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@A�B��C B�DE FD GHI DH CHJB�FDB �BK�HGJE �LCMB� NFOB PH�E�EDB�DGK ENHI� DNFD DNB �BF�
IFGG �B��H� HQ ENBF� RHI E BAN�M�DE ED�H�� E�F�I �EB OF��FD�H� �� DNB JHI�ED�BFC OBGH P�DK
SED�BFTEU V �NB E�F�I �EB E�FP��� HQ DNBEB ED�BFTE FGIFKE DL��E HLD DH M B OB�K PGHEB DH
FMHLD 	�� �� IFGG L��DE S WX Y INB�B Z[ \ S] ^Z_^` U abc dee U V fD N��NB� �BK�HGJE �LCMB� DNB�B�E EHC B PH�D�HOB�EK FE DH INBDNB� H� �HD DNBEB ED�BFTE ED�GG BA �ED g H� F�B FD FGG E����hPF�D
�Q DNBK JH V iF��HLE BA�GF�FD�H�E NFOB M BB� FJOF�PBJ g CHED HQDB� MFEBJ H� G��BF� DNBH�KV
f GDNHL�N G��BF� DNBH�K ENHI E NHI GF��B ED�BFTE PF� MB P�BFDBJ g �D �E L�FMGB DH ��BJ�PD
INK DNB E�FP��� 	��j ENHLGJ MB ��PTBJ HLD V �NB�B �E E�C�GK �H EBGBPD�H� C BPNF��EC
��HO�JBJ MK G��BF� M BNFO�H� V �NLE DNB F��LCB�D DNFD EHC B QFED �H�kG��BF� C BPNF��EC
��HO�JBE M�HFJkMF�J J�EDL�MF�PBE IN�PN F�B DNB� ENBF�BJ FPPH�J��� DH G��BF� DNBH�K JH BE
�HD IH�T DH BA�GF�� DNB IBGGkJBh�BJ ED�BFT E�FP��� V

lB�B F J�mB�B�D BA�GF�FD�H� �E FJOF�PBJ V nD �E ��H� HEBJ DNFD DNB ED�BFT E�FP��� HQ
	��j ENHLGJ M B PH�E�JB�BJ FE F P��D�PFG �BK�HGJE �LCMB� QH� D�F�E�D�H� Q�HC F GFC ��F�
	o RHI DH F po h��DB FC�G�DLJB EDFDB �� ENBF� RHI E V �NB 	��j E�FP��� IHLGJ DNB�
PH��BE�H�J DH DNB EC FGGBED �BK�HGJE �LCMB� FD IN�PN F RHI PF� M B q rsturst vw J�mB�B�D
Q�HC DNB GFC ��F� RHI V �N�E �JBF �E EL��H�DBJ MK DNB C ���CLC PNF��BG E�CLGFD�H�E HQ
x�C B�By F�J zH�� g FE ENHI� �� DNB �BAD EBPD�H� V f PHC�GBDB C BPNF��ED�P ��PDL�B HQ DNB
M�QL�PFDBJ RHI �E ��H� HEBJ �� DNB GFDB� EBPD�H�E F�J NFE M BB� ��H�HEBJ MBQH�B V

nD �E M BG�BOBJ DNFD DN�E �LCMB� �E FGEH �BGBOF�D DH QLGGK DL�MLGB�D RHI E V f E H�B F�k
��HFPNBE DNB IFGG DNB BmBPD�OB �BK�HGJE �LCMB� �E �BJLPBJ F�J DNB RHI BOB�DLFGGK L�k
JB�H BE F {D�F�E�D�H�| Q�HC DL�MLGB�D DH GFC ��F� V �NB �H��D FD IN�PN DN�E H PPL�E IHLGJ
F�F�� M B JBDB�C ��BJ MK DNB P��D�PFG �BK�HGJE �LCMB� g 	��j V nD IHLGJ �B��BEB�D DNB
EC FGGBED r}us~ v EPFGB HQ F DL�MLGB�D RHI V

n� QFPD g DNB ��H� HEFG �E DNFD F TBK BGBC B�D �� HL� L�JB�EDF�J��� HQ DL�MLGB�PB ��
ENBF� RHI E �E DH PF�DL�B DNB � v�� ����urstst� po �H�kG��BF� C BPNF��EC �BE� H�E�M GB QH� DNB
M�QL�PFD�H� HQ GFC ��F� ENBF� RHI E V �HLBDDB RHI �E DNB BAFC�GB HQ PNH�PB g M BPFLEB �H
HDNB� ��EDFM�G�DK C BPNF��EC S�o g G��BF�U EBBC DH HMEPL�B DNB �EELB V
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�NB C ���CLC PNF��BG PHC�LDFD�H�E PGBF�GK ��J�PFDB DNFD INBDNB� F {DL�MLGB�D| RHI
PF� MB PHC�LDBJ H� �HD g P��D�PFGGK JB� B�JE H� DNB E�F�I �EB I �JDN HQ DNB PHC�LDFD�H�FG
� B��HJ�P M HA M B��� GF��B� DNF� FMHLD 	��j V 	 BGHI DNFD �LCMB� DNB RHI �BDL��E DH F
GFC ��F� EDFDB V x�C B�By F�J zH�� ENHI DNFD DN�E �E DNB PFEB QH� p J�mB�B�D �BK�HGJE
�LCMB�E 
 ���� g p��� F�J ���� V �NBEB F�B �BK�HGJE �LCMB� C BFEL�BJ H� DNB NFGQ NB��ND
HQ DNB MHA g � V 	LD INB� DNB E�F�I �EB I �JDN PH��BE�H�J DH 	��j g DNB MHA �E CLPN
�F��HIB� DNF� �D �E N ��N V nD EBBC E DNFD �D IHLGJ MB CH�B F���H���FDB DH C BFEL�B DNB
�BK�HGJE �LCMB� LE��� DNB I �JDN HQ DNB MHA �FDNB� DNF� DNB NB��ND V �NB D�F�EQH�C FD�H�
QH�CLGF �E 
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INB�B �� �E DNB �BK�HGJE �LCMB� MFEBJ H� DNB PB�DB�G��B OBGH P�DK F�J DNB �r�� ��rt� s� v
� swu� g IN�GB � \ ���_] �E MFEBJ H� DNB PB�DB�kG��B OBGH P�DK F�J DNB �r�� �� vs�� uV � E���
DNB ��QH�C FD�H� ��OB� �� DNB�� h� V � g H�B PNBPTE DNFD INB� DNB RHI PBFEBE DH M B GFC ��F� g
�Q

� � \ ���� DNB� �� � 	���

� � \ p��� DNB� �� � 	���

� � \ ���� DNB� �� � 	���
n� HDNB� IH�JE g �� NFE DNB CLPN �LHDBJ OFGLB HQ FMHLD 	��� QH� D�F�E�D�H� DH {DL�k

MLGB�PB| �� �H�EBL�GGB RHI �
n� DNB QHGGHI ��� EBPD�H�E g F PHC�GBDB EBGQkELEDF�� ��� CBPNF��EC �E ��H� HEBJ V ��B

BEEB�D�FG BGBC B�D �� DNFD ��H PBEE �E DNB QH�C FD�H� HQ GF��B ED�BFTE MK JHI�ED�BFC �HGGE
ELPN DNFD �� � Z \ � S ��  ZU g QHGGHIBJ MK DNB ELMEB�LB�D po ��EDFM�G�DK HQ DNFD �o RHI V
�N�E ��H PBEE IHLGJ M B FMGB DH ELEDF�� �DEBGQ ��HO �JBJ DNB �BK�HGJE �LCMB�E MFEBJ H� DNB
Q��PD�H� OBGH P�DK F�J DNB OH�D�P�DK DN�PT�BEEBE S�� DNB ` F�J ! J��BPD�H� U M B GF��B� DNF�
FMHLD �� H� �� g � VB V
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�NLE DNB GFC ��F� RHI IHLGJ M�QL�PFDB DH F po �H�kG��BF� EDFDB INB� 
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INB�B " F�J % F�B DNB {OH�D�P�DK DN�PT�BEEBE| �� DNB ` F�J ! J��BPD�H�E g �BE� BPD�OBGKV 'H�
F �F�FGGBG ENBF� RHI " F�J % F�B ��OB� MK DNB E�yB HQ DNB M���BED JHI�ED�BFC �HGG hDD��� ��
F OH�D�P�DK GFKB� V @AFC�GBE F�B ��OB� M BGHI V n� HDNB� IH�JE g DNB {C F��P| �LCMB� 	��j
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�E E�C�GK F�HDNB� OB�E�H� HQ DNB P��D�PFG �BK�HGJE �LCMB� QH� D�F�E�D�H� DH {DL�MLGB�PB| V
��[ � �� PHLGJ M B F CH�B L��OB�EFG C BFEL�B QH� D�F�E�D�H� �� ENBF� RHI E g INBDNB� H�B
EDLJ�BE F �HLBDDB RHI g �H�EBL�GGB RHI g 	 V� g z V� g BDP VVV

� n� DNB PFEB HQ �HLBDDB RHI 
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DNB Q��PD�H� OBGH P�DK F�J DNB OH�D�P�DK DN�PT�BEE F�B ��OB� MK 
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F�J DNLE �[ � �� �E B�L�OFGB�D DH � � 	��� H� � � ��� g JB� B�J��� H� NHI DNB
�BK�HGJE �LCMB� �E JBh�BJ V �NB �B��HJ�P MHA ENHLGJ M B FD GBFED FE I �JB FE �� DH
HMEB�OB F {M�QL�PFDBJ| RHI FD DNHEB �BK�HGJE �LCMB�E V

� 'H� F �H�EBL�GGB RHI 
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IN�GB " \ � g DNB NFGQkPNF��BG NB��ND V �H g
Z["
] \ ��� ���

] \ � ���
F�J
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�NB �B��HJ�P PHC�LDFD�H�FG M HA ENHLGJ M B FD GBFED FE I �JB FE FMHLD �� DH HMEB�OB
F M�QL�PFDBJ RHI V

� 'H� F MHL�JF�K GFKB� g LE��� DNB ��Hh GB BC�GHKBJ MK �HGGC �B� FE F �HL�N ��J�PFD�H�
SPQ V o �Fy�� 	 �B�J �� V ���U g H�B �BDE 
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F�J LE��� DNB QLGGkM HL�JF�K GFKB� DN�PT�BEE FE DNB GB��DN EPFGB g
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zBFEL���� DNB �BK�HGJE �LCMB� H� DNB J�E�GFPBC B�D DN�PT�BEE g FE �HGGC �B� J�J g
IB �BBJ DH CLGD�� GK DN�E MK "[ _ \ � 
p� 	� V �NLE �[ � �� � �� � p�� g IN�GB
�HGGC �B� QHL�J �� � ��� QH� DNB �� �st vr� ��EDFM�G�DKV �NLE DNB � C BPNF��EC E
PHLGJ MB BA� BPDBJ DH H PPL� FD FMHLD DNB EFCB �BK�HGJE �LCMB� V

� 'H� F C �A ��� GFKB� g Z \ � DF�N S` _�U
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�NLE �[ � �� � � � ��� g IN�GB DNB �o g G��BF� ��RBPD�H�FG ��EDFM�G�DK NFE F P��D�PFG
�BK�HGJE �LCMB� BEEB�D�FGGK B�LFG DH yB�H V
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�H�E�JB� DNB LELFG RHI M BDIBB� � �F�FGGBG � GFDBE V nQ � � ` � ! F�B g �BE� BPD�OBGKg DNB JHI�kED�BFC g �H�C FG DH DNB �GFDBE F�J E�F�I �EB J��BPD�H�E g DNB � FO�B�k�DHTBE B�LFD�H�E QH� F
CHD�H� ��JB� B�JB�D HQ DNB JHI�ED�BFC � PHH�J��FDB �BFJ 
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INB�B ��� � �E F PH�EDF�D S\ � QH� �HLBDDB RHI Ug Z \ Z S` � ! U g 
 \ 
 S` � ! U g � \ � S` � ! U V�NB PH�D��L�DK B�LFD�H� �E E�C�GK 
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�NB B�LFD�H� QH� DNB Z OBGH P�DK PHC�H�B�D JBPHL�GBE F�J �E G��BF� V ��PB DNB 
 ��CHD�H� �E JBDB�C ��BJ g Z PF� MB PHC�LDBJ ��JB� B�JB�DGKV � �DN DNB MHL�JF�K PH�J�D�H�E 
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DNB 
 �� CHD�H� PH��BE� H�JE BEEB�D�FGGK DH O�EPHLEGK JBPFK��� JHI�ED�BFC �HGGE V �NB �
CHCB�DLC �E E�C �GK FJOBPDBJ MK DNB JHI�ED�BFC �HGGE V �NLE �Q H�B EDF�DE I �DN F ��Hh GB

�



Z \ � S` U DNB C HCB�DLC I �GG M B �BJ�ED��MLDBJ MK FJOBPD�H� F�J F E�F�I �EB OF��FD�H�
I �DN �� � Z \ � S ��  ZU I �GG M B ��JLPBJ V{�OB�|kG��BF��yFD�H� F�HL�J � S` U g ELPN DNFD Z \ � S` U j Z � S` � ! U g 
 \ 
 � S` � ! U g � \
� � S` � ! U GBFJE DH g �B�GBPD��� O�EPHE�DK 
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IN�GB DNB 
 �� CHD�H� �E EDBFJKV �N�E B�LFD�H� ENHI E DNFD Z � ��HI E G��BF�GK I �DN D�C B g
MLD DNB�B �E �H E�F�I �EB EBGBPD�H� V �NB E�F�I �EB ED�LPDL�B �E �LED DNFD HQ 
 V � Q PHL�EB g
DNB G��BF� ��HIDN �� D�C B JHBE �HD �H H� QH�BOB� V nD �E E�C �GK DNB C F��QBEDFD�H� HQ � k
C HC B�DLC MB��� FJOBPDBJ FIFK Q�HC F OB�D�PFG � GF�B ��DH F NH��yH�DFG �GF�B V �N�E
FJOBPD�H� IHLGJ TBB� H� �H��� F�J DNB C HC B�DLC IHLGJ MB PF���BJ MFPT DH F OB�D�PFG
� GF�B DN�HL�N DNB DB�C � � �� � Z � V �NB D�C B EPFGB HQ DNB ED�BFT QH�C FD�H� �E DNB D�C B EPFGBHQ DNB JHI�ED�BFC �HGG g t�u ��  � V nD �E DNB H����H� HQ DN�E I ��DB� DNFD DN�E C BPNF��EC �E
DNB H�GK {FG�BM�F�P| ��HIDN HQ ��DB�BED V

nD IFE PNBPTBJ �LC B��PFGGK DNFD F� FC�G�DLJB HQ DNB �HGG HQ DNB H�JB� ��� ��JLPBE
ED�BFTE I �DN F� FC�G�DLJB HQ H�JB� 	V �N�E GBFJE DH F �LFE�kEDBFJK EDFDB I �DN CHC B�DLC
MB��� PH�OBPDBJ Q�HC DNB L��B� IFGG DH DNB GHIB� IFGG F�J MB��� D�F�EQB�BJ DNB�B MK
O�EPHE�DKV 'H� FC�G�DLJB HQ DNB �HGG GF��B� DNB� FMHLD ��� g DNB C HC B�DLC �E M B���
PF���BJ MFPT L� DH DNB L�� B� IFGG I �DNHLD NFO ��� D�C B DH J�mLEB V �LPN F E�DLFD�H�
IHLGJ� �D PH��BE�H�J DH DNB C F����FG EBGQkELEDF��BJ EDFDB DNFD �E EHL�ND NB�B V
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nD DNB ��BO�HLE EBPD�H� �D IFE ENHI� DNFD ��EB�D��� JHI�ED�BFC �HGGE g BOB� �L�DB IBFT g
�� F ENBF� RHI g ��JLPBE GF��B ED�BFTE V lHIBOB� �� DNB FMEB�PB HQ F�K � kOF��FD�H� DNB
JHI�ED�BFC �HGGE I �GG JBPFK O�EPHLEGKg F�J DNB � CHCB�DLC IN�PN �E �LED M B��� FJOBPDBJ
F�HL�J I �GG BOB�DLFGGK �H MFPT DH DNB H�����FG GFC ��F� RHI V �H {�H�kG��BF� BmBPDE| I �GG
C HJ�QK DN�E ��PDL�B V

lHIBOB� g �D �E �L�DB G�TBGK DNFD g FD EHC B D�C B �� �DE BOHGLD�H� g DNB RHI I �GG M B �L�DB
EB�E�D�OB DH EHC B J�EDL�MF�PBE F�J EHCB ��EDFM�G�D�BE C ��ND JBOBGH� V n� �F�D�PLGF� g DNB
ED�BFTE ��D�HJLPB E����hPF�D E�F�I �EB S! U ��RBPD�H�E V ��B BA�BPD DNBEB ENBF� GFKB�E DH
�HGG L� P�BFD��� OH�D�PBE V �N�E EDF�B IHLGJ M B E�C �GF� DH F C �A ��� GFKB� H� IFTB DK�B
��EDFM�G�DKV 	LD H�B BA� BPDE DNFD JLB DH DNB ��BEB�PB HQ DNB � B�� B�J�PLGF� ENBF� S ��  ZU gDNB ��EDFM�G�DK F�J ELMEB�LB�D �HGGkL� I �GG H PPL� QH� ���s��v IFOBE V n� QFPD g DNB ��HIDN
�FDB C ��ND M B E����hPF�DGK M���B� DNF� DNB PH�OB�D�H�FG ��RBPD�H�FG ��EDFM�G�DKV �LCC ���
L� DN�E EDF�B HQ DNB BOHGLD�H� g H�B BA� BPDE DNB ��RBPD�H�E �� ! HQ DNB Z S` � ! U ��Hh GB DH M BL�EDFMGB DH HMG��LB J�EDL�MF�PBE SZ � S` � ! U��� S��� UU g � VB V QH� IN�PN DNB OH�D�P�DK �E D�GDBJ
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�� DNB � � ` �GF�B g �HEE�M GK FD FM HLD �� JB� V DH M B�BhD Q�HC DNB CFA�CLC ED�BDPN���
FEEHP�FDBJ I �DN DNB ��  Z ENBF� V�NB ��EDFM�G�DK IHLGJ DNB� �H DN�HL�N F �HGGkL� g P�BFD��� OH�D�PBE IN�PN IHLGJ QBBJ
MFPT H� DNB H�����FG JHI�ED�BFC �HGGE V �NLE PHC�GBD��� DNB GH H� QH� F EBGQkELEDF�� ��� po
�H�kG��BF� C BPNF��EC V �NB EDB�E HQ DN�E C BPNF��EC F�B FE QHGGHI E Sh� V	U 


� JHI�ED�BFC �HGGE S
 �� U ��JLPB GF��B E�F�I �EB OF��FD�H�E �� DNB ZkOBGH P�DK SED�BFTEU V
� F� ��RBPD�H�FGkDK� B ��EDFM�G�DK JBOBGH�E JLB DH DNBEB E�F�I �EB C HJLGFD�H�E F�J
GBFJE DH DNB QH�C FD�H� HQ OH�D�PBE g G�TBGK DH M B D�GDBJ JHI�ED�BFC V

� DNBEB OH�D�PBE QBBJMFPT H� DNB H�����FG JHI�ED�BFC OH�D�PBE DH C F��DF�� DNBC F�J
DNB ��HPBEE �E �B�� �D�FDBJ V
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fE ENHI� FMHOB g �D �E �H CKEDB�K NHI DH ��JLPB GF��B S� S	UU E�F�I �EB OF��FD�H� �� DNB
ZkPHC�H�B�D HQ OBGH P�DK Q�HC EC FGG S� S���UU OB�D�PFG CHD�H�E V �NB P��D�PFG �NFEB ��
DNB ��HPBEE �E DH EBB INBDNB� H� �HD F�KDN��� ��DB�BED��� NF��B�E M BKH�J DNFD V �N�E
PH��BE�H�JE DH EDLJK��� DNB ��EDFM�G�DK HQ F RHI I �DN E�F�I �EB OF��FD�H� V 'H� �HLBDDB
RHI F� F���H���FDB �LFE�kEDBFJK MFE�P EDFDB PHLGJ M B 


� S` � ! � �	�U \ ` j # PHE �� ` PHE �� ! �� 	 bb
 �
S�Q DNB F���H���FDB IBFT JHI�ED�BFC �HGG IFE ��PGLJBJ DNB JBPFK �FDB HQ DNB ED�BFTE IHLGJ
MB BOB� EC FGGB�U V # �E F� FC�G�DLJB g F� FJB�LFDB OFGLB QH� �D �E # \ � 
� V � ��BF��y���
F�HL�J ELPN F MFE�P EDFDB g F�J FQDB� F QBI C F���LGFD�H�E g H�B HMDF��E DNB QHGGHI ���
B�LFD�H�E QH� DNB OB�D�PFG F�J E�F�I �EB OBGH P�DK � B�DL�MFD�H�E 
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I �DN MHL�JF�K PH�J�D�H�E 
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�NBEB B�LFD�H�E PF� MB �BPH���yBJ FE � PHL�GBJ � ��k�HCCB�QBGJ B�LFD�H�E V n� DNB
LELFG EDFM�G�DK ��HMGBC DNB B�LFD�H� QH� 
 JBPHL�GBE V lB�B g JLB DH DNB E�F�I �EB OF��FD�H�
HQ DNB MFE�P EDFDB g DNB�B �E F QBBJMFPT Q�HC � S� VB V �  U DH 
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'LGG E�CLGFD�H�E HQ �HLBDDB RHI NFOB MBB� �B�QH�C BJ ���D�FD��� {DL�MLGB�PB| I �DN F GF��B
� B�DL�MFD�H� FD F CHJB�FDB �BK�HGJE �LCMB� S	���U V �NB �BK�HGJE �LCMB� IFE DNB�
JBP�BFEBJ DH D�K DH JBDB�C ��B DNB P��D�PFG �B V f �H�kGFC ��F� RHI NFE M BB� C F��DF��BJ
QH� F D�C B � � ���� FD �B\��� S� VB V  [ \ ��U V �B\��� g ��� g ��
 F�J p�� FGG JBPFKBJ V
�NB CBPNF��EC FD �GFK EBBC E DH PH��BE�H�J �L�DB IBGG DH DNB QL�JFCB�DFG ��EDFM�G�DK
PH�� BPDL�BJ FMHOB V f GF��B ED�BFT �E HMEB�OBJ FD DNB PNF��BG PB�DB�G��B g DNB� F ED�H��
T��T JBOBGH�E F�J EHCB D�C B GFDB� DNB PNF��BG �E H PPL��BJ MK F E���GB OH�DBA ��PG��BJ
JHI�ED�BFC V �NB BOHGLD�H� �E NHIBOB� �HD KBD PGBF� B�HL�N DH MB QLGGK PH�PGLE�OB V �NB
�LCB��PFG �BEHGLD�H� IFE 	� � pp � 	� V xHN� � �C NFE ��OBED��FDBJ �H�EBL�GGB RHI MK
��EB�D��� F �F�� HQ HMG��LB IFOBE J��BPDGK FD F {CF����FG| �BK�HGJE �LCMB� V �N�E DK� B
HQ �� �D�FG PH�J�D�H� QFOH�E DNB ELMNF�C H��P ��EDFM�G�DK JBEP��M BJ FMHOB V f �H�kD��O �FG F�J
EL����E���GK PGBF� BOHGLD�H� �E HMEB�OBJ QH� EHC B D�C B FD �B\��� F�J 
�� V nD PH��BE� H�JE
DH F� BAPNF��B MBDIBB� F S� � �� U C HJB F�J F �F�� HQ HMG��LB CHJBE S� ��� U g CLPN NFEDNB {ELMNF�C H��P| �HLDB ENHLGJ ��HPBBJ V ��QH�DL�FDBGKg DNB RHI BOB�DLFGGK �BDL��E DH
GFC ��F� FQDB� F D�C B HQ FM HLD ����_ � � & V nC �HE��� EHCB EKCCBD��BE H� DNB EHGLD�H�EENHLGJ NBG� PGF��QK DNB ��PDL�B F�J J�ED���L�EN M BDIBB� DNB OF��HLE �HEE�M GB BOHGLD�H�E V

� >�8;� ��<��� �89


�N�E IH�T �E ��BEB�DGK M B��� �L�ELBJ I �DN xHN� � �C V �NB JBOBGH�CB�D HQ DNBEB �JBFE
NFE M B�BhDBJ Q�HC �LCB�HLE J�EPLEE�H�E I �DN oB�BT �D�BDPN V
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