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=> ?@ABC DE@F G H I@AI E@DJ DEGDK>L KG DME GDNCJ AO DME OA PPAQ K>L RPBGG AO I@A? PEF G S

T KUE> DME B? KPKDJ DA I E@OA@F VPA RBPW XNE@KEG RA>RE@>K>L B IB@DKRNPB@ A?Y ERD VE ZL ZH B ON>R[
DKA> H A@ B L@BIMWH DME DBG\ KG DA CEDE@F K>E QMEDME@ DME A?Y ERD MBG B I@ECEDE@F K>EC
VLPA?BPW I@AI E@DJ VE ZL ZH PK>EB@KDJ A@ ? KIB@DKDE>EGGW H A@ KG OB@ O@AF MBUK>L DME I@AI E@DJZ
]ME DBG\ GMANPC ? E I E@OA@FEC ?J K>GI ERDK>L A>PJ B GF BPP VI AGGK? PJ @B>CAF PJ GEPERDEC W
IB@D AO DME QMAPE A?Y ERD H QME@E B GF BPP I@A?B? KPKDJ AO OBKPN@E KG BPPAQEC Z ^

=> A@CE@ DA CE_>E B I@AI E@DJ DEGDK>L I@A? PEF H QE >EEC DA GI ERKOJ DME DJI E AO XNE@KEG DMBD DME
DEGDK>L BPLA@KDMF RB> I E@OA@F H B>C B CKGDB>RE FEBGN@E ? EDQEE> A?Y ERDG Z ]ME PBDDE@ KG @EXNK@EC K>
A@CE@ DA CE_>E QMBD KD FEB>G DMBD DME A?Y ERD KG ` ab O@AF MBUK>L DME I@AI E@DJZ cE BGGNFE DMBD DME
BPLA@KDMF KG LKUE> B defgahij IB@BFEDE@ k Z ]ME BPLA@KDMF GMANPC lmmnop Q KDM I@A?B? KPKDJ BD PEBGD
qrs EUE@J A?Y ERD DMBD MBG DME I@AI E@DJH B>C GMANPC tnu nmp Q KDM I@A?B?KPKDJ BD PEBGD qrs EUE@J A?Y ERD
DMBD MBG CKGDB>RE FA@E DMB> k VBRRA@CK>L DA DME GEPERDEC CKGDB>RE FEBGN@EW O@AF B>J A?Y ERD MBU K>L
DME I@AI E@DJZ v

c ME> DME A?Y ERD K> XNEGDKA> KG B ON>RDKA> w S x y z VOA@ _>KDE x B>C z WH DME> DME >BDN@BP
OA@F AO XNE@KEG KG S {c MBD KG DME UBPNE AO w V| W}~ OA@ B>J RMAKRE AO | � x Z � >BDN@BP CKGDB>RE
FEBGN@E ? EDQEE> DQA ON>RDKA>G KG DME O@BRDKA> AO CAF BK> EPEFE>DG A> QMKRM DME ON>RDKA>G CK�E@ Z
]MNG H OA@ E�BF IPE H QME> DEGDK>L PK>EB@KDJ AO ON>RDKA>G H DME DEGDK>L BPLA@KDMF RB> A?DBK> DME UBPNE
AO DME DEGDEC ON>RDKA> w A> | �G AO KDG RMAKRE Z =O w KG B PK>EB@ ON>RDKA> DME> DME BPLA@KDMF GMANPC
BRREID KD Q KDM I@A?B? KPKDJ BD PEBGD qrs Z �AQEUE@ H KO DME UBPNE AO w FNGD ? E FACK_EC A> FA@E DMB>
B> k O@BRDKA> AO DME CAF BK> EPEFE>DG GA DMBD KD ? ERAFEG PK>EB@ H DME> DME BPLA@KDMF GMANPC @EY ERD KD
Q KDM I@A?B?KPKDJ qrs Z V=O w KG RPAGE DA ? EK>L PK>EB@ H DME> DME BPLA@KDMF RB> EKDME@ BRREID A@ @EY ERD ZW

c ME> GDNCJK>L L@BIM I@AI E@DKEG H DME OA@F AO XNE@KEG H B>C K> GAFE RBGEG DME CKGDB>RE FEBGN@E H
CEI E>C A> DME L@BIM @EI@EGE>DBDKA> Z �A@ K>GDB>RE H KO L@BIMG B@E @EI@EGE>DEC ?J DMEK@ BCY BRE>RJ
F BD@K� H DME> DME XNE@KEG B@E AO DME OA@F S {=G DME@E B> ECLE ? EDQEE> UE@DE� � B>C UE@DE� �~} ]ME
CKGDB>RE FEBGN@E ? EDQEE> L@BIMG K> DM KG RBGE KG DME O@BRDKA> AO BCY BRE>RJ[F BD@K� E>D@KEG A> QMKRM
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DME DQA L@BIMG CK�E@ Z ]MNG H OA@ E�BFIPE H QME> DEGDK>L ? KIB@DKDE>EGG� AO L@BIMG @EI@EGE>DEC ?J
DMEK@ BCY BRE>RJ F BD@K� H DME> DME BPLA@KDMF KG A>PJ BPPAQEC DA BRREID L@BIMG T � V� � � W OA@ QMKRM
BD FAGD k �� �v ECLEG GMANPC ? E @EFAUEC GA DMBD DMEJ ? ERAFE ?KIB@DKDE Z

=> DMKG DNDA@KBP QE F BK> PJ OA RNG A> DEGDK>L L@BIM I@AI E@DKEG H DMANLM QE GMBPP ?@KE�J GN@UEJ ADME@
@EGN PDG BG QEPP Z �A@ GB\E AO DME I@EGE>DBDKA> H GAF E AO DME OA PPAQ K>L FADKUBDKA>BP CKGRNGGKA> @EOE@G DA
L@BIMG Z �AQEUE@ H FNRM AO KD KG @EPEUB>D DA DEGDK>L ADME@ DJI EG AO A?Y ERDG Z
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]ME DBG\ AO DEGDK>L B RE@DBK> L@BIM I@AI E@DJ KG B @EPB�BDKA> AO DME DBG\ AO CERKCK>L j� aig�� Q MEDME@ B
L@BIM MBG DME I@AI E@DJZ � BFEPJH B> E�BRD CERKGKA> I@A RECN@E KG @EXN K@EC DA BRREID EUE@J L@BIM DMBD
MBG DME I@AI E@DJ B>C @EY ERD EUE@J L@BIM DMBD d�jf h�g �a�j DME I@AI E@DJZ � DEGDK>L BPLA@KDMF KG
GDKPP @EXN K@EC DA BRREID EUE@J L@BIM DMBD MBG DME I@AI E@DJH ?ND KG A> PJ @EXNK@EC DA @EY ERD EUE@J L@BIM
DMBD ef ` ab ` b�� �a�eh� DME I@AI E@DJZ c MKPE @EPB� K>L DME DBG\ H QE E�I ERD DME BPLA@KDMF DA A?GE@UE
A>PJ B GF BPP IB@D AO DME L@BIM B>C DA @N> GKL> K_RB>DPJ OBGDE@ DMB> B>J E�BRD CERKGKA> I@A RECN@E Z
�I ERK_RBPPJH QE BKF BD GI E>CK>L DKFE DMBD KG f� ���eh jab eh A@ EUE> ehdj� jhdjh g �` DME GK�E AO DME
L@BIM Z

=> OBRD H BG QE GMBPP EPB? A@BDE PBDE@ H F B>J L@BIM I@AI E@DKEG MBUE UE@J OBGD I@AIE@DJ DEGDK>L BP[
LA@KDMF G Q MAGE XNE@J RAF IPE� KDKEG CA >AD CEI E>C BD BPP A> DME GK�E AO DME L@BIM Z ]MKG GMANPC ? E
IND K> RA>D@BGD DA \>AQ> PAQE@ ?AN>CG A> DME RAFIPE� KDJ AO E�BRDPJ CERKCK>L L@BIM I@AI E@DKEG Z
� KUEGD B>C �NKPPEF K>  �� !"# GMAQEC DMBD B>J CEDE@F K>KGDKR I@A RECN@E OA@ CERKCK>L B>J >A>[D@KU KBP
FA>ADA>E $ [UE@DE� L@BIM I@AI E@DJ FNGD E�BF K>E % V$ v W E>D@KEG K> DME BCY BRE>RJ F BD@K� @EI@EGE>D[
K>L DME L@BIM H DMNG @EGAPUK>L DME �B>CE@BB&�AGE>?E@L 'A>Y ERDN@E  �AG!s # Z ]ME XNE@J RAFIPE� KDJ
AO bahd�� e( jd CERKGKA> I@A RECN@EG QBG RA>Y ERDN@EC ?J zBA DA ? E BPGA % V$ v W Z ) @AL@EGG DAQB@CG
I@AUK>L DM KG RA>Y ERDN@E QBG F BCE ?J zBA  zBA*!# H + K>L  + K>, µ# B>C �BY >BP  �BY , µ# RNPF K>BDK>L K>
B> % V$ -.� W PAQE@ ? AN>C Z
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=D OA PPAQ G O@AF DME B? AUE CKGRNGGKA> DMBD ) @AI E@DJ ]EGDK>L D@BCEG aii�bai� OA@ jC iejhi� H Q ME@E
BRRN@BRJ KG F EBGN@EC K> DE@F G AO DME CKGDB>RE IB@BFEDE@ k Z � K>RE QE E�I ERD DME @N>>K>L DKFE AO
DME BPLA@KDMF DA K>R@EBGE BG B ON>RDKA> AO µrk H DME BPLA@KDMF KG F A@E BRRN@BDE BG k CER@EBGEG H ?ND
KDG @N>>K>L DKFE K>R@EBGEG Z

]MKG IB@BCKLF F BJ ? E NGEONP KG GEUE@BP GRE>B@KAG Z
µZ � OBGD I@AI E@DJ DEGDE@ RB> ?E NGEC DA GI EEC NI B GPAQ E�BRD CERKGKA> I@A RECN@E BG OA PPAQ G Z DEOA@E

@N>>K>L DME CERKGKA> I@A RECN@E H @N> DME DEGDE@ Z =O DME DEGDE@ @EY ERDG H DME> QE \>AQ Q KDM MKLM
RA>_CE>RE DMBD DME I@AI E@DJ CA EG >AD MAPC B>C KD KG N>>EREGGB@J DA @N> DME VGPAQE@W CERKGKA>
I@A RECN@E Z => OBRD H KD KG AODE> DME RBGE DMBD QME> DME DEGDK>L BPLA@KDMF @EY ERDG H KD I@AUKCEG B
E egh jff DMBD DME L@BIM CAEG >AD MBUE DME I@AIE@DJZ F> DME ADME@ MB>C H KO DME DEGDE@ BRREIDG H
DME> B> E�BRD CERKGKA> I@A RECN@E Q KPP CEDE@F K>E Q MEDME@ DME I@AI E@DJ KG RPAGE DA MAPCK>L A@
BRDNBPPJ MAPCG Z cE DMNG GBUE DKFE K> BIIPKRBDKA>G QME@E g�� eia � L@BIMG B@E EKDME@ LAAC VMBUE
DME I@AIE@DJ W H A@ UE@J ?BC VOB@ O@AF MBUK>L DME I@AI E@DJ W Z

q Z �N@DME@FA@E H KO KD KG � �abahgjjd DMBD L@BIMG B@E EKDME@ LAAC A@ UE@J ?BC DME> QE F BJ >AD EUE>
>EEC DME E�BRD BPLA@KDMF BD BPP Z
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s Z ]ME@E B@E RK@RNF GDB>REG K> QMKRM \>AQ K>L DMBD B I@AI E@DJ >EB@PJ MAPCG KG LAAC E>ANLM B>C
RA>GEXNE>DPJ E�BRD CERKGKA> KG N>>EREGGB@JZ

� Z => GAFE RBGEG VE ZL ZH RA>>ERDKU KDJ W DME@E B@E BPLA@KDMF G OA@ {_� K>L~ DME L@BIM VDMBD KG H FACKOJ K>L
KD GA DMBD KD Q KPP MBUE DME I@AI E@DJ W Z =O DME L@BIM KG BRREIDEC DME> QE \>AQ Q KDM MKLM RA>_CE>RE
DMBD DME >NF?E@ AO @EXN K@EC FACK_RBDKA> KG >AD DA A PB@LE H B>C BGGNF K>L DME@E KG B RAGD BGGA RKBDEC
Q KDM EBRM ECLE FACK_RBDKA> H DME DADBP RAGD KG >AD DA A PB@LE Z

� Z ]ME L@BIM F BJ ? E DAA PB@LE DA ONPPJ GRB> H GA A>E � �fg F B\E B CERKGKA> Q KDMAND A?GE@UK>L DME
QMAPE L@BIM Z

" Z =D F BJ ? E � ) [MB@C DA B>GQE@ DME XNEGDKA> E�BRDPJH B>C GA VEUE> KO GRB>>K>L DME L@BIM KG OEBGK? PE W H
GAFE OA@F AO BII@A� KF BDKA> KG K>EU KDB? PE
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=> DME GDNCJ AO BII@A� KF BDKA> BPLA@KDMF G H B>C K> IB@DKRNPB@ BII@A� KF BDKA> BPLA@KDMF G OA@ L@BIM
AIDKF K�BDKA> I@A? PEF G H DME OA PPAQ K>L KG DME CAF K>B>D BII@ABRM Z �A@ EBRM K>GDB>RE VL@BIM W DME@E KG
B GED AO OEBGK? PE GAPNDKA>G VE ZL ZH GN?GEDG AO UE@DKREG DMBD OA@F RPKXNEGW Z c KDM EBRM OEBGK? PE GAPNDKA>
DME@E KG B> BGGA RKBDEC RAGD A@ NDKPKDJ VE ZL ZH DME GK�E AO DME RPKXNEW Z ]ME LABP KG DA BII@A� KF BDE DME
UBPNE AO DME F K>KFNF RAGD A@ F B�KFNF NDKPKDJ AO B OEBGK? PE GAPNDKA> Z => GAF E RBGEG H DME LABP KG DA
BRDNBPPJ  hd B GAPNDKA> QMAGE RAGD A@ NDKPKDJ KG RPAGE DA AIDKF BP Z

) @AI E@DJ DEGDK>L KG @EPBDEC DA B> BPDE@>BDKUE >ADKA> AO BII@A� KF BDKA> H >BF EPJ DMBD AO d�a �
BII@A� KF BDKA>  � �*! H � �**# Z =>GDEBC AO BII@A� KF BDK>L DME F B�KFNF NDKPKDJ AO B OEBGK? PE GAPNDKA> H
CNBP BII@A� KF BDKA> D@KEG DA BII@A� KF BDE DME CKGDB>RE VK> DE@F G AO ECLE[FACK_RBDKA>GW DA MBU K>L
B OEBGK? PE GAPNDKA> Q KDM B RE@DBK> NDKPKDJZ => DME E�BFIPE AO DME RPKXNE OA@ K>GDB>RE H DME LABP KG DA
BII@A� KF BDE DME >NF?E@ AO ECLEG DMBD FNGD ? E BCCEC K> A@CE@ DA A?DBK> B RPKXNE Q KDM B RE@DBK>
GK�E Z

]ME I@EOE@@EC >ADKA> AO BII@A� KF BDKA> KG >BDN@BPPJ CEI E>CE>D A> DME RA>DE�D K> Q MKRM KD KG
BIIPKEC Z cE >ADE DMBD K> GAFE RBGEG DME DQA >ADKA>G RAK>RKCE Z ]MKG KG D@NE OA@ E�BFIPE K> DME RBGE
AO � B�['ND Z => DME FA@E GDB>CB@C BII@ABRM H DME LABP KG DA BII@A� KF BDE DME GK�E AO B F B� KFNF
RND VDMBD KG H DME F B� KFNF >NF?E@ AO ECLEG R@AGGK>L B>J DQA[QBJ IB@DKDKA> W Z => DME CNBP BII@ABRM H
DME LABP KG DA BII@A� KF BDE DME >NF?E@ AO ECLEG DMBD GMANPC ? E BCCEC K> A@CE@ DA A?DBK> GAFE RND
Q KDM B LKUE> GK�E Z => DMKG RBGE H B> BPLA@KDMF OA@ DME PBDDE@ I@A? PEF RB> ? E NGEC DA GAPUE DME OA@FE@
I@A? PEF Z
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) @AI E@DJ DEGDK>L AO ON>RDKA>G QBG _@GD E�I PKRKDPJ CE_>EC ?J �N?K>OEPC B>C �NCB>  � �,"# K> DME
RA>DE�D AO � b�� ba� gjfgeh� Z ]ME LABP AO B I@AL@BF DEGDK>L BPLA@KDMF KG DA DEGD QMEDME@ B LKUE>
I@AL@BF RAF INDEG B GI ERK_EC ON>RDKA> Z �E@E A>E F BJ RMAAGE DA DEGD DMBD DME I@AL@BF GBDKG_EG B
RE@DBK> I@AI E@DJ VQMKRM DME ON>RDKA> MAPCGW ? EOA@E RMER\K>L DMBD KD RAFINDEG DME GI ERK_EC ON>RDKA>
KDGEPO Z ]MKG IB@BCKLF MBG ?EE> OAPPAQEC ?ADM K> DME DMEA@J AO I@AL@BF DEGDK>L  D�� ,s H � �," H
�N?,,# H B>C K> I@BRDKRE QME@E AODE> I@AL@BF FE@G _@GD DEGD DMEK@ I@AL@BF G ?J UE@KOJ K>L DMBD DME
I@AL@BF G GBDKGOJ I@AI E@DKEG DMBD B@E \>AQ> DA ? E GBDKG_EC ?J DME ON>RDKA> DMEJ RAFINDE Z

) @AI E@DJ DEGDK>L BPGA EFE@LEG >BDN@BPPJ K> DME RA>DE�D AO I@A?B?KPKGDKRBPPJ RMER\B?PE I@AAOG
V��� W Z => DM KG RA>DE�D DME I@AI E@DJ ? EK>L DEGDEC KG QMEDME@ DME ON>RDKA> KG B RACEQA@C AO B GI ERK_R
RACE Z ]MKG IB@BC KLF H E�IPKRKDPJ K>D@A CNREC K>  D���, µ# H MBG GMKODEC O@AF DEGDK>L RACEG CE_>EC ?J

s



PAQ[CEL@EE I APJ>AF KBPG  D��, µH D���, µH �T�� ," H � �,* H ��� � ,*# DA DEGDK>L �BCBF B@C RACEG
 ��� � ,* H D T�� ,s H D �,� H D '�� ,� H + KQ ," H ]@E,*# H B>C DA DEGDK>L DME {PA>L RACE~  D T �,* H � �BG," H
� �BG,! H ]@E,*# Z

cE >ADE DMBD K> ?ADM DME B? AUE RA>DE�DG H DME I@AI E@DKEG DEGDEC QE@E BPLE?@BKR Z
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F>E AO DME K>KDKBP FADKUBDKA>G OA@ DME GDNCJ AO I@AIE@DJ DEGDK>L KG KDG @EPBDKA> DA 'AFINDBDKA>BP
�EB@>K>L ]MEA@JZ �ED DME A?Y ERDG QE B@E K>DE@EGDEC K> ? E ON>RDKA>G VK> IB@DKRNPB@ H ? AAPEB> ON>RDKA>GW H
B>C RA>GKCE@ DME OA PPAQ K>L UB@KB>D AO AN@ K>KDKBP CEGR@KIDKA> AO I@AI E@DJ DEGDK>L S =>GDEBC AO BPPAQ K>L
DME BPLA@KDMF DA XNE@J DME DEGDEC ON>RDKA> w A> K>INDG AO KDG RMAKRE H KD KG I@AUKCEC Q KDM B �a�j�jd
fa�� �j � V| ^ � w V|� WW � � � � � V|� � w V|� WW� H Q ME@E DME | � �G B@E CKGD@K?NDEC BRRA@C K>L DA GAFE _�EC ?ND
N>\>AQ> CKGD@K?NDKA> 	 AUE@ DME CAF BK> x Z => DM KG RBGE H CKGDB>RE ? EDQEE> ON>RDKA>G KG FEBGN@EC
Q KDM @EGI ERD DA DME CKGD@K?NDKA> 	 Z ]MBD KG H DME CKGDB>RE ? EDQEE> ON>RDKA>G 
 B>C � KG ) @��  
 V| W ��
� V| W# Z

]ME B? AUE CE_>KDKA> AO I@AI E@DJ DEGDK>L KG K>GI K@EC ?J DME ) @A?B?PJ �II@A� KF BDEPJ 'A@@ERD
V)�' W PEB@> K>L F ACEP I@AIAGEC ?J �BPKB>D  �BP*� # Z => DME )�' FACEP H B PEB@>K>L BPLA@KDMF KG LKUE>
B @B>CAF GBFIPE PB? EPEC ?J B> N>\>AQ> ON>RDKA> w BG CE_>EC B?AUE H B>C KG @EXNK@EC DA ANDIND
VQ KDM MKLM I@A?B?KPKDJ W B ��� �g� jfef � DMBD BII@A� KF BDEG w QEPP Z ]MBD KG H ) @��  � V| W �� w V| W# � k Z
=> DME GDB>CB@C )�' FACEP H KD KG BGGNFEC DMBD w ? EPA>LG DA B \>AQ> RPBGG AO ON>RDKA>G � H B>C KD
KG EKDME@ @EXNK@EC DMBD � ? EPA>L DA � BG QEPP H A@ DA GAFE GI ERK_EC MJIADMEGKG RPBGG � � � Z-

]MNG H I@AI E@DJ DEGDK>L BG CE_>EC K> DM KG GN?GERDKA> RB> ? E U KEQEC BG B @EPB�BDKA> AO )�'
PEB@> K>L & K>GDEBC AO @EXN K@K>L B LAAC BII@A� KF BDKA> AO DME ON>RDKA> w H QE A>PJ BG\ QMEDME@ GNRM
B LAAC BII@A� KF BDKA> j� efgf K> B LKUE> RPBGG VDME RPBGG AO ON>RDKA>G MBU K>L DME DEGDEC I@AI E@DJ W Z
FN@ A@KL K>BP CE_>KDKA> AO I@AI E@DJ DEGDK>L Q MKRM BPPAQ G XNE@KEG B>C CE_>EG CKGDB>RE Q KDM @EGI ERD
DA DME N>KOA@F CKGD@K?NDKA> RB> ? E GEE> BG B @EPB�BDKA> AO B UB@KB>D AO DME )�' FACEP S �EB@>K>L
Q KDM XNE@KEG N>CE@ DME N>KOA@F CKGD@K?NDKA> Z

T KUE> DME B?AUE UKEQ H KD KG @EBGA>B?PE DA E�IERD DMBD OA@ GAFE RPBGGEG AO ON>RDKA>G VI@AI E@DKEGW H
DEGDK>L RB> ? E CA>E FNRM F A@E E� RKE>DPJ DMB> PEB@>K>L VK> DE@F G AO GBFIPE�XNE@J RAFIPE� KDJ
B>C�A@ @N>>K>L DKFEW Z ]MKG KG D@NE OA@ E�BF IPE K> DME RBGE AO PK>EB@ ON>RDKA>G  D�� ,s# H FNPDKUB@K[
BDE I APJ>AF KBPG  � �,"# H B>C FA>ADA>E ON>RDKA>G  TT���� # Z =O QE MBUE OBGD DEGDK>L BPLA@KDMF G DMBD
@EXNK@E @EPBDKUEPJ GF BPP GBF IPEG H QE F BJ ?E B?PE DA NGE GNRM BPLA@KDMF G K> DME RA>DE�D AO PEB@>[
K>L Z �BF EPJH QE RB> NGE DMEF DA RMAAGE ? EDQEE> BPDE@>BDKUE MJIADMEGKG @EI@EGE>DBDKA>G Q KDMAND
BRDNBPPJ K>RN@@K>L DME E�I E>GE AO @N>>K>L DME RA@@EGI A>CK>L PEB@>K>L BPLA@KDMF G Z �A@ E�BF IPE H
GNIIAGE DMBD QE B@E RA>GKCE@K>L @N>>K>L '� Z� VB OBGD BPLA@KDMF W DA _>C B CERKGKA> D@EE MJIADMEGKG
VB @EPBDKUEPJ QEB\ @EI@EGE>DBDKA> W Z DND QE F BJ BPGA QB>D DA RA>GKCE@ @N>>K>L ?BR\I@AIBLBDKA> VB
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