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*QMi2Mib

R AMi`Q/m+iBQM R

RXR JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R

RXk _2b2�`+? [m2biBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j

RXj GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

k GBi2`�im`2 `2pB2r 8

kXR h?2 T?vbB+�H BMi2`M2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8

kXRXR S?vbB+�H �M/ /B;Bi�H /`Bp2`b X X X X X X X X X X X X X X X X X X X X X X 8

kXRXk h?2 /B;Bi�H BMi2`M2i �M�HQ;v X X X X X X X X X X X X X X X X X X X X X X 8

kXRXj h?2 T?vbB+�H BMi2`M2i �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X d

kXRX9 h?2 T?vbB+�H BMi2`M2i TQi2MiB�Hb �M/ M22/b X X X X X X X X X X X X X X RR

kXk *Biv HQ;BbiB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR

kXkXR .2}MBiBQMb Q7 +Biv HQ;BbiB+b X X X X X X X X X X X X X X X X X X X X X X X Rk

kXkXk 1@+QKK2`+2b- ?QK2 /2HBp2`B2b �M/ H�bi KBH2 Bbbm2b X X X X X X X X X X Rk

kXkXj SB+FmT TQBMib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

kXkX9 *Biv HQ;BbiB+b BM "`mbb2Hb X X X X X X X X X X X X X X X X X X X X X X X X R9

kXj PTiBKBx�iBQM KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

kXjXR ai`�i2;B+ /2+BbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

kXjXk h�+iB+�H /2+BbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN

kXjXj PT2`�iBQM�H /2+BbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X ky

kX9 Sm#HB+ i`�MbTQ`i�iBQM KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X ky

kX9XR a?�`2/ T�bb2M;2` �M/ 7`2B;?i i`�MbTQ`ib X X X X X X X X X X X X X X X ky

kX9Xk L2irQ`F i?2Q`v �TTHB2/ iQ Tm#HB+ i`�MbTQ`ib X X X X X X X X X X X X X kk

j J2i?Q/QHQ;v k8

jXR PT2`�iBQM�H T`Q+2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8



BBX

jXk L2irQ`F /2bB;M KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd

9 �M�HvbBb kN

9XR .�i� 2tTH�M�iBQM �M/ T`2T`Q+2bbBM; X X X X X X X X X X X X X X X X X X X X X X kN

9XRXR h?2 Tm#HB+ i`�MbTQ`i M2irQ`F X X X X X X X X X X X X X X X X X X X X X kN

9XRXk .2TQi HQ+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

9XRXj 1biBK�iBQM Q7 i?2 /2K�M/ 7Q` T�`+2Hb X X X X X X X X X X X X X X X X X jk

9Xk SQi2MiB�H HQ+F2` HQ+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

9XkXR *2Mi`�HBiv BM/B+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

9XkXk h`�Mbb?BTK2Mi ?m# HQ+�iBQM X X X X X X X X X X X X X X X X X X X X X X j8

9XkXj SQi2MiB�H HQ+F2` HQ+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X je

9Xj GQ+F2` HQ+�iBQM KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

9XjXR JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

9XjXk _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y

9X9 L2irQ`F /2bB;M T`Q#H2K X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98

9X8 SH�MMBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

9X8XR PT2`�iBQM�H T`Q+2bb X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

9X8Xk �TTHB+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93

9X8Xj _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N

8 *QM+HmbBQM 8R

8XR J�M�;2`B�H }M/BM;b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

8Xk h?2Q`2iB+�H +QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

8Xj *`BiB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k

� �TT2M/Bt eR

�R _�r /�i�#�b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

�RXR "`mbb2Hb ;2Q;`�T?v �M/ TQTmH�iBQM X X X X X X X X X X X X X X X X X X eR



BBBX

�RXk h?2 ahA" M2irQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

�k GQ+F2` HQ+�iBQM KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

�j h?2 K�BM Tvi?QM }H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

�jXR .�i� T`Q+2bbBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

�jXk S�`�K2i2`b ;2M2`�iBQM �M/ 2tTQ`i Q7 i?2 /�i� X X X X X X X X X X X X ek

�jXj �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

�9 L2irQ`F /2bB;M X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

�9XR aBKmH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

�9Xk AHHmbi`�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

�8 6QH/2` ǳBMbi�M+2bǴ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

�e 6QH/2` ǳ`2bmHibǴ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

�d 6QH/2` ǳ};m`2bǴ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

�3 6QH/2` ǳ/2TQibǴ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

�N *2Mi`�HBiv r2B;?ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

�Ry SH�MMBM; `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8



BpX

GBbi Q7 6B;m`2b

R PT2`�iBQM�H T`Q+2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

k 1MiBiv `2H�iBQMb 7Q` i?2 ahA" U;i7bV /�i�#�b2 X X X X X X X X X X X X X X X X X jy

j h?2 ahA" M2irQ`F �M/ i?2 /2TQi bi�iBQMb X X X X X X X X X X X X X X X X X X jj

9 "`mbb2Hb `2bB/2MiB�H /Bbi`B+ib �M/ i?2B` +2Mi`QB/ `2~2+iBM; i?2 /2K�M/ X X X jj

8 SQi2MiB�H HQ+F2` HQ+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd

e _2bmHib Q7 i?2 HQ+�iBQM KQ/2H rBi? irQ i`�Mbb?BTK2Mi ?m#b X X X X X X X X X 9R

d _2bmHi Q7 i?2 HQ+�iBQM KQ/2H rBi? _Q;B2` �b mMB[m2 i`�Mbb?BTK2Mi ?m# X X 9k

3 _2bmHi Q7 i?2 HQ+�iBQM KQ/2H rBi? _Q;B2` �b mMB[m2 i`�Mbb?BTK2Mi ?m# �M/
rBi? i?2 �//BiBQM Q7 *BKX /2 C2ii2 iQ i?2 b2i Q7 TQi2MiB�H HQ+�iBQMb X X X X X 9k

N *Qp2`�;2 Q7 "`mbb2Hb /Bbi`B+ib 7Q` i?2 bBM;H2 ?m# +�b2 X X X X X X X X X X X X 9j

Ry _2bmHib Q7 i?2 HQ+�iBQM KQ/2H rBi? i?2 b2i Q7 HQ+�iBQMb i?�i +�M #2 `2�+?2/
#v QM2 Q7 i?2 /2TQi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8



pX

GBbi Q7 h�#H2b

R LQ/2 BKTQ`i�M+2 BM/B+2b �++Q`/BM; iQ w?�Q 2i �HX UkyR3V �M/ +H�`B}2/ #v
L2rK�M UkyReV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk

k S�B`@rBb2 +QKT�`BbQM QM � b+�H2 Q7 R iQ N- MQ`K�HBx�iBQM �M/ r2B;?ib 7Q`
i?2 +2Mi`�HBx�iBQM BM/B+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8

j *2Mi`�HBiv BM/B+2b 7Q` i?2 KQbi +2Mi`�H TQi2MiB�H ?m# HQ+�iBQMb �M/ i?2B`
+QMM2+iBM; `Qmi2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je

9 a2ib- T�`�K2i2`b �M/ p�`B�#H2b 7Q` i?2 HQ+F2` HQ+�iBQM KQ/2H X X X X X X X X jN

8 _2bmHib Q7 i?2 7�+BHBiv HQ+�iBQM KQ/2H rBi? irQ i`�Mbb?BTK2Mi ?m#bX X X X X 9y

e _2bmHib Q7 i?2 HQ+�iBQM KQ/2H rBi? i?2 biQT _Q;B2` �b � mMB[m2 i`�Mbb?BT@
K2Mi ?m# X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

d _2bmHib Q7 i?2 7�+BHBiv HQ+�iBQM KQ/2H rBi? _Q;B2` �b � mMB[m2 ?m# �M/ rBi?
i?2 �//BiBQM Q7 i?2 biQT *BK2iBĕ`2 /2 C2ii2 BM i?2 b2i Q7 TQi2MiB�H HQ+�iBQMb 99

3 *Qp2`�;2 Q7 i?2 bi�iBQM .2H�+`QBt +QKT�`2/ iQ i?2 Qi?2` bi�iBQMb BM Bib �`2�X 99

N S�i?b iQ ?�M/H2 i?2 T�`+2Hb i?`Qm;? ahA" K2i`Q b+?2/mH2b X X X X X X X X X 9e

Ry _2bmHib Q7 i?2 �HHQ+�iBQM Q7 T�`+2Hb iQ i`BTb X X X X X X X X X X X X X X X X X X 8y

�3XRR_2bmHib Q7 i?2 HQ+�iBQM KQ/2H 7Q` i?2 b2i Q7 HQ+�iBQMb i?�i +�M #2 `2�+?2/
#v QM2 Q7 i?2 /2TQib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8
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R AMi`Q/m+iBQM

RXR JQiBp�iBQM

6QHHQrBM; i?2 *HBK�i2 �+iBQM amKKBi Q7 kyRe- i?2 qQ`H/ "�MF #`Qm;?i iQ;2i?2` i`�MbTQ`i
bi�F2?QH/2`b iQ /2}M2 �M/ �+?B2p2 bmbi�BM�#H2 KQ#BHBivX 6`QK i?Bb- 7Qm` +?�`�+i2`BbiB+b
�M/ T`BQ`BiB2b +�K2 Qmi, mMBp2`b�H �++2bb- 2{+B2M+v- b�72iv �M/ ;`22M KQ#BHBivX UqQ`H/
"�MF- kyRdV

*QM+2`MBM; ;`22M KQ#BHBiv �M/ 2{+B2M+v- i?2 1m`QT2�M *QKKBbbBQM UkyR9V Tm#HBb?2/ �
`2TQ`i iQ 2tTH�BM i?2B` i`�MbTQ`i TQHB+B2b �M/ ?B;?HB;?i2/ bQK2 +?�HH2M;2b i?�i rBHH ?�p2
iQ #2 7�+2/ BM i?2 +QKBM; v2�`b,

Ç *QM;2biBQM Bb 2biBK�i2/ iQ +Qbi RW Q7 i?2 1m`QT2�M :.S QM iQT Q7 i?2 bQ+B�H �M/
2MpB`QMK2Mi�H BKT�+i Bi ?�b QM bQ+B2ivc

Ç h?2 i`�MbTQ`i b2+iQ` Bb /2T2M/BM; KQbiHv QM QBH UNeWVX oQH�iBHBiv Q7 i?2 K�`F2i �M/
7mim`2 bQm`+BM; /B{+mHiB2b K�F2 Bi 2bb2MiB�H iQ }M/ �Hi2`M�iBp2 K2�Mb Q7 i`�MbTQ`ic

Ç :`22M?Qmb2 ;�b 2KBbbBQMb ?�p2 iQ #2 +mi �M/ i`�MbTQ`i Bb `2bTQMbB#H2 7Q` k8W Q7 i?2
1lǶb 2KBbbBQMbc

Ç h?2 2{+B2M+v Q7 i`�MbTQ`i�iBQM M22/b iQ BM+`2�b2X GQ;BbiB+b b?QmH/ #2 BKT`Qp2/
#mi BMi2;`�iBQM �M/ mMB}+�iBQM Q7 �p�BH�#H2 i`�MbTQ`i K2�Mb �M/ M2irQ`Fb �`2 �HbQ
2bb2MiB�H iQ QTiBKBx2 +�T�+Biv �M/ mb2c

Ç h?2 1l b?QmH/ rQ`F 7Q` � #2ii2` BM7`�bi`m+im`2, #mBH/ KBbbBM; HBMF �M/ #2ii2`
BMi2;`�i2 r?�i Bb �p�BH�#H2c

�//BiBQM�HHv- i?2 i`2M/ 7Q` m`#�MBx�iBQM �M/ i?2 ;`QrBM; /2K�M/ 7Q` i`�MbTQ`i U7`2B;?i
i`�MbTQ`i rBHH ;`Qr #v 3yW #v ky8yV �`2 �++2Mim�iBM; i?2 M22/ iQ }M/ � bQHmiBQM 7Q` i?2b2
+?�HH2M;2bX PTiBKBxBM; i?2 HQ;BbiB+b- brBi+?BM; iQ �Hi2`M�iBp2 i`�MbTQ`i K2�Mb UQ` 7m2HV
�M/ +QK#BMBM; /Bz2`2Mi i`�MbTQ`i KQ/2b #v +`2�iBM; +QKKQM bi�M/�`/b b22Kb +`m+B�HX



kX

�MQi?2` #B; +?�HH2M;2 Bb BM/m+2/ #v 2@+QKK2`+2X AM 1m`QT2- i?2 b2HHBM; �M/ /2HBp2`v
Q7 T?vbB+�H ;QQ/b +QM+2`M KQ`2 i?�M 8yW Q7 2@+QKK2`+2 #mbBM2bb2bX h?Bb ;`Qri? Q7
2@+QKK2`+2 ?�b H2/ iQ �M BM+`2�b2 Q7 7`2B;?i i`�{+ BM Q{+2 �M/ `2bB/2MiB�H �`2�b rBi?
M2;�iBp2 BKT�+i QM �B` TQHHmiBQM- MQBb2 �M/ +QM;2biBQMX h?2b2 M2;�iBp2 2ti2`M�HBiB2b �`2
MQr /B`2+iHv �z2+iBM; T2QTH2 5 h?2 rBb? 7Q` �M �Hr�vb 7�bi2` /2HBp2`v Tmi 2p2M KQ`2
bi`�BM QM i?2 H�bi@KBH2 HQ;BbiB+, +QMbQHB/�iBQM #2+QK2 KQ`2 /B{+mHi �M/ +Qbib �`2 i?2`27Q`2
BM+`2�bBM;X .2HBp2`v 7�BHm`2b �`2 �HbQ 2M7Q`+BM; i?2b2 Bbbm2bX

6Q` � bmbi�BM�#H2 +Biv HQ;BbiB+b- T�`iM2`b?BTb #2ir22M T`Bp�i2 �M/ Tm#HB+ 2MiBiB2b �`2 F2vX
SQHB+v K�F2`b +QmH/ ?2HT BM i?2 7QHHQrBM; �`2�b, RV �/QTiBM; DQBMi /2HBp2`v bvbi2Kb BM
Q`/2` iQ +QMbQHB/�i2 ;QQ/b Q7 +QKT2iBiBp2 +�``B2`bc kV K�FBM; Tm#HB+ TH�+2b �p�BH�#H2 7Q`
i?2 /2p2HQTK2Mi Q7 T�`+2Hb HQ+F2`bc jV T`QKQiBM; i?2 mb2 Q7 +�`;Q@#BF2b- 2i+X Up�M /2M
"Qbb+?2- J�2b- o�M2HbH�M/2`- J�+�`BQ- �M/ _2Bb UkyR3V c S2`#QHB �M/ _Qb�MQ UkyRNV c
h�MB;m+?B UkyR9VV

hQ/�v- r2 �`2 2Mi2`BM; � 7Qm`i? `2pQHmiBQM r?B+? Bb +?�`�+i2`Bx2/ #v i2+?MQHQ;v �M/ /B;B@
i�HBx�iBQMX h?Bb `2pQHmiBQM Bb 2pQHpBM; 7�bi �M/ ?�b � ;HQ#�H BKT�+i �+`Qbb 2MiB`2 bvbi2Kb
Ua+?r�#- kyRdVX h?�MFb iQ i?2b2 i2+?MQHQ;B+�H �M/ /B;Bi�H BMMQp�iBQM- i?2 BMi2`M2i@Q7@
i?BM;b Bb #2+QKBM; � `2�HBiv, i?2 Q#D2+ib �`2 +QKKmMB+�iBM;X _�/BQ@6`2[m2M+v A/2MiB}@
+�iBQM U_6A.V i�;b �`2 �H`2�/v mb2/ iQ QTiBKBx2 i?2 bmTTHv +?�BMb #v b?�`BM; 7Qm` K�BM
ivT2b Q7 BM7Q`K�iBQM, r?�i- r?2`2- r?2M �M/ r?vX Uhm- GBK- � u�M;- kyR3V h?Bb `2pQ@
HmiBQM Bb ;BpBM; mb M2r QTTQ`imMBiB2b iQ `2i?BMF Qm` +m``2Mi bvbi2K �M/ iQ /2�H rBi? i?2
K�Mv +?�HH2M;2b r2 �`2 MQr 7�+BM;X

6QHHQrBM; i?2b2 M2r TQbbB#BHBiB2b �M/ 7`QK i?2 Q#b2`p�iBQM i?�i Qm` T?vbB+�H Q#D2+ib �`2
i`�MbTQ`i2/ #mi �HbQ biQ`2/- T`Q/m+2/- bmTTHB2/ �M/ mb2/ BM �M mMbmbi�BM�#H2 r�v- JQM@
i`2mBH UkyRRV /2p2HQT2/ i?2 B/2� Q7 i?2 T?vbB+�H BMi2`M2iX AMbTB`2/ #v i?2 /B;Bi�H BMi2`M2i-
i?2 T?vbB+�H BMi2`M2i �BKb iQ `2b?�T2 i?2 HQ;BbiB+ Q7 T?vbB+�H Q#D2+i �b ǳ �M QT2M- ;HQ#�H
�M/ KmHiBKQ/�H HQ;BbiB+ bvbi2K 7QmM/2/ QM mMBp2`b�H- T?vbB+�H- /B;Bi�H- QT2`�iBQM�H- #mbB@
M2bb �M/ H2;�H BMi2`+QMM2+iBpBiv 2M�#H2/ i?`Qm;? rQ`H/ bi�M/�`/ 2M+�TbmH�iBQM- T`QiQ+QHb
�M/ BMi2`7�+2bǴ U*`�BMB+ �M/ JQMi`2mBH kyRe- TXj33VX h?2 �HHB�M+2 7Q` GQ;BbiB+b AMMQp�@
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iBQM h?`Qm;? *QHH�#Q`�iBQM BM 1m`QT2 U�HB+2V UkyR9V R ?�b +`2�i2/ � `Q�/K�T iQ 7mHHv
BKTH2K2Mi i?2 T?vbB+�H BMi2`M2i #v ky8yX .BpB/2/ BM 8 rQ`FBM; ;`QmTb- QM2 Q7 i?2K Bb
7Q+mbbBM; QM m`#�M HQ;BbiB+b �M/ i?2 m`#�M 7`2B;?i /2HBp2`B2b �M/ `2im`MbX h?2B` �BK Bb iQ
`2�+? 2{+B2Mi �M/ �miQK�i2/ /Bbi`B#miBQM bvbi2Kb #v kyjyX

RXk _2b2�`+? [m2biBQM

h?Bb i?2bBb T`QTQb2b � bQHmiBQM iQ 7�+2 i?2b2 +Biv HQ;BbiB+ +?�HH2M;2b #v mbBM; i?2 2tBbiBM;
Tm#HB+ i`�MbTQ`i BM7`�bi`m+im`2 7Q` i?2 /2HBp2`v Q7 T�`+2Hb 5

AMbTB`2/ #v i?2 T?vbB+�H BMi2`M2i- i?2 B/2� rBHH #2 iQ +QMbQHB/�i2/ T�`+2Hb BMiQ +QMi�BM2`b
�M/ HQ�/ i?2K rBi? i`QHH2vb QM i`�Kr�vb �M/ K2i`Qb 7`QK � /2TQi �i i?2 2/;2 Q7 i?2 +Biv
iQ � bi�iBQM +HQb2 iQ Q` +?Qb2M #v i?2 +QMbmK2`X AM i?2b2 bi�iBQMb- i?2 +QMbmK2`b rBHH
#2 �#H2 iQ QT2M i?2 +QMi�BM2`b rBi? � mMB[m2 +Q/2 �M/ ;2i i?2B` T�`+2Hb- bBKBH�`Hv iQ i?2
7mM+iBQMBM; Q7 �miQK�i2/ S�`+2Hb GQ+F2`b U�SGVX

aBM+2 i?2 i`�MbTQ`i Q7 T�bb2M;2` Bb � T`BQ`Biv 7Q` m`#�M TH�MM2`b- bm+? � bvbi2K b?QmH/
;m�`�Mi22 � 7�bi /2HBp2`v Q7 i?2 T�`+2Hb r?BH2 F22TBM; T�bb2M;2` b+?2/mH2 iBK2 mM/Bbim`#2/X
� KQ/2H iQ HQ+�i2 bm+? HQ+F2`b rBHH #2 #mBHi BM i?Bb i?2bBb rBi? i?2 +Biv Q7 "`mbb2Hb �M/
Bib Tm#HB+ i`�MbTQ`i UahA"@JAo"V �b � +�b2 bim/vX h?2M- #�b2/ QM i?2 +m``2Mi T�bb2M;2`
b+?2/mH2b Q7 ahA"- � b+?2/mHBM; KQ/2H rBHH #2 #mBHi iQ �HHQ+�i2 �M/ +QMbQHB/�i2 i?2 /2K�M/
bm+? �b KQpBM; � T�`+2H 7`QK � /2TQi �i i?2 2/;2 Q7 i?2 +Biv iQ � HQ+F2` BM i?2 +Biv +2Mi2`X

h?Bb i?2bBb rBHH }`bi- BM � `2pB2r Q7 i?2 HBi2`�im`2- /2}M2 i?2 +QM+2Tib `2H�i2/ iQ i?2 T?vbB@
+�H BMi2`M2i- +Biv HQ;BbiB+b �M/ 7`2B;?i i`�MbTQ`i�iBQMX h?2M- Bi rBHH HQQF �i i?2 QTiBKBx�iBQM
KQ/2HBM; HBi2`�im`2 �M/ Bib �TTHB+�iBQM BM b?�`2/ T�bb2M;2` �M/ 7`2B;?i i`�MbTQ`ibX AM �
b2+QM/ T�`i- � HQ+F2` HQ+�iBQM KQ/2H rBHH #2 #mBHi �M/ i2bi QM i?2 ahA" M2irQ`FX �//B@
iBQM�HHv- � b+?2/mHBM; KQ/2H rBHH #2 bQHp2/ iQ �bbB;M T�`+2Hb iQ K2i`Qb �M/ i`�Kb i`BTbX

Rh?Bb `2b2�`+? ;`QmT �BKb �i ;BpBM; � bi`�i2;v 7Q` HQ;BbiB+ �M/ bmTTHv +?�BM BMMQp�iBQM BM 1m`QT2X
AM i?2B` `Q�/K�Tb- i?2v ;Bp2 bm;;2biBQM �M/ iBK2 7`�K2 7Q` 7m`i?2` `2b2�`+?2b QM i?2 bm#D2+iX h?2v
+QQ`/BM�i2 i?2 `2b2�`+?2b QM i?2 T?vbB+�H BMi2`M2i �M/ i?2B` Q#D2+iBp2 Bb iQ `2�+? � 7mHHv BKTH2K2Mi2/
T?vbB+�H BMi2`M2i #v ky8yX
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RXj GBKBi�iBQMb

h?Bb i?2bBb �BKb iQ b?Qr QM2 r�v Q7 �TTHvBM; i?2 T?vbB+�H BMi2`M2i BM +BiB2bX Ai biBHH `2HB2b QM
bi`QM; i2+?MB+�H �bbmKTiBQMb bm+? �b i?2 +`2�iBQM Q7 +QMM2+i2/ �M/ �miQK�i2/ +QMi�BM2`b
�M/ i`QHH2vb #mi �HbQ i?2B` �p�BH�#BHBiv �i � /2+2Mi +QbiX

qBi?Qmi i?2b2 �bbmKTiBQMb- `2HvBM; QM T2`bQMb iQ KQp2 i?2 Q#D2+i +QmH/ #2 iQQ +QbiHv-
iBK2Hv �M/ mM`2HB�#H2 bm+? i?�i Bi K�v /Bbim`# i?2 T�bb2M;2`Ƕb b+?2/mH2bX am+? � bvb@
i2K rBHH i?mb `2[mB`2 M2r BM7`�bi`m+im`2b �M/ i?2 �bbQ+B�i2/ BMp2biK2Mi r?B+? rQMǶi #2
/Bb+mbb2/ BM /2i�BH BM i?Bb i?2bBbX JQ`2Qp2`- i?Bb bvbi2K b?QmH/ #2 7m`i?2` �/�Ti2/ iQ
�++QmMi 7Q` i?2 `2p2`b2 HQ;BbiB+ Q7 i?2b2 +QMi�BM2`bX h?Bb +QmH/ #2 �bbQ+B�i2/ iQ i?2 `2im`M
Q7 2@+QKK2`+2b ;QQ/ bm+? �b `2/m+BM; i?2 2KTiv `mMMBM;X
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k GBi2`�im`2 `2pB2r

kXR h?2 T?vbB+�H BMi2`M2i

kXRXR S?vbB+�H �M/ /B;Bi�H /`Bp2`b

AM kyy9- :2`b?2M72H/- EB`FQ`B�M- �M/ *Q?2M- 2KBi i?2 B/2� Q7 mbBM; i?2 BMi2`M2i iQ +QMM2+i
p�`BQmb /2pB+2b BMbi2�/ Q7 QMHv M2irQ`FbX h?2v r�Mi2/ iQ 2ti2M/ i?2 BMi2`M2i 7`QK i?2
+QKTmi2` ?�`/r�`2 iQ � #�bB+ /�BHv Q#D2+i HBF2 � HB;?i #mH#X h?�iǶb ?Qr i?2 +QM+2Ti Q7
i?2 AMi2`M2i@Q7@h?BM;b r�b #Q`MX

h?2 AMi2`M2i@Q7@h?BM;b UAQhV Bb /2}M2/ �b ǳ� /vM�KB+ ;HQ#�H M2irQ`F BM7`�bi`m+im`2 rBi?
b2H7 +QM};m`BM; +�T�#BHBiB2b #�b2/ QM bi�M/�`/ �M/ BMi2`QT2`�#H2 +QKKmMB+�iBQM T`QiQ+QHb
r?2`2 T?vbB+�H �M/ pB`im�H ǳi?BM;bǴ ?�p2 B/2MiBiB2b- T?vbB+�H �ii`B#mi2b- �M/ pB`im�H T2`@
bQM�HBiB2b- mb2 BMi2HHB;2Mi BMi2`7�+2b- �M/ �`2 b2�KH2bbHv BMi2;`�i2/ BMiQ i?2 BM7Q`K�iBQM
M2irQ`FǴ Uo2`K2b�M 2i �HX kyRR - TXRyVX

h?2 ?m;2 /2p2HQTK2Mi Q7 i?2 BMi2`M2i- �`iB}+B�H BMi2HHB;2M+2 �M/ K�+?BM2 H2�`MBM; �HQM;
rBi? +?2�T- bK�HH �M/ 2{+B2Mi +�TiQ`b �`2 �HHQrBM; � #2ii2` BMi2;`�iBQM Q7 /B;Bi�H i2+?MQHQ@
;B2bX h?2 T`Q;`2bb BM `Q#QiB+b ?�b H2/ iQ `Q#Qi �TTHB+�iBQMb �+`Qbb � rB/2 `�M;2 Q7 b2+iQ`b
iQ T2`7Q`K � rB/2 `�M;2 Q7 i�bFbX _Q#Qib �`2 #2+QKBM; KQ`2 ~2tB#H2 �M/ �/�Ti�#H2X h?2
/2p2HQTK2Mi Q7 b2MbQ`b �`2 +QMM2+iBM; i?2 `Q#Qib iQ i?2B` 2MpB`QMK2Mi r?B+? i?2v +�M
mM/2`bi�M/ �M/ `2bTQM/ iQX qBi? i?2 AQh- FMQrH2/;2 +�M #2 2M?�M+2/ #v i?2 p�Hm�#H2
BM7Q`K�iBQM ;Bp2M #v i?2b2 M2r BMi2`+QMM2+iBQMb �M/ `Q#Qib �`2 MQr +�T�#H2 iQ /B`2+iHv
�++2bb /�i�X Ua+?r�#- kyRdV

kXRXk h?2 /B;Bi�H BMi2`M2i �M�HQ;v

h?2 /B;Bi�H BMi2`M2i �i Bib +`2�iBQM r�b BMbTB`2/ #v i`�MbTQ`i�iBQM HQ;BbiB+bX AM i?2 /B;Bi�H
BMi2`M2i M2irQ`F- +QKKmMB+�iBQM Bb /BpB/2/ BMiQ T�+F2ib i?�i rBHH 7QHHQr � T�i? Q` `Qmi2
i?`Qm;? i?2 M2irQ`F- T�bbBM; #v T�+F2ib brBi+?2b �M/ ;QBM; 7`QK i?2 b2M/BM; 2M/ bvbi2K
iQ i?2 `2+2BpBM; 2M/ bvbi2KX
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h?2b2 +QKKmMB+�iBQMb �`2 Dmbi bBKBH�` iQ � ;QQ/ i?�i rBHH ;Q QM � i`�MbTQ`i K2�M UT�+F@
2ibV- KQp2 i?`Qm;? � M2irQ`F Q7 `Q�/b �M/ `�BHr�vb U+QKKmMB+�iBQMb HBMFbV �M/ T�bb
#v /Bz2`2Mi ?m#b �M/ r�`2?Qmb2b UT�+F2ib brBi+?2bV rBi? i?2 �BK Q7 `2�+?BM; Bib }M�H
/2biBM�iBQM U2M/ bvbi2KVX UEm`Qb2 � _Qbb- kyRkV

AM i?2 /B;Bi�H BMi2`M2i- i?2 T�i? Bb /vM�KB+ �M/ /2i2`KBM2/ BM `2�H@iBK2- r?BH2 BM i`�Mb@
TQ`i�iBQM HQ;BbiB+b T?vbB+�H +QMbi`�BMib Tmi � bi`�BM QM i?2 T�i? /2+BbBQM, TH�MB}+�iBQM BM
�/p�M+2- HQM;2` H2�/ iBK2- +HQb2 �++2bb iQ ?m#b �M/ r�`2?Qmb2b- 2i+X JQMi`2mBH UkyRRV ?�b
B/2MiB}2/ �HH i?2b2 +QMbi`�BMib �b i?2 ;`�M/ +?�HH2M;2 HQ;BbiB+b Bb 7�+BM;X

>2 TQBMi2/ Qmi i?�i i?2 /B;Bi�H rQ`H/ �HbQ mb2/ iQ 7�+2 � bBKBH�` +?�HH2M;2, BbQH�i2/ H�`;2
+QKTmi2`b ?�p2 #22M i`�Mb7Q`K2/ BMiQ � ?m;2 �KQmMi Q7 BMi2`+QMM2+i2/ T2`bQM�H /2pB+2b
r?B+? �`2 b?�`BM; BM7Q`K�iBQM iQ bQK2 QT2M �++2bb M2irQ`FbX q?BH2 i?2 /B;Bi�H BMi2`M2i
r�b +`2�i2/ i�FBM; Bib BMbTB`�iBQM 7`QK i?2 HQ;BbiB+b- Bi Bb MQr bm;;2bi2/ iQ `2p2`b2 i?Bb
i?Qm;?i �M/ mb2 i?Bb 2{+B2Mi BMi2`M2i iQ BKT`Qp2 HQ;BbiB+bX h?Bb `2i?BMFBM; Q7 HQ;BbiB+b Bb
r?�i JQMi`2mBH- BMbTB`2/ #v i?2 iBiH2 Q7 �M �`iB+H2 Tm#HBb?2/ BM h?2 1+QMQKBbi UkyyeV- ?�b
M�K2/ i?2 T?vbB+�H BMi2`M2iX

h?2 T?vbB+�H BMi2`M2i �BK Bb iQ `2�+? ǳmMBp2`b�H BMi2`+QMM2+iBpBiv (r?B+?) 2M�#H2b iQ +QMM2+i
�Mv MQ/2 iQ �Mv Qi?2` MQ/2Ǵ Ua�``�D- "�HHQi- S�M- � JQMi`2mBH- kyR9- TXRkyNVX

h?2 /B;Bi�H BMi2`M2i #2+�K2 i?2 KQbi FMQrM BMi2`+QMM2+i2/ �M/ `2bBHB2Mi M2irQ`F /m2 iQ
Bib 7`�;K2Mi2/ bi`m+im`2 i?�i ?�b i?2 b�K2 iQTQHQ;v �i 2�+? H2p2HX h?Bb 7`�;K2Mi�iBQM Bb
HBKBiBM; i?2 bBx2 Q7 i?2 BM7`�bi`m+im`2 r?B+? K�F2b Bi 2�bB2` iQ i`�Mb72` /�i�X

h?2 /B;Bi�H BMi2`M2i Bb +QKTQb2/ Q7 � ?B;? MmK#2` Q7 �miQMQKQmb avbi2K U�aV i?�i �`2
BM/2T2M/2MiHv K�M�;2/X �a K�v #2 BM +QKT2iBiBQM rBi?BM i?2 b�K2 ;2Q;`�T?B+�H �`2�
#mi i?2v +�M �HbQ #2 /BpB/2/ BM bm#@M2irQ`Fb /2T2M/BM; Q7 i?2B` �`2� r?B+? +�M �;�BM #2
bm#/BpB/2/ 7m`i?2` /QrM mMiBH i?2 ?Qbi bvbi2KX �i 2�+? H2p2H- i?2 �a �`2 BMi2`+QMM2+i2/
i?`Qm;? #Q`/2` `Qmi2`b �M/ T`QiQ+QHb r?BH2 i?2 ~Qr BMbB/2 2�+? �a Bb K�M�;2/ #v BMi2`M�H
`Qmi2`bX Ai Bb QMHv �i i?2 ?B;?2bi H2p2H i?�i �HH i?2 bvbi2Kb #2+QK2 BMi2`+QMM2+i2/ �M/
7Q`K � ;HQ#�H /B;Bi�H M2irQ`FX Ua�``�D 2i �HX- kyR9V
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kXRXj h?2 T?vbB+�H BMi2`M2i �`+?Bi2+im`2

hQ �TTHv i?Bb �`+?Bi2+im`2 iQ i?2 T?vbB+�H BMi2`M2i USA- πV- i?2 +m``2Mi HQ;BbiB+ bBim�iBQM
Kmbi #2 i�F2M BMiQ �++QmMiX h?Bb +QM+2`Mb i?2 +QmMi`v BMi2`M�H T�`iB+mH�`BiB2b �b r2HH �b
Bib +`Qbb@#Q`/2` `2;mH�iBQMbX

�TTHB2/ iQ i?2 SA- �M �miQMQKQmb bvbi2K rBHH #2 � HQ;BbiB+ M2irQ`F `mH2/ #v � }`K Q`
�M Q`;�MBx�iBQMX lMHBF2 i?2 /B;Bi�H BMi2`M2i- i`�p2H /Bbi�M+2 K�ii2`b � HQi 7Q` i?2 T?vbB+�H
BMi2`M2i, B7 /Bz2`2Mi M2irQ`Fb �`2 ;2Q;`�T?B+�HHv Qp2`H�TTBM; 2�+? Qi?2`- b?�`BM; i?2B`
M2irQ`F rBHH MQi #2 KQ`2 2{+B2MiX h?2 T?vbB+�H �a rQmH/ ?�p2 iQ #2 /BpB/2/ BM �`2�bX
h?Bb Bb MQi v2i i?2 +�b2 rBi? i?2 +m``2Mi bvbi2K r?B+? Bb +QKTQb2/ Q7 � #`Q�/ �KQmMi
Q7 BM/2T2M/2Mi +QKT�MB2b �M/ i?2B` BM/BpB/m�H HQ;BbiB+ M2irQ`FbX *QMM2+iBM; 2tBbiBM;
M2irQ`Fb rBHH `2[mB`2 iQ #mBH/ M2r HBMFbX

GQ;BbiB+ b2`pB+2 T`QpB/2`b i?�i ?�p2 bm+? M2irQ`Fb 7Q` i?2B` +HB2Mi K�v bi�`i iQ QT2M Bi
iQ Qi?2` b2`pB+2 T`QpB/2`bX h?2b2 +QHH�#Q`�iBQMb rBHH H2�/ iQ ǳ� M2irQ`F rBi? � p�`B2iv Q7
HQ;BbiB+�H 2MiBiB2b- r?B+? +�M #2 ?B;?Hv �miQMQKQmb �M/ ;2Q;`�T?B+�HHv /Bbi`B#mi2/ #mi ?�p2
i?2 DQBMi QT2`�iBp2 2MpB`QMK2Mi �M/ ;Q�HbǴ Ua�``�D 2i �HX- kyR9- TXRkydVX

hQ 2M�#H2 i?2 /2THQvK2Mi Q7 i?2 T?vbB+�H BMi2`M2i �b � ;HQ#�H �M/ BMi2`+QMM2+i2/ HQ;BbiB+
M2irQ`F- T?vbB+�H 2H2K2Mib �b r2HH �b T`QiQ+QHb rBHH ?�p2 iQ #2 /2}M2/X Ua�``�D- "�HHQi-
S�M- >�FBKB- � JQMi`2mBH- kyRjc JQMi`2mBH- J2HH2`- � "�HHQi- kyRyc JQMi`2mBH- J2HH2`- �
"�HHQi- kyRkV

kXRXjXR π@2H2K2Mib

PM i?2 QM2 ?�M/- �++Q`/BM; iQ JQMi`2mBH 2i �HX UkyRyV- i?2 T?vbB+�H BMi2`M2i USA- πV rBHH #2
TQbbB#H2 i?�MFb iQ j K�BM ivT2b Q7 T?vbB+�H 2H2K2Mib, π@+QMi�BM2`b- π@KQp2`b �M/ π@MQ/2bX

6B`biHv- i?2 Q#D2+ib KQp2/- +�``B2/ �M/ biQ`2/ rBHH #2 bi�M/�`/Bx2/ BMiQ � b2i Q7 π@
+QMi�BM2`bX h?Bb r�v- i?2 +QMi2Mi #2+QK2 2M+�TbmH�i2/ r?B+? rBHH 2M�#H2 i?2 T?vbB+�H
BMi2`M2i iQ QMHv i�F2 +�`2 Q7 i?2 HQ;BbiB+b Q7 � b2i Q7 π@+QMi�BM2`b BMbi2�/ Q7 �/�TiBM; iQ
2�+? ;QQ/ bT2+B}+BivX



3X

h?2 π@+QMi�BM2`b bBx2b �M/ b?�T2b b?QmH/ #2 /2bB;M2/ #v BMi2`M�iBQM�H bi�M/�`/b �M/
rBi? i?2 �BK Q7 KBMBKBxBM; biQ`�;2 r�bi2X 1�+? bBx2 b?QmH/ #2 � +QK#BM�iBQM Q7 i?2 Qi?2`
+QMi�BM2` bBx2bX h?2v b?QmH/ #2 KQ/mH�` �M/ BMi2`HQ+FBM;X G�M/b+?Ƀix2`- 1?`2Mi`�mi-
�M/ CQ/BM UkyR8V +QHH�#Q`�i2/ QM � T`QD2+i UJP.lGla*>�V iQ /2}M2 bm+? +QMi�BM2`b
�M/ 2H�#Q`�i2 � K2+?�MBbK iQ BMi2`HQ+F #Qt2bX � bim/v #v J2HH2`- GBM- �M/ 1HHBb UkyRkV
b?Qr2/ i?�i B7 i?2`2 Bb ~2tB#BHBiv- i?2 mb2 Q7 bm+? +QMi�BM2`b rQMǶi ?�p2 M2;�iBp2 BKT�+i
QM i?2 b?BTTBM; pQHmK2X

JQ`2Qp2`- 2�+? π@+QMi�BM2`b rBHH ?�p2 �M 2H2+i`QMB+ B/2MiB}2` U_6A. ivT2V rBi? bK�`i
i�;b bBM+2 BM7Q`K�iBQM �M/ +QKKmMB+�iBQM �`2 F2v /`Bp2`b Q7 i?2 BM/mbi`v 9Xy �M/ i?2
S?vbB+�H AMi2`M2iX h?2b2 /�i� +�Tim`2/ #v i?2 π@+QMi�BM2`b- MQi i?2 2M+�TbmH�i2/ Q#D2+ib-
rBHH 2M�#H2/ � /B`2+i BMi2`�+iBQM rBi? i?2 M2irQ`FX h?2 AMi2`M2i@Q7@i?BM;b Bb i?mb �M
BKTQ`i�Mi �M/ M22/2/ +QM+2Ti Q7 SAX h?Bb Bb /QM2 bBKBH�`Hv BM i?2 /B;Bi�H BMi2`M2i BM
r?B+? /�i� �`2 T�+F�;2/ BMiQ /�i�;`�Kb i?�i +QMi�BM � `QmiBM; i�#H2 rBi? BM7Q`K�iBQM
�#Qmi i?2B` /2biBM�iBQMbX

a2+QM/Hv- i?2 r�v π@+QMi�BM2`b �`2 KQp2/ �`QmM/ b?QmH/ i�F2 BMiQ �++QmMi i?2B` bi�M@
/�`/Bx2/ +?�`�+i2`BbiB+bX h?2`27Q`2- i?2 i2`K π@KQp2` �++QmMi 7Q` i?2 b2i Q7 π@p2?B+H2b-
π@+�``B2`b- π@+QMp2vQ`b �M/ π@?�M/H2`b r?B+? �HHQr �M/ �miQK�iBx2 i?2 KQp2K2Mi Q7 i?2
π@+QMi�BM2`bX

h?B`/Hv- HQ+�iBQM r?2`2 i?2b2 π@+QMi�BM2`b �`2 KQp2/ 7`QK QM2 π@KQp2` iQ �MQi?2` �`2
+�HH2/ π@MQ/2bX AM bm+? HQ+�iBQMb- bi`m+im`�H +?�M;2b QM i?2 π@+QMi�BM2`b K�v �HbQ ?�TT2MX
h?2b2 MQ/2b rBHH �HH ?�p2 /Bz2`2Mi +?�`�+i2`BbiB+b �M/ +�T�#BHBiB2b i?�i rBHH #2 i�F2M BMiQ
�++QmMi r?2M /2+B/BM; r?2`2 i?2 ~Qr Q7 ;QQ/b rBHH biQTX �//BiBQM�HHv- π@}tim`2b- π@MQ/2b-
π@/2pB+2b �M/ π@TH�i7Q`Kb rBHH 2Mbm`2 i?2 bKQQi? ~Qr Q7 π@+QMi�BM2`bX

kXRXjXk π@T`QiQ+QHb

PM i?2 Qi?2` ?�M/- iQ K�M�;2 i?2 +QHH�#Q`�iBQM #2ir22M i?2 /Bz2`2Mi M2irQ`Fb- � b2i Q7
+QKKQM �M/ mMBp2`b�H T`QiQ+QHb b?QmH/ #2 2H�#Q`�i2/, ǳi?2 i`m2 TQi2MiB�H (Q7 SA) rBHH QMHv
#2 `2�+?2/ r?2M �;`22K2Mib QM M2mi`�H T`QiQ+QHb +�M #2 `2�+?2/Ǵ U"�HHQi- kyRd- TX keVX



NX

AM i?2 /B;Bi�H BMi2`M2i- `Qmi2`b- pB� � `QmiBM; i�#H2- �`2 /2i2`KBMBM; i?2 /B`2+iBQM i?�i �
/�i�;`�K ?�b iQ 7QHHQrX h?2 /�i�;`�K Bb i?2M b2Mi 7`QK � `Qmi2` iQ i?2 M2ti `Qmi2` Q7
Bib `QmiBM; i�#H2X A7 i?Bb `Qmi2` Bb B/2MiB}2/ �b i?2 ?Qbi- i?2 /�i�;`�K ?�b `2�+?2/ Bib
/2biBM�iBQMX Pi?2`rBb2- #v +?2+FBM; i?2 `QmiBM; i�#H2 �;�BM- i?2 /�i�;`�K Bb b2Mi QM2
bi2T 7m`i?2`X h?2 `Qmi2` Bb �#H2 iQ `2�/ QM i?2 `QmiBM; i�#H2 i?2 }M�H /2biBM�iBQM �//`2bbX
� /�i�;`�K Bb � /�i� T�+F2i r?B+? Bb 2M+�TbmH�i2/ rBi?BM � 7`�K2X 1�+? 7`�K2 K�v i?mb
+QMi�BM QM2 Q` KQ`2 /�i�;`�KX

h?2 T?vbB+�H BMi2`M2i i`�MbTQb2/ i?Bb B/2� Q7 2M+�TbmH�iBQM BMiQ HQ;BbiB+bX J2`+?�M/Bb2
U/�i� T�+F2ibV rBHH #2 b2Mi BM i?2 7Q`Kb Q7 +QMi�BM2`b U/�i�;`�KbV i?�i rBHH #2 KQp2/
iQ;2i?2` i?`Qm;? i`�MbTQ`i�iBQM K2�Mb U7`�K2VX h?2 T?vbB+�H BMi2`M2i M2irQ`Fb rBHH #2
+QKTQb2/ Q7 π@MQ/2b U`Qmi2`bV i?�i rBHH biQ`2 i?2 +QMi�BM2`b- bQ`i i?2K �M/ `2+QKTQb2
i?2KX h?2b2 b2ib Q7 +QMi�BM2`b rBHH i?2M #2 b2Mi �++Q`/BM; iQ i?2B` /2biBM�iBQMX h?2b2
π@+QMi�BM2`b rBHH �HH ?�p2 � `QmiBM; i�#H2 i?�i +�M #2 `2�/ �i 2�+? MQ/2 �M/ 7`QK r?B+?
i?2B` M2ti KQp2 Bb /2i2`KBM2/ rBi? +`Bi2`B� HBF2 i`�MbTQ`i +Qbib- /2HBp2`v iBK2 �M/ CO2

2KBbbBQMbX

SA Bb KQ`2 +QMbi`�BM2/ i?�M i?2 /B;Bi�H BMi2`M2i /m2 iQ +�T�+Biv +QMbi`�BMib- bQ`iBM; +QM@
bi`�BMib BM i?2 π@?m#b- ?B;?2` +Qbib 7Q` 2�+? 2``Q`b- 2i+X SA �HbQ M22/b iQ mb2 2biBK�i2b Q7
7mim`2 ~Qr r?BH2 BM i?2 /B;Bi�H BMi2`M2i- 2p2`vi?BM; ?�TT2Mb BM `2�H iBK2X Ua�``�D 2i �HX-
kyR9V

JQMi`2mBH- "�HHQi- �M/ 6QMi�M2 UkyRkV T`QTQb2/ � /BpBbBQM Q7 i?2 SA T`QiQ+QHb bBKBH�`
iQ i?2 b2p2M QT2M H�v2`b Q7 i?2 /B;Bi�H BMi2`M2i T`QiQ+QH BM r?B+? 2�+? BMbi�M+2b rBHH
+QHH�#Q`�i2 p2`iB+�HHv �M/ ?Q`BxQMi�HHv, RV i?2 HQ;BbiB+b r2# r?B+? Bb i?2 BMi2`7�+2 #2ir22M
i?2 mb2`b �M/ i?2 π@2H2K2Mibc kV i?2 2M+�TbmH�iBQM H�v2` r?B+? bi�M/�`/Bx2/ ;QQ/b BMiQ π@
+QMi�BM2`bc jV i?2 b?BTTBM; H�v2` r?B+? b2ib i?2 +QM/BiBQMb Q7 i?2 b?BTK2Mic 9V i?2 `QmiBM;
H�v2` r?B+? /2}M2 i?2 #2bi T�i?c 8V i?2 M2irQ`F H�v2` r?B+? �bbm`2 i?2 BMi2`+QMM2+iBpBiv eV
i?2 HBMF H�v2` r?B+? +?2+F i?2 +QMbBbi2M+v #2ir22M i?2 T?vbB+�H BM7Q`K�iBQM �M/ Bib /B;Bi�H
+QmMi2`T�`i �M/ }M�HHvc dV i?2 T?vbB+�H H�v2` r?B+? /2�H rBi? �HH +QMi�BM2`b KQp2K2MibX

aBKBH�`Hv- a�``�D 2i �HX UkyRjV +QM+2Bp2/ � b2i Q7 T`QiQ+QHb 7Q` i?2 7`2B;?i i`�MbTQ`i b2+iQ`
iQ 2M+Qm`�;2 +QHH�#Q`�iBQM #2ir22M bmTTHv +?�BMb �M/ M2irQ`FbX h?2B` T�T2` mb2/ �
bBKmH�iBQM QM 6J*: BM 6`�M+2 iQ i2bi BiX h?2B` 2tT2`BK2Mi b?Qr2/ � TQi2MiB�H iQ BM+`2�b2



RyX

i?2 }HHBM; `�i2 #v RdW �M/ iQ `2/m+2 +�`#QM /BQtB/2 2KBbbBQMb #v eyW rBi? � #2ii2` mb2
Q7 i?2 `�BH M2irQ`FX

hQ #mBH/ i?2 i`�MbTQ`i�iBQM T`QiQ+QH- i?2v B/2MiB}2/ b2p2`�H bi2Tb BM i?2 T`Q+2bb Q7 b?BT@
TBM; ;QQ/b rBi?BM i?2 SA, RV i?2 +QMi�BM2`Bx�iBQMc kV i?2 +QMi�BM2` `QmiBM; �M/c jV i?2B`
+QMbQHB/�iBQM QM i`�MbTQ`i K2�MbX

6B`bi- ;QQ/b M22/ iQ #2 HQ�/2/ BM QM2 Q` b2p2`�H +QMi�BM2`bX h?2 +QMi�BM2`b rBHH #2 HQ�/2/
bm+? i?�i i?Bb Bb i?2 ǳ#2biǴ }iX h?2 +QMi�BM2`Bx�iBQM Q7 ;QQ/b +QMbBbib BM +?QQbBM; i?2
MmK#2` Q7 +QMi�BM2`b M22/2/ 7Q` � b?BTK2Mi �b r2HH �b i?2B` bBx2bX h?Bb Bb bBKBH�` iQ
2M+�TbmH�iBQM BM i?2 /B;Bi�H BMi2`M2iX h?2`2 Bb /Bz2`2Mi r�v iQ HQQF �i i?Bb T`Q#H2KX
h?2 Q#D2+iBp2 K�v #2 iQ KBMBKBx2 i?2 MmK#2` Q7 +QMi�BM2`b �M/ i?mb iQ 2M+�TbmH�i2 i?2
b?BTK2Mi BM i?2 #B;;2bi +QMi�BM2` �p�BH�#H2X Ai +QmH/ �HbQ #2 iQ +?QQb2 bK�HH +QMi�BM2`b
bm+? �b `2/m+BM; H2�/ iBK2 �M/ biQ+F H2p2HbX 6BM�HHv- r2 +�M �HbQ +?Qb2 /Bz2`2Mi b2ib
Q7 +QMi�BM2` /BK2MbBQMbX h?2 �mi?Q`b /2+B/2/ iQ K�tBKBx2 i?2 bT�+2 miBHBx�iBQM r?BH2
KBMBKBxBM; i?2 MmK#2` Q7 +QMi�BM2`bX

h?2 b2+QM/ �M/ #B;;2bi T�`i Q7 i?2 T`QiQ+QH Bb i?2 +QMi�BM2` `QmiBM;X h?2 T`QiQ+QH rBHH
+?QQb2 i?2 #2bi T�i? iQ �``Bp2 �i /2biBM�iBQMX h?2 T�i? Bb /BpB/2/ BMiQ b2;K2Mib r?2`2
�i i?2 2M/ Q7 2�+? Q7 i?2K- i?2 ;QQ/b �`2 mMHQ�/2/ BM i?2 ?m#bX q?2M i?2 +QMi�BM2`b ;2i
i?2`2- i?2 �H;Q`Bi?K rBHH `mM iQ }M/ i?2 #2bi �p�BH�#H2 i`�MbTQ`i�iBQM K2�M iQ KQp2 Bi iQ
i?2 M2ti ?m#X _QmiBM; T`Q#H2Kb �BK iQ bQHp2 r?�i i?2 HBi2`�im`2 `272`b iQ �b i?2 b?Q`i2bi
T�i? T`Q#H2KX h?2 �mi?Q`b bQHp2/ rBi? �M 2ti2MbBQM Q7 i?2 .DBFbi`�Ƕb �H;Q`Bi?K r?B+?
Bb � ?2m`BbiB+ K2i?Q/ rBi? � b?Q`i +QKTmi�iBQM�H iBK2X �i 2�+? MQ/2- i?2 �H;Q`Bi?K Bb
HQQFBM; 7Q` i?2 #2bi T�i? 7`QK i?Bb MQ/2 iQ i?2 2M/ /2biBM�iBQMX h?2`27Q`2- � r2HH@/2}M2/
2p�Hm�iBQM 7mM+iBQM Bb 2biBK�iBM; i?2 +Qbi Q7 �HH TQbbB#H2 T�i?bX h?2b2 +Qbib �`2 +QKTmi2/
rBi? `2;�`/ iQ KQM2i�`v- iBK2 �M/ 2MpB`QMK2Mi�H T�`�K2i2`bX

h?B`/- r?2M � `QmiBM; Bb /2}M2/ 7Q` � +QMi�BM2`- bT�+2 ?�b iQ #2 QTiBKBx2/ BM i?2 +?Qb2M
i`�MbTQ`i�iBQM K2�MX � +QMbi`�BMi �BKb �i b?BTTBM; }`bi i?2 m`;2Mi +QMi�BM2`bX h?2
#BM@T�+FBM; T`Q#H2K Bb i?2 #�bBb Q7 i?Bb �H;Q`Bi?KX h?2 �H;Q`Bi?K `mMb rBi? `2bT2+i iQ
i�`;2i2/ /2HBp2`v iBK2bX h?2 #BM@T�+FBM; T`Q#H2K rBHH }`bi �bbB;M2/ � K2�M iQ � +QMi�BM2`X
A7 i?Bb K2�M Bb iQQ 2KTiv- � M2r T�i? Bb b2�`+?2/ 7Q` i?Bb +QMi�BM2`X A7 MQ #2ii2` bQHmiBQM
Bb 7QmM/ BM iBK2- i?2 /2T�`im`2 Bb 7Q`+2/- `2;�`/H2bb Q7 i?2 ~Qr H2p2HX h?2 T`QiQ+QH Bb i?mb
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+QMbQHB/�iBM; i?2 +QMi�BM2`b �++Q`/BM; iQ +QKKQM /2biBM�iBQMX 6Qm` /Bz2`2Mi bi`�i2;B2b
+QmH/ #2 +?Qb2M 7`QK, }`bi }i- }`bi }i /2+`2�bBM;- #2bi }i �M/ #2bi }i /2+`2�bBM;X h?2b2
/2T2M/ QM i?2 K2�M r2 �`2 i`vBM; iQ }HH }`bi �M/ r2i?2` Q` MQi i?2 +QMi�BM2`b �`2 bQ`i2/
#v /2+`2�bBM; bBx2X

kXRX9 h?2 T?vbB+�H BMi2`M2i TQi2MiB�Hb �M/ M22/b

� bBKmH�iBQM rBi? /�i� Q7 irQ 7`2M+? `2i�BH2`b ?�b b?QrM i?2 bB;MB}+�Mi BKT`Qp2K2Mi QM
i`�MbTQ`i 2{+B2M+v �M/ bmbi�BM�#BHBiv i?�i i?2 T?vbB+�H BMi2`M2i +�M H2�/ iQX Ua�``�D 2i
�HX- kyRjV

"2bB/2b i?2b2 �TT�`2Mi 2{+B2M+B2b BM i2`Kb Q7 iBK2 �M/ 2KBbbBQMb- � bBKmH�iBQM KQ/2H
rBi? � `BbF �pQB/�M+2 UQ` `BbF i�FBM;V T`QiQ+QH �b b?QrM i?�i i?2 T?vbB+�H BMi2`M2i ?�b
�HbQ � `2bBHB2M+2 TQi2MiB�HX "v bBKmH�iBM; � /Bb`mTiBQM r?B+? ;2M2`�i2b � HQbi Q7 +�T�+Biv
BM i?2 M2irQ`F- u�M;- S�M- �M/ "�HHQi UkyRdV b?Qr i?�i i?2 π@T`QiQ+QHb K�M�;2 iQ QMHv
bHB;?iHv `2~2+i i?2b2 BKT�+ib QM i?2 b?BTK2MibX

hQ BKTH2K2Mi 7mHHv i?2 T?vbB+�H BMi2`M2i- i?2 M22/ Q7 ?Q`BxQMi�H +QHH�#Q`�iBQM Bb QM2 Q7 i?2
F2v 2H2K2MibX �M BMi2`pB2r `2b2�`+? �b b?QrM i?�i i?2 K�BM #�``B2`b iQ #2 `2KQp2/ �`2
i?2 72�` Q7 �/KBMBbi`�iBp2 #m`/2M �M/ �MiBi`mbi }M2bX UaBKK2`- S7Qb2`- :`�#M2`- a+?�m2`-
� Smix- kyRdV

kXk *Biv HQ;BbiB+b

h?2 H�bi b2;K2Mi Q7 i?2 T?vbB+�H BMi2`M2i rBHH Q7i2M ?�p2 iQ /2�H rBi? i?2 bT2+B}+BiB2b �M/
+QKTH2tBiB2b Q7 � +BivX �b 7Q+mb Q7 +Biv ;Qp2`MK2Mib QM 7`2B;?i i`�MbTQ`i �M/ HQ;BbiB+ ?�b
#22M KQbiHv HBKBi2/ iQ i?2 +QMi`QH Q7 BM7`�bi`m+im`2 mb2b �M/ iQ p2?B+H2 2Mi`B2b `2bi`B+iBQMb-
KQbi +BiB2b �`2 MQr Qp2`r?2HK2/ #v � ~Qr Q7 7`2B;?i p2?B+H2b +�``vBM; BM/BpB/m�H i�bFbX

h?2 +QM+2Ti Q7 +Biv HQ;BbiB+b r�b BMi`Q/m+2/ iQ #2ii2` BMi2;`�i2 i?2 ~Qr Q7 7`2B;?i HQ;BbiB+b
BMiQ i?2 +Biv TH�MMBM;X qBi? i?2 T?vbB+�H BMi2`M2i- i?Bb BMi2;`�iBQM +QmH/ ;Q 2p2M 7m`i?2`
�M/ �HHQr i?2 /2THQvK2Mi Q7 �M ?vT2`+QMM2+i2/ +Biv HQ;BbiB+ M2irQ`F r?B+? �BKb iQ /2bB;M



RkX

m`#�M i`�MbTQ`i �M/ HQ;BbiB+b BM �M 2{+B2Mi �M/ bmbi�BM�#H2 r�vX U*`�BMB+ � JQMi`2mBH-
kyReV

kXkXR .2}MBiBQMb Q7 +Biv HQ;BbiB+b

h?2 #`Q�/2` ;Q�H Q7 +Biv HQ;BbiB+b Bb iQ /2+`2�b2 i?2 M2;�iBp2 2ti2`M�HBiB2b Q7 i?2 7`2B;?i
i`�MbTQ`i�iBQM QM i?2 +Biv HBpBM; +QM/BiBQMb r?BH2 MQi BKT�+iBM; i?2 bQ+B�H �M/ 2+QMQKB+
�+iBpBiB2b Q7 i?2 +BivX h?2b2 HBpBM; +QM/BiBQMb +�M #2 2p�Hm�i2/ BM i2`Kb Q7 +QM;2biBQM- U�B`
�M/ MQBb2V TQHHmiBQMb �M/ b�72ivX

*QM+`2i2Hv- +QMbQHB/�iBQM Q7 HQ�/b �M/ +QQ`/BM�iBQM �`2 i?2 7mM/�K2Mi�H +QM+2Tib i?�i rBHH
?2HT iQ �+?B2p2 i?2b2 ;Q�HbX �Hi2`M�iBp2 �M/ BMMQp�iBp2 r�vb +�M �HbQ #2 +QMbB/2`2/ bm+? �b
i?2 mb2 Q7 ;`22M2` p2?B+H2 Q` i?2 BMi2;`�iBQM Q7 7`2B;?i rBi? Tm#HB+ i`�MbTQ`ibX S�`iM2`b?BTb
#2ir22M T`Bp�i2 �M/ Tm#HB+ �+iQ`b �`2 �HbQ 2bb2MiB�Hc KQbiHv iQ b?�`2 BM7Q`K�iBQM �M/ M22/bX
U*`�BMB+- _B++B�`/B- �M/ aiQ`+?B kyyNc h�MB;m+?B- h?QKTbQM- �M/ u�K�/� kyR9V

*Biv HQ;BbiB+b Bb Q7i2M +QM7`QMi2/ rBi? T`Q#H2Kb i?�i �`2 KQ`2 +QKTH2t i?�M BM +QMp2M@
iBQM�H 7`2B;?i HQ;BbiB+bX h?Bb Bb i?2 `2�bQM r?v i?2 �HHB�M+2 7Q` GQ;BbiB+b AMMQp�iBQM
h?`Qm;? *QHH�#Q`�iBQM BM 1m`QT2 U�HB+2V UkyR9V T`QTQb2/ � bT2+B}+ `2b2�`+? `Q�/K�T
QM i?2 m`#�M HQ;BbiB+bX h?2v T`QTQb2/ #2ir22M Qi?2`b iQ `2b2�`+? i?2 TQbbB#H2 ǳBMi2;`�@
iBQM Q7 m`#�M 7`2B;?i rBi? Tm#HB+ i`�MbTQ`i QM i?2 `Q�/ BM7`�bi`m+im`2- #mi �HbQ �i i?2 H2p2H
Q7 i?2 p2?B+H2b �M/ �i Tm#HB+ i`�MbTQ`i BMi2`+?�M;2bǴ U �HB+2- kyR9- TXkeVX

kXkXk 1@+QKK2`+2b- ?QK2 /2HBp2`B2b �M/ H�bi KBH2 Bbbm2b

.2K�M/ 7`QK 2@+QKK2`+2 Bb BM+`2�bBM; /m2 iQ vQmM;2bi ;2M2`�iBQMb #Q`M rBi? i?2 BMi2`M2i
i?�i �`2 ;2iiBM; Tm`+?�bBM; TQr2` �M/ /m2 iQ QH/2` ;2M2`�iBQMb i?�i �`2 /Bb+Qp2`BM; i?2
+QMp2MB2M+2 Q7 #mvBM; QMHBM2X Ai Bb �HbQ bi`2M;i?2M2/ #v i?2 `2/m+iBQM Q7 i?2 MmK#2`
Q7 #`B+F �M/ KQ`i�` biQ`2b +�mb2/ #v QMHBM2 +QKT2iBiBQM- i?2 H�mM+? Q7 QMHBM2 ;`Q+2`B2b
b?QTTBM; �M/ i?2 BM+`2�bBM; mb2 Q7 bK�`iT?QM2b iQ i?Bb �BKX UoBbb2`- L2KQiQ- � "`QrM2-
kyR9V h?Bb �HbQ b?Qrb i?2 ;`QrBM; i`2M/ Q7 Tm`+?�bBM; ;QQ/b QMHBM2 r?B+? rBHH mM/Qm#i2/Hv
F22T BM+`2�bBM; i?2 MmK#2` Q7 /2HBp2`B2b �i ?QK2X



RjX

h?2 K�BM HQ;BbiB+ +?�HH2M;2- KQbiHv 2M+QmMi2`2/ BM +BiB2b- 2bT2+B�HHv BM i?2 +�b2 Q7 ?QK2
/2HBp2`B2b- Bb Q7i2M `272``2/ BM HQ;BbiB+b �b i?2 H�bi@KBH2 Bbbm2, i?2 ǳ}M�H H2; BM � #mbBM2bb@iQ@
+QMbmK2` /2HBp2`v b2`pB+2 r?2`2#v i?2 +QMbB;MK2Mi Bb /2HBp2`2/ iQ i?2 `2+BTB2Mi- 2Bi?2` �i
i?2 `2+BTB2MiǶb ?QK2 Q` �i � +QHH2+iBQM TQBMiǴ U:2p�2`b- o�M /2 oQQ`/2- �M/ o�M2HbH�M/2`
kyRR- TX8dVX G�bi@KBH2 Bb +QMbB/2`2/ i?2 H2bb 2{+B2Mi T�`i Q7 HQ;BbiB+b BM i2`Kb Q7 +Qbib �M/
TQHHmiBQM T2` /2HBp2`vX h?2 K�BM T`Q#H2K +QK2b 7`QK i?2 /B{+mHiv iQ ;�i?2` � bm{+B2Mi
pQHmK2 U+`BiB+�H K�bbV 7Q` i?2 /2HBp2`B2b iQ #2 +Qbi 2{+B2Mi U:2p�2`b 2i �HX- kyRRVX aBM+2
H�bi@KBH2 Bb � #B; b?�`2 Q7 +Biv HQ;BbiB+b- 7Q+mbbBM; QM i?Bb T`Q#H2K Bb +`m+B�H iQ `2/m+2 i?2
BM2{+B2M+B2b BM i?2 m`#�M 7`2B;?i i`�MbTQ`iX

1@+QKK2`+2 ;`Qri? BMi2MbB}2b i?2 KmHiBTH2 +Biv HQ;BbiB+ +?�HH2M;2b �M/ BM2{+B2M+B2b i?�i
+QK2 rBi? ?QK2 /2HBp2`B2b #v KmHiBTHvBM; i?2 MmK#2` Q7 /2HBp2`B2b- bT`2�/BM; i?2 /2HBp2`v
TQBMib �M/ K�FBM; i?2 TH�MMBM; KQ`2 +QKTH2t U�HB+2- kyR9VX 1p2M B7 KQ`2 2@+QKK2`+2
Tm`+?�b2b K�v H2�/ iQ KQ`2 pQHmK2 �M/ i?mb KQ`2 /2HBp2`B2b T2` i`BT UBX2X- KQ`2 T�`+2H
/2K�M/b BM �M �`2�V Qi?2` FBM/ Q7 T`Q#H2Kb bm+? �b /2HBp2`v 7�BHm`2b- 2KTiv `2p2`b2 i`BTb
�M/ i?2 BM+`2�bBM; mb2 Q7 p�Mb biBHH �`Bb2X .2HBp2`v 7�BHm`2b ?�TT2M r?2M i?2 +QMbmK2`
Bb MQi T`2b2Mi iQ i�F2 /2HBp2`v Q7 i?2 T�`+2HbX h?2 /2HBp2`B2b rBHH Q7i2M M22/ iQ ?�TT2M
� b2+QM/ Q` 2p2M i?B`/ iBK2 r?B+? H2�/b iQ KQ`2 i`BTb- +Qbib �M/ TQHHmiBQM UoBbb2` 2i
�HX- kyR9VX PM iQT Q7 i?�i- b�K2@/�v /2HBp2`v r?B+? Bb #2+QKBM; � bi�M/�`/ �M/ KQ`2
/2K�M/2/ b2`pB+2 H2p2H- Bb TmiiBM; � #B;;2` bi`�BM QM i?Bb H�bi KBH2 Bbbm2 UJQ`;�MiB- a2B/2H-
"H�M[m�`i- .�#H�M+- � G2Mx- kyR9VX

� +QmTH2 Q7 bQHmiBQMb ?�p2 #22M /2p2HQT2/ BM +BiB2b iQ `2/m+2 i?2 M2;�iBp2 BKT�+i Q7 ?QK2
/2HBp2`B2bX SQHB+v K�F2`b �`2 T`QKQiBM; i?2 mb2 Q7 �Hi2`M�iBp2 KQ/2b bm+? �b 2H2+i`B+
p2?B+H2b �M/ #B+v+H2b rBi? i?2 +`2�iBQM Q7 HQr 2KBbbBQMb xQM2b Uh�MB;m+?B 2i �HX- kyR9VX AM
1m`QT2- i?2 H�bi KBH2 b2;K2Mi Bb Q7i2M QmibQm`+2/ iQ i`�/BiBQM�H +Qm`B2` /2HBp2`v b2`pB+2bX
h?Bb H2/ b2�`+?2`b iQ �M�Hvx2 i?2 QmibQm`+BM; Q7 i?2 H�bi KBH2 iQ ;`22M bm#+QMi`�+iQ`b
US2`#QHB � _Qb�MQ- kyRNV Q` H2/ iQ i?2 2K2`;2M+2 Q7 +`Qr/ HQ;BbiB+ TH�i7Q`Kb U"mH/2Q _�B-
o2`HBM/2- � J�+?�`Bb- kyR3#VX

�Hi2`M�iBp2Hv- TB+FmT TQBMib BMbi2�/ Q7 ?QK2 /2HBp2`B2b ?�b �TT2�`2/ �b � bQHmiBQM 7Q` �
KQ`2 bmbi�BM�#H2 �M/ T`Q}i�#H2 H�bi KBH2X
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kXkXj SB+FmT TQBMib

hQ KBiB;�i2 i?2b2 /Bb�/p�Mi�;2b Q7 ?QK2 /2HBp2`B2b- 2@+QKK2`+2b ?�b #22M rQ`FBM; BM@
+`2�bBM;Hv rBi? TB+F@mT TQBMibX h?2v ?�p2 i?2 �/p�Mi�;2 Q7 `2/m+BM; /2HBp2`v 7�BHm`2b
r?BH2 BM+`2�bBM; i?2 +QMbQHB/�iBQM Q7 b?BTK2Mib UJQ`;�MiB 2i �HX kyR9c q2Hi2p`2/2M kyy3VX

SB+FmT TQBMib +�M #2 /BpB/2/ BMiQ irQ +�i2;Q`B2b, b2`pB+2 TB+FmT TQBMib r?B+? �`2 Q7i2M
HQ+�i2/ BM � b?QT Q` � TQbi b2`pB+2 �M/ mMK�MM2/ TB+FmT TQBMib UJQ`Qx � SQHFQrbFB-
kyReV bm+? �b �miQK�i2/ T�`+2H HQ+F2`b UHQ+�i2/ BM Tm#HB+ TH�+2bV �M/ bK�`i T�`+2H #Qt
UBMbi�HH2/ �i i?2 +mbiQK2`Ƕb ?Qmb2V Up�M /2M "Qbb+?2 2i �HX- kyR3VX lMK�MM2/ TB+FmT
TQBMib ?�p2 i?2 K�DQ` �/p�Mi�;2 iQ #2 �p�BH�#H2 7Q` i?2 +QMbmK2`b k9fd r?B+? H2�/b iQ #2
KQ`2 HBF2Hv mb2/ #v iBK2@+QMbi`�BM2/ ?Qmb2?QH/b Up�M /2M "Qbb+?2 2i �HX- kyR3VX >Qr2p2`-
T�`+2H HQ+F2`b �`2 H2bb ~2tB#H2 i?�M b2`pB+2 TB+FmT TQBMib `2;�`/BM; i?2 bBx2b �M/ b?�T2b
Q7 i?2 T�`+2HbX Uq2Hi2p`2/2M- kyy3VX

h?2 K�BM Bbbm2 rBi? #Qi? ivT2 Q7 TB+FmT TQBMi Bb iQ KQ/B7v +QMbmK2`Ƕb #2?�pBQ`b iQr�`/b
brBi+?BM; 7`QK ?QK2 /2HBp2`B2b iQ T�`+2H +QHH2+iBQMb BM TB+FmT TQBMibX

_2;�`/BM; i?2 BKTH2K2Mi�iBQM Q7 mMK�MM2/ TB+FmT TQBMib- 6�m;ĕ`2 �M/ JQMi`2mBH UkyR3V
b?Qr2/ i?�i � KQ/mH�` /2bB;M 7Q` �miQK�i2/ T�`+2H HQ+F2`b +QmH/ T2`7Q`K �b r2HH �b �
}t2/ QM2 r?BH2 #2BM; KQ`2 ~2tB#H2X �//BiBQM�HHv- .2HHǶ�KB+Q �M/ >�/DB/BKBi`BQm UkyRkV
/2p2HQT2/ � HQ;BbiB+ bvbi2K- i?�i rBHH b?BT ;QQ/b BM /`�r2`b �M/ H�i2` +QMM2+i i?2K iQ �
bi�iBQM r?2`2 +mbiQK2`b +�M +QK2 iQ TB+F i?2K mTX

kXkX9 *Biv HQ;BbiB+b BM "`mbb2Hb

aQK2 }2H/ `2b2�`+?2b ?�p2 #22M K�/2 QM i?2 +Biv Q7 "`mbb2Hb #v QM2 Q7 Bib mMBp2`bBiB2b
Uo`BD2 lMBp2`bBi2Bi p�M "`mbb2HVX PM i?2 HQ;BbiB+ bB/2 "mH/2Q _�B- o2`HBM/2- �M/ J�+?�`Bb
UkyRNV 7Q+mb2/ i?2B` `2b2�`+? QM i?2 HBMF #2ir22M HQ;BbiB+ b2`pB+2 T`QpB/2`b UGaSV �M/
+Biv HQ;BbiB+b 7Q` i?2 /Bbi`B#miBQM Q7 T�`+2HbX h?2v mb2/ i?2 +Biv Q7 "`mbb2Hb 7Q` i?2B` +�b2
b+2M�`BQX AMi2`pB2rb rBi? HQ;BbiB+ b2`pB+2 T`QpB/2`b b?Qr i?�i i?2 2{+B2M+v Q7 i?2 +Biv
/Bbi`B#miBQM r�b BKT2/2/ #v 7Qm` K�BM 2H2K2Mib, RV T�`+2H pQHmK2c kV biQT /2MbBivc jV
/2HBp2`v 7�BHm`2 �M/c 9V m`#�M `2;mH�iBQMbX q?�i bi�M/b Qmi Bb i?2 mb2 Q7 TB+F@mT TQBMib-
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HQ+F2`b �M/ Qi?2` iQQHb i?�i �z2+i +QMbmK2`Ƕb #2?�pBQ`b- �b � bQHmiBQM iQ /2�H rBi? i?2b2
Bbbm2bX

PM i?2 +QMbmK2` bB/2- � [m�MiBi�iBp2 bm`p2v �KQM; � `2T`2b2Mi�iBp2 b?�`2 Q7 i?2 "2H;B�M
TQTmH�iBQM b?Qr2/ i?�i T`B+2 7QHHQr2/ #v `2im`M TQbbB#BHBiB2b �`2 i?2 K�DQ` �ii`B#mi2b
r?2M /2+B/BM; 7Q` � ivT2 Q7 /2HBp2`vX �HbQ- ?�H7 Q7 i?2 `2bTQM/2Mi }M/ Bi BKTQ`i�Mi i?�i
H2bb FBHQK2i2`b �`2 /`Bp2M 7Q` i?2 /2HBp2`B2b Q7 i?2B` T�`+2HbX q?BH2 i?2v �++2Ti iQ r�Bi
HQM;2` Q` iQ TB+F@mT i?2 T�`+2Hb i?2Kb2Hp2b 7Q` i?Bb `2�bQM- i?2v �`2MǶi `2�/v iQ T�v 7Q`
KQ`2 bmbi�BM�#H2 /2HBp2`v QTiBQMbX

qBi? i?2 bm`p2vǶb `2bmHib- � bBKmH�iBQM r�b K�/2 �M/ TQBMi Qmi i?�i rBi? `2im`M TQbbB@
#BHBiB2b �M/ 7`22 /2HBp2`B2b- � H�`;2 T�`i Q7 +QMbmK2`b rQmH/MǶi #2 #Qi?2`2/ iQ r�Bi HQM;2`
7Q` i?2B` Q`/2` Q` iQ ;Q TB+F Bi mT �i � M2�`#v HQ+�iBQM, +mbiQK2`b �`2 rBHHBM; iQ K�F2
i`�/2@QzbX .m2 iQ � H�`;2 �KQmMi Q7 M2mi`�H `2bTQMb2b- i?2 b2�`+?2`b K�/2 i?2 ?vTQi?2bBb
i?�i +QMbmK2`b �`2 MQi r2HH �r�`2 Q7 i?2 H�bi KBH2 BKT�+ib Q7 /2HBp2`B2b QM bmbi�BM�#BHBivX
h?2 +mbiQK2`b +QmH/ i?mb #2 BM~m2M+2/ iQ K�F2 � ;`22M2` +?QB+2X U"mH/2Q _�B- o2`HBM/2-
� J�+?�`Bb- kyR3�V

aBM+2 C�Mm�`v Rbi- kyR3- �b K�Mv 1m`QT2�M +QmMi2`T�`ib- "`mbb2Hb ?�b #�MM2/ i?2 KQbi
TQHHmiBM; p2?B+H2b Qmi Q7 i?2 +Biv iQ BM+`2�b2 i?2 �B` [m�HBiv U"`mbb2Hb :Qp2`MK2Mi- MX/XVX
AM �//BiBQM- i?2 T2/2bi`B�M xQM2 BM i?2 +2Mi2` Q7 "`mbb2Hb ?�b /Qm#H2 Bib bBx2 iQ 8y ?2+i�`2b
BM kyR8X LQ p2?B+H2b �`2 �mi?Q`Bx2/ BM i?Bb xQM2 rBi? bK�HH 2t+2TiBQM bm+? �b i?2 mMHQ�/BM;
Q7 7`2B;?i- QMHv mMiBH RRXyy �KX UoBHH2 /2 "`mt2HH2b- MX/XV h?2`2 Bb i?mb � rBHHBM;M2bb iQ
+?�M;2 �M/ BKT`Qp2 KQ#BHBiv BM "`mbb2HbX h?2 mbm�H r�v iQ /2HBp2` ;QQ/b- rBi? i`m+Fb
�M/ p�Mb- K�v #2 ;2iiBM; KQ`2 +QKTHB+�i2 BM � M2�` 7mim`2X

"TQbi- i?2 "2H;B�M K�BH /2HBp2`BM; +QKT�Mv- ?�b H�mM+?2/ *m#22 BM kyRdX Ai Bb �M QT2M
�M/ BM/2T2M/2Mi M2irQ`F Q7 T�`+2H /2HBp2`vX Ai +QMbBbib Q7 /Bz2`2Mi HQ+F2`b r?2`2 QMHBM2
+QMbmK2`b +�M ;Q iQ TB+F@mT Q` `2im`M i?2B` ;QQ/b k9fd i?�MFb iQ � +Q/2X UG� GB#`2
"2H;B[m2- kyRdV
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kXj PTiBKBx�iBQM KQ/2Hb

PTiBKBx�iBQM KQ/2Hb ?�p2 #22M #mBHi iQ ?2HT i?2 /2+BbBQM T`Q+2bbX .2+BbBQM +�M #2 K�/2
�i bi`�i2;B+- i�+iB+�H �M/ QT2`�iBQM�H H2p2HbX

kXjXR ai`�i2;B+ /2+BbBQMb

kXjXRXR 6�+BHBiv HQ+�iBQM KQ/2Hb

ai`�i2;B+ /2+BbBQMb bi�`i rBi? HQ+�iBQM /2+BbBQMb, i?2 HQ+�iBQM Q7 7�+BHBiB2b iQ b2`p2 � +2`i�BM
/2K�M/ �+`Qbb � `2;BQMX a2p2`�H KQ/2Hb ?�p2 #22M /2p2HQT2/ BM i?2 HBi2`�im`2X h?2
HQ+�iBQM Bb mbm�HHv +?Qb2M 7`QK � b2i Q7 TH�mbB#H2 HQ+�iBQMbX

6B`biHv- +Qp2`BM; KQ/2Hb �BK iQ }M/ Dmbi 2MQm;? 7�+BHBiv HQ+�iBQMb bm+? i?�i �HH i?2 /2K�M/
Bb rBi?BM � +2`i�BM /Bbi�M+2 Q7 �i H2�bi QM2 Q7 i?2b2 7�+BHBiB2bX a2+QM/Hv- � p�`B�Mi Q7 i?2b2
+Qp2`BM; KQ/2Hb Bb i?2 }t2/ +?�`;2 KQ/2H r?B+? �BKb iQ KBMBKBx2 +Qbib #v �HHQ+�iBM; iQ
2�+? +�M/B/�i2 7�+BHBiv bBi2 � }t2/ +Qbi r?B+? rBHH #2 BM+m``2/ B7 Bi Bb +?Qb2M �b � HQ+�iBQMX
"2bB/2b }t2/ +Qbib- b?BTK2Mi +Qbib `2H�i2/ iQ i?2 /Bbi�M+2 #2ir22M i?2 +mbiQK2` �M/
i?2 7�+BHBiv +�M �HbQ BM+m`X h?2 KQ/2Hb +�M �HbQ #2 2ti2M/2/ iQ �++QmMi 7Q` KmHiBTH2@
+QKKQ/BiB2b Q` KmHiBTH2 MQ/2b U2X;X #v T�bbBM; i?`Qm;? � /Bbi`B#miBQM +2Mi2`VX U.�bFBM-
aMv/2`- � "2`;2`- kyy8V h?B`/Hv- +2Mi2` KQ/2Hb rBHH HQ+�i2 � }t MmK#2` Q7 7�+BHBiB2b bm+?
�b KBMBKBxBM; i?2 /Bbi�M+2X 6BM�HHv- K2/B�M KQ/2Hb �BK iQ KBMBKBx2 i?2 iQi�H r2B;?i2/
/Bbi�M+2 #v HQ+�iBM; � /2+B/2/ �KQmMi Q7 7�+BHBiB2bX h?2b2 H�ii2` �`2 Q7i2M mb2/ BM 7`2B;?i
/Bbi`B#miBQM T`Q#H2KbX U*`�BMB+ � G�TQ`i2- RNNdV

Pi?2` +H�bbB}+�iBQMb 2tBbi bm+? �b i?2 QM2 BM i?2 `2pB2r Q7 6�`�?�MB- �b;�`B- >2B/�`B-
>Qbb2BMBMB�- �M/ :Q? UkyRkV �#Qmi +Qp2`BM; T`Q#H2Kb 7`QK i?2 7�+BHBiv HQ+�iBQM HBi2`�im`2X
h?2v +H�bbB}2/ i?2 KQ/2Hb BMiQ irQ K�BM ;`QmTb, RV b2i +Qp2`BM; T`Q#H2Kb r?B+? �BKb
�`2 iQ KBMBKBx2 i?2 +Qbib r?BH2 b�iBb7vBM; � +2`i�BM b2`pB+2 H2p2H �M/c kV K�tBK�H +Qp2`BM;
HQ+�iBQM T`Q#H2Kb r?B+? 7Q+mb QM K�tBKBxBM; i?2 +Qp2`�;2 r?BH2 #2BM; HBKBi2/ #v � }t2/
�KQmMi Q7 7�+BHBiB2bX 6`QK i?2B` `2pB2r- bQK2 `2b2�`+?2b bi�M/ Qmi �b #2BM; Q7 BMi2`2bi iQ
bQHp2 i?Bb i?2bBb HQ+F2` HQ+�iBQM T`Q#H2KX
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hQ #2;BM rBi?- i?2 /2K�M/ HQ+�iBQM +�M #2 2tT`2bb2/ BM b2p2`�H r�vbX CB�- P`/ƦƢ2x-
�M/ .2bbQmFv UkyydV mb2/ i?2 TQTmH�iBQM /2MbBiv iQ �;;`2;�i2 /2K�M/ TQBMib �i i?2B`
+2Mi`QB/X h?Bb ;2Q;`�T?B+�H `2T`2b2Mi�iBQM �b +QKTmi�iBQM�H �/p�Mi�;2b- #mi Bi K�v H2�/
iQ 2``Q`b �M/ b?QmH/ i?mb #2 mb2/ rBi? 2MQm;? bmTTQ`iBM; 2pB/2M+2b U�X hX Jm``�v �
PǶE2HHv- kyykVX AM �//BiBQM- i?2 �mi?Q`b T`QTQb2 iQ ;Bp2 /Bz2`2Mi [m�MiBiv@Q7@+Qp2`�;2 iQ
i?2 /2K�M/ TQBMib �++Q`/BM; iQ i?2B` TQTmH�iBQM /2MbBiv �M/ /2p2HQT2/ i?2`27Q`2 /Bz2`2Mi
?2m`BbiB+bX

h?2M- LQxB+F UkyyRV /2p2HQT2/ � KQ/2H i?�i KBMBKBx2 +Qbib U�b � }t2/ +?�`;2 KQ/2H
/Q2bV r?BH2 �HHQrBM; bQK2 mM+Qp2`2/ /2K�M/X h?Bb ?�b #22M /QM2 #v BMi`Q/m+BM; �M
mTT2` #QmM/ QM i?2 iQi�H mM+Qp2`2/ /2K�M/X "2`K�M �M/ E`�bb UkyykV �HbQ rQ`F2/ QM
T�`iB�H +Qp2`BM; #v BMi`Q/m+BM; � +Qp2`�;2 H2p2H 7mM+iBQM /2T2M/BM; QM i?2 /Bbi�M+2X

JQ`2Qp2`- i?2 ;2QK2i`B+ T�`iB+mH�`BiB2b r2`2 i�F2M /22T2` BMiQ �++QmMi #v b2p2`�H b2�`+?2`bX
*?m`+? URN39V mb2b 2m+HB/B�M �M/ `2+iBHBM2�` /Bbi�M+2 iQ bQHp2 K�tBK�H �M/ T�`iB�H +Qp2`@
BM; T`Q#H2KbX h?2 `2+iBHBM2�` /Bbi�M+2 Bb +�H+mH�i2/ #v i�FBM; i?2 �#bQHmi2 p�Hm2 Q7 i?2
/Bz2`2M+2b #2ir22M i?2 irQ +QQ`/BM�i2b i?�i +?�`�+i2`Bx2 � TQBMiX q?BH2 rBi? 2m+HB/B�M
/Bbi�M+2b i?2 +Qp2`�;2 #QmM/�`v ?�b � +B`+mH�` 7Q`K- Bi ?�b � /B�KQM/@b?�T2 rBi? `2+iBHBM@
2�` /Bbi�M+2bX _2+iBHBM2�` /Bbi�M+2b BM T@K2/B�M �M/ +2Mi2` HQ+�iBQM T`Q#H2K �`2 7m`i?2`
/Bb+mbb2/ #v "2�mKQMi URN3RVX *?m`+? URN39V �HbQ T`QTQb2/ iQ +?�M;2 i?2 MmK#2` S Q7
7�+BHBiB2b �M/ i�F2 � /2+BbBQM #v HQQFBM; �i ?Qr Bi BKT�+ib i?2 +Qp2`�;2@2z2+iBp2M2bbX

6m`i?2`KQ`2- �X Jm``�v- PǶE2HHv- �M/ *?m`+? Ukyy3V 7Q+mbb2/ QM 7mHHv +Qp2`BM; b2p2`�H
�`2�b rBi? +B`+mH�` +Qp2`�;2 +QKBM; 7`QK /Bz2`2Mi 7�+BHBiB2bX h?2v �M�Hvx2/ /Bz2`2Mi ;2@
Q;`�T?B+ `2T`2b2Mi�iBQMbX "2ir22M Qi?2`b- TQBMi@`2T`2b2Mi�iBQM Bb �M Q7i2M mb2/ QM2 iQ
�//`2bb iQi�H +Qp2`�;2X >Qr2p2`- Bi Q7i2M /Q2b MQi K�M�;2 iQ �+im�HHv 2Mbm`2 iQi�H +Qp@
2`�;2X h?2 bi�iBbiB+�H #B�b Q7 TQBMi `2T`2b2Mi�iBQM Bb Q7i2M `272``2/ iQ �b i?2 KQ/B}�#H2
�`2�H mMBi T`Q#H2K UJ�lSVX h?2`27Q`2- i?2 �mi?Q`b T`QTQb2/ iQ Bi2`�i2 mMiBH iQi�H +Qp2`@
�;2 Bb `2�+?2/ #v �//BM; i?2 +2Mi`QB/ Q7 2�+? mM+Qp2`2/@�`2�b U+�HH2/ ;�TV iQ i?2 b2i Q7
�`2�@TQBMib �i 2�+? Bi2`�iBQMX

1M+Qm`�;2/ #v i?2 TQbbB#BHBiB2b Qz2`2/ #v :Aa- i?2 �mi?Q`b �HbQ T`QTQb2/ �`2�@`2T`2b2Mi�iBQM
iQ �//`2bb +Qp2`�;2X h?2 B/2� Bb iQ /BpB/2 i?2 `2;BQM iQ +Qp2` BM bK�HH2` TQHv;QMb iQ �b@
bm`2 iQi�H +Qp2`�;2 Q7 2�+? �`2�X "2bB/2b- i?2 �mi?Q`b /2}M2/ i?�i +Qp2`�;2 r�b T`QpB/2/



R3X

QMHv B7 i?2 r?QH2 �`2� Bb +Qp2`2/ #mi i?2v �HbQ T`QTQb2/ i?2 mb2 Q7 Qi?2` MQ`Kb bm+? �b
+Qp2`BM; QMHv T2`+2Mi�;2 Q7 i?2 TQHv;QM iQ /2}M2/ �M �`2� �b +Qp2`2/X h?2 �mi?Q`b �HbQ
?B;?HB;?i2/ i?2 2bb2MiB�H � TQbi2`BQ`B �M�HvbBb iQ 2Mbm`2 bm{+B2Mi +Qp2`�;2X

J�lS +�M #2 `2/m+2 #v mbBM; i?2 H2bb �;;`2;�i2/ /�i� �p�BH�#H2X qBi? ;2Q;`�T?B+
BM7Q`K�iBQM bvbi2Kb U:AaV- Bi Bb TQbbB#H2 iQ HQQF �i Qp2`H�TTBM; �`2�b �M/ T�`iB�HHv +Qp2`2/
QM2bX h�FBM; i?Bb BMiQ �++QmMi- �X Jm``�v Ukyy8V BMi`Q/m+2/ � #BM�`v p�`B�#H2 i`�+FBM;
T�`iB�H +Qp2`�;2 BMiQ i?2 bi�M/�`/ b2i@+Qp2`BM; KQ/2HX

kXjXRXk L2irQ`F /2bB;M T`Q#H2K

�MQi?2` bi`�i2;B+ /2+BbBQM +QK2b 7`QK i?2 M2irQ`F /2bB;M T`Q#H2KX aBKBH�`Hv iQ HQ+�iBQM
T`Q#H2K- i?2 �BK Bb ?2`2 iQ /2+B/2 #2ir22M � b2i Q7 HBMFb- i?2 QM2b iQ mb2 7Q` i?2 ~Qr Q7
;QQ/bX h?2 b?Q`i2bi T�i? bT�MMBM; T`Q#H2K UaahSV Bb i?2 2�bB2bi QM2 �M/ +�M #2 bQHp2/
rBi? � bBKTH2 :`22/v �H;Q`Bi?KX U*`�BMB+ � G�TQ`i2- RNNdV Ai Bb 7Q`KmH�i2/ ?2`2mM/2`
U2[X RV,

minimize
∑

i<j

ci,jxi,j

bm#D2+i iQ
∑

vi∈S, vj∈V \S or vi∈V \S, vj∈S

xi,j ≥ 1

xi,j = {0, 1} ∀(vi, vj) ∈ E

URV

r?2`2 ci,j Bb i?2 +Qbi iQ mb2 i?2 HBMF i?�i +QMM2+ib i?2 MQ/2b B �M/ D- xi,j Bb 2[m�H iQ R B7
i?2 2/;2 Uvi, vjV #2HQM;b iQ i?2 aahS- o Bb � b2i Q7 TQi2MiB�H p2`i2t UviV �M/ 1 Bb i?2 b2i
Q7 �HH TQi2MiB�H 2/;2bX

JQ/2Hb ?�p2 �HbQ #22M /2p2HQT2/ BM i?2 HBi2`�im`2 iQ BMi2;`�i2 `QmiBM; �M/ HQ+�iBQM T`Q#@
H2KbX .m2 iQ i?2 K2`;2` Q7 irQ LS ?�`/ T`Q#H2Kb rBi? /Bz2`2Mi /2+BbBQMb iBK2 ?Q`BxQM-
i?2v �`2 /B{+mHi iQ bQHp2 �M/ �`2MǶi i?mb Km+? mb2/X U.�bFBM 2i �HX- kyy8V



RNX

kXjXk h�+iB+�H /2+BbBQMb

�i i?2 i�+iB+�H H2p2H- TH�MMBM; T`Q#H2Kb M22/ iQ #2 bQHp2/X h�+iB+�H TH�MMBM; Bb +`m+B�H
iQ +`2�i2 � i`�MbTQ`i�iBQM TH�M i?�i rBHH ;mB/2 i?2 /�BHv QT2`�iBQMbX Ai �Hr�vb BMpQHp2b �
i`�/2@Qz #2ir22M QT2`�iBM; +Qbib �M/ b2`pB+2 [m�HBivX *`�BMB+ �M/ G�TQ`i2 URNNdV /BpB/2/
bm+? T`Q#H2Kb BM irQ +�i2;Q`B2b, RV b2`pB+2 M2irQ`F /2bB;M T`Q#H2Kb r?B+? 7Q+mb QM HQM;
/Bbi�M+2 KQp2K2Mi Q7 ;QQ/b �M/c kV p2?B+H2 `QmiBM; T`Q#H2Kb Uo_SV r?B+? /2�H rBi?
b2p2`�H TB+FmT Q` /2HBp2`v QT2`�iBQMb QM � ;2M2`�HHv b?Q`i /Bbi�M+2X AM i?2 b+QT2 Q7 i?Bb
i?2bBb- i?2 TH�MMBM; rBHH +QMbBbi Q7 i?2 /2bB;M Q7 /2HBp2`v `Qmi2b iQ KQp2 T�`+2Hb 7`QK bQK2
/2TQib iQ KmHiBTH2 HQ+F2`bX

kXjXkXR a2`pB+2 M2irQ`F /2bB;M T`Q#H2Kb

AM HQM;@/Bbi�M+2 T`Q#H2Kb- bQ`iBM; �M/ +QMbQHB/�iBQM ?�TT2M iQ;2i?2` �i 7`2B;?i i2`KBM�HbX
h?2 /2+BbBQM BKTHB2b � i`�/2@Qz #2ir22M QT2`�iBM; +Qbib �M/ b2`pB+2 [m�HBivX h?2 K�BM
b2`pB+2 M2irQ`F /2bB;M T`Q#H2Kb /2�H rBi? �M 2tBbiBM; bvbi2K BM7`�bi`m+im`2 7Q` r?B+?
+?QB+2b ?�p2 iQ #2 K�/2 +QM+2`MBM; HBM2 QT2`�iBQMb �M/ i2`KBM�H TQHB+B2bX h?2b2 /2+BbBQMb
�`2 Q7i2M #�b2/ QM M2irQ`F bBKmH�iBQMb Q` QM QTiBKBx�iBQM KQ/2HbX q?BH2 bBKmH�iBQM
`2[mB`2b � HQi Q7 /�i� BMTmib �M/ `mMMBM; iBK2- QTiBKBx�iBQM KQ/2Hb �`2 7�bi2` �M/ i?mb
#2bi bmBi2/ 7Q` � 7`2[m2Mi mb2 BM �M 2p2` +?�M;BM; bvbi2KX U*`�BMB+ � G�TQ`i2- RNNdV

kXjXkXk o2?B+H2 `QmiBM; T`Q#H2Kb

h?Bb +�i2;Q`v Q7 T`Q#H2Kb ?�TT2M QM bK�HH2` ;2Q;`�T?B+�H �`2� �M/ �`2 i?mb #2bi bmBi2/
7Q` +Biv HQ;BbiB+X o_S ǳBMpQHp2 i?2 /2bB;M Q7 TB+F@mT Q` /2HBp2`v `Qmi2b 7`QK QM2 Q` KQ`2
+2Mi`�H /2TQib iQ � b2i Q7 ;2Q;`�T?B+�HHv b+�ii2`2/ +mbiQK2`bǴ U*`�BMB+ �M/ G�TQ`i2 RNNd-
TX9k8VX aBM+2 HQiǶb Q7 /Bz2`2Mi [m2biBQMb Kmbi #2 �//`2bb2/ r?BH2 bQHpBM; o_S- HQiǶb Q7
/Bz2`2Mi KQ/2Hb �M/ bQHmiBQMb 2tBbiX *QMbQHB/�iBQM Bb +2Mi`�H iQ bm+? bvbi2Kb BKTHvBM; �
p2?B+H2 KQp2K2Mi iQ i`�MbTQ`i ;QQ/b 7`QK �M Q`B;BM iQ � /2biBM�iBQMX U*`�BMB+ � G�TQ`i2-
RNNdV



kyX

kXjXj PT2`�iBQM�H /2+BbBQMb

�i i?2 QT2`�iBQM�H H2p2H- r?2M bi`�i2;B+ �M/ i�+iB+�H /2+BbBQMb ?�p2 #22M K�/2- T`Q#H2Kb
HBF2 b2`pB+2 b+?2/mHBM;- 2KTiv p2?B+H2b `2TQbBiBQMBM;- +`2r b+?2/mHBM; �M/ `2bQm`+2b �HHQ+�@
iBQM b?QmH/ #2 HQQF2/ BMiQX h?2b2 /2+BbBQMb 2Mbm`2 i?�i i?2 HQ;BbiB+ TH�M K�/2 T`2pBQmbHv
Bb �/�Ti2/ iQ i?2 /�BHv QT2`�iBQMbX U*`�BMB+ � G�TQ`i2- RNNdV .m2 iQ i?2 M22/ Q7 `2�H
iBK2 �M/ }2H/ /�i� +QKBM; 7`QK � `2�H BKTH2K2Mi�iBQM Q7 i?2 bvbi2K- i?Bb /2+BbBQM H2p2H
Bb Qmi Q7 i?2 b+QT2 Q7 i?Bb i?2bBbX

kX9 Sm#HB+ i`�MbTQ`i�iBQM KQ/2Hb

kX9XR a?�`2/ T�bb2M;2` �M/ 7`2B;?i i`�MbTQ`ib

a2p2`�H b2�`+?2`b ?�p2 HQQF2/ BMiQ i?2 TQi2MiB�H Q7 KBtBM; m`#�M 7`2B;?i i`�MbTQ`i rBi?
T�bb2M;2`Ƕb i`�MbTQ`iX h?2 K�BM }M/BM;b �`2 bmKK�`Bx2/ BM i?Bb b2+iBQMX

"2?B`B- "2HKQF?i�`@"2``�7- �M/ *?m UkyR3V B/2MiB}2/ bBt K�BM QT2`�iBM; Bbbm2b r?BH2
BMi2;`�iBM; m`#�M 7`2B;?i BMiQ T�bb2M;2` i`�BMb,

RX :QQ/b M22/b iQ #2 biQ`2/ i2KTQ`�`BHv +HQb2 iQ i?2 ;�i2 r?BH2 r�BiBM; 7Q` i?2 i`�BM
�M/ i?2`27Q`2 � bT�+2 M22/b iQ #2 7QmM/X

kX aBKBH�`Hv- �M �`2� b?QmH/ �HbQ #2 TH�MM2/ 7Q` i?2 mMHQ�/BM;X h?2b2 }`bi irQ Bbbm2b
�`2 #BM@T�+FBM; T`Q#H2KbX

jX h`�BM iBK2i�#H2 b?QmH/ }i i?2 /Bbi`B#miBQM M22/bX SH�MMBM; KB;?i ?�p2 iQ #2 �/�Ti2/
�++Q`/BM; iQ 7`2B;?i /2K�M/ �M/ i?2 BKT�+i QM T�bb2M;2`Ƕb i`�MbTQ`i b?QmH/ #2
�M�Hvx2/X

9X h?2 HQ�/ b?QmH/ #2 QTiBK�HHv biQ`2/ BM i?2 +�` bm+? �b `2/m+BM; i?2 7mim`2 mMHQ�/BM;
iBK2X

8X h?2 mTbi`2�K ~Qr b?QmH/ #2 `2;mH�i2/ �++Q`/BM; iQ T2�F ?Qm`b BM T�bb2M;2` i`�Mb@
TQ`i�iBQMX h?Bb K�v #2 /QM2 #v #�H�M+BM; i?2 T`B+2 rBi? /Bz2`2Mi H2�/ iBK2bX



kRX

eX 6BM�HHv- i?2 7`2B;?i i`�MbTQ`i b?QmH/ #2 /BbT�i+?2/ �M/ b+?2/mH2/ BM Q`/2` iQ KBMB@
KBx2 i?2 r�BiBM; iBK2X h?2 r�BiBM; iBK2 Bb ?2`2 /2}M2/ �b i?2 iBK2 � T�+F�;2 r�Bi
�i i?2 bQm`+2 bi�iBQM #27Q`2 #2BM; HQ�/2/ BM i?2 }`bi i`�BMX

�//BiBQM�HHv- i?2 �mi?Q`b 7Q`KmH�i2/ � 7`2B;?i `�BH i`�MbTQ`i b+?2/mHBM; T`Q#H2K �b �
KBt2/@BMi2;2`X AM i?2B` +�b2- i?2v +QMbB/2`2/ � +QKTH2i2 b?�`BM; Q7 i?2 T?vbB+�H 2H2K2Mib
Up2?B+H2b- `�BHb �M/ bi�iBQMbVX aBM+2 T�bb2M;2` �M/ 7`2B;?i i`�MbTQ`i rBHH Q7i2M QT2`�i2
bBKmHi�M2QmbHv- i?2B` QT2`�iBM; iBK2 rBHH �HbQ #2 b?�`2/X .m2 iQ `2;mH�iBQM +QMbi`�BMib-
i?2 �mi?Q`b /2+B/2/ i?�i bQK2 +�`b �i i?2 2M/ Q7 i?2 i`�BM rBHH #2 2MiB`2Hv /2/B+�i2/ iQ
7`2B;?i r?BH2 i?2 7`QMi rBHH #2 7Q` T�bb2M;2`b DQm`M2vX 6Q` bBKTHB}+�iBQM- i?2v +QMbB/2`2/
� bBM;H2 `�BH HBM2 T`Q#H2KX

6�iM�bbB- *?�Qm�+?B- �M/ EHB#B UkyR8V T`QTQb2/ iQ b?�`2 T2`bQM�H �M/ 7`2B;?i `�TB/ i`�MbBiX
h?Bb KQ/2 Q7 i`�MbTQ`i mb2 m`#�M `�BH iQ KQp2 bK�HH [m�MiBiB2b 7`QK � bQm`+2 bi�iBQM
bi`�B;?i iQ � /2biBM�iBQM i?�MFb iQ � r2HH BMi2`+QMM2+i2/ `�BH M2irQ`FX �bbmKBM; i?�i i?2
/2bB;M r�b �H`2�/v /2+B/2/ �M/ BKTH2K2Mi2/- i?2v 7Q+mb2/ QM �M QT2`�iBQM�H KQ/2H �M/
QM i?2 i`�MbTQ`i T`Q#H2K rBi? i?2 Q#D2+iBp2 Q7 KBMBKBxBM; 2KTiv `mMMBM;b �M/ r�BiBM;
iBK2X qBi? iBK2 rBM/Qr- i?2v rBHH bT2+B}2b r?2M i?2 M2irQ`F Bb �p�BH�#H2 7Q` 7`2B;?i-
T2`bQM Q` #Qi?X AM T2�F ?Qm`b- Bi +QmH/ #2 /2/B+�i2/ QMHv 7Q` T�bb2M;2`b r?BH2 BM Qz@T2�F
?Qm`b- bK�HH2` iBK2 rBM/Qr b?QmH/ �Hi2`M�i2 #2ir22M 7`2B;?i �M/ T2`bQMX LB;?ib +QmH/
7Q` 2t�KTH2- #2 /2/B+�i2/ QMHv iQ 7`2B;?i i`�MbTQ`ibX

J�bbQM 2i �HX UkyRdV /2p2HQT2/ � KQ/2H iQ i`�MbTQ`i ;QQ/b i?`Qm;? Tm#HB+ #mb2b QM �
bBM;H2 #mb HBM2 7`QK � +QMbQHB/�iBQM +2Mi2` iQ #mb biQTb r?2`2 � +Biv 7`2B;?i2` rBHH +QHH2+i
i?2 ;QQ/b �M/ /2�H rBi? i?2 H�bi KBH2X h?2B` K�BM �bbmKTiBQM Bb i?�i i?2 ;QQ/b rBHH mb2
i?2 #mb2b bT�`b2 +�T�+Biv rBi?Qmi �z2+iBM; i?2 T�bb2M;2`bX 6B`bi- i?2 /Bbi`B#miBQM +2Mi`2
i�F2b +�`2 Q7 `2+2TiBQM- bQ`iBM; �M/ HQ�/BM; BMiQ #mb2b BM �M �bvM+?`QMQmb r�v, QMHv
r?2M `2+2TiBQM �M/ bQ`iBM; QT2`�iBQMb �`2 i2`KBM�i2/ K�v i?2 HQ�/BM; bi�`ibX GQ�/BM;
QT2`�iBQMb i�F2 TH�+2 BM �M �/2[m�i2 +QMi�BM2` bvbi2K �M/ Bb +QMbi`�BM2/ #v � K�tBKmK
+�T�+Biv iQ F22T i?2 b2`pB+2@H2p2H 7Q` T�bb2M;2` mM+?�M;2/ �M/ bm+? i?�i i?2v +�M #2
mMHQ�/2/ BM 2�+? bi�iBQM bm{+B2MiHv 7�biX h?2M- �i 2�+? bi�iBQM- � +Biv 7`2B;?i2` rBHH #2
i?2`2 iQ mMHQ�/ i?2 #mb �M/ /2HBp2` i?2 ;QQ/ iQ Bib }M�H +mbiQK2`bX h?Bb +Biv 7`2B;?i2`



kkX

rBHH 7�+2 mbm�H H�bi@KBH2 Bbbm2bX 6BM�HHv- i?2 �mi?Q`b i`�MbH�i2 �HH i?Bb iQ � p2?B+H2 `QmiBM;
BMbTB`2/ KQ/2HX

w?�Q 2i �HX UkyR3V /2bB;M2/ � K2i`Q@BMi2;`�i2/ HQ;BbiB+b bvbi2K 7Q` BMi`�@+Biv /2HBp2`B2b
BM a?�M;?�BX 6B`bi- i?2v /BpB/2/ i?2 +Biv BM bm#@�`2�b BM r?B+? T ?m#b rBHH M22/ iQ #2
bBim�i2/X h?2M- i?2v 2p�Hm�i2/ i?2 BKTQ`i�M+2 Q7 2�+? K2i`Q bi�iBQMb rBi? BM/B+2b 7`QK
+QKTH2t M2irQ`F i?2Q`B2b, RV /2;`22 +2Mi`�HBiv @ ?Qr K�Mv +QMM2+iBQMb /Q2b i?2 MQ/2 ?�b
BM +QKT�`BbQM iQ i?2 K�tBKmK MmK#2` Q7 +QMM2+iBQMb BM i?2 M2irQ`Fc kV #2ir22MM2bb
+2Mi`�HBiv @ ?Qr 7`2[m2MiHv � MQ/2 Bb BM #2ir22M irQ Qi?2` MQ/2bc jV +HQb2M2bb +2Mi`�HBiv @
?Qr +HQb2 Bb � MQ/2 7`QK i?2 +2Mi2` Q7 i?2 M2irQ`F �M/c 9V 2B;2Mp2+iQ`b +2Mi`�HBiv @ ?Qr
BKTQ`i�Mi �`2 i?2 M2B;?#Q`BM; MQ/2b Q7 � MQ/2X �7i2`r�`/b- i?2v #�H�M+2/ i?2b2 BM/B+2b
#v �bbB;MBM; i?2K r2B;?ibX h?2 BKTQ`i�M+2 Q7 2�+? BM/B+2b rBi? T�B`rBb2 +QKT�`BbQMb
r�b 2bi�#HBb?2/ #v � T�M2H Q7 2tT2`ibX h?2M- i?2v mb2/ � i?`22@b+�H2 K2i?Q/ Q7 �M�HviB+
?B2`�`+?v T`Q+2bb iQ +QKTmi2 i?2 r2B;?ibX h?2 2[m�iBQM 7Q` 2�+? Q7 i?2b2 BM/B+2b �`2
`2T`2b2Mi2/ BM i�#H2 RX 6BM�HHv- i?2v bQHp2/ � HQ+�iBQM KQ/2H r?B+? �BKb iQ KBMBKBx2 i?2
/2HBp2`v i`�p2H /Bbi�M+2bX �M�HviB+�H ?B2`�`+?v T`Q+2bb2b- ;2M2`�HHv mb2/ � R@N b+�H2 7Q`
bm+? /2+BbBQMb U6`�M2F � E`2bi�- kyR9- o�B/v� � EmK�`- kyyeVX

.2;`22 +2Mi`�HBiv "2ir22MM2bb +2Mi`�HBiv *HQb2M2bb +2Mi`�HBiv 1B;2Mp2+iQ` +2Mi`�HBiv

DCi =
Ki

N−1 BCi =
∑

i ̸=j ̸=r

kj,r(i)
kj,r

CCi =
N−1
N∑

j=1
di,j

ECi =

∑
ij

Ai,jECj

λ

Ki Bb i?2 /2;`22 Q7 MQ/2 B- i?2 MmK#2` Q7 MQ/2b i?�i B Bb /B`2+iHv +QMM2+i2/ iQX
L Bb i?2 iQi�H MmK#2` Q7 MQ/2b BM i?2 M2irQ`F
kj,r Bb i?2 MmK#2` Q7 T�i? 7`QK D iQ ` �M/ kjr(i) �`2 i?2 QM2b T�bbBM; i?`Qm;? MQ/2 B
di,j Bb i?2 b?Q`i2bi /Bbi�M+2 7`QK MQ/2 B iQ MQ/2 D
Ai,j Bb i?2 �/D�+2Mi K�i`Bt Q7 i?2 M2irQ`F- MQ/2 D Bb MQ/2 B M2B;?#Qm`b
λ Bb � +QMbi�Mi i?�i `2~2+ib i?�i MQi �HH MQ/2b �`2 2[m�HX

h�#H2 R, LQ/2 BKTQ`i�M+2 BM/B+2b �++Q`/BM; iQ w?�Q 2i �HX UkyR3V �M/ +H�`B}2/ #v L2rK�M
UkyReV

kX9Xk L2irQ`F i?2Q`v �TTHB2/ iQ Tm#HB+ i`�MbTQ`ib

>Qr +QmH/ i?Bb M2irQ`F i?2Q`v #2 �TTHB2/ 7m`i?2` iQ i?2 Tm#HB+ i`�MbTQ`i +QMi2ti \

a?�MKmF?�TT�- >Q- �M/ hb2 UkyR3V mb2/ i?2 M2irQ`F i?2Q`v iQ �M�Hvx2 i?2 bT�iB�HBiv Q7
i`�MbTQ`ib M2irQ`FbX >2 T`QTQb2/ iQ KQ/2H � #mb i`�MbTQ`i M2irQ`F #v mbBM; bmT2`@MQ/2bX



kjX

amT2`@MQ/2b �`2 /2}M2/ #v +QK#BMBM; i?2 biQTb i?�i �`2 ;2Q;`�T?B+�HHv +HQb2X >2 T`QTQb2/
� i?`2b?QH/ Q7 Ryy K r?B+? Bb � r�HF�#H2 /Bbi�M+2X S`�+iB+�HHv- bmT2`@MQ/2b +Q``2bTQM/ iQ
biQTb i?�i /2b2`p2 i?2 b�K2 TH�+2 �M/ �`2 ivTB+�HHv HQ+�i2/ QM 2�+? bB/2 Q7 i?2 `Q�/X h?2
�mi?Q`b �/p�M+2 i?�i i?Bb +QK#BM�iBQM K�F2 i?2 bi`m+im`�H #2?�pBQ` 2�bB2` iQ mM/2`bi�M/-
?2HT BM i?2 /2i2`KBM�iBQM Q7 i`�Mb72` TQbbB#BHBiB2b �M/ rBi? i?2 /2i2`KBM�iBQM Q7 MQ/2b
bB;MB}+�M+2bX �#Qp2 i?�i- Bi `2/m+2b i?2 `2/mM/�M+B2b BM i?2 M2irQ`F �M/ 7�bi2M i?2
+QKTmi�iBQM�H T`Q+2bbX AM �//BiBQM iQ i?2 +2Mi`�HBiv �b /2}M2/ #v w?�Q 2i �HX UkyR3V- i?2
�mi?Q`b BMi`Q/m+2/ i?2 +QM+2Tib Q7 ?m# �M/ �mi?Q`Biv +2Mi`�HBiB2b, Ǵ� ?m# Bb � MQ/2 i?�i
+QMM2+ib iQ K�Mv Qi?2` MQ/2b BM i?2 M2irQ`F �M/ �M �mi?Q`Biv Bb � MQ/2 r?B+? Bb TQBMi2/
#v K�Mv ?m#b BM i?2 M2irQ`F ǴUa?�MKmF?�TT� 2i �HX- kyR3- TXjydVX

>�/�b UkyRjV mb2/ ;QQ;H2 i`�MbBi /�i� iQ �bb2bb i?2 +QMM2+iBpBiv BM Tm#HB+ i`�MbTQ`iX h?2
�mi?Q` T`2b2Mi2/ � K2i?Q/QHQ;v iQ 2ti`�+i- biQ`2 �M/ �M�Hvx2 Tm#HB+ i`�MbTQ`i /�i� rBi?
:Aa U;2Q;`�T?B+ BM7Q`K�iBQM bvbi2KV i2+?MB[m2bX 6B`bi- ?2 �//2/ �M/ +QMM2+i2/ i?2 biQTb
iQ i?2 M2irQ`FX h?2M- ?2 #mBHi `Qmi2b #v HQ+�iBM; i?2 b?Q`i2bi T�i? #�b2/ QM i?2 biQTb
b2[m2M+2b i?�i �`2 }M/ BM i?2 i`BTb }H2X �7i2`r�`/b- #�b2/ QM i?2 b+?2/mH2b /2T�`im`2-
?2 +�H+mH�i2/ ?2�/r�vb �M/ 7`2[m2M+B2bX 6BM�HHv- ?2 mb2/ i?2b2 bT�iB�H �M/ i2KTQ`�H /�i�
iQ �M�Hvx2 i?2 M2irQ`F +QMM2+iBpBivX

Sb�HiQ;HQm �M/ *�HH2 UkyR3V }`bi B/2MiB7v +`BiB+�H MQ/2b mbBM; /2;`22 �M/ #2ir22MM2bb
+2Mi`�HBiB2bX h?2M- rBi? /�i� QM 7`2[m2M+B2b UFlV- p2HQ+Biv UVlV- p2?B+H2 +�T�+Biv UClV �M/
/Bbi�M+2 UDl,nV- i?2 �mi?Q`b +QKTmi2/ i?2 +QMM2+iBpBiv BM/2t Q7 i?2 MQ/2bX h?Bb Bb /2}M2/
�b, Ǵi?2 bmK Q7 �HH +QMM2+iBM; TQr2`b Q7 �HH i?2 HBM2b UHBMFbV +`QbbBM; i?2 MQ/2Ǵ USb�HiQ;HQm
� *�HH2- kyR3- TXk8V rBi? i?2 2[m�iBQM k i?�i 2tT`2bb2b i?2 Qmi Q` BM@#QmM/ +QMM2+iBM;
TQr2` Q7 � HBMFX Hl Bb i?2 /�BHv ?Qm`b Q7 QT2`�iBQMb QM i?2 HBM2 R �M/ �- β �M/ γ �`2
b+�HBM; 7�+iQ`b 7Q` i?2B` `2bT2+iBp2 T�`�K2i2`bX aBM+2 i?2 T`2@T`Q+2bbBM; Q7 i?2 /�i� K�v
i�F2 iBK2- i?2 �mi?Q`b T`QTQb2 iQ QMHv /Q Bi 7Q` MQ/2b i?�i �H`2�/v b22Kb +`BiB+�H #�b2/ QM
+2Mi`�HBiv �M/ #2ir22MM2bbX AM �//BiBQM- i?2 �mi?Q`b +QMbB/2`2/ i?2 i2KTQ`�H /BK2MbBQM
Q7 +`BiB+�H MQ/2 #v mbBM; /�i� �#Qmi m`#�M �+iBpBiB2b /2MbBivX

Pl = a(Cl ∗
60

Fl
∗Hl) ∗ βVl ∗ γDl,n UkV





k8X

j J2i?Q/QHQ;v

h?Bb i?2bBb �BKb �i +`2�iBM; � M2irQ`F /2bB;M KQ/2H 7Q` i?2 /2HBp2`B2b Q7 T�`+2Hb i?`Qm;?
m`#�M Tm#HB+ i`�MbTQ`iX � 7mM+iBQM�H T?vbB+�H BMi2`M2i M2irQ`F Bb �bbmK2/ iQ 2tBbi iQ
K�F2 i?2 QT2`�iBQM�H �+iBpBiB2b 72�bB#H2X AM i?Bb b2+iBQM- r2 rBHH 2tTH�BM ?Qr i?2 /2HBp2`v
T`Q+2bb rBHH ?�TT2M #27Q`2 BMi`Q/m+BM; i?2 K2i?Q/QHQ;v iQ /2bB;M bm+? M2irQ`FX

jXR PT2`�iBQM�H T`Q+2bb

h?Bb T`Q+2bb Bb BHHmbi`�i2/ BM };m`2 RX

amTTHB2`b rBHH /2HBp2` i?2 ;QQ/b BM QM2 Q7 i?2 /2TQib r?2`2 Bi rBHH #2 Tmi BM π@+QMi�BM2`bX
h?2b2 π@+QMi�BM2`b �`2 #Qt2b r?B+? 2M+�TbmH�i2 i?2 ;QQ/b iQ #2 /2HBp2`2/X h?2b2 #Qt2b
+�M #2 �ii�+?2/ 2�bBHv iQ QM2 �MQi?2`X h?2v rBHH +QMi�BM �M _6A. i�; iQ ;Bp2 i?2K
i?2 �#BHBiv iQ +QKKmMB+�i2X PMHv rBi? i?2 `B;?i bK�`iT?QM2 bB;M�H +�M i?2 #Qt2b #2
mM+HBTT2/ Q` QT2M2/X AM i?2b2 /2TQib- �7i2` i?2 +QMi�BM2`Bx�iBQM- rBHH i?2 +QMbQHB/�iBQM
�M/ i?2 `QmiBM; ?�TT2M , i?2 +QMi�BM2`b rBHH #2 ;`QmT2/ �M/ +HBTT2/ iQ;2i?2` �++Q`/BM;
iQ i?2B` /2biBM�iBQMX

"27Q`2 Bib }`bi i`BT- BM i?2 /2TQi- � i`�K Q` K2i`Q U?2`2 �7i2` #Qi? M�K2/ K2i`QV rBHH #2
HQ�/2/ rBi? +QMi�BM2`b �++Q`/BM; iQ M22/b �M/ +�T�+BiB2bX h?2b2 +QMi�BM2`b rBHH #2 HQ+F2/
iQ i?2 K2i`Q iQ T`2p2Mi �Mv i?27i Q` KQp2K2MiX

q?2M i?2 K2i`Q �``Bp2b BM � HQ+F2`@bi�iBQM- �miQK�iBQM Q` �M 2KTHQv22 rBi? � bK�`i@
/2pB+2 rBHH #2 �#H2 iQ mMHQ+F i?2 π@+QMi�BM2`b �M/ #`BM; i?2K iQ i?2 bK�`i HQ+F2`@i2`KBM�HX
h?2`2- +mbiQK2`b rBHH QT2M i?2 +QMi�BM2`b rBi? i?2B` bK�`iT?QM2 Q` rBi? � +Q/2 QM i?2
HQ+F2`@i2`KBM�H- iQ }M�HHv ;2i i?2B` ;QQ/bX

A7 � i`�Mbb?BTK2Mi Bb M22/2/- i?2 ;QQ/b rBHH ;2i Qmi �i � i`�Mbb?BTK2Mi bi�iBQM iQ;2i?2`
rBi? i?2 ;QQ/b 7Q` r?B+? Bi Bb i?2 }M�H /2biBM�iBQMX h?2v rBHH i?2M #2 #`Qm;?i iQ i?2
i2`KBM�H r?2`2 +QMbQHB/�iBQM rBHH ?�TT2M �;�BMX q?2M �HH Q7 i?Bb@T2`BQ/ +QMi�BM2`b ?�p2
�``Bp2/ iQ i?2 i`�Mbb?BTK2Mi@bi�iBQM- i?2v rBHH #2 b2Mi iQ;2i?2` iQ i?2 M2ti K2i`QX h?2`2-
i?2 b�K2 T`Q+2bb ?�TT2M �;�BM mMiBH i?2 +QMi�BM2`b ?�p2 `2�+?2/ i?2B` }M�H /2biBM�iBQMX



keX

hQ 2M�#H2 i?Bb bvbi2K- � /2bB;M T`Q#H2K rBHH }`bi #2 bQHp2/, /2TQib �i i?2 2/;2 Q7 i?2
bvbi2K rBHH #2 +?Qb2M- i`�Mbb?BTK2Mi bi�iBQMb rBHH #2 B/2MiB}2/ �M/ }M�HHv HQ+F2` i2`KBM�Hb
rBHH #2 HQ+�i2/X h?2M- � TH�MMBM; KQ/2H rBHH #2 +`2�i2/ r?B+? �bbm`2 i?2 /2HBp2`v Q7 i?2
+QMi�BM2`b BM iBK2X 6BM�HHv- i?2 /2bB;M Q7 i?Bb M2irQ`F K�/2 #�b2/ QM i?2 "`mbb2Hb Tm#HB+
i`�MbTQ`i b+?2/mH2b rBHH #2 i2bi2/ rBi? `�M/QKHv ;2M2`�i2/ T�`+2Hb /2K�M/X

6B;m`2 R, PT2`�iBQM�H T`Q+2bb



kdX

jXk L2irQ`F /2bB;M KQ/2H

hQ b2M/ T�`+2Hb i?`Qm;? Tm#HB+ i`�MbTQ`i- i?2 M2irQ`F rBHH M22/ iQ #2 #mBH/ #�b2/ QM
i?2 /�i� 7`QK i?2 mb2/ Tm#HB+ i`�MbTQ`i M2irQ`F- �p�BH�#H2 BM i?2 7Q`K�i Q7 i?2 ;HQ#�H
i`�MbBi 722/ B/2MiB}+�iBQM bvbi2K U;i7bV +`2�i2/ #v :QQ;H2 UkyRNVX Pi?2` /�i� QM i?2 +Biv
+?�`�+i2`BbiB+b bm+? �b Bib TQTmH�iBQM BM 2�+? /Bbi`B+ib rBHH �HbQ #2 M22/2/X

qBi? �HH i?2b2 /�i�- i?2 }`bi bi2T rBHH #2 iQ bBKTHB7v i?2 Tm#HB+ i`�MbTQ`i M2irQ`F mbBM;
i?2 bmT2`@MQ/2 `2T`2b2Mi�iBQM /2p2HQT2/ #v a?�MKmF?�TT� 2i �HX UkyR3V �M/ 2ti`�+i i?2K
7`QK i?2 ;i7b }H2 �b bm;;2bi2/ #v >�/�b UkyRjVX h?2 M2irQ`F +�M i?2M #2 #mBH/ #v �//BM;
iQ i?2 bmT2`@MQ/2b- i?2 2/;2b +Q``2bTQM/BM; iQ 2�+? `Qmi2bX

q?2M i?2 M2irQ`F Bb #mBHi- M2irQ`F +QMM2+iBpBiv +�M #2 �M�Hvx2/X h?Bb rBHH ?2HT iQ B/2MiB7v
?m#b HQ+�iBQM �M/ T`BQ`BiBx2 bQK2 HQ+F2` HQ+�iBQMb Qp2` Qi?2`bX h?2 KQbi mb2/ BM/B+2b BM
i?2 HBi2`�im`2 r?B+? �`2 /2;`22 +2Mi`�HBiv �M/ #2ir22MM2bb +2Mi`�HBiB2b Uw?�Q 2i �HX kyR3c
w?�Q 2i �HX kyR3c Sb�HiQ;HQm �M/ *�HH2 kyR3V rBHH #2 mb2/ �HQM; rBi? +HQb2M2bb +2Mi`�HBiv
�M/ 2B;2Mp2+iQ`b +2Mi`�HBivX aBM+2 2�+? Q7 i?2K /Q2bMǶi ?�p2 i?2 b�K2 BKTQ`i�M+2 7Q` Qm`
+?QB+2 Q7 HQ+�iBQM- r2B;?ib 7Q` 2�+? BM/B+2b rBHH #2 +�H+mH�i2/ #v mbBM; T�B`rBb2 +QKT�`BbQMb
�M/ � R@N b+�H2 #�b2/ �M�HviB+�H ?B2`�`+?v T`Q+2bbX h?Bb }M�H +2Mi`�HBiv BM/2t rBHH ?2HT
iQ B/2MiB7v QM2 Q` b2p2`�H ?m#b i?�i �`2 BKTQ`i�Mi MQ/2b BM i?2 M2irQ`F r?BH2 +QMM2+iBM;
#Qi? /2TQibX q?2M i?2b2 ?m#b �`2 /2+B/2/- i?2 b2i Q7 TQi2MiB�H HQ+F2`b rBHH #2 #mBH/ bm+?
i?�i 2�+? HQ+F2` +�M #2 `2�+?2/ #v � /2TQi BM MQ KQ`2 i?�M QM2 i`�Mbb?BTK2MiX

AM � b2+QM/ T�`i- i?2 HQ+F2` HQ+�iBQM KQ/2H rBHH #2 bQHp2/X h?2 MQ/2b b2H2+i2/ �#Qp2 rBHH
7Q`K i?2 b2i Q7 TQi2MiB�H HQ+F2` HQ+�iBQMbX h?Bb KQ/2H rBHH #2 � }t2/ +?�`;2 KQ/2H U.�bFBM
2i �HX- kyy8V i?�i �HHQr bQK2 mM+Qp2`2/ /2K�M/ ULQxB+F- kyyRVX h?2 +Qp2`�;2 rBHH #2 +QK@
Tmi2/ 7Q` b2p2`�H /Bbi`B+ib r?B+? /2K�M/b �`2 `2T`2b2Mi2/ �b � +2Mi`QB/ TQBMi �M/ i?2B`
[m�MiBiv@Q7@+Qp2`�;2 rBHH /Bz2` �++Q`/BM; iQ i?2B` TQTmH�iBQMb UCB� 2i �HX- kyydVX h�FBM;
`2H�iBp2Hv bK�HH /Bbi`B+ib rBHH `2/m+2 i?2 J�lS T`Q#H2K U�X Jm``�v- kyy8VX h?2 +Qp2`@
�;2 rBHH #2 +�H+mH�i2/ rBi? 2m+HB/B�M /Bbi�M+2b #mi i?2 +?QB+2 Q7 �M �TT`QT`B�i2 /Bbi�M+2
i?�i +mbiQK2`b rBHH #2 rBHHBM; iQ r�HF b?QmH/ i�F2 i?Bb �TT`QtBK�iBQM BMiQ �++QmMiX 6Q`
2�+? MQ/2- i?2B` BM/B+2b rBHH #2 mb2/ iQ +QKTmi2 i?2 +Qbi Q7 Bib BKTQH2K2Mi�iBQMX h?2b2
BM/B+2b b?QmH/ `2~2+i i?2 T`272`2M+2 Q7 ?�pBM; QM2 MQ/2 �b � HQ+F2` BMbi2�/ Q7 �MQi?2` QM2X



k3X

�//BiBQM�HHv- i?2 +Qbi iQ #mBHi � ?m# rBHH #2 MmHH bm+? i?�i Qm` KQ/2H rBHH mM/Qm#i2/Hv
+?QQb2 Bi �b � HQ+F2` HQ+�iBQMX

h?2 M2irQ`F rBHH i?2M #2 7m`i?2` /2bB;M2/ #v �HHQ+�iBM; iQ 2�+? +?Qb2M HQ+F2` i?2 Tm#HB+
i`�MbTQ`i i`BTb BM r?B+? i?2B` T�`+2Hb +QmH/ #2 ?�M/H2/ iQ �``Bp2 /B`2+iHv Q` i?`Qm;? �
?m#X

6BM�HHv- � bBKmH�iBQM Q7 i?Bb T�`+2H i`�MbTQ`i�iBQM KQ/2H rBHH #2 K�/2 #�b2/ QM �M 2biBK�i2
Q7 i?2 /2K�M/ 7Q` T�`+2Hb �+`Qbb i?2 "`mbb2Hb `2;BQMX S�`+2Hb rBHH #2 �HHQ+�i2/ iQ QM2
Q7 i?2 b2H2+i2/ i`BTb bm+? �b K�tBKBxBM; }HHBM; `�i2 r?BH2 `2bT2+iBM; � +2`i�BM +�T�+BivX
6m`i?2`KQ`2- i?2 +?QB+2 Q7 � TH�MMBM; T2`BQ/ rBHH #2 K�/2 bm+? i?�i � ?�H7@�@/�v /2HBp2`v
+�M #2 ;m�`�Mi22/ iQ i?2 +QMi`�+iQ`X



kNX

9 �M�HvbBb

9XR .�i� 2tTH�M�iBQM �M/ T`2T`Q+2bbBM;

9XRXR h?2 Tm#HB+ i`�MbTQ`i M2irQ`F

9XRXRXR "�+F;`QmM/ BM7Q`K�iBQMb QM "`mbb2Hb Tm#HB+ i`�MbTQ`i

h?2 T`BM+BT�H Tm#HB+ i`�MbTQ`i QT2`�iQ` BM "`mbb2Hb Bb aQ+Bûiû /2b i`�MbTQ`ib BMi2`@#`mt2HHQBb
UahA"@JAo"VX ahA" �BKb �i ǳBKT`QpBM; KQ#BHBiv BM "`mbb2Hb �M/ i?2 [m�HBiv Q7 HB72 Q7
Bib +BiBx2MbǴ UahA"@JAo"- kyRN�VX Aib M2irQ`F Bb +QKTQb2/ Q7 9 K2i`Q@- Rd i`�K@ �M/
8y #mb@HBM2bX Ai QT2`�i2b k9fd �M/ QM �TT`QtBK�i2Hv e8y FK �+`Qbb i?2 "`mbb2Hb `2;BQM
�M/ Bib bm#m`#b- b2`pBM; k-kyy biQTbX UahA"@JAo"- kyRN#V AM kyRd- i`�Kb �M/ K2i`Qb
�++QmMi2/ iQ;2i?2` 7Q` d8W Q7 i?2 DQm`M2vb UahA"@JAo"- kyRdVX 6Q+mbBM; QMHv QM i?Bb
irQ bBKBH�` KQ/2b Q7 i`�MbTQ`i rBHH i?mb #2 bB;MB}+�MiX

qBb?BM; iQ ǳF22T "`mbb2Hb KQpBM;Ǵ- ahA"- rBi? Bib QT2M /�i� T`QD2+i r?B+? �BKb iQ i`B;;2`
BMMQp�iBp2 bQHmiBQMb- ?�b b?�`2/ �HH i?2 BM7Q`K�iBQM mb2/ #v +mbiQK2`b iQ i`�p2H BM i?2B`
M2irQ`F UahA"@JAo"- kyRN+VX h?2 /�i� �`2 b?�`2/ BM � ;i7b 7QH/2`X :HQ#�H h`�MbBi 622/
aT2+B}+�iBQM U;i7bV Bb Ǵ� +QKKQM 7Q`K�i 7Q` Tm#HB+ i`�MbTQ`i�iBQM b+?2/mH2b �M/ �bbQ+B�i2/
;2Q;`�T?B+ BM7Q`K�iBQMǴ U:QQ;H2- kyRNVX �HQM; rBi? b+?2/mHBM; BM7Q`K�iBQM- mb27mH /�i�
QM i?2 /2bB;M Q7 i?2 M2irQ`F +�M #2 `2i`B2p2/ 7`QK i?Bb ;i7b 7QH/2`X h?2 /�i� �`2 b2T�`�i2/
BM /Bz2`2Mi }H2b i?�i �`2 `2H�i2/ iQ 2�+? Qi?2`b �b +�M #2 b22M QM };m`2 kX h?2 +QQ`/BM�i2b
7QHHQr i?2 q:a39 `272`2M+2 bvbi2KX

9XRXRXk h`�Mb7Q`K�iBQM Q7 i?2 ;i7b /�i�#�b2

h?2 bi`m+im`2 Q7 i?2 `2H�iBQM�H /�i�#�b2 Bb BHHmbi`�i2/ BM i?2 };m`2 kX .m2 iQ i?2 bBx2 Q7
i?Bb 7QH/2`- QMHv bQK2 /�i� rBHH #2 `2i`B2p2/ BM i?2 +Q/2 U�TT2M/Bt �jXRVX h?2 7QHHQrBM;
+?�M;2b ?�p2 #22M K�/2,



jyX

Ç +�H2M/�`n/�i2, h?2 bi`�i2;B+ /2+BbBQMb �`2 #�b2/ QM �M mbm�H /�v rBi? � bi�M/�`/
b+?2/mH2X h?2`27Q`2- i?Bb }H2- r?B+? r�b +`2�i2/ iQ �++QmMi 7Q` 2t+2TiBQMb- BbMǶi
`2H2p�Mi ?2`2X

Ç +�H2M/�`, h?2 }H2 �++QmMib 7Q` � jy@/�v T2`BQ/X aBM+2 i?2 #�bB+ i`BTb ?�TT2M
2p2`v/�v- r2 rBHH `2i`B2p2 QMHv i?2 2H2K2Mi 7Q` QM2 mbm�H /�v, i?2 RRi? Q7 J�`+?
kyRN UkyRNyjRRVX

Ç `Qmi2b, Pm` bvbi2K rBHH 7Q+mb QMHv QM i`�K U`Qmi2nivT2 4 yV �M/ K2i`Q `Qmi2b
U`Qmi2nivT24RVX

Ç i`BTb, PMHv i?2 i`BTb `2H�i2/ iQ i?2 b2`pB+2b U+�H2M/�`V �M/ `Qmi2b b2H2+i2/ �#Qp2
rBHH #2 `2i`B2p2/X

Ç b?�T2b, h?Bb }H2 rBHH #2 mb2/ QMHv 7Q` BHHmbi`�iBQM Tm`TQb2bX

Ç biQTniBK2b, h?2 iBK27`�K2 rBHH #2 `2/m+2/ iQ i?2 T2`BQ/ #2ir22M Ry,yy,yy �M/
Rk,yy,yyX GQQFBM; QMHv �i irQ MQi@T2�F ?Qm`b b?QmH/ #2 2MQm;? iQ ;Bp2 mb �HH
BM7Q`K�iBQM `2;�`/BM; 7`2[m2Mi `Qmi2bX h?Bb rBHH `2/m+2 i?2 BMbi�M+2b BM i?2 biQT

niBK2b }H2 7`QK KQ`2 i?�M 9 KBHHBQMb iQ H2bb i?�M ?�H7 � KBHHBQMX

Ç biQTb, PMHv i?2 biQTb `2H�i2/ iQ i?2 b2H2+i2/ i`BTb rBHH #2 F2TiX

6B;m`2 k, 1MiBiv `2H�iBQMb 7Q` i?2 ahA" U;i7bV /�i�#�b2



jRX

9XRXk .2TQi HQ+�iBQMb

6`2B;?i ~Qrb +�M 2Mi2` "`mbb2Hb i?`Qm;? KmHiBTH2 �t2bX "`mbb2Hb KQ#BHBiv ?�b +QmMi2/
i?2 2Mi`B2b �M/ 2tBib Q7 i`m+Fb �M/ /2HBp2`v p�Mb QM � mbm�H r22F/�v �i k8 bi`�i2;B+
TQBMib QM i?2 2/;2 Q7 "`mbb2HbX Ai �TT2�`b- rBi?Qmi bm`T`Bb2- i?�i /2HBp2`v p�Mb �`2 r2HH
`2T`2b2Mi2/ �M/ i?`22 HQ+�iBQMb bi�M/ Qmi, QM QM2 ?�M/- #QmH2p�`/ BM/mbi`B2H BM i?2 aQmi?
i?�i +QMM2+ib iQ i?2 1RN US�`Bb@JQMbV �M/ QM i?2 Qi?2` ?�M/- i?2 2Mi`B2b QM i?2 �j �M/
i?2 �Rk BM i?2 LQ`i? i?�i +QMM2+ib iQ i?2 19y UG2mp2M@GBĕ;2V �M/ iQ �Mir2`TX h?Bb
bim/v �HbQ b?Qrb i?�i i?Bb i`�{+ Bb bT`2�/ �+`Qbb i?2 /�v r?BH2 +�` i`�{+ ?�b irQ T2�Fb,
QM2 �`QmM/ 3Xyy�K �M/ QM2 �`QmM/ y8XyyTKX Uai`�H2- G2#2�m- >m#2`i- � J�+?�`Bb- kyR8V

EMQrBM; ?Qr 7`2B;?ib T`272` iQ �++2bb "`mbb2Hb- i?2 /2TQib b?QmH/ #2 HQ+�i2/ iQ b�iBb7v
i?2b2 LQ`i? �M/ aQmi? 2Mi`B2bX ahA" QrMb b2p2`�H i`�K /2TQib 7`QK r?B+? irQ b22Kb iQ
#2 i?2 #2bi +�M/B/�i2b /m2 iQ i?2B` bBx2 �M/ /m2 iQ i?2B` HQ+�iBQM M2�`#v i?2b2 K�BM �t2b,
i?2 J�`QMB /2TQi BM i?2 aQmi? �M/ i?2 >�`2M /2TQi BM i?2 LQ`i?X

h`�Kb bi�v i?2`2 Qp2`MB;?i �M/ i`�p2H 2KTiv �7i2`r�`/b mMiBH i?2B` bi�`iBM; biQTX q2 K�v
�bbmK2/ i?�i i`�Kb bi�`iBM; i?2B` i`BTb �i ai�HH2 UHBM2 9V- .`Q;2M#Qb *?�i2�m UHBM2b jk
�M/ 3kV �M/ o�M >�2H2M UHBM2 8RV r2`2 T�`F2/ BM i?2 M2�`#v J�`QMB /2TQiX h?2 >�`2M
/2TQi Bb HBF2Hv iQ biQ`2 i`�Kb i?�i rBHH bi�`i i?2B` DQm`M2v �i i?2 7QHHQrBM; M2�`#v biQTb,
.� oBM+B UHBM2 jk �M/ 88V �M/ 1m`Q *QMi`QH UHBM2 ekVX �HH i?2b2 biQTb rBHH #2 `272``2/ iQ
�b /2TQi biQTb �M/ �`2 BHHmbi`�i2/ �HQM; rBi? i?2 ahA" K2i`Q �M/ i`�K M2irQ`F QM };m`2
jX

qBi? �M BMi2`+QMM2+i2/ HQ;BbiB+b M2irQ`F 2M�#H2/ #v i?2 SA BM KBM/- i?2 "`mbb2Hb TQ`i
b?QmH/MǶi #2 7Q`;Qii2M �b � TQi2MiB�H /2TQiX h?2 i2`KBM�H �p�Mi@TQ`i ?�M/H2b KQbi Q7 i?2
7`2B;?i i`�MbTQ`i Uai`�H2 2i �HX- kyR8VX *QK#BM2/ rBi? i?2 o�M S`�2i i`�K@biQTb M2�`#v
Bi +QmH/ #2 � TH�mbB#H2 /2TQi TH�+2 �M/ BMi2`KQ/�H ?m#X q?BH2 /B{+mHi iQ BKTH2K2Mi �i
i?2 KQK2Mi- #�`;2 /2HBp2`v +QmH/ #2 �TTHB+�#H2 BM � M2�` 7mim`2 U"mH/2Q _�B 2i �HX- kyRNVX



jkX

9XRXj 1biBK�iBQM Q7 i?2 /2K�M/ 7Q` T�`+2Hb

�++Q`/BM; iQ *�`/2M�b- "2+F2`b- �M/ o�M2HbH�M/2` UkyRdV- yXjj /2HBp2`B2b T2` R-yyy BM?�#B@
i�Mib Q++m` /�BHv BM "2H;B�M m`#�M �`2�bX SQTmH�iBQM /2MbBiv /�i� �HQM; rBi? ;2Q;`�T?B+�H
#QmM/�`B2b Q7 R98 /Bbi`B+ib i?�i +Qp2` i?2 "`mbb2Hb `2;BQM +�M i?mb #2 mb2/ iQ 2tT`2bb i?2
/2K�M/ 7Q` T�`+2Hb BM "`mbb2HbX h?2b2 /�i� �`2 `2i`B2p2/ 7`QK i?2 JQMBiQ`BM; /2b [m�`iB2`b
UkyReVX h?2 ;2Q;`�T?B+�H /�i� �`2 2tT`2bb2/ rBi? "2H;B�M `272`2M+2 bvbi2K U1Sa:,jRjdyV
r?B+? Bb BM K2i`B+ mMBibX 6`QK i?2b2 R98 /Bbi`B+ib- QMHv i?2 RR3 `2bB/2MiB�H /Bbi`B+ib �`2
`2H2p�Mi #2+�mb2 i?2 Qi?2` /Bbi`B+ib U;`22M bT�+2- +2K2i2`B2b �M/ BM/mbi`B�H �`2�V ?�p2 �
HQr TQTmH�iBQM /2MbBivX h?2b2 `2bB/2MiB�H /Bbi`B+ib �++QmMi iQ;2i?2` 7Q` i?2 �`2�b r?2`2
NNXdW Q7 "`mbb2Hb TQTmH�iBQM HBp2X

h?2 /2K�M/ 7Q` T�`+2Hb BM 2�+? /Bbi`B+i Uhi = 0.33 ∗ (TQTmH�iBQM BM B)/1000V rBHH #2 mb2/
BM i?2 HQ+�iBQM KQ/2H iQ T`BQ`BiBx2 ?B;?Hv TQTmH�i2/ /Bbi`B+ib bBM+2 i?2 iQi�H +Qp2`�;2 rBHH
?�p2 iQ #2 ?B;?2` i?�M � ;Bp2M i`2b?QH/X �//BiBQM�HHv- 2�+? /Bbi`B+i rBHH #2 `2T`2b2Mi2/
#v Bib +2Mi`QB/ TQBMiX � /Bbi`B+i rBHH #2 +QMbB/2`2/ �b +Qp2`2/ B7 Bib +2Mi`QB/ HB2b BMbB/2
i?2 +Qp2`�;2 �`2� Q7 � HQ+F2` UBX2X- B7 i?2 /Bbi�M+2 #2ir22M i?2 +2Mi`QB/ �M/ i?2 HQ+F2`
Bb BM72`BQ` iQ i?2 rBHHBM;M2bb iQ r�HFV �b ?B;?HB;?i2/ BM i?2 HBi2`�im`2 `2pB2r- i?2 mb2 Q7
� TQBMi@`2T`2b2Mi�iBQM K�v H2�/ iQ mM+Qp2`2/ �`2�bX L2p2`i?2H2bb- bBM+2 Qm` /�i�b2i Bb
/BpB/2/ BM � ?B;? MmK#2` Q7 /Bbi`B+ib- 2�+? rBi? `2H�iBp2Hv bK�HH �`2�b- i?2 �//BiBQM�H
/Bbi�M+2 i?Bb `2T`2b2Mi�iBQM K�v H2�/ iQ rBHH #2 bK�HH 2MQm;? iQ #2 �++2Ti�#H2X q2 K�v
i?2`27Q`2 �bbmK2 i?�i TQi2MiB�H +mbiQK2`b rBHH biBHH #2 rBHHBM; iQ r�HF BiX h?2 /Bbi`B+ib
�HQM; rBi? i?2B` +2Mi`QB/b �`2 BHHmbi`�i2/ BM };m`2 9X PMHv i?2 `2bB/2MiB�H /Bbi`B+i +2Mi`QB/b
�`2 `2T`2b2Mi2/X



jjX

6B;m`2 j, h?2 ahA" M2irQ`F �M/ i?2 /2TQi bi�iBQMb

6B;m`2 9, "`mbb2Hb `2bB/2MiB�H /Bbi`B+ib �M/ i?2B` +2Mi`QB/ `2~2+iBM; i?2 /2K�M/



j9X

9Xk SQi2MiB�H HQ+F2` HQ+�iBQMb

�miQK�i2/ T�`+2H HQ+F2`b biQ`BM; π@+QMi�BM2`b b?QmH/ #2 #mBHi �i bQK2 K2i`Q biQTbX h?2v
�`2 i?2 +QMM2+iBQM TQBMi #2ir22M i?2 +mbiQK2`b �M/ i?2 HQ;BbiB+ M2irQ`FX 1�+? K2i`Q
biQT /Q2b MQi ?�p2 i?2 b�K2 r2B;?i �b � +�M/B/�i2X h?2`27Q`2- +2Mi`�HBiv BM/B+2b 7`QK
+QKTH2t M2irQ`F i?2Q`v rBHH #2 #mBHi iQ �++QmMi 7Q` i?2 BKTQ`i�M+2 Q7 2�+? MQ/2 BM i?2
M2irQ`FX qBi? i?Bb +H�bbB}+�iBQM- � mMB[m2 BM/2t rBHH #2 #mBHiX Ai rBHH TH�v i?2 `QH2 Q7 �
+Qbi 7Q` i?2 HQ+F2` HQ+�iBQM KQ/2HX h?Bb b2+iBQM rBHH 2tTH�BM ?Qr i?2 /�i� r2`2 ;2M2`�i2/
iQ #2 mb2/ BM i?2 HQ+F2` HQ+�iBQMb T`Q#H2KX h?2 +Q/2 mb2/ Bb 2tTH�BM2/ BM �TT2M/Bt �jXkX

"27Q`2 i?2 }`bi +QKTmi�iBQMb- biQTb rBHH #2 ;`QmT2/ BM bmT2`@MQ/2b �++Q`/BM; iQ i?2B`
T`QtBKBiv Ua?�MKmF?�TT� 2i �HX- kyR3VX AM i?2 ;i7b /�i� }H2- i?Bb +Q``2bTQM/b iQ biQTb
?�pBM; i?2 b�K2 M�K2 #mi /Bz2`2Mi biQTnB/X h?2M- i?2 2/;2 #2ir22M 2�+? MQ/2 rBHH
?�p2 iQ #2 +QKTmi2/X h?2`27Q`2- BM7Q`K�iBQM �#Qmi 2�+? i`BT rBHH #2 M22/2/X h?2 biQT
b2[m2M+2 7Q` 2�+? `Qmi2 rBHH �HbQ ?2HT iQ /2}M2 i?2 2/;2bX

9XkXR *2Mi`�HBiv BM/B+2b

AM/B+2b 7`QK M2irQ`F i?2Q`v rBHH #2 mb2/ iQ 2biBK�i2 i?2 BKTQ`i�M+2 Q7 2�+? biQTbX h?2
KQbi FMQrM �M/ mb2/ +2Mi`�HBiv BM/B+2b �`2 +H�bbB}2/ #v BKTQ`i�M+2 #2HHQrX h?2v +�M #2
+�H+mH�i2/ BM Tvi?QM rBi? i?2 L2irQ`Fs T�+F�;2X

Ç .2;`22 +2Mi`�HBiv, i?2 #B;;2` Bb i?Bb BM/2t- i?2 KQ`2 /B`2+i M2B;?#Q`b /Q2b i?Bb MQ/2
?�p2X Ai �HbQ K2�Mb i?�i KmHiBTH2 K2i`Q@HBM2b �`2 T�bbBM; #v i?Bb MQ/2X S2QTH2 �`2
i?mb KQ`2 HBF2Hv iQ ;Q Qmi Q7 i?2B` i`�MbTQ`i K2�M �i i?Bb biQTX

Ç *HQb2M2bb +2Mi`�HBiv, i?2 +HQb2` Bb i?Bb MQ/2 iQ i?2 +2Mi2`- i?2 #B;;2` rBHH i?Bb BM/2t
#2X A7 T2QTH2 /Q MQi 2bT2+B�HHv HBp2 BM i?2 +2Mi2` Q7 i?2 M2irQ`F- rQ`FbT�+2- b?QTb
�M/ Qi?2` �+iBpBiB2b �`2 HBF2Hv iQ #2 bBim�i2/ +HQb2 iQ i?2`2X

Ç "2ir22MM2bb +2Mi`�HBiv, B7 i?Bb MQ/2 Bb BM i?2 KB//H2 Q7 HQiǶb Q7 T�i?- i?2M T2QTH2
rBHH HBF2Hv T�bb i?`Qm;? BiX h?2v K�v MQi ?�p2 TH�MM2/ iQ biQT i?2`2- i?Bb Bb r?v
i?Bb BM/2t Bb H2bb BKTQ`i�Mi i?�M i?2 /2;`22 +2Mi`�HBivX



j8X

Ç 1B;2Mp2+iQ`b +2Mi`�HBiv, i?Bb BM/2t `2~2+ib i?2 BKTQ`i�M+2 Q7 i?2 MQ/2b bBim�i2/
+HQb2@#vX AM Qm` +QMi2ti- i?2 HQ+F2` b?QmH/ T`272`�#Hv #2 bBim�i2/ BM i?2 BKTQ`i�Mi
HQ+F2` BMbi2�/ Q7 +HQb2 iQ BiX h?2`27Q`2- i?Bb BM/2t rBHH #2 i?2 H2�bi p�Hm2/X

h?2b2 7Qm` BM/B+2b Q7 +2Mi`�HBiv /Q2bMǶi ?�p2 i?2 b�K2 r2B;?i BM i?2 /2+BbBQM T`Q+2bbX
h?2`27Q`2- r2 rBHH mb2 �M �M�HviB+�H ?B2`�`+?v T`Q+2bb iQ /2}M2 i?2b2 r2B;?ibX 6B`bi-
i?2 BM/B+2b rBHH #2 T�B`rBb2 +QKT�`2/X h?2M- i?Bb K�i`Bt rBHH #2 MQ`K�HBx2/ �M/ }M�HHv-
r2B;?i rBHH #2 +�H+mH�i2/X h?2 `2bmHib +�M #2 b22M BM i�#H2 k �M/ r2`2 +QKTmi2/ rBi?
2t+2H U�TT2M/Bt �NV

.* "* ** 1*
.* y-e9 URV y-Re URf9V y-Rj URf8V y-yd URfNV
"* y-d8 U9V y-RN URV y-y9 URf8V y-yj URfdV
** y-98 U8V y-98 U8V y-yN URV y-yk URf8V
1* y-9R UNV y-jk UdV y-kj U8V y-y8 URV
hQi�H k-k9 R-RR y-93 y-Re
q2B;?i y-8e y-k3 y-Rk y-y9

MQ`K�HBx�iBQM Ub+�H2@p�Hm2V

h�#H2 k, S�B`@rBb2 +QKT�`BbQM QM � b+�H2 Q7 R iQ N- MQ`K�HBx�iBQM �M/ r2B;?ib 7Q` i?2
+2Mi`�HBx�iBQM BM/B+2b

9XkXk h`�Mbb?BTK2Mi ?m# HQ+�iBQM

"v mbBM; QMHv i?2 `Qmi2b +QMM2+i2/ iQ i?2 /2TQi- 3y W +Qp2`�;2 rBi?BM kFK BbMǶi TQbbB#H2
U+7`X �TT2M/Bt �3V, i?2 mb2 Q7 i`�Mbb?BTK2Mi ?m#b Bb +`m+B�HX 6Q` i?2 QT2`�iBQM�H T`Q+2bb
iQ bi�v K�M�;2�#H2- i`�Mbb?BTK2Mi b?QmH/ ?�TT2M �i KQbi QM+2X h?2`27Q`2- i?2 i`�Mbb?BT@
K2Mi ?m#b b?QmH/ #2 B/2MiB}2/ #27Q`2 /2}MBM; i?2 b2i Q7 TQi2MiB�H HQ+F2` HQ+�iBQMbX h?Bb
H�ii2` rBHH #2 `2bi`B+i2/ iQ i?2 bi�iBQMb i?�i +�M #2 `2�+?2/ #v i?2 i`�Mbb?BTK2Mi ?m#bX

h�#H2 j b?Qrb i?2 8 biQTb QM i?2 /2TQi HBM2 i?�i ?�p2 i?2 ?B;?2bi BKTQ`i�M+2 BM i2`Kb
Q7 +2Mi`�HBiv �b +QKTmi2/ �#Qp2X Ai �HbQ b?Qrb i?2 +2Mi`�HBiv BM/2t Q7 i?2 i?`22 bi�iBQMb
i?�i �`2 +QMM2+iBM; #Qi? /2TQibX 6`QK i?2b2 `2bmHib- _Q;B2` bi�M/b Qmi �b � TQi2MiB�H ?m#
bBM+2 Bi Bb +QMM2+iBM; #Qi? /2TQib �M/ Bb i?2 b2+QM/ ?B;?2bi BM i2`Kb Q7 +2Mi`�HBivX :�`2
/m LQ`/ Bb +QMM2+iBM; i?2 b�K2 `Qmi2b �b _Q;B2`X Ai Bb i?2`27Q`2 MQi �M BMi2`2biBM; bi�iBQM
iQ +?QQb2 �b � b2+QM/ ?m#X aBM+2 *BK2iBĕ`2 /2 C2ii2 Bb +QMM2+i2/ iQ #Qi? /2TQib �M/
Bb `2�+?BM; /Bz2`2Mi `Qmi2b i?�M _Q;B2`- Bi b22Kb �M B/2�H HQ+�iBQM 7Q` � b2+QM/ ?m#X "v



jeX

HQQFBM; �i i?2 K�T 8- r2 +�M +H2�`Hv b22 i?�i _Q;B2` �M/ *BK2iBĕ`2 /2 C2ii2 �`2 +QMM2+iBM;
� /Bz2`2Mi b2i Q7 bi�iBQMbX

*2Mi`�HBiv
BM/2t .* "* ** 1* _Qmi2b LX /2TQi

9- 3k- 8R
aX /2TQi
jk - 88- ek

ai�iBQM +QMM2+iBM; �i H2�bi QM2 /2TQi UiQT 8V
:�`2 /m
JB/B yXyN3e yXyR8 yXkdN yXyNj yXykd k- j 9- e UjkV-

8R- 3R- 3k v2b  �7i2` 3TK

_Q;B2` yXy339 yXyRk yXkye yXyN9 yXjkR k- j- 9- k8-
UjkV- 88 v2b v2b

:�`2 /2
HǶQm2bi yXy3dN yXR98 yXk98 yXy3e yXyR8 R- k- 9- e- 3k v2b MQ
SQ`i2
/2 >�H yXy388 yXyyN yXk98 yXyNj yXyRe k- j- 9- e- 8R v2b MQ
.2 "`Qm@
+F2`2 yXydRd yXyRk yXReR yXyN9 yXkR3 R- j- 9- 8 v2b MQ

ai�iBQMb +QMM2+iBM; #Qi? /2TQib U�HHV

_Q;B2` yXy339 yXyRk yXkye yXyN9 yXjkR j- 9- 88- k8-
k- e- UjkV v2b v2b

:�`2 /m
LQ`/ yXy99k yXyye yXy39 yXy33 yXReN j- 9- k8- 88 v2b v2b
*BK2iBĕ`2
/2 C2ii2 yXyk9y yXyR3 yXyRN yXye9 yXykd RN- 8R- ek- Nj v2b v2b

h�#H2 j, *2Mi`�HBiv BM/B+2b 7Q` i?2 KQbi +2Mi`�H TQi2MiB�H ?m# HQ+�iBQMb �M/ i?2B` +QMM2+i@
BM; `Qmi2b

9XkXj SQi2MiB�H HQ+F2` HQ+�iBQMb

LQr i?�i i?2 ?m# ?�p2 #22M +?Qb2M- i?2 b2i Q7 TQi2MiB�H HQ+F2` HQ+�iBQMb +�M #2 `2/m+2/ iQ
�HH i?2 bi�iBQMb i?�i �`2 QM QM2 Q7 i?2 ?m#b `Qmi2bX h?2 Qi?2` QM2b QM � /2TQi `Qmi2 +�MMQi
#2 `2�+?2/ #v #Qi? /2TQib rBi? QM2 Q` H2bb i`�Mbb?BTK2MiX 6`QK i?2 jj8 bmT2`@MQ/2b-
Rkj biBHH bi�M/ �b +�M/B/�i2b 7Q` i?2 BKTH2K2Mi�iBQM Q7 � HQ+F2` i2`KBM�H U};X 8VX �HH Q7
i?2b2 +�M #2 `2�+?2/ 7`QK #Qi? /2TQib i?`Qm;? K�tBKmK QM2 i`�Mbb?BTK2MiX



jdX

6B;m`2 8, SQi2MiB�H HQ+F2` HQ+�iBQMb



j3X

9Xj GQ+F2` HQ+�iBQM KQ/2H

9XjXR JQ/2H

hQ }M/ � bQHmiBQM iQ i?2 HQ+F2` HQ+�iBQM T`Q#H2K- r2 rBHH Bi2`�i2 � }t2/ +?�`;2 HQ+�iBQM
KQ/2H �/�Ti2/ 7`QK .�bFBM 2i �HX Ukyy8V Qp2` b2p2`�H +Qp2`�;2 `�i2b �M/ rBi? /Bz2`2Mi
r�HFBM; /Bbi�M+2b U_VX h?2 KQbi TH�mbB#H2 bQHmiBQM rBHH #2 b2H2+i2/, � bQHmiBQM i?�i ?�b �
`2�HBbiB+ MmK#2` Q7 HQ+F2`b- � bm{+B2Mi +Qp2`�;2 �M/ � /Bbi�M+2 _ i?�i +mbiQK2`b rBHH #2
rBHHBM; iQ r�HFX

h?2 KQ/2H i?�i rBHH #2 mb2/ Bb r`Bii2M #2HQrX o�`B�#H2b- b2ib �M/ T�`�K2i2`b �`2 /2}M2/
QM i�#H2 9X h?2 Q#D2+iBp2 7mM+iBQM UjV KBMBKBx2b i?2 iQi�H +Qbib Q7 BKTH2K2MiBM; HQ+F2`
i2`KBM�Hb UBX2X- 7�pQ` i?2 KQbi BKTQ`i�Mi QM2 �++Q`/BM; iQ i?2B` +2Mi`�HBiv BM/2tVX h?2
2[m�iBQM 9 �HQM; rBi? i?2 +QMbi`�BMi 8 2Mbm`2 i?�i i?2 KBMBK�H +Qp2`�;2 `�i2 Bb �+?B2p2/X
h?2 M2ti QM2 U2[X eV 2Mbm`2b i?�i MQ /2K�M/ Bb �HHQ+�i2/ iQ � +HQb2/ Q` iQQ 7�` �r�v
HQ+F2` i2`KBM�HX h?2 H�bi +QMbi`�BMi U2[X dV /2}M2b Qm` �HHQ+�iBQM p�`B�#H2b �b #BM�`vX

min
J∑

j=1

cjxj UjV

bm+? i?�i

b ∗
I∑

i=1

hi ≤
I∑

i=1

J∑

j=1

(hi ∗ yi,j) U9V

I∑

i=1

yi ≤ 1 U8V

yi,j − xj ∗ zi,j ≤ 0 ∀i, j UeV

yi, xj ∈ {0, 1} ∀i, j UdV



jNX

a2ib
B 4 R-XXX-A b2i Q7 T�`+2Hbf+HB2Mib HQ+�iBQMbX
D 4 R-XXX-C b2i Q7 TQi2MiB�H HQ+F2` HQ+�iBQMbX

o�`B�#H2b
xj HQ+F2`b �HHQ+�iBQM , R B7 � HQ+F2` Bb QT2M BM HQ+�iBQM D-

y Qi?2`rBb2X
yi,j /2K�M/ �HHQ+�iBQM, R B7 i?2 �;;`2;�i2/ /2K�M/ B

Bb �bbB;M2/ iQ i?2 HQ+F2` DX
S�`�K2i2`b

zi,j +Qp2`�;2 T�`�K2i2` , R B7 /2K�M/ �i HQ+�iBQM B Bb +Qp2`2/
#v i?2 HQ+F2` i2`KBM�H bBim�i2/ BM D- y Qi?2`rBb2X

hi /2K�M/ T�`�K2i2` , /2K�M/ 7Q` T�`+2Hb �;;`2;�i2/ �i MQ/2 B
b i?2 KBMBKmK +Qp2`�;2 `�i2 `2[mB`2/X
cj +Qbi iQ Tmi � HQ+F2` BM bi�iBQM D

/2}M2/ �b i?2 QTTQbBi2 Q7 i?2 +2Mi`�HBiv BM/2tX

h�#H2 9, a2ib- T�`�K2i2`b �M/ p�`B�#H2b 7Q` i?2 HQ+F2` HQ+�iBQM KQ/2H

h?Bb KQ/2H ?�b #22M bQHp2/ mbBM; i?2 Svi?QMUjXdV@#�b2/ QT2M@bQm`+2 QTiBKBx�iBQM KQ/@
2HBM; T�+F�;2, SvQKQ U8XeXkV U>�`i- q�ibQM- � qQQ/`mz- kyRR c >�`i 2i �HX- kyRdV �M/
i?2 bQHp2` +TH2t URkXNV Q7 A"JX h?2 K�BM Tvi?QM }H2 +�M #2 }M/ BM �TT2M/Bt �jX

6B`bi- i?2 /Bbi�M+2 #2ir22M 2�+? +2Mi`QB/ TQBMi �M/ 2�+? HQ+F2` ?�b #22M +QKTmi2/X h?2M-
i?2 #BM�`v T�`�K2i2` zi,j i?�i �++QmMib 7Q` i?2 +Qp2`�;2 r�b #mBHi �++Q`/BM; iQ i?2 /Bbi�M+2
T`2pBQmbHv +�H+mH�i2/ �M/ i?2 K�tBKmK rBHHBM;M2bb iQ r�HF U_VX "2bB/2b- i?2 +Qbi iQ
BKTH2K2Mi 2�+? HQ+F2` cj Bb +QKTmi2/ rBi? i?2 BKTQ`i�M+2 Q#i�BM2/ BM b2+iBQM 9XkXR �b
7QHHQr , cj = 1−IndexcentralityX �//BiBQM�HHv- i?2 T�`�K2i2` Q7 i?2 /2K�M/ BM 2�+? HQ+�iBQM
?�b #22M +QKTmi2/ �b 2tTH�BM2/ BM b2+iBQM 9XRXjX �7i2`r�`/b- � X/�i }H2 Bb r`Bii2M rBi?
i?2 +Qp2`�;2 K�i`Bt- i?2 +Qbi T�`�K2i2`b- i?2 /2K�M/ T�`�K2i2`b �M/ #Qi? b2ibX

h?2b2 /�i� �`2 i?2M mb2/ �HQM; rBi? � b2+QM/ Tvi?QM }H2 r`Bii2M BM i?2 TvQKQ H�M;m�;2
U�TT2M/Bt �kV iQ bQHp2 i?2 KQ/2H mbBM; +TH2t �M/ i?`Qm;? i?2 7QHHQrBM; HBM2 BM �M Qbt@e9
i2`KBM�H,

TvQKQ b Q H p 2 GQ+�iBQMJQ/2H X Tv GQ+�iBQMJQ/2H X /�i −−b Q H p 2 `4+T H 2t
−−b�p2−` 2 b m H i ` 2 b m H i b f `2bmHibnM�K2 X D b QM −−D b QM

h?2 /�i� r2`2 i?2M 2ti`�+i2/ 7`QK i?2 `2bmHiXDbQM }H2 �M/ �M�Hvx2/ BM i?2 b�K2 J�BMXTv

}H2X



9yX

9XjXk _2bmHib

qBi?BM �M 2m+HB/B�M /Bbi�M+2 Q7 k FK- i?2 KQ/2H HQ+�i2/ RR HQ+F2`b 7Q` � +Qp2`�;2 Q7
NyWX qBi?BM i?Bb /Bbi�M+2- RyyW +Qp2`�;2 r�bMǶi TQbbB#H2 �M/ � HQr2` /Bbi�M+2 +QmH/MǶi
;m�`�Mi22 � NyW +Qp2`�;2X L2p2`i?2H2bb- � k FK 2m+HB/B�M /Bbi�M+2 Bb bK�HH 2MQm;? �M/
NyW +Qp2`�;2 Bb bm{+B2MiX h?2 `2bmHib �`2 bmKK�`Bx2/ BM i?2 i�#H2 8 �M/ BHHmbi`�i2/ QM
};m`2 eX h?2 i�#H2 +QMi�BM i?2 M�K2 �M/ +2Mi`�HBiv BM/2t Q7 2�+? HQ+F2` �HQM; rBi? �
#BM�`v T�`�K2i2` i?�i `2~2+ib i?2 /2TQib �M/ ?m#b Bi +�M #2 `2�+?2/ #vX

GQ+F2` HQ+�iBQM .2TQi LQ`/ .2TQi am/ _P:A1_ *AJX .1 C1hh1 *2Mi`�HBiv BM/2t
"PPL.�1G :�_1 y y R y yXyR8
*AJX .1 C1hh1 R R y R yXyk9
.1G�*_PAs y y R y yXy8d
:�_1 .l JA.A y R R R yXyNN
>1_Pa y R R y yXy8k
J1Aa1_ R y R R yXy98
JPLh:PJ1_u y y R y yXyNe
_P:A1_ R R R y yXy33
a*>q1Ahw1_ y R y R yXykN
ah1S>�LA1 y y y R yXy9d
o�L S_�1h y y R y yXyRd

h?2 #BM�`v p�Hm2b BM/B+�i2 B7 � HQ+F2` +�M #2 `2�+?2/ /B`2+iHv #v � /2TQi Q` � ?m#

h�#H2 8, _2bmHib Q7 i?2 7�+BHBiv HQ+�iBQM KQ/2H rBi? irQ i`�Mbb?BTK2Mi ?m#bX

"2bB/2b- i?2 KQ/2H ?�b �HbQ #22M bQHp2/ 7Q` i?2 +�b2b rBi? QMHv QM2 Q7 i?2 B/2MiB}2/
i`�Mbb?BTK2Mi ?m#bX 6Q` �M 2m+HB/B�M /Bbi�M+2 _ Q7 kFK- NyW +Qp2`�;2 r�b BM72�bB#H2X
>Qr2p2`- 7Q` i?2 ?m# R U_Q;B2`V- i?2 KQ/2H K�M�;2/ iQ HQ+�i2 Rk HQ+F2`b rBi? �M 33W
+Qp2`�;2 U�M/ kFK /Bbi�M+2VX h?Bb bQHmiBQM KB;?i #2 BMi2`2biBM; iQ HBKBi QT2`�iBQM�H
+Qbib /m2 iQ i?2 mb2 Q7 QMHv QM2 i`�Mbb?BTK2Mi bi�iBQM #mi Bi ?�b QM2 KQ`2 HQ+F2` i?�M
i?2 Q`B;BM�H bQHmiBQM Ui�#H2 eVX *QM+2`MBM; i?2 b2+QM/ ?m# U*BK2iBĕ`2 /2 C2ii2V- Bi r�bMǶi
TQbbB#H2 iQ �+?B2p2 �M 3yW +Qp2`�;2 7Q` � kFK `�/BmbX

q2 +�M MQiB+2 i?�i 7Q` i?Bb H�bi `2bmHi THQii2/ QM i?2 };m`2 d- QM2 Q7 i?2 HQ+F2` ULQ`i?@
q2biV Bb T`2iiv +HQb2 iQ i?2 HQ+�HBx�iBQM Q7 i?2 TQi2MiB�H ?m# *BK2iBĕ`2 /2 C2ii2X h?2`27Q`2-
bBM+2 Bi +�M #2 `2�+?2/ #v #Qi? /2TQib- i?2 KQ/2H ?�b #22M `mM QM2 H�bi iBK2 rBi? i?2
�//BiBQM Q7 i?Bb biQT iQ i?2 b2i Q7 TQi2MiB�H HQ+F2`b 7Q` i?2 QM2 i`�Mbb?BTK2Mi ?m# +�b2X
h?2 `2bmHi rBi? 33W +Qp2`�;2 �`2 b?QrM QM };m`2 3X "v �//BM; i?Bb HQ+F2`- r2 +�M `2/m+2
i?2 iQi�H MmK#2` Q7 HQ+F2`b iQ i?2 QM2 r2 ?�/ BM i?2 irQ@?m# +�b2 r?BH2 F22TBM; i?2 b�K2
KBMBKmK +Qp2`�;2 `�i2 �b BM i?2 QM2 ?m# +�b2 r?B+? Bb +HQb2 iQ i?2 NyW Q7 i?2 }`bi +�b2X



9RX

*BK2iBĕ`2 /2 C2ii2 ?�b �HbQ � ?B;?2` +2Mi`�HBiv BM/2t i?�M i?2 biQT >2vb2H #mi � bK�HH2`
i?�M i?2 biQT aBKQMBb i?�i #Qi? r2`2 BM i?2 T`2pBQmb `2bmHiX

q2 +�M �HbQ MQiB+2 QM };m`2 3 i?�i irQ HQ+F2`b QM i?2 aQmi?@q2bi �`2 HQ+�i2/ [mBi2 +HQb2X
h?2 HQ+F2` .2H�+`QBt ?�b #22M b2H2+i2/ #2+�mb2 Bi +QmH/ +Qp2`2/ i?2 /Bbi`B+i o2v/2 @ �m`Q`2X
�b +�M #2 b22M BM i?2 };m`2 N �M/ i?2 i�#H2 3- i?Bb /Bbi`B+i Bb i?2 QMHv QM2 i?�i .2H�+`QBt
Bb +Qp2`BM; i?�i BbMǶi �H`2�/v +Qp2`2/ #v �MQi?2` /Bbi`B+iX h?Bb /Bbi`B+iǶb +2Mi`QB/ Bb �i
RXNNeFK Q7 i?2 HQ+F2` .2H�+`QBt �M/ �i kXkR FK Q7 i?2 :�`2 /2 HǶPm2biX �//BiBQM�HHv-
i?Bb H�ii2` ?�b � ?B;?2` +2Mi`�HBiv BM/2t �M/ Bb +Qp2`BM; k /Bbi`B+i i?�i MQ QM2 2Hb2 +Qp2`bX
1t+Hm/BM; i?2 .2H�+`QBt HQ+F2` rBHH i?mb MQi BKT�+i i?2 `2�H +Qp2`�;2 i?�i Km+? bBM+2 i?2
HQ+F2` :�`2 /2 HǶPm2bi rBHH T`Q#�#Hv �#bQ`# T�`i Q7 Bib TQi2MiB�H /2K�M/X h?Bb H�bi +�b2
rBHH i?mb #2 i?2 +?2�T2bi QTiBQM, QMHv QM2 ?m# �M/ Ry HQ+F2`bX

h?2 }M�H /2+BbBQM 7Q` � T�`+2H /2HBp2`v M2irQ`F b?QmH/ #2 K�/2 �++Q`/BM; iQ i?2 �HHQ+�i2/
#m/;2i �M/ }2H/ BM7Q`K�iBQM bm+? �b i?2 i`m2 T�bb2M;2` ~Qr b?QmH/ #2 7m`i?2` �M�Hvx2/
#27Q`2 /Bb+�`/BM; � bi�iBQMX

6B;m`2 e, _2bmHib Q7 i?2 HQ+�iBQM KQ/2H rBi? irQ i`�Mbb?BTK2Mi ?m#b



9kX

6B;m`2 d, _2bmHi Q7 i?2 HQ+�iBQM KQ/2H rBi? _Q;B2` �b mMB[m2 i`�Mbb?BTK2Mi ?m#

6B;m`2 3, _2bmHi Q7 i?2 HQ+�iBQM KQ/2H rBi? _Q;B2` �b mMB[m2 i`�Mbb?BTK2Mi ?m# �M/ rBi?
i?2 �//BiBQM Q7 *BKX /2 C2ii2 iQ i?2 b2i Q7 TQi2MiB�H HQ+�iBQMb



9jX

GQ+F2` HQ+�iBQM .2TQi LQ`/ .2TQi am/ _P:A1_ *AJX .1 C1hh1 *2Mi`�HBiv BM/2t
:�_1 .1 GǶPl1ahǶ y R R y yXy33
"PPL.�1G :�_1 y y R y yXyR8
"luG y y R y yXyje
.1G�*_PAs y y R y yXy8d
:�_1 .l JA.A y R R R yXyNN
>1_Pa y R R y yXy8k
>1ua1G y y R y yXyR9
J1Aa1_ R y R R yXy98
JPLh:PJ1_u y y R y yXyNe
_P:A1_ R R R y yXy33
aAJPLAa y y R R yXyed
o�L S_�1h y y R y yXyRd

h?2 #BM�`v p�Hm2b BM/B+�i2 B7 � HQ+F2` +�M #2 `2�+?2/ /B`2+iHv #v � /2TQi Q` � ?m#

h�#H2 e, _2bmHib Q7 i?2 HQ+�iBQM KQ/2H rBi? i?2 biQT _Q;B2` �b � mMB[m2 i`�Mbb?BTK2Mi
?m#

h?2 ;`22M K�`F Bb i?2 /Bbi`B+i i?�i rQMǶi #2 +Qp2`2/ B7 i?2 HQ+F2` .2H�+`QBt Bb 2t+Hm/2/

6B;m`2 N, *Qp2`�;2 Q7 "`mbb2Hb /Bbi`B+ib 7Q` i?2 bBM;H2 ?m# +�b2



99X

GQ+F2` HQ+�iBQM .2TQi LQ`/ .2TQi am/ _P:A1_ U*AJX .1 C1hh1V *2Mi`�HBiv BM/2t
:�_1 .1 GǶPl1ahǶ y R R y yXy33
"PPL.�1G :�_1 y y R y yXyR8
"luG y y R y yXyje
*AJX .1 C1hh1 R R y R yXyk9
.1G�*_PAs y y R y yXy8d
:�_1 .l JA.A y R R R yXyNN
>1_Pa y R R y yXy8k
J1Aa1_ R y R R yXy98
JPLh:PJ1_u y y R y yXyNe
_P:A1_ R R R y yXy33
o�L S_�1h y y R y yXyRd

h?2 #BM�`v p�Hm2b BM/B+�i2 B7 � HQ+F2` +�M #2 `2�+?2/ /B`2+iHv #v � /2TQi Q` � ?m#

h�#H2 d, _2bmHib Q7 i?2 7�+BHBiv HQ+�iBQM KQ/2H rBi? _Q;B2` �b � mMB[m2 ?m# �M/ rBi? i?2
�//BiBQM Q7 i?2 biQT *BK2iBĕ`2 /2 C2ii2 BM i?2 b2i Q7 TQi2MiB�H HQ+�iBQMb

.Bbi`B+ib GQ+F2`b

+Q/2 M�K2 TQTmH�iBQM _P:A1_ :�_1 .l
JA.A

:�_1 .1
GǶPl1ah .1G�*_PAs

k .�Mb�2`i jj8d R R R R
3 J�`QHH2b Rke3y y R y R
N ai�HBM;`�/ j8kk R R R R
Ry �MM22bb2Mb Ry99N R R R R
RR *m`2;?2K "�`� Rkkkk y R R R
Rk *m`2;?2K oûiû`BM�B`2 NNR8 y R R R
Rj *m`2;?2K _Qbû2 eR98 y R R R
R9 .m+?2bb2 8938 y R R R
R8 :�`2 /2 HǶQm2bi N38j y y R R
Re JQH2M#22F >BbiQ`B[m2 R3j9d R y R R
Rd EQ2F2H#2`; 3eNj R y R R
93 SQ`i2 /2 >�H R9RN3 y R y R
8k o22r2v/2 @ �m`Q`2 R8edN y y y R
83 �M/2`H2+?i @ *2Mi`2 @ q�v2x R9993 y y R R
8N a+?2mi RjR98 y y R R
ey "mzQM 898j y y R R
ek J�+?i2Mb kkdyj y y R R
ej E�``2p2H/ R9RN8 y y R R

h�#H2 3, *Qp2`�;2 Q7 i?2 bi�iBQM .2H�+`QBt +QKT�`2/ iQ i?2 Qi?2` bi�iBQMb BM Bib �`2�X



98X

9X9 L2irQ`F /2bB;M T`Q#H2K

6Q` i?Bb M2irQ`F /2bB;M- r2 /2+B/2/ iQ b2H2+i i?2 +?2�T2bi +QM};m`�iBQM, � mMB[m2 ?m#
�M/ Ry HQ+F2`bX qBi? i?2b2 `2bmHib- T�i?b �M/ i`BTb b?QmH/ #2 b2H2+i2/ iQ `2�+? i?2b2
HQ+F2`b �i i?2 H2�bi TQbbB#H2 +QbibX h?2 +Qbi b?QmH/ `2~2+i i?2 ~Qr Q7 T�bb2M;2`- i?2 iBK2
Bi i�F2b �M/ i?2 i`�Mbb?BTK2MiX

aBM+2 Qm` HQ+F2` HQ+�iBQM T`Q#H2K r�b bQHp2/ rBi? � b2i Q7 TQi2MiB�H HQ+�iBQMb i?�i rBHH
M22/ �i KQbi QM2 i`�Mbb?BTK2Mi- i?2 �BK rBHH #2 iQ B/2MiB7v r?B+? T�i?b +QmH/ #2 i�F2M
�M/ i?`Qm;? r?B+? i`�MbTQ`i `Qmi2bX h?2 i�#H2 d- i?�i bvMi?2bBx2b i?2 `2bmHib Q7 i?2
HQ+�iBQM T`Q#H2K- �H`2�/v ;Bp2 mb i?2 `QmiBM; TQbbB#BHBiB2bX h?2 p�Hm2 R K2�Mb i?�i i?2
HQ+F2` BM i?2 `Qr +�M #2 `2�+?2/ #v i?2 /2TQi Q` ?m# BM i?2 +QHmKMX 6Qm` HQ+F2`b rBHH
?�p2 iQ `2+2Bp2 i?2B` ;QQ/b i?`Qm;? i?2 i`�Mbb?BTK2Mi ?m#X �++Q`/BM; iQ r?2`2 i?2 T�`+2H
�``Bp2/ BM i?2 M2irQ`F- i?2 TQbbB#H2 T�i?b 7Q` i?2K rBHH #2 HBKBi2/ iQ i?2 QM2b,

Ç 7`QK i?2 LQ`i?2`M /2TQi i?`Qm;? i?2 i`�Mbb?BTK2Mi ?m# _Q;B2` iQ i?2 HQ+F2` Uk
`Qmi2bVc Q`

Ç 7`QK i?2 aQmi?2`M /2TQi i?`Qm;? i?2 i`�Mbb?BTK2Mi ?m# _Q;B2` iQ i?2 HQ+F2` Uk
`Qmi2bVX

h?`22 HQ+F2`b +QmH/ ;2i i?2B` T�`+2Hb i?`Qm;? i?2 ?m# Q`- B7 Bi +QK2b 7`QK i?2 aQmi?2`M
/2TQi- i?2v +QmH/ ;2i Bi rBi?Qmi i`�Mb?BTK2MiX h?2 QTTQbBi2 +�b2 �TTHB2b 7Q` QM2 Q7 i?2
HQ+F2`b UJ2Bb2`VX .2T2M/BM; �;�BM Q7 r?2`2 i?2 T�`+2H �``Bp2/ BM i?2 M2irQ`F- i?2 +?QB+2
Q7 T�i?b Bb i?mb HBKBi2/ iQ i?2 QM2b,

Ç 7`QK i?2 LQ`i?2`M UaQmi?2`MV /2TQi i?`Qm;? i?2 i`�Mbb?BTK2Mi ?m# _Q;B2` iQ i?2
HQ+F2` Uk `Qmi2bVc

Ç 7`QK i?2 aQmi?2`M ULQ`i?2`MV /2TQi i?`Qm;? i?2 i`�Mbb?BTK2Mi ?m# _Q;B2` iQ i?2
HQ+F2` Uk `Qmi2bVc Q`

Ç 7`QK i?2 aQmi?2`M ULQ`i?2`MV /2TQi /B`2+iHv iQ i?2 HQ+F2` UR `Qmi2VX
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6BM�HHv- i?2 HQ+F2` i2`KBM�H HQ+�i2/ �i *BKX /2 C2ii2 rBHH ?�p2 iQ ;2i Bib T�`+2Hb /B`2+iHv
7`QK i?2 /2TQiX h?2 TQbbB#H2 T�i? � T�`+2Hb 7Q` i?Bb HQ+F2` KB;?i i�F2 �`2 i?mb i?2 QM2b,

Ç 7`QK i?2 LQ`i?2`M /2TQi /B`2+iHv iQ i?2 HQ+F2` UR `Qmi2Vc Q`

Ç 7`QK i?2 aQmi?2`M /2TQi /B`2+iHv iQ i?2 HQ+F2` UR `Qmi2VX

lbBM; i?2 +Q/2 BM �TT2M/Bt �9- i?2 TQbbB#H2 K2i`Q i`BTb ?�p2 #22M B/2MiB}2/X h?2 `2bmHib
�`2 bmKK�`Bx2/ BM i�#H2 N rBi?- 7Q` 2�+? HQ+F2`- i?2 M�K2 Q7 i?2 `Qmi2b Bi +�M i�F2 �HQM;
rBi? i?2B` 7`2[m2M+B2bX h?2b2 i`BTb r2`2 B/2MiB}2/ QMHv 7Q` � KQ`MBM; T2`BQ/ Qmi Q7 T2�F
?Qm`b U#2ir22M RyXyy �M/ RkXyyVX h?2 b�K2 T`Q+2bb +�M #2 �TTHB2/ iQ i?2 �7i2`MQQM �b
r2HH iQ �HHQr irQ b?BTK2Mib T2` /�v �M/ ;m�`�Mi22- 7Q` i?2 H�bi@KBH2- � ?�H7@/�v /2HBp2`v
iQ i?2 K�BM +QMi`�+iQ`X

GQ+F2` HQ+�iBQMb /2TQi LQ`i? /2TQi aQmi? _Q;B2`
_P:A1_ U?m#V 88 URkV 9 UeV @
:�_1 .1 GǶPl1ah @ 3k UR3V k- e URkV
"PPL.�1G :�_1 @ @ k8 UjV
"luG @ @ k8 U9V
*AJX .1 C1hh1 ek UReV 8R UR9V @
:�_1 .l JA.A @ 9- 8R- 3k U9eV k- j- 9- e UkdV
>1_Pa @ 9 UReV 9 U8V
J1Aa1_ ek U3V @ k8 UkkV
JPLh:PJ1_u @ @ k8 U8V
o�L S_�1h @ @ j UeV

h?2 p�Hm2 BM 2�+? +2HH `2T`2b2Mi i?2 M�K2 Q7 i?2 K2i`Q HBM2b rBi? i?2 iQi�H MmK#2` Q7 i`BTb BMbB/2
#`�+F2ibX h?2 i`BTb 7`QK � /2TQi iQ i?2 ?m# ?�TT2M #2ir22M Ry�K �M/ RR�K- 7`QK � ?m# iQ � HQ+F2`

?�TT2M #2ir22M RR�K �M/ Rk�K �M/ 7`QK � /2TQi iQ � ?m# ?�TT2M #2ir22M Ry�K �M/ Rk�KX

h�#H2 N, S�i?b iQ ?�M/H2 i?2 T�`+2Hb i?`Qm;? ahA" K2i`Q b+?2/mH2b

"27Q`2 /2+B/BM; r?B+? T�`+2Hb iQ �HHQ+�i2 iQ r?B+? KQ/2 �M/ �i r?B+? iBK2- r?B+? rBHH
#2 /QM2 �HQM; rBi? � bBKmH�iBQM BM i?2 M2ti b2+iBQM- r2 M22/ ?2`2 iQ T`BQ`BiBx2 bQK2
i`BTb Qp2` bQK2 Qi?2`bX � 7`�K2 rBHH #2 #mBHi rBi? i?2 +Q/2 BM �TT2M/Bt U�jXjV 7Q` 2�+?
T�i? rBi? i?2 7QHHQrBM; BM7Q`K�iBQM, i`BT B/- bi�`iBM; TQBMi- �``BpBM; TQBMi- �``BpBM; iBK2-
/2T�`im`2 iBK2X AM �//BiBQM- i?2 MmK#2` Q7 iBK2 � b�K2 i`BT +QmH/ #2 mb2/ �b � T�i?
rBHH #2 �//2/X qBi? i?Bb BM7Q`K�iBQMb- r2 rBHH Q`/2`2/ i?2 7`�K2 #v /2T�`im`2 iBK2 Ui?2
2�`HB2` Bi H2�p2b- i?2 #2ii2`V �M/ #v i?2 MmK#2` Q7 /Bz2`2Mi HQ+F2`b QM2 b�K2 i`BT +�M `2�+?
U#2ii2` +QMbQHB/�iBQMVX h?2b2 T�i?b K�v ?�p2 iQ #2 `2+QKTmi2/ `2;mH�`Hv iQ #2 �Hr�vb
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mT/�i2/ �++Q`/BM; iQ ahA" /�BHv b+?2/mH2bX LQr- �HH M22/2/ BM7Q`K�iBQM 7Q` i?Bb T�`+2H
/2HBp2`v M2irQ`F �`2 +`2�i2/, Bi Bb Dmbi r�BiBM; 7Q` T�`+2Hb iQ ?�M/H2X

9X8 SH�MMBM;

9X8XR PT2`�iBQM�H T`Q+2bb

q?2M i?2 M2irQ`F Bb 7mHHv /2bB;M2/- �M 2{+B2Mi T`QiQ+QH b?QmH/ #2 #mBHi iQ �HHQ+�i2 2�+?
T�`+2Hb iQ � i`BTX h?Bb rBHH �HHQr iQ i2bi i?2 bvbi2K rBi? bQK2 `�M/QK b�KTH2 /�i�bX

q2 �bbmK2 i?�i r2 ?�p2 irQ T2`BQ/b i T2` /�v, QM2 BM i?2 KQ`MBM;- i?2 Qi?2` QM2 BM i?2
�7i2`MQQMX P#D2+ib /`QTT2/ BM T2`BQ/ i b?QmH/ �``Bp2 �i i?2B` /2biBM�iBQM HQ+F2` #27Q`2
i?2 #2;BMMBM; Q7 i?2 M2ti T2`BQ/ UiYRVX 1�+? T2`BQ/ Bb �;�BM /BpB/2/ BM irQ T?�b2bX AM
i?2 }`bi QM2- i`�MbTQ`i�iBQM bi�`ib 7`QK i?2 /2TQiX AM i?2 b2+QM/ QM2- i`�MbTQ`i�iBQM
bi�`ib 7`QK i?2 i`�Mbb?BTK2Mi bi�iBQMX h?Bb K2�Mb i?�i 2�+? bi�iBQM b?QmH/ #2 `2�+?�#H2
#v � /2TQi i?`Qm;? i?2 mb2 Q7 K�tBKmK irQ i`�MbTQ`i�iBQM K2�Mb iQ 2Mbm`2 � /2HBp2`v
i?2 b�K2 /�vX h?Bb r�b p2`B}2/ �i i?2 2M/ Q7 i?2 bi`�i2;B+ T?�b2 �M/ r�b 2Mbm`2 BM i?2
b2iiBM; Q7 i?2 TQi2MiB�H HQ+�iBQMbX

q?2M T�`�K2i2`b- BM/B+2b �M/ p�`B�#H2b ?�p2 #22M /2+B/2/- i?2 TH�MMBM; KB;?i bi�`iX
"27Q`2 i?2 #2;BMMBM; Q7 2�+? T2`BQ/ iYR- T�`+2Hb i?�i ?�p2 2Mi2` i?2 /2TQi BM T2`BQ/ i
�`2 2M+�TbmH�i2/ BMiQ π@+QMi�BM2`bX h?2v �`2 i?2M biQ`2/ rBi? Qi?2` +QMi�BM2`b i?�i ?�p2
i?2 b�K2 HQ+F2` i2`KBM�H �b /2biBM�iBQMX h?2b2 +QMi�BM2`b rBHH #2 HQ+F2/ iQ;2i?2` BMiQ
HQ�/ mMBibX q?2M � K�tBKmK +�T�+Biv Bb `2�+?2/- � M2r HQ�/ mMBi Bb +`2�i2/X aBM+2
`Qmi2b iQ `2�+? 2�+? HQ+F2`b ?�p2 #22M B/2MiB}2/ BM i?2 T`2pBQmb T?�b2- i?2 +QMi�BM2`b +�M
�HbQ #2 ;`QmT2/ iQ;2i?2` rBi? +QMi�BM2`b mbBM; i?2 b�K2 `Qmi2 �M/ biQTTBM; �i i?2 b�K2
i`�Mbb?BTK2Mi bi�iBQMX

q?2M i?2 T2`BQ/ iYR bi�`ib- `QmiBM; ?�b iQ #2 Q`;�MBx2/ iQ b2M/ �HH i?2b2 HQ�/ mMBib iQ
i?2B` }M�H Q` i`�Mbb?BTK2Mi bi�iBQMX �i i?Bb TQBMi- r2 rBHH ?�p2 +H2�` BM7Q`K�iBQMb �#Qmi
2�+? T�`+2Hb iQ #2 b2M/, r?2`2 i?2v +QK2 7`QK �M/ r?2`2 i?2v M22/ iQ ;Q �HQM; rBi? i?2
MmK#2` Q7 HQ�/ mMBib iQ i`�MbTQ`iX 1�+? HQ�/ mMBi rBHH #2 KQp2/ �`QmM/ QM � i`QHH2v i?�i
+Q``2bTQM/ iQ i?2 MmK#2` Q7 Bi2K i?�i +�M #2 i�F2M Qmi Q7 i?2 K2i`Qb rBi?Qmi /Bbim`#BM;
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i?2 T�bb2M;2`Ƕb DQm`M2vbX h?2 Q#D2+iBp2 rBHH #2 iQ KBMBKBx2 i?2 MmK#2` Q7 /Bz2`2Mi K2i`Qb
iQ #2 HQ�/2/ r?BH2 #2BM; +QMbi`�BM2/ #v i?2 MmK#2` Q7 iBK2 � K2i`Q +�M mMHQ�/ i`QHH2v
rBi?Qmi /2H�vBM; i?2 K2i`QbX h?2 HQ�/BM; Q7 i?2 i`QHH2vb rBHH Q7 +Qm`b2 #2 /QM2 bm+? i?�i
i?2 }`bi iQ ;2i Qmi �`2MǶi #HQ+F2/ #v Qi?2` HQ�/ mMBibX aBM+2 HQ�/BM; rBHH ?�TT2M #27Q`2 �
K2i`Q bi�`ib � M2r i`BTb- HQ�/BM; iBK2 rQMǶi #2 �M Bbbm2 ?2`2X

�``BpBM; �i i?2B` /2biBM�iBQM Q` i`�Mbb?BTK2Mi bi�iBQM- i?2 HQ�/ mMBib rBHH #2 KQp2/ iQ
i?2 HQ+F2`bX 6BM�H /2biBM�iBQM +QMi�BM2`b b?QmH/ MQiB}2/ i?2 +mbiQK2`b Q7 i?2B` �p�BH�#BHBivX
h`�Mbb?BTT2/ +QMi�BM2`b b?QmH/ #2 TH�+2/ rBi? Qi?2` +QMi�BM2`b i?�i ?�p2 i?2 b�K2 }M�H
/2biBM�iBQM UB7 i?2`2 Bb bQK2 +QKBM; 7`QK �MQi?2` /2TQiV iQ +`2�i2 � M2r HQ�/ mMBiX 6Q`
i?2 i`�Mbb?BTT2/ ;QQ/b- i?2v rBHH �``Bp2 BM i?2 i`�Mbb?BTK2Mi@i2`KBM�H �i i?2 2M/ Q7
T2`BQ/ iYRX h?2`2- +QMbQHB/�iBQM rBHH ?�TT2M �b Bi ?�TT2M2/ BM i?2 /2TQiX Ai Bb QMHv BM
T2`BQ/ iYRX8- r?2M �HH +QMi�BM2`b i?�i ?�p2 H27i i?2B` /2TQi BM T2`BQ/ i ?�p2 `2�+?2/ i?2
i`�Mbb?BTK2Mi@bi�iBQM i?�i i?2 i`BT rBHH bi�`i iQ i?2B` }M�H /2biBM�iBQMX h?Bb Bb iQQ 2Mbm`2
� #2ii2` +QMbQHB/�iBQM- `2/m+2 i?2 MmK#2` Q7 i`BTb �M/ ?�M/HBM; �b r2HH �b �HHQrBM; 7Q` �
b�K2 /�v /2HBp2`vX

9X8Xk �TTHB+�iBQM

aQK2 �bbmKTiBQMb rBHH #2 K�/2 iQ #2 �#H2 iQ i2bi i?Bb T`Q+2bbX 6B`bi- 2�+? +QMi�BM2`b rBHH
?�p2 i?2 b�K2 bBx2 �M/ r2 �bbmK2 i?�i T�`+2Hb �``BpBM; �i i?2 /2TQi �`2 K22iBM; i?2 bBx2
`2[mB`2K2MiX h?2M- i`QHH2v rBHH ?�p2 � +�T�+Biv Q7 j bmT2`TQb2/ `Qr Q7 9 +QMi�BM2`b 2�+?,
Rk +QMi�BM2`b +�M #2 mMHQ�/2/ BM 2�+? bi�iBQMX 1�+? i`QHH2v +QMi�BMb i?2 T�`+2Hb Q7 QM2
HQ+F2` i2`KBM�H bm+? i?�i i?2 mMHQ�/BM; +�M #2 7�bi 2MQm;?X

Ai b?QmH/ #2 MQiB+2/ BM i?2 K�i`Bt +`2�i2/ T`2pBQmbHv i?�i i?2`2 Bb � K�tBKmK Q7 i?`22
HQ+F2`b i?�i ?�p2 i?2 TQbbB#BHBiv iQ b?�`2 � i`BTX q2 �bbmK2/ i?�i #v mMHQ�/BM; � K�tBKmK
Q7 i?`22 iBK2b- i?2`2 Bb MQ `BbFb Q7 /Bbim`#BM; i?2 K2i`Q b+?2/mH2X h?Bb K2�Mb i?�i �
K�tBKmK Q7 je +QMi�BM2`b +�M #2 i`�MbTQ`i2/ BM 2�+? i`BTbX

lbBM; *�`/2M�b 2i �HX UkyRdV 2biBK�iBQMb- r2 rBHH i2bi QM �M ?�H7@/�v T2`BQ/ Qm` i`�MbTQ`i
b+?2K2 7Q` ?�H7 Q7 "`mbb2Hb /�BHv 2biBK�i2/ T�`+2H /2HBp2`B2bX q2 rBHH `�M/QKHv �bbB;M2/
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iQ �HH i?2b2 T�`+2Hb �M BMBiB�H /2TQi �M/ � }M�H HQ+F2`X 6Q` 2�+? T�`+2H- i?2 HQ+F2` rBHH #2
`�M/QKHv +?Qb2M 7`QK � b2i +HQb2 iQ Bib /Bbi`B+i +2Mi`QB/X

q?2M r2 ?�p2 i?2b2 BMTmi- r2 K�v `mM i?2 +Q/2 U�TT2M/Bt �9XRV i?�i rBHH �HHQ+�i2 2�+?
T�`+2H iQ QM2 Q` irQ ahA" i`BTb /2T2M/BM; QM i?2B` BMBiB�H /2TQiX h?2 T`BQ`Biv Bb Tmi QM
i?2 �HHQ+�iBQM Q7 i`BTb i?�i rBHH ;Q /B`2+iHv 7`QK i?2 /2TQi iQ i?2 HQ+F2`X L2p2`i?2H2bb- i?Bb
Bb Q7i2M MQi TQbbB#H2 �M/ i?2 T�`+2Hb rBHH i?2M ?�p2 iQ ;Q i?`Qm;? i?2 ?m#X AM �//BiBQM- �
i`BT H2�pBM; 2�`Hv Bb T`BQ`BiBb2/ Qp2` � i`BT H2�pBM; H�i2`X

9X8Xj _2bmHib

h?2 b+`BTi r�b `mM 7Q` Rde T�`+2HbX h?2 `2bmHib �`2 bmKK�`Bx2/ BM i�#H2 Ry �M/ i?2 7mHH
`2bmHib +�M #2 7QmM/ BM �TT2M/Bt �RyX 1�+? T�`+2H rBHH 2Mi2` i?2 bvbi2K BM QM2 Q7 i?2
/2TQi #27Q`2 Ry�K �M/ rBHH �``Bp2 �i i?2 /2biBM�iBQM HQ+F2` #27Q`2 Rk�KX 6`QK i?2b2-
3j T�`+2Hb `2�+?2/ /B`2+iHv i?2B` HQ+F2`b r?BH2 Nj i`�Mbb?BTT2/ i?`Qm;? i?2 ?m#X 6Q` i?2
LQ`i?2`M /2TQi- j9 T�`+2Hb r2`2 b2Mi /B`2+iHv r?BH2 8j r2Mi i?`Qm;? i?2 ?m#X 6Q` i?2
aQmi?2`M /2TQi- 9N r2Mi /B`2+iHv �M/ 9y r2Mi i?`Qm;? i?2 ?m#X _Q;B2` r�b i?2 KQbi
+?Qb2M HQ+F2` bQ Bib +2Mi`�HBiv BM i?2 +Biv `2~2+ib i?2 Tm#HB+ i`�MbTQ`i M2irQ`F +2Mi`�HBivX
"QQM/�2H :�`2 r�b i?2 H2�bi +?Qb2M, QMHv d T�`+2Hb ?�/ iQ `2�+? BiX L2p2`i?2H2bb- bBM+2
i?Bb H�ii2` Bb � i`�BM bi�iBQM �b r2HH- Bi +QmH/ �HbQ �TT2�H � Tm#HB+ +QKBM; 7`QK QmibB/2 Q7
i?2 +Biv r?B+? r�bMǶi i�F2M BMiQ �++QmMi BM i?Bb bBKmH�iBQMX

h?2b2 `2bmHib b?Qr i?�i i?2 +�T�+Biv Bb bm{+B2Mi iQ i`�MbTQ`i T�`+2H i?`Qm;? i?2 K2i`QX
qBi? +HQb2 iQ � Ryy T�`+2Hb T�bbBM; i?`Qm;? _Q;B2`- i?2 b+?2/mH2 mb2/ ?2`2 K�v ?�p2 iQ #2
bHB;?iHv �/�Ti2/X q2 K�v �// � #mz2` iBK2 7Q` +QMbQHB/�iBQM �M/ ?m# QT2`�iBQMb #2ir22M
i?2 }`bi ?�H7 T2`BQ/ �M/ i?2 b2+QM/ QM2X �//BiBQM�HHv- bBM+2 T2QTH2 K�v i�F2 b2p2`�H /�vb
iQ ;2i i?2B` T�`+2Hb- 2�+? HQ+F2` i2`KBM�H b?QmH/ #2 bm{+B2MiHv #B; �M/ i?2B` bBx2 b?QmH/
#2 /2+B/2/ i?`Qm;? 7m`i?2` bBKmH�iBQMb �M/ i2bibX
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GQ+F2` HQ+�iBQM �HHQ+�i2/ T�`+2Hb /B`2+iHv rBi? � i`�Mbb?BTK2Mi
_P:A1_ kj kj UL � aV y
:�_1 .1 GǶPl1ah kk N UaV Rj
J1Aa1_ kk Rk ULV Ry
*AJX .1 C1hh1 kR kR UL � aV y
JPLh:PJ1_u kR y kR
>1_Pa Rd 3 UaV N
:�_1 .l JA.A Re Ry UaV e
"luG R8 y R8
o�L S_�1h Rk y Rk
"PPL.�1G :�_1 d y d
hQi�H Rde 3j Uj9 L � 9N aV Nj U8j L � 9y aV

 /B`2+i /2HBp2`B2b +QKBM; 7`QK i?2 LQ`i?2`M /2TQi ULV Q` i?2 aQmi?2`M /2TQi UaVX

h�#H2 Ry, _2bmHib Q7 i?2 �HHQ+�iBQM Q7 T�`+2Hb iQ i`BTb
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8 *QM+HmbBQM

8XR J�M�;2`B�H }M/BM;b

AM i?Bb i?2bBb- � 7mHH bvbi2K iQ KQp2 T�`+2Hb i?`Qm;? � +Biv- 7`QK � /2TQi �i i?2 2/;2
iQ Bib +2Mi2` r?2`2 T2QTH2 HBp2 ?�b #22M /2p2HQT2/X h?Bb bvbi2K mb2b 2tBbiBM; i`�MbTQ`i
+�T�+BiB2b- r?B+? H2�/b iQ MQ �//BiBQM�H M2;�iBp2 2ti2`M�HBiB2b bm+? �b TQHHmiBQMX

6Q` i?2 +Biv Q7 "`mbb2Hb- � M2irQ`F r�b #mBH/ 7Q` r?B+? �TT`QtBK�i2Hv 33W Q7 i?2 /2K�M/
rBHH #2 rBi?BM � kFK `�/Bmb Q7 � HQ+F2`X h?Bb M2irQ`F M2+2bbBi�i2b i?2 BKTH2K2Mi�iBQM Q7
Ry HQ+F2`b- irQ /2TQib �M/ QMHv QM2 +2Mi`�H ?m#X

AM �//BiBQM iQ KQ/2H i?2 M2irQ`F iQ i`�MbTQ`i bm+? T�`+2Hb- i?2 QT2`�iBQM�H T`Q+2bb iQ
KQp2 i?2b2 T�`+2Hb rBi?BM � ?�H7@�@/�v T2`BQ/ r�b /2p2HQT2/X h?2 `2bmHib QM i?2 +Biv Q7
"`mbb2Hb b?Qr i?�i i?2 +�T�+Biv Q7 i?2 Tm#HB+ i`�MbTQ`i rBHH #2 bm{+B2Mi iQ �bbm`2 � 7�bi
H�bi@KBH2 /2HBp2`vX h?2 ahA" �HQM; rBi? �M QTiBQM�H T�`+2H /2HBp2`v bm#+QMi`�+iQ` +QmH/
/2�H rBi? i?2 H�bi KBH2 Q7 K�BM HQ;BbiB+ T`QpB/2` b2`pB+2bX h?2`27Q`2- i?Bb bvbi2K +QmH/
#2 �M �Hi2`M�iBp2 iQ ?QK2 /2HBp2`B2b �M/ p�M i`�MbTQ`i�iBQMb i?�i rBHH �HHQr iQ bQHp2 i?2
H�bi@KBH2 Bbbm2 Q` �i H2�bi `2/m+2 Bib 2ti2`M�HBiB2bX

8Xk h?2Q`2iB+�H +QMi`B#miBQMb

h?Bb i?2bBb +QMi`B#mi2b iQ i?2 HQ+�iBQM KQ/2H HBi2`�im`2 #v �TTHvBM; � }t2/ +?�`;2 KQ/2H
rBi? KBMBK�H +Qp2`�;2 iQ � Tm#HB+ i`�MbTQ`i�iBQM M2irQ`FX �//BiBQM�HHv- i?2 M2irQ`F
i?2Q`v �M/ Bib +QM+2Ti Q7 +2Mi`�HBiv r�b mb2/ iQ /2}M2 i?2 BKTQ`i�M+2 Q7 MQ/2b �M/
;2M2`�i2 i?2 +Qbi T�`�K2i2` Q7 i?2 HQ+�iBQM KQ/2HX

"2bB/2b- i?2 +Q/2 /2p2HQT2/ 7Q` i?Bb i?2bBb mb2/ � ;HQ#�H i`�MbBi }H2 r?B+? Bb � +QKKQM 7Q`@
K�i ;2M2`�i2/ #v KQbi Tm#HB+ i`�MbTQ`i QT2`�iQ`bX h?2`27Q`2- i?2 T`Q+2bb /2p2HQT2/ ?2`2
+QmH/ #2 2�bBHv �/�Ti2/ iQ Qi?2` +BiB2b i?�i �`2 7�+BM; /Bz2`2Mi Q` bBKBH�` +?�HH2M;2bX h?2
T`Q+2bb iQ B/2MiB7v /2TQib- ?m#b �M/ HQ+F2` HQ+�iBQMb +�M #2 `2THB+�i2/ �M/ Bib QT2`�iBQM�H
KQ/2H +�M #2 �TTHB+�#H2- rBi? bHB;?i KQ/B}+�iBQMb- iQ KQbi +BiB2bX
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8Xj *`BiB+b

�HH Q7 i?2b2 `2bmHib M22/ iQ #2 +QM7`QMi2/ rBi? �+im�H }2H/ 2tT2`BK2Mi�iBQMbX qBi? `2�H
QM bBi2 /�i�- Qi?2` BM/B+2b bm+? �b i?2 +QMM2+iBpBiv BM/2t T`QTQb2/ #v Sb�HiQ;HQm �M/
*�HH2 UkyR3V +QmH/ #2 /2}M2/X h?2b2 rBHH �HHQr iQ +`2�i2 � KQ`2 T`2+Bb2 b2;K2Mi�iBQM
Q7 i?2 TQi2MiB�H HQ+F2`b �M/ H2�/ iQ KQ`2 �++m`�i2 `2bmHibX �//BiBQM�H T?vbB+�H Q` H2;�H
+QMbi`�BMib 7Q` i?2 biQTb K�v �HbQ 2t+Hm/2 bQK2 HQ+�iBQMb 7`QK i?2 b2i Q7 TQi2MiB�H HQ+F2`bX
"2bB/2b- BMbi2�/ Q7 mbBM; QMHv i?2 +2Mi`�HBiv �b � 7�+iQ` Q7 i?2 +Qbib- +Qbib +QmH/ �HbQ #2
+�H+mH�i2/ rBi? i?2 QT2`�iBQM�H �M/ }t2/ +Qbib i?�i � HQ+F2` BKTH2K2Mi�iBQM rBHH �+im�HHv
BM/m+2X

h?Bb i?2bBb �HbQ K�/2 bi`QM; �bbmKTiBQMb �#Qmi i2+?MB+�H Bbbm2b i?�i π@2H2K2Mib b?QmH/
#2 �#H2 iQ /2�H rBi?X P7 +Qm`b2- i?2 S?vbB+�H AMi2`M2i Bb MQi v2i � `2�HBiv �M/ � bQHmiBQM
7Q` i?2b2 i2+?MB+�HBiB2b b?QmH/ i?mb #2 7QmM/ #27Q`2 #2BM; �#H2 iQ BKTH2K2Mi i?Bb bvbi2KX
Ai r�b 7Q` 2t�KTH2 bBKTHB}2/ ?2`2 rBi? QMHv QM2 T�`+2H bBx2X h?2 KQ/2H +QmH/ #2 7m`i?2`
/2p2HQT2/ iQ �++QmMi 7Q` H�`;2` T�`+2Hb 2M+�bTmH�i2/ BM KmHiBTH2 BMi2`HQ+F2/ +QMi�BM2`bX

6m`i?2`KQ`2- i?2 +Qbib iQ �/�Ti i?2 i`�MbTQ`i KQ/2 iQ;2i?2` rBi? i?2 }M�M+B�H +Qbib iQ
#mBH/ �M/ `mM i?2 HQ+F2`b- ?m# �M/ /2TQib r2`2 MQi /22THv i�F2M BMiQ �++QmMi BM i?Bb
rQ`FX

L2p2`i?2H2bb- i?Bb i?2bBb ;Bp2b � }`bi BMbB;?i Q7 i?2 TQi2MiB�H iQ BMi2;`�i2 T�`+2H /2HBp2`B2b
BMiQ T�bb2M;2` i`�MbTQ`iX .m2 iQ i?2 ;HQ#�H 7Q`K�i Q7 i?2 ;i7b }H2- i?Bb 7`�K2rQ`F +QmH/
#2 �TTHB+�#H2 iQ +BiB2b r�v H�`;2` i?�M "`mbb2Hb 7Q` r?B+? i?2 M22/ Q7 bm+? bvbi2Kb K�v
#2 2p2M KQ`2 T`2b2MiX
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_272`2M+2b

�HHB�M+2 7Q` GQ;BbiB+b AMMQp�iBQM h?`Qm;? *QHH�#Q`�iBQM BM 1m`QT2 U�HB+2VX UkyR9VX l`#�M
7`2B;?i, `2b2�`+? � BMMQp�iBQMb `Q�/K�TX

"�HHQi- 1X UkyRdVX h?2 T?vbB+�H BMi2`M2i, `2i?BMFBM; HQ;BbiB+b Uh2+?X _2TXVX h?2 *QMbmK2`b
:QQ/b 6Q`mKX

"2�mKQMi- CX _X URN3RVX GQ+�iBQM@�HHQ+�iBQM T`Q#H2Kb BM � TH�M2 � `2pB2r Q7 bQK2 KQ/2HbX
1Hb2pB2`- R8U8V- kRd@kkNX

"2?B`B- qX- "2HKQF?i�`@"2``�7- aX- � *?m- *X UkyR3VX l`#�M 7`2B;?i i`�MbTQ`i mbBM;
T�bb2M;2` `�BH M2irQ`F, a+B2MiB}+ Bbbm2b �M/ [m�MiBi�iBp2 �M�HvbBbX h`�MbTQ`i�iBQM
_2b2�`+? S�`i 1, GQ;BbiB+b �M/ h`�MbTQ`i�iBQM _2pB2r- RR8- kkd @ k98X /QB, ?iiTb,ff
/QBXQ`;fRyXRyRefDXi`2XkyR3Xy8Xyyk

"2`K�M- PX- � E`�bb- .X UkyykVX h?2 ;2M2`�HBx2/ K�tBK�H +Qp2`BM; HQ+�iBQM T`Q#H2KX
*QKTmi2`b � PT2`�iBQMb _2b2�`+?- kNUeV- 8ej @ 83RX UGQ+�iBQM �M�HvbBbV /QB,
?iiTb,ff/QBXQ`;fRyXRyRefayjy8@y893UyRVyyydN@s

"`mbb2Hb :Qp2`MK2MiX UMX/XVX GQr 2KBbbBQM xQM2X _2i`B2p2/ kyRN- 7`QK ?iiTb,ffrrr

XH2xX#`mbb2Hbf2Mf+QMi2Mif/27BMBiBQM

"mH/2Q _�B- >X- o2`HBM/2- aX- � J�+?�`Bb- *X UkyR3�- Ry kyVX h?2 ǳM2ti /�v- 7`22 /2HBp2`vǴ
Kvi? mM`�p2HH2/, SQbbB#BHBiB2b 7Q` bmbi�BM�#H2 H�bi KBH2 i`�MbTQ`i BM �M QKMB+?�MM2H
2MpB`QMK2MiX AMi2`M�iBQM�H CQm`M�H Q7 _2i�BH � .Bbi`B#miBQM J�M�;2K2MiX /QB,
RyXRRy3fAC_.J@ye@kyR3@yRy9

"mH/2Q _�B- >X- o2`HBM/2- aX- � J�+?�`Bb- *X UkyR3#VX a?BTTBM; QmibB/2 i?2 #QtX 2M@
pB`QMK2Mi�H BKT�+i �M/ bi�F2?QH/2` �M�HvbBb Q7 � +`Qr/ HQ;BbiB+b TH�i7Q`K BM #2H@
;BmKX CQm`M�H Q7 *H2�M2` S`Q/m+iBQM- kyk- 3ye @ 3ReX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXD+H2T`QXkyR3Xy3XkRy

"mH/2Q _�B- >X- o2`HBM/2- aX- � J�+?�`Bb- *X UkyRNVX *Biv HQ;BbiB+b BM �M QKMB+?�MM2H
2MpB`QMK2MiX i?2 +�b2 Q7 #`mbb2HbX *�b2 aim/B2b QM h`�MbTQ`i SQHB+vX /QB, ?iiTb,ff
/QBXQ`;fRyXRyRefDX+biTXkyRNXykXyyk

*�`/2M�b- AX- "2+F2`b- CX- � o�M2HbH�M/2`- hX UkyRdVX 1@+QKK2`+2 H�bi@KBH2 BM #2H;BmK,
.2p2HQTBM; �M 2ti2`M�H +Qbi /2HBp2`v BM/2tX _2b2�`+? BM h`�MbTQ`i�iBQM "mbBM2bb
� J�M�;2K2Mi- k9- Rkj @ RkNX Uambi�BM�#H2 2{+B2M+v �M/ K�M�;2K2Mi Bbbm2b BM
m`#�M ;QQ/b i`�MbTQ`i, M2r i`2M/b �M/ �TTHB+�iBQMbV /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
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DX`i#KXkyRdXydXyye
*?m`+?- _X URN39VX h?2 TH�M�` K�tBK�H +Qp2`BM; HQ+�iBQM T`Q#H2KX CQm`M�H Q7 _2;BQM�H

a+B2M+2- k9UkV- R38@kyRX U+Bi2/ "v jV
*`�BMB+- hX :X- � G�TQ`i2- :X URNNdVX SH�MMBM; KQ/2Hb 7Q` 7`2B;?i i`�MbTQ`i�iBQMX 1m`Q@

T2�M CQm`M�H Q7 PT2`�iBQM�H _2b2�`+?- NdUjV- 9yN@9j3X
*`�BMB+- hX :X- � JQMi`2mBH- "X UkyReVX S?vbB+�H BMi2`M2i 2M�#H2/ ?vT2`+QMM2+i2/ +Biv

HQ;BbiB+bX h`�MbTQ`i�iBQM _2b2�`+? S`Q+2/B�- Rk- j3j @ jN3X Uh2Mi? AMi2`M�iBQM�H
*QM72`2M+2 QM *Biv GQ;BbiB+b Rd@RN CmM2 kyR8- h2M2`B72- aT�BMV /QB, ?iiTb,ff/QBXQ`;f
RyXRyRefDXi`T`QXkyReXykXyd9

*`�BMB+- hX :X- _B++B�`/B- LX- � aiQ`+?B- :X UkyyNVX JQ/2Hb 7Q` 2p�Hm�iBM; �M/ TH�MMBM;
+Biv HQ;BbiB+b bvbi2KbX h`�MbTQ`i�iBQM a+B2M+2- 9jU9V- 9jk@989X /QB, RyXRk3dfi`b+
XRyNyXykdN

.�bFBM- JX aX- aMv/2`- GX oX- � "2`;2`- _X hX Ukyy8VX 6�+BHBiv HQ+�iBQM BM bmT@
THv +?�BM /2bB;MX AM �X G�M;2pBM � .X _BQT2H U1/bXV- GQ;BbiB+b bvbi2Kb, .2@
bB;M �M/ QTiBKBx�iBQM UTTX jNĜe8VX "QbiQM- J�, aT`BM;2` laX _2i`B2p2/ 7`QK
?iiTb,ff/QBXQ`;fRyXRyydfy@j3d@k9Ndd@snk /QB, RyXRyydfy@j3d@k9Ndd@snk

.2HHǶ�KB+Q- JX- � >�/DB/BKBi`BQm- aX UkyRkVX AMMQp�iBp2 HQ;BbiB+b KQ/2H �M/ +QMi�BM2`b
bQHmiBQM 7Q` 2{+B2Mi H�bi KBH2 /2HBp2`vX S`Q+2/B� @ aQ+B�H �M/ "2?�pBQ`�H a+B2M+2b-
93- R8y8 @ R8R9X Uh`�MbTQ`i _2b2�`+? �`2M� kyRkV /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXb#bT`QXkyRkXyeXRRke

1m`QT2�M *QKKBbbBQMX UkyR9VX h`�MbTQ`i, +QMM2+iBM; 2m`QT2Ƕb +BiBx2Mb �M/ #mbBM2bb2bX
6�`�?�MB- _X wX- �b;�`B- LX- >2B/�`B- LX- >Qbb2BMBMB�- JX- � :Q?- JX UkyRkVX *Qp2`BM;

T`Q#H2Kb BM 7�+BHBiv HQ+�iBQM, � `2pB2rX *QKTmi2`b � AM/mbi`B�H 1M;BM22`BM;- ekURV-
je3 @ 9ydX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX+B2XkyRRXy3Xyky

6�iM�bbB- 1X- *?�Qm�+?B- CX- � EHB#B- qX UkyR8VX SH�MMBM; �M/ QT2`�iBM; � b?�`2/ ;QQ/b
�M/ T�bb2M;2`b QM@/2K�M/ `�TB/ i`�MbBi bvbi2K 7Q` bmbi�BM�#H2 +Biv@HQ;BbiB+bX h`�Mb@
TQ`i�iBQM _2b2�`+? S�`i ", J2i?Q/QHQ;B+�H- 3R- 99y @ 9eyX UPTiBKBx�iBQM Q7 l`#�M
h`�MbTQ`i�iBQM a2`pB+2 L2irQ`FbV /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXi`#XkyR8XydXyRe

6�m;ĕ`2- GX- � JQMi`2mBH- "X UkyR3VX aK�`i HQ+F2` #�MF /2bB;M QTiBKBx�iBQM 7Q` m`#�M
QKMB+?�MM2H HQ;BbiB+b, �bb2bbBM; KQMQHBi?B+ pbX KQ/mH�` +QM};m`�iBQMbX *QKTmi2`b
� AM/mbi`B�H 1M;BM22`BM;X /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX+B2XkyR3XRRXy89

6`�M2F- CX- � E`2bi�- �X UkyR9VX Cm/;K2Mi b+�H2b �M/ +QMbBbi2M+v K2�bm`2 BM �?TX S`Q+2/B�
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1+QMQKB+b �M/ 6BM�M+2- Rk- Re9 @ RdjX _2i`B2p2/ 7`QK ?iiT,ffrrrXb+B2M+2/B`2+i

X+QKfb+B2M+2f�`iB+H2fTBBfakkRk8edRR9yyjjkj URdi? AMi2`M�iBQM�H *QM72`2M+2
1Mi2`T`Bb2 �M/ *QKT2iBiBp2 1MpB`QMK2Mi kyR9V /QB, ?iiTb,ff/QBXQ`;fRyXRyRefakkRk
@8edRUR9Vyyjjk@j

:2`b?2M72H/- LX- EB`FQ`B�M- _X- � *Q?2M- .X Ukyy9- RyVX h?2 BMi2`M2i Q7 i?BM;bX a+B2MiB}+
�K2`B+�M- kNRU9V- de@3RX

:2p�2`b- _X- o�M /2 oQQ`/2- 1X- � o�M2HbH�M/2`- hX UkyRRVX *?�`�+i2`BbiB+b �M/ ivTQHQ;v
Q7 H�bi@KBH2 HQ;BbiB+b 7`QK �M BMMQp�iBQM T2`bT2+iBp2 BM �M m`#�M +QMi2tiX AM *Biv
/Bbi`B#miBQM �M/ m`#�M 7`2B;?i i`�MbTQ`i, JmHiBTH2 T2`bT2+iBp2bX *?2Hi2M?�K- lE,
1/r�`/ 1H;�` Sm#HBb?BM;X

:QQ;H2X UkyRNVX :2M2`�H i`�MbBi 722/ bT2+B}+�iBQM `272`2M+2X _2i`B2p2/ 7`QK ?iiTb,ff

/2p2HQT2`bX;QQ;H2X+QKfi`�MbBif;i7bf

>�/�b- uX UkyRjVX �bb2bbBM; Tm#HB+ i`�MbTQ`i bvbi2Kb +QMM2+iBpBiv #�b2/ QM ;QQ;H2 i`�MbBi
/�i�X CQm`M�H Q7 h`�MbTQ`i :2Q;`�T?v- jj- Ry8 @ RReX /QB, RyXRyRefDXDi`�M;2QXkyRj
XyNXyR8

>�`i- qX 1X- G�B`/- *X .X- q�ibQM- CX@SX- qQQ/`mz- .X GX- >�+F2#2BH- :X �X- LB+?QHbQM-
"X GX- � aBB`QH�- CX .X UkyRdVX SvQKQĜQTiBKBx�iBQM KQ/2HBM; BM Tvi?QM Ua2+QM/ 2/X-
oQHX edVX aT`BM;2` a+B2M+2 � "mbBM2bb J2/B�X

>�`i- qX 1X- q�ibQM- CX@SX- � qQQ/`mz- .X GX UkyRRVX SvQKQ, KQ/2HBM; �M/ bQHpBM;
K�i?2K�iB+�H T`Q;`�Kb BM Tvi?QMX J�i?2K�iB+�H S`Q;`�KKBM; *QKTmi�iBQM- jUjV-
kRNĜkeyX

A"JX UMX/XVX A#KU`V BHQ;U`V +TH2tU`V BMi2`�+iBp2 QTiBKBx2` RkXNXyXy Uh2+?X _2TXVX _2i`B2p2/
7`QK ?iiTb,ffB#KXQMi?2?m#X+QK

CB�- >X- P`/ƦƢ2x- 6X- � .2bbQmFv- JX JX UkyydVX aQHmiBQM �TT`Q�+?2b 7Q` 7�+BHBiv HQ+�iBQM
Q7 K2/B+�H bmTTHB2b 7Q` H�`;2@b+�H2 2K2`;2M+B2bX *QKTmi2`b � AM/mbi`B�H 1M;BM22`BM;-
8kUkV- k8d @ kdeX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX+B2XkyyeXRkXyyd

Em`Qb2- CX 6X- � _Qbb- EX qX UkyRkVX *QKTmi2` M2irQ`FBM;, � iQT@/QrM �TT`Q�+? Uei?
2/XVX S2�`bQMX

G� GB#`2 "2H;B[m2X UkyRdVX "TQbi H�M+2 +m#22- mM `ûb2�m BM/ûT2M/�Mi 2i Qm@
p2`i /2 /Bbi`B#mi2m`b /2 T�[m2ibX _2i`B2p2/ 7`QK ?iiTb,ffrrrXH�HB#`2X#2f

/2`MB2`2b@/2T2+?2bf#2H;�f#TQbi@H�M+2@+m#22@mM@`2b2�m@BM/2T2M/�Mi@2i

@Qmp2`i@/2@/Bbi`B#mi2m`b@/2@T�[m2ib@8N/9#d/8+/dy9eR/kee/k72k UTm#@
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HBb?2/ QM P+iQ#2` 9i?- kyRdV
G�M/b+?Ƀix2`- *X- 1?`2Mi`�mi- 6X- � CQ/BM- .X UkyR8- RyVX *QMi�BM2`b 7Q` i?2 T?vbB+�H

BMi2`M2i, `2[mB`2K2Mib �M/ 2M;BM22`BM; /2bB;M `2H�i2/ iQ 7K+; HQ;BbiB+bX GQ;BbiB+b
_2b2�`+?- 3URV- R@kkX U*QTv`B;?i @ GQ;BbiB+b _2b2�`+? Bb � +QTv`B;?i Q7 aT`BM;2`-
kyR8c .Q+mK2Mi 72�im`2 @ c G�bi mT/�i2/ @ kyRd@yR@R3V

J�bbQM- _X- h`2MiBMB- �X- G2?mû/û- 6X- J�H?ûMû- LX- SûiQM- PX- � hH�?B;- >X UkyRd-
J�` yRVX PTiBKBx�iBQM Q7 � +Biv HQ;BbiB+b i`�MbTQ`i�iBQM bvbi2K rBi? KBt2/ T�bb2M@
;2`b �M/ ;QQ/bX 1l_P CQm`M�H QM h`�MbTQ`i�iBQM �M/ GQ;BbiB+b- eURV- 3RĜRyNX /QB,
RyXRyydfbRjede@yR8@yy38@8

J2HH2`- _X .X- GBM- uX@>X- � 1HHBb- EX SX UkyRkVX h?2 BKT�+i Q7 bi�M/�`/Bx2/ K2i`B+ T?vbB+�H
BMi2`M2i +QMi�BM2`b QM i?2 b?BTTBM; pQHmK2 Q7 K�Mm7�+im`2`bX A6�* S`Q+22/BM;b
oQHmK2b- 98UeV- je9 @ jdRX UR9i? A6�* avKTQbBmK QM AM7Q`K�iBQM *QMi`QH S`Q#H2Kb
BM J�Mm7�+im`BM;V /QB, ?iiTb,ff/QBXQ`;fRyXjR3kfkyRky8kj@j@_P@kykjXyyk3k

JQMBiQ`BM; /2b [m�`iB2`bX UkyReVX SQTmH�iBQM iQi�H2X _2i`B2p2/ 7`QK ?iiTb,ff

KQMBiQ`BM;/2b[m�`iB2`bX#`mbb2Hb

JQMi`2mBH- "X UkyRR- J�v yRVX hQr�`/ � T?vbB+�H BMi2`M2i, K22iBM; i?2 ;HQ#�H HQ;BbiB+b
bmbi�BM�#BHBiv ;`�M/ +?�HH2M;2X GQ;BbiB+b _2b2�`+?- jUkV- dRĜ3dX /QB, RyXRyydfbRkR8N
@yRR@yy98@t

JQMi`2mBH- "X- "�HHQi- 1X- � 6QMi�M2- 6X UkyRkVX �M QT2M HQ;BbiB+b BMi2`+QMM2+iBQM KQ/2H
7Q` i?2 T?vbB+�H BMi2`M2iX A6�* S`Q+22/BM;b oQHmK2b- 98UeV- jkd @ jjkX UR9i? A6�*
avKTQbBmK QM AM7Q`K�iBQM *QMi`QH S`Q#H2Kb BM J�Mm7�+im`BM;V /QB, RyXjR3kf
kyRky8kj@j@_P@kykjXyyj38

JQMi`2mBH- "X- J2HH2`- _X .X- � "�HHQi- 1X UkyRyVX hQr�`/b � T?vbB+�H BMi2`M2i, h?2
BKT�+i QM HQ;BbiB+b 7�+BHBiB2b �M/ K�i2`B�H ?�M/HBM; bvbi2Kb /2bB;M �M/ BMMQp�iBQM
Uh2+?X _2TXVX la�, J�i2`B�H >�M/HBM; AM/mbi`v Q7 �K2`B+�X

JQMi`2mBH- "X- J2HH2`- _X .X- � "�HHQi- 1X UkyRkVX S?vbB+�H BMi2`M2i 7QmM/�iBQMbX A6�*
S`Q+22/BM;b oQHmK2b- 98UeV- ke @ jyX UR9i? A6�* avKTQbBmK QM AM7Q`K�iBQM *QMi`QH
S`Q#H2Kb BM J�Mm7�+im`BM;V /QB, RyXjR3kfkyRky8kj@j@_P@kykjXyy999

JQ`;�MiB- 1X- a2B/2H- aX- "H�M[m�`i- *X- .�#H�M+- GX- � G2Mx- "X UkyR9VX h?2 BKT�+i Q7
2@+QKK2`+2 QM }M�H /2HBp2`B2b, �Hi2`M�iBp2 T�`+2H /2HBp2`v b2`pB+2b BM 7`�M+2 �M/
;2`K�MvX h`�MbTQ`i�iBQM _2b2�`+? S`Q+2/B�- 9- Rd3 @ RNyX Uambi�BM�#H2 JQ#BHBiv
BM J2i`QTQHBi�M _2;BQMbX KQ#BHXhlJ kyR9X AMi2`M�iBQM�H a+B2MiB}+ *QM72`2M+2 QM
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JQ#BHBiv �M/ h`�MbTQ`iX *QM72`2M+2 S`Q+22/BM;bXV /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXi`T`QXkyR9XRRXyR9

JQ`Qx- JX- � SQHFQrbFB- wX UkyReVX h?2 H�bi KBH2 Bbbm2 �M/ m`#�M HQ;BbiB+b, *?QQb@
BM; T�`+2H K�+?BM2b BM i?2 +QMi2ti Q7 i?2 2+QHQ;B+�H �iiBim/2b Q7 i?2 v ;2M2`�iBQM
+QMbmK2`b Tm`+?�bBM; QMHBM2X h`�MbTQ`i�iBQM _2b2�`+? S`Q+2/B�- Re- jd3@jNjX /QB,
RyXRyRefDXi`T`QXkyReXRRXyjeX

Jm``�v- �X Ukyy8VX :2Q;`�T?v BM +Qp2`�;2 KQ/2HBM;, 1tTHQBiBM; bT�iB�H bi`m+im`2 iQ �/@
/`2bb +QKTH2K2Mi�`v T�`iB�H b2`pB+2 Q7 �`2�bX �MM�Hb Q7 i?2 �bbQ+B�iBQM Q7 �K2`B+�M
:2Q;`�T?2`b- N8U9V- deR@ddkX U+Bi2/ "v eRV /QB, RyXRRRRfDXR9ed@3jyeXkyy8Xyy938Xt

Jm``�v- �X- PǶE2HHv- JX- � *?m`+?- _X Ukyy3VX _2;BQM�H b2`pB+2 +Qp2`�;2 KQ/2HBM;X
*QKTmi2`b � PT2`�iBQMb _2b2�`+?- j8UkV- jjN @ j88X US�`i aT2+B�H Abbm2, GQ+�iBQM
JQ/2HBM; .2/B+�i2/ iQ i?2 K2KQ`v Q7 *?�`H2b aX _2o2HH2V /QB, ?iiTb,ff/QBXQ`;f
RyXRyRefDX+Q`XkyyeXyjXyy9

Jm``�v- �X hX- � PǶE2HHv- JX 1X UkyykVX �bb2bbBM; `2T`2b2Mi�iBQM 2``Q` BM TQBMi@#�b2/
+Qp2`�;2 KQ/2HBM;X CQm`M�H Q7 :2Q;`�T?B+�H avbi2Kb- 9- RdR@RNRX

L2rK�M- JX 1X CX UkyReVX J�i?2K�iB+b Q7 M2irQ`FbX AM h?2 M2r T�H;`�p2 /B+iBQM�`v
Q7 2+QMQKB+b UTTX RĜ3VX GQM/QM, S�H;`�p2 J�+KBHH�M lEX /QB, RyXRy8dfNd3@R@j9N
@N8RkR@8nk8e8@R

LQxB+F- GX UkyyRVX h?2 }t2/ +?�`;2 7�+BHBiv HQ+�iBQM T`Q#H2K rBi? +Qp2`�;2 `2bi`B+iBQMbX
h`�MbTQ`i�iBQM _2b2�`+? S�`i 1, GQ;BbiB+b �M/ h`�MbTQ`i�iBQM _2pB2r- jdU9V- k3R @
kNeX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefaRjee@8898UyyVyyyR3@R

S2`#QHB- :X- � _Qb�MQ- JX UkyRNVX S�`+2H /2HBp2`v BM m`#�M �`2�b, PTTQ`imMBiB2b �M/
i?`2�ib 7Q` i?2 KBt Q7 i`�/BiBQM�H �M/ ;`22M #mbBM2bb KQ/2HbX h`�MbTQ`i�iBQM _2@
b2�`+? S�`i *, 1K2`;BM; h2+?MQHQ;B2b- NN- RN @ jeX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXi`+XkyRNXyRXyye

Sb�HiQ;HQm- �X- � *�HH2- 1X UkyR3VX 1M?�M+2/ +QMM2+iBpBiv BM/2t Ĝ � M2r K2�bm`2 7Q`
B/2MiB7vBM; +`BiB+�H TQBMib BM m`#�M Tm#HB+ i`�MbTQ`i�iBQM M2irQ`FbX AMi2`M�iBQM�H
CQm`M�H Q7 *`BiB+�H AM7`�bi`m+im`2 S`Qi2+iBQM- kR- kk @ jkX /QB, ?iiTb,ff/QBXQ`;f
RyXRyRefDXBD+BTXkyR3XykXyyj

a�``�D- _X- "�HHQi- 1X- S�M- aX- >�FBKB- .X- � JQMi`2mBH- "X UkyRj- RRVX AMi2`+QMM2+i2/ HQ@
;BbiB+ M2irQ`Fb �M/ T`QiQ+QHb, aBKmH�iBQM@#�b2/ 2{+B2M+v �bb2bbK2MiX AMi2`M�iBQM�H
CQm`M�H Q7 S`Q/m+iBQM _2b2�`+?- 8k- R@k9X /QB, RyXRy3yfyykyd89jXkyRjX3e838j
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a�``�D- _X- "�HHQi- 1X- S�M- aX- � JQMi`2mBH- "X UkyR9- RkVX �M�HQ;B2b #2ir22M BMi2`M2i
M2irQ`F �M/ HQ;BbiB+b b2`pB+2 M2irQ`Fb, +?�HH2M;2b BMpQHp2/ BM i?2 BMi2`+QMM2+iBQMX
CQm`M�H Q7 AMi2HHB;2Mi J�Mm7�+im`BM;- k8UeV- Rkyd@RkRNX U*QTv`B;?i @ aT`BM;2` a+B@
2M+2Y"mbBM2bb J2/B� L2r uQ`F kyR9c .Q+mK2Mi 72�im`2 @ h�#H2bc c G�bi mT/�i2/ @
kyR9@RR@y9V

a+?r�#- EX UkyRdVX h?2 7Qm`i? BM/mbi`B�H `2pQHmiBQMX L2r uQ`F- Lu- la�, *`QrM
Sm#HBb?BM; :`QmTX

a?�MKmF?�TT�- hX- >Q- AX qX@>X- � hb2- *X EX UkyR3VX aT�iB�H �M�HvbBb Q7 #mb i`�MbTQ`i
M2irQ`Fb mbBM; M2irQ`F i?2Q`vX S?vbB+� �, ai�iBbiB+�H J2+?�MB+b �M/ Bib �TTHB+�@
iBQMb- 8yk- kN8 @ jR9X /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXT?vb�XkyR3XykXRRR

aBKK2`- GX- S7Qb2`- aX- :`�#M2`- JX- a+?�m2`- PX- � Smix- GX@JX UkyRd- yRVX 6`QK
?Q`BxQMi�H +QHH�#Q`�iBQM iQ i?2 T?vbB+�H BMi2`M2i Ĝ � +�b2 bim/v 7`QK �mbi`B�X AM@
i2`M�iBQM�H CQm`M�H Q7 h`�MbTQ`i .2p2HQTK2Mi �M/ AMi2;`�iBQM- R- RkN@RjeX /QB,
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ahA"@JAo"X UkyRdVX ai�iBbiB+b kyRdX
ahA"@JAo"X UkyRN�VX JBbbBQM- p�Hm2b �M/ +Q`TQ`�i2 bQ+B�H `2bTQMb�#BHBivX
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ahA"@JAo"X UkyRN#VX h?2 M2irQ`F �M/ p2?B+H2bX _2i`B2p2/ kyRNXyjXk8- 7`QK
?iiT,ffrrrXbiB#@KBp#X#2f�`iB+H2X?iKH\n;mB/43y3ejRj+@j33j@j9Ry@73N9
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ahA"@JAo"X UkyRN+VX PT2M /�i� TQ`i�HX _2i`B2p2/ 7`QK ?iiTb,ffQT2M/�i�XbiB#@KBp#

X#2fbiQ`2f?QK2

ai`�H2- JX- G2#2�m- SX- >m#2`i- JX- � J�+?�`Bb- *X UkyR8VX *�?B2`9, H2 i`�Mb@
TQ`i /2 K�`+?�M/Bb2 2i H� HQ;BbiB[m2 ¨ #`mt2HH2b Uh2+?X _2TXVX "`mt2HH2b JQ#BH@
BiûX _2i`B2p2/ 7`QK ?iiTb,ffKQ#BHBi2@KQ#BHBi2BiX#`mbb2HbfbBi2bf/27�mHif

7BH2bfH2ni`�MbTQ`in/2nK�`+?�M/Bb2bnyXT/7

h�MB;m+?B- 1X UkyR9VX *QM+2Tib Q7 +Biv HQ;BbiB+b 7Q` bmbi�BM�#H2 �M/ HBp2�#H2 +BiB2bX S`Q+2/B�
@ aQ+B�H �M/ "2?�pBQ`�H a+B2M+2b- R8R- jRy @ jRdX U:`22M *BiB2b @ :`22M GQ;BbiB+b 7Q`
:`22M2` *BiB2b- ax+x2+BM- RN@kR J�v kyR9V /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXb#bT`Q
XkyR9XRyXykN

h�MB;m+?B- 1X- h?QKTbQM- _X :X- � u�K�/�- hX UkyR9VX _2+2Mi i`2M/b �M/ BMMQp�iBQMb
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BM KQ/2HHBM; +Biv HQ;BbiB+bX S`Q+2/B� @ aQ+B�H �M/ "2?�pBQ`�H a+B2M+2b- Rk8- 9 @ R9X
U1B;?i? AMi2`M�iBQM�H *QM72`2M+2 QM *Biv GQ;BbiB+b Rd@RN CmM2 kyRj- "�HB- AM/QM2bB�V
/QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXb#bT`QXkyR9XyRXR98R

h?2 1+QMQKBbiX UkyyeVX h?2 T?vbB+�H BMi2`M2iX
hm- JX- GBK- JX EX- � u�M;- JX@6X UkyR3VX AQi@#�b2/ T`Q/m+iBQM HQ;BbiB+b �M/ bmTTHv

+?�BM bvbi2K Ĝ T�`i R, JQ/2HBM; BQi@#�b2/ K�Mm7�+im`BM; bmTTHv +?�BMX AM/mbi`B�H
J�M�;2K2Mi � .�i� avbi2Kb- RR3URV- e8@N8X /QB, RyXRRy3fAJ.a@RR@kyRe@y8yj

o�B/v�- PX aX- � EmK�`- aX UkyyeVX �M�HviB+ ?B2`�`+?v T`Q+2bb, �M Qp2`pB2r
Q7 �TTHB+�iBQMbX 1m`QT2�M CQm`M�H Q7 PT2`�iBQM�H _2b2�`+?- ReNURV- R @
kNX _2i`B2p2/ 7`QK ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf

ayjddkkRdy9yyjy89 /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX2DQ`Xkyy9Xy9Xyk3
p�M /2M "Qbb+?2- JX- J�2b- CX- o�M2HbH�M/2`- hX- J�+�`BQ- _X- � _2Bb- oX UkyR3VX GQ;BbiB+b

b+?2K2b 7Q` 2@+QKK2`+2b Uaim/v QM l`#�M JQ#BHBiv @ S`2T�`�iBQM Q7 1l :mB/�M+2
QM l`#�M GQ;BbiB+b UJPo1f*RfkyR9@jdyVVX .B`2+iQ`�i2@:2M2`�H 7Q` JQ#BHBiv �M/
h`�MbTQ`i U1m`QT2�M *QKKBbbBQMVX /QB, RyXk3jkf9ddR8j

o2`K2b�M- .X PX- 6`B2bb- .X SX- :mBHH2KBM- SX- :mbK2`QHB- aX- amM/K�2F2`- >X- "�bbB- .X �X-
Ę .QQ/v- .X SX UkyRRVX BMi2`M2i Q7 i?BM;b bi`�i2;B+ `2b2�`+? `Q�/K�T Uh2+?X _2TXVX
1m`QT2�M _2b2�`+? *Hmbi2` QM i?2 AMi2`M2i Q7 h?BM;bX

oBHH2 /2 "`mt2HH2bX UMX/XVX wQM2 TBûiQMM2X _2i`B2p2/ kyRN- 7`QK ?iiTb,ffrrrX#`mt2HH2b

X#2fxQM2@TB2iQMM2

oBbb2`- CX- L2KQiQ- hX- � "`QrM2- JX UkyR9VX >QK2 /2HBp2`v �M/ i?2 BKT�+ib QM m`#�M
7`2B;?i i`�MbTQ`i, � `2pB2rX S`Q+2/B� @ aQ+B�H �M/ "2?�pBQ`�H a+B2M+2b- Rk8- R8 @ kdX
U1B;?i? AMi2`M�iBQM�H *QM72`2M+2 QM *Biv GQ;BbiB+b Rd@RN CmM2 kyRj- "�HB- AM/QM2bB�V
/QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXb#bT`QXkyR9XyRXR98k

q2Hi2p`2/2M- CX qX Ukyy3VX "k+ 2ɢ+QKK2`+2 HQ;BbiB+b, i?2 `Bb2 Q7 +QHH2+iBQMɢ�M/ɢ/2HBp2`v
TQBMib BM i?2 M2i?2`H�M/bX AMi2`M�iBQM�H CQm`M�H Q7 _2i�BH � .Bbi`B#miBQM J�M�;2@
K2Mi- jeU3V- ej3@eeyX /QB, RyXRRy3fyN8Ny88y3Ry33j93d

qQ`H/ "�MFX UkyRdVX ambi�BM�#H2 KQ#BHBiv 7Q` �HH , Pm` �K#BiBQMX _2i`B2p2/ RR J�v kyRN-
7`QK ?iiT,ffbmK9�HHXQ`;

u�M;- uX- S�M- aX- � "�HHQi- 1X UkyRdVX 6`2B;?i i`�MbTQ`i�iBQM `2bBHB2M+2 2M�#H2/ #v
T?vbB+�H BMi2`M2iX A6�*@S�T2`bPMGBM2- 8yURV- kkd3 @ kk3jX Ukyi? A6�* qQ`H/
*QM;`2bbV /QB, RyXRyRefDXB7�+QHXkyRdXy3XRNd
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w?�Q- GX- GB- >X- GB- JX- amM- uX- >m- ZX- J�Q- aX- Ę sm2- CX UkyR3VX GQ+�iBQM b2H2+iBQM
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DXimbiXkyR3XyeXyk9


