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:<;=: >@?=A<BDCFEHG.I�A.?)J.KML=NOI ;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; S
:<;=:<;=: TU?VI�NOWXBDKM?=A<BDCFEHG.I�A.?)J.KMLYNOIZ;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; S
:<;=:<;\[ ]^E'_XI�NOWDLVKME`I�aXK.b�c�A<G.I�A.?dJ.KML=NOIe;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; f
:<;=:<;\g h-BiA.Nic4I�K<jkI�aXK.b�c4A<G.I�A.?+J.KML=NOI ;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; l

:<;\[ mnKML=NOIOjkb4BiKpo4q�N�L=EHGrI�?VI�srI�E7Wt;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :�u
:<;\[p;=: ]^E`JFLVWXBDKvA.E4owLYExJpLVJ.KrIOyFbzI�BiL=srI�E7WDa{;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :.:

| } 67~�6F� ������6F#$�������/�-6�,M�$����*d�/2H�/� ��#-2��
���)(+6F� 1 !
[p;=: h��3K<j�o4L=srI�E�aDLVKME4A.?)NOKMsrb�qHWDA<WDLVKME4A.?dsvKpoHI�?�;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :�g

[p;=:<;=: h�c4IQJ.KpN�A.?�WXBiA.NOW���WDcHIPaiqH�4GM?VK.WXWDA.?)WXB�A.NOW�A.E4oxWDcHI�aDc7q�E�W�J<A.?VJ.I�;Q;R;P;P;Q;P;P; :��
[p;\[ h�cHBiI�IOj�o4L=srI�E4aiLVKME4A.?zNOKMsrb�qHWDA<WDL=KME4A.?dsrKFoHI�?w;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :��
[p;\g �@q4srI�BiL=N�A.?�aXKM?=qHWDLVKME`A.?=G.K.BiLVWDc4s ;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :&S

! } 67�&2���� 67(�,M�$����*d�/2H�/� ��#-2��3���)(+6p� 17�
gp;=: h�cHIQ��q4L=o ;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :�l

gp;=:<;=: �3KMsvb�qHWDA<WDLVKME4A.?dG.BiL=o ;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; :�l
gp;=:<;\[ ��L=aDNOBiI�WDLV��A<WDLVKME�LYExWDL=srI�;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [<u
gp;=:<;\g ��L=aDNOBiI�WDLV��A<WDLVKME�LYE`aXb�A.NOI�;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [<u
gp;=:<;�� �pKM?YqHWDLVKME`srI�WDcHKFo�;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [F:

gp;\[ h�cHIPaDWXBiq4NOWDqHBDI�;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [F:
gp;\[p;=: ��L=aDNOBiI�WDLV��A<WDLVKME�LYE`aXb�A.NOI�;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [F:
gp;\[p;\[ �pKM?YqHWDLVKME`srI�WDcHKFo�;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.[

gp;\g h�cHIQG.B�L=o�;Q;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.g
gp;�� h�cHIQ��K&� K.¡�L=EH¡ K.BisvA<WDL=KME ;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.g
gp;\� ��A<WDA¢;P;P;Q;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; ['�

£ ¤ 6p%'��¥�,M2H�/� �$# | 0
�H;=: �3KMsrb�L=?VI�B ;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.�
�H;\[ T�b�aDL=?VKME ;Q;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.f
�H;\g �3KMqHB�A.E�W^j�¦HB�LVI�oHBiL=N�c4a^j�§�I�J7CxE7q�sR�zI�BZ;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; [.f
�H;�� ¨@BiLYoxBDI�aXI�A<BiN�c�;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; gF:
�H;\� �3KME4N�?Yq4aDLVKME4a�;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; g.�

:



|

0 ©@24%'2���67�&6p%����'*�(-� !z9
�p;=: ��A.srb�L=E4GvNOK7I�ª�N�L=I�E�WDa¢;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; gMS

�p;=:<;=: «�¬®­M¯�¯°;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; gMS
�p;=:<;\[ «p¯X±³²k´7´�;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; g.f

�p;\[ Tµ?YA.aXWDL=N�LVW¶C·srKFo4q4?Yq4a¸;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �Mu
�p;\g ¹�BiI�aDaDqHBDI�;Q;P;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �4:
�p;�� �@q4sR�zI�B�K.¡�o4L=svI�E4aDLVKME4aº;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; ��g

�p;��H;=: ��I�NOI�aDaDLVW¶C`K.¡+A»g<�¼NOKMsrb�qHWDA<WDLVKME�A.?dsrKFoHI�?Z;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; ��g
�p;\� �3KME4N�?Yq4aDLVKME4a�;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; ���

½ ¤ 2���� (+2H�/� ��# £��
�p;=: ]^E`JpL=WXBDKrIOypbzI�BiLYsrI�E�WDa¾;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; ��l
�p;\[ TµA<B�?=LVI�B�BDI�aDq�?VWDa�;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �F:

9 ¿��$#�,7� *-�&� ��#-� 04!
S7;=: ¦4qHWDq4BDIP�3K.BDÀÁ;P;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �'�

S7;=:<;=: �@q4srI�BiLYN�A.?)A.o'_Xq�aXWDsrI�E7WDa
;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �'�
S7;=:<;\[ ¹Uc�CFaDL=N�A.?dA.o<_Xq4aDWDsrI�E�WDaP;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.�
S7;=:<;\g §�K&�3I�B�b4B�LVK.BiLVW¶C�A.o'_Dq4aXWDsrI�E7WDaZ;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.�

Â ¿��$*���� 67(��+%/���+� 6F��� 0 �
>�;=:Ã�
?=A.aiaDLVÄ�N�A<WDLVKMExK.¡nNOKMqHb�?VI�oxb4BDK.��?=I�sva ;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.l

>�;=:<;=:Å�pWXBiKMEHG�A.E4ox�3I�A<ÀÆ;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.l
>�;=:<;\[ T�ypWXI�E7W»;R;Q;P;P;Q;P;P;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.l
>�;=:<;\g ��L=aDNOBiI�WDLV��A<WDLVKME�svI�WDcHKpo{;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �<u
>�;=:<;�� ¨�?=K.��A.?dEHKMEFj�?YL=EHI�A<B�E7q�srI�BiL=N�A.?)aXKM?YqHWDLVKME`A.?VG.K.BiL=WDc4s ;P;P;Q;P;P;Q;R;P;P;Q;P;P; �<u

>�;\[Æ�pKM?VJFL=EHGrNOKMqHb�?VI�oxb4BDK.��?=I�svaÆ;R;Q;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �<u
>�;\[p;=:�Ç�KMEHKM?=LVWDc�L=N�A.E4o`b�A<BDWDL=WDLVKMEHI�o`NOKMqHb�?YL=EHGraDNic4I�srIÈ;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �<u
>�;\[p;\[ ¹�A<BiA.srI�WXI�B�A.E4o`G.I�KMsvI�WXBDCwNOKMqHb�?=LYEHG ;P;P;Q;P;P;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.[
>�;\[p;\g É
?VKFNDÀwÊMA.NOK.��LdA.E4o`��?=KpNiÀ`¨�A.q�aDa^jË�pI�L=o4I�?)aDNicHI�svI@;Q;R;P;P;Q;P;P;Q;R;P;P;Q;P;P; �.[
>�;\[p;�� §�K7KMaXI�NOKMqHb�?=L=E4G®A.E�o`b4BDI�o4LYNOWXK.BXj�NOK.BDBDI�NOWXK.B@A.?VG.K.BiLVWDc4s ;P;Q;P;P;Q;R;P;P;Q;P;P; �.[

Ìr� �+��� ��5�%/24���$� ½ 9
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ÔÖÕU×ÖØ¶Ø o4A.srb�LYEHGMaDNOKpI�ª�N�LVI�E7WÙØ
Ô ØkÚVÛ=Ü�Ü o4A.srb�LYEHGMaDNOKpI�ª�N�LVI�E7W

Ý
Þ I�?=A.aXWDL=N�L=W�C`srKFo4q4?=q4a

ßPàZákâ ã�äÕ�Ø¶å.æ
ç ¡�K.B�NOIPJ.I�NOWXK.B

è ákâ ãÖä ÕØ å�æ
é u ¡ q�E4o4A.srI�E7WDA.?)¡ BDI�ê7q4I�E4NOC

ëíì
î srKMsrI�E7W

èðï ákâ ãÖä Õ åØ åñæ
ò b4BDI�aDaiqHBDI

ßPàZákâ ã�äÕ�Ø å.æ
ó �4K&�ÕUôØ
õ ßPö aXKMq4E4owb4BDI�aDaDq4BDIQ?VI�J.I�?

÷�ø
ù WDL=srI

Ý
ú J.I�?VKFN�LVW�CxJ.I�NOWXK.BÕ Ø

g



£

û J.I�NOWXK.B@NOKME7WDA.L=E4LYEHGHü
ý cHK.BiLV��KME7WDA.?do4LYaXb�?=A.NOI�srI�E7W

ï
þ J.I�BDWDL=N�A.?-o4L=aXb�?YA.NOI�srI�E�W

ï
ÿ BDK.WDA<WDLVKME

� à ÷�� à�� Ý
� A'yFLYA.?dNOK7K.B�o4L=E4A<WXI

ï

� ?=A<WXI�BiA.?-NOK7K.Bio�L=E4A<WXI
ï

ì J.I�BDWDL=N�A.?-NOK7K.Bio�L=E4A<WXI
ï

� ÀpLYEHI�svA<WDL=N�JFL=aDNOKMaDL=W�C á ��LVWDc � ×iÛ�� â :
	\g.g���:�u�
�� Õ åØ æÕ åØ
� oHI�E4aDL=W�C á ��LVWDc �p×DÛ�� â :
	\[ ãÖäÕ ô æãÖäÕ ô



� �����
��� � �e� Î ���

��qHBiL=E4G�aXbzI�I�Nic8A.E4o8aDL=EHGML=E4GH��bzI�K.b�?VIRs�A<À.I aXKMq�E4ow�pC�q4aDLYEHGvWDcHI�LVB�J.KpN�A.?+¡ KM?=o4a�����c4L=N�c�A<BDI®?VKFN�A<WXI�o
L=E�WDcHIv?YA<BDCpEHy$;���c4I�E IOyFc�A.?=L=EHGH�dA.LVBRb�A.aDaXI�a�WDcHI�J.KpN�A.?n¡ KM?=o4a�;®h�c4L=a�L=E7WXI�BiA.NOWDLVKMEtN�A.q4aDI�aQWDcHIrJ.KFN�A.?
¡ KM?=o4a�WXK»JpLV��BiA<WXI.���pCx��c4L=N�c`JpL=�4BiA<WDL=EHGvA.L=B�L=a�NOBiI�A<WXI�o)����c4L=Nic�L=a�?=A<WXI�B�NOKME�J.I�BiWXI�oíWXK»WDcHIRaXKMq�E4o4a��3I
cHI�A<B3L=EraXbzI�I�Nic»A.E4ovaDL=E4GML=EHGH;�]Ë¡zWDcHI�aXI�J.KFN�A.?4¡ KM?=o4anA<BiI�BDI�srK/J.I�ov�pCrAPaDqHBDGMLYN�A.?Fb4BDKFNOI�o4qHBDI.��aiq4Nic»A.aµA
WXK.WDA.?$?=A<BDCFEHG.I�NOWXKMsRC.�FWDcHI@E4A<WDqHBiA.?��3A&CrK.¡)J.KML=NOI�b�BDKpo�q4NOWDLVKME)��?YA<BDCpE4G.I�A.?4J.KML=NOI.�FL=aµE4KR?VKMEHG.I�BUb$KMaiaDLV��?VI
á Ä4GMqHBiIv: æ�� [MS��k;

¦+L=GMqHBDIv:<üµÉ3I�¡ K.BDIRAv?=A<BiCpEHG.I�NOWXKMs�C á ?VI�¡ W æ A.E4owA<¡ WXI�B�A®WXK.WDA.?+?=A<BDCFEHG.I�NOWXKMs�C á B�LVGMc�W æ
h-K8BiI�aXWXK.BDIwA.q4o4L=��?VI�aXbzI�I�N�c á ��LVWDc A�WXBiA.Nic4I�K<jkI�aXK.b�c4A<G.I�A.?�J.KML=NOI æ A<¡�WXI�B»A8?YA<BDCpE4G.I�NOWXKMsRC.�3A�J.KML=NOIOj
b4BDKFo4q4N�LYEHG�I�?VI�srI�E7W3c4A.aµ�zI�I�E�oHI�J.I�?VK.bzI�o);nh�c�L=a�oHI�JFL=NOI�NOKME�aDL=aXWDaµK.¡dAP�4IOyHLV��?VI�?YLVbrK.¡daDL=?=LYNOKMEHI�BiqH�4�zI�B
b�?=A.NOI�o�L=E`AvsrI�WDA.?dc4KMq4aDL=EHGH�F��c�L=Nic`L=a�b�?=A.NOI�owL=E`Araic7q4E7W�J<A.?VJ.I á Ä4GMqHBiIR[ æ ;
h�cHInJ.KMLYNOIOjkb4BDKFo4q4N�L=EHG�I�?=I�srI�E�W-c4A.adA.?VBDI�A.o4C@�zI�I�E�WXI�aXWXI�o L=EQL=EPJpLVWXBiK�A.E4oPL=E�JFLVJ.K�IOyFbzI�BiL=srI�E7WDa�;�¦HBiKMs
WDcHI�aXI�IOypbzI�BiLYsrI�E�WDa�LVW�WDqHBiE4I�o`KMqHW�WDc�A<W�WDcHIPJ.KMLYNOIOjkb4BDKFo4q4N�L=EHG�I�?VI�srI�E7W�aXWDL=?Y?)c4A.a�aXKMsvI�oHI�Ä�N�L=I�E4N�LVI�a�;
�@q4srI�BiL=N�A.?dIOypbzI�BiL=svI�E�WDa�svLVGMc7W��zIPJ.I�BDCwq4aDI�¡ q4?dWXK»L=srb�BDK&J.I�WDcHIP�zI�c4A�JFLVK.B�K.¡nWDcHIRJ.KML=NOIOjkb�BDKpo�q4N�L=EHG
I�?VI�srI�E7W�;

�



½

¦�LVGMqHBDI�[pünh-BiA.Nic4I�K<jkI�aXK.b�c4A<G.I�A.?zJ.KML=NOI á ?VI�¡ W æ A.E4ovA�aDNicHI�s�A<WDL=N�BDI�b4BiI�aXI�E�WDA<WDL=KME�K.¡)AQJ.KML=NOIOjkb�BDKpo�q4N�L=EHG
I�?VI�srI�E7W á BiL=GMc�W æ
>
W WDcHI·svKMsrI�E�W WDcHI�BDI·A.?VBDI�A.oHC IOyHL=aXW�W��3K<j�o4L=srI�E�aDLVKME4A.?UE7q4svI�BiL=N�A.?µsvKpoHI�?Ya�; ��K/�UI�J.I�B&��WDcHI�BDIxA<BDI
aXI�J.I�BiA.?-o4L=aDA.o4J'A.E7WDA<G.I�a�K.¡nArW��3K<j�o4L=svI�E4aDLVKME4A.?)Epq4srI�B�L=N�A.?)srKFoHI�?³�F�zI�N�A.q4aXIQWDc4L=a�svKpoHI�?�NOKME�WDA.L=E�a�EHK
��L=o4WDc);-¦HK.BµIOyFA.srb�?VI.�MEHKQA.LVB�L=a�A.?=?VK/�UI�o®WXKQ��K&�ÁA.?VKME4G@WDc4I
aiL=oHI�a�K.¡�WDc4I
?YLVbrA.E4o®EHK�WXK.BiaDLVKME®K.¡$WDcHI�?=LVb
L=a�bzKMaDaDLV��?=I.;�h�cHI�aXI®o4L=aDA.o4J'A.E7WDA<G.I�a�N�A.Eí�zI aXKM?VJ.I�o8�7CíoHI�J.I�?VK.b�L=E4G»A»WDcHBDI�IOj�o4L=svI�E4aDLVKME4A.?�E7q4svI�BiL=N�A.?
srKFoHI�?³�F��cHI�BiIQWDcHIPWDc4LVB�o·o�L=srI�E4aDL=KME»BiI�b4BDI�aXI�E7WDa�WDcHIQ��L=oHWDcxK.¡+WDcHIR?=LVb�;
]^E�WDc�L=a�WDc4I�aDL=a-�UI
��L=?Y?MÄ4BiaDW�I�E4?=A<BiG.I
q4b$KME�WDcHI
aDqHBDGMLYN�A.?�b4BiKpNOI�o4q4BDIµK.¡$A@?YA<BDCpE4G.I�NOWXKMsRC A.E4o WDcHI3q�aDA<G.I
K.¡-A�J.KML=NOIOjkb4BiKpo4q�N�L=EHG I�?VI�srI�E7W
LYE»N�c4A<b4WXI�BP:<;3�pI�NOKME�o)�pA<WXWXI�E7WDLVKME`��L=?=?4�zI@b�A.L=o»WXK®WDcHIQoHI�J.I�?VK.b�srI�E7W
K.¡�A8NOKMsvb�qHWDA<WDLVKME4A.?�srKpo4I�?UK.¡@A�J.KML=NOIOjkb4BDKFo4q4N�LYEHG�I�?VI�srI�E7WvL=E Nic4A<b4WXI�B·[�A.E4o L=E Nic4A<b�WXI�B»g8WDcHI
oHI�J.I�?VK.bzI�oÈNOKMsrb�qHWDA<WDLVKME�A.?UsrKFoHI�?µ��L=?=?��zI»A.E�A.?VC7��I�o�L=EÈsrK.BDI»o4I�WDA.L=?³;w>�¡�WXI�B WDcHI»o4I�J.I�?VK.b�srI�E7W�K.¡
WDcHI®NOKMsrb�qHWDA<WDL=KME4A.?-svKpoHI�?k��WDcHI BDI�aDq4?=WDa�K.�4WDA.L=E4I�o���L=WDcwWDc4L=a@srKFoHI�?d��L=?=?)�zIRJ.I�B�LVÄ4I�o8L=E�N�c4A<b4WXI�B��H;
]^EíN�c4A<b4WXI�BP�vsrK.BiI L=E7J.I�aXWDLVGMA<WDL=KME�K.¡�WDc4I�aXI�K.��WDA.L=EHI�owBiI�aDq4?VWDa���L=?=?)�zI oHKMEHIR�pCwA»b�A<BiA.srI�WXI�BQaXWDq4o4C
A.E4o WDcHIwE4I�NOI�aDaDLVW¶CÈK.¡�A�WDcHBDI�IOj�o4LYsrI�E4aDLVKME�A.?UEpq4srI�BiLYN�A.?�srKpo4I�?U��L=?=?U�$IxIOyHA.svL=EHI�od;È]^E Nic4A<b�WXI�B·�
WDcHIrBDI�aiq4?VWDa���L=?Y?��zIrJ<A.?=L=o4A<WXI�o);®¦�L=E4A.?=?=C.�)WDcHIvNOKME4N�?=q4aiLVKME4a�A.E4o ¡�qHWDqHBDI®�3K.BDÀ�A<�$KMq4W@WDc4I�oHI�J.I�?VK.bzI�o
NOKMsrb�q4WDA<WDLVKME4A.?dsrKFoHI�?)A.E4owWDcHIPK.�4WDA.L=E4I�oxBDI�aDq4?VWDa�A<BiIPb4BDI�aXI�E7WXI�o�LYE`Nic4A<b4WXI�BQS7;
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h�cHI�aDqHBiGML=N�A.?$b4BDKFNOI�o4qHBDI@K.¡-A®?=A<BDCFEHG.I�NOWXKMs�C·LYa3svKMaXW�K.¡�WXI�E`N�A<BiBiLVI�o·KMqHW�A.a�A WXBDI�A<WDsrI�E7W�¡�K.B�N�A.E�NOI�B
K.¡3WDcHIv?=A<BDCFEFyz;®h�cHI�BDIrA<BDIrW��3K�W¶C7bzI�aQK.¡
?=A<BDCFEHG.I�NOWXKMs�C � g/�k;r> b�A<BDWDL=A.?�?=A<BDCFEHG.I�NOWXKMs�C�LYa�b$KMaiaDLV��?VI
LV¡3AxWDq4srKMqHBPL=aQaisvA.?=?³;���L=WDc�WDc4L=a�b4BDKFNOI�o4qHBiI�KME4?=CíAxb�A<BDWQK.¡3WDcHIv?=A<BiCpEFyz�)¡ K.BPIOyFA.svb�?VI®KMEHIrJ.KFN�A.?
¡ KM?=o)�-LYaQBDI�srK/J.I�o)����c4L=N�ctsrI�A.E4aRWDc4A<WRWDcHI»J.KML=NOI»LYaPEHK.WR¡�q4?=?=Cí?VKMaXW�;·]^E�A`WXK.WDA.?3?=A<BDCFEHG.I�NOWXKMs�CtWDcHI
I�E7WDLVBDIR?=A<BiCpEFyz�4L³;�I.;�LYE4N�?=q4o4LYEHGR�zK.WDc`J.KFN�A.?�¡ KM?=o4a��4L=a
BDI�srK/J.I�o)�$aDKvWDc4A<W�E4A<WDq4BiA.?daXKMq4E�o`G.I�EHI�BiA<WDLVKMEíL=a
EHK ?VKMEHG.I�B3b$KMaiaDLV��?VI.;�h�cHI@qHb4bzI�B�b�A<BiWµK.¡dWDcHI@WXBiA.N�cHI�A®L=aµ?VI�A.o»WXK®ARbzI�BisvA.E4I�E�WUK.b$I�E�L=EHGRL=E�WDcHI@¡�BDKME7W
K.¡zWDcHI�EHI�NiÀ��FN�A.?=?VI�orAQWXB�A.NicHI�KMaXWXKMs�ARK.B3aDL=srb�?=CRaXWXKMsvAF�paXKPWDc4A<W�WDc4I�I�aXK.b�c4A<GMq�a�A.E4orWDcHI�WXB�A.NicHI�A A<BDI
NOKMsrb�?=I�WXI�?VC�aXI�b�A<BiA<WXI�o);U�3KME4aDI�ê7qHI�E7WD?VC.��A.L=BD�4K&� ¡ BDKMseWDcHI�?Yq4EHGMa�N�A.EvEHKP?VKME4G.I�Bnb�A.aDa�WDcHI�srKMq4WDcvA.E4o
EHKMaXI.;�h�cHI I�aXK.b�c4A<GMq4a��dcHK&�3I�J.I�B���L=a�q4aiq4A.?=?VC`EHK.WQA/0zI�NOWXI�otA.E4o�L=a�aXWDL=?=?+NOKME4EHI�NOWXI�o�WXK`WDc4I�b�c�A<BDCpEHy
� gF��[MS��k;

13241 57698;:=<?>A@CBD8E6 FHGCIKJLB
h�cHI�BiIµA<BDIµWDc4BDI�IUsvA.LYEPW�CpbzI�adK.¡HJ.KML=NOI3b4BDKFo4q4NOWDL=KMEQbzKMaDaDLV��?=I�A<¡ WXI�B�A�?=A<BDCFEHG.I�NOWXKMs�C.�MN�A.?=?VI�o�A.?=A<BDCFEHG.I�A.?
J.KML=NOI � gH��:��p��:�fF��[.gF�$[MS��kü
M I�?=I�NOWXBDKM?=A<BDCFEHG.I�A.?dJ.KMLYNOION
M LYE'_^I�NOWDL=KMExI�aXK.b�c4A<G.I�A.?-J.KML=NOION
M WXB�A.NicHI�K<jkI�aXK.b�c4A<G.I�A.?+J.KML=NOI.;

PRQSPTQSP UWVSX�Y�ZO[]\^V`_=[OaDbdcTXe_RV;f^\hgSYiX
]^E�I�?=I�NOWXBDKM?=A<BDCFEHG.I�A.?�J.KML=NOI á Ä4GMq4BDI :<;=: æ WDcHI b�A<WDLVI�E7WDa���N�A.?Y?VI�o
?=A<BDCFEHG.I�NOWXKMsrI�I�a��QsvA<À.Itq4aDI8K.¡ A.E
I�?VI�NOWXBDKM?YA<BDCpEHy$�HA.E·I�?VI�NOWXBDK<j�srI�N�c4A.E4L=N�A.?�c4A.E4oFj�cHI�?Yo�oHI�JFL=NOI�WDc4A<W
b4BDKFo4q4NOI�aUJpL=�4BiA<WDLVKME4a�;-]Ë¡dWDcHIQoHI�JFL=NOI
L=a�cHI�?Yo`WXKvWDcHIQBiL=GMc�W�aXbzK.W�KMEwWDcHIREHI�NiÀxL=W�N�A.q4aXI�a�JFLV�4B�A<WDLVKME4a
L=ExWDcHIPWDc4BDKMA<W���aXKvWDc�A<W�J.KML=NOI�o�aDb$I�I�N�c
L=a
bzKMaDaDL=��?VI.;
h�cHI·svA.L=EÈo4L=aDA.oHJ<A.E7WDA<G.I»K.¡�A.EÈI�?VI�NOWXBDKM?=A<BiCpEFy�LYaPWDcHI·srI�Nic4A.E�L=N�A.?UA.E�oÈsrKME4K.WXKMEHKMq4a�WXKMEHI·o�qHBiL=EHG
aXbzI�I�NictWDc4A<WRoHKpI�aREHK.WPaDKMq4E4o E4A<WDqHB�A.?³;vh�cHIvA.oHJ<A.E7WDA<G.I�aRK.¡�aXbzI�A<ÀFL=EHGx��LVWDc A.E�I�?VI�NOWXBDKM?=A<BDCFEFy A<BDI
WDcHI8A<��L=?=LVW¶C�K.¡P?VI�A<B�E4L=EHGtLVWvLYE A�aDc4K.BDWvWDL=srIíA.E4o WDcHIíb4BDKFo4q4NOWDLVKME K.¡QA�BDI�aXbzI�NOWDLVJ.I�?VC ?VKMq4o J.KML=NOI.;
¦4qHBiWDcHI�BisrK.BDI.�@srKMaXWxoHI�JFL=NOI�axc4A�J.I ¡�q4E4NOWDLVKME�a�WDc4A<W`N�A.E
aXI�WxWDcHI8¡ q�E4o4A.srI�E7WDA.?@¡�BDI�êpqHI�E4NOC K.¡�WDcHI
JFLV�4BiA<WDLVKME�a��&oHI�bzI�E4o4LYEHGUKMEPWDcHIµA<G.IUA.E�o�G.I�E4oHI�B�K.¡pWDcHIµaDb$I�A<À.I�B � :��F�M:�fF�/[MS/�k;+h�c4I�srI�A.EQ¡�q4E4o4A.srI�E7WDA.?
¡ BDI�ê7q4I�E4NOC á�é u æ K.¡n?=A<BDCFEHG.I�A.?)J.KML=NOI.��LYa�[F:�u ë8ì ¡ K.B��UKMsvI�EwA.E4ot:.:�u ëíì ¡ K.B�svI�E � :�fF��[.g/�k;

S
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¦�LVGMq4BDIv:<;=:<üµTµ?=I�NOWXBDKM?=A<BDCFEHG.I�A.?)J.KML=NOI

PRQSPTQlk m/b�n/X�Y�Z]g`\hboXqp�\^rtsD_=cTX�_=V�f^\^gSYiX
]^EÁG.I�EHI�B�A.?³��L=E'_XI�NOWDLVKME I�aDK.b�c4A<G.I�A.?@J.KML=NOI á Ä4GMqHBDI :<;\[ æ LYa»aDLYsrb�?VC N�A.?=?VI�oÁI�aXK.b�c4A<G.I�A.?@J.KML=NOI.;º]¶WxL=a
b4BDKFo4q4NOI�o·��c4I�EwA.LVB�L=aWuXaX�
A.?=?VK/�UI�o�vF��L³;�I.;�L=E<_^I�NOWXI�o`L=ExWDc4IPI�aXK.b�c4A<GMq�a��4A.E4oxI�aDN�A<bzI�a�LYE`ArNOKME�WXBDKM?Y?VI�o
¡�A.aDc4LVKME)�7aXKPWDc4A<WUJpLV��BiA<WDLVKME4anA<BiLYaXI�L=ErWDc4I�I�aXK.b�c4A<GMq�a�I�E7WXBiA.E4NOI�A.E�o�L=E®WDcHI�b�c4A<BDCFEFy®A.E4ovG.I�EHI�B�A<WDLVKME
K.¡�aDKMq4E4o4a�L=a+bzKMaDaDLV��?VI.;d]ËW�LYa+o�LVª�N�q4?VW+A.E4o®svA�C WDA<À.I�A�?VKMEHG@WDL=srI
WXKP?VI�A<B�E c4K&� WXKPq4aXI
A.E®I�aXK.b�c�A<G.I�A.?
J.KML=NOI.;xw�WDcHI�B�o4L=aDA.o4J'A.E7WDA<G.I�a�A<BDIQWDcHIQBiKMqHGMc`aXKMq4E4oxA.E4oxWDc4IPo4LVª�N�q4?=W�CvK.¡+aXbzI�A<ÀpL=E4G®?=KMEHGraXI�E�WXI�E�NOI�a
��LVWDc4KMqHW�WDA<ÀpL=E4G`�4BDI�A<ÀFa�WXKw�4BiL=E4G·L=E�srK.BiIvA.LVB � :�fH��[MSy�k;vÉ
qHWQWDcHIvA.o4J'A.E7WDA<G.I�K.¡3I�aXK.b�c4A<G.I�A.?�J.KML=NOI
A<BDIPWDc4IPaDsvA.?=?)NOKMaXWDa���NOKMsrb�A<BiI�o`WXKvWDcHIPK.WDc4I�B�aDqH��aDWDLVWDqHWXIQJ.KML=NOIRsvI�WDcHKpo�a � :��/�k;

¦+L=GMqHBDIv:<;\[pü�]^E'_XI�NOWDLVKME`I�aXK.b�c�A<G.I�A.?dJ.KML=NOI
��L�0zI�BDI�E�W é u·K.¡UI�aXK.b�c4A<G.I�A.?�J.KML=NOIrA<BDI®¡ KMq4E4o);PÇíLVWDNic4I�?=?�A.E4o ÇwK.BDI�WX� � [.g
��srI�E7WDLVKME A·BiA.EHG.I ¡ BDKMs
�<u»WXKxf<u ëíì ;��@I�mnB�LVI�a � f
��N�LVWXI�a@A»BiA.EHG.I ¡�BDKMs �<u·WXKxl<u ëíì ;�m�A.E�oHI�B�h-K.BiEíI�W@A.?k; � g.g/��srI�E7WDLVKME
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A BiA.EHG.I�¡ BDKMs°�<u WXKw:�[<u ëíì ;�¦�L=E�A.?=?VC)��Ki{NOI�J<A<BXj�É3KM?VWXIO{��A<BPA.E4o {| A<BDGML � :�f/�)¡ KMq4E4o·BDI�aDq�?VWDaµWDc�A<W�BiA.EHG.I
¡ BDKMs �MSvWXK :�g.� ë8ì �z��c4L=N�cíq�aDq4A.?=?VC`A<BDIr?VK/�UI�B�WDc4A.E�WDc4I A&J.I�BiA<G.I�?=A<BDCFEHG.I�A.? é uF;Ph�c4I�NOKME4N�?=q�aDLVKME
K.¡�A.?=?$WDcHI�aXIQÄ�E4o�L=EHGMa3L=a
WDc4A<W�I�aXK.b�c�A<G.I�A.?)J.KML=NOIRsvL=GMc�W
�zIQA.N�NOI�b4WDA<��?VIP¡ K.B�srI�E)�H��qHW�aDL=srb�?=CrGMLVJ.I�a�A
WXKpK�?VK&� J.KML=NOIR¡ K.B��3KMsrI�E);
PRQSPTQl} ~H[]_RY�sDXe\=��X�p/\Trtsd_=cTXe_RV�f^\^g�YiX
h�cHIP?YA.aXW�W�CpbzIQK.¡-J.KML=NOI.��WXBiA.Nic4I�K<jkI�aXK.b�c4A<G.I�A.?-J.KML=NOI á h�TÁJ.KML=NOI æ ��LYa�A.?=aXKrWDcHIRsvKMaXW�I�0$I�NOWDL=J.IRKMEHI.;�]ËW
BDI�aXI�s���?VI�a�LYE'_^I�NOWDL=KME»I�aDK.b�c4A<G.I�A.?)J.KML=NOI.��IOyFNOI�b4W�WDc4A<W�h�T J.KML=NOIPq�aXI�a�Aro4L�0zI�BDI�E7W
aDKMqHBiNOIQ¡ K.B�WDcHIQA.LVB�;
�
LVWDc�h�T°J.KMLYNOI á Ä4GMqHBDI :<;\g æ A aDsvA.?=?@K.bzI�E4L=EHGH��N�A.?=?VI�o�A aic7q4E7W��@Ä�aXWDq4?=A�K.BwWXB�A.NicHI�KpI�aXK.b�c4A<G.I�A.?
b�q4E�NOWDqHBDI.�dL=aQNOBDI�A<WXI�oÈL=E�WDcHIrI�aXK.b�c4A<G.I�A.?n�
A.?=?nA.E4otA`aDs�A.?=?+KMEHIOjk�3A&CtaDcpq4E�W�J<A.?VJ.I.�-q�aDq4A.?=?VCíN�A.?=?VI�o
A·J.KML=NOI®b4BDKMaXWDc4I�aDL=a á A.?VWDcHKMqHGMc8WDc4L=a@oHI�JFL=NOIroHKpI�a@E4K.W@A.NOWDq4A.?Y?VCwb4BDKFo4q4NOI®aXKMq4E�o æ L=a@b�?YA.NOI�oíL=E7WXKxWDcHI
aDcpq4E7W�aXK�WDc4A<W�WDcHIPWXBiA.N�cHI�A�A.E4o�WDcHIPI�aXK.b�c4A<GMq4a�A<BDI NOKME4EHI�NOWXI�o);
h�cHIPh�TÁaDcpq4E7W�J'A.?=J.IRsvA<À.I�a@aDqHBDI
EHKx��q4LYowK.BQ¡ K7KFo8I�E�WXI�BiaPWDcHI®WXBiA.NicHI�A`A.E�o N�A.q4aXI�aQ?=q4E4G»b4BiK.��?VI�sva�;�]^E8K.BioHI�BQWXK`aXbzI�A<À��)WDc4I®aDWXKMsvA
c4A.a
WXKr�zI@KpN�N�?=q�oHI�oxo4qHBiL=E4GRIOyHc4A.?=A<WDLVKME)�HaXKrWDc�A<W3WDc4IPA.LVBD�4K/��¡ BDKMs¸WDcHIQ?=q�EHGMa3G.K7I�a
JFL=A WDcHI�WXBiA.Nic4I�A
A.E4orWDc4I�aDcpq4E�WµJ'A.?VJ.I�L=E�WXKRWDcHI�I�aXK.b�c�A<GMq4a���c4I�BDI�LVW�L=E7WXI�BiA.NOWDaU��LVWDc®WDcHI�I�aXK.b�c4A<G.I�A.?��3A.?Y?4A.E4o�N�A.q�aXI�a
JFLV�4BiA<WDL=E4G@A.LVB&;+h�c4I�aXI�aXKMq4E4o4a+b4BiKpo4q�NOI�o��pC WDcHI
JpLV��BiA<WDL=EHG�A.LVB�A<BDI�NOKME7J.I�BDWXI�ov�pC®A.o'_Xq�aXWDsrI�E7WDansvA.oHI
�pC WDc4I�?=LVb�a��.WXKMEHGMqHI@A.E4o�_DA���K.bzI�E4L=EHGQL=E7WXK�aXbzI�I�N�c);dw�N�N�?=q4aDL=KMErK.¡zWDcHI�aXWXKMs�ARN�A.E»�$I�oHKMEHI��pCrc4A.E4o
K.B��pC`AvWXBiA.N�cHI�KMaXWXKMsvA»J<A.?VJ.I.;3h�cHIR?=A<WXWXI�B�L=a�Avo4I�JpL=NOIRb�?=A.NOI�o�LYExWDcHIRWXBiA.N�cHI�KMaXWXKMsvA»WXK»NOKME7WXBDKM?-WDcHI
A.LVB�b�A.aDaDA<G.IRA.E4o�A.?=?VK&��a�c4A.E4o4a�¡ BDI�IQK.bzI�BiA<WDLVKMEwK.¡-WDcHI�aXWXKMsvA � :�[/�k;

¦�LVGMqHBDIí:<;\gpüvh�BiA.N�cHI�K<jkI�aXK.b�c�A<G.I�A.?�J.KML=NOI á §�I�¡�W�ürKFN�N�?=q4aiLVKME �pCtc4A.E4o);���L=GMc�W�ü®KFN�N�?=q4aDLVKMEt�7CtA�WXBiA'j
Nic4I�KMaXWXKMsvAvJ<A.?VJ.I.; æ
>@oHJ'A.E7WDA<G.I�a�K.¡+h�TÁJ.KML=NOI � :��H�d:�fF��[MS��kü
M h�cHIxJ.KML=NOI�êpq4A.?=LVW¶CÈL=a BDI�?=A<WDL=J.I�?VC�G.KpKpo NOKMsvb�A<BDI�o WXK WDcHI`K.WDc4I�BvJ.KML=NOI`BDI�c4A<��L=?=LVWDA<WDLVKME�WXI�N�cFj

E�L=ê7q4I�a�;®]¶WPsrKMaDWPN�?VKMaXI�?VC8BDI�aXI�s���?VI�aQEHK.B�svA.?n?=A<BDCFEHG.I�A.?nJ.KML=NOI.�+A.?VWDcHKMqHGMctWDcHIr¡�BiI�ê7qHI�E�N�LVI�aQoHK
E4K.W�o4L�0zI�B�s�q�Nic`¡ BDKMs WDcHIR¡�BDI�êpqHI�E4N�L=I�a
K.¡+WDc4IPL=E'_XI�NOWDLVKME`I�aXK.b�c�A<G.I�A.?dJ.KML=NOI.;

M �HL=E4NOIQWDcHIRA.L=B�¡ K.B�aXbzI�A<ÀpLYEHGvNOKMsrI�a�¡�BDKMs WDcHIR?=q�EHGMa��HKMEHIRN�A.EíaXbzI�A<Àx¡�K.B@AvNOKME4aDL=o4I�BiA<��?VC·?VKMEHG
WDLYsrIQ��LVWDcHKMq4W��4BDI�A<ÀFa�;
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��K&�3I�J.I�B���WDc4I�BDIPA<BDIRA.?=aDKvAv?VK.W�K.¡no4L=aDA.o4J'A.E7WDA<G.I�a � :��F�d:�fH��[MS��kü
M h�cHI é uvsvL=GMc�W��zIPA.N�NOI�b4WDA<��?=IP¡�K.B�srI�E)�4��q4W
LYa�aXWDL=?=?$WXKpK�?VK/� ¡�K.B��UKMsrI�Ed;
M ��K.W�I�J.I�BiC.KMEHI�N�A.E8q4aXIPh�TÁJ.KML=NOI.;3]ËEwaDKMsrI�N�A.aXI�a�WDcHIP�
A.?=?=a�K.¡�WDcHIRI�aXK.b�c4A<GMq4a�A<BDIPWXKpK�WDLVGMc7W

WXK�JpLV��BiA<WXI.;
M h�cHIraDc7q�E�W�J<A.?VJ.Ivs�q�aXW��$I®BDI�svK&J.I�otA.E4o N�?=I�A.EHI�o�bzI�BiLVKFo4L=N�A.?=?VC.;Qh�c�L=a@BDI�ê7q�LVBDI�a�A`srKFoHI�BiA<WXI

A.svKMq4E�W�K.¡+b�BDK.Ä�N�LVI�E4NOC.�HI�aDb$I�N�LYA.?=?VC�L=Exb�qHWXWDL=EHGvLVW
��A.NiÀwL=ExWDcHIQBiL=GMc�W�aXbzK.W�;
M h�cHI�aXWXKMs�A s q4aXWU�zI�WDLVGMc7WD?VCvNOK&J.I�BiI�o`o4qHBiL=E4GPIOyFc�A.?=A<WDLVKME·L=EvK.Bio4I�BUWXK G.I�W�A.LVB3LYE�WXK�WDcHI�I�aDK.b�cFj

A<GMq�a�;rh�c4L=a�BDI�êpq4LVBDI�a@G.KpKpotA<B�s A.E4o c4A.E4o srK/J.I�srI�E7W�;vh�BiA.N�cHI�KMaXWXKMsvAwJ'A.?VJ.I�a á ?VK&�3I�BPBiLVGMc7W
LYsvA<G.I LYEwÄ4GMqHBiI�:<;\g æ IOyFL=aDW�WDc4A<W�N�A.E8�$IRb�?=A.NOI�oíK&J.I�BQWDcHI aXWXKMsvA»WXK·NOKME7WXBDKM?+WDcHI�A.L=B�b�A.aiaDA<G.I
LYE�WXK WDcHI�I�aXK.b�c4A<GMq�a��F��qHWµWDc4I�C»oHK®EHK.W
A.?V�3A&Cpa
�3K.BDÀ�LYE»o4A.LY?VCrb4BiA.NOWDL=NOI�A.E4o·WDcHI�C�A<BiI�o�LVª�N�q4?VW
WXK»A.o4cHI�BDIPWXK�WDcHIPaXÀFL=E);

M ¦�?=q�L=o·K.B�¡ K7KFo`svA�C`?VI�A<À`L=E7WXKrWDcHIPWXB�A.NicHI�AF;
M wQN�N�A.aDLVKME4A.?=?=CrWDcHI�b4BDKMaXWDcHI�aiL=aUN�A.E·¡�A.?=?�KMqHW3A.E�o»WDc4I@aDcpq4E7WU��L=?=?�N�?=KMaXI@LYE»A<�zKMqHW�['�rcHKMqHBia�;�]Ë¡dLVW

o4K7I�a�G.I�W@N�?VKMaXI�o)�4A�aXI�NOKME4o`K.bzI�BiA<WDLVKME�s�q4aDW��zI�o4KMEHIQWXK»svA<À.I�AvEHI�� aDcpq4E7W�;
h�cHI é u®K.¡�h�T J.KMLYNOIPL=a
WDcHIQaDA.srIQK.B�Ar?YLVWXWD?VI�c4LVGMcHI�B
WDc4A.ExWDcHI é u®¡�K.B�I�aXK.b�c4A<G.I�A.?dJ.KML=NOI.;U��IQmnB�LVI�a
� f/�nsrI�E7WDLVKME4a�A é u·K.¡3�<u»j�l<u ë8ì ;��pI�A<B�?+A.E�o �HsvA.?=? � gF:���I�aDWDA<��?=L=aDc8A é u·K.¡�:��'� ë8ì ¡�K.B��3KMsrI�E
A.E4o`l'� ë8ì ¡�K.B�srI�E);�h�cHI é u�¡ KMq4E4o·�pC���Ki{NOI�J<A<BXj�É3KM?VWXIO{��A<BPA.E4o {| A<BDGML � :�fO�$BiA.E4G.I�a
¡�BDKMs S<[ ë8ì WXK
:�g'� ë8ì �H��q4W�q4EH¡ K.BDWDq4E4A<WXI�?VC»WDcHI�aXI é uvA<BDIRaXWDLY?=?$WXK7K�?=K&� ¡ K.B��3KMsrI�E);
w@¡�WDcHI�aDI»WDcHBiI�I·aDq4��aXWDLVWDqHWXI�J.KML=NOI·svI�WDcHKpo�a��nh�T¢J.KML=NOI·LYa�N�qHBiBDI�E�WD?=C8WDc4I»K.b4WDL=KMEÈsrKMaDW�K.¡ WXI�E q4aXI�o
A<¡ WXI�B»A�?YA<BDCpE4G.I�NOWXKMsRC.��aDLYE4NOIwLVWvL=arWDc4Iw�zI�aXW�;�¦HK.BxL=E4aDWDA.E4NOI.�UWDc4I�aXKMq4E4oÁê7q4A.?YLVW�C�K.¡Qh�T J.KML=NOI8L=a
BDI�?=A<WDL=J.I�?VCwG.KpKpo)�)L=E8NOKME7WXBiA.aXW���LVWDcíI�?VI�NOWXBDKM?=A<BiCpEHG.I�A.?�J.KMLYNOI.�)��c4L=N�cíc4A.a�A»J.I�BDCísvI�Nic4A.E4LYN�A.?+aDKMq4E4o);
h�cHI�aXI�NOKME4o·BDI�A.aDKME»¡ K.B
WDcHI@�$I�WXWXI�B�êpq4A.?=LVW¶CrK.¡�h�T J.KML=NOIQL=aU��A.aXI�o·KME»WDcHI�¡ A.NOW
WDc4A<W
A.LVB�NOKMsrI�a3¡ BDKMs
WDcHIQ?=q4E4GMa�����c�L=?VI���LVWDc»LYE'_^I�NOWDL=KME�I�aXK.b�c4A<G.I�A.?)J.KML=NOIQA.LVB�L=a3L=E'_XI�NOWXI�o`A.E4o»WDcHI�BDI�¡ K.BDI�BDI�WDqHBiE4a3¡ BDKMs WDcHI
I�aXK.b�c�A<GMq4a�;È�FL=E�NOI�WDcHIxI�aXK.b�c�A<GMq4a®c4A.a®A8aisvA.?=?VI�B J.KM?=q4srI.�µWDcHI·aDb$I�I�N�c aXI�GMsrI�E7WDa®��LVWDc�L=E'_XI�NOWDLVKME
I�aXK.b�c�A<G.I�A.?�J.KML=NOI�A<BiIwq4aDq4A.?=?=C�aDcHK.BDWXI�B&; ¦�L=E�A.?=?VCt��L=WDc h�T¼J.KML=NOIwWDc4I�BDIwL=a®�zI�WXWXI�B�NOKME7WXBDKM?�K.¡@WDcHI
A.LVBD��K&� � [MS��k;

132�� ��GHI9JLB����A:RG��)�AJDIK>A@�Bd6KBd��Bt>H�
h-K�LYsrb4BDK/J.I
aDb$I�I�N�c®ê7q4A.?YLVW�CRA<¡ WXI�B�A�?=A<BDCFEHG.I�NOWXKMs�C A.E®A<BDWDLVÄ�N�L=A.?�J.KFN�A.?F¡ KM?=o®L=a�oHI�J.I�?VK.bzI�o�A.E�o�b�?=A.NOI�o
L=E`Avh�TÁaDcpq4E7W�J'A.?VJ.I � fH��:O�4�d:��F��g.gH��g'�O�k;µh�c4LYa�oHI�JpLYNOIPL=a�N�A.?=?VI�owAvJ.KML=NOIOjkb4BDKFo4q4N�L=E4G I�?=I�srI�E�W á J7bzI æA.E4o`L=a�oHI�b�L=NOWXI�o`L=ExÄ�GMqHBDIr:<;��H;µ]ËW�NOKME4aDL=aDWDa
K.¡�A®��IOyFLV��?VI@?YLVbxK.¡�aiL=?=L=NOKMEHI@BiqH���$I�B&�7��c�L=Nic`L=a
b�?=A.NOI�o`L=E
A�BDI�NOWDA.EHGMq4?=A<B
cHKM?VI�L=E�A NOCp?YL=E4oHBiLYN�A.?HsrI�WDA.?�c4KMq4aDL=EHG á Ä�GMqHBDI�:<;\� æ ;µ]ËE»WDcHI�LYE4LVWDL=A.?HaDL=WDq4A<WDLVKMEvWDc4I@?=L=b�L=a
L=E»EHI�qHWXBiA.?�bzKMaDLVWDLVKME)�7L³;�I.;7WDc4I�?=LVb·L=a�b�BDI�aDaXI�o·A<GMA.L=E4aXW3WDcHI��3A.?=?�K.b4bzKMaDLVWXI�WXK WDc4I��
A.?=?���cHI�BDI�WDc4I�?=LVb·L=a
L=E4aDI�BDWXI�o);���cHI�E·A.LVBD��K&��b�A.aDaXI�aUWDcHI�?YLVbd�MWDcHI�?=LVb»aXWDA<BDWDa3WXKRJFLV�4BiA<WXI@A.E4o»b4BDKFo4q4NOI�aµaDKMq4E4o);�h�c4L=aµL=oHI�A
K.¡
Ax�4IOyFL=��?VI®?=LVb L=aQoHI�BiL=J.I�o�¡�BDKMs WDcHIrJpL=�4BiA<WDL=EHGx?=LVb�a�K.¡
A`s q4aDL=N�L=A.E8b�?YA�CFL=EHG`Ax�4BiA.aDaQLYE4aXWXBiq4svI�E�W��
��qHW
L=E4aDWXI�A.o»K.¡+A J7bzIQNOKME4aDL=aDWDL=EHGRK.¡�[ ?=LVb�a��7WDcHIQN�qHBDBDI�E7W
J7bzI�c4A.a�A®aDL=EHGM?=I�?=LVb��psvA.LYE4?VCr�zI�N�A.q4aXIQLVW
L=a
I�A.aDLVI�B�WXKv¡ A<��BiL=N�A<WXI � fF��g'�]�k;
h�cHI é u K.¡�WDc4I@JpbzI@o4I�b$I�E�o4aµKME·WDcHI�G.I�KMsrI�WXBiC·A.E4oxsvA<WXI�B�L=A.?zb4BDK.bzI�BDWDLVI�aUK.¡�WDc4I@?=L=bd;n¦HK.B�IOyFA.svb�?VI.�
A�?VKMEHG.I�Br?=LVb�b4BDKFo4q4NOI�a A aXKMq4E�o���L=WDcÈA ?VK/�UI�B®¡ BDI�êpqHI�E4NOC.;�h�cpq4a �pC�Nic4A.E4GML=EHG�WDcHIxG.I�KMsrI�WXBDC�K.B
svA<WXI�BiLYA.?do4L�0zI�BDI�E7W é uvN�A.E`�zIPA.Nic�LVI�J.I�o � fF�d:��H��g'�O�k;
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¦�LVGMqHBDIv:<;��Hü3>eaDNicHI�s�A<WDL=NQBDI�b4BiI�aXI�E�WDA<WDL=KME`K.¡nArNOBDKMaDa^j�aXI�NOWDL=KMEwK.¡nArJ.KML=NOIOjkb4BiKpo4q�N�L=EHG®I�?VI�srI�E7W

¦�LVGMqHBDI»:<;\�pü
>¢b�LYNOWDqHBDIQK.¡�AvJ.KMLYNOIOjkb4BDKFo4q4N�L=EHGrI�?=I�srI�E�W�b�?=A.NOI�owLYEwA�aDcpq4E7W�J<A.?VJ.I á A.LVBi�4K&�º¡�BDKMs WDcHI
BiLVGMc7W æ A.E4o`AraDN�cHI�svA<WDL=NPBDI�b4BDI�aXI�E7WDA<WDLVKME`K.¡+WDcHIQ¡ BDKME7W�JpLVI���K.¡�A®J.KML=NOIOjkb4BiKpo4q�N�L=EHG®I�?VI�srI�E7W á A.LVBD�4K/�
¡ BDKMs WDcHIQ¡ BDKME7W æ
�
LVWDc`WDcHIPoHI�J.I�?=K.b�L=EHGrK.¡�ArJpb$IQWDc4I�BDIPA<BDIRaXI�J.I�B�A.?dBDI�êpq4LVBDI�svI�E�WDa�NOKME4NOI�B�E4L=EHGrWDcHI�aXKMq4E4o � fF��g'�]�kü
M é urK.¡nA<�$KMq4WP:.:�u ëíì ¡�K.B�svA.?VI�a�A.E4o�A<�$KMq4W�[F:�u ë8ì ¡�K.B�¡�I�svA.?=I�a�N
M aDKMq4E4oíb4BDI�aDaDq4BDI�?VI�J.I�?+�zI�W��3I�I�Et�.� ÷�ø A.E4o8f<u ÷7ø �)srI�A.aiqHBDI�o�A<WPg<u Ô ï o4L=aXWDA.E�NOI�¡ BDKMs WDcHI

svKMqHWDcRN
M aDKMq4E4oxb4BDI�aiaDqHBDIQ?VI�J.I�?�J'A<BiLYA<WDLVKMExK.¡���j�:�u ÷�ø � g.fO�`N
M ¡ BDI�êpqHI�E4NOC·J'A<B�L=A<WDLVKME`K.¡�A<�zKMqHW�g jµ�vaXI�s�LVWXKMEHI�a á ?YLVÀ.IPArEHK.BisvA.?�L=E�WXKME�A<WDLVKME`b�A<WXWXI�BiE æ N
M ��K&�ºA.a�L=E`EHK.BisvA.?dJ.KML=NOIPb4BDKFo4q4NOWDL=KME)�F�$I�W¶�UI�I�EíuF;=:�fvA.E4o`uF;\g.[ öx� Ý N
M b�BDI�aDaDqHBiI�A.a�L=E`EHK.Bis�A.?zJ.KML=NOIRb4BiKpo4q�NOWDLVKME)�p�$I�W¶�UI�I�EíuF;��»A.E4o :<;\��� ßPà ;

PRQlkLQSP m/b�fDg�ZO[]\�_Rbt��gSbofDg�f^\�X��Lr;Xe[�g� ¡Xqb^Z]p
�pI�J.I�BiA.?�J7bzIO¢ aUc4A�J.I@A.?VBDI�A.oHC �zI�I�EvWXI�aXWXI�o·L=ErL=ErJFLVWXBDK�A.E4ovL=ErJFLVJ.KPIOyFbzI�BiL=srI�E7WDa�;¤£�E4¡�K.BDWDq�E4A<WXI�?VCrEHK.W
A.?=?)BiI�ê7q4L=BDI�srI�E7WDa�A<BDIRsrI�W�����qHW�WDc4IPBDI�aDq4?=WDa�A<BDIRA.N�NOI�b4WDA<��?VI � fF�$g'�O�k;3h�cHIPBDI�êpq4LVBDI�o é ur¡�K.B�¡�I�s�A.?VI�a
á [F:�u ë8ì æ L=a�BDI�A.?=LV��I�o)�F��q4W�WDcHIQBDI�êpq4LVBDI�o é ur¡ K.B�svA.?=I�a á :.:�u ë8ì æ L=a�aXWDLY?=?zEHK.W�BDI�A.Nic4I�o);Uh�c4I�aDKMq4E4o
b4BDI�aiaDqHBDIQ?VI�J.I�? á õ ßPö æ BiL=aXI�a���LVWDc`L=E4NOBDI�A.aiL=EHGr�4K/�P��EHI�J.I�BDWDc4I�?VI�aDa�L=W�L=a�aXWDL=?Y?$A»?=LVWXWD?VI�WXKpK»?VK/�P;µ>@a�¡ K.B
WDcHI@¡�BiI�ê7qHI�E�NOCvJ'A<B�L=A<WDLVKME)�pA<W
?=I�A.aXW
g aXI�s�LVWXKMEHI�a3A<BDI�GMA.L=EHI�o)�p��c4L=N�c�L=a3aDqHª»N�LVI�E�W��p��qHW3WDcHI�Nic4A.E4G.I@K.¡
¡ BDI�ê7q4I�E4NOC»bzI�B�b4BiI�aDaDqHBDIQN�c4A.EHG.I�LYa�Av?=LVWXWD?VIQ?VK/�P;
¦4qHBiWDcHI�BisrK.BDI.�HLVW3c4A.a3WXK®�$I@WDA<À.I�E`L=E7WXK A.N�NOKMq�E�W�WDc4A<W
WDcHI�?=q4E4GMaµb4BiK&JFL=oHI�WDc4I@��K&��A.E4o»b4BDI�aDaDq4BDI�¡ K.B
WDcHI�JpbzI.��srI�A.E4L=E4G@WDc�A<WnWDcHI��4K&��A.E4o®b4BDI�aDaiqHBDI
BiA.EHG.I�a�s q4aXWnKFN�N�qHB�A.aUL=E®EHK.BisvA.?FJ.KML=NOI�b4BDKFo4q4NOWDLVKME);
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¦HK.BDWDq�E4A<WXI�?VC.��WDc4I3b�BDK.WXK.W�CpbzI�anWXI�aXWXI�ovA.?=?pK.bzI�BiA<WXI���L=WDc4L=E�WDcHI�?=L=svL=WDa-aXI�W��pC�WDc4I3b�c�CFaDL=N�A.?FN�A<b�A<��LY?=LVWDLVI�a
K.¡�WDcHIP?=A<BDCFEHG.I�NOWXKMsrI�I�a�;
>eo4L=aDA.o4J'A.E7WDA<G.IPK.¡�WDcHIPJpbzIPL=a�WDcHIPI�aDWDA<��?=L=aDc4I�o�£�j�aDc�A<b$I�owBDI�?=A<WDLVKMEx�zI�W��3I�I�EíWDcHI é uvA.E�o`WDcHIP�4K/�
� fF��g.gF�+g'�O�k��Lk;�I.;-A.E�q4EHIOyFb$I�NOWXI�o�oHI�NOBDI�A.aDI»K.¡�WDcHI·¡ BDI�ê7q4I�E4NOC�K.¡�WDcHI�JpbzI��pCtL=E4NOBDI�A.aiL=EHG`�4K/�P�n��qHW
��cHI�E�WDc4Ir�4K&� LYaQL=E4NOBDI�A.aXI�o�¡�qHBDWDc4I�B@WDc4Ir¡�BDI�êpqHI�E4NOC8BiL=aDI�a@A<GMA.LYE);rh�c4L=a@b�cHI�E4KMsrI�EHKME L=aQA.?=aDKwaXI�I�E
o4qHB�L=EHG�L=EÈJFLVJ.K�IOypbzI�BiL=svI�E�WDa�K.¡�AíJ7bzIxL=E4aXI�BiWXI�oÈL=E A8aDcpq4E�W J<A.?VJ.Ix�7C�?=A<BDCFEHG.I�NOWXKMsrI�I�a � g.g/�k;t>@E
IOyFb�?=A.E4A<WDLVKMEÁsvLVGMc7Wv�zIwWDcHIwJ<A<BiL=A.E4NOI�K.¡QWDcHI�srKFoHI�avK.¡�JFLV�4BiA<WDL=KME K.¡�WDcHIíaDLY?=L=NOKMEHIxBiqH���$I�Bv?YLVb A<W
aXbzI�N�LVÄ�N@�4K/�º?VI�J.I�?Ya��4L³;�I.;4A<W�aXKMsvIP�4K&�º?VI�J.I�?=a�WDcHI�?=LVb`aXWDA<BDWDa�WXKvJpL=�4BiA<WXIPo4L�0zI�BDI�E7WD?VC � [.l
�k;
¦�L=E4A.?=?=C.��LVW@c4A.a@WXK»�zI�svI�E�WDLVKME4I�o�WDc4A<WQo4q4BiL=EHGrWDcHI®L=EíJpL=WXBDK»A.E4o8L=E�JpLVJ.K·IOyFb$I�B�L=srI�E7WDa�?=L=WXWD?VIPK.BQEHK
A<WXWXI�E7WDLVKMEvc4A.an�zI�I�E b�A.L=o WXKPL=svb$K.BiWDA.E�WnL=aDaiqHI�a�?=LVÀ.I�o4qHBiA<��L=?=LVW¶C.�'N�?VK.G.GMLYEHGQK.¡�WDcHI�o4I�JpL=NOI�A.E4orN�?=I�A.E4L=EHG
b4BDKFNOI�o4qHBiI�a�K.¡�WDcHIPJpb$I.;U�@q4BiL=EHGvL=ExJFLVJ.KvIOyFbzI�BiL=srI�E7WDa�m�A.EíoHI�B�h-K.BiE`I�W@A.?³;HK.��aXI�BDJ.I�o�WDc4A<W�WDc4IR?=LVb
aXKMsrI�WDLYsrI�a
aXWDL=NDÀFaUWXK WDc4I�L=E7WXI�BiLVK.B3K.¡dWDcHI@NOCp?=LYE4oHBiL=N�A.?�cHKMq4aDL=E4G � gMS��k�F��qHW��zI�aDLYoHI�a�WDcHI�aDI�K.��aDI�BDJ'A<WDL=KME4a
EHK®BDI�aXI�A<B�Nicwc4A.a��$I�I�ExoHKME4I�NOKME�NOI�BiE4L=EHG®WDcHI�aDIPaDqH�F_XI�NOWDa��HWDcHI�BDI�¡ K.BDIPEHK®¡�qHBDWDcHI�B�NOKME4N�?Yq4aDLVKME4a
N�A.E`�zI
oHBiA&��E � fp��g.g
�k;
>@a@svI�E�WDLVKME4I�oíA<�zK&J.I.�)L=EíJFLVWXBDK»A.E�oíL=E�JpL=J.K»IOyFbzI�BiL=srI�E7WDa�aDc4K&�¼q4a�WDc�A<W@�3I®EHI�I�o�WXKxL=srb�BDK&J.I WDcHI
�zI�c4A�JFLVK.B K.¡�WDcHI»J7bzI.��WDcHI�BDI�¡ K.BDIxE7q4svI�BiL=N�A.?UIOypbzI�BiL=svI�E�WDa�svLVGMc7W��zI�J.I�BiC�q4aXI�¡�q4?³;wh�c4I�BDI�aDq�?VWDaRK.¡
WDcHI`Epq4srI�BiL=N�A.?3srI�WDcHKFo4a ��L=?Y?��zI·q�aXI�o�WXK8Ä�E4o�WDc4I·K.b�WDL=svA.?3G.I�KMsrI�WXBDC�K.¡�WDcHI·Jpb$I.;th-K�J'A.?YL=o4A<WXI
WDcHI�aXI�BDI�aDq4?VWDanLYErJpL=WXBDKPA.E4ovL=E®JFLVJ.KPIOyFbzI�BiL=srI�E7WDanN�A.Ev�zI�q4aDI�o);¤��cHI�E�E7q4svI�BiL=N�A.?HA.E4orIOyFbzI�BiL=srI�E7WDA.?
srI�WDcHKFo4avA<BiI�NOKMsR��L=EHI�o)�UWDcHIwBDI�aDq�?VWDa®K.¡�WDcHI`IOypbzI�BiLYsrI�E�WDa�N�A.EÁcHI�?Vb WXK�GMq4L=oHIwA.E4o LYsrb4BDK/J.IwWDcHI
Epq4srI�BiL=N�A.?
srKFoHI�?³�U��c4L=?=I·L=E�WDcHIwEpq4srI�B�L=N�A.?�srKFoHI�?
aXI�J.I�BiA.?�LYsrb4BDK/J.I�srI�E�WDa�N�A.E �zIxLYE�J.I�aXWDL=GMA<WXI�o)�
��LVWDc4KMqHW
WDcHIPWXBiL=A.?)A.E�o`I�BDBDK.B�A<b�b4BDKMA.Nicíq4aDL=E4G A.?=?�aXK.BDWDa�K.¡�b4BDK.WXK.W¶C7bzI�a � f
�k;
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h�cHI NOKMsrb�qHWDA<WDL=KME4A.?-svKpoHI�?Ya�K.¡�WDc4IRJ.KML=NOIOjkb4BiKpo4q�N�L=EHG�I�?=I�srI�E�W�NOKME4aDLYoHI�BDI�o)�zNOKME4aDL=aDW�K.¡µA·aDL=EHGM?=IR?=LVb
L=EÈAwBDI�NOWDA.EHGMq�?=A<B c4KMq4aDL=EHGwA.E�o�A.E�A.LVBD�4K/� A.?VKME4G�WDcHI»WXK.bÈK.¡�WDc4LYaR?=LVb á Ä4GMqHBDI�:<;�� æ ;8h�c4L=aPÄ4I�?=otK.¡
aDN�LVI�E�NOI.�-L=E7J.KM?VJFL=EHGxb4BDK.��?=I�sva���LVWDc L=E7WXI�BiA.NOWDLVKME�aP�zI�W��3I�I�Et��q�L=o á WDcHI�A.LVBD��K&� æ A.E4o�aXWXBiq4NOWDqHBiI á WDcHI
aDL=?YL=NOKMEHIvBiq4�4�zI�BR?=LVb æ �+L=a N�A.?=?VI�ot��q4L=oFj�aXWXB�q4NOWDqHBDIvL=E7WXI�BiA.NOWDLVKMEd;w]ËEÈ��q4LYoFj�aXWXBiq4NOWDq4BDIvL=E7WXI�BiA.NOWDLVKMEÈ��q4L=o
srI�N�c4A.E4L=N�anA<BDI�NOKMqHb�?VI�o WXK�aDWXBiq4NOWDqHBiA.?FsrI�N�c4A.E4L=N�a á Ä4GMq4BDI�[p;=: æ ;U�Fq4Nic®A@b4BDK.��?VI�sºLYa+N�A.?Y?VI�o®A@NOKMq4b�?VI�o
b4BDK.��?VI�s`;�ÇwK.BiIRL=EH¡ K.BisvA<WDLVKME`A<�zKMqHW�NOKMq4b�?VI�oxb4BDK.��?VI�sva�N�A.Ew�zI�¡ KMq4E4o`L=EwA<b�b$I�E�o4L y�>�;

of the structure
displacement and velocity

fluid
mechanics

structural
mechanics

fluid forces

¦�LVGMqHBiIR[p;=:<üµ]^E�WXI�BiA.NOWDL=KMEw�zI�W��3I�I�Ew��q�L=oxsrI�Nic4A.E�L=N�a�A.E4owaDWXBiq4NOWDqHBiA.?)svI�Nic4A.E4LYN�a

��241 ­¡®¯G°���)IK�±Bd>A²=I9GC>A8E6³JLGH�±�W�?�´8x�RI9GH>A8E6µ�±G¶�WBd6
>
WQWDcHIvsrKMsvI�E�WQWDcHI�BiI IOyHL=aXWQW¶�UK`�3K.BDÀFL=EHGxW��3K<j�o4L=svI�E4aDLVKME4A.? á [<� æ NOKMsrb�qHWDA<WDLVKME4A.?nsrKFoHI�?=a@K.¡3WDcHI
Jpb$I.;3h�cHIPÄ�BiaXW��3K.BDÀFL=EHGvNOKMsrb�q4WDA<WDLVKME4A.?�svKpoHI�?d�3A.a�L=E�WXBiKpo4q�NOI�o`�7C��@A.sR��qHBDG�A.E4oí�@IRmnBiLVI�a � :��/�k;h-K�BiI�A.?=LV��I8WDcHI L=E4LVWDL=A.?�b$KMaiLVWDLVKME�K.¡PWDcHI ?=LVb���A.s���qHBDG A.E4o��@I mnBiLVI�axq4aXI�o�L=E4L=WDL=A.?�?VKMA.o�a�����c4LYNic
NOKME4aDLYaXWXI�o`K.¡�Ar¡�K.B�NOI é^· A.E4owAvsvKMsrI�E�W î¹¸ A.NOWDL=E4GvKME`WDcHIP¡ BDI�IQI�E4owK.¡-WDcHI�?=LVb á Ä4GMqHBDIR[p;\[ æ ;
�@I�mnBiL=I�avWXBiLVI�o WXK�L=svb4BDK&J.I�WDc4L=avNOKMsrb�qHWDA<WDLVKME4A.?�srKpo4I�?³�U�pC q4aDL=E4GtA�o4L�0zI�BDI�E7W�o4A.srb�L=EHG�K.¡QWDcHI
aDL=?YL=NOKMEHI�Biq4�4�zI�B�?=LVbd�/BDI�aDq4?=WDL=EHG�L=E A�o�L�0$I�BiI�E�W�o4A.srb�LYEHG�svA<WXBiLVy�º Ø · Ø L=EPWDcHI
svA<WDcHI�s�A<WDL=N�A.?pI�ê7q4A<WDL=KME4a
á gp;\� æ ;n¦4qHBDWDc4I�BisrK.BDI.�<cHI�WXBiL=I�oQWXK�L=srb�BDK&J.I�WDc4IµsrKFoHI�?<�7CQq4aiL=EHG�A�o4L�0zI�BDI�E7W�L=E4L=WDL=A.?<aDLVWDq4A<WDLVKMEd;d]ËE�aXWXI�A.o
K.¡µL=E�LVWDL=A.?)?VKMA.o4a@A.NOWDL=EHG·KMEíWDcHI�¡ BDI�I�I�E4o�K.¡nWDc4I ?=L=bd��cHI q4aXI�o8L=E4LVWDL=A.?)?=KMA.o4a���c4L=NicíA<BDI®o4LVJFL=oHI�o`K/J.I�B
WDcHIRE4KpoHI�a á aDI�NOWDLVKMEígp;\[p;=: æ K.¡-WDc4IR?=LVb á Ä4GMqHBiIR[p;\g æ ;

:�g
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¦�LVGMqHBiIR[p;\[püU§�L=bwL=E`qHb4BiL=GMc�W
bzKMaDLVWDLVKMExA.E4ow�$I�E7W�?=LVbx��L=WDc`L=E4LVWDL=A.?z?VKMA.o�a�KME`WDcHIP¡ BDI�IQI�E4owK.¡-WDcHI�?=LVb
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¦�LVGMq4BDIR[p;\gpüµÉ3I�E�W@?=LVbx��LVWDc`LYE4LVWDL=A.?z?VKMA.o4a�q4E4LV¡ K.Bisv?VCvo�LVJpLYoHI�o·K&J.I�B@WDcHIQI�E�WDL=BDIP?VI�EHG.WDc`K.¡�WDcHIP?YLVb
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£@EH¡�K.BiWDq4E4A<WXI�?VC.�MWDc4I�BDI�A<BDI�svA.E7C o�L=aDA.oHJ<A.E�WDA<G.I�a�K.¡�WDcHI�[<��NOKMsvb�qHWDA<WDLVKME4A.?HsvKpoHI�?FK.¡=�@A.sR��q4BDGPA.E4o
�@IPmnBiLVI�a � fF��g'�O�kü
M ]^EÈBDI�A.?=LVW¶C�A.LVB �4K&��a A.?VKMEHG8WDcHIxaDL=oHI�a�K.¡�WDcHIx?=LVb�;`]ËE�WDcHIx[<�¾srKFoHI�?3EHKíaiL=s�q�?=A<WDLVKMEtK.¡�WDc4L=a

?=I�A<À'A<G.I A.?VKMEHGrWDcHIR?YLVb`L=a�bzKMaDaDLV��?VI.�7�zI�N�A.q4aDIQWDc4L=a�srKFoHI�?)K.¡+WDcHIPJpbzI�NOKME7WDA.L=E4a�EHKr��L=o4WDc);
M ]Ë¡�WDcHIr?=L=b8L=EíWDcHIv[<� srKpo4I�?-NOKM?=?YL=oHI�a���LVWDc8WDcHI®?VK&�3I�BQ�3A.?Y?³�)A.LVBQL=a�I�E�N�?VKMaXI�o);Ph�c�L=a�BiI�aDq4?VWDa@L=E

WDc4IQK.BiLVGML=E4A<WDL=KME»K.¡-IOypWXB�A®¡�K.BiNOI�a�;�]ËExBiI�A.?=LVW�C»WDcHI�aXIQIOyFWXBiA®¡ K.BiNOI�a�A<BDIP?=L=s�LVWXI�o)�p�$I�N�A.q�aXIQA.LVB�N�A.E
��K&�ºA.?=KMEHGrWDcHIRaDLYoHI�a
K.¡-WDc4IR?=LVbxWXKvI�aDN�A<bzI.;

M h-Kvb4BiI�J.I�E�W���BDI�A<Àpo4K&��ExK.¡+WDcHIRNOKMsrb�qHWDA<WDLVKME4A.?)srKFoHI�?)Arb�BDI�N�A.qHWDLVKME`L=a
WDA<À.I�Ed��aXKrWDc4A<W�WDcHI�BDI
LYa�EHKvNOKM?=?=LYaDLVKME·bzKMaDaDLV��?=I���L=WDcxWDcHIP?VK&�3I�B��
A.?=?³�HWDc4IQ�3A.?=?�L=Ex��c4L=N�cxWDcHIP?=LVbwLYa�L=E4aXI�BDWXI�od;

M ��qHB�L=EHGxJpL=�4BiA<WDLVKME4a�WDcHIvaDLY?=L=NOKMEHI BiqH�4�zI�B�?=LVb�N�A.E G.I�WPW¶��L=aXWXI�o)����c4L=N�c8LYEH��qHI�E4NOI�a@WDcHIraXKMq�E4o4a
b�BDKpo�q4NOI�o);µ�FL=E4NOIQWDc4IPE7q4svI�BiL=N�A.?)srKFoHI�?)c4A.a�KME4?VC�W¶�UK·o4L=srI�E�aDLVKME4a��FEHKrWXK.BiaiLVKMEwL=a�A.?=?=K&�3I�o);

h�cHI
aXI�NOKME4o �3K.BDÀFL=EHG@[<��NOKMsrb�q4WDA<WDLVKME4A.?psrKpo4I�?7L=a+oHI�J.I�?VK.bzI�o �pC ¨éèK.BiaXÀ<A � :O�O�k;n¦+L=BiaXW��.aDcHI
L=srb4BiK&J.I�o
WDcHI@srKpo4I�?HK.¡T��A.s���qHBiGRA.E4o��@I�mnBiLVI�a��pCrL=E4aXI�BiWDL=EHGPAPb�LVbzI
LYEvWDcHI�?=K&�3I�BU�
A.?=?HWXK b4BDI�J.I�E7WµI�E4N�?=KMaDqHBDI
K.¡QA.LVB á Ä4GMqHBiI�[p;�� æ ;�h�c4LYa®�3A&C A�aXKM?=qHWDLVKME c�A.o �zI�I�E ¡�KMq4E�o WXKtBDI�A.?=LV��IíNOKM?=?=L=aDL=KMEÈK.¡@WDcHI�aiL=?=L=NOKMEHI
BiqH���$I�Bx?=LVb
��L=WDc
WDcHIt?VK&�3I�Bw�
A.?=?�L=E�A [<�ZNOKMsrb�q4WDA<WDLVKME4A.?QsrKFoHI�?³�@��LVWDcHKMq4W·��BDI�A<Àpo4K&��E
K.¡ WDcHI
srKFoHI�?³;��pI�NOKME4o4?=C.�paDc4I�L=E4aXI�BiWXI�o�A.EHK.WDcHI�B
b�L=b$I�LYErWDcHI�?VK&�3I�BU�
A.?=?�WXK aDLYs�q4?YA<WXI�WDcHI�A.L=BD�4K&�
A.?VKMEHG�WDcHI
aDL=o4I�a
K.¡+WDc4IP?=LVb á Ä4GMqHBiIR[p;\� æ ;

¦�LVGMqHBiIR[p;��HüU>¢b�LVbzI á b�LVbzI&[ æ A<b4b�?=L=I�o·LYExWDcHIRsrKFoHI�?zK.¡�¨éèK.BiaXÀ<ArWXKvb4BiI�J.I�E�W�WDc4IPI�E4N�?VKMaDq4BDIQK.¡+A.L=B

¦�LVGMq4BDIR[p;\�püU>ºb�LVbzI á b�LVbzIM: æ A<b4b�?=L=I�o`L=ExWDcHIPsrKFoHI�?zK.¡µ¨éèK.BiaXÀ<ArWXK�svKpoHI�?)?=I�A<À'A<G.I A.?VKMEHGrWDcHIR?YLVb
h�cHI®L=E7WXBDKFo4q4NOWDLVKME�K.¡µWDcHI b�LVbzI�a�LYE�WDcHIr?VK/�UI�B��
A.?=?�aXKM?VJ.I�o�srKMaXW@K.¡µWDc4I���A&��a�K.¡�WDcHIv[<� srKFoHI�?�K.¡
�@A.sR��q4BDGH;nh�cHI�EHIOyFWUaDWXI�b»L=aµWXK�oHI�J.I�?VK.bxAQWDcHBiI�IOj�o4L=srI�E4aiLVKME4A.? á g<� æ NOKMsrb�qHWDA<WDLVKME�A.?�srKFoHI�?³;+]ËE�WDcHI
g<�¸srKFoHI�?+��L=oHWDc�L=a�A.o4oHI�o�WXKwA.?Y?VK&� A.LVBi�4K&�¼A.?VKMEHG`WDc4I®aiL=oHI�a@K.¡UWDc4I®?YLVbd�)aXKxWDc4A<WQIOyHA.svL=E4A<WDLVKME�K.¡
WDcHIRLYEH��qHI�E4NOI@K.¡�WDc4L=a�A.LVBi�4K&� LYa
b$KMaiaDLV��?VI.;
k¤QSPTQSP ~êsDXëf^\LYi_RVCZO[]_RY�ZiìtZ]sDXíp
îDïdchV`\RZ
ZO_RVEZO[]_RY�Zð_Rbd��Z]sdXíp
s¤îdbhZ f=_RV�f^X
É3K.WDcwIOyHL=aXWDL=E4Gr[<�¼NOKMsvb�qHWDA<WDLVKME4A.?)svKpoHI�?Ya
KME4?VC»svKpoHI�?zWDc4IQJ7bzI.;�h�cHI�C·�zK.WDc`?=A.NDÀxWDcHIQBiI�b4BDI�aXI�E7WDA'j
WDLVKME`K.¡�ArJ.KFN�A.?dWXBiA.NOW��$AraDqH�4GM?=K.WXWDA.?)WXBiA.NOW�A.E�o`AvaDcpq4E�W�J<A.?VJ.I.;
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h�cHIRJ.KpN�A.?-WXBiA.NOW�NOKME�aDL=aXWDa�K.¡nWDcHKMaXI�A<BiI�A.a�K.¡�WDcHI�J.KpN�A.?+aXCFaXWXI�s A<�zK&J.I WDcHI ?=A<BDCFEFy$�4NOKMsvb4BiL=aDLYEHGrWDcHI
b�c4A<BiCpEFyz�pWDcHI�K.BiA.?zN�A�JFLVW�CxA.E4o·WDcHIQE4A.aDA.?zN�A�JFLVW¶C � f��k;d£@EH¡ K.BDWDq4E4A<WXI�?=CvKME4?VCv?=L=WXWD?VI@LYEH¡�K.B�svA<WDLVKME·NOKMq4?=o
�zIP¡ KMq4E4owNOKME4NOI�B�E4L=EHGvWDc4I�NOKME4aXI�êpqHI�E4NOI�a�K.¡nWDcHI EHI�GM?VI�NOW�K.¡nWDc4IRJ.KFN�A.?�WXBiA.NOW@L=EwWDc4IRNOKMsrb�qHWDA<WDL=KME4A.?
srKFoHI�?=a�;
h�cHI�b4BiL=E4N�L=b�A.?
¡ q�E4NOWDLVKME K.¡QWDcHIíJ.KpN�A.?�WXBiA.NOWxL=arWXBiA.E�aX¡�K.B�svL=EHGtJ.KMLYNOIíL=EÁJ.KML=NOI�o�aDb$I�I�N�c);
��qHBiL=E4G�WDcHI�aXI®WXBiA.E�aX¡�K.B�svA<WDLVKME4a�WDcHI®J.KpN�A.?�WXB�A.NOW�LYa�A·BDI�aXKME�A<WXK.B��dL³;�I.;zL=E4aXWXI�A.o8K.¡µAxoHI�NOBDI�A.aDI K.¡UWDcHI
aXKMq4E�oxb4BDI�aDaDq4BDIQ?VI�J.I�?do4qHI�WXKvWDc4IR?VKMEHG.I�B�o4LYaXWDA.E4NOIQWDcHIRaDKMq4E4o`c4A.a
WXKvWXB�A�J.I�?³��WDcHIQK&J.I�BiA.?Y? õ ßPö ��L=?=?
L=E4NOBiI�A.aXI��zI�N�A.q4aXI�K.¡)WDcHI�A.svb�?=LVÄ�N�A<WDL=KMErK.¡daXbzI�N�LVÄ�N
¡ BDI�êpqHI�E4N�LVI�a � g<u
�k;�É3K.WDc�IOyHL=aXWDL=E4GRNOKMsrb�qHWDA<WDL=KME4A.?
srKFoHI�?=a�EHI�GM?VI�NOW�A.EíA.NOKMq4aDWDL=NPBDI�aDKME4A<WXK.B�¡ q4E�NOWDLVKME�A.E4oíWDcHI õ ßPö L=a�N�A.?YN�q4?=A<WXI�oí�7C`WDcHI �4K/�ºKMEíWDcHI
I�E4o`K.¡+WDcHIRc4KMq4aDL=EHG®K.¡+WDcHIPJpbzI�A.?=KMEHI.;
]^EtJFLVWXBDK`IOyFb$I�B�L=srI�E7WDaRaDcHK/�UI�o�WDc4A<WRWDc4I�L=EH��q4I�E4NOIrK.¡�WDcHI�aDq4�4GM?VK.WXWDA.?�WXB�A.NOW���Lk;�I.;dWDcHI�WXB�A.NicHI�A8A.E4o
WDcHI@?=q4EHGMa��7KME�WDc4I�¡�q4E4NOWDLVKME4LYEHGPK.¡)WDcHI�J7bzI�LYaµEHI�GM?=L=GMLV��?VI.;-]¶W
c4A.a3EHK�aDL=GME4LVÄ�N�A.E7W�I�0zI�NOW3KME·A.E7CrK.¡dWDcHI
BDI�?=A<WDL=KME4a
�zI�W��3I�I�Ew�4K/�P�4b4BDI�aiaDqHBDI.�F¡ BDI�ê7q4I�E4NOC·A.E�owaXKMq4E4oxb�BDI�aDaDqHBiI�?=I�J.I�? � fF��g'�
�k;
¹µ?YA.N�L=EHG@WDcHI
J7bzI
L=E�AQaic7q4E7W+J'A.?VJ.I�?VK/�UI�B�a�WDcHI é u�A.E4o BDI�aDq4?VWDa�L=E AQc4LVGMc4I�B+A.LVBi�4K&� BDI�aDLYaXWDA.E4NOI � fF�Mg'�
�k;
É3I�N�A.q4aXIQ�3IQA<BDIQaXWDL=?=?�A<W3WDc4I@�zI�GML=E�E4L=EHGPK.¡-WDcHI�oHI�J.I�?VK.b�srI�E7W
K.¡-A G.KpKpoxNOKMsrb�q4WDA<WDLVKME4A.?)srKFoHI�?�K.¡-A
Jpb$I.�F�3IQ��L=?=?$EHK.W�L=E4N�?Yq4oHI�A®BiI�b4BDI�aXI�E7WDA<WDLVKMExK.¡�A®J.KpN�A.?zWXBiA.NOW���AraDqH�4GM?VK.WXWDA.?zWXB�A.NOW�K.B�A®aDc7q�E�W
J<A.?VJ.I.;
]^E»¡�qHWDqHBiI�WDcHI�aDI@BiI�b4BDI�aXI�E7WDA<WDLVKME4a
svLVGMc7W
�zI@L=E�N�?=q4oHI�o»L=E�WDc4I�NOKMsvb�qHWDA<WDLVKME4A.?zsrKFoHI�?³;n>@?VWDcHKMqHGMcd�7�3I
s q4aXWP�zIvA��
A<BDI·WDc4A<WP��c4I�E WDcHIvBDI�aiq4?VWDaQK.¡
WDcHI�NOKMsvb�qHWDA<WDLVKME4A.?UsrKFoHI�?=aPA<BDI�J'A.?=LYo4A<WXI�o �pC8IOyFbzI�BiL j
srI�E7WDA.?�svI�WDcHKpo�a���WDcHI@BDI�aDq�?VWDanK.¡d�zK.WDc�svKpoHI�?Ya�svA�C»o4L�0zI�Bµ¡ BDKMs WDcHI@BDI�aDq�?VWDanK.¡dL=E�JpLVWXBiK�A.E4o»L=EvJFLVJ.K
IOyFb$I�B�L=srI�E7WDa � fH�Hg.gH��g'�O�k�HLV¡�WDcHI�IOyFbzI�BiL=srI�E7WDa
L=E�J.KM?=J.IPA�J.KFN�A.?)WXBiA.NOW���AraDqH�4GM?VK.WXWDA.?$WXBiA.NOW�K.B�A aic7q4E7W
J<A.?VJ.I.;

��2�� ­¯ñA:RBDB����)I4��Bd>A²=I9GH>A8E6ðJLGH�±�W�?�=8x�=I9GH>A8E6é��G¶�WBd6
�
cHI�E oHI�J.I�?VK.b�LYEHG A NOKMsrb�qHWDA<WDLVKME�A.?�srKpo4I�?³�µaDq4N�c A.arKMqHB�g<��NOKMsrb�q4WDA<WDLVKME4A.?�srKFoHI�?³��WDc4I�BDIwA<BDI
aXI�J.I�BiA.?-A.aXbzI�NOWDa�WXK»o4I�A.?z��LVWDc � ���kü
M Epq4srI�B�L=N�A.?)aXWDA<��L=?YLVW�C»K.¡+WDc4IPsrKpo4I�?�N
M A.N�N�q4BiA.NOC`K.¡-WDc4IRN�A.?=N�q4?=A<WDL=KME4a�N
M G.BiK&��L=E4GvNOKMsrb�?VIOyHLVW�CxK.¡+WDcHIPb4BiK.��?VI�sva�N
M ?YL=svLVWXI�oxNOKMsrb�q4WDL=EHGrWDL=srIPA.E�owNOKMsrb�qHWXI�B�srI�srK.BDC´N
M ?YL=svLVWXI�oxoHI�J.I�?VK.b�srI�E�W�WDL=srI.�4aXKvWXBiC»WXK�s�A<À.I�q4aXIQK.¡+IOyHL=aXWDL=EHGvNOKFoHI.;

h-KwoHI�J.I�?VK.b KMqHBRg<�¸NOKMsrb�q4WDA<WDLVKME4A.?nsrKFoHI�?³�z�3Ir��L=?=?-svA<À.Ivq4aXI®K.¡3W��3K`IOyFL=aDWDL=EHG`srKFoHI�?=a�;R¦4K.BPWDcHI
aXWXBiq�NOWDqHBiA.?-b�A<BDW@�UI ��L=?=?-q4aXI�WDcHIv[<� NOKMsrb�qHWDA<WDLVKME4A.?+srKFoHI�?�K.¡
¨éèK.BiaXÀ<AF�)��qHW@L=E4aXWXI�A.oíK.¡µWDcHI b�LVbzI�a
L=E WDc4I��zK.WXWXKMsñK.¡
WDcHI·cHKMq4aDLYEHG`WXKíaDLYs�q4?YA<WXIvWDcHIv�4K/� A.?=KMEHGwWDcHI·aDL=oHI�aQK.¡�WDc4I»?=LVb��d�UI»��L=?=?nA.o�o�A
WDc4LVB�o·o�L=srI�E4aDL=KME)�pE�A.srI�?VC�WDc4IP��L=oHWDcd;�¦4K.B�WDcHIP��q�L=o�b�A<BDW��UIR��L=?=?$q4aXIQWDcHIRg<�¼aiL=s�q�?=A<WDLVKMExsrI�WDcHKFo
�3KMsr��K � :�g/�k;
� IR��L=?=?)q4aXI�Avo4L�0zI�BDI�E7W�L=E4LVWDLYA.?$aiLVWDq4A<WDLVKME`WDc4I�E�q4aXI�o��7C�¨éèK.B�aXÀ'A�A.E4o��@IRmnB�LVI�a�;
§�LVÀ.IR�@I�mnBiLVI�a��3I
��L=?Y?�q4aDI�LYE4LVWDL=A.?�?VKMA.o4a
��c4LYNicxA<BDIQo4LVJFL=oHI�o»K&J.I�B�WDc4IPEHKpo4I�aUK.¡+WDcHIQ?=LVb��7��q4W3L=E�aXWXI�A.oxK.¡�¡ K.BiNOI�a��3IQ��L=?=?
q4aXI�srKMsrI�E7WDa á Ä�GMqHBDI�[p;\� æ ;C��cHI�EíA��zI�A.s¾L=a��zI�E7W�srKMsrI�E7WDa�K.B�LVGML=E4A<WXI�WDc4A<W�A<BDI b4BDK.bzK.BDWDL=KME4A.?zWXK
WDcHI�?=KpN�A.?�o4I��4I�NOWDLVKME K.¡
WDcHIv�zI�A.s`;·h�cHI�BDI�¡ K.BDI.�-�UI�N�cHKpKMaXI»A.EtLYE4LVWDL=A.?�?VKMA.o�IOyFL=aDWDL=EHGxK.¡�srKMsrI�E7WDa�;
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¦�LVGMqHBDIR[p;\�pü3§�LVb`L=E`q4b4BiLVGMc7W
b$KMaiLVWDLVKME`A.E4ox�zI�E7W�?=LVbx��LVWDc`L=E�LVWDL=A.?zsrKMsrI�E7WDa�q4E�LV¡�K.B�sv?VCvo4LVJFL=oHI�o·K/J.I�B
WDcHIPI�E7WDLVBDIP?=I�EHG.WDc`K.¡+WDcHIR?=LVb

h�c4LYa��3A&C`I�J.I�BDC�EHKFoHIQK.¡nWDcHI��zI�A.s°ÀFEHK&��a�o4LVBDI�NOWD?=Cxc4K&�ºs q4N�cíLVW�L=a��zI�E�W@A.E4o�c4K&�ºs q4N�cíLVW�?=LVÀ.I�a
WXK�aXWXBiI�WDNic � g.�O�k;
h�cHI
o4L=aiA.oHJ'A.E7WDA<G.I�K.¡�KMq4Bng<�
NOKMsrb�qHWDA<WDLVKME4A.?HsrKFoHI�?FL=a+WDc4A<W�WDcHI�BDI�L=a�aXWDLY?=?7E4K@WXK.B�aDLVKME K.¡�WDcHI�aiL=?=L=NOKMEHI
BiqH���$I�BU?=LVb�A.?=?=K&�3I�o);�>�a3N�A.E·�zI�BDI�A.o·L=EvWDc4I�EHIOyFW3N�c4A<b4WXI�B��FWDcHI@aDL=?=LYNOKMEHI�BiqH���$I�BU?=LVb�L=a3oHI�aDNOB�LV�zI�or�7C
[<� I�ê7q4A<WDL=KME4a á gp;\� æ ;�É3CíA.o�o4L=EHG·A·NOKME�aXWDA.E�WQ��L=oHWDcíWXK`WDcHI ?YLVbd�$�UI®K.�4WDA.L=E�A`g<�¸?=LVbd;���qHI®WXK`WDcHI
[<� I�ê7q�A<WDLVKME4a���L=W@��L=?=?+EHK.WQ�zI bzKMaDaiLV��?VI�WXKwN�A.?=N�q4?=A<WXIrWXK.BiaiLVKME�K.¡UWDc4I®?YLVbd;R]Ë¡µ�3Ir�
A.E�WQWXK�N�A.?YN�q4?=A<WXI
WXK.BiaDL=KME)�H�UI�c4A�J.IPWXK·oHI�J.I�?VK.b�E4I��ºg<�eI�ê7q�A<WDLVKME4a�¡ K.B�WDcHIR?YLVbd;
Ç�K.BDI�L=EH¡ K.BisvA<WDLVKME�A<�$KMq4W-WDcHI�oHI�J.I�?=K.b$I�o®g<��NOKMsrb�qHWDA<WDLVKME�A.?psvKpoHI�?p?=LVb$g<� K.¡4WDcHI
Jpb$I3N�A.E®�zIµ¡ KMq4E4o
L=ExWDcHI�NOK.BDBDI�aXbzKME4o4LYEHG�GMq�L=oHI � :&S/�k;

��2)( *'�W�±BD:TI9JL8E6µ²qGH6K�?�RI9GC> 8E69@3GC:TI �RñW�
w�qHB�g<�eNOKMsrb�q4WDA<WDLVKME4A.?)srKFoHI�?$K.¡�WDcHI�J.KML=NOIOjkb�BDKpo�q4N�L=EHG®I�?VI�srI�E7W
��L=?=?��zI@aDKM?VJ.I�o`E7q�srI�BiL=N�A.?=?=Cr��LVWDc
A8?VK7KMaDI»NOKMqHb�?YL=EHG�A.?VG.K.B�LVWDc4s á aDI�NOWDLVKME >R;\[p;�� æ ; >°?VKpKMaXI·NOKMqHb�?=L=E4G�A.?VG.K.BiLVWDc�sñL=E4o�L=N�A<WXI�aRWDc�A<W�KME4?=C
KME4NOI»b$I�B�WDL=srI·aXWXI�bÈA.E�L=E7WXI�BiA.NOWDLVKMEÈ�$I�W¶�UI�I�EÈWDcHI»��q4L=o b�A<BDWRA.E4o�WDcHI»aXWXB�q4NOWDqHBDI»b�A<BDWPKFN�N�qHBia�;w>
aDN�cHI�svA<WDL=NQBiI�b4BDI�aXI�E7WDA<WDLVKMEwK.¡�aXKM?VJFL=EHG®KMqHB�b4BDK.��?VI�s N�A.E��zI@¡ KMq4E4o`LYExÄ4GMqHBDIR[p; S7;
� IUc�A�J.I
NicHKMaXI�ERWDc4L=adA.?=G.K.BiLVWDc4s aiL=E4NOI�LVW�LYa)BiA<WDcHI�B-I�A.aXCQWXK�b4BiK.G.BiA.s A.E4oRb4BiA.NOWDL=N�A.?.WXK@aXWDA<BDW+aXKM?VJFL=EHG�A
NOKMqHb�?=I�o�b4BiK.��?VI�s ��LVWDc);¤£�E4¡�K.BDWDq�E4A<WXI�?VC.�FWDcHI�A.?VG.K.BiLVWDc4s c4A.a
aXI�J.I�BiA.?)o�L=aDA.oHJ<A.E�WDA<G.I�a�;�¦HK.B�IOyFA.svb�?VI.�
A`?VKpKMaXIrNOKMqHb�?=LYEHG·svI�WDcHKpo�oHKpI�aQEHK.WPsvA<À.Ivq�aXI®K.¡3L=E7WXI�BiE4A.?�LVWXI�B�A<WDLVKME4a��dsrI�A.E�L=EHGxWDc4A<WPLVWQoHKpI�aQEHK.W
�
A.LVWµ¡ K.B
WDcHI���q�L=oFj�aXWXBiq�NOWDqHBDI�L=E7WXI�BiA.NOWDLVKME»WXK NOKME7J.I�BDG.I.;3h�cHI�BDI�¡ K.BDI�I�BiBDK.Bia3A<BiL=aXI@A.E4o»?=KMaDa�K.¡dK.B�oHI�BUK.¡
A.N�N�qHBiA.NOC�KpN�N�qHB�a�;��3KME4aXI�êpqHI�E7WD?VC`EHK���LVGvWDL=srI�aXWXI�b�a@A<BDI�bzKMaDaiLV��?VI.�4aXK»WDcHI�BDI L=a�A»?=L=svLVWDA<WDL=KME`K.¡nWDcHI
¡ I�A.aDLV��?VI�WDL=svIPaXWXI�bd;
]Ë¡��UIx�3KMq4?=o�q4aXI»A8b4BiI�o4L=NOWXK.BXj�NOK.BDBiI�NOWXK.B®A.?=G.K.BiLVWDc4s á aXI�NOWDLVKME >�;\[p;�� æ L=E4aXWXI�A.oÈK.¡�A8?VKpKMaXI·NOKMq4b�?=L=EHG
A.?VG.K.BiL=WDc4s°KMqHB@BDI�aDq�?VWDa��3KMq4?=o��$I srK.BDI®A.N�N�qHBiA<WXIrA.E4o��UI �UKMq�?=o�EHI�I�o8?VI�aDa@NOKMsrb�q4WDL=EHGvWDL=svI.;�É
qHW
aDL=E�NOIR�3I A<BDI®aXWDL=?Y?�L=E�WDcHI��zI�GML=E�E4L=EHGrK.¡µo4I�J.I�?VK.b�L=EHG·A�G.KpKFo�g<� NOKMsrb�qHWDA<WDL=KME4A.?-svKpoHI�?k�$LVW@L=a@srK.BDI
b4BiA.NOWDLYN�A.?-WXK`aXWDA<BiW���L=WDc�WDcHI®b�?YA.L=E�?VKpKMaXI®NOKMqHb�?=LYEHG�A.?VG.K.BiL=WDc4s¾A.E�o8LYsrb4BDK/J.I�WDcHI®srKFoHI�?+?=A<WXI�B���LVWDc
WDcHIRsvK.BDIPNOKMsrb�?=LYN�A<WXI�o`b4BDI�o4LYNOWXK.BXj�NOK.BDBDI�NOWXK.B@A.?VG.K.BiLVWDc4sw;
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discrete models
of the fluid and structure

mathematical models
of the fluid and structure

initialisation

t = t + dt

solve fluid
mechanics

solve structural
mechanics

fluid forces

displ. and vel.
of the structure

solution of the
coupled problem

t t
fin
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w�qHBRb4BDK.��?VI�sw�-A8aDL=?=L=NOKME4IrBiqH�4�zI�BP?=LVb�KMaDN�L=?=?=A<WDLYEHGwL=EtA.E�A.LVBD�4K/�P��N�A.EÈA.?=aDK��zI�N�A.?=?VI�oÈAwWDcHBiI�IOjkÄ4I�?=o
NOKMqHb�?=I�o�b4BiK.��?VI�s � g.l/�k���zI�N�A.q4aXIxLVW�NOKME�aDL=aXWDa K.¡�WDc4BDI�I»Ä�I�?=o4a�;�h��3Kíb�c7CFaDL=N�A.?UÄ4I�?=o4aRBDI�b4BDI�aXI�E7W®WDcHI
��q4LYo A.E4otWDcHI·aXWXBiq4NOWDq4BDI.�+A.E�o KMEHI»NOKMsvb�qHWDA<WDLVKME4A.?µÄ4I�?=o�BDI�b4BDI�aXI�E7WDaPWDc4I�G.BiL=od;»h�cHI�W��3Kíb�c7CFaDL=N�A.?
Ä4I�?=o�a�A<BDIRA.?=aXKvo�L=aDN�q4aDaDI�o»I�A<B�?=LVI�B á N�c4A<b4WXI�B@[ æ ;

(�241 ­¯ñAB-,��WIK�
h�cHI`��q4L=o)�µLk;�I.;�WDcHIwA.LVBD��K&�P�
L=avoHI�aiNOBiLV�zI�o��7C�WDcHI�L=E�NOKMsrb4BDI�aDaiLV��?VI`g<� ��A&JpL=I�BXjË�pWXK.À.I�a»I�ê7q4A<WDL=KME4a��
L³;�I.;$WDcHI®NOKME4aXI�BDJ<A<WDLVKME8K.¡µsvA.aDa�A.E4oíWDcHIrNOKME4aXI�BiJ'A<WDLVKME8K.¡µsvKMsrI�E�W � fF��:O�4��:��/�k�z��LVWDcíWDcHI o4I�E4aDLVW¶C �NOKME4aXWDA.E7W�A.E�o ò � � BiI�b�?=A.NOI�o`�pC»WDc4IPb4BDI�aDaiqHBDI ò ;

M �
KME4aXI�BDJ<A<WDLVKME`K.¡nsvA.aDa á K.B�NOKME�WDLYE7q4L=W�CxI�ê7q�A<WDLVKME æ ü
o4LVJ ú â u á gp;=: æ

��LVWDc ú âeá ý/.Xþ0.21 æ WDcHIRJ.I�?VKpN�L=W�CxJ.I�NOWXK.B�;
M �
KME4aXI�BDJ<A<WDLVKME`K.¡nsrKMsrI�E7W�ü

3 ú3 ù54 á ú ��G.BiA.o æ ú â76 G.BiA.o ò 4 � o4L=J�G.BiA.o ú 4 ç á gp;\[ æ
��LVWDc ò WDcHI»b4BDI�aDaiqHBDI.� � WDc4I�ÀFL=EHI�svA<WDL=N®JFL=aDNOKMaiLVW�C�A.E4oÈç â á�é98 . é · . é ¸ æ WDc4IvJ.I�NOWXK.B�BiI�b4BDIOj
aDI�E�WDL=E4GrWDcHIPIOyFWXI�BiE4A.?)¡ K.BiNOI�a�KMEwWDcHIP��q4LYo);

}¤QSPTQSP :ê\^ �rtîLZO_´Z]g`\^bd_RV3cT[�gS�
h-K aXKM?=J.I�WDcHI@��A&JpLVI�BDjË�pWXK.À.I�a
I�ê7q�A<WDLVKME4aU�UI�Ä4BiaXW��
A.E7WUWXK®o4L=aDNOBiI�WDLV��I á gp;=: æ I�E á gp;\[ æ ;3¦HK.B
WDcHI�aDb�A<WDL=A.?
o4L=aiNOBDI�WDLV��A<WDLVKMEÁ�UI8��L=?=?�q4aXIíA �
A<BDWXI�aiL=A.EÁG.B�L=o)�
��LVWDcÁWDcHI8c4K.BiLV��KME7WDA.?�J.I�?VKFN�LVW¶C ý ��WDcHIíWXBiA.E4aXJ.I�B�aXI
J.I�?VKFN�LVW�C þ A.E4oÈWDcHI»J.I�BDWDL=N�A.?�J.I�?=KpN�LVW¶C 1 aXI�W�LYEtWDcHI·svL=o4o4?=I K.¡�WDc4I»NOI�?=?µ¡ A.NOI�a á L³;�I.;-WDcHI��zKMq4E4o�A<BDC
�zI�W��3I�I�EwW¶�UKxNOI�?=?=a æ A.E�o`WDcHIPb4BiI�aDaDqHBDI ò aXI�W�L=ExWDc4IRNOI�?=?dNOI�E7WXBDI�a � fF��:��/�k;3h�c4L=a�A<BDB�A.EHG.I�srI�E7W�K.¡�WDcHI
J.I�?VKFN�LVWDLVI�a�A.E�orWDcHI�b4BDI�aiaDqHBDI�L=a�N�A.?Y?VI�ovAQaXWDA<G.G.I�BDI�o»G.BiL=o � g.�
�k;n]ËE®Ä4GMq4BDI�gp;=:�AR[<�
IOyHA.srb�?=I�L=anaDcHK/��E);
TnyFWXI�E4aDL=KMExWXK»Avg<� aXWDA<G.G.I�BiI�owG.BiL=o`LYa�aXWXBiA.LVGMc7WX¡ K.BD�3A<B�o);

:�l
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¦�LVGMq4BDIRgp;=:<üU§�KpN�A<WDLVKME�K.¡-WDc4IPb4BDI�aDaiqHBDIQA.E4o`J.I�?VKFN�LVW¶C·NOKMsrbzKMEHI�E7WDa á [<� æ
}¤QSPTQlk ;¹gSp
Yi[]X�Z]g=<�_´Z]g`\hb gSboZ]gS �X
¦HK.B WDcHI»o�L=aDNOBDI�WDLV��A<WDL=KMEtL=EtWDLYsrI á WDL=srI»L=E�WXI�G.B�A<WDLVKMEÈsvI�WDcHKpo æ WDcHI�¡ K.BD�
A<Bio�TUq4?VI�BRsvI�WDcHKpo���L=?=?��zI
q4aXI�od;�h�c4L=a
BDI�aiq4?VWDa�L=ExBDI���BiLVWDL=EHG WDcHIR�@A�JFLVI�BXjË�FWXK.À.I�a�I�êpq4A<WDLVKME4a�L=ExWDcHIP¹+KML=aDaXKMEwI�ê7q4A<WDL=KME � fp��:��/�kü

o�LVJ�G.BiA.o ò?>A@CB ÙED â o�LVJ á ú >A@ DF ùG4IH >J@ D æ á gp;\g æ
��LVWDc H >A@ D â-6Rá ú >A@ D �/G.BiA.o æ ú >J@ D 4 � o4LVJ»G.BiA.o ú >A@ D 4 ç >A@ D A.E4o á � 4 : æ � á � æ oHI�E4K.WDL=EHG·WDcHIrEHI��
A.E4o`KM?YoxWDL=srIP?VI�J.I�?)BiI�aXbzI�NOWDLVJ.I�?VC.;

}¤QSPTQl} ;¹gSp
Yi[]X�Z]g=<�_´Z]g`\hb gSb p/rd_RYiX
h-KPaXKM?VJ.I�b�A<BDWDLYA.?po�L�0$I�BiI�E�WDL=A.?pI�êpq4A<WDLVKME4anEpq4srI�B�L=N�A.?=?VC.�.o4L=aiNOBDI�WDLV��A<WDLVKME®srI�WDcHKFo4anA<BDI�q�aXI�o � [p�4:�g/�k;¤� I
��L=?Y?-aXKM?=J.I KMq4BP¹-KMLYaDaXKME�I�êpq4A<WDLVKME��pCíA·Ä�E4LVWXI J.KM?=q4svI®svI�WDcHKpo � [.�H�)g.�
�k;�h�cHI�BiI�¡�K.BDI.���UI®��L=?Y?-c4A&J.I
WXKvBDI���BiLVWXI á gp;\g æ L=E`NOKME�aXI�BDJ<A<WDLVKME`¡ K.Bis á L=E7WXI�G.BiA.?)¡ K.Bis æ ;�]^ExWDc4L=a
WDc4I�aDL=a��3IQ��L=?=?zEHK.W�b�A�C`A<WXWXI�E�WDL=KME
WXKvWDc4LYa��H��qHW
BDI�¡ I�B�WXKx¨�I�BDBiLVWDa � :�g/�k;
��L=aDNOBDI�WDL=��L=EHG®WDcHIR¹+KML=aDaDKME`I�ê7q�A<WDLVKME á gp;\g æ BiI�aDq4?VWDa�LYExWDcHIQ¡�KM?Y?VK&��LYEHG � �O�kü

ºLK ß >A@CB ÙED á � .NMC. � æ 4 ºPOLQ ß >J@RB ÙED á � 6 : .NMS. � æ 4 ºPOUT ß >A@CB ÙED á � 4 : .NMC. � æ4 ºWV9Q ß >A@CB ÙED á � .NM 6 : . � æ 4 ºWV9T ß >J@RB ÙED á � .NM 4 : . � æ
4 ºLXYQ ß >J@RB ÙED á � .NMC. � 6 : æ 4 ºLXZT ß >A@CB ÙED á � .NMS. � 4 : æ â\[ >A@ DK

��LVWDc
[ >A@ DK â o4L=J á ú >J@ DF ù 4IH >A@ D æ á gp;�� æ

ß L=a WDcHI`A<b4b4BiK�yHL=svA<WDLVKMEÈ¡�K.BrWDc4I·b�BDI�aDaDqHBiI·A.E4o ºLKU�xºPOLQ���;V;V;+BiI�b4BDI�aXI�E7W®WDcHI`NOK7I�ª�N�L=I�E�WDarK.¡�WDcHI
o4L�0zI�BDI�E4NOI srKM?=I�N�q4?VI � �
�k; > [<�ðIOyFA.svb�?VI�K.¡�WDc4Ito4L�0zI�BDI�E4NOI srKM?VI�N�q4?=I8L=a`aicHK&��E�LYE�Ä�GMqHBDItgp;\[p;
TnyFWXI�E4aDL=KMExWXK»Avg<� o4L 0$I�BDI�E�NOI�svKM?VI�N�q4?VIPL=a�aXWXBiA.LVGMc7WX¡�K.Bi�3A<Biod;
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¦�LVGMqHBiIRgp;\[püUh�cHI�bzKML=E7WDa���c4LYNicx�zI�?VKMEHG®WXKvWDcHI�NOK7I�ª�N�L=I�E�WDa�K.¡-WDcHI�o4L�0zI�BDI�E4NOIPsrKM?VI�N�q�?VI á [<� æ
¦HK.B�WDcHIRo4L=aiNOBDI�WDLV��A<WDLVKMExK.¡�WDcHIPNOKME7J.I�NOWDLVJ.I WXI�Bis

á ú ��G.B�A.o æ ú
A.E4o`WDc4IPo4L�0)q4aDLVJ.I�WXI�Bis

� o4L=J�G.BiA.o ú
K.¡ H LYE á gp;�� æ �UIQ��L=?=?zq4aXIQqHbp��L=E4o·o4L=aiNOBDI�WDLV��A<WDLVKME`A.E4o`NOI�E7WXBiA.?do�L=aDNOBDI�WDLV��A<WDL=KMExBDI�aXbzI�NOWDLVJ.I�?VC � �4��g.���k;
¦HK.B@srK.BDIRL=E4¡�K.Bis�A<WDLVKMExA<�$KMq4W�WDcHI�aXIRo4LYaDNOBDI�WDLV��A<WDLVKME�a
�UIPBiI�¡�I�B�WXK`¨@I�BDBiL=WDa � :�g/�k;
}¤QSPTQ^] _¤\^VSîDZ]g`\^b  �X�Z]sD\L�
h-K�aXKM?VJ.I�WDcHI�o4L=aiNOBDI�WDLV��I�orI�êpq4A<WDLVKME á gp;=:<;\g æ Epq4srI�B�L=N�A.?=?VC��UI���L=?=?Fq4aXI�A.E�LVWXI�BiA<WDL=J.I�aXKM?=q4WDLVKMErsrI�WDcHKFo)�
E4A.srI�?=C WDcHI NOKME'_DqHGMA<WXI�G.BiA.o4LVI�E7W á ��¨ æ srI�WDcHKFo); h-K A.N�NOI�?=I�BiA<WXItWDcHI�aXKM?=qHWDL=KMEÁb4BiKpNOI�aDax�3I���L=?=?
svA<À.IPq4aDI�K.¡db�BDI�NOKME4o4LVWDL=KME4L=EHGP�pC»q�aDL=EHG A Ç�Kpo�LVÄ4I�o»]ËE4NOKMsvb�?VI�WXIQ§^£ á Ç�]^§^£ æ ¡�A.NOWXK.BiLV��A<WDL=KME);UÇ�K.BDI
L=EH¡ K.BisvA<WDL=KME`A<�$KMq4W�WDcHI�aXIRaXKM?YqHWDLVKME`srI�WDcHKFo4a�N�A.E��$IQ¡ KMq4E4o`LYE � �H��g.[/�k;

(�2�� ­¯ñAB'²��´:T�AJ��R�A:RB
]^ErKMqHBUEpq4srI�B�L=N�A.?HsrKFoHI�?HWDcHI�aDWXBiq4NOWDqHBDI.�pL³;�I.;MWDcHI�aDL=?=L=NOKME4I�BiqH�4�zI�Bn?=LVbd�MLYa�oHI�aDNOBiL=�$I�o®�pC®WDcHI�¡ KM?=?VK/��L=EHG
I�?=A.aXWDLYN�I�ê7q4A<WDL=KME � fF��:O�4�d:��
�kü

� î Ø · Ø �e�a`û Ø · Ø 4 � º Ø · Ø �e�cbû Ø · Ø 4 � d Ø · Ø �e� û Ø · Ø â ófehg Ø · Ø 4 ófijg Ø · Ø á gp;\� æ
��LVWDc � î Ø · Ø �+WDc4I�svA.aDa�svA<WXB�L y$� � º Ø · Ø �-WDcHI®o4A.srb�LYEHG�svA<WXBiLVy�A.E4o � d Ø · Ø ��WDcHI aXWDL�0)EHI�aDa@svA<WXBiL yz; û
L=arWDc4IwJ.I�NOWXK.B·NOKME7WDA.L=E4LYEHG WDcHI�o4LYaXb�?=A.NOI�srI�E7WDarA.E4o BiK.WDA<WDLVKME4avK.¡�WDcHIíEHKpo4I�arK.¡�WDc4I�?=LVbd;+� Ií��L=?=?
b�A&CísrK.BDIrA<WXWXI�E7WDLVKME WXKxWDc4L=a@J.I�NOWXK.B L=EíaDI�NOWDLVKMEtgp;\[p;=:<; ¦�L=E�A.?=?VC ó ehg Ø · Ø A.E4o ó ijg Ø · Ø A<BDI®WDcHI®J.I�NOWXK.Bia
NOKME7WDA.L=E4L=EHGrWDc4IPEHKpo�A.?z¡�K.BiNOI�a�o4qHIQWXKvWDc4IRA.LVB�b4BDI�aiaDqHBDIQA.E4owLYE4LVWDL=A.?z?VKMA.o4a�BDI�aXbzI�NOWDLVJ.I�?VC.;
>@ansrI�E�WDL=KMEHI�o �$I�¡ K.BDI á aXI�NOWDLVKMEv[p;\[ æ �7WDcHI�aXI
I�?=A.aXWDL=NUI�êpq4A<WDLVKMErA<BDI�[<� ;.ÉUC A.o4o4L=E4G@A�WDc4LVBio o4L=svI�E4aDLVKME)�
E4A.srI�?=C·ArNOKME4aDWDA.E�W���L=oHWDc)�F�3IPK.�4WDA.L=E�Avg<� ?=LVbd;
}¤QlkLQSP ;¹gSp
Yi[]X�Z]g=<�_´Z]g`\hb gSb p/rd_RYiX
h-K»aXKM?VJ.I�WDcHIRI�?YA.aXWDL=NQI�êpq4A<WDLVKME��UI�Ä4BiaXW��
A.E7W�WXK·o4L=aDNOBDI�WDL=��I á gp;\� æ �pC`AvÄ�E�LVWXIPI�?VI�srI�E7W�svI�WDcHKpo � ���k;]Ö;�I.;HWDcHIQaXWXBiq4NOWDqHBiI�c�A.a
WXKr�$IQo4L=JpL=o4I�o»L=ExaXI�J.I�B�A.?zI�?VI�srI�E7WDa�;µh-KvoHI�aDNOBiLV�zI@WDcHIQaDL=?=LYNOKMEHI�B�qH�4�zI�B3?YLVb»K.¡
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WDcHIvJpbzI.��aXI�J.I�BiA.?U[<��jk�zI�A.sÃI�?VI�srI�E7WDaPA<BDI�q�aXI�o)��NOKME4E4I�NOWXI�otWXKwI�A.N�c�K.WDcHI�B L=E EHKFoHI�a á Ä4GMqHBiI�gp;\g æ ;]^E4aXWXI�A.o K.¡QaDL y�I�?VI�srI�E7WDa�L=E WDc4I`b�A.aXW � :��
�k�3�3Iw��L=?=?3q4aXI`W¶�UI�?=J.I�I�?VI�srI�E7WDavWXKÈsvA<À.I�aDqHBiI·WDc4I�?=LVb
L=a�aD?VI�E4oHI�B�A.E4o�WXKíK.�4WDA.L=E�srK.BDI»BDI�A.?=L=aXWDLYN®BDI�aDq4?VWDa��-��c�L=?VIrWDcHI·A.srKMq4E7WRK.¡�NOKMsrb�q4WDL=EHGwWDL=svI»L=a�aXWDL=?=?
A.N�NOI�b4WDA<��?=I.;
TµA.N�c�I�?VI�srI�E7W·c4A.a»WDcHBDI�I�oHI�G.BDI�I�a·K.¡P¡ BDI�I�oHKMs�A<W·I�A.Nic�EHKFoHI�NOKME4NOI�B�E4L=EHGÈWDcHI8svK&J.I�srI�E7WxK.¡RA.E
I�?VI�srI�E7W�ü�WDcHI�cHK.B�LV��KME�WDA.?�o4L=aXb�?=A.NOI�srI�E7W ý L=EvWDcHI � j�o�LVBDI�NOWDLVKME Ù �7WDcHI�J.I�BDWDLYN�A.?�o4L=aDb�?=A.NOI�srI�E7W þ LYErWDcHI
ì j�o4L=BDI�NOWDLVKMEwA.E4oxWDc4IPBDK.WDA<WDLVKME ÿ � fH�d:O�4��:��/�k;
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node 1

node 2

node 13
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¦�LVGMqHBDIRgp;\gpü3§�LVbwL=E`q4b4BiLVGMc7W
b$KMaiLVWDLVKMExNOKME4aDL=aDWDL=EHGrK.¡
:�[®�zI�A.s I�?VI�srI�E7WDa
]^EvÄ4GMqHBiI@gp;�� WDcHI�bzKMaDLVWDL=KMErK.¡)WDcHI�?YLVbd�M��c�L=Nic»L=aµN�A.?=N�q�?=A<WXI�ov�pCrWDcHI�>@�Q���P�vb�A.NiÀ'A<G.IQA.E4o»aDL=s q4?=A<WXI�o
�pC»KMqHB�NOKMsrb�qHWDA<WDLVKME�A.?dsrKFoHI�?³�4L=a�oHI�b�L=NOWXI�o);
]^E`WDcHIQI�?=A.aXWDLYN�I�ê7q4A<WDL=KME á gp;\� æ WDc4IQJ.I�NOWXK.B û ��L=?=?$?VK7K.Àx?=LVÀ.I.ü

û â
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��LVWDc ý�Û � þ<Û A.E�o ÿ Û oHI�EHK.WDL=E4G�BDI�aDb$I�NOWDL=J.I�?VCPWDcHI�cHK.B�LV��KME�WDA.?Fo4LYaXb�?=A.NOI�srI�E7W��.WDcHI
J.I�BDWDL=N�A.?Ho�L=aXb�?=A.NOI�svI�E�W
A.E4o`WDc4IQBDK.WDA<WDLVKME�A<W�EHKpo4I � ;
}¤QlkLQlk _¤\^VSîDZ]g`\^b  �X�Z]sD\L�
h-K�aXKM?VJ.I3WDcHIUI�?=A.aXWDL=NµI�ê7q4A<WDL=KME�Epq4srI�BiLYN�A.?=?VC.�&�3Iµ��L=?=?Mq4aDI�WDcHI
��I���s�A<BDÀ�j=�xsrI�WDcHKFo)�.A�o�LVBDI�NOW�aXKM?YqHWDLVKME
srI�WDcHKFo);µÇ�K.BDIRL=E4¡�K.Bis�A<WDLVKME`A<�zKMqHW�WDc4L=a�srI�WDc4KpowN�A.E��zIQ¡�KMq4E�o`L=E � :��/�k;�=�����f��������� �¢¡)�)£U�)¤¦¥=�U§¨�¢¤R�ª©c����«­¬��A�®¤�«¢¥°¯C�±¡)«­¤³²´¬����2�ªµ?��¥=�ª¥=���±¶·�)��«¦¡)��¥¹¸ªº¼»¾½¿§ÁÀ�©³ÂW��¤ª¥=���±ÃÄ�2¶j���ÆÅ�Ç¹Èj¥=«­É­�)��2Ê¦¬R�Ë¥=��«­¤��Ì½^ÍjÎ Ï2ÂÐ�h¤R�Ñ½^Í³Î Ò­ÂEÎ
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¦�LVGMq4BDIRgp;��HüU§-LVb`L=E`qHb4BiL=GMc�W
bzKMaDLVWDLVKME`A.E�o`�zI�E�W�?=L=bxN�A.?YN�q4?=A<WXI�o`�pC`>��Q���R�

(�2)( ­¯ñAB'@C:TI9�
Ç�KMaXWrA<�$KMq4WRWDcHI·G.BiL=o�c4A.a A.?VBDI�A.oHCt�zI�I�E�srI�E7WDLVKMEHI�o�L=EÈaiqH��aXI�NOWDLVKME�gp;=:<;=:<;th�K svA<À.Ixo4L=aDWDL=E4NOWDLVKME
�zI�W��3I�I�E�WDc4I»aXWXBiq�NOWDqHBDI.��WDc4I���q4LYo A.E4otWDcHI»�zKMq4E4o4A<BDC.��WDcHI»NOI�?=?YaRA<BDI�?YA<�$I�?=I�o);»]^E WDc4LYaPBDI�bzK.BDWQ�3I
��L=?Y?�b�A�C EHK�A<WXWXI�E7WDLVKME�WXK�WDc4Iv�3A&C WDc4L=aP?YA<�$I�?YL=EHGxKpN�N�q4Bia���aDL=E4NOI�L=WPL=aPBiA<WDc4I�B�NOKMsrb�?=IOy$;x¦HK.B®srK.BDI
L=EH¡ K.BisvA<WDL=KME �UI»BDI�¡ I�B�WXK ¨@I�BDBiLVWDa � :�g/�3K.B ¦HI�ÀpÀ.I�E � :.:��k;wh�c4LYaP?=A<�zI�?=L=EHG`c4A.a�WXK8�$I»qHb)o4A<WXI�o I�J.I�BDC
WDL=srIPaDWXI�bd;

(�2NÓ ­¯ñAB-,)Gt® GÕÔ¹IK>ÖÔ GC:T��8x�RI9GC>
��K&� WDc4A<W��3Ivc4A�J.IrIOyFb�?=A.LYEHI�o�WDc4I WDc4BDI�IrÄ4I�?=o4a�K.¡µKMq4BPNOKMqHb�?VI�o8b4BDK.��?VI�s K.¡UWDcHI®J7bzI.�)�3IrN�A.E WXI�?=?
srK.BDI3A<�zKMqHW�WDcHIUIOyFN�c4A.EHG.I
K.¡4o4A<WDA��zI�W��3I�I�E�WDc4Iµ��q4LYo)�&WDcHI3aXWXBiq4NOWDq4BDIUA.E4o�WDcHIUG.BiL=oRLYEPKMqHB+E7q4svI�BiL=N�A.?
srKFoHI�?³;�>¼aDN�cHI�svA<WDL=N�K&J.I�BDJFLVI��eN�A.E8�$I�aXI�I�EíLYEwÄ4GMqHBiI�gp;\�p;�h�c4LYa�IOyFN�c4A.EHG.I®K.¡�o4A<WDA»KpN�N�q4Bia�L=E�WDcHI
aDA.srIr�
A�C A.aQ��LVWDc�Ax��?VKFNDÀ�¨QA.q4aDa^jË�pI�LYoHI�?naDNic4I�srI á >R;\[p;\g æ ��L³;�I.;)WDcHIrÄ�I�?=o4a�A<BDIvaXKM?VJ.I�o�A.?VWXI�BiE4A<WXI�?VC
A.E4oÈL=Et�zI�W��3I�I�EÈWDcHI»o4A<WDA8L=aRIOyFN�c4A.EHG.I�o);�¦4K.B IOyHA.srb�?=I.�-WDcHI»��q4L=ot¡�K.BiNOI�a c4A&J.I»WXKí�$I»b�A.aDaXI�o�KME
WXK�WDcHI`aXWXBiq4NOWDq4BDI.�µaXK�WDc4A<W®WDcHI`EHI��¸bzKMaDLVWDLVKME�A.E4o�J.I�?VKFN�LVW�CÈK.¡�WDcHI`aXWXB�q4NOWDqHBDIxN�A.E �zI·NOKMsrb�qHWXI�o);
>@N�NOK.Bio4L=EHG»WXK»WDc�L=a�EHI��ºbzKMaDLVWDLVKMEíA.E4owJ.I�?VKFN�LVW¶CwK.¡nWDcHI�aDWXBiq4NOWDqHBDI.�$WDcHI ?=A<�zI�?=L=EHGrK.¡nWDcHI�G.BiL=oíN�A.Eí�zI
qHb)o4A<WXI�o`A.E4owWDcHIQ��q4L=o·¡ K.BiNOI�a�A<W�WDcHIREHIOyFW�WDL=srIRaDWXI�b�N�A.Ew�zIQNOKMsrb�qHWXI�o � g.l/�k;
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t n
t n+1

fluid

structure

grid

1

2

5

4

6

3
1

2

3

4

5

6

update of the grid

old values of the fluid

fluid forces

old values of the structure

old values of the grid

new position and velocity of the structure

¦�LVGMqHBDIPgp;\�püUh�cHIQ�4K&� K.¡�LYEH¡�K.B�svA<WDLVKMEx�zI�W��3I�I�Ew��q�L=o)�FaXWXBiq4NOWDqHBiIPA.E4o`G.BiL=o

(�22× Ø 8x�´8
>@E K&J.I�BDJFLVI�� K.¡3J<A<BiL=A<��?VI�aQq4aXI�otLYE�KMqHBRNOKMsrb�q4WDA<WDLVKME4A.?�srKFoHI�?³����c4L=N�c NOK.BDBDI�aXbzKME4o WXK�WDcHIvJ<A.?=qHI�a
q4aXI�o�L=ExWDcHIPL=ExJFLVWXBDKrIOyFbzI�BiL=srI�E7WDa á Nic�A<b4WXI�B@� æ ü
?VI�EHG.WDc�?=LVb fp;\�F: ï`ï
��L=o4WDc·?YLVb �H; S<� ï`ï
cHI�LVGMc7W�?=LVb uF;\[.�.� ï`ï
I�?=A.aXWDLYN�LVW�Cx?=LVb �zI�W��3I�I�E�:<;\g��d:�uCÙRA.E4o`�H; u���:�uCÙR¹+A
oHI�E4aiLVW�C·?=LVb :<;=:�g���:�u � ãÖäÕ ôEpq4sR�zI�B�K.¡+I�?VI�srI�E7WDa :�[
K.BiLVGMLYE`N�?=A.srb�L=E4G fp;=:��MS ï`ï
?VI�EHG.WDc�cHKMq4aDL=E4G �H; S<g.f Ô ï��L=o4WDc·c4KMq4aDL=EHG �H;\l.g ï`ï
cHI�LVGMc7W�cHKMq4aiL=EHG gp; uH: ï`ï

�<×DÛ�� :
	\g.g���:�u 
�� Õ åØËå�7×iÛ�� :
	\[ ãÖäÕ ô
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h-K�J.I�B�LV¡�CÁWDcHI8Epq4srI�B�L=N�A.?�aDWDA<��L=?=LVW¶C K.¡PWDcHItg<�ðNOKMsrb�qHWDA<WDLVKME�A.?@svKpoHI�?@?=LVb$g<���3WDcHI�L=EH��q4I�E4NOI�a�K.¡
o4L�0zI�BDI�E7WnE7q4svI�BiL=N�A.?pê7q4A.E7WDLVWDLVI�a���L=?=?M�zI
L=E7J.I�aXWDLVGMA<WXI�o);�h�c4I�aXI3LYEH��qHI�E4NOI�a+��LY?=?�A/0zI�NOW�WDcHI�Epq4srI�BiL=N�A.?Y?VC
A.N�N�qHBiA.NOC�K.¡�WDcHI
NOKMsrb�q4WDA<WDLVKME4A.?FsrKFoHI�?³;�TnyHA.srb�?VI�a+A<BDI�o4L�0zI�BDI�E7W-NOKMsrb�LY?VI�Bia á aXI�NOWDLVKME®�H;=: æ ��o4L 0$I�BDI�E7W
J<A.?=qHI�a@¡�K.B�I�b�aiL=?VKMEÞÝ á aXI�NOWDLVKME8�H;\[ æ ��o4L�0zI�BDI�E7W�WDLYsrI aDWXI�b�a@�7C8L=EH��qHI�E�N�L=EHGrWDcHI��3KMqHB�A.E�W^j�¦HB�LVI�oHBiL=N�c4a^j
§dI�JpCxE7q4s��zI�B á aXI�NOWDLVKMEw�H;\g æ A.E4owo�L�0$I�BiI�E�W�G.BiLYo4a á aXI�NOWDLVKME��H;�� æ ;
>¼aXWDA.E4o�A<BiowaDL=s q4?=A<WDL=KMEwL=a�EHI�I�o4I�owWXKxL=E�J.I�aDWDLVGMA<WXIRWDcHI L=EH��q4I�E4NOI�a�K.¡�WDcHI�aXI o4L�0zI�BDI�E�W�ê7q4A.E7WDLVWDLVI�a�KME
WDcHI3BDI�aDq4?=WDa�K.¡4WDc4I
svKpoHI�?k;-h�c4LYad�
A�CRWDc4I3BiI�aDq4?VWDa+N�A.E �$I3NOKMsrb�A<BDI�o®��LVWDcRA.EHK.WDc4I�B�;n��K.WDL=NOI
WDc4A<W�KME4?=C
KMEHIvL=E4��qHI�E4NOI®N�A.E��zI IOyHA.svL=E4I�o A<WPAxWDL=srI.�dL³;�I.;)WDcHIrNOK.BDBiI�aXbzKME4o4L=EHG·J<A.?=qHIrL=E8WDcHIrNOKMsrb�qHWDA<WDL=KME4A.?
srKFoHI�?�s�A�C�J<A<BDC.�$��c4L=?=IRA.?=?dK.WDc4I�B@J<A.?=qHI�a@c4A&J.I WXKxsvA.L=E7WDA.L=E8NOKME4aXWDA.E7W�;@h�cHI�aXWDA.E�o4A<Bio8aDL=s q4?=A<WDLVKME
c4A.a�A®B�q4E·WDL=srIQK.¡ng.�®svL=EpqHWXI�a�LV¡-L=W
LYa
b$I�Bi¡�K.BisvI�o»KME�A��3I�?VI�BDKMEYßr:&¨����.;Uh�c4L=a
aDL=s q4?=A<WDL=KME·c�A.a�WDcHI
¡ KM?=?VK&��L=EHG®J'A.?YqHI�a�;
Ý :
	 u¶�M:�u 
Yà
�
¦�§)j�s�A'y uF;\�
�
¦�§)j�s�L=E uF;\[
G.BiL=o l.�®y :�ywg<uvNOI�?=?=a á [<� æ N$uF;\l.�vaXWXBDI�WDN�c�L=E ì j�o4LVBDI�NOWDLVKME
o4L=svI�E4aDLVKME [<�
ÔÖÕU×ÖØ¶Ø f.lp;\� ÙØÔ ØkÚVÛ=Ü�Ü f�	 u¶�M:�u�
âá ÝÞ ��	 u¶�M:�u Ù ßRà
ß �<u.u ßPà

Ç�K.BDI�L=EH¡ K.BisvA<WDL=KME A<�zKMqHWnWDc4I�aXI�ê7q�A.E�WDLVWDL=I�a�N�A.Er�zI
¡�KMq4E�orL=E®WDcHI�¡ KM?=?VK&��L=EHG�aXI�NOWDLVKME4a�A.E�ovL=E®Nic4A<b�WXI�B
�p;
h�cHIn��K&� ó �/WDcHIµ¡ q4E�o4A.srI�E7WDA.?<¡�BDI�êpqHI�E4NOC é u�A.E�oQWDcHIµaXKMq�E4o�b4BDI�aDaiqHBDIn?VI�J.I�? õ ßRö ��L=?Y?/�zI�N�A.?=N�q�?=A<WXI�o
WXKíNOKMsvb�A<BDI�WDc4IvBDI�aDq4?=WDaQK.¡
WDcHI»o4L 0$I�BDI�E7WPaDL=s q4?=A<WDL=KME4a�;»h�cHIvNOKMsrb�qHWDA<WDL=KMEtK.¡�WDcHI�aXI»ê7q4A.E7WDLVWDLVI�a�L=a
oHI�aDNOB�LV�zI�o��pC�¨éèK.B�aXÀ'A � :O�]�k;�h�cHI �4K/� b�?VK.WDa@K.¡µWDc4Ivo4L�0zI�BDI�E�W�aDL=s q4?=A<WDL=KME4a��zI�?VKME4GML=EHG�WXK`WDc4IvaDA.srI
êpq4A.E�WDL=W�CxL=E�J.I�aDWDLVGMA<WDLVKME`��LY?=?��zI�b�?VK.WXWXI�o�L=E·KMEHIQb�L=NOWDqHBiI.;�h�cHIQ?VI�G.I�E4oxK.¡+WDcHIQb�L=NOWDq4BDI���L=?=?$aDcHK/� WDcHI
Epq4sR�zI�B�K.¡��4K/� b�?VK.WDa�o4I�b�L=NOWXI�o)�4aDLYE4NOIQLVW�svLVGMc7W��zIQb$KMaiaDLV��?VI@WDc4A<W�aDKMsrIPb�?VK.WDa
��L=?=?zNOKML=E4N�L=o4I.;
h�cHI®N�A.?=N�q4?YA<WXI�o��4K&�¼K.¡UKMqHBPaXWDA.E4o4A<B�o8aiL=s�q�?=A<WDLVKME8N�A.E��$I®aXI�I�E L=E8Ä4GMq4BDI��H;=:<;®h�c4LYa�G.BiA<b�c8NOK.BiBDIOj
aXbzKME4o4a�WXK»WDc4I A.srKMq�E�W�K.¡���q�L=o`bzI�B@aDI�NOKME4o á Õ ôØ æ WDc4A<W�b�A.aDaXI�a@WDcHI I�E4o�K.¡µWDcHI�JpbzI.;��
?=I�A<Bi?VC.�$WDc4L=a
A.srKMq4E7W�K.¡���q4LYo�oHI�bzI�E4o4a�KME8WDcHI�KMaiN�L=?=?=A<WDLVKME�a�K.¡�WDc4I ?=L=bd;�]Ë¡�WDcHI®?=LVb8L=a@b4BDI�aDaXI�oíWXKxWDcHI WXK.b8K.¡UWDcHI

[.�
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cHKMq4aiL=EHGH��E4K»��q�L=o�L=a@A<��?VI�WXKxb�A.aDa�WDcHIr?=LVb á WDcHIraXWDA.E�o4A<Bio8aDL=s q4?=A<WDLVKMEíL=a@[<� �)aXK·WDcHI�BDI®A<BDIrEHK»ai?=LVWDa
A.?VKMEHGxWDcHIvaiL=oHI�a@K.¡µWDcHIr?=L=b æ ; �3KME4aDI�ê7qHI�E7WD?VC.�)WDcHI®�4K/�¼��L=?=?-�zI���I�BiKH;�]Ë¡µWDcHIr?=L=bíBDI�A.N�cHI�aRL=WDa@?=K&�3I�aXW
bzKMaDLVWDLVKMExL=EwWDcHIPcHKMq4aDLYEHGH�FWDcHIP�4K/� ��L=?=?$�zI�NOKMsrIRs�A'yFL=s�A.?³;
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¦�LVGMqHBDIQ�H;=:<üµ¦�?VK/� b�?=K.W�NOKMsrb4BiL=aiL=EHG WDcHIRaXWDA.E4o�A<Bio`aDL=s q4?=A<WDLVKME
]^EwWDcHIRaDWDA.E4o4A<BiowaiL=s�q�?=A<WDLVKME`WDcHI�?=LVbwEHI�I�o4a�Ä4J.IRKMaiN�L=?=?=A<WDLVKME�a
WXK��zI�NOKMsrI�aDWDA<��?VI.��A.a@N�A.Ew�zIRaXI�I�EíL=E
Ä4GMqHBiI��H;=:<;�¦HK.B�WDcHI�N�A.?YN�q4?=A<WDLVKME®K.¡$WDcHI é uQA.E�orWDcHI õ ßPö KME4?VC�WDcHI�aXWDA<��?VI�KMaiN�L=?=?=A<WDLVKME�a���L=?=?7�zI
q�aXI�o);
�pWDA.E4o�A<Bio`aDL=s q4?=A<WDLVKME
é u â [.l<u ëíì õ ßPö�â �.l ÷7ø

]^EíWDc4Ir¡�KM?=?=K&��L=E4G»aXI�NOWDLVKME�a�WDcHI®�4K&�P��WDcHI é uxA.E4o�WDcHI õ ßPö ��L=?=?d�zIrN�A.?=N�q4?YA<WXI�o�¡�K.BQo4L�0zI�BDI�E7WQaDL=s®j
q4?=A<WDL=KME4a�;Rh-KwNOKMsrb�A<BDI®WDcHIrBiI�aDq4?VWDa@K.¡µWDc4I�aXIvo4L�0zI�BDI�E7W�aiL=s�q�?=A<WDLVKME4a@A.?=?+�4K&�¼b�?VK.WDa���L=?=?-�zI�b�?VK.WXWXI�o
L=E·WDcHIPaDA.svIQÄ4GMqHBDIQA.E4oxbzI�BiNOI�E7WDA<G.I�a���LY?=?�LYE4o4L=N�A<WXI�WDcHIPoHI�JFL=A<WDLVKMExK.¡+WDcHIQN�A.?=N�q4?YA<WXI�o é urA.E4o õ ßRö
¡ BDKMs WDc4I é u»A.E4o õ ßPö K.¡�WDcHI®aXWDA.E4o4A<B�o�aDL=s q4?=A<WDL=KME);�h�Kx?VKpKMaXI�A.a�?=L=WXWD?VIRL=EH¡ K.BisvA<WDL=KME�A.a�b$KMaiaDLV��?VI
WDcHI�aXI®bzI�BiNOI�E7WDA<G.I�aQ��L=?Y?)�zI N�A.?=N�q�?=A<WXI�o8�7C8q4aDL=EHG é uxA.E4o õ ßPö J<A.?=qHI�a�L=Eí¡�KMqHBQoHI�N�LYsvA.?=a�WXK·BiI�aDq4?VW
L=E`ArbzI�BiNOI�E7WDA<G.I�LYExKMEHIPoHI�N�L=svA.?k;

Ó?241 ã¯GC�±�WI469BD:
> NOKMsrb�L=?VI�BrL=a®BiI�ê7q4L=BDI�o�WXK�svA<À.I�A NOKMsrb�qHWDA<WDLVKME4A.?�srKFoHI�?
IOyFI�N�qHWDA<��?VI.;��
KMsrb�L=?VI�B K.b4WDLVKME�avN�A.E
�zI q�aXI�o)�)¡ K.BQIOyFA.srb�?VI.�)WXKwL=EH��q4I�E4NOIRWDcHIr?VI�J.I�?�K.¡UK.b4WDL=svL=��A<WDLVKME)�zJ.I�NOWXK.BiLV��A<WDLVKME�K.BQb�A<BiA.?=?=I�?=LV��A<WDLVKME);
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��K.BisvA.?=?VC NOKMsrb�L=?=I�BnK.b4WDLVKME4anc4A&J.I�?=L=WXWD?VI
K.BµEHKPL=EH��qHI�E4NOI
KMErWDcHI�BDI�aiq4?VWDa�K.¡zAPNOKMsrb�qHWDA<WDL=KME4A.?4srKFoHI�?³;
��K&�3I�J.I�B��
��cHI�E o4L�0zI�BDI�E7W NOKMsrb�L=?VI�B®K.b4WDLVKME4a ¡ K.BrWDcHI`NOKMsrb�L=?=I�B ¡kS.SíA<BDIwq4aXI�od�nWDcHI`BDI�aDq4?=WDa�K.¡�WDcHI
NOKMsrb�q4WDA<WDLVKME4A.?�srKFoHI�?n?=L=b�g<� A<b�b$I�A<BQWXKío4L�0zI�B�;rh�KwJ.I�B�LV¡�CíWDcHIrK.�4WDA.L=E4I�o BDI�aDq4?=WDa��)WDcHI�srKFoHI�?��
A.a
WXI�aXWXI�o�L=EÁWDcHIt�3I�E�WXBiI8¡ K.B ��LVGMc�¹+I�BD¡ K.BisvA.E4NOI��3KMsrb�qHWDL=EHGåäÃm�L=aDq4A.?YLV��A<WDLVKME á �@¹3�°ä�m æ KME�WDcHI
J.I�NOWXK.B�aDqHbzI�BiNOKMsrb�q4WXI�B��3BiA�Cw�pm®:OIP��LVWDcxWDc4IRNOKMsrb�L=?=I�B�¡�l<u � : �k;
h�cHIx�4K/� b�?VK.WDa��µ��c4L=N�c �$I�?=KMEHGíWXK WDc4I`BDI�aDq4?VWDa K.¡�WDcHIwNOKMsrb�L=?=I�Bia ¡³S.S8A.E4o�¡³l<uF�3N�A.E �zIx¡ KMq4E4o L=E
Ä4GMqHBiI��H;\[p;�h�cHI»NOKMsvb�L=?VI�B�K.b4WDLVKME4aPj w A.E�o j wQ[�¡�K.B WDcHIxNOKMsrb�L=?=I�BR¡kS.SwA<BDIxq4aXI�o�WXK L=E4NOBDI�A.aXI»WDcHI
K.b4WDL=s�LV��A<WDLVKME�?VI�J.I�?RK.¡�WDcHIÈNOKMsrb�L=?=A<WDL=KME)����cHI�BDI�A.axj w@J.I�NOWXK.BÖg ¡ K.BwWDcHI�NOKMsvb�L=?VI�B`¡³l<u L=awq�aXI�o
WXK
L=E4NOBiI�A.aXIQWDcHIPJ.I�NOWXK.BiL=��A<WDLVKMEwK.¡�WDcHIRNOKFoHI.;
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¦�LVGMqHBiIQ�H;\[püU¦�?VK&� b�?VK.W�NOKMsrb4B�L=aDL=EHGro4L 0$I�BDI�E7W�NOKMsrb�L=?=I�Bia
h�cHI·J<A.?=qHI�a K.¡�WDcHI é u�A.E4o õ ßPö ��c4L=NicÈ�zI�?VKMEHGíWXK8WDc4IxNOKMsvb�L=?VI�Bia�¡kS.S7��¡�l<u�A.E4o�WDcHI�L=B NOKMsrb�L=?VI�B
K.b4WDLVKME�a�A<BDIPsrI�E7WDLVKMEHI�o`�zI�?VK/�P;
�3KMsrb�L=?VI�B�ü�¡kS.S
é u â [.l'� ëíì õ ßPö�â �.l ÷7ø

�3KMsrb�L=?VI�B�ü�¡kS.S�j w á aXWDA.E4o�A<BiowaDL=s q4?=A<WDL=KME æé u â [.l<u ëíì õ ßPö�â �.l ÷7ø
�3KMsrb�L=?VI�B�ü�¡kS.S�j wQ[
é u â [.l<u ëíì õ ßPö�â �.l ÷7ø
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�3KMsrb�L=?VI�B�ü�¡³l<u®j w@J.I�NOWXK.B�g
é u â [.l<u ëíì õ ßPö�â �.l ÷7ø

h�cHIr��K&� b�?=K.WDaPA.E4otN�A.?=N�q�?=A<WXI�o J<A.?=qHI�aQK.¡3WDcHI é u�A.E4o�WDcHI õ ßRö aDcHK/� WDc4A<WRq�aDL=EHGxK.b4WDL=s�LV��A<WDLVKME
o4qHB�L=EHG�WDcHI
NOKMsrb�L=?YA<WDLVKMERA/0zI�NOWDa�WDcHI3�4K&� A.E4o�WDcHI é uF;nÇ�K.BDI�K/J.I�B���LVW+N�A.E��zI3aXI�I�E WDc4A<W-WDc4IµBDI�aDq�?VWDa�K.¡
¡kS.SQj wºsrKMaDW3N�?VKMaDI�?VCvBDI�aXI�s���?VI�WDcHI�BDI�aDq4?=WDaµA.N�êpq4LVBDI�o·�pCrWDcHIR�3BiA�C.;U�HL=E4NOI�W¶�UKvNOKMsvb�?VI�WXI�?VCvo4L 0$I�BDI�E7W
NOKMsrb�LY?VI�Bia3GMLVJ.IRA<b4b�BDK�yHL=svA<WXI�?VC»WDcHIPaDA.srIRBDI�aDq4?VWDa��pWDc4IPNOKMsrb�L=?VI�B�¡kS.S���LVWDcxWDc4IPNOKMsrb�L=?VI�B�K.b�WDLVKME·j w
��L=?Y?��zI`q4aXI�o�¡�K.Br¡�qHBDWDc4I�B®NOKMsvb�L=?=A<WDLVKME�K.¡�WDcHI`NOKMsrb�qHWDA<WDLVKME�A.?�srKpo4I�?3?YLVb�g<� ;+>@E A<WXWXBiA.NOWDLVJ.IíaDL=oHI
I�0zI�NOW�L=a�WDcHI»oHI�NOBDI�A.aXIvK.¡
WDcHI»NOKMsrb�qHWDA<WDLVKMEtWDL=srIr��LVWDc A.?YsrKMaXWRA`¡�A.NOWXK.B�aDI�J.I�E�LV¡3K.b4WDL=svL=��A<WDLVKME L=a
q4aXI�o�o4qHBiL=E4G�WDcHIPNOKMsvb�L=?=A<WDLVKMEd;

Ó?2�� æí�A²´I469GH>
]^EwaXI�NOWDLVKME8gp;=:RL=a�o4I�aDNOBiLV�zI�oxcHK&�ºWDcHIR¹+KML=aDaDKME`I�ê7q�A<WDLVKME á gp;\g æ L=ExWDcHIRNOKMsvb�qHWDA<WDLVKME4A.?�srKpo4I�?d?=LVb�g<�
L=a
aXKM?VJ.I�ox�pC»q�aDL=EHG�WDcHIR��¨¢srI�WDcHKFo`A.E4o`Çw]^§^£ ¡ A.NOWXK.B�LV��A<WDLVKME);µh�cHIQê7q4A.E7WDLVW¶C�I�b�aDLY?VKMEçÝ�L=a
q4aXI�o·WXK
oHI�WXI�Bis�L=EHI
WDcHI�A.N�N�qHBiA.NOC®��L=WDc®��c4L=N�c®WDcHI�¹+KML=aDaXKMErI�êpq4A<WDLVKMEv��L=?=?7�zI
aDKM?VJ.I�o);nh�cHI�aDs�A.?=?VI�B�WDcHI�J<A.?=qHI
¡ K.BWÝ��pWDcHI@srK.BDI�L=WXI�BiA<WDLVKME4aµ��L=?=?F�zI�q4aDI�orWXK aDKM?VJ.I�WDcHI@¹+KML=aDaXKME�I�ê7q4A<WDL=KME�A.E4o»WDcHI�srK.BiI�Epq4srI�BiL=N�A.?Y?VC
A.N�N�qHBiA<WXI�WDcHI�BDI�aDq4?=WDa���L=?Y?F�$I�NOKMsvI.;µÇwK.BDI@b4BDI�N�LYaXI.�èÝ3L=aµWDcHI�L=WXI�BiA<WDLVKME»I�BDBDK.B3WDc4A<WUL=a3A.?=?VK/�UI�o»WXK®aXKM?VJ.I
WDcHIR¹+KML=aiaXKME`I�êpq4A<WDLVKME);
]Ë¡$o4L 0$I�BDI�E7WnJ<A.?=qHI�an¡ K.BWÝµc4A�J.I@EHKPK.BµKME�?VC�?=L=WXWD?VI�L=EH��q4I�E4NOI
KMEvWDcHI�aXWDA.E�o4A<BiovaDLYs�q4?YA<WDLVKME)�.WDcHI�NOKMsvb�qFj
WDA<WDLVKME»K.¡dWDcHI�b4BDI�aDaDq4BDI�L=E�WDcHI�aXWDA.E�o4A<Bio�aiL=s�q�?=A<WDLVKMEvL=aUA.N�N�qHBiA<WXI.;µh�cHI��4K/��b�?VK.WDaµK.¡)WDc4I�aXI�o4L 0$I�BDI�E7W
aDL=s q4?=A<WDL=KME4a
N�A.Ew�zIQ¡�KMq�E4o`L=ExÄ4GMqHBiIQ�H;\gp;
h�cHI�J<A.?=qHI�a�K.¡�WDcHI é uPA.E4o®WDcHI õ ßPö �zI�?VKME4GML=EHG�WXKPWDcHI�o4L 0$I�BDI�E7W�aDL=s q4?=A<WDL=KME4a�A<BDI�b4BDI�aDI�E�WXI�or�zI�?VK/�P;
Ý â :
	 u���:�u�
0Ù
é u â [.lF: ëíì � uF;=:êé?� õ ßPö�â �.l ÷7ø � uF; uªé?�
Ý â :
	 u���:�u�
Yà á aXWDA.E�o4A<BiowaDLYs�q4?YA<WDLVKME æé u â [.l<u ëíì õ ßPö�â �.l ÷7ø
Ý â :
	 u���:�u 
0ë
é u â [.l<u ëíì � uF; uçé?� õ ßPö�â �.l ÷7ø � uF; uªé?�

>@aQN�A.E �zI®aDI�I�E L=E8WDcHIr�4K&�¼b�?VK.WDaQA.E4o8�7C8WDcHI®J<A.?=qHI�a�K.¡ é u`A.E4o õ ßPö �)WDcHIvo4L�0zI�BDI�E7W�J<A.?=qHI�a�¡ K.BÝQc4A&J.I�EHK`aDLVGME�LVÄ�N�A.E7W�LYEH��qHI�E4NOI�KME WDcHIraXWDA.E4o�A<Bio aDL=s q4?=A<WDLVKMEd;Rh�cHI�BDI�¡ K.BDI.�)WDcHIv¹+KML=aiaXKME�I�ê7q�A<WDLVKME
á gp;\g æ LYa�aXKM?VJ.I�o`b�BDI�N�L=aXI�?VC.�HL³;�I.;�WDc4A<W�WDcHIPNOKMsrb�qHWDA<WDLVKMEwK.¡+WDcHIPb�BDI�aDaDqHBiI�LYa�A.N�N�qHBiA<WXI.;

Ó?2)( ã¯GC�A:R8E>H����ì�:TIKBD�W:TI9JhñA²���í BDF¶< >¶�W�ïîêBD:
��qHBiL=E4G�LVWDaRNOKMsvb�qHWDA<WDLVKME4a�WDcHIxsrKFoHI�?µ?=L=b�g<� q4aXI�a A.o4A<b4WDLVJ.I»WDL=srI·aXWXI�b�a � :.:.�3:��
�k;w]¶¡�WDc4I���q4LYo K.B
aXWXBiq�NOWDqHBDIPL=a�svK&JFL=EHGrJ.I�BDCx��L=?Yo4?VC.�pWDL=srIPaXWXI�b�a�c4A�J.I�WXKv�zIPaDsvA.?=?VI�B�WDc�A.E`��cHI�E`WDc4IQ��q4L=o`L=a�svK&JFL=EHG
N�A.?=sv?=C.;Q]¶W�L=a�q4aXI�¡�q4?-WXKxA.o<_Xq4aDW�WDcHI®WDL=svI aXWXI�b�a�WXK·WDc4I�aXIrNic4A.EHG.I�a�WXKwA.N�c4LVI�J.IrAxsrK.BDIrEpq4srI�BiL=N�A.?Y?VC
A.N�N�qHBiA<WXItNOKMsvb�qHWDA<WDLVKME á aDs�A.?=?VI�B·WDL=srI�aXWXI�b�a æ A.E4o
A.E
L=srb4BiK&J.I�srI�E7WxK.¡RWDcHI NOKMsrb�q4WDA<WDLVKME�WDL=srI
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