`2X � iQi�H Q7 2 �TTHB+�iBQMb �`2 i?mb M22/2/X h?Bb
Bb 2[m�H iQ i?2 +QMbi�Mi �#Qp2X 1bT2+B�HHv- i?2 MmK#2` Q7 P@b2;K2Mib /Q2b MQi
+?�M;2 r?2M `2KQpBM; � MQM@bi�M/�HQM2 b2H7@HQQT- bBM+2- #v /2}MBiBQM- �i H2�bi
QM2 2/;2 `2K�BMb BM 2�+? Q7 i?2 P@b2;K2MibX

6Q` i?2 H�bi +�b2- `2KQpBM; � `2/mM/�Mi b2H7@HQQT `2/m+2b i?2 MmK#2` Q7 P@
b2;K2Mib #v 2Bi?2` U�V k- U#V R Q` U+V yX *�b2 U�V Q++m`b r?2M � bi�M/�HQM2
b2H7@HQQT Bb `2KQp2/ �M/ i?2`2 Bb � b2H7@HQQT /B`2+iHv T`2+2/BM; Q` bm++22/BM; Bi
i?�i ;Q2b 7`QK #2BM; � bi�M/�HQM2 b2H7@HQQT iQ � MQM@bi�M/�HQM2 b2H7@HQQTX h?mb-
i?2 P@b2;K2Mi Q7 i?2 /2H2i2/ b2H7@HQQT Bb `2KQp2/ �M/ i?2 P@b2;K2Mi Q7 i?2 Qi?2`
b2H7@HQQT Bb +QK#BM2/ rBi? �MQi?2` P@b2;K2Mi �M/ i?mb � `2/m+iBQM #v k BM i?2
MmK#2` Q7 P@b2;K2Mib Bb �+?B2p2/X *�b2 U#V K�v Q++m` B7 � bi�M/�HQM2 b2H7@HQQT Bb
/2H2i2/ �M/ +�b2 U�V Bb MQi p�HB/X h?2M- � P@b2;K2Mi Bb bBKTHv `2KQp2/ 7`QK i?2
�m;K2MiBM; r�HFX *�b2 U+V Q++m`b r?2M � MQM@bi�M/�HQM2 b2H7@HQQT Bb `2KQp2/- �b
i?2M QMHv �M 2/;2 7`QK � P@b2;K2Mi Bb `2KQp2/- MQi �M 2MiB`2 P@b2;K2MiX lbBM;
i?Bb- Bi 7QHHQrb i?�i i?2 MmK#2` Q7 P@b2;K2Mib Kmbi #2 `2/m+2/ BM 2�+? Bi2`�iBQM-
mMH2bb QMHv MQM@bi�M/�HQM2 b2H7@HQQTb �`2 `2KQp2/X lbBM; URV 7`QK �#Qp2- i?Bb
+�M QMHv ?�TT2M B7 i?2`2 �`2 MQ KQ`2 bi�M/�HQM2 b2H7@HQQTb i?�i rBHH #2 `2KQp2/X
"v UkV i?Bb +�M QMHv ?�TT2M QM+2- �b �HH bm+? b2H7@HQQTb �`2 `2KQp2/ BM i?2 b�K2
�TTHB+�iBQMX h?mb- 7Q` �HH #mi � K�tBKmK Q7 irQ �TTHB+�iBQMb Q7 i?2 T`Q+2/m`2-
i?2 MmK#2` Q7 P@b2;K2Mib Bb `2/m+2/ #v �i H2�bi QM2 �M/ Bi 7QHHQrb i?�i i?2
MmK#2` Q7 �TTHB+�iBQMb Bb �i KQbi i?Bb `2/m+iBQM BM P@b2;K2Mib THmb irQX Á

h?2Q`2K jX8 �TTHvBM; i?2 _2KQp2@�HH@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2
�i i?2 2M/ Q7 2�+? Bi2`�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2 /Q2b MQi BM+`2�b2 i?2
iBK2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K- �M/ `2bmHib BM � p�HB/ �m;K2MiBM; r�HF rBi? MQ
`2/mM/�Mi b2H7@HQQTbX

S`QQ7, "v G2KK� jXR Bi 7QHHQrb i?�i i?2 �m;K2MiBM; r�HF `2im`M2/ 7`QK i?2
_2KQp2@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2 Bb p�HB/X aBM+2 i?Bb Bb i?2 QMHv
+?�M;2 K�/2 iQ i?2 �m;K2MiBM; r�HF BM i?2 T`Q+2/m`2- i?2 `2bmHiBM; �m;K2MiBM;
r�HF Kmbi #2 p�HB/X "v G2KK� jXk �M/ i?2 7�+i i?�i i?2 T`Q+2/m`2 Bb �TTHB2/
mMiBH /2H2i2/ Bb 7�Hb2- i?2`2 +�M MQi #2 �Mv `2/mM/�Mi b2H7@HQQTb BM i?2 `2bmHi�Mi
�m;K2MiBM; r�HF- �b Qi?2`rBb2 /2H2i2/ rQmH/ #2 i`m2X

�b 7Q` i?2 iBK2 +QKTH2tBiv Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2- i?2 �m;K2Mi�@
iBQM T`Q+2/m`2 +QMbBbib Q7 � MmK#2` Q7 Bi2`�iBQMb r?2`2 2�+? Bi2`�iBQM Kmbi #2
T2`7Q`K2/ BM O (E) QT2`�iBQMbX h?2 MmK#2` Q7 Bi2`�iBQMb Bb #QmM/ #v i?2 MmK@
#2` Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HFX "v G2KK� jX9- Bi 7QHHQrb i?�i i?2`2
Bb � +QMbi�Mi MmK#2` Q7 �TTHB+�iBQMb Q7 i?2 _2KQp2@_2/mM/�Mi@a2H7@GQQTb
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T`Q+2/m`2- BM �//BiBQM iQ � MmK#2` Q7 �TTHB+�iBQMb #QmM/ #v i?2 `2/m+iBQM BM
i?2 MmK#2` Q7 P@b2;K2MibX "v G2KK� jXj- i?2 iBK2 +QKTH2tBiv Q7 2�+? �T@
THB+�iBQM Q7 i?2 T`Q+2/m`2 Bb O (Q)X aBM+2 Q Bb #QmM/ #v O (E)- i?2 +QMbi�Mi
MmK#2` Q7 �TTHB+�iBQMb /Bb�TT2�` BM i?2 iBK2 +QKTH2tBiv Q7 QM2 Bi2`�iBQM Q7 i?2
�m;K2Mi�iBQM T`Q+2/m`2X 6Q` i?2 MQM@+QMbi�Mi MmK#2` Q7 �TTHB+�iBQMb- i?2 K�t@
BKmK MmK#2` Q7 Bi2`�iBQMb Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2 /2+`2�b2b #v �M 2[m�H
Q` H�`;2` �KQmMiX h?mb- bBM+2 i?2 iBK2 +QKTH2tBiv Q7 QM2 �TTHB+�iBQM Q7 i?2
_2KQp2@_2/mM/�Mi@a2H7@GQQTb T`Q+2/m`2 Bb i?2 b�K2 �b 7Q` QM2 Bi2`�iBQM Q7
i?2 �m;K2Mi�iBQM T`Q+2/m`2- i?2 iBK2 +QKTH2tBiv /Q2b MQi BM+`2�b2X Á

q2 MQi2 i?�i i?2 BKT`Qp2K2Mib K�/2 iQ i?2 �H;Q`Bi?K BM i?2 T`2HBKBM�`v
T`QD2+i /Q MQi 2Bi?2` b22 �M BM+`2�b2 BM iBK2 +QKTH2tBivX q?BH2 2�+? Bi2`�iBQM Q7
i?2 �m;K2Mi�iBQM T`Q+2/m`2 ?�b � iBK2 +QKTH2tBiv Q7 O (V ) BM i?2 BKT`Qp2K2Mi-
i?2 �m;K2MiBM; r�HF Bb �HbQ #QmM/ #v O (V )X h?mb- i?2 _2KQp2@_2/mM/�Mi@
a2H7@GQQTb T`Q+2/m`2 Bb #QmM/ #v O (V )- �M/ i?2 b�K2 HQ;B+ �b BM i?2 T`QQ7 Q7
h?2Q`2K jX8 +�M #2 2KTHQv2/X
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*?�Ti2` 9

h?2 a?Q`i+mi PT2`�iBQM

AM i?2B` T�T2`- Ar�i� �M/ uQFQB QmiHBM2/ � T`Q+2/m`2 7Q` }M/BM; TQbbB#H2 b?Q`i+mib
BM O (E) iBK2 +QKTH2tBivX q2 ?�p2 7QmM/ i?�i bQK2 T�`ib Q7 i?2 T`Q+2/m`2 K�v
}M/ � b?Q`i+mi Q7 � ;Bp2M ivT2- 2p2M r?2M i?2 T�B` Q7 P j @b2;K2Mib /Q2b MQi
+QMbiBimi2 iQ � b?Q`i+mi Q7 i?Bb ivT2X AM 7�+i- i?2 T`Q+2/m`2 b22Kb iQ }M/ b?Q`i+mib
BM i?2 �m;K2MiBM; r�HF r?2`2 i?2`2 �`2 MQ TQbbB#H2 b?Q`i+mibX h?Bb +?�Ti2` rBHH
b?Qr 2t�KTH2b Q7 bBim�iBQMb r?2`2 i?2 T`Q+2/m`2 }M/b i?2b2 BMp�HB/ b?Q`i+mibX
h?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 rBHH #2 KQ/B}2/ bQ �b iQ KBiB;�i2 i?Bb T`Q#H2KX
�//BiBQM�HHv- a2+iBQM 9Xj BMi`Q/m+2b � MQM@`2[mB`2/ KQ/B}+�iBQM iQ i?2 b?Q`i+mi@
}M/BM; T`Q+2/m`2X h?Bb KQ/B}+�iBQM Bb K2�MiiQ bBKTHB7v i?2 ?�M/HBM; Q7 b2H7@
HQQTb BM BKTH2K2Mi�iBQMb Q7 i?2 �H;Q`Bi?KX

9XR a�KTH2 bBim�iBQMb
�M 2t�KTH2 Q7 � T`Q#H2K�iB+ bBim�iBQM rBi? i?2 b?Q`i+mi QT2`�iBQM +�M #2 b22M
BM 6B;m`2 9XR- r?2`2 � bBim�iBQM rBi? i?`22 T @T�i?b �M/ �M �m;K2MiBM; r�HF
Bb /2TB+i2/X q2 rBHH /2MQi2 i?2 T @T�i?b /2b+`B#2/ #v s °6° r - t °5°8° r �M/
r °7°5°4°9° t �b P1- P2 �M/ P3- `2bT2+iBp2HvX LQi2 i?�i i?2 �m;K2MiBM; r�HF
Bb /2b+`B#2/ #v s °7°5°4°9°6°6°4°5°8° t - r?2`2 i?2 7°5°4°9 T�`i Bb �
P3@b2;K2Mi- i?2 6°6 T�`i Bb � P1@b2;K2Mi- i?2 4°5 T�`i Bb � P3@b2;K2Mi �M/ i?2
5°8 T�`i Bb � P2@b2;K2MiX PM2 +�M �HbQ- mbBM; 6B;m`2 9XR- 2�bBHv p2`B7v i?�i i?2
i?`22 T @T�i?b �M/ i?2 �m;K2MiBM; r�HF �`2 �HH p�HB/- rBi? i?2 �m;K2MiBM; r�HF
?�pBM; i?2 7QHHQrBM; bvK#QHb sr tr tr t sr tr tr t X

q?2M �TTHvBM; i?2 �m;K2Mi�iBQM T`Q+2/m`2 iQ i?2 ;Bp2M �m;K2MiBM; r�HF-
i?2 }`bi P@b2;K2Mi iQ #2 +QMbB/2`2/ Bb i?2 P3@b2;K2Mi 7° 5° 4° 9X Ai +�M #2
+?2+F2/ i?�i MQ b?Q`i+mi QT2`�iBQM +�M #2 T2`7Q`K2/ ?2`2- �b i?�i rQmH/ `2[mB`2
� b?Q`i+mi QT2`�iBQM iQ #2 T2`7Q`K2/ rBi? i?2 QMHv Qi?2` P3@b2;K2Mi- 4 ° 5X
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U�V G�#2H2/ ;`�T?
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i
`

U#V ai2T 9 2t�KTH2

b

i
`

U+V ai2T j 2t�KTH2

6B;m`2 9XR, �M 2t�KTH2 Q7 � bBim�iBQM r?2`2 i?2 �H;Q`Bi?K 7Q` }M/BM; b?Q`i+mib
BM i?2 Ar�i�@uQFQB �H;Q`Bi?K 7�BHbX

S2`7Q`KBM; � b?Q`i+mi rBi? i?2 P3@b2;K2Mib rQmH/ `2bmHi BM +?�M;BM; i?2 T�`i
Q7 i?2 �m;K2MiBM; r�HF- 7°5°4°9°6°6°4°5- iQ i?2 T�`i Q7 P3 ;QBM; 7`QK
p2`i2t 7 iQ p2`i2t 5X h?�i Bb- `2TH�+BM; Bi rBi? i?2 2/;2 7°5X h?Bb rQmH/ `2bmHi
BM i?2 BMp�HB/ �m;K2MiBM; r�HF s °7°5°8° t - r?B+? ?�b irQ +QMb2+miBp2 t Ƕb BM
Bib bvK#QHb- sr t tr t X �b bm+?- Bi Bb MQi TQbbB#H2 iQ T2`7Q`K i?2 b?Q`i+mi QT2`�iBQM
QM i?2 �m;K2MiBM; r�HFX

:Bp2M i?Bb- QM2 rQmH/ 2tT2+i i?2 8 bi2T b?Q`i+mi@}M/BM; T`Q+2/m`2 iQ }M/ MQ
TQbbB#H2 b?Q`i+mib BM i?2 �m;K2MiBM; r�HFX �b rBHH #2 b22M b?Q`iHv- i?Bb Bb MQi
i?2 +�b2X :QBM; i?`Qm;? bi2T y Q7 i?2 T`Q+2/m`2- i?2 7QHHQrBM; p�Hm2b �`2 b2i 7Q`
pst �M/ pt s X

pst (7°5) = pst (5°4) = pst (4°9) = 1 U9XRV
pt s (5°4) = 2 U9XkV

6Q` �HH Qi?2` 2/;2b pst �M/ pt s �`2 #Qi? MQi b2iX �//BiBQM�HHv- 7Q` i?2 irQ
P j @b2;K2Mib i?2 7QHHQrBM; p�Hm2b �`2 7QmM/ 7Q` 2Mi2` �M/ H2�p2X

2Mi2`(1) = 1 H2�p2(1) = 1 U9XjV
2Mi2`(2) 6= 1 H2�p2(2) 6= 1 U9X9V

:QBM; i?`Qm;? bi2Tb R i?`Qm;? j MQ TQbbB#H2 b?Q`i+mib �`2 7QmM/- �b 2tT2+i2/X
>Qr2p2`- BM bi2T 9- 7QHHQrBM; i?2 2t�+i T`Q+2bb QmiHBM2/- � TQbbB#H2 b?Q`i+mi Bb
`2im`M2/X h�#H2 9XR b?Qr i?2 T`Q+2bb BM bi2T 9 rBi? �HH p�Hm2b �M/ +QKTmi�iBQMb
�i 2�+? 2/;2- e- Ub�72Hv B;MQ`BM; b2H7@HQQTbV �b r2 r�HF P3 7`QK r iQ t �b QmiHBM2/
BM i?2 bi2TX q?2M `2�+?BM; 2/;2 5°4- p§

t s Bb b2i iQ k �M/ �b i?Bb 2/;2 �HbQ ?�b
pst = 1 < 2 = pt s§ �M/ 2Mi2`(1) = 1- � TQbbB#H2 b?Q`i+mi ?�b #22M 7QmM/X >Qr2p2`-
Ar�i� �M/ uQFQB ?�p2 MQi bT2+B}2/ r?2i?2` p§

t s b?QmH/ #2 mT/�i2/ #27Q`2 Q`
�7i2` i?2 +?2+Fb 7Q` TQbbB#H2 b?Q`i+mibX 6Q` i?2 7Q`K2`- Bi rBHH `2bmHi BM �M BMp�HB/

jy



e p§
t s pst (e) 2Mi2`(pst (e)) = 1 pst (e) < pt s§

c °7 @ @ @ @
7°5 @ R u1a @
5°4 k R u1a \
4°9 k R u1a u1a
9°b k @ @ @

h�#H2 9XR, h�#H2 Q7 /�i� BM bi2T 9 BM i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2

b?Q`i+mi #2BM; 7QmM/ 7Q` i?Bb 2/;2X 6Q` i?2 H�ii2`- QM2 +�M b?Qr i?�i BM Qi?2`
bBim�iBQMb i?2 T`Q+2/m`2 K�v KBbb TQbbB#H2 b?Q`i+mibX LQM2i?2H2bb- 7Q` i?2 M2ti
2/;2- 4°9- i?2 b�K2 +QM/BiBQMb ?QH/- rBi? pst = 1 < 2 = p§

t s �M/ 2Mi2`(1) = 1X h?mb-
MQ K�ii2` i?2 Q`/2` BM r?B+? i?2 +?2+F r�b K2�Mi iQ #2 T2`7Q`K2/- i?2 T`Q+2/m`2
}M/b �M BMp�HB/ b?Q`i+mi rBi? i?2 irQ P3@b2;K2MibX �b �H`2�/v b22M- i?Bb b?Q`i+mi
`2im`M2/ #v i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 `2bmHib BM �M BMp�HB/ �m;K2MiBM; r�HFX

q?BH2 i?2 �#Qp2 2t�KTH2 QMHv b?Qrb � 7�mHi BM bi2T 9 r?2M r�HFBM; � P j @
b2;K2Mi 7`QK b@ iQ i@bB/2- Bi Bb i`BpB�H iQ b?Qr i?�i i?2 T`Q+2/m`2 BM?B#Bib i?2
b�K2 7�mHi 7Q` i?2 Qi?2` T�`i Q7 bi2T 9- i?�i Bb- r�HFBM; 7`QK i@ iQ b@bB/2 rBi?
i?2 `QH2b Q7 pt s �M/ pst +?�M;2/X AM 7�+i- B7 r2 +QMbB/2`2/ P3 BM `2p2`b2 Q`/2`-
t ° 9° 4° 5° 7° r - rBi? i?2 Qi?2` T @T�i?b �M/ i?2 �m;K2MiBM; r�HF �b Bb- i?2
BMp�HB/ b?Q`i+mi rQmH/ #2 7QmM/ BM i?Bb T�`i Q7 bi2T 9 BMbi2�/X

LQiB+2 i?�i B7 i?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF �HHQr2/ i?2 b?Q`i+mi iQ #2
p�HB/- i?2 7QmM/ BMp�HB/ b?Q`i+mi rQmH/ �+im�HHv #2 Q7 ivT2 jX h?Bb- �b i?2 BMBiB�H
p2`i2t Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi �TT2�`b QM i?2 b@bB/2 Q7 i?2 2M/ p2`i2t Q7
i?2 ib@/B`2+i2/ P j @b2;K2Mi BM i?2 T @T�i?X :Bp2M i?�i bi2T 9 Bb QMHv bmTTQb2/ iQ
}M/ b?Q`i+mib Q7 ivT2 9- i?Bb Bb �MQi?2` TQBMi i?�i ?�b iQ #2 +QMbB/2`2/ BM i?2
KQ/B}+�iBQMb iQ i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2X

AM � bBKBH�` 7�b?BQM iQ i?2 QM2 H�B/ Qmi BM /2i�BH �#Qp2- Bi Bb TQbbB#H2 iQ +QM@
bi`m+i � +�b2 BM r?B+? bi2T j Q7 i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 }M/b �M BMp�HB/
b?Q`i+mi /m2 iQ � bBKBH�` r2�FM2bbX AMp�HB/ b?Q`i+mib 7QmM/ #v bi2T j rQmH/ BM
i?2 b�K2 r�v �b �#Qp2 #2 Q7 �MQi?2` ivT2- M�K2Hv ivT2 9- B7 i?2 bvK#QHb QM i?2
�m;K2MiBM; r�HF �HHQr2/ i?2 b?Q`i+mi iQ #2 p�HB/X Ai b22Kb HBF2 bi2Tb j �M/ 9
2t?B#Bib i?2 b�K2 r2�FM2bb- �b i?2 +?2+Fb 7Q` b?Q`i+mib QMHv +QMbB/2`b B7 �M 2/;2
#2HQM;b iQ i?2 ;Bp2M P j @b2;K2Mi- `�i?2` i?�M r?2`2 BM i?2 P j @b2;K2Mi i?2 2/;2
�TT2�`bX aBM+2 i?2 b?Q`i+mi ivT2b �`2 /2}M2/ #�b2/ QM r?2`2 i?2 P j @b2;K2Mib
bi�`i �M/ 2M/ BM i?2 T @T�i?- i?Bb Bb MQi 2MQm;? 7Q` i?2 +�b2b r?2`2 i?2 irQ
P j @b2;K2Mib T�`iB�HHv Qp2`H�TX

�M 2t�KTH2 Q7 � bBim�iBQM BM r?B+? bi2T j Q7 i?2 T`Q+2/m`2 }M/b �M BMp�HB/
b?Q`i+mi +�M #2 b22M BM 6B;m`2 9XR+X h?Bb bBim�iBQM Bb bBKBH�` iQ i?2 QM2 2�`HB2`
/Bb+mbb2/ 7Q` bi2T 9 rBi? P2 +?�M;2/ iQ t °8° r �M/ i?2 �m;K2MiBM; r�HF #2BM;
t °5°4°6°6°9°4°5°7° sX Ai +�M �;�BM #2 +?2+F2/ i?�i i?2 ;Bp2M �m;K2MiBM;
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U#V "HQbbQK B1 7`QK mbBM; i?2 b2H7@
HQQT Q7 p2`i2t e BM P1X *QMbBbib Q7
p2`i2t e

b

i
`

B2

3

U+V "HQbbQK B2 7`QK i?2 2/;2 4°6X
*QMbBbib Q7 i?2 p2`iB+2b B1,9,4,5,7

b

i
`

B2

3
`

i

U/V h?2 2/;2 B2(5)° 8 T`Q/m+2b �
+QKT�+i2/ �m;K2MiBM; r�HF

6B;m`2 9Xk, � TQbbB#H2 7Q`2bi 2tT�MbBQM BM i?2 b2�`+? T`Q+2/m`2

r�HF Bb p�HB/- ?�pBM; i?2 bvK#QHb tr t sr tr tr tr s- �M/ i?�i MQ TQbbB#H2 b?Q`i+mib
2tBbi 7Q` i?2 P3@b2;K2MibX >Qr2p2`- ;QBM; i?`Qm;? bi2T j � b?Q`i+mi Bb `2im`M2/
2Bi?2` QM i?2 2/;2 5°4 Q` i?2 2/;2 4°9- �;�BM /2T2M/BM; QM i?2 Q`/2` BM r?B+?
p§

st Bb mT/�i2/ �M/ i?2 +?2+Fb 7Q` b?Q`i+mib �`2 T2`7Q`K2/X
�b rBi? i?2 T`2pBQmbHv /Bb+mbb2/ MQM@bi�M/�HQM2 `2/mM/�Mi b2H7@HQQTb- Bi Bb

BMi2`2biBM; iQ +QMbB/2` B7 i?2b2 bBim�iBQMb K�v �+im�HHv Q++m` BM i?2 Ar�i�ĜuQFQB
�H;Q`Bi?K #27Q`2 /2+B/BM; QM ?�M/HBM; i?2KX A7 Bi +�M #2 b?QrM i?�i MQ bm+?
+�b2b +�M Q++m`- i?2M Bi Bb MQi M2+2bb�`v iQ KQ/B7v i?2 �H;Q`Bi?K iQ KBiB;�i2 i?2
b?QrM T`Q#H2KbX h?Bb Bb MQi i?2 +�b2 7Q` i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2- r?2`2
7Q` bQK2 H�#2H2/ ;`�T?b i?2 b2�`+? T`Q+2/m`2 +�M QMHv }M/ �m;K2MiBM; r�HFb
7Q` r?B+? 2Bi?2` bi2T j Q` 9 `2im`Mb �M BMp�HB/ b?Q`i+miX h?2 bBim�iBQM b?QrM BM
6B;m`2 9XR 7Q`K QM2 bm+? 2t�KTH2X

6B;m`2 9Xk b?Qrb QM2 TQbbB#H2 7Q`2bi 2tT�MbBQM 7Q` i?2 H�#2H2/ ;`�T? b?QrM BM
6B;m`2 9XR�X 6B`bi- �7i2` �HH i?2 7`QMiB2` 2/;2b ?�p2 #22M 2t?�mbi2/ BM 6B;m`2 9Xk�-
i?2 QMHv BMi2`BQ` 2/;2- i?2 b2H7@HQQT Q7 P1 QM p2`i2t 6- Bb mb2/ iQ +`2�i2 #HQbbQK
B1 BM 6B;m`2 9Xk#X h?Bb �HHQrb 7Q` i?2 2/;2 4°6 iQ #2+QK2 � p�HB/ BMi2`BQ` 2/;2-
r?B+? Bb mb2/ BM 6B;m`2 9Xk+- +`2�iBM; � #HQbbQK B2 +QMbBbiBM; Q7 �HH #mi QM2 MQM@
i2`KBM�HX 6BM�HHv- i?Bb `2bmHib BM i?2 2/;2 5°8 #2+QKBM; � p�HB/ BMi2`BQ` 2/;2X AM
6B;m`2 9Xk/- i?Bb 2/;2 Bb mb2/ iQ T`Q/m+2 � +QKT�+i2/ �m;K2MiBM; r�HFX q?BH2
6B;m`2 9Xk /Q2b MQi b?Qr i?2 2tT�MbBQM Q7 #HQbbQKb B1 �M/ B2- Bi +�M #2 b?QrM
i?�i i?2 �m;K2MiBM; r�HF Kmbi r�HF i?2 HQM; r�v �`QmM/ i?2 #HQbbQKb- �M/ i?mb
T`Q/m+2 i?2 �m;K2MiBM; r�HF b?QrM BM 6B;m`2 9XR#X

jk



h?2 2t�KTH2 /Bb+mbb2/ �#Qp2 b?Qrb QM2 TQbbB#H2 7Q`2bi 2tT�MbBQM BM i?2 H�@
#2H2/ ;`�T?X Ai Bb TQbbB#H2 iQ b?Qr i?�i i?2`2 �`2 � iQi�H Q7 bBt TQbbB#H2 /BbiBM+i
7Q`2bib i?�i +�M #2 +`2�i2/ /2T2M/BM; QM r?B+? 2/;2b �`2 mb2/ �b 7`QMiB2` 2/;2bX
h?2 7Q`2bib �`2 � `2bmHi Q7 i?2 +?QB+2 #2ir22M 2/;2b 7°5 �M/ 8°5- �b r2HH �b r?B+?
irQ Q7 i?`22 2/;2b +QMM2+iBM; p2`iB+2b 4- 6 �M/ 9 �`2 mb2/X �HH Q7 i?2b2 7Q`2bib
BM?B#Bi i?2 b�K2 T`QT2`iv- �b r�b K2MiBQM2/ 7Q` i?2 2tT�MbBQM b?Qr2/ BM 6B;m`2
9Xk- r?2`2 ;Bp2M i?2 b2H2+iBQM Q7 i?2 7`QMiB2` 2/;2b QMHv QM2 p�HB/ BMi2`BQ` 2/;2
+�M #2 7QmM/ �i 2�+? bi2T Q7 i?2 b2�`+? T`Q+2/m`2X h?mb- � iQi�H Q7 bBt /Bz2`2Mi
2tT�MbBQMb +�M #2 7QmM/- T`Q/m+BM; 7Qm` /BbiBM+i �m;K2MiBM; r�HFbX h?2b2 7Qm`
�m;K2MiBM; r�HFb 7Q`K T�B`b Q7 `2p2`b2/ r�HFbX hrQ Q7 i?2b2- i?2 QM2 b?QrM
7Q` bi2T 9 �M/ Bib `2p2`b2- �Hr�vb `2bmHi BM BMp�HB/ b?Q`i+mib #2BM; 7QmM/- r?BH2
i?2 `2K�BMBM; irQ QMHv `2bmHib BM BMp�HB/ b?Q`i+mib B7 i?2 mT/�i2 Q7 p§

st �M/ p§
t s

?�TT2Mb #27Q`2 i?2 +?2+F 7Q` � b?Q`i+miX
�b b22M- Bi Bb MQM@i`BpB�H iQ /2bB;M � r�v iQ KBiB;�i2 i?2 Q++m``2M+2 Q7 bBim@

�iBQMb BM r?B+? �M BMp�HB/ b?Q`i+mi QT2`�iBQM K�v #2 7QmM/X A7 i?2 mT/�iBM; Q7
p§

t s Up§
st ) Q++m`b #27Q`2 i?2 +?2+Fb BM bi2Tb j �M/ 9- i?2M 7Q` i?2 H�#2H2/ ;`�T?

/Bb+mbb2/ �#Qp2 i?2`2 Bb MQ r�v iQ KBiB;�i2 i?Bb T`Q#H2K HQ+�HHv BM i?2 b2�`+?
T`Q+2/m`2X h?Bb rQmH/ K2�M i?�i bm+? � KBiB;�iBQM rQmH/ M22/ iQ #2 QM � KQ`2
;HQ#�H H2p2H BM i?2 �H;Q`Bi?KX

9Xk *?�M;BM; i?2 a?Q`i+mi@6BM/BM; S`Q@
+2/m`2

q2 rBHH MQr HQQF �i r?�i +?�M;2b M22/ iQ #2 K�/2 iQ KBiB;�i2 i?2b2 Bbbm2b BM i?2
b?Q`i+mi@}M/BM; T`Q+2/m`2X h?2 +?�M;2b �BK iQ KQ/B7v i?2 b?Q`i+mi QT2`�iBQM
i?2 H2�biX h?Bb- �b i?2`2 /Q2b MQi b22K iQ #2 �Mv #2ii2` bi`�i2;B2b i?�M i?2 QM2b
�H`2�/v 2KTHQv2/ #v Ar�i� �M/ uQFQB- �M/ i?2`2 Bb MQ `2�bQM iQ +?�M;2 i?2 T�`ib
i?�i �`2 �H`2�/v rQ`FBM; mMH2bb i?2v +�M #2 bBKTHB}2/ Q` QTiBKBx2/X 6Q` �HH i?2
+?�M;2b /Bb+mbb2/ #2HQr- QMHv i?2 +?�M;2b K�/2 ;QBM; 7`QK b@ iQ i@bB/2 �`2 ;Bp2MX
h?2 +?�M;2b ;QBM; 7`QK i@ iQ b@bB/2 �`2 2t�+iHv i?2 b�K2- QMHv rBi? i?2 `QH2b Q7
st �M/ t s BMi2`+?�M;2/X

�b r�b T`2pBQmbHv K2MiBQM2/- #Qi? Q7 i?2 T`Q#H2K�iB+ bi2Tb BM i?2 T`Q+2/m`2
b22K2/ iQ }M/ BMp�HB/ b?Q`i+mib QMHv r?2M i?2 BMp�HB/ b?Q`i+mi r�b Q7 �MQi?2`
ivT2 i?�M r?�i i?2 bi2T r�b bmTTQb2/ iQ }M/X h?�i Bb- Bi b22Kb HBF2 i?2 BMp�HB/
b?Q`i+mib �`2 � `2bmHi Q7 i?2 bi2Tb MQi +QMbB/2`BM; r?�i T�`i Q7 i?2 P j @b2;K2Mi �
;Bp2M 2/;2 #2HQM;2/ iQ r?2M +QKT�`BM; p§

st �M/ p§
t s iQ i?2 2[mBp�H2Mi p�Hm2b Q7 i?2

;Bp2M 2/;2X a?Q`i+mib Q7 ivT2 j �M/ 9 `2[mB`2 � +2`i�BM Q`/2` Q7 i?2 �TT2�`�M+2
Q7 i?2 BMBiB�H p2`i2t Q7 i?2 }`bi P j @b2;K2Mi �M/ i?2 H�bi p2`i2t Q7 i?2 b2+QM/ P j @
b2;K2Mi BM i?2 T @T�i?X 6Q` ivT2 j �M/ 9- i?Bb Q`/2` Bb `Qm;?Hv QTTQbBi2 �M/ i?mb

jj



bi2T j }M/BM; ivT2 9 b?Q`i+mib �M/ bi2T 9 }M/BM; ivT2 j b?Q`i+mib BM/B+�i2 i?�i
i?Bb Q`/2` ?�b iQ #2 +?2+F2/X

h?2 }`bi +?�M;2 i?�i rBHH #2 K�/2- Bb BM bi2T yX AM i?Bb bi2T- i?2`2 Bb �H`2�/v �
T`Q+2bb 7Q` b2iiBM; enter (x) �M/ leave(x) #�b2/ QM i?2 T`2+2/BM; �M/ bm++22/BM;
bvK#QH QM i?2 �m;K2MiBM; r�HF 7Q` i?2 x@i? P j @b2;K2MiX AM � bBKBH�` 7�b?BQM- b2i
f i r st (x) �M/ l ast (x) iQ `2bT2+iBp2Hv i?2 }`bi �M/ H�bi 2/;2 BM i?2 x@i? P j @b2;K2MiX
h?Bb +?�M;2 BMi`Q/m+2b � /�i� bi`m+im`2 i?�i K�F2b Bi TQbbB#H2 iQ H�i2` }M/ i?2
bi�`i �M/ 2M/ Q7 � P j @b2;K2MiX Ai Bb TQbbB#H2 iQ /Q i?Bb rBi?Qmi i?2 ?2HT Q7 i?Bb
/�i� bi`m+im`2- - /2T2M/BM; QM r?B+? /B`2+iBQM i?2 T @T�i? Bb r�HF2/- i?2 }`bi
2/;2 Q7 � P j @b2;K2Mi b22M Bb 2Bi?2` i?2 }`bi Q` i?2 H�bi 2/;2 Q7 i?2 P j @b2;K2MiX
>Qr2p2`- bBM+2 bi2T y �H`2�/v #mBH/b /�i� bi`m+im`2b i?�i +QMi�BM +QMi2Mi 7Q`
2�+? P j @b2;K2Mi- ?�pBM; f i r st �M/ l ast /Q2b MQi `2bmHi BM �Mv +?�M;2 BM iBK2
+QKTH2tBiv �M/ QMHv �//b � bHB;?i K2KQ`v �M/ +QKTmi�iBQM�H +QbiX 1bT2+B�HHv-
Bi bQK2r?�i bBKTHB}2b i?2 H�i2` +?2+FbX

hQ KBiB;�i2 i?2 Bbbm2b BM bi2T j- i?2 7QHHQrBM; +?�M;2b +�M #2 K�/2 iQ i?2
bi2TX 6B`bi- K�F2 bm`2 i?�i i?2 mT/�i2 Q7 p§

st Bb T2`7Q`K2/ #27Q`2 i?2 +?2+F 7Q`
� b?Q`i+miX a2+QM/- �// i?2 +?2+F l ast (pt s (e 0)) = e 0- i?�i Bb- 7Q` � ;Bp2M 2/;2
e 0 i?2 +?2+F #2+QK2b pt s (e 0) > p§

st - leave(pt s (e 0)) = 1 �M/ l ast (pt s (e 0)) = e 0X h?2
`2�bQM 7Q` i?2 bT2+B}+�iBQM Q7 i?2 Q`/2` BM r?B+? i?2 mT/�i2 �M/ +?2+F b?QmH/ #2
T2`7Q`K2/- Bb i?�i B7 i?2 b�K2 2/;2 Bb mb2/ #v #Qi? �M bi@/B`2+i2/ �M/ � ib@/B`2+i2/
P j @b2;K2Mi- i?2M B7 i?2 2/;2 Bb i?2 }`bi BM i?2 bi@/B`2+i2/ P j @b2;K2Mi �M/ i?2 H�bi
BM i?2 ib@/B`2+i2/ P j @b2;K2Mi- i?2 bi�`i �M/ 2M/ Q7 i?2 irQ P j @b2;K2Mib Qp2`H�T
�M/ i?mb i?2`2 +�M #2 � b?Q`i+mi Q7 ivT2 jX hQ #2 T2/�MiB+- QM2 +QmH/ mT/�i2 p§

st
QMHv r?2M �M 2/;2- e- rBi? f i r st (pst (e)) = e Bb pBbBi2/X >Qr2p2`- ;QBM; 7`QK b@
iQ i@bB/2 i?2 }`bi 2/;2 7QmM/ BM �M bi@/B`2+i2/ P j @b2;K2Mi rBHH �Hr�vb ?�p2 i?Bb
T`QT2`iv- K�FBM; i?2 +?2+F `2/mM/�MiX

h?2Q`2K 9XR h?2 mT/�i2/ bi2T j BM i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 }M/b QMHv
b?Q`i+mib Q7 ivT2 j �M/ }M/b �HH bm+? b?Q`i+mibX

S`QQ7, h?Bb T`QQ7 rBHH QMHv b?Qr i?2 T�`i Q7 bi2T j r?2`2 i?2 Bi2`�iBQM Bb 7`QK
b@ iQ i@bB/2X h?2 T`QQ7 BM i?2 Qi?2` /B`2+iBQM Bb 2t�+iHv i?2 b�K2 2t+2Ti 7Q` �HH
`272`2M+2b iQ s �M/ t #2BM; BMi2`+?�M;2/X

6B`bi- �bbmK2 i?�i � b?Q`i+mi r�b 7QmM/ #v bi2T j- Bi Kmbi i?2M #2 b?QrM
i?�i i?2 b?Q`i+mi Bb Q7 ivT2 j- i?�i Bb- i?2 i?`22 +QM/BiBQMb 7Q` � b?Q`i+mi Q7 ivT2
j �`2 bm{+2/X h?mb- i?2 irQ `2im`M2/ P j @b2;K2Mib Kmbi #2 /B`2+i2/ BM QTTQbBi2
/B`2+iBQMb �M/ Bi Kmbi ?QH/ i?�i URV i?2 bi@/B`2+i2/ P j @b2;K2Mi �TT2�`b QM i?2
�m;K2MiBM; r�HF #27Q`2 i?2 ib@/B`2+i2/ QM2- UkV i?2 }`bi p2`i2t Q7 i?2 bi@/B`2+i2/
P j @b2;K2Mi �TT2�`b b@bB/2 Q7 i?2 H�bi p2`i2t BM i?2 ib@/B`2+i2/ QM2 Q` i?2v �`2
2[m�H- �M/ UjV i?2 }`bi bvK#QH �7i2` i?2 ib@/B`2+i2/ P j @b2;K2Mi Bb MQi t X

aBM+2 i?2 bi2T `2im`Mb QM2 P j @b2;K2Mi 7Q` r?B+? pst Bb b2i �M/ QM2 7Q` r?B+?
pt s Bb b2i- i?2 irQ P j @b2;K2Mib Kmbi #2 QTTQbBi2Hv /B`2+i2/X :Bp2M i?Bb URV Kmbi

j9



?QH/- �b B7 � b?Q`i+mi r�b 7QmM/ i?2M pt s (e 0) > p§
st - bQ i?2 ib@/B`2+i2/ P j @b2;K2Mi

Kmbi #v i?2 /2}MBiBQM Q7 i?2 p�Hm2b 7Q` pt s �M/ p§
st �TT2�` �7i2` i?2 bi@/B`2+i2/

QM2 BM i?2 �m;K2MiBM; r�HFX aBKBH�`Hv- leave(pt s (e 0)) Bb b2i iQ 1- bQ i?2 M2ti
bvK#QH �7i2` i?2 ib@/B`2+i2/ P j @b2;K2Mi Bb MQi t - �M/ UjV ?QH/bX

h?2 }`bi p2`i2t Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi Bb i?2 �/D�+2Mi p2`i2t QM i?2 b@
bB/2 Q7 i?2 }`bi 2/;2 BM i?2 P j @b2;K2MiX aBKBH�`Hv- 7Q` i?2 ib@/B`2+i2/ P j @b2;K2Mi-
i?2 H�bi p2`i2t Q7 i?2 P j @b2;K2Mi Bb i?2 �/D�+2Mi p2`i2t QM i?2 b@bB/2 Q7 i?2 H�bi
2/;2 BM i?2 P j @b2;K2MiX h?mb- 7Q` UkV iQ ?QH/- i?2 }`bi 2/;2 Q7 i?2 bi@/B`2+i2/
P j @b2;K2Mi Kmbi 2Bi?2` �TT2�` QM i?2 b@bB/2 Q7 i?2 H�bi 2/;2 BM i?2 ib@/B`2+i2/ P j @
b2;K2Mi- Q` i?2 irQ 2/;2b Kmbi #2 2[m�HX aBM+2 i?2`2 �`2 MQ +v+H2b BM � T @T�i?-
i?2 }`bi 2/;2 b22M Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi �M/ i?2 ib@/B`2+i2/ P j @b2;K2Mi-
Kmbi- `2bT2+iBp2Hv- #2 i?2 }`bi �M/ H�bi 2/;2 Q7 i?2 P j @b2;K2MibX h?mb- bBM+2
p§

st Bb b2i iQ i?2 p�Hm2 Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi Q7 i?2 ;Bp2M 2/;2 e 0 #27Q`2
+?2+FBM; i?2 2/;2- �M/ pt s (e 0) > p§

st - i?2 }`bi 2/;2 Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi
Kmbi 2Bi?2` #2 e 0 Q` �TT2�` b@bB/2 Q7 e 0 �M/ i?mb UkV ?QH/X h?mb- 7Q` �Mv b?Q`i+mi
`2im`M2/- �HH i?2 T`QT2`iB2b 7Q` � b?Q`i+mi Q7 ivT2 j ?QH/- �M/ Bi Kmbi #2 � p�HB/
b?Q`i+mi Q7 ivT2 jX

6Q` i?2 QTTQbBi2- �bbmK2 i?�i i?2`2 2tBbib �i H2�bi QM2 b?Q`i+mi Q7 ivT2 j
BM i?2 �m;K2MiBM; r�HFX h?2M- i?2`2 2tBbib � T�B` Q7 P j @b2;K2Mib- r?2`2 QM2
Bb bi@/B`2+i2/ �M/ i?2 Qi?2` Bb ib@/B`2+i2/- i?2 bi@/B`2+i2/ P j @b2;K2Mi Bb i?2 QM2
i?�i �TT2�`b +HQb2bi iQ i?2 ib@/B`2+i2/ QM2 QM Bib b@bB/2- �M/ URV- UkV �M/ UjV 7`QK
�#Qp2 ?QH/X aBM+2 UkV ?QH/b- i?2M- 7QHHQrBM; i?2 b�K2 HQ;B+ �b �#Qp2- i?2 }`bi
2/;2 b22M Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi Kmbi �TT2�` #27Q`2 Q` �i i?2 b�K2 iBK2
�b i?2 }`bi 2/;2 b22M Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi r?2M r�HFBM; 7`QK b@ iQ i@bB/2X
h?mb- p§

st Kmbi #2 mT/�i2/ iQ i?2 p�Hm2 Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi #27Q`2 �Mv
Q7 i?2 2/;2b Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi �`2 +?2+F2/X h?mb- #v UkV pt s (e 0) > p§

st
7Q` �HH 2/;2b BM i?2 ib@/B`2+i2/ P j @b2;K2Mi �M/ /m2 iQ UjV Bi Kmbi �HbQ ?QH/ 7Q`
2�+? 2/;2 BM i?2 P j @b2;K2Mi i?�i leave(pt s (e 0)) = 1X aBM+2 l ast (pt s (e 0)) = e 0 ?QH/b
7Q` 2t�+iHv QM2 2/;2 BM i?2 P j @b2;K2Mi �M/ �HH i?2 Qi?2` `2[mB`2/ +?2+Fb ?QH/ 7Q`
i?Bb 2/;2- � b?Q`i+mi rBHH #2 `2im`M2/X h?mb- B7 i?2`2 2tBbi �Mv b?Q`i+mib Q7 ivT2
j- QM2 rBHH #2 7QmM/ #v bi2T jX Á

hQ KBiB;�i2 i?2 Bbbm2b BM bi2T 9- � bBKBH�` �TT`Q�+? iQ i?2 QM2 mb2/ 7Q` bi2T
j +�M #2 i�F2MX �b 7Q` p§

st BM bi2T j- p§
t s b?QmH/ #2 mT/�i2/ #27Q`2 i?2 +?2+F

Bb T2`7Q`K2/X 6Q` i?2 +?2+F- i?2 �//BiBQM�H +QM/BiBQM Q7 f i r st (pst (e 0)) = e 0 Bb
�//2/X _2bmHiBM; BM i?2 2MiB`2 +?2+F #2+QKBM; pst (e 0) < p§

t s - enter (pst (e 0) = 1 �M/
f i r st (pst (e 0)) = e 0X �;�BM- iQ #2 T2/�MiB+ QM2 +QmH/ +?2+F leave(pt s (e)) = e #27Q`2
mT/�iBM; p§

st - #mi i?Bb /Q2b MQi +?�M;2 �Mvi?BM; 7Q` i?2 b�K2 `2�bQMb �b BM bi2T
jX

h?2Q`2K 9Xk h?2 mT/�i2/ bi2T 9 BM i?2 b?Q`i+mi T`Q+2/m`2 }M/b QMHv b?Q`i+mib
Q7 ivT2 9 �M/ }M/b �HH bm+? b?Q`i+mibX
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S`QQ7, �b BM i?2 T`QQ7 Q7 h?2Q`2K 9XR- i?Bb T`QQ7 rBHH QMHv b?Qr i?2 T�`i Q7
bi2T 9 r?2`2 i?2 Bi2`�iBQM Bb 7`QK b@ iQ i@bB/2X 6Q` i?2 Qi?2` /B`2+iBQM- bBKTHv
BMi2`+?�M;2 �HH `272`2M+2b iQ s �M/ t X

6B`bi- �bbmK2 i?�i � b?Q`i+mi r�b 7QmM/ #v bi2T 9- Bi Kmbi i?2M #2 b?QrM i?�i
i?2 b?Q`i+mi Bb Q7 ivT2 9- i?�i Bb- i?2 i?`22 +QM/BiBQMb 7Q` � b?Q`i+mi Q7 ivT2 9 Kmbi
#2 bm{+2/X h?mb- i?2 irQ `2im`M2/ P j @b2;K2Mib Kmbi #2 QTTQbBi2Hv /B`2+i2/ �M/
Bi Kmbi ?QH/ i?�i URV i?2 bi@/B`2+i2/ P j @b2;K2Mi �TT2�`b QM i?2 �m;K2MiBM; r�HF
#27Q`2 i?2 ib@/B`2+i2/ QM2- UkV i?2 H�bi p2`i2t Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi Bb
2Bi?2` 2[m�H iQ Q` �TT2�` b@bB/2 Q7 i?2 }`bi p2`i2t Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi
�M/ UjV i?2 T`2+2/BM; bvK#QH Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi Bb MQi t X

aBM+2 bi2T 9 `2im`Mb QM2 P j @b2;K2Mi rBi? pst b2i �M/ QM2 rBi? pt s b2i- i?2
irQ P j @b2;K2Mib Kmbi #2 QTTQbBi2Hv /B`2+i2/X aBM+2 pst (e 0) < p§

t s ?QH/b 7Q` �HH
`2im`M2/ b?Q`i+mib- URV Kmbi ?QH/X JQ`2Qp2`- bBM+2 enter (pst (e 0)) = 1 7Q` �HH `2@
im`M2/ b?Q`i+mib- UjV Kmbi ?QH/X

"v i?2 b�K2 HQ;B+ �b BM i?2 T`QQ7 Q7 h?2Q`2K 9XR- i?2 }`bi p2`i2t Q7 i?2 bi@
/B`2+i2/ P j @b2;K2Mi HB2b /B`2+iHv b@bB/2 Q7 i?2 }`bi 2/;2 BM i?2 P j @b2;K2Mi- �M/
i?Bb Bb i?2 }`bi 2/;2 Q7 i?2 P j @b2;K2Mi `2�+?2/ r?2M r�HFBM; 7`QK b@ iQ i@bB/2X
aBKBH�`Hv- i?2 H�bi p2`i2t BM i?2 ib@/B`2+i2/ P j @b2;K2Mi Kmbi �TT2�` /B`2+iHv b@
bB/2 Q7 i?2 H�bi 2/;2 BM i?2 P j @b2;K2Mi- �M/ i?Bb Bb i?2 }`bi 2/;2 Q7 i?2 P j @b2;K2Mi
`2�+?2/ r?2M r�HFBM; 7`QK b@ iQ i@bB/2X q?2M `2�+?BM; i?2 2/;2- e 0- 7Q` r?B+?
i?2 ;Bp2M b?Q`i+mi r�b 7QmM/- �i H2�bi QM2 2/;2 7`QK i?2 ib@/B`2+i2/ P j @b2;K2Mi
?�b #22M pBbBi2/X h?mb- #v i?2 �#Qp2 HQ;B+- r2 Kmbi �H`2�/v ?�p2 T�bb2/ i?2 H�bi
p2`i2t BM i?2 ib@/B`2+i2/ P j @b2;K2Mi Q` Bi Bb i?2 b@bB/2 p2`i2t Q7 e 0X h?2M- bBM+2
f i r st (pst (e 0)) = e 0- i?2 }`bi p2`i2t Q7 i?2 bi@/B`2+i2/ P j @b2;K2Mi Kmbi #2 2Bi?2`
i?2 b�K2 �b i?2 H�bi p2`i2t Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi Q` i@bB/2 Q7 i?Bb p2`i2tX
h?mb- UkV Kmbi �HbQ ?QH/- �M/ i?2 ;Bp2M b?Q`i+mi Bb Q7 ivT2 9X

6Q` i?2 QTTQbBi2- �bbmK2 i?�i i?2`2 2tBbib �i H2�bi QM2 b?Q`i+mi Q7 ivT2 9X
h?2M- i?2`2 2tBbib � T�B` Q7 P j @b2;K2Mib r?2`2 QM2 Bb bi@/B`2+i2/ �M/ i?2 Qi?2`
ib@/B`2+i2/- �M/ i?2 ib@/B`2+i2/ P j @b2;K2Mi Bb i?2 QM2 i?�i �TT2�`b +HQb2bi iQ i?2
bi@/B`2+i2/ QM2 QM Bib i@bB/2X �//BiBQM�HHv- URV- UkV �M/ UjV ?QH/ 7Q` i?Bb T�B` Q7
P j @b2;K2MibX G2i e 0 #2 i?2 }`bi 2/;2 BM i?2 bi@/B`2+i2/ P j @b2;K2Mi- i?2M- #v UkV-
e 0 Bb 2Bi?2` i?2 H�bi 2/;2 BM i?2 ib@/B`2+i2/ P j @b2;K2Mi Q` i?2 H�bi 2/;2 �TT2�`b
s@bB/2 Q7 e 0X h?mb p§

t s rBHH #2 b2i iQ i?2 ib@/B`2+i2/ P j @b2;K2Mi #27Q`2 i?2 +?2+F
7Q` � b?Q`i+mi QM e 0X .m2 iQ URV- Bi i?2M 7QHHQrb i?�i pst (e 0) < p§

t s Bb i`m2- �M/- /m2
iQ UjV- Bi Kmbi #2 i`m2 i?�i enter (pst (e 0)) = 1X 1bT2+B�HHv- #v i?2 /2}MBiBQM Q7 e 0

Bi Kmbi #2 i`m2 i?�i f i r st (pst (e 0)) = e 0X h?mb- r?2M e 0 Bb `2�+?2/ BM bi2T 9- i?2
;Bp2M b?Q`i+mi Bb 7QmM/- �M/ bi2T 9 Kmbi }M/ � b?Q`i+mi Q7 ivT2 9 B7 �i H2�bi QM2
bm+? b?Q`i+mi 2tBbibX Á

je



9Xj a?Q`i+mib �M/ a2H7@HQQTb
AM i?Bb b2+iBQM r2 rBHH BMi`Q/m+2 +?�M;2b iQ i?2 b?Q`i+mi@}M/BM; QT2`�iBQM BM
`2;�`/b iQ b2H7@HQQTbX h?2b2 +?�M;2b �`2 MQi M22/2/- �M/ i?2 b?Q`i+mi@}M/BM;
QT2`�iBQM b?QmH/ rQ`F T2`72+iHv }M2 rBi? QMHv i?2 +?�M;2b /2b+`B#2/ BM a2+iBQM
9XkX h?2 +?�M;2b /2b+`B#2/ ?2`2 �`2 MQi K2�Mi iQ ?�M/H2 �Mv 2/;2 +�b2- #mi
`�i?2` K2�Mi iQ bBKTHB7v �M/ QTiBKBx2 i?2 ?�M/HBM; Q7 b2H7@HQQTb BM i?2 2MiB`2
�H;Q`Bi?KX

�b ?�b #22M /2b+`B#2/ 2�`HB2`- P@b2;K2Mib +�M #2 /BpB/2/ BMiQ irQ +�i2;Q`B2b-
i?�i Bb- P@b2;K2Mib i?�i �`2 2[m�H iQ � bm#@T�i? Q7 � T @T�i? �M/ P@b2;K2Mib i?�i
�`2 � bBM;H2 b2H7@HQQT QM � p2`i2t Q7 � T @T�i?X h?2 b2H7@HQQTb �`2 bT2+B�H 2/;2b BM
i?2 H�#2H2/ ;`�T? i?�i Kmbi #2 +`2�i2/ �M/ `2KQp2/ r?2M2p2` 2/;2b �`2 �//2/
iQ Q` `2KQp2/ 7`QK � T @T�i?X aBM+2 �HH TQbbB#H2 +?�M;2b iQ � T @T�i? `2[mB`2
bQK2 7Q`K Q7 Bi2`�iBQM Qp2` i?2 T @T�i?- F22TBM; �M/ mT/�iBM; `272`2M+2b iQ i?2b2
b2H7@HQQTb BM i?2 T @T�i? /Q2b MQi `2bmHi BM �M BM+`2�b2 BM iBK2 +QKTH2tBivX �b
r�b iQm+?2/ QM BM i?2 T`2HBKBM�`v T`QD2+i- mT/�iBM; i?2 H�#2H2/ ;`�T? Bb- QM i?2
Qi?2` ?�M/- ?�`/ bBM+2 Bi `2[mB`2b � /�i� bi`m+im`2 i?�i bmTTQ`ib +QMbi�Mi iBK2
�++2bb �M/ /2H2iBQM Q7 �`#Bi`�`v 2H2K2Mib U2/;2bVX �b bm+?- i?2 b2H7@HQQTb- �i i?2
p2`v H2�bic ?�p2 iQ #2 `2+QMbi`m+i2/ BM i?2 H�#2H2/ ;`�T? #2ir22M 2�+? Bi2`�iBQM
Q7 i?2 �H;Q`Bi?KX P`- �b Bb i?2 bQHmiBQM Q7 Ar�i� �M/ uQFQB- i?2 r?QH2 H�#2H2/
;`�T? Bb `2+QMbi`m+i2/ #2ir22M 2�+? Bi2`�iBQM Q7 i?2 �H;Q`Bi?KX AM 2Bi?2` +�b2-
i?2 M22/ 7Q` F22TBM; �M/ mT/�iBM; `272`2M+2b iQ b2H7@HQQTb Q7 � T @T�i? /2T2M/b
QM i?2 M22/ 7Q` bm+? BM7Q`K�iBQM /m`BM; i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?Bb- �b
i?2 b2�`+? T`Q+2/m`2 /Q2b MQi +?�M;2 i?2 T @T�i?b �M/ Bb QMHv +QM+2`M2/ rBi?
i?2 2/;2b BM i?2 H�#2H2/ ;`�T?- MQi i?2 T @T�i?b i?2Kb2Hp2bX h?mb- i?2 b2�`+?
T`Q+2/m`2 rQ`Fb T`QT2`Hv rBi? i?2 BMBiB�H bi�i2 7`QK i?2 `2+QMbi`m+i2/ H�#2H2/
;`�T?- MQi `2[mB`BM; � T @T�i? iQ FMQr �#Qmi Bib b2H7@HQQTbX h?`22 bBim�iBQMb +�M
#2 B/2MiB}2/- BM i?2 �m;K2Mi�iBQM T`Q+2/m`2- BM r?B+? � T @T�i? K�v M22/ iQ
FMQr �#Qmi Bib b2H7@HQQTbX

h?2 }`bi +�b2 Bb BM i?2 b?Q`i+mi QT2`�iBQM r?2`2 � b2H7@HQQT QM � ;Bp2M p2`i2t
Q7 i?2 b2H2+i2/ T @T�i? K�v M22/ iQ #2 BMb2`i2/ BMiQ i?2 �m;K2MiBM; r�HFX AM i?Bb
+�b2 i?2`2 Bb MQ +QM+2`M �#Qmi B7 i?2 b2H7@HQQT Bb �H`2�/v mb2/ BM i?2 �m;K2MiBM;
r�HF- bBM+2 /mTHB+�i2 mb2 Q7 i?2 b2H7@HQQT BM i?Bb bBim�iBQM +�M MQi Q++m` �b � `2bmHi
Q7 i?2 �H;Q`Bi?KǶb /2bB;MX "�b2/ QM i?Bb- � M2r b2H7@HQQT Q7 i?2 T @T�i? QM i?2
bT2+B}+ p2`i2t +QmH/ #2 +`2�i2/- BMbi2�/ Q7 ?�pBM; iQ }M/ i?2 b2H7@HQQT BM i?2
T @T�i?X h?Bb- �b i?2 T`2pBQmbHv +`2�i2/ b2H7@HQQT Bb MQ HQM;2` BM mb2X

h?2 b2+QM/ +�b2 Bb BM i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM r?2`2 �HH
b2H7@HQQTb Q7 i?2 T @T�i? i?�i �TT2�` BM i?2 �m;K2MiBM; r�HF QM p2`iB+2b pBbBi2/
#v i?2 MQr `2KQp2/ T�`i Q7 i?2 T @T�i? Kmbi #2 `2KQp2/ 7`QK i?2 �m;K2MiBM;
r�HFX >2`2- QM2 +QmH/ rQ`F �`QmM/ i?2 M22/ 7Q` � HBbi Q7 i?2 b2H7@HQQTb `2KQp2/
#v F22TBM; i`�+F Q7 i?2 p2`iB+2b i?�i r2`2 pBbBi2/ BM i?2 `2KQp2/ T�`i Q7 i?2 T @

jd



T�i?X aBM+2 � T @T�i? /Q2b MQi ?�p2 �Mv +v+H2b- �Mv b2H7@HQQTb BM i?2 �m;K2MiBM;
r�HF QM �Mv Q7 i?Qb2 pBbBi2/ p2`iB+2b i?�i #2HQM;2/ iQ i?2 ;Bp2M T @T�i? +�M #2
`2KQp2/X h?Bb QT2`�iBQM Bb rBi?BM i?2 iBK2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K- bBM+2 Bi
Bb #QmM/ #v i?2 MmK#2` Q7 p2`iB+2b- i?2 H2M;i? Q7 i?2 T @T�i? �M/ i?2 H2M;i? Q7
i?2 �m;K2MiBM; r�HF- �HH Q7 r?B+? �`2 rBi?BM i?2 iBK2 +QKTH2tBiv Q7 i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- O (E)X

h?Bb H2�p2b i?2 i?B`/ �M/ ?�`/2bi +�b2- i?�i Bb- i?2 M22/ 7Q` i?2 FMQrH2/;2
Q7 i?2 b2H7@HQQTb BM i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2X >2`2- 2�+? Bi2`�iBQM Q7 i?2
T @T�i? `2[mB`2b � +QK#BM2/ Bi2`�iBQM Q7 i?2 2/;2b �M/ b2H7@HQQTb Q7 i?2 T @T�i?
bQ i?�i 2�+? 2/;2 �M/ b2H7@HQQT Bb +QMbB/2`2/ BM i?2 b�K2 Q`/2` i?2v �TT2�` BM
QM i?2 T @T�i?X �b bm+?- i?Bb QT2`�iBQM `2[mB`2b �HH i?2 +�b2b �#Qp2 iQ mb2 i?2
+Q``2+i b2H7@HQQTb- �b r2HH �b �Mv +?�M;2b iQ i?2 T @T�i? iQ +Q``2+iHv mT/�i2 i?2
`272`2M+2b iQ i?2 b2H7@HQQTbX >2`2- r2 rBHH bm;;2bi �M �Hi2`M�iBp2 �TT`Q�+? iQ
b2H7@HQQTb BM i?2 b?Q`i+mi@}M/BM; QT2`�iBQM bQ i?�i Bi /Q2b MQi /2T2M/ QM � T @
T�i? ?�pBM; FMQrH2/;2 �#Qmi Bib QrM b2H7@HQQTb- �M/ i?mb `2KQpBM; i?2 M22/ iQ
F22T �M/ mT/�i2 `272`2M+2b iQ i?2 b2H7@HQQTb BM i?2 T @T�i?bX .Q MQi2 i?�i i?2
bm;;2bi2/ +?�M;2b rBHH #mBH/ QM i?2 �bbmKTiBQM i?�i 2�+? b2H7@HQQT FMQrb �#Qmi
r?B+? T @T�i? Bi #2HQM;b iQX h?Bb �bbmKTiBQMb Bb �Mvr�vb `2[mB`2/ BM i?2 bi�M/�`/
Ar�i�ĜuQFQB �H;Q`Bi?KX

hQ #2 �#H2 iQ `2KQp2 i?2 M22/ 7Q` FMQrH2/;2 �#Qmi � T @T�i?b b2H7@HQQTb BM i?2
b?Q`i+mi@}M/BM; T`Q+2/m`2- +2`i�BM T`QT2`iB2b `2;�`/BM; b2H7@HQQTb �M/ b?Q`i+mib
Kmbi #2 b?QrMX h?2 7QHHQrBM; i?2Q`2K Bb 2bb2MiB�H BM i?Bb `2;�`/X

h?2Q`2K 9Xj �bbmK2 �M �m;K2MiBM; r�HF ?�b MQ `2/mM/�Mi b2H7@HQQTbX h?2M- B7
i?2`2 2tBbib � T�B` Q7 irQ b2H7@HQQTb BM i?2 �m;K2MiBM; r�HF 7`QK i?2 b�K2 T @T�i?-
i?2v 7Q`K � p�HB/ b?Q`i+miX

S`QQ7, A7 � b2H7@HQQT Bb MQi `2/mM/�Mi BM i?2 �m;K2MiBM; r�HF- i?2M i?2 bvK#QHb
QM i?2 b2H7@HQQT �`2 /Bz2`2Mi 7`QK i?Qb2 /B`2+iHv T`2+2/BM; �M/ bm++22/BM; i?2 b2H7@
HQQT BM i?2 �m;K2MiBM; r�HFX h?Bb- �b i?2 b2H7@HQQT Bb MQM@`2/mM/�Mi QMHv r?2M
i?2 /B`2+iHv T`2+2/BM; �M/ bm++22/BM; bvK#QHb �`2 2[m�HX _2TH�+BM; i?2 T�`i Q7
i?2 �m;K2MiBM; r�HF #2ir22M i?2 }`bi b2H7@HQQT �M/ i?2 b2+QM/ b2H7@HQQT rBi? i?2
T�`i Q7 i?2 T @T�i? #2ir22M i?2 p2`iB+2b Q7 i?2b2 b2H7@HQQTb +�M i?2`27Q`2 MQi #`2�F
T`QT2`iv UBBV bBM+2 i?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM; i?Bb M2r P j @b2;K2Mi BM
i?2 �m;K2MiBM; r�HF �`2 /Bz2`2Mi 7`QK i?2 bvK#QHb Q7 i?2 T @T�i?X aBM+2 i?2
b?Q`i+mi QT2`�iBQM ;m�`�Mi22b 7Q` UBV �M/ UBBBV iQ ?QH/- � b?Q`i+mi Kmbi 2tBbi �b Bi
Bb TQbbB#H2 iQ T2`7Q`K i?2 b?Q`i+mi QT2`�iBQM �M/ ?�p2 � p�HB/ �m;K2MiBM; r�HFX Á

lbBM; i?2 `2bmHib Q7 h?2Q`2K 9Xj- QM2 +�M /2bB;M � bBKTH2 T`Q+2/m`2 i?�i
}M/b �Mv b?Q`i+mi #2ir22M T�B`b Q7 b2H7@HQQTbX h?2 T`Q+2/m`2 6BM/@a2H7@GQQTb@
a?Q`i+mi- #2HQr- Bb �M 2t�KTH2 Q7 bm+? � T`Q+2/m`2X h?2`2 i?2 �m;K2MiBM;
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r�HF Bb bBKTHv Bi2`�i2/- F22TBM; i`�+F Q7 i?2 H�bi b22M b2H7@HQQT Q7 i?2 ;Bp2M T @
T�i?X h?2M- 2Bi?2` �MQi?2` b2H7@HQQT QM i?2 T @T�i? Bb b22M �M/ � p�HB/ b?Q`i+mi Bb
`2im`M2/ Q` i?2`2 �`2 2Bi?2` x2`Q Q` QM2 b2H7@HQQTb Q7 i?2 T @T�i? BM i?2 �m;K2MiBM;
r�HFX A7 i?2`2 Bb QMHv QM2 bm+? b2H7@HQQT BM i?2 �m;K2MiBM; r�HF- Bi Bb `2im`M2/X

6BM/@a2H7@GQQTb@a?Q`i+mi(Q,P j )
R l 4 MBH
k 7Q` e BM Q.2/;2b
j B7 e 2 P j �M/ e.sr c == e.d st
9 B7 l == MBH
8 l 4 e
e 2Hb2 `2im`M l - e
d `2im`M l

*Q`QHH�`v 9X9 6Q` �M �m;K2MiBM; r�HF rBi? MQ `2/mM/�Mi b2H7@HQQTb- 6BM/@
a2H7@GQQTb@a?Q`i+mi 2Bi?2` }M/b � p�HB/ b?Q`i+mi #2ir22M irQ b2H7@HQQTb Q7
i?2 ;Bp2M T @T�i? Q` i?2`2 �`2 H2bb i?�M irQ b2H7@HQQTb 7`QK i?2 T @T�i? BM i?2
�m;K2MiBM; r�HFX h?2 T`Q+2/m`2 /Q2b MQi BM+`2�b2 i?2 iBK2 +QKTH2tBiv Q7 i?2
b?Q`i+mi QT2`�iBQMX

aBM+2 i?2 6BM/@a2H7@GQQTb@a?Q`i+mi T`Q+2/m`2 `2[mB`2b � bBM;H2 Bi2`�iBQM
Qp2` i?2 �m;K2MiBM; r�HF- i?2 T`Q+2/m`2 /Q2b MQi BM+`2�b2 i?2 iBK2 +QKTH2tBiv
Q7 i?2 b?Q`i+mi QT2`�iBQMX Ai /Q2b- ?Qr2p2`- �// �//BiBQM�H +QKTmi�iBQM�H +Qbib
iQ i?2 b?Q`i+mi QT2`�iBQMX h?mb- r2 MQi2 i?�i i?2 6BM/@a2H7@GQQTb@a?Q`i+mi
T`Q+2/m`2 +�M #2 +QK#BM2/ rBi? bi2T y BM i?2 b?Q`i+mi QT2`�iBQM iQ `2/m+2 i?2
MmK#2` Q7 Bi2`�iBQMb `2[mB`2/X h?Bb- �b i?2 T`Q+2/m`2 /Q2b MQi `2[mB`2 �Mv Q7 i?2
/�i� i?�i Bb BMBiB�HBx2/ BM bi2T yX h?2 T`Q+2/m`2 rBHH biBHH �// � KBMmb+mH2 MmK#2`
Q7 QT2`�iBQMb- #mi i?Bb BM+`2�b2 b?QmH/ #2 mMMQiB+2�#H2X

:Bp2M i?�i 6BM/@a2H7@GQQTb@a?Q`i+mi Q` � bBKBH�` �TT`Q�+? BM bi2T y ?�b
#22M `mM �M/ /B/ MQi `2im`M � b?Q`i+mi- i?2 T`Q+2/m`2 `2im`M2/ 2Bi?2` � bBM;H2
b2H7@HQQT Q` MQi?BM; �i �HHX AM i?2 H�ii2` +�b2- i?2`2 �`2 MQ KQ`2 b2H7@HQQTb Q7 i?2
;Bp2M T @T�i? BM i?2 �m;K2MiBM; r�HF �M/ i?mb i?2 `2K�BMBM; T�`i Q7 i?2 b?Q`i+mi@
}M/BM; T`Q+2/m`2 /Q2b MQi M22/ iQ +QMbB/2` b2H7@HQQTb Q7 i?2 T @T�i?X 6Q` i?2 +�b2
r?2`2 � bBM;H2 b2H7@HQQT Q7 i?2 T @T�i? `2K�BMb BM i?2 �m;K2MiBM; r�HF- i?2`2
K�v 2tBbi TQbbB#H2 b?Q`i+mib #2ir22M i?2 b2H7@HQQT �M/ Qi?2` P j @b2;K2MibX �b
bm+?- i?2 b2H7@HQQT Kmbi #2 +QMbB/2`2/ BM i?2 `2K�BMBM; T�`i Q7 i?2 b?Q`i+mi@
}M/BM; T`Q+2/m`2X h?2`2 �`2 irQ TQbbB#H2 r�vb iQ ?�M/H2 i?Bb b2H7@HQQT rBi?Qmi
`2[mB`BM; i?2 T @T�i? iQ FMQr �#Qmi Bib b2H7@HQQTbX "Qi? 2tTHQBi i?2 7�+i i?�i
bBM+2 i?2 T @T�i? Bb � T�i?- �M/ i?mb /Q2b MQi +QMi�BM �Mv +v+H2b- Bi2`�iBM; Qp2`
i?2 T @T�i? i?2 b2H7@HQQT +�M #2 BMb2`i2/ r?2M Bib p2`i2t Bb `2�+?2/X

h?2 }`bi QTiBQM Bb iQ /2bB;M �M �//BiBQM�H T`Q+2/m`2 iQ #2 `mM #2ir22M bi2T
y �M/ RX h?Bb T`Q+2/m`2 r�HFb i?2 T @T�i? 7`QK b@ iQ i@bB/2- +?2+FBM; r?2i?2`
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Q` MQi i?2 b22M P j @b2;K2Mib +�M 7Q`K b?Q`i+mib rBi? i?2 b2H7@HQQTX 6Q` bm+? �
T`Q+2/m`2- QM2 +QmH/ 2tTHQBi i?2 MQM@`2/mM/�Mi T`QT2`iv Q7 i?2 b2H7@HQQT iQ K�F2
i?2 T`Q+2/m`2 `2[mB`2 QMHv � bBM;H2 Bi2`�iBQM Q7 i?2 T @T�i? r?BH2 �i i?2 b�K2 iBK2
/2i2+iBM; �Mv TQbbB#H2 b?Q`i+mib #2ir22M i?2 b2H7@HQQT �M/ i?2 Qi?2` P j @b2;K2MibX
h?Bb rQmH/ `2[mB`2 i?2 T`Q+2/m`2 iQ T2`7Q`K � +QK#BM�iBQM Q7 i?2 +?2+Fb BM bi2Tb
R i?`Qm;? 9 Q7 i?2 bi�M/�`/ b?Q`i+mi@}M/BM; T`Q+2/m`2 rBi? bQK2 bBKTHB}+�iBQMb-
i?�i Bb- BM i?2 b�K2 r�v h?2Q`2K 9Xj r�b T`Qp2M i?2 +?2+Fb 7Q` 2Mi2` �M/ H2�p2
Q7 i?2 b2H7@HQQT P j @b2;K2Mi +�M #2 B;MQ`2/X h?mb- i?2 T`Q+2/m`2 Bb bBKTHv �
+QK#BM�iBQM Q7 i?2 +?2+Fb T`QpB/2/ #v Ar�i� �M/ uQFQB- �M/ T`2b2MiBM; bm+? �
T`Q+2/m`2 /Q2b MQi T`QpB/2 �Mvi?BM; M2r iQ i?2 /Bb+mbbBQM �M/ rBHH #2 7Q`;QM2X

h?2 Qi?2` QTiBQM Bb iQ bBKTHv T2`7Q`K bi2Tb R i?`Qm;? 9 �b MQ`K�H- BMb2`iBM;
i?2 b2H7@HQQT �i i?2 �TT`QT`B�i2 TH�+2 BM i?2 T @T�i? �M/ i`2�iBM; Bi �b Ar�i�
�M/ uQFQB /Q BM i?2B` Q`B;BM�H b?Q`i+mi@}M/BM; T`Q+2/m`2X h?Bb �TT`Q�+? +�M #2
i?Qm;?i Q7 �b bBKTHv T2`7Q`KBM; i?2 `2K�BMBM; �H;Q`Bi?K �b MQ`K�H- bFBTTBM; �HH
b2H7@HQQTb i?�i �`2 MQi mb2/ BM i?2 �m;K2MiBM; r�HF r?2M i?2 T @T�i? Bb Bi2`�i2/X

h?2 T`2pBQmbHv /2b+`B#2/ r�v Q7 ?�M/HBM; b2H7@HQQTb BM i?2 b?Q`i+mi@}M/BM;
T`Q+2/m`2 K�v `2[mB`2 �//BiBQM�H Bi2`�iBQMb Qp2` i?2 �m;K2MiBM; r�HF �M/fQ`
i?2 T @T�i?X q?BH2 i?2b2 Bi2`�iBQMb /Q MQi BM+`2�b2 i?2 iBK2 +QKTH2tBiv- �b i?2
T`Q+2/m`2 �H`2�/v Bi2`�i2b #Qi? i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i?- i?2 TQBMi
Q7 i?2b2 KQ/B}+�iBQMb r�b iQ bBKTHB7v i?2 ?�M/HBM; Q7 b2H7@HQQTb BM i?2 �H;Q`Bi?K
�b iQ `2/m+2 i?2 M22/ 7Q` mT/�i2b- i?�i Bb- �b � TQbbB#H2 r�v iQ K�F2 i?2 �H;Q`Bi?K
KQ`2 2{+B2MiX �//BM; KQ`2 QT2`�iBQMb QM2 TH�+2 BM i?2 �H;Q`Bi?K iQ `2/m+2 i?2
MmK#2` Q7 QT2`�iBQMb BM �MQi?2` TH�+2 /Q2b MQi M2+2bb�`BHv `2bmHi BM � KQ`2 2{@
+B2Mi �H;Q`Bi?KX 6Q` i?2 KQ/B}+�iBQMb �#Qp2- Bi +�M b?Qr i?�i i?2v `2bmHi BM �
`2/m+iBQM BM i?2 MmK#2` Q7 2/;2b +QMbB/2`2/ BM i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2X
h?2v b?QmH/ i?mb- BM i?2Q`v- `2bmHi BM 72r2` QT2`�iBQMb 2p2M Dmbi BMbB/2 i?2 T`Q@
+2/m`2X q?�i Bb BKTQ`i�Mi ?2`2 Bb i?�i 7Q` � T @T�i? i?2 MmK#2` Q7 b2H7@HQQTb
Bb QM2 H2bb i?�M i?2 MmK#2` Q7 bi�M/�`/ 2/;2b BM i?2 T @T�i?X h?mb- `2KQpBM;
i?2 b2H7@HQQTb 7`QK i?2 T @T�i? b?QmH/ `2bmHi BM `Qm;?Hv ?�H7 �b K�Mv QT2`�iBQMb
M22/2/ T2` Bi2`�iBQM Q7 i?2 T @T�i?X aBM+2 bi2Tb R i?`Qm;? 9 iQi�H 2B;?i Bi2`�iBQMb
Qp2` i?2 T @T�i?- i?2 KQ/B}+�iBQMb Q7 i?2 b?Q`i+mi@}M/BM; T`Q+2/m`2 b?QmH/ `2bmHi
BM � `2/m+iBQM BM i?2 MmK#2` Q7 QT2`�iBQMb B7 i?2 KQ/B}+�iBQMb `2[mB`2 H2bb i?�M
7Qm` Bi2`�iBQMb Qp2` i?2 T @T�i? �M/ Bib b2H7@HQQTbX h?Bb- �b i?2 MmK#2` Q7 2/;2b
+QMbB/2`2/ BM bi2Tb R i?`Qm;? 9 MQr 2[m�H `Qm;?Hv 7Qm` Bi2`�iBQMb Q7 i?2 T @T�i?
rBi? Bib b2H7@HQQTbX h?2 6BM/@a2H7@GQQTb@a?Q`i+mi T`Q+2/m`2- r?2M BM+Q`TQ@
`�i2/ BMiQ bi2T y- b?QmH/ �i KQbi `2[mB`2 �b K�Mv QT2`�iBQMb �b QM2 Bi2`�iBQM Qp2`
i?2 T @T�i?- �b Bi +QMbBbib Q7 � bBKTH2 +?2+F 2�+? iBK2 �M 2/;2 7`QK i?2 T @T�i? Bb
7QmM/X �//BiBQM�HHv- +`2�iBM; i?2 M2r T @T�i? 7Q` Bi2`�iBQM- BM+Hm/BM; i?2 bBM;H2
b2H7@HQQT- b?QmH/ �i KQbi `2[mB`2 QM2 bBKTH2 Bi2`�iBQM Qp2` i?2 T @T�i?X h?mb- Bi
b22Kb HBF2 i?2 KQ/B}+�iBQMb b?QmH/ `2bmHi BM 72r2` +QKTmi�iBQMb 2p2M Dmbi BMbB/2
i?2 T`Q+2/m`2X
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*?�Ti2` 8

h?2 S�`iB�H avKK2i`B+
.Bz2`2M+2 PT2`�iBQM

AM i?2B` T�T2` Ar�i� �M/ uQFQB T`Qp2 G2KK� jX9X h?2 G2KK� bi�i2b i?�i i?2
T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM `2bmHib BM � p�HB/ b2i Q7 T @T�i?b �M/ � p�HB/
�m;K2MiBM; r�HF BM i?2 M2r H�#2H2/ ;`�T?X h?2B` KmHiB@T�;2 T`QQ7 7Q+mb2b QM
i?2 H�+F Q7 +QMb2+miBp2 bvK#QHb BM i?2 M2r r�HF- �b Bb � `2[mB`2/ T`QT2`iv Q7 �M
�m;K2MiBM; r�HFX Ai /Q2b- ?Qr2p2`- MQi ;Bp2 � /2+BbBp2 T`QQ7 7Q` T`QT2`iv UBBBV-
i?�i Bb- i?2 T`QT2`iv i?�i � H�#2H2/ 2/;2 K�v #2 mb2/ irB+2 BM �M �m;K2MiBM;
r�HF- #mi QMHv QM+2 BM 2�+? /B`2+iBQMX Ai b22Kb M�im`�H i?�i i?Bb b?QmH/ ?QH/
7Q` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- �b }`bi M2r 2/;2b �`2 �//2/ iQ
i?2 �m;K2MiBM; r�HF i?�i �`2 Qi?2`rBb2 QMHv mb2/ QM+2 BM i?2 �m;K2MiBM; r�HF-
#27Q`2 i?2 mM+`QbbBM; QT2`�iBQM `2KQp2b �Mv /mTHB+�i2 mb�;2 Q7 i?2b2 2/;2b 7`QK
i?2 �m;K2MiBM; r�HFX >Qr2p2`- BM bQK2 bT2+B}+ +�b2b Bi Bb TQbbB#H2- /m2 iQ i?2
mM+`QbbBM; QT2`�iBQM +?�M;BM; i?2 /B`2+iBQM Q7 bm#b2[m2M+2b Q7 i?2 �m;K2MiBM;
r�HF- 7Q` � H�#2H2/ 2/;2 Q7 �MQi?2` T @T�i? iQ #2 mb2/ irB+2 BM i?2 b�K2 /B`2+iBQMX
h?Bb `2bmHib BM i?2 KQ/B}2/ r�HF MQi #2BM; �M �m;K2MiBM; r�HFX h?Bb K�v Q++m`
/m2 iQ � H�#2H2/ 2/;2 #2BM; mb2/ irB+2 BM i?2 �m;K2MiBM; r�HF T`BQ` iQ i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- rBi? i?2 mM+`QbbBM; QT2`�iBQM QMHv ~BTTBM; QM2
Q7 Q++m``2M+2 Q7 i?2 H�#2H2/ 2/;2X h?2 b?Q`i+mi QT2`�iBQM ;m�`�Mi22b i?�i i?Bb
K�v MQi Q++m` 7Q` H�#2H2/ 2/;2b 7`QK i?2 T @T�i? i?�i i?2 T�`iB�H bvKK2i`B+ /B7@
72`2M+2 QT2`�iBQM Bb T2`7Q`K2/ �;�BMbiX Pi?2`rBb2- i?2`2 rQmH/ #2 �M bi@/B`2+i2/
P j @b2;K2Mi QM i?2 i@bB/2 Q7 i?2 P j @b2;K2Mi `2KQp2/ #v i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM �M/ i?2 b?Q`i+mi QT2`�iBQM +QmH/ #2 T2`7Q`K2/ QM i?2b2 irQ
P j @b2;K2MibX

�M 2t�KTH2 Q7 i?2 /Bb+mbb2/ T`Q#H2K +�M #2 b22M BM 6B;m`2 8XRX h?2 };m`2 +QM@
i�BMb � ;`�T? rBi? 7Qm` p�HB/ T @T�i?b �M/ �M �m;K2MiBM; r�HFX q?BH2 i?2 H�#2Hb
7Q` i?2 2/;2b �`2 MQi b?QrM- QM2 +�M p2`B7v i?�i i?2 �m;K2MiBM; r�HF BM 6B;m`2
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i

b

m

p
`

U�V "27Q`2 i?2 T�`iB�H bvK@
K2i`B+ /Bz2`2M+2 QT2`�iBQM

i

b

m

p
`

U#V "27Q`2 mM+`QbbBM;

i

b

m

p
`

U+V �7i2` mM+`QbbBM;

6B;m`2 8XR, 1t�KTH2 bBim�iBQM r?2`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM
T`Q/m+2b �M BMp�HB/ �m;K2MiBM; r�HFX

8XR� Bb p�HB/X h?2 bvK#QHb QM i?2 �m;K2MiBM; r�HF �`2 t stuvuvuv t str vuvuv -
�M/ �HH 2/;2b- 2t+2Ti QM2 H�#2H2/ 2/;2- �`2 mb2/ QM+2X h?2 H�#2H2/ 2/;2 mb2/
irB+2 Bb mb2/ QM+2 BM 2�+? /B`2+iBQMX h?2 };m`2 b?Qrb i?2 2t2+miBQM Q7 � bi�M@
/�`/ T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX 6B`bi- i?2 2/;2b Q7 i?2 �m;K2MiBM;
r�HF �M/ i?2 T @T�i? �`2 BMi2`+?�M;2/X h?2 bi�i2 �7i2` i?Bb T�`i Q7 i?2 QT2`�iBQM
Bb b?QrM BM 6B;m`2 8XR#X �i i?Bb bi�;2 Q7 i?2 QT2`�iBQM i?2`2 Bb M2p2` � ;m�`�Mi22
i?�i i?2 r�HF Bb �M �m;K2MiBM; r�HFX h?Bb Bb i?2 `2�bQM 7Q` i?2 mM+`QbbBM; QT2`@
�iBQMX h?mb- i?2 mM+`QbbBM; QT2`�iBQM Bb �TTHB2/ iQ i?2 r�HFX h?2 `2bmHiBM; r�HF
Bb b?QrM BM 6B;m`2 8XR+X h?Bb r�HF bm{+2b T`QT2`iv UBBV Q7 �M �m;K2MiBM; r�HF-
�b i?2 bvK#QHb QM i?2 r�HF �`2 t vuvuvutr vuvuv X >Qr2p2`- QM2 Q7 i?2 H�#2H2/
2/;2b Bb mb2/ irB+2 BM i?2 b�K2 /B`2+iBQM- K2�MBM; i?�i UBBBV /Q2b MQi ?QH/X

Ai Bb �H`2�/v FMQrM i?�i i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM /Q2b MQi
rQ`F T`QT2`Hv 7Q` �HH �m;K2MiBM; r�HFb- r?B+? Bb r?v i?2 b?Q`i+mi QT2`�iBQM Bb
mb2/ BM i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX �b bm+?- 7Q` i?2 bBim�iBQM Q7 6B;m`2 8XR iQ
#2 � `2�H T`Q#H2K BM i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- Bi Kmbi #2 b?QrM i?�i i?2`2 Bb
MQ TQbbB#H2 b?Q`i+mi QT2`�iBQM 7Q` i?2 T @T�i? Q7 i?2 }`bi P@b2;K2MiX h?2`2 �`2
irQ P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HFX h?2 }`bi Bb �M bi@/B`2+i2/ QM2 �M/ i?2
b2+QM/ Bb � ib@/B`2+i2/ QM2X aBM+2 i?2 ib@/B`2+i2/ QM2 �TT2�`b QM i?2 i@bB/2 Q7 i?2
bi@/B`2+i2/ QM2- �Mv b?Q`i+mi Kmbi #2 Q7 ivT2 jX >Qr2p2`- ivT2 j b?Q`i+mib `2[mB`2
i?2 bm++22/BM; bvK#QH QM i?2 �m;K2MiBM; r�HF Q7 i?2 ib@/B`2+i2/ P j @b2;K2Mi iQ
MQi #2 iX AM i?2 ;Bp2M �m;K2MiBM; r�HF Bi Bb � i �M/ i?mb i?2`2 +�M MQi #2 �
b?Q`i+mi Q7 ivT2 jX h?Bb K2�Mb i?�i MQ b?Q`i+mib 2tBbi 7Q` i?Bb T @T�i?- �M/- �b
bm+?- i?Bb Bb � p�HB/ bBim�iBQM 7Q` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM BM i?2
Ar�i�ĜuQFQB �H;Q`Bi?KX

�b rBi? i?2 +�b2 Q7 i?2 b?Q`i+mi QT2`�iBQM- QM2 K�v rQM/2` B7 i?Bb Bb bQK2i?BM;
i?�i K�v �+im�HHv Q++m`X 1bT2+B�HHv- +QMbB/2`BM; i?�i mMHBF2 BM i?2 +�b2 mb2/ 7Q`
i?2 b?Q`i+mi QT2`�iBQM- i?2`2 2tBbib K�Mv Qi?2`- KQbiHv bBKTH2`- �m;K2MiBM;
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U�V �7i2` mM+`QbbBM;

i

b

m

p
`

U#V �7i2` `2KQpBM; /Qm#H2
mb�;2b Q7 H�#2H2/ 2/;2b BM
i?2 b�K2 /B`2+iBQMX

6B;m`2 8Xk, 1t�KTH2 Q7 i?2 KQ/B}+�iBQM iQ i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT@
2`�iBQMX

r�HFb BM i?2 ;Bp2M H�#2H2/ ;`�T?X JQbi Q7 i?2 TQbbB#H2 �m;K2MiBM; r�HFb /Q MQi
BM?B#Bi i?2 b?QrM T`Q#H2KX LQM2i?2H2bb- i?2 �m;K2MiBM; r�HF b?QrM BM 6B;m`2 8XR
+�M #2 T`Q/m+2/ #v i?2 b2�`+? T`Q+2/m`2 BM b2p2`�H /Bz2`2Mi r�vbX �b bm+?- i?2
T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM b?QmH/ #2 +?�M;2/ BM bm+? � r�v i?�i i?2
T`Q#H2K /2b+`B#2/ �#Qp2 +�M MQ HQM;2` Q++m`X �//BiBQM�HHv- i?2`2 Bb MQ ;m�`�Mi22
i?�i i?2`2 /Q2b MQi 2tBbi � H�#2H2/ ;`�T? r?2`2 �HH �m;K2MiBM; r�HFb BM?B#Bi i?Bb
T`Q#H2KX

aQHpBM; i?2 T`Q#H2K Bb `�i?2` i`BpB�H- �b #v Ar�i� �M/ uQFQBǶb T`QQ7 Q7 G2KK�
jX9 Bi Bb �H`2�/v b?QrM i?�i UBBV ?QH/b 7Q` i?2 r�HF �7i2` i?2 mM+`QbbBM; QT2`�iBQMX
h?mb- QM2 +�M �TTHv � bBKBH�` bi`�i2;v iQ i?2 QM2 /2b+`B#2/ #v Ar�i� �M/ uQFQB iQ
KBiB;�i2 #`2�FBM; UBBBV BM � bBKBH�` 7�b?BQM BM i?2 b?Q`i+mi QT2`�iBQMX h?2 bi`�i2;v
mb2/ BM i?2 b?Q`i+mi QT2`�iBQM Bb iQ bBKTHv Bi2`�i2 i?2 �m;K2MiBM; r�HF- +?2+FBM;
B7 �M 2/;2 BMb2`i2/ #v i?2 b?Q`i+mi QT2`�iBQM Bb mb2/ irB+2 BM i?2 b�K2 /B`2+iBQMX
AM bm+? � +�b2- i?2 }`bi Q++m``2M+2 Q7 i?2 2/;2 �M/ i?2 2/;2b #2ir22M i?2 irQ
Q++m``2M+2b �`2 `2KQp2/ 7`QK i?2 �m;K2MiBM; r�HFX aBM+2 i?2 irQ Q++m``2M+2b
?�p2 i?2 b�K2 bvK#QHb �M/ UBBV ?QH/BM; #27Q`2 i?2 `2KQp�H Q7 i?2 2/;2b- Bi Bb
;m�`�Mi22/ i?�i UBBV rBHH ?QH/ �7i2`r�`/bX h?2 QMHv /Bz2`2M+2 7`QK i?2 +�b2 Q7
i?2 b?Q`i+mi QT2`�iBQM Bb i?�i i?2 b2i Q7 2/;2b QM2 ?�b iQ +?2+F 7Q` /mTHB+�i2 pBbBib
Bb +QMbB/2`�#Hv H�`;2`X >Qr2p2`- bBM+2 #Qi? +�b2b `2[mB`2 � 7mHH Bi2`�iBQM Q7 i?2
r�HF- i?2 2t2+miBQM Q7 i?Bb T`Q+2/m`2 rBHH #2 MQ /Bz2`2Mi i?�M 7Q` i?2 QM2 mb2/
#v Ar�i� �M/ uQFQB BM i?2 b?Q`i+mi QT2`�iBQMX h?mb- QM2 +�M bBKTHv 2KTHQv i?Bb
bi`�i2;v �7i2` i?2 mM+`QbbBM; bi2T Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX
6B;m`2 8Xk b?Qrb i?2 `2bmHi Q7 2KTHQvBM; i?Bb bi`�i2;v iQ i?2 +�b2 Q7 6B;m`2 8XRX

h?2Q`2K 8XR _2KQpBM; �HH /mTHB+�i2 mb�;2b Q7 i?2 b�K2 H�#2H2/ 2/;2 BM i?2
b�K2 /B`2+iBQM �7i2` i?2 mM+`QbbBM; QT2`�iBQM #v `2TH�+BM; i?2 irQ Q++m``2M+2b
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�M/ �HH 2/;2b #2ir22M i?2 irQ #v QM2 Q++m``2M+2- `2bmHib BM i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM T`Q/m+BM; �M �m;K2MiBM; r�HFX

S`QQ7, "v Ar�i� �M/ uQFQBǶb T`QQ7 Q7 G2KK� jX9- UBBV ?QH/b 7Q` i?2 r�HF �7i2`
i?2 mM+`QbbBM; QT2`�iBQMX �b Ar�i� �M/ uQFQB K2MiBQM- UBV �HbQ ?QH/b 7Q` i?2
r�HF- �b i?2 BMBiB�H T�`i Q7 i?2 �m;K2MiBM; r�HF Bb 2t+?�M;2/ 7Q` i?2 H�bi T�`i Q7
i?2 T @T�i?- �M/ i?mb bBM+2 UBV ?QH/b 7Q` T @T�i?b- i?2 BMi2`+?�M;2 Q7 2/;2b /Q2b
MQi #`2�F UBVX 6Q` UBBBV- i?2 mM+`QbbBM; QT2`�iBQM `2KQp2b �HH /mTHB+�i2 mb�;2b Q7
i?2b2 M2rHv �//2/ 2/;2bX h?mb- i?2 QMHv r�v BM r?B+? UBBBV +�M #2 #`QF2M Bb B7
i?2 mb�;2 Q7 2/;2b i?�i 2tBbi2/ BM �m;K2MiBM; r�HF T`BQ` iQ i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM Bb MQr BM � /Bz2`2Mi /B`2+iBQMX 6Q` 7`22 2/;2b i?Bb /Q2b MQi
K�ii2`- �b i?2 2/;2b �`2 mb2/ QMHv QM+2 �M/ i?mb i?2 /B`2+iBQM /Q2b MQi K�ii2` 7Q`
i?2 p�HB/Biv Q7 UBBBVX 6Q` H�#2H2/ 2/;2b- UBBBV ?QH/b �7i2` /mTHB+�i2 Q++m``2M+2b ?�p2
#22M `2KQp2/X h?2 QmiHBM2/ `2KQp�H T`Q+2bb `2KQp2b � +v+H2 BM i?2 r�HFX aBM+2
QMHv BMi2`M�H p2`iB+2b rBHH #2 `2KQp2/- UBV rBHH MQi #2 #`QF2M #v i?2 QT2`�iBQMX
aBM+2 UBBV ?QH/b T`BQ` iQ i?2 `2KQp�H- i?2 bvK#QH T`2+2/BM; i?2 }`bi Q++m``2M+2 Bb
/Bz2`2Mi 7`QK i?2 }`bi bvK#QH QM i?2 2/;2 �M/ i?2 bvK#QH bm++22/BM; i?2 b2+QM/
Q++m``2M+2 Bb /Bz2`2Mi 7`QK i?2 b2+QM/ bvK#QH QM i?2 2/;2X h?mb- UBBV Kmbi �HbQ
?QH/ �7i2` i?2 irQ Q++m``2M+2b �M/ i?2 2/;2b #2ir22M i?2K ?�p2 #22M `2TH�+2/
rBi? � bBM;H2 Q++m``2M+2- �b i?Bb Q++m``2M+2 /Q2b MQi ?�p2 i?2 b�K2 bvK#QHb �b
i?2 T`2+2/BM; MQ` bm++22/BM; bvK#QHb QM i?2 r�HFX h?mb- UBV- UBBV �M/ UBBBV �HH
?QH/ �7i2` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM �M/ i?2 r�HF Kmbi #2 �M
�m;K2MiBM; r�HFX Á

*Q`QHH�`v 8Xk h?2 QmiHBM2/ QT2`�iBQM /Q2b MQi +?�M;2 i?2 iBK2 +QKTH2tBiv Q7
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX

S`QQ7, Ai 7QHHQrb 7`QK i?2 /2b+`BTiBQM Q7 i?2 QT2`�iBQM i?�i Bi +�M #2 T2`7Q`K2/
BM � bBM;H2 Bi2`�iBQM Qp2` i?2 �m;K2MiBM; r�HF- rBi? 2�+? bi2T mbBM; � +QMbi�Mi
MmK#2` Q7 QT2`�iBQMbX �b bm+?- i?2 QT2`�iBQM b?QmH/ ?�p2 � iBK2 +QKTH2tBiv Q7
O (Q)X �b i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM ?�b � iBK2 +QKTH2tBiv Q7
O (E)- BM+Hm/BM; �M Bi2`�iBQM Qp2` i?2 �m;K2MiBM; r�HF BM i?2 mM+`QbbBM; QT2`�iBQM
bi�;2- i?2 iBK2 +QKTH2tBiv Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM +�M MQi
BM+`2�b2 #v i?2 QmiHBM2/ QT2`�iBQMX Á
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*?�Ti2` e

*v+H2b BM T @S�i?b

AM i?2B` T�T2` Ar�i� �M/ uQFQB �bbmK2 i?�i �HH T @T�i?b �`2 Q7 H2M;i? O (V )- �b QM2
rQmH/ 2tT2+i 7`QK i?2 bi�M/�`/ /2}MBiBQM Q7 � T�i?X aBM+2 i?2 H2M;i? Q7 � T @T�i?
K�v ;`Qr r?2M Bi Bb BMpQHp2/ BM � T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- Bi Bb
MQi ;m�`�Mi22/ i?�i i?Bb Bb i?2 +�b2X 1bT2+B�HHv- +QMbB/2`BM; i?�i i?2 H2M;i? Q7 �M
�m;K2MiBM; r�HF Bb MQi #QmM/ #v |V |- Bi b22Kb mMHBF2Hv i?�i i?Bb Bb i?2 +�b2 /m2
iQ ?Qr i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rQ`FbX AM 7�+i- Bi Bb TQbbB#H2
iQ b?Qr i?�i BM bQK2 +�b2b � T @T�i? K�v ;`Qr iQ � H2M;i? Q7 KQ`2 i?�M |V |X
�M 2t�KTH2 Q7 bm+? � +�b2 +�M #2 b22M BM 6B;m`2 eXRX h?2`2- � KmHiB;`�T? rBi?
b2p2M p2`iB+2b- Q7 r?B+? irQ �`2 i2`KBM�Hb- Bb ;Bp2MX AM 6B;m`2 eXR#- r2 +�M b22
� TQbbB#H2 bBim�iBQM Q7 � H�#2H2/ ;`�T? rBi? � bBM;H2 T @T�i? �M/ �M �m;K2MiBM;
r�HFX S2`7Q`KBM; i?2 �m;K2Mi�iBQM T`Q+2/m`2 irQ T @T�i?b �`2 7QmM/- �b b22M
BM 6B;m`2 eXR+X h?Bb Bb � p�HB/ b2i Q7 T @T�i?b- 2t+2Ti 7Q` i?2 7�+i i?�i QM2 Q7
i?2 T @T�i?b +QMi�BMb 3 2/;2bX aBM+2 i?2 ;`�T? ?�b QMHv d p2`iB+2b- i?Bb `2bmHib BM
i?2 T @T�i? ?�pBM; �i H2�bi QM2 +v+H2X h?2 +�b2 BM i?2 };m`2 K�v M�im`�HHv �`Bb2
B7 � /2Ti?@}`bi 2tTHQ`�iBQM bi`�i2;v Bb mb2/ r?2M b2H2+iBM; 2/;2b BM i?2 b2�`+?
T`Q+2/m`2X

6Q` i?2 +�b2 Q7 6B;m`2 eXR- i?2 BM+`2�b2 BM H2M;i? /Q2b MQi `2bmHi BM i?2 H2M;i?
2t+22/BM; O (V )X h?Bb Bb K�BMHv /m2 iQ i?2 bBKTHB+Biv Q7 i?2 ;`�T? mb2/ BM i?2
2t�KTH2X *QMbB/2` BMbi2�/ � p2`v H�`;2 /2Mb2 KmHiB;`�T? r?2`2 KQ`2 i?�M |V |
T @T�i?b K�v #2 7QmM/X � TQbbB#H2 b+2M�`BQ i?�i +�M Q++m` Bb i?�i BM 2�+? Q7 i?2
}`bi |V | Bi2`�iBQMb Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K �M �m;K2MiBM; r�HF Q7 H2M;i? |V |
Bb 7QmM/X A7 i?2b2 �m;K2MiBM; r�HFb +QMi�BM � bBM;H2 P1@b2;K2Mi BM i?2B` b2+QM/
iQ H�bi 2/;2- rBi? i?2 2/;2 Q7 i?2 P1@b2;K2Mi #2BM; i?2 b2+QM/ iQ H�bi 2/;2 BM P1-
i?2M 2�+? Bi2`�iBQM i?Bb rQmH/ `2bmHi BM �M BM+`2�b2 BM i?2 H2M;i? Q7 i?2 T @T�i?
#v |V |°2 2/;2bX �7i2` |V | Bi2`�iBQMb- i?Bb rQmH/ `2bmHi BM � T @T�i? rBi? � H2M;i?
Q7 �TT`QtBK�i2Hv |V |2 °2 |V |- r?B+? Bb MQi O (V )X "�b2/ QM i?Bb- Bi b22Kb HBF2 Bi
K�v #2 2MQm;? iQ bBKTHv `2/m+2 i?2 H2M;i? Q7 i?2 T @T�i?b #2ir22M 2�+? Bi2`�iBQM
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b i
U�V lM/2`HvBM; ;`�T?

b i
U#V SQbbB#H2 H�#2H2/ ;`�T?
rBi? �M �m;K2MiBM; r�HF

b i
U+V _2bmHiBM; T @T�i?b

6B;m`2 eXR, 1t�KTH2 bBim�iBQM r?2`2 +v+H2b K�v Q++m` QM � T @T�i?- �M/ i?2
H2M;i? Q7 � T @T�i? K�v BM+`2�b2 #2vQM/ i?2 MmK#2` Q7 p2`iB+2bX

Q7 i?2 �H;Q`Bi?KX >Qr2p2`- i?2 H2M;i? Q7 � T @T�i? K�v 2�bBHv BM+`2�b2 #v KQ`2
i?�M |V |°2 BM 2�+? Bi2`�iBQM Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX h?Bb Bb /m2 iQ ?Qr
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rQ`FbX �M �m;K2MiBM; r�HF K�v #Qi?
;Bp2 �M/ i�F2 2/;2b 7`QK i?2 T @T�i?b Bi BMi2`�+ib rBi?X h?mb- Bi +�M TB+F mT 2/;2b
7`QK QM2 T @T�i? �M/ /2TQbBi i?2K BMiQ �MQi?2`X A7 i?Bb T`Q+2bb r�b iQ `2T2�i �b
K�Mv iBK2b �b TQbbB#H2 BM � bBM;H2 �TTHB+�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2- Bi
+QmH/ `2bmHi BM � T @T�i? rBi? � H2M;i? Q7 bBKBH�` K�;MBim/2 iQ i?�i Q7 i?2 MmK#2`
Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF iBK2b |V |X aBM+2 i?2 MmK#2` Q7 P@b2;K2Mib
Bb #QmM/ #v O (V )- i?Bb rQmH/ `2bmHi BM i?2 H2M;i? Q7 � T @T�i? TQbbB#Hv `2�+?BM;
|V |2 BM � bBM;H2 Bi2`�iBQMX

�HH Q7 i?Bb /Q2b MQi K�ii2` 7Q` i?2 iBK2 +QKTH2tBiv Q7 i?2 bi�M/�`/ Ar�i�Ĝ
uQFQB �H;Q`Bi?K- �b i?2 QMHv TH�+2 r?2`2 i?2 H2M;i? Q7 � T @T�i? �z2+ib i?2 iBK2
+QKTH2tBiv Q7 i?2 �H;Q`Bi?K Bb BM i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2`2- i?2 T�`i
Q7 i?2 iBK2 +QKTH2tBiv i?�i `2HB2b QM i?2 H2M;i? Q7 � T @T�i? Bb �HbQ /2T2M/2Mi QM
i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HFX .m2 iQ i?2 2/;2@/BbDQBMi T`QT2`iv Q7 i?2 T @
T�i?b- i?2 +QK#BM2/ H2M;i? Q7 �HH i?2 T @T�i?b K�v MQi 2t+22/ |E |X h?mb- bBM+2 i?2
H2M;i? Q7 �M �m;K2MiBM; r�HF Bb O (E)- i?Bb BM+`2�b2 BM H2M;i? /Q2b MQi BM+`2�b2
i?2 iBK2 +QKTH2tBivX 6Q` i?2 BKT`Qp2K2Mib 7`QK i?2 T`2HBKBM�`v T`QD2+i- i?2
H2M;i? Q7 i?2 �m;K2MiBM; r�HF Bb #QmM/ #v O (V )X h?mb- B7 i?2 H2M;i? Q7 �Mv
T @T�i? Bb MQi #QmM/ #v O (V )- i?2 BKT`Qp2K2Mib /Q MQi `2bmHi BM �M BKT`Qp2/
iBK2 +QKTH2tBivX 1bT2+B�HHv- i?2 �TT`Q�+? 7Q` `2/m+BM; i?2 bBx2 Q7 i?2 �m;K2MiBM;
r�HF mb2/ BM i?2b2 BKT`Qp2K2Mib /Q2b MQi rQ`F T`QT2`Hv r?2M i?2`2 �`2 +v+H2b
BM i?2 T @T�i?bX

q?BH2 ?�pBM; T @T�i?b Q7 H2M;i? O (E) rQmH/ MQi `2bmHi BM �Mv T`Q#H2Kb BM
`2;�`/b iQ iBK2 +QKTH2tBiv- B;MQ`BM; i?2 T`Q#H2K Bb MQi � pB�#H2 bQHmiBQMX h?2
�H;Q`Bi?K Bb /2}M2/ �M/ T`Qp2M rBi? `2;�`/b iQ i?2 T @T�i?b #2BM; rBi?Qmi +v+H2b-
i?�i Bb- #2BM; T�i?bX �b bm+?- QT2`�iBQMb �M/ /2}MBiBQMb rBHH MQi rQ`F T`QT2`Hv
rBi? +v+H2b BM i?2 T @T�i?bX

h?2 K�BM T`Q#H2K rBi? +v+H2b Bb BM `2;�`/b iQ P@b2;K2MibX h?2 /2}MBiBQM
;Bp2M #v Ar�i� �M/ uQFQB 7Q` � P@b2;K2Mi Bb i?�i Bi Bb � bm#@T�i? Q7 i?2 �m;K2Mi@
BM; r�HF i?�i QMHv +QMi�BMb 2/;2b i?�i �`2 2Bi?2` BM � ;Bp2M T @T�i? Q` b2H7@HQQTb Q7
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b

i

U�V S`Q#H2K�iB+ ;`�T?

b

i

U#V h?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM

b

i

U+V a?Q`i+mi QT2`�iBQM rBi?
M2r P@b2;K2Mi /2}MBiBQM

6B;m`2 eXk, 1t�KTH2 Q7 � T`Q#H2K�iB+ bBim�iBQMb rBi? +v+H2b BM T @T�i?b

i?2 T @T�i?X �//BiBQM�HHv- i?2 T`2+2/BM; �M/ bm++22/BM; 2/;2b BM i?2 �m;K2MiBM;
r�HF Kmbi MQi #2 2/;2b Q` b2H7@HQQTb Q7 i?2 T @T�i?X �b bm+?- rBi? i?2 `2HB�M+2 QM
?�pBM; MQ `2/mM/�Mi b2H7@HQQTb- � P@b2;K2Mi Bb 2Bi?2` � bm#@T�i? Q7 i?2 T @T�i?
Q` � b2H7@HQQTX h?Bb T`QT2`iv /Q2b MQi ?QH/ 7Q` T @T�i?b rBi? +v+H2bX h?2M- �b
+�M #2 b22M BM 6B;m`2 eXk- QM2 +�M ?�p2 P@b2;K2Mib i?�i +QMbBbi Q7 2/;2b BM i?2
T @T�i?- #mi /Q2b MQi 7Q`K � bm#@T�i? Q7 i?2 T @T�i?X

6Q` � P@b2;K2Mi i?�i Bb M2Bi?2` � bm#@T�i? MQ` � bBM;H2 b2H7@HQQT Q7 � T @
T�i?- i?2`2 Bb MQ ;m�`�Mi22 i?�i i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM �M/
i?2 b?Q`i+mi QT2`�iBQM rBHH rQ`F T`QT2`HvX 6Q` 2t�KTH2- T2`7Q`KBM; i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM BM i?2 H�#2H2/ ;`�T? Q7 6B;m`2 eXk� rBHH MQi ;Bp2 i?2
2tT2+i2/ `2bmHiX 6QHHQrBM; i?2 2t�+i /2}MBiBQM Q7 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQM rBHH `2bmHi BM i?2 T @T�i? �M/ �m;K2MiBM; r�HF b?QrM BM 6B;m`2 eXk#X
q?BH2 i?2`2 �`2 KQ/B}+�iBQMb iQ #Qi? i?2 �m;K2MiBM; r�HF �M/ i?2 T @T�i?-
i?2 MmK#2` Q7 P@b2;K2Mib ?�b MQi /2+`2�b2/ �M/ i?2 `2bmHiBM; r�HF Bb MQi �M
�m;K2MiBM; r�HF- #`2�FBM; T`QT2`iv UBBV /m2 iQ Bib bvK#QHb #2BM; sst t X

aBM+2 P@b2;K2Mib r?B+? �`2 MQi bm#@T�i?b Q7 i?2 T @T�i? +�mb2 T`Q#H2Kb- Bi
K�v b22K `2�bQM�#H2 iQ /2}M2 � P@b2;K2Mi iQ #2 2Bi?2` � +QMb2+miBp2 T�`i Q7 i?2
�m;K2MiBM; r�HF i?�i Bb �HbQ � bm#@T�i? Q7 i?2 T @T�i?Q` � b2H7@HQQT Q7 i?2 T @T�i?X
h?Bb /2}MBiBQM rQmH/ KQbi HBF2Hv rQ`F #2ii2` rBi? i?2 T�`iB�H bvKK2i`B+ /Bz2`@
2M+2 QT2`�iBQMX PM i?2 Qi?2` ?�M/- i?Bb /2}MBiBQM /Q2b MQi rQ`F T`QT2`Hv rBi?
i?2 b?Q`i+mi QT2`�iBQMX lbBM; i?2 H�#2H2/ ;`�T? BM 6B;m`2 eXk� �b �M 2t�KTH2-
2KTHQvBM; i?2 b?Q`i+mi QT2`�iBQM � b?Q`i+mi #2ir22M i?2 MQr irQ P@b2;K2Mib
rBHH #2 7QmM/X h?Bb- /2bTBi2 i?2 7�+i i?�i i?2 b?Q`i+mi Bb MQi p�HB/X h?2 `2bmHi
Q7 i?2 b?Q`i+mi QT2`�iBQM +�M #2 b22M BM 6B;m`2 eXk+- r?2`2 i?2 `2bmHiBM; r�HF
Bb MQi �M �m;K2MiBM; r�HF- #`2�FBM; UBBV �b 2�`HB2` rBi? i?2 bvK#QHb sst t X h?2
`2�bQM r?v � b?Q`i+mi Bb 7QmM/ Bb i?�i i?2 b?Q`i+mi QT2`�iBQM- BM bi2T R- +?2+Fb 7Q`
�/D�+2Mi bi@/B`2+i2/ U�M/ ib@/B`2+i2/V P j @b2;K2Mib- �b i?Bb rQmH/ BM � MQM@+v+HB+
+�b2 BM/B+�i2 � b?Q`i+mi Q7 ivT2 RX Ai K�v #2 TQbbB#H2 iQ +?�M;2 i?2 QT2`�iBQM
iQ B;MQ`2 i?Bb bT2+B}+ +�b2X LQM2i?2H2bb- i?2`2 �`2 Qi?2` T`Q#H2Kb BM `2;�`/b iQ
iBK2 +QKTH2tBiv rBi? i?Bb /2}MBiBQM Q7 � P@b2;K2MiX 6BM/BM; �HH P@b2;K2Mib QM
�M �m;K2MiBM; r�HF Bb MQ HQM;2` �b bBKTH2 �b Dmbi Bi2`�iBM; i?2 �m;K2MiBM; r�HFX
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�HH QT2`�iBQMb �`2 /2}M2/ #�b2/ QM i?2 HQ+�iBQM Q7 i?2B` p2`iB+2b BM i?2 T @
T�i?bX h?Bb Bb BM ;2M2`�H T`Q#H2K�iB+ 7Q` +v+H2b- r?2`2 � p2`i2t +�M �TT2�` KQ`2
i?�M QM+2 BM � T @T�i?X h?2 T`Q#H2K b?QmH/ #2 2�bv 2MQm;? iQ rQ`F �`QmM/- �b
2�+? 2/;2 Bb mb2/ �i KQbi QM+2 BM � T @T�i?- �M/ i?mb i?2 2/;2b /2+B/2 r?B+?
Q++m``2M+2 Q7 i?2 p2`i2t b?QmH/ #2 mb2/X L2p2`i?2H2bb- i?2 +QK#BM�iBQM Q7 �HH
i?2b2 T`Q#H2Kb- �b r2HH �b i?2 M22/ iQ T`Qp2 i?2 2MiB`2 �H;Q`Bi?K �M2r- K�F2
Bi T`272`�#H2 iQ ?�M/H2 i?2 bBim�iBQM #v bBKTHv `2KQpBM; �Mv +v+H2b BM i?2 T @
T�i?bX hrQ pB�#H2 bQHmiBQMb 7Q` `2KQpBM; +v+H2b BM i?2 T @T�i?b rBHH #2 T`2b2Mi2/
BM i?2 7QHHQrBM; b2+iBQMbX h?2v /Bz2` BM i?2 iBK2 �i r?B+? i?2v `2KQp2 i?2
+v+H2b- `2KQpBM; +v+H2b 2Bi?2` BKK2/B�i2Hv �7i2` i?2v �TT2�` Q` �i i?2 2M/ Q7 �M
�TTHB+�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X �b bm+?- i?2v /Bz2` BM +QKTH2tBiv-
rBi? i?2 BKK2/B�i2 `2KQp�H #2BM; KQ`2 +QKTH2t- #mi `2[mB`BM; MQ +?�M;2b iQ
i?2 �H;Q`Bi?K Qi?2` i?�M � T`Q+2/m`2 +�HHX

eXR AKK2/B�i2 *v+H2 _2KQp�H
h?2 KQbi Q#pBQmb bQHmiBQM iQ i?2 +v+H2 T`Q#H2K rQmH/ #2 iQ bBKTHv `2KQp2 �Mv
TQbbB#H2 +v+H2b 7`QK i?2 T @T�i? /B`2+iHv �7i2` �M BMpQ+�iBQM Q7 i?2 T�`iB�H bvK@
K2i`B+ /Bz2`2M+2 QT2`�iBQMX h?Bb r�v i?2 T @T�i?b rBHH �Hr�vb #2 ;m�`�Mi22/ iQ
#2 rBi?Qmi +v+H2bX _2KQpBM; i?2 +v+H2b +�M MQi #2 /QM2 rBi? � bi�M/�`/ +v+H2
`2KQp�H �H;Q`Bi?K- �b i?2 +v+H2b K�v +QMi�BM � MmK#2` Q7 P j @b2;K2MibX A7 � +v+H2
r�b `2KQp2/ rBi?Qmi ?�M/HBM; i?2b2 P j @b2;K2Mib- i?2 `2bmHi +QmH/ #2 +QMb2+m@
iBp2 �TT2�`�M+2b Q7 bvK#QHb BM i?2 r�HF- #`2�FBM; T`QT2`iv UBBV Q7 �M �m;K2MiBM;
r�HFX �//BiBQM�HHv- i?Bb +QmH/ `2bmHi BM /Qm#H2 mb�;2 Q7 7`22 2/;2b- #`2�FBM; T`QT@
2`iv UBBBV Q7 �M �m;K2MiBM; r�HFX h?mb- �M mM@+v+HBM; T`Q+2/m`2 Kmbi #2 +`2�i2/
bQ i?�i 2�+? TQbbB#H2 bBim�iBQM rBi? P j @b2;K2Mib BM i?2 +v+H2 Bb T`QT2`Hv ?�M/H2/X
6B;m`2 eXj b?Qrb �M 2t�KTH2 Q7 � bBim�iBQM- r?2`2 �7i2` i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM i?2 T @T�i? +QMi�BMb � +v+H2X AM i?Bb +�b2 � bBM;H2 2/;2 7`QK
i?2 +v+H2 Bb mb2/ BM i?2 �m;K2MiBM; r�HFX 6Q` i?Bb bT2+B}+ +�b2- `2KQpBM; i?2
+v+H2 rBi?Qmi +QMbB/2`�iBQM iQ i?2 P j @b2;K2Mi /Q2b MQi `2bmHi BM �M BMp�HB/ �m;@
K2MiBM; r�HFX h?Bb Bb QMHv i?2 +�b2 7Q` i?Bb bBKTH2 +H�bb Q7 +�b2bX 6Q` i?2 Qi?2`
7Qm` MQMi`BpB�H +H�bb2b- r?B+? rBHH #2 BMi`Q/m+2/ H�i2`- KQ/B}+�iBQMb ?�p2 iQ #2
K�/2 iQ i?2 �m;K2MiBM; r�HFX

hQ #2 �#H2 iQ /2bB;M � T`Q+2/m`2 i?�i `2KQp2b +v+H2b 7`QK � T @T�i?- � /2}MB@
iBQM Q7 r?2M � P j @b2;K2Mi Bb BM � +v+H2 Kmbi #2 /2+B/2/ QMX q2 rBHH /2}M2 i?Bb �b
� P j @b2;K2Mi i?�i +QMi�BMb 2Bi?2` QM2 Q` KQ`2 2/;2b BM i?2 +v+H2 Q` QM2 Q` KQ`2
b2H7@HQQTb QM i?2 ;Bp2M T @T�i? QM � p2`i2t BM i?2 +v+H2X 6Q` i?2 b2H7@HQQTb i?Bb Bb
`2[mB`2/ KBMBKmK- �b i?2 b2H7@HQQTb rBHH #2 `2KQp2/ 7`QK i?2 H�#2H2/ ;`�T? r?2M
i?2 2/;2b Q7 i?2 +v+H2 �`2 `2KQp2/ 7`QK i?2 T @T�i?X 6Q` i?2 2/;2b QM i?2 +v+H2-
QM2 K�v +QMbB/2` `2bi`B+iBM; i?2 /2}MBiBQM iQ QMHv BM+Hm/2 P j @b2;K2Mib r?2`2 �HH
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b

i

`

U�V "27Q`2 i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM

b

i

`

U#V �7i2` i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQM

6B;m`2 eXj, 1t�KTH2 Q7 � bBKTH2 +�b2 rBi? QM2 P j @b2;K2Mi BM i?2 `2bmHiBM; +v+H2X

i?2 2/;2b �`2 BM i?2 +v+H2X h?Bb- �b 7Q` �Mv Qi?2` P j @b2;K2Mib �i H2�bi QM2 Q7 i?2
2/;2b `2K�BM H�#2H2/ �7i2` i?2 `2KQp�H Q7 i?2 +v+H2 �M/ i?mb UBBV rQmH/ MQi #2
#`QF2MX _2;�`/H2bb- i?2 H�#2H2/ 2/;2b BM i?2 +v+H2 K�v #2 mb2/ irB+2- �M/ i?mb
UBBBV rBHH MQi ?QH/ rBi? i?Bb /2}MBiBQMX

:Bp2M i?2 �#Qp2 /2}MBiBQM- i?2 +�b2b +�M #2 /BpB/2/ BMiQ }p2 +H�bb2b r?2M i?2
+v+H2 QM i?2 T @T�i? +QMi�BMb �i H2�bi QM2 P j @b2;K2MiX AM �//BiBQM- i?2`2 Bb i?2
i`BpB�H +�b2 Q7 MQ P j @b2;K2Mib BM i?2 +v+H2X h?2 i`BpB�H +�b2 +�M KQbiHv #2 B;MQ`2/-
�b Bi /Q2b MQi `2[mB`2 �Mv +?�M;2b iQ i?2 �m;K2MiBM; r�HFX h?2 i`BpB�H +�b2 �M/
i?2b2 }p2 +H�bb2b �`2 ;Bp2M #2HQr- rBi? ;2M2`�H 2t�KTH2b b?QrM BM 6B;m`2 eX9X
q?2M i?2 /2b+`BTiBQMb `272` iQ i?2 }`bi �M/ H�bi P j @b2;K2Mib- i?2 P j @b2;K2Mib
�`2 +QMbB/2`2/ #v i?2B` �TT2�`�M+2 BM i?2 �m;K2MiBM; r�HFX

hvT2 y h?2`2 �`2 MQ P j @b2;K2Mib BM i?2 +v+H2X

hvT2 R h?2`2 Bb 2t�+iHv QM2 P j @b2;K2Mi BM i?2 +v+H2X

U�V h?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM; i?Bb P j @b2;K2Mi �`2 /Bz2`2MiX
U#V h?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM; i?Bb P j @b2;K2Mi �`2 2[m�HX

hvT2 k h?2`2 �`2 irQ Q` KQ`2 P j @b2;K2Mib BM i?2 +v+H2X

U�V h?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM;- `2bT2+iBp2Hv- i?2 }`bi �M/ H�bi
P j @b2;K2Mi �`2 /Bz2`2MiX

U#V h?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM;- `2bT2+iBp2Hv- i?2 }`bi �M/ H�bi
P j @b2;K2Mi �`2 2[m�H �M/ M2Bi?2` b MQ` iX

U+V h?2 }`bi �M/ H�bi P j @b2;K2Mi �`2 /B`2+i2/ BM i?2 QTTQbBi2 /B`2+iBQM
Q7 2�+? Qi?2` �M/ i?2 bvK#QHb- `2bT2+iBp2Hv- T`2+2/BM; �M/ bm++22/BM;
i?2K �`2 2[m�H �M/ 2Bi?2` b Q` iX

6Q` i?2b2 +H�bb2b Q7 +v+H2b- QM2 K�v rQM/2` B7 i?2 +H�bb2b +QMi�BM �HH TQbbB#H2
+�b2bX 6Q` #Qi? i?2 +�b2b Q7 MQM2 �M/ QM2 P j @b2;K2Mi BM i?2 +v+H2- Bi +�M 2�bBHv
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b i

` m

U�V hvT2 R�
b i

` `

U#V hvT2 R#
b i

` m

U+V hvT2 k�
b i

` `

U/V hvT2 k#
b i

b

b

U2V hvT2 k+

6B;m`2 eX9, :2M2`�H 2t�KTH2b Q7 i?2 }p2 MQMi`BpB�H +H�bb2b Q7 +v+H2b QM � T @T�i?

#2 B/2MiB}2/ i?�i �HH TQbbB#H2 +�b2b ?�p2 #22M +Qp2`2/X 6Q` irQ Q` KQ`2 P j @
b2;K2Mib BM i?2 +v+H2- i?Bb Bb MQi �b 2�bvX hvT2 k� +Qp2`b �HH +�b2b r?2`2 i?2
bvK#QH T`2+2/BM; �M/ bm++22/BM;- `2bT2+iBp2Hv- i?2 }`bi �M/ H�bi P j @b2;K2Mi �`2
/Bz2`2MiX h?mb ivT2b k# �M/ k+ Kmbi +Qp2` i?2 +�b2b r?2`2 i?2 bvK#QHb �`2 2[m�HX
aBM+2 ivT2 k# +Qp2`b i?2 +�b2b r?2`2 i?2 bvK#QHb �`2 2[m�H �M/ M2Bi?2` b MQ` i-
ivT2 k+ Kmbi +Qp2` i?2 `2K�BMBM; +�b2bX hvT2 k+ /Q2b BM 7�+i /Q i?Bb- �b ?�pBM;
i?2 }`bi �M/ H�bi P j @b2;K2Mi BM i?2 +v+H2 �b QTTQbBi2Hv /B`2+i2/ Bb i?2 QMHv QTiBQM
BM i?Bb +�b2X A7 i?2 irQ P j @b2;K2Mib r2`2 2[m�HHv /B`2+i2/ rBi? i?2 T`2+2/BM;
�M/ bm++22/BM; bvK#QHb #2BM; 2[m�H �M/ 2Bi?2` b Q` i- i?2M i?2 �m;K2MiBM; r�HF
rQmH/ MQi bm{+2 UBBVX �b bm+?- i?2b2 +H�bb2b +QMi�BM �HH TQbbB#H2 +�b2bX

h?2 2t�KTH2b b?QrM BM 6B;m`2b eX9+- eX9/ �M/ eX92 �`2 bBKTHB}+�iBQMb Q7 i?2
TQbbB#H2 bBim�iBQMb- �b i?2`2 +�M TQbbB#Hv #2 KQ`2 i?�M irQ P j @b2;K2Mib BM i?2
+v+H2X �//BiBQM�HHv- �Mv Q7 i?2 P j @b2;K2Mib BM �Mv Q7 i?2 }p2 MQM@i`BpB�H +H�bb2b
K�v #2 b2H7@HQQTbX AM `2�HBiv- i?2`2 +�M MQi #2 � b2H7@HQQT BM ivT2 R�- �b Bi rQmH/ #2
� `2/mM/�Mi b2H7@HQQT- Q7 r?B+? i?2`2 Bb �bbmK2/ iQ #2 MQM2X �//BiBQM�HHv- r?BH2
MQi /2TB+i2/ BM 6B;m`2 eX9- Bi Bb TQbbB#H2 7Q` i?2`2 iQ #2 P j @b2;K2Mib i?�i Qp2`H�T
T�`iB�HHv rBi? i?2 +v+H2 �M/ T�`iB�HHv rBi? i?2 `2K�BMBM; T�`ib Q7 i?2 T @T�i?- �b
+�M #2 b22M BM 6B;m`2 eXdX q?BH2 i?2 T`QT2`iB2b Q7 �M �m;K2MiBM; r�HF HBKBib i?2
MmK#2` Q7 bm+? P j @b2;K2Mib iQ 7Qm`- r2 rBHH MQr b?Qr i?�i mM/2` i?2 �bbmKTiBQM
i?�i M2Bi?2` i?2 T @T�i? MQ` i?2 }`bi 7`22 2/;2b Q7 i?2 �m;K2MiBM; r�HF ?�p2 �Mv
+v+H2b BM i?2K #27Q`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- i?2`2 +�M QMHv
#2 � K�tBKmK Q7 irQ bm+? P j @b2;K2Mib BM �Mv ;Bp2M +v+H2X q2 rBHH H�i2` /2bB;M
i?2 mM@+v+HBM; T`Q+2/m`2 BM bm+? � r�v i?�i i?Bb T`QT2`iv rBHH �Hr�vb ?QH/ i`m2X

G2KK� eXR :Bp2M � T @T�i? rBi? MQ +v+H2b �M/ �M �m;K2MiBM; r�HF rBi? MQ
+v+H2b BM Bib BMBiB�H 7`22 2/;2b- �Mv +v+H2 +`2�i2/ #v i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQM Kmbi +QMi�BM #Qi? 2/;2b i?�i r2`2 BM i?2 T @T�i? #27Q`2 i?2 QT2`�iBQM
�M/ 2/;2b i?�i r2`2 BM i?2 �m;K2MiBM; r�HF #27Q`2 i?2 QT2`�iBQMX

S`QQ7, �bbmK2 � +v+H2 2tBbib 7Q` r?B+? i?Bb Bb MQi i`m2- i?2M Bi Kmbi +QMbBbi Q7
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2Bi?2` QMHv 7`22 2/;2b 7`QK i?2 �m;K2MiBM; r�HF Q` QMHv 2/;2b 7`QK i?2 T @T�i?X
AM 2Bi?2` +�b2- bBM+2 i?2 Q`/2` Q7 i?2 2/;2b 7`QK M2Bi?2` i?2 �m;K2MiBM; r�HF MQ`
i?2 T @T�i? +?�M;2- i?Bb rQmH/ K2�M i?�i i?2`2 Kmbi ?�p2 #22M � +v+H2 BM 2Bi?2`
i?2 T @T�i? Q` i?2 BMBiB�H 7`22 2/;2b Q7 i?2 �m;K2MiBM; r�HFX h?mb- bm+? � +v+H2
+�M MQi 2tBbiX Á

G2KK� eXk :Bp2M � T @T�i? rBi? MQ +v+H2b �M/ �M �m;K2MiBM; r�HF rBi? MQ
+v+H2b BM Bib BMBiB�H 7`22 2/;2b- �7i2` �TTHvBM; i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQM i?2`2 K�v QMHv #2 � K�tBKmK Q7 irQ P j @b2;K2Mib BM �Mv +v+H2 i?�i
�`2 T�`i Q7 #Qi? i?2 +v+H2 �M/ i?2 Qi?2` 2/;2b Q7 i?2 T @T�i?X h?2b2 P j @b2;K2Mib
rBHH QMHv mb2 i?2 2/;2b Q7 i?2 T @T�i? i?�i #2HQM;2/ iQ i?2 T @T�i? #27Q`2 i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX

S`QQ7, h?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM KQ/B}2b i?2 T @T�i? BM bm+?
� r�v i?�i Bi /Q2b MQi KBt i?2 2/;2b i?�i T`BQ` iQ i?2 QT2`�iBQM #2HQM;2/ iQ i?2
T @T�i? rBi? i?Qb2 i?�i T`BQ` iQ i?2 QT2`�iBQM #2HQM;2/ iQ i?2 �m;K2MiBM; r�HFX
lbBM; i?Bb �M/ G2KK� eXR- i?2 T @T�i? +�M #2 /BpB/2/ BMiQ irQ T�`ib- QM2 rBi?
i?2 2/;2b i?�i #2HQM;2/ iQ i?2 T @T�i? T`BQ` iQ i?2 QT2`�iBQM �M/ QM2 rBi? i?2
2/;2b 7`QK i?2 �m;K2MiBM; r�HFX h?2 TQBMi Q7 /BpBbBQM rBHH #2 �i � HQ+�iBQM BM
i?2 T @T�i? i?�i Bb BMbB/2 i?2 +v+H2X

aBM+2 i?2 2/;2b i?�i #2HQM;2/ iQ i?2 �m;K2MiBM; r�HF r2`2 7`22- i?2`2 +�M
MQi #2 �Mv P j @b2;K2Mib mbBM; i?2K `B;?i �7i2` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQMX h?mb- i?2`2 +�M QMHv #2 P j @b2;K2Mib QM i?2 T�`i Q7 i?2 M2r T @T�i?
i?�i #2HQM;2/ iQ i?2 T @T�i? T`BQ` iQ i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX
:Bp2M i?�i i?2 T`2pBQmbHv /Bb+mbb2/ /BpBbBQM Q7 i?2 T @T�i? BMiQ Bib irQ T�`ib Bb
T2`7Q`K2/ bQK2r?2`2 QM i?2 +v+H2- i?Bb K2�Mb i?�i QMHv QM2 bB/2 Q7 i?2 +v+H2 +�M
?�p2 P j @b2;K2Mib- �M/ i?mb Bi 7QHHQrb i?�i i?2`2 +�M QMHv #2 irQ P j @b2;K2Mib
i?�i �`2 #Qi? T�`i Q7 i?2 +v+H2 �M/ i?2 `2bi Q7 i?2 T @T�i?X �//BiBQM�HHv- #v i?2
�#Qp2 HQ;B+- i?2b2 Kmbi mb2 i?2 2/;2b Q7 i?2 T @T�i? i?�i #2HQM;2/ iQ i?2 T @T�i?
T`BQ` iQ i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMX Á

1�+? Q7 i?2 T`2pBQmbHv /Bb+mbb2/ +H�bb2b Kmbi #2 ?�M/H2/ /Bz2`2MiHvX q2
rBHH 7Q` i?2 KQK2Mi �bbmK2 i?�i i?2`2 �`2 MQ P j @b2;K2Mib BM i?2 +v+H2 i?�i �`2
#Qi? T�`i Q7 i?2 +v+H2 �M/ i?2 `2K�BM/2` Q7 i?2 T @T�i?X q?BH2 i?2b2 +�b2b Kmbi
#2 �//`2bb2/ �i bQK2 TQBMi- i?2v b?QmH/ #2 ?�M/H2/ /Bz2`2MiHv �M/ rBHH i?mb #2
/Bb+mbb2/ H�i2`X q?�i 7QHHQrb Bb � /2b+`BTiBQM Q7 i?2 r�v i?�i 2�+? Q7 i?2 /Bz2`2Mi
+H�bb2b b?QmH/ #2 ?�M/H2/X 6B;m`2 eX8 b?Qrb i?2 �TTHB+�iBQM Q7 i?2b2 T`Q+2/m`2b
iQ 2�+? Q7 i?2 +�b2b b?QrM BM 6B;m`2 eX9X

hvT2 y _2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?X

hvT2 R U�V _2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?X A7 i?2 P j @b2;K2Mi Bb � b2H7@HQQT-
`2KQp2 Bi 7`QK i?2 �m;K2MiBM; r�HFX
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b i

` m

U�V hvT2 R�

b i

` `

U#V hvT2 R#

b i

` m

U+V hvT2 k�

b i

` `

U/V hvT2 k#

b i

b

b

U2V hvT2 k+

6B;m`2 eX8, _2bmHib Q7 ?�M/HBM; i?2 /Bz2`2Mi MQMi`BpB�H +H�bb2b Q7 +v+H2b QM �
T @T�i?

U#V _2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?- �M/ `2TH�+2 i?2 P j @b2;K2Mi BM i?2
�m;K2MiBM; r�HF #v i?2 2/;2b BM i?2 +v+H2 #2ir22M i?2 }`bi p2`i2t Q7
i?2 P j @b2;K2Mi �M/ i?2 +QMM2+iBM; p2`i2t Q7 i?2 +v+H2- i?2 b2H7@HQQT Q7
i?2 T @T�i? QM i?2 +QMM2+iBM; p2`i2t �M/ i?2M i?2 2/;2b BM i?2 +v+H2
#2ir22M i?2 +QMM2+iBM; p2`i2t Q7 i?2 +v+H2 �M/ i?2 H�bi p2`i2t Q7 i?2
P j @b2;K2MiX

hvT2 k U�V _2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?- �M/ `2TH�+2 i?2 T�`i Q7 i?2 �m;@
K2MiBM; r�HF #2ir22M i?2 bi�`i Q7 i?2 }`bi P j @b2;K2Mi iQ i?2 2M/ Q7
i?2 H�bi P j @b2;K2Mi #v i?2 T�`i Q7 i?2 +v+H2 #2ir22M i?2 }`bi p2`i2t
Q7 i?2 }`bi P j @b2;K2Mi �M/ i?2 H�bi p2`i2t Q7 i?2 H�bi P j @b2;K2MiX

U#V _2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?- �M/ `2TH�+2 i?2 T�`i Q7 i?2 �m;@
K2MiBM; r�HF 7`QK i?2 bi�`i Q7 i?2 }`bi P j @b2;K2Mi iQ i?2 2M/ Q7 i?2
H�bi P j @b2;K2Mi #v i?2 2/;2b BM i?2 +v+H2 #2ir22M i?2 }`bi p2`i2t Q7
i?2 }`bi P j @b2;K2Mi iQ i?2 +QMM2+iBM; p2`i2t Q7 i?2 +v+H2- i?2 b2H7@HQQT
Q7 i?2 T @T�i? QM i?2 +QMM2+iBM; p2`i2t- �M/ i?2M i?2 2/;2b BM i?2 +v+H2
#2ir22M i?2 +QMM2+iBM; p2`i2t Q7 i?2 +v+H2 �M/ i?2 H�bi p2`i2t Q7 i?2
H�bi P j @b2;K2MiX

U+V �bbmKBM; i?�i i?2 }`bi P j @b2;K2Mi Bb bi@/B`2+i2/ U+?�M;2 bi@/B`2+i2/
�M/ ib@/B`2+i2/ Qi?2`rBb2V- }M/ i?2 H�bi bi@/B`2+i2/ P j @b2;K2Mi BM i?2
+v+H2X A7 i?2 P j @b2;K2Mi Bb MQi i?2 b�K2 �b i?2 }`bi QM2- i?2M `2TH�+2
i?2 T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 }`bi p2`i2t Q7 i?2 }`bi
�M/ i?2 H�bi p2`i2t Q7 i?2 b2+QM/ #v i?2 T�`i Q7 i?2 +v+H2 #2ir22M
i?2KX LQr }M/ i?2 }`bi ib@/B`2+i2/ P j @b2;K2Mi BM i?2 +v+H2X A7 i?2
P j @b2;K2Mi Bb MQi i?2 b�K2 �b i?2 H�bi QM2 BM i?2 +v+H2- i?2M `2TH�+2 i?2
T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 }`bi p2`i2t Q7 i?2 }`bi �M/
i?2 H�bi p2`i2t Q7 i?2 b2+QM/ #v i?2 T�`i Q7 i?2 +v+H2 #2ir22M i?2KX A7
i?2 irQ b2;K2Mib +`2�i2/ #v i?Bb T`Q+2bb Qp2`H�T- i?2M `2TH�+2 i?2 }`bi
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#v i?2 2/;2b #2ir22M i?2 }`bi p2`i2t Q7 i?2 }`bi �M/ i?2 }`bi p2`i2t Q7
i?2 b2+QM/- �M/ i?2 b2+QM/ #v i?2 2/;2b #2ir22M i?2 H�bi p2`i2t Q7 i?2
}`bi �M/ i?2 H�bi p2`i2t Q7 i?2 b2+QM/X h?2M- �HbQ ~BT i?2 2/;2b QM i?2
T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 irQX A7 �7i2` �HH Q7 i?Bb �Mv Q7
i?2 irQ b2;K2Mib Bb � b2H7@HQQT- bBKTHv `2KQp2 Bi 7`QK i?2 �m;K2MiBM;
r�HFX 6BM�HHv- `2KQp2 i?2 +v+H2 7`QK i?2 T @T�i?X A7 bQK2 Q7 i?2 2/;2b
BM i?2 �m;K2MiBM; r�HF- QmibB/2 Q7 i?2 +v+H2- r2`2 ~BTT2/ �M/ �`2 MQr
mb2/ irB+2 BM i?2 b�K2 /B`2+iBQM- `2TH�+2 i?2 irQ �TT2�`�M+2b �M/ i?2
T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 irQ #v QM2 �TT2�`�M+2 U�b
/QM2 BM *?�Ti2` 8 7Q` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQMVX

h?2 r�vb +?Qb2M iQ ?�M/H2 i?2 /Bz2`2Mi +H�bb2b Q7 +v+H2b �BK �i KQ/B7vBM;
i?2 �m;K2MiBM; r�HF i?2 H2�bi �M/ BM i?2 bBKTH2bi TQbbB#H2 r�vX 6Q` ivT2b R�-
R#- k� �M/ k#- i?Bb Bb /QM2 #v mbBM; T�`ib Q7 i?2 +v+H2 #2ir22M i?2 }`bi 2Mi`v
�M/ H�bi 2tBi 7`QK i?2 +v+H2- BMb2`iBM; � b2H7@HQQT Q7 i?2 T @T�i? r?2M `2[mB`2/
iQ ;m�`�Mi22 UBBV ?QH/BM; BM i?2 `2bmHiBM; r�HFX h?Bb bi`�i2;v /Q2b MQi rQ`F BM
+�b2 k+- r?2`2 i?2 bvK#QHb /Q MQi �HHQr 7Q` i?2 mb�;2 Q7 � b2H7@HQQT QM i?2 T @
T�i? iQ ;m�`�Mi22 i?Bb T`QT2`ivX AMbi2�/ � KQ`2 BMi`B+�i2 T`Q+2/m`2 Bb 2KTHQv2/-
2tTHQBiBM; i?2 ;m�`�Mi22b 7Q` bvK#QHb T`2+2/BM; �M/ bm++22/BM; P j @b2;K2MibX q2
rBHH MQr T`2b2Mi � 7Q`K�H T`QQ7 Q7 i?2 p�HB/Biv Q7 i?2b2 T`Q+2/m`2bX

h?2Q`2K eXj :Bp2M �M �m;K2MiBM; r�HF �M/ � +v+H2 QM � T @T�i? rBi?Qmi �Mv
P j @b2;K2Mib i?�i �`2 #Qi? T�`i Q7 i?2 +v+H2 �M/ i?2 `2K�BM/2` Q7 i?2 T @T�i?-
T2`7Q`KBM; i?2 �+iBQMb �#Qp2 rBHH `2bmHi BM � T @T�i? rBi? QM2 Q` KQ`2 `2KQp2/
+v+H2b �M/ �M �m;K2MiBM; r�HFX

S`QQ7, Ai Bb 2�bv iQ b22 i?�i i?2 T @T�i? ?�b QM2 Q` KQ`2 +v+H2b `2KQp2/- �b i?2
;Bp2M +v+H2 Bb `2KQp2/ �b T�`i Q7 i?2 T`Q+2/m`2 7Q` �HH i?2 /Bz2`2Mi ivT2bX >2`2-
�i H2�bi QM2 +v+H2 Bb `2KQp2/- KQ`2 B7 i?2`2 �`2 Qp2`H�TTBM; +v+H2bX 6QHHQrBM;- Bi
rBHH #2 b?QrM QM � +�b2 #v +�b2 #�bBb i?�i i?2 `2bmHiBM; r�HF Bb �M �m;K2MiBM;
r�HFX

6Q` ivT2 y- i?2 �m;K2MiBM; r�HF /Q2b MQi mb2 �Mv 2/;2b BM i?2 +v+H2- �M/
i?mb i?2`2 �`2 MQ +?�M;2b iQ i?2 r�HF MQ` Bib 2/;2bX �b bm+?- i?2 `2bmHiBM; r�HF
`2K�BMb �M �m;K2MiBM; r�HFX

6Q` ivT2 R�- i?2 QMHv TQbbB#H2 +?�M;2 iQ i?2 �m;K2MiBM; r�HF Bb i?2 `2KQp�H
Q7 � b2H7@HQQT- bQ +QM/BiBQM UBV biBHH ?QH/bX 1�+? Q7 i?2 H�#2H2/ 2/;2b BM i?2 +v+H2 Bb
im`M2/ BMiQ 7`22 2/;2b- #mi- bBM+2 i?2`2 Bb QMHv QM2 P j @b2;K2Mi BM i?2 +v+H2- i?2b2
2/;2b �`2 mb2/ �i KQbi QM+2 �M/ i?mb UBBBV biBHH ?QH/bX �//BiBQM�HHv- i?2 bvK#QHb
7`QK i?2 P j @b2;K2Mi rBHH /Bb�TT2�`X aBM+2 i?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM;
i?2 P j @b2;K2Mi �`2 /Bz2`2Mi- i?2 `2KQp�H rBHH MQi `2bmHi BM i?2 +QMb2+miBp2 �T@
T2�`�M+2 Q7 bvK#QHb QM i?2 r�HF �M/ UBBV ?QH/bX h?mb- i?2 `2bmHiBM; r�HF Bb �M
�m;K2MiBM; r�HFX
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6Q` ivT2 R#- i?2 2/;2b Q7 i?2 P j @b2;K2Mi �`2 +?�M;2/ iQ i?2 Qi?2` 2/;2b Q7
i?2 +v+H2 �M/ � b2H7@HQQT Q7 i?2 M2r T @T�i?X LQM2 Q7 i?2 2/;2b BM i?2 +v+H2 Bb mb2/
BM Qi?2` TH�+2b BM i?2 �m;K2MiBM; r�HF- �b i?2M i?2`2 rQmH/ #2 KQ`2 i?�M QM2
P j @b2;K2Mi BM i?2 +v+H2X h?mb- i?2 2/;2b BM i?2 +v+H2 �`2 mb2/ QMHv QM+2X �//B@
iBQM�HHv- i?2 b2H7@HQQT Bb QM � p2`i2t BM i?2 +v+H2 �M/ i?mb- #v i?2 �#Qp2 /2}MBiBQM
Q7 � P j @b2;K2Mi BM � +v+H2- Bi Bb 2Bi?2` MQi mb2/ #27Q`2?�M/ Q` Bb i?2 P j @b2;K2Mi
BM i?2 +v+H2X h?Bb K2�Mb i?�i Bi Bb mb2/ QMHv QM+2 BM i?2 `2bmHiBM; �m;K2MiBM;
r�HFX aQ- UBBBV biBHH ?QH/bX h?2 bvK#QH T`2+2/BM; �M/ bm++22/BM; i?2 P j @b2;K2Mi
+�M #2 M2Bi?2` b MQ` i- �b i?2 P j @b2;K2Mi mb2b #Qi? Q7 i?2b2 bvK#QHbX aQ- i?2
bvK#QHb 7`QK i?2 BMi`Q/m+2/ b2H7@HQQT /Q MQi +�mb2 �Mv +QMb2+miBp2 �TT2�`�M+2
Q7 bvK#QHb QM i?2 �m;K2MiBM; r�HF �M/ b2T�`�i2 i?2 2[m�H bvK#QHb i?�i rQmH/
Qi?2`rBb2 `2bmHi BM +QMb2+miBp2 �TT2�`�M+2b Q7 � bvK#QHX h?mb- UBBV ?QH/bX aBM+2
bQK2 Q7 i?2 BMi2`M�H 2/;2b BM i?2 �m;K2MiBM; r�HF �`2 `2TH�+2/ rBi? bQK2 Q7 i?2
BMi2`M�H 2/;2b BM i?2 T @T�i?- UBV ?QH/b- �b MQM2 Q7 i?2 BMi2`M�H 2/;2b Q7 i?2 T @T�i?
+�M #2 �/D�+2Mi iQ i2`KBM�HbX

6Q` ivT2 k�- i?2 T�`i Q7 i?2 �m;K2MiBM; r�HF i?�i BM+Hm/2b �Mv P j @b2;K2Mib
BM i?2 +v+H2 Bb `2TH�+2/ rBi? T�`ib Q7 i?2 +v+H2X aBM+2 i?Bb T�`i ?�b MQ bvK#QHb
�M/ i?2 bvK#QHb T`2+2/BM; �M/ bm++22/BM; i?2 +v+H2 �`2 /BbiBM+i- i?Bb `2bmHib BM
MQ +QMb2+miBp2 �TT2�`�M+2b Q7 bvK#QHb- �M/ i?mb UBBV ?QH/bX aBKBH�`Hv iQ R�- �HH
mb�;2b Q7 2/;2b BM i?2 +v+H2 �`2 `2TH�+2/ rBi? � bBM;H2 mb�;2 Q7 bQK2 Q7 i?2 2/;2b-
i?mb UBBBV �HbQ ?QH/bX 6BM�HHv- �b BM i?2 +�b2 Q7 ivT2 R#- i?2 BMi2`M�H 2/;2b Q7 i?2
�m;K2MiBM; r�HF �`2 `2TH�+2/ rBi? BMi2`M�H 2/;2b Q7 i?2 T @T�i?- �M/ i?mb UBV
?QH/bX

hvT2 k# `2TH�+2b i?2 T�`i Q7 i?2 �m;K2MiBM; r�HF i?�i +QMi�BMb i?2 P j @
b2;K2Mib BM i?2 +v+H2 rBi? T�`ib Q7 i?2 +v+H2 �M/ � b2H7@HQQTX "v i?2 b�K2 HQ;B+
�b 7Q` ivT2 R#- i?2b2 T�`ib Q7 i?2 +v+H2 �`2 QMHv mb2/ QM+2- �M/ B7 i?2 b2H7@HQQT
Bb �H`2�/v mb2/- Bi rBHH #2 `2KQp2/ BM i?2 QT2`�iBQM �M/ i?2M mb2/ �;�BMX h?mb-
+QM/BiBQM UBBBV ?QH/bX aBKBH�`Hv iQ i?2 2�`HB2` +�b2b- BMi2`M�H 2/;2b Q7 i?2 �m;@
K2MiBM; r�HF �`2 `2TH�+2/ rBi? BMi2`M�H 2/;2b Q7 i?2 T @T�i?- �M/ i?mb UBV ?QH/bX
aBM+2 M2Bi?2` i?2 bvK#QH T`2+2/BM; MQ` i?2 QM2 bm++22/BM; i?2 M2r T�`i Q7 i?2
�m;K2MiBM; r�HF Bb b Q` i- i?2 b2H7@HQQT +�M MQi `2bmHi BM �Mv +QMb2+miBp2 bvK#QHb-
�M/ UBBV ?QH/bX

hvT2 k+ Bb � #Bi KQ`2 +QKTHB+�i2/ i?�M i?2 Qi?2`bX h?Bb T`QQ7 �bbmK2b i?�i
i?2 }`bi P j @b2;K2Mi Bb bi@/B`2+i2/ �M/ i?2 H�bi Bb ib@/B`2+i2/X 6Q` i?2 QTTQbBi2
+�b2- i?2 T`QQ7 +�M #2 `2T2�i2/ BM Bib 2t�+i 7Q`K rBi? QMHv `272`2M+2b iQ b �M/
i BMi2`+?�M;2/X h?Bb �bbmKTiBQM �HbQ K2�Mb i?�i i?2 bvK#QH T`2+2/BM; i?2 }`bi
P j @b2;K2Mi �M/ i?2 QM2 bm++22/BM; i?2 H�bi P j @b2;K2Mi Bb iX

h?2 HQ;B+ BM ivT2 k+ 7QHHQrb 7`QK i?2 Q#b2`p�iBQM i?�i bBM+2 i?2 H�bi bvK#QH
BM �M bi@/B`2+i2/ P j @b2;K2Mi Bb i- i?2 bm++22/BM; bvK#QH BM i?2 �m;K2MiBM; r�HF
Kmbi #2 bQK2i?BM; /Bz2`2Mi 7`QK iX h?mb- `2TH�+BM; T�`i Q7 i?2 �m;K2MiBM; r�HF
7`QK i?2 bi�`i Q7 i?2 }`bi bi@/B`2+i2/ P j @b2;K2Mi iQ i?2 2M/ Q7 i?2 H�bi bi@/B`2+i2/
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U�V "27Q`2 `2KQpBM; i?2 +v+H2
b i
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ī
ī

i

U#V �7i2` `2KQpBM; i?2 +v+H2

6B;m`2 eXe, >�M/HBM; ivT2 k+

P j @b2;K2Mi BM i?2 +v+H2 rBi? i?2 T�`ib Q7 i?2 +v+H2 #2ir22M i?2 2Mi`�M+2 Q7 i?2
}`bi �M/ 2tBi Q7 i?2 H�bi- rBHH `2bmHi BM � p�HB/ bi`BM; Q7 bvK#QHb r?2M `2KQpBM; i?2
+v+H2 7`QK i?2 T @T�i?X h?Bb- �b i?2 bvK#QH BM i?2 �m;K2MiBM; r�HF T`2+2/BM;
i?2 }`bi bi@/B`2+i2/ P j @b2;K2Mi Bb i- �M/ bBM+2 i?2 +v+H2 +QMbBbib Q7 7`22 2/;2b
�7i2` #2BM; `2KQp2/ 7`QK i?2 T @T�i?- i?2 bm++22/BM; bvK#QH BM i?2 `2bmHiBM;
r�HF Kmbi #2 i?2 bvK#QH bm++22/BM; i?2 H�bi bi@/B`2+i2/ P j @b2;K2Mi- i?�i Bb
MQi � iX 1bT2+B�HHv- bBM+2 �HH bi@/B`2+i2/ P j @b2;K2Mib BM i?2 +v+H2 �`2 `2KQp2/
#v i?Bb QT2`�iBQM- i?2 bm++22/BM; bvK#QH +�MMQi #2HQM; iQ � P j @b2;K2Mi BM i?2
+v+H2X h?mb- i?2 bm++22/BM; bvK#QH Kmbi 2tBbi �7i2` `2KQpBM; i?2 +v+H2 7`QK
i?2 T @T�i?X "v i?2 b�K2 HQ;B+- i?2 +�b2 Q7 `2TH�+BM; i?2 `2K�BMBM; ib@/B`2+i2/
P j @b2;K2Mib BM i?2 +v+H2 #v T�`ib Q7 i?2 +v+H2 Kmbi `2bmHi BM � p�HB/ +QK#BM�iBQM
Q7 bvK#QHb QM i?2 �m;K2MiBM; r�HFX 6Q` i?2b2- i?2 bvK#QH #27Q`2 i?2 }`bi ib@
/B`2+i2/ P j @b2;K2Mi Bb MQi i �M/ i?2 QM2 �7i2` i?2 H�bi Bb iX h?mb- `2KQpBM; �HH
bvK#QHb #2ir22M /Q2b MQi #`2�F UBBVX hQ ?2HT BHHmbi`�i2 i?Bb b22 6B;m`2 eXeX

�7i2` i?2b2 +QK#BM�iBQMb Q7 P j @b2;K2Mib- 2t�+iHv irQ P j @b2;K2Mib rBHH `2K�BM
BM i?2 +v+H2X h?2b2 irQ P j @b2;K2Mib �`2 b2T�`�i2/ #v � bm#@r�HF Q7 i?2 �m;K2Mi@
BM; r�HF r?B+? +QMi�BMb �i H2�bi QM2 bvK#QH UKQ`2 �++m`�i2Hv � KmHiBTH2 Q7 irQ
bvK#QHbV- r?Qb2 }`bi �M/ H�bi bvK#QHb �`2 M2Bi?2` iX h?2`2 Bb- ?Qr2p2`- MQ ;m�`@
�Mi22 i?�i i?2 irQ P j @b2;K2Mib /Q MQi Qp2`H�TX q?B+? �7i2` `2KQp�H Q7 i?2 +v+H2
7`QK i?2 T @T�i? rQmH/ `2bmHi BM UBBBV MQi #2BM; b�iBb}2/X A7 i?Bb Bb i?2 +�b2- i?2M
i?2 T`Q+2/m`2 +?�M;2 r?B+? p2`iB+2b i?2 irQ P j @b2;K2Mib b?QmH/ bi�`i �M/ 2M/
BMX .m2 iQ i?2 P j @b2;K2Mib #2BM; QM � +v+H2 i?2`2 �`2 irQ r�vb iQ i`�p2H #2ir22M
i?2 irQ p2`iB+2b 2�+? P j @b2;K2Mi +QMM2+ibX h?mb- Bi Bb ;m�`�Mi22/ i?�i i?2`2 Bb
�i H2�bi QM2 r�v iQ +`2�i2 i?2 P j @b2;K2Mib- 2Bi?2` #27Q`2 Q` �7i2` i?2 +?�M;2 Q7
bi�`i �M/ 2M/ p2`iB+2b- r?2`2 i?2 irQ +`2�i2/ P j @b2;K2Mib /Q MQi Qp2`H�TX aBM+2
i?2 bm#@r�HF Q7 i?2 �m;K2MiBM; r�HF ?�b i �b M2Bi?2` Bib }`bi MQ` H�bi bvK#QH-
i?Bb +�M #2 /QM2 �M/ biBHH ;m�`�Mi22 MQ +QMb2+miBp2 �TT2�`�M+2b Q7 bvK#QHb QM
i?2 `2bmHiBM; r�HF �7i2` `2KQp�H Q7 i?2 +v+H2 7`QK i?2 T @T�i?X 1bT2+B�HHv- i?Bb
Bb /m2 iQ i?2 TQbbB#BHBiv Q7 ~BTTBM; i?2 Q`/2` �M/ /B`2+iBQM Q7 mb�;2 Q7 i?2 2/;2b
BM i?2 �m;K2MiBM; r�HFX 6BM�HHv- `2KQpBM; �Mv Q7 i?2 P j @b2;K2Mib B7 i?2v �`2

88



b2H7@HQQTb /Q2b MQi +?�M;2 �Mvi?BM; �7i2` `2KQpBM; i?2 +v+H2 7`QK i?2 T @T�i?X
.m2 iQ i?2`2 #2BM; MQ Qp2`H�T #2ir22M i?2 irQ P j @b2;K2Mib- 2�+? 2/;2 BM i?2

+v+H2 Bb mb2/ �i KQbi QM+2X aBM+2 MQ Qi?2` 2/;2b �`2 �//2/ iQ i?2 �m;K2MiBM;
r�HF �M/ �HH b2H7@HQQTb QM i?2 +v+H2 �`2 `2KQp2/- i?2 QMHv r�v i?�i UBBBV +�M MQi
?QH/ Bb B7 irQ H�#2H2/ 2/;2b �`2 MQr mb2/ BM i?2 b�K2 /B`2+iBQMX h?Bb K�v #2
i?2 +�b2 r?2M i?2 2/;2b BM i?2 bm#@r�HF �`2 ~BTT2/X AM i?�i +�b2- i?2 T`Q+2/m`2
2KTHQvb i?2 b�K2 bi`�i2;v �b BMi`Q/m+2/ 7Q` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT@
2`�iBQMX h?Bb T`Q+2/m`2 r�b b?QrM iQ `2/m+2 i?2 MmK#2` Q7 mb�;2b BM i?2 b�K2
/B`2+iBQM Q7 � H�#2H2/ 2/;2 7`QK irQ iQ QM2- �M/ i?mb �7i2` i?Bb T`Q+2/m`2 UBBBV
?QH/bX �b 7Q` UBV- QMHv BMi2`M�H 2/;2b Q7 i?2 T @T�i? ?�p2 #22M BMb2`i2/ BMiQ i?2
�m;K2MiBM; r�HF- �M/ i?mb UBV ?QH/b 7Q` i?2 `2bmHiBM; r�HFX 6BM�HHv- 7Q` UBBV Bi
r�b b?QrM i?�i 7Q` i?Bb +QK#BM�iBQM Q7 P j @b2;K2Mib- BM+Hm/BM; i?2 }t 7Q` i?2
Qp2`H�T- i?2 }`bi P j @b2;K2Mi r�b T`2+2/2/ #v i �M/ bm++22/2/ #v � bvK#QH /B7@
72`2Mi 7`QK i- rBi? i?2 b2+QM/ P j @b2;K2Mi T`2+2/2/ #v � bvK#QH /Bz2`2Mi 7`QK
i �M/ bm++22/2/ #v iX aBM+2 i?2 bm#@r�HF Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2
irQ P j @b2;K2Mib ?�b �i H2�bi QM2 bvK#QH- i?Bb K2�Mb i?�i i?2 �7i2` `2KQpBM;
i?2 +v+H2 7`QK i?2 T @T�i?- i?2 bvK#QHb QM i?2 `2bmHiBM; r�HF �`2 . . . t t̄ . . . t̄ t . . . X
q?2`2 i?2 /Qib `2T`2b2Mi x2`Q Q` KQ`2 bvK#QHb �H`2�/v QM i?2 �m;K2MiBM; r�HF
i?�i �`2 ;m�`�Mi22/ iQ MQi #`2�F UBBVX h?Bb b2[m2M+2 Q7 bvK#QHb +�M MQi +QMi�BM
+QMb2+miBp2 �TT2�`�M+2b Q7 bvK#QHb- �M/ i?mb UBBV ?QH/b 7Q` i?2 `2bmHiBM; r�HFX Á

1�`HB2`- BM *?�Ti2` j- � T`Q+2/m`2 7Q` `2KQpBM; `2/mM/�Mi b2H7@HQQTb 7`QK
i?2 T @T�i? r�b T`2b2Mi2/X �b i?Bb T`Q+2/m`2 +�M #2 `mM �7i2` i?2 mM@+v+HBM;
T`Q+2/m`2- i?2 mM@+v+HBM; T`Q+2/m`2 /Q2b MQi M22/ iQ ;m�`�Mi22 MQ `2/mM/�Mi
b2H7@HQQTb BM i?2 �m;K2MiBM; r�HFX L2p2`i?2H2bb- Bi Bb BMi2`2biBM; iQ b22 B7 i?2
T`Q+2/m`2 K�v `2bmHi BM `2/mM/�Mi b2H7@HQQTbX 6Q` i?2 ivT2b R# �M/ k#- i?2
T`Q+2/m`2 +`2�i2b � bBM;H2 b2H7@HQQTX h?Bb M2rHv +`2�i2/ b2H7@HQQT Bb MQi `2/mM/�Mi-
�b #Qi? +�b2b ;m�`�Mi22 i?�i i?2 T`2+2/BM; �M/ bm++22/BM; bvK#QHb Q7 i?2 b2H7@HQQT
�`2 2[m�HX �b i?2 bQHmiBQMb 7Q` i?2 Qi?2` +�b2b /Q MQi +`2�i2 �Mv b2H7@HQQTb- i?2 mM@
+v+HBM; T`Q+2/m`2 +�M MQi BMb2`i �Mv M2r `2/mM/�Mi b2H7@HQQTbX Ai K�v- ?Qr2p2`-
`2bmHi BM �H`2�/v 2tBbiBM; b2H7@HQQTb #2+QKBM; `2/mM/�MiX AM �HH Q7 i?2 +�b2b i?Bb
K�v ?�TT2M B7 i?2 H�bi H�#2H2/ 2/;2 #27Q`2 i?2 +v+H2 Q` i?2 }`bi H�#2H2/ 2/;2
�7i2` i?2 +v+H2 Bb � b2H7@HQQTX �b i?2M i?2 bvK#QHb 2Bi?2` T`2+2/BM; Q` bm++22/BM;
i?2b2 b2H7@HQQTb K�v +?�M;2X h?Bb K�v �//BiBQM�HHv ?�TT2M BM ivT2 k+ B7 i?2`2
Bb � b2H7@HQQT BM i?2 T�`i Q7 i?2 �m;K2MiBM; r�HF #2ir22M i?2 irQ pBbBib iQ i?2
+v+H2X �b � `2bmHi- �7i2` �Mv Q7 i?2b2 +�b2 i?2 �m;K2MiBM; r�HF K�v +QMi�BM mT
iQ b2p2`�H +QMb2+miBp2 `2/mM/�Mi b2H7@HQQTbX

LQr i?�i i?2 mM@+v+HBM; QT2`�iBQMb �`2 FMQrM iQ T`Q/m+2 p�HB/ bi�i2b 7Q`
i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- Bi Kmbi #2 b?QrM i?�i mbBM; i?2b2 QT2`�iBQMb /Q
MQi BM+`2�b2 i?2 MmK#2` Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HFX h?Bb- �b i?2
�m;K2Mi�iBQM T`Q+2/m`2 `2HB2b QM `2/m+BM; i?2 MmK#2` Q7 P@b2;K2Mib iQ yX �M
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BM+`2�b2 BM P@b2;K2Mib K�v `2bmHi BM i?2 �m;K2Mi�iBQM T`Q+2/m`2 M2p2` }MBb?BM;-
Q` i?2 iBK2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K BM+`2�bBM;X

h?2Q`2K eX9 :Bp2M �M �m;K2MiBM; r�HF �M/ � +v+H2 QM � T @T�i? rBi?Qmi �Mv
P j @b2;K2Mib i?�i �`2 #Qi? T�`i Q7 i?2 +v+H2 �M/ i?2 `2K�BM/2` Q7 i?2 T @T�i?-
T2`7Q`KBM; i?2 �+iBQMb �#Qp2 rBHH `2bmHi BM i?2 MmK#2` Q7 P@b2;K2Mib BM i?2 �m;@
K2MiBM; r�HF bi�vBM; +QMbi�Mi 7Q` ivT2b y �M/ R# �M/ /2+`2�bBM; 7Q` i?2 `2K�BMBM;
ivT2bX

S`QQ7, 6Q` ivT2 y- MQ +?�M;2b �`2 K�/2 iQ i?2 �m;K2MiBM; r�HF MQ` Bib 2/;2b-
�M/ i?mb i?2 MmK#2` Q7 P@b2;K2Mib bi�vb +QMbi�MiX 6Q` ivT2 R#- � bBM;H2 P j @
b2;K2Mi Bb `2TH�+2/ #v � b2H7@HQQTX 1�+? Bb +QmMi2/ �b 2t�+iHv QM2 P@b2;K2Mi-
�M/ i?mb i?2 MmK#2` Q7 P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF bi�vb +QMbi�MiX 6Q`
ivT2b R� �M/ k�- QM2 Q` KQ`2 P j @b2;K2Mib �`2 `2TH�+2/ #v 2/;2b BM i?2 +v+H2X
aBM+2 i?2b2 2/;2b �`2 7`22 �7i2` i?2 +v+H2 Bb `2KQp2/ 7`QK i?2 T @T�i?- QM2 Q`
KQ`2 P@b2;K2MiUbV �`2 `2KQp2/ �M/ MQ M2r �`2 �//2/X h?mb- i?2 MmK#2` Q7
P@b2;K2Mib BM i?2 �m;K2MiBM; r�HF /2+`2�b2b #v QM2 BM +�b2 Q7 ivT2 R� �M/ irQ
Q` KQ`2 BM +�b2 Q7 ivT2 k�X 6Q` ivT2 k#- irQ Q` KQ`2 P j @b2;K2Mib �`2 `2TH�+2/
#v +v+H2 2/;2b �M/ � b2H7@HQQTX h?mb- #v `2KQpBM; irQ Q` KQ`2 P j @b2;K2Mib �M/
�//BM; Dmbi � bBM;H2 P j @b2;K2Mi- i?2 MmK#2` Q7 P@b2;K2Mib BM i?2 �m;K2MiBM;
r�HF /2+`2�b2bX 6Q` ivT2 k+- irQ Q` KQ`2 P j @b2;K2Mib �`2 `2TH�+2/ #v +v+H2 2/;2b
�M/ i?2 +QMi2Mi #2ir22M i?2K BM i?2 �m;K2MiBM; r�HFX h?2 +QMi2Mi #2ir22M
i?2K Bb �H`2�/v +QmMi2/ 7Q` BM i?2 �m;K2MiBM; r�HF- bQ MQ M2r P@b2;K2Mib �`2
�//2/ �M/ irQ Q` KQ`2 �`2 `2KQp2/X h?Bb `2bmHib BM � /2+`2�b2 Q7 P@b2;K2Mib BM
i?2 �m;K2MiBM; r�HFX Á

h?2Q`2Kb eXj �M/ eX9 #Qi? �bbmK2 i?�i i?2`2 �`2 MQ P j @b2;K2Mib i?�i �`2
T�`iB�HHv BM i?2 +v+H2 �M/ T�`iB�HHv QmibB/2X AM bQK2 +�b2b i?Bb Bb MQi � p�HB/
�bbmKTiBQM- �M/ i?2 mM@+v+HBM; T`Q+2/m`2 Kmbi i?mb #2 �#H2 iQ ?�M/H2 i?2b2 �b
r2HHX h?2b2 +�M MQi #2 ?�M/H2/ 2t�+iHv HBF2 i?2 Qi?2` P j @b2;K2Mib- �b bQK2 Q7
i?2B` 2/;2b `2K�BM H�#2H2/ �7i2` i?2 `2KQp�H Q7 i?2 +v+H2X h?mb- #HBM/Hv �TTHvBM;
i?2 T`2pBQmb `mH2b rBHH MQi �Hr�vb `2bmHi BM �M �m;K2MiBM; r�HFX h?2 T�`iB�HHv
Qp2`H�TTBM; P j @b2;K2Mib +�M #2 bTHBi irQ T�`ib- QM2 i?�i Bb QMHv BM i?2 +v+H2 �M/
QM2 i?�i Bb MQi BM i?2 +v+H2X lbBM; i?Bb- i?2 b�K2 `mH2b �b �#Qp2 +�M #2 �TTHB2/X
6B;m`2 eXd b?Qrb �M 2t�KTH2 Q7 � bBKTH2 +�b2 rBi? bm+? � P j @b2;K2MiX AM i?Bb
bBim�iBQM- bTHBiiBM; i?2 P j @b2;K2Mi rQmH/ `2bmHi BM QM2 P j @b2;K2Mi +QMbBbiBM; Q7
i?2 2/;2 #2ir22M p2`iB+2b 1 �M/ 2 �M/ �MQi?2` P j @b2;K2Mi +QMbBbiBM; Q7 i?2 2/;2
#2ir22M p2`iB+2b 2 �M/ 3X h?Bb rQmH/ #2 2[mBp�H2Mi iQ ?�pBM; � ivT2 R +�b2- bBM+2
i?2 bvK#QH T`2+2/BM; i?2 P j @b2;K2Mi BM i?2 +v+H2 Bb i �M/ i?2 QM2 bm++22/BM;
i?Bb P j @b2;K2Mi +�M MQi #2 iX h?mb- i?2 T`Q+2/m`2 7Q` ivT2 R +�b2b Bb �TTHB2/-
`2bmHiBM; BM i?2 �m;K2MiBM; r�HF �M/ H�#2H2/ ;`�T? b?QrM BM 6B;m`2 eXd#X LQi2
i?�i r?BH2 i?2 i2`K bTHBi Bb mb2/ ?2`2- Bi Bb QMHv mb2/ BM � HQQb2 b2Mb2X h?2`2 �`2
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6B;m`2 eXd, 1t�KTH2 Q7 � P j @b2;K2Mi i?�i T�`iB�HHv Qp2`H�Tb rBi? � +v+H2

MQ �+im�H +?�M;2b K�/2 iQ i?2 �m;K2MiBM; r�HF- #mi `�i?2` i?2 mb2 Q7 bTHBi ?2`2
Bb BM `2;�`/b iQ i?2 /2}MBiBQM Q7 � P j @b2;K2Mi 7Q` i?Bb bT2+B}+ T`Q+2/m`2X
h?2Q`2K eX8 :Bp2M �M �m;K2MiBM; r�HF �M/ � +v+H2 QM � T @T�i?- T2`7Q`KBM;
i?2 �+iBQMb �#Qp2 r?BH2 +QMbB/2`BM; �Mv P j @b2;K2Mib i?�i T�`iB�HHv Qp2`H�T i?2
+v+H2 mbBM; i?2 bTHBiiBM; K2i?Q/ rBHH `2bmHi BM � T @T�i? �M/ �M �m;K2MiBM; r�HFX

S`QQ7, h?2Q`2K eXj b?Qr2/ i?�i i?Bb Bb p�HB/ r?2M MQ P j @b2;K2Mib T�`iB�HHv
Qp2`H�T i?2 +v+H2X aQ- �bbmK2 i?�i Bb �i H2�bi QM2 bm+? T�`iB�HHv Qp2`H�TTBM; P j @
b2;K2Mi BM i?2 �m;K2MiBM; r�HFX 6Q` i?2 T @T�i? i?2`2 Bb MQ /Bz2`2M+2b BM r?2i?2`
Q` MQi i?2`2 2tBbib � T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mi- �b i?2 b�K2 +?�M;2b �`2
K�/2 iQ i?2 T @T�i?- �M/ i?mb i?2 T`QT2`iB2b 7Q` � T @T�i? Kmbi ?QH/X 6Q` i?2
�m;K2MiBM; r�HF MQM2 Q7 i?2 T`QT2`iB2b /B`2+iHv +�`2 �#Qmi r?B+? T @T�i? � +2`@
i�BM 2/;2 #2HQM;b iQ �b HQM; �b i?2 bvK#QHb QM 2/;2 �HHQr 7Q` T`QT2`iv UBBV iQ
#2 i`m2X q?2M +QMbB/2`BM; i?2 T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mi �b irQ /BbiBM+i
P j @b2;K2Mib- i?2`2 Bb i?mb MQ /Bz2`2M+2 #2ir22M i?Bb �M/ i?2 +�b2 r?2`2 i?2 P j @
b2;K2Mi QmibB/2 i?2 +v+H2 #2HQM;b iQ �MQi?2` T @T�i? #2ir22M b �M/ iX h?mb- Bi
Kmbi 7QHHQr 7`QK h?2Q`2K eXj i?�i i?2 QT2`�iBQMb `2bmHi BM �M �m;K2MiBM; r�HFX
Á

AM h?2Q`2K eX8- Bi r�b b22M i?�i +QMbB/2`BM; 2�+? Q7 i?2 T�`iB�HHv Qp2`H�T@
TBM; P j @b2;K2Mib �b irQ /BbiBM+i P j @b2;K2Mib `2bmHib BM � bBim�iBQM i?�i Bb 7`QK
i?2 T2`bT2+iBp2 Q7 p�HB/Biv 2[mBp�H2Mi iQ i?2`2 #2BM; MQ T�`iB�HHv Qp2`H�TTBM; P j @
b2;K2MibX >Qr2p2`- `2KQpBM; QMHv QM2 Q7 i?2 irQ P j @b2;K2Mib i?�i `2T`2b2Mi QM2
Q7 i?2b2 T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mib- rBHH MQi `2bmHi BM � `2/m+iBQM BM i?2
MmK#2` P@b2;K2MibX h?mb- Bi Kmbi #2 b?QrM i?�i i?2 QT2`�iBQMb biBHH `2bmHi BM �
`2/m+iBQM BM i?2 MmK#2` Q7 P@b2;K2Mib Q` i?2 MmK#2` bi�vBM; +QMbi�MiX
h?2Q`2K eXe :Bp2M �M �m;K2MiBM; r�HF �M/ � +v+H2 QM � T @T�i? r?2`2 i?2
+v+H2 Bb T`Q/m+2/ #v i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM QM � +v+H2@7`22 T @
T�i? �M/ �M �m;K2MiBM; r�HF rBi?Qmi +v+H2b BM Bib BMBiB�H 7`22 2/;2b- T2`7Q`KBM;
i?2 �+iBQMb �#Qp2 r?BH2 +QMbB/2`BM; �Mv P j @b2;K2Mib i?�i T�`iB�HHv Qp2`H�T i?2
+v+H2 mbBM; i?2 bTHBiiBM; K2i?Q/ rBHH `2bmHi BM i?2 MmK#2` Q7 P@b2;K2Mib BM i?2
�m;K2MiBM; r�HF 2Bi?2` /2+`2�bBM; Q` bi�vBM; +QMbi�MiX
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S`QQ7, h?2Q`2K eX9 b?Qr2/ i?�i i?2 bi�i2K2Mi ?QH/b i`m2 r?2M i?2`2 �`2 MQ
T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HFX h?mb- QMHv +�b2b
r?2`2 i?2`2 Bb �i H2�bi QM2 T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mi M22/ iQ #2 +QMbB/2`2/
?2`2X aBM+2 ivT2 y /Q2b MQi +QMi�BM �Mv P j @b2;K2Mib BM i?2 +v+H2- Bi /Q2b MQi M22/
iQ #2 +QMbB/2`2/X

6Q` ivT2 R�- �HH P j @b2;K2Mib BM i?2 +v+H2 �`2 `2KQp2/- r?BH2 MQ Qi?2`b �`2
�//2/X h?mb- r?2M i?2`2 Bb QM2 T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mi- i?2 MmK#2`
Q7 P@b2;K2Mib Kmbi bi�v +QMbi�MiX aBKBH�`Hv- ivT2b k� �M/ k+ `2TH�+2 i?2 P j @
b2;K2Mib QM i?2 +v+H2 #v +v+H2 2/;2b �M/ i?mb �// MQ M2r P j @b2;K2MibX �b bm+?-
i?2b2 +�b2b `2bmHi BM i?2 MmK#2` Q7 P@b2;K2Mib bi�vBM; +QMbi�Mi Q` #2BM; `2/m+2/X

6Q` ivT2 R#- � bBM;H2 P j @b2;K2Mi Bb `2TH�+2/ #v �MQi?2` P j @b2;K2MiX h?Bb
rQmH/ K2�M i?�i � T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mi rQmH/ `2bmHi BM �M BM+`2�b2
BM i?2 MmK#2` Q7 P j @b2;K2MibX >Qr2p2`- Bi Bb MQi TQbbB#H2 7Q` i?2`2 iQ #2 �Mv
T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mib BM ivT2 R#X h?Bb- �b #v UBBV- �HH T�`iB�HHv Qp2`@
H�TTBM; P j @b2;K2Mib ?�p2 2Bi?2` i?2 bvK#QH T`2+2/BM; i?2 +v+H2 T�`i Q7 i?2 P j @
b2;K2Mi #2 2[m�H iQ i?2 H�bi bvK#QH BM i?2 +v+H2 T�`i Q` i?2 bvK#QH bm++22/BM; i?2
+v+H2 T�`i Q7 i?2 P j @b2;K2Mi #2 2[m�H iQ i?2 }`bi bvK#QH BM i?2 +v+H2 T�`iX h?mb-
i?2 bvK#QH T`2+2/BM; i?2 +v+H2 T�`i +�M MQi #2 2[m�H iQ i?2 bvK#QH bm++22/BM;
i?2 +v+H2 T�`i- �M/ i?mb ivT2 R# bm{+2b i?2 bi�i2K2Mi �#Qp2X

6Q` ivT2 k#- � bBM;H2 P j @b2;K2Mi Bb +`2�i2/ r?BH2 irQ Q` KQ`2 QM i?2 +v+H2
�`2 `2KQp2/X 6Q` i?2 +�b2b r?2`2 i?2`2 �`2 i?`22 Q` KQ`2 P j @b2;K2Mib BM i?2
+v+H2- G2KK� eXk ;m�`�Mi22 i?�i i?2`2 +�M MQi #2 �M BM+`2�b2 BM i?2 MmK#2` Q7
P@b2;K2MibX h?Bb- �b QMHv � K�tBKmK Q7 irQ Q7 i?2 P j @b2;K2Mib +�M #2 T�`iB�HHv
Qp2`H�TTBM; P j @b2;K2Mib- �M/ i?mb �i H2�bi QM2 Q7 i?2 i?`22 Q` KQ`2 P j @b2;K2Mib
Bb 7mHHv `2KQp2/X 6Q` i?2 `2K�BMBM; T�`i Q7 ivT2 k#- r?2`2 i?2`2 �`2 QMHv irQ
P j @b2;K2Mib BM i?2 +v+H2- i?2`2 �`2 irQ TQbbB#BHBiB2b- 2Bi?2` #Qi? �`2 T�`iB�HHv Qp2`@
H�TTBM; P j @b2;K2Mib Q` QM2 BbX 6Q` i?2 H�ii2` +�b2- i?2 MQM T�`iB�HHv Qp2`H�TTBM;
P j @b2;K2Mi Bb 7mHHv `2KQp2/- �M/ � bBM;H2 P j @b2;K2Mi Bb +`2�i2/X h?mb- i?2 MmK@
#2` Q7 P j @b2;K2Mib �i rQ`bi bi�vb +QMbi�MiX 6Q` i?2 +�b2 BM r?B+? i?2`2 �`2 irQ
T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mib i?2 }`bi Kmbi #2 ib@/B`2+i2/ �M/ i?2 b2+QM/ bi@
/B`2+i2/- �b i?2v b?�`2 2/;2b �M/ i?mb Kmbi #2 QTTQbBi2Hv /B`2+i2/X �//BiBQM�HHv-
B7 i?2 }`bi r�b bi@/B`2+i2/ �M/ i?2 b2+QM/ ib@/B`2+i2/- i?2M i?2 bvK#QHb T`2+2/BM;
�M/ bm++22/BM; i?2 }`bi �M/ b2+QM/ P j @b2;K2Mib BM i?2 +v+H2 rQmH/ #Qi? #2 i �M/
i?mb i?2 +�b2 rQmH/ #2 Q7 ivT2 k+X h?Bb K2�Mb i?�i i?2 T�`i QmibB/2 Q7 i?2 +v+H2
Q7 #Qi? P j @b2;K2Mib rBHH �TT2�` QM i?2 �m;K2MiBM; r�HF #2ir22M i?2 irQ T�`ib
Q7 i?2 P j @b2;K2Mib QM i?2 +v+H2X h?mb- i?2 ?�M/HBM; Q7 ivT2 k# rBHH `2KQp2 #Qi?
T�`ib Q7 i?2 T�`iB�HHv Qp2`H�TTBM; P j @b2;K2Mib �M/ i?2`2 rBHH #2 � `2/m+iBQM BM
i?2 MmK#2` Q7 P@b2;K2Mib #v QM2X Á

Ai b?QmH/ #2 MQi2/ i?�i r?BH2 i?2 T`QQ7 Q7 h?2Q`2K eXe QMHv b?Qrb i?�i i?2
MmK#2` Q7 P@b2;K2Mib bi�vb +QMbi�Mi- Bi Bb TQbbB#H2 iQ b?Qr i?�i 7Q` ivT2b k�- k#
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�M/ k+ i?2 T`Q+2/m`2 �Hr�vb `2bmHib BM � `2/m+iBQMX J2�MBM; i?�i 7Q` �HH i?2b2
+�b2b- i?2 MmK#2` Q7 `2K�BMBM; Bi2`�iBQMb Bb `2/m+2/X

AM � bBKTH2 +v+H2 `2KQp�H �H;Q`Bi?K- r?2`2 K2KQ`v mb�;2 Bb MQi Q7 +QM+2`M- �
r�HF W +�M ?�p2 �HH Bib +v+H2b `2KQp2/ BM iBK2 +QKTH2tBiv O (W +V ) �M/ bT�+2
+QKTH2tBiv O (V )X h?Bb +�M #2 /QM2 +`2�iBM; � M2r T�i? i?`Qm;? Bi2`�iBQM Q7 i?2
r�HF- +?2+FBM; B7 2�+? p2`i2t `2�+?2/ ?�b �H`2�/v �TT2�`2/ BM W X A7 � p2`i2t ?�b
#22M pBbBi2/ #27Q`2- i?2 T�`i Q7 i?2 M2r r�HF bm++22/BM; i?2 H�bi pBbBi Bb `2KQp2/X

h?2 +QM+2Ti Q7 bm+? � bBKTH2 +v+H2 `2KQp�H �H;Q`Bi?K +QmH/ #2 2KTHQv2/ iQ
i?Bb KQ`2 +QKTH2t +v+H2 `2KQp�H T`Q#H2KX >Qr2p2`- i?Bb rQmH/ `2bmHi BM 2Bi?2`
?�pBM; iQ T2`7Q`K +?�M;2b iQ i?2 �m;K2MiBM; r�HF 2p2`v iBK2 � +v+H2 Bb `2KQp2/
Q` M22/BM; HQib Q7 #QQFF22TBM; iQ F22T i`�+F Q7 +?�M;2b iQ i?2 �m;K2MiBM; r�HF iQ
+Q�H2b+2 i?2K BMiQ QM2 H�`;2 +?�M;2X L2Bi?2` Q7 i?2b2 QTiBQMb +�M 2�bBHv #2 mb2/
iQ �+?B2p2 i?2 `2[mB`2/ iBK2 +QKTH2tBivX lbBM; i?2 �bbmKTiBQMb /Bb+mbb2/ 2�`Hv
QM BM i?Bb b2+iBQM- Bi Bb TQbbB#H2 iQ ;`2�iHv `2/m+2 i?2 �KQmMi Q7 rQ`F `2[mB`2/ iQ
`2KQp2 �HH TQbbB#H2 +v+H2b BM i?2 T @T�i?X

h?2Q`2K eXd :Bp2M i?�i i?2`2 �`2 MQ +v+H2b BM i?2 T @T�i? �M/ MQ +v+H2b BM
i?2 7`22 2/;2b Q7 i?2 �m;K2MiBM; r�HF- �HH +v+H2b BM i?2 T @T�i? �7i2` i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rBHH #2 `2KQp2/ B7 i?2 +v+H2 7Q` r?B+? Bib }`bi 2/;2
�TT2�`b }`bi QM i?2 T @T�i? Bb `2KQp2/X

S`QQ7, lM/2` i?2 ;Bp2M +QM/BiBQMb G2KK�b eXR �M/ eXk +�M #2 mb2/X h?2b2 b�v
i?�i �Mv +v+H2 BM i?2 T @T�i? ?�b irQ T�`ib- QM2 +QMbBbiBM; Q7 T`BQ` 2/;2b Q7 i?2
T @T�i? �M/ QM2 +QMbBbiBM; Q7 2/;2b 7`QK i?2 �m;K2MiBM; r�HFX aBM+2 i?2`2 Bb MQ
KBtBM; Q7 i?2 2/;2b 7`QK i?2 T @T�i? �M/ i?2 �m;K2MiBM; r�HF- �HH +v+H2b b?�`2
�i H2�bi irQ 2/;2b- QM2 7`QK i?2 T`BQ` T @T�i? �M/ QM2 7`QK i?2 �m;K2MiBM; r�HF-
i?�i Bb- �HH +v+H2b +QMi�BM i?2 K2`;BM; TQBMi Q7 i?2 2/;2b 7`QK i?2 T`BQ` T @T�i?
�M/ i?2 �m;K2MiBM; r�HFX �b bm+?- �HH +v+H2b BM i?2 T @T�i? �i H2�bi T�`iB�HHv
Qp2`H�TX

q?2M r�HFBM; i?2 T @T�i? BM �Mv Q7 i?2 /B`2+iBQMb- �HH i?2 +v+H2b Kmbi ?�p2
bi�`i2/ #27Q`2 i?2 /Bb+mbb2/ K2`;BM; TQBMi- �M/ +�M MQi ?�p2 2M/2/ #27Q`2 �7i2`
i?2 K2`;BM; TQBMiX h?2 �bbmKTiBQMb Q7 i?2 i?2Q`2K ;m�`�Mi22 i?�i i?2`2 Bb �i
KQbi QM2 pBbBi iQ 2�+? p2`i2t QM 2�+? bB/2 Q7 i?2 K2`;BM; TQBMiX h?mb- i?2 `2KQp�H
Q7 i?2 +v+H2 bi�`iBM; i?2 2�`HB2bi QM QM2 bB/2 Q7 i?2 K2`;BM; TQBMi Kmbi `2KQp2
i?2 pBbBib iQ �HH p2`iB+2b pBbBi2/ QM #Qi? bB/2b Q7 i?2 K2`;BM; TQBMi- 7`QK i?Bb bB/2
Q7 i?2 K2`;BM; TQBMiX A7 i?Bb r�b MQi i`m2- i?2M i?2`2 rQmH/ #2 � +v+H2 bi�`iBM;
2�`HB2` BM i?2 T @T�i?- bBM+2 Bi Kmbi ?�p2 QM2 pBbBi iQ Bib +QMM2+iBM; p2`i2t QM 2�+?
bB/2 Q7 i?2 K2`;BM; TQBMiX h?mb- i?2 `2bmHiBM; T @T�i? ?�b �i KQbi QM2 pBbBi iQ
2�+? p2`i2t �M/ i?2`2 +�M MQi #2 �Mv +v+H2b BM i?2 T @T�i?X Á

hQ #2 �#H2 iQ ?�p2 � T`Q+2/m`2 mb2 i?2 `2bmHib /Bb+mbb2/ BM i?Bb b2+iBQM- i?2`2
Kmbi #2 � ;m�`�Mi22 i?�i i?2 2�`HB2` �bbmKTiBQMb �#Qmi i?2 H�+F Q7 +v+H2b BM
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i?2 T @T�i?b �M/ BM i?2 BMBiB�H 7`22 2/;2b Q7 i?2 �m;K2MiBM; r�HF ?QH/X 6Q` i?2
�m;K2MiBM; r�HF- � bBKTH2 +v+H2 `2KQp�H �H;Q`Bi?K QM i?2 bm#@r�HF +QMbBbiBM;
Q7 Bib BMBiB�H 7`22 2/;2b +�M ;m�`�Mi22 i?Bb T`QT2`ivX h?2 T�`iB�H bvKK2i`B+ /B7@
72`2M+2 QT2`�iBQM Bb i?2 QMHv QT2`�iBQM i?�i K�F2b �Mv +?�M;2b iQ i?2 T @T�i?bX
h?mb- 2�`HB2` �bbmKTiBQMb ?QH/ B7 i?2 T @T�i?b /Q MQi ?�p2 �Mv +v+H2b #27Q`2 i?2
bi�`i Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?Bb- �b i?2 ;Bp2M T`Q+2/m`2 BKK2/B�i2Hv
`2KQp2b �Mv M2r +v+H2b BM i?2 T @T�i?b �7i2` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT@
2`�iBQMX aBM+2 i?2 T @T�i?b �`2 MQi +?�M;2/ QmibB/2 i?2 �m;K2Mi�iBQM T`Q+2/m`2-
� bBKTH2 +v+H2 `2KQp�H �H;Q`Bi?K �TTHB2/ iQ i?2 �m;K2MiBM; r�HF �i i?2 2M/ i?2
�m;K2Mi�iBQM T`Q+2/m`2 rBHH ;m�`�Mi22 �HH M2r T @T�i?b iQ #2 rBi?Qmi +v+H2bX

"2HQr- i?2 Tb2m/Q+Q/2 Q7 i?2 irQ T`Q+2/m`2b JQ/B7v@�m;K2MiBM;@q�HF
�M/ _2KQp2@*v+H2b@6`QK@h@S�i? Bb ;Bp2MX h?2 JQ/B7v@�m;K2MiBM;@
q�HF T`Q+2/m`2 KQ/B}2b i?2 �m;K2MiBM; r�HF BM i?2 r�v /2b+`B#2/ 7Q` i?2
�7Q`2K2MiBQM2/ /Bz2`2Mi ivT2b Q7 +v+H2b BM i?2 T @T�i?bX _2KQp2@*v+H2b@6`QK@
h@S�i? T2`7Q`Kb i?2 2MiB`2 `2KQp�H T`Q+2/m`2 7Q` i?2 +v+H2b BM � T @T�i?- mbBM;
i?2 JQ/B7v@�m;K2MiBM;@q�HF T`Q+2/m`2 iQ KQ/B7v i?2 �m;K2MiBM; r�HFX

_2KQp2@*v+H2b@6`QK@h@S�i?(Q,P j )
R +v+H2@bi�`i 4 +v+H2@2M/ 4

ØØP j
ØØ

k 7Q` i , v BM 1MmK2`�i2UP j .p2`iB+2bV
j B7 v.pBbBi2/ 6= MBH �M/ +v+H2@bi�`i ∏ v.pBbBi2/
9 +v+H2@bi�`i 4 v.pBbBi2/
8 +v+H2@2M/ 4 i
e 2Hb2 B7 v.pBbBi2/ == MBH
d v.pBbBi2/ 4 i
3 7Q` v BM UP j [1 : +v+H2@bi�`i°1] Y P j [+v+H2@2M/+1 : 2M/]VXp2`iB+2b
N v.pBbBi2/ 4 MBH

Ry +v+H2@b2;K2Mib 4 ( )
RR 7Q` p j BM Q.P j @b2;K2Mib
Rk p 0

j 4 6BHi2`Ue BM p j .2/;2b- e.sr c.pBbBi2/ 6= MBH �M/ e.d st .pBbBi2/ 6= MBHV
Rj B7

ØØØp 0
j

ØØØ> 0

R9 �// p 0
j iQ +v+H2@b2;K2Mib

R8 JQ/B7v@�m;K2MiBM;@q�HFUQ- P j - +v+H2@b2;K2MibV
Re P j 4 P j [1 : +v+H2@bi�`i°1]+P j [+v+H2@2M/ : 2M/]

h?2 _2KQp2@*v+H2b@6`QK@h@S�i? T`Q+2/m`2 Bi2`�i2b Qp2` i?2 T @T�i?-
}M/BM; i?2 +v+H2 i?�i bi�`ib i?2 2�`HB2bi BM i?2 T @T�i?X h?Bb Bb /QM2 mbBM; �
bBKTH2 MmK#2`BM; b+?2K2- MmK#2`BM; 2�+? p2`i2t #v i?2 MmK#2` Q7 T`2+2/BM;
p2`iB+2b BM i?2 T @T�i?X h?Bb r�v- r?2M `2�+?BM; � p2`i2t rBi? i?Bb MmK#2` b2i-
QM2 +�M 2�bBHv /2i2`KBM2 B7 i?2 +v+H2 7QmM/ Q++m`b #27Q`2 �Mv T`2pBQmbHv 7QmM/
+v+H2bX L2ti- i?2 T`Q+2/m`2 `2KQp2b i?2 MmK#2`BM; Q7 �HH #mi i?2 p2`iB+2b BM i?2
b2H2+i2/ +v+H2X h?2 `2K�BMBM; MmK#2`b +�M i?2M #2 mb2/ iQ b2H2+i P j @b2;K2Mib
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i?�i �`2 BM i?2 ;Bp2M +v+H2 �M/ }Hi2`BM; i?2b2 iQ QMHv +QMi�BM 2/;2b i?�i �`2
+H�bbB}2/ �b BM i?2 +v+H2X 6BM�HHv- i?2 JQ/B7v@�m;K2MiBM;@q�HF T`Q+2/m`2 Bb
mb2/ iQ KQ/B7v i?2 �m;K2MiBM; r�HF #27Q`2 `2KQpBM; i?2 +v+H2 7`QK i?2 T @T�i?X
JQ/B7v@�m;K2MiBM;@q�HF(Q,P j , seg ment s)
R s1 4 b2;K2Mib(R)
k s2 4 b2;K2Mib(2M/)
j B7

ØØb2;K2Mib
ØØ == 1

9 B7 s1.T`2pBQmb@bvK#QH == s1.bm++22/BM;@bvK#QH
8 `2TH�+2 Q[s1.bi�`i : s1.2M/] #v i?2 Qi?2` T�`i Q7 i?2 +v+H2 rBi? �M
e BMb2`i2/ b2H7@HQQT �i i?2 +QMM2+iBM; p2`i2t
d 2Hb2 B7 s1 Bb � b2H7@HQQT
3 `2KQp2 Q[s1.bi�`i : s1.2M/]
N 2Hb2 B7

ØØb2;K2Mib
ØØ> 1

Ry B7 s1.T`2pBQmb@bvK#QH 6= s2.bm++22/BM;@bvK#QH
RR `2TH�+2 Q[s1.2M/ : s2.bi�`i] #v P j #2ir22M s1.2M/ �M/ s2.bi�`i
Rk B7 s1 Bb � b2H7@HQQT
Rj `2KQp2 Q[s1.bi�`i : s1.2M/]
R9 B7 s2 Bb � b2H7@HQQT
R8 `2KQp2 Q[s2.bi�`i : s2.2M/]
Re 2Hb2 B7 s1.T`2pBQmb@bvK#QH 54 s �M/ s1.T`2pBQmb@bvK#QH 54 t
Rd `2TH�+2 Q[s1.bi�`i : s2.2M/] #v i?2 Qi?2` T�`i Q7 i?2 +v+H2 rBi? �M
R3 BMb2`i2/ b2H7@HQQT �i i?2 +QMM2+iBM; p2`i2t
RN 2Hb2
ky s1n 4 s1
kR s2p 4 s2
kk 7Q` s BM b2;K2Mib
kj B7 s./B`2+iBQM == s1./B`2+iBQM
k9 s1n 4 s
k8 s2p 4 s2
ke 2Hb2 B7 s2p == s2
kd s2p 4 s
k3 B7 P j [s1.bi�`i : s1n.2M/] �M/ P j [s2p.bi�`i : s2.2M/] Qp2`H�T
kN `2p2`b2 Q[s1n.2M/ : s2p.bi�`i]
jy `2TH�+2 Q[s2p.bi�`i : s2.2M/] #v P j #2ir22M S1n.2M/ �M/ s2.2M/
jR `2TH�+2 Q[s1.bi�`i : s1n.2M/] #v P j #2ir22M S1.bi�`i �M/ s2p.bi�`i
jk _2KQp2@.mTHB+�i2@lb�;2b@AM@a�K2@.B`2+iBQMUQV
jj 2Hb2
j9 `2TH�+2 Q[s2p.bi�`i : s2.2M/] #v P j #2ir22M S2p.bi�`i �M/ s2.2M/
j8 `2TH�+2 Q[s1.bi�`i : s1n.2M/] #v P j #2ir22M S1.bi�`i �M/ s1n.2M/

h?2 JQ/B7v@�m;K2MiBM;@q�HF T`Q+2/m`2 bBKTHv T2`7Q`Kb i?2 KQ/B}+�@
iBQM �+iBQMb iQ i?2 �m;K2MiBM; r�HF 7Q` 2�+? Q7 i?2 TQbbB#H2 +H�bb2b Q7 +v+H2b

ek



QmiHBM2/ 2�`HB2`X h?mb- r2 rBHH MQi +Qp2` i?2 rQ`FBM;b Q7 i?2 Tb2m/Q+Q/2 BM /2i�BH
?2`2X AM i?2 Tb2m/Q+Q/2- sN Bb mb2/ iQ /2MQi2 � P j @b2;K2MiX LQi2 i?�i 7Q` �M
sN - sN ./B`2+iBQM Bb i?2 /B`2+iBQM Q7 i?2 P j @b2;K2Mi BM i?2 �m;K2MiBM; r�HFX �HbQ
MQi2 i?�i sN .bi�`i �M/ sN .2M/ /2MQi2 i?2 }`bi �M/ H�bi p2`i2t BM i?2 P j @b2;K2MiX

Ai `2K�BMb iQ #2 b?QrM i?�i i?2 bm;;2bi2/ +?�M;2b +�M #2 mb2/ BM i?2 Ar�i�Ĝ
uQFQB �H;Q`Bi?K rBi?Qmi `2bmHiBM; BM �M BM+`2�b2 BM iBK2 +QKTH2tBivX h?2 `2K�BM@
/2` Q7 i?Bb b2+iBQM rBHH 7Q+mb QM i?BbX

G2KK� eX3 h?2 T`Q+2/m`2 JQ/B7v@�m;K2MiBM;@q�HF ?�b � iBK2 +QKTH2tBiv
Q7 O

°
Q +P j

¢
X

S`QQ7, �Mv `2TH�+2 QT2`�iBQM +�M #2 T2`7Q`K2/ BM O
°
Q +P j

¢
- �b � `2TH�+2

QT2`�iBQM +QMbBbib Q7 Bi2`�iBM; Qp2` i?2 T @T�i? iQ }M/ r?B+? 2/;2b iQ �// iQ i?2
�m;K2MiBM; r�HF �M/ +`2�iBM; � M2r �m;K2MiBM; r�HF 7`QK 2/;2b �H`2�/v BM i?2
�m;K2MiBM; r�HF �M/ 2/;2b 7`QK T @T�i?X h?2b2 QT2`�iBQMb i?mb ?�p2 iBK2 +QK@
TH2tBiB2b Q7- `2bT2+iBp2Hv- O

°
P j

¢
�M/ O

°
Q +P j

¢
X aBM+2 i?2 MmK#2` Q7 P j @b2;K2Mib

QM i?2 �m;K2MiBM; r�HF +�M MQi #2 ;`2�i2` i?�M i?2 H2M;i? Q7 i?2 �m;K2MiBM;
r�HF- i?2 HQQT Q7 HBM2b kk i?`Qm;? kd ?�b � iBK2 +QKTH2tBiv Q7 O (Q)- /m2 iQ 2�+?
Bi2`�iBQM +QMbBbiBM; Q7 � bK�HH MmK#2` Q7 +QMbi�Mi iBK2 QT2`�iBQMbX �HH +QM/B@
iBQM�H +?2+Fb- 2t+2Ti 7Q` HBM2 k3- �`2 bBKTH2 +QKT�`BbQMb Q7 p�Hm2b- �M/ i?mb +�M
#2 T2`7Q`K2/ BM +QMbi�Mi iBK2X 6Q` i?2 +QM/BiBQM�H +?2+F Q7 HBM2 k3- i?2 Qp2`H�T
Bb � bBKTH2 +?2+F Q7 irQ HBM2b Qp2`H�TTBM;X Pp2`H�T Q7 irQ HBM2b +�M #2 T2`7Q`K2/
#v Bi2`�iBQM BM O

°
P j

¢
iBK2- /m2 iQ 2�+? HBM2 #2BM; #QmM/ #v O

°
P j

¢
X �bbmKBM; i?2

MmK#2`BM; 7`QK _2KQp2@*v+H2b@6`QK@h@S�i? 2tBbib- i?2 +?2+F Bb 2[mBp�H2Mi
iQ i?2 Qp2`H�T Q7 irQ MmK#2` `�M;2b �M/ +�M #2 T2`7Q`K2/ BM +QMbi�Mi iBK2X
�//BiBQM�HHv- Bi r�b T`2pBQmbHv b?QrM i?�i i?2 _2KQp2@.mTHB+�i2@lb�;2b@
AM@a�K2@.B`2+iBQM T`Q+2/m`2 ?�b � iBK2 +QKTH2tBiv Q7 O (Q)X h?mb- Bi 7QHHQrb
i?�i i?2 r?QH2 T`Q+2/m`2 ?�b � +QK#BM2/ iBK2 +QKTH2tBiv Q7 O

°
Q +P j

¢
X Á

G2KK� eXN h?2 T`Q+2/m`2 _2KQp2@*v+H2b@6`QK@h@S�i? ?�b � iBK2 +QK@
TH2tBiv Q7 O

°
Q +P j

¢
X

S`QQ7, GBM2b k i?`Qm;? d Bb � bBM;H2 HQQT Qp2` i?2 T @T�i? rBi? � +QMbi�Mi MmK@
#2` Q7 bBKTH2 QT2`�iBQMb BM 2�+? Bi2`�iBQMX Ai i?mb ?�b � iBK2 +QKTH2tBiv Q7 O

°
P j

¢
X

h?2 b�K2 ;Q2b 7Q` i?2 HQQT Q7 HBM2b 3 �M/ NX AM 2�+? Bi2`�iBQM Q7 i?2 HQQT Q7 HBM2
RR- �MQi?2` HQQT- HBM2 Rk- Bb T2`7Q`K2/X aBM+2 HBM2 RR- Bb �M Bi2`�iBQM Qp2` i?2
P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF- i?2 iQi�H MmK#2` Q7 Bi2`�iBQMb QM HBM2 Rk
�+`Qbb �HH P j @b2;K2Mib +QMbB/2`2/ Bb #QmM/ #v i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HFX
h?mb- HBM2 Rk ?�b � iBK2 +QKTH2tBiv Q7 O (Q) BM i?2 r?QH2 T`Q+2/m`2X 6BM/BM; �HH
i?2 P j @b2;K2Mib BM �M �m;K2MiBM; r�HF r�b b?QrM #v Ar�i� �M/ uQFQB iQ ?�p2 �
O (Q) iBK2 +QKTH2tBiv- �M/ i?mb i?2 HQQT Q7 HBM2b RR i?`Qm;? R9 Kmbi ?�p2 � iBK2
+QKTH2tBiv Q7 O (Q)X "v G2KK� eX3- HBM2 R8 ?�b � iBK2 +QKTH2tBiv Q7 O

°
Q +P j

¢
X

ej



6BM�HHv- HBM2 Re Bb � bBKTH2 +QTv BMbi`m+iBQM QM bQK2 Q7 i?2 2/;2b BM i?2 T @T�i?
�M/ Kmbi i?2`27Q`2 ?�p2 � iBK2 +QKTH2tBiv Q7 O

°
P j

¢
X h?Bb ;Bp2b i?2 T`Q+2/m`2

�b � r?QH2 � +QK#BM2/ iBK2 +QKTH2tBiv Q7 O
°
Q +P j

¢
X Á

:Bp2M i?Bb ;m�`�Mi22 QM i?2 iBK2 +QKTH2tBiv Q7 i?2 mM@+v+HBM; T`Q+2/m`2- i?2
�m;K2Mi�iBQM T`Q+2/m`2 +�M #2 KQ/B}2/ iQ mb2 i?2 mM@+v+HBM; T`Q+2/m`2X "2HQr-
� KQ/B}2/ p2`bBQM- �m;K2Mi - Q7 i?2 bi�M/�`/ �m;K2Mi T`Q+2/m`2 7`QK i?2
Ar�i�ĜuQFQB �H;Q`Bi?K Bb b?QrM rBi? i?2 +?�M;2b M22/2/ iQ ?�M/H2 +v+H2b BM T @
T�i?bX �HH i?2 +?�M;2b ?�p2 #22M /Bb+mbb2/ �M/ T`Qp2M �#Qp2- bQ QMHv � T`QQ7
7Q` i?2 iBK2 +QKTH2tBiv Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K rBi? �m;K2Mi Bb ;Bp2M
?2`2X

�m;K2Mi (Q,P )
R r?BH2 µP (Q) > 0
k B7 Q +QMi�BMb � TQbbB#H2 b?Q`i+mi QT2`�iBQM
j T2`7Q`K i?2 b?Q`i+mi QT2`�iBQM
9 2Hb2
8 mM@+v+H2 i?2 }`bi 7`22 2/;2b Q7 Q
e T2`7Q`K i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM
d +�HH _2KQp2@*v+H2b@6`QK@h@S�i?
3 lM@*v+H2UQV
N �// Q iQ P

h?2Q`2K eXRy 1t+?�M;BM; �m;K2Mi #v �m;K2Mi /Q2b MQi BM+`2�b2 i?2 iBK2
+QKTH2tBiv Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?KX

S`QQ7, h?2 �m;K2Mi T`Q+2/m`2 �//b �M mM@+v+HBM; Q7 i?2 }`bi 7`22 2/;2b Q7
i?2 �m;K2MiBM; r�HF �M/ � +�HH iQ _2KQp2@*v+H2b@6`QK@h@S�i? 2p2`v iBK2
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/X h?2 mM@+v+HBM; r�b
b?QrM 2�`HB2` iQ ?�p2 � iBK2 +QKTH2tBiv Q7 O (V +Q)- r?B+? Bb #QmM/ #v O (E)
bBM+2 QM2 +�M �bbmK2 i?�i |V | Bb #QmM/ #v O (E) U7Q` i?2 +�b2 Q7 i?2 2/;2@/BbDQBMi
T @T�i?b T`Q#H2K- �b Qi?2`rBb2 p2`iB+2b +QmH/ bBKTHv #2 `2KQp2/VX G2KK� eXN
b?Qr2/ i?�i i?2 iBK2 +QKTH2tBiv Q7 i?2 _2KQp2@*v+H2b@6`QK@h@S�i? T`Q+2@
/m`2 Bb O

°
Q +P j

¢
- r?B+? Bb �;�BM 2[mBp�H2Mi iQ O (E)X aBM+2 i?2 T�`iB�H bvKK2i`B+

/Bz2`2M+2 QT2`�iBQM ?�b � iBK2 +QKTH2tBiv Q7 O (E)- i?2b2 Qi?2` QT2`�iBQMb /Q MQi
+?�M;2 i?2 iBK2 +QKTH2tBiv Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X 6BM�HHv- i?2 H�bi mM@
+v+HBM; Q7 i?2 �m;K2MiBM; r�HF Bb- #v i?2 �#Qp2 HQ;B+- Q7 iBK2 +QKTH2tBiv O (E)-
�M/ i?mb /Q2b MQi BM+`2�b2 i?2 O (V E) iBK2 +QKTH2tBiv Q7 �m;K2MiX aBM+2 i?2
iBK2 +QKTH2tBiv Q7 �m;K2Mi Bb MQi +?�M;2- i?2 iBK2 +QKTH2tBiv Q7 i?2 Ar�i�Ĝ
uQFQB �H;Q`Bi?K /Q2b MQi +?�M;2X Á

e9



eXk .2H�v2/ *v+H2 _2KQp�H
�b b22M BM a2+iBQM eXR- `2KQpBM; i?2 +v+H2b BM � T @T�i? BKK2/B�i2Hv �7i2` i?2v
Q++m` `2[mB`2b � MQM@i`BpB�H T`Q+2/m`2X �MQi?2` TQbbB#H2 bQHmiBQM Bb bBKTHv iQ r�Bi
mMiBH �7i2` i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2M- #v i?2 /2}MBiBQM Q7 i?2 �H;Q`Bi?K-
i?2 �m;K2MiBM; r�HF /Q2b MQi ?�p2 �Mv P@b2;K2Mib �M/ i?mb i?2 +v+H2b BM i?2
T @T�i?b +�M #2 `2KQp2/ rBi?Qmi +QMbB/2`�iBQM iQ i?2 �m;K2MiBM; r�HFX h?Bb
K2�Mb i?�i � bBKTH2 mM@+v+HBM; T`Q+2/m`2 +�M #2 mb2/X �b T`2pBQmbHv K2MiBQM2/-
+v+H2b BM i?2 T @T�i?b K�v `2bmHi BM � MmK#2` Q7 /Bz2`2Mi T`Q#H2Kb- �b bm+? Bi
Kmbi #2 b?QrM i?�i i?2 �m;K2Mi�iBQM T`Q+2/m`2 rQ`Fb T`QT2`Hv rBi? +v+H2b BM
i?2 T @T�i?b �b HQM; �b i?2`2 �`2 MQ +v+H2b BM i?2 T @T�i?b #27Q`2 bi�`iBM; i?2
�m;K2Mi�iBQM T`Q+2/m`2X h?2Q`2K eXRR Bb i?2 K�BM Q#b2`p�iBQM i?�i �HHQrb 7Q`
T`QpBM; i?BbX

h?2Q`2K eXRR :Bp2M � T @T�i? i?�i +QMi�BM2/ MQ +v+H2b #27Q`2 i?2 �m;K2Mi�iBQM
T`Q+2/m`2- i?2 T�`i Q7 i?2 T @T�i? +QMi�BMBM; P j @b2;K2Mib rBHH �i �Mv bi�;2 /m`BM;
i?2 �m;K2Mi�iBQM T`Q+2/m`2 #2 � bm#@T�i? Q7 i?2 Q`B;BM�H T @T�i?X

S`QQ7, h?Bb T`QT2`iv Kmbi ?QH/ �i i?2 bi�`i Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2-
�b i?2M i?2 T @T�i?b �M/ �m;K2MiBM; r�HF ?�p2 MQi +?�M;2/ �M/ i?mb i?2 T @
T�i?b �M/ i?2 P@b2;K2Mib �`2 2[mBp�H2Mi iQ #27Q`2 i?2 �m;K2Mi�iBQM T`Q+2/m`2X
�b bm+?- Bi Kmbi #2 b?QrM i?�i 7Q` #Qi? i?2 b?Q`i+mi QT2`�iBQM �M/ i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM- i?2 QT2`�iBQM /Q2b MQi +?�M;2 i?2 T @T�i?b �M/
i?2 �m;K2MiBM; r�HF BM bm+? � r�v i?�i i?2 T`QT2`iv MQ HQM;2` ?QH/bX LQi2 i?�i
�b HQM; �b i?2 T`QT2`iv ?QH/b- i?2 bm#@T�i? +QMi�BMBM; P j @b2;K2Mib Bb +v+H2@7`22X
A7 QMHv i?2 +v+H2@7`22 bm#@T�i? Q7 i?2 T @T�i? Bb +QMbB/2`2/ r?2M }M/BM; r?2`2
� p2`i2t Bb QM i?2 T @T�i?- �HH QT2`�iBQMb Kmbi 7mM+iBQM �b T`Qp2M #v Ar�i� �M/
uQFQBX

�bbmK2 i?2 T`QT2`iv ?QH/b #27Q`2 i?2 b?Q`i+mi QT2`�iBQM Bb T2`7Q`K2/X h?2M
BM i?2 b?Q`i+mi QT2`�iBQM irQ P j @b2;K2Mib �`2 `2TH�+2/ rBi? � M2r P j @b2;K2Mi
BM i?2 �m;K2MiBM; r�HFX h?Bb M2r P j @b2;K2Mi ;Q2b 7`QK i?2 bi�`i Q7 i?2 }`bi
`2KQp2/ P j @b2;K2Mi iQ i?2 2M/ Q7 i?2 b2+QM/ `2KQp2/ P j @b2;K2Mi- mbBM; i?2
T�`i Q7 i?2 T @T�i? #2ir22M i?2b2 irQ p2`iB+2bX aBM+2 i?2 M2r P j @b2;K2Mi QMHv
mb2b i?2 2/;2b Q7 i?2 `2KQp2/ P j @b2;K2Mib �M/ i?2 2/;2b QM i?2 T @T�i? #2ir22M
i?2 irQ- i?2 P j @b2;K2Mi Kmbi #2 � bm#@T�i? Q7 i?2 Q`B;BM�H T @T�i?X Pi?2`rBb2-
i?2 2/;2b #2ir22M i?2 irQ `2KQp2/ P j @b2;K2Mib r2`2 MQi BM i?2 Q`B;BM�H T @T�i?
�M/ i?mb i?2 T`QT2`iv /B/ MQi ?QH/X h?2 b?Q`i+mi QT2`�iBQM K�v /2H2i2 b2p2`�H
Q7 i?2 Q++m``2M+2b Q7 P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF B7 i?2v �`2 MQr mb2/
irB+2 BM i?2 b�K2 /B`2+iBQM /m2 iQ i?2 M2r P j @b2;K2MiX h?Bb QT2`�iBQM /Q2b MQi
+?�M;2 i?2 T @T�i?- �M/ K�v QMHv `2KQp2 P j @b2;K2Mib 7`QK i?2 �m;K2MiBM; r�HFX
h?mb- i?2 bm#@T�i? Q7 i?2 T @T�i? +QMi�BMBM; P j @b2;K2Mib 2Bi?2` bi�vb i?2 b�K2

e8



Q` b?`BMFbX �b bm+?- Bi Kmbi biBHH #2 � bm#@T�i? Q7 i?2 Q`B;BM�H T @T�i?X :Bp2M
i?Bb- i?2 T`QT2`iv ?QH/b �HbQ �7i2` �TTHvBM; i?2 b?Q`i+mi QT2`�iBQMX

LQr �bbmK2 i?2 T`QT2`iv ?QH/b #27Q`2 i?2 bi�`i Q7 i?2 T�`iB�H bvKK2i`B+
/Bz2`2M+2 QT2`�iBQMX h?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM +?�M;2b i?2 T @
T�i? #v `2KQpBM; bQK2 Q7 i?2 2/;2b BM QM2 Q7 Bib 2M/b �M/ `2TH�+BM; i?2K rBi?
7`22 2/;2b 7`QK i?2 �m;K2MiBM; r�HFX h?2 2/;2b i?�i �`2 `2KQp2/ 7`QK i?2 T @
T�i? K�v ?�p2 +QMi�BM2/ P j @b2;K2Mibc ?Qr2p2`- bBM+2 i?2 2/;2b �`2 MQ HQM;2`
BM i?2 T @T�i?- i?2v �`2 MQ HQM;2` P j @b2;K2MibX h?mb- i?2 bm#@T�i? Q7 i?2 T @
T�i? +QMi�BMBM; P j @b2;K2Mib rBHH b?`BMFX h?2 M2r 2/;2b BM i?2 T @T�i? r2`2 7`22
2/;2b- �M/ i?mb MQ HQM;2` �TT2�` BM i?2 �m;K2MiBM; r�HFX �b bm+? i?2v +�M
MQi +QMi�BM �Mv P j @b2;K2Mib- �M/ i?2 bm#@T�i? Q7 i?2 T @T�i? i?�i +QMi�BMb P j @
b2;K2Mib rBHH MQi +Qp2` �Mv Q7 i?2b2 M2r 2/;2bX h?mb- bBM+2 MQ M2r P j @b2;K2Mib
�`2 �//2/- �M/- 2bT2+B�HHv- i?2 M2r 2/;2b Q7 i?2 T @T�i? /Q2b MQi +QMi�BM �Mv P j @
b2;K2Mib- i?2 bm#@T�i? BM i?2 T @T�i? +QMi�BMBM; P j @b2;K2Mib Kmbi #2 � bm#@T�i?
Q7 i?2 T`BQ` bm#@T�i?X A7 7QHHQrb 7`QK i?Bb i?�i i?2 M2r bm#@T�i? Bb �HbQ � bm#@
T�i? Q7 i?2 Q`B;BM�H T @T�i?X �//BiBQM�HHv- P j @b2;K2Mib K�v #2 `2KQp2/ Q` ?�p2
i?2B` /B`2+iBQM Q` Q`/2` Q7 �TT2�`�M+2 +?�M;2/ /m`BM; i?2 mM+`QbbBM; QT2`�iBQMX
_2KQp�H- �b 2�`HB2` b?QrM- `2bmHib BM i?2 bm#@T�i? 2Bi?2` bi�vBM; i?2 b�K2 Q`
b?`BMFBM;X 6Q` i?2 +?�M;2 Q7 /B`2+iBQM �M/ Q`/2` Q7 mb�;2 Q7 2/;2b- i?2 2/;2b mb2/
/Q MQi +?�M;2X h?mb- i?2 bm#@T�i? Q7 i?2 T @T�i? +QMi�BMBM; P j @b2;K2Mib bi�vb
+QMbi�Mi- �M/ i?2 T`QT2`iv Kmbi �HbQ ?QH/ �7i2` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2
QT2`�iBQMX

aBM+2 i?2 T`QT2`iv ?QH/b �i i?2 bi�`i Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2- �M/ i?2
irQ QT2`�iBQMb T2`7Q`K2/ BM i?2 �m;K2Mi�iBQM T`Q+2/m`2 /Q MQi #`2�F i?2 T`QT@
2`iv r?2M T2`7Q`K2/- i?2 T`QT2`iv Kmbi ?QH/ �i 2�+? bi2T Q7 i?2 �m;K2Mi�iBQM
T`Q+2/m`2X Á

Ai 7QHHQrb /B`2+iHv 7`QK h?2Q`2K eXRR i?�i i?2 /2H�v2/ +v+H2 `2KQp�H bi`�i2;v
b?QmH/ rQ`F �b r2HH �b �Mv Qi?2` bi`�i2;v- �b HQM; �b QMHv i?2 MQM@+?�M;2/ T�`i
Q7 i?2 T @T�i? Bb +QMbB/2`2/ r?2M }M/BM; i?2 TQbBiBQM Q7 � p2`i2t BM i?2 T @T�i?X
h?Bb- �b i?2 i?2Q`2K ;m�`�Mi22b i?�i �HH QT2`�iBQMb rBHH QMHv M22/ iQ rQ`F QM �
MQM@+v+HB+ T�`i Q7 i?2 T @T�i?- �M/ i?mb B7 i?2 QT2`�iBQMb /Q MQi rQ`F- i?2M i?2`2
Kmbi #2 bQK2i?BM; r`QM; rBi? i?2 QT2`�iBQMbX AM i?�i +�b2- i?2 T`Q#H2K rBi?
i?2 QT2`�iBQMb rQmH/ �z2+i �HH Qi?2` bQHmiBQMb iQ i?2 +v+H2 T`Q#H2K- BM+Hm/BM; i?2
2�`HB2` b?QrM BKK2/B�i2 +v+H2 `2KQp�H bi`�i2;vX

Ai b?QmH/ #2 MQi2/ i?�i 2KTHQvBM; i?Bb /2H�v2/ +v+H2 `2KQp�H bi`�i2;v `2[mB`2b
i?�i �Mv KQ/B}+�iBQMb iQ �Mv Q7 i?2 QT2`�iBQMb BM i?2 �H;Q`Bi?K �`2 K�/2 bm+?
i?�i i?2 KQ/B}2/ QT2`�iBQMb /Q MQi #`2�F i?2 T`2KBb2 Q7 h?2Q`2K eXRRX AM
;2M2`�H- QM2 +�M �bbmK2 i?Bb iQ #2 i`m2 7Q` �HH KBMQ` KQ/B}+�iBQMb- bm+? �b
i?2 QM2b BM i?2 T`2pBQmb +?�Ti2`b- r?2`2 i?2`2 �`2 MQ M2r 2/;2b Q7 i?2 T @T�i?
�//2/ iQ i?2 �m;K2MiBM; r�HFX h?Bb- �b r�b mb2/ 2ti2MbBp2Hv BM i?2 T`QQ7 Q7 i?2

ee



i?2Q`2K- Bb /m2 iQ i?2 7�+i i?�i `2KQpBM; Q` +?�M;BM; i?2 Q`/2`f/B`2+iBQM Q7 2/;2b
i?�i 7Q`K P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF- /Q MQi `2bmHi BM +?�M;2b iQ i?2
bm#@T�i?X PMHv QT2`�iBQMb i?�i +?�M;2 i?2 T @T�i? �M/fQ` BMb2`i M2r 2/;2b BMiQ
i?2 �m;K2MiBM; r�HF +�M #`2�F i?2 T`2KBb2 Q7 i?2 i?2Q`2KX 6Q` KQ`2 2ti2MbBp2
+?�M;2b �M/fQ` M2r QT2`�iBQMb QM2 b?QmH/ BM ;2M2`�H `2T2�i i?2 T`QQ7 Q7 h?2Q`2K
eXRR 7Q` i?2 �z2+i2/ T�`ib Q7 i?2 �H;Q`Bi?KX

q2 rBHH MQr T`2b2Mi � KQ/B}2/ p2`bBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2
KQ/B}2/ p2`bBQM- �m;K2Mi - Bb #�b2/ QM i?2 �m;K2Mi T`Q+2/m`2 BM i?2 bi�M@
/�`/ Ar�i�ĜuQFQB �H;Q`Bi?KX h?2 �H;Q`Bi?K �bbmK2b i?�i 2�+? iBK2 � b?Q`i+mi
Q` T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/- i?2 �7Q`2K2MiBQM2/ bm#@
T�i? Q7 i?2 ;Bp2M T @T�i? Bb mb2/ iQ }M/ i?2 HQ+�iBQM Q7 � p2`i2t BM i?2 T @T�i?X
E22TBM; i`�+F Q7 i?Bb bm#@T�i? 7Q` 2�+? T @T�i? b?QmH/ #2 /Q�#H2 rBi?Qmi �Mv
BM+`2�b2 BM iBK2 +QKTH2tBivX h?Bb +�M #2 /QM2 #v bBKTHv bi�`iBM; 2�+? �m;K2Mi�@
iBQM T`Q+2/m`2 rBi? Bi b2i iQ i?2 2MiB`2 T @T�i? �M/ `2/m+BM; i?2 bBx2 2�+? iBK2 i?2
T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/ QM i?2 T @T�i?X h?Bb rQmH/
;2M2`�HHv MQi `2bmHi BM i?2 bm#@T�i? #2BM; iB;?i �`QmM/ i?2 P j @b2;K2Mib- ?Qr2p2`-
Bi ;m�`�Mi22b i?2 bm#@T�i? iQ #2 � bm#@T�i? Q7 i?2 Q`B;BM�H T @T�i?- �M/ i?mb 7`22
Q7 +v+H2bX h?2 bm#@T�i? +�M #2 `2b2i /m`BM; i?2 mM@+v+HBM; Q7 i?2 T @T�i?bX

�m;K2Mi (Q,P )
R P§ 4 2KTiv HBbi
k r?BH2 µP (Q) > 0
j B7 Q +QMi�BMb � TQbbB#H2 b?Q`i+mi QT2`�iBQM
9 T2`7Q`K i?2 b?Q`i+mi QT2`�iBQM
8 2Hb2
e T2`7Q`K i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM
d �// i?2 +?�M;2/ T @T�i? iQ P§

3 lM@*v+H2UQV
N 7Q` P j BM P§

Ry lM@*v+H2UP j V
RR �// Q iQ P

AM `2;�`/b iQ i?2 +?Qb2M mM@+v+HBM; bi`�i2;v- b2p2`�H /Bz2`2Mi bi`�i2;B2b +�M
rQ`F rBi?BM i?2 iBK2 +QKTH2tBiv Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2`2 K�v #2
H�`;2` /Bz2`2M+2b BM i?2 T2`7Q`K�M+2 Q7 i?2 /Bz2`2Mi bi`�i2;B2b- 2bT2+B�HHv +QMbB/@
2`BM; i?�i i?2 /Bz2`2Mi �TT`Q�+?2b `2bmHi BM i?2 }M�H mM@+v+HBM; Q7 i?2 T @T�i?b
?�pBM; /Bz2`2Mi iBK2 +QKTH2tBiB2bX AM i?2 �m;K2Mi T`Q+2/m`2 � p2`v bBKTH2
�TT`Q�+? Bb i�F2M- +QMbBbiBM; Q7 �//BM; 2�+? KQ/B}2/ T @T�i? iQ � HBbi rBi?Qmi
+QMbB/2`�iBQM iQ /mTHB+�i2bX h?2M BM i?2 2M/- i?2 HBbi Bb Bi2`�i2/ �M/ 2�+? T @T�i?
Bb mM@+v+H2/X .m2 iQ TQbbB#H2 /mTHB+�i2b BM i?2 HBbi- 2�+? T @T�i? +�M #2 �ii2KTi2/
mM@+v+H2/ b2p2`�H iBK2bX h?Bb Bb MQi M22/2/ �M/ � MQM@/mTHB+�i2 �TT`Q�+? KB;?i
#2 #2ii2`X h?2 BKT`Qp2K2Mib Q7 � MQM@/mTHB+�i2 �TT`Q�+? �`2 ?B;?Hv /2T2M/2Mi

ed



QM ?Qr Q7i2M i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb �TTHB2/ iQ � bBM;H2
T @T�i?X aBM+2- i?2 b?Q`i+mi QT2`�iBQM `2/m+2b i?2 MmK#2` Q7 P j @b2;K2Mib BM
i?2 �m;K2MiBM; r�HF- i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb BM KQbi +�b2b
HBF2Hv +�HH2/ QM+2 Q` irB+2 7Q` 2�+? T @T�i?X h?mb- i?2 bBKTH2 �TT`Q�+? Bb +?Qb2M
?2`2X

*Q`QHH�`v eXRk :Bp2M � b2i Q7 n T @T�i?b rBi?Qmi +v+H2b �M/ �M �m;K2MiBM;
r�HF- i?2 �m;K2Mi T`Q+2/m`2 T`Q/m+2b � b2i Q7 n +1 T @T�i?b rBi?Qmi +v+H2bX

S`QQ7, Ai 7QHHQrb 7`QK h?2Q`2K eXRR �M/ i?2 T`2pBQmb /Bb+mbbBQM i?�i i?2 QT2`@
�iBQMb b?QmH/ rQ`F �b r2HH ?2`2 �b BM i?2 bi�M/�`/ +�b2 r?2`2 i?2`2 �`2 MQ +v+H2bX
h?Bb K2�Mb i?�i � b2i Q7 n +1 T @T�i?b Bb T`Q/m+2/ �i i?2 2M/ Q7 i?2 �H;Q`Bi?KX
�//BiBQM�HHv- #Qi? i?2 �m;K2MiBM; r�HF �M/ �HH +?�M;2/ T @T�i?b ?�p2 i?2B` +v@
+H2b `2KQp2/ BM i?2 2M/- �M/ i?mb i?2 M2r T @T�i?b Kmbi #2 rBi?Qmi +v+H2bX Á

:Bp2M *Q`QHH�`v eXRk �M/ i?2 7�+i i?�i i?2 b2�`+? T`Q+2/m`2 /Q2b MQi +?�M;2
T @T�i?b- Bi Kmbi 7QHHQr i?�i i?2 Ar�i�ĜuQFQB �H;Q`Bi?K rQ`Fb T`QT2`Hv rBi? i?2
�m;K2Mi QT2`�iBQMX >Qr2p2`- r?BH2 iQm+?2/ QM 2�`HB2`- Bi `2K�BMb iQ b?Qr
i?�i i?2 iBK2 +QKTH2tBiv /Q2b MQi BM+`2�b2 �b � `2bmHi Q7 i?2 KQ/B}+�iBQMb K�/2
iQ i?2 �m;K2Mi�iBQM T`Q+2/m`2X

h?2Q`2K eXRj �m;K2Mi /Q2b MQi BM+`2�b2 i?2 iBK2 +QKTH2tBiv Q7 i?2 Ar�i�Ĝ
uQFQB �H;Q`Bi?KX

S`QQ7, h?2 �m;K2Mi T`Q+2/m`2 /Bz2`b 7`QK i?2 bi�M/�`/ �m;K2Mi�iBQM T`Q@
+2/m`2 #v �//BM; T @T�i?b iQ � HBbi �M/ �i i?2 2M/ T2`7Q`KBM; �M mM@+v+HBM; QT@
2`�iBQM 7Q` 2�+? T @T�i? BM i?2 HBbiX �//BM; i?2 T @T�i?b iQ i?2 HBbi Bb � +QMbi�Mi
iBK2 QT2`�iBQMX 6m`i?2`KQ`2- i?2 MmK#2` Q7 T @T�i?b BM i?2 HBbi Bb HBKBi2/ #v
i?2 MmK#2` Q7 P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF- i?�i Bb- #QmM/ #v O (V )X Ai
r�b 2�`HB2` b?Qr2/ i?�i i?2 mM@+v+HBM; +�M #2 T2`7Q`K2/ BM O

°
V +P j

¢
X � bBM;H2

T @T�i? +�M #2 BM P§ b2p2`�H iBK2bc ?Qr2p2`- 2�+? iBK2 7QHHQrBM; i?2 }`bi i?2`2
�`2 MQ +v+H2b BM i?2 T @T�i? �M/ Bib H2M;i? Bb H2bb i?�M |V |X h?mb- i?2 mM@+v+HBM;
Q7 �H`2�/v mM@+v+H2/ T @T�i?b ?�b � +QK#BM2/ iBK2 +QKTH2tBiv Q7 O

°
V 2¢X 6Q` i?2

}`bi iBK2 mM@+v+HBM; Q7 2�+? T @T�i?- i?2 +QK#BM2/ H2M;i? Q7 �HH i?2 T @T�i?b +�M
�i KQbi #2 |E | /m2 iQ i?2 2/;2@/BbDQBMi T`QT2`iv Q7 i?2 T @T�i?bX h?mb- �HH i?2 }`bi
iBK2 mM@+v+HBM;b ?�p2 � +QK#BM2/ iBK2 +QKTH2tBiv Q7 O

°
V 2 +E

¢
X h?Bb- �b i?2`2

Bb �i KQbi V Q7 i?2b2 �M/ P j bmK iQ E �+`Qbb i?2KX h?Bb ;Bp2b i?2 mM@+v+HBM; �
iQi�H iBK2 +QKTH2tBiv Q7 O

°
V 2 +E

¢
- r?B+? 7Q` i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K

Bb #QmM/ #v O (V E)X O (V E) Bb i?2 iBK2 +QKTH2tBiv Q7 i?2 �m;K2Mi�iBQM T`Q+2@
/m`2 �M/ i?mb i?2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K �b � r?QH2 /Q2b MQi BM+`2�b2X Á
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h?2 iBK2 +QKTH2tBiv ;m�`�Mi22 Q7 h?2Q`2K eXRj Bb QMHv p�HB/ 7Q` i?2 bi�M@
/�`/ Ar�i�ĜuQFQB �H;Q`Bi?KX 6Q` i?2 BKT`Qp2K2Mib bm;;2bi2/ BM i?2 T`2HBKBM�`v
T`QD2+i- mbBM; i?2 �m;K2Mi T`Q+2/m`2 rQmH/ `2bmHi BM �M BM+`2�b2/ iBK2 +QK@
TH2tBivX �//BiBQM�HHv- i?2 T`2HBKBM�`v T`QD2+i K�/2 +?�M;2b iQ i?2 �m;K2Mi�iBQM
T`Q+2/m`2 i?�i +?�M;2 i?2 �m;K2MiBM; r�HFX h?2 +?�M;2b `2pQHp2 �`QmM/ i?2
BMi`Q/m+iBQM Q7 � T`Q+2/m`2- aBKTHB7v- i?�i i�F2b �M �m;K2MiBM; r�HF rBi? �i
KQbi i?`22 pBbBib iQ 2�+? p2`i2t �M/ `2/m+2b i?2 MmK#2` Q7 pBbBib iQ �i KQbi irQX
Ai /Q2b i?Bb #v B/2MiB7vBM; +v+H2b BM i?2 �m;K2MiBM; r�HF i?�i +�M #2 `2KQp2/
r?BH2 biBHH F22TBM; T`QT2`iv UBBV BMi�+iX aBM+2 i?2 T`Q+2/m`2 QMHv `2KQp2b 2/;2b
7`QK i?2 �m;K2MiBM; r�HF- i?2 T`Q+2/m`2 +�M MQi #`2�F i?2 T`2KBb2 Q7 h?2Q`2K
eXRRX h?mb i?2 T`Q+2/m`2 Bib2H7 +�M biBHH #2 mb2/ BM i?2 /2H�v2/ +v+H2 `2KQp�H
bi`�i2;vX h?2 T`Q#H2K HB2b BM i?2 `2HB�M+2 QM i?2 �m;K2MiBM; r�HF pBbBiBM; 2�+?
p2`i2t � K�tBKmK Q7 i?`22 iBK2bX

hQ ;m�`�Mi22 i?�i i?2`2 r2`2 �Hr�vb i?`22 Q` 72r2` pBbBib iQ 2�+? p2`i2t BM
i?2 �m;K2MiBM; r�HF- i?2 KQ/B}+�iBQMb Q7 i?2 T`2HBKBM�`v T`QD2+i `2HB2/ QM i?2
T @T�i?b #2BM; rBi?Qmi +v+H2bX h?Bb K2�Mi i?�i #Qi? i?2 b?Q`i+mi QT2`�iBQM �M/
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM rQmH/ iQ i?2 �m;K2MiBM; r�HF �// �i
KQbi QM2 pBbBi iQ 2�+? p2`i2t- rBi? i?2 aBKTHB7v T`Q+2/m`2 `2/m+BM; i?Bb iQ irQ
�7i2` 2�+? QT2`�iBQMX 6Q` i?2 /2H�v2/ +v+H2 `2KQp�H bi`�i2;v i?Bb Bb MQ HQM;2`
i?2 +�b2X 6Q` i?2 b?Q`i+mi QT2`�iBQM- h?2Q`2K eXRR biBHH ;m�`�Mi22 i?Bb 7Q` i?2
�m;K2MiBM; r�HF- �b Bi �//b 2/;2b 7`QK � +v+H2@7`22 bm#@T�i? Q7 i?2 T @T�i?X 6Q`
i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM i?Bb Bb MQi i?2 +�b2- r?2`2 i?2 +v+H2b
BM i?2 T @T�i? K�v `2bmHi BM i?2 �m;K2MiBM; r�HF ?�pBM; KQ`2 i?�M i?`22 pBbBib
iQ � bBM;H2 p2`i2tX h?mb- KQ/B}+�iBQM iQ i?2 BKT`Qp2K2Mib Bb `2[mB`2/ iQ �+?B2p2
i?2 iBK2 +QKTH2tBiv mbBM; i?2 /2H�v2/ +v+H2 `2KQp�H �TT`Q�+?X

G2KK� eXR9 �bbmK2 i?�i �HH T @T�i?b �`2 +v+H2 7`22 #27Q`2 i?2 �m;K2Mi�iBQM
T`Q+2/m`2X AM � bBM;H2 �TTHB+�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2- i?2 H2M;i? Q7
�Mv T @T�i? +�M QMHv BM+`2�b2 #v �i KQbi irB+2 i?2 K�tBKmK TQbbB#H2 H2M;i? i?2
�m;K2MiBM; r�HF K�v i�F2 BM i?�i �TTHB+�iBQMX

S`QQ7, h?2 QMHv bBim�iBQM BM r?B+? i?2 H2M;i? Q7 � T @T�i? K�v +?�M;2 BM i?2
�m;K2Mi�iBQM T`Q+2/m`2 Bb r?2M i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb
�TTHB2/ iQ � P j @b2;K2Mi Q7 i?Bb T @T�i?X �Mv bm+? +?�M;2 Bb � `2bmHi Q7 QM2 2M/ Q7
i?2 T @T�i? #2BM; +?�M;2/ 7Q` QM2 T�`i Q7 i?2 �m;K2MiBM; r�HFX �b bm+?- B7 i?2
b�K2 2M/ Q7 � T @T�i? Bb +?�M;2/ irB+2- i?2M #v h?2Q`2K eXRR i?2 2/;2b �//2/ BM
i?2 }`bi +?�M;2 �`2 �HH `2KQp2/ BM i?2 b2+QM/ +?�M;2X h?Bb- �b #2ir22M i?2 irQ
+?�M;2b MQ P j @b2;K2Mi K�v ?�p2 #22M +`2�i2/ QM i?2 2/;2b i?�i r2`2 �//2/ BM
i?2 }`bi +?�M;2X h?Bb K2�Mb i?�i �Mv T @T�i? K�v �i i?2 2M/ Q7 �M �TTHB+�iBQM
Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2 +QMi�BM- �i KQbi- 2/;2b 7`QK irQ +?�M;2bX h?mb-
bBM+2 2�+? +?�M;2 K�v �i KQbi ;Bp2 i?2 T @T�i? �HH #mi QM2 2/;2 7`QK i?2 �m;@
K2MiBM; r�HF r?BH2 QMHv `2KQpBM; QM2 2/;2 7`QK i?2 T @T�i?- irQ bm+? +?�M;2b

eN



K�v ;Bp2 i?2 T @T�i? mT iQ 7Qm` 2/;2b H2bb i?�M irB+2 i?2 K�tBKmK MmK#2` Q7
TQbbB#H2 2/;2b BM i?2 �m;K2MiBM; r�HFX Á

lbBM; i?2 `2bmHi Q7 G2KK� eXR9- QM2 +�M b22 i?�i i?2 H2M;i? Q7 �Mv T @T�i?
Bb #QmM/ #v i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HF r?2M T2`7Q`KBM; /2H�v2/ +v+H2
`2KQp�HX h?mb- Bi bm{+2b iQ b?Qr i?�i i?2 H2M;i? Q7 i?2 �m;K2MiBM; r�HF +�M #2
#QmM/ #v O (V )- �M/ Bi Kmbi 7QHHQr i?�i i?2 T @T�i?b �`2 �HbQ #QmM/ #v O (V )X
q2 rBHH mb2 i?2 aBKTHB7v T`Q+2/m`2 7`QK i?2 T`2HBKBM�`v T`QD2+i BM i?2 KQ/B}2/
�m;K2Mi�iBQM T`Q+2/m`2- �Hi?Qm;? r2 +�M MQ HQM;2` `2Hv QM i?2 T @T�i? ?�pBM;
�i KQbi i?`22 pBbBib iQ 2�+? p2`i2tX h?mb- r2 MQi2 i?�i Bi r�b b?QrM i?�i i?2
T`Q+2/m`2 rQmH/ `2/m+2 i?2 MmK#2` Q7 pBbBib iQ 2�+? p2`i2t pBbBi2/ i?`22 Q` KQ`2
iBK2b- #v �i H2�bi QM2X �HHQrBM; i?2 T`Q+2/m`2 iQ #2 �TTHB2/ `2T2�i2/Hv iQ �M
�m;K2MiBM; r�HF BM Q`/2` iQ `2/m+2 i?2 MmK#2` Q7 pBbBib mMiBH i?2`2 Bb �i KQbi irQ
pBbBib iQ 2�+? p2`i2tX "27Q`2 /Bb+mbbBM; i?2 KQ/B}+�iBQMb iQ i?2 �m;K2Mi�iBQM
T`Q+2/m`2- irQ H2KK�b `2;�`/BM; i?2 ;`Qri? Q7 i?2 T @T�i?b �M/ i?2 �m;K2MiBM;
r�HF- rBHH #2 b?QrMX h?2b2 �`2 H�i2` M22/2/ iQ b?Qr i?2 p�HB/Biv Q7 i?2 +?Qb2M
KQ/B}+�iBQMbX

G2KK� eXR8 �bbmK2 i?�i i?2 �m;K2MiBM; r�HF ?�b �i KQbi X pBbBib iQ �Mv p2`@
i2t �i �HH iBK2b #27Q`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/X
�//BiBQM�HHv- �bbmK2 i?�i �HH T @T�i?b �`2 +v+H2 7`22 #27Q`2 i?2 bi�`i Q7 i?2 �m;@
K2Mi�iBQM T`Q+2/m`2X h?2M- �HH T @T�i?b rBHH �i �HH TQBMib /m`BM; i?2 2t2+miBQM Q7
i?2 �m;K2Mi�iBQM T`Q+2/m`2- ?�p2 �i KQbi ?�p2 2X +1 pBbBib iQ �Mv p2`i2tX

S`QQ7, lbBM; i?2 b�K2 HQ;B+ �b BM G2KK� eXR9- Bi 7QHHQrb i?�i �Mv +?�M;2 iQ �
T @T�i? `2KQp2b �Mv T`2pBQmbHv �//2/ 2/;2b /m`BM; i?2 �m;K2Mi�iBQM T`Q+2/m`2X
�b bm+?- �Mv T @T�i? +QMbBbib Q7 �i KQbi QM2 b2i Q7 2/;2b 7`QK � bBM;H2 bi�i2 Q7
i?2 �m;K2MiBM; r�HF- i?2 Q`B;BM�H 2/;2b Q7 i?2 T @T�i? �M/ �MQi?2` b2i Q7 2/;2b
7`QK � bBM;H2 bi�i2 Q7 i?2 �m;K2MiBM; r�HFX 6Q` i?2 2/;2b 7`QK i?2 �m;K2MiBM;
r�HF Bi Bb ;m�`�Mi22/ i?�i 2�+? b2i pBbBib �Mv p2`i2t �i KQbi X iBK2bX h?Bb K2�Mb
i?�i i?2 irQ b2ib +QK#BM2/ pBbBi 2�+? p2`i2t �i KQbi 2X iBK2bX �//BiBQM�HHv- i?2
2/;2b 7`QK i?2 Q`B;BM�H T @T�i? �`2 rBi?Qmi +v+H2b �M/ i?mb pBbBi 2�+? p2`i2t �i
KQbi QM+2X h?Bb `2bi`B+ib i?2 MmK#2` Q7 pBbBib iQ � bBM;H2 p2`i2t iQ �i KQbi 2X +1X
Á

G2KK� eXRe �bbmK2 i?�i i?2 �m;K2MiBM; r�HF ?�b �i KQbi X pBbBib iQ �Mv
p2`i2t �i �HH iBK2b #27Q`2 i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM Bb T2`7Q`K2/
/m`BM; �M �m;K2Mi�iBQM T`Q+2/m`2X �//BiBQM�HHv- �bbmK2 i?�i �HH T @T�i?b �`2
+v+H2 7`22 #27Q`2 i?2 bi�`i Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2X h?2M- �7i2` i?2 T�`iB�H
bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM i?2 �m;K2MiBM; r�HF rBHH ?�p2 �i KQbi 2X +1 pBbBib
iQ �Mv p2`i2tX

dy



S`QQ7, h?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM ;Bp2b i?2 �m;K2MiBM; r�HF
�HH 2/;2b Q7 i?2 T @T�i? QM QM2 bB/2 Q7 i?2 ;Bp2M P j @b2;K2MiX "v G2KK� eXR8-
2bT2+B�HHv Bib T`QQ7- Bi 7QHHQrb i?�i i?2 2/;2b �//2/ iQ i?2 �m;K2MiBM; r�HF 7`QK
i?2 T @T�i? +QMbBbi Q7 �i KQbi X +1 pBbBib iQ �Mv p2`i2tX �b bm+? i?2 MmK#2` Q7
pBbBib iQ �Mv p2`i2t BM i?2 `2bmHiBM; �m;K2MiBM; r�HF Kmbi #2 �i KQbi 2X +1X Á

"v G2KK�b eXR8 �M/ eXRe Bi bm{+2b iQ }M/ � r�v iQ `2/m+2 i?2 MmK#2` Q7
pBbBib iQ 2�+? p2`i2t BM i?2 �m;K2MiBM; r�HF 7`QK 2X +1 iQ X BM Q`/2` iQ HBKBi i?2
H2M;i? Q7 �M �m;K2MiBM; r�HF iQ O (V )X 1bT2+B�HHv- #v h?2Q`2K eXRR i?2 b?Q`i+mi
QT2`�iBQM BM+`2�b2b i?2 MmK#2` Q7 pBbBib #v �i KQbi QM2- i?�i Bb- Bi `2[mB`2b MQ
+?�M;2b 7`QK i?2 Q`B;BM�H BKT`Qp2K2Mib K�/2 BM i?2 T`2HBKBM�`v T`QD2+iX �b
T`2pBQmbHv K2MiBQM2/- i?2 aBKTHB7v K2i?Q/ 7`QK i?2 T`2HBKBM�`v T`QD2+i +�M #2
mb2/ 7Q` i?BbX

Ar�i� �M/ uQFQB b?Qr2/ i?�i �m;K2MiBM; r�HF `2im`M2/ 7`QK i?2 b2�`+? T`Q@
+2/m`2 ?�/ �i KQbi irQ pBbBib iQ 2�+? p2`i2tX �b bm+?- r2 rBHH b2i X iQ irQX
h?2M- G2KK� eXR8 ;m�`�Mi22b i?�i �7i2` i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�@
iBQM i?2 MmK#2` Q7 pBbBib iQ 2�+? p2`i2t Bb �i KQbi }p2X S2`7Q`KBM; i?2 aBKTHB7v
T`Q+2/m`2 i?`22 iBK2b UQ` H2bb B7 2�+? p2`i2t ?�b �i KQbi irQ pBbBib �7i2` �M �TTHB@
+�iBQMV- i?2 MmK#2` Q7 pBbBib rBHH #2 `2/m+2/ iQ irQX "�b2/ QM i?Bb- i?2 7QHHQrBM;
+QK#BM�iBQM Q7 i?2 �m;K2Mi�iBQM T`Q+2/m`2 7`QK i?2 T`2HBKBM�`v T`QD2+i- i?2
�m;K2Mi T`Q+2/m`2 �M/ i?2 KQ/B}+�iBQMb /Bb+mbb2/ �#Qp2- Bb bm;;2bi2/ �b i?2
�m;K2Mi  T`Q+2/m`2X �b 7Q` i?2 �m;K2Mi T`Q+2/m`2- Bi Bb �bbmK2/ i?�i
r?2M i?2 b?Q`i+mi QT2`�iBQM �M/ i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM �`2
T2`7Q`K2/- QMHv i?2 mMKQ/B}2/ bm#@T�i? Q7 i?2 T @T�i? rBHH #2 mb2/ iQ b2�`+? 7Q`
p2`iB+2bX

�m;K2Mi  (Q,P )
R P§ 4 2KTiv HBbi
k r?BH2 µP (Q) > 0
j B7 Q +QMi�BMb � TQbbB#H2 b?Q`i+mi QT2`�iBQM
9 T2`7Q`K i?2 b?Q`i+mi QT2`�iBQM
8 aBKTHB7vUQV
e 2Hb2
d T2`7Q`K i?2 T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM
3 �// i?2 +?�M;2/ T @T�i? iQ P§

N r?BH2 Q +QMi�BMb KQ`2 i?�M irQ pBbBib iQ � p2`i2t
Ry aBKTHB7vUQV
RR lM@*v+H2UQV
Rk 7Q` P j BM P§

Rj lM@*v+H2UP j V
R9 �// Q iQ P
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*Q`QHH�`v eXRd :Bp2M � b2i Q7 n T @T�i?b rBi?Qmi +v+H2b �M/ �M �m;K2MiBM;
r�HF- i?2 �m;K2Mi  T`Q+2/m`2 T`Q/m+2b � b2i Q7 n +1 T @T�i?b rBi?Qmi +v+H2bX

S`QQ7, Ai 7QHHQrb 7`QK *Q`QHH�`v eXRk i?�i i?2 /2H�v2/ +v+H2 `2KQp�H +?�M;2b
K�/2 iQ i?2 �m;K2Mi�iBQM T`Q+2/m`2 rQ`F T`QT2`HvX �//BiBQM�HHv- Bi 7QHHQrb 7`QK
i?2 �#Qp2 /Bb+mbbBQM i?�i i?2 aBKTHB7v K2i?Q/ /Q2b MQi #`2�F i?2 T`2KBb2 Q7
h?2Q`2K eXRRX 1bT2+B�HHv- Bi r�b T`Qp2M BM i?2 T`BHBKBM�`v T`QD2+i i?�i i?2 aBK@
THB7v T`Q+2/m`2 `2bmHi2/ BM i?2 `2bmHi�Mi r�HF #2BM; �M �m;K2MiBM; r�HFX "�b2/
QM i?Bb- i?2 T`Q+2/m`2 rBHH �Hr�vb ?�p2 �M �m;K2MiBM; r�HF �M/ `2/m+2 i?2 MmK@
#2` Q7 P j @b2;K2Mib iQ x2`QX h?mb- i?2 T`Q+2/m`2 rBHH T`Q/m+2 n +1 T @T�i?bX "v
i?2 T`QQ7 Q7 *Q`QHH�`v eXRk- i?2 T @T�i?b rBHH ?�p2 �Mv +v+H2b `2KQp2/ �M/ i?mb
�HH rBHH #2 +v+H2 7`22X Á

h?2Q`2K eXR3 h?2 �m;K2Mi  T`Q+2/m`2 ?�b � iBK2 +QKTH2tBiv Q7 O
°
V 2¢X

S`QQ7, "v h?2Q`2K eXRR �M/ G2KK�b eXR8 �M/ eXRe- Bi 7QHHQrb i?�i i?2 H2M;i? Q7
i?2 T @T�i?b �M/ �m;K2MiBM; r�HF �`2 #QmM/ #v O (V )- �b i?2 aBKTHB7v T`Q+2/m`2
Bb mb2/ iQ `2/m+2 i?2B` H2M;i?b #2ir22M QT2`�iBQMbX aBM+2 i?2 aBKTHB7v T`Q+2/m`2
/Q2b MQi BM+`2�b2 i?2 MmK#2` Q7 P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF- i?2 MmK#2`
Q7 Bi2`�iBQMb Bb i?2 b�K2 �b BM i?2 bi�M/�`/ Ar�i�ĜuQFQB �H;Q`Bi?K- i?�i Bb O (V )X
Ai r�b b?QrM BM i?2 T`2HBKBM�`v T`QD2+i i?�i �HH +�HHb iQ i?2 b?Q`i+mi QT2`�iBQM- i?2
T�`iB�H bvKK2i`B+ /Bz2`2M+2 QT2`�iBQM �M/ i?2 aBKTHB7v T`Q+2/m`2 �`2 #QmM/ #v
O (V ) r?2M i?2 T @T�i?b �M/ �m;K2MiBM; r�HF ?�p2 H2M;i?b #QmM/ #vO (V )X h?mb-
Bi bm{+2b iQ b?Qr i?�i i?2`2 Bb � +QMbi�Mi MmK#2` Q7 +�HHb iQ i?2b2 T`Q+2/m`2b BM
� bBM;H2 Bi2`�iBQM Q7 i?2 HQQT QM HBM2 kX GBM2b 9- 8 �M/ d +QMi�BM bBM;H2 +�HHb iQ
i?2 T`Q+2/m`2b- r?BH2 HBM2 Ry +QMi�BMb +�HHb iQ i?2 aBKTHB7v T`Q+2/m`2 BM � HQQTX
6`QK G2KK� eXRe- Bi 7QHHQrb i?�i i?2 MmK#2` Q7 pBbBib iQ i?2 �m;K2MiBM; r�HF Bb
�i KQbi }p2 �i i?2 bi�`i Q7 i?Bb HQQT- �M/ i?mb i?2 MmK#2` Q7 +�HHb Bb `2bi`B+i2/
iQ �i KQbi i?`22X h?Bb K2�Mb i?�i i?2 HQQT QM HBM2b k i?`Qm;? Ry ?�b � iBK2
+QKTH2tBiv Q7 O

°
V 2¢X

GBM2b RR i?`Qm;? Rj +QMbBbib Q7 � MmK#2` Q7 mM@+v+HBM;bX 6Q` � r�HF- W -
i?2 mM@+v+HBM; +�M #2 T2`7Q`K2/ BM O (V +W )X aBM+2 �HH i?2 T @T�i?b �M/ i?2
�m;K2MiBM; r�HF �`2 #QmM/ #v O (V )- i?Bb K2�Mb i?�i 2�+? mM@+v+HBM; +�M #2
T2`7Q`K2/ BM O (V )X h?2 MmK#2` Q7 mM@+v+HBM; QT2`�iBQMb `2[mB`2/ Bb #QmM/ #v
i?2 MmK#2` Q7 P j @b2;K2Mib BM i?2 BMBiB�H �m;K2MiBM; r�HF- O (V )- `2bmHiBM; BM
HBM2b RR i?`Qm;? Rj ?�p2 � iBK2 +QKTH2tBiv Q7 O

°
V 2¢X �b bm+?- i?2 r?QH2 �m;@

K2Mi  T`Q+2/m`2 ?�b � iBK2 +QKTH2tBiv Q7 O
°
V 2¢X Á

aBM+2 i?2 �m;K2Mi�iBQM T`Q+2/m`2 Q`B;BM�HHv mb2/ BM i?2 BKT`Qp2K2Mib ?�b �
iBK2 +QKTH2tBiv Q7 O

°
V 2¢- �m;K2Mi  K�v #2 mb2/ BMbi2�/ rBi?Qmi +?�M;2b

dk



iQ i?2 iBK2 +QKTH2tBivX �b bm+?- i?2 BKT`Qp2K2Mib 7`QK i?2 T`2HBKBM�`v T`QD2+i
K�v #2 2KTHQv2/ iQ;2i?2` rBi? i?2 /2H�v2/ +v+H2 `2KQp�H bi`�i2;vX

eXj *v+H2 _2KQp�H 1{+B2M+v
>�pBM; BMi`Q/m+2/ irQ /BbiBM+i K2i?Q/b 7Q` ?�M/HBM; +v+H2b BM i?2 T @T�i?b- QM2
K�v rQM/2` r?B+? Q7 i?2 irQ bi`�i2;B2b Bb i?2 KQbi 2z2+iBp2X h?2 �Mbr2` Bb MQi
bi`�B;?i 7Q`r�`/ �M/ KQbi HBF2Hv /2T2M/b QM i?2 bT2+B}+ +H�bb Q7 ;`�T?b- i?�i Bb-
?Qr HBF2Hv �`2 +v+H2b iQ Q++m` �M/ 2bT2+B�HHv +v+H2b rBi? P j @b2;K2MibX

h?2 /2H�v2/ +v+H2 `2KQp�H K2i?Q/ Bb � Km+? bBKTH2` K2i?Q/ rBi? 2�+? mM@
+v+HBM; `2[mB`BM; 72r2` +?2+Fb i?�M i?2 BKK2/B�i2 +v+H2 `2KQp�H T`Q+2/m`2X h?mb-
QM2 +�M 2tT2+i i?�i i?2 /2H�v2/ `2KQp�H �TT`Q�+? K�v `2bmHi BM 72r2` QT2`�iBQMbX
1bT2+B�HHv- +QMbB/2`BM; i?�i QM2 BM T`�+iB+2 QMHv M22/b iQ T2`7Q`K i?2 mM@+v+HBM;
T`Q+2/m`2 QM+2 7Q` 2�+? +?�M;2/ T @T�i?- `�i?2` i?�M QM+2 2�+? iBK2 i?2 T @T�i?
Bb +?�M;2/X PM i?2 Qi?2` ?�M/- i?2 BKK2/B�i2 `2KQp�H �TT`Q�+? K�v `2/m+2 i?2
MmK#2` Q7 P j @b2;K2Mib BM i?2 �m;K2MiBM; r�HF r?2M `2KQpBM; � +v+H2- �M/- �b
bm+?- `2/m+2 i?2 MmK#2` Q7 Bi2`�iBQMb `2[mB`2/ BM i?2 �m;K2Mi�iBQM T`Q+2/m`2X
�//BiBQM�HHv- i?2 BKK2/B�i2 `2KQp�H Q7 +v+H2b BKK2/B�i2Hv `2/m+2b i?2 H2M;i? Q7
i?2 T @T�i?b �M/ TQbbB#Hv i?2 �m;K2MiBM; r�HF- r?B+? ;2M2`�HHv `2bmHib BM i?2
Qi?2` QT2`�iBQMb BM i?2 �m;K2Mi�iBQM T`Q+2/m`2 `2[mB`BM; 72r2` QT2`�iBQMb T2`
�TTHB+�iBQMX LQi2 i?�i i?2 /2H�v2/ +v+H2 `2KQp�H- rBi? i?2 BKT`Qp2K2Mib 7`QK
i?2 T`2HBKBM�`v T`QD2+i- rBHH �HbQ F22T i?2 T @T�i?b �M/ i?2 �m;K2MiBM; r�HF
b?Q`iX

�//BiBQM�HHv- Bi Bb rQ`i? MQiBM; i?�i 7Q` i?2 /2H�v2/ `2KQp�H �TT`Q�+? Bi Bb
TQbbB#H2 iQ T2`7Q`K i?2 mM@+v+HBM; Q7 i?2 T @T�i?b BM T�`�HH2HX h?Bb- �b i?2 T @T�i?b
�`2 2/;2@/BbDQBMi- �M/ i?mb �`2 +QKTH2i2Hv b2T�`�i2/ 7`QK 2�+? Qi?2`X h?Bb Bb MQi
TQbbB#H2 BM i?2 +�b2 Q7 i?2 BKK2/B�i2 `2KQp�H �TT`Q�+?- r?2`2 �i �Mv TQBMi QMHv
QM2 T @T�i? K�v +QMi�BM +v+H2bX h?mb- 7Q` � T�`�HH2H +QKTmiBM; �TT`Q�+?- i?2
/2H�v2/ `2KQp�H �TT`Q�+? Bb ?B;?Hv T`272``2/X

dj
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*?�Ti2` d

*QM+Hm/BM; _2K�`Fb �M/
6mim`2 qQ`F

h?`Qm;?Qmi i?Bb i?2bBb � ?�M/7mH Q7 KBb@ �M/fQ` mM?�M/H2/ 2/;2 +�b2b ?�p2 #22M
T`2b2Mi2/X h?2 2tBbi2M+2 Q7 i?2b2 2/;2 +�b2b `2bmHib BM i?2 BM+Q``2+iM2bb Q7 i?2
�H;Q`Bi?K- i?�i Bb- i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- �b T`2b2Mi2/ #v Ar�i� �M/ uQFQB
BM i?2B` T�T2`- Bb MQi 7mHHv +Q``2+iX _2;�`/H2bb- MQ T`Q#H2Kb r2`2 7QmM/ rBi? i?2
mM/2`HvBM; +QM+2Tib Q7 i?2 �H;Q`Bi?KX h?2 T`Q#H2Kb- BM `2;�`/b iQ +Q``2+iM2bb-
Bb i?2b2 2/;2 +�b2b i?�i +�M #2 ?�M/H2/ #v T2`7Q`KBM; KBMQ` KQ/B}+�iBQMb Q`
2tT�MbBQMb iQ bm#@T`Q+2/m`2bX h?Bb K2�Mb i?�i i?2 mM/2`HvBM; +QM+2Tib Q7 i?2
Ar�i�ĜuQFQB �H;Q`Bi?K b22K iQ #2 +Q``2+i- rBi? QMHv � 72r 2/;2 +�b2b #2BM;
KBbb2/X h?Bb Bb BM Bib2H7 MQi mMHBF2Hv 7Q` +QKTH2t �H;Q`Bi?Kb bm+? �b i?Bb QM2X Ai
Bb �HbQ � ;2M2`�H `2bmHi Q7 i?2 bi�M/�`/ �TT`Q�+? iQ T`QpBM; +Q``2+iM2bb- r?B+? Bb
?mK�M T`QQ7bX q?BH2 r2HH@r`Bii2M ?mK�M T`QQ7b +�M ;2M2`�HHv #2 �bbmK2/ iQ #2
i`m2- i?2`2 Bb �Hr�vb � bHB;?i +?�M+2 i?�i bQK2 bK�HH 2/;2 +�b2 ?�b #22M KBbb2/
Q` bQK2 b22KBM;Hv BMbB;MB}+�Mi �bbmKTiBQM /Q2b MQi 7mHHv ?QH/X

� KQ`2 �TT`QT`B�i2 [m2biBQM iQ /Bb+mbb Bb B7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K rBi?
i?2 KQ/B}+�iBQMb bm;;2bi2/ BM i?Bb i?2bBb Bb +Q``2+iX AM i?2 b�K2 r�v i?�i QM2
;2M2`�HHv �bbmK2b i?�i �H;Q`Bi?Kb rBi? �TT`QT`B�i2 T`Qp2M i?2Q`2Kb �`2 +Q``2+i-
i?2`2 Bb MQi?BM; BM/B+�iBM; i?�i i?2 KQ/B}2/ p2`bBQM Q7 i?2 �H;Q`Bi?K Bb MQi
+Q``2+iX .m`BM; i?2 rQ`F QM i?Bb i?2bBb b2p2`�H �ii2KTib ?�p2 #22M K�/2 �i
}M/BM; Qi?2` mM?�M/H2/ 2/;2 +�b2b- #mi rBi? i?2 +�b2b Q7 *?�Ti2`b j i?`Qm;?
e +Qp2`2/ i?2`2 b22Kb iQ #2 MQ `2K�BMBM; mM?�M/H2/ 2/;2 +�b2bX �b bm+?- QM2
+�M BM i?2 b�K2 r�v �b Qi?2` �H;Q`Bi?Kb �`2 �bbmK2/ iQ #2 +Q``2+i- ;Bp2M i?2B`
T`QQ7b- �bbmK2 i?�i i?2 Ar�i�ĜuQFQB �H;Q`Bi?K rBi? i?2 ;Bp2M KQ/B}+�iBQMb Bb
+Q``2+iX

hQ #2 T2/�MiB+ QM2 +QmH/ T2`7Q`K � 7Q`K�H T`QQ7 Q7 i?2 �H;Q`Bi?KX h?Bb
�TT`Q�+?- r?B+? /2b+`B#2b i?2 �H;Q`Bi?K �M/ Bib i?2Q`2Kb mbBM; � 7Q`K�H H�M@
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;m�;2- �BKb �i b?QrBM; i?2 +Q``2+iM2bb i?`Qm;? b2[m2M+2b Q7 b2Mi2M+2b BM � 7Q`@
K�H H�M;m�;2X � 7Q`K�H T`QQ7 /2`Bp2b i?2 bi�i2/ T`QT2`iB2b �M/ i?2Q`2Kb 7`QK
i?2 /2b+`BTiBQM Q7 i?2 �H;Q`Bi?K i?`Qm;? i?2b2 b2[m2M+2b Q7 b2Mi2M+2bX .m2 iQ
Bib `B;Q`Qmb M�im`2- /2`BpBM; � 7Q`K�H T`QQ7 Bb H�#Q`BQmb �M/ Q7i2M `2[mB`2b 2t@
i2MbBp2 rQ`FX .m2 iQ i?2 +QKTH2tBiv Q7 i?2 Ar�i�ĜuQFQB �H;Q`Bi?K- �HQM; rBi?
i?2 i?2Q`2Kb #2BM; iB;?iHv FMBi- r2 /22K T2`7Q`KBM; � 7Q`K�H T`QQ7 �b Q7 HBiiH2
p�Hm2X h?Bb Bb K�BMHv /m2 iQ i?2 H�`;2 �KQmMi Q7 rQ`F `2[mB`2/- 2p2M rBi? �
+QKTmi2`@�bbBbi2/ T`QQ7- BM `2H�iBQM iQ i?2 `2H�iBp2Hv bK�HH ;�BM BM +2`i�BMiv QM
i?2 +Q``2+iM2bbX

�MQi?2` �TT`Q�+? i?�i +�M #2 i�F2M iQ #2ii2` ;m�`�Mi22 i?2 +Q``2+iM2bb Q7
i?2 �H;Q`Bi?K- �M/ i?�i iB2b r2HH rBi? i?2 +QMiBMm�iBQM Q7 i?2 T`QD2+i- Bb +?2+FBM;
i?2 �H;Q`Bi?K mbBM; �M BKTH2K2Mi�iBQMX "v BKTH2K2MiBM; i?2 �H;Q`Bi?K- Bi +�M
#2 `mM Qp2` � H�`;2 MmK#2` Q7 �miQK�iB+�HHv ;2M2`�i2/ BMTmib r?BH2 +?2+FBM; i?2
+Q``2bTQM/BM; QmiTmib 7Q` +Q``2+iM2bbX 6Q` i?2 2/;2@/BbDQBMi T @T�i?b T`Q#H2K-
KQbi Q7 i?2 T`QT2`iB2b Q7 i?2 QmiTmi b2i +�M 2�bBHv #2 +?2+F2/- �b i?2 +?2+F 7Q` B7
i?2 QmiTmi Bb T @T�i?b �M/ B7 i?2v �`2 2/;2@/BbDQBMi �`2 #Qi? 2�bBHv p2`B}�#H2X 6Q`
i?2 K�tBKmK@+�`/BM�HBiv T`QT2`iv Q7 i?2 b2i- i?Bb Bb MQi �b 2�bv- �b +?2+FBM; B7 �M
QmiTmii2/ b2i ?�b K�tBKmK +�`/BM�HBiv `2[mB`2b i?2 mb�;2 Q7 J�/2`Ƕb i?2Q`2KX
J�/2`Ƕb i?2Q`2KǶb #`mi2 7Q`+2 �TT`Q�+? K�F2b Bi p2`v iBK2 +QMbmKBM; iQ +?2+F
KQ`2 i?�M � bK�HH MmK#2` Q7 bBKTH2 +�b2bX h?mb- � biQT;�T bQHmiBQM Q7 +QKT�`BM;
i?2 bBx2 Q7 i?2 `2bmHi Q7 BKTH2K2Mi�iBQMb Q7 irQ /BbiBM+i �H;Q`Bi?Kb +�M #2 mb2/X
h?Bb �TT`Q�+?- r?BH2 MQi T2`72+i- rBHH 2Bi?2` `2bmHi BM }M/BM; KBbi�F2b BM QM2
Q7 i?2 BKTH2K2Mi�iBQMb UQ` #Qi?V Q` ;m�`�Mi22 i?�i B7 i?2`2 �`2 �Mv KBbi�F2b
BM i?2 BKTH2K2Mi�iBQMb- i?2v `2bmHi BM i?2 b�K2- r`QM;- `2bmHib 7Q` irQ /BbiBM+i
�H;Q`Bi?KbX h?2 H�ii2` Bb H2bb HBF2Hv i?�M KBbi�F2b BM QM2 �H;Q`Bi?K- �M/ i?mb
b?QmH/ T`QpB/2 � #2ii2` ;m�`�Mi22 7Q` i?2 +Q``2+iM2bb Q7 i?2 �H;Q`Bi?KbX h?Bb Bb
�HbQ i?2 r�v i?�i QM2 Q7 i?2 2/;2 +�b2b /2b+`B#2/ BM i?Bb i?2bBb r�b 7QmM/X aBM+2
i?2 i?2bBb r�b Q`B;BM�HHv bmTTQb2/ iQ bi�`i T2`7Q`KBM; 2KTB`B+�H 2p�Hm�iBQM Q7
i?2 �H;Q`Bi?Kb- i?Bb K2i?Q/ r�b mb2/ r?2M +?2+FBM; B7 i?2 �H;Q`Bi?Kb ?�/ #22M
+Q``2+iHv BKTH2K2Mi2/X h?Bb H2�/ iQ }M/BM; � +�b2 BM r?B+? +v+H2b �TT2�`2/ BM
i?2 T @T�i?bX

GQQFBM; 7Q`r�`/- i?2`2 Bb biBHH � HQi Q7 rQ`F `2[mB`2/ BM Q`/2` iQ 2bi�#HBb?
� 7mHHv T`�+iB+�H �TT`Q�+? iQ i?2 iQTB+X 6B;m`2 dXR b?Qrb i?2 b�K2 iBK2HBM2 �b
BM i?2 BMi`Q/m+iBQM- r?2`2 i?2 T`2HBKBM�`v T`QD2+i �M/ i?Bb i?2bBb ?�p2 H�B/ i?2
7QmM/�iBQM 7Q` BKTH2K2Mi�iBQM- 2p�Hm�iBQM �M/ +QKT�`BbQM Q7 i?2 /Bz2`2Mi �H;Q@
`Bi?KbX h?2 M2ti bi2T Bb iQ +QMiBMm2 BKTH2K2MiBM; i?2 /Bz2`2Mi �H;Q`Bi?Kb- mbBM;
i?2b2 BKTH2K2Mi�iBQMb iQ T2`7Q`K 2p�Hm�iBQM �M/ +QKT�`BbQM Q7 i?2 �H;Q`Bi?KbX
1bT2+B�HHv- QM2 b?QmH/ i`v iQ BKTH2K2Mi i?2 /Bz2`2Mi p�`B�Mib Q7 i?2 Ar�i�ĜuQFQB
�H;Q`Bi?K bm;;2bi2/ BM i?Bb i?2bBb �M/ i?2 T`2HBKBM�`v T`QD2+i- K2�bm`BM; r?B+?
Q7 i?2 p�`B�iBQMb `2bmHi BM BM+`2�b2/ 2{+B2M+v �M/- B7 �Mv- r?B+? `2bmHib BM i?2
;`2�i2bi BM+`2�b2 BM 2{+B2M+vX

de



S`2`2[mBbBi2

�H;Q`Bi?KB+
/2bB;M

S`2HBKBM�`v T`QD2+i
+ K�bi2`Ƕb i?2bBb

am`p2v �M/
+Q``2+iM2bb

6mim`2 rQ`F

AKTH2K2Mi�iBQM 1p�Hm�iBQM �M/
+QKT�`BbQM

6B;m`2 dXR, S`QD2+i iBK2HBM2 7Q` � T`�+iB+�H �TT`Q�+? iQ i?2 T @T�i?b T`Q#H2Kb

dd



d3



"B#HBQ;`�T?v

(R) hX :�HH�BX ǳJ�tBKmK@KBMBKmK b ix2 mM/ p2`�HH;2K2BM2`i2 7�FiQ`2M pQM
;`�T?2MǴX AM, �+i� J�i?2K�iB+� >mM;�`B+� Rk URNeRV- TTX RjRĜRdjX

(k) qX J�/2`X ǳɂ#2` /B2 J�tBK�Hx�?H F�Mi2M/BbDmMFi2` �@r2;2ǴX AM, �`+?Bp
/2` J�i?2K�iBF jy UR RNd3V- TTX jk8ĜjjeX

(j) qX J�/2`X ǳɂ#2` /B2 J�tBK�Hx�?H F`2mxmM;b7`2B2` >@r2;2ǴX AM, �`+?Bp /2`
J�i?2K�iBF jR UR RNd3V- TTX j3dĜ9ykX

(9) aX Ar�i� �M/ uX uQFQBX ǳ� "HQbbQK �H;Q`Bi?K 7Q` J�tBKmK 1/;2@.BbDQBMi
h@S�i?bǴX AM, S`Q+22/BM;b Q7 i?2 h?B`iv@}`bi �MMm�H �*J@aA�J avKTQbBmK
QM .Bb+`2i �H;Q`Bi?Kb- aP.� kyky- a�Hi G�F2 *Biv- li�?- la�- C�Mm�`v
8@3- kykyX kykyX

(8) CX 1/KQM/bX ǳS�i?b- h`22b- �M/ 6HQr2`bǴX AM, *�M�/B�M CQm`M�H Q7 J�i?2@
K�iB+b Rd URNe8V- TTX 99NĜ9edX

(e) �X a+?`BDp2`X *QK#BM�iQ`B�H PTiBKBx�iBQM @ SQHv?2/`� �M/ 1{+B2M+vX aT`BM;2`-
kyyjX

(d) >X uX *?2mM;- GX *X G�m- �M/ EX JX G2mM;X ǳ�H;2#`�B+ �H;Q`Bi?Kb 7Q`
GBM2�` J�i`QB/ S�`Biv S`Q#H2KbǴX AM, �*J h`�MbX �H;Q`Bi?Kb RyXj UkyR9V-
TTX RĜkeX

(3) 6X GX :�HHX ǳSQr2`b Q7 h2MbQ`b �M/ 6�bi J�i`Bt JmHiBTHB+�iBQMǴX AM, S`Q@
+22/BM;b Q7 i?2 jNi? AMi2`M�iBQM�H avKTQbBmK QM avK#QHB+ �M/ �H;2#`�B+
*QKTmi�iBQMX Aaa�* ǶR9X EQ#2- C�T�M, �*J- kyR9- TTX kNeĜjyjX Bb#M,
Nd3@R@98yj@k8yR@RX

(N) >X >mKK2HX h?2 1/;2@.BbDQBMi T @T�i?b T`Q#H2KX S`QD2+i BM h.h98yRX LQ`@
r2;B�M lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v- .2T�`iK2Mi Q7 *QKTmi2`
a+B2M+2- .2+X kyRNX

(Ry) _X GX _Bp2bi hX >X *Q`K2M *X 1X G2Bb2`bQM �M/ *X ai2BMX AMi`Q/m+iBQM iQ
�H;Q`Bi?KbX j`/ 2/X h?2 JAh S`2bb- kyyNX Bb#M, Nd3@y@kek@8jjy8@3X

dN



(RR) CX*XJX E2BDbT2`- _X�X S2M/�pBM;?- �M/ GX aiQm;B2X ǳ� HBM2�` T`Q;`�KKBM;
7Q`KmH�iBQM Q7 J�/2`Ƕb 2/;2@/BbDQBMi T�i?b T`Q#H2KǴX AM, CQm`M�H Q7 *QK@
#BM�iQ`B�H h?2Q`v- a2`B2b " N8 UkyyeV- TTX R8NĜRejX
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