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FGH IJKLKMNO PNPHJ QNR PJHPNJHS TIJ PJHRHMUNUKIM NU UGH VWUG XYZ X[\PI]RK^\ IM _HRHJ`IKJ XK\^ONUKIM GHOS KM aI^RUIMb FHcNRb dHeJ^NJ[ VVfVgb hiiVjFGKR KR N JH`KRHS `HJRKIM TIJ kIMRKSHJNUKIM TIJ P^eOKkNUKIM KM UGH XIkKHU[ ITYHUJIOH^\ ZMLKMHHJR lI^JMNOj
mnoopqr
s3 C(3,32- + -t%u,<+>3 2;B3(?<+> ,;)*(?& -3<D2?v;3 :%( ,?Bu;>+-?2* t+-3(w%%&?2*6 5%<+> ,;)*(?& <%BC;-+-?%2, +(3 <%Bu)?23& t?-D + <%+(,3 *(?& <%BC;-+-?%2 -% C(%4?&3 + x23 ,<+>3
(3,%>;-?%2 %: -D3 ,%>;-?%26 s3 ;,3 %2 -D3 x23 ,<+>3 C%(%,?-8.
(3>+-?43 +2& +),%>;-3 C3(B3+)?>?-?3,. -D3 >%<+-?%2 %: t3>>,.
+2& <+C?>>+(8 C(3,,;(3 <;(43,6 y% 3@C>?<?- B+<(%,<%C?< <%u3z<?32-, 2%( C,3;&%u:;2<-?%2, (3,;>-6 $D3 B3-D%& ?, ,34u3(+> -?B3, :+,-3( -D+2 ,%>4?2* -D3 x23 ,<+>3 C(%)>3B &?(3<->8.
*323(+>>8 B%(3 (%);,-. +2& 83- +<D?343, *%%& (3,;>-, +, ?- (3uv;?(3, 2% +& D%< +,,;BC-?%2, +- -D3 <%+(,3 ,<+>3 +2& (3-+?2,
+>> -D3 CD8,?<, %: -D3 %(?*?2+> B;>-?CD+,3 w%t 3v;+-?%2,6
{|}q~�n�}�~|
�23 %: -D3 B%(3 <D+>>32*?2* C(%)>3B, ?2 (3,3(4%?( ,?B;>+-?%2?, -% (3,%>43 +>> -D3 C3(-?232- ,<+>3, ?2 )%-D -D3 &+-+ +2& -D3
,%>;-?%26 9%BC;-+-?%2+> C%t3( >?B?-+-?%2, *323(+>>8 C(3432-
%23 :(%B ;,?2* +, x23 + *(?& +, t%;>& )3 &3,?(3&. 3,C3<?+>>8
tD32 B;>-?C>3 ,?B;>+-?%2, :%( =%2-3u9+(>% %( %-D3( ,-+-?,-?u<+> +2+>8,3, +(3 (3v;?(3&6 $D3(3 +(3 -t% 2+-;(+> +CC(%+<D3,-% +&&(3,, -D?, >?B?-+-?%26 �23 ?, -% <D+2*3 -D3 ,<+>3 %2
tD?<D -D3 &+-+ +(3 (3C(3,32-3& )8 ,%B3 �?2& %: +43(+*?2*
C(%<3&;(3. +2& -D32 -% ,%>43 -D3 C(%)>3B %2 + <%+(,3 *(?&6$D3 %-D3( 2+-;(+> +CC(%+<D ?, -% ?BC(%43 -D3 (3,%>;-?%2 %:
-D3 2;B3(?<+> ,?B;>+-?%2 %2 + <%+(,3 *(?& -D(%;*D ,%B3 -8C3
%: ,;)*(?& -3<D2?v;36 A2 3?-D3( <+,3. -D3 &3,?(3 ?, -% <D+2*3
:(%B -D3 x23 ,<+>3 %2 tD?<D -D3 C(%)>3B ?, &3x23& -% +
<%+(,3( ,<+>3 )8 &3x2?2* +2 +CC(%C(?+-3 <%+(,3 ,<+>3 C(%)u>3B -D+- <+C-;(3, ?2 ,%B3 t+8 -D3 x23 ,<+>3 &3-+?>,6 7(%+&>8
,C3+�?2*. t3 B?*D- <+>> 3?-D3( +CC(%+<D ���������� D%t343(.
+, ?, <%BB%2 ?2 -D3 C3-(%>3;B ?2&;,-(8. t3 t?>> ;,3 -D3 -3(B�;C,<+>?2*� -% (3:3( -% -D3 :%(B3( +CC(%+<D %: x2&?2* +43(u+*3& C+(+B3-3(, �,;<D +, C3(B3+)?>?-8� ,;?-+)>3 :%( ;,3 %2
+ <%+(,3 ,<+>36 A2 -D?, C+C3( t3 C(3,32- +2 +CC(%+<D %: -D3
>+--3(. ,;)*(?& -8C36$D3(3 ?, + >+(*3 +2& *(%t?2* >?-3(+-;(3 %2 ;C,<+>?2* -3<Du2?v;3,6 s3 t?>> 2%- +--3BC- + >?-3(+-;(3 (34?3t D3(3 �,33.
36*6. -D3 3@<3>>32- (34?3t )8 �32+(& +2& &3 =+(,?>8V�� t3
B3(3>8 B32-?%2 + :3t %: -D3 B+?2 -3<D2?v;3,6 1+(>8 -3<Du2?v;3, ?24%>43& ?2 +2 3,,32-?+> t+8 +43(+*?2* %( D%B%*32?�+u-?%2 %: CD8,?<+> C+(+B3-3(, ,;<D +, C3(B3+)?>?-86hfg sD?>3

,;<D ;C,<+>?2* -3<D2?v;3, <+2 )3 43(8 3�3<-?43 :%( C;(3>8 >?2u3+( C(%)>3B,. -D38 +(3 >3,, ,+-?,:+<-%(8 :%( 2%2>?23+( C(%)u>3B,6 $D38 ,;�3( :(%B -D3 3>3B32-+(8 %),3(4+-?%2 -D+- +
2%2>?23+( :;2<-?%2 %: +2 +43(+*3 ?, 2%- -D3 +43(+*3 %: -D3
2%2>?23+( :;2<-?%26 �%( 3@+BC>3. %43( + <%+(,3 *(?&u)>%<�.-D3 4+>;3 %: <+C?>>+(8 C(3,,;(3 34+>;+-3& +- -D3 +43(+*3 ,+-;u(+-?%2 ?, 2%- +- +>> -D3 ,+B3 +, -D3 +43(+*3 %43( -D3 *(?&u)>%<�%: -D3 <+C?>>+(8 C(3,,;(36

=%(3 ,%CD?,-?<+-3& ;C,<+>?2* -3<D2?v;3, D+43 )332 &343>u%C3& -% <?(<;B432- -D3 ?2+&3v;+<?3, %: ,?BC>3 +43(+*?2*.�bW
?2<>;&?2* -D3 &343>%CB32- %: (32%(B+>?�+-?%2 -3<D2?v;3, -%
,;<<3,,?43>8 ;C,<+>3 -% <%+(,3 >343>,. C,3;&%u:;2<-?%2,. +2&,-%<D+,-?< B3-D%&,6 y;B3(?<+> ,;)*(?& -3<D2?v;3, D+43 +>,%
)332 &343>%C3&. ?2<>;&?2* ;,?2* B%&?x3& x2?-3 3>3B32- )+,?,
:;2<-?%2,� +2& 3@C>?<?- ,;)*(?& -3<D2?v;3, -D+- ,33� -% ?BuC(%43 -D3 (3,%>;-?%2 %: -D3 <%+(,3 ,%>;-?%2 +:-3( ?- D+, )332
<%BC;-3&6

$D3,3 -3<D2?v;3, +>> +--3BC- ?2 ,%B3 t+8 -% (3C(3,32-
x23 ,<+>3 ?2:%(B+-?%2 %2 <%+(,3 ,<+>3, ?2 +2 ?2&?(3<- t+8.
+2& ,%B3-?B3, (3v;?(3 +- >3+,- ,%B3 ?2:%(B+-?%2 +)%;- -D3
2+-;(3 %: -D3 w%t -D+- ?, 3@C3<-3& ;2&3( x3>& B+2+*3B32-
<%2&?-?%2,6 '>-D%;*D B%,- ;C,<+>?2* +2& ,;)*(?&&?2* -3<Du2?v;3, +(3 &82+B?< ?2 -D+- -D38 (3,C%2& -% -D3 <D+2*?2*
,-+-3 %: -D3 (3,3(4%?(. B+28 &% ,% -D(%;*D +2-?<?C+-?%2 %: -D3
C%,,?)?>?-?3,6 �:-32 %23 233&, ,%B3 �?2& %: <>%,;(3 +,,;BCu-?%2 ,;<D +, -D3 ?BC%,?-?%2 %: >%<+> )%;2&+(8 <%2&?-?%2,. -D3
3@C3<-3& C(?B+(8 w%t &?(3<-?%2. %( 3@C3<-3& >?B?-, %2 <3(u-+?2 C+(+B3-3(, ,;<D +, w%t (+-3,6

$% D+2&>3 -D3 &82+B?< +2& ,%B3-?B3, ;2+2-?<?C+-3& 2+u-;(3 %: (3,3(4%?( <%2&?-?%2,. t3 C(3,32- ?2 -D?, C+C3( +2 ?BuC>?<?- 2;B3(?<+> ,;)*(?& -3<D2?v;3 -D+- +>>%t, ;, -% x23>8
(3,%>43 -D3 C(3,,;(3 3v;+-?%2 3432 -D%;*D t3 32& ;C ,%>4?2*
-D3 C(%)>3B %2 + <%+(,3 *(?&6 $D?, -3<D2?v;3 ?, + >%<+>>8
<%2,3(4+-?43 ����������� ���������� ����� 6¡ s3 +>,% &?,<;,,?-, ?BC>3B32-+-?%2 ?2 + ,3v;32-?+> -t%uCD+,3 t+-3(w%%& (3u,3+(<D ,?B;>+-%(6 s3 B+?2-+?2 + :;>>8 ?BC>?<?- �+, %CC%,3&
-% +2 3@C>?<?-� <%;C>?2* )3-t332 -D3 <%+(,3 +2& x23 %( ,;)u*(?& ,<+>3,. +2& t3 %)-+?2 + x23 ,<+>3 (3C(3,32-+-?%2 %: -D3
(3,3(4%?( ,-+-36 ', + <%2,3v;32<3. t3 B+�3 ;,3 %: -D3 <+Cu?>>+(8 C(3,,;(3 +2& (3>+-?43 C3(B3+)?>?-8 <;(43, &?(3<->8 +2&
+<<;(+-3>8 %2 -D3 x23 ,<+>3 %2 tD?<D -D38 +(3 &3x23&6 y%
C,3;&%u:;2<-?%2, +(3 233&3&. 2%( &% +28 +(?,3 ?2 %;( -3<Du2?v;36 �;( -3<D2?v;3 +>>%t, ;, -% D+2&>3 x23 ,<+>3, ?2 -D3
D3-3(%*323%;, +),%>;-3 C3(B3+)?>?-8 +2& C%(%,?-8. -D3 2%2u
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>?23+( :;2<-?%2, (3>+-?43 C3(B3+)?>?-8 +2& <+C?>>+(8 C(3,,;(3.
+2& 3432 -D3 x23 ,<+>3 C%,?-?%2 %: t3>>,6

$D3 ?&3+ ?, -% <%2,?&3( -D3 ,?B;>+-?%2 +, &3x23& %2 + x23
*(?&. +2& -% &3u(3x23 -D?, *(?& -% :%(B + (3+,%2+)>3 <%+(,3
*(?& %43( tD?<D t3 <+2 <%BC;-3 -D3 ,%>;-?%26 s3 )(3+� -D3
,%>;-?%2 ?2-% -t% C+(-,. -D3 <%+(,3 ,<+>3 (3C(3,32-+-?%2 %: -D3
,%>;-?%2 C>;, -D3 ,;)*(?& C+(-6 $D3 ,;)*(?& C+(- ?, &3x23&
?2,?&3 -D3 <%+(,3 *(?& )>%<�,6 A2 %(&3( -% )3 +)>3 -% <%BuC;-3 ?- 3z<?32->8. ?- B;,- ?24%>43 %2>8 -D3 <%+(,3 ,%>;-?%2
?-,3>: +2& >%<+> ?2:%(B+-?%26 73<+;,3 %: -D?, <%BC;-+-?%2+>
(3,-(?<-?%2 +2& -D3 233& -% B+?2-+?2 +<<;(+<8. t3 <%BC;-3-D3 <%+(,3 ,<+>3 �+(<8 43>%<?-8 ;,?2* + ,3<%2& %(&3( +<<;(+-3
B3-D%&6 $D;,. 3432 -D%;*D -D3 <%+(,3 C+(- %: -D3 43>%<?-8
D+, +<<;(+<8 )+,3& %2 -D3 <%+(,3 ,<+>3 (3,%>;-?%2 � �-D3
&?+B3-3( %: + <%+(,3 *(?& )>%<��. -D3 3@C3<-3& +<<;(+<8 ?,
+<-;+>>8 C(%C%(-?%2+> -% �h6 $D;, -D3 <%+(,3 ,<+>3 43>%<?-8?, +<<;(+-3 :(%B -D3 C%?2- %: 4?3t %: -D3 ,;)*(?&u,<+>3. :%(tD?<D t3 ;,3 + B%(3 ,-+2&+(& x(,- %(&3( +<<;(+-3 B3-D%&
,;<D +, <3>>u<32-3(3& x2?-3 &?�3(32<3,6 $D3 ;,3 %: + >%t %(&3(
B3-D%& :%( -D3 ,%>;-?%2 %2 -D3 ,;)*(?& ,<+>3 ?, 2+-;(+>. ,?2<3.
36*6. D3-3(%*323?-?3, ?2 -D3 C3(B3+)?>?-8 +(3 >?�3>8 -% C(%&;<3
,%>;-?%2, t?-D >+(*3 ,C+-?+> *(+&?32-,6 A- ?, t3>>u�2%t2 -D+-
D?*D3( %(&3( B3-D%&, &% 2%- ?2 *323(+> ?BC(%43 ,;<D ,%>;u-?%2, B;<D. +2& <3(-+?2>8 2%- 32%;*D -% 	;,-?:8 -D3 +&&3&
<%,-6

73<+;,3 t3 ?2,?,- %2 +2 ?BC>?<?- <%;C>?2* )3-t332 -D3
<%+(,3 +2& ,;)*(?& ,<+>3,. -D3(3 t?>> )3 + B?@-;(3 %: -D3,3 -t%
C+(-, %: %;( ,%>;-?%2 ?2 -D3 3v;+-?%2,6 /%B3 �?2& %: ,-+-?<
<%2&32,+-?%2 %( /<D;( <%BC>3B32- -3<D2?v;3 ?, 233&3& -%
3>?B?2+-3 -D3 ,;)*(?& ;2�2%t2, :(%B -D3 3v;+-?%2,6 s3 &%
-D?, ;,?2* + -3<D2?v;3 ?24%>4?2* ��������� 
����� ���������.
+>,% <+>>3& �������� ���������6 $D?, -3<D2?v;3 +>>%t, ;, -%
-(3+- -D3 ,;)*(?& +2& <%+(,3 ,<+>3, ?2 <%BC>3-3>8 ,3C+(+-3
C+(-, %: -D3 <%BC;-3( <%&36 A- ?, +>,% (3>+-?43>8 B3B%(83z<?32-6

$% B+?2-+?2 >%<+> B+,, <%2,3(4+-?%2. %;( C(%<3&;(3 ?,
)+,3& %2 B?@3& x2?-3 3>3B32- B3-D%&,6
bVi A- ?, �2%t2 -D+-
-D3 >%t3,- %(&3( �+4?+(-u$D%B+, B3-D%&.VV �$�. tD32 <%Bu)?23& t?-D 2;B3(?<+> v;+&(+-;(3 -% 34+>;+-3 ,%B3 %: -D3
?2-3*(+>, -D+- +(?,3. ?, -D3 ,+B3 +, <3>>u<32-3(3& x2?-3 &?�3(u32<3,6 ' ,?B?>+( B3-D%& -D+- *?43, D?*D3( %(&3( 43>%<?-?3,
;,3, -D3 x2?-3 3>3B32- ,C+<3, &3x23& ?2 �u� )8 7(3��?. �%;u*>+,. +2& =+(?2?.Vh 7�=�. +2& *323(+>?�3& ?2 �u� )8 7(3��?.�%;*>+,. �;(�+2 +2& �%(-?2.V� 7����6
��� �no�q��p� mn��q�� ����|��n�
A2 -D?, ,3<-?%2 t3 C(3,32- ?2 ,%B3 &3-+?> %;( -t%u,<+>3 2;uB3(?<+> ,;)*(?& -3<D2?v;3. ?636. %;( >%<+>>8 <%2,3(4+-?43 4+(?u+-?%2+> B;>-?,<+>3 B3-D%&. +, +CC>?3& -% -D3 C(3,,;(3 3v;+u-?%26 73<+;,3 %: -D3 233& :%( + D?*D3( %(&3( +<<;(+-3 <%+(,3
,%>;-?%2. t3 B;,- C(3,32- -D3 -3<D2?v;3 ?2 + x2?-3 3>3B32-
<%2-3@- (+-D3( -D+2 + <3>>u<32-3(3& x2?-3 &?�3(32<3 <%2-3@-6
��� �q���nq� ��np}�~|� A2 %(&3( -% ,?BC>?:8 -D3 C(3u

,32-+-?%2. t3 ?>>;,-(+-3 %;( ?&3+, %2 -D3 &?�3(32-?+> 3v;+-?%2,
�� � !" # $ % ���
" # &'� � &(� % ���

tD3(3 �. $. ( +2& ' +(3 <%2,-+2-,6 $D3 C(3,,;(3 3v;+-?%2 ?,
+2 3@+BC>3 %: ,;<D + ,8,-3B. +, t3 t?>> ,33 >+-3(6
��� )|�}� ���o�|} �p��� *n|�}�~|�� A2 + B?@3&
x2?-3 3>3B32- B3-D%&. x2?-3 3>3B32- )+,?, :;2<-?%2, +(3 ;,3&
-% +CC(%@?B+-3 )%-D -D3 C(3,,;(3 � +2& -D3 �+(<8 43>%<?-8"6 $D3 �+(<8 43>%<?-8 ?, ��� &3x23& :(%B -D3 C(3,,;(3 +,
+ ,?BC>3 x2?-3 &?�3(32<3 ?24%>4?2* 23+()8 C(3,,;(3,� ?2 :+<-.
?- ?, &3x23& :(%B ��� -D3 C(3,,;(3, ?2 -D3 (3,3(4%?(. +>-D%;*D-D3 23+()8 %23, +(3 -D3 B%,- ?BC%(-+2-6 $D+- ?,. " ?, ���
&3x23& :(%B � -D(%;*D + +���� ,-32<?> %( B%>3<;>3. +2& ,%
-D3 B3-D%& &%3, 2%- (3&;<3 -% x2?-3 &?�3(32<3,6 �,%t343(.
:%( �$�. t3 <+2 +CC(%@?B+-3 " +, + x2?-3 ,-32<?> %: -D3
C(3,,;(3,. +2& (3<%43( -D3 ;,;+> � C%?2- ,-32<?>.VgbV� %( 3432
+ �-uC%?2- ,-32<?> ?: -D3 C3(B3+)?>?-8 ?, + :;>> -32,%(6VW�./0112/0 34151 627895:71; A2 )%-D -D3 �$� +2&
7���� �%( 7�=�� ,C+<3,. -D3 C(3,,;(3 ?, +CC(%@?B+-3& )8
+ C?3<3t?,3 &?,<%2-?2;%;, <%2,-+2- :;2<-?%26 $D+- ?,. -D3
C(3,,;(3 ?, +CC(%@?B+-3& %2 3+<D *(?& )>%<� )8 + <%2,-+2-4+>;3. 	;,- >?�3 ?- ?, ?2 <3>>u<32-3(3& x2?-3 &?�3(32<3,6 /;<D
:;2<-?%2, +(3 >?23+( <%B)?2+-?%2, %: ,?BC>3( )+,?, :;2<-?%2,6
53- ;, 2;B)3( -D3 <%+(,3 *(?& )>%<�, �%�% <<<%= 6 �%( -D3 >-D
<%+(,3 *(?& )>%<�. -D3(3 ?, + C(3,,;(3 )+,?, :;2<-?%2. <+>> ?-?@A . tD?<D -+�3, -D3 4+>;3 � %2 -D3 )>%<� +2& � 343(8tD3(33>,36 s?-D?2 3+<D <%+(,3 *(?& )>%<� +(3 ,?B?>+( ,;)*(?&u,<+>3)+,?, :;2<-?%2,6 /;CC%,3 -D+- -D3(3 +(3 BA x23 *(?& )>%<�,
?2 -D3 >-D <%+(,3 *(?& )>%<�6 �%( 3+<D C # �%�% <<<%BA . t3 >3-D@AE )3 � %2 -D3 C-D ,;)*(?& )>%<� +2& � 343(8tD3(3 3>,36

A2 + x2?-3 3>3B32- B3-D%&. t3 +CC(%@?B+-3 -D3 C(3,,;(3?2 -D3 x2?-3 3>3B32- ,C+<3� -D;,. &3x2?2* )%-D + <%+(,3 +2&
,;)*(?& C(3,,;(3. t3 D+43 -D+- :%( +28 C%?2- F ?2 -D3 (3,3(u4%?(.

?� �F� # GHAIV JA ?@A �F� % ���
D� �F� # GHAIV

KLH
EIVM

AE D@AE �F� % �N�
� �F� # ?� �F� � D� �F� % ���

tD3(3 -D3 <%3z<?32-, JA +2& M
AE +(3 -% )3 &3-3(B?23&6 1432

-D%;*D %;( ?2-32- ?, -% ,<+>3 ;C -% -D3 <%+(,3 *(?&. t3 D+43
?2 :+<- + C(3,,;(3 4+>;3 :%( 3+<D x23 *(?& )>%<�. +, ?>>;,-(+-3&?2 �?*6 �6O0P:859Q 34151 627895:71; $D3 43>%<?-8 ?, + 43<-%(.
,% -D3 43>%<?-8 )+,?, :;2<-?%2, +(3 +>,% 43<-%( :;2<-?%2,6 s3
&3,<(?)3 -D3 )+,?, :;2<-?%2, +, ?: -D3 *(?& )>%<� t+, ,?BC>8-D3 ;2?- <;)3 � R S R �. � R T R �. +2& � R U R �6 $D3(3
+(3 � )+,?, :;2<-?%2, <%BB%2 -% �$� +2& 7����. tD?<D
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D+43 + 2%2�3(% &?43(*32<36 $D3,3 +(3 *?432 )8
��V # �� &S��V %
��h # S�V %
��� # �� &T��h %
��g # T�h %
��� # �� & U��� %��W # U�� <

$D3(3 ?, %23 :;2<-?%2 :%( 3+<D :+<3 %: -D3 *(?& )>%<�. +2& 3+<D
(3C(3,32-, + ;2?- w%t 3?-D3( ?2-% %( %;- %: -D3 )>%<� +<(%,,
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2%&+> 4+>;3,. -D+- +>>%t, ;, -% ,<+>3 ;C -% -D3 <%+(,3 *(?&6��� ��q��} )|�}� ���o�|} *~qon�p}�~|� =;>-?uC>8 3+<D 3v;+-?%2 ������� )8 + x2?-3 3>3B32- )+,?, :;2<-?%2.
tD?<D ?, <+>>3& + -3,- :;2<-?%2. +2& ?2-3*(+-36 53- @ )3 +28
%: -D3 ?@A %( D@AE . +2& � )3 +28 %: -D3 ?�� %( D�A� 6 $D?, (3,;>-,?2 -D3 3v;+-?%2,

� �� @ '� � �  !"@ '� # � $@ '� % �-�
� '�V" !� '� # &�  � !� '� � � ( !� '�
# � �  !� '� � � ( !� '� % ����

tD3(3 t3 D+43 B+&3 ;,3 %: -D3 &?43(*32<3 -D3%(3B -% (3C>+<3&�  � ! � '� )8 � �  ! � '� . ,?2<3 -D3(3 ?, 2% w%t %2
-D3 3@-3(2+> )%;2&+(8 %: -D3 (3,3(4%?(6 �A: %-D3( )%;2&+(8
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%2 +2 %;-<(%C6 ' <%2,-+2-u(+-3 ?2	3<-%( :;>>8 C323-(+-3, -D3
(3,3(4%?( +- S # ����. T # ���. tD?>3 + <%2,-+2- )%--%BuD%>3 C(3,,;(3 C(%&;<3( +- S # N���. T # ���� ?, <%BC>3-3&
%2>8 ?2 -D3 ;CC3( ��B %: -D3 (3,3(4%?(6 �?*6 � ,D%t, -D3
,+-;(+-?%2 &?,-(?);-?%2 ?2 + 43(-?<+> C>+23 <%2-+?2?2* -D3 ?2u	3<-%( +2& + D%(?�%2-+> C>+23 +- -D3 )%--%B %: -D3 C(%&;<3(
+:-3( �6�� 0�A �C%(3 4%>;B3, %: t+-3( ?2	3<-3&�6 $D3 ?2w;u32<3 %: �%23, %: >%t C3(B3+)?>?-8 ?, 34?&32- ?2 -D3 �?,>+2&,� %:
D?*D +2& >%t ,+-;(+-?%26 $D3 ,;)*(?& ,%>;-?%2 �;,?2* -D3 x23
,<+>3 C3(B3+)?>?-?3, &?(3<->8 :%( <%3z<?32- ' ?2 ����� <+C-;(3,
B+28 %: -D3,3 ,B+>> ,<+>3 :3+-;(3,. +, ?>>;,-(+-3& ?2 �?*6 �6
�?*6 N <%BC+(3, -D3 <%BC;-3& t+-3(u%?> (+-?% �s��� +, +
:;2<-?%2 %: 0�A :%( ,343(+> ,<D3B3, :%( +43(+*?2* -D3 x23
,<+>3 C3(B3+)?>?-?3, -% %)-+?2 ?' ?2 ����6 $D3 x23 ,%>;-?%2.
,;)*(?& ,%>;-?%2. +2& ,;)*(?& ,%>;-?%2, t?-D ?' ?2 ���� *?432
)8 -D3 +(?-DB3-?< +43(+*3. -D3 D+(B%2?< +43(+*3 ?2 -D3 w%t
&?(3<-?%2 +2& -D3 +(?-DB3-?< +43(+*3 ?2 -D3 &?(3<-?%2 C3(C32u&?<;>+( -% w%t. +2& -D3 %23u-D?(& C%t3( +43(+*36 $D3 >+--3(
,33B, -% &% -D3 )3,- 	%) %: <+C-;(?2* -D3 )3D+4?%(. -D%;*D
?- C(3&?<-, ,>?*D->8 3+(>?3( t+-3( )(3+�-D(%;*D6
�| m�� �~o�pqp}��� m~�n}�~| ��po����;( ,3<%2& 2;B3(?<+> 3@+BC>3 ?, )+,3& %2 -D3 �u� B%&3>
&3,<(?)3& ?2 -D3 ���� /01 <%BC+(+-?43 ,%>;-?%2 C(%	3<- :%(
;C,<+>?2*6h� $D3 &?�3(32<3, +(3 (3>+-?43>8 B?2%(. +2& <%2u,?,- B+?2>8 ?2 2%- )3?2* +)>3 -% ,3- -D3 )%--%BD%>3 C(3,,;(3
C(%C3(>8 +2& ,3--?2* *(+4?-8 -% �3(%6 $D3 >+--3( t+, &%23
-% +4%?& <%BC>?<+-?%2, t?-D -D3 ,+-;(+-?%2 ,%>43(. +2& 2%-
&;3 -% -D3 C(3,,;(3 3v;+-?%26 $D;, %;( (3,;>-,. -D%;*D 2%-
,-(?<->8 <%BC+(+)>3. &% ,D%t -D3 C%-32-?+> %: %;( 2;B3(?<+>
,;)*(?& -3<D2?v;3 :%( -D3 C(3,,;(3 3v;+-?%26

�?*6 � ,D%t, -D3 x23 ,<+>3 ,%>;-?%2 +:-3( ���� &+8, %: ?2u	3<-?%26 $D3 ,;)*(?& ,%>;-?%2 <+C-;(3, ,343(+> %: -D3 t+-3(
<D+223>, %2 -D3 >3:- ,?&3 %: -D3 &%B+?2 +2& ,343(+> %: -D3 )8uC+,,3& (3*?%2, %2 -D3 (?*D- ,?&3. �?*6 �6 E,?2* -D3 (%%- B3+2
,v;+(3 +43(+*?2* ,<D3B3 ?2 -D3 <%+(,3 C+(- %: -D3 B3-D%&
,B3+(, -D3 ,+-;(+-?%2 C(%x>3,. �?*6 �6 $D3 D%(?�%2-+> <%BuC%232- %: -D3 -%-+> 43>%<?-8 +- ���� &+8, ,D%t, *%%& v;+>?u-+-?43 +*(33B32- )3-t332 -D3 -D(33 <%BC;-+-?%2, +, ,D%t2?2 �?*,6 �. -. +2& ��6 $D3 ,-(+?*D-:%(t+(& ,;)*(?& +CC(%+<D
8?3>&, + ,>?*D->8 t?&3( (+2*3 %: 43>%<?-?3, -D+2 -D3 -(;3 ,%u>;-?%2. tD?>3 -D3 +CC(%+<D ;,?2* +43(+*3 C3(B3+)?>?-8 ?2 -D3
<%+(,3 3v;+-?%2 8?3>&, + ,%B3tD+- 2+((%t3( (+2*36
� ��� �npq}�q �����m�~} ��po����;( x2+> 3@+BC>3 ?, -+�32 :(%B sD?-3 +2& ,%(236hg A- ?, +�u� v;+(-3( x43u,C%- t+-3(w%%& ;,?2* -D3 -D(33 4+>;3 C3(uB3+)?>?-8 x3>& &3C?<-3& ?2 �?*6 ��. (3B?2?,<32- %: + w;4?+> *3u%>%*?<+> 324?(%2B32- -D+- ?, <%((3>+-3& %43( >+(*3 &?,-+2<3,6$D3 C(%)>3B ?, C%,3& %2 + ����� x23 *(?&. +2& ,%>43& ;,?2*
+ � �� <%+(,3 *(?& t?-D + � �� ,;)*(?& ?2 3+<D <%+(,3 )>%<�6
y%-3 -D+- -D?, &%3, + :+?(>8 *%%& 	%) %: (3,%>4?2* -D3 D?*D
C3(B3+)?>?-8 <D+223>6 $D;,. t3 +>,% ,%>43 -D3 C(%)>3B %2 +� �� <%+(,3 *(?& t?-D + �� � �� ,;)*(?&6 $D3 ?2	3<-?%2 t3>>?, +- x23 )>%<� ��%��. +2& -D3 C(%&;<-?%2 t3>> ?, +- x23 )>%<�
���% ���6 s3 ;,3 -D3 ,?BC>?x3& &+-+ %: $+)>3 �. &3,?*23& ,%

-D+- 2%2;2?:%(B?-?3, ?2 -D3 w%t +(3 &;3 C(?B+(?>8 -% -D3 C3(uB3+)?>?-8 4+(?+-?%2, +2& 2%- -% &?�3(32<3, )3-t332 -D3 -t%w;?&,6
s3 <%BC+(3 -D3 �� ��� x23 *(?& <%BC;-+-?%2 -% -D3 ,;)u*(?& -3<D2?v;3 ;,3& t?-D + <%+(,3 *(?& %: ,?�3 3?-D3( � �� %(� � �6 s3 +>,% <%BC+(3 -% � � � <%+(,3 ,?B;>+-?%2, ;,?2*-D3 D+(B%2?<u+(?-DB3-?< <%+(,3 )>%<� +43(+*3 &?+*%2+> C3(uB3+)?>?-8 �D+(B%2?< +43(+*3 ?2 C(?B+(8 &?(3<-?%2. :%>>%t3&

)8 +(?-DB3-?< +43(+*3 ?2 -D3 <(%,, &?(3<-?%2 %2 3+<D )>%<��6s3 ;,3 3?-D3( ,-+2&+(& �$� <3>>u<32-3(3& x2?-3 &?�3(32<3,
�;,3& +>,% :%( -D3 x23 *(?& <%BC;-+-?%2�. %( -D3 7�=� ,3<u%2& %(&3( +<<;(+-3 &?,<(3-?�+-?%2. ,?2<3 -D3 >+--3( ?, B%(3
<%BC+(+)>3 -% -D3 ,;)*(?& B3-D%&6

�3,;>-, +(3 ,;BB+(?�3& ?2 $+)>3 �6 $D3 B+@?B;B C(3,u,;(3 3((%(, �+,,;B?2* -D3 x23 ,%>;-?%2 ?, -(;3� ,D%t -D+- -D3
,;)*(?& B3-D%& ?, 3@-(3B3>8 +<<;(+-36 $D3,3 3((%(, ?2<>;&3
3((%(, &;3 -% ,+-;(+-?%2 3((%(, +2& -D3?( ,;),3v;32- +�3<-
%2 -D3 (3>+-?43 C3(B3+)?>?-86 7(3+�-D(%;*D ?, C(3&?<-3& 43(8
t3>> t?-D -D3 ,;)*(?& B3-D%&. +2& 2%- ,% t3>> tD32 -D3 +4u3(+*3 C3(B3+)?>?-8 ?, ;,3&6 s3 ,D%t -D3 <%BC>3-3 C(%&;<?2*
t+-3( <;- <;(43 ?2 �?*6 ��6 $D3 <;B;>+-?43 %?> C(%&;<-?%2.
,D%t2 ?2 �?*6 ��. +>,% ,D%t, -D+- -D3 )3,- (3,;>-, +(3 +<D?343&
tD32 -D3 ,;)*(?& -3<D2?v;3 ?, ;,3&6 �43(+>>. -D3 D+(B%2?<u+(?-DB3-?< <%+(,3 )>%<� +43(+*3 &?+*%2+> C3(B3+)?>?-8 %2 +� �� *(?& <%BC+(3, t3>> t?-D -D3 � �� ,;)*(?& B3-D%&6

s3 ,D%t -D3 ,+-;(+-?%2 <%2-%;(, +- N�� &+8, :%( -D3 x23
*(?& ,%>;-?%2 ?2 �?*6 �N. -D3 ,;)*(?& B3-D%& %2 )%-D � �� +2& � � � <%+(,3 *(?&, ?2 �?*,6 �� +2& ��. +2& + � � �
<%+(,3 ,?B;>+-?%2 ;,?2* -D3 D+(B%2?<u+(?-DB3-?< <%+(,3 )>%<�
+43(+*3 &?+*%2+> C3(B3+)?>?-8 ?2 �?*6 �� �-D3 ,3<%2& %(&3(
B3-D%& ?, ,?B?>+(. );- B+?2-+?2, ,%B3tD+- ,D+(C3( :(%2-,�6$D3 ,;)*(?& B3-D%&. 3432 t?-D + � � � <%+(,3 *(?&. &%3,
+ (3+,%2+)>8 *%%& 	%) %: (3,%>4?2* -D3 �38 :3+-;(3 %: -D3
C(%)>3B� C(3:3(32-?+> w%t -D(%;*D -D3 <D+223>6

$?B?2* (3,;>-, +(3 ,;BB+(?�3& ?2 $+)>3 �6 $D3 C(%)>3B
?, B;<D -%% ,B+>> -% %)-+?2 (3C(3,32-+-?43 -?B?2* (3,;>-,�
D%t343(. + :3t C%?2-, +(3 <>3+(6 �?(,-. -D3 ,;)*(?& <%BC;u-+-?%2, +(3 + 43(8 ,B+>> :(+<-?%2 %: -D3 -%-+> <%BC;-+-?%2
-?B3 �3@<3C- :%( -D3 %43(>8 ,B+>> � � � <+,3�6 =%(3%43(.-D3 ,;)*(?& C+(- %: -D3 <%BC;-+-?%2 t%;>& ,<+>3 >?23+(>8 ?2
C+(+>>3>. +2& <%;>& 3432 )3 %B?--3& ?2 <%+(,3 )>%<�, -D+-
3@C3(?32<3 23*>?*?)>3 ,+-;(+-?%2 <D+2*3. ,?2<3 -D3 2;B3(?<+>�(332, :;2<-?%2, %2>8 <D+2*3 tD32 -D3 (3>+-?43 C3(B3+)?>?-8
<D+2*3,6 /3<%2&. -D3 ,;)*(?& -3<D2?v;3 (3v;?(3, x23 ,<+>3
?2-3*(+-?%2 -% +,,3B)>3 -D3 B+-(?@6 ,%t343(. ?2 >+(*3( C(%)u>3B,. -D3 -?B3 233&3& -% ,%>43 -D3 B+-(?@ C(%)>3B ?, B;<D
*(3+-3( -D+- -D3 -?B3 -% +,,3B)>3 -D3 B+-(?@. ,% -D?, C+(- %:-D3 <%BC;-+-?%2 ?, 2%- *323(+>>8 ,?*2?x<+2-6 $D?(&. -D3 -?B3
-% ,%>43 -D3 <%+(,3 C(3,,;(3 C(%)>3B. tD?<D 2%(B+>>8 &%B?u2+-3, -D3 <%BC;-+-?%2 -?B3. ?, B;<D )3--3( :%( -D3 ,;)*(?&
B3-D%& +, <%BC+(3& -% -D3 :;>> x23 *(?& <%BC;-+-?%2 �)8 +
:+<-%( %: +)%;- �� :%( -D3 ��� ,?B;>+-?%2. +2& )8 + :+<-%( %:
+>B%,- ��� :%( -D3 � �� <+,3�6 $D3 <%+(,3 C(%)>3B ;,?2* +2
+43(+*3 C3(B3+)?>?-8 ?, v;?-3 :+,-6 �%( <%BC+(+)>3 ,?�3 *(?&,.
-D3 &?�3(32<3 ?2 ,C33& )3-t332 -D3 ,;)*(?& +2& +43(+*3 C3(u
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B3+)?>?-8 B3-D%&, ?, &;3 -% -D3 &?�3(32<3 )3-t332 ;,?2* +
,3<%2& %( x(,- %(&3( +<<;(+-3 B3-D%&6 ,%t343(. -D3 � ��
+43(+*3 C3(B3+)?>?-8 B3-D%& <%BC+(3, ?2 +<<;(+<8 t?-D -D3� � � ,;)*(?& B3-D%&. tD?<D ?, ?2 :+<- ,%B3tD+- :+,-3( ?2
,%>4?2* -D3 <%+(,3 *(?& C(%)>3B6 �%;(-D. -D3 -?B?2*, (3w3<-
-D3 :+<- -D+- t3 <D%,3 -% ,%>43 -D3 ,+-;(+-?%2 3v;+-?%2 %2
-D3 x23 *(?& :%( -D3 ,;)*(?& B3-D%&,6
������p}�~| }~ �qp��}�~|p� ����p��|�
$D3 sD?-3 +2& ,%(23 -3<D2?v;3hg %)-+?2, <%+(,3 *(?& 3�3<u-?43 C3(B3+)?>?-?3, :(%B C%,-C(%<3,,?2* + ,B+>> 2;B)3( %:
x23 *(?& ,?2*>3uCD+,3 ,?B;>+-?%2,6 s3 <%;>& ;,3 -D3?( -3<Du2?v;3. <%B)?23& t?-D -D3 ,;)*(?& -3<D2?v;3. -% %)-+?2 -D3
3�3<-?43 C3(B3+)?>?-8 %2 + <%+(,3 *(?&. :%( ;,3 ?2 + -(+&?-?%2+>
(3,3(4%?( ,?B;>+-%(6
�~|��n��~|�
s3 C(3,32-3& + -t%u,<+>3 2;B3(?<+> ,;)*(?& +CC(%+<D. +>,%
<+>>3& + >%<+>>8 <%2,3(4+-?43 B;>-?,<+>3 4+(?+-?%2+> B3-D%&.
-D+- &3<%BC%,3, -D3 *%43(2?2* &?�3(32-?+> 3v;+-?%2, ?2-% +
<%+(,3 *(?&u,<+>3 %C3(+-%( -D+- ?, <%;C>3& -% + ,;)*(?&u,<+>3%C3(+-%(6 $D3 ,;)*(?&u,<+>3 C(%)>3B, <+2 )3 ,%>43& ?2&3uC32&32->8 %: -D3 <%+(,3 *(?& +CC(%@?B+-?%2 -D+2�, -% + 2;uB3(?<+> �(332, :;2<-?%2 -3<D2?v;36 $D3 *>%)+> C(%)>3B ?,
,%>43& %2>8 +- -D3 <%+(,3 ,<+>3. +2& -D?, ,%>;-?%2 ?, <%((3<-3&
+- -D3 ,;)*(?& ,<+>3 -% %)-+?2 -D3 x23 ,<+>3 (3C(3,32-+-?%2 %:
-D3 C(%)>3B6 A2 -D?, t+8 2% 3@C>?<?- B+<(%,<%C?< <%3z<?32-,
�36*6. 3�3<-?43 C3(B3+)?>?-?3, %( C,3;&%u:;2<-?%2,� +(?,3. +2&-D;, 2% +,,;BC-?%2, +)%;- -D3 CD8,?<, %( -D3 3@C3<-3& w%t
)3D+4?%( +(3 (3v;?(3&6s3 ?>>;,-(+-3& -D3 ?BC>3B32-+-?%2 %: -D?, -3<D2?v;3 :%( -D3w%t %: -t% ?BB?,<?)>3. ?2<%BC(3,,?)>3 CD+,3,6 �%( ,?BC>?<?-8
-D3 ?BC>3B32-+-?%2 ?, ,3v;32-?+>. ,%>4?2* -D3 w%t 3v;+-?%2
:;>>8 ?BC>?<?->8 t?-D ,+-;(+-?%2u&3C32&32- v;+2-?-?3, 34+>;u+-3& +- -D3 C(34?%;, -?B3 ,-3C. -D32 ,%>4?2* -D3 ,+-;(+-?%2
3v;+-?%2 :;>>8 ?BC>?<?->8 +2& %2 -D3 x23 ,<+>36 s3 %),3(43&
+ (3&;<-?%2 ?2 C(3,,;(3 ,%>;-?%2 -?B3, )8 + :+<-%( %: � -% ��-% +>B%,- ��� :%( ,B+>> C(%)>3B, �>+(*3( C(%)>3B, ,D%;>& 3@uC3(?32<3 )3--3( ,C33&u;C�6 =%(3%43(. t3 2%-3 -D+- t3 %)-+?2
,3<%2& %(&3( +<<;(+<8 tD?>3 -D3 x23 ,<+>3 ,%>;-?%2 ;,3& :%(
-?B?2* <%BC+(?,%2 ?, %2>8 x(,-u%(&3( +<<;(+-36 �%%& +*(33uB32- )3-t332 -D3 ,;)*(?& +2& x23 ,<+>3 ,%>;-?%2, ?, %),3(43&
:%( -3,- <+,3, ?2 tD?<D -D3 <%+(,3 *(?& <%2-+?2, -t% %(&3(, %:
B+*2?-;&3 :3t3( *(?& )>%<�,6 E,?2* +2 +CC(%C(?+-3 +43(+*3
%: -D3 x23 ,<+>3 C3(B3+)?>?-?3, B+8 ?BC(%43 -D3 x&3>?-8 %:-D3 ,;)*(?& ,%>;-?%2 ;2&3( ,%B3 <%2&?-?%2,6
�~o�|��p}nq�
7���� # x(,- %(&3( 7(3��?u�%;*>+,u�;(�+2u�%(-?2B?@3& xu2?-3 3>3B32- :;2<-?%2 ,C+<3
7�=� # x(,- %(&3( 7(3��?u�%;*>+,u=+(?2? B?@3& x2?-3 3>u3B32- :;2<-?%2 ,C+<3'� # &?�3(32-?+> %: 4%>;B3. ��

�V # ;2?- 43<-%( ?2 -D3 Su&?(3<-?%2�h # ;2?- 43<-%( ?2 -D3 Tu&?(3<-?%2�� # ;2?- 43<-%( ?2 -D3 Uu&?(3<-?%2

� # <%+(,3 *(?& )>%<� &?+B3-3(. �� # x23 *(?& )>%<� &?+B3-3(. ��� # *(?& )>%<� >32*-D ?2 -D3 S &?(3<-?%2. ��� # *(?& )>%<� >32*-D ?2 -D3 T &?(3<-?%2. ��� # *(?& )>%<� >32*-D ?2 -D3 U &?(3<-?%2. �� # +),%>;-3 C3(B3+)?>?-8. �hC
 # (3>+-?43 C3(B3+)?>?-8BA # 2;B)3( %: x23 *(?& )>%<�, ?2 <%+(,3 *(?& )>%<� >B 
A # 2;B)3( %: x23 *(?& )>%<� :+<3, ?2-3(2+> -% <%+(,3
*(?& )>%<� >= # 2;B)3( %: <%+(,3 *(?& )>%<�,= 
 # � -?B3, -D3 2;B)3( %: <%+(,3 *(?& )>%<� :+<3,� # C(3,,;(3. ���
h�	 # <+C?>>+(8 C(3,,;(3.���
h

� # �?(<DD%� �<%BC>3B32-+(8� C%-32-?+>. ��

� # 3@-3(2+> t3>> ,%;(<3, +2& ,?2�,. ��


�$� # >%t3,- %(&3( �+4?+(-u$D%B+, B?@3& x2?-3 3>3uB32- :;2<-?%2 ,C+<3
� # t+-3( �%( *+,� ,+-;(+-?%2" # �+(<8 43>%<?-8. ��

� # 43>%<?-8 -3,- :;2<-?%2�� # 43>%<?-8 -3,- :;2<-?%2 %2 -D3 ;2?- <;)3@ # C(3,,;(3 -3,- :;2<-?%2F # ,C+-?+> C%?2-. �

�S%T%U� # ,C+-?+> C%?2-. �
J # x2?-3 3>3B32- <%3z<?32-, %: <%+(,3 C(3,,;(3
M # x2?-3 3>3B32- <%3z<?32-, %: ,;)*(?& C(3,,;(3
� # x2?-3 3>3B32- <%3z<?32-, %: <%+(,3 43>%<?-8� # x2?-3 3>3B32- <%3z<?32-, %: ,;)*(?& 43>%<?-8� # (3>+-?43 B%)?>?-8. �
��
� # 4?,<%,?-8. ���

� # &32,?-8. ����
� # C%(%,?-8

�"�����	
� ��
 �"	������	
�> # <%+(,3 *(?& )>%<�	 # <%+(,3 *(?& )>%<� :+<3C # ,;)*(?& )>%<� �%( -D3 &3C-D ?2&3@�� # ,;)*(?& )>%<� :+<3
� # %?>@ # t+-3( �%( *+,�

�����
�? # <%+(,3 ,<+>3 :;2<-?%2D # ,;)*(?& ,<+>3 :;2<-?%2
���|~�����o�|}�
$D?, t%(� t+, ,;CC%(-3& ?2 C+(- )8 -D3 y+-?%2+> /<?32<3
�%;2&+-?%26
��*�q�|����6 �32+(&. 0D6. +2& &3 =+(,?>8. �6� �9+><;>+-?2* 3v;?4u+>32- C3(B3+)?>?-8� + (34?3t.� � ������ �� ����� ���

������� ��--�� ��. �������6�6 �+,+C. 16. +2& 5+�3. 56s6� �'2 +2+>8-?<+> B3-D%& -%
<+><;>+-3 -D3 3�3<-?43 C3(B3+)?>?-8 -32,%( %: + *(?& )>%<�
+2& ?-, +CC>?<+-?%2 ?2 +2 %;-<(%C ,-;&8.� C+C3( /01
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��N�N C(3,32-3& +- -D3 ��-D /01 /8BC%,?;B %2 �3,3(u4%?( /?B;>+-?%2. ,%;,-%2. $3@+, ���� �3)(;+(8 �-�-��������6�6 �;(>%:,�8. 56�6� �y;B3(?<+> <+><;>+-?%2 %: 3v;?4+>32-
*(?& )>%<� C3(B3+)?>?-8 -32,%(, :%( D3-3(%*323%;, C%(%;,
B3&?+.� ����� ��������� �������� ��--�� ��. �--����6N6 'B+�?+23. 76. 7%;(*3+-. '6. +2& �%3))3. �6� �y;B3(u?<+> ,?B;>+-?%2 +2& D%B%*32?�+-?%2 %: -t%uCD+,3 w%t?2 D3-3(%*323%;, C%(%;, B3&?+.� ��������� �� ������
�� �� ��--�� �. ��-��N�6�6 9D(?,-?3. =6'6. =+2,x3>&.=6.�?2*. 06�6. 7+(�3(. �6s6.
+2& 9;>43(t3>>. A6�6� �' (32%(B+>?�+-?%2u)+,3& ;C,<+>u?2* -3<D2?v;3 :%( s'� w%%&, ?2 D3-3(%*323%;, (3,3(u4%?(,.� C+C3( /01 �-��� C(3,32-3& +- -D3 ��-D /8BC%u,?;B %2 �3,3(4%?( /?B;>+-?%2 ��3)(;+(8 �--�� �������6�6 �?2*. =6�6. �?2*. 06�6. =<�?>>. 96'6. +2& s?>>?+B,.
�6�6� �1�3<-?43 C(%C3(-?3, :%( w%t <+><;>+-?%2,.� ������
���� �� ������ �� �� ��--�� ��. ��-��-�6�6 ,%;. $6�6. +2& s;. �6,6� �' B;>-?,<+>3 x2?-3 3>3B32-
B3-D%& :%( 3>>?C-?< C(%)>3B, ?2 <%BC%,?-3 B+-3(?+>, +2&
C%(%;, B3&?+.� �� ������� ��	�� ��--�� 
��. ��-���-6�6 ,;*D3,. $6�6�6. �3?	 
%%. �6�6. =+��3?. 56. +2& �;?2<8.
�6u76� �$D3 4+(?+-?%2+> B;>-?,<+>3 B3-D%&�+ C+(+&?*B
:%( <%BC;-+-?%2+> B3<D+2?<,.� ���� � ����� �� �����
����� ��  ������ ��--�� 
��. ���N6-6 7(3��?. �6. +2& �%(-?2. =6� =?@3& +2& D8)(?& x2?-3 3>3uB32- B3-D%&,. /C(?2*3(u�3(>+*. y3t �%(� ��--��6��6 �;(>%:,�8. 56�6� �'<<;(+<8 %: B?@3& +2& <%2-(%> 4%>;B3
x2?-3 3>3B32- +CC(%@?B+-?%2, -% �+(<8 43>%<?-8 +2& (3u>+-3& v;+2-?-?3,.� ����� ��������� �������� ��--N� ��.-���-��6��6 �+4?+(-. �6'6. +2& $D%B+,. �6=6� �' B?@3& x2?-3 3>3uB32- B3-D%& :%( �2& %(&3( 3>>?C-?< C(%)>3B,.� ������������� ������� �� ��� ������ ������� ����� . 53<-;(3
y%-3, ?2 =+-D6 ���. /C(?2*3(u�3(>+*. y3t �%(� ��-����-�����6��6 7(3��?. �6.�%;*>+,. �6. �(6. +2& =+(?2?. 56�6� �$t% :+Bu?>?3, %: B?@3& 3>3B32-, :%( ,3<%2& %(&3( 3>>?C-?< C(%)u>3B,.� ������ ����� ��-��� ��. �������6��6 7(3��?. �6. �%;*>+,. �6. �(6. �;(�+2. �6. +2& �%(-?2. =6��=?@3& x2?-3 3>3B32-, :%( ,3<%2& %(&3( 3>>?C-?< C(%)>3B,
?2 -D(33 4+(?+)>3,.� ������ ����� ��-��� �
. �������6�N6 �;,,3>>. $6�6. +2& sD33>3(. =6�6� ��?2?-3 3>3B32- +2&
x2?-3 &?�3(32<3 B3-D%&, :%( <%2-?2;%;, w%t, ?2 C%(%;,
B3&?+.� �������������� �� ��������� ����������. �(%2u-?3(, ?2 'CC>?3& =+-D3B+-?<, �. 1t?2*. �616 �3&6�. /%u<?3-8 :%( A2&;,-(?+> +2& 'CC>?3& =+-D3B+-?<,. 0D?>+u&3>CD?+ ��-��� 9D+C-3( AA. ������6��6 s3?,3(. '6. +2& sD33>3(. =6 �6� ��2 <%243(*32<3 %:
)>%<�u<32-3(3& x2?-3u&?�3(32<3, :%( 3>>?C-?< C(%)>3B,.�
���� �� ������ ����� ��-��� ��. �������6��6 '()%*+,-. $6. sD33>3(. =6�6. +2& �%-%4. A6� �=?@3& xu2?-3 3>3B32-, :%( 3>>?C-?< C(%)>3B, t?-D -32,%( <%3zu<?32-, +, <3>>u<32-3(3& x2?-3 &?�3(32<3,.� ���� �� ���
���� ����� ��--�� ��. �������6

��6 '()%*+,-. $6� �ABC>3B32-+-?%2 %: + >%<+>>8 <%2,3(4+u-?43 2;B3(?<+> ,;)*(?& ;C,<+>?2* ,<D3B3 :%( -t%uCD+,3�+(<8 w%t.� 9%BC;-+-?%2+> �3%,<?32<3,. -% +CC3+(6
��6 9D+432-. �6. +2& �+�( 
3. �6� ������������ �� ��� �� +���� �������� ��� ��������� �����������1>,34?3( /<?32<30;)>?,D3(,. y3t �%(� ��-���6
�-6 '()%*+,-. $6. sD33>3(. =6�6. +2& �D+2*. y6u�6� �'

2%2>?23+( B?@3& x2?-3 3>3B32- B3-D%& :%( + &3*323(u+-3 C+(+)%>?< 3v;+-?%2 +(?,?2* ?2 w%t ?2 C%(%;, B3&?+.�
���� �� ������ ����� ��--�� ��. ���-�����6

��6 '()%*+,-.$6� �y;B3(?<+> ,;)*(?& ;C,<+>?2* %: -t%uCD+,3w%t ?2 C%(%;, B3&?+.� ��������� ��������� �� ������
����� ���� �� ������ �� ��. 53<-;(3 y%-3, ?2 0D8,?<,���.�6 9D32.�6 16 1t?2*. +2& �6u96 /D? �3&,6�. /C(?2*3(.
73(>?2. ������ ���N-6

��6 '()%*+,-. $6. +2& 7(8+2-. /6� �1z<?32- :%(t+(& B%&u3>?2* :%( �y'05 ,?-3 34+>;+-?%2 +2& (3B3&?+-?%2.� ?2
������������� ����� � �� ����� ��������� ����. 732-u>38. 56�6. 3- +>6 �3&,6�. 7+>�3B+. �%--3(&+B ������ �������6

��6 03+<3B+2.�6s6� �A2-3(C(3-+-?%2 %: t3>>u)>%<� C(3,,;(3,?2 2;B3(?<+> (3,3(4%?( ,?B;>+-?%2 t?-D 2%2,v;+(3 *(?&
)>%<�, +2& +2?,%-(%C?< C3(B3+)?>?-8.� ���� ��;23 �-��������N�6

��6 9D(?,-?3. =6 '6� �$32-D /01 <%BC+(+-?43 ,%>;-?%2 C(%u	3<-�' <%BC+(?,%2 %: ;C,<+>?2* -3<D2?v;3,.� /01 ��N�-.
������ �';*;,- �����6

�N6 sD?-3. 96�6 +2& ,%(23. �6y6� �9%BC;-?2* +),%>;-3
-(+2,B?,,?)?>?-8 ?2 -D3 C(3,32<3 %: x23u,<+>3 D3-3(%*323u?-8.� C+C3( /01 �����C(3,32-3& +- -D3 --D /01 /8BC%u,?;B %2 �3,3(4%?( /?B;>+-?%2 ��3)(;+(8 �-��� ��-����6

����|������q��p}�~| ~* }�� �~pq�� �q~����o
$% ,<+>3 ;C -D3 C(%)>3B �-������ :(%B -D3 x23 -% -D3 <%+(,3
,<+>3. t3 <D%%,3 <%+(,3 ,<+>3 -3,- :;2<-?%2,6 A- ?, 3+,?3( -% &3u,<(?)3 -D3 &3(?4+-?%2 ?: %;( <D%?<3 %: -3,- :;2<-?%2, ?, +<-;+>>8@ # ?@A
 +2& � # ?��
 � D"�
 . ,?2<3 ?- B%(3 (3+&?>8 (3,;>-, ?2 +
,8BB3-(?< C(%)>3B t?-D (3,C3<- -% -D3 43>%<?-8 ;2�2%t2,6$D;,. ;,?2* %;( <%+(,3 +2& ,;)*(?& &3<%BC%,?-?%2 ��� +2&
��� +2& -D3 2;B3(?<+> �(332, :;2<-?%2, +, ?2 ���������. t3
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D+43 -D+-
� � �?� � D�i �H� ��

D��� ?@A
 '�
� �  ! �?" � D"i �H� ��

D"�� ?@A
 '�
# � $ ?@A
 '� % �'���

� '�V�?" � D"i �H� ��
D"�� ! �?��
 � D"�
 � '�

# � �?� � D�i �H��
D��� ! �?��
 � D"�
 � '�

� � ( ! �?��
 � D"�
 � '� < �'���
y%-3 -D+- ?2 +>> <+,3,

� ?@  ! D� '� # � % �'���
,?2<3 D� D+, 2% w;@ 3@-3(2+> -% -D3 <%+(,3 )>%<�6 $D;, ,343(+>
-3(B, <+2<3> +)%436 �%( 3?-D3( 2%(B+>?�+-?%2 ���� %( ����.

� � ?�� ?@A
 '� # � %
,% �'��� <%B)?23& t?-D ��� +2& ��� *?43, ��-�6

y3@- t3 2%-3 -D+- ����. t?-D -3,- :;2<-?%2 D@ # D�� . ?BC>?3,
-D+-

� � D��
 D�� '� � �  ! �?��
 � D"�
 � D�� '� # � %
,%

� D��  ! �?��
 � D"�
 � '� # &� � D�� D��
 '� < �'�N�
/?B?>+(>8. ���� t?-D -3,- :;2<-?%2 D� # D"�
 8?3>&,

� '�V D"i ! D"�
 '�
# � D�i ! D"�
 '� � � ( ! D"�
 '� < �'���

�?2+>>8.
� D�i ! ?��
 '� # � �'���

)8 2%(B+>?�+-?%2 ����6 9%B)?2?2* �'�����'��� (3,;>-, ?2
� '�V�?" �H� ��

D"�� ! �?��
 � D"�
 � '�
�H� ��

� � D�� D��
 '�
# � ?�  ! ?��
 '� � � ( ! ?��
 '�
& � '�V D"i ! ?��
 '� < �'���

9%B)?2?2* 2%t �'��� t?-D ��� +2& ��� *?43, ����6
��

 �������
 ?, + C(%:3,,%( ?2 -D3 �3C+(-B32- %: =+-Du3B+-?<, +- $D3 E2?43(,?-8 %: $3@+, +- ';,-?2 �3B+?>� +()%u*+,-�-?<+B6;-3@+,63&;�. tD3(3 D3 ?, +>,% + B3B)3( %: -D3
932-3( :%( /;),;(:+<3 =%&3>?2* �9/=� %: -D3 $3@+, A2,-?u-;-3 :%( 9%BC;-+-?%2+> +2& 'CC>?3& =+-D3B+-?<, �$A9'=�6,3 C(34?%;,>8 D3>& :+<;>-8 C%,?-?%2, +- �?<3 E2?43(,?-8 +2&0;(&;3 E2?43(,?-86 ,?, (3,3+(<D ?2-3(3,-, ?2<>;&3 +>*%(?-DB
&343>%CB32- +2& 2;B3(?<+> +2+>8,?, %: C+(-?+> &?�3(32-?+>
3v;+-?%2,. B+-D3B+-?<+> B%&3>?2* +2& D%B%*32?�+-?%2 %:
,;),;(:+<3 w%t +2& -(+2,C%(- CD32%B32+. +2& D?*D C3(:%(uB+2<3. C+(+>>3>. ,<?32-?x< <%BC;-?2*6 ,3 3+(23& 7/ &3*(33,
?2 CD8,?<, +2& B+-D3B+-?<, :(%B -D3 E2?43(,?-8 %: =?2u23,%-+. +2& =/ +2& 0D� &3*(33, ?2 B+-D3B+-?<, :(%B $D3
E2?43(,?-8 %: 9D?<+*%6 �
���� �� �����
 ?, + (3,3+(<D 32u*?233( +- -D3 932-3( :%( /;),;(:+<3 =%&3>?2* �9/=� %: -D3$3@+, A2,-?-;-3 :%( 9%BC;-+-?%2+> +2& 'CC>?3& =+-D3B+-u?<, �$A9'=� +- -D3 E2?43(,?-8 %: $3@+, +- ';,-?2 �3B+?>�
,)(8+2-�-?<+B6;-3@+,63&;�6 A2 -D3 C+,-. D3 D+, t%(�3& %2
+ 4+(?3-8 %: 3@C>%(+-?%2 +2& C(%&;<-?%2 C(%)>3B, +- 70 �3u,3+(<D ?2 12*>+2&� %2 C3-(%<D3B?<+>, (3,3+(<D +- 70 9D3Bu?<+>, ��� ?2 /<%->+2&� %2 C(%&;<-?%2 <D3B?,-(8 +2& ,;(:+<3
,<?32<3 C(%)>3B, +- 12?$3<2%>%*?3 ?2 A-+>8� +2& %2 (3+<-?43
-(+2,C%(- B%&3>?2* +- �?<3 E2?43(,?-86 ,?, (3,3+(<D ?2-3(u3,-, ?2<>;&3 ;,?2* CD8,?<+>>8 (3C(3,32-+-?43 B%&3>, -% ;2&3(u,-+2& -(+2,C%(- ?2 *(+2;>+( B3&?+. -D3 -D3%(8 +2& +CC>?<+u-?%2 %: (3+<-?43 w%t,. +2& -D3 +CC>?<+-?%2 %: 2%43> +>*%(?-DB,
+2& <%BC;-?2* -3<D2%>%*?3, -% 324?(%2B32-+> +2& (3,3(4%?(
C(%)>3B,6 7(8+2- D%>&, 71 +2& 0D� &3*(33, ?2 <D3B?<+>
32*?233(?2* :(%B �+2&3()?>- +2& $D3 E2?43(,?-8 %: $3@+, +-
';,-?26 ,3 ,3(43& +, + �?,-?2*;?,D3& 53<-;(3( :%( /01 ?2���������6
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�?*6 �6 ' �u� 3@+BC>3 %: + ����� x23 *(?& &3<%BC%,3& ?2-%
+ � �� <%+(,3 *(?& t?-D N �N ,;)*(?&,6 $D3 &%-, (3C(3,32-
-D3 C(3,,;(3 4+>;3,. %23 C3( x23 *(?& )>%<�6 $D3 <(%,,3, (3Cu(3,32- -D3 *(?& )>%<� :+<3 43>%<?-8 w;@3,6 $D3 <?(<>3& <(%,,3,
+CC>8 -% -D3 <%+(,3 *(?& )>%<� :+<3,. +2& (3C(3,32- >?23+( w;@4+(?+-?%2 +<(%,, -D3 :+<36 $D3 %-D3( <(%,,3, (3C(3,32- <%2u,-+2- w;@3, +<(%,, -D3 ,;)*(?& )>%<� :+<3, ?2-3(2+> -% -D3
<%+(,3 )>%<�,6
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�?*6 �6 �?23 ,<+>3 ,+-;(+-?%2 &?,-(?);-?%2 +- �6�� 0�A :%( +�u� t+-3(w%%& 3@+BC>3 ,%>43& %2 + �� � �� �� *(?&. tD?<D
t3 -+�3 -% )3 -D3 -(;3 ,%>;-?%26 /C+-?+> <%((3>+-?%2 ?2 -D3
C3(B3+)?>?-8 x3>& *?43, (?,3 -% ,?*2?x<+2- ,B+>> ,<+>3 D3-3(%u*323?-?3, ?2 -D3 ,+-;(+-?%2 &?,-(?);-?%26
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�?*6 �6 /;)*(?& ,+-;(+-?%2 &?,-(?);-?%2 +- �6�� 0�A :%( -D3
,+B3 3@+BC>3 +, ?2 �?*6 � ,%>43& %2 + N �� �� *(?& �;,?2*
+ � �� �N ,;)*(?& ?2 3+<D <%+(,3 *(?& )>%<��6 $D3 ,;)*(?&
C(%<3&;(3 <+C-;(3, B;<D %: -D3 x23 ,<+>3 )3D+4?%(6

PVI

W
O

R

0 0.05 0.1 0.15 0.2
0

0.1

0.2

0.3

0.4

0.5

0.6

Fine
Subgrid
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-(+2,43(,3 &?(3<-?%2 �>?*D- >?23. >%t3,- >?23 23+( �6� 0�A�. %(
%23u-D?(& C%t3( +43(+*3 �B3&?;B >?23. D?*D3,- >?23 23+( �6�0�A�6



/01 ����� ' $s�u/9'51 yE=1�A9'5 /E7��A� $19,yA�E1 ��� s'$1��5��� /A=E5'$A�y/ ��

0

5

10

15

0 100 200 300 400 500 600 700 800

Saturation: 0.04 0.17 0.29 0.42 0.55

�?*6 �6 /+-;(+-?%2 &?,-(?);-?%2 +:-3( ���� &+8, ?2	3<-?%2 ?2 + �u� 3@+BC>3 )+,3& %2 -D3 /01 <%BC+(+-?43 ,%>;-?%2 C(%	3<-6$D3 ,%>;-?%2 t+, %)-+?23& %2 + x23 ��� ��� *(?&6

0

5

10

15

0 100 200 300 400 500 600 700 800

Saturation: 0.04 0.17 0.29 0.42 0.55

�?*6 �6 /%>;-?%2 -% -D3 �u� 3@+BC>3 %: �?*6 � +:-3( ���� &+8, ?2	3<-?%2 %)-+?23& t?-D -D3 ,;)*(?& B3-D%& %2 + � �� *(?&6

0

5

10

15

0 100 200 300 400 500 600 700 800

Saturation: 0.04 0.17 0.29 0.42 0.55

�?*6 �6 /%>;-?%2 -% -D3 �u� 3@+BC>3 %: �?*6 � +:-3( ���� &+8, ?2	3<-?%2 %)-+?23& %2 + � �� *(?&. ;,?2* -D3 (%%- B3+2 ,v;+(3
C%t3( +43(+*3 C3(B3+)?>?-8 ?2 -D3 ,;)*(?& B3-D%&6



�N $6 '�7��'/$ 'y� /656 7��'y$ /01 �����

0 100 200 300 400 500 600 7000

5

10

15

x-velocity: 1E-09 1E-08 1E-07 1E-06 1E-05

�?*6 �6 �?23 ,<+>3 <%BC;-+-?%2 %: -D3 D%(?�%2-+> <%BC%232- %: -D3 -%-+> 43>%<?-8 +:-3( ���� &+8, ?2	3<-?%2 ?2 -D3 �u� 3@+BC>3
%: �?*6 �6

0 100 200 300 400 500 600 7000

5

10

15

x-velocity: 1E-09 1E-08 1E-07 1E-06 1E-05

�?*6 -6 9%BC;-+-?%2 %: -D3 D%(?�%2-+> <%BC%232- %: -D3 -%-+> 43>%<?-8 +:-3( ���� &+8, ?2	3<-?%2 ?2 -D3 �u� 3@+BC>3 %: �?*6 �.
<%BC;-3& %2 + � �� *(?& t?-D -D3 ,;)*(?& B3-D%&6

0 100 200 300 400 500 600 7000

5

10

15

x-velocity: 1E-09 1E-08 1E-07 1E-06 1E-05

�?*6 ��6 9%BC;-+-?%2 %: -D3 D%(?�%2-+> <%BC%232- %: -D3 -%-+> 43>%<?-8 +:-3( ���� &+8, ?2	3<-?%2 ?2 -D3 �u� 3@+BC>3 %: �?*6 �.
<%BC;-3& %2 + � �� *(?& t?-D -D3 (%%- B3+2 ,v;+(3 C%t3( +43(+*3 C3(B3+)?>?-8 ?2 -D3 ,;)*(?& B3-D%&6



/01 ����� ' $s�u/9'51 yE=1�A9'5 /E7��A� $19,yA�E1 ��� s'$1��5��� /A=E5'$A�y/ ��

K =   0.1 D
K =   1.0 D
K = 10.0 D

�?*6 ��6 03(B3+)?>?-8 x3>& :%( -D3 v;+(-3( x43u,C%- 2;B3(?<+> 3@+BC>36
$+)>3 �6 �+-+ :%( -D3 �u� v;+(-3( x43u,C%- 3@+BC>36
A2	3<-?%2 (+-3 ��� 775 t+-3(�&+80(%&;<-?%2 (+-3 ��� 775 -%-+> w;?&�&+8�?> 4?,<%,?-8. �� �6� <Cs+-3( 4?,<%,?-8. �� �6� <C�?> (3>+-?43 C3(B3+)?>?-8. C
� ���<� &����<��hs+-3( (3>+-?43 C3(B3+)?>?-8. C
� ��� &�<����<��h
A2?-?+> t+-3( ,+-;(+-?%2. � �6�0%(%,?-8. � �6�
'(3+> &?B32,?%2, ��� :- � ��� :-$D?<�23,, �� :-
A2?-?+> C(3,,;(3. � ���� C,?
9+C?>>+(8 C(3,,;(3. �	 23*>?*?)>3
*(+4?-8 23*>?*?)>3
(%<� <%BC(3,,?)?>?-8 23*>?*?)>3
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=+@6 � =+@6 � 7(3+�u 9;B6 775 %?>

9+,3 3((%( �C,?� 3((%( �C,?� -D(%;*D +- ���� &+8, � 3((%(
+- N�� &+8, +- ���� &+8, �&+8,� �?2 �����,��� ��� �?23 � � �-� N�6� �� �� /;)*(?& �6� �6- �-� N-6� �6�� �� /;)*(?& ��6� �N6� ��� ��6� �-6-� �� '4*6 � ��6� ��6N �N� ��6� �N6�� �� '4*6 � . %(&3( � ��6� N-6� �N� ��6� ��6�

$+)>3 �6 /?2*>3 ,-3C -?B?2* (3,;>-,. ?2 ,3<%2&,. :%( -D3
v;+(-3( x43u,C%- �u� 3@+BC>36

0(3,,;(3
9+,3 ,;)*(?& <%+(,3 <%+(,3 /+-;(+-?%2
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