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3 4 5 67 89 :; <=5> ?@ A BCDECAF GCA4@HDCF AG?D4 I ?GJ GJK A?F GD F ALK A BCDECAF MJACNKC GD
O4NKC@GA4NP I J?Q@G BCK@KCR ?4E S KJAR ?DOC T UG@ B OCB D@K ?@ GD NKVCKA@K GJK DBB DCGO4?G?K@ HDC
A O@KC GD CKRKC@K K4E?4KKC A VDF F KCV?AQQW @OBBQ?KN BCDECAF XYZ X[Z T \OCCK4GQW DSHO@VAG?D4
?@ F A?4QW ABBQ?KN GD BCDECAF @ I C?GGK4 ?4 DS] KVG^DC?K4GKN QA4EOAEK@ @OVJ A@ _ARA A4N \ ` T
a ID VD4VKC4@ AS DOG A4 DSHO@VAG?D4 ACK I JKGJKC ?G BCK@KCRK@ S KJAR ?DOC A4N GJK NKECKK GD
I J?VJ ?G F A?4GA?4@ Kb V?K4VWT

aD DSHO@VAGK A BCDECAF WDO VA4 K?GJKC DSHO@VAGK GJK AQEDC?GJF DC DSHO@VAGK ?G@ NAGA
@GCOVGOCK@ T U4 GJ ?@ BAB KC c IK VD4VK4GCAGK D4 GJK QAGGKC A4N VD4@?NKC A4 DS] KVG d HDC e 4?GK
S ?4ACW GCKK@ T a JK VOCCK4G R?KI X[Z DH DSHO@VAG?D4 VD4VK4GCAGK@ D4 VD4VCKGK NAGA @GCOV^
GOCK@ @OVJ A@ RAC?AS QK@ A4N ACCAW@ T f ?GJ GJAG R ?KI c IK VA4 CKBCK@K4G GCKK@ ?F B KCAG?RKQW
O@?4E ACCAW@ gA4 KhAF B QK VD4RKC@?D4 ?@ E ?RK4 ?4 XiZj T fK VDOQN GJK4 O@K @GA4NACN ACCAW
DSHO@VAG?D4@ X[Z GD DSHO@VAGK DOC DB KCAG?D4@ T U4@GKAN IK I ?QQ VD4@?NKC AS@GCAVG NAGA^GWB K@
k A QD VAQ @GAGK AVVK@@?S QK SW D4QW NKVQACKN DB KCAG?D4@ T f JW ND IK ED GD GJK Kl DCG DH
O@?4E NAGA^GWB K@ CAGJKC GJA4 O@?4E ACCAW@ N?CKVGQW m 3 BACG HCDF F AL?4E BCD DH@ DH VDCCKVG^
4K@@ KA@Wc O@?4E NAGA^GWB K@ E?RK@ O@ A4 KhGCA QKRKQ ?4 I J?VJ GD ANN DSHO@VAG?D4@ T nD?4E
?F F KN?AGKQW GD ACCAW@ HDCVK@ O@ GD GJ ?4L ?4 ACCAW GKCF @ A4N IK IDOQN JARK D4QW ACCAW
DSHO@VAG?D4@ AG DOC N ?@B D@AQ T U4 BACG?VOQAC c @?4VK IK I ?QQ R ?KI A GCKK A@ A4 AS @GCAVG NAGA^
GWB K GJK4 GJK O@OAQ GCKK GCA4@HDCF AG?D4@ g@OVJ A@ @IABB ?4E GID @OSGCKK@j ACK 4AGOCAQQW
ARA?QAS QK o GJKW IDOQN S K F DCK N?b VOQG GD VD4VK?RK O@?4E ACCAW@ T 3 @ A CK@OQG IK JARK GID
DBB DCGO4?G?K@ HDC DSHO@VAG?D4 o GJK e C@G O@?4E DOC 4KI NAGA^GWB K@ ABBCDAVJ A4N GJK @KVD4N
O@?4E GJK @GA4NACN ?F B KCAG?RK F KGJD N@ T a JK ABBCDAVJ IK O@K ?@ SO?QG D4 GJK HCAF KIDCL@
NKRKQDB KN HDC @KG@ XppZ A4N F AGC?VK@ XpqZ ?4 I J?VJ IK O@KN A GKVJ4?rOK VAQQKN 9s t= <<=>u T
v DIKRKC c IK I ?QQ @KK GJAG @B Q?GG?4E ND K@ 4DG E?RK A @O?GAS QK DSHO@VAG?D4 HDC GCKK@ A4N GJO@
IK NKRKQDB A N?l KCK4G GKVJ4?rOK T f ?GJ GJK DSHO@VAG?D4@ GJAG IK BCDB D@K IK JARK A NKECKK
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DH �Kh ?S ?Q?GW I J?VJ IK KhB QD?G @D GJAG IK VA4 VCKAGK �;>�5� 5 67 89:; <=5>9 I J?VJ JKQB GD
VD4HO@K AGGAVLKC@ HOCGJKC T

fK F D NKQ DOC DB KCAG?D4@ O@?4E GJK HO4VG?D4AQ QA4EOAEK v A@LKQQ GD BCDR?NK A HCAF K^
IDCL HDC @B KV?HW ?4E NAGA^GWB K@ A4N DSHO@VAG?D4@ g4DGK GJAG IK ACK 4DG A?F ?4E GD DSHO@VAGK
v A@LKQQ VD NK SOG GD O@K v A@LKQQ A@ A F D NKQQ?4E QA4EOAEKj T f JK4 VCKAG?4E DSHO@VAG?D4@ c IK
@JDOQN K4@OCK GJAG GJKW ACK VDCCKVG g���� S KJAR?DOC BCK@KCR?4E j SOG ?4 A4 ?F B KCAG?RK VD4^
GKhG c BCD DH@ DH VDCCKVG4K@@ ACK HCKrOK4GQW JACN c GWB ?VAQQW CKrO?C?4E QA4EOAEK CK@GC?VG?D4@ T
a J?@ F KA4@ GJAG DSHO@VAG?D4@ ACK F D@GQW @GAGKN I ?GJDOG E?R ?4E A BCD DH DH VDCCKVG4K@@ T
v DIKRKC c GJK O@K DH v A@LKQQ AQQDI @ O@ GD CKA@D4 AS DOG BCDECAF @ F AGJKF AG?VAQQWT fK
O@K NAGA CKe 4KF K4G GKVJ4?rOK@ X�Z I J?VJ K4ASQK@ O@ GD BCDRK GJK VDCCKVG4K@@ DH ;tt DOC
DSHO@VAG?D4@ gA4N ?4 @DF K VA@K@ c ��� =	� DSHO@VAG?D4@j KA@?QWT


 HGK4 c DSHO@VAG?D4 ?@ @KK4 A@ ABBQ?VAS QK D4QW GD DS] KVG^DC?K4GKN QA4EOAEK@ gDC GJK
O4NKCQW ?4E SWGKVD NKj SOG GJK O@K DH A F DCK F AGJKF AG?VAQ ABBCDAVJ gSW O@?4E @GA4NACN
CKe 4KF K4G@ A4N NKC?RAG?D4 GKVJ4?rOK@j AQQDI @ O@ GD ABB QW DSHO@VAG?D4 GD F DCK EK4KCAQ
ACKA@ T � ?4VK IK O@K v A@LKQQ HDC DOC gABBACK4GQW 4KI j ABBCDAVJ IK JARK GJK S K4KeG@ DH
GJK KQKEA4VK DH GJK HO4VG?D4AQ @GW QK A4N GJK VD4@KrOK4G AS @GCAVG?D4 DH @?NK^Kl KVG@ T a JO@
DOC HO4VG?D4AQ ABBCDAVJ I ?QQ BCDR ?NK @OBB DCG HDC BOCKQW ?F B KCAG?RK DSHO@VAG?D4@ T

�ACAL �
 ��� BCDB D@K A RKCW HDCF AQ NKe 4?G?D4 DH DSHO@VAG?D4 A4N GJK4 @JDI GJAG
DSHO@VAG?D4 ?@ ?F B D@@?S QK XYZ T fK O@K A4 ?4HDCF AQ 4DG?D4 DH DSHO@VAG?D4 k 4AF KQW GJAG A
HO4VG?D4 ?@ F DCK DSHO@VAGKN ?H ?G ?@ MJACNKC GD O4NKC@GA4NP T f ?GJ AS@GCAVG NAGA^GWB K@ c IK
F AW ?4GKCBCKG MJACNKC GD O4NKC@GA4NP A@ c HDC ?4@GA4VK c O@?4E A4 DS@VOCK NAGA @GCOVGOCK
DC JAR?4E F DCK VDF B Q?VAGKN VQAO@K@ ?4 GJK NKe 4?G?D4 DH A HO4VG?D4 T

a JK CK@G DH GJK BAB KC ?@ @GCOVGOCKN A@ HD QQDI @ T �KVG?D4 Y ?4GCD NOVK@ DOC NAGA^GWB K
HDC S ?4ACW GCKK@ A4N N?@VO@@K@ JDI IK VA4 DSHO@VAGK S ?4ACW GCKK@ T �KVG?D4 � NKRKQDB@
@DF K DSHO@VAGKN DB KCAG?D4@ T �KVG?D4 � N?@VO@@K@ @DF K VJA4EK@ GJAG IK VA4 F ALK GD DOC
CKBCK@K4GAG?D4 A4N GD DOC BCD DH@ T �DF K VD4VQO@?D4@ A4N ACKA@ HDC HOCGJKC CK@KACVJ ACK
E?RK4 ?4 �KVG?D4 � T
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U4 GJ?@ @KVG?D4 c IK @GAGK DOC S ?4ACW GCKK NAGA^GWB K k F A4W DH GJK NKe 4?G?D4@ DH GJK GCKK
DB KCAG?D4@ ACK GALK4 HCDF X� Z T a JK L?4N DH S ?4ACW GCKK GJAG IK VD4@?NKC VD4GA?4 A RAQOK
AG KAVJ 4D NK T a JO@ c GJK NAGA^GWB K HDC S ?4ACW GCKK@ I JD@K RAQOK@ ACK DH GWB K � ?@ NKe 4KN
A@ HD QQDI @ �
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fK A@@OF K GJAG IK NKAQ I ?GJ e 4?GK GCKK@ A4N AQQ GJK RAQOK@ ?4 GJK GCKK ACK IKQQ^NKe 4KN
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�DC !"# $%% c IK JARK F A4W IAW@ DH F AL?4E A GCKK HCDF A Q?@G T v DIKRKC c IK ?F B D@K GJK
HD QQDI ?4E CKrO?CKF K4G D4 @OVJ A4 DB KCAG?D4 �

! "# $%% �� & �'
 � ( ���� � � � 
 � !"# $%% �' 

g)*##% + � 
 � �' � g� � 
 j g)*##% + � 
 � �' � .% /0 .# � 
 � .% /0 .# � 
 jj

fK BCDB D@K GJK HD QQDI ?4E NKe 4?G?D4 HDC !"# $%% GJAG S O?QN@ A S ?4ACW GCKK DH F ?4?F OF
JK?EJG �

! "# $%% X Z � ��� �
! "# $%% �' � ��� g!"# $%% �' j � g!"# $%% �' j

I JKCK g�' � g� � �' jj � � ��/#�# g3 /� g�%+0#. �' j Yj �'
A4N IK VA4 KA@?QW RKC?HW GJAG GJK !"# $%% CKrO?CKF K4G ?@ @AG?@eKN T

fK VA4 VJKVL I JKGJKC A BACG?VOQAC RAQOK ?@ VD4GA?4KN I ?GJ?4 A GCKK O@?4E !%!,% $T

!%!,% $ � ��� � � ���'�
!%!,% $ � g��� �
 � �
 j � g� �� � j � !%!,% $ � �
 � !%!,% $ � �


� ?4AQQWc !23 /45 � � 
 @JDOQN CKB QAVK AQQ D VVOCCK4VK@ DH GJK RAQOK � ?4 GJK GCKK I ?GJ GJK
RAQOK � T

!23 /45 � � ��� � � � �� �
!23 /45 � � g��� �
 � �
 j

����
� �� � � ��� g!23 /45 � � �
 j � g!23 /45 � � �
 j
2#.% $� /�% � ��� g!23 /45 � � �
 j � g!23 /45 � � �
 j

�



� �� � ����� 	
���� 
�

�
fK 4DI VD4@?NKC A @B KV?AQ L ?4N DH S ?4ACW GCKK k 6=>;�� 9�;�:� <���9 T � ?4ACW @KACVJ GCKK@
JARK GJK BCDB KCGW GJAG GJK RAQOK c DH GWB K � c DH A 4D NK ?@ ECKAGKC GJA4 GJK RAQOK@ ?4 GJK
QKHG @OSGCKK S OG QK@@ GJA4 GJK RAQOK@ ?4 GJK C?EJG @OSGCKK gGJ ?@ A@@OF K@ IK JARK A4 GDGAQ
DCNKC?4E D4 � j T a J?@ BCDB KCGW VA4 S K @GAGKN A@ �
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 j gpj
I JKCK /+� ?@ A �D DQKA4 HO4VG?D4 GJAG GK@G@ I JKGJKC A Q?@G ?@ ?4 @GC?VGQW ?4VCKA@?4E DCNKC T

fK NKe 4K GJK NAGA^GWB K HDC S ?4ACW @KACVJ GCKK@ A@ HD QQDI @ � A S?4ACW GCKK 
 JA@ GWB K
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M?F B DCG?4EP GJK@K DB KCAG?D4@ HCDF GJK S?4ACW GCKK NAGA^GWB K gI ?GJ GJK ABBCDBC?AGK VJA4EK
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fK VA44DG O@K GJK DB KCAG?D4 DH !"# $%% HCDF S KHDCK A@ IK 4KKN GD K4@OCK GJAG IK
VCKAGK A ��a T fK VDOQN NKe 4K
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NOB Q?VAGK@j T �OG ND K@ GJ?@ DB KCAG?D4 AVGOAQQW SO?QN A S ?4ACW GCKKm �W NKe 4?G?D4 c !"# $%%
@B Q?G@ A Q?@G ?4 GJK HDCF �

XQKHG @OSGCKK RAQOK@Z 		 g�* ��%j � X$/0 .# ��,# $%% �* ��%�Z
UH GJK Q?@G ?@ @GC?VGQW^?4VCKA@?4E GJK4 @D ?@ KAVJ @OS Q?@G A4N GJO@ ?4RAC?A4G gpj ?@ F A?4GA?4KN T
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�DGK GJAG IK JARK 4DG ?4VQONKN !23 /45 ?4 DOC ��a NAGA^GWB K T a J?@ ?@ S KVAO@K HDC
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a JK F KFS KC@J?B GK@G K4@OCK@ GJAG IK ND 4DG ANN � GD DOC GCKK I JK4 � ND K@ 4DG D VVOC ?4
GJK GCKK T
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�DI GJAG IK JARK NKe 4KN DOC S ?4ACW GCKK NAGA^GWB K c IK 4KKN GD VD4@?NKC JDI IK VA4
DSHO@VAGK ?G T fK 4KKN GD R?KI GJK DSHO@VAG?D4 ?4 GJK VD4GKhG DH NAGA^GWB K@ c 4DG ] O@G DSHO@^
VAG?4E @DF K DB KCAG?D4@ T a JK BCKR ?DO@ IDCL DH DSHO@VAG?4E NAGA^GWB K@ XpqZ XppZ VD4@?NKCKN
A GKVJ4?rOK L4DI 4 A@ 9s t= <<=>u T
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GKC4ACW GCKK VDCCK@B D4N@ GD GJK C?EJG @OSGCKK DH DOC S ?4ACW GCKK T a J?@ IA@ ND4K GD
JKQB DSHO@VAGK GJK NKe 4?G?D4 @D GJAG ?G ND K@ 4DG S KVDF K DSR?DO@ GJAG IK AQIAW@
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GJK @AF K S?4ACW GCKK I ?QQ S K CKBCK@K4GKN SW N?l KCK4G GKC4ACW GCKK@ ?4 N?l KCK4G KhK^
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� UH IK VA4 I C?GK #2� A4N 2� A@ S ?4ACW GCKK O4HDQN@ GJK4 IK VA4 O@K O4HDQN HO@?D4 GD
HO@K ?4 GJK HO4VG?D4@ HCDF GJK C?EJG T
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BCDRK VDCCKVG4K@@ IK 4KKN GD BCDRK A4 KrOAG?D4 DH GJK HDCF
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a J?@ GJKDCKF ?@ A @B KV?AQ VA@K DH GJK EK4KCAQ QAI @ HDC HO@?D4 g@KK HDC Kh AF BQK X�Zj T 3 @
A4 Kh AF BQK DH HD QN HO@?D4 c VD4@?NKC BCDR ?4E GJK VDCCKVG4K@@ DH A NKQKG?D4 DB KCAG?D4 gGJK
HOQQ BCD DH ?@ VD4GA?4KN ?4 3 BB K4N?h � j T 
 @?4E GKC4ACW HD QN HO@?D4 IK VA4 @JDI GJAG KAVJ
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U4 GJK KACQ?KC F KGJD N c IK O@KN @GA4NACN BCD DH GKVJ4?rOK@ ?4VQON ?4E ?4NOVG?D4 A4N ?4 GJ?@
VA@K c GJK@K GKVJ4?rOK@ W?KQN @JDCGKC gA4N KA@?KCj BCD DH@ T fK VA4 AQIAW@ VD4@GCOVG BCD DH@
4D F AGGKC I JKGJKC GJK HO4VG?D4 VA4 S K I C?GGK4 A@ HD QN gDC O4HDQN j T

�DQN BCD DH@ CKrO ?CK F DCK ?4@B ?CAG?D4 A@ IK 4DG D4QW JARK GD I C?GK @DF K HO4VG?D4@ A@
HD QN@ gDC O4HDQN@j S OG IK JARK GD MEOK@@P JDI GJK HO@?D4 IDCL@ g@D GJAG IK VA4 NKe 4K A
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 @?4E GKVJ4?rOK@ NKRKQDB KN HDC ACCAW@ c Q?@G@ A4N F AGC?VK@ c IK JARK VCKAGKN A 4KI HCAF K^
IDCL HDC DSHO@VAG?4E GCKK@ T a JK Kh AF BQK@ ?4 GJ?@ B AB KC JARK S KK4 F ANK @?F BQK ?4 DCNKC
GD NKF D4@GCAGK GJK GKVJ4?rOK@ ?4RDQRKN T fK JARK AQ@D E?RK4 @DF K JKOC?@G?V@ g?4 �KVG?D4
� TY j GJAG 4KKN GD S K VD4@?NKCKN I JK4 BCD NOV?4E DSHO@VAG?D4@ T a J?@ HCAF KIDCL VA4 S K
ANABGKN GD NKAQ I ?GJ F DCK VDF BQ?VAGKN DSHO@VAG?D4@ A4N AQ@D HDC DSHO@VAG?4E DGJKC L ?4N@
DH GCKK@ @OVJ A@ CD@K GCKK@ DC CKN^S QAVL GCKK@ T fK JARK O@KN v A@LKQQ A@ DOC F D NKQQ?4E
QA4EOAEK I J?VJ E?RK@ O@ A4 KQKEA4G WKG @?F BQK IAW DH @B KV?HW ?4E DB KCAG?D4@ T � CDR ?4E GJK
VDCCKVG4K@@ DH A4 ?F B KCAG?RK DSHO@VAG?D4 ?@ O@OAQQW JACN GD AVJ?KRK o O@K DH A HO4VG?D4AQ
QA4EOAEK AQQDI @ O@ GD K@GAS Q?@J VDCCKVG4K@@ KA@?QWT

fK JARK NKF D4@GCAGKN JDI GD DSHO@VAGK S ?4ACW GCKK@ SW CKBCK@K4G?4E GJKF A@ GKC4ACW
GCKK@ T a J?@ CKBCK@K4GAG?D4 JA@ AQQDIKN O@ GD ANN ?4 S DEO@ KQKF K4G@ A4N @D J?NK GJK
MCKAQP ?4HDCF AG?D4 T a J?@ KhGCA ?4HDCF AG?D4 E?RK@ O@ HOCGJKC @VDB K HDC DSHO@VAG?D4 T �DC
Kh AF BQK c I JK4 GCW ?4E GD ?4@KCG A4 KQKF K4G ?4 A GCKK IK VDOQN GCW GD NKQKGK ?G HCDF GJK
] O4L B ACG DH GJK GCKK T fK VA4 AVGOAQQW @B KV?HW A @KG DH DB KCAG?D4@ GJAG CKBCK@K4G GJK
@AF K HO4VG?D4 A4N IK VDOQN VJD D@K D4K CA4NDF QWT U4 HAVG c DOC ABBCDAVJ E?RK@ B QK4GW
DH @VDB K HDC CA4NDF ?@AG?D4 T U4 KAVJ KhKVOG?D4 CO4 c IK VA4 JARK A N?l KCK4G AS @GCAVG?D4
HO4VG?D4 gSW VJD D@?4E A @O?GAS QK B ACG?G?D4 HO4VG?D4 j c N ?lKCK4G ] O4L RAQOK@ ?4 A GKC4ACW
GCKK CKBCK@K4GAG?D4 A4N A N?l KCK4G DB KCAG?D4 HDC KAVJ HO4VG?D4 T �AVJ DH GJK@K VJD?VK@ VA4
S K F ANK CA4NDF QW A4N @D IK VCKAGK N?l KCK4G BCDECAF GCAVK@ I J?VJ VDF BOGK GJK @AF K
RAQOK T a J?@ CA4NDF 4K@@ BCDR ?NK@ ANN?G?D4AQ VD4HO@?D4 HDC A4 ANRKC@ACW A4N JKQB@ GD LKKB
GJK O4DSHO@VAGKN DB KCAG?D4@ @KVCKG T
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