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1M T`2KB2` HB2m- D2 iB2Mb T�`iB+mHBĕ`2K2Mi ¨ `2K2`+B2` 6`û/û`B+ *QmHQM- S`Q72bb2m` ¨ HǶmMBp2`bBiû /2 *`�M}2H/
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C2 `2K2`+B2 û;�H2K2Mi K2b /B`2+i2m`b /2 `2+?2`+?2- _Q#2`i .m`�M 2i .�pB/ �KQm`Qmt �BMbB [m2 KQM +Q@
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*2 i`�p�BH /2 i?ĕb2 � ûiû `û�HBbû /�Mb H2 +�/`2 /m T`QD2i JA*_PSPGAh- D2 iB2Mb ¨ `2K2`+B2` J�i?BH/2
JQMT2``mb bQM BMp2biBbb2K2Mi /�Mb H� +`û�iBQM /2 +2 T`QD2i- �BMbB [m2 H2b }M�M+2m`b /m /Bi T`QD2i , H2b 6QM/b
2m`QTû2Mb /2 /ûp2HQTT2K2Mi `û;BQM�H U61.1_V 2i HǶ�;2M+2 /2 HǶ1�m �/Qm`@:�`QMM2 U�1�:VX

*2 T`QD2i MǶ�m`� Tm āi`2 b�Mb H� T�`iB+BT�iBQM , 1KK�Mm2H h2bbB2`- CQM�i?�M .2#Q`/2- G�m`2Mi G�M+2H2m`-
1KM� w2;?�H- J�i?BH/2 JQMT2``mb- �m`Q`2 Jû`û- �M/`2� _QK2`Q _�K�b- �Hvbb� �x�`Qz- �m`Q`2 :m2mt-
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C2 iB2Mb iQmi T�`iB+mHBĕ`2 ¨ `2K2`+B2` 1KK�Mm2H h2bbB2`- K2`+B TQm` iQM bQmiB2M BM}MB 2i iQM �TT`2MiBbb�;2
¨ +?�[m2 ûi�T2 /2 +2ii2 i?ĕb2- v +QKT`Bb- H2b KQBMb HmKBM2mt /Ƕ2Mi`2 2mtX
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J2`+B ¨ iQmi2b HǶû[mBT2 /m *AJ�o- ¨ �MiQMB� o2H�b+Q- TQm` iǶāi`2 bB #B2M Q++mTû /2 KQB 2i TQm` �pQB` 7�Bi
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iQmi �mi�Mi [m2 H� pBHH2 /2 *?B?m�?m�X C2 iB2Mb iQmi T�`iB+mHBĕ`2K2Mi ¨ i2 `2K2`+B2` a�`� :�`+B� _mBx- iQM
�++m2BH � ûiû /2b THmb `2K�`[m�#H2b- K�Bb bm`iQmi K2`+B ¨ HǶ�KBiBû 2i H2 bQmiB2M TQm` H2b[m2Hb D2 i2 `2bi2`�B
#B2M HQM;i2KTb `2/2p�#H2X 1i THmb T�`iB+mHBĕ`2K2Mi ¨ 1`�bKQ P``�MiB� "Q`mM/�- [mB KǶ�++Q`/� b� +QM}�M+2
2i K2 T2`KBi /2 pBp`2 +2ii2 2tTû`B2M+2 2i /2 /û+Qmp`B` +2 K2`p2BHH2mt T�vb [mǶ2bi H2 J2tB[m2X

C2 iB2Mb ¨ `2K2`+B2` :û`�H/ :`û;Q`B TQm` b� /BbTQMB#BHBiû- bQM i2KTb 2i HǶûM2`;B2 /QMi BH � 7�Bi T`2mp2 /�Mb
bQM 2Mb2B;M2K2Mi ¨ H� +viQKûi`B2 2M ~mt UTQm` BM7Q`K�iBQM- D2 T2Mb2 [m2 DǶ�B �ii`�Tû H2 pB`mbVX .�Mb H2b
Kû�M/`2b /2b /Qmi2b- DǶ�B 7`û[m2KK2Mi 2m H� +?�M+2 /2 T`Q}i2` ¨ H� 7QBb /m b�pQB` 2i /2 H� #QM?QKB2 /2
LB+QH�b h`QK�b- D2 M2 TQm``�B D�K�Bb i2 `2K2`+B2` �mi�Mi TQm` iQmi +2 [m2 im �b 7�Bi TQm` KQBX

*?`BbiB�M h�K#m`BMB- D2 i2 `2K2`+B2- TQm` i� +QM}�M+2 2i /Ƕ�pQB` 7�Bi [m2 iQmi +QKK2M+2 ;`�+2 ¨ iQBX .2
KāK2- `B2M /2 iQmi +2H� MǶ�m`�Bi Tm āi`2 +QM+`ûiBbû b�Mb HǶ�++m2BH /2 u�MMB+F oX 2i J�t GX- K2`+B ¨ pQmb
/2mtX J2`+B ¨ :û`�H/BM2 2i JB+F�ďH- TQm` HǶ?2m`2 �B/2 [mQiB/B2MM2 2i H2m`b #B2Mp2BHH�M+2bX J2`+B ¨ *v`BH LQďH
TQm` +2b +QMb2BHb �pBbûb- H� #BQBM7Q`K�iB[m2 2bi ¨ +?�+mM2 /2 MQb û+?�M;2bX J2`+B ¨ iQmb +2mt [mB KǶQMi
�++QKT�;Mû �mt [mQiB/B2Mb- �m b2BM /2 H�#Q`�iQB`2 +QKK2 ¨ HǶ2tiû`B2m`- C�pB2` C- L�;Q`2- J�`B� *�`K2M-
1HBb2- 1iB2MM2- 2i+X C2 iB2Mb ¨ `2K2`+B2` *v`BH LQďH TQm` +2b MQK#`2mt +QMb2BHb �pBbûbX
AH K2 T�`�Bi ûpB/2Mi [m2 +2ii2 i?ĕb2 MǶ�m`� Tm b2 7�B`2 b�Mb H2 bQmiB2M BM7�BHHB#H2 /ǶmM2 KmHiBim/2 /2 T2`bQMM2b-
/QMi 6Bb?- E?�H2/- �H2t- *?�`HQii2- GQś+- J�`B2- J�`;�mt- hB�;Q- 6�MMv- 1KM�- aQT?B2- :�#`B2H- 2i+X

J2`+B ¨ +2mt [mB 7m`2Mi K2b b�mp2m`b- mM ;`�M/ K2`+B ¨ Gm+�- LBM�- *û+BH2- LB+QH�b 2i K2b +?2`b T�`2MibX
oQmb ûiB2x 2i `2bi2x K� 7Q`+2X C2 iB2Mb ¨ /û/B2` +2ii2 i?ĕb2- ¨ iQmb [mB 7m`2Mi ¨ K2b +Ƭiûb �m /ûT�`i /2 +2
T`QD2i 2i [mB M2 b2`QMi THmb H¨ TQm` 2M +ûHû#`2` H� }MX
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h�#H2 /2b K�iBĕ`2b

_2K2`+B2K2Mib j

AMi`Q/m+iBQM ;ûMû`�H2 kj

GBbi2 /2b �#`ûpB�iBQMb kd

R avMi?ĕb2 #B#HBQ;`�T?B[m2 jR

RXR G2b û+QbvbiĕK2b 2bim�`B2Mb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

RXRXR >v/`QHQ;B2 � ;ûQ;`�T?B2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

RXRXk 1+QHQ;B2 2bim�`B2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd

RXRXj .2b xQM2b HBiiQ`�H2b m`#�MBbû2b X X X X X X X 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

RXRX9 GǶ2bim�B`2 /2 HǶ�/Qm`- /2 HǶ�KQMi ¨ HǶ�p�H- /m #�bbBM p2`b�Mi �m iBbbm m`#�BM X X X X X X 9k

RXk .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû X X X X X X X X X X X X X 8k

RXkXR LQiBQM /2 KB+`QTQHHm�Mi 2i /2 TQHHmiBQM ûK2`;2Mi2 X X X X X X X X X X X X X X X X X X X X 8k

RXkXk G2b ûHûK2Mib i`�+2b Kûi�HHB[m2b U1hJV X X 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

RXkXj G2b +QKTQbûb Q`;�MQKûi�HHB[m2b X X X X X X 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

RXkX9 G2b +QMi�KBM�Mib Q`;�MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

RXkX8 �bT2+ib Hû;BbH�iB7b 2i `û;H2K2Mi�B`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d3

RXj .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M X X X X X X X X X X X X X X X X X 3y

RXjXR GǶû+QHQ;B2 KB+`Q#B2MM2 2i b2b QmiBHb KQHû+mH�B`2b X X X X X X X X X X X X X X X X X X X X X 3y

RXjXk G2b KB+`QQ`;�MBbK2b- /2b �+i2m`b +H27b TQm` H2b û+QbvbiĕK2b �[m�iB[m2b X X X X X X X X X 39

RXjXj G2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M X X X X X X X X X X X X X X X X X X X X 38
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h�#H2 /2b K�iBĕ`2b

RX9 AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M X X X X X X X X X X X X X X X X N8

RX9XR G� TQHHmiBQM , mM 7�+i2m` /2 bi`2bb TQm` H2b +QKKmM�miûb KB+`Q#B2MM2b \ X X X X X X X X N8

RX9Xk LQiBQM /2 #BQ/BbTQMB#BHBiû 2MpB`QMM2K2Mi�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 Nd

RX9Xj .Bzû`2Mi MBp2�mt /ǶBKT�+ib , /2 H� +2HHmH2 ¨ H� +QKKmM�miû X X X X X X X X X X X X X X X N3

RX9X9 hvT2b /2 `ûTQMb2 /ǶmM2 +QKKmM�miû KB+`Q#B2MM2 ¨ mM2 T2`im`#�iBQM X X X X X X X X X NN

RX9X8 PmiBHb /2 K2bm`2 /2b T2`im`#�iBQMb �m b2BM /2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X Ryy

k J�iû`B2H 2i Kûi?Q/2b Ry8

kXR aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry8

kXRXR GǶ2bim�B`2 /2 HǶ�/Qm` 2i bBi2b /2 T`ûHĕp2K2Mib X X X X X X X X X X X X X X X X X X X X X X X Ry8

kXRXk G2b +�KT�;M2b �.Pl_ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3

kXRXj Jûi?Q/2b /2 T`ûHĕp2K2Mi 2i i`�Bi2K2Mi /2b û+?�MiBHHQMb X X X X X X X X X X X X X X X X X RRy

kXk *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` X X X X X X X X X X X X X X X X X X RRe

kXkXR �M�Hvb2b /2b 1hJ 2M A*S@Ja X X X X X X X 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

kXkXk .ûi2`KBM�iBQM /m K2`+m`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR3

kXkXj �M�Hvb2b /2b +QMi�KBM�Mib Q`;�MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X RRN

kXkX9 �M�Hvb2b /2b `ûbB/mb T?�`K�+2miB[m2b 2M G*@JafJa X X X X X X X X X X X X X X X X X X Rkk

kXj *�`�+iû`Bb�iBQM /2 H� /vM�KB[m2 /2 K�iBĕ`2 Q`;�MB[m2 X X X X X X X X X X X X X X X X X X X X X X Rk8

kX9 *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2 X X X Rkd

kX9XR S`ûT�`�iBQM /2b û+?�MiBHHQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkd

kX9Xk �M�Hvb2 /2 ;ĕM2 +Q/�Mi /2 HǶ�_L` Rea X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk3

kX9Xj �M�Hvb2 /2 H� /Bp2`bBiû 7QM+iBQMM2HH2 , H2b Tm+2b ¨ �.L U:2Q+?BTV X X X X X X X X X X X X Rje

kX9X9 *QMbi`m+iBQM 2i �M�Hvb2 /2 `ûb2�mt KB+`Q#B2Mb X X X X X X X X X X X X X X X X X X X X X X Rjd

j .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm` RjN

jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjN

jXk S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2 X X X X X X X R9R

jXkXR G� xQM2 m`#�BM2- bQm`+2 K�D2m`2 /2 +QMi�KBM�iBQM X X X X X X X X X X X X X X X X X X X X R9k
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h�#H2 /2b K�iBĕ`2b

jXkXk o�`B�iBQM bT�iB�H2 /2 HǶ�KQMi ¨ HǶ�p�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9d

jXkXj P++m``2M+2 /2b +QMi�KBM�Mib /�Mb H2 #�b 2bim�B`2 X X X X X X X X X X X X X X X X X X X X X R93

jXj o�`B�#BHBiû b�BbQMMBĕ`2 2i 7�+i2m`b BM~m2MÏ�Mi H2b KB+`QTQHHm�Mib +?BKB[m2b X X X X X X X X X X X R8R

jX9 avMi?ĕb2 /2b /QMMû2b 2i bûH2+iBQM /2b p�`B�#H2b T`û/B+iBp2b X X X X X X X X X X X X X X X X X X X X R8d

jX8 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X 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

9 *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2
/2 HǶ�/Qm` Rej

9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej

9Xk �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ

;2Q+?2KB+�H ;`�/B2Mib �M/ KB+`QTQHHmi�Mib X X X X X X X X X X X X X X X X X X X X X X X X X Re9

�"ah_�*h X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re8

>A:>GA:>ha X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ree

9XkXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ree

9XkXk J�i2`B�H �M/ J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re3

9XkXj _2bmHib �M/ /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 X X X X X Rd8

9XkX9 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RNk

�+FMQrH2/;2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RNj

.�i� �p�BH�#BHBiv ai�i2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RNj

9XkX8 _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN9

amTTH2K2Mi�`v K�i2`B�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRR

9Xj *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkk

8 ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm` kkj

8XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkj

8Xk _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2bim�`B2MM2b X X X X X X X X X X X X X kk8

8XkXR S`2KB2` MBp2�m /2 H2+im`2 , H� /Bp2`bBiû �HT?� X X X X X X X X X X X X X X X X X X X X X X X kk8

8XkXk *QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /2b /2mt 7`�+iBQMb X X X X X X X X X X X X X kkN

8Xj ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` X X X X X X X X X X X X X X X X X X X X kjk

d



h�#H2 /2b K�iBĕ`2b

8XjXR AM~m2M+2 /2 H� b�BbQM 2i /m iBbbm m`#�BM /�Mb H� bi`m+im`�iBQM /2b +QKKmM�miûb KB@
+`Q#B2MM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjk

8XjXk *QMM2+iBpBiû 2Mi`2 H2b KQ/2b /2 pB2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kje

8X9 AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X X X k9k

8X9XR o�`B�#H2b /BbTQMB#H2b TQm` H� +�`�+iû`Bb�iBQM /2b /Bzû`2Mi2b 7`�+iBQMb /2 H� +QKKmM�miû
KB+`Q#B2MM2 /2 HǶ2�m X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9k

8X9Xk S�`�Kĕi`2b K�DQ`Bi�B`2b BM~m2MÏ�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X X X X X X k99

8X8 .Bp2`bBiû 2i bi`m+im`�iBQM 7QM+iBQMM2HH2 /2b +QKKmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2bk8y

8X8XR .Bp2`bBiû /2b 7QM+iBQMb Q#b2`pû2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8y

8X8Xk AM~m2M+2 /2 H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 2i /2 H� b�BbQM X X X X X X X X X X X X X X X X k8j

8Xe *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k88

e *QM+HmbBQM 2i T2`bT2+iBp2b k8d

eXR G2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` X X X X X X X X X X X X X X X X X X X X X X X X X X X k8d

eXk ai`m+im`2 2i +QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X X X X X X X X X X X X X X X X k83

eXj GǶBKT�+i /2b KB+`QTQHHm�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X X X X X X X X X X X X k8N

eX9 GǶBM~m2M+2 /2b ah1l bm` H2b +QKKmM�miûb KB+`Q#B2MM2b X X X X X X X X X X X X X X X X X X X X X keR

eX8 G2b KB+`QQ`;�MBbK2b , /2b #BQBM/B+�i2m`b /2 HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b X X X X X X X X X X keR

eXe S2`bT2+iBp2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kej

�MM2t2b jy8

R �MM2t2 /m +?�TBi`2 kX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy8

k �MM2t2b /m +?�TBi`2 jX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyd

j �MM2t2b /m +?�TBi`2 8X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRN

9 Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkj

8 *QM7û`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkj

e �mi`2b +QKKmMB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk9

d _ûbmKû X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jke

3 �#bi`�+i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkd

3



h�#H2 /2b };m`2b

RXR *H�bbB}+�iBQM ;ûQKQ`T?QHQ;B[m2 /2b 2bim�B`2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X jj

RXk *H�bbB}+�iBQM /2b 2bim�B`2b #�bû2b bm` H� bi`m+im`�iBQM p2`iB+�H2 /2 H� b�HBMBiû KQ/B}û2 /Ƕ�T`ĕb
o�HH2@G2pBMbQM UkyRyVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8

RXj a2+iQ`B�iBQM B/û�H2 /2b 2bim�B`2b /Ƕ�T`ĕb S2`BHHQ URNN8VX X X X X X X X X X X X X X X X X X X X X X X je

RX9 AHHmbi`�iBQM /2 H� p�`Bûiû /2 +QM/BiBQMb TQmp�Mi `ûbmHi2` /2 bi`2bb M�im`2H 2i �Mi?`QTB[m2 /Ƕ�T`ĕb
.�mpBM � _m2HH2i UkyyNVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

RX8 o�`B�iBQM /2 H� /Bp2`bBiû UmMBiû �`#Bi`�B`2V H2 HQM; /ǶmM ;`�/B2Mi /2 b�HBMBiû /Ƕ�T`ĕb oB/�H@
.m`£ 2i �HX- kyR3X G2b xQM2b +QHQ`ûb `2T`ûb2Mi2Mi H2b p�`B�iBQMb /m K�+`Q#2Mi?Qb b2HQM H2
KQ/ĕH2 /2 _2K�M2 URNj9V U/Ƕ�T`ĕb q?Bi7B2H/ 2i �HX- kyRk 2i aF�`H�iQ � h2H2b?- kyRdVX
G2b TQBMiBHHûb B/2MiB[m2Mi H2b p�`B�iBQMb /2b #�+iû`B2b TH�M+iQMB[m2b U>2`H2K�MM 2i �HX- kyRRV
2i /2b T`QiBbi2b TûH�;B[m2b Uh2H2b? 2i �HX- kyRRVX X X X X X X X X X X X X X X X X X X X X X X X X X jN

RXe *�`i2 KQM/B�H2 T`ûb2Mi�Mi H2b xQM2b +QiBĕ`2b U2M ;`�bV bB;MB}+�iBp2K2Mi BKT�+iû2b T�` H2b
�+iBpBiûb ?mK�BM2b /Ƕ�T`ĕb E2MMBb? 2i �HX- kyykX X X X X X X X X X X X X X X X X X X X X X X X X X 9R

RXd *�`i2 /2 H� `û;BQM ?v/`Q;`�T?B[m2 �/Qm` 2i /2 b2b +Qm`b /Ƕ2�m K�D2m`b- `û�HBbû2 bQmb H2 HQ;B+B2H
Z:AaX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

RX3 *�`i2 /m `2;Bbi`2 T�`+2HH�B`2 /2 kyRk /2 H� `û;BQM ?v/`Q;`�T?B[m2 �/Qm` Q#i2Mm2 ¨ T�`iB` /2
H� #�b2 /2 /QMMû2 /m _2;Bbi`2 S�`+2HH�B`2 :`�T?B[m2 U_S:V 2i `û�HBbû2 bQmb H2 HQ;B+B2H Z:AaX 99

RXN *�`i2 /2 H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`- `û�HBbû2 bQmb H2 HQ;B+B2H Z:AaX X X X X X X X X X X X X X 98

RXRy .û#Bi DQm`M�HB2` U�V 2i /û#Bi K2Mbm2H KQv2M U"V /2 HǶ�/Qm` T�` DQm` /2 D�MpB2` kyRe ¨ /û+2K#`2
kyR3 2biBKû /Ƕ�T`ĕb H2b /QMMû2b /2 H� "�M[m2 >u._P U+7X MQi2 T�;2 98VX G2b HB;M2b p2`iB+�H2b
+QMiBMm2b 2i TQBMiBHHû2b BM/B[m2Mi `2bT2+iBp2K2Mi H� KQv2MM2 2i HǶ�KTHBim/2 UKBMBKmK 2i
K�tBKmKV /m /û#Bi DQm`M�HB2` KQv2MX G2b #�``2b /Ƕ2``2m`b +Q``2bTQM/2Mi ¨ HǶû+�`i@ivT2 ¨ H�
KQv2MM2 K2Mbm2HH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e

N



h�#H2 /2b };m`2b

RXRR _ûT�`iBiBQM /2b xQM2b m`#�BM2b bm` H� `û;BQM ?v/`Q;`�T?B[m2 /2 HǶ�/Qm`- +�`i2 `û�HBbû2 bQmb H2
HQ;B+B2H Z:Aa X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

RXRk aBi2b TQHHmûb- ûi�#HBbb2K2Mi `2/2p�#H2 /2 `2D2i 2i ah1l bm` H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`X G�
ah1l /2 h�`MQb MǶ2bi T�b pBbB#H2 bm` +2ii2 `2T`ûb2Mi�iBQMX X X X X X X X X X X X X X X X X X X X X 9N

RXRj ai`m+im`2 KQHû+mH�B`2 /2b S*"X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

RXR9 �`#`2 T?vHQ;ûMûiB[m2 bBKTHB}û- #�bû bm` H2b bû[m2M+2b /Ƕ�_L `B#QbQKB[m2 - `2T`ûb2Mi�Mi H2b
i`QBb /QK�BM2b /m pBp�Mi /Ƕ�T`ĕb S�+2 UkyyeVX X X X X X X X X X X X X X X X X X X X X X X X X X X 3R

RXR8 6`Bb2 +?`QMQHQ;B[m2 /2b ûpĕM2K2Mib K�D2m`b +QMbiBim�Mi H� `ûpQHmiBQM /2b L:aX X X X X X X X X 3k

RXRe a+?ûK� /2 H� #Qm+H2 KB+`Q#B2MM2 i2HH2b [m2 /û+`Bi2 T�` �x�K 2i �HX- RN3j U2M MQB`V- �BMbB [m2
H2b �//BiBQMb bm++2bbBp2b U2M #H2mV /Ƕ�T`ĕb 62M+?2H Ukyy3VX X X X X X X X X X X X X X X X X X X X 38

RXRd a+?ûK� /2b T?vHmKb #�+iû`B2Mb H2b THmb 7`û[m2KK2Mi B/2MiB}ûb 2M KBHB2m 2bim�`B2MX X X X X X X 3e

RXR3 a+?ûK� /2b T?vHmKb #�+iû`B2Mb H2b THmb 7`û[m2KK2Mi B/2MiB}ûb 2M KBHB2m 2bim�`B2MX X X X X X X 3N

RXRN AHHmbi`�iBQM /2b HBKBi2b 2KTHQvû2b /�Mb H� HBiiû`�im`2 b+B2MiB}[m2 �}M /2 /BbbQ+B2` H2b KB+`QQ`@
;�MBK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U2M p2`iV 2i H2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b
U2M `Qm;2VX G2b HB;M2b 2M TQBMiBHHû2b BM/B[m2Mi [mǶ�m+mM2 HBKBi2 bmTû`B2m`2 ¨ H� 7`�+iBQM MǶ2bi
T`û+Bbû2X X X X X X X X X X X X X X X X X X X X X X X X X 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

RXky AHHmbi`�iBQM /2 HǶBKT�+i TQi2MiB2H /ǶmM2 T2`im`#�iBQM bm` H� +QKTQbBiBQM /ǶmM2 +QKKmM�miû
KB+`Q#B2MM2 2ifQm H2b +�T�+Biûb û+QbvbiûKB[m2b /Ƕ�T`ĕb �HHBbQM � J�`iBMv Ukyy3VX X X X X X RyR

RXkR _2T`ûb2Mi�iBQM b+?ûK�iB[m2 /2 H� /Bp2`bBiû �HT?� UpBQH2i- p2`i Qm #H2mV- #āi� UTQBMiBHHû MQB`V
2i ;�KK� U;`BbV /Ƕ�T`ĕb wBM;2` 2i �HX- kyRkX X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryk

kXR *�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b /Ƕû+?�MiBHHQMM�;2 H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm` BM/B[m�Mi
H2b bBi2b /2 T`ûHĕp2K2Mib /Ƕ2�m U�V 2i H2b bBi2b /2 T`ûHĕp2K2Mib /2 bû/BK2Mi U"VX X X X X X X X X Rye

kXk S?QiQ;`�T?B2b /2b bBi2b /2 T`ûHĕp2K2Mib Ŀ �KQMi ŀX G2b H2ii`2b a BM/B[m2Mi [m2 H2b T`ûHĕp2@
K2Mib bQMi /2 M�im`2b bû/BK2Mi�B`2b- 2i 1 [mǶBH bǶ�;Bi /2 T`ûHĕp2K2Mib /Ƕ2�mX X X X X X X X X X Ryd

kXj S?QiQ;`�T?B2b /2b bBi2b /2 T`ûHĕp2K2Mib Ŀ l`#�BM ŀX G2b H2ii`2b a BM/B[m2Mi [m2 H2b T`ûHĕp2@
K2Mib bQMi /2 M�im`2b bû/BK2Mi�B`2b- 2i 1 [mǶBH bǶ�;Bi /2 T`ûHĕp2K2Mib /Ƕ2�mX X X X X X X X X X Ry3

kX9 .û#Bi ~mpB�H 2biBKû U2M KjXb@RV /Ƕ�T`ĕb H2b /QMMû2b /2 H� #�M[m2 >u._P U+7X MQi2 T�;2
9jV 2Mi`2 kyRe 2i kyR3 U�V 2i 2M xQQK�Mi bm` H2b i`QBb Tû`BQ/2b /Ƕû+?�MiBHHQMM�;2b- �.R �m
T`BMi2KTb U"V- �.k 2M ûiû U*V 2i �.j 2M ?Bp2` U.VX 1M p2`i- `Qb2 2i D�mM2 bQMi `2bT2+iBp2K2Mi
BM/B[mûb H2b Tû`BQ/2b /Ƕû+?�MiBHHQMM�;2b /2b +�KT�;M2b �.R- �.k 2i �.jX S�` mM i`�Bi 2M ;`�b
2i 2M TQBMiBHHû- bQMi `2bT2+iBp2K2Mi BM/B[mûb H2b p�H2m`b KQv2MM2b 2i KBMBKmKbfK�tBKmKb
/m /û#Bi 2biBKû 2M �p�H /2 H� +QM~m2M+2 U�/Qm` 2i LBp2VX X X X X X X X X X X X X X X X X X X X X RyN

Ry



h�#H2 /2b };m`2b

kX8 a+?ûK� /m /BbTQbBiB7 /2 }Hi`�iBQM 2i /2 T`ûT�`�iBQM /2b û+?�MiBHHQMb /Ƕ2�mt U7`�+iBQM iQi�H2 2i
/BbbQmi2V U�V 2i H� K�iBĕ`2 2M bmbT2Mb2MbBQM UJ1aV U"V TQm` HǶ�M�Hvb2 /2b 1hJX X X X X X X X RRk

kXe a+?ûK� /m /BbTQbBiB7 /2 }Hi`�iBQM 2i /2 T`ûT�`�iBQM /2b û+?�MiBHHQMb /Ƕ2�mt U7`�+iBQM iQi�H2 2i
/BbbQmi2V TQm` HǶ�M�Hvb2 /2b +QMi�KBM�Mib Q`;�MB[m2b T�` bBi2X X X X X X X X X X X X X X X X X X X RRj

kXd S?QiQ;`�T?B2 Hû;2M/û2 /m /BbTQbB7 /2 }Hi`�iBQMb bm` j 2i y-kk ƒK /2b û+?�MiBHHQMb BM bBim H2b
T`ûHĕp2K2Mi KB+`Q#BQHQ;B[m2b /2b 2�mtX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR8

kX3 AHHmbi`�iBQM /2b }Hi`2b /2 j ƒK /2 TQ`QbBiû U�V 2i /2b ai2`Bp2thJ U"VX X X X X X X X X X X X X X Rkd

kXN AHHmbi`�iBQM /2 HǶûi�T2 /2 Hvb2 Kû+�MB[m2 T�` pB#`Q#`Qv�;2X X X X X X X X X X X X X X X X X X X X X Rk3

kXRy _2T`ûb2Mi�iBQM b+?ûK�iB[m2 /2b �Hi2`M�M+2b /2 bû[m2M+2b +QMb2`pû2b 2i ?vT2`p�`B�#H2b /�Mb
H2b ;ĕM2b +Q/�Mi TQm` HǶ�_L` ReaX G2b `û;BQMb bQMi TQbBiBQMMû2b /Ƕ�T`ĕb H2m` 2KTH�+2K2Mi H2
HQM; /2 HǶ�.L Rea TQm` 1b+?2`B+?B� +QHB /Ƕ�T`ĕb "`QbBmb 2i �HX- RNd3X X X X X X X X X X X X X X RkN

kXRR *�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b +QMb2`pûb TQm` HǶ�M�Hvb2 7QM+iBQMM2HH2 U:2Q+?BTV /2b +QKKm@
M�miûb KB+`Q#B2MM2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjd

jXR >2�iK�Tb /2b +QM+2Mi`�iBQMb +2Mi`û2b `û/mBi2b 2M +QMi�KBM�Mib Q`;�MB[m2b ûK2`;2Mib /�Mb H2b
2�mt TQm` /�Mb H2b 2�mt #`mi2b U�V- H� 7`�+iBQM /BbbQmi2 U"V 2i H2b +QM+2Mi`�iBQMb 2M `ûbB/mb
T?�`K�+2miB[m2b U*V /�Mb H2b 2�mt TQm` H� 7`�+iBQM /BbbQmi2X X X X X X X X X X X X X X X X X X X R9j

jXk >2�iK�Tb /2b +QM+2Mi`�iBQMb +2Mi`û2b `û/mBi2b 2M +QMi�KBM�Mib Q`;�MB[m2b T`BQ`Bi�B`2b 2i
ûK2`;2Mib /�Mb H2b bû/BK2Mib 2bim�`B2MbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R98

jXj *QM+2Mi`�iBQMb UM;XG@RV 2M �MiB#BQiB[m2b /�Mb H� 7`�+iBQM /BbbQmi2 /2b 2�mt /2 HǶ2bim�B`2 /2
HǶ�/Qm`X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9e

jX9 *QM+2Mi`�iBQMb Uƒ;XF;@RV /2 bû/Xb2+b 2M �MiB#BQiB[m2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`X 2b �MiB#BQiB[m2b /QMi H� bQKK2 iQi�H2 /2b +QM+2Mi`�iBQMb 2bi BM7û`B2m`2 ¨ R ƒ;XF;@R /2
bû/Xb2+b QMi ûiû 2t+Hmb /2 +2ii2 `2T`ûb2Mi�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 R9d

jX8 "QtTHQi /2b +QM+2Mi`�iBQMb Uƒ;X;@RV 2M Kûi�mt /�Mb H2b bû/BK2Mib 2M 7QM+iBQM /m TQbBiBQMM2@
K2Mi �KQMif�p�HX G2b p�H2m`b bQMi `2T`ûb2Miû2b 2M 7QM+iBQM /2 /Bzû`2Mi2b ;�KK2b /2 +QM+2M@
i`�iBQMb �HH�Mi /2 y ¨ Ry ƒ;X;@R U�V- /2 y ¨ ey ƒ;X;@R U"V 2i /2 y ¨ d8y ƒ;X;@R U*VX X X X X X X X R93

jXe aQKK2 /2b +QM+2Mi`�iBQMb UM;XG@RV 2M >�S U�V 2i 2M S*" U"V /�Mb HǶ2�m /2 HǶ2bim�B`2 /2
HǶ�/Qm` T�` bBi2 2i T�` +�KT�;M2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9N

jXd Jû/B�M2 2i ;�KK2 /2b +QM+2Mi`�iBQMb T�` +�iû;Q`B2 T�` +�KT�;M2 /�Mb H2b bû/BK2Mib U�V 2i
/�Mb HǶ2�m TQm` H2b 7`�+iBQMb iQi�H2 U"V Qm /BbbQmi2 U*VX X X X X X X X X X X X X X X X X X X X X X R8k

RR



h�#H2 /2b };m`2b

jX3 �*S /2b KB+`QTQHHm�Mib /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b p�`B�#H2b BM/B[mû2b T�`
/2b �#`ûpB�iBQMb +Q``2bTQM/2Mi ¨ , HǶ�MiBKQBM2 Ua#V- HǶ�`b2MB+ U�bV- HǶûi�BM UaMV- H2 MB+F2H ULBV- H2 K�M;�Mĕb2

UJMV- H2 KQHv#/ĕM2 UJQV- H2 bûHûMBmK Ua2V- H2 xBM+ UwMV- hP* UTQm`+2Mi�;2 /2 +�`#QM2 Q`;�MB[m2 /�Mb H2b

bû/BK2MibV- ᇂRj* U`�TTQ`i /2b BbQiQT2b bi�#H2b /m +�`#QM2 , Rj*fRk*V 2i *fL U`�TTQ`i +�`#QM2f�xQi2V bQMi

/2b bB;M�im`2b /2b bQm`+2b /2 H� JP UK�iBĕ`2 Q`;�MB[m2V- BHb T2`K2ii2Mi /2 /Bb+`BKBM2` H2b bQm`+2b /2 H� JP 2i

H� 7`�+iBQM I 8y ƒK +Q``2bTQM/ ¨ H� bQKK2 /2b TQm`+2Mi�;2b /2 H� /Bbi`B#miBQM ;`�MmHQKûi`B[m2 /2b +H�bb2b /2

i�BHH2 BM7û`B2m`2b ¨ 8y ƒK- bQBi HǶ�`;BH2 2i H2 HBKQMX G2b Kûi�mt bQMi MQ`K�HBbûb T�` H� +QM+2Mi`�iBQM 2M i?Q`BmKX

G2b Kûi�mt 2i H� 7`�+iBQM I 8y ƒK UBM/B+�i2m` /2 H� ;`�MmHQKûi`B2V +Q``2bTQM/2Mi ¨ H� KQv2MM2 /2b i`BTHB+�ib

T�` bBi2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R89

jXN �*S /2b KB+`QTQHHm�Mib /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b p�`B�#H2b BM/B[mû2b T�` /2b �#`û@
pB�iBQMb +Q``2bTQM/2Mi ¨ , HǶ�MiBKQBM2 Ua#V- H2 +�/KBmK U*/V- HǶûi�BM UaMV- H2 KQMQKûi?vHK2`+m`2 UJJ>;V- H2

K2`+m`2 BMQ`;�MB[m2 UA>;V- H2 KQHv#/ĕM2 UJQV- H2 i?Q`BmK Uh?V- H2 xBM+ UwMV- H� bQKK2 2M TQHv+?HQ`Q#BT?ûMvH2b

U௴S*"V- H2 +ûH2biQHB/2 U�."AV H2 iQM�HB/2 U�>hLV- H2 ;�H�tQHB/2 U>>*"V- H2 ;�H�tQHB/2 H�+iQM2 U>>*"@GV- H2

Kmb+ +ûiQM2 UJEV- Q+iQ+`vHĕM2 UP*V- H� bQKK2 2M Kmb+b U௴Kmb+bV- H� bQKK2 2M T2biB+B/2b U௴T2biB+B/2bV- H�

bQKK2 /2b MQMvHT?ûMQHb U௴LSV bQBi H� bQKK2 /m MQMvHT?ûMQH ULSV- /m MQMvHT?ûMQH KQMQûi?QtvHû ULS1PRV

2i /m MQMvHT?ûMQH /Bûi?QtvHû ULS1PkV- H� bQKK2 2M �HFvHT?ûMQHb U௴�SV- H� bQKK2 2M }Hi`2b lo U௴loV- H�

bQKK2 /2b `ûbB/mb T?�`K�+2miB[m2b U௴ T?�`K�+2miB[m2bV- H� +QM+2Mi`�iBQM 2M K�iBĕ`2 2M bmbT2MbBQM UJ1aV-

H� +QM+2Mi`�iBQM 2M +�`#QM2 iQi�H Uh*V- H� bQKK2 /2 HǶ�xQi2 BMQ`;�MB[m2 U௴ LBMQ`;�MB[m2 +Q``2bTQM/�Mi ¨ H�

bQKK2 /2b MBi`�i2b ULPj
@V- /2b MBi`Bi2b ULPk

@V 2i /2b �KKQMBmKb UL>9
YV- H� bBHB+2 /BbbQmi2 UaBUP>V9V- H2b

bmH7�i2b UaP9
k@V- H2 `�TTQ`i *fh- mM BM/B+2 /2 H� ~mQ`2b+2M+2 k. /2 H� K�iBĕ`2 Q`;�MB[m2 /BbbQmi2 +?`QKQ@

T?Q`B[m2 U*.PJVX SQm` +2b �M�Hvb2b- H2b +QM+2Mi`�iBQMb bQMi #`mi2b UMQM MQ`K�HBbû2b 2i MQM KQv2MMû2b T�`

bBi2VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R88

jXRy J�i`B+2 /2 +Q``ûH�iBQM /2 S2�`bQM /2b Kûi�mt +Q``B;ûb T�` H2b +QM+2Mi`�iBQMb 2M i?Q`BmK Uh?V
/�Mb H2b bû/BK2Mib- �p�Mi U�V 2i �T`ĕb bmTT`2bbBQM /2b p�`B�#H2b +QHBMû�B`2b U"VX X X X X X X X X R8d

jXRR o�H2m`b /m K@1_J@Z Q#i2Mm2b TQm` H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`X X X X X X X X X X R8N

9XR a�KTHBM; �`2� �M/ bBi2 HQ+�iBQM �HQM; i?2 �/Qm` 1bim�`vX aBi2b r2`2 B/2MiB}2/ #v
MmK#2`b �M/ +QHQ`bX a?�T2b BM/B+�i2/ bBi2 TQbBiBQM �HQM; i?2 2bim�`v- U஼V mTbi`2�K- UொV
KB//H2 �M/ UூV /QrMbi`2�KX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ReN

9Xk S?vbB+Q@+?2KB+�H bBi2b bi`m+im`�iBQMX S`BM+BT�H +QKTQM2Mi �M�HvbBb US*�V THQi 7Q` bBi2b
U�V- /BbiBM+i #v b�KTHBM; b2�bQM �M/ bBi2 TQbBiBQM- �M/ p�`B�#H2b- U"V BM+Hm/BM; K2i�Hb U`2/V-
T?�`K�+2miB+�Hb UTm`TH2V �M/ ;2Q+?2KB+�H T�`�K2i2`b U#Hm2V +QM+2Mi`�iBQMb �M/ �#BQiB+ T�@
`�K2i2`b p�Hm2b U#H�+FVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rde

Rk



h�#H2 /2b };m`2b

9Xj JB+`Q#B�H +QKKmMBiv +QKTQbBiBQMX _2H�iBp2 �#mM/�M+2 U�p2`�;2 Q7 i?`22 `2THB+�i2bV Q7
/QKBM�Mi KB+`Q#B�H ;`QmTb UT?vHmK- +H�bb Q` Q`/2`V Q#b2`p2/ #v bBi2 �M/ b2�bQM BM �/Qm`
1bim�`v b2/BK2MiX L�- MQi �bbB;M2/ b2[m2M+2b c Pi?2`- ;`QmTb MQi �bbB;M2/ b2[m2M+2b �M/
i�t� rBi? �#mM/�M+2 #2HQr yXkW 7Q` T?vHmKb �M/ +H�bb2b �M/ RW 7Q` Q`/2`bX X X X X X X X X X Rd3

9X9 *QKT�`BbQM Q7 KB+`Q#B�H +QKKmMBiv +QKTQbBiBQMX �V >B2`�`+?B+�H +Hmbi2`BM; #�b2/ QM
"`�v@*m`iBb /BbbBKBH�`Biv +QKTmi2/ QM �aob +QKTQbBiBQM mbBM; i?2 q�`/ .k HBMF�;2 K2i?Q/X
h?2 �M�HvbBb r�b T2`7Q`K2/ QM i?2 �p2`�;2 Q7 i?`22 `2THB+�i2bX h?2 7Qm` ;`QmTb r2`2 /2i2`KB@
M2/ �++Q`/BM; iQ i?2 2tTH�BM2/ BM2`iB� U3jW rBi? 7Qm` ;`QmTbVX h?2 b2�bQMb �`2 B/2MiB}2/ #v
+QHQm`b , bT`BM; U;`22MV- bmKK2` UTBMFV �M/ rBMi2` Uv2HHQrVX "V LJ.a b?QrBM; F@K2�Mb +Hmb@
i2`b- #�b2/ QM i?2 "`�v@*m`iBb /Bbi�M+2b rBi? b�KTH2b TQQH2/ #v bBi2 UrBi?Qmi i�FBM; �++QmMi
iQ i?2 b2�bQMVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3R

9X8 *Q``2H�iBQMb #2ir22M KB+`Q#B�H +QKKmMBiv bi`m+im`2b U;2Mmb H2p2HV rBi? i?2 2M@
pB`QMK2Mi�H +?2KB+�H T�`�K2i2`b #v +�MQMB+�H +Q``2bTQM/2M+2 �M�HvbBb U**�VX
h?2 bBi2b- i?2 +?2KB+�Hb U�``QrbV- �M/ i?2 �aob �i i?2 ;2Mmb H2p2H U;`2v TQBMibV �`2 THQii2/X
h?2 #�+i2`B�H ;2M2`� /Bb+mbb2/ BM i?2 i2ti �`2 b?QrM BM `2/X X X X X X X X X X X X X X X X X X X X R38

9Xe �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2irQ`F �M�HvbBbX U�V :HQ#�H M2irQ`F `2@
T`2b2Mi�iBQM r?2`2 2�+? MQ/2 +Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2
MQ/2 #2ir22MM2bbX L2irQ`Fb �`2 +QHQ`2/ �++Q`/BM; iQ T?vHmK U�RV r?2`2 L� /2bB@
;M�i2/ MQi �bbB;M2/ b2[m2M+2b �M/ Pi?2`- �ao MQi �bbB;M2/ b2[m2M+2b �M/ T?vHmKb
rBi? �#mM/�M+2 #2HQr RW Q` U�kV KQ/mH2b- r?2`2 KQ/mH2b bB;MB}+�MiHv TQbBiBp2Hv
+Q``2H�i2/ rBi? 2MpB`QMK2Mi�H T�`�K2i2`b b2H2+i2/ �`2 B/2MiB}2/ BM +QHQ`b �M/ Pi?2`b
/2bB;M2/ MQ/2b r?QK /Q2b MQi #2HQM; iQ i?2b2 KQ/mH2bX U"V >2�iK�T Q7 +Q``2H�iBQM
#2ir22M KQ/mH2b �M/ 2MpB`QMK2Mi�H p�`B�#H2b BM/B+�iBM; aT2�`K�M +Q``2H�iBQM p�Hm2b
UT@p�Hm2VX PMHv +Q``2H�iBQM rBi? T@p�Hm2 ?B;?2` Q` 2[m�H iQ yXy8 r2`2 `2T`2b2Mi2/X U*V
�/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b KQ/mH2b `2T`2b2Mi�iBQMX oBbm�HBx�iBQM Q7 b2@
H2+i2/ KQ/mH2b +Q``2H�i2/ iQ i`BK2i?QT`BK �M/ QtQHBMB+ �+B/ U*RV- iQ JM U*kV �M/
iQ �b U*jV BHHmbi`�iBM; �aob rBi?BM 2�+? KQ/mH2 �M/ i?2B` BMi2`�+iBQMbX 1�+? MQ/2
+Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX JQ/mH2b
�`2 B/2MiB}2/ #v +QHQ`b �++Q`/BM; iQ i?2 H2;2M/ BM U�kVX 6Q` � #2ii2` `2bQHmiBQM p2`bBQM
Q7 i?2 6B;X- b22 6B;X ak 7Q` U�RV �M/ U�kV �M/ 6B;X aj 7Q` U*RV- U*kV �M/ U*jVX X X X X R3e

aR JB+`Q#B�H /Bp2`bBivX _�`27�+iBQM +m`p2 b2/BK2Mi b�KTH2b bQ`i2/ #v b�KTHBM; +�KT�B;MX
*QHQ`b �M/ HBM2 bivH2 UbQHB/- /�b?2/ Q` /Qii2/V BM/B+�i2/ `2bT2+iBp2Hv b�KTHBM; bBi2 �M/ bBi2
`2THB+�X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRe

Rj
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ak :HQ#�H �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2irQ`F `2T`2b2Mi�iBQMX 1�+? MQ/2
+Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX L2irQ`Fb �`2 +QHQ@
`2/ �++Q`/BM; iQ T?vHmK U�RV r?2`2 L� /2bB;M�i2/ MQi �bbB;M2/ b2[m2M+2b �M/ Pi?2`- �ao
MQi �bbB;M2/ b2[m2M+2b �M/ T?vHmKb rBi? �#mM/�M+2 #2HQr RW Q` U�kV KQ/mH2b- r?2`2 KQ@
/mH2b bB;MB}+�MiHv TQbBiBp2Hv +Q``2H�i2/ rBi? 2MpB`QMK2Mi�H T�`�K2i2`b b2H2+i2/ �`2 B/2MiB}2/
BM +QHQ`b �M/ Pi?2`b /2bB;M2/ MQ/2b r?QK /Q2b MQi #2HQM; iQ i?2b2 KQ/mH2bX X X X X X X X X X kky

aj �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b KQ/mH2b `2T`2b2Mi�iBQMX oBbm�HBx�iBQM Q7
b2H2+i2/ KQ/mH2b +Q``2H�i2/ iQ i`BK2i?QT`BK �M/ QtQHBMB+ �+B/ U*RV- iQ JM U*kV �M/ iQ �b
U*jV BHHmbi`�iBM; �aob rBi?BM 2�+? KQ/mH2 �M/ i?2B`b BMi2`�+iBQMbX 1�+? MQ/2 +Q``2bTQM/b iQ
�M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX JQ/mH2b �`2 B/2MiB}2/ #v +QHQ`b
r?2`2 KQ/mH2 R- e- R8- Ry- 3- RR- �M/ Re r2`2 `2bT2+iBp2Hv `2/- Q`�M;2- TBMF- ;`22M- +v�M- HB;?i
#Hm2 �M/ `Qv�H #Hm2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkR

8XR J2bm`2 /2 /Bp2`bBiû /�Mb H2b +QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�VX o�H2m`b-
KQv2MM2 U਻ û+�`i@ivT2V- /m MQK#`2 /2 bû[m2M+2b- /2 H� `B+?2bb2 2i /2b BM/B+2b /2 /Bp2`bBiû
/�Mb H2b û+?�MiBHHQMb U�V- 2i `2T`ûb2Mi�iBQM ;`�T?B[m2 U#QtTHQiV /2 HǶûpQHmiBQM /2b p�H2m`b /2b
BM/B+2b /2 /Bp2`bBiû H2 HQM; /2 HǶ2bim�B`2 U"VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkd

8Xk J2bm`2 /2 /Bp2`bBiû /�Mb H2b +QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GVX
o�H2m`b- KQv2MM2 U਻ û+�`i@ivT2V- /m MQK#`2 /2 bû[m2M+2b- /2 H� `B+?2bb2 2i /2b BM/B+2b /2
/Bp2`bBiû /�Mb H2b û+?�MiBHHQMb U�V- 2i `2T`ûb2Mi�iBQM ;`�T?B[m2 U#QtTHQiV /2 HǶûpQHmiBQM /2b
p�H2m`b /2b BM/B+2b /2 /Bp2`bBiû H2 HQM; /2 HǶ2bim�B`2 U"VX X X X X X X X X X X X X X X X X X X X X X kk3

8Xj �#QM/�M+2 `2H�iBp2 UWV /2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b U� , S�V 2i /2b KB+`QQ`@
;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U" , 6GVX G2b bBi2b +Q``2bTQM/2Mi ¨ H� KQv2MM2 /2 i`QBb
`ûTHB+�ib 2i H2b �#QM/�M+2b QMi ûiû }Hi`û2b ¨ y-kW TQm` H2b T?vHmKb 2i RW TQm` H2b ;`QmT2b
BM7û`B2m`b �mt T?vHmKbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjy

8X9 �#QM/�M+2 `2H�iBp2 UWV /2b ;2M`2b KB+`Q#B2Mb �bbQ+B�#H2 ¨ HǶû+QbvbiĕK2 K�`BM /�Mb H2b 2�mt
/2 HǶ2bim�B`2 /2 HǶ�/Qm` TQm` H2b 7`�+iBQMb /2 KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b U� ,
S�V 2i /2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U" , 6GVX G2b bBi2b +Q``2bTQM/2Mi ¨
H� KQv2MM2 /2 i`QBb `ûTHB+�ibX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjR

R9
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8X8 *QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�VX .2M/`Q;`�KK2 U�V /2 H�
+H�bbB}+�iBQM ?Bû`�`+?B[m2 �b+2M/�Mi2 /2b bBi2b UKQv2MM2 /2b `ûTHB+�ibV `û�HBbû T�` H� Kûi?Q/2
/2b q�`/ bm` H2b /Bbi�M+2b /2 "`�v@*m`iBb K2bm`û2b ¨ T�`iB` /2 H� +QKTQbBiBQM 2M �aoX G2b
[m�i`2 ;`QmT2b QMi ûiû /ûi2`KBMûb /Ƕ�T`ĕb HǶûpQHmiBQM /m TQm`+2Mi�;2 /ǶBM2`iB2 2tTHB[mû2 U3eW
TQm` [m�i`2 ;`QmT2bVX G2b b�BbQMb bQMi /BbiBM;mû2b T�` /2b +QmH2m`b , T`BMi2KTb Up2`iV- ûiû
U`Qb2V 2i ?Bp2` UD�mM2VX LJ.a U"V #�bû2 bm` H� /Bbi�M+2 /2 "`�v@*m`iBb /2b bBi2b KQv2MMûb
T�` b�BbQMbX G2b ;`QmT2K2Mib BHHmbi`ûb T�` H2b xQM2b ;`Bbû2b bQMi /û}MBb T�` H� Kûi?Q/2 /2
+H�bbB}+�iBQM /2b Mmû2b /vM�KB[m2b UF@K2�MbVX G2 bBi2 e T`ûb2Mi2 mM2 p�H2m` /2 /BbbBKBH�`Biû
U"`�v@*m`iBbV i`QT BKTQ`i�Mi2 TQm` āi`2 `2T`ûb2Miû ;`�T?B[m2K2Mi- BH � ûiû 2t+Hm /2 +2ii2
`2T`ûb2Mi�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 X X X X X X X X X X X X X X X X kjj

8Xe *QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GVX LJ.a #�bû2 bm` H�
/Bbi�M+2 /2 "`�v@*m`iBb /2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` TQm` H2b 7`�+iBQMb HB#`2b /�Mb H�
+QHQMM2 /Ƕ2�mX G2b ;`QmT2K2Mib BHHmbi`ûb T�` H2b xQM2b ;`Bbû2b bQMi /û}MBb T�` H� Kûi?Q/2 /2
+H�bbB}+�iBQM /2b Mmû2b /vM�KB[m2b UF@K2�MbVX X X X X X X X X X X X X X X X X X X X X X X X X X X kj8

8Xd S�`iBiBQM 2i p�H2m`b /2 H� /Bp2`bBiû #āi� UBM/B+2 /2 bBKBHBim/2 /2 C�++�`/ ᅬC�++V 2Mi`2 H2b
/Bzû`2Mib KQ/2b /2 pB2 US� 2i 6GV �m b2BM /2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2i 2M 7QM+iBQM /2
H� b�BbQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjd

8X3 _ûb2�m /2 +Q@Q++m`2M+2 /2b +QKKmM�miûb KB+`Q#B2MM2b U6GYS�V /2 HǶ2bim�B`2 /2 HǶ�/Qm` U�VX
*?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m` /2 H�
+2Mi`�HBiû BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb 8 Mƾm/bX
G2 MBp2�m i�tQMQKB[m2 H2 THmb T`û+Bb 2bi BM/B[mû TQm` +?�[m2 Mƾm/X �#QM/�M+2 `2H�iBp2 UWV
/2b �ao +Q``2bTQM/�Mib �mt MQ2m/b /m KQ/mH2 R U"V 2i /m KQ/mH2 8 U*VX X X X X X X X X X X X kjN

8XN >2�iK�T /2 H� +Q``ûH�iBQM /2 S2�`bQM 2Mi`2 H2b /Bzû`2Mi2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bûH2+@
iBQMMû2b TQm` H2b /Bzû`2Mi2b 7`�+iBQMb �ii�+?û2b U� , S�V 2i HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U" ,
6GVX G� +QmH2m` 2i H� i�BHH2 /2b +2`+H2b bQMi T`QTQ`iBQMM2HH2b �m +Q2{+B2Mi /2 +Q``ûH�iBQM /2
S2�`bQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9j

8XRy _ûb2�m KB+`Q#B2M /2 +Q@Q++m`2M+2 /2 H� 7`�+iBQM S� U�V /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
*?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m`
/2 H� +2Mi`�HBiû BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb
8 Mƾm/bX >2�iK�T U"V /2 H� +Q``ûH�iBQM /2 aT2�`K�M 2Mi`2 H2b KQ/mH2b 2i H2b T�`�Kĕi`2b
2MpB`QMM2K2Mi�mt bûH2+iBQMMûbX a2mH2b H2b +Q``ûH�iBQMb T`ûb2Mi�Mi mM2 T@p�Hm2 UBM/B[mû2 2Mi`2
T�`2Mi?ĕb2bV bmTû`B2m`2b Qm û;�H2 ¨ y-y8 bQMi `2T`ûb2Miû2bX X X X X X X X X X X X X X X X X X X X X k9d

R8



h�#H2 /2b };m`2b

8XRR _ûb2�m KB+`Q#B2M /2 +Q@Q++m`2M+2 /2 H� 7`�+iBQM 6G U�V /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
*?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m`
/2 H� +2Mi`�HBiû BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb
8 Mƾm/bX >2�iK�T U"V /2 H� +Q``ûH�iBQM /2 aT2�`K�M 2Mi`2 H2b KQ/mH2b 2i H2b T�`�Kĕi`2b
2MpB`QMM2K2Mi�mt bûH2+iBQMMûbX a2mH2b H2b +Q``ûH�iBQMb T`ûb2Mi�Mi mM2 T@p�Hm2 UBM/B[mû2 2Mi`2
T�`2Mi?ĕb2bV bmTû`B2m`2b Qm û;�H2 ¨ y-y8 bQMi `2T`ûb2Miû2bX X X X X X X X X X X X X X X X X X X X X k93

8XRk �#QM/�M+2b `2H�iBp2b /2b +�iû;Q`B2b 2i bQmb@+�iû;Q`B2b /2 ;ĕM2b T�` bBi2 /�Mb H2b 2�mt U7`�+iBQM
T�`iB+mH�B`2V- Q#i2Mm2b ¨ T�`iB` /2b �M�Hvb2b /2 :2Q+?BT URfkVX X X X X X X X X X X X X X X X X X X k8R

8XRj �#QM/�M+2b `2H�iBp2b /2b +�iû;Q`B2b 2i bQmb@+�iû;Q`B2b /2 ;ĕM2b T�` bBi2 /�Mb H2b 2�mt U7`�+iBQM
T�`iB+mH�B`2V- Q#i2Mm2b ¨ T�`iB` /2b �M�Hvb2b /2 :2Q+?BT UkfkV X X X X X X X X X X X X X X X X X X k8k

8XR9 >2�iK�T /2 HǶBM/B+2 /2 /BbbBKBH�`Biû U"`�v@*m`iBbV 2Mi`2 bBi2b +�H+mHû2 ¨ T�`iB` /m T`Q}H /Ƕ�#QM@
/�M+2 /2b ;ĕM2b /ûi2+iûb T�` H2b Tm+2b ¨ �.L U;2Q+?BTVX X X X X X X X X X X X X X X X X X X X X X k89

�kXR 1pQHmiBQM /2 H� b�HBMBiû U�V- /2 H� i2KTû`�im`2 /2 HǶ2�m U"V 2i /m +Q2{+B2Mi /2 K�`û2 U*V
/�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` �m +Qm`b /2 HǶû+?�MiBHHQMM�;2X G2b +QmH2m`b /2b #�`b /2
HǶ?BbiQ;`�KK2 +Q``2bTQM/2Mi �mt +�iû;Q`B2b /2 TQbBiBQM /2b bBi2b /2 T`ûHĕp2K2MiX X X X X X X X jye

�jXR .B�;`�KK2 /2 o2MM /2b +�iû;Q`B2b /2 bm#bi�M+2b Qm bm#bi�M+2b [m�MiB}û2b /�Mb H2b bû/BK2Mib
UmMB[m2K2MiV Qm /�Mb HǶ2�m UmMB[m2K2MiV Qm H2b /2mtX X X X X X X X X X X X X X X X X X X X X X X jy3

�kXk 6`û[m2M+2 /2 [m�MiB}+�iBQM /2b +QMi�KBM�Mib +?BKB[m2b TQm` H2b 2�mt #`mi2b U�V 2i H�
7`�+iBQM /BbbQmi2 U"VX a2mHb H2b +QMi�KBM�Mib T`ûb2Mi�Mi mM2 7`û[m2M+2 /2 [m�MiB}+�iBQM
bmTû`B2m`2 Qm û;�H2 ¨ y-k bQMi BHHmbi`ûb B+BX G2b +QmH2m`b BM/B[m2Mi H� +H�bb2 /2 +QMi�KBM�Mib ¨
H�[m2HH2 H� bm#bi�M+2 2bi `�ii�+?û2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyN

�kXj 6`û[m2M+2 /2 /ûi2+iBQM /2b +QMi�KBM�Mib +?BKB[m2b /�Mb H2b bû/BK2MibX a2mHb H2b +QMi�KB@
M�Mib T`ûb2Mi�Mi mM2 7`û[m2M+2 /2 /ûi2+iBQM bmTû`B2m`2 Qm û;�H2 ¨ y-3 bQMi BHHmbi`ûb B+BX G2b
+QmH2m`b BM/B[m2Mi H� +H�bb2 /2 +QMi�KBM�Mib ¨ H�[m2HH2 H� bm#bi�M+2 2bi `�ii�+?û2X X X X X X X X jRy

�kX9 S`QTQ`iBQMb `2H�iBp2b KQv2MM2b /2b +H�bb2b ;`�MmHQKûi`B[m2b Q#i2Mm2b TQm` H2b bû/BK2Mib /2
HǶ2bim�B`2 /2 HǶ�/Qm` T�` b�BbQMX *2b `2T`ûb2Mi�iBQMb BHHmbi`2Mi H2b KQv2MM2b 2i û+�`i@ivT2 /2b
+H�bb2b /2 ;`�MmHQKûi`B[m2b T�` bBi2 U�V 2i H2b KQv2MM2b +mKmHû2b T�` bBi2 U"VX X X X X X X X X jR3

�8XR *Qm`#2 /2 `�`û7�+iBQM TQm` H2b û+?�MiBHHQMb /Ƕ2�m +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbm2b �ii�+?ûb
�mt T�`iB+mH2b US�VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRN

�8Xk *Qm`#2 /2 `�`û7�+iBQM TQm` H2b û+?�MiBHHQMb /Ƕ2�m +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b HB#`2b
/�Mb H� +QHQMM2 /Ƕ2�m U6GVX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jky

Re



h�#H2 /2b };m`2b

�8Xj *QM+2Mi`�iBQMb 2M T?QbT?�i2 /BbbQmb USP9
j@ 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b

+QmH2m`b BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû
/m kdfydfR8X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkR

�8X9 *QM+2Mi`�iBQMb 2M �KKQMBmK /BbbQmb UL>9
Y 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b

+QmH2m`b BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû
/m kdfydfR8X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkR

�8X8 *QM+2Mi`�iBQMb 2M MBi`Bi2 /BbbQmi2 ULPk
@ 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b +QmH2m`b

BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû /m
kdfydfR8X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jkk

Rd





GBbi2 /2b i�#H2�mt

RXR *H�bbB}+�iBQM /2b 2bim�B`2b b2HQM H2m` K�`M�;2X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

RXk .ûi�BHb /2b ah1l T`ûb2Mi2b H2 HQM; /2 H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`- /2 HǶ�KQMi ¨ HǶ�p�H
/Ƕ�T`ĕb H2b BM7Q`K�iBQMb 7Qm`MB2b TQm` HǶ�MMû2 kyR3X X X X X X X X X X X X X X X X X X X X X X X X X 8y

RXj 1pQHmiBQM /2 H� T`Q/mBib /2 bm#bi�M+2b +?BKB[m2b U2M KBHHBQM /2 iQMM2bV /�Mb HǶlMBQM 2m`Q@
Tû2MM2 Ukd T�vb- 2t+Hm�Mi H2 _Qv�mK2@lMBV b2HQM H2m` /�M;2`QbBiû /2 kyy3 ¨ kykyX X X X X X X 8j

RX9 .2b+`BTiBQM- `û;H2K2Mi�iBQM 2i iQtB+Biû /2b Kûi�mt +B#HûbX G2b +QmH2m`b TQm` H2 *18y T2`@
K2ii2Mi /2 /Bzû`2M+B2` H2b Kûi�mt /QMi H� *18y 2bi BM7û`B2m`2 ¨ Ryy ƒ;XG@R U`Qm;2V- +QKT`Bb2b
2Mi`2 Ryy 2i R yyy ƒ;XG@R UQ`�M;2V- 2Mi`2 R yyR 2i Ryy yyy ƒ;XG@R UD�mM2V 2i bmTû`B2m`2 ¨ Ryy
yyy ƒ;XG@R Up2`iV- H2 iQmi /Ƕ�T`ĕb PF�KQiQ 2i �HX- kyR8X X X X X X X X X X X X X X X X X X X X X X X 88

RX8 S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b >�S +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X X X X X X X X X ey

RXe S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b }Hi`2b S*" +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X X X X X X ej

RXd S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b T2biB+B/2b +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X X X X X X X ee

RX3 S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b }Hi`2b lo +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X X X X X X X eN

RXN S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b Kmb+b bvMi?ûiB[m2b +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X dR

RXRy S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b �HFvHT?ûMQHb +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X X X X X X X X dj

RXRR S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b `ûbB/mb T?�`K�+2miB[m2b +B#Hûb /�Mb +2ii2 ûim/2X X X X X X X de

kXR .ûi�BH /2b K�i`B+2b T`ûH2pû2b TQm` +?�[m2 bBi2X G2b +QmH2m`b +Q``2bTQM/2Mi �mt +QmH2m`b 2K@
THQvû2b /�Mb H� };m`2 kXR- bQBi H� +�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b /2 T`ûHĕp2K2MibX X X X X X X Ry3

kXk 6H�+QMM�;2 2KTHQvû TQm` H2b T`ûHĕp2K2Mib /Ƕ2�m 2i /2 bQM +QM/BiBQMM2K2Mi X X X X X X X X X X RRR

kXj *QM/BiBQMb /ǶBMD2+iBQMb /2b û+?�MiBHHQMb TQm` H2b �M�Hvb2b /2b +QMi�KBM�Mib Q`;�MB[m2b 2M
:*@JaX X X X X X X X X X X X X X X X X X X X X X X X X 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

kX9 S`Q;`�KK�iBQM /m 7Qm` /m :* 2M 7QM+iBQM /m ivT2 /Ƕ�M�Hvb2 2i /2b K�i`B+2b +B#Hû2bX X X X X X Rkk

RN



GBbi2 /2b i�#H2�mt

kX8 S�`�Kĕi`2b K2bm`ûb 2i Kûi?Q/2b 2KTHQvû2b TQm` H� +�`�+iû`Bb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2X X Rk8

kXe *�`�+iû`BbiB[m2b /2b �KQ`+2b miBHBbû2b TQm` H2 bû[m2MÏ�;2 /2 HǶ�.L ReaX X X X X X X X X X X X X Rjy

kXd *QM/BiBQMb /2 S*_ T�` ivT2 /Ƕû+?�MiBHHQMbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjR

kX3 .2b+`BTiB7 /2b QmiBHb 2i �M�Hvb2b bi�iBbiB[m2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj8

jXR LQK#`2 /2 +QKTQbûb /ûi2+iûb 2i TQm`+2Mi�;2 U�V /2 /ûi2+iBQM T�` +�iû;Q`B2b /2 +QKTQbûb
+?BKB[m2b 2M 7QM+iBQM /2 H2m` TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2 2i +�KT�;M2b- iQmi2b
K�i`B+2b +QM7QM/m2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9R

jXk *�`�+iû`Bb�iBQM /2b +QMi�KBM�Mib /BbTQMB#H2b /�Mb H2b bû/BK2Mib /2 bm`7�+2 /2 HǶ2bim�B`2 /2
HǶ�/Qm` �p2+ H2b 1_Gf1_JX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R83

9XR *QMi`B#miBQM Q7 2MpB`QMK2Mi�H p�`B�#H2b QM i?2 Q`;�MBb�iBQM Q7 KB+`Q#B�H +QK@
KmMBiB2b #v S1_J�LPo� #�b2/ QM "`�v@*m`iBb BM/2tX JQMi2 *�`HQǶb H2p2H Q7 bB@
;MB}+�M+2 UTV #2HQr yXy8 �`2 BM/B+�i2/ BM #QH/X PMHv i?2 KQbi bB;MB}+�Mi +QHHBM2�` p�`B�#H2b
U+Q2{+B2MiT2�` ଯ %yX38%V `2p2�H2/ #v S1_J�LPo� �`2 BM/B+�i2/X X X X X X X X X X X X X X X X R3j

aR �#BQiB+ �M/ T?vbB+Q@+?2KB+�H T`QT2`iB2b Q7 �/Qm` 1bim�`v bBi2 b2/BK2MibX X X X X X kRk

ak *QM+2Mi`�iBQM T`Q}H2b Q7 K2i�Hb BM i?2 b2/BK2Mi b�KTH2b #v b2�bQMX X X X X X X X X X kRj

aj *QM+2Mi`�iBQM T`Q}H2b Q7 K2i�Hb BM i?2 b2/BK2Mi b�KTH2b #v 2bim�`BM2 TQbBiBQMX X kRj

a9 *QM+2Mi`�iBQM T`Q}H2b Q7 T?�`K�+2miB+�Hb BM i?2 b2/BK2Mi b�KTH2b #v b2�bQMX X X X kR9

a8 *QM+2Mi`�iBQM T`Q}H2b Q7 T?�`K�+2miB+�Hb BM i?2 b2/BK2Mi b�KTH2b #v 2bim�`BM2
TQbBiBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR8

ae JB+`Q#B�H /Bp2`bBivX amKK�`v Q7 JB@a2[ b2[m2M+BM; UK2�M ਻ b/- T2` `2THB+�ibV �M/ �HT?�
/Bp2`bBiv BM/B+2b T2` +�KT�B;M Q7 b2/BK2Mib b�KTH2bX X X X X X X X X X X X X X X X X X X X X X X X kRd

ad JB+`Q#B�H +QKKmMBiv +QKTQbBiBQMX _2H�iBp2 �#mM/�M+2 Q7 "�+i2`QB/Qi� +H�bb2b �M/ Q`/2`b
U*H�bb = P`/2`V BM �/Qm` b2/BK2MibX L� /2bbB;M2/ LQi �bbB;M2/ b2[m2M+2bX X X X X X X X X X kR3

a3 *?�`�+i2`BbiB+b Q7 �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2irQ`FX hQTQHQ;B+�H
T`QT2`iB2b Q7 2KTB`B+�H M2irQ`F J1Lb Q7 KB+`Q#B�H +QKKmMBiB2b BM �/Qm` b2/BK2Mi �M/ i?2B`
�bbQ+B�i2/ `�M/QK J1LbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN

8XR S�`�Kĕi`2b iQTQHQ;B[m2b /m `ûb2�m 2KTB`B[m2 2i /2b `ûb2�mt �Hû�iQB`2b �bbQ+Bûb /2b +QKKm@
M�miûb KB+`Q#B2MM2b /2b 2�mt U6GYS�V /2 HǶ2bim�B`2 /2 HǶ�/Qm`X X X X X X X X X X X X X X X X X kj3

ky



GBbi2 /2b i�#H2�mt

8Xk S1_J�LPo� 2biBK�Mi H� +QMi`B#miBQM `2H�iBp2 /2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bm` H2b +QK@
KmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b /�Mb H� +QHQMM2 /Ƕ2�m US�V /Ƕ�T`ĕb HǶBM/B+2 /2
/BbbBKBH�`Biû /2 "`�v@*m`iBbX G2b p�H2m`b `2T`ûb2Mi2Mi H2 `�iBQ Tb2m/Q@6 U6V 2i H2 MBp2�m /2 bB@
;MB}+�iBpBiû /m i2bi /2 T2`Kmi�iBQM /2 JQMi2@*�`HQ UNNN `ûTûiBiBQMbV- H2b p�H2m`b bB;MB}+�iBp2b
bQMi BM/B[mû2b 2M ;`�bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k98

8Xj S1_J�LPo� 2biBK�Mi H� +QMi`B#miBQM `2H�iBp2 /2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bm` H2b +QK@
KmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV /Ƕ�T`ĕb HǶBM/B+2 /2 /BbbBKBH�`Biû /2
"`�v@*m`iBbX G2b p�H2m`b `2T`ûb2Mi2Mi H2 `�iBQ Tb2m/Q@6 U6V 2i H2 MBp2�m /2 bB;MB}+�iBpBiû /m
i2bi /2 T2`Kmi�iBQM /2 JQMi2@*�`HQ UNNN `ûTûiBiBQMbV- H2b p�H2m`b bB;MB}+�iBp2b bQMi BM/B[mû2b
2M ;`�bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9e

8X9 SQm`+2Mi�;2 /2 ;ĕM2b /ûi2+iûb T�` bBi2 2i T�`i�;ûb 2Mi`2 bBi2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`
TQm` H� 7`�+iBQM /2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b US�VX X X X X X X X X X X X X X X X k8j

�jXR LQK#`2 /2 +QKTQbûb [m�MiB}ûb 2i TQm`+2Mi�;2 U�V /2 [m�MiB}+�iBQM T�` +�iû;Q`B2b /2 +QK@
TQbûb +?BKB[m2b- K�i`B+2b 2i +�KT�;M2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyd

�kXk *QM+2Mi`�iBQM 2M KB+`QTQHHm�Mib /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b KB+`QTQH@
Hm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2 /ûi2+iBQM- G.-
bQMi 2t+HmbX GQ`b[m2 H� ;�KK2 /2 +QM+2Mi`�iBQM /ûT�bb2Mi HǶmM2 /2b b2mBHb /2 `û7û`2M+2 /2
[m�HBiû- +2HmB@+B 2bi BM/B[mû 2M ;`�bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRR

�kXj *QM+2Mi`�iBQM 2M KB+`QTQHHm�Mib /�Mb HǶ2�m #`mi2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b KB+`QTQHHm�Mib
/QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2 /ûi2+iBQM- G.- bQMi
2t+Hmb /2 +2 i�#H2�mX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR9

�kX9 *QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` /�Mb H� 7`�+iBQM
/BbbQmi2X G2b KB+`QTQHHm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H�
HBKBi2 /2 /ûi2+iBQM- G.- bQMi 2t+Hmb /2 +2 i�#H2�mX X X X X X X X X X X X X X X X X X X X X X X X X jRe

�8XR S�`�Kĕi`2b iQTQHQ;B[m2b /m `ûb2�m 2KTB`B[m2 2i /2b `ûb2�mt �Hû�iQB`2b �bbQ+Bûb /2b +QKKm@
M�miûb KB+`Q#B2MM2b /2b 2�mt US� 2i 6GV /2 HǶ2bim�B`2 /2 HǶ�/Qm`X X X X X X X X X X X X X X X X jkk

kR





AMi`Q/m+iBQM ;ûMû`�H2

G2 HBiiQ`�H 2bi T�`KB H2b xQM2b ;ûQ;`�T?B[m2b H2b THmb 7`û[m2KK2Mi BKT�+iû2b T�` /2b �+iBpBiûb ?mK�BM2bX �p2+
T`ĕb /2 9yW /2 TQTmH�iBQM KQM/B�H2 pBp�Mi ¨ KQBMb /2b Ryy FK /m `Bp�;2 UEmKKmg2i �HX- kyReV- +2b xQM2b
bQMi bQmKBb2b ¨ /2b T`2bbBQMb /ûKQ;`�T?B[m2b �BMbB [mǶ�mt T`2bbBQMb Bbbm2b /2b /Bzû`2Mi2b �+iBpBiûb �bbQ+Bû2b
¨ +2b TQTmH�iBQMb- [mǶ2HH2b bQB2Mi BM/mbi`B2HH2b- m`#�BM2b 2i �;`B+QH2b UE2MMBb?g- kyykVX G� xQM2 HBiiQ`�H2 +QK@
T`2M/ mM2 KmHiBim/2 /Ƕû+QbvbiĕK2b- /QMi H2b 2bim�B`2bX *2b /2`MB2`b bQMi /2b û+QbvbiĕK2b T�`iB+mHBĕ`2K2Mi
mMB[m2b 2i +QKTH2t2bX *2 bQMi /2b û+QiQM2b- bQBi- /2b xQM2b /2 i`�MbBiBQM 2Mi`2 /2mt û+QbvbiĕK2b UB+B H2
K�`BM 2i H2 /mH+B+QH2VX *2b û+QiQM2b bQMi /û+`Bib +QKK2 T`Q/m+iB7 2i /Bp2`bB}û Uo�M /2` J��`2Hg- RNNyV BHb
7Q`K2Mi mM ;`�/B2Mi û+QbvbiûKB[m2 2Mi`2 /2mt û+QbvbiĕK2b DQmti�MiX AHb bQMi /QM+ �HBK2Miûb 2i BM~m2M+ûb
¨ H� 7QBb T�` H2b �TTQ`ib K�`BMb /ǶmM2 T�`i 2i +2mt T`Qp2M�Mi /m +QMiBM2Mi /Ƕ�mi`2 T�`iX AHb bQMi /QM+ T�`@
iB+mHBĕ`2K2Mi p�`B�#H2b 2i +QKTH2t2bX G2b 2bim�B`2b 7Q`K2Mi �BMbB- mM2 KQb�ś[m2 /Ƕ?�#Bi�ib 2i /2 MB+?2b
û+QHQ;B[m2b [mB b2 DQmti2Mi 2i bǶ�bb2K#H2Mi /�Mb mM +QMiBMmmK BMi2`�+iB7X G2b 2bim�B`2b `2T`ûb2Mi2Mi /2b
xQM2b +H27b /ǶmM TQBMi /2 pm2 û+QHQ;B[m2- K�Bb �mbbB TQm` H2b bQ+Bûiûb ?mK�BM2bX AHb `2M/2Mi /2 MQK#`2mt b2`@
pB+2b û+QbvbiûKB[m2b U*Qbi�Mx�g2i �HX- kyR9V- bQBi H2b #ûMû}+2b [m2 H2b û+QbvbiĕK2b M�im`2Hb 7Qm`MBbb2Mi-
/B`2+i2K2Mi Qm BM/B`2+i2K2Mi- �mt TQTmH�iBQMb ?mK�BM2b U*Qbi�Mx�g2i �HX- RNNdVX *2b b2`pB+2b û+Qbvbiû@
KB[m2b T2mp2Mi āi`2 /2 KmHiBTH2b M�im`2b- +QKK2 H� T`Q/m+iBQM /2 `2bbQm`+2b �HBK2Mi�B`2b- H� `û;mH�iBQM /m
+HBK�i Qm H� TQHHBMBb�iBQM- K�Bb �mbbB āi`2 KQBMb i�M;B#H2b- +QKK2 H2b b2`pB+2b û+QbvbiĕKB[m2b `û+`û�iB7b Qm
+mHim`2Hb UJ�`iBMg2i �HX- kykyVX 1M +2H�- H2b 2bim�B`2b bQMi- 2Mi`2 �mi`2b- /2b +QmHQB`b KB;`�iQB`2b 2i /2b
xQM2b /2 `27m;2b 2i Mm`b2`B2b TQm` /2 MQK#`2mb2b 2bTĕ+2b ¨ p�H2m` û+QMQKB[m2 2i �HBK2Mi�B`2b U*�#`�Hg
2i �HX- kyyd c "mHi2Hg2i �HX- kyR9 c JQ``B+2g2i �HX- kyky c :m2``2B`Qg2i �HX- kykRV- +2 bQMi �mbbB /2b xQM2b
BKTQ`i�Mi2b /Ƕ�+iBpBiûb 2i /2 HQBbB`b U*Qbi�Mx�g2i �HX- kyR9 c J�`iBMg2i �HX- kykyVX

P`- +QKK2 H� xQM2 HBiiQ`�H2 2M ;ûMû`�H- BHb bQMi bmD2ib ¨ /2 MQK#`2mb2b T`2bbBQMb �Mi?`QTB[m2b BM~m2MÏ�Mi
2i T2`im`#�Mi +2b û+QbvbiĕK2b b2MbB#H2bX G2b BM~m2M+2b �Mi?`QTB[m2b bm` H2b û+QbvbiĕK2b T2mp2Mi T`2M/`2
/2 KmHiBTH2 7Q`K2b UT?vbB[m2- +?BKB[m2- #BQHQ;B[m2V- T�`KB 2HH2b- H� +QMi�KBM�iBQM 2i H� T2`im`#�iBQM
+?BKB[m2 7�Bi HǶQ#D2i /ǶmM2 �ii2MiBQM T�`iB+mHBĕ`2X 1M 2z2i- /�Mb H� b2+QM/2 KQBiBû /m ssĕK2 bBĕ+H2- /Bzû@
`2Mi2b +�i�bi`QT?2b 2MpB`QMM2K2Mi�H2b UHǶ�KQ+Q *�/Bx 2M RNd3- HǶ�++B/2Mi a1o1aP 2M RNde- 2i+XV QMi ûp2BHHû
H2b +QMb+B2M+2b bm` H� /�M;2`QbBiû [m2 TQmp�B2Mi `2T`ûb2Mi2` H� T`ûb2M+2 /2 +QMi�KBM�Mi /�Mb H2b û+QbvbiĕK2b
TQm` HǶ2MpB`QMM2K2Mi 2i H� b�Miû ?mK�BM2X S`Q;`2bbBp2K2Mi- mM2 `û;H2K2Mi�iBQM � ûiû KBb2 2M TH�+2 /�Mb

kj
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H2 #mi /2 HBKBi2` 2i `û;mH2` H� T`ûb2M+2 /2 +QMi�KBM�Mib /�Mb H2b û+QbvbiĕK2bX G2b /Bp2`b2b `û;H2K2Mi�iBQMb
QMi +B#Hû T`Q;`2bbBp2K2Mi mM MQK#`2 +`QBbb�Mi /2 +QMi�KBM�Mib �m 7m` 2i ¨ K2bm`2 /2b T`Q;`ĕb �M�HviB[m2b
/�Mb HǶûp�Hm�iBQM /2 H2m` iQtB+Biû 2i û+QiQtB+Biû- /2 HǶ2bbQ` /2 H� +?BKB2 /2 bvMi?ĕb2 T`QTQb�Mi /2 MQmp2HH2b
KQHû+mH2bX G� K2bm`2 2i HǶûim/2 /2 HǶBKT�+i /2 H� T`ûb2M+2 /2 +QMi�KBM�Mib `2bi2 mM2 /2b T`Q@
#HûK�iB[m2b +H27 TQm` H� ;2biBQM 2i H� T`Qi2+iBQM /2b û+QbvbiĕK2bX �}M /2 K2bm`2` HǶBKT�+i /2b
+QMi�KBM�Mib bm` H2b û+QbvbiĕK2b- BH 2bi 2bb2MiB2H /2 /BbTQb2` /ǶQmiBHb T2`K2ii�Mi /2 `2M/`2 +QKTi2 /2b 2z2ib
2MpB`QMM2K2Mi�mt /2b +QMi�KBM�Mib bm` H2 +QKT�`iBK2Mi #BQiB[m2X .Bzû`2Mib Q`;�MBbK2b T2mp2Mi āi`2 T`Bb
2M +QKTi2 TQm` mM2 ûim/2 /ǶBKT�+iX .�Mb H2 +�/`2 /2 +2 i`�p�BH /2 i?ĕb2- MQmb MQmb bQKK2b 7Q+�HBbûb bm` H2
+QKT�`iBK2Mi KB+`Q#B2MX *2 +QKT�`iBK2Mi DQm2 mM `ƬH2 T`ûTQM/û`�Mi /�Mb HǶû[mBHB#`2 /2b û+QbvbiĕK2b
U�x�Kg2i �HX- RN3j c 62M+?2Hg- kyy3VX G2b KB+`QQ`;�MBbK2b bQMi /2 pû`Bi�#H2b BM;ûMB2m`b /Ƕû+QbvbiĕK2b- 2bb2M@
iB2Hb ¨ H� KBMû`�HBb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 �BMbB [mǶ�mt +v+H2b #BQ;ûQ+?BKB[m2b U+�`#QM2- �xQi2-
T?QbT?Q`2- 2i+XVX �BMbB- /2 MQK#`2mb2b 7QM+iBQMb +H27b /2b û+QbvbiĕK2b `2TQb2Mi bm` +2 +QKT�`iBK2MiX G2m`
b2MbB#BHBiû �mt +QMi�KBM�Mib- H2m` i2KTb /2 ;ûMû`�iBQM 2i H2m` p2`b�iBHBiû Kûi�#QHB[m2 7�+2 �mt T�`�Kĕi`2b
2MpB`QMM2K2Mi�mt- bQMi H2b T`QT`Bûiûb /2b KB+`QQ`;�MBbK2b KQMi`�Mi [mǶBHb `2T`ûb2Mi2Mi /2b K�`[m2m`b
TQi2MiB2Hb /2 H� +QMi�KBM�iBQM U�;2`g2i �HX- kyRy c amMg2i �HX- kyRk c smg2i �HX- kyR9 c �vH�;�bg2i �HX-
kyRdVX

Lû�MKQBMb- HǶmiBHBb�iBQM /2b KB+`QQ`;�MBbK2b TQm` ûp�Hm2` HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b 2i /2 HǶBKT�+i
/2b KB+`QTQHHm�Mib- Mû+2bbBi2 /Ƕûim/B2` H� +QKTQbBiBQM 2i H� /vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b-
MQi�KK2Mi 2M KBHB2m 2bim�`B2M [mB bQMi /2b û+QbvbiĕK2b /vM�KB[m2bX
*2 T`QD2i /2 i?ĕb2 bǶBMb+`Bi /�Mb H2 +�/`2 /m T`QD2i /2 `2+?2`+?2 JA*_PSPGAh BMBiBû 2M kyRe- +QM/mBi T�`
HǶlSS� UlMBp2`bBiû /2 S�m 2i /2b S�vb /2 HǶ�/Qm`V 2i TQ`iû T�` mM +QMbQ`iBmK b+B2MiB}[m2 THm`B/Bb+BTHBM�B`2X
AH 2bi }M�M+û T�` /2b 7QM/b 2m`QTû2Mb 61.1_X *2 T`Q;`�KK2 /2 `2+?2`+?2 b2 7Q+�HBb2 bm` HǶûi�i 2i HǶûpQHmiBQM
/2 H� [m�HBiû /m KBHB2m HBiiQ`�H am/ �[mBi�BMX JA*_PSPGAh � TQm` Q#D2+iB7 T`BM+BT�H HǶB/2MiB}+�iBQM /2b
KB+`QTQHHm�Mib +?BKB[m2b T`ûb2Mib /�Mb H2b 2MpB`QMM2K2Mib �[m�iB[m2b- �BMbB [m2 H2m` /vM�KB[m2- i`�Mb72`i
2i /2p2MB` /�Mb H2 HBiiQ`�H #�b[m2- MQi�KK2Mi �m MBp2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm` bm` H2[m2H b2 7Q+�HBb2 H2b
i`�p�mt /2 +2ii2 i?ĕb2X
GǶ2bim�B`2 /2 HǶ�/Qm` 2bi bBimû /�Mb H2 #�bbBM ?v/`Q;`�T?B[m2 :�`QMM2@�/Qm` /�Mb H2 bm/@Qm2bi /2 H�
6`�M+2- BH T`2M/ b� bQm`+2 /�Mb H2b Sv`ûMû2b 2i b2 /ûp2`b2 /�Mb HǶQ+û�M �iH�MiB[m2 �m +ƾm` /m ;QH72 /2
:�b+Q;M2X .�Mb b� T�`iB2 H� THmb �p�H2- HǶ2bim�B`2 /2 HǶ�/Qm` 2bi 2MiQm`û /2 H� xQM2 m`#�BM2 /2 "�vQMM2@
"B�``Bix@�M;H2iX h`QBb pBHH2b +QKTi�#BHBb�Mi �m iQi�H mM2 +2Mi�BM2 /2 KBHHB2`b /Ƕ?�#Bi�Mib 2i ûMQ`KûK2Mi
/Ƕ�+iBpBiûb , iQm`BbK2- Tā+?2- BM/mbi`B2b- +QKK2`+2 TQ`im�B`2- 2i+X � HǶBMp2`b2- H2 #�bbBM@p2`b�Mi /2 HǶ�/Qm`
2bi KQBMb K�`[mû T�` +2ii2 T`ûb2M+2 m`#�BM2- K�Bb HǶ2tTHQBi�iBQM �;`B+QH2 v 2bi T`QMQM+û2 �BMbB [m2 HǶûH2p�;2X

G2b Q#D2+iB7b /2 +2 KûKQB`2 /2 i?ĕb2 bQMi /2 BV +�`�+iû`Bb2` 2i [m�MiB}2` H2 T`Q}H UMBp2�m 2i Q++m``2M+2V /2
+QMi�KBM�iBQM /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` 2i H� p�`B�iBQM b�BbQMMBĕ`2- BBV /û+`B`2 H� +QKTQbBiBQM-
H� bi`m+im`�iBQM 2i H� p�`B�#BHBiû b�BbQMMBĕ`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /2 HǶ2bim�B`2 /2
HǶ�/Qm`- 2i }M�H2K2Mi BBBV 2biBK2` HǶBKT�+i TQi2MiB2H /2 H� T`ûb2M+2 /2 KB+`QTQHHm�Mi bm` H2b

k9
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+QKKmM�miûb KB+`Q#B2MM2bX G2b T`Q}Hb /2 +QMi�KBM�Mib 2i H� /Bp2`bBiû KB+`Q#B2MM2 QMi ûiû ûi�#HBb bm`
H2b K�i`B+2b �[m2mb2b UiQi�H- HB#`2- pQB` T�`iB+mH�B`2V 2i bû/BK2Mi�B`2bX

�}M /Ƕāi`2 H2 THmb 2t?�mbiB7 TQbbB#H2 bm` H2 T`Q}H /2 +QMi�KBM�iBQM- /2 MQK#`2mt KB+`QTQHHm�Mib QMi ûiû
+B#Hûb- BHb �TT�`iB2MM2Mi �mt /Bzû`2Mi2b +�iû;Q`B2b- i2HH2b [m2 H2b Kûi�mt- H2b ?v/`Q+�`#m`2b �`QK�iB[m2b
TQHv+v+HB[m2b U>�SV- H2b `ûbB/mb T?�`K�+2miB[m2b- H2b T2biB+B/2b- H2b Kmb+b- 2i+X .2 THmb- H� K�iBĕ`2
Q`;�MB[m2 � ûiû +�`�+iû`Bbû2 �}M /ǶQ#i2MB` mM2 K2BHH2m`2 +QKT`û?2MbBQM /m 7QM+iBQMM2K2Mi /2 HǶ2bim�B`2 /2
HǶ�/Qm`X � +2 DQm`- i`ĕb T2m /Ƕûim/2b QMi ûiû `û�HBbû2b bm` mM T�M2H �mbbB H�`;2 /2 KB+`QTQHHm�Mib 2i H2m`
+QmTH�;2 �p2+ H� /vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2bX
*2 K�Mmb+`Bi bǵ�`iB+mH2 �miQm` /2 +BM[ +?�TBi`2b- /QMi mM T`ûb2Miû bQmb 7Q`K2 /2 Tm#HB+�iBQM `û/B;û2 2M
�M;H�BbX G2 T`2KB2` +?�TBi`2 2bi mM2 bvMi?ĕb2 #B#HBQ;`�T?B[m2- BH 2tTQb2 bm++BM+i2K2Mi ,r G2b 2bim�B`2b 2i HǶû+QHQ;B2 2bim�`B2MM2 cr G� /2b+`BTiBQM THmb bTû+B}[m2 /2 HǶ2bim�B`2 /2 HǶ�/Qm` cr G� /û}MBiBQM- TmBb- THmb bTû+B}[m2K2Mi H� /vM�KB[m2 /2b KB+`QTQHHm�Mib 2M KBHB2m 2bim�`B2MX *2ii2

b2+iBQM `2bi2`� 7Q+�HBbû2 bm` H2b KB+`QTQHHm�Mib T`Bb 2M +QKTi2 /�Mb +2b i`�p�mt /2 i?ĕb2 cr G2 `ƬH2 +H27 /2b KB+`QQ`;�MBbK2b /�Mb H2b 2MpB`QMM2K2Mib 2i HǶ�pĕM2K2Mi /2 HǶû+QHQ;B2 KB+`Q#B2MM2
U2i /2b i2+?MB[m2b /2 bû[m2MÏ�;2 ¨ ?�mi /û#BiV- 2i THmb bTû+B}[m2K2Mi /2b KB+`QQ`;�MBbK2b /�Mb H2b
KBHB2mt �[m�iB[m2b cr 1M}M- /Bzû`2Mib �bT2+ib 2i MQiBQMb BKTQ`i�Mi2b TQm` H� +QKT`û?2MbBQM /2 HǶBMi2`�+iBQM /2b KB+`QTQH@
Hm�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX

G2 b2+QM/ +?�TBi`2 +QKT`2M/ H� /2b+`BTiBQM /2b bBi2b /2 T`ûHĕp2K2Mib- /2b Kûi?Q/2b /Ƕû+?�MiBHHQMM�;2 2i
HǶ2Mb2K#H2 /2b Kûi?Q/2b �M�HviB[m2b miBHBbû2bX
G2 i`QBbBĕK2 +?�TBi`2 T`ûb2Mi2 H2b `ûbmHi�ib Q#i2Mmb TQm` H� +�`�+iû`Bb�iBQM /m T`Q}H /2 +QMi�KBM�iBQM
/2 HǶ2bim�B`2 /2 HǶ�/Qm` 2i HǶBMi2`T`ûi�iBQM /2 H� p�`B�#BHBiû /2 +2b T`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2b
K�i`B+2b U�[m2mb2 2i bû/BK2Mi�B`2V- 2M T`2M�Mi 2M +QKTi2 H2b p�`B�iBQMb b�BbQMMBĕ`2bX lM bm++BM+i `2iQm` 2bi
`û�HBbû bm` H� +QKTH2tBiû /2 +QmTH�;2 /2 /QMMû2b /2 ;`�M/ /BK2MbBQMM2K2Mi H� Mû+2bbBiû /2 bvMi?ûiBb2`- pQB`
�;;HQKû`2`- H2b /QMMû2b Qm BM7Q`K�iBQMbX
G2 [m�i`BĕK2 +?�TBi`2 b2 7Q+�HBb2 bm` H� bi`m+im`�iBQM 2i H2 /vM�KBbK2 bT�iBQ@i2KTQ`2H /2b +QKKmM�miûb
KB+`Q#B2MM2b /�Mb H2b K�i`B+2b bû/BK2Mi�B`2bX
G2 +BM[mBĕK2 +?�TBi`2 /û+`Bi H2b +QKKmM�miûb KB+`Q#B2MM2b bm` H2b K�i`B+2b �[m2mb2b- �p2+ mM2 /BbiBM+iBQM
2Mi`2 H2b KB+`QQ`;�MBbK2b HB#`2b /2 H� +QHQMM2 /Ƕ2�m 2i +2mt �bbQ+Bûb �mt T�`iB+mH2bX
G2 K�Mmb+`Bi b2 i2`KBM2 T�` mM2 +QM+HmbBQM ;ûMû`�H2 `ûbmK�Mi H2b T`BM+BT�mt `ûbmHi�ib Q#i2Mmb 2i T`QTQb�Mi
/2b T2`bT2+iBp2b /Ƕûim/2bX
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GBbi2 /2b �#`ûpB�iBQMb

�*1 , �#mM/�M+2@#�b2/ *Qp2`�;2 1biBK�iQ`b
�*S , �M�Hvb2 2M *QKTQb�Mi2b S`BM+BT�H2b
�.L , �+B/2 /ûbQtv`B#QMm+HûB[m2
�ALa , �MiB@BM~�KK�iQB`2 MQM biû`Qś/B2M
�LJ1 , �`+?û2b �M�û`Q#B2b Kûi?�MQi`QT?2b U�M�2`Q#B+ K2i?�MQi`QT?B+ �`+?�2�V
�LPaAJ , �M�Hvb2 /2b bBKBHBim/2b U�M�HvbBb Q7 aBKBH�`BiB2bV
�S1P , �HFvHT?ûMQHb ûi?QtvHûb
�_L , �+B/2 `B#QMm+HûB[m2
�ao , o�`B�Mi /2 bû[m2M+2 /Ƕ�KTHB+QM U�KTHB+QM a2[m2M+2 o�`B�MiV
"As , AM/B+2 /Ƕ�+iBpBiû #BQHQ;B[m2 U"BQHQ;B+�H AM/2tV
"a� , aû`mK /Ƕ�H#mKBM2 "QpBM2
*�> , *H�bbB}+�iBQM �b+2M/�Mi2 ?Bû`�`+?B[m2
**� , �M�Hvb2 *�MQMB[m2 /2b *Q``2bTQM/�M+2 U*�MQMB+�H *Q``2bTQM/2M+2 �M�HvbBbV
*.PJ , J�iBĕ`2 Q`;�MB[m2 /BbbQmi2 +?`QKQT?Q`B[m2 U*?`QKQT?Q`B+ .BbbQHp2/ P`;�MB+ J�ii2`V
*?H� , *?HQ`QT?vHH2 �
+QK�KKQt , Ptv/�iBQM +QKTHĕi2 /2 HǶ�KKQMBmK U+QKTH2i2 �KKQMB� QtB/�iBQMV
.*1 , .B`2+iBp2 *�/`2 bm` HǶ1�m
.AL , �xQi2 BMQ`;�MB[m2 /BbbQmb U.BbbQHp2/ AMQ`;�MB+ LBi`Q;2MV
.P* , *�`#QM2 Q`;�MB[m2 /BbbQmb U.BbbQHp2/ P`;�MB+ *�`#QMV
.PL , �xQi2 Q`;�MB[m2 /BbbQmb U.BbbQHp2/ P`;�MB+ LBi`Q;2MV
.PS , S?QbT?Q`2 Q`;�MB[m2 /BbbQmb U.BbbQHp2/ P`;�MB+ S?QbT?Q`mbV
11J , J�i`B+2 /Ƕ2t+Bi�iBQM@ûKBbbBQM /2 ~mQ`2b+2M+2 U1t+Bi�iBQM �M/ 1KBbbBQM ~mQ`2b+2M+2 @ J�i`BtV
1> , 1[mBp�H2Mi ?�#Bi�Mib
1hJ , 1HûK2Mib i`�+2b Kûi�HHB[m2b
6A� , �M�Hvb2 T�` BMD2+iBQM 2M ~mt +QMiBMm U6HQr AMD2+iBQM �M�HvbBbV
6G , JB+`QQ`;�MBbK2b HB#`2b /�Mb H2 +QHQMM2 /Ƕ2�m U6`22@HBpBM; KB+`QQ`;�MBbKbV
:* , *?`QK�iQ;`�T?B2 2M T?�b2 ;�x2mb2 U:�b *?`QK�iQ;`�T?vV
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GBbi2 /2b �#`ûpB�iBQMb

>�S , >v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2b
>As , AM/B+2 /Ƕ?mKB}+�iBQM U>mKB+�iBQM AM/2tV
A* , *�`#QM2 BMQ`;�MB[m2 UAMQ`;�MB+ *�`#QMV
A*S , AM/m+iBp2Hv *QmTH2/ SH�bK�
A>; , J2`+m`2 BMQ`;�MB[m2
A_Ja , aT2+i`QKûi`B2 /2 K�bb2 ¨ `�TTQ`i BbQiQTB[m2 UAbQiQT2@_�iBQ J�bb aT2+i`QK2i`vV
G. , GBKBi2 /2 /ûi2+iBQM
GZ , GBKBi2 /2 [m�MiB}+�iBQM 2M 7`�MÏ�Bb
GPZ , GBKBi2 /2 [m�MiB}+�iBQM 2M �M;H�Bb UGBKBi Q7 [m�MiB}+�iBQMV
J1L�S , JQH2+mH�` 1+QHQ;v L2irQ`F �M�HvbBb SBT2HBM2
J1a , J�iBĕ`2 2M bmbT2MbBQM
JP , J�iBĕ`2 Q`;�MB[m2
JAh , UJ2i�H AMQ`;�MB+ h`�MbTQ`iV
JJ>; , JQMQKûi?vHK2`+m`2
Ja , aT2+i`QKĕi`2 /2 K�bb2 UJ�bb2 aT2+i`QK2i2`V
L� , LQM /BbTQMB#H2 ULQi �p�BH�#H2V
L:a , aû[m2M+2 /2 MQmp2HH2 ;ûMû`�iBQM UL2ti :2M2`�iBQM a2[m2M+BM;V
LJ.a , SQbBiBQMM2K2Mi KmHiB/BK2MbBQMM2H MQM Kûi`B[m2 ULQM@K2i`B+ JmHiB/BK2MbBQM�H a+�HBM;V
LZ1 , LQ`K2 /2 [m�HBiû 2MpB`QMM2K2Mi�H2
LZ1@J� , LQ`K2 /2 Zm�HBiû 1MpB`QMM2K2Mi�H2 @ +QM+2Mi`�iBQM JQv2MM2 �MMm2HH2
LZ1@*J� , LQ`K2 /2 Zm�HBiû 1MpB`QMM2K2Mi�H2 @ *QM+2Mi`�iBQM J�tBK�H2 �/KBbbB#H2
PaS�_ , *QMp2MiBQM PbHQ S�`Bb UPbHQ S�`Bb *QMp2MiBQMV
Phl , lMBiû i�tQMQKB[m2 QTû`�iBQMM2HH2 UPT2`�iBQM�H h�tQMQKB+ lMBibV
S� , JB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b US�`iB+mH2 �ii�+?2/ KB+`QQ`;�MBbKbV
T# , S�B`2 /2 #�b2b
S*" , SQHv+?HQ`Q#BT?ûMvH2b
S*_ , �KTHB}+�iBQM 2M +?�ŗM2 T�` TQHvKû`�b2 USQHvK2`�b2 *?�BM _2�+iBQMV
S1_J�LPo� , �M�Hvb2 KmHiBp�`Bû2 /2b p�`B�M+2b T�` T2`Kmi�iBQM US2`Kmi�iBQM�H �M�HvbBb Q7 p�`B�M+2V
S1a , SQHv2i?2`bmH7QM2b
SP* , *�`#QM2 Q`;�MB[m2 T�`iB+mH�B`2 US�`iB+mH�i2 P`;�MB+ *�`#QMV
SPJ , J�iBĕ`2 Q`;�MB[m2 T�`iB+mH�B`2 US�`iB+mH�i2 P`;�MB+ J�ii2`V
SPL , �xQi2 Q`;�MB[m2 T�`iB+mH�B`2 US�`iB+mH�i2 P`;�MB+ LBi`Q;2MV
SPS , S?QbT?Q`2 Q`;�MB[m2 T�`iB+mH�B`2 US�`iB+mH�i2 P`;�MB+ S?QbT?Q`mbV
SPS , SQHHm�Mib P`;�MB[m2b S2`bBbi2Mib
Tbm , lMBiû /2 b�HBMBiû T`�iB[m2
Sho , S`Q;`�KK�#H2 h2KT2`�im`2 o�TQ`Bx�iBQM

k3



GBbi2 /2b �#`ûpB�iBQMb

_1�*> , 1M`2;Bbi`2K2Mi- ûp�Hm�iBQM 2i �miQ`Bb�iBQM /2b T`Q/mBib +?BKB[m2b
_Pa , 1bTĕ+2b `û�+iBp2b /2 HǶQtv;ĕM2 U_2�+iBp2 Qtv;2M bT2+B2bV
_S: , _2;Bbi`2 T�`+2HH�B`2 ;`�T?B[m2
`TK , _Qi�iBQM T�` KBMmi2
_lhS , _2D2ib l`#�BMb T�` h2KTb /2 SHmB2
_Jh , h?ûQ`B2 /2b K�i`B+2b �Hû�iQB`2b U_�M/QK J�i`Bt h?2Q`vV
aL_ , `�iBQ bB;M�H bm` #`mBi UbB;M�H@iQ@MQBb2 `�iBQV
aS1 , 1ti`�+iBQM bm` T?�b2 bQHB/2 UaQHB/2 T?�b2 2ti`�+iBQMV
ah1l , ai�iBQM /2 i`�Bi2K2Mib /2b 2�mt mbû2b
alo� , �#bQ`#�M+2 bTû+B}[m2 �mt `�vQMM2K2Mib mHi`�pBQH2ib UaT2+B}+ lHi`�pBQH2i �#bQ`#�M+2V
h�Z UTQHvKû`�b2V , �.L TQHvKû`�b2b i?2`KQbi�#H2b MQKKû2b /Ƕ�T`ĕb h?2`KQT?BHmb �[m�iB+mb
h* , *�`#QM2 iQi�H UhQi�H *�`#QMV
l1 , lMBQM 2m`QTû2MM2 U1m`QT2�M lMBQMV
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*?�TBi`2 R

avMi?ĕb2 #B#HBQ;`�T?B[m2

RXR G2b û+QbvbiĕK2b 2bim�`B2Mb

RXRXR >v/`QHQ;B2 � ;ûQ;`�T?B2

RXRXRXR .û}MBiBQM /2b 2bim�B`2b

GǶmM2 /2b T`2KBĕ`2b /û}MBiBQMb +H�B`2b 2i `2+QMMm2b /2b 2bim�B`2b 7mi �TTQ`iû2 T�` S`Bi+?�`/ 2M RNed
US`Bi+?�`/g- RNedVX AH v /û+`Bi H2b 2bim�B`2b +QKK2 Ŀ +QMbiBimû T�` mM2 K�bb2 /Ƕ2�m +QM}Mû2 �v�Mi mM2
+QMM2tBQM HB#`2 �p2+ H� K2` Qmp2`i2 2i ¨ HǶBMiû`B2m` /m[m2H HǶ2�m /2 K2` 2bi /BHmû2 /ǶmM2 7�ÏQM K2bm`�#H2
�p2+ /2 HǶ2�m /Qm+2 Bbbm2 /m /`�BM�;2 /m #�bbBM p2`b�Mi ŀX *2ii2 /û}MBiBQM 7mi `2KQ/2Hû2 �m }H /2b �MMû2b
2i ¨ /2 KmHiBTH2b `2T`Bb2b- 2M T�`iB2- +�` 2HH2 bǶ�/�Ti�Bi `2H�iBp2K2Mi K�H ¨ H� /2b+`BTiBQM /2b 2bim�B`2b bBimûb
/�Mb HǶ?ûKBbT?ĕ`2 am/X
G2b[m2Hb T�` /2b `û;BK2b ?v/`QHQ;B[m2b 2i KûiûQ`QHQ;B[m2b THmb +QMi`�biûb [m2 /�Mb H2b xQM2b i2KTû`û2b M2
TQmp�B2Mi āi`2 T`Bb 2M +QKTi2 T�` +2ii2 /û}MBiBQMX lM2 /û}MBiBQM THmb ûH�`;B2 2i THmb Mm�M+û2 7mi T`QTQbû2
T�` SQii2`g2i �HX UkyRyV- BHb v /û+`Bp2Mi mM 2bim�B`2 +QKK2 mM2 K�bb2 /Ƕ2�m b2KB@72`Kû2 T`ûb2Mi�Mi
mM2 +QMM2tBQM T2`K�M2Mi2 Qm Tû`BQ/B[m2 �p2+ H2 KBHB2m Q+û�MB[m2 2i [mB `2ÏQBi �m KQBMb
Tû`BQ/B[m2K2Mi /2b �TTQ`ib /Ƕ2�m /Qm+2 /ǶmM Qm THmbB2m`b ~2mp2b USQii2`g2i �HX- kyRyVX G�
b�HBMBiû /2b 2�mt 2bim�`B2MM2b 2bi ivTB[m2K2Mi BM7û`B2m`2 ¨ +2HH2 /m KBHB2m K�`BM 2i p�`B2 Tû`BQ/B[m2K2Mi 2i
bT�iB�H2K2Mi H2 HQM; /2 HǶ2bim�B`2X �m i`�p2`b /ǶmM2 bBKTH2 /û}MBiBQM 2i /2 bQM ûpQHmiBQM i`�MbT�`�Bbb2Mi H2b
MQiBQMb /Ƕ?ûiû`Q;ûMûBiû UbT�iB�H2 +QKK2 i2KTQ`2HH2V 2i /2 +QKTH2tBiû- ?�mi2K2Mi +�`�+iû`BbiB[m2b /2 +2b
û+QbvbiĕK2bX *2ii2 +QKTH2tBiû BM?û`2Mi2 �mt 2bim�B`2b bǶ2bi i`ĕb pBi2 +�`�+iû`Bbû2 T�` mM #2bQBM /2 /û+QmT2`-
+H�bbB}2` 2i b+?ûK�iBb2` +2b bvbiĕK2b �}M /Ƕ2M +QKT`2M/`2 H2m` 7QM+iBQMM2K2Mi- H2m` bi`m+im`�iBQM 2i /2
7�pQ`Bb2` H2m` T`Qi2+iBQM U1HHBQiig� J+GmbFvg- kyykVX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

6�+2 ¨ +2ii2 Mû+2bbBiû /2 +H�bbB}2`- QM b2 `2i`Qmp2 7�+2 ¨ H� /B{+mHiû /2 /û}MB` mM +QMiBMmmKX .2 MQK@
#`2mt �mi2m`b b2 bQMi bm++û/ûb T`QTQb�Mi /Bzû`2Mi2b +H�bbB}+�iBQM U.�pB2bg � JQb2bg- RNe9 c >�v2bg-
RNdN c S2`BHHQg- RNN8 c >mK2g2i �HX- kyyd c o�HH2@G2pBMbQMg- kyRy c JBF?�BHQpg� :Q`BMg- kyRkVX *2b
/2`MBĕ`2b T2mp2Mi `2TQb2` bm` /Bzû`2Mib T�`�Kĕi`2b- 2HH2b T2mp2Mi āi`2 `û�HBbû2 /ǶmM TQBMi /2 pm2 T?vbB[m2
U;ûQKQ`T?QHQ;B2- �TTQ`ib /Ƕ2�m /Qm+2 Qm HǶûp�TQ`�iBQMV Qm 2M+Q`2 +?BKB[m2 U~mt /2 Mmi`BK2Mi Qm b�HBMBiûVX

RXRXRXk ai`m+im`�iBQM ;ûQ;`�T?B[m2 2i i2KTQ`2HH2 /2b 2bim�B`2b

lM2 +H�bbB}+�iBQM `2TQb2 bm` /2b /û}MBiBQMb 2i HBKBi2b 7`�M+?2bX P` H2b û+QbvbiĕK2b M�im`2Hb bQMi `�`2K2Mi
+QKT�iB#H2b �p2+ +2b +QM+2Tib }tûbX G2b 2bim�B`2b MǶQMi T�b /2 `û2HH2b 7`QMiBĕ`2b- BHb +Q``2bTQM/2Mi THmiƬi ¨ /2b
+QMiBMmmKb /vM�KB[m2bX PM b2 T`QTQb2 B+B /2 7�B`2 mM `2iQm` bm` mM2 T�`iB2 /2b /Bzû`2Mi2b +H�bbB}+�iBQMb
ûi�#HB2b TQm` /û+`B`2 H2b 2bim�B`2bX *?�+mM2 /Ƕ2Mi`2 2HH2b `2~ĕi2 H� /B{+mHiû /2 /2b+`BTiBQM /2b 2bim�B`2b 2i
K2i 2M HmKBĕ`2 /Bzû`2Mib T�`�Kĕi`2b T`BKQ`/B�mt /�Mb HǶûim/2 /2 +2b û+QbvbiĕK2bX

RXRXRXkXR *H�bbB}+�iBQM ;ûQKQ`T?QHQ;B[m2 /2b 2bim�B`2b

GǶ�TT2HH�iBQM Ŀ 2bim�B`2 ŀ 2bi ;ûMû`B[m2- 2HH2 T`2M/ 2M +QKTi2 /Bzû`2Mib ;ûQKQ`T?QivT2b US`Bi+?�`/g-
RN8k c S2`BHHQg- RNN8 c JBF?�BHQpg� :Q`BMg- kyRkVX lM2 /2b T`2KBĕ`2b +H�bbB}+�iBQMb T`QTQbû2 TQm` H2b 2b@
im�B`2b H2 7mi /2 MQmp2�m T�` .QM�H/ S`Bi+?�`/ US`Bi+?�`/g- RN8kVX *2HH2@+B M2 bǶBMiû`2bb2 [mǶ¨ H� /2b+`BTiBQM
Tm`2K2Mi ;ûQKQ`T?QHQ;B[m2 /2b 2bim�B`2b 2i `2bi2 `2H�iBp2K2Mi H�`;2 US2`BHHQg- RNN8 c >mK2g2i �HX- kyyd c
JBF?�BHQpg� :Q`BMg- kyRkVX AH v /BbbQ+B2 j +�iû;Q`B2b , H2b 2bim�B`2b /2 TH�BM2b +ƬiBĕ`2b- H2b 2bim�B`2b ¨ #�``2
HBiiQ`�H2b UMQKKûb �mbbB 2bim�B`2b b2KB@72`KûbV 2i H2b 7DQ`/bX

G2b 2bim�B`2b /2 TH�BM2b +ƬiBĕ`2b QMi ûiû 7Q`Kûb /m`�Mi H� /2`MBĕ`2 Tû`BQ/2 ;H�+B�B`2 USHûBbiQ+ĕM2V- �p2+
H� 7QMi2 /2b ;H�+2b 2i HǶûHûp�iBQM /m MBp2�m /2 H� K2`- HǶ2�m /2 K2` 2Mp�?Bi H2b p�HHû2b /2b `BpBĕ`2b /2 #�bb2b
�HiBim/2bX *Ƕ2bi HǶmM /2b ivT2b /Ƕ2bim�B`2 H2b THmb 7`û[m2MibX GǶ2bim�B`2 /2 H� a2BM2- H� #�B2 /m .2H�r�`2 Qm
HǶ2bim�B`2 /2 HǶ�/Qm` bQMi /2b 2t2KTH2b +H�bbB[m2b U6B;m`2 RXR�VX

G2b 2bim�B`2b ¨ Ŀ #�``2 bû/BK2Mi�B`2b ŀ MQKKûb #�`@#mBHi 2M �M;H�Bb QMi ûiû b2KB@+HQBbQMMûb T�` H�
7Q`K�iBQM /ǶmM2 #�``2 b�#H2mb2 H2 HQM; /2 H� HB;M2 /2 +Ƭi2 `û/mBb�Mi H2b û+?�M;2b 2Mi`2 HǶ2bim�B`2 2i H2 KBHB2m
K�`BMX *2b 2bim�B`2b i2M/2Mi ¨ bǶ2MHBb2` 2i H2m` T`Q7QM/2m` 2bi `2H�iBp2K2Mi 7�B#H2X S�` H2m` +HQBbQMM2K2Mi 2i
H2m` T`Q7QM/2m`- BHb bQMi bQmp2Mi +QM7QM/mb �p2+ H2b H�;QMbX G� G�;mM� J�/`2 Ula�V 2i H� _B� /Ƕ�p2B`Q 2M
bQMi /2mt `2T`ûb2Mi�Mib U6B;m`2 RXR"VX

G2b 7DQ`/b bQMi /Ƕ�M+B2MM2b p�HHû2b ;H�+B�B`2b 7�ÏQMMû2b T�` H2 KQmp2K2Mi /2b ;H�+B2`b TmBb 2Mp�?B2b T�` H2b
2�mt /2 K2`X PM H2b `2i`Qmp2 T`BM+BT�H2K2Mi �mt �#Q`/b /2b TƬH2b- +QKK2 2M LQ`pĕ;2- AbH�M/2 2i �H�bF�
K�Bb �mbbB 2M �Mi�`+iB[m2- *?BHB Qm LQmp2HH2 wûH�M/2X *2b p�HHû2b bQMi +�`�+iû`Bbû2b T�` H2b p2`b�Mib ?�mib 2i
2b+�`Tûb 2i T�` mM2 #�i?vKûi`B2 BKTQ`i�Mi2 +QKK2 H2 aQ;M27DQ`/ ULQ`pĕ;2- T`Q7QM/2m` /2 R jy3 KV U6B;m`2
RXR*VX

jk



RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

S`Bi+?�`/ HmB@KāK2 `2pm `�TB/2K2Mi +2b +�iû;Q`B2b 2i 2M �DQmi� mM2 [m�i`BĕK2- H2b 2bim�B`2b i2+iQMB[m2b
US`Bi+?�`/g- RNeyV U6B;m`2 RXR.VX *2b /2`MB2`b bQMi 7Q`Kûb ¨ H� bmBi2 /2 bûBbK2b Qm /2 7`�+im`2b /2 H� +`Qȿi2
i2``2bi`2b /�Mb H2b `û;BQMb �/D�+2Mi2b �m KBHB2m Q+û�MB[m2- +`2mb�Mi mM #�bbBM [mB bǶBH 2bi `2KTHB T�` mM2
K�bb2 /Ƕ2�m Q+û�MB[m2 T2mi +QM/mB`2 ¨ H� 7Q`K�iBQM /ǶmM 2bim�B`2X *Ƕ2bi H2 +�b MQi�KK2Mi /2 H� #�B2 /2 a�M
6`�Mb+Bb+Q Ula�V Qm H� #�B2 /2 :m�vK�b �m J2tB[m2X

*2ii2 +H�bbB}+�iBQM 7mi ¨ /2 MQK#`2mb2b Q++�bBQMb `2pm2 2i ûi2M/m2 U>mK2g2i �HX- kyydV- T�`KB HǶ2Mb2K#H2 /2b
+�iû;Q`B2b +`ûû2b- QM T2mi +Bi2` H2b `B�b U�mbbB MQKKûb �#2`bV U6B;m`2 RXR1V [mB T`ûb2Mi2Mi mM /û#Bi ~mpB�H
i`ĕb `û/mBi- +2 bQMi /2b p�HHû2b `û2HH2K2Mi MQvû2b T�` H2b K�`û2b Qm H2b 7D�`/b U6B;m`2 RXR6V [mB b2 /BbiBM;m2
/2b 7DQ`/b T�` mM `2HB27 THmb 7�B#H2X

6B;m`2 RXR Ĝ *H�bbB}+�iBQM ;ûQKQ`T?QHQ;B[m2 /2b 2bim�B`2bX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXRXRXkXk *H�bbB}+�iBQM /Ƕ�T`ĕb HǶ�KTH2m` /2 H� K�`û2

*2ii2 T`2KBĕ`2 +H�bbB}+�iBQM ;ûQKQ`T?QHQ;B[m2 bǶ�pĕ`2 `2H�iBp2K2Mi +QKTH2t2- /2 THmb- 2HH2 M2 T2`K2i T�b mM2
/BbiBM+iBQM }M2 2Mi`2 /2mt 2bim�B`2b [mB T2mp2Mi T`ûb2Mi2` mM2 ;ûQKQ`T?QHQ;B[m2 B/2MiB[m2 K�Bb +Q``2bTQM/`2
¨ /2b û+QbvbiĕK2b i`ĕb /Bzû`2MibX lM b2+QM/ T�`�Kĕi`2 2KTHQvû TQm` +H�bbB}2` H2b 2bim�B`2b 2bi HǶ�KTH2m`
KQv2MM2 /m K�`M�;2- bQBi HǶ�KTHBim/2 /2 HǶû+�`i 2Mi`2 H2 TQBMi H2 THmb ?�mi 2i H2 THmb #�b HQ`b /ǶmM ûTBbQ/2
/2 K�`û2X PM /BbiBM;m2 �BMbB j +�iû;Q`B2b U.�pB2bg� JQb2bg- RNe9V /ûi�BHHû2b /�Mb H2 i�#H2�m RXRX

h�#H2�m RXR Ĝ *H�bbB}+�iBQM /2b 2bim�B`2b b2HQM H2m` K�`M�;2X

J�`M�;2 UKV
.Ƕ�T`ĕb .�pB2b URNe9V
JB+`QiB/�H y@k
JûbQiB/�H k@9
J�+`QiB/�H = 9

.Ƕ�T`ĕb >�v2b URNdNV
JB+`QiB/�H y@R
6�B#H2K2Mi KûbQiB/�H R@k
>�mi2K2Mi KûbQiB/�H k@j-8
6�B#H2K2Mi K�+`QiB/�H j-8@8
J�+`QiB/�H = 8

G� +H�bbB}+�iBQM T�` .�pB2b `2bi2 H� THmb bBKTH2 2i H� THmb 7`û[m2KK2Mi `2M+QMi`û2X PM T2mi Mû�MKQBMb MQi2`
[m2 U>�v2bg- RNdNV ûi2M/Bi +2ii2 +H�bbB}+�iBQM ¨ 8 +�iû;Q`B2b Uh�#H2�m RXRV- i`ĕb bBKBH�B`2b �mt T`2KBĕ`2b K�Bb
BMi`Q/mBb�Mi H2b KQ/ĕH2b 2bim�`B2Mb BMi2`Kû/B�B`2 7�B#H2K2Mi KûbQiB/�mt UR@k KV- ?�mi2K2Mi KûbQiB/�mt Uk@
j-8 KV 2i 7�B#H2K2Mi K�+`QiB/�mt Uj-8@8 KV 2i 2M `2/û}MBbb�Mi H2b HBKBi2b /2b KQ/ĕH2b KB+`QiB/�mt UI R KV
2i K�+`QiB/�mt U= 8 KVX

RXRXRXkXj ai`m+im`�iBQM p2`iB+�H2 /2b 2bim�B`2b

G� `2M+QMi`2 /Ƕ2�mt ~mpB�H2b 2i K�`BM2b 2M;2M/`2 H� 7Q`K�iBQM /2 ;`�/B2Mib /2 b�HBMBiû ¨ H� 7QBb HQM;Bim/BM�mt
2i p2`iB+�mtX G2b T�`�Kĕi`2b /2 +2 ;`�/B2Mi bQMi ?�mi2K2Mi p�`B�#H2b /ǶmM 2bim�B`2 ¨ HǶ�mi`2 +Ƕ2bi TQm`[mQB
mM2 +H�bbB}+�iBQM /û+QmH� /2b /Bzû`2Mib KQ/2b /2 KûH�M;2 2Mi`2 H2b 2�mt /Qm+2b 2i b�Hû2bX PM /BbiBM;m2`�
�BMbB 9 KQ/2b K�DQ`Bi�B`2b Uo�HH2@G2pBMbQMg- kyRyV U6B;m`2 RXkV ,

U�V T�`iB2HH2K2Mi KûH�M;ûb- +2ii2 bi`m+im`�iBQM bǶBMbi�HH2 HQ`b[m2 H2 /û#Bi ~mpB�H 2bi THmb 7�B#H2 [m2 H2b
BMi`mbBQMb K�`BM2b- Mû�MKQBMb H2m`b /2mt +Qm`�Mib bQMi �bb2x BKTQ`i�Mib TQm` T`QpQ[m2` mM2 xQM2 /2
im`#mH2M+2b ¨ H2m` BMi2`7�+2 2i KûH�M;2` H2b /2mt K�bb2b /Ƕ2�m �iiûMm�Mi H� bi`�iB}+�iBQM p2`iB+�H2X

U#V #B2M KûH�M;ûb- H2b +Qm`�Mib K�`BMb bQMi #B2M bmTû`B2m`b �mt �TTQ`ib ~mpB�mt- HǶ2Mb2K#H2 /�Mb H�
+QHQMM2 /Ƕ2�m 2bi �HQ`b #B2M KûH�M;û2 2i M2 p�`B2 T�b bm` b� T`Q7QM/2m`X *2T2M/�Mi- 2HH2 T2mi p�`B2`
H2 HQM; /2 HǶ2bim�B`2- /BKBMm�Mi p2`b HǶ�KQMiX G� b�HBMBiû p�`B2`� �HQ`b 2M 7QM+iBQM /2 H� b�BbQM 2i /m
/û#Bi �KQMiX

j9



RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

U+V H2b 2bim�B`2b ¨ +QBM b�Hû- +2ii2 KQ/�HBiû bǶBMbi�HH2 HQ`b[m2 H2 /û#Bi ~mpB�H 2bi THmb BKTQ`i�Mi [m2 H�
K�`û2X GǶ2�m /Qm+2 Hû;ĕ`2 bǶû+QmH�Mi 2M bm`7�+2 /2 HǶ2�m b�HBM2 /2Mb2- mM ;`�/B2Mi /2 b�HBMBiû bǶBMbi�HH2
H2 HQM; /2 H� +QHQMM2 /Ƕ2�mX *QKK2 /�Mb H2 +�b /2b 2bim�B`2b T�`iB2HH2K2Mi KûH�M;ûb- /2b im`#mH2M+2b
pQMi T`QpQ[m2` mM Hû;2` KûH�M;2 ¨ HǶBMi2`7�+2 K�Bb b�Mb T2`im`#2` H� bi`�iB}+�iBQMX G2b K�bb2b /Ƕ2�m
K�`BM2b bǶ�p�M+2Mi bm` H2 7QM/ /2 HǶ2bim�B`2 p2`b HǶ�KQMi Dmb[mǶ�m TQBMi MQ/�H Qɍ H2 +Qm`�Mi K�`BM /2
7QM/ 2bi �``āiûX � +2 TQBMi- H2 ~mt /Ƕ2�m /Qm+2 M2 T2mi THmb āi`2 +QKT2MbûX

U/V 2i H2b 2bim�B`2b 7Q`i2K2Mi bi`�iB}ûb- +2ii2 bi`m+im`�iBQM `�TT2HH2 +2HH2 /2b 2bim�B`2b T�`iB2HH2K2Mi
KûH�M;ûb- +2T2M/�Mi /�Mb +2ii2 KQ/�HBiû- H2b /û#Bib ~mpB�mt bQMi THmb BKTQ`i�Mib [m2 HǶBMi`mbBQM
K�`BM2X G2 /û#Bi ~mpB�H ûi�Mi THmb K�`[mû H2 +Qm`�Mi /2 bm`7�+2 b2`� THmb 7Q`i 2Mi`�Mi mM2 bi`�iB}+�iBQM
THmb K�`[mû2X

6B;m`2 RXk Ĝ *H�bbB}+�iBQM /2b 2bim�B`2b #�bû2b bm` H� bi`m+im`�iBQM p2`iB+�H2 /2 H� b�HBMBiû KQ/B}û2 /Ƕ�T`ĕb
o�HH2@G2pBMbQM UkyRyVX

RXRXRXkX9 a2+iQ`Bb�iBQM /2b 2bim�B`2b , BM7û`B2m`- KQv2M 2i bmTû`B2m`

lM 2bim�B`2 `2T`ûb2Mi2 mM ;`�/B2Mi 2Mi`2 /2mt #BQK2b- �m+mM2 HBKBi2 7`�M+?2 MǶ2tBbi2 2Mi`2 HǶ2bim�B`2 2i H2
KBHB2m K�`BM Qm /mH+B+QH2X 1M �KQMi- /2mt +`Biĕ`2b bQMi 7`û[m2KK2Mi miBHBbûb TQm` /û}MB` /2b HBKBi2b �mt
2bim�B`2b ,r H� HBKBi2 /ǶBMi`mbBQM K�`BM2 bQBi H� HBKBi2 ¨ H�[m2HH2 H� b�HBMBiû /2b 2�mt 2bi bmTû`B2m`2 ¨ +2HH2b /2

KBHB2m /mH+B+QH2r 2i H� HBKBi2 /2 K�`û2 /vM�KB[m2 bQBi H� /Bbi�M+2 K�tBK�H2 /2 TûMûi`�iBQM /2 HǶQM/2 /2 H� K�`û2X
1M �p�H- +Ƕ2bi H� HBKBi2 /2 T`ûb2M+2 /Ƕ2�mt b�mK�i`2b [mB T2`K2i /2 /ûHBKBi2` HǶ2bim�B`2- +2ii2 HBKBi2
i`�/mBb�Mi /B`2+i2K2Mi ¨ H� HBKBi2 K�tBK�H2 /2 HǶBM~m2M+2 /2b 2�mt /Qm+2bX

j8



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

PM /û}MBi +H�bbB[m2K2Mi j ;`�M/b b2+i2m`b , HǶ?�mi 2bim�B`2- HǶ2bim�B`2 KQv2M 2i H2 #�b 2bim�B`2 U6B;m`2
RXjV U.BQMM2g- RNej c S2`BHHQg- RNN8VX

*2b b2+i2m`b bQMi #�bûb bm` H2b HBKBi2b T`û+û/2KK2Mi K2MiBQMMû2b �BMbB [m2 H2 bvbiĕK2 /2 o2MBb2 TQm` H�
+H�bbB}+�iBQM /2b 2�mt b�mK�i`2b UĿ h?2 o2MB+2 avbi2K 7Q` i?2 *H�bbB}+�iBQM Q7 J�`BM2 q�i2`b �++Q`/BM; iQ
a�HBMBiv ŀ- RN83VX G� xQM2 bǶûi2M/�Mi 2Mi`2 H� HBKBi2 /ǶBMi`mbBQM b�HBM2 2i /2 K�`û2 /vM�KB[m2 +Q``2bTQM/ �m
?�mi 2bim�B`2- �mbbB �TT2Hû 2bim�B`2 ~mpB�HX �p2+ mM2 b�HBMBiû KQv2MM2 BM7û`B2m`2 ¨ y-8 Tbm UmMBiû /2 b�HBMBiû
T`�iB[m2V- 2HH2 2bi [m�HB}û2 /2 HBKMûiB[m2X GǶ2bim�B`2 KQv2M +Q``2bTQM/ HmB ¨ H� xQM2 /2 KûH�M;2 2Mi`2 H2 KBHB2m
~mpB�H 2i K�`BMX *2 b2+i2m` bǶûi2M/ /2 H� HBKBi2 /ǶBMi`mbBQM b�HBM2 ¨ mM2 HBKBi2 #�bb2 /û}MB2 T�` mM2 b�HBMBiû
�pQBbBM�Mi H2b R3 Tbm- bQBi H� HBKBi2 2Mi`2 H2b xQM2b KûbQ?�HBM2 2i TQHv?�HBM2X aǶ2MbmBi H2 #�b 2bim�B`2- MQKKû
`û;mHBĕ`2K2Mi 2bim�B`2 K�`BM- [mB +Q``2bTQM/ ¨ H� T�`iB2 H� THmb T`QtBK�H2 /2 HǶ2bim�B`2X G� /QKBM�M+2 K�`BM2
v 2bi K�DQ`Bi�B`2- BH 2bi +�`�+iû`Bbû T�` mM2 b�HBMBiû bmTû`B2m`2 ¨ R3 Tbm 2i bǶûi2M/ Dmb[mǶ¨ HǶ2K#Qm+?m`2 /2
HǶ2bim�B`2X

6B;m`2 RXj Ĝ a2+iQ`B�iBQM B/û�H2 /2b 2bim�B`2b /Ƕ�T`ĕb S2`BHHQ URNN8VX

AH 2bi TQbbB#H2 /2 bm#/BpBb2` +2b b2+i2m`b 2M TQ`iBQMb THmb }M2b- +2 [mB 7mi /Ƕ�BHH2m`b T`QTQbû T�` UJ+GmbFvg-
RNNjV [mB b2 #�b� /2 MQmp2�m bm` H2 bvbiĕK2 /2 o2MBb2 UĿ h?2 o2MB+2 avbi2K 7Q` i?2 *H�bbB}+�iBQM Q7 J�`BM2
q�i2`b �++Q`/BM; iQ a�HBMBiv ŀ- RN83V U6B;m`2 RXjVX �BMbB- HǶ2bim�B`2 KQv2M b2`� b+BM/û 2M k T�`iB2b ¨ H�
b�HBMBiû /2 8 TbmX *2b /BpBbBQMb bQMi MQKKû2b Ŀ mTT2` ŀ 2i Ŀ BMM2` ŀ +Q``2bTQM/�Mi `2bT2+iBp2K2Mi �mt
KBHB2mt QHB;Q?�HBM 2i KûbQ?�HBMX Zm�Mi �m #�b 2bim�B`2- BH b2`� HmB �mbbB bm#/BpBbû 2M k T�`iB2b- H2 Ŀ KB//H2
ŀ 2i Ŀ HQr2` ŀ- bûT�`ûb +2ii2 7QBb T�` mM2 b�HBMBiû /2 k8 TbmX A+B- HǶ�mi2m` � /B`2+i2K2Mi bm#/BpBbû H2 KBHB2m
TQHv?�HBM 2M /2mtX G� TQbBiBQM /2b HBKBi2b +Biû2b B+B p� T�` /û}MBiBQM p�`Bû2 ûMQ`KûK2Mi 2M 7QM+iBQM /m
`vi?K2 /2b K�`û2b- /m `û;BK2 ~mpB�H 2i /QM+ /2 H� b�BbQM- 2HH2b M2 bQMi /Ƕ�BHH2m`b D�K�Bb }tû2bX *QKK2 QM
pB2Mi /2 pQB`- /û}MB` H2b 2bim�B`2b Qm #B2M H2b +H�bbB}2`- #B2M [mǶûpB/2Mi2 2M �TT�`2M+2- bǶ�pĕ`2 mM2 i�+?2 #B2M
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

THmb +QKTH2t2X *2H� K2i +H�B`2K2Mi 2M ûpB/2M+2 H� +QKTH2tBiû BM?û`2Mi2 ¨ +2b û+QbvbiĕK2b- +2 [mB 2M 7�Bi /2b
xQM2b /Ƕûim/2b /2 ;`�M/ BMiû`āiX

RXRXk 1+QHQ;B2 2bim�`B2MM2

RXRXkXR :ûMû`�HBiûb

G2b 2bim�B`2b bQMi /2b 2MpB`QMM2K2Mib +QKTH2t2b 2i mMB[m2b- /ǶmM TQBMi pm T?vbB+Q@+?BKB[m2 +QKK2 #BQHQ@
;B[m2X *2 bQMi /2b xQM2b /2 i`�MbBiBQM 2Mi`2 /2mt û+QbvbiĕK2b UK�`BM 2i /mH+B+QH2V �mbbB �TT2Hûb 2M û+QHQ;B2-
/2b û+QiQM2bX *2b û+QiQM2b bQMi /û+`Bib +QKK2 +�`�+iû`Bbûb T�` H2m`b BKTQ`i�Mi2b T`Q/m+iBpBiû 2i #BQ/B@
p2`bBiû Uo�M /2` J��`2Hg- RNNyVX
G2b 2bim�B`2b- 2i û+QiQM2b 2M ;ûMû`�H- #ûMû}+B2Mi /Ƕ�TTQ`ib Mmi`BiB7b T`Qp2M�Mi /2b û+QbvbiĕK2b DQmti�MiX
.�Mb H2 +�b /2b 2bim�B`2b- H2b `BpBĕ`2b b2`QMi bQm`+2b /Ƕ�xQi2 ULV T`BM+BT�H2K2Mi bQmb H� 7Q`K2 /2 MBi`�i2b
ULPj

@V- mM ûHûK2Mi ¨ H� 7QBb 7`û[m2KK2Mi HBKBi�Mi 2M KBHB2m K�`BM UJQQ`2g2i �HX- kyRjV 2i BMp2`b2K2Mi Q+@
+�bBQMM2HH2K2Mi `2bTQMb�#H2 /2 HǶ2mi`QT?Bb�iBQM /2b û+QbvbiĕK2b 2M KBHB2m /mH+B+QH2 2ifQm 2bim�`B2M UE2HHvg
2i �HX- kykRVX GǶ�xQi2- 2Mi`�Mi /�Mb H2 +QKTQbBiBQM /2b T`QiûBM2b 2i /2b �+B/2b Mm+HûB[m2b- 2bi T`û+BbûK2Mi
HBKBi�Mi 2M KBHB2m K�`BM TQm` H2 T?viQTH�M+iQM- Q` +2 ;`QmT2 2bi bBimû ¨ H� #�b2 /2 `ûb2�mt i`QT?B[m2b 2M
KBHB2m K�`BM- b� HBKBi�iBQM T`ûb2Mi2 �BMbB /2b `ûT2`+mbbBQMb bm` HǶ2Mb2K#H2 /m bvbiĕK2X G2 KBHB2m /mH+B+QH2
T2mi 2M+Q`2 āi`2 bQm`+2 /Ƕ�mi`2b ûHûK2Mib +QKK2 H2 T?QbT?Q`2 USV- bm`iQmi bB mM2 �+iBpBiû �;`B+QH2 bǶBMbi�HH2
¨ HǶ�KQMiX � HǶBMp2`b2- H2 KBHB2m K�`BM 2bi mM2 bQm`+2 /2 bBHB+2 UaBV- K�;MûbBmK UJ;V Qm TQi�bbBmK UEVX
G2b #ûMû}+2b �TTQ`iûb TQm` H2b û+QbvbiĕK2b 2MpB`QMM�Mib M2 bQMi T�b mMB[m2K2Mi bQmb H� 7Q`K2 /2 bm#@
bi�M+2 +?BKB[m2X G2m` �+iBQM T`2M/ /2 KmHiBTH2b 7�+2ii2b- [mB T2mp2Mi āi`2 /2 M�im`2 #BQHQ;B[m2 Qm 2M+Q`2
?v/`QHQ;B[m2X

G� T`Q/m+iBQM T`BK�B`2 2bim�`B2MM2 2bi 7`û[m2KK2Mi `2M7Q`+û2 T�` HǶ�TTQ`i Mmi`BiB7 �KQMi K�Bb �mbbB T�` H�
`2KBb2 2M bmbT2MbBQM /ǶûHûK2Mib Mmi`BiB7b bQmb HǶ�+iBQM /2b +Qm`�Mib /2 K�`û2X *2b �TTQ`ib bQMi 2mt �mbbB
bQmb H2 DQm; /ǶmM2 BKTQ`i�Mi2 p�`B�#BHBiû i2KTQ`2HH2X AHb T2mp2Mi p�`B2` ¨ HǶû+?2HH2 /2 H� DQm`Mû2 UTX 2tX �p2+
H2 +Q2{+B2Mi /2 K�`û2V- /m KQBb- /2 HǶ�MMû2 pQB` THmb 2M+Q`2 Ua?�`Tg2i �HX- RN3e c �bK�H�g2i �HX- kyReVX

S�` H� T`ûb2M+2 bBKmHi�Mû2 /Ƕ2bTĕ+2b Bbbm2b /2b /2mt û+QbvbiĕK2b �/D�+2Mib 2i /Ƕ2bTĕ+2b 2M/ûKB[m2b ¨ HǶ2b@
im�B`2- QM Q#b2`p2 i?ûQ`B[m2K2Mi mM2 `B+?2bb2 #BQHQ;B[m2 bTû+B}[m2 BKTQ`i�Mi2 2M KBHB2m 2bim�`B2MX *2
bQMi û;�H2K2Mi /2b +QmHQB`b KB;`�iQB`2b TQm` /2 MQK#`2mb2b 2bTĕ+2b �TT�`i2M�Mi T�` 2t2KTH2 �m T2H�@
;Qb U"mHi2Hg2i �HX- kyR9 c JQ``B+2g2i �HX- kykyV Qm 2M+Q`2 �m #2Mi?Qb ULB+?QHbg� h?QKTbQMg- RN38 c
1;;H2biQMg2i �HX- kyR8VX G2b 2bim�B`2b iB2MM2Mi �mbbB HB2m /2 MQm``B+2`B2 2i /2 `27m;2 U*�#`�Hg2i �HX-
kyyd c _Q#BMbg2i �HX- kyRe c :m2``2B`Qg2i �HX- kykRVX

G� p�H2m` û+QHQ;B[m2 /2 +2b û+QbvbiĕK2b `ûbB/2 �mbbB /�Mb H� /Bp2`bBiû /Ƕ?�#Bi�ib 2i /2 MB+?2b û+QHQ;B[m2b
[mǶBHb �#`Bi2MiX G2b 2bim�B`2b 7Q`K2Mi 2M `û�HBiû /2b bQmb@mMBiûb /Ƕ?�#Bi�i [mB b2 DQmti2Mi 2i bǶ�bb2K#H2Mi /�Mb
mM2 KQb�ś[m2 BMi2`�+iBp2X G2b p�`B�#BHBiûb /2b T�`�Kĕi`2b T?vbB+Q@+?BKB[m2b 2i #BQHQ;B[m2b 2M HB2Mb ûi`QBib

jd



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

�p2+ H2b û+QbvbiĕK2b K�`BiBK2 2i /mH+B+QH2 pQMi 7�ÏQMM2` +2ii2 KQb�ś[m2 2bim�`B2MM2X �BMbB mM 2bim�B`2 2bi
mM +QMiBMmmK /Ƕ�bb2K#H�;2b [mB `2M/`QMi +?�[m2 2bim�B`2 mMB[m2X

RXRXkXk G2 Ŀ S�`�/Qt2 1bim�`B2M ŀ , ǵ1bim�`BM2 Zm�HBiv S�`�/QtǶ

*QKK2 HǶBHHmbi`2 H� /B{+mHiû /2 +H�bbB}+�iBQM /2b 2bim�B`2b /ûD¨ �#Q`/û2- MQmb bQKK2b +QM7`QMiûb B+B ¨ /2b
û+QbvbiĕK2b ?�mi2K2Mi ?ûiû`Q;ĕM2b /�Mb H2 i2KTb 2i /�Mb HǶ2bT�+2X AHb bQMi /Ƕ�BHH2m`b 7`û[m2KK2Mi [m�HB}ûb
/2 Ŀ M�im`2HH2K2Mi bi`2bbûb ŀX .2 bm`+`Qŗi +QKK2 /2 MQK#`2mb2b xQM2b HBiiQ`�H2b- +2 bQMi /2b û+QbvbiĕK2b
7Q`i2K2Mi BKT�+iûb T�` H2b �+iBpBiûb �Mi?`QTB[m2bX JX 1HHBQii 2i oX ZmBMiBMQ BMi`Q/mBbB`2Mi H� MQiBQM /2
T�`�/Qt2 2bim�`B2M U1bim�`BM2 Zm�HBiv S�`�/QtV- +Q``2bTQM/�Mi ¨ H� /B{+mHiû /ǶB/2MiB}û H� T�`i /2
H� p�`B�#BHBiû M�im`2HH2 /ȿ �mt +�`�+iû`BbiB[m2b 2bim�`B2MM2b /2 +2HH2 BM/mBi T�` H2b �+iBpBiûb �Mi?`QTB[m2b
U1HHBQiig� ZmBMiBMQg- kyyd c .�mpBMg- kyydVX .�mpBMg� _m2HH2igUkyyNV /ûKQMi`ĕ`2Mi [mǶ2M T`2M�Mi
mMB[m2K2Mi 9 T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt [mB `û;Bbb2Mi 7`û[m2KK2Mi H2b 2bim�B`2b- MQmb TQmpBQMb �#QmiB`
R3y +QM/BiBQMb 2MpB`QMM2K2Mi�H2b /BbiBM+i2bX GQ`b[mǶBHb v �DQmiĕ`2Mi 9 �mi`2b T�`�Kĕi`2b ǳ�Mi?`QTB[m2bǴ- BHb
QMi �#QmiB ¨ mM MQK#`2 iQi�H /2 kd yyy +QM/BiBQMb U6B;m`2 RX9VX

6B;m`2 RX9 Ĝ AHHmbi`�iBQM /2 H� p�`Bûiû /2 +QM/BiBQMb TQmp�Mi `ûbmHi2` /2 bi`2bb M�im`2H 2i �Mi?`QTB[m2 /Ƕ�T`ĕb
.�mpBM � _m2HH2i UkyyNVX

hQmi2b +2b +QM/BiBQMb M2 b2 `2i`Qmp2Mi T�b 7Q`+ûK2Mi 2M KBHB2m M�im`2H 2i +2ii2 �TT`Q+?2 `2bi2 mM2 ûp�Hm�iBQM
i?ûQ`B[m2 /2b TQi2MiB2HH2b +QK#BM�BbQMb /2 +QM/BiBQMb TQmp�Mi āi`2 `2i`Qmpû2b 2M KBHB2m 2bim�`B2M bi`2bbûX
*2ii2 `2T`ûb2Mi�iBQM BHHmbi`2 HǶ?ûiû`Q;ûMûBiû BM?û`2Mi2 ¨ +2i û+QbvbiĕK2 2i H� /B{+mHiû /2 /BbbQ+B2` H� M�im`2
/2b bi`2bb BM~m2MÏ�Mi +2b û+QbvbiĕK2bX
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

RXRXkXj 1+QHQ;B2 2bim�`B2MM2 � H2 +QKT�`iBK2Mi KB+`Q#B2M

1M RNj9- BH 7mi T`QTQbû mM KQ/ĕH2 +QM+2Tim2H �TT2Hû .B�;`�KK2 /2 _2K�M2 T2`K2ii�Mi /2 /û+`B`2 H2b
p�`B�iBQMb /m K�+`Q#2Mi?Qb /�Mb H2b 2bim�B`2b U_2K�M2g- RNj9VX AH 2bi #�bû bm` H� p�`B�iBQM /2 H� `B+?2bb2
bTû+B}[m2 H2 HQM; /ǶmM ;`�/B2Mi /2 b�HBMBiûX
AH v /BbiBM;m2 j ;`�M/b +QKT�`iBK2Mib , H2b 2bTĕ+2b /mH+B+QH2b- K�`BM2b 2i 2bim�`B2MM2bX
*2 KQ/ĕH2 7mi `�TB/2K2Mi 2KTHQvû 2i KQ/B}û �}M /2 /û+`B`2 2i ûim/B2` /Bzû`2Mi2b +QKKmM�miûb KB+`Q@
#B2MM2b +QHQMBb�Mi /2b +QMiBMmmKb b�HBMb Uh2H2b?g2i �HX- kyRR c q?Bi7B2H/g2i �HX- kyRkVX PM v Q#b2`p2
+H�bbB[m2K2Mi H� /û+`QBbb�M+2 /2b 2bTĕ+2b /mH+B+QH2b �p2+ HǶ�m;K2Mi�iBQM /2 H� b�HBMBiû U;`QbbBĕ`2K2Mi 2Mi`2 y
2i 8 TbmV 2i BMp2`b2K2Mi HǶ�m;K2Mi�iBQM /m MQK#`2 /Ƕ2bTĕ+2b K�`BM2b U¨ T�`iB` /2 Ry ¨ j8 TbmVX G2b 2bTĕ+2b
2bim�`B2MM2b b2K#H2`�B2Mi T`ûb2Mi2` mM2 �#QM/�M+2 `2H�iBp2K2Mi +QMbi�Mi2 /2 j@9 ¨ jy Tbm Uq?Bi7B2H/g2i
�HX- kyRkVX Lû�MKQBMb- H� xQM2 �HH�Mi /2 8 ¨ 3 Tbm +Q``2bTQM/ i?ûQ`B[m2K2Mi ¨ HǶû+QiQM2 2bim�`B2M �m b2Mb H2
THmb bi`B+i U6B;m`2 RX8VX

6B;m`2 RX8 Ĝ o�`B�iBQM /2 H� /Bp2`bBiû UmMBiû �`#Bi`�B`2V H2 HQM; /ǶmM ;`�/B2Mi /2 b�HBMBiû /Ƕ�T`ĕb oB/�H@.m`£
2i �HX- kyR3X G2b xQM2b +QHQ`ûb `2T`ûb2Mi2Mi H2b p�`B�iBQMb /m K�+`Q#2Mi?Qb b2HQM H2 KQ/ĕH2 /2 _2K�M2 URNj9V
U/Ƕ�T`ĕb q?Bi7B2H/ 2i �HX- kyRk 2i aF�`H�iQ � h2H2b?- kyRdVX G2b TQBMiBHHûb B/2MiB[m2Mi H2b p�`B�iBQMb /2b
#�+iû`B2b TH�M+iQMB[m2b U>2`H2K�MM 2i �HX- kyRRV 2i /2b T`QiBbi2b TûH�;B[m2b Uh2H2b? 2i �HX- kyRRVX

amBi2 ¨ HǶ2KTHQB /2 +2 KQ/ĕH2 +QM+2Tim2H U.B�;`�KK2 /2 _2K�M2V bm` H2b +QKKmM�miûb KB+`Q#B2MM2b- H2b
`ûbmHi�ib Q#i2Mmb T`ûb2Miĕ`2Mi mM T`Q}H �bb2x `2K�`[m�#H2 TmBb[m2 H2b +QKKmM�miûb #�+iû`B2MM2b TûH�;B[m2b
b2K#H2`�B2Mi T`ûb2Mi2` mM2 �#QM/�M+2 +QMbi�Mi2 H2 HQM; /m ;`�/B2Mi b�HBM U>2`H2K�MMg2i �HX- kyRR c oB/�H@

jN



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

.m`£g2i �HX- kyR3V- b�Mb āi`2 BM~m2M+û2b T�` H2b p�`B�iBQMb /2 b�HBMBiûX .2 THmb- H� xQM2 /2 b�HBMBiû 8@3 Tbm [mB
2bi mM2 xQM2 +`BiB[m2 TQm` H� K�DQ`Biû /2b 2bTĕ+2b b2K#H2 `2T`ûb2Mi2` TQm` H2b mMB+2HHmH�B`2b 2m+�`vQiB[m2b
mM2 `û2HH2 MB+?2 û+QHQ;B[m2 U6B;m`2 RX8V Uh2H2b?g2i �HX- kyRR c h2H2b?g2i �HX- kyRj c oB/�H@.m`£g2i �HX-
kyR3VX
�m@/2H¨ /2 HǶ�#QM/�M+2- /ǶmM2 T�`i +2`i�BMb �mi2m`b Q#b2`p2Mi mM2 #BQ/Bp2`bBiû [mB b2`�Bi H2 `ûbmHi�i /ǶmM
KûH�M;2 /2 +QKKmM�miûb KB+`Q#B2MM2b /mH+B+QH2b 2i K�`BM2b- H� +QKKmM�miû KB+`Q#B2MM2 MǶ�v�Mi T�b H2
i2KTb /2 bǶ�/�Ti2` 2i /2 /2p2HQTT2` mM �bb2K#H�;2 2bim�`B2M U2M HB2M �p2+ H2b 7�B#H2b i2KTb /2 `ûbB/2M+2
/2b K�bb2b /Ƕ2�mV U*`mKTg2i �HX- RNNN c h`Qmbb2HHB2`g2i �HX- kyykVXh�M/Bb [m2 /Ƕ�mi`2b i2M/2Mi THmiƬi ¨
/ûKQMi`2` [mǶBHb bQMi 2M T`ûb2M+2 /ǶmM �bb2K#H�;2 2bim�`B2M bTû+B}[m2 U:QƜB@l``Bx�g2i �HX- kyydVX
*2b Q#b2`p�iBQMb #B2M [m2 #B2M [mǶ�bb2x +QMi`�/B+iQB`2b BHHmbi`2Mi H2 7�Bi TQbbĕ/2 mM /vM�KBbK2 2i /2b +�@
`�+iû`BbiB[m2b �#BQiB[m2b [mB HmB bQMi T`QT`2bX �BMbB- H� KBb2 2M TH�+2 /2 HǶmM Qm HǶ�mi`2 /2 +2b ivT2b /2
+QKKmM�miûb 2bim�`B2MM2b TQm``�Bi THmb bBKTH2K2Mi āi`2 7QM+iBQM /2 H� M�im`2 /2 HǶ2bim�B`2 K�Bb �mbbB /2 H�
Tû`BQ/2 /2 HǶ�MMû2X

RXRXkX9 G2b b2`pB+2b û+QbvbiûKB[m2b /2b xQM2b 2bim�`B2MM2b

G2b xQM2b 2bim�`B2MM2b bQMi /ǶmM2 BKTQ`i�M+2 +�TBi�H2 TQm` H2b û+QbvbiĕK2b K�`BMb +ƬiB2`bX G� 7Q`i2 T`Q/m+@
iBpBiû /2 +2b xQM2b 2M 7�Bi /2b û+QbvbiĕK2b /ǶBMiû`āi K�D2m` TQm` HǶ2MpB`QMM2K2Mi K�Bb �mbbB TQm` HǶû+QMQKB2
KQM/B�H2X G2b b2`pB+2b û+QbvbiûKB[m2b 7Qm`MBb T�` H2b 2bim�B`2b `2T`ûb2Mi2`�B2Mi 2M kyRR THmb /2 k9 Nyy
īX?�@R�M@R U*Qbi�Mx�g2i �HX- kyR9VX
*2b û+QbvbiĕK2b DQm2`�B2Mi mM `ƬH2 +H27b /�Mb H2 +v+H2 /2b Mmi`BK2Mib UL 2i S bm`iQmiV- H� T`Q/m+iBQM /2
`2bbQm`+2b �HBK2Mi�B`2b UTQm` H2b TQTmH�iBQMb ?mK�BM2bV- H2b HQBbB`b- H2b �+iBpBiûb +mHim`2HH2b 2i 2M i�Mi [m2
xQM2 /2 `27m;2 U*Qbi�Mx�g2i �HX- kyR9 c J�`iBMg2i �HX- kykyVX

RXRXj .2b xQM2b HBiiQ`�H2b m`#�MBbû2b

.2TmBb THmbB2m`b bBĕ+H2b- H2b xQM2b �[m�iB[m2b 2t2`+2Mi mM2 i`ĕb 7Q`i2 �ii`�+iBpBiû bm` H2b TQTmH�iBQMb ?mK�BM2bX
1M kyRe- BH � ûiû 2biBKû /2 T`ĕb /2 R9 /2b ky pBHH2b H2b THmb T2mTHûb KQM/B�H2K2Mi b2 i`Qmp�B2Mi /�Mb /2b xQM2b
HBiiQ`�H2b Qm ¨ T`QtBKBiû 2i T`ĕb /2 Ry /Ƕ2Mi`2 2HH2b bQMi bBimû2b ¨ T`QtBKBiû /2b xQM2b 2bim�`B2MM2b UlMBi2/
L�iBQMbg- kyReVX *2 b+?ûK� 2bi �bb2x +Q?û`2Mi- +2b û+QbvbiĕK2b `2T`ûb2Mi2Mi /2b pQB2b /2 M�pB;�iBQM 7�pQ`�#H2
�m +QKK2`+2 2i ¨ HǶBM/mbi`B2 2i DQm2Mi U2i DQmĕ`2MiV mM `ƬH2 +QMbû[m2Mi /�Mb H2 /ûp2HQTT2K2Mi û+QMQKB[m2
/2 Kû;�HQTQH2bX
"B2M ûpB/2KK2Mi- HǶBKTQ`i�Mi2 /ûKQ;`�T?B2 2i H� T`ûb2M+2 /2 Kû;�HQTQH2b H2 HQM; /2b xQM2b +ƬiBĕ`2b MǶ2bi T�b
b�Mb 2z2i bm` H2b û+QbvbiĕK2b M�im`2HbX lM2 T�`iB2 MQM Mû;HB;2�#H2 /2b HBiiQ`�mt bQMi 2z2+iBp2K2Mi BKT�+iûb
T�` H2b �+iBpBiûb ?mK�BM2b U6B;m`2 RXeV UE2MMBb?g- kyykVX

*2b BKT�+ib T2mp2Mi T`2M/`2 /2b 7Q`K2b KmHiBTH2b 2i p�`Bû2bX PM T2mi +Bi2` T�`KB H2b K2M�+2b T`BM+BT�H2b ,
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

U�V GǶ�`iB}+B�HBb�iBQM /m HBiiQ`�H c 2HH2 2bi ¨ HǶQ`B;BM2 /2 H� /BbT�`BiBQM /Ƕ?�#Bi�i Qm H� KQ/B}+�iBQM /2
HǶû[mBHB#`2 T?vbB+Q@+?BKB[m2 /2b HBiiQ`�mtX 1HH2 2bi Q#b2`p�#H2- T�` 2t2KTH2- HQ`b /2 H� +?2M�HBb�iBQM
/2b 2bim�B`2b Qm H� T2`im`#�iBQM /2b +Qm`�Mib +ƬiB2`b T�` H� KQ/B}+�iBQM /m 7QM/ U2Mb�#H2K2MiVX

U#V G� TQHHmiBQM +?BKB[m2 c /2b +QKTQbûb +?BKB[m2b Bbbmb /2 `2bbQm`+2b M�im`2HH2b UKûi�mt- 2i+V �mbbB
#B2M [m2 H2b T`Q/mBib BM/mbi`B2Hb /2 bvMi?ĕb2 UtûMQ#BQiB[m2b , T2biB+B/2b- S*"- 2i+XV T2mp2Mi b2 `2@
i`Qmp2` /�Mb H2b KBHB2mt �[m�iB[m2bX AHb i`�MbBi2Mi MQi�KK2Mi T�` H2b xQM2b 2bim�`B2MM2b �p�Mi /2
b2 `2i`Qmp2` �m b2BM /2b HBiiQ`�mtX 6�+2 ¨ H� /Bp2`bBiû /2 +QKTQbûb ûKBb- BH 2bi �+im2HH2K2Mi /B{+BH2
/Ƕ2biBK2` H2b 2z2ib /ǶmM2 i2HH2 +QMi�KBM�iBQMX Lû�MKQBMb 2HH2 p� ;ûMû`�H2K2Mi /2 T�B` �p2+ H2 /û+HBM
/2 H� [m�HBiû /2b 2�mt 2i /m 7QM+iBQMM2K2Mi û+QHQ;B[m2b /2b KBHB2mtX

U+V G2 +?�M;2K2Mi +HBK�iB[m2 c TQm` H2b xQM2b HBiiQ`�H2b- QM T2mi bǶ�ii2M/`2 ¨ /2mt `ûT2`+miBQMb K�@
D2m`2b , HǶ�m;K2Mi�iBQM /2 H� i2KTû`�im`2 /2 HǶ2�m 2i ûHûp�iBQM /m MBp2�m /2 H� K2` U_Q#BMbg2i �HX-
kyRe c AS**g- kyRN c E?QD�bi2?g2i �HX- kykRVX � +2H� T2mi bǶ�DQmi2` /2b T?ûMQKĕM2b /Ƕû`QbBQM /m
HBiiQ`�H Qm /2 b�HBMBb�iBQM UAS**g- kyRNVX .�Mb H2 +�b T`û+Bb /2b 2bim�B`2b- +Ƕ2bi HǶBMiû;`Biû /2 HǶû[mBHB#`2
?v/`Q/vM�KB[m2 2i /QM+ û+QHQ;B[m2 /2b 2bim�B`2b [mB 2bi K2M�+û2 UE?QD�bi2?g2i �HX- kykRVX

"B2M ûpB/2KK2Mi- +2b K2M�+2b bǶ2t�+2`#2Mi H2b mM2b- H2b �mi`2b UAS**g- kyRNVX G2 +?�M;2K2Mi +HBK�iB[m2 2i
H� T`2bbBQM �Mi?`QTB[m2 bQMi BM2ti`B+�#H2K2Mi 2K#Qŗiûb 2i MǶQMi /2 +2bb2 /2 bǶ�++2Mim2` Kmim2HH2K2MiX *2
[mB `2M/ HǶBMi2`T`ûi�iBQM /2 H2m`b +QMbû[m2M+2b #B2M THmb +QKTH2t2 UAS**g- kyRNVX

6B;m`2 RXe Ĝ *�`i2 KQM/B�H2 T`ûb2Mi�Mi H2b xQM2b +QiBĕ`2b U2M ;`�bV bB;MB}+�iBp2K2Mi BKT�+iû2b T�` H2b
�+iBpBiûb ?mK�BM2b /Ƕ�T`ĕb E2MMBb? 2i �HX- kyykX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

G2b 2bim�B`2b bQMi /2b û+QbvbiĕK2b +H27b TQm` HǶB/2MiB}+�iBQM /2b T`2bbBQMb �Mi?`QTB[m2b bǶ2t2`Ï�Mi bm` H2b
KBHB2mt HBiiQ`�mt 2i +ƬiB2`bX AHb `2T`ûb2Mi2Mi mM2 /2b pQB2b /Ƕ2Mi`û2 T`BM+BT�H2 /2b +QMi�KBM�Mib /�Mb +2b
/2`MB2`b- iQmi 2M ûi�Mi 2mt KāK2 /2b 2MpB`QMM2K2Mib M�im`2HH2K2Mi +QKTH2t2b 2i b2MbB#H2b �mt T2`im`#�iBQMbX
:`�+2 ¨ +2ii2 b2MbB#BHBiû 2i �mt T`2bbBQMb BKTQ`i�Mi2b �mt[m2HH2b BHb bQMi bmD2ib- +2b û+QbvbiĕK2b T2mp2Mi b2`pB`
/2 KQ/ĕH2 /�Mb H2 /B�;MQbiB+ 2i H2 bmBpB /2 HǶBKT�+i /2b T`2bbBQMb �Mi?`QTB[m2b bm` H� b�Miû /2b û+QbvbiĕK2bX

*2 i`�p�BH /2 i?ĕb2 2KTHQB2 +QKK2 bmTTQ`i /Ƕûim/2 HǶ2bim�B`2 /2 HǶ�/Qm` bBimûb �m am/@Pm2bi /2 H� 6`�M+2X
LQmb MQmb 7Q+�HBb2`QMb K�DQ`Bi�B`2K2Mi 2M i2`K2 /2 T`2bbBQM �Mi?`QTB[m2 bm` H� TQHHmiBQM +?BKB[m2 2i THmb
T`û+BbûK2Mi H2b KB+`QTQHHm�MibX

RXRX9 GǶ2bim�B`2 /2 HǶ�/Qm`- /2 HǶ�KQMi ¨ HǶ�p�H- /m #�bbBM p2`b�Mi �m iBbbm m`#�BM

RXRX9XR >v/`QHQ;B2 /m #�bbBM p2`b�Mi

G2 ~2mp2 �/Qm`- HQM; /2 jj8 FK- T`2M/ b� bQm`+2 �m TB+ /2 JB/B /2 "B;Q``2 /�Mb H2b Sv`ûMû2b@�iH�MiB[m2b
7`�MÏ�Bb2b 2i b2 D2ii2 /�Mb H2 :QH72 /2 :�b+Q;M2 U�iH�MiB[m2V �m MBp2�m /2 H� pBHH2 /Ƕ�M;H2iX G2 #�bbBM p2`b�Mi
/2 HǶ�/Qm` bǶûi2M/ bm` T`ĕb /2 Re 33y FKk U6B;m`2 RXdVX

G2b T`BM+BT�mt +Qm`b /Ƕ2�m �HBK2Mi�Mi +2 #�bbBM p2`b�Mi bQMi HǶ�/Qm` 7Q`Kû /2 HǶmMBQM /2b j #`�M+?2b 7QM@
/�i`B+2b- HǶ�/Qm` .2 S�vQHH2- HǶ�/Qm` /2 :`BTT 2i HǶ�/Qm` /2 G2bTQMM2b- bǶ2MbmBi HǶ�``Qb UR k3j FKkV- H�
JB/Qmx2 Uj 8Ny FKkV- H2 Gmv UR R8y FKkV- H2b ;�p2b `ûmMBb U:�p2b /2 S�m 2i /ǶPHQ`QMV U8 kyy FKkV 2i H�
LBp2 UR yjy FKkV U6B;m`2 RXdVX

GǶ�/Qm` bǶû+QmH2 Dmb[mǶ¨ bQM 2K#Qm+?m`2 ¨ �M;H2i- bǶQmp`�Mi /ǶmM2 T�`i 2i /Ƕ�mi`2b bm` H2b TH�;2b b�#HQM@
M2mb2b /2b H�M/2b 2i H� +Ƭi2 #�b[m2X
*2b +Qm`b /Ƕ2�m T`2MM2Mi K�DQ`Bi�B`2K2Mi H2m` bQm`+2 /�Mb Sv`ûMû2b@�iH�MiB[m2b- �BMbB- BHb bQMi K�DQ`Bi�B@
`2K2Mi bQmb mM `û;BK2 THmpBQ@MBp�H- mM `û;BK2 ?v/`QHQ;B[m2 bBKTH2 �HBK2Miû T�` H� 7QMi2 /2b M2B;2b �m
T`BMi2KTb 2i /2b T`û+BTBi�iBQMb 2M �miQKM2 2i 2M ?Bp2`X *2 ivT2 /2 `û;BK2 ~mpB�H 2bi +�`�+iû`Bbû T�` /2b
+`m2b 2M ?Bp2` 2i bm`iQmi T`BMi2KTb 2i mM2 Tû`BQ/2 /ǶûiB�;2 T`QMQM+û 2M ûiû U/Ƕ�Qȿi ¨ b2Ti2K#`2VX

G2 #�bbBM p2`b�Mi /2 HǶ�/Qm` T`ûb2Mi2 mM2 �+iBpBiû �;`B+QH2 T`QMQM+û2 U6B;m`2 RX3V- 2HH2 +QM+2`M2 bm`iQmi H�
+mHim`2 /m K�śb- +2HH2 /2b QHû�;BM2mt +QKK2 H2 +QHx� 2i H2 iQm`M2bQH- 2i H2 #Hû i2M/`2 /�Mb H2 MQ`/@2bi /2 H�
`û;BQM ?v/`Q;`�T?B[m2 MQi�KK2MiX SQM+im2HH2K2Mi- QM `2i`Qmp2 �mbbB /2b pB;M2b 2i /2b +mHim`2b /2 b2K2M+2X
GǶ�;`B+mHim`2 TQbbĕ/2 mM 2z2i MQM Mû;HB;2�#H2 bm` H2b û+QbvbiĕK2b �[m�iB[m2b- T�` H� KQ/B}+�iBQM /2b ~mt /2
K�iBĕ`2 Qm 2M+Q`2 T�` HǶ�TTQ`i /2 +QMi�KBM�Mib �Mi?`QTQ;ûMB[m2 i2Hb [m2 H2b T2biB+B/2b 2i �mi`2b T`Q/mBib
T?viQb�MBi�B`2bX G� T2`im`#�iBQM /2b ~mt /2 K�iBĕ`2 T2mi āi`2 HBû2 ¨ HǶ�TTQ`i /Ƕ�xQi2 2ifQm /2 T?QbT?Q`2-
/2mt ûHûK2Mib +QMbiBim�Mi K�DQ`Bi�B`2 /2b 2M;`�Bb U1Hb2`g- kyRk c 6QrH2`g2i �HX- kyRjVX
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

G2 #�bbBM p2`b�Mi /2 HǶ�/Qm` T`ûb2Mi2 /Ƕ�BHH2m`b TQM+im2HH2K2Mi /2b +QM+2Mi`�iBQMb BKTQ`i�Mi2b 2M T?QbT?Q`2-
MQi�KK2Mi 2M Tû`BQ/2 /2 THmB2b U"`mM2ig� �biBMg- RNNNV pB� H2 H2bbBp�;2 /2b bQHbX GǶ2Mb2K#H2 /m #�bbBM
?v/`Q;`�T?B[m2 :�`QMM2@�/Qm` T`ûb2Mi2 mM2 T`2bbBQM BKTQ`i�Mi2 2M T2biB+B/2b T`BM+BT�H2K2Mi 2M ?2`#B+B/2b
/QMi H2 a@JûiQH�+?HQ`2- HǶ�JS� UT`Q/mBi /2 /û;`�/�iBQM /2 ;HvT?Qb�i2V 2i HǶ�i`�xBM2 /ûbûi?vH UT`Q/mBi /2
/û;`�/�iBQM /2 HǶ�i`�xBM2V UAMbiBimiBQM �/Qm`g- kyR8VX

6B;m`2 RXd Ĝ *�`i2 /2 H� `û;BQM ?v/`Q;`�T?B[m2 �/Qm` 2i /2 b2b +Qm`b /Ƕ2�m K�D2m`b- `û�HBbû2 bQmb H2 HQ;B+B2H
Z:AaX

1M �KQMi- QM i`Qmp2 bm`iQmi /2b T`�B`B2b T2`K�M2Mi2b 2i i2KTQ`�B`2b �BMbB [m2 /2b 2biBp2b U6B;m`2 RX3VX
"B2M [mǶBH M2 bǶ�;Bbb2 T�b /B`2+i2K2Mi /Ƕ�;`B+mHim`2- +2b xQM2b /2 T�im`�;2b +Q``2bTQM/2Mi 2bb2MiB2HH2K2Mi ¨
HǶûH2p�;2 /Ƕ?2`#BpQ`2b U#QpBMb- QpBMb- +�T`BMbV UAMbiBimiBQM �/Qm`g- kyRdVX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

GǶûH2p�;2 T2mi āi`2 /2b bQm`+2b /Ƕ2Mi`û2 /2 +QMi�KBM�Mib /�Mb H2b û+QbvbiĕK2b �[m�iB[m2b- MQi�KK2Mi H2b
T`Q/mBib pûiû`BM�B`2b UP#BK�FBM/2g2i �HX- kyRdVX

6B;m`2 RX3 Ĝ *�`i2 /m `2;Bbi`2 T�`+2HH�B`2 /2 kyRk /2 H� `û;BQM ?v/`Q;`�T?B[m2 �/Qm` Q#i2Mm2 ¨ T�`iB` /2
H� #�b2 /2 /QMMû2 /m _2;Bbi`2 S�`+2HH�B`2 :`�T?B[m2 U_S:V 2i `û�HBbû2 bQmb H2 HQ;B+B2H Z:AaX

RXRX9Xk .2b+`BTiB7 /2 HǶ2bim�B`2 /2 HǶ�/Qm`

GǶ2bim�B`2 /2 HǶ�/Qm` 2bi mM 2bim�B`2 /2 TH�BM2b +ƬiBĕ`2b 7Q`i2K2Mi m`#�MBbû 2i i`ĕb H�`;2K2Mi KQ/B}û T�`
HǶ>QKK2X G2b T`2KB2`b i`�p�mt /2 +?2M�HBb�iBQM /m ~2mp2 QMi ûiû 2Mi`2T`Bi /ĕb R8ek UbQmb H� /û+BbBQM /2
*?�`H2b AsV �v�Mi TQm` #mi /2 }t2` bQM 2K#Qm+?m`2 �m MBp2�m /2 H� pBHH2 /2 "�vQMM2 U6B;m`2 RXNVX �m@
T�`�p�Mi- HǶ2K#Qm+?m`2 M2 TQbbû/�Bi T�b mM2 TQbBiBQM ;ûQ;`�T?B[m2 }t2- 2HH2 Qb+BHH�Bi 2Mi`2 "�vQMM2 2i
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

*�T#`2iQM- bQBi bm` k8 FKX *2ii2 7Q`i2 +?2M�HBb�iBQM �#QmiBi �+im2HH2K2Mi ¨ mM ~2mp2 2i mM 2bim�B`2 ûi`QBiX
*2ii2 iQTQ;`�T?B2 DQm2 B``ûKû/B�#H2K2Mi bm` H� /vM�KB[m2 ?v/`QHQ;B[m2 /2 HǶ2bim�B`2X

GǶ2bim�B`2 2bi /B`2+i2K2Mi 7Q`Kû T�` HǶmMBQM /2mt +Qm`b /Ƕ2�m- HǶ�/Qm` 2i H� LBp2X G2m` +QM~m2M+2 b2 bBim2
2M TH2BM +ƾm` /2 H� pBHH2 /2 "�vQMM2 U6B;m`2 RXNVX G� HBKBi2 /ǶBMi`mbBQM b�HBM2 /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2bi
bBimû2 �TT`QtBK�iBp2K2Mi �m MBp2�m /2 H� pBHH2 /Ƕl`i bm` HǶ�/Qm`X

*QKK2 T`ûb2Miû THmb ?�mi- H2 `û;BK2 /2b 2�mt /2 H� T�`iB2 �p�H /2 HǶ�/Qm` 2bi ?ûiû`Q;ĕM2X AH 2bi BM~m2M+û T�`
mM `û;BK2 K�DQ`Bi�B`2K2Mi THmpB�H /2 HǶ�/Qm`- mM `û;BK2 MBpQ@THmpB�H /2b :�p2b `ûmMBb 2i /2b
K�`û2b b2KB@/Bm`M2b- +Ƕ2bi@¨@/B`2- T`ûb2Mi�Mi /2mt TH2BM2b K2`b 2i /2mt #�bb2b K2`b T�` DQm`X 1M `ûbmHi2
mM 2bim�B`2 ¨ +QBM b�Hû- bQmb mM `û;BK2 KûbQiB/�H K�`[mû T�` mM i`ĕb 7�B#H2 i2KTb /2 `ûbB/2M+2 /2b K�bb2b
/Ƕ2�m U.27QMi�BM2g- kyRNVX G2 /û#Bi KQv2M /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2bi /2 HǶQ`/`2 /2 jyy KjXb@R U"�M[m2
>u._P RVX *2T2M/�Mi- +2 /û#Bi 2bi i`ĕb B``û;mHB2` TQmp�Mi p�`B2` /2 8y@ey KjXb@R ¨ HǶûiB�;2 ¨ THmb /2 k yyy
KjXb@R 2M Tû`BQ/2 /2 +`m2 UHBû2 ¨ H� 7QMi2 /2b M2B;2bVX

6B;m`2 RXN Ĝ *�`i2 /2 H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`- `û�HBbû2 bQmb H2 HQ;B+B2H Z:AaX

S`û+BbûK2Mi �m +Qm`b /2b j /2`MBĕ`2b �MMû2b- H2 /û#Bi KQv2M ûi�Bi 2biBKû ¨ kNR-8 KjXb@R U6B;m`2 RXRyV 2M
�p�H /2 HǶ2bim�B`2X PM T2mi Q#b2`p2` /ǶBKTQ`i�Mib ûTBbQ/2b /2 +`m2b �m KQBb /2 K�B 2i DmBM 2i BMp2`b2K2Mi

RX "�M[m2 >u._P- #�b2 /2 /QMMû2b /m JBMBbiĕ`2 /2 HǶ1+QHQ;B2- /m /ûp2HQTT2K2Mi /m`�#H2 2i /2 HǶûM2`;B2X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiT,ffrrrX?v/`QX2�m7`�M+2X7`X *QMbmHiû 2M b2Ti2K#`2 kyRNX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

/ǶûiB�;2 2M �Qȿi 2i b2Ti2K#`2X
G2b /û#Bib TQM+im2Hb /2 HǶ�/Qm` bm` H� Tû`BQ/2 /2 kyRe ¨ kyR3 T`ûb2Miĕ`2Mi mM2 �KTHBim/2 2biBKû2 p�`B�Mi
/2 8j-eR 2i j Rd9 KjXb@R U6B;m`2 RXRyVX
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B : Débit mensuel moyen

6B;m`2 RXRy Ĝ .û#Bi DQm`M�HB2` U�V 2i /û#Bi K2Mbm2H KQv2M U"V /2 HǶ�/Qm` T�` DQm` /2 D�MpB2` kyRe ¨
/û+2K#`2 kyR3 2biBKû /Ƕ�T`ĕb H2b /QMMû2b /2 H� "�M[m2 >u._P U+7X MQi2 T�;2 98VX G2b HB;M2b p2`iB+�H2b
+QMiBMm2b 2i TQBMiBHHû2b BM/B[m2Mi `2bT2+iBp2K2Mi H� KQv2MM2 2i HǶ�KTHBim/2 UKBMBKmK 2i K�tBKmKV /m /û#Bi
DQm`M�HB2` KQv2MX G2b #�``2b /Ƕ2``2m`b +Q``2bTQM/2Mi ¨ HǶû+�`i@ivT2 ¨ H� KQv2MM2 K2Mbm2HH2X

GǶ2bim�B`2 /2 HǶ�/Qm` M2 T`ûb2Mi2 T�b /�Mb b� T�`iB2 �p�H /2 #Qm+?QM p�b2mt U.27QMi�BM2g2i �HX- kyRNVX G�
+?2M�HBb�iBQM 2i H� +QMbi`m+iBQM /2 /2mt /B;m2b ¨ HǶ2K#Qm+?m`2 T2`K2ii2Mi /2 7�+BHBi2` HǶ2tTmHbBQM /2 HǶ2�m 2i
/2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm` U.27QMi�BM2g2i �HX- kyRNVX

RXRX9Xj G2 iBbbm m`#�BM /2 "�vQMM2@"B�``Bix@�M;H2i

G2b T`BM+BT�mt 2bim�B`2b 7`�MÏ�Bb bQMi bQmp2Mi +�`�+iû`Bbûb T�` H� T`ûb2M+2 /2 ;`�M/2b pBHH2b 2M �KQMi /2 H�
xQM2 2bim�`B2MM2- +QKK2 HǶ2bim�B`2 /2 H� a2BM2 �p2+ H� pBHH2 /2 S�`Bb Qm /m _?ƬM2 �p2+ +2HH2 /2 GvQMX GǶ2bim�B`2
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

/2 HǶ�/Qm`- HmB- T`ûb2Mi2 mM2 T`QtBKBiû �p2+ H2b xQM2b m`#�BM2b i`ĕb `û/mBi2b bm` H2 `ûb2�m ?v/`Q;`�T?B[m2
�KQMi U6B;m`2 RXRRVX G� T�`iB+mH�`Biû /2 HǶ2bim�B`2 /2 HǶ�/Qm` `ûbB/2 /2 +2 iBbbm@m`#�BM [mB bǶBMbi�HH2 �m MBp2�m
/2 HǶ2bim�B`2X G2 #�bbBM@p2`b�Mi 2i HǶ�KQMi /2 HǶ2bim�B`2 b2 i`Qmp2Mi `2H�iBp2K2Mi T`ûb2`p2` /ǶBKT�+i m`#�BM
K�D2m` 2i /B`2+iX

6B;m`2 RXRR Ĝ _ûT�`iBiBQM /2b xQM2b m`#�BM2b bm` H� `û;BQM ?v/`Q;`�T?B[m2 /2 HǶ�/Qm`- +�`i2 `û�HBbû2 bQmb
H2 HQ;B+B2H Z:Aa

PM T2mi MQi2` Mû�MKQBMb H� T`ûb2M+2 /2 pBHH2 /2 h�`#2b- JQMi@/2@J�`b�M 2i .�t H2 HQM; /m ~2mp2 �/Qm` �BMbB
[m2 H� pBHH2 /2 S�m H2 HQM; /m :�p2 /2 S�mX *2b j pBHH2b bBimûb H2 HQM; /2 HǶ�/Qm` bQMi +QMbiBimû2b /2 ky 3NR ¨
9y jR3 ?�#Bi�Mib 2M kyRe i�M/Bb [m2 H� pBHH2 /2 S�m b2 +QKTQb2 2HH2 /2 dd k8R ?�#Bi�Mib- bQBi mM2 /ûKQ;`�T?B2
`2H�iBp2K2Mi 7�B#H2 ¨ KQv2MM2 ¨ HǶû+?2HH2 /2 H� 6`�M+2X �BMbB- HǶmM2 /2b T�`iB+mH�`Biûb /2 HǶ2bim�B`2 /2 HǶ�/Qm`
`ûbB/2 /�Mb H� T`ûb2M+2 /ǶmM iBbbm m`#�BM /2Mb2 BMbi�HHû [m�bB ¨ HǶ2ti`āK2 �p�H /2 HǶ2bim�B`2X

9d



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

AH 2bi +QKTQbû T`BM+BT�H2K2Mi T�` j pBHH2b- �m bm/ /2 HǶ2bim�B`2 , "�vQMM2 THmb ¨ HǶ�KQMi /2 HǶ2bim�B`2- "B�``Bix
¨ HǶ�p�H bm` H� `Bp2 ;�m+?2 2i �M;H2i ¨ HǶ�p�H bm` H� `Bp2 /`QBi2X G2 /vM�KBbK2 m`#�BM 2i H� /ûKQ;`�T?B2 /2
+2ii2 xQM2 bQMi HQBM /Ƕāi`2 Mû;HB;2�#H2 ¨ HǶû+?2HH2 `û;BQM�H2 iQmi /m KQBMbX *2b j pBHH2b `ûmMBbb2Mi ¨ 2HH2b b2mH2b
RR9 ykN ?�#Bi�Mib 2M kyReX G� TQTmH�iBQM /2 +2b j pBHH2b 2bi 2M +`QBbb�M+2- �p2+ mM2 �m;K2Mi`�iBQM /2 THmb
/2 8 yyy ?�#Bi�Mib 2M 8 �Mb U/2 kyRR ¨ kyReV UALa11 kVX .2mt pBHH2b- #B2M KQBMb BKTQ`i�Mi2b 2M i2`K2 /2
/ûKQ;`�T?B2b- pQMi āi`2 `2i`Qmpû2b �m MQ`/ /2 HǶ2bim�B`2 /2 HǶ�/Qm` , h�`MQb 2i "Qm+�mX *2b /2mt pBHH2b
`ûmMBbb2Mi 2HH2b- ky 8ej ?�#Bi�Mib 2M kyRe- bQBi mM2 �m;K2Mi�iBQM /Ƕ�TT`QtBK�iBp2K2Mi d8y ?�#Bi�Mib 2M 8
�Mb UALa11VX

.2 MQK#`2mb2b �+iBpBiûb bǶBMbi�HH2Mi H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm` , H� Tā+?2- H2 iQm`BbK2- /2b �+iBpBiûb
BM/mbi`B2b 2i /m +QKK2`+2 �m MBp2�m /2 H� xQM2 TQ`im�B`2X

G2b �+iBpBiûb /2 Tā+?2 bǶBMbi�HH�Mi H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2i bm` H2 #�bbBM p2`b�Mi /2 HǶ�/Qm` +Q`@
`2bTQM/2Mi 2M [m�bB@BMiû;`�HBiû �mt TQBbbQMb KB;`�i2m`b BMbi�HHûb 2M 6`�M+2 U�p2+ HǶmMB[m2 2t+2TiBQM /2 HǶ2b@
im`;2QMVX G2b T`Q/mBib /2 Tā+?2 K�DQ`Bi�B`2 bQMi HǶ�HQb2- H� H�KT`QB2 K�`BM2- H� i`mBi2 /2 K2`- H2 b�mKQM
�iH�MiB[m2- H� #�` +QKKmM- HǶ�M;mBHH2 /Ƕ1m`QT2 2i bQM DmpûMBH2- H� +Bp2HH2 UJ�`ivg� SB+QmH2ig- kyRdVX 1M
kyRd- H2 b�mKQM 2i HǶ�B;mBHH2 UDmpûMBH2 2i �/mHi2V QMi `2T`ûb2Miûb 38W /2b +�Tim`2b `û�HBbû2b UJ�`ivg�
SB+QmH2ig- kyRdVX _�TT2HQMb [m2 H2b 2bim�B`2b bQMi /2b xQM2b /2 Mm`b2`B2b /ǶBKTQ`i�M+2b K�D2m`2b TQm` H2
+QKK2`+2 TBb+B+QH2X � +2 iBi`2- H� Tā+?2 /2 H� +Bp2HH2 UDmpûMBH2 /2 HǶ�M;mBHH2V `2T`ûb2Mi2 ¨ mM 2MD2m û+QMQKB[m2
K�D2m` TQm` H� `û;BQMX

r G2b Ŀ `2D2ib m`#�BMb T�` i2KTb /2 THmB2 ŀ U_lhSV

S�` i2KTb /2 THmB2- H2 H2bbBp�;2 /2b xQM2b m`#�BM2b T2mi 2Mi`�ŗM2` mM2 p�`Bûiû /2 +QMi�KBM�Mib ¨ `2DQBM/`2
H2 KBHB2m �[m�iB[m2X PM B/2MiB}2 mM �TTQ`i /2 >�S U>v/`Q+�`#m`2b �`QK�iB[m2b SQHv+v+HB[m2bV- S*"
USQHv+?HQ`Q#BT?ûMvH2bV- 1hJ U1HûK2Mib h`�+2b Jûi�HHB[m2bV Qm 2M+Q`2 mM �TTQ`i /Ƕ�HFvHûT?QHb Uw;?2B#g2i
�HX- kyRR c J�Qg2i �HX- kyRk c �?`2Mbg2i �HX- kyR8VX X G2b 2�mt /2 THmB2 T2mp2Mi /B`2+i2K2Mi b2 /ûp2`b2` /�Mb
H2b 2�mt /2 bm`7�+2 K�Bb 2HH2b T2mp2Mi �mbbB i`�MbBi2` T�` /2b 2tmiQB`2b THmpB�mtX AH bǶ�;Bi /2 ;`�M/b `ûb2`pQB`b
T2`K2ii�Mi i2KTQ`�B`2K2Mi /2 biQ+F2` H2b THmB2b /�Mb H2 #mi /ǶûpBi2` H2b ûTBbQ/2b /2 +`m2b /2b +Qm`b /Ƕ2�mX
� iBi`2 /Ƕ2t2KTH2- H2 HQM; HǶ2bim�B`2 /2 HǶ�/Qm`- QM 2M /ûMQK#`2 THmb /2 98yX

r G2b bBi2 BM/mbi`B2Hb 2i bQHb +QMi�KBMûb

G2b xQM2b BM/mbi`B2HH2b T2mp2Mi āi`2 bQm`+2 /2 +QMi�KBM�iBQMX .2 MQb DQm`b- H2b xQM2b BM/mbi`B2HH2b TQi2MiB2H@
H2K2Mi ûK2ii`B+2b bQMi 7`û[m2KK2Mi +QMi`ƬHû2b �}M /ǶûpBi2` iQmi `Bb[m2b /2 /ûp2`b2K2Mi �++B/2Mi2H +QKK2
pQHQMi�B`2 /2 +QMi�KBM�Mi /�Mb HǶ2MpB`QMM2K2MiX � +2 iBi`2- H2 ;Qmp2`M2K2Mi 7`�MÏ�Bb � KBb 2M TH�+2 /Bzû`2Mib
QmiBHb �}M /Ƕ�KûHBQ`2` H2 +QMi`ƬH2 2i H� ;2biBQM /2 +2b bBi2bX S�`KB 2mt- MQmb TQmpQMb +Bi2` Ŀ :1P_AaZl1a j

kX ALa11- AMbiBimi L�iBQM�H /2 H� ai�iBbiB[m2 2i /2b 1im/2b 1+QMQKB[m2bX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXBMb22X7`f7`f
�++m2BHX *QMbmHiû H2 y3 b2Ti2K#`2 kyRNX

jX :1P_AaZl1a U�M+B2MM2K2Mi "�aPGV- mM2 #�b2 /2 /QMMû2b /m JBMBbiĕ`2 /2 H� h`�MbBiBQM û+QHQ;B[m2 2i bQHB/�B`2X .Bb@
TQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX;2Q`Bb[m2bX;QmpX7`f`Bb[m2bfbBi2b@2i@bQHb@TQHHm2bf/QMM22bX *QMbmHiû 2M Q+iQ#`2 kykRX
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

ŀ 2i H2b /BbTQbBiB7b /2 `2D2ib BM/mbi`B2Hb `û;mHB2`b ;û`ûb T�` H2b �;2M+2b /2 HǶ2�mX G2 T`2KB2` ûi�Mi mM2 #�b2 /2
/QMMû2b ;û`û2b T�` H2 JBMBbiĕ`2 /2 HǶ1+QHQ;B2 [mB `2+2Mb2 H2b bBi2b 2i bQHb TQHHmûb UQm TQi2MiB2HH2K2Mi TQHHmûbVX
G2 b2+QM/ 2bi mM KQ/ĕH2 Hû;BbH�iB7 T2`K2ii�Mi /2 +QMi`ƬH2` H2 MBp2�m /2b `2D2ib BM/mbi`B2Hb MQM /QK2biB[m2bX
"`Bĕp2K2Mi- iQmi2 BM/mbi`B2 BMbi�HHû2 bm` H2 bQH 7`�MÏ�Bb b2 /QBi /2 /û+H�`2` iQmi `2D2i BM/mbi`B2H /�Mb H2 KBHB2m
M�im`2H Qm /�Mb mM `ûb2�m /Ƕ�bb�BMBbb2K2Mi +QHH2+iB7- /2b b2mBHb /2 MBp2�m i?ûQ`B[m2 /2 TQHHmiBQM ULhSV QMi
ûiû /û}MBX

G2b BM/mbi`B2b bmb+2TiB#H2b /2 /ûT�bb2` +2b b2mBHb bQMi bmD2ii2b ¨ HǶQ#HB;�iBQM /2 K2ii`2 2M TH�+2 mM bmBpB
`û;mHB2` /2 b2b `2D2ibX .�Mb MQi`2 xQM2 /Ƕûim/2- H2b ûi�#HBbb2K2Mib `2/2p�#H2b /2 `2D2ib BM/mbi`B2Hb 2i bQmKBb
¨ +QMi`ƬH2 �BMbB [m2 H2b xQM2b `2+2Mbû2b /�Mb H2b #�b2b /2 /QMMû2b :1P_AaZl1a bQMi `2T`ûb2Miûb /�Mb H�
};m`2 RXRkX

6B;m`2 RXRk Ĝ aBi2b TQHHmûb- ûi�#HBbb2K2Mi `2/2p�#H2 /2 `2D2i 2i ah1l bm` H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`X
G� ah1l /2 h�`MQb MǶ2bi T�b pBbB#H2 bm` +2ii2 `2T`ûb2Mi�iBQMX

9N



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

*2b bBi2b- TQi2MiB2HH2K2Mi bQm`+2 /2 +QMi�KBM�iBQM bǶ�;2M+2Mi H2 HQM; /2 HǶ2bim�B`2 2i bTû+B}[m2K2Mi /�Mb
b� T�`iB2 �p�H- bQBi 2Mi`2 H� +QM~m2M+2 �/Qm`fLBp2 2i HǶ2K#Qm+?m`2X *2b bBi2b BM/mbi`B2Hb `û7û`2M+ûb #B2M [m2
+QMi`ƬHû T2mp2Mi āi`2 /2b bQm`+2b /Ƕ2Mi`û2b /2 +QMi�KBM�Mib /�Mb HǶ2bim�B`2 �BMbB [m2 bm` H2 HBiiQ`�HX AH 2bi
/Ƕ�BHH2m`b +H�B`2K2Mi BM/B[mû bm` H2 bBi2 BMi2`M2i /2 :1P_AaZl1a 9- [m2 Ŀ H2b /QMMû2b M2 T2mp2Mi +2T2M/�Mi
T�b āi`2 +QMbB/û`û2b +QKK2 2t?�mbiBp2b ŀ 2i [m2 Ŀ +2b BM7Q`K�iBQMb /2 HǶ�/KBMBbi`�iBQM +QM+2`M�Mi mM2
TQHHmiBQM bmbT2+iû2 Qm �pû`û2 M2 +Qmp`2 T�b iQmb H2b ivT2b /2 TQHHmiBQM ŀX

r G2b bi�iBQMb /2 i`�Bi2K2Mi /2b 2�mt mbû2b Uah1lV

G2 H2bbBp�;2 2i H2b `2D2ib BM/mbi`B2Hb M2 bQMi T�b H2b b2mH2b bQm`+2b /2 +QMi�KBM�iBQM /2b KBHB2mt �[m�iB[m2b
2M xQM2 m`#�BM2X G2b ah1l #B2M [m2 i?ûQ`B[m2K2Mi i`�Bi�Mi H2b 2�mt mbû2b bQMi �mbbB /2b bQm`+2b /2 +QMi�@
KBM�iBQM K�D2m`2bX G2m`b i�mt /Ƕ�#�ii2K2Mi- bQBi H2 TQm`+2Mi�;2 /ǶûHBKBM�iBQM /ǶmM +QKTQbû �p�Mi 2i �T`ĕb
i`�Bi2K2Mi- p�`B2Mi 2ti`āK2K2Mi 2M 7QM+iBQM /m +QKTQbû +B#Hû 2i /m ivT2 /2 i`�Bi2K2Mi 2KTHQvûX �BMbB- bm`
mM2 bQmb@bûH2+iBQM /2 KB+`QTQHHm�Mib 2i ¨ HǶû+?2HH2 /2 R9 `û;BQMbfT�vb- +2 i�mt /Ƕ�#�ii2K2Mi p�`B�Bi 2Mi`2 Rk-8
¨ RyyW UGmQg2i �HX- kyR9VX *2H� 2bi bm`iQmi H2 +�b HQ`b[m2 HǶQM T�`H2 /2 +QMi�KBM�Mib Q`;�MB[m2bX G2b Kû@
/B+�K2Mib- T�`7mKb- /ûi2`;2Mib 2i #B2M /Ƕ�mi`2b- [m2 MQmb 2KTHQvQMb [mQiB/B2MM2K2Mi T2mp2Mi b2 `2i`Qmp2`
/�Mb H2b KBHB2mt �[m�iB[m2bX "B2M [m2 +2`i�BMb i`�Bi2K2Mib i2`iB�B`2b T2`K2ii2Mi /2 `û/mB`2 HǶ�TTQ`i /2 +2b
+QMi�KBM�Mib UTX 2tX i`�Bi2K2Mi �mt lo Qm QxQM�iBQMV- `�`2b bQMi H2b ah1l /BbTQb�Mi /2 +2b i2+?MQHQ;B2b
UGmQg2i �HX- kyR9 c �/2H2v2g2i �HX- kykkVX

h�#H2�m RXk Ĝ .ûi�BHb /2b ah1l T`ûb2Mi2b H2 HQM; /2 H� xQM2 2bim�`B2MM2 /2 HǶ�/Qm`- /2 HǶ�KQMi ¨ HǶ�p�H
/Ƕ�T`ĕb H2b BM7Q`K�iBQMb 7Qm`MB2b TQm` HǶ�MMû2 kyR3X

ai�iBQM G�?QM+2 ai@6`û/û`B+ SQMi /2 HǶ�p2m;H2 ai@"2`M�`/ h�`MQb
1>
Uû[mBp�H2Mi@
?�#Bi�MiV

j yj9 9d yRd RRN eyN N 33N k9 3yy

.û#Bib KQv2M 838 3 9y3 ky k38 Njj 9 RNj
_�++Q`/2K2Mib
+QKKmM�mt 

RyW /2
G�?QM+2

98W /2 "�vQMM2-
RyyW /2
a�BMi@SB2``2@/ǶA`m#2

8yW /2 "�vQMM2-
RyyW /Ƕ�M;H2i- kyW
/Ƕ�`+�M;m2b

8W /2
"�vQMM2- k8W
/2 "Qm+�m

d8W /2
"Qm+�m 2i
RyyW /2
h�`MQb

1i�#HBbb2K2Mi
`�++Q`/ûb  

L� *2Mi`2 ?QbTBi�HB2`
/2 H� +Ƭi2 #�b[m2-
aX�X SH�biB#mH2-
*2Mi`2 ?QbTBi�HB2`
/2 H� +Ƭi2 #�b[m2
+�KT /2 T`�ib

�H+Q`2 #`B;�MiBM2
aX�X- .�bb�mHi
�pB�iBQM aX�X- J�BbQM
#H�M+ "2``Q;�BM-
_û;B2 �##�iQB`b
"B�``Bix �M;H2i
"�vQMM2- al1w _o
SH�biB[m2b �iH�MiB[m2

L� �+Bû`B2 /2
HǶ�iH�MiB[m2

L� , LQi �p�BH�#H2 ULQM /BbTQMB#H2V
 , /Ƕ�T`ĕb 6�m`û UkyR3V 2i H2 bBi2 ?iiT ,ff�/Qm`@;�`QMM2X2�m7`�M+2X7`f +QMbmHiû 2M b2Ti2K#`2 kyky
  , 1i�#HBbb2K2Mib `2/2p�#H2b ¨ HǶ�;2M+2 /2 HǶ2�m �/Qm` :�`QMM2 TQm` H2b `2D2ib bm` �m KQBMb mM2 �MMû2 bm` H�
Tû`BQ/2 kyy3@kyR8 /Ƕ�T`ĕb 6�m`û UkyR3V 2i H2 bBi2 ?iiT ,ff�/Qm`@;�`QMM2X2�m7`�M+2X7`f +QMbmHiû 2M b2Ti2K#`2 kyky

9X :1P_AaZl1a U�M+B2MM2K2Mi "�aPGV- mM2 #�b2 /2 /QMMû2b /m JBMBbiĕ`2 /2 H� h`�MbBiBQM û+QHQ;B[m2 2i bQHB/�B`2X .Bb@
TQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX;2Q`Bb[m2bX;QmpX7`f`Bb[m2bfbBi2b@2i@bQHb@TQHHm2bf/QMM22bX *QMbmHiû 2M Q+iQ#`2 kykRX
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RXRX G2b û+QbvbiĕK2b 2bim�`B2Mb

G2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm`- MQmb TQmpQMb `2+2Mb2` 8 ah1l 2M b2`pB+2 /2 HǶ�KQMi ¨ HǶ�p�H , G�?QM+2-
JQm;m2``2- ai@6`û/û`B+- SQMi /2 HǶ�p2m;H2- ai@"2`M�`/ 2i h�`MQb U6B;m`2 RXRk 2i i�#H2�m RXkVX S�`KB 2HH2b- H2b
bi�iBQMb /m SQMi /2 HǶ�p2m;H2 2i /2 ai@6`û/û`B+ bQMi H2b THmb +QMbû[m2Mi2b- 2HH2b 2M`2;Bbi`�B2Mi 2M KQv2MM2 2M
kyR3 /2b /û#Bib /Ƕ2Mi`û2 /2 HǶQ`/`2 ky k3j 2i 3 9y3 KjXD@R `2bT2+iBp2K2Mi UJBMBbiĐ`2 /2 H� h`�MbBiBQM
ö+QHQ;B[m2 2i aQHB/�B`2g- kyRNVX LQiQMb [mǶ�m+mM2 /2 +2b ah1l M2 /BbTQb2 /ǶmM bvbiĕK2 /2 i`�Bi2K2Mi
i2`iB�B`2 8X

8X SQ`i�BH /ǶBM7Q`K�iBQM bm` HǶ�bb�BMBbb2K2Mi +QKKmM�H /m JBMBbiĕ`2 /2 H� h`�MbBiBQM û+QHQ;B[m2 2i aQHB/�B`2X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiT,ff�bb�BMBbb2K2MiX/2p2HQTT2K2Mi@/m`�#H2X;QmpX7`X *QMbmHiû H2 ky b2Ti2K#`2 kykyX

8R



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXk .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M

m`#�MBbû

RXkXR LQiBQM /2 KB+`QTQHHm�Mi 2i /2 TQHHmiBQM ûK2`;2Mi2

GǶ�+iBQM ?mK�BM2 bm` H2b û+QbvbiĕK2b pB� H2 `2D2i /2 bm#bi�M+2b +?BKB[m2b 2bi HQBM /Ƕāi`2 `û+2Mi- HǶmiBHBb�iBQM /2
T2biB+B/2b `2KQMi2 ¨ HǶ�MiB[mBiû US�M�;BQi�FQTmHmg2i �HX- RNN8V- Mû�MKQBMb HǶĕ`2 BM/mbi`B2HH2 2i HǶ�pĕM2K2Mi
/2 +?BKB2 /2 bvMi?ĕb2 2Mi`�ŗMĕ`2Mi mM2 T`QHB7û`�iBQM /2 bm#bi�M+2b p�`Bû2b /�Mb H2b û+QbvbiĕK2bX G� T`ûb2M+2
/2 +2b bm#bi�M+2b M2 7mi #B2M ûpB/2KK2Mi T�b b�Mb +QMbû[m2M+2X .Bzû`2Mi2b +�i�bi`QT?2b 2MpB`QMM2K2Mi�H2b
�m ssĕK2 bBĕ+H2 bQMi p2Mmb �H2`i2` H2b bQ+Bûiûb bm` H2 /�M;2` [m2 T2mp2Mi `2T`ûb2Mi2` H2b TQHHm�Mib ¨ H� 7QBb bm`
HǶ>QKK2 2i bQM KBHB2mX Cmb[mǶ¨ H� }M /m ssĕK2- +2b T`ûQ++mT�iBQMb- HBû2b �mt bm#bi�M+2b +?BKB[m2b- `2biĕ`2Mi
HBKBiû2b ¨ [m2H[m2b ;`QmT2b /2 +QMi�KBM�Mib- i2Hb [m2 H2b >�S U>v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2bV-
H2b T2biB+B/2b- +2`i�BMb Kûi�mt Qm 2M+Q`2 H2b /BQtBM2bX 1M T�`�HHĕH2- HǶ2bbQ` /2 H� +?BKB2 /2 bvMi?ĕb2 M2 +2bb�
/2 +`Qŗi`2 2i H2 MQK#`2 /2 bm#bi�M+2b MQmp2HH2b T`Q/mBi2b �m;K2Mi� 2tTQM2MiB2HH2K2MiX

:`�+2 �mt /ûp2HQTT2K2Mib /2b Kûi?Q/2b �M�HviB[m2b- QM T�`pB2Mi /2 KB2mt 2M KB2mt ¨ /ûi2+i2` 2i B/2MiB}2`
H2b +QKTQbûb +?BKB[m2b /�Mb HǶ2MpB`QMM2K2MiX 1i H� i`�MbBiBQM ss 2i ssAĕK2 bBĕ+H2b b2 +�`�+iû`Bb� T�` mM2
BM[mBûim/2 /2 H� +QKKmM�miû b+B2MiB}[m2 7�+2 ¨ mM2 TQHHmiBQM +�`�+iû`Bbû2 +2`i2b T�` /2b +QM+2Mi`�iBQMb
#B2M BM7û`B2m`2b ¨ +2 [m2 HǶQM Q#b2`p�Bi T�` H2 T�bbû K�Bb bm`iQmi �m MQK#`2 2i mM2 /Bp2`bBiû +`QBbb�Mi2 /2
bm#bi�M+2b /ûi2+iûb /�Mb iQmb H2b KBHB2mt U�B`- bQH 2i 2�mtV 2i TQmp�Mi T`ûb2Mi2` mM2 iQtB+BiûX *2b +QKTQbûb
bQMi /û}MBb +QKK2 /2b KB+`QTQHHm�MibX

*2b bm#bi�M+2b bQMi /ǶQ`B;BM2b /Bp2`b2b +QKK2 �+iBpBiûb BM/mbi`B2HH2b- �;`B+QH2b- b�MBi�B`2b K�Bb �mbbB /QK2b@
iB[m2b- +QKK2 HǶ2KTHQB /2 /ûi2`;2Mi- H� T`Bb2 /2 Kû/B+�K2Mib- HǶmiBHBb�iBQM /2 bm#bi�M+2b TH�biB[m2b- 2i+X

PM T2mi Mû�MKQBMb bǶBM[mBûi2` /2 H2m` iQtB+Biû- +QKK2 H2 /ûKQMi`2 H2b /QMMû2b T`Q/mBi2b T�` 2m`Qbi�i e 2M
kyky- deW /2b bm#bi�M+2b +?BKB[m2b T`Q/mBi2b 2M 1m`QT2 `2T`ûb2Mi2Mi mM /�M;2` TQm` H� b�Miû 2i keW TQm`
HǶ2MpB`QMM2K2Mi Uh�#H2 RXjVX .2 kyRy ¨ kyky- +2b bm#bi�M+2b /�M;2`2mb2b T`Q/mBi2b b2K#H2Mi �TT`QtBK�iBp2@
K2Mi /BKBMm2`- T�bb�Mi /2 kjj ¨ kjy KBHHBQMb /2 iQMM2b 2i /2 3e ¨ 3y KBHHBQM /2 iQMM2b- TQm` mM /�M;2` bm`
H� b�Miû 2i bm` HǶ2MpB`QMM2K2Mi `2bT2+iBp2K2MiX *2ii2 `û/m+iBQM /2 7�B#H2 �KTH2m` � ûiû /Ƕ�BHH2m`b �iiûMmû2b
/2TmBb kyRefkyRd- Tû`BQ/2 /2TmBb H�[m2HH2 QM Q#b2`p2 mM2 �m;K2Mi�iBQM /2 H� T`Q/m+iBQM 2m`QTû2MM2 /2b
bm#bi�M+2b /�M;2`2mb2b TQm` H� b�Miû 2i TQm` HǶ2MpB`QMM2K2MiX

*2b bm#bi�M+2b b2 `2i`Qmp2Mi /�Mb H2b KBHB2mt �[m�iB[m2b T`BM+BT�H2K2Mi pB� H2 H2bbBp�;2 /2b bQHb T�` i2KTb
/2 THmB2 2i bm`iQmi T�` H2b ah1lX SmBb[m2- 7�+2 ¨ H� 7�B#H2 +QM+2Mi`�iBQM 2i ¨ H� /Bp2`bBiû /2 +QKTQbûb- H2b
ah1l T2mp2Mi b2 `ûpûH2` /�Mb HǶBM+�T�+Biû /2 i`�Bi2` b2b +QKTQbûbX .�Mb mM2 ûim/2 +QKT�`�iBp2- GmQ 2i b2b

eX 2m`Qbi�i- HǶP{+2 bi�iBbiB[m2 /2 HǶlMBQM 2m`QTû2MM2X .BbTQMB#H2 ¨ , ?iiTb,ff2+X2m`QT�X2mf2m`Qbi�if7`f?QK2X *QMbmHiû 2M
b2Ti2K#`2 kykRX
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

h�#H2�m RXj Ĝ 1pQHmiBQM /2 H� T`Q/mBib /2 bm#bi�M+2b +?BKB[m2b U2M KBHHBQM /2 iQMM2bV /�Mb HǶlMBQM
2m`QTû2MM2 Ukd T�vb- 2t+Hm�Mi H2 _Qv�mK2@lMBV b2HQM H2m` /�M;2`QbBiû /2 kyy3 ¨ kykyX

.�M;2`2mt 2i
MQM@/�M;2`2mt
UiQi�HV

.�M;2` TQm` H�
b�Miû

.�M;2` TQm`
HǶ2MpB`QMM2K2Mi

kyy3 jRy kjN UddWV Nk UjyWV
kyyN ke3 kyj UdeWV de Uk3WV
kyRy jye kjj UdeWV 3e Uk3WV
kyRR kN8 kkj Ud8WV 39 UkNWV
kyRk kNk kRd Ud9WV 3y UkdWV
kyRj k3N kRd Ud8WV 3y UkdWV
kyR9 kN9 kkR Ud8WV 3y UkdWV
kyR8 kNk kRd Ud9WV d3 UkeWV
kyRe kNy kRj UdjWV d8 UkeWV
kyRd kNd kRd UdjWV d9 Uk8WV
kyR3 kNN kR3 UdjWV de Uk8WV
kyRN jyy kkk Ud9WV 3k UkdWV
kyky jyk kjy UdeWV 3y UkeWV

+QHH�#Q`�i2m`b QMi 2biBKû [m2 H2b i�mt /2 `ûi2MiBQM /2b ah1l bm` /Bzû`2Mib T�vb /Ƕ1m`QT2 p�`B�B2Mi /2 Rk-8
¨ RyyW 2M 7QM+iBQM /m +QKTQbû UGmQg2i �HX- kyR9VX

�BMbB- MQmb /û}MBbbQMb H2b KB+`QTQHHm�Mib +QKK2 /2b bm#bi�M+2b +?BKB[m2b K�DQ`Bi�B`2K2Mi /ǶQ`B;BM2b
�Mi?`QTB[m2b- bmb+2TiB#H2b /Ƕ�pQB` mM2 �+iBQM iQtB[m2 ¨ 7�B#H2 /Qb2 bm` mM 2MpB`QMM2K2Mi /QMMûX *2b +QKTQbûb
bQMi ;ûMû`�H2K2Mi T`ûb2Mib ¨ HǶûi�i /2 i`�+2- /2 HǶQ`/`2 /m KB+`Q;`�KK2 �m M�MQ;`�KK2 T�` HBi`2 Qm ;`�KK2X

S�`KB HǶ�TT2HH�iBQM /2 KB+`QTQHHm�Mib- MQmb /BbiBM;m2`QMb /2mt +�iû;Q`B2b- H2b bm#bi�M+2b /Bi2b T`BQ`Bi�B`2b
2i H2b bm#bi�M+2b ûK2`;2Mi2bX *2ii2 T`2KBĕ`2 +�iû;Q`B2 7�Bi `û7û`2M+2 �mt +QKTQbûb /QMi HǶBKT�+i bm` H�
b�Miû ?mK�BM2 +QKK2 2MpB`QMM2K2Mi�H2 2bi ?BbiQ`B[m2K2Mi +QMMm- BHb QMi 7`û[m2KK2Mi ûiû HǶQ#D2i /Ƕûim/2 2M@
pB`QMM2K2Mi�H2 2i H2m` miBHBb�iBQM 2bi ;ûMû`�H2K2Mi `û;H2K2Miû2X *2ii2 +�iû;Q`B2 b2`� +QMbiBimû2 T�` 2t2KTH2
/2b >�S- /2b S*" UTQHv+?HQ`Q#BT?ûMvH2bV Qm /m K2`+m`2X .2 MQK#`2mt +QKTQbûb HBbiûb /�Mb +2ii2 +�iû@
;Q`B2 bQMi /Ƕ�BHH2m`b +H�bbûb T�`KB H2b SPS UTQHHm�Mib Q`;�MB[m2b T2`bBbi�MibVX GǶ�TT2HH�iBQM /2 bm#bi�M+2
ûK2`;2Mi2 7�Bi bBKmHi�MûK2Mi `û7û`2M+2 ¨ /2b bm#bi�M+2b MQmp2HH2K2Mi T`Q/mBi2b Qm +2HH2b /QMi H� `û2HH2
+QKK2`+B�HBb�iBQM 2bi `2H�iBp2K2Mi `û+2Mi2 +QKK2 H2b `2i�`/�i2m`b /2 ~�KK2 2i /2 bm#bi�M+2b /QMi H� /�M@
;2`QbBiû TQm` H2b û+QbvbiĕK2b 2ifQm HǶ>QKK2 � ûiû HQM;i2KTb bQmb@ûp�Hmû2 +QKK2 +2`i�BMb T2biB+B/2b Qm H2b
Kmb+b bvMi?ûiB[m2b 2i bQMi ;ûMû`�H2K2Mi T2m Qm T�b +QMMm2X

.�Mb +2 /Q+mK2Mi- mM2 T`2KBĕ`2 /BbbQ+B�iBQM b2`� 7�Bi2 2Mi`2 H2b bm#bi�M+2b T`BQ`Bi�B`2b 2i ûK2`;2Mi2bX lM2
b2+QM/2 /BbiBM+iBQM b2`� 2KTHQvû2- 2HH2 bûT�`2`� H2b +QMi�KBM�Mib 2M 7QM+iBQM /2 H2m` M�im`2 , H2b ûHûK2Mib
i`�+2b Kûi�HHB[m2b U1hJV- H2b +QMi�KBM�Mib Q`;�MB[m2b UT`BQ`Bi�B`2b 2i ûK2`;2MibV 2i H2b +QMi�KBM�Mib Q`;�@
MQKûi�HHB[m2bX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXkXk G2b ûHûK2Mib i`�+2b Kûi�HHB[m2b U1hJV

G2b Kûi�mt bQMi /2b ûHûK2Mib M�im`2HH2K2Mi T`ûb2Mib /�Mb H2b `Q+?2b@Kĕ`2b /2 H� +`Qȿi2 +QMiBM2Mi�H2 i2`@
`2bi`2X *2 bQMi /2b +QKTQbûb m#B[mBi�B`2b- MQM@/û;`�/�#H2b 2i T2`bBbi�Mib U+�` MQM /û;`�/�#H2bVX GǶ2tT`2bbBQM
ûHûK2Mib i`�+2b /ûbB;M2Mi /2b ûHûK2Mib T`ûb2Mib /�Mb H� +`Qȿi2 i2``2bi`2 ¨ /2 i`ĕb 7�B#H2b T`QTQ`iBQMb UBM@
7û`B2m` ¨ R;XF;@RVX G2b bQHb T`ûb2Mi2Mi M�im`2HH2K2Mi /2b MBp2�mt /2 +QM+2Mi`�iBQM 2M Kûi�mt [mB /ûT2M/2Mi
/m ivT2 /2 bQHX PM /û}MBi �BMbB HQ+�H2K2Mi mM 7QM/ Tû/Q;ûQ+?BKB[m2 ûi�#HBbb�Mi H� +QM+2Mi`�iBQM 2M Kûi�mt
T`ûb2Mi2 b�Mb HǶ�TTQ`i �Mi?`QTB[m2 U"�Bx2g- RNNdVX
L�im`2HH2K2Mi- T�` HǶ�Hiû`�iBQM /2 H� `Q+?2@Kĕ`2 bQmb@D�+2Mi2 bmBi2 �m H2bbBp�;2 /2b bQHb- +2b Kûi�mt pQMi
i`�MbBi2` p2`b H2 KBHB2m �[m�iB[m2X GǶ2�m DQm2 H2 `ƬH2 /2 p2+i2m` /2 i`�MbTQ`i- 2i QM `2i`Qmp2 +2b ûHûK2Mib
/�Mb H2b +Qm`b /Ƕ2�m- `BpBĕ`2b- ~2mp2b 2i Q+û�Mb bQmb H� 7Q`K2 /BbbQmi2 Qm �bbQ+Bûb �mt K�iBĕ`2b 2M bmbT2MbBQM
+QMbiBimû2b 2M K�DQ`Biû /ǶûHûK2Mib /Bib Ŀ K�D2m`b ŀ UTX2tX *�- J;- L�VX G2b Kûi�mt bQMi û;�H2K2Mi T`ûb2Mib
/�Mb HǶ�iKQbT?ĕ`2 bQmb H� 7Q`K2 /Ƕ�û`QbQHb 2i /�Mb /2 `�`2b +�b- bQmb H� 7Q`K2 /2 ;�x U+QKK2 H2 K2`+m`2V
UL`B�;mg- RN3NVX G2b +v+H2b #BQ;ûQ+?BKB[m2b /2b Kûi�mt `2T`ûb2Mi2Mi H2b ~mt /2 bm#bi�M+2b 2Mi`2 H2b /Bzû@
`2Mib `ûb2`pQB`b [m�MiB}�#H2bX PM T2mi /BbiBM;m2` H2b ~mt /Bib �Mi?`QTB[m2b 2i H2b ~mt M�im`2HbX �+im2HH2K2Mi-
BH 2bi +H�B`2K2Mi ûi�#HB [m2 TQm` /2 MQK#`2mt 1hJ- +2b ~mt bQMi T2`im`#ûb T�` H2b �+iBpBiûb �Mi?`QTB[m2b
[mB pQMi 2M;2M/`2` mM2 �++mKmH�iBQM /2b +QKTQbûb /�Mb H2b û+QbvbiĕK2b US�Mg� q�M;g- kyRk c .B�``�g�
S`�b�/g- kykRVX

*2b �TTQ`ib �Mi?`QTQHQ;B[m2b T`QpB2MM2Mi /2 bQm`+2b KmHiBTH2b , �;`B+QH2b- UTX 2tX H2b Kûi�mt 2Mi`2Mi /�Mb H�
+QKTQbBiBQM /2 T2biB+B/2b 2i /2 72`iBHBb�MibV- HǶBM/mbi`B2 U�m i`�p2`b /2 HǶBM/mbi`B2 KBMBĕ`2 �BMbB [m2 /2 /Bp2`b
`2D2ib BM/mbi`B2HbV- H2 `ûb2�m �miQKQ#BH2 U+2`i�BMb Kûi�mt ûi�Mi Qm 7m`2Mi /2b �/Dmp�Mib ¨ HǶ2bb2M+2 +QKK2 H2
THQK#V- 2i+X U�HH�Mg- RNNd c >2g2i �HX- kyy8� c "`�/Hg- kyy8 c w?�M;g2i �HX- kyRe c .B�``�g� S`�b�/g- kykRVX
G2b Kûi�mt T`ûb2Mi2Mi /2b +�T�+Biûb T?vbB+Q@+?BKB[m2b /ǶBMiû`āi K�D2m` TQm` /2 MQK#`2mb2b BM/mbi`B2b-
+QKK2 H2m` +QM/m+iBpBiû ûH2+i`B[m2 2i i?2`KB[m2X AHb bQMi 2M+Q`2 7`û[m2KK2Mi 2KTHQvûb /�Mb MQb [mQiB/B2MbX

*2ii2 7`�+iBQM Ŀ �Mi?`QTB[m2 ŀ /2b 1hJ T2mi 2MbmBi2 āi`2 BMi`Q/mBi2 /�Mb H2b /Bzû`2Mib 2MpB`QMM2K2MibX
*2b ~mt iQm+?2Mi T�`iB+mHBĕ`2K2Mi H2b KBHB2mt �[m�iB[m2b 2i iQmi +QKK2 H2b ~mt M�im`2Hb /Ƕ1hJ- +2b ~mt
�Mi?`QTB[m2b T2mp2Mi `2DQBM/`2 H2b K�i`B+2b �[m�iB[m2bX G2b 1hJ /�Mb H2b K�i`B+2b �[m�iB[m2b T2mp2Mi
āi`2 Bbbmb /2 /ûTƬib �iKQbT?û`B[m2b UûKBbbBQMb BM/mbi`B2HH2b 2i �miQKQ#BH2bV- /m `mBbb2HH2K2Mi /2b 2�mt ¨ H�
bm`7�+2 /2b xQM2b m`#�BM2b 2i �;`B+QH2b- Qm 2M+Q`2 H2b `2D2ib /B`2+ib /Ƕ1hJ /�Mb H2b `ûb2�mt /Ƕ�bb�BMBbb2K2Mi
U"mxB2`g2i �HX- kyye c >�`K2b�g2i �HX- kykkVX �BMbB- T�` `û+mTû`�iBQM /2b 2�mt THmpB�H2b Qm T�` `2D2ib /B`2+ib-
H2b 1hJ i`�MbBi2Mi 7`û[m2KK2Mi 2i K�bbBp2K2Mi T�` /2b ah1lX G2b #Qm2b `ûbB/m2HH2b /2b i`�Bi2K2Mib /2b
ah1l `2M72`K2Mi mM2 +?�`;2 BKTQ`i�Mi2 /2 1hJ- 2HH2b T2mp2Mi 2MbmBi2 āi`2 KBb2b 2M /û+?�`;2 Qm ûT�M/m2b
bm` /2b i2``�BMb �;`B+QH2b U>2g2i �HX- kyy8�VX J�H;`û /2b +QMi`ƬH2b 2tBbi�Mib- mM2 T�`iB2 /2b 1hJ T`ûb2Mib
/�Mb +2b #Qm2b T2mp2Mi �HQ`b /2 MQmp2�m `2DQBM/`2 H2b pQB2b /Ƕ�++ĕb +Biû2b T`û+û/2KK2Mi 2i b2 `2i`Qmp2` /2
MQmp2�m /�Mb H2b KBHB2mt �[m�iB[m2b U>2g2i �HX- kyy8�VX
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

h�#H2�m RX9 Ĝ .2b+`BTiBQM- `û;H2K2Mi�iBQM 2i iQtB+Biû /2b Kûi�mt +B#HûbX G2b +QmH2m`b TQm` H2 *18y T2`@
K2ii2Mi /2 /Bzû`2M+B2` H2b Kûi�mt /QMi H� *18y 2bi BM7û`B2m`2 ¨ Ryy ƒ;XG@R U`Qm;2V- +QKT`Bb2b 2Mi`2 Ryy 2i
R yyy ƒ;XG@R UQ`�M;2V- 2Mi`2 R yyR 2i Ryy yyy ƒ;XG@R UD�mM2V 2i bmTû`B2m`2 ¨ Ryy yyy ƒ;XG@R Up2`iV- H2 iQmi
/Ƕ�T`ĕb PF�KQiQ 2i �HX- kyR8X

LQK �##`ûpB�iBQM LmKû`Q
�iQKB[m2

LQ`K2b 2MpB`QMM2K2Mi�H2b *18y+ Uƒ;XG@RV

�MiBKQBM2 a# 8R @ 9 Ryy
�`;2Mi �; 9d @ y-NR
�`b2MB+ �b jj @ k 9yy
*�/KBmK */ 93 .*1� � PaS�_ +�iX �# j-e
*?`QK2 *` k9 @ Rjy
*Q#�Hi *Q kd @ dRy
*mBp`2 *m kN @ Rj
úi�BM aM 8y @ e kyy
J2`+m`2 >; 3y .*1� � PaS�_ +�iX �# y-e8
JQHv#/ĕM2 JQ 9k @ R 8yy yyy
LB+F2H LB k3 .*1� e8y
SHQK# S# 3k .*1� � PaS�_ +�iX �# kNy
aûHûMBmK a2 j9 @ dRy
h?Q`BmK h? Ny @ L�
hBi�M2 hB kk @ L�
l`�MBmK l Nk @ L�
o�M�/BmK o kj @ R kyy
wBM+ wM jy @ dky

L� , LQi �p�BH�#H2 ULQM /BbTQMB#H2V
� bm#bi�M+2b HBbiû2b /�Mb H2 .*1 U.B`2+iBp2b *�/`2 bm` HǶ1�mV U�MM2t2 s /2 H� /B`2+iBp2 kyyyfeyf*1V
# bm#bi�M+2b +Biû2b /�Mb H� +�iû;Q`B2 � /2 H� HBbi2 /2b T`Q/mBib +?BKB[m2b /2p�Mi 7�B`2 HǶQ#D2i /2 K2bm`2b
T`BQ`Bi�B`2b T`Q/mBi2 T�` H� +QMp2MiBQM PaS�_ UPaHQ S�_Bb +QMp2MiBQMVX

+ *18y +Q``2bTQM/2Mi ¨ H� *QM+2Mi`�iBQM 2{+�+2 Kû/B�M2X G� *18y 2bi mM 2biBK�i2m` /2 H� iQtB+Biû �B;Ƀ2X
G2b p�H2m`b B+B bQMi Q#i2Mm2b TQm` HǶ2bTĕ+2 .�T?MB� K�;M� 2i /Ƕ�T`ĕb PF�KQiQ 2i �HX- kyR8X

lM2 7QBb /�Mb H2b bvbiĕK2b �[m�iB[m2b- H2b 1hJ pQMi b2 `ûT�`iB` 2Mi`2 H2b T?�b2b /BbbQmi2b- T�`iB+mH�B`2b 2i
H2b bû/BK2Mib U>�`K2b�g2i �HX- kykkVX G2m` `ûT�`iBiBQM- H2m` /2p2MB` 2i H2b #BQ/BbTQMB#BHBiûb bQMi BMiBK2K2Mi
HBûb ¨ H� bTû+B�iBQM /2b 1hJ U/2 S�Bp� J�;�H?¸2bg2i �HX- kyR8 c PF�KQiQg2i �HX- kyR8 c �+[m�pBi�g2i �HX-
kykRVX *2ii2 /2`MBĕ`2 +Q``2bTQM/ ¨ H� /Bbi`B#miBQM /2b /Bzû`2Mi2b 7Q`K2b +?BKB[m2b TQbbB#H2b TQm` mM ûHûK2Mi
/QMMûX .�Mb H� T?�b2 /BbbQmi2- H2b 1hJ T2mp2Mi āi`2 HB#`2b Qm +QKTH2tûb �p2+ /2b HB;�M/bX Lû�MKQBMb- mM2
T�`iB2 /2b 1hJ b2 i`Qmp2`� �bbQ+Bû2 �mt T?�b2b T�`iB+mH�B`2b- bQBi BM+Hmb2 /�Mb H2b T�`iB+mH2b Qm �/bQ`#ûb ¨
H2m` bm`7�+2 Uhm`M2`g� JBHHr�`/g- kyyk c >�`K2b�g2i �HX- kykkVX G� `ûT�`iBiBQM /ǶmM ûHûK2Mi Kûi�HHB[m2
2Mi`2 +2b /Bzû`2Mi2b T?�b2b 2bi �mbbB 7QM+iBQM /2 +QM/BiBQMb T?vbB+Q@+?BKB[m2 /m KBHB2m Ui2KTû`�im`2- T>-
b�HBMBiû- 2i+XVX .2 THmb- H� +QKTQbBiBQM 2i H� +QM+2Mi`�iBQM 2M K�iBĕ`2 Q`;�MB[m2 /�Mb H2 KBHB2m DQm2Mi mM `ƬH2
T`BKQ`/B�H bm` H� /BbTQMB#BHBiû- H� `ûT�`iBiBQM 2i �mbbB H� iQtB+Biû /2b 1hJ U>2g2i �HX- kyy8� c �KB;Qg2i �HX-
kyRk c �+[m�pBi�g2i �HX- kykR c >�`K2b�g2i �HX- kykkVX
�BMbB- H2b 1hJ pQMi i2M/`2 ¨ bǶ�++mKmH2` /�Mb H� T?�b2 T�`iB+mH�B`2 2i H2b bû/BK2MibX G2b bû/BK2Mib bQMi /2b
`ûb2`pQB`b 2M 1hJ Uh2bbB2`g� *�KT#2HHg- RN3d c w?�M;g2i �HX- kyRe c �+[m�pBi�g2i �HX- kykR c >�`K2b�g2i
�HX- kykkVX *2T2M/�Mi- T�` KQ/B}+�iBQM /2b +QM/BiBQMb T?vbB+Q@+?BKB[m2b 2ifQm `2KQ#BHBb�iBQM /2b bû/BK2Mib
bQmb mM2 �+iBQM Kû+�MB[m2 U+Qm`�Mib- Q`;�MBbK2b #2Mi?B[m2bV- +2b bû/BK2Mib T2mp2Mi b2 +QKTQ`i2` 2M bQm`+2
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

b2+QM/�B`2 /Ƕ1hJ TQm` H� +QHQMM2 /Ƕ2�m U:B##bg- RNdd c >�`ig- RN3k c w?�M;g2i �HX- kyReVX

_�TT2HQMb [mǶmM2 T�`iB2 /2b Kûi�mt 2i Kûi�HHQś/2b bQMi /2b KB+`QMmi`BK2Mib Mû+2bb�B`2b ¨ H� pB2- i2Hb [m2
H2 +mBp`2- H2 xBM+- H2 72` Qm H2 bûHûMBmK U_�p2Mg2i �HX- RNNN c SBMiQg2i �HX- kyyj c >2g2i �HX- kyy8�VX AHb pQMi
2Mi`2` /�Mb H� +QKTQbBiBQM /2 +QKTH2t2b Kûi�HHB[m2b �bbm`�Mi /2b 7QM+iBQMb T`BKQ`/B�H2b ¨ H� pB2 +QKK2 H�
T?QiQbvMi?ĕb2 U+mBp`2V Qm H� `2bTB`�iBQM U72`VX AHb bQMi 2bb2MiB2Hb- K�Bb ¨ mM2 +2`i�BM2 /Qb2- ;ûMû`�H2K2Mi 7�B#H2-
QM T�`H2 /Ƕ�BHH2m`b /ǶQHB;QûHûK2Mi UQHB;Q bB;MB}�Mi 2M ;`2+ Ŀ 7�B#H2 ŀ- Ŀ T2iBi ŀVX �m@/2bbmb /2b +QM+2Mi`�iBQMb
Mû+2bb�B`2b �m pBp�Mi- BHb /2pB2MM2Mi iQtB[m2bX .Ƕ�mi`2b ûHûK2Mib ¨ HǶBMp2`b2 bQMi 2mt iQtB[m2b ¨ i`ĕb 7�B#H2 /Qb2-
pQB` +QKTHĕi2K2Mi MQM@2bb2MiB2H- +Ƕ2bi H2 +�b /m +�/KBmK- /m THQK# Qm /m K2`+m`2 U�HH�Mg- RNNd c >2g2i �HX-
kyy8�VX G� bTû+B�iBQM /2b Kûi�mt �BMbB [m2 /Bzû`2Mi T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt U+QKK2 H2 T>- TQi2MiB2H
`2/Qt- 2i+XV pQMi B+B �mbbB BM~m2M+2` H� #BQ/BbTQMB#HBiû 2i H� iQtB+Biû /2b Kûi�mt U"2`M?�`/g2i �HX- RN3e c /2
S�Bp� J�;�H?¸2bg2i �HX- kyR8 c PF�KQiQg2i �HX- kyR8 c �+[m�pBi�g2i �HX- kykR c >�`K2b�g2i �HX- kykkVX G2
i�#H2�m RX9 MQmb BM/B[m2 /Bzû`2Mi2b p�H2m`b /2 *18y- bQBi H� +QM+2Mi`�iBQM TQm` H�[m2HH2 HǶûHûK2Mi T`ûb2Mi2
mM 2z2i Mû;�iB7 TQm` H� 7`�+iBQM pBp�Mi2X *2b /QMMû2b bQMi `û�HBbû2b bm` mM KQ/ĕH2 /Ƕûim/2 û+QiQtB+QHQ;B[m2
U.�T?MB� K�;M�V- +2b p�H2m`b T2mp2Mi �BMbB p�`B2` ûMQ`KûK2Mi /ǶmM KQ/ĕH2 ¨ HǶ�mi`2- K�Bb �mbbB 2M 7QM+iBQM
/2b +QM/BiBQMb 2tTû`BK2Mi�H2b 2i /2 H� bTû+B�iBQM /2b 1hJX 1HH2b bQMi /QM+ ¨ T`2M/`2 �p2+ T`û+�miBQMb
/Ƕ�mi�Mi THmb [mǶ2HH2b M2 T`2MM2Mi T�b 2M +QKTi2 /Ƕûp2Mim2Hb 2z2ib /ǶmM2 iQtB+Biû bm` H2 HQM; i2`K2 U/Bi2
+?`QMB[m2V- MB /2 TQi2MiB2Hb 2z2ib +Q+Fi�BH UKûH�M;2 /2 /Bzû`2Mib +QKTQbûbVX Lû�MKQBMb- QM T2mi Q#b2`p2`
[mǶmM2 K�DQ`Biû /2b 1hJ T`Bb 2M +QKTi2 HQ`b /2 +2ii2 ûim/2 T2mp2Mi T`ûb2Mi2` mM +2`i�BM MBp2�m iQtB+Biû
�B;Ƀ2 TQm` H2 pBp�Mi- /2 KāK2 +2 MBp2�m /2 iQtB+Biû 2bi ?�mi2K2Mi p�`B�#H2 /ǶmM ûHûK2Mi ¨ HǶ�mi`2X .Ƕ�T`ĕb
+2b p�H2m`b- mM2 THmb ;`�M/2 �ii2MiBQM /2p`�Bi āi`2 �TTQ`iû2 �mt ûHûK2Mib i2Hb [m2 HǶ�`;2Mi- H2 +�/KBmK-
H2 +mBp`2 2i H2 K2`+m`2X �mi`2K2Mi- +2`i�BMb 1hJ bQMi �+im2HH2K2Mi bQmb H2 +Qȿi /ǶmM2 `û;H2K2Mi�iBQM
2MpB`QMM2K2Mi�H2- +Ƕ2bi H2 +�b /m +�/KBmK- K2`+m`2- MB+F2H 2i /m THQK# Uh�#H2�m RX9VX

"`Bĕp2K2Mi- H� iQtB+Biû /2b 1hJ `2TQb2 bm` H2m` +�T�+Biû /2 TûMûi`2` H2b K2K#`�M2b +2HHmH�B`2b USBMiQg2i �HX-
kyyjVX lM2 7QBb /�Mb H� +2HHmH2- +2b 1hJ T2mp2Mi /B`2+i2K2Mi �ii2BM/`2 ¨ H� bi`m+im`2 /2 H� +2HHmH2 U2Mi`�BM�Mi
H� /ûTQH�`Bb�iBQM /2b K2K#`�M2b- HǶ�+B/B}+�iBQM /m +viQbQH- �Hiû`2` H2 7QM+iBQMM2K2Mi /2 +2`i�BM2b T`QiûBM2b-
2i+XV K�Bb �mbbB BM/mB`2 mM bi`2bb Qtv/�iB7 2i H� T`Q/m+iBQM /Ƕ2bTĕ+2b `û�+iBp2b /2 HǶQtv;ĕM2 U_Pa- _2�+iBp2
Qtv;2M bT2+B2bV USBMiQg2i �HX- kyyj c .B�``�g� S`�b�/g- kykRVX

RXkXj G2b +QKTQbûb Q`;�MQKûi�HHB[m2b

G2b Q`;�MQKûi�HHB[m2b bQMi +QKK2 H2m` MQK HǶBM/B[m2 /2b +QKTQbûb +QMbiBimûb ¨ H� 7QBb /2 Kûi�mt 2i /2b
;`QmT2b +�`#QM�iûb- HBûb �m KQBMb T�` mM2 HB�BbQM +Qp�H2Mi2X GǶ�TT`û+B�iBQM ;HQ#�H2 /2 H� +QM+2Mi`�iBQM /ǶmM
ûHûK2Mi Kûi�HHB[m2 U+QM+2Mi`�iBQM iQi�H2V /�Mb HǶ2MpB`QMM2K2Mi 2bi b2mH2 #B2M BMbm{b�Mi2 TQm` [m�HB}2`
HǶBKT�+i /2b ûHûK2Mib Kûi�HHB[m2b bm` H2b û+QbvbiĕK2bX G� bTû+B�iBQM /2b ûHûK2Mib Kûi�HHB[m2b 2bi 2bb2MiB2HH2
TQm` H� `û2HH2 T`Bb2 2M +QKTi2 /m /�M;2` [m2 `2T`ûb2Mi2 HǶûHûK2Mi U"2`M?�`/g2i �HX- RN3e c �+[m�pBi�g
2i �HX- kykRVX 1HH2 p� BM~m2M+2` bQM +v+H2 #BQ;ûQ+?BKB[m2- b� +�T�+Biû /2 #BQ�++mKmH�iBQM- b� iQtB+Biû 2i
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

bQM û+QiQtB+BiûX lM2 7QBb +QKTH2tû ¨ /2 H� K�iBĕ`2 Q`;�MB[m2- mM ûHûK2Mi Kûi�HHB[m2 T2mi T`ûb2Mi2` mM2
iQtB+Biû #B2M bmTû`B2m`2 ¨ +2HH2 /2 HǶûi�i BMQ`;�MB[m2- +Ƕ2bi H2 +�b /m K2`+m`2 K�Bb �mbbB /2 HǶûi�BMX S�`7QBb-
+Ƕ2bi H2 b+?ûK� BMp2`b2 [mB 2bi Q#b2`pû 2i H� 7Q`K2 Q`;�MQKûi�HHB[m2 T`ûb2Mi2 mM2 iQtB+Biû KQBM/`2 pBb@¨@pBb
/2 HǶûHûK2Mi BMQ`;�MB[m2- +QKK2 TQm` HǶ�`b2MB+X .�Mb H2 +�/`2 /2 +2b i`�p�mt- MQmb MQmb 7Q+�HBb2`QMb bm`
/2mt bQmb@;`QmT2b /ǶQ`;�MQKûi�HHB[m2b- H2b Q`;�MQK2`+m`B2Hb 2i H2b Q`;�MQbi�MMB[m2b- /2mt 7�KBHH2b /2
+QKTQbûb bQm`+2b /2 ;`�M/2b T`ûQ++mT�iBQMb 2MpB`QMM2K2Mi�H2bX

G2 K2`+m`2 2bi T`ûb2Mi /�Mb HǶ2MpB`QMM2K2Mi K�`BM 2i /mH+B+QH2 T`û7û`2MiB2HH2K2Mi bQmb mM2 7Q`K2 BMQ`;�@
MB[m2 #Bp�H2Mi2 U>;kYV U*Qbb�g2i �HX- RNNyVX AH 2bi K�DQ`Bi�B`2K2Mi biQ+Fû /�Mb H2b bû/BK2Mib [mB �;Bbb2Mi
+QKK2 /2b `ûb2`pQB`b- TQmp�Mi- 2M 7QM+iBQM /2b +QM/BiBQMb T?vbB+Q@+?BKB[m2b- /2 H� bTû+B�iBQM /m K2`+m`2
2i /2 H� /vM�KB[m2 #BQHQ;B[m2- `2KQ#BHBb2` H2 K2`+m`2 /�Mb H� +QHQMM2 /Ƕ2�m Qm 2M+Q`2 HǶBMiû;`2` /�Mb H2b
`ûb2�mt i`QT?B[m2b U�+[m�pBi�g2i �HX- kykRVX .�Mb /2b +QM/BiBQMb #BQiB[m2b 2i �#BQiB[m2b- H2 K2`+m`2 BMQ`@
;�MB[m2 U>;kYV T2mi āi`2 i`�Mb7Q`Kû 2M Kûi?vHK2`+m`2 U*>j>;YV- mM +QKTQbû T`ûb2Mi�Mi mM2 iQtB+Biû #B2M
bmTû`B2m`2 Uai2BMg2i �HX- RNNe c �+[m�pBi�g2i �HX- kykRVX G� /�M;2`QbBiû /2 +2 +QKTQbû 2bi /Ƕ�BHH2m`b #B2M
+QMMm2 /2TmBb H2b BM+B/2Mib /2 H� #�B2 /2 JBM�K�i� UC�TQMV /m`�Mi H2[m2H H2 Kûi?vHK2`+m`2 7Q`Kû /�Mb H2b
bû/BK2Mib bǶ�++mKmH� H2 HQM; /2 H� +?�ŗM2 i`QT?B[m2 T`QpQ[m�Mi H2 /û+ĕb /Ƕ�#Q`/ /2 MQK#`2mt +?�ib TmBb
`�TB/2K2Mi- +2 7m`2Mi H2b ?�#Bi�Mib /2 JBM�K�i� [mB T`ûb2Miĕ`2Mi /2b i`Qm#H2b M2m`QHQ;B[m2b U�Hiû`�iBQM /2
H� pm2- i`Qm#H2b K2Mi�mt- K�H7Q`K�iBQMb +?2x H2b MQm``BbbQMb- 2i+XV bmBi2 ¨ H� +QMbQKK�iBQM /2 TQBbbQMb
/2 H� #�B2 UEm/Qg� JBv�?�`�g- RNNRVX G� 7Q`K�iBQM /m Kûi?vHK2`+m`2 b2K#H2 āi`2 7�pQ`Bbû2 2M +QM/BiBQM
�MQtB[m2 2i 2M �bbQ+B�iBQM ¨ H� T`ûb2M+2 /2 #�+iû`B2b bmH7�iQ@`û/m+i`B+2b- /2mt +QM/BiBQMb �BbûK2Mi `ûmMB2b
/�Mb H2b bû/BK2Mib UaiQB+?2pg2i �HX- kyye c .m`�Mg2i �HX- kyy3VX

G2b +QKTQbûb Q`;�MQbi�MMB[m2b Qm Q`;�MQûi�BMb bQMi /2b /û`Bpû2b Q`;�MB[m2b /2 HǶûi�BM KBMû`�HX AHb bQMi
K�DQ`Bi�B`2K2Mi /ǶQ`B;BM2 �Mi?`QTB[m2 ¨ HǶ2t+2TiBQM /2b Kûi?vHûi�BMbX AHb 7m`2Mi 2KTHQvûb /ĕb RN9y /�Mb H�
T`Q/m+iBQM /2 K�iBĕ`2b TH�biB[m2b 2i HQ`b /2b ey �MMû2b [mB bmBpB`2Mi 7m`2Mi miBHBbû /�Mb /2 KmHiBTH2b +?�KTb
/Ƕ�TTHB+�iBQM 2tTHQBi�Mib T`BM+BT�H2K2Mi- H2b T`QT`Bûiûb #BQ+B/2b /2b +QKTQbûb i`Bbm#biBimûb +QKK2 H2 h"h
Ui`B#mivHûi�BMV Qm H2 hS?h Ui`BT?ûMvHûi�BMVX PM `2i`Qmp� �BMbB /m h"h /�Mb H2b T2biB+B/2b- /�Mb H2b �;2Mib
/2 i`�Bi2K2Mi /m #QBb 2i bm`iQmi /�Mb H2b T2BMim`2b �MiBb�HBbbm`2b UĿ �MiB@7QmHBM; ŀV 2KTHQvûb K�bbBp2K2Mi
/�Mb H� T`Qi2+iBQM /2b `2pāi2K2Mib /2 #�i2�m 2i /2 bi`m+im`2b BKK2`;û2b UTQMiQM- [m�B- 2i+XV U>Q+?g- kyyRVX

.m 7�Bi /2 HǶ2KTHQB K�bbB7 /m h"h /�Mb H2b T2BMim`2b /2 `2pāi2K2Mi /2b M�pB`2b- BH b2 /Bzmb� �BbûK2Mi /�Mb
H2b 2MpB`QMM2K2Mib �[m�iB[m2bX .ĕb H2b �MMû2b RN3y- QM T`Bi +QMb+B2M+2 /2b 2z2ib /�M;2`2mt 2M;2M/`ûb T�`
H2b h"h bm` H2b T`Q/m+iBQMb Qbi`ûB+QH2b T`QpQ[m�Mi H� 7Q`K�iBQM /Ƕ�MQK�HB2b /2 +�H+B}+�iBQM U�HxB2mg2i �HX-
RN3RVX SHmb H�`;2K2Mi- BH � ûiû /ûKQMi`û [m2 h"h 2i H2 hS?h bQMi /2b T2`im`#�i2m`b 2M/Q+`BMB2Mb TQm` H2b
Q`;�MBbK2b �[m�iB[m2b 2Mi`�ŗM�Mi H� K�b+mHBMBb�iBQM /2b 72K2HH2b U*?B�p�`BMBg2i �HX- kyyjV 2i +2H� KāK2 ¨
/2 i`ĕb 7�B#H2b +QM+2Mi`�iBQMbX SHmb T�`iB+mHBĕ`2K2Mi- H2 h"h 2bi 2ti`āK2K2Mi iQtB[m2- 2M bmTTHûK2Mi /2
+2b 2z2ib /ûD¨ +Biûb- BH �;B`�Bi �mbbB +QKK2 mM M2m`QiQtB[m2 bm` +2`i�BM2b 2bTĕ+2b U62``2B`�g2i �HX- kyRj c
:`�+2HBg2i �HX- kyRjVX h?ûQ`B[m2K2Mi- H� /2KB@pB2 /m h"h /�Mb HǶ2MpB`QMM2K2Mi 2bi /2 HǶQ`/`2 /2 [m2H[m2b

8d



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

DQm`b ¨ [m2H[m2b b2K�BM2b /�Mb H� +QHQMM2 /Ƕ2�mX *2T2M/�Mi- mM2 7QBb �bbQ+Bûb �mt bû/BK2Mib bm`iQmi 2M
+QM/BiBQM /Ƕ�MQtB2- BH b2`�Bi #2�m+QmT THmb T2`bBbi�Mi 2i b2`�Bi biQ+Fû T2M/�Mi THmbB2m`b �MMû2b U>Q+?g-
kyyRVX *2b T`Q/mBib /2 /û;`�/�iBQMb- H2 J"h UKQMQ#mivHûi�BMV 2i /2 ."h U/B#mivHûi�BMV- T`ûb2Mi2Mi 2mt
�mbbB mM2 +2`i�BM2 iQtB+Biû U>Q+?g- kyyR c :`�+2HBg2i �HX- kyRj c 62``2B`�g2i �HX- kyRjVX

� H� bmBi2 /2 +2b Q#b2`p�iBQMb- mM2 Hû;BbH�iBQM 7mi BMbi�m`û2 +QM+2`M�Mi H� `û;mH�iBQM 2i H� +QKK2`+B�HBb�iBQM
/m h"hX G� 6`�M+2 7mi /Ƕ�BHH2m`b HǶmM /2b T�vb T`û+m`b2m`b BMi2`/Bb�Mi bQM miBHBb�iBQM 2i b� +QKK2`+B�HBb�iBQM
/ĕb RN3k K�Bb mMB[m2K2Mi TQm` H2b M�pB`2b /2 KQBMb /2 k8 KX 1HH2 7mi `2DQBMi2 T�` H� +QKKmM�miû BMi2`M�iBQ@
M�H2 2i bm`iQmi HǶlMBQM 2m`QTû2MM2 Ul1V [mB bǶ�++Q`/� �miQm` /ǶmM2 BMi2`/B+iBQM /Ƕ�TTHB+�iBQM /2 +QKTQbûb
Q`;�MQbi�MMB[m2b bm` H2b M�pB`2b 2i �TT�`2BHH�;2b /û/Bûb ¨ āi`2 BKK2`;ûb 2M T�`iB2 Qm +QKTHĕi2K2Mi 2M kyyj
2i H2m` ûHBKBM�iBQM /2b M�pB`2b 2tBbi�Mi ¨ T�`iB` /2 kyy3 dX

RXkX9 G2b +QMi�KBM�Mib Q`;�MB[m2b

*2ii2 /2`MBĕ`2 +�iû;Q`B2 2bi HǶmM2 /2b THmb `2K�`[m�#H2bX 1HH2 `2;`QmT2 mM MQK#`2 BM2biBK�#H2 /2 +QKTQbûbX
G2b +QMi�KBM�Mib Q`;�MB[m2b bQMi ûi`QBi2K2Mi HBûb ¨ H� `ûpQHmiBQM BM/mbi`B2HH2 2i ¨ H� +?BKB2 /2 bvMi?ĕb2X G2b
bQ+Bûiûb ?mK�BM2b TQm` H2 #2bQBM /Bp2`b bQMi /2b bQm`+2b /2 +`û�iBQM- T`Q/m+iBQM 2i ûKBbbBQM /ǶmM MQK#`2
BM+�H+mH�#H2 /2 +QKTQbûb Q`;�MB[m2bX LQb [mQiB/B2Mb [m2 +2 bQBi �m i`�p2`b /2b BM/mbi`B2b- /2 HǶ�;`B+mHim`2-
/2b T`Q/mBib T?viQb�MBi�B`2b Qm /2b #2bQBMb /QK2biB[m2b 2KTHQB2Mi 2i /ûp2`b2Mi /�Mb H2b û+QbvbiĕK2b +2b
+QKTQbûb Q`;�MB[m2bX
S�`KB HǶBKK2MbBiû /2 KB+`QTQHHm�Mib [mB pQMi +QMbiBim2` +2ii2 +�iû;Q`B2- +2`i�BMb bQMi [m�HB}û /2 TQHHm�Mi
Q`;�MB[m2 T2`bBbi2Mi USPSVX *2ii2 �TT2HH�iBQM 7�Bi `û7û`2M+2 ¨ /2b +QKTQbûb [mB T`ûb2Mi2Mi mM2 2t+2bbBp2
T2`bBbi�M+2 /�Mb HǶ2MpB`QMM2K2MiX AHb QMi /2b /2KB@pB2b i`ĕb HQM;m2bX PM T2mi +Bi2` T�`KB H2b SPS H2b THmb
+QMMmb- H2b >�S- H2b S*"- H2b /BQtBM2b Qm +2`i�BMb T2biB+B/2b Q`;�MQ+?HQ`ûbX 6�+2 �m /�M;2` [m2 `2T`ûb2Mi2
H� T2`bBbi�M+2 /2 +2b +QMi�KBM�Mib- mM2 T�`iB2 /2 H� +QKKmM�miû KQM/B�H2 b2 `ûmMBi �m b2BM /2 HǶPLl
1MpB`QMM2K2Mi UlL1S , lMBi2/ L�iBQMb 1MpB`QMK2Mi S`Q;`�KK2V �}M /Ƕû/Bi2` mM �++Q`/ BMi2`M�iBQM�H
U*QMp2MiBQM /2 aiQ+F?QHKV pBb�Mi ¨ HBbi2`- TmBb ¨ `û/mB`2 pQB`2 �``āi2` HǶ2KTHQB /2b SPS H2b THmb �H�`K�MibX
1M kyyR- BHb +`ûĕ`2Mi �BMbB H� HBbi2 /2b Ŀ Rk pBH�BMb ŀ +QMbiBimû2 /2 , HǶ�H/`BM2- H2 +?HQ`/�M2- H2 ..h- H� /B2H/`BM2-
HǶ2M/`BM2- HǶ?2Ti�+?HQ`2- H2 KB`2t- H2 iQt�T?ĕM2- H2b S*"- HǶ?2t�+?HQ`Q#2MxĕM2- H2b /BQtBM2b U�;2Mi Q`�M;2 2i
�mi`2bV 2i H2b 7m`�M2bX *2b +QKTQbûb /QBp2Mi #ûMû}+B2` /ǶmM2 �ii2MiBQM T�`iB+mHBĕ`2 /2 H� +QKKmM�miû b+B2M@
iB}[m2 2i /2b ;Qmp2`M2K2Mib /�Mb H2 #mi /ǶûHBKBM2`- /2 `2bi`2BM/`2 Qm /2 `û/mB`2 H2m` T`Q/m+iBQM BMpQHQMi�B`2X
G� +QMp2MiBQM /2 aiQ+F?QHK 7mi bB;Mû2 T�` R8k T�vb bB;M�i�B`2 2i 2Mi`� 2M pB;m2m` 2M kyy9X �T`ĕb /Bzû`2Mib
�K2M/2K2Mib- 2HH2 `û7û`2M+2 �+im2HH2K2Mi jj +QKTQbûbX

dX .B`2+iBp2 kyykfekf*1 /2 H� *QKBbbBQM /m N DmBHH2i kyyk TQ`i�Mi M2mpBĕK2 �/�Ti�iBQM �m T`Q;`ĕb i2+?MB[m2 /2 HǶ�MM2t2 A
/2 H� /B`2+iBp2 defdeNf*11 /m *QMb2BH +QM+2`M�Mi H2 `�TT`Q+?2K2Mi /2b /BbTQbBiBQMb Hû;BbH�iBp2b- `û;H2K2Mi�B`2b 2i �/KBMBbi`�@
iBp2b /2b 1i�ib K2K#`2b `2H�iBp2b ¨ H� HBKBi�iBQM /2 H� KBb2 bm` H2 K�`+?û 2i /2 HǶ2KTHQB /2 +2`i�BM2b bm#bi�M+2b 2i T`ûT�`�iBQMb
/�M;2`2mb2b U+QKTQbûb Q`;�MQbi�MMB[m2bVX
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

RXkX9XR G2b >�S- S*" 2i T2biB+B/2b Q`;�MQ+?HQ`ûb

RXkX9XRXR G2b ?v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2b , SPS T`BQ`Bi�B`2b

G2b ?v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2b U>�SV bQMi /2b +QKTQbûb Q`;�MB[m2b +QMbiBimûb /Ƕ�iQK2b
/2 +�`#QM2 2i /Ƕ?v/`Q;ĕM2b 2i H2m` bi`m+im`2 2bi 7Q`Kû2 /Ƕ�m KQBMb /2mt +v+H2b �`QK�iB[m2b UJ2MxB2g2i �HX-
RNNk c JQDB`Bg2i �HX- kyRNVX G� bi`m+im`2 2i H� K�bb2 /ǶmM >�S pQMi BM~m2M+2` b2b T`QT`Bûiûb T?vbB[m2bX
SHmb H2 TQB/b KQHû+mH�B`2 /ǶmM >�S 2bi BKTQ`i�Mi- THmb H2 +QKTQbû 2bi HBTQT?BH2- BH 2M p� /2 KāK2 TQm` H2m`
bQHm#BHBiû ULBFQH�Qmg2i �HX- kyyN c JQDB`Bg2i �HX- kyRNVX AMp2`b2K2Mi- H2b >�S /Bib Hû;2`b UTQbbû/�Mi j +v+H2b
Qm KQBMbV pQMi āi`2 +�`�+iû`Bbûb T�` mM2 T`2bbBQM /2 p�T2m` THmb BKTQ`i�Mi2 2i �BMbB āi`2 THmb pQH�iBHX *2H�
ûi�Mi- +2b +QKTQbûb `2bi2Mi K�DQ`Bi�B`2K2Mi i`ĕb ?v/`QT?Q#2bX G2m` HQ; EQr- H2 +Q2{+B2Mi /2 T�`i�;2 2Mi`2
HǶQ+i�MQH 2i HǶ2�m- mM BM/B+�i2m` /2 H� /Bbi`B#miBQM /ǶmM +QKTQbû 2Mi`2 mM2 T?�b2 Q`;�MB[m2 2i mM2 T?�b2
�[m2mb2 2bi TQm` +2b +QKTQbûb ;ûMû`�H2K2Mi bmTû`B2m`b ¨ j- +2 [mB +�`�+iû`Bb2 /2b +QKTQbûb ivTB[m2K2Mi
HBTQT?BH2bX

SHmbB2m`b +2Mi�BM2b /2 >�S QMi ûiû +�`�+iû`Bbûb 2i i?ûQ`B[m2K2Mi- +2ii2 7�KBHH2 /2 +QKTQbûb TQm``�Bi āi`2
+QMbiBimû2 /2 THmbB2m`b KBHHB2`b /2 KQHû+mH2bX Lû�MKQBMb- 2M `QmiBM2- +Ƕ2bi HǶûim/2 2i H2 bmBpB /2 Re /Ƕ2Mi`2 2mt
[mB 2bi T`û+QMBbû- b2HQM H2b `2+QKK�M/�iBQMb /2 HǶ�;2M+2 2MpB`QMM2K2Mi�H2b /2b 1i�ib@lMBb Ula 1S�V(�mb)
UJ2MxB2g2i �HX- RNNk c JQDB`Bg2i �HX- kyRNV 2i +2HH2b /2 H� .B`2+iBp2 *�/`2 bm` HǶ2�m Uh�#H2�m RX8VX

*2b Re >�S T`BQ`Bi�B`2b bQMi +QMbiBimûb /2 k ¨ e +v+H2b �`QK�iB[m2b- BHb `2T`ûb2Mi2Mi mM Ŀ T�M2H ŀ /2 >�S �bb2x
7`û[m2KK2Mi `2M+QMi`ûb 2i BM/B+�i2m`b /2 H� /Bp2`bBiû /2 +QKTQ`i2K2Mib /2b >�SX G2m` K�bb2 KQHû+mH�B`2
p�`B2 /2 Rk3-k ;XKQH@R TQm` H2 M�T?i�HĕM2 ¨ kde-j ;XKQH@R TQm` H2 #2MxQU;-?-BVTû`vHĕM2 2i HǶBM/ûMQUR-k-j@
+/VTv`ĕM2- H2m` HQ; EQr 2bi +QKT`Bb 2Mi`2 j-R 2i e-d TQm` `û+BT`Q[m2K2Mi H2 M�T?i�HĕM2 2i HǶBM/ûMQUR-k-j@
+/VTv`ĕM2 Uh�#H2�m RX8VX

AHb bQMi miBHBbûb +QKK2 Ŀ BM/B+�i2m`b ŀ /2 T`ûb2M+2 /2b >�S- #B2M [m2 HǶ2KTHQB 2i H� HBKBi�iBQM /2 HǶ�M�Hvb2
/2b >�S /�Mb H2m` ;HQ#�HBiû ¨ +2b Re +QKTQbûb � ûiû 2i `2bi2 +`BiB[mû U�M/2`bbQMg� �+?i2Mg- kyR8VX
a2HQM +2b �mi2m`b- +2ii2 HBbi2 Kû`Bi2`�Bi /Ƕāi`2 `ûûp�Hmû2- MQi�KK2Mi �m `2;�`/ /2 HǶmiBHBb�iBQM 2i HǶQ++m`2M+2
2MpB`QMM2K2Mi�H2 /Ƕ>�S T`ûQ++mT�Mib MQM +QKT`Bb /�Mb +2ii2 HBbi2 /QMi /2b >�S THmb HQm`/b- /2 /û`Bpûb
�HFvHûb /2b >�S Qm 2M+Q`2 /Ƕ>�S ?ûiû`Q+v+HB[m2b U�M/2`bbQMg� �+?i2Mg- kyR8 c .Q//bg2i �HX- kykRVX
.�Mb H2 +�/`2 /2 +2ii2 i?ĕb2- /�Mb H2 #mi /2 +QMb2`p2` mM2 MQK#`2 `�BbQMM�#H2 /2 +QKTQbûb �TT�`i2M�M+2
¨ /Bzû`2Mi2b +�iû;Q`B2b /2 +QKTQbûb- MQmb MQmb HBKBi2`QMb Mû�MKQBMb ¨ HǶ2KTHQB 2i HǶ�M�Hvb2 /2b Re >�S
T`BQ`Bi�B`2bX

8N



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

h�#H2�m RX8 Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b >�S +B#Hûb /�Mb +2ii2 ûim/2X

LQK *�a 6Q`KmH2
#`mi2

ai`m+im`2 J�bb2
KQH�B`2
U;XKQH@RV

GQ; EPq aQHm#BHBiû
/�Mb HǶ2�m
UK;XG@RV ¨
k8ê*

L�T?i�HĕM2 NR@ky@j *Ry>3 Rk3-k j-j� jR-d2

�+ûM�T?ivHĕM2 ky3@Ne@3 *Rk>3 R8k-k j-N� j-Nj2

�+ûM�T?iĕM2 3j@jk@N *Rk>Ry R89-k j-N� j-Nj7

6HmQ`ĕM2 3e@dj@d *Rj>Ry Ree-k 9-k� R-N37

�Mi?`�+ĕM2 Rky@Rk@d *R9>Ry Rd3-k 9-d# d-jXRy@k 7

S?ûM�Mi?`ĕM2 38@yR@3 *R9>Ry Rd3-k 9-e# R-kN7

6HmQ`�Mi?ĕM2 kye@99@y *Re>Ry kyk-k 8-k# k-eXRy@R 7

Sv`ĕM2 RkN@yy@y *Re>Ry kyk-k 9-N� R-jXRy@R 7

"2MxQU�V
�Mi?`�+ĕM2

8e@88@j *R3>Rk kk3-j 8-N# 8-dXRy@j 2

*?`vbĕM2 kR3@yR@N *R3>Rk kk3-j 8-3# k-yXRy@j 7

"2MxQU�V
Tv`ĕM2

8y@jk@3 *ky>Rk k8k-j e-R# j-3XRy@j 7

"2MxQU#YDV
~mQ`�Mi?ĕM2

ky8@NN@k 2i
ky8@3k@j

*ky>Rk k8k-j "U#V7 , 8-3+

"UDV7 , e-R/
"U#V7 ,
R-8XRy@j ; 

"UDV7 ,
k-8XRy@j ; 

.B#2MxQU�-?V
�Mi?`�+ĕM2

8j@dy@j *kk>R9 kd3-j e-8# k-8XRy@j ?

ey



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

h�#H2�m RX8 Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b >�S +B#Hûb /�Mb +2ii2 ûim/2X UbmBi2V

LQK *�a 6Q`KmH2
#`mi2

ai`m+im`2 J�bb2
KQH�B`2
U;XKQH@RV

GQ; EPq aQHm#BHBiû
/�Mb HǶ2�m
UK;XG@RV ¨
k8ê*

"2MxQUFV
~mQ`�Mi?ĕM2

kyd@y3@N *ky>Rk k8k-j e-R# 3-yXRy@9 ; 

"2MxQU;-?-BV
Tû`vHĕM2

RNR@k9@k *kk>Rk kde-j e-k# k-eXRy@9 7

AM/ûMQUR-k-j@
+/VTv`ĕM2

RNj@jN@8 *kk>Rk kde-j e-d+ R-NXRy@9 ; 

 , aQHm#BHBiû +�H+mHû2 Qm 2biBKû2 TQm` mM2 i2KTû`�im`2 MQM BM/B[mû2 c
�>�Mb+? 2i �HX- RNN8 c #.2 J��;/ 2i �HX- RNN3 c +q�M; 2i �HX- RN3e c /la 1S�- 1biBK�iBQM S`Q;`�K
AMi2`7�+2 U1SAV amBi2- p2`X9XRR- MQp kyRkX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb ,ffrrrX2T�X;Qpfib+�@b+`22MBM;@iQQHb c
2 G22 2i �HX- RNNk c 7J�+F�v � a?Bm- RNdd c ;qBb2 2i �HX- RN3R c ?J2�Mb 2i �HX- RN3y

G2b >�S T2mp2Mi �pQB` /2b Q`B;BM2b KmHiBTH2b UJQDB`Bg2i �HX- kyRNV ,
U�V Tv`QHviB[m2- Bbbmb /2 T?ûMQKĕM2b /2 +QK#mbiBQM BM+QKTHĕi2 /2 H� K�iBĕ`2 Q`;�MB[m2 c
U#V Tûi`Q;ûMB[m2- �bbQ+Bûb ¨ /2b T`Q+2bbmb /2 /B�;ûMĕb2
U+V Qm /B�;ûMûiB[m2- Bbbmb /ǶmM2 i`�Mb7Q`K�iBQM H2Mi2 /2 K�iBĕ`2 Q`;�MB[m2 T�` /2b Q`;�MBbK2b pBp�MibX

�m@/2H¨ /2 j i`QBb Q`B;BM2b- BH 2bi BKTQ`i�Mi /2 `2K�`[m2` [m2 H2b >�S T2mp2Mi āi`2 ¨ H� 7QBb Bbbmb /2 T`Q+û/ûb
M�im`2Hb +QKK2 /2b 72mt /2 7Q`āib- /2b û`mTiBQMb pQH+�MB[m2b Qm /2b T`Q+2bbmb /2 #BQ;ûMĕb2 Qm �Mi?`Q@
TB[m2b- +QKK2 H� +QK#mbiBQM BM+QKTHĕi2 /2b +QK#mbiB#H2b 7QbbBH2b Qm HǶBM+BMû`�iBQM /2 /û+?2ib KûM�;2`b
UJQDB`Bg2i �HX- kyRNVX
G� K�DQ`Biû /2b >�S Bbbmb /Ƕ�+iBpBiûb �Mi?`QTB[m2b bQMi /ǶQ`B;BM2 Tv`QHviB[m2 UGBmg2i �HX- kyy8 c GBK�g2i �HX-
kyy8 c o�M2g2i �HX- kyRdV- T`BM+BT�H2K2Mi bmBi2 ¨ H� +QK#mbiBQM BM+QKTHĕi2 /2 +QK#mbiB#H2b 7QbbBH2bX AHb bQMi
ûKBb /�Mb H2 +QKT�`iBK2Mi �iKQbT?û`B[m2- +B`+mH2Mi bm` /2b /Bbi�M+2b +QMbû[m2Mi2b- /�Mb /2 KmHiBTH2b /B@
`2+iBQMb 2i b2 /ûTQb2Mi ¨ H� bm`7�+2 /2b bQHb 2i 2�mt UGBmg2i �HX- kyy8VX *2b +QKTQbûb bQMi T�`iB+mHBĕ`2K2Mi
m#B[mBi�B`2b UGBK�g2i �HX- kyy8VX S�` mM /ûTƬi /B`2+i Qm H2 H2bbBp�;2 /2b bQHb 2i /2b +?�mbbû2b- BHb b2 `2i`Qmp2Mi
�BbûK2Mi /�Mb H2b KBHB2mt �[m�iB[m2bX � H� bmBi2 /Ƕ�++B/2Mib HBûb ¨ HǶ2tTHQBi�iBQM 2i H2 i`�MbTQ`i /m Tûi`QH2-
H2b >�S Tûi`Q;ûMB[m2b T2mp2Mi b2 `2i`Qmp2` TQM+im2HH2K2Mi 2i 2M �#QM/�M+2 /�Mb H2b û+QbvbiĕK2b bm` H2b
bQHb- bû/BK2Mib 2i /�Mb H2b 2�mtX .�Mb H2m` K�DQ`Biû- H2b >�S `2bi2Mi T2m pQH�iBHb- T2m bQHm#H2b /�Mb HǶ2�m-
BHb pQMi �BMbB i2M/`2 ¨ bǶ�bbQ+B2` T�` �/bQ`TiBQM 2i �#bQ`TiBQM ¨ H� K�iBĕ`2 Q`;�MB[m2 2i bǶ�++mKmH2` /�Mb H2b
7`�+iBQMb T�`iB+mH�B`2b U62`M�M/2bg2i �HX- RNNd c GmQg2i �HX- kyydV TmBb `2DQBM/`2 T�` /ûTƬi H2 +QKT�`iBK2Mi
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

bû/BK2Mi�B`2 UJ�;Bg2i �HX- kyykVX *2b +QKTQbûb +?BKB[m2b �TT�`iB2MM2Mi �mt SPS- TQHHm�Mib Q`;�MB[m2b
T2`bBbi�Mib- BHb bQMi /QM+ T�`iB+mHBĕ`2K2Mi T2`bBbi�Mib /�Mb HǶ2MpB`QMM2K2Mi bm`iQmi /�Mb H2b bQHb 2i bû/B@
K2Mib ULBFQH�Qmg2i �HX- kyyNVX *2b +QKT�`iBK2Mib �;Bbb2Mi +QKK2 /2b `ûb2`pQB`b /2 >�S [mB 2M 7QM+iBQM
/2b +QM/BiBQMb 2MpB`QMM2K2Mi�H2b T2mp2Mi /2p2MB` /2b bQm`+2b /2 >�S Uo�;;2g2i �HX- kyR3VX

RXkX9XRXk G2b TQHv+?HQ`Q#BT?ûMvH2b

G2b TQHv+?HQ`Q#BT?ûMvH2b US*"V bQMi /2b +QKTQbûb Q`;�MQ+?HQ`ûb TQHv+v+HB[m2b +?HQ`ûb Bbbm /2 H� +?HQ@
`�iBQM /m #BT?ûMvH2X *2ii2 7�KBHH2 /2 +QKTQbûb TQbbĕ/2 mM2 bi`m+im`2 ;ûMû`B[m2 /m ivT2 *Rk>RyUMYKV*HMYK

Qɍ M 2i K bQMi +QKT`Bb 2Mi`2 R 2i Ry U6B;m`2 RXRjV- `ûmMBbb�Mi �m iQi�H kyN +QM;ûMĕ`2b TQi2MiB2HbX S`�iB[m2@
K2Mi- +2 bQMi T`ĕb /2 R8y +QM;ûMĕ`2b [mB T2mp2Mi `û2HH2K2Mi āi`2 bvMi?ûiBbûb 2i Rjy b2 `2i`Qmp2Mi /�Mb /2b
KûH�M;2b BM/mbi`B2HbX

6B;m`2 RXRj Ĝ ai`m+im`2 KQHû+mH�B`2 /2b S*"X

*2b +QKTQbûb 2t+HmbBp2K2Mi /ǶQ`B;BM2 �Mi?`QTB[m2 7m`2Mi BMi2MbûK2Mi bvMi?ûiBbûb 2i +QKK2`+B�HBbûb 2Mi`2
H2b �MMû2b RNjy 2i RNdy U.�pBbg2i �HX- kyydVX *2 bQMi /2b KQHû+mH2b /2 ?�mib TQB/b KQHû+mH�B`2b- �p2+ mM2
K�bb2 KQHû+mH�B`2 +QKT`Bb2 2Mi`2 R33 ¨ 9jN-d ;XKQH@RX AHb T`ûb2Miĕ`2Mi /2b T`QT`Bûiûb /ǶBMiû`āi BM/mbi`B2H
K�D2m` , BM2`i2b pBb@¨@pBb /2b �+B/2b 2i /2b #�b2b- BM~�KK�#BHBiû 2i /2b T`QT`Bûiûb ûH2+i`B[m2b `2K�`[m�#H2bX G2b
T`QT`Bûiûb /2 +?�[m2 +QM;ûMĕ`2 pQMi p�`B2` 2M 7QM+iBQM /2 H2m` /2;`û /2 +?HQ`�iBQMX AHb 7m`2Mi +QKK2`+B�HBbûb
bQmb H� 7Q`K2 /2 KûH�M;2 +QKTH2t2 TQmp�Mi �HH2` Dmb[mǶ¨ Ny +QM;ûMĕ`2bX *2b +�`�+iû`BbiB[m2b 2M 7QMi /2b
+QKTQbûb /2 +?QBt /�Mb H� 7�#`B+�iBQM /2 i`�Mb7Q`K�i2m`b ûH2+i`B[m2b- +QKT2Mb�i2m`b- Hm#`B}�Mib- +QKTQb�Mib
/Ƕ?mBH2b 2i �mi`2b T2BMim`2b U2Mi`2 �mi`2bV UqBHHB�Kbg� "2MQBig- RNdN c �M/2`bbQMg2i �HX- kyy9VX
G2m` T`Q/m+iBQM 7mi K�bbBp2- /ûT�bb�Mi bm` H2m` Tû`BQ/2 /Ƕ2tTHQBi�iBQM H� +2Mi�BM2 KBHHBQMb /2 FBHQ;`�KK2b
/�Mb +2`i�BMb T�vbX lM2 T�`iB2 MQM Mû;HB;2�#H2 /2 +2b S*" �BMbB T`Q/mBib b2 `2i`Qmp� Hû;�H2K2Mi- T�` HǶ�#b2M+2
/2 +QMi`ƬH2 2i /2 `û;mH�iBQM- Qm BHHû;�H2K2Mi /�Mb H2b û+QbvbiĕK2b M�im`2Hb U"Q`D�g2i �HX- kyy8VX

G� iQtB+Biû /2b S*" p�`B2 2M 7QM+iBQM /2b +QM;ûMĕ`2b- 2HH2 �m;K2Mi2`� �p2+ H2 TQB/b KQHû+mH�B`2 /m +QKTQbû-
/QM+ �p2+ H2 MQK#`2 /Ƕ�iQK2b /2 +?HQ`2X �m b2BM /2 H� 7�KBHH2 /2b S*"- mM bQmb@;`QmT2b /ǶBMiû`āi T2mi āi`2
/BbiBM;mû- H2b S*" /2 ivT2 /BQtBM2 US*"@.GV [mB T�` H2m` +QM};m`�iBQM TH�M2 T2mp2Mi āi`2 `�TT`Q+?ûb
�mt /BQtBM2bX AHb bQMi +�`�+iû`Bbûb T�` mM2 ;`�M/2 iQtB+BiûX

ek



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

h�#H2�m RXe Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b }Hi`2b S*" +B#Hûb /�Mb +2ii2 ûim/2X

*QM;ûMĕ`2 *�a 6Q`KmH2
#`mi2

ai`m+im`2 S*"
BM/B+�@
i2m`b

S*"@
.G

J�bb2
KQH�B`2
U;XKQH@RV

GQ;
EPq

aQHm#BHBiû
/�Mb HǶ2�m
UKQHXG@RV

S*" R3 jde3y@e8@k *Rk>d*Hj @ PmB k8d-8 8-93 � 8-RXRy@R 2

S*" k3 dyRk@jd@8 *Rk>d*Hj PmB @ k8d-8 8-ek # R-kXRy@R 2

S*" jR Reeye@yk@j *Rk>d*Hj @ @ k8d-8 8-eN # R-9XRy@R 7 

S*" 99 9R9e9@jN@8 *Rk>e*H9 @ @ kNk-y 8-3R + 3-yXRy@k ;

S*" 8k j8eNj@NN@j *Rk>e*H9 PmB @ kNk-y e-yN # R-dXRy@R ;

S*" RyR jde3y@dj@k *Rk>8*H8 PmB @ jke-9 8-e3 � e-3XRy@j 2

S*" RR3 jR8y3@yy@e *Rk>8*H8 PmB @ jke-9 d-Rk # R-jXRy@k 7 

S*" Rj3 j8ye8@k3@k *Rk>9*He PmB @ jey-N d-99 � d-jXRy@j 7 

S*" R9N j3j3y@y9@y *Rk>9*He @ @ jey-N d-k3 # L�

ej



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

h�#H2�m RXe Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b }Hi`2b S*" +B#Hûb /�Mb +2ii2 ûim/2X UbmBi2V

*QM;ûMĕ`2 *�a 6Q`KmH2
#`mi2

ai`m+im`2 S*"
BM/B+�@
i2m`b

S*"@
.G

J�bb2
KQH�B`2
U;XKQH@RV

GQ;
EPq

aQHm#BHBiû
/�Mb HǶ2�m
UKQHXG@RV

S*" R8j j8ye8@kd@R *Rk>9*He PmB @ jey-N e-j9 / 3-eXRy@9 2

S*" R3y j8ye8@kN@j *Rk>j*Hd PmB @ jN8-j d-dk + j-3XRy@j 7 

S*" RN9 j8eN9@y3@d *Rk>j*H3 @ @ jN8-j 3-e3 + R-kXRy@9
?  

L� ULQi �p�BH�#H2V , BM7Q`K�iBQM MQM /BbTQMB#H2 c
 , aQHm#BHBiû +�H+mHû2 Qm 2biBKû2 TQm` mM2 i2KTû`�im`2 /2 kyê* c   , aQHm#BHBiû +�H+mHû2 Qm 2biBKû2 TQm` mM2 i2K@
Tû`�im`2 /2 kkê* c �_�T�TQ`i � 1Bb2M`2B+?- RN39 c #>�Mb+? 2i �HX- RNN8 c + "�b2 /2 /QMMû2 lXaX 1S� .aahQt-
/BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb ,ffTm#+?2KXM+#BXMHKXMB?X;QpfbQm`+2f1S�Wky.aahQt c /E�`B+F?Qz 2i �HX- RNdN c
2.mMMBp�Mi � 1Hx2`K�M- RN33 c 7Jm`T?v 2i �HX- RN3d c ; "BHHBM;iQM 2i �HX- RN33 c ?PTT2`?mHx2M 2i �HX- RN33

� T�`iB` /2 RNdy- H2m` T`Q/m+iBQM 2i H2m` T`ûb2M+2 /�Mb HǶ2MpB`QMM2K2Mi +QKK2M+2Mi `2bT2+iBp2K2Mi ¨ āi`2
`û;mHû2b U*?2p`2mBHg2i �HX- RNN3VX G2m` /�M;2`QbBiû M2 +2bb� /Ƕ�H2`i2` �#QmiBbb�Mi 2M RN3k- T�` H� bûH2+iBQM
/2 d S*" /Bib BM/B+�i2m`b ¨ `2+?2`+?2` 2M T`BQ`Biû T�` H2 "m`2�m *QKKmM�mi�B`2 /2 _û7û`2M+2 /2 H� *QK@
KBbbBQM 2m`QTû2MM2 UAL1_Aag- kyRkVX *2b d S*" `2T`ûb2Mi2`�B2Mi 3yW /2b S*" iQi�mt- BHb bQMi /ûi�BHHûb
/�Mb H2 i�#H2�m RXe UAL1_Aag- kyRkVX _2K�`[mQMb [m2 T�`KB +2ii2 bQmb@bûH2+iBQM- H2 S*" RR3 2bi H2 b2mH ¨
�TT�`i2MB` ¨ H� +�iû;Q`B2 /2b S*"@.GX *2 MǶ2bi /Ƕ�BHH2m`b T�b TQm` bQM �#QM/�M+2 [m2 +2 +QM;ûMĕ`2 2bi bmBpB
K�Bb TQm` bQM BKTQ`i�Mi2 iQtB+BiûX 1M 6`�M+2- MQmb �pQMb �#QmiB ¨ mM2 +QKTHĕi2 BMi2`/B+iBQM /2 T`Q/m+iBQM
2i +QKK2`+B�HBb�iBQM /2b S*" /ĕb RN3dX
G2b S*" bQMi /2b +QKTQbûb 2ti`āK2K2Mi ?v/`QT?Q#2b- H2m`b HQ; EQr bQMi +QKT`Bb 2Mi`2 Ry9 2i RyeVX AHb
bǶ�/bQ`#2Mi �BMbB i`ĕb `�TB/2K2Mi �mt T�`iB+mH2b 2M bmbT2MbBQM 2i �mt bû/BK2Mib- 2M T�`iB+mHB2` +2mt T`û@
b2Mi�Mi mM2 i2M2m` BKTQ`i�Mi2 2M K�iBĕ`2b Q`;�MB[m2b U*?2p`2mBHg2i �HX- RN3d c *?2p`2mBHg2i �HX- RNN3VX
.2 THmb- BHb bQMi HBTQbQHm#H2b 2i i2M/2Mi �BbûK2Mi ¨ bǶ�++mKmH2` /�Mb H2b Q`;�MBbK2b pBp�Mib UT`BM+BT�H2K2Mi
/�Mb H2b HBTB/2bV 2i H2 HQM; /2b `ûb2�mt i`QT?B[m2b T�` #BQ�KTHB}+�iBQM Uh`Qr#B/;2g� ar�+F?�K2`g- kyyR c
.�pBbg2i �HX- kyydVX .2 T�` H2m` ?v/`QT?Q#B+Biû 2i H2m` ;`�M/2 bi�#BHBiû- H2b S*" T`ûb2Mi2Mi mM2 2t+2TiBQM@
M2HH2 T2`bBbi�M+2 2MpB`QMM2K2Mi�H2 U.�pBbg2i �HX- kyydV- BHb bQMi M�im`2HH2K2Mi B/2MiB}ûb +QKK2 /2b SPSX

e9



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

AHb bQMi `2i`Qmpûb /�Mb iQmb H2b 2MpB`QMM2K2Mib- HǶ�B`- H2 bQH- HǶ2�m- H2b bû/BK2Mib 2i H2b /2M`û2b �HBK2Mi�B`2b
UqBHHB�Kbg� "2MQBig- RNdN c .�pBbg2i �HX- kyyd c �M/2`bbQMg2i �HX- kyy9VX

RXkX9XRXj G2b T2biB+B/2b Q`;�MQ+?HQ`ûb

G2b T2biB+B/2b- �mbbB MQKKûb T`Q/mBib T?viQb�MBi�B`2b- bQMi /2b bm#bi�M+2b 2KTHQvû2b TQm` Hmii2` +QMi`2
/2b Q`;�MBbK2b Dm;ûb MmBbB#H2bX AHb bQMi miBHBbûb /2TmBb HǶ�MiB[mBiû- Mû�MKQBMb- +Ƕ2bi �m ssĕK2 bBĕ+H2 �p2+
HǶ2bbQ` /2 H� +?BKB2 Q`;�MB[m2 2i /2 bvMi?ĕb2 [m2 H2m` T`Q/m+iBQM 2i miBHBb�iBQM +QMMm`2Mi mM2 BKTmHbBQM
`2K�`[m�#H2X

G2b T2biB+B/2b bQMi i`ĕb K�DQ`Bi�B`2K2Mi 2KTHQvûb 2M �;`B+mHim`2- Mû�MKQBMb- Dmb[mǶ¨ Ry W /m iQMM�;2 /2b
T2biB+B/2b +QKK2`+B�HBbûb H2 bQMi TQm` HǶ2Mi`2iB2M /2 D�`/BM Tm#HB+b- T`Bpû2b Qm 2M+Q`2 /2b BM7`�bi`m+im`2b
`QmiBĕ`2bX .2``Bĕ`2 HǶ�TT2HH�iBQM ;ûMû`B[m2 T2biB+B/2- QM `2i`Qmp2 mM MQK#`2 BKTQ`i�Mi /2 bm#bi�M+2b �+iBp2b-
K�Bb �mbbB /2 7Q`KmH�iBQM 2i T`Q/m+iBQMb +QKK2`+B�H2bX � iBi`2 /Ƕ2t2KTH2- H� *QKKBbbBQM 2m`QTû2MM2 `2+2Mb2
¨ H� /�i2 /2 DmBHH2i kyRN- 9dd bm#bi�M+2b �+iBp2b �TT`Qmpû2bX *2b T`Q/mBib bQMi +H�bbB[m2K2Mi `2;`QmTûb 2M
7QM+iBQM /2 H� +B#H2 /m +QKTQbû Qm #B2M T�` 7�KBHH2 /2 +QKTQbûb TQm` H2b bm#bi�M+2b �+iBp2bX PM /BbiBM;m2
�BMbB H2b ?2`#B+B/2b- /2b BMb2+iB+B/2b- /2b #�+iû`B+B/2b 2i /2b 7QM;B+B/2bX �m b2BM /2 HǶl1 Uk3 T�vbV- H2b p2Mi2b
/2 T2biB+B/2b �ii2B;MB`2Mi T`ĕb /2 jjy yyy iQMM2b 2M kyRd- p�H2m`b [mB /Ƕ�BHH2m`b 2M �m;K2Mi�iBQM- 2HH2 ûi�Bi
/2 jR8 yyy iQMM2b 2M kyRRX *2ii2 p2Mi2 �BMbB [m2 HǶ2KTHQB /2 T2biB+B/2b bQMi ?�mi2K2Mi ?ûiû`Q;ĕM2 /ǶmM T�vb
¨ HǶ�mi`2 /2 HǶl1X G� 6`�M+2 };m`2 T�`KB H2b THmb ;`�M/b +QMbQKK�i2m`b /2 T2biB+B/2b /Ƕ1m`QT2- �mT`ĕb /2
HǶ1bT�;M2 2i HǶ�HH2K�;M2 3X

G2b T2biB+B/2b bQMi i`ĕb 7`û[m2KK2Mi �TTHB[mûb 2M [m�MiBiûb 2t�;û`û2b U*?Đp`2g� 1`FK�Mg- kyRdV- 2Mi`�ŗ@
M�Mi H2m` /BbT2`bBQM /�Mb H2b û+QbvbiĕK2b M�im`2HbX S�` H2bbBp�;2 /2b bQHb �;`B+QH2b- +2b +QKTQbûb b2 `2i`Qmp2Mi
�BbûK2Mi /�Mb H2b KBHB2mt �[m�iB[m2b �mbbB #B2M /�Mb H2b 2�mt /2 bm`7�+2 [m2 bQmi2``�BM2b 2i Dmb[m2 /�Mb H2b
2�mt /2 +QMbQKK�iBQM UG2 *Q�/Qmg2i �HX- kyRdVX P`- +2b +QKTQbûb bQMi T�` 2bb2M+2 /2b bm#bi�M+2b iQtB[m2b
/ûTHQvû2b �}M /Ƕ�ii2BM/`2 ¨ HǶBMiû;`Biû pBi�H2b /2b Q`;�MBbK2b +B#Hûb U*?Đp`2g� 1`FK�Mg- kyRdVX G2m`b Kû@
+�MBbK2b /Ƕ�+iBQM M2 bQMi T�b 7Q`+ûK2Mi bTû+B}[m2bX lM2 7QBb /�Mb HǶ2MpB`QMM2K2Mi- BHb T2mp2Mi /B`2+i2K2Mi
BKT�+i2` /B`2+i2K2Mi Qm BM/B`2+i2K2Mi /2b Q`;�MBbK2b MQM +B#Hûb BMBiB�H2K2Mi i2Hb [m2 H2b KB+`QQ`;�MBbK2b
U.2GQ`2MxQg2i �HX- kyyRV- H2 T?viQ@ 2i xQQTH�M+iQM U6H22;2`g2i �HX- kyyjV Qm /2b Q`;�MBbK2b ¨ /2b MBp2�mt
i`QT?B[m2b bmTû`B2m`b UJ�Bb�MQg2i �HX- kyReVX

.�Mb H2 +�/`2 /2 +2ii2 i?ĕb2- MQmb MQmb 7Q+�HBbQMb bm` mM2 HBbi2 `û/mBi2 /2 bm#bi�M+2b +QMbiBimû2b T`BM+BT�H2@
K2Mi /2 +QKTQbûb +QMMmb ?BbiQ`B[m2K2Mi TQm` H2b `Bb[m2b 2MpB`QMM2K2Mi�mt Qm b�MBi�B`2b [mǶBHb `2T`ûb2Mi2MiX
*2b bm#bi�M+2b bQMi /ûi�BHHû2b /�Mb H2 i�#H2�m RXdX

3X 2m`Qbi�i- HǶP{+2 bi�iBbiB[m2 /2 HǶlMBQM 2m`QTû2MM2X .BbTQMB#H2 ¨ , ?iiTb,ff2+X2m`QT�X2mf2m`Qbi�if7`f?QK2X *QMbmHiû 2M
b2Ti2K#`2 kykRX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

h�#H2�m RXd Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b T2biB+B/2b +B#Hûb /�Mb +2ii2 ûim/2X

LQK �##`ûpB�iBQM *�a 6Q`KmH2
#`mi2

ai`m+im`2 *QKK2Mi�B`2 J�bb2
KQ@
H�B`2
U;XKQH@RV

GQ;
EPq

aQHm#BHBiû
/�Mb
HǶ2�m
UK;XG@RV

�H/`BM2 jyN@yy@k *Rk>3*He AMb2+iB+B/2 je9-N e-8y� y-ky/

.B2H/`BM2 ey@8d@R *Rk>3*HeP AMb2+iB+B/2 j3y-N 8-9y# y-k8/

1M/`BM2 dk@ky@3 *Rk>3*HeP AMb2+iB+B/2 j3y-N 8-RN# y-ke2

1M/`BM2
�H/2?v/2

d9kR@Nj@9 *Rk>3*HeP Jûi�#QHBi2
/2 HǶ2M/`BM2

j3y-N L� L�

1M/`BM2 F2iQM2 8j9N9@dy@8 *Rk>3*HeP Jûi�#QHBi2
/2 HǶ2M/`BM2

j3y-N L� L�

ᅫ@?2t�+?HQ`Q@
+v+HQ?2t�M2ᅫ@>*>

jRN@39@e *e>3*He AbQKĕ`2 /m
HBM/�M2

kNy-3 j-3� k-y2

ᅬ@?2t�+?HQ`Q@
+v+HQ?2t�M2ᅬ@>*>

jRN@38@d *e>3*He AbQKĕ`2 /m
HBM/�M2

kNy-3 j-d3� y-k92

ᅮ@?2t�+?HQ`Q@
+v+HQ?2t�M2ᅮ@>*>

jRN@3e@3 *e>3*He AbQKĕ`2 /m
HBM/�M2

kNy-3 9-R9� jR-92

GBM/�M2ᅭ@?2t�+?HQ`Q@
+v+HQ?2t�M2ᅭ@>*>

83@3N@N *e>3*He AMb2+iB+B/2 kNy-3 j-dk� d-32

1M/QbmH7�M Aᅫ@2M/QbmH7�M N8N@N3@3 *N>e*HePja AMb2+iB+B/2 9ye-N j-3j� y-8j2
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

h�#H2�m RXd Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b T2biB+B/2b +B#Hûb /�Mb +2ii2 ûim/2X UbmBi2V

LQK �##`ûpB�iBQM *�a 6Q`KmH2
#`mi2

ai`m+im`2 *QKK2Mi�B`2 J�bb2
KQ@
H�B`2
U;XKQH@RV

GQ;
EPq

aQHm#BHBiû
/�Mb
HǶ2�m
UK;XG@RV

1M/QbmH7�M AAᅬ@2M/QbmH7�M jjkRj@e8@N *N>e*HePja AMb2+iB+B/2 9ye-N j-ek� y-k32

1M/QbmH7�M
bmH7�i2

RyjR@yd@3 *N>e*HeP9a Jûi�#QHBi2
/2
HǶ2M/QbmH7�M

9kk-N j-ee� L�

>2Ti�+?HQ`2 de@99@3 *Ry>8*Hd AMb2+iB+B/2 jdj-j e-Ry+ 8-eXRy@k 7

>2Ti�+?HQ`2
2TQtB/2

Ryk9@8d@j *Ry>8*HdP Jûi�#QHBi2
/2
HǶ?2Ti�+?HQ`2

j3N-j L� y-j82

Jûi?Qtv+?HQ`2 dk@9j@8 *Re>R8*HjPk AMb2+iB+B/2 j98-e 8-y3� y-Ry2

.B+?HQ`Q/BT?ûMvH@
/B+?HQ`Qûi?�M2
...

dk@89@3 *R9>Ry*H9 Jûi�#QHBi2
/m ..h

jky-y e-kk# k-yXRy@k 2

.B+?HQ`Q/BT?ûMvH@
/B+?HQ`Qûi?vH2M2
..1

dk@88@N *R9>3*H9 Jûi�#QHBi2
/m ..h

jR3-y e-Ne# R-9XRy@k 2

*HQ7ûM�i2
.B+?HQ`Q/BT?ûMvH@
i`B+?HQ`Qûi?�M2
..h

8y@kN@j *R9>N*H8 AMb2+iB+B/2
�+�`B+B/2

j89-8 e-NR� k-eXRy@k 2

L� ULQi �p�BH�#H2V , BM7Q`K�iBQM MQM /BbTQMB#H2 c �>�Mb+? 2i �HX- RNN8 c #.2 "`mBDM 2i �HX- RN3N c
+ aBKTbQM 2i �HX- RNN8 /J�+F�v � G2BMQM2M- RNd8 c 2q2BH 2i �HX- RNd9 c 7 A�_*- RNdj

S�`KB H2b +QKTQbûb +B#Hûb- 8 /Ƕ2Mi`2 2mt URy bB HǶQM +QKTi2 H2m`b Kûi�#QHBi2bV- HǶ�H/`BM2- H2 /B2H/`BM2- HǶ2M/`BM2-
HǶ?2Ti�+?HQ`2 2i H2 ..h 7QMi T�`iB2 /2b Ŀ Rk pBH�BMb ŀ +Biûb T`û+û/2KK2MiX G2 HBM/�M2 2i /2mt /2 b2b BbQKĕ`2b

ed



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

Uᅫ 2i ᅬV �BMbB [m2 HǶ2M/QbmH7�M Uᅫ 2i ᅬV 7m`2Mi BMi`Q/mBib ¨ H� HBbi2 /2b SPS /2 H� +QMp2MiBQM /2 aiQ+F?QHK
2M kyyNX �bb2x HQ;B[m2K2Mi- +2b +QKTQbûb bQMi �+im2HH2K2Mi 2M K�DQ`Biû BMi2`/Bib 2M 6`�M+2 2i 2M 1m`QT2X
G2 Kûi?Qtv+?HQ`2 MǶ�TT�`iB2Mi T�b ¨ +2ii2 HBbi2 /2b Rk Qm bQM 2ti2MbBQMX SQm`i�Mi- +2 +QKTQbû T`ûb2Mi2 mM2
iQtB+Biû `2K�`[m�#H2 2i bǶ�++mKmH2 HmB �mbbB H2 HQM; /2b `ûb2�mt i`QT?B[m2bX �BMbB- BH 7mi HmB �mbbB BMi2`/Bi ¨
HǶ2KTHQB 2M 1m`QT2 2M kyykX
*2b T2biB+B/2b Q`;�MQ+?HQ`ûb 7m`2Mi T`Q;`2bbBp2K2Mi `2KTH�+ûb T�` /2b bm#bi�M+2b KQBMb /�M;2`2mb2b �m
KQBMb i?ûQ`B[m2K2MiX Lû�MKQBMb- T�` H2m` T2`bBbi�M+2- +2b bm#bi�M+2b bQMi /QM+ 2M+Q`2 7`û[m2KK2Mi /ûi2+@
iû2b- T�`7QBb ¨ /Bbi�M+2 /2b xQM2b i?ûQ`B[m2b /ǶûKBbbBQMb Uo2`;�`�g2i �HX- kyRNVX G2m` bmBpB 2bi /QM+ 2M+Q`2
/2 `B;m2m`X

RXkX9Xk G2b +QMi�KBM�Mib Q`;�MB[m2b ûK2`;2Mib

SQm` `�TT2H- H2 i2`K2 /2 KB+`QTQHHm�Mi ûK2`;2Mi 7�Bi `û7û`2M+2 ¨ /2b +QKTQbûb [mB M2 bQMi �+im2HH2K2Mi
T�b +QKT`Bb /�Mb H2b `û;H2K2Mi�iBQMb 2i 7`û[m2KK2Mi MQM T`Bb 2M +QKTi2 /�Mb H2b T`Q;`�KK2b /2 bm`p2BHH�M+2
2MpB`QMM2K2Mi�H2X .2TmBb [m2H[m2b �MMû2b- +2ii2 KB+`QTQHHmiBQM ûK2`;2Mi2 bQmHĕp2 /2b T`ûQ++mT�iBQMb K�@
D2m`2bX 1M HB2M �p2+ HǶ�m;K2Mi�iBQM /2 H� T`Q/m+iBQM 2i miBHBb�iBQM /2 bm#bi�M+2b +?BKB[m2b �BMbB [mǶmM2
�H�`K�Mi2 �m;K2Mi�iBQM /2 H2m` /ûi2+iBQM /�Mb H2b û+QbvbiĕK2b T�` HǶ�KûHBQ`�iBQM /2 H� bm`p2BHH�M+2 2i /2b
Kûi?Q/2b 2i QmiBHb /Ƕ�M�HviB[m2b U:�p`BH2b+mg2i �HX- kyR8VX S2m /ǶBM7Q`K�iBQMb bQMi �+im2HH2b /BbTQMB#H2b
bm` +2b +QKTQbûb- [mǶBH bǶ�;Bbb2 /2 H2m`b TQi2MiB2Hb 2z2ib MQ+B7b Qm 2M+Q`2 /2 H2m` /vM�KBbK2 2MpB`QMM2K2Mi�HX

RXkX9XkXR G2b }Hi`2b lo

G2b }Hi`2b lo �mbbB �TT2Hûb û+`�Mb bQH�B`2b bQMi /2b KQHû+mH2b T`ûb2Mi�Mi H� +�T�+Biû /Ƕ�#bQ`#2` Qm /2
`û~û+?B` mM `�vQMM2K2Mi loX *2ii2 +�iû;Q`B2 /2 KQHû+mH2b `2;`QmT2 mM MQK#`2 ?ûiû`Q+HBi2 /2 +QKTQbûb
TQmp�Mi āi`2 /2 M�im`2 Q`;�MB[m2 2ifQm BMQ`;�MB[m2X G2b }Hi`2b lo H2b THmb +Qm`�KK2Mi 2KTHQvûb +Q``2b@
TQM/2Mi ¨ mM2 +BM[m�Mi�BM2 /2 KQHû+mH2b- `ûmMBb �m b2BM /ǶmM2 /Bx�BM2 /2 7�KBHH2b /2 +QKTQbûb /Bzû`2Mi2b
U_�KQbg2i �HX- kyR8VX :ûMû`�H2K2Mi- +2b +QKTQbûb QMi 2M +QKKmM /Ƕāi`2 +QMbiBimûb �m KBMBKmK /ǶmM +v+H2
�`QK�iB[m2 +QMM2+iû ¨ mM2 +?�ŗM2 H�iû`�H2 T`ûb2Mi�Mi mM /2;`û p�`B�#H2 /ǶBMb�im`�iBQMX
.�Mb H2 +�/`2 /2 +2ii2 ûim/2- MQmb MQmb BMiû`2bb2`QMb bTû+B}[m2K2Mi ¨ d +QKTQbûb Q`;�MB[m2b `ûmMBb �m b2BM
/2 e 7�KBHH2b Uh�#H2�m RX3VX

GǶ2KTHQB /2 }Hi`2b lo MǶ� /2 +2bb2 /Ƕ�m;K2Mi2`- BH 2bi ¨ K2ii`2 2M T�`�HHĕH2 �p2+ HǶ�m;K2Mi�iBQM /2 H�
+QKKmMB+�iBQM 2i H� T`ûp2MiBQM /m +�M+2` /2 H� T2�m- /2 KāK2 [m2 H� T`�iB[m2 BMi2MbBp2 2i �++`m2 /m
#`QMx�;2X G2b û+`�Mb lo T2mp2Mi 2Mi`2` /�Mb H2 KBHB2m �[m�iB[m2 /B`2+i2K2Mi bmBi2 �mt �+iBpBiûb /2 #�B;M�/2
Qm #B2M T�` H2 #B�Bb /m `ûb2�m /2b 2�mt mbû2b U_�KQbg2i �HX- kyR8VX G2b bi�iBQMb /2 i`�Bi2K2Mi /2b 2�mt mbû2b
MǶQMi T�b ûiû +QMÏm2b �}M /ǶûHBKBM2` +2b +QKTQbûb 2i 2M 7QM+iBQM /m ivT2 /2 i`�Bi2K2Mi- 2HH2b T2mp2Mi
T`ûb2Mi2` /2 `2H�iB7b 7�B#H2b i�mt /Ƕ�#�ii2K2Mi UhbmBg2i �HX- kyR9VX

e3



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

.2 T�` H2m` `2H�iBp2 7�B#H2 bQHm#BHBiû /�Mb HǶ2�m 2i H2m` �{MBiû TQm` K�i`B+2 Q`;�MB[m2 UBKTQ`i�Mi HQ; EQrV-
+2b +QKTQbûb i2M/2Mi ¨ bǶ�/bQ`#2` `�TB/2K2MiX .2 +2 7�Bi- BHb T2mp2Mi b2 #BQ�++mKmH2` Qm b2 #BQK�;MB}2` H2
HQM; /2b `ûb2�mt i`QT?B[m2b U:�;Q@62``2`Qg2i �HX- kyR8VX
aǶ�bbQ+B�Mi T`û7û`2MiB2HH2K2Mi �p2+ H2b T�`iB+mH2b 2M bmbT2MbBQM TmBb +?mi�Mi �p2+ +2b /2`MBĕ`2b- BHb bǶ�++m@
KmH2Mi /�Mb H2b û+QbvbiĕK2b- T`û7û`2MiB2HH2K2Mi /�Mb H2 +QKT�`iBK2Mi bû/BK2Mi�B`2 U_�KQbg2i �HX- kyR8VX

h�#H2�m RX3 Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b }Hi`2b lo +B#Hûb /�Mb +2ii2 ûim/2X
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

j@
"2MxvHB/2M2
+�KT?Q`

j"* R8y3d@k9@3 *Rd>kyP k9y-j 8-9 + e-NXRy@R +

.û`Bpû /2 HǶ�+B/2 T@�KBMQ@#2MxQś[m2

S�/BK�i2@P
P.@
S�"�

kRk98@yk@j *Rd>kdLPk kdd-9 8-3 / 8-9XRy@R/

L� ULQi �p�BH�#H2V , BM7Q`K�iBQM MQM /BbTQMB#H2 c  , aQHm#BHBiû +�H+mHû2 Qm 2biBKû2 ¨ k9ê* c
  , aQHm#BHBiû +�H+mHû2 Qm 2biBKû2 ¨ kyê* c � a?�`B7�M 2i �HX- kyyRe c #h�KTm++B 2i �HX- kyR3 c
+ 1*>�- kyRe c / ?iiTb ,ffTm#+?2KXM+#BXMHKXMB?X;Qp +QMbmHiû H2 Rd b2Ti2K#`2 kyRN c 2 1SAqAL p2`bBQM jXRk

RXkX9XkXk G2b Kmb+b bvMi?ûiB[m2b

G2b Kmb+b bvMi?ûiB[m2b bQMi /2b KQHû+mH2b Q`;�MB[m2b +QKTH2t2bX 1HH2b bQMi K�bbBp2K2Mi 2KTHQvû2b /�Mb
HǶBM/mbi`B2 /2 H� T�`7mK2`B2 2M i�Mi [mǶ�//BiB7b /�Mb mM MQK#`2 +QMbû[m2Mi /2 T`Q/mBib i2Hb [m2 H2b T�`7mKb-
H2b T`Q/mBib +QbKûiB[m2b U+QKK2 H2b HQiBQMb Qm û+`�Mb bQH�B`2bV- H2b H2bbBp2b 2i �mi`2b /ûi2`;2MibX PM /BbiBM;m2
9 +�iû;Q`B2b /2 Kmb+b bvMi?ûiB[m2b , UBV H2b MBi`Q@Kmb+b- [mB T`ûb2Mi2Mi �m KBMBKmK mM ;`QmT2K2Mi MBi`�i2
�ii�+?û ¨ mM MQv�m #2MxĕM2- UBBV H2b Kmb+b TQHv+v+HB[m2b- T`ûb2Mi�Mi �m KBMBKmK /2mt +v+H2b �`QK�iB[m2b-
UBBBV H2b Kmb+b K�+`Q+v+HB[m2b- 7Q`Kûb /ǶmM2 ;`�M/2 bi`m+im`2 +v+HB[m2 UbmTû`B2m`2 ¨ e �iQK2bV- UBpV 2i H2b
�HB+v+HB[m2b- [mB bQMi bBKmHi�MûK2Mi �HBT?�iB[m2b 2i +v+HB[m2bX

G2b T`2KB2`b Kmb+b bvMi?ûiBbûb 7m`2Mi /2b MBi`Q@Kmb+b ¨ H� }M /m sAsĕK2 bBĕ+H2X S�` H2m` 7Q`i TQmpQB`
QH7�+iB7- BHb T2`KB`2Mi /2 `û/mB`2 /`�biB[m2K2Mi H2 +Qȿi /2b T�`7mKb 2i 7m`2Mi �BMbB 2KTHQvûb 2i +QMbQKKûb
K�bbBp2K2MiX *2b MBi`Q@Kmb+b T`ûb2Mi2Mi mM BKTQ`i�Mi TQmpQB` /2 }t�iBQM- K�Bb bQMi �mbbB i`ĕb T2`bBbi�MibX
�BMbB- H2b BM/mbi`B2Hb QMi T`Q;`2bbBp2K2Mi `û/mBi HǶ2KTHQB /2 MBi`Q@Kmb+b 2i H2m` QMi T`û7û`û /Ƕ�mi`2b +QKTQbûb
2M bm#biBimiBQM +QKK2 H2b Kmb+b TQHv+v+HB[m2bX �+im2HH2K2Mi- H2b MBi`Q@Kmb+b 2Mi`2Mi mMB[m2K2Mi /�Mb H�
+QKTQbBiBQM /2 +2`i�BMb T�`7mKb ¨ /2b /Qb2b 2t+2bbBp2K2Mi `û/mBi2b U"2bi2`g- kyyNVX G� T`Q/m+iBQM �+im2HH2
2bi iQmDQm`b `2T`ûb2Miû2 T`BM+BT�H2K2Mi T�` /2b Kmb+b TQHv+v+HB[m2b- /QMi bm`iQmi H2 ;�H�tQHB/2 U>>*"V
2i H2 iQM�HB/2 U�>hLVX *2 bQMi /Ƕ�BHH2m`b H2b +QKTQbûb H2b THmb 7`û[m2KK2Mi `2M+QMi`ûb /�Mb H2b K�i`B+2b
2MpB`QMM2K2Mi�H2b UamKM2`g2i �HX- kyRy c >m�M;g2i �HX- kyReVX G2b Kmb+b K�+`Q+v+HB[m2b bQMi 2M TH2BM2
2tT�MbBQM- BHb T`ûb2Mi2Mi mM `Bb[m2 2MpB`QMM2K2Mi�H KQBM/`2 T�` `�TTQ`i �mt �mi`2b 7�KBHH2b /2 Kmb+bX
Lû�MKQBMb- H2m` miBHBb�iBQM `2bi2 2M+Q`2 T�`+BKQMB2mb2 TmBb[m2 [m2 H2m` +Qȿi /2 T`Q/m+iBQM `2bi2 bmTû`B2m` ¨
+2HmB /2b TQHv+v+HB[m2bX G2b Kmb+b �HB+v+HB[m2b bQMi 2M+Q`2 i`ĕb T2m +QMMmb- H2m` 2KTHQB 2bi #B2M THmb `û+2Mi
[m2 TQm` H2b �mi`2b Kmb+bX *2T2M/�Mi- BHb b2K#H2Mi TQm` HǶ?2m`2 āi`2 #B2M THmb #BQ/û;`�/�#H2b [m2 H2b �mi`2b
7�KBHH2b /2 Kmb+bX

dy



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

.2 T�` H� 7�B#H2 miBHBb�iBQM �+im2HH2 /2b Kmb+b K�+`Q+v+HBM2b 2i �HB+v+HB[m2b- MQmb M2 MQmb ûi2M/`QMb T�b
THmb HQM;m2K2Mi ¨ H2m` bmD2iX �BMbB- /�Mb H2 +�/`2 /2 +2 T`QD2i /2 i?ĕb2- MQmb MQmb 7Q+�HBb2`QMb bm` H2b /2mt
T`2KBĕ`2b +�iû;Q`B2b T`û+û/2KK2Mi +Biû2b Uh�#H2�m RXNVX

h�#H2�m RXN Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b Kmb+b bvMi?ûiB[m2b +B#Hûb /�Mb +2ii2 ûim/2X
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

h�#H2�m RXN Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b Kmb+b bvMi?ûiB[m2b +B#Hûb /�Mb +2ii2 ûim/2X UbmBi2V

LQK �##`ûpB�@
iBQM

*�a 6Q`KmH2
#`mi2

ai`m+im`2 6�KBHH2 /2
+QKTQbûb

J�bb2
KQ@
H�B`2
U;XKQH@RV

GQ;
EPq

aQHm#BHBiû
/�Mb
HǶ2�m
UKQHXG@RV

S?�MiQHB/2 �>JA R8jkj@j8@y *Rd>k9P SQHv+v+HB[m2 k99-j e-d# k-dXRy@k #

hQM�HB/2 �>hL R8ye@yk@R *R3>keP SQHv+v+HB[m2 k83-9 8-d# R-j#

h`�b2QHB/2 �hAA e3R9y@93@d *R3>keP SQHv+v+HB[m2 k83-9 3-R# 3-8XRy@k #

L� ULQi �p�BH�#H2V , BM7Q`K�iBQM MQM /BbTQMB#H2 c � a+?`�KK 2i �HX- RNNe c #*?�b2 2i �HX- kyRk

.Bzû`2Mib i`�p�mt QMi /ûKQMi`û H� T`ûb2M+2 m#B[mBi�B`2 /2b Kmb+b bvMi?ûiB[m2b /�Mb HǶ2MpB`QMM2K2Mi
U*�p�H?2B`Qg2i �HX- kyRj c >m�M;g2i �HX- kyRe c *mM?�g2i �HX- kyR3 c _BKFmbg2i �HX- RNNNVX AHb T2mp2Mi
`2DQBM/`2 H2b 2MpB`QMM2K2Mib �[m�iB[m2b T�` /2 KmHiBTH2b pQB2b- +QKK2 T�` H2b ah1l bmBi2 �mt /Qm+?2b [m2
MQmb T`2MQMb [mQiB/B2MM2K2Mi Qm HQ`b[m2 MQmb M2iiQvQMb MQb BMiû`B2m`bX G� K�DQ`Biû /2 +2b +QKTQbûb bQMi
HBTQbQHm#H2b- BHb pQMi bǶ�++mKmH2` /�Mb H2b bû/BK2Mib Qm /�Mb H2b 7`�+iBQMb T�`iB+mH�B`2b �BMbB [m2 H2 HQM; /2b
`ûb2�mt i`QT?B[m2bX P`- +2b +QKTQbûb T2mp2Mi āi`2 #BQ@i`�Mb7Q`Kûb 2i T`Q/mB`2 /2b +QKTQbûb b2+QM/�B`2b
2M+Q`2 THmb /�M;2`2mt [m2 H� KQHû+mH2 Kĕ`2 U_BKFmbg2i �HX- RNNNVX

1M +2 [mB +QM+2`M2 H2 `Bb[m2 2MpB`QMM2K2Mi�H- /Bzû`2Mib MBi`Q@Kmb+b QMi /ǶQ`2b 2i /ûD¨ ûiû BMi2`/Bi /�Mb
H� +QKTQbBiBQM /2b T`Q/mBib +QbKûiB[m2b T�` HǶl1- /QMi H2 Kmb+ �K#`2ii2 2i H2 Kmb+ KQbFĕM2 NX G2 Kmb+
tvHĕM2 2bi +QMbB/û`û +QKK2 mM2 bm#bi�M+2 /�M;2`2mb2 2i bQM 2KTHQB /�Mb H2 +�/`2 /2 HǶl1 2bi bQmKBb ¨
`û;H2K2Mi�iBQM /2TmBb kyRR RyX G2 ;�H�tQHB/2 2i H2 iQM�HB/2- H2b Kmb+b TQHv+v+HB[m2b H2b THmb 2KTHQvûb- bQMi
bQmb H2 T`QD2+i2m` /2b �miQ`Biûb /2 p2BHH2 b�MBi�B`2 b�Mb [m2 TQm` HǶ?2m`2 mM2 `û2HH2 `û;H2K2Mi�iBQM M2 b2 bQBi
KBb2 2M TH�+2X

NX �`iB+H2 R /2 HǶ�``āiû /m e 7ûp`B2` kyyR }t�Mi H� HBbi2 /2b bm#bi�M+2b [mB M2 T2mp2Mi 2Mi`2` /�Mb H� +QKTQbBiBQM /2b T`Q/mBib
+QbKûiB[m2bX CP_6 Mê9e /m kj 7ûp`B2` kyyRX
RyX _ĕ;H2K2Mi Mê R9jfkyRR /m RdfykfkyRR /2 HǶ�MM2t2 sAo /m `ĕ;H2K2Mi U*1V Mê RNydfkyye U`ĕ;H2K2Mi _1�*>VX *2ii2

�MM2t2 HBbi2 H2b bm#bi�M+2b /QMi HǶmiBHBb�iBQM 2bi bQmKBb2 ¨ �miQ`Bb�iBQM /�Mb HǶl1X

dk



RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

RXkX9XkXj G2b �HFvHT?ûMQHb

*2ii2 7�KBHH2 +QKK2 #B2M /Ƕ�mi`2b /ûD¨ +Biû2b 2bi +QKTQbû2 /ǶmM2 KmHiBim/2 /2 KQHû+mH2b- 2t+HmbBp2K2Mi
/ǶQ`B;BM2 �Mi?`QTB[m2X G2b �HFvHT?ûMQHb U�SV bQMi +�`�+iû`Bbûb T�` H� T`ûb2M+2 /ǶmM �HFvH �bbQ+Bû mM ;`QmT2@
K2Mi T?ûMQH UMQv�m #2MxĕM2 2i mM ;`QmT2K2Mi ĜP>VX *?�[m2 �HFvHT?ûMQH b2 /BbiBM;m2 T�` H� HQM;m2m` /2
b� +?�ŗM2 +�`#QMû2- +2b ûp2Mim2HH2b `�KB}+�iBQMb Qm 2M+Q`2 H� M�im`2 /2b ;`QmT2K2Mib [mB HmB bQMi �bbQ+Bû2bX
PM T2mi +2T2M/�Mi /BbiBM;m2` /2mt ;`QmT2b K�D2m`b /2 +QKTQbûb , H2b Q+ivH@ 2i MQMvHT?ûMQHb- +QKTQbûb
/ǶmM2 +?�ŗM2 +�`#QMû2 +QKTi�Mi `2bT2+iBp2K2Mi 3 2i N +�`#QM2bX *2b ;`QmT2b +Q``2bTQM/2Mi �m `2;`Qm@
T2K2Mi /ǶBbQKĕ`2b /2 7Q`KmH2 ;ûMû`�H2 *3>RdX*e>9UP>V TQm` H2b Q+ivHT?ûMQHb 2i *N>RNX*e>9UP>V TQm`
H2b MQMvHT?ûMQHbX *2b ;`QmT2b bQMi +�`�+iû`Bbûb T�` mM `2T`ûb2Mi�Mi- +Q``2bTQM/�Mi �mt KQHû+mH2b H2b THmb
+QKK2`+B�HBbû2bX AH bǶ�;Bi /m 9@MQMvHT?ûMQH 2i /m 9@i2`i@Q+ivHT?ûMQH- HǶmMB[m2 Q+ivHT?ûMQH +QKK2`+B�@
HBbûX .�Mb H2 +�/`2 /2 +2 i`�p�BH /2 i?ĕb2- MQmb MQmb 7Q+�HBb2`QMb bm` +2b ;`QmT2b K�D2m`b 2i bm`iQmi H2m`b
`2T`ûb2Mi�Mib Uh�#H2�m RXRyVX

.2 K�MBĕ`2 ;ûMû`�H2- H2b �HFvHT?ûMQHb bQMi T`Q/mBib ¨ H�`;2 û+?2HH2 2i 2Mi`2Mi /�Mb H� +QKTQbBiBQM /2 T`Q@
/mBib i`ĕb p�`Bûb +QKK2 /2b �;2Mib i2MbBQ�+iB7b- /2b `ûbBM2b- 2i+X AHb bQMi �mbbB miBHBbûb +QKK2 BMi2`Kû/B�B`2b
`û�+iBQMM2Hb- T�` bvMi?ûiBb2` T�` 2t2KTH2 /2b �HFvHT?ûMQHb ûi?QtvHûb U�S1PV UuBM;g2i �HX- kyykVX P` +2b
bm#bi�M+2b ûi?QtvHûb M2 bQMi T�b bi�#H2b /�Mb HǶ2MpB`QMM2K2Mi- BHb b2 /û;`�/2Mi `�TB/2K2Mi 2M �HFvHT?û@
MQHb 2i +2 bQMi +2b +QKTQbûb ûi?QtvHûb [mB bQMi ¨ HǶQ`B;BM2 /2 H� T`ûb2M+2 /ǶQ+ivH@ 2i /2 MQMvHT?ûMQHb /�Mb
HǶ2MpB`QMM2K2Mi UJ�Qg2i �HX- kyRkVX

AH bǶ�;Bi /2 KQHû+mH2b T2m bQHm#H2b /�Mb HǶ2�m 2i H2m` HQ; EPq 2bi �TT`QtBK�iBp2K2Mi /2 9 Uh�#H2�m RXRyVX
PM 2bi /QM+ THmiƬi 2M T`ûb2M+2 /2 +QKTQbûb HBTQT?BH2b- �p2+ mM2 �{MBiû THmb K�`[mû2 TQm` H2b 7`�+iBQMb
T�`iB+mH�B`2b 2i bû/BK2Mi�B`2bX AH bǶ�;Bi /2 H� KāK2 K�MBĕ`2 /2 +QKTQbûb T2`bBbi�Mib UJ�Qg2i �HX- kyRkVX

h�#H2�m RXRy Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b �HFvHT?ûMQHb +B#Hûb /�Mb +2ii2 ûim/2X
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

h�#H2�m RXRy Ĝ S`QT`Bûiûb T?vbB+Q@+?BKB[m2b /2b �HFvHT?ûMQHb +B#Hûb /�Mb +2ii2 ûim/2X UbmBi2V
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L� ULQi �p�BH�#H2V , BM7Q`K�iBQM MQM /BbTQMB#H2 c ��?2H � :BM;2`- RNNj� c #�?2H � :BM;2`- RNNj#
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXkX8 �bT2+ib Hû;BbH�iB7b 2i `û;H2K2Mi�B`2b

.2TmBb HǶ�pĕM2K2Mi /2 HǶĕ`2 BM/mbi`B2HH2- H2 MQK#`2- /2 KāK2 [m2 H2 ivT2 2i H� [m�MiBiû /2 +QMi�KBM�Mib
`2D2iûb /�Mb H2b û+QbvbiĕK2b MǶQMi +2bbû /Ƕ�m;K2Mi2`X
*QKK2 BM/B[mû /ĕb H� b2+iBQM RXkXR- BH 7�HHmi /Bzû`2Mi2b ;`�M/2b +�i�bi`QT?2b û+QHQ;B[m2b 2i b�MB@
i�B`2b �p�Mi [m2 H2b ;Qmp2`M2K2Mib 2i HǶQTBMBQM Tm#HB[m2 +QKK2M+2Mi ¨ T`2M/`2 +QMb+B2M+2 /m /�M;2` [m2
+2H� TQmp�Bi `2T`ûb2Mi2` ¨ H� 7QBb bm` H2b û+QbvbiĕK2b- K�Bb �mbbB bm` H2b TQTmH�iBQMb ?mK�BM2bX S�`KB +2b
+�i�bi`QT?2b K�D2m`2b- QM T2mi +Bi2` H2b ûpĕM2K2Mib /2 H� #�B2 /2 JBM�K�i� UC�TQMV /�Mb H2b �MMû2b 8y- /2
a1o1aP UAi�HB2V 2M DmBHH2i RNde Qm 2M+Q`2 /2 "?QT�H UAM/2V 2M /û+2K#`2 RN39X AHb +Q``2bTQM/2Mi `2bT2+iBp2@
K2Mi ¨ H� T`ûb2M+2 /2 Kûi?vHK2`+m`2 /�Mb H2 +QKT�`iBK2Mi �[m�iB[m2- H� 7Q`K�iBQM /ǶmM Mm�;2 /2 /BQtBM2b
2i ¨ HǶ2tTHQbBQM /ǶmM2 mbBM2 /2 T2biB+B/2bX *2b �++B/2Mib T2`KB`2Mi /Ƕûp2BHH2` H2b +QMb+B2M+2b 2i /û#Qm+?ĕ`2Mi
bm` H� +`û�iBQM /ǶmM2 `û;H2K2Mi�iBQM ¨ /Bzû`2Mib TH�Mb M�iBQM�mt 2i BMi2`M�iBQM�mt 2M+�/`�Mi , H2 i`�Mb@
TQ`i 2i HǶûHBKBM�iBQM /2 /û+?2ib iQtB[m2b U*QMp2MiBQM /2 "�H2 2M RN3NV- HǶB/2MiB}+�iBQM /2 bBi2b BM/mbi`B2Hb
U.B`2+iBp2 2m`QTû2MM2 /Bi2 Ŀ .2 a2p2bQ ŀ c .B`2+iBp2 3kf8yRf*11 RkV- 2i+X G� T`2KBĕ`2 /B`2+iBp2
Ŀ .2 a2p2bQ ŀ U3kf8yRf*11V 2bi /Ƕ�BHH2m`b ¨ HǶQ`B;BM2 /ǶmM2 #�b2 /2 /QMMû2b 2J�_a Rj- �+`QMvK2 TQm`
J�DQ` �++B/2Mi _2TQ`iBM; avbi2K `2+2Mb�Mi H2b `�TTQ`ib /Ƕ�++B/2Mib Qm /Ƕ�++B/2Mib ûpBiûb /2 Dmbi2bb2 2M
2m`QT2 /2TmBb RN3kX 1M D�MpB2` kykk- 2J�_a +QKTi�#BHBb�Bi mM iQi�H /2 R kdR `�TTQ`ibX

1M 1m`QT2- HǶmM /2b KQK2Mib +H27b /�Mb H� bi`m+im`�iBQM /ǶmM2 `û;H2K2Mi�iBQM 2MpB`QMM2K2Mi�H2 7mi HǶû/BiBQM
/2 H� .B`2+iBp2 /Bi2 *�/`2 bm` HǶ1�m Qm .*1 Ukyyyfeyfl1V R9X GǶ�MM2t2 s /2 +2ii2 /B`2+iBp2 2bi TQm`
MQmb T`BKQ`/B�H2 TmBb[mǶ2HH2 HBbi2 H2b bm#bi�M+2b +QMbB/û`û2b +QKK2 T`BQ`Bi�B`2b Qm /�M;2`2mb2b T`BQ`Bi�B`2b
2i T`ûb2Mi2 H2m`b KQ/�HBiûb /2 bmBpB +QKK2 H2b K�i`B+2b +QM+2`Mû2b- H2b Kûi?Q/2b �M�HviB[m2b 2i MQ`K2b
2MpB`QMM2K2Mi�H2bX SQm` +2`i�BMb- MQmb /BbTQbQMb /2 /2mt ivT2b /2 MQ`K2b 2MpB`QMM2K2Mi�H2b , H� LZ1
ULQ`K2 /2 Zm�HBiû 1MpB`QMM2K2Mi�H2V 2i H� LZ1@J� ULQ`K2 /2 Zm�HBiû 1MpB`QMM2K2Mi�H2 @ +QM+2Mi`�iBQM
JQv2MM2 �MMm2HH2VX *2b /2mt ivT2b /2 MQ`K2b +Q``2bTQM/2Mi ¨ /2b p�H2m`b b2mBHb U2M +QM+2Mi`�iBQM �#bQHm2
TQm` H� LZ1 2i 2M +QM+2Mi`�iBQM KQv2MM2 �MMm2HH2 TQm` H� LZ1@J�V ¨ M2 T�b /ûT�bb2` /�Mb /2b K�i`B+2b
2MpB`QMM2K2Mi�H2b T`û+Bb2b +QKK2 H2b bû/BK2Mib- H2b 2�mt U/2 bm`7�+2- /2 i`�MbBiBQM- K�`BM2b- bQmi2``�BM2b-
2i+XV Qm H2 #BQi2X *2 i2ti2 /2 kyyy 2bi 7`û[m2KK2Mi KBb ¨ DQm`- BH H2 7mi MQi�KK2Mi T�` H2b /B`2+iBp2b
kyy3fRy8f*1 R8 2i kyRjfjNfl1 Re- +2ii2 /2`MBĕ`2 `2T`ûb2Mi�Mi H2 /2mtBĕK2 +v+H2 /2 H� .*1X G� /B`2+iBp2
/�i�Mi /2 kyRj b2 /ûK�`[m2 T�` HǶBMb2`iBQM /ǶmM2 MQmp2HH2 K�i`B+2 /2 bm`p2BHH�M+2- H2 #BQi2X �+im2HH2K2Mi-
H� .*1 `û7û`2M+2 98 bm#bi�M+2b Qm ;`QmT2b /2 bm#bi�M+2b T`BQ`Bi�B`2b /QMi kR bQMi [m�HB}û2b /2 /�M;2`2mb2b
RkX .B`2+iBp2 3efk3yf*11 /m *QMb2BH +QM+2`M�Mi H2b p�H2m`b HBKBi2b 2i H2b Q#D2+iB7b /2 [m�HBiû TQm` H2b `2D2ib /2 +2`i�BM2b

bm#bi�M+2b /�M;2`2mb2b `2H2p�Mi /2 H� HBbi2 A /2 HǶ�MM2t2 /2 H� /B`2+iBp2 def9e9f*11X
RjX "�b2 /2 /QMMû2b 2J�_aX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff2K�`bXD`+X2+X2m`QT�X2mf2Mf2K�`bf+QMi2Mi- +QMbmHiû2 2M D�MpB2`

kykkX
R9X .B`2+iBp2 kyyyfeyf*1 /m S�`H2K2Mi 2m`QTû2M 2i /m *QMb2BH /m kj Q+iQ#`2 kyyy ûi�#HBbb�Mi mM +�/`2 TQm` mM2 TQHBiB[m2

+QKKmM�mi�B`2 /�Mb H2 /QK�BM2 /2 HǶ2�mX
R8X .B`2+iBp2 kyy3fRy8f*1 /m S�`H2K2Mi 2m`QTû2M 2i /m *QMb2BH /m Re /û+2K#`2 kyy3 ûi�#HBbb�Mi /2b MQ`K2b /2 [m�@

HBiû 2MpB`QMM2K2Mi�H2 /�Mb H2 /QK�BM2 /2 HǶ2�m- KQ/B}�Mi 2i �#`Q;2�Mi H2b /B`2+iBp2b /m *QMb2BH 3kfRdef*11- 3jf8Rjf*11-
39fR8ef*11- 39f9NRf*11- 3efk3yf*11 2i KQ/B}�Mi H� /B`2+iBp2 kyyyfeyf*1X
ReX .B`2+iBp2 kyRjfjNfl1 /m S�`H2K2Mi 2m`QTû2M 2i /m *QMb2BH /m Rkfy3fkyRj KQ/B}�Mi H2b /B`2+iBp2b kyyyfeyf*1 2i

kyy3fRy8f*1 2M +2 [mB +QM+2`M2 H2b bm#bi�M+2b T`BQ`Bi�B`2b TQm` H� TQHBiB[m2 /�Mb H2 /QK�BM2 /2 HǶ2�mX
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RXkX .vM�KB[m2 /2 H� +QMi�KBM�iBQM +?BKB[m2 2M KBHB2m 2bim�`B2M m`#�MBbû

T`BQ`Bi�B`2bX

�+im2HH2K2Mi- H2b �++B/2Mib �bbQ+Bûb �mt bm#bi�M+2b +?BKB[m2b M2 bQMi THmb �mbbB 2t+2TiBQMM2HbX *2T2M/�Mi-
H2 MQK#`2 /2 +QKTQbûb ûKBb bm` H2 K�`+?û 2i /QM+ TQi2MiB2HH2K2Mi `2i`Qmpûb /�Mb H2b û+QbvbiĕK2b 2bi 2M
+QMbi�Mi2 +`QBbb�M+2 UL�B/mg2i �HX- kykRVX *2 MQK#`2 � ûiû 2biBKû 2M kyky ¨ T`ĕb /2 j8y yyy +QKTQbûb
Qm KûH�M;2 /2 +QKTQbûb T`Q/mBib 2i 2KTHQvûb /�Mb H2 KQM/2 Uq�M;g2i �HX- kyky#VX G2b `û;H2K2Mi�iBQMb
#B2M [mǶ2bb2MiB2HH2b M2 T2`K2ii2Mi T�b /2 T`Qiû;2` /2b /û;�ib bm` HǶ>QKK2 2i H2b û+QbvbiĕK2b BM?û`2Mib ¨
HǶ2KTHQB /Bzmb /ǶmM2 i2HH2 /Bp2`bBiû /2 +QKTQbûbX G2m`b 2z2ib bQMi T2m Qm T�b +QMMmb- /Ƕ�mi�Mi THmb [m2 HǶQM
M2 T`2M/ ;ûMû`�H2K2Mi T�b 2M +QKTi2 HǶ2z2i +Q+Fi�BH- bQBi HǶBMi2`�+iBQM /2 +2b +QKTQbûb 2Mi`2 2mt 2i �p2+
H2b 2MpB`QMM2K2Mib UapBM;2Mg� oBM;;��`/g- kyReVX AH 2bi /QM+ `2H�iBp2K2Mi BKTQbbB#H2 /Ƕ2biBK2` HǶBKT�+i
/ǶmM +QMi�KBM�Mi �BbûK2Mi- i`QT /2 +QK#BM�BbQMb 2tBbi2Mi 2i i`QT /2 p�`B�#H2b 2Mi`2Mi 2M +QKTi2- b�+?�Mi
[m2 ;ûMû`�H2K2Mi- �p�Mi H2m` miBHBb�iBQM T�b Qm T2m /Ƕûim/2b 2MpB`QMM2K2Mi�H2b bQMi `û�HBbû2bX *2`i�BM2b
`û;H2K2Mi�iBQMb i2Mi2Mi /2 T`ûp2MB` /2 +2 /�M;2` 2M BM+Bi�Mi ¨ /2b ûim/2b THmb �TT`Q7QM/B2b bm` +?�[m2
+QKTQbû MQmp2HH2K2Mi T`Q/mBi �p�Mi H2m` 2KTHQB- BH bǶ�;Bi bm`iQmi /2 H� /B`2+iBp2 _1�*> U2M_2;Bbi`2K2Mi-
1p�Hm�iBQM 2i �miQ`Bb�iBQM /2b T`Q/mBib *>BKB[m2bV [mB 2bi 2Mi`û2 2M pB;m2m` 2M DmBM kyydX *2ii2 /B`2+iBp2
T2`K2i /2 +QMi`ƬH2` H2b bm#bi�M+2b +?BKB[m2b T`ûb2Mi2b bm` H2 K�`+?û 2m`QTû2M [mǶ2HH2b bQB2Mi BKTQ`iû2b Qm
7�#`B[mû2b /�Mb HǶ2M+2BMi2 /2 HǶl1X .2TmBb- iQmi2 bm#bi�M+2 [mB 2bi 7�#`B[mû2 Qm BKTQ`iû2 ¨ THmb /ǶmM2 iQMM2
T�` �M /2p`� �m T`û�H�#H2 āi`2 2M`2;Bbi`û2 2i �BMbB iQmi BM/mbi`B2H /QBi �m T`û�H�#H2 /û+`B`2 H2b `Bb[m2b TQi2MiB2Hb
�bbQ+Bûb ¨ HǶ2KTHQB /2 H�/Bi2 bm#bi�M+2X .�Mb H2 +�b Qɍ +2b `Bb[m2b b2`�B2Mi i`QT BKTQ`i�Mib- HǶl1 bǶ�miQ`Bb2 H2
/`QBi /2 `û;mH2` pQB`2 /ǶBMi2`/B`2 HǶ2KTHQB /ǶmM2 bm#bi�M+2X .Ƕ�mi`2b Hû;BbH�iBQMb +QKK2 H� +QMp2MiBQM PaS�_
U*QMp2MiBQM TQm` H� T`Qi2+iBQM /m KBHB2m K�`BM /2 HǶ�iH�MiB[m2 /m LQ`/@1bi c PaS�_ TQm` PbHQ@S�`Bb-
/2mt +QMp2MiBQMb [mǶ2HH2 `2KTH�+2V pQMi b2 /ûK�`[m2` 2M HBbi�Mi MQM T�b H2b bm#bi�M+2b /�M;2`2mb2b �pû`û2b-
K�Bb /2b bm#bi�M+2b TQi2MiB2HH2K2Mi T`ûQ++mT�Mi2bX G� +QMp2MiBQM PaS�_ `ûmMBi �+im2HH2K2Mi mM2 HBbi2
/2 jye +QKTQbûbX *2ii2 /Bzû`2M+2 #B2M [m2 KBMBK2 T2`K2i /2 7�B`2 2Mi`2` mM +QKTQbû bmbT2+i #B2M THmb
`�TB/2K2Mi /�Mb H� +QMp2MiBQM PaS�_ [m2 +2HH2 /2 HǶl1X
�BMbB- QM T2mi Q#b2`p2` [mǶ¨ HǶBMp2`b2 /m bBĕ+H2 T`û+û/2Mi- MQmb TQbbû/QMb �+im2HH2K2Mi ¨ /BbTQbBiBQM +2`i�BMb
QmiBHb T2`K2ii�Mi /2 T`Qiû;2` 2i /2 T`ûp2MB` /2 HǶBKT�+i /2 H� +QMi�KBM�iBQM +?BKB[m2 bm` H2b û+QbvbiĕK2bX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXj .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�@

`B2M

RXjXR GǶû+QHQ;B2 KB+`Q#B2MM2 2i b2b QmiBHb KQHû+mH�B`2b

RXjXRXR GǶ�TT`Q+?2 +mHim`�H2

GǶ�TT`Q+?2 +mHim`�H2 /2 H� KB+`Q#BQHQ;B2- #B2M [mǶ2bb2MiB2HH2 ¨ H� +QKT`û?2MbBQM /m KQM/2 KB+`Q#B2M ûT`Qmp2
/2 MQK#`2mb2b HBKBi2b 2i +QMi`�BMi2bX G� T`BM+BT�H2 HBKBi2 `2bi2 bQM K�M[m2 /2 `2T`ûb2Mi�iBpBiû UG2rBbg2i �HX-
kyRy c Pp2`K�MMg2i �HX- kyRdVX Pmi`2 HǶ�bT2+i HQM; 2i 7�biB/B2mt /2 H� +�`�+iû`Bb�iBQM /2 +mHim`2b Tm`2b- iQmb
H2b KB+`QQ`;�MBbK2b M2 bQMi T�b +mHiBp�#H2b 2ifQm BbQH�#H2b U�K�MMg2i �HX- RNN8 c _�TTög� :BQp�MMQMBg-
kyyj c G2rBbg2i �HX- kyRyVX G2b KB+`Q#BQHQ;Bbi2b QMi `2K�`[mû [m2 H2 MQK#`2 /2 +QHQMB2b b2 /ûp2HQTT�Mi
bm` KBHB2m /2 +mHim`2 ûi�Bi #B2M BM7û`B2m` �m MQK#`2 /2 KB+`QQ`;�MBbK2b +QKTi�#BHBbûb T�` KB+`Qb+QTB2
UC�MM�b+?g� CQM2bg- RN8NV- +2ii2 Q#b2`p�iBQM 2bi +QMMm2 bQmb HǶ�TT2HH�iBQM Ŀ :`2�i TH�i2 +QmMi �MQK�Hv ŀ UĿ
H� ;`�M/2 �MQK�HB2 /2 +QKTi�;2 bm` #Qŗi2 ŀV Uai�H2vg- RN38VX G2b +QKKmM�miûb KB+`Q#B2MM2b bQMi 7Q`Kû2b
/2 `ûb2�mt +QKTH2t2b /ǶBMi2`�+iBQMb 2Mi`2 Q`;�MBbK2b 2i /ǶmM2 KmHiBim/2 /2 KB+`Q@MB+?2b û+QHQ;B[m2bX .2
MQK#`2mt Q`;�MBbK2b `2bi2Mi /ûT2M/�Mib /Ƕ�mi`2b Q`;�MBbK2b +QHQMBb�Mi H2 KBHB2m 2i H2b +QM/BiBQMb QTiBK�H2b
/2 +`QBbb�M+2 /2 +?�+mM /Ƕ2Mi`2 2mt T2mp2Mi āi`2 2t+2bbBp2K2Mi T`û+Bb2bX G2 MQK#`2 /2 KB+`QQ`;�MBbK2b
�v�Mi Tm āi`2 BbQHû 2i +�`�+iû`Bbû T�` +mHim`2 Tm`2 2bi 2t+2bbBp2K2Mi 7�B#H2 2i 2biBKû ¨ KQBMb /2 RW /2 H�
/Bp2`bBiû KB+`Q#B2MM2 2tBbi�Mi2 U�K�MMg2i �HX- RNN8 c _�TTög� :BQp�MMQMBg- kyyjVX *2ii2 �TT`Q+?2 `2bi2
/QM+ BMi`BMbĕ[m2K2Mi `û/m+iBQMMBbi2 bm`iQmi �m `2;�`/ /2 HǶû+QHQ;B2 KB+`Q#B2MM2X

RXjXRXk G� `ûpQHmiBQM /2 H� #BQHQ;B2 KQHû+mH�B`2

.�Mb H2b �MMû2b RN9y- H2 /ûp2HQTT2K2Mi /2 H� #BQHQ;B2 KQHû+mH�B`2 � `2T`ûb2Miû �HQ`b mM ;`�M/ iQm`M�Mi TQm`
H� KB+`Q#BQHQ;B2X 1HH2 � T2`KBb /2 b2 /û7�B`2 2M T�`iB2 /2b +QMi`�BMi2b /2 HǶ�TT`Q+?2 +mHim`�H2 bmb@+Biû2b 2i /2
TQb2` mM `2;�`/ /Bzû`2Mi H2b +QKKmM�miûb KB+`Q#B2MM2bX
.2mt ûpĕM2K2Mib K�D2m`b QMi T2`KBb H2 /ûp2HQTT2K2Mi /2 +2ii2 /Bb+BTHBM2 , UBV H� /û+Qmp2`i2 /m bmTTQ`i /2
HǶBM7Q`K�iBQM ;ûMûiB[m2 2i HǶûHm+B/�iBQM /2 H� bi`m+im`2 /2 HǶ�.L U�+B/2 /ûbQtv`B#QMm+HûB[m2V 2Mi`2 RN9y
2i RNey- TmBb UBBV HǶûH�#Q`�iBQM /ǶQmiBHb T2`K2ii�Mi /2 /û+`B`2 2i K�MBTmH2` /2 +2b KQHû+mH2b /m pBp�Mi /QMi
HǶmM /2b QmiBHb T`BM+BT�mt 2bi H� S*_ USQHvK2`�b2 *?�BM _2�+iBQMVX
"B2M THmb [mǶmM QmiBH i2+?MB[m2- H� #BQHQ;B2 KQHû+mH�B`2 2bi mM MQmp2�m +?�KT /Bb+BTHBM�B`2 T2`K2ii�Mi mM2
MQmp2HH2 �TT`Q+?2 /m pBp�MiX GǶmM /2b 2t2KTH2b K�D2m`b /2b �p�M+û2b HBû2b ¨ H� #BQHQ;B2 KQHû+mH�B`2 2bi H2 `û@
ûi�#HBbb2K2Mi /2b /Bzû`2Mib /QK�BM2b /m pBp�Mi 2i H� KBb2 2M HmKBĕ`2 /2b �`+?û2bX G2b �`+?û2b 2i H2b #�+iû`B2b
QMi HQM;i2KTb ûiû `2;`QmTû2b �m b2BM /ǶmM KāK2 ;`QmT2 U`Qv�mK2f/QK�BM2V- H2b T`Q+�`vQi2bX G� i�tQMQKB2
b2 #�b�Mi �HQ`b 2bb2MiB2HH2K2Mi bm` /2b +`Biĕ`2b KQ`T?QHQ;B[m2b 2i #BQ+?BKB[m2bX *Ƕ2bi �p2+ HǶ�pĕM2K2Mi /2b
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RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

QmiBHb KQHû+mH�B`2b 2i T`û+BbûK2Mi /2 H� T?vHQ;ûMB2 Ub2 #�b�Mi TQm` H2b T`Q+�`vQi2b bm` HǶûim/2 /2 HǶ�_L
`B#QbQKB[m2 ReaV- [m2 H� +H�bbB}+�iBQM /2b /QK�BM2b /m pBp�Mi 7mi `2pBbBiû2X :`�+2 bm`iQmi �mt i`�p�mt
/2 *�`H _X qQ2b2 2i :2Q`;2 1X 6Qt 2M RNdd- [mB bmTTQ`iĕ`2Mi HǶ?vTQi?ĕb2 /2 i`QBb /QK�BM2b /m pBp�Mi #B2M
/BbiBM+ib bûT�`�Mi �m b2BM /2b T`Q+�`vQi2b H2b #�+iû`B2b- /2b �`+?û2b TmBb H2b 2m+�`vQi2b UqQ2b2g� 6Qtg- RNddV
U6B;m`2 RXR9VX G2b K�`[m2m`b mMBp2`b2Hb U2i +QMb2`pûbV- /QMi H2b �_L `B#QbQK�mt U8a- Re@R3a- kj@k3aV- b2
bQMi `�TB/2K2Mi BKTQbûb +QKK2 H2b bmTTQ`ib T`BM+BT�mt /2 H� T?vHQ;ûMB2- 2i H2 `2bi2Mi 2M+Q`2 �mDQm`/Ƕ?mBX

6B;m`2 RXR9 Ĝ �`#`2 T?vHQ;ûMûiB[m2 bBKTHB}û- #�bû bm` H2b bû[m2M+2b /Ƕ�_L `B#QbQKB[m2 - `2T`ûb2Mi�Mi H2b
i`QBb /QK�BM2b /m pBp�Mi /Ƕ�T`ĕb S�+2 UkyyeVX

RXjXRXj GǶ�pĕM2K2Mi /2 H� #BQHQ;B2 KQHû+mH�B`2 �p2+ H2 bû[m2MÏ�;2

RXjXRXjXR G2 +HQM�;2 2i bû[m2MÏ�;2 T�` H� i2+?MQHQ;B2 a�M;2`

lM b2+QM/ 2t2KTH2 +�`�+iû`BbiB[m2 /2 HǶBKTQ`i�M+2 /2 H� #BQHQ;B2 KQHû+mH�B`2 TQm` H2b b+B2M+2b /2 H� #BQHQ;B2
2bi H2 /ûp2HQTT2K2Mi /m bû[m2MÏ�;2X *Ƕ2bi 2M RNdd iQmi +QKK2 H2b i`�p�mt /2 qQ2b2 2i 6Qt- [m2 7mi
T`QTQbû2 HǶmM2 /2b T`2KBĕ`2b i2+?MB[m2b /2 bû[m2MÏ�;2 , H2 bû[m2MÏ�;2 a�M;2` Ua�M;2`g2i �HX- RNddV
U6B;m`2 RXR8VX úH�#Q`û2 T�` 6`2/ a�M;2` 2i �H�M _X *QmHbQM- +2ii2 Kûi?Q/2 `2TQb�Mi ¨ HǶQ`B;BM2 bm` H2b
T`Q+û/ûb /2 `ûTHB+�iBQM /2 HǶ�.L 2i HǶBM+Q`TQ`�iBQM /2 #�b2b �xQiû2b `�/BQ�+iBp2b � T2`KBi TQm` H� T`2KBĕ`2
7QBb /2 +�`�+iû`Bb2` H� +QKTQbBiBQM /2 H� KQHû+mH2 HǶ�.L 2i bQM +Q/�;2X � MQi2` [m2 H� KāK2 �MMû2 �X J�t�K
2i qX :BH#2`i QMi 2mt �mbbB T`QTQbû mM2 Kûi?Q/2 /2 bû[m2MÏ�;2 UJ�t�Kg� :BH#2`ig- RNddV- THmb +QKTH2t2
2i THmb iQtB[m2- +2HH2@+B 7mi T2m 2KTHQvû2 2i `�TB/2K2Mi /ûH�Bbbû2 �m T`Q}i /2 H� Ŀ Kûi?Q/2 a�M;2` ŀX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXjXRXjXk G2b L:a UL2ti@:2M2`�iBQM a2[m2M+BM;V

*2ii2 Kûi?Q/2 /2 bû[m2MÏ�;2 2bi `2biû2 2ti`āK2K2Mi TQTmH�B`2 /m`�Mi THmb /2 jy �MbX 1HH2 +QMMmi bQM �TQ@
i?ûQb2 /m`�Mi H2b �MMû2b 3yfNy �m i`�p2`b /2 T`QD2ib i2Hb [m2 H2 S`QD2i :ûMQK2 >mK�BM U>mK�M :2MQK2
S`QD2+iV- ûK2`;2�Mi �miQm` /2 RN38 U6B;m`2 RXR8VX .2b T`QD2ib TQm` H2b[m2Hb- H� Kûi?Q/2 /2 bû[m2MÏ�;2 a�M@
;2` +QMMmi mM2 BKTQ`i�Mi2 T?�b2 /Ƕ�miQK�iBb�iBQM- `2M/m2 TQbbB#H2 T�` /2b /ûp2HQTT2K2Mib i2+?MQHQ;B[m2b
+QKK2 H2 bvbiĕK2 /ǶûH2+i`QT?Q`ĕb2 +�TBHH�B`2 Qm H2b `Q#Qib T�bb2m`b /Ƕû+?�MiBHHQMb Ua+?mbi2`g- kyy3VX Lû�M@
KQBMb- ¨ T�`iB` /2b �MMû2b kyyy- H2 +Qȿi /2 HǶ�M�Hvb2 2i H2 7�B#H2 /û#Bi /2 T`Q/m+iBQM U[m2H[m2b KBHHB2`b /2 T�B`2b
/2 #�b2b T�` DQm`V- QMi BM+Biû /2 MQK#`2mb2b +QKT�;MB2b 2i ;`QmT2b /2 `2+?2`+?2 ¨ T`QTQb2` /2b Kûi?Q/2b
�Hi2`M�iBp2b Ua+?mbi2`g- kyy3V U6B;m`2 RXR8VX �BMbB- 989 GB72 a+B2M+2b T`QTQb� /ĕb kyy8- H2 Tv`Q@bû[m2MÏ�;2
UJ�`;mHB2bg2i �HX- kyy8VX *2ii2 i2+?MQHQ;B2 `2TQb2 bm` /2b S*_ 2M ûKmHbBQM UJ2ixF2`g- kyRyVX S�` +2ii2
bTû+B}+Biû- H2 /û#Bi /2 bû[m2MÏ�;2 Tmi T�bb2` /2 [m2H[m2b KBHHB2`b /2 #T T�` DQm` ¨ THmbB2m`b +2Mi�BM2b /2
KBHHB2`b /2 T�B`2 /2 #�b2b U#TV T�` `mMX .Ƕ�mi`2b i2+?MQHQ;B2b 7m`2Mi `�TB/2K2Mi /ûp2HQTTû2b 2i +QKK2`+B�@
HBbû2b T�` H� bmBi2- i2HH2 [m2 H� i2+?MQHQ;B2 AHHmKBM� U�M+B2MM2K2Mi aQH2t�V Qm aPGB. U+QKK2`+B�HBbû T�`
GB72 h2+?MQHQ;B2bV- H2b /2mt `2TQb�Mi bm` /2b S*_ 2M T?�b2 bQHB/2X *2b /Bzû`2Mi2b Kûi?Q/2b /2 bû[m2MÏ�;2
+QMbiBim2Mi H� /2mtBĕK2 ;ûMû`�iBQM /2 bû[m2MÏ�;2 �mbbB �TT2Hû2 bû[m2MÏ�;2 ?�mi@/û#Bi Qm L:a UL2ti
;2M2`�iBQM b2[m2M+BM;VX *2b MQmp2�mt QmiBHb QMi iQmb 2M +QKKmM /2 T`Q/mB`2 mM ;`�M/ pQHmK2 /2 /QMMû2b
2M mM i2KTb `û/mBiX �BMbB- +2ii2 ;ûMû`�iBQM T2`KBi mM2 `û/m+iBQM /`�biB[m2 /2b +Qȿib /2 bû[m2MÏ�;2- `2M/�Mi
H2 bû[m2MÏ�;2 �++2bbB#H2 ¨ mM ;`�M/ MQK#`2 /Ƕû[mBT2b /2 `2+?2`+?2 2i T2`K2ii�Mi b� /ûKQ+`�iBb�iBQMX

6B;m`2 RXR8 Ĝ 6`Bb2 +?`QMQHQ;B[m2 /2b ûpĕM2K2Mib K�D2m`b +QMbiBim�Mi H� `ûpQHmiBQM /2b L:aX

�+im2HH2K2Mi- MQmb bQKK2b 2M TH2BM /ûp2HQTT2K2Mi /2 H� i`QBbBĕK2 ;ûMû`�iBQM /2 bû[m2MÏ�;2- 2HH2 2bi +�@
`�+iû`Bbû2- 2Mi`2 �mi`2- T�` H2 /ûp2HQTT2K2Mi /ǶQmiBHb T2`K2ii�Mi H2 bû[m2MÏ�;2 2M i2KTb `û2H bm` KQHû+mH2
mMB[m2- +Ƕ2bi@¨@/B`2 HǶ�M�Hvb2 /B`2+i2 /ǶmM #`BM /Ƕ�.L b�Mb ûi�T2 /Ƕ�KTHB}+�iBQM T�` S*_ Ua+?�/ig2i �HX-
kyRyV Qm /2 #`BMb THmb HQM; Ua?2M/m`2g2i �HX- kyRd c ZmB+Fg2i �HX- kyR9VX _�TT2HQMb- [m2 H� S*_ T`ûb2Mi2
BMi`BMbĕ[m2K2Mi mM #B�Bb HBû �m i�mt /Ƕ2``2m` T`QT`2 ¨ HǶ�.L TQHvKû`�b2X *2ii2 MQmp2HH2 ;ûMû`�iBQM TQm``�Bi
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RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

T2`K2ii`2- ¨ HǶ�p2MB`- /2 b2 /û7�B`2 /2 +2 #B�Bb K�D2m`X
*?�[m2 ;ûMû`�iBQM /2 bû[m2MÏ�;2 M2 pB2Mi T�b B``ûKû/B�#H2K2Mi bmTTH�Mi2` H� T`û+û/2Mi2X G� Kûi?Q/2 a�M@
;2` 2bi 2M+Q`2 7`û[m2KK2Mi miBHBbû2 T�` /2 MQK#`2mt H�#Q`�iQB`2b MQi�KK2Mi TQm` b� }�#BHBiû 2i T�` H�
HQM;m2m` /2b #`BMb /Ƕ�.Lf�_L bû[m2M+ûb U.2 *�`BQg2i �HX- kykyVX 1i #B2M [m2 H� i`QBbBĕK2 ;ûMû`�iBQM bQBi
�+im2HH2K2Mi 2M +Qm`b /2 /ûp2HQTT2K2Mi ULB2/`BM;?�mbg2i �HX- kyRR c a?2M/m`2g2i �HX- kyRdV- H2b bû[m2M@
Ï�;2b b2 7QMi iQmDQm`b 2M ;`�M/2b K�DQ`Biûb bm` /2b �TT�`2BHb �TT�`i2M�Mi ¨ H� /2mtBĕK2 ;ûMû`�iBQM UE�MxBg
2i �HX- kykyVX

RXjXRX9 G� Kûi�;ûMûiB[m2- H� Kûi�;ûMQKB[m2 2i H� ;ûMQKB[m2 7QM+iBQMM2HH2

G2b L:a QMi T2`KBb H2 /ûp2HQTT2K2Mi /2 H� Kûi�;ûMûiB[m2- bQBi HǶ2tTHQ`�iBQM /2 ;ûMQK2 /�Mb mM 2MpB`QM@
M2K2Mi /QMMûX 1HH2b miBHBb2Mi H2 bû[m2MÏ�;2 /2 K�`[m2m`b T?vHQ;ûMûiB[m2b U�.L` Rea Qm R3aV Qm 7QM+iBQMM2Hb
�}M /ǶB/2MiB}2` H2b KB+`QQ`;�MBbK2b Qm 7QM+iBQMb T`ûb2Mi2b 2i H2m`b �#QM/�M+2b `2H�iBp2bX G� Kûi�;ûMûiB[m2
� T2`KBb HǶ�KûHBQ`�iBQM /2 H� T2`+2TiBQM /2 H� /Bp2`bBiû KB+`Q#B2MM2 2i H2 +QMiQm`M2K2Mi /m #B�Bb /ǶB/2MiB@
}+�iBQM /2b �TT`Q+?2b +mHim`�H2bX �BMbB mM2 KmHiBim/2 /2 #BQK2b QMi ûiû 2tTHQ`ûb /�Mb /Bzû`2Mi2b K�i`B+2b-
�HH�Mi /2b bQHb UC�Mbb2Mg- kyyeV- �m KBHB2m H�+mbi`2 UG27`�M+g2i �HX- kyy8V- K�`BM Uo2Mi2`g2i �HX- kyy9V- �m
KB+`Q#BQi2 ?mK�BM BMi2biBM�H U1+F#m`;g2i �HX- kyy8V- ¨ +2HmB /2 H� T2�m U:`B+2g� a2;`2g- kyRRV- 2i #B2M
/Ƕ�mi`2bX "`Bĕp2K2Mi- H� Kûi�;ûMQKB[m2 bǶBMiû`2bb2 ¨ HǶ2Mb2K#H2 /2 HǶ�.L T`ûb2Mi /�Mb mM û+?�MiBHHQM
2i MQM THmb ¨ mM b2mH ;ĕM2X �+im2HH2K2Mi- +Ƕ2bi mM2 /Bb+BTHBM2 T?�`2 /2 HǶû+QHQ;B2 KB+`Q#B2MM2 TmBb[mǶ2HH2
T2`K2i /2 bǶBMi2``Q;2` ¨ H� 7QBb bm` H� /Bp2`bBiû i�tQMQKB[m2 2i bm` H2b TQi2MiB2HH2b 7QM+iBQMb T`ûb2Mi2b /�Mb
mM û+?�MiBHHQM 2MpB`QMM2K2Mi�HX 1HH2 T`ûb2Mi2 +2T2M/�Mi [m2H[m2b #B�Bb /QMi +2HmB /Ƕ�pQB` �++ĕb ¨ HǶBMiû;`�HBiû
/2b ;ûMQK2b T`ûb2Mib /�Mb mM û+?�MiBHHQMX .2 THmb- 2HH2 `2TQb2 bm` mM /ûp2HQTT2K2Mi #BQ@BM7Q`K�iB[m2- #B2M
THmb +QKTH2t2 [m2 H� Kûi�;ûMûiB[m2X

Cmb[mǶB+B- H2b /Bb+BTHBM2b �#Q`/û2b b2 `�TT`Q+?2Mi /2 H� ;ûMQKB[m2 bi`m+im`2HH2- bQBi HǶûim/2 /2 +QKTQbBiBQM-
HǶQ`;�MBb�iBQM 2i H� bû[m2M+2 /2 H� KQHû+mH2 /Ƕ�.LX P`- �m@/2H¨ /2 +QKTQbBiBQM i�tQMQKB[m2 /ǶmM û+?�MiBHHQM-
QM bǶBMiû`2bb2 �mbbB �mt +�T�+Biûb 7QM+iBQMM2HH2b /ûp2HQTTû2b T�` H� +QKKmM�miû KB+`Q#B2MM2 +QKTQb�Mi H2/Bi
û+?�MiBHHQMX *2 /2mtBĕK2 MBp2�m /2 [m2biBQMM2K2Mi `2T`ûb2Mi2 mM2 b2+QM/2 #`�M+?2 /2 H� ;ûMQKB[m2- �TT2Hû2-
;ûMQKB[m2 7QM+iBQMM2HH2X 1HH2 bǶBMiû`2bb2 THmb T�`iB+mHBĕ`2K2Mi ¨ HǶûim/2 /2b 7QM+iBQMb 2i /2 HǶ2tT`2bbBQM
/2b ;ĕM2bX AH 2tBbi2 /Bzû`2Mib MBp2�mt /Ƕ�M�Hvb2b 7QM+iBQMM2HH2b , H� i`�Mb+`BTiQKB[m2 U�_LV- T`QiûQKB[m2
UT`QiûBM2V Qm Kûi�#QHQKB[m2 UKûi�#QHBbK2VX

1M}M- 2M /2?Q`b /2 +2b Kûi?Q/2b /2 bû[m2MÏ�;2- /2 MQK#`2mt QmiBHb bQMi �mDQm`/Ƕ?mB /BbTQMB#H2b �}M /ǶBM@
i2``Q;2` H� /Bp2`bBiû 7QM+iBQMM2HH2 T`QT`2 ¨ mM û+?�MiBHHQM 2MpB`QMM2K2Mi�HX S�`KB 2mt- MQmb TQmpQMb +Bi2`
H2b [S*_ UQm S*_ 2M i2KTb `û2HV Qm H2b Tm+2b ¨ �.L Qm #BQTm+2b UKB+`Q�``�vVX G2b Tm+2b ¨ �.L T2`@
K2ii2Mi /Ƕûim/B2` bBKmHi�Mû2K2Mi H� T`ûb2M+2 U;ûMQK2V Qm HǶ2tT`2bbBQM Ui`�Mb+`BTiQK2V /2 THmbB2m`b KBHHB2`b
/2 ;ĕM2b +B#HûbX *QM+`ĕi2K2Mi- +2b Tm+2b bQMi /2b bmTTQ`ib `B;B/2b U/2b H�K2bV bm` H2b[m2Hb bQMi }tûb THmbB2m`b
KBHHB2`b /2 bQM/2b +Q``2bTQM/�Mi ¨ /2 +Qm`i2b bû[m2M+2b /Ƕ�.L- +?�+mM2 bTû+B}[m2 ¨ mM ;ĕM2X GǶ�.Lf�_L
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

2MpB`QMM2K2Mi�H 2ti`�Bi /ûM�im`û 2bi /ûTQbû bm` +2b Tm+2b 2i BH bǶ?v#`B/2`� �p2+ H2b bQM/2b [mB HmB bQMi
+QKTHûK2Mi�B`2bX �BMbB HǶ2tT`2bbBQM Qm H� +QKTQbBiBQM 2M ;ĕM2b 7QM+iBQMM2Hb T2mi āi`2 +QKT�`û2 2Mi`2 /2mt
û+?�MiBHHQMb /QMMûbX G2b #BQTm+2b bQMi 2KTHQvû2b /�Mb /2b /QK�BM2b p�`Bûb- /2 HǶû+QHQ;B2 KB+`Q#B2MM2 ¨ H�
#BQHQ;B2 Kû/B+�H2X

RXjXk G2b KB+`QQ`;�MBbK2b- /2b �+i2m`b +H27b TQm` H2b û+QbvbiĕK2b �[m�iB[m2b

G2b T`2KB2`b i`�p�mt /�i�Mi /m soAAĕK2 bBĕ+H2 M2 7m`2Mi T�b bmBpBb /ǶmM 2M;Qm2K2Mi T�`iB+mHB2` T�` H� /2b+`BT@
iBQM /2b +QKT�`iBK2Mib KB+`Q#B2MbX S2M/�Mi 2M+Q`2 THmbB2m`b bBĕ+H2b- T2m /ǶBM7Q`K�iBQMb 7m`2Mi �++2bbB#H2b
�mt bmD2ib /2 KB+`QQ`;�MBbK2bX G2 `ƬH2 /2b KB+`QQ`;�MBbK2b /�Mb H2b û+QbvbiĕK2b 7mi HQM;i2KTb bQmb@ûp�HmûX
G2 `2;�`/ TQ`iû bm` H2 +QKT�`iBK2Mi KB+`Q#B2M `2bi� 7Q+�HBbû bm` H2b Q`;�MBbK2b T�i?Q;ĕM2b TQm` HǶ>QKK2X
AH 7�mi �ii2M/`2 H2b �MMû2b RNdy TQm` `û2HH2K2Mi +QM+2pQB` [m2 HQBM /Ƕāi`2 Mû;HB;2�#H2b- H2b KB+`QQ`;�MBbK2b
DQm2Mi /2b `ƬH2b T`ûTQM/û`�Mib /�Mb /2 KmHiBTH2b û+QbvbiĕK2b USQK2`Qvg- RNd9V 2i THmb 2M+Q`2- BHb /QKBM2Mi
H� #BQbT?ĕ`2 2M �#QM/�M+2 U#BQK�bb2V 2i 2M /Bp2`bBiû U#BQ/Bp2`bBiûVX *2ii2 Q#b2`p�iBQM 2bi T�`iB+mHBĕ`2K2Mi
p`�B2 TQm` H2b 2MpB`QMM2K2Mib �[m�iB[m2b Uq?BiK�Mg2i �HX- RNN3VX

GǶ2Mb2K#H2 /2 +2b Q#b2`p�iBQMb �#QmiBi /�Mb H2b �MMû2b RN3y ¨ H� bvMi?ĕb2 /m +QM+2Ti /2 Ŀ #Qm+H2 KB@
+`Q#B2MM2 ŀ T�` �x�Kg2i �HX URN3jVX *2 KQ/ĕH2 2biBK2 [mǶ�m b2BM /2b `ûb2�mt i`QT?B[m2b TûH�;B[m2b- mM2
T�`i BKTQ`i�Mi2 /2 H� .PJ UK�iBĕ`2 Q`;�MB[m2 /BbbQmi2V T`Q/mBi2 T�` H2b Q`;�MBbK2b T?viQTH�M+iQMB[m2b 2bi
+QMbQKKû2 T�` H2b #�+iû`B2b ?ûiû`Qi`QT?2bX *2b /2`MBĕ`2b bQMi +QMbQKKû2b T�` /2b T`QiQxQ�B`2b- 2mt@KāK2b
bQm`+2 /ǶûM2`;B2 TQm` H2 xQQTH�M+iQMX �BMbB- H2b #�+iû`B2b ?ûiû`Qi`QT?2b T2`K2ii2Mi H� `ûBMiû;`�iBQM /2 H�
.PJ /�Mb H2 `ûb2�m i`QT?B[m2- /ǶQɍ HǶ�TT2HH�iBQM /2 #Qm+H2 KB+`Q#B2MM2 U6B;m`2 RXReVX

Cmb[mǶ�HQ`b- H2b `ûb2�mt i`QT?B[m2b ûi�B2Mi pmb /2 K�MBĕ`2 �bb2x HBMû�B`2- T�`i�Mi /2 T`Q/m+i2m`b T`BK�B`2b
Dmb[mǶ�mt +QMbQKK�i2m`b USQK2`Qvg- RNd9VX *2 KQ/ĕH2 /2 #Qm+H2 KB+`Q#B2MM2 pBMi #Qmb+mH2` +2ii2 pBbBQM 2i
ûpQHm� 2M b2 +QKTH2tB}�Mi �mt }Hb /2b �MMû2bX .Ƕ�mi`2b �+i2m`b 2i T`Q+2bbmb 7m`2Mi BMi`Q/mBib ¨ +2 KQ/ĕH2 i2Hb
[m2 H� Hvb2 pB`�H2 UamiiH2g- kyydV- H2b 2m+�`vQi2b KBtQi`QT?2b- H2b T`Q+�`vQi2b T?QiQi`QT?2b UavM2+?Q+Q++mb
2i S`Q+?HQ`Q+Q++mbV 2i /Ƕ�mi`2b U6B;m`2 RXReVX

G� #Qm+H2 KB+`Q#B2MM2 T2`KBi /2 K2ii`2 2M HmKBĕ`2 HǶBKTQ`i�M+2 /2b KB+`QQ`;�MBbK2b /�Mb H2b T`Q+2bbmb
/2 `2KBMû`�HBb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 �BMbB [m2 H2m`b BKTHB+�iBQMb /�Mb H2b +v+H2b #BQ;ûQ+?BKB[m2b
U+�`#QM2- �xQi2- T?QbT?Q`2- 2i+XVX "B2M [m2 H� #Qm+H2 KB+`Q#B2MM2 7ȿi /û+`Bi2 TQm` H� +QHQMM2 /Ƕ2�m- 2HH2
T2mi +H�B`2K2Mi bǶûi2M/`2 ¨ mM H�`;2 ivT2 /Ƕ2MpB`QMM2K2Mib �[m�iB[m2bX SHmb HQ+�H2K2Mi- H2b �+i2m`b 2i
H2b `ûb2�mt i`QT?B[m2b bǶBMbi�HH�Mi M2 b2`QMi T�b B/2MiB[m2bX SQm`i�Mi- H2b KB+`QQ`;�MBbK2b b2 bQMi `ûpûHûb
āi`2 /2b �+i2m`b 2bb2MiB2Hb ¨ /2 MQK#`2mt T`Q+2bbmb +H27b /2b û+QbvbiĕK2bX PM T2mi #`Bĕp2K2Mi +Bi2` H2m`
`ƬH2 T`ûTQM/û`�Mi /�Mb H2 +v+H2 /m +�`#QM2 pB� H� #Qm+H2 KB+`Q#B2MM2 T`û+û/2KK2Mi /û+`Bi2- K�Bb �mbbB
H� Kûi?�MQ;ûMĕb2 UEMBii2Hg� "Q2iBmbg- kyyNV- /�Mb H2 +v+H2 /2 HǶ�xQi2 pB� MBi`B}+�iBQM U1`;m/2`g2i �HX-
kyyNV- /�Mb +2HmB /m bQm7`2 pB� H� bmH7�iQ@`û/m+iBQM US`�/2Hg2i �HX- kyRjV- �BMbB [m2 /�Mb H� #BQ`2Kû/B�iBQM
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RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

pB� H� /û;`�/�iBQM /2 +QMi�KBM�Mib U�;2`g2i �HX- kyRyV- 2i+X S�` H� /Bp2`bBiû /ǶQ`;�MBbK2b 2i /2 Kûi�#QHBbK2b
T`ûb2Mib- H2 +QKT�`iBK2Mi KB+`Q#B2M �bbm`2 mM H�`;2 T�M2H /2 b2`pB+2b û+QbvbiûKB[m2b- 7�Bb�Mi /2 +2 /2`MB2`
mM /2b +QKT�`iBK2Mib +Hûb /2b û+QbvbiĕK2bX

6B;m`2 RXRe Ĝ a+?ûK� /2 H� #Qm+H2 KB+`Q#B2MM2 i2HH2b [m2 /û+`Bi2 T�` �x�K 2i �HX- RN3j U2M MQB`V- �BMbB [m2
H2b �//BiBQMb bm++2bbBp2b U2M #H2mV /Ƕ�T`ĕb 62M+?2H Ukyy3VX

RXjXj G2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

RXjXjXR G� /Bp2`bBiû KB+`Q#B2MM2 `2i`Qmpû2 2M KBHB2m 2bim�`B2M

*QKK2 /û+`Bi T`û+û/2KK2Mi- H2 pBp�Mi b2 b+BM/2 2M i`QBb /QK�BM2b , "�+i2`B�- �`+?�2� 2i 1mF�`vQi�
UqQ2b2g� 6Qtg- RNddVX .2mt /Ƕ2Mi`2 2mt +Q``2bTQM/2Mi ¨ /2b /QK�BM2b `ûmMBbb�Mi 2t+HmbBp2K2Mi /2b KB@
+`QQ`;�MBbK2b T`Q+�`vQi2b U"�+i2`B� 2i �`+?�2�VX *?�+mM /2 +2b /QK�BM2b 2bi b+BM/û 2M ;`�M/b ;`QmT2b
KQMQT?vHûiB[m2b �TT2Hûb T?vHmKbX
S�` H� bmBi2- /�Mb +2ii2 bvMi?ĕb2 #B#HBQ;`�T?B[m2- H2b �TT2H�iBQMb 2KTHQvû2b TQm` T?vHmKb T`Q+�`vQiB[m2b
M2 T`2MM2Mi T�b 2M +QKTi2 H2b /Bzû`2Mib KQ/B}+�iBQMb �TTQ`iûb THmb `û+ûKK2Mi bm` H� MQK2M+H�im`2 U+7X H2
bm{t2 @Qi�V UP`2Mg2i �HX- kyR8 c q?BiK�Mg2i �HX- kyR3 c P`2Mg� :�``Bivg- kykRVX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXjXjXRXR .QK�BM2 "�+i2`B�

G2b #�+iû`B2b bQMi b+BM/û2b 2M mM ;`�M/ MQK#`2 /2 T?vHmKb- �+im2HH2K2Mi- QM 2M /ûMQK#`2 THmb /ǶmM2
i`2Mi�BM2 KāK2 bB +2H� p�`B2 2M+Q`2 7`û[m2KK2Mi 2M 7QM+iBQM /2b �mi2m`b 2i /2 HǶ�p�M+û2 /2b `2+?2`+?2b
/�Mb +2 /QK�BM2X A+B- MQmb MQmb 7Q+�HBb2`QMb bm` H2b T?vHmKb K�DQ`Bi�B`2K2Mi `2i`Qmpûb /�Mb H2b û+QbvbiĕK2b
�[m�iB[m2b 2M ;ûMû`�H- 2i H2b 2bim�B`2b 2M T�`iB+mHB2`X G2b /2mt T?vHmKb H2b THmb 7`û[m2KK2Mi �#QM/�Mib 2M
KBHB2m 2bim�`B2M bQMi H2b S`Qi2Q#�+i2`B� 2i H2b "�+i2`QB/2i2b- [m2 +2 bQBi TQm` /�Mb H2b K�i`B+2b bû/BK2M@
i�B`2b U6Q`imM�iQg� *`mKTg- kyR8 c J�i+?2`g2i �HX- kyR3 c oB/�H@.m`£g2i �HX- kyR3V Qm H� +QHQMM2 /Ƕ2�m
U*`mKTg2i �HX- kyy9 c EB`+?K�Mg2i �HX- kyy8 c �;mB``2g2i �HX- kyRd c J�i+?2`g2i �HX- kyR3VX SQm` 7�+BHBi2`
H� HBbB#BHBiû /2 +2ii2 b2+iBQM- H2b T?vHmKb /ûi�BHHûb /�Mb HǶûMQM+û bmBp�Mi bQMi `2T`ûb2Miûb b+?ûK�iB[m2K2Mi
/�Mb H� };m`2 RXRdX

6B;m`2 RXRd Ĝ a+?ûK� /2b T?vHmKb #�+iû`B2Mb H2b THmb 7`û[m2KK2Mi B/2MiB}ûb 2M KBHB2m 2bim�`B2MX

r G2b S`Qi2Q#�+i2`B�

G2b T`QiûQ#�+iû`B2b `2T`ûb2Mi2Mi HǶmM /2b T?vHmKb H2b THmb �#QM/�Mib 2i H2b THmb /Bp2`bB}ûbX 1HH2b bQMi ?�m@
i2K2Mi m#B[mBi�B`2bX .2b Q`;�MBbK2b `�ii�+?ûb ¨ +2 T?vHmK bQMi `2i`Qmpûb T`�iB[m2K2Mi /�Mb iQmb H2b û+Q@
bvbiĕK2bX *2 T?vHmK b2 b+BM/2 2M e +H�bb2b T`BM+BT�H2b , G2b �HT?�@- "2i�@- :�KK�@- .2Hi�@- 1TbBHQM@
2i w2i�T`Qi2Q#�+i2`B�X G2b 9 T`2KBĕ`2b +H�bb2b +Biû2b bQMi H2b THmb +QMbû[m2Mi2b U6B;m`2 RXRdVX
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RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

G2b �HT?�T`Qi2Q#�+i2`B� bQMi `2i`Qmpû2b �m b2BM /2 MB+?2b û+QHQ;B[m2b 2i /2b KQ/2b /2 pB2 p�`Bûb �HH�Mi /m
b�T`QT?viBbK2 ¨ H� bvK#BQb2 U2i #B2M /Ƕ�mi`2bV UL2riQMg2i �HX- kyRRVX G2b �HT?�T`QiûQ#�+iû`B2b `2T`ûb2Mi2Mi
7`û[m2KK2Mi H2 ;`QmT2 H2 THmb �#QM/�Mi /û+`Bi 2M KBHB2m K�`BM USQKKB2`g2i �HX- kyyd c wBM;2`g2i �HX-
kyRR c amM�;�r�g2i �HX- kyR8VX 1HH2b bQMi bm`iQmi `2T`ûb2Miû2b T�` a�_RR �mbbB MQKKû2 MQKKû *�M/B/�imb
S2H�;B#�+i2` m#B[m2- H2 ;2M`2 H2 THmb T`ûb2Mi 2M KBHB2m K�`BMX Lû�MKQBMb- H2b �HT?�T`Qi2Q#�+i2`B� bQMi �mbbB
`2M+QMi`û2b 2M KBHB2m 2bim�`B2M 2i /mH+B+QH2 UL2riQMg� J+G2HH�Mg- kyR8VX 1M KBHB2m 2bim�`B2M- 2HH2b bQMi
7`û[m2KK2Mi `2T`ûb2Miû2b T�` H� 7�KBHH2 /2b _?Q/Q#�+i2`�+2�2 U6Q`imM�iQg2i �HX- kyRj c C277`B2bg2i �HX-
kyRe c �;mB``2g2i �HX- kyRdVX

G2b :�KK�T`Qi2Q#�+i2`B� pQMi T`ûb2Mi2` mM T`Q}H b2K#H�#H2 �mt �HT?�T`Qi2Q#�+i2`B�- +�`�+iû`Bbû2b T�`
mM2 �#QM/�M+2 K�`[mû2 2M KBHB2m K�`BM U�p2+ /2b ;2M`2b i2Hb [m2 J�`BMQ#�+i2` Qm /2b Q`/`2b i2Hb [m2 H2b
P+2�MQbTB`BHH�H2bV USQKKB2`g2i �HX- kyyd c amM�;�r�g2i �HX- kyR8V K�Bb �mbbB T�` mM2 T`ûb2M+2 m#B[mBi�B`2
U/�Mb H2b bQHb UaT�BMg2i �HX- kyyNV- H2b `BpBĕ`2b UL2riQMg2i �HX- kyRRV- 2i+XVX Lû�MKQBMb- /�Mb mM û+QbvbiĕK2
2bim�`B2M- QM bǶ�ii2M/`� ¨ Q#b2`p2` mM2 �m;K2Mi�iBQM /2 HǶ�#QM/�M+2 `2H�iBp2 /2 +2 T?vHmK �p2+ H� b�HBMBiû
U>2`H2K�MMg2i �HX- kyRRVX
LQiQMb [mǶ�m b2BM /2b ;�KK�T`QiûQ#�+iû`B2b- QM T2mi /BbiBM;m2` HǶQ`/`2 /2b 1Mi2`Q#�+i2`B�H2bX *2i Q`/`2
+QKT`2M/ /2 MQK#`2mt Q`;�MBbK2b T�i?Q;ĕM2b TQm` HǶ>QKK2 Qm H2b �MBK�mt- /QMi [m2 H2b ;2M`2b , 1b+?2@
`B+?B�- 1/r�`/bB2HH�- SH2bBQKQM�b- u2`bBMB�- a�HKQM2HH�- 2i+X *2i Q`/`2 �BMbB [m2 +2HmB /2b G2;BQM2HH�H2b 2bi
/ǶBMiû`āi K�D2m` /�Mb H2 /QK�BM2 Kû/B+�HX PM TQm``�Bi bǶ�ii2M/`2 ¨ Q#b2`p2` /2b Q`;�MBbK2b `�ii�+?ûb ¨ +2b
Q`/`2b /�Mb H2 KBHB2m 2bim�`B2M ¨ T`QtBKBiû /2b ah1l UA#2Fr2g2i �HX- kyReVX

G2b "2i�T`Qi2Q#�+i2`B� T`ûb2Mi2Mi mM b+?ûK� BMp2`b2 �mt �HT?�T`Qi2Q#�+i2`B�- 2HH2b bQMi THmiƬi BM7ûQ/û2b
�m KBHB2m /mH+B+QH2X PM T2mi bǶ�ii2M/`2 ¨ Q#b2`p2` mM2 /BKBMmiBQM /2 HǶ�#QM/�M+2 /2 +2 ;`QmT2 �p2+ H�
b�HBMBiû UEB`+?K�Mg2i �HX- kyy8 c *`mKTg2i �HX- RNNN c >2`H2K�MMg2i �HX- kyRR c 6Q`imM�iQg2i �HX- kyRj c
GBmg2i �HX- kyR9�VX *2ii2 +H�bb2 � ûiû /2TmBb T2m KQ/B}û2- H2b "2i�T`Qi2Q#�+i2`B� QMi ûiû `2TH�+û2b �m b2BM
/2 :�KK�T`Qi2Q#�+i2`B�X

G2b .2Hi�T`Qi2Q#�+i2`B� bQMi #B2M KQBMb 7`û[m2KK2Mi Q#b2`pû2b 2M KBHB2m 2bim�`B2MX 1HH2b b2K#H2Mi THmb
7`û[m2KK2Mi B/2MiB}û2b /�Mb H2b K�i`B+2b bû/BK2Mi�B`2b UGBmg2i �HX- kyR9� c *QHBMg2i �HX- kyRd c :mQg2i �HX-
kyR3VX *2 ;`QmT2 T2mi āi`2 i`ĕb BKTQ`i�Mi TQm` H� /vM�KB[m2 /2b û+QbvbiĕK2b- +�` BH 2bi +QMbiBimû /2 /Bzû@
`2Mib ;2M`2b #�+iû`B2Mb �TT�`i2M�Mi �mt bmH7�iQ@`û/m+iB+2b �M�û`Q#B2b bi`B+i2b- /QM+ BM~m2MÏ�Mi H2b +v+H2b /m
+�`#QM2 2i /m bQm7`2X G2b .2Hi�T`Qi2Q#�+i2`B� bQMi �+im2HH2K2Mi `ûmMB2 bQmb H2 T?vHmK /2 .2bmH7Q#�+i2`Qi�
UP`2Mg� :�``Bivg- kykRVX

r G2b "�+i2`QB/2i2b

S`û+û/2KK2Mi MQKKû *viQT?�;�@6H�pQ#�+i2`B�@"�+i2`QB/2b Qm 2M+Q`2 *viQT?�;�@HBF2 #�+i2`B�- +2 T?vHmK
T`ûb2Mi2 mM2 ;`�M/2 /Bp2`bBiû- HmB T2`K2ii�Mi /2 bǶBMbi�HH2` 2i T`QHB7û`2` /�Mb /2b û+QbvbiĕK2b �mbbB p�`Bûb
[m2 bi`2bb�Mib USQKKB2`g2i �HX- kyydVX G2m` ;`�M/2 p�H2M+2 û+QHQ;B[m2 b2`�Bi 2M T�`iB2 /m2 ¨ H2m` +�T�+Biû ¨
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

miBHBb2` +QKK2 bQm`+2 /2 +�`#QM2 H� K�iBĕ`2 Q`;�MB[m2 /2 ?�mi TQB/b KQHû+mH�B`2- bQmp2Mi /û+`Bi2b +QKK2
i`ĕb `û7`�+i�B`2 2i /B{+BH2K2Mi miBHBb�#H2 U*Qii`2HHg� EB`+?K�Mg- kyyyVX *2 T?vHmK 2bi 7`û[m2KK2Mi 2i
�#QM/�KK2Mi `2i`Qmpû 2M KBHB2m 2bim�`B2M- i`ĕb ;ûMû`�H2K2Mi- BH /QKBM2 H� +QKKmM�miû U�p2+ H2b T`QiûQ@
#�+iû`B2bV U*`mKTg2i �HX- kyy9 c EB`+?K�Mg2i �HX- kyy8 c 6Q`imM�iQg� *`mKTg- kyR8VX S`û+BbûK2Mi- 2M
KBHB2m 2bim�`B2M- H2b "�+i2`QB/2i2b bQMi bQmp2Mi �#QM/�Mi2b /�Mb H� xQM2 /2 im`#B/Biû K�tBK�H2 U*`mKTg
2i �HX- RNNN c "QmpB2`g� .2H :BQ`;BQg- kyykVX *2 T?vHmK 2bi `2T`ûb2Miû [m�bB 2t+HmbBp2K2Mi T�` H� +H�bb2
/2b 6H�pQ#�+i2`BB� 2i THmb `�`2K2Mi +2HH2 /2b aT?BM;Q#�+i2`BB� U6Q`imM�iQg� *`mKTg- kyR8VX

r G2b �+iBMQ#�+i2`B�

AH bǶ�;Bi /ǶmM /2b T?vHmKb THmb �#QM/�Mi 2M KBHB2m /mH+B+QH2 UL2riQMg2i �HX- kyRRVX �bb2x HQ;B[m2K2Mi-
QM Q#b2`p2 7`û[m2KK2Mi mM2 /BKBMmiBQM /2 HǶ�#QM/�M+2 /2 +2 T?vHmK �p2+ HǶ�m;K2Mi�iBQM /2 H� b�HBMBiû
U*`mKTg2i �HX- RNNN c >2`H2K�MMg2i �HX- kyRRV Qm /2 K�MBĕ`2 THmb bBKBH�B`2- H2 HQM; /ǶmM ;`�/B2Mi 2bim�`B2M
U/2 HǶ�KQMi ¨ HǶ�p�HV UEB`+?K�Mg2i �HX- kyy8 c 6Q`imM�iQg2i �HX- kyRjVX *2 T?vHmK T2mi `2T`ûb2Mi2` mM2
T�`i MQM Mû;HB;2�#H2 /2 H� +QKKmM�miû KB+`Q#B2MM2 2bim�`B2MM2 UEB`+?K�Mg2i �HX- kyy8VX

r G2b *v�MQ#�+i2`B�

*2 T?vHmK `2T`ûb2Mi2 ;ûMû`�H2K2Mi mM2 �bb2x 7�B#H2 T`QTQ`iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m
2bim�`B2M- /�Mb H2b bû/BK2Mib U:mQg2i �HX- kyR3V Qm H� +QHQMM2 /Ƕ2�m UJ�i+?2`g2i �HX- kyR3VX S�`KB H2b
*v�MQ#�+i2`B�- +2`i�BMb ;2M`2b bQMi T�`iB+mHBĕ`2K2Mi +QMMmb , _m#B/B#�+i2`- S`Q+?HQ`Q+Q++mb Qm 2M+Q`2 av@
M2+?Q+Q++mbX *2 T?vHmK 2bi T�`iB+mHBĕ`2K2Mi BKTQ`i�Mi TmBb[mǶBH b2 +QKTQb2 K�DQ`Bi�B`2K2Mi /ǶQ`;�MBbK2b
T?QiQbvMi?ûiB[m2b /QMi mM2 T�`iB2 /2b Q`;�MBbK2b bQMi �mbbB }t�i2m`b /Ƕ�xQi2 ULkVX AH bǶ�;Bi /QM+ /ǶmM ;`QmT2
/2 T`Q/m+i2m`b T`BK�B`2b ûi`QBi2K2Mi HBûb �mt +v+H2b /2 HǶ�xQi2 2i /m +�`#QM2X

r G2b �mi`2b T?vHmKb

A+B MQmb MǶB`QMb T�b THmb HQBM /�Mb H2 MBp2�m /2 /ûi�BHX AH 7�mi +2T2M/�Mi ;�`/2` 2M KûKQB`2 [m2 /Ƕ�mi`2b
;`QmT2b T2mp2Mi āi`2 7`û[m2KK2Mi Q#b2`pûb 2M KBHB2m 2bim�`B2M- +QKK2 H2b o2``m+QKB+`Q#B�- H2b SH�M+@
iQKv+2i2b Qm H2b 6B`KB+mi2b U*`mKTg2i �HX- RNNN c _Q#2`iQg2i �HX- kyR3V U6B;m`2 RXRdVX .2 THmb- H2b
K�i`B+2b bû/BK2Mi�B`2b i2M/2Mi ¨ T`ûb2Mi2` mM2 /Bp2`bBiû KB+`Q#B2MM2 bmTû`B2m`2 ¨ +2HH2 /2 H� +QHQMM2 /Ƕ2�mX
.2b T?vHmKb i2Hb [m2 H2b *?HQ`Q~2tB- H2b aTB`Q+?�2i2b- H2b LBi`QbTB`�2 U+QMbiBimûb /2 #�+iû`B2b bmH7�iQ@
`û/m+i`B+2b Qm MBi`B}�Mi2bV- H2b �+B/Q#�+i2`B�- H2b :2KK�iBKQM�/2i2b v bQMi THmb 7`û[m2KK2Mi /ûi�BHHûb
b�Mb TQm` �mi�Mi āi`2 BM7ûQ/ûb �m KBHB2m bû/BK2Mi�B`2 U62M;g2i �HX- kyyN c GBmg2i �HX- kyR9� c Gmg2i �HX- kyRd c
oB/�H@.m`£g2i �HX- kyR3VX
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RXjXjXRXk .QK�BM2 �`+?�2�

J�H;`û H2 `2TQbBiBQMM2K2Mi /2b �`+?�2� T�`KB HǶmM /2b j /QK�BM2b /m pBp�Mi /ĕb RNdd UqQ2b2g� 6Qtg-
RNddV- H2b �`+?�2� `2biĕ`2Mi 2M+Q`2 HQM;i2KTb bvMQMvK2b /Ƕ2MpB`QMM2K2Mi 2ti`āK2 U_Q#2`ibQMg2i �HX-
kyy8VX *Ƕ2bi �p2+ HǶ�pĕM2K2Mi /m bû[m2MÏ�;2 2i HǶ�++mKmH�iBQM /2 bû[m2M+2b 2MpB`QMM2K2Mi�H2b [m2 HǶ�bT2+i
+QbKQTQHBi2 /2 H� /Bbi`B#miBQM /2b �`+?û2b /2pBMi mM2 ûpB/2M+2X
.ĕb H2b �MMû2b dy- H2 /QK�BM2 /2b �`+?�2� 7mi /û+QKTQbû 2M /2mt HB;Mû2b , H2b 1m`v�`+?�2Qi� 2i H2b *`2@
M�`+?�2Qi�X G� i�tQMQKB2 /2b �`+?�2� `2bi� �BMbB T2M/�Mi /2mt /û+2MMB2bX AH 7�mi �ii2M/`2 H2b �MMû2b RNNy-
TQm` pQB` �TT�`�ŗi`2 mM2 KmHiBim/2 /2 Ŀ MQmp2�mt ŀ T?vHmKb i2Hb [m2 H2b h?�mK�`+?�2Qi� U"`Q+?B2`@
�`K�M2ig2i �HX- kyy3V- H2b L�MQ�`+?�2Qi� U>m#2`g2i �HX- kyykV- H2b EQ`�`+?�2Qi�- H2b "�i?v�`+?�2Qi�
UJ2M;g2i �HX- kyR9V 2i #B2M /Ƕ�mi`2bX oB� H2 bû[m2MÏ�;2- H2 MQK#`2 /2 T?vHmKb �`+?û2Mb T`QTQbû M2 +2bb2
/Ƕ�m;K2Mi2` /2TmBb- /ûT�bb�Mi �+im2HH2K2Mi H� pBM;i�BM2 /2 T?vHmKb U>m;g2i �HX- kyReVX GǶûpQHmiBQM i`ĕb
`û+2Mi2 /2 H� i�tQMQKB2 /2 +2 /QK�BM2 MQmb BHHmbi`2 T�`7�Bi2K2Mi H� 7`�;BHBiû 2i H2 7�B#H2 MQK#`2 /ǶBM7Q`K�@
iBQMb [m2 MQmb TQbbû/QMb +QM+2`M�Mi +2 /QK�BM2X *2+B 2bi 2M T�`iB2 /ȿ ¨ H� ;`�M/2 +QKTH2tBiû /ǶBbQH2K2Mi
2i /2 +mHim`2 /2 +2b Q`;�MBbK2bX Lû�MKQBMb- +2 /QK�BM2 T2mi `2T`ûb2Mi2` mM2 T�`i BKTQ`i�Mi2 /2 /Bp2`bBiû
KB+`Q#B2MM2 2M KBHB2m 2bim�`B2M Uq2#bi2`g2i �HX- kyR8V Qm /�Mb H2b û+QbvbiĕK2b 2M ;ûMû`�H U_Q#2`ibQMg
2i �HX- kyy8VX

1M KBHB2m 2bim�`B2M- H2b +QKKmM�miûb �`+?û2MM2b bQMi ;HQ#�H2K2Mi +QKTQbû2b /2 Rk T?vHmKb UGBmg2i �HX-
kyR3V K�Bb M2ii2K2Mi /QKBMû2b T�` H2b 1m`v�`+?�2Qi�- h?�mK�`+?�2Qi� 2i "�i?v�`+?�2Qi� UGBmg2i
�HX- kyR9# c q2#bi2`g2i �HX- kyR8 c q2Bg2i �HX- kyRe c GBmg2i �HX- kyR3VX G2m`b T`QTQbBiBQMb `2bT2+iBp2b p�`B2Mi
2M 7QM+iBQM /2 H� H�iBim/2- /2 H� K�i`B+2 U2�m Qm bû/BK2MiV 2i #B2M ûpB/2KK2Mi /2 HǶû+QbvbiĕK2 2bim�`B2M
+B#HûX .2 H� KāK2 K�MBĕ`2 [m2 T`û+û/2KK2Mi- H2b T?vHmKb K�DQ`Bi�B`2K2Mi Q#b2`pûb 2M KBHB2m 2bim�`B2M
bQMi BHHmbi`ûb T�` H� };m`2 RXR3X

6B;m`2 RXR3 Ĝ a+?ûK� /2b T?vHmKb #�+iû`B2Mb H2b THmb 7`û[m2KK2Mi B/2MiB}ûb 2M KBHB2m 2bim�`B2MX
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

r G2b *`2M�`+?�2Qi�

G2b *`2M�`+?�2Qi� T`2MM2Mi H2m` MQK /2b bQm`+2b ?v/`Qi?2`K�H2b- 2MpB`QMM2K2Mi /m[m2H 2HH2b 7m`2Mi BbQHû2b
TQm` H� T`2KBĕ`2 7QBb- *`2M2 bB;MB}�Mi bQm`+2 Qm 7QMi�BM2 2M ;`2+X *2 T?vHmK 2bi +QKTQbû /ǶQ`;�MBbK2b
i?2`KQT?BH2b UQ`/`2 /2b amH7QHQ#�H2bV Qm ?vT2`i?2`KQT?BH2b UQ`/`2b /2b .2bmH7m`Q+Q++�H2b Qm /2b h?2`KQT`Q@
i2�H2bV �BMbB [m2 /2b i?2`KQ�+B/QT?BH2b UQ`/`2b /2b �+B/BHQ#�H2b 2i /2b 62`pB/B+Q++�H2bVX G2b *`2M�`+?�2Qi�
bQMi K�DQ`Bi�B`2K2Mi /2b Q`;�MBbK2b �M�û`Q#B2b- Mû�MKQBMb- [m2H[m2b `2T`ûb2Mi�Mib �û`Q#B2b QMi Tm āi`2 B/2M@
iB}ûb- T`BM+BT�H2K2Mi �m b2BM /2b amH7QHQ#�H2bX G2b 8 ;`QmT2b +Biûb B+B +Q``2bTQM/2Mi �mt 8 Q`/`2b T`BM+BT�mt
+QMbiBim�Mi H2b *`2M�`+?�2Qi�X

r G2b 1m`v�`+?�2Qi�

G2 MQK /Ƕ1m`v�`+?�2Qi� � TQm` Q`B;BM2 ûivKQHQ;B[m2 H2 KQi 1m`mb bB;MB}�Mi mM ;`2+ ǳH�`;2- /Bp2`bǴX *2ii2
�TT2HH�iBQM H2m` 7mi �ii`B#mû2 7�+2 �m +QMbi�i /2 H� ;`�M/2 /Bp2`bBiû û+QHQ;B[m2 2i T?vbBQHQ;B[m2 +�`�+iû`Bb�Mi
+2 ;`QmT2- bm`iQmi 2M +QKT�`�BbQM ¨ +2HH2 /2b *`2M�`+?�2Qi�X

G2b 1m`v�`+?�2Qi� bQMi 2ti`āK2K2Mi m#B[mBi�B`2b- QM T2mi H2b i`Qmp2` /�Mb mM2 ;`�M/2 /Bp2`bBiû /Ƕû+Qbvb@
iĕK2b- /m KBHB2m K�`BM U.2GQM;g- RNNkV �mt KBHB2mt H�+mbi`2b Qm /mH+B+QH2b Uq2Bg2i �HX- kyReV- /�Mb H2b bQHb
UEm/Qg2i �HX- RNNdV- H2b bû/BK2Mib Uq2#bi2`g2i �HX- kyR8V- 2i+X *2ii2 `ûT�`iBiBQM m#B[mBi�B`2 2bi /Ƕ�mi�Mi THmb
`2K�`[m�#H2- [m2 /2b Q`;�MBbK2b �{HBûb ¨ +2 ;`QmT2- b2 `2i`Qmp2Mi Dmb[m2 /�Mb /2b 2MpB`QMM2K2Mib 2ti`āK2bX
�BMbB- QM `2i`Qmp2`� T�`KB H2b 1m`v�`+?�2Qi� /2b Q`;�MBbK2b ?vT2`i?2`KQT?BH2b UQ`/`2 /2b h?2`KQ+Q++�H2bV-
�+B/QT?BH2b U+H�bb2 /2b h?2`KQTH�bK�i�- /QMi H2 ;2M`2 SB+`QT?BHmbV- ?�HQT?BH2b UQ`/`2 /2b >�HQ#�+i2`B�H2bV
Qm 2M+Q`2 i?2`KQ�+B/QT?BH2bX

�m@/2H¨ /ǶmM2 H�`;2 `ûT�`iBiBQM #BQ;ûQ;`�T?B[m2- +Ƕ2bi �mbbB H� ;`�M/2 /Bp2`bBiû Kûi�#QHB[m2 T`ûb2Mi2 �m
b2BM /2b 1m`v�`+?�2Qi� [mB 2bi b�BbBbb�Mi2X G2b 1m`v�`+?�2Qi� BM+Hm2Mi /2b Q`;�MBbK2b Kûi?�MQ;ĕM2b- /2b
bmH7�iQ@`û/m+i2m`b U;2M`2 �`+?�2Q;HQ#mbV Qm /2b K2i?�MQi`QT?2b UH2 ;`QmT2 /2b �LJ1 TQm` �M�2`Q#B+
K2i?�MQi`QT?B+ �`+?�2�V UEMBii2Hg� "Q2iBmbg- kyyNVX G� Kûi?�MQ;2Mĕb2 +Q``2bTQM/ ¨ H� T`Q/m+iBQM #BQ@
;ûMB[m2 �M�û`Q#B[m2 bi`B+i2 /m Kûi?�M2- +2 Kûi�#QHBbK2 2bi 2t+HmbB7 �mt �`+?�2� 2i T`BM+BT�H2K2Mi �mt
1m`v�`+?�2Qi�X AH 2bi `2i`Qmpû +?2x 8 Q`/`2b T`û+BbûK2Mi , H2b J2i?�MQ#�+i2`B�H2b- H2b J2i?�MQ+Q++�H2b- H2b
J2i?�MQKB+`Q#B�H2b- H2b J2i?�MQb�`+BM�H2b 2i H2b J2i?�MQTv`�H2b- iQmb �TT�`iB2MM2Mi �m T?vHmK /2b 1m@
`v�`+?�2Qi�X �m KāK2 iBi`2- H2b �LJ1 QMi ûiû- TQm` HǶ?2m`2- mMB[m2K2Mi Q#b2`pû2b T�`KB H2b 1m`v�`+?�2Qi�
UEMBii2Hg� "Q2iBmbg- kyyNVX G2b Kûi?�MQ;ĕM2b bQMi THmb 7`û[m2KK2Mi `2M+QMi`û2b /�Mb H2b bû/BK2Mib-
MQi�KK2Mi /�Mb H2 +�b /2b 2bim�B`2bX G2b Q`/`2b H2b THmb +Qm`�Mib bQMi H2b J2i?�MQb�`+BM�H2b 2i H2b J2i?�@
MQKB+`Q#B�H2b Uq2Bg2i �HX- kyReVX

r G2b h?�mK�`+?�2Qi�

G2b T`2KB2`b Q`;�MBbK2b �TT�`i2M�Mi ¨ +2 T?vHmK 7m`2Mi BbQHûb ¨ T�`iB` /2 bû/BK2Mib K�`BMb U.2GQM;g- RNNk c
6m?`K�Mg� J+*�HHmKg- RNNkVX AMBiB�H2K2Mi- BHb 7m`2Mi �{HBûb �mt *`2M�`+?�2Qi� 2i B/2MiB}ûb +QKK2 /2b
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RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

*`2M�`+?�2Qi� KûbQT?BH2bX AH 7�mi �ii2M/`2 T`�iB[m2K2Mi mM2 pBM;i�BM2 /Ƕ�MMû2b 2i HǶ�M�Hvb2 /2b bû[m2M+2b
/Ƕ�.L` Rea TQm` [m2 +2 ;`QmT2 bQBi �bbBKBHû ¨ mM MQmp2�m T?vHmK- H2b h?�mK�`+?�2Qi� U"`Q+?B2`@
�`K�M2ig2i �HX- kyy3VX "B2M [mǶB/2MiB}û2 BMBiB�H2K2Mi +QKK2 /2b Q`;�MBbK2b KûbQT?BH2b- mM2 HB;Mû2 i?2`@
KQT?BH2 /2 h?�mK�`+?�2Qi� 7mi 2HH2 �mbbB B/2MiB}û2X �m KāK2 iBi`2- �+im2HH2K2Mi- +2 T?vHmK 2bi Q#b2`pû /�Mb
mM2 ;`�M/2 /Bp2`bBiû /Ƕû+QbvbiĕK2X GǶBMiû`āi T`BM+BT�H /2 +2 T?vHmK `ûbB/2 /�Mb H� /û+Qmp2`i2 /2 HǶBKTHB+�iBQM
/2 +2`i�BMb h?�mK�`+?�2Qi� /�Mb /2b T`Q+2bbmb /2 MBi`B}+�iBQMX SHmb T`û+BbûK2Mi- +2`i�BM2b h?�mK�`+?�2Qi�
T`ûb2Mi2Mi H� +�T�+Biû /2 `û/mB`2 HǶ�KKQMB�+ UL>j

YV 2M MBi`Bi2 ULPk
@V U1`;m/2`g2i �HX- kyyNV- +2b Q`;�@

MBbK2b bQMi `2;`QmTûb bQmb HǶ�TT2HH�iBQM �KKQMB� PtB/BxBM; �`+?�2� Qm �P�X *2ii2 +�T�+Biû `2bi2
`�`2 /�Mb H2 pBp�Mi- Mû�MKQBMb +2`i�BM2b #�+iû`B2b UMQKKû2b �KKQMB� PtB/BxBM; �`+?�2� Qm �P"V H�
TQbbĕ/2Mi �mbbBX Lû�MKQBMb- +2H� MǶ2MHĕp2 2M `B2M H2 `ƬH2 K�D2m` [m2 DQm2 +2 T?vHmK �`+?û2M /�Mb H2 +v+H2
#BQ;ûQ+?BKB[m2 /2 HǶ�xQi2X

r G2b "�i?v�`+?�2Qi�

.2 H� KāK2 K�MBĕ`2 [m2 TQm` H2b h?�mK�`+?�2Qi�- H2 T?vHmK /2b "�i?v�`+?�2Qi� 7mi HmB �mbbB T2M/�Mi
HQM;i2KTb �{HBû ¨ mM �mi`2 T?vHmKX *2 MǶ2bi [mǶ2M kyR9- [mǶBH 7mi T`QTQbû [m2 H2 ;`QmT2 /2b J:* UTQm`
JBb+2HH�M2Qmb *`2M�`+?�2Qi�H :`QmTV `2T`ûb2Mi2 mM T?vHmK mMB[m2 UJ2M;g2i �HX- kyR9VX "B2M [m2 bQM MQK
T`QpB2MM2 /B`2+i2K2Mi /2 HǶBKTQ`i�M+2 bmTTQbû2 /2 +2 T?vHmK /�Mb H2b 7QM/b K�`BMb- BH b2K#H2`�Bi [m2
H2b "�i?v�`+?�2Qi� T`ûb2Mi2Mi mM2 H�`;2 `ûT�`iBiBQM �HH�Mi /2b 2MpB`QMM2K2Mib K�`BMb �mt 2MpB`QMM2K2Mib
i2``2bi`2b UsB�M;g2i �HX- kyRdVX G2b "�i?v�`+?�2Qi� b2K#H2Mi Mû�MKQBMb T`ûb2Mi2` mM2 �#QM/�M+2 +QMbû[m2Mi2
pQB` /QKBM2` H2b +QKKmM�miûb �`+?û2MM2b /�Mb H2b K�M;`Qp`2b- iQm`#2b Qm H2b bû/BK2Mib 2bim�`B2Mb UsB�M;g
2i �HX- kyRdVX

r G2b L�MQ�`+?�2Qi�

*QKK2 bQM MQK HǶBM/B[m2- +2 T?vHmK +QKTQ`i2 /2b Q`;�MBbK2b /2 i�BHH2 i`ĕb `û/mBi2 U/2 HǶQ`/`2 /2 THmbB2m`b
+2Mi�BM2b /2 M�MQKĕi`2b /2 /B�Kĕi`2VX G2b L�MQ�`+?�2Qi� pBp2Mi 2M bvK#BQb2 �p2+ /Ƕ�mi`2b �`+?�2� U>m#2`g
2i �HX- kyykVX AHb /BbTQb2Mi /ǶmM ;ûMQK2 i`ĕb `û/mBi- bm`2K2Mi H2 `ûbmHi�i /ǶmM2 ûpQHmiBQM T�` `û/m+iBQM 2M
HB2M �p2+ mM KQ/2 /2 pB2 bvK#BQiB[m2 Qm T�`�bBi2X �+im2HH2K2Mi- b2mHb j `2T`ûb2Mi�Mib /2 +2 ;`QmT2 QMi ûiû
+mHiBpûb UaiX CQ?Mg2i �HX- kyRNVX

SQm` +QM+Hm`2- #2�m+QmT /Ƕ�`+?�2� bQMi 2M+Q`2 +QMMmb mMB[m2K2Mi T�` H2 #B�Bb /m bû[m2MÏ�;2 /2 H2m` ;ûMQK2-
+2`i�BMb T?vHmKb M2 T`ûb2Mi2Mi KāK2 �m+mM `2T`ûb2Mi�Mi +mHiBp�#H2 TQm` HǶ?2m`2X 6�+2 ¨ +2H�- BH 2bi BKTQ`i�Mi
/2 `2i2MB` [m2 MQb +QMM�Bbb�M+2b +QM+2`M�Mi H2b �`+?�2�- #B2M [mǶ2M /ûp2HQTT2K2Mi- bQMi 2M+Q`2 2ti`āK2K2Mi
`û/mBi2bX

NR



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

RXjXjXk 6�+i2m`b bi`m+im`�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

GǶBMi2`T`ûi�iBQM /2 bi`m+im`�iBQM 2i /2 H� #BQ;ûQ;`�T?B2 /2b Q`;�MBbK2b KB+`Q#B2Mb 2bi 2bb2MiB2HH2 ¨ HǶ�M�Hvb2
/2b +QKKmM�miûb KB+`Q#B2MM2bX *QKK2 ûMQM+û T`û+û/2KK2Mi HǶû+QHQ;B2 KB+`Q#B2MM2 `2bi2 mM2 /Bb+BTHBM2
i`ĕb D2mM2- HǶBMi2`T`ûi�iBQM /2 bi`m+im`�iBQM 2i H� +QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2 �BMbB [m2 H2b
7�+i2m`b BM~m2MÏ�Mi +2b /2`MBĕ`2b bQMi mM2 /2b T`BQ`Biûb /2 H� /Bb+BTHBM2X

.2 KmHiBTH2b i`�p�mt /2 `2+?2`+?2 QMi B/2MiB}û +2`i�BM2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b +QKK2 7�+i2m`b bi`m+@
im`�Mib T`BM+BT�mtX S�`KB +2b /2`MB2`b- QM `2i`Qmp2 K�DQ`Bi�B`2K2Mi , H� b�HBMBiû UGQxmTQM2g� EMB;?ig-
kyyd c �m;m2ig2i �HX- kyRy c sB2g2i �HX- kyR9 c C2�M#BHH2g2i �HX- kyReV- H� H�iBim/2 UsB2g2i �HX- kyR9 c
C2�M#BHH2g2i �HX- kyRe c GBmg2i �HX- kyR3V- H� i2KTû`�im`2 Uw?�M;g2i �HX- kyR9 c amM�;�r�g2i �HX- kyR8 c
C2�M#BHH2g2i �HX- kyRe c sB�M;g2i �HX- kyRdV- H2 ivT2 /2 bm#bi`�i Ubû/BK2Mib- bQHb- 2�m- 2i+XV UGQxmTQM2g
� EMB;?ig- kyyd c w?�M;g2i �HX- kyR9V Qm H� b�BbQM Uw?�M;g2i �HX- kyR9 c �;mB``2g2i �HX- kyRdVX � HǶû+?2HH2
/m pBp�Mi- +2b 7�+i2m`b +Q``2bTQM/2Mi ¨ /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt `2bTQMb�#H2b /2 T`2bbBQMb /2 bû@
H2+iBQM BKTQ`i�Mi2bX G� b�HBMBiû T2mi T2`im`#2` HǶQbKQH�`Biû +2HHmH�B`2 2i 2Mi`�ŗM2` HǶû+H�i2K2Mi /2b +2HHmH2b c
H� i2KTû`�im`2 BM~m2M+2 H� ~mB/Biû 2i H� T2`Kû�#BHBiû K2K#`�M�B`2 c H� b�BbQM BM~m2M+2 H� /BbTQMB#BHBiû 2M
Mmi`BK2Mib 2i H� HmKBMQbBiû- +2 [mB � /2b `ûT2`+mbbBQMb bm` H2b Kûi�#QHBbK2b UT?QiQbvMi?ĕb2- 2i+XV- 2i+X
hQmi +QKK2 TQm` H2b +QKKmM�miûb #�+iû`B2MM2b- H2b 7�+i2m`b BM~m2MÏ�Mi H� bi`m+im`�iBQM /2b +QKKmM�miûb
�`+?û2MM2b bQMi KmHiBTH2bX G� H�iBim/2 2i H� b�HBMBiû bQMi �mbbB /2b 7�+i2m`b bi`m+im`�Mib TQm` +2b +QKKm@
M�miûb ¨ HǶû+?2HH2 ;HQ#�H2 Uq2#bi2`g2i �HX- kyR8 c Gpg2i �HX- kyRe c GBmg2i �HX- kyR3V 2i THmb 2M+Q`2 ¨ HǶû+?2HH2
/2b û+QbvbiĕK2b 2bim�`B2Mb UsB2g2i �HX- kyR9VX
SHmb HQ+�H2K2Mi- +2`i�BMb �mi2m`b B/2MiB}2Mi /Ƕ�mi`2b T�`�Kĕi`2b +QKK2 bi`m+im`�Mib TQm` H2b +QKKmM�miûb
#�+iû`B2MM2b +QKK2 �`+?û2MM2bX *2b T�`�Kĕi`2b /ûT2M/2Mi /2 H� i2KTQ`�HBiû 2i /2 H� bT�iB�HBiû /2 HǶûim/2X
*Ƕ2bi H2 +�b /2 HǶQtv;ĕM2 U�m;m2ig2i �HX- kyRyV- H2 T> Qm H� +QM+2Mi`�iBQM 2M +�`#QM2 UhP*- SP* Qm
.P*V U1`;m/2`g2i �HX- kyyN c C2�M#BHH2g2i �HX- kyRe c sB�M;g2i �HX- kyRdVX *2b i`QBb T�`�Kĕi`2b- �BMbB [m2
H� ;`�MmH�`Biû- bQMi T�`iB+mHBĕ`2K2Mi BKTQ`i�Mib TQm` H2b K�i`B+2b bû/BK2Mi�B`2b UC2�M#BHH2g2i �HX- kyReVX

SHmb T`û+BbûK2Mi 2M KBHB2m 2bim�`B2M- /Ƕ�mi`2b 7�+i2m`b pQMi āi`2 T�`iB+mHBĕ`2K2Mi BM~m2Mib bm` H2b +QKKm@
M�miûb KB+`Q#B2MM2b +QKK2 H� [m�MiBiû 2i H� +QKTQbBiBQM /2b �TTQ`ib ~mpB�mt Qm H2 i2KTb /2 `ûbB/2M+2
/2b 2�mt /�Mb HǶ2bim�B`2 U6Q`imM�iQg2i �HX- kyRjVX *2b /2mt T�`�Kĕi`2b bQMi /ǶmM2 BKTQ`i�M+2 +QMbû[m2Mi2
bm`iQmi /�Mb H2 +�/`2 /Ƕ2bim�B`2b /QKBMûb T�` HǶBM~m2M+2 ~mpB�H2- i2Hb [m2 H2b 2bim�B`2b /2 ivT2 MBpQ@THmpB�H2
U+QKK2 HǶ2bim�B`2 /2 HǶ�/Qm`VX
�m@/2H¨ /m +�`#QM2- /Ƕ�mi`2b Mmi`BK2Mib i2Hb [m2 HǶ�xQi2 ULk- L>9

Y- LPk
@- LPj

@- 2i+V 2i /2 T?QbT?�i2
USP9

j@V T2mp2Mi �mbbB āi`2 B/2MiB}ûb +QKK2 /2b 7�+i2m`b bi`m+im`�MibX SHmb HQ+�H2K2Mi- /Ƕ�mi`2b Mmi`BK2Mib
T2mp2Mi BM~m2M+2` /`�biB[m2K2Mi H� bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2- MQi�KK2Mi H2 bQm7`2 U>ka-
aP9

k@- 2i+XV U:mQg2i �HX- kyR3VX *2`i�BMb Kûi�#QHBbK2b bQMi ?�mi2K2Mi BKTHB[mûb /�Mb H2b +v+H2b /2 H� K�iBĕ`2
UQ`;�MBbK2b /ûMBi`B}�Mib- bmH7�iQ@`û/m+i2m`b- 2i+XV- HǶûpQHmiBQM /2 +2b /2`MB2`b T2mi /B`2+i2K2Mi BKT�+i2` +2b
Q`;�MBbK2b +H27b /2b û+QbvbiĕK2bX �BMbB- H2b h?�mK�`+?�2Qi� 2i H2b �P� T`ûb2Mi2Mi mM2 /Bbi`B#miBQM 7Q`i2@

Nk



RXjX .vM�KB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m 2bim�`B2M

K2Mi +Q``ûHû2 �mt 7�B#H2b +QM+2Mi`�iBQMb 2M �KKQMB�+ Qm 2M MBi`Bi2 UGBmg2i �HX- kyR3VX

G2b +QMi�KBM�Mib +?BKB[m2b +Q``2bTQM/2Mi �m /2`MB2` MBp2�m /Ƕû+?2HH2- /2b 7�+i2m`b TQmp�Mi �Hiû`2` H� +QK@
TQbBiBQM 2i H� bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2bX 1M KBHB2m M�im`2H- H� /BbiBM+iBQM /2 HǶ2z2i /2b +QMi�@
KBM�Mib �Mi?`QTB[m2b 2i /2 +2HmB /2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bm` H2b +QKKmM�miûb KB+`Q#B2MM2b `2bi2
+2T2M/�Mi mM /û}X G� p�`B�#BHBiû 2M;2M/`û2 T�` H2b /Bzû`2Mib 7�+i2m`b T`ûb2Miûb T`û+û/2KK2Mi 2M;2M/`2
ûMQ`KûK2Mi /2 #`mBi /2 7QM/ /�Mb HǶ�M�Hvb2 /2b p�`B�#H2b 2tTHB+�iBp2b /ǶmM2 bi`m+im`2 /ǶmM2 +QKKmM�miûX
�BMbB- �bb2x ;ûMû`�H2K2Mi- H2b T�`�Kĕi`2b �Mi?`QTB[m2b U/QMi H2b KB+`QTQHHm�MibV M2 bQMi THmb `2bTQMb�#H2b-
BM }M2- [m2 /ǶmM2 `2H�iBp2 7�B#H2 T`QTQ`iBQM /2 H� p�`B�iBQM Q#b2`pû2 UC2�M#BHH2g2i �HX- kyRe c �;mB``2g2i �HX-
kyRdVX Lû�MKQBMb- +2H� MǶ2MHĕp2 2M `B2M �m 7�Bi [mǶBHb �;Bbb2Mi �mbbB +QKK2 /2b 7�+i2m`b bi`m+im`�Mib 2i 2M
7QM+iBQM /2 H� M�im`2- /2 H� +QM+2Mi`�iBQM 2i H� /Bp2`bBiû /2 +QMi�KBM�Mib T`ûb2Mib /�Mb mM 2MpB`QMM2K2Mi- BHb
T2mp2Mi bǶ�pû`2` āi`2 HQ+�H2K2Mi /2b 7�+i2m`b K�D2m`b UamMg2i �HX- kyRk c amMg2i �HX- kyRj c GBmg2i �HX- kyR3VX
lM2 ;`�M/2 K�DQ`Biû /2b i`�p�mt bǶBMiû`2bb�Mi �mt 2z2ib /2b +QMi�KBM�Mib �Mi?`QTB[m2b bm` H2b +QKKmM�miûb
KB+`Q#B2MM2b bQMi 7Q+�HBbûb bm` H2b Kûi�mt UamMg2i �HX- kyRk c SBMiQg2i �HX- kyR8 c JBbbQMg2i �HX- kyRe c sB2g
2i �HX- kyRe c :mQg2i �HX- kyRdV Qm +2`i�BMb +QMi�KBM�Mib Q`;�MB[m2b /QMi H2b >�S- H2b S*" Qm H2b T2biB+B/2b
UamMg2i �HX- kyRk c sB2g2i �HX- kyRe c "2M a�H2Kg2i �HX- kyRNVX *2T2M/�Mi- H2b i`�p�mt /2 `2+?2`+?2 �+im2Hb
bǶBMiû`2bb2Mi ¨ /2 Ŀ MQmp2�mt ŀ ivT2b /2 +QMi�KBM�Mib +QKK2 H2b S6P� UT2`~mQ`Q@�HFvHûbV UamMg2i �HX-
kyReV Qm �HQ`b ¨ /2b �TT`Q+?2b KmHiB@+QMi�KBM�Mib UZm2`Qg2i �HX- kyR8 c JBbbQMg2i �HX- kyRe c "2M a�H2Kg
2i �HX- kyRNVX

RXjXjXj JB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m 2i �ii�+?ûb �mt T�`iB+mH2b

.�Mb H2b û+QbvbiĕK2b M�im`2Hb- H� K�DQ`Biû /2b KB+`QQ`;�MBbK2b QMi mM KQ/2 /2 pB2 b2bbBH2- +Ƕ2bi@¨@/B`2-
�ii�+?ûb ¨ /2b bmTTQ`ibX *Ƕ2bi MQi�KK2Mi H2 +�b TQm` H2b Q`;�MBbK2b +QHQMBb�Mi H2b bQHb Qm HǶ�B`X .�Mb
H2b KBHB2mt �[m�iB[m2b TûH�;B[m2b- H2b KB+`QQ`;�MBbK2b T2mp2Mi �`#Q`2` /Bzû`2Mib KQ/2b /2 pB2 /BbiBM+ibX
S`û+BbûK2Mi- QM T2mi /BbiBM;m2` j +�iû;Q`B2b U:`Qbb�`ig- kyRyV ,r H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m-r H2b KB+`QQ`;�MBbK2b �ii�+?ûb-r H2b KB+`QQ`;�MBbK2b �Hi2`M�Mi 2Mi`2 +2b /2mt KQ/2b /2 pB2X

SQm` H2b KB+`QQ`;�MBbK2b �ii�+?ûb- H2b bmTTQ`ib T2mp2Mi āi`2 /2 M�im`2 2i /2 /BK2MbBQMb /Bp2`b2b UTX 2tX
/2b T�`iB+mH2b- /2b �;`û;�ib- /2b +QHHQś/2b Qm 2M+Q`2 /Ƕ�mi`2b Q`;�MBbK2b TûH�;B[m2bVX *2b bmTTQ`ib bQMi /2b
MB+?2b û+QHQ;B[m2b /ǶBMiû`āi K�D2m` TQm` H2b KB+`QQ`;�MBbK2b TmBb[mǶBHb T2mp2Mi `2T`ûb2Mi2` mM2 bQm`+2 /2
K�iBĕ`2 Q`;�MB[m2 USPJV Qm mM ?�#Bi�i T`Qiû;û Qɍ H2b +QM/BiBQMb �#BQiB[m2b p�`B2Mi KQBMb �#`mTi2K2MiX
G2b KB+`QQ`;�MBbK2b �ii�+?ûb /2 7�ÏQMb i2KTQ`�B`2b Qm T2`K�M2Mi2b �mt T�`iB+mH2b bQMi BKTHB[mûb /�Mb
HǶ?v/`QHvb2 2i H� /û;`�/�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2- �BMbB [m2 /�Mb bQM i`�Mb72`i /�Mb H� #Qm+H2 KB+`Q#B2MM2
bQmb 7Q`K2 /BbbQmi2 U.PJVX

Nj



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

*2b /Bzû`2Mib ?�#Bi�ib- #B2M [m2 +QMM2+iûb- pQMi T`ûb2Mi2` /2b +QKKmM�miûb KB+`Q#B2MM2b /BbiBM+i2b U*`mKTg
2i �HX- RNNN c .ǰ�K#`QbBQg2i �HX- kyR9 c JQ?Big2i �HX- kyR9 c _B2+Fg2i �HX- kyR8V- 2i ¨ +?�+mM- /Bzû`2Mi2b
+�T�+Biûb Kûi�#QHB[m2b TQm``QMi āi`2 �bbQ+Bû2b U*`mKTg2i �HX- RNN3 c aBKQMg2i �HX- kyR9VX G2 /2;`û /2 /Bb@
iBM+iBQM 2Mi`2 H2b +QKKmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b Qm HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m b2`�Bi
T`BM+BT�H2K2Mi 7QM+iBQM /2 H� M�im`2- /2 HǶQ`B;BM2- /2 HǶBMiû;`Biû /2b T�`iB+mH2b 2i /m i2KTb /2 `ûbB/2M+2 /2
+2b /2`MBĕ`2b U_B2K�MMg� qBM/BM;g- kyyR c .ǰ�K#`QbBQg2i �HX- kyR9VX
.�Mb H2 +�b /2b 2�mt 2bim�`B2MM2b- QM bǶ�ii2M/ ¨ Q#b2`p2` 2Mi`2 H2b KB+`QQ`;�MBbK2b HB#`2b 2i +2mt �ii�+?ûb
�mt T�`iB+mH2b- /2mt ;`QmT2b T?vHQ;ûMûiB[m2K2Mi /BbiBM+ib U*`mKTg2i �HX- RNNN c G�TQmbbBĐ`2g2i �HX- kyRR c
aKBi?g2i �HX- kyRj c GBg2i �HX- kyR3 c GBmg2i �HX- kyky#VX .�Mb +2b KBHB2mt- H2 i2KTb /2 `ûbB/2M+2 /2b T�`iB+mH2b
THmb BKTQ`i�Mi [m2 /�Mb /Ƕ�mi`2b U+QKK2 H2b xQM2b +ƬiBĕ`2bV 7�pQ`Bb2`�Bi H� 7Q`K�iBQM /2 /2mt +QKKmM�miûb
#B2M /BbiBM+i2b U*`mKTg2i �HX- RNNN c aKBi?g2i �HX- kyRjVX Lû�MKQBMb- /�Mb H2 +�/`2 /2 +2b i`�p�mt /2 i?ĕb2-
`�TT2HQMb [m2 HǶ2bim�B`2 /2 HǶ�/Qm` T2mi T`ûb2Mi2` /2 i`ĕb 7�B#H2b i2KTb /2 `ûbB/2M+2 /2b K�bb2b /Ƕ2�m 2M
7QM+iBQM /2b +QM/BiBQMb ?v/`QHQ;B[m2bX SHmb ;ûMû`�H2K2Mi- H� /BbiBM+iBQM /2 +2b /Bzû`2Mib KQ/2b /2 pB2 2bi
2bb2MiB2HH2 ¨ HǶ�M�Hvb2 2i H� +QKT`û?2MbBQM /2b +QKKmM�miûb KB+`Q#B2MM2b �[m�iB[m2b U:`Qbb�`ig- kyRy c
"�+?K�MMg2i �HX- kyR3VX *2T2M/�Mi- �m+mM +QMbQ`iBmK MǶ� +H�B`2K2Mi ûiû KBb 2M TH�+2 /�Mb H2 #mi /2
;ûMû`�HBb2` HǶûim/2 /2b +QKKmM�miûb KB+`Q#B2MM2b TûH�;B[m2bX � iBi`2 /Ƕ2t2KTH2- H� HBKBi2 �`#Bi`�B`2 K�Bb
Mû+2bb�B`2 [m2 HǶQM }t2 TQm` /BbbQ+B2` H2b KB+`QQ`;�MBbK2b HB#`2b /2 +2mt �ii�+?ûb p�`B2 2M 7QM+iBQM /2 HǶûim/2
`û�HBbû2 U6B;m`2 RXRNVX

a, b

c

d

e

f

g

h

10 µm

50 µm3 µm

5 µm

5 µm 100 µm

10 µm

30 µm0,22 µm
10 20 30 40 50

µm

a : Luria et al., 2016 ; b : Bachmann et al.,2018 ; c : Crump et al., 1999 ; d : Mohit et al., 2014 ;
 e : Henriques et al., 2004 ; f : Rieck et al., 2015 ; g : Riemann et Winding, 2001 ; h : Fuchsman et al., 2011

6B;m`2 RXRN Ĝ AHHmbi`�iBQM /2b HBKBi2b 2KTHQvû2b /�Mb H� HBiiû`�im`2 b+B2MiB}[m2 �}M /2 /BbbQ+B2` H2b KB+`QQ`@
;�MBK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U2M p2`iV 2i H2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b U2M `Qm;2VX G2b
HB;M2b 2M TQBMiBHHû2b BM/B[m2Mi [mǶ�m+mM2 HBKBi2 bmTû`B2m`2 ¨ H� 7`�+iBQM MǶ2bi T`û+Bbû2X

*2`i�BMb �mi2m`b pQMi Dmb[mǶ¨ Mû;HB;2` H� 7`�+iBQM �ii�+?û2 �mt T�`iB+mH2b 2i ûHBKBM2Mi H� K�DQ`Biû /2b T�`iB@
+mH2b 2M T`û@}Hi`�Mi H2m`b û+?�MiBHHQMbX
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RX9X AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M

RX9 AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q@

#B2M

G2 HB2M 2tBbi�Mi 2Mi`2 H2b KB+`Q@Q`;�MBbK2b 2i H2b KB+`QTQHHm�Mib � ûiû 2tTHQ`û /2 K�MBĕ`2 BMû;�H2 �m `2;�`/
/2b ivT2b /2 +QMi�KBM�iBQMbX G2b Kûi�mt QMi /Ƕ�#Q`/ ûiû mM2 T`2KBĕ`2 bQm`+2 /ǶBM[mBûim/2b KQiBp�Mi mM2
`2+?2`+?2 BMi2MbBp2 2i � ûiû bmBpB2 T�` HǶBMiû`āi bQ+B�H TQ`iû2 �mt TQHHm�Mib Q`;�MB[m2b U+QKK2 H2b >�S-
H2b T2biB+B/2b Qm 2M+Q`2 H2b SPSVX S�`�HHĕH2K2Mi- H2 /ûp2HQTT2K2Mi /2b +�T�+Biûb �M�HviB[m2b 2i HǶ2bbQ` /2
HǶBM/mbi`B2 +?BKB[m2 QMi i`ĕb H�`;2K2Mi +QMi`B#mû ¨ HǶ�m;K2Mi�iBQM /m MQK#`2 /2 KQHû+mH2b /ûi2+iû2b /�Mb
HǶ2MpB`QMM2K2MiX lM2 /B+?QiQKB2 bǶBMbi�HH2 �HQ`b 2Mi`2 /2b +QMi�KBM�iBQMb /QMi H2b +QM+2Mi`�iBQMb bQMi /2
KQBMb 2M KQBMb BKTQ`i�Mi2b 2i mM2 /Bp2`bBiû /2 KQHû+mH2b T`Q/mBi2b 2i /ûi2+iû2b ;`�M/Bbb�Mi2X *2ii2 T�`iB2
T`ûb2Mi2`� H2b +QM+2Tib 2i MQiBQMb Mû+2bb�B`2b ¨ HǶ�TT`û?2MbBQM /2 HǶBMi2`�+iBQM 2Mi`2 /2b +QMi�KBM�Mib 2i
H2b KB+`QQ`;�MBbK2bX G2 #mi B+B MǶ2bi T�b /2 T`ûb2Mi2` mM2 HBbi2 /2b ivT2b /ǶBMi2`�+iBQMb TQmp�Mi bǶBMbi�HH2`
2Mi`2 +2b /2mt +QKT�`iBK2Mib K�Bb THmiƬi /2 T`ûb2Mi2` H2b Kû+�MBbK2b 2i QmiBHb ;ûMû`�mt MQmb T2`K2ii�Mi
/ǶQ#b2`p2` 2i /2 /û+`B`2 +2b BMi2`�+iBQMbX

RX9XR G� TQHHmiBQM , mM 7�+i2m` /2 bi`2bb TQm` H2b +QKKmM�miûb KB+`Q#B2MM2b \

.2TmBb THmbB2m`b bBĕ+H2b- HǶ>QKK2 � T`Q7QM/ûK2Mi KQ/B}û H2b #BQiQT2bX � T�`iB` /m ssĕK2 bBĕ+H2- HǶ2KTHQB 2i
H2 /ûp2`b2K2Mi /2 bm#bi�M+2b MQ+Bp2b MǶQMi +2bbû /Ƕ�m;K2Mi2`X .2 MQK#`2mt û+QbvbiĕK2b QMi ûiû BKT�+iûb T�`
+2ii2 TQHHmiBQMX *2b +QMi�KBM�Mib +?BKB[m2b bQMi TQm` /2b MQK#`2mt Q`;�MBbK2b mM2 bQm`+2 /2 bi`2bb TQmp�Mi
�z2+i2` H� +QKTQbBiBQM Qm H� bi`m+im`2 /2b #BQK2bX _�TT2HQMb [m2 H2b 2bim�B`2b T2mp2Mi āi`2 +QMbB/û`ûb
+QKK2 /2b 2MpB`QMM2K2Mib bi`2bb�Mib 2i +2H� b�Mb BM~m2M+2 �Mi?`QTB[m2X GǶ�KTHBim/2 2i H� 7`û[m2M+2 /2b
+QM/BiBQMb 2MpB`QMM2K2Mi�H2b Ub�HBMBiû- ~mt /2 Mmi`BK2Mi- Qtv;ĕM2- 2i+XV +QM7ĕ`2Mi �mt 2bim�B`2b mM2 i`ĕb
?�mi2 p�`B�#BHBiû BMi`BMbĕ[m2 U1HHBQiig� ZmBMiBMQg- kyydVX G2b KB+`QTQHHm�Mib T2mp2Mi �HQ`b āi`2 pmb +QKK2
mM bi`2bb bmTTHûK2Mi�B`2 TQmp�Mi T2`im`#2` H2b KB+`QQ`;�MBbK2b Qm THmb 2M+Q`2 HǶû[mBHB#`2 /2 HǶû+QbvbiĕK2Xr ZmǶ2bi@+2 [m2 H2 bi`2bb \

AH 2tBbi2 /2mt MQiBQMb +Q``2bTQM/�Mi ¨ H� /û}MBiBQM /ǶmM bi`2bb U6Q`#2bg� *�HQrg- RNNdVX G� T`2KBĕ`2
+Q``2bTQM/ ¨ H� /û}MBiBQM /ǶmM bi`2bb b2HQM aB#Hv 2i *�HQr URN3NV- H2 T`ûb2Mi�Mi +QKK2 Ŀ mM2 +QM/BiBQM
2MpB`QMM2K2Mi�H2 U�mbbB �TT2Hû2 bi`2bb2m`V [mB HQ`b /2 b� T`2KBĕ`2 �TTHB+�iBQM �Hiĕ`2 H� }iM2bb ŀX _�TT2HQMb
[m2 H� }iM2bb- �mbbB �TT2Hû2 p�H2m` bûH2+iBp2 2bi HǶmM /2b +QM+2Tib ûi�#HBb T�` H� i?ûQ`B2 /2 HǶûpQHmiBQMX
1HH2 +Q``2bTQM/ ¨ H� +�T�+Biû /ǶmM BM/BpB/m ¨ b2 `2T`Q/mB`2 2i 2bi H� `ûbmHi�Mi2 /2 /2mt T�`�Kĕi`2b , H�
bm`pB2 2i H� 7û+QM/BiûX �mi`2K2Mi- /Ƕ�mi`2b �mi2m`b i2Hb [m2 "�vM2 URNd8V- QM /û}MBi H2 bi`2bb +QKK2 Ŀ mM2
�Hiû`�iBQM K2bm`�#H2 /ǶmM ûi�i /Ƕû[mBHB#`2 T?vbBQHQ;B[m2 UQm +QKTQ`i2K2Mi�H- #BQ+?BKB[m2- 2i+XV BM/mBi T�` mM
+?�M;2K2Mi 2MpB`QMM2K2Mi�H 2i [mB `2M/ HǶBM/BpB/m UQm H� TQTmH�iBQM Qm H� +QKKmM�miûV THmb pmHMû`�#H2 ¨
/2 MQmp2HH2b p�`B�iBQMb 2MpB`QMM2K2Mi�H2b ŀ UqB//Qrbg- RNd3 c 6Q`#2bg� *�HQrg- RNNdVX �BMbB- H2 i2`K2
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/2 bi`2bb 7�Bi /QM+ `û7û`2M+2 /2 K�MBĕ`2 BM/BbbQ+Bû2 �m 7�+i2m` 2MpB`QMM2K2Mi�H T`QpQ[m�Mi mM2 `ûTQMb2
#BQHQ;B[m2 2i H� `ûTQMb2 #BQHQ;B[m2 2HH2@KāK2 U6Q`#2bg� *�HQrg- RNNdVX

�+im2HH2K2Mi- H� MQiBQM /2 bi`2bb �`#Q`2 ;ûMû`�H2K2Mi mM2 /BK2MbBQM Mû;�iBp2X AH 2bi 2bb2MiB2HH2K2Mi Q#b2`pû
T�` H2 T`BbK2 /m T`2KB2` MBp2�m /2 /û}MBiBQM /û+`Bi THmb ?�mi UbQBi H2 7�+i2m` 2MpB`QMM2K2Mi�H T`QpQ[m�Mi
mM2 `ûTQMb2 #BQHQ;B[m2VX �HQ`b [mǶ�p�Mi iQmi2 +?Qb2 H2 bi`2bb 2bi mM2 `ûTQMb2 �/�Ti�iBp2 Mû+2bb�B`2 /ǶmM
Q`;�MBbK2- /ǶmM2 TQTmH�iBQM- /ǶmM +QKKmM�miû Qm /ǶmM û+QbvbiĕK2 ¨¨ H� bmBi2 /ǶmM BKmHmbX *2ii2 `ûTQMb2
�/�Ti�iBp2 2bi 2bb2MiB2HH2 �m K�BMiB2M /2 HǶ?QKûQbi�bB2- +Ƕ2bi@¨@/B`2 H� +�T�+Biû ¨ iQHû`2` Qm bǶ�/�Ti2` �m
MBp2�m #BQHQ;B[m2 ¨ mM bi`2bb U1HHBQiig� ZmBMiBMQg- kyydVXr *QKK2Mi mM bi`2bb T2mi `2bi`m+im`2` mM2 +QKKmM�miû KB+`Q#B2MM2 \

lM bi`2bb T2mi BKT�+i2` mM Q`;�MBbK2 /2 /Bzû`2Mi2b 7�ÏQMbX aQBi /B`2+i2K2Mi- H2 biBKmHmb p� p2MB` T2`@
im`#2` HǶ?QKûQbi�bB2 /2 HǶQ`;�MBbK2 2i �z2+i2` /B`2+i2K2Mi b� }iM2bbX aQBi BM/B`2+i2K2Mi 2M BM~m2MÏ�Mi
+2HH2b /Ƕ�mi`2b Q`;�MBbK2b �m b2BM /2 H� +QKKmM�miû KB+`Q#B2MM2 Ua?�rg2i �HX- kykyV UQm /2 HǶû+QbvbiĕK2
THmb ;ûMû`�H2K2MiV �z2+i�Mi H2b BMi2`�+iBQMb +QKK2 H� +QKTûiBiBQM U>B##BM;g2i �HX- kyyNV- H2 Kmim�HBbK2
U6B;m2B`2/Qg� EȽKK2`HBg- kykyV Qm H� T`û/�iBQM U>mM;�i2g2i �HX- kykRV �m b2BM /2 H� +QKKmM�miûX "B2M
ûpB/2KK2Mi- HǶ�Hiû`�iBQM /2 H� }iM2bb /ǶmM Q`;�MBbK2 �m b2BM /2 H� +QKKmM�miû T2mi �mbbB bǶ�pû`2` T`Q}i�#H2
¨ /Ƕ�mi`2bX .Bzû`2Mib �bT2+ib /2 H� `ûTQMb2 /2b +QKKmM�miûb KB+`Q#B2MM2b ¨ mM bi`2bb b2`QMi �#Q`/2` THmb
2M /ûi�BHb /�Mb H2 *?�TBi`2 RX9X9Xr GǶBKTQ`i�M+2 /m bi`2bb +?BKB[m2

�BMbB- HǶ2Mb2K#H2 /2b KB+`QTQHHm�Mib BMi`Q/mBib /�Mb H2b û+QbvbiĕK2b T2mi āi`2 /û+`Bi +QKK2 mM bi`2bb2m`
TQi2MiB2HX 1M 7QM+iBQM /2 H2m` M�im`2- bTû+B�iBQM 2i +QM+2Mi`�iBQM UHǶBMi2MbBiû /m bi`2bbV Qm /2 H2m` 7`û@
[m2M+2 /ǶBMi`Q/m+iBQM /�Mb HǶ2MpB`QMM2K2Mi- BHb T2mp2Mi āi`2 �K2Mûb ¨ �Hiû`2` H� }iM2bb /2b Q`;�MBbK2b
2ifQm HǶû[mBHB#`2 /2 HǶû+QbvbiĕK2 U�;2`g2i �HX- kyRyVX *2+B 2bi ;ûMû`�H2K2Mi p`�B [m2HH2 [m2 bQBi H� M�im`2 /2
H� T2`im`#�iBQM �Mi?`QTB[m2X LQMQ#bi�Mi- /�Mb H2 +�b /2b KB+`QTQHHm�Mib /Ƕ�mi`2b BMi2``Q;�iBQMb bǶBKTQb2MiX
S`2KBĕ`2K2Mi- +QKK2 BM/B[mû THmb ?�mi- H� +QMi�KBM�iBQM +?BKB[m2 �+im2HH2 2bi +�`�+iû`Bbû2 T�` H2b 7�B#H2b
+QM+2Mi`�iBQMb 2M +QMi�KBM�Mib- T�` HǶ�bT2+i +?`QMB[m2 /2 +2b +QMi�KBM�iBQMb K�Bb �mbbB T�` H� /Bp2`bBiû /2
+QKTQbûb tûMQ#BQiB[m2b `2i`Qmpûb H2b 2MpB`QMM2K2MibX P` TQm` HǶ?2m`2- H2b 2z2ib +QK#BMûb /2 /Bzû`2Mib bi`2bb
`2bi2Mi ;HQ#�H2K2Mi Kû+QMMmbX .Ƕ�mi`2 T�`i- HǶ�TT�`BiBQM /2 +QMi�KBM�Mib ûK2`;2Mib U+7X *?�TBi`2 RXkX9XkV
2bi �mbbB bQm`+2 /ǶBMi2``Q;�iBQMXr G2b KB+`QQ`;�MBbK2b 2i H2 bi`2bb +?BKB[m2 2M KBHB2m 2bim�`B2M

*QKK2 BM/B[mû T`û+û/2KK2Mi- H2b û+QbvbiĕK2b 2bim�`B2Mb bQMi /2b 2MpB`QMM2K2Mib ?�mi2K2Mi bi`2bb�MibX
GǶ?QKûQbi�bB2 /�Mb +2 +QMi2ti2 T2mi āi`2 /û+`Bi2 Ŀ +QKK2 H� +�T�+Biû /2 HǶ2bim�B`2 ¨ �ii2BM/`2fK�BMi2MB`
mM ûi�i bi�#H2 2M +QKT2Mb�Mi H2b +?�M;2K2Mib /2 HǶ2MpB`QMM2K2Mi ŀ U1HHBQiig� ZmBMiBMQg- kyydVX PM
T2mi bǶBMi2``Q;2` bm` HǶBKT�+i /2b +QMi�KBM�Mib /�Mb +2 +QMi2ti2 2bim�`B2MX oQMi@BHb `2T`ûb2Mi2` mM bi`2bb
bmTTHûK2Mi�B`2 TQm` H2b KB+`QQ`;�MBbK2b 2bim�`B2Mb Qm 2bi +2 [m2 ;`�+2 ¨ H2m` +�T�+Biû /Ƕ?QKûQbi�bB2- +2b
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RX9X AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M

Q`;�MBbK2b `ûbBbi2`QMi ¨ +2 bi`2bb bmTTHûK2Mi�B`2 \

1M Qmi`2- H2b KB+`QQ`;�MBbK2b bQMi b2MbB#H2b �mt p�`B�iBQMb 2MpB`QMM2K2Mi�H2b- /2 T�` H2m` i2KTb /2 ;ûMû@
`�iBQM- H2m` TQbBiBQM �m b2BM /2b `ûb2�mt i`QT?B[m2b U#Qm+H2 KB+`Q#B2MM2V 2i H2m` TH�biB+Biû ;ûMQivTB[m2X 1M
+2H�- HǶûim/2 /m /vM�KBbK2 /2b +QKKmM�miûb KB+`Q#B2MM2b `2T`ûb2Mi2 mM QmiBH T`û+B2mt /�Mb HǶûp�Hm�iBQM
/2b +QMbû[m2M+2b /2b T2`im`#�iBQMb �Mi?`QTB[m2b bm` HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b U�;2`g2i �HX- kyRy c
amMg2i �HX- kyRkVX .Ƕ�BHH2m`b- /2 T�` H� b2MbB#BHBiû /2 +2 +QKT�`iBK2Mi- H2m` ûim/2 �TT`Q7QM/B2 TQm``�Bi MQmb
+QM7û`2` mM2 K2BHH2m`2 +�T�+Biû /2 T`û/B+iBQM /2b T`Q+2bbmb û+QbvbiûKB[m2b U:`�?�Kg2i �HX- kyReVX

RX9Xk LQiBQM /2 #BQ/BbTQMB#BHBiû 2MpB`QMM2K2Mi�H2

SQm` 2biBK2` HǶBKT�+i /ǶmM bi`2bb +?BKB[m2- BH 2bi 2bb2MiB2H /2 ;�`/2` 2M KûKQB`2 [m2 iQmi +2 [mB 2bi
T`ûb2Mi MǶ2bi T�b 7Q`+ûK2Mi /BbTQMB#H2X G� +QM+2Mi`�iBQM iQi�H2 /ǶmM +QMi�KBM�Mi MǶ2bi T�b ¨ 2HH2
b2mH2 mM2 +QM/BiBQM bm{b�Mi2 TQm` +QM/mB`2 mM 2z2i iQtB[m2 bm` mM Q`;�MBbK2 Qm mM û+QbvbiĕK2X .�Mb H2b
û+QbvbiĕK2b- H2b Kû+�MBbK2b T?vbB[m2b- +?BKB[m2b Qm #BQHQ;B[m2b TQm``QMi BMi2`�;B` �p2+ H2b +QMi�KBM�Mib 2i
H2b `2M/`2 THmb Qm KQBMb �++2bbB#H2b Qm iQtB[m2bX �BMbB- H� 7`�+iBQM /ǶmM ûHûK2Mi TQmp�Mi āi`2 �#bQ`#û2 T�`
mM Q`;�MBbK2 pBp�Mi T2`K2i /2 /û}MB` b� #BQ/BbTQMB#BHBiû 2MpB`QMM2K2Mi�H2 U_1*P_.g- kyRk c P*.1g-
kyRdVX

.�Mb H2 +�/`2 /2b Kûi�mt 2i Q`;�MQKûi�mt- H� bTû+B�iBQM- +Ƕ2bi@¨@/B`2 HǶ2Mb2K#H2 /2b 7Q`K2b +?BKB[m2b 2i
T?vbB[m2b /ǶmM ûHûK2Mi 2M bQHmiBQM- 2bi HǶmM /2b 7�+i2m`b +H27b /2 HǶ�TT`û+B�iBQM /2 /BbTQMB#BHBiû /ǶmM ûHûK2MiX
_2T`2MQMb HǶ2t2KTH2 /m K2`+m`2 /ûD¨ �#Q`/û /�Mb H2 *?�TBi`2 RXkXj- H2 K2`+m`2 T`ûb2Mi2 mM2 iQtB+Biû #B2M
bmTû`B2m`2 bQmb b� 7Q`K2 Kûi?vHû2 U*>j>;YV [mǶBMQ`;�MB[m2 U>;kYVX SQm` +�mb2- H2b Q`;�MQK2`+m`B2Hb i`�@
p2`b2Mi THmb �BbûK2Mi H2b K2K#`�M2b #BQHQ;B[m2b 2i T`ûb2Mi2Mi /ǶBKTQ`i�Mi2b +�T�+Biûb /2 #BQ�++mKmH�iBQM
2i /2 #BQ�KTHB}+�iBQMX
�mi`2K2Mi- �m@/2H¨ /2 H� iQtB+Biû �bbQ+Bû ¨ mM +QKTQbû- H� bTû+B�iBQM /ǶmM 1hJ T�`�Kûi`2`� �mbbB b� KB;`�@
iBQM Qm b� /BbTQMB#BHBiû U/2 S�Bp� J�;�H?¸2bg2i �HX- kyR8VX �BMbB- HǶ�bbQ+B�iBQM /ǶmM 1hJ �p2+ /2b HB;�M/b
Q`;�MB[m2b T2mi- �m KQBMb i2KTQ`�B`2K2Mi H2 `2M/`2 BM�++2bbB#H2 2i /QM+ MQM iQtB[m2 TQm` H2 pBp�MiX

.2 K�MBĕ`2 b2K#H�#H2- H� #BQ/BbTQMB#BHBiû 2MpB`QMM2K2Mi�H2 /2b +QMi�KBM�Mib Q`;�MB[m2b- 2bi 7QM+iBQM
/2 H� K�iBĕ`2 Q`;�MB[m2 T`ûb2Mi2 /�Mb H2 KBHB2mX *2HH2@+B T`ûb2Mi2 mM2 ;`�M/2 +�T�+Biû /Ƕ�/bQ`TiBQMX a2HQM
H2m` TQH�`Biû- H2b +QMi�KBM�Mib b2`QMi THmb Qm KQBMb TBû;ûb 2i `2M/mb �BMbB BM/BbTQMB#H2b T�` pQB2 /B`2+i2 TQm`
H2 #BQi2X PM 2biBK2 [mǶmM2 7QBb +QKTH2tûb ¨ H� K�iBĕ`2 Q`;�MB[m2- H2b +QMi�KBM�Mib b2 `2i`Qmp2`QMi bQmb H�
7Q`K2 /2 K�+`QKQHû+mH2b +QKTH2t2b [mB M2 TQm``QMi THmb i`�p2`b2` H2b K2K#`�M2b +2HHmH�B`2b- HBKBi�Mi �BMbB
H2m` /BbTQMB#BHBiûX "B2M ûpB/2KK2Mi H� M�im`2 /2 H� K�iBĕ`2 Q`;�MB[m2 DQm2`� mM `ƬH2 T`ûTQM/û`�Mi bm` H2b
KQ/�HBiûb /m biQ+F�;2 UT`ûb2M+2 /2 +QHHQś/2b- BKTQ`i�M+2 /2 H� 7`�+iBQM }M2VX _�TT2HQMb- [m2 H2b +QKTH2t2b
7Q`Kûb 2Mi`2 +QMi�KBM�Mib �p2+ H� K�iBĕ`2 Q`;�MB[m2 M2 bQMi T�b Tû`2MM2bX 1M 7QM+iBQM /2b +QM/BiBQMb
2MpB`QMM2K2Mi�H2b +QKK2 H� i2KTû`�im`2- H� p�`B�iBQM /2 H� +QKTQbBiBQM /2 H� K�iBĕ`2 Q`;�MB[m2 Qm H2 T>-
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+Ƕ2bi H� bBim�iBQM BMp2`b2 [mB T2mi �pQB` HB2m- bQBi H� HB#û`�iBQM /2 +QMi�KBM�Mib T�` H2b K�i`B+2b Q`;�MB[m2b
U/2 S�Bp� J�;�H?¸2bg2i �HX- kyR8VX

*2i �bT2+i /2 #BQ/BbTQMB#BHBiû � ûiû ûi2M/m ¨ /Ƕ�mi`2b MQiBQMb /QMi H� #BQ�++2bbB#BHBiû UAL1_Aag- kyyN c
P*.1g- kyRd c S2i`mxx2HHBg2i �HX- kykyVX G2 i2`K2 /2 #BQ�++2bbB#BHBiû /ûbB;M2 H� 7`�+iBQM /ǶmM +QKTQbû
#BQ/BbTQMB#H2 [mB p� `û2HH2K2Mi BMi2`�;B` �p2+ H� bm`7�+2 /ǶmM Q`;�MBbK2 2i p� āi`2 TQi2MiB2HH2K2Mi /BbTQMB#H2
TQm` HǶ�/bQ`TiBQM Qm HǶ�#bQ`TiBQM T�` HǶQ`;�MBbK2 UP*.1g- kyRdVX am`iQmi- /�Mb H2 +�b /2b KB+`QQ`;�MBbK2b-
+2`i�BMb �mi2m`b �DQmi2Mi ¨ +2ii2 MQiBQM- mM2 i2KTQ`�HBiû- �BMbB H� #BQ�++2bbB#BHBiû 72`� `û7û`2M+2 ¨ H� 7`�+iBQM
/ǶmM2 bm#bi�M+2 T`ûb2Mi2 /�Mb HǶ2MpB`QMM2K2Mi 2i [mB b2`� /BbTQMB#H2- bm` H2 HQM; i2`K2- TQm` mM2 �#bQ`TiBQM
T�` H2b Q`;�MBbK2b Ua2KTH2g2i �HX- kyy9 c AL1_Aag- kyyNVX

RX9Xj .Bzû`2Mi MBp2�mt /ǶBKT�+ib , /2 H� +2HHmH2 ¨ H� +QKKmM�miû

AH 2tBbi2 /2 MQK#`2mb2b ûim/2b bǶBMiû`2bb�Mi �mt BKT�+ib /ǶmM2 T2`im`#�iBQMfbi`2bb +?BKB[m2 bm` H2b +QKKm@
M�miûb KB+`Q#B2MM2bX *2b BKT�+ib 2tBbi2Mi ¨ /2 KmHiBTH2b MBp2�mt , KQHû+mH�B`2- +2HHmH�B`2- +QKKmM�mi�B`2
Qm û+QbvbiûKB[m2X *2b /Bzû`2Mib MBp2�mt /ǶBKT�+i M2 bQMi T�b BbQHûb K�Bb 2K#Qŗiûb UKQHû+mH2 = +2HHmH2 =
+QKKmM�miû = û+QbvbiĕK2VX

S`2MQMb HǶ2t2KTH2 /2 H� +QMi�KBM�iBQM Kûi�HHB[m2- +2`i�BMb Kûi�mt MQM 2bb2MiB2Hb T`ûb2Mi2Mi /2b T`QT`Bû@
iûb T?vbB[m2b Qm +?BKB[m2b U2i mM2 bTû+B�iBQMV bBKBH�B`2b �mt Kûi�mt 2bb2MiB2HbX *2b Kûi�mt T2mp2Mi �BMbB
TûMûi`2` H2b +2HHmH2b T�` H2 #B�Bb /2 i`�MbTQ`i2m`b K2K#`�M�B`2b MQM bTû+B}[m2b +QKK2 H2b JAh UJ2i�H AM@
Q`;�MB+ h`�MbTQ`iV BMi2`p2M�Mi /�Mb HǶ2Mi`û2 /2 MQK#`2mt +�iBQMb ULBkY- *QkY- */kY- 62kY- *mkY- 2i+XV
US�mHb2Mg2i �HX- RNN3VX *2b +QKTQbûb MQM 2bb2MiB2Hb T2mp2Mi �HQ`b T2`im`#2` H� +2HHmH2 UHǶ?QKûQbi�bB2 Kû@
i�HHB[m2 T`2KBĕ`2K2MiV 2i bǶ�pû`2` iQtB[m2bX .2 MQK#`2mt Q`;�MBbK2b TQbbĕ/2Mi /2b Kû+�MBbK2b /2 +QMi`ƬH2
/2 HǶ?QKûQbi�bB2 Kûi�HHB[m2 pQB`2 /2 /ûiQtB+�iBQMX �BMbB- H� T`ûb2M+2 /ǶmM +QKTQbû ¨ HǶû+?2HH2 KQHû+mH�B`2
2Mi`�ŗM2`� mM2 `ûTQMb2 �m MBp2�m +2HHmH�B`2X *2T2M/�Mi- H2b Kû+�MBbK2b /2 +QMi`ƬH2 /2b Kûi�mt M2 bQMi T�b
/Bbi`B#mûb /2 K�MBĕ`2 û[mBp�H2Mi2 �m b2BM /2b KB+`QQ`;�MBbK2b U>�Qg2i �HX- kykRVX *2`i�BMb Q`;�MBbK2b bQMi
THmb `ûbBbi�Mib �m bi`2bb Kûi�HHB[m2 [m2 /Ƕ�mi`2b U_QQb�g2i �HX- kyR9 c C�+[mBQ/g2i �HX- kyR3 c GBg2i �HX- kyky c
>�Qg2i �HX- kykRVX G� T`ûb2M+2 /2 Kûi�mt /�Mb HǶ2MpB`QMM2K2Mi �;B`� �BMbB +QKK2 mM2 T`2bbBQM /2 bûH2+iBQM
bm` H2b +QKKmM�miûb- 7�pQ`Bb�Mi H2b Q`;�MBbK2b H2b THmb �Ti2b ¨ iQHû`2` +2 bi`2bb +?BKB[m2 U>�Qg2i �HX- kykRVX
�BMbB- +Ƕ2bi H� +QKTQbBiBQM 2i H� bi`m+im`2 /ǶmM2 +QKKmM�miû [mB TQm``� āi`2 �Hiû`û2X aB H� bi`m+im`2 /2b
+QKKmM�miûb 2bi BKT�+iû2- HǶû[mBHB#`2 /2 HǶû+QbvbiĕK2 TQm``� HmB �mbbB āi`2 KQ/B}û U2M 7QM+iBQM /2b b2`pB+2b
û+QbvbiûKB[m2b �bbm`ûb T�` H� +QKKmM�miû 2i 7QM+iBQM /2 b� TQbBiBQM �m b2BM /2 HǶû+QbvbiĕK2V U�HHBbQMg�
J�`iBMvg- kyy3 c a?�/2g2i �HX- kyRk c :`�?�Kg2i �HX- kyReVX

1M +QMbû[m2M+2- HǶ2biBK�iBQM /2b `Bb[m2b �bbQ+Bûb ¨ mM +QMi�KBM�Mi 2bi 2HH2 �mbbB `û�HBbû2 ¨ /Bzû`2Mi2b û+?2HH2b ,
BM pBpQ 2M H�#Q`�iQB`2- 2M KB+`Q+QbK2- 2M KûbQ+QbK2 Qm BM bBim bm` H2 i2``�BMX *?�+mM /2 +2b MBp2�mt /2
H2+im`2 /2 HǶBKT�+i /ǶmM bi`2bb +?BKB[m2 T`ûb2Mi2 /2b �p�Mi�;2b 2i /2b BM+QMpûMB2MibX G2b �TT`Q+?2b /2 H�@
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RX9X AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M

#Q`�iQB`2 pQMi T2`K2ii`2 /2 i`�p�BHH2` 2M 2MpB`QMM2K2Mi +QMi`ƬHûb 2i TQm``QMi THmb +H�B`2K2Mi K2ii`2 2M
ûpB/2M+2 mM2 `2H�iBQM 2Mi`2 H2b +QMi�KBM�Mib 2i H2b KB+`QQ`;�MBbK2b Ub2MbB#BHBiû- +�T�+Biû Kûi�#QHB[m2- iQHû@
`�M+2 Qm i`�Mb7Q`K�iBQMVX *2T2M/�Mi- +2b Q#b2`p�iBQMb bQMi /B{+BH2K2Mi 2tTQ`i�#H2b �mt MBp2�mt bmTû`B2m`b
UTQTmH�iBQM- +QKKmM�miû- û+QbvbiĕK2VX � HǶBMp2`b2- H2b �TT`Q+?2b /2 i2``�BMb #B2M [m2 THmb T2`iBM2Mi2b TQm`
MBp2�mt /ǶQ`;�MBb�iBQM bmTû`B2m`b T2BM2Mi ¨ b2 /û7�B`2 /2 H� p�`B�#BHBiû M�im`2HH2 /2b Q`;�MBbK2b 2i û+Qbvb@
iĕK2b UaBHp2bi`Bg2i �HX- kyRdVX *2H� ûi�Mi- +2ii2 /Bp2`bBiû /2b �TT`Q+?2b b+B2MiB}[m2b `2bi2 2bb2MiB2HH2 /�Mb H�
`2+?2`+?2 2M û+QiQtB+QHQ;B2 2i 2M û+QHQ;B2X "B2M [mǶ2HH2b T`ûb2Mi2Mi /ǶBKTQ`i�Mi2b +QMi`�BMi2b- H2b ûim/2b bm`
H2 i2``�BM 2i ¨ /2b û+?2HH2b /ǶQ`;�MBb�iBQM bmTû`B2m`2b bQMi �+im2HH2K2Mi 2bb2MiB2HH2b /�Mb MQi`2 +QKT`û?2MbBQM
/2b 2z2ib /2b +QMi�KBM�Mib bm` H2b û+QbvbiĕK2bX 1HH2b bQMi ¨ H� 7QBb 2bb2MiB2HH2b 2M û+QHQ;B2- 2M û+QiQtB+QHQ;B2
�BMbB [mǶ2M ;2biBQM 2i K�M�;2K2Mi /2 HǶûi�i /2 b�Miû /2b û+QbvbiĕK2bX

RX9X9 hvT2b /2 `ûTQMb2 /ǶmM2 +QKKmM�miû KB+`Q#B2MM2 ¨ mM2 T2`im`#�iBQM

G� TQHHmiBQM 2bi mM 7�+i2m` TQmp�Mi- 2M 7QM+iBQM /2 H� M�im`2- /2 H� +QM+2Mi`�iBQM 2i /2 H� #BQ/BbTQMB#BHBiû
/ǶmM +QMi�KBM�Mi ¨ bi`2bb2`- �Hiû`2` Qm T2`im`#2` H2b +QKKmM�miûb KB+`Q#B2MM2b UCQ?MbiQMg� _Q#2`ibg-
kyyN c C�+[mBQ/g2i �HX- kyR3 c GBg2i �HX- kyky c >�Qg2i �HX- kykRVX PM T2mi /ĕb HQ`b �bb2x Hû;BiBK2K2Mi b2
/2K�M/2` +QKK2Mi +2b +QKKmM�miûb Ŀ `û�;Bbb2Mi ŀ 2M T`ûb2M+2 /ǶmM2 TQHHmiBQMX SQm` +?�[m2 +QMi�KBM�Mi-
+?�[m2 2MpB`QMM2K2Mi 2i +?�[m2 +QKKmM�miû- +2ii2 `ûTQMb2 T2mi āi`2 KmHiBTH2 2i ?�mi2K2Mi +QKTH2t2X
Lû�MKQBMb +2`i�BMb +QM+2Tib Ui2Hb [m2 H� `ûbBbi�M+2- H� `ûbBHB2M+2- Qm H� `2/QM/�M+2V T2`K2ii2Mi /2 KQ/ûHBb2`
/Bzû`2Mib KQ/2b /2 `ûTQMb2 ¨ H� bmBi2 /ǶmM bi`2bbX *2b +QM+2Tib b2`QMi B+B /û}MBb 2i /û+`Bib /�Mb H2 +�/`2
/ǶmM bi`2bb bǶ�TTHB[m�Mi ¨ mM2 +QKKmM�miû KB+`Q#B2MM2 K�Bb BHb M2 bQMi T�b T`QT`2b ¨ +2 b2mH +QKT�`iBK2Mi
#BQHQ;B[m2X

r _ûbBbi�M+2- `ûbBHB2M+2 2i b2MbB#BHBiû

G� `ûbBbi�M+2 T2mi āi`2 /û}MB2 +QKK2 H2 /û;`û /2 T2`im`#�iBQM TQm` H2[m2H H� +QKKmM�miû KB+`Q#B2MM2
`2bi2 BM+?�M;û2- H� `ûbBbi�M+2 T2mi �HQ`b �bbBKBHû ¨ mM2 BMb2MbB#BHBiû ¨ mM2 T2`im`#�iBQMX 1HH2 `2TQb2 /�Mb H2
+�b /2b KB+`QQ`;�MBbK2b bm` H2m` BKTQ`i�Mi2 iQHû`�M+2 T?vbBQHQ;B[m2 2i bm`iQmi H2m` ?�mi /2;`û /2 ~2tB#BHBiû
Kûi�#QHB[m2 U�HHBbQMg� J�`iBMvg- kyy3 c a?�/2g2i �HX- kyRkVX G� `ûbBHB2M+2 +Q``2bTQM/ ¨ H� pBi2bb2
¨ H�[m2HH2 H� +QKKmM�miû KB+`Q#B2MM2 `2iQm`M2 ¨ bQM ûi�i BMBiB�H �T`ĕb mM2 T2`im`#�iBQM U�HHBbQMg�
J�`iBMvg- kyy3 c S?BHBTTQig2i �HX- kykRVX G2b +�T�+Biûb /2 `ûbBHB2M+2 /ǶmM2 +QKKmM�miû KB+`Q#B2MM2 bQMi
/ûT2M/�Mi2b /2 HǶ�#QM/�M+2- H� /BbT2`bBQM 2i H2 i�mt /2 +`QBbb�M+2 /2b Q`;�MBbK2b [mB H� +QKTQb2Mi U�HHBbQMg
� J�`iBMvg- kyy3 c a?�/2g2i �HX- kyRkVX

*2ii2 /û}MBiBQM /2 H� `ûbBHB2M+2 2bi ¨ /BbiBM;m2` /2 H� MQiBQM /2 `ûbBHB2M+2 û+QHQ;B[m2X *2HH2@+B +Q``2bTQM/
¨ H� K2bm`2 /2 H� T2`im`#�iBQM Mû+2bb�B`2 ¨ 7�B`2 #�b+mH2` mM bvbiĕK2 p2`b /2b ûi�ib bi�#H2b �Hi2`M�iB7b
US?BHBTTQig2i �HX- kykRVX *2ii2 /û}MBiBQM 2bi /ûT2M/�Mi2 /2b +QM+2Tib /Ƕû[mBHB#`2 KmHiBTH2 2i /2 Ŀ H�Mb@
+�T2 bi�#BHBiv ŀ UT�vb�;2 /2 bi�#BHBiûV Ua?�/2g2i �HX- kyRkV- bQBi HǶ2tBbi2M+2 /2 KmHiBTH2b ûi�ib bi�#H2b TQm`
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*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

mM KāK2 bvbiĕK2X

*2b /2mt T`Q+û/ûb U`ûbBbi�M+2 2i `ûbBHB2M+2V M2 bQMi T�b BM/ûT2M/�Mib- ¨ HǶBMp2`b2- BHb �;Bbb2Mi /2 +QM+2`iX 1M
2z2i- TQm` mM2 +QKKmM�miû ¨ mM BMbi�Mi /QMMû 2i TQm` mM 2bT�+2 /QMMû- QM T2mi /û}MB` H� b2MbB#BHBiûX
*2HH2@+B 2bi H� `ûbmHi�Mi2 /2 H� +QK#BM�BbQM /2 H� +�T�+Biû /ǶmM2 +QKKmM�miû ¨ iQHû`2` mM2 T2`im`#�iBQM
U`ûbBbi�M+2V 2i /2 b� +�T�+Biû ¨ `2iQm`M2` ¨ bQM ûi�i BMBiB�H �T`ĕb H� T2`im`#�iBQM U`ûbBHB2M+2VX lM �b@
b2K#H�;2 KB+`Q#B2M T2mi bQBi āi`2 `ûbBbi�Mi 7�+2 ¨ mM2 T2`im`#�iBQM 2i H� +QKTQbBiBQM `2bi2`� BM+?�M;û2- bQBi
āi`2 b2MbB#H2- T`QpQ[m�Mi mM2 �Hiû`�iBQM /2 +QKTQbBiBQM KB+`Q#B2MM2 U6B;m`2 RXkyVX .2 MQmp2�m- HǶ�bb2K#H�;2
KB+`Q#B2M TQm``� 2MbmBi2- bQBi āi`2 `ûbBHB2Mi 2i `2iQm`M2` ¨ H� +QKTQbBiBQM BMBiB�H2- bQBi �#QmiB` ¨ mM2 �mi`2
+QKTQbBiBQM KB+`Q#B2MM2 [mB T2mi +Q``2bTQM/`2 /Ƕ�BHH2m`b ¨ mM ûi�i bi�#H2 �Hi2`M�iB7 U�HHBbQMg� J�`iBMvg-
kyy3VX

r _2/QM/�M+2 7QM+iBQMM2HH2

G2b +QMbû[m2M+2b /2 +2ii2 b2MbB#BHBiû 7�+2 ¨ mM2 T2`im`#�iBQM T2mp2Mi āi`2 i`ĕb p�`Bû2bX PM T2mi /BbiBM;m2`
/2mt +�b /2 };m`2 T`BM+BT�mt b2HQM bB H2b b2`pB+2b û+QbvbiûKB[m2b �bbm`ûb T�` HǶ�bb2K#H�;2 KB+`Q#B2M BMB@
iB�H bQMi Qm MQM K�BMi2MmbX .�Mb H2 T`2KB2` +�b- H2b +QMbû[m2M+2b û+QbvbiûKB[m2b /2 H� T2`im`#�iBQM bQMi
[m�bB MmHH2bX GǶ�bb2K#H�;2 KB+`Q#B2M �bbm`�Mi b2b 7QM+iBQMb BMBiB�H2b- HǶû[mBHB#`2 /2 HǶû+QbvbiĕK2 2bi K�BMi2MmX
.�Mb H2 +�b +QMi`�B`2- +Ƕ2bi HǶBMiû;`�HBiû /2 HǶû+QbvbiĕK2- /2 b2b 7QM+iBQMb 2i /2 b� bi`m+im`�iBQM [mB TQm``QMi
¨ i2`K2 āi`2 T2`im`#ûb pQB`2 T2`/mbX G� `2/QM/�M+2 7QM+iBQMM2HH2 T2mi āi`2 /û}MB2 TQm` mM 2MpB`QMM2@
K2Mi /QMMû- +QKK2 H� +�T�+Biû /2 /2mt Qm THmbB2m`b i�tQMb Qm ;ûMQK2b /Ƕ2z2+im2` mM KāK2 T`Q+2bbmb Qm
7QM+iBQM û+QbvbiûKB[m2 /2 K�MBĕ`2 bBKBH�B`2 U�HHBbQMg� J�`iBMvg- kyy3 c GQm+�g2i �HX- kyR3VX �BMbB- mM
�bb2K#H�;2 KB+`Q#B2M �Hiû`û TQm``�Bi �bbm`2` H2b KāK2b 7QM+iBQMb û+QbvbiûKB[m2b U2i /�Mb H2b KāK2b T`QTQ`@
iBQMbV [m2 HǶ�bb2K#H�;2 BMBiB�HX "B2M [m2 HǶ�bb2K#H�;2 KB+`Q#B2M �Bi pm b� +QKTQbBiBQM +?�M;û2- HǶû[mBHB#`2 /2
HǶû+QbvbiĕK2 `2bi2`� HmB B/2MiB[m2X

AH 2bi BKTQ`i�Mi /2 MQi2` [mǶ2M i?ûQ`B2- mM2 7Q`i2 #BQ/Bp2`bBiû T2`K2i /Ƕ�m;K2Mi2` H2b +�T�+Biûb /ǶmM2 +QKKm@
M�miû KB+`Q#B2MM2 ¨ `ûbBbi2`- ¨ `2p2MB` ¨ bQM ûi�i BMBiB�H U`ûbBHB2M+2V Qm ¨ K�BMi2MB` +2b b2`pB+2b û+QbvbiûKB[m2b
K�H;`û mM2 p�`B�iBQM /2 H� +QKTQbBiBQM �T`ĕb mM2 T2`im`#�iBQM UwBM;2`g2i �HX- kyRkVX

RX9X8 PmiBHb /2 K2bm`2 /2b T2`im`#�iBQMb �m b2BM /2b +QKKmM�miûb KB+`Q@
#B2MM2b

Cmb[mǶ¨ T`ûb2Mi- /Bzû`2Mib �bT2+ib /m bi`2bb QMi ûiû �#Q`/ûb ,r H2b MQiBQMb 2i +QM+2Tib Ubi`2bb- `ûbBbi�M+2- `ûbBHB2M+2- }iM2bb- #BQ/BbTQMB#BHBiûV T2`K2ii�Mi /2 /û}MB` mM
+�/`2 ¨ HǶBMi2`�+iBQM 2Mi`2 H2b KB+`QTQHHm�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2MXr H2b ivT2 /2 `ûTQMb2b /2b KB+`QQ`;�MBbK2b ¨ +2ii2 T`2bbBQM �Mi?`QTB[m2X
*2ii2 /2`MBĕ`2 T�`iB2 bǶBMiû`2bb2`� �mt QmiBHb /BbTQMB#H2b ¨ H2 K2bm`2 /2 +2 bi`2bb bm` H2b +QKKmM�miûb
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RX9X AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M

6B;m`2 RXky Ĝ AHHmbi`�iBQM /2 HǶBKT�+i TQi2MiB2H /ǶmM2 T2`im`#�iBQM bm` H� +QKTQbBiBQM /ǶmM2 +QKKmM�miû
KB+`Q#B2MM2 2ifQm H2b +�T�+Biûb û+QbvbiûKB[m2b /Ƕ�T`ĕb �HHBbQM � J�`iBMv Ukyy3VX

KB+`Q#B2MM2bX

RX9X8XR G� /Bp2`bBiû

G� /Bp2`bBiû /2b Q`;�MBbK2b +QHQMBb�Mi mM KBHB2m � HQM;i2KTb ûiû U2i `2bi2V mM2 /2b [m2biBQMb +2Mi`�H2b
/2 HǶû+QHQ;B2X 1M 7QM+iBQM /2 b� /BK2MbBQM /Ƕûim/2- +2ii2 /Bp2`bBiû � ûiû b+BM/û2 2M j MBp2�mt , �HT?�-
#āi� 2i ;�KK� U6B;m`2 RXkRVX �bb2x bBKTH2K2Mi- +2b /Bzû`2Mib MBp2�mt /2 /Bp2`bBiû /û+`Bp2Mi /Bzû`2Mib
MBp2�mt /ǶBMi2`�+iBQM #BQHQ;B[m2 U/2 HǶBM/BpB/m �m +QKKmM�mi�B`2VX G� /Bp2`bBiû �HT?� +Q``2bTQM/ �m MQK#`2
/Ƕ2bTĕ+2b T`ûb2Mi2b TQm` mM bBi2 Qm û+?�MiBHHQM /QMMû c H� /Bp2`bBiû #āi� /ûi2`KBM2 H� /Bzû`2M+2 /2 /Bp2`bBiû
Qm /2 +QKTQbBiBQM 2Mi`2 /2mt bBi2b Qm û+?�MiBHHQMb UbBKBH�`Biû Qm /BbbBKBH�`BiûVX 1M}M- H� /Bp2`bBiû ;�KK�
+Q``2bTQM/ ¨ H� /Bp2`bBiû /ǶmM2 `û;BQM- 2HH2 2bi i`ĕb bBKBH�B`2 ¨ H� /Bp2`bBiû �HT?� K�Bb T`2M/ 2M +QKTi2 mM2
xQM2 THmb H�`;2 UwBM;2`g2i �HX- kyRkVX

.ĕb H2b T`ûKB+2b /2 HǶû+QHQ;B2- H� +�`�+iû`Bb�iBQM /2 H� /Bp2`bBiû `û2HH2 /ǶmM û+QbvbiĕK2 7mi `�TB/2K2Mi 7`2BMû2
T�` H2b T`Q#HĕK2b /Ƕ2biBK�iBQMX 1M 2z2i- T`û/B`2 mM2 /Bp2`bBiû `û2HH2 ¨ T�`iB` /ǶmM û+?�MiBHHQM U/Bp2`bBiûV
`2bi2 mM2 �TT`Q+?2 #B�Bbû2 UqBHHBbg- kyRNV- HǶû+?�MiBHHQM MǶûi�Mi T�b H2 `2~2i 2t�+i /ǶmM KBHB2mX G2 `2+Qm`b ¨
/2b 2biBK�i2m`b �TT2Hûb BM/B+2b /2 #BQ/Bp2`bBiû T2`K2i /2 +Q``B;2` +2 #B�Bb /Ƕû+?�MiBHHQMM�;2X *2b BM/B+2b
T2`K2ii2Mi /2 +�H+mH2` ,r H� `B+?2bb2 bTû+B}[m2 bQBi H2 MQK#`2 /ǶQ`;�MBbK2b T`ûb2Mib /�Mb mM bBi2fû+?�MiBHHQM cr H� `B+?2bb2 bTû+B}[m2 2biBKû2 UH2 *?�QR- HǶBM/B+2 /2 SB2HQm- HǶ�*1 TQm` �#mM/�M+2@#�b2/ +Qp2`�;2

2biBK�iQ`b- 2i+XV bQBi H2 MQK#`2 +Q``B;û /ǶQ`;�MBbK2b T`ûb2Mib /�Mb mM2 +QKKmM�miû- T`2M�Mi 2M
+QKTi2 H2b #B�Bb /Ƕû+?�MiBHHQMM�;2b U>m;?2b 2i �HX- kyyRV cr HǶû[mBi�#BHBiû- bQBi H� `B+?2bb2 2biBKû2 +Q``B;û2 T�` H2b �#QM/�M+2b `2H�iBp2b /2b /Bzû`2Mib ;`QmT2bX A+B

RyR



*?�TBi`2 RX avMi?ĕb2 #B#HBQ;`�T?B[m2

6B;m`2 RXkR Ĝ _2T`ûb2Mi�iBQM b+?ûK�iB[m2 /2 H� /Bp2`bBiû �HT?� UpBQH2i- p2`i Qm #H2mV- #āi� UTQBMiBHHû MQB`V
2i ;�KK� U;`BbV /Ƕ�T`ĕb wBM;2` 2i �HX- kyRkX

QM M2 bǶBMiû`2bb2 THmb bBKTH2K2Mi �m MQK#`2 /Ƕ2bTĕ+2bfPhlf�ao K�Bb ¨ H2m`b T`QTQ`iBQMb `2bT2+iBp2b
/�Mb /Bzû`2Mib û+?�MiBHHQMb Ua?�MMQM- aBKTbQM- 2i+XVX

G� /Bp2`bBiû 2M i�Mi [m2 i2HH2 `2bi2 mM QmiBHb ûTBM2mt- bQM +�H+mH T�bb2 T�` /2 MQK#`2mt 2biBK�i2m`b [mB
T`ûb2Mi2Mi +?�+mM /2b [m�HBiûb +QKK2 /2b BM+QMpûMB2Mib U>m;?2bg2i �HX- kyyRVX .2 THmb- HǶBMi2`T`ûi�iBQM
/2 H� /Bp2`bBiû T2mi bǶ�pû`2` #B2M THmb +QKTH2t2 pQB`2 TBû;2�Mi [mǶ�ii2M/mX Lû�MKQBMb- H� /Bp2`bBiû 2i b2b
2biBK�i2m`b T2`K2ii2Mi H� +QKT�`�BbQM /2 /Bzû`2Mib û+?�MiBHHQMb- +QKKmM�miûb Qm û+QbvbiĕK2bX �BMbB- 2HH2
`2bi2 mM QmiBH T`û+B2mt /�Mb H� K2bm`2 /2 H� T2`im`#�iBQM /2 H� +QKTQbBiBQM KB+`Q#B2MM2 7�+2 ¨ mM bi`2bbX

RX9X8Xk .B�;MQbiB+ /m 7QM+iBQMM2K2Mi /2b û+QbvbiĕK2b

*QKK2 �#Q`/û T`û+û/2KK2Mi- mM bi`2bb T2mi T2`im`#2` mM2 +QKKmM�miû KB+`Q#B2MM2- �Hiû`2` b� +QKTQbBiBQM
b�Mb [m2 +2H� M2 T2`im`#2 HǶû+QbvbiĕK2- BH bǶ�;Bi /2 H� `2/QM/�M+2 7QM+iBQMM2HH2 U�HHBbQMg� J�`iBMvg-
kyy3 c a?�/2g2i �HX- kyRkVX �BMbB- H2b QmiBHb +Biûb T`û+û/2KK2Mi M2 b2`QMi T�b 2M K2bm`2 /ǶB/2MiB}2` +2
T`Q+û/ûX SQm` +2 7�B`2- BH 7�mi āi`2 2M K2bm`2 /2 +�`�+iû`Bb2` H2b 7QM+iBQMb /ûp2HQTTû2b T�` mM2 +QKKmM�miû
KB+`Q#B2MM2 U6m?`K�Mg- kyyNVX A+B- 2M+Q`2 /Bzû`2Mib QmiBHb 2tBbi2Mi- BHb 2tTHQ`2Mi ¨ /Bzû`2Mi2b û+?2HH2b 2i
b2HQM /Bzû`2Mi2b Kûi?Q/2b H2b +�T�+Biûb 7QM+iBQMM2HH2b /ǶmM2 +QKKmM�miû KB+`Q#B2MM2 Ua`Bp�bi�p�g2i �HX-
kyRNVX GǶmM /2b QmiBHb H2b THmb bBKTH2b 2bi H� S*_ Qm [S*_ /2 ;ĕM2b 7QM+iBQMM2Hb UTX 2tX �KQ�- /b`"- 2i+XVX
G2b ;ĕM2b ûim/Bûb BM7Q`K2Mi /2 H� T`ûb2M+2 Qm MQM /ǶmM2 7QM+iBQMX *2ii2 �TT`Q+?2 `2bi2 HBKBiû2 ¨ HǶûim/2 /2
[m2H[m2b ;ĕM2b pQB`2 THmbB2m`b /Bx�BM2b U_QQb�g2i �HX- kyR9 c :mQg2i �HX- kyR3VX

S`�iB[m2K2Mi- ¨ HǶQTTQbû- QM i`Qmp2`� H� K2i�;ûMQKB[m2 [mB T2`K2i /ǶB/2MiB}2` H2b pQB2b Kûi�#QHB[m2b
TQi2MiB2HH2b T`ûb2Mi2b /�Mb mM Qm THmbB2m`b ;ûMQK2b U+7X *?�TBi`2 RXjXRV UamM�;�r�g2i �HX- kyR8VX A+B- H2b

Ryk



RX9X AMi2`�+iBQMb 2Mi`2 H2b +QMi�KBM�Mib 2i H2 +QKT�`iBK2Mi KB+`Q#B2M

+�T�+Biûb 7QM+iBQMM2HH2b /ûi2+iû2b �m b2BM /ǶmM2 +QKKmM�miû M2 b2 HBKBi2`QMi THmb ¨ H� pBM;i�BM2 /2 ;ĕM2bX
*2T2M/�Mi- +2ii2 �TT`Q+?2 Mû+2bbBi2 /ǶBKTQ`i�Mi2b `2bbQm`+2b }M�M+Bĕ`2b 2i i2+?MB[m2b 2i MǶ2bi TQm` HǶ?2m`2
T�b ;ûMû`�HBbû2X

� HǶBMi2`Kû/B�B`2- QM `2i`Qmp2`� H2b Tm+2b ¨ �.L- /ûD¨ �#Q`/ûb �m *?�TBi`2 RXjXRX *QKK2 H2b S*_ 2i
[S*_- H2b Tm+2b ¨ �.L bQMi HBKBiû2b- QM M2 T2mi /BbiBM;m2` [m2 H2b ;ĕM2b 7QM+iBQMM2Hb T`Q;`�KKûb bm`
H2b Tm+2bX GǶ�p�Mi�;2 /2 +2b Tm+2b 2bi [mǶ2HH2b bQMi /BK2MbBQMMû2b �}M /2 TQmpQB` /ûi2+i2` /2b /Bx�BM2b /2
KBHHB2`b /2 ;ĕM2b U>2g2i �HX- kyydVX

PM T2mi pQB` B+B- [mǶBH MǶ2tBbi2 T�b `û2HH2K2Mi /ǶQmiBH B/û�HX *?�+mM T`ûb2Mi2 /2b �p�Mi�;2b 2i /2b BM+QMpû@
MB2MibX J�Bb iQmb QMi H2 Kû`Bi2 /2 T2`K2ii`2 /ǶB/2MiB}2` 2i /2 i2Mi2` /ǶûHm+B/2` H2b +�T�+Biûb 7QM+iBQMM2HH2b
/ûp2HQTTû2b T�` H2b KB+`QQ`;�MBbK2bX SQm` HǶ2Mb2K#H2 /2 +2b Kûi?Q/2b- QM 2bi /B`2+i2K2Mi /ûT2M/�Mib /2b
MQK#`2mb2b �p�M+û2b +QM+2`M�Mi 2Mi`2 �mi`2b H� +�`�+iû`Bb�iBQM /2b pQB2b Kûi�#QHB[m2b Uw?�Qg� GBg- kyRd c
6mg2i �HX- kyRdV Qm 2M+Q`2 HǶB/2MiB}+�iBQM 2ifQm H� bûH2+iBQM /2 ;ĕM2b 7QM+iBQMM2Hb UAK?Q77g- kyReVX

Ryj





*?�TBi`2 k

J�iû`B2H 2i Kûi?Q/2b

kXR aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

kXRXR GǶ2bim�B`2 /2 HǶ�/Qm` 2i bBi2b /2 T`ûHĕp2K2Mib

*QKK2 /ûi�BHHû �m b2BM /m *?�TBi`2 RXRX9- HǶ2bim�B`2 /2 HǶ�/Qm` 2bi bBimû /�Mb H2 bm/@2bi /2 H� 6`�M+2- 2M
`û;BQM LQmp2HH2@�[mBi�BM2X AH 2bi T`BM+BT�H2K2Mi �HBK2Miû T�` /2mt ~2mp2b , HǶ�/Qm` 2i H� LBp2- iQmb /2mt
T`2M�Mi H2m` bQm`+2 /�Mb H2b Sv`ûMû2b@�iH�MiB[m2bX AH bǶ�;Bi /ǶmM 2bim�B`2 KûbQiB/�H T`ûb2Mi�Mi mM `û;BK2
THmpBQ@MBp�HX AH b2 +�`�+iû`Bb2 T`BM+BT�H2K2Mi T�` mM iBbbm m`#�BM /2Mb2 UpBHH2b /2 "�vQMM2- �M;H2i 2i
"B�``Bix T`BM+BT�H2K2MiV bǶBMbi�HH�Mi /�Mb H� T�`iB2 �p�H /2 HǶ2bim�B`2X

G2b bBi2b /2 T`ûHĕp2K2Mib QMi ûiû /û}MBb /2 K�MBĕ`2 ¨ û+?�MiBHHQMM2` HǶ2Mb2K#H2 /2 H� xQM2 2bim�`B2MM2
bǶûi2M/�Mi /2 H� HBKBi2 /ǶBMi`mbBQM b�HBM2 U+7X *?�TBi`2 RXRXRXkX9V ¨ HǶ2K#Qm+?m`2X .�Mb H2 +�/`2 /2 HǶ2bim�B`2
/2 HǶ�/Qm`- +2ii2 HBKBi2 2bi /û}MB2 �TT`QtBK�iBp2K2Mi �m MBp2�m /2 H� pBHH2 /Ƕl`i bm` HǶ�/Qm` 2i +2HH2
/Ƕlbi�`Bix bm` H� LBp2 U6B;m`2 kXRVX
�m +Qm`b /2 +?�[m2 +�KT�;M2- R9 bBi2b UH�#2HHBbûb /2 R ¨ Ry 2i /2 � ¨ .V bǶûi2M/�Mi bm` HǶ2Mb2K#H2 /2 H�
xQM2 2bim�`B2MM2 QMi ûiû û+?�MiBHHQMMûbX *2b bBi2b bQMi `2;`QmTûb 2M j +�iû;Q`B2b ,

r G2b bBi2b Ŀ �KQMi ŀ U6B;m`2 kXkV , bBimûb ¨ HǶ�KQMi /2 H� xQM2 2bim�`B2MM2 bm` H� `BpBĕ`2 �/Qm` UR 2i
kV 2i H� LBp2 Uj 2i 9VX *2 bQMi H2b bBi2b /2 `û7û`2M+2- BHb bQMi +QMbB/û`ûb +QKK2 KQBMb BKT�+iûb T�` H2b
KB+`QTQHHm�Mib /QK2biB[m2b 2i BM/mbi`B2Hb- +�` TQbBiBQMMûb 2M �KQMi /2 H� xQM2 m`#�BM2X AHb /2p`�B2Mi
āi`2 T`ûb2Miûb mM bB;M�H /mH+B+QH2 U2M 7QM+iBQM /m +Q2{+B2Mi /2 K�`û2 2i /m `û;BK2 ~mpB�HVX

Ry8



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

6B;m`2 kXR Ĝ *�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b /Ƕû+?�MiBHHQMM�;2 H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm` BM/B[m�Mi
H2b bBi2b /2 T`ûHĕp2K2Mib /Ƕ2�m U�V 2i H2b bBi2b /2 T`ûHĕp2K2Mib /2 bû/BK2Mi U"VX

Rye



kXRX aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

6B;m`2 kXk Ĝ S?QiQ;`�T?B2b /2b bBi2b /2 T`ûHĕp2K2Mib Ŀ �KQMi ŀX G2b H2ii`2b a BM/B[m2Mi [m2 H2b T`ûHĕp2K2Mib
bQMi /2 M�im`2b bû/BK2Mi�B`2b- 2i 1 [mǶBH bǶ�;Bi /2 T`ûHĕp2K2Mib /Ƕ2�mX

r G2b bBi2b Ŀ l`#�BM ŀ U6B;m`2 kXjV , �HH�Mi /2b bBi2b 8 ¨ RyX

aBimûb �m +ƾm` /2 HǶ2bim�B`2 2i bm`iQmi /m iBbbm m`#�BM /2Mb2 /2 "�vQMM2@"B�``Bix@�M;H2iX *2b bBi2b +Q``2b@
TQM/2Mi �mt bBi2b pmb +QKK2 Ŀ TQi2MiB2HH2K2Mi BKT�+iûb ŀ- H2b T`ûHĕp2K2Mib QMi ûiû `û�HBbûb ¨ T`QtBKBiû
/Ƕ2|m2Mib m`#�BMb 2i BM/mbi`B2HbX
S`û+BbûK2Mi- H2b bBi2b e- 3 2i N +Q``2bTQM/2Mi ¨ /2b T`ûHĕp2K2Mib 2z2+imûb ¨ T`QtBKBiû /2b bi�iBQMb /2 i`�B@
i2K2Mi /2b 2�mt mbû2b Uah1V /2 ai@6`û/û`B+- /m SQMi /2 HǶ�p2m;H2 2i /2 ai@"2`M�`/- +?�+mM2 /2 +�T�+Biûb
/Bzû`2Mi2b U/2 `2bT2+iBp2K2Mi RRN eyN- 9d yRd 2i N 33N û[mBp�H2Mi ?�#Bi�Mib- 1>- 2M kyR3 RV 2i `2+2p�Mi /2b
2�mt mbû2b /2 M�im`2 /Bzû`2Mi2 U+7X *?�TBi`2 RXRX9Xj 2i H2 i�#H2�m RXkVX
G2b bBi2b d 2i 3 bQMi bBimûb ¨ T`QtBKBiû /Ƕ2|m2Mib m`#�BMb b2 /ûp2`b�Mi /�Mb H2b `mBbb2�mt J�?�`BM 2i
�`Bit�;m2X *2b �|m2Mib bQMi ¨ T`QtBKBiû /2 H� ah1 SQMi /2 HǶ�p2m;H2X
G2 bBi2 8 TQbBiBQMMû 2M +QMi`2 #�b /2 HǶ�M+B2MM2 /û+?�`;2 /2 "�+?27Q`ĕb 2i H2 bBi2 Ry ¨ T`QtBKBiû /ǶmM2
�miQ`Qmi2- 2M �KQMi /2 H� ah1 a�BMi 6`û/û`B+X

RX SQ`i�BH /ǶBM7Q`K�iBQM bm` HǶ�bb�BMBbb2K2Mi +QKKmM�H /m JBMBbiĕ`2 /2 H� h`�MbBiBQM û+QHQ;B[m2 2i aQHB/�B`2X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiT,ff�bb�BMBbb2K2MiX/2p2HQTT2K2Mi@/m`�#H2X;QmpX7`X *QMbmHiû H2 ky b2Ti2K#`2 kykyX

Ryd



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

6B;m`2 kXj Ĝ S?QiQ;`�T?B2b /2b bBi2b /2 T`ûHĕp2K2Mib Ŀ l`#�BM ŀX G2b H2ii`2b a BM/B[m2Mi [m2 H2b T`ûHĕp2K2Mib
bQMi /2 M�im`2b bû/BK2Mi�B`2b- 2i 1 [mǶBH bǶ�;Bi /2 T`ûHĕp2K2Mib /Ƕ2�mX

r G2b bBi2b Ŀ �p�H ŀ , ah� ¨ ah. TQbBiBQMMûb /2 H� xQM2 /2 +QM~m2M+2 ¨ HǶ2K#Qm+?2 U2M MQB`
/�Mb H� };m`2 kXRVX *2 bQMi H2b bBi2b bBimûb /�Mb H� T�`iB2 H� THmb �p�H /2 HǶ2bim�B`2X GǶû+?�MiBHHQMM�;2
� ûiû 2z2+imû T�` #�i2�m- H2b T`ûHĕp2K2Mib bQMi `û�HBbûb ¨ bm#bm`7�+2 /�Mb H2 +ƾm` /m +?2M�HX AHb
+Q``2bTQM/2Mi ¨ mM bB;M�H KB+`Q#B2M i?ûQ`B[m2K2Mi bQmb BM~m2M+2 /2 HǶû+QbvbiĕK2 K�`BMX .2 THmb- QM
T2mi bǶ�ii2M/`2 ¨ Q#b2`p2` �m KQBMb TQm` +2`i�BMb +QKTQbûb +?BKB[m2b mM 2z2i /2 /BHmiBQMX

AH 2bi BKTQ`i�Mi /2 T`āi2` �ii2MiBQM �mt /Bzû`2Mib ivT2b /2 T`ûHĕp2K2Mi `û�HBbûb �m +Qm`b /2 +2 T`QD2i /2 i?ĕb2X
PM T2mi /BbiBM;m2`- /2b T`ûHĕp2K2Mib /2 bû/BK2Mib Qm T`ûHĕp2K2Mib /Ƕ2�mt Ubm#bm`7�+2V 2z2+imûb /2TmBb H2b
#2`;2b- /2b T`ûHĕp2K2Mib /Ƕ2�mt Ubm#bm`7�+2V 2z2+imûb /2TmBb mM #�i2�m /�Mb H2 +?2M�HX SQm` THmb /2 +H�`iû-
H2 ivT2 /2 T`ûHĕp2K2Mi QTû`û ¨ +?�[m2 bi�iBQM 2bi T`û+Bbû /�Mb H2 i�#H2�m kXRX

h�#H2�m kXR Ĝ .ûi�BH /2b K�i`B+2b T`ûH2pû2b TQm` +?�[m2 bBi2X G2b +QmH2m`b +Q``2bTQM/2Mi �mt +QmH2m`b
2KTHQvû2b /�Mb H� };m`2 kXR- bQBi H� +�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b /2 T`ûHĕp2K2MibX

aBi2b R k j 9 8 e d 3 N Ry � " * .
aû/BK2Mib s s s s s s s s s s

1�mt
"2`;2b s s s s s s s s
*?2M�H s s s s

kXRXk G2b +�KT�;M2b �.Pl_

G2b +�KT�;M2b /Ƕû+?�MiBHHQMM�;2 bQMi �m MQK#`2 /2 i`QBbX 1HH2b bQMi MQKKû2b ǳ�.Ǵ bmBpBi /ǶmM MmKû`Q
+QKT`Bb 2Mi`2 R 2i jX 1HH2b +B#H2Mi `2bT2+iBp2K2Mi i`QBb b�BbQMb /Bzû`2Mi2b ,

Ry3



kXRX aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

r �.R , H2 T`BMi2KTb +B#H�Mi H2b +`m2b 2i TQbi@+`m2b T`BMi�MBĕ`2b-r �.k , HǶûiû +B#H�Mi H2b i2KTû`�im`2b THmb ?�mi2b 2i HǶûiB�;2-r �.j , 2i HǶ?Bp2` +B#H�Mi H2b i2KTû`�im`2b THmb 7�B#H2b 2i /2b +`m2b ûp2Mim2HH2bX

6B;m`2 kX9 Ĝ .û#Bi ~mpB�H 2biBKû U2M KjXb@RV /Ƕ�T`ĕb H2b /QMMû2b /2 H� #�M[m2 >u._P U+7X MQi2 T�;2
9jV 2Mi`2 kyRe 2i kyR3 U�V 2i 2M xQQK�Mi bm` H2b i`QBb Tû`BQ/2b /Ƕû+?�MiBHHQMM�;2b- �.R �m T`BMi2KTb
U"V- �.k 2M ûiû U*V 2i �.j 2M ?Bp2` U.VX 1M p2`i- `Qb2 2i D�mM2 bQMi `2bT2+iBp2K2Mi BM/B[mûb H2b Tû`BQ/2b
/Ƕû+?�MiBHHQMM�;2b /2b +�KT�;M2b �.R- �.k 2i �.jX S�` mM i`�Bi 2M ;`�b 2i 2M TQBMiBHHû- bQMi `2bT2+iBp2K2Mi
BM/B[mûb H2b p�H2m`b KQv2MM2b 2i KBMBKmKbfK�tBKmKb /m /û#Bi 2biBKû 2M �p�H /2 H� +QM~m2M+2 U�/Qm` 2i
LBp2VX

G2b T�`�Kĕi`2b T?vbB+Q@+?BKB[m2b Ui2Hb [m2 H� i2KTû`�im`2- H� +QM/m+iBpBiû- H� +QM+2Mi`�iBQM 2i H� b�im`�iBQM
2M Qtv;ĕM2 /BbbQmb- H2 T>- 2i+XV QMi ûiû K2bm`ûb BM bBim �p2+ mM2 bQM/2 KmHiBT�`�Kûi`B[m2 >�LL� AMb@
i`mK2Mib+ȉ >A@N3kN T`û�H�#H2K2Mi +�HB#`û2X � TQbi2`BQ`B- H� b�HBMBiû 7mi +�H+mHû2 ¨ T�`iB` /2 H� i2KTû`�im`2

RyN



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

Uê*V 2i H� +QM/m+iBpBiû UKaX+K@RVX G� b�HBMBiû 2i H� i2KTû`�im`2 /2 HǶ2�m ûi�B2Mi `2bT2+iBp2K2Mi +QKT`Bb2b
2Mi`2 y-R U�.R- bBi2 jV 2i k9-k U�.R- bBi2 NV Tbm 2i 2Mi`2 d-N U�.j- bBi2 NV 2i ky-3ê* U�.k- bBi2 eV U�MM2t2b-
6B;m`2 �kXR� 2i �kXR"VX GǶ2Mb2K#H2 /2b û+?�MiBHHQMb U/Ƕ2�m 2i /2 bû/BK2MibV +QHH2+iûb HǶQMi ûiû ¨ K�`û2
/2b+2M/�Mi2 /ǶQɍ mM2 b�HBMBiû `2H�iBp2K2Mi 7�B#H2 /�Mb H� K�DQ`Biû /2b û+?�MiBHHQMb 2i �p2+ /2b +Q2{+B2Mib /2
K�`û2 +QKT`Bb 2Mi`2 d3 U�.RV 2i RyN U�.jV U�MM2t2b- 6B;m`2 �kXR*VX

kXRXj Jûi?Q/2b /2 T`ûHĕp2K2Mi 2i i`�Bi2K2Mi /2b û+?�MiBHHQMb

G2 KQ/2 QTû`�iQB`2 � ûiû �/�Tiû ¨ H� M�im`2 /m T`ûHĕp2K2Mi 2i /2 HǶ�M�Hvb2 pBbû2X *?�+mM /2b T`ûHĕp2K2Mib
Mû+2bbBi2 /2b T`û+�miBQMb bTû+B}[m2b- mM K�iû`B2H 2i mM2 K�MBTmH�iBQM �/�Tiû2X AH 2M 2bi /2 KāK2 TQm` H2
i`�MbTQ`i 2i HǶûp2Mim2H biQ+F�;2 /2b û+?�MiBHHQMbX

kXRXjXR S`ûHĕp2K2Mi 2i i`�Bi2K2Mi /2b û+?�MiBHHQMb bû/BK2Mi�B`2b

G2b bû/BK2Mib /2b #2`;2b bQMi T`ûH2pûb ¨ HǶûi�H2 /2 #�bb2 K2` �}M /2 HBKBi2` HǶBM~m2M+2 /2b 2�mt K�`BM2bX G2b
T`ûHĕp2K2Mib /2b û+?�MiBHHQMb bû/BK2Mi�B`2b QMi ûiû 2z2+imûb 2M i`BTHB+�- +?�+mM bûT�`û �m KBMBKmK /ǶmM
Kĕi`2 /2b �mi`2bX

SQm` H� +�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b- R ; /2 bû/BK2Mib /2 bm`7�+2 Uy @ R +KV � ûiû +QHH2+iû
/�Mb /2b im#2b 1TT2M/Q`7 /2 R-8 KG biû`BH2bX G2b im#2b QMi ûiû- /ĕb H2m` +QHH2+i2- biQ+Fûb /�Mb mM +`vQpQv�;2m`
2i i`�MbTQ`iûb /�Mb H2b R ¨ 9 DQm`b bmBp�Mib Dmb[mǶ�m H�#Q`�iQB`2 UAS_1J- S�mV Qɍ BHb QMi ûiû +QMb2`pûb ¨
@3yê* Dmb[mǶ¨ HǶûi�T2 /Ƕ2ti`�+iBQM /Ƕ�.L U�+B/2 /ûbQtv`B#QMm+HûB[m2VX

SQm` HǶ�M�Hvb2 /2b KB+`QTQHHm�Mib- 8y ; /2 bû/BK2Mib QMi ûiû +QHH2+iûb /�Mb /2b b�+b TH�biB[m2b ¨ 72`K2im`2
¨ ;HBbbBĕ`2 M2m7bX AHb QMi ûiû i`�MbTQ`iûb /�Mb /2b ;H�+Bĕ`2b TQm` H2b K�BMi2MB` �m 7`QB/ 2i ¨ HǶ�#`B /2 H�
HmKBĕ`2 TmBb +QMb2`pûb ¨ @kyê*X .�Mb mM b2+QM/ i2KTb- H2b bû/BK2Mib QMi ûiû HvQT?BHBbûb Uo�*Qk- wB`#mbVX
G� HvQT?BHBb�iBQM T2`K2i H� /2bbB++�iBQM- bQBi HǶûHBKBM�iBQM /2 HǶ2�m /2b bû/BK2Mib T�` bm#HBK�iBQMX �T`ĕb
?QKQ;ûMûBb�iBQM ;`QbbBĕ`2- H2b /û#`Bb UTX 2tX #`BM/BHH2b- +�BHHQmt- 72mBHH2bV QMi ûiû bQmbi`�Bib- TmBb mM �HB[mQi
UR ;V /2 +?�[m2 û+?�MiBHHQM � ûiû T`ûH2pû 2i 2MpQvû �m H�#Q`�iQB`2 lJ_ 1SP* Uû[mBT2 aû/BK2MiQHQ;B2V ¨
"Q`/2�mt 2M pm2 /2 HǶ�M�Hvb2 ;`�MmHQKûi`B[m2X G2 `2bi2 /2 HǶû+?�MiBHHQM � ûiû +QKTHĕi2K2Mi #`Qvû ¨ HǶ�B/2
/ǶmM #`Qv2m` TH�Mûi�B`2 ¨ #BHH2b 2M �;�i2 2i biQ+Fû @kyê* /�Mb mM ~�+QMM�;2 2M p2``2 Dmb[mǶ¨ HǶ2ti`�+iBQM 2i
HǶ�M�Hvb2 /2b KB+`QTQHHm�MibX

kXRXjXk S`ûHĕp2K2Mi 2i i`�Bi2K2Mi /2b û+?�MiBHHQMb /Ƕ2�m

kXRXjXkXR S`ûT�`�iBQM /m ~�+QMM�;2

SQm` HǶBMiû;`�HBiû /2b �M�Hvb2b T`ûpm2b /�Mb H2 +�/`2 /2 +2 T`QD2i- T�` bBi2- +Ƕ2bi �TT`QtBK�iBp2K2Mi R8 G
/Ƕ2�m [mB 7m`2Mi T`ûH2pûb ¨ HǶûi�H2 /2 #�bb2 K2`X 1M 7QM+iBQM /2 HǶ�++2bbB#BHBiû /2b bBi2b- H2b T`ûHĕp2K2Mib /Ƕ2�m
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kXRX aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

QMi ûiû `û�HBbûb /�Mb H2m`b +QMi2M�Mib `2bT2+iB7b Qm ¨ HǶ�B/2 /ǶmM2 #Qmi2BHH2 LBbFBMȉ /2 Ry GX G2b T`ûHĕp2K2Mib
QMi ûiû `û�HBbûb 2M bm#bm`7�+2 Uy @ R KVX G2 ivT2 /2 +QMi2M�Mi 2i H� T`ûT�`�iBQM /2 +2b /2`MB2`b bQMi �/�Tiûb
¨ HǶ�M�Hvb2 `û�HBbû2- +2b BM7Q`K�iBQMb bQMi bm++BM+i2K2Mi T`ûb2Miû2b �m b2BM /m i�#H2�m kXkVX

h�#H2�m kXk Ĝ 6H�+QMM�;2 2KTHQvû TQm` H2b T`ûHĕp2K2Mib /Ƕ2�m 2i /2 bQM +QM/BiBQMM2K2Mi

�M�Hvb2 oQHmK2
T`2H2pû

*QMi2M�Mi S`ûT�`�iBQM /2b +QMi2M�Mib

J�i`B+2 +B#Hû2 , 1�l
1hJ 2i Q`;�MQKûi�mt R G "Qmi2BHH2 /2 R G 2M

TQHvT`QTvHĕM2
.2mt #�BMb /Ƕ�+B/2 MBi`B[m2 bmBpB /ǶmM
#�BM /Ƕ�+B/2 +?HQ`B/`B[m2

*QMi�KBM�Mib Q`;�MB[m2b k-8 G "Qmi2BHH2 /2 k-8 G ¨ j G 2M
p2``2 �K#`û

.2mt `BMÏ�;2b ¨ HǶ�+ûiQM2 bmBpB /ǶmM2
Tv`QHvb2

J�i`B+2 +B#Hû2 , J1a
1hJ 2i Q`;�MQKûi�mt 8 G C2``B+�M 2M TQHvûi?vHĕM2 /2 8

G
lM #�BM /Ƕ�+B/2 MBi`B[m2 bmBpB /ǶmM
#�BM /Ƕ�+B/2 +?HQ`B/`B[m2

J�i`B+2 +B#Hû2 , 1�m 2i J1a
�M�Hvb2 KB+`Q#BQHQ;B[m2 UjtV k G 6H�+QM +�``û 2M TQHvûi?vHĕM2

/2 kG
aiû`BHBb�iBQM pB� mM M2iiQv�;2 �m
/ûi2`;2Mi bmBpB /ǶmM2 �miQ+H�p2

SHmb T`û+BbûK2Mi- H2 K�iû`B2H /2biBMû �m T`ûHĕp2K2Mi /Ƕ2�m TQm` HǶ�M�Hvb2 /2b 1hJ 2i Q`;�MQKûi�mt 2bi 2M
TQHvT`QTvHĕM2X SQm` H2 biQ+F�;2- BH T2mi āi`2 /BbiBM+i2K2Mi +QMbiBimû /2 TQHvûi?vHĕM2 TQm` H2b 1hJ 2i /2
hû~QMȉ TQm` H2b 2bTĕ+2b /m K2`+m`2X GǶ2Mb2K#H2 /2 +2 ~�+QMM�;2 � ûiû M2iiQvû- /û+QMi�KBMû 2i biQ+Fû b2HQM
H2b T`QiQ+QH2b /2 M2iiQv�;2 2i /2 biQ+F�;2 mHi`�@T`QT`2b- /ûD¨ /û+`Bib T�` JQMT2``mbg2i �HX Ukyy8VX
�BMbB- H2 ~�+QMM�;2 � ûiû M2iiQvû ¨ HǶ�B/2 /2 /ûi2`;2Mi U_"ahJV 2i �#QM/�KK2Mi `BM+ûX AH � ûiû 2M bmBp�Mi
/û+QMi�KBMû pB� mM2 bm++2bbBQM /2 /2mt #�BMb /Ƕ�+B/2 MBi`B[m2 U>LPjV Ry W Up੃pV 2i /ǶmM #�BM /Ƕ�+B/2
+?HQ`?v/`B[m2 U>*HV Ry W Up੃pVX SQm` +?�[m2 #�BM- H2 K�iû`B2H � bm#B mM2 ûi�T2 /2 bQMB+�iBQM /2 k? 2i 2Mi`2
+?�[m2 #�BM- H2 K�iû`B2H � ûiû `BM+û �m KQBMb j 7QBb ¨ HǶ2�m /ûBQMBbû2X �T`ĕb /û+QMi�KBM�iBQM- BH � ûiû KBb
bQmb mM2 ?Qii2 ¨ ~mt H�KBM�B`2 TQm` bû+?2` 2i � ûiû }M�H2K2Mi biQ+Fû /�Mb /2b +QMi2M�Mib 2M TH�biB[m2
UTQHvûi?vHĕM2V Dmb[mǶ¨ miBHBb�iBQM bm` bBi2X

SQm` H2b T`ûHĕp2K2Mib /2 T�`iB+mH2b TQm` H2b �M�Hvb2b /2 1hJ- H2b D2``B+�Mb /2 8G 2M TQHvûi?vHĕM2 bQMi 2mt
�mbbB bm++2bbBp2K2Mi M2iiQvûb �m _"ahJ- `BM+ûb �#QM/�KK2Mi 2i /û+QMi�KBMûb T�` mM2 bm++2bbBQM /2 /2mt
#�BMb /Ƕ>LPj 2i /ǶmM #�BMb /Ƕ>*H- +?�+mM ¨ 8W Up੃pV 2i }M�H2K2Mi `BM+ûb �#QM/�KK2Mi ¨ HǶ2�m /ûBQMBbû2X

G2 ~�+QMM�;2 /û/Bû �mt T`ûHĕp2K2Mib 2i ¨ HǶ�M�Hvb2 /2b +QMi�KBM�Mib Q`;�MB[m2b 2bi 2M p2``2X �m T`û�H�#H2-
HǶ2Mb2K#H2 /m ~�+QMM�;2 � ûiû `BM+û ¨ /2mt `2T`Bb2b ¨ HǶ�+ûiQM2 U:`�/2 i2+?MB[m2- NN-8WV TmBb Tv`QHvbû ¨
98yê*X G2b ~�+QMb QMi ûiû 72`Kûb �p2+ /m T�TB2` /Ƕ�HmKBMBmK Tv`QHvbû Dmb[mǶ¨ miBHBb�iBQMX G2b �M�Hvb2b /2b
+QMi�KBM�Mib Q`;�MB[m2b T`2MM2Mi TH�+2 /B`2+i2K2Mi �T`ĕb H2 T`ûHĕp2K2Mi- +2b û+?�MiBHHQMb M2 i`�MbBi2`QMi
T�b T�` mM2 ûi�T2 /2 biQ+F�;2X
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

kXRXjXkXk S`ûHĕp2K2Mi 2i i`�Bi2K2Mi 2M pm2 /2 HǶ�M�Hvb2 /2b KB+`QTQHHm�Mibr 1hJ � Q`;�MQKûi�mt

S�` bBi2- R G /Ƕ2�m /2 bm#bm`7�+2 2bi T`ûH2pû /�Mb /2b #Qmi2BHH2b 2M TQHvT`QTvHĕM2X GǶû+?�MiBHHQM 2bi +QMb2`pû
/�Mb /2b ;H�+Bĕ`2b ¨ HǶ�#`B /2 H� HmKBĕ`2 2i �m 7`QB/ Dmb[mǶ�m H�#Q`�iQB`2 UAS_1J- �M;H2iVX G� +QM+2Mi`�iBQM
2M 1hJ 2i 2M Q`;�MQK2`+m`B2Hb /�Mb H2b T�`iB+mH2b � ûiû K2bm`û /Ƕ�T`ĕb H� /Bzû`2M+2 /2b +QM+2Mi`�iBQMb /�Mb
H� 7`�+iBQM iQi�H2 UMQM }Hi`û2V 2i H� 7`�+iBQM /BbbQmi2 U}Hi`û2V U"mxB2`g2i �HX- kyyeVX �BMbB- HǶû+?�MiBHHQM 2bi
b+BM/û 2M /2mt- mM2 T`2KBĕ`2 T�`iB2 2bi /B`2+i2K2Mi i`�Mb7û`û2 /�Mb mM ~�+QM 2M TQHvûi?vHĕM2 /2 Rk8 KG
TmBb �+B/B}û2 ¨ RW /Ƕ>LPj USQBMig2i �HX- kyydV 2i mM ~�+QM 2M hû~QMȉ /2 k8y KG TmBb �+B/B}û2 2Mi`2 y-8
@ RW ¨ HǶ�+B/2 �+ûiB[m2 U*>j*PP>V U2M 7QM+iBQM /2 H� +?�`;2 2M T�`iB+mH2V- TQm` `2bT2+iBp2K2Mi HǶ�M�Hvb2
/2b 1hJ 2i +2HH2 /2b 2bTĕ+2b /m K2`+m`2X *2b û+?�MiBHHQMb +Q``2bTQM/2Mi ¨ HǶ�M�Hvb2 /2 H� 7`�+iBQM iQi�H2
U6B;m`2 kX8�VX

6B;m`2 kX8 Ĝ a+?ûK� /m /BbTQbBiB7 /2 }Hi`�iBQM 2i /2 T`ûT�`�iBQM /2b û+?�MiBHHQMb /Ƕ2�mt U7`�+iBQM iQi�H2 2i
/BbbQmi2V U�V 2i H� K�iBĕ`2 2M bmbT2Mb2MbBQM UJ1aV U"V TQm` HǶ�M�Hvb2 /2b 1hJX

G� b2+QM/2 T�`iB2 +Q``2bTQM/ ¨ H� 7`�+iBQM /BbbQmi2- HǶû+?�MiBHHQM 2bi }Hi`û bQmb pB/2 bm` /2b }Hi`2b So.6
y-98 ƒK U.m`�TQ`2VX G2 }Hi`�i 2bi /Bbi`B#mû 2i �+B/B}û /2 K�MBĕ`2 bBKBH�B`2 ¨ H� 7`�+iBQM iQi�H2 /�Mb mM ~�+QM
2M TQHvûi?vHĕM2 /2 Rk8 KG �+B/B}û ¨ RW >LPj 2i /�Mb mM ~�+QM 2M hû~QMȉ /2 k8y KG �+B/B}û ¨ y-8W
/Ƕ*>j*PP>X G2b û+?�MiBHHQMb bQMi biQ+Fûb ¨ HǶQ#b+m`Biû 2i ¨ 9ê* Dmb[mǶ¨ H2m` 2ti`�+iBQM 2i �M�Hvb2 U6B;m`2
kX8�VX

SQm` H2 T`ûHĕp2K2Mi /2 H� 7`�+iBQM T�`iB+mH�B`2- 9 G /Ƕ2�m /2 bm#@bm`7�+2 bQMi T`ûH2pûb T�` bBi2 TmBb i`�Mb7û`ûb
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kXRX aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

�m 7`QB/ 2i ¨ HǶQ#b+m`Biû �m H�#Q`�iQB`2 UAS_1J- �M;H2iVX _�TB/2K2Mi- /2 kyy ¨ R dyy KG /Ƕû+?�MiBHHQMb
QMi ûiû }Hi`ûb bm` /2b `�KT2b 2M So* 2i /2b 2MiQMMQB`b 2M TQHvûi?2`bmH7QM2 2i /2b }Hi`2b So.6 y-98 ƒK
U.m`�TQ`2V �mT�`�p�Mi /û+QMi�KBMûb 2i T2bûbX �T`ĕb H� }Hi`�iBQM- H2b }Hi`2b bQMi biQ+Fûb /�Mb /2b S2i`BaHB/2b
¨ HǶQ#b+m`Biû 2i @kyê* U6B;m`2 kX8"VX �p�Mi HǶ�M�Hvb2 2M A*S@Ja- BHb b2`QMi bû+?ûb bQmb mM2 ?Qii2 ¨ ~mt
H�KBM�B`2- T2bûb 2i /2 MQmp2�m +QM;2Hûb �}M /Ƕāi`2 }M�H2K2Mi HvQT?BHBbûb Uo�*Qk- wB`#mbVX
G2b S2i`BaHB/2b UJBHHBTQ`2V �BMbB [m2 H2b 2MiQMMQB`b /2 }Hi`�iBQM 2i H2b mMBiûb /2 }Hi`�iBQM 2M TQHvûi?2`bmH7QM2
QMi bm#B �m T`û�H�#H2 H2 KāK2 T`QiQ+QH2 /2 /û+QMi�KBM�iBQM [m2 H2 ~�+QMM�;2 /2 T`ûHĕp2K2Mi bQBi /2mt #�BMb
/Ƕ>LPj RyW Up੃pV bmBpBi /ǶmM #�BM /Ƕ>*H RyW Up੃pV- +?�[m2 #�BM b2 +QMbiBim�Mi /ǶmM2 ûi�T2 /2 bQMB+�iBQM
/m`�Mi �m KBMBKmK k?X G2b }Hi`2b QMi 2mt �mbbB ûiû /û+QMi�KBMûb pB� /2mt #�BMb /Ƕ�+B/2- HǶmM /Ƕ>LPj 2i H2
b2+QM/ >*H- ¨ kW Up੃pV �mbbB +QMbiBimûb +?�+mM /ǶmM2 ûi�T2 /2 bQMB+�iBQM /2 k?Xr *QMi�KBM�Mib Q`;�MB[m2b

SQm` HǶ�M�Hvb2 /2b +QMi�KBM�Mib Q`;�MB[m2b- k G /Ƕ2�m bQMi T`ûH2pûb T�` bBi2 /�Mb /2b #Qmi2BHH2b 2M p2``2
�K#`û- H2b û+?�MiBHHQMb QMi ûiû 2M bmBp�Mi �+?2KBMûb �m H�#Q`�iQB`2 U¨ HǶQ#b+m`Biû 2i �m 7`QB/VX G2 T`ûH2pĕ`2Mi
2bi b+BM/û 2M /2mt- mM2 T`2KBĕ`2 7`�+iBQM � ûiû }Hi`û2 U7`�+iBQM /BbbQmi2V bm` /2b }Hi`2b /Ƕ�+ûi�i2 /2 +2HHmHQb2
/2 y-98 ƒK UJBHHBTQ`2V 2i H� b2+QM/2 � ûiû +QMb2`pû i2HH2 [m2HH2 U7`�+iBQM iQi�H2V U6B;m`2 kXeVX G� +QM+2Mi`�iBQM
2M +QMi�KBM�Mib Q`;�MB[m2b /�Mb H2b T�`iB+mH2b b2`� 2biBKû2 ¨ T�`iB` /2 H� /Bzû`2M+2 2Mi`2 H� 7`�+iBQM iQi�H2
2i H� 7`�+iBQM /BbbQmi2 U"mxB2`g2i �HX- kyyeVX

6B;m`2 kXe Ĝ a+?ûK� /m /BbTQbBiB7 /2 }Hi`�iBQM 2i /2 T`ûT�`�iBQM /2b û+?�MiBHHQMb /Ƕ2�mt U7`�+iBQM iQi�H2 2i
/BbbQmi2V TQm` HǶ�M�Hvb2 /2b +QMi�KBM�Mib Q`;�MB[m2b T�` bBi2X
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

*?�[m2 7`�+iBQM U/BbbQmi2 2i iQi�H2V � ûiû �HQ`b b+BM/û2 2M j TQm` `û�HBb2` H2b 2ti`�+iBQMb 2i �M�Hvb2b /BbiBM+i2b
/2b >�S- S*" 2i T2biB+B/2b- /2b Kmb+b bvMi?ûiB[m2b 2i }Hi`2b lo 2i /2b �HFvHT?ûMQHbX SQm` +?�+mM2 /2 +2b
+�iû;Q`B2b- QM `û�HBb2 /2b i`BTHB+�b /Ƕ2ti`�+iBQM- Ryy KG /Ƕû+?�MiBHHQMb QMi ûiû i`�Mb7û`ûb /�Mb /2b ~�+QMb 2M
p2``2 +QMi2M�Mi Ry ; /2 L�*H U6B;m`2 kXeV /Ƕ�T`ĕb "H�M+Q@wm#B�;mB``2g2i �HX UkyR9VX *2ii2 T`ûT�`�iBQM
+Q``2bTQM/ +QM+`ĕi2K2Mi ¨ H� T?�b2 /Ƕ2ti`�+iBQM /2b +QMi�KBM�Mib Q`;�MB[m2bX 1M 2z2i- HǶûi�T2 /Ƕ2ti`�+iBQM
T`2M/ TH�+2 2M bmBp�Mi- b�Mb ûi�T2 BMi2`Kû/B�B`2 /2 biQ+F�;2X G2b +QMi�KBM�Mib Q`;�MB[m2b b2 /û;`�/2Mi
`�TB/2K2Mi- BH 2bi Mû+2bb�B`2 /2 H2b 2ti`�B`2 H2 THmb `�TB/2K2Mi TQbbB#H2 /2 H� 7`�+iBQM �[m2mb2 2i /2 TQm`bmBp`2
HǶ�M�Hvb2 2M :*@Ja /�Mb H2b THmb #`27b /ûH�BbX G2b mMBiûb /2 }Hi`�iBQM 2i H2 ~�+QMM�;2 QMi ûiû �m T`û�H�#H2
`BM+ûb ¨ i`QBb `2T`Bb2b ¨ HǶ�+ûiQM2 U:`�/2 i2+?MB[m2- NN-8WV 2i Tv`QHvbûb U¨ 98yê*VXr _ûbB/mb T?�`K�+2miB[m2b

S�` bBi2- R-8G /Ƕ2�m /2 bm#bm`7�+2 2bi T`ûH2pûb /�Mb /2b #Qmi2BHH2b /Ƕ2�m /2 bQm`+2 �m T`û�H�#H2 pB/û2bX G2b
û+?�MiBHHQMb QMi ûiû }Hi`ûb bm` /2b }Hi`2b /2 y-98 ƒK 2M �+ûi�i2 /2 +2HHmHQb2 UJBHHBTQ`2V- kyy KG 2M i`BTHB+�
T�` û+?�MiBHHQMb QMi ûiû biQ+Fûb /�Mb /2b #Qmi2BHH2b 2M TH�biB[m2 /Ƕ2�m KBMû`�H2 2i +QM;2Hûb U@kyê*VX

kXRXjXkXj S`ûHĕp2K2Mi 2i i`�Bi2K2Mi 2M pm2 /2 HǶ�M�Hvb2 /2b +QKKmM�miûb KB+`Q#B2MM2b

S�` bBi2- k G /Ƕ2�m QMi ûiû T`ûH2pûb 2M bm#bm`7�+2 2i 2M i`BTHB+� /�Mb /2b #Qmi2BHH2b TH�biB[m2b �m T`û�H�#H2
M2iiQvû2b 2i biû`BHBbû2b T�` �miQ+H�p2X G2b û+?�MiBHHQMb QMi ûiû }Hi`ûb bmBp�Mi mM /BbTQbBiB7 /2 }Hi`�iBQM 2M bû`B2
¨ HǶ�B/2 /ǶmM2 TQKT2 Tû`Bbi�HiB[m2 2i +QMbiBimû /2 k b2mBHb /2 +QmTm`2 , ¨ j ƒK U}Hi`2 K2K#`�M2 @ J. /2
KBt /Ƕ2bi2` /2 +2HHmHQb2 2i /2 9d KK /2 /B�Kĕi`2- JBHHBTQ`2V 2i ¨ y-kk ƒK U}Hi`2 ai2`Bp2thJ :o- JBHHBTQ`2V
/2 K�BHH�;2 U6B;m`2 kXdVX G2b }Hi`2b /Bb[m2b QMi ûiû �mT�`�p�Mi �miQ+H�pûb 2i H2b ai2`Bp2thJ ûi�B2Mi ;�`�MiBb
biû`BH2b T�` H2 7Qm`MBbb2m`X

*2 T`2KB2` }Hi`2 2M bû`B2 U/ǶmM2 TQ`QbBiû /2 j ƒKV +Q``2bTQM/ ¨ H� 7`�+iBQM /2 KB+`QQ`;�MBbK2b �bbQ+Bûb
�mt T�`iB+mH2b c [m�Mi �m b2+QM/ U/ǶmM2 TQ`QbBiû /2 y-kk ƒKV- BH +Q``2bTQM/ ¨ H� 7`�+iBQM /2 KB+`QQ`;�MBbK2b
HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U+7X *?�TBi`2 RXjVX
am` H2b +QMb2BHb /2 S�/BHH�g2i �HX UkyR8V- �TT`QtBK�iBp2K2Mi R-8 G /Ƕ2�m QMi ûiû }Hi`ûb- ¨ HǶ2t+2TiBQM /2
[m2H[m2b bBi2b TQm` H2b[m2Hb H� T`ûb2M+2 /ǶmM2 T`QTQ`iBQM +QMbû[m2Mi2 /2 K�iBĕ`2 2M bmbT2MbBQM UT�`iB+mH�B`2
Qm +QHHQś/�H2V � 2Mi`�ŗMû `�TB/2K2Mi mM +QHK�i�;2 /2b }Hi`2b- ¨ iBi`2 BM/B+�iB7 H2 pQHmK2 /Ƕû+?�MiBHHQM }Hi`û �
p�`Bû 2Mi`2 kky 2i R 3ky KGX
lM2 7QBb H� }Hi`�iBQM i2`KBMû2- H2b ai2`Bp2thJ QMi ûiû b+2HHûb �p2+ /m T�`�}HK 2i H2b }Hi`2b K2K#`�M2b /2
j ƒK QMi ûiû THBûb 2i biQ+Fûb /�Mb /2b im#2b 1TT2M/Q`7 /2 R-8 KGX G2b }Hi`2b QMi 2MbmBi2 ûiû biQ+Fûb 2i
i`�MbTQ`iûb �m b2BM /2 +`vQ+QMb2`p�i2m`bX �``Bpûb �m H�#Q`�iQB`2 UAS_1J- S�mV- H2b }Hi`2b QMi ûiû biQ+Fûb ¨
@3yê* /�Mb HǶ�ii2Mi2 /2 HǶûi�T2 /Ƕ2ti`�+iBQM /Ƕ�.LX
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kXRX aBi2 /Ƕûim/2 2i bi`�iû;B2 /Ƕû+?�MiBHHQMM�;2

6B;m`2 kXd Ĝ S?QiQ;`�T?B2 Hû;2M/û2 /m /BbTQbB7 /2 }Hi`�iBQMb bm` j 2i y-kk ƒK /2b û+?�MiBHHQMb BM bBim H2b
T`ûHĕp2K2Mi KB+`Q#BQHQ;B[m2b /2b 2�mtX
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

kXk *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

kXkXR �M�Hvb2b /2b 1hJ 2M A*S@Ja

G2 /Qb�;2 /2b 1hJ TQm` HǶ2Mb2K#H2 /2b K�i`B+2b 7mi `û�HBbû T�` bT2+i`QKûi`B2 /2 K�bb2 ¨ TH�bK� ¨
+QmTH�;2 BM/m+iB7 UA*S@JaVX *2ii2 Kûi?Q/2 +QMbBbi2 2M H� bûT�`�iBQM- HǶB/2MiB}+�iBQM 2i H� [m�MiB}+�iBQM
/2b 1hJ 2M 7QM+iBQM /2 H2m` `�iBQ K�bb2 bm` +?�`;2X G2 T`QiQ+QH2 /2 /B;2biBQM UQm KBMû`�HBb�iBQMV TQm` H2b
bû/BK2Mib- T�`iB+mH2b 2i TQm` H� 7`�+iBQM iQi�H2 UMQM }Hi`û2V /2b 2�mt � ûiû �/�Tiû2 /Ƕ�T`ĕb G�M+2H2m`g2i �HX
UkyRRVX

kXkXRXR .Qb�;2 /2b 1hJ /�Mb H2b bû/BK2Mib 2i /2b T�`iB+mH2b

G2b �M�Hvb2b /2b 1hJ /�Mb H2b bû/BK2Mib 2i H2b T�`iB+mH2b bmBp2Mi mM T`QiQ+QH2 B/2MiB[m2X .2 y-y8 ¨ R ; /2
bû/BK2Mib b2+b UHvQT?BHBbûb 2i #`QvûbV 2i H2b }Hi`2b HvQT?BHBbûb bQMi KBb 2M bQHmiBQM �p2+ j KG /Ƕ>LPj UeN@dyW-
"�E1_ ALah_�@�L�Guw1.ȉ 7Q` i`�+2 K2i�H �M�HvbBb- 6Bb?2` a+B2MiB}+V 2i R KG /Ƕ�+B/2 +?HQ`?v/`B[m2
Ujj@jeW- "�E1_ lGh_1sȉ- 6Bb?2` a+B2MiB}+V /�Mb /2b ~�+QMb /2 R8 KG /2 TQHvT`QTvHĕM2X *2ii2 bQHmiBQM
2bi 2MbmBi2 +?�mzû2 /m`�Mi 9? ¨ 38ê* U.B;BS_1S- a*S a+B2M+2VX �T`ĕb +2ii2 ûi�T2- R KG /2 T2`Qtv/2
/Ƕ?v/`Q;ĕM2 Ujy@jkW PTiBK�hJ 7Q` mHi`� i`�+2 �M�HvbBb- 6Bb?2` a+B2MiB}+V 2bi �DQmiû �m ;Qmii2@¨@;Qmii2X
*2ii2 bQHmiBQM 2bi /2 MQmp2�m +?�mzû2 T2M/�Mi k? ¨ 38ê* U.B;BS_1S- a*S a+B2M+2VX G2 pQHmK2 iQi�H 2bi
2MbmBi2 �Dmbiû ¨ R8 KG �p2+ /2 HǶ2�m JBHHB@Z UJBHHBTQ`2VX G2 KBMû`�HBb�i 2bi 2MbmBi2 +2Mi`B7m;û 2i H2 bm`M�;2�Mi
`û+mTû`û TmBb }Hi`û bm` /2b }Hi`2b b2`BM;m2b Sh61 /2 y-kk ƒK /2 TQ`QbBiû UJBHHBTQ`2VX
G2b û+?�MiBHHQMb bQMi /2 MQmp2�m /BHmûb Ry 7QBb �p2+ mM2 bQHmiBQM /2 >LPj ¨ kW Up੃pV 2i 8y ƒG /Ƕûi�HQM
BMi2`M2 bQMi �DQmiûbX GǶ�M�Hvb2 /2 H� i2M2m` 2M 1hJ iQi�mt /�Mb H2b bû/BK2Mib 2bi 7�Bi2 bm` mM A*S@Ja
�;BH2Mi d8yy b2`B2b UAS_1J- S�mV 2i 2M 2KTHQv�Mi bBKmHi�MûK2Mi H2b Kûi?Q/2b /2 +�HB#`�iBQM BMi2`M2 2i
2ti2`M2X G� +�HB#`�iBQM 2ti2`M2 2bi `û�HBbû2 pB� HǶ2KTHQB /ǶmM2 bQHmiBQM KmHiBûHûK2Mi�B`2 �p2+ `2+QMbiBimiBQM
/2 H� K�i`B+2 �+B/2 U>LPj ¨ kW- p੃pV /QMi H� ;�KK2 bǶûi2M/�Bi /2 y ¨ ky TT#- �BMbB [mǶmM2 +�HB#`�iBQM
BMi2`M2 �p2+ H2 "BbKmi? U"BV ¨ R TT# U"mHbF�g� q�;M2`g- kyReVX G2b p�H2m`b Q#i2Mm2b bQMi H2 `ûbmHi�i
/2 H� KQv2MM2 �`Bi?KûiB[m2 /2 HǶBMD2+iBQM ¨ Ry `2T`Bb2b /2 HǶû+?�MiBHHQMX G2b K2bm`2b bQMi +Q``B;û2b T�` H�
+�HB#`�iBQM BMi2`M2 U"BV 2i T�` H2b #H�M+b /Ƕ�+B/2b U>LPj kW- p੃pV +Q``2bTQM/�Mi �mt ûi�T2b /Ƕ2ti`�+iBQM
2i /ǶBMD2+iBQMX G2b HBKBi2b /2 /ûi2+iBQM UG.V ûi�B2Mi +QKT`Bb2b- 2M 7QM+iBQM /2b 1hJ 2i /2b +�KT�;M2b
/Ƕû+?�MiBHHQMM�;2b- 2Mi`2 y-y8 2i 8 TT#X G2 K�iû`B�m +2`iB}û miBHBbû TQm` H2 +QMi`ƬH2 /2 +2ii2 �M�Hvb2 2bi H2
bû/BK2Mi a_J RN99 UL�iBQM�H AMbiBimi2 Q7 ai�M/�`/b � h2+?MQHQ;v- la�VX

�}M /2 b2 /û7�B`2 /Ƕûp2Mim2Hb 2z2ib /2 K�i`B+2- MQi�KK2Mi /2b 2z2ib /2 HǶBM~m2M+2 /2 H� ;`�MmHQKûi`B2 /�Mb
H2 bû/BK2Mib- H2b +QM+2Mi`�iBQMb 2M Kûi�mt b2`QMi ¨ +2`i�BM2b `2T`Bb2b MQ`K�HBbû2b T�` H� +QM+2Mi`�iBQM 2M
i?Q`BmK Uh?V UG�M+2H2m`g2i �HX- kyRRVX G� MQ`K�HBb�iBQM +Q``2bTQM/ ¨ H� /BpBbBQM /2b +QM+2Mi`�iBQMb 2M
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kXkX *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

/Bzû`2Mib Kûi�mt T�` H� +QM+2Mi`�iBQM 2M h?X GǶ2KTHQB /m h? b2 DmbiB}2 B+B T�` bQM BKTQ`i�Mi2 BMbQHm#BHBiû
2i b� +QMM2tBQM �p2+ H� ;`�MmHQKûi`B2 /�Mb H2b bû/BK2Mib UG�``Qb2g2i �HX- kyRyVX

kXkXRXk .Qb�;2 /2b 1hJ iQi�mt /�Mb H2b 2�mt

r 1ti`�+iBQM /2b 1hJ T�` /B;2biBQM

SQm` `�TT2H- H2b 1hJ QMi ûiû K2bm`ûb /�Mb H2b T�`iB+mH2b bBKmHi�MûK2Mi ¨ T�`iB` /ǶmM2 }Hi`�iBQM bm` /2b
}Hi`2b y-98 ƒK UpQB` T`û+û/2KK2MiV K�Bb �mbbB T�` /Ƕ�T`ĕb H� /Bzû`2M+2 /2b +QM+2Mi`�iBQMb /�Mb H� 7`�+iBQM
iQi�H2 UMQM }Hi`û2V 2i H� 7`�+iBQM /BbbQmi2 U}Hi`û2V U"mxB2`g2i �HX- kyyeVX *2ii2 T`2KBĕ`2 ûi�T2 /2 /B;2biBQM
M2 +QM+2`M2 [m2 H2b û+?�MiBHHQMb /Ƕ2�m #`mi2 +Q``2bTQM/�Mi ¨ H� 7`�+iBQM iQi�H2X Ry KG /Ƕû+?�MiBHHQMb bQMi
TH�+ûb /�Mb /2b im#2b .B;BS_1S /2 8y KG Ua*S a+B2M+2V �p2+ Ryy ƒG /ǶmM2 bQHmiBQM /Ƕûi�HQMM�;2 BMi2`M2
+QMi2M�Mi /2 HǶuii`BmK UuV- a+�M/BmK Ua+V 2i H2 "BbKmi? U"BV Uo�M?�2+F2g2i �HX- RNNkV ¨ Ryy TT#- �BMbB
[m2 y-k KG /Ƕ>LPj TmBb y-R KG /Ƕ>*HX

G2b im#2b bQMi TH�+ûb /�Mb mM2 TH�[m2 +?�mz�Mi2 .B;BS_1S Ua*S a+B2M+2V Qɍ BHb b2`QMi +?�mzûb ¨ Nyê*
T2M/�Mi j?X �T`ĕb `27`QB/Bbb2K2Mi- H2b û+?�MiBHHQMb bQMi /BHmûb T�` HǶ�DQmi 9y KG /Ƕ2�m JBHHB@Z 2M T2bû2 2i
}Hi`ûb bm` /2b b2`BM;m2b /2 y-98 ƒK So.6 U.m`�TQ`2VX

r S`ûT�`�iBQM- BMbi`mK2Mi�iBQM 2i BMD2+iBQM 2M A*S@Ja

8 KG /Ƕû+?�MiBHHQMb /B;û`ûb Qm +Q``2bTQM/�Mi ¨ H� 7`�+iBQM /BbbQmi2 bQMi TH�+ûb /�Mb /2b im#2b A*S- Ryy ƒG /2
H� bQHmiBQM /Ƕûi�HQMM�;2 ¨ Ryy TT# bQMi �DQmiûb �mt û+?�MiBHHQMb /Ƕ2�m /BbbQmi2 UMǶ�v�Mi T�b bm#B HǶûi�T2 /2
/B;2biBQMVX 1M 7QM+iBQM /2 H� +QM+2Mi`�iBQM �ii2M/m2 2M 1hJ Qm /2 H� b�HBMBiû- +2`i�BMb û+?�MiBHHQMb TQm``QMi
āi`2 /BHmûb �p2+ k ¨ 9 KG /Ƕ>LPj kW Up੃pVX
G2 /Qb�;2 /2b 1hJ � ûiû `û�HBbû bm` mM A*S@Ja �;BH2Mi d8yy b2`B2b UAS_1J- S�mVX .2mt ivT2b /Ƕûi�@
HQMM�;2 QMi ûiû 2KTHQvûb /�Mb +2ii2 �M�Hvb2 , BMi2`M2 U�p2+ HǶu- a+ 2i H2 "B ¨ R TT#V Uo�M?�2+F2g2i �HX-
RNNkV 2i 2ti2`M2 pB� mM2 bQHmiBQM KmHiBûHûK2Mi�B`2 �p2+ `2+QMbiBimiBQM /2 H� K�i`B+2 �+B/2 U>LPj ¨ kW- p੃pV-
H� ;�KK2 /2 H� +�HB#`�iBQM 2ti2`M2 bǶûi2M/�Bi /2 y ¨ ky TT# U"mHbF�g� q�;M2`g- kyReVX G2b K2bm`2b QMi ûiû
+Q``B;û2b T�` H� +�HB#`�iBQM BMi2`M2 Uu- "B Qm a+ 2M 7QM+iBQM /2 HǶûHûK2Mi �M�Hvbû- o�M?�2+F2g2i �HX URNNkVV-
�BMbB [m2 T�` H2b #H�M+b /Ƕ�+B/2b U>LPj kW- p੃pV +Q``2bTQM/�Mi �mt ûi�T2b /Ƕ2ti`�+iBQM 2i /ǶBMD2+iBQM- 2i /2b
#H�M+b /2 }Hi`�iBQM U/2 HǶ2�m JBHHB@Z �v�Mi bmBpB2 H2b KāK2 T`Q+û/ûb /2 }Hi`�iBQM- 2ti`�+iBQM 2i BMD2+iBQMVX
.2 MQmp2�m- mM û+?�MiBHHQM 2bi BMD2+iû ¨ /Bt `2T`Bb2b /�Mb HǶA*S@Ja 2i b� p�H2m` }M�H2 2bi KQv2MMû2X G2b G.
ûi�B2Mi +QKT`Bb2b- 2M 7QM+iBQM /2b 1hJ 2i /2b +�KT�;M2b /Ƕû+?�MiBHHQMM�;2b- 2Mi`2 y-yy8 2i Rk-8 TT#X *2b
�M�Hvb2b QMi ûiû p�HB/û2b pB� ¨ HǶ2KTHQB /Ƕ2�mt +2`iB}û2b- H� hJ _�AL@y9 mM2 2�m /2 THmB2 U1MpB`QMK2Mi
*�M�/�V- H� aG1q@j mM2 2�m 2bim�`B2MM2 UL�iBQM�H _2b2�`+? *QmM+BH- *�M�/�V 2i H� aG_a@e- mM2 2�m /2
`BpBĕ`2 UL�iBQM�H _2b2�`+? *QmM+BH- *�M�/�VX
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

kXkXk .ûi2`KBM�iBQM /m K2`+m`2

.2mt Kûi?Q/2b QMi ûiû /BbiBM+i2K2Mi 2KTHQvû2b TQm` H� +�`�+iû`Bb�iBQM /m K2`+m`2 2ifQm /2b Q`;�MQK2`+m@
`B2Hb /�Mb +2ii2 ûim/2X *2ii2 /BbiBM+iBQM 2bi 7QM+iBQM /2 H� M�im`2 /2b û+?�MiBHHQMbX SQm` H2b 2�mt- [m2HH2 [m2
bQBi H� 7`�+iBQM- H2b Q`;�MQK2`+m`B2Hb QMi ûiû K2bm`ûb T�` +?`QK�iQ;`�T?B2 2M T?�b2 ;�x2mb2 U:*V 2i
bT2+i`QKûi`B2 /2 K�bb2 ¨ TH�bK� +QmTHû T�` BM/m+iBQM UA*S@JaV- �BMbB [m2 H� Kûi?Q/2 /2 /BHmiBQM
BbQiQTB[m2- HǶ�M�Hvb2 � ûiû `û�HBbû2 +QM7Q`KûK2Mi ¨ JQMT2``mbg2i �HX Ukyy8VX SQm` H2b bû/BK2Mib- +Ƕ2bi H2
K2`+m`2 iQi�H [mB � ûiû K2bm`û pB� mM �M�Hvb2m` /2 K2`+m`2 U�J�@k89- G1*PV U*QbiH2vg2i �HX- kyyyVX

kXkXkXR .ûi2`KBM�iBQM /2b Q`;�MQK2`+m`B2Hb T�` :*@A*S@Ja /�Mb H2b 2�mt

*QKK2 BM/B[mû T`û+û/2KK2Mi- H� K2bm`2 /2b Q`;�MQK2`+m`B2Hb `2TQb2 bm` H2 +QmTH�;2 /ǶmM2 Kûi?Q/2 /2
bûT�`�iBQM U:*V 2i /ǶmM2 Kûi?Q/2 /2 /ûi2+iBQM UA*S@JaVX G� T�`iB+mH�`Biû /2 +2ii2 �M�Hvb2 `2TQb2 bm`
HǶ2KTHQB /2 H� Kûi?Q/2 /2 /BHmiBQM BbQiQTB[m2 [mB T2`K2i /Ƕ�m;K2Mi2` H� T`û+BbBQM 2i H� Dmbi2bb2 /2 H� K2bm`2
T�` `�TTQ`i �mt Kûi?Q/2b +H�bbB[m2b /2 +�HB#`�iBQM UJQMT2``mbg2i �HX- kyy9VX *2ii2 Kûi?Q/2 +QMbBbi2 ¨
HǶ�DQmi /ǶmM2 [m�MiBiû +QMMm2 /ǶmM BbQiQT2 /2 HǶûHûK2Mi ûim/Bû /�Mb HǶû+?�MiBHHQMX G2b +QM+2Mi`�iBQMb bQMi
/û/mBi2b /2b `�TTQ`ib BbQiQTB[m2bX

r S`ûT�`�iBQM /2b û+?�MiBHHQMb

G2b û+?�MiBHHQMb QMi ûiû #`Bĕp2K2Mi T�bbûb /�Mb mM #�BM ¨ mHi`�bQMb U[m2H[m2b KBMmi2bV TQm` bǶ�bbm`2` [m2 H2b
�M�Hvi2b M2 `2bi2Mi T�b }tûb bm` H2b T�`QBb /2b +QMi2M�Mib /2 biQ+F�;2X �T`ĕb ?QKQ;ûMûBb�iBQM T�` �;Bi�iBQM
K�Mm2HH2- Ryy KG /Ƕû+?�MiBHHQMb QMi ûiû i`�Mb7û`ûb /�Mb /2b ~�+QMb 2M p2``2 T`û�H�#H2K2Mi M2iiQvûb UpQB`
/ûi�BHb THmb #�bVX 1MbmBi2- 8 KG /ǶmM i�KTQM /Ƕ�+ûi�i2 /2 bQ/BmK- bQHmiBQMb /ǶBbQiQT2b bi�#H2b /2 RNNA>; 2i H2
kyRJJ>; UJQMT2``mbg2i �HX- kyy3VX G2 T> 2bi 2MbmBi2 �Dmbiû ¨ 9-NX �T`ĕb [m2H[m2b ?2m`2b /Ƕû[mBHB#`�iBQM-
k8y ƒG /ǶBbQQ+i�M2 2i 3y ƒG /2 bQHmiBQM iûi`�ûi?vH#Q`�i2 U8WV bQMi �DQmiûb- BHb T2`K2ii2Mi `2bT2+iBp2K2Mi
H2b ûi�T2b /Ƕ2ti`�+iBQM 2i /2 /û`Bp�iBQMX G2b û+?�MiBHHQMb bQMi �HQ`b �;Biûb T2M/�Mi ky KBM ¨ 9y `TKX G� T?�b2
Q`;�MB[m2 bm`M�;2�Mi2 b2`� }M�H2K2Mi `û+mTû`û2 2i BMD2+iû2 U2M i`BTHB+�V pB� /2b KB+`Q}QH2b :*X

A+B- +QKK2 TQm` H� +QHH2+i2 /2b û+?�MiBHHQMb BM bBim- HǶBMiû;`�HBiû /m K�iû`B2H 2KTHQvû TQm` H� T`ûT�`�iBQM
/2b û+?�MiBHHQMb ûi�Bi �m T`û�H�#H2 M2iiQvû b2HQM H2b T`QiQ+QH2b T`û+û/2KK2Mi /û+`Bib T�` JQMT2``mbg2i �HX
Ukyy8VX G2 K�iû`B2H � ûiû �m T`û�H�#H2 M2iiQvû �p2+ /m /ûi2`;2Mi U_"ahJV 2i �#QM/�KK2Mi `BM+ûX SmBb- BH �
ûiû /û+QMi�KBMû pB� /2mt #�BMb /Ƕ�+B/2 MBi`B[m2 U>LPjV Ry W Up੃pV 2i mM #�BM /Ƕ�+B/2 +?HQ`?v/`B[m2 U>*HV
Ry W Up੃pVX SQm` +?�[m2 #�BM- H2 K�iû`B2H � bm#B mM2 ûi�T2 /2 bQMB+�iBQM /2 k? 2i 2Mi`2 +?�[m2 #�BM- H2
K�iû`B2H � ûiû `BM+û �m KQBMb j 7QBb ¨ HǶ2�m /ûBQMBbû2X 1M bmBp�Mi- BH ûi�Bi bû+?û bQmb ?Qii2 ¨ ~mt H�KBM�B`2 2i
}M�H2K2Mi biQ+Fû bQmb /2mt b�+b 2M TQHvûi?vHĕM2 Dmb[mǶ¨ 2KTHQBXr AMbi`mK2Mi�iBQM 2i BMD2+iBQM , :*@A*S@Ja
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kXkX *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

*2b �M�Hvb2b QMi ûiû `û�HBbû2b bm` mM +?`QK�iQ;`�T?2 ;�x2mt U�;BH2Mi h2+?MQHQ;B2bV û[mBTû /ǶmM2 +QHQMM2
_sBȉ@8 Kb U/2 y-k8 KK /2 /B�Kĕi`2V U_2bi2FV +QmTHû ¨ mM A*S@JaX G2 ;�x p2+i2m` 2bi HǶ?ûHBmK- bQM /û#Bi
2bi /2 8 KGXKBM@RX G2 7Qm` /m :* 2bi +?�mzû ¨ 3yê* T2M/�Mi R KBM- TmBb �m;K2Mi2 /2 jyê*XKBM@R Dmb[mǶ¨
H� i2KTû`�im`2 /2 R3yê*- TmBb �m;K2Mi2 /2 MQmp2�m /2 8yê*XKBM@R- Dmb[mǶ�m T�HB2` }M�H /2 k3yê* K�BMi2Mm
T2M/�Mi k KBMX G� i2KTû`�im`2 /2 HǶBMD2+i2m` 2bi /2 k3yê*X G2b K2bm`2b bQMi +Q``B;û2b T�` H� p�H2m` /2b
#H�M+b /2 T`Q+û/m`2 U+Q``2bTQM/�Mi ¨ H� T`ûT�`�iBQM /2b û+?�MiBHHQMb 2i H2m` BMD2+iBQMV 2i +QMi`ƬHû2b T�`
+2HH2b /2b #H�M+b /2 }Hi`�iBQMX G� +�HB#`�iBQM B+B 2bi BMi2`M2- 2HH2 +Q``2bTQM/ ¨ HǶ2KTHQB /2 H� Kûi?Q/2 /BHmiBQM
BbQiQTB[m2X 1HH2 2bi +QMi`ƬHû2 T�` HǶ2KTHQB /2 bi�M/�`/b M�im`2Hb /2 HǶûHûK2Mi +B#Hû UB+B H2 K2`+m`2VX G� G.
p�`B2 2M 7QM+iBQM /2b +�KT�;M2b /Ƕû+?�MiBHHQMM�;2- `2bT2+iBp2K2Mi 2Mi`2 y-yed 2i y-kRk M;XG@R 2i y-yyk 2i
y-yyN M;XG@R TQm` H2 RNNA>; 2i H2 kyRJJ>;- HǶBMiû;`�HBiû /2b p�H2m`b K2bm`û2b bQMi bmTû`B2m`2b ¨ H� G.X

kXkXkXk .ûi2`KBM�iBQM /m K2`+m`2 iQi�H T�` /�Mb H2b bû/BK2Mib

SQm` H2b bû/BK2Mib- H� +QM+2Mi`�iBQM 2M K2`+m`2 iQi�H /�Mb H2b bû/BK2Mib � ûiû K2bm`û2 pB� mM �M�Hvb2m`
/2 K2`+m`2 iQi�H- HǶ�J�@k89 UG1*PVX *2ii2 �M�Hvb2 M2 Mû+2bbBi2 T�b /2 T`û@i`�Bi2K2Mi /2b û+?�MiBHHQMb
U/B;2biBQM- 2ti`�+iBQM- 2i+XV �m T`û�H�#H2X G� +QM+2Mi`�iBQM 2M K2`+m`2 iQi�H v 2bi /ûi2`KBMû2 T�` bT2+i`Q@
Kûi`B2 /Ƕ�#bQ`TiBQM �iQKB[m2 U��aV U*QbiH2vg2i �HX- kyyyVX
.2 R8 ¨ j8 K; /2 bû/BK2Mib HvQT?BHBbûb 2i #`Qvûb bQMi T2bûb /�Mb mM2 M�+2HH2 /2 MB+F2HX *2ii2 M�+2HH2 2bi BM@
i`Q/mBi2 /�Mb HǶ�M�Hvb2m` Qɍ H2b û+?�MiBHHQMb v bQMi /û+QKTQbûb T�` +?�mz2 U38yê*V 2i 2M T`ûb2M+2 /ǶQtv;ĕM2X
�T`ĕb /û+QKTQbBiBQM- H2 K2`+m`2 bQmb 7Q`K2 ûHûK2Mi�B`2 U>;yV 2bi 2Mi`�ŗMû T�` mM ~mt /ǶQtv;ĕM2 Dmb[mǶ¨ mM
TBĕ;2 /ǶQ` Qɍ BH 2bi �K�H;�KûX G2 K2`+m`2 2bi 2MbmBi2 /ûbQ`#û T�` mM2 +?�mz2 `�TB/2 Ud8y@38yê*V 2i 2Mi`�ŗMû
T�` mM ~mt /ǶQtv;ĕM2 p2`b /2b +2HHmH2b /2 /ûi2+iBQM Qɍ H2 K2`+m`2 2bi K2bm`û T�` bT2+i`QKûi`B2 /Ƕ�#bQ`TiBQM
�iQKB[m2 ¨ k89 MKX

kXkXj �M�Hvb2b /2b +QMi�KBM�Mib Q`;�MB[m2br 1ti`�+iBQM T�` �/bQ`TiBQM bm` T?�b2 bQHB/2 TQm` H2b K�i`B+2b 2�mt

GǶûi�T2 /Ƕ2ti`�+iBQM 2bi `û�HBbû2 /BbiBM+i2K2Mi TQm` H2b >�S- T2biB+B/2b 2i S*"- TmBb TQm` H2b Kmb+b bvMi?û@
iB[m2b 2i H2b }Hi`2b lo- 2M}M /2`MBĕ`2K2Mi TQm` H2b �HFvHT?ûMQHb 2i b2HQM H� Kûi?Q/2 /û+`Bi2 T�` "H�M+Q@
wm#B�;mB``2g2i �HX UkyR9V 2i KQ/B}û2 T�` *�p�H?2B`Qg2i �HX UkyR8V TQm` H2b �HFvHT?ûMQHbX

SQm` +?�+mM2 /2b +�iû;Q`B2b /Ƕ�M�Hvb2b- Ryy KG /Ƕû+?�MiBHHQMb U7`�+iBQM iQi�H2 Qm /BbbQmi2V bQMi TH�+ûb /�Mb
/2b ~�+QMb 2M p2``2 �m T`û�H�#H2 M2iiQvûb +QKK2 BM/B[mû T`û+û/2KK2Mi- mM2 bQHmiBQM /2 bi�M/�`/b BMi2`M2b
2bi �DQmiû2 �mt û+?�MiBHHQMbX SQm` H2b j +�iû;Q`B2b /Ƕ�M�Hvb2b- H� +QKTQbBiBQM- +QM+2Mi`�iBQM 2i [m�MiBiû /2
bi�M/�`/b BMi2`M2b p�`B2Mi- �BMbB TQm` HǶ�M�Hvb2 /2b >�S- S*" 2i T2biB+B/2b- Ry ƒG /ǶmM2 bQHmiBQM ¨ Ry
TTK /2 M�T?i�HĕM2 /3- �+ûM�T?i?ĕM2 /Ry- Tû`vHĕM2 /Rk 2i �i`�xBM2 /8 UaB;K� �H`B+?V ¨ Ry TTK- /2 Ry ƒG
/ǶmM2 bQHmiBQM /2 Kmb+ tvHĕM2 /R8 UG:* ai�M/�`/bV ¨ Ry TTK U*�p�H?2B`Qg2i �HX- kyRjV TQm` H2b Kmb+b
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

bvMi?ûiB[m2b 2i Ry ƒG /ǶmM2 bQHmiBQM /2 #2MxQT?2MQM2 /Ry ¨ Ry TTK }Hi`2b lo 2i TQm` H2b �HFvHT?ûMQHb- /2
8y ƒG /2 MQMvHT?ûMQH@/9 UaB;K� �H`B+?V ¨ R TTK U*�p�H?2B`Qg2i �HX- kyR9VX

1MbmBi2- 8 7`�;K2Mib /2 KB+`Qim#2b /2 TQHv2i?2`bmH7QM2b US1aV UJ2K#`�M� :K#>- :2`K�MvV HQM; /Ƕ�T@
T`QtBK�iBp2K2Mi R-8 +K bQMi BMi`Q/mBib /�Mb H2b /Ƕû+?�MiBHHQMbX *2b KB+`Qim#2b `2T`ûb2Mi2Mi H� T?�b2 bi�@
iBQMM�B`2 /2 HǶ2ti`�+iBQM- BHb pQMi T2`K2ii`2 H� T`û@+QM+2Mi`�iBQM 2i HǶ2ti`�+iBQM /2b +QMi�KBM�Mib Q`;�MB[m2b
T�` �/bQ`TiBQM ¨ H2m` bm`7�+2X �}M /2 7�pQ`Bb2` HǶ2{+�+Biû 2i HǶ?QKQ;ûMûBiû /2 +2ii2 �/bQ`TiBQM- H2 KûH�M;2
2bi KBb bQmb �;Bi�iBQM T2M/�Mi R8? ¨ NNy `TKX *?�+mM2 /2b i`QBb 2ti`�+iBQMb 2bi `û�HBbû2 2M i`BTHB+�X
G2b S1a bQMi }M�H2K2Mi `û+mTû`ûb- `BM+ûb ¨ HǶ2�m JBHHB@Z- bû+?ûb 2i i`�Mb7û`ûb /�Mb /2b 1TT2M/Q`7 R-8 KG �p2+
jyy ƒG /Ƕ�+ûi�i2 /Ƕûi?vH2X �T`ĕb 3 KBM /ǶmHi`�bQMb- H� T?�b2 HB[mB/2 2bi i`�Mb7û`û2 /�Mb mM ~�+QM :*@JaX

*2 T`QiQ+QH2 +Q``2bTQM/ ¨ HǶ2ti`�+iBQM TQm` H2b >�S- T2biB+B/2b 2i S*" 2i TQm` H2b Kmb+b bvMi?ûiB[m2b 2i H2b
}Hi`2b lo +QKK2 /û+`Bi T�` "H�M+Q@wm#B�;mB``2g2i �HX UkyR9VX SQm` H2b �HFvHT?ûMQHb- BH � ûiû �/�Tiû T�`
*�p�H?2B`Qg2i �HX UkyRdV 2M v BM+Hm�Mi MQi�KK2Mi mM2 ûi�T2 /2 /û`Bp�iBb�iBQMX A+B- H2b S1a bQMi /û+QmTûb
2M /2mt 2i i`�Mb7û`ûb /�Mb Rk8 ƒG /Ƕ�+ûi�i2 /Ƕûi?vH2X �T`ĕb 3 KBM /ǶmHi`�bQMb- 8y ƒG /2 "ah6�fhJ* U��੃�V
bQMi �DQmiûb- H2 iQmi 2bi TH�+û ¨ HǶûimp2 ¨ eyê* TQm` 98 KBM Ua?�`227g2i �HX- kyyeVX 6BM�H2K2Mi- H� T?�b2
HB[mB/2 2bi i`�Mb7û`û2 /�Mb mM ~�+QM :*@Ja 2i biQ+Fû2 ¨ @kyê* �p�Mi HǶ�M�Hvb2 2M :*@Ja- H2b T�`�Kĕi`2b
/ǶBMD2+iBQMb 2i /2 +QMi`ƬH2 b2`QMi BM/B[mûb THmb #�bXr 1ti`�+iBQM /2b +QMi�KBM�Mib Q`;�MB[m2b T�` H� Kûi?Q/2 Zm1*?1_a TQm` H2b K�i`B+2

bû/BK2Mi�B`2b

SQm` H2b bû/BK2Mib- HǶûi�T2 /Ƕ2ti`�+iBQM � ûiû �/�Tiû2 /Ƕ�T`ĕb "2M a�H2Kg2i �HX UkyReV TQm` H2b >�S- S*"
2i T2biB+B/2b 2i L2+B#Bg2i �HX UkyReV TQm` H2b Kmb+b bvMi?ûiB[m2bX "`Bĕp2K2Mi- mM �HB[mQi /2 k ; /Ƕû+?�MiBHHQMb
QMi ûiû T2bûb /�Mb mM ~�+QM 2M TQHvT`QTvHĕM2 /2 8y KG 2i bQMi �DQmiûb 9 KG /Ƕ2�m JBHHB@Z UJBHHBTQ`2V- ky
ƒG /2 bi�M/�`/b BMi2`M2b /2 M�T?i?�HĕM2 /3- �+ûM�T?i?ĕM2 /Ry- Tû`vHĕM2 /Rk- �i`�xBM2 /8- +�`#�K�xûTBM2
/Ry UaB;K� �H`B+?V 2i Kmb+ tvHĕM2 /R8 UG:* ai�M/�`/bV ¨ Ryy M;X;@R +?�+mMX G2 iQmi 2bi ?QKQ;ûMûBbû
2i Ry KG /ǶmM2 bQHmiBQM /Ƕ�+ûi�i2 /Ƕûi?vH2੃iQHmĕM2 U��੃��- p੃pV bQMi BMi`Q/mBibX �T`ĕb R KBM /2 pQti2t- mM
KûH�M;2 /2 b2Hb /2 i�KTQM +Bi`�i2 2bi �DQmiûX G� bQHmiBQM /2 MQmp2�m ?QKQ;ûMûBbû2 ¨ H� K�BM- pQ`i2tû2 R
KBM TmBb +2Mi`B7m;û2 ¨ 9yyy `TK T2M/�Mi 8 KBMX G2 bm`M�;2�Mi 2bi +QHH2+iû /�Mb mM im#2 2M TQHvT`QTvHĕM2
/2 R8 KG +QMi2M�Mi mM KûH�M;2 /2 R kyy K; /2 J;aP9- 9yy K; /2 Sa� 2i 9yy K; /2 *R31* U�;BH2Mi
h2+?MQHQ;B2bVX �T`ĕb �pQB` ûiû pQ`i2t R KBM 2i +2Mi`B7m;û U9yyy `TK T2M/�Mi 8 KBMV /2 MQmp2�m- H2 bm`M�;2�Mi
2bi i`�Mb7û`û /�Mb mM im#2 2M p2``2 2i ûp�TQ`û bQmb �B` +QKT`BKû Uhm`#Qo�T Go- "BQi�;2V Dmb[mǶ¨ [mǶBH M2
`2bi2 �TT`QtBK�iBp2K2Mi [m2 R KGX �T`ĕb mM2 ?QKQ;ûMûBb�iBQM- H2 +QMi2Mm 2bi i`�Mb7û`û /�Mb mM ~�+QM :*@
Ja 2i biQ+Fû ¨ @kyê* �p�Mi HǶ�M�Hvb2 2M :*@Ja- H2b T�`�Kĕi`2b /ǶBMD2+iBQMb 2i /2 +QMi`ƬH2 b2`QMi BM/B[mûb
THmb #�bXr AMD2+iBQM 2i BMbi`mK2Mi�iBQM , GoAĜSho@:*@Ja

GǶ�M�Hvb2 /2b +QMi�KBM�Mib Q`;�MB[m2b U/�Mb H2b bû/BK2Mib 2i H2b K�i`B+2b 2�mtV 2i bm#bi�M+2b T?�`K�+2m@
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kXkX *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

iB[m2b /�Mb H2b bû/BK2Mib � ûiû `û�HBbû2 bm` mM +?`QK�iQ;`�T?2 ;�x2mt U:*V d3Ny� U�;BH2Mi h2+?MQHQ;B2bV
û[mBTû /ǶmM BMD2+i2m` ¨ H�`;2 pQHmK2 UGoAV 2i p�TQ`Bb�i2m` ¨ i2KTû`�im`2 T`Q;`�KK�#H2 UShoV 2i /ǶmM2
+QHQMM2 +�TBHH�B`2 >S@8Ja lA Ujy K /2 HQM;- y-k8 KK /2 /B�Kĕi`2 2i y-k8 �K /ǶûT�Bbb2m` /m }HKV- +QmTHû
¨ mM bT2+i`QKĕi`2 /2 K�bb2 8Nd8* UJaV i`BTH2 [m�/`mTƬH2 �p2+ mM2 bQm`+2 /ǶBQMBb�iBQM T�` BKT�+i
ûH2+i`QMB[m2 U1HV U�;BH2Mi h2+?MQHQ;B2bVX G� +?`QK�iQ;`�T?B2 2bi `û�HBbû2 �p2+ HǶ?ûHBmK U>2V UGBM/2V +QKK2
;�x p2+i2m`X

1M 7QM+iBQM /2b +QMi�KBM�Mib Q`;�MB[m2b Qm /2 H� K�i`B+2 +B#Hû2 T�` HǶ�M�Hvb2- H2b +QM/BiBQMb /ǶBMD2+iBQMb 2i
/2 bûT�`�iBQM /2b û+?�MiBHHQMb T2mp2Mi p�`B2`X 1HH2b QMi ûiû `ûbmKû2b /�Mb H2 i�#H2�m kXj TQm` H2b +QM/BiBQMb
/ǶBMD2+iBQMb 2i /�Mb H2 i�#H2�m kX9 TQm` H� T`Q;`�KK�iBQM /m 7Qm` /m :*X

h�#H2�m kXj Ĝ *QM/BiBQMb /ǶBMD2+iBQMb /2b û+?�MiBHHQMb TQm` H2b �M�Hvb2b /2b +QMi�KBM�Mib Q`;�MB[m2b 2M
:*@JaX

>�S- S*" �
T2biB+B/2b

Jmb+b bvMi?ûiB[m2b �
}Hi`2b lo

�HFvHT?ûMQHb

J�i`B+2 aû/BK2Mib � 1�mt aû/BK2Mib � 1�mt 1�mt
oQHmK2 /ǶBMD2+iBQM
UƒGV

ky 8y ky

.û#Bi /ǶBMD2+iBQM
UƒGXKBM@RV

3 jey jey

h2KTû`�im`2 /2
+`vQ7Q+�HBb�iBQM Uê*V

8y 8y 9y

h2KTb /2
+`vQ7Q+�HBb�iBQM UKBMV

k-83 9 j

.û#Bi /2 7mBi2
UKGXKBM@RV

Ryy d8 d8

S`2bbBQM UTbBV 8 9-j8 9-j8
JQ/2 bTHBiH2bb , h2KTb
UKBMV

k-8 R-8 R-8

JQ/2 bTHBiH2bb ,
h2KTû`�im`2 Uê*V

�m;K2Mi�iBQM /2 Ryê*Xb@R
Dmb[mǶ¨ jk8ê* UK�BMi2Mm2
T2M/�Mi k8 KBMV

aû/BK2Mib ,
�m;K2Mi�iBQM /2 Rkê*Xb@R
Dmb[mǶ¨ jyyê* UK�BMi2Mm2
kN KBMV c 1�m ,
�m;K2Mi�iBQM /2 Rkê*Xb@R
Dmb[mǶ¨ jyyê UK�BMi2Mm2 8
KBMV TmBb �m;K2Mi�iBQM
Dmb[mǶ¨ jjyê* UK�BMi2Mm2
8 KBMV

Rkê*Xb@R Dmb[mǶ¨ jyyê*
K�BMi2Mm T2M/�Mi Ry KBM

_û7û`2M+2 "2M a�H2K 2i �HX- kyRe L2+B#B 2i �HX- kyRe
*�p�H?2B`Q 2i �HX- kyRd
KQ/B}û /Ƕ�T`ĕb
*�p�H?2B`Q 2i �HX- kyRj

*�p�H?2B`Q 2i �HX- kyRd
KQ/B}û /Ƕ�T`ĕb
*�p�H?2B`Q 2i �HX- kyR9

SQm` HǶ2�m 2i H2b bû/BK2Mib- /2mt Kûi?Q/2b /Ƕûi�HQMM�;2 QMi ûiû 2KTHQvû2b , mM ûi�HQMM�;2 BMi2`M2 2i 2ti2`M2X
.�Mb H2b bû/BK2Mib- H� ;�KK2 bǶûi2M/�Bi /2 y ¨ Ryyy M;X;@R TQm` HǶ2Mb2K#H2 /2b +�iû;Q`B2b /2 +QMi�KBM�Mib
Q`;�MB[m2bX SQm` H2b 2�mt- H2b ;�KK2b /Ƕûi�HQMM�;2 2ti2`M2 bǶûi2M/�B2Mi /2 y ¨ 8yy M;XG@RTQm` H2b >�S-
S*" 2i T2biB+B/2b 2i /2 y ¨ kyyy M;XG@R TQm` H2b �HFvHT?ûMQHb- H2b Kmb+b bvMi?ûiB[m2b 2i H2b }Hi`2b loX

RkR



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

h�#H2�m kX9 Ĝ S`Q;`�KK�iBQM /m 7Qm` /m :* 2M 7QM+iBQM /m ivT2 /Ƕ�M�Hvb2 2i /2b K�i`B+2b +B#Hû2bX

>�S- S*" �
T2biB+B/2b

Jmb+b bvMi?ûiB[m2b �
}Hi`2b lo

�HFvHT?ûMQHb

J�i`B+2 aû/BK2Mib � 1�mt aû/BK2Mib � 1�mt 1�mt
.û#Bi /m ;�x p2+i2m`
UKGXKBM@RV

R-8 R-j R-j

S`Q;`�KK2 /2
+?�mz2 /m :*

8yê* T2M/�Mi j KBM- TmBb
�m;K2Mi�iBQM /2
k8ê*XKBM@R Dmb[mǶ¨ RN8ê*
UK�BMi2Mm T2M/�Mi R-8
KBMV- �m;K2Mi�iBQM /2
3ê*XKBM@R Dmb[mǶ¨ ke8ê*
UK�BMi2Mm T2M/�Mi R KBMV
2i �m;K2Mi�iBQM /2
kyê*XKBM@R Dmb[mǶ¨ mM
T�HB2` }M�H ¨ jRyê*
K�BMi2Mm 8 KBM

eyê* T2M/�Mi 9 KBM TmBb
�m;K2Mi�iBQM /2
jyê*XKBM@R Dmb[mǶ¨ RNyê*-
2MbmBi2- �m;K2Mi�iBQM /2
8ê*XKBM@R Dmb[mǶ¨ mM
T�HB2` }M�H ¨ kNyê*
K�BMi2Mm 8 KBM

eyê* T2M/�Mi j KBM-
�m;K2Mi�iBQM /2
Ryê*XKBM@R Dmb[mǶ¨ Rdyê*-
2MbmBi2- �m;K2Mi�iBQM /2
R8ê*XKBM@R Dmb[mǶ¨ mM
T�HB2` }M�H ¨ jyyê*
K�BMi2Mm 8 KBM

_û7û`2M+2 "2M a�H2K 2i �HX- kyRe L2+B#B 2i �HX- kyRe
*�p�H?2B`Q 2i �HX- kyRd
KQ/B}û /Ƕ�T`ĕb
*�p�H?2B`Q 2i �HX- kyRj

*�p�H?2B`Q 2i �HX- kyRd
KQ/B}û /Ƕ�T`ĕb
*�p�H?2B`Q 2i �HX- kyR9

G2b p�H2m`b Q#i2Mm2b bQMi H2 `ûbmHi�i /2 H� KQv2MM2 �`Bi?KûiB[m2 /2 HǶBMD2+iBQM /2 j `ûTHB+�ib /2 T`ûHĕp2K2Mi
TQm` H2b bû/BK2Mib 2i /2 j `ûTHB+�ib /Ƕ2ti`�+iBQM TQm` H2b 2�mtX G2b �M�Hvb2b QMi ûiû +QMi`ƬHû2b T�` mM2
+�HB#`�iBQM T`Q+û/m`�H2 TQm` +?�[m2 +�iû;Q`B2 U>�S- S*" 2i T2biB+B/2b c Kmb+b bvMi?ûiB[m2b 2i }Hi`2b lo c
�HFvHT?ûMQHbVX G2b T?�b2b /ǶBMD2+iBQMb bQMi +QMi`ƬHû2b T�` HǶ2KTHQB /2 #H�M+b T`Q+û/m`�mt /Ƕ�+B/2b U>LPj

kW- p੃pVX G2b K2bm`2b bQMi +Q``B;û2b T�` H� p�H2m` /2b #H�M+b /ǶBMD2+iBQM UTQm` H2b bû/BK2Mib 2i HǶ2�mV 2i /2
}Hi`�iBQM UTQm` H2b K�i`B+2b 2�mVX G2b G. Q#i2Mm2b /�Mb H2b bû/BK2Mib ûi�B2Mi +QKT`Bb2b 2Mi`2 y-8 2i ky M;X;@R

TQm` H2b >�S- 2Mi`2 y-R 2i R-8 M;X;@R TQm` H2b S*"- 2Mi`2 y-k 2i Ny M;X;@R TQm` H2b T2biB+B/2b- 2Mi`2 y-yR 2i k
M;X;@R TQm` H2b Kmb+b bvMi?ûiB[m2b 2i 2Mi`2 y-R 2i 3 M;X;@R TQm` H2b }Hi`2b loX G2b G. Q#i2Mm2b /�Mb H2b 2�mt
ûi�B2Mi +QKT`Bb2b 2Mi`2 8 2i 8y M;XG@R TQm` H2b >�S- 2Mi`2 8 2i ky M;XG@R TQm` H2b S*"- 2Mi`2 8 2i 8y M;XG@R

TQm` H2b T2biB+B/2b- 2Mi`2 R 2i 8 M;XG@R TQm` H2b Kmb+b bvMi?ûiB[m2b- 2Mi`2 8 2i ky M;XG@R TQm` H2b }Hi`2b lo
2i 2Mi`2 Ry 2i 8y M;XG@R TQm` H2b �HFvHT?ûMQHbX

kXkX9 �M�Hvb2b /2b `ûbB/mb T?�`K�+2miB[m2b 2M G*@JafJa

G2 /Qb�;2 /2b `ûbB/mb T?�`K�+2miB[m2b 7mi `û�HBbû T�` +?`QK�iQ;`�T?B2 HB[mB/2 UG*V +QmTHû2 ¨ mM bT2+@
i`QKĕi`2 /2 K�bb2 2M i�M/2K UJafJaVX *2b �M�Hvb2b QMi ûiû `û�HBbû2b bm` /2b û+?�MiBHHQMb /Ƕ2�m +Q`@
`2bTQM/�Mi ¨ H� T?�b2 /BbbQmi2 �BMbB [m2 /2b û+?�MiBHHQMb bû/BK2Mi�B`2bX �m iQi�H- +2 bQMi 9e bm#bi�M+2b
T?�`K�+2miB[m2b [mB 7m`2Mi `2+?2`+?û2b /�Mb +2b /2mt K�i`B+2b Uh�#H2�m RXRRVXr 1ti`�+iBQM 2i T`û@+QM+2Mi`�iBQM bm` T?�b2 bQHB/2 /2b û+?�MiBHHQMb bû/BK2Mi�B`2b
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kXkX *�`�+iû`Bb�iBQM /2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

GǶ2ti`�+iBQM /2b bm#bi�M+2b T?�`K�+2miB[m2b /�Mb H2b bû/BK2Mib � ûiû `û�HBbû2 2M /2mt ûi�T2b- U�V HǶ2ti`�+iBQM
/2b bm#bi�M+2b /2 H� K�i`B+2 bû/BK2Mi�B`2 T�` bQMB}+�iBQM /Ƕ�T`ĕb mM T`QiQ+QH2 �/�Tiû /2 aB2/H2rB+xg2i �HX
UkyReV 2i U#V 2ti`�+iBQM 2i T`û@+QM+2Mi`�iBQM bm` T?�b2 bQHB/2 UaS1V /Ƕ�T`ĕb- B+B- mM T`QiQ+QH2 �/�Tiû /2
:`Qbg2i �HX UkyRdVX SQm` +2ii2 T`2KBĕ`2 ûi�T2 U�V- ¨ kyy K; /2 bû/BK2Mib HvQT?BHBbûb- #`Qvûb 2i ?QKQ;ûMûBbûb
QMi ûiû �DQmiûb 9y ƒG /ǶmM KûH�M;2 /2 bi�M/�`/b BMi2`M2 UaB;K� �H`B+?V +QKTQbû /2 +�`#�K�xûTBM2 /Ry-
/Ƕ�iûMQHQH /d- /2 +BT`Q~Qt�+BM2 /3- /2 MQ`~Qt�+BM2 /8- /ǶQ~Qt�+BM2 /j- /2 /B�x2T�K /8- /2 MQ`/�xûT�K /8
2i /ǶB#mT`Q7ĕM2 /j ¨ 8y K;XG@R /�Mb /m Kûi?�MQH U*>jP>VX 1M bmBp�Mi- R KG /2 *>jP>- R KG /2 +?HQ`m`2
/Ƕ�KKQMBmK UL>9*HV bmT2`b�im`û 2i kyy ƒG /2 L�k 1.h� ¨ y-R KQHXG@R UaB;K� �H`B+?V QMi ûiû �DQmiûb
�mt bû/BK2MibX G� bQHmiBQM � ûiû 2M bmBp�Mi pQ`i2tû2 T2M/�Mi R KBM- TmBb 2HH2 � ûiû bQmKBb2 mM2 ûi�T2 /2
bQMB}+�iBQM T2M/�Mi 3 KBM 2i }M�H2K2Mi +2Mi`B7m;û2 ¨ 98yy `TK T2M/�Mi 8 KBMX G2 bm`M�;2�Mi 2bi i`�Mb7û`û
/�Mb mM MQmp2�m im#2 /2 8y KG UTQHvT`QHĕM2V 2i H2 MBp2�m 2bi �Dmbiû ¨ 8y KG �p2+ /2 HǶ2�m JBHHB@ZX
GǶ2ti`�+iBQM bm` T?�b2 bQHB/2 /2b +QMi�KBM�Mib Q`;�MB[m2b � ûiû `û�HBbû2 bm` /2b +�`iQm+?2b P�bBb >G"
Uey K;- j ++V Uq�i2`bV +QM/BiBQMMû2b �p2+ k 7QBb j KG /2 *>jP> ¨ mM /û#Bi �TT`QtBK�iB7 /2 R KGXKBM@RX
GǶBMiû;`�HBiû /2b 8y KG /Ƕû+?�MiBHHQMb QMi 2M bmBp�Mi ûiû +?�`;ûb bm` H2b +�`iQm+?2b U¨ Ry KGXKBM@RVX �T`ĕb
H2 T�bb�;2 /2b û+?�MiBHHQMb- H� +�`iQm+?2 � ûiû `BM+û2 �p2+ 8 KG /Ƕ2�m JBHHB@Z- TmBb bû+?û2 ¨ i2KTû`�im`2
�K#B�Mi2 TQm` R8 ¨ ky KBMX GǶûHmiBQM }M�H2 � ûiû `û�HBbû2 /�Mb 8 KG /2 *>jP> U¨ R KGXKBM@RVX GǶûHm�Mi
� ûiû 2MbmBi2 ûp�TQ`û bQmb ~mt /Ƕ�B` +QKT`BKû Uhm`#Qo�T Go- "BQi�;2V 2i `2+QMbiBimû /�Mb R KG /ǶmM2
bQHmiBQM /2 *>jP> 2i /Ƕ2�m JBHHB@Z U�੃��- p੃pVX G� bQHmiBQM � ûiû 2MbmBi2 pQ`i2tû2 T2M/�Mi ky b- i`�Mb7û`û2
/�Mb mM ~�+QM G*fJa 2i +QMb2`pû2 Dmb[mǶ¨ HǶBMD2+iBQM 2M G*@JafJa ¨ @kyê*Xr 1ti`�+iBQM 2i T`û@+QM+2Mi`�iBQM bm` T?�b2 bQHB/2 TQm` H2b û+?�MiBHHQMb /Ƕ2�mt

SQm` H� 7`�+iBQM /BbbQmi2 /2b 2�mt /2 HǶ2bim�B`2- H2b û+?�MiBHHQMb QMi ûiû /B`2+i2K2Mi bQmKBb ¨ HǶ2ti`�iBQM
bm` aS1 U#V- /2 MQmp2�m- /Ƕ�T`ĕb mM T`QiQ+QH2 �/�Tiû /2 :`Qbg2i �HX UkyRdVX .2 MQmp2�m- 2M �KQMi /2
HǶ2ti`�+iBQM 2i ¨ kyy KG /Ƕû+?�MiBHHQMb- QMi ûiû �DQmiûb kyy ƒG /2 L�k1.h� ¨ y-R KQHXG@R UaB;K� �H`B+?V-
Ry ƒG /ǶmM bi�M/�`/ BMi2`M2 /2 S6� JS6�*@*@Aa ¨ k K;XG@R 2i Ry ƒG ¨ k K;XG@R /ǶmM KûH�M;2 /Ƕûi�HQMb
BMi2`M2b UaB;K� �H`B+?V /2 bm#bi�M+2b T?�`K�+2miB[m2b +QKTQbû /2 +�`#�K�xûTBM2 /Ry- /Ƕ�iûMQHQH /d- /2
+BT`Q~Qt�+BM2 /3- /2 MQ`~Qt�+BM2 /8- /ǶQ~Qt�+BM2 /j- /2 /B�x2T�K /8- /2 MQ`/�xûT�K /8 2i /ǶB#mT`Q7ĕM2
/j ¨ 8y K;XG@R /�Mb /m *>jP>X GǶûi�T2 /Ƕ2ti`�+iBQM bm` aS1 `û�HBbû2b TQm` H2b û+?�MiBHHQMb /Ƕ2�m 2bi i`ĕb
bBKBH�B`2 ¨ +2HH2 /û+`Bi2 T`û+û/2KK2Mi TQm` H2b û+?�MiBHHQMbX
"`Bĕp2K2Mi- HǶ2ti`�+iBQM � ûiû `û�HBbû2 /2 MQmp2�m bm` /2b +�`iQm+?2b P�bBb >G" Uey K;- j ++V Uq�i2`bV
+QM/BiBQMMû2b B+B �p2+ 8 KG /2 *>jP> TmBb 8KG /Ƕ2�m JBHHB@Z ¨ mM /û#Bi �TT`QtBK�iB7 /2 R KGXKBM@RX
�T`ĕb T�bb�;2 /2b û+?�MiBHHQMb- H� +�`iQm+?2 2bi `BM+û2 �p2+ 8 KG /Ƕ2�m JBHHB@Z 2i bû+?û2 T2M/�Mi R8 ¨ ky
KBM ¨ i2KTû`�im`2 �K#B�Mi2X
GǶûHmiBQM }M�H2 � 2m HB2m /�Mb 3 KG /2 *>jP>X GǶûHm�Mi � ûiû 2M bmBp�Mi ûp�TQ`û ¨ b2+ bQmb mM ~mt /Ƕ�B`
+QKT`BKû Uhm`#Qo�T Go- "BQi�;2V 2i `2+QMbiBimû /�Mb R KG /ǶmM2 bQHmiBQM /2 *>jP>੃2�m JBHHB@Z U��੃��-
p੃pVX AH 2bi }M�H2K2Mi b+BM/û 2M k û+?�MiBHHQMb /2 8yy ƒG 2i biQ+Fû /�Mb /2b ~�+QMb :* ¨ @kyê*X
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

r AMD2+iBQM 2i BMbi`mK2Mi�iBQM

SQm` HǶ�M�Hvb2b /2b `ûbB/mb T?�`K�+2miB[m2b /�Mb H2b 2�mt � ûiû `û�HBbû2 2M G*@JafJa- /Ƕ�T`ĕb H2b i`�p�mt
/2 i?ĕb2 /2 *�T/2pBHH2gUkyRRVX �BMbB- H� T`2KBĕ`2 ûi�T2 /2 bûT�`�iBQM � ûiû `û�HBbû2 T�` +?`QK�iQ;`�T?B2
HB[mB/2 UG*V ¨ HǶ�B/2 /m bvbiĕK2 �+[mBiv lSG*ȉ UlHi`� S2`7Q`K�M+2 GB[mB/ *?`QK�iQ;`�T?vV Uq�i2`bV
û[mBTû2 /ǶmM2 +QHQMM2 *R3 �+[mBiv lSG* >aa hj UR-3 ƒK /2 i�BHH2 /2b T�`iB+mH2b 2i 8y KK t k-R KKV
Uq�i2`bV T`û+û/û /ǶmM2 +QHQMM2 /2 ;�`/2 UR-3 ƒK /2 i�BHH2 /2b T�`iB+mH2b 2i 8y KK t k-R KKVX G2 /û#Bi HQ`b
/2 H� +?`QK�iQ;`�T?B2 � ûiû }tû ¨ y-9 KG T�` KBM- H� i2KTû`�im`2 /2 H� +QHQMM2 K�BMi2Mm2 ¨ 9yê* 2i H2
pQHmK2 /Ƕû+?�MiBHHQM BMD2+iû ûi�Bi /2 8 ƒGX

h`QBb BMD2+iBQMb /BbiBM+i2b QMi ûiû `û�HBbû2b- H� T`2KBĕ`2 2M KQ/2 /ǶBQMBb�iBQM TQbBiBp2- mM2 b2+QM/2 2M KQ/2
Mû;�iB7 +B#H�Mi H� K�DQ`Biû /2b +QKTQbûb 2i mM2 i`QBbBĕK2 2M KQ/2 Mû;�iBp2 /2 MQmp2�m +B#H�Mi mMB[m2K2Mi H2b
?Q`KQM2b UHǶ2bi`QM2- HǶQ2bi`�/BQH 2i HǶ ûi?BMvH2bi`�/BQHVX SQm` HǶ�M�Hvb2 2M KQ/2 TQbBiB7- H� T?�b2 KQ#BH2 ûi�Bi
+QMbiBimû2 /2 /2mt ûHm�Mib- HǶ2�m JBHHB@Z �p2+ y-RW /Ƕ�+B/2 7Q`KB[m2 U�V 2i HǶ�+ûiQMBi`BH2 U"VX 1M KQ/2 Mû;�iB7-
H� K�DQ`Biû /2b bm#bi�M+2b T?�`K�+2miB[m2b QMi ûiû bûT�`û2b pB� HǶ2KTHQB /ǶmM2 T?�b2 KQ#BH2 +QMbiBimû2 /2
MQmp2�m HǶ2�m JBHHB@Z �p2+ y-yRW /Ƕ�+B/2 7Q`KB[m2 U�V 2i HǶ�+ûiQMBi`BH2 U"VX G� i`QBbBĕK2 BMD2+iBQM +B#H�Mi H2b
?Q`KQM2b- � ûiû `û�HBbû2 2M KQ/2 Mû;�iB7 mMB[m2K2Mi- TQm` H� [m�MiB}+�iBQM /2b ?Q`KQM2b- H� T?�b2 KQ#BH2
ûi�Bi +QMbiBimû2 /Ƕ2�m JBHHB@Z U�V 2i /Ƕ�+ûiQMBi`BH2 U"VX

SQm` +?�+mM2 /2 +2b BMD2+iBQMb- HǶûi�T2 /2 +?`QK�iQ;`�T?B2 2bi /2 Ry KBM- T2M/�Mi +2ii2 ûi�T2- H� TQ`iBQM
`2H�iBp2 /2 +?�[m2 ûHm�Mi p�`B2X �BMbB- BMBiB�H2K2Mi- H� T?�b2 KQ#BH2 2bi +QMbiBimû2 /2 kW /2 HǶûHm�Mi " 2i
2bi K�BMi2Mm2 ¨ +2ii2 +QKTQbBiBQM T2M/�Mi k KBM- TmBb H� TQ`iBQM /2 HǶûHm�Mi " /�Mb H2 KûH�M;2 �m;K2Mi2
HBMû�B`2K2Mi Dmb[mǶ¨ eyW ¨ 9 KBM 2i 2MbmBi2 RyyW ¨ e KBMX *2ii2 +QKTQbBiBQM 2bi K�BMi2Mm2 T2M/�Mi R KBM
2i �p�Mi /2 `2i`Qmpû H� +QKTQbBiBQM BMBiB�H2 UkW /2 HǶûHm�Mi "V TQm` H2b j /2`MBĕ`2b KBMmi2bX

G� G* 2bi +QmTHû2 ¨ mM bT2+i`QKĕi`2 /2 K�bb2 i`BTH2 [m�/`mTƬH2 s2pQ hZ 2M i�M/2K UJafJaV
û[mBTû /ǶmM2 bQm`+2 /ǶBQMBb�iBQM T�` ûH2+i`QMû#mHBb�iBQM U2H2+i`QbT`�v BQMBb�iBQM- 1AV Uq�i2`bVX

SQm` HǶ2�m 2i H2b bû/BK2Mib- /2mt Kûi?Q/2b /Ƕûi�HQMM�;2 QMi ûiû 2KTHQvû2b , mM ûi�HQMM�;2 BMi2`M2 2i 2t@
i2`M2X SQm` H2b bû/BK2Mib- /2mt ;�KK2b T`Q+û/m`�H2b 2ti2`M2b QMi ûiû `û�HBbû2b ¨ T�`iB` /2 /2mt û+?�MiBHHQMb
T`ûb2Mi�Mi /2b ;`�MmHQKûi`B2b /Bzû`2Mi2b UHǶmM b�#H2mt- HǶ�mi`2 HBKQM2mtVX "`Bĕp2K2Mi- kyy; /2 +2b bû/BK2Mib
�mt[m2Hb 2bi �DQmiû2 mM2 +QM+2Mi`�iBQM +`QBbb�Mi2- 2Mi`2 /2 y ¨ 8yy M;X;@R- 2M `ûbB/mb T?�`K�+2miB[m2b QMi
bm#B H2b KāK2b ûi�T2b /Ƕ2ti`�+iBQMb 2i /2 T`û@+QM+2Mi`�iBQM [m2 H2b û+?�MiBHHQMbX SQm` H2b 2�mt- H� ;�KK2
/Ƕûi�HQMM�;2 ûi�Bi mMB[m2- bǶûi2M/�Bi /2 y ¨ k8yy M;XG@R 2i � ûiû `û�HBbû2 ¨ T�`iB` /Ƕ>ky mHi`�Tm`2X

SQm` HǶ2Mb2K#H2 /2b û+?�MiBHHQMb- H2b T?�b2b /ǶBMD2+iBQMb bQMi +QMi`ƬHû2b T�` HǶ2KTHQB /2 #H�M+b T`Q+û/m`�mt
2i /2b #H�M+b /2 bQHp�Mi UJ2P>੃>kP- �੃��- p੃pVX SQm` H2b T?�b2b �[m2mb2b- H2b K2bm`2b QMi ûiû +Q``B;û2b
T�` H2b #H�M+b /2 }Hi`�iBQMb- bQBi 8yy KG /Ƕ2�m JBHHBZ bm#Bbb�Mi H2b KāK2b +QM/BiBQMb /2 }Hi`�iBQMb 2i
+QM/BiBQMM2K2Mi [m2 H2b û+?�MiBHHQMbX
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kX9X *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

kX9 *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kû@

i?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

kX9XR S`ûT�`�iBQM /2b û+?�MiBHHQMb

1M �KQMi /2 HǶ2ti`�+iBQM /Ƕ�.L- H2b }Hi`2b U/2 TQ`QbBiû /2 j ƒK 2i /2 y-kk ƒKV 7m`2Mi /û+QmTûb ¨ HǶ�B/2
/2 b+�HT2H biû`BH2 2i #`Qvûb ¨ HǶ�xQi2 HB[mB/2 ¨ HǶ�B/2 /2 KQ`iB2`b 2i TBHHQMb 2M �;�i2 �mT�`�p�Mi M2iiQvûb 2i
�miQ+H�pûb U6B;m`2 kX3VX G2b #`Qv�ib 7m`2Mi biQ+Fûb i2KTQ`�B`2 ¨ @ky ê* /�Mb HǶ�ii2Mi2 /2 HǶ2ti`�+iBQMX

6B;m`2 kX3 Ĝ AHHmbi`�iBQM /2b }Hi`2b /2 j ƒK /2 TQ`QbBiû U�V 2i /2b ai2`Bp2thJ U"VX

kX9XRXR 1ti`�+iBQM /2 HǶ�.L ;ûMQKB[m2 iQi�H

.�Mb mM #mi /Ƕ?QKQ;ûMûBiû- HǶBMiû;`�HBiû /2b û+?�MiBHHQMb /2 bû/BK2Mi 2i /2b }Hi`2b QMi bm#B H2 KāK2 T`QiQ+QH2
/Ƕ2ti`�+iBQMX G2b 2ti`�+iBQMb QMi ûiû `û�HBbû2b �p2+ H2 FBi /Ƕ2ti`�+iBQM .L2�bv SQr2`aQBH EBi UZB�;2MV- b2HQM
H2 T`QiQ+QH2 T`QTQbû /�Mb H2 K�Mm2H /ǶBMbi`m+iBQM /m 7�#`B+�MiX a+?ûK�iB[m2K2Mi- +2 T`QiQ+QH2 +QMbBbi2 2M
mM2 Hvb2 Kû+�MB[m2 U6B;m`2 kXNV 2i +?BKB[m2- bmBpBb /ǶmM2 bm++2bbBQM /Ƕûi�T2b /2 }Hi`�iBQM 2i Tm`B}+�iBQM
T2`K2ii�Mi BM }M2 /2 +QHH2+i2` HǶ�.L 2ti`�BiX �m }M�H- HǶ�.L 2ti`�Bi 2bi `û+mTû`û /�Mb Ryy �G /2 i�KTQM
/ǶûHmiBQMX G2b �.L �BMbB 2ti`�Bib bQMi 2MbmBi2 +QMb2`pûb ¨ @kyê*X

kX9XRXk .Qb�;2 /Ƕ�.L

G2b +QM+2Mi`�iBQMb 2M �.L TQm` iQmb H2b û+?�MiBHHQMb QMi ûiû K2bm`û2b T�` ~mQ`BKûi`B2 �p2+ mM �TT�`2BH
Zm#Bi RXyX 1M 7QM+iBQM /2 H� +QM+2Mi`�iBQM 2M �.L 2ti`�Bi- /2mt FBi /2 [m�MiB}+�iBQM 7m`2Mi 2KTHQvûb ,

Rkd



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

Zm#Bi /b.L� >a �bb�v FBi Qm Zm#Bi /b.L� "_ �bb�v FBi Uh?2`KQ 6Bb?2` a+B2MiB}+VX *2b /2mt FBib M2 b2
/BbiBM;m2Mi [m2 T�` H2b ;�KK2b /2 +QM+2Mi`�iBQMb +B#Hû2b- �HH�Mi /2 Ry T;XƒG@R ¨ Ryy M;XƒG@R TQm` H2 >a 2i
/2 Ryy T;XƒG@R ¨ R yyy M;XƒG@R TQm` H2 "_X

6B;m`2 kXN Ĝ AHHmbi`�iBQM /2 HǶûi�T2 /2 Hvb2 Kû+�MB[m2 T�` pB#`Q#`Qv�;2X

kX9XRXj LQ`K�HBb�iBQM /2b +QM+2Mi`�iBQMb 2M �.L

�m@/2H¨ /m +QMi`ƬH2 /2 H� +QM+2Mi`�iBQM 2M �.L 2ti`�Bib- H2b K2bm`2b `û�HBbû2b �p2+ H2 Zm#Bi T2`KB`2Mi /2
MQ`K�HBb2` H� +QM+2Mi`�iBQM 2M �.L 2Mi`2 H2b û+?�MiBHHQMbX G2b û+?�MiBHHQMb /2 bû/BK2Mib Ua1.V 2i +2mt
+Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b �bbQ+Bûb �mt T�`iB+mH2b US�V QMi ûiû MQ`K�HBbûb- +Ƕ2bi@¨@/B`2 /BHmûb K�@
Mm2HH2K2Mi ¨ HǶ�B/2 /Ƕ2�m biû`BH2 U6Bb?2` "BQ`2�;2MibV- �}M /2 +Q``2bTQM/`2 ¨ H� THmb 7�B#H2 +QM+2Mi`�iBQM-
bQBi Ry M; /Ƕ�.L T�` ƒGX G2b û+?�MiBHHQMb +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m
U6GV- KQBMb +QM+2Mi`ûb 2M �.L QMi ûiû MQ`K�HBbûb ¨ k M;XƒG@RX

kX9Xk �M�Hvb2 /2 ;ĕM2 +Q/�Mi /2 HǶ�_L` Rea

GǶ�M�Hvb2 /2 H� bû[m2M+2 /2 HǶ�.L Rea 2bi HǶmM /2b QmiBHb H2 THmb miBHBbûb TQm` H� +�`�+iû`Bb�iBQM T?vHQ;ûMû@
iB[m2 /2b +QKKmM�miûb KB+`Q#B2MM2bX *2 ;ĕM2 T`ûb2Mi bQmb H� 7Q`K2 /ǶmM2 Qm THmbB2m`b +QTB2b +?2x HǶ2Mb2K#H2
/2b T`Q+�`vQi2b U#�+iû`B2b 2i �`+?û2bV +Q/2 TQm` HǶ�_L` Rea +QMbiBim�Mi /2 H� T2iBi2 bQmb@mMBiû `B#QbQK�H2
UEH�TT2M#�+?g2i �HX- kyyyVX
G2b `B#QbQK2b bQMi /2b Q`;�MBi2b +2HHmH�B`2b 2bb2MiB2Hb ¨ H� i`�/m+iBQM /Ƕ�_LK 2M T`QiûBM2bX *2ii2 7QM+iBQM
?�mi2K2Mi 2bb2MiB2HH2 �m pBp�Mi 2tTHB[m2 H2 ?�mi /2;`û /2 +QMb2`p�iBQM /2b bû[m2M+2b BKTHB[mû2b /�Mb H� bi`m+@
im`2 /2b `B#QbQK2bX GQM; /Ƕ�TT`QtBK�iBp2K2Mi R 8yy Mm+HûQiB/2b- +2 ;ĕM2 2bi +QMbiBimû /ǶmM2 �Hi2`M�M+2
/2 `û;BQMb +QMb2`pû2b 2i ?vT2`p�`B�#H2b UH�#2HHBbû2b /2 oR ¨ oNV U6B;m`2 kXRyVX

Rk3



kX9X *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

�}M /2 /BbiBM;m2` /2mt 2bTĕ+2b KB+`Q#B2MM2b- BH 2bi Mû+2bb�B`2 /ǶB/2MiB}2` /2b /Bzû`2M+2b 2Mi`2 H2m` bû[m2M+2X
G2b `û;BQMb ?vT2`p�`B�#H2b bQMi �HQ`b miBHBbû2b +QKK2 Ŀ ?Q`HQ;2 KQHû+mH�B`2 ŀ- H2b Kmi�iBQMb v �TT�`�Bbb�Mi
bQMi miBHBbû2b TQm` K2bm`2` H� /Bbi�M+2 T?vHQ;ûMûiB[m2 2Mi`2 2bTĕ+2bX
G2b `û;BQMb +QMb2`pû2b b2`p2Mi [m�Mi ¨ 2HH2b /2 xQM2 /2 +QKTHûK2Mi�`Biû TQm` H2b �KQ`+2b Ŀ mMBp2`b2HH2b ŀ-
2HH2b pQMi T2`K2ii`2 HǶ?v#`B/�iBQM 2i �BMbB HǶ�KTHB}+�iBQM /ǶmM2 `û;BQM /m ;ĕM2X �BMbB- H2b �KQ`+2b B/û�H2b TQm`
mM bû[m2MÏ�;2 /2p`QMi āi`2 TQbBiBQMMû2b �m MBp2�m /ǶmM2 `û;BQM +QMb2`pû2 2i T2`K2ii`2 HǶ�KTHB}+�iBQM /ǶmM2
`û;BQM ?vT2`p�`B�#H2X �m /2H¨ /m +QMi`ƬH2 /2 H� +QM+2Mi`�iBQM 2M �.L 2ti`�Bib- H2b K2bm`2b `û�HBbû2b �p2+ H2
Zm#Bi T2`KB`2Mi /2 MQ`K�HBb2` H� +QM+2Mi`�iBQM 2M �.L 2Mi`2 H2b û+?�MiBHHQMbX G2b û+?�MiBHHQMb /2 bû/BK2Mib
Ua1.V 2i +2mt +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b �bbQ+Bûb �mt T�`iB+mH2b US�V QMi ûiû MQ`K�HBbûb ¨ Ry M;
/Ƕ�.L T�` ƒGX SQm` H2b û+?�MiBHHQMb +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV-
[mB ûi�B2Mi KQBMb +QM+2Mi`ûb 2M �.L QMi ûiû 2mt MQ`K�HBbûb ¨ k M;XG@RX

0 69 99 13
7

24
2

43
3

49
7

57
6

68
2

82
2

87
9

98
6

10
43

11
17

11
73

12
43

12
94

14
35
14

65
15

42

Position (pb)

6B;m`2 kXRy Ĝ _2T`ûb2Mi�iBQM b+?ûK�iB[m2 /2b �Hi2`M�M+2b /2 bû[m2M+2b +QMb2`pû2b 2i ?vT2`p�`B�#H2b /�Mb
H2b ;ĕM2b +Q/�Mi TQm` HǶ�_L` ReaX G2b `û;BQMb bQMi TQbBiBQMMû2b /Ƕ�T`ĕb H2m` 2KTH�+2K2Mi H2 HQM; /2 HǶ�.L
Rea TQm` 1b+?2`B+?B� +QHB /Ƕ�T`ĕb "`QbBmb 2i �HX- RNd3X

kX9XkXR aûH2+iBQM /2b �KQ`+2b

�+im2HH2K2Mi- BH 2tBbi2 mM2 KmHiBim/2 /Ƕ�KQ`+2b Ŀ mMBp2`b2HH2b ŀ +B#H�Mi /Bzû`2Mi2b `û;BQMb ?vT2`p�`B�#H2b /m
;ĕM2 /2 HǶ�_L` ReaX *2b �KQ`+2b /QBp2Mi bBKmHi�MûK2Mi `2+Qmp`B` /2b `û;BQMb +QMb2`pû2b TQm` TQmpQB` b2
}t2` ¨ HǶ�.L 2i /2b `û;BQMb ?vT2`p�`B�#H2b �}M /2 TQmpQB` B/2MiB}2` H2b p�`B�iBQMb 2Mi`2 /Bzû`2Mi2b 2bTĕ+2bX
AH 2bi BKTQ`i�Mi /2 MQi2` [mǶmM +QmTH2 /Ƕ�KQ`+2 MǶ2bi T�b +?QBbB �m ?�b�`/X G� `û;BQM ?vT2`p�`B�#H2 +B#Hû2
UoR- ok- oj- 2i+XV- H2 +QmTH�;2 2Mi`2 H2b �KQ`+2b b2Mb U7Q`r�`/V 2i �MiB@b2Mb U`2p2`b2V Qm H� +QKTQbBiBQM /2b
�KQ`+2b UTQm`+2Mi�;2 /2 :f*V bQMi T�`KB H2b +`Biĕ`2b H2b THmb BKTQ`i�Mib ¨ T`2M/`2 2M +QKTi2 /�Mb H2 +?QBt
/ǶmM +QmTH2 �KQ`+2bX

lM �mi`2 +`Biĕ`2 BKTQ`i�Mi 2bi H� `2T`ûb2Mi�iBpBiûX "B2M [mǶB/û�H2K2Mi- H2b �KQ`+2b Ŀ mMBp2`b2HH2b ŀ bQB2Mi
+QMÏm2b TQm` bû[m2M+2` BM/BbbQ+B�#H2K2Mi +?�[m2 #�+iû`B2 Qm �`+?û2b- +QM+`ĕi2K2Mi- +?�[m2 �KQ`+2 MǶ2bi
D�K�Bb +QKTHĕi2K2Mi `2T`ûb2Mi�iBp2 /2 HǶ2Mb2K#H2 /2b T`Q+�`vQi2bX *2b �KQ`+2b QMi ûiû /2bbBMû2b /Ƕ�T`ĕb
H2b +QMM�Bbb�M+2b /BbTQMB#H2b- ;ûMû`�H2K2Mi bm` /2b KQ/ĕH2b #�+iû`B2Mb +mHiBpûb 2i #B2M `û7û`2M+ûb U+QKK2
1b+?2`B+?B� +QHBVX G2b �KQ`+2b �BMbB +QMÏm2b b2`QMi THmb `2T`ûb2Mi�iBp2b TQm` H2b Q`;�MBbK2b T`Q+?2b /m
KQ/ĕH2 2M [m2biBQM- 2i BMp2`b2K2Mi bǶ�pû`2`QMi +H�B`2K2Mi KQBMb b2MbB#H2b TQm` H2b Q`;�MBbK2b THmb ûHQB;Mûb
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

;ûMûiB[m2K2MiX *2+B 2bi T�`iB+mHBĕ`2K2Mi `2K�`[m�#H2 TQm` H2 /QK�BM2 /2b �`+?û2b- [mB 2bi �+im2HH2K2Mi
bQmb@`2T`ûb2Miû T�` H2b �KQ`+2b Ŀ mMBp2`b2HH2b ŀ U1HQ2@6�/`Qb?g2i �HX- kyReVX

.�Mb H2 +�/`2 /2 +2 T`QD2i- mM2 �M�Hvb2 T`ûHBKBM�B`2 BM bBHB+Q � ûiû 2z2+imû2 �}M /ǶB/2MiB}2` H2 TQi2MiB2H TQm`@
+2Mi�;2 /2 `2+Qmp`2K2Mi TQm` H2b /QK�BM2b /2b "�+i2`B� 2i �`+?�2� /2 +?�[m2 �KQ`+2 Qm +QmTH2 /Ƕ�KQ`+2bX
*2b TQm`+2Mi�;2b /2 `2+Qmp`2K2Mi QMi ûiû +�H+mHûb �p2+ aAGo� h2biS`BK2 k 2i h2biS`Q#2 j 2i H� #�b2 /2
/QMMû2b aAGo� aal `Rj3X G2 +QmTH2 }M�H /Ƕ�KQ`+2 miBHBbû 2bi /ûi�BHHû /�Mb H2 i�#H2�m kXe- BH +B#H2 H2b `û;BQMb
o9@o8X

h�#H2�m kXe Ĝ *�`�+iû`BbiB[m2b /2b �KQ`+2b miBHBbû2b TQm` H2 bû[m2MÏ�;2 /2 HǶ�.L ReaX

�KQ`+2b aû[m2M+2b U8Ƕ ¨ jǶV h2KTû`�im`2
/Ƕ?v#`B/�@

iBQM

GQM;2m`
/2

HǶ�KQ`+2

h�BHH2 /m
T`Q/mBi
/2 T+`
UT#V

_û7û`2M+2

8R86@u :h: u*�: *J: **: *:: h�� 83 ¨ ekê* RN S�`�/� 2i �HX- kyRe KQ/B}û
/Ƕ�T`ĕb ZmBM+2 2i �HX- kyRR

Nke_ **: u*� �hh uJh hh_ �:h hh 9e ¨ 89ê* ky
9RR

ZmBM+2 2i �HX- kyRR

G2b #�b2b �K#B;mďb- +Ƕ2bi@¨@/B`2 /Bzû`2Mi2b /2 �- h- *- : Qm l- +Q``2bTQM/2Mi ¨ H� MQK2M+H�im`2 /û}MB2 T�`
HǶAlS�* 9 �BMbB u 4 * Qm h- J 4 * Qm � 2i _ 4 � Qm :X

kX9XkXk �KTHB}+�iBQM 2i bû[m2MÏ�;2

G� S*_ USQHvK2`�b2 *?�BM _2�+iBQMV 2bi mM2 i2+?MB[m2 KQHû+mH�B`2 T2`K2ii�Mi /Ƕ�KTHB}2` mM 7`�;K2Mi
/Ƕ�.LX *2ii2 �KTHB}+�iBQM 2bi `û�HBbû2 T�` mM2 bm++2bbBQM /2 bvMi?ĕb2 2MxvK�iB[m2 /Ƕ�.L ¨ T�`iB` /Ƕ�KQ`+2b
+B#H�Mi H2 7`�;K2Mi ¨ �KTHB}2`X

G2b +QM/BiBQMb /Ƕ�KTHB}+�iBQM T�` S*_ TQm` H2b /Bzû`2Mib ivT2b /Ƕû+?�MiBHHQMb bQMi T`û+Bbû2b /�Mb H2 i�#H2�m
kXdX G2b S*_ 7m`2Mi 2z2+imû2b TQm` mM pQHmK2 `û�+iBQMM2H /2 k8 ƒG +QMi2M�Mi y-8 ƒJ /2 +?�[m2 �KQ`+2
Uh�#H2�m kXeV U1m`Q;2Mi2+V- Rs /m K�bi2` KBt �KTHBi�[hJ :QH/ jey U+QMi2M�Mi /m J;*Hk- /2b /LhS 2i
HǶ�.L TQHvKû`�b2V Uh?2`KQ 6Bb?2` a+B2MiB}+V 2i R ƒG /Ƕ�.L ¨ Ry Qm k M;XƒG@RX G2b S*_ QMi ûiû `û�HBbû2b
2M i`BTHB+�- [mB b2`QMi T�` H� bmBi2 TQQHûb 2i 8y ƒG }M�mt bQMi 2MpQvûb ¨ H� TH�i27Q`K2 /2 bû[m2MÏ�;2 :2MQiQmH
UhQmHQmb2- 6`�M+2V TQm` mM bû[m2MÏ�;2 JBa2[ AHHmKBM� Ukt k8y T#VX G2b �KTHB}+�iBQMb 7m`2Mi +QMi`ƬHû2b T�`
/2b ûH2+i`QT?Q`ĕb2b bm` ;2H ¨ RW /Ƕ�;�`Qb2X
SQm` +QMi`ƬH2` HǶ2{+�+Biû /2 +2b ûi�T2b /Ƕ�KTHB}+�iBQM 2i /2 bû[m2MÏ�;2- MQmb �pQMb miBHBbû mM2 JP*E
+QKKmM�miûX AH bǶ�;Bi /ǶmM2 +QKKmM�miû �`iB}+B2HH2 /QMi H� +QKTQbBiBQM 2i H2b T`QTQ`iBQMb `2H�iBp2b 2M
KB+`QQ`;�MBbK2 bQMi +QMMm2bX LQmb �pQMb miBHBbû H2 bi�M/�`/ JB+`Q#B�H *QKKmMBiv ai�M/�`/ UwvKQ"AP@
JA*aV- +QKTQbû /ǶmM KûH�M;2 /Ƕ�.L /2 Ry 2bTĕ+2b #�+iû`B2MM2bX *2i �.L bmBp`� H2b ûi�T2b /2 S*_ 2i /2
bû[m2MÏ�;2 B/2MiB[m2K2Mi �mt û+?�MiBHHQMbX

kX aAGo� h2biS`BK2 RXyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX�`#@bBHp�X/2fb2�`+?fi2biT`BK2fX *QMbmHiû 2M DmBM kyRdX X
jX aAGo� h2biS`Q#2 jXyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX�`#@bBHp�X/2fb2�`+?fi2biT`Q#2fX *QMbmHiû 2M DmBM kyRdX
9X AlS�*- lMBQM BMi2`M�iBQM�H2 /2 +?BKB2 Tm`2 2i �TTHB[mû2X .BbTQMB#H2 ¨ HǶ�/`2bb2 ?iiTb,ffBmT�+XQ`;X

Rjy



kX9X *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

h�#H2�m kXd Ĝ *QM/BiBQMb /2 S*_ T�` ivT2 /Ƕû+?�MiBHHQMbX

1i�T2b h2KTû`�im`2
Uê*V

h2KTb LQK#`2 /2
+v+H2

a1. � S�
.ûM�im`�iBQM BMBiB�H2 N8 Ry KBM @
.ûM�im`�iBQM N8 jy b
>v#`B/�iBQM ey jy b
1HQM;�iBQM dk 98 b

j8 +v+H2b

1HQM;�iBQM }M�H2 dk d KBM @
6G

.ûM�im`�iBQM BMBiB�H2 N8 Ry KBM @

.ûM�im`�iBQM N8 jy b
>v#`B/�iBQM e9 jy b
1HQM;�iBQM dk 98 b

jy +v+H2b

1HQM;�iBQM }M�H2 dk d KBM @

kX9XkXj h`�Bi2K2Mib #BQBM7Q`K�iB[m2 2i bi�iBbiB[m2

kX9XkXjXR h`�Bi2K2Mi /2b bû[m2M+2b /2 HǶ�.L Rea Q#i2Mm2b T�` bû[m2MÏ�;2 AHHmKBM�

G2 i`�Bi2K2Mi /2 /QMMû2b T`Q/mBi2b ¨ H� bmBi2 /ǶmM bû[m2MÏ�;2 Mû+2bbBi2 HǶ2KTHQB /ǶQmiBHb #BQBM7Q`K�iB[m2b
bTû+B}[m2bX �+im2HH2K2Mi- /2 MQK#`2mt TBT2HBM2b Qm HQ;B+B2Hb bQMi /BbTQMB#H2b �}M /2 i`�Bi2`- bBKTHB}2` 2i
?QKQ;ûMûBb2` +2b �TT`Q+?2b #BQBM7Q`K�iB[m2bX .�Mb MQi`2 +�b /2 };m`2- H2b �KTHB+QMb /m ;ĕM2 /2 HǶ�_L` Rea
Q#i2Mm �mT`ĕb H2 TH�i27Q`K2 /2 bû[m2MÏ�;2 QMi ûiû �M�Hvbûb ¨ HǶ�B/2 /m T�+F�;2 /�/�k U.BpBbBp2 �KTHB+QM
.2MQBbBM; �H;Q`Bi?KV URXReXyV U*�HH�?�Mg2i �HX- kyRe�V bm` H2 HQ;B+B2H _ U_ *Q`2 h2�Kg- kykyVX "`Bĕp2@
K2Mi- /�/�k b2 /ûK�`[m2 T�` HǶ2KTHQB /ǶmM �H;Q`Bi?K2 T2`K2ii�Mi ¨ T�`iB` /2b bû[m2M+2b- /Ƕ2biBK2` H2 i�mt
/Ƕ2``2m` HQ`b /m bû[m2MÏ�;2 2i /QM+ /2 `2Tû`2` THmb }/ĕH2K2Mi /2b bû[m2M+2b T`ûb2Mi�Mi mM i�mt /Ƕ2``2m`
i`QT BKTQ`i�Mi 2i /2p�Mi āi`2 bmTT`BKû2bX

G2b bû[m2M+2b QMi ûiû /�Mb mM T`2KB2` i2KTb }Hi`û2b- /2KmHiBTH2tû2b 2i /2`2THB[mû2bX .Ƕ�T`ĕb HǶBMbT2+iBQM
/2 H� [m�HBiû /2b bû[m2M+2b- H2b bû[m2M+2b /2 K�mp�Bb2 [m�HBiû UT`ûb2Mi�Mi /2b #�b2b �K#B;mďb- THmb /2
/2mt 2``2m`b �ii2M/m2b-V QMi ûiû bmTT`BKû2bX G� T�`iB2 +Q``2bTQM/�Mi �mt �KQ`+2b � ûiû bmTT`BKû2 2i H2b
bû[m2M+2b QMi ûiû i`QM[mû2b U¨ k9y T# TQm` H2b b2Mb 2i ¨ kk8 TQm` H2b �MiB@b2MbVX :ûMû`�H2K2Mi- H2 HQM; /2
HǶ�KTHB+QM- QM i2M/ ¨ Q#b2`p2` mM2 T2`i2 /Ƕ2{+�+Biû /m bû[m2MÏ�;2 MQi�KK2Mi TQm` H2b `2p2`b2b- H� }M /2b
�KTHB+QMb T`ûb2Mi2 ;ûMû`�H2K2Mi mM b+Q`2 /2 [m�HBiû #B2M THmb 7�B#H2 [m2 H2 `2bi2- +Ƕ2bi TQm` +2ii2 `�BbQM [m2
H2b �KTHB+QMb bQMi Hû;ĕ`2K2Mi i`QM[mûbX

G2 /2KmHiBTH2t�;2 +QMbBbi2 bBKTH2K2Mi �m `2;`QmT2K2Mi /2 iQmi2b H2b bû[m2M+2b +Q``2bTQM/�Mi �mt /Bzû@
`2Mib û+?�MiBHHQMb /�Mb mM KāK2 }+?B2`X G� /2`2THB+�iBQM `2pB2Mi 2HH2 ¨ HǶ�bb2K#H�;2 /2 iQmi2b H2b bû[m2M+2b
B/2MiB[m2b- 2HH2b b2`QMi +QK#BMû2b 2Mb2K#H2 bQmb H2 H�#2H /2 ǳbû[m2M+2 mMB[m2Ǵ T�` û+?�MiBHHQMX *2ii2 ûi�T2
MǶBM~m2M+2 T�b +QM+`ĕi2K2Mi HǶ�M�Hvb2 /2b bû[m2M+2b- K�Bb T2`K2i /2 `û/mB`2 /`�biB[m2K2Mi H2 i2KTb /Ƕ�M�@

RjR



*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

Hvb2 Mû+2bb�B`2 TQm` mM D2m /2 /QMMû2bX
aǶ2M bmBi HǶ�bbQ+B�iBQM /2b bû[m2M+2b b2Mb 2i �MiB@b2Mb- TQm` `2;`QmT2` +2b /Bzû`2Mi2b b2Mb /2 H2+im`2 mM2 xQM2
/2 `2+Qmp`2K2Mi UQp2`H�TV 2bi Mû+2bb�B`2X .�Mb H2 +�/`2 /2 +2ii2 ûim/2- H2 `2+Qmp`2K2Mi KBMBKmK � ûiû /û}MB
¨ 9y T#X G� i�#H2 /2b bû[m2M+2b 2M}M +QMbi`mBi2X lM2 /2`MBĕ`2 ûi�T2 /2 }Hi`�iBQM 2bi Mû+2bb�B`2- 2HH2 `2pB2Mi
¨ H� bmTT`2bbBQM /2b bû[m2M+2b +?BKû`B[m2bX

G� /2`MBĕ`2 ;`�M/2 ûi�T2 /2 +2 i`�Bi2K2Mi /2b bû[m2M+2b /Ƕ�.L 2bi HǶ�bbB;M�iBQM i�tQMQKB[m2X G2b bû[m2M+2b
b2`QMi �HQ`b +QKT�`ûb BM/ûT2M/�KK2Mi ¨ /2b #�b2b /2 /QMMû2b /2 `û7û`2M+2X *2ii2 ûi�T2 MQmb T2`K2i /2
bB;M2` ¨ +?�[m2 bû[m2M+2 mM2 i�tQMQKB2X *2ii2 /2`MBĕ`2 pQmb āi2b T2mi@āi`2 THmb Qm KQBMb T`û+Bb2 2M 7QM+iBQM
/2b bû[m2M+2bX AH 2tBbi2 /Bzû`2Mi2b #�b2b /2 /QMMû2b- +?�+mM2 T`ûb2Mi�Mi /2b �p�Mi�;2b 2i /2b BM+QMpûMB2MibX
.�Mb H2 +�/`2 /2 +2 T`QD2i /2 i?ĕb2- H� #�b2 /2 /QMMû2b [mB � ûiû 2KTHQvû2 2bi H� aAGo� aal `Rj3 8 UZm�big
2i �HX- kyRjV 2i HǶ�bbB;M�iBQM i�tQMQKB[m2 7mi `û�HBbû2 ¨ HǶ�B/2 /2 H� 7QM+iBQM A.h�s� UJm`�HBg2i �HX- kyR3V
Bbbm2 /m T�+F�;2 _ .1*AS>1_ UkXReXRV Uq`B;?ig- kyReVX

�m }M�H- /�/�k T`Q/mB`� mM2 K�i`B+2 +QMbBbimû2 /Ƕ�ao U�KTHB+QM a2[m2M+2 o�`B�MibV- HǶ�bbB;M�iBQM i�tQ@
MQKB[m2 /2 +2b /2`MB2`b ¨ HǶBMp2`b2 /2b Phl UPT2`�iBQM�H h�tQMQKB+ lMBibV MǶ2bi }tû2 T�` mM2 HBKBi2 /2
/BbbBKBH�`Biû }MB2 U;ûMû`�H2K2Mi jWVX
G� i�#H2 /Ƕ�ao �BMbB Q#i2Mm2- +QmTHû2 H� i�tQMQKB2 /2 +2b �ao � ûiû i`�/mBi2 �m 7Q`K�i T?vHQb2[ URXjkXyV
UJ+Jm`/B2g� >QHK2bg- kyRjV TQm` mM2 �M�Hvb2 THmb /ûi�BHHû2 /2b T`Q}Hb KB+`Q#B2MbX G2b bû[m2M+2b QMi ûiû
2M bmBp�Mi `�`û}û2b �}M /2 T2`K2ii`2 H� +QKT�`�BbQM /2 H� +QKTQbBiBQM /2b /Bzû`2Mib û+?�MiBHHQMbX

kX9XkXjXk J2bm`2 /2 H� /Bp2`bBiû

r .Bp2`bBiû �HT?�

*QKK2 BM/B[mû /�Mb H2 *?�TBi`2 RX9X8XR- �}M /Ƕ�TT`Q+?2` H� #BQ/Bp2`bBiû /2b TQTmH�iBQMb û+?�MiBHHQMMû2b- BH
2bi Mû+2bb�B`2 /Ƕ2KTHQv2` /2b 2biBK�i2m`b /2 H� #BQ/Bp2`bBiûX .�Mb H2 +�/`2 /2 +2 T`QD2i- MQmb �pQMb 2KTHQvû j
/Bzû`2Mib 2biBK�i2m`b �bb2x H�`;2K2Mi `û7û`2M+ûb , *?�QR- HǶBM/B+2 /2 a?�MMQM 2i HǶBM/B+2 /2 aBKTbQMX

G2 *?�QR U Ùa*?�QRV U1[m�iBQM UkXRVV 2bi mM 2biBK�i2m` /2 H� `B+?2bb2 bTû+B}[m2 T2`K2ii�Mi /2 +Q``B;2` H�
`B+?2bb2 bTû+B}[m2 Q#b2`pû2 UH2 MQK#`2 /Ƕ�ao Q#b2`pûbV 2M T`2M�Mi 2M +QKTi2 mM2 2biBK�iBQM /2 H� T`QTQ`iBQM
/Ƕ�ao `�`2b MQM /ûi2+iûb U*?�Qg- RN39VX *2ii2 2biBK�iBQM 2bi `û�HBbû2 ¨ T�`iB` /m MQK#`2 /2 bBM;H2iQMb 2i
/2 /Qm#H2iQMb Q#b2`pûbX SQm` `�TT2H- mM bBM;H2iQM 2bi mM �ao �TT�`�Bbb�Mi mM2 b2mH2 7QBb 2i mM /Qm#H2iQM-
/2mt 7QBbX *2i 2biBK�i2m` 2bi #�bû bm` H� 7`û[m2M+2 /2b �ao `�`2b- 2biBK�Mi [mǶmM2 7Q`i2 T`QTQ`iBQM /Ƕ�ao
`�`2 2bi BKTHB[m2 [mǶmM2 �#QM/�M+2 BKTQ`i�Mi2 /Ƕ�ao MǶ� T�b ûiû /ûi2+iûXࣞԈӸԗԐԞ� � Ԉ֊ս֎ � ԝϵφ�ԝϵ UkXRV

8X aAGo� `_L� /�i�#�b2 T`QD2+iX .BbTQMB#H2 ¨ HǶ�/`2bb2 ?iiTb,ffrrrX�`#@bBHp�X/2X

Rjk



kX9X *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

Qɍ aQ#b 2bi H2 MQK#`2 iQi�H /Ƕ�ao /�Mb HǶû+?�MiBHHQM UbQBi H� `B+?2bb2 bTû+B}[m2 Q#b2`pû2V- MR 2i Mk bQMi
`2bT2+iBp2K2Mi H2b MQK#`2b /2 bBM;H2iQMb 2i /2 /Qm#H2iQMb T`ûb2Mib /�Mb HǶû+?�MiBHHQMX

.2mt û+?�MiBHHQMb T2mp2Mi T`ûb2Mi2` mM2 `B+?2bb2 bTû+B}[m2 B/2MiB[m2 K�Bb T`ûb2Mi2` mM2 /Bp2`bBiû /Bzû`2Mi2
2M 7QM+iBQM /2 H� T`QTQ`iBQM /2b /Bzû`2Mib �aoX GǶBM/B+2 /2 a?�MMQM U>ǶV U1[m�iBQM UkXkVV- �mbbB �TT2Hû
a?�MMQMĜq2�p2` Qm a?�MMQMĜqB2M2`- 2bi mM 2biBK�i2m` /2 H� /Bp2`bBiû [mB T`2M/ 2M +QKTi2 H� T`QTQ`iBQM
/2b �ao /�Mb H2 +�H+mH /2 H� /Bp2`bBiû Ua?�MMQMg- RN93VX SHmb HǶBM/B+2 /2 a?�MMQM 2bi ûH2pû- THmb H� `B+?2bb2
/2 HǶû+?�MiBHHQM HǶ2bi 2i H2b T`QTQ`iBQMb /2b /Bzû`2Mib i�tQMb bBKBH�B`2bX

ӽஞ � ਷ կంք�φ ԟք ੎ ԛԝ	ԟք
 UkXkV

Qɍ L 2bi H2 MQK#`2 /Ƕ�ao Q#b2`pû 2i TB 2bi H� T`Q#�#BHBiû [mǶmM BM/BpB/m iB`û �m ?�b�`/ �TT�`iB2MM2 ¨ HǶ�ao
BX

GǶBM/B+2 /2 aBKTbQM U.V 2bi T`Q+?2 /2 +2HmB /2 a?�MMQM- BH 2biBK2 H� /Bp2`bBiû ¨ T�`iB` /2 H� `B+?2bb2 2i
H� T`QTQ`iBQM /2 +?�[m2 �ao UaBKTbQMg- RN9NVX Lû�MKQBMb- +2 /2`MB2` 2bi +QKT`Bb 2Mi`2 y 2i RX SQm` /2b
`�BbQMb T`�iB[m2b- MQmb �pQMb 2KTHQvûb HǶBMp2`b2 /2 aBKTbQM bQBi R @ . U1[m�iBQM UkXjVVX �BMbB- THmb +2i
BM/B+2 2bi T`Q+?2 /2 R- THmb HǶû[mBi�#BHBiû 2bi BKTQ`i�Mi2- 2i BMp2`b2K2Mi HQ`b[mǶBH i2M/ p2`b yX

� ਷ ӹ � � ਷ կంք�φ ԟϵք UkXjV

Qɍ L 2bi H2 MQK#`2 /Ƕ�ao Q#b2`pû 2i TB 2bi H� T`Q#�#BHBiû [mǶmM BM/BpB/m iB`û �m ?�b�`/ �TT�`iB2MM2 ¨ HǶ�ao
BX

"B2M [m2 bBKBH�B`2- +2b /2mt /2`MB2`b BM/B+2b b2 /BbiBM;m2Mi- HǶBM/B+2 /2 aBKTbQM b2`� BM~m2M+û T�` H2b �ao
H2b THmb �#QM/�Mib /�Mb HǶû+?�MiBHHQM 2i +2HmB /2 a?�MMQM T�` H2b `�`2bXr .Bp2`bBiû #āi�

SQm` `�TT2H- H� /Bp2`bBiû #āi� /ûi2`KBM2 H� /Bzû`2M+2 /2 /Bp2`bBiû Qm /2 +QKTQbBiBQM 2Mi`2 /2mt bBi2b Qm
û+?�MiBHHQMbX PM T�`H2`� B+B /2 bBKBH�`Biû Qm /BbbBKBH�`BiûX .2 K�MBĕ`2 B/2MiB[m2 ¨ H� /Bp2`bBiû �HT?�- BH 2tBbi2
/2 MQK#`2mt 2biBK�i2m`b /2 H� /Bp2`bBiû #āi�- +?�+mM T`ûb2Mi�Mi /2b BMiû`āib 2i BM+QMpûMB2MibX A+B- MQmb
�pQMb ;ûMû`�H2K2Mi 2KTHQvû- HǶBM/B+2 /2 /BbbBKBH�`Biû /2 "`�v@*m`iBb ᅬս֍ռ֔ U1[m�iBQM UkX9VV U"`�vg�
*m`iBbg- RN8dVX

ᅬԑԡԐԨ � ௴կք�φ ]ԟքԬ ਷ ԟքԭ]௴կք�φ ԟքԬ � ԟքԭ UkX9V

Qɍ TB�- TB" bQMi H2b �#QM/�M+2b /2 HǶ2bTĕ+2fPhlf�ao B /�Mb H2b û+?�MiBHHQMbfbBi2b � 2i "X *2i BM/B+2 2bi
HmB �mbbB +QKT`Bb 2Mi`2 y 2i RX SHmb b� p�H2m` 2bi T`Q+?2 /2 R- THmb H2b û+?�MiBHHQMbfbBi2b bQMi /Bbb2K#H�#H2b
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

2i +QMiB2MM2Mi /QM+ /2b 2bTĕ+2bfPhlf�ao /BbiBM+ibX

G� /Bp2`bBiû #āi� T2mi āi`2 b+BM/û2 2Mi`2 H� T�`i /2 H� /Bp2`bBiû HBû2 ¨ H� `B+?2bb2 2i +2HH2 �bbQ+Bû �m `2K@
TH�+2K2Mi UĿ hm`MQp2` ŀV /Ƕ2bTĕ+2b 2Mi`2 bBi2b U"�b2H;�g- kyRyVX *2+B T2mi āi`2 7�+BH2K2Mi `ûbmKû T�`
HǶû[m�iBQM UkX8VX ᅬԣԞԣԐԛ � ᅬ֍քվփ � ᅬ֍ր֋և UkX8V

Qɍ ᅬ֏֊֏ռև +Q``2bTQM/ ¨ H� /Bp2`bBiû #āi� c ᅬ֍քվփ 2i ᅬ֍ր֋և +Q``2bTQM/2Mi ¨ H� H� T�`i /2 H� /Bp2`bBiû `2bT2+iBp2K2Mi
¨ H� `B+?2bb2 2i �m `2TH�+2K2MiX SQm` +2 +�H+mH- MQmb �pQMb 2KTHQvû H2 T�+F�;2 _ #2i�T�`i URX8XjVX G2b BM@
/B+2b /2 /BbbBKBH�`Biû bm` H2b[m2H +2 T�`iBiBQMM2K2Mi T2mi āi`2 `û�HBbû ûi�Mi HBKBiûb- MQmb �pQMb TQm` +2 +�H+mH
2KTHQvû mM b2+QM/ BM/B+2 /2 /BbbBKBH�`Biû- +2HmB /2 C�++�`/X *2i BM/B+2 2bi `2H�iBp2K2Mi bBKBH�B`2 ¨ 2HmB /2
"`�v@*m`iBb- ¨ HǶ2t+2TiBQM [m2 +2 T`2KB2` bǶ�TTmB2 bm` /2b /QMMû2b /2 T`ûb2M+2@�#b2M+2 /Ƕ2bTĕ+2bfPhlf�ao
2Mi`2 /2mt bBi2b U1[m�iBQM UkXeVV 2i "`�v@*m`iBb b2 #�b2 HmB bm` /2b �#QM/�M+2b /Ƕ2bTĕ+2bfPhlf�ao U1[m�@
iBQM UkX9VVX ᅬӿԐԒԒ � ԃբӴգԃբӴգ � ԃբોգ � ԃգોբ UkXeV

Qɍ ԃբӴգ- ԃբોգ 2i ԃգોբ bQMi `2bT2+iBp2K2Mi H2 MQK#`2 /Ƕ2bTĕ+2b Q#b2`pû2b /�Mb H2b bBi2b � 2i " bBKmHi�@
MûK2Mi- H2 MQK#`2 /Ƕ2bTĕ+2 Q#b2`pû2 mMB[m2K2Mi /�Mb H2 bBi2 � 2i H2 MQK#`2 /Ƕ2bTĕ+2 Q#b2`pû2 mMB[m2K2Mi
/�Mb H2 bBi2 "X

kX9XkXjXj �mi`2b �TT`Q+?2b bi�iBbiB[m2b

.2 K�MBĕ`2 THmb ;ûMû`B[m2- H2b /Bzû`2Mib +�H+mHb 2i �TT`Q+?2b bi�iBbiB[m2b 2KTHQvûb TQm` /û+`B`2 2i BMi2`@
T`ûi2` H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b Qm H2b 7�+i2m`b �#BQiB[m2b T2`K2ii�Mi /2 /û+`B`2 +2b
+QKKmM�miûb bQMi #`Bĕp2K2Mi /ûi�BHHûb /�Mb H2 i�#H2�m kX3X
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

kX9Xj �M�Hvb2 /2 H� /Bp2`bBiû 7QM+iBQMM2HH2 , H2b Tm+2b ¨ �.L U:2Q+?BTV

G� i2+?MQHQ;B2 /2b Tm+2b ¨ �.L � ûiû 2KTHQvû2 /�Mb HǶQTiB[m2 /Ƕ2t�KBM2` H� bi`m+im`2 7QM+iBQMM2HH2 /2b
+QKKmM�miûb KB+`Q#B2MM2bX G2 H�`;2 T�M2H /2 +�iû;Q`B2 2i /2 7�KBHH2b /2 ;ĕM2b T`QTQbûb T�` H2b Tm+2b ¨
�.L :2Q+?BT T2`K2i /2 7�B`2 H2 HB2M 2Mi`2 H� bi`m+im`2 7QM+iBQMM2HH2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2i H2b
T`Q+û/ûb #BQ;ûQ+?BKB[m2b- û+QHQ;B[m2b 2i 2MpB`QMM2K2Mi�mt U>2g2i �HX- kyyd c hmg2i �HX- kyR9VX
G� /2`MBĕ`2 p2`bBQM /2 Tm+2b T`QTQbû2 2bi +2HH2 /2b :2Q+?BT 8Xy J [mB /BbTQb2 �+im2HH2K2Mi /ǶmM2 +Qmp2`im`2
/2 R3y yyy �KQ`+2b +Q``2bTQM/�Mi ¨ �TT`QtBK�iBp2K2Mi ¨ R 8yy 7�KBHH2b /2 ;ĕM2b 7QM+iBQMM2Hb BKTHB[mûb
/�Mb HǶ?QKûQbi�bB2 Kûi�HHB[m2- H� `ûbBbi�M+2 �MiB#BQiB[m2- H� `ûTQMb2 �m bi`2bb- H2 i`�Mb72`i /ǶûH2+i`QMb 2i /2b
Kûi�#QHBbK2b b2+QM/�B`2b +QKK2 H� /û;`�/�iBQM /2 +QMi�KBM�Mi Q`;�MB[m2- H� pB`mH2M+2- 2i+Xr aûH2+iBQM 2i T`ûT�`�iBQM /2b û+?�MiBHHQMb

.2 T�`i H� [m�MiBiû KBMBK�H2 /Ƕ�.L Mû+2bb�B`2 ¨ +2ii2 �M�Hvb2 UKBMBK�H /2 R ƒ; /Ƕ�.LV 2i H2b T`2KBĕ`2b
Q#b2`p�iBQMb /2b �M�Hvb2b /2b ;ĕM2b /2 HǶ�_L` Rea- b2mH2K2Mi mM2 bQmb@T�`iB2 /2b û+?�MiBHHQMb 7mi �M�Hvbû2
bm` :2Q+?BTX S`û+BbûK2Mi- H2b �.L 2ti`�Bib ¨ T�`iB` /2b ai2`Bp2thJ- +Q``2bTQM/�Mi ¨ H� 7`�+iBQM /2 #�+iû`B2b
HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV- T`ûb2Mi�B2Mi 2M KQv2MM2 /2b +QM+2Mi`�iBQMb 2M �.L #B2M BM7û`B2m`b �mt
`2bi2b /2b û+?�MiBHHQMbX AHb 7m`2Mi /QM+ `�TB/2K2Mi 2t+Hmb TQm` +2ii2 2tTû`BK2Mi�iBQM- M2 TQmp�Mi `ûmMB` H�
[m�MiBiû /Ƕ�.L KBMBK�H Mû+2bb�B`2X
�m }M�H- /2 R ¨ 8 ƒ; /Ƕ�.L QMi ûiû 2MpQvûb TQm` HǶ�M�Hvb2 2M :2Q+?BT 8XyJ TQm` mM iQi�H /2 R8 û+?�MiBHHQMb
/2 bû/BK2Mi 2i /2 R3 û+?�MiBHHQMb +Q``2bTQM/�Mi �mt +QKKmM�miûb �bbQ+Bû2b �mt T�`iB+mH2b US�V- +2 bQMi
H2b û+?�MiBHHQMb H2b THmb +�`�+iû`BbiB[m2b UH2b THmb 2M �KQMi- �p�H- 2i+XV 2i H2b THmb +QMi`�biûb UbBi2 e T�`
2t2KTH2V [mB 7m`2Mi +QMb2`pûb U6B;m`2 kXRRVX GǶ�.L Bbbm /2b i`BTHB+�ib T�` bBi2 QMi ûiû TQQHûb 2Mb2K#H2 TQm`
+2b �M�Hvb2b �}M /ǶQ#i2MB` mM2 [m�MiBiû /Ƕ�.L bm{b�MibXr GǶ?v#`B/�iBQM bm` :2Q+?BT

G� T`ûT�`�iBQM /2b û+?�MiBHHQMb- HǶ?v#`B/�iBQM 2i H� H2+im`2 /2b bB;M�mt 7mi `û�HBbûb T�` H� TH�i27Q`K2 :HQKB+b
AM+X ULQ`K�M PFH�?QK�- la�VX "`Bĕp2K2Mi- HǶ�.L 2bi T`2KBĕ`2K2Mi K�`[mû ¨ HǶ�B/2 /ǶmM ~mQ`Q+?`QK2
UH� *v�MBM2 j Qm *v�MBM2 8V U>2g2i �HX- kyy8#V- TmBb KBb �m +QMi�+i /2b KB+`QTm+2b T`ûb2Mi�Mi H2b bQM/2b
+Q``2bTQM/�Mib �mt ;ĕM2b /ǶBMiû`āib ¨ H2m` bm`7�+2X G2b Tm+2b bQMi 2M bmBp�Mi K�BMi2Mm2 2M +?�K#`2 /Ƕ?v@
#`B/�iBQM U+?�mzû 2i ¨ HǶQ#b+m`BiûV T2M/�Mi THmbB2m`b ?2m`2bX �T`ĕb +2ii2 ûi�T2 /Ƕ?v#`B/�iBQM- H2b Tm+2b bQMi
H�pû2b �}M /2 b2 /û7�B`2 /2b #`BMb /Ƕ�.L K�`[mûb MQM ?v#`B/ûb- TmBb bû+?û2b 2i b+�MMû2b U>2g2i �HX- kyy8# c
>2g2i �HX- kyR3VX G2b BK�;2b b+�MMû2b bQMi 2MbmBi2 �M�Hvbû2b- H2b bTQib /2 K�mp�Bb2 [m�HBiû bQMi bmTT`BKûb-
HǶBMi2MbBiû /2 +?�[m2 bTQi 2bi MQ`K�HBbû2 T�` H� KQv2MM2 2i H2b bTQib /2 7�B#H2 BMi2MbBiû bQMi bmTT`BKûb 2M
7QM+iBQM /2 H� p�H2m` /m `�iBQ bB;M�H bm` #`mBi UaL_V U>2g2i �HX- kyydVX �T`ĕb `û+2TiBQM /2b /QMMû2b- HǶ�M�Hvb2
/2b /QMMû2b /2 :2Q+?BT � ûiû `û�HBbû2 bm` H2 HQ;B+B2H _ U_ *Q`2 h2�Kg- kykyVX
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kX9X *�`�+iû`Bb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b T�` /2b Kûi?Q/2b /2 #BQHQ;B2 KQHû+mH�B`2

6B;m`2 kXRR Ĝ *�`i2 /2 H� HQ+�HBb�iBQM /2b bBi2b +QMb2`pûb TQm` HǶ�M�Hvb2 7QM+iBQMM2HH2 U:2Q+?BTV /2b +QK@
KmM�miûb KB+`Q#B2MM2bX

kX9X9 *QMbi`m+iBQM 2i �M�Hvb2 /2 `ûb2�mt KB+`Q#B2Mb

�}M /ǶB/2MiB}2` H2b �bb2K#H�;2b KB+`Q#B2Mb T`2M�Mi TH�+2 /�Mb H2b /Bzû`2Mi2b K�i`B+2b Ua1.- 6G 2i S�V 2i
�M�Hvb2b Ubû[m2MÏ�;2 AHHmKBM� /2 HǶ�.L` Rea 2i Tm+2b ¨ �.LV- /2b `ûb2�mt KB+`Q#B2Mb /2 +Q@Q++m`2M+2 QMi
ûiû ûH�#Q`ûbX AHb QMi ûiû +QMbi`mBib ¨ T�`iB` /2 HǶQmiBH 2M HB;M2 J1L�T UJQH2+mH�` 1+QHQ;v L2irQ`F �M�HvbBb
TBT2HBM2V Uw?Qmg2i �HX- kyRR c .2M;g2i �HX- kyRkVX

G� +QMbi`m+iBQM /2b `ûb2�mt T�` J1L�S 2bi #�bû2 bm` H� i?ûQ`B2 /2b K�i`B+2b �Hû�iQB`2b _Jh U_�M/QK
J�i`Bt h?2Q`vV UGmQg2i �HX- kyyeVX 1HH2 bǶQ`;�MBb2 2M 9 ;`�M/2b ûi�T2b U.2M;g2i �HX- kyRkV ,r AMi`Q/m+iBQM /2b /QMMû2b

SQm` H2b �M�Hvb2b /2b ;ĕM2b /2 HǶ�_L` Rea- +2 bQMi H2b i�#H2b /Ƕ�ao U�#QM/�M+2 /2 +?�[m2 �ao T�`
bBi2V [mB b2`pB`2Mi /2 #�b2 ¨ H� +QMbi`m+iBQM /2b `ûb2�mtX SQm` H2b �M�Hvb2b /2b Tm+2b ¨ �.L- +Ƕ2bi
HǶ�#QM/�M+2 /2b ;ĕM2b [mB 7m`2Mi miBHBbûbXr 6BHi`�iBQM 2i bi�M/�`/Bb�iBQM /2b /QMMû2b

GQ`b /2 H� +`û�iBQM /2b `ûb2�mt- H2b �ao Qm ;ĕM2b bQMi �m T`û�H�#H2 }Hi`ûb 2M 7QM+iBQM /2 H2m` Q++m``2M+2
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*?�TBi`2 kX J�iû`B2H 2i Kûi?Q/2b

�m b2BM /2b /Bzû`2Mib bBi2bfû+?�MiBHHQMbX G2b /Bzû`2Mib `ûb2�mt T`ûb2Mib �m b2BM /2 +2 i`�p�BH /2 i?ĕb2 QMi
ûiû +QMbi`mBib ¨ �aof;ĕM2b T`ûb2Mi�Mi mM2 Q++m``2M+2 KBMBK�H2 �HH�Mi /2 kk ¨ 9kW 2M 7QM+iBQM /m D2m /2
/QMMû2bX G� bi�M/�`/Bb�iBQM /2b �#QM/�M+2b `2H�iBp2b 2bi mM2 QTiBQM 7�+mHi�iBp2 2i 2bi 7QM+iBQM /m +?QBt /2
HǶQTû`�i2m`X SQm` H2b �M�Hvb2b `û�HBbû2b /�Mb H2 +�/`2 /2 +2ii2 i?ĕb2- �m+mM2 bi�M/�`/Bb�iBQM M2 7mi 2z2+imû2Xr *�H+mH /2 H� bBKBH�`Biû /2mt ¨ /2mt /2b �#QM/�M+2b

A+B- MQmb �pQMb H� +Q``ûH�iBQM /2 S2�`bQM TQm` +2 +�H+mH /2 bBKBH�`Biû Uw?Qmg2i �HX- kyRRVXr .ûi2`KBM�iBQM /2 H� K�i`B+2 }M�H2 /Ƕ�T`ĕb mM2 �TT`Q+?2 #�bû2 bm` H� _Jh

�m@/2H¨ /2 H� +QMbi`m+iBQM /m `ûb2�m- J1L�S T`QTQb2 mM +2`i�BM MQK#`2 /Ƕ�M�Hvb2bX �BMbB- +2 TBT2HBM2
7mi 2KTHQvû TQm` H� /ûi2+iBQM /2 KQ/mH2b- +Ƕ2bi@¨@/B`2 /2b ;`QmT2b /2 MQ2m/b U+Q``2bTQM/�Mi �mt �ao Qm
�mt ;ĕM2bV T`ûb2Mi�Mi mM2 /2MbBiûb BMi`�;`QmT2 bmTû`B2m`2 ¨ HǶBMi2`;`QmT2 UL2rK�Mg- kyy9VX "`Bĕp2K2Mi-
+2b KQ/mH2b QMi ûiû /ûi2+iûb pB� H� Kûi?Q/2 /ǶQTiBKBb�iBQM /2 H� KQ/mH�`Biû MQKKû , ;`22/v KQ/mH�`Biv
QTiBKBx�iBQM UL2rK�Mg- kyy9 c *H�mb2ig2i �HX- kyy9VX 6BM�H2K2Mi- H2b `ûb2�mt 7m`2Mi pBbm�HBbûb ¨ HǶ�B/2 /2b
HQ;B+B2Hb *viQb+�T2 UjX3XyV Ua?�MMQMg2i �HX- kyyjV 2i :2T?B UyXNXkV U"�biB�Mg2i �HX- kyyNVX
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*?�TBi`2 j

.Bbi`B#miBQM 2i /vM�KB[m2 /2b
KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b
2i ûK2`;2Mib /�Mb HǶ2bim�B`2 /2
HǶ�/Qm`

jXR AMi`Q/m+iBQM

.�Mb +2 +?�TBi`2- MQmb MQmb 7Q+�HBb2`QMb ¨ H� /Bbi`B#miBQM 2i HǶQ++m``2M+2 /2b KB+`QTQHHm�Mib +?BKB[m2b
�m b2BM /2b /Bzû`2Mib /Ƕû+?�MiBHHQMbX
*2b /Bzû`2Mib T`ûHĕp2K2Mib QMi T2`KBb HǶ�M�Hvb2 /ǶmM2 bû`B2 /2 +QMi�KBM�Mib `ûmMBb �m b2BM /2 N +�iû;Q`B2b-
QM /BbiBM;m2 �BMbB , H2b Kûi�mt- H2b Q`;�MQKûi�mt- H2b >�S- H2b S*"- H2b T2biB+B/2b Q`;�MQ+?HQ`ûb- H2b Kmb+b
bvMi?ûiB[m2b- H2b �HFvHT?ûMQHb- H2b }Hi`2b lo 2i H2b `ûbB/mb T?�`K�+2miB[m2bX

LQmb /û+`B`QMb /Ƕ�#Q`/ H2b /Bzû`2Mib T`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM /2b bBi2b /2 T`ûHĕ@
p2K2Mi H2 HQM; /2 H� xQM2 2bim�`B2MM2X 1MbmBi2- MQmb MQmb BMiû`2bb2`QMb ¨ HǶBM~m2M+2 /2b /Bzû`2Mi2b Tû`BQ/2b
/Ƕû+?�MiBHHQMM�;2- 2i /QM+ /2b b�BbQMb- bm` H2b +�iû;Q`B2b /2 +QMi�KBM�Mib 2i T`Q}Hb T`û+û/2KK2Mi /û+`BibX
.�Mb mM /2`MB2` i2KTb- MQmb MQmb BMiû`2bb2`QMb �mt `2H�iBQMb bi�iBbiB[m2b 2Mi`2 H2b p�`B�#H2b 2MpB`QM@
M2K2Mi�H2b /2b+`BTiBp2b 2i H2b +QMi�KBM�Mib 2i MQmb i2Mi2`QMb /ǶB/2MiB}2` H2b p�`B�#H2b H2b THmb T2`iBM2Mi2b
T2`K2ii�Mi H� /2b+`BTiBQM /2 H� p�`B�#BHBiû /2b KB+`QTQHHm�Mib 2i HǶûim/2 /2 HǶBKT�+i /2b KB+`QTQHHm�Mib +?B@
KB[m2b bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX
SQm` HǶ?2m`2- mM2 T�`i /2b /QMMû2b M2 bQMi T�b /BbTQMB#H2b TQm` H2b 2�mt U#`mi2b 2i }Hi`û2bV- BH bǶ�;Bi /2b
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

+QM+2Mi`�iBQMb 2M +QMi�KBM�Mib Q`;�MB[m2b �m T`BMi2KTb +Q``2bTQM/�Mi �mt ?v/`Q+�`#m`2b �`QK�iB[m2b TQ@
Hv+v+HB[m2b U>�SV- �mt TQHv+?HQ`Q#BT?ûMvH2b US*"V- �mt T2biB+B/2b Q`;�MQ+?HQ`ûb- �mt Kmb+b bvMi?ûiB[m2b-
�mt �HFvHT?ûMQHb 2i �mt }Hi`2b loX

"`Bĕp2K2Mi- +2b N +�iû;Q`B2b /2 +QMi�KBM�Mib +Q``2bTQM/2Mi ¨ mM iQi�H /2 RjN bm#bi�M+2b- /QMi Rj8 ûi�B2Mi
bmBpBb /�Mb H2b K�i`B+2b 2�m 2i Rk8 /�Mb H2b bû/BK2MibX am` HǶ2Mb2K#H2 /2b bm#bi�M+2b +?BKB[m2b +B#Hû2b [m2HH2
[m2 bQBi H� +�KT�;M2- N3W URkk bm` Rk8V /Ƕ2Mi`2 2HH2b QMi ûiû [m�MiB}û2b /�Mb H� K�i`B+2 bû/BK2Mi- 8NW U8j
bm` NyV /�Mb H� K�i`B+2 2�m iQi�H2 2i 8kW Udy bm` Rj8V /�Mb H� 7`�+iBQM /BbbQmi2 U�MM2t2b- i�#H2�m �jXRVX
*2`i�BMb +QMi�KBM�Mib QMi ûiû B/2MiB}ûb mMB[m2K2Mi /�Mb HǶmM2 Qm HǶ�mi`2 /2b K�i`B+2b U�MM2t2b- };m`2
�jXRVX

"B2M [m2 [m�MiB}ûb- +2b +QMi�KBM�Mib M2 bQMi T�b 7Q`+ûK2Mi K2bm`ûb TQm` HǶ2Mb2K#H2 /2b û+?�MiBHHQMbX GǶQK@
MBT`ûb2M+2 /ǶmM +QMi�KBM�Mi �m b2BM /2 HǶ2Mb2K#H2 /2b û+?�MiBHHQMb T2mi āi`2 /û+`Bi2 pB� H� 7`û[m2M+2 /2
[m�MiB}+�iBQM [mB 2bi BHHmbi`û2 2M �MM2t2 U6B;m`2b �kXk 2i �kXjVX SQm` mM2 Mû+2bbBiû /2 HBbB#BHBiû- TQm` H2b
2�mt- H2b +QMi�KBM�Mib TQm` H2b[m2Hb H� 7`û[m2M+2 /2 [m�MiB}+�iBQM 2bi BM7û`B2m`2 ¨ y-k M2 bQMi T�b `2T`ûb2Miûb
U�MM2t2b- };m`2 �kXkVX SQm` H2b bû/BK2Mib- b2mHb H2b +QMi�KBM�Mib T`ûb2Mi�Mi /2b 7`û[m2M+2b /2 [m�MiB}+�iBQM
bmTû`B2m`2b ¨ y-3 bQMi BHHmbi`û2b U�MM2t2b- };m`2 �kXjVX G2b Q#b2`p�iBQMb T`û+û/2KK2Mi `û�HBbû2b M2 T`2M�B2Mi
T�b 2M +QKTi2 H2b +QM+2Mi`�iBQMb `û2HH2K2Mi Q#b2`pû2b TQm` +?�+mM2 /2b bm#bi�M+2b 2i /2b K�i`B+2b /�Mb +2ii2
ûim/2X *2b +QM+2Mi`�iBQMb QMi ûiû bvMi?ûiBbû2b �m b2BM /2b i�#H2�mt 2M �MM2t2 , �kXk- �kXj 2i �kX9X

G� [m�bB@iQi�HBiû /2b +QMi�KBM�Mib +B#Hûb QMi ûiû /ûi2+iûb 2ifQm [m�MiB}ûb ¨ [m2H[m2b `�`2b 2t+2TiBQMb /QMi
+BM[ `ûbB/mb T?�`K�+2miB[m2b , HǶ�pQ#2MxQM2 U"J@."JV- HǶ�KTB+BHHBM2- HǶ2bi`QM2 U1RV- Rdᅬ@ƾbi`�/BQH U1kV-
Rdᅫ@ûi?BMvH2bi`�/BQH U11kV 2i /2mt �HFvHT?ûMQHb , H2 9M@Q+ivHT?ûMQH U9MPSV 2i H2 9i@Q+ivHT?ûMQH U9iPSVX
Lû�MKQBMb- HǶ�#b2M+2 /2 +2b bm#bi�M+2b MǶBKTHB[m2 T�b H2m` `û2HH2 �#b2M+2 /�Mb HǶû+?�MiBHHQM Qm /�Mb HǶû+Q@
bvbiĕK2X SQm` +2`i�BMb +QKTQbûb- QM TQm``�Bi bǶBMi2``Q;2` H� Mû+2bbBiû /Ƕ�/�Ti2` H2b Kûi?Q/2b /2 T`û+QM+2M@
i`�iBQM �}M /Ƕ�#�Bbb2` H2m` HBKBi2 /2 [m�MiB}+�iBQM 2i TQmpQB` H2b BM+Hm`2 /�Mb H2b 7�+i2m`b TQmp�Mi �pQB` mM
BKT�+i bm` H2b û+QbvbiĕK2bX � iBi`2 /Ƕ2t2KTH2- H2 9MPS 2i H2 9iPS �p�B2Mi ûiû /ûi2+iûb /�Mb H2b 2|m2Mib /2
ah1l Uai�iBQM /2 i`�Bi2K2Mib /2b 2�mt mbû2bV H2 HQM; HǶ2bim�B`2 /2 HǶ�/Qm` 2i M2 HǶQMi THmb ûiû /�Mb H2b 2�mt
/2 HǶ2bim�B`2 �T`ĕb /BHmiBQM /2b 2|m2Mib U*�p�H?2B`Qg2i �HX- kyRdVX

G2b K�i`B+2b bû/BK2Mi�B`2b bQMi +�`�+iû`Bbû2b T�` mM MQK#`2 /2 bm#bi�M+2b /ûi2+iû2b U�MM2t2b- i�#H2�m
�jXR 2i };m`2 �jXRV 2i /2b 7`û[m2M+2b /2 [m�MiB}+�iBQM THmb K�`[mûb [m2 TQm` H2b 2�mt- 2i [m2HH2 [m2
bQBi H� 7`�+iBQM U�MM2t2b- };m`2 �kXkVX *2ii2 Q#b2`p�iBQM 2bi �bb2x �ii2M/m2 TmBb[m2 H2b bû/BK2Mib bQMi /2b
K�i`B+2b /Bi2b Ŀ BMiû;`�i`B+2b ŀ Uw?�M;g2i �HX- kyRe c "`�M+?2ig2i �HX- kykRVX *2b K�i`B+2b bQMi KQBMb
~m+im�Mi2b [m2 H2b 2�mt 2i bQMi THmb `2T`ûb2Mi�iBp2b /ǶmM2 +QMi�KBM�iBQM +?`QMB[m2 /ǶmM û+QbvbiĕK2X 1M
+2H�- H2b bû/BK2Mib bQMi /2b `ûb2`pQB`b /2 +QMi�KBM�iBQM [mB pQMi TBû;2` H2b +QMi�KBM�Mib K�Bb 2M 7QM+iBQM /2
T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt UGB�M;g2i �HX- kyRjV U+QKK2 H2 T> Qm H� b�HBMBiûV TQm``QMi āi`2 /2b bQm`+2b
b2+QM/�B`2b /2 +QMi�KBM�Mi TQm` H2b K�i`B+2b 2�mt U:�rg2i �HX- kyR9 c 6�##`Bg� 6`�Mx2HHBiiBg- kyReVX
.Ƕ�BHH2m`b ¨ iBi`2 BM/B+�iB7- H2 T`Q}H ;`�MmHQKûi`B[m2 /2b bû/BK2Mib 2bi /ûi�BHHû 2M �MM2t2- };m`2 �kX9X
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jXkX S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2

jXk S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2

H� xQM2 2bim�`B2MM2

*QKK2 /ûi�BHHû �m *?�TBi`2 kXRXR- HǶû+?�MiBHHQMM�;2 �m b2BM /2 +2 T`QD2i 7ȿi /û}MB /2 K�MBĕ`2 ¨ +Qmp`B`
HǶ2Mb2K#H2 /2 H� xQM2 2bim�`B2MM2X SQm` `�TT2H- i`QBb ivT2b /2 bBi2b /2 T`ûHĕp2K2Mib bQMi /BbiBM;mûb 2M 7QM+iBQM
/2 H2m` TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 , H2b bBi2b �KQMib UMmKû`Qiûb /2 R ¨ 9V- H2b bBi2b bBimûb /�Mb H� xQM2
m`#�BM2 UMmKû`Qiûb /2 8 ¨ RyV 2i H2b bBi2b �p�Hb UH�#2HHBbûb /2 � ¨ .VX .2 K�MBĕ`2 bBKBH�B`2 ¨ +2 [mB � ûiû
Q#b2`pû TQm` H2b /Bzû`2Mib ivT2b /2 K�i`B+2b- B+B- MQmb �HHQMb MQmb BMiû`2bb2` T`2KBĕ`2K2Mi �mt TQm`+2Mi�;2b
2i �mt +�iû;Q`B2b /2 +QMi�KBM�Mib Q#b2`pûb TQm` +?�[m2 bBi2 2M 7QM+iBQM /2 H2m` TQbBiBQM /2 HQM; /2 HǶ2bim�B`2
Uh�#H2�m jXRVX

h�#H2�m jXR Ĝ LQK#`2 /2 +QKTQbûb /ûi2+iûb 2i TQm`+2Mi�;2 U�V /2 /ûi2+iBQM T�` +�iû;Q`B2b /2 +QKTQ@
bûb +?BKB[m2b 2M 7QM+iBQM /2 H2m` TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2 2i +�KT�;M2b- iQmi2b K�i`B+2b
+QM7QM/m2bX

�KQMi �p�H l`#�BM
S`BMi2KTb úiû >Bp2` S`BMi2KTb úiû >Bp2` S`BMi2KTb úiû >Bp2`

�HFvHT?ûMQHb R UkyV y UyV y UyV k U9yV R UkyV y UyV k U9yV j UeyV k U9yV
Jûi�mt kj URyyV k8 URyyV k8 URyyV Rd U3NV RN UdNV RN UdNV kj URyyV k8 URyyV k8 URyyV
Jmb+b
bvMi?ûiB[m2b

R URyV Ry URyyV 3 U3yV R URyV y UyV y UyV 8 U8yV Ry URyyV Ry URyyV

>�S R UeV Re URyyV Re URyyV y UyV k URkV N U8eV R UeV Re URyyV Re URyyV
S*" y UyV d U83V e U8yV y UyV j UkdV k UR3V y UyV RR UNkV N Ud8V
S2biB+B/2b y UyV Rj UdkV Rk UedV y UyV R UeV y UyV y UyV R3 URyyV Re U3NV
S?�`K�+2miB[m2b j8 UdeV j8 UdeV j9 Ud9V 3 UR3V d UReV 3 UR3V 9R U3NV 9R U3NV 9R U3NV
6BHi`2b lo y UyV 9 UedV 9 UedV y UyV y UyV R URdV k UjjV e URyyV 8 U3jV
hQi�H T�`
+�KT�;M2

eR U98V RRy U3yV Ry8 UdeV k3 UkkV jj Uk9V jN UkNV d9 U88V Rjy UN9V Rk9 UNyV

hQi�H RRd U38V 8y UjdV RjR UN8V

Zm2HH2 [m2 bQBi H� +�KT�;M2 2i H� +�iû;Q`B2 /2 +QMi�KBM�Mib +B#Hû2- N8W /2b KB+`QTQHHm�Mib +?BKB[m2b +B#Hûb
QMi ûiû [m�MiB}ûb /�Mb /2b bBi2b m`#�BMbX *2 TQm`+2Mi�;2 2bi +QMbû[m2Mi TQm` H2b bBi2b �KQMib- /ǶmM2 p�H2m`
/2 38W- i�M/Bb [mǶBH 2bi mMB[m2K2Mi /2 jdW TQm` H2b bBi2b �p�Hb Uh�#H2�m jXRVX *2ii2 Q#b2`p�iBQM T2mi āi`2
KBb2 2M HB2M �p2+ HǶBM~m2M+2 /2b +v+H2b /2 K�`û2 2i /m KûH�M;2 �p2+ H2b 2�mt K�`BM2b `2bTQMb�#H2b /ǶmM
TQi2MiB2H 2z2i /2 /BbT2`bBQM 2i /2 /BHmiBQM- `�TT2HQMb [m2 H2b T`ûHĕp2K2Mib QMi ûiû `û�HBbûb ¨ HǶûi�H2 /2 #�bb2
K2`X "B2M [m2 H2b bBi2b �KQMi bQB2Mi bBimûb �p�Mi H� xQM2 m`#�BM2 /2 "�vQMM2@�M;H2i@"B�``Bix- BHb M2 bQMi T�b
TQm` �mi�Mi /ûTQm`pmb /2 HǶBM~m2M+2 /2b �+iBpBiûb Um`#�BM2b 2i �;`B+QH2bV T`2M�Mi TH�+2 �m b2BM /m #�bbBM
p2`b�MiX .2 THmb- +2b bBi2b `2bi2Mi BMi`�@2bim�`B2Mb- 2i �BMbB- 2M 7QM+iBQM /m +Q2{+B2Mi /2 K�`û2- +2b bBi2b
T2mp2Mi �mbbB āi`2 BM~m2M+ûb T�` H� T`ûb2M+2 /2 KB+`QTQHHm�Mib +?BKB[m2b i`�MbTQ`iûb /2 HǶ�p�H p2`b HǶ�KQMiX
�m@/2H¨ /2 +2ii2 p�H2m` ;ûMû`B[m2 /2 +QMi�KBM�Mib /ûi2+iûb- QM T2mi Q#b2`p2` HǶûpQHmiBQM /2 +2b TQm`+2Mi�;2b
�m b2BM /2 /Bzû`2Mi2b +�iû;Q`B2b /2 +QMi�KBM�MibX
G� /û+`QBbb�M+2 /m TQm`+2Mi�;2 /2 +QMi�KBM�Mib /ûi2+iûb Q#b2`pû2 TQm` H2b bBi2b �p�H 2bi `�ii�+?�#H2 �mt
+QMi�KBM�Mib Q`;�MB[m2b /QMi H2b T2biB+B/2b Uy ¨ eWV- H2b Kmb+b bvMi?ûiB[m2b Uy ¨ RyWV- H2b `ûbB/mb
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

T?�`K�+2miB[m2b URe ¨ R3WV- H2b }Hi`2b lo Uy ¨ RdWV- 2i H2b S*" Uy ¨ kdWV Uh�#H2�m jXRVX *2b +�iû;Q`B2b
+Q``2bTQM/2Mi 2bb2MiB2HH2K2Mi ¨ /2b bm#bi�M+2b /QMi HǶQ`B;BM2 2bi THmiƬi HBû2 �mt ah1l TQm` H2b `ûbB/mb
T?�`K�+2miB[m2b- H2b Kmb+b bvMi?ûiB[m2b Qm H2b }Hi`2b lo- Qm �m H2bbBp�;2 /2b bQHb �p2+ H2b T2biB+B/2b /�Mb
H2b xQM2b �;`B+QH2b Qm S*" /�Mb H2b xQM2b m`#�BM2bX
G2b bBi2b �KQMi 2i �p�H /m TQBMi /2 pm2 /m MQK#`2 /2 +QMi�KBM�Mib /ûi2+iûb bQMi �bb2x bBKBH�B`2bX Lû�MKQBMb-
H2b bBi2b m`#�BMb T`ûb2Mi2Mi mM TQm`+2Mi�;2 /2 [m�MiB}+�iBQM Hû;ĕ`2K2Mi bmTû`B2m` ¨ +2HmB /2b bBi2b �KQMi-
MQi�KK2Mi TQm` H2b +QMi�KBM�Mib Q`;�MB[m2b /QMi H2b �HFvHT?ûMQHb UeyW +QMi`2 kyW TQm` HǶ�KQMiV- H2b
}Hi`2b lo URyyW +QMi`2 edW TQm` HǶ�KQMiV Qm H2b `ûbB/mb T?�`K�+2miB[m2b UNRW +QMi`2 3dW TQm` HǶ�KQMiV
Uh�#H2�m jXRVX

G2b T`ûHĕp2K2Mib `û�HBbûb �m T`BMi2KTb T`ûb2Mi2Mi [m2HH2 [m2 bQBi H� TQbBiBQM bm` HǶ2bim�B`2- /2b TQm`+2Mi�;2b
/2 bm#bi�M+2b [m�MiB}û2b BM7û`B2m`b �mt �mi`2b b�BbQMb- �p2+ TQm` HǶ�KQMi 98W /2 +QKTQbûb /ûi2+iûb �m
T`BMi2KTb +QMi`2 3y 2i d8W 2M ûiû 2i ?Bp2`- TQm` HǶ�p�H kkW +QMi`2 k9 2i kNW 2i TQm` H2b bBi2b m`#�BMb 88W
+QMi`2 Nj 2i 3NW Uh�#H2�m jXRVX

jXkXR G� xQM2 m`#�BM2- bQm`+2 K�D2m`2 /2 +QMi�KBM�iBQM

jXkXRXR G2b ah1l- bQm`+2 /2b +QMi�KBM�Mib ûK2`;2Mib /�Mb H2b û+QbvbiĕK2b T�` H2b K�i`B+2b
2�m

G2b K�i`B+2b 2�m T`ûb2Mi2Mi mM TQm`+2Mi�;2 /2 +QMi�KBM�Mib [m�MiB}ûb /ǶmM2 p�H2m` /2 8NW ¨ 8kW TQm`
H2b i2M2m`b iQi�H2b 2i /BbbQmi2bX .2 MQK#`2mt +QMi�KBM�Mib MǶQMi T�b ûiû [m�MiB}ûb /�Mb +2b /2mt K�i`B+2b
2i T�`iB+mHBĕ`2K2Mi H2b +QMi�KBM�Mib Q`;�MB[m2b U�MM2t2b- i�#H2�m �jXRVX Lû�MKQBMb- #B2M [mǶmM MQK#`2
THmb `û/mBi /2 +QMi�KBM�Mib bQBi K2bm`û /�Mb +2b K�i`B+2b- ;ûMû`�H2K2Mi- HQ`b[mǶBHb H2 bQMi- BHb i2M/2Mi ¨ āi`2
T`û7û`2MiB2HH2K2Mi Q#b2`pû TQm` /2b bBi2b m`#�BMb 2i bm`iQmi H2 bBi2 e UbBimû ¨ T`QtBKBiû /m `2D2i /2 H� ah1l
/2 ai 6`û/û`B+V U6B;m`2 jXRVX "B2M [m2 +2b bBi2b T`ûb2Mi2Mi �mbbB /2b +QM+2Mi`�iBQMb 2M /Bp2`b +QMi�KBM�Mib
Q`;�MB[m2b HBbiûb +QKK2 T`BQ`Bi�B`2b- H� /Bbi`B#miBQM /2b +QMi�KBM�Mib Q`;�MB[m2b ûK2`;2Mib 2bi #B2M THmb
`2K�`[m�#H2 B+BX G2b Ŀ ?2�iK�Tb ŀ bQMi /2b `2T`ûb2Mi�iBQMb ;`�T?B[m2b BHHmbi`�Mi T�` bBi2- H� +QM+2Mi`�iBQM
+2Mi`û2 2i `û/mBi2 TQm` +?�[m2 +QMi�KBM�MiX .QM+- /�Mb +2b ?2�iK�Tb- H� KQv2MM2 /2b +QM+2Mi`�iBQMb T�`
+QMi�KBM�Mi 2bi MmHH2 2i HǶû+�`i@ivT2 2bi û;�H ¨ mMX *2b +QM+2Mi`�iBQMb +2Mi`û2 `û/mBi2b bQMi 2KTHQvû2b �}M
/2 pBbm�HBb2` HǶû+�`i /2b +QM+2Mi`�iBQMb 2Mi`2 +?�[m2 +QMi�KBM�Mi bm` mM KāK2 ;`�T?B[m2X SHmb H� +QmH2m`
2bi bQK#`2- THmb H� +QM+2Mi`�iBQM +Q``2bTQM/�Mi2 2bi BKTQ`i�Mi2 TQm` H2 bBi2 T�` `�TTQ`i �mt �mi`2b bBi2bX
G2b +QMi�KBM�Mib ûK2`;2Mib MQM BHHmbi`ûb B+B +Q``2bTQM/2Mi ¨ /2b bm#bi�M+2b T`ûb2Mi�Mi /2b p�H2m`b MmHH2b
U+QM+2Mi`�iBQMb BM7û`B2m`2b ¨ H� G.V U6B;m`2 jXRVX

AH 2bi THmb `�`2 [mǶmM +QMi�KBM�Mi bQBi [m�MiB7û /�Mb HǶ2�m- K�Bb HQ`b[mǶBH HǶ2bi- +Ƕ2bi T`û7û`2MiB2HH2K2Mi TQm` H2
bBi2 e U6B;m`2 jXRVX *2ii2 Q#b2`p�iBQM 2bi pBbB#H2 TQm` H2b /Bzû`2Mi2b 7`�+iBQMb K�Bb Hû;ĕ`2K2Mi THmb K�`[mû2
TQm` H� 7`�+iBQM /BbbQmi2 U6B;m`2 jXR� 2i "VX SHmb bTQ`�/B[m2K2Mi- /2b +QM+2Mi`�iBQMb bmTû`B2m`2b ¨ H�
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jXkX S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2

Printemps (AD1) Été (AD2) Hiver (AD3)

Muscs 
synthétiques

Alkylphénols

Filtres UV
OC
B3
MK

HHCB−L
HHCB
AHTN
ADBI

NPEO2
NPEO1

NP

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D

A

Printemps (AD1) Été (AD2) Hiver (AD3)

Muscs 
synthétiques

Alkylphénols

Filtres UV OC
MK

HHCB−L
HHCB
AHTN
ADBI

NPEO2
NPEO1

NP

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D

B

Été (AD2)Printemps (AD1) Hiver (AD3)

Résidus
pharmaceu−

tique

Triméthoprime
Sulfaméthoxazole

Sulfadiazine
Spiramycine

Roxithromycine
Oxazépam
Ofloxacine

Nordazépam
Métronidazole

Métoprolol
Losartan

Lorazépam
Kétoprofène
Josamycine
Ibuprofène

Hydrochlorothiazide
Gemfibrozil

Erythromycine A
Diclofénac

Clarithromycine
Ciprofloxacine

Carbamazépine
Caféine

Azithromycine
Aténolol

Acide niflumique
Acétaminophène

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D

C

6B;m`2 jXR Ĝ >2�iK�Tb /2b +QM+2Mi`�iBQMb +2Mi`û2b `û/mBi2b 2M +QMi�KBM�Mib Q`;�MB[m2b ûK2`;2Mib /�Mb H2b
2�mt TQm` /�Mb H2b 2�mt #`mi2b U�V- H� 7`�+iBQM /BbbQmi2 U"V 2i H2b +QM+2Mi`�iBQMb 2M `ûbB/mb T?�`K�+2miB[m2b
U*V /�Mb H2b 2�mt TQm` H� 7`�+iBQM /BbbQmi2X
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

KQv2MM2 bQMi �mbbB Q#b2`p�#H2b TQm` H2b bBi2b d Qm 3- /2mt bBi2b m`#�BMb bBimûb ¨ T`QtBKBiû /2 /2mt 2|m2Mib
m`#�BMb- HǶ�`Bit�;m2 2i H2 J�?�`BM `2bT2+iBp2K2MiX
"B2M [m2 +2 bBi2 e T`ûb2Mi2 /2b +QM+2Mi`�iBQMb THmb ûH2pû2b TQm` /2 MQK#`2mt +QMi�KBM�Mib- H2b +QM+2Mi`�iBQMb
+Q``2bTQM/�Mi2b M2 bQMi T�b 7Q`+ûK2Mi T`ûQ++mT�Mi2b U+�` �m b2BM /2 H� ?2�iK�T- 2HH2b bQMi +2Mi`û2b 2i
`û/mBi2bVX *2T2M/�Mi- /�Mb H2b i�#H2�mt 2M �MM2t2 �kXj 2i �kX9- QM T2mi `2K�`[m2` [m2 +2`i�BMb +QMi�KBM�Mib
U/QMi H2b `ûbB/mb T?�`K�+2miB[m2b /�Mb H� 7`�+iBQM /BbbQmi2 Qm HǶ>>*" /�Mb H2b 2�mt #`mi2bV T`ûb2Mi2Mi /2b
+QM+2Mi`�iBQMb K�tBK�H2b 2ifQm /2b KQv2MM2b /2 +QM+2Mi`�iBQMb i`ĕb H�`;2K2Mi bmTû`B2m`2b ¨ +2HH2b [mB
T2mp2Mi āi`2 Q#b2`pû2b /�Mb /Ƕ�mi`2b 2bim�B`2b 7`�MÏ�Bb Qm /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` �mT�`�p�MiX �BMBbB- H2b
ah1l bQMi ûK2ii`B+2b /ǶmM +Q+Fi�BH /2 +QMi�KBM�Mib /�Mb H2 KBHB2m 2bim�`B2MX .Ƕ�mi�Mi THmb [m2 H2 K�tBKmK
/2b +QM+2Mi`�iBQMb TQm` +2`i�BMb +QMi�KBM�Mib T`BQ`Bi�B`2b 2bi �mbbB Q#b2`pû TQm` +2 KāK2 bBi2X *Ƕ2bi �mbbB
H2 +�b TQm` H2 JJ>; UKûi?vHK2`+m`2V UQ#i2Mm TQm` H2 bBi2 e 2M ûiû �p2+ mM2 p�H2m` /2 y-kj Ǭ y-yj M;XG@R

TQm` H� i2M2m` iQi�H2 2i y-RR Ǭ y-yyye M;XG@R TQm` H2 /BbbQmbV Qm H2 THQK# US#V UQ#i2Mm TQm` H2 bBi2 e �m
T`BMi2KTb �p2+ mM2 p�H2m` /2 j-eR Ǭ R-R3 ƒ;XG@R TQm` H� i2M2m` iQi�H2V X

jXkXRXk *QMi�KBM�iBQM +?BKB[m2 /2b bû/BK2Mib /�Mb H� xQM2 m`#�BM2

G2b bû/BK2Mib T`ûb2Mi2Mi mM TQm`+2Mi�;2 /2 +QMi�KBM�Mib /ûi2+iûb bmTû`B2m` �mt K�i`B+2b 2�m U�MM2t2b-
i�#H2�m �jXRVX SHmb /2 bBi2b �TT�`iB2MM2Mi ¨ H� +�iû;Q`B2 /2b bBi2b m`#�BMb TQm` H2b bû/BK2Mib [m2 TQm` H2b
2�mt- BH bǶ�;Bi /2b bBi2b MmKû`Qiûb /2 8 ¨ RyX
.Bzû`2Mib bBi2b T`ûb2Mi2Mi /2b K�tBKmKb 2M +QM+2Mi`�iBQMb- +2T2M/�Mi- H2 bBi2 d UbBimû ¨ T`QtBKBiû /2
HǶ�`Bit�;m2- mM 2|m2Mi m`#�BMV �BMbB /�Mb mM2 KQBM/`2 K2bm`2 H2 bBi2 3 UbBimû ¨ T`QtBKBiû /m J�?�`BM- HmB
�mbbB mM 2|m2Mi m`#�BMV bQMi H2b bBi2b [mB T`ûb2Mi2Mi H2b +QM+2Mi`�iBQMb H2b THmb K�`[mû2b 2M +QMi�KBM�Mib
Q`;�MB[m2 T`BQ`Bi�B`2b 2i ûK2`;2Mib- �BMbB [m2 H2 THmb ;`�M/ MQK#`2 /2 /ûi2+iBQM U6B;m`2 jXkVX
G2 bBi2 d T�` `�TTQ`i �mt �mi`2b bBi2b T`ûb2Mi2 /2b +QM+2Mi`�iBQMb THmb BKTQ`i�Mi 2M >�S Ubm`iQmi 2M ?Bp2`V-
2M Kmb+ UTX2tX H2 >>*"@G 2M ûiû- H2 �>JA 2M ?Bp2`V- 2M S*" UTX2tX H2b S*" k3YjR 2i 8k 2M ûiûV- 2M
T2biB+B/2b UTX2tX HǶ�@2M/QbmH7�M 2i H2 /B2H/`BM2 2M ûiû Qm HǶ2M/`BM2 FûiQM2 2i H2 Kûi?Qtv+?HQ`2 2M ?Bp2`V 2i 2M
}Hi`2b lo UTX2tX HǶP* 2i H2 9@J"*V U6B;m`2 jXkVX
SHmb TQM+im2HH2K2Mi- /Ƕ�mi`2b bBi2b b2 /ûK�`[m2Mi- i2H [m2 H2 bBi2 8 +�`�+iû`Bbû T�` H� T`ûb2M+2 2M }Hi`2 lo
UH2 1>J* 2i H2 P.@S�"�V �m T`BMi2KTb- H2 bBi2 N UbBimû ¨ T`QtBKBiû /2 H� ah1l /2 aMi "2`M�`/V �p2+ H�
T`ûb2M+2 /2 S*" Ubm`iQmi H2 S*" R3yV 2M ?Bp2` Qm H2 bBi2 Ry �p2+ H� T`ûb2M+2 /2 S*" US*" 99 2i S*" RN9V
2i /2 T2biB+B/2b UH2 9Ƕ9@..h- H2 �@2M/QbmH7�M 2i HǶ2M/QbmH7�M bmH7�i2V �m T`BMi2KTb U6B;m`2 jXkVX

jXkXRXj G2 +�b T�`iB+mHB2` /2b �MiB#BQiB[m2b

G2b �MiB#BQiB[m2b bQMi /2b bm#bi�M+2b 2KTHQvû2b TQm` Hmii2` +QMi`2 H2b KB+`QQ`;�MBK2b- QM T2mi bǶ�ii2M/`2
¨ +2 [m2 H� T`ûb2M+2 /Ƕ�MiB#BQiB[m2 �Hiĕ`2 H� bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KQ/B}�Mi H� bm`pB2
/2 +2`i�BMb Q`;�MBbK2b 2i 2M 7�pQ`Bb�Mi /Ƕ�mi`2 TQbbû/�Mi /Ƕûp2Mim2Hb ;ĕM2b /2 `ûbBbi�M+2 U:mHH#2`;g2i �HX-
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jXkX S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2

Été (AD2) Hiver (AD3)

HA
P

PC
B

Pe
st

ici
de

s
M

us
cs

 
sy

nt
hé

tiq
ue

s
Fi
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 U
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OD−PABA
OC

EHMC
4−MBC

3−BC
MX
MM
MK
MA

HHCB−L
ATII

AHTN
AHMI
ADBI

Méthoxychlore
Heptachlore

γ−HCH
Endrine kétone

Endrine aldéhyde
Endrine

Endosulfan sulfate
Dieldrine

δ−endosulfan
β−endosulfan

β−HCH
α−endosulfan

α−HCH
Aldrine

4,4'−DDT
4,4'−DDE
4,4'−DDD

52
44

28+31
194
180

18
153
149
138
118
101

Pyrène
Phénanthrène

Naphtalène
Indéno(1,2,3−cd)pyrène

Fluorène
Fluoranthène

Dibenzo(a,h)anthracène
Chrysène

Benzo(k)fluoranthène
Benzo(g,h,i)pérylène

Benzo(b+j)fluoranthène
Benzo(a)pyrène

Benzo(a)anthracène
Anthracène

Acénaphtylène
Acénaphtène

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

6B;m`2 jXk Ĝ >2�iK�Tb /2b +QM+2Mi`�iBQMb +2Mi`û2b `û/mBi2b 2M +QMi�KBM�Mib Q`;�MB[m2b T`BQ`Bi�B`2b 2i
ûK2`;2Mib /�Mb H2b bû/BK2Mib 2bim�`B2MbX
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

kyRR c P#2`Hög2i �HX- kyRk c JB+?�2Hg2i �HX- kyRj c �M/2`bbQMg� >m;?2bg- kyR9 c 1bi`2H�g� "`QrMg-
kyR3VX
h?ûQ`B[m2K2Mi- QM bǶ�ii2M/ ¨ /ûi2+i2` /2b �MiB#BQiB[m2b ¨ H� 7QBb /�Mb H� xQM2 2M �KQMi /2 HǶ2bim�B`2- 2M
HB2M �p2+ H2b �+iBpBiûb �;`B+QH2b /ǶûH2p�;2b BMi2MbB7b U�`BF�Mg2i �HX- kyy3 c EBpBibg2i �HX- kyR3 c a+?mHxg2i
�HX- kyRNV �BMbB [m2 /�Mb H� xQM2 m`#�BM2 �p�H ¨ T`QtBKBiû /2b ah1l- /ȿ �mt `2D2ib ûp2Mim2Hb Bbbmb /2b
BMbi�HH�iBQMb ?QbTBi�HBĕ`2b- K�BbQMb /2 `2i`�Bi2 Qm /2b mb�;2b pûiû`BM�B`2b UJB+?�2Hg2i �HX- kyRj c :�rg2i �HX-
kyR9 c 1/m�`/Q@*Q``2B�g2i �HX- kyky c >�2MMBg2i �HX- kykkVX

.�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`- mM iQi�H /2 Ry �MiB#BQiB[m2b � ûiû /ûi2+iû- BHb bQMi T`ûb2Mib �m bBi2 e
bQBi bQmb HǶBM~m2M+2 /B`2+i2 2i �m MBp2�m /2 HǶ2|m2Mi /2 H� ah1l /2 ai 6`û/û`B+ U"�vQMM2VX LQmb Q#b2`pQMb
/2b +QM+2Mi`�iBQMb BKTQ`i�Mi2b 2M �MiB#BQiB[m2 mMB[m2K2Mi ¨ T`QtBKBiû /2b ah1l- H2 bB;M�H �KQMi MǶ2bi B+B
+H�B`2K2Mi T�b pBbB#H2X *2b +QM+2Mi`�iBQMb bQMi �bb2x bBKBH�B`2b [m2HH2 [m2 bQBi H� b�BbQM- bm` HǶ2Mb2K#H2 /2b
i`QBb +�KT�;M2b /Ƕû+?�MiBHHQMbX SQm` +2 bBi2- H2b +QM+2Mi`�iBQMb KQv2MM2b U2M M;XG@RV bQMi /2 kky Ǭ 39-y
TQm` HǶû`vi?`QKv+BM2 �- /2 RN9 Ǭ 93-8 TQm` HǶQ~Qt�+BM2- /2 Ree Ǭ RN-e TQm` HǶ�xBi?`QKv+BM2- /2 R8N Ǭ j9-j
TQm` H� bTB`�Kv+BM2- /2 R9d Ǭ j9-k TQm` H2 bmH7�Kûi?Qt�xQH2- /2 RjR Ǭ e-8y TQm` H� +BT`Q~Qt�+BM2- /2 RRj Ǭ
kd-3 TQm` H2 Kûi`QMB/�xQH2- /2 Nd-y Ǭ jR-d TQm` H� +H�`Bi?`QKv+BM2- /2 dN-N Ǭ 9R-N TQm` H� i`BKûi?QT`BK2-
/2 ek-3 Ǭ j3-e TQm` H� `QtBi?`QKv+BM2 2i }M�H2K2Mi /2 Rk-8 Ǭ 9-9d TQm` H� DQb�Kv+BM2 U6B;m`2 jXjVX *2b
p�H2m`b bQMi /m KāK2 Q`/`2 /2 ;`�M/2m` [m2 +2HH2b Q#b2`pû2b /�Mb H� HBiiû`�im`2 QQm` /2b 2�mt mbû2b i`�Biû2b
m`#�BM2b 2M 6`�M+2 U�La1ag- kykyVX

Printemps Été Hiver

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D
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Antibiotiques
Azithromycine
Ciprofloxacine
Clarithromycine
Érythromycine A
Josamycine
Métronidazole
Ofloxacine
Roxithromycine
Spiramycine
Sulfaméthoxazole
Triméthoprime

6B;m`2 jXj Ĝ *QM+2Mi`�iBQMb UM;XG@RV 2M �MiB#BQiB[m2b /�Mb H� 7`�+iBQM /BbbQmi2 /2b 2�mt /2 HǶ2bim�B`2 /2
HǶ�/Qm`X

.�Mb H2b bû/BK2Mib- +2 bQMi kR �MiB#BQiB[m2b [mB QMi ûiû /ûi2+iûb- K�Bb mMB[m2K2Mi Re /Ƕ2Mi`2 2mt T`ûb2Mi2Mi
mM2 bQKK2 iQi�H2 bm` HǶû+?�MiBHHQMM�;2 bmTû`B2m`2 ¨ R ƒ;XF;@R U6B;m`2 jX9VX G2b bû/BK2Mib T`ûb2Mi2Mi mM T`Q}H
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jXkX S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2

/2 +QMi�KBM�iBQM #B2M /BbiBM+i /2 +2HmB /2b 2�mtX G� bQKK2 /2b +QM+2Mi`�iBQMb T�` bBi2 2M �MiB#BQiB[m2b 2bi
+QKT`Bb2 2Mi`2 y-yky 2i d8-N ƒ;XF;@R ¨ HǶ2t+2TiBQM /m bBi2 d 2M ?Bp2` [mB T`ûb2Mi2 mM2 bQKK2 /2b +QM+2M@
i`�iBQMb #B2M bmTû`B2m`2 �ii2B;M�Mi H� p�H2m` /2 jRN ƒ;XF;@R- /m2 ¨ H� T`ûb2M+2 BKTQ`i�Mi2 /2 +BT`Q~Qt�+BM2
Ukee ƒ;XF;@RVX >Q`KBb HǶ?Bp2`- H2 bBi2 d T`ûb2Mi2 /2b +QM+2Mi`�iBQMb 2M �MiB#BQiB[m2b [mB bQMi T�`KB H2b THmb
ûH2pû2b �m T`BMi2KTb U88-9 ƒ;XF;@RV 2i 2M ûiû Ud8-N ƒ;XF;@RV U6B;m`2 jX9VX
� +2ii2 2t+2TiBQM- H� T`ûb2M+2 /Ƕ�MiB#BQiB[m2b MǶ2bi T�b B+B +�`�+iû`Bbû2 T�` mM2 p�`B�#BHBiû b�BbQMMBĕ`2 U6B;m`2
jX9VX G2b bû/BK2Mib T2mp2Mi āi`2 /2b `ûb2`pQB`b TQm` H2b �MiB#BQiB[m2b 2i 2M 7QM+iBQM /2b T�`�Kĕi`2b 2MpB`QM@
M2K2Mi�mt- āi`2 �mbbB /2b bQm`+2b b2+QM/�B`2b /2 +QMi�KBM�iBQM U:�rg2i �HX- kyR9 c 6�##`Bg� 6`�Mx2HHBiiBg-
kyReVX

Printemps Été Hiver
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Antibiotiques
Acide oxolinique
Azithromycine
Ciprofloxacine
Clarithromycine
Doxycycline
Norfloxacine
Ofloxacine
Pipéracilline
Sulfaméthoxazole
Tétracycline
Triméthoprime

6B;m`2 jX9 Ĝ *QM+2Mi`�iBQMb Uƒ;XF;@RV /2 bû/Xb2+b 2M �MiB#BQiB[m2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`X 2b �MiB#BQiB[m2b /QMi H� bQKK2 iQi�H2 /2b +QM+2Mi`�iBQMb 2bi BM7û`B2m`2 ¨ R ƒ;XF;@R /2 bû/Xb2+b QMi
ûiû 2t+Hmb /2 +2ii2 `2T`ûb2Mi�iBQMX

jXkXk o�`B�iBQM bT�iB�H2 /2 HǶ�KQMi ¨ HǶ�p�H

G2b bBi2b �KQMib bQMi bBimûb 2M �KQMi /2 H� xQM2 m`#�BM2 /2 "�vQMM2@"B�``Bix@�M;H2iX S�` H2m` TQbBiBQM 2i
/m T`ûHĕp2K2Mi 2z2+imû ¨ K�`û2 #�bb2- BHb bQMi `2T`ûb2Mi�iB7b /m #�bbBM p2`b�Mi /2 HǶ�/Qm`- #B2M [m2 /�Mb H�
xQM2 /2 K�`û2 /vM�KB[m2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X *QKK2 BM/B[mû /�Mb H2 *?�TBi`2 kXRXR- H2b bBi2b �KQMib
bQMi MmKû`Qiûb R 2i k Qm j 2i 9- b2HQM bǶBHb bQMi TQbBiBQMMûb bm` H2b ~2mp2b �/Qm` Qm LBp2- `2bT2+iBp2K2MiX
lM2 TQ`iBQM +QMbû[m2Mi2 /2b bm#bi�M+2b +B#Hû2b HǶ� ûiû /�Mb H2b bBi2b �KQMib Uh�#H2�m jXRVX SQm` H� K�DQ`Biû
/2b +QMi�KBM�Mib- H2b +QM+2Mi`�iBQMb Q#b2`pû2b bQMi #B2M THmb 7�B#H2b [m2 TQm` H2b bBi2b bBimûb /�Mb H� xQM2
m`#�BM2 U6B;m`2b jXR 2i jXkVX "B2M [m2 MQM +�`�+iû`Bbûb T�` H2b TB+b /2 +QM+2Mi`�iBQMb 2M +QMi�KBM�Mib- +2b
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

bBi2b M2 bǶ�pĕ`2Mi T�b +Q``2bTQM/`2 MQM THmb ¨ /2b bBi2b /2 `û7û`2M+2bX AHb T`ûb2Mi2Mi 2M ;ûMû`�H mM2 p�H2m`
/2 7QM/b TQm` H2b +QMi�KBM�Mib i2Hb [m2 H2b Kûi�mt- Q`;�MQKûi�mt 2i +QMi�KBM�Mib Q`;�MB[m2b T`BQ`Bi�B`2b
/�Mb H2b 2�mt Qm HǶ2Mb2K#H2 /2b +QMi�KBM�Mib /�Mb H2b bû/BK2Mib U6B;m`2 jX8VX

2

4

6

Ag Cd Sb Se Sn Th U

C
on

ce
nt

ra
tio

n 
(µ

g.
kg

−1
)

A

0

20

40

60

As Ba Co Cr Cu Mo Ni Pb Total mercury V

C
on

ce
nt

ra
tio

n 
(µ

g.
kg

−1
)

B

250

500

750

Mn Sr Ti Zn

C
on

ce
nt

ra
tio

n 
(µ

g.
kg

−1
)

Position Amont Proximité de la zone urbaine

C

6B;m`2 jX8 Ĝ "QtTHQi /2b +QM+2Mi`�iBQMb Uƒ;X;@RV 2M Kûi�mt /�Mb H2b bû/BK2Mib 2M 7QM+iBQM /m TQbBiBQMM2@
K2Mi �KQMif�p�HX G2b p�H2m`b bQMi `2T`ûb2Miû2b 2M 7QM+iBQM /2 /Bzû`2Mi2b ;�KK2b /2 +QM+2Mi`�iBQMb �HH�Mi
/2 y ¨ Ry ƒ;X;@R U�V- /2 y ¨ ey ƒ;X;@R U"V 2i /2 y ¨ d8y ƒ;X;@R U*VX

SQm` H2b K�i`B+2b 2�m- H� K�DQ`Biû /2b +QMi�KBM�Mib Q`;�MB[m2b ûK2`;2Mib MǶQMi T�b ûiû /ûi2+iûb /�Mb H2b 2�mt
U#`mi2 2i }Hi`û2V U6B;m`2 jXRVX h`ĕb bTQ`�/B[m2K2Mi- +2`i�BM2b bm#bi�M+2b bQMi +�`�+iû`Bbû2b TQM+im2HH2K2Mi
TQm` +2b bBi2b +QKK2 H� bmH7�/B�xBM2 /�Mb H� 7`�+iBQM /BbbQmi2 T`ûb2Mi�Mi mM2 +QM+2Mi`�iBQM /2 N3-N M;XG@R

TQm` H2 bBi2 R 2i /2 dy-j M;XG@R TQm` H2 bBi2 k �m T`BMi2KTb �HQ`b [m2 H2b +QM+2Mi`�iBQMb /2 +2b +QKTQbûb bQMi
BM7û`B2m`2b ¨ H� GPZ TQm` H2 `2bi2 /2b û+?�MiBHHQMb U/QMMû2b MQM `2T`ûb2Miû2bVX

jXkXj P++m``2M+2 /2b +QMi�KBM�Mib /�Mb H2 #�b 2bim�B`2

jdW /2b KB+`QTQHHm�Mib +B#Hû2b QMi ûiû /ûi2+iûb /�Mb H2b bBi2b �p�Hb Uh�#H2�m jXRVX GǶû+?�MiBHHQMM�;2 /2 H�
xQM2 �p�H ûi�Bi mMB[m2K2Mi +QMbiBimû /Ƕû+?�MiBHHQMb /Ƕ2�m UH�#2HHBbûb /2 � ¨ .VX GǶ�#b2M+2 /Ƕû+?�MiBHHQM /2
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jXkX S`Q}Hb /2 +QMi�KBM�iBQM 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 H� xQM2 2bim�`B2MM2

bû/BK2Mi 2bi 2M T�`iB2 `2bTQMb�#H2 /2 +2ii2 Q#b2`p�iBQMX *2ii2 `û/m+iBQM /m MQK#`2 /2 +QMi�KBM�Mib /ûi2+iûb
T2mi �mbbB āi`2 KBb2 2M `2H�iBQM �p2+ mM 2z2i /Ƕ�iiûMm�iBQM /2b i2M2m`b /�Mb H2b 2�mt T�` H2b +v+H2b /2 K�`û2-
H2 KûH�M;2 �p2+ H2b K�bb2b /Ƕ2�mt K�`BM2b- 2i H2 `û;BK2 ?v/`QHQ;B[m2 ¨ HǶ�KQMi /2 HǶ2bim�B`2X

G� +QM+2Mi`�iBQM iQi�H2 /2b >�S UbQKK2 /2b Re >�S T`BQ`Bi�B`2bV �ii2BMi b� p�H2m` K�tBK�H2 /ûi2+iû2- /2
933 M;XG@R- TQm` H2 bBi2 . 2M ?Bp2` U6B;m`2 jXe�V TQm` H2b K�i`B+2b 2�m 2i H� i2M2m` iQi�H2X
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6B;m`2 jXe Ĝ aQKK2 /2b +QM+2Mi`�iBQMb UM;XG@RV 2M >�S U�V 2i 2M S*" U"V /�Mb HǶ2�m /2 HǶ2bim�B`2 /2
HǶ�/Qm` T�` bBi2 2i T�` +�KT�;M2X

G� xQM2 BM/mbi`B2HH2 /2 H� pBHH2 /2 h�`MQb- bBimû2 bm` H� `Bp2 /`QBi2 /2 HǶ2bim�B`2 ¨ T`QtBKBiû /2b bBi2b * 2i .-
�p�Bi /ûD¨ ûiû B/2MiB}û2 +QKK2 mM2 xQM2 +QMi�KBMû2 2M >�S HQ`b /Ƕûim/2b T`û+û/2Mi2b bm` HǶ�/Qm` �m /û#mi
/2b �MMû2b kyyy U"�`2BHH2g2i �HX- kyyRVX SHmbB2m`b bBi2b BM/mbi`B2Hb /�Mb +2ii2 xQM2 bQMi `û7û`2M+ûb /�Mb H�
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

#�b2 /2 /QMMû2b :1P_AaZl1a RX

.2 KāK2 TQm` H2b S*"- [mB bQMi /ûi2+iûb /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2M T�`iB2 TQm` H2b bBi2b "-
* 2i . UTQm` H� 7`�+iBQM iQi�H2VX G2 K�tBKmK /2 H� bQKK2 2M S*" 2bi �ii2BMi 2M ?Bp2` TQm` H2 bBi2 * �p2+
mM bQKK2 û;�H2 ¨ dy-e M;XG@R U6B;m`2 jXe"VX *2b Q#b2`p�iBQMb +QM+Q`/2Mi �mbbB �p2+ H2b ûim/2b T`ûb2Mi2b
`û�HBbû2b bm` HǶ2bim�B`2 /2 HǶ�/Qm`- /ûi2+i�Mi mM2 T`ûb2M+2 K�`[mû2 /2 S*" �miQm` /2 H� xQM2 /2 h�`MQb U¨
T`QtBKBiû /2b bBi2b * 2i .V TQm` H� 7`�+iBQM T�`iB+mH�B`2 U"�`2BHH2g2i �HX- kyyRVX G2b >�S 2i S*" T`ûb2Mi2Mi
/2b p�`B�#BHBiûb b�BbQMMBĕ`2b T�`iB+mHBĕ`2b T`QMQM+û2b U6B;m`2 jXeV /�Mb H2 #�b 2bim�B`2X

RX :1P_AaZl1a U�M+B2MM2K2Mi "�aPGV- mM2 #�b2 /2 /QMMû2b /m JBMBbiĕ`2 /2 H� h`�MbBiBQM û+QHQ;B[m2 2i bQHB/�B`2X .Bb@
TQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX;2Q`Bb[m2bX;QmpX7`f`Bb[m2bfbBi2b@2i@bQHb@TQHHm2bf/QMM22bX *QMbmHiû 2M Q+iQ#`2 kykRX
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jXjX o�`B�#BHBiû b�BbQMMBĕ`2 2i 7�+i2m`b BM~m2MÏ�Mi H2b KB+`QTQHHm�Mib +?BKB[m2b

jXj o�`B�#BHBiû b�BbQMMBĕ`2 2i 7�+i2m`b BM~m2MÏ�Mi H2b KB+`QTQH@

Hm�Mib +?BKB[m2b

G2b Q#b2`p�iBQMb T`û+û/2Mi2b MQmb QMi �K2Mû2b ¨ Q#b2`p2` mM2 TQi2MiB2HH2 p�`B�#BHBiû b�BbQMMBĕ`2 Uh�#H2�m
jXR 2i 6B;m`2 jXe c h�#H2�m �jXR 2M �MM2t2VX .2b #QtTHQib QMi ûiû `û�HBbû2b �}M /2 pBbm�HBb2` H� ;�KK2 /2b
+QM+2Mi`�iBQMb Q#i2Mm2b T�` +�iû;Q`B2b /2 +QMi�KBM�Mib- T�` +�KT�;M2 2i T�` K�i`B+2 U6B;m`2 jXdVX SQm`
H2b K�i`B+2b bû/BK2Mi�B`2b- QM T2mi Q#b2`p2` mM2 BM~m2M+2 M2ii2 /2 H� b�BbQM /Ƕû+?�MiBHHQMM�;2 bm`
H2b Kûi�mt- Qɍ H2b +QM+2Mi`�iBQMb T`ûb2Mi2Mi /2b ;�KK2b /2 +QM+2Mi`�iBQMb THmb ûH2pûb TQm` H� /2mtBĕK2
+�KT�;M2 /Ƕû+?�MiBHHQMM�;2 �m T`BMi2KTbX SQm` H2b +QMi�KBM�Mib Q`;�MB[m2b /�Mb H2b bû/BK2Mib- QM T2mi
Q#b2`p2` [m2 H2b >�S 2i H2b T2biB+B/2b T`ûb2Mi2Mi /2b ;�KK2b /2 +QM+2Mi`�iBQMb bmTû`B2m`2b 2M ?Bp2` [mǶ2M
ûiûX G2 +QKTQ`i2K2Mi BMp2`b2 T2mi āi`2 Q#b2`pû TQm` H2b S*"- H2b Kmb+b bvMi?ûiB[m2b 2i H2b }Hi`2b lo
U6B;m`2 jXd�VX G2 K�M[m2 /2 bi`m+im`2 2i /2 `Q#mbi2bb2 /2 +2b Q#b2`p�iBQMb T2mi āi`2 BM7ûQ/ûb- �m KQBMb
T�`iB2HH2K2Mi- �mt /QMMû2b K�M[m�Mi2b TQm` H� +�KT�;M2 �.R �m T`BMi2KTbX
AH 2bi BKTQ`i�Mi /2 ;�`/2` 2M KûKQB`2 [m2 +2ii2 p�`B�#BHBiû T2mi āi`2 /ȿ /2 K�MBĕ`2 ;ûMû`B[m2 ¨ H� b�BbQM
K�Bb �mbbB ¨ +2`i�BMb T�`�Kĕi`2b ~m+im�Mib 2Mi`2 +2b b�BbQMb 2i iQmi T�`iB+mHBĕ`2K2Mi �m /û#Bi /2b 2�mt /2
HǶ2bim�B`2 U+7X *?�TBi`2 k- 6B;m`2 kX9VX

SQm` H2b 2�mt- H� b�BbQMM�HBiû /2 H� /Bbi`B#miBQM /2b KB+`QTQHHm�Mib 2bi THmb K�`[mû2 [m2 TQm` H2b bû/BK2Mib
U6B;m`2 jXd" 2i *VX G2 JJ>; UQ`;�MQKûi�mtV T`ûb2Mi2 mM2 p�`B�#BHBiû b�BbQMMBĕ`2 Ubm`iQmi TQm` H2b 2�mt
#`mi2bVX G2b K�i`B+2b 2�m #`mi2 2i bû/BK2Mi T`ûb2Mi2Mi H2b KāK2b i2M/�M+2b 2Mi`2 H2b b�BbQMb [m2 TQm` H�
7`�+iBQM bû/BK2Mi�B`2- �p2+ /2b +QM+2Mi`�iBQM THmb K�`[mû2 2M ûiû U2i /QM+ ¨ HǶûiB�;2V [m2 TQm` H2b �mi`2b
b�BbQMbX *2b `ûbmHi�ib +QM7Q`i2Mi /2b Q#b2`p�iBQMb T`û+û/2Mi2b UaiQB+?2pg2i �HX- kyy9VX

G� p�`B�#BHBiû b�BbQMMBĕ`2 2bi �mbbB `2H�iBp2K2Mi bi`m+im`û2 TQm` H2b Kmb+b bvMi?ûiB[m2b TQm` H2b 2�mt #`mi2b 2i
}Hi`û2bX G2b �HFvHT?ûMQHb 2i H2b }Hi`2b lo /�Mb HǶ2�m #`mi2 T`ûb2Mi2Mi /Ƕ�BHH2m`b /ǶûiQMM�Mib T`Q}Hb b�BbQMMB2`b
2Mi`2 H2b /2mt 7`�+iBQMb �[m2mb2bX �BMbB- H2b �HFvHT?ûMQHb T`ûb2Mi2Mi /2b +QM+2Mi`�iBQMb M2ii2K2Mi bmTû`B2m`2b
�m T`BMi2KTb [m2 TQm` H2b �mi`2b b�BbQMb TQm` H2b K�i`B+2b 2�mt }Hi`û2bX h�M/Bb [m2 TQm` HǶ2�m #`mi2- H2b
+QM+2Mi`�iBQMb 2M KQv2MM2 H2b THmb 7�B#H2b bQMi B/2MiB}û2b �m T`BMi2KTbX *2ii2 KāK2 QTTQbBiBQM /2b i2M/�M+2b
2Mi`2 H2b /2mt 7`�+iBQMb bQMi Q#b2`pûb TQm` H2b }Hi`2b lo �p2+ +2ii2 7QBb@+B /2b +QM+2Mi`�iBQMb THmb BKTQ`i�Mi2b
2M ûiû TQm` HǶ2�m #`mi2 2i H2b THmb 7�B#H2b TQm` H� 7`�+iBQM /BbbQmbX

G2b >�S �`#Q`2Mi H2 KāK2 T`Q}H /�Mb HǶ2�m [m2 /�Mb H2b bû/BK2Mib- bQBi- /2b K�tBKmKb /2 +QM+2Mi`�iBQM
K2bm`ûb TQm` H� b�BbQM ?Bp2`M�H2X Lû�MKQBMb- +2ii2 p�`B�#BHBiû 2bi T2m bi`m+im`û2- 2HH2 `2bi2 �bbQ+Bû2 ¨ H�
T`ûb2M+2 /2 +QM+2Mi`�iBQMb 2ti`āK2b- T`Qp2M�Mi /2 T?ûMQKĕM2b i`ĕb HQ+�HBbûbX *2ii2 Q#b2`p�iBQM T2mi �mbbB
āi`2 �mbbB �TTHB[mû2b �mt Kûi�mt U6B;m`2 jXd" 2i *VX
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 jXd Ĝ Jû/B�M2 2i ;�KK2 /2b +QM+2Mi`�iBQMb T�` +�iû;Q`B2 T�` +�KT�;M2 /�Mb H2b bû/BK2Mib U�V 2i
/�Mb HǶ2�m TQm` H2b 7`�+iBQMb iQi�H2 U"V Qm /BbbQmi2 U*VX

:HQ#�H2K2Mi- H� p�`B�#BHBiû b�BbQMM�HBiû T�` +�iû;Q`B2 /2 +QMi�KBM�Mib +?BKB[m2b 2bi `2H�iBp2K2Mi 7�B#H2-
�m+mM T`Q}H b�BbQMMB2` M2i MǶ2bi ;HQ#�H2K2Mi Q#b2`p�#H2X *2H� 2bi MQi�KK2Mi H2 +�b /�Mb H2b bû/BK2Mib 2M
+QKT�`�BbQM /2b K�i`B+2b 2�mt [mB bQMi ?�mi2K2Mi BM~m2M+ûb T�` H2b p�H2m`b 2ti`āK2b MQM +QKT`Bb2b 2Mi`2
H2b [m�`iBH2b [R 2i [j- +Q``2bTQM/�Mi `2bT2+iBp2K2Mi k8 2i d8W /2b /QMMû2b U`2T`ûb2Miûb T�` H2b #�``2b #�bb2
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jXjX o�`B�#BHBiû b�BbQMMBĕ`2 2i 7�+i2m`b BM~m2MÏ�Mi H2b KB+`QTQHHm�Mib +?BKB[m2b

2i ?�mi2 /m #QtTHQiVX

SQm` +QKTHûi2` +2b Q#b2`p�iBQMb 2i B/2MiB}2` H2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b TQmp�Mi +QMi`B#m2` ¨ H� bi`m+im@
`�iBQM /2b T`Q}Hb +?BKB[m2b- /2b �*S U�M�Hvb2b 2M +QKTQb�Mi2b T`BM+BT�H2bV QMi ûiû `û�HBbû2b U6B;m`2b
jX3 2i jXNVX G2b /Bzû`2Mi2b K�i`B+2b M2 +Q``2bTQM/�Mi T�b ¨ H� KāK2 bi`m+im`2 /2 /QMMû2b- H2b �*S bQMi
`û�HBbû2b BM/ûT2M/�KK2Mi TQm` +?�+mM2X .2 THmb- TQm` H2b bû/BK2Mib- �m pm /m MQK#`2 /2 p�`B�#H2b- H2b
/QMMû2b /2b Kûi�mt 2i +2mt /2b bm#bi�M+2b T?�`K�+2miB[m2b bQMi �mbbB �M�Hvbû2b BM/ûT2M/�KK2Mi U6B;m`2
jX3 2i jXNVX SQm` `�TT2H- H2b /QMMû2b /2b +QMi�KBM�Mib Q`;�MB[m2b M2 bQMi T�b /BbTQMB#H2b TQm` HǶBMiû;`�HBiû
/2b +�KT�;M2b /Ƕû+?�MiBHHQMM�;2- �BMbB- BH � ûiû /û+B/û TQm` M2 T�b #B�Bb2` HǶ�M�Hvb2 /2b `ûbmHi�ib /2 M2 T�b
H2b BM+Hm`2 /�Mb +2b �M�Hvb2b KmHiBp�`Bû2bX

SQm` +2ii2 `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b �*S- H� i�BHH2 /2b bBi2b 2bi mM BM/B+�i2m` /2 H� [m�HBiû /2 H� `2@
T`ûb2Mi�iBQM TQm` H2b BM/BpB/mb UB+B- H2b bBi2V c THmb H� HQM;m2m` /2b ~ĕ+?2b 2bi BKTQ`i�Mi2- THmb H� [m�HBiû
/2 H� `2T`ûb2Mi�iBQM /2 H� p�`B�#H2 2bi #QMM2X G2b �*S bQMi /2b Kûi?Q/2b T2`K2ii�Mi /2 `û/mB`2 H2 /BK2M@
bBQMM2K2Mi /ǶmM D2m /2 /QMMû2X *2b �TT`Q+?2b /ǶQ`/BM�iBQM T2`K2ii2Mi /2 bvMi?ûiBb2` 2M /2mt /BK2MbBQMb-
HǶBM7Q`K�iBQM TQ`iû2 T�` mM i�#H2�m /2 THmbB2m`b /Bx�BM2b /2 T�`�Kĕi`2bX .2mt ;`�T?B[m2b T2mp2Mi āi`2 û/B@
i2` ¨ T�`iB` /ǶmM2 �*S- mM T`2KB2` ;`�T?B[m2 BHHmbi`�Mi H2b BM/BpB/mb- bQBi /�Mb MQi`2 +�b /2 };m`2- H2b
û+?�MiBHHQMb- 2i mM b2+QM/ ;`�T?B[m2 BHHmbi`�Mi H2b p�`B�#H2b- bQBi B+B- H2b +QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib
+?BKB[m2b Qm H� /Bbi`B#miBQM /2 +2`i�BMb T�`�Kĕi`2b UTQm`+2Mi�;2 /2 H� 7`�+iBQM /2 bû/BK2Mib BM7û`B2m`2 ¨
8y ƒK- H2 /û#Bib ~mpB�H 2biBKû- H� H�iBim/2- 2i+XVX GǶ�/û[m�iBQM 2Mi`2 H2b `2T`ûb2Mi�iBQMb ;`�T?B[m2b 2i H2
i�#H2�m /2 /QMMû2 BMBiB�H 2bi 7Qm`MB T�` H� p�H2m` /2b �t2b U2M TQm`+2Mi�;2VX G� bQKK2 /2 H� p�H2m` /2b /2mt
T`2KB2`b �t2b- MQmb BM/B[m2 TQm` +?�[m2 ;`�T?B[m2 H2 TQm`+2Mi�;2 /ǶBM2`iB2 2tTHB[mû2 UbQBi H2 TQm`+2Mi�;2
/2 H� p�`B�#BHBiû /m D2m BMBiB�H2 2tTHB[mû T�` H� bi`m+im`�iBQM /2b /QMMû2bVX

.�Mb H2b 2�mt }Hi`û2b- 88-eW /2 H� p�`B�#BHBiû /m D2m /2 /QMMû2b 2bi 2tTHB[mû2 T�` H� T`QD2+iBQM bm` H2b /2mt
T`2KB2`b �t2b /2 HǶ�*S U6B;m`2 jXN�VX SQm` H2b 2�mt #`mi2b- +2ii2 p�H2m` 2bi /2 ey-NW U6B;m`2 jXN"VX SQm`
H2b bû/BK2Mib- +2 TQm`+2Mi�;2 2bi `2bT2+iBp2K2Mi /2 88-e 2i 98-9W TQm` H2b Kûi�mt 2i H2b `ûbB/mb T?�`K�+2m@
iB[m2b U6B;m`2 jX3VX *2b p�H2m`b MQmb BM/B[m2Mi [m2 ;HQ#�H2K2Mi H� `2T`ûb2Mi�iBQM 2bi `2H�iBp2K2Mi Dmbi2X PM
bǶBMiû`2bb2 iQmi /Ƕ�#Q`/ �m TQbBiBQMM2K2Mi /2b û+?�MiBHHQMb 2Mi`2 2mtX *?�[m2 b�BbQM 2bi `2T`ûb2Miû2 T�` mM2
+QmH2m` /Bzû`2Mi2- QM T2mi `2K�`[m2` [mǶ2Mi`2 H2b /Bzû`2Mi2b `2T`ûb2Mi�iBQMb- H� bi`m+im`2 /2b û+?�MiBHHQMb
2bi #B2M /BbiBM+i2X

*Ƕ2bi TQm` HǶ2�m #`mi2- [m2 HǶQM T2mi Q#b2`p2` H� THmb M2ii2 bi`m+im`�iBQM 2M 7QM+iBQM /2 H� b�BbQMfQm +�KT�;M2
/Ƕû+?�MiBHHQMM�;2 U6B;m`2 jXN"RVX G2 /2mtBĕK2 �t2 /2 HǶ�*S bûT�`2 ;`�/m2HH2K2Mi H2b T`ûHĕp2K2Mib `û�HBbûb
2M ?Bp2`- TmBb +2mt `û�HBbûb 2M ûiû 2i �m T`BMi2KTb U6B;m`2 jXN"kVX *2ii2 ûpQHmiBQM H2 HQM; /m /2mtBĕK2 �t2
b2K#H2 āi`2 2bb2MiB2HH2K2Mi BM~m2M+û T�` H2 /û#Bib ~mpB�H 2M ?Bp2` 2i H� b�HBMBiû �m T`BMi2KTb UH2b û+?�MiBHHQMb
+QHH2+iûb �m T`BMi2KTb T`ûb2Mi�B2Mi 2z2+iBp2K2Mi mM2 b�HBMBiû bmTû`B2m`2 c /ȿ2 2M ;`�M/2 T�`iB2 �m 7�B#H2 /û#Bi
�KQMi 2i ¨ +2`i�BMb /û+�H�;2b /�Mb H2b ?2m`2b /2 T`ûHĕp2K2Mib c +7X �MM2t2b- };m`2 �kXR�VX
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 jX3 Ĝ �*S /2b KB+`QTQHHm�Mib /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b p�`B�#H2b BM/B[mû2b T�`
/2b �#`ûpB�iBQMb +Q``2bTQM/2Mi ¨ , HǶ�MiBKQBM2 Ua#V- HǶ�`b2MB+ U�bV- HǶûi�BM UaMV- H2 MB+F2H ULBV- H2 K�M;�Mĕb2 UJMV- H2 KQHv#/ĕM2
UJQV- H2 bûHûMBmK Ua2V- H2 xBM+ UwMV- hP* UTQm`+2Mi�;2 /2 +�`#QM2 Q`;�MB[m2 /�Mb H2b bû/BK2MibV- ᇂRj* U`�TTQ`i /2b BbQiQT2b
bi�#H2b /m +�`#QM2 , Rj*fRk*V 2i *fL U`�TTQ`i +�`#QM2f�xQi2V bQMi /2b bB;M�im`2b /2b bQm`+2b /2 H� JP UK�iBĕ`2 Q`;�MB[m2V-
BHb T2`K2ii2Mi /2 /Bb+`BKBM2` H2b bQm`+2b /2 H� JP 2i H� 7`�+iBQM I 8y ƒK +Q``2bTQM/ ¨ H� bQKK2 /2b TQm`+2Mi�;2b /2 H�
/Bbi`B#miBQM ;`�MmHQKûi`B[m2 /2b +H�bb2b /2 i�BHH2 BM7û`B2m`2b ¨ 8y ƒK- bQBi HǶ�`;BH2 2i H2 HBKQMX G2b Kûi�mt bQMi MQ`K�HBbûb T�`
H� +QM+2Mi`�iBQM 2M i?Q`BmKX G2b Kûi�mt 2i H� 7`�+iBQM I 8y ƒK UBM/B+�i2m` /2 H� ;`�MmHQKûi`B2V +Q``2bTQM/2Mi ¨ H� KQv2MM2
/2b i`BTHB+�ib T�` bBi2bX R89



jXjX o�`B�#BHBiû b�BbQMMBĕ`2 2i 7�+i2m`b BM~m2MÏ�Mi H2b KB+`QTQHHm�Mib +?BKB[m2b

6B;m`2 jXN Ĝ �*S /2b KB+`QTQHHm�Mib /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b p�`B�#H2b BM/B[mû2b T�` /2b
�#`ûpB�iBQMb +Q``2bTQM/2Mi ¨ , HǶ�MiBKQBM2 Ua#V- H2 +�/KBmK U*/V- HǶûi�BM UaMV- H2 KQMQKûi?vHK2`+m`2 UJJ>;V- H2 K2`+m`2
BMQ`;�MB[m2 UA>;V- H2 KQHv#/ĕM2 UJQV- H2 i?Q`BmK Uh?V- H2 xBM+ UwMV- H� bQKK2 2M TQHv+?HQ`Q#BT?ûMvH2b U௴S*"V- H2 +ûH2biQHB/2
U�."AV H2 iQM�HB/2 U�>hLV- H2 ;�H�tQHB/2 U>>*"V- H2 ;�H�tQHB/2 H�+iQM2 U>>*"@GV- H2 Kmb+ +ûiQM2 UJEV- Q+iQ+`vHĕM2 UP*V-
H� bQKK2 2M Kmb+b U௴Kmb+bV- H� bQKK2 2M T2biB+B/2b U௴T2biB+B/2bV- H� bQKK2 /2b MQMvHT?ûMQHb U௴LSV bQBi H� bQKK2 /m
MQMvHT?ûMQH ULSV- /m MQMvHT?ûMQH KQMQûi?QtvHû ULS1PRV 2i /m MQMvHT?ûMQH /Bûi?QtvHû ULS1PkV- H� bQKK2 2M �HFvHT?ûMQHb
U௴�SV- H� bQKK2 2M }Hi`2b lo U௴loV- H� bQKK2 /2b `ûbB/mb T?�`K�+2miB[m2b U௴ T?�`K�+2miB[m2bV- H� +QM+2Mi`�iBQM 2M
K�iBĕ`2 2M bmbT2MbBQM UJ1aV- H� +QM+2Mi`�iBQM 2M +�`#QM2 iQi�H Uh*V- H� bQKK2 /2 HǶ�xQi2 BMQ`;�MB[m2 U௴ LBMQ`;�MB[m2 +Q`@
`2bTQM/�Mi ¨ H� bQKK2 /2b MBi`�i2b ULPj

@V- /2b MBi`Bi2b ULPk
@V 2i /2b �KKQMBmKb UL>9

YV- H� bBHB+2 /BbbQmi2 UaBUP>V9V- H2b
bmH7�i2b UaP9

k@V- H2 `�TTQ`i *fh- mM BM/B+2 /2 H� ~mQ`2b+2M+2 k. /2 H� K�iBĕ`2 Q`;�MB[m2 /BbbQmi2 +?`QKQT?Q`B[m2 U*.PJVX
SQm` +2b �M�Hvb2b- H2b +QM+2Mi`�iBQMb bQMi #`mi2b UMQM MQ`K�HBbû2b 2i MQM KQv2MMû2b T�` bBi2VX
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

AMp2`b2K2Mi- �m+mM2 bi`m+im`�iBQM /2b bBi2b 2M 7QM+iBQM /2 H� b�BbQM MǶ2bi Q#b2`p�#H2 TQm` H2b 2�mt }Hi`û2b
U6B;m`2 jXN�RVX SQm` H2b bû/BK2Mib- H� bi`m+im`�iBQM /2b bBi2b 2M 7QM+iBQM /2b b�BbQMb 2bi �mbbB i`ĕb T2m pBbB#H2
U6B;m`2 jX3�RV- bm`iQmi TQm` H2b Kûi�mtX SQm` H2b `ûbB/mb T?�`K�+2miB[m2b- H2 /2mtBĕK2 �t2 i2M/ Hû;ĕ`2K2Mi
¨ /BbiBM;m2` H2 HQM; /ǶmM ;`�/B2Mi KQv2MM2K2Mi M2i H2b û+?�MiBHHQMb ?Bp2`- TmBb 2biBp�mt 2i T`BMi�MMB2`b
U6B;m`2 jX3�kVX

G2b �*S T2mp2Mi �mbbB BHHmbi`2` /Ƕ�mi`2b bi`m+im`�iBQMX 1HH2b T2mp2Mi āi`2 THmb BM~m2M+û2b T�` H� +QKTQbBiBQM
/2 +2`i�BMb bBi2b- #B2M THmb [m2 H� b�BbQMX

SQm` H2b bû/BK2Mib- +Ƕ2bi H2 bBi2 d 2i /�Mb mM2 KQBM/`2 K2bm`2 H2 bBi2 N U�m T`BMi2KTb 2i 2M ?Bp2`V [mB TQm`
H2b Kûi�mt BM~m2M+2Mi H� bi`m+im`�iBQM /2b û+?�MiBHHQMb U6B;m`2 jX3�RVX SQm` H2b K�i`B+2b �[m2mb2b- H� KāK2
Q#b2`p�iBQM T2mi āi`2 7�Bi2 �p2+ H2 bBi2 eX *2 bBi2 2bi bûT�`û /2b �mi`2b bm` H2 T`2KB2` �t2 /2b �*S TQm`
H� i2M2m` iQi�H2 2i /BbbQmi2 U6B;m`2 jXN�R 2i jXN�kVX G� +QMi`B#miBQM /2 +2b bBi2b ¨ HǶ�*S 2bi BKTQ`i�Mi2
UpBbB#H2 T�` H� Zm�HBiû /2b BM/BpB/mb bQBi H� i�BHH2 /2b TQBMibVX GǶ2Mb2K#H2 /2 +2b Q#b2`p�iBQMb bQMi ¨ K2ii`2
2M HB2M �p2+ H2b T`Q}Hb /2 +QMi�KBM�Mib Q#b2`pûb T`û+û/2KK2MiX G2b bBi2b e 2i d bQMi ;ûMû`�H2K2Mi K�`[mûb
T�` H2b +QM+2Mi`�iBQMb H2b THmb ûH2pû2b 2M +QMi�KBM�MibX *2 bQMi +2b bBi2b [mB pQMi BM~m2M+2` H� bi`m+im`�iBQM
/2b û+?�MiBHHQMbX

PM T2mi `2K�`[m2` bm` H2 ;`�T?B[m2 /2b p�`B�#H2b [m2 +2b bBi2b bQMi �mbbB �bbQ+Bûb ¨ +2`i�BMb +QMi�KBM�MibX
SQm` H2b bû/BK2Mib- H2 bBi2 d 2bi �bbQ+Bû HǶ�b- HǶaM- HǶa# Qm 2M+Q`2 H2 `�TTQ`i *fL c H2 bBi2 N 2bi �bbQ+Bû �m
wM Qm �m JQ U6B;m`2 jX3�V c H2 bBi2 e 2bi �bbQ+Bû HmB ¨ HǶ?v/`Q+?HQ`Qi?B�xB/2 2i HǶ�iûMQHQHX G� HQ;B[m2 2bi H�
KāK2 TQm` H2b 2�mt- Qɍ- BH bǶ�;Bi T�` 2t2KTH2 /2 HǶ�>hL- HǶP*- HǶ�."A- H2 JJ>; Qm Qm 2M+Q`2 H� bQKK2
/2b `ûbB/mb T?�`K�+2miB[m2b U௴ T?�`K�+2miB[m2bV Qm +2HH2 /2 HǶ�xQi2 BMQ`;�MB[m2 U௴ LBMQ`;�MB[m2V TQm` H�
7`�+iBQM /BbbQmi2 U6B;m`2 jXN�V 2i H2 aM- HǶA>;- H2 JJ>;- H2 */- H� bQKK2 /2b Kmb+b U௴ Kmb+bV- Qm 2M+Q`2
HǶa# TQm` H� 7`�+iBQM iQi�H2 U6B;m`2 jXN"VX

�BMbB- QM T2mi +QM+Hm`2- [m2 H2b +QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib M2 T`ûb2Mi2Mi T�b mM2 +H�B`2 bi`m+im`�@
iBQM b�BbQMMBĕ`2X G� p�`B�#BHBiû b�BbQMMBĕ`2 /2b KB+`QTQHHm�Mib MǶ2bi T�b M2ii2K2Mi Q#b2`pûb B+B TmBb[m2 H2b
+QM+2Mi`�iBQMb bQMi #B2M THmb BM~m2M+û2b T�` H2b T`Q}Hb /2 +QMi�KBM�iBQM /2 +2`i�BMb bBi2bX � HǶû+?2HH2 /2
HǶ2bim�B`2 /2 HǶ�/Qm` 2i /2 H� +�/`2 /2 MQi`2 û+?�MiBHHQMM�;2- H� /vM�KB[m2 /2b KB+`QTQHHm�Mib 2bi �bbQ+Bû2b
THmb 7Q`i2K2Mi ¨ mM2 p�`B�#BHBiû HQ+�H2- pQB` mM 2z2i /2 bBi2 /Ƕû+?�MiBHHQMM�;2- 2M HB2M �p2+ H2b /Bzû`2Mi2b
�+iBpBiûb 2i H2b `2D2ib +QMi�KBMûb H2 HQM; /2 HǶ2bim�B`2X
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jX9X avMi?ĕb2 /2b /QMMû2b 2i bûH2+iBQM /2b p�`B�#H2b T`û/B+iBp2b

jX9 avMi?ĕb2 /2b /QMMû2b 2i bûH2+iBQM /2b p�`B�#H2b T`û/B+iBp2b

"B2M [m2 7Q`i2K2Mi BMbi`m+iB7- H2b T`Q}Hb /2 +QMi�KBM�Mib /2b bû/BK2Mib 2i /2b 2�mt /2 HǶ2bim�B`2 T`ûb2Mi2Mi
mM2 +H�B`2 ?ûiû`Q;ûMûBiûX SHmb /2 RjN p�`B�#H2b U+QMi�KBM�MibV QMi ûiû K2bm`û2b T�` û+?�MiBHHQM- ¨ +2H�
bǶ�DQmi2 /Ƕ�mi`2b T�`�Kĕi`2b +QKK2 H� +�`�+iû`Bb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 Qm H2b T�`�Kĕi`2b �#BQiB[m2b
Ui2KTû`�im`2- /û#Bi ~mpB�H- 2i+VX *?�[m2 p�`B�#H2 �m;K2Mi2 H� /BK2MbBQM /2 HǶûim/2- BH 2bi Mû+2bb�B`2 /2 H2b
}Hi`2` 2i bvMi?ûiBb2` �p�Mi /Ƕ2ti`�TQH2` H2m` BM~m2M+2 bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX G2 T`2KB2` MBp2�m
/2 }Hi`�iBQM 2bi `2H�iBp2K2Mi bBKTH2- BH bǶ�;Bi /2 b2 /û7�B`2 /2b p�`B�#H2bf+QMi�KBM�Mib MQM T`ûb2Mib UTX 2tX
H2b +QMi�KBM�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi iQmDQm`b BM7û`B2m`2b ¨ H� HBKBi2 /2 /ûi2+iBQMV Qm p�`B�Mi T2mX
*2b p�`B�#H2b �TTQ`i2Mi T2m Qm T�b /ǶBM7Q`K�iBQMb 2i BMi2`7ĕ`2Mi �p2+ H� p�`B�M+2 /m D2m /2 /QMMû2bX
.�Mb mM b2+QM/ i2KTb- BH 2bi Mû+2bb�B`2 /2 }Hi`2` H2b p�`B�#H2b +QHBMû�B`2bX *2b p�`B�#H2b +QHBMû�B`2b bQMi
/2b p�`B�#H2b +Q``ûHû2b 2Mi`2 2HH2bX G� KmHiB+QHBMû�`Biû b2`� bQm`+2 /2 T`Q#HĕK2b bB HǶQM i2Mi2 /2 H2b 2KTHQv2`X
1HH2b `Bb[m2Mi /2 KQ/B}2` H� p�`B�M+2 /2b +Q2{+B2Mib /2 `û;`2bbBQM- `2M/�Mi �BMbB +2b +Q2{+B2Mib BMbi�#H2b 2i
2KTā+?�Mi HǶBMi2`T`ûi�iBQMX SQm` b2 /û7�B`2 /2 +2b p�`B�#H2b- BH 7�mi BMi2`T`ûi2` H2b +Q2{+B2Mib /2 +Q``ûH�iBQM
2Mi`2 2HH2b 2i bmTT`BK2` mM2 T�`iB2 /2b p�`B�#H2b /m D2m /2 /QMMû2X G� };m`2 jXRy BHHmbi`2 H2b +Q2{+B2Mib /2
+Q``ûH�iBQM Q#i2Mm TQm` H2b Kûi�mt /�Mb H2b bû/BK2Mib- H� +Q``ûH�iBQM 2Mi`2 /2mt p�`B�#H2b 2bi BM/B[mû2
T�` H� i�BHH2 /2b bT?ĕ`2b- THmb H� bT?ĕ`2 2bi ;`�M/2- THmb H� +Q``ûH�iBQM 2bi BKTQ`i�Mi2X G� +QmH2m` /2b bT?ĕ`2b
BM/B[m2 2HH2 bB H� +Q``ûH�iBQM 2bi TQbBiBp2 U2M #H2mV Qm Mû;�iBp2 U`Qm;2VX
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6B;m`2 jXRy Ĝ J�i`B+2 /2 +Q``ûH�iBQM /2 S2�`bQM /2b Kûi�mt +Q``B;ûb T�` H2b +QM+2Mi`�iBQMb 2M i?Q`BmK
Uh?V /�Mb H2b bû/BK2Mib- �p�Mi U�V 2i �T`ĕb bmTT`2bbBQM /2b p�`B�#H2b +QHBMû�B`2b U"VX

.Ƕ�mi`2b Kûi?Q/2b 2tBbi2Mi TQm` H� `û/m+iBQM /2 p�`B�#H2- +QKK2 HǶ2KTHQB /ǶBM/B+2 /2 +QMi�KBM�iBQMX *2b
BM/B+2b 2tBbi2Mi bm`iQmi TQm` H2b K�i`B+2b bû/BK2Mi�B`2bX G2m` �p�Mi�;2 2bi [m2 ;ûMû`�H2K2Mi- BHb ;HQ#�HBb2Mi
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

�miQm` /2 p�H2m` bBKTH2 mM2 +QMi�KBM�iBQM KmHiBTH2X AHb `2TQb2Mi 7`û[m2KK2Mi bm` HǶ2KTHQB /2 H� p�H2m`
HBKBi2 �m@/2bbmb /2 H�[m2HH2 H� +QMi�KBM�iBQM 2bi pm2 +QKK2 BKT�+i�Mi HǶû+QbvbiĕK2X LQmb MQmb bQKK2b B+B
7Q+�HBbûb bm` HǶ2KTHQB /ǶmM /Ƕ2Mi`2 2mt- H2 1_Gf1_J UGQM;g2i �HX- RNN8VX G2 p�H2m`b b2mBHb 1_Gf1_J
QMi ûiû /û}MB 2KTB`B[m2K2Mi ¨ T�`iB` /2 bû/BK2Mi K�`BM 2i 2bim�`B2M- 2i BHb T2`K2ii2Mi /Ƕ2biBK2` ¨ T�`iB`
/ǶmM2 +QM+2Mi`�iBQM 2M +QMi�KBM�Mi bB +2 /2`MB2` �m`� Qm MQM mM 2z2i bm` H2b Q`;�MBbK2b UGQM;g2i �HX- RNN8 c
EQr�HbF�g2i �HX- kyR3VX .Ƕ�BHH2m`b- 1_Gf1_J +Q``2bTQM/2Mi `2bT2+iBp2K2Mi ¨ 1z2+i _�M;2 GQr 2i 1z2+i
_�M;2 J2/B�M- bQBi H2b MBp2�mt +QM+2Mi`�iBQMb `�`2K2Mi UI 1_GV- Q++�bBQMM2HH2K2Mi U+QKT`Bb 2Mi`2
1_G 2i 1_JV 2i 7`û[m2KK2Mi �bbQ+Bû2b ¨ /2b 2z2ib iQtB[m2b U= 1_JVX SQm` BM7Q`K�iBQM- +2b p�H2m`b
;mB/2b b2mBHb b2`QMi /2 MQmp2�m 2KTHQvûb mM T2m i�`/ /�Mb +2 +?�TBi`2X

*2 +QmTH2 /2 p�H2m` b2mBH T`2M/ 2M +QKTi2 mM MQK#`2 HBKBiû /2 +QMi�KBM�Mib [mB �TT�`iB2MM2Mi bQBi �mt
1hJ U�b- */- 2i+XV bQBi �mt >�SX AHb `2TQb2Mi bm` H2 +�H+mH /m TQm`+2Mi�;2 /Ƕû+?�MiBHHQM T`ûb2Mi�Mi mM2
p�H2m` bmTû`B2m`2 ¨ H� p�H2m` ;mB/2 BM/B[mû2 TQm` HǶ1_G 2i +2HH2 TQm` HǶ1_JX � T�`iB` /2 +2b TQm`+2Mi�;2b-
H2 +Q2{+B2Mi K@1_J@Z UGQM;g2i �HX- RNN3 c EQr�HbF�g2i �HX- kyR3V 2bi +�H+mHû 2M bmBp�Mi ,

Ԝ ਷ ӺԇԂ ਷ Ԇ � ௴ք�φ։ 	ӸՎ�ӺԇԂՎ
ԝ UjXRV

.�Mb H2 +�/`2 /2 +2ii2 ûim/2- H2b p�H2m`b /2 /ûT�bb2K2Mi /2b 1_G 2i 1_J bQMi /ûi�BHHûb /�Mb H2 i�#H2�m jXk
2i H2b p�H2m`b +Q``2bTQM/�Mi2b /m K@1_K@Z bQMi BHHmbi`û2 T�` H� };m`2 jXRRX

h�#H2�m jXk Ĝ *�`�+iû`Bb�iBQM /2b +QMi�KBM�Mib /BbTQMB#H2b /�Mb H2b bû/BK2Mib /2 bm`7�+2 /2 HǶ2bim�B`2 /2
HǶ�/Qm` �p2+ H2b 1_Gf1_JX

1HûK2Mi
+?BKB[m2

:�KK2 /2b +QM+2Mi`�iBQM
UKQv2MM2V BM m;X;@R

1_G 1_J SQm`+2Mi�;2
/Ƕû+?�M@
iBHHQMb I
1_G

SQm`+2Mi�;2
/Ƕû+?�M@
iBHHQMb
+QKT`Bb
2Mi`2 1_G �
1_J

SQm`+2Mi�;2
/Ƕû+?�M@
iBHHQMb =
1_J

�; I y-ky @ j-y UR-kV R-y j-d 8y 8y y
�b e-e @ RN URjV 3-k dy Ry Ny y
*/ y-y8y @ k-d Uy-NkV R-k N-e dj-j ke-d y
*Q R-N @ Re URRV @ @ @ @ @
*` j-j @ eR UjyV 3R jdy Ryy y y
*m R3-N @ kRk U99-8V j9 kdy 8j-j 9j-j j-j
>; y-yjk @ y-Rd Uy-y3V y-R8 y-dR Ne-d j-j y
JM Rde @ R Rjy UeeyV @ @ @ @ @
JQ y-Rj @ 98 URkV @ @ @ @ @
LB I y-ky @ jj UkkV ky-N 8R-e 9y ey y
S# R3 @ NR UjeV 9e-d kR3 Ny Ry y
a# y-R3 @ j-k Uy-3kV @ @ @ @ @
a2 I y-ky @ 8-3 Uk-jV @ @ @ @ @
aM y-e3 @ R9 Uk-NV @ @ @ @ @
hB k9-e @ 3y8 UkReV @ @ @ @ @
l y-jR @ y-3d Uy-ekV @ @ @ @ @
wM e8-d @ dNN UjeeV R8y 9Ry Ry 9j-j 9e-d

G2 K@1_J@Z MQmb /QMM2 mM ûi�i /2 b�Miû ;HQ#�H2K2Mi /2 HǶ2bim�B`2X .�Mb MQi`2 +�b /2 };m`2 TQm` iQmi2b
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jX9X avMi?ĕb2 /2b /QMMû2b 2i bûH2+iBQM /2b p�`B�#H2b T`û/B+iBp2b

H2b +�KT�;M2b- BH 2bi 2Mi`2 y 2i y-8- +2 [mB BM/B[m2 [m2 TQm` HǶBMiû;`�HBiû /2 MQb bBi2b bQMi +H�bbûb T�`KB /2b
bBi2b T`ûb2Mi�Mi mM MBp2�m /2 T`BQ`Biû /2 KQv2M ¨ 7�B#H2- pQB`2 7�B#H2X

.�Mb H2 +�/`2 /2 +2ii2 i?ĕb2- +2b /2mt �TT`Q+?2b Uûim/2 /2 H� +Q``ûH�iBQMf+QHBMû�`Biû 2i 1_Gf1_JV b2@
`QMi 2KTHQvû2b /�Mb H2 +?�TBi`2 bmBp�Mi �}M /2 `û/mB`2 H2 MQK#`2 /2 p�`B�#H2 2i /ǶB/2MiB}2` H2b p�`B�#H2b
T`û/B+iBp2bX
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6B;m`2 jXRR Ĝ o�H2m`b /m K@1_J@Z Q#i2Mm2b TQm` H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
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*?�TBi`2 jX .Bbi`B#miBQM 2i /vM�KB[m2 /2b KB+`QTQHHm�Mib +?BKB[m2b T`BQ`Bi�B`2b 2i ûK2`;2Mib /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`

jX8 *QM+HmbBQM

� [m2H[m2b `�`2b 2t+2TiBQMb T`ĕb- HǶBMiû;`�HBiû /2b KB+`QTQHHm�Mib `2+?2`+?ûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` QMi
ûiû [m�MiB}ûb �m KQBMb ¨ mM2 `2T`Bb2 /�Mb HǶ2Mb2K#H2 /2b û+?�MiBHHQMbX PM � Tm Q#b2`p2` mM2 T`2KBĕ`2 /Bb@
iBM+iBQM 2Mi`2 H2b /Bzû`2Mi2b K�i`B+2b ûim/Bû2bX G2b bû/BK2Mib b2K#H2Mi T`ûb2Mi2` mM MQK#`2 bmTû`B2m` /2
KB+`QTQHHm�Mi [m2 H2b 2�mt- +2+B `2M7Q`+2 H2b /Bzû`2Mi2b Q#b2`p�iBQMb `û�HBbû2b bm` H2b +�T�+Biûb BMiû;`�i`B+2b
/2b K�i`B+2b bû/BK2Mi�B`2b Uw?�M;g2i �HX- kyRe c "`�M+?2ig2i �HX- kykRVX G2b 7`û[m2M+2b /2 [m�MiB}+�iBQM
/2b Kûi�mt 2i /2b `ûbB/mb T?�`K�+2miB[m2b b2 bQMi �pû`û2b i`ĕb ûH2pûb /�Mb H2b bû/BK2MibX *2 [mB 2bi BMiû`2b@
b�Mi- MQi�KK2Mi TQm` H2b `ûbB/mb T?�`K�+2miB[m2b [mB bQMi 2M+Q`2 �+im2HH2K2Mi `2H�iBp2K2Mi KQBMb ûim/Bûb
/�Mb +2ii2 K�i`B+2X _�TT2HQMb [m2 H2b bû/BK2Mib T2mp2Mi āi`2 /2b bQm`+2b /2 +QMi�KBM�iBQM b2+QM/�B`2
TQm` HǶû+QbvbiĕK2 �[m2mt �/D�+2Mib- +2 `2H�`;�;2 � MQi�KK2Mi HB2m HQ`b /2 H� p�`B�iBQM /2 T�`�Kĕi`2b 2M@
pB`QMM2K2Mi�mt i2Hb [m2 H2 T> 2i H� b�HBMBiû UGB�M;g2i �HX- kyRjVX P`- H� b�HBMBiû p�`B2 [mQiB/B2MM2K2Mi 2i
�KTH2K2Mi 2M KBHB2m 2bim�`B2M U:�rg2i �HX- kyR9 c 6�##`Bg� 6`�Mx2HHBiiBg- kyReVX

G2 bmBpB /2 +QMi�KBM�Mib ûK2`;2Mib /�Mb H2b bû/BK2Mib i2Hb [m2 H2b `ûbB/mb T?�`K�+2miB[m2b b2K#H2Mi āi`2
i`ĕb BKTQ`i�Mi TQm` mM #QM bmBpB /2 HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b- /Ƕ�mi�Mi THmb TQm` /2b û+QbvbiĕK2b
�mbbB ?ûiû`Q;ĕM2b [m2 H2b 2bim�B`2bX

G2b K�i`B+2b b2 /BbiBM;m2Mi T�` H2m` T`Q}H /2 +QMi�KBM�iBQMX G2b bû/BK2Mib T`ûb2Miĕ`2Mi /2b T`Q}Hb /2 +QMi�@
KBM�iBQM `2H�iBp2K2Mi ?ûiû`Q;ĕM2bX G� b�BbQM BM~m2M+2 T2m H2b T`Q}Hb /2 +QMi�KBM�iBQMbX G� TQbBiBQM b2K#H2-
2HH2- DQm2` mM `ƬH2 THmb K�`[mû �m pm /2b +QM+2Mi`�iBQMb 2i /2b 7`û[m2M+2b /2 [m�MiB}+�iBQM `2H�iBp2K2Mi
THmb BKTQ`i�Mi2b /�Mb H� xQM2 m`#�BM2 [mǶ¨ HǶ�KQMi Qm HǶ�p�HX S�`KB +2b bBi2b bBimûb /�Mb H� xQM2 m`#�BM2-
QM � Tm `2K�`[m2` [m2 H2b bBi2 d UbBimû ¨ T`QtBKBiû /m J�?�`BM- mM 2|m2Mi m`#�BMV 2i N UbBi2 ¨ T`QtB@
KBiû /2 HǶ2|m2Mi /2 H� ah1l /2 ai "2`M�`/V b2K#H2Mi b2 /BbiBM;m2` /2b �mi`2bX SQm` H2b 2�mt- H2 T`Q}H /2
+QMi�KBM�iBQM 2bi THmb bi`m+im`ûX G� 7`û[m2M+2 �BMbB [m2 H2b K�tBKmKb /2 +QM+2Mi`�iBQMb TQm` /2 MQK#`2mt
KB+`QTQHHm�Mib /QMi /2b KB+`QTQHHm�Mib ûK2`;2Mib QMi Tm āi`2 Q#b2`pûb ¨ T`QtBKBiû /2b ah1l 2i bm`iQmi
+2HH2 /2 ai 6`û/û`B+ bBimû ¨ "�vQMM2 UbBi2 eVX G�Bbb�Mi bQmb@2Mi2M/`2 H2 `ƬH2 T`ûTQM/û`�Mi [m2 DQm2Mi H2b
ah1l /�Mb HǶ2Mi`û2 /2 +QMi�KBM�Mib /�Mb H2b û+QbvbiĕK2bX

6BM�H2K2Mi- #B2M [m2 i`ĕb TQM+im2HH2K2Mi- H2b +QM+2Mi`�iBQMb K2bm`û2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm` bQB2Mi +QKT`Bb2b 2Mi`2 HǶ1_G 2i HǶ1_J- QM T2mi /B`2 H2b +QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib /�Mb H2b
bû/BK2Mib bQB2Mi `2H�iBp2K2Mi T2m T`ûQ++mT�MiX *2b Q#b2`p�iBQMb bQMi +QM7Q`iû2b T�` H2b p�H2m`b /m K@1_J@
Z BM/B[m�Mi /2b MBp2�mt /2 T`BQ`Biû /2 KQv2M ¨ 7�B#H2- pQB`2 7�B#H2X Lû�MKQBMb- /2b +QM+2Mi`�iBQMb
BKTQ`i�Mi2b 2M /Bp2`b KB+`QTQHHm�Mib ûK2`;2Mib U>>*"- >>*"@H�+iQM2- HǶQt�xûT�K- HǶ�iûMQHQH- 2i+XV QMi
ûiû `2i`Qmpûb /�Mb H2b 2�mt 2i /2 MQmp2�m TQm` H2 bBi2 e- H� ah1l /2 ai@6`û/û`B+X "B2M [m2 +2b +QM+2Mi`�iBQMb
b2K#H2Mi bǶ�iiûMm2` bm` H2 `2bi2 /2 HǶ2bim�B`2- HǶBM~m2M+2 /2b KB+`QTQHHm�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2b
/2 +2 bBi2 T2mi āi`2 bmbT2+i2`X

GǶ2Mb2K#H2 /2 +2 T`Q}H /2 +QMi�KBM�iBQM b2`� 2KTHQvûb T�` H� bmBi2 �m +Qm`b HǶûim/2 /2b +QKKmM�miûb
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jX8X *QM+HmbBQM

KB+`Q#B2MM2b +QHQMBb�Mi H2b bû/BK2Mib 2i H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`- /�Mb H2 #mi /ǶB/2MiB}2`- /ǶmM2
T�`i H2b KB+`QTQHHm�Mib BM~m2MÏ�Mi +2b +QKKmM�miûb 2i /Ƕ�mi`2 T�`i /Ƕûp2Mim2Hb KB+`QQ`;�MBbK2b
U;2M`2b Qm �aoV TQmp�Mi āi`2 BM/B+�i2m`b /2 H� T`ûb2M+2 /2 KB+`QTQHHm�MiX

ReR





*?�TBi`2 9

*QKTQbBiBQM 2i bi`m+im`2 /2b
+QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b
bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm`

9XR AMi`Q/m+iBQM

.�Mb H2 +?�TBi`2 T`û+û/2Mi- MQmb MQmb bQKK2b BMiû`2bbûb ¨ H� /vM�KB[m2 /2b KB+`QTQHHm�Mib �m b2BM /2b
bû/BK2Mib 2i /2 H� T?�b2 �[m2mb2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X PM � Tm Q#b2`p2` [m2 +2b /2mt +QKT�`iBK2Mib
bQMi +�`�+iû`Bbûb T�` mM2 +QKTQbBiBQM 2i /2b +QM+2Mi`�iBQMb #B2M /BbiBM+i2b 2M KmHiBTH2b KB+`QTQHHm�MibX
GǶûim/2 /2 H� +QKTQbBiBQM 2i bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2i HǶBKT�+i /2b KB+`QTQHHm�Mib
b2`� `û�HBbûb 2M bûT�`�Mi H2b bû/BK2Mib /2 H� T?�b2 �[m2mb2X
.�Mb +2ii2 T`2KBĕ`2 T�`iB2 MQmb MQmb 7Q+�HBb2`QMb mMB[m2K2Mi bm` H2 +QKT�`iBK2Mi bû/BK2Mi�B`2X AH 2bi
BKTQ`i�Mi /2 `�TT2H2` [mǶmM2 T�`iB2 /2b /QMMû2b U+�KT�;M2 �.R @ S`BMi2KTbV M2 bQMi TQm` HǶ?2m`2 T�b
2M+Q`2 /BbTQMB#H2 +QM+2`M�Mi HǶ�M�Hvb2b /2b +QMi�KBM�Mib Q`;�MB[m2b bQBi H2b ?v/`Qp+�`#m`2b �`QK�iB[m2b
TQHv+v+HB[m2b U>�SV- H2b TQHv+?HQ`Q#BT?ûMvH2b US*"V- H2b T2biB+B/2b Q`;�MQ+?HQ`ûb- H2b Kmb+b bvMi?ûiB[m2b-
H2b }Hi`2b lo 2i H2b �HFvHT?ûMQHb /�Mb H2b bû/BK2MibX �BMbB- +2b �M�Hvb2b MǶQMi T�b ûiû T`Bb2b 2M +QKTi2 /�Mb
+2 +?�TBi`2X

G2b QmiBHb T`û+û/2KK2Mi +Biûb T2`K2ii�Mi /2 bvMi?ûiBb2` 2i bûH2+iBQMM2` H2b p�`B�#H2b H2b THmb T2`iBM2Mi2b
QMi ûiû 2KTHQvûb B+B �}M /2 `û/mB`2 2i bûH2+iBQMM2` H2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b [mB b2`QMi /û+`Bi2b B+BX
PM �#QmiBi ¨ k3 p�`B�#H2b 2MpB`QMM2K2Mi�H2b KBb2b 2M `2H�iBQM �p2+ H� +QKTQbBiBQM 2i H� bi`m+im`2
/2b +QKKmM�miûb KB+`Q#B2MM2bX .�Mb H2 #mi /ǶB/2MiB}2` H2b T�`�Kĕi`2b H2b THmb BKT�+i�Mib- /Bzû`2Mi2b
�TT`Q+?2b bi�iBbiB[m2b bQMi /ûTHQvû2b- T�`KB +2HH2b@+B- MQmb TQmpQMb +Bi2` H� S1_J�LPo� Qm H� **�X
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

�mi`2K2Mi- TQm` BM7Q`K�iBQM- H� p2`bBQM /2 H� #�b2 /2 /QMMû2b aAGo� aal 2KTHQvû2 TQm` HǶ�bbB;M�iBQM
i�tQMQKB[m2 2bi H� Rj3 /Bbi`B#mû2 2M /û+2K#`2 kyRNX *2ii2 p2`bBQM /2 H� #�b2 /2 /QMMû2b � BMiû;`û2 /Bzû`2Mi2b
KQ/B}+�iBQMb /2 H� MQK2M+H�im`2 T`û+û/2KK2Mi T`QTQbû2 UP`2Mg2i �HX- kyR8 c q?BiK�Mg2i �HX- kyR3VX �
iBi`2 /Ƕ2t2KTH2- H2b "�+i2`QB/2i2b QMi ûiû `2MQKKû2b "�+i2`QB/B�X *2 +?�TBi`2 BMiû;`2`� +2b KQ/B}+�iBQMbX
*2b i`�p�mt bQMi T`ûb2Miûb bQmb H� 7Q`K2 /ǶmM �`iB+H2 b+B2MiB}[m2 [mB b2`� bQmKBb TQm` Tm#HB+�iBQM i`ĕb
T`Q+?�BM2K2MiX

9Xk �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib

2tTQb2/ iQ ;2Q+?2KB+�H ;`�/B2Mib �M/ KB+`QTQHHmi�Mib

�`iB+H2b 2M +Qm`b /2 bQmKBbbBQM ¨ a+B2M+2 Q7 i?2 hQi�H 1MpB`QM2K2MiX
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQR

;2Q+?2KB+�H ;`�/B2Mib �M/ KB+`QTQHHmi�Mibk

a�M/`BM2 o2HQbQ�- »- .�pB/ �KQm`Qmt�- G�m`2Mi G�M+2H2m`#- *`BbiB�M� *`�pQ G�m`2�m�-j

J�i?BH/2 JQMT2``mb#- CQM�i?�M .2#Q`/2#- _Q#2`i .m`�M�-»9

�lMBp2`bBi2 /2 S�m 2i /2b S�vb /2 GǶ�/Qm`- lJ_8k89- >ûHBQT�`+- k �p2Mm2 S`ûbB/2Mi �M;Qi-8

S�m- 6`�M+2e
#lMBp2`bBi2 /2 S�m 2i /2b S�vb /2 GǶ�/Qm`- R �HHû2 JQMi�m`v- e9eyy �M;H2i- 6`�M+2d

�"ah_�*h3

h?2 ~m+im�iBQM Q7 2MpB`QMK2Mi�H +QM/BiBQMb /`Bp2b i?2 bi`m+im`2 Q7 KB+`Q#B�H +QKKmMBiB2b
BM 2bim�`B2b- ?B;?Hv /vM�KB+- `�TB/Hv +?�M;BM; 2+Qbvbi2KbX JB+`QQ`;�MBbKb BM?�#BiBM; 2b@
im�`BM2 b2/BK2Mib TH�v � F2v `QH2 BM 2+Qbvbi2K 7mM+iBQMBM;X h?2v �`2 r2HH �/�Ti2/ iQ i?2
+?�M;BM; +QM/BiBQMb- �HbQ i?`2�i2M #v i?2 T`2b2M+2 Q7 TQHHmi�MibX AM Q`/2` iQ /2i2`KBM2 i?2
2MpB`QMK2Mi�H T�`�K2i2`b /`BpBM; i?2 Q`;�MBb�iBQM Q7 i?2 KB+`Q#B�H �bb2K#H�;2b- r2 +QM/m+@
i2/ � b2�bQM�H bm`p2v BM i2M bi�iBQMb HQ+�i2/ �HQM; i?2 �/Qm` 1bim�`v U"�v Q7 "Bb+�v- aq
6`�M+2V mbBM; Rea `_L� ;2M2 AHHmKBM� b2[m2M+BM;X JB+`Q#B�H /Bp2`bBiv /�i� r2`2 +QK#BM2/
rBi? � b2i Q7 +?2KB+�H �M�Hvb2b i�`;2iBM; K2i�Hb �M/ T?�`K�+2miB+�HbX JB+`Q#B�H +QKKm@
MBiB2b r2`2 H�`;2Hv /QKBM�i2/ #v S`Qi2Q#�+i2`B� U9RWV �M/ "�+i2`QB/Qi� UjkWV- b?QrBM;
� bi`QM; Q`;�MBb�iBQM �++Q`/BM; iQ b2�bQM- rBi? �M BKTQ`i�Mi b?B7i BM rBMi2`X S2`Kmi�iBQ@
M�H KmHiBp�`B�i2 �M�HvbBb Q7 p�`B�M+2 US1_J�LPo�V `2p2�H2/ i?�i i?2 bT�iB�H Q`;�MBb�iBQM
r�b i?2 b2+QM/ H2p2H Q7 T�`iBiBQMBM;- /BbiBM;mBb?BM; KB+`Q#B�H +QKKmMBiv +QKTQbBiBQM �++Q`@
/BM; iQ i?`22 K�BM �`2�b UmTbi`2�K- KB//H2- �M/ /QrMbi`2�K 2bim�`vV- b?QrBM; i?2 �/Qm`
_Bp2` BM~m2M+2 QM i?2 KB+`Q#B�H +QKKmMBiB2b �HQM; i?2 �/Qm` 1bim�`vX S1_J�LPo� 7m`@
i?2` BM/B+�i2/ i?�i i?2 KB+`Q#B�H +QKKmMBiv r2`2 BM~m2M+2/ #v i?2 T`2b2M+2 Q7 KmHiBTH2
+QMi�KBM�iBQM- BM+Hm/BM; K2i�Hb U�b- *m- JM- aM- hB- �M/ wMV �M/ T?�`K�+2miB+�Hb U�i2MQ@
HQH- ?v/`Q+?HQ`Qi?B�xB/2- QtQHBMB+ �+B/ �M/ i`BK2i?QT`BKVX L2irQ`F �M�HvbBb `2p2�H2/ bT2+B}+
KQ/mH2b- Q`;�MBb2/ �`QmM/ F2vbiQM2 i�t�- HBMF2/ iQ � TQHHmi�Mi ivT2- T`QpB/BM; BM7Q`K�iBQM
Q7 T�`�KQmMi BKTQ`i�M+2 iQ mM/2`bi�M/ i?2 KB+`Q#B�H 2+QHQ;v BM 2bim�`BM2 2+Qbvbi2KbX
F2vrQ`/b , KB+`Q#B�H +QKKmMBiv bi`m+im`2 c KmHiB@+QMi�KBM�iBQM c b2[m2M+BM; c +Q@Q++m`2M+2N

M2irQ`F c KB+`Q#B�H 2+QHQ;v c KB+`Q#B�H /Bp2`bBiv c �MiB#BQiB+bRy

»X *Q``2bTQM;BM; �mi?Q`
1K�BH �//`2bb2b , b�M/`BM2Xp2HQbQ!mMBp@T�mX7` Ua�M/`BM2 o2HQbQV- `Q#2`iX/m`�M!mMBp@T�mX7` U_Q#2`i .m`�MV
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

>A:>GA:>haRR

r >Qi bTQib Q7 +QMi�KBM�iBQM r2`2 B/2MiB}2/ rBi?BM m`#�M �`2� BM i?2 �/Qm` 2bim�`vRk r h?2 �#mM/�M+2 Q7 i�t� r�b +Q``2H�i2/ rBi? TQHHmi�Mi +QM+2Mi`�iBQMbRj r E2v biQM2 i�t� Q`;�MBb2 KB+`Q#B�H M2irQ`Fb `2H�i2/ iQ TQHHmi�MibR9 r am+? i�t� HBF2 LBi`QbTB`� KB;?i +Q``2bTQM/ iT B/2�H T�`iM2` 7Q` i?2 +QHQMBx�iBQM �M/R8

?2HT2/ 2bi�#HBb?BM; `2H�iBQMb?BTb BM /Bp2`b2 +QM/BiBQMbRe

9XkXR AMi`Q/m+iBQMRd

1bim�`B2b �`2 2+QiQM2b- i`�MbBiBQM�H r�i2`b �i i?2 BMi2`7�+2 Q7 7`2b?r�i2` �M/ K�`BM2 ?�#Bi�ibXR3

h?2v �`2 /2b+`B#2/ �b ?B;?Hv T`Q/m+iBp2 �`2�b T`QpB/BM; 2+Qbvbi2K b2`pB+2b bm+? �b Mm`b2`B2bRN

7Q` K�Mv #B`/ �M/ }b? bT2+B2b- `2;mH�iBQM Q7 Mmi`B2Mi ~Qr �M/ +v+HBM;- �M/ `2+`2�iBQM�H �+iBpB@ky

iB2b U"�bb2ig2i �HX- kyRj c E2MMBb?g- kyykVX h?2v �`2 ?B;?Hv b2MbBiBp2 2MpB`QMK2Mib b?QrBM;kR

BKTQ`i�Mi ~m+im�iBQMb Q7 2MpB`QMK2Mi�H T�`�K2i2`b- BM+Hm/BM; b�HBMBiv- i2KT2`�im`2- �M/kk

Mmi`B2Mi +QM+2Mi`�iBQMbX 1bim�`B2b ?�p2 #22M +QMbB/2`2/ �b M�im`�HHv bi`2bb2/ 2MpB`QMK2Mibkj

U1HHBQiig� ZmBMiBMQg- kyydV- 7m`i?2` i?`2�i2M2/ #v p�`BQmb +QMi�KBM�Mib `2H2�b2/ ?mK�Mk9

�+iBpBiB2bX �KQM; i?2 +QMi�KBM�Mib- K2i�Hb �M/ T?�`K�+2miB+�Hb �`2 Q7 T`BK�`v +QM+2`Mk8

#2+�mb2 i?2v �`2 #BQHQ;B+�HHv �+iBp2 +QKTQmM/b i?`2�i2MBM; �[m�iB+ #BQi�- 2+Qbvbi2Kb �M/ke

2p2M ?mK�M ?2�Hi? U6�##`Bg� 6`�Mx2HHBiiBg- kyReVX h?2b2 +QKTQmM/b �`2 m#B[mBiQmb-kd

#2BM; /2i2+i2/ BM p�`BQmb 2bim�`BM2 +QKT�`iK2Mib- BM+Hm/BM; bm`7�+2 r�i2` U�KBMQig2i �HX-k3

kyRe c P#BK�FBM/2g2i �HX- kyRdV- 2|m2Mi 7`QK r�bi2r�i2` i`2�iK2Mi TH�Mib UGBg2i �HX- kyReV-kN

b2/BK2Mib Ua?Bg2i �HX- kyR9V- �M/ �[m�iB+ Q`;�MBbKb U>2g2i �HX- kyRNVX JB+`QQ`;�MBbKb TH�vjy

� +`m+B�H `QH2 BM MmK2`Qmb 2MpB`QMK2Mi�H T`Q+2bb2b �M/ 7mM+iBQMb- #2BM; BMpQHp2/ BM +�`#QM-jR

MBi`Q;2M- T?QbT?Q`mb +v+H2b U"�m2`g2i �HX- kyRj c .�K�b?2Fg� 6`�M+Bbg- kyR3 c q�ibQMgjk
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

2i �HX- kyR3VX AM 2bim�`BM2 b2/BK2Mib- KB+`QQ`;�MBbKb �`2 ?B;?Hv /Bp2`b2 rBi? +QKTH2t Q`@jj

;�MBb�iBQM- `2T`2b2MiBM; i?2 K�BM #BQiB+ +QKT�`iK2Mi UGQxmTQM2g� EMB;?ig- kyyd c uBgj9

2i �HX- kykyVX h?2 KB+`Q#B�H +QKKmMBiB2b �`2 b2MbBiBp2 iQ 2MpB`QMK2Mi�H p�`B�iBQMb bm+? �bj8

i2KT2`�im`2 b�HBMBiv- �M/ i?2 T`2b2M+2 Q7 KB+`QTQHHmi�Mib UC2�M#BHH2g2i �HX- kyRe c G2HQmTgje

2i �HX- kyy8 c GQxmTQM2g� EMB;?ig- kyyd c _�KQM/g2i �HX- kyy3 c amMg2i �HX- kyRkVX >2M+2-jd

BM 2+Qbvbi2Kb �b Km+? ~m+im�iBM; i?�M 2bim�`B2b- i?2 b?B7i BM KB+`Q#B�H +QKKmMBiv bi`m+@j3

im`�iBQM �`2 HBF2Hv iQ #2 Q#b2`p2/ BM `2bTQMb2 iQ i?2 BMTmi Q7 K2i�Hb �M/ T?�`K�+2miB+�HbXjN

h?2 T`2b2M+2 Q7 TQHHmi�Mib- #Qi? Q`;�MB+ �M/ BMQ`;�MB+- ?�b #22M b?QrM iQ BM~m2M+2 i?29y

Q`;�MBb�iBQM Q7 KB+`Q#B�H +QKKmMBiB2b BM �[m�iB+ 2MpB`QMK2Mib U"Q`/2M�p2g2i �HX- kyy9 c9R

*`�pQ@G�m`2�mg2i �HX- kyRR c .m`�Mg2i �HX- kyR8 c o2`+`�2M2@1�B`K�Hg2i �HX- kyRyVX9k

Ai Bb i?mb Q7 T�`�KQmMi BKTQ`i�M+2 iQ mM/2`bi�M/ ?Qr i?2 T`2b2M+2 Q7 TQHHmi�Mib KQ/B7v9j

i?2 KB+`Q#B�H +QKKmMBiv bi`m+im`2 BM Q`/2` iQ B/2MiB7v F2v KB+`QQ`;�MBbKb �`QmM/ r?B+?99

KB+`Q#B�H �bb2K#H�;2b �`2 Q`;�MBb2/ BM `2bTQMb2 iQ i?2 T`2b2M+2 Q7 � TQHHmi�MiX L2irQ`F �M�@98

HvbBb �HHQrb iQ /2i2`KBM2 i?2 BMi2`�+iBQMb #2ir22M KB+`QQ`;�MBbKb �M/ #2ir22M Q`;�MBbKb9e

�M/ i?2B` ?�#Bi�i U6m?`K�Mg� ai22H2g- kyy3 c qBHHB�Kbg2i �HX- kyR9V- `2p2�HBM; ǳbT2+B�@9d

HBbibǴ KB+`QQ`;�MBbKb bT2+B}+�HHv �bbQ+B�i2/ rBi? � TQHHmi�Mi ivT2 �M/ Bib #BQiB+ BMi2`�+iBQMb93

U.m`�Mg2i �HX- kyR8 c GH�/Ơg2i �HX- kyR8VX h?2 �/Qm` 1bim�`v U6`�M+2V Bb HQ+�i2/ BM i?29N

"�v Q7 "Bb+�v U�iH�MiB+ P+2�MV �M/ T`QpB/2b +QMi`�bi2/ �`2�b i?�i �`2 mM/2` i?2 BM~m2M+28y

Q7 /Bz2`2Mi ?mK�M �+iBpBiB2b- 2t?B#BiBM; /Bz2`2Mi ivT2b �M/ H2p2Hb Q7 TQHHmiBQM UaiQB+?2pg8R

2i �HX- kyy9VX h?2 mTT2` T�`i Q7 i?2 �/Qm` 2bim�`v Bb bm``QmM/2/ #v �;`B+mHim`�H �+iBpBiB2b-8k

r?BH2 � m`#�BM iBbbm +QKTQb2/ #v i?2 +BiB2b Q7 "�vQMM2- "B�``Bix �M/ �M;H2i Bb BMbi�HH2/8j

/QrMbi`2�K i?2 2bim�`v �M/ bm#KBi iQ BM/mbi`B�H �M/ m`#�BM �+iBpBiB2bX89

AM i?Bb rQ`F- r2 ?vTQi?2bBx2 i?�i i?2 2MpB`QMK2Mi�H 7�+iQ`b BM~m2M+2 i?2 Q`;�MBb�iBQM Q788

KB+`Q#B�H �bb2K#H�;2X S�`iB+mH�`Hv i?2 T`2b2M+2 Q7 TQHHmi�Mib r?B+? T`QKQi2b i?2 b2H2+iBQM Q78e
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

bT2+B}+ i�t� i?�i `2T`2b2Mi TQi2MiB�H #BQK�`F2`b Q7 TQHHmiBQM- �Hi?Qm;? 2bim�`BM2 2MpB`QMK2Mi8d

+QMbiBimi2 ?B;?Hv KBtBM; xQM2bX h?2 K�BM Q#D2+iBp2 Q7 i?2 bim/v r�b i?mb iQ +?�`�+i2`Bx2 i?283

`2H�iBQMb?BTb #2ir22M i?2 KB+`Q#B�H +QKKmMBiB2b- ;2Q+?2KB+�H +?�`�+i2`BbiB+b �M/ TQHHmi�Mib8N

+QMi2Mi UK2i�Hb �M/ T?�`K�+2miB+�HbV- BM 2bim�`BM2 b2/BK2Mib �HQM; i2M bi�iBQMb HQ+�i2/ey

BM i?2 �/Qm` 1bim�`v �i /Bz2`2Mi b2�bQMb- BM Q`/2` iQ 2biBK�i2 i?2 bB;MB}+�Mi T�`�K2i2`beR

/`BpBM; i?2 2bim�`BM2 KB+`Q#B�H +QKKmMBiB2bX 6Q` i?Bb Tm`TQb2- i?2 K2i�H �M/ T?�`K�+2miB+�Hek

+QMi2Mib r2`2 /2i2`KBM2/- i?2 KB+`Q#B�H +QKKmMBiv bi`m+im`2 �M/ +QKTQbBiBQM BM?�#BiBM;ej

i?2 2bim�`BM2 b2/BK2Mib r2`2 /2b+`B#2/Xe9

9XkXk J�i2`B�H �M/ J2i?Q/be8

9XkXkXR aim/v bBi2 �M/ b�KTH2 +QHH2+iBQMee

h?2 �/Qm` 1bim�`v Bb HQ+�i2/ �i i?2 bQmi?r2bi2`M Q7 6`�M+2- 2ti2M/b �HQM; jy3 FK 7`QK i?2ed

Sv`2M22b iQ i?2 "�v Q7 "Bb+�v U�iH�MiB+ LQ`i?@1�biVX h?Bb K2bQiB/�H 2bim�`v T`2b2Mi � ?B;?Hve3

?2i2`Q;2MQmb +QMi2Mi `Bp2` /Bb+?�`;2- rBi? kNy KjXb@R BM �MMm�H K2�M �M/ p�`vBM; #2ir22MeN

8y �M/ j-kyy KjXb@RX h?`22 b�KTHBM; +�KT�B;Mb r2`2 T2`7Q`K2/ , J�v kyRd UbT`BM;V- a2T@dy

i2K#2` kyRd UbmKK2`V- �M/ 7`QK C�Mm�`v iQ 62#`m�`v kyR3 UrBMi2`VX a�KTH2b r2`2 +QHH2+i2/dR

�i HQr bH�+F iB/2- i?2 iB/�H +Q2{+B2Mi `�M;2/ #2ir22M d3 �M/ RyNX 1bim�`BM2 b2/BK2Mib r2`2dk

b�KTH2/ BM ir2Hp2 bBi2b HQ+�i2/ �HQM; i?2 K�tBKmK b�HBMBiv BMi`mbBQM �i i?2 �/Qm` _Bp2`dj

UbBi2 RV �M/ i?2 LBp2 _Bp2` UbBi2 jV iQ i?2 2bim�`BM2 KQmi? UbBi2 .V U6B;X 9XRV- +Q``2bTQM/BM;d9

iQ i?2 KB//H2 �M/ /QrM 2bim�`vXd8

�HQM; i?2 2bim�`BM2 xQM2- bBi2b r2`2 b2H2+i2/ BM Q`/2` iQ b�KTH2 #Qi? � T`BQ`B +QMi�KB@de

M�i2/ �M/ mTbi`2�K T`2b2`p2/ bBi2b �++Q`/BM; iQ �`2� bi`m+im`�iBQM �M/ T`2pBQmb Q#b2`p�@dd

iBQMb UaiQB+?2pg2i �HX- kyy9 c SQBMig- kyy9 c *�p�H?2B`Qg2i �HX- kyRdVX h`BTHB+�i2 b2/BK2Mid3
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

b�KTH2b 7`QK bm`7�+2 Uy @ R +KV r2`2 +QHH2+i2/ BM b2�H�#H2 TH�biB+b #�;bX a�KTH2b r2`2 i`�Mb@dN

TQ`i2/ BM +QQH2`b �i �TT`QtBK�iBp2Hv 9ê* �M/ BM i?2 /�`F iQ i?2 H�#Q`�iQ`v- rBi?BM k?X3y

a2�H�#H2 TH�biB+b #�;b r2`2 i?2M biQ`2/ �i @kyê*- r�BiBM; 7Q` �M�HvbBbX aBKmHi�M2QmbHv iQ3R

b�KTH2 +QHH2+iBQM- �M �HB[mQi Q7 2�+? `2THB+�i2 r2`2 biQ`2/ bT2+B}+�HHv BM k KG 1TT2M/Q`73k

im#2b T`BQ` iQ KB+`Q#B�H �M�HvbBbX h?2b2 b�KTH2/ b2/BK2Mib r2`2 /B`2+iHv b?Q+F@7`Qx2M BM3j

HB[mB/ MBi`Q;2M +�``B2`b �M/ biQ`2/ �i Ɛ3yê* T`BQ` .L� 2ti`�+iBQMX39

6B;m`2 9XR Ĝ a�KTHBM; �`2� �M/ bBi2 HQ+�iBQM �HQM; i?2 �/Qm` 1bim�`vX aBi2b
r2`2 B/2MiB}2/ #v MmK#2`b �M/ +QHQ`bX a?�T2b BM/B+�i2/ bBi2 TQbBiBQM �HQM; i?2 2bim�`v- U஼V
mTbi`2�K- UொV KB//H2 �M/ UூV /QrMbi`2�KX
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

9XkXkXk :2Q+?2KB+�H +?�`�+i2`BbiB+b38

a2/BK2Mib r2`2 7`22x2@/`v2/ BM � 7`22x2@/`v2` Uo�*Qk @ wB`#mb- :2`K�MvVX .`v b2/BK2Mi r2`23e
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

h?2 �M�HvbBb Q7 bBKBH�`Biv U�LPaAJV b?Qr2/ i?�i i?2 KB+`Q#B�H +QKKmMBiB2b BM i?2 �/Qm`k3R

b2/BK2Mi r2`2 ;`QmT2/ �++Q`/BM; iQ b2�bQM U_4yXd3- T@p�Hm24yXyyRV- 7m`i?2` +QM}`K2/ #vk3k

i?2 ?B2`�`+?B+�H +Hmbi2`BM; U6B;X 9X9�V `2p2�HBM; i?�i i?2 KB+`Q#B�H +QKKmMBiB2b BM rBMi2`k3j

r2`2 b2T�`�i2/ 7`QK i?Qb2 Q7 i?2 Qi?2` b2�bQMb U�LPaAJ- _4R- T@p�Hm24yXyyRVX h?2b2k39

`2bmHib bm;;2bi2/ i?�i i?2 KB+`Q#B�H +QKKmMBiB2b r2`2 BM~m2M+2/ #v b2�bQM�H T�`�K2i2`bk38

bm+? �b i2KT2`�im`2 �M/ �/Qm` _Bp2` /Bb+?�`;2 Uh�#H2 aRVX L2p2`i?2H2bb- /Bz2`2M+2b #2ir22Mk3e

KB+`Q#B�H +QKKmMBiB2b r2`2 �HbQ Q#b2`p2/ �HQM; i?2 �/Qm` 1bim�`v U�LPaAJ- _4yXR8-k3d

T@p�Hm24yXyk3V- i?2 LJ.a �M�HvbBb b?QrBM; i?`22 +H2�` +Hmbi2`b U6B;X 9X9"V , KB+`Q#B�Hk33

+QKKmMBiB2b Q7 mTbi`2�K bBi2b UR �M/ jV #2BM; b2T�`�i2/ 7`QK i?Qb2 Q7 i?2 KB//H2 bBi2b Uk-k3N

j- 9- 8- e �M/ RyV �M/ /QrMbi`2�K bBi2b Ud- 3 �M/ NVX am+? Q#b2`p�iBQM r�b BM �++Q`/�M+2kNy

rBi? i?2 H2p2H Q7 +QMi�KBM�Mi +QM+2Mi`�iBQMb Q#b2`p2/ �HQM; i?2 �/Qm` 1bim�`v b?QrBM; �kNR

;`�/B2Mi Q7 BM+`2�bBM; TQHHmi�Mi +QM+2Mi`�iBQM 7`QK mTbi`2�K iQ /QrMbi`2�K U6B;X 9Xk c h�#H2kNk

aj c h�#H2 a8V- #mi i?2 +H2�` b2T�`�iBQM Q7 i?2 KQbi mTbi`2�K bBi2b R �M/ j 7`QK i?2 Qi?2`kNj

bBi2b +QM}`K2/ i?�i i?2v �`2 mM/2` 7`2b?r�i2` BM~m2M+2X Ai Bb HBF2Hv i?�i /2bTBi2 i?2 KB+`Q#B�HkN9

+QKKmMBiB2b bmz2` b2�bQM�H p�`B�iBQMb i?2v �`2 �/�Ti2/ iQ i?2 T?vbB+�H@+?2KB+�H T�`�K2i2`bkN8

�M/ TQHHmi�Mi +QM+2Mi`�iBQMb T`2p�BHBM; �i 2�+? bBi2- �b Q#b2`p2/ BM Qi?2` 2bim�`B2b U:mQgkNe

2i �HX- kyRN c a?2g2i �HX- kyRe c q�M;g2i �HX- kyRjVX h?2 +?�`�+i2`BbiB+ KB+`Q#B�H +QKKmMBiB2bkNd

r2`2 /2i2`KBM2/ BM 2�+? bBi2 �HQM; i?2 �/Qm` 1bim�`vXkN3

9XkXjX9 AM~m2M+2 Q7 KB+`QTQHHmi�Mib QM #�+i2`B�H �bb2K#H�;2bkNN

*Q``2H�iBQM �M/ S1_J�LPo� �M�Hvb2b `2p2�H2/ i?�i i?2 KB+`Q#B�H +QKKmMBiB2b r2`2 bB;MB@jyy

}+�MiHv UT@p�Hm2IyXy8V BM~m2M+2/ #v Rk K�BM 2MpB`QMK2Mi�H T�`�K2i2`b- BM+Hm/BM; e K2i�HbjyR

U�b- *m- JM- aM- hB �M/ wMV- 9 T?�`K�+2miB+b U�i2MQHQH- ?v/`Q+?HQ`Qi?B�xB/2- QtQHBMB+ �+B/jyk

�M/ i`BK2i?QT`BKV- +?HQ`QT?vHH � �M/ ᅮRj*- � T�`�K2i2` HBMF2/ iQ Q`;�MB+ K�ii2` i`�Mb7Q`K�@jyj

R3k



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

iBQM T`Q+2bb2b Uh�#H2 9XRVX �//BiBQM�H +QHHBM2�` T�`�K2i2`b o- *Q �M/ HQb�`i�M `2bT2+iBp2Hvjy9

�bbQ+B�i2/ iQ �b- JM �M/ wM r2`2 �HbQ `2p2�H2/ Uh�#H2 9XRVX AMi2`2biBM;Hv- i?2 +Q``2H�iBQM Q7jy8

wM- T`Qtv mb2/ �b m`#�M r�i2` K�`F2` US`BM;�mHig2i �HX- kyRkV- rBi? HQb�`i�M- �MiB?vT2`@jye

i2MbBp2 /`m;- 7m`i?2` bmTTQ`i2/ i?2 m`#�M +QMi�KBM�iBQMXjyd

h�#H2�m 9XR Ĝ *QMi`B#miBQM Q7 2MpB`QMK2Mi�H p�`B�#H2b QM i?2 Q`;�MBb�iBQM Q7
KB+`Q#B�H +QKKmMBiB2b #v S1_J�LPo� #�b2/ QM "`�v@*m`iBb BM/2tX JQMi2
*�`HQǶb H2p2H Q7 bB;MB}+�M+2 UTV #2HQr yXy8 �`2 BM/B+�i2/ BM #QH/X PMHv i?2 KQbi bB;MB}+�Mi
+QHHBM2�` p�`B�#H2b U+Q2{+B2MiT2�` ଯ %yX38%V `2p2�H2/ #v S1_J�LPo� �`2 BM/B+�i2/X

1MpB`QMK2Mi�H p�`B�#H2 Sb2m/Q@6
`�iBQ U6V

_k T *Q``2H�iBQM
#2ir22M p�`B�#H2b
U+Q2{+B2MiT2�`V

�b 9X38 yXyeR yXyye o�M�/BmK UyX3dV
*m 9X3N yXyeR yXyyR
*` RXNN yXyk8 yXyNk
JM jXe3 yXy9e yXyRk *Q#�Hi UyXNyV
a2 RX8j yXyRN yXR8k
aM eXRj yXydd yXyyR
hB dX8j yXyN9 yXyyR
wM 8Xek yXydy yXyyR GQb�`i�M UyX38V

�+2i�KBMQT?2M kXkk yXyk3 yXy8N
�i2MQHQH 9X8k yXy8d yXyyR

>v/`Q+?HQ`Qi?B�xB/2 kXN8 yXyjd yXyk9
GQ`�x2T�K RXdd yXykk yXRkd

LB~mKB+ �+B/ kXky yXyk3 yXyej
LQ`~Qt�+BM2 RX39 yXykj yXRR9
PtQHBMB+ �+B/ kXe3 yXyj9 yXy9R

amH7�K2i?Qt�xQH2 RXey yXyky yXR9d
h`BK2i?QT`BK jXye yXyj3 yXykj
*?HQ`QT?vHH � kX9R yXyjy yXy9e

*Q`;fLQ`; RX3y yXykj yXRjRᅮRj* 9X3y yXyey yXyyd
a2�bQM kXjk yXy83 yXyjd

 , JQMi2 *�`HQ �TT`QtBK�i2/ H2p2H Q7 bB;MB}+�M+2

h?2 HBMF Q7 wM rBi? T?�`K�+2miB+b r�b �HbQ bmTTQ`i2/ #v i?2 +Q``2bTQM/2M+2 +�MQMB+�Hjy3

�M�HvbBb U**�V b?QrBM; i?�i wM- �i2MQHQH U#2i� #HQ+F2`V �M/ ?v/`Q+?HQ`Qi?B�xB/2 U�MiB?v@jyN

T2`i2MbBp2V r2`2 �bbQ+B�i2/ rBi? KB//H2 �M/ /QrMbi`2�K bBi2b U6B;X 9X8V- T�`iB+mH�`Hv rBi?jRy

i?2 bBi2 e HQ+�i2/ +HQb2 iQ � r�bi2r�i2` i`2�iK2Mi TH�Mi /Bb+?�`;2X h?2 +Q@T`2b2M+2 Q7 HQb�`i�MjRR

T`Q#�#Hv KQ/B}2b i?2 2z2+i Q7 wM QM KB+`Q#B�H +QKKmMBiB2b i?�i ?�b #22M b?QrM iQ �z2+ijRk
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

KB+`Q#B�H �+iBpBiB2b US`BM;�mHi 2i �HX- kyy3- kyRy- kyRkVX AMi2`2biBM;Hv- i?2 **� `2p2�H2/jRj

i?�i i?2 �#mM/�M+2 Q7 N #�+i2`B�H ;2M2`� +Q``2H�i2/ rBi? �i2MQHQH �M/ ?v/`Q+?HQ`Qi?B�xB/2jR9

+QM+2Mi`�iBQMb U6B;X 9X8VX JQbi Q7 i?2 ;2M2`� �`2 mbm�HHv 7QmM/ BM �M�2`Q#B+ /B;2bi2`b bm+? �bjR8

�+2iQ#�+i2`QB/2b- �+B/�KBMQ#�+i2`- aBKTHB+BbTB`�- G2m+Q#�+i2`- qBHHB�Kr?BiK�MB�- �M/ *Q@jRe

K�KQM�b UJ2Bg2i �HX- kyky c a+?mK�MMg� SmF�HHg- kyRd c amg2i �HX- kyR9 c ax�#Ơg2i �HX-jRd

kyRd c q2Mg2i �HX- kyRdVXjR3

�//BiBQM�HHv- i?2 **� b?Qr2/ i?2 /Bbi`B#miBQM Q7 KB+`Q#B�H +QKKmMBiB2b �++Q`/BM; iQ b2�bQMjRN

�HQM; i?2 �tBb R U2tTH�BMBM; kRW Q7 i?2 p�`B�iBQMV r?BH2 i?2v r2`2 /Bbi`B#mi2/ �++Q`/BM; iQjky

i?2 HQ+�iBQM BM i?2 2bim�`v �HQM; i?2 �tBb k U2tTH�BMBM; R9W Q7 i?2 p�`B�iBQMVX LQi2rQ`i?v-jkR

KB+`Q#B�H +QKKmMBiB2b 7`QK i?2 mTbi`2�K bBi2b r2`2 �bbQ+B�i2/ rBi? �MiB#BQiB+b Ui`BK2i?Q@jkk

T`BK �M/ QtQHBMB+ �+B/V bm;;2biBM; 7�`KBM; Q`B;BM Q7 i?2b2 �MiB#BQiB+bX a2p2`�H #�+i2`B�H ;2@jkj

M2`� r2`2 7QmM/ �bbQ+B�i2/ iQ i`BK2i?QT`BK- BM+Hm/BM; ;2M2`� #2HQM;BM; iQ SH�MiQKv+2i2bjk9

U:2KK�i� �M/ 6BK#`BB;HQ#mbV FMQrM iQ 2t?B#Bi rB/2 �MiB#BQiB+ `2bBbi�M+2 U:Q/BM?Qg2i �HX-jk8

kyRNVX aBKBH�`Hv- i?2 **� b?Qr2/ i?2 �bbQ+B�iBQM Q7 �b �M/ aM rBi? bT2+B}+ #�+i2`B�H ;2M2`�-jke

BM+Hm/BM; �KQM; i?2K .2~mpBB+Q++mb- S`QTBQMB;2MBmK- _mKBMQ+Q++mb- J�HQMQKQM�b- J�@jkd

+2HHB#�+i2`QB/2b /2b+`B#2/ �b �M�2`Q#B+ #�+i2`B� U.2?MBM;g� a+?BMFg- RN3N c C�#�`Bg2i �HX-jk3

kyRk c a+?BMFg� S72MMB;g- RN3kV- iQ;2i?2` rBi? i?2 +v�MQ#�+i2`B� �HBi2`2HH�- *?`QQ+Q++B@jkN

/BQTbBb- *�HQi?`Bt U_B;QM�iQg2i �HX- kyReV �M/ Qi?2` �2`Q#B+ #�+i2`B� bm+? �b *`�m`Q+Q++mb-jjy

"H�biQ+Q++mb- .QF/QM2HH� UG22g- kyye c a�BiQ?g2i �HX- RNN3VXjjR
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

6B;m`2 9X8 Ĝ *Q``2H�iBQMb #2ir22M KB+`Q#B�H +QKKmMBiv bi`m+im`2b U;2Mmb H2@
p2HV rBi? i?2 2MpB`QMK2Mi�H +?2KB+�H T�`�K2i2`b #v +�MQMB+�H +Q``2bTQM/2M+2
�M�HvbBb U**�VX h?2 bBi2b- i?2 +?2KB+�Hb U�``QrbV- �M/ i?2 �aob �i i?2 ;2Mmb H2p2H U;`2v
TQBMibV �`2 THQii2/X h?2 #�+i2`B�H ;2M2`� /Bb+mbb2/ BM i?2 i2ti �`2 b?QrM BM `2/X
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

6B;m`2 9Xe Ĝ �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2irQ`F �M�HvbBbX U�V :HQ#�H
M2irQ`F `2T`2b2Mi�iBQM r?2`2 2�+? MQ/2 +Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2
MQ/2 #2ir22MM2bbX L2irQ`Fb �`2 +QHQ`2/ �++Q`/BM; iQ T?vHmK U�RV r?2`2 L� /2bB;M�i2/ MQi �b@
bB;M2/ b2[m2M+2b �M/ Pi?2`- �ao MQi �bbB;M2/ b2[m2M+2b �M/ T?vHmKb rBi? �#mM/�M+2 #2HQr RW
Q` U�kV KQ/mH2b- r?2`2 KQ/mH2b bB;MB}+�MiHv TQbBiBp2Hv +Q``2H�i2/ rBi? 2MpB`QMK2Mi�H T�`�K2i2`b
b2H2+i2/ �`2 B/2MiB}2/ BM +QHQ`b �M/ Pi?2`b /2bB;M2/ MQ/2b r?QK /Q2b MQi #2HQM; iQ i?2b2 KQ/mH2bX
U"V >2�iK�T Q7 +Q``2H�iBQM #2ir22M KQ/mH2b �M/ 2MpB`QMK2Mi�H p�`B�#H2b BM/B+�iBM; aT2�`K�M
+Q``2H�iBQM p�Hm2b UT@p�Hm2VX PMHv +Q``2H�iBQM rBi? T@p�Hm2 ?B;?2` Q` 2[m�H iQ yXy8 r2`2 `2T`2b2M@
i2/X U*V �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b KQ/mH2b `2T`2b2Mi�iBQMX oBbm�HBx�iBQM Q7 b2H2+i2/
KQ/mH2b +Q``2H�i2/ iQ i`BK2i?QT`BK �M/ QtQHBMB+ �+B/ U*RV- iQ JM U*kV �M/ iQ �b U*jV BHHmbi`�iBM;
�aob rBi?BM 2�+? KQ/mH2 �M/ i?2B` BMi2`�+iBQMbX 1�+? MQ/2 +Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb
T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX JQ/mH2b �`2 B/2MiB}2/ #v +QHQ`b �++Q`/BM; iQ i?2 H2;2M/ BM
U�kVX 6Q` � #2ii2` `2bQHmiBQM p2`bBQM Q7 i?2 6B;X- b22 6B;X ak 7Q` U�RV �M/ U�kV �M/ 6B;X aj 7Q` U*RV-
U*kV �M/ U*jVX R3e



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

am+? Q#b2`p�iBQMb bm;;2bi2/ i?�i BMi2`�+iBQMb #2ir22M p�`BQmb KB+`Q#B�H 7mM+iBQM�H ;`QmTbjjk

�`2 TBpQi�H 7Q` 2Mbm`BM; 2+Qbvbi2K 7mM+iBQMBM;- �b b?QrM 7Q` ~m+im�iBM; TQHHmi2/ 2MpB`QM@jjj

K2Mib U.m`�Mg2i �HX- kyR8 c J+:2MBivg2i �HX- kyRkVX AM Q`/2` iQ /22T2` /2b+`B#2 i?2 KB+`Q@jj9

#B�H `2H�iBQMb?BTb �M/ i?2B` BMi2`�+iBQMb rBi? +QMi�KBM�Mib UK2i�Hb �M/ T?�`K�+2miB+�HbV- �jj8

+Q@Q++m``2M+2 M2irQ`F r�b +QMbi`m+i2/ #�b2/ QM bi`QM; �M/ bB;MB}+�Mi aT2�`K�M +Q``2H�@jje

iBQMbX h?2 KB+`Q#B�H M2irQ`F +QMi�BM2/ j9d MQ/2b �M/ 9y9 2/;2b- rBi? iQTQHQ;B+�H 72�im`2bjjd

Q7 +QKTH2t bvbi2Kb bm+? �b b+�H2@7`22- bK�HH@rQ`H/- �M/ KQ/mH�`Biv UJV Uh�#H2 a3V BM/B+�@jj3

iBM; MQM@`�M/QK M2irQ`F �b T`2pBQmbHv T`QTQb2/ Uq�Mg2i �HX- kykyVX h?2 KB+`Q#B�H M2irQ`FjjN

TQbb2bb2/ ?B;? +QMM2+iBpBiv �M/ KQ/mH�`Biv Uh�#H2 a3V bm;;2biBM; bi�#BHBiv �M/ `2bBHB2M+2 Q7j9y

i?2 bvbi2K �b `2TQ`i2/ 7Q` KB+`Q#B�H M2irQ`Fb BM T�//v bQBH Uq�Mg2i �HX- kykyV �M/ K�`BM2j9R

+Q�bi�H b2/BK2Mi UC2�M#BHH2g2i �HX- kyReVX 6QHHQrBM; i?2 Rea +QKTQbBiBQM- i?2 KB+`Q#B�Hj9k

M2irQ`F r�b /QKBM�i2/ #v S`Qi2Q#�+i2`B� U9yWV �M/ "�+i2`QB/2i2b Uk8WV- .2bmH7Q#�+i2@j9j

`Qi� UdWV- �+B/Q#�+i2`BQi� UeWV- SH�M+iQKv+2iQi� U9WV- �M/ o2``m+QKB+`Q#BQi� U9WV U6B;Xj99

9Xe�RVXj98

JQ/mH�`Biv �M�HvbBb B/2MiB}2/ � iQi�H Q7 Rd KQ/mH2b bi`m+im`BM; i?2 M2irQ`F- 2�+? +QKTQb2/j9e

#v � MmK#2` Q7 MQ/2b `�M;BM; 7`QK N iQ kNX LQi2rQ`i?v- i?2 KQ/mH2b r2`2 K�BMHv +QKTQb2/j9d

#v �aob Q++m`BM; BM bmKK2` �M/fQ` bT`BM;- T`Q#�#Hv #2+�mb2 i?2 �ao �bbQ+B�i2/ iQ rBMi2`j93

/B/ MQi b?Qr i?2 KBMBK�H Q++m``2M+2 `2[mB`2/ 7Q` M2irQ`F +QMbi`m+iBQM UGBmg2i �HX- kyR8V-j9N

BM �++Q`/�M+2 rBi? i?2 b2�bQM�H p�`B�#BHBiv Q#b2`p2/ #v **� U6B;X 9X8VX h?2 KQ/mH2b +Q``2b@j8y

TQM/ iQ ;`QmTb Q7 bi`QM;Hv +QMM2+i2/ �aob rBi?BM i?2 ;`QmT #mi rBi? p2`v 72r +QMM2+iBQMbj8R

QmibB/2 i?2 ;`QmTX h?2 KQ/mH2b b?QrBM; bB;MB}+�Mi +Q``2H�iBQMb UT@p�Hm2IyXy8V rBi? i?2j8k

KQbi bB;MB}+�Mi TQHHmi�Mib US1_J�LPo�- h�#H2 9XRV r2`2 /2i2+i2/ U6B;X 9Xe"VXj8j

aQK2 KQ/mH2b b?Qr2/ M2;�iBp2 +Q``2H�iBQMb rBi? 2MpB`QMK2Mi�H T�`�K2i2`b U6B;X 9Xe"V bm;@j89

;2biBM; i?�i i?2b2 KQ/mH2b ;`QmT KB+`Q#B�H i�t� 2Bi?2` b2MbBiBp2 iQ K2i�Hb UKQ/mH2b 9- 8- �M/j88
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

RkV- Q` MQi HBMF2/ rBi? Q`;�MB+ K�ii2` [m�HBiv Q` i`�Mb7Q`K�iBQM T`Q+2bb2b UKQ/mH2b j �M/j8e

RjVX am+? b2MbBiBp2 KB+`Q#B�H i�t� KB;?i #2 mb27mH iQ `2TQ`i 2+Qbvbi2K [m�HBiv- �b 7Q` 2t�KTH2j8d

BM i?2 JB+`Q;�K#B BMi2;`�iBp2 KB+`Q#B�H +QKKmMBiv BM/2t +QK#BMBM; b2MbBiBp2 �M/ iQH2`�Mij83

i�t� U�vH�;�bg2i �HX- kyRdVX >Qr2p2`- 7m`i?2` BMp2biB;�iBQMb �`2 `2[mB`2/ iQ mM/2`bi�M/ i?2j8N

`QH2 Q7 bm+? b2MbBiBp2 KB+`Q#B�H i�t� BM i?2 2+Qbvbi2K 7mM+iBQMBM;X h?2 Qi?2` KQ/mH2b b?Qr2/jey

TQbBiBp2 +Q``2H�iBQMb rBi? 2Bi?2` �MiB#BQiB+b UKQ/mH2b R- e- N- �M/ R8V Q` K2i�Hb UKQ/mH2b 3-jeR

Ry- RR- �M/ ReV U6B;X 9Xe"VX Ai r�b bm`T`BbBM; i?�i MQM2 Q7 i?2 KQ/mH2b +Q``2H�i2 rBi? #Qi?jek

�MiB#BQiB+b �M/ K2i�Hb bBM+2 b2p2`�H bim/B2b ?�p2 b?QrM KmHiBTH2 `2bBbi�M+2b iQ i?2 +QK#B@jej

M�iBQM Q7 i?2b2 +QKTQmM/b U"�F2`@�mbiBMg2i �HX- kyye c amMg2i �HX- kykRVX _2;�`/BM; i?2je9

KQ/mH2b TQbBiBp2Hv +Q``2H�i2/ iQ �MiB#BQiB+b- i?`22 r2`2 +Q``2H�i2/ iQ #Qi? QtQHBMB+ �+B/ �M/je8

i`BK2i?QT`BK UKQ/mH2b R- e- �M/ R8V- r?BH2 i?2 KQ/mH2 N r�b +Q``2H�i2/ QMHv iQ i`BK2i?QT`BKjee

U6B;X 9Xe"VX "Qi? �MiB#BQiB+b- mb2/ BM ?mK�M �M/ �MBK�H i?2`�TB2b- ?�p2 #22M /2i2+i2/ iQ;2@jed

i?2` BM 2|m2Mib Q7 r�bi2r�i2` i`2�iK2Mi TH�Mib U_Q/`B;m2x@JQx�xg2i �HX- kykyVX _2bBbi�Mije3

#�+i2`B� iQ i?2b2 �MiB#BQiB+b �M/ i?2B` `2bBbi�M+2 ;2M2b ?�p2 #22M /2b+`B#2/ U*QM+?�g2i �HX-jeN

kykR c SQmr2Hbg2i �HX- kyR3V- BM+Hm/BM; #�+i2`B�H BbQH�i2b b?QrBM; +Q@`2bBbi�M+2 iQ i`BK2i?Q@jdy

T`BK �M/ QtQHBMB+ �+B/ Ua?�?g2i �HX- kyR9 c av`Qp�g2i �HX- kyR3VX "Qi? `2bBbi�M+2 ;2M2b ?�p2jdR

#22M 7QmM/ BM BMi2;`QMb 7�pQm`BM; i?2B` bT`2�/BM; BM i?2 2MpB`QMK2Mi U"H�?M�g2i �HX- kyye cjdk

h`�Mg� C�+Q#vg- kyykV- r?B+? KB;?i 2tTH�BM i?2 T`2b2M+2 Q7 `2bBbi�Mi #�+i2`B� iQ i?2b2jdj

�MiB#BQiB+b BM i?2 �/Qm` 1bim�`vX h?2 KQ/mH2b +Q``2H�i2/ rBi? #Qi? i`BK2i?`QT`BK �M/ QtQ@jd9

HBMB+ �+B/ UKQ/mH2b R- e �M/ R8V r2`2 bi`m+im`2/ �`QmM/ �aob �{HB�i2/ iQ >v/`Q;2MQT?�;�-jd8

A;M�pB#�+i2`BmK- G2TiQbTB`� ;2M2`�- �M/ *QK�KQM�/�+2�2 7�KBHv- r?B+? `2T`2b2Mi F2vbiQM2jde

�aob #v 2t?B#BiBM; ?B;?2bi +QMM2+iBpBiv rBi?BM i?2 M2irQ`F U6B;X 9Xe*VX "`B2~v- *QK�KQ@jdd

M�/�+2�2 Bb � H�`;2 �M/ /Bp2`b2 7�KBHv- iQ r?B+? >v/`Q;2MQT?�;� ;2Mmb #2HQM;bX h?Bb 7�KBHvjd3

?�`#Q` � H�`;2 /Bp2`bBiv Q7 K2i�#QHBbK- bm+? �b- �M�2`Q#B+ /2MBi`B}2`b- B`QM@`2/m+BM; �M/ T?Q@jdN
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

iQ�miQi`QT?B+ #�+i2`B� UqBHH2Kbg- kyR9VX JQ`2Qp2`- >v/`Q;2MQT?�;� �HbQ b?QrM KmHiBTH2bj3y

K2i�#QHBbK rBi?BM i?2 ;2Mmb- rBi? ?v/`Q;2M@QtB/BxBM; #�+i2`B� mbBM; i?2 QtB/�iBQM Q7 >kj3R

�b �M 2M2`;v bQm`+2 �M/ *Pk �b � +�`#QM bQm`+2 UqBHH2Kbg2i �HX- RN3NVX A;M�pB#�+i2`BmKj3k

�H#mK- i?2 mMB[m2 K2K#2` Q7 A;M�pB#�+i2`BmK ;2Mmb �M/ �HbQ i?2 A;M�pB#�+i2`B�+2�2 7�KBHv-j3j

r2`2 BbQH�i2/ 7`QK KB+`Q#B�H K�ib /2p2HQT2/ BM ?Qi bT`BM; r�i2` bi`2�Kb BM C�T�M UABMQg2ij39

�HX- kyRyVX aQK2 bT2+B2b Q7 G2TiQbTB`� bTX �`2 T�i?Q;2M #�+i2`B�- `2bTQMbB#H2 Q7 H2TiQbTB`QbBb-j38

� /Bb2�b2 i�`;2iBM; ?mK�Mb �M/ �MBK�Hb U*Qbi�g2i �HX- kyR8VX �HH i?2b2 ;2M2`� ?�p2 #22Mj3e

`2TQ`i2/ iQ b?Qr `2bBbi�M+2 iQ i`BK2i?QT`BK �M/fQ` QtQHBMB+ �+B/- �b r2HH �b iQ Qi?2` �MiB@j3d

#BQiB+ UABMQg2i �HX- kyRy c PbBƐbF�g2i �HX- kyRe c aQ`;2Mg2i �HX- kykR c qmi?B2F�MmMg2i �HX-j33

kyR8VX AM �//BiBQM- i?2 KQ/mH2b BM+Hm/2/ b2p2`�H H2bb +QMM2+i2/ �aob- r?B+? `2H�i2/ ;2M2`�j3N

r2`2 `2TQ`i2/ �b i`BK2i?QT`BK `2bBbi�Mi- bm+? �b , :2Q#�+i2` UKQ/mH2b R �M/ eV UE�b?27BgjNy

2i �HX- kyyjV- AM?2HH� UKQ/mH2 eV U*?2Mg2i �HX- kyRkV- aT?BM;QKQM�b UKQ/mH2 RV UJmbi�7�gjNR

2i �HX- kyR3 c o�x@JQ`2B`�g2i �HX- kyRRV- _Qb2QKQM�b UKQ/mH2 RV U.ög2i �HX- kyy9V- :2K@jNk

K�i� UKQ/mH2 RV U*�v`Qmg2i �HX- kyRyV- �M/ Sb2m/QKQM�b UKQ/mH2 R8V UJ2M;g2i �HX- kyky cjNj

PbBƐbF�g2i �HX- kyReV i?�i Bb �HbQ FMQrM �b QtQHBMB+ �+B/ `2bBbi�Mi U*QM+?�g2i �HX- kykRVX AijN9

Bb �HbQ rQ`i? iQ MQi2 i?�i Qi?2` ;2M2`�- BM+Hm/BM; Gmi2QHB#�+i2` UKQ/mH2 RV US�b+m�Hg2i �HX-jN8

kyRdV- LQpQbT?BM;Q#BmK UKQ/mH2b R �M/ eV Uo�x@JQ`2B`�g2i �HX- kyRRV- LBi`QbTB`� UKQ@jNe

/mH2 RV UJ2?`�MBg2i �HX- kykyV- �M/ amH7m`Bi�H2� UKQ/mH2b R �M/ R8V ULǞHp�Fg2i �HX- kyR3VjNd

?�p2 #22M /2b+`B#2/ �b �MiB#BQiB+ `2bBbi�MibX _2;�`/BM; i?2 KQ/mH2b TQbBiBp2Hv +Q``2H�i2/ iQjN3

K2i�HUHQB/Vb U6B;X 9Xe"V- QM2 r�b +Q``2H�i2/ iQ JM UKQ/mH2 RyV �M/ i?`22 iQ �b UKQ/mH2b 3-jNN

RR- �M/ ReVX h?2 KQ/mH2 Ry bB;MB}+�MiHv +Q``2H�i2/ iQ JM- BM+Hm/2/ F2vbiQM2 �aob �{HB�i2/9yy

iQ G2rBM2HH�- mM+mHim`2/ A?2"j@d #�+i2`B�- �M/ irQ �aob +Q``2bTQM/BM; iQ i?2 7�KBHB2b Q79yR

*QK�KQM�/�+2�2 �M/ _?Q/Q#�+i2`�+2�2 U6B;X 9Xe*kVX G2rBM2HH� �M/ i?2 mM+mHim`2/ A?2"j@d9yk

#�+i2`B� �`2 K�`BM2 #�+i2`B�- ivTB+�HHv 7QmM/ BM b2/BK2Mi �M/ /22T@b2� bvbi2Kb `2bT2+iBp2Hv9yj
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

UL�F�;�r�g2i �HX- kyy8VX AMi2`2biBM;Hv- b2p2`�H K2K#2`b Q7 *QK�KQM�/�+2�2 7�KBHv �`2 `2@9y9

+Q;MBx2/ �b K�M;�M2b2@QtB/BxBM; #�+i2`B� U"`2/�g2i �HX- kyRdVX "2bB/2 i?2b2 F2vbiQM2 �aob-9y8

i?2 KQ/mH2 ;�i?2`b b2p2`�H �aob i?�i ?�p2 #22M /2b+`B#2/ 7Q` i?2B` JM `2KQp�H +�T�+Biv9ye

bm+? �b �aob �bbQ+B�i2/ iQ i?2 6H�pQ#�+i2`B�+2�2 �M/ SB`2HHmH�+2�2 7�KBHB2b U*�`KB+?�2Hg9yd

2i �HX- kyRj c JQH�`Bg2i �HX- kykyV- LBi`QTB`� �M/ Pb+BHH�iQ`B� ;2M2`� U:2`�bBK2MFQg2i �HX-9y3

kyRj c S�HQKQg2i �HX- kyReV �b r2HH �b K2i�HUHQB/Vb `2bBbi�Mi ;2M2`� bm+? �b �`2MBKQM�b �M/9yN

_Qb2QKQM�b UGB- 6X- 2i �HX- kykR c q�M;- 6X- 2i �HX- kykRVX LQi2rQ`i?v- �M �ao `2H�i2/9Ry

iQ i?2 +�#H2 #�+i2`B� *�M/B/�imb 1H2+i`QM2K�- /2b+`B#2/ BM 7`2b?r�i2` 2+Qbvbi2K Uh`QD�Mg9RR

2i �HX- kyReV- 7Q`K2/ � MQ/2 BM i?2 JM �bbQ+B�i2/ KQ/mH2 Ry- BM/B+�iBM; i?2 BKTQ`i�M+2 Q79Rk

2H2+i`QM i`�Mb72` BM 2MpB`QMK2Mib r?2`2 K2i�HUHQB/Vb �`2 T`2b2MiX9Rj

h?2 KQ/mH2b +Q``2H�i2/ iQ �b r2`2 Q`;�MBb2/ �`QmM/ F2vbiQM2 �aob UMQ/2b rBi? ?B;?2bi9R9

+QMM2+iBpBivV �{HB�i2/ iQ _?Q/Q#�+i2`�+2�2 �M/ >QHQT?�;�+2�2 UKQ/mH2 3V- 1F?B/M�- SB`99R8

HBM2�;2 �M/ h_�j@ky 7�KBHv UKQ/mH2 RRV �M/ LBi`QbTB`� UKQ/mH2 ReV U6B;X 9Xe*jVX h?2b29Re

;2M2`� ?�p2 #22M /2i2+i2/ BM p�`BQmb �[m�iB+ 2+Qbvbi2Kb U:QMÊ�Hp2b "2M/B�g2i �HX- kykR c9Rd

SQ?HM2`g2i �HX- kyRNV- BM+Hm/BM; K2i�HUHQB/Vb +QMi�KBM�i2/ b2/BK2Mib UAbH�Kg2i �HX- kyy8 c9R3

JQH�`Bg2i �HX- kyky c smg2i �HX- kykyVX �//BiBQM�HHv- bQK2 Q7 i?2 ;2M2`� ?�p2 #22M /2b+`B#2/9RN

�b �b `2bBbi�Mi i�t�- BM+Hm/BM; i?2 ;2M2`� Q7 i?2 _?Q/Q#�+i2`�+2�2 U*`Q;M�H2g2i �HX- kyRNV9ky

�M/ >QHQT?�;�+2�2 UAbH�Kg2i �HX- kyy8 c ai`Qm/g2i �HX- kyR9V 7�KBHB2b- �M/ K2K#2`b Q7 i?29kR

LBi`QbTB`� ;2M2`� UGȽ+F2`g2i �HX- kyRy c S�HQKQg2i �HX- kyR3VX am+? Q#b2`p�iBQMb 7m`i?2`9kk

bmTTQ`i2/ i?2B` F2v `QH2 7Q` bi`m+im`BM; bm+? �b `2bBbi�Mi KQ/mH2bX Ai r�b T�`iB+mH�`Hv BMi2`@9kj

2biBM; iQ 7QmM/ LBi`QbTB`�- � MBi`Bi2@QtB/BxBM; ;2M2`� �#H2 iQ T2`7Q`K +QKTH2i2 MBi`B}+�iBQM9k9

U+QK�KKQtV- r?B+? ?�b #22M /2KQMbi`�i2/ iQ +�``v �b `2bBbi�M+2 K2+?�MBbKb UGȽ+F2`g2i9k8

�HX- kyRy c S�HQKQg2i �HX- kyR3VX Ai Bb HBF2Hv i?�i LBi`QbTB`� TH�vb � +`m+B�H `QH2 T`QKQiBM; i?29ke

7Q`K�iBQM Q7 #�+i2`B�H �bb2K#H�;2b BM �bbQ+B�iBQM rBi? Qi?2` �aob `2H�i2/ iQ .2+?HQ`QKQM�b9kd
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

UKQ/mH2 3V �M/ �[m�#�+i2`BmK UKQ/mH2 ReV ;2M2`� b?QrBM; �b `2bBbi�M+2 Uam?�/QHMBFg9k3

2i �HX- kyRdVX �//BiBQM�HHv- Bi Bb rQ`i? iQ K2MiBQM i?2 T`2b2M+2 Q7 bmHT?�i2@`2/m+BM; #�+i2`B�9kN

Ua_"V BM i?2 KQ/mH2b +Q``2H�i2/ iQ �bX S�`iB+mH�`Hv- .2bmH7QM�i`QMQ#�+i2`- .2bmH7m`QKQ@9jy

M�/B� UKQ/mH2 ReV- �M/ .2bmH7Q#mH#mb UKQ/mH2 3V- r?B+? ?�p2 #22M b?QrM BMpQHp2/ BM �b9jR

K2i?vH�iBQM �M/ /2K2i?vH�iBQM T`Q+2bb2b U*?2Mg2i �HX- kyRNVX am+? Q#b2`p�iBQM Bb BM �+@9jk

+Q`/�M+2 rBi? b2p2`�H bim/B2b `2TQ`iBM; i?2 T`2b2M+2 Q7 a_" �M/ Qi?2` bmHT?�i2@`2/m+BM;9jj

KB+`QQ`;�MBbKb Ua_JV BM �b `B+? 2MpB`QMK2Mib U"`mM22Hg2i �HX- kyy3 c .B�bg2i �HX- kyy3 c9j9

:BHQi2�mtg2i �HX- kyRj c GBmg2i �HX- kyR3VX Ai Bb HBF2Hv i?�i a_J KB;?i TH�v � +`m+B�H `QH29j8

BM i?2 Q`;�MBb�iBQM Q7 KB+`Q#B�H M2irQ`Fb BM `2bTQMb2 iQ i?2 T`2b2M+2 Q7 �bX LQi2rQ`i?v-9je

i?2 KQ/mH2b +Q``2H�i2/ iQ �b BM+Hm/2/ b2p2`�H Qi?2` MQ/2b +Q``2bTQM/BM; iQ �aob `2H�i2/9jd

iQ ;2M2`� FMQrM 7Q` i?2B` �#BHBiv iQ `2bBbi �M/fQ` iQH2`�i2 K2i�HUHQB/Vb bm+? �b K2K#2`b Q79j3

*?BiBMQT?�;�+2�2 UKQ/mH2 ReV- AMi`�bTQ`�M;B�+2�2 UKQ/mH2 RRV 7�KBHB2b- .2pQbB� UKQ/mH2 3V-9jN

6HmpBB+QH� UKQ/mH2 ReV- >vT?QKB+`Q#BmK UKQ/mH2 3V- *HQ�+B#�+i2`BmK UKQ/mH2 3 �M/ RRV-99y

�M/ h2``BKQM�b UKQ/mH2 3V ;2M2`� UG�rbQMg- kyR8 c LQm?�g2i �HX- kyRe c ai2BMg2i �HX- kyyR c99R

h�H2bFBg2i �HX- kyky c smg2i �HX- kyky c wQM;g2i �HX- kyRNVX99k

h?2 T`2b2M+2 Q7 �aob `2H�i2/ iQ LBi`QbTB`� BM �HKQbi �HH KQ/mH2b bB;MB}+�MiHv +Q``2H�i2/ rBi?99j

TQHHmi�Mib r�b i?2 KQbi bi`BFBM; Q#b2`p�iBQM- r?B+? bm;;2bi2/ i?�i i?2 T`2b2M+2 Q7 LBi`QbTB`�999

Bb �M 2bb2MiB�H HBMF BM i?2 KB+`Q#B�H M2irQ`FbX am+? QKMBT`2b2M+2 Q7 LBi`QbTB`� Bb T`Q#�#Hv998

2tTH�BM2/ #v Bib BMpQHp2K2Mi QM i?2 MBi`Q;2M +v+H2- T�`iB+mH�`Hv pB� +QK�KKQt- +QK#BM2/99e

rBi? Bib +�T�+Biv iQ /2�H rBi? i?2 T`2b2M+2 Q7 Q`;�MB+ �M/ BMQ`;�MB+ +QMi�KBM�Mib UGȽ+F2`g99d

2i �HX- kyRy c S�HQKQg2i �HX- kyR3VX h?2 T`2b2M+2 Q7 LBi`QbTB`� ?�b #22M `2TQ`i2/ BM KB+`Q#B�H993

M2irQ`Fb BM p�`BQmb 2+Qbvbi2Kb- BM+Hm/BM; r�bi2r�i2` i`2�iK2Mi TH�Mi US2i`QpbFBg2i �HX-99N

kykyV- b�HBM2 bQBH UGB- sX- 2i �HX- kykRV- �HTBM2 ;`�bbH�M/ UZBg2i �HX- kykRV- �;`B+mHim`�H bQBH98y

U>�Mg2i �HX- kykRV- 2bim�`BM2 Km/~�i Uq�M;- sX- 2i �HX- kykRVX am+? +QbKQTQHBi�M #2?�pBQm`98R

RNR



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

bm;;2bib i?�i LBi`QbTB`� Bb � ǳ;QQ/ 7`B2M/Ǵ 7Q` KB+`QQ`;�MBbKb- r?B+? Bb �M B/2�H T�`iM2`98k

7Q` i?2 +QHQMBx�iBQM Q7 � rB/2 `�M;2 Q7 ?�#Bi�ibX am+? +�T�#BHBiv Bb T�`iB+mH�`Hv BMi2`2biBM;98j

7Q` i`2�iK2Mib Q7 +QMi�KBM�i2/ b2/BK2Mib- K�FBM; LBi`QbTB`� � TQi2MiB�H #BQ@�m;K2Mi�iBQM989

�;2MiX988

9XkX9 *QM+HmbBQM98e

Pm` bim/v b?Qrb i?2 bi`�iB}+�iBQM Q7 KB+`Q#B�H +QKKmMBiB2b �HQM; �M 2bim�`BM2 +QMiBMmmK98d

?B;?HB;?iBM; i?2 7`�;K2Mi�iBQM �++Q`/BM; iQ ?�#Bi�i }Hi2`BM; /2bTBi2 i?2 KBtBM; xQM2 i?�i `2@983

T`2b2Mib i?2 +QM/BiBQMb +QM/m+iBp2 iQ i?2 +Q�H2b+2M+2 Q7 KB+`Q#B�H +QKKmMBiB2bX AM/22/- bT2@98N

+B}+ KB+`Q#B�H +QKKmMBiB2b r2`2 Q#b2`p2/- /2T2M/BM; QM i?2 Q++m``2M+2 �M/ H2p2H Q7 +QMi�KB@9ey

M�Mib- i?�i �HHQr2/ iQ /2i2+i bT2+B}+ �M/ F2vbiQM2 i�t� `2T`2b2MiBM; ǳbT2+B�HBbibǴ T�`iB+mH�`Hv9eR

r2HH �/�Ti2/ iQ i?2 T`2b2M+2 Q7 +QMi�KBM�MibX am+? ǳbT2+B�HBbiǴ i�t�- HBF2 >v/`Q;2MQT?�;�-9ek

A;M�pB#�+i2`BmK-.2+?HQ`QKQM�b �M/ Pb+BHH�iQ`B� `2T`2b2Mi TQi2MiB�H #BQ@BM/B+�iQ`b Q` ǳb2M@9ej

iBM2HbǴ iQ #2 BM+Hm/2/ BM BMi2;`�iBp2 BM/B+2b 7Q` 2p�Hm�iBM; i?2 2+QHQ;B+�H bi�imb Q7 �[m�iB+9e9

2MpB`QMK2MibX h?2 M2irQ`F �M�HvbBb b?Qr2/ i?�i i?2 KB+`Q#B�H +QKKmMBiB2b r2`2 Q`;�MB@9e8

b2/ BM bT2+B�HBx2/ KQ/mH2b �`QmM/ i?2 ǳbT2+B�HBbiǴ F2vbiQM2 i�t�X h?2 KQ/mH2b �`2 i�BHQ`2/9ee

iQ `2bTQM/ bT2+B}+�HHv iQ i?2 T`2b2M+2 Q7 � +QMi�KBM�Mi ivT2- T`QpB/BM; mb27mH BM7Q`K�iBQM9ed

iQ mM/2`bi�M/ ?Qr i?2 2MpB`QMK2Mi�H T�`�K2i2`b b?�T2 i?2 Q`;�MBb�iBQM Q7 KB+`Q#B�H �b@9e3

b2K#H�;2bX h?2 `2bmHib T�p2 i?2 r�v 7Q` 7mim`2 bim/B2b- T�`iB+mH�`Hv �i i?2 7mM+iBQM�H H2p2H-9eN

7Q` /2+BT?2`BM; i?2 K2i�#QHB+ M2irQ`Fb BMpQHp2/ BM i?2 2+Qbvbi2K 7mM+iBQMBM; BM 2bim�`BM29dy

2+Qbvbi2KbX9dR
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

�+FMQrH2/;2K2Mib9dk

h?Bb rQ`F r�b }M�M+B�HHv bmTTQ`i2/ #v 1_.6 U1m`QT2�M _2;BQM�H .2p2HQTK2Mi 6mM/V �M/9dj

�1�: U�;2M+2 /2 HǶ1�m �/Qm`@:�`QMM2V ;`�Mib BM i?2 7`�K2rQ`F Q7 i?2 JA*_PSPGAh9d9

T`QD2+iX h?2 �mi?Q`b /2+H�`2 i?�i i?2v ?�p2 MQ FMQrM +QKT2iBM; }M�M+B�H BMi2`2bib Q` T2`@9d8

bQM�H `2H�iBQMb?BTb i?�i +QmH/ ?�p2 �TT2�`2/ iQ BM~m2M+2 i?2 rQ`F `2TQ`i2/ BM i?Bb T�T2`X9de

�mi?Q`b �`2 ;`�i27mH iQ 1KK�Mm2H h2bbB2`- �m`Q`2 :m2mt- 1KM� w?2;�H- �M/`2� _QK2`Q9dd

_�K�b- �Hvbb� �x�`Qz- a�M/`2 6�m`2- �M/ �m`Q`2 Jû`û r?Q ?2HT2/ BM b2/BK2Mi b�KTH2b9d3

+QHH2+iBQM �M/ �M�HvbBbX9dN

.�i� �p�BH�#BHBiv ai�i2K2Mi93y

h?2 b2[m2M+BM; /�i�b2ib ;2M2`�i2/ 7Q` i?Bb bim/v �`2 �p�BH�#H2 �i L*"A a2[m2M+2 _2�/93R

�`+?Bp2 Ua_�V /�i�#�b2 mM/2` �++2bbBQM MmK#2` al"N8dk3RdX93k

RNj



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

9XkX8 _272`2M+2b93j

�#`2m- *X- Cm`;2Mb- :X- .2 J�`+Q- SX- a��MQ- �X � "Q`/�HQ- �X �X UkyyRVX *`2M�`+?�2Qi� �M/939

2m`v�`+?�2Qi� BM i2KT2`�i2 2bim�`BM2 b2/BK2MibX CQm`M�H Q7 �TTHB2/ JB+`Q#BQHQ;v- NyU8V- dRj@dR3X938

�KBMQi- �X � Eö`Qm2H- _X Ukyy9VX >v/`QHQ;B2 /2b û+QbvbiĕK2b K�`BMbX S�`�Kĕi`2b 2i �M�Hvb2bX UA7`2K2`-93e

ú/XVX93d

�KBMQi- uX- G2 J2M�+?- EX- S�`/QM- SX- 1i+?2#2`- >X � "m/xBMbFB- >X UkyReVX AMTmib �M/ b2�bQM�H933

`2KQp�H Q7 T?�`K�+2miB+�Hb BM i?2 2bim�`BM2 :�`QMM2 _Bp2`X J�`BM2 *?2KBbi`v- R38- j@RRX93N

�vH�;�b- 1X- "Q`D�- zX- h�M;?2`HBMB- JX- .2HHǰ�MMQ- �X- *Q`BM�H/2bB- *X- JB+?2HH- *X hX-9Ny

A`B;QB2M- sX- .�MQp�`Q- _X � _Q/`Ō;m2x@1xT2H2i�- LX UkyRdVX � #�+i2`B�H +QKKmMBiv@#�b2/ BM/2t iQ9NR

�bb2bb i?2 2+QHQ;B+�H bi�imb Q7 2bim�`BM2 �M/ +Q�bi�H 2MpB`QMK2MibX J�`BM2 SQHHmiBQM "mHH2iBM- RR9- edN@e33X9Nk

"�F2`@�mbiBM- *X- q`B;?i- JX aX- ai2T�M�mbF�b- _X- � J+�`i?m`- CX oX UkyyeVX *Q@b2H2+iBQM Q79Nj

�MiB#BQiB+ �M/ K2i�H `2bBbi�M+2X h`2M/b BM JB+`Q#BQHQ;v- R9U9V- Rde@R3kX9N9

"�bb2i- �X- 1HHBQii- JX- q2bi- _X CX � qBHbQM- CX :X UkyRjVX 1bim�`BM2 �M/ H�;QQM #BQ/Bp2`bBiv �M/9N8

i?2B` M�im`�H ;QQ/b �M/ b2`pB+2bX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2X9Ne

"�biB�M- JX- >2vK�MM- aX � C�+QKv- JX UkyyNVX :2T?B , �M QT2M bQm`+2 bQ7ir�`2 7Q` 2tTHQ`BM; �M/9Nd

K�MBTmH�iBM; M2irQ`FbX9N3

"�m2`- CX 1X- *�B- qX CX- _�vKQM/- SX �X- "B�M+?B- hX aX- >QTFBMbQM- *X aX- � _2;MB2`- SX �X9NN

:X UkyRjVX h?2 +?�M;BM; +�`#QM +v+H2 Q7 i?2 +Q�bi�H Q+2�MX L�im`2- 8y9- eRĜdyX8yy

"2M a�H2K- 6X- "2M a�B/- PX- *`�pQ@G�m`2�m- *X- J�?KQm/B- 1X- "`m- LX- JQMT2``mb- JX �8yR

.m`�M-_X UkyRNVX "�+i2`B�H +QKKmMBiv �bb2K#H�;2b BM b2/BK2Mib mM/2` ?B;? �Mi?`QTQ;2MB+ T`2bbm`2 �i8yk

A+?F2mH G�F2f"Bx2`i2 G�;QQM ?v/`QHQ;B+�H bvbi2K- hmMBbB�X 1MpB`QMK2Mi�H SQHHmiBQM- k8k- e99@e8eX8yj

"H�?M�- JX hX- w�H2rbFB- *X �X- _2m2`- CX- E�?HK2i2`- :X- 6QtK�M- "X � J�``b- *X 6X UkyyeVX8y9

h?2 `QH2 Q7 ?Q`BxQMi�H ;2M2 i`�Mb72` BM i?2 bT`2�/ Q7 i`BK2i?QT`BK@bmH7�K2i?Qt�xQH2 `2bBbi�M+2 �KQM; m`Q@8y8

T�i?Q;2MB+ 1b+?2`B+?B� +QHB BM 1m`QT2 �M/ *�M�/�X CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- 8dU9V- eee@edkX8ye

"Q`/2M�p2- aX- 6Qm`Ê�Mb- �X- "H�M+?�`/- aX- :QƜB- JX aX- *�mK2ii2- SX � .m`�M- _X Ukyy9VX8yd

ai`m+im`2 �M/ 7mM+iBQM�H �M�Hvb2b Q7 #�+i2`B�H +QKKmMBiB2b +?�M;2b BM KB+`Q#B�H K�ib 7QHHQrBM; T2i`QH2mK8y3
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

2tTQbm`2X PT?2HB�- 83UjV- RN8@kyjX8yN

"`2/�- AX GX- _�Kb�v- GX � _QbH2p- SX UkyRdVX J�M;�M2b2 QtB/�iBQM �M/ #�+i2`B�H /Bp2`bBiv QM /Bz2`2Mi8Ry

}Hi2` K2/B� +Q�iBM;b /m`BM; i?2 bi�`i@mT Q7 /`BMFBM; r�i2` #BQ}Hi2`bX CQm`M�H Q7 q�i2` amTTHv , _2b2�`+? �M/8RR

h2+?MQHQ;v @ �Zl�- eeU3V- e9R@e8yX8Rk

"`mM22H- PX- S�b+�mHi- LX- 1;�H- JX- "�M+QM@JQMiB;Mv- *X- :QƜB@l``Bx�- JX aX- 1H#�x@8Rj

SQmHB+?2i- 6X- S2`bQMMö- CX *X � .m`�M- _X Ukyy3VX �`+?�2�H /Bp2`bBiv BM � 62@�b `B+? �+B/ KBM28R9

/`�BM�;2 �i *�`MQmHĕb U6`�M+2VX 1ti`2KQT?BH2b- RkU9V- 8ej@8dRX8R8

*�HH�?�M- "X CX- J+Jm`/B2- SX CX- _Qb2M- JX CX- >�M- �X qX- CQ?MbQM- �X CX �X � >QHK2b- aX8Re

SX UkyRe�VX .�.�k , >B;?@`2bQHmiBQM b�KTH2 BM72`2M+2 7`QK AHHmKBM� �KTHB+QM /�i�X L�im`2 J2i?Q/b- RjUdV-8Rd

83R@83jX8R3

*�HH�?�M- "X CX- a�MF�`�M- EX- 6mFmv�K�- CX �X- J+Jm`/B2- SX CX � >QHK2b- aX SX UkyRe#VX8RN

"BQ+QM@ /m+iQ` qQ`F~Qr 7Q` JB+`Q#BQK2 .�i� �M�HvbBb , 7`QK `�r `2�/b iQ +QKKmMBiv �M�Hvb2b (o2`bBQM k)X8ky

6Ryyy_2b2�`+?- 8UR9NkV- R@93X8kR

*�`KB+?�2H- JX CX- *�`KB+?�2H- aX EX- a�Mi2HHB- *X JX- ai`QK- �X � "`�m2`- aX GX UkyRjVX JMUAAV@8kk

QtB/BxBM; "�+i2`B� �`2 �#mM/�Mi �M/ 1MpB`QMK2Mi�HHv _2H2p�Mi J2K#2`b Q7 62``QK�M;�M2b2 .2TQbBib BM8kj

*�p2b Q7 i?2 lTT2` h2MM2bb22 _Bp2` "�bBMX :2QKB+`Q#BQHQ;v CQm`M�H- jyUNV- ddN@3yyX8k9

*�p�H?2B`Q- CX- wmHQ�;�- PX- S`B2iQ- �X- S`2m/?QKK2- >X- �KQm`Qmt- .X � JQMT2``mb- JX8k8

UkyRdVX P++m``2M+2 �M/ 6�i2 Q7 P`;�MB+ �M/ P`;�MQK2i�HHB+ SQHHmi�Mib BM JmMB+BT�H q�bi2r�i2` h`2�i@8ke

K2Mi SH�Mib �M/ h?2B` AKT�+i QM _2+2BpBM; q�i2`b U�/Qm` 1bim�`v- 6`�M+2VX �`+?Bp2b Q7 1MpB`QMK2Mi�H8kd

*QMi�KBM�iBQM �M/ hQtB+QHQ;v- djU9V- eRN@ejyX8k3

*�v`Qm- *X- _�QmHi- .X � .`�M+Qm`i- JX UkyRyVX "`Q�/@bT2+i`mK �MiB#BQiB+ `2bBbi�M+2 Q7 SH�M+iQKv@8kN

+2i2b Q`;�MBbKb /2i2`KBM2/ #v 1i2biX CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- e8URyV- kRRN@kRkkX8jy

*?2M- *X- GB- GX- >m�M;- EX- w?�M;- CX- sB2- qX uX- Gm- uX- .QM;- sX � w?�Q- 6X CX UkyRNVX8jR

amH7�i2@`2/m+BM; #�+i2`B� �M/ K2i?�MQ;2Mb �`2 BMpQHp2/ BM �`b2MB+ K2i?vH�iBQM �M/ /2K2i?vH�iBQM BM T�//v8jk

bQBHbX AaJ1 CQm`M�H- RjURyV- k8kj@k8j8X8jj

*?2M- qX JX- a?2m- 6X aX- uQmM;- *X *X � a?2m- aX uX UkyRkVX AM?2HH� 7QMiB+QH� bTX MQpX- BbQH�i2/8j9

7`QK bT`BM; r�i2`- �M/ 2K2M/2/ /2b+`BTiBQM Q7 i?2 ;2Mmb AM?2HH�X AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/8j8
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

1pQHmiBQM�`v JB+`Q#BQHQ;v- ekU8V- Ry93@Ry89X8je

*H�mb2i- �X- L2rK�M- JX 1X � JQQ`2- *X Ukyy9VX 6BM/BM; +QKKmMBiv bi`m+im`2 BM p2`v H�`;2 M2irQ`FbX8jd

S?vbB+�H _2pB2r 1 @ ai�iBbiB+�H S?vbB+b- SH�bK�b- 6HmB/b- �M/ _2H�i2/ AMi2`/Bb+BTHBM�`v hQTB+b- dyUe Si kV-8j3

yeeRRRX8jN

*QM+?�- *X- JB`�M/�- *X .X- _QD�b- _X- :Q/Qv- 6X �X � _QK2`Q- CX UkykRVX *?�`�+i2`Bx�iBQM Q7 �89y

MQp2H p�`B�Mi Q7 i?2 [mBMQHQM2@`2bBbi�M+2 ;2M2 [M`" U[M`"3NV +�``B2/ #v � KmHiB@/`m; `2bBbi�Mi *Bi`Q#�+i2`89R

;BHH2MBB bi`�BM BbQH�i2/ 7`QK 7�`K2/ b�HKQM BM *?BH2X �MiB#BQiB+b- RyUjV- R@RkX89k

*Qbi�- 6X- >�;�M- CX 1X- *�H+�;MQ- CX- E�M2- JX- hQ`;2`bQM- SX- J�`iBM2x@aBHp2B`�- JX aX-89j

ai2BM- *X- �#2H�@_B//2`- "X � EQ- �X AX UkyR8VX :HQ#�H JQ`#B/Biv �M/ JQ`i�HBiv Q7 G2TiQbTB`QbBb , �899

avbi2K�iB+ _2pB2rX SGPa L2;H2+i2/ h`QTB+�H .Bb2�b2b- NUNVX898

*QbiH2v- *X hX- JQbbQT- EX 6X- .2�M- CX _X- :�`/2M- GX JX- J�`b?�HH- CX � *�``QHH- CX89e

UkyyyVX .2i2`KBM�iBQM Q7 K2`+m`v BM 2MpB`QMK2Mi�H �M/ #BQHQ;B+�H b�KTH2b mbBM; Tv`QHvbBb �iQKB+ �#bQ`TiBQM89d

bT2+i`QK2i`v rBi? ;QH/ �K�H;�K�iBQMX �M�HviB+� *?BKB+� �+i�- 9y8UR@kV- RdN@R3jX893

*`�pQ@G�m`2�m- *X- >2`M�M/2x@_�[m2i- :X- oBii2- AX- Cöxö[m2H- _X- "2HH2i- oX- :Q/QM- CX CX-89N

*�mK2ii2- SX- "�H�;m2`- SX � .m`�M- _X UkyRRVX _QH2 Q7 2MpB`QMK2Mi�H ~m+im�iBQMb �M/ KB+`Q#B�H88y

/Bp2`bBiv BM /2;`�/�iBQM Q7 ?v/`Q+�`#QMb BM +QMi�KBM�i2/ bHm/;2X _2b2�`+? BM JB+`Q#BQHQ;v- RekUNV- 333@3N8X88R

*`Q;M�H2- aX- *�b2MiBMB- "X- �K�H7Bi�MQ- aX- 6�xB- aX- S2i`m++BQHB- JX � _Qbb2iiB- aX UkyRNVX88k

"BQHQ;B+�H �bUAAAV QtB/�iBQM BM #BQ}Hi2`b #v mbBM; M�iBp2 ;`QmM/r�i2` KB+`QQ`;�MBbKbX a+B2M+2 Q7 i?2 hQi�H88j

1MpB`QMK2Mi- e8R- Nj@RykX889

.ö- AX- _QHbiQM- EX oX � >�M- sX uX Ukyy9VX *HBMB+�H bB;MB}+�M+2 Q7 _Qb2QKQM�b bT2+B2b BbQH�i2/ 7`QK888

+�i?2i2` �M/ #HQQ/ b�KTH2b , �M�HvbBb Q7 je +�b2b BM T�iB2Mib rBi? +�M+2`X *HBMB+�H AM72+iBQmb .Bb2�b2b- j3URRV-88e

R8dN@R839X88d

.2?MBM;- AX � a+?BMF- "X URN3NVX J�HQMQKQM�b `m#`� ;2MX MQpX bTX MQpX- � KB+`Q�2`QiQH2`�Mi �M�2`Q#B+883

#�+i2`BmK ;`QrBM; #v /2+�`#QtvH�iBQM Q7 K�HQM�i2X �`+?Bp2b Q7 JB+`Q#BQHQ;v- R8RU8V- 9kd@9jjX88N

.2M;- uX- CB�M;- uX >X- u�M;- uX- >2- wX- GmQ- 6X � w?Qm- CX UkyRkVX JQH2+mH�` 2+QHQ;B+�H M2irQ`F8ey

�M�Hvb2bX "J* "BQBM7Q`K�iB+b- RjURRjVX8eR
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

.B�b- JX- a�Hp�/Q- CX *X- JQMT2``mb- JX- *�mK2ii2- SX- �KQm`Qmt- .X- .m`�M- _X � :mvQ@8ek

M2�m/- _X Ukyy3VX *?�`�+i2`Bx�iBQM Q7 .2bmH7QKB+`Q#BmK b�Hbm;BMBb bTX MQpX �M/ .2bmH7QKB+`Q#BmK �2bim�`BB8ej

bTX MQpX- irQ M2r bmH7�i2@`2/m+BM; #�+i2`B� BbQH�i2/ 7`QK i?2 �/Qm` 2bim�`v U6`2M+? �iH�MiB+ +Q�biV rBi?8e9

bT2+B}+ K2`+m`v K2i?vH�iBQM TQi2MiB�HbX avbi2K�iB+ �M/ �TTHB2/ JB+`Q#BQHQ;v- jRURV- jy@jdX8e8

.m`�M- _X- "B2H2M- �X- S�`�/ʂBF- hX- :�bbB2- *X- SmbiBD�M�+- 1X- *�;MQM- *X- >�K2`- "X �8ee

omD�FHBD�- .X UkyR8VX 1tTHQ`BM; �+iBMQ#�+i2`B� �bb2K#H�;2b BM +Q�bi�H K�`BM2 b2/BK2Mib mM/2` +QMi`�bi2/8ed

>mK�M BM~m2M+2b BM i?2 q2bi Abi`B� a2�- *`Q�iB�X1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kkUkyV-8e3

R8kR8@ R8kkNX8eN

1HHBQii- JX � ZmBMiBMQ- oX UkyydVX h?2 1bim�`BM2 Zm�HBiv S�`�/Qt- 1MpB`QMK2Mi�H >QK2Qbi�bBb �M/8dy

i?2 /B{+mHiv Q7 /2i2+iBM; �Mi?`QTQ;2MB+ bi`2bb BM M�im`�HHv bi`2bb2/ �`2�bX J�`BM2 SQHHmiBQM "mHH2iBM- 89UeV-8dR

e9y@e98X8dk

6�##`B- 1X � 6`�Mx2HHBiiB- aX UkyReVX >mK�M T?�`K�+2miB+�Hb BM i?2 K�`BM2 2MpB`QMK2Mi , 6Q+mb QM8dj

2tTQbm`2 �M/ #BQHQ;B+�H 2z2+ib BM �MBK�H bT2+B2bX 1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- j8U9V- dNN@3RkX8d9

62M;- "X qX- GB- sX _X- q�M;- CX >X- >m- wX uX- J2M;- >X- sB�M;- GX uX � Zm�M- wX sX UkyyNVX8d8

"�+i2`B�H /Bp2`bBiv Q7 r�i2` �M/ b2/BK2Mi BM i?2 *?�M;DB�M; 2bim�`v �M/ +Q�bi�H �`2� Q7 i?2 1�bi *?BM� a2�X8de

61Ja JB+`Q#BQHQ;v 1+QHQ;v- dyUkV- kje@k93X8dd

62`M{M/2x@:ƠK2x- "X- _B+?i2`- JX- a+?ȽH2`- JX- SBM?�bbB- CX- �+BM�b- aX :X- :QMx{H2x- CX JX8d3

� S2/`Ơb@�HBƠ- *X UkyRjVX 1+QHQ;v Q7 K�`BM2 #�+i2`QB/2i2b , � +QKT�`�iBp2 ;2MQKB+b �TT`Q�+?X AaJ18dN

CQm`M�H- d- Ryke@RyjdX83y

6Q`imM�iQ- *X aX � *`mKT- "X *X UkyR8VX JB+`Q#B�H ;2M2 �#mM/�M+2 �M/ 2tT`2bbBQM T�ii2`Mb �+`Qbb �83R

`Bp2` iQ Q+2�M b�HBMBiv ;`�/B2MiX ASGQa PL1- RyURRV- R@kkX83k

61Ja JB+`Q#BQHQ;v 1+QHQ;v- 6m?`K�M- CX �X � ai22H2- CX �X Ukyy3VX *QKKmMBiv bi`m+im`2 Q7 K�`BM283j

#�+i2`BQTH�MFiQM , S�ii2`Mb- M2irQ`Fb- �M/ `2H�iBQMb?BTb iQ 7mM+iBQMX �[m�iB+ JB+`Q#B�H 1+QHQ;v- 8jURV- eN@3RX839

:2`�bBK2MFQ- GX JX- P`H2�MbFBB- oX EX � w�Bib2p�- GX oX UkyRjVX �++mKmH�iBQM �M/ T`2+BTBi�iBQM Q7838

JMkY #v i?2 +2HHb Q7 Pb+BHH�iQ`B� i2`2#`B7Q`KBbX JB+`Q#BQHQ;v- 3kU8V- eyN@eRdX83e

:BHQi2�mt- GX- .m`�M- _X- *�bBQi- *X- "`mM22H- PX- 1H#�x@SQmHB+?2i- 6X � :QƜB@l``Bx�- JX83d

UkyRjVX h?`22@v2�` bm`p2v Q7 bmH7�i2@`2/m+BM; #�+i2`B� +QKKmMBiv bi`m+im`2 BM *�`MQmHĕb �+B/ KBM2 /`�BM�;2833
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

U6`�M+2V- ?B;?Hv +QMi�KBM�i2/ #v �`b2MB+X 61Ja JB+`Q#BQHQ;v 1+QHQ;v- 3jUjV- dk9@djdX83N

:Q/BM?Q- PX- *�HBbiQ- _X- Ǚp`2¯b- GX- ZmBMi2B`�- aX � G�;2- PX JX UkyRNVX �MiB#BQiB+ bmb+2TiB#BHBiv8Ny

Q7 K�`BM2 SH�M+iQKv+2i2bX �MiQMB2 p�M G22mr2M?Q2F- RRkU3V- Rkdj@Rk3yX8NR

:QMÊ�Hp2b "2M/B�- �X- *2x�` 6Q`M�xB2` JQ`2B`�- CX- *Q``2� L2Bp� 62``2B`�- CX- :�K#� _Q@8Nk

K�MQ- _X- :QMÊ�Hp2b /2 *�bi`Q 62``2B`�- AX- *�biBHHQ 6`�M+Q- .X- *�`K2H� JQMiQM2- _X8Nj

� >2H2M� S2HHBx�`B- oX UkykRVX .Bp2`bBiv Q7 7`22@HBpBM; T`QF�`vQi2b QM i2``2bi`B�H �M/ K�`BM2 �Mi�`+iB+8N9

?�#Bi�ibX #BQ_tBpX8N8

:mQ- sX@TX- Gm- .X@TX- LBm- wX@bX- 62M;- CX@MX- *?2M- uX@`X- hQm- 6X@vX- GBm- JX � u�M;- uX UkyR3VX8Ne

"�+i2`B�H +QKKmMBiv bi`m+im`2 BM `2bTQMb2 iQ 2MpB`QMK2Mi�H BKT�+ib BM i?2 BMi2`iB/�H b2/BK2Mib �HQM; i?28Nd

u�M;ix2 1bim�`v- *?BM�X J�`BM2 SQHHmiBQM "mHH2iBM- Rke- R9R@R9NX8N3

:mQ- sX@TX- u�M;- uX- b?mM LBm- wX- Gm- .X SX- ?QM; w?m- *X- M�M 62M;- CX- vm�M qm- CX- `m8NN

*?2M- uX- vmM hQm- 6X- GBm- JX � >Qm- GX UkyRNVX *?�`�+i2`BbiB+b Q7 KB+`Q#B�H +QKKmMBiv BM/B+�i2eyy

�Mi?`QTQ;2MB+ BKT�+i QM i?2 b2/BK2Mib �HQM; i?2 u�M;ix2 1bim�`v �M/ Bib +Q�bi�H �`2�- *?BM�X a+B2M+2 Q7eyR

i?2 hQi�H 1MpB`QMK2Mi- e93- jye@jR9Xeyk

>�M- aX- >m�M;- ZX � *?2M- qX UkykRVX S�`iBiBQMBM; LBi`QbTB`� +QKKmMBiv bi`m+im`2 �M/ +Q@Q++m``2M+2eyj

T�ii2`Mb BM � HQM;@i2`K BMQ`;�MB+ �M/ Q`;�MB+ 72`iBHBx�iBQM bQBHX CQm`M�H Q7 aQBHb �M/ a2/BK2Mib- kRUkV- RyNN@ey9

RRy3Xey8

>2- EX- >�BM- 1X- hBKK- �X- h�`MQrbFB- JX � "H�M2v- GX UkyRNVX P++m``2M+2 Q7 �MiB#BQiB+b- 2bi`Q;2MB+eye

?Q`@ KQM2b- �M/ lo@}Hi2`b BM r�i2`- b2/BK2Mi- �M/ Qvbi2` iBbbm2 7`QK i?2 *?2b�T2�F2 "�vX a+B2M+2 Q7 i?2eyd

hQi�H 1MpB`QMK2Mi- jRyR@jRyNXey3

ABMQ- hX- JQ`B- EX- l+?BMQ- uX- L�F�;�r�- hX- >�`�v�K�- aX � amxmFB- EX AX UkyRyVX A;M�pB#�+i2`BmKeyN

�H#mK ;2MX MQpX- bTX MQpX- � KQ/2`�i2Hv i?2`KQT?BHB+ �M�2`Q#B+ #�+i2`BmK BbQH�i2/ 7`QK KB+`Q#B�H K�ib �i �eRy

i2``2bi`B�H ?Qi bT`BM; �M/ T`QTQb�H Q7 A;M�pB#�+i2`B� +H�bbBb MQpX- 7Q` � MQp2H HBM2�;2 �i i?2 T2`BT?2`v Q7 ;`22MeRR

bmH7m` #�+i2`B�X AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- eyUeV- Rjde@Rj3kXeRk

AbH�K- 6X aX- "QQi?K�M- *X- :�mHi- �X :X- SQHv�- .X �X � GHQv/- CX _X Ukyy8VX SQi2MiB�H `QH2 Q7 i?2eRj

62UAAAV `2/m+BM; #�+i2`B� :2Q#�+i2` �M/ :2Qi?`Bt BM +QMi`QHHBM; �`b2MB+ bQHm#BHBiv BM "2M;�H /2Hi� b2/BK2MibXeR9

JBM2`�HQ;B+�H J�;�xBM2- eNU8V- 3e8@3d8XeR8
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9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

C�#�`B- GX- :�MMQmM- >X- *�vQH- CX GX- >2/B- �X- a�F�KQiQ- JX- 6�Hb2M- 1X- P?FmK�- JX- >�K/B-eRe

JX- 6�m[m2- :X- PHHBpB2`- "X � 6�`/2�m- JX GX UkyRkVX J�+2HHB#�+i2`QB/2b 72`K2Mi�Mb ;2MX MQpX- bTXeRd

MQpX- � K2K#2` Q7 i?2 7�KBHv SQ`T?v`QKQM�/�+2�2 BbQH�i2/ 7`QK �M mT~Qr �M�2`Q#B+ }Hi2` i`2�iBM; �#�iiQB`eR3

r�bi2r�i2`bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- ekURyV- k8kk@k8kdXeRN

C�+[mBQ/- aX- *v`B�[m2- oX- _B#2`- GX- �H@bQm/- qX �X- :BHH�M- .X *X- q�iiB2x- _X � aǚ`2Mb2M-eky

aX CX UkyR3VX GQM;@i2`K BM/mbi`B�H K2i�H +QMi�KBM�iBQM mM2tT2+i2/Hv b?�T2/ /Bp2`bBiv �M/ �+iBpBiv `2bTQMb2ekR

Q7 b2/BK2Mi KB+`Q#BQK2X CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- j99- kNN@jydXekk

C2�M#BHH2- JX- :m`v- CX- .m`�M- _X- h`QM+xvMbFB- CX- �;Q;mö- >X- "2M a�Ŗ/- PX- :?B;HBQM2- CX@6Xekj

� �m;m2i- CX@*X UkyReVX _2bTQMb2 Q7 *Q`2 JB+`Q#B�H *QMbQ`iB� iQ *?`QMB+ >v/`Q+�`#QM *QMi�KBM�iBQMbek9

BM *Q�bi�H a2/BK2Mi >�#Bi�ibX 6`QMiB2`b BM JB+`Q#BQHQ;v- dURejdV- R@RjXek8

CQ?MbiQM- 1X GX � _Q#2`ib- .X �X UkyyNVX *QMi�KBM�Mib `2/m+2 i?2 `B+?M2bb �M/ 2p2MM2bb Q7 K�`BM2eke

+QKKmMBiB2b , � `2pB2r �M/ K2i�@�M�HvbBbX 1MpB`QMK2Mi�H SQHHmiBQM- R8dUeV- Rd98@Rd8kXekd

E�+B- �X- S2iBi- 6X- 6Qm`MB2`- JX- *ö+BHHQM- aX- "Qmbi- .X- G2bm2m`- SX � "2`i?2- hX UkyReVXek3

.Bp2`bBiv Q7 �+iBp2 KB+`Q#B�H +QKKmMBiB2b bm#D2+i2/ iQ HQM;@i2`K 2tTQbm`2 iQ +?2KB+�H +QMi�KBM�Mib �HQM;ekN

� 9y@v2�`@QH/ b2/BK2Mi +Q`2X 1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kjU8V- 9yN8@RRyXejy

E�b?27B- EX- >QHK2b- .X 1X- "�`Qbb- CX �X � GQpH2v- .X _X UkyyjVX h?2`KQT?BHv BM i?2 :2Q#�+i2@ejR

`�+2�2 , :2Qi?2`KQ#�+i2` 2?`HB+?BB ;2MX MQpX- bTX MQpX- � MQp2H i?2`KQT?BHB+ K2K#2` Q7 i?2 ;2Q#�+i2`�+2�2ejk

7`QK i?2 Ǵ"�; *BivǴ ?v/`Qi?2`K�H p2MiX �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- eNU8V- kN38@kNNjXejj

E2MMBb?- JX CX UkyykVX 1MpB`QMK2Mi�H i?`2�ib �M/ 2MpB`QMK2Mi�H 7mim`2 Q7 2bim�`B2bX 1MpB`QMK2Mi�Hej9

*QMb2`p�iBQM- kNURV- d3@RydXej8

EB`+?K�M- .X GX UkyykVX h?2 2+QHQ;v Q7 *viQT?�;�@6H�pQ#�+i2`B� BM �[m�iB+ 2MpB`QMK2MibX 61Ja JB+`Q@eje

#BQHQ;v 1+QHQ;v- jN- NR@RyyXejd

EBb�M/- oX- *m�/`Qb- _X � qBFM2`- CX UkyykVX S?vHQ;2Mv Q7 +mHim`�#H2 2bim�`BM2 #�+i2`B� +�i�#QHBxBM;ej3

`Bp2`BM2 Q`;�MB+ K�ii2` BM i?2 MQ`i?2`M "�HiB+ a2�X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- e3URV- jdN@j33XejN

Em#Q- �X- � E�M/�- CX UkyRdVX a2�bQM�H p�`B�iBQMb �M/ bQm`+2b Q7 b2/BK2Mi�`v Q`;�MB+ +�`#QM BM hQFvQe9y

"�vX J�`BM2 SQHHmiBQM "mHH2iBM- RR9UkV- ejdĜe9jXe9R

G�M+2H2m`- GX- a+?�72`- CX- "Qbbv- *X- *QvM2H- �X- G�``Qb2- �X- J�bbQM- JX- � "H�M+- :Xe9k
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*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

UkyRRVX aBHp2` ~mt2b iQ i?2 :B`QM/2 1bim�`v @ 1H2p2M v2�`b URNNN@kyyNV Q7 KQMBiQ`BM; �i i?2 r�i2`b?2/ b+�H2Xe9j

�TTHB2/ :2Q+?2KBbi`v- ke- dNdĜ3y3Xe99

G�rbQM- SX �X UkyR8VX �`b2MB+B+Q++mbX "2`;2vǶb J�Mm�H Q7 avbi2K�iB+b Q7 �`+?�2� �M/ "�+i2`B� UTX R@e98

8VX qBH2vX G22- aX .X UkyyeVX "H�biQ+Q++mb D2Dm2MbBb bTX MQpX- �M �+iBMQKv+2i2 7`QK #2�+? b2/BK2Mi- �M/e9e

2K2M/2/ /2b+`BTiBQM Q7 i?2 ;2Mmb "H�biQ+Q++mb �?`2Mb �M/ JQHH RNdyX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+e9d

�M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- 8eURyV- kjNRĜkjNeXe93

G2HQmT- CX- S2iBi- 6X- "Qmbi- .X- .2HQ77`2- CX- "�HHv- :X- *H�`Bbb2- PX- � ZmBHH2i- GX Ukyy8VXe9N

.vM�KB+b Q7 bmH7�i2@`2/m+BM; KB+`QQ`;�MBbKb U/b`�" ;2M2bV BM irQ +QMi`�biBM; Km/~�ib Q7 i?2 a2BM2 2bim�`ve8y

U6`�M+2VX JB+`Q#B�H 1+QHQ;v- 8yUjV- jydĜjR9Xe8R

GB- *X- Zm�M- ZX- :�M- uX- .QM;- CX- 6�M;- CX- q�M;- GX � GBm- CX UkykyVX 1z2+ib Q7 ?2�pv K2i�Hb QMe8k

KB+`Q#B�H +QKKmMBiB2b BM b2/BK2Mib �M/ 2bi�#HBb?K2Mi Q7 #BQBM/B+�iQ`b #�b2/ QM KB+`Q#B�H i�t� �M/ 7mM+iBQMe8j

7Q` 2MpB`QMK2Mi�H KQMBiQ`BM; �M/ K�M�;2K2MiX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- d9N- R@NXe89

GB- 6X- >m�M;- uX- >m- qX- GB- wX- q�M;- ZX- >m�M;- aX- CB�M;- 6X � S�M- sX UkykR�VX _Qb2QKQM�be88

+Q`�HHB bTX LQpX- � ?2�pv K2i�H `2bBbi�Mi #�+i2`BmK BbQH�i2/ 7`QK +Q`�HX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+e8e

�M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- dRUkV- R@dXe8d

GB- sX- q�M- qX- w?2M;- GX- q�M;- �X- GmQ- sX- >m�M;- ZX � *?2M- qX UkykR#VX *QKKmMBive83

�bb2K#Hv K2+?�MBbKb �M/ +Q@Q++m``2M+2 T�ii2`Mb Q7 MBi`Bi2@QtB/BxBM; #�+i2`B� +QKKmMBiB2b BM b�HBM2 bQBHbXe8N

a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- ddkUR989dkVXeey

GB- wX- aQ#2F- �X � _�/F2- JX UkyReVX 6�i2 Q7 S?�`K�+2miB+�Hb �M/ h?2B` h`�Mb7Q`K�iBQM S`Q/m+ibeeR

BM 6Qm` aK�HH 1m`QT2�M _Bp2`b _2+2BpBM; h`2�i2/ q�bi2r�i2`X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- 8y-eek

8eR9@8ekRXeej

GBm- CX GX � qQM;- JX >X UkyRjVX S?�`K�+2miB+�Hb �M/ T2`bQM�H +�`2 T`Q/m+ib USS*SbV , � `2pB2r QMee9

2MpB`QMK2Mi�H +QMi�KBM�iBQM BM *?BM�X1MpB`QMK2Mi AMi2`M�iBQM�H- 8N- ky3@kk9Xee8

GBm- sX- S�M- CX- GBm- uX- GB- JX � :m- CX .X UkyR3VX .Bp2`bBiv �M/ /Bbi`B#miBQM Q7 �`+?�2� BM ;HQ#�Heee

2bim�`BM2 2+Qbvbi2KbX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- ejd@ej3- j9N@j83Xeed

GBm- wX- GBM- aX � SB�Mi�/QbB- aX UkyR8VX L2irQ`F +QMbi`m+iBQM �M/ bi`m+im`2 /2i2+iBQM rBi? K2i�;2MQKB+ee3

+QmMi /�i�X "BQ.�i� JBMBM;- 3U9yV- R@R9XeeN

kyy



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

GH�/Ơ- aX- *QpBMQ- aX- aQH�M�b- �X JX- S2i`m++BQHB- JX- .ǰ�MMB#�H2- �X � oBƜ�b- JX UkyR8VXedy

Sv`Qb2[m2M+BM;`2p2�Hb i?2 2z2+i Q7 KQ#BHBxBM; �;2Mib �M/ HB;MQ+2HHmHQbB+ bm#bi`�i2 �K2M/K2Mi QM KB+`Q#B�HedR

+QKKmMBiv +QKTQbBiBQM BM � `2�H BM/mbi`B�H S�>@TQHHmi2/ bQBHX CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- k3j- j8@9jXedk

GQ`2Mx2M- *X CX URNedVX .2i2`KBM�iBQM Q7 +?HQ`QT?vHH �M/ T?2Q@TB;K2Mib , aT2+i`QT?QiQK2i`B+ 2[m�iBQMbXedj

GBKMQHQ;v �M/ P+2�MQ;`�T?v eyi? �MMBp2`b�`v aT2+B�H *QHH2+iBQM- RkUkV- j9j@j9eXed9

GQxmTQM2- *X �X � EMB;?i- _X UkyydVX :HQ#�H T�ii2`Mb BM #�+i2`B�H /Bp2`bBivX S`Q+22/BM;b Q7 i?2 L�iBQM�Hed8

�+�/2Kv Q7 a+B2M+2b- Ry9UkdV- RR9je@RR99yXede

GȽ+F2`- aX- q�;M2`- JX- J�BtM2`- 6X- S2HH2iB2`- 1X- EQ+?- >X- o�+?2`B2- "X- _�ii2B- hX- .�K@edd

biö- CX aX- aTB2+F- 1X- G2 S�bHB2`- .X � .�BKb- >X UkyRyVX � LBi`QbTB`� K2i�;2MQK2 BHHmKBM�i2bed3

i?2 T?vbBQHQ;v �M/ 2pQHmiBQM Q7 ;HQ#�HHv BKTQ`i�Mi MBi`Bi2@QtB/BxBM; #�+i2`B�X S`Q+22/BM;b Q7 i?2 L�iBQM�HedN

�+�/2Kv Q7 a+B2M+2b Q7 i?2 lMBi2/ ai�i2b Q7 �K2`B+�- RydUjyV- Rj9dN@Rj939Xe3y

J+:2MBiv- hX CX- 6QHr2HH- "X .X- J+E2r- "X �X � a�MMB- :X PX UkyRkVX J�`BM2 +`m/2@QBH #BQ/2;`�@e3R

/�iBQM , � +2Mi`�H `QH2 7Q` BMi2`bT2+B2b BMi2`�+iBQMbX �[m�iB+ "BQbvbi2Kb- 3URyV- R@RNXe3k

J2?`�MB- JX CX- aQ#QiF�- .X- EQr�H- SX- *B2bB2HbFB- aX � J�FBMB�- CX UkykyVX h?2 Q++m``2M+2 �M/e3j

`QH2 Q7 LBi`QbTB`� BM MBi`Q;2M `2KQp�H bvbi2KbX "BQ`2bQm`+2 h2+?MQHQ;v- jyj- RkkNjeXe39

J2B- _X- LQ#m- JX EX- L�`B?B`Q- hX � GBm- qX@hX UkykyVX J2i�;2MQKB+ �M/ J2i�i`�Mb+`BTiQKB+e38

�M�Hvb2b _2p2�H2/ lM+mHim`2/ "�+i2`QB/�H2b SQTmH�iBQMb �b i?2 .QKBM�Mi S`Qi2QHviB+ �KBMQ �+B/ .2;`�/2`be3e

BM �M�2`Q#B+ .B;2bi2`bX 6`QMiB2`b BM JB+`Q#BQHQ;v- RR- kdejXe3d

J2M;- GX- GBm- >X- G�M- hX- .QM;- GX- >m- >X- w?�Q- aX- w?�M;- uX- w?2M;- LX � q�M;- CX UkykyVXe33

�MiB#BQiB+ _2bBbi�M+2 S�ii2`Mb Q7 Sb2m/QKQM�b bTTX AbQH�i2/ 6`QK _�r JBHF _2p2�H2/ #v q?QH2 :2MQK2e3N

a2[m2M+BM;X 6`QMiB2`b BM JB+`Q#BQHQ;v- RRURyy8V- R@RyXeNy

JBbbQM- "X- :�`MB2`- *X- G�m;�- "X- .�M;- .X >X- :?B;HBQM2- CX 6X- JmHHQi- CX lX- .m`�M-eNR

_X � S`BM;�mHi- PX UkyReVX *?2KB+�H KmHiB@+QMi�KBM�iBQM /`Bp2b #2Mi?B+ T`QF�`vQiB+ /Bp2`bBiv BM i?2eNk

�Mi?`QTBx2/ hQmHQM "�vX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 88e- jRNĜjkNXeNj

JQH�`B- JX- C�Mbb2M- 6X- oQMM�?K2- hX _X- q2Mx?ƴ72`- 6X � "Q2iBmb- �X UkykyVX h?2 +QMi`B#miBQMeN9

Q7 KB+`Q#B�H +QKKmMBiB2b BM TQHvK2i�HHB+ MQ/mH2b iQ i?2 /Bp2`bBiv Q7 i?2 /22T@b2� KB+`Q#BQK2 Q7 i?2 S2`meN8

"�bBM U9Rjy@9RN3K /2Ti?VX "BQ;2Qb+B2M+2b- RdURkV- jkyj@jkkkXeNe

kyR



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

Jm`�HB- �X- "?�`;�p�- �X � q`B;?i- 1X aX UkyR3VX A.h�s� , � MQp2H �TT`Q�+? 7Q` �++m`�i2 i�tQMQKB+eNd

+H�bbB}+�iBQM Q7 KB+`Q#BQK2 b2[m2M+2bX JB+`Q#BQK2- eURVXeN3

Jmbi�7�- EX EX- J�mHm/- aX ZX � >�K�/- SX �X UkyR3VX .2i2+iBQM Q7 aT?BM;QKQM�b T�m+BKQ#BHBb �M/eNN

�MiB#�+i2`B�H �+iBpBiv Q7 S`QbQTBb 7�`+i� 2ti`�+ib QM BiX E�`#�H� AMi2`M�iBQM�H CQm`M�H Q7 JQ/2`M a+B2M+2-dyy

9URV- Ryy@RyeXdyR

L�F�;�r�- aX- h�F�B- EX- AM�;�FB- 6X- >B`�v�K�- >X- LmMQm`�- hX- >Q`BFQb?B- EX � a�FQ- uXdyk

Ukyy8VX .Bbi`B#miBQM- T?vHQ;2M2iB+ /Bp2`bBiv �M/ T?vbBQHQ;B+�H +?�`�+i2`BbiB+b Q7 2TbBHQM@S`Qi2Q#�+i2`B� BM �dyj

/22T@b2� ?v/`Qi?2`K�H }2H/X 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dURyV- ReRN@RejkXdy9

L2rK�M- JX 1X Ukyy9VX 6�bi �H;Q`Bi?K 7Q` /2i2+iBM; +QKKmMBiv bi`m+im`2 BM M2irQ`FbX S?vbB+�H _2pB2r 1dy8

@ ai�iBbiB+�H S?vbB+b- SH�bK�b- 6HmB/b- �M/ _2H�i2/ AMi2`/Bb+BTHBM�`v hQTB+b- eN Ue Si kV- yeeRjjXdye

LǞHp�F- >X- h`mm- JX- PQTF�mT- EX- E�M;2`- EX- E`mbiQF- AX- L2?`2M?2BK- 1X � h`mm- CX UkyR3VXdyd

_2/m+iBQM Q7 �MiB#BQiB+ `2bBbiQK2 �M/ BMi2;`QM@BMi2;`�b2 ;2M2b BM H�#Q`�iQ`v@b+�H2 T?QiQ#BQ`2�+iQ`b i`2�iBM;dy3

KmMB+BT�H r�bi2r�i2`X q�i2` _2b2�`+?- R9k- jej@jdkXdyN

LQm?�- EX- EmK�`- _X aX � hv�;B- _X .X UkyReVX >2�pv K2i�Hb `2KQp�H 7`QK r�bi2r�i2` mbBM; 2ti`�+2HHm@dRy

H�` TQHvK2`B+ bm#bi�M+2b T`Q/m+2/ #v *HQ�+B#�+i2`BmK MQ`K�M2Mb2 BM r�bi2r�i2` bHm/;2 bmTTH2K2Mi2/ rBi?dRR

+`m/2 ;Hv+2`QH �M/ bim/v Q7 2ti`�+2HHmH�` TQHvK2`B+ bm#bi�M+2b 2ti`�+iBQM #v /Bz2`2Mi K2i?Q/bX "BQ`2bQm`+2dRk

h2+?MQHQ;v- kRk- Rky@RkNXdRj

P#BK�FBM/2- aX- 6�iQFB- PX- PT2QHm- "X � PH�imMDB- PX UkyRdVX o2i2`BM�`v T?�`K�+2miB+�Hb BM �[m2QmbdR9

bvbi2Kb �M/ �bbQ+B�i2/ 2z2+ib , �M mT/�i2X1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- k9U9V- jkd9@jkNdXdR8

PFb�M2M- CX- "H�M+?2i- 6X :X- 6`B2M/Hv- JX- EBM/i- _X- G2;2M/`2- SX- J+:HBMM- .X- JBM+?BM-dRe

SX _X- Pǰ>�`�- _X "X- aBKTbQM- :X GX- aQHvKQb- SX- ai2p2Mb- JX >X >X- axQ2+b- 1X � q�;M2`-dRd

>X UkykyVX p2;�M , *QKKmMBiv 2+QHQ;v T�+F�;2XdR3

P`2M- �X- .� *Qbi�- JX aX- :�``Biv- :X JX- _�BM2v- 6X �X- _Qbb2HHƠ@JƠ`�- _X- a+?BMF- "X-dRN

ami+HB772- AX- h`mDBHHQ- JX 1X � q?BiK�M- qX "X UkyR8VX S`QTQb�H iQ BM+Hm/2 i?2 `�MF Q7 T?vHmK BMdky

i?2 BMi2`M�iBQM�H +Q/2 Q7 MQK2M+H�im`2 Q7 T`QF�`vQi2bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`vdkR

JB+`Q#BQHQ;v- e8- 9k39@9k3dXdkk

PbBƐbF�- �X- >�`MBbx- JX � EQ`x2MB2rbF�- 1X UkyReVX S`2p�H2M+2 Q7 TH�bKB/@K2/B�i2/ KmHiB@dkj

kyk



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

/`m; `2bBbi�M+2 /2i2`KBM�Mib BM ~mQ`Q[mBMQHQM2@`2bBbi�Mi #�+i2`B� BbQH�i2/ 7`QK b2r�;2 �M/ bm`7�+2dk9

r�i2`X1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kjURRV- Ry3R3@Ry3jRXdk8

S�Bbbö- aX- *QmHQM- 6X- :QƜB@l``Bx�- JX- S2T2`x�F- GX- J+:2MBiv- hX CX � .m`�M- _X Ukyy3VXdke

ai`m+im`2 Q7 #�+@ i2`B�H +QKKmMBiB2b �HQM; � ?v/`Q+�`#QM +QMi�KBM�iBQM ;`�/B2Mi BM � +Q�bi�H b2/BK2MiXdkd

61Ja JB+`Q#BQHQ;v 1+QHQ;v- ee- kN8@jy8Xdk3

S�HQKQ- �X- C�M2 6QrH2`- aX- :ȽH�v- �X- _�bKmbb2M- aX- aB+?2`Bix@SQMi2M- hX � aK2ib- "X 6XdkN

UkyReVX J2i�@ ;2MQKB+ �M�HvbBb Q7 `�TB/ ;`�pBiv b�M/ }Hi2` KB+`Q#B�H +QKKmMBiB2b bm;;2bib MQp2H T?vbBQHQ;vdjy

Q7 LBi`QbTB`� bTTX AaJ1 CQm`M�H- RyURRV- k8eN@k83RXdjR

S�HQKQ- �X- S2/2`b2M- �X :X- 6QrH2`- aX CX- .2+?2bM2- �X- aB+?2`Bix@SQMiöM- hX � aK2ib- "X 6Xdjk

UkyR3VX *QKT�`�iBp2 ;2MQKB+b b?2/b HB;?i QM MB+?2 /Bz2`2MiB�iBQM �M/ i?2 2pQHmiBQM�`v ?BbiQ`v Q7 +QK�KKQtdjj

LBi`QbTB`�X AaJ1 CQm`M�H- RkUdV- RddN@RdNjXdj9

S�`�/�- �X 1X- L22/?�K- .X JX � 6m?`K�M- CX �X UkyReVX 1p2`v #�b2 K�ii2`b , �bb2bbBM; bK�HHdj8

bm#mMBi `_L� T`B@ K2`b 7Q` K�`BM2 KB+`Q#BQK2b rBi? KQ+F +QKKmMBiB2b- iBK2 b2`B2b �M/ ;HQ#�H }2H/ b�KTH2bXdje

1MpB`QMK2Mi�H JB+`Q#BQHQ;v- R3U8V- R9yj@R9R9Xdjd

S�b+m�H- CX- :�`+Ō�@GƠT2x- JX- :QMx{H2x- AX � :2MBHHQm/- PX UkyRdVX Gmi2QHB#�+i2` ;2HH�MBHviB+mb bTXdj3

LQpX- � ;2HH�M@;mK@/2;`�/BM; #�+i2`BmK Q7 i?2 T?vHmK p2``m+QKB+`Q#B� BbQH�i2/ 7`QK KBMB�im`Bx2/ /BzmbBQMdjN

+?�K#2`bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- edURyV- jN8R@jN8NXd9y

S2i`QpbFB- aX- _B+2- .X hX- "�iBMQpB+- aX- LBii�KB- hX � a2pBQm`- _X CX UkykyVX h?2 +QKKmMBivd9R

+QKTQbBiBQMb Q7 i?`22 MBi`Q;2M `2KQp�H r�bi2r�i2` i`2�iK2Mi TH�Mib Q7 /Bz2`2Mi +QM};m`�iBQMb BM oB+iQ`B�-d9k

�mbi`�HB�- Qp2` � Rk@KQMi? QT2`�iBQM�H T2`BQ/X �TTHB2/ JB+`Q#BQHQ;v �M/ "BQi2+?MQHQ;v- Ry9UkkV- N3jN@N38kXd9j

SQ?HM2`- JX- .Hm;Qb+?- GX- q2K?2m2`- "X- JBHHb- >X- 1M;2H2M- "X � _22b2- "X EX UkyRNVXd99

h?2 K�DQ`Biv Q7 �+iBp2 _?Q/Q#�+i2`�+2�2 BM K�`BM2 b2/BK2Mib #2HQM; iQ mM+mHim`2/ ;2M2`� , � KQH2+mH�`d98

�TT`Q�+? iQ HBMF i?2B` /Bbi`B#miBQM iQ 2MpB`QMK2Mi�H +QM/BiBQMbX 6`QMiB2`b BM JB+`Q#BQHQ;v- RyU�S_V- e8NXd9e

SQBMi - .X Ukyy9VXaTû+B�iBQM 2i #BQ;ûQ+?BKB2 /2b ûHûK2Mib i`�+2b Kûi�HHB[m2b /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`XUS?.d9d

h?2bBbVX lMBp2`bBiv Q7 S�m- 6`�M+2X SQKKB2`- hX- *�M#�+F- "X- _B2K�MM- GX- "Qbi`ƴK- EX >X- aBKm-d93

EX- GmM/#2`;- SX- hmMHB/- �X � >�;bi`ƴK- ®X UkyydVX :HQ#�H T�ii2`Mb Q7 /Bp2`bBiv �M/ +QKKmMBivd9N

bi`m+im`2 BM K�`BM2 #�+i2`BQTH�MFiQMX JQH2+mH�` 1+QHQ;v- ReU9V- 3ed@33yXd8y

kyj



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

SQmr2Hb- EX "X- 6`22K�M- _X- JmHH2`@S2#Q/v- "X- _QQM2v- :X- >2M/2`bQM- EX GX- _Q#Qi?�K-d8R

CX oX � aKB2bx2F- hX UkyR3VX �bbQ+B�iBQM #2ir22M mb2 Q7 /Bz2`2Mi �MiB#BQiB+b �M/ i`BK2i?QT`BK `2bBbi�M+2 ,d8k

:QBM; #2vQM/ i?2 Q#pBQmb +`m/2 �bbQ+B�iBQMX CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- djUeV- Rdyy@RdydXd8j

S`BM;�mHi- PX- .m`�M- _X- C�+[m2i- aX � hQ``öiQM- CX SX Ukyy3VX h2KTQ`�H p�`B�iBQMb Q7 KB+`Q#B�Hd89

�+iBpBiv �M/ /Bp2`bBiv BM K�`BM2 i`QTB+�H b2/BK2Mib UL2r *�H2/QMB� G�;QQMVX JB+`Q#B�H 1+QHQ;v- 88UkV- k9d@d88

k83Xd8e

S`BM;�mHi- PX- oB`2i- >X � .m`�M- _X UkyRyVX AM~m2M+2 Q7 KB+`QQ`;�MBbKb QM i?2 `2KQp�H Q7 MB+F2H BMd8d

i`QTB+�H K�`BM2 b2/BK2Mib UL2r *�H2/QMB�VX J�`BM2 SQHHmiBQM "mHH2iBM- eRUd@RkV- 8jy@89RXd83

S`BM;�mHi- PX- oB`2i- >X � .m`�M- _X UkyRkVX AMi2`�+iBQMb #2ir22M wM �M/ #�+i2`B� BM K�`BM2 i`QTB+�Hd8N

+Q�bi�H b2/BK2MibX1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- RNUjV- 3dN@3NkXdey

ZB- sX 2X- q�M;- *X- >2- hX- .BM;- 6X- GB- �X- w?�M;- sX- �M- GX � sm- aX UkykRVX *?�M;2b BMdeR

�HTBM2 ;`�bbH�M/ ivT2 /`Bp2 MB+?2 /Bz2`2MiB�iBQM Q7 MBi`B7vBM; +QKKmMBiB2b QM i?2 ZBM;?�B hB#2i�M SH�i2�mXdek

1m`QT2�M CQm`M�H Q7 aQBH "BQHQ;v- Ry9- RyjjReXdej

Zm�bi- *X- S`m2bb2- 1X- uBHK�x- SX- :2`F2M- CX- a+?r22`- hX- u�`x�- SX- S2THB2b- CX � :Hƴ+FM2`-de9

6X PX UkyRjVX h?2 aAGo� `B#QbQK�H _L� ;2M2 /�i�#�b2 T`QD2+i , AKT`Qp2/ /�i� T`Q+2bbBM; �M/ r2#@#�b2/de8

iQQHbX Lm+H2B+ �+B/b _2b2�`+?- 9RU.RV- .8Ny@.8NeXdee

ZmBM+2- *X- G�Mx2M- �X- .�p2MTQ`i- _X CX � hm`M#�m;?- SX CX UkyRRVX _2KQpBM; LQBb2 6`QK Sv`Q@ded

b2[m2M+2/ �KTHB+QMbX "J* "BQBM7Q`K�iB+b- RkURV- j3Xde3

_ *Q`2 h2�KX UkykyVX _ , � G�M;m�;2 �M/ 1MpB`QMK2Mi 7Q` ai�iBbiB+�H *QKTmiBM;X _ 6QmM/�iBQM 7Q`deN

ai�iBbiB+�H *QKTmiBM;Xddy

_�KQM/- CX "X- "2`i?2- hX- G�7Bi2- _X- .2HQ77`2- CX- Pm//�M2- "X- � S2iBi- 6X Ukyy3VX _2H�iBQM@ddR

b?BTb #2ir22M ?v/`Qb2/BK2Mi�`v T`Q+2bb2b �M/ Q++m``2M+2 Q7 K2`+m`v@`2bBbi�Mi #�+i2`B� UK2`�V BM 2bim�`vddk
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UkykRVX *?�`�+i2`Bx�iBQM Q7 2MpB`QMK2Mi�H �M/ +mHiBp�#H2 �MiB#BQiB+@`2bBbi�Mi KB+`Q#B�H +QKKmMBiB2b �bbQ+B�@3y9

ky8



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

i2/ rBi? r�bi2r�i2` i`2�iK2MiX �MiB#BQiB+b- RyU9V- j8kX3y8
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�X- L�;�MmK�- hX- L�F�B- _X- q?BiK�M- qX "X- >�?M- JX qX- Em2p2`- CX � >m;2M?QHix-38k

SX UkykyVX S`QTQb�H iQ `2+H�bbB7v i?2 T`Qi2Q#�+i2`B�H +H�bb2b .2Hi�T`Qi2Q#�+i2`B� �M/ PHB;Q~2tB�- �M/ i?238j

T?vHmK h?2`KQ/2bmH7Q#�+i2`B� BMiQ 7Qm` T?vH� `2~2+iBM; K�DQ` 7mM+iBQM�H +�T�#BHBiB2bX AMi2`M�iBQM�H CQm`M�H389

Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- dyURRV- 8Ndk@eyReX388

q�M- sX- :�Q- ZX- w?�Q- CX- 62M;- CX- p�M LQbi`�M/- CX .X- u�M;- uX � w?Qm- CX UkykyVX "BQ@38e

;2Q;`�T?B+ T�ii2`Mb Q7 KB+`Q#B�H �bbQ+B�iBQM M2irQ`Fb BM T�//v bQBH rBi?BM 1�bi2`M *?BM�X aQBH "BQHQ;v �M/38d

"BQ+?2KBbi`v- R9k-RydeNeX383

kyd



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

q�M;- 6X- .QM;- qX- w?�Q- wX- q�M;- >X- GB- qX- *?2M- :X- q�M;- 6X- w?�Q- uX- >m�M;- CX �38N

w?Qm- hX UkykR�VX >2�pv K2i�H TQHHmiBQM BM m`#�M `Bp2` b2/BK2Mi Q7 /Bz2`2Mi m`#�M 7mM+iBQM�H �`2�b �M/ Bib3ey
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_Qbb2HHQ@ JQ`�- _X- a+?BMF- "X- ami+HB772- AX- h`mDBHHQ- JX 1X � o2Mim`�- aX UkyR3VX S`QTQb�H Q733y

i?2 bm{t ĜQi� iQ /2MQi2 T?vH�X �//2M/mK iQ ǵT`QTQb�H iQ BM+Hm/2 i?2 `�MF Q7 T?vHmK BM i?2 BMi2`M�iBQM�H33R

+Q/2 Q7 MQK2M+H�im`2 Q7 T`QF�`vQi2bǶX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v-33k

e3UjV- Ned@NeNX33j

qBHH2Kb- �MM2X UkyR9VX h?2 7�KBHv *QK�KQM�/�+2�2X AM 1X _Qb2M#2`;- 1X 6X .2GQM;- aX GQ`v- 1X ai�@339

+F2#`�M/i- � 6X h?QKTbQM U1/bXV- h?2 T`QF�`vQi2b , �HT?�T`Qi2Q#�+i2`B� �M/ #2i�T`Qi2Q#�+i2`B� UoQHX338

ky3



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

Nd3je9kjyR- TTX dddĜ38RVX aT`BM;2` "2`HBM >2B/2H#2`;X33e

qBHH2Kb- �X- "mbb2- CX- :QQ`- JX- SQi- "X- 6�Hb2M- 1X- C�Mix2M- 1X- >Qbi2- "X- :BHHBb- JX- E2`b@33d

i2`b- EX- �mHBM;- :X � .2 G2v- CX URN3NVX >v/`Q;2MQT?�;�- � M2r ;2Mmb Q7 ?v/`Q;2M@QtB/BxBM; #�+i2`B�333

i?�i BM+Hm/2b >v/`Q;2MQT?�;� ~�p� +QK#X MQpX- >v/`Q;2MQT?�;� T�HH2`QMBB- >v/`Q;2MQT?�;� Tb2m/Q~�p�33N

�M/ >v/`Q;2MQT?�;� i�2MBQbTB`�HBbX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ "�+i2`BQHQ;v- jNUjV- jRNĜjjjX3Ny

qBHHB�Kb- _X CX- >Qr2- �X � >Q7KQ+F2H- EX aX UkyR9VX .2KQMbi`�iBM; KB+`Q#B�H +Q@Q++m``2M+2 T�ii2`M3NR

�M�Hvb2b rBi?BM �M/ #2ir22M 2+Qbvbi2KbX 6`QMiB2`b BM JB+`Q#BQHQ;v- 8UClGuV- j83X3Nk

qmi?B2F�MmM- oX- �KQ`M+?�B- SX- G�M;H�- aX- q?Bi2- LX CX- .�v- LX SX CX- GBKK�i?m`Qib�FmH-3Nj

.X- � S2�+Q+F- aX CX UkyR8VX �MiBKB+`Q#B�H /BbF bmb+2TiB#BHBiv i2biBM; Q7 H2TiQbTB`� bTTX mbBM; H2TiQbTB`�3N9

p�M�TQ`M rmi?B2F�MmM UGoqV �;�`X �K2`B+�M CQm`M�H Q7 h`QTB+�H J2/B+BM2 �M/ >v;B2M2- NjUkV- k9RĜk9jX3N8

sB�- LX- sB�- sX- w?m- "X- w?2M;- aX � w?m�M;- CX UkyRjVX "�+i2`B�H /Bp2`bBiv �M/ +QKKmMBiv bi`m+im`23Ne

BM i?2 b2/BK2Mi Q7 i?2 KB//H2 �M/ HQr2` `2�+?2b Q7 i?2 u2HHQr _Bp2`- i?2 H�`;2bi im`#B/ `Bp2` BM i?2 rQ`H/X3Nd

�[m�iB+ JB+`Q#B�H 1+QHQ;v- dR- 9j@88X3N3

sm- _X- amM- sX- >�M- 6X- GB- "X- sB�Q- 1X- sB�Q- hX- u�M;- wX � amM- qX UkykyVX AKT�+ib Q7 �MiBKQMv3NN

�M/ �`b2MB+ +Q@+QMi�KBM�iBQM QM i?2 `Bp2` b2/BK2Mi�`v KB+`Q#B�H +QKKmMBiv BM �M �MiBKQMv@+QMi�KBM�i2/Nyy

`Bp2`X a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- dRjXNyR

u�M- uX qX- CB�M;- ZX uX- q�M;- CX :X- w?m- hX- wQm- "X- ZBm- ZX 6X � Zm�M- wX sX UkyR3VXNyk

JB+`Q#B�H +QKKmMBiB2b �M/ /Bp2`bBiB2b BM Km/~�i b2/BK2Mib �M�Hvx2/ mbBM; � KQ/B}2/ K2i�i`�Mb+`BTiQKB+Nyj

K2i?Q/X 6`QMiB2`b BM JB+`Q#BQHQ;v- NUC�LVXNy9

uB- CX- GQ- GX aX >X � *?2M;- CX UkykyVX .vM�KB+b Q7 JB+`Q#B�H *QKKmMBiv ai`m+im`2 �M/ 1+QHQ;B+�HNy8

6mM+iBQMb BM 1bim�`BM2 AMi2`iB/�H a2/BK2MibX 6`QMiB2`b BM J�`BM2 a+B2M+2- dU838NdyV- R@R8XNye

uBM- >X- LBm- CX- _2M- uX- *QM;- CX- w?�M;- sX- 6�M- 6X- sB�Q- uX- w?�M;- sX- .2M;- CX- sB2- JX-Nyd

>2- wX- w?Qm- CX- GB�M;- uX � GBm- sX UkyR8VX �M BMi2;`�i2/ BMbB;?i BMiQ i?2 `2bTQMb2 Q7 b2/BK2Mi�`vNy3

KB+`Q#B�H +QKKmMBiB2b iQ ?2�pv K2i�H +QMi�KBM�iBQMX a+B2MiB}+ _2TQ`ib- 8UR9keeVXNyN

$i2tib+&w?Qm- CX- .2M;- uX- GmQ- 6X- >2- wX � u�M;�- uX UkyRRVX S?vHQ;2M2iB+ KQH2+mH�` 2+QHQ;B+�H M2irQ`FNRy

Q7 bQBH KB+`Q#B�H +QKKmMBiB2b BM `2bTQMb2 iQ 2H2p�i2/ *PkX K"BQ- kU9VXNRR

wBM;2`- GX- �K�`�H@w2iiH2`- GX �X- 6m?`K�M- CX �X- >Q`M2`@.2pBM2- JX *X- >mb2- aX JX- q2H+?-NRk

kyN



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

.X "X- J�`iBMv- CX "X- aQ;BM- JX- "Q2iBmb- �X � _�K2ii2- �X UkyRRVX :HQ#�H T�ii2`Mb Q7 #�+i2`B�HNRj

#2i�@/Bp2`bBiv BM b2�~QQ` �M/ b2�r�i2` 2+Qbvbi2KbX ASGQa PL1- eUNVXNR9

wQM;- uX- qm- JX- GBm- sX- CBM- uX- q�M;- :X � GB- JX UkyRNVX *?BiBMQT?�;� Hmi2� bTX MQpX- BbQH�i2/NR8

7`QK �`b2MB+@ +QMi�KBM�i2/ bQBHX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- eNUdV-NRe

kRR9@kRRNXNRd

kRy



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQR

;2Q+?2KB+�H ;`�/B2Mib �M/ KB+`QTQHHmi�Mibk

a�M/`BM2 o2HQbQ�- »- .�pB/ �KQm`Qmt�- G�m`2Mi G�M+2H2m`#- *`BbiB�M� *`�pQ G�m`2�m�-j

J�i?BH/2 JQMT2``mb#- CQM�i?�M .2#Q`/2#- _Q#2`i .m`�M�-»9

�lMBp2`bBi2 /2 S�m 2i /2b S�vb /2 GǶ�/Qm`- lJ_8k89- >ûHBQT�`+- k �p2Mm2 S`ûbB/2Mi �M;Qi-8

S�m- 6`�M+2e
#lMBp2`bBi2 /2 S�m 2i /2b S�vb /2 GǶ�/Qm`- R �HHû2 JQMi�m`v- e9eyy �M;H2i- 6`�M+2d

amTTH2K2Mi�`v K�i2`B�Hb3

»X *Q``2bTQM;BM; �mi?Q`
1K�BH �//`2bb2b , b�M/`BM2Xp2HQbQ!mMBp@T�mX7` Ua�M/`BM2 o2HQbQV- `Q#2`iX/m`�M!mMBp@T�mX7` U_Q#2`i .m`�MV

kRR



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

h�#H2�m aR Ĝ �#BQiB+ �M/ T?vbB+Q@+?2KB+�H T`QT2`iB2b Q7 �/Qm` 1bim�`v bBi2
b2/BK2MibX

aBi2 hB/�H
`�M;2

q�i2`
+QMi2Mi
U�V

6`�+iBQM
I 8y ƒK
U�V

6HQr
`�i2b
UKjXb@RV

*?HQ`QT?vHH
� Um;X;@RV

SP*
U�V

h* U�V *fL ᅮRj*
aT`BM;
R 3R jjXy kNXk RNyX3 R8Xy RXj RXd RRXd @kdX8
k 3R 8RXe 83XR RNyX3 RdX3 RXN kX9 RkXk @kdX9
j 3R 9yX8 kNXe RRXd j8Xj RXR RXR RkX9 @kdXk
9 3R 8jXk edXN RRXd d8Xj jX8 jX9 RyXN @keXd
8 3R 8dX8 dyXj RNyX3 eyX9 jXy jXe RkXR @kdXR
e 3j 8NX9 e8XR kkjXN kyXR kXe jXj RRXe @kdXR
d 3j 8NXR dyXe kjeXy RejX8 9XR 9X3 NXN @keX8
3 3j 9dXk jkXR kjeXy jRXj yXN RXR RyXN @keX9
N 3j kNXy RdXj kjeXy kyXN yXj yXe RRX8 @kdXR
Ry 3R e9Xd e8XN RNyX3 jkXk jXk 9X9 RRXR @kdXy

amKK2`
R Nd jjXy 8NX9 NeXR 3Xj jXj kXN RkXe @kdX3
k Nd 9yXk dkX9 NeXR kyXy jXR 9Xk RRX8 @kdXR
j Nd kjXR 9RX8 ReXR RRXd RXe RXd RkX9 @kdX8
9 Nd jeXd d8Xe ReXR RRXR 9XR 9X3 RRX3 @kdXj
8 NN kNXd dyXR 3eXk k8X8 kXN jX8 RRXd @keXe
e Ny jRX8 dyXk RRkXN RyXN 9Xj 8X9 RRX3 @kdXj
d Ny jkX9 8dX8 RjRXk jNX3 3Xy 3Xj RjX9 @keXN
3 Ny j8XN 8yXe RjRXk k3Xe jX3 8Xj R9Xy @keXN
N Ny k3Xd 99Xd RjRXk RNXk 8XR 8X8 RkX3 @kdXe
Ry NN R3XN eNXe 3eXk RNX8 RXN jXR RRXj @keX8

qBMi2`
R RyN k9Xk ejXN j8dXR ReX9 jX8 9Xd RRXR @k3Xj
k RyN jNXd edXy j8dXR RkX8 kX8 jXe RyXN @kdX8
j RyN R9X8 jeXe 89Xe 8XR yX9 yXe RkXR @kdXk
9 RyN jRXe 9eXk 89Xe NXk RXy RXd RRXy @kdXd
8 Ry3 9jXk eyX8 9j9XN 9Xd jXe jX3 RRX9 @kdX3
e Ryj jyXN eyXR jReX8 jXd 9Xy 8Xy NX3 @kdX3
d Ryj keXd 8jXe j8dXe 9RXy 9X9 9Xj RkXe @kdX8
3 Ryj kNX3 9eXR j8dXe RkXy RXN kX8 RRX3 @kdXe
N Ryj RRXd k3Xk j8dXe RX8 yXk yX9 RRXy @kdX8
Ry Ry3 99Xd dyX3 9j9XN R9X3 kXd 9Xk 3XN @k3Xy

L� , LQi �p�BH�#H2 c *fL , *�`#QMfLBi`Q;2M `�iBQ

kRk



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

h�#H2�m ak Ĝ *QM+2Mi`�iBQM T`Q}H2b Q7 K2i�Hb BM i?2 b2/BK2Mi b�KTH2b #v b2�bQMX

*QKTQmM/b mMBib aT`BM; UM4RyV amKK2` UM4RyV qBMi2` UM4RyV

�; ƒ;X;@R I GPZ @ j URX3V I GPZ @ RXR UyX8dV I GPZ @ kX3 URX9V
�b Ǵ eXe @ RN URjV I GPZ @ Rd UR8V 3Xk @ R8 URkV
"� Ǵ I GPZ @ Ny U8NV I GPZ @ 33 UeRV I GPZ @ Ny Ue3V
*/ Ǵ I GPZ @ kXd URX9V I GPZ @ yX3 UyX8NV I GPZ @ RXe UyXd9V
*Q Ǵ I GPZ @ R8 URyV dX8 @ Re URjV I GPZ @ R8 URRV
*` Ǵ jXj @ 9j UkdV I GPZ @ ey UjjV I GPZ @ eR UkNV
*m Ǵ I GPZ @ 3d U99V I GPZ @ 39 Uj8V I GPZ @ kRy U88V
>; M;X;@R jk @ R9y Ud8V ey @ Rdy UNjV 98 @ RRy UdyV
JM ƒ;X;@R kyy @ 3dy U88yV 9yy @ R-Ryy U3RyV I GPZ @ NRy UekyV
JQ Ǵ I GPZ @ 98 UkRV I GPZ @ R9 UkX8V I GPZ @ k3 UR9V
LB Ǵ I GPZ @ jy URNV I GPZ @ jj UkdV dXe @ jk UkkV
S# Ǵ I GPZ @ 8j Uj9V I GPZ @ dR Uj3V I GPZ @ NR UjdV
a# Ǵ I GPZ @ RXd UyX3RV I GPZ @ jXk URXRV I GPZ @ RXk UyXeRV
a2 Ǵ I GPZ @ 8X3 UkXkV I GPZ @ jX8 UkXeV I GPZ @ 8X8 UkV
aM Ǵ I GPZ @ jXk URX3V I GPZ @ Ry UjXRV I GPZ @ R9 UjXNV
a` Ǵ I GPZ @ RRy Ud8V I GPZ @ R8y UNeV I GPZ @ Rky UdNV
h? Ǵ I GPZ @ eXN U8X9V I GPZ @ eX9 U8XRV I GPZ @ eX9 U9XeV
hB Ǵ ej @ 3Ry UkRyV I GPZ @ e9y URRyV dk @ dRy UjjyV
l Ǵ I GPZ @ yX3d UyXejV I GPZ @ yX3e UyXeNV I GPZ @ yXd3 UyX88V
o Ǵ eX3 @ jN UkeV I GPZ @ jN UjRV I GPZ @ jk UkeV
wM Ǵ Rdy @ 3yy U9NyV ee @ 89y Uk8yV Rky @ eNy UjeyV
GPZ , GBKBi Q7 [m�MiB}+�iBQM

h�#H2�m aj Ĝ *QM+2Mi`�iBQM T`Q}H2b Q7 K2i�Hb BM i?2 b2/BK2Mi b�KTH2b #v 2bim�@
`BM2 TQbBiBQMX

*QKTQmM/b mMBib lTbi`2�K UM4eV JB//H2 UM4R8V .QrMbi`2�K UM4NV

�; ƒ;X;@R I GPZ @ kXk URXkV I GPZ @ kX3 URXRV I GPZ @ j URX8V
�b Ǵ 3Xk @ Re URkV I GPZ @ RN UR8V eXe @ Rd URRV
"� Ǵ I GPZ @ Ny Ud8V I GPZ @ d3 UekV I GPZ @ Ny U8eV
*/ Ǵ I GPZ @ RXd UyX3eV I GPZ @ kXk UyX3kV I GPZ @ kXd URXRV
*Q Ǵ 3Xk @ R8 URRV I GPZ @ Re UR9V I GPZ @ NXj UeXdV
*` Ǵ I GPZ @ kN Uk9V I GPZ @ je UjRV jXj @ eR UjkV
*m Ǵ I GPZ @ 3d Uj3V I GPZ @ kRy U98V I GPZ @ 39 U93V
>; M;X;@R 8k @ dR UeRV 88 @ Ryy UddV jk @ Rdy UN8V
JM ƒ;X;@R 9yy @ R-yyy Ue9yV 9Ny @ R-Ryy U39yV I GPZ @ 8ey UjdyV
JQ Ǵ I GPZ @ j9 UNXNV I GPZ @ jR URRV I GPZ @ 98 UReV
LB Ǵ I GPZ @ jR UkkV I GPZ @ jj UkdV I GPZ @ kj UR8V
S# Ǵ I GPZ @ je UkdV I GPZ @ 9R Uj8V I GPZ @ NR U98V
a# Ǵ I GPZ @ RXk UyXNkV I GPZ @ yX3e UyX88V I GPZ @ jXk URXkV
a2 Ǵ I GPZ @ jXj UkXRV I GPZ @ 8X3 UkXeV I GPZ @ 8X8 URX3V
aM Ǵ I GPZ @ R9 UjXeV I GPZ @ jXR URXNV I GPZ @ Ry U9XkV
a` Ǵ I GPZ @ Ryy U8eV 9R @ R8y URRyV jN @ 38 Ue9V
h? Ǵ I GPZ @ 8XN U8XRV I GPZ @ eXN UeV I GPZ @ 8 UjX9V
hB Ǵ I GPZ @ 3Ry Uk9yV I GPZ @ dRy UkkyV jR @ ejy URNyV
l Ǵ I GPZ @ yX3j UyXeeV I GPZ @ yX3d UyXe3V I GPZ @ yXdR UyX8RV
o Ǵ I GPZ @ jy Uk9V I GPZ @ jN UjjV eX3 @ je UkkV
wM Ǵ ee @ dky UjeyV Nd @ dRy Uj8yV Rey @ 3yy U9RyV
GPZ , GBKBi Q7 [m�MiB}+�iBQM

kRj



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

h�#H2�m a9 Ĝ *QM+2Mi`�iBQM T`Q}H2b Q7 T?�`K�+2miB+�Hb BM i?2 b2/BK2Mi b�KTH2b
#v b2�bQMX

*QKTQmM/b mMBib aT`BM; UM4RyV amKK2` UM4RyV qBMi2` UM4RyV

T?�`K�+2miB+�Hb , La�A.b
�+2i�KBMQT?2M M;X;@R I GPZ @ yX9e UyX9eV I GPZ @ RXe UyX8dV I GPZ @ NXR URX8V
�bTB`BM Ǵ y @ kRy UkRV y @ RNy UjeV y @ 8yy UNjV
LB~mKB+ �+B/ Ǵ I GPZ @ RX3 UyXeeV I GPZ @ yX9N UyXkRV I GPZ @ yX33 UyXk8V
A#mT`Q72M Ǵ I GPZ @ 8Xk UkV I GPZ @ Ry UjXkV I GPZ @ 3 UkXdV
E2iQT`Q72M Ǵ I GPZ @ 3Xe UkXdV I GPZ @ k UyX39V I GPZ @ jX8 URXkV
S?2M�xQM2 Ǵ I GPZ @ yX9e UyX9eV I GPZ @ RX8 UyXe8V I GPZ @ yX9e UyX9eV

T?�`K�+2miB+�Hb , �MiB#BQiB+b
�xBi?`QKv+BM M;X;@R I GPZ @ Re U8X9V I GPZ @ R9 UkXeV I GPZ @ Re U9XjV
*BT`Q~Qt�+BM Ǵ I GPZ @ Rj UkXjV I GPZ @ kd UdX9V I GPZ @ kjy UkeV
*H�`Bi?`QKv+BM Ǵ I GPZ @ yXRd UyXyd9V I GPZ @ yXRk UyXy99V I GPZ @ yXNe UyXk8V
.Qtv+v+HBM2 Ǵ I GPZ @ R9 U9XjV I GPZ @ NX9 UjXRV I GPZ @ kk U9XkV
CQb�Kv+BM Ǵ I GPZ @ yXjj UyXR9V I GPZ @ yXRk UyXRkV I GPZ @ yXRk UyXRkV
LQ`~Qt�+BM Ǵ I GPZ @ dXR UkX3V I GPZ @ Rj UjXkV I GPZ @ RN U8X9V
P~Qt�+BM Ǵ I GPZ @ RR U9XdV I GPZ @ Rk UjX3V I GPZ @ R3 UeXkV
PtQHBMB+ �+B/ Ǵ I GPZ @ ke UjXeV I GPZ @ Rd UjXkV I GPZ @ kR UjXkV
SBT2`�+BHHBM Ǵ I GPZ @ yXee UyXeeV I GPZ @ eXN URXeV I GPZ @ RX3 UyXd3V
amH7�K2i?�xBM2 Ǵ I GPZ @ yXke UyXRV I GPZ @ yXj9 UyXRRV I GPZ @ yXy38 UyXy38V
amH7�K2i?Qt�xQH2 Ǵ I GPZ @ yXk3 UyXk3V I GPZ @ R UyX9RV I GPZ @ yXk3 UyXk3V
h2i`�+v+HBM2 Ǵ I GPZ @ eX8 UyXNjV I GPZ @ dXe URXjV I GPZ @ dXk URX8V
h`BK2i?QT`BK Ǵ I GPZ @ ky U8X9V I GPZ @ jXd URV I GPZ @ Ry URXdV

T?�`K�+2miB+�Hb , �MtBQHviB+b
GQ`�x2T�K M;X;@R I GPZ @ dX3 UjXNV I GPZ @ dXk UkXkV I GPZ @ RXd URXdV
LQ`/�x2T�K Ǵ I GPZ @ yXyR8 UyXyR8V I GPZ @ yXyR8 UyXyR8V I GPZ @ yXy83 UyXyRNV
Pt�x2T�K Ǵ I GPZ @ 9XR URX9V yXjk @ NX8 UkXNV yXjR @ Rk UkXkV

T?�`K�+2miB+�Hb , +�`/BQp�b+mH�` /`m;b
�i2MQHQH M;X;@R I GPZ @ yXy88 UyXy88V I GPZ @ yXkd UyXydeV I GPZ @ yX93 UyXyN3V
GQb�`i�M Ǵ I GPZ @ yX9d UyXk8V I GPZ @ yX8j UyXR8V I GPZ @ Rd URXNV
J2iQT`QHQH Ǵ I GPZ @ yXy88 UyXy88V I GPZ @ yXkk UyXydkV I GPZ @ yXy88 UyXy88V

T?�`K�+2miB+�Hb , Qi?2`b
�KBQ/�`QM2 M;X;@R y @ jjy U9RV y @ jky U9yV y @ R-eyy UjyyV
*v+HQT?QbT?�KB/2 Ǵ I GPZ @ yXy3 UyXyj8V I GPZ @ yXyj UyXyjV I GPZ @ yXyNN UyXy9kV
LQ`2i?BM/`QM2 Ǵ I GPZ @ RRy UjNV I GPZ @ kdy UdNV I GPZ @ jy U9XeV
>v/`Q+?HQ`Qi?B�xB/2 Ǵ I GPZ @ yXR UyXRV I GPZ @ yXR UyXRV I GPZ @ yX33 UyXk3V
:2K}#`QxBH Ǵ I GPZ @ yXRk UyXRkV I GPZ @ yXje UyXR9V I GPZ @ yXRk UyXRkV
*�`#�K�x2TBM2 Ǵ I GPZ @ yX9N UyXRjV I GPZ @ RX9 UyXkkV I GPZ @ RX3 UyXkeV
*�z2BM2 Ǵ I GPZ @ Ryy UkkV I GPZ @ Ry URXjV I GPZ @ Rj UjX9V

GPZ , GBKBi Q7 [m�MiB}+�iBQM

kR9



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

h�#H2�m a8 Ĝ *QM+2Mi`�iBQM T`Q}H2b Q7 T?�`K�+2miB+�Hb BM i?2 b2/BK2Mi b�KTH2b
#v 2bim�`BM2 TQbBiBQMX

*QKTQmM/b mMBib lTbi`2�K UM4eV JB//H2 UM4R8V .QrMbi`2�K UM4NV

T?�`K�+2miB+�Hb , La�A.b
�+2i�KBMQT?2M M;X;@R I GPZ @ kXR UyXdjV I GPZ @ NXR URV I GPZ @ RXe UyX83V
�bTB`BM Ǵ y @ kRy Ue9V y @ 8yy Ud8V y @ RXR UyXRkV
LB~mKB+ �+B/ Ǵ I GPZ @ RX3 UyX98V I GPZ @ RXR UyXjjV I GPZ @ RX3 UyX9V
A#mT`Q72M Ǵ I GPZ @ Ry UjXRV I GPZ @ 3 UkXNV I GPZ @ 9 URXNV
E2iQT`Q72M Ǵ I GPZ @ eXk URXNV I GPZ @ jX9 URXRV I GPZ @ 3Xe UkXkV
S?2M�xQM2 Ǵ I GPZ @ RX8 UyXejV I GPZ @ yX9e UyX9eV I GPZ @ RX9 UyX8eV

T?�`K�+2miB+�Hb , �MiB#BQiB+b
�xBi?`QKv+BM M;X;@R I GPZ @ yXj9 UyXj9V I GPZ @ RR U9X9V I GPZ @ Re UeV
*BT`Q~Qt�+BM Ǵ I GPZ @ kR U9XeV I GPZ @ kd U9X9V I GPZ @ kjy UkNV
*H�`Bi?`QKv+BM Ǵ I GPZ @ yXR3 UyXy88V I GPZ @ yXNe UyXRdV I GPZ @ yX8e UyXyN3V
.Qtv+v+HBM2 Ǵ I GPZ @ NXN UjXNV I GPZ @ R9 UjX8V I GPZ @ kk U9XjV
CQb�Kv+BM Ǵ I GPZ @ yXRk UyXRkV I GPZ @ yXjj UyXRjV I GPZ @ yXRk UyXRkV
LQ`~Qt�+BM Ǵ I GPZ @ 3 UjXjV I GPZ @ Rj UjX8V I GPZ @ RN U9X8V
P~Qt�+BM Ǵ RXR @ Rk U8XjV I GPZ @ R3 U8X8V I GPZ @ Rj UjXdV
PtQHBMB+ �+B/ Ǵ I GPZ @ ke URRV I GPZ @ kXe UyXj8V I GPZ @ Rd UjX9V
SBT2`�+BHHBM Ǵ I GPZ @ jXd URXkV I GPZ @ yXee UyXeeV I GPZ @ eXN URX8V
amH7�K2i?�xBM2 Ǵ I GPZ @ yXy38 UyXy38V I GPZ @ yXy38 UyXy38V I GPZ @ yXj9 UyXRjV
amH7�K2i?Qt�xQH2 Ǵ I GPZ @ yXk3 UyXk3V I GPZ @ R UyXjjV I GPZ @ yX3R UyXj9V
h2i`�+v+HBM2 Ǵ I GPZ @ jXN UyXNeV I GPZ @ dXk UyXeNV I GPZ @ dXe UkX9V
h`BK2i?QT`BK Ǵ I GPZ @ ky U8XdV I GPZ @ Ry UkXRV I GPZ @ Ry URX3V

T?�`K�+2miB+�Hb , �MtBQHviB+b
GQ`�x2T�K M;X;@R I GPZ @ dXk UjXkV I GPZ @ dX3 UkXeV I GPZ @ 8XR UkV
LQ`/�x2T�K Ǵ I GPZ @ yXyR8 UyXyR8V I GPZ @ yXyR8 UyXyR8V I GPZ @ yXy83 UyXykV
Pt�x2T�K Ǵ I GPZ @ RX9 UyXeeV yX8k @ Rk UkX9V I GPZ @ NX8 UkX3V

T?�`K�+2miB+�Hb , +�`/BQp�b+mH�` /`m;b
�i2MQHQH M;X;@R I GPZ @ yXy88 UyXy88V I GPZ @ yX93 UyXy3jV I GPZ @ yXkd UyXydNV
GQb�`i�M Ǵ I GPZ @ yXRR UyXRRV I GPZ @ Rd URXjV I GPZ @ yX8j UyXkNV
J2iQT`QHQH Ǵ I GPZ @ yXkk UyXy3kV I GPZ @ yXy88 UyXy88V I GPZ @ yXy88 UyXy88V

T?�`K�+2miB+�Hb , Qi?2`b
�KBQ/�`QM2 M;X;@R y @ 9k UdX3V y @ R-eyy URRyV y @ R-Ryy UkkyV
*v+HQT?QbT?�KB/2 Ǵ I GPZ @ yXyj UyXyjV I GPZ @ yXyj UyXyjV I GPZ @ yXyNN UyXy9NV
LQ`2i?BM/`QM2 Ǵ I GPZ @ kRy U99V I GPZ @ R9y UjyV I GPZ @ kdy U8dV
>v/`Q+?HQ`Qi?B�xB/2 Ǵ I GPZ @ yXR UyXRV I GPZ @ yX33 UyXkRV I GPZ @ yXkN UyXRjV
:2K}#`QxBH Ǵ I GPZ @ yXRk UyXRkV I GPZ @ yXRk UyXRkV I GPZ @ yXje UyXR9V
*�`#�K�x2TBM2 Ǵ I GPZ @ yXkj UyXyNRV I GPZ @ yX9N UyXRjV I GPZ @ RX3 UyXjNV
*�z2BM2 Ǵ I GPZ @ ey URRV I GPZ @ j3 U8X8V I GPZ @ Ryy UR9V

GPZ , GBKBi Q7 [m�MiB}+�iBQM

kR8



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

6B;m`2 aR Ĝ JB+`Q#B�H /Bp2`bBivX _�`27�+iBQM +m`p2 b2/BK2Mi b�KTH2b bQ`i2/ #v b�KTHBM;
+�KT�B;MX *QHQ`b �M/ HBM2 bivH2 UbQHB/- /�b?2/ Q` /Qii2/V BM/B+�i2/ `2bT2+iBp2Hv b�KTHBM; bBi2
�M/ bBi2 `2THB+�X

kRe



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

h�#H2�m ae Ĝ JB+`Q#B�H /Bp2`bBivX amKK�`v Q7 JB@a2[ b2[m2M+BM; UK2�M ਻ b/- T2`
`2THB+�ibV �M/ �HT?� /Bp2`bBiv BM/B+2b T2` +�KT�B;M Q7 b2/BK2Mib b�KTH2bX

"BQBM7Q`K�iB+ TBT2HBM2 }Hi`�iBQM .Bp2`bBiv BM/2t
aBi2 AMTmi `2�/b 6BHi2`2/- /2MQBb2/

�M/ K2`;2/
b2[m2M+2b

_B+?M2bb U_V *?�QR aBKTbQM UR @.V

aT`BM;
R jk-y3R U਻ 9-3e8V R8-j93 U਻ k-9ReV R-8ee U਻ RjRV R-ee9 U਻ Ry3V yXNN8 U਻ j2@yjV
k 9k-93j U਻ R8-d9NV kR-k3d U਻ d-39NV k-RyR U਻ 9RNV k-kjN U਻ 9j3V yXNN3 U਻ jXd2@y9V
j kj-NR9 U਻ 9-jekV RR-NkR U਻ k-N9jV R-R89 U਻ ReRV R-kdd U਻ RdNV yXNN3 U਻ NX32@y9V
9 jR-Ree U਻ Rj-9e3V R8-N8N U਻ d-R3dV R-dek U਻ 8R3V R-NR9 U਻ 8ReV yXNN3 U਻ eXe2@y9V
8 je-Ryd U਻ d-RyjV R3-eNj U਻ 9-kdkV R-N9e U਻ kjkV k-RyN U਻ k89V yXNNd U਻ eX82@y8V
e j3-RN8 U਻ R3-3kdV ky-NeN U਻ Ry-NkNV R-ddN U਻ 89eV R-NR3 U਻ 83jV yXNN8 U਻ jXR2@y9V
d 98-8yj U਻ d-8j3V k8-k8k U਻ 9-y9jV R-3ke U਻ R38V R-Nej U਻ ReyV yXNNe U਻ RXR2@yjV
3 kk-NN8 U਻ Rj-j8eV RR-dNN U਻ d-jedV R-kk9 U਻ 8jyV R-j9y U਻ 8jNV yXNNd U਻ NX82@y9V
N jR-8ek U਻ Rj-kNdV R8-ddR U਻ d-ykRV R-9R9 U਻ j8kV R-889 U਻ je3V yXNNd U਻ 9Xj2@y9V
Ry jd-8Ny U਻ Re-e3NV ky-eNk U਻ N-jRdV R-3kR U਻ 8d8V R-Ne8 U਻ ey8V yXNNe U਻ kX92@yjV

amKK2`
R k8-8k9 U਻ 3-ey9V RR-y3R U਻ 9-ReyV R-j9R U਻ jRjV R-9jR U਻ jRRV yXNN3 U਻ 9Xe2@y9V
k 9j-39N U਻ Rd-ReeV kk-dej U਻ N-838V k-yy8 U਻ 8yyV k-R8k U਻ 8R3V yXNN3 U਻ RXd2@y9V
j 9d-e8j U਻ Rk-R8dV kk-N8N U਻ 8-N9yV R-NNe U਻ kd3V k-y3N U਻ k3kV yXNNN U਻ NXN2@y8V
9 jj-RNN U਻ R9-e8dV Re-ykd U਻ d-3yjV R-3jd U਻ 889V R-N8N U਻ 8e9V yXNN3 U਻ jX82@y9V
8 k8-39j U਻ Re-ejyV Rj-kRd U਻ N-y33V R-998 U਻ 8dyV R-883 U਻ 8dNV yXNNd U਻ RX82@y9V
e jk-Rkd U਻ R9-keNV R8-3jk U਻ d-RydV R-3yd U਻ 933V R-Nek U਻ 8y9V yXNNd U਻ 9Xj2@y9V
d kj-N9d U਻ N-kjjV Ry-8kN U਻ 9-kN3V R-9yd U਻ jkyV R-8j8 U਻ jRNV yXNN3 U਻ kXN2@y9V
3 9e-je9 U਻ R9-89NV kj-jkN U਻ d-38dV k-kj8 U਻ 9jRV k-j3k U਻ 9kdV yXNN3 U਻ kXe2@y8V
N k3-8N3 U਻ 3-je8V Rj-98d U਻ 9-jkRV R-dRR U਻ jdeV R-39d U਻ j3NV yXNN3 U਻ jXd2@y9V
Ry jk-NRe U਻ R9-N9kV Rd-93N U਻ 3-e9RV R-8N8 U਻ 9R9V R-dj8 U਻ 9jNV yXNNd U਻ jXe2@y9V

qBMi2`
R 9d-83k U਻ Re-R9dV k9-eNd U਻ 3-yyRV k-kNk U਻ jjeV k-9yN U਻ j8kV yXNNd U਻ 8X92@y9V
k 8d-k93 U਻ 8-3N3V jR-ydk U਻ j-RReV k-dje U਻ 38V k-3e8 U਻ 3yV yXNN3 U਻ 8X32@y8V
j 9R-j3N U਻ kk-yN8V ky-Ndy U਻ RR-88kV k-ykN U਻ 98dV k-R9d U਻ 98dV yXNNN U਻ RXN2@y9V
9 jd-N9d U਻ ky-ReNV Rd-eN8 U਻ d-9eeV k-kkk U਻ 9jdV k-jde U਻ 9ydV yXNN3 U਻ 82@y8V
8 9y-9Ry U਻ Re-93NV kk-8kN U਻ 3-d98V k-9Ry U਻ jeRV k-8e8 U਻ jjyV yXNN3 U਻ NXN2@y8V
e 9R-yd3 U਻ R9-38NV kj-333 U਻ 3-3RkV R-N9e U਻ j3dV k-RRy U਻ je8V yXN3j U਻ 8X32@yjV
d 9k-dRe U਻ kR-8y3V kj-8je U਻ RR-9jyV k-R9e U਻ 8y8V k-kNe U਻ 9N9V yXNN3 U਻ RX32@y9V
3 k9-jk3 U਻ 9-dyjV Rk-N98 U਻ k-ejkV R-N8y U਻ kRRV k-RRe U਻ RNjV yXNN3 U਻ RXR2@y9V
N ky-eey U਻ k-y88V Ry-ee9 U਻ 3dyV R-kyN U਻ RjNV R-j89 U਻ RjjV yXNNd U਻ RX82@y9V
Ry ky-yyR U਻ 9-kk9V Ry-e33 U਻ k-R99V R-e93 U਻ kRkV R-d39 U਻ kykV yXNNd U਻ 9Xk2@y9V

kRd



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

h�#H2�m ad Ĝ JB+`Q#B�H +QKKmMBiv +QKTQbBiBQMX _2H�iBp2 �#mM/�M+2 Q7 "�+i2`QB@
/Qi� +H�bb2b �M/ Q`/2`b U*H�bb = P`/2`V BM �/Qm` b2/BK2MibX L� /2bbB;M2/ LQi �bbB;M2/
b2[m2M+2bX
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aT`BM;
R 9Xk3 yXyy 9Xyd kXd8 jXyN yXe3 RX98 RXR8 yXRR yXyN yXk3 yXy9 R3Xy
k 8XeN yXkd jXek 9Xk3 dXek kXNj jXy8 RXyk yXkj yXkR yXy8 yXyy kNXy
j yX93 yXyR 3X8N eXR8 jXNR jXye kXye yXyN yXRj yXRy yXyR yXy9 k9Xe
9 kXe8 yXR8 9X8N 9XRj RjXd8 RXNe kX8R yXd3 yXj3 yXRk yXyd yXyj jRXR
8 9X3k yXdy 9Xye 9XkN RdXRN kX9N jX9y yX8y yXRe yXR8 yXyR yXyy jdX3
e jX83 RXRe kXN9 kXy3 k8Xkj RXe8 9Xy9 yXd3 yXkR yXyj yXy8 yXyR 9RX3
d 9X3j yXke jXkk eXyd kyXkk yXd9 jXdk yX89 yXR8 yXye yXyj yXyy jNX3
3 jX3R yX8N jXk9 jX8y kjXjR RXRy 9X8R RXe8 yXRR yXyd yXyy yXyy 9RXN
N RX8d yXky jXe3 9X8N kyXRe yXd3 9XRk RX3j yXyj yXyR yXyy yXyy jdXy
Ry jXy8 yXy8 8Xyj RXNj RyXek RXkk RXNj yX3d yXRR yXyd yXyN yXy8 k8Xy

amKK2`
R kX89 yXyy 8XRR 9Xjj kXNd kXky RXdd yXd8 yXy9 yXR3 yXR3 yXyk kyXR
k jXkN yXjR 9X98 8X3k RyXje kXR9 jX8e yXNy yXkd yXkR yXyy yXyR jRXj
j 9Xey yXyy 8Xyk jX8e jXky kX89 jXRe yXjy yXy3 yXRN yXRR yXyj kkX3
9 jXe3 yXje 8Xy9 eXyy RkX99 RXdN jX9k yX8j yXkN yXRe yXyR yXyy jjXd
8 jX83 yXdj 9XNj eXyN R9X3R RX9k jXdN yX8N yXkR yXRd yXy9 yXyy jeX9
e jXek yXdy 9X9y 9Xey RdXjR RXjN 9X9k yXed yXk9 yXRR yXyj yXyN jdXe
d dX9y yX8e kXR3 jXjd RyXNk yXd9 9Xj9 RXRR yXRd yXyR yXy9 yXyy jyX3
3 jX8e yX89 9Xkd 9XRd RkXde yXd3 8XNN yXdj yXjk yXy3 yXye yXyy jjXj
N 8XjN yX3N kXeN jX3e RkXN9 yXdd 9X8k RXej yXjR yXyd yXy3 yXyR jjXR
Ry jXe8 yX9e 9XR9 9X9k RjXRe RX9k jX8R yX38 yXR8 yXRk yXyj yXyj jkXy

qBMi2`
R jXy8 yXyy 8Xdk jX3d dXyj kXdN kXj9 yXR3 yXyy yXk8 yXy3 yXyy k8Xj
k 9X9e yXyR dXj9 9XR9 NXdk jX9k jXy9 yXkN yXR8 yXR3 yXy3 yXy3 jkXN
j kX3y yXyy eXjj 9X8e 9X3y kXkk kXRR yXjj yXRe yXk9 yXR9 yXyj kjXd
9 8X99 yXRe 8XjN jXek NX8e jXRy kXy8 yXjk yXyd yXRk yXyy yXRj jyXy
8 9Xkk yXy9 eXjk jXej RRX3j jXke kX8d yXjy yXyd yXR9 yXy8 yXyd jkX8
e eXey yXyy 8X9j kXk8 RjXke kX38 kXey yXky yXRR yXyj yXye yXyy jjX9
d jXyR yXyN 3X93 8X8R R9X3y kXNR jXjk yX9k yXyd yXy9 yXyy yXyR j3Xd
3 jXNd yXk8 3Xkk jX9d RjX83 kXkk kXNe yX9y yXRy yXye yXyj yXyR j8Xj
N 8X8y yXkj kX9y RXey 3XRj RXRN RXk3 jX8N yXy8 yXyd yXRR yXyk k9Xk
Ry 9Xky yXyR eX89 9Xyj NXdd jXR9 kX8y yXkN yXR9 yXyN yXyd yXyN jyXN

J2�M jXN3 yXkN 9XNR 9XyN RRXN8 RXNe jXRj yXdN yXR8 yXRR yXye yXyj jRX8

kR3



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

h�#H2�m a3 Ĝ *?�`�+i2`BbiB+b Q7 �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2i@
rQ`FX hQTQHQ;B+�H T`QT2`iB2b Q7 2KTB`B+�H M2irQ`F J1Lb Q7 KB+`Q#B�H +QKKmMBiB2b BM �/Qm`
b2/BK2Mi �M/ i?2B` �bbQ+B�i2/ `�M/QK J1LbX

1KTB`B+�H M2irQ`F BM/2t2b
1bim�BM2 a2/BK2Mi- �HH +�KT�B;Mb

L2irQ`F bBx2 UMV j9d
_k Q7 TQr2` H�r yXN99
�p2`�;2 +QMM2+iBpBiv U�p;EV kXjkN
�p2`�;2 T�i? /Bbi�M+2 U:.V eX9kR
�p2`�;2 +Hmbi2`BM; +Q2{+B2Mi U�p;**V yXykk
JQ/mH�`Biv UJV yXddN

Ryy `�M/QK M2irQ`F BM/2t2b
�p2`�;2 T�i? /Bbi�M+2 U:.V 8X8Rd ਻ yXR8y
�p2`�;2 +Hmbi2`BM; +Q2{+B2Mi U�p;**V yXyye ਻ yXyyj
JQ/mH�`Biv UJV yXdjN ਻ yXyy3

kRN



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

6B;m`2 ak Ĝ :HQ#�H �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b M2irQ`F `2T`2b2Mi�@
iBQMX 1�+? MQ/2 +Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX
L2irQ`Fb �`2 +QHQ`2/ �++Q`/BM; iQ T?vHmK U�RV r?2`2 L� /2bB;M�i2/ MQi �bbB;M2/ b2[m2M+2b
�M/ Pi?2`- �ao MQi �bbB;M2/ b2[m2M+2b �M/ T?vHmKb rBi? �#mM/�M+2 #2HQr RW Q` U�kV
KQ/mH2b- r?2`2 KQ/mH2b bB;MB}+�MiHv TQbBiBp2Hv +Q``2H�i2/ rBi? 2MpB`QMK2Mi�H T�`�K2i2`b
b2H2+i2/ �`2 B/2MiB}2/ BM +QHQ`b �M/ Pi?2`b /2bB;M2/ MQ/2b r?QK /Q2b MQi #2HQM; iQ i?2b2
KQ/mH2bX kky



9XkX �`iB+H2 , JB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H
;`�/B2Mib �M/ KB+`QTQHHmi�Mib

6B;m`2 aj Ĝ �/Qm` b2/BK2Mib KB+`Q#B�H +QKKmMBiB2b KQ/mH2b `2T`2b2Mi�iBQMX
oBbm�HBx�iBQM Q7 b2H2+i2/ KQ/mH2b +Q``2H�i2/ iQ i`BK2i?QT`BK �M/ QtQHBMB+ �+B/ U*RV- iQ JM
U*kV �M/ iQ �b U*jV BHHmbi`�iBM; �aob rBi?BM 2�+? KQ/mH2 �M/ i?2B`b BMi2`�+iBQMbX 1�+?
MQ/2 +Q``2bTQM/b iQ �M �ao- MQ/2 bBx2 Bb T`QTQ`iBQM�H iQ i?2 MQ/2 #2ir22MM2bbX JQ/mH2b
�`2 B/2MiB}2/ #v +QHQ`b r?2`2 KQ/mH2 R- e- R8- Ry- 3- RR- �M/ Re r2`2 `2bT2+iBp2Hv `2/- Q`�M;2-
TBMF- ;`22M- +v�M- HB;?i #Hm2 �M/ `Qv�H #Hm2X

kkR



*?�TBi`2 9X *QKTQbBiBQM 2i bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2
HǶ�/Qm`

9Xj *QM+HmbBQM

*2ii2 T`2KBĕ`2 /2b +QKKmM�miûb KB+`Q#B2MM2b +QHQMBb�Mi HǶ2bim�B`2 /2 HǶ�/Qm`- MQmb MQmb bQKK2b 7Q+�HBbûb
bm` H2b K�i`B+2b bû/BK2Mi�B`2bX G2b +QKKmM�miûb KB+`Q#B2MM2b T`ûb2Mi2Mi mM2 +QKTQbBiBQM KB+`Q#B2MM2 i`ĕb
H�`;2K2Mi /QKBMû2 T�` /2b T?vHmKb KB+`Q#B2Mb m#B[mBi�B`2b 2i `2i`Qmpû 7`û[m2KK2Mi 2M KBHB2m 2bim�`B2M
US`Qi2Q#�+i2`B� 2i "�+i2`QB/2i2bVX G� bi`m+im`�iBQM /2 +2b +QKKmM�miûb /�Mb H2 i2KTb 2i HǶ2bT�+2 2bi-
7Q`i2K2Mi BM~m2M+û2b T�` H� b�BbQM U?Bp2`M�H2V 2i H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 bûT�`�Mi i`ĕb M2ii2K2Mi
H2b bBi2b bBimûb 2M �KQMi- �m +ƾm` 2i /�Mb H� T�`iB2 H2 THmb �p�H /2 HǶ2bim�B`2X *2ii2 xQM2 �p�H +Q``2bTQM/ �mt
bBi2b d- 3 2i N bBimûb /�Mb H� xQM2 m`#�BM2 2i ¨ T`QtBKBiû /m `2D2i /2 ah1 Ubi�iBQM /2 i`�Bi2K2Mi /2b 2�mt
mbû2bV 2i /Ƕ2|m2Mib m`#�BMbX

GǵmiBHBb�iBQM /2 `ûb2�m /2 +Q@Q++m`2M+2 KB+`Q#B2M 2i /2 S1_J�LPo� QMi T2`KBb /ǶB/2MiB}2` /2b
T�`�Kĕi`2b U/QMi H� +QM+2Mi`�iBQM 2M +2`i�BMb KB+`QTQHHm�MibV BM~m2MÏ�Mi bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX
.2b KQ/mH2b KB+`Q#B2Mb Bbbmb /m `ûb2�m /2 +Q@Q++m`2M+2 QMi ûiû +Q``ûHûb TQbBiBp2K2Mi �p2+ [m�i`2 T�`�Kĕi`2b ,
HǶ�`b2MB+- H2 K�M;�Mĕb2- HǶ�+B/2 QtQHBMB[m2 2i H2 i`BKûi?QT`BK2X GǶûim/2 THmb �TT`Q7QM/B2 /2 +2b KQ/mH2b- �
T2`KBi /ǶQ#b2`p2` [m2 H2b KQ/mH2b KB+`Q#B2Mb ûi�B2Mi Q`;�MBbûb �miQm` /Ƕ�ao +H27b b2K#H�Mi āi`2 THmb �/�T@
iûb Qm iQHû`�Mi ¨ H� T`ûb2M+2 /2 KB+`QTQHHm�MibX G2m` T`ûb2M+2 MQmb H�Bbb2 ¨ bmTTQb2` mM BKT�+i bB;MB}+�iB7
/2b KB+`QTQHHm�Mib B/2MiB}ûb bm` H� +QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2bX *2b �ao Ŀ bTû+B�HBbûb ŀ
`2T`ûb2Mi2Mi /2b TQi2MiB2Hb #BQ@BM/B+�i2m`b /2 H� +QMi�KBM�iBQMX GǶûim/2 2i H2 T`Q}H�;2 THmb �TT`Q7QM/B /2
i2Hb Q`;�MBbK2b +H27b bǶ�pû`2`�Bi mM QmiBH T`û+B2mt /�Mb H2 bmBpB /2 HǶûi�i /2 b�Miû /2b û+QbvbiĕK2bX GǶQ#b2`p�@
iBQM H� THmb BMiû`2bb�Mi2 `û�HBbû2 /�Mb +2 +?�TBi`2 `2bi2 HǶQKMBT`ûb2M+2 /Ƕ�ao �ii`B#mûb �m ;2M`2 LBi`QbTB`�
/�Mb H2b KQ/mH2b +Q``ûHûb ¨ H� /Bbi`B#miBQM /2b KB+`QTQHHm�MibX *2 ;2M`2 +QbKQTQHBi2 T`ûb2Mi2 /2 KmHiBTH2b
+�T�+Biûb Kûi�#QHB[m2b `2K�`[m�#H2b U�TX 2tX +QKK�KQt Qm iQHû`�Mi ¨ H� T`ûb2M+2 /2 +QMi�KBM�MibVX *2b
Q#b2`p�iBQMb MQmb QMi T2`KBb /2 bm;;û`2` [m2 LBi`QbTB`� TQm``�Bi �;B` +QKK2 mM T�`i2M�B`2 �B/�Mi Qm 7�pQ@
`Bb�Mi H� +QHQMBb�iBQM /ǶmM ?�#Bi�ib- mM2 +�T�+Biû TQmp�Mi āi`2 T�`iB+mHBĕ`2K2Mi BMiû`2bb�Mi2 /�Mb H2 +�/`2
/Ƕû+QbvbiĕK2b +QMi�KBMûbX

kkk



*?�TBi`2 8

ai`m+im`�iBQM /2b +QKKmM�miûb
KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2
/2 HǶ�/Qm`

8XR AMi`Q/m+iBQM

.�Mb H2 +?�TBi`2 T`û+û/2Mi- MQmb MQmb bQKK2b 7Q+�HBbûb bm` H� +QKTQbBiBQM 2i bi`m+im`�iBQM /2b +QKKmM�miûb
KB+`Q#B2MM2b /�Mb H2b bû/BK2Mib /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2M 2bb�v�Mi /2 /û;�;2` HǶBM~m2M+2 /2b KB+`QTQHHm�Mib
bm` +2ii2 bi`m+im`�iBQMX .�Mb +2 +?�TBi`2- H� KāK2 Kûi?Q/2 /Ƕ�M�Hvb2 2bi �TTHB[mû2 +2ii2 7QBb bm` H� +QHQMM2
/Ƕ2�mX

.�Mb +2 +QKT�`iBK2Mi- QM T2mi bǶ�ii2M/`2 ¨ Q#b2`p2` /2 7Q`i2b p�`B�#BHBiûb /2b TQBMib bmBp�Mib ,r H2b T�`�Kĕi`2b T?vbB+Q@+?BKB[m2b Ui2Hb [m2 H� i2KTû`�im`2- H2 /û#Bi ~mpB�H- H2 +Q2{+B2Mi /2 K�`û2-
H� b�HBMBiû- H2 T`Q}H /2 H� K�iBĕ`2 Q`;�MB[m2- 2i+XV U*`mKTg2i �HX- kyy9 c C277`B2bg2i �HX- kyRe c EB27ig
2i �HX- kyR3V cr H2b +QMi�KBM�iBQMb U+7X *?�TBi`2 jV cr H2b +QKKmM�miûb KB+`Q#B2MM2bX

.Bzû`2Mib i`�p�mt KQMi`2Mi mM2 �#QM/�M+2 2i mM2 /Bp2`bBiû KB+`Q#B2MM2 U2i T`BM+BT�H2K2Mi #�+iû`B2MM2V
BM7û`B2m`2b /�Mb HǶ2�m T�` `�TTQ`i �mt bû/BK2Mib- 2i /2b +QKKmM�miûb THmb b2MbB#H2b ¨ H� p�`B�#BHBiû /2b
T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt Uw?�M;g2i �HX- kyR9 c q2Bg2i �HX- kyRe c J�i+?2`g2i �HX- kyR3 c GBmg2i �HX-
kyR3VX G2b 2bim�B`2b bQMi /2b û+QbvbiĕK2b +�`�+iû`Bbûb TQm` H2m` i`ĕb ;`�M/2 ?ûiû`Q;ûMûBiû bT�iBQ@i2KTQ`2HH2X
aQmb HǶ2z2i /2b +v+H2b /2 K�`û2 2i /m `û;BK2 ?v/`B[m2- /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt K�D2m`b i2Hb [m2

kkj



*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

H� b�HBMBiû- H� K�iBĕ`2 Q`;�MB[m2- Qm H� i2KTû`�im`2 T2mp2Mi p�`B2` bB;MB}+�iBp2K2Mi UC277`B2bg2i �HX- kyReVX
P`- BH 2bi `2+QMMm [m2 +2b T�`�Kĕi`2b K�D2m`b BM~m2M+2Mi bB;MB}+�iBp2K2Mi H2b +QKKmM�miûb KB+`Q#B2MM2b
�[m�iB[m2b 2ifQm 2bim�`B2MM2b UGQxmTQM2g� EMB;?ig- kyyd c 1`;m/2`g2i �HX- kyyN c 6Q`imM�iQg2i �HX-
kyRj c sB2g2i �HX- kyR9 c w?�M;g2i �HX- kyR9 c amM�;�r�g2i �HX- kyR8VX

1M /2?Q`b /2 +2ii2 p�`B�iBQM Ŀ M�im`2HH2 ŀ /2b +QM/BiBQMb 2MpB`QMM2K2Mi�H2b- H2b 2bim�B`2b bQMi �mbbB /2b xQM2b
�Mi?`QTBbû2bX GǶ2bim�B`2 /2 HǶ�/Qm` T`ûb2Mi2 /�Mb b� T�`iB2 H� THmb �p�H- mM iBbbm m`#�BM /2Mb2 +Q``2bTQM/�Mi
�mt �;;HQKû`�iBQMb /2 "�vQMM2@"B�``Bix@�M;H2i- 2i /�Mb bQM #�bbBM@p2`b�Mi- BH T`ûb2Mi2 mM2 �+iBpBiû �;`B+QH2
T`QMQM+û2 U+7X *?�TBi`2 RXRX9VX
.�Mb H2 +�/`2 /2 +2 T`QD2i- H2b +QKKmM�miûb �[m�iB[m2b /m +QKT�`iBK2Mi 2�m bQMi [m�HB}û2b T�` /2mt
7`�+iBQMb , /ǶmM2 T�`i- H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV 2i /Ƕ�mi`2 T�`i- H2b KB@
+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b 2M bmbT2MbBQM US�VX *QKK2 BM/B[mû /�Mb H2 *?�TBi`2 RXjXjXj
+2ii2 /BbiBM+iBQM T`ûb2Mi2 /Bzû`2Mib MBp2�mt /2 /û}MBiBQM- H2 T`2KB2` 2bi û+QHQ;B[m2 2i H2 b2+QM/ 2bi QTû`�@
iBQMM2HX G� /BbiBM+iBQM 2Mi`2 +2b 7`�+iBQMb T�bb2 T�` H2 T`BbK2 /2 H� Mû+2bbBiû i2+?MB[m2- mM2 HBKBi2 THmb Qm
KQBMb �`#Bi`�B`2 /QBi āi`2 /û}MB2X
G2 b2mBH /2 j ƒK � ûiû miBHBbû TQm` /BbiBM;m2` +2b /2mt 7`�+iBQMb UGm`B�g2i �HX- kyRe c "�+?K�MMg2i �HX-
kyR3VX Lû�MKQBMb- +2ii2 /BbiBM+iBQM 2bi �bbQ+B�#H2 ¨ mM2 `û�HBiû #BQHQ;B[m2X G2b /2mt 7`�+iBQMb bQMi bQmKBb2b
¨ /Bzû`2Mi2b T`2bbBQMb 2i ¨ mM /vM�KBbK2 UbT�iB�H MQi�KK2MiV ?�mi2K2Mi p�`B�#H2 UaBKQMg2i �HX- kyR9VX
G2b T�`iB+mH2b bQMi ;ûMû`�H2K2Mi +QMbB/û`û2b +QKK2 /2b Ŀ ?QibTQib ŀ /2 KB+`QQ`;�MBbK2b U6QMi�M2xg2i �HX-
kyR8 c GBmg2i �HX- kyky�V- H2b KB+`QQ`;�MBbK2b �ii�+?ûb ¨ +2b T�`iB+mH2b bQMi ;ûMû`�H2K2Mi +QMbB/û`ûb +QKK2
mM ;`QmT2 THmb �#QM/�Mi- THmb /Bp2`bB}û- T`ûb2Mi�Mi mM TQi2MiB2H Kûi�#QHB[m2 bmTû`B2m` 2i �BMbB [mǶmM2
BKTHB+�iBQM THmb BKTQ`i�Mi2 /�Mb H2b ~mt /2 K�iBĕ`2 2i /2b bQm`+2b /ǶûM2`;B2 U*`mKTg2i �HX- RNN3 c P`i2;�@
_2im2`i�g2i �HX- kyRj c aBKQMg2i �HX- kyR9 c smg2i �HX- kyR3 c "Q``2;Qg2i �HX- kykyVX S�`7QBb +2T2M/�Mi-
+Ƕ2bi HǶBMp2`b2 [mB 2bi Q#b2`pû �p2+ mM2 +QMi`B#miBQM K�DQ`Bi�B`2 /2b KB+`QQ`;�MBbK2b HB#`2 /�Mb H� +QHQMM2
/Ƕ2�m �mt ~mt U`2+v+H�;2V /2 K�iBĕ`2 UG�TQmbbBĐ`2g2i �HX- kyRRVX G2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2
/Ƕ2�m bQMi THmb 7`û[m2KK2Mi +�`�+iû`Bbûb +QKK2 mM2 7`�+iBQM Ŀ b2MbB#H2 ŀ 2i KQBMb `ûbBbi�Mi2- #B2M [m2 +2ii2
7`�+iBQM TmBbb2 iQmi /2 KāK2 2tT`BK2` mM2 +2`i�BM2 TH�biB+Biû û+QHQ;B[m2 Uw?�M;g2i �HX- kyR9VX G� #�``Bĕ`2
2Mi`2 +2b /2mt KQ/2b /2 pB2 TQm``�Bi āi`2 2M+Q`2 THmb }M2X *2`i�BMb �mi2m`b 2biBK2Mi [m2 H2b KB+`QQ`;�MBbK2b
TQm``�B2Mi āi`2 +�T�#H2 /Ƕ�Hi2`M2` 2Mi`2 +2b /2mt KQ/2b /2 pB2 2M 7QM+iBQM /2b +QM/BiBQMb 2MpB`QMM2K2Mi�H2b
U:`Qbb�`ig- kyRy c _ƴb2Hg� :`Qbb�`ig- kyRk c h�M;g2i �HX- kyRd c "�+?K�MMg2i �HX- kyR3 c >mg2i �HX- kykyVX
.�Mb +2 +?�TBi`2- MQmb MQmb BMiû`2bb2`QMb /Ƕ�#Q`/ ¨ B/2MiB}2` H� +QKTQbBiBQM- H� bi`m+im`�iBQM 2i H� p�`B�@
#BHBiû b�BbQMMBĕ`2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X 1M T�`�HHĕH2- MQmb
B/2MiB}2`QMb H2b T�`�Kĕi`2b TQmp�Mi BM~m2` bm` +2b +QKKmM�miûb- /ǶmM2 K�MBĕ`2 ;ûMû`�H2 /�Mb mM T`2KB2`
i2KTb TmBb THmb T`û+BbûK2Mi- H2b KB+`QTQHHm�Mib T`ûb2Mi�Mi mM 2z2i bB;MB}+�iB7X G� /BbbQ+B�iBQM 2Mi`2 H2b
KB+`QQ`;�MBbK2b S� 2i 6G b2`� +QMb2`pû2 iQmi �m HQM; /2 +2 +?�TBi`2X .2`MBĕ`2K2Mi- MQmb MQmb 7Q+�HBb2`QMb
bm` H2b KB+`QQ`;�MBbK2b S� 2i bm` HǶmiBHBb�iBQM /2b :2Q+?BT UTm+2b ¨ �.LV- �}M /2 +�`�+iû`Bb2` /ǶmM TQBMi
/2 pm2 7QM+iBQMM2H +2ii2 +QKKmM�miûX
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8XkX _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2bim�`B2MM2b

8Xk _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2b@
im�`B2MM2b

8XkXR S`2KB2` MBp2�m /2 H2+im`2 , H� /Bp2`bBiû �HT?�

lM bû[m2MÏ�;2 /m ;ĕM2 Rea � ûiû `û�HBbû TQm` HǶBMiû;`�HBiû /2b û+?�MiBHHQMb �TT�`i2M�Mi �mt 7`�+iBQMb /2
KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV 2i �ii�+?ûb �mt T�`iB+mH2b US�VX �T`ĕb M2iiQv�;2 /2b
bû[m2M+2b UbmTT`2bbBQM /2b bû[m2M+2b /2 K�mp�Bb2b [m�HBiûb- /2b bû[m2M+2b +?BKû`B[m2b- /2b bû[m2M+2b +Q`@
`2bTQM/�Mi �mt +?HQ`QTH�bi2b Qm KBiQ+?QM/`B2b- 2i+XV- +Ƕ2bi mM iQi�H /2 `2bT2+iBp2K2Mi k Rk8 Rek 2i j y3R Re3
bû[m2M+2b [mB 7m`2Mi +QMb2`pû2b TQm` H2b 7`�+iBQMb S� 2i 6G U6B;m`2b 8XR 2i 8XkVX �p�Mi HǶûi�T2 /2 `�`û7�+iBQM
Qm mM [m2H+QM[m2 M2iiQv�;2 /2 H� i�#H2 /2b �ao- +2b bû[m2M+2b +Q``2bTQM/�B2Mi `2bT2+iBp2K2Mi ¨ mM iQi�H
/2 Rk R33 2i jd dNN �aoX .2b p�H2m`b /m KāK2 Q`/`2 /2 ;`�M/2m`b bQMi `2i`Qmpû2b /�Mb H� HBiiû`�im`2 �p�Mi
}Hi`�iBQM U"`�M/ig2i �HX- kyRN c L�`Q@J�+B2Hg2i �HX- kyky c S�b+m�H@"2MBiQg2i �HX- kykyVX G2b +Qm`#2b /2
`�`û7�+iBQM Q#i2Mm2b TQm` H2b /2mt D2mt /Ƕû+?�MiBHHQMb U6G 2i S�V �ii2B;M2Mi iQmi2b mM2 T?�b2 TH�i2�mX 1HH2b
MQmb T2`K2ii2Mi /Ƕûi�#HB` [m2 H2 bû[m2MÏ�;2 `û�HBbû 7mi bm{b�Mi TQm` T2`K2ii`2 HǶ�++ĕb ¨ H� #BQ/Bp2`bBiû /2b
bBi2b U�MM2t2b- 6B;m`2b �8XR 2i �8XkVX
*2b bû[m2M+2b +Q``2bTQM/2Mi T�` bBi2 ¨ mM2 KQv2MM2 iQi�H2 /2 R yek ਻ jd9 �ao TQm` H2b S� 2i /2 N3R ਻
9ky TQm` H2b 6GX *2b p�H2m`b bQMi Hû;ĕ`2K2Mi BM7û`B2m`2b ¨ +2HH2b Q#i2Mm2b TQm` H2b bû/BK2Mib UR 3R3 ਻ 9N9
�ao- +7X *?�TBi`2 9XkVX *2 MQK#`2 /Ƕ�ao 2bi /m KāK2 Q`/`2 [m2 +2`i�BM2b ûim/2b û[mBp�H2Mi2b Kûi?Q/QHQ@
;B[m2K2Mi 2i `û�HBbû2b 2M KBHB2m �[m�iB[m2 UL�`Q@J�+B2Hg2i �HX- kyky c ai2BM2`g2i �HX- kykyVX _�TT2HQMb
Mû�MKQBMb [m2 HǶ2KTHQB /2b �ao 2bi +QM+QKBi�Mi ¨ HǶmiBHBb�iBQM /2 .�.�k U*�HH�?�Mg2i �HX- kyRe�V- H2
MQK#`2 /Ƕûim/2b 2KTHQv�Mi +2b �ao 2M HB2m 2i TH�+2 /2b Phl bQMi KBMQ`Bi�B`2b- K�Bb 2M +QMbi�Mi2 �m;K2M@
i�iBQMX

SQm` H2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b US�V- H2 MQK#`2 /2 bû[m2M+2b Q#i2Mm2b 2M KQv2MM2 T�` bBi2
2bi /2 ky k9y ਻ 3 ejyX G2b BM/B+2b /2 `B+?2bb2 Q#b2`pû2 U_V 2i 2biBKû2 U*?�Q@R 2i aBKTbQMV bQMi `2H�iBp2K2Mi
?ûiû`Q;ĕM2bX AH 2bi ¨ MQi2` [m2 H2b bBi2b HQ+�HBbûb �m +ƾm` /m iBbbm m`#�BM /2 HǶ�;;HQKû`�iBQM UbQBi H2b bBi2b d- 3
2i- /�Mb mM2 KQBM/`2 K2bm`2- H2 bBi2 NV T`ûb2Mi2Mi mM2 /Bp2`bBiû �HT?� bmTû`B2m`2 U6B;m`2 8XRV- ¨ HǶ2t+2TiBQM
/2b T`ûHĕp2K2Mib `û�HBbûb 2M ?Bp2`X
*QKK2 BM/B[mû /�Mb H2 *?�TBi`2 k- +2b bBi2b bQMi `2;`QmTûb /�Mb H� +�iû;Q`B2 /2b bBi2b Ŀ l`#�BM ŀ Ue ¨ NVX
AHb +Q``2bTQM/2Mi ¨ mM2 xQM2 T`ûb2Mi�Mi mM2 Q++m``2M+2 2i /2b K�tBKmKb /2 +QM+2Mi`�iBQM 2M KB+`QTQHHm�Mi
7`û[m2KK2Mi bmTû`B2m`b �mt �mi`2b bBi2b /Bib Ŀ �KQMi ŀ Qm Ŀ �p�H ŀ U+7X *?�TBi`2 jVX

PM bǶ�ii2M/`�Bi ¨ +2 [m2 H� #BQ/Bp2`bBiû U�HT?�V bQBi Mû;�iBp2K2Mi �z2+iû2 T�` H� T`ûb2M+2 /2 KB+`QTQHHm�MibX
*2 HB2M 2Mi`2 mM2 T2`im`#�iBQM /ǶmM û+QbvbiĕK2 2i H� /Bp2`bBiû � ûiû /û+`Bi2 ¨ /2 KmHiBTH2b `2T`Bb2b U.m`�Mg
2i �HX- kyR8 c SBMiQg2i �HX- kyR8 c CQ?MbiQMg� _Q#2`ibg- kyyN c C�+[mBQ/g2i �HX- kyR3 c GBg2i �HX- kyky c
S�b+m�H@"2MBiQg 2i �HX- kykyVX *2T2M/�Mi /�Mb MQi`2 ûim/2- HǶBMp2`b2 2bi Q#b2`pû- H� /Bp2`bBiû ûi�Mi

kk8



*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

THmb ûH2pû2 /�Mb H2b xQM2b Qɍ H� T`ûb2M+2 /2b KB+`QTQHHm�Mib 2bi H� THmb BKTQ`i�Mi2X .2b Q#b2`p�iBQMb
bBKBH�B`2b QMi ûiû T�`7QBb `û�HBbû2b 2i /û+`Bi2b US�Bbbög2i �HX- kyy3 c "2M a�H2Kg2i �HX- kyRNVX *2ii2 bBim�iBQM
BHHmbi`2 T�`7�Bi2K2Mi HǶ?ûiû`Q;ûMûBiû /2b `ûTQMb2b /2b +QKKmM�miûb KB+`Q#B2MM2b 7�+2 �mt p�`B�iBQMb 2i
T2`im`#�iBQMb /2 H2m` 2MpB`QMM2K2MiX
*2ii2 p�`B�#BHBiû bT�iB�H2 /2 H� /Bp2`bBiû 2M HB2M �p2+ H� T`ûb2M+2 /2 KB+`QTQHHm�Mib 2bi `2H�iBp2K2Mi T2m
`Q#mbi2 7�+2 ¨ HǶBM~m2M+2 /2 H� p�`B�iBQM b�BbQMMBĕ`2X 1M 2z2i- H2b K�tBKmKb /2 /Bp2`bBiû bQMi Q#i2Mmb
2M ?Bp2` TQm` H2 bBi2 9 U_ 2i *?�Q@RV 2i- /�Mb mM2 KQBM/`2 K2bm`2- H2 bBi2 j UMQi�KK2Mi �p2+ HǶBM/B+2 /2
aBKTbQMV- bQBi /2mt bBi2b Ŀ �KQMi ŀ TQbBiBQMMûb 2M �KQMi /2 HǶ2bim�B`2 �m MBp2�m /2 H� LBp2X *2 KāK2
bBi2 T`ûb2Mi2 �m T`BMi2KTb 2i 2M ûiû T�`KB H2b THmb 7�B#H2b p�H2m`b /2 /Bp2`bBiû U_- *?�Q@R 2i aBKTbQM �m
T`BMi2KTb 2i aBKTbQM 2M ûiû- };m`2 8XRVX G� b�BbQM 2ifQm H� i2KTû`�im`2 bQMi 7`û[m2KK2Mi B/2MiB}û2b
+QKK2 H2b 7�+i2m`b T`BM+BT�mt bi`m+im`�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b- MQi�KK2Mi 2M KBHB2m �[m�iB[m2
UamM�;�r�g2i �HX- kyR8 c C2�M#BHH2g2i �HX- kyRe c sB�M;g2i �HX- kyRd c "�+?K�MMg2i �HX- kyR3VX G� b�BbQM
� ûiû B/2MiB}û2 +QKK2 HǶmM /2b T�`�Kĕi`2b bi`m+im`�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b bû/BK2Mi�B`2b /�Mb
HǶ2bim�B`2 /2 HǶ�/Qm`X G2b bû/BK2Mib 2i H2b T�`iB+mH2b T�`�Bbb2Mi āi`2 BM~m2M+û2b 2i bi`m+im`û2b T�` H2b KāK2b
T�`�Kĕi`2bX

G2b BM/B+2b /2 /Bp2`bBiû �HT?� M2 KQMi`2Mi T�b /2 /Bzû`2M+2 b�BbQMMBĕ`2 bB;MB}+�iBp2X SQm` H2b KB+`QQ`;�MBbK2b
HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV- +QKK2 TQm` H2b S�- H2 MQK#`2 /2 bû[m2M+2b Q#i2Mm2b T�` û+?�MiBHHQM 2bi
`2H�iBp2K2Mi ?QKQ;ĕM2 UkN NR9 ਻ 9 ey3 2M KQv2MM2 T�` û+?�MiBHHQMV 2i H� /Bp2`bBiû �HT?� 2bi- 2HH2- ?ûiû`Q;ĕM2X
Lû�MKQBMb- TQm` H2b 6G- HǶ?ûiû`Q;ûMûBiû /2 H� /Bp2`bBiû 2bi THmb K�`[mû2 U6B;m`2 8XkVX Lû�MKQBMb- TQm` H2b
bBi2b j 2i 9- H2b KāK2b i2M/�M+2b T2mp2Mi āi`2 Q#b2`pû2b TQm` H2b S� 2i H2b 6G- #B2M [m2 HǶ?ûiû`Q;ûMûBiû /2b
6G 2M HBKBi2 HǶBMi2`T`ûi�iBQMX

G2b D2mt /2 /QMMû2b /2 bû[m2MÏ�;2 QMi 2MbmBi2 ûiû `�`û}ûb- 2i }Hi`ûb 2M ûHBKBM�Mi H2b �ao T`ûb2Mi�Mi mM2
7�B#H2 T`ûp�H2M+2 U7�B#H2 7`û[m2M+2 /ǶQ#b2`p�iBQM /ǶmM �ao �m b2BM /2b û+?�MiBHHQMbVX G� `�`û7�+iBQM � ûiû
`û�HBbû2 ¨ T�`iB` /2 THmb 7�B#H2b MQK#`2b /2 bû[m2M+2b Q#b2`pûb T�` û+?�MiBHHQMb bQBi- RR kyN TQm` H2b 6G 2i 9
399 TQm` H2b S�X 1M}M- H2b �ao T`ûb2Mi�Mi mM2 7`û[m2M+2 /ǶQ#b2`p�iBQM BM7û`B2m`2 ¨ 8W QMi ûiû bmTT`BKûb
/Ƕ�T`ĕb H2 b+`BTi _ 2i H2b BM/B+�iBQMb /2 *�HH�?�M 2i �HX UkyRe#VX

kke



8XkX _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2bim�`B2MM2b

6B;m`2 8XR Ĝ J2bm`2 /2 /Bp2`bBiû /�Mb H2b +QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�VX o�H2m`b-
KQv2MM2 U਻ û+�`i@ivT2V- /m MQK#`2 /2 bû[m2M+2b- /2 H� `B+?2bb2 2i /2b BM/B+2b /2 /Bp2`bBiû /�Mb H2b û+?�MiBHHQMb
U�V- 2i `2T`ûb2Mi�iBQM ;`�T?B[m2 U#QtTHQiV /2 HǶûpQHmiBQM /2b p�H2m`b /2b BM/B+2b /2 /Bp2`bBiû H2 HQM; /2
HǶ2bim�B`2 U"VX kkd



*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 8Xk Ĝ J2bm`2 /2 /Bp2`bBiû /�Mb H2b +QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GVX
o�H2m`b- KQv2MM2 U਻ û+�`i@ivT2V- /m MQK#`2 /2 bû[m2M+2b- /2 H� `B+?2bb2 2i /2b BM/B+2b /2 /Bp2`bBiû /�Mb H2b
û+?�MiBHHQMb U�V- 2i `2T`ûb2Mi�iBQM ;`�T?B[m2 U#QtTHQiV /2 HǶûpQHmiBQM /2b p�H2m`b /2b BM/B+2b /2 /Bp2`bBiû H2
HQM; /2 HǶ2bim�B`2 U"VX kk3



8XkX _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2bim�`B2MM2b

8XkXk *QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /2b /2mt 7`�+iBQMb

�m@/2H¨ /2 HǶ�M�Hvb2 /2 H� /Bp2`bBiû �HT?�- BH 2bi T2`iBM2Mi �mbbB /2 bǶBMiû`2bb2` �mt /Bzû`2Mib ;`QmT2b /ǶQ`@
;�MBbK2b +�`�+iû`Bb�Mi H2b +QKKmM�miûb KB+`Q#B2MM2bX .�Mb H2 +�b /2b 2�mt /2 HǶ�/Qm`- [m2HH2 [m2 bQBi H�
7`�+iBQM +QM+2`Mû2- /2mt T?vHmKb bQMi K�DQ`Bi�B`2b �m b2BM /2 HǶBMiû;`�HBiû /2b û+?�MiBHHQMb , H2b "�+i2`QB@
/Qi� 2i H2b S`Qi2Q#�+i2`B� U6B;m`2 8XjVX AHb `2T`ûb2Mi2Mi `2bT2+iBp2K2Mi 2M KQv2MM2 9e ਻ R8W 2i jd ਻ RjW
/2b KB+`QQ`;�MBbK2b �bbQ+Bûb �mt T�`iB+mH2b US�V �BMbB [m2 9k ਻ RyW 2i 9j ਻ 3W /2b KB+`QQ`;�MBbK2b HB#`2b
/�Mb H� +QHQMM2 /Ƕ2�m U6GVX *QKK2 BM/B[mû /�Mb H2 +?�TBi`2 BMi`Q/m+iB7 U+7X *?�TBi`2 RXjXjXRV- +2ii2 Q#b2`@
p�iBQM +Q``2bTQM/ �m +�`�+iĕ`2 K�DQ`Bi�B`2 /2 +2b T?vHmKb bQMi K�DQ`Bi�B`2b /�Mb /2 MQK#`2mt û+QbvbiĕK2b
�[m�iB[m2b UwBM;2`g2i �HX- kyRR c *?�722g2i �HX- kyR3V 2i 2bim�`B2Mb U*`mKTg2i �HX- RNNN c �;mB``2g2i �HX-
kyRd c J�i+?2`g2i �HX- kyR3 c GBmg2i �HX- kyky�VX Zm2HH2 [m2 bQBi H� 7`�+iBQM T`Bb2 2M +QKTi2- H2b S`Qi2Q#�+@
i2`B� bQMi K�DQ`Bi�B`2K2Mi `2T`ûb2Miû2b T�` HǶQ`/`2 /2b "m`F?QH/2`B�H2b U/2 93 ¨ NyW /2b S`Qi2Q#�+i2`B�
TQm` H2b S� 2i /2 9R ¨ NdW TQm` H2b 6GVX SQm` H2b "�+i2`QB/Qi�- mM2 T`2KBĕ`2 /BbiBM+iBQM T2mi āi`2 7�Bi2 2Mi`2
H2b 6G 2i H2b S�X 1M 2z2i- +2 T?vHmK 2bi i`ĕb H�`;2K2Mi `2T`ûb2Miû T�` HǶQ`/`2 /2b 6H�pQ#�+i2`B�H2b U/2 R9 ¨
3NW /2b "�+i2`QB/Qi�- 6B;m`2 8Xj�V /�Mb H2b S�X h�M/Bb [mǶ�m b2BM /2b 6G- H2b i`QBb Q`/`2b +QKTQb�Mi T`BM+B@
T�H2K2Mi H2 T?vHmK bQMi , H2b *viQT?�;�H2b- *?BiBMQT?�;�H2b 2i 6H�pQ#�+i2`B�H2b �p2+ `2bT2+iBp2K2Mi
2i 2M KQv2MM2 kN ਻ RkW- kd ਻ RjW 2i k8 ਻ NW /2b "�+i2`QB/Qi� U6B;m`2 8Xj"VX

� HǶ2t+2TiBQM /2 +2b /2mt T?vHmKb K�DQ`Bi�B`2b- H2b +QKKmM�miûb KB+`Q#B2MM2b /2 HǶ2bim�B`2 /2 HǶ�/Qm` bQMi
�mbbB +QKTQbû2b /2 RR US�V ¨ Rj U6GV �mi`2b T?vHmKb `2T`ûb2Mi�Mi 2M KQv2MM2 mM KBMBKmK /2 y-kW /2b
bû[m2M+2b �m b2BM /2 +?�[m2 bBi2X S�`KB +2b /2`MB2`b- H2b T?vHmKb o2``m+QKB+`Q#BQi� U2M KQv2MM2 T�` bBi2
k ਻ kW 2i 8W ਻ 8W- TQm` H2b S� 2i 6GV- �+iBMQ#�+i2`BQi� Ue ਻ 9W 2i 9 ਻ jWV- 6B`KB+mi2b Uk ਻ 9W 2i
k ਻ jWV- *v�MQ#�+i2`B� UR ਻ jW 2i R ਻ kWV- 2i .2bmH7Q#�+i2`Qi� UR ਻ RW TQm` +?�[m2 7`�+iBQMV bQMi
`2i`Qmpûb U6B;m`2 8XjVX *2b T?vHmKb bQMi �bb2x +H�bbB[m2K2Mi `2i`Qmpûb 2M KBHB2m 2bim�`B2M U>2M`B[m2bg2i
�HX- kyy9 c 62M;g2i �HX- kyyN c C277`B2bg2i �HX- kyRe c �vH�;�bg2i �HX- kyRdV- +QM}`K�Mi [m2 H2b +QKKmM�miûb
#�+iû`B2MM2b /2 HǶ2bim�B`2 /2 HǶ�/Qm` bQMi +QKTQbû2b /2 T?vHmKb `2i`Qmpûb /�Mb /2 MQK#`2mt û+QbvbiĕK2b
�[m�iB[m2bX
.2b bû[m2M+2b +Q``2bTQM/�Mi2b �m /QK�BM2 /2b �`+?û2b QMi ûiû Q#b2`pû2b TQm` HǶBMiû;`�HBiû /2b bBi2b- 2HH2b
`2T`ûb2Mi2Mi /2 yW US�- bBi2 j �m T`BMi2KTb 2i 2M ûiû- bBi2 9 �m T`BMi2KTb- bBi2 e 2M ?Bp2`V ¨ k-jW UbBi2 j
2M ?Bp2`V /2 +2b bû[m2M+2bX � HǶ2t+2TiBQM /2b *`2M�`+?�2Qi� UKQv2MM2 /2 y-jW ਻ y-9 c 6B;m`2 8Xj"V TQm`
H2b KB+`QQ`;�MBbK2b 6G- �m+mM T?vHmK �`+?û2M M2 `2T`ûb2Mi2 THmb /2 RW /2b bû[m2M+2b 2M KQv2MM2X *2+B
BM/B[m2 +H�B`2K2Mi [m2 /�Mb H2 +�/`2 /2 MQi`2 ûim/2- +2 /QK�BM2 2bi +H�B`2K2Mi KBMQ`Bi�B`2X *2b Q#b2`p�iBQMb
bQMi `2H�iBp2K2Mi 2M ?�`KQMB2 �p2+ +2 [mB T2mi āi`2 BHHmbi`û /�Mb H� HBiiû`�im`2- +2 /QK�BM2 `2T`ûb2Mi2 i`ĕb
;ûMû`�H2K2Mi mM2 T�`i i`ĕb `û/mBi2 /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b 2�mt 2bim�`B2MM2b U"QmpB2`g�
.2H :BQ`;BQg- kyyk c q�M;g2i �HX- kyky�VX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`
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8XkX _B+?2bb2 2i /Bp2`bBiû KB+`Q#B2MM2b Q#b2`pû2b /�Mb H2b 2�mt 2bim�`B2MM2b

Printemps (AD1) Été (AD2) Hiver (AD3)

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D
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A : PA

Genre
Candidatus Actinomarina
Clade Ia (SAR11)
NS4 marine group
NS5 marine group
OM43 clade
RS62 marine group
SAR92 clade
Synechococcus

Printemps (AD1) Été (AD2) Hiver (AD3)
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0

5

10

15

Site

A
bo

nd
an

ce
 re

la
tiv

e 
(%

)

B : FL

6B;m`2 8X9 Ĝ �#QM/�M+2 `2H�iBp2 UWV /2b ;2M`2b KB+`Q#B2Mb �bbQ+B�#H2 ¨ HǶû+QbvbiĕK2 K�`BM /�Mb H2b 2�mt
/2 HǶ2bim�B`2 /2 HǶ�/Qm` TQm` H2b 7`�+iBQMb /2 KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b U� , S�V 2i /2b
KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U" , 6GVX G2b bBi2b +Q``2bTQM/2Mi ¨ H� KQv2MM2 /2 i`QBb `ûTHB+�ibX

*QMi`�B`2K2Mi ¨ +2 [mB 7mi Q#b2`pû TQm` H2b bû/BK2Mib- HǶBM~m2M+2 K�`BM2 2bi +H�B`2K2Mi B/2MiB}�#H2 /�Mb H� +Q@
HQMM2 /Ƕ2�m- MQi�KK2Mi T�`KB H2b bBi2b Ŀ �p�H ŀ U/2 � ¨ .V 2i �m T`BMi2KTbX _�TT2HQMb [m2 +2b T`ûHĕp2K2Mib
Ŀ �p�H ŀ QMi ûiû `û�HBbûb ¨ T�`iB` /ǶmM #�i2�m 2i �m +ƾm` /m +?2M�H- +2b bBi2b MǶQMi T�b ûiû û+?�MiBHHQMMûb TQm`
H2b bû/BK2MibX *2ii2 BM~m2M+2 K�`BM2 2bi M2ii2K2Mi `2K�`[m�#H2 bB HǶQM b2 7Q+�HBb2 bm` H2b ;2M`2b ivTB[m2K2Mi
`2i`Qmpûb 2M KBHB2m K�`BM i2H [m2 a�_RR U+H�bb2 /2b �HT?�T`Qi2Q#�+i2`B�V UJQ``Bbg2i �HX- kyykV- a�_Nk
+H�/2 UaiBM;Hg2i �HX- kyydV- PJ9j +H�/2- _aek K�`BM2 ;`QmT U+H�bb2 /2b :�KK�T`Qi2Q#�+i2`B�V- La9
K�`BM2 ;`QmT 2i La8 K�`BM2 ;`QmT UT?vHmK /2b "�+i2`QB/Qi�V UGBmg2i �HX- kyky�V- *�M/B/�imb �+@
iBMQK�`BM� U:?�Bg2i �HX- kyRjV UT?vHmK /2b �+iBMQ#�+i2`BQi�V 2i avM2+?Q+Q++mb Ua+�MH�Mg� q2big-
kyykV UT?vHmK /2b *v�MQ#�+i2`B�VX *2b ;2M`2b T`ûb2Mi2Mi mM2 �#QM/�M+2 THmb K�`[mû2 ¨ T`QtBKBiû /2 HǶ2K@
#Qm+?m`2 2i �m MBp2�m /2b bBi2b T`ûb2Mi�Mi mM2 b�HBMBiû T`Q+?2 /2 HǶBM~m2M+2 K�`BM2 U+�b T�`iB+mHB2` /m bBi2 N
�m T`BMi2KTbV U6B;m`2 8X9VX G2b T`Q}Hb /Ƕ�#QM/�M+2 /2 +2b ;2M`2b bmBp2Mi T�`7�Bi2K2Mi H2 T`Q}H /2 H� b�HBMBiû
K2bm`û2 /�Mb H2b û+?�MiBHHQMb U+7X *?�TBi`2 kXRXk 2i �MM2t2b- };m`2 �kXR�VX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

8Xj ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

.�Mb +2ii2 b2+QM/2 T�`iB2- H� +QKTQbBiBQM KB+`Q#B2MM2 �m MBp2�m /m ;2M`2 Qm /2 HǶ�ao � ûiû miBHBbû2 TQm`
B/2MiB}2` H� bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b �BMbB [m2 b� p�`B�#BHBiû bT�iB�H2 2ifQm b�BbQMMBĕ`2X
.�Mb mM T`2KB2` i2KTb- H2b /2mt 7`�+iBQMb- 6G 2i S�- b2`QMi /BbiBM;mû2b �}M /ǶBMi2``Q;2` H2m`b bi`m+im`2b
`2bT2+iBp2b BM/ûT2M/�KK2MiX .�Mb mM b2+QM/ i2KTb- H2b /2mt D2mt /2 /QMMû2b U6G 2i S�V b2`QMi bBKmHi�@
MûK2Mi T`Bb 2M +QKTi2 �}M- +2ii2 7QBb@+B- /ǶBMi2``Q;2` H2b /Bzû`2Mib KQ/2b /2 pB2 U+X@g̈ @g/X HB#`2 Qm �bbQ+BûV 2i
/ǶB/2MiB}2` H2m` +QMM2tBQMX

8XjXR AM~m2M+2 /2 H� b�BbQM 2i /m iBbbm m`#�BM /�Mb H� bi`m+im`�iBQM /2b +QK@
KmM�miûb KB+`Q#B2MM2b

SQm` BMi2``Q;2` H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b- MQmb 2KTHQvQMb H� /Bp2`bBiû #āi� bQBi H�
/Bzû`2M+2 /2 /Bp2`bBiû Qm /2 +QKTQbBiBQM 2Mi`2 /2mt bBi2b Qm û+?�MiBHHQMb U+7X *?�TBi`2 RX9X8XRVX G� +QKT�@
`�BbQM /2b +QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�V 2bi T`ûb2Miû2 bm` H� };m`2 8X8X .2 H�
KāK2 K�MBĕ`2 [m2 TQm` H2b bû/BK2Mib- H� /Bzû`2M+2 /2 bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b M2 T2mi āi`2
bvMi?ûiBbû2 T�` mM2 mMB[m2 `2T`ûb2Mi�iBQM ;`�T?B[m2 ULJ.aVX LQb û+?�MiBHHQMb bQMi b+BM/ûb 2M /2mt ;`�M/b
;`QmT2b [mB T`ûb2Mi2Mi mM2 i`ĕb 7Q`i2 /BbbBKBH�`Biû 2KTā+?�Mi H2m` `2T`ûb2Mi�iBQM ;`�T?B[m2 +QKKmM2X G2b
/Bzû`2M+2b /2 bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b � ûiû KBb2 2M ûpB/2M+2 T�` mM /2M/`Q;`�KK2 U6B;m`2
8X8�V �++QKT�;Mû /ǶmM2 LJ.a U6B;m`2 8X8"VX G� +QKT�`�BbQM /2 H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q@
#B2MM2b � ûiû `û�HBbû2 2M miBHBb�Mi H2b KQv2MM2b /Ƕ�#QM/�M+2b [m2HH2 [m2 bQBi H� +�KT�;M2 /Ƕû+?�MiBHHQMM�;2
�}M /2 pBbm�HBb2` H2b /Bzû`2M+2b /2 bi`m+im`2 H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
G2 /2M/`Q;`�KK2 /2b bBi2b S� `û�HBbûb ¨ T�`iB` /m MBp2�m /2b �ao MQmb T2`K2i /ǶB/2MiB}2` mM2 T`2KBĕ`2
bi`m+im`�iBQM b�BbQMMBĕ`2 /2b û+?�MiBHHQMbX .2mt ;`QmT2b bQMi /BbiBM+ib- mM T`2KB2` BbQH�Mi H2b bBi2b Ŀ >Bp2`
ŀ UD�mM2V /ǶmM b2+QM/ +QKT`2M�Mi H2b bBi2b Ŀ S`BMi2KTb ŀ Up2`iV 2i Ŀ úiû ŀ U`Qb2V U6B;m`2 8X8�- ;`QmT2 R 2i
k pb j 2i 9VX *2ii2 KāK2 Q#b2`p�iBQM �p�Bi Tm āi`2 `û�HBbû2 TQm` H2b bû/BK2Mib U+7X *?�TBi`2 9VX 1M bmBp�Mi-
+?�+mM /2 +2b /2mt ;`QmT2b pQMi ¨ MQmp2�m b2 b+BM/2` 2M /2mt- bûT�`�Mi THmb Qm KQBMb 2{+�+2K2Mi H2b bBi2b
Ŀ l`#�BM ŀ /2b bBi2b Ŀ �KQMi ŀ 2i Ŀ �p�H ŀ U6B;m`2 8X8�- ;`QmT2 R pb k 2i j pb 9VX *2ii2 bûT�`�iBQM 2bi M2ii2
TQm` H2b T`ûHĕp2K2Mib /2 T`BMi2KTb 2i /Ƕûiû Qɍ H2b bBi2b e- d- 3 2i N b2 `2i`Qmp2Mi /�Mb mM ;`QmT2 /BbbQ+Bû
/2b �mi`2b U6B;m`2 8X8�- ;`QmT2 kVX SQm` H2b T`ûHĕp2K2Mib ?Bp2`M�mt UD�mM2V- H2b bBi2b bBimûb bm` H� LBp2 bQMi
`2i`Qmpûb �bbQ+Bûb ¨ +2mt /m +Hmbi2` Ŀ l`#�BM ŀ 2i T�`iB+mHBĕ`2K2Mi �mt bBi2b d 2i 3 U6B;m`2 8X8�- ;`QmT2 jVX
*2b /2mt bBi2b /2 T`ûHĕp2K2Mi b2 i`Qmp2Mi bm` H� `Bp2 ;�m+?2 /2 HǶ2bim�B`2 2i ¨ T`QtBKBiû /2 H� +QM~m2M+2
/2 H� LBp2X .2 THmb- 2M ?Bp2` U�m +Qm`b /2 H� Tû`BQ/2 /2 T`ûHĕp2K2MiV- H2 /û#Bi ~mpB�H /�Mb HǶ2bim�B`2 2biBKû
/2 dkN KjXb@R +Q``2bTQM/ �m /û#Bi H2 THmb BKTQ`i�Mi bm` HǶ2Mb2K#H2 /2b Tû`BQ/2b /2 T`ûHĕp2K2Mi /�Mb H2
+�/`2 /2 +2ii2 ûim/2 UkyN KjXb@R �m T`BMi2KTb 2i Ry8 KjXb@R 2M ûiû- +7X *?�TBi`2 kXRXk- 6B;m`2 kX9VX *2ii2
/û+?�`;2 THmb +QMbû[m2Mi2 /2b 2�mt /2 H� LBp2 ¨ +2ii2 b�BbQM � T`Q#�#H2K2Mi BM~m2M+û H� +QKTQbBiBQM /2b
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8XjX ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

+QKKmM�miûb KB+`Q#B2MM2b /2b bBi2b bBimûb ¨ T`QtBKBiû /2 H� +QM~m2M+2X *2ii2 Q#b2`p�iBQM M2 p�mi [m2 TQm`
H2b bBi2b bBimûb bm` H2b #2`;2b /m +Ƭiû /2 H� LBp2- TmBb[m2 H2b bBi2b bBimûb �m +ƾm` /m +?2M�H UbBi2 �V QMi ûiû
BM~m2M+ûb T�` H2b bBi2b �KQMi bBimûb bm` HǶ�/Qm` UR 2i kV U6B;m`2 8X8�- ;`QmT2 9VX :HQ#�H2K2Mi HǶBMbi�HH�iBQM
/ǶmM +QMiBMmmK 2bim�`B2M [mB `ûmMBi H2b bBi2b Ŀ �KQMi ŀ bBimûb bm` HǶ�/Qm` UR 2i kV 2i H2b bBi2b
Ŀ �p�H ŀ U"- * 2i .V 2bi Q#b2`pû2X *2ii2 bi`m+im`�iBQM T`û+û/2KK2Mi /û+`Bi2 TQm` H2b T`ûHĕp2K2Mib
?Bp2`M�mt 2bi �mbbB Q#b2`p�#H2 TQm` H2b �mi`2b b�BbQMb U6B;m`2 8X8�- ;`QmT2 RVX

A B

6B;m`2 8X8 Ĝ *QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�VX .2M/`Q;`�KK2 U�V /2
H� +H�bbB}+�iBQM ?Bû`�`+?B[m2 �b+2M/�Mi2 /2b bBi2b UKQv2MM2 /2b `ûTHB+�ibV `û�HBbû T�` H� Kûi?Q/2 /2b q�`/
bm` H2b /Bbi�M+2b /2 "`�v@*m`iBb K2bm`û2b ¨ T�`iB` /2 H� +QKTQbBiBQM 2M �aoX G2b [m�i`2 ;`QmT2b QMi ûiû
/ûi2`KBMûb /Ƕ�T`ĕb HǶûpQHmiBQM /m TQm`+2Mi�;2 /ǶBM2`iB2 2tTHB[mû2 U3eW TQm` [m�i`2 ;`QmT2bVX G2b b�BbQMb bQMi
/BbiBM;mû2b T�` /2b +QmH2m`b , T`BMi2KTb Up2`iV- ûiû U`Qb2V 2i ?Bp2` UD�mM2VX LJ.a U"V #�bû2 bm` H� /Bbi�M+2
/2 "`�v@*m`iBb /2b bBi2b KQv2MMûb T�` b�BbQMbX G2b ;`QmT2K2Mib BHHmbi`ûb T�` H2b xQM2b ;`Bbû2b bQMi /û}MBb T�`
H� Kûi?Q/2 /2 +H�bbB}+�iBQM /2b Mmû2b /vM�KB[m2b UF@K2�MbVX G2 bBi2 e T`ûb2Mi2 mM2 p�H2m` /2 /BbbBKBH�`Biû
U"`�v@*m`iBbV i`QT BKTQ`i�Mi2 TQm` āi`2 `2T`ûb2Miû ;`�T?B[m2K2Mi- BH � ûiû 2t+Hm /2 +2ii2 `2T`ûb2Mi�iBQMX

*2 T`2KB2` +Hmbi2` U6B;m`2 8X8�- ;`QmT2 RV 2bi +QKTQbû /2 /2mt #`�M+?2b [mB /BbiBM;m2Mi H2b bBi2b Ŀ �KQMi
ŀ bBimûb bm` H� LBp2 /2 +2mt /m +QMiBMmmK 2bim�`B2M- �p2+ mM2 2t+2TiBQM Mû�MKQBMb pBbB#H2 2M ûiû U`Qb2V Qɍ H2
bBi2 � 2bi �bbQ+Bû �mt T`ûHĕp2K2Mib `û�HBbûb bm` H� LBp2- `�TT2HQMb [m2 H2 bBi2 � 2bi bBimû ¨ T`QtBKBiû /2 H� xQM2
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

/2 +QM~m2M+2 U�/Qm` 2i LBp2VX *2ii2 Q#b2`p�iBQM 2bi HBû2 �m /ûTH�+2K2Mi /m TQBMi /2 T`ûHĕp2K2Mi UbBi2 �V
p2`b H� `Bp2 ;�m+?2 /2 HǶ2bim�B`2 TQm` /2b `�BbQMb i2+?MB[m2b ¨ +2ii2 b�BbQMX *QKK2 Q#b2`pû T`û+û/2KK2Mi- +2
/ûTH�+2K2Mi T2mi 2tTHB[m2` HǶBM~m2M+2 THmb K�`[mû2 /2 H� LBp2 bm` H2b +QKKmM�miûb KB+`Q#B2MM2b �[m�iB[m2b
S� 2M ûiûX *2ii2 bi`m+im`�iBQM /2b bBi2b 2M 7QM+iBQM /2 H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 2bi 2M+Q`2 THmb pBbB#H2
bm` H2b LJ.aX *2ii2 `2T`ûb2Mi�iBQM M2 T`2M�Mi T�b 2M +QKTi2 H� b�BbQM- QM T2mi M2ii2K2Mi Q#b2`p2` H�
/BbbQ+B�iBQM /2b bBi2b /2 T`ûHĕp2K2Mi b2HQM j ;`QmT2b , H2 +QMiBMmmK 2bim�`B2M UbBi2b R- k- �- "- * 2i .V-
H� LBp2 UbBi2b j 2i 9V 2i H� xQM2 m`#�BM2 UbBi2b d- 3 2i NV U6B;m`2 8X8"VX G2 bBi2 e MǶ2bi T�b `2T`ûb2Miû-
BH +Q``2bTQM/ ¨ HmB b2mH ¨ mM [m�i`BĕK2 ;`QmT2X *2 bBi2 +Q``2bTQM/ ¨ mM T`ûHĕp2K2Mi `û�HBbû ¨ T`QtBKBiû
/m `2D2i /2 H� bi�iBQM /2 i`�Bi2K2Mi /2b 2�mt mbû2b Uah1lV /2 ai@6`û/û`B+ U"�vQMM2VX *2ii2 `2T`ûb2Mi�iBQM
KQMi`2 [m2 H� +QKKmM�miû KB+`Q#B2MM2 2bim�`B2MM2 /2 HǶ�/Qm` 2bi bi`m+im`û2 2i `Q#mbi2 H2 HQM; /2 HǶ2bim�B`2X
J�Bb HQ+�H2K2Mi 2i ¨ T`QtBKBiû /2 H� xQM2 m`#�BM2 2i /2 +2b `2D2ib- +2b +QKKmM�miûb bQMi �HQ`b `2bi`m+im`û2b-
H�Bbb�Mi bmTTQb2`- ¨ KBMBK�- mM2 BM~m2M+2 HQ+�H2 /2b �+iBpBiûb �Mi?`QTB[m2b bm` H2b +QKKmM�miûb KB+`Q#B2MM2b
�bbQ+Bû2b �mt T�`iB+mH2bX
�BMbB- QM Q#b2`p2 +H�B`2K2Mi mM2 BM~m2M+2 /ǶmM2 T�`i /2 H� b�BbQM 2i /Ƕ�mi`2 T�`i /2 H� TQbBiBQM H2 HQM;
/2 HǶ2bim�B`2 bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX *2ii2 Q#b2`p�iBQM �p�Bi Tm āi`2 û;�H2K2Mi 7�Bi2 TQm` H2b
T`ûHĕp2K2Mib bû/BK2Mi�B`2bX G2b bBi2b Ŀ �p�H ŀ U/2 � ¨ .V- [mB MǶûi�B2Mi T�b +QKT`Bb /�Mb H2b T`ûHĕp2K2Mib
bû/BK2Mi�B`2b- T2`K2ii2Mi B+B HǶQ#b2`p�iBQM /m +QMiBMmmK bǶBMbi�HH�Mi /2 HǶ�KQMi ¨ HǶ�p�H /2 HǶ2bim�B`2 /2
HǶ�/Qm` 2i HǶB/2MiB}+�iBQM /2 HǶBM~m2M+2 /2 H� xQM2 m`#�BM2 /Ƕ�M;H2i@"�vQMM2@"B�``Bix bm` H2b +QKKmM�miûb
KB+`Q#B2MM2bX

SQm` H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m- H2b bBi2b /2 T`ûHĕp2K2Mi UiQmi2b b�BbQMb +QM7QM/m2bV
T`ûb2Mi2Mi Hû;ĕ`2K2Mi KQBMb /2 /BbbBKBH�`Biû- +2 [mB MQmb � T2`KBb /2 `û�HBb2` mM2 mMB[m2 `2T`ûb2Mi�iBQM ;`�@
T?B[m2 ULJ.aV �}M /ǶBMi2`T`ûi2` H2m` bi`m+im`�iBQM U6B;m`2 8XeVX G� T`û+û/2Mi2 bi`m+im`2 /2b +QKKmM�miûb
Q#b2`pû2 TQm` H2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b 2bi 2M T�`iB2 `2+QMM�Bbb�#H2 B+BX G2 T`Q}H H2 THmb
pBbB#H2 2bi H� bûT�`�iBQM `2H�iBp2K2Mi M2ii2 2Mi`2 H2b bBi2b Ŀ l`#�BM ŀ /ǶmM2 T�`i UT�`iB2 /`QBi2 /m ;`�T?B[m2V
2i H2b bBi2b Ŀ �KQMi ŀ 2i Ŀ �p�H ŀ UT�`iB2 ;�m+?2V /Ƕ�mi`2 T�`iX �p2+ ¨ MQmp2�m- HǶ2t+2TiBQM /2b bBi2b Ŀ �KQMi
ŀ bm` H� LBp2 Uj 2i 9V [mB 2M ?Bp2` bQMi +2mt �bbQ+Bûb �mt bBi2b Ŀ l`#�BM ŀX
.2 THmb- QM T2mi Q#b2`p2` H� 7Q`K�iBQM /ǶmM2 +Q?Q`i2 `ûmMBbb�Mi H2b bBi2b Ŀ �KQMi ŀ bm` HǶ�/Qm` 2i H2b bBi2b
Ŀ �p�H ŀ �m T`BMi2KTb 2i /2 HǶûiû /ǶmM2 T�`i 2i /2 HǶ?Bp2` /Ƕ�mi`2 T�`iX PM Q#b2`p2 �mbbB mM2 2t+2TiBQM
�p2+ H2 bBi2 � [mB- 2M ûiû- bǶ�bbQ+B2 �mt bBi2b Ŀ �KQMi ŀ bm` LBp2X G2 THmb `2K�`[m�#H2 2bi [m2- #B2M [m2 H�
bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b H2 HQM; /2 HǶ2bim�B`2 bQBi /2 MQmp2�m Q#b2`p�#H2- HǶBM~m2M+2
/2 H� b�BbQM 2bi B+B #B2M THmb Mû;HB;2�#H2X
.�Mb MQb D2mt /2 /QMMû2b T`û+û/2Mib- [m2 +2 bQBi H2b T�`iB+mH2b /�Mb H� +QHQMM2 /Ƕ2�m Qm H2b bû/BK2Mib- H�
T`2KBĕ`2 bi`m+im`�iBQM /2b bBi2b b2 7�Bb�Bi iQmDQm`b 2M BbQH�Mi H2b bBi2b +Q``2bTQM/�Mi �mt T`ûHĕp2K2Mib ?Bp2`@
M�mt /2b �mi`2b b�BbQMbX A+B- QM Q#b2`p2 [m2 H2b bBi2b Ŀ >Bp2` ŀ- bBimûb bm`iQmi ¨ T`QtBKBiû /2 H� xQM2 m`#�BM2-
M2 bQMi T�b BbQHûb /2b �mi`2b b�BbQMbX *Ƕ2bi H2 +�b- T�` 2t2KTH2- /2b bBi2b e- d- 3 2i N ?Bp2`M�mt ;`QmTûb ¨
/Ƕ�mi`2b bBi2b MQM ?Bp2`M�mt U6B;m`2 8XeVX
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8XjX ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 8Xe Ĝ *QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GVX LJ.a #�bû2 bm` H�
/Bbi�M+2 /2 "`�v@*m`iBb /2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` TQm` H2b 7`�+iBQMb HB#`2b /�Mb H� +QHQMM2 /Ƕ2�mX G2b
;`QmT2K2Mib BHHmbi`ûb T�` H2b xQM2b ;`Bbû2b bQMi /û}MBb T�` H� Kûi?Q/2 /2 +H�bbB}+�iBQM /2b Mmû2b /vM�KB[m2b
UF@K2�MbVX

:ûMû`�H2K2Mi- +2b bBi2b bQMi /Ƕ�BHH2m`b �bbQ+Bûb ¨ H2m`b ?QKQHQ;m2b /Ƕ�mi`2b b�BbQMb UTX2tX H2 bBi2 e Ŀ >Bp2` ŀ
�p2+ H2 bBi2 e Ŀ úiû ŀ c H2 bBi2 3 Ŀ >Bp2` ŀ �p2+ H2 bBi2 3 Ŀ S`BMi2KTb ŀ c H2b bBi2b d 2i N Ŀ >Bp2` ŀ �p2+ H2b bBi2b
d 2i N Ŀ S`BMi2KTb ŀ 2i Ŀ úiû ŀ 2Mi`2 �mi`2bVX �BMbB- TQm` H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m-
HǶBM~m2M+2 /2 H� b�BbQM UQm i2KTû`�im`2V b2K#H2 āi`2 `û/mBi2- Qm /m KQBMb +QmTHû2 �m TQbBiBQMM2K2Mi H2 HQM;
/2 HǶ2bim�B`2X

SQm` H2b /2mt ivT2b /2 +QKKmM�miûb UHB#`2b Qm �ii�+?û2bV- HǶBM~m2M+2 /m TQbBiBQMM2K2Mi /2b bBi2b /2 T`û@
Hĕp2K2Mi bQmHĕp2 /Bzû`2Mi2b BMi2``Q;�iBQMbX *2ii2 BM~m2M+2 `ûbB/2@i@2HH2 /�Mb H� TQbBiBQM �#bQHm2 /2b bBi2b H2
HQM; /ǶmM ;`�/B2Mi Qm #B2M 2bi@2HH2 HBû2 ¨ H� T`ûb2M+2 /2 H� xQM2 m`#�BM2- 2i /2 7�Bi ¨ HǶBKT�+i /2b TQHHmiBQMb \
S`û+BbûK2Mi H2 ;`QmT2K2Mi 7Q`Kû 2Mi`2 H2 bBi2 e Ŀ >Bp2` ŀ 2i Ŀ S`BMi2KTb ŀ T2mi āi`2 KBb 2M `2H�iBQM �p2+
H2b `2D2ib /2 ah1l /2 ai@6`û/û`B+X *2b /2mt bBi2b b2 /BbiBM;m2Mi M2ii2K2Mi /2b �mi`2b T�` H2m`b +QM+2Mi`�@
iBQMb 2M T?QbT?�i2 USP9

j@V- �KKQMBmK UL>9
YV 2i MBi`Bi2 ULPk

@V /BbbQmb T�`iB+mHBĕ`2K2Mi ûH2pû2b U�MM2t2b-
6B;m`2b �8Xj- �8X9 2i �8X8VX *2b +QM+2Mi`�iBQMb +Q``2bTQM/2Mi /Ƕ�BHH2m`b ¨ /2b [m�HBiûb /Ƕ2�mt K�mp�Bb2b ¨
Kû/BQ+`2b /Ƕ�T`ĕb H2b MQ`K2b /2 H� .*1 U.B`2+iBp2 +�/`2 bm` HǶ2�mV 2i HǶ�``āiû /m kdfydfR8X GǶûpQHmiBQM /2b
+QM+2Mi`�iBQMb 2M Mmi`BK2Mib �Hiĕ`2 /`�biB[m2K2Mi H� bi`m+im`2 /2b +QKKmM�miûb B+B- KQ/B}�Mi HQ+�H2K2Mi
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

H2b ?�#Bi�ib 2M T2`im`#�Mi H2b ~mt /2 K�iBĕ`2 2i /ǶûM2`;B2X GǶBbQH2K2Mi /2 +2b /2mt bBi2b /2 T`ûHĕp2K2Mib
T2mi �BMbB āi`2 B+B �bbQ+Bû ¨ H� T`ûb2M+2 /2 /Bzû`2Mib TQHHm�Mib UpQB` *?�TBi`2 jV- 2i H2m` �+iBQM bvM2`;B[m2X
G� T`ûb2M+2 /2 +2ii2 +Q?Q`i2 mMBbb�Mi H2b bBi2b Ŀ �KQMi ŀ 2i Ŀ �p�H ŀ- BH /2pB2Mi THmb ûpB/2Mi [m2 H� M�@
im`2 KāK2 /2b T`ûHĕp2K2Mib [m�HB}ûb /Ƕm`#�BM 2i HǶBM~m2M+2 /2 H� xQM2 m`#�BM2 bQBi ¨ H� bQm`+2 /2 +2ii2
`2@bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b �m +ƾm` /2 HǶ2bim�B`2X Lû�MKQBMb- H2b T�`�Kĕi`2b T`û+Bb ¨
HǶQ`B;BM2 /2 +2ii2 `2@bi`m+im`�iBQM `2bi2Mi /B{+BH2K2Mi mM�MBK2K2Mi B/2MiB}�#H2bX

8XjXk *QMM2+iBpBiû 2Mi`2 H2b KQ/2b /2 pB2

*QKK2 BM/B[mû /�Mb HǶBMi`Q/m+iBQM /2 +2 +?�TBi`2- +2b /2mt 7`�+iBQMb U6G 2i S�V +Q``2bTQM/2Mi ¨ /2mt
KQ/2b /2 pB2 [mB- #B2M [mǶBHb +Q``2bTQM/2Mi ¨ /2mt MB+?2b û+QHQ;B[m2b 2i /2b +QKKmM�miûb KB+`Q#B2MM2b
/BbiBM+i2b- bQMi +QMM2+iûbX �BMbB- �m@/2H¨ /2 H� bi`m+im`�iBQM HQ+�H2 /2b +QKKmM�miûb KB+`Q#B2MM2b �m b2BM
/2 HǶû+QbvbiĕK2- BH 2bi BMiû`2bb�Mi /2 bǶ�``āi2` bm` H� +QMM2+iBpBiû /2 +2b /2mt 7`�+iBQMbX

8XjXkXR aBKBH�`Biû 2Mi`2 H2b KQ/2b /2 pB2

*QKK2 BHHmbi`û2 T�` H2b �#QM/�M+2b /2b /Bzû`2Mib ;`QmT2b KB+`Q#B2Mb U6B;m`2 8XjV- +2b /2mt 7`�+iBQMb bQMi
+QKTQbû2b ¨ T`2KBĕ`2 pm2 /2 ;`QmT2b KB+`Q#B2Mb bBKBH�B`2b- �p2+ H2b KāK2b T?vHmKb /QKBM�MibX Lû�MKQBMb-
H2b T`2KBĕ`2b /BbiBM+iBQMb 2Mi`2 H2b /2mt 7`�+iBQMb QMi ûiû +QMbi�iû2b /ĕb H� /2b+`BTiBQM /2b �#QM/�M+2b
KB+`Q#B2MM2bX �}M /2 bǶBMi2``Q;2` THmb T`û+BbûK2Mi bm` H2 HB2M 2Mi`2 +2b KQ/2b /2 pB2- H� /Bp2`bBiû #āi�
UAM/B+2 /2 C�++�`/ ᅬիռվվV TQm` +?�[m2 bBi2 2i 2Mi`2 +?�[m2 7`�+iBQM � ûiû +�H+mHû2X .2 THmb- TQm` mM2 K2BHH2m`2
�TT`û+B�iBQM /2 +2ii2 /Bp2`bBiû BMi`�@7`�+iBQM- H� /Bp2`bBiû � ûiû b+BM/û2 2Mi`2 H� T�`i /2 H� /Bp2`bBiû �bbQ+Bû2 ¨ H�
`B+?2bb2 bTû+B}[m2 UĿ L2bi2/M2bb ŀ- ᅬիռվվӴ։ր֎֏V 2i +2HH2 �m `2KTH�+2K2Mi bT�iB�H UĿ hm`MQp2` ŀ- ᅬիռվվӴ֏֐֍։V
U"�b2H;�g- kyRyV- +2b `ûbmHi�ib bQMi `ûbmKûb /�Mb H� };m`2 8XdX SQm` `�TT2H- H� bQKK2 ᅬիռվվӴ֏֐֍։ 2i ᅬիռվվӴ։ր֎֏
2bi û;�H2 ¨ H� p�H2m` /2 HǶBM/B+2 /2 C�++�`/ UᅬիռվվV- �BMbB +2b /2mt bQmb@BM/B+2b bQMi /B`2+i2K2Mi T`QTQ`iBQMM2Hb
¨ H� p�H2m` /m +Q2{+B2Mi /2 C�++�`/X

PM T2mi Q#b2`p2` [m2 ᅬիռվվ 2bi +QKT`Bb 2Mi`2 y-e9 UaBi2 e 2M ûiûV 2i R-yy UaBi2 R 2M ?Bp2`V- +2b p�H2m`b
BM/B[m2Mi [m2 +2b /2mt 7`�+iBQMb bQMi /Bzû`2Mi2bX .2 THmb- mM2 +H�B`2 /BbiBM+iBQM T2mi āi`2 7�Bi2 2Mi`2 H2b
/Bzû`2Mi2b b�BbQMbX GǶBM/B+2 /2 C�++�`/ ᅬիռվվ �m;K2Mi2 bB;MB}+�iBp2K2Mi 2M ?Bp2`- BH T�bb2 /ǶmM2 KQv2MM2 /2
y-de U਻ y-yjV 2i y-dR U਻ y-y9V �m T`BMi2KTb 2i 2M ûiû- ¨ mM2 KQv2MM2 /2 y-NN3 U਻ y-yykV 2M ?Bp2` U6B;m`2
8XjVX *2+B MQmb BM/B[m2 [m2 H2b /2mt KQ/2b /2 pB2 UQm 7`�+iBQMbV bQMi T�`iB+mHBĕ`2K2Mi /Bbb2K#H�#H2b 2M
?Bp2`X *2ii2 Q#b2`p�iBQM 2bi ¨ K2ii`2 2M HB2M �p2+ H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b
�mt T�`iB+mH2b US�V /û+`Bi2 THmb ?�mi U6B;m`2 8X8�V- H� 7`�+iBQM S� 2M ?Bp2` ûi�Bi /ûD¨ /BbbQ+Bû2 /2b �mi`2b
b�BbQMbX *2ii2 /BbbBKBH�`Biû b2 `2i`Qmp2 B+B �mbbB- Mû�MKQBMb- QM T2mi BM+`BKBM2` b2mH2 H� 7`�+iBQM S�X 1M 2z2i-
THmbB2m`b ûim/2b QMi BHHmbi`û +2ii2 /BbbQ+B�iBQM /2b 7`�+iBQMb S� 2i 6G 2M 7QM+iBQM /2 /Bzû`2Mib T�`�Kĕi`2b
2MpB`QMM2K2Mi�mt i2Hb [m2 H� i2KTû`�im`2 U"�+?K�MMg2i �HX- kyR3V- H� b�HBMBiû U_B2+Fg2i �HX- kyR8V- H2b

kje



8XjX ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

~mt /2 K�iBĕ`2 Q`;�MB[m2 2ifQm BMQ`;�MB[m2 UP`i2;�@_2im2`i�g2i �HX- kyRjV Qm 2M+Q`2 H� +QM+2Mi`�iBQM 2M
+?HQ`QT?vHH2 � UP`i2;�@_2im2`i�g2i �HX- kyRjVX .2 THmb- /Bzû`2Mib T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt MǶ�;Bbb2Mi
T�b /2 H� KāK2 K�MBĕ`2 bm` H2b /2mt 7`�+iBQMb- BH b2K#H2`�Bi [m2 H2b S� bQB2Mi THmb b2MbB#H2b ¨ H� /BbTQMB#BHBiû
/m bm#bi`�i 2i ¨ H� [m�HBiû /2b T�`iB+mH2b UumM;g2i �HX- kyReV- [m�Mi �mt 6G [mB +QKTQb2Mi mM2 MB+?2
û+QHQ;B[m2 KQBMb T`Qiû;û2 [m2 H2b S�- BHb b2`�B2Mi THmb b2MbB#H2b �mt p�`B�iBQMb /2b T�`�Kĕi`2b �#BQiB[m2b /2
HǶ2�m U+QKK2 H� i2KTû`�im`2V U"�+?K�MMg2i �HX- kyR3VX

Printemps (AD1) Été (AD2) Hiver (AD3)

1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D 1 2 3 4 6 7 8 9 A B C D

0,00

0,25

0,50

0,75

1,00

Site

β J
ac

c

βJacc, turn βJacc, nest

6B;m`2 8Xd Ĝ S�`iBiBQM 2i p�H2m`b /2 H� /Bp2`bBiû #āi� UBM/B+2 /2 bBKBHBim/2 /2 C�++�`/ ᅬC�++V 2Mi`2 H2b
/Bzû`2Mib KQ/2b /2 pB2 US� 2i 6GV �m b2BM /2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` 2i 2M 7QM+iBQM /2 H� b�BbQMX

G� T�`i /2 /Bp2`bBiû HBû2 ¨ H� `B+?2bb2 UᅬիռվվӴ։ր֎֏V 2bi 2M KQv2MM2 `2H�iBp2K2Mi 7�B#H2 Uy-yj ਻ y-y9V- pQB`2
T`�iB[m2K2Mi MmHH2 2M ?Bp2`X SQm` H2b �mi`2b b�BbQMb- 2HH2 2bi 2M KQv2MM2 /2 y-y8 U਻ y-y9V 2i y-y9 U਻ y-yjV
�m T`BMi2KTb 2i 2M ûiû `2bT2+iBp2K2Mi U6B;m`2 8XjVX �BMbB- mM2 ;`�M/2 T�`iB2 /2 H� /BbbBKBH�`Biû Q#b2`pû2
2Mi`2 H2b 7`�+iBQMb 2bi /m2 ¨ mM im`MQp2` /2b �ao 2Mi`2 H2b /2mt 7`�+iBQMbX Lû�MKQBMb- HQ+�H2K2Mi- 2i bm`iQmi
�m T`BMi2KTb- H� T�`i /2 /Bp2`bBiû /m2 ¨ H� `B+?2bb2 U/QM+ mM2 T2`i2 Qm ;�BM /2 #BQ/Bp2`bBiû 2Mi`2 H2b bBi2b
¨ T�`iB` /ǶmM T�ii2`M MB+?ûV 2bi THmb BKTQ`i�Mi2X *2+B H�Bbb2 bQmb 2Mi2M/`2 mM2 THmb ;`�M/2 +QMM2+iBpBiû
2Mi`2 H2b 7`�+iBQMb HQ`b[m2 H2b p�H2m`b /2 ᅬիռվվӴ։ր֎֏ bQMi THmb BKTQ`i�Mi2bX A+B- H2 K�tBKmK TQm` H� ᅬիռվվӴ։ր֎֏
2bi Q#b2`pû TQm` H2 bBi2 N �m T`BMi2KTbX *2 bBi2 +Q``2bTQM/ �m bBi2 Qɍ H� b�HBMBiû 2bi H� THmb BKTQ`i�Mi2
bm` HǶ2Mb2K#H2 /2 HǶû+?�MiBHHQM 2i BH bǶ�;Bi /QM+ /ǶmM T`Qtv /2 HǶBM~m2M+2 /2 HǶû+QbvbiĕK2 K�`BMX SQm` +2
bBi2- BH b2K#H2`�Bi [m2 H2b /2mt 7`�+iBQMb bQB2Mi THmb 2K#Qŗiû2b K�H;`û mM2 /Bp2`bBiû #āi� ᅬիռվվ `2H�iBp2K2Mi
BKTQ`i�Mi2X GǶ2Mb2K#H2 /2 +2b Q#b2`p�iBQMb BHHmbi`2 H� ;`�M/2 +QKTH2tBiû /Ƕûim/2 /2b /Bzû`2Mib KQ/2b /2 pB2
/2b KB+`QQ`;�MBbK2b /�Mb H� +QHQMM2 /Ƕ2�mX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

8XjXkXk _ûb2�m /2 +Q@Q++m`2M+2 +QKT`2M�Mi H2b /2mt KQ/2b /2 pB2

"B2M [m2 H2b 7`�+iBQMbfKQ/2b /2 pB2 S� 2i 6G T`ûb2Mi2Mi mM2 +2`i�BM2 /BbbBKBH�`Biû- MQmb MQmb bQKK2b BMiû@
`2bbûb ¨ H� bi`m+im`2 +QKKmM2 /2 +2b +QKKmM�miûb KB+`Q#B2MM2bX �}M- /ǶB/2MiB}2` mM2 bi`m+im`2 Qm ûp2M@
im2HH2K2Mi mM2 BMi2`�+iBQM +QKKmM2 2Mi`2 +2b /2mt 7`�+iBQMb- MQmb �pQMb `û�HBbû mM `ûb2�m /2 +Q@Q++m`2M+2
+QKTQbû bBKmHi�MûK2Mi /2b �ao /2 +?�+mM2 /2b 7`�+iBQMbX *2 `ûb2�m � ûiû +QMbi`mBi b2HQM H2b BM/B+�iBQMb
K2MiBQMMû2b T`û+û/2KK2Mi U+7X *?�TBi`2 kVX .Bzû`2Mib T�`�Kĕi`2b /2b+`BTiB7b /2 +2 `ûb2�m bQMi T`ûb2Miûb
/�Mb H2 i�#H2�m 8XRX *QKK2 BM/B[mû /�Mb H2 *?�TBi`2 9- +2b T�`�Kĕi`2b MQmb T2`K2ii2Mi /2 p�HB/2` [m2 H2
`ûb2�m bmBi #B2M /Bzû`2Mi2b T`QT`Bûiûb T�`i�;û2b T�` mM ;`�M/ MQK#`2 /2 `ûb2�mt +QKTH2t2b- i2HH2b [m2 , H2
`ûb2�m BMp�`B�Mi /Ƕû+?2HH2 Ub+�H2@7`22 M2irQ`FV- HǶ2z2i T2iBi KQM/2 UbK�HH@rQ`H/ 2z2+iV- 2i+X U.2M;g2i �HX-
kyRkVX *2b T`QT`Bûiûb bQMi K2bm`û2b bm` mM HQi /2 Ryy `ûb2�mt ;ûMû`ûb �Hû�iQB`2K2Mi 2i /2 KāK2 /BK2MbBQM
[m2 H2 `ûb2�m 2KTB`B[m2 ¨ T�`iB` /2 H� T`Q+û/m`2 /2 J�bHQp@aM2TT2M UJ�bHQpg� aM2TT2Mg- kyyk c .2M;g
2i �HX- kyRkV- 2HH2b MQmb T2`K2ii2Mi /ǶQ#b2`p2` bB H� bi`m+im`2 /m `ûb2�m 2KTB`B[m2 MǶ2bi T�b /m2 �m ?�b�`/X
�BMbB- H� p�H2m` /2 H� `û;`2bbBQM /2 H� +QMM2+iBpBiû /2 H� HQB /2 TmBbb�M+2 U_k 4 y-3kV- MQmb BM/B[m2 [m2 +2
`ûb2�m T`ûb2Mi2 #B2M /2b +�`�+iû`BbiB[m2b /2 `ûb2�m BMp�`B�Mi /Ƕû+?2HH2 Uh�#H2�m 8XRVX G� /Bbi�M+2 KQv2MM2
/m +?2KBM U:.V 2bi /ǶmM2 T�`i- `2H�iBp2K2Mi T`Q+?2 /m HQ;�`Bi?K2 /2 H� i�BHH2 /m `ûb2�m UMV Uh�#H2�m 8XRV
2i 2bi bBKBH�B`2 ¨ H� p�H2m` Q#b2`pû2 TQm` /2b `ûb2�mt /2 H� KāK2 i�BHH2 2t?B#�Mi mM 2z2i T2iBi KQM/2 Uw?Qmg
2i �HX- kyRy c w?Qmg2i �HX- kyRR c .2M;g2i �HX- kyRkVX *2+B MQmb BM/B[m2 [m2 +2 `ûb2�m HmB �mbbB T`ûb2Mi2 /2b
+�`�+iû`BbiB[m2b ivTB[m2b /m T?ûMQKĕM2 /m T2iBi KQM/2X

h�#H2�m 8XR Ĝ S�`�Kĕi`2b iQTQHQ;B[m2b /m `ûb2�m 2KTB`B[m2 2i /2b `ûb2�mt �Hû�iQB`2b �bbQ+Bûb /2b +QKKm@
M�miûb KB+`Q#B2MM2b /2b 2�mt U6GYS�V /2 HǶ2bim�B`2 /2 HǶ�/Qm`X

o�H2m`b /2b T�`�Kĕi`2b iQTQ;`�T?B[m2b TQm` H2 `ûb2�m 2KTB`B[m2
6GYS�- iQmi2b b�BbQMb +QM7QM/m2b

h�BHH2 /m `ûb2�m UMV kdk
_k /2 H� HQB /2 TmBbb�M+2 y-3kR
.2;`û KQv2M U�p;EV 9-jyN
.Bbi�M+2 KQv2MM2 /m +?2KBM U:.V 9-83e
*Q2{+B2Mi /2 `2;`QmT2K2Mi KQv2M U�p;**V y-kRN
JQ/mH�`Biû UJV y-edd

o�H2m`b /2b T�`�Kĕi`2b iQTQ;`�T?B[m2b TQm` Ryy `ûb2�mt �Hû�iQB`2b
.Bbi�M+2 KQv2MM2 /m +?2KBM U:.V j-ejR ਻ y-yey
*Q2{+B2Mi /2 `2;`QmT2K2Mi KQv2M U�p;**V y-y98 ਻ y-yy3
JQ/mH�`Biû UJV y-98R ਻ y-yye

:HQ#�H2K2Mi- H2 `ûb2�m 6GYS� U6B;m`2 8X3�V 2bi +QKTQbû /2 kdk MQ2m/b U�aoV �TT�`i2M�Mi ¨ Rk T?v@
HmKb /QMi 8 bQMi K�D2m`b , "�+i2`QB/Qi� U9R-kWV- S`Qi2Q#�+i2`B� U9y-3WV- �+iBMQ#�+i2`BQi� Ue-kWV-
6B`KB+mi2b Uj-9WV 2i o2``m+QKB+`Q#BQi� Uj-9WVX *2b T?vHmKb +Q``2bTQM/2Mi �mt T?vHmKb K�DQ`Bi�B`2b
`2i`Qmpûb /�Mb +?�+mM2 /2b 7`�+iBQMb U6G 2i S�V U6B;m`2 8XjVX
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8XjX ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 8X3 Ĝ _ûb2�m /2 +Q@Q++m`2M+2 /2b +QKKmM�miûb KB+`Q#B2MM2b U6GYS�V /2 HǶ2bim�B`2 /2 HǶ�/Qm`
U�VX *?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m` /2 H� +2Mi`�HBiû
BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb 8 Mƾm/bX G2 MBp2�m i�tQMQKB[m2
H2 THmb T`û+Bb 2bi BM/B[mû TQm` +?�[m2 Mƾm/X �#QM/�M+2 `2H�iBp2 UWV /2b �ao +Q``2bTQM/�Mib �mt MQ2m/b
/m KQ/mH2 R U"V 2i /m KQ/mH2 8 U*VX kjN



*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

.2 THmb- H2b �#QM/�M+2b `2H�iBp2b /2 +2b T?vHmKb bQMi `2H�iBp2K2Mi T`Q+?2b /2 +2HH2b Q#b2`pû2b T`û+û/2K@
K2Mi TQm` HǶBMiû;`�HBiû /2b D2mt /2 /QMMû2b S� +QKK2 6GX G� KQ/mH�`Biû UJV +�H+mHû2 TQm` +2 `ûb2�m 2bi /2
y-e3- +2 [mB 2bi H�`;2K2Mi bmTû`B2m`2 ¨ H� p�H2m` Q#i2Mm2 �p2+ /2b `ûb2�mt �Hû�iQB`2b Uy-98 ਻ y-yyeV Uh�#H2�m
8XRV- p�HB/�Mi H� bi`m+im`�iBQM KQ/mH�B`2 /m `ûb2�mX G2b kdk �ao b2 `ûT�`iBbb2Mi �m b2BM /2 THmb /2 R9
KQ/mH2b U+QKTQbû /ǶmM KBMBKmK /2 8 Mƾm/bVX 1M Q#b2`p�Mi- H� /Bbi`B#miBQM 2M �#QM/�M+2 /2 +?�+mM /2
+2b KQ/mH2b U6B;m`2 8X3" 2i * TQm` H2b KQ/mH2b R 2i 8- /QMMû2b MQM `2T`ûb2Miû2b TQm` H2b �mi`2b KQ/mH2bV-
QM � Tm `2K�`[m2` [m2 +?�+mM /2 +2b KQ/mH2b T`ûb2Mi�Bi ;HQ#�H2K2Mi mM2 �{HB�iBQM +H�B`2 ¨ +2`i�BMb bBi2b-
¨ H� 7`�+iBQM- H� b�BbQM Qm �m TQbBiBQMM2K2Mi /2b bBi2b /2 T`ûHĕp2K2MiX *2b �{HB�iBQMb bQMi B/2MiB}û2b bm` H�
};m`2 8X3�X
*2 `ûb2�m bǶ�`iB+mH2 T`BM+BT�H2K2Mi �miQm` /2mt KQ/mH2b K�D2m`b , H2 R 2i 8- +Q``2bTQM/�Mi `2bT2+iBp2@
K2Mi ¨ /2b T`ûHĕp2K2Mib 2M xQM2 m`#�BM2 2i �m bBi2 e Uah1l /2 ai@6`û/û`B+V 2M ?Bp2`X *2b /2mt KQ/mH2b
T`ûb2Mi2Mi mM2 ;`�M/2 /2MbBiû- 2i mM MQK#`2 /Ƕ�ao +QMbû[m2Mi /2 MQ2m/X S�`KB +2b /2`MB2`b- +2`i�BMb
T2mp2Mi āi`2 [m�HB}ûb /2 Mƾm/b +H27b- bQBi /2b MQ2m/b T`ûb2Mi�Mi mM MQK#`2 BKTQ`i�Mi /2 +QMM2tBQM �p2+
/Ƕ�mi`2b MQ2m/b U/QM+ mM2 +2Mi`�HBiû BMi2`Kû/B�B`2 THmb BKTQ`i�Mi2VX .�Mb H� };m`2 8X3�- +2ii2 BM7Q`K�iBQM
2bi `2T`ûb2Miû2 T�` H� i�BHH2 /2b Mƾm/bX G2 KQ/mH2 R 2bi +QKTQbû /ǶmM +2`i�BM MQK#`2 /2 Mƾm/b +H27b /QMi
/2mt +Q``2bTQM/2Mi �mt 7�KBHH2b _BF2M2HH�+2�2 2i *QK�KQM�/�+2�2- 2i /QMi j �mi`2b +Q``2bTQM/2Mi �mt
;2M`2b #�+iû`B2Mb 6H�pQ#�+i2`BmK- h?2`KQKQM�b 2i G�+mMBbT?�2`�X _BF2M2HH�+2�2 2bi mM2 7�KBHH2 +QMbiBimû2
/2 /2mt ;2M`2b _BF2M2HH� 2i �HBbiBT2b- 2HH2 2bi bQmp2Mi `2i`Qmpû2 /�Mb H2 i`�+imb /B;2biB7 /2b >QKK2b 2i
�MBK�mt U:`�7g- kyR9VX h�M/Bb [m2 *QK�KQM�/�+2�2 2bi- 2HH2- +QKTQbû2 /2 THmbB2m`b /Bx�BM2b /2 ;2M`2b `2@
i`Qmpûb /�Mb /2 KmHiBTH2b û+QbvbiĕK2b UK�`BM- 2bim�`B2M- /mH+B+QH2- 2i+XV 2i T`ûb2Mi2 mM2 BKTQ`i�Mi2 /Bp2`bBiû
Kûi�#QHB[m2 UqBHH2Kbg- kyR9VX G2 ;2M`2 h?2`KQKQM�b 2bi mM ;2M`2 #�+iû`B2M BbQHû /�Mb /2 KmHiBTH2b 2MpB@
`QMM2K2Mi /QMi /2b `2D2ib /2 ah1l BM/mbi`B2HH2b UCmg2i �HX- kyRNV 2i /û+`Bi +QKK2 TQmp�Mi `û/mB`2 HǶ�`b2MB+
bQmb �MQtB2 Uam?�/QHMBFg2i �HX- kyRdVX G2 ;2M`2 G�+mMBbT?�2`� � ûiû HmB BbQHû TQm` H� T`2KBĕ`2 7QBb 2M KBHB2m
H�+mbi`2 U_�big2i �HX- kyRdV 2i +�T�#H2 `û/mB`2 H2b MBi`�i2b UQm �KKQMB}+�iBQMV 2M �M�û`Q#B2 Uw?�Qg2i �HX-
kykyV U6B;m`2 8X3�VX

6H�pQ#�+i2`BmK 2bi mM ;2M`2 #�+iû`B2M +QKTQbû /2 THmbB2m`b +2Mi�BM2b /Ƕ2bTĕ+2b R /Bzû`2Mi2b `2i`Qmpû2b /�Mb
mM2 KmHiBim/2 /Ƕû+QbvbiĕK2b ?ûiû`Q;ĕM2b +QKK2 H2b bQHb U*?�m/?�`vg2i �HX- kyRNV- H2b KBHB2mt 2bim�`B2M
UEBb�M/g2i �HX- kyykV- /mH+B+QH2 UL2riQMg2i �HX- kyRRV- K�`BM U62`M{M/2x@:ƠK2xg2i �HX- kyRjV- Qm 2M+Q`2
TQH�B`2b U*?�m/?�`vg2i �HX- kyRN c uBg2i �HX- kyy8V �BMbB [m2 /2 KmHiBTH2b û+QbvbiĕK2b +QMi�KBMûb UCBig2i
�HX- kyy3 c �Qg2i �HX- kyR9 c *?�m/?�`vg2i �HX- kyRNVX SHmbB2m`b 2bTĕ+2b T`ûb2Mi2Mi /Ƕ�BHH2m`b /2b +�T�+Biûb
Kûi�#QHB[m2b /ǶBMiû`āi +QKK2 H� }t�iBQM /2 HǶ�xQi2 UE�KT72`g2i �HX- kyR8V- H� /û;`�/�iBQM /2 H� K�iBĕ`2
Q`;�MB[m2 `û7`�+i�B`2 UTX2tX H2b TQHvb�++?�`B/2bV UJ+"`B/2g2i �HX- kyyNV- H� +�T�+Biû /2 b2 /ûTH�+2` b2mH2 2i
b�Mb ~�;2HH2 UKQ#BHBiû T�` ;HBbb2K2MiV UJ+"`B/2g2i �HX- kyyNV Qm H� /û;`�/�iBQM /2 +QMi�KBM�Mib Q`;�MB[m2b
Ua�#2`g� *`�r7Q`/g- RN38 c *?�m/?�`vg2i �HX- kyRNVX

RX GBbi Q7 S`QF�`vQiB+ M�K2b rBi? ai�M/BM; BM LQK2M+H�im`2 UGSaLVX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHTbMX/bKxX/2X
*QMbmHiû 2M DmBHH2i kykRX
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8XjX ai`m+im`�iBQM /2b +QKKmM�miûb /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

.Ƕ�mi`2b �ao +QKTQb�Mi +2 KQ/mH2- �mi`2 [m2 6H�pQ#�+i2`BmK- T`ûb2Mi2Mi �mbbB /2b i`�Bib BMiû`2bb�Mib- 2i
/2b Kûi�#QHBbK2b b2+QM/�B`2b ?ûiû`Q;ĕM2b +QKK2 , h?�m2`� T`ûb2Mi�Mi /ǶBKTQ`i�Mi2b +�T�+Biûb /2 /û;`�/2`
H2b +QKTQb�Mib �`QK�iB[m2b Ua?BMQ/�g2i �HX- kyy9V c J2i?vHQi2M2`�- mM ;2M`2 #�+iû`B2M TQmp�Mi miBHBbû H�
Kûi?vH�KBM2 +QKK2 bQm`+2 /Ƕ�xQi2- /2 +�`#QM2 2i /ǶûM2`;B2 UE�Hvmx?M�v�g2i �HX- kyyeV 2i T`ûb2Mi2 mM2
+�T�+Biû /2 /û;`�/�iBQM /2b T2biB+B/2b Uu�K�;m+?Bg2i �HX- kykRV c Qm 2M+Q`2 aB/2`Qtv/�Mb- mM2 #�+iû`B2
HǶQtv/Q`û/m+iBQM /m 72` U*QQT2`g2i �HX- kykyVX *2b BM/B+�iBQMb H�Bbb2Mi ¨ bmTTQb2` [m2 H� +QKTQbBiBQM ?û@
iû`Q;ĕM2 /2 +2 KQ/mH2 TQm``�Bi āi`2 HBû2 ¨ H� T`ûb2M+2 /2 H� xQM2 m`#�BM2 [mB 7�pQ`Bb2Mi H2 /ûp2HQTT2K2Mi
/2 #�+iû`B2b +QKTûiBi`B+2b Qm T`ûb2Mi�Mi /2b +�T�+Biûb Kûi�#QHB[m2b H2m` �HHQm�Mi mM �p�Mi�;2 bûH2+iB7 2M
KBHB2m +QMi�KBMû 2i T2`im`#ûX G2 KQ/mH2 8- HmB- bǶ�`iB+mH2 �miQm` /2 KmHiBTH2b �ao +H27b- T�`KB H2b[m2Hb ,
�M�2`QbBMmb U�TT�`i2M�Mi ¨ H� 7�KBHH2 /2b _BF2M2HH�+2�2- /Ƕ�mi`2b MQ2m/b /2 +2 KQ/mH2 +Q``2bTQM/2Mi ¨ +2ii2
7�KBHH2V- *QHHBMb2HH�- �HBbiBT2b Qm S�`�#�+i2`QB/2b U6B;m`2 8X3�VX GǶ2Mb2K#H2 /2 +2b ;2M`2b +Q``2bTQM/ ¨ /2b
;2M`2b #�+iû`B2Mb +H�bbB[m2K2Mi /ûi2+iûb /�Mb H2b +QKKmM�miûb KB+`Q#B2MM2b /2 H� K�iBĕ`2 7û+�H2 ?mK�BM2
Qm �MBK�H2 Ua?�MFbg2i �HX- kyRj c S�`F2`g2i �HX- kykyV- K�Bb �mbbB 2M bQ`iB2 /2 ah1l UG�J�`iBM�g2i �HX-
kykRVX .Ƕ�BHH2m`b /2 MQK#`2mt MQ2m/b KQBMb +2Mi`�mt /�Mb +2 KQ/mH2 +Q``2bTQM/2Mi �mbbB ¨ /2b KB+`QQ`@
;�MBbK2b +�`�+iû`BbiB[m2b /2 H� K�iBĕ`2 7û+�H2 , G�+?MQbTB`�+2�2 2i _mKBMB+Q++mb UJ+G2HH�Mg2i �HX- kyRy c
L2riQMg2i �HX- kyRj c a?�MFbg2i �HX- kyRjV- 6�2+�HB#�+i2`BmK UJ+G2HH�Mg2i �HX- kyRy c a?�MFbg2i �HX- kyRj c
G�J�`iBM�g2i �HX- kykRV- S`2pQi2HH� Ua?�MFbg2i �HX- kyRj c a?+?2;QHFQp�g2i �HX- kyRe c G�J�`iBM�g2i �HX-
kykRV- 6H�pQ#�+i2`BmK 2i "�+i2`QB/2b UG�J�`iBM�g2i �HX- kykRV- 2i+X U6B;m`2 8X3�VX *2ii2 +Q?Q`i2 #�+iû`B�H2-
�m@/2H¨ /Ƕāi`2 H� bBKTH2 B/2MiB}+�iBQM /2 HǶBM~m2M+2 /2b `2D2ib /2 ah1l UH2 bBi2 e +Q``2bTQM/�Mi ¨ H� ah1l /2
ai@6`û/û`B+V- 2bi �mbbB mM2 bB;M�im`2 +H�B`2 /2 HǶBM~m2M+2 ?mK�BM2 bm` H2b û+QbvbiĕK2bX 1M 2z2i- /2 MQK#`2mt
�mi2m`b b2 bQMi BMiû`2bbûb ¨ H� /BbiBM+iBQM 2Mi`2 H� bB;M�im`2 /Bi2 Ŀ ?mK�BM2 ŀ- +Q``2bTQM/�Mi +QM+`ĕi2K2Mi
�mt #�+iû`B2b 7û+�H2b- /ǶmM2 bB;M�im`2 Ŀ 2�m mbû2 ŀ- +Q``2bTQM/�Mi THmb M2ii2K2Mi ¨ mM bB;M�H /2b ah1l 2i
/QMi H2b bQm`+2b bQMi KmHiBTH2b U�;`B+mHim`2- BM/mbi`B2- ?ƬTBi�mt- 2�mt m`#�BM2b- 2i+XV UL2riQMg2i �HX- kyRj c
J+G2HH�Mg2i �HX- kyRy c G�J�`iBM�g2i �HX- kykRVX G2b ;2M`2b 2i 7�KBHH2b +Biûb T`û+û/2KK2Mi- 2i /QM+ +2
KQ/mH2 8- +Q``2bTQM/2Mi THmiƬi ¨ H� bB;M�im`2 /2 H� T`2KBĕ`2 +�iû;Q`B2- bQBi- /2b +QKKmM�miûb KB+`Q#B2MM2b
�bbQ+Bû2b ¨ H� K�iBĕ`2 7û+�H2 ?mK�BM2X
G� [m2biBQM [mB b2 TQb2 �HQ`b 2bi TQm`[mQB +2 bB;M�H 2bi@BH mMB[m2K2Mi Q#b2`pû TQm` H2 bBi2 e 2M ?Bp2` \
aǶ�;Bi@BH /2b +QM/BiBQMb 2MpB`QMM2K2Mi�H2b [mB TQm``�B2Mi āi`2 THmb 7�pQ`�#H2b 2M ?Bp2` Qm BMp2`b2K2Mi THmb
/û7�pQ`�#H2b �m T`BMi2KTb 2i 2M ûiû UTHmb /2 +QKTûiBiBQM T�` 2t2KTH2V \ Pm #B2M 2tBbi2@i@BH mM HB2M �p2+ H�
M�im`2 Qm HǶBMi2MbBiû /2b `2D2ib /2 H� ah1l\ 6BM�H2K2Mi- THmbB2m`b /2b ;2M`2b +Biûb �TT�`i2M�Mi ¨ +2 KQ/mH2
8 T`ûb2Mi2Mi mM +2`i�BM TQmpQB` T�i?Q;ĕM2 TQm` HǶ>QKK2 2ifQm H2b �MBK�mtX .Ƕ�BHH2m`b- HǶBMiû`āi /2 H� /Bb@
iBM+iBQM 2Mi`2 H� bB;M�im`2 /2b ah1l 2i +2HH2 /2 H� K�iBĕ`2 7û+�H2 ?mK�BM2 `2TQb2Mi bm`iQmi bm` H2 /�M;2`
TQm` HǶ>QKK2 2i H2b û+QbvbiĕK2b [m2 +2ii2 /2mtBĕK2 `2T`ûb2Mi2 UJ+G2HH�Mg2i �HX- kyR3VX � iBi`2 /Ƕ2t2KTH2-
T�`KB +2b T�i?Q;ĕM2b- MQmb TQmpQMb +Bi2` , 1`vbBT2HQi?`Bt Uq�M;g2i �HX- kyRyV- S`2pQi2HH� UAHD�xQpB+g2i �HX-
kykyV- �HBbiBT2b US�`F2`g2i �HX- kykyV- 2i+X G� /2`MBĕ`2 BMi2``Q;�iBQM [m2 HǶQM T2mi bQmH2p2` B+B 2bi [m2H 2bi
H2 HB2M 2Mi`2 H2 KQ/2 /2 pB2 2i HǶB/2MiB}+�iBQM /2 +2ii2 +Q?Q`i2 KB+`Q#B2MM2 �bbQ+Bû2 �mt K�iBĕ`2b 7û+�H2b \
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

8X9 AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKm@
M�miûb KB+`Q#B2MM2b

GǶ2Mb2K#H2 /2b Q#b2`p�iBQMb [mB QMi Tm āi`2 `û�HBbû2b �m +Qm`b /2 +2 +?�TBi`2- MQmb � T2`KBb /2 `2K�`[m2` mM2
bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2M 7QM+iBQM /2 H� b�BbQM Qm #B2M /2 H� TQbBiBQM /2 HǶ2bim�B`2X
AH b2K#H2 [m2 H� xQM2 m`#�BM2 BM~m2M+2 /ǶmM2 +2`i�BM2 7�ÏQM H2b KB+`QQ`;�MBbK2bX GǶBMiû`āi B+B b2`� /QM+
/ǶB/2MiB}2` bB +2ii2 BM~m2M+2 T2mi āi`2 2M HB2M �p2+ H� T`ûb2M+2 /2 KB+`QTQHHm�MibX SQm` +2 7�B`2- `�TT2HQMb
[mǶ�m +Qm`b /2 +2 T`QD2i /2 i?ĕb2- /2 MQK#`2mt +QMi�KBM�Mib Q`;�MB[m2b +QKK2 BMQ`;�MB[m2b QMi ûiû +B#Hûb
2i H2m`b +QM+2Mi`�iBQMb K2bm`û2b /�Mb H2b /Bzû`2Mib û+?�MiBHHQMbX

8X9XR o�`B�#H2b /BbTQMB#H2b TQm` H� +�`�+iû`Bb�iBQM /2b /Bzû`2Mi2b 7`�+iBQMb /2
H� +QKKmM�miû KB+`Q#B2MM2 /2 HǶ2�m

�}M /ǶB/2MiB}2` H2b 7�+i2m`b BM~m2MÏ�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b- BH 2bi /Ƕ�#Q`/ 2bb2MiB2H /2 `�TT2H2`
H2b #B�Bb Kûi?Q/QHQ;B[m2b 2tBbi�Mi bm` /2 i2HH2 K2bm`2X *QKK2 �#Q`/û /�Mb H2 *?�TBi`2 RXjXjXj- H2 b2mBH /2
bûT�`�iBQM 2Mi`2 H2b 7`�+iBQMb S� 2i 6G MǶ2bi T�b ?QKQ;ĕM2 /�Mb H� HBiiû`�im`2 b+B2MiB}[m2X *2ii2 bûT�`�iBQM
2bi /Ƕ�#Q`/ mM2 HBKBi2 T?vbB[m2 +?QBbB2 HQ`b /2 H� }Hi`�iBQM /2 +2b /2mt 7`�+iBQMb- TQm` `�TT2H- /�Mb H2 +�/`2
/2 +2ii2 i?ĕb2- +2ii2 HBKBi2 � ûiû }tû2 ¨ j ƒKX *2ii2 p�H2m` 2bi 7`û[m2KK2Mi 2KTHQvû2 TQm` +2ii2 bûT�`�iBQM
UGm`B�g2i �HX- kyRe c "�+?K�MMg2i �HX- kyR3VX J�Bb /2 MQK#`2mt �mi2m`b QMi +?QBbB /Ƕ�mi`2b HBKBi2b- +QKK2
8 ƒK U>2M`B[m2bg2i �HX- kyy9 c _B2+Fg2i �HX- kyR8V- Ry ƒK U_B2K�MMg� qBM/BM;g- kyyRV Qm 2M+Q`2 jy ƒK
U6m+?bK�Mg2i �HX- kyRRV U*?�TBi`2 R- 6B;m`2 RXkyVX �BMbB- /�Mb mM2 pQHQMiû /2 +H�`iû H2b 7`�+iBQMb S� 2i 6G
b2`QMi i`�Biû2b /2 7�ÏQM /BbbQ+Bû2 /�Mb +2ii2 b2+iBQMX

.2 MQK#`2mb2b p�`B�#H2b bQMi /BbTQMB#H2b TQm` HǶûim/2 /2 HǶBM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt- 2HH2b
T2mp2Mi +Q``2bTQM/`2 ¨ [m�i`2 +�iû;Q`B2b T`BM+BT�H2b , H� +�`�+iû`Bb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2- H2b
T�`�Kĕi`2b �#BQiB[m2b- H� +QM+2Mi`�iBQM 2M +QMi�KBM�Mib Q`;�MB[m2b 2i +QMi�KBM�Mib BMQ`;�@
MB[m2bX

SQm` H� +�`�+iû`Bb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2- H2b p�`B�#H2b /BbTQMB#H2b p�`B2Mi [m�bB BMiû;`�H2K2Mi /ǶmM2
7`�+iBQM ¨ HǶ�mi`2X .Ƕ�mi�Mi THmb [m2 TQm` H� 7`�+iBQM /BbbQmi2 bǶ�DQmi2 H2b MQK#`2mt BM/B+2b /2 H� +�`�+iû@
`Bb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 /BbbQmi2 +?`QK�iB[m2 U*.PJVX � +2ii2 2t+2TiBQM T`ĕb- MQmb �pQMb i2Miû
/�Mb H� K2bm`2 /2 TQbbB#H2 /ǶmiBHBb2` H2b KāK2b p�`B�#H2b TQm` H2b 7`�+iBQMb 6G 2i S�X
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8X9X AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

�mi`2K2Mi- +QKK2 BM/B[mû /�Mb H2 *?�TBi`2 jX8- HǶ2Mp2`;m`2 /m D2m /2 /QMMû ¨ /BbTQbBiBQM /�Mb +2 i`�p�BH
/2 i?ĕb2- 2bi i2H [mǶ2M �KQMi /2 iQmi2b BMi2`TQH�iBQM 2Mi`2 H2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt 2i H2b /QMMû2b
KB+`Q#BQHQ;B[m2b UReaV- BH 2bi Mû+2bb�B`2 /2 `û/mB`2 H2 MQK#`2 /2 T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt 2KTHQvûbX �
iBi`2 /Ƕ2t2KTH2- MQmb /BbTQbQMb /2 `2bT2+iBp2K2Mi RRR 2i Red p�`B�#H2b TQm` H2b 7`�+iBQMb S� 2i 6G �p�Mi
iQmi2 }Hi`�iBQM Qm bûH2+iBQM /2b p�`B�#H2bX 1M bmBp�Mi- +2b p�`B�#H2b b2`QMi }Hi`û2b Ubm`iQmi 2M 7QM+iBQM /2 H�
+QHBMû�`BiûV 2i TQm` +2`i�BM2b- +QKK2 H2b bm#bi�M+2b T?�`K�+2miB[m2b /�Mb H� 7`�+iBQM 6G- 2HH2b b2`QMi �mbbB
�//BiBQMMû2bX GǶ2Mb2K#H2 /2b p�`B�#H2b bûH2+iBQMMû2b TQm` +?�[m2 7`�+iBQM 2bi BHHmbi`û T�` H� };m`2 8XNX u bQMi
`2T`ûb2Miû2b H2b p�`B�#H2b MQM +QHBMû�B`2b TQmp�Mi āi`2 miBHBbû2b �}M /ǶBMi2``Q;2` HǶBM~m2M+2 /2b T�`�Kĕi`2b
2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2 +Q2{+B2Mi
/2 +Q``ûH�iBQM 2Mi`2 /2b p�`B�#H2b /Bzû`2Mi2b 2bi +QKT`Bb 2Mi`2 @y-eR U*` 2i a#V 2i y-3R Uh* 2i LSV TQm` H�
7`�+iBQM S�- 2i 2Mi`2 @y-je Ub�HBMBiû 2i b�im`�iBQM 2M Qtv;ĕM2V 2i y-e3 U�Mi?`�+ĕM2 2i T?ûM�Mi?`ĕM2V TQm` H�
7`�+iBQM 6GX Lû�MKQBMb- NyW /2b p�H2m`b /2 +2b K�i`B+2b /2 +Q``ûH�iBQM bQMi +QKT`Bb2b /�Mb H2b BMi2`p�HH2b
�HH�Mi /2 @y-kj ¨ y-j9 Qm /2 @y-RN ¨ y-j8 TQm` `2bT2+iBp2K2Mi H2b 7`�+iBQMb S� 2i 6GX *2b p�H2m`b ûi�Mi
`2H�iBp2K2Mi 7�B#H2b Qm T`Q+?2b /2 xû`Q- +2H� MQmb T2`K2i /2 p�HB/2` HǶ�#b2M+2 /ǶmM2 +Q``ûH�iBQM 7Q`i2 2Mi`2
H2b /Bzû`2Mi2b p�`B�#H2bX

8X9Xk S�`�Kĕi`2b K�DQ`Bi�B`2b BM~m2MÏ�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b

�T`ĕb }Hi`�iBQM /2b p�`B�#H2b- mM2 S1_J�LPo� 2bi `û�HBbû2 �}M /ǶB/2MiB}2` H2b p�`B�#H2b T`ûb2Mi�Mi mM 2z2i
bB;MB}+�iB7 bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX SQm` H� 7`�+iBQM S�- /Bt T�`�Kĕi`2b /QMi [m�i`2 Kûi�mt UHǶ�M@
iBKQBM2- a#- H2 +�/KBmK- */- HǶ�`;2Mi- �; 2i H2 K2`+m`2 BMQ`;�MB[m2- A>;V- [m�i`2 +QMi�KBM�Mib Q`;�MB[m2b
UH� bQKK2 /2b ?v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2b- ௴>�S- H2 MQMvHT?ûMQH- LS- H2 #2MxQU�VTv`ĕM2 2i
H2b S*" k3YjRV 2i /2mt T�`�Kĕi`2b �#BQiB[m2b UH2 /û#Bi ~mpB�H 2i H� b�HBMBiûV T`ûb2Mi2Mi bB;MB}+�iBp2K2Mi
mM 2z2i bm` H2b +QKKmM�miûb KB+`Q#B2MM2 Uh�#H2�m 8XkVX SQm` H� 7`�+iBQM 6G- bBt T�`�Kĕi`2b T`ûb2Mi2Mi
mM 2z2i bB;MB}+�iB7 bm` H2b +QKKmM�miûb KB+`Q#B2MM2b- /QMi +BM[ T�`�Kĕi`2b �TT�`i2M�Mi ¨ H� +�iû;Q`B2 /2b
+QMi�KBM�Mib BMQ`;�MB[m2b 2i Q`;�MQKûi�HHB[m2- T`û+BbûK2Mi /2 a#- HǶ�`b2MB+ U�bV- H2 THQK# US#V- HǶûi�BM UaMV
2i H2 KQMQKûi?vHK2`+m`2- JJ>; Uh�#H2�m 8XjV 2i mM T�`�Kĕi`2 ?v/`QHQ;B[m2- H2 /û#Bi ~mpB�HX � HǶ2t+2TiBQM
/m /û#Bi ~mpB�H 2i H� b�HBMBiû- HǶ2Mb2K#H2 /2 +2b T�`�Kĕi`2b +Q``2bTQM/2Mi ¨ /2b +QMi�KBM�Mib T`BQ`Bi�B`2b
+QMMmb TQm` H2m`b KmHiBTH2b 2z2ib /ûHûiĕ`2b bm` H2b û+QbvbiĕK2b �BMbB [m2 H2b KB+`QQ`;�MBbK2bX SHmb T`û+Bbû@
K2Mi- H2b Kûi�mt- Kûi�HHQś/2b 2i Q`;�MQKûi�mt Ua#- �b- */- �;- S#- aM- A>; Qm JJ>;V +Q``2bTQM/2Mi ¨ /2b
ûHûK2Mib bQmp2Mi /û+`Bi T�`KB H2b +QKTQbûb H2b THmb iQtB[m2b TQmp�Mi āi`2 B/2MiB}ûb /�Mb H2b û+QbvbiĕK2bXX
G2b KB+`QQ`;�MBbK2b bQMi b2MbB#H2b ¨ H� T`ûb2M+2 /2 Kûi�mt UuBMg2i �HX- kyR8 c GBg2i �HX- kykyVX G2m`b 2z2ib
T2mp2Mi āi`2 �Mi�;QMBbi2b- T�` 2t2KTH2- 2M �Hiû`�Mi Qm �m;K2Mi�Mi H� }iM2bb- bQBi b� +�T�+Biû /ǶmM BM/BpB/m
¨ b2 `2T`Q/mB`2- U+7X *?�TBi`2 RX9XRV /2b KB+`QQ`;�MBbK2b U:mQg2i �HX- kyRdVX
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8X9X AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

h�#H2�m 8Xk Ĝ S1_J�LPo� 2biBK�Mi H� +QMi`B#miBQM `2H�iBp2 /2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bm` H2b
+QKKmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b /�Mb H� +QHQMM2 /Ƕ2�m US�V /Ƕ�T`ĕb HǶBM/B+2 /2 /BbbBKB@
H�`Biû /2 "`�v@*m`iBbX G2b p�H2m`b `2T`ûb2Mi2Mi H2 `�iBQ Tb2m/Q@6 U6V 2i H2 MBp2�m /2 bB;MB}+�iBpBiû /m i2bi /2
T2`Kmi�iBQM /2 JQMi2@*�`HQ UNNN `ûTûiBiBQMbV- H2b p�H2m`b bB;MB}+�iBp2b bQMi BM/B[mû2b 2M ;`�bX

o�`B�#H2b 2MpB`QMM2K2Mi�H2b _�iBQ Tb2m/Q@6 U6V T
a# 8X9N yXyyR
*/ jX9N yXyyd
*` RX9y yXRNN
�; jXed yXyy9
A>; 9Xyd yXyyj
LS kXRj yXy9j

LS1Pk RX99 yXR39
"2MxQU�VTv`ĕM2 kXkR yXyyj

S*" RR3 RX8k yXRj9
S*" k3YjR jXd9 yXyy9௴>�S RX3e yXyjN
.û#Bi ~mpB�H 8X3e yXyyR

G�iBim/2 RXR3 yXk3R
a�im`�iBQM 2M Qtv;ĕM2 UWV RXdj yXRRe

a�HBMBiû kX33 yXyR8
*?HQ`QT?vHH2 � RXRy yXjkR

a# , �MiBKQBM2 c */ , *�/KBmK c *` , *?`QK2 c �; , �`;2Mi c A>; , J2`+m`2
BMQ`;�MB[m2 c LS , LQMvHT?ûMQH c LS1Pk , LQMvHT?ûMQH /Bûi?QtvHû c S*" ,
SQHv+?HQ`Q#BT?ûMvH2b c ȟ >�S , aQKK2 /2b ?v/`Q+�`#m`2b �`QiK�iB[m2b TQ@
Hv+v+HB[m2b

"B2M [m2 H2b D2mt /2 /QMMû2b 6G 2i S� bQB2Mi i`�Biûb /BbiBM+i2K2Mi- mM 2z2i bB;MB}+�iB7 /m K2`+m`2 UbQmb
/Bzû`2Mi2b 7Q`K2b A>; Qm JJ>;V- /2 HǶ�MiBKQBM2 Ua#V 2i /m /û#Bi ~mpB�H 2bi Q#b2`p�#H2 bm` H2b +QKKmM�miûb
KB+`Q#B2MM2b Uh�#H2�mt 8Xk 2i 8XjVX

Zm�i`2b +QMi�KBM�Mib Q`;�MB[m2b QMi ûiû B/2MiB}ûb +QKK2 BKT�+i�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b S�- H2
LS- H2 #2MxQU�VTv`ĕM2- H� ௴>�S 2i H2b S*" k3YjRX >Q`KBb H2 LS- +2b +QKTQbûb bQMi 7`û[m2KK2Mi `2+QMMmb
+QKK2 /2b +QMi�KBM�Mib +Q``2bTQM/�Mi ¨ /2b T`Q}Hb /2 +QMi�KBM�iBQM THmiƬi ?BbiQ`B[m2- +?`QMB[m2 2i bm`iQmi
T2`bBbi�Mi2X G2b >�S 2i H2b S*" �TT�`iB2MM2Mi ¨ H� +�iû;Q`B2b /2b TQHHm�Mib Q`;�MB[m2b T2`bBbi�Mib USPSVX
G2 S*" k3 2bi mM S*" BM/B+�i2m` 2i MQM mM S*"@.G K�Bb BH `2bi2 mM ûHûK2Mi iQtB[m2 U.�pBbg2i �HX- kyydVX
*2b +QMi�KBM�Mib Q`;�MB[m2b bQMi +QMMmb TQm` H2m`b 2z2ib /ûHûiĕ`2b BKT�+i�Mi Mû;�iBp2K2Mi H� }iM2bb /2b
Q`;�MBbK2b +QKTQb�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b UZm2`Qg2i �HX- kyR8VX *2T2M/�Mi- BHb `2T`ûb2Mi2Mi �mbbB
mM2 bQm`+2 /2 +�`#QM2 TQmp�Mi āi`2 2tTHQBiû2 T�` +2`i�BMb KB+`QQ`;�MBbK2b UaQM;g2i �HX- kyR8 c q2BH�M/@
"`�m2`g2i �HX- kyRdVX .�Mb +2b /2mt +�b- BHb pQMi KQ/B}2` 2i BKT�+i2` H� bi`m+im`�iBQM /2 HǶ2Mb2K#H2 /2 H�
+QKKmM�miû KB+`Q#B2MM2X .2 THmb- BH MǶ2bi T�b bm`T`2M�Mi /ǶQ#b2`p2` mM 2z2i bB;MB}+�iB7 /2 +2b SPS bm` H2b
+QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�VX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

h�#H2�m 8Xj Ĝ S1_J�LPo� 2biBK�Mi H� +QMi`B#miBQM `2H�iBp2 /2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bm` H2b
+QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV /Ƕ�T`ĕb HǶBM/B+2 /2 /BbbBKBH�`Biû /2 "`�v@*m`iBbX
G2b p�H2m`b `2T`ûb2Mi2Mi H2 `�iBQ Tb2m/Q@6 U6V 2i H2 MBp2�m /2 bB;MB}+�iBpBiû /m i2bi /2 T2`Kmi�iBQM /2 JQMi2@
*�`HQ UNNN `ûTûiBiBQMbV- H2b p�H2m`b bB;MB}+�iBp2b bQMi BM/B[mû2b 2M ;`�bX

o�`B�#H2b 2MpB`QMM2K2Mi�H2b _�iBQ Tb2m/Q@6 U6V T
a# 8-dy y-yyR
�b k-3y y-ykk
*/ R-jy y-kRj
S# R-3y y-y9d
aM j-3y y-yy9

A>; R-ky y-k9k
JJ>; j-9y y-yye

a�im`�iBQM 2M Qtv;ĕM2 UWV R-ky y-k8R
.û#Bi ~mpB�H j-ky y-yyj

*fh R-ey y-RR9
aP9

k@ y-N9 y-9e8
�+ûM�T?iĕM2 R-dy y-y8R

"2MxQU�VTv`ĕM2 R-dy y-Ry3௴LS R-9y y-kRy

a# , �MiBKQBM2 c �b , �`b2MB+ c */ , *�/KBmK c S# , SHQK# c aM , HǶûi�BM c A>; ,
J2`+m`2 BMQ`;�MB[m2 c JJ>; , KQMQKûi?vHK2`+m`2 c *fh , mM BM/B+2 /2 H�
~mQ`2b+2M+2 k. /2 H� K�iBĕ`2 Q`;�MB[m2 /BbbQmi2 +?`QKQT?Q`B[m2 U*.PJV c
aP9

k@ , bmH7�i2 c ȟ LS , aQKK2 /m MQMvHT?ûMQHb- /m MQMvHT?ûMQH KQMQ@
ûi?QtvHû ULS1PRV 2i /m MQMvHT?ûMQH /Bûi?QtvHû ULS1PkV

G2b bû/BK2Mib TQmp�Mi �;B` +QKK2 `ûb2`pQB` /2 +QMi�KBM�iBQM TQm` H2 `2bi2 /2 H� +QHQMM2 /Ƕ2�m U"Q`D�g2i
�HX- kyy8 c a2`�7BKg2i �HX- kyRjV- BH 2bi �ii2M/m /ǶQ#b2`p2` /2b +QM+2Mi`�iBQMb THmb ûH2pû2b 2i T�` +QMbû[m2M+2
mM 2z2i THmb K�`[mû bm` H2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2bX

�}M /Ƕ�TT`Q7QM/B` +2b Q#b2`p�iBQMb- /2b `ûb2�mt /2 +Q@Q++m`2M+2 KB+`Q#B2Mb QMi ûiû `û�HBbûb U6B;m`2b 8XRy�
2i 8XRR�VX � HǶBMp2`b2 /m `ûb2�m /û+`Bi ¨ H� b2+iBQM 8XjXkXk- B+B- H2b 7`�+iBQMb 6G 2i S� QMi ûiû i`�Biû2b /BbiBM+@
i2K2Mi TmBb[m2 H2b p�`B�#H2b 2MpB`QMM2K2Mi�H2b bûH2+iBQMMû2b bQMi T`QT`2b ¨ +?�[m2 7`�+iBQMX G2b T�`�Kĕi`2b
iQTQHQ;B[m2b- /ûD¨ �#Q`/û2b T`û+û/2KK2Mi- /2 +2b `ûb2�mt bQMi /û+`Bi2b 2M �MM2t2b Uh�#H2�m �8XRVX *2b
`ûb2�mt bQMi +QKTQbûb `2bT2+iBp2K2Mi /2 k9R 2i k83 MQ2m/b b2 `ûT�`iBbb�Mi 2M N 2i RR KQ/mH2b U+QKTQbûb /2
8 Mƾm/b Qm THmbV TQm` H2b 7`�+iBQMb S� 2i 6G U6B;m`2b 8XRy� 2i 8XRR�VX S�`KB +2b KQ/mH2b- 3 UR- k- 9- 8- e-
d- 3 2i N TQm` S�V 2i e UR- k- j- 8- d 2i 3 TQm` 6GV bQMi bB;MB}+�iBp2K2Mi +Q``ûHûb �m KQBMb ¨ mM T�`�Kĕi`2
2MpB`QMM2K2Mi�H U6B;m`2b 8XRy" 2i 8XRR"VX

G� +Q``ûH�iBQM 2Mi`2 H2b p�`B�#H2b 2i H2b +QKKmM�miûb KB+`Q#B2MM2b `2TQb2 bm` /2b Kûi?Q/2b /Bzû`2Mi2b 2Mi`2
H� S1_J�LPo� 2i H2b `ûb2�mt /2 +Q@Q++m`2M+2- �BMbB- BH MǶ2bi T�b ûi`�M;2 /ǶQ#b2`p2` [m2 +2`i�BM2b p�`B�#H2b
bQB2Mi bB;MB}+�iBp2b /�Mb mM T`2KB2` i2KTb �p2+ H� S1_J�LPo� K�Bb MQM +Q``ûHû2b �p2+ H2b KQ/mH2b
KB+`Q#B2Mb- 2i BMp2`b2K2Mi UHǶ�;- H2 LS- H2 #2MxQU�VTv`ĕM2 2i H� ௴>�S TQm` H2b S� c HǶ�b 2i H2 S# TQm` H2b
6GVX
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8X9X AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

6B;m`2 8XRy Ĝ _ûb2�m KB+`Q#B2M /2 +Q@Q++m`2M+2 /2 H� 7`�+iBQM S� U�V /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2
HǶ�/Qm`X *?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m` /2 H�
+2Mi`�HBiû BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb 8 Mƾm/bX >2�iK�T U"V
/2 H� +Q``ûH�iBQM /2 aT2�`K�M 2Mi`2 H2b KQ/mH2b 2i H2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bûH2+iBQMMûbX a2mH2b H2b
+Q``ûH�iBQMb T`ûb2Mi�Mi mM2 T@p�Hm2 UBM/B[mû2 2Mi`2 T�`2Mi?ĕb2bV bmTû`B2m`2b Qm û;�H2 ¨ y-y8 bQMi `2T`ûb2Miû2bX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

6B;m`2 8XRR Ĝ _ûb2�m KB+`Q#B2M /2 +Q@Q++m`2M+2 /2 H� 7`�+iBQM 6G U�V /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2
HǶ�/Qm`X *?�[m2 Mƾm/ +Q``2bTQM/ ¨ mM �ao 2i H� i�BHH2 /2b Mƾm/b 2bi T`QTQ`iBQMM2HH2 ¨ H� p�H2m` /2 H�
+2Mi`�HBiû BMi2`Kû/B�B`2X 1M +QmH2m`- bQMi BM/B[mûb H2b KQ/mH2b +QKTQbûb /Ƕ�m KQBMb 8 Mƾm/bX >2�iK�T U"V
/2 H� +Q``ûH�iBQM /2 aT2�`K�M 2Mi`2 H2b KQ/mH2b 2i H2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bûH2+iBQMMûbX a2mH2b H2b
+Q``ûH�iBQMb T`ûb2Mi�Mi mM2 T@p�Hm2 UBM/B[mû2 2Mi`2 T�`2Mi?ĕb2bV bmTû`B2m`2b Qm û;�H2 ¨ y-y8 bQMi `2T`ûb2Miû2bX
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8X9X AM~m2M+2 /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

G2 THmb BMiû`2bb�Mi `2bi2 +2T2M/�Mi H2 +�b /2 };m`2 BMp2`b2- +Ƕ2bi@¨@/B`2- mM T�`�Kĕi`2 BKT�+i�Mi bB;MB}+�iBp2@
K2Mi H2b +QKKmM�miûb KB+`Q#B2MM2b 2i +Q``ûHû ¨ mM Qm THmbB2m`b KQ/mH2b bBKmHi�MûK2MiX *2H� MQmb T2`K2i
/ǶB/2MiB}2` H2b KB+`QQ`;�MBbK2b TQmp�Mi āi`2 /B`2+i2K2Mi BKT�+iûb T�` +2b T�`�Kĕi`2b 2i bm`iQmi +2`i�BMb
+QMi�KBM�MibX *2ii2 bBim�iBQM 2bi Q#b2`p�#H2 MQi�KK2Mi TQm` H2 */ [mB 2bi +Q``ûHû �p2+ R KQ/mH2 U8 TQm` H�
7`�+iBQM S�V- H2b S*" k3YjR �p2+ j KQ/mH2b UR- 9 2i N TQm` H� 7`�+iBQM S�V- H2 a# �p2+ 8 KQ/mH2b Uk 2i 3 TQm`
H� 7`�+iBQM S� 2i k- 8 2i d TQm` H� 7`�+iBQM 6GV �BMbB [m2 H2 aM 2i JJ>; +Q``ûHûb iQmb /2mt �p2+ k KQ/mH2b
UR 2i d TQm` H� 7`�+iBQM 6GV U6B;m`2b 8XRy" 2i 8XRR"VX .�Mb H� +�/`2 /2 +2ii2 i?ĕb2- HǶ�TT`Q7QM/Bbb2K2Mi /2
HǶ2t�+i2 +QKTQbBiBQM /2 +2b KQ/mH2b M2 b2`� T�b �#Q`/û2- +2T2M/�Mi- 2HH2 b2`�Bi BMiû`2bb�Mi2 TmBb[mǶB+B MQmb
bQKK2b 2M K2bm`2 /ǶQ#b2`p2` ¨ mM2 û+?2HH2 }M2- HǶBKT�+i /2b +QMi�KBM�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2b
2i H2b �ao [mB H2b +QKTQb2MiX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

8X8 .Bp2`bBiû 2i bi`m+im`�iBQM 7QM+iBQMM2HH2 /2b +QKKmM�miûb KB@
+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b

Cmb[mǶ¨ T`ûb2Mi H� `2H�iBQM HB�Mi H2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` �mt T`Q}Hb /2
+QMi�KBM�Mib 2bi 7QM+iBQM /2 H� p�`B�#BHBiû /2 H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b Q#i2Mm2 T`BM@
+BT�H2K2Mi bm` H� #�b2 /2 HǶûim/2 /m ;ĕM2 +Q/�Mi /2 HǶ�_L` ReaX �BMbB- QM �bbQ+B2 mM2 p�`B�iBQM /�Mb H�
bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b ¨ +2`i�BMb 7�+i2m`b 2MpB`QMM2K2Mi�mtX �}M /Ƕ�TT`Q7QM/B` +2b
Q#b2`p�iBQMb- /2b �M�Hvb2b 2M :2Q+?BT QMi ûiû `û�HBbû2bX *2b �M�Hvb2b- T`QTQbû2b T�` H2 H�#Q`�iQB`2 :HQKB+b
AM+X ULQ`K�M- PFH�?QK�- 1i�ib@lMBbV- T2`K2ii2Mi /2 +�`�+iû`Bb2` H2b 7QM+iBQMb T`ûb2Mi2b �m b2BM /2b +QK@
KmM�miûb KB+`Q#B2MM2b U>2g2i �HX- kyyd c a?Bg2i �HX- kyRNVX GǶBMiû`āi T`BM+BT�H /2 +2ii2 �M�Hvb2 `2TQb2 bm`
H2 MQK#`2 i`ĕb H�`;2 /2 ;ĕM2b ûim/Bûb- �BMbB [m2 T�` H2 7�Bi [mǶmM MQK#`2 +QMbû[m2Mi /2 +2b ;ĕM2b bQBi HBû
�mt 7QM+iBQMb +H27b BKTHB[mû2b /�Mb H� `ûTQMb2 ¨ H� T`ûb2M+2 /2 TQHHm�Mib �M�Hvbûb /�Mb H2 +�/`2 /2 +2ii2
ûim/2X *2b ;ĕM2b bQMi BKTHB[mûb /�Mb H2 bi`2bb Qtv/�Mi- HǶ?QKûQbi�bB2 Kûi�HHB[m2 Qm 2M+Q`2 H� /û;`�/�iBQM
/2b +QMi�KBM�Mib Q`;�MB[m2bX *2b �M�Hvb2b QMi mMB[m2K2Mi ûiû `û�HBbû2b bm` H� 7`�+iBQM +Q``2bTQM/�Mi �mt
KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b US�V bm` /2b bBi2b bûH2+iBQMMûb 2M 7QM+iBQM /2b T`2KB2`b `ûbmHi�ib
/m bû[m2MÏ�;2 /2 HǶ�.L Rea �}M /2 b2 7Q+�HBb2` bm` H2b bBi2b H2b THmb +�`�+iû`BbiB[m2b /2 HǶ2bim�B`2 /2 HǶ�/Qm`
U+7X *?�TBi`2 kX9Xj- 6B;m`2 kXRRVX G2b Tm+2b 2KTHQvû2b bQMi H2b :2Q+?BT 8XyJ `2+Qmp`�Mi mM iQi�H /2 R3y yyy
�KQ`+2bX

8X8XR .Bp2`bBiû /2b 7QM+iBQMb Q#b2`pû2b

SQm` mM iQi�H /2 R3 û+?�MiBHHQMb- R j99 7�KBHH2b /2 ;ĕM2b QMi ûiû B/2MiB}ûbX *2b ;ĕM2b bQMi `2;`QmTûb �m b2BM
/2 Rd +�iû;Q`B2b 2i Rje bQmb@+�iû;Q`B2bX GǶ�#QM/�M+2 `2H�iBp2 /2b T`BM+BT�H2b +�iû;Q`B2b 2i bQmb@+�iû;Q`B2b
Q#b2`pû2b T�` bBi2 [m2HH2 [m2 bQBi H� b�BbQM 2bi BHHmbi`û2 T�` H2b };m`2b 8XRk 2i 8XRjX S�`KB +2b Rd +�iû;Q@
`B2b /2 ;ĕM2b Q#b2`pûb- Ry /Ƕ2Mi`2 2HH2b `2T`ûb2Mi2Mi 2M KQv2MM2 N8W /m bB;M�H `2H�iB7 Q#b2`pû- H2b d �mi`2b
+�iû;Q`B2b T`ûb2Mi2Mi mM2 KQv2MM2 /Ƕ�#QM/�M+2 T�` bBi2 BM7û`B2m`2 ¨ kWX Zm�i`2 +�iû;Q`B2b /2 ;ĕM2b T`û@
b2Mi2Mi /2b �#QM/�M+2b `2H�iBp2b M2ii2K2Mi bmTû`B2m`b �mt �mi`2b- BH bǶ�;Bi T`û+BbûK2Mi /2 HǶ?QKûQbi�bB2
Kûi�HHB[m2 U2M KQv2MM2 keW- 6B;m`2 8XRj6V- H2 bi`2bb U2M KQv2MM2 RdW- 6B;m`2 8XRjAV- H� `ûbBbi�M+2 �mt
�MiB#BQiB[m2b U2M KQv2MM2 R8W- 6B;m`2 8XRj:V 2i H2 +v+H2 /m +�`#QM2 U2M KQv2MM2 R8W- 6B;m`2 8XRk"VX

*2b Q#b2`p�iBQMb bQMi ¨ `�TT`Q+?2` /m /2bB;M /2b Tm+2b ¨ �.LX G2b +�iû;Q`B2b H2b THmb 7`û[m2KK2Mi Q#b2`pû2b
T2mp2Mi ¨ H� 7QBb āi`2 H� `ûbmHi�Mi2 /m K�iû`B2H ;ûMûiB[m2 T`ûb2Mi /�Mb H2b û+?�MiBHHQMb K�Bb bQMi bm`iQmi
`2T`ûb2Mi�iBp2b /2b �KQ`+2b 2i ;ĕM2b +B#Hûb HQ`b /2 H� T`Q;`�KK�iBQM /2b Tm+2b Uw?Qmg2i �HX- kyR8VX

�m@/2H¨ /2 H� /2b+`BTiBQM /2b +�iû;Q`B2b /2 ;ĕM2b T`ûb2Mib /�Mb H2b û+?�MiBHHQMb- BH 2bi ¨ MQi2` [m2 HǶ�#QM@
/�M+2 `2H�iBp2 /2 +2b +�iû;Q`B2b /2 ;ĕM2b 2bi- ¨ [m2H[m2b 2t+2TiBQMb- i`ĕb `û;mHBĕ`2 T�` bBi2X *2b Q#b2`p�iBQMb
bQMi Mû�MKQBMb +QMi`�`Bû2b T�` /2 Hû;ĕ`2b p�`B�iBQMb /Ƕ�#QM/�M+2b /2b +�iû;Q`B2b TQm` H2b bBi2b d 2i N- [mB
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8X8X .Bp2`bBiû 2i bi`m+im`�iBQM 7QM+iBQMM2HH2 /2b +QKKmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b
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Cycle du carbone
Homéostasie métallique
Défense microbienne
Azote
Dégradation des contaminants organiques
Phosphore
Stress
Soufre
Virulence
Autres

A : Vue générale
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Sous−catégories
Cellulose
Dégradation du carbone
Fixation du carbone
Méthane

B : Cycle du carbone

0

1

2

1 3 6 7 9 D

Sous−catégories
Adenylylsulfate reductase
Assimilation du soufre
Dégradation du DMSP
Oxydation du soufre
Oxydation du sulfure
Réduction
Réduction du sulfure
Autres

C : Soufre
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) Sous−catégories
Ammonification
Anammox
Assimilation
Assimilation de l'azote
Dénitrification
Fixation de l'azote
Nitrification
Réduction assimilatrice de l'azote
Réduction dissimilatrice de l'azote

D : Azote
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Sous−catégories
Dégradation de polyphosphates
Hydrolyse d'acide phytique
Oxydation du phosphore
Synthèse de polyphosphates

E : Phosphore

6B;m`2 8XRk Ĝ �#QM/�M+2b `2H�iBp2b /2b +�iû;Q`B2b 2i bQmb@+�iû;Q`B2b /2 ;ĕM2b T�` bBi2 /�Mb H2b 2�mt U7`�+iBQM
T�`iB+mH�B`2V- Q#i2Mm2b ¨ T�`iB` /2b �M�Hvb2b /2 :2Q+?BT URfkVX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

0

10

20

1 3 6 7 9 D

Ab
on

da
nc

e 
re

la
tiv

e 
(%

) Sous−catégories
Argent
Arsenic
Cadmium
Cadmium / Cobalt / Zinc
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Cobalt / Magnésium
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Fer
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Autres

F : Homéostasie métallique
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Sous−catégories
Dégradation
Modification des sous−unités
Transporteur

G : Résistance aux antibiotiques
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Sous−catégories
Aromatiques
Composés liés aux herbicides
Solvants chlorés
Autres

H : Dégradation des contaminants organiques
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Sous−catégories
Choc thermique (chaleur)
Enzyme antioxydante
Facteur sigma
Limitation en azote
Limitation en oxygène
Limitation en phosphore
Maintien de l'intégrité membranaire
Protéine de stress
Réponse stringente
Stress osmotique
Stress oxydant
Autres

I : Stress
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Sous−catégories
Antibiotic 
CRISPR

J : Défense microbienne
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Sous−catégories
Absorption du fer
Adhérence
Antiphagocytose
Perturbation des cellules hôtes
Système de sécrétion de type III
Toxine
Autres

K : Virulence

6B;m`2 8XRj Ĝ �#QM/�M+2b `2H�iBp2b /2b +�iû;Q`B2b 2i bQmb@+�iû;Q`B2b /2 ;ĕM2b T�` bBi2 /�Mb H2b 2�mt U7`�+iBQM
T�`iB+mH�B`2V- Q#i2Mm2b ¨ T�`iB` /2b �M�Hvb2b /2 :2Q+?BT UkfkV
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8X8X .Bp2`bBiû 2i bi`m+im`�iBQM 7QM+iBQMM2HH2 /2b +QKKmM�miûb KB+`Q#B2MM2b �ii�+?û2b �mt T�`iB+mH2b

T`ûb2Mi2Mi i�MiƬi mM2 �#QM/�M+2 THmb BKTQ`i�Mi2 TQm` H2b ;ĕM2b +Q``2bTQM/�Mi �m +v+H2 /m +�`#QM2 U6B;m`2
8XRk"V 2i /2 HǶ�xQi2 U6B;m`2 8XRk.V �BMbB [m2 H� /û72Mb2 KB+`Q#B2MM2 U6B;m`2 8XRjCV- i�MiƬi mM2 �#QM/�M+2
THmb 7�B#H2 TQm` MQi�KK2Mi H2b ;ĕM2b BKTHB[mûb /�Mb H� `ûbBbi�M+2 �mt �MiB#BQiB[m2b U6B;m`2 8XRj:VX

G� `û;mH�`Biû /2b T`Q}Hb /Ƕ�#QM/�M+2 /2b +�iû;Q`B2b 2bi /B`2+i2K2Mi HBû2 ¨ H� /Bbi`B#miBQM /2b ;ĕM2b /�Mb H2b
û+?�MiBHHQMbX 1M 2z2i- �m iQi�H- 3kW /2b ;ĕM2b /ûi2+iûb HǶQMi ûiû /�Mb HǶ2Mb2K#H2 /2b û+?�MiBHHQMbX
*2b Q#b2`p�iBQMb bQMi 2M �++Q`/ �p2+ /2b �M�Hvb2b `û�HBbû2b �p2+ H2b :2Q+?BTb TQm` H� +�`�+iû`Bb�iBQM /2b
+QKKmM�miûb KB+`Q#B2MM2b /�Mb /Bp2`b 2MpB`QMM2K2Mi U"�Bg2i �HX- kyRk c "�v2`g2i �HX- kyR9VX

8X8Xk AM~m2M+2 /2 H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 2i /2 H� b�BbQM

G2 TQm`+2Mi�;2 /2 ;ĕM2b /ûi2+iûb Ubm` mM iQi�H /2 R j99V � ûiû +�H+mHû T�` bBi2- �BMbB [m2 H2 TQm`+2Mi�;2
/2 ;ĕM2b T�`i�;ûb 2Mi`2 /2mt bBi2bX *2b p�H2m`b bQMi `ûbmKû2b /�Mb H2 i�#H2�m 8X9X G2b p�H2m`b H2b THmb
BKTQ`i�Mi2b bQMi Q#b2`pû2b TQm` H2b bBi2b d 2i N �m T`BMi2KTb 2i 2M ûiûX G2 THmb `2K�`[m�#H2 `2bi2 [mǶ2M
K�DQ`Biû- H2 TQm`+2Mi�;2 /2 ;ĕM2b T�`i�;ûb 2Mi`2 bBi2 2bi i`ĕb ûH2pû- H� p�H2m` KBMBK�H2 Q#b2`pû2 2bi /2
38W- 2HH2 2bi Q#i2Mm2 2Mi`2 H2b bBi2b R UT`BMi2KTbV 2i e UûiûV Uh�#H2�m 8X9VX

h�#H2�m 8X9 Ĝ SQm`+2Mi�;2 /2 ;ĕM2b /ûi2+iûb T�` bBi2 2i T�`i�;ûb 2Mi`2 bBi2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2
HǶ�/Qm` TQm` H� 7`�+iBQM /2b KB+`QQ`;�MBbK2b �ii�+?ûb �mt T�`iB+mH2b US�VX

S`BMi2KTb úiû >Bp2`
R j e d N . R j e d N . R j e d N .

R 3d-N
j 3d-j Nk-j
e 3e-d Ny Ny-d
d 3d-j NR-d Ny-R Nj-k
N 3d-d Nk Ny-k Nk-e N8-k

S`BMi2KTb U�.RV

. 3d Ny-R 3N-k Ny-e NR-e Nk-k
R 3e-k 33 3d-8 33-k 33-9 3d-d 33-N
j 3d-j Ny 3N-R Ny-k Ny-k 3N-9 33 Ny-3
e 38-R 3e-3 3e-e 3e-N 3e-3 3e-9 38-e 3e-3 3d-k
d 3d-d Nk Ny-j Nk-N N9-j NR-d 33-3 Ny-e 3d Ne-j
N 3e-k 3N 33-R 3N-k Ny-R 33-3 3e-3 33-j 38-j Ny-R NR-9

úiû U�.kV

. 3d Ny 3N-R Ny-8 Ny-N Ny 33-R 3N-d 3e-8 NR 33-8 NR-9
R 3d-e Ny-N Ny NR-3 Nk-j Ny-d 33-8 Ny-k 3d Nk-d 3N-j Ny-3 Nj-k
j 3d-9 NR-k 3N-N NR-d Nk-k Ny-j 33-R Ny 3e-3 Nk-j 3N-k Ny-9 NR-e Nk-3
e 38-e 3d-N 3d-3 33-k 33-j 3d-N 3e-9 3d-8 38-d 33-e 3d 3d-e 33-k 33-R 3N
d 3d-d NR-9 Ny-R Nk-R Nj-k NR-j 33-e Ny-8 3d Nj-e 3N-8 Ny-3 Nk-j NR-d 33-R N9-j
N 3d-e NR-j Ny Nk-j Nk-e Ny-3 33-8 Ny-j 3d-R Nk-d 3N-e Ny-e Nk-k NR-N 33-9 Nk-e Nj-9

>Bp2` U�.jV

. 3d-d NR-8 Ny Nk-j Nj-9 NR-k 33-8 Ny-k 3e-3 Nj-3 3N-d Ny-3 Nk-j Nk-k 33-9 Nk-N Nk-e N9-j

�m@/2H¨ /m MQK#`2 /2 ;ĕM2b T�`i�;ûb- MQmb �pQMb pQmHm p�HB/2` +2b Q#b2`p�iBQMb 2M T`2M�Mi 2M +QKTi2
H2b ;ĕM2b 2i H2m`b �#QM/�M+2b `2H�iBp2b /�Mb H2b û+?�MiBHHQMbX SQm` +2 7�B`2- MQmb �pQMb +�H+mHû HǶBM/B+2 /2
bBKBH�`Biû /2 "`�v@*m`iBb 2Mi`2 bBi2b U6B;m`2 8XR9VX
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`
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6B;m`2 8XR9 Ĝ >2�iK�T /2 HǶBM/B+2 /2 /BbbBKBH�`Biû U"`�v@*m`iBbV 2Mi`2 bBi2b +�H+mHû2 ¨ T�`iB` /m T`Q}H
/Ƕ�#QM/�M+2 /2b ;ĕM2b /ûi2+iûb T�` H2b Tm+2b ¨ �.L U;2Q+?BTVX

.2mt bBi2b b2 /ûK�`[m2Mi `�TB/2K2Mi /2 +2ii2 `2T`ûb2Mi�iBQM , H2b bBi2b N U�m T`BMi2KTbV 2i d U2M ûiûVX
*2b bBi2b +Q``2bTQM/2Mi �mt Q#b2`p�iBQMb 7�Bi2b �mT�`�p�Mi- +�`�+iû`Bb�Mi H2b bBi2b T`ûb2Mi�Mi mM MQK#`2
BKTQ`i�Mi /2 ;ĕM2b /ûi2+iûbX *2ii2 /ûK�`+�iBQM 2M i2`K2b /2 MQK#`2 /2 ;ĕM2b /ûi2+iûb T2mi ûpB/2KK2Mi āi`2
`�TT`Q+?û2 �mt p�H2m`b /2 bBKBH�`BiûX SHmb /2b ;ĕM2b bQMi T`ûb2Mib /�Mb +2`i�BMb bBi2b bTû+B}[m2K2Mi- THmb H�
bBKBH�`Biû 2Mi`2 +2b bBi2b 2i H2b �mi`2b p� /BKBMm2`X �m@/2H¨- +2 [mB 2bi bm`T`2M�Mi 2bi HǶ�#b2M+2 /2 bi`m+im`�iBQM
/2b û+?�MiBHHQMbX G� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 Qm #B2M H� b�BbQM M2 b2K#H2Mi T�b BM~m2M+2` H� +QKTQbBiBQM
/m TQi2MiB2H 7QM+iBQMM2H /2b +QKKmM�miûb KB+`Q#B2MM2b- bm;;û`�Mi mM2 `2/QM/�M+2 7QM+iBQMM2HH2X
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8XeX *QM+HmbBQM

8Xe *QM+HmbBQM

G� bi`m+im`�iBQM 2i H� /Bp2`bBiû /2b +QKKmM�miûb KB+`Q#B2MM2b 2M KBHB2m �[m�iB[m2b `2bi2Mi mM TQBMi +H27
/2 H� /2b+`BTiBQM 2i H� +QKTQbBiBQM /2b û+QbvbiĕK2bX 1M KBHB2m 2bim�`B2M- +2b +QKKmM�miûb KB+`Q#B2MM2b b2
`2i`Qmp2Mi /�Mb /2b û+QbvbiĕK2b 2ti`āK2K2Mi ?ûiû`Q;ĕM2b [m2 +2 bQBi /�Mb H2 i2KTb Qm /�Mb HǶ2bT�+2X �
+2H� bǶ�DQmi2 H� pmHMû`�#BHBiû /2 +2b û+QbvbiĕK2b 7�+2 �mt /ûp2HQTT2K2Mib /2b �+iBpBiûb ?mK�BM2b 2i ¨ H2m`b
+QMbû[m2M+2b KmHiBTH2b 2M xQM2 HBiiQ`�H2 2i 2bim�`B2MM2X �}M /ǶB/2MiB}2` HǶBKT�+i /2 +2b �+iBpBiûb 2i THmb bTû@
+B}[m2K2Mi HǶBKT�+i /2 H� +QMi�KBM�iBQM +?BKB[m2 /�Mb +2b û+QbvbiĕK2b- BH 2bi 2bb2MiB2H /�Mb mM T`2KB2`
i2KTb /2 H2b +�`�+iû`Bb2` 2i /2 +QKT`2M/`2 H2m` /vM�KBbK2 �}M /ǶBbQH2` �m KB2mt H� p�`B�#BHBiû
Ŀ M�im`2HH2 ŀ /2 H� p�`B�#BHBiû /m2 ¨ H� T`2bbBQM 2t2`+û2 T�` H� T`ûb2M+2 /2 +QMi�KBM�MiUbVX
G� /2b+`BTiBQM /2b +QKKmM�miûb KB+`Q#B2MM2b �[m�iB[m2b /QBi T`2M/`2 2M +QKTi2 H� p�`B�#BHBiû /2b KQ/2b /2
pB2 /2b Q`;�MBbK2b +QHQMBb�Mi +2b 2MpB`QMM2K2MibX *QKK2 T`ûb2Miû /�Mb +2 +?�TBi`2- /2mt KQ/2b /2 pB2 b2
/BbiBM;m2Mi , HB#`2 2i �ii�+?ûX PM � Tm `2K�`[m2` [m2 +2b /2mt 7`�+iBQMb +Q``2bTQM/2Mi /2b ;`QmT2b
`2H�iBp2K2Mi /BbiBM+ib #B2M [m2 H� bBKBH�`Biû 2Mi`2 +2b /2mt 7`�+iBQMb bm;;ĕ`2 mM2 +2`i�BM MBp2�m
/2 +QMM2+iBpBiû Qm /2 `2H�iBQM 2Mi`2 2mtX

�m `2;�`/ /2 H� /Bp2`bBiû �HT?� Qm /2 H� +QKTQbBiBQM 2M KB+`QQ`;�MBbK2b U�aoV- +2b /2mt 7`�+iBQMb bQMi i`ĕb
bBKBH�B`2b- �HQ`b [m2 /2b /Bzû`2M+2b bǶQ#b2`p2Mi �m MBp2�m bi`m+im`2HX G2b +QKKmM�miûb KB+`Q#B2MM2b
�bbQ+Bû2b �mt T�`iB+mH2b bQMi BM~m2M+û2b T�` H� b�BbQM- MQi�KK2Mi ?Bp2`M�H2- 2i H� TQbBiBQM H2 HQM;
/2 HǶ2bim�B`2X lM2 bi`m+im`�iBQM bBKBH�B`2 2bi Q#b2`pû2 TQm` H2b bû/BK2MibX G2b +QKKmM�miûb KB+`Q#B2MM2b
HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m bQMi bi`m+im`û2b b2HQM H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2- BMp2`b2K2Mi- HǶBM~m2M+2
/2 H� b�BbQM 2bi B+B THmb Mû;HB;2�#H2X
lM2 +QKKmM�miû KB+`Q#B2MM2 2bim�`B2MM2 bi�#H2 b2 K2i 2M TH�+2 2M �bbQ+B�iBQM �p2+ H2b T�`iB+mH2b /2 HǶ�KQMi
¨ HǶ�p�H /2 HǶ2bim�B`2X *2ii2 +QKKmM�miû +?�M;2 �m MBp2�m /2 H� xQM2 m`#�BM2 /2 "B�``Bix@"�vQMM2@�M;H2iX
*2ii2 T2`im`#�iBQM 2bi �mbbB pBbB#H2 TQm` H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m- 2M
+Q?û`2M+2 �p2+ mM KûH�M;2 THmb BKTQ`i�Mi TQm` +2b +QKKmM�miûbX

lM2 bQmb@T�`iB2 /2 H� +QKKmM�miû KB+`Q#B2MM2 T`ûb2Mi2 BM/BbiBM+i2K2Mi /�Mb H2b /2mt 7`�+iBQMb � Tm āi`2
BbQHû2 �m b2BM /ǶmM `ûb2�m /2 +Q@Q++m`2M+2 KB+`Q#B2MX *2ii2 bQmb@T�`iB2 +QKKmM2 b2K#H2 āi`2 T`ûb2Mi2 2M
K�DQ`Biû /�Mb H2b bBi2b Ŀ l`#�BM ŀ 2i āi`2 Bbbm2 /2b ah1lX G� +QKTQbBiBQM KB+`Q#B2MM2 /2 +2 `ûb2�m
KB+`Q#B2M +QKKmM +Q``2bTQM/ mM2 bB;M�im`2 Ŀ ?mK�BM2 ŀ /2b ah1l bQBi +QM+`ĕi2K2Mi- /2b #�+iû`B2b 7û+�H2b
?mK�BM2b UL2riQMg2i �HX- kyRj c J+G2HH�Mg2i �HX- kyRy c G�J�`iBM�g2i �HX- kykRVX

�m@/2H¨ /2 HǶBM~m2M+2 /2 H� b�BbQM Qm H� TQbBiBQM bm` H2 HQM; /2 HǶ2bim�B`2- MQmb �pQMb Tm Q#b2`p2` mM2 `2H�iBQM
bB;MB}+�iBp2 2Mi`2 H2b +QKKmM�miûb KB+`Q#B2MM2b 2i RR +QMi�KBM�Mib- bQBi d Kûi�mt Ua#- >; /QMi A>;
2i JJ>;- �;- */- �b- S# 2i aMV- 9 +QMi�KBM�Mib Q`;�MB[m2b ULS- #2MxQU�VTv`ĕM2- ௴>�S 2i S*" k3YjRV 2i
k T�`�Kĕi`2b �#BQiB[m2b U/û#Bi ~mpB�H 2i b�HBMBiûVX GǶ2Mb2K#H2 /2b +QMi�KBM�Mib Q`;�MB[m2b T`ûb2Mi�B2Mi mM2
`2H�iBQM bB;MB}+�iBp2 �p2+ H2b KB+`QQ`;�MBbK2b �bbQ+Bûb �mt T�`iB+mH2bX �BMbB- H� K�iBĕ`2 Q`;�MB[m2 T�`iB+mH�B`2
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*?�TBi`2 8X ai`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b /�Mb HǶ2�m /2 HǶ2bim�B`2 /2 HǶ�/Qm`

`2T`ûb2Mi2 mM HB;�M/ TQm` +2`i�BMb +QMi�KBM�Mib 2i 7�pQ`Bb2 H2b BMi2`�+iBQMb KB+`QQ`;�MBbK2b@+QMi�KBM�MibX

SQm` HǶ2Mb2K#H2 /2b K�i`B+2b- H2b bû/BK2Mib- H2b KB+`QQ`;�MBbK2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV 2i +2mt �b@
bQ+Bûb �mt T�`iB+mH2b US�V- QM � Tm `2K�`[m2` mM 2z2i bB;MB}+�iB7 /2 TQHHm�Mib ?BbiQ`B[m2b 2i +?`QMB[m2b
i2Hb [m2 H2b +QMi�KBM�Mib Kûi�HHB[m2b T`BQ`Bi�B`2bX
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*?�TBi`2 e

*QM+HmbBQM 2i T2`bT2+iBp2b

G2b 2bim�B`2b bQMi /2b û+QiQM2b `2K�`[m�#H2b T�` H2m` ?ûiû`Q;ûMûBiû- H2m` /Bp2`bBiû Qm 2M+Q`2 H2m` T`Q/m+iB@
pBiûX G� T`ûb2M+2 2i H2 /ûp2HQTT2K2Mi /2b �+iBpBiûb ?mK�BM2b T2mi 7`�;BHBb2` +2i û+QbvbiĕK2 T�`iB+mHBĕ`2K2Mi
b2MbB#H2X

GǶûp�Hm�iBQM /2 H� TQHHmiBQM +?BKB[m2 T2mi āi`2 T�`iB+mHBĕ`2K2Mi +QKTH2t2 2i bQM ûp�Hm�iBQM /ûT2M/�Mi2 /2
HǶûpQHmiBQM /2b i2+?MB[m2b �M�HviB[m2b 2i /2b #BQBM/B+�i2m`b /BbTQMB#H2bX G� /û}MBiBQM KāK2 /2 H� TQHHmiBQM
+?BKB[m2 2i /2b K2bm`2b /2 T`Qi2+iBQM /2 HǶ2MpB`QMM2K2Mi ûpQHm2Mi �p2+ MQb +QMM�Bbb�M+2bX

G2 +QMi`ƬH2 Qm HǶBMi2`/B+iBQM `û;H2K2Mi�B`2 /2 +2`i�BMb ûHûK2Mib Qm KQHû+mH2b T2`K2i /ǶQ#b2`p2` mM2 /BKBMm@
iBQM /2 H2m`b +QM+2Mi`�iBQMb /�Mb H2b û+QbvbiĕK2b �[m�iB[m2b ¨ HǶBK�;2 /2 +2`i�BMb +QMi�KBM�Mib Kûi�HHB[m2b
U"QmiB2`g2i �HX- kyRRV- Qm +2`i�BMb T2biB+B/2b UJBHH2`g2i �HX- kyy3VX*2T2M/�Mi- H� b2mH2 �M�Hvb2 /2b +QM+2M@
i`�iBQMb 2M TQHHm�Mib `û;H2K2Miûb M2 T2`K2i T�b /Ƕûp�Hm2` H� T`2bbBQM /Ƕ2tTQbBiBQM /2b Q`;�MBbK2b �[m�iB[m2bX
*2ii2 �TT`Q+?2 Mû;HB;2`�Bi H� /Bp2`bBiû `û2HH2 /2b TQHHm�Mib T`ûb2Mib /�Mb H2 KBHB2m- H2m` `û�+iBpBiû- H2m` bTû@
+B�iBQM- H2m` i`�Mb7Q`K�iBQM Qm 2M+Q`2 H2b BMi2`�+iBQMb 2tBbi�Mi2bX

.�Mb H2 +�/`2 /m T`QD2i JA*_PSPGAh- +2 i`�p�BH /2 i?ĕb2 ¨ TQm` Q#D2+iB7 �K#BiB2mt /Ƕûp�Hm2` /2 H�
T`2bbBQM +?BKB[m2 2M KBHB2m 2bim�`B2M T�` H2 +QmTH�;2 /ǶmM2 �TT`Q+?2 +?BKB[m2 2i #BQHQ;B[m2 �}M /2
+QM7`QMi2` H2b +QM+2Mi`�iBQMb 2M KB+`QTQHHmi�Mib `û;H2K2Miûb 2i ûK2`;2Mib ¨ H� bi`m+im`2 /2b +QKKmM�miûb
KB+`Q#B2MM2b 2i +2- /�Mb /Bzû`2Mi2b +QKT�`iBK2Mib UHǶ2�m- H2b T�`iB+mH2b 2i H2 bû/BK2MiV /2 bBi2b bQmKBb
¨ /2b T`2bbBQMb ?ûiû`Q;ĕM2b 2i û+?�MiBHHQMMûb bm` THmbB2m`b b�BbQMbX

eXR G2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`

G2b /Bzû`2Mi2b K�i`B+2b +B#Hû2b b2 /BbiBM;m2Mi T�` H2m` T`Q}H /2 +QMi�KBM�iBQM- H� K�i`B+2 bû/BK2Mi�B`2 T`û@
b2Mi�Mi mM MQK#`2 /2 bm#bi�M+2b /ûi2+iû2b 2i /2b MBp2�mt /2 KB+`QTQHHm�Mib #B2M THmb BKTQ`i�Mib [m2 H2b
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*?�TBi`2 eX *QM+HmbBQM 2i T2`bT2+iBp2b

K�i`B+2b �[m�iB[m2bX G2b bû/BK2Mib b2 +QKTQ`i2Mi +QKK2 mM +QKT�`iBK2Mi BMiû;`�i2m`- Qɍ H2b KB+`QTQH@
Hm�Mi i2M/2Mi ¨ bǶ�++mKmH2`X *2 bQMi /2b `ûb2`pQB`b /2 KB+`QTQHHm�Mib [mB T2mp2Mi 2M 7QM+iBQM /2b +QM/BiBQMb
2MpB`QMM2K2Mi�H2b /BbiBM+i2K2Mi �++mKmH2` Qm `2H�+?2` /2b KB+`QTQHHm�Mib /�Mb H2 KBHB2m �[m�iB[m2X *2+B
2bi /ȿ- 2M T�`iB2- �m 7�Bi [m2 H� K�DQ`Biû /2b KB+`QTQHHm�Mib T`ûb2Mi2 mM2 �{MBiû BKTQ`i�Mi2 TQm` H� K�iBĕ`2
Q`;�MB[m2 2i [m2 H2b K�i`B+2b bû/BK2Mi�B`2b bQMi `2H�iBp2K2Mi bi�#H2bX

S�`KB H2b +QMi�KBM�Mib bmBpBb /�Mb H2 +�/`2 /2 +2 i`�p�BH /2 i?ĕb2- H2b +QKTQbûb T?�`K�+2miB[m2b 2i MQi�K@
K2Mi H2b �MiB#BQiB[m2b bQMi �TT�`mb +QKK2 /2b KQHû+mH2b m#Bb[mBbi2b- [m�MiB}û2b /�Mb +?�[m2 K�i`B+2 2i
TQm` +?�[m2 b�BbQMX *2b +QKTQbûb T?�`K�+2miB[m2b bQMi bvMi?ûiBbûb /�Mb H2 #mi /2 Hmii2` +QMi`2 H2b KB+`QQ`@
;�MBbK2bX AHb `2T`ûb2Mi2Mi mM2 K2M�+2 TQmp�Mi �Hiû`2` H� bi`m+im`2 2ifQm H� +QKTQbBiBQM /2b +QKKmM�miûb
KB+`Q#B2MM2b 2M KQ/B}�Mi H� bm`pB2 /2 +2`i�BMb Q`;�MBbK2b 2i 2M 7�pQ`Bb�Mi /Ƕ�mi`2 TQbbû/�Mi /Ƕûp2Mim2Hb
;ĕM2b /2 `ûbBbi�M+2 U:mHH#2`;g2i �HX- kyRR c P#2`Hög2i �HX- kyRk c JB+?�2Hg2i �HX- kyRj c �M/2`bbQMg�
>m;?2bg- kyR9 c 1bi`2H�g� "`QrMg- kyR3VX .Ƕ�mi�Mi [m2 H2 K�BMiB2M /2 ;ĕM2 /2 `ûbBbi�M+2 2bi HmB �mbbB
+Qȿi2mt 2M i2`K2 /2 }iM2bb TQm` mM Q`;�MBbK2 U>�2MMBg2i �HX- kykkVX
.2 THmb- H2b KB+`QQ`;�MBbK2b /ûp2HQTT2Mi /2b Kû+�MBbK2b /2 `ûbBbi�M+2 �mt �MiB#BQiB[m2b- [mB /ûp2HQTTûb T�`
/2b KB+`QQ`;�MBbK2b T�i?Q;ĕM2b /2pB2Mi mM T`Q#HĕK2 /2 b�Miû ?mK�BM2X .2b ûim/2b +B#H�Mi bTû+B}[m2K2Mi
H2b ;ĕM2b /2 `ûbBbi�M+2 �mt �MiB#BQiB[m2b U�_:V 2i H2b ûHûK2Mib ;ûMûiB[m2b KQ#BH2b `2bTQMb�#H2 /2 i`�Mb72`i
?Q`BxQMi�H UTH�bKB/2- i`�MbTQbQM 2i BMiû;`QMV T2`K2ii`�B2Mi /2 KB2mt +QKT`2M/`2 H2b `ĕ;H2b /Ƕ�bb2K#H�;2 /2b
+QKKmM�miûb KB+`Q#B2MM2b 2i �mbbB H2b Kû+�MBbK2b /2 /BzmbBQM /2 H� `ûbBbi�M+2 �mt �MiB#BQiB[m2b UsBQM;g
2i �HX- kyR8 c "Qii2`vg2i �HX- kykyVX

eXk ai`m+im`2 2i +QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2b

G2b +QKKmM�miûb KB+`Q#B2MM2b /2b /Bzû`2Mi2b K�i`B+2b /2 HǶ2bim�B`2 /2 HǶ�/Qm` T`ûb2Mi2Mi mM2 +QKTQbBiBQM
`2H�iBp2K2Mi bBKBH�B`2- �HQ`b [m2 /2b /Bzû`2M+2b THmb M2ii2b ûi�B2Mi �ii2M/m2b- +�` +2b K�i`B+2b `2T`ûb2Mi2Mi
/2b ?�#Bi�ib /Bzû`2Mib Uw?�M;g2i �HX- kyR9 c q2Bg2i �HX- kyRe c J�i+?2`g2i �HX- kyR3VX .2mt T?vHmKb- S`Q@
i2Q#�+i2`B� 2i "�+i2`QB/2i2b- /QKBM2Mi H�`;2K2Mi 2i �bb2x û[mBi�#H2K2Mi H2b +QKKmM�miûb KB+`Q#B2MM2b
/2b /Bzû`2Mi2b K�i`B+2bX .Ƕ�mi`2b T?vHmKb KQBMb �#QM/�Mib +QKK2 H2b o2``m+QKB+`Q#B� Qm H2b 6B`KB+mi2b-
bQMi �mbbB T`ûb2Mib û[mBi�#H2K2Mi /�Mb +2b /Bzû`2Mi2b K�i`B+2bX AMp2`b2K2Mi- +2`i�BMb T?vHmKb T`ûb2Mi2Mi
2mt mM2 bTû+B}+Biû TQm` mM2 K�i`B+2 , H2b .2bmH7Q#�+i2`Qi� TQm` H2b bû/BK2Mib Qm 2M+Q`2 H2b �+iBMQ#�+i2`B�
TQm` H2b K�i`B+2b �[m2mb2bX GǶBM~m2M+2 /2 H� xQM2 K�`BM2 2bi #B2M THmb 7Q`i2 bm` H2b +QKKmM�miûb �[m�iB[m2b
[m2 bû/BK2Mi�B`2b- H� T`ûb2M+2 /2 ;`QmT2b KB+`Q#B2Mb K�`BMb 2bi /B`2+i2K2Mi HBû �p2+ H� b�HBMBiûX � +2ii2
2t+2TiBQM T`ĕb- T�` MQi`2 +?QBt /Ƕû+?�MiBHHQMM2` ¨ K�`û2 /2b+2M/�Mi2 2i /m 7�Bi /2 H� +?2M�HBb�iBQM /2 HǶ2b@
im�B`2 /2 HǶ�/Qm`- H� b�HBMBiû [mB 7`û[m2KK2Mi 2bi /û+`Bi2 +QKK2 mM 7�+i2m` bi`m+im`�Mi +H27 /2b û+QbvbiĕK2b
UGQxmTQM2g� EMB;?ig- kyyd c sB2g2i �HX- kyR9V- 2bi T2m BM~m2Mi2 /�Mb H2 +�/`2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X

"B2M [m2 +?�[m2 K�i`B+2 T`ûb2Mi2 mM2 +QKKmM�miû KB+`Q#B2MM2 `2H�iBp2K2Mi bTû+B}[m2- 2M i2`K2 /2 bi`m+@
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eXjX GǶBKT�+i /2b KB+`QTQHHm�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

im`�iBQM- H2b +QKKmM�miûb KB+`Q#B2MM2b /2b /Bzû`2Mi2b K�i`B+2b b2K#H2Mi bǶ�;2M+2` 2M mM ;`�/B2MiX �BMbB-
mM2 bi`m+im`�iBQM +QKKmM2 � ûiû Q#b2`pû2 H2 HQM; /2 HǶ2bim�B`2 /�Mb H�[m2HH2 H2b +QKKmM�miûb KB+`Q#B2MM2b
bû/BK2Mi�B`2b b2K#H2Mi āi`2 �bbQ+Bû2b ¨ +2HH2b Q#b2`pû2b /�Mb H� +QHQMM2 /Ƕ2�m UH2b +QKKmM�miûb KB+`Q#B2MM2b
�bbQ+Bû2b �mt T�`iB+mH2b- S�- bm`iQmiVX

G� bi`m+im`2 /2b +QKKmM�miûb KB+`Q#B2MM2b bû/BK2Mi�B`2 2bi bBKBH�B`2 ¨ +2HH2 /2b +QKKmM�miûb KB+`Q#B2MM2b
�bbQ+Bû2b �mt T�`iB+mH2b US�VX 1HH2b bQMi /Ƕ�#Q`/ 7Q`i2K2Mi bi`m+im`û2b T�` H� b�BbQM- �p2+ /2b /Bzû`2M+2b
MQi�#H2b Q#b2`pû2b 2M ?Bp2`X .2 THmb- �m T`BMi2KTb 2i 2M ûiû- +2b +QKKmM�miûb KB+`Q#B2MM2b bQMi +�`�+iû`Bbû2b
T�` mM2 7Q`i2 bi`m+im`�iBQM 2M 7QM+iBQM /2b bBi2b bmBp�Mi H2m` HQ+�HBb�iBQM H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm`- +2
[mB � T2`KBb /2 /û}MB` i`QBb ivT2b /2 bBi2b , Ŀ �KQMi ŀ- Ŀ �p�H ŀ 2i Ŀ l`#�BM ŀX

lM2 T`2KBĕ`2 Mm�M+2 2bi Q#b2`p�#H2 2Mi`2 H2b /2mt K�i`B+2b- H� bi`m+im`�iBQM H2 HQM; /2 HǶ2bim�B`2 2bi +H�B`2@
K2Mi pBbB#H2 /�Mb H2 +�b /2b bû/BK2Mib- �HQ`b [mǶ2HH2 2bi THmb +QM7mb2 TQm` H2b KB+`QQ`;�MBbK2b �bbQ+Bûb �mt
T�`iB+mH2b US�VX SQm` +2b S�- H2 `2;`QmT2K2Mi /2b bBi2b Ŀ l`#�BM ŀ 2bi iQmDQm`b Q#b2`p�#H2 K�Bb H� /BbiBM+iBQM
2Mi`2 H2b bBi2b Ŀ �KQMi ŀ 2i Ŀ �p�H ŀ 2bi KQBMb ûpB/2Mi2X úpB/2KK2Mi- H2b /Bzû`2M+2b Kûi?Q/QHQ;B[m2b /�Mb
HǶû+?�MiBHHQMM�;2b /2b /Bzû`2Mi2b K�i`B+2b TQm``�B2Mi 2tTHB[m2` H� /BbbQ+B�iBQM 2Mi`2 H2b +QKKmM�miûbX J�Bb-
H� M�im`2 KāK2 /2b /Bzû`2Mi2b K�i`B+2b- �bbm`�Mi THmb Qm KQBMb /2 bi�#BHBiû- TQm``�Bi �mbbB āi`2 mM 7�+i2m`
/ûi2`KBM�Mi +2b /Bzû`2M+2bX �BMbB- H2b +QKKmM�miûb KB+`Q#B2MM2b �bbQ+Bû2b �mt T�`iB+mH2b US�V KQMi`2Mi
mM2 +QMM2tBQM H2 HQM; /2 HǶ2bim�B`2- 7Q`K�Mi mM +QMiBMmmK [mB b2 K2i 2M TH�+2 /2 HǶ�KQMi p2`b HǶ�p�HX *2ii2
Q#b2`p�iBQM bm;;ĕ`2 [m2 H2 i�mt /2 KûH�M;2 2i /2 #`�bb�;2 /2b +QKKmM�miûb KB+`Q#B2MM2b b2K#H2 āi`2 THmb
BKTQ`i�Mi /�Mb H� K�i`B+2 �[m2mb2X *2 +QMiBMmmK MǶ2bi T2`im`#û [m2 i`ĕb HQ+�H2K2Mi ¨ T`QtBKBiû /2 H� xQM2
m`#�BM2 /2 "�vQMM2@"B�``Bix@�M;H2i- 2i bm`iQmi ¨ T`QtBKBiû /2b `2D2ib /2 bi�iBQM /2 i`�Bi2K2Mi /2b 2�mt mbû2b
Uah1lVX

� HǶBMp2`b2 /2b bû/BK2Mib 2i /2b S�- H2b +QKKmM�miûb KB+`Q#B2MM2b HB#`2b /�Mb H� +QHQMM2 /Ƕ2�m U6GV T`û@
b2Mi2Mi mM2 bi`m+im`�iBQM THmb bBM;mHBĕ`2 2i ?ûiû`Q;ĕM2X G� b�BbQM 2i H� HQ+�HBb�iBQM b2K#H2Mi M2 T�b āi`2 �mbbB
bi`m+im`�Mib TQm` +2b +QKKmM�miûbX Lû�MKQBMb- H2b +QKKmM�miûb 6G KQMi`2Mi �mbbB mM +QMiBMmmK 2bim�@
`B2M- T2`im`#û B+B �mbbB HQ+�H2K2Mi T�` H2b /Bzû`2Mib `2D2ib /2 ah1l 2i H� T`ûb2M+2 /2 H� xQM2 m`#�BM2X �BMbB-
mM `û2H ;`�/B2Mi 2Mi`2 H2b +QKKmM�miûb KB+`Q#B2MM2b 2bi Q#b2`pû- T�`i�Mi /ǶmM2 +QKKmM�miû KB+`Q#B2MM2
bû/BK2Mi�B`2 `B;B/2- 7Q`i2K2Mi bi`m+im`û2 �HH�Mi p2`b mM2 +QKKmM�miû KB+`Q#B2MM2 /2 H� K�i`B+2 6G #B2M
THmb +QMM2+iû2 2i KûH�M;û �m b2BM /2 HǶ2bim�B`2 /2 HǶ�/Qm`X

eXj GǶBKT�+i /2b KB+`QTQHHm�Mib bm` H2b +QKKmM�miûb KB+`Q@
#B2MM2b

G� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2M 7QM+iBQM /2 H� HQ+�HBb�iBQM /�Mb HǶ2bim�B`2- BM~m2M+û2
MQi�KK2Mi �m MBp2�m /2 H� xQM2 m`#�BM2 2i /2b `2D2ib /2 ah1l- bm;;ĕ`2 mM2 BM~m2M+2 /2b KB+`QTQHHm�Mib
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*?�TBi`2 eX *QM+HmbBQM 2i T2`bT2+iBp2b

bm` H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2bX �}M /2 +QKT`2M/`2 HǶBM~m2M+2 /2b 7�+i2m`b 2MpB`QM@
M2K2Mi�mt bm` H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b- MQmb �pQMb iQmi /Ƕ�#Q`/ `û/mBi H2 MQK#`2
/2 p�`B�#H2b- TmBb miBHBbû /Bzû`2Mib QmiBHb bi�iBbiB[m2b �}M /2 +`û2` /2b `ûb2�mt KB+`Q#B2Mb /2 +Q@Q++m``2M+2-
+Q``ûH�iBQM 2Mi`2 HǶ2Mb2K#H2 Qm mM2 bQmb@T�`iB2 /2 H� +QKKmM�miû KB+`Q#B2MM2 2i H2b p�`B�#H2b +QMb2`pû2bX
Zm2HH2 [m2 bQBi H� K�i`B+2- H2b Kûi�mt +QKTi2Mi T�`KB H2b 7�+i2m`b 2MpB`QMM2K2Mi�mt bi`m+@
im`�MibX �BMbB- H2b +QKKmM�miûb bû/BK2Mi�B`2b bQMi BM~m2M+û2b T�` H� T`ûb2M+2 /2 HǶ�`b2MB+ U�bV- /m +mBp`2
U*mV- /m K�M;�Mĕb2 UJMV- /2 HǶûi�BM UaMV- /m iBi�M2 UhBV 2i /m xBM+ UwMVX G2b +QKKmM�miûb S� bQMi- 2HH2b- BM@
~m2M+û2b T�` HǶ�`;2Mi U�;V- HǶ�MiBKQBM2 Ua#V- H2 +�/KBmK U*/V- 2i H2 K2`+m`2 BMQ`;�MB[m2 UA>;VX 6BM�H2K2Mi-
H2b +QKKmM�miûb 6G bQMi 7Q`i2K2Mi BM~m2M+û2b T�` a#- �b- aM- H2 THQK# US#V 2i H2 Kûi?vHK2`+m`2 UJJ>;VX
SQm` H2b bû/BK2Mib- H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2bi �mbbB BM~m2M+û2 T�` [m�i`2 `ûbB/mb
T?�`K�+2miB[m2b , HǶ�iûMQHQH- HǶ?v/`Qtv+?HQ`Qiv�xB/2- HǶ�+B/2 QtQHBMB[m2 2i H2 i`BKûi?QT`BK2X *2b
Q#b2`p�iBQMb bQMi `2H�iBp2K2Mi +Q?û`2Mi2b �m `2;�`/ /2b T`Q}Hb /2 +QMi�KBM�iBQMb- H2b Kûi�mt 2i H2b `ûbB/mb
T?�`K�+2miB[m2b ûi�Mi H2b THmb 7`û[m2KK2Mi [m�MiB}ûb [m2HH2 [m2 bQBi H� K�i`B+2 2i H� b�BbQMX

GǶ�M�Hvb2 /2b `ûb2�mt KB+`Q#B2Mb MQmb � T2`KBb /ǶB/2MiB}2` T`û+BbûK2Mi /2b +Q``ûH�iBQMb 2Mi`2 +2`i�BMb /2
+2b KB+`QTQHHm�Mib 2i /2b +Q?Q`i2b /Ƕ�ao 7Q`K�Mi /2b KQ/mH2b +H27b /�Mb HǶQ`;�MBb�iBQM /2b +QKKmM�miûb
KB+`Q#B2MM2bX SQm` H2b +QKKmM�miûb KB+`Q#B2MM2b bû/BK2Mi�B`2b- +2ii2 +Q``ûH�iBQM � ûiû Q#b2`pû2 TQm` HǶ�b-
H2 JM 2i bm`iQmi H2 +QmTH2 i`BKûi?QT`BK2fHǶ�+B/2 QtQHBMB[m2- /2mt �MiB#BQiB[m2b BKTHB[mûb /�Mb H2 i`�Bi2K2Mi
/2b BM72+iBQMb m`BM�B`2bX .2 MQK#`2mt �ao TQmp�Mi +Q``2bTQM/`2 ¨ /Bzû`2Mib ;2M`2b Qm 7�KBHH2b QMi ûiû
B/2MiB}ûb +QKK2 /2b �ao +H27b /�Mb H2b KQ/mH2b +Q``ûHûb �p2+ H2b KB+`QTQHHm�MibX *2b �ao `2T`ûb2Mi2Mi /2
TQi2MiB2Hb #BQBM/B+�i2m`b Qm Ŀ b2MiBM2HH2b ŀX AHb +QMbiBim2Mi /Ƕûp2Mim2Hb K�`[m2m`b /2 TQHHmiBQM U*�`mbQg
2i �HX- kyReV- TQmp�Mi āi`2 BM+Hmb /�Mb /2b QmiBHb /2 bm`p2BHH�M+2 BMiû;`�iB7b T2`K2ii�Mi /Ƕûp�Hm2` HǶûi�i /2 b�Miû
/2b û+QbvbiĕK2bX .�Mb H2b bû/BK2Mib- MQmb MQmb bQKK2b T�`iB+mHBĕ`2K2Mi 7Q+�HBbûb bm` H2 ;2M`2 LBi`QbTB`�-
[mB � ûiû Q#b2`pû /�Mb T`2b[m2 +?�+mM /2b KQ/mH2b +Q``ûHûb �mt KB+`QTQHHm�MibX *2ii2 QKMBT`ûb2M+2 2bi i`ĕb
T`Q#�#H2K2Mi ¨ �bbQ+B2` �p2+ HǶBKTHB+�iBQM /2 LBi`QbTB`� /�Mb H2 +v+H2 /2 HǶ�xQi2- bm`iQmi T�` b� +�T�+Biû ¨
Qtv/2` +QKTHĕi2K2Mi HǶ�KKQMBmK U+QK�KKQtV �BMbB [m2 +2b +�T�+Biûb /Ƕ�/�Ti�iBQM 2i /2 iQHû`�M+2 7�+2 ¨
H� T`ûb2M+2 /2 +QMi�KBM�Mib Q`;�MB[m2b 2i BMQ`;�MB[m2bX AH MǶ2M `2bi2 T�b KQBMb- [m2 +2 ;2M`2 T2mi āi`2 /û}MB
+QKK2 mM ûp2Mim2H T�`i2M�B`2 �B/�Mi Qm 7�pQ`Bb�Mi H� +QHQMBb�iBQM /m KBHB2m- �BMbB BH bǶ�;Bi /ǶmM ;2M`2 +H27
/�Mb H� +QHQMBb�iBQM /2 MQK#`2mt û+QbvbiĕK2bX GǶBMiû;`�iBQM 2i H� TQM/û`�iBQM /2 i2Hb KB+`QQ`;�MBbK2b /�Mb
/2b QmiBHb /2 bm`p2BHH�M+2 BMiû;`�iB7b TQm` ûp�Hm2` HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b 2bi 2HH2 �mbbB 2bb2MiB2HH2-
/Ƕ�mi�Mi [m2 HǶBM~m2M+2 bi`m+im`�Mi2 /2 i2Hb Q`;�MBbK2b 2i b2b +QMbû[m2M+2b /�Mb H2b û+QbvbiĕK2b +QMi�KBMûb
Qm T2`im`#ûb `2bi2Mi BM+QMMm2bX
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eX9X GǶBM~m2M+2 /2b ah1l bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

eX9 GǶBM~m2M+2 /2b ah1l bm` H2b +QKKmM�miûb KB+`Q#B2MM2b

SQm` H2b K�i`B+2b �[m2mb2b- mM2 +H�B`2 BM~m2M+2 /2b ah1l � ûiû Q#b2`pû2 bm` H2 MQK#`2- H� 7`û[m2M+2
2i H� +QM+2Mi`�iBQM /2 KB+`QTQHHm�Mib [mB bQMi iQmb THmb K�`[mûb ¨ T`QtBKBiû /2 H� ah1l
/2 ai@6`û/û`B+ UbBi2 eVX *2 bBi2 KQMi`2- TQm` H2b K�i`B+2b 6G 2i S�- /2b +QKKmM�miûb KB+`Q#B2MM2b
/Bzû`2Mi2b /2 +2HH2 Q#b2`pû2b /�Mb H2b �mi`2b bBi2bX G� +QKKmM�miû KB+`Q#B2MM2 /�Mb +2 bBi2 b2K#H2 /QM+
#B2M /BbbQ+Bû2 /m `2bi2 /2 HǶ2bim�B`2X SHmbB2m`b ?vTQi?ĕb2b T2mp2Mi 2tTHB[m2` H� /BbbBKBH�`Biû Q#b2`pû2 �m MBp2�m
/m bBi2 �z2+iû T�` H2 `2D2i /2 ah1l , BV H� T`ûb2M+2 /2 KB+`QTQHHm�Mi �Hiĕ`2 /`�biB[m2K2Mi H� bi`m+im`2 2i H�
+QKTQbBiBQM /2b +QKKmM�miûb KB+`Q#B2MM2 c BBV H2b `2D2ib /2 ah1l bQMi bQm`+2 /2 Mmi`BK2Mib 2i /2 +�`#QM2
Q`;�MB[m2 /Bzmb�Mi /�Mb H2b û+QbvbiĕK2b �/D�+2Mib U`BpBĕ`2b- 2bim�B`2b- 2i+XV c BBBV H2b +QM/BiBQMb �#BQiB[m2b
2i ?v/`QHQ;B[m2b HQ+�H2b U/û#Bib- i2KTû`�im`2- Qtv;ĕM2- 2i+XV T2`im`#2Mi H� +`QBbb�M+2 /2b KB+`QQ`;�MBbK2b
U*�`2vg2i �HX- kyyN c >�K/?�MBg2i �HX- kykyVX �BMbB- mM2 MB+?2 û+QHQ;B[m2- T`ûb2Mi�Mi /2b T`2bbBQMb
2MpB`QMM2K2Mi�H2b /BbiBM+i2b /2 +2HH2b Q#b2`pû2b /�Mb H2b �mi`2b bBi2b /2 HǶ2bim�B`2- T2`K2i HǶBMbi�HH�iBQM /ǶmM2
+QKKmM�miûb KB+`Q#B2MM2b bTû+B}[m2 ¨ T`QtBKBiû /m `2D2iX lM2 /2`MBĕ`2 ?vTQi?ĕb2 2bi [m2 H� ah1l bQBi
2HH2@KāK2 mM2 bQm`+2 /Ƕ2Mi`û2 /2 KB+`QQ`;�MBbK2b /�Mb HǶ2bim�B`2X *2b ?vTQi?ĕb2b bQMi bQmi2Mm2b T�` /Bp2`b2b
Q#b2`p�iBQMb `û�HBbû2b �m +Qm`b /2 +2ii2 i`�p�BH /2 i?ĕb2X Lû�MKQBMb- MQmb �pQMb Tm +�`�+iû`Bb2` H� T`ûb2M+2
/ǶmM2 +Q?Q`i2 KB+`Q#B2MM2 +Q``2bTQM/�Mi ¨ /2b #�+iû`B2b 7û+�H2b 2M bQ`iB2 /2 ah1l UTQm` H2 6GYS�VX *2b
#�+iû`B2b TQm``�B2Mi BKT�+i2` H� [m�HBiû /2b 2�mt /2 HǶ�/Qm` 2i �pQB` /2b `ûT2`+mbbBQMb bm` H2b �+iBpBiûb /2
#�B;M�/2b bǶBMbi�HH�Mi 2M �p�H /2 HǶ2bim�B`2 /2 HǶ�/Qm` Ua?�MFbg2i �HX- kyRjVX

*2b /Bzû`2Mi2b ?vTQi?ĕb2b 2tTHB[m�Mi H� /BbbBKBH�`Biû Q#b2`pû2 TQm` H2 bBi2 BM~m2M+û T�` H� ah1l /2 ai@
6`û/û`B+ �;Bbb2Mi +2`i�BM2K2Mi 2M bvM2`;B2- +2 [mB `2M/ /B{+BH2 HǶB/2MiB}+�iBQM T`û+Bb2 2i /BbiBM+i2 /2 HǶBKT�+i
/2b KB+`QTQHHm�Mib- /2 H� K�iBĕ`2 Q`;�MB[m2- /2b +QM/BiBQMb �#BQiB[m2b Qm /2 H� T`ûb2M+2 /ǶmM +QKKmM�miû
KB+`Q#B2MM2 Bbbm2 /2b ah1lX SQm` +2 7�B`2- /2b �M�Hvb2b bmTTHûK2Mi�B`2b b2`�B2Mi Mû+2bb�B`2b- mM û+?�MiBHHQM@
M�;2 7Q+�HBbû bm` H2b K�i`B+2b �[m2mb2b 2i H2b `2D2ib /2 ah1l T`û+BbûK2Mi TQm``�B2Mi T2`K2ii`2 /ǶB/2MiB}2`
THmb T`û+BbûK2Mi H2b 7�+i2m`b bi`m+im`�Mib �;Bbb�Mi bm` H2b +QKKmM�miûb KB+`Q#B2MM2b 2M bQ`iB2b /2 ah1lX
SmBb- B/û�H2K2Mi MQmb T2`K2ii`2 /2 KB2mt +�`�+iû`Bb2` HǶ2z2i /2b ah1l bm` H� T`ûb2M+2 /2b KB+`QTQHHm�Mib
2i H2b +QMbû[m2M+2b /2 +2ii2 T`ûb2M+2 bm` HǶû+QbvbiĕK2 2bim�`B2MX

eX8 G2b KB+`QQ`;�MBbK2b , /2b #BQBM/B+�i2m`b /2 HǶûi�i /2 b�Miû /2b
û+QbvbiĕK2b

G� b2MbB#BHBiû /2b KB+`QQ`;�MBbK2b �mt +QMi�KBM�Mib- H2m`b i2KTb /2 ;ûMû`�iBQM +Qm`ib 2i H2m` p2`b�iBHBiû
7�+2 �mt p�`B�iBQMb /2 H2m` 2MpB`QMM2K2Mi- T2`K2i /Ƕ2MpBb�;2` /2 H2b miBHBb2` +QKK2 BM/B+�i2m`b /2 H�
b�Miû /2b û+QbvbiĕK2b U�;2`g2i �HX- kyRy c amMg2i �HX- kyRk c smg2i �HX- kyR9 c �vH�;�bg2i �HX- kyRdVX
GǶ�pĕM2K2Mi /2b L:a UL2ti :2M2`�iBQM a2[m2M+BM;V- �TT`Q+?2 `�TB/2 2i T2m +Qȿi2mb2- Qz`2 HǶQTTQ`imMBiû

keR



*?�TBi`2 eX *QM+HmbBQM 2i T2`bT2+iBp2b

/Ƕ�M�Hvb2` 7�+BH2K2Mi H2 +QKT�`iBK2Mi KB+`Q#B2MX AHb `2T`ûb2Mi2Mi /QM+ mM2 �Hi2`M�iBp2 �mt #BQBM/B+�i2m`b
�[m�iB[m2b �+im2Hb [mB bQMi K�DQ`Bi�B`2K2Mi #�bûb bm` /2b BMp2Mi�B`2b /2 K�+`QBMp2`iû#`ûb UG2�`g2i �HX- kyyNVX
.Ƕ�BHH2m`b- /2 KmHiBTH2b �mi2m`b QMi i2Miû /2 +QMbi`mB`2 /2 i2Hb #BQBM/B+�i2m`b UG�mg2i �HX- kyR8 c �vH�;�bg
2i �HX- kyRd c LBmg2i �HX- kyR3VX

SQm` HǶ?2m`2- BH b2K#H2 Mû�MKQBMb [m2 H� `ûTQMb2 /2b +QKKmM�miûb KB+`Q#B2MM2b �mt +QMi�KBM�iBQMb 2i ¨
HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b b2 +QM7`QMi2 ¨ mM K�M[m2 /2 b2MbB#BHBiû /m +QKT�`iBK2Mi KB+`Q#B2M- MQ@
i�KK2Mi HQ`b[m2 H2b bBi2b bQMi `2H�iBp2K2Mi T2m TQHHmûb UG2�`g2i �HX- kyyNVX *2 K�M[m2 /2 b2MbB#BHBiû 2bi
T`Q#�#H2K2Mi �bbQ+Bû �mt +�T�+Biûb /2 `ûbBbi�M+2 2i /2 `ûbBHB2M+2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2M `ûTQMb2
�mt T2`im`#�iBQMb /2 7�B#H2 �KTHBim/2- M2 T2`K2ii�Mi T�b /2 /û}MB` /2b BM/B+�i2m`b Qm /2b 2biBK�i2m`b bm{@
b�KK2Mi T2`iBM2MibX � iBi`2 /Ƕ2t2KTH2- 2bi@BH Dm/B+B2mt /2 +B#H2` HǶBMiû;`�HBiû /2 H� +QKKmM�miû KB+`Q#B2MM2-
mM bQmb@;`QmT2 BM/B+�i2m` M2 b2`�Bi@BH T�b THmb T2`iBM2Mi \ Pm 2M+Q`2- H2 bBKTH2 T`Q}H T?vHQ;ûMûiB[m2- #�bû
bm` H2 ;ĕM2 /2 HǶ�_L Rea- 2bi@BH bm{b�Mi TQm` +QMbi`mB`2 mM #BQBM/B+�i2m` `2TQ`i�Mi HǶûi�i /2 b�Miû /2b
û+QbvbiĕK2b \

G2 bB;M�H T?vHQ;ûMûiB[m2 2bi 2ti`āK2K2Mi /ûT2M/�Mi /m MBp2�m /2 +QMM�Bbb�M+2 2tBbi�Mi bm` +?�[m2
�aof2bTĕ+2 Q#b2`pû2X .2 THmb- +QKK2 KQMi`û �m *?�TBi`2 9 �p2+ LBi`QbTB`�- +2`i�BMb ;2M`2b #�+iû`B2Mb
T2mp2Mi +Q``2bTQM/`2 ¨ /Bzû`2Mi2b 2bTĕ+2b pQB`2 /Bzû`2Mib û+QivT2b- [mB +Q``2bTQM/2Mi ¨ /2b KB+`QQ`;�MBbK2b
û+QHQ;B[m2K2Mi 2i Kûi�#QHB[m2K2Mi /BbiBM+ibX �BMbB- H� bBKTH2 B/2MiB}+�iBQM /m ;2M`2 Qm 2bTĕ+2 TQm``�Bi M2
T�b āi`2 bm{b�KK2Mi T`û+Bb2 TQm` H2b �bbQ+B2` ¨ mM BM/B+2 /2 [m�HBiû /2 HǶû+QbvbiĕK2- mM2 �M�Hvb2 �m MBp2�m
/2 HǶû+QivT2b b2`�Bi �HQ`b Mû+2bb�B`2X �BMbB- H2 /ûp2HQTT2K2Mi /ǶBM/B+2b KB+`Q#B2Mb BMiû;`�iB7b `2T`ûb2Mi2 mM2
�TT`Q+?2 T`QK2ii2mb2 �}M /ǶQ#i2MB` mM2 K2BHH2m`2 2biBK�iBQM /2 HǶûi�i /2 b�Miû /2b û+QbvbiĕK2b- /Ƕ�mi�Mi
THmb bB H2 bB;M�H T?vHQ;ûMûiB[m2 2bi +QmTHû �mt +�T�+Biûb 7QM+iBQMM2HH2bX hQmi27QBb- H� +QKTH2tBiû /2b D2mt
/2 /QMMû2b- BKTQb2 /2b 2zQ`ib /2 bBKTHB}+�iBQM �}M /Ƕ2ti`�B`2 H� bB;MB}+�iBQM û+QHQ;B[m2 H� THmb HBbB#H2
TQbbB#H2 UaKBi?g� J�i?2`g- kyRkV- [mB Mû+2bbBi2 +2`i�BM2K2Mi H� KBb2 �m TQBMi /ǶQmiBHb #BQ@BM7Q`K�iB[m2b
�/û[m�ib T2`K2ii�Mi /2 i`�Bi2` ¨ H� 7QBb H2b T`Q}Hb T?vHQ;ûMûiB[m2b 2i 7QM+iBQMM2HbX GǶ�M�Hvb2 KB+`Q#B2MM2
7QM+iBQMM2HH2 2bi �mbbB 2ti`āK2K2Mi /ûT2M/�Mi2 /2b +QMM�Bbb�M+2b ;ûMûiB[m2b /BbTQMB#H2bX �BMbB- H� T`û+BbBQM
/2b �M�Hvb2b 7QM+iBQMM2HH2b Mû+2bbBi2 /2b #�b2b /2 /QMMû2b +QKTHĕi2b 2i +H�B`2K2Mi Q`;�MBbû2bX AH b2K#H2
/QM+ T2`iBM2Mi /2 bǶBMiû`2bb2` ¨ /2b KB+`QQ`;�MBbK2b bTû+B}[m2b- +QKK2 LBi`QbTB`�- [m2 MQmb �pQMb B/2MiB}û
+QKK2 mM T�`i2M�B`2 �B/�Mi Qm 7�pQ`Bb�Mi H� +QHQMBb�iBQM /m KBHB2m- b� T`ûb2M+2 2bi �bbQ+Bûb ¨ H� T`ûb2M+2
/2 KB+`QTQHHm�MibX GǶB/2MiB}+�iBQM /2 i2H T�`i2M�B`2 TQm``�Bi MQmb T2`K2ii`2 /2 KB2mt /û}MB` H2m` `ƬH2 /�Mb
HǶBMbi�HH�iBQM ûp2Mim2HH2 /2 +Q?Q`i2 `ûbBbi�Mi2 Qm iQHû`�Mi2 ¨ mM2 +QMi�KBM�iBQMX *2b T�`i2M�B`2b TQm``�B2Mi
�mbbB 2bi B/2MiB}2` 2i +H�bbB}2` T�`KB H2b #BQBM/B+�i2m`b TQi2MiB2Hb /ǶmM2 +QMi�KBM�iBQMX hQmi27QBb- /2b ûim/2b
bQMi Mû+2bb�B`2b TQm` B/2MiB}2` /Ƕ�mi`2b #BQBM/B+�i2m`b KB+`Q#B2Mb 2i /2 i2bi2` H2m` T2`iBM2M+2 /�Mb /2b
bBim�iBQMb `û�HBbi2bX

kek



eXeX S2`bT2+iBp2b

eXe S2`bT2+iBp2b

G2b û+QbvbiĕK2b 2bim�`B2Mb bǶBHHmbi`2Mi T�` H2m` ;`�M/2 +QKTH2tBiû- b2MbB#BHBiû 2i bm`iQmi 7`�;BHBiûX *2 bQMi
/2b û+QbvbiĕK2b `2K�`[m�#H2b 7Qm`MBbb�Mi /2 MQK#`2mt b2`pB+2b û+QbvbiûKB[m2b ¨ HǶû+?2HH2 KQM/B�H2
U*Qbi�Mx�g2i �HX- kyR9VX G� +H�bbB}+�iBQM /2b 2bim�B`2b 2M;HQ#2 /2 MQK#`2mt 2MpB`QMM2K2Mib 2ti`āK2K2Mi
?ûiû`Q;ĕM2b- TQmp�Mi p�`B2` ûMQ`KûK2Mi 2M KQ`T?QHQ;B2 UHQM;m2m`- H�`;2m`- T`Q7QM/2m`V- 2M ?v/`QHQ;B2 UBM@
i2MbBiû /2b 7Q`Ï�;2b K�`BMb 2i /mH+B+QH2V- 2i+X lM2 T�`iB2 /2b +QM+HmbBQMb �TTQ`iû2b /�Mb +2 i`�p�BH /2 i?ĕb2
bQMi /B`2+i2K2Mi /ûT2M/�Mi2b /m KQ/ĕH2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`- mM 2bim�B`2 i2KTû`û `2H�iBp2K2Mi
ûi`QBi- T`ûb2Mi�Mi mM2 i`ĕb 7�B#H2 bû/BK2MiQHQ;B2 2i TQmp�Mi �{+?2` mM /û#Bi �KQMi 2ti`āK2K2Mi BKTQ`i�MiX

�m `2;�`/ /2 H� p�`B�#BHBiû /2b 2bim�B`2b- BH b2K#H2 2bb2MiB2H /ǶûH�`;B` HǶû+?2HH2 /Ƕ�M�Hvb2 /2b +QKKmM�miûb
KB+`Q#B2MM2b- /m `û;BQM�H �m ;HQ#�HX lM2 ûim/2 #BQ;ûQ;`�T?B[m2- � KBMBK� /2b 2bim�B`2b i2KTû`ûb- T2`@
K2ii`�Bi mM2 K2BHH2m`2 +QKT`û?2MbBQM /2 HǶû+QHQ;B2 /2b +QKKmM�miûb KB+`Q#B2MM2b 2bim�`B2MM2b �BMbB [m2
HǶBM~m2M+2 /2b /Bzû`2Mib T�`�Kĕi`2b bi`m+im`�Mib- BM+Hm�Mi H� KQ`T?QHQ;B2 KāK2 /2b 2bim�B`2bX � +2ii2 /B@
K2MbBQM bT�iB�H2- bǶ�DQmi2 �mbbB H� /B{+mHiû /Ƕû+?�MiBHHQMM�;2 i2KTQ`2H /2 i2Hb û+QbvbiĕK2bX G2b b�BbQMb bQMi
TQm` HǶ2bim�B`2 /2 HǶ�/Qm` 2ti`āK2K2Mi bi`m+im`�Mi2b- Mû�MKQBMb- MQmb MǶ�pQMb T�b ûiû 2M K2bm`2 /ǶBbQH2` H2b
BM~m2M+2b `2bT2+iBp2b /2 H� i2KTû`�im`2 2i /m /û#Bi 2bim�`B2M TmBb[mǶBHb p�`B2Mi TQm` MQi`2 û+?�MiBHHQMM�;2
bBKmHi�MûK2MiX lM2 bû`B2 i2KTQ`2HH2 bm` THmbB2m`b �MMû2b T2`K2ii`�Bi /Ƕ2biBK2` HǶBM~m2M+2 /2b p�`B�iBQMb
b�BbQMMBĕ`2b- Qz`�Mi H� TQbbB#BHBiû /ǶQ#i2MB` /2b +QMM�Bbb�M+2b THmb +QKTHĕi2b bm` H2b �bb2K#H�;2b KB+`Q#B2Mb
2i H2m` 7QM+iBQMM2K2Mi /�Mb H2b 2bim�B`2bX G2b QmiBHb KQ/2`M2b ¨ MQi`2 /BbTQbBiBQM- i2Hb [m2 H2 bû[m2MÏ�;2
¨ ?�mi /û#Bi /2b Kûi�;ûMQK2b 2i H2b ;ûQbi�iBbiB[m2b- TQm``�B2Mi T2`K2ii`2 mM2 H2+im`2 THmb +QKTHĕi2 /2b
/Bzû`2Mib 7�+i2m`b BM~m2MÏ�Mi bm` H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2i �BMbB B/2MiB}2` THmb H�
/vM�KB[m2 /2 +2b û+QbvbiĕK2b +H27b ¨ HǶû+?2HH2 ;HQ#�H2X

kej





"B#HBQ;`�T?B2

�#`2mg- *X- Cm`;2Mbg- :X- .2 J�`+Qg- SX- a��MQg- �X- � "Q`/�HQg- �X �X UkyyRVX *`2M�`+?�2Qi� �M/ 2m`v�`+?�2Qi�
BM i2KT2`�i2 2bim�`BM2 b2/BK2MibX CQm`M�H Q7 �TTHB2/ JB+`Q#BQHQ;v- NyU8V- dRj@dR3X

�+[m�pBi�g- �X- 6HQ`2�MBg- 6X- � *Qp2HHBg- aX UkykRVX P++m``2M+2 �M/ bT2+B�iBQM Q7 �`b2MB+ �M/ K2`+m`v BM �HHmpB�H
�M/ +Q�bi�H b2/BK2MibX *m``2Mi PTBMBQM BM 1MpB`QMK2Mi�H a+B2M+2 � >2�Hi?- kk- RyykdkX

�/2H2v2g- �X aX- sm2g- CX- w?�Qg- uX- h�vHQ`g- �X �X- w2MQ#BQg- CX 1X- amMg- uX- >�Mg- wX- a�H�rmg- PX �X- � w?mg- uX
UkykkVX �#mM/�M+2- 7�i2- �M/ 2z2+ib Q7 T?�`K�+2miB+�Hb �M/ T2`bQM�H +�`2 T`Q/m+ib BM �[m�iB+ 2MpB`QMK2MibX
CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- 9k9URkdk39V- R@jkX

�;2`g- .X- 1p�Mbg- aX- GBg- >X- GBHH2vg- �X EX- � p�M /2` :�big- *X CX UkyRyVX �Mi?`QTQ;2MB+ /Bbim`#�M+2 �z2+ib i?2
bi`m+im`2 Q7 #�+i2`B�H +QKKmMBiB2bX 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- RkUjV- edy@ed3X

�;mB``2g- JX- �#�/g- .X- �H#�BM�g- �X- *`�HH2g- GX- :QƜB@l``Bx�g- JX aX- 1biQM#�g- �X- � w�``�QM�BM/B�g- AX
UkyRdVX lM`�p2HBM; i?2 2MpB`QMK2Mi�H �M/ �Mi?`QTQ;2MB+ /`Bp2`b Q7 #�+i2`B�H +QKKmMBiv +?�M;2b BM i?2
1bim�`v Q7 "BH#�Q �M/ Bib i`B#mi�`B2bX SGQa PL1- RkUeV- R@kjX

�?2Hg- JX- � :B;2`g- qX URNNj�VX �[m2Qmb bQHm#BHBiv Q7 �HFvHT?2MQHb �M/ �HFvHT?2MQH TQHv2i?QtvH�i2bX *?2KQbT?2`2-
keU3V- R9eR@R9dyX

�?2Hg- JX- � :B;2`g- qX URNNj#VX S�`iBiBQMBM; Q7 �HFvHT?2MQHb �M/ �HFvHT?2MQH TQHv2i?QtvH�i2b #2ir22M r�i2` �M/
Q`;�MB+ bQHp2MibX *?2KQbT?2`2- keU3V- R9dR@R9d3X

�?`2Mbg- GX- LQ`bi`ƴKg- EX- oBFiQ`g- hX- *QmbBMbg- �X SX- CQb27bbQMg- aX- LQ`bi` \\Kg- EX- oBFiQ`g- hX- *QmbBMbg-
�X SX- � CQb27bbQMg- aX UkyR8VX aiQ+F?QHK �`H�M/� �B`TQ`i �b � bQm`+2 Q7 T2`@ �M/ TQHv~mQ`Q�HFvH bm#@
bi�M+2b iQ r�i2`- b2/BK2Mi �M/ }b?X *?2KQbT?2`2- RkN- jj@j3X

�HH�Mg- _X URNNdVX AMi`Q/m+iBQM , JBMBM; �M/ K2i�Hb BM i?2 2MpB`QMK2MiX CQm`M�H Q7 :2Q+?2KB+�H 1tTHQ`�iBQM- 83-
N8@RyyX

�HHBbQMg- aX .X- � J�`iBMvg- CX "X >X Ukyy3VX _2bBbi�M+2- `2bBHB2M+2- �M/ `2/mM/�M+v BM KB+`Q#B�H +QKKmMBiB2bX
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- Ry8UamTTH2K2Mi RV- RR8Rk@RR8RNX

�HxB2mg- *X- >2`�Hg- JX- h?B#�m/g- uX- .�`/B;M�+g- JX CX- � 62mBHH2ig- JX URN3RVX AM~m2M+2 /2b T2BMim`2b �MiB@
b�HBbbm`2b ¨ #�b2 /ǶQ`;�MQbi�MMB[m2b bm` H� +�H+B}+�iBQM /2 H� +Q[mBHH2 /2 HǶ?mŗi`2 *`�bbQbi`2� ;B;�bX _2pm2
/2b h`�p�mt /2 HǶAMbiBimi /2b Sā+?2b J�`BiBK2b- 98UkV- RyR@RReX

�K�MMg- _X AX- Gm/rB;g- qX- � a+?H2B72`g- EX >X URNN8VX S?vHQ;2M2iB+ B/2MiB}+�iBQM �M/ BM bBim /2i2+iBQM Q7 BM/B@
pB/m�H KB+`Q#B�H +2HHb rBi?Qmi +mHiBp�iBQMX JB+`Q#BQHQ;B+�H `2pB2rb- 8NURV- R9j@ReNX

ke8



"B#HBQ;`�T?B2

�KB;Qg- CX JX- :`2/BHH�g- �X- 6/2x@P`iBx /2 o�HH2Dm2HQg- aX- /2 .B2;Qg- �X- � J�/�`B�;�g- CX JX UkyRkVX aim/v
Q7 T�`�K2i2`b �z2+iBM; i?2 #2?�pBQm` Q7 i`�+2 2H2K2Mib BM � TQHHmi2/ 2bim�`vX *�MQMB+�H +Q``2H�iBQM �M�HvbBb
�b � iQQH BM 2MpB`QMK2Mi�H BKT�+i �bb2bbK2MiX *?2KQK2i`B+b �M/ AMi2HHB;2Mi G�#Q`�iQ`v avbi2Kb- RRN- R@RyX

�KBMQig- �X- � Eö`Qm2Hg- _X Ukyy9VX >v/`QHQ;B2 /2b û+QbvbiĕK2b K�`BMbX S�`�Kĕi`2b 2i �M�Hvb2bX UA7`2K2`g- ú/XVX
�KBMQig- uX UkyRjVX 1im/2 /2 HǶBKT�+i /2b 2|m2Mib m`#�BMb bm` H� [m�HBiû /2b 2�mt /2 H� :�`QMM2 2bim�`B2MM2 , �TTHB@

+�iBQM �mt +QKTQbûb T?�`K�+2miB[m2b 2i �mt }Hi`2b loX Uh?ĕb2 /2 /Q+iQ`�i- aTû+B�HBiû , *?BKB2 �M�HviB[m2
2i 1MpB`QMM2K2MiVX lMBp2`bBiû /2 "Q`/2�mtX

�KBMQig- uX- G2 J2M�+?g- EX- S�`/QMg- SX- 1i+?2#2`g- >X- � "m/xBMbFBg- >X UkyReVX AMTmib �M/ b2�bQM�H `2KQp�H
Q7 T?�`K�+2miB+�Hb BM i?2 2bim�`BM2 :�`QMM2 _Bp2`X J�`BM2 *?2KBbi`v- R38- j@RRX

�M/2`bbQMg- .X AX- � >m;?2bg- .X UkyR9VX JB+`Q#BQHQ;B+�H 2z2+ib Q7 bm#H2i?�H H2p2Hb Q7 �MiB#BQiB+bX L�im`2 _2pB2rb
JB+`Q#BQHQ;v- Rk- 9e8@9d3X

�M/2`bbQMg- CX hX- � �+?i2Mg- *X UkyR8VX hBK2 iQ a�v :QQ/#v2 iQ i?2 Re 1S� S�>b \ hQr�`/ �M lT@iQ@.�i2 lb2
Q7 S�*b 7Q` 1MpB`QMK2Mi�H Sm`TQb2bX SQHv+v+HB+ �`QK�iB+ +QKTQmM/b- j8Uk@9V- jjy@j89X

�M/2`bbQMg- JX- Pii2b2Mg- _X hX- � oQH/2Mg- hX Ukyy9VX "mBH/BM; K�i2`B�Hb �b � bQm`+2 Q7 S*" TQHHmiBQM BM "2`;2M-
LQ`r�vX a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi- jk8UR@jV- RjN@R99X

�La1agX UkykyVX �MiB#BQ`ûbBbi�M+2 2i 2MpB`QMM2K2Mi úi�i 2i +�mb2b TQbbB#H2b /2 H� +QMi�KBM�iBQM /2b KBHB2mt 2M
6`�M+2 T�` H2b �MiB#BQiB[m2b- H2b #�+iû`B2b `ûbBbi�Mi2b �mt �MiB#BQiB[m2b 2i H2b bmTTQ`ib ;ûMûiB[m2b /2 H�
`ûbBbi�M+2 �mt �MiB#BQiB[m2b U`�TTX i2+?XVX a�BbBM2 Mê kyRe@a�@yk8kX

�Qg- GX- w2M;g- sX@*X wX- LB2g- uX- Jmg- uX- w?Qmg- GX- � GmQg- sX UkyR9VX 6H�pQ#�+i2`BmK �`b2M�iBb bTX MQpX- � MQp2H
�`b2MB+@`2bBbi�Mi #�+i2`BmK 7`QK ?B;?@�`b2MB+ b2/BK2MiX AMi2`M�iBQM�H DQm`M�H Q7 bvbi2K�iB+ �M/ 2pQHmiBQM�`v
KB+`Q#BQHQ;v- e9- jjeN@jjd9X

�`BF�Mg- PX �X- _B+2g- *X- � *Q/HBM;g- 1X Ukyy3VX P++m``2M+2 Q7 �MiB#BQiB+b �M/ ?Q`KQM2b BM � K�DQ` �;`B+mHim`�H
r�i2`b?2/X .2b�HBM�iBQM- kkeUR@jV- RkR@RjjX

�bK�H�g- 1X- E��`iQF�HHBQg- >X- *�`bi2Mb2Mg- CX- � h?QK�bg- .X LX UkyReVX o�`B�iBQM BM `Bp2`BM2 BMTmib �z2+i
/BbbQHp2/ Q`;�MB+ K�ii2` +?�`�+i2`BbiB+b i?`Qm;?Qmi i?2 2bim�`BM2 ;`�/B2MiX 6`QMiB2`b BM J�`BM2 a+B2M+2- k-
Rk8X

�m;m2ig- CX *X- "�`#2`�Mg- �X- � *�b�K�vQ`g- 1X PX UkyRyVX :HQ#�H 2+QHQ;B+�H T�ii2`Mb BM mM+mHim`2/ �`+?�2�X
AaJ1 CQm`M�H- 9- R3k@RNyX

�pQBM2g- CX URN3eVX 1p�Hm�iBQM /2b �TTQ`ib ~mpB�iBH2b /�Mb HǶ2bim�B`2 /2 H� a2BM2X
�vH�;�bg- 1X- "Q`D�g- �X- h�M;?2`HBMBg- JX- .2HHǰ�MMQg- �X- *Q`BM�H/2bBg- *X- JB+?2HHg- *X hX- A`B;QB2Mg- sX-

.�MQp�`Qg- _X- � _Q/`Ō;m2x@1xT2H2i�g- LX UkyRdVX � #�+i2`B�H +QKKmMBiv@#�b2/ BM/2t iQ �bb2bb i?2
2+QHQ;B+�H bi�imb Q7 2bim�`BM2 �M/ +Q�bi�H 2MpB`QMK2MibX J�`BM2 SQHHmiBQM "mHH2iBM- RR9- edN@e33X

�x�Kg- 6X- 62M+?2Hg- hX- 6B2H/g- CX :X- :`�vg- CX *X- J2v2`@_2BHg- GX �X- � h?BM;bi�/g- 6X URN3jVX h?2 1+QHQ;B+�H
_QH2 Q7 q�i2`@*QHmKM JB+`Q#2b BM i?2 a2�X J�`BM2 1+QHQ;v S`Q;`2bb a2`B2b- RyUjV- k8d@ke9X

"�+?K�MMg- CX- >2BK#�+?g- hX- >�bb2M`Ƚ+Fg- *X- EQTT`BQg- :X �X- Ap2`b2Mg- JX >X- :`Qbb�`ig- >X SX- � :�`/2bg-
�X UkyR3VX 1MpB`QMK2Mi�H /`Bp2`b Q7 7`22@HBpBM; pbX T�`iB+H2@�ii�+?2/ #�+i2`B�H +QKKmMBiv +QKTQbBiBQM BM
i?2 J�m`Bi�MB� mTr2HHBM; bvbi2KX 6`QMiB2`b BM JB+`Q#BQHQ;v- NUk3jeV- R@RjX

kee



"B#HBQ;`�T?B2

"�Bg- aX- GBg- CX- >2g- wX- o�M LQbi`�M/g- CX .X- hB�Mg- uX- GBMg- :X- w?Qmg- CX- � w?2M;g- hX UkyRkVX :2Q*?BT@#�b2/
�M�HvbBb Q7 i?2 7mM+iBQM�H ;2M2 /Bp2`bBiv �M/ K2i�#QHB+ TQi2MiB�H Q7 bQBH KB+`Q#B�H +QKKmMBiB2b Q7 K�M;`Qp2bX
�TTHB2/ JB+`Q#BQHQ;v �M/ "BQi2+?MQHQ;v- NdUR8V- dyj8@dy93X

"�Bx2g- .X URNNdVX h2M2m`b iQi�H2b 2M ûHûK2Mib i`�+2b Kûi�HHB[m2b /�Mb H2b bQHb U6`�M+2VX AM AL_� 1/BiBQMbX
"�F2`@�mbiBMg- *X- q`B;?ig- JX aX- ai2T�M�mbF�bg- _X- � J+�`i?m`g- CX oX UkyyeVX *Q@b2H2+iBQM Q7 �MiB#BQiB+ �M/

K2i�H `2bBbi�M+2X h`2M/b BM JB+`Q#BQHQ;v- R9U9V- Rde@R3kX
"�`2BHH2g- :X- SQBMig- .X- G�S`�B`B2g- sX- "m/xBMbFBg- >X- G2bT2bg- :X- �KQm`Qmtg- .X- 6B;m`�g- aX- G2 h`mig- :X-

*�MiBMg- *X- :m2;m2Mg- *X- � :mBHH�`/g- 6X UkyyRVX 1im/2 /2 H� [m�HBiû /2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
_�TTQ`i /Ƕûi�i /Ƕ�p�M+2K2Mi Mêk U`�TTX i2+?XVX G*�"A1 UAS_1JVX S�mX

"�b2H;�g- �X UkyRyVX S�`iBiBQMBM; i?2 im`MQp2` �M/ M2bi2/M2bb +QKTQM2Mib Q7 #2i� /Bp2`bBivX :HQ#�H 1+QHQ;v �M/
"BQ;2Q;`�T?v- RNURV- Rj9@R9jX

"�bb2ig- �X- 1HHBQiig- JX- q2big- _X CX- � qBHbQMg- CX :X UkyRjVX 1bim�`BM2 �M/ H�;QQM #BQ/Bp2`bBiv �M/ i?2B`
M�im`�H ;QQ/b �M/ b2`pB+2bX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2X

"�biB�Mg- JX- >2vK�MMg- aX- � C�+QKvg- JX UkyyNVX :2T?B , �M QT2M bQm`+2 bQ7ir�`2 7Q` 2tTHQ`BM; �M/ K�MBTmH�iBM;
M2irQ`FbX

"�m2`g- CX 1X- *�Bg- qX CX- _�vKQM/g- SX �X- "B�M+?Bg- hX aX- >QTFBMbQMg- *X aX- � _2;MB2`g- SX �X UkyRjVX h?2
+?�M;BM; +�`#QM +v+H2 Q7 i?2 +Q�bi�H Q+2�MX L�im`2- 8y9- eR@dyX

"�v2`g- EX- JQBiBM?Q@aBHp�g- GX- "`ȽKK2`g- 6X- *�MMBbi`�+Bg- *X oX- _�p�bBg- hX- � >2Mib+?2Hg- lX UkyR9VX
:2Q*?BT@#�b2/ BMbB;?ib BMiQ i?2 KB+`Q#B�H 7mM+iBQM�H ;2M2 `2T2`iQB`2 Q7 K�`BM2 bTQM;2b U?B;? KB+`Q#B�H
�#mM/�M+2- HQr KB+`Q#B�H �#mM/�M+2V �M/ b2�r�i2`X 61Ja KB+`Q#BQHQ;v 2+QHQ;v- Ny- 3jk@39jX

"�vM2g- "X URNd8VX �bT2+ib Q7 T?vbBQHQ;B+�H +QM/BiBQM BM JviBHmb 2/mHBb GX- rBi? bT2+B�H `272`2M+2 iQ i?2 2z2+ib Q7
Qtv;2M i2MbBQM �M/ b�HBMBivX AM >X "�`M2bgUú/XV- LBMi? 1m`QT2�M J�`BM2 "BQHQ;v avKTQbBmK UTX kRj@kj3VX
�#2`/22M lMBp2`bBiv S`2bbX

"2M a�H2Kg- 6X- "2M a�B/g- PX- *`�pQ@G�m`2�mg- *X- J�?KQm/Bg- 1X- "`mg- LX- JQMT2``mbg- JX- � .m`�Mg-
_X UkyRNVX "�+i2`B�H +QKKmMBiv �bb2K#H�;2b BM b2/BK2Mib mM/2` ?B;? �Mi?`QTQ;2MB+ T`2bbm`2 �i A+?F2mH
G�F2f"Bx2`i2 G�;QQM ?v/`QHQ;B+�H bvbi2K- hmMBbB�X 1MpB`QMK2Mi�H SQHHmiBQM- k8k- e99@e8eX

"2M a�H2Kg- 6X- "2M a�B/g- PX- .m`�Mg- _X- � JQMT2``mbg- JX UkyReVX o�HB/�iBQM Q7 �M �/�Ti2/ Zm1*?1_a
J2i?Q/ 7Q` i?2 aBKmHi�M2Qmb �M�HvbBb Q7 SQHv+v+HB+ �`QK�iB+ >v/`Q+�`#QMb- SQHv+?HQ`BM�i2/ "BT?2MvHb
�M/ P`;�MQ+?HQ`BM2 S2biB+B/2b BM a2/BK2Mi #v :�b *?`QK�iQ;`�T?v@J�bb aT2+i`QK2i`vX "mHH2iBM Q7 1MpB@
`QMK2Mi�H *QMi�KBM�iBQM �M/ hQtB+QHQ;v- NeU8V- ed3@e39X

"2M/b+?M2B/2`g- EX- � _Q#BMbQMg- _X CX URN8kVX � L2r aT2+i`QT?QiQK2i`B+ J2i?Q/ 7Q` i?2 .2i2`KBM�iBQM Q7
LBi`Bi2 BM a2� q�i2`X CQm`M�H Q7 J�`BM2 _2b2�`+?X

"2`M?�`/g- JX- "`BM+FK�Mg- 6X 1X- � a�/H2`g- SX CX URN3eVX h?2 AKTQ`i�M+2 Q7 *?2KB+�H ǳaT2+B�iBQMǴ BM 1MpB`QM@
K2Mi�H S`Q+2bb2bX aT`BM;2`X

"2bi2`g- EX UkyyNVX �M�HvbBb Q7 KmbF 7`�;`�M+2b BM 2MpB`QMK2Mi�H b�KTH2bX CQm`M�H Q7 *?`QK�iQ;`�T?v �- RkReUjV-
9dy@93yX

"BHHBM;iQMg- CX qX- >m�M;g- :X@GX X@X- ax2iQg- 6X- a?Bmg- qX uX- � J�+F�vg- .X URN33VX S`2T�`�iBQM Q7 �[m2Qmb
bQHmiBQMb Q7 bT�`BM;Hv bQHm#H2 Q`;�MB+ bm#bi�M+2b , AX aBM;H2 +QKTQM2Mi bvbi2KbX 1MpB`QMK2Mi�H hQtB+QHQ;v
�M/ *?2KBbi`v- dUkV- RRd@Rk9X

ked



"B#HBQ;`�T?B2

"H�?M�g- JX hX- w�H2rbFBg- *X �X- _2m2`g- CX- E�?HK2i2`g- :X- 6QtK�Mg- "X- � J�``bg- *X 6X UkyyeVX h?2 `QH2 Q7
?Q`BxQMi�H ;2M2 i`�Mb72` BM i?2 bT`2�/ Q7 i`BK2i?QT`BK@bmH7�K2i?Qt�xQH2 `2bBbi�M+2 �KQM; m`QT�i?Q;2MB+
1b+?2`B+?B� +QHB BM 1m`QT2 �M/ *�M�/�X CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- 8dU9V- eee@edkX

"H�M+Q@wm#B�;mB``2g- GX- .2H;�/Qg- �X- _Qbg- PX- SQb�/�@l`2i�g- PX- o�HH2DQg- �X- S`B2iQg- �X- PHBp�`2bg-
JX- � 1it2#�``B�g- LX UkyR9VX �bb2bbK2Mi Q7 +QKK2`+B�HHv �p�BH�#H2 TQHvK2`B+ K�i2`B�Hb 7Q` bQ`TiBp2
KB+`Q2ti`�+iBQM Q7 T`BQ`Biv �M/ 2K2`;BM; MQMTQH�` Q`;�MB+ TQHHmi�Mib BM 2MpB`QMK2Mi�H r�i2` b�KTH2bX
1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kRUkyV- RR3ed@RR33jX

"QK#H2/g- "X- � *Qbb�g- .X URNNkVX 1im/2 TBHQi2 /2b �TTQ`ib 2M +QMi�KBM�Mib T�` H� a2BM2 , MBp2�mt /2 +QMi�KBM�@
iBQM- p�`B�iBQMb b�BbQMMBĕ`2b 2i ~mt /ǶûHûK2Mib i`�+2b � TQb2b 2M RNNy 2i RNNRX

"Q`/2M�p2g- aX- 6Qm`Ê�Mbg- �X- "H�M+?�`/g- aX- :QƜBg- JX aX- *�mK2ii2g- SX- � .m`�Mg- _X Ukyy9VX ai`m+im`2
�M/ 7mM+iBQM�H �M�Hvb2b Q7 #�+i2`B�H +QKKmMBiB2b +?�M;2b BM KB+`Q#B�H K�ib 7QHHQrBM; T2i`QH2mK 2tTQbm`2X
PT?2HB�- 83UjV- RN8@kyjX

"Q`D�g- CX- h�H2QMg- .X JX- �m`2b2MB�g- CX- � :�HH�`/Qg- aX Ukyy8VX SQHv+?HQ`BM�i2/ #BT?2MvHb �M/ i?2B` #BQ/2;`�@
/�iBQMX S`Q+2bb "BQ+?2KBbi`v- 9yUeV- RNNN@kyRjX

"Q``2;Qg- *X- a�#�i2`g- aX- � S`QB�g- GX UkykyVX GB72bivH2 T`272`2M+2b /`Bp2 i?2 bi`m+im`2 �M/ /Bp2`bBiv Q7 #�+i2`B�H
�M/ �`+?�2�H +QKKmMBiB2b BM � bK�HH `Bp2`BM2 `2b2`pQB`X a+B2MiB}+ `2TQ`ib- RyURRk33VX

"Qii2`vg- JX CX- SBi+?7Q`/g- CX qX- � 6`BK�Mg- oX SX UkykyVX 1+QHQ;v �M/ 2pQHmiBQM Q7 �MiBKB+`Q#B�H `2bBbi�M+2 BM
#�+i2`B�H +QKKmMBiB2bX h?2 AaJ1 CQm`M�H- R8U9V- NjN@N93X

"QmiB2`g- "X- ZmBMiBMg- CX@uX- _Qxm2Hg- 1X- .QKBMB[m2g- �X- � "`2i�m/2�m@a�MDm�Mg- CX UkyRRVX _2i`QbT2+iBp2 bim/v
Q7 K2i�H +QMi�KBM�iBQM iBK2 i`2M/b BM i?2 6`2M+? T�`i Q7 i?2 "�v Q7 "Bb+�vX 1MpB`QMK2Mi�H h2+?MQHQ;v-
jkUR8V- R3yd@R3R8X

"QmpB2`g- hX *X- � .2H :BQ`;BQg- SX �X UkyykVX *QKTQbBiBQM�H +?�M;2b BM 7`22@HBpBM; #�+i2`B�H +QKKmMBiB2b �HQM;
� b�HBMBiv ;`�/B2Mi BM irQ i2KT2`�i2 2bim�`B2bX GBKMQHQ;v �M/ P+2�MQ;`�T?v- Rey- jyd@jR9X

"`�/Hg- >X "X Ukyy8VX aQm`+2b �M/ P`B;BMb Q7 >2�pv J2i�HbX AM >2�pv J2i�Hb BM i?2 1MpB`QMK2Mi , P`B;BM- AMi2`�+iBQM
�M/ _2K2/B�iBQMX oQHmK2 e UTX R@kdVX 1Hb2pB2`X

"`�M+?2ig- SX- �`TBM@SQMig- GX- SB`�Kg- �X- "QBbb2`vg- SX- qQM;@q�?@*?mM;g- SX- � .QmK2M[g- SX UkykRVX S?�`@
K�+2miB+�Hb BM i?2 K�`BM2 2MpB`QMK2Mi , q?�i �`2 i?2 T`2b2Mi +?�HH2M;2b BM i?2B` KQMBiQ`BM; \ a+B2M+2 Q7
h?2 hQi�H 1MpB`QMK2Mi- dee- R9ke99X

"`�M/ig- JX AX- h`Qm+?2g- "X- ZmBMi`B+g- GX- qBM+F2`g- SX- SQmH�BMg- CX- � �`M�m/@>�QM/g- aX UkyRNVX � ~2tB#H2
TBT2HBM2 +QK#BMBM; +Hmbi2`BM; �M/ +Q``2+iBQM iQQHb 7Q` T`QF�`vQiB+ �M/ 2mF�`vQiB+ K2i�#�`+Q/BM;X

"`�mb+?g- CX JX- *QMMQ`bg- EX �X- "`QQFbg- "X qX- � _�M/g- :X JX UkyRkVX >mK�M T?�`K�+2miB+�Hb BM i?2 �[m�iB+
2MpB`QMK2Mi , � `2pB2r Q7 `2+2Mi iQtB+QHQ;B+�H bim/B2b �M/ +QMbB/2`�iBQMb 7Q` iQtB+Biv i2biBM;X _2pB2rb Q7
1MpB`QMK2Mi�H *QMi�KBM�iBQM �M/ hQtB+QHQ;v- kR3- R@NNX

"`�vg- CX _X- � *m`iBbg- CX hX URN8dVX �M P`/BM�iBQM Q7 i?2 lTH�M/ 6Q`2bi *QKKmMBiB2b Q7 aQmi?2`M qBb+QMbBMX
1+QHQ;B+�H JQMQ;`�T?b- kdU9V- jk8@j9NX

"`2/�g- AX GX- _�Kb�vg- GX- � _QbH2pg- SX UkyRdVX J�M;�M2b2 QtB/�iBQM �M/ #�+i2`B�H /Bp2`bBiv QM /Bz2`2Mi }Hi2`
K2/B� +Q�iBM;b /m`BM; i?2 bi�`i@mT Q7 /`BMFBM; r�i2` #BQ}Hi2`bX CQm`M�H Q7 q�i2` amTTHv , _2b2�`+? �M/
h2+?MQHQ;v @ �Zl�- eeU3V- e9R@e8yX

ke3



"B#HBQ;`�T?B2

"`Q+?B2`@�`K�M2ig- *X- "Qmbb�mg- "X- :`B#�H/Qg- aX- � 6Q`i2``2g- SX Ukyy3VX J2bQT?BHB+ +`2M�`+?�2Qi� , S`QTQb�H
7Q` � i?B`/ �`+?�2�H T?vHmK- i?2 h?�mK�`+?�2Qi�X L�im`2 _2pB2rb JB+`Q#BQHQ;v- eUjV- k98@k8kX

"`QbBmbg- CX- S�HK2`g- JX GX- E2MM2/vg- SX CX- � LQHH2`g- >X 6X URNd3VX *QKTH2i2 Mm+H2QiB/2 b2[m2M+2 Q7 � Rea
`B#QbQK�H _L� ;2M2 7`QK 1b+?2`B+?B� +QHBX 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+�- d8URyV- 93yR@93y8X

"`mM22Hg- PX- S�b+�mHig- LX- 1;�Hg- JX- "�M+QM@JQMiB;Mvg- *X- :QƜB@l``Bx�g- JX aX- 1H#�x@SQmHB+?2ig- 6X-
S2`bQMMög- CX *X- � .m`�Mg- _X Ukyy3VX �`+?�2�H /Bp2`bBiv BM � 62@�b `B+? �+B/ KBM2 /`�BM�;2 �i *�`MQmHĕb
U6`�M+2VX 1ti`2KQT?BH2b- RkU9V- 8ej@8dRX

"`mM2ig- _X *X- � �biBMg- EX "X URNNNVX aT�iBQ@i2KTQ`�H p�`B�iBQM BM bQK2 T?vbB+�H �M/ +?2KB+�H T�`�K2i2`b Qp2`
� k8@v2�` T2`BQ/ BM i?2 +�i+?K2Mi Q7 i?2 `Bp2` �/Qm`X CQm`M�H Q7 >v/`QHQ;v- kkyUj@9V- kyN@kkRX

"m/xBMbFBg- >X- CQM2bg- AX- "2HHQ+[g- CX- SBö`�`/g- *X- � :�``B;m2bg- SX URNNdVX 1p�Hm�iBQM Q7 b2/BK2Mi +QMi�KB@
M�iBQM #v TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb BM i?2 :B`QM/2 2bim�`vX J�`BM2 *?2KBbi`v- 83UR@kV- 38@NdX

"m/xBMbFBg- >X Ukyy3VX 1im/2 /2 H� +QMi�KBM�iBQM /2b 2bim�B`2b /2 H� a2BM2- /2 H� :B`QM/2 2i /2 HǶ�/Qm` T�` H2b
bm#bi�M+2b T?�`K�+2miB[m2b , S`ûb2M+2- .2p2MB` 2i AKT�+i hQtB+QHQ;B[m2 U`�TTX i2+?XVX AaJX

"mHbF�g- 1X- � q�;M2`g- "X UkyReVX Zm�MiBi�iBp2 �bT2+ib Q7 BM/m+iBp2Hv +QmTH2/ TH�bK� K�bb bT2+i`QK2i`vX S?BHQbQ@
T?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv � , J�i?2K�iB+�H- S?vbB+�H �M/ 1M;BM22`BM; a+B2M+2b- jd9UkydNVX

"mHi2Hg- 1X- G�bM2g- 1X- �+Qmg- �X- :mBHH�m/2�mg- CX- "2`iB2`g- *X- � 62mMi2mMg- 1X UkyR9VX JB;`�iBQM #2?�pBQm`
Q7 bBHp2` 22Hb U�M;mBHH� �M;mBHH�V BM � H�`;2 2bim�`v Q7 q2bi2`M 1m`QT2 BM72``2/ 7`QK �+QmbiB+ i2H2K2i`vX
1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- Rjd- kj@jRX

"mxB2`g- _X- hmbb2�m@omBHH2KBMg- JX >X- /Bi J2`B�/2+g- *X JX- _Qmbb2HQig- PX- � JQm+?2Hg- CX JX UkyyeVX h`�+2
K2i�H bT2+B�iBQM �M/ ~mt2b rBi?BM � K�DQ` 6`2M+? r�bi2r�i2` i`2�iK2Mi TH�Mi , AKT�+i Q7 i?2 bm++2bbBp2
i`2�iK2Mib bi�;2bX *?2KQbT?2`2- e8URRV- k9RN@k9keX

*�#`�Hg- >X LX- o�b+QM+2HQbg- _X- oBM�;`2g- *X- 6`�MÊ�g- aX- 6QMb2+�g- oX- J�B�g- �X- _2Bb@a�MiQbg- SX- GQT2bg-
JX- _m�MQg- JX- *�KTQbg- CX- 6`2Bi�bg- oX- a�MiQbg- SX hX- � *Qbi�g- JX CX UkyydVX _2H�iBp2 BKTQ`i�M+2 Q7
2bim�`BM2 ~�i}b? Mm`b2`B2b �HQM; i?2 SQ`im;m2b2 +Q�biX CQm`M�H Q7 a2� _2b2�`+?- 8dUk@jV- kyN@kRdX

*�HH�?�Mg- "X CX- J+Jm`/B2g- SX CX- _Qb2Mg- JX CX- >�Mg- �X qX- CQ?MbQMg- �X CX �X- � >QHK2bg- aX SX UkyRe�VX
.�.�k , >B;?@`2bQHmiBQM b�KTH2 BM72`2M+2 7`QK AHHmKBM� �KTHB+QM /�i�X L�im`2 J2i?Q/b- RjUdV- 83R@83jX

*�HH�?�Mg- "X CX- a�MF�`�Mg- EX- 6mFmv�K�g- CX �X- J+Jm`/B2g- SX CX- � >QHK2bg- aX SX UkyRe#VX "BQ+QM@
/m+iQ` qQ`F~Qr 7Q` JB+`Q#BQK2 .�i� �M�HvbBb , 7`QK `�r `2�/b iQ +QKKmMBiv �M�Hvb2b (o2`bBQM k)X
6Ryyy_2b2�`+?- 8UR9NkV- R@93X

*�T/2pBHH2g- JX@CX UkyRRVX úim/2b /2b +v+H2b #BQ;ûQ+?BKB[m2b /2b +QMi�KBM�Mib Q`;�MB[m2b /Bib Ŀ ûK2`;2Mib ŀ /�Mb
H2b bvbiĕK2b �[m�iB[m2b Ui?ĕb2 /2 /Q+iXVX lMBp2`bBiû /2 "Q`/2�mt RX "Q`/2�mt RX

*�`2vg- _X PX- JB;HB�++BQg- EX qX- _Pg- *X- � Eqg- JX UkyyNVX *QMi`B#miBQM Q7 q�bi2r�i2` h`2�iK2Mi SH�Mi
1|m2Mib iQ Lmi`B2Mi .vM�KB+b BM �[m�iB+ avbi2Kb , � _2pB2rX 1MpB`QMK2Mi�H J�M�;2K2Mi kyyN 99 ,k-
99UkV- ky8@kRdX

*�`KB+?�2Hg- JX CX- *�`KB+?�2Hg- aX EX- a�Mi2HHBg- *X JX- ai`QKg- �X- � "`�m2`g- aX GX UkyRjVX JMUAAV@QtB/BxBM;
"�+i2`B� �`2 �#mM/�Mi �M/ 1MpB`QMK2Mi�HHv _2H2p�Mi J2K#2`b Q7 62``QK�M;�M2b2 .2TQbBib BM *�p2b Q7
i?2 lTT2` h2MM2bb22 _Bp2` "�bBMX :2QKB+`Q#BQHQ;v CQm`M�H- jyUNV- ddN@3yyX

keN
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*�`mbQg- :X- G� 62`H�g- _X- �xx�`Qg- JX- wQTTBMBg- �X- J�`BMQg- :X- S2iQ+?Bg- hX- *Q`BM�H/2bBg- *X- G2QM�`/Bg-
JX- w�++QM2g- _X- 6QM/�g- aX- *�`QTTQg- *X- JQMiB+2HHBg- GX- �xx�`Qg- 6X- .2+2K#`BMBg- 6X- J�BKQM2g- :X-
*�p�HHQg- _X- ai�#BHBg- GX- hQ/Q`Qp�g- LX- E�`�K7BHQpg- oX- Ę _g- .X .X �X UkyReVX JB+`Q#B�H �bb2K#H�;2b
7Q` 2MpB`QMK2Mi�H [m�HBiv �bb2bbK2Mi , EMQrH2/;2- ;�Tb �M/ mb27mHM2bb BM i?2 1m`QT2�M K�`BM2 bi`�i2;v
7`�K2rQ`F /B`2+iBp2X *`BiB+�H _2pB2rb BM JB+`Q#BQHQ;v- 9kUeV- 33j@Ny9X

*�p�H?2B`Qg- CX- JQMT2``mbg- JX- �KQm`Qmtg- .X- S`2m/ǰ>QKK2g- >X- S`B2iQg- �X- � wmHQ�;�g- PX UkyR9VX AM@
TQ`i /2`Bp�iBx�iBQM +QmTH2/ iQ /Bz2`2Mi 2ti`�+iBQM i2+?MB[m2b 7Q` i?2 /2i2`KBM�iBQM Q7 �HFvHT?2MQHb BM
2MpB`QMK2Mi�H r�i2` b�KTH2bX CQm`M�H Q7 *?`QK�iQ;`�T?v �- Rj9y- R@dX

*�p�H?2B`Qg- CX- S`B2iQg- �X- JQMT2``mbg- JX- 1it2#�``B�g- LX- � wmHQ�;�g- PX UkyRjVX .2i2`KBM�iBQM Q7 TQHv+v+HB+
�M/ MBi`Q KmbFb BM 2MpB`QMK2Mi�H r�i2` b�KTH2b #v K2�Mb Q7 KB+`Q2ti`�+iBQM #v T�+F2/ bQ`#2Mib +QmTH2/
iQ H�`;2 pQHmK2 BMD2+iBQM@;�b +?`QK�iQ;`�T?v@K�bb bT2+i`QK2i`v �M�HvbBbX �M�HviB+� *?BKB+� �+i�- ddj-
e3@d8X

*�p�H?2B`Qg- CX- wmHQ�;�g- PX- S`B2iQg- �X- S`2m/?QKK2g- >X- �KQm`Qmtg- .X- � JQMT2``mbg- JX UkyRdVX P++m`@
`2M+2 �M/ 6�i2 Q7 P`;�MB+ �M/ P`;�MQK2i�HHB+ SQHHmi�Mib BM JmMB+BT�H q�bi2r�i2` h`2�iK2Mi SH�Mib �M/
h?2B` AKT�+i QM _2+2BpBM; q�i2`b U�/Qm` 1bim�`v- 6`�M+2VX �`+?Bp2b Q7 1MpB`QMK2Mi�H *QMi�KBM�iBQM
�M/ hQtB+QHQ;v- djU9V- eRN@ejyX

*�p�H?2B`Qg- CX- S`B2iQg- �X- wmHQ�;�g- PX- S`2m/?QKK2g- >X- �KQm`Qmtg- .X- � JQMT2``mbg- JX UkyR8VX 1p�@
Hm�iBQM Q7 T`2+QM+2Mi`�iBQM K2i?Q/b BM i?2 �M�HvbBb Q7 bvMi?2iB+ KmbFb BM r?QH2@r�i2` b�KTH2bX CQm`M�H Q7
b2T�`�iBQM b+B2M+2- j3URjV- kkN3@kjy9X

*�p�H?2B`Qg- CX Ukyy9VX .2p2HQTT2K2Mi /2 i2+?MB[m2b /2 bûT�`�iBQM 2i /ûi2+iBQM TQm` HǶ�M�Hvb2 /2b TQHHm�Mib Q`@
;�MB[m2b 2i Q`;�MQKûi�HHB[m2b /�Mb H2b û+?�MiBHHQMb 2MpB`QMM2K2Mi�mt UaTû+B�HBiû , *?BKB2 �M�HviB[m2 2i
1MpB`QMM2K2MiVX lMBp2`bBiû /2 S�m 2i /2b S�vb /2 HǶ�/Qm` 2i lMBp2`bBiû /m S�vb "�b[m2 U1mbF�H >2``BFQ
lMB#2`ibBi�i2�VX

*�v`Qmg- *X- _�QmHig- .X- � .`�M+Qm`ig- JX UkyRyVX "`Q�/@bT2+i`mK �MiB#BQiB+ `2bBbi�M+2 Q7 SH�M+iQKv+2i2b
Q`;�MBbKb /2i2`KBM2/ #v 1i2biX CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- e8URyV- kRRN@kRkkX

*?�722g- JX- 62`M£M/2x@:m2``�g- �X- "miiB;B2;g- SX GX- :2`/ibg- :X- 1`2Mg- �X JX- h22HBM;g- >X- � �K�MMg- _X AX
UkyR3VX _2+m``2Mi T�ii2`Mb Q7 KB+`Q/Bp2`bBiv BM � i2KT2`�i2 +Q�bi�H K�`BM2 2MpB`QMK2MiX AaJ1 CQm`M�H-
RkURVX

*?�Qg- �X URN39VX LQM@T�`�K2i`B+ 2biBK�iBQM Q7 i?2 +H�bb2b BM � TQTmH�iBQMX a+�M/BM�pB�M CQm`M�H Q7 ai�iBbiB+b-
RRU9V- ke8@kdyX

*?�b2g- .X �X- E�`MD�M�TB#QQMrQM;g- �X- 6�M;g- uX- *Q##g- :X SX- JQ`b2g- �X LX- � �M/2`bQMg- hX �X UkyRkVX
P++m``2M+2 Q7 bvMi?2iB+ KmbF 7`�;`�M+2b BM 2|m2Mi �M/ MQM@2|m2Mi BKT�+i2/ 2MpB`QMK2MibX a+B2M+2 Q7
i?2 hQi�H 1MpB`QMK2Mi- 9Re- k8j@keyX

*?�m/?�`vg- .X EX- EBKg- .X@lX- EBKg- .X- � EBKg- CX UkyRNVX 6H�pQ#�+i2`BmK T2i`QH2B bTX MQpX- � MQp2H Tbv+?`QT?BHB+-
/B2b2H@/2;`�/BM; #�+i2`BmK BbQH�i2/ 7`QK QBH@+QMi�KBM�i2/ �`+iB+ bQBHX a+B2MiB}+ _2TQ`ib- NU9Rj9V- R@NX

*?2Mg- *X- GBg- GX- >m�M;g- EX- w?�M;g- CX- sB2g- qX uX- Gmg- uX- .QM;g- sX- � w?�Qg- 6X CX UkyRNVX amH7�i2@`2/m+BM;
#�+i2`B� �M/ K2i?�MQ;2Mb �`2 BMpQHp2/ BM �`b2MB+ K2i?vH�iBQM �M/ /2K2i?vH�iBQM BM T�//v bQBHbX AaJ1
CQm`M�H- RjURyV- k8kj@k8j8X

kdy
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*?2Mg- >X- � "Qmi`Qbg- SX *X UkyRRVX o2MM.B�;`�K , � T�+F�;2 7Q` i?2 ;2M2`�iBQM Q7 ?B;?Hv@+mbiQKBx�#H2 o2MM �M/
1mH2` /B�;`�Kb BM _X "J* "BQBM7Q`K�iB+b- RkUj8VX

*?2Mg- qX JX- a?2mg- 6X aX- uQmM;g- *X *X- � a?2mg- aX uX UkyRkVX AM?2HH� 7QMiB+QH� bTX MQpX- BbQH�i2/ 7`QK bT`BM;
r�i2`- �M/ 2K2M/2/ /2b+`BTiBQM Q7 i?2 ;2Mmb AM?2HH�X AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v
JB+`Q#BQHQ;v- ekU8V- Ry93@Ry89X

*?Đp`2g- LX- � 1`FK�Mg- aX UkyRdVX �H2`i2 �mt KB+`QTQHHm�Mib- mM Tû`BH BMpBbB#H2 Uk2 û/BiBQMVX S`2bb2b TQHvi2+?MB[m2b
2i mMBp2`bBi�B`2b `QK�M/2bX

*?2p`2mBHg- JX- "H�M+?�`/g- JX- h2BHg- JX CX- � *?2bi2`BFQ77g- �X URNN3VX SQHv+?HQ`Q#BT?2MvH #2?�pBQm` BM i?2
r�i2`fb2/BK2Mi bvbi2K Q7 i?2 a2BM2 `Bp2`- 6`�M+2X q�i2` _2b2�`+?- jkU9V- Rky9@RkRkX

*?2p`2mBHg- JX- *?2bi2`BFQ77g- �X- � GöiQHH2g- _X URN3dVX S*" TQHHmiBQM #2?�pBQm` BM i?2 _Bp2` a2BM2X q�i2`
_2b2�`+?- kRU9V- 9kd@9j9X

*?B�p�`BMBg- aX- J�bb�MBbbQg- SX- LB+QH�Bg- SX- LQ#BHBg- *X- � JQ`�#BiQg- _X UkyyjVX "mivHiBMb +QM+2Mi`�iBQM H2p2Hb
�M/ BKTQb2t Q++m``2M+2 BM bM�BHb 7`QK i?2 aB+BHB�M +Q�bib UAi�HvVX *?2KQbT?2`2- 8yUjV- jRR@jRNX

*H�mb2ig- �X- L2rK�Mg- JX 1X- � JQQ`2g- *X Ukyy9VX 6BM/BM; +QKKmMBiv bi`m+im`2 BM p2`v H�`;2 M2irQ`FbX S?vbB+�H
_2pB2r 1 @ ai�iBbiB+�H S?vbB+b- SH�bK�b- 6HmB/b- �M/ _2H�i2/ AMi2`/Bb+BTHBM�`v hQTB+b- dyUe Si kV- yeeRRRX

*HBM2g- CX .X URNeNVX aT2+i`QT?QiQK2i`B+ /2i2`KBM�iBQMQ Q7 ?v/`Q;2M bmH}/2 BM M�im`�H r�i2`bX GBKMQHQ;v �M/
P+2�MQ;`�T?v- R9UjV- 989@983X

*Q#H2g- SX :X URNNeVX *?�`�+i2`Bx�iBQM Q7 K�`BM2 �M/ i2``2bi`B�H .PJ BM b2�r�i2` mbBM; 2t+Bi�iBQM@2KBbbBQM K�i`Bt
bT2+i`Qb+QTvX J�`BM2 *?2KBbi`v- 8RU9V- jk8@j9eX

*QHBMg- uX- :QƜB@l``Bx�g- JX- :�bbB2g- *X- *�`HB2`g- 1X- JQMT2``mbg- JX- :mvQM2�m/g- _X- :QƜB@l``Bx�g- JX-
:�bbB2g- *X- *�`HB2`g- 1X- JQMT2``mbg- JX- � :mvQM2�m/g- _X UkyRdVX .Bbi`B#miBQM Q7 amH7�i2@_2/m+BM;
*QKKmMBiB2b 7`QK 1bim�`BM2 iQ J�`BM2 "�v q�i2`bX JB+`Q#B�H 2+QHQ;v- djURV- jN@9NX

*QM+?�g- *X- JB`�M/�g- *X .X- _QD�bg- _X- :Q/Qvg- 6X �X- � _QK2`Qg- CX UkykRVX *?�`�+i2`Bx�iBQM Q7 � MQp2H p�`B�Mi
Q7 i?2 [mBMQHQM2@`2bBbi�M+2 ;2M2 [M`" U[M`"3NV +�``B2/ #v � KmHiB@/`m; `2bBbi�Mi *Bi`Q#�+i2` ;BHH2MBB bi`�BM
BbQH�i2/ 7`QK 7�`K2/ b�HKQM BM *?BH2X �MiB#BQiB+b- RyUjV- R@RkX

*QQT2`g- _X 1X- q2;M2`g- *X@1X- EȽ;H2`g- aX- SQmHBMg- _X sX- l2#2`b+?��`g- LX- qm`HBix2`g- CX .X- ai2iiBMg- .X-
qB+?�`/g- hX- SQ?M2`ig- :X- � EȽb2Hg- EX UkykyVX A`QM Bb MQi 2p2`vi?BM; , mM2tT2+i2/ +QKTH2t K2i�#QHB+
`2bTQMb2b #2ir22M B`QM@+v+HBM; KB+`QQ`;�MBbKbX h?2 AaJ1 CQm`M�H kyky R9 ,RR- R9- ked8@keNyX

*Qbb�g- .X- h?B#�m/g- uX- _QKöQg- JX- � :M�bbB�@"�`2HHBg- JX URNNyVX G2 K2`+m`2 2M KBHB2m K�`BMX "BQ;ûQ+?BKB2
2i 1+QiQtB+QHQ;B2- A6_1J1_ U`�TTX i2+?XVX

*Qbi�g- 6X- >�;�Mg- CX 1X- *�H+�;MQg- CX- E�M2g- JX- hQ`;2`bQMg- SX- J�`iBM2x@aBHp2B`�g- JX aX- ai2BMg- *X- �#2H�@
_B//2`g- "X- � EQg- �X AX UkyR8VX :HQ#�H JQ`#B/Biv �M/ JQ`i�HBiv Q7 G2TiQbTB`QbBb , � avbi2K�iB+ _2pB2rX
SGPa L2;H2+i2/ h`QTB+�H .Bb2�b2b- NUNV- 2yyyj3N3X

*Qbi�Mx�g- _X- �`;2g- _X- :`QQig- _X .X- 6�`#2`g- aX- :`�bbQg- JX- >�MMQMg- "X- GBK#m`;g- EX- L�22Kg- aX- L2BHHg-
_X oX PX- S�`m2HQg- CX- _�bFBMg- _X :X- � amiiQMg- SX URNNdVX h?2 p�Hm2 Q7 i?2 rQ`H/Ƕb 2+Qbvbi2K b2`pB+2b
�M/ M�im`�H +�TBi�HX L�im`2- j3dUJ�vV- k8j@keyX

*Qbi�Mx�g- _X- /2 :`QQig- _X- amiiQMg- SX- p�M /2` SHQ2;g- aX- �M/2`bQMg- aX CX- Em#Bbx2rbFBg- AX- 6�`#2`g- aX- �
hm`M2`g- _X EX UkyR9VX *?�M;2b BM i?2 ;HQ#�H p�Hm2 Q7 2+Qbvbi2K b2`pB+2bX :HQ#�H 1MpB`QMK2Mi�H *?�M;2-
ke- R8k@R83X

kdR
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*QbiH2vg- *X hX- JQbbQTg- EX 6X- .2�Mg- CX _X- :�`/2Mg- GX JX- J�`b?�HHg- CX- � *�``QHHg- CX UkyyyVX .2i2`KBM�iBQM
Q7 K2`+m`v BM 2MpB`QMK2Mi�H �M/ #BQHQ;B+�H b�KTH2b mbBM; Tv`QHvbBb �iQKB+ �#bQ`TiBQM bT2+i`QK2i`v rBi?
;QH/ �K�H;�K�iBQMX �M�HviB+� *?BKB+� �+i�- 9y8UR@kV- RdN@R3jX

*Qii`2HHg- JX hX- � EB`+?K�Mg- .X GX UkyyyVX L�im`�H �bb2K#H�;2b Q7 K�`BM2 T`Qi2Q#�+i2`B� �M/ K2K#2`b Q7 i?2
*viQT?�;�@~�pQ#�+i2` +Hmbi2` +QMbmKBM; HQr@ �M/ ?B;?@KQH2+mH�`@r2B;?i /BbbQHp2/ Q`;�MB+ K�ii2`X �TTHB2/
�M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- eeU9V- ReNk@ReNdX

*`�pQ@G�m`2�mg- *X- >2`M�M/2x@_�[m2ig- :X- oBii2g- AX- Cöxö[m2Hg- _X- "2HH2ig- oX- :Q/QMg- CX CX- *�mK2ii2g-
SX- "�H�;m2`g- SX- � .m`�Mg- _X UkyRRVX _QH2 Q7 2MpB`QMK2Mi�H ~m+im�iBQMb �M/ KB+`Q#B�H /Bp2`bBiv BM
/2;`�/�iBQM Q7 ?v/`Q+�`#QMb BM +QMi�KBM�i2/ bHm/;2X _2b2�`+? BM JB+`Q#BQHQ;v- RekUNV- 333@3N8X

*`Q;M�H2g- aX- *�b2MiBMBg- "X- �K�H7Bi�MQg- aX- 6�xBg- aX- S2i`m++BQHBg- JX- � _Qbb2iiBg- aX UkyRNVX "BQHQ;B+�H
�bUAAAV QtB/�iBQM BM #BQ}Hi2`b #v mbBM; M�iBp2 ;`QmM/r�i2` KB+`QQ`;�MBbKbX a+B2M+2 Q7 i?2 hQi�H 1MpB`QM@
K2Mi- e8R- Nj@RykX

*`mKTg- "X *X- �`K#`mbig- 1X oX- � "�`Qbbg- CX �X URNNNVX S?vHQ;2M2iB+ �M�HvbBb Q7 T�`iB+H2@�ii�+?2/ �M/ 7`22@
HBpBM; #�+i2`B�H +QKKmMBiB2b BM i?2 *QHmK#B� `Bp2`- Bib 2bim�`v- �M/ i?2 �/D�+2Mi +Q�bi�H Q+2�MX �TTHB2/
�M/ 2MpB`QMK2Mi�H KB+`Q#BQHQ;v- e8UdV- jRNk@jky9X

*`mKTg- "X *X- "�`Qbbg- CX �X- � aBK2Mbi�/g- *X �X URNN3VX .QKBM�M+2 Q7 T�`iB+H2@�ii�+?2/ #�+i2`B� BM i?2 *QHmK#B�
_Bp2` 2bim�`v- la�X �[m�iB+ JB+`Q#B�H 1+QHQ;v- R9URV- d@R3X

*`mKTg- "X *X- >QTFBMbQMg- *X aX- aQ;BMg- JX GX- � >Q##B2g- CX 1X Ukyy9VX JB+`Q#B�H "BQ;2Q;`�T?v �HQM; �M 1b@
im�`BM2 a�HBMBiv :`�/B2Mi , *QK#BM2/ AM~m2M+2b Q7 "�+i2`B�H :`Qri? �M/ _2bB/2M+2 hBK2X �TTHB2/ �M/
1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dyUjV- R9N9@R8y8X

*mM?�g- aX *X- h`�#�HƠMg- GX- C�+Q#bg- aX- *�bi`Qg- JX- 62`M�M/2x@h2D2/Q`g- JX- :`�M#vg- EX- o2`#2F2g- qX-
Er�/BDFg- *X- 62``�`Bg- 6X- _Q##2Mbg- CX- aBQ2Mg- AX- SQ+m`mHHg- 1X- J�`[m2bg- �X- 62`M�M/2bg- CX PX-
� .QKBM;Qg- CX GX UkyR3VX lo@}Hi2`b �M/ KmbF 7`�;`�M+2b BM b2�7QQ/ +QKK2`+B�HBx2/ BM 1m`QT2 lMBQM ,
P++m``2M+2- `BbF �M/ 2tTQbm`2 �bb2bbK2MiX 1MpB`QMK2Mi�H _2b2�`+?- ReR- jNN@9y3X

.�H SQxxQg- �X- .QMx2HHBg- :X- _Q/`B[m2xg- GX- � h�D�M�g- �X URN3NVX ǳAM pBi`QǴ KQ/2H 7Q` i?2 2p�Hm�iBQM Q7 /`m;
/Bbi`B#miBQM �M/ TH�bK� T`Qi2BM@#BM/BM; `2H�iBQMb?BTbX AMi2`M�iBQM�H CQm`M�H Q7 S?�`K�+2miB+b- 8y- Nd@RyRX

.�K�b?2Fg- CX- � 6`�M+Bbg- *X �X UkyR3VX JB+`Q#B�H LBi`Q;2M *v+HBM; BM 1bim�`B2b , 6`QK :2M2b iQ 1+Qbvbi2K
S`Q+2bb2bX 1bim�`B2b �M/ *Q�bib- 9R- eke@eeyX

.ǰ�K#`QbBQg- GX- wB2`pQ;2Hg- EX- J�+;`2;Q`g- "X- h2bF2g- �X- � �`MQbiBg- *X UkyR9VX *QKTQbBiBQM �M/ 2MxvK�iB+
7mM+iBQM Q7 T�`iB+H2@�bbQ+B�i2/ �M/ 7`22@HBpBM; #�+i2`B� , � +Q�bi�HfQzb?Q`2 +QKT�`BbQMX AaJ1 CQm`M�H- 3-
kRed@kRdNX

.�mpBMg- CX *X UkyydVX S�`�/Qt Q7 2bim�`BM2 [m�HBiv , #2Mi?B+ BM/B+�iQ`b �M/ BM/B+2b- +QMb2Mbmb Q` /2#�i2 7Q` i?2
7mim`2X J�`BM2 TQHHmiBQM #mHH2iBM- 88- kdR@k3RX

.�mpBMg- CX *X- � _m2HH2ig- hX UkyyNVX h?2 2bim�`BM2 [m�HBiv T�`�/Qt , Ab Bi TQbbB#H2 iQ /2}M2 �M 2+QHQ;B+�H [m�HBiv
bi�imb 7Q` bT2+B}+ KQ/B}2/ �M/ M�im`�HHv bi`2bb2/ 2bim�`BM2 2+Qbvbi2Kb \ J�`BM2 SQHHmiBQM "mHH2iBM- 8NUR@
jV- j3@9dX

.�pB2bg- CX GX- � JQb2bg- *X �X URNe9VX � JQ`T?Q;2MB+ �TT`Q�+? iQ qQ`H/ a?Q`2HBM2bX

.�pBbg- CX �X- >2ix2Hg- 6X- P`�Kg- CX CX- � J+E22g- GX CX UkyydVX SQHv+?HQ`BM�i2/ #BT?2MvHb US*"bV BM a�M 6`�M+Bb+Q
"�vX 1MpB`QMK2Mi�H _2b2�`+?- Ry8- ed@3eX

kdk
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.ög- AX- _QHbiQMg- EX oX- � >�Mg- sX uX Ukyy9VX *HBMB+�H bB;MB}+�M+2 Q7 _Qb2QKQM�b bT2+B2b BbQH�i2/ 7`QK +�i?2i2`
�M/ #HQQ/ b�KTH2b , �M�HvbBb Q7 je +�b2b BM T�iB2Mib rBi? +�M+2`X *HBMB+�H AM72+iBQmb .Bb2�b2b- j3URRV-
R8dN@R839X

.2 "`mBDMg- CX- "mbb2`g- 6X- a2BM2Mg- qX- � >2`K2Mbg- CX URN3NVX .2i2`KBM�iBQM Q7 Q+i�MQHfr�i2` T�`iBiBQM +Q2{@
+B2Mib 7Q` ?v/`QT?Q#B+ Q`;�MB+ +?2KB+�Hb rBi? i?2 ǳbHQrɢbiB``BM;Ǵ K2i?Q/X 1MpB`QMK2Mi�H hQtB+QHQ;v �M/
*?2KBbi`v- 3UeV- 9NN@8RkX

.2 *�`BQg- _X- Em`�g- �X- am`�+Bg- aX- J�;Bg- �X- oQHi�g- �X- J�`+m++Bg- _X- :Q`Bg- �X JX- S2T2g- :X- :BmbiBg- "X-
� aiB++?Bg- 1X UkykyVX a�M;2` o�HB/�iBQM Q7 >B;?@h?`Qm;?Tmi a2[m2M+BM; BM :2M2iB+ .B�;MQbBb , aiBHH i?2
"2bi S`�+iB+2 \ 6`QMiB2`b BM :2M2iB+b- RR- 8Nk833X

.2 J��;/g- SX :X@CX- h2M >mHb+?2`g- .X hX 1X- o�M .2M >2mp2Hg- >X- PTT2`?mBx2Mg- �X- � aBDKg- .X hX URNN3VX
S?vbB+Q+?2KB+�H T`QT2`iB2b Q7 TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb , �[m2Qmb bQHm#BHBiB2b- M@Q+i�MQHfr�i2`
T�`iBiBQM +Q2{+B2Mib- �M/ >2M`vǶb H�r +QMbi�MibX 1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- RdUkV- k8R@
k8dX

/2 S�Bp� J�;�H?¸2bg- .X- /� *Qbi� J�`[m2bg- JX _X- "�TiBbi�g- .X 6X- � "mbbg- .X 6X UkyR8VX J2i�H #BQ�p�BH�#BHBiv
�M/ iQtB+Biv BM 7`2b?r�i2`bX 1MpB`QMK2Mi�H *?2KBbi`v G2ii2`b- Rj- eN@3dX

.27QMi�BM2g- aX UkyRNVX a�HBM2 bi`m+im`2- +B`+mH�iBQM �M/ bmbT2M/2/ b2/BK2Mi i`�MbTQ`i BM � +?�MM2HBx2/ b�Hi@r2/;2
2bim�`v , i?2 �/Qm` `Bp2` 2bim�`v Ui?ĕb2 /2 /Q+iXVX lMBp2`bBiû /2 S�m 2i /2b S�vb /2 HǶ�/Qm`X

.27QMi�BM2g- aX- aQmbg- .X- JQ`B+?QMg- .X- o2`M2vg- _X- � JQMT2``mbg- JX UkyRNVX >v/`Q/vM�KB+b �M/ aSJ
i`�MbTQ`i BM �M 2M;BM22`2/ iB/�H 2bim�`v , i?2 �/Qm` `Bp2` U6`�M+2VX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2-
kjR- Rye998X

.2?MBM;g- AX- � a+?BMFg- "X URN3NVX J�HQMQKQM�b `m#`� ;2MX MQpX bTX MQpX- � KB+`Q�2`QiQH2`�Mi �M�2`Q#B+ #�+i2`BmK
;`QrBM; #v /2+�`#QtvH�iBQM Q7 K�HQM�i2X �`+?Bp2b Q7 JB+`Q#BQHQ;v- R8RU8V- 9kd@9jjX

.2GQM;g- 1X 6X URNNkVX �`+?�2� BM +Q�bi�H K�`BM2 2MpB`QMK2MibX 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+�- 3NURkV- 8e38@8e3NX

.2GQ`2MxQg- JX 1X- a+Qiig- :X AX- � _Qbbg- SX 1X UkyyRVX hQtB+Biv Q7 T2biB+B/2b iQ �[m�iB+ KB+`QQ`;�MBbKb , � `2pB2rX
1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- kyURV- 39@N3X

.2M;g- uX- CB�M;g- uX >X- u�M;g- uX- >2g- wX- GmQg- 6X- � w?Qmg- CX UkyRkVX JQH2+mH�` 2+QHQ;B+�H M2irQ`F �M�Hvb2bX
"J* "BQBM7Q`K�iB+b- RjURRjVX

.2v+�`/g- oX UkyR8VX 1im/2 /2 H� `û�+iBpBiû 2i HǶ2{+�+Biû /2 `ûi2MiBQM /2b ûHûK2Mib i`�+2b Kûi�HHB[m2b /�Mb H2b
bi�iBQMb /ǶûTm`�iBQM /2 "Q`/2�mt 2i H2m`b �TTQ`ib Kûi�HHB[m2b /�Mb H2b 2�mt /2 H� b2+iBQM :�`QMM�Bb2 /2
HǶ2bim�B`2 /2 H� :B`QM/2 UaTû+B�HBiû , :ûQ+?BKB2 2i û+QiQtB+QHQ;B2VX lMBp2`bBiû /2 "Q`/2�mtX

.B�``�g- AX- � S`�b�/g- aX UkykRVX h?2 +m``2Mi bi�i2 Q7 ?2�pv K2i�H TQHHmiBQM BM S�+B}+ AbH�M/ *QmMi`B2b , � `2pB2rX

.B�bg- JX- a�Hp�/Qg- CX *X- JQMT2``mbg- JX- *�mK2ii2g- SX- �KQm`Qmtg- .X- .m`�Mg- _X- � :mvQM2�m/g- _X Ukyy3VX
*?�`�+i2`Bx�iBQM Q7 .2bmH7QKB+`Q#BmK b�Hbm;BMBb bTX MQpX �M/ .2bmH7QKB+`Q#BmK �2bim�`BB bTX MQpX- irQ M2r
bmH7�i2@`2/m+BM; #�+i2`B� BbQH�i2/ 7`QK i?2 �/Qm` 2bim�`v U6`2M+? �iH�MiB+ +Q�biV rBi? bT2+B}+ K2`+m`v
K2i?vH�iBQM TQi2MiB�HbX avbi2K�iB+ �M/ �TTHB2/ JB+`Q#BQHQ;v- jRURV- jy@jdX

.BQMM2g- CX URNejVX hQr�`/b � KQ`2 �/2[m�i2 /2}MBiBQM Q7 i?2 aiX G�r`2M+2 2bim�`vX w2Bib+?`B7i 7m` :2QKQ`T?QHQ;B2-
dURV- je@99X
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.Q//bg- CX LX- �H2t�M/2`g- LX GX JX- EB`FrQQ/g- EX AX- 6Qbi2`g- JX _X- >QTFBMbg- wX _X- EM�TT2g- .X _X- � "�F2`g-
1X aX UkykRVX 6`QK S2biB+B/2b iQ S2`@ �M/ SQHv~mQ`Q�HFvH am#bi�M+2b , �M 1p�Hm�iBQM Q7 _2+2Mi h�`;2i2/
�M/ lMi�`;2i2/ J�bb aT2+i`QK2i`v J2i?Q/b 7Q` s2MQ#BQiB+bX �M�HviB+�H +?2KBbi`v- NjURV- e9RX

.`�vg- aX- � .m7Qm`g- �X "X UkyydVX h?2 �/29 T�+F�;2 , AKTH2K2MiBM; i?2 /m�HBiv /B�;`�K 7Q` 2+QHQ;BbibX CQm`M�H
Q7 ai�iBbiB+�H aQ7ir�`2- kkU9V- R@kyX

.mMMBp�Mig- 6X JX- � 1Hx2`K�Mg- �X qX URN33VX �[m2Qmb bQHm#BHBiv �M/ >2M`vǶb H�r +QMbi�Mi /�i� 7Q` S*"
+QM;2M2`b 7Q` 2p�Hm�iBQM Q7 [m�MiBi�iBp2 bi`m+im`2@T`QT2`iv `2H�iBQMb?BTb UZaS_bVX *?2KQbT?2`2- RdUjV-
8k8@89RX

.m`�Mg- _X- _�M+?Qm@S2v`mb2g- JX- J2Mm2ig- oX- JQMT2``mbg- JX- "�`2BHH2g- :X- :QƜBg- JX aX- a�Hp�/Qg- CX *X-
�KQm`Qmtg- .X- :mvQM2�m/g- _X- .QM�`/g- PX 6X sX- � *�mK2ii2g- SX Ukyy3VX J2`+m`v K2i?vH�iBQM
#v � KB+`Q#B�H +QKKmMBiv 7`QK b2/BK2Mib Q7 i?2 �/Qm` 1bim�`v U"�v Q7 "Bb+�v- 6`�M+2VX 1MpB`QMK2Mi�H
SQHHmiBQM- R8eUjV- N8R@N83X

.m`�Mg- _X- "B2H2Mg- �X- S�`�/ʂBFg- hX- :�bbB2g- *X- SmbiBD�M�+g- 1X- *�;MQMg- *X- >�K2`g- "X- � omD�FHBD�g-
.X UkyR8VX 1tTHQ`BM; �+iBMQ#�+i2`B� �bb2K#H�;2b BM +Q�bi�H K�`BM2 b2/BK2Mib mM/2` +QMi`�bi2/ >mK�M
BM~m2M+2b BM i?2 q2bi Abi`B� a2�- *`Q�iB�X 1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kkUkyV- R8kR8@
R8kkNX

1*>�gX UkyReVX J2K#2` bi�i2 +QKKBii22 bmTTQ`i /Q+mK2Mi 7Q` B/2MiB}+�iBQM Q7 R-d-d@i`BK2i?vH@j@UT?2MvHK2i?vH2M2V@
#B+v+HQ(kXkXR)?2Ti�M@k@?2MQM2Uj@#2MxvHB/2M2 +�KT?Q`V U`�TTX i2+?XVX 1m`QT2�M *?2KB+�Hb �;2M+vX

1+F#m`;g- SX "X- "BFg- 1X JX- "2`Mbi2BMg- *X LX- Sm`/QKg- 1X- .2i?H27b2Mg- GX- a�`;2Mig- JX- :BHHg- aX _X- L2HbQMg-
EX 1X- � _2HK�Mg- .X �X Ukyy8VX JB+`Q#BQHQ;v , .Bp2`bBiv Q7 i?2 ?mK�M BMi2biBM�H KB+`Q#B�H ~Q`�X a+B2M+2-
jy3U8dk3V- Rej8@Rej3X

1/m�`/Q@*Q``2B�g- "X- JQ`�H2b@6BHHQvg- >X- � �#�/g- CX SX UkykyVX "�+i2`B� 6`QK i?2 JmHiB@*QMi�KBM�i2/ hBMiQ
_Bp2` 1bim�`v Uaq- aT�BMV a?Qr >B;? JmHiB@_2bBbi�M+2 iQ �MiB#BQiB+b �M/ SQBMi iQ S�2MB#�+BHHmb bTTX �b
�MiB#BQiB+@_2bBbi�M+2@.Bbb2KBM�iBQM SH�v2`bX 6`QMiB2`b BM JB+`Q#BQHQ;v- Ry- jydRX

1;;H2biQMg- .X "X- JBHHbi2BMg- 1X- � SH�B�g- :X UkyR8VX hBKBM; �M/ `Qmi2 Q7 KB;`�iBQM Q7 K�im`2 72K�H2 #Hm2 +`�#b
BM � iB/�H 2bim�`vX "BQHQ;v G2ii2`b- RRU8V- kyR9yNjeX

1HHBQiig- JX- � J+GmbFvg- .X aX UkyykVX h?2 M22/ 7Q` /2}MBiBQMb BM mM/2`bi�M/BM; 2bim�`B2bX 1bim�`BM2- *Q�bi�H
�M/ a?2H7 a+B2M+2- 88UeV- 3R8@3kdX

1HHBQiig- JX- � ZmBMiBMQg- oX UkyydVX h?2 1bim�`BM2 Zm�HBiv S�`�/Qt- 1MpB`QMK2Mi�H >QK2Qbi�bBb �M/ i?2 /B{+mHiv
Q7 /2i2+iBM; �Mi?`QTQ;2MB+ bi`2bb BM M�im`�HHv bi`2bb2/ �`2�bX J�`BM2 SQHHmiBQM "mHH2iBM- 89UeV- e9y@e98X

1HQ2@6�/`Qb?g- 1X �X- Ap�MQp�g- LX LX- qQvF2g- hX- � Ev`TB/2bg- LX *X UkyReVX J2i�;2MQKB+b mM+Qp2`b ;�Tb BM
�KTHB+QM@#�b2/ /2i2+iBQM Q7 KB+`Q#B�H /Bp2`bBivX L�im`2 KB+`Q#BQHQ;v- RUR8yjkVX

1Hb2`g- CX CX UkyRkVX S?QbT?Q`mb , � HBKBiBM; Mmi`B2Mi 7Q` ?mK�MBiv \ *m``2Mi QTBMBQM BM #BQi2+?MQHQ;v- kjUeV- 3jj@3j3X
1`;m/2`g- hX >X- "QQMg- LX- qBii2#QHH2g- GX- J�`xQ`�iBg- JX- � o2`bi`�2i2g- qX UkyyNVX 1MpB`QMK2Mi�H 7�+iQ`b

b?�TBM; i?2 2+QHQ;B+�H MB+?2b Q7 �KKQMB�@QtB/BxBM; �`+?�2�X 61Ja JB+`Q#BQHQ;v _2pB2rb- jjU8V- 388@3eNX
1bi`2H�g- aX- � "`QrMg- aX SX UkyR3VX *QKKmMBiv BMi2`�+iBQMb �M/ bT�iB�H bi`m+im`2 b?�T2 b2H2+iBQM QM �MiB#BQiB+

`2bBbi�Mi HBM2�;2bX SGPa *QKTmi�iBQM�H "BQHQ;v- R9UeV- 2RyyeRdNX
6�##`Bg- 1X- � 6`�Mx2HHBiiBg- aX UkyReVX >mK�M T?�`K�+2miB+�Hb BM i?2 K�`BM2 2MpB`QMK2Mi , 6Q+mb QM 2tTQbm`2

�M/ #BQHQ;B+�H 2z2+ib BM �MBK�H bT2+B2bX 1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- j8U9V- dNN@3RkX
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6�m`ög- aX UkyR3VX �*hAPL R @ "BH�M /2b +QMM�Bbb�M+2b bm` HǶûi�i /2 H� [m�HBiû +?BKB[m2 2i #BQHQ;B[m2 /2b 2�mt
HBiiQ`�H2b bm` H� xQM2 /Ƕûim/2 JB+`QTQHBiX S�`iB2 � Ĝ .2b+`BTiB7 /2b bBi2b �i2HB2`bX U`�TTX i2+?XVX AS_1JX

62M+?2Hg- hX Ukyy3VX h?2 KB+`Q#B�H HQQT @ k8 v2�`b H�i2`X CQm`M�H Q7 1tT2`BK2Mi�H J�`BM2 "BQHQ;v �M/ 1+QHQ;v- jee-
NN@RyjX

62M;g- "X qX- GBg- sX _X- q�M;g- CX >X- >mg- wX uX- J2M;g- >X- sB�M;g- GX uX- � Zm�Mg- wX sX UkyyNVX "�+i2`B�H
/Bp2`bBiv Q7 r�i2` �M/ b2/BK2Mi BM i?2 *?�M;DB�M; 2bim�`v �M/ +Q�bi�H �`2� Q7 i?2 1�bi *?BM� a2�X 61Ja
JB+`Q#BQHQ;v 1+QHQ;v- dyUkV- kje@k93X

62`M�M/2bg- JX "X- aB+`2g- JX �X- "QB`2�mg- �X- � h`QM+xvMbFBg- CX URNNdVX SQHv�`QK�iB+ ?v/`Q+�`#QM US�>V
/Bbi`B#miBQMb BM i?2 a2BM2 _Bp2` �M/ Bib 2bim�`vX J�`BM2 SQHHmiBQM "mHH2iBM- j9URRV- 38d@3edX

62`M{M/2x@:ƠK2xg- "X- _B+?i2`g- JX- a+?ȽH2`g- JX- SBM?�bbBg- CX- �+BM�bg- aX :X- :QMx{H2xg- CX JX- � S2/`Ơb@
�HBƠg- *X UkyRjVX 1+QHQ;v Q7 K�`BM2 #�+i2`QB/2i2b , � +QKT�`�iBp2 ;2MQKB+b �TT`Q�+?X AaJ1 CQm`M�H- d-
Ryke@RyjdX

62``�`Bg- "X- S�tömbg- LX- :Bm/B+2g- _X GX- SQHHBQg- �X- � :�``B+g- CX UkyyjVX 1+QiQtB+QHQ;B+�H BKT�+i Q7 T?�`K�+2m@
iB+�Hb 7QmM/ BM i`2�i2/ r�bi2r�i2`b , bim/v Q7 +�`#�K�x2TBM2- +HQ}#`B+ �+B/- �M/ /B+HQ72M�+X 1+QiQtB+QHQ;v
�M/ 1MpB`QMK2Mi�H a�72iv- 88- j8N@jdyX

62``2B`�g- JX- "H�M+Qg- GX- :�``B/Qg- �X- oB2Bi2bg- CX JX- � *�#�/Qg- �X :X UkyRjVX AM oBi`Q �TT`Q�+?2b hQ 1p�@
Hm�i2 hQtB+Biv AM/m+2/ #v P`;�MQiBM *QKTQmM/b h`B#mivHiBM Uh"hV- .B#mivHiBM U."hV- �M/ JQMQ#mivHiBM
UJ"hV BM L2m`Q#H�biQK� *2HHbX CQm`M�H Q7 �;`B+mHim`�H �M/ 6QQ/ *?2KBbi`v- eRURdV- 9RN8@9kyjX

6B;m2B`2/Qg- �X _X- � EȽKK2`HBg- _X UkykyVX JB+`Q#B�H Jmim�HBbK , qBHH uQm aiBHH L22/ J2- qBHH uQm aiBHH 622/
J2 \ *m``2Mi "BQHQ;v- jy- Ry9R@Ry9jX

6BMBg- �X- G�mbg- JX- P`B2MiBg- AX- � w2++?Bg- oX URN3eVX .BbbQHmiBQM �M/ T�`iBiBQM i?2`KQ/vM�KB+ 7mM+iBQMb Q7 bQK2
MQMbi2`QB/�H �MiB@BM~�KK�iQ`v /`m;bX CQm`M�H Q7 S?�`K�+2miB+�H a+B2M+2b- d8URV- kj@k8X

6H22;2`g- CX qX- *�`K�Mg- EX _X- � LBb#2ig- _X JX UkyyjVX AM/B`2+i 2z2+ib Q7 +QMi�KBM�Mib BM �[m�iB+ 2+Qbvbi2KbX
a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- jRdUR@jV- kyd@kjjX

6QMb2HBmbg- aX URN3jVX .2i2`KBM�iBQM Q7 ?v/`Q;2M bmH}/2X AM o2`H�; *?2KB2gUú/XV- J2i?Q/2b Q7 b2�r�i2` �M�HvbBb
U:`�bb?Qz- TX dj@3yVX

6QMi�M2xg- EX JX- 1TTH2vg- CX JX- a�KQg- hX CX- E�`Hg- .X JX- � .2HQM;g- 1X 6X UkyR8VX JB+`Q#B�H +QKKmMBiv
bi`m+im`2 �M/ 7mM+iBQM QM bBMFBM; T�`iB+H2b BM i?2 LQ`i? S�+B}+ am#i`QTB+�H :v`2X eUJ�vV- R@R9X

6Q`#2bg- oX 1X- � *�HQrg- SX URNNdVX _2bTQMb2b Q7 �[m�iB+ Q`;�MBbKb iQ TQHHmi�Mi bi`2bb , h?2Q`2iB+�H �M/ T`�+iB+�H
BKTHB+�iBQMbX AM 1MpB`QMK2Mi�H ai`2bb- �/�Ti�iBQM �M/ 1pQHmiBQM UTX k8@9RVX

6Q`imM�iQg- *X aX- � *`mKTg- "X *X UkyR8VX JB+`Q#B�H ;2M2 �#mM/�M+2 �M/ 2tT`2bbBQM T�ii2`Mb �+`Qbb � `Bp2` iQ
Q+2�M b�HBMBiv ;`�/B2MiX SGQa PL1- RyURRV- R@kkX

6Q`imM�iQg- *X aX- 1BH2`g- �X- >2`7Q`ig- GX- L22/Q#�g- CX �X- S2i2`bQMg- hX .X- � *`mKTg- "X *X UkyRjVX .2i2`@
KBMBM; BM/B+�iQ` i�t� �+`Qbb bT�iB�H �M/ b2�bQM�H ;`�/B2Mib BM i?2 *QHmK#B� _Bp2` +Q�bi�H K�`;BMX AaJ1
CQm`M�H- d- R3NN@RNRRX

6QrH2`g- .X- *QvH2g- JX- aFB#�g- lX- amiiQMg- JX �X- *�T2g- CX LX- _2Bbg- aX- a?2TT�`/g- GX CX- C2MFBMbg- �X-
:`Bxx2iiBg- "X- :�HHQr�vg- CX LX- oBiQmb2Fg- SX- G2�+?g- �X- "QmrK�Mg- �X 6X- "mii2`#�+?@"�?Hg-
EX- .2Mi2M2`g- 6X- ai2p2MbQMg- .X- �K�MMg- JX- � oQbbg- JX UkyRjVX h?2 ;HQ#�H MBi`Q;2M +v+H2 BM i?2

kd8
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ir2Miv@}`bi +2Mim`vX S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv " , "BQHQ;B+�H a+B2M+2b- je3URekRV-
kyRjyRe9X

6mg- *X- .2M;g- aX- CBMg- :X- q�M;g- sX- � umg- wX :X UkyRdVX "�v2bB�M M2irQ`F KQ/2H 7Q` B/2MiB}+�iBQM Q7 T�i?r�vb
#v BMi2;`�iBM; T`Qi2BM BMi2`�+iBQM rBi? ;2M2iB+ BMi2`�+iBQM /�i�X "J* avbi2Kb "BQHQ;v- RRU3RV- j8@9kX

6m+?bK�Mg- *X �X- EB`FT�i`B+Fg- CX "X- "`�x2HiQMg- qX CX- Jm``�vg- CX qX- � ai�H2vg- CX hX UkyRRVX J2i�#QHB+
bi`�i2;B2b Q7 7`22@HBpBM; �M/ �;;`2;�i2@�bbQ+B�i2/ #�+i2`B�H +QKKmMBiB2b BM72``2/ 7`QK #BQHQ;B+ �M/ +?2KB+�H
T`Q}H2b BM i?2 "H�+F a2� bm#QtB+ xQM2X 61Ja JB+`Q#BQHQ;v 1+QHQ;v- d3UjV- 83e@eyjX

6m?`K�Mg- CX �X UkyyNVX JB+`Q#B�H +QKKmMBiv bi`m+im`2 �M/ Bib 7mM+iBQM�H BKTHB+�iBQMbX L�im`2- 98N- RNj@RNNX
6m?`K�Mg- CX �X- � J+*�HHmKg- EX URNNkVX LQp2H K�DQ` �`+?�2#�+i2`B�H ;`QmT 7`QK K�`BM2 TH�MFiQMX L�im`2-

j8eUeje8V- R93@R9NX
6m?`K�Mg- CX �X- � ai22H2g- CX �X Ukyy3VX *QKKmMBiv bi`m+im`2 Q7 K�`BM2 #�+i2`BQTH�MFiQM , S�ii2`Mb- M2irQ`Fb-

�M/ `2H�iBQMb?BTb iQ 7mM+iBQMX �[m�iB+ JB+`Q#B�H 1+QHQ;v- 8jURV- eN@3RX
:�;Q@62``2`Qg- SX- .Ō�x@*`mxg- JX aX- � "�`+2HƠg- .X UkyR8VX lo }Hi2`b #BQ�++mKmH�iBQM BM }b? 7`QK A#2`B�M

`Bp2` #�bBMbX h?2 a+B2M+2 Q7 i?2 iQi�H 2MpB`QMK2Mi- 8R3@8k8X
:�p`BH2b+mg- JX- .2KM2`Qp{g- EX- ��K�M/g- CX- �;�i?Qbg- aX- � 6�p�g- 6X UkyR8VX 1K2`;BM; TQHHmi�Mib BM i?2

2MpB`QMK2Mi , S`2b2Mi �M/ 7mim`2 +?�HH2M;2b BM #BQKQMBiQ`BM;- 2+QHQ;B+�H `BbFb �M/ #BQ`2K2/B�iBQMX L2r
"BQi2+?MQHQ;v- jkURV- R9d@R8eX

:�rg- aX- h?QK�bg- EX oX- � >mi+?BMbQMg- hX >X UkyR9VX aQm`+2b- BKT�+ib �M/ i`2M/b Q7 T?�`K�+2miB+�Hb BM i?2
K�`BM2 �M/ +Q�bi�H 2MpB`QMK2MiX S?BHQbQT?B+�H i`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QMX a2`B2b "-
"BQHQ;B+�H b+B2M+2b- jeNURe8eVX

:2`�bBK2MFQg- GX JX- P`H2�MbFBBg- oX EX- � w�Bib2p�g- GX oX UkyRjVX �++mKmH�iBQM �M/ T`2+BTBi�iBQM Q7 JMkY #v
i?2 +2HHb Q7 Pb+BHH�iQ`B� i2`2#`B7Q`KBbX JB+`Q#BQHQ;v- 3kU8V- eyN@eRdX

:?�Bg- _X- JBxmMQg- *X JX- SB+�xQg- �X- *�K�+?Qg- �X- _Q/`B;m2x@o�H2`�g- 6X- J2;mKB JBxmMQg- *X- SB+�xQg- �X-
*�K�+?Qg- �X- � _Q/`B;m2x@o�H2`�g- 6X UkyRjVX J2i�;2MQKB+b mM+Qp2`b � M2r ;`QmT Q7 HQr :* �M/
mHi`�@bK�HH K�`BM2 �+iBMQ#�+i2`B�X a+B2MiB}+ `2TQ`ib- jUk9dRV- R@3X

:B##bg- _X CX URNddVX h`�MbTQ`i T?�b2b Q7 i`�MbBiBQM K2i�Hb BM i?2 �K�xQM �M/ umFQM _Bp2`bX "mHH2iBM Q7 i?2
:2QHQ;B+�H aQ+B2iv Q7 �K2`B+�- 33UeV- 3kN@39jX

:BHQi2�mtg- GX- .m`�Mg- _X- *�bBQig- *X- "`mM22Hg- PX- 1H#�x@SQmHB+?2ig- 6X- � :QƜB@l``Bx�g- JX UkyRjVX h?`22@
v2�` bm`p2v Q7 bmH7�i2@`2/m+BM; #�+i2`B� +QKKmMBiv bi`m+im`2 BM *�`MQmHĕb �+B/ KBM2 /`�BM�;2 U6`�M+2V-
?B;?Hv +QMi�KBM�i2/ #v �`b2MB+X 61Ja JB+`Q#BQHQ;v 1+QHQ;v- 3jUjV- dk9@djdX

:Q/BM?Qg- PX- *�HBbiQg- _X- Ǚp`2¯bg- GX- ZmBMi2B`�g- aX- � G�;2g- PX JX UkyRNVX �MiB#BQiB+ bmb+2TiB#BHBiv Q7 K�`BM2
SH�M+iQKv+2i2bX �MiQMB2 p�M G22mr2M?Q2F- RRkU3V- Rkdj@Rk3yX

:QMÊ�Hp2b "2M/B�g- �X- *2x�` 6Q`M�xB2` JQ`2B`�g- CX- *Q``2� L2Bp� 62``2B`�g- CX- :�K#� _QK�MQg- _X-
:QMÊ�Hp2b /2 *�bi`Q 62``2B`�g- AX- *�biBHHQ 6`�M+Qg- .X- *�`K2H� JQMiQM2g- _X- � >2H2M�
S2HHBx�`Bg- oX UkykRVX .Bp2`bBiv Q7 7`22@HBpBM; T`QF�`vQi2b QM i2``2bi`B�H �M/ K�`BM2 �Mi�`+iB+ ?�#Bi�ibX
#BQ_tBpX

:QƜB@l``Bx�g- JX aX- SQBMig- .X- �KQm`Qmtg- .X- :mvQM2�m/g- _X- .QM�`/g- PX 6X sX- *�mK2ii2g- SX- � .m`�Mg-
_X UkyydVX "�+i2`B�H +QKKmMBiv bi`m+im`2 �HQM; i?2 �/Qm` 2bim�`v U6`2M+? �iH�MiB+ +Q�biV , AM~m2M+2 Q7
b�HBMBiv ;`�/B2Mi p2`bmb K2i�H +QMi�KBM�iBQMX �[m�iB+ JB+`Q#B�H 1+QHQ;v- 9NURV- 9d@8eX
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:Qm`BQmg- GX- h`mig- :X- �m#vg- AX- _B;QmBMg- GX- Jöi2B;M2`g- *X- � P;2`@C2�MM2`2ig- >X UkyR3VX o�HQ`Bb�iBQM /2b
/QMMû2b /2 H� bm`p2BHH�M+2 +?BKB[m2 .*1 /�Mb H2b K�bb2b /Ƕ2�m /m #�bbBM �/Qm`@ :�`QMM2 Ukyy3@ kyR8V
U`�TTX i2+?XVX A6_1J1_X L�Mi2bX

:`�+2HBg- CX "X- a2M�g- :X *X- GQT2bg- SX 6X AX- w�KT`Q;MQg- :X *X- /� *Qbi�g- JX "X- :Q/QBg- �X 6X GX- /Qb a�MiQbg-
.X JX- /2 J�`+?Bg- JX _X _X- � /Qb a�MiQb 62`M�M/2xg- JX �X UkyRjVX P`;�MQiBMb , � `2pB2r Q7 i?2B`
`2T`Q/m+iBp2 iQtB+Biv- #BQ+?2KBbi`v- �M/ 2MpB`QMK2Mi�H 7�i2X _2T`Q/m+iBp2 iQtB+QHQ;v- je- 9y@8kX

:`�7g- CX UkyR9VX h?2 6�KBHv _BF2M2HH�+2�2X AM h?2 S`QF�`vQi2b , Pi?2` J�DQ` GBM2�;2b Q7 "�+i2`B� �M/ h?2 �`+?�2�
UTX 38d@38NVX aT`BM;2`- "2`HBM- >2B/2H#2`;X

:`�?�Kg- 1X "X- EM2HK�Mg- CX 1X- a+?BM/H#�+?2`g- �X- aB+BHB�MQg- aX- "`2mHK�MMg- JX- u�MM�`2HHg- �X- "2K�Mg-
CX JX- �#2HHg- :X- S?BHBTTQig- GX- S`Qbb2`g- CX- 6QmH[mB2`g- �X- umbi2g- CX *X- :H�MpBHH2g- >X *X- CQM2bg-
.X GX- �M;2Hg- _X- a�HKBM2Mg- CX- L2riQMg- _X CX- "Ƚ`;K�MMg- >X- AM;`�Kg- GX CX- Ę L2K2`;mig- .X _X
UkyReVX JB+`Q#2b �b 2M;BM2b Q7 2+Qbvbi2K 7mM+iBQM , q?2M /Q2b +QKKmMBiv bi`m+im`2 2M?�M+2 T`2/B+iBQMb
Q7 2+Qbvbi2K T`Q+2bb2b \ 6`QMiB2`b BM JB+`Q#BQHQ;v- dUkR9VX

:`B+2g- 1X �X- � a2;`2g- CX �X UkyRRVX h?2 bFBM KB+`Q#BQK2X L�im`2 _2pB2rb JB+`Q#BQHQ;v- NU9V- k99@k8jX
:`Qbg- JX- "HmKg- EX JX- C2`Mbi2/ig- >X- _2MK�Mg- :X- _Q/`Ō;m2x@JQx�xg- aX- >�;HmM/g- SX- �M/2`bbQMg- SX GX-

qB#2`;g- EX- � �?`2Mbg- GX UkyRdVX a+`22MBM; �M/ T`BQ`BiBx�iBQM Q7 KB+`QTQHHmi�Mib BM r�bi2r�i2`b 7`QK
QM@bBi2 b2r�;2 i`2�iK2Mi 7�+BHBiB2bX CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- jk3- jd@98X

:`Qbb�`ig- >X SX UkyRyVX 1+QHQ;B+�H +QMb2[m2M+2b Q7 #�+i2`BQTH�MFiQM HB72bivH2b , *?�M;2b BM +QM+2Tib �`2 M22/2/X
1MpB`QMK2Mi�H JB+`Q#BQHQ;v _2TQ`ib- kUeV- dye@dR9X

:m2``2B`Qg- JX �X- J�`iBM?Qg- 6X- "�TiBbi�g- CX- *Qbi�g- 6X- S�`/�Hg- JX �X- � S`BKQg- �X GX UkykRVX 6mM+iBQM
Q7 2bim�`B2b �M/ +Q�bi�H �`2�b �b Mm`b2`v ;`QmM/b 7Q` K�`BM2 }b? 2�`Hv HB72 bi�;2bX J�`BM2 1MpB`QMK2Mi�H
_2b2�`+?- Rdy- Ry89y3X

:mHH#2`;g- 1X- *�Qg- aX- "2`;g- PX :X- AH#�+Fg- *X- a�M/2;`2Mg- GX- >m;?2bg- .X- � �M/2`bbQMg- .X AX UkyRRVX
a2H2+iBQM Q7 _2bBbi�Mi "�+i2`B� �i o2`v GQr �MiB#BQiB+ *QM+2Mi`�iBQMbX SGPa S�i?Q;2Mb- dUdV- 2RyykR83X

:mQg- >X- L�bB`g- JX- Gpg- CX- .�Bg- uX- � :�Qg- CX UkyRdVX lM/2`bi�M/BM; i?2 p�`B�iBQM Q7 KB+`Q#B�H +QKKmMBiv
BM ?2�pv K2i�Hb +QMi�KBM�i2/ bQBH mbBM; ?B;? i?`Qm;?Tmi b2[m2M+BM;X 1+QiQtB+QHQ;v �M/ 1MpB`QMK2Mi�H
a�72iv- R99U.2+2K#2` kyReV- jyy@jyeX

:mQg- sX@TX- Gmg- .X@TX- LBmg- wX@bX- 62M;g- CX@MX- *?2Mg- uX@`X- hQmg- 6X@vX- GBmg- JX- � u�M;g- uX UkyR3VX "�+i2`B�H
+QKKmMBiv bi`m+im`2 BM `2bTQMb2 iQ 2MpB`QMK2Mi�H BKT�+ib BM i?2 BMi2`iB/�H b2/BK2Mib �HQM; i?2 u�M;ix2
1bim�`v- *?BM�X J�`BM2 SQHHmiBQM "mHH2iBM- Rke- R9R@R9NX

:mQg- sX@TX- u�M;g- uX- b?mM LBmg- wX- Gmg- .X SX- ?QM; w?mg- *X- M�M 62M;g- CX- vm�M qmg- CX- `m *?2Mg- uX- vmM hQmg-
6X- GBmg- JX- � >Qmg- GX UkyRNVX *?�`�+i2`BbiB+b Q7 KB+`Q#B�H +QKKmMBiv BM/B+�i2 �Mi?`QTQ;2MB+ BKT�+i QM
i?2 b2/BK2Mib �HQM; i?2 u�M;ix2 1bim�`v �M/ Bib +Q�bi�H �`2�- *?BM�X a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi-
e93- jye@jR9X

>�2MMBg- JX- .�;Qig- *X- *?2bM2�mg- PX- "B##�Hg- .X- G�#�MQrbFBg- CX- oB�H2ii2g- JX- "Qm+?�`/g- .X- J�`iBM@
G�m`2Mig- 6X- *�Hb�ig- GX- L�x�`2ig- aX- S2iBig- 6X- SQm`+?2`g- �X JX- hQ;QH�g- �X- "�+?2HQig- JX- hQTTg-
1X- � >Q+[m2ig- .X UkykkVX 1MpB`QMK2Mi�H +QMi�KBM�iBQM BM � ?B;?@BM+QK2 +QmMi`v U6`�M+2V #v �MiB#BQiB+b-
�MiB#BQiB+@`2bBbi�Mi #�+i2`B�- �M/ �MiB#BQiB+ `2bBbi�M+2 ;2M2b , ai�imb �M/ TQbbB#H2 +�mb2bX 1MpB`QMK2Mi
AMi2`M�iBQM�H- R8N- Rydy9dX
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>�K/?�MBg- >X- 1TT2?BK2`g- .X 1X- � "Q;�Mg- JX hX UkykyVX _2H2�b2 Q7 i`2�i2/ 2|m2Mi BMiQ bi`2�Kb , � ;HQ#�H
`2pB2r Q7 2+QHQ;B+�H BKT�+ib rBi? � +QMbB/2`�iBQM Q7 Bib TQi2MiB�H mb2 7Q` 2MpB`QMK2Mi�H ~QrbX 6`2b?r�i2`
"BQHQ;v- e8UNV- Re8d@RedyX

>�Kx2?g- JX- Pm//�M2g- "X- .�v2g- JX- � >�Hr�MBg- CX UkyR9VX h`�+2 K2i�H KQ#BHBx�iBQM 7`QK bm`}+B�H b2/BK2Mib Q7
i?2 a2BM2 _Bp2` 2bim�`vX q�i2`- �B`- �M/ aQBH SQHHmiBQM- kk8UR3d3VX

>�Mg- aX- >m�M;g- ZX- � *?2Mg- qX UkykRVX S�`iBiBQMBM; LBi`QbTB`� +QKKmMBiv bi`m+im`2 �M/ +Q@Q++m``2M+2 T�ii2`Mb
BM � HQM;@i2`K BMQ`;�MB+ �M/ Q`;�MB+ 72`iBHBx�iBQM bQBHX CQm`M�H Q7 aQBHb �M/ a2/BK2Mib- kRUkV- RyNN@RRy3X

>�Mb+?g- *X- G2Qg- �X- � >Q2FK�Mg- .X URNN8VX 1tTHQ`BM; Za�_ @ >v/`QT?Q#B+- 1H2+i`QMB+- �M/ ai2`B+ *QMbi�MibX
�K2`B+�M *?2KB+�H aQ+B2ivX

>�Qg- sX- w?mg- CX- _2MbBM;g- *X- GBmg- uX- :�Qg- aX- *?2Mg- qX- >m�M;g- ZX- � GBmg- uX _X UkykRVX _2+2Mi �/p�M+2b BM
2tTHQ`BM; i?2 ?2�pv K2i�HUHQB/V `2bBbi�Mi KB+`Q#BQK2X *QKTmi�iBQM�H �M/ ai`m+im`�H "BQi2+?MQHQ;v CQm`M�H-
RN- N9@RyNX

>�`K2b�g- q�?vm/Bg- �X CX- G2bi�`Bg� h�m7B[m``�?K�Mg- 1X UkykkVX o�`B�#BHBiv Q7 i`�+2 K2i�Hb BM +Q�bi�H �M/
2bim�`v , .Bbi`B#miBQM- T`Q}H2- �M/ /`Bp2`bX J�`BM2 SQHHmiBQM "mHH2iBM- Rd9- RRjRdjX

>�`ig- "X hX URN3kVX lTi�F2 Q7 i`�+2 K2i�Hb #v b2/BK2Mib �M/ bmbT2M/2/ T�`iB+mH�i2b , � `2pB2rX >v/`Q#BQHQ;B�- NR-
kNN@jRjX

>�v2bg- JX PX URNdNVX "�``B2` AbH�M/ JQ`T?QHQ;v �b � 6mM+iBQM Q7 hB/�H �M/ q�p2 _2;BK2X AM "�``B2` AbH�M/b UAM
G2�i?2`- TX R@kdVX

>2g- EX- >�BMg- 1X- hBKKg- �X- h�`MQrbFBg- JX- � "H�M2vg- GX UkyRNVX P++m``2M+2 Q7 �MiB#BQiB+b- 2bi`Q;2MB+ ?Q`@
KQM2b- �M/ lo@}Hi2`b BM r�i2`- b2/BK2Mi- �M/ Qvbi2` iBbbm2 7`QK i?2 *?2b�T2�F2 "�vX a+B2M+2 Q7 i?2 hQi�H
1MpB`QMK2Mi- e8y- jRyR@jRyNX

>2g- wX GX- u�M;g- sX 1X- � aiQ772HH�g- SX CX Ukyy8�VX h`�+2 2H2K2Mib BM �;`Q2+Qbvbi2Kb �M/ BKT�+ib QM i?2
2MpB`QMK2MiX

>2g- wX- :2Mi`vg- hX CX- a+?�/ig- *X qX- qmg- GX- GB2#B+?g- CX- *?QM;g- aX *X- >m�M;g- wX- qmg- qX- :mg- "X- C�`/BM2g- SX-
*`B//H2g- *X- � w?Qmg- CX UkyydVX :2Q*?BT , � +QKT`2?2MbBp2 KB+`Q�``�v 7Q` BMp2biB;�iBM; #BQ;2Q+?2KB+�H-
2+QHQ;B+�H �M/ 2MpB`QMK2Mi�H T`Q+2bb2bX AaJ1 CQm`M�H- R- ed@ddX

>2g- wX- qmg- GX- GBg- sX- 6B2H/bg- JX qX- � w?Qmg- CX Ukyy8#VX 1KTB`B+�H 2bi�#HBb?K2Mi Q7 QHB;QMm+H2QiB/2 T`Q#2 /2bB;M
+`Bi2`B�X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dRUdV- jd8j@jdeyX

>2g- wX- w?�M;g- SX- qmg- GX- _Q+?�g- �X JX- hmg- ZX- a?Bg- wX- qmg- "X- ZBMg- uX- q�M;g- CX- u�Mg- ZX- *m`iBbg- .X- LBM;g-
.X- o�M LQbi`�M/g- CX .X- qmg- GX- u�M;g- uX- 1HB�bg- .X �X- q�ibQMg- .X "X- �/�Kbg- JX qX- 6B2H/bg-
JX qX- Ę w?Qmg- CX UkyR3VX JB+`Q#B�H 7mM+iBQM�H ;2M2 /Bp2`bBiv T`2/B+ib ;`QmM/r�i2` +QMi�KBM�iBQM �M/
2+Qbvbi2K 7mM+iBQMBM;X K"BQ- NURVX

>2M`B[m2bg- AX aX- �HK2B/�g- �X- *mM?�g- �X- � *Q``2B�g- �X Ukyy9VX JQH2+mH�` b2[m2M+2 �M�HvbBb Q7 T`QF�`vQiB+
/Bp2`bBiv BM i?2 KB//H2 �M/ Qmi2` b2+iBQMb Q7 i?2 SQ`im;m2b2 2bim�`v _B� /2 �p2B`QX 61Ja JB+`Q#BQHQ;v
1+QHQ;v- 9NUkV- keN@kdNX

>2`H2K�MMg- .X SX- G�#`2Mxg- JX- CȽ`;2Mbg- EX- "2`iBHbbQMg- aX- q�MB2Fg- CX CX- � �M/2`bbQMg- �X 6X UkyRRVX
h`�MbBiBQMb BM #�+i2`B�H +QKKmMBiB2b �HQM; i?2 kyyy FK b�HBMBiv ;`�/B2Mi Q7 i?2 "�HiB+ a2�X AaJ1 CQm`M�H-
8- R8dR@R8dNX
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>B##BM;g- JX 1X- 6m[m�g- *X- S�`b2Fg- JX _X- � S2i2`bQMg- aX "X UkyyNVX "�+i2`B�H +QKT2iBiBQM , bm`pBpBM; �M/
i?`BpBM; BM i?2 KB+`Q#B�H DmM;H2X L�im`2 _2pB2rb JB+`Q#BQHQ;v- 3- R8@k8X

>Qg- uX 6X- *?Qmg- >X uX- *?mg- CX aX- � G22g- SX AX UkyR3VX *QK2/B+�iBQM rBi? BMi2`�+iBM; /`m;b T`2/BbTQb2b �KBQ/�`QM2
mb2`b BM +�`/B�+ �M/ bm`;B+�H BMi2MbBp2 +�`2 mMBib iQ �+mi2 HBp2` BMDm`v , � `2i`QbT2+iBp2 �M�HvbBbX J2/B+BM2
UlMBi2/ ai�i2bV- NdUjdV- R@dX

>Q+?g- JX UkyyRVX P`;�MQiBM +QKTQmM/b BM i?2 2MpB`QMK2Mi @ �M Qp2`pB2rX �TTHB2/ :2Q+?2KBbi`v- ReUd@3V- dRN@d9jX
>mg- uX- sB2g- :X- CB�M;g- sX- a?�Qg- EX- h�M;g- sX- � :�Qg- :X UkykyVX h?2 _2H�iBQMb?BTb "2ir22M i?2 6`22@GBpBM;

�M/ S�`iB+H2@�ii�+?2/ "�+i2`B�H *QKKmMBiB2b BM _2bTQMb2 iQ 1H2p�i2/ 1mi`QT?B+�iBQMX 6`QMiB2`b BM JB@
+`Q#BQHQ;v- RRU9kjV- R@R9X

>m�M;g- qX- sB2g- wX- u�Mg- qX- JBg- qX- � smg- qX UkyReVX P++m``2M+2 �M/ /Bbi`B#miBQM Q7 bvMi?2iB+ KmbFb �M/
Q`;�MB+ lo }Hi2`b 7`QK `Bp2`BM2 �M/ +Q�bi�H b2/BK2Mib BM i?2 S2�`H _Bp2` 2bim�`v Q7 *?BM�X J�`BM2 SQHHmiBQM
"mHH2iBM- RRRUR@kV- R8j@R8NX

>m#2`g- >X- >Q?Mg- JX CX- _�+?2Hg- _X- 6m+?bg- hX- qBKK2`g- oX *X- � ai2ii2`g- EX PX UkyykVX � M2r T?vHmK Q7
�`+?�2� `2T`2b2Mi2/ #v � M�MQbBx2/ ?vT2`i?2`KQT?BHB+ bvK#BQMiX L�im`2- 9Rd- ej@edX

>m;g- GX �X- "�F2`g- "X CX- �M�Mi?�`�K�Mg- EX- "`QrMg- *X hX- S`Q#big- �X CX- *�bi2HH2g- *X CX- "mii2`7B2H/g-
*X LX- >2`Mb/Q`7g- �X qX- �K�MQg- uX- Ab2g- EX- amxmFBg- uX- .m/2Fg- LX- _2HK�Mg- .X �X- 6BMbi�/g-
EX JX- �KmM/bQMg- _X- h?QK�bg- "X *X- � "�M7B2H/g- CX 6X UkyReVX � M2r pB2r Q7 i?2 i`22 Q7 HB72X L�im`2
JB+`Q#BQHQ;v- RURey93VX

>m;?2bg- CX "X- >2HHK�MMg- CX CX- _B+F2iibg- hX >X- � "Q?�MM�Mg- "X CX JX UkyyRVX *QmMiBM; i?2 lM+QmMi�#H2 ,
ai�iBbiB+�H �TT`Q�+?2b iQ 1biBK�iBM; JB+`Q#B�H .Bp2`bBivX �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- edURyV-
9jNN@99yeX

>m;m2ig- �X- h?B#�mHig- �X- _QQb2@�Kb�H2;g- *X- S�`H�MiBg- 1X- G�p2`K�Mg- �X- 6mbi2`g- GX- "m/xBMbFBg- >X- �
oBQHHB2`g- 1X UkyR3VX _�TTQ`i /2 `2+?2`+?2 /m T`Q;`�KK2 a2BM2@�p�HX .vM�KB[m2 /2 H� J�iBĕ`2 P`;�MB[m2
/�Mb H2 #Qm+?QM p�a2mt /2 HǶ2bim�B`2 /2 a2BM2 2M HB2M �p2+ H2b Mmi`AK2Mib 2i H2b *QMi�KBM�Mib Q`;�MB[m2bX
U`�TTX i2+?XVX S`QD2i JPa�A*X

>mK2g- hX JX- aM2H/2`g- hX- q2�i?2`?2�/g- JX- � GB27iBM;g- _X UkyydVX � +QMi`QHHBM; 7�+iQ` �TT`Q�+? iQ 2bim�`v
+H�bbB}+�iBQMX P+2�M �M/ *Q�bi�H J�M�;2K2Mi- 8yURR@RkV- Ny8@NkNX

>mM;�i2g- "X �X- J�`Fbg- CX *X- SQr2`g- JX 1X- a+?r�`ixg- 1X- p�M :`Q2MB;2Mg- EX CX- "H�x2rB+xg- aX CX-
*?m+F`�Mg- SX- .BDFbi`�g- SX- 6BMH2vg- "X EX- 6B`2biQM2g- JX EX- 6QH2vg- JX- :`22MHQMg- �X- >�v2`g-
JX- >Q7KQ+F2Hg- EX aX- EQ+?g- "X CX- J�+Fg- JX *X- J�mg- _X GX- JBHH2`g- aX LX- JQ``Bbb2vg- 1X JX- Ę
S2ii@_B/;2g- CX UkykRVX h?2 7mM+iBQM�H bB;MB}+�M+2 Q7 #�+i2`B�H T`2/�iQ`bX K"BQ- RkUkV- R@RyX

A�_*gX URNdjVX A�_* JQMQ;`�T?b QM i?2 1p�Hm�iBQM Q7 i?2 *�`+BMQ;2MB+ _BbF Q7 +?2KB+�Hb iQ J�M , aQK2 Q`;�MQ@
+?HQ`BM2 T2biB+B/2b U`�TTX i2+?XVX

A�_*gX URNd8VX aQK2 �xB`B/BM2b- L@- a@ �M/ P@Jmbi�`/b �M/ a2H2MBmKX JQMQ;`�T?b QM i?2 1p�Hm�iBQM Q7 *�`+BMQ@
;2MB+ _BbF Q7 *?2KB+�Hb iQ J�M oQHmK2 NX qQ`H/ >2�Hi? P`;�MBx�iBQMX

A#2Fr2g- �X JX- J�g- CX- � Jm`BM/�g- aX 1X UkyReVX "�+i2`B�H +QKKmMBiv +QKTQbBiBQM �M/ bi`m+im`2 BM �M l`#�M
_Bp2` BKT�+i2/ #v /Bz2`2Mi TQHHmi�Mi bQm`+2bX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 8ee@8ed- RRde@RR38X

ABMQg- hX- JQ`Bg- EX- l+?BMQg- uX- L�F�;�r�g- hX- >�`�v�K�g- aX- � amxmFBg- EX AX UkyRyVX A;M�pB#�+i2`BmK �H#mK
;2MX MQpX- bTX MQpX- � KQ/2`�i2Hv i?2`KQT?BHB+ �M�2`Q#B+ #�+i2`BmK BbQH�i2/ 7`QK KB+`Q#B�H K�ib �i �

kdN



"B#HBQ;`�T?B2

i2``2bi`B�H ?Qi bT`BM; �M/ T`QTQb�H Q7 A;M�pB#�+i2`B� +H�bbBb MQpX- 7Q` � MQp2H HBM2�;2 �i i?2 T2`BT?2`v Q7
;`22M bmH7m` #�+i2`B�X AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- eyUeV- Rjde@Rj3kX

AHD�xQpB+g- �X- _Qvg- lX- :{Hp2xg- 1X CX *X- G2bF2`g- hX _X- w?�Qg- "X- :`QMQrg- �X- �K2M/g- GX- qBHHg- aX 1X-
>Q7K�MMg- CX .X- SBHbg- JX *X- a+?KB/i@>Q?�;2Mg- EX- L2mK�MM@a+?��Hg- JX- � ai`QrB;g- hX UkykyVX
S2`im`#�iBQM Q7 i?2 ;mi KB+`Q#BQK2 #v S`2pQi2HH� bTT X 2M?�M+2b ?Qbi bmb+2TiB#BHBiv iQ Km+Qb�H BM~�KK�@
iBQMX Jm+Qb�H AKKmMQHQ;v kyky R9 ,R- R9URV- RRj@Rk9X

AK?Q77g- CX 6X UkyReVX L2r .BK2MbBQMb BM JB+`Q#B�H 1+QHQ;vě6mM+iBQM�H :2M2b BM aim/B2b iQ lM`�p2H i?2 "BQ/B@
p2`bBiv �M/ _QH2 Q7 6mM+iBQM�H JB+`Q#B�H :`QmTb BM i?2 1MpB`QMK2MiX JB+`QQ`;�MBbKb- 9URNVX

AL1_AagX UkyyeVX AL1_Aa- kyyeX .QMMû2b i2+?MB+Q@û+QMQKB[m2b bm` H2b bm#bi�M+2b +?BKB[m2b 2M 6`�M+2 , P+ivHT?û@
MQHb U`�TTX i2+?XVX

AL1_AagX UkyyNVX "BQ/BbTQMB#BHBiû 2i bTû+B�iBQM , #BH�M bm` H2b KQ/ĕH2b "GJ U`�TTX i2+?XVX
AL1_AagX UkyRkVX .QMMû2b i2+?MB+Q@û+QMQKB[m2b bm` H2b bm#bi�M+2b +?BKB[m2b 2M 6`�M+2 , G2b TQHv*?HQ`Q"BT?2MvH2b

US*"V U`�TTX i2+?XVX
AMbiBimiBQM �/Qm`gX UkyR8VX Zm�HBiû /2b 2�mt 2i T`Q/mBib T?viQb�MBi�B`2b bm` H2 #�bbBM �/Qm`@:�`QMM2X aBim�iBQM

kyRj@kyR9 U`�TTX i2+?XVX �;2M+2 /2 HǶ2�m �/Qm`@:�`QMM2X
AMbiBimiBQM �/Qm`gX UkyRdVX �M�Hvb2 bQ+BQ@2+QMQKB[m2 /2b 2MD2mt 2i mb�;2b HB2b � HǶ2�m /m i2``BiQB`2 �/Qm` �p�H

2i /m a�:1 U`�TTX i2+?XVX
AS**gX UkyRNVX AS** aT2+B�H _2TQ`i QM i?2 P+2�M �M/ *`vQbT?2`2 BM � *?�M;BM; *HBK�i2 U>X@PX Sƴ`iM2`g- .X

_Q#2`ibg- oX J�bbQM@.2HKQii2g- SX w?�Bg- JX hB;MQ`g- 1X SQHQ+x�MbF�g- EX JBMi2M#2+Fg- �X �H2;`Ō�g-
JX LB+QH�Bg- �X PF2Kg- CX S2ixQH/g- "X _�K�g� LX q2v2`g- ú/XVX

AbH�Kg- 6X aX- "QQi?K�Mg- *X- :�mHig- �X :X- SQHv�g- .X �X- � GHQv/g- CX _X Ukyy8VX SQi2MiB�H `QH2 Q7 i?2 62UAAAV
`2/m+BM; #�+i2`B� :2Q#�+i2` �M/ :2Qi?`Bt BM +QMi`QHHBM; �`b2MB+ bQHm#BHBiv BM "2M;�H /2Hi� b2/BK2MibX JB@
M2`�HQ;B+�H J�;�xBM2- eNU8V- 3e8@3d8X

C�#�`Bg- GX- :�MMQmMg- >X- *�vQHg- CX GX- >2/Bg- �X- a�F�KQiQg- JX- 6�Hb2Mg- 1X- P?FmK�g- JX- >�K/Bg- JX- 6�m[m2g-
:X- PHHBpB2`g- "X- � 6�`/2�mg- JX GX UkyRkVX J�+2HHB#�+i2`QB/2b 72`K2Mi�Mb ;2MX MQpX- bTX MQpX- � K2K#2`
Q7 i?2 7�KBHv SQ`T?v`QKQM�/�+2�2 BbQH�i2/ 7`QK �M mT~Qr �M�2`Q#B+ }Hi2` i`2�iBM; �#�iiQB` r�bi2r�i2`bX
AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- ekURyV- k8kk@k8kdX

C�+[mBQ/g- aX- *v`B�[m2g- oX- _B#2`g- GX- �H@bQm/g- qX �X- :BHH�Mg- .X *X- q�iiB2xg- _X- � aǚ`2Mb2Mg- aX CX UkyR3VX
GQM;@i2`K BM/mbi`B�H K2i�H +QMi�KBM�iBQM mM2tT2+i2/Hv b?�T2/ /Bp2`bBiv �M/ �+iBpBiv `2bTQMb2 Q7 b2/BK2Mi
KB+`Q#BQK2X CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- j99- kNN@jydX

C�MM�b+?g- >X qX- � CQM2bg- :X 1X URN8NVX "�+i2`B�H SQTmH�iBQMb BM a2� q�i2` �b .2i2`KBM2/ #v .Bz2`2Mi J2i?Q/b
Q7 1MmK2`�iBQMX GBKMQHQ;v �M/ P+2�MQ;`�T?v- 9UkV- Rk3@RjNX

C�Mbb2Mg- SX >X UkyyeVX A/2MiB7vBM; i?2 /QKBM�Mi bQBH #�+i2`B�H i�t� BM HB#`�`B2b Q7 Rea `_L� �M/ Rea `_L� ;2M2bX
�TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dkUjV- RdRN@Rdk3X

C2�M#BHH2g- JX- :m`vg- CX- .m`�Mg- _X- h`QM+xvMbFBg- CX- �;Q;mög- >X- "2M a�Ŗ/g- PX- :?B;HBQM2g- CX@6X- � �m;m2ig-
CX@*X UkyReVX _2bTQMb2 Q7 *Q`2 JB+`Q#B�H *QMbQ`iB� iQ *?`QMB+ >v/`Q+�`#QM *QMi�KBM�iBQMb BM *Q�bi�H
a2/BK2Mi >�#Bi�ibX 6`QMiB2`b BM JB+`Q#BQHQ;v- dURejdV- R@RjX
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C277`B2bg- hX *X- a+?KBix 6QMi2bg- JX GX- >�``BbQMg- .X SX- o�M@.QM;2M@oQ;2Hbg- oX- 1v`2g- "X .X- _�HT?g- SX CX-
� a2vKQm`g- CX _X UkyReVX "�+i2`BQTH�MFiQM /vM�KB+b rBi?BM � H�`;2 �Mi?`QTQ;2MB+�HHv BKT�+i2/ m`#�M
2bim�`vX 6`QMiB2`b BM JB+`Q#BQHQ;v- eUR9j3VX

CBig- aX- .�/?r�Hg- JX- S`�F�b?g- PX- � G�Hg- _X Ukyy3VX 6H�pQ#�+i2`BmK HBM/�MBiQH2`�Mb bTX MQpX- BbQH�i2/ 7`QK
?2t�+?HQ`Q+v+HQ?2t�M2@+QMi�KBM�i2/ bQBHX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQ@
HQ;v- 83UdV- Ree8@ReeNX

CQ?MbiQMg- 1X GX- � _Q#2`ibg- .X �X UkyyNVX *QMi�KBM�Mib `2/m+2 i?2 `B+?M2bb �M/ 2p2MM2bb Q7 K�`BM2 +QKKmMBiB2b ,
� `2pB2r �M/ K2i�@�M�HvbBbX 1MpB`QMK2Mi�H SQHHmiBQM- R8dUeV- Rd98@Rd8kX

Cmg- CX@>X- EBKg- CX@aX- G22g- .X@>X- C2QMg- CX >X- >2Qg- aX@uX- a2Qg- CX@qX- EBKg- *X >X- S�`Fg- .X@aX- � P?g- "X@_X UkyRNVX
h?2`KQKQM�b �[m�iB+� bTX MQpX- BbQH�i2/ 7`QK �M BM/mbi`B�H r�bi2r�i2` i`2�iK2Mi TH�MiX AMi2`M�iBQM�H
CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- eNURRV- jjNN@j9y9X

E�+Bg- �X- S2iBig- 6X- 6Qm`MB2`g- JX- *ö+BHHQMg- aX- "Qmbig- .X- G2bm2m`g- SX- � "2`i?2g- hX UkyReVX .Bp2`bBiv Q7
�+iBp2 KB+`Q#B�H +QKKmMBiB2b bm#D2+i2/ iQ HQM;@i2`K 2tTQbm`2 iQ +?2KB+�H +QMi�KBM�Mib �HQM; � 9y@v2�`@QH/
b2/BK2Mi +Q`2X 1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kjU8V- 9yN8@9RRyX

E�Hvmx?M�v�g- JX :X- "Qr2`K�Mg- aX- G�`�g- CX *X- GB/bi`QKg- JX 1X- � *?BbiQb2`/Qp�g- GX UkyyeVX J2i?vHQi2M2`�
KQ#BHBb ;2MX MQpX- bTX MQpX- �M Q#HB;�i2Hv K2i?vH�KBM2@miBHBxBM; #�+i2`BmK rBi?BM i?2 7�KBHv J2i?vHQT?BH�@
+2�2X AMi2`M�iBQM�H DQm`M�H Q7 bvbi2K�iB+ �M/ 2pQHmiBQM�`v KB+`Q#BQHQ;v- 8e- k3RN@k3kjX

E�KT72`g- SX- "mbb2g- >X@CX- J+AM`Qvg- CX �X- smg- CX- � :H�2b2`g- aX SX UkyR8VX 6H�pQ#�+i2`BmK MBi`Q;2MB};2Mb bTX
MQpX- BbQH�i2/ 7`QK brBi+?;`�bb US�MB+mK pB`;�imKVX AMi2`M�iBQM�H DQm`M�H Q7 bvbi2K�iB+ �M/ 2pQHmiBQM�`v
KB+`Q#BQHQ;v- e8UNV- k3yj@k3yNX

E�MxBg- �X JX- a�Mg- CX 1X- *?BKmF�M;�`�g- "X- qBHFBMbQMg- 1X- 6Bb?g- JX- _�Kbm`�Mg- oX- � /2 PHBp2B`�g- hX
UkykyVX L2ti :2M2`�iBQM a2[m2M+BM; �M/ "BQBM7Q`K�iB+b �M�HvbBb Q7 6�KBHv :2M2iB+ AM?2`Bi�M+2X 6`QMiB2`b
BM :2M2iB+b- RR- Rk8yX

E�`B+F?Q77g- aX qX- "`QrMg- .X aX- � a+Qiig- hX �X URNdNVX aQ`TiBQM Q7 ?v/`QT?Q#B+ TQHHmi�Mib QM M�im`�H b2/B@
K2MibX q�i2` _2b2�`+?- RjUjV- k9R@k93X

E�b?27Bg- EX- >QHK2bg- .X 1X- "�`Qbbg- CX �X- � GQpH2vg- .X _X UkyyjVX h?2`KQT?BHv BM i?2 :2Q#�+i2`�+2�2 ,
:2Qi?2`KQ#�+i2` 2?`HB+?BB ;2MX MQpX- bTX MQpX- � MQp2H i?2`KQT?BHB+ K2K#2` Q7 i?2 ;2Q#�+i2`�+2�2 7`QK i?2
Ǵ"�; *BivǴ ?v/`Qi?2`K�H p2MiX �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- eNU8V- kN38@kNNjX

E2HHvg- LX 1X- :mBD�``Q@a�#�MB2Hg- CX- � wBKK2`K�Mg- _X UkykRVX �Mi?`QTQ;2MB+ MBi`Q;2M HQ�/BM; �M/ `BbF Q7
2mi`QT?B+�iBQM BM i?2 +Q�bi�H xQM2 Q7 �iH�MiB+ *�M�/�X 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- kej- RydejyX

E2MMBb?g- JX CX UkyykVX 1MpB`QMK2Mi�H i?`2�ib �M/ 2MpB`QMK2Mi�H 7mim`2 Q7 2bim�`B2bX 1MpB`QMK2Mi�H *QMb2`p�iBQM-
kNURV- d3@RydX

E?QD�bi2?g- .X- :H�KQ`2g- qX- >2BK?m#2`g- oX- � 62H/2`g- aX UkykRVX a2� H2p2H `Bb2 BKT�+ib QM 2bim�`BM2 /vM�KB+b ,
� `2pB2rX a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi- d3y- R9e9dyX

EB27ig- "X- GBg- wX- "`vbQMg- aX- *`mKTg- "X *X- >2iiB+?g- _X- S�Mg- *X- J�v�HBg- sX- � Jm2HH2`g- _X aX UkyR3VX JB+`Q#B�H
+QKKmMBiv bi`m+im`2@7mM+iBQM `2H�iBQMb?BTb BM u�[mBM� "�v 2bim�`v `2p2�H bT�iB�HHv /BbiBM+i +�`#QM �M/
MBi`Q;2M +v+HBM; +�T�+BiB2bX 6`QMiB2`b BM JB+`Q#BQHQ;vX

EB`+?K�Mg- .X GX UkyykVX h?2 2+QHQ;v Q7 *viQT?�;�@6H�pQ#�+i2`B� BM �[m�iB+ 2MpB`QMK2MibX 61Ja JB+`Q#BQHQ;v
1+QHQ;v- jN- NR@RyyX
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EB`+?K�Mg- .X GX- .Bii2Hg- �X AX- J�HKbi`QKg- _X _X- � *Qii`2HHg- JX hX Ukyy8VX "BQ;2Q;`�T?v Q7 K�DQ` #�+i2`B�H
;`QmTb BM i?2 .2H�r�`2 1bim�`vX GBKMQHQ;v �M/ P+2�MQ;`�T?v- 8yU8V- ReNd@RdyeX

EBb�M/g- oX- *m�/`Qbg- _X- � qBFM2`g- CX UkyykVX S?vHQ;2Mv Q7 +mHim`�#H2 2bim�`BM2 #�+i2`B� +�i�#QHBxBM; `Bp2`BM2
Q`;�MB+ K�ii2` BM i?2 MQ`i?2`M "�HiB+ a2�X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- e3URV- jdN@j33X

EBpBibg- hX- "`Q2`bg- >X SX- "22HiD2g- >X- p�M oHB2ig- JX- � :`B77BQ2Mg- CX UkyR3VX S`2b2M+2 �M/ 7�i2 Q7 p2i2`BM�`v
�MiB#BQiB+b BM �;2@/�i2/ ;`QmM/r�i2` BM �`2�b rBi? BMi2MbBp2 HBp2biQ+F 7�`KBM;X 1MpB`QMK2Mi�H SQHHmiBQM-
k9R- N33@NN3X

EH�TT2M#�+?g- CX �X- .mM#�`g- CX JX- � a+?KB/ig- hX JX UkyyyVX `_L� QT2`QM +QTv MmK#2` `2~2+ib 2+QHQ;B+�H
bi`�i2;B2b Q7 #�+i2`B�X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- eeU9V- Rjk3@RjjjX

EMBii2Hg- EX- � "Q2iBmbg- �X UkyyNVX �M�2`Q#B+ PtB/�iBQM Q7 J2i?�M2 , S`Q;`2bb rBi? �M lMFMQrM S`Q+2bbX �MMm�H
_2pB2r Q7 JB+`Q#BQHQ;v- ej- jRR@jj9X

EQ`QH277g- 6X URNeNVX .B`2+i /2i2`KBM�iBQM Q7 �KKQMB� BM M�im`�H r�i2`b �b BM/QT?2MQH #Hm2X AMi2`M�iBQM�H *QmM+BH
7Q` i?2 1tTHQ`�iBQM Q7 i?2 a2�X

EQr�HbF�g- CX "X- J�xm`2Fg- _X- :��bBQ`2Fg- JX- � w�H2bFBg- hX UkyR3VX SQHHmiBQM BM/B+2b �b mb27mH iQQHb 7Q` i?2
+QKT`2?2MbBp2 2p�Hm�iBQM Q7 i?2 /2;`22 Q7 bQBH +QMi�KBM�iBQMĜ� `2pB2rX 1MpB`QMK2Mi�H :2Q+?2KBbi`v �M/
>2�Hi?- 9y- kjN8@k9kyX

Em#Qg- �X- � E�M/�g- CX UkyRdVX a2�bQM�H p�`B�iBQMb �M/ bQm`+2b Q7 b2/BK2Mi�`v Q`;�MB+ +�`#QM BM hQFvQ "�vX J�`BM2
SQHHmiBQM "mHH2iBM- RR9UkV- ejd@e9jX

Em/Qg- �X- � JBv�?�`�g- aX URNNRVX � +�b2 ?BbiQ`v c JBM�K�i� K2`+m`v TQHHmiBQM BM C�T�M @ 7`QK HQbb Q7 ?mK�M
HBp2b iQ /2+QMi�KBM�iBQMX q�i2` a+B2M+2 �M/ h2+?MQHQ;v- kjUR@jV- k3j@kNyX

Em/Qg- uX- L�F�DBK�g- hX- JBv�FBg- hX- � Pv�Bxmg- >X URNNdVX J2i?�MQ;2M ~Q`� Q7 T�//v bQBHb BM C�T�MX 61Ja
JB+`Q#BQHQ;v 1+QHQ;v- kkURV- jN@93X

EmKKmg- JX- .2 JQ2Hg- >X- a�Hpm++Bg- :X- oBpB`QHBg- .X- q�`/g- SX CX- � o�`Bbg- PX UkyReVX Pp2` i?2 ?BHHb �M/ 7m`i?2`
�r�v 7`QK +Q�bi , ;HQ#�H ;2QbT�iB�H T�ii2`Mb Q7 ?mK�M �M/ 2MpB`QMK2Mi Qp2` i?2 kyi?ĜkRbi +2Mim`B2bX
1MpB`QMK2Mi�H _2b2�`+? G2ii2`b- RRUjV- yj9yRyX

G�J�`iBM�g- 1X GX- JQ?�BK�MBg- �X �X- � L2riQMg- _X CX UkykRVX l`#�M r�bi2r�i2` #�+i2`B�H +QKKmMBiB2b �bb2K#H2
BMiQ b2�bQM�H bi2�/v bi�i2bX JB+`Q#BQK2- NURReV- R@RjX

G�M+2H2m`g- GX- a+?�72`g- CX- "Qbbvg- *X- *QvM2Hg- �X- G�``Qb2g- �X- J�bbQMg- JX- � "H�M+g- :X UkyRRVX aBHp2`
~mt2b iQ i?2 :B`QM/2 1bim�`v @ 1H2p2M v2�`b URNNN@kyyNV Q7 KQMBiQ`BM; �i i?2 r�i2`b?2/ b+�H2X �TTHB2/
:2Q+?2KBbi`v- ke- dNd@3y3X

G�TQmbbBĐ`2g- �X- JB+?2Hg- *X- ai�``g- JX- :Qbb2HBMg- JX- � SQmHBMg- JX UkyRRVX _QH2 Q7 7`22@HBpBM; �M/ T�`iB+H2@
�ii�+?2/ #�+i2`B� BM i?2 `2+v+HBM; �M/ 2tTQ`i Q7 Q`;�MB+ K�i2`B�H BM i?2 >m/bQM "�v bvbi2KX CQm`M�H Q7
J�`BM2 avbi2Kb- 33- 9j9@998X

G�``Qb2g- �X- *QvM2Hg- �X- a+?�72`g- CX- "H�M+g- :X- J�bbög- GX- � J�M2mtg- 1X UkyRyVX �bb2bbBM; i?2 +m``2Mi
bi�i2 Q7 i?2 :B`QM/2 1bim�`v #v K�TTBM; T`BQ`Biv +QMi�KBM�Mi /Bbi`B#miBQM �M/ `BbF TQi2MiB�H BM bm`7�+2
b2/BK2MiX �TTHB2/ :2Q+?2KBbi`v- k8URkV- RNRk@RNkjX

G�mg- EX 1X- q�b?BM;iQMg- oX CX- 6�Mg- oX- L2�H2g- JX qX- G2�`g- :X- *m``�Mg- CX- � G2rBbg- :X .X UkyR8VX � MQp2H
#�+i2`B�H +QKKmMBiv BM/2t iQ �bb2bb bi`2�K 2+QHQ;B+�H ?2�Hi?X 6`2b?r�i2` "BQHQ;v- eyURyV- RN33@kyykX
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G�rbQMg- SX �X UkyR8VX IB=�`b2MB+B+Q++mbIfB=X AM "2`;2vǶb J�Mm�H Q7 avbi2K�iB+b Q7 �`+?�2� �M/ "�+i2`B� UTX R@8VX
qBH2vX

G2 *Q�/Qmg- GX- G2 JöM�+?g- EX- G�#�/B2g- SX- .öpB2`g- JX >X- S�`/QMg- SX- �m;�;M2m`g- aX- � "m/xBMbFBg- >X
UkyRdVX Zm�HBiv bm`p2v Q7 M�im`�H KBM2`�H r�i2` �M/ bT`BM; r�i2` bQH/ BM 6`�M+2 , JQMBiQ`BM; Q7 ?Q`KQM2b-
T?�`K�+2miB+�Hb- T2biB+B/2b- T2`~mQ`Q�HFvH bm#bi�M+2b- T?i?�H�i2b- �M/ �HFvHT?2MQHb �i i?2 mHi`�@i`�+2 H2p2HX
a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- eyj@ey9- e8R@eekX

G2�`g- :X- "QQi?`Qv/g- AX EX :X- hm`M2`g- aX CX- _Q#2`ibg- EX- � G2rBbg- :X .X UkyyNVX � +QKT�`BbQM Q7 #�+i2`B� �M/
#2Mi?B+ BMp2`i2#`�i2b �b BM/B+�iQ`b Q7 2+QHQ;B+�H ?2�Hi? BM bi`2�KbX 6`2b?r�i2` "BQHQ;v- 89UdV- R8jk@R89jX

G22g- GX aX- am`2b?g- SX- _�Qg- *X- � Ai�`mg- PX URNNkVX 1[mBHB#`BmK S�`iBiBQMBM; Q7 SQHv+v+HB+ �`QK�iB+ >v/`Q+�`#QMb
7`QK *Q�H h�` BMiQ q�i2`X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- keURRV- kRRy@kRR8X

G22g- aX .X UkyyeVX "H�biQ+Q++mb D2Dm2MbBb bTX MQpX- �M �+iBMQKv+2i2 7`QK #2�+? b2/BK2Mi- �M/ 2K2M/2/ /2b+`BTiBQM
Q7 i?2 ;2Mmb "H�biQ+Q++mb �?`2Mb �M/ JQHH RNdyX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v
JB+`Q#BQHQ;v- 8eURyV- kjNR@kjNeX

G27`�M+g- JX- h?öMQig- �X- G2TĐ`2g- *X- � .2#`Q�bg- .X Ukyy8VX :2M2iB+ /Bp2`bBiv Q7 bK�HH 2mF�`vQi2b BM H�F2b
/Bz2`BM; #v i?2B` i`QT?B+ bi�imbX �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dRURyV- 8Nj8@8N9kX

G2HQmTg- CX- S2iBig- 6X- "Qmbig- .X- .2HQ77`2g- CX- "�HHvg- :X- *H�`Bbb2g- PX- � ZmBHH2ig- GX Ukyy8VX .vM�KB+b Q7
bmH7�i2@`2/m+BM; KB+`QQ`;�MBbKb U/b`�" ;2M2bV BM irQ +QMi`�biBM; Km/~�ib Q7 i?2 a2BM2 2bim�`v U6`�M+2VX
JB+`Q#B�H 2+QHQ;v- 8yUjV- jyd@jR9X

G2rBbg- EX- 1Tbi2BMg- aX- .ǰPMQ7`BQg- �X- � GBM;g- GX GX UkyRyVX lM+mHim`2/ KB+`QQ`;�MBbKb �b � bQm`+2 Q7 b2+QM/�`v
K2i�#QHBi2bX h?2 CQm`M�H Q7 �MiB#BQiB+b- ejU3V- 9e3@9deX

GBg- *X- Zm�Mg- ZX- :�Mg- uX- .QM;g- CX- 6�M;g- CX- q�M;g- GX- � GBmg- CX UkykyVX 1z2+ib Q7 ?2�pv K2i�Hb QM KB+`Q#B�H
+QKKmMBiB2b BM b2/BK2Mib �M/ 2bi�#HBb?K2Mi Q7 #BQBM/B+�iQ`b #�b2/ QM KB+`Q#B�H i�t� �M/ 7mM+iBQM 7Q`
2MpB`QMK2Mi�H KQMBiQ`BM; �M/ K�M�;2K2MiX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- d9N- R@NX

GBg- 6X- >m�M;g- uX- >mg- qX- GBg- wX- q�M;g- ZX- >m�M;g- aX- CB�M;g- 6X- � S�Mg- sX UkykR�VX _Qb2QKQM�b +Q`�HHB
bTX LQpX- � ?2�pv K2i�H `2bBbi�Mi #�+i2`BmK BbQH�i2/ 7`QK +Q`�HX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/
1pQHmiBQM�`v JB+`Q#BQHQ;v- dRUkV- R@dX

GBg- CX GX- a�H�Kg- LX- q�M;g- SX .X- *?2Mg- GX sX- CB�Qg- CX uX- GBg- sX- sB�Mg- qX .X- >�Mg- JX sX- 6�M;g- "X wX- JQmg-
sX wX- � GBg- qX CX UkyR3VX .Bb+Q`/�M+2 "2ir22M _2bB/2Mi �M/ �+iBp2 "�+i2`BQTH�MFiQM BM 6`22@GBpBM; �M/
S�`iB+H2@�bbQ+B�i2/ *QKKmMBiB2b BM 1bim�`v 1+Qbvbi2KX JB+`Q#B�H 2+QHQ;v- deUjV- ejd@e9dX

GBg- sX- q�Mg- qX- w?2M;g- GX- q�M;g- �X- GmQg- sX- >m�M;g- ZX- � *?2Mg- qX UkykR#VX *QKKmMBiv �bb2K#Hv K2+?�@
MBbKb �M/ +Q@Q++m``2M+2 T�ii2`Mb Q7 MBi`Bi2@QtB/BxBM; #�+i2`B� +QKKmMBiB2b BM b�HBM2 bQBHbX a+B2M+2 Q7 i?2
hQi�H 1MpB`QMK2Mi- ddkUR989dkVX

GBg- wX- aQ#2Fg- �X- � _�/F2g- JX UkyReVX 6�i2 Q7 S?�`K�+2miB+�Hb �M/ h?2B` h`�Mb7Q`K�iBQM S`Q/m+ib BM 6Qm` aK�HH
1m`QT2�M _Bp2`b _2+2BpBM; h`2�i2/ q�bi2r�i2`X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- 8y- 8eR9@8ekRX

GB�M;g- sX- *?2Mg- "X- LB2g- sX- a?Bg- wX- >m�M;g- sX- � GBg- sX UkyRjVX h?2 /Bbi`B#miBQM �M/ T�`iBiBQMBM; Q7 +QKKQM
�MiB#BQiB+b BM r�i2` �M/ b2/BK2Mi Q7 i?2 S2�`H _Bp2` 1bim�`v- aQmi? *?BM�X *?2KQbT?2`2- NkURRV- R9Ry@R9ReX

GBK�g- �X GX *X- 6�``BM;iQMg- CX qX- � _2//vg- *X JX Ukyy8VX *QK#mbiBQM@.2`Bp2/ SQHv+v+HB+ �`QK�iB+ >v/`Q+�`@
#QMb BM i?2 1MpB`QMK2Miě� _2pB2rX 1MpB`QMK2Mi�H 6Q`2MbB+b- e- RyN@RjRX
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GBmg- :X ZX- w?�M;g- :X- GBg- sX .X- GBg- CX- S2M;g- sX wX- � ZBg- aX >X Ukyy8VX a2/BK2Mi�`v `2+Q`/ Q7 TQHv+v+HB+ �`QK�iB+
?v/`Q+�`#QMb BM � b2/BK2Mi +Q`2 7`QK i?2 S2�`H _Bp2` 1bim�`v- aQmi? *?BM�X J�`BM2 SQHHmiBQM "mHH2iBM-
8RU3@RkV- NRk@NkRX

GBmg- CX GX- � qQM;g- JX >X UkyRjVX S?�`K�+2miB+�Hb �M/ T2`bQM�H +�`2 T`Q/m+ib USS*SbV , � `2pB2r QM 2MpB`QM@
K2Mi�H +QMi�KBM�iBQM BM *?BM�X 1MpB`QMK2Mi AMi2`M�iBQM�H- 8N- ky3@kk9X

GBmg- CX- u�M;g- >X- w?�Qg- JX- � w?�M;g- sX >X UkyR9�VX aT�iB�H /Bbi`B#miBQM T�ii2`Mb Q7 #2Mi?B+ KB+`Q#B�H +QKKmMBiB2b
�HQM; i?2 S2�`H 1bim�`v- *?BM�X avbi2K�iB+ �M/ �TTHB2/ JB+`Q#BQHQ;v- jdU3V- 8d3@83NX

GBmg- CX- umg- aX- w?�Qg- JX- >2g- "X- � w?�M;g- sX@>X >X UkyR9#VX a?B7ib BM �`+?�2�TH�MFiQM +QKKmMBiv bi`m+im`2
�HQM; 2+QHQ;B+�H ;`�/B2Mib Q7 S2�`H 1bim�`vX 61Ja JB+`Q#BQHQ;v 1+QHQ;v- Ny- 9k9@9j8X

GBmg- SX- u�M;g- uX- � GBg- JX Ukyky�VX _2bTQMb2b Q7 bQBH �M/ 2�`i?rQ`K ;mi #�+i2`B�H +QKKmMBiB2b iQ ?2�pv K2i�H
+QMi�KBM�iBQMX 1MpB`QMK2Mi�H SQHHmiBQM- ke8- RR9NkRX

GBmg- sX- S�Mg- CX- GBmg- uX- GBg- JX- � :mg- CX .X UkyR3VX .Bp2`bBiv �M/ /Bbi`B#miBQM Q7 �`+?�2� BM ;HQ#�H 2bim�`BM2
2+Qbvbi2KbX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- ejd@ej3- j9N@j83X

GBmg- uX- GBMg- ZX- 62M;g- CX- u�M;g- 6X- .mg- >X- >mg- wX- � q�M;g- >X Ukyky#VX .Bz2`2M+2b BM K2i�#QHB+ TQi2M@
iB�H #2ir22M T�`iB+H2@�bbQ+B�i2/ �M/ 7`22@HBpBM; #�+i2`B� �HQM; S2�`H _Bp2` 1bim�`vX a+B2M+2 Q7 h?2 hQi�H
1MpB`QMK2Mi- dk3URj338eV- R@NX

GBmg- wX- GBMg- aX- � SB�Mi�/QbBg- aX UkyR8VX L2irQ`F +QMbi`m+iBQM �M/ bi`m+im`2 /2i2+iBQM rBi? K2i�;2MQKB+ +QmMi
/�i�X "BQ.�i� JBMBM;- 3U9yV- R@R9X

GH�/Ơg- aX- *QpBMQg- aX- aQH�M�bg- �X JX- S2i`m++BQHBg- JX- .ǰ�MMB#�H2g- �X- � oBƜ�bg- JX UkyR8VX Sv`Qb2[m2M+BM;
`2p2�Hb i?2 2z2+i Q7 KQ#BHBxBM; �;2Mib �M/ HB;MQ+2HHmHQbB+ bm#bi`�i2 �K2M/K2Mi QM KB+`Q#B�H +QKKmMBiv
+QKTQbBiBQM BM � `2�H BM/mbi`B�H S�>@TQHHmi2/ bQBHX CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- k3j- j8@9jX

GQM;g- 1X _X- 6B2H/g- GX CX- � J�+.QM�H/g- .X .X URNN3VX S`2/B+iBM; iQtB+Biv BM K�`BM2 b2/BK2Mib rBi? MmK2`B+�H
b2/BK2Mi [m�HBiv ;mB/2HBM2bX 1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- RdU9V- dR9@dkdX

GQM;g- 1X _X- J�+/QM�H/g- .X .X- aKBi?g- aX GX- � *�H/2`g- 6X .X URNN8VX AM+B/2M+2 Q7 �/p2`b2 #BQHQ;B+�H 2z2+ib
rBi?BM `�M;2b Q7 +?2KB+�H +QM+2Mi`�iBQMb BM K�`BM2 �M/ 2bim�`BM2 b2/BK2MibX 1MpB`QMK2Mi�H J�M�;2K2Mi-
RNURV- 3R@NdX

GQ`2Mx2Mg- *X CX URNedVX .2i2`KBM�iBQM Q7 +?HQ`QT?vHH �M/ T?2Q@TB;K2Mib , aT2+i`QT?QiQK2i`B+ 2[m�iBQMbX GBKMQHQ;v
�M/ P+2�MQ;`�T?v eyi? �MMBp2`b�`v aT2+B�H *QHH2+iBQM- RkUkV- j9j@j9eX

GQm+�g- aX- SQHxg- JX 6X- J�x2Hg- 6X- �H#`B;?ig- JX "X- >m#2`g- CX �X- Pǰ*QMMQ`g- JX AX- �+F2`K�MMg- JX- >�?Mg-
�X aX- a`Bp�bi�p�g- .X aX- *`Qr2g- aX �X- .Q2#2HBg- JX- � S�`7`2vg- GX qX UkyR3VX 6mM+iBQM �M/ 7mM+iBQM�H
`2/mM/�M+v BM KB+`Q#B�H bvbi2KbX L�im`2 1+QHQ;v �M/ 1pQHmiBQM- kUeV- Nje@N9jX

GQxmTQM2g- *X �X- � EMB;?ig- _X UkyydVX :HQ#�H T�ii2`Mb BM #�+i2`B�H /Bp2`bBivX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
Q7 a+B2M+2b- Ry9UkdV- RR9je@RR99yX

Gmg- sX JX- *?2Mg- *X- � w?2M;g- hX GX UkyRdVX J2i�;2MQKB+ AMbB;?ib BMiQ 1z2+ib Q7 *?2KB+�H SQHHmi�Mib QM JB+`Q#B�H
*QKKmMBiv *QKTQbBiBQM �M/ 6mM+iBQM BM 1bim�`BM2 a2/BK2Mib _2+2BpBM; SQHHmi2/ _Bp2` q�i2`X JB+`Q#B�H
1+QHQ;v- djU9V- dNR@3yyX

GȽ+F2`g- aX- q�;M2`g- JX- J�BtM2`g- 6X- S2HH2iB2`g- 1X- EQ+?g- >X- o�+?2`B2g- "X- _�ii2Bg- hX- .�Kbiög- CX aX-
aTB2+Fg- 1X- G2 S�bHB2`g- .X- � .�BKbg- >X UkyRyVX � LBi`QbTB`� K2i�;2MQK2 BHHmKBM�i2b i?2 T?vbBQHQ;v
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�M/ 2pQHmiBQM Q7 ;HQ#�HHv BKTQ`i�Mi MBi`Bi2@QtB/BxBM; #�+i2`B�X 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+�- RydUjyV- Rj9dN@Rj939X

GmQg- 6X- w?QM;g- CX- u�M;g- uX- a+?2m2`K�MMg- _X >X- � w?Qmg- CX UkyyeVX �TTHB+�iBQM Q7 `�M/QK K�i`Bt i?2Q`v iQ
#BQHQ;B+�H M2irQ`FbX S?vbB+b G2ii2`b- a2+iBQM � , :2M2`�H- �iQKB+ �M/ aQHB/ ai�i2 S?vbB+b- j8dUeV- 9ky@9kjX

GmQg- sX CX- J�Bg- "X sX- u�M;g- ZX aX- *?2Mg- aX CX- � w2M;g- 1X uX UkyydVX .Bbi`B#miBQM �M/ T�`iBiBQM Q7 TQHv+v+HB+
�`QK�iB+ ?v/`Q+�`#QM BM bm`7�+2 r�i2` Q7 i?2 S2�`H _Bp2` 1bim�`v- aQmi? *?BM�X 1MpB`QMK2Mi�H JQMBiQ`BM;
�M/ �bb2bbK2Mi- R98- 9kd@9jeX

GmQg- uX- :mQg- qX- L;Qg- >X >X- L;?B2Kg- GX .X- >�Bg- 6X AX- w?�M;g- CX- GB�M;g- aX- � q�M;g- sX *X UkyR9VX �
`2pB2r QM i?2 Q++m``2M+2 Q7 KB+`QTQHHmi�Mib BM i?2 �[m�iB+ 2MpB`QMK2Mi �M/ i?2B` 7�i2 �M/ `2KQp�H /m`BM;
r�bi2r�i2` i`2�iK2MiX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 9dj@9d9- eRN@e9RX

Gm`B�g- *X JX- �K�`�H@x2iiH2`g- GX �X- .m+FHQrg- >X qX- � _B+?g- CX CX UkyReVX a2�bQM�H bm++2bbBQM Q7 7`22@HBpBM;
#�+i2`B�H +QKKmMBiB2b BM +Q�bi�H r�i2`b Q7 i?2 r2bi2`M �Mi�`+iB+ T2MBMbmH�X 6`QMiB2`b BM JB+`Q#BQHQ;v- d-
RdjRX

Gpg- sX- J�g- "X- umg- CX- *?�M;g- aX sX- smg- CX- GBg- uX- q�M;g- :X- >�Mg- :X- "Qg- :X- � *?mg- sX UkyReVX "�+i2`B�H
+QKKmMBiv bi`m+im`2 �M/ 7mM+iBQM b?B7i �HQM; � bm++2bbBQM�H b2`B2b Q7 iB/�H ~�ib BM i?2 u2HHQr _Bp2` .2Hi�X
a+B2MiB}+ _2TQ`ib- eUje88yV- R@RyX

J�+F�vg- .X- � G2BMQM2Mg- SX CX URNd8VX _�i2 Q7 1p�TQ`�iBQM Q7 GQr@aQHm#BHBiv *QMi�KBM�Mib 7`QK q�i2` "Q/B2b
iQ �iKQbT?2`2X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- NURjV- RRd3@RR3yX

J�+F�vg- .X- � a?Bmg- qX uX URNddVX �[m2Qmb aQHm#BHBiv Q7 SQHvMm+H2�` �`QK�iB+ >v/`Q+�`#QMbX CQm`M�H Q7 *?2KB+�H
�M/ 1M;BM22`BM; .�i�- kkU9V- jNN@9ykX

J�;Bg- 1X- "B�M+Qg- _X- A�MMBg- *X- � .B *�``Qg- JX UkyykVX .Bbi`B#miBQM Q7 TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb BM i?2
b2/BK2Mib Q7 i?2 �/`B�iB+ a2�X 1MpB`QMK2Mi�H SQHHmiBQM- RRNURV- NR@N3X

J�Bb�MQg- JX- *�TT2HHQg- hX- PHBp�g- aX- L�i�HQiiQg- �X- :B�MM2iiQg- �X- S�``BMQg- oX- "�ii�;HB�g- SX- _QK2Qg-
hX- a�HpQg- �X- aT�Mƻg- LX- � J�m+2`Bg- �X UkyReVX S*" �M/ P*S �++mKmH�iBQM �M/ 2pB/2M+2 Q7 ?2T�iB+
�Hi2`�iBQM BM i?2 �iH�MiB+ #Hm2}M imM�- hX i?vMMmb- 7`QK i?2 J2/Bi2``�M2�M a2�X J�`BM2 1MpB`QMK2Mi�H
_2b2�`+?- RkR- 9y@93X

J�Qg- wX- w?2M;g- sX 6X- w?�M;g- uX ZX- h�Qg- sX sX- GBg- uX- � q�M;g- qX UkyRkVX P++m``2M+2 �M/ #BQ/2;`�/�iBQM Q7
MQMvHT?2MQH BM i?2 2MpB`QMK2MiX AMi2`M�iBQM�H CQm`M�H Q7 JQH2+mH�` a+B2M+2b- RjURV- 9NR@8y8X

J�`;mHB2bg- JX- 1;?QHKg- JX- �HiK�Mg- qX 1X- �iiBv�g- aX- "�/2`g- CX aX- "2K#2Mg- GX �X- "2`F�g- CX- "`�p2`K�Mg-
JX aX- *?2Mg- uX CX- *?2Mg- wX- .2r2HHg- aX "X- .mg- GX- 6B2``Qg- CX JX- :QK2bg- sX oX- :Q/rBMg- "X *X-
>2g- qX- >2H;2b2Mg- aX- >Qg- *X >X- A`xvFg- :X SX- Ę _Qi?#2`;g- CX JX Ukyy8VX :2MQK2 b2[m2M+BM; BM
KB+`Q7�#`B+�i2/ ?B;?@/2MbBiv TB+QHBi`2 `2�+iQ`bX L�im`2- 9jdUdy8dV- jde@j3yX

J�`iBMg- *X GX- JQKi�xg- aX- :�biQMg- hX- � JQHib+?�MBrbFvDg- LX �X UkykyVX J�TTBM; i?2 BMi�M;B#H2b , *mHim`�H
2+Qbvbi2K b2`pB+2b /2`Bp2/ 7`QK G�F2 J�+[m�`B2 2bim�`v- L2r aQmi? q�H2b- �mbi`�HB�X 1bim�`BM2- *Q�bi�H
�M/ a?2H7 a+B2M+2- k9jX

J�`ivg- aX- � SB+QmH2ig- EX UkyRdVX _2H�Bb �/Qm` aXLXSX1X *�KT�;M2 kyRe@kyRd U`�TTX i2+?XVX
J�bHQpg- aX- � aM2TT2Mg- EX UkyykVX aT2+B}+Biv �M/ ai�#BHBiv BM hQTQHQ;v Q7 S`Qi2BM L2irQ`FbX a+B2M+2- kNeU88eNV-

NRy@NRjX

k38



"B#HBQ;`�T?B2

J�i+?2`g- :X 6X- 6`QM2K�Mg- SX qX- J2BFH2DQ?Mg- AX- � .Q``BM;iQMg- _X �X UkyR3VX .BbiBM+i `2bTQMb2b Q7 #�+i2`B�H
+QKKmMBiB2b iQ �;`B+mHim`�H �M/ m`#�M BKT�+ib BM i2KT2`�i2 bQmi?2`M �7`B+�M 2bim�`B2bX 1bim�`BM2- *Q�bi�H
�M/ a?2H7 a+B2M+2- kyy- kk9@kjjX

J�t�Kg- �X JX- � :BH#2`ig- qX URNddVX � M2r K2i?Q/ 7Q` b2[m2M+BM; .L�X 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+�- d9UkV- 8ey@8e9X

J+"`B/2g- JX- sB2g- :X- J�`i2Mbg- 1X- G�TB/mbg- �X- >2M`Bbb�ig- "X- _?Q/2bg- _X- :QHibK�Mg- 1X- q�M;g- qX-
smg- CX- >mMMB+miig- .X- ai�`Qb+BFg- �X- >QQp2`g- hX- *?2M;g- uX- � ai2BMg- CX UkyyNVX LQp2H 72�im`2b Q7
i?2 TQHvb�++?�`B/2@/B;2biBM; ;HB/BM; #�+i2`BmK 6H�pQ#�+i2`BmK DQ?MbQMB�2 �b `2p2�H2/ #v ;2MQK2 b2[m2M+2
�M�HvbBbX �TTHB2/ �M/ 2MpB`QMK2Mi�H KB+`Q#BQHQ;v- d8UkRV- e3e9@e3d8X

J+6�`H�M/g- CX qX- �p/227g- �X- "2`;2`g- *X JX- � _�2pbFvg- PX �X UkyyRVX 1biBK�iBM; i?2 r�i2` bQHm#BHBiB2b Q7
+`vbi�HHBM2 +QKTQmM/b 7`QK i?2B` +?2KB+�H bi`m+im`2b �HQM2X CQm`M�H Q7 +?2KB+�H BM7Q`K�iBQM �M/ +QKTmi2`
b+B2M+2b- 9RU8V- Rj88@Rj8NX

J+6�`H�M/g- CX qX- "2`;2`g- *X JX- 6`Qb?�m2`g- aX �X- >�v�b?Bg- aX 6X- >2+F2`g- aX CX- C�vM2bg- "X >X- C27bQMg-
JX _X- E�KB+F2`g- "X CX- GBTBMbFBg- *X �X- GmM/vg- EX JX- _22b2g- *X SX- � omg- *X "X URNNdVX Zm�MiBi�iBp2
bi`m+im`2@�+iBpBiv `2H�iBQMb?BTb �KQM; K�+`QHB/2 �MiB#�+i2`B�H �;2Mib , AM pBi`Q �M/ BM pBpQ TQi2M+v �;�BMbi
S�bi2m`2HH� KmHiQ+B/�X CQm`M�H Q7 J2/B+BM�H *?2KBbi`v- 9yUNV- Rj9y@Rj9eX

J+:2MBivg- hX CX- 6QHr2HHg- "X .X- J+E2rg- "X �X- � a�MMBg- :X PX UkyRkVX J�`BM2 +`m/2@QBH #BQ/2;`�/�iBQM , �
+2Mi`�H `QH2 7Q` BMi2`bT2+B2b BMi2`�+iBQMbX �[m�iB+ "BQbvbi2Kb- 3URyV- R@RNX

J+G2HH�Mg- aX GX- a�m2`g- 1X SX- *Q`bBg- aX _X- "QQibK�g- JX CX- "Q2?Kg- �X "X- aT2M+2`g- aX EX- � "Q`+?�`/ig-
JX �X UkyR3VX a2r�;2 HQ�/BM; �M/ KB+`Q#B�H `BbF BM m`#�M r�i2`b Q7 i?2 :`2�i G�F2bX 1H2K2Mi� , a+B2M+2
Q7 i?2 �Mi?`QTQ+2M2- eU9eVX

J+G2HH�Mg- aX- >mb2g- aX- Jm2HH2`@aTBixg- aX- �M/`2Bb?+?2p�g- 1X- � aQ;BMg- JX UkyRyVX .Bp2`bBiv �M/ TQTmH�@
iBQM bi`m+im`2 Q7 b2r�;2@/2`Bp2/ KB+`QQ`;�MBbKb BM r�bi2r�i2` i`2�iK2Mi TH�Mi BM~m2MiX 1MpB`QMK2Mi�H
KB+`Q#BQHQ;v- RkUkV- jd3@jNkX

J+GmbFvg- .X aX URNNjVX J�`BM2 �M/ 2bim�`BM2 ;`�/B2Mib @ �M Qp2`pB2rX L2i?2`H�M/b CQm`M�H Q7 �[m�iB+ 1+QHQ;v-
kd- 93N@9NjX

J+Jm`/B2g- SX CX- � >QHK2bg- aX UkyRjVX S?vHQb2[ , �M _ S�+F�;2 7Q` _2T`Q/m+B#H2 AMi2`�+iBp2 �M�HvbBb �M/
:`�T?B+b Q7 JB+`Q#BQK2 *2Mbmb .�i�X SGQa PM2- 3U9VX

J2�Mbg- CX *X- qQQ/g- aX :X- >�bb2iig- CX CX- � "�Mr�`ig- qX GX URN3yVX aQ`TiBQM Q7 SQHvMm+H2�` �`QK�iB+ >v/`Q@
+�`#QMb #v a2/BK2Mib �M/ aQBHbX 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- R9URkV- R8k9@R8k3X

J2?`�MBg- JX CX- aQ#QiF�g- .X- EQr�Hg- SX- *B2bB2HbFBg- aX- � J�FBMB�g- CX UkykyVX h?2 Q++m``2M+2 �M/ `QH2 Q7
LBi`QbTB`� BM MBi`Q;2M `2KQp�H bvbi2KbX "BQ`2bQm`+2 h2+?MQHQ;v- jyj- RkkNjeX

J2Bg- _X- LQ#mg- JX EX- L�`B?B`Qg- hX- � GBmg- qX@hX UkykyVX J2i�;2MQKB+ �M/ J2i�i`�Mb+`BTiQKB+ �M�Hvb2b _2p2�H2/
lM+mHim`2/ "�+i2`QB/�H2b SQTmH�iBQMb �b i?2 .QKBM�Mi S`Qi2QHviB+ �KBMQ �+B/ .2;`�/2`b BM �M�2`Q#B+
.B;2bi2`bX 6`QMiB2`b BM JB+`Q#BQHQ;v- RR- kdejX

J2M;g- CX- smg- CX- ZBMg- .X- >2g- uX- sB�Qg- sX- � q�M;g- 6X UkyR9VX :2M2iB+ �M/ 7mM+iBQM�H T`QT2`iB2b Q7 mM+mHiBp�i2/
J*: �`+?�2� �bb2bb2/ #v K2i�;2MQK2 �M/ ;2M2 2tT`2bbBQM �M�Hvb2bX AaJ1 CQm`M�H- 3UjV- e8y@e8NX
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J2M;g- GX- GBmg- >X- G�Mg- hX- .QM;g- GX- >mg- >X- w?�Qg- aX- w?�M;g- uX- w?2M;g- LX- � q�M;g- CX UkykyVX �MiB#BQiB+
_2bBbi�M+2 S�ii2`Mb Q7 Sb2m/QKQM�b bTTX AbQH�i2/ 6`QK _�r JBHF _2p2�H2/ #v q?QH2 :2MQK2 a2[m2M+BM;X
6`QMiB2`b BM JB+`Q#BQHQ;v- RRURyy8V- R@RyX

J2MxB2g- *X �X- SQiQ+FBg- "X "X- � CQb2T?g- aX URNNkVX 1tTQbm`2 iQ *�`+BMQ;2MB+ S�>b BM h?2 1MpB`QMK2MiX
1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- keUdV- Rkd3@Rk39X

J2ixF2`g- JX GX UkyRyVX a2[m2M+BM; i2+?MQHQ;B2b i?2 M2ti ;2M2`�iBQMX L�im`2 _2pB2rb :2M2iB+b- RRURV- jR@9eX
J2vH�Mg- qX JX- >Qr�`/g- SX >X- � "Q2i?HBM;g- _X aX URNNeVX AKT`Qp2/ K2i?Q/ 7Q` 2biBK�iBM; r�i2` bQHm#BHBiv

7`QK Q+i�MQHfr�i2` T�`iBiBQM +Q2{+B2MiX 1MpB`QMK2Mi�H hQtB+QHQ;v �M/ *?2KBbi`v- R8UkV- Ryy@RyeX
JB+?�2Hg- AX- _BxxQg- GX- J+�`/2HHg- *X aX- J�M�B�g- *X JX- J2`HBMg- *X- a+?r�`ixg- hX- .�;Qig- *X- � 6�ii�@

E�bbBMQbg- .X UkyRjVX l`#�M r�bi2r�i2` i`2�iK2Mi TH�Mib �b ?QibTQib 7Q` i?2 `2H2�b2 Q7 �MiB#BQiB+b BM i?2
2MpB`QMK2Mi , � `2pB2rX q�i2` _2b2�`+?- 9dUjV- N8d@NN8X

JBF?�BHQpg- oX LX- � :Q`BMg- aX GX UkyRkVX L2r /2}MBiBQMb- `2;BQM�HBx�iBQM- �M/ ivTB}+�iBQM Q7 `Bp2` KQmi? �`2�b
�M/ 2bim�`B2b �b i?2B` T�`ibX q�i2` _2bQm`+2b- jNUjV- k9d@keyX

JBHH2`g- hX _X- >2B/H2`g- CX- *?BHH`m/g- aX LX- .2G�[mBHg- �X- _Bi+?B2g- CX *X- JB?�HB+g- CX LX- "QTTg- _X- >�H/2Mg-
_X lX- h_g- JX- Cg- >X- aLg- *X- �g- .X- C*g- _X- CLg- JX- _g- "X- � _lg- >X Ukyy3VX 6�i2 Q7 h`B+HQb�M �M/
1pB/2M+2 7Q` _2/m+iBp2 .2+?HQ`BM�iBQM Q7 h`B+HQ+�`#�M BM 1bim�`BM2 a2/BK2MibX 1MpB`QMK2Mi�H b+B2M+2 �
i2+?MQHQ;v- 9kURkV- 98dyX

JBMBbiĐ`2 /2 H� h`�MbBiBQM ö+QHQ;B[m2 2i aQHB/�B`2gX UkyRNVX SQ`i�BH /ǶBM7Q`K�iBQM bm` HǶ�bb�BMBbb2K2Mi +QK@
KmM�HX

JBbbQMg- "X- :�`MB2`g- *X- G�m;�g- "X- .�M;g- .X >X- :?B;HBQM2g- CX 6X- JmHHQig- CX lX- .m`�Mg- _X- � S`BM;�mHig-
PX UkyReVX *?2KB+�H KmHiB@+QMi�KBM�iBQM /`Bp2b #2Mi?B+ T`QF�`vQiB+ /Bp2`bBiv BM i?2 �Mi?`QTBx2/ hQmHQM
"�vX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 88e- jRN@jkNX

JQ?Big- oX- �`+?�K#�mHig- SX- hQmTQBMig- LX- � GQp2DQvg- *X UkyR9VX S?vHQ;2M2iB+ /Bz2`2M+2b BM �ii�+?2/ �M/ 7`22@
HBpBM; #�+i2`B�H +QKKmMBiB2b BM � i2KT2`�i2 +Q�bi�H H�;QQM /m`BM; bmKK2`- `2p2�H2/ pB� ?B;?@i?`Qm;?Tmi
Rea `_L� ;2M2 b2[m2M+BM;X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- 3yUdV- kydR@ky3jX

JQDB`Bg- �X- w?Qmg- CX GX- P?�b?Bg- �X- Px�FBg- LX- � EBM/�B+?Bg- hX UkyRNVX *QKT`2?2MbBp2 `2pB2r Q7 TQHv+v+HB+
�`QK�iB+ ?v/`Q+�`#QMb BM r�i2` bQm`+2b- i?2B` 2z2+ib �M/ i`2�iK2MibX a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi-
eNe- RjjNdRX

JQH�`Bg- JX- C�Mbb2Mg- 6X- oQMM�?K2g- hX _X- q2Mx?ƴ72`g- 6X- � "Q2iBmbg- �X UkykyVX h?2 +QMi`B#miBQM Q7 KB+`Q#B�H
+QKKmMBiB2b BM TQHvK2i�HHB+ MQ/mH2b iQ i?2 /Bp2`bBiv Q7 i?2 /22T@b2� KB+`Q#BQK2 Q7 i?2 S2`m "�bBM U9Rjy@
9RN3K /2Ti?VX "BQ;2Qb+B2M+2b- RdURkV- jkyj@jkkkX

JQMT2``mbg- JX- E`mTTg- 1X- �KQm`Qmtg- .X- .QM�`/g- PX 6X- � _Q/`Ō;m2x J�`iŌM@.QBK2�/BQbg- _X *X Ukyy9VX
SQi2MiB�H �M/ HBKBib Q7 bT2+B�i2/ BbQiQT2@/BHmiBQM �M�HvbBb 7Q` K2i`QHQ;v �M/ �bb2bbBM; 2MpB`QMK2Mi�H `2�+@
iBpBivX h`2M/b BM �M�HviB+�H *?2KBbi`v- kjUjV- keR@kdkX

JQMT2``mbg- JX- h2bbB2`g- 1X- o2b+?�K#`2g- aX- �KQm`Qmtg- .X- � .QM�`/g- PX Ukyy8VX aBKmHi�M2Qmb bT2+B�iBQM
Q7 K2`+m`v �M/ #mivHiBM +QKTQmM/b BM M�im`�H r�i2`b �M/ bMQr #v T`QTvH�iBQM �M/ bT2+B2b@bT2+B}+ BbQiQT2
/BHmiBQM K�bb bT2+i`QK2i`v �M�HvbBbX �M�HviB+�H �M/ "BQ�M�HviB+�H *?2KBbi`v- j3R- 389@3ekX

JQMT2``mbg- JX- _Q/`B;m2x :QMx�H2xg- SX- �KQm`Qmtg- .X- :�`+B� �HQMbQg- CX AX- � .QM�`/g- PX 6X Ukyy3VX
1p�Hm�iBM; i?2 TQi2MiB�H �M/ HBKBi�iBQMb Q7 /Qm#H2@bTBFBM; bT2+B2b@bT2+B}+ BbQiQT2 /BHmiBQM �M�HvbBb 7Q` i?2
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�++m`�i2 [m�MiB}+�iBQM Q7 K2`+m`v bT2+B2b BM /Bz2`2Mi 2MpB`QMK2Mi�H K�i`B+2bX �M�HviB+�H �M/ "BQ�M�HviB+�H
*?2KBbi`v- jNy- e88@eeeX

JQQ`2g- *X JX- JBHHbg- JX JX- �``B;Qg- EX _X- "2`K�M@6`�MFg- AX- "QTTg- GX- "Qv/g- SX qX- :�H#`�Bi?g- 1X .X-
:2B/2`g- _X CX- :mB2mg- *X- C�++�`/g- aX GX- CB+F2HHbg- hX .X- G� _Q+?2g- CX- G2MiQMg- hX JX- J�?Qr�H/g-
LX JX- J�`�ƜƠMg- 1X- J�`BMQpg- AX- JQQ`2g- CX EX- L�F�ibmF�g- hX- Pb+?HB2bg- �X- Ę lHHQ�g- PX UkyRjVX
S`Q+2bb2b �M/ T�ii2`Mb Q7 Q+2�MB+ Mmi`B2Mi HBKBi�iBQMX L�im`2 :2Qb+B2M+2- e- dyR@dRyX

JQ``B+2g- EX CX- "�TiBbi�g- �X JX- � "m`F2g- "X CX UkykyVX 1MpB`QMK2Mi�H �M/ #2?�pBQ`�H +QMi`QHb QM Dmp2MBH2
*?BMQQF b�HKQM KB;`�iBQM T�i?r�vb BM i?2 *QHmK#B� _Bp2` 2bim�`vX 1+QHQ;B+�H JQ/2HHBM;- 9kd- RyNyyjX

JQ``Bbg- _X JX- _�TTög- JX aX- *QMMQMg- aX �X- o2`;BMg- EX GX- aB2#QH/g- qX �X- *�`HbQMg- *X �X- � :BQp�MMQMBg-
aX CX UkyykVX a�_RR +H�/2 /QKBM�i2b Q+2�M bm`7�+2 #�+i2`BQTH�MFiQM +QKKmMBiB2bX L�im`2- 9kyU.2+2K#2`V-
3ye@3RyX

JmHHBMg- CX "X- � _BH2vg- CX SX URN88VX h?2 bT2+i`QT?QiQK2i`B+ /2i2`KBM�iBQM Q7 MBi`�i2 BM M�im`�H r�i2`b- rBi?
T�`iB+mH�` `272`2M+2 iQ b2�@r�i2`X �M�HviB+� *?BKB+� �+i�- Rk- 9e9@93yX

Jm`�HBg- �X- "?�`;�p�g- �X- � q`B;?ig- 1X aX UkyR3VX A.h�s� , � MQp2H �TT`Q�+? 7Q` �++m`�i2 i�tQMQKB+ +H�bbB@
}+�iBQM Q7 KB+`Q#BQK2 b2[m2M+2bX JB+`Q#BQK2- eURVX

Jm`T?vg- CX- � _BH2vg- CX SX URNekVX � KQ/B}2/ bBM;H2 bQHmiBQM K2i?Q/ 7Q` i?2 /2i2`KBM�iBQM Q7 T?QbT?�i2 BM M�im`�H
r�i2`bX �M�HviB+� *?BKB+� �+i�- kd- jR@jeX

Jm`T?vg- hX CX- J2v2`g- CX �X- � JmHHBMg- JX .X URN3dVX 1[mBHB#`�iBQM Q7 SQHv+?HQ`BM�i2/ "BT?2MvHb �M/ hQt�T?2M2
rBi? �B` �M/ q�i2`X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- kRUkV- R88@RekX

Jmbi�7�g- EX EX- J�mHm/g- aX ZX- � >�K�/g- SX �X UkyR3VX .2i2+iBQM Q7 aT?BM;QKQM�b T�m+BKQ#BHBb �M/ �MiB#�+i2`B�H
�+iBpBiv Q7 S`QbQTBb 7�`+i� 2ti`�+ib QM BiX E�`#�H� AMi2`M�iBQM�H CQm`M�H Q7 JQ/2`M a+B2M+2- 9URV- Ryy@RyeX

L�B/mg- _X- "Bbr�bg- "X- qBHH2iig- AX _X- *`B##g- CX- EmK�` aBM;?g- "X- S�mH L�i?�M�BHg- *X- *QmHQMg- 6X- a2KTH2g-
EX hX- CQM2bg- EX *X- "�`+H�vg- �X- � CQ?M �BiF2Mg- _X UkykRVX *?2KB+�H TQHHmiBQM , � ;`QrBM; T2`BH �M/
TQi2MiB�H +�i�bi`QT?B+ `BbF iQ ?mK�MBivX 1MpB`QMK2Mi BMi2`M�iBQM�H- R8e- R@RkX

L�F�;�r�g- aX- h�F�Bg- EX- AM�;�FBg- 6X- >B`�v�K�g- >X- LmMQm`�g- hX- >Q`BFQb?Bg- EX- � a�FQg- uX Ukyy8VX .Bb@
i`B#miBQM- T?vHQ;2M2iB+ /Bp2`bBiv �M/ T?vbBQHQ;B+�H +?�`�+i2`BbiB+b Q7 2TbBHQM@S`Qi2Q#�+i2`B� BM � /22T@b2�
?v/`Qi?2`K�H }2H/X 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dURyV- ReRN@RejkX

L�`Q@J�+B2Hg- 1X- AM;�H�g- JX _X- q2`M2`g- AX 1X- � 6Bix;2`�H/g- �X JX UkykyVX Rea `_L� �KTHB+QM a2[m2M+BM; Q7
l`#�M S`QF�`vQiB+ *QKKmMBiB2b BM i?2 aQmi? "`QMt _Bp2` 1bim�`vX JB+`Q#BQHQ;v _2bQm`+2 �MMQmM+2K2Mib-
NUkkVX

L2+B#Bg- JX- G�M+2H2m`g- GX- JxQm;?Bg- LX- � JQMT2``mbg- JX UkyReVX .2i2`KBM�iBQM Q7 avMi?2iB+ JmbFb BM am`7�+2
a2/BK2Mi 7`QK i?2 "Bx2`i2 G�;QQM #v Zm1*?1_a 1ti`�+iBQM 6QHHQr2/ #v :*@JaX "mHH2iBM Q7 1MpB`QM@
K2Mi�H *QMi�KBM�iBQM �M/ hQtB+QHQ;v- NdU8V- e8N@eeNX

L2rK�Mg- JX 1X Ukyy9VX 6�bi �H;Q`Bi?K 7Q` /2i2+iBM; +QKKmMBiv bi`m+im`2 BM M2irQ`FbX S?vbB+�H _2pB2r 1 @ ai�iBb@
iB+�H S?vbB+b- SH�bK�b- 6HmB/b- �M/ _2H�i2/ AMi2`/Bb+BTHBM�`v hQTB+b- eNUe Si kV- yeeRjjX

L2riQMg- _X CX- CQM2bg- aX 1X- 1BH2`g- �X- J+J�?QMg- EX .X- � "2`iBHbbQMg- aX UkyRRVX � :mB/2 iQ i?2 L�im`�H
>BbiQ`v Q7 6`2b?r�i2` G�F2 "�+i2`B�X JB+`Q#BQHQ;v �M/ JQH2+mH�` "BQHQ;v _2pB2rb- d8URV- R9@9NX
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L2riQMg- _X CX- "QQibK�g- JX CX- JQ``BbQMg- >X :X- aQ;BMg- JX GX- � J+G2HH�Mg- aX GX UkyRjVX � KB+`Q#B�H bB;M�im`2
�TT`Q�+? iQ B/2MiB7v 72+�H TQHHmiBQM BM i?2 r�i2`b Qz �M m`#�MBx2/ +Q�bi Q7 G�F2 JB+?B;�MX JB+`Q#B�H 2+QHQ;v-
e8- RyRR@RykjX

L2riQMg- _X CX- � J+G2HH�Mg- aX GX UkyR8VX � mMB[m2 �bb2K#H�;2 Q7 +QbKQTQHBi�M 7`2b?r�i2` #�+i2`B� �M/ ?B;?2`
+QKKmMBiv /Bp2`bBiv /Bz2`2MiB�i2 �M m`#�MBx2/ 2bim�`v 7`QK QHB;Qi`QT?B+ G�F2 JB+?B;�MX 6`QMiB2`b BM
JB+`Q#BQHQ;v- e- Ryk3X

LB+?QHbg- 6X >X- � h?QKTbQMg- CX EX URN38VX hBK2 b+�H2b Q7 +?�M;2 BM i?2 a�M 6`�M+Bb+Q "�v #2Mi?QbX >v/`Q#BQHQ;B�-
RkNURV- RkR@Rj3X

LB2/`BM;?�mbg- hX SX- JBH�MQp�g- .X- E2`#vg- JX "X- aMv/2`g- JX SX- � "�``QMg- �X 1X UkyRRVX G�M/b+�T2 Q7
L2ti@:2M2`�iBQM a2[m2M+BM; h2+?MQHQ;B2bX �M�HviB+�H *?2KBbi`v- 3jURkV- 9jkd@9j9RX

LBFQH�Qmg- �X- EQbiQTQmHQmg- JX- GQ7`�MQg- :X- � J2`B+g- aX UkyyNVX .2i2`KBM�iBQM Q7 S�>b BM K�`BM2 b2/BK2Mib ,
�M�HviB+�H K2i?Q/b �M/ 2MpB`QMK2Mi�H +QM+2`MbX :HQ#�H L2bi CQm`M�H- RRU9V- jNR@9y8X

LBmg- GX- GBg- uX- q�M;g- SX- w?�M;g- qX- q�M;g- *X- GBg- CX- � qmg- >X UkyR3VX .2p2HQTK2Mi Q7 � KB+`Q#B�H +QKKmMBiv@
#�b2/ BM/2t Q7 #BQiB+ BMi2;`Biv UJ*@A"AV 7Q` i?2 �bb2bbK2Mi Q7 2+QHQ;B+�H bi�imb Q7 `Bp2`b BM i?2 h�B?m "�bBM-
*?BM�X 1+QHQ;B+�H AM/B+�iQ`b- 38- ky9@kRjX

LǞHp�Fg- >X- h`mmg- JX- PQTF�mTg- EX- E�M;2`g- EX- E`mbiQFg- AX- L2?`2M?2BKg- 1X- � h`mmg- CX UkyR3VX _2/m+iBQM
Q7 �MiB#BQiB+ `2bBbiQK2 �M/ BMi2;`QM@BMi2;`�b2 ;2M2b BM H�#Q`�iQ`v@b+�H2 T?QiQ#BQ`2�+iQ`b i`2�iBM; KmMB+BT�H
r�bi2r�i2`X q�i2` _2b2�`+?- R9k- jej@jdkX

LQm?�g- EX- EmK�`g- _X aX- � hv�;Bg- _X .X UkyReVX >2�pv K2i�Hb `2KQp�H 7`QK r�bi2r�i2` mbBM; 2ti`�+2HHmH�`
TQHvK2`B+ bm#bi�M+2b T`Q/m+2/ #v *HQ�+B#�+i2`BmK MQ`K�M2Mb2 BM r�bi2r�i2` bHm/;2 bmTTH2K2Mi2/ rBi?
+`m/2 ;Hv+2`QH �M/ bim/v Q7 2ti`�+2HHmH�` TQHvK2`B+ bm#bi�M+2b 2ti`�+iBQM #v /Bz2`2Mi K2i?Q/bX "BQ`2bQm`+2
h2+?MQHQ;v- kRk- Rky@RkNX

LQr�`�g- �X- "m`?2MM2g- CX- � aTBi2HH2`g- JX URNNdVX "BM/BM; Q7 6HmQ`Q[mBMQHQM2 *�`#QtvHB+ �+B/ .2`Bp�iBp2b iQ
*H�v JBM2`�HbX CQm`M�H Q7 �;`B+mHim`�H �M/ 6QQ/ *?2KBbi`v- 98U9V- R98N@R9ejX

L`B�;mg- CX PX URN3NVX � ;HQ#�H �bb2bbK2Mi Q7 M�im`�H bQm`+2b Q7 �iKQbT?2`B+ i`�+2 K2i�HbX L�im`2- jj3UekRyV- 9d@9NX
P#2`Hög- EX- *�T/2pBHH2g- JX CX- "2`i?2g- hX- "m/xBMbFBg- >X- � S2iBig- 6X UkyRkVX 1pB/2M+2 7Q` � +QKTH2t `2H�@

iBQMb?BT #2ir22M �MiB#BQiB+b �M/ �MiB#BQiB+@`2bBbi�Mi 2b+?2`B+?B� +QHB , 6`QK K2/B+�H +2Mi2` T�iB2Mib iQ �
`2+2BpBM; 2MpB`QMK2MiX 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- 9e- R38N@R3e3X

P#BK�FBM/2g- aX- 6�iQFBg- PX- PT2QHmg- "X- � PH�imMDBg- PX UkyRdVX o2i2`BM�`v T?�`K�+2miB+�Hb BM �[m2Qmb bvbi2Kb
�M/ �bbQ+B�i2/ 2z2+ib , �M mT/�i2X 1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- k9U9V- jkd9@jkNdX

P*.1gX UkyRdVX :mB/�M+2 QM i?2 AM+Q`TQ`�iBQM Q7 "BQ�p�BH�#BHBiv *QM+2Tib 7Q` �bb2bbBM; i?2 *?2KB+�H 1+QHQ;B+�H
_BbF �M/fQ` 1MpB`QMK2Mi�H h?`2b?QH/ o�Hm2b Q7 J2i�Hb �M/ AMQ`;�MB+ J2i�H *QKTQmM/b U`�TTX i2+?XVX
S�`Bb- P1*.X

PF�KQiQg- �X- u�K�Km`Qg- JX- � h�i�`�x�FQg- LX UkyR8VX �+mi2 iQtB+Biv Q7 8y K2i�Hb iQ .�T?MB� K�;M�X CQm`M�H
Q7 �TTHB2/ hQtB+QHQ;v- j8UdV- 3k9@3jyX

PFb�M2Mg- CX- "H�M+?2ig- 6X :X- 6`B2M/Hvg- JX- EBM/ig- _X- G2;2M/`2g- SX- J+:HBMMg- .X- JBM+?BMg- SX _X- Pǰ>�`�g-
_X "X- aBKTbQMg- :X GX- aQHvKQbg- SX- ai2p2Mbg- JX >X >X- axQ2+bg- 1X- � q�;M2`g- >X UkykyVX p2;�M ,
*QKKmMBiv 2+QHQ;v T�+F�;2X
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PǰL2BHg- JX CX UkyRjVX h?2 J2`+F AM/2t , �M 1M+v+HQT2/B� Q7 *?2KB+�Hb- .`m;b- �M/ "BQHQ;B+�Hb U_Qv�H aQ+B2iv
Q7 *?2KBbi`vg- ú/X c R8i? 1/BiBVX

PTT2`?mHx2Mg- �X- :Q#�bg- 6X �X- o�M /2` ai22Mg- CX JX- � >mixHM;2`g- PX URN33VX �[m2Qmb aQHm#BHBiv Q7 SQ@
Hv+?HQ`BM�i2/ "BT?2MvHb _2H�i2/ iQ JQH2+mH�` ai`m+im`2X 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- kkUeV-
ej3@e9eX

P`2Mg- �X- .� *Qbi�g- JX aX- :�``Bivg- :X JX- _�BM2vg- 6X �X- _Qbb2HHƠ@JƠ`�g- _X- a+?BMFg- "X- ami+HB772g- AX-
h`mDBHHQg- JX 1X- � q?BiK�Mg- qX "X UkyR8VX S`QTQb�H iQ BM+Hm/2 i?2 `�MF Q7 T?vHmK BM i?2 BMi2`M�iBQM�H
+Q/2 Q7 MQK2M+H�im`2 Q7 T`QF�`vQi2bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v-
e8- 9k39@9k3dX

P`2Mg- �X- � :�``Bivg- :X JX UkykRVX o�HB/ Tm#HB+�iBQM Q7 i?2 M�K2b Q7 7Q`iv@irQ T?vH� Q7 T`QF�`vQi2bX AMi2`M�iBQM�H
DQm`M�H Q7 bvbi2K�iB+ �M/ 2pQHmiBQM�`v KB+`Q#BQHQ;v- dRURyV- yy8y8eX

P`i2;�@_2im2`i�g- 1X- CQmtg- 6X- C277`2vg- qX >X- � :?B;HBQM2g- CX 6X UkyRjVX aT�iB�H p�`B�#BHBiv Q7 T�`iB+H2@
�ii�+?2/ �M/ 7`22@HBpBM; #�+i2`B�H /Bp2`bBiv BM bm`7�+2 r�i2`b 7`QK i?2 J�+F2MxB2 _Bp2` iQ i?2 "2�m7Q`i a2�
U*�M�/B�M �`+iB+VX "BQ;2Qb+B2M+2b- RyU9V- kd9d@kd8NX

PbBƐbF�g- �X- >�`MBbxg- JX- � EQ`x2MB2rbF�g- 1X UkyReVX S`2p�H2M+2 Q7 TH�bKB/@K2/B�i2/ KmHiB/`m; `2bBbi�M+2
/2i2`KBM�Mib BM ~mQ`Q[mBMQHQM2@`2bBbi�Mi #�+i2`B� BbQH�i2/ 7`QK b2r�;2 �M/ bm`7�+2 r�i2`X 1MpB`QMK2Mi�H
a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- kjURRV- Ry3R3@Ry3jRX

PaS�_ *QKKBbbBQMgX UkyyNVX "�+F;`QmM/ .Q+mK2Mi QM MQMvHT?2MQHfMQMvHT?2MQH 2i?QtvH�i2b U`�TTX i2+?XVX
Pp2`K�MMg- CX- �#ig- "X- � aBFQ`bFBg- CX UkyRdVX S`2b2Mi �M/ 6mim`2 Q7 *mHim`BM; "�+i2`B�X �MMm�H `2pB2r Q7

KB+`Q#BQHQ;v- dR- dRR@djyX
S�+2g- LX _X UkyyeVX hBK2 7Q` � +?�M;2X L�im`2- 99RUdyNRV- k3NX
S�/BHH�g- *X *X- :�M2b?g- aX- :�Miig- aX- >m?K�Mg- �X- S�``Bbg- .X CX- a�`Q/2g- LX- � ai2r�`ig- 6X CX UkyR8VX

ai�M/�`/ }Hi`�iBQM T`�+iB+2b K�v bB;MB}+�MiHv /BbiQ`i TH�MFiQMB+ KB+`Q#B�H /Bp2`bBiv 2biBK�i2bX 6`QMiB2`b
BM JB+`Q#BQHQ;v- eU89dVX

S�Bbbög- aX- *QmHQMg- 6X- :QƜB@l``Bx�g- JX- S2T2`x�Fg- GX- J+:2MBivg- hX CX- � .m`�Mg- _X Ukyy3VX ai`m+im`2 Q7 #�+@
i2`B�H +QKKmMBiB2b �HQM; � ?v/`Q+�`#QM +QMi�KBM�iBQM ;`�/B2Mi BM � +Q�bi�H b2/BK2MiX 61Ja JB+`Q#BQHQ;v
1+QHQ;v- ee- kN8@jy8X

S�HQKQg- �X- C�M2 6QrH2`g- aX- :ȽH�vg- �X- _�bKmbb2Mg- aX- aB+?2`Bix@SQMi2Mg- hX- � aK2ibg- "X 6X UkyReVX J2i�@
;2MQKB+ �M�HvbBb Q7 `�TB/ ;`�pBiv b�M/ }Hi2` KB+`Q#B�H +QKKmMBiB2b bm;;2bib MQp2H T?vbBQHQ;v Q7 LBi`QbTB`�
bTTX AaJ1 CQm`M�H- RyURRV- k8eN@k83RX

S�HQKQg- �X- S2/2`b2Mg- �X :X- 6QrH2`g- aX CX- .2+?2bM2g- �X- aB+?2`Bix@SQMiöMg- hX- � aK2ibg- "X 6X UkyR3VX
*QKT�`�iBp2 ;2MQKB+b b?2/b HB;?i QM MB+?2 /Bz2`2MiB�iBQM �M/ i?2 2pQHmiBQM�`v ?BbiQ`v Q7 +QK�KKQt
LBi`QbTB`�X AaJ1 CQm`M�H- RkUdV- RddN@RdNjX

S�Mg- EX- � q�M;g- qX sX UkyRkVX h`�+2 K2i�H +QMi�KBM�iBQM BM 2bim�`BM2 �M/ +Q�bi�H 2MpB`QMK2Mib BM *?BM�X
a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 9kR@9kk- j@ReX

S�M�;BQi�FQTmHmg- 1X- "m+FH�M/g- SX *X- .�vg- SX JX- a�`T�FBg- �X �X- � .QmK�bg- *X URNN8VX L�im`�H BMb2+iB+B/2b
�M/ BMb2+i `2T2HH2Mib BM �MiB[mBiv , � `2pB2r Q7 i?2 2pB/2M+2X CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2- kkU8V-
dy8@dRyX
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S�`�/�g- �X 1X- L22/?�Kg- .X JX- � 6m?`K�Mg- CX �X UkyReVX 1p2`v #�b2 K�ii2`b , �bb2bbBM; bK�HH bm#mMBi `_L�
T`BK2`b 7Q` K�`BM2 KB+`Q#BQK2b rBi? KQ+F +QKKmMBiB2b- iBK2 b2`B2b �M/ ;HQ#�H }2H/ b�KTH2bX 1MpB`QMK2M@
i�H JB+`Q#BQHQ;v- R3U8V- R9yj@R9R9X

S�`F2`g- "X CX- q2�`b+?g- SX �X- o2HQQg- �X *X JX- � _Q/`B;m2x@S�H�+BQbg- �X UkykyVX h?2 :2Mmb �HBbiBT2b ,
:mi "�+i2`B� qBi? 1K2`;BM; AKTHB+�iBQMb iQ AM~�KK�iBQM- *�M+2`- �M/ J2Mi�H >2�Hi?X 6`QMiB2`b BM
AKKmMQHQ;v- RRUNyeV- R@R8X

S�`H�MiBg- 1X- qƴ`xg- EX- :2Q77`Qvg- GX- � G�KQii2g- JX UkyyyVX .BbbQHp2/ Q`;�MB+ K�ii2` ~mQ`2b+2M+2 bT2+i`Q@
b+QTv �b � iQQH iQ 2biBK�i2 #BQHQ;B+�H �+iBpBiv BM � +Q�bi�H xQM2 bm#KBii2/ iQ �Mi?`QTQ;2MB+ BMTmibX P`;�MB+
:2Q+?2KBbi`v- jRURkV- Rde8@Rd3RX

S�b+m�Hg- CX- :�`+Ō�@GƠT2xg- JX- :QMx{H2xg- AX- � :2MBHHQm/g- PX UkyRdVX Gmi2QHB#�+i2` ;2HH�MBHviB+mb bTX LQpX-
� ;2HH�M@;mK@/2;`�/BM; #�+i2`BmK Q7 i?2 T?vHmK p2``m+QKB+`Q#B� BbQH�i2/ 7`QK KBMB�im`Bx2/ /BzmbBQM
+?�K#2`bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- edURyV- jN8R@jN8NX

S�b+m�H@"2MBiQg- JX- "�HH2biög- 1X- JQMH2ƠM@:2iBMQg- hX- l`K2M2i�g- CX- "H�M+?g- �X _X- :�`+Ō�@�HD�`Qg- *X-
� Gm+2M�g- 6X UkykyVX AKT�+i Q7 i`2�i2/ b2r�;2 2|m2Mi QM i?2 #�+i2`B�H +QKKmMBiv +QKTQbBiBQM BM �M
BMi2`KBii2Mi K2/Bi2``�M2�M bi`2�KX 1MpB`QMK2Mi�H SQHHmiBQM- kee- S�`iURR8k89VX

S�mHb2Mg- AX hX- aHBrBMbFBg- JX EX- L2HBbb2Mg- "X- :Q772�mg- �X- � a�B2`g- JX >X URNN3VX lMB}2/ BMp2MiQ`v Q7
2bi�#HBb?2/ �M/ Tmi�iBp2 i`�MbTQ`i2`b 2M+Q/2/ rBi?BM i?2 +QKTH2i2 ;2MQK2 Q7 a�++?�`QKv+2b +2`2pBbB�2X
61"a G2ii2`b- 9jyUR@kV- RRe@Rk8X

S2`BHHQg- :X JX URNN8VX *?�Ti2` k .2}MBiBQMb �M/ :2QKQ`T?QHQ;B+ *H�bbB}+�iBQMb Q7 1bim�`B2bX .2p2HQTK2Mib BM
a2/BK2MiQHQ;v- 8j- Rd@9dX

S2i`B2g- "X- uQm/�Mg- CX- "�`/2Mg- _X- � E�bT`xvF@>Q`/2`Mg- "X UkyReVX JmHiB@`2bB/m2 �M�HvbBb Q7 Ny 2K2`;BM;
+QMi�KBM�Mib BM HB[mB/ �M/ bQHB/ 2MpB`QMK2Mi�H K�i`B+2b #v mHi`�@?B;?@T2`7Q`K�M+2 HB[mB/ +?`QK�iQ;`�T?v
i�M/2K K�bb bT2+i`QK2i`vX CQm`M�H Q7 *?`QK�iQ;`�T?v �X

S2i`QpbFBg- aX- _B+2g- .X hX- "�iBMQpB+g- aX- LBii�KBg- hX- � a2pBQm`g- _X CX UkykyVX h?2 +QKKmMBiv +QKTQbBiBQMb
Q7 i?`22 MBi`Q;2M `2KQp�H r�bi2r�i2` i`2�iK2Mi TH�Mib Q7 /Bz2`2Mi +QM};m`�iBQMb BM oB+iQ`B�- �mbi`�HB�-
Qp2` � Rk@KQMi? QT2`�iBQM�H T2`BQ/X �TTHB2/ JB+`Q#BQHQ;v �M/ "BQi2+?MQHQ;v- Ry9UkkV- N3jN@N38kX

S2i`mxx2HHBg- :X- S2/`QMg- 6X- _Qb2HHBMBg- AX- S2i`mxx2HHBg- :X- S2/`QMg- 6X- � _Qb2HHBMBg- AX UkykyVX "BQ�p�BH�#BHBiv
�M/ #BQ�++2bbB#BHBiv BM bQBH , � b?Q`i `2pB2r �M/ � +�b2 bim/vX �AJa 1MpB`QMK2Mi�H a+B2M+2 kyky k ,ky3-
dUkV- ky3@kk8X

S?BHBTTQig- GX- :`B77Bi?bg- "X aX- � G�M;2M?2/2`g- aX UkykRVX JB+`Q#B�H *QKKmMBiv _2bBHB2M+2 �+`Qbb 1+Qbvbi2Kb
�M/ JmHiBTH2 .Bbim`#�M+2bX JB+`Q#BQHQ;v �M/ JQH2+mH�` "BQHQ;v _2pB2rb- 38UkV- R@k9X

SBMiQg- �X "X- S�;MQ++�g- 6X *X- SBM?2B`Qg- JX �X �X- 6QMi2bg- _X 6X *X- � /2 PHBp2B`�g- �X CX 6X *X UkyR8VX >2�pv
K2i�Hb �M/ hS> 2z2+ib QM KB+`Q#B�H �#mM/�M+2 �M/ /Bp2`bBiv BM irQ 2bim�`BM2 �`2�b Q7 i?2 bQmi?2`M@+2Mi`�H
+Q�bi Q7 a½Q S�mHQ ai�i2- "`�xBHX J�`BM2 SQHHmiBQM "mHH2iBM- NeUR@kV- 9Ry@9RdX

SBMiQg- 1X- aB;�m/@EmiM2`g- hX *X- G2Bi¸Qg- JX �X- PF�KQiQg- PX EX- JQ`b2g- .X- � *QH2TB+QHQg- SX UkyyjVX >2�pv
K2i�H@BM/m+2/ QtB/�iBp2 bi`2bb BM �H;�2X CQm`M�H Q7 S?v+QHQ;v- jN- Ryy3@RyR3X

SQ?HM2`g- JX- .Hm;Qb+?g- GX- q2K?2m2`g- "X- JBHHbg- >X- 1M;2H2Mg- "X- � _22b2g- "X EX UkyRNVX h?2 K�DQ`Biv Q7
�+iBp2 _?Q/Q#�+i2`�+2�2 BM K�`BM2 b2/BK2Mib #2HQM; iQ mM+mHim`2/ ;2M2`� , � KQH2+mH�` �TT`Q�+? iQ HBMF
i?2B` /Bbi`B#miBQM iQ 2MpB`QMK2Mi�H +QM/BiBQMbX 6`QMiB2`b BM JB+`Q#BQHQ;v- RyU�S_V- e8NX
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SQBMig- .X Ukyy9VX aTû+B�iBQM 2i #BQ;ûQ+?BKB2 /2b ûHûK2Mib i`�+2b Kûi�HHB[m2b /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X US?.
h?2bBbVX lMBp2`bBiû /2 S�m 2i /2b S�vb /2 HǶ�/Qm`-

SQBMig- .X- "�`2BHH2g- :X- �KQm`Qmtg- .X- 1i+?2#2`g- >X- � .QM�`/g- PX 6X sX UkyydVX _2�+iBpBiv- BMi2`�+iBQMb
�M/ i`�MbTQ`i Q7 i`�+2 2H2K2Mib- Q`;�MB+ +�`#QM �M/ T�`iB+mH�i2 K�i2`B�H BM � KQmMi�BM `�M;2 `Bp2` bvbi2K
U�/Qm` _Bp2`- 6`�M+2VX CQm`M�H Q7 1MpB`QMK2Mi�H JQMBiQ`BM;- NUkV- R8d@RedX

SQK2`Qvg- GX _X URNd9VX h?2 P+2�MǶb 6QQ/ q2#- � *?�M;BM; S�`�/B;KX "BQa+B2M+2- k9UNV- 9NN@8y9X
SQKKB2`g- hX- *�M#�+Fg- "X- _B2K�MMg- GX- "Qbi`ƴKg- EX >X- aBKmg- EX- GmM/#2`;g- SX- hmMHB/g- �X- � >�;bi`ƴKg-

³X UkyydVX :HQ#�H T�ii2`Mb Q7 /Bp2`bBiv �M/ +QKKmMBiv bi`m+im`2 BM K�`BM2 #�+i2`BQTH�MFiQMX JQH2+mH�`
1+QHQ;v- ReU9V- 3ed@33yX

SQii2`g- AX *X- *?mr2Mg- "X JX- >Q2Fb2K�g- aX .X- � 1HHBQiig- JX UkyRyVX h?2 +QM+2Ti Q7 �M 2bim�`v , � /2}MBiBQM
i?�i BM+Q`TQ`�i2b bvbi2Kb r?B+? +�M #2+QK2 +HQb2/ iQ i?2 Q+2�M �M/ ?vT2`b�HBM2X 1bim�`BM2- *Q�bi�H �M/
a?2H7 a+B2M+2- 3dUjV- 9Nd@8yyX

SQmr2Hbg- EX "X- 6`22K�Mg- _X- JmHH2`@S2#Q/vg- "X- _QQM2vg- :X- >2M/2`bQMg- EX GX- _Q#Qi?�Kg- CX oX- �
aKB2bx2Fg- hX UkyR3VX �bbQ+B�iBQM #2ir22M mb2 Q7 /Bz2`2Mi �MiB#BQiB+b �M/ i`BK2i?QT`BK `2bBbi�M+2 , :QBM;
#2vQM/ i?2 Q#pBQmb +`m/2 �bbQ+B�iBQMX CQm`M�H Q7 �MiBKB+`Q#B�H *?2KQi?2`�Tv- djUeV- Rdyy@RdydX

S`�/2Hg- LX- CBg- "X- :BK2M2xg- :X- h�HH�g- 1X- G2MQ#H2g- SX- :�`2Hg- JX- h�K#m`BMBg- *X- 6Qm`[m2ig- SX- G2#`mMg-
_X- "2`iBMg- SX- .2MBbg- uX- SQT?BHH�ig- JX- "�`#2g- oX- PHHBpB2`g- "X- � .QHH�g- �X UkyRjVX h?2 }`bi
;2MQKB+ �M/ T`Qi2QKB+ +?�`�+i2`Bx�iBQM Q7 � /22T@b2� bmH7�i2 `2/m+2` , BMbB;?ib BMiQ i?2 TB2xQT?BHB+ HB72bivH2
Q7 .2bmH7QpB#`BQ TB2xQT?BHmbX SHQa QM2- 3URVX

S`BM;�mHig- PX- .m`�Mg- _X- C�+[m2ig- aX- � hQ``öiQMg- CX SX Ukyy3VX h2KTQ`�H p�`B�iBQMb Q7 KB+`Q#B�H �+iBpBiv
�M/ /Bp2`bBiv BM K�`BM2 i`QTB+�H b2/BK2Mib UL2r *�H2/QMB� G�;QQMVX JB+`Q#B�H 1+QHQ;v- 88UkV- k9d@k83X

S`BM;�mHig- PX- oB`2ig- >X- � .m`�Mg- _X UkyRyVX AM~m2M+2 Q7 KB+`QQ`;�MBbKb QM i?2 `2KQp�H Q7 MB+F2H BM i`QTB+�H
K�`BM2 b2/BK2Mib UL2r *�H2/QMB�VX J�`BM2 SQHHmiBQM "mHH2iBM- eRUd@RkV- 8jy@89RX

S`BM;�mHig- PX- oB`2ig- >X- � .m`�Mg- _X UkyRkVX AMi2`�+iBQMb #2ir22M wM �M/ #�+i2`B� BM K�`BM2 i`QTB+�H +Q�bi�H
b2/BK2MibX 1MpB`QMK2Mi�H a+B2M+2 �M/ SQHHmiBQM _2b2�`+?- RNUjV- 3dN@3NkX

S`Bi+?�`/g- .X qX URN8kVX 1bim�`BM2 >v/`Q;`�T?vX �/p�M+2b BM :2QT?vbB+b- R- k9j@k3yX
S`Bi+?�`/g- .X qX URNeyVX G2+im`2b QM 2bim�`BM2 Q+2�MQ;`�T?v U"X EBMbK�Mg- ú/X c CX >QTFBMbVX
S`Bi+?�`/g- .X qX URNedVX q?�i Bb �M 1bim�`v , S?vbB+�H oB2rTQBMiX
ZBg- sX 2X- q�M;g- *X- >2g- hX- .BM;g- 6X- GBg- �X- w?�M;g- sX- �Mg- GX- � smg- aX UkykRVX *?�M;2b BM �HTBM2 ;`�bbH�M/ ivT2

/`Bp2 MB+?2 /Bz2`2MiB�iBQM Q7 MBi`B7vBM; +QKKmMBiB2b QM i?2 ZBM;?�B�hB#2i�M SH�i2�mX 1m`QT2�M CQm`M�H Q7
aQBH "BQHQ;v- Ry9- RyjjReX

Zm�big- *X- S`m2bb2g- 1X- uBHK�xg- SX- :2`F2Mg- CX- a+?r22`g- hX- u�`x�g- SX- S2THB2bg- CX- � :Hƴ+FM2`g- 6X PX
UkyRjVX h?2 aAGo� `B#QbQK�H _L� ;2M2 /�i�#�b2 T`QD2+i , AKT`Qp2/ /�i� T`Q+2bbBM; �M/ r2#@#�b2/ iQQHbX
Lm+H2B+ �+B/b _2b2�`+?- 9RU.RV- .8Ny@.8NeX

Zm2`Qg- :X JX- *�bbBMg- .X- "Qii2`g- JX- S2`BMBg- GX- � GmM�g- :X JX UkyR8VX S�ii2`Mb Q7 #2Mi?B+ #�+i2`B�H /Bp2`bBiv BM
+Q�bi�H �`2�b +QMi�KBM�i2/ #v ?2�pv K2i�Hb- TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb US�>bV �M/ TQHv+?HQ`BM�i2/
#BT?2MvHb US*"bVX 6`QMiB2`b BM JB+`Q#BQHQ;v- eURy8jVX

ZmB+Fg- CX- ZmBMH�Mg- �X _X- � GQK�Mg- LX CX UkyR9VX � `272`2M+2 #�+i2`B�H ;2MQK2 /�i�b2i ;2M2`�i2/ QM i?2 JB@
MAPLȶ TQ`i�#H2 bBM;H2@KQH2+mH2 M�MQTQ`2 b2[m2M+2`X :B;�a+B2M+2- jUkkV- R@eX

kNk



"B#HBQ;`�T?B2

ZmBM+2g- *X- G�Mx2Mg- �X- .�p2MTQ`ig- _X CX- � hm`M#�m;?g- SX CX UkyRRVX _2KQpBM; LQBb2 6`QK Sv`Qb2[m2M+2/
�KTHB+QMbX "J* "BQBM7Q`K�iB+b- RkURV- j3X

_ *Q`2 h2�KgX UkykyVX _ , � G�M;m�;2 �M/ 1MpB`QMK2Mi 7Q` ai�iBbiB+�H *QKTmiBM;X _ 6QmM/�iBQM 7Q` ai�iBbiB+�H
*QKTmiBM;X

_�KQM/g- CX "X- "2`i?2g- hX- G�7Bi2g- _X- .2HQ77`2g- CX- Pm//�M2g- "X- � S2iBig- 6X Ukyy3VX _2H�iBQMb?BTb #2i@
r22M ?v/`Qb2/BK2Mi�`v T`Q+2bb2b �M/ Q++m``2M+2 Q7 K2`+m`v@`2bBbi�Mi #�+i2`B� UK2`�V BM 2bim�`v Km/~�ib
Ua2BM2- 6`�M+2VX J�`BM2 TQHHmiBQM #mHH2iBM- 8eUeV- RRe3@RRdeX

_�KQbg- aX- >QK2Kg- oX- �Hp2bg- �X- � a�MiQbg- GX UkyR8VX �/p�M+2b BM �M�HviB+�H K2i?Q/b �M/ Q++m``2M+2 Q7 Q`;�MB+
lo@}Hi2`b BM i?2 2MpB`QMK2Mi @ � `2pB2rX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- 8ke- kd3@jRRX

_�T�TQ`ig- _X �X- � 1Bb2M`2B+?g- aX CX URN39VX *?`QK�iQ;`�T?B+ .2i2`KBM�iBQM Q7 P+i�MQH@q�i2` S�`iBiBQM *Q2{@
+B2Mib UEQrǶbV 7Q` 83 SQHv+?HQ`BM�i2/ "BT?2MvH *QM;2M2`bX 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- R3UjV-
Rej@RdyX

_�TTög- JX aX- � :BQp�MMQMBg- aX CX UkyyjVX h?2 mM+mHim`2/ KB+`Q#B�H K�DQ`BivX �MMm�H `2pB2r Q7 KB+`Q#BQHQ;v- 8d-
jeN@jN9X

_�big- SX- :Hƴ+FM2`g- AX- "Q2/2F2`g- *X- C2bF2g- PX- qB2;�M/g- aX- _2BM?�`/ig- _X- a+?mK�MMg- SX- _Q?/2g- JX-
aT`BM;g- aX- :Hƴ+FM2`g- 6X PX- CQ;H2`g- *X- � CQ;H2`g- JX UkyRdVX h?`22 MQp2H bT2+B2b rBi? T2TiB/Q;Hv+�M
+2HH r�HHb 7Q`K i?2 M2r ;2Mmb G�+mMBbT?�2`� ;2MX MQpX BM i?2 7�KBHv QTBimi�+2�2 Q7 i?2 p2``m+QKB+`Q#B�H
bm#/BpBbBQM 9X 6`QMiB2`b BM JB+`Q#BQHQ;v- 3U61"V- R@R3X

_�p2Mg- CX �X- 1p�Mbg- JX *X- � EQ`#g- _X 1X URNNNVX h?2 `QH2 Q7 i`�+2 K2i�Hb BM T?QiQbvMi?2iB+ 2H2+i`QM i`�MbTQ`i
BM Pk@2pQHpBM; Q`;�MBbKbX

_1*P_.gX UkyRkVX "BQ/BbTQMB#BHBiû 2i "BQ�++2bbB#BHBiû /2b TQHHm�Mib /�Mb H2 +�b /2b bQHb TQHHmûb- 1i�i /2b +QMM�Bb@
b�M+2b 2i TBbi2b /2 `2+?2`+?2 U`�TTX i2+?XVX

_2K�M2g- �X URNj9VX .B2 "`�+Fr�bb2`7�mM�X o2`?�M/HmM;2M .2` .2mib+?2M wQQHQ;Bb+?2M :2b2HHb+?�7i- je- j9@d9X
_B2+Fg- �X- >2`H2K�MMg- .X SX _X- CȽ`;2Mbg- EX- � :`Qbb�`ig- >X@TX SX UkyR8VX S�`iB+H2@�bbQ+B�i2/ /Bz2` 7`QK

7`22@HBpBM; #�+i2`B� BM bm`7�+2 r�i2`b Q7 i?2 #�HiB+ b2�X 6`QMiB2`b BM JB+`Q#BQHQ;v- eURkNdVX
_B2K�MMg- GX- � qBM/BM;g- �X UkyyRVX *QKKmMBiv /vM�KB+b Q7 7`22@HBpBM; �M/ T�`iB+H2@�bbQ+B�i2/ #�+i2`B�H �bb2K@

#H�;2b /m`BM; � 7`2b?r�i2` T?viQTH�MFiQM #HQQKX JB+`Q#B�H 1+QHQ;v- 9kUjV- kd9@k38X
_B;QM�iQg- CX- :�K�g- qX �X- �Hp�`2M;�g- .X PX- "`�M+Qg- GX >X wX- "`�M/BMBg- 6X SX- :2Mm{`BQg- .X "X- � 6BQ`2g-

JX 6X UkyReVX �HBi2`2HH� �iH�MiB+� ;2MX MQpX- bTX MQpX- �M/ �HBi2`2HH� �Mi�`+iB+� bTX MQpX- MQp2H K2K#2`b Q7
+Q++QB/ *v�MQ#�+i2`B�X AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- eeU3V- k38j@
k3eRX

_BKFmbg- :X :X- 6`QKK2g- >X- PiiQg- hX- SBHxg- EX- _BKFmbg- :X :X- 6`QKK2g- >X- PiiQg- hX- SBHxg- EX- _BKFmbg-
:X :X- 6`QKK2g- >X- PiiQg- hX- � SBHxg- EX URNNNVX SQHv+v+HB+ JmbF 6`�;`�M+2b BM i?2 �[m�iB+ 1MpB`QMK2MiX
hQtB+QHQ;v G2ii2`b- RRRUR@kV- jd@8eX

_Q#2`iQg- �X �X- o�M :`�vg- CX "X- � G277g- GX :X UkyR3VX a2/BK2Mi #�+i2`B� BM �M m`#�M bi`2�K , aT�iBQi2KTQ`�H
T�ii2`Mb BM +QKKmMBiv +QKTQbBiBQMX q�i2` _2b2�`+?- Rj9- j8j@jeNX

_Q#2`ibQMg- *X 1X- >�``Bbg- CX EX- aT2�`g- CX _X- � S�+2g- LX _X Ukyy8VX S?vHQ;2M2iB+ /Bp2`bBiv �M/ 2+QHQ;v Q7
2MpB`QMK2Mi�H �`+?�2�X *m``2Mi PTBMBQM BM JB+`Q#BQHQ;v- 3UeV- ej3@e9kX
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_Q#BMbg- SX 1X- aFQpg- JX qX- G2rBbg- JX CX- :BKöM2xg- GX- .�pB2bg- �X :X- J�H?�Kg- aX EX- L2BHHg- aX SX- J+.QM�H/g-
CX 1X- q?BiiQMg- hX �X- C�+FbQMg- aX 1X- � C�;Qg- *X 6X UkyReVX AKT�+i Q7 +HBK�i2 +?�M;2 QM lE 2bim�`B2b ,
� `2pB2r Q7 T�bi i`2M/b �M/ TQi2MiB�H T`QD2+iBQMbX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- ReN- RRN@Rj8X

_Q/B2`g- CX URNdeVX GǶ�M�Hvb2 /2 HǶ2�mX 1�mt M�im`2HH2b- 2�mt `ûbB/m�B`2b- 2�m /2 K2`X
_Q/`B;m2x@JQx�xg- aX- o�x@JQ`2B`�g- AX- o�`2H� .2HH� :BmbiBM�g- aX- GHQ`+�g- JX- "�`+2HƠg- .X- a+?m#2`ig-

aX- "2`2M/QMFg- hX lX- JB+?�2H@EQ`/�iQmg- AX- 6�ii�@E�bbBMQbg- .X- J�`iBM2xg- CX GX- 1HT2`bg- *X-
>2M`B[m2bg- AX- C�2;2`g- hX- a+?r�`ixg- hX- S�mHb?mbg- 1X- PǰamHHBp�Mg- EX- S�`M�M2Mg- EX JX- oB`i�g-
JX- .Qg- hX hX- Ę J�M�B�g- *X JX UkykyVX �MiB#BQiB+ `2bB/m2b BM }M�H 2|m2Mib Q7 1m`QT2�M r�bi2r�i2`
i`2�iK2Mi TH�Mib �M/ i?2B` BKT�+i QM i?2 �[m�iB+ 2MpB`QMK2MiX 1MpB`QMK2Mi AMi2`M�iBQM�H- R9y- Ry8djjX

_QQb�g- aX- q�iiB2xg- _X- S`v;B2Hg- 1X- G2bp2Mg- GX- "BHHQMg- :X- � :BHH�Mg- .X *X UkyR9VX "�+i2`B�H K2i�H `2bBbi�M+2
;2M2b �M/ K2i�H #BQ�p�BH�#BHBiv BM +QMi�KBM�i2/ b2/BK2MibX 1MpB`QMK2Mi�H TQHHmiBQM- R3N- R9j@R8RX

_ƴb2Hg- aX- � :`Qbb�`ig- >X SX UkyRkVX *QMi`�biBM; /vM�KB+b BM �+iBpBiv �M/ +QKKmMBiv +QKTQbBiBQM Q7 7`22@HBpBM;
�M/ T�`iB+H2@�bbQ+B�i2/ #�+i2`B� BM bT`BM;X �[m�iB+ JB+`Q#B�H 1+QHQ;v- ee- ReN@R3RX

a�#2`g- .X GX- � *`�r7Q`/g- _X GX URN38VX AbQH�iBQM �M/ +?�`�+i2`Bx�iBQM Q7 6H�pQ#�+i2`BmK bi`�BMb i?�i /2;`�/2
T2Mi�+?HQ`QT?2MQHX �TTHB2/ �M/ 2MpB`QMK2Mi�H KB+`Q#BQHQ;v- 8yUeV- R8Rk@R8R3X

a�BiQ?g- aX- amxmFBg- hX- � LBb?BKm`�g- uX URNN3VX S`QTQb�H Q7 *`�m`Q+Q++mb `Qb2mb ;2MX MQpX- bTX MQpX �M/ S�`�@
+`�m`Q+Q++mb `m#2` ;2MX MQpX- bTX MQpX- MQp2H �2`Q#B+ #�+i2`BQ+?HQ`QT?vHH �@+QMi�BMBM; #�+i2`B� 7`QK bQBHX
AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ "�+i2`BQHQ;v- 93UjV- Ry9j@Ry9dX

a�M;2`g- 6X- LB+FH2Mg- aX- � *QmHbQMg- �X _X URNddVX .L� b2[m2M+BM; rBi? +?�BM@i2`KBM�iBM; BM?B#BiQ`bX 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+�- d9URkV- 89ej@89edX

a+�MH�Mg- .X CX- � q2big- LX CX UkyykVX JQH2+mH�` 2+QHQ;v Q7 i?2 K�`BM2 +v�MQ#�+i2`B�H ;2M2`� S`Q+?HQ`Q+Q++mb �M/
avM2+?Q+Q++mbX 61Ja JB+`Q#BQHQ;v 1+QHQ;v- 9yURV- R@RkX

a+?�/ig- 1X 1X- hm`M2`g- aX- � E�b�`bFBbg- �X UkyRyVX � rBM/Qr BMiQ i?B`/@;2M2`�iBQM b2[m2M+BM;X >mK�M JQH2+mH�`
:2M2iB+b- RNU_kV- _kkd@_k9yX

a+?BMFg- "X- � S72MMB;g- LX URN3kVX S`QTBQMB;2MBmK KQ/2bimK ;2MX MQpX bTX MQpX � M2r bi`B+iHv �M�2`Q#B+- MQMbTQ@
`BM; #�+i2`BmK ;`QrBM; QM bm++BM�i2X �`+?Bp2b Q7 JB+`Q#BQHQ;v- RjjUjV- kyN@kReX

a+?`�KKg- EX qX- E�mM2g- �X- "2+Fg- "X- h?mKKg- qX- "2?2+?iBg- �X- E2ii`mTg- �X- � LB+FQHQp�g- SX URNNeVX �+mi2
iQtB+BiB2b Q7 }p2 MBi`QKmbF +QKTQmM/b BM .�T?MB�- �H;�2 �M/ T?QiQHmKBM2b+2Mi #�+i2`B�X q�i2` _2b2�`+?-
jyURyV- kk9d@kk8yX

a+?mHxg- CX- E2KT2`g- LX- >�`imM;g- CX- C�Mmb+?g- 6X- JQ?`BM;g- aX �X- � >�Kb+?2`g- :X UkyRNVX �M�HvbBb Q7
~mQ`Q[mBMQHQM2b BM /mbib 7`QK BMi2MbBp2 HBp2biQ+F 7�`KBM; �M/ i?2 +Q@Q++m``2M+2 Q7 ~mQ`Q[mBMQHQM2@`2bBbi�Mi
1b+?2`B+?B� +QHBX a+B2MiB}+ _2TQ`ib- NU8RRdV- R@dX

a+?mK�MMg- SX- � SmF�HHg- _X UkyRdVX G2m+Q#�+i2` r2BbbBB bTX LQpX- �M BbQH�i2 7`QK �+iBp�i2/ bHm/;2 QM+2 /2b+`B#2/ �b
}`bi `2T`2b2Mi�iBp2 Q7 i?2 T2TiB/Q;Hv+�M p�`B�iBQM "kᅮ- �M/ 2K2M/2/ /2b+`BTiBQM Q7 i?2 ;2Mmb H2m+Q#�+i2`X
AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- edURkV- 8k99@8kj8RX

a+?mbi2`g- aX *X Ukyy3VX L2ti@;2M2`�iBQM b2[m2M+BM; i`�Mb7Q`Kb iQ/�vǶb #BQHQ;vX L�im`2 J2i?Q/b- 8URV- Re@R3X
a2KTH2g- EX hX- .QB+Fg- EX CX- CQM2bg- EX *X- "m`�m2Hg- SX- *`�p2Mg- �X- � >�`Kbg- >X Ukyy9VX .2}MBM; "BQ�p�BH�@

#BHBiv �M/ "BQ�++2bbB#BHBiv Q7 *QMi�KBM�i2/ aQBH �M/ a2/BK2Mi Bb *QKTHB+�i2/X 1MpB`QMK2Mi�H a+B2M+2 �M/
h2+?MQHQ;v- j3URkV- kk3@kjRX
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a2`�7BKg- �X- *QKT�Mvg- _X- GQT2bg- "X- S2`2B`�g- *X- *`�pQg- �X- 6QMb2+�g- oX 6X- 6`�MÊ�g- aX- "2#B�MMQg- JX CX-
� *�#`�Hg- >X LX UkyRjVX 1p�Hm�iBQM Q7 b2/BK2Mi iQtB+Biv BM /Bz2`2Mi SQ`im;m2b2 2bim�`B2b , 1+QHQ;B+�H
BKT�+i Q7 K2i�Hb �M/ TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMbX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- Rjy- jy@9RX

a?�/2g- �X- S2i2`g- >X- �HHBbQMg- aX .X- "�?Qg- .X GX- "2`;�g- JX- "Ƚ`;K�MMg- >X- >m#2`g- .X >X- G�M;2M?2/2`g-
aX- G2MMQMg- CX hX- J�`iBMvg- CX "X- J�imHB+?g- EX GX- a+?KB/ig- hX JX- � >�M/2HbK�Mg- CX UkyRkVX
6mM/�K2Mi�Hb Q7 KB+`Q#B�H +QKKmMBiv `2bBbi�M+2 �M/ `2bBHB2M+2X 6`QMiB2`b BM JB+`Q#BQHQ;v- j- 9RdX

a?�?g- aX ZX- *�#2HHQg- 6X *X- Gǰ�#ö2@GmM/g- hX JX- hQKQp�g- �X- :Q/7`2vg- >X SX- "mb+?K�MMg- �X >X- � aǚ`mKg-
>X UkyR9VX �MiBKB+`Q#B�H `2bBbi�M+2 �M/ �MiBKB+`Q#B�H `2bBbi�M+2 ;2M2b BM K�`BM2 #�+i2`B� 7`QK b�HKQM
�[m�+mHim`2 �M/ MQM@�[m�+mHim`2 bBi2bX 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- ReU8V- RjRy@RjkyX

a?�MFbg- PX *X- L2riQMg- _X CX- E2Hivg- *X �X- >mb2g- aX JX- aQ;BMg- JX GX- � J+G2HH�Mg- aX GX UkyRjVX *QKT�`BbQM
Q7 i?2 JB+`Q#B�H *QKKmMBiv ai`m+im`2b Q7 lMi`2�i2/ q�bi2r�i2`b 7`QK .Bz2`2Mi :2Q;`�T?B+ GQ+�H2bX
�TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dNUNV- kNyeX

a?�MMQMg- *X 1X URN93VX � J�i?2K�iB+�H h?2Q`v Q7 *QKKmMB+�iBQMX "2HH avbi2K h2+?MB+�H CQm`M�H- kdUjV- jdN@9kjX
a?�MMQMg- SX- J�`FB2Hg- �X- PxB2`g- PX- "�HB;�g- LX aX- q�M;g- CX hX- _�K�;2g- .X- �KBMg- LX- a+?rBFQrbFBg- "X- �

A/2F2`g- hX UkyyjVX *viQb+�T2 , � bQ7ir�`2 1MpB`QMK2Mi 7Q` BMi2;`�i2/ KQ/2Hb Q7 #BQKQH2+mH�` BMi2`�+iBQM
M2irQ`FbX :2MQK2 _2b2�`+?- RjURRV- k9N3@k8y9X

a?�`227g- �X- �M;Qp2g- JX CX- � q2HHbg- CX .X UkyyeVX PTiBKBx�iBQM Q7 bBHvH�iBQM mbBM; L@K2i?vH@L@Ui`BK2i?vHbBHvHV@
i`B~mQ`Q�+2i�KB/2- L-P@#Bb@Ui`BK2i?vHbBHvHV@i`B~mQ`Q�+2i�KB/2 �M/ L@Ui2`i@#mivH/BK2i?vHbBHvHV@L@
K2i?vHi`B~mQ`Q�+2i�KB/2 7Q` i?2 /2i2`KBM�iBQM Q7 i?2 2bi`Q;2Mb 2bi`QM2 �M/ Rd�HT?�@2i?BMvH2bi`�X
CQm`M�H Q7 +?`QK�iQ;`�T?vX �- RRy3- RkR@Rk3X

a?�`B7�Mg- >X- EH2BMg- .X- � JQ`b2g- �X LX UkyReVX lo }Hi2`b �`2 �M 2MpB`QMK2Mi�H i?`2�i BM i?2 :mH7 Q7 J2tB+Q ,
� +�b2 bim/v Q7 h2t�b +Q�bi�H xQM2bX P+2�MQHQ;B�- 83U9V- jkd@jj8X

a?�`Tg- CX >X- *B7m2Mi2bg- GX �X- *Q77BMg- _X "X- S2MMQ+Fg- CX _X- � qQM;g- EX *X URN3eVX h?2 BM~m2M+2 Q7 `Bp2`
p�`B�#BHBiv QM i?2 +B`+mH�iBQM- +?2KBbi`v- �M/ KB+`Q#BQHQ;v Q7 i?2 .2H�r�`2 1bim�`vX 1bim�`B2b- NU9V- keR@
keNX

a?�rg- :X hX qX- GBmg- �X *X- q2M;g- *X uX- *?2Mg- uX *X- *?2Mg- *X uX- q2M;g- 6X *X >X- q�M;g- .X- � *?Qmg-
*X uX UkykyVX � M2irQ`F@#�b2/ �TT`Q�+? iQ /2+BT?2`BM; � /vM�KB+ KB+`Q#BQK2Ƕb `2bTQMb2 iQ � bm#iH2
T2`im`#�iBQMX a+B2MiB}+ _2TQ`ib- RyURN8jyV- R@ReX

a?+?2;QHFQp�g- LX JX- E`�bMQpg- :X aX- "2HQp�g- �X �X- .KBi`B2pg- �X �X- E?�`BiQMQpg- aX GX- EHBKBM�g- EX JX-
J2HMBFQp�g- LX oX- � Em/`v�pib2p�g- �X oX UkyReVX JB+`Q#B�H *QKKmMBiv ai`m+im`2 Q7 �+iBp�i2/ aHm/;2
BM h`2�iK2Mi SH�Mib rBi? .Bz2`2Mi q�bi2r�i2` *QKTQbBiBQMbX 6`QMiB2`b BM JB+`Q#BQHQ;v- dUNyV- R@R8X

a?2g- *X sX- w?�M;g- wX *X- *�/BHHQ@ZmB`Qxg- >X- � hQM;g- *X UkyReVX 6�+iQ`b `2;mH�iBM; +QKKmMBiv +QKTQbB@
iBQM Q7 K2i?�MQ;2Mb �M/ bmH7�i2@`2/m+BM; #�+i2`B� BM #`�+FBb? K�`b? b2/BK2Mib BM i?2 JBM _Bp2` 2bim�`v-
bQmi?2�bi2`M *?BM�X 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- R3R- kd@j3X

a?2M/m`2g- CX- "�H�bm#`�K�MB�Mg- aX- *?m`+?g- :X JX- :BH#2`ig- qX- _Q;2`bg- CX- a+?HQbbg- CX �X- � q�i2`biQMg-
_X >X UkyRdVX .L� b2[m2M+BM; �i 9y , T�bi- T`2b2Mi �M/ 7mim`2X L�im`2- 88y- j98@j8jX

a?Bg- >X- u�M;g- uX- GBmg- JX- u�Mg- *X- um2g- >X- � w?Qmg- CX UkyR9VX P++m``2M+2 �M/ /Bbi`B#miBQM Q7 �MiB#BQiB+b BM i?2
bm`7�+2 b2/BK2Mib Q7 i?2 u�M;ix2 1bim�`v �M/ M2�`#v +Q�bi�H �`2�bX J�`BM2 SQHHmiBQM "mHH2iBMX
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a?Bg- wX- uBMg- >X- o�M LQbi`�M/g- CX .X- oQQ`/2+F2`bg- CX qX- hmg- ZX- .2M;g- uX- um�Mg- JX- w?Qmg- �X- w?�M;g- SX-
sB�Qg- LX- LBM;g- .X- >2g- wX- qmg- GX- � w?Qmg- CX UkyRNVX 6mM+iBQM�H :2M2 �``�v@"�b2/ lHi`�b2MbBiBp2 �M/
Zm�MiBi�iBp2 .2i2+iBQM Q7 JB+`Q#B�H SQTmH�iBQMb BM *QKTH2t *QKKmMBiB2bX Kavbi2KbX

a?BMQ/�g- uX- a�F�Bg- uX- l2MBb?Bg- >X- l+?B?�b?Bg- uX- >B`�Bb?Bg- �X- umF�r�g- >X- um`BKQiQg- >X- � E�iQg- LX
Ukyy9VX �2`Q#B+ �M/ �M�2`Q#B+ hQHm2M2 .2;`�/�iBQM #v � L2rHv AbQH�i2/ .2MBi`B7vBM; "�+i2`BmK- h?�m2`�
bTX ai`�BM .Lh@RX �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- dyUjV- Rj38X

aB#Hvg- _X JX- � *�HQrg- SX URN3NVX � HB72ɢ+v+H2 i?2Q`v Q7 `2bTQMb2b iQ bi`2bbX "BQHQ;B+�H CQm`M�H Q7 i?2 GBMM2�M
aQ+B2iv- jdUR@kV- RyR@RReX

aB2/H2rB+xg- :X- "Q`2+F�g- JX- "B�ƂF@"B2HBƐbF�g- �X- aBFQ`�g- EX- ai2TMQrbFBg- SX- � S�x/`Qg- EX UkyReVX .2i2`@
KBM�iBQM Q7 �MiB#BQiB+ `2bB/m2b BM bQmi?2`M "�HiB+ a2� b2/BK2Mib mbBM; i�M/2K bQHB/@T?�b2 2ti`�+iBQM �M/
HB[mB/ +?`QK�iQ;`�T?v +QmTH2/ rBi? i�M/2K K�bb bT2+i`QK2i`vX P+2�MQHQ;B�- 83UjV- kkR@kj9X

aBHp2bi`Bg- 1X 1X- umM/g- *X- h�7ig- aX- "QrHBM;g- *X uX- *?�TTB2g- .X- :�``�?�Mg- EX- "`�/v@_Q#2`ibg- 1X- aiQM2g-
>X- � LB+?QHbg- hX GX UkyRdVX *QMbB/2`�iBQMb 7Q` 2biBK�iBM; KB+`Q#B�H 2MpB`QMK2Mi�H /�i� +QM+2Mi`�iBQMb
+QHH2+i2/ 7`QK � }2H/ b2iiBM;X CQm`M�H Q7 1tTQbm`2 a+B2M+2 �M/ 1MpB`QMK2Mi�H 1TB/2KBQHQ;v- kd- R9R@R8RX

aBKQMg- >X JX- aKBi?g- JX qX- � >2`7Q`ig- GX UkyR9VX J2i�;2MQKB+ BMbB;?ib BMiQ T�`iB+H2b �M/ i?2B` �bbQ+B�i2/
KB+`Q#BQi� BM � +Q�bi�H K�`;BM 2+Qbvbi2KX 6`QMiB2`b BM JB+`Q#BQHQ;v- 8U9eeVX

aBKTbQMg- *X .X- qBH+Q+Fg- _X CX- aKBi?g- hX CX- qBHFBMbg- �X GX- � G�M;/QMg- �X :X URNN8VX .2i2`KBM�iBQM Q7 Q+i�MQH@
r�i2` T�`iBiBQM +Q2{+B2Mib 7Q` i?2 K�DQ` +QKTQM2Mib Q7 i2+?MB+�H +?HQ`/�M2X "mHH2iBM Q7 1MpB`QMK2Mi�H
*QMi�KBM�iBQM �M/ hQtB+QHQ;v- 88URV- R9N@R8jX

aBKTbQMg- 1X >X URN9NVX J2�bm`2K2Mi Q7 /Bp2`bBivX L�im`2- RejU9R93V- e33X
aF�`H�iQg- aX PX- � h2H2b?g- AX oX UkyRdVX h?2 /2p2HQTK2Mi Q7 i?2 T`QiBbi�M bT2+B2b@K�tBKmK +QM+2Ti 7Q` i?2

+`BiB+�H b�HBMBiv xQM2X _mbbB�M CQm`M�H Q7 J�`BM2 "BQHQ;v- 9j- R@RRX
aKBi?g- CX JX- � J�i?2`g- JX 1X UkyRkVX lbBM; �bb2K#H�;2 /�i� BM 2+QHQ;B+�H BM/B+�iQ`b , � +QKT�`BbQM �M/ 2p�Hm�iBQM

Q7 +QKKQMHv �p�BH�#H2 bi�iBbiB+�H iQQHbX 1+QHQ;B+�H AM/B+�iQ`b- Rj- k8j@kekX
aKBi?g- JX qX- �HH2Mg- GX wX- �HH2Mg- �X 1X- >2`7Q`ig- GX- � aBKQMg- >X JX UkyRjVX *QMi`�biBM; ;2MQKB+ T`Q@

T2`iB2b Q7 7`22@HBpBM; �M/ T�`iB+H2@�ii�+?2/ KB+`Q#B�H �bb2K#H�;2b rBi?BM � +Q�bi�H 2+Qbvbi2KX 6`QMiB2`b BM
JB+`Q#BQHQ;v- 9URkyVX

aQM;g- JX- GmQg- *X- CB�M;g- GX- w?�M;g- .X- q�M;g- uX- � w?�M;g- :X UkyR8VX A/2MiB}+�iBQM Q7 "2MxQ(�)Tv`2M2@
K2i�#QHBxBM; #�+i2`B� BM 7Q`2bi bQBHb #v mbBM; .L�@#�b2/ bi�#H2@BbQiQT2 T`Q#BM;X �TTHB2/ �M/ 1MpB`QMK2Mi�H
JB+`Q#BQHQ;v- 3RUkRV- dje3@djdeX

aQ`;2Mg- �X- CQ?MbQMg- CX- G�K#B`i?g- EX- *HBMiQMg- aX JX- _2/KQM/g- JX- 6Q/Q`g- �X- � :B#�bg- *X UkykRVX *?�@
`�+i2`Bx�iBQM Q7 2MpB`QMK2Mi�H �M/ +mHiBp�#H2 �MiB#BQiB+@`2bBbi�Mi KB+`Q#B�H +QKKmMBiB2b �bbQ+B�i2/ rBi?
r�bi2r�i2` i`2�iK2MiX �MiB#BQiB+b- RyU9V- j8kX

aT�BMg- �X JX- E`mK?QHxg- GX _X- � 1Hb?�?2/g- JX aX UkyyNVX �#mM/�M+2- +QKTQbBiBQM- /Bp2`bBiv �M/ MQp2Hiv Q7 bQBH
S`Qi2Q#�+i2`B�X AaJ1 CQm`M�H- jU3V- NNk@RyyyX

a`Bp�bi�p�g- LX- :mTi�g- "X- :mTi�g- aX- .�M[m�?g- JX EX- � a�`2i?vg- AX SX UkyRNVX �M�HvxBM; 6mM+iBQM�H JB+`Q#B�H
.Bp2`bBiv , �M Pp2`pB2r Q7 h2+?MB[m2bX AM JB+`Q#B�H .Bp2`bBiv BM i?2 :2MQKB+ 1`� UTX dN@RykVX �+�/2KB+
S`2bbX

kNe
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aiX CQ?Mg- 1X- 6HQ`2bg- :X 1X- J2M2;?BMg- CX- � _2vb2M#�+?g- �X GX UkyRNVX .22T@b2� ?v/`Qi?2`K�H p2Mi
K2i�;2MQK2@�bb2K#H2/ ;2MQK2b T`QpB/2 BMbB;?i BMiQ i?2 T?vHmK L�MQ�`+?�2Qi�X 1MpB`QMK2Mi�H
JB+`Q#BQHQ;v _2TQ`ib- RRUkV- kek@kdyX

ai�H2vg- CX URN38VX J2�bm`2K2Mi Q7 AM aBim �+iBpBiB2b Q7 LQMT?QiQbvMi?2iB+ JB+`QQ`;�MBbKb BM �[m�iB+ �M/ h2``2b@
i`B�H >�#Bi�ibX �MMm�H _2pB2r Q7 JB+`Q#BQHQ;v- jN- jkR@j9eX

ai2BMg- 1X .X- *Q?2Mg- uX- � qBM2`g- �X JX URNNeVX 1MpB`QMK2Mi�H /Bbi`B#miBQM �M/ i`�Mb7Q`K�iBQM Q7 K2`+m`v
+QKTQmM/bX *`BiB+�H _2pB2rb BM 1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- ke- R@9jX

ai2BMg- GX uX- G� .m+g- JX hX- :`mM/g- hX CX- � L2�HbQMg- EX >X UkyyRVX "�+i2`B�H �M/ �`+?�2�H TQTmH�iBQMb �bbQ+B�i2/
rBi? 7`2b?r�i2` 72``QK�M;�MQmb KB+`QMQ/mH2b �M/ b2/BK2MibX 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- jURV- Ry@R3X

ai2BM2`g- SX �X- :2BDQg- CX- 6�/22pg- 1X- P#BQHg- �X- aBMi2bg- 1X- _�ii2Bg- hX- � >2`M/Hg- :X CX UkykyVX 6mM+iBQM�H
a2�bQM�HBiv Q7 6`22@GBpBM; �M/ S�`iB+H2@�bbQ+B�i2/ S`QF�`vQiB+ *QKKmMBiB2b BM i?2 *Q�bi�H �/`B�iB+ a2�X
6`QMiB2`b BM JB+`Q#BQHQ;v- RRU839kkkV- R@RNX

aiBM;Hg- lX- .2bB/2`BQg- _X �X- *?Qg- CX *X- o2`;BMg- EX GX- � :BQp�MMQMBg- aX CX UkyydVX h?2 a�_Nk +H�/2 , �M �#mM@
/�Mi +Q�bi�H +H�/2 Q7 +mHim`�#H2 K�`BM2 #�+i2`B� TQbb2bbBM; T`Qi2Q`?Q/QTbBMX �TTHB2/ �M/ 1MpB`QMK2Mi�H
JB+`Q#BQHQ;v- djUdV- kkNy@kkNeX

aiQB+?2pg- hX- �KQm`Qmtg- .X- q�bb2`K�Mg- CX *X- SQBMig- .X- .2 .B2;Qg- �X- "�`2BHH2g- :X- � .QM�`/g- PX 6X
Ukyy9VX .vM�KB+b Q7 K2`+m`v bT2+B2b BM bm`7�+2 b2/BK2Mib Q7 � K�+`QiB/�H 2bim�`BM2@+Q�bi�H bvbi2K U�/Qm`
_Bp2`- "�v Q7 "Bb+�vVX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- 8NUjV- 8RR@8kRX

aiQB+?2pg- hX- �KQm`Qmtg- .X- JQMT2``mbg- JX- SQBMig- .X- h2bbB2`g- 1X- "�`2BHH2g- :X- .QM�`/g- 6X sX- �
.QM�`/g- PX 6X UkyyeVX J2`+m`v BM bm`7�+2 r�i2`b Q7 � K�+`QiB/�H m`#�M 2bim�`v U_Bp2` �/Qm`- bQmi?@
r2bi 6`�M+2VX *?2KBbi`v �M/ 1+QHQ;v- kkUkV- Rjd@R93X

ai`B+FH�M/g- CX .X >X- � S�`bQMbXg- hX _X URNdkVX � T`�+iB+�H ?�M/#QQF 7Q` b2�r�i2` �M�HvbBbX a2+QM/ 1/BiBQMX
ai`Qm/g- CX GX- GQrg- �X- *QHHBMbg- _X LX- � J�M27B2H/g- JX UkyR9VX J2i�HUHQB/V #BQ�++2bbB#BHBiv /B+i�i2b KB+`Q#B�H

+QKKmMBiv +QKTQbBiBQM BM �+B/ bmH7�i2 bQBH ?Q`BxQMb �M/ bmH}/B+ /`�BM b2/BK2MibX 1MpB`QMK2Mi�H a+B2M+2
�M/ h2+?MQHQ;v- 93UR8V- 38R9@38kRX

amg- sX GX- hB�Mg- ZX- w?�M;g- CX- um�Mg- sX wX- a?Bg- sX aX- :mQg- _X "X- � ZBmg- uX GX UkyR9VX �+2iQ#�+i2`QB/2b
?v/`Q;2MB;2M2b ;2MX MQpX- aTX MQpX- �M �M�2`Q#B+ ?v/`Q;2M@T`Q/m+BM; #�+i2`BmK BM i?2 7�KBHv _BF2M2HH�+2�2
BbQH�i2/ 7`QK � `22/ br�KTX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- e9USinNV-
kN3e@kNNRX

am?�/QHMBFg- JX GX- a�H;�/Qg- �X SX- a+?QHi2g- GX GX- "H2B+?2`g- GX- *Qbi�g- SX aX- _2Bbg- JX SX- .B�bg- JX 6X-
zpBH�g- JX SX- "�`#Qb�g- 6X �X- *?�`iQM2@aQmx�g- 1X- � L�b+BK2MiQg- �X JX UkyRdVX LQp2H �`b2MB+@
i`�Mb7Q`KBM; #�+i2`B� �M/ i?2 /Bp2`bBiv Q7 i?2B` �`b2MB+@`2H�i2/ ;2M2b �M/ 2MxvK2b �`BbBM; 7`QK �`b2MB+@
TQHHmi2/ 7`2b?r�i2` b2/BK2MiX a+B2MiB}+ _2TQ`ib- dURV- R@RdX

amKM2`g- LX _X- :mBi�`ig- *X- 6m2Mi2bg- :X- � _2�/K�Mg- CX qX UkyRyVX AMTmib �M/ /Bbi`B#miBQMb Q7 bvMi?2iB+
KmbF 7`�;`�M+2b BM �M 2bim�`BM2 �M/ +Q�bi�H 2MpB`QMK2Mi c � +�b2 bim/vX 1MpB`QMK2Mi�H SQHHmiBQM- R83URV-
kR8@kkkX

amMg- 6X- smg- wX- � 6�Mg- GX UkykRVX _2bTQMb2 Q7 ?2�pv K2i�H �M/ �MiB#BQiB+ `2bBbi�M+2 ;2M2b �M/ `2H�i2/ KB+`QQ`;�@
MBbKb iQ /Bz2`2Mi ?2�pv K2i�Hb BM �+iBp�i2/ bHm/;2X CQm`M�H Q7 1MpB`QMK2Mi�H J�M�;2K2Mi- jyyURRjd89VX
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amMg- JX uX- .�77Q`Mg- EX �X- "`QrMg- JX oX- � CQ?MbiQMg- 1X GX UkyRkVX "�+i2`B�H +QKKmMBiB2b �`2 b2MbBiBp2
BM/B+�iQ`b Q7 +QMi�KBM�Mi bi`2bbX J�`BM2 SQHHmiBQM "mHH2iBM- e9U8V- RykN@Ryj3X

amMg- JX uX- .�77Q`Mg- EX �X- CQ?MbiQMg- 1X GX- � "`QrMg- JX oX UkyRjVX *Q`2 b2/BK2Mi #�+i2`B� /`Bp2 +QK@
KmMBiv `2bTQMb2 iQ �Mi?`QTQ;2MB+ +QMi�KBM�iBQM Qp2` KmHiBTH2 2MpB`QMK2Mi�H ;`�/B2MibX 1MpB`QMK2Mi�H
JB+`Q#BQHQ;v- R8UNV- k8Rd@k8jRX

amMg- uX- q�M;g- hX- S2M;g- sX- q�M;g- SX- � Gmg- uX UkyReVX "�+i2`B�H +QKKmMBiv +QKTQbBiBQMb BM b2/BK2Mi TQHHmi2/
#v T2`~mQ`Q�HFvH �+B/b US6��bV mbBM; AHHmKBM� ?B;?@i?`Qm;?Tmi b2[m2M+BM;X 1MpB`QMK2Mi�H a+B2M+2 �M/
SQHHmiBQM _2b2�`+?- kjURRV- Ry88e@Ry8e8X

amM�;�r�g- aX- *Q2H?Qg- GX SX- *?�77`QMg- aX- EmHiBK�g- CX _X- G�#�/B2g- EX- a�H�x�`g- :X- .D�?�Mb+?B`Bg-
"X- w2HH2`g- :X- J2M/2g- .X _X- �H#2`iBg- �X- *Q`M2DQ@*�biBHHQg- 6X JX- *Qbi2�g- SX AX- *`m�m/g- *X-
.ǰPpB/BQg- 6X- 1M;2H2Mg- aX- 62``2`�g- AX- :�bQHg- CX JX- :mB/Bg- GX- >BH/2#`�M/g- 6X- Ę "Q`Fg- SX UkyR8VX
ai`m+im`2 �M/ 7mM+iBQM Q7 i?2 ;HQ#�H Q+2�M KB+`Q#BQK2X a+B2M+2- j93UekjdVX

amiiH2g- *X �X UkyydVX J�`BM2 pB`mb2b @ J�DQ` TH�v2`b BM i?2 ;HQ#�H 2+Qbvbi2KX L�im`2 _2pB2rb JB+`Q#BQHQ;v- 8URyV-
3yR@3RkX

apBM;2Mg- hX- � oBM;;��`/g- �X JX UkyReVX h?2 `BbF Q7 +?2KB+�H +Q+Fi�BH 2z2+ib �M/ ?Qr iQ /2�H rBi? i?2 Bbbm2X
CQm`M�H Q7 2TB/2KBQHQ;v �M/ +QKKmMBiv ?2�Hi?- dyU9V- jkk@jkjX

av`Qp�g- 1X- EQ?QmiQp�g- GX- .QH2DbF�g- JX- S�T2xBFQp�g- AX- EmiBHQp�g- AX- *Bx2Fg- �X- L�p`�iBHg- aX- JBM�`Qp�g-
>X- � S�HBFQp�g- JX UkyR3VX �MiB#BQiB+ `2bBbi�M+2 �M/ pB`mH2M+2 7�+iQ`b BM K2bQT?BHB+ �2`QKQM�b bTTX 7`QK
*x2+? +�`T }b?2`B2bX CQm`M�H Q7 �TTHB2/ JB+`Q#BQHQ;v- Rk8UeV- Rdyk@RdRjX

ax�#Ơg- 1X- GBö#�M�g- _X- >2`K�MbbQMg- JX- JQ/BMg- PX- S2`bbQMg- 6X- � qBHöMg- "X JX UkyRdVX JB+`Q#B�H TQTmH�iBQM
/vM�KB+b �M/ 2+Qbvbi2K 7mM+iBQMb Q7 �MQtB+f�2`Q#B+ ;`�MmH�` bHm/;2 BM b2[m2M+BM; #�i+? `2�+iQ`b QT2`�i2/
�i /Bz2`2Mi Q`;�MB+ HQ�/BM; `�i2bX 6`QMiB2`b BM JB+`Q#BQHQ;v- 3UJ�uVX

h�F{+b@LQp{Fg- EX- CƠx�Mg- JX- >2`K2+xg- AX- � ax{bxg- :X URNNkVX GBTQT?BHB+Biv Q7 �MiB#�+i2`B�H ~mQ`Q[mBMQHQM2bX
AMi2`M�iBQM�H CQm`M�H Q7 S?�`K�+2miB+b- dN- 3N@NeX

h�F{+b@LQp{Fg- EX- CƠx�Mg- JX- � ax{bxg- :X URNN8VX GBTQT?BHB+Biv Q7 �KT?Qi2`B+ KQH2+mH2b 2tT`2bb2/ #v i?2 i`m2
T�`iBiBQM +Q2{+B2MiX AMi2`M�iBQM�H CQm`M�H Q7 S?�`K�+2miB+b- RRjURV- 9d@88X

h�H2bFBg- oX- .BKFB+g- AX- "Q2pg- "X- "Q2pg- AX- ʁBpFQpBg- aX- � ai�MFQpBg- aX UkykyVX "�+i2`B�H �M/ 7mM;�H /Bp2`bBiv BM
i?2 HQ`�M/Bi2 UhH�bakV KBM2 Ƕ�HH+?�`Ƕ BM i?2 _2Tm#HB+ Q7 LQ`i? J�+2/QMB�X 61Ja JB+`Q#BQHQ;v 1+QHQ;v-
NeUNVX

h�KTm++Bg- aX- "m`;�H�bbBg- aX- *?2iQMBg- SX- � JQMiBg- .X UkyR3VX *mi�M2Qmb T2`K2�iBQM �M/ T2M2i`�iBQM Q7
bmMb+`22Mb , 6Q`KmH�iBQM bi`�i2;B2b �M/ BM pBi`Q K2i?Q/bX *QbK2iB+b- 8URVX

h�M;g- sX- *?�Qg- CX- :QM;g- uX- q�M;g- uX- qBH?2HKg- aX qX- � :�Qg- :X UkyRdVX aT�iBQi2KTQ`�H /vM�KB+b Q7
#�+i2`B�H +QKKmMBiv +QKTQbBiBQM BM H�`;2 b?�HHQr 2mi`QT?B+ G�F2 h�B?m , >B;? Qp2`H�T #2ir22M 7`22@HBpBM;
�M/ T�`iB+H2@�ii�+?2/ �bb2K#H�;2bX GBKMQHQ;v �M/ P+2�MQ;`�T?v- ek- Rjee@Rj3kX

h2H2b?g- AX oX- a+?m#2`ig- >X- � aF�`H�iQg- aX UkyRjVX GB72 BM i?2 b�HBMBiv ;`�/B2Mi , .Bb+Qp2`BM; K2+?�MBbKb #2?BM/
� M2r #BQ/Bp2`bBiv T�ii2`MX 1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- Rj8- jRd@jkdX

h2H2b?g- AX oX- a+?m#2`ig- >X- � aF�`H�iQg- aX PX UkyRRVX _2pBbBiBM; _2K�M2Ƕb +QM+2Ti , 1pB/2M+2 7Q` ?B;? TH�MFiQM
/Bp2`bBiv �M/ � T`QiBbi�M bT2+B2b K�tBKmK BM i?2 ?Q`Q?�HBMB+mK Q7 i?2 "�HiB+ a2�X J�`BM2 1+QHQ;v S`Q;`2bb
a2`B2b- 9kR- R@RRX
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h2bbB2`g- �X- � *�KT#2HHg- SX :X URN3dVX S�`iBiBQMBM; Q7 i`�+2 K2i�Hb BM b2/BK2Mib , _2H�iBQMb?BTb rBi? #BQ�p�BH�@
#BHBivX >v/`Q#BQHQ;B�- R9N- 9j@8kX

h?2 o2MB+2 avbi2K 7Q` i?2 *H�bbB}+�iBQM Q7 J�`BM2 q�i2`b �++Q`/BM; iQ a�HBMBivX URN83VX
hQ;QH�g- �X UkyyeVX S`ûb2M+2 2i /2p2MB` /2b bm#bi�M+2b T?�`K�+2miB[m2b /�Mb H2b û+QbvbiĕK2b �[m�iB[m2bX UaTû+B�HBiû ,

"BQ;ûQ+?BKB2 /2 HǶ2MpB`QMM2K2MiVX lMBp2`bBiû /2 "Q`/2�mt RX
hQKHBMg- *X URNN9VX h?2 S2biB+B/2 K�Mm�H , � rQ`H/ +QKT2M/BmK , BM+Q`TQ`�iBM; i?2 �;`Q+?2KB+�Hb ?�M/#QQFX URyi?

2/XVX "`BiBb? *`QT S`Qi2+iBQM *QmM+BH- _Qv�H aQ+B2iv Q7 *?2KBbi`v AM7Q`K�iBQM a+B2M+2bX
h`�Mg- CX >X- � C�+Q#vg- :X �X UkyykVX J2+?�MBbK Q7 TH�bKB/@K2/B�i2/ [mBMQHQM2 `2bBbi�M+2X 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+�- NNU3V- 8ej3@8e9kX
h`QD�Mg- .X- a+?`2B#2`g- GX- "D2`;g- CX hX- "ǚ;;BH/g- �X- u�M;g- hX- ED2H/b2Mg- EX lX- � a+?`�KKg- �X UkyReVX �

i�tQMQKB+ 7`�K2rQ`F 7Q` +�#H2 #�+i2`B� �M/ T`QTQb�H Q7 i?2 +�M/B/�i2 ;2M2`� 1H2+i`Qi?`Bt �M/ 1H2+i`QM2K�X
avbi2K�iB+ �M/ �TTHB2/ JB+`Q#BQHQ;v- jNU8V- kNd@jyeX

h`Qmbb2HHB2`g- JX- a+?�72`g- >X- "�i�BHH2`g- LX- "2`M�`/g- GX- *Qm`iB2bg- *X- G2#�`QMg- SX- Jmvx2`g- :X- a2`p�Bbg-
SX- � oBp2b@_2;Qg- CX UkyykVX "�+i2`B�H �+iBpBiv �M/ ;2M2iB+ `B+?M2bb �HQM; �M 2bim�`BM2 ;`�/B2Mi U_?QM2
_Bp2` THmK2- 6`�M+2VX �[m�iB+ JB+`Q#B�H 1+QHQ;v- k3URV- Rj@k9X

h`Qr#B/;2g- �X :X- � ar�+F?�K2`g- .X GX UkyyRVX "BQK�;MB}+�iBQM Q7 iQtB+ S*" +QM;2M2`b BM i?2 G�F2 JB+?B;�M
7QQ/r2#X �*a avKTQbBmK a2`B2b- ddk- kee@k3jX

hbmBg- JX JX- G2mM;g- >X qX- G�Kg- SX EX- � Jm`T?vg- JX "X UkyR9VX a2�bQM�H Q++m``2M+2- `2KQp�H 2{+B2M+B2b �M/
T`2HBKBM�`v `BbF �bb2bbK2Mi Q7 KmHiBTH2 +H�bb2b Q7 Q`;�MB+ lo }Hi2`b BM r�bi2r�i2` i`2�iK2Mi TH�MibX q�i2`
_2b2�`+?- 8j- 83@edX

hmg- ZX- umg- >X- >2g- wX- .2M;g- uX- qmg- GX- o�M LQbi`�M/g- CX .X- w?Qmg- �X- oQQ`/2+F2`bg- CX- G22g- uX CX- ZBMg-
uX- >2KK2g- *X GX- a?Bg- wX- sm2g- EX- um�Mg- hX- q�M;g- �X- � w?Qmg- CX UkyR9VX :2Q*?BT 9 , � 7mM+iBQM�H
;2M2@�``�v@#�b2/ ?B;?@i?`Qm;?Tmi 2MpB`QMK2Mi�H i2+?MQHQ;v 7Q` KB+`Q#B�H +QKKmMBiv �M�HvbBbX JQH2+mH�`
1+QHQ;v _2bQm`+2b- R9U8V- NR9@Nk3X

hm`M2`g- �X- � JBHHr�`/g- :X 1X UkyykVX ambT2M/2/ T�`iB+H2b , h?2B` `QH2 BM 1bim�`BM2 #BQ;2Q+?2KB+�H +v+H2bX
1bim�`BM2- *Q�bi�H �M/ a?2H7 a+B2M+2- 88UeV- 38d@33jX

lMBi2/ L�iBQMbgX UkyReVX h?2 qQ`H/Ƕb *BiB2b BM kyRe , .�i� "QQFH2iX
o�;;2g- :X- *mi`QM2Qg- GX- *�bi2HH�MQg- JX- *�M2T�g- :X- "2`iQHQiiQg- _X JX- � *�T2HHQg- JX UkyR3VX h?2

2z2+ib Q7 /`2/;BM; �M/ 2MpB`QMK2Mi�H +QM/BiBQMb QM +QM+2Mi`�iBQMb Q7 TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb BM
i?2 r�i2` +QHmKMX J�`BM2 TQHHmiBQM #mHH2iBM- Rj8- dy9@dRjX

o�HH2@G2pBMbQMg- �X UkyRyVX .2}MBiBQM �M/ +H�bbB}+�iBQM Q7 2bim�`B2bX AM *QMi2KTQ`�`v Abbm2b BM 1bim�`BM2 S?vbB+b
UTX R@RRVX *�K#`B/;2 lMBp2`bBiv S`2bbX

o�M /2` J��`2Hg- 1X URNNyVX 1+QiQM2b �M/ 2+Q+HBM2b �`2 /Bz2`2MiX CQm`M�H Q7 o2;2i�iBQM a+B2M+2- RURV- Rj8@Rj3X
o�M2g- *X >X- GQT2b .Qb a�MiQbg- _X �X- EBKg- �X qX- JQbb@>�v2bg- oX- 6Q`/v+2g- 6X JX- � "2�`+Q+Fg- CX JX

UkyRdVX S2`bBbi2Mi Q`;�MB+ TQHHmi�Mib US�>- S*"- hS>V BM 7`2b?r�i2`- m`#�M i`B#mi�`v �M/ 2bim�`BM2
bm`7�+2 b2/BK2Mib Q7 i?2 _Bp2` *Hv/2- a+QiH�M/- lEX 1�`i? �M/ 1MpB`QMK2Mi�H a+B2M+2 h`�Mb�+iBQMb Q7 h?2
_Qv�H aQ+B2iv Q7 1/BM#m`;?- Ry3Uk@jV- kNN@jRjX

o�M?�2+F2g- 6X- o�M?Q2g- >X- .�Kbg- _X- � o�M/2+�bi22H2g- *X URNNkVX h?2 mb2 Q7 BMi2`M�H bi�M/�`/b BM A*S@JaX
h�H�Mi�- jNUdV- djd@d9kX

kNN
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o�x@JQ`2B`�g- AX- LmM2bg- PX *X- � J�M�B�g- *X JX UkyRRVX .Bp2`bBiv �M/ �MiB#BQiB+ `2bBbi�M+2 T�ii2`Mb Q7 aT?BM@
;QKQM�/�+2�2 BbQH�i2b 7`QK /`BMFBM; r�i2`X �TTHB2/ �M/ 1MpB`QMK2Mi�H JB+`Q#BQHQ;v- ddUReV- 8eNd@8dyeX

o2Mi2`g- CX *X- _2KBM;iQMg- EX- >2B/2H#2`;g- CX 6X- >�HT2`Mg- �X GX- _mb+?g- .X- 1Bb2Mg- CX �X- qmg- .X- S�mHb2Mg-
AX- L2HbQMg- EX 1X- L2HbQMg- qX- 6Qmibg- .X 1X- G2pvg- aX- EM�Tg- �X >X- GQK�bg- JX qX- L2�HbQMg- EX-
q?Bi2g- PX- S2i2`bQMg- CX- >Q77K�Mg- CX- S�`bQMbg- _X- Ę aKBi?g- >X PX Ukyy9VX 1MpB`QMK2Mi�H :2MQK2
a?Qi;mM a2[m2M+BM; Q7 i?2 a�`;�bbQ a2�X a+B2M+2- jy9U8eedV- ee@d9X

o2`+`�2M2@1�B`K�Hg- JX- G�m;�g- "X- a�BMi G�m`2Mig- aX- J�xx2HH�g- LX- "Qmi`vg- aX- aBKQMg- JX- E�`�K�g- aX-
.2HK�bg- 6X- � .m`�Mg- _X UkyRyVX .Bm`QM #BQi`�Mb7Q`K�iBQM �M/ Bib 2z2+ib QM #BQ}HK #�+i2`B�H +QKKmMBiv
bi`m+im`2X *?2KQbT?2`2- 3RUdV- 3jd@39jX

o2`;�`�g- 1X :X- >2`M{M/2xg- oX- JmMFBii`B+Fg- EX _X- "�``�g- _X- :�H#�M@J�H�;QMg- *X- � *?B�M;g- :X UkyRNVX
S`2b2M+2 Q7 Q`;�MQ+?HQ`BM2 TQHHmi�Mib BM 7�i �M/ b+�ib Q7 TBMMBT2/b 7`QK i?2 �Mi�`+iB+ S2MBMbmH� �M/ aQmi?
a?2iH�M/ AbH�M/b- �M/ i?2B` `2H�iBQMb?BT iQ i`QT?B+ TQbBiBQMX a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- e38- Rkde@
Rk3jX

oB+2Mi2@J�`iQ`2HHg- CX CX- :�HBM/Q@_B�ƜQg- JX .X- :�`+Ō�@o�`;�bg- JX- � :`�M�/Q@*�bi`Qg- JX .X UkyyNVX
"BQ�p�BH�#BHBiv Q7 ?2�pv K2i�Hb KQMBiQ`BM; r�i2`- b2/BK2Mib �M/ }b? bT2+B2b 7`QK � TQHHmi2/ 2bim�`vX
CQm`M�H Q7 >�x�`/Qmb J�i2`B�Hb- RekUk@jV- 3kj@3jeX

oB/�H@.m`£g- �X- "m`F2g- AX hX- JQ`iBK2`g- _X CX- � ai2r�`ig- .X AX UkyR3VX .Bp2`bBiv T�ii2`Mb Q7 #2Mi?B+ #�+i2`B�H
+QKKmMBiB2b �HQM; i?2 b�HBMBiv +QMiBMmmK Q7 i?2 >mK#2` 2bim�`v UlEVX �[m�iB+ JB+`Q#B�H 1+QHQ;v- 3RUjV-
kdd@kNRX

q�Bi2g- .X qX- *?mpQ+?BM�g- JX- S2HBF�Mg- *X- S�`Fbg- .X >X- uBHK�xg- SX- q�;M2`g- JX- GQvg- �X- L�;�MmK�g- hX-
L�F�Bg- _X- q?BiK�Mg- qX "X- >�?Mg- JX qX- Em2p2`g- CX- � >m;2M?QHixg- SX UkykyVX S`QTQb�H iQ `2+H�bbB7v
i?2 T`Qi2Q#�+i2`B�H +H�bb2b .2Hi�T`Qi2Q#�+i2`B� �M/ PHB;Q~2tB�- �M/ i?2 T?vHmK h?2`KQ/2bmH7Q#�+i2`B� BMiQ
7Qm` T?vH� `2~2+iBM; K�DQ` 7mM+iBQM�H +�T�#BHBiB2bX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v
JB+`Q#BQHQ;v- dyURRV- 8Ndk@eyReX

q�Mg- sX- :�Qg- ZX- w?�Qg- CX- 62M;g- CX- p�M LQbi`�M/g- CX .X- u�M;g- uX- � w?Qmg- CX UkykyVX "BQ;2Q;`�T?B+ T�ii2`Mb
Q7 KB+`Q#B�H �bbQ+B�iBQM M2irQ`Fb BM T�//v bQBH rBi?BM 1�bi2`M *?BM�X aQBH "BQHQ;v �M/ "BQ+?2KBbi`v- R9k-
RydeNeX

q�M;g- 6X- u�Qg- CX- aBg- uX- *?2Mg- >X- _mbb2Hg- JX- *?2Mg- EX- ZB�Mg- uX- w�`�vg- :X- � "`�K�MiBg- 1X UkyRyVX
a?Q`i@iBK2 2z2+i Q7 ?2�pv K2i�Hb mTQM KB+`Q#B�H +QKKmMBiv �+iBpBivX CQm`M�H Q7 >�x�`/Qmb J�i2`B�HbX

q�M;g- 6X- .QM;g- qX- w?�Qg- wX- q�M;g- >X- GBg- qX- *?2Mg- :X- q�M;g- 6X- w?�Qg- uX- >m�M;g- CX- � w?Qmg- hX
UkykR�VX >2�pv K2i�H TQHHmiBQM BM m`#�M `Bp2` b2/BK2Mi Q7 /Bz2`2Mi m`#�M 7mM+iBQM�H �`2�b �M/ Bib BM~m2M+2
QM KB+`Q#B�H +QKKmMBiv bi`m+im`2X a+B2M+2 Q7 i?2 hQi�H 1MpB`QMK2Mi- dd3UR9ej3jVX

q�M;g- >X- "B2`g- _X- w;H2bx2rbFBg- GX- S2BTQ+?g- JX- PKQM/Bg- 1X- JmF?2`D22g- �X- *?2Mg- 6X- w?�M;g- *X- � E�Mg-
CX Ukyky�VX .BbiBM+i .Bbi`B#miBQM Q7 �`+?�2� 6`QK aQBH iQ 6`2b?r�i2` iQ 1bim�`v , AKTHB+�iBQMb Q7 �`+?�2�H
*QKTQbBiBQM �M/ 6mM+iBQM BM .Bz2`2Mi 1MpB`QMK2MibX 6`QMiB2`b BM JB+`Q#BQHQ;v- RRU8deeeRV- R@R3X

q�M;g- GX- q�M;g- *X- smg- PX- � hB�Mg- GX URN3eVX .2i2`KBM�iBQM Q7 i?2 M@Q+i�MQHfr�i2` T�`iBiBQM +Q2{+B2Mib Q7
TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb �M/ 2biBK�iBQM Q7 i?2B` �[m2Qmb bQHm#BHBiB2bX >m�MDBM; E2tm2 sm2#�Q-
eU9V- 9NR@9NdX

jyy
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q�M;g- GX- GBmg- GX- w?2M;g- "X- w?mg- uX- � q�M;g- sX UkyRjVX �M�HvbBb Q7 i?2 #�+i2`B�H +QKKmMBiv BM i?2 irQ ivTB+�H
BMi2`iB/�H b2/BK2Mib Q7 "Q?�B "�v- *?BM� #v Tv`Qb2[m2M+BM;X J�`BM2 SQHHmiBQM "mHH2iBM- dkURV- R3R@R3dX

q�M;g- JX- a?�g- *X- qmg- CX- amg- CX- qmg- CX- q�M;g- ZX- h�Mg- CX- � >m�M;g- aX UkykR#VX "�+i2`B�H +QKKmMBiv
`2bTQMb2 iQ T2i`QH2mK +QMi�KBM�iBQM BM #`�+FBb? iB/�H K�`b? b2/BK2Mib BM i?2 u�M;ix2 _Bp2` 1bim�`v-
*?BM�X CQm`M�H Q7 1MpB`QMK2Mi�H a+B2M+2b- NN- Rey@RedX

q�M;g- sX- Gmg- GX- w?Qmg- sX- h�M;g- sX- Em�M;g- GX- *?2Mg- CX- a?�Mg- CX- Gmg- >X- ZBMg- >X- �/�Kbg- CX- � q�M;g- "X
UkykR+VX LB+?2 .Bz2`2MiB�iBQM Q7 *QK�KKQt LBi`QbTB`� BM i?2 Jm/~�i �M/ _2+H�BK2/ �;`B+mHim`�H aQBHb
�HQM; i?2 LQ`i? "`�M+? Q7 u�M;ix2 _Bp2` 1bim�`vX 6`QMiB2`b BM JB+`Q#BQHQ;v- RRX

q�M;g- wX- q�HF2`g- :X qX- JmB`g- .X *X- � L�;�i�MB@uQb?B/�g- EX Ukyky#VX hQr�`/ � :HQ#�H lM/2`bi�M/BM;
Q7 *?2KB+�H SQHHmiBQM , � 6B`bi *QKT`2?2MbBp2 �M�HvbBb Q7 L�iBQM�H �M/ _2;BQM�H *?2KB+�H AMp2MiQ`B2bX
1MpB`QMK2Mi�H a+B2M+2 �M/ h2+?MQHQ;v- 89U8V- k8d8@k839X

q�ibQMg- aX CX- *�/2@J2MmMg- "X CX- L22/Q#�g- CX �X- � S2i2`bQMg- hX .X UkyR3VX S?QbT?Q`mb 7Q`Kb BM b2/BK2Mib
Q7 � `Bp2`@/QKBM�i2/ 2bim�`vX 6`QMiB2`b BM J�`BM2 a+B2M+2- 8UjykVX

q2#bi2`g- :X- PǰamHHBp�Mg- GX �X- J2M;g- uX- qBHHB�Kbg- �X aX- a�bbg- �X JX- q�iFBMbg- �X CX- S�`F2bg- _X CX- �
q2B;?iK�Mg- �X CX UkyR8VX �`+?�2�H +QKKmMBiv /Bp2`bBiv �M/ �#mM/�M+2 +?�M;2b �HQM; � M�im`�H b�HBMBiv
;`�/B2Mi BM 2bim�`BM2 b2/BK2MibX 61Ja JB+`Q#BQHQ;v 1+QHQ;v- NRUkV- R@R3X

q2Bg- :X- GBg- JX- GBg- 6X- GBg- >X- � :�Qg- wX UkyReVX .BbiBM+i /Bbi`B#miBQM T�ii2`Mb Q7 T`QF�`vQi2b #2ir22M b2/BK2Mi
�M/ r�i2` BM i?2 u2HHQr _Bp2` 2bim�`vX �TTHB2/ JB+`Q#BQHQ;v �M/ "BQi2+?MQHQ;v- RyyUkkV- Ne3j@NeNdX

q2BHg- GX- .m`ög- :X- � Zm2MiBMg- EX 1X URNd9VX q�bb2`HƺbHB+?F2Bi pQM BMb2FiBxB/2M +?HQ`B2`i2M FQ?H2Mr�bb2`biQz2M
mM/ TQHv+?HQ`B2`i2M #BT?2MvH2M BK ?BM#HB+F �m7 2BM2 :2r bb2`#2H�bimM; KBi /B2b2M biQz2MX w2Bib+?`B7i 7Ƀ`
q�bb2` mM/ �#r�bb2` 6Q`b+?mM;- d- ReN@Rd8X

q2BH�M/@"`�m2`g- LX- 6Bb+?2`g- JX �X- a+?`�KKg- EX@qX- � a+?KBixg- _X �X UkyRdVX SQHv+?HQ`BM�i2/ "BT?2MvH
US*"V@.2;`�/BM; SQi2MiB�H Q7 JB+`Q#2b S`2b2Mi BM � *`vQ+QMBi2 Q7 C�Ki�H72`M2` :H�+B2`X 6`QMiB2`b BM
JB+`Q#BQHQ;v- UClLV- RRy8X

q2Mg- EX- w?Qmg- �X- w?�M;g- CX- GBmg- wX- q�M;g- :X- GBmg- qX- q�M;g- �X- � um2g- sX UkyRdVX *?�`�+i2`Bx�iBQM Q7
#BQ+�`#QM@bQm`+2 `2+Qp2`v �M/ KB+`Q#B�H +QKKmMBiv b?B7ib 7`QK r�bi2 �+iBp�i2/ bHm/;2 #v +QM/BiBQMBM;
rBi? +Q`MbiQp2` , �bb2bbK2Mi Q7 +2HHmHQbB+ +QKTQbBiBQMbX a+B2MiB}+ _2TQ`ib- dURV- R@RRX

q?Bi7B2H/g- �X EX- 1HHBQiig- JX- "�bb2ig- �X- "H�#2`g- aX CX- � q2big- _X CX UkyRkVX S�`�/B;Kb BM 2bim�`BM2 2+QHQ;v
@ � `2pB2r Q7 i?2 _2K�M2 /B�;`�K rBi? � bm;;2bi2/ `2pBb2/ KQ/2H 7Q` 2bim�`B2bX 1bim�`BM2- *Q�bi�H �M/
a?2H7 a+B2M+2- Nd- d3@NyX

q?BiK�Mg- qX "X- *QH2K�Mg- .X *X- � qB2#2g- qX CX URNN3VX S`QF�`vQi2b , h?2 mMb22M K�DQ`BivX S`Q+22/BM;b Q7 i?2
L�iBQM�H �+�/2Kv Q7 a+B2M+2b- N8URkV- e8d3@e83jX

q?BiK�Mg- qX "X- P`2Mg- �X- *?mpQ+?BM�g- JX- /� *Qbi�g- JX aX- :�``Bivg- :X JX- _�BM2vg- 6X �X- _Qbb2HHQ@
JQ`�g- _X- a+?BMFg- "X- ami+HB772g- AX- h`mDBHHQg- JX 1X- � o2Mim`�g- aX UkyR3VX S`QTQb�H Q7 i?2 bm{t
ĜQi� iQ /2MQi2 T?vH�X �//2M/mK iQ ǵT`QTQb�H iQ BM+Hm/2 i?2 `�MF Q7 T?vHmK BM i?2 BMi2`M�iBQM�H +Q/2 Q7
MQK2M+H�im`2 Q7 T`QF�`vQi2bǶX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ �M/ 1pQHmiBQM�`v JB+`Q#BQHQ;v- e3UjV-
Ned@NeNX

qB//Qrbg- CX URNd3VX S?vbBQHQ;B+�H BM/B+2b Q7 bi`2bb BM KviBHmb 2/ mHBbX CQm`M�H Q7 i?2 J�`BM2 "BQHQ;B+�H �bbQ+B�iBQM
Q7 i?2 lMBi2/ EBM;/QK- 83- Rk8@R9kX

jyR
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qBHH2Kbg- �X- "mbb2g- CX- :QQ`g- JX- SQig- "X- 6�Hb2Mg- 1X- C�Mix2Mg- 1X- >Qbi2g- "X- :BHHBbg- JX- E2`bi2`bg- EX-
�mHBM;g- :X- � .2 G2vg- CX URN3NVX >v/`Q;2MQT?�;�- � M2r ;2Mmb Q7 ?v/`Q;2M@QtB/BxBM; #�+i2`B� i?�i
BM+Hm/2b >v/`Q;2MQT?�;� ~�p� +QK#X MQpX - >v/`Q;2MQT?�;� T�HH2`QMBB- >v/`Q;2MQT?�;� Tb2m/Q~�p� �M/
>v/`Q;2MQT?�;� i�2MBQbTB`�HBbX AMi2`M�iBQM�H CQm`M�H Q7 avbi2K�iB+ "�+i2`BQHQ;v- jNUjV- jRN@jjjX

qBHH2Kbg- �X UkyR9VX h?2 7�KBHv *QK�KQM�/�+2�2X AM 1X _Qb2M#2`;g- 1X 6X .2GQM;g- aX GQ`vg- 1X ai�+F2#`�M/ig
� 6X h?QKTbQMgUú/XV- h?2 S`QF�`vQi2b , �HT?�T`Qi2Q#�+i2`B� �M/ "2i�T`Qi2Q#�+i2`B� UTX ddd@38RVX aT`BM;2`
"2`HBM >2B/2H#2`;X

qBHHB�Kbg- .X hX- � "2MQBig- 6X JX URNdNVX h?2 /2i2`KBM�iBQM Q7 TQHv+?HQ`BM�i2/ #BT?2MvHb BM b2H2+i2/ ?Qmb2?QH/
T`Q/m+ibX "mHH2iBM Q7 1MpB`QMK2Mi�H *QMi�KBM�iBQM �M/ hQtB+QHQ;v- kR- RdN@R39X

qBHHB�Kbg- _X CX- >Qr2g- �X- � >Q7KQ+F2Hg- EX aX UkyR9VX .2KQMbi`�iBM; KB+`Q#B�H +Q@Q++m``2M+2 T�ii2`M �M�Hvb2b
rBi?BM �M/ #2ir22M 2+Qbvbi2KbX 6`QMiB2`b BM JB+`Q#BQHQ;v- 8UClGuV- j83X

qBHHBbg- �X UkyRNVX _�`27�+iBQM- �HT?� /Bp2`bBiv- �M/ bi�iBbiB+bX 6`QMiB2`b BM JB+`Q#BQHQ;v- RyUk9ydVX
qBb2g- aX �X- "QMM2iig- qX CX- :m2Mi?2`g- 6X _X- � J�vg- qX 1X URN3RVX � `2H�iBQMb?BT #2ir22M `2p2`b2/@T?�b2 *R3

HB[mB/ +?`QK�iQ;`�T?B+ `2i2MiBQM �M/ i?2 b?�T2 Q7 TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMbX CQm`M�H Q7 *?`QK�@
iQ;`�T?B+ a+B2M+2- RNUNV- 98d@9e8X

qQ2b2g- *X _X- � 6Qtg- :X 1X URNddVX S?vHQ;2M2iB+ bi`m+im`2 Q7 i?2 T`QF�`vQiB+ /QK�BM , h?2 T`BK�`v FBM;/QKbX
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+�- d9URRV- 8y33@8yNyX
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LQ`ûi?BM/`QM2 ƒ;XF;@R I G. @ ke8 U9y-3V @ @ @ @ @ @ @

G. , GBKBi2 /2 /ûi2+iBQM c GZ , GBKBi2 /2 [m�MiB}+�iBQM c �hAA , h`�b2QHB/2- 9J"* , 1Mx�+�KĕM2- j"* , j@"2MxvHB/2M2 +�KT?Q`-
P.@S�"� , S�/BK�i2@P c  , Jû/B�M2 c   , a2BM2 /2 HǶ2K#Qm+?m`2 ¨ PBbb2H /2 yRfyRfR8 ¨ yRfyRfky c � , aiQB+?2p 2i �HX- kyy9 c
# , >�Kx2? 2i �HX- kyR9 c + , ?iiT ,ffrrrXM�B�/2bX2�m7`�M+2X7` c / , >m;m2i 2i �HX- kyR3 c 2 , G�``Qb2 2i �HX- kyRy c
7 , "m/xBMbFB 2i �HX- RNNd ; , :Qm`BQm 2i �HX- kyR3

h�#H2�m �kXj Ĝ *QM+2Mi`�iBQM 2M KB+`QTQHHm�Mib /�Mb HǶ2�m #`mi2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b KB+`QTQH@
Hm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2 /ûi2+iBQM- G.- bQMi 2t+Hmb /2
+2 i�#H2�mX

*QMi�KBM�Mib lMBiû KBM @ K�t UKQv2MM2V 1bim�B`2 /2
HǶ�/Qm`

1bim�B`2 /2 H� a2BM2 _B� /2 >m2Hp�-
1bT�;M2

Jûi�mt
�; ƒ;XG@R IG. @ R-N Uy-ReV @ @
�H ƒ;XG@R Ne-RN @ R RRN UjNy-dV @ @
�b ƒ;XG@R y-3N @ d-R Uk-jV @ U9-dNV+

"� ƒ;XG@R Rj-3 @ 89-8 Ukj-kV @ @
*/ ƒ;XG@R IG. @ R-N Uy-ReV @ Uk-3RV+

*Q ƒ;XG@R y-Rk @ R-3 Uy-e9V @ @
*` ƒ;XG@R y-e3 @ RN Ue-kV @ @
*m ƒ;XG@R IG. @ 3k Uj-dV @ U9e-j3V+

62 ƒ;XG@R R 3Ny @ 3 89y Uj NyyV @ @
JM ƒ;XG@R R3-9 @ kyk Uek-jV @ @
JQ ƒ;XG@R IG. @ j-3 Uy-dV @ @
LB ƒ;XG@R IG. @ j-e UR-9V @ @
S# ƒ;XG@R IG. @ j-e Uy-NdV @ Ue-kdV+

a# ƒ;XG@R IG. @ R-N Uy-jkV @ @
a2 ƒ;XG@R IG. @ R8 U8-9V @ @
aM ƒ;XG@R IG. @ R-N Uy-RdV @ @
a` ƒ;XG@R Rkd-8 @ R8 yNy UR ykRV @ @
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h�#H2�m �kXj Ĝ *QM+2Mi`�iBQM 2M KB+`QTQHHm�Mib /�Mb HǶ2�m #`mi2 /2 HǶ2bim�B`2 /2 HǶ�/Qm`X G2b KB+`QTQH@
Hm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2 /ûi2+iBQM- G.- bQMi 2t+Hmb /2
+2 i�#H2�mX UbmBi2V

*QMi�KBM�Mib lMBiû KBM @ K�t UKQv2MM2V 1bim�B`2 /2
HǶ�/Qm`

1bim�B`2 /2 H� a2BM2 _B� /2 >m2Hp�-
1bT�;M2

h? ƒ;XG@R IG. @ y-93 Uy-yekV @ @
hB ƒ;XG@R IG. @ Rj U9-dV @ @
l ƒ;XG@R IG. @ k-9 Uy-9dV @ @
o ƒ;XG@R R-k @ Rj U9-jV @ @
wM ƒ;XG@R IG. @ R8N Uk3-9V @ URed-RdV+

A>; M;XG@R y-ee @ 3-k Uk-8V @ @
JJ>; M;XG@R y-yk9 @ y-kj Uy-y8NV @ @

>�S
�+ûM�T?iĕM2 M;XG@R IG. @ 9k U8-dV @ I GZ Ĝ Rd3# @
"2MxQU�V�Mi?`�+ĕM2 M;XG@R IG. @ R9 Uk-NV @ I GZ Ĝ 33# @
"2MxQU�VTv`ĕM2 M;XG@R IG. @ N-R Uk-dV @ I GZ Ĝ RjN# @
6HmQ`�Mi?ĕM2 M;XG@R IG. @ Ny U8-9V @ I GZ Ĝ k3k# @
6HmQ`ĕM2 M;XG@R IG. @ 9j U9-jV @ I GZ Ĝ Rd8# @
L�T?i�HĕM2 M;XG@R IG. @ k eR8 URR9-9V @ I GZ Ĝ R jey# @
S?2M�Mi?`ĕM2 M;XG@R IG. @ k 8yj UNe-R9V @ I GZ Ĝ d98# @
Sv`ĕM2 M;XG@R IG. @ eR U9-eV @ I GZ Ĝ k98# @௴ /2b >�S M;XG@R IG. @ 8 je3 URN3-3kV @ @

S*"
S*" RyR M;XG@R IG. @ e-d Uk-eV @ I GZ Ĝ 9# @
S*" RR3 M;XG@R IG. @ kR Uj-yV @ I GZ Ĝ j# @
S*" Rjd M;XG@R IG. @ e-e Uk-eV @ L� @
S*" R9N M;XG@R IG. @ Ry Uk-dV @ @
S*" R8j M;XG@R IG. @ e-d Uk-eV @ I GZ Ĝ 9y# @
S*" k3YjR M;XG@R IG. @ ed-d URk-NV @ @௴ /2b S*" M;XG@R IG. @ dy-e URy-jV @ @

S2biB+B/2b
>2Ti�+?HQ`2 ûTQtv/2 M;XG@R IG. @ e-3 Uk-eV @ @

Jmb+b bvMi?ûiB[m2b
�."A M;XG@R IG. @ Rj Uy-NNV UR-RV� @
�>hL M;XG@R IG. @ R3y UR8-NV I GZ� @
>>*" M;XG@R IG. @ R de3 URyj-yV I GZ� I GZ Ĝ jj-k# @
>>*"@G M;XG@R IG. @ 8kk U9y-RV @ @
JE M;XG@R IG. @ 9R Uj-yV Uy-kV� @

6BHi`2b lo
"j M;XG@R IG. @ dy URkV @ @
P* M;XG@R IG. @ 9ye URN-3V @ @

�HFvHT?ûMQHb
LS M;XG@R IG. @ 9y Ud-yV @ I GZ Ĝ jky# @
LS1PR M;XG@R IG. @ 8Ry U9R-kV @ @
LS1Pk M;XG@R IG. @ Ny Uk3V @ @

G. , GBKBi2 /2 /ûi2+iBQM c GZ , GBKBi2 /2 [m�MiB}+�iBQM c �H , �HmKBMBmK c
62 , 62` c LS , LQMvHT?ûMQH c LS1PR , LQMvHT?ûMQH KQMQûi?QtvHû c LS1Pk , LQMvHT?ûMQH /Bûi?QtvHû c "j , Ptv#2MxQM2
� , *�p�H?2B`Q- kyy9 c # , ?iiT ,ffrrrXM�B�/2bX2�m7`�M+2X7` c + , oB+2Mi2@J�`iQ`2HH 2i �HX- kyyN
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h�#H2�m �kX9 Ĝ *QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` /�Mb H� 7`�+@
iBQM /BbbQmi2X G2b KB+`QTQHHm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2
/ûi2+iBQM- G.- bQMi 2t+Hmb /2 +2 i�#H2�mX

*QMi�KBM�Mib lMBiû KBM @ K�t
UKQv2MM2V

1bim�B`2 /2 HǶ�/Qm` 1bim�B`2 /2 H� a2BM2 1bim�B`2 /2 H�
:B`QM/2

Jûi�mt
�; ƒ;XG@R IG. @ R-e Uy-R9V y-yy8�

�H ƒ;XG@R IG. @ Rjy Uje-yV ed-38R�

�b ƒ;XG@R IG. @ e-d UR-kV R-yN9� y-eN @ k-yN UR-RdV 2 R-j Ĝ 8-j Uk-jV?

"� ƒ;XG@R 3-d @ 83 UkjV
*/ ƒ;XG@R IG. @ R-e Uy-R9V y-yyN� y-yy8 @ y-ydj

Uy-yjyV 2 c Uy-dV  7
y-yyd Ĝ y-yj Uy-ykV?

*Q ƒ;XG@R IG. @ R-8 Uy-kdV y-Re8�

*` ƒ;XG@R IG. @ d-e Uy-ekV R-RRj� y-yyd Ĝ y-yj Uy-dV?

*m ƒ;XG@R IG. @ 9-k Uy-8jV R-yNk� y-j9 @ 9-jj UR-3NV 2 c
U9-RV  7

y-d Ĝ k-k UR-jV?

62 ƒ;XG@R R RNd @ e 8N9 Uk
93jV

JM ƒ;XG@R j-9e @ R8R U9R-9V d-d9R�

JQ ƒ;XG@R IG. @ e-y UR-yV
LB ƒ;XG@R IG. @ R-e Uy-8dV y-k Ĝ y-d Uy-9V?

S# ƒ;XG@R IG. @ R-e Uy-kkV y-Ry3� y-ydN @ R-Re
Uy-983V 2 c UR-8V  7

y-yk Ĝ y-R Uy-yeV?

a# ƒ;XG@R IG. @ R-e Uy-kRV
a2 ƒ;XG@R IG. @ 9-R Uy-88V
aM ƒ;XG@R IG. @ R-e Uy-ReV
a` ƒ;XG@R IG. @ 3 kyy U8de-8V
h? ƒ;XG@R IG. @ y-ek Uy-y3dV
hB ƒ;XG@R IG. @ k-N Uy-3yV
l ƒ;XG@R y-RR @ R-e Uy-99V y-98k�

o ƒ;XG@R IG. @ d-d Uy-NRV
wM ƒ;XG@R IG. @ R8e URe-8V k-ykd� k-d @ ke-Ry URR-89V 2 c

U9eV  7
y-e Ĝ d-d Uk-8V?

A>; M;XG@R y-jy @ 9-8 Uy-3eV y-yd @ y-33 Uy-jdV+

JJ>; M;XG@R y-yR8 @ y-RR Uy-yj3V y-yR @ y-ye Uy-yjV+

>�S
�+ûM�T?iĕM2 M;XG@R IG. @ Rk Uj-8V
�Mi?`�+ĕM2 M;XG@R IG. @ j8 Uj-dV
"2MxQU�V�Mi?`�+ĕM2 M;XG@R IG. @ 3-e Uk-dV L� @ R URV#

"2MxQU�VTv`ĕM2 M;XG@R IG. @ e-d Uk-eV
"2MxQU;-?-BVTû`vHĕM2 M;XG@R IG. @ d-d Uk-eV
*?`vbĕM2 M;XG@R IG. @ e-k Uk-eV
.B#2MxQU�-?V�Mi?`�+ĕM2 M;XG@R IG. @ Rk Uk-3V
AM/ûMQUR-k-j@
+/VTv`ĕM2

M;XG@R IG. @ 3-9 Uk-dV

L�T?i�HĕM2 M;XG@R IG. @ 933 UjN-RV
S?2M�Mi?`ĕM2 M;XG@R IG. @ k8 U9-yV k @ Re UNV#௴ /2b >�S M;XG@R IG. @ 933 UkRXjRV R8 Ĝ d9;

Jmb+b bvMi?ûiB[m2b
JE M;XG@R IG. @ 9-e Uy-ekV R-e Ĝ R-e+

�."A M;XG@R IG. @ 9-9 Uy-eeV
�>hL M;XG@R IG. @ ey U8-9V R8-j @ R8-j+

>>*" M;XG@R IG. @ 3R8 U8k-yV RN-8 Ĝ ej-N UjN-eV+

>>*"@G M;XG@R IG. @ k9d URy-8V

6BHi`2b lo

jRe
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h�#H2�m �kX9 Ĝ *QM+2Mi`�iBQMb 2M KB+`QTQHHm�Mib /�Mb H2b 2�mt /2 HǶ2bim�B`2 /2 HǶ�/Qm` /�Mb H� 7`�+@
iBQM /BbbQmi2X G2b KB+`QTQHHm�Mib /QMi H2b +QM+2Mi`�iBQMb bQMi bvbiûK�iB[m2K2Mi BM7û`B2m`2b ¨ H� HBKBi2 /2
/ûi2+iBQM- G.- bQMi 2t+Hmb /2 +2 i�#H2�mX UbmBi2V

*QMi�KBM�Mib lMBiû KBM @ K�t
UKQv2MM2V

1bim�B`2 /2 HǶ�/Qm` 1bim�B`2 /2 H� a2BM2 1bim�B`2 /2 H�
:B`QM/2

P* M;XG@R IG. @ j3 U8-8V 9y Ĝ kyy UdyV B

�HFvHT?ûMQHb
LS M;XG@R IG. @ 3N Ud-jV NR9 Ĝ R 8dN UR RNyV+

LS1PR M;XG@R IG. @ RyN Ukd-jV
LS1Pk M;XG@R IG. @ R9j Ujy-eV

am#bi�M+2b T?�`K�+2miB[m2b , �ALa
�+ûi�KBMQT?ĕM2 M;XG@R kd-kR @ k yNk

UkR3-8V
URNNV D

�+B/2 MB~mKB[m2 M;XG@R IG. @ jR3 URe-NV
.B+HQ7ûM�+ M;XG@R IG. @ k 9Ny URRNV 3 Ĝ kj/ 3 Ĝ j3y/ I G. Ĝ 9/

A#mT`Q7ĕM2 M;XG@R IG. @ R yky Uek-3V R9 Ĝ jd/ 8 Ĝ eRy/ I G. Ĝ j/

EûiQT`Q7ĕM2 M;XG@R IG. @ k 98y URj9V I G. Ĝ j/ j Ĝ d3/ I G. Ĝ k9/

am#bi�M+2b T?�`K�+2miB[m2b , �MiB#BQiB[m2b
�xBi?`QKv+BM2 M;XG@R IG. @ R38 UR9-8V
*BT`Q~Qt�+BM2 M;XG@R IG. @ Rj8 URR-RV
*H�`Bi?`QKv+BM2 M;XG@R IG. @ Rkd U3-RRV
1`vi?`QKv+BM2 � M;XG@R IG. @ jR8 UR3-8V
:2K}#`QxBH M;XG@R IG. @ 39 Ue-jV R Ĝ N/ j Ĝ Rke/ I G. Ĝ 9/

CQb�Kv+BM2 M;XG@R IG. @ Re UR-kV
Jûi`QMB/�xQH2 M;XG@R IG. @ R9y URy-9V
P~Qt�+BM2 M;XG@R IG. @ kjN URd-yV
_QtBi?`QKv+BM2 M;XG@R IG. @ Ryj U8-e8V
aTB`�Kv+BM2 M;XG@R IG. @ RNk URe-NV
amH7�/B�xBM2 M;XG@R IG. @ NN U9-3V
amH7�Kûi?Qt�xQH2 M;XG@R IG. @ R3R URe-9V
h`BKûi?QT`BK2 M;XG@R IG. @ RRd Ue-deV

am#bi�M+2b T?�`K�+2miB[m2b , �MtBQHviB[m2b
GQ`�xûT�K M;XG@R IG. @ je U9-kV UR-eV   D

LQ`/�x2T�K M;XG@R IG. @ k8 UR-3V Uy-eV   D

Pt�xûT�K M;XG@R j-3e @ e RNy U993V UjyV   D

am#bi�M+2b T?�`K�+2miB[m2b , *�`/BQp�b+mH�B`2b
�iûMQHQH M;XG@R IG. @ N3y UdyV Ue-NV D

GQb�`i�M M;XG@R IG. @ 8ej Uj9-kV UjV   D

J2iQT`QHQH M;XG@R IG. @ k3j URe-8V Uy-NV   D

am#bi�M+2b T?�`K�+2miB[m2b , �mi`2b
*�7ûBM2 M;XG@R R8-k3 @ Ry 8ey

Ue99-jV
I G. Ĝ Re/ 9y Ĝ 3ey/ I G. Ĝ jR/

*�`#�K�xûTBM2 M;XG@R R-dk @ 3Rk U8y-RV I G. Ĝ 3/ j Ĝ Re9/ I G. Ĝ Rj/

>v/`Q+?HQ`Qi?B�xB/2 M;XG@R IG. @ R 3yy URyyV

G. , GBKBi2 /2 /ûi2+iBQM c  , p�H2m`b ¨ SQb2b c   , p�H2m`b ¨ H� "QmBHH2 c    , p�H2m`b ¨ "Q`/2�mt c � , SQBMi 2i �HX- kyyd c
# , *�p�H?2B`Q 2i �HX- kyRd c + , "m/xBMbFB- kyyj /Ƕ�T`ĕb hQ;QH�- kyye c / , "QK#H2/ � *Qbb�- RNNk 2 , �pQBM2 2i �H- RN3e
/Ƕ�T`ĕb "QK#H2/ � *Qbb�- RNNk 7 , >m;m2i 2i �HX- kyR3 c ; , .2v+�`/- kyR8 c ? , �KBMQi- kyRj c B , �KBMQi 2i �HX- kyRe

jRd



�MM2t2b

6B;m`2 �kX9 Ĝ S`QTQ`iBQMb `2H�iBp2b KQv2MM2b /2b +H�bb2b ;`�MmHQKûi`B[m2b Q#i2Mm2b TQm` H2b bû/BK2Mib
/2 HǶ2bim�B`2 /2 HǶ�/Qm` T�` b�BbQMX *2b `2T`ûb2Mi�iBQMb BHHmbi`2Mi H2b KQv2MM2b 2i û+�`i@ivT2 /2b +H�bb2b /2
;`�MmHQKûi`B[m2b T�` bBi2 U�V 2i H2b KQv2MM2b +mKmHû2b T�` bBi2 U"VX

jR3



�MM2t2b

j �MM2t2b /m +?�TBi`2 8X

6B;m`2 �8XR Ĝ *Qm`#2 /2 `�`û7�+iBQM TQm` H2b û+?�MiBHHQMb /Ƕ2�m +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbm2b �ii�+?ûb
�mt T�`iB+mH2b US�VX

jRN



�MM2t2b

6B;m`2 �8Xk Ĝ *Qm`#2 /2 `�`û7�+iBQM TQm` H2b û+?�MiBHHQMb /Ƕ2�m +Q``2bTQM/�Mi �mt KB+`QQ`;�MBbK2b HB#`2b
/�Mb H� +QHQMM2 /Ƕ2�m U6GVX

jky



�MM2t2b

1 2 3 4 6 7 8 9 A B C D

0

20

40

60

Mauvais

Moyen 

Site 

Médiocre

Bon 

Très bon

1 2 3 4 6 7 8 9 A B C D1 2 3 4 6 7 8 9 A B C D

Urbain

Amont Adour

Aval
Amont Nive

C
o

n
c
e

n
tr

a
ti
o

n
 (

µ
m

o
l.
L

-1
)

AD1 :  Printemps AD2 :  Été AD3 :  Hiver

6B;m`2 �8Xj Ĝ *QM+2Mi`�iBQMb 2M T?QbT?�i2 /BbbQmb USP9
j@ 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b

+QmH2m`b BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû /m kdfydfR8X

0

50

100

150

Mauvais

Moyen 
Médiocre

Bon 
Très bon

Urbain

Amont Adour

Aval
Amont Nive

AD1 :  Printemps AD2 :  Été AD3 :  Hiver

1 2 3 4 6 7 8 9 A B C D
Site 

1 2 3 4 6 7 8 9 A B C D1 2 3 4 6 7 8 9 A B C D

C
on

ce
nt

ra
tio

n 
(µ

m
ol

.L
-1

)

6B;m`2 �8X9 Ĝ *QM+2Mi`�iBQMb 2M �KKQMBmK /BbbQmb UL>9
Y 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b

+QmH2m`b BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû /m kdfydfR8X

jkR



�MM2t2b

0

5

10

1 2 3 4 6 7 8 9 A B C D
Site 

1 2 3 4 6 7 8 9 A B C D1 2 3 4 6 7 8 9 A B C D

Moyen 
Médiocre

Bon 
Très bon

Urbain

Amont Adour

Aval
Amont Nive

C
on

ce
nt

ra
tio

n 
(µ

m
ol

.L
-1

)

AD1 :  Printemps AD2 :  Été AD3 :  Hiver

6B;m`2 �8X8 Ĝ *QM+2Mi`�iBQMb 2M MBi`Bi2 /BbbQmi2 ULPk
@ 2M ƒKQHXG@RV /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`X G2b +QmH2m`b

BM/B[mû2b �m /2`MB2` TH�M +Q``2bTQM/2Mi �mt MQ`K2b /2 H� .*1 /û+`Bi2b /�Mb HǶ�``āiû /m kdfydfR8X

o�H2m`b /2b T�`�Kĕi`2b iQTQ;`�T?B[m2b TQm` H2 `ûb2�m 2KTB`B[m2
S�- iQmi2b b�BbQMb +QM7QM/m2b 6G- iQmi2b b�BbQMb +QM7QM/m2b

h�BHH2 /m `ûb2�m UMV k9R k83
_k /2 H� HQB /2 TmBbb�M+2 y-399 y-Ny3
.2;`û KQv2M U�p;EV 9-dy8 9-9RR
.Bbi�M+2 KQv2MM2 /m +?2KBM U:.V 8-eyj 9-e8d
*Q2{+B2Mi /2 `2;`QmT2K2Mi KQv2M U�p;**V y-j9N y-kkR
JQ/mH�`Biû UJV y-d8N y-e8j

o�H2m`b /2b T�`�Kĕi`2b iQTQ;`�T?B[m2b TQm` Ryy `ûb2�mt �Hû�iQB`2b
.Bbi�M+2 KQv2MM2 /m +?2KBM U:.V j-8d8 ਻ y-y9j j-89d ਻ y-y8j
*Q2{+B2Mi /2 `2;`QmT2K2Mi KQv2M U�p;**V y-yjj ਻ y-yyd y-y88 ਻ y-yRy
JQ/mH�`Biû UJV y-9jk ਻ y-yy3 y-99y ਻ y-yyd

h�#H2�m �8XR Ĝ S�`�Kĕi`2b iQTQHQ;B[m2b /m `ûb2�m 2KTB`B[m2 2i /2b `ûb2�mt �Hû�iQB`2b �bbQ+Bûb /2b +QK@
KmM�miûb KB+`Q#B2MM2b /2b 2�mt US� 2i 6GV /2 HǶ2bim�B`2 /2 HǶ�/Qm`X
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9 Sm#HB+�iBQMb

ǵJB+`Q#B�H +QKKmMBiv bi`m+im`2 BM 2bim�`BM2 b2/BK2Mib 2tTQb2/ iQ ;2Q+?2KB+�H ;`�/B2Mib �M/ KB+`QTQHHm@
i�MibǵX
o2HQbQ- aX- �KQm`Qmt- .X- G�M+2H2m`- GX- G�m`2�m- *X *X- JQMT2``mb- JX- .2#Q`/2 CX- .m`�M- _X
�`iB+H2b 2M +Qm`b /2 bQmKBbbBQM ¨ a+B2M+2 Q7 i?2 hQi�H 1MpB`QM2K2MiX

h�K#m`BMB- *X- :�`2H- JX- "�`�MB- �X- "Q2m7- .X- "QMBM- SX- "?�B`v- LX- :m�b+Q- aX- C�+[m2i- aX- G2
JQB;M2 6X �X *X- S�M�;BQiQTQmHQb- *X- _BQm- oX- o2HQbQ- aX- a�MiBM2HHB- *X- �`KQm;QK- 6X- kykRX AM+`2�bBM;
>v/`Qbi�iB+ S`2bbm`2 AKT�+ib i?2 S`QF�`vQiB+ .Bp2`bBiv /m`BM; 1KBHB�MB� ?mtH2vB �;;`2;�i2b .2;`�/�iBQMX
q�i2` kykR- Rj- keReX ?iiTb ,ff/QBXQ`;fRyXjjNyfrRjRNkeRe

8 *QM7û`2M+2b

*QM7û`2M+2 , soAi? AMi2`M�iBQM�H avKTQbBmK QM P+2�MQ;`�T?v Q7 i?2 "�v Q7 "Bb+�v UAaP"�u
ReV
�mi2m`UbV , aX o2HQbQ- *X *`�pQ@G�``2�m- *X *�;MQM- .X �KQm`Qmt- GX G�M+2H2m`- JX JQMT2``mb- 1X h2bbB2`-
CX .2#Q`/2- _X .m`�M
hvT2 , SQbi2`
GB2m , �M;H2i U6`�M+2V
hBi`2 , ǶaT�iB�H �M/ i2KTQ`�H T�ii2`Mb BM T`QF�`vQiB+ +QKKmMBiv +QKTQbBiBQM Q7 i?2 �/Qm` 1bim�`v Uaq
6`�M+2VǶ

*QM7û`2M+2 , soAi? AMi2`M�iBQM�H avKTQbBmK QM P+2�MQ;`�T?v Q7 i?2 "�v Q7 "Bb+�v UAaP"�u
ReV
�mi2m`UbV , aX o2HQbQ- GX G�M+2H2m`- 1X h2bbB2`- *X JQbb2b- CX .2#Q`/2- �X _QK2`Q _�K�- �X :m2mt- JX
JQMT2``mb- _X .m`�M- .X �KQm`Qmt
hvT2 , SQbi2`
GB2m , �M;H2i U6`�M+2V
hBi`2 , ǶaT�iB�H /Bbi`B#miBQM Q7 KB+`QTQHHmi�Mib BM bm`7�+2 r�i2`b Q7 i?2 �/Qm` 1bim�`v U"�v Q7 "Bb+�v- aq
6`�M+2VǶ

*QM7û`2M+2 , soAi? AMi2`M�iBQM�H avKTQbBmK QM P+2�MQ;`�T?v Q7 i?2 "�v Q7 "Bb+�v UAaP"�u
ReV
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�mi2m`UbV , �X _QK2`Q _�K�- JX "m2MQ- 1X h2bbB2`- aX o2HQbQ- GX G�M+2H2m`- .X �KQm`Qmt
hvT2 , SQbi2`
GB2m , �M;H2i U6`�M+2V
hBi`2 , Ƕa2H2MBmK aT2+B�iBQM BM �/Qm` 1bim�`BM2 q�i2`b U"�v Q7 "Bb+�vVǶ

*QM7û`2M+2 , oAAAĕK2 +QHHQ[m2 �61J
�mi2m`UbV , aX o2HQbQ- GX G�M+2H2m`- 1X h2bbB2`- *X *`�pQ@G�``2�m- *X *�;MQM- "X G�m;�- .X �KQm`Qmt- _X
.m`�M
hvT2 , SQbi2`
GB2m , *�K�`2i bm` K2` U6`�M+2V
hBi`2 , Ŀ AKT�+i /2b KB+`QTQHHm�Mib bm` H2b +QKKmM�miûb KB+`Q#B2MM2b /2 HǶ2bim�B`2 /2 HǶ�/Qm` U*Ƭi2
�iH�MiB[m2V ŀ

*QM7û`2M+2 , 8i? AJ"2_ AJ"AwP
�mi2m`UbV , *X h�K#m`BMB- aX o2HQbQ- 6X �`KQm;QK- LX "?�B`v- JX :�`2H- aX :m�b+Q- oX _BQm- *X a�MiBM2HHB-
SX "QMBM
hvT2 , SQbi2`
GB2m , qQQ/b >QH2 Ula�V
hBi`2 , Ƕ"BQ/2;`�/�iBQM Q7 1KBHB�MB� ?mtH2vB �;;`2;�i2b #v J2/Bi2``�M2�M �M/ �iH�MiB+ T`QF�`vQiB+ +QKKm@
MBiB2b mM/2` BM+`2�bBM; ?v/`Qbi�iB+ T`2bbm`2XǶ

e �mi`2b +QKKmMB+�iBQMb

SƬH2 *J1 +QM72`2M+2
.�i2 , kj K�B kyRN
hBi`2 , ǵJB+`QTQHHmi�Mib BM i?2 �/Qm` 2bim�`v , ambT2+i2/ BKT�+i QM i?2 KB+`QQ`;�MBbKbǶ
�mi2m`UbV , aX o2HQbQ
hvT2 , *QM7û`2M+2 BMi`�H�#Q`�iQB`2
GB2m , AS_1J UlSS�V- S�m U6`�M+2V

CQm`Mû2b /2 HǶû+QH2 /Q+iQ`�H2 , S`ûb2Mi�iBQM /2 jĕK2 �MMû2
.�i2 , ky K�B kyRN
hBi`2 , ǵJB+`QTQHHmi�Mib BM i?2 �/Qm` 2bim�`v , ambT2+i2/ BKT�+i QM i?2 KB+`QQ`;�MBbKbǶ
�mi2m`UbV , aX o2HQbQ
hvT2 , *QM7û`2M+2 BMi`�H�#Q`�iQB`2
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GB2m , lSS�- S�m U6`�M+2V

*QM7û`2M+2 /�Mb H2 +�/`2 /ǶmM û+?�M;2 BMi2`H�#Q`�iQB`2
.�i2 , Rj MQp2K#`2 kyR3
hBi`2 , ǵJB+`QTQHHmi�Mib mM/2` �/Qm` 2bim�`v , ai�i2 Q7 FMQrH2/;2 �M/ bmbT2+i2/ BKT�+i mM/2` i?2
KB+`QQ`;�MBbKbǶ
�mi2m`UbV , aX o2HQbQ
hvT2 , *QM7û`2M+2 BMi2`H�#Q`�iQB`2
GB2m , *AJ�o U*2Mi`Q /2 AMp2biB;�+BƦM 2M J�i2`B�H2b �p�Mx�/QbV- *?B?m?m� UJ2tB+QV

*�7û@bûKBM�B`2 /2 HǶAS_1J
.�i2 , kk DmBM kyR3
hBi`2 , Ŀ G2b KB+`QTQHHm�Mib /�Mb HǶ2bim�B`2 /2 HǶ�/Qm` , 1i�i /2b +QMM�Bbb�M+2b 2i BKT�+ib bmbT2+iûb bm` H2b
KB+`QQ`;�MBbK2b ŀ
�mi2m`UbV , aX o2HQbQ
hvT2 , *QM7û`2M+2 BMi`�H�#Q`�iQB`2
GB2m , AS_1J UlSS�V- S�m U6`�M+2V
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d _ûbmKû

G2b xQM2b 2bim�`B2MM2b `2T`ûb2Mi2Mi /2b û+QbvbiĕK2b mMB[m2b 2i +QKTH2t2b- +2 bQMi /2b û+QiQM2b bǶûi2M/�Mi
2Mi`2 H2b KBHB2mt K�`BM 2i /mH+B+QH2X *2b xQM2b bQMi +�`�+iû`Bbû2b T�` mM2 BKTQ`i�Mi2 #BQ/Bp2`bBiû- �BMbB
[mǶmM2 i`ĕb 7Q`i2 ?ûiû`Q;ûMûBiû /2 T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt K�D2m`bX S�` �BHH2m`b- �m@/2H¨ /2 H2m`
M�im`2HH2 p�`B�#BHBiû 2i b2MbB#BHBiû- H2b 2bim�B`2b bQMi 2tTQbûb ¨ /2 7Q`i2b 2i +`QBbb�Mi2b T`2bbBQMb �Mi?`QTB[m2bX
�m +Qm`b /2 i`QBb +QKT�;M2b /Ƕû+?�MiBHHQMM�;2b- +B#H�Mi /Bzû`2Mi2b b�BbQMb- /2b T`ûHĕp2K2Mib /2 bû/BK2Mib
/2 bm`7�+2 2i H2b 2�mt /2 bm#@bm`7�+2 QMi ûiû +QHH2+iûb H2 HQM; /2 HǶ2bim�B`2 /2 HǶ�/Qm` Uam/@Qm2bi- 6`�M+2V-
/2 H� HBKBi2 /ǶBMi`mbBQM K�`BM2 ¨ HǶ2K#Qm+?m`2X
.�Mb +2 +QMi2ti2- H� +QKTQbBiBQM 2i H� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b QMi ûiû /û}MB2b ¨
T�`iB` /ǶmM bû[m2MÏ�;2 ?�mi /û#Bi /2b ;ĕM2b �_L` Rea- 2i H2m`b 7QM+iBQMb ûp�Hmû2b ¨ HǶ�B/2 /2 Tm+2b ¨ �.LX
*2b T`Q}Hb KB+`Q#B2Mb QMi ûiû +QK#BMûb ¨ mM H�`;2 ûp2Mi�BH /Ƕ�M�Hvb2b +?BKB[m2b +�`�+iû`Bb�Mi H� K�iBĕ`2
Q`;�MB[m2 2i +B#H�Mi b2Ti +�iû;Q`B2b /2 KB+`QTQHHm�Mib K�D2m`b- BM+Hm�Mi H2b Kûi�mt U2i Q`;�MQKûi�mtV-
?v/`Q+�`#m`2b �`QK�iB[m2b TQHv+v+HB[m2b U>�SV- TQHv+?HQ`Q#BT?ûMvH2b US*"V- T2biB+B/2b- Kmb+b- }Hi`2b lo-
�HFvHT?ûMQHb 2i H2b bm#bi�M+2b T?�`K�+2miB[m2b- +QKTi�#BHBb�Mi �m iQi�H THmb Rjy +QKTQbûbX
G� ;`�M/2 K�DQ`Biû /2 KB+`QTQHHm�Mib � ûiû /ûi2+iû2 �m KQBMb ¨ mM2 `2T`Bb2 /�Mb HǶ2bim�B`2 /2 HǶ�/Qm`-
#B2M [m2 H2b +QM+2Mi`�iBQMb Q#b2`pû2b ûi�B2Mi BM7û`B2m`2b �mt MQ`K2b 2MpB`QMM2K2Mi�H2bX G2b bû/BK2Mib b2
+QKTQ`i2Mi +QKK2 mM2 K�i`B+2 BMiû;`�i`B+2- mM `ûb2`pQB` /2 +QMi�KBM�iBQM , HǶQ++m``2M+2 2i H� /Bp2`bBiû /2b
+QMi�KBM�Mib v bQMi T�`iB+mHBĕ`2K2Mi `2K�`[m�#H2X lM2 K�DQ`Biû /2b KB+`QTQHHm�Mib- /QMi H2b ûK2`;2Mib- QMi
ûiû B/2MiB}ûb �mt �#Q`/b /2b bi�iBQMb /2 i`�Bi2K2Mi /2b 2�mt Uah1V KQMi`�Mi HǶ�TTQ`i /2 KB+`QTQHHm�Mib T�`
H2b ah1 2M KBHB2m 2bim�`B2MX G� bi`m+im`�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2b 2bi 7Q`i2K2Mi /ûT2M/�Mi2 /2 H�
K�i`B+2- H2b +QKKmM�miûb KB+`Q#B2MM2b /2b bû/BK2Mib QMi mM2 Q`;�MBb�iBQM THmb bi�#H2 [m2 +2HH2b `2i`Qmpû2b
/�Mb HǶ2�mX Zm2HH2 [m2 bQBi H� K�i`B+2- H� b�BbQM 2i H� TQbBiBQM H2 HQM; /2 HǶ2bim�B`2 bQMi H2b 7�+i2m`b K�D2m`b
BM~m2MÏ�Mi H2b �bb2K#H�;2b KB+`Q#B2MbX Lû�MKQBMb- THmb HQ+�H2K2Mi- H� T`ûb2M+2 /2 KB+`QTQHHm�Mib Qm H�
T`QtBKBiû /2b ah1 BM~m2Mi bm` H2b +QKKmM�miûb KB+`Q#B2MM2bX �BMbB- MQb i`�p�mt `ûpĕH2Mi mM2 +Q``ûH�iBQM
2Mi`2 H� T`ûb2M+2 /2 KB+`QTQHHm�Mib U/QMi HǶ�`b2MB+- H2 K�M;�Mĕb2- 2i /2mt �MiB#BQiB[m2bV 2i H2b +QKKmM�miûb
KB+`Q#B2MM2bX .�Mb H2b 2�mt- mM2 +Q?Q`i2 KB+`Q#B2MM2 Bbbm2 /2 H� K�iBĕ`2 7û+�H2 � ûiû +�`�+iû`Bbû2 ¨ T`QtBKBiû
/2b ah1- `ûpûH�Mi /2b i�t� DQm�Mi mM `ƬH2 K�D2m` /�Mb HǶQ`;�MBb�iBQM /2b +QKKmM�miûb KB+`Q#B2MM2bX

JQib@+H27b , 2bim�B`2b c KB+`QTQHHm�Mib c bû[m2MÏ�;2 c #BQ/Bp2`bBiû c #BQ/Bp2`bBiû 7QM+iBQMM2HH2 c
+QKKmM�miûb KB+`Q#B2MM2b c p�`B�iBQM b�BbQMMBĕ`2
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3 �#bi`�+i

1bim�`BM2 �`2�b `2T`2b2Mi mMB[m2 �M/ +QKTH2t 2+Qbvbi2Kb- i?2v �`2 2+QiQM2b 2ti2M/BM; #2ir22M K�`BM2
�M/ 7`2b?r�i2` 2MpB`QMK2MibX h?2v �`2 +?�`�+i2`Bx2/ #v �M BKTQ`i�Mi #BQ/Bp2`bBiv- �b r2HH �b � p2`v bi`QM;
?2i2`Q;2M2Biv Q7 K�DQ` 2MpB`QMK2Mi�H T�`�K2i2`bX "2vQM/ i?2B` M�im`�H p�`B�#BHBiv �M/ b2MbBiBpBiv- 2bim�`B2b
�`2 i?`2�i2M2/ #v +QMiBMmQmbHv BM+`2�bBM; �Mi?`QTQ;2MB+ T`2bbm`2bX .m`BM; i?`22 b�KTHBM; +�KT�B;Mb-
T2`7Q`K2/ �i /Bz2`2Mi b2�bQMb- b�KTH2b r2`2 +QHH2+i2/ 7`QK bm`7�+2 b2/BK2Mib �M/ bm#@bm`7�+2 r�i2` �HQM;
i?2 �/Qm` 2bim�`v UaQmi?@q2bi- 6`�M+2V- 7`QK i?2 K�`BM2 BMi`mbBQM HBKBi �i i?2 KQmi?X
AM i?Bb +QMi2ti- i?2 +QKTQbBiBQM �M/ bi`m+im`2 Q7 KB+`Q#B�H +QKKmMBiB2b ?�p2 #22M /2}M2/ mbBM; Rea
`_L� ;2M2 b2[m2M+BM;- �M/ i?2B` 7mM+iBQM�H /Bp2`bBiv #v .L� +?BTb �M�HvbBbX h?2 KB+`Q#B�H T`Q}H2b r2`2
+QK#BM2/ rBi? � H�`;2 `�M;2 Q7 +?2KB+�H �M�Hvx2b +?�`�+i2`BxBM; i?2 Q`;�MB+ K�ii2`- �M/ i�`;2iBM; b2p2M
+�i2;Q`B2b Q7 K�DQ` KB+`QTQHHmi�Mib- BM+Hm/BM; K2i�Hb U�M/ Q`;�MQK2i�HbV- TQHv+v+HB+ �`QK�iB+ ?v/`Q+�`#QMb
US�>bV- TQHv+?HQ`BM�i2/ #BT?2MvHb US*"bV- T2biB+B/2b- KmbFb- lo }Hi2`b- �HFvHT?2MQHb �M/ T?�`K�+2miB+�H
bm#bi�M+2b- `2T`2b2MiBM; KQ`2 i?�M Rjy +QKTQmM/bX
� H�`;2 K�DQ`Biv Q7 i?2 KB+`QTQHHmi�Mib r2`2 /2i2+i2/ �i H2�bi QM+2 BM i?2 �/Qm` 2bim�`v- �Hi?Qm;?
rBi? +QM+2Mi`�iBQMb #2HQr 2MpB`QMK2Mi�H ;mB/2HBM2bX a2/BK2Mib #2?�p2 HBF2 �M BMi2;`�iBM; K�i`Bt- �
+QMi�KBM�iBQM `2b2`pQB`- r?2`2 Q++m``2M+2 �M/ /Bp2`bBiv Q7 KB+`QTQHHmi�Mib �`2 T�`iB+mH�`Hv `2K�`F�#H2X
� K�DQ`Biv Q7 KB+`QTQHHmi�Mib- BM+Hm/BM; 2K2`;BM; KB+`QTQHHmi�Mib- r2`2 B/2MiB}2/ M2�` r�i2` i`2�iK2Mi
TH�Mib UqqhSbV- b?QrBM; i?2 BMTmi Q7 TQHHmi�Mib #v qqhS BMiQ 2bim�`BM2 2+Qbvbi2KbX
h?2 Q`;�MBx�iBQM Q7 KB+`Q#B�H +QKKmMBiv Bb bi`QM;Hv /2T2M/2Mi QM i?2 K�i`Bt- i?2 KB+`Q#B�H +QKKmMBiv
bi`m+im`2b BM?�#BiBM; b2/BK2Mib �`2 KQ`2 bi�#H2 i?�M i?�i Q7 KB+`Q#B�H +QKKmMBiv BM?�#BiBM; i?2 r�i2`
+QHmKMX L2p2`i?2H2bb- i?2 b2�bQM �M/ i?2 TQbBiBQM �HQM; i?2 2bim�`v r2`2 7QmM/ iQ #2 i?2 K�DQ` 7�+iQ`b
BM~m2M+BM; KB+`Q#B�H �bb2K#H�;2b B``2bT2+iBp2 Q7 i?2 K�i`BtX >Qr2p2`- i?2 T`2b2M+2 Q7 KB+`QTQHHmi�Mib Q`
i?2 T`QtBKBiv Q7 ah1b BM~m2M+2 i?2 HQ+�H Q`;�MBx�iBQM Q7 KB+`Q#B�H +QKKmMBiB2bX
Pm` bim/v `2p2�H2/ � bi`QM; +Q``2H�iBQM #2ir22M i?2 T`2b2M+2 Q7 KB+`QTQHHmi�Mib UBM+Hm/BM; �b- JM- �M/
irQ �MiB#BQiB+bV �M/ KB+`Q#B�H +QKKmMBiB2bX AM i?2 r�i2`b- � KB+`Q#B�H +Q?Q`i /2`Bp2/ 7`QK 72+�H K�ii2`
BMTmi r�b +?�`�+i2`Bx2/ M2�` qqhSb- `2p2�HBM; i�t� TH�vBM; � F2v `QH2 BM i?2 Q`;�MBx�iBQM Q7 i?2 KB+`Q#B�H
+QKKmMBiB2bX

E2v rQ`/b , 2bim�`B2b c KB+`QTQHHmi�Mib c b2[m2M+BM; c #BQ/Bp2`bBiv c 7mM+iBQM�H /Bp2`bBiv c
KB+`Q#B�H +QKKmMBiB2b c b2�bQM�H p�`B�iBQM
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Résumé
Les zones estuariennes représentent des écosystèmes uniques et complexes, ce sont des écotones s’étendant en-
tre les milieux marin et dulcicole. Ces zones sont caractérisées par une importante biodiversité, ainsi qu’une
très forte hétérogénéité de paramètres environnementaux majeurs. Par ailleurs, au-delà de leur naturelle
variabilité et sensibilité, les estuaires sont exposés à de fortes et croissantes pressions anthropiques. Au cours
de trois compagnes d’échantillonnages, ciblant différentes saisons, des prélèvements de sédiments de surface
et les eaux de sub-surface ont été collectés le long de l’estuaire de l’Adour (Sud-ouest, France), de la limite
d’intrusion marine à l’embouchure. Dans ce contexte, la composition et la structuration des communautés
microbiennes ont été définies à partir d’un séquençage haut débit des gènes ARNr 16S, et leurs fonctions
évaluées à l’aide de puces à ADN. Ces profils microbiens ont été combinés à un large éventail d’analyses chim-
iques caractérisant la matière organique et ciblant sept catégories de micropolluants majeurs, incluant les
métaux (et organométaux), hydrocarbures aromatiques polycycliques (HAP), polychlorobiphényles (PCB),
pesticides, muscs, filtres UV, alkylphénols et les substances pharmaceutiques, comptabilisant au total plus
130 composés.La grande majorité de micropolluants a été détectée au moins à une reprise dans l’estuaire
de l’Adour, bien que les concentrations observées étaient inférieures aux normes environnementales. Les
sédiments se comportent comme une matrice intégratrice, un réservoir de contamination : l’occurrence et
la diversité des contaminants y sont particulièrement remarquable. Une majorité des micropolluants, dont
les émergents, ont été identifiés aux abords des stations de traitement des eaux (STE) montrant l’apport
de micropolluants par les STE en milieu estuarien. La structuration des communautés microbiennes est
fortement dépendante de la matrice, les communautés microbiennes des sédiments ont une organisation plus
stable que celles retrouvées dans l’eau. Quelle que soit la matrice, la saison et la position le long de l’estuaire
sont les facteurs majeurs influençant les assemblages microbiens. Néanmoins, plus localement, la présence
de micropolluants ou la proximité des STE influent sur les communautés microbiennes. Ainsi, nos travaux
révèlent une corrélation entre la présence de micropolluants (dont l’arsenic, le manganèse, et deux antibio-
tiques) et les communautés microbiennes. Dans les eaux, une cohorte microbienne issue de la matière fécale
a été caractérisée à proximité des STE, révélant des taxa jouant un rôle majeur dans l’organisation des
communautés microbiennes.

Mots-clefs : estuaires ; micropolluants ; séquençage ; biodiversité ; biodiversité fonctionnelle ; commu-
nautés microbiennes ; variation saisonnière

Abstract
Estuarine areas represent unique and complex ecosystems, they are ecotones extending between marine and
freshwater environments. They are characterized by an important biodiversity, as well as a very strong
heterogeneity of major environmental parameters. Beyond their natural variability and sensitivity, estuar-
ies are threatened by continuously increasing anthropogenic pressures. During three sampling campaigns,
performed at different seasons, samples were collected from surface sediments and sub-surface water along
the Adour estuary (South-West, France), from the marine intrusion limit at the mouth. In this context, the
composition and structure of microbial communities have been defined using 16S rRNA gene sequencing, and
their functional diversity by DNA chips analysis. The microbial profiles were combined with a large range of
chemical analyzes characterizing the organic matter, and targeting seven categories of major micropollutants,
including metals (and organometals), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs), pesticides, musks, UV filters, alkylphenols and pharmaceutical substances, representing more than
130 compounds. A large majority of the micropollutants were detected at least once in the Adour estuary,
although with concentrations below environmental guidelines. Sediments behave like an integrating matrix,
a contamination reservoir, where occurrence and diversity of micropollutants are particularly remarkable.
A majority of micropollutants, including emerging micropollutants, were identified near water treatment
plants (WWTPs), showing the input of pollutants by WWTP into estuarine ecosystems. The organization
of microbial community is strongly dependent on the matrix, the microbial community structures inhabiting
sediments are more stable than that of microbial community inhabiting the water column. Nevertheless,
the season and the position along the estuary were found to be the major factors influencing microbial
assemblages irrespective of the matrix. However, the presence of micropollutants or the proximity of STEs
influence the local organization of microbial communities. Our study revealed a strong correlation between
the presence of micropollutants (including As, Mn, and two antibiotics) and microbial communities. In the
waters, a microbial cohort derived from fecal matter input was characterized near WWTPs, revealing taxa
playing a key role in the organization of the microbial communities.
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nities; seasonal variation


