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lM/2`bi�M/BM; K�KK�HB�M ;2M2 2tT`2bbBQM MQBb2
�b � 7mM+iBQM Q7 +2HH ;`Qri?

S?BHBT _?vb .�pB2b- "a+ U>QMbV

� i?2bBb bm#KBii2/ BM T�`iB�H 7mH}HK2Mi Q7 i?2 `2[mB`2K2Mib
7Q` i?2 /2;`22 Q7 .Q+iQ` Q7 S?BHQbQT?v BM "BQHQ;v

a+?QQH Q7 GB72 a+B2M+2b
lMBp2`bBiv Q7 q�`rB+F

J�v kyky



*QMi2Mib

�+FMQrH2/;2K2Mib 3

.2+H�`�iBQM N

�#bi`�+i Ry

R AMi`Q/m+iBQM RR
RXR "2M2}+B�H MQBb2 BM KB+`QQ`;�MBbKb X X X X X X X X X X X X X X X X X X Rk
RXk "2M2}+B�H MQBb2 BM KmHiB+2HHmH�` Q`;�MBbKb X X X X X X X X X X X X X R9
RXj .2i`BK2Mi�H MQBb2 BM KB+`QQ`;�MBbKb X X X X X X X X X X X X X X X X Rd
RX9 .2i`BK2Mi�H MQBb2 BM KmHiB+2HHmH�` Q`;�MBbKb X X X X X X X X X X X X ky
RX8 LQBb2 �M/ +2HH ;`Qri? X 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
RXe PmiHBM2 X X X X X X X X 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 h?2Q`v- K�i2`B�Hb �M/ K2i?Q/b kd
kXR 6HQr *viQK2i`v X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
kXk *2HH *v+H2 �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 k3
kXj J2i�#QHB+ G�#2HHBM; X X X X X X X X X X X X X X X X X X X X X X X X X X kN
kX9 1`;Q/B+ _�i2 �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 jk
kX8 S`Q#�#BHBiv ai�i2 JQ/2HHBM; X X X X X X X X X X X X X X X X X X X X X j9
kXe "�v2bB�M PTiBKBb�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 99

j JQ/2HHBM; ;2M2 2tT`2bbBQM �M/ +2HH ;`Qri? 9d
jXR hrQ T?�b2 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 93
jXk S?�b2 BMi2;`�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 89
jXj *2HH /BpBbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
jX9 JmHiB@T?�b2 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 e9
jX8 *2HH ;`Qri? X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e3
jXe .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eN

9 JmHiBT�`�K2i2`B+ +2HH +v+H2 �M�HvbBb mbBM; S`Q#�#BHBiv ai�i2
JQ/2HHBM; dj
9XR "�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dj
9Xk "mBH/BM; /2b+`BTiBp2 7m++B KQ/2Hb X X X X X X X X X X X X X X X X X X d8
9Xj 7m++B KQ/2H }iiBM; X X X X X X X X X X X X X X X X X X X X X X X X X X 3y

k



9X9 .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NN

8 h`�Mb+`BTiBQM FBM2iB+b �M/ +2HH ;`Qri? Ry9
8XR J2i�#QHB+ H�#2HHBM; Q7 i`�Mb+`BTiBQM BM 7m++B +2HHb X X X X X X X X X X Rye
8Xk *2HH pQHmK2 @ +2HH +v+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 RRR
8Xj h`�Mb+`BTiBQM `�i2 @ oQHmK2 X X X X X X X X X X X X X X X X X X X X X RRk
8X9 1`;Q/B+ _�i2 �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 RkR
8X8 oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/ X X X X X X X X X X X X X X Rk3
8Xe .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjk

e h`�Mb+`BTiQKB+ FBM2iB+ �M�HvbBb Rje
eXR _2pBbBiBM; Tm#HBb?2/ /�i� X X X X X X X X X X X X X X X X X X X X X X Rjd
eXk aBKmH�iBQM Q7 9bl@_L�@b2[ 2tT2`BK2Mi X X X X X X X X X X X X X X X R9y
eXj aBKmH�iBQM Q7 KmHiB@bi2T 2tT2`BK2Mi X X X X X X X X X X X X X X X X X R9j
eX9 AMi2;`�iBQM Q7 T?�b2b /m`BM; K2i�#QHB+ H�#2HHBM; X X X X X X X X X X R93
eX8 1tT2`BK2Mi�H .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 R8y
eXe .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8j

d *QM+HmbBQM R8e
dXR 6mim`2 rQ`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 X X X Rey

j



GBbi Q7 6B;m`2b

kXR 1_� bi2TrBb2 +�H+mH�iBQM X X X X X X X X X X X X X X X X X X X X jj
kXk 1_� p�HB/�iBQM #v bBKmH�iBQM X X X X X X X X X X X X X X X X X X j9
kXj S`QTQb2/ .L� +2HH +v+H2 i`�MbBiBQMX X X X X X X X X X X X X X je
kX9 1@K�i`Bt Q7 T`QTQb2/ .L� +2HH +v+H2 i`�MbBiBQM X X X X X X j3
kX8 "BMMBM; Q7 /�i� TQBMibX X X X X X X X X X X X X X X X X X X X X X X jN
kXe �bbB;MBM; Q7 1@K�i`Bt `Qr iQ 2�+? /�i� TQBMiX X X X X X X X 9y
kXd +�T@/M�@b@HQ X X X X X X 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
kX3 _2bmHi Q7 SaJ mbBM; RyytRyy `2bQHmiBQM 1@K�i`Bt Ry-yyy

/�i� TQBMib bBKmH�i2/ �++Q`/BM; iQ i?2 T`QTQb2/ .L� KQ/2H-
�M�Hvb2/ #v SaJ mbBM; i?2 b�K2 KQ/2HX X X X X X X X X X X X X X X 9R

kXN *QMbi`m+iBQM Q7 1a@K�i`BtX X X X X X X X X X X X X X X X X X X X 9k
kXRy S2�F B/2MiB}+�iBQM @ ?�H7 ;�mbbB�M }i X X X X X X X X X X X X X 9j

jXR ai2�/v bi�i2 K_L� /Bbi`B#miBQM �i 2M/ Q7 :RX X X X X X X X 89
jXk AMi2;`�i2/ :R �M/ :k T?�b2 K_L� /Bbi`B#miBQMbX X X X X 8d
jXj :BHH2bTB2 bBKmH�iBQM Q7 /BpB/BM; +2HH +v+H2 KQ/2HX X X X X X X 83
jX9 .BpB/BM; +2HH +v+H2 KQ/2H K_L� /Bbi`B#miBQMbX X X X X X X X ek
jX8 *2HH +v+H2 2z2+i QM K2�M _L� MmK#2` 7Q` /Bz2`2Mi _L�

im`MQp2` `�i2bX X X X 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
jXe *QHQm` H2;2M/ 7Q` 6B;m`2 jX8X X X X X X X X X X X X X X X X X X X e8
jXd h`�Mb+`BTiBQM `�i2 pb +2HH +v+H2 2z2+ib 7Q` /Bz2`2Mi _L�

im`MQp2` `�i2bX X X X 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
jX3 *2HH bBx2 ;`Qri? KQ/2H K_L� /Bbi`B#miBQMX X X X X X X X X X eN

9XR .L� pb 7m++B K2�bm`2K2MibX X X X X X X X X X X X X X X X X X X de
9Xk �M�HvbBb Q7 7m++B `2TQ`i2`b #v .L� bi�BMBM; �M/ SaJX X dd
9Xj S`QTQb2/ 7m++B KQ/2HbX X X X X X X X X X X X X X X X X X X X X X X d3
9X9 1@K�i`B+2b 7Q` 7m++B KQ/2HbX J�i`B+2b +Q``2bTQM/BM; iQ i?2

T`QTQb2/ KQ/2Hb Q7 */iR- ;2KBMBM �M/ .L�X X X X X X X X X X X X dN
9X8 6B`bi QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ �

/Bbi`BM+i QTiBKBb�iBQM `mMX o2`iB�H HBM2b +Q``2bTQM/ iQ }ii2/
iBK2TQBMib- i`�MbHm+2Mi `2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2
#QmM/�`B2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k

9Xe JBMBKBb�iBQM T�i? Q7 SaJ Q#D2+iBp2 7mM+iBQM #v "�v2bB�M
PTiBKBb�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3j

9Xd SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2Hb 7`QK `QmM/ RX X X X X 39
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9X3 PmiHB2`b B/2MiB}2/ mbBM; +?B@b[m�`2 i2biX *Hmbi2`b B/2MiB}2/
mbBM; F@K2�Mb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e

9XN *Q``2bTQM/BM; HQ+�iBQMb Q7 QmiHB2`b QM #Bp�`B�i2 THQibX X X 3d
9XRy a2+QM/ QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ �

/BbiBM+i QTiBKBb�iBQM `mMX o2`iB+�H HBM2b +Q``2bTQM/ iQ }ii2/
iBK2TQBMib- i`�MbHm+2Mi `2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2
#QmM/�`B2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33

9XRR JBMBKBb�iBQM T�i? Q7 SaJ Q#D2+iBp2 7mM+iBQM #v "�v2bB�M
PTiBKBb�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33

9XRk SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX X X X X X X X X X X X X X 3N
9XRj GQ+�iBQM Q7 QmiHB2`b 7`QK _QmM/ R �7i2` b2+QM/ `QmM/ Q7

QTiBKBb�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ny
9XR9 _2K�BMBM; QmiHB2`b 7QHHQrBM; �//BiBQM Q7 J T?�b2 iQ i?2

KQ/2HX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NR
9XR8 JBMBKBb�iBQM T�i? Q7 SaJ Q#D2+iBp2 7mM+iBQM #v "�v2bB�M

PTiBKBb�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nk
9XRe 6BM�H QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ � /BbiBM+i

QTiBKBb�iBQM `mMX o2`iB+�H HBM2b +Q``2bTQM/ iQ }ii2/ iBK2TQBMib-
i`�MbHm+2Mi `2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2 #QmM/�`B2bX X X X X Nk

9XRd SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX X X X X X X X X X X X X X Nj
9XR3 S`Q#�#BHBiv K�i`B+2b 7QHHQrBM; b2H2+iBp2 �p2`�;BM; Q7

�K#B;mQmb T?�b2bX X X X X X X X X X X X X X X X X X X X X X X X X X N9
9XRN SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX X X X X X X X X X X X X X N8
9Xky aBKmH�i2/ /�i� #�b2/ QM 7m++B KQ/2Hb T`2/B+i2/ BM a2+iBQM

9XjX Ry-yyy /�i� TQBMib bBKmH�i2/ mbBM; SaJX X X X X X X X X X X X Nd
9XkR S`2/B+i2/ p2bmb i`m2 +2HH +v+H2 bi�i2X aBKmH�i2/ /�i�

;2M2`�i2/ mbBM; i?2 }ii2/ 7m++B KQ/2Hb r2`2 �M�Hvb2/ mbBM; i?2
b�K2 KQ/2HbX h?2 `2bmHiBM; bi�i2 UT`2/B+i2/V Bb THQii2/ �;�BMbi
i?2 bBKmH�i2/ Ui`m2V- BM Q`/2` iQ Q#b2`p2 ?Qr ;QQ/ i?2 +Q``2H�iBQM BbX N3

9Xkk _2bQHmiBQM �i 2�+? +2HH +v+H2 bi�;2 #�b2/ QM 7m++B K�`F2`b
�M/ .L�X _�M;2b Q#i�BM2/ mbBM; � N8W +QM}/2M+2 BMi2`p�H QM
i?2 `2bmHib Q#i�BM2/ #v �M�HvbBM; i?2 bBKmH�i2/ /�i� mbBM; SaJX X NN

9Xkj �#bQHmi2 BMi2`p�H �i 2�+? +2HH +v+H2 bi�;2 #�b2/ QM 7m++B
K�`F2`b �M/ .L�X _�M;2b Q#i�BM2/ mbBM; � N8W +QM}/2M+2
BMi2`p�H QM i?2 `2bmHib Q#i�BM2/ #v �M�HvbBM; i?2 bBKmH�i2/ /�i�
mbBM; SaJX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryy

9Xk9 �#bQHmi2 BMi2`p�Hb 7Q` 2�+? K�`F2` BM/2T2M/2MiHvX h?2
b�K2 T`Q+2/m`2 /2b+`B#2/ BM K�BM i2ti r�b 7QHHQr2/ 7Q` 2�+? K�`F2`
BM/2T2M/2MiHvX h?Bb �HHQrb mb iQ +QKT�`2 i?2 `2bmHiBM; `2bQHmiBQM
+QM72``2/ #v 2�+? BM/BpB/m�H K�`F2` iQ i?2 i?�i Q#i�BM2/ #v i?2
+QK#BM2/ KQ/2HX X X X X X X X X X X X X X X X X X X X X X X X X X X X RyR

9Xk8 �#bQHmi2 BMi2`p�Hb 7Q` 2�+? T�B` Q7 +2HH +v+H2 K�`F2`bX X X X Ryk

8XR 81l K2i�#QHB+ H�#2HHBM;X X X X X X X X X X X X X X X X X X X X X X Ryd
8Xk 81l K2i�#QHB+ H�#2HHBM;- mMi`�Mb7Q`K2/X X X X X X X X X X X X Ry3
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8Xj .2}MBiBQM Q7 +2HH +v+H2 T?�b2b X X X X X X X X X X X X X X X X X X Ry3
8X9 *2HH +v+H2 �M�HvbBb Q7 81l BM+Q`TQ`�iBQMX X X X X X X X X X X X RyN
8X8 "�+F;`QmM/ bm#i`�+i2/ K2�M 81l i`�D2+iQ`vX X X X X X X X RRy
8Xe *2HH pQHmK2 BM+`2�b2 /m`BM; i?2 +2HH +v+H2X X X X X X X X X X X RRR
8Xd J2�M +2HH pQHmK2 /m`BM; i?2 +2HH +v+H2X X X X X X X X X X X X X RRk
8X3 >2�iK�T Q7 ;HQ#�H i`�Mb+`BTiBQM `�i2 �++`Qbb +2HH bBx2 �M/

+2HH +v+H2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRj
8XN h`�Mb+`BTiBQM `�i2 �b � 7mM+iBQM Q7 +2HH +v+H2X X X X X X X X X RR8
8XRy h`�Mb+`BTiBQM `�i2 �b � 7mM+iBQM Q7 +2HH bBx2X X X X X X X X X X RR8
8XRR *QKT�`BbbQM Q7 `2H�iBp2 +?�M;2b BM i`�Mb+`BTiBQM `�i2 �M/

+2HH pQHmK2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRe
8XRk h`�Mb+`BTiBQM `�i2 `2H�iBp2 iQ +2HH bBx2X X X X X X X X X X X X X RRN
8XRj h`�Mb+`BTiBQM `�i2 `2H�iBp2 iQ +2HH bBx2 UGBM2bVX X X X X X X X Rky
8XR9 J2�M ;`Qri? `�i2 +�H+mH�i2/ #v 1_�X X X X X X X X X X X X X Rkk
8XR8 :`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2bX X X X X X X X X X X X X Rkj
8XRe :`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2b UGBM2bVX X X X X X X X Rk9
8XRd _2H�iBp2 ;`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2bX X X X X X X X Rke
8XR3 _2H�iBp2 ;`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2b UGBM2bVX X X Rkd
8XRN _2H�iBp2 ;`Qri? `�i2 BM HBp2 +2HHbX X X X X X X X X X X X X X X X RkN
8Xky _2H�iBp2 ;`Qri? `�i2 BM HBp2 +2HHb UGBM2bVX X X X X X X X X X X Rjy
8XkR oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/X oQHmK2 T2`

i`�Mb+`BTi Q#i�BM2/ #v /BpB/BM; i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�-
#v i?2 `�i2 Q7 81l BM+Q`TQ`�iBQM- K2�bm`2/ #v ~Qr +viQK2i`vX
1``Q` Q#i�BM2/ #v #QQib`i�TTBM; URyy `2b�KTHBM;bVX X X X X X X X X RjR

8Xkk oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/X oQHmK2 T2`
i`�Mb+`BTi Q#i�BM2/ #v /BpB/BM; i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�-
#v i?2 `�i2 Q7 81l BM+Q`TQ`�iBQM- K2�bm`2/ #v ~Qr +viQK2i`vX
1``Q` Q#i�BM2/ #v #QQib`i�TTBM; URyy `2b�KTHBM;bVX X X X X X X X X Rjk

eXR 1tT2`BK2Mi�H /�i� pb 2tT2+i2/ h* +QMp2`bBQMb #�b2/ QM
i?2 }ii2/ /2;`�/�iBQM `�i2bX X X X X X X X X X X X X X X X X X X X Rj3

eXk >�H~Bp2b Q7 BMi`QMb �M/ 2tQMbX _�r /�i� aG�J@b2[ /�i� 7`QK
!"�TiBbi�kyR3 �M�Hvb2/ 7Q` BMi`QMb �M/ 2tQMb b2T�`�i2HvX .�i� 7Q`
;2M2b QM +?`QKQbQK2 RX X X X X X X X X X X X X X X X X X X X X X X X R9y

eXj *mKmH�iBp2 .Bbi`B#miBQM 6mM+iBQM Q7 i?2 iBK2 Bi i�F2b 7Q`
/Bz2`2Mi bT2+B2b Q7 _L� iQ `2�+? � H�#2HH2/ 7`�+iBQM Q7 yXkX R9R

eX9 1z2+i Q7 b2[m2M+BM; /2Ti? �M/ K2i�#QHB+ H�#2HHBM;
/m`�iBQM QM K2�bm`2K2Mi 2``Q`X X X X X X X X X X X X X X X X X R9k

eX8 L2;�iBp2 GQ; GBF2HB?QQ/ T`Q}H2 7Q` TmHb2 2tT2`BK2MiX X X X R98
eXe L2;�iBp2 GQ; GBF2HB?QQ/ T`Q}H2 7Q` TmHb2 2tT2`BK2Mi rBi?

r�b? bi2TX 1�+? HBM2 U;`2vV `2T`2b2Mib i?2 HBF2HB?QQ/ 2[m�iBQM 7Q`
� bBKmH�i2/ BMi`QM UL 4 RyyV- rBi? `2�/ /2Ti? 4 Ryy �M/ /2+�v
`�i2 2[m�H iQ i?�i Q7 i?2 �p2`�;2 BMi`QM UyX3 T2` ?Qm`VX JBMBK�
7QmM/ mbBM; i?2 ;QH/2M b2+iBQM K2i?Q/X aQHmiBQMb �++2Ti2/ QM i?2
#�bBb Q7 i?2B` `2H�iBp2 /Bbi�M+2 URy T2`+2MiV 7`QK i?2 i`m2 /2+�v `�i2XR9d

e



eXd *2HHb T`Q;`2bbBM; i?`Qm;? �/D�+2Mi bi�;2b Q7 i?2 +2HH +v+H2
/m`BM; i?2 K2i�#QHB+ H�#2HHBM; TmHb2X X X X X X X X X X X X X X R8R

eX3 aG�J@b2[ TBHQi 2tT2`BK2Mi RX X X X X X X X X X X X X X X X X X R8j
eXN aG�J@b2[ TBHQi 2tT2`BK2Mi kX X X X X X X X X X X X X X X X X X R89

d



�+FMQrH2/;2K2Mib

A rQmH/ HBF2 iQ i?�MF Kv bmT2`pBbQ`b 7Q` i?2B` BMp�Hm�#H2 ?2HT �M/ ;mB/�M+2- �M/
qAa" 7Q` i?2 rQM/2`7mH +QKKmMBiv- 2t+2HH2Mi i2+?MB+�H 7�+BHBiB2b �M/ bmTTQ`iX
Jv i?�MFb �HbQ ;Q iQ i?2 avM#BQ *.h /B`2+iQ`b- r?Q Qz2`2/ K2 i?Bb mMB[m2
QTTQ`imMBivX 6BM�HHv- A rQmH/ HBF2 iQ i?�MF Kv 7�KBHv �M/ 7`B2M/b 7Q` i?2B` 2M/m`BM;
bmTTQ`i i?2 T�bi 7Qm` v2�`bX

3



.2+H�`�iBQM

h?Bb i?2bBb Bb bm#KBii2/ iQ i?2 lMBp2`bBiv Q7 q�`rB+F BM bmTTQ`i Q7 Kv �TTHB+�iBQM
7Q` i?2 /2;`22 Q7 .Q+iQ` Q7 S?BHQbQT?vX Ai ?�b #22M +QKTQb2/ #v Kvb2H7 �M/ ?�b
MQi #22M bm#KBii2/ BM �Mv T`2pBQmb �TTHB+�iBQM 7Q` �Mv /2;`22X

h?2 rQ`F T`2b2Mi2/ UBM+Hm/BM; /�i� ;2M2`�i2/ �M/ /�i� �M�HvbBbV r�b +�``B2/ Qmi
#v i?2 �mi?Q` 2t+2Ti BM i?2 +�b2b QmiHBM2/ #2HQr,

Ç 9bl b2[m2M+BM; HB#`�`v T`2T�`�iBQM �M/ b2[m2M+2 T`Q+2bbBM; r�b +�``B2/ Qmi
#v .` J�`F q�Hb?

Ç .2MbBiv T2�F B/2MiB}+�iBQM b+`BTi r�b r`Bii2M #v .` J�bbBKQ *�p�HH�`Q

N



�#bi`�+i

J�KK�HB�M +2HH ;`Qri? Bb � +QKTH2t T`Q+2bb 2M+QKT�bbBM; ;2MQK2 `2THB+�iBQM-
+2HH K�bb �++mKmH�iBQM �M/ /`�biB+ `2Q`;�MBx�iBQM Q7 i?2 BMi`�+2HHmH�` bi`m+im`2X
1�+? Q7 i?2b2 T`Q+2bb2b +QMi`B#mi2b iQ ;2M2 2tT`2bbBQM MQBb2- K�FBM; i?2 /2bB;M Q7
`Q#mbi ;2M2iB+ +B`+mBib /B{+mHiX q2 mb2 ~Qr +viQK2i`v iQ +QHH2+i K2�bm`2K2Mib QM
KmHiBTH2 +2HH@+v+H2 `2TQ`i2`b- r?B+? r2 �M�Hvb2 mbBM; T`Q#�#BHBiv bi�i2 KQ/2HHBM;X
h?Bb �TT`Q�+? 2M�#H2b mb iQ TQbBiBQM 2�+? +2HH BMiQ Bib KQbi HBF2Hv +2HH@+v+H2 bi�i2X
*QK#BMBM; i?Bb K2i?Q/QHQ;v rBi? K2�bm`2K2Mib Q7 ;2M2 2tT`2bbBQM FBM2iB+b bm+?
�b K2i�#QHB+ H�#2HHBM; Q7 i`�Mb+`BTiBQM �M/ i`�MbH�iBQM T`QpB/2b � ?B;? `2bQHmiBQM
pB2r BMiQ ?Qr bm+? �+iBpBiB2b +?�M;2 /m`BM; i?2 +2HH@+v+H2X *?�M;2b BM +2HH@bBx2 �`2
�MQi?2` BKTQ`i�Mi bQm`+2 Q7 ;2M2 2tT`2bbBQM p�`B�iBQMX *2HHb Q7 /Bz2`2Mi bBx2b �`2
FMQrM iQ ;`Qr �i /Bz2`2Mi `�i2b- 7m`i?2` +QM7QmM/BM; Qm` K2�bm`2K2Mib Q7 MQBb2X
lbBM; 2`;Q/B+ `�i2 �M�HvbBb- r2 +Q``2H�i2 Qm` K2�bm`2K2Mib Q7 ;2M2 2tT`2bbBQM
FBM2iB+b rBi? i?Qb2 Q7 +2HH@bBx2 ;`Qri? `�i2 �b � 7mM+iBQM Q7 +2HH@+v+H2 T`Q;`2bbBQMX
h?Bb r�v- r2 �BK iQ 2Hm+B/�i2 i?2 ?QK2Qbi�iB+ K2+?�MBbKb HBMFBM; +2HH ;`Qri?
�M/ ;2M2 2tT`2bbBQM- BM Q`/2` iQ #2ii2` mM/2`bi�M/ ;2M2 2tT`2bbBQM MQBb2X

Ry



*?�Ti2` R

AMi`Q/m+iBQM

:2M2 2tT`2bbBQM Bb BM?2`2MiHv � MQBbv T`Q+2bb �b i?2 #BQ+?2KB+�H `2�+iBQMb
mM/2`HvBM; Bi /2T2M/ QM HQr MmK#2`b Q7 KQH2+mH2b- r?B+? H2�/b iQ i?2`K�H
MQBb2 TH�vBM; � H�`;2 `QH2X 1p2M �i Bib bBKTH2bi /2}MBiBQM- r?2`2#v i?2 _L�
TQHvK2`�b2 i`�Mb+`B#2b .L� BMiQ _L�- i?2 BMi2`�+iBQM Q7 i?2 _L� TQHvK2`�b2
rBi? i?2 .L� i2KTH�i2 �i i?2 ;2M2 HQ+mb Bb BM?2`2MiHv biQ+?�biB+ �M/ ;Qp2`M2/
#v "`QrMB�M KQiBQM U1H/�` �M/ 1HQrBix- kyRyVX

J�Mv ;2M2b b?Qr � ?B;?2` /2;`22 Q7 MQBb2 i?�M r?�i i?2 �#Qp2 KQ/2H T`2/B+ib-
`2bmHiBM; BM Qp2`@/BbT2`b2/ K_L� �M/ T`Qi2BM /Bbi`B#miBQMb r?2M K2�bm`2/ BM
bBM;H2 +2HHbX Ai ?�b T`2pBQmbHv #22M T`QTQb2/ i?�i i?Bb T?2MQK2MQM Bb /m2 iQ
i`�Mb+`BTiBQM #m`biBM;- /2}M2/ #v bm//2M- b?Q`i@HBp2/ BM+`2�b2b BM i`�Mb+`BTiBQM�H
QmiTmi- r?B+? +�M #2 b?QrM �M�HviB+�HHv iQ H2�/ iQ bmT2`@SQBbbQMB�M /Bbi`B#miBQMb
US�mHbbQM- kyy8VX am+? 2z2+ib ?�p2 #22M Q#b2`p2/ 7Q` +2`i�BM ;2M2b- BM+Hm/BM; BM
HBp2 +2HHb U:QH/BM; 2i �HX- kyy8VX

h?2b2 Q#b2`p�iBQMb ?�p2 #22M bm;;2bi2/ iQ #2 /m2 iQ +?�M;2b BM i?2 bi�i2 Q7 i?2
;2M2Ƕb T`QKQi2`- �M/ +�M #2 KQ/2H2/ �b � `�M/QK i2H2;`�T? T`Q+2bb S�mHbbQM
Ukyy8VX aT2+B}+�HHv- i?2 T`QKQi2` Bb KQ/2H2/ �b ?�pBM; irQ bi�i2b UQM@QzV-
i?2 brBi+?BM; #2ir22M r?B+? `2bmHib BM � #m`biv i`�Mb+`BTiBQM�H QmiTmiX h?2
K�;MBim/2 �M/ i?2 7`2[m2M+v Q7 i?2b2 #m`bib /2T2M/b QM i?2 biQ+?�biB+ `�i2b

RR



�bbQ+B�i2/ rBi? i?2 i`�MbBiBQMb #2ir22M i?2 irQ bi�i2b- �b r2HH �b i?2 i`�Mb+`BTiBQM
`�i2 Bib2H7X h?Bb �M�HviB+�H 7`�K2rQ`F ?�b #22M mb2/ 2ti2MbBp2Hv iQ /2b+`B#2 �M/
�M�Hvb2 i?2 /Bbi`B#miBQMb Q7 T`Qi2BMb �M/ K_L� b22M BM +2HHb UamM 2i �HX- kyRN�VX

PM i?2 K2+?�MBbiB+ H2p2H- i?2 irQ T`QKQi2` bi�i2b �`2 bm;;2bi2/ iQ `2~2+i
i?2 biQ+?�biB+ #BM/BM; Q7 i`�Mb+`BTiBQM 7�+iQ`b- r?B+? BM+`2�b2 i?2 �{MBiv Q7
i?2 T`QKQi2` iQ i?2 i`�Mb+`BTiBQM�H K�+?BM2`v- �M/ #v 2ti2MbBQM BM+`2�b2 i?2
T`Q#�#BHBiv Q7 i`�Mb+`BTiBQM BMBiB�iBQM �M/ `2@BMBiB�iBQMX h?2 2t�+i K2+?�MBbK
Q7 T`QKQi2` bi�i2@brBi+?BM; Bb MQi +H2�` U>2#2Mbi`2Bi- kyRjV- �M/- BKTQ`i�MiHv-
Bib `2H�iBp2 MQBb2 +QMi`B#miBQM Bb MQi 7mHHv mM/2`biQQ/X PM i?2 Qi?2` ?�M/- i?2
`2H2p�M+2 Q7 ;2M2 2tT`2bbBQM MQBb2 BM #BQHQ;v ?�b #2+QK2 BM+`2�bBM;Hv +H2�` Qp2`
i?2 T�bi irQ /2+�/2b- rBi? K�Mv 2t�KTH2b Q7 Q`;�MBbKb 2tTHQBiBM; MQBb2 �`BbBM;
�i #Qi? i?2 bBM;H2 +2HH �M/ KmHiB+2HHmH�` H2p2H- �b r2HH �b ?Qr MQBb2 +�M BM K�Mv
+�b2b #2+QK2 �M Q#bi�+H2 i?�i Q`;�MBbKb ?�p2 2pQHp2/ iQ Qp2`+QK2X �M Qp2`pB2r
Q7 `2+2Mi 2t�KTH2b Bb ;Bp2M BM i?2 7QHHQrBM; b2+iBQMbX

RXR "2M2}+B�H MQBb2 BM KB+`QQ`;�MBbKb

LQBb2 +�M #2 #2M2}+B�H BM i?2 bm`pBp�H Q7 Q`;�MBbKbX �i i?2 bBM;H2 +2HH H2p2H- Bi
�HHQrb +HQM�H TQTmH�iBQMb iQ 7Q`K T?2MQivTB+�HHv /BbiBM+i bm#TQTmH�iBQMb- 2Bi?2`
�b � 7Q`K Q7 /BpBbBQM Q7 H�#Qm`- r?B+? +�M #2 #2M2}+B�H iQ i?2 +QHQMv- Q` �b � #2i
?2/;BM; bi`�i2;v- r?B+? +�M T`Qp2 mb27mH BM ~m+im�iBM; 2MpB`QMK2Mi�H +QM/BiBQMb
UGQbB+F �M/ .2bTH�M- kyy3VX a2p2`�H 2t�KTH2b 2tBbi r?2`2 bm+? bi`�i2;B2b �`2
BKTH2K2Mi2/X

q?BH2 #Bbi�#BHBiv +�M #2 2M+Q/2/ BM � ;2M2iB+ +B`+mBi- i?2 2tBbi2M+2 Q7 MQBb2 K�F2b
bm+? � /2bB;M `2/mM/�MiX aT2+B}+�HHv- hQ �M/ J�?2b?`B UkyRyV b?Qr2/ i?�i
#BKQ/�HBiv BM � TQTmH�iBQM +�M #2 ;2M2`�i2/ mbBM; #m`biv 2tT`2bbBQM Q7 �M mMbi�#H2
�miQ`2;mH�iQ`v i`�Mb+`BTiBQM 7�+iQ`- rBi?Qmi #Bbi�#BHBiv 2tTHB+BiHv 2M+Q/2/X AM
"�+BHHmb bm#iBHBb- biQ+?�biB+ 2tT`2bbBQM Q7 i?2 �miQ`2;mH�iQ`v T`Qi2BM *QKE 2M�#H2b
� bK�HH 7`�+iBQM Q7 i?2 TQTmH�iBQM U#2ir22M Ry �M/ kyWV iQ #2+QK2 +QKT2i2Mi-

Rk



BM Qi?2` rQ`/b iQ i�F2 mT .L� 7`QK i?2 2MpB`QMK2Mi UJ��K�` 2i �HX- kyydVX
�Hi?Qm;? i?Bb .L� Bb MQi M2+2bb�`BHv �/p�Mi�;2Qmb- i?2 +?�M+2 Q7 Bi T`QpB/BM; �
+QKT2iBiBp2 �/p�Mi�;2 K�F2b b�+`B}+BM; � 7`�+iBQM Q7 i?2 TQTmH�iBQM BM i?Bb r�v
�M 2z2+iBp2 K2+?�MBbK 7Q` BM+`2�bBM; i?2 +?�M+2b Q7 bm`pBp�H Q7 i?2 TQTmH�iBQMX

JQ`2 `2+2MiHv- Jm;H2` 2i �HX UkyReV b?Qr2/ i?�i MQBb2 +�M 2tT�M/ i?2 /vM�KB+
`�M;2 Q7 i?2 +QKT2i2M+2 bi`2bb `2bTQMb2- 7m`i?2` ?B;?HB;?iBM; i?2 mb2 Q7 MQBb2X AM
� bBKBH�` p2BM- i?2 /Bz2`2MiB�iBQM Q7 "X bm#iBHBb BMiQ KQiBH2 �M/ MQM@KQiBH2 +2HHb
Bb ;Qp2`M2/ #v i?2 biQ+?�biB+ 2tT`2bbBQM Q7 bB;.X AMi2`2biBM;Hv- *Qxv �M/ E2�`Mb
UkyRyV 7QmM/ i?�i i?2 `2H�iBp2 HQ+�iBQM Q7 bB;. QM i?2 KQiBHBiv QT2`QM /2i2`KBM2/
i?2 7`�+iBQM Q7 i?2 TQTmH�iBQM /2p2HQTBM; KQiBHBivX h?Bb BM/B+�i2b ?Qr biQ+?�biB+Biv
+�M #2 mb2/ #v #BQHQ;v �b �M 2pQHp�#H2 i`�BiX

� bBKBH�` bi`�i2;v Bb 2KTHQv2/ BM v2�bi bTQ`mH�iBQM- � bm`pBp�H K2+?�MBbK i`B;;2`2/
#v Mmi`B2Mi /2T`Bp�iBQMX �b iBKBM; i?2 BMBiB�iBQM Q7 bTQ`mH�iBQM +�M ?�p2 BKTQ`i�Mi
+QMb2[m2M+2b QM i?2 bm`pBp�H Q7 2�+? +2HH- � /2;`22 Q7 p�`B�iBQM BM i?Bb iBKBM; rQmH/
#2 �/p�Mi�;2Qmb QM i?2 TQTmH�iBQM H2p2HX AM/22/- i?2 BMBiB�iBQM iBKBM; Q7 K2BQbBb
T`BQ` iQ bTQ`mH�iBQM ?�b #22M b?QrM iQ #2 ?B;?Hv p�`B�#H2- �M/ /2T2M/2Mi QM
i?2 biQ+?�biB+ 2tT`2bbBQM Q7 K�bi2` `2;mH�iQ` AK2R UL�+?K�M 2i �HX- kyydVX w?�Q
2i �HX UkyRNV p2`B}2/ i?2 ?B;? i2KTQ`�H p�`B�iBQM BM i?2 bTQ`mH�iBQM `2bTQMb2 mbBM;
� KB+`Q~mB/B+ /2pB+2- 2M�#HBM; i?2K iQ bim/v i?2 2tT`2bbBQM Q7 KmHiBTH2 F2v ;2M2b
Q7 i?2 bTQ`mH�iBQM T�i?r�vX

Pi?2` bm+? 2t�KTH2b 2tBbi BM i?2 �+iBp�iBQM Q7 �Hi2`M�i2 K2i�#QHB+ T�i?r�vb- BM
i?2 7�+2 Q7 ~m+im�iBQMb BM i?2 �p�BH�#BHBiv Q7 Mmi`B2MibX aiQ+?�biB+ brBi+?BM; Q7 i?2
H�+ QT2`QM ?�b #22M Q#b2`p2/ BM 1b+?2`B+?B� +QHB UJ2ii2i�H 2i �HX- kyyec Px#m/�F
2i �HX- kyy9V- �b r2HH �b i?2 ;�H�+iQb2 miBHBb�iBQM T�i?r�v BM v2�bi U�+�` 2i �HX-
kyy8VX JQ`2 `2+2MiHv- :2 2i �HX UkyR3V /2KQMbi`�i2/ �M�HviB+�HHv i?�i i?2 #m`biv
�+iBp�iBQM Q7 i?2 H�+ T`QKQi2` 2ti2M/b i?2 `�M;2 Q7 H�+iQb2 +QM+2Mi`�iBQM �i r?B+?
#BKQ/�HBiv 2tBbib- �HHQrBM; +2HHb r?B+? /Q MQi 2tT`2bb i?2 H�+ QT2`QM iQ T2`bBbi
BM i?2 T`2b2M+2 Q7 H�+iQb2X q?BH2 i?2 7`�+iBQM Q7 i?2 TQTmH�iBQM 2tT`2bbBM; i?2
r`QM; K2i�#QHB+ T�i?r�v rBHH ?�p2 bm#@QTiBK�H ;`Qri?- bm+? � bi`�i2;v �pQB/b i?2
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M2+2bbBiv iQ +QMbi�MiHv b2Mb2 +?�M;2b BM i?2 2MpB`QMK2Mi- �M/ ?�b #22M b?QrM iQ
#2 � pB�#H2 bm`pBp�H K2i?Q/ BM ~m+im�iBM; 2MpB`QMK2Mi�H +QM/BiBQMb Uh?�ii�B �M/
p�M Pm/2M��`/2M- kyy9VX _2+2MiHv- �M �M�HviB+�H 7`�K2rQ`F ?�b #22M T`2b2Mi2/ iQ
bim/v i?2 2z2+ib Q7 biQ+?�biB+ ;2M2 2tT`2bbBQM QM K2i�#QHBbK UhQMM 2i �HX- kyRNVX

�MQi?2` BMi2`2biBM; Q#b2`p�iBQM HBMF2/ iQ biQ+?�biB+ ;2M2 2tT`2bbBQM ?�b #22M
i?2 bT2+B�HBb�iBQM Q7 +2HHb rBi?BM � TQTmH�iBQM iQ /Bz2`2Mi Mmi`B2MibX lbBM;
M�MQK2i2`@b+�H2 b2+QM/�`v BQM K�bb bT2+i`QK2i`v UL�MQaAJaV iQ K2�bm`2 i?2
mTi�F2 Q7 irQ /Bz2`2Mi BbQiQT2@H�#2HH2/ bm;�`b U�`�#BMQb2 �M/ ;Hm+Qb2V BM bBM;H2
+2HHb- LBFQHB+ 2i �HX UkyRdV 7QmM/ i?�i i?2`2 r�b � bi`QM; p�`B�iBQM #2ir22M
bBM;H2 +2HHb BM i?2B` +QMbmKTiBQM Q7 i?2 irQ /Bz2`2Mi bm;�`bX �b bm;;2bi2/- bm+?
bT2+B�HBb�iBQM BM i?2 K2i�#QHB+ T�i?r�v +QmH/ 2M�#H2 +2`i�BM K2i�#QHB+ `2�+iBQMb
iQ #2 T2`7Q`K2/ KQ`2 2{+B2MiHvX aiQ+?�biB+ 2tT`2bbBQM Q7 F2v K2i�#QHB+ 2MxvK2b
+�M ?�p2 T`Q7QmM/ 2z2+ib QM +2HH ;`Qri?X EBpB2i 2i �HX UkyR9�V b?Qr2/ i?�i BM
i?2 +�b2 Q7 ;`Qri? HBKBiBM; ;2M2b- biQ+?�biB+Biv BM i?2 2tT`2bbBQM Q7 2p2M � bBM;H2
+�i�#QHB+ 2MxvK2 +�M T`QT�;�i2 iQ i?2 +2HHǶb ;`Qri? `�i2X *QmMi2`@BMimBiBp2Hv-
?2i2`Q;2M2Biv rBi?BM � TQTmH�iBQMǶb ;`Qri? `�i2 ?�b #22M b?QrM iQ BM+`2�b2
i?2 �p2`�;2 ;`Qri? `�i2 Qp2`�HH- 2p2M BM i?2 �#b2M+2 Q7 2MpB`QMK2Mi�H bi`2bb2b
U>�b?BKQiQ 2i �HX- kyReVX

6BM�HHv- biQ+?�biB+ ;2M2 2tT`2bbBQM ?�b #22M bm;;2bi2/ iQ #2 BKTH2K2Mi2/ BM i?2
bm`pBp�H Q7 T�i?Q;2MbX aK�HH MmK#2`b Q7 T2`bBbi2` +2HHb 2tBbi 2p2M BM mMi`2�i2/
TQTmH�iBQMb Q7 1X +QHB- �M/ �`2 ;2M2`�i2/ +QMiBMmQmbHv /m`BM; ;`Qri? U"�H�#�M
2i �HX- kyy9VX >Ao H�i2M+v QM i?2 Qi?2` ?�M/ Bb +�mb2/ #v bi�#H2 BMi2;`�iBQM Q7 i?2
pB`mb BMiQ � bK�HH TQTmH�iBQM Q7 *.9 h +2HHb- rBi? #m`bi Q7 2tT`2bbBQM �`BbBM; 7`QK
TQbBiBp2 722/#�+F Q7 h�i T`Qi2BM biQ+?�biB+ 2tT`2bbBQM Uq2BM#2`;2` 2i �HX- kyy3VX

RXk "2M2}+B�H MQBb2 BM KmHiB+2HHmH�` Q`;�MBbKb

LQBb2 +�M #2 � /`BpBM; 7Q`+2 Q7 +2HHmH�` /Bp2`bBiv BM KmHiB+2HHmH�` Q`;�MBbKb iQQX
h?2`2 �`2 /Bz2`2Mi r�vb BM r?B+? ;2M2 2tT`2bbBQM MQBb2 +�M H2�/ iQ BMi`�+2HHmH�`
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T?2MQivTB+ /Bp2`bBiv BM KmHiB+2HHmH�` Q`;�MBbKbX 6B`bi- MQBb2 BM ;2M2 2tT`2bbBQM
+�M �B/ BM i?2 /Bz2`2MiB�iBQM Q7 bi2K +2HHb BMiQ /Bz2`2Mi iBbbm2bX aQK2 Q7 i?2 }`bi
/Bb+Qp2`2/ 2t�KTH2b BM+Hm/2 i?2 /2p2HQTK2Mi Q7 i?2 QH7�+iQ`v b2MbQ`v bvbi2K BM
KB+2- r?2`2#v i?Qmb�M/b Q7 M2m`QMb �`2 BMpQHp2/- 2�+? Q7 r?B+? Bb `2[mB`2/ iQ ?�p2
� /BbiBM+i Q/Qm` `2+2TiQ` Uhbm#QB 2i �HX- RNNNVX q?BH2 � ;2M2iB+ +B`+mBi 2M�#HBM;
i?Bb rQmH/ #2 T`Q?B#BiBp2Hv +QKTH2t- `2HvBM; QM ;2M2 2tT`2bbBQM biQ+?�biB+Biv Bb
bm{+B2MiX .Bz2`2MiB�iBQM Q7 i?2 p�`BQmb Kmb+H2 }#2` ivT2b +QMbiBimiBM; i?2 Kmb+H2b
Q7 p2`i2#`�i2b ?�b �HbQ #22M bm;;2bi2/ iQ `2Hv QM 2tT`2bbBQM MQBb2 BM � bBKBH�` r�v
U>m;?2b �M/ a�HBM�b- RNNNVX

�MQi?2` 2t�KTH2 +�M #2 /`�rM 7`QK ?mK�M pBbBQMX h`B+?`QK�+v Bb � +QKKQM
i`�Bi �KQM; T`BK�i2b r?B+? `272`b iQ i?2 T`2b2M+2 Q7 i?`22 /BbiBM+i QTbBMb
UT?QiQ@TB;K2Mi T`Qi2BMbV 7Q` /2i2+iBM; `2/- ;`22M �M/ #Hm2 +QHQm`b- QMHv QM2 Q7
r?B+? Bb 2tT`2bb2/ BM 2�+? +QM2 +2HH Q7 i?2 `2iBM� UCQ?MbiQM C`X �M/ .2bTH�M-
kyRyVX � `�M/QK /Bbi`B#miBQM Q7 +2HHb 2tT`2bbBM; 2�+? QTbBM Bb `2[mB`2/ BM Q`/2`
iQ +QM72` 7mHH +QHQm` pBbBQM U_QQ`/� �M/ qBHHB�Kb- RNNNVX a2H2+iBQM Q7 r?B+? QTbBM
2�+? +2HH T`Q/m+2b Bb � `2bmHi Q7 � irQ bi�;2 K2+?�MBbK- #Qi? Q7 r?B+? bi2Tb
`2Hv QM biQ+?�biB+ ;2M2 2tT`2bbBQMX AM PH/ qQ`H/ T`BK�i2b bT2+B}+�HHv UBM+Hm/BM;
?mK�MbV- i?2 }`bi bi2T /2i2`KBM2b i?2 7�i2 #2ir22M #Hm2 �M/ `2/f;`22M QTbBMb-
r?BH2 i?2 b2+QM/ /2i2`KBM2b i?2 2tT`2bbBQM Q7 2Bi?2` i?2 `2/ Q` ;`22M QTbBMb
pB� `�M/QK b2H2+iBQM Q7 QM2 Q7 i?2 irQ `2bT2+iBp2 �HH2H2bX .m2 iQ i?2 T`2b2M+2
Q7 irQ +QTB2b Q7 2�+? ;2M2 T2` +2HH BM /BTHQB/ Q`;�MBbKb- 2Mbm`BM; i?�i QMHv �
bBM;H2 QTbBM Bb 2tT`2bb2/ pB� i?2 �#Qp2 K2+?�MBbK rQmH/ MQi #2 TQbbB#H2 rBi?Qmi
BM�+iBp�iBM; i?2 b2+QM/ �HH2H2 Q7 2�+? QTbBM ;2M2X �b i?2b2 ;2M2b �`2 HQ+�i2/ QM
i?2 s +?`QKQbQK2 UL�i?�Mb- RNNNV- i?Bb Bb �+?B2p2/ BM 72K�H2b #v s +?`QKQbQK2
BM�+iBp�iBQM- �M/ BM K�H2b #v pB`im2 Q7 ?�pBM; QMHv QM2 s +?`QKQbQK2X h?Bb
bm;;2bib i?�i i?2 HQ+�iBQM Q7 ;2M2b +�M 2pQHp2 BM Q`/2` iQ i�F2 �/p�Mi�;2 Q7 MQBb2-
H2�/BM; iQ #2M2}+B�H T?2MQivTB+ KQb�B+BbKX

� bBKBH�` bi`�i2;v Bb 7QHHQr2/ /m`BM; i?2 /2p2HQTK2Mi Q7 i?2 +QKTQmM/ 2v2
BM .`QbQT?BH�- r?2`2 i?2 �TT`QT`B�i2 `�iBQ Q7 #Hm2 p2`bmb v2HHQr@b2MbBiBp2
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T?QiQ`2+2TiQ`b Bb /2i2`KBM2/ #v i?2 biQ+?�biB+ 2tT`2bbBQM Q7 i?2 ;2M2 bTBM2H2bb
Uq2`M2i 2i �HX- kyyeVX am+? 2tT`2bbBQM Q7 bTBM2H2bb `2bmHib BM � `�M/QK /Bbi`B#miBQM
Q7 ǵT�H2Ƕ �M/ ǵv2HHQrǶ QK�iB/B�- `2bmHiBM; BM �M mM2p2M `�iBQ Q7 j8,e8 QM i?2
/2p2HQT2/ +QKTQmM/ 2v2- � `�iBQ FMQrM iQ #2 +QMb2`p2/ �KQM;bi Qi?2` ~B2b
U6`�M+2b+?BMB 2i �HX- RN3RV- bm;;2biBM; Bi Bb Q7 7mM+iBQM�H BKTQ`i�M+2X h?2b2
2t�KTH2b /2KQMbi`�i2 ?Qr biQ+?�biB+Biv ?�b #22M 2t[mBbBi2Hv ?�`M2bb2/ #v
2pQHmiBQM 7Q` i?2 /2p2HQTK2Mi Q7 +QKTH2t i`�Bib bm+? �b pBbBQMX

:2M2 2tT`2bbBQM biQ+?�biB+Biv K�v 2tTH�BM �bT2+ib Q7 /2p2HQTK2Mi KQ`2 ;2M2`�HHv-
rBi? +2HH@iQ@+2HH p�`B�#BHBiv rBi?BM � TQTmH�iBQM Q7 bi2K +2HHb �z2+iBM; i?2B`
`2bTQMb2 iQ /Bz2`2MiB�iBQM biBKmHB- �b b?QrM 7Q` M2m`QM /Bz2`2MiB�iBQM Ua?�?
2i �HX- RNNeVX AM K�KK�HB�M #HQQ/ /Bz2`2MiB�iBQM- p�`B�#BHBiv BM i?2 2tT`2bbBQM
Q7 i?2 a+�@R T`Qi2BM Bb +Q``2H�i2/ rBi? i?2 T`Q#�#BHBiv Q7 +?QQbBM; 2Bi?2`
i?2 2`v?i`QB/ Q` Kv2HQB/ HBM2�;2 U*?�M; 2i �HX- kyy3VX aBKBH�`Hv- /m`BM; i?2
/2p2HQTK2Mi Q7 i?2 KQmb2 2K#`vQ- /Bz2`2MiB�iBQM Q7 i?2 BMM2` +2HH K�bb BMiQ
i?2 2TB#H�bi �M/ T`BKBiBp2 2M/Q/2`K �TT2�`b iQ #2 /2T2M/2Mi QM i?2 biQ+?�biB+
2tT`2bbBQM Q7 2Bi?2` L�MQ; Q` :�i�e U.B2i`B+? �M/ >BB`�;B- kyydVX h?2b2 2t�KTH2b
BHHmbi`�i2 ?Qr biQ+?�biB+ p�`B�#BHBiv +�M #2 �M 2z2+iBp2 K2+?�MBbK 7Q` /`BpBM;
/Bz2`2MiB�iBQM T`Q;`�Kb /m`BM; /2p2HQTK2MiX

JQ`2 `2+2Mi 2t�KTH2b BM+Hm/2 i?2 /2p2HQTK2Mi Q7 i?2 �KQ2#� .B+ivQbi2HBmK
/Bb+QB/2mK- BM r?B+? p�`B�#BHBiv ?�b #22M /2KQMbi`�i2/ iQ BM+`2�b2 i?`Qm;?Qmi
/2p2HQTK2Mi- �M/ i?2M /2+`2�b2 QM+2 +2HHb #2+QK2 i2`KBM�HHv /Bz2`2MiB�i2/
U�MiQHQpB+ 2i �HX- kyRdVX aBKBH�` Q#b2`p�iBQMb ?�p2 #22M K�/2 BM bim/B2b Q7
?�2K�iQTQ2BiB+ T`Q;2MBiQ` /Bz2`2MiB�iBQM U_B+?�`/ 2i �HX- kyReV- bm;;2biBM; i?�i
MQBb2 Bb ?�`M2bb2/ �b � K2+?�MBbK /m`BM; /2p2HQTK2Mi �M/ /Bz2`2MiB�iBQMX q?BH2
i?2 /B`2+iBQM Q7 +�mb�HBiv Bb MQi v2i 2MiB`2Hv +H2�` BM i?2 `2H�iBQMb?BT #2ir22M
MQBb2 �M/ +2HH@7�i2 /2+BbBQM K�FBM;- i?2 `QH2 Q7 MQBb2 ?�b #22M KQ`2 +H2�`Hv
/2KQMbi`�i2/ BM i?2 BKKmM2 bvbi2KX

�b r2HH �b T`QpB/BM; � K2+?�MBbK 7Q` /Bz2`2MiB�iBQM Q7 +2HHb BMiQ /Bz2`2Mi
iBbbm2b- MQBb2 +�M H2�/ iQ T?2MQivTB+ /Bp2`bBiv #2ir22M +2HHb Q7 i?2 b�K2 iBbbm2-
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� T?2MQK2MQM i2`K2/ ǵKQb�B+ T?vbBQHQ;vǶ UqQQ/b- kyR9VX h?Bb 2z2+i +�M
2tT�M/ i?2 /vM�KB+ `�M;2 Q7 ?QK2Qbi�iB+ `2bTQMb2b- i?mb K�FBM; i?2 Q`;�MBbK
KQ`2 `2bBHB2Mi iQ 2MpB`QMK2Mi�H +?�HH2M;2bX 6Q` 2t�KTH2- �b r2HH �b 2M�#HBM;
;`2�i2` /Bp2`bBiv BM i?2 ivT2 Q7 i�`;2ib i?2 BKKmM2 bvbi2K +�M `2bTQM/ iQ
Ua+?`QK �M/ :`�?�K- kyRdV- p�`B�#BHBiv BM ;2M2 2tT`2bbBQM 7m`i?2` 2M�#H2b imMBM;
i?2 K�;MBim/2 Q7 i?2 BKKmM2 `2bTQMb2X aT2+B}+�HHv- Bi ?�b #22M b?QrM i?�i
biQ+?�biB+ QMfQz brBi+?BM; Q7 AG@k 2tT`2bbBQM BM ԉփ +2HHb mTQM BKKmMBb�iBQM Bb
`2[mB`2/ BM Q`/2` iQ 2Mbm`2 � rB/2@`�M;2 HBM2�` `2bTQMb2 iQ i?2 �MiB;2M bi`2M;i?
U6m?`K�MM 2i �HX- kyReVX

RXj .2i`BK2Mi�H MQBb2 BM KB+`QQ`;�MBbKb

q?BH2 MQBbv 2tT`2bbBQM Q7 bi`2bb `2bTQMb2 ;2M2b ?�b #22M b?QrM iQ #2 #2M2}+B�H-
QM2 rQmH/ 2tT2+i i?�i p�`B�#BHBiv BM i?2 2tT`2bbBQM Q7 ;2M2b i?�i �`2 2bb2MiB�H iQ i?2
7mM+iBQM Q7 i?2 +2HH rQmH/ #2 KQ`2 iB;?iHv +QMi`QHH2/X h?Bb r�b 7QmM/ iQ #2 i?2 +�b2
BM irQ 2�`Hv ;2MQKB+ bim/B2b BM v2�bi UL2rK�M 2i �HX- kyyec "�`@1p2M 2i �HX- kyyeV-
#Qi? Q7 r?B+? 7QmM/ i?�i 2bb2MiB�H ;2M2b UH2i?�H r?2M /2H2i2/V bm+? �b i?Qb2 `2H�i2/
iQ T`Qi2BM bvMi?2bBb �M/ /2;`�/�iBQM r2`2 bB;MB}+�MHiv KQ`2 T`2+Bb2Hv +QMi`QHH2/
i?�M MQM@2bb2MiB�H ;2M2bX q?BH2 i?2b2 }M/BM;b �`2 MQi /B`2+i 2pB/2M+2 7Q` i?2
2tBbi2M+2 Q7 MQBb2 KBMBKBb�iBQM K2+?�MBbKb BM v2�bi- G2?M2` Ukyy3V b?Qr2/ i?�i
�M BM/2T2M/2Mi b2i Q7 /Qb�;2 b2MbBiBp2 ;2M2b UH2i?�H r?2M Qp2`@2tT`2bb2/V- �HbQ
b?Qr2/ bB;MB}+�MiHv HQr2` MQBb2- i?mb +Q``Q#Q`�iBM; i?2 }M/BM;b Q7 L2rK�M 2i �HX
UkyyeVX

6m`i?2`KQ`2- G2?M2` Ukyy3V ?vTQi?2bBb2/ i?�i i?2 2tBbi2M+2 Q7 MQBb2 KBMBKBb�iBQM
K2+?�MBbKb 7Q` +2`i�BM ;2M2b rQmH/ �HbQ ?�p2 � FMQ+F QM 2z2+i QM i?2 +�T�+Biv
Q7 Kmi�iBQMb iQ �Hi2` i?2 2tT`2bbBQM H2p2H Q7 i?2b2 ;2M2b QM i?2 ;2M2iB+ H2p2HX AM
im`M- i?Bb +QmH/ bHQr /QrM i?2 `�i2 �i r?B+? i?2 2tT`2bbBQM H2p2H Q7 bm+? ;2M2b
2pQHp2bX "v +QKT�`BM; i?2 /Bp2`;2M+2 Q7 ;2M2b rBi? p�`vBM; MQBb2 H2p2Hb #2ir22M
/Bz2`2Mi v2�bi bT2+B2b UhB`Qb? 2i �HX- kyyeV- i?Bb r�b 7QmM/ iQ #2 i?2 +�b2 UG2?M2`-
kyy3VX h?2b2 bim/B2b 7m`i?2` bmTTQ`i i?�i ;2M2 2tT`2bbBQM MQBb2 ?�b #22M rB/2Hv
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KBMBKBb2/ BM v2�bi #v M�im`�H b2H2+iBQM 7Q` /Qb�;2@b2MbBiBp2 ;2M2bX 6m`i?2`KQ`2-
Bi BHHmbi`�i2b i?�i i?2 T`2bbm`2 iQ KBMBKBb2 ;2M2 2tT`2bbBQM MQBb2 Q7 pBi�H ;2M2b
+�M HBKBi i?2 `�i2 �i r?B+? i?2 2tT`2bbBQM H2p2H Q7 i?2b2 ;2M2b +�M 2pQHp2 BM �
TQTmH�iBQM- i?mb HBKBiBM; i?2 H�ii2`Ƕb +�T�+Biv iQ �/�Ti iQ +?�M;BM; 2MpB`QMK2Mib
Qp2` iBK2X

6m`i?2` iQ i?2b2 2KTB`B+�H }M/BM;b- `2+2Mi �M�HviB+�H i`2�iK2Mib ?�p2 7QmM/
� i?2Q`2iB+�H #�bBb 7Q` ?Qr ;2M2 2tT`2bbBQM MQBb2 Q7 2bb2MiB�H ;2M2b +�M H2�/
iQ � `2/m+iBQM BM i?2 }iM2bb Q7 �M Q`;�MBbKX aT2+B}+�HHv- q�M; �M/ w?�M;
UkyRRV ?B;?HB;?i2/ i?`22 K2+?�MBbKb #v r?B+? r2 +�M 2tT2+i ;2M2 2tT`2bbBQM
MQBb2 iQ HBKBi i?2 ;`Qri? `�i2 Q7 � KB+`Q#B�H TQTmH�iBQMX 6B`biHv- ~m+im�iBQMb
BM i?2 `2H�iBp2 +QM+2Mi`�iBQMb Q7 2MxvK2b BM � ;Bp2M K2i�#QHB+ T�i?r�v H2�/b
iQ bm#@QTiBK�H K2i�#QHB+ ~mt �M/ i?mb � `2/m+2/ `�i2 Q7 #BQK�bb T`Q/m+iBQMX
a2+QM/- mMM2+2bb�`v T`Q/m+iBQM Q7 T`Qi2BM /m2 iQ biQ+?�biB+ ~m+im�iBQMb BM
i`�Mb+`BTiBQM �M/ i`�MbH�iBQM +�M #2 +QbiHv BM i2`Kb Q7 i?2 +2HHmH�` 2M2`;v #m/;2i
Uq�;M2`- kyy8V- i?mb HBKBiBM; i?2 Qp2`�HH ;`Qri? `�i2X h?B`/Hv- i?2 +Q``2+i
�bb2K#Hv Q7 +2`i�BM T`Qi2BM +QKTH2t2b /2T2M/b QM i?2 +QM+2Mi`�iBQMb Q7 i?2B`
+QMbiBim2Mi bm#@mMBib #2BM; BM i?2 �TT`QT`B�i2 `�iBQb UG2?M2`- kyy3VX LQBbv
2tT`2bbBQM Q7 i?2b2 bm#@mMBib +�M �z2+i i?2b2 `�iBQb BM TQi2MiB�HHv /2i`BK2Mi�H
r�vb U6`�b2` 2i �HX- kyy9VX lbBM; K�i?2K�iB+�H KQ/2HHBM;- q�M; �M/ w?�M;
UkyRRV b?Qr2/ i?�i pB� i?2 �#Qp2 i?`22 K2+?�MBbKb ;2M2 2tT`2bbBQM MQBb2 +�M
/2+`2�b2 i?2 }iM2bb Q7 +2HHb #v Qp2` k8W- i?mb TH�vBM; � 7mM/�K2Mi�H `QH2 BM
2pQHmiBQMX

AM � bBKBH�` p2BM- p�M .vF2M UkyRdV ?B;?HB;?i2/ i?�i #BQ+?2KB+�H `2�+iBQMb
�`2 T`2/B+i2/- #�b2/ QM C2Mb2MǶb BM2[m�HBiv- iQ b?Qr � /2+`2�b2/ `�i2 Q7
+QMp2`bBQM 7`QK bm#bi`�i2 iQ T`Q/m+i BM i?2 T`2b2M+2 Q7 MQBb2X "`B2~v- �b i?2
JB+?�2HBb@J2Mi2M UJJV 2[m�iBQM /2b+`B#BM; i?2 `2H�iBQM #2ir22M bm#bi`�i2
+QM+2Mi`�iBQM �M/ `�i2 Q7 T`Q/m+i 7Q`K�iBQM Bb � +QMp2t +m`p2- K�TTBM; �
/Bbi`B#miBQM Q7 bm#bi`�i2 +QM+2Mi`�iBQMb QM i?Bb +m`p2 `2bmHib BM � TQbBiBp2Hv
bF2r2/ /Bbi`B#miBQM Q7 `2�+iBQM `�i2bX h?Bb K2�Mb i?�i BM i?2 T`2b2M+2 Q7 MQBb2-
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i?2 K2�M bi2�/v bi�i2 `2�+iBQM `�i2 Bb HQr2` i?�M i?2 MQBb2 7`22 2[mBp�H2Mi- �M
2z2+i FMQrM �b ǳbiQ+?�biB+ bHQr@/QrMǴ Q7 JJ `2�+iBQMbX o�`B�iBQM BM bm#bi`�i2
+QM+2Mi`�iBQMb �KQM; � TQTmH�iBQM +�M `2bmHi 7`QK i?2 BMi`BMbB+ MQBb2 BM i?2
2tT`2bbBQM Q7 mTbi`2�K K2i�#QHB+ 2MxvK2bX aiQ+?�biB+ bHQr@/QrM +�M i?2`27Q`2
/2+`2�b2 i?2 `�i2 �i r?B+? � TQTmH�iBQM Q7 +2HHb +�M K2i�#QHBb2 � bm#bi`�i2 BM
Q`/2` iQ ;`Qr �M/ T`QHB72`�i2X

h?2`2 �`2 /Bz2`2Mi K2+?�MBbKb i?�i +QmH/ TQi2MiB�HHv #2 2KTHQv2/ 7Q` +QMi`QHHBM;
MQBb2 BM ;2M2 2tT`2bbBQMX 1pB/2M+2 7Q` M�im`�H b2H2+iBQM Q7 bm+? bvbi2Kb 7m`i?2`
bmTTQ`ib i?�i ;2M2 2tT`2bbBQM MQBb2 +�M #2 /2i`BK2Mi�HX h?�ii�B �M/ p�M
Pm/2M��`/2M UkyyRV MQi2/ i?�i i?2`2 �`2 i?`22 [m�HBi�iBp2Hv /Bz2`2Mi KQ/2b
Q7 +QMi`QHHBM; T`Qi2BM H2p2Hb- 2�+? Q7 r?B+? Bb �bbQ+B�i2/ rBi? /Bz2`2Mi H2p2Hb Q7
MQBb2, ?B;? i`�Mb+`BTiBQM +QmTH2/ rBi? HQr i`�MbH�iBQM Bb b?QrM iQ KBMBKBb2 MQBb2-
r?BH2 2Bi?2` HQr i`�Mb+`BTiBQM +QmTH2/ rBi? ?B;? i`�MbH�iBQM �M/ BMi2`K2/B�i2
H2p2Hb Q7 i`�Mb+`BTiBQM �M/ i`�MbH�iBQM �`2 #Qi? �bbQ+B�i2/ rBi? ?B;?2` H2p2Hb Q7
MQBb2X 6`�b2` 2i �HX Ukyy9V mb2/ K2�bm`2K2Mib Q7 i`�Mb+`BTiBQM �M/ i`�MbH�iBQM
7Q` �HH ;2M2b BM v2�bi U"H�F2 2i �HX- kyyjV iQ b?Qr i?�i 2bb2MiB�H ;2M2b �`2 #B�b2/
iQr�`/b i?2 }`bi bi`�i2;v- r?B+? +QmH/ `2p2�H QM2 Q7 i?2 K2+?�MBbKb #v r?B+?
bm+? ;2M2b ?�p2 2pQHp2/ iQ KBMBKBb2 MQBb2X JQ`2 `2+2MiHv- *?2M �M/ w?�M;
UkyReV BMi2;`�i2/ � :6S ;2M2 +�bb2ii2 �i 93k /Bz2`2Mi HQ+�iBQMb Q7 i?2 v2�bi
;2MQK2- �M/ 7QmM/ i?�i TQbBiBQMBM; +�M ?�p2 � R8 7QH/ 2z2+i QM ;2M2 2tT`2bbBQM
MQBb2X 6m`i?2`KQ`2- i?2v 7QmM/ i?�i `2;BQMb �bbQ+B�i2/ rBi? HQr2` MQBb2 r2`2
2M`B+?2/ 7Q` 2bb2MiB�H ;2M2b- bm;;2biBM; i?�i +?`QKQbQK2 Q`;�MBb�iBQM Bb �MQi?2`
r�v M�im`�H b2H2+iBQM ?�b �+i2/ iQ KBMBKBb2 mMr�Mi2/ ;2M2 2tT`2bbBQM MQBb2X

6BM�HHv- i?2`2 Bb 2pB/2M+2 BKTHB+�iBM; i?2 2pQHmiBQM Q7 +2`i�BM `2;mH�iQ`v M2irQ`Fb
BM Q`/2` iQ KBMBKBb2 MQBb2X h?2 #�+i2`B�H +?2KQi�tBb `2;mH�iQ`v M2irQ`F
�TT2�`b iQ ?�p2 2pQHp2/ iQ KBMBKBb2 MQBb2 T2`im`#�iBQMb UEQHHK�MM 2i �HX-
kyy8VX aT2+B}+�HHv- KmHiBTH2 `2;mH�iBQM KQ/2Hb r2`2 T`QTQb2/ r?B+? p�`B2/ BM
i?2B` iQH2`�M+2 iQ MQBb2- r?BH2 2t?B#BiBM; i?2 b�K2 �/�TiBp2 +�T�+Biv iQ HQ+�H
7QQ/ bB;M�HbX �7i2` i2biBM; i?2B` iQH2`�M+2 iQ MQBb2- i?2 �mi?Q`b 7QmM/ i?�i i?2
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KQbi `2bBHB2Mi iQ T2`im`#�iBQMb KQ/2H r�b i?2 QM2 r?B+? KQbi +HQb2Hv K�i+?2/
i?2 M�im`�H +?2KQi�tBb iQTQHQ;v BM 1X +QHBX h?Bb bm;;2bib i?�i 2t+2bbBp2 MQBb2
BM �M 2bb2MiB�H 7mM+iBQM bm+? �b +?2KQi�tBb Bb /2i`BK2Mi�H- 7Q`+BM; `2;mH�iQ`v
M2irQ`Fb iQ 2pQHp2 BM bm+? � r�v i?�i KBMBKBb2b BiX aBKBH�` MQBb2 KBiB;�iBQM
K2+?�MBbKb ?�p2 #22M /Bb+Qp2`2/ BM i?2 v2�bi K�iBM; T?2`QKQM2 `2bTQMb2
T�i?r�v U*QHK�M@G2`M2` 2i �HX- kyy8VX h?2 �mi?Q`b 7QmM/ i?�i- �Hi?Qm;? +2HHb
p�`v BM i?2B` +�T�+Biv iQ i`�MbKBi � bB;M�H i?`Qm;? i?2 T?2`QKQM2 `2bTQMb2
T�i?r�v- i?2 i�`;2i ;2M2 Q7 i?Bb T�i?r�v �HbQ p�`B2/ BM Bib +�T�+Biv iQ #2
2tT`2bb2/X 6m`i?2`KQ`2- i?2b2 irQ bQm`+2b Q7 p�`B�#BHBiv r2`2 M2;�iBp2Hv
+Q``2H�i2/- �HHQrBM; +2HHb iQ `2bTQM/ `Q#mbiHv iQ T?2`QKQM2 bB;M�Hb BM bTBi2 Q7
MQBb2 p�`B�#BHBiv BM i?2 i`�Mb/m+iBQM Q7 i?2 bB;M�HX

RX9 .2i`BK2Mi�H MQBb2 BM KmHiB+2HHmH�` Q`;�MBbKb

"Qi? /B`2+i �M/ BM/B`2+i 2pB/2M+2 7Q` i?2 /2i`BK2Mi�H 2z2+ib Q7 MQBb2 BM
KmHiB+2HHmH�` Q`;�MBbKb 2tBbibX .B`2+i 2pB/2M+2 +�M #2 7QmM/ BM +�b2b r?2`2
MQBb2 bmTT`2bbBQM K2+?�MBbKb ?�p2 #22M /2bi�#BHBb2/- H2�/BM; iQ T�i?Q;2MB+
T?2MQivT2bX AM/B`2+i 2pB/2M+2 +�M #2 7QmM/ BM i?2 T`2b2M+2 Q7 bvbi2Kb HBF2Hv iQ
?�p2 2pQHp2/ iQ bmTT`2bb MQBb2X

"�iiB+? 2i �HX UkyR8V mb2/ � +QK#BM�iBQM Q7 bBM;H2 KQH2+mH2 _L� +QmMiBM; �M/
+QKTmi2` pBbBQM iQ �M�Hvb2 ?mM/`2/b Q7 bBM;H2 K�KK�HB�M +2HHb ;`QrM BM +mHim`2X
h?2v 7QmM/ i?�i +viQTH�bKB+ p�`B�iBQM BM K_L� +QmMib r�b H�`;2Hv bmTT`2bb2/-
H2�/BM; iQ +QmMi /Bbi`B#miBQMb 7�` M�``Qr2` i?�M i?2 #m`biv FBM2iB+b Q7 i`�Mb+`BTiBQM
rQmH/ T`2/B+iX lbBM; K�i?2K�iB+�H KQ/2HHBM;- i?2 �mi?Q`b b?Qr2/ i?�i � iBK2
/2H�v Q7 �R8 KBMmi2b #2ir22M i`�Mb+`BTiBQM �M/ 2tTQ`i Q7 K_L� 7`QK i?2 Mm+H2mb
+�M `2/m+2 i?2 i`�Mb+`BTiBQM�H MQBb2 BM i?2 +viQTH�bK #v �8dW- i?mb TQbBM;
Mm+H2�` `2i2MiBQM �b �M 2z2+iBp2 K2+?�MBbK 7Q` #mz2`BM; MQBb2X h?2b2 `2bmHib r2`2
p�HB/�i2/ 2tT2`BK2Mi�HHv #v Qp2`2tT`2bbBM; LlSR8j- � T`Qi2BM FMQrM iQ /2+`2�b2
i?2 `�i2 Q7 K_L� Mm+H2�` 2tTQ`i- r?B+? T`Q/m+2/ � `2/m+iBQM BM +viQTH�bKB+ _L�
MQBb2X "�?�` >�HT2`M 2i �HX UkyR8V K�/2 bBKBH�` +QM+HmbBQMb BM K2�bm`2K2Mib /QM2

ky



BM +2HHb 7`QK � p�`B2iv Q7 KQmb2 iBbbm2bX

Pi?2` K2+?�MBbKb r?B+? ?�p2 #22M bm;;2bi2/ iQ TH�v � `QH2 BM KBiB;�iBM; i?2
M2;�iBp2 2z2+ib Q7 ;2M2 2tT`2bbBQM �`2 `2;mH�iQ`v M2irQ`F iQTQHQ;B2b- bm+? �b
M2;�iBp2 722/#�+F HQQTbX h`�Mb+`BTiBQM 7�+iQ`b- ~m+im�iBQMb Q7 r?B+? �`2 HBF2Hv
iQ T`QT�;�i2 /QrMbi`2�K `2;mH�iQ`v T�i?r�vb- �`2 � T`BK2 2t�KTH2- K�Mv Q7
r?B+? �`2 FMQrM iQ `2T`2bb i?2B` QrM 2tT`2bbBQM pB� M2;�iBp2 `2;mH�iBQM Q7 i?2B`
QrM ;2M2b U_�Q 2i �HX- kyykVX J�Mv MQM@i`�Mb+`BTiBQM 7�+iQ` T`Qi2BMb �`2 �HbQ
BKTHB+�i2/ BM M2;�iBp2 722/#�+F HQQTb pB� +Q@i`�Mb+`B#2/ KB+`Q_L�b- r?B+?
`2;mH�i2 i?2 bi2�/v bi�i2 2tT`2bbBQM H2p2H Q7 i?2 K_L�b i?2v i�`;2i- �b r2HH �b
bmTT`2bb ~m+im�iBQMb BM K_L� +QmMib Uhb�M; 2i �HX- kyydVX �MQi?2` K2+?�MBbK
r?B+? ?�b #22M BKTHB+�i2/ BM MQBb2 `2/m+iBQM Bb i?2 2pQHmiBQM Q7 TQHvTHQB/v- �b
�M BM+`2�b2 BM i?2 MmK#2` Q7 ;2M2b H2�/b iQ �M �p2`�;BM; 2z2+i Qp2` i?2 #m`biv
2z2+ib Q7 i`�Mb+`BTiBQM USB`2b �M/ *QM�Mi- kyReVX

q?BH2 MQBbv ;2M2 2tT`2bbBQM +�M #2 mb27mH /m`BM; KmHiB+2HHmH�` /Bz2`2MiB�iBQM-
/2p2HQTK2Mi �M/ BKKmMBiv- Bi ?�b #22M b?QrM i?�i i?2 K�;MBim/2 Q7 i?2
p�`B�#BHBiv �b r2HH �b i?2 iBKBM; /m`BM; i?2b2 T`Q+2bb2b �`2 iB;?iHv `2;mH�i2/X
6Q` 2t�KTH2- r?BH2 biQ+?�biB+ i`�Mb+`BTiBQM +�mb2b H�`;2 /Bz2`2M+2b BM i`�Mb+`BTi
H2p2Hb #2ir22M +2HHb /m`BM; 2�`Hv x2#`�}b? 2K#`vQ;2M2bBb- +?�M;2b BM +2HH +v+H2
/m`�iBQM �M/ K_L� ?�H7@HBp2b H2�/ iQ � /2+`2�b2 BM ;2M2 2tT`2bbBQM MQBb2 �i H�i2`
bi�;2b /m2 iQ BM+`2�b2/ i2KTQ`�H �p2`�;BM; Uai�T2H 2i �HX- kyRdVX aBKBH�`Hv- i?2
T`2b2M+2 Q7 722/#�+F HQQTb BM ;2M2iB+ M2irQ`F BM *X 2H2;�Mb #mz2` 2tT`2bbBQM
p�`B�#BHBiv Q7 K�bi2` `2;mH�iQ` 2Hi@k- r?B+? +QMi`QHb F2v /2p2HQTK2Mi�H ;2M2b UCB
2i �HX- kyRjV- �M/ `2KQp�H Q7 i?Bb 722/#�+F HQQTb H2�/b iQ #BKQ/�H 2tT`2bbBQM
Q7 2Hi@k U_�D 2i �HX- kyRyVX h?2 2tBbi2M+2 Q7 bm+? K2+?�MBbKb bm;;2bib i?�i
MQBb2 +�M �HbQ #2 /2H2i2`BQmb /m`BM; i?2 2t2+miBQM Q7 /2p2HQTK2Mi�H T`Q;`�Kb BM
KmHiB+2HHmH�` Q`;�MBbKbX

AM/22/- BM K�Mv +�b2b HQbb Q7 +QMi`QH BM ;2M2 2tT`2bbBQM p�`B�#BHBiv ?�b #22M HBMF2/
iQ �;2BM;- �b r2HH �b i?2 QMb2i Q7 +�M+2`X aT2+B}+�HHv- BM+`2�b2/ i`�Mb+`BTiBQM�H
p�`B�#BHBiv /m`BM; �;2BM; ?�b #22M Q#b2`p2/ BM i?2 ?mK�M T�M+`2�b U1M;2 2i �HX-
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kyRdV- +2HHb Q7 i?2 T2`BT?2`�H BKKmM2 bvbi2K �M/ HmM; iBbbm2 U*?2mM; 2i �HX-
kyR3c �M;2HB/Bb 2i �HX- kyRNV- iQ i?2 2ti2Mi i?�i Bi Bb MQr +QMbB/2`2/ � #BQK�`F2`
7Q` �;2BM; UGm 2i �HX- kyReVX "�`F�B �M/ G2B#H2` UkyyyV mb2/ bBKmH�iBQMb iQ
/2KQMbi`�i2 i?�i- r?BH2 +B`+�/B�M +HQ+Fb +�M 7mM+iBQM `Q#mbiHv BM i?2 T`2b2M+2
Q7 ;2M2 2tT`2bbBQM MQBb2- i?2 T`2b2M+2 Q7 i?2 H�ii2` TQb2b bi`B+i HBKBi�iBQMb QM i?2
mM/2`HvBM; `2;mH�iQ`v ;2M2 M2irQ`FbX �b MQBb2 bmTT`2bbBQM K2+?�MBbKb r2�F2M
rBi? �;2- MQBb2 +�M +QKT`QKBb2 i?2 `Q#mbiM2bb Q7 +B`+�/B�M `?vi?Kb- r?B+? BM im`M
+�M /2;`�/2 K�Mv pBi�H `?vi?Kb bm+? �b bH22Tfr�F2 T�ii2`Mb U>QQ/ �M/ �KB`-
kyRdVX

LQBbv ;2M2 2tT`2bbBQM ?�b �HbQ #22M b?QrM iQ 7�+BHBi�i2 i?2 i`�MbBiBQM Q7 � +2HH
7`QK � ?2�Hi?v bi�i2 iQ � +�M+2`Qmb QM2 UCB� 2i �HX- kyRdVX 6m`i?2`KQ`2- QM+2
+2HHb ?�p2 2Mi2`2/ � K�HB;M�Mi bi�i2- MQBb2 BM 2TB;2M2iB+ `2T`Q;`�KKBM; +�M �+i
iQ `2BM7Q`+2 i?�i bi�i2 Ua?�z2` 2i �HX- kyRdVX 6BM�HHv- T?2MQivTB+ p�`B�#BHBiv
BM +�M+2`b �`BbBM; 7`QK MQBbv 2tT`2bbBQM ?�b #22M b?QrM �M�HviB+�HHv iQ 2M�#H2
`2bBbi�M+2 iQ +?2KQi?2`�Tv Ua+?m? 2i �HX- kyRNVX aBKBH�` 2z2+ib ?�p2 �HbQ #22M
b?QrM 2tT2`BK2Mi�HHv- rBi? mT`2;mH�iBQM Q7 T8j mTQM i`2�iK2Mi rBi? �MiB+�M+2`
/`m; +BbTH�iBM H2�/BM; iQ �TQTiQbBb /2T2M/BM; QM #Qi? i?2 H2p2H �M/ iBKBM; Q7 i?2
mT`2;mH�iBQMX >2i2`Q;2M2Biv BM 2Bi?2` Q7 i?2b2 H2�/b iQ � ?2i2`Q;2M2Qmb `2bTQMb2
iQ i?2 /`m; US�2F 2i �HX- kyReVX

RX8 LQBb2 �M/ +2HH ;`Qri?

h?2 +QMi`B#miBQM Q7 2ti`BMBbB+ bQm`+2b iQ ;2M2 2tT`2bbBQM MQBb2 ?�b #22M bim/B2/
+HQb2Hv BM i?2 T�bi- bi�`iBM; rBi? i?2 7�KQmb /m�H@`2TQ`i2` bvbi2K T`2b2Mi2/ #v
1HQrBix 2i �HX UkyykVX AM #`B27- i?2 H2p2Hb Q7 irQ ;2MQKB+�HHv BMi2;`�i2/ T`Qi2BMb �`2
K2�bm`2/ BM bBM;H2 +2HHb mbBM; ~mQ`2b+2Mi T`Qi2BM 7mbBQMbX *Q``2H�i2/ ~m+im�iBQMb
BM i?2 H2p2Hb Q7 i?2 irQ T`Qi2BMb `2T`2b2Mi i?2 2z2+ib Q7 2ti`BMbB+ bQm`+2b Q7 MQBb2-
r?BH2 mM+Q``2H�i2/ ~m+im�iBQMb `2~2+i i?2 2z2+ib Q7 BMi`BMbB+ bQm`+2b- �b 7Q`K�HBb2/
#v ar�BM 2i �HX UkyykVX AMimBiBp2Hv- i?2 irQ ivT2b Q7 bQm`+2b +�M #2 K2�bm`2/ mbBM;
� +Qp�`B�M+2 THQi Q7 i?2 irQ ~mQ`2b+2Mi T`Qi2BMb �b i?2 bT`2�/ �HQM; i?2 /B�;QM�H

kk



U2ti`BMbB+V- �M/ T2`T2/B+mH�` iQ Bi UBMi`BMbB+VX

�M �Hi2`M�iBp2 �TT`Q�+? iQ K2�bm`BM; BMi`BMbB+ ;2M2 2tT`2bbBQM MQBb2 Bb #v
Q#i�BMBM; � KQ`T?QHQ;B+�HHv ?QKQ;2MQmb +2HH TQTmH�iBQM- BM Q`/2` iQ KBMBKBb2
i?2 +QMi`B#miBQM Q7 2ti`BMbB+ bQm`+2bX am+? � K2i?Q/ r�b bm;;2bi2/ #v L2rK�M
2i �HX UkyyeV- r?Q mb2/ ~Qr +viQK2i`v iQ }Hi2` +2HHb #�b2/ QM KQ`T?QHQ;B+�H
T`QT2`iB2b U+2HH bBx2 �M/ ;`�MmH�`BivV `2p2�H2/ #v ~Qr +viQK2i`v HB;?i b+�ii2`X "v
p�`vBM; i?2 bi`BM;2M+v Q7 i?2 }Hi2`- i?2 �mi?Q`b r2`2 �#H2 iQ B/2MiB7v � i?`2b?QH/
r?B+? KBMBKBb2b i?2 +QMi`B#miBQM Q7 MQBb2 i?�i +�M #2 �++QmMi2/ 7Q` #v p�`B�#BHBiv
BM +2HH KQ`T?QHQ;v- �b /2KQMbi`�i2/ KQ`2 `2+2MiHv #v J2M; 2i �HX UkyRdVX

1pB/2M+2 BM �MBK�H +2HHb bm;;2bib i?�i i?2 K�DQ`Biv Q7 +viQTH�bKB+ K_L�
p�`B�iBQM +�M #2 T`2/B+i2/ #v i�FBM; BMiQ �++QmMi p�`BQmb �bT2+ib Q7 i?2 bi�i2 Q7
2�+? bBM;H2 +2HH U"�iiB+? 2i �HX- kyR8VX aT2+B}+�HHv- "�iiB+? 2i �HX UkyR8V MQi2/
i?�i r?2M i�FBM; 2p2`v +2HHǶb KB+`Q@2MpB`QMK2Mi- +2HH bBx2- +2HH@+v+H2 bi�i2- �b
r2HH �b R3y Qi?2` BK�;2@#�b2/ p�`B�#H2b `2H�iBM; iQ i?2 +2HH bi�i2- ;2M2 2tT`2bbBQM
r�b 7QmM/ iQ #2 KBMBK�HHv biQ+?�biB+ BM i?2 +viQTH�bKX aBKBH�` bm;;2biBQMb ?�p2
#22M K�/2 BM 2�`HB2` bim/B2b U_�b2` �M/ a?2�- kyyec aMBD/2` �M/ S2HFK�Mb- kyRRVX
h?Bb bm;;2bib i?�i +2HH ;`Qri? K�v TH�v � H�`;2` `QH2 BM i?2 ;2M2 2tT`2bbBQM MQBb2
Q7 K�KK�Hb i?�M T`2pBQmbHv +QMbB/2`2/- �b T`QTQb2/ 2�`HB2` QM UJ�?2b?`B �M/ P
Ƕb?2�- kyydVX

:2M2 2tT`2bbBQM MQBb2 �M/ Q`;�MBbK ;`Qri? �`2 BMiBK�i2Hv HBMF2/- #Qi? �i i?2
bBM;H2 +2HH UEBpB2i 2i �HX- kyR9#V �M/ KmHiB+2HHmH�` H2p2H US�H/B- kyyjVX �i i?2
bBM;H2 +2HH H2p2H- ~m+im�iBQMb BM i?2 +QM+2Mi`�iBQM Q7 K2i�#QHB+ 2MxvK2b /m2
iQ biQ+?�biB+Biv BM ;2M2 2tT`2bbBQM �z2+ib i?2 ;`Qri? `�i2 Q7 BM/BpB/m�H +2HHbX
6m`i?2`KQ`2- i?2 `�M/QK T�`iBiBQMBM; Q7 KQH2+mH2b mTQM +2HH /BpBbBQM U>m? �M/
S�mHbbQM- kyRR#V H2�/b /�m;?i2` +2HHb iQ 2K#�`F QM i?2 M2ti +2HH +v+H2 rBi?
/Bz2`2Mi bi�`iBM; +QM/BiBQMb- 7m`i?2` +QMi`B#miBM; iQ i?Bb 2z2+iX

o�`B�iBQM BM +2HH ;`Qri? `�i2 BM im`M Bb bi`QM;Hv +Q``2H�i2/ rBi? p�`B�iBQM BM +2HH
bBx2X AM i?2 +�b2 Q7 KB+`QQ`;�MBbKb- +2HHb �`2 ;2M2`�HHv H�`;2` �i 7�bi2` ;`Qri?
`�i2b- r?BH2 K�KK�HB�M +2HHb BM +mHim`2 �TT2�` iQ ?�p2 �M QTiBK�H +2HH bBx2

kj



M2�`2` i?2 KB//H2 Q7 i?2 bBx2 `�M;2 UJB2iiBM2M �M/ "Dƺ`FHmM/- kyReVX AM �HH +�b2b-
BM+`2�b2b BM +2HH bBx2 �M/ /BpBbBQM `�i2 �`2 �++QKT�MB2/ #v T`QTQ`iBQM�H BM+`2�b2b
BM ;2M2 T`Q/m+i ;2M2`�iBQM UE2KT2 2i �HX- kyR8- S�/Qp�M@J2`?�` 2i �HX UkyR8VV-
� `2[mB`2K2Mi 7Q` K�BMi�BMBM; i?2 rQ`FBM; +QM+2Mi`�iBQM Q7 i?2 BMi`�+2HHmH�`
K�+?BM2`v `2bTQMbB#H2 7Q` +2HHmH�` 7mM+iBQMb USû`2x@P`iőM 2i �HX- kyRN�VX

LQi i�FBM; i?2b2 2z2+ib BMiQ �++QmMi r?2M +QmMiBM; BM/BpB/m�H i`�Mb+`BTib Q`
T`Qi2BM KQH2+mH2b BM bBM;H2 +2HHb ?�b #22M b?QrM iQ H2�/ iQ �M Qp2`2biBK�iBQM
Q7 ;2M2 2tT`2bbBQM MQBb2 U"�iiB+? 2i �HX- kyR8c E2KT2 2i �HX- kyR8V- 2bT2+B�HHv
BM K�KK�HB�M +2HHb ;`QrM BM +mHim`2- r?B+? ?�p2 #22M b?QrM iQ p�`v mT iQ
bBt@7QH/ BM pQHmK2 Uhxm` 2i �HX- kyyNVX PM i?2 Qi?2` ?�M/- i?2 �#Qp2 ?QK2Qbi�iB+
K2+?�MBbKb +�M H2�/ iQ �+im�H +?�M;2b BM ;2M2 2tT`2bbBQM MQBb2X 6Q` 2t�KTH2-
i?2 ?B;?2` /BpBbBQM `�i2b K2MiBQM2/ �#Qp2 BM+`2�b2 i?2 +QMi`B#miBQM `�M/QK
T�`iBiBQMBM; Q7 KQH2+mH2b ?�b QM MQBb2X *QMp2`b2Hv- i?2Q`2iB+�H �M�HvbBb ?�b b?QrM
i?�i T`2b2`p�iBQM Q7 MQBb2 ?QK2Qbi�bBb +QmH/ #2 �MQi?2` /`BpBM; 7Q`+2 2tTH�BMBM;
+?�M;2b BM #Qi? +2HH bBx2 �M/ ;`Qri? `�i2 U"2`i�mt 2i �HX- kyR3VX

.m2 iQ i?2 +QKTH2t +B`+mH�` +�mb�HBiB2b mM/2`TBMMBM; i?2b2 2z2+ib- Bi Bb MQi TQbbB#H2
iQ mM/2`bi�M/ ;2M2 2tT`2bbBQM MQBb2 QmibB/2 i?2 +QMi2ti Q7 +2HH ;`Qri?- �M/ pB+2
p2`b�X hQ /Bb2Mi�M;H2 i?2b2 `2H�iBQMb?BTb- KmHiBTH2 bBKmHi�M2Qmb K2�bm`2K2Mib
?�p2 iQ #2 T2`7Q`K2/ QM bBM;H2 +2HHb- bm+? �b K2�bm`2K2Mib Q7 +2HH bBx2- ;`Qri? `�i2-
�M/ ;2M2 2tT`2bbBQM /vM�KB+b- +QK#BM2/ rBi? MQp2H K�i?2K�iB+�H 7`�K2rQ`Fb 7Q`
�M�HvbBM; i?2 `2bmHiBM; /�i�X

am+? 2tT2`BK2Mib ?�p2 T`Qp2M +?�HH2M;BM; iQ T2`7Q`KX h?Bb Bb T�`iB+mH�`Hv i`m2
BM K�KK�HB�M +2HHb- /m2 iQ i?2 ?B;?2` +2HH@+v+H2 +QKTH2tBiv �M/ HQM;2` ;2M2`�iBQM
iBK2bX _2+2Mi �/p�M+2b BM BK�;BM;- +QKTmi2` pBbBQM �M/ HBp2 +2HH +v+H2 i`�+FBM;
?�p2 2M�#H2/ bim/B2b BM +2HH bBx2 pb +2HH +v+H2 �M/ `2p2�H2/ K�Mv �bT2+ib Q7 +2HH
bBx2 `2;mH�iBQM #v +2HH +v+H2 UaQM 2i �HX- kyRkc JB2iiBM2M 2i �HX- kyRNVX Pi?2`b
?�p2 HQQF2/ �i ?Qr +2HH +v+H2 +Q``2H�i2b rBi? ;2M2 2tT`2bbBQM UaFBMM2` 2i �HX- kyRec
>�mbM2`Qp� �M/ G�M+iƬi- kyRdVX Pi?2` bim/B2b ?�p2 `2p2�H2/ +Q``2H�iBQMb Q7 +2HH
bBx2 rBi? ;2M2 2tT`2bbBQM UE2KT2 2i �HX- kyR8c a+?KB/i �M/ a+?B#H2`- RNN8V- #mi
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p2`v 72r ?�p2 HQQF2/ �i �HH i?`22 bBKmHi�M2QmbHv US�/Qp�M@J2`?�` 2i �HX- kyR8V-
�M/ MQM2 r?B+? +Q``2H�i2 �HH i?2b2 K2�bm`2K2Mib iQ;2i?2`- �HQM;bB/2 +2HH ;`Qri?
`�i2X

h?Bb Bb mM/2`bi�M/�#H2- �b i?2 #2bi �p�BH�#H2 K2i?Q/b 7Q` K2�bm`BM; ;2M2
2tT`2bbBQM +m``2MiHv `2[mB`2 i?�i +2HHb �`2 2Bi?2` }t2/ UbBM;H2 KQH2+mH2 BM
bBim ~mQ`2b+2Mi ?v#`B/Bb�iBQM- bK6Aa>V Q` Hvb2/ UbBM;H2 +2HH _L� b2[m2M+BM;-
b+_L�@b2[V- K�FBM; i?2K /B{+mHi iQ +Q``2H�i2 rBi? FBM2iB+ 2tT2`BK2Mib Q7
+2HH ;`Qri?X _2+2Mi �M�HviB+�H K2i?Q/b ?�p2 2M�#H2/ i?2 2ti`�+iBQM Q7 ;`Qri?
/vM�KB+b 7`QK }t2/ /�i� UE�7`B 2i �HX- kyRjV- #�b2/ QM i?2 7�+i i?�i +2HHb BM
�M 2tTQM2MiB�HHv ;`QrBM; TQTmH�iBQM �`2 �i � [m�bB@bi2�/v bi�i2- K2�MBM; i?�i
i?2 `2H�iBp2 7`�+iBQM Q7 +2HHb �i 2�+? +2HH@+v+H2 bi�i2 Bb +QMbi�Mi- 2p2M i?Qm;? i?2
Qp2`�HH MmK#2` Q7 +2HHb Bb BM+`2�bBM; 2tTQM2MiB�HHvX h?Bb �HHQrb QM2 iQ BM72` i?2
`�i2 Q7 i`�MbBiBQM #2ir22M /Bz2`2Mi +2HH bi�i2b- bm+? �b +2HH bBx2- #v K2�bm`BM; i?2
7`�+iBQM Q7 +2HHb �i 2�+? bi�i2X *QmTH2/ rBi? BM/2T2M/2Mi +2HH@+v+H2 K2�bm`2K2Mib-
i?2 �mi?Q`b b?Qr2/ Bi r�b TQbbB#H2 iQ K2�bm`2 i?2 ;`Qri? /vM�KB+b Q7 +2HHb rBi?
`2bT2+i iQ +2HH@+v+H2 T`Q;`2bbBQM #v BK�;BM; }t2/ +2HHbX

AM KQ`2 `2+2Mi v2�`b- +2HH@;`Qri? BM K�KK�HB�M +2HHb ?�b #22M /B`2+iHv K2�bm`2/
mbBM; iBK2@H�Tb2 KB+`Qb+QTv �M/ ?B;?Hv b2MbBiBp2 bBx2 K2�bm`2K2Mib- bm+? �b i?2
bmbT2M/2/ KB+`Q+?�MM2H `2bQM�iQ` UaQM 2i �HX- kyRkVX P7 MQi2 Bb i?2 Jak K2i?Q/
U:QH/BM; �M/ *Qt- kyy9V- r?B+? �HHQrb i?2 `2�H@iBK2 K2�bm`2K2Mi Q7 i`�Mb+`BTi
;2M2`�iBQM- �b r2HH �b i?2 KQ`2 `2+2Mi i`�MbH�iBQM 2[mBp�H2Mi Uu�M 2i �HX- kyReVX
L2p2`i?2H2bb- i?2 �M�HviB+�H K2i?Q/ T`2b2Mi2/ BM UE�7`B 2i �HX- kyRjV `2K�BMb
p�Hm�#H2- �b Bi 2M�#H2b i?2 K2�bm`2K2Mi Q7 +2HH ;`Qri? FBM2iB+b BM +QM+m``2M+2 rBi?
Qi?2` K2�bm`2K2Mib r?B+? +�MMQi #2 +m``2MiHv K�/2 BM HBp2 +2HHb- bm+? �b ;2M2
2tT`2bbBQM #v bK6Aa> Q` ;HQ#�H i`�Mb+`BTiBQM �M/ i`�MbH�iBQM `�i2b #v K2i�#QHB+
H�#2HHBM; UG�`b2M 2i �HX- kyyRc J�`+B�MQ 2i �HX- kyR3VX

6m`i?2`KQ`2- i?2 �#BHBiv iQ 2ti`�+i i?2 `2H2p�Mi BM7Q`K�iBQM 7`QK }t2/ +2HHb
2M�#H2b i?2 mb2 Q7 ~Qr +viQK2i`v 7Q` /�i� �+[mBbBiBQM- r?B+? Bb � r2HH 2bi�#HBb?2/-
?B;?@i?`Qm;?Tmi K2i?Q/ +�T�#H2 Q7 �M�HvbBM; KBHHBQMb Q7 bBM;H2 +2HHbX h?Bb H2p2H
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Q7 b�KTHBM; /2Ti? Bb +m``2MiHv MQi TQbbB#H2 mbBM; iBK2@H�Tb2 KB+`Qb+QTv- r?B+?
+�M #2 � HBKBiBM; 7�+iQ` r?2M mbBM; i?2 BM?2`2Mi ?2i2`Q;2M2Biv Q7 � TQTmH�iBQM
7Q` +QKT�`BM; i?2 2z2+i /Bz2`2Mi +2HH bBx2b ?�p2 QM ;2M2 2tT`2bbBQM- �b � H�`;2
Qp2`�HH b�KTH2 Bb `2[mB`2/ iQ Q#i�BM `Q#mbi bi�iBbiB+b QM `�`2 +2HH bi�i2bX �
HBKBi�iBQM Q7 ~Qr +viQK2i`v Bb i?�i i?2 `2bmHiBM; BM7Q`K�iBQM Bb MQi iBK2 `2bQHp2/-
bQ ~m+im�iBQMb BM ;2M2 2tT`2bbBQM +�MMQi #2 i`�+F2/ BM `2�H iBK2 UaBKTbQM 2i �HX-
kyyNVX S`Q;`2bb BM BK�;BM; �M�HvbBb �miQK�iBQM- +QK#BM2/ rBi? KB+`Q~mB/B+b- ?�b
b?QrM i?�i i?2 �/p�Mi�;2b Q7 BK�;BM; +�M #2 K�/2 ?B;? i?`Qm;?Tmi- 2bT2+B�HHv
7Q` T`QF�`vQi2b �M/ v2�bi r?B+? +�M #2 2�bBHv ;`QrM BM bmbT2MbBQM U:`QBbK�M
2i �HX- kyy8VX

RXe PmiHBM2

>2`2- r2 /2p2HQT 2tT2`BK2Mi�H- +QKTmi�iBQM�H �M/ K�i?2K�iB+�H K2i?Q/b 7Q`
mM+Qp2`BM; i?2 `2H�iBQMb?BTb #2ir22M +2HH +v+H2- +2HH bBx2 �M/ _L� /vM�KB+bX
aT2+B}+�HHv- � KQ/2H Q7 ;2M2 2tT`2bbBQM �M/ +2HH ;`Qri? Bb 7Q`KmH�i2/ BM *?�Ti2`
j- �M/ �M �H;Q`Bi?K Bb /2p2HQT2/ 7Q` `2bQHpBM; i?2 +2HH +v+H2 BM 2tT2`BK2Mi�H /�i�
BM *?�Ti2` 9X AM *?�Ti2` 8- i?2 b�K2 �H;Q`Bi?K Bb mb2/ iQ Q#b2`p2 i?2 2z2+ib Q7
+2HH +v+H2 �M/ +2HH bBx2 ?�b QM i?2 `�i2 Q7 i`�Mb+`BTiBQM- r?BH2 i?2 7QmM/�iBQM Bb H�B/
7Q` � ?B;? i?`Qm;?Qmi i`�Mb+`BTiQKB+ K2i�#QHB+ �M�HvbBb Q7 K_L� BM *?�Ti2` eX

ke



*?�Ti2` k

h?2Q`v- K�i2`B�Hb �M/ K2i?Q/b

kXR 6HQr *viQK2i`v

6HQr +viQK2i`v Bb � ~mB/B+b i2+?MB[m2 r?B+? `2HB2b QM H�b2`b 2t+BiBM; i?2
b�KTH2 �M/ K2�bm`BM; Bib 2KBbbBQM- 2M�#HBM; i?2 ?B;? i?`Qm;?Tmi bBM;H2 +2HH
K2�bm`2K2Mi Q7 KmHiBTH2 p�`B�#H2b bBKmHi�M2QmbHvX aT2+B}+�HHv- ~Qr +viQK2i2`b
mb2 ?v/`Q/vM�KB+ 7Q+mbBM; iQ ;2M2`�i2 � M�``Qr bi`2�K Q7 bBM;H2 +2HHb /B`2+i2/
T�bi � +QK#BM�iBQM Q7 H�b2`b Q7 /Bz2`2Mi r�p2H2M;i?b- 2�+? Q7 r?B+? Bb 7QHHQr2/
#v � +QK#BM�iBQM Q7 #�M/T�bb }Hi2`b �M/ T?QiQMKmHiBTHB2` im#2b USJhbVX h?2
SJhb K2�bm`2 i?2 ~mQ`2b+2Mi +QMi2Mi Q7 +2HHb #v +QMp2`iBM; i?2 /2i2+i2/ T?QiQMb
iQ 2H2+i`QMb- r?BH2 i?2 #�M/T�bb }Hi2`b /2}M2 i?2 bT2+i`�H /2i2+iBQM rBM/QrX �b
2�+? +2HH +`Qbb2b i?2 H�b2` #2�K- �Mv ~mQ`2b+2MiHv �+iBp2 KQH2+mH2b BMbB/2 i?2 +2HH
Q` QM i?2 +2HH bm`7�+2 #2+QK2 2t+Bi2/ �M/ 2KBi HB;?i �i � r�p2H2M;i? bT2+B}+ iQ
i?2 ivT2 Q7 ~mQ`QT?Q`2- i?2 BMi2MbBiv Q7 r?B+? Bb K2�bm`2/ #v i?2 `2H2p�Mi SJhbX

6HQr +viQK2i`v ?�b #22M mb2/ 2ti2MbBp2Hv BM BKKmMQHQ;v 7Q` +?�`�+i2`BbBM; +2HH
ivT2b BM BKKmMQHQ;v- #v i�`;2iBM; +2HH@ivT2 bT2+B}+ 2TBiQT2b rBi? ~mQ`2b+2MiHv
+QMDm;�i2/ �MiB#Q/B2b U�/�M 2i �HX- kyRdV- r?BH2 �M �``�v Q7 /Bz2`2Mi +?2KB+�H
/v2b 2tBbi 7Q` K2�bm`BM; /Bz2`2Mi �bT2+ib Q7 +2HHmH�` T?vbBQHQ;v- bm+? �b iQi�H
.L�- _L� Q` T`Qi2BM +QMi2Mi- BMi`�+2HHmH�` +�H+BmK H2p2Hb- T> �M/ Qi?2`bX PM2

kd



Q7 i?2 K�BM �/p�Mi�;2b Q7 ~Qr +viQK2i`v Bb i?2 �#BHBiv iQ K2�bm`2 KmHiBTH2
~mQ`QT?Q`2b BM T�`�HH2H- rBi? KQ/2`M +viQK2i2`b ?�pBM; =R8 /Bz2`2Mi +?�MM2HbX
h?Bb �HHQrb 7Q` BMp2biB;�iBM; i?2 +Q``2H�iBQMb #2ir22M KmHiBTH2 #BQHQ;B+�H 7�+iQ`b-
bm+? �b +2HH +v+H2 T?�b2- r?B+? +�M #2 K2�bm`2/ #v � .L� bi�BM bm+? �b >Q2+?bi-
�M/ _L� FBM2iB+b- r?B+? +�M #2 K2�bm`2/ mbBM; K2i�#QHB+ H�#2HHBM;X 6m`i?2`KQ`2-
Bi �HHQrb bim/vBM; Qi?2` +2HHmH�` T�`�K2i2`b bm+? �b +2HH bBx2 �M/ BMM2` bi`m+im`2-
#�b2/ QM HB;?i b+�ii2` T�ii2`Mb UwmH2i� 2i �HX- kyR9VX h?Bb K�F2b Bi �M B/2�H
TH�i7Q`K 7Q` BMp2biB;�iBM; BMi`BMbB+ �M/ 2ti`BMbB+ +QMi`B#miBQMb iQ ;2M2 2tT`2bbBQM-
�b /2KQMbi`�i2/ #v L2rK�M 2i �HX UkyyeVX

kXk *2HH *v+H2 �M�HvbBb

AM *?�Ti2`b 9 �M/ 8 r2 mb2 i?2 ;2M2iB+�HHv 2M;BM22`2/ 7m++B +2HHb U7 HmQ`2b+2Mi
m#B[mBiBM�iBQM@#�b2/ +2HH +v+H2 BM/B+�iQ`V- � >2H� +2HH HBM2 BMi`Q/m+2/ #v
a�F�m2@a�r�MQ 2i �HX Ukyy3V iQ K�F2 i?2 bim/v Q7 +2HH +v+H2 `2H�i2/ T`Q+2bb2b
KQ`2 bi`�B;?i7Q`r�`/X

h?2b2 +2HH HBM2b +QMi�BM `2/ UK*?2``vV �M/ v2HHQr Uo2MmbV ~mQ`2b+2Mi T`Qi2BM
`2TQ`i2`b 7mb2/ rBi? /2;`QM i�;b /2`Bp2/ 7`QK i?2 +2HH +v+H2 `2;mH�iQ` T`Qi2BMb
*/iR �M/ ;2KBMBM `2bT2+iBp2Hv- bi�#Hv BM+Q`TQ`�i2/ BMiQ i?2B` ;2MQK2X h?2b2
/2;`QM i�;b `2M/2` i?2 bi�#BHBiv Q7 i?2 ~mQ`2b+2Mi T`Qi2BMb +2HH +v+H2 /2T2M/2MiX
�b i?2 H2p2H Q7 i?2 `2bmHiBM; T`Qi2BM 7mbBQMb +�M #2 `2�/BHv [m�MiB}2/ #v K2�bm`BM;
i?2B` ~mQ`2b+2M+2 BMi2MbBiv- +2HHb +�M #2 #`Q�/Hv +�i2;Q`Bb2/ BMiQ i?`22 /Bz2`2Mi
+2HH +v+H2 T?�b2b- M�K2Hv 2�`Hv :R U2:RV- i?2 :Rfa i`�MbBiBQM �M/ af:kfJ T?�b2b
�++Q`/BM; iQ i?2 T`2b2M+2 Q7 */iR- */iR �M/ ;2KBMBM Q` ;2KBMBM QMHv- `2bT2+iBp2HvX
h?2b2 `2TQ`i2`b BM +QK#BM�iBQM rBi? K�i?2K�iB+�H KQ/2HHBM; ?�p2 T`Qp2M p2`v
mb27mH BM +2HH +v+H2 `2b2�`+? Ua�BiQm �M/ AK�Km`�- kyReVX

h?2 7m++B `2TQ`i2`b �`2 +QKTH2K2Mi�`v iQ i?2 +H�bbB+ +2HH +v+H2 �M�HvbBb +QM72``2/
#v .L� bi�BMb bm+? �b >Q2+?biX q?2M +QK#BM2/- i?2v +�M `2bQHp2 i?2 +2HH +v+H2
BMiQ �i H2�bi 7Qm` T?�b2b- M�K2Hv 2:R- i?2 :Rfa i`�MbBiBQM- a T?�b2 �M/ :k T?�b2X
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�Hi?Qm;? i?2 +2HH +v+H2 +�M #2 bm#/BpB/2/ BM K�Mv KQ`2 bi�;2b mbBM; �MiB#Q/B2b
U�pp� 2i �HX- kyRkV- i?2 T`Q;`2bbBQM Q7 7m++B +2HHb +�M #2 KQMBiQ`2/ r?BH2 i?2 +2HHb
�`2 �HBp2- r?B+? K�F2b Bi TQbbB#H2 iQ bim/v +2HH +v+H2 `2H�i2/ 2p2Mib �i `2�H iBK2
mbBM; iBK2@H�Tb2 ~mQ`2b+2Mi KB+`Qb+QTvX 6m`i?2`KQ`2- MQi M22/BM; iQ }t �M/
T2`K2�#BHBb2 i?2 +2HHb- r?B+? �`2 `2[mB`2K2Mib 7Q` BKKmMQbi�BMBM;- K�F2 7m++B
+2HHb � bmT2`BQ` �Hi2`M�iBp2 7Q` +2HH +v+H2 �M�HvbBb- 2bT2+B�HHv r?2M K�BMi�BMBM; i?2
BMi2;`Biv Q7 i?2 +2HH KQ`T?QHQ;v Bb BKTQ`i�MiX

kXj J2i�#QHB+ G�#2HHBM;

kXjXR hQi�H _L�

J2i�#QHB+ H�#2HHBM; Q7 i`�Mb+`BTiBQM `2HB2b QM i?2 BM+Q`TQ`�iBQM Q7 � +?2KB+�HHv
KQ/B}2/ Mm+H2QiB/2 BMiQ 2HQM;�iBM; _L�- r?B+? +�M bm#b2[m2MiHv #2 /2i2+i2/ #v
~Qr +viQK2i`v 2Bi?2` mbBM; ~mQ`2b+2MiHv H�#2HH2/ �MiB#Q/B2b UG�`b2M 2i �HX- kyyRV
Q` #v +Qp�H2MiHv �ii�+?BM; � ~mQ`2b+2Mi ;`QmT /B`2+iHvX q2 +?QQb2 iQ K2�bm`2
_L� i`�Mb+`BTiBQM #v K2i�#QHB+ H�#2HHBM; rBi? 8@2i?vMvH@m`B/BM2 U81lV- �b Bi /Q2b
MQi `2[mB`2 �MiB#Q/B2b �M/ ?�b #22M /2KQMbi`�i2/ iQ #2 bmT2`BQ` iQ i?2 Q`B;BM�H
#`QKQm`B/BM2 U"`lV �M�HQ;m2 BM i2`Kb Q7 /2i2+iBQM UC�Q �M/ a�HB+- kyy3VX AMbi2�/-
i?2 �HF2M2 ;`QmT QM 81l `2�/BHv `2�+ib rBi? �xB/2 ;`QmTb Uǵ+HB+F +?2KBbi`vǶV-
�M/ i?Bb +�M #2 mb2/ iQ ~mQ`2b+2MiHv H�#2H 81l rBi? i?2 ~mQ`QT?Q`2 *v8 �7i2`
BM+Q`TQ`�iBQMX

J2i�#QHB+ H�#2HHBM; +�M #2 mb2/ 7Q` K2�bm`BM; i?2 BM pBpQ `�i2b Q7 i`�Mb+`BTiBQM �M/
_L� /2;`�/�iBQMX h?Bb Bb � i2+?MB[m2 r?2`2#v +2HHb �`2 ;`QrM 7Q` � b2i �KQmMi
Q7 iBK2 BM i?2 T`2b2M+2 Q7 +?2KB+�HHv KQ/B}2/ `B#QMm+H2QiB/2b- r?B+? #2+QK2
BM+Q`TQ`�i2/ BM i?2 2HQM;�iBM; _L� KQH2+mH2b U_�#�MB 2i �HX- kyRRVX L2rHv
i`�Mb+`B#2/ _L� +�M i?mb #2 H�#2HH2/ �M/ bm#b2[m2MiHv /2i2+i2/ �M/ [m�MiB}2/-
T`QpB/BM; � KQ`2 /B`2+i K2i?Q/ 7Q` K2�bm`BM; i?2 `�i2 Q7 i`�Mb+`BTiBQM �M/ _L�
/2;`�/�iBQM i?�M i?2 bi2�/v@bi�i2 _L� MmK#2` +�M T`QpB/2- pB� +H�bbB+�H _L�
b2[m2M+BM;X
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�b i?2 p�bi K�DQ`Biv Q7 _L� BM � +2HH +QMbBbib Q7 `B#QbQK�H _L� U`_L�V-
QM2 MQi�#H2 HBKBi�iBQM Q7 i?2 �#Qp2 �TT`Q�+? Bb i?�i K2�bm`2K2Mib Q7 ;HQ#�H
i`�Mb+`BTiBQM `�i2 �`2 HBF2Hv /QKBM�i2/ #v `_L� FBM2iB+bX � KQ/2`M �Hi2`M�iBp2
K2i?Q/ Q7 K2i�#QHB+ H�#2HHBM; #�b2/ QM b2[m2M+BM; ?�b #22M T`QTQb2/- r?B+?
�//`2bb2b i?Bb Bbbm2 �M/ T2`KBib [m�MiB}+�iBQM Q7 K_L� FBM2iB+b 7Q` 2p2`v
bT2+B2b BM/BpB/m�HHv U>2`xQ; 2i �HX- kyRdV- �b /Bb+mbb2/ BM a2+iBQM kXjXkX

6Q` i?2 iQi�H _L� K2i�#QHB+ H�#2HHBM;- i?2 K2i?Q/ Bb QmiHBM2/ ?2`2X h?2
2tT2`BK2Mi r�b T2`7Q`K2/ BM i`BTHB+�i2X *2HHb r2`2 b22/2/ Qp2`MB;?i �i � /2MbBiv
Q7 8yy-yyy T2` r2HH BM � bBt r2HH /Bb?X h?2 M2ti /�v- +2HHb r2`2 H�#2HH2/ 7Q` R ?Qm`
rBi? RKJ 81l BM .JaP- /2i�+?2/ #v i`vTbBMBb�iBQM- r�b?2/ irB+2 URy b2+QM/b
�i Ry-yyy `TK �i 9*V BM +QH/ S"a- }t2/ BM 9W T�`�7Q`K�H/2?v/2 7Q` R8 KBMmi2b
�i `QQK i2KT2`�im`2 �M/ i?2M QfM �i 9*X h?2 M2ti /�v- +2HHb r2`2 T2`K2�#BHBb2/
rBi? yXkW h`BiQM s 7Q` ky KBMmi2b �M/ yX8 W 7Q` RyKBMX *2HHb r2`2 i?2M H�#2HH2/
7Q` R ?Qm` BM *v8 +HB+F `2�+iBQM bQHmiBQM UC2M� "BQb+B2M+2V- 7QHHQr2/ #v kKBM �i
jd b?�FBM;X *2HHb r2`2 r�b?2/ kt BM yXy8W h`BiQM s- �M/ QM+2 BM jW "a� 7Q`
kyKBMX *2HHb r2`2 bTmM /QrM �M/ `2bmbT2M/2/ BM RyK;fKH >Q2+?bi .L� bi�BM
7Q` R ?Qm`X *2HHb r2`2 bTmM /QrM �M/ `2bmbT2M/2/ BM S"a- �M/ H27i Qp2`MB;?i �i
9 /2;`22b *X *2HHb r2`2 �M�Hvb2/ i?2 7QHHQrBM; KQ`MBM; #v ~Qr +viQK2i`vX

kXjXk :2M2 bT2+B}+

h?2 bH�K@b2[ T`QiQ+QH `2HB2b QM i?2 7mM/�K2Mi�H T`BM+BTH2 i?�i i?2 m`�+BH �M�HQ;m2
9@i?BQm`B/BM2 U9blV ;2ib BM+Q`TQ`�i2/ /m`BM; i?2 bvMi?2bBb Q7 M�b+2Mi _L�- �M/
i?2M +�M #2 bm#b2[m2MiHv +QMp2`i2/ iQ +viB/BM2 7QHHQrBM; � +?2KB+�H bi2T- r?B+?
+�M mHiBK�i2Hv #2 /2i2+i2/ #v _L� b2[m2M+BM;- i?mb 2M�#HBM; mb iQ B/2MiB7v M2rHv
i`�Mb+`B#2/ _L� U>2`xQ; 2i �HX- kyRdc a+?Q}2H/ 2i �HX- kyR3VX "v BM+m#�iBM; i?2
+2HHb BM 9bl 7Q` � bT2+B}2/ H2M;i? Q7 iBK2- r2 +�M Q#i�BM i?2 +?�M;2 BM M�b+2Mi _L�
rBi? `2bT2+i iQ iBK2- �M/ i?mb ;2i i?2 `�i2b Q7 _L� bvMi?2bBb �M/ /2+�vX h?2
�/p�Mi�;2 Q7 mbBM; � b2[m2M+BM; #�b2/ K2i?Q/ Bb i?�i i?2 `�i2b +�M #2 Q#i�BM2/
7Q` 2p2`v bBM;H2 ;2M2 BM/BpB/m�HHv- �HHQrBM; 7Q` � KQ`2 +QKTH2i2 TB+im`2 Q7 _L�
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FBM2iB+b iQ #2 �+?B2p2/X

�b i?2 `�i2 Q7 9bl BM+Q`TQ`�iBQM BM M2rHv i`�Mb+`B#2/ K_L� Bb [mBi2 HQr U_mbbQ
2i �HX- kyRdV- �M/ i?2`2 Bb � #�+F;`QmM/ H2p2H Q7 h iQ * Kmi�iBQMb r?B+? p�`B2b
�++Q`/BM; iQ i?2 b2[m2M+BM; K2i?Q/- BM72``BM; i?2 i`m2 7`�+iBQM Q7 M2r iQ QH/
K_L� Bb MQi i`BpB�HX h?2 2{+�+v Q7 i?2 BM72`2M+2 rBHH /2T2M/ QM i?2 bBx2 Q7 i?2
H�#2HH2/ 7`�+iBQM- i?2 �bbQ+B�i2/ 2``Q` `�i2b �M/ i?2 `2�/ +QmMi �bbQ+B�i2/ rBi? 2�+?
i`�Mb+`BTiX AM Q`/2` iQ K�tBKBb2 i?2 MmK#2` Q7 ;2M2b 7Q` r?B+? r2 +�M `Q#mbiHv
2biBK�i2 i?2 H�#2HH2/ _L� 7`�+iBQM- r2 M22/ iQ mM/2`bi�M/ i?2b2 `2H�iBQMb?BTb
�M/ TH�M i?2 2tT2`BK2Mi �++Q`/BM;HvX � bBKTH2 bBKmH�iBQM QmiHBM2/ #v "�TiBbi�
�M/ .ƺHF2M UkyR3V +�M ?2HT mb BMi2`T`2i i?2 2z2+i i?�i i?2b2 T�`�K2i2`b ?�p2 QM
i?2 [m�HBiv Q7 i?2 /�i�X am+? �M �TT`Q�+? Bb 2KTHQv2/ BM a2+iBQM eXkX

6Q` i?2 K2i�#QHB+ b2[m2M+BM; 2tT2`BK2Mi BM i?Bb i?2bBb- i?2 K2i?Q/ Bb QmHiBM2/
?2`2X *2HHb r2`2 b22/2/ BM Ry+K /Bb?2b �i � 8yW +QM~m2M+2 Qp2` MB;?iX h?2 M2ti
/�v- +2HHb r2`2 i`2�i2/ rBi? 2Bi?2` yX8KJ Q` RKJ Q7 9bl /BbbQHp2/ BM .JaP- 7Q`
iBK2b `�M;BM; #2ir22M Ry KBMmi2b �M/ R ?Qm`X L2;�iBp2 +QMi`QHb r2`2 i`2�i2/ rBi?
.JaP QMHvX *2HHb r2`2 /2i�+?2/ #v i`vTbBMBb�iBQM mbBM; h`vTG1 Uh?2`KQ6Bb?2`V
7Q` 8KBM �i jd*X PM+2 BM bmbT2MbBQM- +2HHb r2`2 i`�Mb72``2/ iQ � R8KH 6�H+QM
im#2 �M/ }t2/ /B`2+iHv #v �//BM; Ry KB+`QHBi2`b Q7 8yK;fKH `2p2`bB#H2 +`QbbHBMF2`
/Bi?BQ@#BbUbm++BMBKB/vH T`QTBQM�i2V U.aSV BM .JaP- /`QT@rBb2 r?BH2 pQ`i2tBM;-
bBKBH�` iQ U�ii�` 2i �HX- kyR3VX h?2 +2HHb r2`2 BM+m#�i2/ BM }t�iBp2 7Q` R8 KBMmi2b
�i jd*- i?2M T2HH2i2/ ;2MiHv �i 8yy; 7Q` 8 KBMmi2b- 7QHHQr2/ #v r�b?BM; BM S"a
iQ `2KQp2 i`�+2b Q7 i`vTbBM �M/ }t�iBp2X *2HHb r2`2 bm#b2[m2MiHv bQ`i2/ mbBM;
6�*a UǬlo H�b2`VX *`QbbHBMFBM; r�b `2p2`b2/ mbBM; 8yKJ .hh T`BQ` iQ Mm+H2�`
7`�+iBQM�iBQM- r?B+? r�b +�``B2/ Qmi �++Q`/BM; iQ L�##B �M/ _B�#QrQH UkyR8VX
_L� r�b Tm`B}2/ 7`QK BbQH�i2/ Mm+H2B- r?B+? r�b bm#b2[m2MiHv i`2�i2/ rBi?
A�� U>2`xQ; 2i �HX- kyRdV T`BQ` iQ HB#`�`v T`2T�`�iBQM UaJ�_h@a2[ ai`�M/2/V
rBi? `B#Q/2TH2iBQMX GB#`�`B2b r2`2 b2[m2M+2/ mbBM; L2ti :2M2`�iBQM a2[m2M+BM;
rBi? T�B`2/ 2M/- R8y H2M;i? `2�/b- QM � >Bb2[sRy H�M2 UPK2;� "BQb2`pB+2bVX
�HB;M2K2Mi �M/ h iQ * +QMp2`bBQM +QmMiBM; r2`2 T2`7Q`K2/ #v .` J�`F q�Hb?
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mbBM; ah�_ U.Q#BM 2i �HX- kyRkVX

kX9 1`;Q/B+ _�i2 �M�HvbBb

1`;Q/B+ `�i2 �M�HvbBb U1_�V Bb � K2i?Q/ BMi`Q/m+2/ #v E�7`B 2i �HX UkyRjV 7Q`
2ti`�+iBM; i?2 `�i2 Q7 +?�M;2 Q7 �Mv K2�bm`2K2Mi 7`QK bi�iB+ /�i�X Ai `2HB2b QM
irQ �bbmKTiBQMbX 6B`bi- i?�i � ;`QrBM; TQTmH�iBQM Q7 +2HHb Bb BM � [m�bB@bi2�/v
bi�i2- r?2`2#v i?2 7`�+iBQM Q7 +2HHb �i �Mv +2HH +v+H2 bi�;2 `2K�BMb +QMbi�Mi- 2p2M
i?Qm;? i?2 iQi�H bBx2 Q7 i?2 TQTmH�iBQM Bb ;`QrBM; 2tTQM2MiB�HHvX h?2`2 Bb i?2`27Q`2
� #�H�M+2 #2ir22M i?2 `�i2b Q7 +2HHb 2Mi2`BM; �M/ H2�pBM; � ;Bp2M bi�i2 �M/ i?2
MmK#2` Q7 +2HHb BM i?�i bi�i2X a2+QM/- i?2 /2i2`KBM�Mib Q7 i?2 +2HH +v+H2 TQbBiBQM
�++m`�i2Hv /2b+`B#2 #Qi? BM/BpB/m�H �M/ +QHH2+iBp2 +2HH #2?�pBQm`X "v `2HvBM; QM
i?2b2 �bbmKTiBQMb- Bi Bb TQbbB#H2 iQ +�H+mH�i2 i?2 `�i2 �i r?B+? /Bz2`2Mi #BQHQ;B+�H
i`�Bib +?�M;2X E�7`B 2i �HX UkyRjV mb2 i?Bb K2i?Q/ iQ K2�bm`2 i?2 /Bz2`2M+2 BM
+2HH ;`Qri? #2ir22M +2HHb Q7 /Bz2`2Mi bBx2bX aT2+B}+�HHv mbBM; i?2 �#Qp2 T`BM+BTH2b-
i?2v /2p2HQT2/ i?2 K�i?2K�iB+�H 7`�K2rQ`F

ԥ	Ԣ ငև
 � ᅫ	�  ᅶբ
ӻ	Ԣ]ԛ  Ԧ
  	�  ᅶբ  ᅶգ
ӻ	Ԣ]ԛ � Ԧ
  ӻ	Ԣ]ငև
ᅶգԕ	Ԣ]ငև
ᅶգ 
UkXRV

r?2`2 b Bb i?2 +2HH bBx2- H Bb i?2 bi�;2 BM i?2 +2HH +v+H2- ӻ	Ԣ]ԛ  Ԧ
 Bb i?2 +mKmH�iBp2
/Bbi`B#miBQM 7mM+iBQM U*.6V Q7 +2HH bBx2b �KQM; +2HHb BM i?2 bi�i2 ԛ  Ԧ �i i?2
2Mi`�M+2 iQ i?2 BMi2`p�H ငև � 	ԛ  Ԧ ԛ � Ԧ
- b?QrM BM 6B;m`2 kXR BM `2/ UH27iKQbiVX
h?2 rB/i? ငև � �Ԧ `2T`2b2Mib i?2 `2bQHmiBQM HBKBi Q7 i?2 +�H+mH�iBQM- r2`2 Ԧ M22/b
iQ #2 �TT`QT`B�i2Hv +?Qb2M- b?QrM BM 6B;m`2 kXR BM #Hm2X 6Q` i?2 +�H+mH�iBQMb BM
a2+iBQM 8X9- kr Bb +?Qb2M iQ #2 RyW Q7 i?2 H2M;i? Q7 i?2 +2HH +v+H2- r?B+? `2T`2b2Mib
i?2 K2�M `2bQHmiBQM Q#i�BM2/ #v SaJX ӻ	Ԣ]ငև
 � ӻ	Ԣ]ԛ  Ԧ ԛ � Ԧ
 Bb i?2 bBx2
/Bbi`B#miBQM rBi?BM i?2 BMi2`p�H ငԛ- ᅶբ Bb i?2 7`�+iBQM Q7 +2HHb Q++mTvBM; �HH +2HH
+v+H2 bi�;2b T`2+2/BM; ငԛ- �M/ ᅶգ Bb i?2 7`�+iBQM Q7 +2HHb BM ငԛX ᅫ � HM	ϵ
ᇑ - r?2`2ᅽ Bb i?2 T2`BQ/ Q7 i?2 +2HH +v+H2X ԕ	Ԣ]ငԛ
 Bb i?2 /2MbBiv Q7 +2HHb rBi? bBx2 b BM i?2
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BMi2`p�H ငԛX
PM+2 i?2b2 bi�iBbiB+b ?�p2 #22M Q#i�BM2/- 1[m�iBQM UkXRV Bb mb2/ iQ +�H+mH�i2 i?2
`�i2 Q7 +2HH bBx2 +?�M;2 �i � ;Bp2M +2HH +v+H2 bi�;2X "v �TTHvBM; i?Bb +�H+mH�iBQM
i?`Qm;?Qmi i?2 +2HH +v+H2- E�7`B 2i �HX UkyRjV r2`2 �#H2 iQ +QKT�`2 i?2 ;`Qri? `�i2
�i /Bz2`2Mi T?�b2bX hQ p2`B7v i?2 miBHBiv Q7 i?2 K2i?Q/ T`2b2Mi2/ BM E�7`B 2i �HX
UkyRjV- A i2bi2/ Bi QM bvMi?2iB+ /�i� #�b2/ QM �M BK�;BM�`v 7mM+iBQM Q7 +2HH bBx2X
h?2 `2bmHib Q7 i?2 �M�HvbBb Bb b22M BM 6B;m`2 kXkX �Hi?Qm;? i?2 +�H+mH�i2/ `�i2b
U`2/ �``QrbV K�i+? r2HH rBi? i?2 i`m2 i`�D2+iQ`B2b U#Hm2 HBM2bV- i?2 �++m`�+v Q7 i?2
`2bmHi /2T2M/b QM i?2 bBx2 Q7 i?2 b�KTH2 �M/ i?2 +?QB+2 Q7 i?2 +�H+mH�iBQM BMi2`p�H
r- r?B+? BM im`M /2T2M/b QM i?2 `2bQHmiBQM Q7 i?2 +2HH +v+H2X Ai rQmH/ #2 mb27mH BM
i?2 7mim`2 iQ T2`7Q`K 7m`i?2` i2bib QM i?2 HBKBi�iBQMb Q7 i?2 K2i?Q/X
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6B;m`2 kXR, 1_� bi2TrBb2 +�H+mH�iBQM SQBMib BM #H�+F BM/B+�i2 +2HHb
i`�MbBiBQMBM; i?`Qm;? i?2 +2HH +v+H2- bBKmH�i2/ #�b2/ QM �M BK�;BM�`v 7mM+iBQM
Q7 +2HH bBx2X .�b?2/ HBM2b BM/B+�i2 i?2 +QQ`/BM�i2b 7Q` r?B+? i?2 `�i2 Bb +�H+mH�i2/X
SQBMib BM #Hm2 �M/ `2/ BM/B+�i2 i?2 bm#TQTmH�iBQMb `2[mB`2/ 7Q` +�H+mH�iBM; i?2
`�i2 Q7 +?�M;2- �b b?QrM BM 1[m�iBQM UkXRVX
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6B;m`2 kXk, 1_� p�HB/�iBQM #v bBKmH�iBQM SQBMib BM #H�+F BM/B+�i2 +2HHb
i`�MbBiBQMBM; i?`Qm;? i?2 +2HH +v+H2- �``Qrb BM/B+�i2 i?2 T`2/B+i2/ i`�D2+iQ`v Q7
+2HHb Q7 /Bz2`2Mi bBx2b #�b2/ QM i?2 `2bmHi Q7 1[m�iBQM UkXRV- �M/ +v�M HBM2b BM/B+�i2
i?2 i`m2 i`�D2+iQ`B2b #�b2/ QM i?2 7mM+iBQM mb2/ iQ bBKmH�i2 i?2 /�i�X

kX8 S`Q#�#BHBiv ai�i2 JQ/2HHBM;

*" "�;r2HH- r?Q BMi`Q/m+2/ ~mQ`2b+2M+2 bT2+i`�H Qp2`H�T +QKT2Mb�iBQM 7Q`
~Qr +viQK2i`v U"�;r2HH �M/ �/�Kb- RNNjV ?�b KQ`2 `2+2MiHv BMi`Q/m+2/ i?2
i?2Q`v Q7 SaJ 7Q` bim/vBM; +2HH /Bz2`2MiB�iBQM #�b2/ QM KmHiBT�`�K2i`B+ ~Qr
+viQK2i`v BKKmMQHQ;B+�H /�i� U"�;r2HH 2i �HX- kyR8#VX AM i?2B` +QKT�MBQM �`iB+H2
U"�;r2HH 2i �HX- kyR8�V- i?2 K2i?Q/ Bb �TTHB2/ iQ 2Hm+B/�i2 i?2 bi�;2b Q7 "@+2HH
*.RN mT`2;mH�iBQMX h?2 K2i?Q/ `2HB2b QM mbBM; T`BQ` FMQrH2/;2 Q7 ?Qr � ;Bp2M
#BQK�`F2` +?�M;2b Qp2` `2H�iBp2 iBK2 iQ BM7Q`K � KQ/2H- i?2 T�`�K2i2`b 7Q`
r?B+? +�M #2 }ii2/ iQ +viQK2i`v /�i�- ;Bp2M `2�bQM�#H2 #QmM/�`v +QMbi`�BMibX
�Hi?Qm;? iBK2 BM U"�;r2HH 2i �HX- kyR8�V Bb `2H�iBp2 iQ /Bz2`2MiB�iBQM- i?2`2 Bb BM
T`BM+BTH2 MQ `2�bQM r?v Bi +�MMQi `2~2+i Qi?2` iBK2 /2T2M/2Mi T`Q;`2bbBQMb bm+?
�b i?2 +2HH +v+H2X >2`2- r2 �/�Ti i?2 T`BM+BTH2b Q7 SaJ 7Q` i?2 Tm`TQb2 Q7 +2HH
+v+H2 �M�HvbBbX
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kX8XR JQ/2H S`QTQb�H

h?2 Qp2`�HH KQ/2HHBM; T`Q+2bb +�M #2 /2b+`B#2/ BM }p2 bBKTH2 bi2TbX 6B`bi- �
bmBi�#Hv bBKTH2 KQ/2H Bb /2pBb2/- /2b+`B#BM; Qm` T`BQ` mM/2`bi�M/BM; Q7 i?2
#BQK�`F2`X h?Bb +�M #2 � bBKTH2 T`Q;`2bbBQM bm+? �b i?2 HQr@iQ@?B;? i`�MbBiBQM
Q7 i?2 .L� bi�BM >Q2+?bi- Q` � KQ`2 +QKTH2t i`�MbBiBQM bm+? �b i?�i 7QHHQr2/
#v i?2 7m++B */iR K�`F2`- �b rBHH #2 b22M BM a2+iBQM 9XkX "�;r2HH 2i �HX UkyR8#V
bm;;2bi mbBM; TB2+2rBb2 HBM2�` KQ/2Hb iQ /2b+`B#2 i?2 +?�M;2b BM i?2 K2�M �M/
2``Q` Q7 i?2 BMi2MbBiv K2�bm`2K2Mi- #mi BM T`BM+BTH2 �Mv ivT2 Q7 7mM+iBQM +�M #2
mb2/X h?2b2 KQ/2Hb /2b+`B#2 ?Qr � ;Bp2M #BQK�`F2`Ƕb K2�bm`2K2Mi H2p2H �M/
p�`B�M+2 +?�M;2b Qp2` i?2 +Qm`b2 Q7 i?2 T`Q;`2bbBQM- BM Qm` +�b2 i?2 +2HH +v+H2X
h?2 T`Q;`2bbBQM Bb /2}M2/ 7`QK y iQ Ryy- r?B+? `2~2+ib i?2 +mKmH�iBp2 /2MbBiv
T2`+2MiBH2bX

>2`2- r2 bi�`i rBi? i?2 +2HH +v+H2 `2TQ`i2` rBi? i?2 bBKTH2bi i`�MbBiBQM- M�K2Hv
.L� [m�MiBiv- �b K2�bm`2/ #v >Q2+?bi bi�BMBM;X h?2 T`QTQb2/ KQ/2H +QMi�BMb �HH
i?`22 T?�b2b i?�i +�M #2 /BbiBM;mBb?2/ #v i?Bb bi�BMc :R- a �M/ :kfJX h?Bb KQ/2H
Bb /2}M2/ #v irQ H2p2Hb Q7 BMi2MbBiv- BM/B+�i2/ #v i?2 ?Q`BxQMi�H HBM2b BM 6B;m`2 kXj-
�M/ irQ +?�M;2 TQBMib BM/B+�i2/ #v i?2 irQ p2`iB+�H HBM2bX hQ;2i?2` i?2b2 /2}M2
irQ ǵ*QMi`QH .2}MBiBQM SQBMibǶ U`2/ +B`+H2bV- #2ir22M r?B+? i?2 BMi2MbBiv H2p2H �M/
2``Q` �`2 HBM2�`Hv BMi2`TQH�i2/X 6m`i?2` BMi2`TQH�iBQMb 2ti2M/ i?2 T`Q;`2bbBQM iQ
bi�`i �M/ 2M/ Q7 i?2 +2HH +v+H2X h?2 2``Q` Q7 i?2 K2�bm`2K2Mi- BHHmbi`�i2/ #v i?2
?2B;?i Q7 i?2 TQHv;QM- r2 �bbmK2 iQ #2 MQ`K�HHv /Bbi`B#mi2/X

kX8Xk *�H+mH�iBQM Q7 S`Q#�#BHBiB2b

h?2 T`QTQb2/ KQ/2H +�M #2 7Q`K�HHv /2b+`B#2/ #v � T�B` Q7 7mM+iBQMb- ;BpBM; i?2
+?�M;2 BM K2�bm`2K2Mi BMi2MbBiv H2p2H �M/ bT`2�/X h?2b2 �`2 /2}M2/ �b Ԇ	ᅽ Ӹ

�M/ ᅼ	ᅽ Ӹ
- r?2`2 ᅽ /2}M2b i?2 bi�i2 Q7 i?2 T`Q;`2bbBQM �M/ Ӹ i?2 TB2+2rBb2 HBM2�`
KQ/2H- BM �++Q`/�M+2 iQ i?2 MQi�iBQM BM U"�;r2HH 2i �HX- kyR8#VX "v 2ti2MbBQM- i?2
KQ/2H BM 6B;m`2 kXj +�M #2 b22M �b irQ /BK2MbBQM�H /2MbBiv- /2}M2/ #v
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6B;m`2 kXj, S`QTQb2/ .L� +2HH +v+H2 i`�MbBiBQMX AMi2MbBiv Bb i?2 MQ`K�HBb2/
K2�bm`2K2Mi H2p2H Q7 i?2 .L� bi�BM >Q2+?biX ai�i2 `272`b iQ i?2 +2HH +v+H2
T`Q;`2bbBQMX _2/ HBM2b �M/ +B`+H2b /2}M2 i?2 +QMi`QH /2}MBiBQM TQBMib- #2ir22M
r?B+? i?2 H2p2H Bb BMi2`TQH�i2/ HBM2�`HvX "H�+F TQHv;QM HBM2b b?Qr i?2 BMi2`TQH�i2/
H2p2H Q7 .L� bi�BM Ǭk bi�M/�`/ /2pB�iBQMbX

je



ԅ	ԧ]ᅽ Ӹ
 � ԃ	ԧ Ԇ	ᅽ Ӹ
 ᅼ	ᅽ Ӹ


r?2`2 t Bb i?2 Q#b2`p2/ K2�bm`2K2Mi H2p2HX ԅ	ԧ]ᅽ Ӹ
 �HHQrb mb iQ +�H+mH�i2 i?2
T`Q#�#BHBiv Q7 � +2HH #2BM; �i �Mv bi�;2 BM i?2 +2HH +v+H2- #�b2/ QM i?2 K2�bm`2/
.L� BMi2MbBiv H2p2H �M/ i?2 T`QTQb2/ KQ/2HX L2ti- r2 /Bb+`2iBb2 i?2 �#Qp2
T`Q#�#BHBiv /2MbBiv 7mM+iBQM-

ӺᇌӴ֎ � ԡ��� ௷ȯɱɱ ֎
ȯɱɱ 	֎φ
 ௷ȯɱɱ՜ 	ᇌ�ЈӳΘ


ȯɱɱ՜ 	ᇌφӳΘ
 ԃ	ԧ Ԇ	ᅽ Ӹ
 ᅼ	ᅽ Ӹ

ԓԧԓᅽ UkXkV

r?2`2 ᅸ ୮ � � ��� Ԧ �M/ Ԣ ୮ � � ��� ԡ �`2 i?2 /Bb+`2i2 BMi2MbBiv H2p2Hb �M/ +2HH
+v+H2 bi�i2b � +2HH +�M #2 �bbQ+B�i2/ rBi?X � T`Q#�#BHBiv K�i`Bt i2`K2/ 1@K�i`Bt-
/2}M2/ #v 1[m�iBQM UkXkV- Bb +�H+mH�i2/ #v MmK2`B+�HHv BMi2;`�iBM; i?2 T`QTQb2/
KQ/2H Qp2` +2HH +v+H2 iBK2 �M/ K2�bm`2K2Mi H2p2H �i /Bb+`2i2 BMi2`p�Hb BM i?Bb r�vX
h?2 rB/i? Q7 i?2 BMi2`p�Hb /2}M2b i?2 `2bQHmiBQM Q7 i?2 K�i`Bt- r?B+? Bb � `�i2
HBKBiBM; bi2T 7Q` i?2 Qp2`�HH SaJ �H;Q`Bi?K �M/ i?mb b?QmH/ #2 +?Qb2M �++Q`/BM;
iQ �p�BH�#H2 `2bQm`+2bX h?2 `2bmHi Q7 MmK2`B+�HHv bQHpBM; 1[m�iBQM UkXkV H2�/b iQ
i?2 K�i`Bt b22M BM 6B;m`2 kX9X h?2 +QHQm` BMi2MbBiv BM/B+�i2b i?2 `2H�iBp2 /2MbBiv
/Bbi`B#miBQMX

kX8Xj ai�i2 T`2/B+iBQM

PM+2 � T`Q#�#BHBiv K�i`Bt ?�b #22M Q#i�BM2/- i?2 M2ti bi2T Bb iQ #BM i?2 +viQK2i`v
/�i� BMiQ i?2 b�K2 MmK#2` Q7 #BMb �b i?2 MmK#2` Q7 `Qrb BM i?2 `2bT2+iBp2
1@K�i`BtX h?Bb +�M #2 b22M BM 6B;m`2b kX8 �M/ kXe- r?2`2 r2 mb2 Ry-yyy /�i� TQBMib
bBKmH�i2/ mbBM; i?2 T`QTQb2/ .L� KQ/2H b?QrM BM 6B;m`2 kXj �b �M 2t�KTH2X

h?2 M2ti bi2T Bb +`BiB+�H- �b Bi mb2b i?2 �#Qp2 +QMbi`m+iBQM iQ /2i2`KBM2 i?2 bi�i2
Q7 2�+? /�i� TQBMi �HQM; i?2 i`�MbBiBQMX aT2+B}+�HHv- 7Q` 2p2`v /�i� TQBMi- r2 mb2
i?2 +Q``2bTQM/BM; `Qr BM i?2 1@K�i`Bt- /2}M2/ #v i?2 /�i� TQBMiǶb BMi2MbBiv H2p2H-
�b � T`Q#�#BHBiv p2+iQ` rBi? p�Hm2b +Q``2bTQM/BM; iQ 2�+? Q7 i?2 /Bz2`2Mi +QHmKMb

jd
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6B;m`2 kX9, 1@K�i`Bt Q7 T`QTQb2/ .L� +2HH +v+H2 i`�MbBiBQMX .�`F2` +QHQm`
2[m�Hb ?B;?2` /2MbBivX h?2 K�i`Bt r�b +QMbi`m+i2/ mbBM; � `2bQHmiBQM Q7 ky #v kyX

Q7 i?2 K�i`Bt U+2HH +v+H2 bi�i2bVX h?Bb p2+iQ` Bb i?2M mb2/ iQ T2`7Q`K r2B;?i2/
b�KTHBM; �+`Qbb i?2 +QHmKMb Q7 i?2 K�i`Bt- �M/ i?mb T`2/B+i i?2 +2HH +v+H2 bi�i2
Q7 i?2 +2HHX

h?Bb r�v r2 +�M biQ+?�biB+�HHv �bbB;M 2�+? /�i�@TQBMi iQ � bi�i2 ᅽ �HQM; i?2
T`Q;`2bbBQM- MQiBM; i?�i i?2 MmK#2` Q7 TQbbB#H2 bi�i2b Bb /2}M2/ #v i?2 `2bQHmiBQM
Q7 i?2 K�i`BtX PM+2 � bi�i2 ?�b #22M b�KTH2/ 7Q` 2p2`v bBM;H2 /�i� TQBMi- i?2
T`Q+2bb Bb +QKTH2i2X lMB7Q`K MQBb2 Q7 �TT`QT`B�i2 #�M/rB/i? +�M #2 �//2/ iQ
`2~2+i i?2 mM+2`i�BMiv /m2 iQ i?2 `2bQHmiBQM HBKBiX h?2 `2bmHi Bb b22M BM 6B;m`2 kXdX
6B;m`2 kX3 b?Qrb i?2 `2bmHi Q7 i?2 b�K2 T`Q+2bb #mi mbBM; �M 1@K�i`Bt Q7 ?B;?2`
`2bQHmiBQMX

kX8X9 :QQ/M2bb Q7 }i

h?2 }i Q7 i?2 T`QTQb2/ KQ/2H Bb 2p�Hm�i2/ #v +QKT�`BM; 2�+? 1@K�i`Bt iQ
Bib 2KTB`B+�H 2[mBp�H2Mi- 1a@K�i`BtX hQ +QMbi`m+i i?2 1a@K�i`Bt- r2 #BM i?2
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6B;m`2 kX8, "BMMBM; Q7 /�i� TQBMibX Ry-yyy /�i� TQBMib bBKmH�i2/ �++Q`/BM; iQ
i?2 T`QTQb2/ .L� KQ/2H- #BMM2/ BM � QM2@iQ@QM2 +Q``2bTQM/�M+2 rBi? i?2 `Qrb
Q7 i?2 1@K�i`BtX G27i, F/2 Q7 bBKmH�i2/ /�i�X _B;?i, ?BbiQ;`�K Q7 i?2 b�K2 /�i�
#BMM2/ UM 4 kyV �b /2b+`B#2/X hrQ T2�Fb +Q``2bTQM/ iQ :R �M/ :k `2bT2+iBp2Hv-
�M/ �`2 /m2 iQ i?2 7�+i i?�i i?2 /m`�iBQM Q7 i?2b2 T?�b2b Bb HQM;2`- `2bmHiBM; �
H�`;2` 7`�+iBQM Q7 i?2 TQTmH�iBQM iQ 7QmM/ BM i?2b2 T?�b2b �i �Mv QM2 iBK2X
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6B;m`2 kXe, �bbB;MBM; Q7 1@K�i`Bt `Qr iQ 2�+? /�i� TQBMiX h?2 /�i� �`2
#BMM2/ BM bm+? �b r�v bQ i?�i 2�+? #BM +Q``2bTQM/b iQ � `Qr BM i?2 1@K�i`BtX
>2`2- ky #BMb r2`2 mb2/ iQ K�i+? i?2 ky `Qrb Q7 i?2 1@K�i`BtX

0 5 10 15 20

20
40

60
80

10
0

State

In
te
ns
ity

6B;m`2 kXd, _2bmHi Q7 SaJ mbBM; kytky `2bQHmiBQM 1@K�i`Bt Ry-yyy /�i�
TQBMib bBKmH�i2/ �++Q`/BM; iQ i?2 T`QTQb2/ .L� KQ/2H- �M�Hvb2/ #v SaJ mbBM;
i?2 b�K2 KQ/2HX
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6B;m`2 kX3, _2bmHi Q7 SaJ mbBM; RyytRyy `2bQHmiBQM 1@K�i`Bt Ry-yyy /�i�
TQBMib bBKmH�i2/ �++Q`/BM; iQ i?2 T`QTQb2/ .L� KQ/2H- �M�Hvb2/ #v SaJ mbBM;
i?2 b�K2 KQ/2HX

`2bmHiBM; irQ@/BK2MbBQM�H /Bbi`B#miBQM Q7 TQBMib b22M BM 6B;m`2 kX3- �HQM; #Qi?
�t2b- �M/ +QmMi i?2 TQBMib BM 2�+? #BM Ub22 6B;m`2 kXNVX h?2 `2bmHiBM; K�i`Bt
Bb MQ`K�HBb2/ �TT`QT`B�i2Hv �M/ i?2M +QKT�`2/ iQ i?2 1@K�i`Bt #v K2�Mb Q7
� `2/m+2/ +?B@b[m�`2 i2bi- � +QKKQM i2bi 7Q` +QKT�`BM; #BMM2/ /�i� #2ir22M
;`QmTb UJ+>m;?- kyRjVX AM i?Bb +�b2- i?2 /�i� �`2 BM ;QQ/ �;`22K2Mi rBi? i?2
KQ/2H UMQi b?QrMV- r?B+? Bb 2tT2+i2/- �b Bi Bb i?2 b�K2 KQ/2H i?�i r�b mb2/ iQ
bBKmH�i2 i?2b2 /�i�X

kX8X8 JQ/2H T�`�K2i2` BM72`2M+2

PM+2 r2 ?�p2 b2i mT i?2 �#Qp2 �H;Q`Bi?K- r2 +�M mb2 Bi iQ bQHp2 i?2 BMp2`b2
T`Q#H2K Q7 BM72``BM; i?2 KQ/2H T�`�K2i2`b i?�i #2bi /2b+`B#2 i?2 2tT2`BK2Mi�H
/�i�X q2 /Q bQ #v Bi2`�iBp2Hv T`QTQbBM; M2r p�Hm2b 7Q` i?2 T�`�K2i2`b /2b+`B#BM;
i?2 KQ/2H U+?�M;2@TQBMi iBKBM;b- BMi2MbBiv H2p2H K2�Mb �M/ p�`B�M+2bV- �M/ i2biBM;
i?2B` �;`22K2Mi iQ i?2 /�i�- #�b2/ QM i?2 b+Q`BM; +�H+mH�iBQM BM a2+iBQM kX8X9X h?Bb
T`Q+2bb +�M #2 7Q`KmH�i2/ BMiQ �M Q#D2+iBp2 7mM+iBQM r?B+? BM im`M +�M bm#D2+i2/
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6B;m`2 kXN, *QMbi`m+iBQM Q7 1a@K�i`BtX hrQ /BK2MbBQM�H /Bbi`B#miBQM Q7
TQBMib Bb #BMM2/ �b b?QrM iQ +QMbi`m+i i?2 2KTB`B+�H 2[mBp�H2Mi iQ i?2 T`Q#�#BHBiv
1@K�i`BtX *QKT�`BM; i?2 irQ K�i`B+2b `2im`Mb � b+Q`2 r?B+? +�M #2 mb2/ iQ �bb2bb
i?2 }iX

iQ QTiBKBb�iBQMX

� bmBi�#H2 ;HQ#�H QTiBKBb�iBQM �H;Q`Bi?K M22/b iQ #2 +?Qb2M r?B+? i�F2b i?2
+?�`�+i2`BbiB+b Q7 bm+? �M Q#D2+iBp2 7mM+iBQM BMiQ �++QmMiX aT2+B}+�HHv- i?2
QTiBKBb2` M22/b iQ #2 �#H2 iQ +QT2 rBi? 2tT2MbBp2 �M/ MQBbv 2p�Hm�iBQMb-
TQi2MiB�HHv KmHiBTH2 7�Hb2 KBMBK�- �b r2HH �b BM2[m�HBiv +QMbi`�BMib BM i?2
T�`�K2i2` bT�+2X

>2`2- r2 mb2 i?2 "�v2bB�M PTiBKBb�iBQM T�+F�;2 KH`J"P /2p2HQT2/ #v "Bb+?H
2i �HX UkyRdV iQ }i � T`Q#�#BHBiv bi�i2 KQ/2H iQ Qm` .L� +viQK2i`v /�i�X h?2
bT2+B}+ BKTH2K2Mi�iBQM r�b T`272``2/ �b Bi Bb r2HH /2p2HQT2/ �M/ +�M #2 BMi2`7�+2/
rBi? i?2 `2bi Q7 Qm` �M�HvbBb TBT2HBM2- �HbQ r`Bii2M BM _X

hQ b2i i?2 BMBiB�H T`BQ`b- r2 mb2 � b+`BTi r`Bii2M 7Q` i?Bb Tm`TQb2 #v .` J�bbBKQ
*�p�HH�`Q- r?B+? B/2MiB}2b i?2 T2�Fb BM � #BKQ/�H /Bbi`B#miBQM �M/ }ib � :�mbbB�M
7mM+iBQM iQ 2Bi?2` T2�FX h?Bb r�v r2 Q#i�BM �M BMBiB�H 2biBK�iBQM Q7 i?2 K2�Mb �M/
2``Q`b Q7 i?2 irQ bi�iBQM�`v bi�i2bX aT2+B}+�HHv- iQ Qp2`+QK2 i?2 +QMpQHmiBM; 2z2+i
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Q7 i?2 i`�MbBiQ`v bi�i2 #2ir22M i?2 irQ bi�iBQM�`v bi�i2b r2 mb2/ � ?�H7@:�mbbB�M-
}ii2/ QM i?2 +Q``2bTQM/BM; 2ti`2K2 2M/b Q7 i?2 irQ +Hmbi2`b- �b b?QrM BM 6B;m`2
kXRyX

intensity

D
en
si
ty

0 20 40 60 80 100

0.
00

0.
01

0.
02

0.
03

0.
04

0.
05

6B;m`2 kXRy, S2�F B/2MiB}+�iBQM @ ?�H7 ;�mbbB�M }i >BbiQ;`�K Q7 .L�
BMi2MbBivX .�b?2/ `2/ HBM2b +Q``2bTQM/ iQ T2�Fb B/2MiB}2/- +m`p2/ HBM2b +Q``2bTQM/
iQ i?2 }ii2/ ?�H7@:�mbbB�M /2MbBivX h?2b2 �`2 mb2/ �b BMBiB�H p�Hm2b 7Q` i?2 K2�M
BMi2MbBiv �M/ bT`2�/ Q7 i?2 bi�iBQM�`v T?�b2b BM i?2 .L� T`Q;`2bbBQM- #2ir22M
r?B+? i?2 p�Hm2b �`2 HBM2�`Hv BMi2`TQH�i2/X

h?2 b2+QM/ i�bF Bb iQ TB+F bmBi�#H2 #QmM/�`B2b rBi?BM r?B+? 2�+? T�`�K2i2` +�M
p�`vX am+? #QmM/�`B2b- �HQM;bB/2 i?2 T`QTQb2/ KQ/2H- 7Q`K � ivT2 Q7 T`BQ` �M/
�`2 #�b2/ QM Qm` +m``2Mi mM/2`bi�M/BM; Q7 i?2 T`Q+2bbX >2`2- r2 mb2 � irQ bi2T
QTiBKBb�iBQM �TT`Q�+?- 2KTHQvBM; #`Q�/ #QmM/�`B2b iQ ;2i �M BMBiB�H }i Q7 i?2
T�`�K2i2`b- r?B+? BM7Q`K � b2i Q7 b2+QM/�`v- M�``Qr2` #QmM/�`B2b 7Q` i?2 }M�H
}iiBM;X h?Bb r�v r2 #2M2}i 7`QK i?2 7`22/QK Q7 r2�F BMBiB�H T`BQ`b- #mi �HbQ i?2
T`2+BbBQM i?�i +�M #2 �+?B2p2/ 7`QK i?2 bm#b2[m2Mi bi`QM;2` T`BQ`bX

kX8Xe *QMp2`iBM; +mKmH�iBp2 T2`+2Mi iQ iBK2

PM+2 � b�iBb7�+iQ`v KQ/2H ?�b #22M B/2MiB}2/- SaJ +�M #2 mb2/ iQ T`2/B+i i?2
bi�i2 Q7 2�+? +2HH BM i?2 +2HH +v+H2- r?B+? Bb 2tT`2bb2/ BM i2`Kb Q7 +mKmH�iBp2
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T2`+2MiX hQ +QMp2`i i?Bb QmiTmi iQ +2HH +v+H2 iBK2- r2 `2Hv QM i?2 /2}MBiBQM Q7
~mt- �++Q`/BM; iQ r?B+? i?2 HQM;2` � +2`i�BM bi�;2 Bb BM /m`�iBQM- i?2 ?B;?2` i?2
2tT2+i2/ /2MbBiv Q7 +2HHb BM i?�i bi�;2 BbX lbBM; i?Bb T`BM+BTH2 r2 +�M +QMp2`i i?Bb
`2H�iBp2 iBK2 iQ �#bQHmi2 +2HH +v+H2 iBK2- mbBM; i?2 /m`�iBQM Q7 i?2 �p2`�;2 +2HH
+v+H2- r?B+? +�M #2 2�bBHv K2�bm`2/ Q` Q#i�BM2/ 7`QK i?2 HBi2`�im`2X h?Bb K2i?Q/
?�b #22M mb2/ #27Q`2 7Q` +Q``2H�iBM; /2MbBiv Q7 bi�iB+ /�i� iQ `2H�iBp2 iBK2 UE�7`B
2i �HX- kyRjVX

PM2 BKTQ`i�Mi +QMbB/2`�iBQM iQ K�F2 Bb i?�i /m2 iQ +2HHb /BpB/BM; �i i?2 2M/ Q7
2�+? +2HH +v+H2 T2`BQ/- i?2`2 Bb � /BbT`QTQ`iBQM�i2 MmK#2` Q7 +2HHb �i i?2 bi�`i Q7
i?2 +2HH +v+H2 +QKT�`2/ iQ i?2 2M/X h?Bb +�M #2 �++QmMi2/ 7Q` mbBM; � bBKTH2
i`�Mb7Q`K UE�7`B 2i �HX- kyRjV,

ԣ � �ᅫ HM ভ ��  ӻ	ԛ
ম 
r?2`2 ӻ	ԛ
 Bb i?2 +mKmH�iBp2 /Bbi`B#miBQM /2b+`B#BM; i?2 7`2[m2M+v Q7 +2HHb i?�i
�`2 2Bi?2` �i +2HH +v+H2 bi�;2 ԛ Q` �i 2�`HB2` +2HH +v+H2 bi�;2b- �M/

ᅫ � HM	�
ᅽ 
r?2`2 ᅽ Bb i?2 /Qm#HBM; iBK2 Q7 i?2 TQTmH�iBQM- r?B+? 7Q` >2H� +2HHb Bb �#Qmi ky
?Qm`b Ua?2`rQQ/ 2i �HX- RNN9VX SaJ Bb #�b2/ QM [m�MiBH2 KQ/2HHBM; U:BH+?`Bbi-
kyyyV �M/ �b � `2bmHi i?2 T`2/B+i2/ bi�i2 Q7 2�+? +2HH Bb 2tT`2bb2/ BM i2`Kb Q7
+mKmH�iBp2 T2`+2MiX AM Q`/2` iQ Q#i�BM i?2 T`2/B+i2/ iBK2HBM2 BM i2`Kb Q7 +2HH
+v+H2 iBK2- i?2 �#Qp2 i`�Mb7Q`K +�M i?2`27Q`2 #2 /B`2+iHv �TTHB2/ iQ 2�+? +2HH #v
bm#biBimiBM; ӻ	ԛ
 �#Qp2 rBi? Bib T`2/B+i2/ bi�i2 7`QK SaJX

kXe "�v2bB�M PTiBKBb�iBQM

Ai Bb Q7i2M mb27mH iQ #2 �#H2 iQ +QKTmi�iBQM�HHv }i � 7mM+iBQM iQ � b2i Q7 /�i�-
2Bi?2` BM Q`/2` iQ 2p�Hm�i2 ?Qr r2HH � KQ/2H /2b+`B#2b i?2 /�i� Q` BM Q`/2` iQ
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Q#i�BM +2`i�BM T�`�K2i2`b r?B+? �`2 /B{+mHi iQ 2ti`�+i /B`2+iHvX 6Q` 2t�KTH2-
mbBM; � bBKTH2 KQ/2H bm+? �b i?�i Q7 ;2M2 2tT`2bbBQM /2p2HQT2/ BM *?�Ti2` j Bi
Bb TQbbB#H2 iQ 2biBK�i2 i?2 `�i2b Q7 i`�Mb+`BTiBQM �M/ K_L� /2;`�/�iBQM mbBM;
� bBM;H2 bM�Tb?Qi Q7 i?2 K_L� /Bbi`B#miBQM BM � TQTmH�iBQM Q7 +2HHbX LmK2`B+�H
�H;Q`Bi?Kb 2tBbi r?B+? +�M T2`7Q`K i?Bb T`Q+2/m`2 p2`v 2{+B2MiHv- 2bT2+B�HHv r?2M
i?2 �M�HviB+�H 7Q`KmH� Q7 i?2 KQ/2H #2BM; }ii2/ UQ` Bib HBF2HB?QQ/ 7mM+iBQMV Bb
�p�BH�#H2X

AM +�b2b r?2`2 i?Bb Bb MQi TQbbB#H2- �M �Hi2`M�iBp2 �TT`Q�+? Bb iQ mb2 bBKmH�iBQMb
r?B+? /2b+`B#2 i?2 KQ/2H- �HQM;bB/2 � b+Q`BM; K2i?Q/ 7Q` 2p�Hm�iBM; i?2 }i iQ i?2
/�i�X �b i?2b2 bBKmH�iBQMb �`2 Q7i2M 2tT2MbBp2 iQ 2p�Hm�i2 �M/ i?2 `2bmHib MQBbv-
� /Bz2`2Mi +H�bb Q7 �H;Q`Bi?Kb Bb `2[mB`2/ 7Q` T2`7Q`KBM; i?2 }iiBM;X a2[m2MiB�H
KQ/2H@#�b2/ QTiBKBb�iBQM Ua"JPV Bb bm+? � +H�bb Q7 �H;Q`Bi?Kb- �M/ ?�b #2+QK2
i?2 bi�i2@Q7@i?2@�`i QTiBKBb�iBQM bi`�i2;v BM `2+2Mi v2�`b UCQM2b 2i �HX- RNN3VX

"`B2~v- bm+? KQ/2Hb rQ`F #v +QMbi`m+iBM; � bm``Q;�i2 `2;`2bbBQM KQ/2H r?B+?
�TT`QtBK�i2b i?2 Q#D2+iBp2 7mM+iBQM- �M/ Bb Km+? +?2�T2` iQ 2p�Hm�i2 i?�M i?2
Q#D2+iBp2 7mM+iBQM Bib2H7X h?2 bm``Q;�i2 7mM+iBQM Bb BMBiB�HBb2/ mbBM; � b2`B2b Q7
TQBMib `�M/QKHv b�KTH2/- �M/ Bb i?2M mb2/ iQ B/2MiB7v 7mim`2 +�M/B/�i2 TQBMib
#�b2/ QM � +2`i�BM +`Bi2`BQM- +�HH2/ i?2 BM}HH +`Bi2`BQMX h?2 T`QTQb2/ TQBMib �`2
2p�Hm�i2/ #v i?2 Q#D2+iBp2 7mM+iBQM- �M/ i?2 `2bmHiBM; b+Q`2 Bb mb2/ iQ mT/�i2 i?2
bm``Q;�i2 7mM+iBQMX

"v Bi2`�iBM; #2ir22M i?2b2 irQ bi2Tb- �M BM+`2�bBM;Hv �++m`�i2 bm``Q;�i2 7mM+iBQM
Bb +QMbi`m+i2/- `2bmHiBM; BM BKT`Qp2/ T�`�K2i2` b2ib #2BM; T`QTQb2/ rBi? 2p2`v
Bi2`�iBQMX lHiBK�i2Hv- i?2 �H;Q`Bi?K Bb biQTT2/ r?2M � K�tBKmK MmK#2` Q7
Bi2`�iBQMb Bb `2�+?2/X 6m`i?2`KQ`2- mbBM; � bmBi�#H2 +`Bi2`BQM bm+? �b ǳ2tT2+i2/
BKT`Qp2K2MiǴ- � #�H�M+2 Bb bi`m+F #2ir22M i?2 2tTHQ`�iBQM Q7 mM/2``2T`2b2Mi2/
�`2�b �M/ i?2 i�`;2iBM; Q7 i?2 KQbi T`QKBbBM; �`2�b Q7 i?2 T�`�K2i2` bT�+2-
2Mbm`BM; i?�i i?2 T`Q+2bb /Q2b MQi #2+QK2 bim+F BM � HQ+�H QTiBKmKX

>2`2- i?2 "�v2bB�M PTiBKBb�iBQM T�+F�;2 #v "Bb+?H 2i �HX UkyRdV r�b B/2MiB}2/ �b
� bmBi�#H2 a"JP BKTH2K2Mi�iBQM 7Q` }iiBM; +2HH +v+H2 T�`�K2i2`b mbBM; SaJ BM
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*?�Ti2` 9X

9e



*?�Ti2` j

JQ/2HHBM; ;2M2 2tT`2bbBQM �M/
+2HH ;`Qri?

:2M2 2tT`2bbBQM Bb +QMbB/2`2/ iQ #2 � MQBbv T`Q+2bb U_�b2` �M/ a?2�- kyyeVX h?Bb
Q#b2`p�iBQM +�M #2 �ii`B#mi2/ BM T�`i iQ BMi`BMbB+ bQm`+2b- bm+? �b i?2 #m`biv
M�im`2 Q7 i`�Mb+`BTiBQM U_�D 2i �HX- kyyeV- r?B+? `2bmHi BM #`Q�/- bmT2`@SQBbbQMB�M
/Bbi`B#miBQMb Q7 i`�Mb+`BTi MmK#2`bX �b K2MiBQM2/ BM a2+iBQM R- i?Bb #m`bi@HBF2
#2?�pBQm` ?�b #22M Q#b2`p2/ /B`2+iHv BM +2`i�BM ;2M2b- mbBM; HBp2 +2HH KB+`Qb+QTv
U:QH/BM; 2i �HX- kyy8VX 1p2` bBM+2- i?2 ǵ`�M/QK i2H2;`�KǶ KQ/2H ?�b #2+QK2 i?2
T`2p�H2Mi KQ/2H 7Q` i`�Mb+`BTiBQM U_�D 2i �HX- kyye- G2Mbi`� 2i �HX UkyReVV- i?Qm;?
`2+2Mi 2pB/2M+2 ?�b [m2biBQM2/ i?2 mMBp2`b�HBiv Q7 i?Bb KQ/2HX aT2+B}+�HHv- +�`27mH
+QMbB/2`�iBQM Q7 2ti`BMbB+ bQm`+2b Q7 MQBb2 Uar�BM 2i �HX- kyykV- bm+? �b i?2 p�`B�iBQM
Q7 +2HH bBx2 �M/ +2HH +v+H2- ?�b b?QrM i?�i- r?2M i�F2M BMiQ �++QmMi- MQM@#m`biv
FBM2iB+b �`2 bm{+B2Mi BM /2b+`B#BM; i`�Mb+`BTiBQM�H /vM�KB+b Ub22 }M/BM;b BM TH�Mib
UA2ibr��`i 2i �HX- kyRdV- v2�bi UwQT7 2i �HX- kyRjV �M/ K�KK�Hb U"�iiB+? 2i �HX- kyR8-
EH2BM 2i �HX UkyR8VVVX hQ BMp2biB;�i2 i?Bb- r2 7Q`KmH�i2 � bBKTH2- MQM@#m`biv KQ/2H
r?B+? i�F2b i?2b2 2ti`BMbB+ bQm`+2b BMiQ �++QmMi- �M/ /2i2`KBM2 r?2i?2` bm+? �b
KQ/2H +�M bm{+B2MiHv /2b+`B#2 i?2 Q#b2`p2/ ;2M2 _L� /Bbi`B#miBQMbX

� bBKBH�` �TT`Q�+? r�b 7QHHQr2/ #v aQHi�MB 2i �HX UkyReV- r?Q bim/B2/ i?2 2z2+ib

9d



Q7 KQH2+mH2 T�`iBiBQMBM; /m`BM; +2HH /BpBbBQM �M/ i?2 Qb+BHH�iBQM BM �+iBp2 �HH2H2b
/m2 iQ .L� `2THB+�iBQM- /2KQMbi`�iBM; i?2 BKTQ`i�M+2 Q7 i?2 iBKBM; Q7 i?2b2
2p2Mib QM ;2M2 2tT`2bbBQM MQBb2X aT2+B}+�HHv- p�`B�#BHBiv BM i?2 T2`BQ/ Q7 i?2
+2HH +v+H2 �M/ iBKBM; Q7 `2THB+�iBQM �M/ /BpBbBQM r2`2 +QMbB/2`2/ 2tTHB+BiHv- �M/
i?2 KQK2Mib Q7 i?2 `2bmHiBM; /Bbi`B#miBQM r2`2 /2`Bp2/X >2`2- r2 bBKTHB7v #v
�bbmKBM; /2i2`KBMBbiB+ iBKBM;b Q7 ;2M2 `2THB+�iBQM �M/ /BpBbBQMX h?Bb �HHQrb mb iQ
/2`Bp2 i?2 �M�HviB+�H 7Q`K Q7 i?2 T`Q#�#BHBiv K�bb 7mM+iBQM USJ6V /2b+`B#BM; i?2
_L� /Bbi`B#miBQM BM � TQTmH�iBQM Q7 +2HHb- r?B+? +�M #2 mb2/ /B`2+iHv iQ i2bi i?2
HBF2HB?QQ/ Q7 /Bz2`2Mi T�`�K2i2` b2ib rBi? `2bT2+i iQ bBM;H2@+2HH ;2M2 2tT`2bbBQM
/�i�X q2 7m`i?2` 2ti2M/ i?2 rQ`F Q7 aQHi�MB 2i �HX UkyReV #v BM+Q`TQ`�iBM; i?2
+?�M;2 BM +2HH bBx2 /m`BM; i?2 +2HH +v+H2- � `2[mB`2K2Mi iQr�`/b mM/2`bi�M/BM; i?2
2z2+ib Q7 +2HH ;`Qri? QM ;2M2 2tT`2bbBQMX

jXR hrQ T?�b2 KQ/2H

�b � bi�`iBM; TQBMi- r2 +QMbB/2` � bBKTH2 irQ@bi2T K�bb �+iBQM FBM2iB+b KQ/2H Q7
_L� K2i�#QHBbKX hQ bBKmH�i2 i?2 /Qm#HBM; �M/ ?�HpBM; Q7 i?2 .L� bm#bi`�i2 /m2
iQ i?2 T2`BQ/B+ `2THB+�iBQM Q7 i?2 ;2MQK2 �M/ bm#b2[m2Mi +2HH /BpBbBQM- r2 bi�`i
#v K�FBM; i?2 bBKTHB7vBM; �bbmKTiBQM i?�i i?2 i`�Mb+`BTiBQM `�i2 T2`BQ/B+�HHv
/Qm#H2b �M/ ?�Hp2b �b � +QMb2[m2M+2X h?Bb +QMbi`�BMi Bb `2H�t2/ BM � H�i2` b2+iBQMX
6m`i?2`KQ`2- r2 /Q MQi +QMbB/2` i?2 T�`iBiBQMBM; Q7 KQH2+mH2b �i i?2 2M/ Q7 i?2
/BpBbBQM +v+H2 �i i?Bb bi�;2X AMbi2�/- r2 T`Q+22/ rBi?Qmi Bi �M/ �++QmMi 7Q` Bi BM
a2+iBQM jXjX

jXRXR .2`BpBM; i?2 _L� SJ6 �i bi2�/v bi�i2

q2 #2;BM #v +QMbB/2`BM; i?2 KQ/2H

ૢ ᇊ݂ ԇԃӶԇԃӶ ᇋ݂ ૢ UjXRV
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r?2`2 ᅶ �M/ ᅷ `2T`2b2Mi i?2 i`�Mb+`BTiBQM �M/ /2;`�/�iBQM `�i2b `2bT2+iBp2Hv- ૢ
`2T`2b2Mib pQB/X AM Q`/2` iQ bBKmH�i2 i?2 +?�M;2b BM ;2M2 /Qb�;2 /m`BM; i?2 +2HH
+v+H2- ᅶ Bb `2TH�+2/ #v kᅶ /m`BM; i?2 Ӽϵ T?�b2- i?mb +QMbiBimiBM; � MmHH KQ/2H Q7
i`�Mb+`BTiBQM /vM�KB+b /m`BM; i?2 +2HH +v+H2 BM i?2 �#b2M+2 Q7 /Qb�;2 +QKT2Mb�iBQM
K2+?�MBbKb UoQB+?2F 2i �HX- kyRe#- S�/Qp�M@J2`?�` 2i �HX UkyR8VVX h?Bb H2�/b iQ
irQ /BbiBM+i *?2KB+�H J�bi2` 1[m�iBQMb U*J1bV-ԓԅֆԓԣ � 	ᅶ � Ԛᅷ
ԅֆ � ᅶԅֆφ � ᅷ	Ԛ � �
ԅֆ�φ /m`BM; :R UjXkV

ԓԅֆԓԣ � 	�ᅶ � Ԛᅷ
ԅֆ � �ᅶԅֆφ � ᅷ	Ԛ � �
ԅֆ�φ /m`BM; :k UjXjV

r?2`2 ԅֆ Bb i?2 T`Q#�#BHBiv Q7 ?�pBM; F KQH2+mH2b �i iBK2 iX h?2 T`Q#�#BHBiv `�i2
2[m�iBQM Bb /2`Bp2/ #v +QMbB/2`BM; i?2 +?�M;2 BM _L� KQH2+mH2b /m2 iQ `�i2bᅶ �M/ ᅷX q2 bi�`i mbBM; 1[m�iBQM UjXkV iQ /2`Bp2 i?2 iBK2 p�`vBM; T`Q#�#BHBiv
/Bbi`B#miBQM �i iBK2 i /m`BM; i?2 }`bi T?�b2 Q7 i?2 +2HH +v+H2- r?B+? rBHH b2`p2 �b �
bi2TTBM; biQM2 iQr�`/b /2`BpBM; i?2 2[mBp�H2Mi /Bbi`B#miBQM 7Q` i?2 b2+QM/ T?�b2-
�M/ mHiBK�i2Hv i?2 r?QH2 +2HH +v+H2 �i bi2�/v bi�i2X hQ /Q bQ- r2 2KTHQv i?2
T`Q#�#BHBiv ;2M2`�iBM; 7mM+iBQM UTX;X7XV-

Ӽ	ԩ ԣ
 � �ంֆ�Ј ԅֆԩֆ
r?2`2 : Bb � TQr2` b2`B2b `2T`2b2Mi�iBQM Q7 i?2 SJ6- 7`QK r?B+? i?2 SJ6 Bb
`2+Qp2`2/ #v i�FBM; /2`Bp�iBp2b Q7 : rBi? `2bT2+i iQ xX >2`2- r?2M /Bz2`2MiB�i2/
F iBK2b : `2im`Mb i?2 T`Q#�#BHBiv Q7 ?�pBM; F MmK#2` Q7 _L� KQH2+mH2b �i iBK2
iX h?2 SJ6 Bb `2+Qp2`2/ #v i�FBM; /2`Bp�iBp2b Q7 : rBi? `2bT2+i iQ x hQ Q#i�BM
i?2 `2H2p�Mi 2tT`2bbBQM 7Q` i?2 ;2M2`�iBM; 7mM+iBQM- r2 /Bz2`2MiB�i2 :Ux- iV rBi?
`2bT2+i iQ i US2++Qm/ �M/ u+�`i- RNN8VX h?Bb ;Bp2b mb

ᆉӼᆉԣ � ᅷ	�  ԩ
ᆉӼᆉԩ  ᅶ	�  ԩ
Ӽ� UjX9V
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hQ bQHp2 i?Bb 2[m�iBQM 7Q` :- r2 2KTHQv i?2 K2i?Q/ Q7 +?�`�+i2`BbiB+ HBM2bX 6B`bi
r2 T�`�K2i2`Bb2 : mbBM; ᅽ - �M/ /Bz2`2MiB�i2 mbBM; i?2 +?�BM `mH2- r?B+? ;Bp2b

ԓӼԓᅽ � Ӽ֕ ԓԩԓᅽ � Ӽ֏ ԓԣԓᅽ � UjX8V

1[m�iBQMb UjX9V �M/ UjX8V ;Bp2 mb i?2 bvbi2K Q7 P.1b #2HQr- r?B+? r2 +�M bQHp2
iQ Q#i�BM �M 2tT`2bbBQM 7Q` :X

ԓԣԓᅽ � � UjXeVԓԩԓᅽ � ᅷ	�  ԩ
 UjXdVԓӼԓᅽ � ᅶ	�  ԩ
Ӽ UjX3V

r?2`2 ᅽ Bb r?�i r2 mb2 iQ T�`�K2i2`Bb2 x �M/ iX "v b2iiBM; ԅЈ	�
 � �- �M/ #v i?2
r�v r2 /2}M2 i?2 +?�`�+i2`BbiB+ HBM2b r2 ;2i i?2 BMBiB�H +QM/BiBQMb ԩ � Ԣ- ԣ � �-Ӽ	Ԣ �
 � �- �i ᅽ � �X h?2 �#Qp2 2[m�iBQMb iQ;2i?2` rBi? i?2 BMBiB�H +QM/BiBQMb
;Bp2 mb i?2 #2HQr 2tT`2bbBQMb-

ԓӼԓԣ � ᅶ	�  ԩ
Ӽ �M/ UjXNV

ԩ � � � 	Ԣ  �
Ԕᇋ֏� UjXRyV

q2 bQHp2 7Q` : #v THm;;BM; UjXRyV BMiQ UjXNV �M/ BMi2;`�iBM; #v bB/2b-

௷ �ӼԓӼ � ௷ ᅶ	Ԣ  �
Ԕᇋ֏ԓԣ
HM Ӽ � ᅶ	Ԣ  �
	 �ᅷԔᇋ֏
 � Ԓ�

8y



lbBM; i?2 BMBiB�H +QM/BiBQMb- r2 }M/ +-

Ԓ � ᅶᅷ	Ԣ  �
 UjXRRV

r?B+? r2 bm#biBimi2 BM UjXRRV-

Ӽ � Ԕᆠᆡ 	φ֎
	φրᆡՙ
� UjXRkV

6BM�HHv- r2 M22/ iQ 2tT`2bb :Ux- iV BM i2`Kb Q7 x �M/ iX q2 `2�``�M;2 1[m�iBQM
UjXRyV �M/ THm; BMiQ UjXRkV iQ ;2i

	����
 ݂ Ԣ � 	ԩ  �
Ԕᇋ֏ � �
Ӽ	ԩ ԣ
 � Ԕᆠᆡ 	֕φ
	φրᆡՙ
� UjXRjV

1[m�iBQM UjXRjV Bb i?2 7mHH 2tT`2bbBQM Q7 i?2 TX;X7XX Ai +�M #2 b?QrM i?�i #v
/Bz2`2MiB�iBM; :Ux-iV F iBK2b rBi? `2bT2+i iQ x- r2 ;2i i?2 ;2M2`�HBb2/ 7Q`KmH�
#2HQr 7Q` /2`BpBM; i?2 T`Q#�#BHBiB2b �i iBK2 i-

ԅֆ	ԣ
 � �Ԛ� ᆉֆӼᆉԩֆ ઑ֕�Ј� UjXR9V

lbBM; 2[m�iBQM UjXRkV- Bi +�M #2 b?QrM i?�i

ᆉֆӼᆉԩֆ � গᅶᅷ	�  Ԕᇋ֏
ঘֆ Ԕ ᆠᆡ 	φրᆡՙ
� UjXR8V

"v bm#biBimiBM; 1[m�iBQM UjXR8V BMiQ UjXR9V- r2 ;2i

ԅֆ	ԣ
 � �Ԛ� গᅶᅷঘֆ 	�  Ԕᇋ֏
ֆԔ ᆠᆡ 	φրᆡՙ
 UjXReV
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r?B+? /2b+`B#2b i?2 iBK2 p�`vBM; _L� /Bbi`B#miBQMX q2 mb2 i?2 b�K2 T`Q+2/m`2
iQ Q#i�BM i?2 SJ6 7Q` i?2 b2+QM/ T?�b2 Q7 i?2 +2HH +v+H2- r?2`2 i?2 i`�Mb+`BTiBQM
`�i2 +?�M;2b 7`QK ᅶ iQ �ᅶX

jXRXk S`Q#�#BHBiv /Bbi`B#miBQM BM Ӽϵ- 7QHHQrBM; ӼφX

hQ /2`Bp2 i?2 _L� /Bbi`B#miBQM BM i?2 b2+QM/ T?�b2- r2 mb2 UjXjV �HQM;bB/2 i?2
`2H2p�Mi BMBiB�H +QM/BiBQMb- r?B+? r2 Q#i�BM 7`QK 1[m�iBQM UjXReVX aT2+B}+�HHv- #v
bQHpBM; UjXReV �i ԣ � ԣφ- r?2`2 ԣφ Bb i?2 /m`�iBQM Q7 i?2 }`bi T?�b2- r2 Q#i�BM i?2
BMBiB�H +QM/BiBQMb Q7 i?2 b2+QM/ T?�b2X �b bm+?- r2 Q#i�BM i?2 TX;X7X 7Q` i?2 b2+QM/
T?�b2-

Ӽ	ԩ ԣ
 � Ԕᆠᆡ 	֕φ
	ϵրᆡ	ՙՙȯ
րᆡՙ
� UjXRdV

6QHHQrBM; i?2 b�K2 bi2Tb �b #27Q`2- 1[m�iBQM UjXRdV BM im`M ;Bp2b i?2 SJ6 Q7
_L� MmK#2`b /m`BM; i?2 Ӽϵ T?�b2-

ԅֆ	ԣ
 � �Ԛ� গᅶᅷঘֆ 	�  Ԕᇋ	֏֏ȯ
  Ԕᇋ֏
ֆԔ ᆠᆡ 	ϵրᆡ	ՙՙȯ
րᆡՙ
 UjXR3V

jXRXj S`Q#�#BHBiv :2M2`�iBM; 6mM+iBQMb �i bi2�/v bi�i2

aQ 7�` r2 ?�p2 Q#i�BM2/ i?2 iBK2 p�`vBM; /Bbi`B#miBQMb Q7 _L� MmK#2`b /m`BM;
i?2 }`bi irQ T?�b2b Q7 i?2 +2HH +v+H2X h?2b2 /Bbi`B#miBQMb i?Qm;? /Q MQi `2~2+i i?2
bi2�/v bi�i2 /Bbi`B#miBQMbX hQ Q#i�BM i?2 bi2�/v bi�i2 SJ6b- r2 `2T2�i i?2 �#Qp2
T`Q+2bb 7Q` i?2 �։տ +2HH +v+H2- #v bQHpBM; 1[m�iBQM UjXkV �b b?QrM BM a2+iBQM jXRXR-
i?Qm;? i?Bb iBK2 mbBM; BMBiB�H +QM/BiBQMb Q#i�BM2/ #v bQHpBM; 1[m�iBQM UjXR3V �iԣ � ԣφ � ԣϵ- r?2`2 ԣϵ Bb /2}M2/ �b i?2 /m`�iBQM Q7 i?2 b2+QM/ T?�b2X h?Bb r�v
r2 Q#i�BM i?2 SJ6b 7Q` i?2 �֍տ +2HH +v+H2- i?2M i?2 �֏փ- �M/ bQ QMX h?2 `2bmHiBM;
b2[m2M+2 Bb +�Tim`2/ #v i?2 +HQb2/ 7Q`Kb
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Ӽφ	ԩ ԣ
 � Ԕᆠᆡ րᆡՙ	֕φ
ॕրᆡՙφ�௴ՒՓ�ȯ րՓᆡ	ՙȯ�ՙɞ
௴ՒՓ�ȯ րᆡ	Փՙȯ�	Փȯ
ՙɞ
ॖ 7Q` T?�b2 R- UjXRNV

Ӽϵ	ԩ ԣ
 � Ԕᆠᆡ րᆡՙ	֕φ
५ϵրᆡՙφ�௴ՒȯՓ�ȯ րՓᆡ	ՙȯ�ՙɞ
௴ՒՓ�ȯ րᆡ	Փՙȯ�	Փȯ
ՙɞ
६ 7Q` T?�b2 k-
UjXkyV

r?2`2 K `2T`2b2Mib i?2 MmK#2` Q7 +2HH +v+H2bX �b Ԝ ݂ �- 1[m�iBQMb UjXRNV �M/
UjXkyV +QMp2`;2 iQ i?2 bi2�/v bi�i2 7mM+iBQMb

Ӽφ	ԩ ԣ
 � Ԕᆠᆡ 	֕φ
ঁφ�րᆡ	ՙՙȯ
 ȯՊՙɞᆡȯՊ	ՙȯ�ՙɞ
ᆡ ং �M/ UjXkRV

Ӽϵ	ԩ ԣ
 � Ԕᆠᆡ 	֕φ
ঁϵրᆡ	ՙ	ՙȯ�ՙɞ

 ȯՊՙȯᆡȯՊ	ՙȯ�ՙɞ
ᆡ ং� UjXkkV

h?2 TX;X7X 1[m�iBQMb UjXkRV �M/ UjXkkV �`2 mb2/ iQ /2`Bp2 i?2 2[mBp�H2Mi T`Q#�#BHBiv
K�bb 7mM+iBQMb-

ԅֆӴφ	ԣ
 � �Ԛ� গᅶᅷঘֆ 	Ԕᇋ	֏֏ȯ
 �  Ԕᇋ֏ɞ�  Ԕᇋ	֏ȯ�֏ɞ
 � �
ֆԔ ᆠᆡ 	րᆡ	ՙՙȯ
 ȯՊᆡՙɞȯՊᆡ	ՙȯ�ՙɞ
 �φ
 UjXkjV

ԅֆӴϵ	ԣ
 � �Ԛ� গᅶᅷঘֆ 	�  Ԕᇋ	֏֏ȯ֏ɞ
 �  Ԕᇋ֏ȯ�  Ԕᇋ	֏ȯ�֏ɞ
 
ֆԔ ᆠᆡ 	ϵրᆡ	ՙՙȯՙɞ
 ȯՊᆡՙȯȯՊᆡ	ՙȯ�ՙɞ
 

UjXk9V

r?B+? K�i+? r2HH rBi? bBKmH�iBQMb Ub22 6B;m`2 jXRVX Ai Bb rQ`i? MQiBM; ?Qr2p2`
i?�i r?BH2 i?2 /m`�iBQMb ԣφ �M/ ԣϵ Q7 T?�b2b :R �M/ :k `2bT2+iBp2Hv �`2 KQ/2HH2/
�b +QMbi�Mib ?2`2- i?Bb Bb � bBKTHB}+�iBQM mb2/ iQ +QKTmi2 i?2 +HQb2/ 7Q`Kb Q7 i?2
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SJ6bX AM `2�HBiv- i?2 /m`�iBQMb Q7 �HH 2mF�`vQiB+ +2HH +v+H2 T?�b2b �`2 FMQrM iQ
#2 p�`B�#H2 U*?�`pBM 2i �HX- kyy3- "`QQFb 2i �HX URN3yVV- �M/ BM+Q`TQ`�iBQM Q7 i?Bb
bQm`+2 Q7 p�`B�#BHBiv BMiQ i?2 KQ/2H b?QmH/ #2 +QMbB/2`2/ BM i?2 7mim`2- �b mb2/
#v aQHi�MB 2i �HX UkyReV 7Q` +�H+mH�iBM; i?2 }`bi irQ KQK2Mib Q7 i?2 T`Q#�#BHBiv
7mM+iBQMbX
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6B;m`2 jXR, ai2�/v bi�i2 K_L� /Bbi`B#miBQM �i 2M/ Q7 :RX >BbiQ;`�K
`2T`2b2Mib Ry-yyy :BHH2bTB2 bBKmH�iBQMb `�M rBi? �`#Bi`�`v T�`�K2i2`bX .Qib
`2T`2b2Mi i?2 bQHmiBQM Q7 i?2 SJ6 7`QK 1[m�iBQM UjXkjV mbBM; i?2 b�K2
T�`�K2i2`bX

jXk S?�b2 BMi2;`�iBQM

1[m�iBQMb UjXkjV �M/ UjXk9V /2b+`B#2 i?2 iBK2@/2T2M/2Mi _L� /Bbi`B#miBQMb
rBi?BM � bvM+?`QMBb2/ TQTmH�iBQM Q7 +2HHb rBi? `2bT2+i iQ i?2 +2HH +v+H2X >Qr2p2`-
bvM+?`QMBb�iBQM �+?B2p2/ 2Bi?2` #v +?2KB+�H +2HH +v+H2 BM?B#BiBQM- Q` BM bBHB+Q
bvM+?`QMBb�iBQM #�b2/ QM +2HH +v+H2 `2TQ`i2`b- �`2 MQi T2`72+iX AM Q`/2` iQ +QKT�`2
i?2 �#Qp2 SJ6b iQ i?2 2tT2`BK2Mi�H /�i�- r2 i?mb M22/ iQ +QMbB/2` i?2 `2bQHmiBQM
HBKBi Q7 i?2 +2HH +v+H2 BM i?2 bvM+?`QMBb2/ +2HHbX �b r2 rBHH b22 BM *?�Ti2` 9- BM
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i?2 +�b2 Q7 BM bBHB+Q bvM+?`QMBb�iBQM- i?Bb HBKBi /2T2M/b QM i?2 BM7Q`K�iBQM i?�i
+�M #2 Q#i�BM2/ 7`QK i?2 �p�BH�#H2 +2HH +v+H2 `2TQ`i2`bX AM i?2 bBKTH2bi +�b2- �
.L� bi�BM bm+? �b >Q2+?bi +�M #2 mb2/ iQ /Bz2`2MiB�i2 #2ir22M :R- a �M/ :k
T?�b2bX

hQ +QKT�`2 rBi? TQTmH�iBQM /�i� `2bQHp2/ BM i?2b2 T?�b2b r2 `2[mB`2 i?2 SJ6 7Q`
/Bbi`B#miBQMb Qp2` i?2 r?QH2 Q7 2�+? T?�b2- r?B+? r2 Q#i�BM #v BMi2;`�iBM; Qp2`
2�+? T?�b2Ƕb iBK2@bT�MX hQ ;2i i?2 SJ6 Qp2` i?2 r?QH2 :R T?�b2- r2 BMi2;`�i2
1[m�iBQM UjXkjV 7`QK x2`Q iQ ԣφ- r?2`2 x2`Q Bb /2}M2/ �b i?2 bi�`i Q7 i?2 Ӽφ T?�b2
�i bi2�/v bi�i2- �M/ ԣφ i?2 2M/X �Hi2`M�iBp2Hv- r2 +�M BMi2;`�i2 i?2 TX;X7X UjXRNV
Qp2` i?2 b�K2 iBK2 bT�M-

Ӽφ	ԩ ԣ
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 	ԩ  �
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ी ᅷ  Ԕ֏ȯᇋ 	�  Ԕᇋ֏ɞ
 	ԩ  �
ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷ ম 
UjXk8V

�M/ i?2M /2`Bp2 i?2 SJ6 �b #27Q`2-

ԅφՐ � �ᅷԚ�ԣφ ৃԔ ᆠᆡ গᅶᅷঘֆ စ ভ� 	�  Ԕᇋ֏ɞ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷ Ԕᇋ֏ȯ 	�  Ԕᇋ֏ɞ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷম �ֆφం։�Ј গᅶᅷঘֆ	։�φ
 စ ভ� � ԝ ᅶᅷ � 	�  Ԕᇋ֏ɞ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷ ᅶᅷ � Ԕᇋ֏ȯ 	�  Ԕᇋ֏ɞ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷমৄ 
UjXkeV

r?2`2- �b #27Q`2- Ԛ Bb i?2 MmK#2` Q7 _L� KQH2+mH2bX h?2 b�K2 �TT`Q�+? +�M #2
2KTHQv2/ iQ /2`Bp2 i?2 _L� MmK#2` SJ6 /m`BM; i?2 Ӽϵ T?�b2X "v BMi2;`�iBM;
i?2 TX;X7X UjXkyV Qp2` i?2 ԣφ iQ ԣφ � ԣϵ iBK2 bT�M- r2 +�M /2`Bp2 i?2 SJ6 7Q` i?2
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:k T?�b2

ԅϵՐ � �ᅷԚ�ԣϵ ৃԔ ɞᆠᆡ গ�ᅶᅷ ঘֆ စ ভ�  	�  Ԕᇋ֏ȯ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷ Ԕᇋ֏ɞ 	�  Ԕᇋ֏ȯ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷম �ֆφం։�Ј গ�ᅶᅷ ঘֆ	։�φ
 စ ভ� � ԝ �ᅶᅷ  	�  Ԕᇋ֏ȯ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷ �ᅶᅷ  Ԕᇋ֏ɞ 	�  Ԕᇋ֏ȯ
 ᅶि�  Ԕᇋ	֏ȯ�֏ɞ
ी ᅷমৄ �
UjXkdV

"Qi? bi2�/v bi�i2 SJ6b +QKT�`2 r2HH iQ bBKmH�iBQMb Ub22 6B;m`2 jXkV- MQiBM;
?Qr2p2` i?�i i?2 BMi2;`�iBQM �M/ `2bT2+iBp2 bBKmH�iBQMb `2~2+i i?2 TQTmH�`
ǵKQi?2` K�+?BM2Ƕ 2tT2`BK2Mi�H b2iiBM; Uq�M; 2i �HX- kyRyV- �M/ i?mb +�MMQi #2
/B`2+iHv +QKT�`2/ iQ bM�Tb?Qi@ivT2 /�i� bm+? �b i?�i �+[mB`2/ #v ~Qr +viQK2i`v-
/m2 iQ i?2 MQM@mMB7Q`K /Bbi`B#miBQM Q7 +2HHb i?`Qm;?Qmi 2�+? T?�b2 +�mb2/ #v i?2
+QMiBMmQmb BM~mt Q7 M2r#Q`M +2HHb �i i?2 bi�`i Q7 i?2 +2HH +v+H2X h?2b2 2[m�iBQMb
b?QmH/ i?2`27Q`2 #2 �/Dmbi2/ �++Q`/BM;Hv #27Q`2 +QKT�`BM; iQ i?2 /�i�X

jXj *2HH /BpBbBQM

*2HH /BpBbBQM ?�b #22M b?QrM 2tT2`BK2Mi�HHv iQ H2�/ iQ � `�M/QK T�`iBiBQMBM;
Q7 _L� KQH2+mH2b- BM � #BMQKB�H 7�b?BQM bBKBH�` iQ :QH/BM; 2i �HX Ukyy8VX >m?
�M/ S�mHbbQM UkyRR�V /2KQMbi`�i2/ K�i?2K�iB+�HHv i?�i `�M/QK T�`iBiBQMBM; Q7
KQH2+mH2b �i /BpBbBQM +�M 2tTH�BM i?2 Q#b2`p2/ _L� p�`B�iBQM BM � TQTmH�iBQM
Q7 +2HHb Dmbi �b r2HH �b #m`biv i`�Mb+`BTiBQM /vM�KB+b +�MX >2`2- r2 i�F2 BMiQ
�++QmMi i?2 2z2+i Q7 +2HH /BpBbBQM #v �/�TiBM; Qm` KQ/2H �++Q`/BM;HvX aT2+B}+�HHv-
BM � bBKBH�` r�v iQ a2+iBQM jXRXk- r2 mb2 i?2 SJ6 bQHmiBQM �i i?2 2M/ Q7 i?2 +2HH
+v+H2 iQ Q#i�BM i?2 BMBiB�H +QM/BiBQMb 7Q` bQHpBM; i?2 M2ti +2HH +v+H2- i?Qm;? BM
i?Bb +�b2 r2 �// �MQi?2` bi2T- r?2`2#v r2 i�F2 i?2 #BMQKB�H /Bbi`B#miBQM Q7 i?2
BMBiB�H +QM/BiBQMbX h?Bb Bb b?QrM mbBM; � :BHH2bTB2 bBKmH�iBQM BM 6B;m`2 jXjX h?2
/2`Bp�iBQM Q7 i?2 `2bmHiBM; SJ6 Bb QmiHBM2/ #2HQrX
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6B;m`2 jXk, AMi2;`�i2/ :R �M/ :k T?�b2 K_L� /Bbi`B#miBQMbX >BbiQ;`�Kb
`2T`2b2Mi Ry-yyy :BHH2bTB2 bBKmH�iBQMb `�M rBi? �`#Bi`�`v T�`�K2i2`bX .Qib
`2T`2b2Mi i?2 bQHmiBQMb Q7 i?2 SJ6b 7`QK 1[m�iBQMb UjXkeV �M/ UjXkdV- mbBM; i?2
b�K2 T�`�K2i2`bX "Hm2 BM/B+�i2b i?2 :R T?�b2- `2/ i?2 :kX

jXjXR S`Q#�#BHBiv /Bbi`B#miBQM BM Ӽφ- 7QHHQrBM; /BpBbBQM

G2i ԧφ #2 i?2 _L� MmK#2` `B;?i #27Q`2 /BpBbBQM �M/ ԧϵ #2 i?2 _L� MmK#2` `B;?i
�7i2` /BpBbBQMX ԧϵ Bb ;Bp2M #v � #BMQKB�H ӷ	ԧφ ԟ
- r?2`2 T Bb i?2 `�iBQ Q7 i?2 bBx2 Q7
i?2 /�m;?i2` +2HH BM [m2biBQM Qp2` i?�i Q7 i?2 KQi?2` +2HH- �bbmKBM; ?QKQ;2M2Qmb
/Bbi`B#miBQM Q7 i`�Mb+`BTib BM i?2 +viQTH�bKX

h?2M

ԅ 	ԍϵ � ԧϵ
 � �ం֓ȯ�Ј ԅ 	ԍφ � ԧφ ԍϵ � ԧϵ

� �ం֓ȯ�Ј ԅ 	ԍϵ � ԧϵ]ԍφ � ԧφ
 ԅ 	ԍφ � ԧφ
 � UjXk3V

hQ ;2i i?2 TX;X7X- r2 i`�Mb7Q`K #Qi? bB/2b-
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6B;m`2 jXj, :BHH2bTB2 bBKmH�iBQM Q7 /BpB/BM; +2HH +v+H2 KQ/2HX R-yyy :BHH2bTB2
bBKmH�iBQMb `�M rBi? �`#Bi`�`v T�`�K2i2`b #�b2/ QM /BpB/BM; k@T?�b2 +2HH +v+H2
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UjXkNV

h?2 ԧϵ bmK QM i?2 _>a Bb i?2 TX;X7X 7Q` i?2 #BMQKB�H /Bbi`B#miBQM ӷ	ԧφ ԟ
X h?mb
i?2 �#Qp2 2[m�iBQM #2+QK2b

Ӽ֓ɞ	ԩ
 � �ం֓ȯ�Ј ԅ 	ԍφ � ԧφ
 		�  ԟ
 � ԟԩ
֓ȯ UjXjyV

r?B+? Bb i?2 TX;X7X Q7 ԅ 	ԍφ � ԧφ V rBi? T�`�K2i2` UUR @ TV Y T xV- Q` BM Qi?2`
rQ`/b-

Ӽ֓ɞ	ԩ
 � Ӽ֓ȯ	Ԧ
 7Q` Ԧ � ԟ	ԩ  �
 � � UjXjRV

r?2`2 Ӽ֓ȯ +Q``2bTQM/b iQ i?2 _L� /Bbi`B#miBQM �i i?2 2M/ Q7 i?2 }`bi Ӽϵ T?�b2-
r?B+? r2 +�H+mH�i2/ BM i?2 }`bi b2+iBQM- b22 1[m�iBQM UjXRdVX h?mb

Ӽ֓ȯ	ԩ
 � Ӽϵ	ԩ ԣ
 � Ԕᆠᆡ 	֕φ
	ϵրᆡ	ՙՙȯ
րᆡՙ
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>2M+2- 2[m�iBQM UjXjRV #2+QK2b
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aBKBH�` iQ a2+iBQM jXRXR- 1[m�iBQM UjXjjV +�M MQr #2 mb2/ iQ }M/ i?2 BMBiB�H
+QM/BiBQMb 7Q` +�H+mH�iBM; i?2 TX;X7X Q7 i?2 }`bi Ӽφ T?�b2 �7i2` i?2 }`bi /BpBbBQMX
h?2 `2bmHiBM; 7mM+iBQM Bb b?QrM #2HQr-

Ӽφ � Ԕᆠᆡ 	֕φ
५րᆡिՙिՙȯ�ՙɞीी	ϵφ
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h?2M i?2 SJ6 Q7 _L� MmK#2`b /m`BM; i?2 }`bi Ӽφ T?�b2 �7i2` +2HH /BpBbBQM- Bb
;Bp2M #v
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jXjXk S`Q#�#BHBiv /Bbi`B#miBQM BM Ӽϵ- 7QHHQrBM; Ӽφ �7i2`

/BpBbBQM

1[m�iBQM UjXj9V +�M #2 mb2/ iQ +�H+mH�i2 i?2 SJ6 BM i?2 M2ti T?�b2X �b b?QrM
#27Q`2- r2 mb2 i?2 +QM/BiBQMb �i i?2 2M/ Q7 i?2 }`bi T?�b2 iQ +�H+mH�i2 i?2 BMBiB�H
+QM/BiBQMb 7Q` i?2 b2+QM/ T?�b2X h?Bb ;Bp2b mb

Ӽϵ � Ԕᆠᆡ 	֕φ
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r2HHX

jXjXj *2HH /BpBbBQM KQ/2H @ bi2�/v bi�i2 SJ6b

6QHHQrBM; i?2 T`Q+2/m`2 /2b+`B#2/ 7Q` i?2 MQM@/BpB/BM; KQ/2H- i?2 iBK2 p�`vBM;
bQHmiBQM 7Q` i?2 _L� /Bbi`B#miBQMb Q7 i?2 /BpBbBQM KQ/2H �i bi2�/v bi�i2 +�M #2
b?QrM iQ #2
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7Q` :k- MQiBM; i?�i ?2`2 r2 bBKTHB7v #v �bbmKBM; +2HH /BpBbBQM iQ #2 T2`72+i- �M/
i?mb b2i i?2 #BMQKB�H +Q2{+B2Mi T iQ yX8X q2 i?mb ?�p2 i?2 iBK2 p�`vBM; bQHmiBQM
7Q` � KQ/2H BM+Hm/BM; ;2M2 /Qb�;2 2z2+ib �M/ +2HH /BpBbBQMX h?2b2 `2bmHib K�i+?
r2HH r?2M +QKT�`2/ iQ bBKmH�i2/ /�i�- b22 6B;m`2 jX9X
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6B;m`2 jX9, .BpB/BM; +2HH +v+H2 KQ/2H K_L� /Bbi`B#miBQMX >BbiQ;`�Kb
`2T`2b2Mi Ry-yyy :BHH2bTB2 bBKmH�iBQMb `�M rBi? �`#Bi`�`v T�`�K2i2`bX .Qib
`2T`2b2Mi i?2 bQHmiBQMb Q7 i?2 SJ6b 7`QK 1[m�iBQMb UjXj3V �M/ UjXjNV- mbBM; i?2
b�K2 T�`�K2i2`bX

jXjX9 *2HH +v+H2 2z2+ib QM _L� MmK#2` K2�M �M/ p�`B�M+2

�i i?Bb TQBMi r2 +�M �H`2�/v �bF [m2biBQMb �#Qmi ?Qr i?2 bvbi2K #2?�p2b mM/2`
/Bz2`2Mi T�`�K2i2` `2;BK2bX 6Q` BMbi�M+2- ?Qr �`2 i?2 K2�M �M/ p�`B�M+2 Q7 _L�
KQH2+mH2 MmK#2`b �z2+i2/ #v +?�M;2b BM +2HH +v+H2 T2`BQ/\ h?2 +2HH +v+H2 +�M p�`v
BM H2M;i? /2T2M/BM; QM +mHim`2 +QM/BiBQMb- #mi �HbQ biQ+?�biB+�HHv- /2T2M/BM; QM
i?2 MmK#2` Q7 +v+H2@`2H�i2/ T`Qi2BMb BM?2`Bi2/ #v M2r#Q`M +2HHb U.QrHBM; 2i �HX-
kyR9VX .2T2M/BM; QM i?2 _L� im`MQp2` `�i2- i?Bb +�M ?�p2 �z2+i QM i?2 `2bmHiBM;
/Bbi`B#miBQMb- 2bT2+B�HHv 7Q` HQM;2` HBpBM; _L� bT2+B2bX 6m`i?2`KQ`2- r2 K�v �bF
r?�i i?2 2z2+ib Q7 p�`B�iBQM BM i?2 `2H�iBp2 /m`�iBQM Q7 i?2 irQ T?�b2b �`2\ h?Bb
Bb `2H2p�Mi �b i?2 `2THB+�iBQM iBKBM; p�`B2b #2ir22M ;2M2b- b22 ǵ2�`HvǶ �M/ ǵH�i2Ƕ
`2THB+�iBM; ;2M2b UoQB+?2F 2i �HX- kyRe�V- r?B+? +QmH/ `2bmHi BM /QrMbi`2�K 2z2+ib
QM _L� /Bbi`B#miBQMbX

hQ Q#i�BM i?2 K2�M �M/ p�`B�M+2- r2 mb2 i?2 TX;X7Xb 7Q` i?2 SJ6b UjXj3V �M/ UjXjNV-
BMi2;`�i2/ Qp2` i?2B` `2bT2+iBp2 iBK2 /m`�iBQMX aT2+B}+�HHv- Bi +�M #2 b?QrM i?�i
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Ai b?QmH/ #2 MQi2/ i?�i ?2`2 i?2 2tT2+i�iBQM �M/ p�`B�M+2 �`2 i?2 b�K2X h?2
/Bbi`B#miBQM Bb i?mb SQBbbQMB�M BM bTBi2 Q7 i?2 +?�M;2b r2 ?�p2 K�/2X AM i?2 b�K2
r�v r2 ;2i i?2 `2bmHib 7Q` i?2 b2+QM/ T?�b2-

Ӻըɞ	ԍ
 � o�`ըɞ	ԍ
 � ᅶᅷ ५ ϵրᆡՙȯφϵրᆡ	ՙȯ�ՙɞ
φ � �ᅷԣϵ  �६ᅷԣϵ �
h?2 K2�M Qp2` i?2 r?QH2 +2HH +v+H2- Ӻվվ- Bb Q#i�BM2/ #v i�FBM; i?2 r2B;?i2/ �p2`�;2
Qp2` i?2 irQ 2tT2+i�iBQMb- r?2`2 i?2 r2B;?i Bb T`QTQ`iBQM�H iQ i?2 7`�+iBQM Q7 i?2
+2HH +v+H2 bT2Mi BM 2�+? Q7 i?2 irQ T?�b2b-

Ӻվվ	ԍ
 � Ӻըȯ	ԍ
ԣφ � Ӻըɞ	ԍ
ԣϵԣφ � ԣϵ �
AM 6B;m`2 jX8- r2 HQQF �i ?Qr Ӻվվ +?�M;2b r?2M r2 p�`v i?2 +2HH +v+H2 /m`�iBQM
H2M;i?- �b r2HH �b i?2 `2H�iBp2 /m`�iBQMb Q7 i?2 irQ T?�b2bX q2 7m`i?2` HQQF �i ?Qr
i?2b2 2z2+ib �`2 BM~m2M+2/ #v _L� bi�#BHBivX AM Q`/2` iQ K�F2 i?2 +QKT�`BbQM
7�B`- r2 �/Dmbi i?2 i`�Mb+`BTiBQM `�i2 7Q` 2�+? p�Hm2 Q7 _L� bi�#BHBiv BM Q`/2` iQ
F22T i?2 Qp2`�HH K2�M +QMbi�MiX 6Q` � `�M;2 Q7 _L� ?�H7 HB72 p�Hm2b- +?�M;2b BM
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6B;m`2 jX8, *2HH +v+H2 2z2+i QM K2�M _L� MmK#2` 7Q` /Bz2`2Mi _L�
im`MQp2` `�i2bX _L� ?�H~Bp2b U?Qm`bV H�#2HH2/ BM #H�+FX t@�tBb `272`b iQ i?2 ;2M2
`2THB+�iBQM iBKBM; rBi? `2bT2+i iQ i?2 /m`�iBQM Q7 i?2 +2HH +v+H2 T2`BQ/- v@�tBb `272`b
iQ i?2 /m`�iBQM Q7 i?2 +2HH +v+H2 T2`BQ/X

q2 Q#b2`p2 i?�i b?Q`i2` ?�H7 HBp2b �`2 ;2M2`�HHv KQ`2 `2bBHB2Mi iQ +2HH +v+H2 2z2+ib
i?�M HQM;2` QM2b U+QKT�`2 kyX3 ?Qm`b rBi? eXN ?Qm`b BM 6B;m`2 jX8VX PM i?2 Qi?2`
?�M/- BM Q`/2` iQ �+?B2p2 i?2 b�K2 H2p2H Q7 _L� i?2 i`�Mb+`BTiBQM `�i2 M22/b iQ
#2 BM+`2�b2/X h?Bb +�M #2 b?QrM BM 6B;m`2 jXd- r?2`2 i?2 `2H�iBQMb?BT #2ir22M
i?2 bi`2M;i? Q7 i?2 +2HH +v+H2 2z2+ib UK2�bm`2/ �b i?2 +Q2{+B2Mi Q7 p�`B�iBQM Q7
K2�Mb rBi?BM 2�+? T�M2HV �M/ i?2 _L� bvMi?2bBb `�i2 `2[mB`2/ iQ F22T i?2 K2�M
_L� H2p2H +QMbi�Mi +�M #2 b22MX

jX9 JmHiB@T?�b2 KQ/2H

aQ 7�` r2 ?�p2 KQ/2H2/ i?2 +2HH +v+H2 BM irQ T?�b2b- /2}M2/ #v i?2 ;2M2
+QTv MmK#2` #27Q`2 �M/ �7i2` .L� `2THB+�iBQM Q7 i?2 ;2M2 HQ+mb Q7 BMi2`2biX
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6B;m`2 jXd, h`�Mb+`BTiBQM `�i2 pb +2HH +v+H2 2z2+ib 7Q` /Bz2`2Mi _L�
im`MQp2` `�i2bX "H�+F /Qib BM/B+�i2 i?2 BM+`2�b2 BM p�`B�#BHBiv /m2 iQ +2HH
+v+H2 2z2+ib b22M BM _L� bT2+B2b rBi? HQM;2` ?�H7@HBp2bX _2/ /Qib BM/B+�i2 i?2
`2+BT`Q+�H bvMi?2bBb `�i2 `2[mB`2/ iQ K�BMi�BM i?2 b�K2 K2�M _L� MmK#2`b
#2ir22M /Bz2`2Mi p�Hm2b Q7 ?�H7@HBp2bX
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6m`i?2`KQ`2- r2 ?�p2 K�/2 i?2 bBKTHB7vBM; �bbmKTiBQM i?�i +?�M;2b BM i?2 `�i2
Q7 _L� bvMi?2bBb /m`BM; i?2 +2HH +v+H2 �`2 /2T2M/2Mi bQH2Hv QM i?2 +QTv MmK#2`
Q7 i?2 ;2M2- `2bmHiBM; BM � T2`BQ/B+ /Qm#HBM; Q7 i?2 `�i2X 6BM�HHv- r2 ?�p2 �bbmK2/
i?�i i?2 /2;`�/�iBQM `�i2 `2K�BMb +QMbi�Mi i?`Qm;?Qmi i?2 +2HH +v+H2X AM `2�HBiv-
i?2 +2HH +v+H2 Bb � +QKTH2t b2[m2M+2 Q7 2p2Mib- /m`BM; r?B+? i?2 `�i2b Q7 _L�
bvMi?2bBb �M/ /2;`�/�iBQM +�M +?�M;2 7Q` p�`BQmb `2�bQMb- bm+? �b +?�M;2b BM i?2
+QM+2Mi`�iBQM Q7 i?2 i`�Mb+`BTiBQM �M/ /2;`�/�iBQM K�+?BM2`v- Q` p�`B�iBQMb BM
i?2 bi�i2 Q7 +?`QK�iBMX

hQ �++QmMi 7Q` i?2b2 +?�M;2b- ?2`2 r2 2ti2M/ i?2 /BpB/BM; +2HH KQ/2H 7`QK irQ
iQ i?`22 +2HH@+v+H2 T?�b2b- BM �++Q`/�M+2 rBi? i?2 2�bBHv `2bQHp�#H2 2tT2`BK2Mi�HHv
:R- a �M/ :kfJ T?�b2b- �M/ }M/ i?2 bi2�/v bi�i2 2[m�iBQMb 7Q` 2�+? BM i?2 b�K2
r�v �b r2 /B/ BM a2+iBQM jXRXjX AM �//BiBQM- r2 H2i i?2 `�i2 Q7 i`�Mb+`BTiBQM �M/
/2;`�/�iBQM +QMbi�Mib- ᅶ �M/ ᅷ- p�`v mM+QMbi`�BM2/ /m`BM; i?2 +2HH +v+H2X q2
i?mb 2M/ mT rBi? � /Bz2`2Mi b2i Q7 `�i2b 7Q` 2�+? T?�b2X �b #27Q`2- r2 K�F2 i?2
bBKTHB7vBM; �bbmKTiBQM i?�i +2HH /BpBbBQM `2bmHib BM 2[m�HHv bBx2/ /�m;?i2` +2HHb-
BM Qi?2` rQ`/b b2i i?2 _L� #BMQKB�H T�`iBiBQMBM; T`Q#�#BHBiv iQ ԟ � ���X h?Bb
`2bmHib BM i?2 #2HQr b2i Q7 2[m�iBQMb- /2b+`B#BM; i?2 /Bbi`B#miBQM Q7 _L� KQH2+mH2b
BM 2�+? +2HH +v+H2 T?�b2,
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1[m�iBQMb UjX9yV- UjX9RV �M/ UjX9kV +�M #2 ;2M2`�HBb2/ iQ �M �`#Bi`�`v MmK#2` Q7
T?�b2b- �M/ i?Bb rBHH #2 i?2 7Q+mb Q7 7mim`2 T`Q;`2bbX

jX8 *2HH ;`Qri?

6BM�HHv- r2 BM+Q`TQ`�i2 +2HH@+v+H2 `2H�i2/ +2HH@;`Qri? BMiQ i?2 KQ/2HX �b i?2
i`�Mb+`BTiBQM `�i2 /2T2M/b QM i?2 BMi`�+2HHmH�` +QM+2Mi`�iBQM Q7 KQH2+mH2b bm+? �b
_L� TQHvK2`�b2 AA- `B#QMm+H2QiB/2b �M/ i?2 .L� i2KTH�i2 Bib2H7- r2 rQmH/ 2tT2+i
i?�i �M BM+`2�b2 BM +2HH pQHmK2- r?B+? +�M #2 /m2 iQ 2Bi?2` BMi`BMbB+ bBx2 p�`B�iBQM
Q` +2HH ;`Qri?- rQmH/ H2�/ iQ � /2+`2�b2 BM i?2 biQ+?�biB+ `�i2b Q7 i`�Mb+`BTiBQM-
�b i?2 KQH2+mH2b rBHH 2z2+iBp2Hv #2+QK2 /BHmi2/X � bBKBH�` 2z2+i +QmH/ #2 b22M
rBi? `2;�`/b iQ i?2 /2;`�/�iBQM K�+?BM2`v- i?mb �z2+iBM; _L� im`MQp2` `�i2bX
Ai ?�b #22M b?QrM i?�i _L� +QM+2Mi`�iBQM ?QK2Qbi�bBb Bb �+iBp2Hv K�BMi�BM2/
BM K�KK�HB�M +2HHb Q7 p�`vBM; bBx2b- i?Qm;? i?2 mM/2`HvBM; K2+?�MBbKb �`2 MQi
mM/2`biQQ/ UE2KT2 2i �HX- kyR8- S�/Qp�M@J2`?�` 2i �HX UkyR8VVX

>2`2- r2 +QMbi`m+i � MmHH KQ/2H r?2`2#v +2HH bBx2 ?�b � /BKBMBb?BM; 2z2+i QM
i?2 �#Qp2 `�i2bX AM Q`/2` 7Q` +QM+2Mi`�iBQM ?QK2Qbi�bBb iQ #2 T`2b2`p2/- r2 i?mb
2tT2+i i?2 `�i2b iQ BM+`2�b2 bm{+B2MiHv /m`BM; i?2 +2HH +v+H2 BM Q`/2` iQ +QKT2Mb�i2
7Q` i?2 /BHmiBQM 2z2+ib +�mb2/ #v +2HH bBx2 BM+`2�b2bX q2 7m`i?2` �bbmK2- �b �
bi�`iBM; TQBMi- i?�i � TQTmH�iBQM Q7 +2HHb rBHH QM �p2`�;2 7QHHQr � HBM2�` ;`Qri?
i`�D2+iQ`v rBi? `2bT2+i iQ i?2 +2HH +v+H2 T2`BQ/X

q2 i?mb KQ/2H i?2 +2HH ;`Qri? �b ԥ	ԣ
 � ᅫԣ � ᅬ- r?2`2 ᅫ �M/ ᅬ �`2 i?2 ;`Qri?
`�i2 �M/ BMBiB�H +2HH pQHmK2 `2bT2+iBp2Hv- �M/ b+�H2 i?2 `�i2b ᅶ �M/ ᅷ �++Q`/BM;HvX
6QHHQrBM; i?2 b�K2 T`Q+2/m`2 mb2/ iQ Q#i�BM 1[m�iBQM UjXReV- r2 ;2i i?2 iBK2
/2T2M/2Mi _L� /Bbi`B#miBQM Q7 � ;`QrBM; +2HH- ?2`2 rBi?Qmi +QMbB/2`BM; .L�
/Qm#HBM; Q` +2HH /BpBbBQM

ԅֆ	ԣ
 � �Ԛ� গᅶᅷঘֆ ৃ�  গᅫԣᅬ � �ঘ ᆡᆕ ৄֆ Ԕ ᆠৃȯঁ ᆕᆖ̔ �ȯং ᆡᆕ ৄᆡ � UjX9jV
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h?2 `2bmHiBM; 2[m�iBQM r�b +QKT�`2/ iQ bBKmH�iBQMb �M/ 7QmM/ iQ �;`22 r2HH Ub22
6B;m`2 jX3X h?2 +2HH ;`Qri? KQ/2H M22/b iQ #2 2ti2M/2/ iQ BM+Hm/2 +?�M;2b BM
+2HH@+v+H2 T?�b2b �M/ +2HH@/BpBbBQM- �M/ i?Bb rBHH #2 i?2 7Q+mb Q7 7mim`2 T`Q;`2bbX

6B;m`2 jX3, *2HH bBx2 ;`Qri? KQ/2H K_L� /Bbi`B#miBQMX >BbiQ;`�K
`2T`2b2Mib Ry-yyy :BHH2bTB2 bBKmH�iBQMb `�M rBi? �`#Bi`�`v T�`�K2i2`bX .Qib �M/
HBM2b `2T`2b2Mi i?2 bQHmiBQM Q7 i?2 SJ6b 7`QK 1[m�iBQM UjX9jV- mbBM; i?2 b�K2
T�`�K2i2`bX

jXe .Bb+mbbBQM

�Hi?Qm;? i?2 �BK Q7 i?2 rQ`F BM i?Bb +?�Ti2` r�b iQ Q#i�BM � K�i?2K�iB+�H
7`�K2rQ`F 7Q` �M�HvbBM; 2tT2`BK2Mi�H /�i� rBi?- bQK2 T`2HBKBM�`v BMp2biB;�iBQMb
+QmH/ #2 K�/2 mbBM; i?2 /2`Bp2/ KQ/2HbX aT2+B}+�HHv- r2 HQQF2/ �i ?Qr T`QT2`iB2b
Q7 i?2 +2HH +v+H2 bm+? �b Qp2`�HH T2`BQ/ /m`�iBQM �M/ `2H�iBp2 /m`�iBQM Q7 i?2 +2HH
+v+H2 T?�b2b �z2+i _L� MmK#2`b- �M/ ?Qr p�`vBM; _L� bi�#BHBiv +?�M;2b i?2b2
2z2+ibX AMi2`2biBM;Hv- 7Q` i`�Mb+`BTib Q7 i?2 b�K2 �p2`�;2 �#mM/�M+2- � HQr2`
im`MQp2` Bb �bbQ+B�i2/ rBi? � ;`2�i2` bmb+2TiB#BHBiv iQ +2HH +v+H2 2z2+ib- r?BH2 i?2
QTTQbBi2 Bb i`m2 7Q` KQ`2 b?Q`i HBp2/ i`�Mb+`BTibX

h?Bb ?�b HBF2Hv iQ /Q rBi? i?2 7�+i i?�i i?2 MmK#2` Q7 i`�Mb+`BTi KQH2+mH2b
�bbQ+B�i2/ rBi? � ?B;?2` im`MQp2` `�i2 +�M KQ`2 `�TB/Hv #2 �/Dmbi2/ iQ +?�M;2b BM
`�i2b �bbQ+B�i2/ rBi? +2HH +v+H2 T`Q;`2bbBQMX h?2 QTTQbBi2 Bb i`m2 7Q` HQM;2` HBpBM;
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i`�Mb+`BTib- r?B+? `2bmHi BM i`�Mb+`BTi MmK#2`b 7`QK T`2pBQmb T?�b2b +�``vBM; Qp2`
iQ i?2 M2ti- i?mb bF2rBM; i?2 �p2`�;2 MmK#2`X h?Bb /2KQMbi`�i2b i?2 i`�/2@Qz
i?�i 2tBbib #2ir22M i?2 ?B;?2` `2bTQMbBp2M2bb �bbQ+B�i2/ rBi? BM+`2�b2/ _L�
im`MQp2` `�i2- �M/ i?2 +Qbi Q7 BM+`2�b2/ bvMi?2bBb `2[mB`2/ iQ K�BMi�BM � +QMbi�Mi
_L� H2p2HX

�Hi?Qm;? KQ/2Hb #�b2/ QM K�bb �+iBQM FBM2iB+b bm+? �b i?2 QM2b /2p2HQT2/
?2`2 +�M #2 BMbB;?i7mH �M/ ?�p2 #22M mb2/ 2ti2MbBp2Hv iQr�`/b mM/2`bi�M/BM;
;2M2 2tT`2bbBQM MQBb2- i?2 BKTHB+Bi �bbmKTiBQM K�/2 i?�i i?2 +2HH Bb � r2HH
KBt2/ +QKT�`iK2Mi Bb �`;m�#Hv �M Qp2`bBKTHB}+�iBQMX 6Q` 2t�KTH2- `�i?2` i?�M
Q++m``BM; ?QKQ;2M2QmbHv BM i?2 +2HH i`�Mb+`BTiBQM ?�b #22M b?QrM iQ Q++m` rBi?BM
bT2+B�HBb2/ HQ+�iBQMb BM i?2 Mm+H2mb i2`K2/ i`�Mb+`BTiBQM 7�+iQ`B2b- r?B+? ?�p2
`2+2MiHv #22M bm;;2bi2/ iQ 7Q`K /vM�KB+�HHv #v HB[mB/@HB[mB/ T?�b2 b2T�`�iBQM
Ub22 *`�K2` UkyRNV 7Q` � `2+2Mi `2pB2rVX h?2b2 bm# +QKT�`iK2Mib +�M BM+`2�b2
i?2 2z2+iBp2 +QM+2Mi`�iBQM Q7 i?2 i`�Mb+`BTiBQM�H K�+?BM2`v r?B+? rQmH/ �z2+i
i`�Mb+`BTiBQM MQBb2- ;QBM; �;�BMbi i?2 �bbmKTiBQM i?�i i`�Mb+`BTiBQM FBM2iB+b +�M
#2 2tTH�BM2/ #v "`QrMB�M KQiBQM �HQM2X Ai Bb i?2`27Q`2 BKTQ`i�Mi iQ +Q``Q#Q`�i2
�Mv BMbB;?ib K�/2 mbBM; KQ/2Hb bm+? �b i?2b2 T`2b2Mi2/ ?2`2 rBi? bBKmH�iBQMb
�M/ KQ/2Hb i?�i BM+Q`TQ`�i2 i?2 �#Qp2 �M/ Qi?2` 2z2+ib- bm+? �b KQH2+mH�`
+`Qr/BM; U:QHF�`�K 2i �HX- kyReV- �M/ i?Bb b?QmH/ #2 i?2 7Q+mb Q7 7mim`2 `2b2�`+?X

>2`2- r2 +?Qb2 iQ bT2+B}+�HHv B;MQ`2 ;2M2iB+ T`QKQi2` brBi+?BM; BM Q`/2` iQ
mM/2`bi�M/ r?2i?2` 2ti`BMbB+ 7�+iQ`b bm+? �b +?�M;2b BM ;2M2 /Qb�;2 �M/ +2HH
bBx2 /m`BM; i?2 +2HH +v+H2- �b r2HH �b T�`iBiBQMBM; Q7 KQH2+mH2b �i +2HH /BpBbBQM �`2
bm{+B2Mi BM /2b+`B#BM; i?2 bmT2`@TQBbbQMB�M /Bbi`B#miBQMb Q7 K_L� KQH2+mH2b
b22M BM TQTmH�iBQMb Q7 ;`QrBM; +2HHb- BM HBM2 rBi? `2+2Mi `2bmHib UA2ibr��`i 2i �HX-
kyRdc wQT7 2i �HX- kyRjc "�iiB+? 2i �HX- kyR8c EH2BM 2i �HX- kyR8VX Ai rQmH/ #2
mb27mH iQ b22 ?Qr r2HH i?2 T`2b2Mi2/ KQ/2H }ib iQ i?2 2tT2`BK2Mi�H K2�bm`2K2Mib-
+QKT�`2/ rBi? � KQ/2H i?�i BM+Q`TQ`�i2b T`QKQi2` brBi+?BM; �HQM;bB/2 +2HH +v+H2
2z2+ibX hQ /Q bQ- r2 +QmH/ 7QHHQr � bBKBH�` �TTQ�+? iQ i?2 QM2 /2b+`B#2/ BM i?Bb
+?�Ti2`X aT2+B}+�HHv- r2 +QmH/ bi�`i 7`QK i?2 #�bB+ 7Q`KmH�iBQM Q7 i?2 i2H2;`�T?
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KQ/2H �M/ T`Q+22/ #v BM+Q`TQ`�iBM; i?2 BM+`2�b2 BM ;2M2 /Qb�;2 7QHHQrBM; ;2M2
`2THB+�iBQMX h?Bb +QmH/ #2 �+?B2p2/ #v /Qm#HBM; i?2 7`2[m2M+v Q7 i`�Mb+`BTiBQM�H
#m`bib- BM Q`/2` iQ KQ/2H i?2 2tBbi2M+2 Q7 irB+2 i?2 bQm`+2 Q7 ;2M2 i2KTH�i2X
AM Q`/2` iQ KQ/2H i?2 BM+`2�b2 BM +2HH bBx2- 2Bi?2` #m`bi 7`2[m2M+v Q` #m`bi bBx2
+QmH/ #2 b+�H2/- �M/ i?2 KQbi �;`22�#H2 iQ i?2 /�i� KQ/2H +QmH/ #2 +?Qb2M- �b
/2b+`B#2/ BM UamM 2i �HX- kyRN#VX S�`iBiBQMBM; Q7 KQH2+mH2b �i /BpBbBQM +QmH/ #2
/QM2 BM i?2 b�K2 r�v �b ?2`2X �b i?2 `2bmHiBM; 7mM+iBQMb rQmH/ #2 ?�`/2` iQ
/2`Bp2 i?�M i?2 bBKTH2` SQBbbQM KQ/2H- Bi K�v #2 M2+2bb�`v iQ `2bQ`i iQ Q#i�BMBM;
Dmbi i?2 KQK2Mib Q7 i?2 SJ6b- `�i?2` i?�M i?2 7mHH �M�HviB+�H bQHmiBQMbX

hQ bmKK�`Bb2- r2 ?�p2 i?mb 7�` /2p2HQT2/ 7Qm` biQ+?�biB+ KQ/2Hb Q7 ;2M2
2tT`2bbBQM r?B+? BM+Hm/2 /Bz2`2Mi �bT2+ib Q7 +2HH ;`Qri?X h?2 }`bi KQ/2H-
/2b+`B#2/ BM a2+iBQM jXRXj- +QMbB/2`b i?2 2z2+ib Q7 i?2 +?�M;2 BM ;2M2 /Qb�;2
QM _L� i`�Mb+`BTiBQM- /m2 iQ .L� `2THB+�iBQMX h?2 b2+QM/ KQ/2H- /2b+`B#2/
BM a2+iBQM jXjXj 2ti2M/b i?2 }`bi #v 7m`i?2` BM+Hm/BM; i?2 `�M/QK T�`iBiBQMBM;
Q7 _L� KQH2+mH2b �i +2HH /BpBbBQMX "Qi? Q7 i?2b2 2z2+ib ?�p2 #22M b?QrM iQ
#2 BKTQ`i�Mi 2ti`BMbB+ bQm`+2b Q7 ;2M2 2tT`2bbBQM p�`B�iBQM- +�T�#H2 Q7 b?�TBM;
i?2 Q#b2`p2/ _L� /Bbi`B#miBQMb BM � TQTmH�iBQM Q7 �bvM+?`QMQmbHv ;`QrBM;
+2HHbX AM i?2 i?B`/ KQ/2H- /2b+`B#2/ BM a2+iBQM jX9- r2 7m`i?2` 2ti2M/2/ i?2
irQ@T?�b2 /BpBbBQM KQ/2H iQ i?`22 T?�b2b- �M/ �HHQr2/ i?2 `�i2b Q7 i`�Mb+`BTiBQM
�M/ /2;`�/�iBQM iQ p�`v BM 2�+? T?�b2- i?mb �++QmMiBM; 7Q` HBF2Hv T?�b2@bT2+B}+
+?�M;2b BM `�i2b Qp2`H�vBM; i?2 ;2M2 /Qb�;2 2z2+ibX �HH i?`22 KQ/2Hb r2`2 bQHp2/
�M�HviB+�HHv mbBM; T`Q#�#BHBiv ;2M2`�iBM; 7mM+iBQMb- �M/ i?2B` bi2�/v bi�i2b r2`2
/2`Bp2/X h?2b2 KQ/2Hb +�M i?mb #2 +QKT�`2/ rBi? bK6Aa> /�i�- �M/ mb2/ iQ
BM72` i?2 FBM2iB+b Q7 /Bz2`2Mi _L� bT2+B2bX h?Bb rBHH #2 i?2 bm#D2+i Q7 7mim`2
rQ`FX

� 7Qm`i? KQ/2H Bb +QMbB/2`2/ BM a2+iBQM jX8- BM+Q`TQ`�iBM; i?2 2z2+ib Q7 +2HH bBx2
BM+`2�b2 QM i`�Mb+`BTiBQM �M/ /2;`�/�iBQM `�i2b- �M/ i?2 iBK2 p�`vBM; bQHmiBQM
r�b 7QmM/ 7Q` i?2 }`bi T?�b2X h?Bb KQ/2H +�M #2 2ti2M/2/ iQ BM+Hm/2 KmHiBTH2 +2HH
+v+H2 T?�b2b �M/ _L� T�`iBiBQMBM; �i +2HH /BpBbBQM- �b BM i?2 T`2pBQmb i?`22 KQ/2Hb-
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�M/ i?�i rBHH #2 i?2 7Q+mb Q7 7mim`2 rQ`FX >Qr2p2`- i?2 BM+`2�b2 Q7 +2HH bBx2 /m`BM;
i?2 K�KK�HB�M +2HH +v+H2 Bb MQi r2HH mM/2`biQQ/- r?B+? Bb r?v Q#i�BMBM; KQ`2
2tT2`BK2Mi�H K2�bm`2K2Mib r�b T`BQ`BiBb2/ ?2`2- �b QTTQb2/ iQ 7m`i?2` /2p2HQTBM;
i?2 KQ/2HX AM *?�Ti2` 9- r2 HQQF BMiQ ?Qr bm+? K2�bm`2K2Mib +�M #2 Q#i�BM2/
7`QK �bvM+?`QMQmb TQTmH�iBQMb Q7 +2HHb- #v +QKTmi�iBQM�HHv �M�HvbBM; KmHiBTH2
+2HH +v+H2 K�`F2`b- BM T�`�HH2H iQ K2�bm`2K2Mib Q7 +2HH bBx2 �M/ _L� FBM2iB+bX
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*?�Ti2` 9

JmHiBT�`�K2i2`B+ +2HH +v+H2
�M�HvbBb mbBM; S`Q#�#BHBiv ai�i2
JQ/2HHBM;

9XR "�+F;`QmM/

JmHiBTH2 K�`F2`b +�M #2 bBKmHi�M2QmbHv 2KTHQv2/ iQ `2bQHp2 i?2 +2HH +v+H2 �i
� Km+? ?B;?2` `2bQHmiBQM i?�M .L� +QMi2Mi �HQM2 +�M �zQ`/X h?2b2 +�M #2
mb2/ BM +QK#BM�iBQM rBi? Qi?2` #BQK�`F2`b bm+? �b ~mQ`2b+2Mi T`Qi2BM i�;b Q`
�MiB#Q/B2b iQ i`�+F i?2 `2;mH�iBQM Q7 /Bz2`2Mi KQH2+mH2b rBi? `2bT2+i iQ i?2 +2HH
+v+H2X �M 2t�KTH2 Q7 i?Bb Bb 7QmM/ BM UE�7`B 2i �HX- kyRjV- r?2`2 .L� bi�BM2/ rBi?
� ~mQ`2b+2Mi /v2- �M/ � ~mQ`2b+2Mi `2TQ`i2` rBi? � ;2KBMBM /2;`QM r?B+? K�`Fb
i?2 2tBi Q7 i?2 :R T?�b2 r2`2 mb2/ BM +QK#BM�iBQM iQ i`�+F +?�M;2b BM +2HH ;`Qri?
`�i2X q2 �`2 mbBM; � bBKBH�` K2i?Q/ r?BH2 BM+Hm/BM; � i?B`/ K�`F2`- M�K2Hv */iR
Ua�F�m2@a�r�MQ 2i �HX- kyy3V- BM Q`/2` iQ BM+`2�b2 i?2 `2bQHmiBQM Q7 i?2 +2HH +v+H2X

.Bz2`2Mi bm#@TQTmH�iBQMb +�M #2 2ti`�+i2/ 7`QK +viQK2i`v /�i� mbBM; TQHv;QM
+QKT�`iK2Mib Uǳ;�i2bǴV QM #Bp�`B�i2 THQib- � T`�+iB+2 mb2/ 2ti2MbBp2Hv BM +2HH +v+H2
�M�HvbBb UC�+Q##2`;2` 2i �HX- kyRkVX hrQ BKTQ`i�Mi HBKBi�iBQMb #2+�K2 �TT�`2Mi

dj



r?2M mbBM; i?Bb �TT`Q�+?X 6B`biHv- Bi Bb `2HB�Mi QM K�Mm�H bm#b2iiBM; Uǳ;�iBM;ǴV iQ
#2 T2`7Q`K2/ QM 2�+? b�KTH2- r?B+? Bb Bib2H7 bm#D2+iBp2 �M/ i?2`27Q`2 K�F2b i?2
+QKT�`BbQM #2ir22M b�KTH2b T`Q#H2K�iB+X a2+QM/Hv- �b i?2 MmK#2` Q7 K2�bm`2/
+2HH +v+H2 `2TQ`i2`b BM+`2�b2b- bQ /Q2b i?2 +QKTH2tBiv �M/ H�#Qm` BMi2MbBiv Q7 i?2
bm#b2iiBM; T`Q+2bb- K�FBM; Bi TQQ`Hv b+�H�#H2X h?Bb Bbbm2- �HbQ +�HH2/ ǳi?2 +m`b2
Q7 /BK2MiBQM�HBivǴ Bb r2HH FMQrM BM +viQK2i`v /�i� �M�HvbBb- �M/ ?�b i?mb H2/ iQ
K�Mv ;�iBM;@7`22 K2i?Q/b #2BM; /2p2HQT2/ BM `2+2Mi v2�`b UJ�B` 2i �HX- kyReVX

E�7`B 2i �HX UkyRjV mb2 � /BK2MbBQM�HBiv `2/m+iBQM �H;Q`Bi?K `2HvBM; QM /2MbBiv
T2�F i`�+FBM; iQ /2}M2 � bBM;H2 i`�D2+iQ`v- �b � 7mM+iBQM Q7 irQ BM/2T2M/2Mi +2HH
+v+H2 `2TQ`i2`bX amT2`BQ` K2i?Q/b 7Q` 2tTHQ`BM; i?2 i`�D2+iQ`v Q7 +2HHb i?`Qm;? iBK2
?�p2 bBM+2 #22M /2p2HQT2/- T`BK�`BHv 7Q` bim/vBM; /Bz2`2MiB�iBQM Ub22 Ua�2vb 2i �HX-
kyReV 7Q` � `2pB2rVX am+? i2+?MB[m2b BM+Hm/2 S`Q#�#BHBiv ai�i2 JQ/2HHBM; USaJV
U"�;r2HH 2i �HX- kyR8#V- �M/ M2�`2bi@M2B;?#Qm` M2irQ`F 2tTHQ`�iBQM U"2M/�HH 2i �HX-
kyR9c :mi 2i �HX- kyR8c a2iiv 2i �HX- kyReV- �HH Q7 r?B+? �`2 #2ii2` bmBi2/ 7Q` ?�M/HBM;
/�i� rBi? KQ`2 i?�M irQ /BK2MbBQMbX

lMHBF2 MQM@T�`�K2i`B+ K2i?Q/b bm+? �b /2MbBiv T2�F i`�+FBM; UE�7`B 2i �HX- kyRjV
�M/ M2�`2bi@M2B;?#Q` M2irQ`F 2tTHQ`�iBQM U"2M/�HH 2i �HX- kyR9c :mi 2i �HX- kyR8c
a2iiv 2i �HX- kyReV- SaJ U"�;r2HH 2i �HX- kyR8#V Bb � T�`�K2i`B+ K2i?Q/ #�b2/
QM [m�MiBH2 KQ/2HHBM;X h?Bb �HHQrb mb iQ /2bB;M � bmBi�#H2 KQ/2H- r?B+? Bb
bm#b2[m2MiHv }ii2/ iQ i?2 2tT2`BK2Mi�H /�i�X AM Qm` +�b2- i?2 �/p�Mi�;2b Q7
mbBM; � T�`�K2i`B+ �TT`Q�+? Bb i?�i T`BQ` #BQHQ;B+�H FMQrH2/;2 +�M #2 2M+Q/2/ BM
i?2 +QMbi`�BMib Q7 i?2 KQ/2H �M/ i?2 `2bmHiBM; T�`�K2i2`b 7`QK }ib iQ /Bz2`2Mi
b�KTH2b +�M 2�bBHv #2 +QKT�`2/X 6m`i?2`KQ`2- i?2 T`Q#�#BHBiv Q7 2�+? /�i� TQBMi
}iiBM; iQ i?2 KQ/2H +�M #2 2p�Hm�i2/- 2M�#HBM; i?2 B/2MiB}+�iBQM Q7 QmiHB2`b �M/
+2HHb MQi #2HQM;BM; iQ i?2 TQTmH�iBQM Q7 BMi2`2biX 6BM�HHv- QM+2 � KQ/2H ?�b #22M
}ii2/- Bi +�M #2 mb2/ iQ ;2M2`�i2 bBKmH�i2/ /�i�- r?B+? +�M #2 mb2/ 7Q` 2biBK�iBM;
i?2 T`2/B+iBp2 TQr2` Q7 i?2 K2i?Q/X
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9Xk "mBH/BM; /2b+`BTiBp2 7m++B KQ/2Hb

AM a2+iBQM kX8 r2 BMi`Q/m+2/ SaJ U"�;r2HH 2i �HX- kyR8#V �M/ /2b+`B#2/ Qm`
BKTH2K2Mi�iBQM 7Q` �M�HvbBM; i?2 +2HH +v+H2- #�b2/ QM .L� [m�MiBiv �b K2�bm`2/
#v >Q2+?bi bi�BMBM;X >2`2 r2 HQQF �i ?Qr Qm` +2HH +v+H2 KQ/2H +�M #2 2tT�M/2/
iQ 2M+QKT�bb i?2 K2�bm`2K2Mi Q7 irQ �//BiBQM�H +2HH +v+H2 K�`F2`b #�b2/ QM ?2
7m++B `2TQ`i2` bvbi2K- ;2KBMBM �M/ */iRX

9XkXR a2H2+iBM; KQ/2H T`BQ`b

"27Q`2 r2 +�M mb2 SaJ iQ T`2/B+i i?2 bi�i2 Q7 2�+? +2HH- r2 M22/ iQ ?�p2 � ;QQ/
mM/2`bi�M/BM; Q7 ?Qr i?2 H2p2Hb Q7 i?2 +2HH +v+H2 K�`F2`b r2 �`2 mbBM; +?�M;2
�b � +2HH T`Q;`2bb2b i?`Qm;? i?2 +2HH +v+H2X AM Qm` +�b2- r2 �`2 mbBM; i?2 7m++B
/2;`QM K�`F2`b */iR �M/ ;2KBMBM- r?B+? ?�p2 � `2H�iBp2Hv r2HH FMQrM +2HH +v+H2
T�ii2`M Ua�F�m2@a�r�MQ 2i �HX- kyy3VX hQ +QM}`K i?�i Qm` K2�bm`2K2Mib `2~2+i
i?2 i?2Q`v- r2 HQQF �i ?Qr i?2 7m++B */iR �M/ ;2KBMBM `2TQ`i2` T`Qi2BMb +Q``2H�i2
rBi? � FMQrM [m�MiBiv bm+? �b .L� �KQmMi- b22 6B;m`2 9XRX

Pm` T`BQ` #BQHQ;B+�H FMQrH2/;2 Q7 i?2 i?`22 �p�BH�#H2 `2TQ`i2`b +�M i?mb #2
bmKK�`Bb2/ BM i�#H2 jXRX q?�i Bb MQi FMQrM Bb r?2M 2t�+iHv BM +2HH +v+H2
iBK2 i?2b2 2p2Mib i�F2 TH�+2 �M/ �i r?�i `�i2 i?2 �++mKmH�iBQM Uǵ`BbBM;ǶV
�M/ /2;`�/�iBQM Uǵ7�HHBM;ǶV Q++m`X SaJ 2M�#H2b mb iQ i2bi ?Qr r2HH /Bz2`2Mi
�bbmKTiBQMb /2b+`B#2 i?2b2 i`�MbBiBQMbX

J�`F2`fS?�b2 2:R :R :R@a a a@:k :kfJ J

.L� M 4 R M 4 R M 4 R `BbBM; `BbBM; M 4 k M 4 k
*/iR HQr `BbBM; K�t 7�HHBM; HQr HQr HQr

;2KBMBM HQr HQr `BbBM; `BbBM; `BbBM; `BbBM; /`QTb

�b � }`bi bi2T- r2 mb2 � .L� KQ/2H }ii2/ �b /2b+`B#2/ BM a2+iBQM kXe iQ �M�Hvb2
i?2 �#Qp2 /�i� #�b2/ QM i?2 .L� K2�bm`2K2Mib �HQM2- BM Q`/2` iQ Q#b2`p2 ?Qr
i?2 7m++B K�`F2`b +?�M;2 rBi? iBK2 �M/ `Qm;?Hv +?�`�+i2`Bb2 i?2B` 2tT`2bbBQM Ub22
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6B;m`2 9XR, .L� pb 7m++B K2�bm`2K2MibX .L� Q7 7m++B +2HHb r�b bi�BM2/ rBi?
>Q2+?bi 7Q` [m�MiB}+�iBQM #v ~Qr +viQK2i`vX J2�bm`2K2Mib �`2 MQ`K�HBb2/ 7`QK
y iQ Ryy- #v b2iiBM; i?2 KBMBKmK iQ y �M/ K�tBKmK iQ Ryy- 7QHHQrBM; QmiHB2`
2t+HmbBQMX

de



6B;m`2 9XkVX
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6B;m`2 9Xk, �M�HvbBb Q7 7m++B `2TQ`i2`b #v .L� bi�BMBM; �M/ SaJX .�i�
b?QrM Bb �M�Hvb2/ #v SaJ #�b2/ QM � .L� KQ/2H }ii2/ �b /2b+`B#2/ BM i?2 K�BM
i2tiX �`QmM/ R8-yyy 7m++B +2HHb r2`2 bi�BM2/ #v >Q2+?bi .L� /v2 �M/ �M�Hvb2/
#v ~Qr +viQK2i`vX

h?Bb TB+im`2 Bb BM �;`22K2Mi rBi? r?�i r2 FMQr 7`QK i?2 HBi2`�im`2
Ua�F�m2@a�r�MQ 2i �HX- kyy3VX aT2+B}+�HHv- */iR �TT2�`b iQ #2 ?B;? /m`BM;
:R �M/ i?2 bi�`i Q7 a T?�b2 �M/ HQr /m`BM; i?2 :kfJ T?�b2bX 6Q` ;2KBMBM- r2
+�M +H2�`Hv b22 irQ TQTmH�iBQMb /m`BM; i?2 :R T?�b2- bm;;2biBM; i?�i i?2`2 Bb �M
mT`2;mH�iBQM bi2T /m`BM; i?�i iBK2- 7QHHQr2/ #v � ;`�/m�H BM+`2�b2 mMiBH i?2 QMb2i
Q7 i?2 :k T?�b2X q?�i �HbQ #2+QK2b +H2�` Bb i?�i i?2 HQr H2p2H Q7 */iR /m`BM;
i?2 :R T?�b2 Bb MQi i?2 b�K2 �b i?2 HQr H2p2H /m`BM; i?2 :kfJ T?�b2b- r?B+? Bb
BKTQ`i�Mi iQ MQi2 r?2M �bbB;MBM; � KQ/2H iQ i?2 i`�MbBiBQMX

dd



am`T`BbBM;Hv- r2 }M/ � TQTmH�iBQM Q7 ?B;?Hv 2tT`2bbBM; */iR +2HHb /m`BM; i?2
:kfJ T?�b2b U6B;m`2 9XkV i?�i r�b MQi /2b+`B#2/ #v a�F�m2@a�r�MQ 2i �HX Ukyy3VX
6QHHQrBM; mT QM i?Bb Q#b2`p�iBQM- r2 7QmM/ BM i?2 HBi2`�im`2 i?�i */iR /Q2b BM/22/
#2+QK2 mT`2;mH�i2/ iQr�`/b i?2 2M/ Q7 i?2 +2HH +v+H2 UqBHHB�Kb �M/ aiQ2#2`- kyRkVX
h�FBM; iQ;2i?2` i?2 BM7Q`K�iBQM 7`QK i?2 �#Qp2 i�#H2 �M/ i?2 Q#b2`p�iBQMb 7`QK
6B;m`2 9Xk r2 T`QTQb2 � b2i Q7 bBKTH2 TB2+2@rBb2 HBM2�` KQ/2H iQ /2b+`B#2 i?2
i`�MbBiBQMb Q7 i?2 */iR �M/ ;2KBMBM `2TQ`i2`b Ub22 6B;m`2 9XjVX
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Cdt1
geminin
DNA

6B;m`2 9Xj, S`QTQb2/ 7m++B KQ/2HbX

9XkXk JmHiB/BK2MbBQM�H �M�HvbBb rBi? SaJ

AM a2+iBQM kX8 r2 b�r ?Qr SaJ +�M #2 mb2/ iQ �M�Hvb2 i?2 +2HH +v+H2 #�b2/ QM
� bBM;H2 K2�bm`2K2Mi @ .L� [m�MiBivX PM2 Q7 i?2 K�BM �/p�Mi�;2b Q7 SaJ Qp2`
#Bp�`B�i2 ;�iBM; Bb i?�i Bi Bb bT2+B}+�HHv /2bB;M2/ iQ ?�M/H2 KmHiBTH2 +Q``2H�i2/
K2�bm`2K2Mib Q7 � T`Q+2bb U"�;r2HH 2i �HX- kyR8#V- bm+? �b i?2 +2HH +v+H2X >2`2-
r2 mb2 SaJ iQ �M�Hvb2 i?2 +2HH +v+H2 #�b2/ QM �HH i?`22 �p�BH�#H2 K2�bm`2K2Mibc
.L�- ;2KBMBM �M/ */iRX

hQ /Q bQ- i?2 bi2Tb /2i�BH2/ BM a2+iBQM kX8 M22/ iQ #2 �/�Ti2/ iQ i?2
KmHiB/BK2MbBQM�H +�b2- �b /2b+`B#2/ BM U"�;r2HH 2i �HX- kyR8#VX 6B`bi- 7Q` 2�+?

d3



�//BiBQM�H K2�bm`2K2Mi r2 ;2M2`�i2 � T`Q#�#BHBiv 1@K�i`Bt- �b b?QrM BM 6B;m`2
9X9 7Q` */iR �M/ ;2KBMBMX aBKBH�`Hv iQ kX8Xj- 7Q` 2�+? K2�bm`2K2Mi r2 �bbB;M
i?2 /�i� BMiQ #BMb +Q``2bTQM/BM; iQ i?2 `Qrb Q7 i?2 +Q``2bTQM/BM; K2�bm`2K2Mib
U6B;m`2 9X9VX h?Bb r�v- 7Q` 2�+? /�i� TQBMi r2 Q#i�BM i?`22 T`Q#�#BHBiv r2B;?i
p2+iQ`b- QM2 7Q` 2�+? K2�bm`2K2MiX

Cdt1

seq(0.5, 20.5, 1)

geminin

seq(0.5, 20.5, 1)

se
q(

0.
5,

 2
0.

5,
 1

)

DNA

6B;m`2 9X9, 1@K�i`B+2b 7Q` 7m++B KQ/2HbX J�i`B+2b +Q``2bTQM/BM; iQ i?2
T`QTQb2/ KQ/2Hb Q7 */iR- ;2KBMBM �M/ .L�X

aQ 7�` MQi?BM; ?�b +?�M;2/ 7`QK i?2 mMB/BK2MiBQM�H BKTH2K2Mi�iBQMX AM i?2 M2ti
bi2T- 7Q` 2�+? /�i� TQBMi r2 +QK#BM2 i?2 i?`22 +Q``2bTQM/BM; r2B;?i p2+iQ`b #v
2H2K2Mi@rBb2 KmHiBTHB+�iBQM- BM Q`/2` iQ Q#i�BM � +QMb2Mbmb r2B;?i p2+iQ`X h?2
`2bmHiBM; p2+iQ` /2b+`B#2b i?2 T`Q#�#BHBiv /Bbi`B#miBQM Q7 }M/BM; � TQBMi rBi? i?2
;Bp2M +QK#BM�iBQM Q7 K2�bm`2K2Mi BMi2MbBiB2b �HQM; i?2 +2HH +v+H2 T2`BQ/X PM+2 �
+QMb2Mbmb r2B;?i p2+iQ` Bb Q#i�BM2/ 7Q` 2p2`v /�i� TQBMi- r2 mb2 Bi iQ �bbB;M � +2HH
+v+H2 TQbBiBQM iQ 2�+? #v T2`7Q`KBM; r2B;?i2/ b�KTHBM;X

.2T2M/BM; QM i?2 MmK#2` Q7 K2�bm`2K2Mi +?�MM2Hb i?2`2 rBHH #2 �M 2[mBp�H2Mi
MmK#2` Q7 `2bmHiBM; 2KTB`B+�H 1a@K�i`B+2b- +QKTmi2/ BM i?2 b�K2 r�v �b b?QrM BM

dN



a2+iBQM kX8X9X h?2b2 +�M #2 +QKT�`2/ rBi? i?2B` `2bT2+iBp2 1@K�i`B+2b iQ /2`Bp2
�M 2[mBp�H2Mi MmK#2` Q7 ;QQ/M2bb Q7 }i b+Q`2bX h?2 K2�M Q7 i?2b2 b+Q`2b +�M #2
mb2/ �b �M Qp2`�HH b+Q`2 Q7 ?Qr r2HH i?2 i?`22 KQ/2Hb /2b+`B#2 i?2 /�i�X PM+2
�;�BM- r2 mb2 i?Bb �b i?2 QmiTmi Q7 Qm` Q#D2+iBp2 7mM+iBQM- r?B+? r2 bm#D2+i iQ
"�v2bB�M PTiBKBb�iBQM mbBM; KH`J"P U"Bb+?H 2i �HX- kyRdV- �b /2i�BH2/ BM a2+iBQM
kXeX

9Xj 7m++B KQ/2H }iiBM;

6QHHQrBM; i?Bb K2i?Q/- r2 `mM i2M BMbi�M+2b Q7 i?2 QTiBKBb�iBQM �H;Q`Bi?K BM
Q`/2` iQ 2biBK�i2 i?2 QTiBKBb�iBQM 2``Q`X h?2 }iiBM; Bb T2`7Q`K2/ BM i?`22 bi2Tb-
�b /2i�BH2/ BM a2+iBQMb 9XjXR iQ 9XjX8X h?Bb Bi2`�iBp2 �TT`Q�+? 2M�#H2b mb iQ �//
H�v2`b Q7 +QKTH2tBiv iQ i?2 KQ/2H ;`�/m�HHv- �b r2 mM/2`bi�M/ KQ`2 �#Qmi i?2
+2HH +v+H2 K�`F2`b #2BM; mb2/X 6m`i?2`KQ`2- Bi �HHQrb mb iQ /2i2`KBM2 r?B+? +2HHb
+�M #2 �++QmMi2/ 7Q` #v i?2 KQ/2H- p2`bmb +2HHb r?B+? K�v MQi #2HQM; iQ i?2
T`Q+2bb UB2 [mB2b+2Mi +2HHbVX h?Bb r�v r2 +�M +?Qb2 r?2i?2` iQ 2tHm/2 i?2b2 +2HHb-
Q` �/p�M+2 i?2 KQ/2H �++Q`/BM;HvX q2 }M/ i?�i � +QMiBMmQmb TB2+2rBb2 HBM2�`
7mM+iBQM Bb �/2[m�i2 7Q` /2b+`B#BM; i?2 .L� �M/ KQbi Q7 i?2 ;2KBMBM i`�MbBiBQMb-
#mi MQi 7Q` i?2 */iR i`�MbBiBQMX h?Bb Bb TQbbB#Hv /m2 iQ � ?B;? /2;`22 Q7 */iR
2tT`2bbBQM ?2i2`Q;2M2Biv BM +2`i�BM T?�b2b Q7 i?2 +2HH +v+H2X q2 K�F2 �TT`QT`B�i2
+?�M;2b BM i?2 KQ/2H iQ i2bi r?2i?2` r2 +�M �++QmMi 7Q` i?BbX

9XjXR ai�`iBM; +QM/BiBQMb

lbBM; T2�F B/2MiB}+�iBQM 7QHHQr2/ #v i?2 }iiBM; Q7 � ?�H7@:�mbbB�M r2 }`bi Q#i�BM
� b2i Q7 BMBiB�H 2biBK�i2b 7Q` i?2 K2�M �M/ bi�M/�`/ /2pB�iBQM Q7 i?2 bi2�/v bi�i2b
BM i?2 b�K2 r�v �b BM a2+iBQM kXeX 6Q` 2�+? K2�bm`2K2Mi- r2 mb2 i?2 `2H�iBp2
/2MbBiv +Q``2bTQM/BM; iQ i?2 }ii2/ :�mbbB�M QM 2�+? KQ/2- iQ Q#i�BM �M 2biBK�i2
Q7 i?2 T`QTQ`iBQM Q7 iBK2 bT2Mi BM 2�+?X

6QHHQrBM; i?2 b�K2 �TT`Q�+?- r2 ;2i � `Qm;? 2biBK�i2 Q7 i?2 iBK2 bT2Mi BM 2�+? Q7

3y



i?2 i`�MbBiBQMBM; T?�b2b BM Q`/2` iQ ;2i bi�`iBM; p�Hm2b 7Q` i?2 +?�M;2@TQBMi iBKBM;bX
aT2+B}+�HHv- 7Q` ;2KBMBM r2 �bbB;M i?2 `2K�BMBM; /2MbBiv iQ i?2 i`�MbBiBQM #2ir22M
i?2 irQ +QMbi�Mi T?�b2b- �M/ /Q i?2 b�K2 7Q` i?2 irQ i`�MbBiBQMBM; T?�b2b Q7 */iR
#v }`bi bTHBiiBM; i?2 /2MbBiv BM ?�H7X h?2 `2bmHiBM; T`2HBKBM�`v KQ/2Hb +�M #2 b22M
BM 6B;m`2 9XjX

9XjXk PTiBKBb�iBQM _QmM/ R,j

h?2 �BK Q7 i?Bb bi2T Bb iQ Q#i�BM #2ii2` bi�`iBM; p�Hm2b 7Q` i?2 H2p2Hb �M/ iBK2
TQBMib i?�i /2b+`B#2 i?2 KQ/2H Q7 2�+? K2�bm`2K2MiX q2 /Q bQ mbBM; "�v2bB�M
PTiBKBb�iBQM iQ }i i?2 T`2HBKBM�`v KQ/2Hb b?QrM BM 6B;m`2 9Xj iQ Qm` /�i�X
h?2 `2bmHiBM; p�Hm2b rBHH #2 mb2/ iQ BM7Q`K Qm` KQ/2H �M/ #QmM/�`v +QMbi`�BMib-
�++Q`/BM;Hv- 7Q` i?2 M2ti `QmM/ Q7 QTiBKBb�iBQMX

>2`2- r2 mb2 Qm` BMBiB�H 2biBK�i2b Q7 i?2 iBKBM;b Q7 i?2 �#Qp2 +2HH +v+H2 2p2Mib
7`QK a2+iBQM 9XjXR iQ /2`Bp2 � }`bi b2i Q7 #QmM/�`v +QMbi`�BMibX �i i?Bb bi�;2-
r2 F22T i?2b2 +QMbi`�BMib p2`v #`Q�/ �b r2 i?2 mM+2`i�BMiv �#Qmi i?2 i`m2 p�Hm2b
Bb ?B;?X aT2+B}+�HHv- r2 mb2 � Ǭ ky rBM/Qr QM 2Bi?2` bB/2 Q7 2�+? iBK2 TQBMi
2biBK�i2- +Q``2+iBM; �TT`QT`B�i2Hv 7Q` �Mv i?�i K�v ?�p2 � /Bbi�M+2 Iky 7`QK
2Bi?2` 2ti`2K2 Q7 i?2 +2HH +v+H2 T2`BQ/X h?2 `2bmHiBM; #QmM/�`v +QMbi`�BMib +�M
#2 b22M BM 6B;m`2 9X8X

6m`i?2`KQ`2- r2 �// irQ �//BiBQM�H #`2�FTQBMib BM i?2 KB//H2 Q7 2�+? i`�MbBiQ`v
T?�b2 BM i?2 ;2KBMBM �M/ .L� KQ/2Hb- �M/ b2i 2[m�HHv #`Q�/ +QMbi`�BMib 7Q` 2�+?X
h?Bb r�v r2 �HHQr 7Q` ;`2�i2` ~2tB#BHBiv BM i?2 b?�T2 Q7 i?2b2 T?�b2bX h?2 K2�M
H2p2Hb Q7 i?2b2 M2r #`2�FTQBMib- �b r2HH �b i?�i 7Q` i?2 BMBiB�H :R T?�b2 BM */iR
7Q` r?B+? r2 ?�p2 MQ T`BQ` BM7Q`K�iBQM- �`2 F2Ti 7`22 UǬ Ry rBM/QrV- r?BH2 i?2
`2bi �`2 7Q` i?2 iBK2 #2BM; F2Ti }t2/ �i i?2 BMBiB�H 2biBK�iBQMb #�b2/ QM T2�F
B/2MiB}+�iBQMX

q2 `mM i?2 "�v2bB�M PTiBKBb�iBQM �H;Q`Bi?K i2M iBK2b 7Q` Dmbi mM/2` R-8yy
Bi2`�iBQMb 2�+?X h?2 K2�M �M/ bi�M/�`/ /2pB�iBQMb Q7 i?2 `2bmHiBM; QTiBKBb�iBQM
T�i?b +�M #2 b22M BM 6B;m`2 9Xe- 7`QK r?B+? r2 +�M b22 i?�i #2vQM/ 3yy Bi2`�iBQMb

3R
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)
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DNA

6B;m`2 9X8, 6B`bi QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ � /Bbi`BM+i
QTiBKBb�iBQM `mMX o2`iB�H HBM2b +Q``2bTQM/ iQ }ii2/ iBK2TQBMib- i`�MbHm+2Mi
`2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2 #QmM/�`B2bX

3k



r2 ;2i /BKBMBb?BM; `2im`MbX
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6B;m`2 9Xe, JBMBKBb�iBQM T�i? Q7 SaJ Q#D2+iBp2 7mM+iBQM #v "�v2bB�M
PTiBKBb�iBQMX

6B;m`2 9X8 b?Qrb i?�i i?2 :R iQ a i`�MbBiBQM QM i?2 .L� K2�bm`2K2Mi Q++m`b
Km+? bQQM2` i?�M Qm` BMBiB�H 2biBK�iBQMb- /2`Bp2/ 7`QK i?2 .L� ?BbiQ;`�KbX h?Bb
/Bb+`2T�M+v Bb HBF2Hv /m2 iQ i?2 +QMi`B#miBQM Q7 i?2 2�`Hv a T?�b2 iQ i?2 :R T?�b2
T2�F r?B+? H2�/b iQ �M Qp2`2biBK�iBQM Q7 i?2 :R /m`�iBQM #v i?2 ?�H7@:�mbbB�M
}iX h?2 �//BiBQM�H BM7Q`K�iBQM +QMi`B#mi2/ #v i?2 7m++B `2TQ`i2`b pB� i?2 SaJ
T`Q+2bb Bb HBF2Hv iQ ?�p2 H2/ iQ � #2ii2` 2biBK�iBQM Q7 i?2 `2H�iBp2 :R T?�b2 /m`�iBQMX
aBKBH�`Hv- r2 +�M b22 i?�i i?2 KB//H2 */iR iBK2 TQBMi Bb M2�` Bib #QmM/�`vX h?2b2
#QmM/�`B2b M22/ iQ #2 �/Dmbi2/ �++Q`/BM;Hv T`BQ` iQ i?2 M2ti QTiBKBb�iBQM `mMX

"27Q`2 `2T2�iBM; i?2 `mM rBi? i?2 mT/�i2/ +QMbi`�BMib- r2 HQQF +HQb2` BMiQ i?2
`2bmHiBM; }ib BM Q`/2` iQ /2i2`KBM2 r?2i?2` �Mv 7m`i?2` �/DmbiK2Mib M22/ iQ #2
K�/2 iQ i?2 KQ/2HbX q2 mb2 i?2 K2�M Q7 �HH i?2 QTiBKBb�iBQM `mMb 7Q` 2�+?
T�`�K2i2` Q7 Qm` +2HH +v+H2 KQ/2Hb iQ �M�Hvb2 Qm` /�i� mbBM; SaJ Ub22 6B;m`2
9XdVX q2 +�M b22 i?�i i?2 }`bi */iR bi�iBQM�`v T?�b2 Bb BM 7�+i �M BM+`2�bBM; T?�b2-
�b +�M #22M b22M #v i?2 TQBMib rBi? ?B;?2` 2tT`2bbBQM H2p2H i?�M i?2 }t2/ H2p2H
#2ir22M i?2 k3i? �M/ dyi? [m�MiBH2bX aBKBH�`Hv- :R T?�b2 .L� K2�bm`2K2Mib
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6B;m`2 9Xd, SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2Hb 7`QK `QmM/ RX

6m`i?2`KQ`2- r2 b22 i?�i �bB/2 7`QK +2`i�BM /2MbBiv BM?QKQ;2M2BiB2b �HQM; i?2
+2HH +v+H2 T2`BQ/- i?2`2 �`2 �HbQ +2`i�BM +Hmbi2`b Q7 TQBMib HvBM; QmibB/2 Q7 Qm`
KQ/2H2/ i`�D2+iQ`B2b Ub22 e8@dy- ;2KBMBM �M/ .L�c dy iQ d8- .L�VX h?2b2 TQBMib
�`2 +H2�`Hv MQi /2b+`B#2/ #v Qm` T`QTQb2/ KQ/2Hb- 2Bi?2` #2+�mb2 i?2v +Q``2bTQM/
iQ 2tT2`BK2Mi�H QmiHB2`b Q` /m2 iQ /2}+B2M+B2b Q7 i?2 KQ/2Hb i?2Kb2Hp2bX

AM i?2 M2ti b2+iBQM- r2 mb2 i?2 +?B@b[m�`2 /Bbi�M+2 Q7 2�+? TQBMiǶb K2�bm`2K2Mib
7`QK i?2 T`QTQb2/ KQ/2Hb iQ ;2i � K2i`B+ Q7 ?Qr �;`22�#H2 i?2 irQ �`2- BM Q`/2`
iQ B/2MiB7v QmiHB2`b U"�;r2HH 2i �HX- kyR8#V- �b r2HH �b TQi2MiB�H b?Q`i+QKBM;b Q7
i?2 T`QTQb2/ KQ/2HbX

9XjXj PmiHB2` A/2MiB}+�iBQM

P7i2M BM +viQK2i`v /�i� �M�HvbBb- i?2`2 �`2 /�i� TQBMib r?B+? /Q MQi #2HQM;
iQ i?2 TQTmH�iBQM Q7 BMi2`2bi- �M/ i?mb M22/ iQ #2 2t+Hm/2/ T`BQ` iQ �M�HvbBbX
am+? BM?QKQ;2M2BiB2b +�M �`Bb2 7`QK i?2 T`2b2M+2 Q7 7`�+im`2/ +2HHb- Q` +2HHb r?B+?
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?�TT2M iQ #2 +Hmbi2`2/ iQ;2i?2` �M/ �b � `2bmHi �`2 `2;Bbi2`2/ �b � bBM;H2 2p2Mi
#v i?2 ~Qr +viQK2i2`X 6m`i?2`KQ`2- +2HHb r?B+? �`2 MQi �+iBp2Hv /BpB/BM; +�M #2
�HbQ #2 +QMbB/2`2/ QmiHB2`b BM Qm` +�b2- �M/ i?mb +QM7QmM/ i?2 BMi2`T`2i�iBQM Q7
Qm` `2bmHibX

lbm�HHv i?2 TQTmH�iBQM Q7 BMi2`2bi +�M #2 `Qm;?Hv BbQH�i2/ mbBM; TQHv;QM ǵ;�i2bǶ
QM #Bp�`B�i2 THQib Q7 b2H2+i K2�bm`2K2MibX JQ`2 bQT?BbiB+�i2/ K2i?Q/b �HbQ 2tBbi
r?B+? +�M B/2MiB7v HBF2Hv bm#TQTmH�iBQMb rBi?BM i?2 /�i� b2i mbBM; � KQ/2HHBM;
�TT`Q�+? Ua�2vb 2i �HX- kyReVX �Hi?Qm;? i?2b2 K2i?Q/b +�M bm#bi�MiB�HHv `2/m+2
i?2 MmK#2` Q7 QmiHB2`b 2Mi2`BM; i?2 /�i� �M�HvbBb TBT2HBM2- i?2v �`2 MQi T2`72+i-
�M/ � p�`B�#H2 MmK#2` Q7 QmiHB2`b Bb mbm�HHv biBHH T`2b2MiX

"�;r2HH 2i �HX UkyR8#V mb2 � +`Bi2`BQM iQ B/2MiB7v i?2 /�i� TQBMib r?B+? /Q MQi
+QKTHv rBi? i?2 T`QTQb2/ KQ/2H- #�b2/ QM i?2 +?B@b[m�`2 bi�iBbiB+X � i?`2b?QH/
ǵT`Q#�#BHBiv Q7 2t+HmbBQMǶ M22/b iQ #2 /2}M2/ � T`BQ`B- 7Q` r?B+? i?2 +Q``2bTQM/BM;
+?B@b[m�`2 p�Hm2 +�M #2 Q#i�BM2/ #v bQHpBM; i?2 BMp2`b2 *.6 Q7 i?2 +?B@b[m�`2/
/Bbi`B#miBQM rBi? /2;`22b Q7 7`22/QK 2[m�H iQ i?2 MmK#2` Q7 K2�bm`2K2Mib #2BM;
KQ/2H2/X h?2M i?2 +?B@b[m�`2 /Bbi�M+2 Q7 2�+? /�i� TQBMi 7`QK i?2 T`QTQb2/
KQ/2H Bb K2�bm`2/ �M/ +QKT�`2/ iQ i?2 i?`2b?QH/ p�Hm2- BM Q`/2` iQ /2i2`KBM2
r?2i?2` Bi Bb `2D2+i2/ Q` MQiX h?Bb Bb /Bz2`2Mi 7`QK i?2 ;QQ/M2bb Q7 }i b+Q`2b
/2b+`B#2/ BM a2+iBQM kX8X9- �b Bi /Q2b MQi K2�bm`2 ?Qr r2HH i?2 KQ/2H /2b+`B#2b
i?2 r?QH2 /�i� b2iX AMbi2�/- Bi K2�bm`2b ?Qr HBF2Hv 2�+? BM/BpB/m�H /�i� TQBMi Bb
iQ #2 T�`i Q7 i?2 T`QTQb2/ KQ/2HX

�Hi?Qm;? i?2 �#Qp2 K2i?Q/ r�b T`QTQb2/ #v "�;r2HH 2i �HX UkyR8#V 7Q` B/2MiB7vBM;
QmiHB2`b- Bi +�M �HbQ #2 mb2/ iQ /2i2+i /2}+B2M+B2b Q7 i?2 KQ/2HX >2`2- r2 b2i �
T`Q#�#BHBiv Q7 2t+HmbBQM i?`2b?QH/ Q7 ԟ � ��ϯ iQ B/2MiB7v /�i� TQBMib r?B+? �`2
MQi BM �;`22K2Mi rBi? i?2 KQ/2H Ub22 6B;m`2 9X3VX q2 �TTHv F@K2�Mb iQ +H�bbB7v
i?2b2 TQBMib BMiQ +Hmbi2`b- �M/ +?2+F r?2i?2` i?2b2 +�M #2 B/2MiB}2/ �b FMQrM
TQTmH�iBQMb- r?B+? +�M bm#b2[m2MiHv 2Bi?2` #2 bT2+B}+�HHv BM+Hm/2/ BM i?2 KQ/2H
Q` /Bb+�`/2/X

�i i?Bb bi�;2 Bi Bb BKTQ`i�Mi iQ B/2MiB7v r?B+? TQBMib +Q``2bTQM/ iQ i`m2 QmiHB2`b-
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6B;m`2 9X3, PmiHB2`b B/2MiB}2/ mbBM; +?B@b[m�`2 i2biX *Hmbi2`b B/2MiB}2/
mbBM; F@K2�Mb

�M/ r?B+? �`2 Dmbi ~�;;2/ /m2 iQ b?Q`i+QKBM;b Q7 i?2 T`QTQb2/ KQ/2HbX h?2
7Q`K2` M22/ iQ #2 2t+Hm/2/ 7`QK i?2 �M�HvbBb �b i?2v +�M BKT�+i i?2 }iiBM; T`Q+2bb
�M/ /QrMbi`2�K BMi2`T`2i�iBQM- r?BH2 i?2 H�ii2` +�M BM7Q`K mb QM ?Qr iQ BKT`Qp2
Qm` T`QTQb2/ +2HH +v+H2 KQ/2Hb iQ #2ii2` /2b+`B#2 i?2 Q#b2`p2/ /�i�X

hQ i?�i 2M/- r2 mb2 i?2 #Bp�`B�i2 THQib Q7 i?2 i?`22 K�`F2`b iQ ?2HT mb B/2MiB7v
i?2b2 TQBMib Ub22 6B;m`2 9XNVX *Hmbi2`b R �M/ j ?�p2 � p2`v HQr .L� �KQmMi bQ �`2
HBF2Hv iQ +Q``2bTQM/ iQ 7`�+im`2/ +2HHbX 8 iQ 3 �M/ k �TT2�` BM i?2 :kfJ i`�MbBiBQM
�M/ J T?�b2- r?B+? r2 ?�p2 MQi v2i 2tTHB+BiHv KQ/2H2/ �M/ +QmH/ i?2`27Q`2 �TT2�`
�b QmiHB2`bX *Hmbi2` 9 +�MMQi #2 B/2MiB}2/ �b 2�bBHvX h?2 :R@H2p2H .L� �KQmMi
�M/ HQr */iR H2p2Hb bm;;2bi i?2b2 +2HHb K�v #2HQM; iQ �M mM/BpB/BM;- [mB2b+2Mi
TQTmH�iBQM Q7 +2HHb- i?Qm;? i?Bb BMi2`T`2i�iBQM Bb MQi �;`22�#H2 rBi? i?2 K2/BmK
iQ ?B;? ;2KBMBM 2tT`2bbBQM H2p2HX

h?2b2 `2bmHib bm;;2bi i?�i �//BiBQM�H #`2�FTQBMib M22/ iQ #2 BMb2`i2/ BM Qm`
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6B;m`2 9XN, *Q``2bTQM/BM; HQ+�iBQMb Q7 QmiHB2`b QM #Bp�`B�i2 THQibX

TB2+2rBb2 HBM2�` KQ/2Hb iQ �++QmMi 7Q` +?�M;2b BM i?2 2tT`2bbBQM Q7 ;2KBMBM �M/
*/iR /m`BM; i?2 J T?�b2X 6m`i?2`KQ`2- r2 #`Q�/2M i?2 #QmM/�`B2b Q7 i?2 */iR
KB//H2 iBK2 TQBMi �M/ i?2 .L� :R T?�b2 �M/ K�Mm�HHv �/Dmbi i?2 `2H2p�Mi H2p2HbX
h?2 `2bmHiBM; T`QTQb2/ KQ/2Hb �M/ +QMbi`�BMib +�M #2 b22M BM 6B;m`2 9XRyX

9XjX9 PTiBKBb�iBQM _QmM/ k,j

q2 `mM i?2 "�v2bB�M PTiBKBb2` �;�BM- i?Bb iBK2 mbBM; i?2 BKT`Qp2/ KQ/2H 7`QK
b2+iBQM 9XjXjX h?Bb Bb `2T2�i2/ i2M iBK2b 7Q` `Qm;?Hv �`QmM/ R-kyy Bi2`�iBQMb 2�+?X
h?2 `2bmHiBM; }ib +�M #2 b22M BM 6B;m`2 9XRyX h?2 K2�M �M/ bi�M/�`/ /2pB�iBQM
Q7 i?2 QTiBKBb�iBQM T�i?b +�M #2 b22M BM 6B;m`2 9XRRX q2 mb2 i?2 K2�M Q7 i?2
`2bmHiBM; }ib 7Q` 2�+? T�`�K2i2` iQ �M�Hvb2 Qm` /�i� mbBM; SaJ- bBKBH�` iQ 9XjXkX
h?2 `2bmHiBM; i`�D2+iQ`B2b +�M #2 b22M BM 6B;m`2 9XRkX

q2 +�M b22 BM 6B;m`2 9XRk i?�i TQBMib BM i?2 ;2KBMBM �M/ */iR i`�D2+iQ`B2b ?�p2
MQr #22M b?B7i2/ iQ }HH i?2 J T?�b2bX q2 +�M /2KQMbi`�i2 i?Bb #v THQiiBM;
i?2 +Hmbi2`b Q7 QmiHB2`b B/2MiB}2/ BM a2+iBQM 9XjXj Q#b2`pBM; i?2B` TQbBiBQMb U6B;m`2
9XRjVX q2 +�M b22 i?�i i?2 TQBMib BM +Hmbi2`b 8 iQ 3 i?�i r2 B/2MiB}2/ �b TQi2MiB�H J
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6B;m`2 9XRy, a2+QM/ QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ � /BbiBM+i
QTiBKBb�iBQM `mMX o2`iB+�H HBM2b +Q``2bTQM/ iQ }ii2/ iBK2TQBMib- i`�MbHm+2Mi
`2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2 #QmM/�`B2bX
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6B;m`2 9XRk, SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX

T?�b2 +2HHb ?�p2 BM/22/ #22M �HHQ+�i2/ BM i?2 M2rHv /2}M2/ J T?�b2X 6m`i?2`KQ`2-
B7 r2 +QmMi i?2 MmK#2` Q7 TQBMib i?�i 7�HH #2vQM/ i?2 +miQz i?`2b?QH/ Q7 ԟ � ��ϯ-
r2 }M/ i?�i 9jW Q7 i?2b2 TQBMib ?�p2 #22M �++QmMi2/ 7Q` #v i?2 BKT`Qp2/ KQ/2H
�M/ �`2 MQ HQM;2/ /22K2/ QmiHB2`b UMQi2 i?2 `2/m+2/ MmK#2` Q7 TQBMib BM 6B;m`2
9XR9 +QKT�`2/ iQ 6B;m`2 9XRjVX

�Hi?Qm;? i?2 �/p�M+2/ KQ/2H �TT2�`b iQ H2�/ iQ �M BKT`Qp2/ Qp2`�HH }i- i?2`2
�`2 biBHH +Hmbi2`b Q7 TQBMib i?�i `2K�BM mM�++QmMi2/ 7Q`X aT2+B}+�HHv- 2p2M i?Qm;?
K�Mv Q7 i?2 TQBMib BM +Hmbi2`b k �M/ 8 iQ 3 ?�p2 #22M �++QmMi2/ 7Q` #v i?2
BKTH2K2Mi�iBQM Q7 i?2 J T?�b2- i?2`2 �`2 biBHH TQBMib Q++mTvBM; r?2`2 +Hmbi2`b
k- e �M/ 9 r2`2- �M/ i?2`2 Bb � `2;BQM Q7 HQr /2MbBiv #2ir22M i?2KX �b i?2b2
Q#b2`p�iBQMb +QBM+B/2 rBi? i?2 */iR /QrM`2;mH�iBQM bi2T- r2 �bF r?2i?2` i?2
bT2+B}+ bi2T Bb �/2[m�i2Hv /2b+`B#2/ #v Qm` T`QTQb2/ KQ/2HX

h?2`2 �`2 �i H2�bi irQ 2tTH�M�iBQMb 7Q` r?v i?2 KQ/2H K�v #2 BM�/2[m�i2 BM
i?�i T?�b2X 6B`bi- i?�i i?2 */iR /QrM`2;mH�iBQM K�v #2 bQ `�TB/ U2bT2+B�HHv
iQr�`/b i?2 2M/V i?�i i?2`2 Dmbi �`2 MQi 2MQm;? +2HHb T`2b2Mi rBi?BM i?2 b�KTH2
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6B;m`2 9XRj, GQ+�iBQM Q7 QmiHB2`b 7`QK _QmM/ R �7i2` b2+QM/ `QmM/ Q7
QTiBKBb�iBQMX

rBi? BMi2`K2/B�i2 H2p2Hb Q7 2tT`2bbBQM- `2bmHiBM; BM � `2;BQM Q7 HQr /2MbBiv BM i?�i
bi2TX �Hi2`M�iBp2Hv- i?2`2 Bb � ?B;? /2;`22 Q7 ?2i2`Q;2M2Biv BM i?2 2tT`2bbBQM Q7
*/iR #2ir22M +2HHb �i i?�i bi�;2 Q7 i?2 +2HH +v+H2- r?B+? K2�Mb i?�i � +QMiBMmQmb
i`�D2+iQ`v #2ir22M i?2 ?B;? �M/ HQr H2p2Hb Q7 2tT`2bbBQM rQmH/ 7�BH iQ /2b+`B#2 i?2
r?QH2 TQTmH�iBQM �/2[m�i2HvX

A7 i?2 7Q`K2` 2tTH�M�iBQM Bb +Q``2+i- �//BM; �//BiBQM�H #`2�FTQBMib BM i?Bb bi2T
rQmH/ ;Bp2 bm{+B2Mi ~2tB#BHBiv iQ �HHQr 7Q` � p2`v `�TB/ /QrM`2;mH�iBQM- i?mb
`2KQpBM; i?2 HQr /2MbBiv `2;BQMX q2 i2bi i?Bb ?vTQi?2bBb #v �//BM; � 7m`i?2`
#`2�FTQBMi #27Q`2 i?2 }M�H QTiBKBb�iBQM `mMX qBi? `2bT2+i iQ i?2 `2bi Q7 i?2
KQ/2H- r2 b22 � bBKBH�` HQr /2MbBiv `2;BQM BM i?2 J T?�b2X
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6B;m`2 9XR9, _2K�BMBM; QmiHB2`b 7QHHQrBM; �//BiBQM Q7 J T?�b2 iQ i?2
KQ/2HX

9XjX8 PTiBKBb�iBQM _QmM/ j,j

AM a2+iBQM 9XjX9 r2 mb2/ i?2 T`BQ`b 7`QK a2+iBQMb 9XjXk �M/ 9XjXR iQ }i i?2 iBK2
TQBMib Q7 i?2 i?`22 T`QTQb2/ KQ/2Hb- �b r2HH �b i?2 i?`22 K2�M H2p2Hb i?�i r2 ?�/
MQ T`BQ`b 7Q`X h?2 BMBiB�H KQ/2Hb r2`2 7m`i?2` BKT`Qp2/ #v �//BM; �M J T?�b2
bi2T BM i?2 ;2KBMBM �M/ */iR i`�MbBiBQMbX >2`2- r2 mb2 i?2 `2bmHiBM; T�`�K2i2`b
7`QK a2+iBQM 9XjX9 iQ /2bB;M � M2r b2i Q7 KQ`2 +QMbi`�BM2/ #QmM/�`B2b 7Q` i?2 iBK2
TQBMib- r?BH2 H2iiBM; i?2 `2bi Q7 i?2 T�`�K2i2`b p�`vX

aT2+B}+�HHv- r2 }i �HH iBK2 TQBMib- K2�M K2�bm`2K2Mi H2p2Hb �M/ 2``Q`b
bBKmHi�M2QmbHv- �KQmMiBM; iQ � iQi�H Q7 99 T�`�K2i2`b- BM+Hm/BM; �M �//BiBQM�H
#`2�FTQBMi BM i?2 */iR /QrM`2;mH�iBQM bi2TX h?2 `2bmHiBM; QTiBKBb�iBQM T�i? +�M
#2 b22M BM 6B;m`2 9XR8X h?2 `2bmHiBM; }i +�M #2 b22M BM 6B;m`2 9XReX q2 Q#i�BM �
+QMb2Mbmb }i #v �p2`�;BM; Qp2` �HH i?2 `mMb- �M/ mb2 Bi iQ �M�Hvb2 i?2 +2HH +v+H2
Q7 Qm` /�i� mbBM; SaJ U6B;m`2 9XRdVX

NR



0 200 400 600 800

0.
4

0.
6

0.
8

1.
0

Index

tra
j_
al
l$
y$
m

6B;m`2 9XR8, JBMBKBb�iBQM T�i? Q7 SaJ Q#D2+iBp2 7mM+iBQM #v "�v2bB�M
PTiBKBb�iBQMX
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DNA

6B;m`2 9XRe, 6BM�H QTiBKBb�iBQM bi2TX 1�+? TQHv;QM +Q``2bTQM/b iQ � /BbiBM+i
QTiBKBb�iBQM `mMX o2`iB+�H HBM2b +Q``2bTQM/ iQ }ii2/ iBK2TQBMib- i`�MbHm+2Mi
`2+i�M;H2b +Q``2bTQM/ iQ `2bT2+iBp2 #QmM/�`B2bX
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DNA

6B;m`2 9XRd, SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX

AM 6B;m`2 9XRd r2 Q#b2`p2 i?�i- �Hi?Qm;? i?2 �//BiBQM Q7 � #`2�FTQBMi BM i?2 */iR
/QrM`2;mH�iBQM bi2T ?�b `2bmHi2/ BM � bHB;?iHv /Bz2`2Mi T`Q}H2- i?2 HQr /2MbBiv
`2;BQM �i i?2 eyi? [m�MiBH2 T2`bBbibX h?Bb bm;;2bib i?�i � +QMiBMmQmb TB2+2rBb2
HBM2�` KQ/2H K�v #2 BMbm{+B2Mi 7Q` /2b+`B#BM; i?�i bi�;2 Q7 i?2 */iR i`�MbBiBQM /m2
iQ i?2 ?B;? /2;`22 Q7 2tT`2bbBQM ?2i2`Q;2M2Biv �i i?�i TQBMiX */iR H2p2H Bb i?2`27Q`2
HBF2Hv MQi iQ #2 BM7Q`K�iBp2 BM i?�i bi�;2 Q7 i?2 +2HH +v+H2- �b +2HHb rBi? 2Bi?2` ?B;?
Q` HQr H2p2H Q7 */iR 2tT`2bbBQM +�M #2 7QmM/ i?2`2X 6m`i?2`KQ`2- �ii2KTiBM; iQ
/2b+`B#2 i?�i bi�;2 Q7 i?2 */iR i`�MbBiBQM mbBM; � bBKTH2 HBM2�` KQ/2H H2�/b iQ �
TQQ` }iX 6Q` i?2b2 `2�bQMb- BM i?2 M2ti b2+iBQM r2 2t+Hm/2 */iR 7`QK i?2 BM72`2M+2
T`Q+2bb- bT2+B}+�HHv /m`BM; i?2 T?�b2 rBi? BM+`2�b2/ mM+2`i�BMivX

9XjXe �++QmMiBM; 7Q` ?2i2`Q;2M2Biv

AM a2+iBQM 9XjX8 r2 7QmM/ i?�i � TB2+2rBb2 HBM2�` KQ/2H BM�/2[m�i2Hv /2b+`B#2/
i?2 */iR /QrM`2;mH�iBQM bi2T �i i?2 :R@a #QmM/�`vX >2`2- r2 /Bb+mbb � K2i?Q/
7Q` b2H2+iBp2Hv B;MQ`BM; `2;BQMb rBi?BM � i`�MbBiBQM rBi? ?B;? mM+2`i�BMiv bm+? �b

Nj



i?Bb QM2 7`QK i?2 SaJ +2HH +v+H2 �M�HvbBbX h?2 K2i?Q/ `2HB2b QM �TT`QT`B�i2Hv
�p2`�;BM; Qp2` i?2 +Q``2bTQM/BM; bm#b2i Q7 i?2 T`Q#�#BHBiv K�i`Bt Q#i�BM2/ BM
a2+iBQM kX8XkX h?Bb +�M #2 b22M BM 6B;m`2 9XR3 7Q` i?2 :R@a #QmM/�`v Q7 i?2 */iR
T?�b2- r?2`2 i?2 b2H2+i2/ `2;BQM ?�b #22M `2TH�+2/ #v � mMB7Q`KHv /Bbi`B#mi2/
/2MbBiv rBi? p�Hm2 2[m�H iQ i?2 K2�M /2MbBiv +Q``2bTQM/BM; iQ i?�i `2;BQMX h?Bb
?�b i?2 2z2+i i?�i i?2 T`2+Bb2 TQbBiBQMBM; Q7 /�i� TQBMib i?�i 7�HH BM i?�i `2;BQM
rBHH QMHv #2 BM7Q`K2/ #v i?2 �Hi2`M�iBp2 K2�bm`2K2Mib- .L� �M/ ;2KBMBMX

20 40 60 80 100

Cdt1

1:100

20 40 60 80 100

geminin

1:100
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DNA

6B;m`2 9XR3, S`Q#�#BHBiv K�i`B+2b 7QHHQrBM; b2H2+iBp2 �p2`�;BM; Q7
�K#B;mQmb T?�b2bX

h?Bb r�v r2 +�M b2H2+iBp2Hv T`2p2Mi �Mv `2;BQM Q7 � ;Bp2M K2�bm`2K2Mi 7`QK
BM~m2M+BM; i?2 SaJ �M�HvbBbX lbBM; i?Bb �TT`Q�+?- r2 }ii2/ i?2 KQ/2H 7`QK
a2+iBQM 9XjX8 �;�BM iQ i?2 /�i�- 2KTHQvBM; i?2 b�K2 QTiBKBb�iBQM #QmM/�`B2bX h?2
`2bmHiBM; �M�HvbBb +�M #2 b22M BM 6B;m`2 9XRNX �b r2 +�M b22 7`QK i?Bb THQi- i?2`2
Bb MQ HQM;2` � `2;BQM Q7 HQr /2MbBiv �i i?2 :R@a #QmM/�`v Ub22 .L� �M/ ;2KBMBM
i`�D2+iQ`B2bVX 6m`i?2`KQ`2- r2 +�M +H2�`Hv b22 i?2 +Q@2tBbi2M+2 Q7 irQ /BbiBM+i */iR
2tT`2bbBM; TQTmH�iBQMb BM i?�i `2;BQM- �b `2bQHp2/ #v .L� �M/ ;2KBMBMX q2 F22T
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h�#H2 9Xk, h�#H2 Q7 KQ/2H T�`�K2i2`b 7Q` */iR i`�MbBiBQM

R k j 9 8 e
T K2�M yXyy k9XNd 8kXje ejXyN NjXRN NeXNj
T b/ yXyy jXdy jX9y kXN3 kXyj RXke
H K2�M 8kX9j 3jXjd 3eXRR RdXNk RNXj8 3dXe3
H b/ jXk3 kXRk jXkN RXed RX3j 9X8y
b K2�M eXje 8Xyy 8Xd3 8X39 9Xj8 8XRd
b b/ RXkd RXjy yX3j RX9j yX99 RXkj

i?2b2 `2bmHib 7Q` 7m`i?2` �M�HvbBb U*?�Ti2` 8VX

h?2 T�`�K2i2`b `2bmHiBM; 7`QK i?2 bBKmH�iBQMb �`2 bmKK�`Bb2/ BM h�#H2b 9Xk-
9Xj �M/ 9X9 7Q` */iR- ;2KBMBM �M/ .L� `2bT2+iBp2Hv- r?2`2 +QHmKMb `272` iQ
#`2�FTQBMib �M/ T- H �M/ b `272` iQ i?2 iBKBM;- BMi2bMBiv H2p2H �M/ bT`2�/ Q7 2�+?
#`2�FTQBMiX J2�M �M/ b/ Q7 2�+? T�`�K2i2` `272` iQ i?2 `2bmHiBM; K2�M �M/
bi�M/�`/ /2pB�iBQMb Q7 i2M T�`�K2i2`@}iiBM; QTiBKBb�iBQM `mMbX
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DNA

6B;m`2 9XRN, SaJ �M�HvbBb mbBM; �p2`�;2/ KQ/2HbX

�Hi?Qm;? i?2b2 `2bmHib HQQF T`QKBbBM;- �M/ TQi2MiB�HHv ;`2�iHv BKT`Qp2 i?2 miBHBiv
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h�#H2 9Xj, h�#H2 Q7 KQ/2H T�`�K2i2`b 7Q` ;2KBMBM i`�MbBiBQM

R k j 9 8
T K2�M kjXy3 9yXke e3Xyy N9XdN NdX9e
T b/ kXNy RXdy 9Xkk kXjk RXk8
H K2�M RNXdR 8jXNe djXdR deX8y kjXN8
H b/ yXey kXNR RX3R RX3k 9X8R
b K2�M jX89 jXNk 9XNe 8XRe jXye
b b/ yX9j yX3R yXdR yXN9 yX9N

h�#H2 9X9, h�#H2 Q7 KQ/2H T�`�K2i2`b 7Q` .L� i`�MbBiBQM

R k j
T K2�M j3XR3 eyXjN 3yX9N
T b/ kXyR jX3R kX3R
H K2�M RNXdk 9jX33 dNXdy
H b/ yXed jX3N jXj3
b K2�M jXNN 8XjN 8Xdd
b b/ yX89 yXdR RXRe

Q7 Qm` +2HH +v+H2 KQ/2H- r2 ?�p2 MQi HQQF2/ �i i?2 2z2+i Q7 �p2`�;BM; `2;BQMb
Q7 i?2 T`Q#�#BHBiv K�i`Bt QM i?2 `2bmHiBM; b+Q`BM; Q7 i?2 Q#D2+iBp2 7mM+iBQM-
r?B+? rQmH/ BM im`M �z2+i i?2 }iiBM; Q7 i?2 KQ/2HX >Qr2p2`- r2 ?�p2 B/2MiB}2/
i?2 +�mb2 mM/2`HvBM; i?2 T2`bBbi2Mi HQr /2MbBiv `2;BQM �i i?2 :Rfa T?�b2- �b
i?2 ?2i2`Q;2M2Qmb 2tT`2bbBQM Q7 */iR �i i?�i bi�;2X h?Bb 2z2+i ?�b �HbQ #22M
+?�`�+i2`Bb2/ #v :`�Mi 2i �HX UkyR3V- r?Q 7QmM/ i?�i i?2 iBKBM; Q7 i?2 */iR
`2TQ`i2` 7mbBQM /2;`�/�iBQM /2T2M/b QM Bib 2tT`2bbBQM H2p2H BM 2�+? +2HH- /m`BM;
:RX h?2 �mi?Q`b BMbi2�/ T`QTQb2/ �M �Hi2`M�iBp2 #BQK�`F2` #�b2/ QM i?2 7mbBQM
Q7 i?2 SAS /2;`QM i�; iQ � `2TQ`i2` T`Qi2BM- BM Q`/2` iQ K�`F i?2 :Rfa �M/ af:k
i`�MbBiBQMb KQ`2 �++m`�i2HvX

q?BH2 B;MQ`BM; */iR /m`BM; i?2 :Rfa T?�b2 �HHQrb mb iQ `2Hv QM ;2KBMBM �M/
.L� [m�MiBiv /m`BM; i?�i T?�b2- H2�/BM; iQ � +QMiBMmQmb +2HH +v+H2 i`�D2+iQ`v-
Bi `2K�BMb iQ #2 p2`B}2/ ?Qr i?Bb �z2+ib i?2 }iiBM; T`Q+2/m`2X �M �Hi2`M�iBp2
�TT`Q�+? +QmH/ #2 iQ brBi+? i?2 */iR K�`F2` 7Q` � KQ`2 T`2+Bb2 +2HH@+v+H2 K�`F2`
Q7 i?2 :R@a T?�b2 i`�MbBiBQM- bm+? �b QM2 #�b2/ QM SAS U:`�Mi 2i �HX- kyR3VX
aBKBH�`Hv- �M �Hi2`M�iBp2 `2TQ`i2` +QmH/ #2 mb2/ iQ K�`F i?2 2M/ Q7 KBiQbBb �M/

Ne



QMb2i Q7 :R- bm+? �b i?2 `2THB+�iBQM BMBiB�iBQM 7�+iQ` */+e@:6S 7mbBQMb mb2/ #v
.mm`bK� �M/ �;�KB Ukyy8VX h?Bb rQmH/ #2 2bT2+B�HHv mb27mH ?2`2- �b i?2 T`2b2Mi
b2i Q7 K�`F2`b +�MMQi `2bQHp2 i?2 :kfJ T?�b2bX �M �/p�Mi�;2 Q7 i?2 7m++B bvbi2K
Bb i?2 mb2 Q7 BM�+iBp2 T`Qi2BM 7`�;K2Mib Q7 */iR �M/ ;2KBMBMX � bBKBH�` T`Qi2BM
`2TQ`i2` 7mbBQM +QmH/ #2 +QMbi`m+i2/ mbBM; i?2 */+e *@i2`KBM�H b2[m2M+2- r?B+?
Bb � i�`;2i 7Q` m#B[mBiBM�iBQM #v *v+HBM 6 BM K�KK�HB�M +2HHb Uq�Hi2` 2i �HX- kyReVX

9XjXd S`2+BbBQM �bb2bbK2Mi

"�b2/ QM i?2 `2bmHiBM; KQ/2Hb r2 +�M /2i2`KBM2 ?Qr r2HH i?2 +2HH +v+H2 +�M #2
`2bQHp2/- mbBM; bBKmH�i2/ /�i�X hQ /Q bQ- r2 }`bi ;2M2`�i2 bvMi?2iB+ /�i� mbBM;
i?2 �#Qp2 KQ/2Hb- �b b22M BM 6B;m`2 9XkyX h?2 #2M2}i Q7 mbBM; bvMi?2iB+ /�i� Bb
i?�i i?2 i`m2 +2HH +v+H2 bi�i2 Bb FMQrM 7Q` 2p2`v +2HH- �HHQrBM; mb iQ +QKT�`2 Bi
iQ i?�i T`2/B+i2/ r?2M �M�HvbBM; i?2 bvMi?2iB+ /�i� pB� SaJX h?Bb ;Bp2b mb �M
2biBK�iBQM Q7 i?2 `2bmHiBM; `2bQHmiBQM Q7 i?2 +2HH +v+H2 KQ/2H- �b b22M BM 6B;m`2
9XkR- r?B+? �HHQrb mb iQ BMi2`T`2i i?2 /�i� BM HB;?i Q7 i?2 HBKBi�iBQMb Q7 i?2 KQ/2HX
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6B;m`2 9Xky, aBKmH�i2/ /�i� #�b2/ QM 7m++B KQ/2Hb T`2/B+i2/ BM a2+iBQM
9XjX Ry-yyy /�i� TQBMib bBKmH�i2/ mbBM; SaJX

�b i?2 `2bQHmiBQM Q7i2M p�`B2b i?`Qm;?Qmi i?2 +2HH +v+H2- i?Bb Bb T�`iB+mH�`Hv mb27mH
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6B;m`2 9XkR, S`2/B+i2/ p2bmb i`m2 +2HH +v+H2 bi�i2X aBKmH�i2/ /�i� ;2M2`�i2/
mbBM; i?2 }ii2/ 7m++B KQ/2Hb r2`2 �M�Hvb2/ mbBM; i?2 b�K2 KQ/2HbX h?2 `2bmHiBM;
bi�i2 UT`2/B+i2/V Bb THQii2/ �;�BMbi i?2 bBKmH�i2/ Ui`m2V- BM Q`/2` iQ Q#b2`p2 ?Qr
;QQ/ i?2 +Q``2H�iBQM BbX

r?2M +QKT�`BM; Q#b2`p�iBQMb #2ir22M /Bz2`2Mi T?�b2bX AM Qi?2` rQ`/b +2`i�BM
+2HH +v+H2 T?�b2b �`2 #2ii2` `2bQHp2/ i?�M Qi?2`b- /2T2M/BM; QM i?2 +QK#BM�iBQM
Q7 K�`F2`b mb2/X h?Bb +�M #2 b22M BM 6B;m`2 9Xkk- r?2`2 i?2 `2bQHmiBQM �i 2�+?
bi�;2 BM i?2 +2HH +v+H2 ?�b #22M K2�bm`2/ mbBM; i?2 /�i� b?QrM BM 6B;m`2 9XkRX
aT2+B}+�HHv- � N8W +QM}/2M+2 BMi2`p�H +�M #22M i�F2M �i 2�+? bBKmH�i2/ +2HH +v+H2
bi�i2- #�b2/ QM i?2 SaJ �M�HvbBb Q7 i?2 bBKmH�i2/ /�i�X h?Bb +�M �HbQ #2 b22M #v
i�FBM; i?2 �#bQHmi2 /Bbi�M+2 Q7 i?2 N8W BMi2`p�H 9XkjX

_2T2�iBM; i?2 b�K2 T`Q+2/m`2 7Q` 2�+? `2TQ`i2` BM/2T2M/2MiHv �HHQrb mb iQ
+QKT�`2 i?2 +QMi`B#miBQM Q7 2�+? `2TQ`i2` iQ i?2 +2HH +v+H2 `2bQHmiBQM Q7 i?2
+QK#BM2/ KQ/2HX AM 6B;m`2 9Xk9- r2 +�M b22 i?�i �M�HvbBM; i?2 /�i� mbBM;
�HH �p�BH�#H2 K�`F2`b bBKmHi�M2QmbHv U#Hm2 HBM2V +QK#BM2b i?2B` bi`2M;i?b- i?mb
BKT`QpBM; i?2 T`2+BbBQM Q7 i?2 T`2/B+i2/ +2HH +v+H2 bi�i2X AM 6B;m`2 9Xk8 r2
HQQF �i ?Qr i?2 /Bz2`2Mi T�B`rBb2 +QK#BM�iBQMb Q7 +2HH +v+H2 K�`F2`b +QKT�`2
rBi? 2�+? Qi?2`X q2 b22 i?�i i?2 7m++B K�`F2`b �HQM2 U#H�+FV �`2 i?2 TQQ`2bi
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+QK#BM�iBQM r?2M Bi +QK2b iQ `2bQHmiBQM- BM T�`i /m2 iQ i?2 mMB/2MiB}�#BHBiv
#2ir22M i?2 :R �M/ J T?�b2b Q7 i?2 +2HH +v+H2- bQK2i?BM; i?�i Bb MQi MQi2/
BM i?2 K�Mmb+`BTi Ua�F�m2@a�r�MQ 2i �HX- kyy3VX �//BM; .L� [m�MiBi�iBQM �b
�M �//BiBQM�H /BK2MbBQM `2bQHp2b i?Bb Bbbm2 /m2 iQ i?2 +?�M;2 BM THQB/v #2ir22M
i?2b2 irQ T?�b2b- H2�/BM; iQ � K�`F2/Hv BKT`Qp2/ `2bQHmiBQMX

0 5 10 15 20

−1
0

−5
0

5
10

cell cycle

ac
cu

ra
cy

 (h
)

6B;m`2 9Xkk, _2bQHmiBQM �i 2�+? +2HH +v+H2 bi�;2 #�b2/ QM 7m++B K�`F2`b
�M/ .L�X _�M;2b Q#i�BM2/ mbBM; � N8W +QM}/2M+2 BMi2`p�H QM i?2 `2bmHib
Q#i�BM2/ #v �M�HvbBM; i?2 bBKmH�i2/ /�i� mbBM; SaJX

9X9 .Bb+mbbBQM

"�;r2HH 2i �HX UkyR8#V bm;;2bi i?�i i`�MbBiBQMb �`2 }ii2/ Bi2`�iBp2Hv- BM Q`/2`
iQ K�F2 i?2 2tTHQ`�iBQM Q7 mMFMQrM K�`F2`b #v i?2 `2b2�`+?2` 72�bB#H2 �M/ iQ
T`2p2Mi i?2 2tTHQ`2/ bi�i2@bT�+2 7`QK 2tTHQ/BM; �b � `2bmHi Q7 i?2 BM+`2�b2 BM i?2
MmK#2` Q7 }ii2/ T�`�K2i2`bX �Hi?Qm;? }iiBM; r2HH FMQrM T`Q;`2bbBQMb }`bi +�M
#2 BMbB;?i7mH rBi? `2bT2+i iQ i?2 `2bi Q7 i?2 i`�MbBiBQMb- i?2 KmHiBTH2 7�Hb2 KBMBK�
BM i?2 Q#D2+iBp2 7mM+iBQM Q7i2M K2�M i?�i }iiBM; i?2 }`bi T`Q;`2bbBQM �HQM2 `2bmHib
BM � bm#QTiBK�H b2i Q7 T�`�K2i2`b r?B+? K�v T`Qp2 /Bb�;`22�#H2 r?2M i`vBM; iQ
}i 7m`i?2` K2�bm`2K2Mi +?�MM2HbX

NN
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6B;m`2 9Xkj, �#bQHmi2 BMi2`p�H �i 2�+? +2HH +v+H2 bi�;2 #�b2/ QM 7m++B
K�`F2`b �M/ .L�X _�M;2b Q#i�BM2/ mbBM; � N8W +QM}/2M+2 BMi2`p�H QM i?2
`2bmHib Q#i�BM2/ #v �M�HvbBM; i?2 bBKmH�i2/ /�i� mbBM; SaJX

>2`2- � +QMb2Mbmb }i #2ir22M i?2 K2�bm`2K2Mib Bb �+?B2p2/ #v }iiBM; �b K�Mv
T`Q;`2bbBQMb �i � iBK2 �b TQbbB#H2X �Hi?Qm;? }iiBM; i?�i K�Mv T�`�K2i2`b
bBKmHi�M2QmbHv +�M #2 +QKTmi�iBQM�HHv /2K�M/BM;- KQ/2`M ;HQ#�H QTiBKBb�iBQM
�H;Q`Bi?Kb 2tBbi r?B+? +�M ?�M/H2 bm+? /2K�M/bX � K�+?BM2 H2�`MBM;@#�b2/
QTiBKBb2` #�b2/ QM "�2vbB�M PTiBKBb�iBQM U"Bb+?H 2i �HX- kyRdV Bb mb2/ ?2`2-
r?B+? Bb bT2+B}+�HHv bmBi2/ �i ?�M/HBM; 2tT2MbBp2@iQ@2p�Hm�i2- MQBbv Q#D2+iBp2
7mM+iBQMbX

h?Bb r�v /2b+`BTiBp2 KQ/2Hb 7Q` i?`22 +2HH +v+H2 K�`F2`b- M�K2Hv .L�- ;2KBMBM
�M/ */iR- �`2 }ii2/ bBKmHi�M2QmbHvX AM i?2 T`Q+2bb- r2 b�r i?�i /m2 iQ
?2i2`Q;2M2Biv BM i?2 */iR 2tT`2bbBQM �i i?2 :R@a #QmM/�`v- */iR +�MMQi T`QpB/2
BM7Q`K�iBQM �#Qmi i?Bb bi2T BM i?2 +2HH +v+H2- i?mb i`vBM; iQ }i � +QMiBMmQmb
TB2+2rBb2 HBM2�` KQ/2H `2bmHib BM � #�/ }iX AM Q`/2` iQ �pQB/ i?Bb HBKBi�iBQM �
K2i?Q/ Bb T`QTQb2/ 7Q` b2H2+iBp2Hv B;MQ`BM; �K#B;mQmb i`�MbBiBQMbX h?Bb `2bmHi2/
BM �M BKT`Qp2/ +2HH +v+H2 i`�D2+iQ`v- r?B+? r2 mb2 BM i?2 M2ti *?�Ti2` iQ 2tTHQ`2
?Qr i`�Mb+`BTiBQM �M/ +2HH ;`Qri? `2H�i2 iQ QM2 �MQi?2`X
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6B;m`2 9Xk9, �#bQHmi2 BMi2`p�Hb 7Q` 2�+? K�`F2` BM/2T2M/2MiHvX h?2 b�K2
T`Q+2/m`2 /2b+`B#2/ BM K�BM i2ti r�b 7QHHQr2/ 7Q` 2�+? K�`F2` BM/2T2M/2MiHvX
h?Bb �HHQrb mb iQ +QKT�`2 i?2 `2bmHiBM; `2bQHmiBQM +QM72``2/ #v 2�+? BM/BpB/m�H
K�`F2` iQ i?2 i?�i Q#i�BM2/ #v i?2 +QK#BM2/ KQ/2HX
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6B;m`2 9Xk8, �#bQHmi2 BMi2`p�Hb 7Q` 2�+? T�B` Q7 +2HH +v+H2 K�`F2`bX
_2bQHmiBQM +QKT�`BbbQM Q7 �HH TQbbB#H2 T�B`rBb2 +QK#BM�iBQMb Q7 �p�BH�#H2 K�`F2`bX
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h?2 `2bmHi Bb � T?2MQK2MQHQ;B+�H KQ/2H +QMbBbiBM; Q7 i?2 �p2`�;2 +2HH +v+H2 T�ii2`Mb
Q7 i?2 7m++B K�`F2`b �M/ K2�bm`2K2Mib Q7 .L� +QMi2MiX h?Bb KQ/2H +�M #2 mb2/
iQ +�H+mH�i2 i?2 KQbi HBF2Hv +2HH +v+H2 bi�i2 Q7 �Mv 7m++B +2HH #�b2/ QM i?2b2 i?`22
K�`F2`bX q?2M �TTHB2/ iQ � TQTmH�iBQM Q7 ;`QrBM; +2HHb- Bi H2ib mb bim/v i?2
2z2+ib Q7 i?2 +2HH +v+H2 QM p�`BQmb �bT2+ib Q7 +2HH T?vbBQHQ;v- �b rBHH #2 b22M BM
i?2 M2ti *?�Ti2`X Ai Kmbi #2 MQi2/ ?Qr2p2` i?�i i?2 `2bmHiBM; KQ/2H Bb #�b2/
QM i?2 �p2`�;2 +2HH +v+H2- r?B+? K2�Mb MQ Q#b2`p�iBQMb +�M #2 K�/2 rBi? `2;�`/b
iQ i?2 ?2i2`Q;2M2Biv Q7 +2HH +v+H2 T?�b2 H2M;i?b Q` T2`BQ/ /m`�iBQM #2ir22M +2HHb
Q7 i?2 b�K2 TQTmH�iBQMX 6m`i?2`KQ`2- �b i?2 KQ/2H Bb #�b2/ QM bM�T?bQi /�i�-
MQ BM7Q`K�iBQM �#Qmi i?2 +Q``2H�iBQMb #2ir22M i?2 H2M;i?b Q7 /Bz2`2Mi T?�b2b Bb
T`2b2`p2/X �b Bi Bb FMQrM i?�i +2HH +v+H2 H2M;i? ?2i2`Q;2M2Biv Bb T`2p�H2Mi BM
;`QrBM; TQTmH�iBQMb Q7 +2HHb U*?BQ`BMQ 2i �HX- kyyRV- 7mim`2 K2�bm`2K2Mib M22/ iQ
#2 K�/2 iQ bT2+B}+�HHv �++QmMi 7Q` i?2b2 2z2+ibX

Ryj



*?�Ti2` 8

h`�Mb+`BTiBQM FBM2iB+b �M/ +2HH
;`Qri?

J�KK�HB�M +2HH ;`Qri? Bb � +QKTH2t T`Q+2bb 2M+QKT�bbBM; ;2MQK2 `2THB+�iBQM-
+2HH K�bb �++mKmH�iBQM �M/ /`�biB+ `2Q`;�MBx�iBQM Q7 i?2 BMi`�+2HHmH�` bi`m+im`2X
1�+? Q7 i?2b2 T`Q+2bb2b +QMi`B#mi2b iQ ;2M2 2tT`2bbBQM MQBb2- K�FBM; i?2 /2bB;M
Q7 `Q#mbi ;2M2iB+ +B`+mBib /B{+mHi U>m? �M/ S�mHbbQM- kyRR�VX �b b22M BM *?�Ti2`
9- ~Qr +viQK2i`v +�M #2 mb2/ iQ +QHH2+i K2�bm`2K2Mib QM KmHiBTH2 +2HH +v+H2
`2TQ`i2`b- r?B+? +�M #2 �M�Hvb2/ mbBM; S`Q#�#BHBiv ai�i2 JQ/2HHBM; U"�;r2HH 2i �HX-
kyR8#V iQ TQbBiBQM 2�+? +2HH BMiQ Bib KQbi HBF2Hv +2HH +v+H2 bi�i2X *QK#BMBM; i?Bb
K2i?Q/QHQ;v rBi? K2�bm`2K2Mib Q7 ;2M2 2tT`2bbBQM FBM2iB+b bm+? �b K2i�#QHB+
H�#2HHBM; Q7 i`�Mb+`BTiBQM �M/ i`�MbH�iBQM T`QpB/2b � ?B;? `2bQHmiBQM pB2r BMiQ ?Qr
bm+? �+iBpBiB2b +?�M;2 /m`BM; i?2 +2HH +v+H2X

*?�M;2b BM +2HH bBx2 �`2 �MQi?2` BKTQ`i�Mi bQm`+2 Q7 ;2M2 2tT`2bbBQM p�`B�iBQMX
6m`i?2`KQ`2- +2HHb Q7 /Bz2`2Mi bBx2b �`2 FMQrM iQ ;`Qr �i /Bz2`2Mi `�i2b- 7m`i?2`
+QM7QmM/BM; Qm` K2�bm`2K2Mib Q7 MQBb2X lbBM; 2`;Q/B+ `�i2 �M�HvbBb U1_�V UE�7`B
2i �HX- kyRjV- r2 +Q``2H�i2 Qm` K2�bm`2K2Mib Q7 ;2M2 2tT`2bbBQM FBM2iB+b rBi? i?Qb2
Q7 +2HH bBx2 ;`Qri? `�i2 �b � 7mM+iBQM Q7 +2HH +v+H2 T`Q;`2bbBQMX h?Bb r�v- r2 �BK iQ
2Hm+B/�i2 i?2 ?QK2Qbi�iB+ K2+?�MBbKb HBMFBM; +2HH ;`Qri? �M/ ;HQ#�H i`�Mb+`BTiBQM-
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BM Q`/2` iQ #2ii2` mM/2`bi�M/ ;2M2 2tT`2bbBQM MQBb2X

h?2 `2H�iBQMb?BT #2ir22M +2HH bBx2 �M/ _L� �#mM/�M+2 BM K�KK�HB�M +2HHb ?�b
#22M BMp2biB;�i2/ BM i?2 T�bi #v +QKT�`BM; i?2 _L� +QMi2Mi Q7 KQmb2 +2HHb 7`QK
iBbbm2b rBi? /Bz2`2Mi +?�`�+i2`BbiB+ +2HH bBx2b Ua+?KB/i �M/ a+?B#H2`- RNN8VX h?2
�mi?Q`b 7QmM/ � bi`QM; +Q``2H�iBQM #2ir22M +2HH bBx2 �M/ _L� +QMi2Mi- r?B+?
r�b �ii`B#mi2/ iQ �M BM+`2�b2/ `�i2 Q7 _L� bvMi?2bBbX �Hi?Qm;? +2HHb i�F2M 7`QK
/Bz2`2Mi iBbbm2b r2`2 MQ`K�HBb2/ 7Q` .L� [m�MiBiv- Bi Bb HBF2Hv i?�i Qi?2` iBbbm2 @
bT2+B}+ K2+?�MBbKb +QMi`B#mi2 iQ i?2 Q#b2`p2/ +?�M;2b BM i`�Mb+`BTi �#mM/�M+2
�HQM;bB/2 +2HH pQHmK2X AM Q`/2` iQ mM/2`bi�M/ i?2 2z2+ib Q7 +2HH pQHmK2 bT2+B}+�HHv-
bm+? K2�bm`2K2Mib rQmH/ ?�p2 iQ #2 `2T2�i2/ BM +2HHb rBi?BM i?2 b�K2 +2HH ivT2X
lbBM; bBM;H2@+2HH K2�bm`2K2Mib- Bi Bb TQbbB#H2 iQ 2tTHQBi i?2 BMi2`+2HHmH�` p�`B�iBQM
rBi?BM � TQTmH�iBQM Q7 +2HHb 7Q` i?Bb Tm`TQb2X

am+? � bi`�i2;v r�b 2KTHQv2/ KQ`2 `2+2MiHv #v S�/Qp�M@J2`?�` 2i �HX UkyR8V-
r?Q K2�bm`2/ K_L� i`�Mb+`BTi �#mM/�M+2 BM KQmb2 }#`Q#H�bib �HQM;bB/2 +2HH
bBx2 �M/ +2HH +v+H2 7Q` � b2H2+iBQM Q7 k8 ;2M2b- mbBM; � +QK#BM�iBQM Q7 bBM;H2
KQH2+mH2 ~mQ`2b+2Mi BM bBim ?v#`B/Bb�iBQM UbK6Aa>V �M/ ~mQ`2b+2Mi KB+`Qb+QTvX
h?2 +2HH +v+H2 r�b `2bQHp2/ #v +QmMiBM; i?2 MmK#2` Q7 *v+HBM �k i`�Mb+`BTib- r?B+?
�`2 FMQrM iQ �++mKmH�i2 7`QK i?2 bi�`i Q7 a iQ J T?�b2 U:QQFBM 2i �HX- kyRdVX
lbBM; i?Bb K2i?Q/- i?2 �mi?Q`b b?Qr2/ i?�i i?2 K_L� MmK#2` Q7 � +2HH bi`QM;Hv
+Q``2H�i2b rBi? +2HH pQHmK2- �M/ i?�i i?Bb `2H�iBQMb?BT Bb MQi �z2+i2/ #v +2HH +v+H2
T`Q;`2bbBQMX

6m`i?2`KQ`2- mbBM; K2i�#QHB+ H�#2HBM;- i?2 �mi?Q`b +QM+Hm/2 i?�i K�KK�HB�M
+2HHb �/Dmbi i?2B` _L� �#mM/�M+2 iQ K�BMi�BM � `2H�iBp2Hv +QMbi�Mi +QM+2Mi`�iBQM
#2ir22M /Bz2`2Mi bBx2b- #v BM+`2�bBM; i?2 `�i2 Q7 i`�Mb+`BTiBQM `�i?2` i?�M _L�
bi�#BHBivX >2`2- r2 `2T2�i i?Bb K2i�#QHB+ H�#2HHBM; 2tT2`BK2Mi mbBM; � KQ`2
�/p�M+2/ K2i?Q/ Q7 +2HH +v+H2 �M�HvbBb USaJV r?B+? +QK#BM2b j /BbiBM+i `2TQ`i2`b-
�M/ � bBKTH2` i?Qm;? r2HH 2bi�#HBb?2/ K2i?Q/ 7Q` K2�bm`BM; +2HH bBx2- mbBM; ~Qr
+viQK2i`vX
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8XR J2i�#QHB+ H�#2HHBM; Q7 i`�Mb+`BTiBQM BM 7m++B

+2HHb

�b /2b+`B#2/ BM *?�Ti2` 9- SaJ +�M #2 mb2/ iQ +QK#BM2 i?2 K2�bm`2K2Mib
7`QK KmHiBTH2 +2HH +v+H2 `2TQ`i2`b BMiQ � bBM;H2 +2HH +v+H2 i`�D2+iQ`vX h?Bb +�M
bm#b2[m2MiHv #2 mb2/ iQ i`�+F ?Qr �Mv Qi?2` K2�bm`�#H2 i`�Bi +?�M;2b rBi? `2bT2+i
iQ i?2 +2HH +v+H2X 6HQr +viQK2i`v Bb �M 2t+2HH2Mi TH�i7Q`K BM i?Bb `2bT2+i- �b
Bi �HHQrb KmHiBTH2 i`�Bib iQ #2 K2�bm`2/ BM T�`�HH2HX q2 miBHBb2 i?Bb T`QT2`iv
iQ bBKmHi�M2QmbHv K2�bm`2 i?`22 +2HH +v+H2 `2TQ`i2`b U.L�- */iR �M/ ;2KBMBMV
BM 7m++B +2HHb- �HQM;bB/2 K2�bm`2K2Mib Q7 ;HQ#�H i`�Mb+`BTiBQM�H �+iBpBiv �M/ +2HH
bBx2- BM Q`/2` iQ mM/2`bi�M/ iQ r?�i 2ti2Mi +?�M;2b BM +2HH bBx2 �M/ +2HH +v+H2
H2�/ iQ +?�M;2b BM ;HQ#�H i`�Mb+`BTiBQM `�i2bX J2i�#QHB+ H�#2HHBM; �M/ bm#b2[m2Mi
[m�MiB}+�iBQM r�b T2`7Q`K2/ �++Q`/BM; iQ i?2 K2i?Q/ /2b`+`B#2/ BM kXjX "`B2~v-
+2HHb r2`2 i`2�i2/ rBi? +?2KB+�HHv H�#2HH2/ m`B/BM2 U81lV- r?B+? +�M bm#b2[m2MiHv
#2 +QMDm;�i2/ iQ � ~mQ`QT?Q`2 �M/ K2�bm`2/ #v ~Qr +viQK2i`v iQ [m�MiB7v i?2
BM+Q`TQ`�iBQM `�i2X

h?2 K2�M ~mQ`2b+2Mi bB;M�H /2i2+i2/ BM +2HHb i?�i ?�/ #22M �/KBMBbi2`2/ 81l r�b
Qp2` i2M iBK2b ?B;?2` i?�M i?2 #�+F;`QmM/ bi�BMBM;- �b b?QrM BM 6B;m`2 8XRX h?Bb
/2KQMbi`�i2b i?�i BM+Q`TQ`�iBQM Q7 81l BMiQ i?2 _L� Q7 HBpBM; 7m++B +2HHb +�M #2
`2�/BHv /2i2+i2/ rBi?BM R ?Qm` Q7 H�#2HBM;- �b b?QrM #27Q`2 BM Qi?2` +2HH ivT2b UC�Q
�M/ a�HB+- kyy3VX

Ai Bb Q7i2M BM7Q`K�iBp2 iQ 2t�KBM2 i?2 b?�T2 Q7 i?2 `2bmHiBM; /Bbi`B#miBQMbX hQ
/Q bQ- r2 HQQF �i i?2 /2MbBiv THQib Q7 i?2 81l K2�bm`2K2Mib rBi?Qmi HQ;
i`�Mb7Q`KBM;X AM 6B;m`2 8Xk- r2 b22 i?�i �Hi?Qm;? i?2 #�+F;`Qm/ bi�BM `2bmHib BM
� M�``Qr /Bbi`B#miBQM- i?2 81l i`2�i2/ b�KTH2 ?�b � #`Q�/ /Bbi`B#miBQM- rBi? irQ
#`Q�/ T2�Fb B/2MiB}�#H2X h?2 H�`;2 #`2�/i? Q7 i?2 /Bbi`B#miBQM bm;;2bib i?�i i?2
i`�Mb+`BTiBQM `�i2 p�``B2b bm#bi�MB�HHv #2ir22M +2HHb rBi?BM i?2 TQTmH�iBQM- r?BH2
i?2 irQ T2�Fb bm;;2bi i?2`2 �`2 irQ bm#TQTmH�iBQMb rBi? /Bz2`2Mi i`�Mb+`BTiBQM
`�i2bX "v +QMi`QHHBM; 7Q` +2HH +v+H2 �M/ +2HH bBx2 2z2+ib- r2 �`2 �#H2 iQ /2i2`KBM2
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r?2i?2` i?2b2 irQ TQTmH�iBQMb �`2 2tTH�BM2/ #v /Bz2`2M+2b BM +2HH +v+H2 T?�b2- �b
b22M BM 6B;m`2 8X9X
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6B;m`2 8XR, 81l K2i�#QHB+ H�#2HHBM;X .2MbBiv THQib b?Qr i?2 *v8 H�#2HHBM;
BMi2MbBiv /Bbi`B#miBQM Q7 i?2 ~Qr +viQK2i`v K2�bm`2K2Mib Q7 `Qm;?Hv R8-yyy 7m++B
+2HHbX "H�+F HBM2b +Q``2bTQM/ iQ b�KTH2b iQ r?B+? 81l r�b �/KBMBbi2`2/- `2/ HBM2b
�`2 i?2 M2;�iBp2 +QMi`QH �M/ BM/B+�i2 i?2 #�+F;`QmM/ bi�BMBM; Q7 i?2 *v8 �xB/2
/v2X

*2HH +v+H2 KQ/2Hb r2`2 }ii2/ 7Q` i?2 i?`22 `2TQ`i2`b �b /2b+`B#2/ BM *?�Ti2` 9X 6Bp2
BM/2T2M/2Mi `mMb Q7 i?2 }iiBM; �H;Q`Bi?K r2`2 T2`7Q`K2/ BM Q`/2` iQ 2biBK�i2 i?2
�bbQ+B�i2/ 2``Q`X h?2 `2bmHiBM; KQ/2Hb Ub?QrM BM 6B;m`2 8XjV r2`2 mb2/ iQ �M�Hvb2
i?2 +2HH +v+H2 i`�D2+iQ`B2b Q7 i?2 81l H�#2HH2/ b�KTH2b- �b b?QrM 7Q` QM2 Q7 i?2
`2THB+�i2b BM 6B;m`2 8X9X �Hi?Qm;? r2 +�M b22 i?�i i?2`2 Bb � +2HH +v+H2 /2T2M/2Mi
2z2+i QM i?2 #�+F;`QmM/ bi�BMBM; UBM `2/V- i?Bb +�M 2�bBHv #2 +Q``2+i2/ 7Q`- #v
bm#i`�+iBM; i?2 K2�Mb �i 2�+? TQBMiX h?2 `2bmHi Q7 i?Bb QT2`�iBQM Bb b?QrM BM
6B;m`2 8X8X

AM 6B;m`2 8X9 r2 +�M b22 i?�i i?2 BM+Q`TQ`�iBQM `�i2 Bb b2p2`�H 7QH/ �#Qp2
#�+F;`QmM/ H2p2Hb 2p2M �i i?2 p2`v bi�`i Q7 :R- bm;;2biBM; i?�i i?2`2 Bb bB;MB}+�Mi
i`�Mb+`BTiBQM /m`BM; i?2 #2;BMMBM; Q7 i?2 +2HH +v+H2X Ai Bb rQ`i? MQiBM;- ?Qr2p2`-
i?�i /m2 iQ i?2 iBK2 rBM/Qr Q7 i?2 81l TmHb2 UR ?Qm`V- Bi Bb 2tT2+i2/ i?�i �
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6B;m`2 8Xj, .2}MBiBQM Q7 +2HH +v+H2 T?�b2bX JQ/2Hb 7Q` i?2 i?`22 +2HH +v+H2
`2TQ`i2`b }ii2/ #v SaJ �`2 b2+iBQM2/ BMiQ T?�b2b �b b?QrM #v i?2 /�b?2/ HBM2bX
1�`Hv :R U2:RV Bb /2}M2/ 7`QK i?2 bi�`i Q7 i?2 :R T?�b2X a Bb /2}M2/ �b i?2 QMb2i
Q7 ;2KBMBM mT`2;mH�iBQM U�S* �+iBpBiv BM?B#BiBQMV
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6B;m`2 8X9, *2HH +v+H2 �M�HvbBb Q7 81l BM+Q`TQ`�iBQMX G27i, TQBMib b?Qr
i?2 K2�M 81l BM+Q`TQ`�iBQM H2p2H U#H�+FV �M/ #�+F;`QmM/ bi�BMBM; U`2/V �i 2�+?
TQBMi BM i?2 +2HH +v+H2- ?Q`BxQMi�H HBM2b b?Qr i?2 `2bQHmiBQM HBKBi �i 2�+? T?�b2-
p2`iB+�H HBM2b Ǭ R bi�M/�`/ /2pB�iBQM Ua.V Q7 81l BMi2MbBivX _B;?i, TQBMib b?Qr
i?2 K2�Mb Q7 8 BM/2T2M/2Mi }ib Q7 i?2 +2HH +v+H2 KQ/2H- ?Q`BxQMi�H �M/ p2`iB+�H
HBM2b b?Qr i?2 `2bT2+iBp2 mM+2`i�BMiv BM +2HH +v+H2 T?�b2 �M/ K2�M 81l BMi2MbBiv
UǬ R a.VX
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7`�+iBQM Q7 i?2 81l /2i2+i2/ BM M�b+2Mi +2HHb rBi?BM i?2 }`bi ?Qm` Q7 i?2 :R T?�b2
rBHH ?�p2 #22M BM+Q`TQ`�i2/ /m`BM; i?2 J T?�b2 Q7 i?2 T�`2Mi +2HHX h?Bb K2�Mb
i?�i r2 +�MMQi /Bz2`2MiB�i2 #2ir22M i?2 `�i2b /m`BM; i?2 }`bi �M/ H�bi ?Qm` Q7
i?2 +2HH +v+H2X 6mim`2 2tT2`BK2Mib rBi? b?Q`i2` iBK2TQBMib rBHH 2M�#H2 mb iQ HQQF
�i i?2b2 T?�b2b KQ`2 +HQb2HvX

AM Qi?2` i2`Kb- i?2b2 `2bmHib �`2 BM �;`22K2Mi rBi? 2�`HB2` _L� FBM2iB+b bim/B2b
BM >2H� +2HHb- T2`7Q`K2/ BM bvM+?`QMBb2/ +mHim`2b US72Bz2` �M/ hQHK�+?- RNe3VX
aT2+B}+�HHv- r2 b22 �M Qp2`�HH /Qm#HBM; Q7 i?2 ;HQ#�H i`�Mb+`BTiBQM `�i2 /m`BM; i?2
+2HH +v+H2- rBi? i?2 `�i2 ?2�/BM; iQr�`/b � TH�i2�m /m`BM; i?2 :k- i?Qm;? BM Qm`
+�b2 r2 +�MMQi `2bQHp2 i?2 r?QH2 Q7 i?2 :k T?�b2X AM +QMi`�bi iQ S72Bz2` �M/
hQHK�+? URNe3V- r2 /Q MQi Q#b2`p2 � +QMbi�Mi `�i2 �i i?2 bi�`i Q7 i?2 +2HH +v+H2-
i?Qm;? i?Bb +QmH/ �HbQ #2 /m2 iQ HBKBi�iBQMb Q7 i?2 +2HH +v+H2 `2bQHmiBQMX *�`27mH
QTiBKBb�iBQM Q7 i?2 ~Qr +viQK2i2` H�b2`b �++Q`/BM; iQ `2+2Mi bm;;2biBQMb #v >�x2M
2i �HX UkyR3V +�M H2�/ iQ � ?B;?2` `2bQHmiBQM +2HH +v+H2- �b b22M BM 6B;m`2 8Xd 7Q`
+2HH bBx2 K2�bm`2K2MibX
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BM/B+�i2b i?2 K2�M 81l BMi2MbBivX GB;?i ;`2v b?�/2 BM/B+�i2b i?2 �p2`�;BM;
rBM/Qr /m2 iQ i?2 `2bQHmiBQM HBKBi �i 2�+? bi�;2 BM i?2 +2HH +v+H2X
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8Xk *2HH pQHmK2 @ +2HH +v+H2

>2`2- r2 HQQF �i i?2 T`Q;`2bbBQM Q7 i?2 K2�M +2HH bBx2 �b 2biBK�i2/ #v i?2 +viQK2i2`
mbBM; 7Q`r�`/ HB;?i b+�ii2` BMi2MbBiv U6a*X�V- � +QKKQMHv mb2/ K2�bm`2 Q7 +2HH
bBx2 r?B+? ?�b #22M b?QrM iQ +Q``2H�i2 #2bi rBi? T�`iB+H2 +`Qbb b2+iBQM�H �`2�
U>�rH2v �M/ >�rH2v- kyR3VX �bbmKBM; i?�i K�KK�HB�M +2HHb �`2 �TT`QtBK�i2Hv
bT?2`B+�H r?2M BM bmbT2MbBQM- r2 +�M +QMp2`i i?2 �`#Bi`�`v mMBib Q7 +`Qbb b2+iBQM�H
�`2� iQ 2[mBp�H2Mi mMBib Q7 pQHmK2- �++Q`/BM; iQ i?2 `2H�iBQM

ԋ � �� Ӷɘɞఅᅺ
r?2`2 o Bb i?2 pQHmK2 �M/ � i?2 +`Qbb b2+iBQM�H �`2� Q7 i?2 bT?2`2X
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6B;m`2 8Xe, *2HH pQHmK2 BM+`2�b2 /m`BM; i?2 +2HH +v+H2X _Qrb +Q``2bTQM/
iQ irQ #BQHQ;B+�H `2THB+�i2bX *2HH pQHmK2 mMBib Q#i�BM2/ �b /2b+`B#2/ BM i?2 K�BM
i2tiX G27i +QHmKM b?Qrb K2�M U#H�+F HBM2V �M/ +2HH +v+H2 mM+2`i�BMiv U;`2v b?�/2V
7`QK R `mM Q7 +2HH +v+H2 }iiBM; �H;Q`Bi?KX _B;?i +QHmKM b?Qrb K2�M �M/ 2``Q` Q7
8 BM/2T2M/2Mi }ibXǶ
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AM 6B;m`2 8Xe r2 +�M b22 i?�i QM �p2`�;2- �Hi?Qm;? +2HHb +QMiBMm2 iQ ;`Qr
i?`Qm;?Qmi KQbi Q7 i?2 +2HH +v+H2- i?2 `�i2 Q7 +2HH ;`Qri? Bb MQi +QMbi�MiX
aT2+B}+�HHv- +2HH bBx2 �TT2�`b iQ #2 BM+`2�bBM; 7`QK 2�`Hv :R iQ i?2 bi�`i Q7 i?2
:k T?�b2- rBi? �i H2�bi QM2 Q#pBQmb /2+`2�b2 BM ;`Qri? `�i2- /m`BM; i?2 bi�`i Q7
i?2 a T?�b2X h?Bb Bb Km+? KQ`2 Q#pBQmb BM 6B;m`2 8Xd- r?2`2 i?2 bm;;2biBQMb 7`QK
>�x2M 2i �HX UkyR3V ?�p2 #22M BKTH2K2Mi2/ iQ BM+`2�b2 `2bQHmiBQMX h?Bb +?�M;2
BM `�i2 ?�b #22M +?�`�+i2`Bb2/ T`2pBQmbHv #v E�7`B 2i �HX UkyRjV- r?Q bm;;2bi Bi Bb
T�`i Q7 � +2HH bBx2 ?QK2Qbi�bBb K2+?�MBbK- �b rBHH #2 /Bb+mbb2/ BM H�i2` b2+iBQMbX
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6B;m`2 8Xd, J2�M +2HH pQHmK2 /m`BM; i?2 +2HH +v+H2X jy-yyy 7m++B +2HHb r2`2
�M�Hvb2/ #v ~Qr +viQK2i`v �7i2` .L� bi�BMBM; rBi? >Q2+?bi /v2X *2HH pQHmK2
r�b Q#i�BM2/ #v +QMp2`iBM; 6a*X� K2�bm`2K2Mib Q7 +`Qbb b2+iBQM�H �`2� iQ pQHmK2X
*2HH +v+H2 r�b �M�Hvb2/ mbBM; SaJX

8Xj h`�Mb+`BTiBQM `�i2 @ oQHmK2

L2ti- r2 HQQF �i ?Qr �HH i?`22 p�`B�#H2b- M�K2Hv i`�Mb+`BTiBQM `�i2- +2HH bBx2 �M/
+2HH +v+H2 +Q``2H�i2 rBi? 2�+? Qi?2` mbBM; � irQ /BK2MbBQM�H ?2�iK�TX hQ i?�i
2M/- r2 #BM +2HHb �++Q`/BM; iQ i?2B` +2HH bBx2 �M/ +2HH +v+H2 T?�b2- �M/ +QHQm` +Q/2
2�+? irQ /BK2MbBQM�H #BM �++Q`/BM; iQ i?2 K2�M 81l BMi2MbBiv U6B;m`2 8X3VX

AMi2`2biBM;Hv- �Hi?Qm;? i?2 81l BM+Q`TQ`�iBQM `�i2 KQ`2 i?�M /Qm#H2b �+`Qbb i?2
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6B;m`2 8X3, >2�iK�T Q7 ;HQ#�H i`�Mb+`BTiBQM `�i2 �++`Qbb +2HH bBx2 �M/
+2HH +v+H2X :HQ#�H i`�Mb+`BTiBQM `�i2 K2�bm`2/ mbBM; K2i�#QHB+ H�#2HHBM;X *2HH
+v+H2 �M�Hvb2/ mbBM; SaJX oQHmK2 K2�bm`2K2Mib 2biBK�i2/ #v +QMp2`iBM; 7Q`r�`/
HB;?i b+�ii2` K2�bm`2K2MibX "BMb �`2 /2}M2/ #v bQ`iBM; i?2 +2HHb }`bi #v +2HH +v+H2
Uky #BMbV- 7QHHQr2/ #v b2+QM/�`v #BMMBM; #v +2HH pQHmK2 U3 #BMbVX J2�M 81l
BM+Q`TQ`�iBQM Bb Q#i�BM2/ #v �p2`�;BM; i?2 K2�M rBi?BM 2�+? #BMX
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+2HH +v+H2- Bi �TT2�`b iQ QMHv ?�p2 � KQ/2bi +Q``2H�iBQM rBi? +2HH bBx2 rBi?BM 2�+?
T?�b2X h?2 ?2�iK�Tb BM i?2 `B;?i ?�M/ T�M2H �`2 �//2/ iQ �B/ BMi2`T`2i�iBQM-
#v �HHQrBM; mb iQ 2p�Hm�i2 i?2 `2bmHib BM HB;?i Q7 i?2 2``Q` �bbQ+B�i2/ rBi? i?2
+2HH +v+H2 �M�HvbBbX h?2 2``Q` Bb 2tT`2bb2/ BM T2`+2MiBH2b Q7 +Q2{+B2Mi Q7 p�`B�iBQM
U*oV- �M/ Bb K2�bm`2/ mbBM; i?2 `2bmHib 7`QK }p2 BM/2T2M/2Mi SaJ }ib Q7 i?2 +2HH
+v+H2 Ub22 *?�Ti2` 9V- BM +QK#BM�iBQM rBi? #QQibi`�TTBM; URyy `2b�KTHBM;bVX q2
b22 i?�i i?2 T`2+BbBQM Bb rQ`b2 7Q` i?2 2ti`2K2 bBx2 ;`QmTbX h?Bb +�M #2 �ii`B#mi2/
iQ i?2 7�+i i?�i BM 2p2`v bi�;2 Q7 i?2 +2HH +v+H2 i?2`2 �`2 72r2` +2HHb rBi? bBx2b M2�`
i?2 2ti`2K2bX h?Bb 2``Q` +�M #2 `2/m+2/ #v mT@b+�HBM; i?2 T`QiQ+QH BM Q`/2` iQ
�M�Hvb2 � H�`;2` b�KTH2 Q7 i?2 TQTmH�iBQMX

hQ HQQF �i i?2 2z2+ib Q7 +2HH bBx2 �M/ +2HH +v+H2 b2T�`�i2Hv- r2 THQi i?2 i`�Mb+`BTiBQM
`�i2 �b � 7mM+iBQM Q7 +2HH +v+H2 7Q` 2�+? bBx2 ;`QmT b2T�`�i2Hv- b22 6B;m`2 8XNX >2`2-
r2 b22 i?�i BM/22/ i?2 +2HH bBx2 ?�b � Km+? bK�HH2` 2z2+i QM i`�Mb+`BTiBQM `�i2
i?�M i?2 +2HH +v+H2 ?�bX h?2 2z2+i Q7 +2HH bBx2 �TT2�`b iQ #2 bi`QM;2bi iQr�`/b i?2
}M�H bi�;2b Q7 i?2 +2HH +v+H2- i?Qm;? Bi Bb rQ`i? MQiBM; i?�i i?Bb Bb i?2 b�K2 `2;BQM
7Q` r?B+? i?2 +2HH +v+H2 `2bQHmiBQM Bb TQQ`2biX �b � `2bmHi- i?2 2z2+i Q7 +2HH bBx2
+�MMQi #2 /BbiBM;mBb?2/ 7`QK i?2 2z2+i Q7 i?2 +2HH +v+H2 /m`BM; i?Bb T?�b2- �M/
i?mb i?2 bi`QM;2` 2z2+i Q7 +2HH bBx2 /m`BM; i?2 2M/ Q7 i?2 +2HH +v+H2 +QmH/ #2 /m2 iQ
i?2 /Bz2`2M+2 BM bBx2 #2ir22M +2HHb �i /Bz2`2Mi bi�;2b Q7 i?2 2M/ Q7 i?2 +2HH +v+H2
i?�i +�MMQi #2 `2bQHp2/X q2 7m`i?2` THQi i?2 `2+BT`Q+�H pB2r Q7 i`�Mb+`BTiBQM `�i2
�b � 7mM+iBQM Q7 +2HH bBx2 7Q` 2�+? +2HH +v+H2 T?�b2 8XRy- r?2`2 i?2 b�K2 Q#b2`p�iBQM
+�M #2 K�/2X

hQ BMp2biB;�i2 i?2 `2H�iBQMb?BT #2ir22M +2HH bBx2 �M/ i`�Mb+`BTiBQM `�i2 7m`i?2`-
r2 MQ`K�HBb2 i?2 K2�bm`2/ 81l BM+Q`TQ`�iBQM �M/ +2HH bBx2 rBi? `2bT2+i iQ i?2B`
HQr2bi p�Hm2b BM Q`/2` iQ +QKT�`2 i?2 `2bT2+iBp2 `2H�iBp2 +?�M;2bX �b r2 +�M b22
BM 6B;m`2 8XRR- i?2`2 Bb � H�`;2 bT�M BM `2H�iBp2 +2HH bBx2b �i �Mv ;Bp2M T?�b2- r?B+?
Bb MQi �++QKT�MB2/ #v � bBKBH�` bT�M BM i`�Mb+`BTiBQM `�i2bX AMbi2�/- i`�Mb+`BTiBQM
`�i2 +Q``2H�i2b KQ`2 bi`QM;Hv rBi? +2HH +v+H2 i?�M +2HH bBx2X

�Hi?Qm;? i?Bb Bb +QMi`�`v iQ r?�i Bb /2b+`B#2/ #v S�/Qp�M@J2`?�` 2i �HX UkyR8V-
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6B;m`2 8XRR, *QKT�`BbbQM Q7 `2H�iBp2 +?�M;2b BM i`�Mb+`BTiBQM `�i2 �M/
+2HH pQHmK2X a22 +�TiBQM BM 6B;m`2 8XRR 7Q` /2i�BHbX J2�Mb �`2 MQ`K�HBb2/ rBi?
`2bT2+i iQ i?2 HQr2bi K2�bm`2K2Mib `2bT2+iBp2HvX
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mTQM +HQb2` BMbT2+iBQM Q7 i?2 K�Mmb+`BTi Bi �TT2�`b i?�i i?2 �mi?Q`b /B/ MQi
+QMi`QH 7Q` +2HH +v+H2 T?�b2 BM i?2B` K2i�#QHB+ H�#2HBM; 2tT2`BK2MiX h?Bb rQmH/
M�im`�HHv H2�/ iQ +2HHb 7`QK H�i2` T?�b2b BM i?2 +2HH +v+H2 #2BM; Qp2`@`2T`2b2Mi2/ BM
i?2 H�`;2` ;`QmT +QKT�`2/ iQ +2HHb 7`QK 2�`HB2` bi�;2b BM i?2 +2HH +v+H2- �M/ pB+2
p2`b� 7Q` bK�HH2` +2HHb- i?mb �HHQrBM; 7Q` +?�M;2b BM i`�Mb+`BTiBQM `�i2 /m2 iQ +2HH
+v+H2 2z2+ib iQ bF2r i?2 pQHmK2 @ i`�Mb+`BTiBQM `�i2 `2H�iBQMb?BTX

PM i?2 Qi?2` ?�M/- S�/Qp�M@J2`?�` 2i �HX UkyR8V /Q �++QmMi 7Q` i?2 +2HH +v+H2 BM
i?2B` /2i2`KBM�iBQM Q7 _L� bi2�/v bi�i2 mbBM; bK6Aa> QM � b2H2+iBQM Q7 k8 ;2M2b-
r?2`2 i?2 +Q``2H�iBQM rBi? bBx2 �TT2�`b iQ #2 bi`QM;X AM HB;?i Q7 6B;m`2 8XRR- Bi
�TT2�`b i?�i i`�Mb+`BTiBQM `�i2 �HQM2 /Q2b MQi bm{+B2MiHv 2tTH�BM i?2 bBx2 `2H�i2/
+?�M;2b BM _L� �#mM/�M+2 b?QrM BM US�/Qp�M@J2`?�` 2i �HX- kyR8VX �Hi?Qm;? �M
�/DmbiK2Mi Q7 i?2 /2+�v `�i2 r�b `mH2/ Qmi #v i?2 b�K2 �mi?Q`b- i?Bb +QM+HmbBQM
r�b /2`Bp2/ #v +?2KB+�H BM?B#BiBQM Q7 i`�Mb+`BTiBQM 7QHHQr2/ #v iBK2@K2�bm`2K2Mib
Q7 _L� /Bb�TT2�`�M+2X

Ai ?�b bBM+2 #22M /2KQMbi`�i2/ BM v2�bi U.�b 2i �HX- kyRdV i?�i i`�Mb+`BTiBQM
�M/ /2;`�/�iBQM Q7 _L� �`2 +QmTH2/ #v 722/#�+F K2+?�MBbKb- rBi? 2pB/2M+2
bm;;2biBM; bBKBH�` K2+?�MBbKb 2tBbiBM; BM K�KK�Hb UhBKK2`b �M/ hQ`�- kyR3VX
h?2`27Q`2- +?2KB+�H BM?B#BiBQM Q7 i`�Mb+`BTiBQM K�v ?�p2 H2/ iQ �M mM/2`2biBK�iBQM
Q7 i?2 `QH2 Q7 _L� /2+�v BM T`2b2`pBM; ?QK2Qbi�bBbX 6m`i?2`KQ`2- �b i?2
/2;`�/�iBQM Q7 _L� Bb FMQrM iQ #2 +�``B2/ Qmi �+iBp2Hv #v bT2+B�HBb2/ Mm+H2�b2
2MxvK2b- r?B+? �`2 i?2Kb2Hp2b �z2+i2/ #v /BHmiBQM 2z2+ib �b +2HHb ;`Qr- Bi Bb
TQbbB#H2 i?�i � T�bbBp2 K2+?�MBbK Q7 i`�Mb+`BTi ?QK2Qbi�bBb K�v 2tBbi- `2;mH�i2/
#v i?2 +QM+2Mi`�iBQM Q7 bm+? 2MxvK2bX �MQi?2` TQbbB#BHBiv Bb i?�i � ?B;?2`
MmK#2` Q7 `B#QbQK2b T`Qi2+i i?2 K_L� 7`QK #2BM; /2;`�/2/ U*?�M 2i �HX- kyR3VX

h?2 BKTHB+�iBQMb Q7 � bHQr2` _L� im`MQp2` rQmH/ BM+Hm/2 � bHQr2` T`Q;`2bbBQM
i?`Qm;? i?2 +2HH +v+H2- �b i?2 `2H2p�Mi 2tT`2bbBQM T`Q}H2b 7Q` 2�+? T?�b2 rQmH/ b?B7i
KQ`2 bHQrHvX am+? �M Q#b2`p�iBQM ?�b #22M K�/2 T`2pBQmbHv- i?Qm;? ?�b #22M
�ii`B#mi2/ iQ �Hi2`M�iBp2 K2+?�MBbKb- bm+? �b i?2 `2/m+2/ KBiQ+?QM/`B�H 7mM+iBQM
b22M BM H�`;2` +2HHb UJB2iiBM2M �M/ "Dƺ`FHmM/- kyReV- Q` .L� +QM+2Mi`�iBQM

RRd



#2+QKBM; HBKBiBM; UL2m`Q?` 2i �HX- kyRNV- rBi? +2HHb 2t+22/BM; � +2`i�BM bBx2
#2+QKBM; b2M2b+2MiX 6m`i?2`KQ`2- /2+�v KQ/mH�iBQM ?�b #22M BKTHB+�i2/ BM
_L� ?QK2Qbi�bBb #27Q`2 BM v2�bi U:�`+ő�@J�`iőM2x 2i �HX- kyReVX AM HB;?i Q7 i?2
�#Qp2- i?2 TQbbB#BHBiv Q7 +?�M;2b BM _L� bi�#BHBiv #2BM; `2bTQMbB#H2 7Q` �/DmbiBM;
i?2 �#mM/�M+2 Q7 _L� BM +2HHb Q7 /Bz2`2Mi bBx2b b?QmH/ #2 7m`i?2` BMp2biB;�i2/ BM
i?2 7mim`2X

AM Q`/2` iQ #2ii2` mM/2`bi�M/ i?2 b+�H2 Q7 i?Bb 2z2+i- r2 [m�MiB7v i?2 `2H�iBp2
i`�Mb+`BTiBQM `�i2 T2` mMBi Q7 +2HH bBx2X AM 6B;m`2 8XRk 8XRj- r2 b22 i?�i bK�HH2`
+2HHb T`Q/m+2 7�` KQ`2 _L� T2` mMBi Q7 +2HH pQHmK2 i?�M H�`;2` +2HHb /Q U`Qm;?Hv
k @ j 7QH/VX h?Bb Bb +QMbBbi2Mi rBi? T`2pBQmb `2bmHib 7`QK K2�bm`2K2Mib Q7 bi2�/v
bi�i2 K_L� H2p2HbX S�/Qp�M@J2`?�` 2i �HX UkyR8V MQi2/ i?�i �Hi?Qm;? i`�Mb+`BTi
�#mM/�M+2 b+�H2/ bi`QM;Hv rBi? +2HH bBx2 BM i?2 ;2M2b BMp2biB;�i2/- i?2`2 r�b � RXk
iQ j 7QH/ ?B;?2` +QM+2Mi`�iBQM Q7 _L� b22M BM bK�HH2` +2HHbX h?Bb 2z2+i- r?B+? r�b
?B;?HB;?i2/ KQ`2 `2+2MiHv #v L2m`Q?` 2i �HX UkyRNV- `�Bb2b irQ [m2biBQMbX 6B`bi-
r?v /Q H�`;2` +2HHb ?�p2 � HQr2` +QM+2Mi`�iBQM Q7 _L�- �M/ b2+QM/- ?Qr /Q H�`;2`
+2HHb +QT2 rBi? i?Bb 2z2+i BM i2`Kb Q7 +2HH ;`Qri?X

AM 6B;m`2 8XRk- r2 Q#b2`p2 i?�i i?2 MmK#2` Q7 _L� KQH2+mH2b T`Q/m+2/ T2` mMBi
Q7 pQHmK2 Bb mT iQ j iBK2b HQr2` BM H�`;2` +2HHb i?�M BM bK�HH2` +2HHb- bm;;2biBM;
i?�i _L� i`�Mb+`BTiBQM Bb bm{+B2Mi iQ 2tTH�BM i?Bb /Bb+`2T�M+vX h?2`2 �`2 irQ
?vTQi?2b2b i?�i +�M `2�/BHv /2b+`B#2 i?Bb 2z2+iX 1Bi?2` H�`;2` +2HHb /Q MQi `2[mB`2 �
?B;?2` i`�Mb+`BTiBQM `�i2 iQ F22T ;`QrBM;- Q` bK�HH2` +2HHb �`2 �H`2�/v i`�Mb+`B#BM;
�i � `�i2 M2�` i?2 #BQHQ;B+�H HBKBi- i?2`27Q`2 `2M/2`BM; H�`;2` +2HHb mM�#H2 iQ BM+`2�b2
i?2B` i`�Mb+`BTiBQM `�i2- BM bTBi2 Q7 ?B;?2` i`�Mb+`BTiBQM�H /2K�M/bX

�b 2�+? _L� KQH2+mH2 +�M #2 i`�MbH�i2/ ?mM/`2/b Q7 iBK2b #v `B#QbQK2b
USû`2x@P`iőM 2i �HX- kyRN#V- Bi Bb TQbbB#H2 i?�i BM+`2�b2/ i`�MbH�iBQM- +QM72``2/
BM T�`i #v BM+`2�b2/ _L� bi�#BHBiv- +QmH/ TQi2MiB�HHv #2 � K2+?�MBbK 7Q`
+QKT2Mb�iBM; 7Q` i?2 HQr2` +QM+2Mi`�iBQM Q7 _L� BM H�`;2` +2HHbX am+? � `2;BK2
rQmH/ H2�/ iQ � MQBbB2` 2tT`2bbBQM Q7 T`Qi2BMb- �b biQ+?�biB+ ~m+im�iBQMb BM _L�
MmK#2`b rQmH/ #2 �KTHB}2/ #v i?2 BM+`2�b2/ i`�MbH�iBQM `�i2 U>�mbb2` 2i �HX-
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ErrorMean

1 1.39 1.768 2.12 2.43 2.82 3.55
 relative 5EU incorporation . FSC.A^−1

Cell − cycle state
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% CV

6B;m`2 8XRk, h`�Mb+`BTiBQM `�i2 `2H�iBp2 iQ +2HH bBx2X h`�Mb+`BTiBQM `�i2
2biBK�i2/ #v 81l K2i�#QHB+ H�#2HHBM; Bb MQ`K�HBb2/ #v +2HH pQHmK2- Q#i�BM2/
#v ~Qr +viQK2i`v 6a*X� K2�bm`2K2MibX *2HH +v+H2 �M�Hvb2/ #v SaJX 1``Q`
K2�bm`2K2Mib Q#i�BM2/ mbBM; 8 BM/2T2M/2Mi }iiBM;b Q7 i?2 +2HH +v+H2 T�`�K2i2`b
�M/ #QQibi`�TTBM; URyy `2b�KTHBM;bVX
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6B;m`2 8XRj, h`�Mb+`BTiBQM `�i2 `2H�iBp2 iQ +2HH bBx2 UGBM2bVX h`�Mb+`BTiBQM
`�i2 2biBK�i2/ #v 81l K2i�#QHB+ H�#2HHBM; Bb MQ`K�HBb2/ #v +2HH pQHmK2- Q#i�BM2/
#v ~Qr +viQK2i`v 6a*X� K2�bm`2K2MibX *2HH +v+H2 �M�Hvb2/ #v SaJX 1``Q`
K2�bm`2K2Mib Q#i�BM2/ mbBM; 8 BM/2T2M/2Mi }iiBM;b Q7 i?2 +2HH +v+H2 T�`�K2i2`b
�M/ #QQibi`�TTBM; URyy `2b�KTHBM;bVX

kyRNVX h?2`27Q`2 Bi Bb mMHBF2Hv i?�i bm+? � K2+?�MBbK rQmH/ #2 T`272`2MiB�HHv
b2H2+i2/ �M/ KQ`2 HBF2Hv i?�i Bi Q++m`b #v M2+2bbBiv- r?B+? bm;;2bib i?�i
i`�Mb+`BTiBQM #2BM; HBKBiBM; Bb KQ`2 T`Q#�#H2X AM � r�v- i?Bb Bb `2�bQM�#H2 iQ
2tT2+i- �b i?2 �KQmMi Q7 .L� i2KTH�i2 Bb +QMbi�Mi #2ir22M +2HHb Q7 /Bz2`2Mi
bBx2b- �M/ i?2`27Q`2 Km+? KQ`2 HBF2Hv iQ TQb2 � #QiiH2M2+F /m`BM; ;2M2 2tT`2bbBQM
i?�M _L�- r?B+? Bb �K2M�#H2 iQ �KTHB}+�iBQMX

hQ i2bi r?2i?2` i`�MbH�iBQM Bb BM 7�+i BM+`2�b2/ BM H�`;2` +2HHb- r?2`2 i`�Mb+`BTiBQM
K�v #2 HBKBiBM;- r2 +QmH/ mb2 K2i�#QHB+ H�#2HHBM; Q7 i`�MbH�iBQMX aT2+B}+�HHv- �
+?2KB+�HHv H�#2HH2/ �KBMQ �+B/- r?B+? +�M bm#b2[m2MiHv #2 /2i2+i2/- +QmH/ #2
bmTTHB2/ BM i?2 ;`Qri? K2/B� BM Q`/2` iQ K2�bm`2 i?2 `2H�iBp2 i`�MbH�iBQM `�i2-
7QHHQr2/ #v i?2 b�K2 �M�HvbBb mb2/ ?2`2 7Q` i?2 i`�Mb+`BTiBQM `�i2X AM Q`/2` iQ i2bi
r?2i?2` i`�Mb+`BTiBQM Bb BM/22/ � HBKBiBM; 7�+iQ` 7Q` +2HH ;`Qri? BM H�`;2` +2HHb-

6m`i?2`KQ`2- i?2 ;HQ#�H `�i2 Q7 i`�MbH�iBQM Bib2H7 /2T2M/b /B`2+iHv QM i?2

Rky



+QM+2Mi`�iBQM Q7 i_L�b- `_L�b- �M/ `B#QbQK2 2M+Q/BM; K_L�bX h?2`27Q`2-
i?2 mT`2;mH�iBQM Q7 i`�MbH�iBQM BM H�`;2` +2HHb Bb +QMiBM;2Mi QM �M BM+`2�b2 BM i?2
i`�Mb+`BTiBQM `�i2 Q7 i?2b2 _L� bT2+B2b- r?B+? BM im`M Bb HBKBi2/ #v i?2 �p�BH�#H2
.L� i2KTH�i2X h?mb- BM+`2�b2/ i`�MbH�iBQM +�M QMHv +QKT2Mb�i2 BM � HBKBi2/
r�v 7Q` i?2 +QMiBMmQmbHv BM+`2�bBM; /2K�M/ Q7 i`�Mb+`BTiBQM /m`BM; +2HH ;`Qri?X
h�F2M iQ;2i?2`- i?2b2 `2bmHib bm;;2bi i?�i .L� #2+QKBM; HBKBiBM; BM H�`;2` +2HHb-
�b b22M `2+2MiHv BM UL2m`Q?` 2i �HX- kyRNV- +QmH/ 2tTH�BM i?2 `2/m+2/ `2H�iBp2
�KQmMi Q7 i`�Mb+`BTiBQM BM H�`;2` +2HHbX AM a2+iBQM 8X9- r2 HQQF �i ?Qr i?Bb 2z2+i
BKT�+ib +2HH ;`Qri?X

8X9 1`;Q/B+ _�i2 �M�HvbBb

aQ 7�` r2 ?�p2 b22M i?�i 2p2M i?Qm;? i?2 ;HQ#�H i`�Mb+`BTiBQM `�i2 b+�H2b bi`QM;Hv
rBi? T`Q;`2bbBQM BM i?2 +2HH +v+H2- i?2`2 Bb QMHv � KQ/2bi `2H�iBQMb?BT rBi? +2HH
bBx2 rBi?BM �Mv ;Bp2M +2HH T?�b2X 6m`i?2`KQ`2- r2 ?vTQi?2bBb2/ i?�i i?Bb K�v #2
/m2 iQ .L� #2+QKBM; HBKBiBM; BM H�`;2` +2HHb- �b ?�b #22M bm;;2bi2/ `2+2MiHv #v
UL2m`Q?` 2i �HX- kyRNVX >2`2- r2 �bF r?�i /QrMbi`2�K 2z2+ib i?Bb ?�b QM +2HH
;`Qri?X hQ /Q bQ- r2 2KTHQv 2`;Q/B+ `�i2 �M�HvbBb U1_�V UE�7`B 2i �HX- kyRjV- �
K2i?Q/ r?B+? 2M�#H2b mb iQ +QKT�`2 i?2 ;`Qri? `�i2 #2ir22M +2HHb Q7 /Bz2`2Mi
bBx2b mbBM; � bBM;H2 bM�Tb?Qi Q7 � ;`QrBM; TQTmH�iBQM Ub22 1[m�iBQM UkXRVVX

q2 }`bi mb2 1_� iQ HQQF �i ?Qr i?2 ;`Qri? `�i2 p�`B2b /m`BM; i?2 +2HH +v+H2 7Q` +2HHb
Q7 �p2`�;2 bBx2X q2 /Q i?Bb #v bQHpBM; 1[m�iBQM UkXRV �HQM; i?2 +2HH +v+H2 iBK2HBM2
Q#i�BM2/ #v SaJ BM *?�Ti2` 9X AM 6B;m`2 8XR9- r2 b22 i?�i i?2 ;`Qri? `�i2 Q7
i?2 �p2`�;2 +2HH /`QTb /m`BM; i?2 :Rfa T?�b2- �b b?QrM BM UE�7`B 2i �HX- kyRjVX
AMi2`2biBM;Hv- r2 7m`i?2` B/2MiB7v i?�i i?2 ?B;?2bi `�i2 BM i?2 +2HH +v+H2 Q++m`b
/m`BM; 2�`Hv :R- r?B+? r�b MQi b22M BM UE�7`B 2i �HX- kyRjVX h?Bb /Bb+`2T�M+v
+�M #2 �ii`B#mi2/ iQ i?2 BM+`2�b2/ `2bQHmiBQM T`QpB/2/ #v i?2 �//BiBQM�H +2HH +v+H2
`2TQ`i2`- */iR- r?B+? 2M�#H2b mb iQ /2i2+i +?�M;2b rBi?BM i?2 :R T?�b2 rBi?
;`2�i2` /2i�BHX Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 `2bQHmiBQM Bb iQQ HQr /m`BM; i?2
:k T?�b2 iQ �++m`�i2Hv K2�bm`2 i?2 ;`Qri? `�i2- bQ i?2 /2+`2�b2/ ;`Qri? `�i2

RkR



Q#b2`p2/ BM #Qi? `2THB+�i2b /m`BM; i?�i T?�b2 +�MMQi #2 mM�K#B;mQmbHv �ii`B#mi2/
iQ � #BQHQ;B+�H 2z2+iX
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6B;m`2 8XR9, J2�M ;`Qri? `�i2 +�H+mH�i2/ #v 1_�X :`Qri? `�i2 Bb +�H+mH�i2/
mbBM; 1_� 7Q` i?2 K2�M +2HH bBx2 �HQM; i?2 +2HH +v+H2 T`2/B+i2/ #v SaJX h?2 irQ
};m`2b `2T`2b2Mi irQ #BQHQ;B+�H `2THB+�i2b BM/2T2M/2MiHv �M�Hvb2/X

6QHHQrBM; 7`QK i?2 /Bb+mbbBQM BM a2+iBQM 8Xj- ?2`2 r2 mb2 1_� iQ HQQF �i ?Qr i?2
;`Qri? `�i2 p�`B2b #2ir22M +2HHb Q7 /Bz2`2Mi bBx2b �i 2�+? bi�;2 BM i?2 +2HH +v+H2X
6B;m`2b 8XR8 �M/ 8XRe b?Qr i?�i BM i2`Kb Q7 �#bQHmi2 ;`Qri? `�i2 UpQHmK2 �//2/
T2` mMBi iBK2V- i?2`2 �`2 #Qi? +2HH +v+H2 �M/ +2HH bBx2 `2H�i2/ 2z2+ib i?�i +�M `2�/BHv
#2 Q#b2`p2/X h?2 2tT2+i2/ /2+`2�b2 Q7 ;`Qri? `�i2 �i i?2 bi�`i Q7 i?2 a T?�b2
UE�7`B 2i �HX- kyRjV +�M #2 b22M BM �HH bBx2 ;`QmTbX *2HHb Q7 �HH bBx2b �TT2�` iQ ;`Qr
7�bi2bi /m`BM; i?2 bi�`i Q7 i?2 +2HH +v+H2- rBi? i?2 mM2tT2+i2/ 2t+2TiBQM Q7 H�`;2
+2HHb- r?B+? b?Qr � ;`Qri? #m`bi K�tBKmK �i i?2 H�i2 a T?�b2X 6m`i?2`KQ`2-
;`Qri? �TT2�`b iQ bHQr /QrM 7Q` �HH +2HHb T`BQ` iQ i?2 :k T?�b2- +QMbBbi2Mi rBi?
i?2 T`2b2M+2 Q7 �M af:k ;`Qri? +?2+FTQBMi- `2+2MiHv Q#b2`p2/ BM >2H� +2HHb #v
`2�H@iBK2 pQHmK2 i`�+FBM; U*�/�`i 2i �HX- kyR3VX

Rkk
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10451 97590 157758 220000 309214

Growth rate (FSC.A . time^−1)

runs_means_l

eG1 S G2

0 20 40 60 80 100

26 35 40 44 49 53 58 65 75

% CV

6B;m`2 8XR8, :`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2bX h?2 irQ `Qrb `2T`2b2Mib
BM/2T2M/2Mi #BQHQ;B+�H `2THB+�i2X :`Qri? `�i2b +�H+mH�i2/ 7Q` 2�+? bBx2 ;`QmT mbBM;
1_�- �b /2b+`B#2/ BM i?2 K�BM i2tiX h?2 +2HH +v+H2 �M�Hvb2/ mbBM; SaJX h?2 H27i
+QHmKM +Q``2bTQM/b iQ ;`Qri? `�i2- i?2 `B;?i +QHmKM iQ �bbQ+B�i2/ 2``Q`- Q#i�BM2/
mbBM; #QQibi`�TTBM; URyy `2b�KTHBM;bVX

Rkj
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6B;m`2 8XRe, :`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2b UGBM2bVX h?2 irQ T�M2Hb
`2T`2b2Mib BM/2T2M/2Mi #BQHQ;B+�H `2THB+�i2X :`Qri? `�i2b +�H+mH�i2/ 7Q` 2�+? bBx2
;`QmT mbBM; 1_�- �b /2b+`B#2/ BM i?2 K�BM i2tiX h?2 +2HH +v+H2 �M�Hvb2/ mbBM;
SaJX h?2 H27i +QHmKM +Q``2bTQM/b iQ ;`Qri? `�i2- i?2 `B;?i +QHmKM iQ �bbQ+B�i2/
2``Q`- Q#i�BM2/ mbBM; #QQibi`�TTBM; URyy `2b�KTHBM;bVX

Rk9



�Hi?Qm;? +QKT�`BM; �#bQHmi2 ;`Qri? `�i2 #2ir22M b�KTH2b Q7 /Bz2`2Mi bBx2b Bb
BHHmKBM�iBM;- � KQ`2 #BQHQ;B+�HHv `2H2p�Mi K2�bm`2 Bb i?2 `2H�iBp2 ;`Qri? `�i2-
BM Qi?2` rQ`/b i?2 T2`+2Mi�;2 #v r?B+? +2HHb BM+`2�b2 BM bBx2 /m`BM; � ;Bp2M
T?�b2 Q7 i?2 +2HH +v+H2- �b i?Bb `2p2�Hb i?2 T`2b2M+2 Q7 ?QK2Qbi�iB+ K2+?�MBbKb
+QMi`QHHBM; i?2 ;`Qri? `�i2 #2ii2` i?�M i?2 �#bQHmi2 ;`Qri? `�i2X AM 6B;m`2 8XRd-
r2 BMp2biB;�i2 i?2b2 2z2+ibX

aT2+B}+�HHv- r2 b22 i?�i �HH bBx2b Q7 +2HHb ?�p2 i?2 ?B;?2bi T2`+2Mi�;2 BM+`2�b2
/m`BM; i?2 2�`Hv iQ KB//H2 :R T?�b2- i?Qm;? r2 +�M MQr B/2MiB7v � bBx2 /2T2M/2Mi
+QKTQM2Mi- rBi? bK�HH2` +2HHb ;`QrBM; `2H�iBp2Hv 7�bi2` i?�M H�`;2` +2HHb /m`BM;
i?�i T?�b2X q2 7m`i?2` b22 i?�i bK�HH2` +2HHb b?Qr �M �//BiBQM�H #m`bi BM ;`Qri?
`�i2 /m`BM; i?2 a T?�b2 U�TT`QtBK�i2Hv ��֏փ T2`+2MiBH2V- rBi? � `Qm;?Hv 8yW
7�bi2` `2H�iBp2 ;`Qri? `�i2 +QKT�`2/ iQ +2HHb BM M2B;?#Qm`BM; +2HH T?�b2b Q` H�`;2`
bBx2bX h?Bb Bb +QMbBbi2Mi rBi? i?2 2tBbi2M+2 Q7 � T`2pBQmbHv /2b+`B#2/ ?QK2Qbi�iB+
K2+?�MBbK �i i?2 :Rfa i`�MbBiBQM- r?B+? 2Mbm`2b i?�i +2HHb �`2 Qp2` � +2`i�BM bBx2
i?`2b?QH/ r?2M T`Q;`2bbBM; BMiQ i?2 a T?�b2 #v KQ/mH�iBM; i?2 H2M;i? Q7 i?2 :R
T?�b2 UGBm 2i �HX- kyR3VX

ai`BFBM;Hv- 2p2M r?2M +QMi`QHHBM; 7Q` +2HH bBx2- r2 }M/ � TQTmH�iBQM Q7 H�`;2 +2HHb
;`QrBM; `Qm;?Hv jyW 7�bi2` i?�M Qi?2` +2HHb /m`BM; i?2 H�i2 a T?�b2X q2 Kmbi
?B;?HB;?i �i i?Bb TQBMi i?�i i?2 �#Qp2 �M�HvbBb +�MMQi /Bz2`2MiB�i2 #2ir22M +?�M;2b
BM ;`Qri? `�i2 �M/ +?�M;2b BM +2HH T?�b2 /m`�iBQM- �b Bi /Q2b MQi BM+Q`TQ`�i2
/BbiBM+i +2HH +v+H2 H2M;i? K2�bm`2K2Mib 7Q` i?2 /Bz2`2Mi bBx2 ;`QmTbX h?2`27Q`2-
r2 +�MMQi i2HH r?2i?2` +2HHb �`2 ;`QrBM; 7�bi2` /m`BM; � ;Bp2M T?�b2- Q` r?2i?2`
BMbi2�/ i?2b2 +2HHb �`2 bT2M/BM; � H�`;2` �KQmMi Q7 iBK2 BM i?�i T?�b2- �b b22M
BM UGBm 2i �HX- kyR3V 7Q` bK�HH2` +2HHb /m`BM; :RX AM i?Bb b2Mb2- i?2 +2HH +v+H2
i`�D2+iQ`B2b Q7 �HH +2HH bBx2 ;`QmTb ?�p2 #22M BM bBHB+Q bvM+?`QMBb2/ iQ i?2 �p2`�;2
i`�D2+iQ`v- r?B+?- �Hi?Qm;? mb27mH 7Q` +QKT�`BbQM Tm`TQb2b- b?QmH/ #2 BMi2`T`2i2/
�++Q`/BM;HvX

hQ /Bb�K#B;m�i2 #2ir22M i?2 irQ BMi2`T`2i�iBQMb- i?2 ;`Qri? `�i2 +QmH/ #2
K2�bm`2/ KQ`2 /B`2+iHv mbBM; K2i�#QHB+ H�#2HHBM; Q7 i`�MbH�iBQM- mbBM; � H�#2HH2/

Rk8



0.
0

0.
4

0.
8

runs_means_l

R
el

at
ive

 c
el

l s
ize

Growth rate Measurement ErroreG1 S G2

0 20 40 60 80 100

0.
0

0.
4

0.
8

Cell − cycle state
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Growth rate relative to volume (%)

runs_means_l

eG1 S G2

0 20 40 60 80 100

26 35 40 44 49 53 59 66 76

% CV

6B;m`2 8XRd, _2H�iBp2 ;`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2bX h?2 irQ `Qrb
`2T`2b2Mi #BQHQ;B+�H `2THB+�i2bX _2H�iBp2 ;`Qri? `�i2 Bb Q#i�BM2/ #v MQ`K�HBbBM;
i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�- #v i?2 K2�M +2HH bBx2 rBi?BM 2�+? #BMX h?2
;`Qri? `�i2 Bb i?mb 2tT`2bb2/ �b i?2 7`�+iBQM Q7 ;`Qri? rBi? `2bT2+i iQ +2HH bBx2X
h?2 2``Q` r�b 2biBK�i2 mbBM; #QQibi`�TTBM; URyy `2b�KTHBM;bVX
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6B;m`2 8XR3, _2H�iBp2 ;`Qri? `�i2 7Q` +2HHb Q7 /Bz2`2Mi bBx2b UGBM2bVX h?2
irQ T�M2Hb `2T`2b2Mi #BQHQ;B+�H `2THB+�i2bX _2H�iBp2 ;`Qri? `�i2 Bb Q#i�BM2/ #v
MQ`K�HBbBM; i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�- #v i?2 K2�M +2HH bBx2 rBi?BM 2�+?
#BMX h?2 ;`Qri? `�i2 Bb i?mb 2tT`2bb2/ �b i?2 7`�+iBQM Q7 ;`Qri? rBi? `2bT2+i iQ
+2HH bBx2X h?2 2``Q` r�b 2biBK�i2 mbBM; #QQibi`�TTBM; URyy `2b�KTHBM;bVX

Rkd



�KBMQ �+B/2- �b K2MiBQM2/ BM a2+iBQM 8XjX h?mb- B7 H�`;2` +2HHb �`2 BM/22/ ;`QrBM;
7�bi2` /m`BM; i?2 H�i2 a T?�b2- r2 rQmH/ /2i2+i �M BM+`2�b2/ BM+Q`TQ`�iBQM Q7
H�#2HH2/ �KBMQ �+B/b- +QKT�`2/ iQ bK�HH2` +2HHbX

L2p2`i?2H2bb- i?2 #m`bi Q7 ;`Qri? `�i2 /m`BM; i?2 H�i2 a T?�b2 UQ` i?2 `2+BT`Q+�H
2ti2MbBQM Q7 b�B/ T?�b2Ƕb /m`�iBQMV b22M BM H�`;2 +2HHb ?�b MQi #22M /2b+`B#2/ #27Q`2-
�M/ Bb bm`T`BbBM; BM i?2 +QMi2ti Q7 +2HH bBx2 ?QK2Qbi�bBbX AM Q`/2` iQ 2bi�#HBb?
r?2i?2` i?Bb 2z2+i Bb MQi �M �`iB7�+i Q7 i?2 81l H�#2HHBM; T`QiQ+QH- r2 `2T2�i
i?2b2 K2�bm`2K2Mib QM � HBp2 +2HH TQTmH�iBQMX 6B;m`2b 8XRN �M/ 8Xky b?Qr i?�i
�Hi?Qm;? i?2 +2HH +v+H2 /Bbi`B#miBQM Bb [mBi2 /Bz2`2Mi r?2M +QKT�`2/ iQ 6B;m`2
8XRd- r?B+? Bb HBF2Hv /m2 iQ p�`B�iBQM BM i?2 +mHim`BM; `QmiBM2- i?2 Q#b2`p�iBQMb
K�/2 #27Q`2 �`2 biBHH �TT�`2MiX �;�BM- r2 }M/ i?�i ;`Qri? Bb ?B;?2bi BM i?2 2�`Hv
:R T?�b2 7Q` +2HHb Q7 �HH bBx2b- rBi? bK�HH2` +2HHb ;`QrBM; `2H�iBp2Hv 7�bi2`X q2 b22
i?2 b�K2 BM+`2�b2/ ;`Qri? BM i?2 2�`Hv a T?�b2 BM bK�HH +2HHb i?Qm;? i?2 2z2+i
?2`2 Bb KQ`2 KQ/2bi U� kyW BM+`2�b2 BMbi2�/ Q7 8yWVX LQi�#Hv- H�`;2` +2HHb b?Qr
`Qm;?Hv jyW KQ`2 ;`Qri? BM i?2 H�i2 a T?�b2 i?�M �HH Qi?2` ;`QmTb- bBKBH�` iQ
6B;m`2 8XRd- bm;;2biBM; i?�i i?2 2z2+i Bb `2�H- +QMbiBimiBM; �M ǵ�MiB@+?2+FTQBMiǶ BM
+2HH ;`Qri?X

8X8 oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/

AM Q`/2` iQ #2ii2` mM/2`bi�M/ i?2 `2H�iBQMb?BT #2ir22M ;`Qri? `�i2 �M/
i`�Mb+`BTiBQM `�i2- BM 6B;m`2b 8XkR �M/ 8Xkk r2 HQQF �i ?Qr Km+? pQHmK2 Bb �//2/
T2` _L� bvMi?2bBb2/ BM +2HHb Q7 /Bz2`2Mi bBx2b- �b � 7mM+iBQM Q7 +2HH +v+H2 iBK2X PM
}`bi BMbT2+iBQM- i?2 �KQmMi Q7 pQHmK2 �//2/ T2` _L� bvMi?2bBb2/ p�`B2b ;`2�iHv
�+`Qbb /Bz2`2Mi +2HH bBx2b �M/ i?`Qm;?Qmi i?2 +2HH +v+H2X aT2+B}+�HHv- H�`;2` +2HHb
T`Q/m+2 Km+? KQ`2 pQHmK2 T2` bvMi?2bBb2/ _L� KQH2+mH2 i?�M bK�HH2` +2HHb
i?`Qm;?Qmi i?2 r?QH2 +2HH +v+H2 U#2ir22M k �M/ 9 7QH/V- r?B+? bm;;2bib i?�i
H�`;2` +2HHb ?�p2 � ?B;?2` i`�MbH�iBQM +�T�+Biv- TQi2MiB�HHv /m2 iQ � +QK#BM�iBQM
Q7 ;`2�i2` _L� bi�#BHBiv �M/ � ?B;?2` MmK#2` Q` �+iBpBiv Q7 `B#QbQK2bX
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Mean
eG1 S G2

0.16 0.38 0.48 0.57 0.66 0.76 0.9
Relative growth rate (%)

Cell − cycle state

0 20 40 60 80 100

eG1 S G2

Error

12 17 20 23 26 30 34 39 48 77
% CV

6B;m`2 8XRN, _2H�iBp2 ;`Qri? `�i2 BM HBp2 +2HHbX jy-yyy HBp2 +2HHb r2`2 �M�Hvb2/
�i ?B;? `2bQHmiBQM #v ~Qr +viQK2i`vX h?2 +2HH +v+H2 r�b �M�Hvb2/ mbBM; SaJX
h?2 ;`Qri? `�i2 Q#i�BM2/ #v 1_�X h?2 2``Q` r�b 2biBK�i2/ #v #QQibi`�TTBM;
URyy `2b�KTHBM;bVX

RkN
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6B;m`2 8Xky, _2H�iBp2 ;`Qri? `�i2 BM HBp2 +2HHb UGBM2bVX jy-yyy HBp2 +2HHb
r2`2 �M�Hvb2/ �i ?B;? `2bQHmiBQM #v ~Qr +viQK2i`vX h?2 +2HH +v+H2 r�b �M�Hvb2/
mbBM; SaJX h?2 ;`Qri? `�i2 Q#i�BM2/ #v 1_�X h?2 2``Q` r�b 2biBK�i2/ #v
#QQibi`�TTBM; URyy `2b�KTHBM;bVX

6m`i?2`KQ`2- �HH bBx2 ;`QmTb T`Q/m+2 i?2 KQbi +2HH pQHmK2 T2` _L� KQH2+mH2
/m`BM; :RX h?Bb 2z2+i /BKBMBb?2b �b +2HHb T`Q;`2bb iQr�`/b i?2 a T?�b2- #mi BM
� bBx2 /2T2M/2Mi K�MM2`- rBi? H�`;2` +2HHb +QMiBMmBM; iQ T`Q/m+2 KQ`2 pQHmK2
T2` bvMi?2bBb2/ _L� 7Q` HQM;2` BMiQ i?2 a T?�b2X .m`BM; i?2 a T?�b2- i?2
i`�MbH�iBQM +�T�+Biv Q7 �HH +2HH bBx2b /`QTb #`B2~v �i i?2 :Rfa i`�MbBiBQM- �M/
i?2M `�TB/Hv `Bb2b BM �HH +2HHb- �;�BM BM � bBx2 /2T2M/2Mi K�MM2`X AMi2`2biBM;Hv-
r2 }M/ i?�i i?2 H�i2 a T?�b2 ;`Qri? #m`bi BM H�`;2 +2HHb Q#b2`p2/ BM 6B;m`2b
8XRN �M/ 8XRd Bb MQi 2tTH�BM2/ #v � +Q``2bTQM/BM; `Bb2 BM ;HQ#�H i`�Mb+`BTiBQMX Ai
Kmbi #2 MQi2/- ?Qr2p2`- i?�i i`�Mb+`BTiBQM �M/ +2HH ;`Qri? �`2 MQi M2+2bb�`BHv
bi`B+iHv bvM+?`QMBb2/X aT2+}+�HHv- +2HH ;`Qri? BM i?2 b2Mb2 Q7 �++mKmH�iBQM Q7
+2HH K�bb Bb T`BK�`BHv /2i2`KBM2/ #v i`�MbH�iBQM USû`2x@P`iőM 2i �HX- kyRN#V-
r?B+? Bb i2KTQ`�Hv /BbiBM+i 7`QK i`�Mb+`BTiBQM- 2bT2+B�HHv BM Mm+H2�i2/ +2HHb bm+?
�b 2mF�`vQi2bX 6Q` i?Bb `2�bQM � KQ`2 BM /2Ti? �M�HvbBb Bb `2[mB`2/ iQ #2ii2`
mM/2`bi�M/ i?2 `2H�iBQM #2ir22M +?�M;2b BM i`�Mb+`BTiBQM �M/ ;`Qri? `�i2X
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ErrorMean

1 15.97 25.162 33.041 41.97 53
volume added per RNA synthesised, AU

Cell − cycle state

0 20 40 60 80 100

eG1 S G2

19.3 28 33 38 43 49 57.7 75
% CV

6B;m`2 8XkR, oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/X oQHmK2 T2`
i`�Mb+`BTi Q#i�BM2/ #v /BpB/BM; i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�- #v i?2 `�i2 Q7
81l BM+Q`TQ`�iBQM- K2�bm`2/ #v ~Qr +viQK2i`vX 1``Q` Q#i�BM2/ #v #QQib`i�TTBM;
URyy `2b�KTHBM;bVX

RjR
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6B;m`2 8Xkk, oQHmK2 �//2/ T2` i`�Mb+`BTi bvMi?2bBb2/X oQHmK2 T2`
i`�Mb+`BTi Q#i�BM2/ #v /BpB/BM; i?2 ;`Qri? `�i2- Q#i�BM2/ #v 1_�- #v i?2 `�i2 Q7
81l BM+Q`TQ`�iBQM- K2�bm`2/ #v ~Qr +viQK2i`vX 1``Q` Q#i�BM2/ #v #QQib`i�TTBM;
URyy `2b�KTHBM;bVX

8Xe .Bb+mbbBQM

q2 b�r i?�i i?2 ;HQ#�H i`�Mb+`BTiBQM `�i2 BM >2H� +2HHb /Q2b MQi +Q``2H�i2
bi`QM;Hv rBi? +2HH bBx2- +QMi`�`v iQ r?�i ?�b #22M bm;;2bi2/ T`2pBQmbHv BM KQmb2
}#`Q#H�bib US�/Qp�M@J2`?�` 2i �HX- kyR8VX lTQM +HQb2` BMbT2+iBQM Q7 i?2 `2bmHib BM
US�/Qp�M@J2`?�` 2i �HX- kyR8V- r2 7QmM/ i?�i +2HH +v+H2 ?�/ MQi #22M +QMi`QHH2/
7Q` BM i?2B` K2i�#QHB+ H�#2HHBM; 2tT2`BK2Mi- r?B+? +QmH/ 2tTH�BM i?Bb /Bb+`2T�M+vX
_2+2MiHv- Bi ?�b #22M b?QrM i?�i .L� +�M #2+QK2 HBKBiBM; �b +2HHb 2t+22/ �
+2`i�BM bBx2- rBi? T`Q7QmM/ 2z2+ib QM +2HH ;`Qri? `�i2 UL2m`Q?` 2i �HX- kyRNVX
>2`2- A bm;;2bi i?�i .L� #2+QKBM; HBKBiBM; BM H�`;2` +2HHb +�M 2tTH�BM i?2 7�+i
i?�i _L� i`�Mb+`BTiBQM /Q2b MQi +Q``2H�i2 bi`QM;Hv rBi? +2HH bBx2X h?Bb `�Bb2b
i?2 [m2biBQM Q7 r?2i?2` H�`;2` K�KK�HB�M +2HHb K�BMi�BM _L� +QM+2Mi`�iBQM
?QK2Qbi�bBb #v `2;mH�iBM; i?2 bi�#BHBiv Q7 i`�Mb+`BTib- �b b22M T`2pBQmbHv BM v2�bi
U:�`+ő�@J�`iőM2x 2i �HX- kyReVX �Hi?Qm;? i?Bb bm;;2biBQM ?�b T`2pBQmbHv #22M
`mH2/ Qmi #v S�/Qp�M@J2`?�` 2i �HX UkyR8V- i?2B` mb2 Q7 � i`�Mb+`BTiBQM�H BM?B#BiQ`

Rjk



7Q` K2�bm`BM; i?2 /2+�v `�i2 Bb HBF2Hv iQ ?�p2 +QM7QmM/2/ i?2B` `2bmHib /m2 iQ i?2
2tBbi2M+2 Q7 i`�Mb+`BTiBQM@/2+�v +QmTHBM; K2+?�MBbKb `2+2MiHv bm;;2bi2/ iQ 2tBbi
BM K�KK�Hb UhBKK2`b �M/ hQ`�- kyR3VX *�`27mH FBM2iB+ 2tT2`BK2Mib M22/ iQ #2
T2`7Q`K2/ iQ b?2/ HB;?i BM i?Bb /B`2+iBQM U*?�M 2i �HX- kyR3VX

hQ BMp2biB;�i2 i?2 2z2+i HBKBiBM; i`�Mb+`BTiBQM ?�b QM i?2 ;`Qri? Q7 +2HHb- r2
`2pBbBi2/ � bim/v QM i?2 ;`Qri? `�i2 Q7 +2HHb Q7 /Bz2`2Mi bBx2b- r?B+? B/2MiB}2/ �
bBx2 +?2+FTQBMi �i i?2 :Rfa #QmM/�`v UE�7`B 2i �HX- kyRjVX JQ`2 `2+2MiHv- i?2 Tj3
J�SE T�i?r�v ?�b #22M HBMF2/ iQ `2;mH�iBM; i?2 i`�MbBiBQM Q7 bK�HH2` +2HHb 7`QK
:R iQ a- #v 2ti2M/BM; i?2 /m`�iBQM Q7 :R- i?mb �HHQrBM; 7Q` 7m`i?2` ;`Qri? UGBm
2i �HX- kyR3VX AMi2`2biBM;Hv- MQ K2+?�MBbK ?�b bQ 7�` #22M T`QTQb2/ iQ 2tTH�BM i?2
/2+`2�b2/ ;`Qri? `�i2 b22M BM H�`;2` +2HHb /m`BM; i?Bb i`�MbBiBQMX

AM HB;?i Q7 i?2 �#Qp2 `2bmHib- A T`QTQb2 i?�i /2+`2�b2/ _L� 2tT`2bbBQM /m2 iQ .L�
#2+QKBM; HBKBiBM; +�M 2tTH�BM i?Bb T?2MQK2MQMX aT2+B}+�HHv- B7 r2 �bbmK2 i?�i
.L� +�M #2+QK2 HBKBiBM; �b +2HHb �++mKmH�i2 pQHmK2 /m`BM; i?2B` T`Q;`2bbBQM BM
:R- r2 rQmH/ 2tT2+i i?2 2z2+i iQ #2 bi`QM;2` BM H�`;2` +2HHb- �b i?2 i`�Mb+`BTiBQM�H
`2[mB`2K2Mib 7Q` K�BMi�BMBM; � +QMbi�Mi +QM+2Mi`�iBQM Q7 _L� rQmH/ #2 ?B;?2`
BM i?2b2 +2HHbX h?Bb +QmH/ 2tTH�BM i?2 bBx2 /2T2M/2Mi +m`#BM; Q7 +2HH ;`Qri? `�i2
/m`BM; i?2 :Rfa i`�MbBiBQMX �b i?2 a T?�b2 T`Q;`2bb2b- i?2 .L� i2KTH�i2 Q7
`2H2p�Mi ;2M2b #2+QK2b /Qm#H2/- i?mb 2M�#HBM; H�`;2` +2HHb iQ `2bmK2 � ?B;?2`
;`Qri? `�i2X .L� HBKBiBM; i`�Mb+`BTiBQM /m`BM; i?2 +2HH +v+H2 ?�b #22M T`QTQb2/
BM i?2 T�bi #v S72Bz2` �M/ hQHK�+? URNe3V- r?Q MQi2/ i?�i BM?B#BiBM; .L�
`2THB+�iBQM �i /Bz2`2Mi bi�;2b Q7 i?2 a T?�b2 H2/ iQ � T`QTQ`iBQM�H /2+`2�b2 BM
i`�Mb+`BTiBQM `�i2X

lTQM `2T2�iBM; i?2 ;`Qri? `�i2 �M�HvbBb K2i?Q/ /2p2HQT2/ #v E�7`B 2i �HX UkyRjV-
r2 B/2MiB7v i?2 +?�`�+i2`BbiB+ :Rfa +?2+FTQBMi /2b+`B#2/ #27Q`2- �b r2HH �b �
bm`T`BbBM; ǵ�MiB@+?2+FTQBMiǶ- r?2`2#v H�`;2 +2HHb 2tT2`B2M+2 � #m`bi Q7 ;`Qri?
/m`BM; i?2 H�i2 a T?�b2X h?Bb +QmH/ #2 �MQi?2` bB;M Q7 .L� #2+QKBM; HBKBiBM; BM
H�`;2` +2HHb- i?2 2z2+i Q7 r?B+? r2 rQmH/ 2tT2+i rQmH/ #2+QK2 /BKBMBb?2/ QM+2
+2`i�BM H�i2@`2THB+�iBM; ;2M2b r2`2 /mTHB+�i2/X AM bmTTQ`i Q7 i?Bb bm;;2biBQM- Bi Bb

Rjj



rQ`i? MQiBM; i?�i i?2 `�i2 Q7 .L� `2THB+�iBQM Bb MQi +QMbi�Mi- rBi? i?2 #mHF Q7
.L� #2+QKBM; `2THB+�i2/ BM i?2 H�i2` a T?�b2 UGB 2i �HX- kyR9VX

h?2 7�+i i?�i i?Bb T?2MQK2MQM r�b MQi Q#b2`p2/ #v E�7`B 2i �HX UkyRjV +QmH/
#2 �ii`B#mi2/ iQ i?2B` +2HH bBx2 K2�bm`2K2Mib `2~2+iBM; iQi�H T`Qi2BM K�bb- r?BH2
Qm`b `2~2+ib +2HH pQHmK2X _2T2�iBM; Qm` 2tT2`BK2Mi #v K2�bm`BM; T`Qi2BM K�bb
`�i?2` i?�M pQHmK2 rQmH/ +H�`B7v i?BbX 6m`i?2`KQ`2- Qm` �M�HvbBb #2M2}ib 7`QK
� ?B;?2` `2bQHmiBQM Q7 i?2 +2HH +v+H2 i?�M i?�i #v E�7`B 2i �HX UkyRjV- +QM72``2/
#v �M �//BiBQM�H `2TQ`i2` U*/iRV- �b r2HH �b � KQ`2 �/p�M+2/ +2HH +v+H2 �M�HvbBb
�H;Q`Bi?K USaJV- r?B+? +QmH/ �HbQ 2tTH�BM i?Bb /Bb+`2T�M+vX

Ai Bb �HbQ rQ`i? MQiBM; i?�i �Hi?Qm;? i?2 mb2 Q7 +2HH HBM2b bm+? �b i?2 >2G�@#�b2/
7m++B +2HHb K�F2b i?2 bim/v Q7 +2HH +v+H2 2z2+ib Km+? KQ`2 72�bB#H2- K�Mv �bT2+ib
Q7 i?2 T?vbBQHQ;v Q7 i?2b2 +2HHb /Q MQi `2~2+i i?2 M�iBp2 bi�i2 Q7 K�KK�HB�M
+2HHbX 6Q` 2t�KTH2- KQbi K�KK�HB�M +2HHb 2tBbi BM iBbbm2b �M/ ?�p2 i?mb 2pQHp2/
iQ `2bTQM/ iQ KmHiBTH2 ivT2b Q7 2ti`�+2HHmH�` +m2b `2H2p�Mi iQ i?2B` M2B;?#Qm`BM;
KB+`Q2MpB`QMK2Mi- bm+? �b +QMi�+i rBi? i?2 bm`7�+2b Q7 Qi?2` +2HHb- K2+?�MB+�H
bi`2bb2b �M/ ?Q`KQM�H bB;M�Hb U:H�xB2`- kyR3VX Ai Bb `2�bQM�#H2 iQ �bbmK2 i?�i-
�Hi?Qm;? #�bB+ BMbB;?ib +�M #2 ;�BM2/ mbBM; >2G� +2HHb- i?2 `2H�iBQMb mM/2`HvBM;
i?2 K2+?�MBbKb /2b+`B#2/ BM i?Bb +?�Ti2` �`2 KQ`2 +QKTH2tX h?2b2 `2bmHib b?QmH/
i?2`27Q`2 MQi #2 /B`2+iHv `2H�i2/ iQ i?2 KmHiB+2HHmH�` b2iiBM; rBi?Qmi 7m`i?2`
2tT2`BK2Mib BM T`BK�`v +2HHbX

�MQi?2` HBKBi�iBQM BM i?2 +?Qb2M �TT`Q�+? Bb i?�i- �Hi?Qm;? HB;?i b+�ii2` K2�bm`2/
#v ~Qr +viQK2i`v ?�b #22M 2ti2MbBp2Hv mb2/ 7Q` �TT`QtBK�iBM; +2HH bBx2 Ub22
BMi`Q/m+iBQM BM Uhxm` 2i �HX- kyRRV 7Q` � #`B27 `2pB2rV- Bi Bb MQi � /B`2+i K2�bm`2K2Mi
Q7 bBx2X aT2+B}+�HHv- i?2 �+[mB`2/ K2�bm`2K2Mi Bb i?2 `2bmHi Q7 KmHiBTH2 7�+iQ`b
bm+? �b i?2 /Bz2`2M+2 BM `27`�+iBQM BM/2t #2ir22M i?2 bmbT2MbBQM ~mB/ �M/ i?2
+2HHb- i?2 �M;H2 Q7 #2�K@iQ@+2HH BM+B/2M+2- �b r2HH �b BMi2`M�H �M/ 2ti2`M�H bm`7�+2
B``2;mH�`BiB2b- �KQM; Qi?2`bX 6Q` i?Bb `2�bQM- i?2 Q#i�BM2/ bBx2 2biBK�i2b �`2
[mBi2 MQBbv- �M/ 7m`i?2` p2`B}+�iBQMb �`2 `2[mB`2/ iQ K�F2 bm`2 i?�i K2�MBM;7mH
/BbiBM+iBQMb +�M #2 K�/2 #2ir22M i?2 /Bz2`2Mi bBx2 ;`QmTb BM 6B;m`2b 8X3 iQ 8XkRX
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JQ`2Qp2`- �b bi�i2/ �i i?2 bi�`i Q7 i?2 +?�Ti2`- i?2 mb2 Q7 _L� K2i�#QHB+ H�#2HHBM;
�M/ [m�MiB}+�iBQM #v 81l `2bmHib BM K2�bm`2K2Mib Q7 i?2 ;HQ#�H i`�Mb+`BTiBQM `�i2X
�b i?2 p�bi K�DQ`Biv Q7 _L� BM � +2HH +QMbBbib Q7 `B#QbQK�H _L� U`_L�V- Qm`
K2�bm`2K2Mib Q7 ;HQ#�H i`�Mb+`BTiBQM `�i2 �`2 HBF2Hv /QKBM�i2/ #v i?�i Q7 `_L�X
hQ bT2+B}+�HHv bim/v i?2 2z2+ib Q7 ;`Qri? `�i2- +2HH bBx2 �M/ +2HH +v+H2 T?�b2 QM i?2
FBM2iB+b �HH Qi?2` _L� bT2+B2b- �M �Hi2`M�iBp2 �TT`Q�+? +QK#BMBM; i?2 TQr2`b Q7
K2i�#QHB+ H�#2HHBM; �M/ _L� b2[m2M+BM; +�M #2 2KTHQ2v/ U>2`xQ; 2i �HX- kyRdVX
h?Bb �p2Mm2 Bb 2tTHQ`2/ BM i?2 M2ti +?�Ti2`X

�b Bb Q7i2M i?2 +�b2 BM #BQHQ;v- i?2 K2+?�MBbKb mM/2`HvBM; Qm` Q#b2`p�iBQMb �`2
mMHBF2Hv iQ #2 +H2�` +miX AM 6B;m`2 8XkR- Bi �TT2�`b i?�i H�`;2` +2HHb �`2 �#H2 iQ ;`Qr
KQ`2 rBi? `2H�iBp2Hv H2bb _L� bvMi?2bBb i?�M bK�HH2` +2HHbX PM i?2 Qi?2` ?�M/-
Bi HQQFb HBF2 i?2 ;`Qri? Q7 H�`;2` +2HHb K�v #2 HBKBi2/ #v .L�- �b +2HHb `2�+? �
+`BiB+�H bBx2 iQr�`/b i?2 2M/ Q7 i?2 :R T?�b2X Ai Bb TQbbB#H2 i?�i _L� /2+�v `�i2b-
i`�MbH�iBQM�H �+iBpBiv- +2HH +v+H2 /m`�iBQM- Q` �HH i?2 �#Qp2- +�M #2 KQ/mH�i2/ iQ
�HHQr ;`Qri? BM +QM/BiBQMb r?2`2 .L� #2+QK2b HBKBiBM;X � bvbi2Kb �TT`Q�+? rBHH
2M�#H2 mb iQ BMi2`T`2i i?2 T`2b2Mi2/ �M/ 7mim`2 K2�bm`2K2Mib #v BMi2;`�iBM; BMiQ �
K�i?2K�iB+�H KQ/2H- r?B+? BM im`M rBHH H2i mb 7Q`K M2r- i2bi�#H2 ?vTQi?2b2b �#Qmi
i?2 `QH2 Q7 i?2b2 /Bz2`2Mi K2+?�MBbKb �M/ i?2B` +QMi`B#miBQMb iQ ;2M2 2tT`2bbBQM
MQBb2X

hQ HQQF KQ`2 +HQb2Hv �i i?2 mM/2`HvBM; K2+?�MBbKb- r2 /2+B/2/ iQ K2�bm`2 i?2
i`�Mb+`BTiBQM�H FBM2iB+b Q7 i?2 r?QH2 ;2MQK2- �i /Bz2`2Mi bi�;2b BM i?2 +2HH +v+H2
�M/ 7Q` p�``vBM; +2HH bBx2bX AM *?�Ti2` e- r2 HQQF �i ?Qr +�`27mH +QMbB/2`�iBQM
Q7 i?2 2tT2`BK2Mi�H +QMbi`�BMib �HHQrb mb iQ QTiBK�HHv /2bB;M bm+? �M �K#BiBQmb
2tT2`BK2MiX

Rj8



*?�Ti2` e

h`�Mb+`BTiQKB+ FBM2iB+ �M�HvbBb

AM Q`/2` iQ K2�bm`2 i?2 +QMi`B#miBQM Q7 +2HH@;`Qri? iQ i?2 Q#b2`p2/ ;2M2 2tT`2bbBQM
p�`B�#BHBiv BM �M �bvM+?`QMQmbHv ;`QrBM; +2HH TQTmH�iBQM- r2 +�M mb2 K2i�#QHB+
H�#2HHBM; iQ K2�bm`2 +?�M;2b BM i?2 FBM2iB+b Q7 _L� �i /Bz2`2Mi bi�;2b BM i?2
+2HH +v+H2 �M/ �i /Bz2`2Mi +2HH bBx2b rBi?BM 2�+? T?�b2X aT2+B}+�HHv- QM+2 +2HHb
?�p2 #22M �/KBMBbi2`2/ i?2 H�#2HH2/ Mm+H2QiB/2 7Q` � bT2+B}2/ �KQmMi Q7 iBK2
U+�HH2/ � ǵTmHb2ǶV- i?2v +�M #2 bQ`i2/ �++Q`/BM; iQ +2HH bBx2 �M/ +2HH +v+H2- T`BQ` iQ
�M�HvbBbX � bBKBH�` �TT`Q�+? ?�b #22M mb2/ iQ /Bb+2`M i?2 `�i2b �bbQ+B�i2/ rBi?
;2M2 2tT`2bbBQM �i /Bz2`2Mi bi�;2b BM i?2 +2HH@+v+H2 mbBM; bvM+?`QMBb2/ v2�bi +2HHb
U1b2` 2i �HX- kyR9V- r?2`2#v i?2 H�#2HH2/ _L� Bb Tm`B}2/ �M/ [m�MiB}2/ mbBM;
KB+`Q�``�v �M�HvbBbX

>2`2- r2 mb2 �M �bvM+?`QMQmbHv ;`QrBM; TQTmH�iBQM BM Q`/2` iQ �pQB/ �`i27�+ib
7`QK i?2 /Bb`mTiBQM i?�i +?2KB+�H bvM+?`QMBb�iBQM K2i?Q/b +�mb2- Q` +HQm/BM;
7`QK BM+QKTH2i2 bvM+?`QMBb�iBQMX 6m`i?2`KQ`2- r2 mb2 � KQ`2 KQ/2`M �TT`Q�+?
7Q` K2�bm`BM; i?2 �KQmMi Q7 K2i�#QHB+�HHv H�#2HH2/ Mm+H2QiB/2b #�b2/ QM
b2[m2M+BM; U"�TiBbi� �M/ .ƺHF2M- kyR3- >2`xQ; 2i �HX UkyRdVVX h?Bb #vT�bb2b
i?2 M22/ 7Q` #BQ+?2KB+�H Tm`B}+�iBQM- K�FBM; Bi KQ`2 bi`�B;?i7Q`r�`/ �M/ i?mb
H2bb T`QM2 iQ i2+?MB+�H #B�b2bX aT2+B}+�HHv- i?2 �BK Q7 i?2 2tT2`BK2Mi Bb iQ
K2i�#QHB+�HHv H�#2H _L� BM 7m++B +2HHb- 7QHHQr2/ #v +2HH bQ`iBM; #�b2/ QM irQ
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p�`B�#H2b, +2HH +v+H2 �M/ +2HH bBx2X PM+2 i?2 +2HHb ?�p2 #22M bQ`i2/- i?2v rBHH #2
�M�Hvb2/ #v b2[m2M+BM;- BM Q`/2` iQ [m�MiB7v i?2 �KQmMi Q7 BM+Q`TQ`�i2/ H�#2HH2/
Mm+H2QiB/2 �M/ i?mb BM72` i?2 +?�M;2 BM _L� FBM2iB+b #2ir22M i?2 /Bz2`2Mi
+2HH@bi�i2bX

eXR _2pBbBiBM; Tm#HBb?2/ /�i�

>2`xQ; 2i �HX UkyRdV i?2 }`bi iQ mb2 K2i�#QHB+ b2[m2M+BM; iQ K2�bm`2 i?2 FBM2iB+
`�i2b Q7 i?Qmb�M/b Q7 K_L� bT2+B2bX 6Q` TH�MMBM; Qm` QrM 2tT2`BK2Mi- Bi r�b
BKTQ`i�Mi iQ }`bi mM/2`bi�M/ i?2 HBKBi�iBQMb Q7 i?Bb K2i?Q/X hQ /Q bQ- r2 bi�`i2/
#v `2@�M�HvbBM; i?2 `2bmHib 7`QK U>2`xQ; 2i �HX- kyRdVX >2`2- r2 mb2 i?2 `2TQ`i2/
K_L� im`MQp2` `�i2b iQ T`2/B+i ?Qr K�Mv h iQ * +QMp2`bBQMb r2 rQmH/ 2tT2+i
iQ b22 7Q` 2�+? ;2M2- �M/ +QKT�`2 i?2b2 `2bmHib rBi? i?2 2tT2`BK2Mi�HHv /2`Bp2/
QM2bX hQ ;2i i?2 T`2/B+i2/ h iQ * +QMp2`bBQMb 7`QK i?2 _L� im`MQp2` `�i2- r2
mb2 i?2 #2HQr 7Q`KmH�iBQM- #�b2/ QM i?2 �M�HvbBb #v >2`xQ; 2i �HX UkyRdVX

�bbmKBM; i?�i i?2 `�i2 Q7 h iQ * Kmi�iBQMb Q#b2`p2/ BM `2�/b- ԇԐԣԔյ դ � կԿԮկԿ -
?�b irQ bQm`+2b U#�+F;`QmM/ Kmi�iBQMb �M/ 9bl BM+Q`TQ`�iBQM 2p2MibV- r2 +�M
2tT`2bb Bi �b

ԇԐԣԔյ �դ � ᅲ։	ԟ։ � ԟ֊
 � 	�  ᅲ։
ԟ֊
Q`

ԇԐԣԔյ �դ � ᅲ։ԟ։ � ԟ֊
r2`2 ԟ։ Bb i?2 +QK#BM2/ `�i2 Q7 BM+Q`TQ`�iBQM �M/ +?2KB+�H +QMp2`bBQM Q7 9bl-ԟ֊ Bb i?2 #�+F;`QmM/ `�i2- ᅲ։ Bb i?2 7`�+iBQM Q7 M2r K_L�- �M/ ԇԐԣԔյ �դ Bb i?2
`�iBQ Q7 h iQ * +QMp2`bBQMb /2i2+i2/ Qp2` hǶb +Qp2`2/- �b /2}M2/ #v >2`xQ; 2i �HX
UkyRdVX
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"v `2�``�M;BM; r2 ;2i � bQHmiBQM 7Q` i?2 M2r K_L� 7`�+iBQM-

ᅲ։ � ԇԐԣԔյ �դ  ԟ֊ԟ։  UeXRV

q?2M +QKT�`BM; i?2 MmK#2` Q7 2tT2+i2/ h iQ * +QMp2`bBQMb iQ i?2 Q#b2`p2/
Ub22 6B;m`2 eXRV- r2 }M/ i?�i i?2 Tm#HBb?2/ BM72``2/ `�i2b +Q``2H�i2 p2`v TQQ`Hv
7Q` i?2 2�`HB2bi iBK2 TQBMi Ub22 98 KBMmi2 TmHb2 T�M2H BM 6B;m`2 eXRVX aT2+B}+�HHv-
i?2`2 Bb �M mM/2`@`2T`2b2Mi�iBQM BM /2i2+i2/ h iQ * +QMp2`bBQMb +QKT�`2/ iQ i?Qb2
T`2/B+i2/ #v i?2 Tm#HBb?2/ `�i2 Q7 K_L� im`MQp2`X

6B;m`2 eXR, 1tT2`BK2Mi�H /�i� pb 2tT2+i2/ h* +QMp2`bBQMb #�b2/ QM i?2
}ii2/ /2;`�/�iBQM `�i2bX

h?Bb +�M #2 b?QrM iQ #2 +QMbBbi2Mi #2ir22M i?2 /Bz2`2Mi `2THB+�i2b- �M/ Bb HBF2Hv
iQ #2 /m2 iQ i?2 HQbb Q7 T`2@_L�- r?B+? K�v +QMbBbi Q7 � bm#bi�MiB�H T`QTQ`iBQM
Q7 i?2 M�b+2Mi TQQH Q7 BMi`�;2MB+ _L� �i 2�`Hv iBK2TQBMibX aT2+B}+�HHv- i?2
HB#`�`v T`2T�`�iBQM K2i?Q/ mb2/ BM U>2`xQ; 2i �HX- kyRdV 2KTHQvb TQHv@� +�Tim`2-
� K2i?Q/ 7Q` 2M`B+?BM; K�im`2 K_L�X h?Bb r�``�Mib 7m`i?2` BMp2biB;�iBQM- �b
BM Q`/2` iQ KBMBKBb2 i?2 +QMi�KBM�iBQM Q7 +2HHb #2ir22M +2HH@+v+H2 T?�b2b- i?2
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/m`�iBQM Q7 i?2 K2i�#QHB+ H�#2HHBM; bi2T M22/b iQ #2 KBMBKBb2/ Ub22 a2+iBQM eX9VX

hQ i?�i 2M/- r2 �M�Hvb2 i?2 `�i2b 7Q` BMi`QMb �M/ 2tQMb b2T�`�i2Hv M2ti- �M/
+QKT�`2 i?2KX hQ /Q bQ- r2 mb2 /�i� 7`QK �MQi?2` bim/v r?2`2 T`2@_L� Bb MQi
HQbi U"�TiBbi� �M/ .ƺHF2M- kyR3VX hQ ;2i i?2b2 `�i2b- r2 THm; �M 2tT`2bbBQM ;Bp2M
#v CɃ`;2b 2i �HX UkyR3V-

ᅶ � ԣ ԛԞԖ	�
ԛԞԖ	�  ᅲ։

r?B+? `2H�i2b i?2 ?�H7 HB72 ᅶ Q7 � ;Bp2M ;2M2Ƕb _L� iQ i?2 ᅲ։ 7`�+iBQM Q7 M2r _L�
�i � bBM;H2 TmHb2 iBK2TQBMi- iX q2 bm#biBimi2 ᅲ։ rBi? 1[m�iBQM UeXRV iQ ;2i

ᅶ � ԣ ԛԞԖ	�
ԛԞԖ	�  ճռ֏րԿ�ԮՔՓ 
�
r?B+? +�M #2 mb2/ iQ Q#i�BM �M 2biBK�i2 Q7 i?2 ?�H7 HBp2b /B`2+iHv 7`QK
i?2 U#�+F;`QmM/ bm#i`�+i2/V h iQ * +QMp2`bBQM `�i2- r?B+? Bb K2�bm`2/
2tT2`BK2Mi�HHvX q2 mb2 i?Bb `2H�iBQM iQ Q#i�BM i?2 ?�H7 HBp2b Q7 BMi`QMb �M/ 2tQMb
b2T�`�i2Hv 7`QK i?2 `�r /�i� T`QpB/2/ #v "�TiBbi� �M/ .ƺHF2M UkyR3V mbBM; i?2B`
bi�i2/ ԟ։ �M/ ԟ֊ T�`�K2i2`bX �b 2tT2+i2/- BMi`QMb BM/22/ ?�p2 � Km+? ?B;?2`
im`MQp2` i?�M 2tQMb U6B;m`2 eXkVX h?Bb +�M �HbQ #2 b22M BM 6B;m`2 eXj- r?B+?
b?Qrb i?�i �++Q`/BM; iQ i?2 +�H+mH�i2 `�i2b- KQ`2 i?�M ?�H7 Q7 i?2 BMi`QMb U�8eW-
7Q` ;2M2b BM +?`QKQbQK2 RV ?�p2 � H�#2HH2/ 7`�+iBQM Q7 kyW Q` H�`;2` rBi?BM ky
KBMmi2b Q7 H�#2HHBM;- BM +QMi`�bi iQ H2bb i?�M � [m�`i2` Q7 2tQMb U�k9W- 7Q` ;2M2b
BM +?`QKQbQK2 RVX h?Bb Bb 2bT2+B�HHv `2H2p�Mi �b Bi +�M #2 b?QrM #v bBKmH�iBQM
i?�i- 7Q` Qm` ;Bp2M 2tT2`BK2Mi�H TH�i7Q`K- i?2 M�b+2Mi _L� 7`�+iBQM �M/ #v
2ti2MbBQM i?2 ?�H7@HB72 7Q` i?2 K�DQ`Biv Q7 ;2M2b Bb KQbi �++m`�i2Hv /2i2`KBM2/
r?2M �i H2�bi kyW Q7 i?2 +QmMi2/ i`�Mb+`BTib �`2 H�#2HH2/ Ub22 a2+iBQM eXkVX

h?Bb bm;;2bib i?�i �Hi2`M�iBp2 K2i?Q/b Q7 HB#`�`v T`2T�`�iBQM r?B+? `2i�BM i?2
T`2@_L�- bm+? �b `B#Q/2TH2iBQM BMbi2�/ Q7 TQHv�@+�Tim`2 K�v #2 T`272`�#H2 BM
Qm` +�b2- �b i?2 T`2@_L� H�#2HH2/ 7`�+iBQM 2tT�M/b Km+? KQ`2 `�TB/Hv T`QpB/BM;
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� KQ`2 `2HB�#H2 K2�bm`2K2Mi �i b?Q`i2` TmHb2bX

6B;m`2 eXk, >�H~Bp2b Q7 BMi`QMb �M/ 2tQMbX _�r /�i� aG�J@b2[ /�i� 7`QK
!"�TiBbi�kyR3 �M�Hvb2/ 7Q` BMi`QMb �M/ 2tQMb b2T�`�i2HvX .�i� 7Q` ;2M2b QM
+?`QKQbQK2 RX

eXk aBKmH�iBQM Q7 9bl@_L�@b2[ 2tT2`BK2Mi

�b K2MBQM2/ BM *?�Ti2` k- � bBKmH�iBQM +�M #2 mb2/ iQ i2bi ?Qr r2HH r2 +�M BM72`
i?2 i`m2 _L� FBM2iB+b 7`QK � ;Bp2M aG�J@b2[ 2tT2`BK2MiX h?Bb bBKmH�iBQM +�M
#2 #`B2~v QmiHBM2/ �b

RV :2M2`�i2 ԝ֍րռտ֎ MmK#2` Q7 M2r `2�/b Q7 H2M;i? ԛ֍ Mm+H2QiB/2bX

kV �bbB;M ԝ MmK#2` Q7 m`�+BH KQB2iB2b #v b�KTHBM; 7`QK � #BMQKB�H rBi? ԛ֍
i`B�Hb �M/ `�i2 Ԋսքռ֎- 2[m�H iQ i?2 7`�+iBQM Q7 l Mm+H2QiB/2b BM i?2 bT2+B}+
;2M2X

jV .2+B/2 r?2i?2` i?2 `2�/ /2`Bp2b 7`QK � M2r i`�Mb+`BTi #v b�KTHBM; 7`QK
� "2`MQmHHB /Bbi`B#miBQM rBi? T`Q#�#BHBiv 2[m�H iQ i?2 i`m2 7`�+iBQM Q7 M2r
i`�Mb+`BTib- r?B+? Bb � 7mM+iBQM Q7 i?2 bT2+B}+ _L� im`MQp2` `�i2 �bbQ+B�i2/
rBi? 2�+? ;2M2 �M/ i?2 /m`�iBQM Q7 i?2 H�#2HHBM; TmHb2 @ +?�b2 bi2TbX
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6B;m`2 eXj, *mKmH�iBp2 .Bbi`B#miBQM 6mM+iBQM Q7 i?2 iBK2 Bi i�F2b 7Q`
/Bz2`2Mi bT2+B2b Q7 _L� iQ `2�+? � H�#2HH2/ 7`�+iBQM Q7 yXkX

9V �++Q`/BM; iQ i?2 `2bmHi Q7 bi2T jV- �bbB;M i?2 MmK#2` Q7 h@iQ@* Kmi�iBQMbX
6Q` M2r i`�Mb+`BTib- mb2 � "BMQKB�H rBi? ԝ i`B�Hb �M/ `�i2 2[m�H iQ i?2
BM+Q`TQ`�iBQM `�i2 ԟ։ iBK2b i?2 +?2KB+�H 2{+B2M+v Q7 i?2 +QMp2`bBQM bi2T
UԨվփրֈ 4 N9W 7Q` bH�K@b2[V THmb i?2 #�+F;`QmM/ Kmi�iBQM `�i2 ԟ֊ bT2+B}+
iQ i?2 b2[m2M+BM; K2i?Q/ mb2/- r?2`2 ԟ։ Bb i?2 T`Q#�#BHBiv Q7 9bl #2BM;
BM+Q`TQ`�i2/ BM � ;Bp2M l TQbBiBQMX 6Q` QH/ i`�Mb+`BTib- mb2 � "BMQKB�H rBi?ԝ i`B�Hb �M/ T`Q#�#BHBiv 2[m�H iQ i?�i Q7 i?2 #�+F;`QmM/ Kmi�iBQM ԟ֊X

lbBM; � bBKTH2 SQBbbQM KBtim`2 KQ/2H- b22 2[X UeXkV- Bi Bb TQbbB#H2 iQ BM72` i?2
7`�+iBQM Q7 M2r `2�/b- ᅲ։ Ua+?Q}2H/ 2i �HX- kyR3VX

ԕ	Ԩք]ᅶ֊ ᅶ։ ᅲ։
 � ᅲ։SQBbbQM	Ԩք� ᅶ։
 � 	�  ᅲ։
SQBbbQM	Ԩք� ᅶ֊
 UeXkV

r?2`2 Ԩք Bb i?2 MmK#2` Q7 h iQ * Kmi�iBQMb /2i2+i2/ BM `2�/ B- ᅲ։ Bb i?2 7`�+iBQM
Q7 `2�/b /2`BpBM; 7`QK M2r K_L� UbvMi?2bBb2/ /m`BM; i?2 TmHb2VX ᅶ։ �M/ ᅶ֊ �`2
`�i2b r?B+? +Q``2bTQM/ iQ i?2 MmK#2` Q7 h iQ * +QMp2`bBQMb T2` `2�/- /2`BpBM;
7`QK M2r �M/ QH/ i`�Mb+`BTib `2bT2+iBp2HvX _2H�iBM; i?2b2 #�+F iQ i?2 T�`�K2i2`b
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mb2/ 7Q` i?2 bBKmH�iBQMb- ᅶ։ � ԝ	ԟ։Ԩվփրֈ � ԟ֊
 � ԛ֍Ԋսքռ֎	ԟ։Ԩվփրֈ � ԟ֊
 �M/ᅶ֊ � ԝԟ֊ � ԛ֍Ԋսքռ֎ԟ֊X

lbBM; i?2 bBKmH�iBQM /2b+`B#2/ �#Qp2 �M/ i?2 KBtim`2 KQ/2H BM 1[m�iBQM UeXkV-
r2 +�M BMp2biB;�i2 ?Qr 2z2+iBp2Hv i?2 7`�+iBQM Q7 M2r K_L�- ᅲ։- +�M #2 Q#i�BM2/
7Q` /Bz2`2Mi b2ib Q7 2tT2`BK2Mi�H T�`�K2i2`bX aT2+B}+�HHv- mbBM; i?2 Tm#HBb?2/
im`MQp2` `�i2b Q7 i`�Mb+`BTib BM +QMDmM+iBQM rBi? i?2B` `2H�iBp2 �#mM/�M+2b- r2
+�M BMp2biB;�i2 ?Qr /Bz2`2Mi +QK#BM�iBQMb Q7 `2�/ /2Ti? �M/ TmHb2 iBK2b �z2+i
i?2 MmK#2` Q7 ;2M2b r2 +�M `2HB�#Hv /2i2+iX >2`2- r2 mb2 i?2 bT2+B}+ i`�Mb+`BTi
�#mM/�M+2b K2�bm`2/ BM i?2 aG�J@b2[ bim/v #v >2`xQ; 2i �HX UkyRdV �M/ i?2B`
`2bT2+iBp2 im`MQp2` `�i2b iQ T`QD2+i r?2`2 i?2 #mHF Q7 i?2 ;2M2b rBHH HB2 QM �
`2HB�#BHBiv ?2�i K�T 7Q` � ;Bp2M TmHb2 /m`�iBQM �M/ b2[m2M+BM; /2Ti?- b22 6B;m`2
eX9X

6B;m`2 eX9, 1z2+i Q7 b2[m2M+BM; /2Ti? �M/ K2i�#QHB+ H�#2HHBM; /m`�iBQM
QM K2�bm`2K2Mi 2``Q`X 1``Q` /2}M2/ �b � T2`+2Mi�;2 Q7 i?2 N8W +QM}/2M+2
BMi2`p�H Q7 i?2 K2�bm`2/ 7`�+iBQM- Q#i�BM2/ #v bBKmH�iBQM- Qp2` i?2 i`m2 7`�+iBQMX
aBKmH�iBQM r�b `mM Ryyy iBK2b 7Q` 2�+? +2HH Q7 i?2 ?2�iK�T- BM Q`/2` iQ Q#i�BM i?2
`2H2p�Mi /Bbi`B#miBQMbX _2/ +B`+H2b +Q``2bTQM/ iQ BM/BpB/m�H ;2M2b- i?2 HQ+�iBQMb
Q7 r?B+? �`2 Q#i�BM2/ mbBM; Tm#HBb?2/ ?�H7 HBp2b �M/ `2H�iBp2 �#mM/�M+2bX _2/
+QMiQm` HBM2b +Q``2bTQM/ iQ i?2 /2MbBiv Q7 ;2M2bX
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�b 2tT2+i2/- 6B;m`2 eX9 b?Qrb i?�i i?2 KQ`2 `2�/b b2[m2M+2/ T2` i`�Mb+`BTi-
i?2 ?B;?2` i?2 �++m`�+v rBi? r?B+? r2 +�M B/2MiB7v i?2 i`m2 7`�+iBQM Q7 M2rHv
i`�Mb+`B#2/ _L�- �M/ #v 2ti2MbBQM i?2 im`MQp2` `�i2 Q7 i?�i 7`�+iBQMX aBKBH�`Hv-
i?2 H�`;2` i?2 7`�+iBQM Q7 H�#2HH2/ _L�- i?2 KQ`2 �++m`�i2Hv Bi +�M #2 2biBK�i2/X
AM i?Bb r�v r2 +�M }M/ i?2 `2;BQM BM r?B+? r2 +�M `2HB�#Hv BM72` i?2 FBM2iB+bX

lbBM; 2Bi?2` Tm#HBb?2/ `2bmHib Q` `2bmHib 7`QK � TBHQi bim/v- r2 +�M mb2 i?2
?2�i K�T BM 6B;m`2 eX9 iQ T`2/B+i i?2 T`QTQ`iBQM Q7 ;2M2b 7Q` r?B+? i?2 M2rHv
i`�Mb+`B#2/ 7`�+iBQM +�M #2 �++m`�i2Hv 2biBK�i2/X 6B;m`2 eX9 i?mb +QMbiBimi2b �
;mB/2 QM ?Qr /22THv iQ b2[m2M+2- �b r2HH �b ?Qr HQM; iQ �/KBMBbi2` i?2 H�#2HH2/
Mm+H2QiB/2 7Q`- r?2M TH�MMBM; bm+? � FBM2iB+ 2tT2`BK2MiX 6m`i?2`KQ`2- i?2 2z2+i
Q7 Qi?2` T�`�K2i2`b bm+? �b `2�/@H2M;i? �M/ #�+F;`QmM/ 2``Q` +�M #2 +QMbB/2`2/-
#v +?�M;BM; i?2 T�`�K2i2`b Q7 i?2 bBKmH�iBQM �++Q`/BM;HvX

eXj aBKmH�iBQM Q7 KmHiB@bi2T 2tT2`BK2Mi

�b b?QrM BM a2+iBQM eXk- r2 +�M mb2 bBKmH�iBQMb BM Q`/2` iQ K2�bm`2 ?Qr �++m`�i2Hv
r2 +�M Q#i�BM i?2 FBM2iB+b Q7 i`�Mb+`BTiBQM �M/ /2+�v 7Q` /Bz2`2Mi ;2M2b BM � bBM;H2
bi2T 9bl H�#2HHBM; _L�@b2[ 2tT2`BK2MiX Ai Bb +QKKQM BM K2i�#QHB+ H�#2HHBM;
2tT2`BK2Mib iQ Q#i�BM KmHiBTH2 K2�bm`2K2Mib BM i?2 7Q`K Q7 � iBK2 b2`B2b- BM
Q`/2` iQ ;2i � #2ii2` 2biBK�i2 Q7 i?2 `�i2b- �b r2HH �b iQ b22 r?�i ivT2 Q7 KQ/2H
#2bi /2b+`B#2b i?2 `2bmHibX �b 7Q` i?2 bBM;H2 H�#2HHBM; iBK2 TQBMi- 2�+? Q7 i?2b2
iBK2 TQBMib rBHH ?�p2 �M �bbQ+B�i2/ b2[m2M+BM; /2Ti? �M/ H�#2HHBM; rBM/Qr- r?B+?
M22/ iQ #2 TB+F2/ �++Q`/BM;HvX AM Q`/2` iQ B/2MiB7v i?2 #2bi /Bbi`B#miBQM Q7 iBK2
TQBMib �M/ b2[m2M+BM; /2Ti?b- r2 7Q`KmH�i2 � HBF2HB?QQ/ 2[m�iBQM r?B+? /2b+`B#2b
i?2b2 bi2Tb- �M/ i2bi ?Qr r2HH i?2 T�`�K2i2`b Q7 /�i� bBKmH�i2/ �b BM a2+iBQM eXk
+�M #2 BM72``2/X
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eXjXR 1tT2`BK2Mi HBF2HB?QQ/ 2[m�iBQM

�b b?QrM #v CɃ`;2b 2i �HX UkyR3V- i?2 7`�+iBQM Q7 H�#2HH2/ _L� /2T2M/b bQH2Hv QM
i?2 /2+�v `�i2- �M/ Bb ;Bp2M #v

ᅲ։ � �  Ԕ֏ᇋ
r?2`2 ᅷ Bb i?2 bT2+B}+ /2+�v `�i2 �M/ i i?2 /m`�iBQM Q7 i?2 H�#2HHBM; TmHb2X �
bBKBH�` 2[m�iBQM +�M #2 /2`Bp2/ 7Q` i?2 +?�b2 bi2TX h�FBM; i?Bb HQ;B+ 7m`i?2`- r2
+�M BM+Hm/2 #Qi? TmHb2 �M/ +?�b2- vB2H/BM;

ᅲ։ � Ԕᇋ֏Օ  Ԕᇋ	֏Օ�֏Ո

r?2`2 ԣ �M/ ԣվ �`2 i?2 iBK2b 7Q` TmHb2 �M/ +?�b2 `2bT2+iBp2HvX h?Bb r�v r2 +�M
+�H+mH�i2 i?2 7`�+iBQM Q7 M2r i`�Mb+`BTib 7QHHQrBM; #Qi? TmHb2 �M/ +?�b2 bi2TbX
am#biBimiBM; i?Bb BM UeXkV- r2 ;2i � M2r iBK2 /2T2M/2Mi /Bbi`B#miBQM Q7 h iQ *
+QMp2`bBQMb-

S	Ԩք]ᅷ
 � ԕ	Ԩք]ᅷ ԣ ԣվ ᅶ֊ ᅶ։
 �� 	Ԕᇋ֏Օ  Ԕᇋ	֏Օ�֏Ո

SQBbbQM	Ԩք� ᅶ։
� 	�  	Ԕᇋ֏Օ  Ԕᇋ	֏Օ�֏Ո


SQBbbQM	Ԩք� ᅶ֊
� UeXjV

lbBM; i?2 bBKmH�iBQM 7`QK a2+iBQM eXk- r2 +�M }i i?2 �#Qp2 /Bbi`B#miBQM iQ
bvMi?2iB+ /�i� T`Q/m+2/ mbBM; /Bz2`2Mi +QK#BM�iBQMb Q7 T�`�K2i2` p�Hm2b- BM
Q`/2` iQ �bb2bb ?Qr r2HH r2 +�M `2i`B2p2 i?2 i`m2 /2+�v `�i2 BM 2�+? +�b2X h?Bb
Bb b?QrM 7Q` � b2i Q7 T�`�K2i2`b BM 6B;m`2 eX8- r?2`2 r2 �bb2bb i?2 2z2+iBp2M2bb
Q7 i?2 BM72`2M+2 #v K2�bm`BM; i?2 7`�+iBQM Q7 `mMb 7Q` r?B+? i?2 BM72``2/ /2+�v
`�i2 +�M #2 Q#i�BM2/ rBi?BM � ;Bp2M T`2+BbBQM i?`2b?QH/X h?Bb MmK#2` +�M #2
+QKT�`2/ #2ir22M /Bz2`2Mi b2ib Q7 2tT2`BK2Mi�H T�`�K2i2`b iQ ?2HT mb /2+B/2
r?B+? iQ +?QQb2X 6m`i?2`KQ`2- � ;HQ#�H QTiBKBb�iBQM �H;Q`Bi?K +�M #2 mb2/ BM
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+QMDmM+iBQM rBi? i?2 �#Qp2 +QMbi`m+iBQM- bm+? �b i?2 "�v2bB�M PTiBKBb�iBQM
T�+F�;2 U"Bb+?H 2i �HX- kyRdV mb2/ BM a2+iBQM 9- BM Q`/2` iQ �miQK�iB+�HHv }M/ i?2
#2bi b2i Q7 T�`�K2i2`b 7Q` Qm` 2tT2`BK2MiX

6B;m`2 eX8, L2;�iBp2 GQ; GBF2HB?QQ/ T`Q}H2 7Q` TmHb2 2tT2`BK2MiX 1�+?
HBM2 U;`2vV `2T`2b2Mib i?2 HBF2HB?QQ/ 2[m�iBQM 7Q` � bBM;H2 ;2M2 bBKmH�iBQM UL 4
RyyV- rBi? `2�/ /2Ti? 4 Ryy �M/ /2+�v `�i2 2[m�H iQ i?�i Q7 i?2 �p2`�;2 BMi`QM UyX3
T2` ?Qm`VX JBMBK� 7QmM/ mbBM; i?2 ;QH/2M b2+iBQM K2i?Q/X aQHmiBQMb �++2Ti2/ QM
i?2 #�bBb Q7 i?2B` `2H�iBp2 /Bbi�M+2 UI RyWV 7`QK i?2 i`m2 /2+�v `�i2X

eXjXk �++QmMiBM; 7Q` 2tT2`BK2Mi�H HBKBi�iBQMb

�b r2HH �b i2biBM; i?2 Qp2`�HH BM72`2M+2 TQr2` Q7 i?2 r?QH2 2tT2`BK2Mi �M/ i?mb
2M�#HBM; mb iQ +?QQb2 i?2 KQbi bmBi�#H2 2tT2`BK2Mi�H T�`�K2i2` b2ib- r2 +�M mb2
i?Bb K2i?Q/ iQ i2bi i?2 2ti2Mi iQ r?B+? /Bz2`2Mi bi2Tb BM i?2 T`QiQ+QH +�M �z2+i i?2
`2HB�#BHBiv Q7 Qm` 2biBK�i2bX 6Q` 2t�KTH2- �M BKTQ`i�Mi +QM+2`M BM FBM2iB+ bim/B2b
BM ;2M2`�H Bb i?2 #B�b +�mb2/ #v i?2 iBK2 #2ir22M i?2 2M/ Q7 2�+? TmHb2@+?�b2
bi2T �M/ i?2 �+im�H K2�bm`2K2Mi Q7 i?2 H�#2HH2/ 7`�+iBQMX �Hi?Qm;? +2HHb +�M
#2 F2Ti QM B+2 7Q` T�`i Q7 i?Bb /m`�iBQM- r?B+? Bb FMQrM iQ `2/m+2 i?2 `�i2b Q7
_L� K2i�#QHBbK Ua+?QHiBbb2F- RNedV- i?2`2 �`2 bi2Tb bm+? �b i?2 `2KQp�H Q7 i?2
H�#2HHBM; bQHmiBQM �M/ `2@bmbT2MbBQM Q7 i?2 +2HHb- r?B+? iQ;2i?2` +�M i�F2 mT iQ
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ky KBMmi2bX h?Bb �KQmMi Q7 iBK2 Bb +QKT�`�#H2 iQ i?2 ?�H7@HBp2b Q7 K�Mv Q7 i?2
7�bi2` @ im`MQp2` _L� bT2+B2b- �M/ +�M i?2`27Q`2 H2�/ iQ � bB;MB}+�Mi bvbi2K�iB+
Qp2`2biBK�iBQM Q7 i?2 /2+�v `�i2bX

6Q` i?Bb `2�bQM- Bi Bb mb27mH iQ FMQr r?2i?2` r2 +�M i�F2 i?Bb BMiQ �++QmMi BM Qm`
KQ/2HX 6B;m`2 eXe b?Qrb i?2 `2bmHiBM; HBF2HB?QQ/ T`Q}H2b Q7 b2p2`�H `2T2iBiBQMb Q7
i?2 bBKmH�iBQM- mbBM; � bBM;H2 b2i Q7 T�`�K2i2`b r?B+? BM+Hm/2 � b�KTH2 T`Q+2bbBM;
iBK2 Q7 Ry KBMmi2bX h?2 b�KTH2 T`Q+2bbBM; iBK2 Bb 2�bBHv BKTH2K2Mi2/ BMiQ i?2
KQ/2H �b �M �//BiBQM�H +?�b2 @ bi2T �i i?2 2M/ Q7 2�+? TmHb2 Q` +?�b2 bi2TX h?2
2z2+i Q7 +QQHBM; +2HHb QM B+2 Bb BKTHB+BiHv �++QmMi2/ 7Q` #v �bbmKBM; i?�i i?2 `�i2b
Q7 /2;`�/�iBQM �M/ i`�Mb+`BTiBQM �`2 x2`Q /m`BM; i?2 /m`�iBQM Q7 i?Bb bi2TX h?2
p�HB/Biv Q7 i?Bb �bbmKTiBQM +�M #2 i2bi2/ mbBM; � b2T�`�i2 2tT2`BK2Mi- r?2`2#v
+2HHb �`2 HQ�/2/ rBi? i?2 H�#2HH2/ Mm+H2QiB/2 T`BQ` iQ BM+m#�iBQM QM B+2- �M/ i?2
/2i2`BQ`�iBQM Q7 i?2 bB;M�H r?BH2 QM B+2 K2�bm`2/X A7 i?2 /2;`�/�iBQM `�i2 QM B+2 Bb
7QmM/ iQ #2 MQM@M2;HB;B#H2- �b 7QmM/ BM +2`i�BM +�b2b #v a2MbFv �M/ _22b URNdeV-
i?2 �#Qp2 7Q`KmH�iBQM +�M #2 mb2/ iQ �++QmMi 7Q` Bi BM i?2 b�K2 r�v �b 7Q` i?2
r�b? bi2Tb- mbBM; �M �//BiBQM�H b2i Q7 `�i2bX

AMi2`2biBM;Hv- bBKmH�iBM; i?2 iBK2 Bi i�F2b iQ T2`7Q`K i?2 `2[mB`2/ r�b?@bi2Tb
H2�/b iQ � #B@KQ/�H HBF2HB?QQ/ T`Q}H2- i?mb +QKTHB+�iBM; i?2 }iiBM; U+QKT�`2 rBi?
`2bmHib rBi? MQ T`Q+2bbBM; iBK2- 6B;m`2 eXeVX

�Hi?Qm;? BM i?Bb 2t�KTH2 i?2 ;HQ#�H KBMBKmK Bb biBHH +Q``2+i- i?Bb Bb MQi i`m2
BM �HH +�b2b UMQi b?QrMVX aT2+B}+�HHv- b?Q`i2` iBK2TQBMib �`2 KQ`2 T`QM2 iQ
H2�/BM; iQ 2``QM2mb 2biBK�iBQMb Q7 i?2 /2+�v `�i2b- �b i?2 7`�+iBQM Q7 iBK2 bT2Mi
T`Q+2bbBM; i?2 b�KTH2 �7i2` i?2 BM+m#�iBQM bi2T BM+`2�b2bX AM Qm` +�b2- b?Q`i2`
H�#2HHBM; bi2Tb �`2 T`272``2/ BM Q`/2` iQ KBMBKBb2 i?2 +HQm/BM; 2z2+ib +�mb2/ #v
+2HHb i`�p2HHBM; #2ir22M T?�b2b- �b /Bb+mbb2/ BM a2+iBQM eX9X 6Q` i?�i `2�bQM- i?2
QTiBQM Q7 `2p2`b�#Hv }tBM; +2HHb r�b BMp2biB;�i2/X
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6B;m`2 eXe, L2;�iBp2 GQ; GBF2HB?QQ/ T`Q}H2 7Q` TmHb2 2tT2`BK2Mi rBi?
r�b? bi2TX 1�+? HBM2 U;`2vV `2T`2b2Mib i?2 HBF2HB?QQ/ 2[m�iBQM 7Q` � bBKmH�i2/
BMi`QM UL 4 RyyV- rBi? `2�/ /2Ti? 4 Ryy �M/ /2+�v `�i2 2[m�H iQ i?�i Q7 i?2
�p2`�;2 BMi`QM UyX3 T2` ?Qm`VX JBMBK� 7QmM/ mbBM; i?2 ;QH/2M b2+iBQM K2i?Q/X
aQHmiBQMb �++2Ti2/ QM i?2 #�bBb Q7 i?2B` `2H�iBp2 /Bbi�M+2 URy T2`+2MiV 7`QK i?2
i`m2 /2+�v `�i2X
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eX9 AMi2;`�iBQM Q7 T?�b2b /m`BM; K2i�#QHB+

H�#2HHBM;

1tT`2bbBQM 7QH/ +?�M;2 +�M p�`v #v mT iQ Ry 7QH/ /m`BM; i?2 +2HH +v+H2 BM K�Mv
;2M2b UEm�M; 2i �HX- kyRkV- r?B+? bm;;2bib i?�i i?2 i`�Mb+`BTiBQM �M/ /2;`�/�iBQM
`�i2b M22/ iQ #2 �/Dmbi2/ �++Q`/BM;HvX AM Q`/2` iQ K2�bm`2 i?2b2 `�i2b �++m`�i2Hv
#2ir22M T?�b2b- Bi Bb BKTQ`i�Mi i?�i r2 �++QmMi 7Q` i?2 +2HH +v+H2 iBK2 i?�i T�bb2b
/m`BM; i?2 H�#2HHBM; bi2TX aT2+B}+�HHv- /m`BM; i?2 TmHb2 Q7 i?2 +?2KB+�HHv H�#2HH2/
Mm+H2QiB/2- +2HHb rBHH i`�p2H 7`QK QM2 T?�b2 iQ �MQi?2`- �b b?QrM BM 6B;m`2 eXdX
h?2 +QMi`B#miBQM Q7 +2HHb 7`QK i?2 T`2pBQmb T?�b2 �z2+ib i?2 �p2`�;2 �KQmMi Q7
H�#2HH2/ _L� rBi?BM 2�+? T?�b2 iQ p�`vBM; 2ti2Mib- /2T2M/BM; QM i?2 `�iBQ Q7յՕ՚ՑՊյՕՍՆՊ - r?2`2 ԉև֎ր �M/ ԉփռ֎ր �`2 i?2 /m`�iBQM Q7 i?2 T`2b2Mi +2HH +v+H2 T?�b2
�M/ H�#2HBM; TmHb2- `2bT2+iBp2HvX

AM Q`/2` iQ �++QmMi 7Q` i?Bb 2z2+i r2 M22/ iQ KQ/2H i?2 BM+Q`TQ`�iBQM Q7 H�#2HH2/
Mm+H2QiB/2 Q++m``BM; Qp2` irQ �/D�+2Mi T?�b2b rBi? irQ b2ib Q7 `�i2b- �bbmKBM;
i?�i MQ +2HHb +`Qbb iQ � i?B`/ T?�b2 /m`BM; i?2 H�#2HBM; TmHb2- �M/ BMi2;`�i2
Qp2` i?2 ǵ2z2+iBp2 /m`�iBQMǶ Q7 i?2 }`bi T?�b2 UiBK2 bT2Mi BM }`bi T?�b2 #27Q`2
2Mi2`BM; b2+QM/ T?�b2V- BM Q`/2` iQ ;2i i?2 �p2`�;2 Q7 �HH i?2 TQbbB#H2 bm+? ǵ2z2+iBp2
/m`�iBQMbǶX

6`QK K�bb �+iBQM FBM2iB+b- r2 ?�p2

ԓԧԓԣ � ᅶ  ᅷԧ	ԣ

r?2`2 ԧ Bb i?2 MmK#2` Q7 K_L�b U�b � mMBi Q7 +QM+2Mi`�iBQMVX q2 rBb? iQ KQ/2H
i?2 T`Q;`2bbBQM Q7 � +2HH 7`QK QM2 T?�b2 iQ i?2 M2tiX q2 }`bi bQHp2 7Q` ԧ	ԣ
 7Q`
i?2 }`bi T?�b2- rBi? ԧ	�
 � �X

q2 ;2i i?2 iBK2 p�`vBM; 2[m�iBQM
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ԧ	ԣ
 � ᅶφԔᇋȯ	֏
 	Ԕᇋȯ֏  �
ᅷφ
-

r?2`2 ᅶφ �M/ ᅷφ �`2 i?2 K_L� bvMi?2bBb �M/ /2;`�/�iBQM `�i2b /m`BM; i?2 }`bi
T?�b2- `2bT2+iBp2HvX

LQr r2 mb2 i?Bb bQHmiBQM iQ ;2i i?2 BMBiB�H +QM/BiBQMb 7Q` i?2 M2ti T?�b2X
aT2+B}+�HHv-

ԧ	ԣφ
 � ᅶφԔᇋȯ	֏ȯ
 	Ԕᇋȯ֏ȯ  �
ᅷφ
-

r?B+? r2 mb2 iQ bQHp2 տտ֓֏ � ᅶϵ ᅷϵԧ	ԣ
- r?2`2 ᅶϵ �M/ ᅷϵ �`2 i?2 K_L� bvMi?2bBb
�M/ /2;`�/�iBQM `�i2b /m`BM; i?2 b2+QM/ T?�b2- `2bT2+iBp2Hv- �M/ ԣφ Bb i?2 /m`�iBQM
Q7 i?2 iBK2 i?�i � +2HH bT2M/b BM i?2 T`2pBQmb T?�b2X

h?Bb `2bmHib BM i?2 #2HQr 2[m�iBQM,

ԧ	ԣ
 � Ԕᇋȯ	֏ȯ
ᇋɞ֏ 	ᅶϵᅷφԔᇋȯ֏ȯ�ᇋɞ֏  ᅶϵᅷφԔᇋȯ֏ȯ�ᇋɞ֏ȯ  ᅶφᅷϵԔᇋɞ֏ȯ � ᅶφᅷϵԔᇋȯ֏ȯ�ᇋɞ֏ȯ
ᅷφᅷϵ 
UeX9V

r?2`2 i = iRX

�b K2MiBQM2/ �#Qp2- r2 M22/ iQ �p2`�;2 Qp2` �HH i?2 TQbbB#H2 /m`�iBQMb Q7 iBK2 �
+2HH +�M bT2M/ BM i?2 T`2pBQmb T?�b2- r?B+? +�M #2 /QM2 #v BMi2;`�iBM; ԣφ 7`QK
x2`Q iQ i?2 /m`�iBQM Q7 i?2 TmHb2 UiV- �M/ `2@b+�HBM; #v /BpB/BM; #v i?2 /m`�iBQM
Q7 i?2 TmHb2X h?Bb vB2H/b i?2 #2HQr 7mM+iBQM

ԧ	ԣ
 � ᇊȯᇋɞॕᇋȯ�ᇋȯॕրᆡɞ	ՙ
ॖ�ᇋɞॕրᆡȯ	ՙ
φॖॖᇋȯ	ᇋȯᇋɞ
 � ᅶϵ ॕᅷϵԣ � Ԕᇋɞ	֏
  �ॖᅷϵϵԣ  UeX8V
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r?2`2 i Bb i?2 /m`�iBQM Q7 i?2 TmHb2X

�b K2MiBQM2/ 2�`HB2`- i?2 +QMi`B#miBQM Q7 +2HHb 7`QK i?2 T`2pBQmb T?�b2 /2T2M/b
QM i?2 `�iBQ Q7 յՕ՚ՑՊյՕՍՆՊ X h?Bb Bb /m2 iQ i?2 7�+i i?�i i?2`2 �`2 irQ TQTmH�iBQMb
Q7 +2HHb +QMi`B#miBM; iQ i?2 `2bmHiBM; �p2`�;2X h?2b2 +�M #2 /2b+`B#2/ �b RV +2HHb
i?�i bi�`i2/ BM i?2 T`2pBQmb T?�b2 r?2M i?2 bi�BMBM; bi�`i2/ �M/ 2M/2/ mT BM
i?2 M2ti T?�b2- �M/ kV +2HHb r?B+? bi�`i2/ �M/ 2M/2/ rBi?BM i?2 b2+QM/ T?�b2-
+Q``2bTQM/BM; iQ i?2 `2/ �M/ ;`22M TQTmH�iBQMb b22M BM };m`2 eXd- `2bT2+iBp2HvX
h?2 `2H�iBp2 +QMi`B#miBQMb Q7 i?2b2 irQ TQTmH�iBQM iQ i?2 Qp2`�HH �p2`�;2 rBHH
/2T2M/ QM i?2 `2H�iBp2 /m`�iBQM Q7 i?2 bi�BMBM; TmHb2 �M/ i?2 b2+QM/ T?�b2X
aT2+B}+�HHv- ԟԞԟ�ԟԞԟ� � ԉև֎րԉփռ֎ր  ԉև֎ր
h?2 }`bi TQTmH�iBQM rBHH Q#2v i?2 BMi2;`�i2/ irQ@T?�b2 KQ/2H- r?BH2 i?2 b2+QM/
TQTmH�iBQM rBHH Q#2v i?2 bBM;H2@T?�b2 KQ/2HX 6Q` }iiBM;- r2 i?mb M22/ iQ i�F2
i?2 r2B;?i2/ �p2`�;2 Q7 i?2 +QMi`B#miBM; TQTmH�iBQMbX Ai Bb i?2 7Q+mb Q7 7mim`2
`2b2�`+? iQ /2i2`KBM2 i?2 2ti2Mi iQ r?B+? i?Bb +QMbi`m+iBQM +�M #2 mb2/ iQ i�F2
BMiQ �++QmMi i?2 T`Q;`2bbBQM Q7 +2HHb 7`QK T?�b2 iQ T?�b2 /m`BM; i?2 H�#2HHBM; bi2T-
#v bBKmHi�M2QmbHv }iiBM; i?2 /�i� 7`QK �HH +2HH@T?�b2bX

eX8 1tT2`BK2Mi�H .2bB;M

h?2 `2bmHib 7`QK i?Bb +?�Ti2` H2�/ mb iQ bm;;2bi i?`22 BKTQ`i�Mi �Hi2`�iBQMb
iQ i?2 #�bB+ K2i�#QHB+ b2[m2M+BM; T`QiQ+QH bm;;2bi2/ #v >2`xQ; 2i �HX UkyRdVX
6B`biHv- BM a2+iBQM eXR r2 b�r i?�i b?Q`i2` H�#2HHBM; iBK2TQBMib bmz2`2/ 7`QK
�M mM/2`biBK�iBQM Q7 i?2 _L� im`MQp2`- r?B+? r2 ?vTQi?2bBb2/ iQ #2 /m2 iQ
i?2 +?QB+2 Q7 � HB#`�`v T`2T�`�iBQM K2i?Q/ r?B+? 2M`B+?2b 7Q` K�im`2 _L�
UTQHv�@+�Tim`2V �M/ i?mb H2�/ iQ � HQbb Q7 Km+? Q7 i?2 M2rHv H�#2HH2/ T`2_L�X
h?Bb T`QKTi2/ K2 iQ bm;;2bi �M �Hi2`M�iBp2 K2i?Q/ Q7 HB#`�`v T`2T�`�iBQM #�b2/
QM `B#Q/2TH2iBQM- r?B+? +QMb2`p2b i?2 M�b+2Mi _L� 7`�+iBQMX

a2+QM/Hv- mbBM; i?2 bBKmH�iBQM #v "�TiBbi� �M/ .ƺHF2M UkyR3V +QK#BM2/ rBi?
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6B;m`2 eXd, *2HHb T`Q;`2bbBM; i?`Qm;? �/D�+2Mi bi�;2b Q7 i?2 +2HH +v+H2
/m`BM; i?2 K2i�#QHB+ H�#2HHBM; TmHb2X

K�i?2K�iB+�H KQ/2HHBM;- BM a2+iBQM eXk r2 b�r 7Q` r?B+? 2tT2`BK2Mi�H +QM/BiBQMb
UH�#2HHBM; iBK2 �M/ b2[m2M+BM; /2Ti?V i?2 _L� im`MQp2` `�i2b +QmH/ #2 �++m`�i2Hv
BM72``2/ 7Q` i?2 K�DQ`Biv Q7 ;2M2bX q2 7QmM/ i?�i b?Q`i2` H�#2HHBM; iBK2b UbK�HH2`
M2r _L� 7`�+iBQMV r2`2 �bbQ+B�i2/ rBi? � ?B;?2` K2�bm`2K2Mi 2``Q`- r?B+? +QmH/
#2 KBiB;�i2/ iQ �M 2ti2Mi #v b2[m2M+BM; KQ`2 /22THvX �M �Hi2`M�iBp2 �TT`Q�+?
+QmH/ #2 iQ 2M`B+? 7Q` i?2 M�b+2Mi i`�Mb+`BTib- #v K2�Mb Q7 Mm+H2�` 7`�+iBQM�iBQM Q7
i?2 +2HHb T`BQ` iQ HB#�`v T`2T�`�iBQMX �b r2 �`2 BMi2`2bi2/ BM b?Q`i2` iBK2TQBMib BM
Q`/2` iQ �pQB/ i?2 +2HH@+v+H2 +HQm/BM; 2z2+ib /Bb+mbb2/ BM a2+iBQM eX9- A bm;;2bi2/
r2 2KTHQv Mm+H2�` 7`�+iBQM�iBQM BM Q`/2` iQ 2M`B+? 7Q` i?2 H�#2HH2/ _L� 7`�+iBQMX

h?B`/Hv- i?2 �M�HvbBb BM a2+iBQM eXjXk b?Qr2/ mb i?�i b�KTH2 T`2T�`�iBQM iBK2 +�M
H2�/ iQ #B�b2/ 2biBK�iBQMb Q7 _L� FBM2iB+bX Pm` 2tT2`BK2Mi `2HB2b QM 2ti2MbBp2
b�KTH2 T`Q+2bbBM; 7QHHQrBM; i?2 H�#2HHBM; bi2T- bm+? �b +2HH bQ`iBM; BMiQ /Bz2`2Mi
+2HH +v+H2 T?�b2b �M/ /BbiBM+i +2HH bBx2bX AM Q`/2` iQ KBMBKBb2 i?2 2``Q` +�mb2/ #v
i?2 2H�Tb2 iBK2 /m`BM; i?2b2 T`Q+2bbBM; bi2Tb- r2 HQQF2/ BMiQ `2p2`bB#H2 }t�iBQM
T`QiQ+QHb i?�i rBHH �HHQr mb iQ T`2b2`p2 i?2 bi�i2 Q7 i?2 +2HHb BKK2/B�i2Hv 7QHHQrBM;
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i?2 H�#2HHBM; bi2TX A i?mb B/2MiB}2/ `2p2`bB#H2 }t�iBQM mbBM; /Bi?BQ@#BbUbm++BMBKB/vH
T`QTBQM�i2V- U.aSV- �HbQ FMQrM �b GQK�MiǶb _2�;2Mi- r?B+? ?�b #22M b?QrM iQ
#2 mb27mH BM T`2b2`pBM; i?2 bi�i2 Q7 +2HHb T`BQ` iQ b2[m2M+BM; U�ii�` 2i �HX- kyR3VX

lbBM; i?2 �#Qp2 bm;;2biBQMb- � TBHQi 2tT2`BK2Mi r�b T2`7Q`K2/- i?2 `2bmHib Q7
r?B+? �`2 b?QrM BM 6B;m`2b eX3 �M/ eXNX AM TBHQi R- r2 TmHb2/ +2HHb 7Q` Ry KBM- ky
KBM- �M/ R?X AM 6B;m`2 eX3 i?2 �p2`�;2 h*f�: +QmMib +�M #2 b22M iQ BM+`2�b2
rBi? H�#2HBM; iBK2- r?BH2 i?2 #�+F;`QmM/ Kmi�iBQM `�i2 Q7 Qi?2` #�b2~BTb `2K�BMb
+QMbi�Mi �M/ �i i?2 b�K2 H2p2H �b i?2 M2;�iBp2 +QMi`QHX AM 2�+? Q7 i?2 +�b2b i?2
BMi`QM bB;M�H U`2/V Bb ?B;?2`- +QMbBbi2Mi rBi? i?2 ?B;?2` im`MQp2` `�i2 Q7 T`2@_L�X
�HbQ- i?2 .aS }t�iBQM /Q2b MQi b22K iQ �z2+i i?2 bB;M�H Km+?- i?Qm;? KQ`2
`2T2�ib �`2 `2[mB`2/ iQ +QM}`K i?�iX

AM TBHQi k r2 QMHv mb2/ R iBK2TQBMi UR?V- �M/ i2bi2/ i?2 2z2+i Q7 bQ`iBM;- lo
2tTQbm`2 �M/ Mm+H2�` 2M`B+?K2Mi �7i2` .aS }t�iBQMX �b BM TBHQi R- i?2 .aS
}t�iBQM /Q2b MQi �z2+i i?2 bB;M�H BMi2MbBiv U+QKT�`2 H�M2 R �M/ jV- �M/ Bi +�mb2b
MQ BM+`2�b2 BM i?2 #�+F;`QmM/ Kmi�iBQM `�i2 U+QKT�`2 H�M2 k �M/ 9VX 6BM�HHv-
Mm+H2�` 2M`B+?K2Mi H2�/b iQ � #B; BM+`2�b2 BM i?2 bB;M�H Ub22 H�M2 8- Lm+V- r?B+?
Bb K�BMi�BM2/ �7i2` bQ`iBM;- 2p2M rBi? i?2 lo H�b2` QM UH�M2b e �M/ dVX h?2 #2HQr
i�#H2 +�M #2 mb2/ iQ B/2MiB7v i?2 /Bz2`2Mi b�KTH2bX

a�KTH2 f ai2Tb 9bl TmHb2 .aS 6�*a lo Mm+H2�` 2ti

9bl@RyKBM yX8KJ RyKBM @ @ @ @
9bl@kyKBM yX8KJ kyKBM @ @ @ @
9bl@eyKBM yX8KJ eyKBM @ @ @ @

+QMi`QH @ @ @ @ @
.aS yX8KJ eyKBM � @ @ @
9bl RKJ eyKBM @ @ @ @

p2@KBMmb @ � � � �
.aS@THmb RKJ eyKBM � @ @ @

.aS@KBMmb @ � @ @ @
Lm+ RKJ eyKBM � @ @ �
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a�KTH2 f ai2Tb 9bl TmHb2 .aS 6�*a lo Mm+H2�` 2ti

lo@SHmb RKJ eyKBM � � � �
lo@JBMmb RKJ eyKBM � � @ �
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exons − other
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6B;m`2 eX3, aG�J@b2[ TBHQi 2tT2`BK2Mi RX *2HHb r2`2 H�#2HH2/ rBi? 8yy
KB+`QKQH�` 9bl 7Q` 2Bi?2` Ry- ky Q` ey KBMmi2b T`BQ` iQ `2p2`bB#H2 +`QbbHBMFBM;
rBi? .aSX GB#`�`v T`2T�`�iBQM �M/ b2[m2M+2 T`Q+2bbBM; T2`7Q`K2/ #v .` J�`F
q�Hb? 7QHHQrBM; i?2 aJ�_h@b2[ K2i?Q/ Uh�E�_� "BQa+B2M+2bVX Jmi�iBQM `�i2
Q#i�BM2/ mbBM; i?2 �M�HvbBb BM a2+iBQM eXRX

eXe .Bb+mbbBQM

�b Bb Q7i2M i?2 +�b2 rBi? ?B;? i?`Qm;?Tmi 2tT2`BK2Mib- +�`27mH TH�MMBM; Bb `2[mB`2/
iQ ;2i i?2 KQbi p�Hm2 Qmi Q7 i?Bb K2i?Q/X lbBM; +QKTmi2` bBKmH�iBQMb �M/
T�`�K2i2`b 7`QK Tm#HBb?2/ /�i� r2 +�M mM/2`bi�M/ r?�i i?2 `2[mB`2/ b2iiBM;b
bm+? �b H�#2HHBM; iBK2- T`Q+2bbBM; iBK2 �M/ b2[m2M+BM; /2Ti? �`2- BM Q`/2` iQ
QTiBKBb2 i?2 2tT2`BK2MiX am+? +QMbB/2`�iBQMb �`2 2bT2+B�HHv BKTQ`i�Mi r?2M
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6B;m`2 eXN, aG�J@b2[ TBHQi 2tT2`BK2Mi kX *2HHb r2`2 H�#2HH2/ rBi? Ryyy
KB+`QKQH�` 9bl 7Q` ey KBMmi2b T`BQ` iQ `2p2`bB#H2 +`QbbHBMFBM; rBi? .aSX GB#`�`v
T`2T�`�iBQM �M/ b2[m2M+2 T`Q+2bbBM; T2`7Q`K2/ #v .` J�`F q�Hb? 7QHHQrBM; i?2
aJ�_h@b2[ K2i?Q/ Uh�E�_� "BQa+B2M+2bVX Jmi�iBQM `�i2 Q#i�BM2/ mbBM; i?2
�M�HvbBb BM a2+iBQM eXRX
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TH�MMBM; � H�`;2 2tT2`BK2Mi QM � #m/;2iX

h?Bb ivT2 Q7 rQ`F 7�HHb mM/2` i?2 +�i2;Q`v Q7 QTiBK�H /2bB;M Q7 2tT2`BK2MibX
_2+2MiHv- lp�`QpbFBB 2i �HX UkyRNV /2KQMbi`�i2/ � r�v Q7 QTiBKBbBM; i?2 �#Qp2
2tT2`BK2Mi 7Q` � bBM;H2 iBK2TQBMi #v /2`BpBM; �M �M�HviB+�H bQHmiBQM iQ i?2 T`Q#H2K-
r?B+? mb2b 6Bb?2` AM7Q`K�iBQM K�tBKBb�iBQM �b i?2 QTiBKBb�iBQM +`Bi2`BQMX �M
�Hi2`M�iBp2 �TT`Q�+? iQ QTiBKBb2 �Mv ivT2 Q7 T`Q+2bb Bb pB� bBKmH�iBQM Ub22 U>QM;
2i �HX- kyR8V 7Q` � `2pB2r Q7 QTiBKBb�iBQM pB� bBKmH�iBQM K2i?Q/bVX q2 ?�p2 +?Qb2M
i?2 H�ii2` ivT2 Q7 �TT`Q�+? �b Bi �HHQrb 7Q` ;`2�i2` ~2tB#BHBiv BM i?2 bi`m+im`2 Q7
i?2 2tT2`BK2Mi /2bB;M2/X

lbBM; bBKmH�iBQMb �M/ KQ/2HHBM;- r2 b�r i?�i i?2 T`Q+2bbBM; iBK2 Q7 i?2 b�KTH2b
7QHHQrBM; � TmHb2 bi2T +�M #2 TQi2MiB�HHv �++QmMi2/ 7Q` U6B;m`2 eXeV- i?Qm;? �
KQ`2 `Q#mbi �H;Q`Bi?K Bb `2[mB`2/ 7Q` }M/BM; i?2 ;HQ#�H KBMBKmK BMbi2�/ Q7
i?2 #Bb2+iBQM K2i?Q/ +m``2MiHv 2KTHQv2/X PM+2 bm+? �M �H;Q`Bi?K ?�b #22M
BKTH2K2Mi2/- "�v2bB�M PTiBKBb�iBQM U"Bb+?H 2i �HX- kyRdV Q` bQK2 Qi?2` 2[mBp�H2Mi
QTiBKBb2` +�M #2 mb2/ iQ }M/ i?2 #2bi 2tT2`BK2Mi�H T�`�K2i2`bX aBKBH�`Hv- r2 b�r
i?�i r?BH2 +2HHb i`�MbBiBQMBM; #2ir22M �/D�+2Mi T?�b2b BM i?2 +2HH +v+H2 /m`BM; i?2
K2i�#QHB+ H�#2HHBM; bi2T +�M +HQm/ Qm` 2biBK�iBQM Q7 `�i2b bT2+B}+ iQ 2�+? T?�b2-
i?Bb +�M TQi2MiB�HHv #2 �++QmMi2/ 7Q` #v }iiBM; i?2 /�i� 7`QK /Bz2`2Mi T?�b2b
bBKmHi�M2QmbHvX

lbBM; i?2 `2bmHib 7`QK i?2 �M�HvbBb BM i?Bb +?�Ti2` r2 /2bB;M2/ �M 2tT2`BK2Mi
r?B+? #2bi bmBib i?2 `2[mB`2K2Mib Q7 i?Bb bim/vX lbBM; irQ TBHQi 2tT2`BK2Mib r2
b�r i?�i i?2 bm;;2bi2/ +?�M;2b +�M #2 bm++2b7mHHv 2KTHQv2/ iQ bmBi Qm` M22/bX
aT2+B}+�HHv- i?2 TBHQi 2tT2`BK2Mib b?Qr i?�i r2 +�M }t i?2 b�KTH2b �7i2` b?Q`i
9bl TmHb2b r?B+? rBHH �HHQr mb iQ bQ`i BMiQ /Bz2`2Mi bBx2b �M/ +2HH +v+H2 bi�;2b
rBi?Qmi rQ``vBM; �#Qmi iBK2 T�bbBM;X 6m`i?2`KQ`2- Mm+H2�` 2M`B+?K2Mi ;Bp2b
� bi`QM; #QQbi U�j 7QH/V BM i?2 bB;M�H- r?B+? bm;;2bib r2 +�M T2`7Q`K KmHiBTH2
b?Q`i2` iBK2TQBMib BM Q`/2` iQ }i i?2 `�i2b �++m`�i2Hv- rBi?Qmi rQ``vBM; �#Qmi i?2
�p2`�;BM; #2ir22M +2HH@+v+H2 T?�b2b i?�i HQM;2` 9bl TmHb2b rQmH/ BMpQHp2X
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*?�Ti2` d

*QM+HmbBQM

Jm+? Q7 KQ/2`M #BQHQ;v ?�b #22M +QM+2`M2/ rBi? B/2MiB7vBM; i?2 +�mb2b �M/ 2z2+ib
mM/2`TBMMBM; #BQHQ;B+�H 7mM+iBQMbX h?Bb ?�b H2/ iQ � p�bi r2�Hi? Q7 FMQrH2/;2- �M/
i?2 mM/2`bi�M/BM; Q7 i?Qmb�M/b Q7 KQH2+mH�` K2+?�MBbKb mM/2`HvBM; ?2�Hi? �M/
/Bb2�b2- /2p2HQTK2Mi �M/ �;BM;X h?Bb mM/2`bi�M/BM; ?�b BM im`M H2/ iQ i?2 #B`i? Q7
bvMi?2iB+ #BQHQ;v- r?B+? T`QKBb2b iQ i�+FH2 K�Mv Q7 i?2 rQ`H/b ;`2�i2bi +?�HH2M;2b
bm+? �b 7QQ/ b2+m`Biv- bmbi�BM�#H2 2M2`;v- +m``2MiHv BM+m`�#H2 /Bb2�b2b- �M/ KQ`2X

>Qr2p2`- `2H�iBQMb?BTb #2ir22M +�mb2 �M/ 2z2+i �`2 b2H/QK HBM2�` BM #BQHQ;vX
h?2 +QKTH2t BMi2`TH�v #2ir22M ;2M2 2tT`2bbBQM ?QK2Qbi�bBb �M/ +2HH ;`Qri?-
r?B+? `2HB2b QM 722/#�+F K2+?�MBbKb i?�i �`2 QMHv MQr bi�`iBM; iQ #2+QK2
mM/2`biQQ/- Bb � ;QQ/ 2t�KTH2X AM bm+? +�b2b- Bi Bb +`m+B�H iQ +QMbB/2` i?2
bvbi2K �b � r?QH2- bBM+2 BM/BpB/m�H +QKTQM2Mib BM BbQH�iBQM Q7i2M /Q MQi +�Tim`2
i?2 Q#b2`p2/ T?2MQK2M�X JQH2+mH�` bvbi2Kb #BQHQ;v �HHQrb mb iQ 2tT`2bb bm+?
+QKTH2t- /vM�KB+ BMi2`�+iBQMb- BM � r�v i?�i 2M�#H2b mb iQ i2bi ?vTQi?2b2b r?B+?
2M+QKT�bb i?2 r?QH2 bvbi2K �i QM+2X

h?2 miBHBiv Q7 bvbi2Kb #BQHQ;v +QK2b rBi? Bib QrM b2i Q7 +?�HH2M;2bX �ii2KTiBM;
iQ mM/2`bi�M/ ?Qr � bvbi2K #2?�p2b `2[mB`2b � ;QQ/ H2p2H Q7 mM/2`bi�M/BM;
Q7 i?2 BM/BpB/m�H +QKTQM2Mib- 7Q` 2�+? Q7 r?B+? i?2`2 �`2 Q7i2M 2MiB`2 }2H/b
/2pQi2/X Ai Bb i?mb M2+2bb�`v iQ #2 �#H2 iQ /BbiBHH i?2 �p�BH�#H2 BM7Q`K�iBQM
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BM � r�v i?�i 2M�#H2b BKTH2K2Mi�iBQM BMiQ � KQ/2H- r?BH2 T`2b2`pBM; �HH F2v
K2+?�MBbiB+ �bT2+ibX 6m`i?2`KQ`2- bvbi2Kb #BQHQ;v Bb � i`mHv BMi2`/Bb+BTHBM�`v
}2H/X 6Q` 2t�KTH2- bvbi2Kb #BQHQ;v Tm#HB+�iBQMb +�M #2 7QmM/ �+`Qbb T?vbB+�H-
#BQHQ;B+�H- K�i?2K�iB+�H �M/ +QKTmi�iBQM�H DQm`M�HbX h?2`27Q`2 �M �TT`2+B�iBQM
Q7 �HH i?2b2 /BbiBM+i b+B2MiB}+ /QK�BMb Bb `2[mB`2/ BM Q`/2` iQ 7mHHv miBHBb2 i?2 bmK
Q7 �++QKTHBb?2/ rQ`FX am+? �M 2zQ`i ?�b #22M K�/2 ?2`2- r?2`2 r2 HQQF2/ �i
K2i?Q/b 7Q` bim/vBM; ;2M2 2tT`2bbBQM MQBb2 �M/ +2HH ;`Qri?X

AM i?2 *?�Ti2` j- r2 b�r ?Qr � bBKTH2 b2i Q7 KQ/2Hb 2M+QKT�bbBM; �bT2+ib Q7 +2HH
;`Qri? �M/ ;2M2 2tT`2bbBQM +�M #2 /2`Bp2/X h?Bb rBHH #2 mb27mH BM BMi2`T`2iBM;
7mim`2 2tT2`BK2Mi�H `2bmHib- �M/ +�M #2 mb2/ �b � iQQH 7Q` i2biBM; ?vTQi?2b2bX
�Hi?Qm;? KQ`2 +QKTH2t KQ/2Hb Q7 i?Bb FBM/ 2tBbi- ?2`2 r2 r�Mi2/ iQ b22 r?2i?2`
� bBKTH2` KQ/2H rBi?Qmi biQ+?�biB+ T`QKQi2` brBi+?BM; +�M �/2[m�i2Hv 2tTH�BM
i?2 Q#b2`p2/ #2?�pBQm`b- �b bm;;2bi2/ BM `2+2Mi 2tT2`BK2Mi�H `2bmHib UA2ibr��`i
2i �HX- kyRdc wQT7 2i �HX- kyRjc "�iiB+? 2i �HX- kyR8c EH2BM 2i �HX- kyR8VX � bBKBH�`
KQ/2HHBM; �TT`Q�+? r�b 7QHHQr2/ #v aQHi�MB 2i �HX UkyReVX aT2+B}+�HHv- r2 mb2/
�bbmKTiBQMb Q7 bi�iBQM�`Biv �M/ bT�iB�H ?QKQ;2M2Biv iQ b22 ?Qr _L� /vM�KB+b
#�b2/ QM K�bb �+iBQM FBM2iB+b ;Qp2`M i?2 Q#b2`p2/ /Bbi`B#miBQM Q7 _L� KQH2+mH2b
MmK#2`b BM � TQTmH�iBQM Q7 ;`QrBM; +2HHbX q2 KQ/2H2/ i?2 +2HH +v+H2 �b ?�pBM;
i?`22 T?�b2b +Q``2bTQM/BM; iQ :R- a �M/ :kfJ T?�b2b Q7 i?2 2mF�`vQiB+ +2HH +v+H2-
r?B+? +�M #2 `2�/BHv `2bQHp2/ 2tT2`BK2Mi�HHv #v .L� bi�BMBM;- �M/ i?mb /B`2+iHv
+QKT�`2/ iQ i?2 KQ/2HX

AM *?�Ti2` 9 r2 b�r ?Qr SaJ- � K2i?Q/ /2p2HQT2/ 7Q` /2HBM2�iBM; T�i?b Q7
BKKmM2 +2HH /Bz2`2MiB�iBQM- +�M #2 `2@Tm`TQb2/ 7Q` `2bQHpBM; i?2 +2HH +v+H2X AM i?2
T`Q+2bb- r2 B/2MiB}2/ +2`i�BM i2+?MB+�H HBKBi�iBQMb Q7 SaJ- 7Q` r?B+? bm;;2biBQMb
r2`2 K�/2X aT2+B}+�HHv- r2 7QmM/ i?�i }iiBM; QM2 K2�bm`2K2Mi �i � iBK2 �b
bm;;2bi2/ #v "�;r2HH 2i �HX UkyR8#V +�M mHiBK�i2Hv H2�/ iQ bm#QTiBK�H bQHmiBQMb-
�b i?2 QTiBKmK 7QmM/ mbBM; i?2 }`bi K2�bm`2K2Mi mbm�HHv /Q2b MQi +Q``2bTQM/
iQ i?2 i`m2 bQHmiBQM- i?mb +QMbi`�BMBM; i?2 /Bb+Qp2`v Q7 i?2 ;HQ#�H QTiBKmK r?2M
+QMbB/2`BM; 7m`i?2` K2�bm`2K2MibX q2 b�r ?Qr i?Bb +�M #2 Qp2`+QK2 #v }iiBM; �HH
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�p�BH�#H2 K2�bm`2K2Mib bBKmHi�M2QmbHvX �Hi?Qm;? i?Bb H2�/b iQ � +QK#BM�iQ`B�H
2tTHQbBQM BM i?2 2tTHQ`2/ T�`�K2i2` bi�i2@bT�+2- i?Bb r�b �//`2bb2/ mbBM; �
"�v2bB�M PTiBKBb�iBQM �TT`Q�+?- i?mb �HHQrBM; 7Q` BMi2HHB;2Mi 2tTHQ`�iBQM Q7 i?2
T�`�K2i2`bX

�MQi?2` Q#b2`p2/ HBKBi�iBQM Q7 SaJ r�b i?2 BM�#BHBiv iQ +�Tim`2 i?2 �TT�`2Mi
TQTmH�iBQM ?2i2`Q;2M2Biv BM +2`i�BM +�b2bX aT2+B}+�HHv- r2 b�r i?�i- rBi?BM �
TQTmH�iBQM Q7 ;`QrBM; +2HHb- */iR +�M i�F2 irQ H2p2Hb Q7 K2�M 2tT`2bbBQM �i i?2
b�K2 iBK2 /m`BM; i?2 +2HH +v+H2- �b ?�b #22M MQi2/ #v :`�Mi 2i �HX UkyR3VX �Hi?Qm;?
i?Bb r�b BMi2`2biBM; BM Bib QrM `B;?i �M/ b?QmH/ #2 i?2 iQTB+ Q7 7mim`2 rQ`F- Bi K2�Mi
i?�i i?2 +QMiBMmQmb TB2+2rBb2 KQ/2Hb mb2/ BM SaJ +QmH/ MQi �/2[m�i2Hv /2b+`B#2
i?2 +2HH +v+H2 T`Q}H2 Q7 */iR- T`QpBM; �M Q#bi�+H2 BM `2bQHpBM; i?2 +2HH +v+H2X >2`2-
r2 b�r ?Qr iQ ;2i �`QmM/ i?Bb #v b2H2+iBp2Hv 2t+Hm/BM; mMBM7Q`K�iBp2 `2;BQMb Q7
� ;Bp2M K�`F2`Ƕb +2HH +v+H2 T�i?- /m`BM; r?B+? r2 +�M `2Hv QM KQ`2 BM7Q`K�iBp2
K�`F2`bX AM i?Bb r�v- r2 +QMbi`m+i2/ � /2b+`BTiBp2 +2HH +v+H2 KQ/2H #�b2/ QM i?2
7m++B `2TQ`i2`b ;2KBMBM �M/ */iR Ua�F�m2@a�r�MQ 2i �HX- kyy3V- BM +QK#BM�iBQM
rBi? K2�bm`2K2Mib Q7 .L� [m�MiBivX h?Bb KQ/2H +�M #2 mb2/ iQ 2Bi?2` bim/v
T`Q+2bb2b Q7 i?2 +2HH +v+H2- Q` iQ bT2+B}+�HHv +QMi`QH 7Q` i?2 2z2+ib Q7 i?2 +2HH +v+H2
r?2M bim/vBM; mM`2H�i2/ T`Q+2bbX h?Bb Bb T�`iB+mH�`Hv BKTQ`i�Mi r?2M bim/vBM;
;2M2 2tT`2bbBQM MQBb2- 7Q` r?B+? 2ti`BMbB+ +QMi`B#miQ`b bm+? �b i?2 +2HH +v+H2 +�M
TH�v �M BKTQ`i�Mi `QH2X

AM *?�Ti2` 8 r2 bT2+B}+�HHv HQQF2/ �i ?Qr +2HH ;`Qri? +QMi`B#mi2b iQ ;2M2
2tT`2bbBQM MQBb2 #v �z2+iBM; i?2 FBM2iB+b Q7 _L� KQH2+mH2bX q2 mb2/ i?2
T`QTQb2/ 7m++B T`Q#�#BHBiv bi�i2 KQ/2Hb 7`QK i?2 T`2pBQmb +?�Ti2` iQ HQQF �i ?Qr
i?2 `�i2 Q7 _L� bvMi?2bBb p�`B2b rBi? `2bT2+i iQ #Qi? +2HH bBx2 �M/ +2HH +v+H2X
AMi2`2biBM;Hv- r2 b�r i?�i- +QMi`�`v iQ T`2pBQmb }M/BM;b Ua+?KB/i �M/ a+?B#H2`-
RNN8c S�/Qp�M@J2`?�` 2i �HX- kyR8V- i?2 `�i2 Q7 _L� bvMi?2bBb �HQM2 +�MMQi
2tTH�BM i?2 p�`B�iBQM b22M BM _L� MmK#2`b BM +2HHb Q7 /Bz2`2Mi bBx2b- bm;;2biBM;
i?�i KQ/mH�iBQM Q7 _L� bi�#BHBiv K�v TH�v � KQ`2 BKTQ`i�Mi `QH2 i?�M T`2pBQmbHv
i?Qm;?iX �Hi?Qm;? i?Bb Bb +QMi`�`v iQ T`2pBQmb }M/BM;b- i?2 /Bb+`2T�M+v +QmH/
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#2 2tTH�BM2/ #v i?2 bi`QM; `2H�iBQM #2ir22M i`�Mb+`BTiBQM `�i2 �M/ +2HH +v+H2
T`Q;`2bbBQM- r?B+? ?�/ MQi #22M T`2pBQmbHv +QMi`QHH2/ 7Q`X 6m`i?2`KQ`2- `2+2Mi
}M/BM;b BM v2�bi �M/ K�KK�HB�M +2HHb UL2m`Q?` 2i �HX- kyRNV bm;;2bi i?�i i?2 `�i2
Q7 i`�Mb+`BTiBQM +�M #2+QK2 HBKBii2/ #v i?2 /2+`2�b2/ +QM+2Mi`�iBQM Q7 .L� BM
H�`;2` +2HHb- �Hi?Qm;? i?Bb B/2� ?�b #22M �HbQ #22M +?�HH2M;2/ UamM 2i �HX- kyRN#VX
am`T`BbBM;Hv- Qm` ?B;? `2bQHmiBQM +2HH +v+H2 �M�HvbBb- BM +QK#BM�iBQM rBi? 2`;Q/B+
`�i2 �M�HvbBb- mM+Qp2`2/ � #m`bi BM +2HH ;`Qri? `�i2 b22M BM H�`;2` +2HHb /m`BM; i?2
H�i2 a T?�b2X 6m`i?2` 2tT2`BK2Mi�H `2T2�ib �HQM;bB/2 Q`i?Q;QM�H K2�bm`2K2Mib
Q7 +2HH bBx2 �M/ ;`Qri? `�i2 �`2 `2[mB`2/ iQ p2`B7v i?2b2 }M/BM;bX

AM *?�Ti2` e r2 b2i i?2 ;`QmM/ 7Q` T2`7Q`KBM; � ?B;? i?`Qm;?Qmi K2i�#QHB+
b2[m2M+BM; 2tT2`BK2Mi U>2`xQ; 2i �HX- kyRdV- 7Q` K2�bm`BM; i?2 FBM2iB+b Q7
i?Qmb�M/b Q7 _L� bT2+B2b �i /Bz2`2Mi bi�;2b BM i?2 +2HH +v+H2 �M/ 7Q` /Bz2`2Mi
+2HH bBx2bX am+? �M 2tT2`BK2Mi Bb 2tT2+i2/ iQ vB2H/ � +QKT`2?2MbBp2- /2i�BH2/ pB2r
QM +2HH bBx2 �M/ +2HH +v+H2 i`�Mb+`BTiBQM�H `2;mH�iBQM- �b r2HH �b �M mM/2`bi�M/BM;
Q7 i?2 ;2M2iB+ /2i2`KBM�Mib mM/2`HvBM; i?2 Q#b2`p2/ p�`B�iBQM BM _L� KQH2+mH2
MmK#2`b BM ;`QrBM; TQTmH�iBQMb Q7 +2HHbX lbBM; bBKmH�iBQMb #�b2/ QM i?2 rQ`F
7`QK U"�TiBbi� �M/ .ƺHF2M- kyR3V- �M/ `2pBbBiBM; T`2pBQmb /�i�- r2 b�r i?�i ?B;?
im`MQp2` _L� bT2+B2b +�M #2 KQ`2 2�bBHv /2i2+i2/ #v K2i�#QHB+ b2[m2M+BM;- �M/
i?mb /2+B/2/ iQ mb2 T`2_L� bvMi?2bBb �b � T`Qtv 7Q` K2�bm`BM; i`�Mb+`BTiBQM�H
�+iBpBivX h?Bb ?B;?HB;?i2/ i?2 M22/ 7Q` T`2b2`pBM; i?2 bi�i2 Q7 i?2 +2HH �i i?2 iBK2
Q7 b�KTHBM; i?`Qm;?i i?2 T`Q+2bbBM; bi2Tb Q7 i?2 2tT`BK2MiX h?Bb r�b �+?B2p2/
mbBM; `2p2`bB#H2 }t�iBQM Q7 i?2 +2HHb U�ii�` 2i �HX- kyR3V- r?B+? r�b QTiBKBb2/
7Q` Qm` 2tT2`BK2Mi�H +QM/BiBQMbX q2 7m`i?2` /Bb+mbb ?Qr i?2 bBKmH�iBQMb �M/
K�i?2K�iB+�H KQ/2Hb mb2/ BM i?Bb +?�Ti2` +�M #2 2KTHQ2v/ iQ QTiBKBb2 i?2
T�`�K2i2`b Q7 i?Bb 2tT2`BK2Mi- �b `2+2MHiv 2tTHQ`2/ #v lp�`QpbFBB 2i �HX UkyRNVX
h?2 K2i?Q/b mb2/ �M/ /2p2HQT2/ ?2`2 rBHH ?QT27mHHv T`Qp2 mb27mH 7Q` 7m`i?2`
2tTHQ`�iBQM Q7 i?2 K2+?�MBbKb mM/2`HvBM; ;2M2 2tT`2bbBQM MQBb2 �M/ +2HH ;`Qri?X
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dXR 6mim`2 rQ`F

AM i?2 7mim`2- i?2 MmK#2` Q7 T?�b2b KQ/2HH2/ BM *?�Ti2` j +�M #2 2ti2M/2/ iQ �M
�`#Bi`�`v MmK#2`- BM Q`/2` iQ 2M�#H2 +QKT�`BbQM rBi? KQ`2 bQT?BbiB+�i2/ +2HH +v+H2
`2bQHmiBQM K2i?Q/b bm+? �b i?2 QM2 /2b+`B#2/ ?2`2BMX �Hi?Qm;? r2 7Q+mb2/ QM i?2
2z2+i Q7 +2HH ;`Qri? QM ;2M2 2tT`2bbBQM MQBb2- 722/#�+F `2H�iBQMb?BTb #2ir22M +2HH
bBx2- +2HH ;`Qri? `�i2 �M/ ;2M2 2tT`2bbBQM b?QmH/ #2 +QMbB/2`2/ BM i?2 7mim`2- r?B+?
+QmH/ #2 2tTHQ`2/ mbBM; +Q�`b2 ;`�BM2/ KQ/2HHBM; Ua?�?`2x�2B �M/ J�`;m2`�i-
kyR8VX 6BM�HHv- QM+2 �p�BH�#H2- Bi rBHH #2 BM7Q`K�iBp2 iQ b22 ?Qr r2HH i?2 KQ/2Hb
/2p2HQT2/ BM i?Bb +?�Ti2` +QKT�`2 iQ +2HH +v+H2@`2bQHp2/ bK6Aa> /�i�X

AM Q`/2` iQ p2`B7v i?2 K2i�#QHB+ H�#2HHBM; `2bmHib BM *?�Ti2` 8- KQ`2 2tT2`BK2Mib
rQmH/ #2 `2[mB`2/X aT2+B}+�HHv- i?2 +2HH bBx2 K2�bm`2K2Mib r?B+? �`2 #�b2/ QM
+viQK2i`v HB;?i b+�ii2` M22/ iQ #2 `2T2�i2/ mbBM; KQ`2 T`2+Bb2 K2i?Q/b bm+? �b
mbBM; �M BKT2/2M+2 #�b2/ *QmHi2` +QmMi2`X am+? K2�bm`2K2Mib +QmH/ #2 mb2/
iQ i2bi i?2 `2bQHmiBQM �M/ +�HB#`�i2 i?2 HB;?i b+�ii2` K2�bm`2K2Mib Q7 i?2 ~Qr
+viQK2i2`- BM Q`/2` iQ +Q``2H�i2 rBi? Qi?2` T�`�K2i2`b- bm+? �b +2HH +v+H2 �M/
i`�Mb+`BTiBQM `�i2X

JQ`2 /B`2+i K2�bm`2K2Mib Q7 ;`Qri? `�i2 +QmH/ #2 �+?B2p2/ #v mbBM; �Hi2`M�iBp2
K2i�#QHB+ H�#2HHBM; �TT`Q�+?2b- bm+? �b i?�i Q7 i`�MbH�iBQM Q` HBTB/ #BQbvMi?2bBbX
PM+2 `2HB�#H2 K2�bm`2K2Mib ?�p2 #22M Q#i�BM2/- � KQ/2H r?B+? +QK#BM2b i?2
BMi2`�+iBQMb /2b+`B#2/ BM i?Bb +?�Ti2` rQmH/ #2 ?2HT7mHX

SaJ b?QmH/ #2 2ti2M/2/ iQ +QT2 rBi? /Bb+QMiBMmQmb 7mM+iBQMb bm+? �b i?2 QM2
/2i2`KBM2/ 7Q` */iR BM *?�Ti2` 9X �Hi2`M�iBp2 +2HH +v+H2 `2TQ`i2`b #�b2/ QM
2bi�#HBb?2/ K�`F2`b bm+? �b +v+HBMb b?QmH/ �HbQ #2 i`B2/ U:QQFBM 2i �HX- kyRdV- BM
Q`/2` iQ +QM}`K i?2 `2bmHibX 6BM�HHv- SaJ b?QmH/ #2 +QKT�`2/ iQ Qi?2` 2tBbiBM;
Tb2m/QiBK2 /2i2+iBQM �H;Q`Bi?KbX

S�`�K2i2` +QMbi`�BMib b?QmH/ #2 BM+Q`TQ`�i2/ BMiQ i?2 KH`J"P T�+F�;2 bQ
i?�i T�`�K2i2` bT�+2 +�M #2 2tTHQ`2/ KQ`2 2{+B2MiHv 7Q` i?2 SaJ KQ/2HbX
PTiBKBb�iBQM Q7 i?2 K2i�#QHB+ b2[m2M+BM; 2tT2`BK2Mi b?QmH/ #2 T2`7Q`K2/
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mbBM; KH`J"P Q` 2[mBp�H2Mi- BM Q`/2` iQ }M/ i?2 #2bi iBK2TQBMib iQ b�KTH2
i?2 H2p2H Q7 K2i�#QHB+ H�#2HHBM; BM+Q`TQ`�iBQM �i- bQ i?�i i?2 MmK#2` Q7 ;2M2b
i?�i +�M #2 `2HB�#Hv K2�bm`2/ Bb K�tBKBb2/X 6BM�HHv- i?2 KQ/2H T`QTQb2/ #v
"�TiBbi� �M/ .ƺHF2M UkyR3V b?QmH/ #2 mb2/ iQ 2ti`�+i i?2 im`MQp2` `�i2b 7`QK Qm`
TBHQi 2tT2`BK2Mib- r?BH2 bBKmH�iBQMb b?QmH/ #2 mb2/ iQ +�H+mH�i2 i?2 �bbQ+B�i2/
+QM}/2M+2 Q7 2�+? `�i2X hQ;2i?2`- i?2 �#Qp2 b?QmH/ #2 mb2/ iQ TH�M � H�`;2` b+�H2
2tT2`BK2Mi- rBi? K2�bm`2K2Mib 7Q` 2�+? +2HH +v+H2 T?�b2 �M/ +2HH bBx2 ;`QmTX

AM i?2 7mim`2- Bi rQmH/ #2 BMi2`2biBM; iQ BMp2biB;�i2 r?2i?2` i?2`2 �`2
+QKKQM�HBiB2b BM i?2 b2[m2M+2 Q7 ;2M2b rBi? bBKBH�` FBM2iB+b Q` bBKBH�` T�ii2`Mb
/m`BM; i?2 +2HH +v+H2X h?Bb +QmH/ #2 �+?B2p2/ QM+2 i?2 /�i� #2+QK2b �p�BH�#H2
mbBM; /22T H2�`MBM; U�;�`r�H �M/ a?2M/m`2- kyR3c q�b?#m`M 2i �HX- kyRNVX
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"B#HBQ;`�T?v

�+�`- JX- "2+bF2B- �X- �M/ p�M Pm/2M��`/2M- �X Ukyy8VX 1M?�M+2K2Mi Q7 +2HHmH�`
K2KQ`v #v `2/m+BM; biQ+?�biB+ i`�MbBiBQMbX L�hl_1- 9j8UdyjNV,kk3ĜkjkX

�/�M- �X- �HBx�/�- :X- EB`�x- uX- "�`�M- uX- �M/ L�H#�Mi- �X UkyRdVX 6HQr
+viQK2i`v, #�bB+ T`BM+BTH2b �M/ �TTHB+�iBQMbX *`BiB+�H _2pB2rb BM "BQi2+?MQHQ;v-
jdUkV,RejĜRdeX

�;�`r�H- oX �M/ a?2M/m`2- CX UkyR3VX S`2/B+iBM; K_L� �#mM/�M+2 /B`2+iHv 7`QK
;2MQKB+ b2[m2M+2 mbBM; /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbX #BQ_tBp- T�;2
9Ree38X

�M;2HB/Bb- AX- aBKQM- GX JX- 62`M�M/2x- AX 1X- ai`mMx- JX- J�v`- *X >X- :`2BzQ-
6X _X- hbBibB`B/Bb- :X- �Mb�`B- JX- :`�7- 1X- ai`QK- hX@JX- L�;2M/`�M- JX- .2b�B-
hX- 1B+F2H#2`;- PX- J�MM- JX- h?2Bb- 6X CX- �M/ a+?BHH2`- >X "X UkyRNVX �M �iH�b Q7
i?2 �;BM; HmM; K�TT2/ #v bBM;H2 +2HH i`�Mb+`BTiQKB+b �M/ /22T iBbbm2 T`Qi2QKB+bX
L�hl_1 *PJJlLA*�hAPLa- RyX

�MiQHQpB+- oX- JB2`KQMi- �X- *Q``B;�M- �X JX- �M/ *?m##- CX _X UkyRdVX
:2M2`�iBQM Q7 aBM;H2@*2HH h`�Mb+`BTi o�`B�#BHBiv #v _2T`2bbBQMX *l__1Lh
"APGP:u- kdURkV,R3RRYX

�ii�`- JX- a?�`K�- 1X- GB- aX- "`v2`- *X- *m#Bii- GX- "`Qt?QHK2- CX- GQ+FbiQM2-
>X- EBM+?2M- CX- aBKKQMb- �X- SB�xx�- SX- "m+F- .X- GBp�F- EX CX- �M/ "Qr/2M-
_X UkyR3VX � T`�+iB+�H bQHmiBQM 7Q` T`2b2`pBM; bBM;H2 +2HHb 7Q` _L� b2[m2M+BM;X
a+B2MiB}+ _2TQ`ib- 3URV,RĜRyX
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�pp�- CX- q2Bb- JX *X- a`�KFQbFB- _X JX- a`22M�i?- aX LX- �M/ C�+Q##2`;2`-
CX qX UkyRkVX .vM�KB+ 1tT`2bbBQM S`Q}H2b 7`QK ai�iB+ *viQK2i`v .�i�,
*QKTQM2Mi 6BiiBM; �M/ *QMp2`bBQM iQ _2H�iBp2- ǳa�K2 a+�H2Ǵ o�Hm2bX SGQa
PL1- dUdV,2j3kd8X

"�;r2HH- *X "X �M/ �/�Kb- :X 1X URNNjVX 6HmQ`2b+2M+2 aT2+i`�H Pp2`H�T
*QKT2Mb�iBQM 7Q` �Mv LmK#2` Q7 6HQr *viQK2i`v S�`�K2i2`bX �MM�Hb Q7
i?2 L2r uQ`F �+�/2Kv Q7 a+B2M+2b- eddUR *HBMB+�H 6HQrV,RedĜR39X

"�;r2HH- *X "X- >BHH- "X GX- qQQ/- "X GX- q�HH�+2- SX EX- �H`�xx�F- JX- E2HHB?2`-
�X aX- �M/ S`2z2`- 6X AX UkyR8�VX >mK�M "@+2HH �M/ T`Q;2MBiQ` bi�;2b �b
/2i2`KBM2/ #v T`Q#�#BHBiv bi�i2 KQ/2HBM; Q7 KmHiB/BK2MbBQM�H +viQK2i`v /�i�X
*viQK2i`v S�`i " @ *HBMB+�H *viQK2i`v- 33U9V,kR9ĜkkeX

"�;r2HH- *X "X- >mMb#2`;2`- "X *X- >2`#2`i- .X CX- JmMbQM- JX 1X- >BHH- "X GX-
"`�v- *X JX- �M/ S`2z2`- 6X AX UkyR8#VX S`Q#�#BHBiv bi�i2 KQ/2HBM; i?2Q`vX
*viQK2i`v S�`i �- 3dUdV,e9eĜeeyX

"�?�` >�HT2`M- EX- *�bTB- AX- G2Kx2- .X- G2pv- JX- G�M/2M- aX- 1HBM�p- 1X- lHBibFv-
AX- �M/ AixFQpBix- aX UkyR8VX Lm+H2�` _2i2MiBQM Q7 K_L� BM J�KK�HB�M hBbbm2bX
*2HH _2TQ`ib- RjURkV,ke8jĜkeekX

"�H�#�M- LX ZX- J2``BM- CX- *?�Bi- _X- EQr�HBF- GX- �M/ G2B#H2`- aX Ukyy9VX
"�+i2`B�H T2`bBbi2M+2 �b � T?2MQivTB+ brBi+?X a*A1L*1- jy8U8eNyV,RekkĜRek8X

"�TiBbi�- JX �X �M/ .ƺHF2M- GX UkyR3VX _L� /vM�KB+b `2p2�H2/ #v K2i�#QHB+
_L� H�#2HBM; �M/ #BQ+?2KB+�H Mm+H2QbB/2 +QMp2`bBQMbX L�im`2 J2i?Q/b-
R8UjV,RdRĜRdkX

"�`@1p2M- �X- S�mHbbQM- CX- J�?2b?`B- LX- *�`KB- JX- PǶa?2�- 1X- SBHT2H- uX-
�M/ "�`F�B- LX UkyyeVX LQBb2 BM T`Qi2BM 2tT`2bbBQM b+�H2b rBi? M�im`�H T`Qi2BM
�#mM/�M+2X L�hl_1 :1L1hA*a- j3UeV,ejeĜe9jX

"�`F�B- LX �M/ G2B#H2`- aX UkyyyVX "BQHQ;B+�H `?vi?Kb @ *B`+�/B�M +HQ+Fb HBKBi2/
#v MQBb2X L�hl_1- 9yjUededV,kedĜke3X
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"�iiB+?- LX- aiQ2;2`- hX- �M/ S2HFK�Mb- GX UkyR8VX *QMi`QH Q7 h`�Mb+`BTi
o�`B�#BHBiv BM aBM;H2 J�KK�HB�M *2HHbX *2HH- RejUdV,R8NeĜReRyX

"2M/�HH- aX *X- .�pBb- EX GX- �KB`- 1X �X .X- h�/KQ`- JX .X- aBKQM/b- 1X 6X-
*?2M- hX CX- a?2M72H/- .X EX- LQH�M- :X SX- �M/ S2Ƕ1`- .X UkyR9VX aBM;H2@+2HH
i`�D2+iQ`v /2i2+iBQM mM+Qp2`b T`Q;`2bbBQM �M/ `2;mH�iQ`v +QQ`/BM�iBQM BM ?mK�M
# +2HH /2p2HQTK2MiX *2HH- R8dUjV,dR9Ĝdk8X

"2`i�mt- 6X- J�`;m2`�i- aX- �M/ a?�?`2x�2B- oX UkyR3VX .BpBbBQM `�i2 - +2HH bBx2
�M/ T`Qi2QK2 �HHQ+�iBQM , BKT�+i QM ;2M2 2tT`2bbBQM MQBb2 �M/ BKTHB+�iBQMb 7Q`
i?2 /vM�KB+b Q7 ;2M2iB+ +B`+mBibX #BQ_tBpX

"Bb+?H- "X- _B+?i2`- CX- "Qbb2F- CX- >Q`M- .X- h?QK�b- CX- �M/ G�M;- JX UkyRdVX
KH`J"P, � JQ/mH�` 6`�K2rQ`F 7Q` JQ/2H@"�b2/ PTiBKBx�iBQM Q7 1tT2MbBp2
"H�+F@"Qt 6mM+iBQMbX �`sBpX

"H�F2- qX CX- E�2`M- JX- *�MiQ`- *X _X- �M/ *QHHBMb- CX CX UkyyjVX LQBb2 BM
2mF�`vQiB+ ;2M2 2tT`2bbBQMX L�hl_1- 9kkUeNjkV,ejjĜejdX

"`QQFb- _X 6X- "2MM2ii- .X *X- �M/ aKBi?- CX �X URN3yVX J�KK�HB�M +2HH +v+H2b
M22/ irQ `�M/QK i`�MbBiBQMbX *2HH- RNUkV,9NjĜ8y9X

*�/�`i- *X- JQMMB2`- aX- :`BHHB- CX- a�2x- SX CX- a`Bp�bi�p�- LX- �iiB�- _X- h2``B�+-
1X- "�mK- "X- *Qb2MiBMQ@G�;QK�`bBMQ- JX- �M/ SB2H- JX UkyR3VX aBx2 +QMi`QH
BM K�KK�HB�M +2HHb BMpQHp2b KQ/mH�iBQM Q7 #Qi? ;`Qri? `�i2 �M/ +2HH +v+H2
/m`�iBQMX L�im`2 *QKKmMB+�iBQMb- NURVX

*?�M- GX uX- Jm;H2`- *X 6X- >2BM`B+?- aX- o�HHQiiQM- SX- �M/ q2Bb- EX UkyR3VX
LQM@BMp�bBp2 K2�bm`2K2Mi Q7 K_L� /2+�v `2p2�Hb i`�MbH�iBQM BMBiB�iBQM �b i?2
K�DQ` /2i2`KBM�Mi Q7 K_L� bi�#BHBivX 2GB72- d,RĜjkX

*?�M;- >X >X- >2K#2`;- JX- "�`�?QM�- JX- AM;#2`- .X 1X- �M/ >m�M;- aX Ukyy3VX
h`�Mb+`BTiQK2@rB/2 MQBb2 +QMi`QHb HBM2�;2 +?QB+2 BM K�KK�HB�M T`Q;2MBiQ` +2HHbX
L�im`2- 98jUdRN9V,899Ĝ89dX

*?�`pBM- :X- *`Qbb- 6X _X- �M/ aB;;B�- 1X .X Ukyy3VX � JB+`Q~mB/B+ .2pB+2 7Q`
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h2KTQ`�HHv *QMi`QHH2/ :2M2 1tT`2bbBQM �M/ GQM;@h2`K 6HmQ`2b+2Mi AK�;BM;
BM lMT2`im`#2/ .BpB/BM; u2�bi *2HHbX SGPa PL1- jURV,RĜRkX

*?2M- sX �M/ w?�M;- CX UkyReVX h?2 :2MQKB+ G�M/b+�T2 Q7 SQbBiBQM 1z2+ib QM
S`Qi2BM 1tT`2bbBQM G2p2H �M/ LQBb2 BM u2�biX *2HH avbi2Kb- kU8V,j9dĜj89X

*?2mM;- SX- o�HH�MB�- 6X- q�`bBMbF2- >X *X- .QM�iQ- JX- a+?�z2`i- aX- *?�M;-
aX 1X- .pQ`�F- JX- .2FF2`- *X GX- .�pBb- JX JX- lix- SX CX- E?�i`B- SX- �M/ EmQ-
�X CX UkyR3VX aBM;H2@*2HH *?`QK�iBM JQ/B}+�iBQM S`Q}HBM; _2p2�Hb AM+`2�b2/
1TB;2M2iB+ o�`B�iBQMb rBi? �;BM;X *1GG- RdjUeV,Rj38YX

*?BQ`BMQ- :X- J1hw- CX �X CX- hPJ�aPLA- .X- �M/ l"1wAP- SX UkyyRVX
.2bvM+?`QMBx�iBQM _�i2 BM *2HH SQTmH�iBQMb, J�i?2K�iB+�H JQ/2HBM; �M/
1tT2`BK2Mi�H .�i�X CQm`M�H Q7 h?2Q`2iB+�H "BQHQ;v- ky3UkV,R38ĜRNNX

*QHK�M@G2`M2`- �X- :Q`/QM- �X- a2``�- 1X- *?BM- hX- _2bM2FQp- PX- 1M/v- .X-
S2b+2- *X :X- �M/ "`2Mi- _X Ukyy8VX _2;mH�i2/ +2HH@iQ@+2HH p�`B�iBQM BM � +2HH@7�i2
/2+BbBQM bvbi2KX L�hl_1- 9jdUdy8NV,eNNĜdyeX

*Qxv- GX JX �M/ E2�`Mb- .X "X UkyRyVX :2M2 TQbBiBQM BM � HQM; QT2`QM ;Qp2`Mb
KQiBHBiv /2p2HQTK2Mi BM "�+BHHmb bm#iBHBbX JPG1*lG�_ JA*_P"APGP:u-
deUkV,kdjĜk38X

*`�K2`- SX UkyRNVX P`;�MBx�iBQM �M/ `2;mH�iBQM Q7 ;2M2 i`�Mb+`BTiBQMX L�im`2X

.�b- aX- a�`F�`- .X- �M/ .�b- "X UkyRdVX h?2 BMi2`TH�v #2ir22M i`�Mb+`BTiBQM �M/
K_L� /2;`�/�iBQM BM a�++?�`QKv+2b +2`2pBbB�2X JB+`Q#B�H *2HH- 9UdV,kRkĜkk3X

.B2i`B+?- CX@1X �M/ >BB`�;B- hX UkyydVX aiQ+?�biB+ T�ii2`MBM; BM i?2 KQmb2
T`2@BKTH�Mi�iBQM 2K#`vQX .1o1GPSJ1Lh- Rj9UkjV,9kRNĜ9kjRX

.Q#BM- �X- .�pBb- *X �X- a+?H2bBM;2`- 6X- .`2MFQr- CX- w�H2bFB- *X- C?�- aX- "�imi-
SX- *?�BbbQM- JX- �M/ :BM;2`�b- hX _X UkyRkVX ah�_, mHi`�7�bi mMBp2`b�H
_L�@b2[ �HB;M2`X "BQBM7Q`K�iB+b- kNURV,R8ĜkRX

.QrHBM;- JX _X- E�M- �X- >2BMx2H- aX- w?Qm- CX >X- J�`+?BM;Q- CX JX- q2HH�`/-
*X CX- J�`F?�K- CX 6X- �M/ >Q/;FBM- SX .X UkyR9VX ai`2i+?2/ +2HH +v+H2 KQ/2H
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7Q` T`QHB72`�iBM; HvKT?Q+vi2bX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b
Q7 i?2 lMBi2/ ai�i2b Q7 �K2`B+�- RRRURdV,ejddĜej3kX

.mm`bK�- �X �M/ �;�KB- _X Ukyy8VX T8j@.2T2M/2Mi _2;mH�iBQM Q7 */+e S`Qi2BM
ai�#BHBiv *QMi`QHb *2HHmH�` S`QHB72`�iBQMX JQH2+mH�` �M/ *2HHmH�` "BQHQ;v-
k8UReV,eNjdĜeN9dX

1H/�`- �X �M/ 1HQrBix- JX "X UkyRyVX 6mM+iBQM�H `QH2b 7Q` MQBb2 BM ;2M2iB+ +B`+mBibX
L�im`2- 9edUdjRkV,RedĜRdjX

1HQrBix- JX "X- G2pBM2- �X CX- aB;;B�- 1X .X- �M/ ar�BM- SX aX UkyykVX aiQ+?�biB+
;2M2 2tT`2bbBQM BM � bBM;H2 +2HHX a+B2M+2 aB;M�HBM;- kNdU8839V,RR3jX

1M;2- JX- �`/�- 1X- JB;M�`/B- JX- "2�mb�M;- CX- "QiiBMQ- _X- EBK- aX EX-
�M/ Zm�F2- aX _X UkyRdVX aBM;H2@*2HH �M�HvbBb Q7 >mK�M S�M+`2�b _2p2�Hb
h`�Mb+`BTiBQM�H aB;M�im`2b Q7 �;BM; �M/ aQK�iB+ Jmi�iBQM S�ii2`MbX *1GG-
RdRUkV,jkRYX

1b2`- SX- .2K2H- *X- J�B2`- EX *X- a+?r�H#- "X- SB`FH- LX- J�`iBM- .X 1X- *`�K2`-
SX- �M/ h`2b+?- �X UkyR9VX S2`BQ/B+ K_L� bvMi?2bBb �M/ /2;`�/�iBQM +Q@QT2`�i2
/m`BM; +2HH +v+H2 ;2M2 2tT`2bbBQMX JQH2+mH�` bvbi2Kb #BQHQ;v- Ry oL @ `,dRdX

6`�M+2b+?BMB- LX- EB`b+?72H/- EX- �M/ JBMF2- "X URN3RVX 6GlP_1a*1L*1
P6 S>PhP_1*1ShP_ *1GGa P"a1_o1. ALoAoPX a*A1L*1-
kRjU98RjV,Rke9ĜRkedX

6`�b2`- >X "X- >B`b?- �X 1X- :B�2p2`- :X- EmKK- CX- �M/ 1Bb2M- JX "X Ukyy9VX LQBb2
KBMBKBx�iBQM BM 2mF�`vQiB+ ;2M2 2tT`2bbBQMX SGPa "APGP:u- kUeV,3j9Ĝ3j3X

6m?`K�MM- 6X- GBb+?F2- hX- :`Qbb- 6X- a+?22H- hX- "�m2`- GX- E�HBK- EX qX-
_�/#`m+?- �X- >2`x2H- >X- >miHQz- �X- �M/ "�mK;`�bb- _X UkyReVX �/2[m�i2
BKKmM2 `2bTQMb2 2Mbm`2/ #v #BM�`v AG@k �M/ ;`�/2/ *.k8 2tT`2bbBQM BM �
Km`BM2 i`�Mb72` KQ/2HX 1GA61- 8X

:�`+ő�@J�`iőM2x- CX- .2H;�/Q@_�KQb- GX- �v�H�- :X- S2H2+?�MQ- oX- J2/BM�- .X �X-
*�``�b+Q- 6X- :QMx�H2x- _X- �M/`ûb@G2ƦM- 1X- ai2BMK2ix- GX- q�``BM;2`- CX-
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*?�p2x- aX- �M/ Sû`2x@P`iőM- CX 1X UkyReVX h?2 +2HHmH�` ;`Qri? `�i2 +QMi`QHb
Qp2`�HH K_L� im`MQp2`- �M/ KQ/mH�i2b 2Bi?2` i`�Mb+`BTiBQM Q` /2;`�/�iBQM `�i2b
Q7 T�`iB+mH�` ;2M2 `2;mHQMbX Lm+H2B+ �+B/b _2b2�`+?- 99U3V,je9jĜje83X

:2- >X- qm- SX- ZB�M- >X- �M/ sB2- sX aX UkyR3VX _2H�iBp2Hv bHQr biQ+?�biB+
;2M2@bi�i2 brBi+?BM; BM i?2 T`2b2M+2 Q7 TQbBiBp2 722/#�+F bB;MB}+�MiHv #`Q�/2Mb
i?2 `2;BQM Q7 #BKQ/�HBiv i?`Qm;? bi�#BHBxBM; i?2 mMBM/m+2/ T?2MQivTB+ bi�i2X
SGPa *PJSlh�hAPL�G "APGP:u- R9UjVX

:BH+?`Bbi- qX UkyyyVX ai�iBbiB+�H JQ/2HHBM; rBi? Zm�MiBH2 6mM+iBQMbX *?�TK�M
�M/ >�HHf*_*X

:H�xB2`- .X aX UkyR3VX _2/Bb+Qp2`BM; �M/ _2pBpBM; PH/ P#b2`p�iBQMb �M/
1tTH�M�iBQMb Q7 J2i�#QHB+ a+�HBM; BM GBpBM; avbi2KbX avbi2Kb- eURVX

:QH/BM;- AX �M/ *Qt- 1X *X Ukyy9VX _L� /vM�KB+b BM HBp2 1b+?2`B+?B� +QHB +2HHbX
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RyRUjRV,RRjRyĜRRjR8X

:QH/BM;- AX- S�mHbbQM- CX- w�rBHbFB- aX JX- �M/ *Qt- 1X *X Ukyy8VX _2�H@hBK2
EBM2iB+b Q7 :2M2 �+iBpBiv BM AM/BpB/m�H "�+i2`B�X *2HH- RkjUeV,Ryk8ĜRyjeX

:QHF�`�K- JX- >2HH�M/2`- aX- .`�r2`i- "X- �M/ S2ixQH/- GX _X UkyReVX
J�+`QKQH2+mH�` *`Qr/BM; _2;mH�i2b i?2 :2M2 1tT`2bbBQM S`Q}H2 #v GBKBiBM;
.BzmbBQMX SGPa *QKTmi�iBQM�H "BQHQ;v- RkURRV,2Ryy8RkkX

:QQFBM- aX- JBM- JX- S?�/F2- >X- *?mM;- JX- JQb2`- CX- JBHH2`- AX- *�`i2`- .X- �M/
aT2M+2`- aX GX UkyRdVX � K�T Q7 T`Qi2BM /vM�KB+b /m`BM; +2HH@+v+H2 T`Q;`2bbBQM
�M/ +2HH@+v+H2 2tBiX SGQa "BQHQ;v- R8UNV,RĜk8X

:`�Mi- :X .X- E2/xBQ`�- EX JX- GBK�b- CX *X- *QQF- CX :X- �M/ Sm`pBb- CX 1X
UkyR3VX �++m`�i2 /2HBM2�iBQM Q7 +2HH +v+H2 T?�b2 i`�MbBiBQMb BM HBpBM; +2HHb rBi?
SAS@6l**AX *2HH *v+H2- RdUkR@kkV,k9NeĜk8ReX

:`QBbK�M- �X- GQ#Q- *X- *?Q- >X CX- *�KT#2HH- CX EX- .m7Qm`- uX aX- ai2p2Mb-
�X JX- �M/ G2p+?2MFQ- �X Ukyy8VX � KB+`Q~mB/B+ +?2KQbi�i 7Q` 2tT2`BK2Mib
rBi? #�+i2`B�H �M/ v2�bi +2HHbX L�im`2 J2i?Q/b- kUNV,e38Ĝe3NX
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:mi- :X- h�/KQ`- JX .X- S2Ƕ1`- .X- S2HFK�Mb- GX- �M/ GB#2`�HB- SX UkyR8VX
h`�D2+iQ`B2b Q7 +2HH@+v+H2 T`Q;`2bbBQM 7`QK }t2/ +2HH TQTmH�iBQMbX L�im`2
J2i?Q/b- RkURyV,N8RĜN89X

>�b?BKQiQ- JX- LQxQ2- hX- L�F�QF�- >X- PFm`�- _X- �FBvQb?B- aX- E�M2FQ- EX-
Embb2HH- 1X- �M/ q�F�KQiQ- uX UkyReVX LQBb2@/`Bp2M ;`Qri? `�i2 ;�BM BM
+HQM�H +2HHmH�` TQTmH�iBQMbX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
RRjURkV,jk8RĜjk8eX

>�mbM2`Qp�- oX oX �M/ G�M+iƬi- *X UkyRdVX h`�Mb+`BTiBQM�H PmiTmi h`�MbB2MiHv
aTBF2b lTQM JBiQiB+ 1tBiX a+B2MiB}+ _2TQ`ib- dURV,RkeydX

>�mbb2`- CX- J�vQ- �X- E2`2M- GX- �M/ �HQM- lX UkyRNVX *2Mi`�H /Q;K� `�i2b
�M/ i?2 i`�/2@Qz #2ir22M T`2+BbBQM �M/ 2+QMQKv BM ;2M2 2tT`2bbBQMX L�im`2
*QKKmMB+�iBQMb- RyURVX

>�rH2v- hX aX �M/ >�rH2v- _X :X- 2/BiQ`b UkyR3VX 6HQr *viQK2i`v S`QiQ+QHb-
pQHmK2 Red3 Q7 J2i?Q/b BM JQH2+mH�` "BQHQ;vX aT`BM;2` L2r uQ`F- L2r uQ`F-
LuX

>�x2M- �X GX- "mb?M2HH- hX- �M/ >�pBH�M/- .X GX UkyR3VX h?2 BKTQ`i�M+2 Q7 �`2�
b+�HBM; rBi? 6�*a .Ao� bQ7ir�`2X J2i?Q/b- Rj9@Rj8,RjyĜRj8X

>2#2Mbi`2Bi- .X UkyRjVX �`2 ;2M2 HQQTb i?2 +�mb2 Q7 i`�Mb+`BTiBQM�H MQBb2\ h`2M/b
BM :2M2iB+b- kNUeV,jjjĜjj3X

>2`xQ;- oX �X- _2B+??QH7- "X- L2mK�MM- hX- _2b+?2M2/2`- SX- "?�i- SX- "m`F�`/-
hX _X- qHQixF�- qX- pQM >�2b2H2`- �X- wm#2`- CX- �M/ �K2`2b- aX GX UkyRdVX
h?BQH@HBMF2/ �HFvH�iBQM Q7 _L� iQ �bb2bb 2tT`2bbBQM /vM�KB+bX L�im`2 J2i?Q/b-
R9URkV,RRN3ĜRky9X

>QM;- GX CX- L2HbQM- "X GX- �M/ sm- CX UkyR8VX >�M/#QQF Q7 aBKmH�iBQM
PTiBKBx�iBQM- pQHmK2 kRe Q7 AMi2`M�iBQM�H a2`B2b BM PT2`�iBQMb _2b2�`+? �
J�M�;2K2Mi a+B2M+2X aT`BM;2` L2r uQ`F- L2r uQ`F- LuX
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>QQ/- aX �M/ �KB`- aX UkyRdVX h?2 �;BM; +HQ+F, +B`+�/B�M `?vi?Kb �M/ H�i2` HB72X
h?2 CQm`M�H Q7 +HBMB+�H BMp2biB;�iBQM- RkdUkV,9jdĜ99eX

>m;?2b- aX JX �M/ a�HBM�b- SX *X URNNNVX *QMi`QH Q7 Kmb+H2 }#`2 �M/ KQiQM2m`QM
/Bp2`bB}+�iBQMX *l__1Lh PSALAPL AL L1l_P"APGP:u- NURV,89Ĝe9X

>m?- .X �M/ S�mHbbQM- CX UkyRR�VX LQM@;2M2iB+ ?2i2`Q;2M2Biv 7`QK biQ+?�biB+
T�`iBiBQMBM; �i +2HH /BpBbBQMX L�im`2 :2M2iB+b- 9jUkV,N8ĜRyyX

>m?- .X �M/ S�mHbbQM- CX UkyRR#VX _�M/QK T�`iBiBQMBM; Q7 KQH2+mH2b
�i +2HH /BpBbBQMX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
Ry3UjeV,R8yy9ĜR8yyNX

A2ibr��`i- _X- _Qb�- aX- qm- wX- .2�M- *X- �M/ >Qr�`/- JX UkyRdVX
*2HH@aBx2@.2T2M/2Mi h`�Mb+`BTiBQM Q7 6G* �M/ Aib �MiBb2Mb2 GQM; LQM@+Q/BM;
_L� *PPG�A_ 1tTH�BM *2HH@iQ@*2HH 1tT`2bbBQM o�`B�iBQMX *2HH avbi2Kb-
9UeV,ekkĜej8X2NX

C�+Q##2`;2`- CX qX- �pp�- CX- a`22M�i?- aX LX- q2Bb- JX *X- �M/ ai27�M- hX
UkyRkVX .vM�KB+ 1TBiQT2 1tT`2bbBQM 7`QK ai�iB+ *viQK2i`v .�i�, S`BM+BTH2b
�M/ _2T`Q/m+B#BHBivX SGQa PL1- dUkV,2jy3dyX

C�Q- *X uX �M/ a�HB+- �X Ukyy3VX 1tTHQ`BM; _L� i`�Mb+`BTiBQM �M/ im`MQp2` BM
pBpQ #v mbBM; +HB+F +?2KBbi`vX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
Ry8U9RV,R8ddNĜR8d39X

CB- LX- JB//2HFQQT- hX *X- J2MiBMF- _X �X- "2iBbi- JX *X- hQM2;�r�- aX- JQQBDK�M-
.X- EQ`br�;2M- >X *X- �M/ p�M Pm/2M��`/2M- �X UkyRjVX 622/#�+F *QMi`QH Q7
:2M2 1tT`2bbBQM o�`B�#BHBiv BM i?2 *�2MQ`?�#/BiBb 2H2;�Mb qMi S�i?r�vX *1GG-
R88U9V,3eNĜ33yX

CB�- .X- CQHHv- JX EX- EmHF�`MB- SX- �M/ G2pBM2- >X UkyRdVX S?2MQivTB+ SH�biB+Biv
�M/ *2HH 6�i2 .2+BbBQMb BM *�M+2`, AMbB;?ib 7`QK .vM�KB+�H avbi2Kb h?2Q`vX
*�M+2`b- NUdVX

CQ?MbiQM C`X- _X CX �M/ .2bTH�M- *X UkyRyVX aiQ+?�biB+ J2+?�MBbKb Q7 *2HH 6�i2
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aT2+B}+�iBQM i?�i uB2H/ _�M/QK Q` _Q#mbi Pmi+QK2bX AM a+?2FK�M- _ �M/
:QH/bi2BM- G �M/ G2?K�MM- _X- 2/BiQ`- �LLl�G _1oA1q P6 *1GG �L.
.1o1GPSJ1Lh�G "APGP:u- oPG ke- pQHmK2 ke Q7 �MMm�H _2pB2r Q7 *2HH
�M/ .2p2HQTK2Mi�H "BQHQ;v- T�;2b e3NĜdRNX �LLl�G _1oA1qa- 9RjN 1G
*�JALP q�u- SP "Ps RyRjN- S�GP �GhP- *� N9jyj@y3Nd la�X

CQM2b- .X _X- a+?QMH�m- JX- �M/ q2H+?- qX CX URNN3VX 1{+B2Mi :HQ#�H
PTiBKBx�iBQM Q7 1tT2MbBp2 "H�+F@"Qt 6mM+iBQMbX CQm`M�H Q7 :HQ#�H
PTiBKBx�iBQM- RjU9V,988Ĝ9NkX

CɃ`;2b- *X- .ƺHF2M- GX- �M/ 1`?�`/- 6X UkyR3VX .Bbb2+iBM; M2rHv i`�Mb+`B#2/ �M/
QH/ _L� mbBM; :_�L.@aG�JX "BQBM7Q`K�iB+b- j9URjV,BkR3ĜBkkeX

E�7`B- _X- G2pv- CX- :BMx#2`;- JX "X- P?- aX- G�?�p- :X- �M/ EB`b+?M2`- JX qX
UkyRjVX .vM�KB+b 2ti`�+i2/ 7`QK }t2/ +2HHb `2p2�H 722/#�+F HBMFBM; +2HH ;`Qri?
iQ +2HH +v+H2X L�im`2- 9N9Ud9j3V,93yĜ93jX

E2KT2- >X- a+?r�#2- �X- *`2K�xv- 6X- o2`b+?m`2- SX CX- �M/ "`m;;2K�M- 6X CX
UkyR8VX h?2 pQHmK2b �M/ i`�Mb+`BTi +QmMib Q7 bBM;H2 +2HHb `2p2�H +QM+2Mi`�iBQM
?QK2Qbi�bBb �M/ +�Tim`2 #BQHQ;B+�H MQBb2X JQH2+mH�` "BQHQ;v Q7 i?2 *2HH-
keU9V,dNdĜ3y9X

EBpB2i- .X CX- L;?2- SX- q�HF2`- LX- "QmHBM2�m- aX- amM/2`HBFQp�- oX- �M/ h�Mb-
aX CX UkyR9�VX aiQ+?�biB+Biv Q7 K2i�#QHBbK �M/ ;`Qri? �i i?2 bBM;H2@+2HH H2p2HX
L�im`2- 8R9Ud8kkV,jdeĜjdNX

EBpB2i- .X CX- L;?2- SX- q�HF2`- LX- "QmHBM2�m- aX- amM/2`HBFQp�- oX- �M/ h�Mb-
aX CX UkyR9#VX aiQ+?�biB+Biv Q7 K2i�#QHBbK �M/ ;`Qri? �i i?2 bBM;H2@+2HH H2p2HX
L�im`2- 8R9,jdeX

EH2BM- �X JX- J�xmiBb- GX- �F�`imM�- AX- h�HH�T`�;�/�- LX- o2`2b- �X- GB- oX-
S2b?FBM- GX- q2Bix- .X �X- �M/ EB`b+?M2`- JX qX UkyR8VX .`QTH2i "�`+Q/BM;
7Q` aBM;H2@*2HH h`�Mb+`BTiQKB+b �TTHB2/ iQ 1K#`vQMB+ ai2K *2HHbX *2HH-
ReRU8V,RR3dĜRkyRX
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EQHHK�MM- JX- GQp/QF- GX- "�`i?QHQK2- EX- hBKK2`- CX- �M/ aQm`DBF- oX
Ukyy8VX .2bB;M T`BM+BTH2b Q7 � #�+i2`B�H bB;M�HHBM; M2irQ`FX L�hl_1-
9j3UdyedV,8y9Ĝ8ydX

Em�M;- *X@vX- um- uX- q�M;- EX- ZB�M- .X@?X- .2M- JX@vX- �M/ >m�M;- GX
UkyRkVX EMQ+F/QrM Q7 h`�MbB2Mi _2+2TiQ` SQi2MiB�H *�MQMB+�H@R _2/m+2b i?2
S`QHB72`�iBQM �M/ JB;`�iBQM Q7 1M/Qi?2HB�H S`Q;2MBiQ` *2HHbX ai2K *2HHb �M/
.2p2HQTK2Mi- kRUjV,93dĜ9NeX

G�`b2M- CX EX- C2Mb2M- SX ǟX- �M/ G�`b2M- CX UkyyRVX 6HQr +viQK2i`B+ �M�HvbBb Q7
_L� bvMi?2bBb #v /2i2+iBQM Q7 #`QKQm`B/BM2 BM+Q`TQ`�iBQMX *m``2Mi S`QiQ+QHb
BM *viQK2i`v- *?�Ti2` d,lMBi dXRkX

G2?M2`- "X Ukyy3VX a2H2+iBQM iQ KBMBKBb2 MQBb2 BM HBpBM; bvbi2Kb �M/ Bib
BKTHB+�iBQMb 7Q` i?2 2pQHmiBQM Q7 ;2M2 2tT`2bbBQMX JPG1*lG�_ auah1Ja
"APGP:u- 9X

G2Mbi`�- hX GX- _Q/`B;m2x- CX- *?2M- >X- �M/ G�`bQM- .X _X UkyReVX h`�Mb+`BTiBQM
.vM�KB+b BM GBpBM; *2HHbX �MMm�H _2pB2r Q7 "BQT?vbB+b- 98URV,k8Ĝ9dX

GB- "X- w?�Q- >X- _v#�F- SX- .Q#`m+FB- CX qX- .�`xvMFB2rB+x- wX- �M/ EBKK2H-
JX UkyR9VX .Bz2`2Mi `�i2b Q7 .L� `2THB+�iBQM �i 2�`Hv p2`bmb H�i2 a@T?�b2
b2+iBQMb, JmHiBb+�H2 KQ/2HBM; Q7 biQ+?�biB+ 2p2Mib `2H�i2/ iQ .L� +QMi2Mif1/l
U8@2i?vMvH@k�/2Qtvm`B/BM2V BM+Q`TQ`�iBQM /Bbi`B#miBQMbX *viQK2i`v S�`i �-
38UNV,d38ĜdNdX

GBm- aX- :BMx#2`;- JX "X- S�i2H- LX- >BH/- JX- G2mM;- "X- GB- wX- *?2M- uX@+X-
*?�M;- LX- q�M;- uX- h�M- *X- .B2M�- aX- h`BK#H2- qX- q�bb2`K�M- GX- C2MFBMb-
CX GX- EB`b+?M2`- JX qX- �M/ E�7`B- _X UkyR3VX aBx2 mMB7Q`KBiv Q7 �MBK�H +2HHb Bb
�+iBp2Hv K�BMi�BM2/ #v � Tj3 J�SE@/2T2M/2Mi `2;mH�iBQM Q7 :R@H2M;i?X 2GB72-
d,RĜkdX

GQbB+F- _X �M/ .2bTH�M- *X Ukyy3VX aiQ+?�biB+Biv �M/ +2HH 7�i2X a*A1L*1-
jkyU83dkV,e8Ĝe3X
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Gm- uX- "B�M+QiiQ- �X- *?2mM;- 6X- _2KK2`b- 1X- a?�?- LX- J+*Qv- CX SX- �M/
hb�M;- CX aX UkyReVX avbi2K�iB+ �M�HvbBb Q7 *2HH@iQ@*2HH 1tT`2bbBQM o�`B�iBQM Q7
h GvKT?Q+vi2b BM � >mK�M *Q?Q`i A/2MiB}2b �;BM; �M/ :2M2iB+ �bbQ+B�iBQMbX
AJJlLAhu- 98U8V,RRekĜRRd8X

J��K�`- >X- _�D- �X- �M/ .m#M�m- .X UkyydVX LQBb2 BM ;2M2 2tT`2bbBQM /2i2`KBM2b
+2HH 7�i2 BM "�+BHHmb bm#iBHBbX a*A1L*1- jRdU83jdV,8keĜ8kNX

J�?2b?`B- LX �M/ P Ƕb?2�- 1X EX UkyydVX GBpBM; rBi? LQBbv :2M2b, >Qr *2HHb
6mM+iBQM _2HB�#Hv rBi? AM?2`2Mi o�`B�#BHBiv BM :2M2 1tT`2bbBQMX �MMmX _2pX
"BQT?vbX "BQKQHX ai`m+i- je,9RjĜj9X

J�B`- 6X- >�`iK�MM- 6X CX- J`/D2M- .X- hQb2pbFB- oX- E`B2;- *X- �M/ "2+?2`- "X
UkyReVX h?2 2M/ Q7 ;�iBM;\ �M BMi`Q/m+iBQM iQ �miQK�i2/ �M�HvbBb Q7 ?B;?
/BK2MbBQM�H +viQK2i`v /�i�X 1m`QT2�M CQm`M�H Q7 AKKmMQHQ;v- 9eURV,j9Ĝ9jX

J�`+B�MQ- _X- G2T`BpB2`- :X- �M/ _Qi#H�i- "X UkyR3VX Sm`QKv+BM H�#2HBM; /Q2b MQi
�HHQr T`Qi2BM bvMi?2bBb iQ #2 K2�bm`2/ BM 2M2`;v@bi�`p2/ +2HHbX *2HH .2�i? �
.Bb2�b2- NUkV,jNX

J+>m;?- JX GX UkyRjVX h?2 *?B@b[m�`2 i2bi Q7 BM/2T2M/2M+2 G2bbQMb BM
#BQbi�iBbiB+bX "BQ+?2KB� J2/B+�- kjUkV,R9jĜNX

J2M;- sX- 6B`+xmF- >X- SB2i`QMB- SX- q2bi#`QQF- _X- .�+?2mt- 1X- J2M/2b- SX- �M/
J+*�`i?v- CX 1X UkyRdVX JBMBKmK@MQBb2 T`Q/m+iBQM Q7 i`�MbH�iBQM 7�+iQ` 2A69:
K�Tb iQ � K2+?�MBbiB+�HHv /2i2`KBM2/ QTiBK�H `�i2 +QMi`QH rBM/Qr 7Q` T`Qi2BM
bvMi?2bBbX Lm+H2B+ �+B/b _2b2�`+?- 98UkV,RyR8ĜRyk8X

J2ii2i�H- CX hX- Jmxx2v- .X- S2/`�x�- CX JX- Px#m/�F- 1X JX- �M/ p�M
Pm/2M��`/2M- �X UkyyeVX S`2/B+iBM; biQ+?�biB+ ;2M2 2tT`2bbBQM /vM�KB+b
BM bBM;H2 +2HHbX S_P*11.AL:a P6 h>1 L�hAPL�G �*�.1Ju P6
a*A1L*1a P6 h>1 lLAh1. ah�h1a P6 �J1_A*�- RyjURNV,djy9ĜdjyNX

JB2iiBM2M- hX SX �M/ "Dƺ`FHmM/- JX UkyReVX *2HHmH�` �HHQK2i`v Q7 JBiQ+?QM/`B�H
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6mM+iBQM�HBiv 1bi�#HBb?2b i?2 PTiBK�H *2HH aBx2X .2p2HQTK2Mi�H *2HH-
jNUjV,jdyĜj3kX

JB2iiBM2M- hX SX- E�M;- CX >X- u�M;- GX 6X- �M/ J�M�HBb- aX _X UkyRNVX J�KK�HB�M
+2HH ;`Qri? /vM�KB+b BM KBiQbBbX 2GB72- 3,RĜkNX

Jm;H2`- �X- EBiiBbQTBFmH- JX- >�v/2M- GX- GBm- CX- qB;;BMb- *X >X- am22H- :X JX-
�M/ q�H+x�F- �X JX UkyReVX LQBb2 1tT�M/b i?2 _2bTQMb2 _�M;2 Q7 i?2 "�+BHHmb
bm#iBHBb *QKT2i2M+2 *B`+mBiX SGPa *PJSlh�hAPL�G "APGP:u- RkUjVX

L�##B- �X �M/ _B�#QrQH- EX UkyR8VX _�TB/ BbQH�iBQM Q7 Mm+H2B 7`QK +2HHb BM pBi`QX
*QH/ aT`BM; >�`#Q` S`QiQ+QHb- kyR8U3V,deNĜddkX

L�+?K�M- AX- _2;2p- �X- �M/ _�K�M�i?�M- aX UkyydVX .Bbb2+iBM; iBKBM; p�`B�#BHBiv
BM v2�bi K2BQbBbX *1GG- RjRUjV,899Ĝ88eX

L�i?�Mb- CX URNNNVX h?2 2pQHmiBQM �M/ T?vbBQHQ;v Q7 ?mK�M +QHQ` pBbBQM, AMbB;?ib
7`QK KQH2+mH�` ;2M2iB+ bim/B2b Q7 pBbm�H TB;K2MibX L1l_PL- k9UkV,kNNĜjRkX

L2m`Q?`- :X 1X- h2``v- _X GX- G2M;272H/- CX- "QMM2v- JX- "`BiiBM;?�K- :X SX-
JQ`2iiQ- 6X- JB2iiBM2M- hX SX- o�Bi2b- GX SX- aQ�`2b- GX JX- S�mHQ- CX �X- >�`T2`-
CX qX- "m`�iQrbFB- aX- J�M�HBb- aX- p�M q2`p2M- 6X CX- >QHi- GX CX- �M/ �KQM-
�X UkyRNVX 1t+2bbBp2 *2HH :`Qri? *�mb2b *viQTH�bK .BHmiBQM �M/ *QMi`B#mi2b
iQ a2M2b+2M+2X *2HH- RdeU8V,Ry3jĜRyNdX2R3X

L2rK�M- CX _X aX- :?�2KK�;?�KB- aX- A?K2Hb- CX- "`2bHQr- .X EX- LQ#H2- JX-
.2_BbB- CX GX- �M/ q2BbbK�M- CX aX UkyyeVX aBM;H2@+2HH T`Qi2QKB+ �M�HvbBb Q7 aX
+2`2pBbB�2 `2p2�Hb i?2 �`+?Bi2+im`2 Q7 #BQHQ;B+�H MQBb2 hG @ 99RX L�im`2- 99R oL
@UdyN8V,39yĜ39eX

LBFQHB+- LX- a+?`2B#2`- 6X- .�H *Q- �X- EBpB2i- .X CX- "2`;KBHH2`- hX- GBiiK�MM-
aX- EmvT2`b- JX JX JX- �M/ �+F2`K�MM- JX UkyRdVX *2HH@iQ@+2HH p�`B�iBQM
�M/ bT2+B�HBx�iBQM BM bm;�` K2i�#QHBbK BM +HQM�H #�+i2`B�H TQTmH�iBQMbX SGPa
:1L1hA*a- RjURkVX

Px#m/�F- 1X JX- h?�ii�B- JX- GBK- >X LX- a?`�BK�M- "X AX- �M/ p�M Pm/2M��`/2M-
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�X Ukyy9VX JmHiBbi�#BHBiv BM i?2 H�+iQb2 miBHBx�iBQM M2irQ`F Q7 1b+?2`B+?B� +QHBX
L�hl_1- 9kdUeNdeV,djdĜd9yX

S�/Qp�M@J2`?�`- PX- L�B`- :X SX- "B�2b+?- �X :X- J�v2`- �X- a+�`7QM2- aX-
6QH2v- aX qX- qm- �X _X- *?m`+?K�M- GX aX- aBM;?- �X- �M/ _�D- �X UkyR8VX
aBM;H2 J�KK�HB�M *2HHb *QKT2Mb�i2 7Q` .Bz2`2M+2b BM *2HHmH�` oQHmK2 �M/
.L� *QTv LmK#2` i?`Qm;? AM/2T2M/2Mi :HQ#�H h`�Mb+`BTiBQM�H J2+?�MBbKbX
JQH2+mH�` *2HH- 83UkV,jjNĜj8kX

S�2F- �X GX- GBm- CX *X- GQ2r2`- �X- 6Q``2bi2`- qX *X- �M/ G�?�p- :X UkyReVX
*2HH@iQ@*2HH o�`B�iBQM BM T8j .vM�KB+b G2�/b iQ 6`�+iBQM�H EBHHBM;X *1GG-
Re8UjV,ejRĜe9kX

S�H/B- �X UkyyjVX aiQ+?�biB+ ;2M2 2tT`2bbBQM /m`BM; +2HH /Bz2`2MiB�iBQM, Q`/2` 7`QK
/BbQ`/2`\ *2HHmH�` �M/ JQH2+mH�` GB72 a+B2M+2b *JGa- eyUNV,Rdd8ĜRdd3X

S�mHbbQM- CX Ukyy8VX JQ/2Hb Q7 biQ+?�biB+ ;2M2 2tT`2bbBQMX S?vbB+b Q7 GB72 _2pB2rb-
k,R8dĜRd8X

S2++Qm/- CX �M/ u+�`i- "X URNN8VX J�`FQpB�M JQ/2HBM; Q7 :2M2@S`Q/m+i avMi?2bBbX

Sû`2x@P`iőM- CX 1X- hQ`/2`�- oX- �M/ *?�p2x- aX UkyRN�VX >QK2Qbi�bBb BM i?2
*2Mi`�H .Q;K� Q7 JQH2+mH�` "BQHQ;vX #BQ_tBp- T�;2 8NNy8yX

Sû`2x@P`iőM- CX 1X- hQ`/2`�- oX- �M/ *?�p2x- aX UkyRN#VX >QK2Qbi�bBb BM i?2
*2Mi`�H .Q;K� Q7 KQH2+mH�` #BQHQ;v, i?2 BKTQ`i�M+2 Q7 K_L� BMbi�#BHBivX _L�
"BQHQ;v- ReURkV,Re8NĜReeeX

S72Bz2`- aX 1X �M/ hQHK�+?- GX CX URNe3VX _L� bvMi?2bBb BM bvM+?`QMQmbHv ;`QrBM;
TQTmH�iBQMb Q7 >2G� aj +2HHbX AX _�i2 Q7 iQi�H _L� bvMi?2bBb �M/ Bib `2H�iBQMb?BT
iQ .L� bvMi?2bBbX CQm`M�H Q7 *2HHmH�` S?vbBQHQ;v- dRURV,ddĜNjX

SB`2b- CX *X �M/ *QM�Mi- :X *X UkyReVX _Q#mbi u2i 6`�;BH2, 1tT`2bbBQM LQBb2-
S`Qi2BM JBb7QH/BM;- �M/ :2M2 .Qb�;2 BM i?2 1pQHmiBQM Q7 :2MQK2bX 8y,RRjĜRjRX

_�#�MB- JX- G2pBM- CX wX- 6�M- GX- �/B+QMBb- sX- _�v+?Qr/?m`v- _X- :�`#2`- JX-
:MB`F2- �X- Lmb#�mK- *X- >�+Q?2M- LX- 6`B2/K�M- LX- �KBi- AX- �M/ _2;2p-
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�X UkyRRVX (alSS) J2i�#QHB+ H�#2HBM; Q7 _L� mM+Qp2`b T`BM+BTH2b Q7 _L�
T`Q/m+iBQM �M/ /2;`�/�iBQM /vM�KB+b BM K�KK�HB�M +2HHbX L�im`2 #BQi2+?MQHQ;v-
kNU8V,9jeĜ99kX

_�D- �X- S2bFBM- *X aX- h`�M+?BM�- .X- o�`;�b- .X uX- �M/ hv�;B- aX
UkyyeVX aiQ+?�biB+ K_L� bvMi?2bBb BM K�KK�HB�M +2HHbX SGQa "BQHQ;v-
9URyV,RdydĜRdRNX

_�D- �X- _B7FBM- aX �X- �M/2`b2M- 1X- �M/ p�M Pm/2M��`/2M- �X UkyRyVX
o�`B�#BHBiv BM ;2M2 2tT`2bbBQM mM/2`HB2b BM+QKTH2i2 T2M2i`�M+2X L�hl_1-
9ejUdk3jV,NRjĜl39X

_�Q- *X oX- qQH7- .X JX- �M/ �`FBM- �X SX UkyykVX *QMi`QH- 2tTHQBi�iBQM �M/
iQH2`�M+2 Q7 BMi`�+2HHmH�` MQBb2X L�im`2- 9kyUeNRkV,kjRĜkjdX

_�b2`- CX JX �M/ a?2�- 1X EX PX UkyyeVX *QMi`QH Q7 aiQ+?�biB+Biv BM 1mF�`vQiB+
:2M2 1tT`2bbBQMX a+B2M+2- jy9U8ed3V,R3RRĜR3R9X

_B+?�`/- �X- "QmHHm- GX- >2`#�+?- lX- "QMM�7Qmt- �X- JQ`BM- oX- o�HHBM- 1X-
:mBHH2KBM- �X- :�Q- LX SX- :mM�r�M- _X- *Qb2ii2- CX- �`M�m/- PX- EmTB2+- CX@CX-
1bTBM�bb2- hX- :QMBM@:B`�m/- aX- �M/ :�M/`BHHQM- PX UkyReVX aBM;H2@*2HH@"�b2/
�M�HvbBb >B;?HB;?ib � am`;2 BM *2HH@iQ@*2HH JQH2+mH�` o�`B�#BHBiv S`2+2/BM;
A``2p2`bB#H2 *QKKBiK2Mi BM � .Bz2`2MiB�iBQM S`Q+2bbX SGPa "APGP:u-
R9URkVX

_QQ`/�- �X �M/ qBHHB�Kb- .X _X URNNNVX h?2 �``�M;2K2Mi Q7 i?2 i?`22 +QM2 +H�bb2b
BM i?2 HBpBM; ?mK�M 2v2X L�hl_1- jNdUedRNV,8kyĜ8kkX

_mbbQ- CX- >2+F- �X JX- qBHmbx- CX- �M/ qBHmbx- *X CX UkyRdVX J2i�#QHB+ H�#2HBM;
�M/ `2+Qp2`v Q7 M�b+2Mi _L� iQ �++m`�i2Hv [m�MiB7v K_L� bi�#BHBivX J2i?Q/b-
Rky,jNĜ93X

a�2vb- uX- o�M :�bb2M- aX- �M/ G�K#`2+?i- "X LX UkyReVX *QKTmi�iBQM�H ~Qr
+viQK2i`v, >2HTBM; iQ K�F2 b2Mb2 Q7 ?B;?@/BK2MbBQM�H BKKmMQHQ;v /�i�X S?.
i?2bBbX
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a�BiQm- hX �M/ AK�Km`�- hX UkyReVX Zm�MiBi�iBp2 BK�;BM; rBi? 6m++B
�M/ K�i?2K�iB+b iQ mM+Qp2` i2KTQ`�H /vM�KB+b Q7 +2HH +v+H2 T`Q;`2bbBQMX
.2p2HQTK2Mi- :`Qri? � .Bz2`2MiB�iBQM- 83URV,eĜR8X

a�F�m2@a�r�MQ- �X- Em`QF�r�- >X- JQ`BKm`�- hX- >�Mvm- �X- >�K�- >X- Pb�r�-
>X- E�b?Br�;B- aX- 6mF�KB- EX- JBv�i�- hX- JBvQb?B- >X- AK�Km`�- hX- P;�r�-
JX- J�b�B- >X- �M/ JBv�r�FB- �X Ukyy3VX oBbm�HBxBM; aT�iBQi2KTQ`�H .vM�KB+b
Q7 JmHiB+2HHmH�` *2HH@*v+H2 S`Q;`2bbBQMX *2HH- RjkUjV,93dĜ9N3X

a+?KB/i- 1X 1X �M/ a+?B#H2`- lX URNN8VX *2HH bBx2 `2;mH�iBQM- � K2+?�MBbK
i?�i +QMi`QHb +2HHmH�` _L� �++mKmH�iBQM, *QMb2[m2M+2b QM `2;mH�iBQM Q7
i?2 m#B[mBiQmb i`�Mb+`BTiBQM 7�+iQ`b P+iR �M/ L6@u- �M/ i?2 HBp2`@2M`B+?2/
i`�Mb+`BTiBQM 7�+iQ` ."SX CQm`M�H Q7 *2HH "BQHQ;v- Rk3U9V,9edĜ93jX

a+?Q}2H/- CX �X- .mzv- 1X 1X- EB272`- GX- amHHBp�M- JX *X- �M/ aBKQM- JX .X
UkyR3VX hBK2G�Tb2@b2[, �//BM; � i2KTQ`�H /BK2MbBQM iQ _L� b2[m2M+BM;
i?`Qm;? Mm+H2QbB/2 `2+Q/BM;X L�im`2 J2i?Q/b- R8UjV,kkRĜkk8X

a+?QHiBbb2F- *X URNedVX L l * G 1 P h A . 1 J1h�"PGAaJ AL hAaal1
*lGhl_1 *1GGa �h GPqX 98,kk3ĜkjdX

a+?`QK- 1X *X �M/ :`�?�K- �X GX UkyRdVX AMbi`m+i2/ bm#b2ib Q` �;BH2 br�`Kb, ?Qr
h@?2HT2` +2HHb K�v �/�TiBp2Hv +QmMi2` mM+2`i�BMiv rBi? p�`B�#BHBiv �M/ TH�biB+BivX
*l__1Lh PSALAPL AL :1L1hA*a � .1o1GPSJ1Lh- 9d,d8Ĝ3kX

a+?m?- GX- a�BMi@�MiQBM2- JX- a�M7Q`/- 1X- 1K2`i- "X GX- aBM;?- �X- J�``- *X-
:Qv�H- uX- �M/ _�D- �X UkyRNVX :2M2 M2irQ`Fb rBi? i`�Mb+`BTiBQM�H #m`biBM;
`2+�TBimH�i2 `�`2 i`�MbB2Mi +QQ`/BM�i2/ 2tT`2bbBQM bi�i2b BM +�M+2`X #BQ_tBpX

a2MbFv- hX 1X �M/ _22b- EX _X URNdeVX 1z2+ib Q7 HQr i2KT2`�im`2 QM _L�
K2i�#QHBbK BM /Bz2`2Mi +2HH HBM2bX 1tT`H *2HH _2b- U*pBV,kyyĜky9X

a2iiv- JX- h�/KQ`- JX .X- _2B+?@w2HB;2`- aX- �M;2H- PX- a�H�K2- hX JX- E�i?�BH-
SX- *?QB- EX- "2M/�HH- aX- 6`B2/K�M- LX- �M/ S2Ƕ1`- .X UkyReVX qBb?#QM2
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B/2MiB}2b #B7m`+�iBM; /2p2HQTK2Mi�H i`�D2+iQ`B2b 7`QK bBM;H2@+2HH /�i�X L�im`2
"BQi2+?MQHQ;v- j9UeV,ejdĜe98X

a?�z2`- aX JX- .mM�;BM- JX *X- hQ`#Q`;- aX _X- hQ``2- 1X �X- 1K2`i- "X-
E`2TH2`- *X- "2[B`B- JX- aT`Q2bb2`- EX- "`�zQ`/- SX �X- sB�Q- JX- :;�M- 1X 1X-
�M�biQTQmHQb- AX LX- o�`;�b@:�`+B�- *X �X- aBM;?- �X- L�i?�MbQM- EX GX- >2`HvM-
JX- �M/ _�D- �X UkyRdVX _�`2 +2HH p�`B�#BHBiv �M/ /`m;@ BM/m+2/ `2T`Q;`�KKBM;
�b � KQ/2 Q7 +�M+2` /`m; `2bBbi�M+2X L�hl_1- 89eUde83V,9jRYX

a?�?- LX JX- :`Qp2b- �X EX- �M/ �M/2`bQM- .X CX URNNeVX �Hi2`M�iBp2 M2m`�H +`2bi
+2HH 7�i2b �`2 BMbi`m+iBp2Hv T`QKQi2/ #v h:6 #2i� bmT2`7�KBHv K2K#2`bX *1GG-
38UjV,jjRĜj9jX

a?�?`2x�2B- oX �M/ J�`;m2`�i- aX UkyR8VX *QMM2+iBM; ;`Qri? rBi? ;2M2 2tT`2bbBQM,
P7 MQBb2 �M/ MmK#2`bX *m``2Mi PTBMBQM BM JB+`Q#BQHQ;v- k8,RkdĜRj8X

a?2`rQQ/- aX qX- _mb?- .X 6X- EmM;- �X GX- �M/ a+?BKF2- _X hX URNN9VX *v+HBM
"R 2tT`2bbBQM BM ?2H� aj +2HHb bim/B2/ #v ~Qr +viQK2i`vX

aBKTbQM- JX GX- *Qt- *X .X- �HH2M- JX aX- J++QHHmK- CX JX- .�`- _X .X- E�`B;-
.X EX- �M/ *QQF2- CX 6X UkyyNVX LQBb2 BM #BQHQ;B+�H +B`+mBibX

aFBMM2`- aX PX- sm- >X- L�;�`F�`@C�Bbr�H- aX- 6`2B`2- SX _X- wr�F�- hX SX- �M/
:QH/BM;- AX UkyReVX "m`biBM; i?`Qm;? i?2 +2HH +v+H2X 2GB72- 8X

aMBD/2`- "X �M/ S2HFK�Mb- GX UkyRRVX P`B;BMb Q7 `2;mH�i2/ +2HH@iQ@+2HH p�`B�#BHBivX
L�im`2 `2pB2rbX JQH2+mH�` +2HH #BQHQ;v- RkUkV,RRNĜRk8X

aQHi�MB- JX- o�`;�b@:�`+B�- *X �X- �MimM2b- .X- �M/ aBM;?- �X UkyReVX AMi2`+2HHmH�`
o�`B�#BHBiv BM S`Qi2BM G2p2Hb 7`QK aiQ+?�biB+ 1tT`2bbBQM �M/ LQBbv *2HH *v+H2
S`Q+2bb2bX SGQa *QKTmi�iBQM�H "BQHQ;v- RkU3VX

aQM- aX- hxm`- �X- q2M;- uX- CQ`;2Mb2M- SX- EBK- CX- EB`b+?M2`- JX qX- �M/
J�M�HBb- aX _X UkyRkVX .B`2+i Q#b2`p�iBQM Q7 K�KK�HB�M +2HH ;`Qri? �M/ bBx2
`2;mH�iBQMX L�im`2 J2i?Q/b- NUNV,NRyĜNRkX

ai�T2H- GX *X- w2+?M2`- *X- �M/ o�bi2M?Qmr- LX GX UkyRdVX lMB7Q`K ;2M2 2tT`2bbBQM
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BM 2K#`vQb Bb �+?B2p2/ #v i2KTQ`�H �p2`�;BM; Q7 i`�Mb+`BTiBQM MQBb2X :1L1a
� .1o1GPSJ1Lh- jRUReV,Rej8ĜRe9yX

amM- ZX- CB�Q- 6X- GBM- :X- um- CX- �M/ h�M;- JX UkyRN�VX h?2 MQMHBM2�` /vM�KB+b
�M/ ~m+im�iBQMb Q7 K_L� H2p2Hb BM +2HH +v+H2 +QmTH2/ i`�Mb+`BTiBQMX SGPa
*QKTmi�iBQM�H "BQHQ;v- R8U9V,RĜkdX

amM- sX@JX- "QrK�M- �X- S`B2biK�M- JX- "2`i�mt- 6X- J�`iBM2x@a2;m`�- �X- h�M;-
qX- .Q`K�MM- .X- a?�?`2x�2B- oX- �M/ J�`;m2`�i- aX "X UkyRN#VX aBx2@/2T2M/2Mi
BM+`2�b2 BM _L� SQHvK2`�b2 AA BMBiB�iBQM `�i2b K2/B�i2b ;2M2 2tT`2bbBQM b+�HBM;
rBi? +2HH bBx2X #BQ_tBp JQH2+mH�` "BQHQ;vX

ar�BM- SX aX- 1HQrBix- JX "X- �M/ aB;;B�- 1X .X UkyykVX AMi`BMbB+ �M/ 2ti`BMbB+
+QMi`B#miBQMb iQ biQ+?�biB+Biv BM ;2M2 2tT`2bbBQMX S`Q+22/BM;b Q7 i?2 L�iBQM�H
�+�/2Kv Q7 a+B2M+2b Q7 i?2 lMBi2/ ai�i2b Q7 �K2`B+�- NNUkyV,RkdN8ĜRk3yyX

h?�ii�B- JX �M/ p�M Pm/2M��`/2M- �X UkyyRVX AMi`BMbB+ MQBb2 BM ;2M2 `2;mH�iQ`v
M2irQ`FbX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b Q7 i?2 lMBi2/ ai�i2b
Q7 �K2`B+�- N3UR8V,3eR9ĜNX

h?�ii�B- JX �M/ p�M Pm/2M��`/2M- �X Ukyy9VX aiQ+?�biB+ ;2M2 2tT`2bbBQM BM
~m+im�iBM; 2MpB`QMK2MibX :1L1hA*a- RedURV,8kjĜ8jyX

hBKK2`b- >X hX JX �M/ hQ`�- GX UkyR3VX h`�Mb+`BTi "mz2`BM;, � "�H�M+BM;
�+i #2ir22M K_L� avMi?2bBb �M/ K_L� .2;`�/�iBQMX JQH2+mH�` *2HH-
dkURV,RyĜRdX

hB`Qb?- AX- q2BM#2`;2`- �X- *�`KB- JX- �M/ "�`F�B- LX UkyyeVX � ;2M2iB+
bB;M�im`2 Q7 BMi2`bT2+B2b p�`B�iBQMb BM ;2M2 2tT`2bbBQMX L�hl_1 :1L1hA*a-
j3UdV,3jyĜ3j9X

hQ- hX@GX �M/ J�?2b?`B- LX UkyRyVX LQBb2 *�M AM/m+2 "BKQ/�HBiv BM
SQbBiBp2 h`�Mb+`BTiBQM�H 622/#�+F GQQTb qBi?Qmi "Bbi�#BHBivX a*A1L*1-
jkdU8NeNV,RR9kĜRR98X

hQMM- JX EX- h?QK�b- SX- "�`�?QM�- JX- �M/ Pv�`xmM- .X �X
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UkyRNVX aiQ+?�biB+ KQ/2HHBM; `2p2�Hb K2+?�MBbKb Q7 K2i�#QHB+ ?2i2`Q;2M2BivX
*PJJlLA*�hAPLa "APGP:u- kX

hb�M;- CX- w?m- CX- �M/ Pm/2M��`/2M)- �X pX UkyydVX JB+`Q_L�@J2/B�i2/
622/#�+F �M/ 622/7Q`r�`/ GQQTb �`2 _2+m``2Mi L2irQ`F JQiB7b BM J�KK�HbX
JQH2+mH�` *2HH- keU8V,d8jĜdedX

hbm#QB- �X- uQb?B?�`�- aX- u�K�x�FB- LX- E�b�B- >X- �b�B@hbm#QB- >X- EQK�ibm-
JX- a2`Bx�r�- aX- Ab?BB- hX- J�ibm/�- uX- L�;�r�- 6X- �M/ a�F�MQ- >X URNNNVX
PH7�+iQ`v M2m`QMb 2tT`2bbBM; +HQb2Hv HBMF2/ �M/ ?QKQHQ;Qmb Q/Q`�Mi `2+2TiQ`
;2M2b i2M/ iQ T`QD2+i i?2B` �tQMb iQ M2B;?#Q`BM; ;HQK2`mHB QM i?2 QH7�+iQ`v #mH#X
CPl_L�G P6 L1l_Pa*A1L*1- RNURNV,39yNĜ39R3X

hxm`- �X- E�7`B- _X- G2"H2m- oX aX- G�?�p- :X- �M/ EB`b+?M2`- JX qX UkyyNVX
*2HH :`Qri? �M/ aBx2 >QK2Qbi�bBb BM S`QHB72`�iBM; �MBK�H *2HHbX a+B2M+2-
jk8U8NjdV,RedĜRdRX

hxm`- �X- JQQ`2- CX EX- CQ`;2Mb2M- SX- a?�TB`Q- >X JX- �M/ EB`b+?M2`- JX qX
UkyRRVX PTiBKBxBM; QTiB+�H ~Qr +viQK2i`v 7Q` +2HH pQHmK2@#�b2/ bQ`iBM; �M/
�M�HvbBbX SGQa PL1- eURV,RĜNX

lp�`QpbFBB- �X- L��`K�MM@/2 o`B2b- AX aX- �M/ .B2i2`B+?- *X UkyRNVX PM i?2 QTiBK�H
/2bB;M Q7 K2i�#QHB+ `M� H�#2HBM; 2tT2`BK2MibX SGPa *QKTmi�iBQM�H "BQHQ;v-
R8U3V,RĜkkX

p�M .vF2M- CX .X UkyRdVX LQBb2 bHQrb i?2 `�i2 Q7 JB+?�2HBb@J2Mi2M `2�+iBQMbX
CPl_L�G P6 h>1P_1hA*�G "APGP:u- 9jy,kRĜjRX

oQB+?2F- uX- "�`@wBp- _X- �M/ "�`F�B- LX UkyRe�VX � `QH2 7Q` _iiRyN BM #mz2`BM;
;2M2@/Qb�;2 BK#�H�M+2 /m`BM; .L� `2THB+�iBQMX Lm+H2mb- dU9V,yyĜyyX

oQB+?2F- uX- "�`@wBp- _X- �M/ "�`F�B- LX UkyRe#VX 1tT`2bbBQM ?QK2Qbi�bBb /m`BM;
.L� `2THB+�iBQMX a+B2M+2- j8RUekddV,Ry3dĜRyNyX

q�;M2`- �X Ukyy8VX 1M2`;v +QMbi`�BMib QM i?2 2pQHmiBQM Q7 ;2M2 2tT`2bbBQMX
JPG1*lG�_ "APGP:u �L. 1oPGlhAPL- kkUeV,Rje8ĜRjd9X
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q�Hi2`- .X- >QzK�MM- aX- EQKb2HB- 1X@aX- _�TTbBH#2`- CX- :Q`;QmHBb- oX- �M/
aǠ`2Mb2M- *X aX UkyReVX a*6*v+HBM 6@/2T2M/2Mi /2;`�/�iBQM Q7 *.*e
bmTT`2bb2b .L� `2@`2THB+�iBQMX L�im`2 *QKKmMB+�iBQMb- dURV,Ry8jyX

q�M;- SX- _Q#2`i- GX- S2HH2iB2`- CX- .�M;- qX GX- h�//2B- 6X- q`B;?i- �X- �M/ CmM-
aX UkyRyVX _Q#mbi :`Qri? Q7 I2K=1b+?2`B+?B� +QHBIf2K=X *m``2Mi "BQHQ;v-
kyURkV,RyNNĜRRyjX

q�M;- wX �M/ w?�M;- CX UkyRRVX AKT�+i Q7 ;2M2 2tT`2bbBQM MQBb2 QM Q`;�MBbK�H
}iM2bb �M/ i?2 2{+�+v Q7 M�im`�H b2H2+iBQMX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
Q7 a+B2M+2b- Ry3UReV,1edě@1deX

q�b?#m`M- CX .X- J2DB�@:m2``�- JX EX- _�Kbi2BM- :X- E`2KHBM;- EX �X- o�HHm`m-
_X- "m+FH2`- 1X aX- �M/ q�M;- >X UkyRNVX 1pQHmiBQM�`BHv BM7Q`K2/ /22T H2�`MBM;
K2i?Q/b 7Q` T`2/B+iBM; `2H�iBp2 i`�Mb+`BTi �#mM/�M+2 7`QK .L� b2[m2M+2X
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RReURkV,889kĜ889NX

q2BM#2`;2`- GX aX- .�`- _X .X- �M/ aBKTbQM- JX GX Ukyy3VX h`�MbB2Mi@K2/B�i2/
7�i2 /2i2`KBM�iBQM BM � i`�Mb+`BTiBQM�H +B`+mBi Q7 >AoX L�hl_1 :1L1hA*a-
9yU9V,9eeĜ9dyX

q2`M2i- JX 6X- J�xxQMB- 1X PX- *2HBF- �X- .mM+�M- .X JX- .mM+�M- AX- �M/ .2bTH�M-
*X UkyyeVX aiQ+?�biB+ bTBM2H2bb 2tT`2bbBQM +`2�i2b i?2 `2iBM�H KQb�B+ 7Q` +QHQm`
pBbBQMX L�hl_1- 99yUdy3RV,Rd9ĜR3yX

qBHHB�Kb- :X >X �M/ aiQ2#2`- EX UkyRkVX h?2 +2HH +v+H2 �M/ +�M+2`X h?2 CQm`M�H
Q7 S�i?QHQ;v- UP+iQ#2` kyRRV,j8kĜje9X

qQQ/b- >X �X UkyR9VX JQb�B+ T?vbBQHQ;v 7`QK /2p2HQTK2Mi�H MQBb2,
rBi?BM@Q`;�MBbK T?vbBQHQ;B+�H /Bp2`bBiv �b �M �Hi2`M�iBp2 iQ T?2MQivTB+
TH�biB+Biv �M/ T?2MQivTB+ ~2tB#BHBivX CPl_L�G P6 1sS1_AJ1Lh�G
"APGP:u- kRdUR- aAV,j8Ĝ98X

u�M- sX- >Q2F- hX �X- o�H2- _X .X- �M/ h�M2M#�mK- JX 1X UkyReVX .vM�KB+b Q7
h`�MbH�iBQM Q7 aBM;H2 K_L� JQH2+mH2b BM oBpQX *2HH- Re8U9V,NdeĜN3NX
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w?�Q- sX- GmQ- *X- �M/ q�M;- >X UkyRNVX S`Qi2BM /vM�KB+ �M�HvbBb Q7 i?2 #m//BM;
v2�bi bTQ`mH�iBQM T`Q+2bb �i i?2 bBM;H2@+2HH H2p2H BM �M �B`@2M`B+?2/ KB+`Q~mB/B+
/2pB+2X ALh1:_�hAo1 "APGP:u- RRUjV,dNĜ3eX

wQT7- *X CX- ZmBMM- EX- w2B/K�M- CX- �M/ J�?2b?`B- LX UkyRjVX *2HH@*v+H2
.2T2M/2M+2 Q7 h`�Mb+`BTiBQM .QKBM�i2b LQBb2 BM :2M2 1tT`2bbBQMX SGQa
*QKTmi�iBQM�H "BQHQ;v- NUdVX

wmH2i�- AX �X- �`�M/�@.ő�x- �X- GB- >X- �M/ 1H@a�K�/- >X UkyR9VX .vM�KB+
+?�`�+i2`Bx�iBQM Q7 ;`Qri? �M/ ;2M2 2tT`2bbBQM mbBM; ?B;?@i?`Qm;?Tmi
�miQK�i2/ ~Qr +viQK2i`vX L�im`2 K2i?Q/b- RRU9V,99jĜ993X
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