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wf.R4oNH(0E#�<;#;#��B,�"uJ.0();#;#�%$&�%*WE

UT
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UT = 0; kRT k < �R N
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kRT k
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m _u = P(t) + r

I _w = � w ^ (I w) + M p(t) + M r

` 5Cm =�m7> e
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.)�<;8$h46EX!X()'<�<;�B,�o$h4A;#;#�o�%E"B�K (0*��%!XEX()�Jm
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` 5Cm =�mB;Je

¢|@A1,!vu I%!#�%!�.bKiI%N @A.01,EX()@A*Š�%*UE#�%$-+�;�B�46*�;".)�f'>4A;v*�@A*Cƒb!#I%uJ1,.0()�%!>=n.bKM46+,+,!#@H'#:��ˆ+n46!v.R4j$&I%EX:�@HB,�fBC(0E#�gB,�f™F(0$&�‹ƒ

;XE#�%+,+,(0*,uQ` +n4A;ˆwP+n4A;¡e9�<;XEo.R4P$-()�%1CGr4AB�46+,E#I<�Lž	.)�-B,I<'<@A1,+n46u �h�%*cE#�%$-+�;ˆ�<;XEdp,GCI-B,�j$h46*,()l%!#�346!XS,(0EX!D46(0!#�

�%EV*�@A*h*�I<'<�<;#;¡46(0!#�%$&�%*?E"'<@A*�;XED46*WE>mH{Ÿ4f$&I%EX:�@HB,���<;#E/'>46+n46S,.)�dB�K (0*?E#I%uJ!#�%!F.)�<;VI<q?1n46EX()@A*�;FBC1P$&@A1,N �%$&�%*?Ev461

'<@A1,!#;"B�K 1,*U+n4A;vB,�dE#�%$-+�;vB,@A*,*�IJmn]d46*�;v'<�f'>4A;>=C.bKi@A!#BC!#�fB,�o.bK (0*WE#I%uJ!D46E#�%1,!9�<;#E8*�I<'<�<;#;D46(0!#�%$&�%*?EvŽ”46(0S,.)�Jm

ƒ

Q �

ƒ



� �

�

��� � �

�

�W�
� �H��� � � �•� �~�	� 	,��� �Ÿ���3��� � � �
�
����� ���

2 � � �+2 � � �/�&��H ���:" ������� �)�OM�" � ����"- L��IJ,�� ���&� � �1H �&,�M �
�'�1�

 •*Y+,!#I<;#�%*�'<�dB,�d'#:�@H'<;8�%*?EX!#�d.)�<;V+n46!XEX()'%1,.)�<;ˆ` BC();D'<@A*?EX(0*?1,(0E#I<;��%*3NH(0E#�<;#;#�~e‹=H.)�<;FB,I%!X(0N I<�<;8B,@A(0N �%*?E��%EX!#�9(0*WE#�%!…ƒ

+,!#I%E#I<�<;9461L;#�%*�;"B,�<;"BC();XEX!X(0S,1,EX()@A*�;~mn{
�fB,I<'<@A1,+n46u �g�<;XEv4AB�46+,E#IˆwZ.bKiI%N @A.01,EX()@A*tB,�<;vI%N l%*��%$&�%*?E#;~m

�

�'�1� ��,��:� �N�������1 L�'
*�)�O L�'
�,��1�'
 ����� H'�1���&������M M��'


@

*t'<@A*�;X()B,l%!#�ˆB,�<;v+n4A;�B,�ˆE#�%$-+�; �

t i ; t i +1
�ŸB,�f.)@A*,uJ1��%1,!
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M(ui +1 � ui ) = h[(1 � � )Pi + � Pi +1 ] + hr i +1

qi +1 � qi = h[(1 � � )ui + � ui +1 ]
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RT = Rr
T + R ir

T

kUT k � 0; kR ir
T k = � (� )(RN + � 2cN [juN j]);

Rir
T

kR ir
T k

= �
UT

kUT k
;

kUT k = 0; kR ir
T k < � (� )(RN + � 2cN [juN j])
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� N (UN ; ~RN )

� T (UT ; ~RT )

` 5Cm =�m76�;Je

�<;XE8!#I<I<'%!X(0E�;#@A1�;8.R4ZŽ”@A!X$&�d$-(_GHE#�hž

8
>><

>>:

U � � U �
locf r ee � W �� hR � = 0

~R�
N � projR+ ( ~R�

N � � N U �
N ) = 0

~R�
T � proj (D �R �

N ) ( ~R�
T � � N U �

T ) = 0

` 5Cm =�m760A e

�”¥��Æ¥�� � �•œ �…� �Æž �Æž*• ���u� ���Æœ�›Ÿ� � Ÿ•• ���<� ���®œ'›Ÿ� � ��� 	�•[� � � �d�Tž��+� �ºœN� �aœ�� � •[�‹œtœ�ž@� ž��9œ�ž•œ

� � �
�q•Ìž����;žVž�� �¾)

{•4v$&I%EX:�@HB,�/B,�/!#I<;#@A.01,EX()@A*-�<;XE�'<@A$-$&�•+,!#I<'<I<B,�%$-$&�%*WE•B,�sE’•W+	�V46.0u @A!X(0EX:,$&�FB,�8[o461�;#;…ƒ„‡H�%()B,�%.C*�@A*Z.0(0*�I>46(0!#�

+n46!"S,.)@H'Jm

{•4c+,!X();#�\�%*z'<@A$-+,E#�LB,�\.bKM4ABC:�I%!#�%*�'<�ŠB�46*�;&.)�<;-+,!#@AS,.)l%$&�<;3B,�L'<@A*?ED4A'%EhŽ !#@AEXED46*WEh;#�Y!#I>46.0();#�Šwt.bKM46()B,�UB,�

'D:n46*,u �%$&�%*?EdB,�oNA46!X(R46S,.)�hž

~R = R + Radh; Radh
�<;XE81,*��oŽ @A!#'<�fB,�d!#I<;#();XED46*�'<�f;X1,+,+,.)I%$&�%*WED46(0!#�

:
` 5Cm =�m76J– e

4>N �<'J=

~RN = RN + RadhN
�%E

RadhN = � 2cN [juN j]
=

~RT = RT + RadhT
�%E

RadhT = � 2cT [juT j]

 •*Š�‹^	�<'%EX1n46*WEv1,*L'#:n46*,u �%$&�%*WE9B,�fNA46!X(R46S,.)�o+	@A1,!FŽb46(0!#�ˆ46+,+n46!D4 �)EX!#� ~R
ž

U � � U �
locf r ee � W �� h( ~R� � R�

adh) = 0
` 5Cm =�m =?— e

 •*ŠI<'%!X(0NA46*WE".R4jNH(0E#�<;#;#�d.)@H'>46.)�d.0(0S,!#�h` $&@WBC(_pnI<�f+n46!".R4-'<@A:�I<;X()@A*�eV+n46!gž

~U �
locf r ee = U �

locf r ee � W �� hR �
adh

` 5Cm =�m =

4

e

@

*ˆ@AS,EX()�%*WEŸ1,*g;X•H;#E#l%$&�sI<q?1,(0NJ46.)�%*?E�461ˆ+n46!D46uJ!D46+,:��d` 5Cm =�m76Cm S�e�qW1,(?;#�•!#I<;D@A1�Bo+n46!•1,*g46.0u @A!X(0EX$&�VB,�s•9� �8E#@A*Cƒ

u I%*�I%!D46.0();#IJm

ƒ

	��&2

ƒ



� ��� �

�

� �
� � �•�~� � �›�,� �n����� ���n����� �Ÿ���


 ���

Q Ž���� 
 � � �ÅŽ�� ’�•	��’”“ � ��’��º• � ��’��

{
�<;f$&I%EX:�@WB,�<;gB,�j!#I<;#@A.01,EX()@A* ;X+	I<'%(_pnq?1��<;g461CGt$h4�<<@A*,*��%!X()�<;gB,I%+O�%*�B,�%*WEgB,�j.bKiI<'#:��%.0.)�3'<@A*�;X()B,I%!#I<�Jm
k�(0*�;X(b=

.)�<;8!#I<;#1,.0ED46E#;"+	�%1,N �%*?E"*��o+n4A; �%EX!#�o+,!#I<'%();"@A1L$ �%$&�fB,�%N �%*,(0!9'<@A*?E#�<;XED46S,.)�<;~m

k .bKiI<'#:��%.0.)�ˆ$h4A'%!#@J;#'<@A+,()q?1��J=�'JKi�<;XE…ƒ’w€ƒ†BC(0!#�gwZ.bKiI<'D:��%.0.)�ˆB,�o.R4&;XEX!X1�'%EX1,!#�J=,.R4-B,�<;#'%!X(0+,EX()@A*U$&I<'>46*,()q?1��g�<;XE8uJ.)@6ƒ

Sn46.)�Jm�{•4U$h4�<<@A*,*��%!X()�\�<;XEj'<@A*�;X()B,I%!#I<�\'<@A$-$&�P1,*�$h46E#I%!X(R461 :�@A$&@Au l%*��Y�%Ej.bKi@ASC•…�<'%EX(_Ž9�<;XEZB,�PB,I‹p�*,(0!-1,*

'%!X(0E#l%!#�jB,�Z!X1,+,EX1,!#�j+O@A!XED46*WEf;X1,!dB,�<;�uJ!D46*�B,�%1,!#;f$h4A'%!#@J;#'<@A+,()q?1��<;~m�k '<�%EXE#�jI<'#:��%.0.)�J=	(0.•�‹GH();#E#�ˆEX!#@A();dE’•W+	�<;

B,�d$&@HB,I%.0();D46EX()@A*ŠB�K 1,*��ˆ;XEX!X1�'%EX1,!#�&ž

ƒgI%.R4A;#EX()q?1��U.0(0*�I>46(0!#�L();#@AEX!#@A+	� žs'<�%EXE#�U$&@WB,I%.0();¡46EX()@A*z*�I%uJ.0(0u �Š.bKM4A;X+O�<'%E3BC();#'<@A*?EX(0*W1 B,�U.R4c;XEX!X1�'%EX1,!#�JmV{
�<;

!#I<;X1,.0ED46E#;�;#@A*?E";D@A1,N �%*?E�'<@A*WE#�<;XED46S,.)�<;>=

ƒf.)�<;j$&@HB,l%.)�<;&B,�PE†•H+O�\•9™82Qm•TV�<;j$&@WB,l%.)�<;&;D@A*?E-Sn4A;#I<;-;X1,!&B,�<;j:W•W+	@AEX:�l<;#�<;jŽ”@A!X$ˆ1,.)I<�<;h+n46! ���%•H$h46*

` �9�%•W$h46*,*a`

4

–0808 eXe‹=
.)�<;ˆ:?•H+O@AEX:�l<;#�<;g1,EX(0.0();#I<�<;g;#@A*?Eg!#�<;XEX!X()'%EX(0N �<;g�%Eˆ.)�%1,!#;fŽ”@A!X$ˆ1,.R46EX()@A*�;g$h46EX:�I%$h46EX()q?1��<;

;#@A*WE�4A;#;#�%‚f'<@A$-+,.)�‹G,�<;>m

ƒ".)�-$&@HB,l%.)�&I%.R4A;XE#@6ƒb+,.R4A;#EX()q?1��Šž	+,!X();#�&�%* '<@A$-+,E#�&B,�&.bKM46*,();#@AEX!#@A+,()�h�%EfB,�-.bKi�%*�B,@A$-$h46u �%$&�%*WE&461r*,(0N �>461

B,�<;8(0*WE#�%!…Ž”4A'<�<;~m

��*��v!#�<'D:��%!#'#:��f�‹GC+	I%!X(0$&�%*?ED46.)�f�<;XEV*�I<'<�<;#;D46(0!#�9+	@A1,!8'<@A*,*n4 �)EX!#�d.)�<;V'>46!D4A'%E#I%!X();#EX()q?1��<;8$&I<'>46*,()qW1��<;8B,�<;V$h4€ƒ

E#I%!X(R461CGc�%$-+,.)@>• I<;>m•]d46*�;d.)�jB,@A$h46(0*��&B,�<;d$h4�<<@A*,*��%!X()�<;~=
B�46*�;o.)�<;#qW1��%.0.)�<;d.R4PBC();#'<@A*?EX(0*W1,(0E#I&+,:?•C;X()qW1��-�<;XE

I%NH()B,�%*?E#�J=�'<�<;8$&@WB,I%.0();¡46EX()@A*�;"$h4A'%!#@J;#'<@A+,()qW1��<;"*��f;D@A*?E"+n4A;v4AB�46+,E#I<�<;~m

k .bKiI<'#:��%.0.)�\$-()'%!#@J;D'<@A+,()q?1��J=/'JKi�<;XE…ƒ’w€ƒ†BC(0!#�Uwt.bKiI<'#:��%.0.)�ŠBC1 S,.)@W'J=s(0."�‹GH();XE#�\B,�%1CG}E†•H+	�<;&B,�Y$&@WB,I%.0();¡46EX()@A*�;>=

'<@A*WEX(0*?1��Z�%E"BC();#'%!#l%E#�&ž

ƒ�46+,+,!#@H'#:��-$h4A'%!#@A$&I<'>46*,()qW1���C€$-()'%!#@A$&I<'>46*,()qW1��\@��c.)�-$&@WB,l%.)�-'<@A*WEX(0*?1};#�ZSn4A;#�-;X1,!o.bK :�@A$&@Au I%*�I%();D46EX()@A*

+	I%!X()@WBC()qW1��Jm,TV�%EXE#�v:�@A$&@Au I%*�I%();D46EX()@A*\'<@A*�;X();#E#�9wˆB,I‹p�*,(0!V1,*379 •˜�` 7s@A.01,$&�d •.)I%$&�%*WED46(0!#�o˜v�%+,!#I<;#�%*WED46EX(_Ž‹e‹m

{
�d7d s˜��<;#E8!#�%+,!#I<;#�%*?ED46EX(_ŽsB,�<;F:�I%E#I%!#@Au I%*�I%(0E#I<;9B,�d.R4j;XEX!X1�'%EX1,!#�Jm,{sK (0*�'<@A*?N I%*,()�%*WE9�<;#E"B,�oB,I‹p�*,(0!"'<@A!X!#�<'%E#�‹ƒ

$&�%*WE".R4jED46(0.0.)�fBC1L7d s˜gm

ƒ•.)�v$&@WB,l%.)�vBC();#'%!#�%E/�<;XE•+n46!…Ž”46(0E#�%$&�%*WE84AB�46+,E#Iv+O@A1,!/;X(0$ˆ1,.)�%!V.)�"'<@A$-+	@A!XE#�%$&�%*?E8�%Es.bKiI%N @A.01,EX()@A*YBC•W*n46$-()qW1��

B�K 1,*Y�%*�;#�%$ˆS,.)�9B,�"+n46!XEX()'%1,.)�<;V!X(0uJ()B,�<;FB,�"ED46(0.0.)�<;VBC(_^�I%!#�%*?E#�<;>=,4<•?46*WEF1,*��"u I<@A$&I%EX!X()�d'<@A*?N �‹G,�v(0*WE#I%!D46uJ();#;D46*WE

+n46!v'<@A*WED4A'%E>m

]o46*�;-1,*��\$h4�<<@A*,*��%!X()�J=•.R45B,I%E#�<'%EX()@A*›B,�<;&'<@A*WED4A'%E#;h�<;XE-EX!#l<;&(0$-+O@A!XED46*WE#�<;3�%* NH1��\B,�Y.R45$&@HB,I%.0();D46EX()@A*

B,�<;F(0*WE#�%!D4A'%EX()@A*�;"+	@A*�'%EX1��%.0.)�<;>=,.0(0*�I>46(0!#�<;"@A1\+,.R46*��<;>mC •*L�‹^��%E>=,'<�%EXE#�oB,I%E#�<'%EX()@A*U'<@A*�BC(0EX()@A*,*��o.R4jqW1n46.0(0E#IoBC1

'>46.)'%1,.•B,�ˆ;XED46S,(0.0(0E#IfB,�<;";XEX!X1�'%EX1,!#�<;~m

]o46*�;9.)�ˆ'D:n46+,(0EX!#�-;X1,(0NA46*WE>=�@A*t+,!#@A+	@J;#�ˆ1,*t*�@A1,N �%.•46.0u @A!X(0EX:,$&�-B,�gB,I%E#�<'%EX()@A*cB,�<;9'<@A*?ED4A'%E#;>=O(0$-+,.)I%$&�%*?E#I

B�46*�;•.)�v'<@WB,�8B,�"'>46.)'%1,.�{
25[ˆTF–J—CmWTV�8*�@A1,N �%.�46.0u @A!X(0EX:,$&�v+,!#�%*�B&�%*&'<@A$-+,E#�"E#@A1,E#�<;•.)�<;•;X+OI<'%(_pn'%(0E#I<;/B�K 1,*��

$h4�<<@A*,*��%!X()�Jm

ƒ

	��

£Yƒ



���

�����
����� � ��� � ��� � �

�

�����Ÿ�

�

���	� �•� � � �
�z� � �

�

�?� �~�n� �
�
� ���
� � �
�
�n���
�

ƒ

	�� �

ƒ



� �������	��

� �

�

�

� � ���•� � � � � � ����� ���›����� � � ��� � � � �

�

�›���

�

�

� �

�

��� � � � � ��� ������� � � � �

�

����� �����

�–� ����� � ���•� ��� � ��� �

���

� � � ���������


��������‹› •'ž

9˜��� �Ž2�#"-<g��4-0g£*3#"!6c€ "!7!I*,1z•€-R*3•@1E "!$'({[•</�)€)€#u "! �.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� ���	i

XP;=:<;=: �rL[?,wK\uL[?3AoCRwKZ0Y<HmJ=Dm¤[B7?3A«v	Y0LPHowKC7nNFIDm?,klDmJKY0O nN?3A…klY<O<DQC0klDGA ;T;U;T;V;T;U;T;T;U;T;U;�:'�0§

XP;=:<; W � v[v[HGY"kQ¤P?UkQ¤PY0J]AŸJK?�;V;T;U;T;T;U;T;U;T;U;T;V;T;T;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:0:

9˜�b8 yU1z#<›Qcd#u*, "-0*,g&/	)–cd "!$-</�)+*3{[-R*3!��7�6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� ���[8

9˜�]9 “ #u*, "-0*,g&/	)Âe��4)€ +e
c€ "!$-0/	)+*,{[-0*,!5!,2�#"-0g��€šŽ•€  {[• �©'({[•</�)€)€ <1Eg� u!��6�.�6�.�6�6� ���N9

XP; XP;=: 	 J]Am?T?IO
v[wKC<kl?TnŽ‰ L[Opv[w]CRO AŸF,vPCRHQCEDG?IL[H�vPC0H�wKC7B7FlDG¤[YNnN?œnN?‹ª«L[OPnPCRwKw³;T;T;U;T;U;�:<:,X

XP; XP; W � w=Z<Y0HGJtDG¤[B7?Vv	Y0LPHov�YuAŸJ=DmJKY0O[OP?IHowK?Tv[wKC0O
AmFIv�CRHQCEDm?,L[H|;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:I‡

XP; XP; W[; C ½¾OPJtDGJKC0w=J]AmCRDmJKY0O ;T;T;U;T;U;T;U;T;V;T;T;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:I‡

XP; XP; W[; µ ª±C0wKkIL[w˜nN?3AonNJKAŸDGC0OPkl?3AonN?,A AŸY<B6B7?IDGA ;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:I‡

XP; XP; W[; k 	™JKAm?U?IOpv[w]C0kl?TnN?Uv	?IHmDmL[HGµPCRDmJKY0OPA ;T;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:3•

XP; XP; W[; n �dHQCROPAmwKCRDmJKY0O
nNL v	Y0JKOuD nN?THGFl¿£FIHG?IO�kl? ;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:zx

XP; XP; W[; ? � w=Z<Y0HGJtDG¤[B7?TnN?Uv�YuAŸJ=DmJKY0O[OP?IB7?IOuD nNLpv[w]CROpAŸF,vPCRHQCEDG?IL[H ;T;U;T;T;U;T;U;�:<:,¸

XP; XP; X ˆ·HGYRÁ­?3k•DGJ=Y<O
nN?3AoAŸY<B7B6?IDGA…AmL[HowK?Uv[wKC0O AŸF,vPCRHQCEDG?IL[H ;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:,§

XP; XP; XP; C ª«Y<OuDGC0klD�•VÁ­Y<J=OuDo`"Jt¿p;T;U;T;U;T;V;T;T;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:<:,§

XP; XP; XP; µ ª«Y<OuDGC0klD�•VÁ­Y<J=OuD…nN?TB7Y0HmDmJK?IH ;V;T;T;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:zW0W

9˜�Kƒ �‹{P%&-0•€%�cd  %Ÿ„= ")+—� "%�/P2€2� p-0/	)+—� �˜ �.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� �N8Pƒ

XP; ‡�;=: 	 FIDm¤[YNnN?TL[DmJKw=J]AŸF,?Tv�Y<L[HowK?œkICRw]klLPw˜nN?Uw�‰ ?IO"`0?,w=Y<v[v	?UkIY0O"`0?IMN? ;U;T;V;T;U;T;T;U;T;U;�:zWE‡

XP; ‡�; W qrFlDG?IHGB6JKOPCRDmJKY0O nN?UwKC
	,Y0O[?TnN?UHG?,kIY0L[`"HG?IB7?IOuDr;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:zWR_

9˜�b’ �
�Ž2�/	%&/��	g& pcd "!$!3g£*3•d{N*3g&/	)d!6c€ ™-0/	)+*,{[-0*,!��6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� �N8 �

9˜�]i �71Eg��	g&)€{[%&g&*,# c€ ”%�{ '~/˜cd#"%�g&!3{N*,g�/�)~2d1E/�2�/�!3#"   u*5 ��˜ "' 24%& "!6c�„K{N2€2€%�g&-0{[*,g&/	)†c€ 

%­„={P%��	/P1Eg£*'�d'~ ��¢cd "!7!,*I1E•d-0*,•d1E u!71E#" "%&%� u!6 ")†9P“ �.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� �N8�‚

XP; _P;=: !uDGHmL�k•DmLPHm?3A�HmF,?IwKw=?3Ao•.Z<HGC0OPn O[Y0B.µ[Hm?UnN?Tµ[wKYNkIAo;U;T;U;T;U;T;T;U;T;V;T;U;T;T;U;T;U;�:zWR§

XP; _P; W !uDGHmL�k•DmLPHm?3A�HmF,?IwKw=?3A�v[HmF3klY<O<DGHGC0J=OuDG?,Ar¯[?,AGkIC0w=JK?IHoŒoJ]nNY0w�� ?lD kIY0L[v	°0wK?TnN?��0L[O�C0A ;U;�:3X<W

XP; _P; X !uDGHmL�k•DmLPHm?œC<kIC0n[FIB7JK\uL[?VJKB6vPw=J]\uLPCROuD…L[O[?TF,vPCRJ]AGAŸ?,L[HonN?±Á­Y0JKO<D³;T;V;T;U;T;T;U;T;U;�:3X0_

9˜�bº �‹/	)€-0%&•€!3g&/	) �6�.�6�.�6�6�.�6�.�7�6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6�.�6�.�6�6� �"9+º

ƒ

	����

ƒ



���

�����
����� �
��� � � � ���R�

�

�����Ÿ���

�

�	�n����� � � �•���3� � ��� �	�O��� � �|�
� �W��� �

�

� �

�

�����
���

�

�

��� �?�
	��������•� �

�

�	���C�
�	�
�

�

� �•�n�3��� � � �
�
����� ���

{•4ˆB,I%E#�<'%EX()@A*PB,�<;V'<@A*?ED4A'%E#;V�%*?EX!#�9B,�%1CGh'<@A!X+�;V�<;XEs(0$-+	@A!XED46*?E#�9+O@A1,!V4A;#;X1,!#�%!•.R4ˆ;XED46S,(0.0(0E#I"$&I<'>46*,()qW1��9B,�".R4

$h4�<<@A*,*��%!X()�Jm ‘’.,�<;XE•B,@A*�'F(0*�BC();X+	�%*�;D46S,.)�8q?1��F.bKM46.0u @A!X(0EX:,$&�vB,I%E#�<'%E#�FS,()�%*-.)�<;�$-(0.0.0()�%!#;sB,�8'<@A*?ED4A'%E#;s�‹GC();XED46*WE#;

B�46*�;91,*��Z;XEX!X1�'%EX1,!#�j'<@A$-+,.)l%E#�Z'<@A$-$&�j'JKi�<;XE9.)�Z'>4A;�+n46!d�‹G,�%$-+,.)�g+	@A1,!9.)�ˆ+	@A*?Ed�J1,.0()�%*
m
TV�%EXE#�j;XEX!X1�'%EX1,!#�

'<@A$-+	@A!XE#�o1,*LuJ!D46*�B\*�@A$gS,!#�ˆB,�dS,.)@H'<;"�%Ev;D4ZE#�%*W1��f�<;XEvB,I%$&@A*WEX!#I<�ˆB,�%+,1,();�B,�<;";X()l<'%.)�<;>m

{
�•S,1,EŸB,�/'<�s'#:n46+,(0EX!#�F�<;XE•B,�•+,!#I<;#�%*?E#�%!|1,*ˆ*�@A1,N �%.C46.0u @A!X(0EX:,$&�FB,�sB,I%E#�<'%EX()@A*ZB,�<;|'<@A*?ED4A'%E#;��%*WEX!#�s+	@A.0• l<BC!#�<;

'<@A*WN �‹GC�<;Ÿ!X(0uJ()B,�<;•EX!X(_ƒ†BC(0$&�%*�;#()@A*,*��%.);�4AB�46+,E#IV461CGf;XEX!X1�'%EX1,!#�<;•$h4�<<@A*,*�I<�<;|�%*ˆuJ!D46*�BZ46+,+n46!#�%(0.b=>$&@A*WE#I<�<;�4>N �<'

BC1P.0(R46*?E"@A1\w8•X@A(0*?E#;FNH(_Ž”;>m?‘’.�+	�%!X$&�%E8B,��B,I%E#�%!X$-(0*��%!";~K (0.�•34g'<@A*?ED4A'%E"�%*WEX!#�oB,�%1CG3'<@A!X+�;F�%E8B�46*�;V'<�9'>4A;8B,�

B,@A*,*��%!"B,�<;F(0*CŽ”@A!X$h46EX()@A*�;8*�I<'<�<;#;D46(0!#�<;8�%E8;X1C‰h;¡46$-$&�%*?E"+,!#I<'%();#�<;"4€p�*\B,�d+	@A1,N @A(0!F!#I<;#@A1�BC!#�d.)�9+,!#@AS,.)l%$&�Jm

TV�<;8(0*CŽ”@A!X$h46EX()@A*�;9;#@A*?Efž

ƒs.)�<;"'<@H@A!#B,@A*,*�I<�<;9B�46*�;8.bKi�<;X+n4A'<�fB,�oEX!D4>NA46(0.ŸBC1L@A1UB,�<;8+	@A(0*?E#;vB,�o'<@A*WED4A'%E#;>=

ƒs.)�o!#�%+	l%!#�d.)@H'>46.•B,�o'<@A*?ED4A'%E>m

]jK 1,*c+	@A(0*?EˆB,�jNH1��ju I<@A$&I%EX!X()q?1��J=•.)�<;f'<@A*?ED4A'%E#;g;#@A*?Ef�<;D;#�%*?EX()�%.0.)�%$&�%*WEZB,�jE’•W+	�ZŽ”4A'<��C~Žb4A'<�-�%Eg46!#l%E#��C~Žb4A'<�Jm

TV�%!XED46(0*��<;�;XEX!X1�'%EX1,!#�<;|+	�%1,N �%*?E|*�I>46*,$&@A(0*�;Ÿ+,!#I<;D�%*?E#�%!�B,�<;Ÿ'<@A*WED4A'%E#;|B,�/E†•H+	�/46!#l%E#��CA46!#l%E#�F�%E|46!#l%E#��C~Žb4A'<�/qW1��

.)�d*�@A1,N �%.Ÿ46.0u @A!X(0EX:,$&�g�<;XE"'>46+n46S,.)�ˆB,�du I%!#�%!>mnkv+,!#l<;v4>N @A(0!v'<@A$-+n46!#If.)�<;vBC(_^	I%!#�%*WE#;�46.0u @A!X(0EX:,$&�<;v�‹GC();XED46*WE#;

�%Eo!#�%E#�%*W1�'<�%!XED46(0*�;ˆB,�j.)�%1,!#;Z4<NJ46*?ED46u �<;>=Ÿ@A*r;#I%.)�<'%EX()@A*,*��h'<�%!XED46(0*�;g;#@A$-$&�%E#;fB,�<;o+	@A.0• l<BC!#�<;ˆ�%*cNH();…ƒ’w€ƒbNH();>m

@

*c�‹^��<'%EX1��Z�%*�;#1,(0E#�j1,*��g+,!#@6•X�<'%EX()@A*c+n46!XEX()'%1,.0()l%!#�-B,�j'<�<;o;#@A$-$&�%E#;o;X1,!9.)�Z+,.R46*5B,�j'<@A*WED4A'%E>=
B,�gŽ”4�<<@A*rw

@AS,E#�%*,(0!".)�<;"*�@W�%1�B,;�B,�o'<@A*?ED4A'%E#;>m

@

*L+,!#I<;D�%*?E#�%!D4-.bKM46+,+,.0()'>46EX()@A*tB,�o'<�%E�46.0u @A!X(0EX:,$&�ˆ;#1,!8EX!#@A();v;XEX!X1�'%EX1,!#�<;v!#I<�%.0.)�<;8$h4�<<@A*,*�I<�<;��%E81,*Š'>4A;v4A'>4€ƒ

B,I%$-()qW1��Jm

� ���

b � ��� ����� � •���� �‚’�� �••y“ � �º• �‚“=’�� �
����Ž�� ���®’��

]o46*�;&.)�U'>4ABC!#�LB,�<;&$h4�<<@A*,*��%!X()�<;>=VqW1��%."q?1��L;D@A(0E&.)�\E†•H+	�LB�KM46+,+n46!#�%(0.Z` 7•46!#l%*��Q`

4

–J–05 eXej1,EX(0.0();#IŠB�46*�;&.R4

'<@A*�;XEX!X1�'%EX()@A*
=�.)�<;Z+	@A(0*?E#;-B,�Y'<@A*?ED4A'%E#;h�%*?EX!#�Y.)�<;ZS,.)@W'<;j;#@A*WE-+O@J;#(0EX()@A*,*�I<;ZBC(_^�I%!#�%$-$&�%*?E3;X1,(0NA46*WE-q?1��P.)�

'<@A*WED4A'%Ej�<;#EZB,�3E†•H+O�hŽb4A'<��C~Ž”4A'<�Y@A1 46!#l%E#��C~Ž”4A'<�Jm�{
�Y'#:�@A(_GQB,�<;g.0()�%1CGQB,�3'<@A*WED4A'%E#;-B,�%NW()�%*WEjBC(_‰h'%(0.)�\�%EZ.)�

'>46.)'%1,.�B,�<;V(0*?E#�%!D4A'%EX()@A*�;";D��'<@A$-+,.0()qW1��d�%*P!D46();D@A*PBC1Y*�@A$ˆS,!#�oB,��.0(R46();#@A*�;F*��%EXE#�%$&�%*WE8+,.01�;/(0$-+	@A!XED46*?E"qW1��

+n46!o�‹G,�%$-+,.)�ZB�46*�;9.)�<;d$-(0.0()�%1CGtuJ!D46*?1,.R46(0!#�<;f;X+,:�I%!X()qW1��<;d@A1cB,�ˆŽ”@A!X$&�<;9(0!X!#I%uJ1,.0()l%!#�<;o+,!#I<;#�%*WED46*?EfB,�Z*�@A$jƒ

S,!#�%1�;#�<;gŽb4A'<�%EXE#�<;L` '>4A;jBC1�Sn46.0.R4A;XE¡e‹m�‘’.V�‹GC();XE#�3EX!#@A();j'>46E#I%u @A!X()�<;-+,!X(0*�'%(0+n46.)�<;-B�KM46.0u @A!X(0EX:,$&�<;&B,�PB,I%E#�<'%EX()@A*

B,�<;9'<@A*?ED4A'%E#;jžn�%*t!#@AS	@AEX()q?1��J=��%*Š$&I<'>46*,()qW1��gB,�<;�!#@H'#:��<;d�%E�B�46*�;�.)�<;v$&@HB,l%.)�<;�*?1,$&I%!X()qW1��<;dSn4A;#I<;�;#1,!v.R4

$&I%EX:�@HB,�f•o‡,TV]Zm

�
xF�>461�'<@A1,+yB,�PEX!D4<NJ461CG}@A*WE&I%E#IP+,1,S,.0()I<;&;X1,!j.)�<;-46.0u @A!X(0EX:,$&�<;hB�46*�;j.)�YB,@A$h46(0*��\B,�P.R4U!#@AS	@AEX()qW1��

@A1\B,�9.R4Z!#I>46.0(0E#I9NW(0!XEX1��%.0.)�&` {�(0*L�%EvTF46*,*W•5`

4

–J–

4

e‹=C7•46*L]d�%*\xF�%!Xu �%* `

4

–J–J– e‹=,{�(��%E846.bm�` 5J—J—06 e‹=n[9(0.0S	�%!XE"�%E

�9@A*,ur`

4

–0AJ– e‹=Ÿ‡H�%uJ1,!D4Y�%EfŒ��%(0E#@r`

4

–J–0A e‹=•[o46!#'%(R4€ƒ†k�.)@A*�;#@\�%Eˆ46.bms`

4

–J–1=We‹=•[9(0.0S	�%!XEo�%Eˆ46.bms`

4

–0A0A e‹=���1c�%Eˆ46.bm

` 5J—J—0> e‹=H]d�<q?1,()BCEV�%EV46.bm�` 5J—J—06 eXe‹mH{
�v+,!X(0*�'%(0+O��'<@A*�;X();XE#�v�%*3.R4fB,I%E#�<'%EX()@A*YB,�".R4ˆ'<@A.0.0();X()@A*3�%*WEX!#��B,�%1CGh@ASC•X�%E#;>m

{sK 1,EX(0.0();¡46EX()@A*YB,��'<�"E’•W+	�vB�KM46.0u @A!X(0EX:,$&�9*
KM4ABC$&�%EFq?1
K 1,*P*�@A$ˆS,!#�9B�Ki@ASC•…�%E#;V!#�<;XEX!#�%(0*WE>=WqW1��%.)qW1��<;/BC(0‚~46(0*��<;F�%E

EX!#l<;FŽb4A'<I%EX();#I<;>m

�
T/1,*�B�46.0.VB,I%N �%.)@A+,+	�P.R4\+,!#�%$-()l%!#�P$&I%EX:�@WB,�3*?1,$&I%!X()qW1��YB,I<BC()I<�PwL.R4U;#(0$ˆ1,.R46EX()@A* B,�<;ˆ$-(0.0()�%1CGQBC();…ƒ

'%!#�%E#;d4€p�*UB,�fEX!D46(0E#�%!dB,�<;"+,!#@AS,.)l%$&�<;9B,�f.R4&$&I<'>46*,()q?1��gB,�<;"!#@H'#:��<;j`bT/1,*�B�46.0.F`

4

–�;

4

e‹=�T/1,*�B�46.0.Ÿ�%Eo‡WEX!D4A'#•

`

4

–0A06 e‹=	T/1,*�B�46.0.Ÿ�%E"{
�%$&@J;j`

4

–J–J— eXe‹mn‘’.�$&�%Ev�%*L+,.R4A'<�o1,*t46.0u @A!X(0EX:,$&�ˆ+	@A1,!"B,�<;"!#@H'#:��<;��%*UB,�%1CGL@A1LEX!#@A();

BC(0$&�%*�;X()@A*�;f` �9]d /T›�%E 6A]9 VT�` �946!XEo`

4

–J–

4

eXeXe‹m,{
�9+,!X(0*�'%(0+O�o'<@A*�;#();XE#�owf+	@J;X(0EX()@A*,*��%!81,*P+,.R46*L;#I%+n46!D46E#�%1,!

�%*WEX!#�&B,�%1CGŠ+	@A.0• l<BC!#�<;fB,�ZŽb4�<<@A*cwP$h4€GC(0$-();#�%!o.bK (0*WE#�%!#;XEX()'<�J= 9‹u?46+�9A=��%*?EX!#�&.)�<;oB,�%1CGŠS,.)@H'<;o�%* 46+,+,.0()q?1n46*WE

B,�<;8+	�%!XEX1,!XSn46EX()@A*�;>m

TV�%+	�%*�B�46*?E>=�.R4jEX!D46*�;X$-();#;#()@A*UB,�<;8Ž”@A!#'<�<;�461L*,(0N �>461tBC1U'<@A*?ED4A'%Ed�<;XE"!#I>46.0();DI<�f;#�%1,.)�%$&�%*?Ed;X1,!"1,*U+O@A(0*WE�B,�

'<@A*WED4A'%E94<N �<'f1,*UI%N �%*?EX1��%.|'<@A1,+,.)���,(0.•�<;XEv46.)@A!#;"BC(_‰h'%(0.)�gB,�oB,I‹p�*,(0!�'<@A!X!#�<'%E#�%$&�%*WE�'<�f'<@A1,+,.)�Jm

ƒ

	���P

ƒ



�
� ����� �

�

�O���C�
�	�
�

�

� �Ÿ���&�>�����
�O� �•�����U��� � � �
�

�

���

�
‡C461�;#;X(0*��

&
46.3`b‡C461�;D;X(0*��y` 5J—J—1=We‹=�‡C461�;#;X(0*�� �%EU46.bmf` 5J—J—1=WeXeY@A*?EUB,I%N �%.)@A+,+	Ic1,* 46.0u @A!X(0EX:,$&��B,�

B,I%E#�<'%EX()@A*tB,�<;"'<@A*?ED4A'%E#;�Sn4A;#If;X1,!8.bK (0*WE#�%!#;#�<'%EX()@A*5B,�<;"S,.)@H'<;>m,{
�f;X•C;XE#l%$&�fB,�dEX!X(Ÿ�%E".)�f'#:�@A(_GLB,�<;v+O@A(0*WE#;vB,�

'<@A*WED4A'%E#;VqW1
K (0.);/1,EX(0.0();#�%*?E8�%*?EX!#��+	@A.0• l<BC!#�<;V'<@A*WN �‹GC�<;/Ž”@A*�'%EX()@A*,*��v!#�%.R46EX(0N �%$&�%*WEFS,()�%*PqW1n46*�B3@A*P�<;XE/�%*3+,!#I‹ƒ

;#�%*�'<�ZB�KM46*,uJ.)�<;9NW(_Ž”;g` �<;D;#�%*?EX()�%.0.)�%$&�%*WEf'<@A*?ED4A'%E#;oB,�fE’•W+	�Z;#@A$-$&�%E C~Ž”4A'<�Z�%E�;D@A$-$&�%E C6;#@A$-$&�%E¡e‹m�‘†.|'<@A*,*n46(0E

'<�%+	�%*�B�46*?EfqW1��%.)q?1��<;dBC(_‰h'%1,.0E#I<;fqW1n46*�B5@A*c�<;XE9�%*5+,!#I<;#�%*�'<�jB,�j'<@A*?ED4A'%E#;ˆB,�gE’•W+	�ˆŽ”4A'<��C~Žb4A'<�Z+O@A.0•Hu @A*n46.)�

`”46+,+n46!#�%(0.Ÿ!#I%uJ1,.0()�%!v�%*L$h4�<<@A*,*��%!X()�~e‹m

{
�<;P$&@A*W1,$&�%*?E#;LI%EX1�BC()I<;PN @A*?EYB,�<;Y;XEX!X1�'%EX1,!#�<;Y�%*z+,()�%!X!#�<;P$h4A;#;X(0N �<;~=/'>4A;PBC1 ;#(0$-+,.)�t46+,+n46!#�%(0.9!#I‹ƒ

uJ1,.0()�%!U` $g1,!¡eZ@A1Q(0!X!#I%uJ1,.0()�%!t` ¢Ÿ@A*WEhBC1z[o46!#B�=s46$-+,:,(0EX:�I>š6EX!#�<;¡e‹=•461CG};XEX!X1�'%EX1,!#�<;-$-(_GCE#�<;j+,!#I<;#�%*?ED46*WEhB,�<;

4A;#;D@W'%(R46EX()@A*�;8S	I%E#@A*Cƒb+,()�%!X!#�J=�+,()�%!X!#�‹ƒb+,!#I<'<@A*WEX!D46(0*?E#�Jm

{
�<;9u I<@A$&I%EX!X()�<;>=�;D@A1,N �%*?E*9‹*�@A*Cƒb+n46!…Ž”46(0E#�<;:9j'>46!9+,!#I<;D�%*?ED46*?EfB,�<;9(0!X!#I%uJ1,.R46!X(0E#I<;fB,�Z;X1,!…Žb4A'<�J=	;#@A*?E9+,!X();#�<;o�%*

'<@A$-+,E#�V+n46!|1,*��/�%*WN �%.)@A+,+O� 6A] !#I%uJ1,.0()l%!#�F�%*,uJ.)@ASn46*?E#�f` N @A(0!Ÿp�uJ1,!#� 6Cm

4

e‹m€{•�<;|B,I‹Žb461,E#;|$h4A'%!#@6ƒbu I<@A$&I%EX!X()q?1��<;

B,�d+	@J;X(0EX()@A*\;#@A*?E8+,!X();8�%*L'<@A$-+,E#�oB�46*�;".R4fŽb4A'<I%EX();D46EX()@A*UB,�<;FS,.)@H'<;F+n46!"B,�<;F+,.R46*�;F$&@>• �%*�;��%EF.)�<;F(0!X!#I%uJ1,.R4€ƒ

!X(0E#I<;"B,�ˆ;X1,!…Ž”4A'<�J=�w-+O�%EX(0E#�oI<'D:��%.0.)�J=�461L$&@~• �%*ŠB,�d.R4j.)@A(
B,�f'<@A*WED4A'%E��%*WEX!#�dŽ”4A'<�<;vB,�oS,.)@W'<;~m

�

��� �

6Cm

4 �

 •*WN �%.)@A+,+O�ˆ!#I%uJ1,.0()l%!#�ˆB�K 1,*LS,.)@H'

‘’!X!#I%uJ1,.R46!X(0E#IˆB,�o;X1,!…Žb4A'<�

 •*?N �%.)@A+,+	�Z�%*,uJ.)@ASn46*?E#�

xV.)@H'd!#I%uJ1,.0()�%!

@

*L+,!#I<;D�%*?E#�fB,�%1CGL;XEX!X1�'%EX1,!#�<;v!#I<�%.0.)�<;8+O@A1,!v(0.0.01�;XEX!#�%!vB,�%1CG\'>4A;"B,�f'<@A*?ED4A'%E#;��%*?EX!#�ˆS,.)@W'<;fž

�
.R4Up�uJ1,!#��6Cm75C=Ÿ!#�%+,!#I<;D�%*?ED46*?Eh.)�<;&46!#l%*��<;-B,�3• �)$&�<;>=|$&@A*?EX!#�Y1,* '<@A*?ED4A'%Ehwh•X@A(0*?E-B,�P$&@A!XEX()�%!L` �%*Cƒ

'>4ABC!#If;#1,!8.R4j+,:�@AE#@?e‹m

ƒ

	�� �

ƒ



���

�����
����� �
��� � � � ���R�

�

�����Ÿ���

�

�	�n����� � � �•���3� � ��� �	�O��� � �|�
� �W��� �

�

� �

�

�����
���

�

�

��� �?�
	��������•� �

�

�	���C�
�	�
�

�

� �•�n�3��� � � �
�
����� ���

�

��� �

6Cm75

�

TF4A;vB�K 1,*U'<@A*WED4A'%E9w�•X@A(0*?EvB,�d$&@A!XEX()�%!

�
.R49p�uJ1,!#� 6Cm76C= !#�%+,!#I<;#�%*WED46*?EV.)�"+	@A*?E•BC1\[o46!#B�= $&@A*WEX!#�"1,*P'<@A*?ED4A'%E8wV•…@A(0*WE•NH(_Ž	;#1,!s.)�"uJ!D46*�BP46+,+n46!#�%(0.

` �%*�'>4ABC!#Ig;X1,!8.R4Z+,:�@AE#@?e‹m

�

��� �

6Cm76

�

TF4A;"B�K 1,*U'<@A*WED4A'%E9w9•X@A(0*?E"NH(_Ž

{•4ˆBC(_‰h'%1,.0E#I9+O@A1,!/$&@WB,I%.0();#�%!FB,�"E#�%.0.)�<;V;XEX!X1�'%EX1,!#�<;F�%*h$h4�<<@A*,*��%!X()�9!#I<;X()B,��B�46*�;•.bKi@AS,E#�%*WEX()@A*LB�K 1,*h*�@A$gS,!#�

B,�/+O@A(0*WE#;�B,�•'<@A*?ED4A'%E#;s4AB�46+,E#IF�%EŸ+,!#�%*n46*?Es�%*g'<@A$-+,E#�V.)�<;|;X+	I<'%(_pn'%(0E#I<;|BC1Z+,!#@AS,.)l%$&�F'JKi�<;XE…ƒ’w€ƒ†BC(0!#�V.)�•'<@A*WED4A'%E

B,�dE’•W+	�dŽb4A'<��C~Ž”4A'<�J=�'<@A$-$&�ˆ;#'#:�I%$h46EX();#Ig;X1,!8.R4gp�uJ1,!#� 6Cm =�m

ƒ

	��

�Yƒ



�
� ����� �

�

�O���C�
�	�
�

�

� �Ÿ���&�>�����
�O� �•�����U��� � � �
�

�

���

�

��� �

6Cm =

�

‡H'D:�I%$h46EX();D46EX()@A*ŠBC1-•X@A(0*?E�;#�<'o�%EvBC1j•X@A(0*?Ev�%*L+,!#I<;D�%*�'<�fB,�d$&@A!XEX()�%!

TV@A*WED4A'%E9w�•X@A(0*?E"NH(_Ž TV@A*WED4A'%E9w�•X@A(0*?EvB,�o$&@A!XEX()�%!

¢|@A.0• l<BC!#�ˆk�*?ED46u @A*,();XE#� ¢Ÿ@A.0• l<BC!#�Zk�*?ED46u @A*,();XE#�

¢|@A.0• l<BC!#�ZTF46*�BC()B�46E ¢|@A.0• l<BC!#�ZTF46*�BC()B�46E

 •+n46();#;D�%1,!vBC1\$&@A!XEX()�%!

9J`

4

e 9 9J` 5 e 9 9J` 6 e 9 9J`�=We 9

9J`

4

e 9

9J` 5 e 9

9J` 6 e 9

9J`�=We 9

‡W1,!…Žb4A'<�o!#I%uJ1,.0()l%!#�

‡W1,!…Žb4A'<�o(0!X!#I%uJ1,.0()l%!#�

‡W1,!…Ž”4A'<�o!#I%uJ1,.0()l%!#�

‡W1,!…Ž”4A'<�o(0!X!#I%uJ1,.0()l%!#�

TV@A*WED4A'%E 9%kv“h�%1,!D46*?E�9

TV@A*?ED4A'%E 9‹(0*?E#�%!X+	�%*��%EX!#Iˆ@A1L*�@A*�9

9%•9@A*Cƒ†'<@A*?ED4A'%E�9

9%•9@A*Cƒ†'<@A*?ED4A'%E�9

TV@A*WEX!D46(0!#�%$&�%*?EZ461c'>4A;oB�K 1,*r'<@A*WED4A'%Eˆwf•X@A(0*?EfB,�Z$&@A!XEX()�%!>=	+	@A1,!d.)�Z'<@A*WED4A'%Egwˆ•…@A(0*WEdNW(_ŽX=O.)�g+	@A.0• l<BC!#�-46*Cƒ

ED46u @A*,();XE#�-�<;#E�+	@J;#IZBC(0!#�<'%E#�%$&�%*?Eˆ;X1,!d.)�Z+	@>•H.)l<BC!#�Z'>46*�BC()B�46E>m�{Ÿ43BC();#ED46*�'<�-�%*?EX!#�j.)�<;d;X1,!…Žb4A'<�<;9B,�j'<@A*WED4A'%E

.)�<;9+,.01�;9+,!#@W'D:��<;o�<;XEo46.)@A!#;d*?1,.0.)�j'<�jq?1,(|*
Ki�<;XEd+n4A;9.)�g'>4A;dB�46*�;d.R4h+,!#�%$-()l%!#�-;X(0$ˆ1,.R46EX()@A*r@��t(0.|Ž”461,E9E#�%*,(0!

'<@A$-+,E#�fB,�f.bKiI%+n46();#;#�%1,!vBC1\$&@A!XEX()�%!>m

@

*L�‹GC+O@J;D�%!D4C=HB�46*�;F.R4Z;X1,(0E#�J=,qW1��%.)qW1��<;8�‹GC�%$-+,.)�<;"B�KM46.0u @A!X(0EX:,$&�<;�B,�dB,I%E#�<'%EX()@A*UB,�<;8'<@A*?ED4A'%E#;>m,¢s.01�;8+,!#I<'%(_ƒ

;#I%$&�%*WEv�%*L$&@A*WEX!D46*?E9.)�%1,!#;"'>46+n4A'%(0E#I<;�wj$&@HB,I%.0();#�%!"B,�oE#�%.0.)�<;v;XEX!X1�'%EX1,!#�<;v;#�%!#@A*WE�I%EX1�BC()I<�<;>m

�”¥

�

¥

�

& ��ž ��� ��ž��(� � ���¾•Ì› œ �r�Tž�� 	T� �Æ• �­� ���•œ�ž	�aœ'›­� � �Æž�� �+� �9œN� �aœ��

‘’.
�‹GH();#E#�d+,.01�;X()�%1,!#;�46.0u @A!X(0EX:,$&�<;�B,�fB,I%E#�<'%EX()@A*ŠB,�<;"'<@A*WED4A'%E#;v�%*WEX!#�f+	@A.0• l<BC!#�<;>m

�•«£� ���·�¾•Ì›\œ��r� ž ��ž—.-› � �‘žq•�œ

�

°«� � ���u� �

���

žqžq•�œ ��›

'>46.)'%1,.)�3B,�ZŽ”4�<<@A* (0E#I%!D46EX(0N �-.R4\BC();XED46*�'<�&�%*WEX!#�

B,�%1CG\�%*?N �%.)@A+,+	�<;v'<@A*WN �‹GC�<;�B,�fB,�%1CGY�%*�;D�%$ˆS,.)�<;vB,�f+O@A(0*WE#;"�%*\EX!#@A();vBC(0$&�%*�;X()@A*�;g`b[9(0.0SO�%!XE��%Ev46.bm•`

4

–0A0A eXe‹m

{•4LNA46.)�%1,!gB,�h'<�%EXE#�hBC();#ED46*�'<�h�<;XEˆ'>46.)'%1,.)I<�h.)@A!#;#qW1��-.)�<;ˆ�%*WN �%.)@A+,+O�<;j'<@A*?N �‹G,�<;Z;#@A*?Eˆ;DI%+n46!#I<�<;��•�%* '>4A;ZB,�

'<@A.0.0();X()@A*
=O.bKM46.0u @A!X(0EX:,$&�-�<;XEo46+,+,.0()qW1�IZ;#1,!�.bK (0*�;XED46*WEd+,!#I<'<I<B,�%*?Eo.R4P'<@A.0.0();X()@A*r4€p�*tB�Ki�<;#EX(0$&�%!9.R43+,!#@6Ž”@A*�B,�%1,!

B�K (0*WE#�%!X+OI%*�I%EX!D46EX()@A*
mO{sKM46.0u @A!X(0EX:,$&�ˆ�<;#EVEX!#l<;F1,EX(0.0();DIoB�46*�;8.)�oB,@A$h46(0*��fB,�9.R4Z!#@ASO@AEX()qW1��&` S,!D4A;"B,�d!#@AS	@AE>m0m0m e‹m

�•«£� ���·�¾•Ì›\œ��r� ž ��žY��› �

�

� � ���

` {�(0*y�%E3TF46*,*?•�`

4

–J–

4

eXegŽ”@A1,!X*,(0E&(0E#I%!D46EX(0N �%$&�%*?EP.)�<;-B,�%1CG}+O@A(0*WE#;

.)�<;j+,.01�;j+,!#@H'#:��<;&B,�YB,�%1CGQ+O@A.0• l<BC!#�<;&'<@A*WN �‹GC�<;~m•{
�P+,!X(0*�'%(0+O�\'<@A*�;X();#E#�YwtB,I%E#�%!X$-(0*��%!&.)�Y'<@A*WED4A'%E&$-(0*,(_ƒ

$-();D46*WEd.R4hBC();XED46*�'<�j�%*WEX!#�ZB,�%1CGtI%.)I%$&�%*?E#;f'>46!D4A'%E#I%!X();XEX()qW1��<;&` ;#@A$-$&�%E>=�46! �%E#�J=�Ž”4A'<�~evB,�<;dB,�%1CGU+	@A.0• l<BC!#�<;>m

k�'#:n4AqW1��f(0E#I%!D46EX()@A*
=OB,�<;v'%!X(0E#l%!#�<;�.)@H'>461CGY+	�%!X$&�%EXE#�%*?EoB,�oN I%!X(_pn�%!d;X(�.)�<;9B,�%1CGLI%.)I%$&�%*?E#;d'>46!D4A'%E#I%!X();XEX()qW1��<;

EX!#@A1,N I<;g;#@A*?EZ�‹^	�<'%EX(0N �%$&�%*WEˆ.)�<;f+,.01�;ˆ+,!#@W'D:��<;>m
]o46*�;ˆ'<�h'>4A;>=�.bKM46.0u @A!X(0EX:,$&�h;~KM46!X! �%E#���•;X(0*�@A*
=•w\+n46!XEX(0!gB,�

.R4&+O@J;X(0EX()@A*Š!#�%.R46EX(0N �gB,�g'<�<;vB,�%1CGU'>46!D4A'%E#I%!X();XEX()qW1��<;>=�.bKM46.0u @A!X(0EX:,$&�Z(0E#l%!#�Jmn{sKM46.0u @A!X(0EX:,$&�j'<@A*?N �%!Xu �Z.)@A!#;#qW1��J=

ƒ

	���Q

ƒ



���

�����
����� �
��� � � � ���R�

�

�����Ÿ���

�

�	�n����� � � �•���3� � ��� �	�O��� � �|�
� �W��� �

�

� �

�

�����
���

�

�

��� �?�
	��������•� �

�

�	���C�
�	�
�

�

� �•�n�3��� � � �
�
����� ���

�%*WEX!#�fB,�%1CG\(0E#I%!D46EX()@A*�;v;X1�'<'<�<;#;#(0N �<;>=C.R4-BC();XED46*�'<�f�%*WEX!#�o.)�<;vB,�%1CG\'>46!D4A'%E#I%!X();XEX()qW1��<;v'D:�@A();X()�<;vBC(0$-(0*W1��Jm

TV�%Eˆ46.0u @A!X(0EX:,$&�-*��-B,@A*,*��j.)�<;oB,�%1CG5+	@A(0*?E#;o.)�<;d+,.01�;o+,!#@H'#:��<;ˆq?1��Z.)@A!#;#qW1��j.)�<;oB,�%1CGt+	@A.0• l<BC!#�<;f;#@A*WEf;#I‹ƒ

+n46!#I<;��•(0.s*��jŽ”@A*�'%EX()@A*,*��3qW1��-+	@A1,!ˆB,�<;g+O@A.0• l<BC!#�<;g'<@A*?N �‹G,�<;gqW1,(s*��h;~K (0*?E#�%!X+	I%*�l%EX!#�%*?Ej+n4A;>m
‘’.s+	�%1,E �%EX!#�

1,EX(0.0();#Iˆ+n46!9�‹G,�%$-+,.)�f+	@A1,!v.R43B,I%E#�<'%EX()@A*5B,�f.R4&'<@A.0.0();#()@A*
=��%*t'>46.)'%1,.R46*?Ed.R4&BC();XED46*�'<�Z�%*?EX!#�ZB,�%1CGL+	@A.0• l<BC!#�<;

�%*G6A]j=�B�46*�;8.)�ˆB,@A$h46(0*��fB,�o.R4Z!#@AS	@AEX()q?1��Jm

�•«£� ���·�¾•Ì›\œ��r� ž �Æž .–�E•��•›Ÿ�

�

, �­� ���u� ž•œ(� �Œ¥

`b[o46!#'%(R4€ƒ†kv.)@A*�;D@&�%Ev46.bm�`

4

–J–1=WeXeV!#�%+,!#I<;#�%*?E#�%*WEv.bKi@ASC•X�%E

+n46!"+,.01�;#()�%1,!#;8*,(0N �>461CGrž

.)�o+,!#�%$-()�%!"*,(0N �>461tB,�o!#�%+,!#I<;#�%*WED46EX()@A*t�<;XEv1,*L+n46!D46.0.)I%.)I%+,(0+Ol<B,�gB,@A*?E�.)�<;8Žb4A'<�%EXE#�<;v;#@A*WE"+n46!D46.0.)l%.)�<;9461CG

4€G,�<;gB,�3'<@W@A!#B,@A*,*�I<�<;ZuJ.)@ASn46.)�<;jBC1�;#•H;XE#l%$&� 6A]jm|TV�&+n46!D46.0.)I%.)I%+,(0+	l<B,�Y�<;XEZ46+,+	�%.)I3SO@
�)E#�h$-(0*Cƒb$h4€G ` N @A(0!

p�uJ1,!#� 6Cm7> e‹=

.)�ZB,�%1CGH()l%$&�g*,(0N �>4615B,�ˆ!#�%+,!#I<;#�%*WED46EX()@A*c�<;XEv.)� 9%'<@A*?ED46(0*��%!�9ZqW1,(|�<;XE�.)�f+n46!D46.0.)I%.)I%+,(0+	l<B,�Z$-(0*,(0$h46.�qW1,(

'<@A*WEX()�%*?Ev.)�f+O@A.0• l<BC!#�f�%E�B,@A*?E".)�<;v4€G,�<;8+,!X(0*�'%(0+n461CGL'<@�	”*�'%()B,�%*?E>=

.)�YEX!#@A();X()l%$&�Y*,(0N �>461zB,�Y!#�%+,!#I<;#�%*WED46EX()@A*›�<;XE-.R45B,I<'<@A$-+	@J;X(0EX()@A*zBC1y'<@A*WED46(0*��%!3�%* +,.01�;X()�%1,!#;&N @<G,�%.);>m

TV�%EXE#�9B,I<'<@A$-+O@J;#(0EX()@A*P�<;XE/$&@WB,I%.0();DI<�v+n46!/1,*��v$h46EX!X()'<��EX!X(_ƒ†BC(0$&�%*�;X()@A*,*��%.0.)�Jm ��*hN @<G,�%.	�<;XEV46(0*�;X(	4€^	�<'%E#I9B,�

.R4ZNJ46.)�%1,!

4

;>K (0.•'<@A*WEX()�%*?E�1,*��o+n46!XEX()�fB,�o.bKi@ASC•X�%E"@A1L.R4ZNJ46.)�%1,!�—jB�46*�;".)�o'>4A;�'<@A*?EX!D46(0!#�Jm

{
@A!#;Dq?1��o.)�<;vB,�%1CGP+	@A.0• l<BC!#�<;v;#@A*WE�4A;#;#�%‚fI%.)@A(0uJ*�I<;~=,1,*U;X(0$-+,.)�oE#�<;#E8+O�%!X$&�%EvB,�o'>46.)'%1,.)�%!�.R4jBC();XED46*�'<�ˆ�%*WEX!#�

.)�%1,!#;8S	@
�)E#�<;"$-(0*Cƒb$h4€G�m

�

1n46*�B\.)�<;vSO@
�)E#�<;"$-(0*Cƒb$h4€G\;D@A*?Ev�%*L'<@A*WED4A'%E>=n.bKM46.0u @A!X(0EX:,$&�ˆN I%!X(_pn�f;X(�.)�<;"'<@A*WED46(_ƒ

*��%!#;9;#@A*?E9�%*U'<@A*?ED4A'%E>m	]o46*�;v'<�g'>4A;>=,.bKM46.0u @A!X(0EX:,$&�j'>46.)'%1,.)�f.bK (0*WE#�%!#;#�<'%EX()@A*cB,�ˆ'<�<;�B,�%1CGU'<@A*?ED46(0*��%!#;>m�TV�%EXE#�

(0*WE#�%!#;#�<'%EX()@A*Q'<@A!X!#�<;#+O@A*�BQwLB,�%1CGr�%*�;#�%$ˆS,.)�<;jB,�-N @>GC�%.);~m•¢|@A1,!Z'D:n4Aq?1��P'<@A1,+,.)�hB,�hN @<G,�%.);>=•@A* B,I%E#�<'%E#�3.)�

'<@A*WED4A'%E��%*?EX!#�ˆ�%1CG\�%E"@A*ŠB,I%E#�%!X$-(0*��f.)�<;FŽb4A'<�%EXE#�<;"qW1,(
'<@A!X!#�<;X+O@A*�B,�%*WE9w-'<�<;"N @<G,�%.);>m

'<@A*WED46(0*��%!#;

S	@
�)E#�<;8$-(0*Cƒb$h4€G

GG

•

•

�

��� �

6Cm7>

�

{•�<;"S	@A(0E#�<;"$-(0*Cƒb$h4€G�=,.)�<;v'<@A*WED46(0*��%!#;��%E".)�<;"N @<G,�%.0();D46EX()@A*�;>mnk�.0u @A!X(0EX:,$&�ˆB,�Z[o46!#'%(R4€ƒ†kv.)@A*�;D@ 


46.•`b[o46!#'%(R4€ƒ†k�.)@A*�;#@3�%Ev46.bm•`

4

–J–1=WeXe

�•«£� ���·�¾•Ì›\œ��r� ž �Æž£
������ �t›��Æž

`b‡C461�;#;X(0*��v` 5J—J—1=WeXe
�<;XE�(0$-+,.)I%$&�%*?E#IVB�46*�;
.)�•'<@WB,�sB,�•'>46.)'%1,.H{
2c[fTF–J—Cm

TV�%Ed46.0u @A!X(0EX:,$&�ZB,I%E#�%!X$-(0*��Z;>K (0.|�‹GH();XE#�ˆ1,*U+,.R46*ŠE#�%.ŸqW1��ˆB,�%1CGL+	@A.0• l<BC!#�<;9;D@A()�%*?E�'<@A*WE#�%*?1�;oB�46*�;�.)�<;�B,�%1CG

B,�%$-(_ƒ†�<;X+n4A'<�<;9B,@A*?Ev(0.�Ž @A!X$&�f.R4gŽ !#@A*WEX()l%!#�JmOTV�%EXE#�ˆI%ED46+	�d*��o+	�%!X$&�%E"+n4A;vB,�o;#ED46EX1��%!�;>K (0.�•\4-'<@A*?ED4A'%E�$h46();

B,�LB,I%E#�%!X$-(0*��%!P1,*��LBC(0!#�<'%EX()@A*›+O@A1,!&.R4AqW1��%.0.)�L.bKi@~N �%!X.R46+ �%*WEX!#�UB,�%1CG +	@A.0• l<BC!#�<;h�<;XE&.)�L+,.01�;&+	�%EX(0E>m/TV�%.R4

+	�%!X$&�%EVB,��;#I%.)�<'%EX()@A*,*��%!V.)�<;sŽb4A'<�<;/B,�<;/+	@A.0• l<BC!#�<;/'>46*�BC()B�46E#�<;"461P'<@A*?ED4A'%E>mC{
�<;•Ž”4A'<�<;VI%ED46*?EFBC();#'%!#I%EX();#I<�<;F�%*

EX!X(R46*,uJ.)�J=O.)�Z'<@A*?ED4A'%Ef46+,+n46!D46(0Ed.)@A!#;#q?1��g.bK (0*?E#�%!#;D�<'%EX()@A*rB,�g'<�<;�EX!X(R46*,uJ.)�<;o�<;XEv*�@A*5*W1,.bm	TV�%Ef46.0u @A!X(0EX:,$&�j�<;XE

4AB�46+,E#If461CGhuJ!D46(0*�;8B,�9Sn46.0.R4A;XEf` +,!#I<;#�%*WED46*?EvB,�<;"46*,uJ.)�<;FNH(_Ž”;¡e‹=?1,EX(0.0();DI<;VB�46*�;F.)�<;FN @A()�%!X()�<;8B,�d'D:��%$-(0*LB,�vŽ”�%!

`b‡Omi•Zm T9miŒse‹m

�•«£� ���·�¾•Ì›\œ��r� ž �Æž � � ��� � � �

`bT/1,*�B�46.0.&`

4

–0A0AJ4 eXe3�<;XEPSn4A;#I<�U;#1,!3.R4r!#�<'#:��%!#'#:��cB�K 1,* +,.R46*œ;#I%+n4€ƒ

!D46E#�%1,!d�%*?EX!#�jB,�%1CGL+	@A.0• l<BC!#�<;>m	TV�%Eo46.0u @A!X(0EX:,$&�j�<;XE9(0E#I%!D46EX(_Ž…mO‘†.|'<@A*�;X();XE#�Zw&+	@J;X(0EX()@A*,*��%!d'<�f+,.R46*5�%*?EX!#�Z.)�<;

B,�%1CG}+O@A.0• l<BC!#�<;hB,�hŽb4�<<@A*zwt$h4€GC(0$-();#�%!-.bK (0*?E#�%!#;XEX()'<�J= 9‹u?46+�9A=s�%*?EX!#�\.)�<;-B,�%1CG}S,.)@H'<;-�%*z46+,+,.0()q?1n46*WEhB,�<;

ƒ

	 	 �

ƒ



�
� ����� �

�

�O���C�
�	�
�

�

� �Ÿ���&�>�����
�O� �•�����U��� � � �
�

�

���

+	�%!XEX1,!XSn46EX()@A*�;>m�{sKM46.0u @A!X(0EX:,$&�-+	�%1,Eo'<@A*�;X()B,I%!#�%!o.)�<;dEX!#@A();o;X(0EX1n46EX()@A*�;oB,�j'<@A*?ED4A'%Eg;X1,(0NA46*WE#�<;-ž 9‹(0*?E#�%!X+	I%*�I‹ƒ

EX!D46*WE�9A=n'<@A*?ED4A'%E 9<4€“h�%1,!D46*?E�9ˆ�%E 9‹*�@A*Cƒ†'<@A*?ED4A'%E�9Am

]o46*�;8.R4-;#1,(0E#�J=,'<�%E�46.0u @A!X(0EX:,$&�ˆ;#�%!D4jB,I%ED46(0.0.)Iˆ+,1,();8$&@HBC(_pnIJm

�•«£� ���·�¾•Ì›\œ��r� ž ��ž5��ž��Ž� � ›�ž•œ � �Œ¥

` •��%‚~46$-(ˆ�%EL46.bmf` 5J—J—1=We‹=8•9�%‚~46$-(f�%EU46.bmf` 5J—J—08 eXeP�<;XEY1,*��

4AB�46+,ED46EX()@A*cB,�f.bKM46.0u @A!X(0EX:,$&�jB,�jT/1,*�B�46.0.�B,@A*WE�.)�ˆS,1,E9�<;#E�B�Ki@A+,EX(0$-();#�%!9.)�f+,.R46*5;#I%+n46!D46E#�%1,!d�%*U!#I<BC1,();D46*WE

.R4Z!#�<'D:��%!#'#:��ZB,�<;8+O@J;D;X(0S,.)�<;8+	@J;X(0EX()@A*�;"BC1L+,.R46*UB�46*�;".bKi�<;X+n4A'<� 6A]jm

{sKiI%EX1�B,�UB,�<;&BC(_^	I%!#�%*WE#;346.0u @A!X(0EX:,$&�<;3B,�\B,I%E#�<'%EX()@A*z$&@A*?EX!#�Uq?1
K (0.);-*��\;D@A*?EhqW1��Y+n46!XEX()�%.0.)�%$&�%*?EY4AB�46+,E#I<;

461CGY;XEX!X1�'%EX1,!#�<;8�%*Y$h4�<<@A*,*��%!X()�&žH(0.);/*��d;#@A*WE8+n4A;84A;#;#�%‚d!#@AS,1�;XE#�<;F$&I<'>46*,()qW1��%$&�%*?E>=�@A1Y(0.);F*
KM4A;#;X1,!#�%*WE8+n4A;

.R4d'<@A*�BC(0EX()@A*hB�K 1,*,(0.R46E#I%!D46.0(0E#IJ=H@A1&�%*Cp�*&(0.);�*��8;#@A*WEs+n4A;•4AB�46+,E#I<;•+	@A1,!•.)�FEX!D46(0E#�%$&�%*?EFBC1&'<@A*?ED4A'%EsŽ”4A'<��C~Žb4A'<�Jm

�”¥

�

¥�� , 	 	�•P� � �Æž � � �º›��t› ž

{
�PB,I%N �%.)@A+,+	�%$&�%*?E-B�K 1,*�*�@A1,N �%.846.0u @A!X(0EX:,$&�c` ¢Ÿ�%!D46.)�<;-�%Ej46.bmV` 5J—J—�;JeXeˆ;X+	I<'%(_pnq?1��P461CGr$h4�<<@A*,*��%!X()�<;-�<;XE

46+,+n46!X1c'<@A$-$&�j1,*��Z*�I<'<�<;#;X(0E#IJm
TV�%Eo46.0u @A!X(0EX:,$&�J=�(0$-+,.)I%$&�%*?E#I-B�46*�;d.)�Z'<@WB,�jB,�j'>46.)'%1,.•{
2c[fTF–J—C=O+n4A;#;#�

+n46!vB,�%1CGY+,:n4A;#�<;"B,�ˆB,I%E#�<'%EX()@A*�ž

�
1,*��o+,:n4A;#�oB,�o+,!#I‹ƒ†B,I%E#�<'%EX()@A*tB,�<;"'<@A*?ED4A'%E#;j` @A1UB,I%E#�<'%EX()@A* 9‹uJ!#@J;D;X()l%!#��9>e‹=

�
1,*��o+,:n4A;#�oB,�fB,I%E#�<'%EX()@A* 9¡p�*���9fB,�<;"'<@A*WED4A'%E#;>m

‘’.v;>KM4AB�46+,E#�UwcE#@A1,E#�<;h.)�<;3;X(0EX1n46EX()@A*�;hB,�Š'<@A*?ED4A'%E#;tž�Ž”4A'<��C~Žb4A'<�J=•46!#l%E#��C~Žb4A'<�J=/;D@A$-$&�%E C~Ž”4A'<�J=V46!#I%E#��CA46!#l%E#�J=

;#@A$-$&�%E C6;D@A$-$&�%E9�%Ed;#@A$-$&�%E CA46!#l%E#�J=O�%Ev+	�%!X$&�%E9B,�ˆEX!D46(0E#�%!�.)�g'<@A*?ED4A'%Eowd•X@A(0*?E9NW(_Žs�%E9wo•…@A(0*WE9B,�ˆ$&@A!XEX()�%!

` N @A(0!8p�uJ1,!#� 6Cm =We‹m

{
�<;o;#1,!…Ž”4A'<�<;oB,�<;dS,.)@H'<;9*
KiI%ED46*?Ef+n4A;d*�I<'<�<;#;¡46(0!#�%$&�%*?Ef+n46!D46.0.)l%.)�<;>=	.R4PB,�<;#'%!X(0+,EX()@A*�BC15'<@A*WED4A'%Ef�%*?EX!#�&B,�%1CG

+	@A.0• l<BC!#�<;8;#�vŽ”46(0EF+n46!F.R4g$-();#�d�%*P+,.R4A'<�dB�K 1,*Y+,.R46*L;#I%+n46!D46E#�%1,!f` $&I%EX:�@HB,�oB,�oT/1,*�B�46.0.
eV'<�dqW1,(�+	�%!X$&�%E"B,�

'<@A*�;XEX!X1,(0!#�d1,*Y+,.R46*LB,�9uJ.0();#;#�%$&�%*WEv46(0*�;X(�q?1
K 1,*��9*�@A!X$h46.)�oB,�9+,!#@6•X�<'%EX()@A* ` *�@A!X$h46.)�ˆ461Y+,.R46*Y;DI%+n46!D46E#�%1,!¡e‹m

@

*Y�%*,!X()'#:,(0E8.bKM46.0u @A!X(0EX:,$&�oB,�oT/1,*�B�46.0.
4€p�*PB,��u I%!#�%!F.)�<;V'<@A*Cp�uJ1,!D46EX()@A*�;vB,��'<@A*WED4A'%E846+,+n46!D46();D;D46*?E8.)@A!#;FB,�

.R4Z$&@HB,I%.0();D46EX()@A*UB,�<;8$h4�<<@A*,*��%!X()�<;~mn{•4-;#+OI<'%(_pn'%(0E#IfB,�d.bKM46.0u @A!X(0EX:,$&�gB,�oB,I%E#�<'%EX()@A*U+,!#@A+	@J;#Id+n46!"!D46+,+	@A!XE�w

'<�%.01,(OB,�dT/1,*�B�46.0.	'<@A*�;X();XE#���%*h.R4fB,I%E#�<'%EX()@A*YB,�<;V;#@A$-$&�%E#;/B,�<;/+	@A.0• l<BC!#�<;/B,@A*WEV.)�<;sŽ”4A'<�<;V;#@A*WE/�%*hNH();…ƒ’w€ƒbNH();>=

�%*r1,EX(0.0();¡46*?Ej'<�-+,.R46*�;#I%+n46!D46E#�%1,!>mŸ{
�<;Z;#@A$-$&�%E#;ˆ;#@A*WEg�%*�;X1,(0E#�<;ˆ+,!#@6•…�%E#I<;g;X1,!f.)�h+,.R46* ;#I%+n46!D46E#�%1,!>m|]9�%1CG

;XEX!D46E#I%uJ()�<;�B,�d+,!#@6•…�<'%EX()@A*t;#@A*?Ev+O@J;#;#(0S,.)�<;ož

ƒf+O@A1,!-.)�\'<@A*WED4A'%E3w3•X@A(0*?E&NH(_Ž…=�@A* *��Y+,!#@6•X�%EXE#�LqW1��Y.)�<;-;#@A$-$&�%E#;h46+,+n46!XE#�%*n46*?E\461CGQŽ”4A'<�<;-�%* NH();…ƒ

w€ƒbNH();>=

ƒd+O@A1,!Z.)�h'<@A*WED4A'%E&w-•X@A(0*?EjB,�h$&@A!XEX()�%!>=�@A*Q*��&+,!#@6•X�%EXE#�Yq?1��h.)�<;g;#@A$-$&�%E#;jB,I%E#�<'%E#I<;-�%*�+,!#�%*n46*?E&�%*

'<@A$-+,E#�o.bKiI%+n46();D;#�%1,!vBC1-•X@A(0*?EvB,�d$&@A!XEX()�%!>m

{
�<;v�%*?N �%.)@A+,+	�<;"'<@A*?N �‹G,�<;vB,�<;VŽb4A'<�<;"B,�9+n46!XE"�%E"B�KM461,EX!#�fBC1\+,.R46*L;#@A*WE"B,I‹p�*,()�<;��C.)�%1,!8(0*?E#�%!#;#�<'%EX()@A*t'>46!D4A'‹ƒ

E#I%!X();#�Z.R43‚>@A*��j+	@A.0•Wu @A*n46.)�-B,�j'<@A*?ED4A'%EfB,@A*WEo.)�<;o;#@A$-$&�%E#;o;#@A*WEo.)�<;d*�@W�%1�B,;oB,�j'<@A*?ED4A'%E>m|TV�<;oBC(_^	I%!#�%*WE#�<;

I%ED46+	�<;";#�%!#@A*WEvB,I%ED46(0.0.)I<�<;�B�46*�;".R4-;X1,(0E#�Jm

{
�h'#:�@A(_GrB,�<;o+	@A(0*?E#;ˆB,�h'<@A*?ED4A'%Eˆ+	�%!X$&�%EfB�KiI%NH(0E#�%!ˆB�K 1,*��&+n46!XEf.)�<;f+,!#@AS,.)l%$&�<;ˆB�K (0*�B,I%E#�%!X$-(0*n46EX()@A*Q.0()I<;gw

B,��.bK :?•H+O�%!#;#ED46EX()'%(0E#Ij` +,.01�;8B�K (0*�'<@A*,*W1��<;8q?1��9B�KiI<qW1n46EX()@A*�;¡e/�%EVB�KM461,EX!#�9+n46!XEFB,��+,!#I%N @A(0!F.)�<;VBC(_^	I%!#�%*WE#;F$&@A1Cƒ

N �%$&�%*WE#;-I%N �%*?EX1��%.);&B,�3EX!D46*�;X.R46EX()@A*�;-�%E C6@A1}!#@AED46EX()@A*�;jBC1�;g*�@AED46$-$&�%*WE3wŠB,�<;g+,!#@AS,.)l%$&�<;-B�K (0*�;#ED46S,(0.0(0E#I<;

` Sn4A;#'%1,.)�%$&�%*WE>m0m0m e‹m

@

*a+,!#I<;#�%*WE#�5.bKi@A!Xu?46*,(0uJ!D46$-$&�cuJ.)@ASn46.o;X1,!3.R4 p�uJ1,!#� 6Cm78Q'<@A*�'<�%!X*n46*?EL*�@AEX!#�5'<@A*WEX!X(0S,1,EX()@A*�+O@A1,!Y.)�tB,I‹ƒ

N �%.)@A+,+	�%$&�%*?E9B,�o.bKM46.0u @A!X(0EX:,$&�ˆB,�fB,I%E#�<'%EX()@A*ŠB,�<;v'<@A*?ED4A'%E#;~m

ƒ

	 	�	

ƒ



���

�����
����� �
��� � � � ���R�

�

�����Ÿ���

�

�	�n����� � � �•���3� � ��� �	�O��� � �|�
� �W��� �

�

� �

�

�����
���

�

�

��� �?�
	��������•� �

�

�	���C�
�	�
�

�

� �•�n�3��� � � �
�
����� ���

��

��

�� �� �	 
�

Algorithme de Cundall
Mise en place du plan séparateur

Détermination de la normale moyenne (principe des perturbations)

"affleurant", "interpénétrant" ou "non-contact"

P. antagoniste P.candidat P. antagoniste P.candidat

vif
Cas du contact à joint 

de mortier
Cas du contact à joint 

Mise en place d'un point appartenant au plan séparateur suivant que le contact est

Critère de projection des sommets sur le plan séparateur

sur plan séparateur

Calcul intersection
segment/segment

Tri et sélection des points de contacts
appartenant à la zone de recouvremententre le polyèdre antagoniste et candidat

Liste des sommets 
antagoniste et candidat à garder 

Calcul d'une distance/plan séparateur Epaisseur du joint

Projection des sommets (distance d'alerte) 

Détection fine

validée

Phase de pré-détection
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P1x = min (OS:Ox; S 2 Vert(A))
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P2x = max(OS:Ox; S 2 Vert(A))
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I f OA OB :Ox > 0
,�A+%;�

I f (P1x (B ) � P2x (A)) > 0
,�A+%;�,+U*�m /1*-��,"�-/;,
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On fixe angle=angle max

angle=angle/2

r�f�rence C

On calcule l'interstice initial

la normale moyenne au plan

Si interstice plus grand

On recalcule l'interstice

Si interstice plus petit
que l'interstice initial que l'interstice initial

Normale moyenne d�termin�e

Translation du nouveau point de 

Soit contact interp�n�tr� Soit contact affleurant Soit pas contact

Si angle<angle_min Si angle>angle_min

On applique les quatre perturbations sur 

la nouvelle valeur.
Les composantes t et s du tri�dre prenant

produit le plus gand interstice (n_max)
On r�initialise n avec la perturbation qui 

Rotation du tri�dre
t et s
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