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A���B�:�C;D��
�>��2��# 0
�HX � � 8"������C/B�%?= %/��$&�Q0#6�X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �

�HX �HX � � 8"��*T%/�-, & �&0Z,T< %/B4B@= %/��$&� 0 X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX �HX � � 8"������C/B�%5,L� �@,T< %/B4B;= %/��$&� 0 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX �HX � J $&%_%@8"������C1%5,LF ��B4� �1= 8"�#�M� %/��$&� 0 X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �

�HX � � %16�$ ! �,%1%+= %/��$&� 0#6 X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX � X �  (�����,%54�� %/��$&� 0#6�X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX � X � 7 = �Q����$&%108��8"������C/B�%V. P 0 �,�Q0 P �98"=>��C16 X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E

�HX � < ���&C/B4<&6������FX2X+X2X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

& FG>��!HI6KJL M�B
�>4�2�ON * � * �%������
)��PQ>��	���%�"'���#,
�������
������ 0�R
� X � C;B4<#��0E0 ��6,C/�,%/����6 8"�������E�4� 7 �^.W!.����= 8"B4��6�= X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X �HX � 7 �'.W�98"������C/B�%?0#%-L&�#�4������� X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �HX � ��$KP 6���CD8"B7SH8"B4<&%16 8�6,6��4GH�&%10F�,� �&<#��0O�98"������C/B�%16 X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � � 8"��$&%/= 8"����CD8"B@! ����= 8"B4��6�= X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � . %D8"���3�"!���$&%+= %/��$&� 0 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � J7� 8"�&6��4������� �,� 8>0 ��6,C/�,%/�,%20#��= 8"�4� X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � a � 8�0 ��%/�K���"!�8A6,CD8"B 8"�3L9%/B�0
X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � � �4ST%/��GT%/�&C1%?�"!�8AST%1C/�,���3L9%/B�0 X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

4 �
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� X � X �  (%1C/�,���3GH� 8�0 ��%/�K� 8"�&0O�,%/�&6,��� 0 �4ST%/��GT%/�&C1% X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � J $&%+*T%/���&%/B ! <#�&C/������� X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � X � C#<#�&0&8"= %/�K� 8"B �#�,����%/������%16 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � < ��=>�98�C/� 6�<#�#� �����EX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � � 4#8"=>�#B�%16 �"! *T%/���&%/B X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 
+%/���&%/B;8�C1C/<#� 8�C/PF8"�&0F6�� 8":#�4B4�4�UP X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � 
+%/���&%/B@C1�����,%1C/������� X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J $&%26�= � ����$#�4�#G>B�%/�#GH��$
� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � C;B4<#��0F= %1C,$98"�#��C16�%1JK<98"�������&6 �4� 7 �'.N! ����= 8"B4��6�= X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � J $&%2C1���K���4�Q<#�4�UPF%1JQ<98"������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �&X � J $&%2%1JK<98"������� �"! = ��������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � ���,%16,6�<#�,%20#%/�,%/��=>�4�98"������� X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � � � SQ�4�#G 7 �^.W�98"������C/B�%16 X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J �4= %26��,%/� X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� 6,C,$&%/= %16�X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � �U�#�4��� 8"B7�98"������C/B�%?0 ��6������4:#<#������� X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � < ��=>�#B�%/�,%56��,� C,$98�6�����C+0 ��6,�����4:#<#������� X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � � ST��B4<#�������E= %1C $98"�#��6�= �,� ' 8"�,0#6 8A6��,%D8�0 P 6,� 8"�,%�X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ��E

� X � Y 8"B4B7= �Q0#%/B4B4�4�#G X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ��E
� X � X � I %/�#<#B�6��4ST%�!.���,C1%�X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � �E�4���,���3�98"������C/B�%16EX2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X E 7 �'. �K<#= %/����CD8"B@�4�&6,� 8":#�4B4�4����%16 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X E X � J $&%+�,%/�&6��4B�% �4�&6�� 8":#�4B4�4� P X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X E X � I %/= �DS �4�#G ��$&%+�,%/�&6,�4B�% �4�&6�� 8":#�4B4�4�UPRX2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X E X � � <#= %/����CD8"B7�4�&6,� 8":#�4B4�4����%16 0 <&%+�,�>�,%/�#<#B�6,�4ST%+' 8"B4B !.���,C1%16 X+X2X+X2X5X+X2X+X2X+X2X � �

� X � 7 �'. 8"�&0 � <#B�%/��� 8"�E= %/��$&� 0#6 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 7 �4=>�4B 8"���4����%16 X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 7 �'. 8�0 SH8"�K� 8"GT%16 8"�&0F0 � 8D'�:98�C,* 6OX2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � < ��=>�#B�%/= %/�K� 8"���4�UP X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

( FG>�� �234 M��
A�	���:�O�B�2��� H2P4��
)
$����34#�� &�� ��(
� X � C#<#�&0&8"= %/�K� 8"B�%1JQ<98"�������&6+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X �HX � J $&%2C1���K���4�Q<#�4�UPF%1JQ<98"������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � J $&%+= ��= %/�K��<#= %1JK<98"������� X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � � 4 �,%/���98"B7! ���,C1%16	X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �HX � 7 � 8"�,%2%1JK<98"������� X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � � 8"������C/B�%5���H6��4������� X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X � 
+%/���&%/B�6 X2X2X+X2X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
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 4 �4�4�
� X � J �4= %56��,%/�E8"�&0O�,%/=>� ��� 8"B7�4�Q�,%/GH� 8"������� X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � X � J �4= %26��,%/� X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X � X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � # �#���4=>��6 8"������� 8"�&0E8"B4GT�����4��$#= 6�����<&C/��<#�,% X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � % �4�#* B4��6,� X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � �;%/����� 0 ��C5C1���&0 �4�������&6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � & 6�P =>= %/������CD8"B7�#���4�&C/�4�#B�%16 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � < �Q0#%+6�����<&C/��<#�,% X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� � �: M�%����
 �%���B�" !P�
)��#$#�� * �	������� #��% 34����
������4# ���	
�> H2P4��
)
$����34#�� &�� ��(
�&X � 7 � 8"����C2�#$98�6,% �4� 8
� �N! �,%1%26�<#� ! 8�C1%+C,$98"�#�&%/BAX+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

�&X �HX � J $&%1���,%/����CD8"B@�4�KST%16,���4GK8"�������RX2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
�&X �HX � 7 P 6��,%/=�= � 0#%/B4B4�4�#G X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
�&X �HX � 7 �4=5<#B 8"�������E�,%16,<#B4�,6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
�&X �HX � � 8"����� 8"B C1���&C/B4<&6������FX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��

�&X � %@8"=>�4�98"���9� 'W�4�E8
� � ! �,%1%+6�<#� !.8�C1%+C $98"�#�&%/B X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��
�&X � X � J $&%1���,%/����CD8"B@�4�KST%16,���4GK8"�������RX2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � 7 �4=5<#B 8"������� C1���&0 �4�������&6 8"�&0O6�P 6��,%/=�= � 0#%/B4B4�4�#G X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��
�&X � X � 7 �4=5<#B 8"�������E�,%16,<#B4�,6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � � 8"����� 8"B C1���&C/B4<&6������FX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��

�&X � %@8"=>�4�98"���9� 'W�4�E8
� ��$#�4B4B@C $98"�#�&%/BAX+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � a %1��= %/����PO�"! ��$&%+6�P 6��,%/= X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � 7 P 6��,%/=�= � 0#%/B4B4�4�#G X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E-E
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Definition of the geometry:
Distribution of the fluid and wall particles

Definition of the initial conditions

Determination of the links
between particles

Determination of the time step

Determination of the particle density

Determination of the particle pressure

Definition of the calculation domain boundaries and
the physical and numerial parameters in a parameter file

loop
Time

Particle displacement

Computation of the kernel derivative 
relative to each particle pair

determination of the new velocity of each particle

Application of repulsive wall forces if selected

Calculation of the linear momentum and
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5��ML��2143 �ONQP��-��RTSVUMWTX <YN&� 9ZL;[\SVN = []L;N5L;UO^.L�9ESVU[� = P_RT^)P?:;`MW98ba : S]W �ML;R.L�P = = [VS]L�9E^��8^��MLCWTSVN-`Z[cP_^TS���U
�_de^��ML,��`Z^.L;R3[cP�<�L;R#�_d9P5a : ^T`ZRTfZ`Z[]L;UO^3dgR.L>LCWT`ZRGdhP?:>L6:��JP_UZUML;[ji
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Ki 5 `ZRTfZ`Z[]L;U ^ SVUA:���N = R.L>W.WTSVfZ[]L
��� � WTSVN-`Z[cP_^TS���UMW � SV^���� = P_RT^)P?:;`MW98�� : P_UA9
� = P_RT^)P?:;`MW98ba :

the physical and numerial parameters in a parameter file
Definition of the calculation domain boundaries and

Definition of the geometry:
Distribution of the fluid and wall particles

Definition of the initial conditions

Definition of the initial fixed grid

loop
Time

Determination of the links
between particles

Computation of the kernel derivative 
relative to each particle pair

Application of repulsive wall forces if selected

Computation of the velocity gradient
and the rate of strain tensor components

for each particle

Computation of the eddy viscosity
for each particle

Calculation of the linear momentum and
determination of the new velocity of each particle

Determination of the time step

Particle moving

Determination of the particle density

Determination of the particle pressure

Temporal and spatial averaging
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Ki �Mi�� P_R ��L � 9 9 < �OSVN$`Z[cP_^TS���U �_d9P a : ^T`ZRTfZ`Z[]L;U ^ dgR.L>LCWT`ZRGdhP?:>L :��JP_UZUML;[ � SV^�� � = P_RT^)P?:;`MW 8ba : ��� a

;�[V`ZS�9 = P_RT^TS�:;[]L>W������
	��
��� . � �����$��� � �
� 9
��L = P_RT^TS�:;[]L>W �������
� SVRTR���R = P_RT^TS�:;[]L>W � �����5 ��^)P_[ = P_RT^TS�:;[]L�UO`ZN$f<L;R � � � 
����1@P_RT^TS�:;[]L$SVUZSV^TScP_[�W = P?:;SVU���� "���� :;N�� � i

5�P_fZ[]L 
Ki 
 � ;@[V`ZS�9"! L�9
��L P_UA9:N SVRTR���R = P_RT^TS�:;[]L 9KS]W�:;R.L;^TS]W)P_^TS���U:d���R5^��ML a : ^T`ZRTfZ`Z[]L;UO^QdgR.L>LEWT`ZRGdjP?:>L
:��JP_UZUML;[ji

#%$��&$/. ')(+*-,�.0/ /2143&.056587694�
:<;�=?>)@�A B-;DCFE�GHCFE�I%;DB-;�CJELK
5��ML = �)<KWTS�: P_[ :��JP_R)P?:;^.L;RTS]WT^TS�:>WNM_d ^
OML WTSVN$`Z[cP_^.L�9 �0M � P_R.L�S�9ZL;U ^TS�: P_[�^
M ^
O�M W)L$:PM�UMWTS�9ZL;R.L�9 SVU = P_RT^

KiRQKi � � W.L>L�^)P_fZ[]L 
KiRQH� i

:TS<KPB�UV=WI);�K�GHXYUHB-;�K�A B-;�CFE�A�ELI2Z+CF>LELI)A�X-S[GHCJELI%;\B-;�CFE�K
5]OML a : :
OJP_UZUML;[^! R.L = R.L>W)L;U ^.L�9"SVU�� � `ZR.L 
KiRQY��!_N$`MWT^@f<L [_M�U��CP_UA9$[cP_R ��L L;U�M�`���O-SVU�M�R�9ZL;R@^
M3R.L = R.L>W.L;UO^
^
OML [cP_R ��L WT^TRT`A:;^T`ZR.L>W+M_d�^
OML �0M �a`Rb adc�i 1�L;RTS_M 9KS�:%:PM�UA9KSV^TS_M�UMW P_R.L�P = = [VS]L�98SVU fTM�^
O5Pde ScP_[MP_UA9 W = P_U � S]W.L

x

z

y
=

L = 1.2 m

l= 0.2 m

Free surface

g

H

0.4 m

f�gih�j�k8lnm�oqpsr ��

�[t��
�	� �b���6t ����� � !"�-uHu��	���
� !�� � ��#

� R.L>W = L�:;^TSwv�L;[ <x�!P_UA9�����9KSVR.L�:;^TS_M�UMWCP_UA9E^
OML$W�< WT^.L;N 9KS]W�:;R.L;^TS]W)P_^TS_M�U S]W�9ZL>W�:;RTSVf<L�9ESVUE^)P_fZ[]L 
Ki 
Ki 5]OML
:PM�UA:>L = ^&M_d<L�9
��L = P_RT^TS�:;[]L>W9S]W4M�UA:>L3P�� P_SVU SVU ^TR
M 9K`A:>L�9QP_UA98^
OML fFM�`ZUA9MP_R�<!:PM�UA9KSV^TS_M�UMW P_R.L S�9ZL;UO^TS�: P_[J^
M
^
O�M W.L�9ZL>W�:;RTSVf<L�9$SVU = P_RT^	
KiRQKi � i%y Lzv�L;RT^
OML;[]L>W)W�!�^
OML fFM�`ZUA9MP_R�<{v�L;[_M :;SV^/<-S]W@SVN = M W.L�9"^
M ^
OML ^
OMLPM�R.L;^TS�: P_[
v P_[V`ML SVU�M�R�9ZL;Re^
M�W = P_R.L :PM�N = `Z^TSVU��C^TSVN5L�!OP_UA9|M�UZ[ <$^
OML+: P�W)L}M_d�P WTN�M~M�^
O"f�L�9-S]W)OML;R.L;SVU&:PM�UMWTS�9ZL;R.L�9 i

� EL;DB-;�A�@�GHCJELI%;\B-;�CFE�K
��OML;U P?:�OZS]LzvOSVU��$P�� � � � SV^
O5P_U �9`Z[]L;RTScP_U&:PM 9ZL�!�SV^eS]W)�O`ZSV^.L�:PM�N N�M�U8^
M W.^)P_RT^�dgR
M�N P_U P�v�L;R)P���L�9�v�L 8
[_M :;SV^/< �JL;[�9 ` �d��c :PM�RTR.L>W = M�UA9KSVU��-^
M-P_UYP_UJP_[ < ^TS�: P_[0W
M�[V`Z^TS_M�U�M�R}M�fZ^)P_SVUML�9 � SV^
O PCWT^)P_^TS]WT^TS�: P_[ = R.L�:;`ZR.W
M�R
: P_[�:;`Z[cP_^TS_M�U\i&��M�R.LPM�v�L;R�!MSVU�M�R�9ZL;R�^
M8P_RT^TS ��:;ScP_[V[ <$:;R.L P_^.LCW
M�N5L ^T`ZRTfZ`Z[]L;UA:>L `Rb a�c6!ZW
M�N5L R)P_UA9�M�N+U�M�S]W.L
: P_U�f�LCP?9 9ZL�9EP_^ ^
OML�f<L�� SVUZUZSVU���M_d ^
OML : P_[�:;`Z[cP_^TS_M�U ^
M8^
OMLCPPv�L;R)P���L�9 �JL;[�9 i+�bU ^
OML : P�W.L :PM�UMWTS�9ZL;R.L�9
OML;R.L�! ^
OML�SVUZSV^TScP_[Fv�L;[_M :;SV^/< �JL;[�9YS]W � Swv�L;U f)<Q^
OML�[_M �(8j[cP � � 
KiRQ aH� � W.L>L ^
OML�[]L dg^ = S�:;^T`ZR.LnM_d � � `ZR.L�
KiRQ � � i3�M � Lzv�L;R�!MSV^ W)L>L;N5W ^
OJP_^�^
OML SVUO^TR
M 9K`A:;^TS_M�U�M_d�R)P_UA9�M�N U�M�S]W.L SVU �21 3@: P_[�:;`Z[cP_^TS_M�UMW�S]W U�M�^ UML�:>L>W.W)P_R�<
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Ki 5 `ZRTfZ`Z[]L;U ^ SVUA:PM�N = R.L>W.WTSVfZ[]L
�0M � WTSVN-`Z[cP_^TS_M�UMW � SV^
O�� = P_RT^)P?:;`MW988Q : P_UA9

� = P_RT^)P?:;`MW98ba :� R�9ZL;R M_de^
OML�W = [VSVUML�X�L;RTUML;[ a� , "-� � i��� ��� &��
	 � " � �
5�P_fZ[]L 
Kii�~�&� P_SVU �2143 UO`ZN5L;RTS�: P_[ = P_R)P_N5L;^.L;R.W�d M�R�^
OML$a : ^T`ZfZ`Z[]L;UO^3dgR.L>LCWT`ZRGdhP?:>L6:
OJP_UZUML;[ji

^
M*:;R.L P_^.L8P_RT^TS ��:;ScP_[e^T`ZRTfZ`Z[]L;UA:>L i{�bUA9ZL>L�9"!�^
OML���P�� R)P_U�� ScP_U N�M�^TS_M�U W)L>L;N5W ^
MYSVUA9K`A:>L8W
M�N5L"W.L>L�9KSVU��
= L;RT^T`ZRTfJP_^TS_M�UMW�f <YSV^.W.L;[ dTi

:���
 U��<>LA B-;�CJELK�A�E�I E">)= U�X�;�GHA�@��LA�XYA�= U�B�U�XYK
� Wed M�R9^
OML �21 3 N S eKSVU���[]L;U�� ^
O5N�M 9ZL;[^!�^
OML �M[V^.L;R.L�9Nv�L;[_M :;SV^�< � R)P?9KS]L;U ^.W9d M�R L�9
��L�P_UA9 �M`ZS�9 = P_RT^TS�:;[]L>W
P_R.L*9ZL;^.L;RTN SVUML�9 � SV^
O LP�O`JP_^TS_M�U � � ii��aH� i 5]OML �2143 �ONQP��HM�RTSVUMWTX < N�M 9ZL;[ � � ii��QH� � SV^
O:P :PM�UMWT^)P_UO^
� � � �'&�� S]W@^
OML;U"`MW.L��"^
M��PM�N = `Z^.L ^
OML L���� <{v S]W��PM WTSV^/<�M_dJ^
OML>W.L = P_RT^TS��;[]L>W i 5]OML �M[V^.L;R.L��8N�M�N5L;UO^T`ZN
LP�O`JP_^TS_M�U:d M�R = P_RT^TS��;[]L�� S]W5^
OO`MWQS��ZL;UO^TS�� P_[^! d R
M�N P d M�RTNQP_[VS]WT^TS�� = M�SVU ^NM_d v S]L � ! ^
M ^
OML P�v�L;R)P���L��
N�M�N5L;U ^T`ZN LP�O`JP_^TS_M�U � 
Ki a b �s!ZSji L i� � ��
� � �
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#� ! &21 #�3546 = � � � ! ��7 � ! &98 &;: <� � 
Ki � b �

= OML;R.L : <� �PM�RTR.L>W?>TM�U@�ZW�^
M ^
OML Lse ^.L;RTUJP_[A�KRTSwvOSVU�B d M�R��>L PC>�>Z[VS]L��"^
M L PD�
O �M`ZS��E>JP_RT^TS��;[]L i�� WF>ZR.LzvOS_M�`MWT[HG��M�UML�!\^
OZS]WCd M�R��>L8S]W�`�>I�MP_^.L�� P_^�L PD�
O ^TSVN5L WT^.L�> SVU M�R��ZL;R�^
M�SVNJ>TM W.L8^
OMLJ�PM�RTR.L��;^�NQP�W.W��0M = R)P_^.L i
� [V[}M�^
OML;R8LP� `JP_^TS_M�UMWE�PM�RTR.L>W?>TM�U@� ^
M ^
O�M W.LQSVNJ>Z[]L;N5L;UO^.L�� SVU �K>JP_RT^)PD�;`MW98ba : � W.L>LL>JP_RT^ 
Ki aKi � � i 5]OML
NQP_SVU �2143 UO`ZN5L;RTS�� P_[M>JP_R)P_N5L;^.L;R.W�d M�R ^
OZS]W�^.L>WT^N� P�W.L8P_R.LE>ZR.L>W.L;U ^.L�� SVU ^)P_fZ[]L 
Kii� i+5]OML"[_M = M�R��ZL;R
W?>Z[VSVUML�X�L;RTUML;[�P_U@��^
OMLnv P_[V`ML M_d�^
OMLN>JP_R)P_N5L;^.L;R � ,DO � = L;R.LP��O�M W.L;UESVU�M�R��ZL;R�^
M8R.L��K`@�>LC^
OML�UO`ZN$f<L;R
M_d\UML;SHB�O fTM�`ZR.W d M�R L PD�
OQ>JP_RT^TS��;[]L�! W�>JP_RTSVU�B�OML;U@�>L�^
OML��PM�NJ>Z`Z^TSVU�B"^TSVN5L i4��UY^
OZS]W�� P�W)L�! b �$UML;SHB�O fTM�`ZR.W
P_R.LR�PM�UMWTS��ZL;R.L�� i
#%$�S&$UT '476/WV}5YXF,H7^1�9[ZH.0*DV&5^,H*\�>�A�@ ;DB�A B-;U]JU?;�ELKPB�A�EFB�A�ELU�CF>�K�GHCJELK-;�ILUVXdA B-;�CFE�K
� ^)v�P_RTScP_U@�>L = SV^
O-^
OML�>ZR.Lzv S_M�`MW�N S eKSVU�B []L;U�B ^
O"N�M"�ZL;[^!_^
OML �21 3 �ONQPCBHM�RTSVUMWTX"G�N�MK�ZL;[A��M L>W U�M�^@X�L>L�>
^
OML�>JP_RT^TS��;[]L>W)M�R?B P_UZS]W)L��"!�P�W W
O�M = U-SVU_^@B `ZR.L>W�
KiRQ � � RTSHB�O ^ �@P_U@� 
KiRQ�
Ki � M�UO^TR)P_R?G�^
M`�;[cP�W.WTS�� P_[ � `Z[]L;RTScP_U�PM"�ZL>W�! SV^4OML;U@�>L�R.Lzv�L P_[]W9^
OJP_^�^
OMLa>JP_RT^TS��;[]L�N�M�^TS_M�U5SVU@�K`@�>L>W�W�M�N5L �M`@�;^T`JP_^TS_M�UMW�! = SV^
O�M�`Z^'�PM�UMWTS��ZL;RTSVU�B
P_U�G P_RT^TSb^/�;ScP_[9U�M�S]W.L i|��U M�R��ZL;RC^
M OJPPv�L5f�L;^T^.L;Rnv S]WT`JP_[VS]W)P_^TS_M�UMW�! ^
OMLE>JP_RT^TS��;[]LQPdeKScP_[%v�L;[_MK�;SV^cG�^JL;[�� M_d^@B `ZR.L 
KiRQ � S]W$SVU ^.L;R?>TM�[cP_^.L�� M�U PdB RTS��9e5fKG Pd>TM WT^?>ZR
MK�>L>W)WTSVU�B MD><L;R)P_^TS_M�U � W)L>LJ^@B `ZR.L 
KiRQH��� i � UML� P_U U�M�^TS��>L3^
OJP_^ ^
OML WT[VS��>L>W Lse ^TR)PD�;^.L��QdgR
M�N ^
OZS]Wf^JL;[��YP_U@�YR.L�>ZR.L>W.L;U ^.L�� SVUg^@B `ZR.L>W 
KiRQH�$P_U@� 
KiRQ b P_R.L
^hG">ZS�� P_[V[HG ^T`ZRTfZ`Z[]L;UO^�! = SV^
O?v�L;[_M"�;SV^hG �M`@�;^T`JP_^TS_M�UMW�SVU P_[V[M�KSVR.L��;^TS_M�UMW `Rb QYc�i � W�W
O�M = U SVUi^@B `ZR.L 
KiRQkj !
^
OML��M`@�;^T`JP_^TS_M�UMW�X�L>L�>E^
OMLCSVUMWT^)P_UO^)P_UMLPM�`MWl>ZR
MC^M[]L>W�R.L;[cP_^TSwv�L;[HGm�;[_M W)LC^
M8^
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Ki �Mi�� P_R?B�L �����AG �OSVN$`Z[cP_^TS_M�U?M_d9P a : ^T`ZRTfZ`Z[]L;U ^ dgR.L>LCWT`ZRGdhPD�>LP��OJP_UZUML;[ = SV^
O �K>JP_RT^)PD�;`MW 8ba : �����
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Ki 5 `ZRTfZ`Z[]L;U ^ SVU@�PM�NJ>ZR.L>W.WTSVfZ[]L
�0M = WTSVN-`Z[cP_^TS_M�UMW = SV^
O��K>JP_RT^)PD�;`MW988Q : P_U@�
�K>JP_RT^)PD�;`MW98ba :
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Ki �Mi�� P_R?B�L �����AG �OSVN$`Z[cP_^TS_M�U?M_d9P a : ^T`ZRTfZ`Z[]L;U ^ dgR.L>LCWT`ZRGdhPD�>LP��OJP_UZUML;[ = SV^
O �K>JP_RT^)PD�;`MW 8ba : ��� �
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