
IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Framework for Parallel Programming in Java

Pascale Launay and Jean-Louis Pazat

No 3319

December 1997
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WX]XblZNk�]XZNbXQPj�]`d°u>Q&Z>WXY[u_��Q[��K�L_��W8��W8¬&L[^�¬¯Q�Q�\NhNbXQPWlW�d[ZNb8hNbXdiy/bXY[OSO���m_y'O�d_j_QP�_¬���]lL ���A@*@BCD�6EGFH�A�ºW��
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di� jNYf]lY>���A@*@BCD�6EGFH�A�ºW@d��iQ.b@hNbXd;k�QPWlW`d/bXW8Y[mNjS]XL_Q*hNb`d_k�QPWlW`��m_yvdf� Y�bXQ�y/Z_��Y[b8d[h1QPblYf]X��d/m�k�d[mNkPZNbXbXQPm/]X��^

2
�h� Î@Ü%9/;¢ÎgÌ Þ¢Û�ÜD×¢ÖÏÎgÓ�ÞßÎ�3°Ó�Ü¦Þ¢ÖÏÜDÓ'Ü¦Ø � �.DF�*$S!�E*!�ÄHB 3�Ü�Î`Ë¡Ó�Ü¦Þ�Î�3.ÖÏË�Þ�ÖÏÓ&Þ � Î Ú Ê 2 Ê�Í Ê¦Ó
4DÒ�Ê+4DÎ�"fËßÜ�5¶Î � Ê 2 ÎT3�ÎgÌgÖ43�Î�3*Þ¢Ü�Ò�Ë¢Î
EC�DÀ3ÄH!VD�� ÞßÜ*Ö4=`<�ÍÏÎ�=�Î`Ó�Þ�Ö ÞXÐ �h� ÖÏË8ÖÏË@ÜDÓ�Î¯Ü¦Ø¶Þ � Î�Í Ê¦ÌC��ËcÜ¦Ø,Þ � ÖÏË@Í Ê¦Ó
4DÒ�Ê+4DÎ�"(9�Ò.Þ65¶Î�ÌgÜDÒ�Í43$Ê¦ÍÏË¢Ü*Ò.ËßÎ�Ê Ú Ê 2 Ê*Î�3PÞ¢ÎgÓ�ËßÖÏÜDÓËßÒ < <fÜD×»ÞßÖÏÓ
474DÎ`Ó.Î`×�ÖÏÌgÖ Þ¾Ô98 S;:�<¾Ð

"$#.M�"&%



w

COLLECTION [E] ITERATOR [E]

CROSS [E,F]

OPERATOR [E]

����y[Z>b`Q°p L � h1QPblYf]Xd[blWc��blYiO$QP¬¯d/bX�

d��[QPb�QPYikDL�WXZNu_�3k�di����Q.k�]`��d[m � K�L_Q�j_��W`]lb`��uNZ_]XQPjBhNb`d[y[blYiO b`QP����QPW d[m�]XL_Q ��� � i 
Cf/��m_y[��Q�acbXdiy[blYiO
�rZ_��]X��hN��QvsvYf]XY	�¯O�d_j_QP�¢�@K�L_Q°OSYih>h_��mNy�di��k�d/OShNZ_]XYi]`��d[mNW±d��[QPbch>b`d_k�Q.WXWXd[blW9��W�y[ZN��j_Q.j�u/^G]lL_Q'j>Yf]XY
jN��WX]XbX��u>Z_]`��d[mº�i�»di����d�¬���m_yv]XLNQ���ª �,©�¥ �¦��¨ �Nk � ©*¥%k(l�© L�]XL_Q h>b`d_k�Q.WXWXd[b�d/m�¬&L_��kDLSYim$d[u_egQPk�]@��W9OSYih>h>Q.j
��W�]XLNQ°d[m_��^�hNbXd_k�QPWlWXd[b±]XLNYi]&k�Y[m O$d_j_���»^ 
�¬&bX��]`Q��¯]lL_Q�WX]XYf]XQvdf��]lL_Q°d[u_egQPk�]P�

����������	 	 � O��������
�
� �0
 ��� �
���GEC#%D�À3ÄH$ Á E`Ä�#%$

E�� Ä����AEC#���� �CEXÄ[![#%D�Ä�#9ÆY$�#.EC�`À3À&���
����������	 ���
�
� �0
 ��� 5 ���
	�	��
� 
�� ��� Ì*>�9Ö Þ���ÌDÐ Ö ÞßÎ�=�Ë�5Q>!�,@
���9Ä����]#gÆ/�.$8��Ä[![#%D$ÄH#cÆY$8#.EC�XÀ3ÀU#DÅ
�.$@Ä����]EC#���� �CE`ÄH![#%D

# �������%D !�Ä��`Â #�I@ÄV� �]EC#���� �CEXÄH!�#%DK�Q�
����������	]2 ÜDÖ43*×¢Ò�Ó6587:9/;¢ÎgÌ Þ�Ü%9�; >R�U@
���T$ Á�D�À@Ä����]#gÆ �*$8�DÄH!�#0DW#DÅ
�*$@ÄV� �]EC#���� �CEXÄH!�#%DK�Q�
����������	�LNMPO,��2 ÜDÖ43|3�Ü % ÍÏÍ�5Q>
��� ),' 5¾Ö Þ`Ð Ë¢ÞßÊ¦×»Þ�5Q>��
	 Ö Þ`Ð Î�3 � Ê¦Ò�Ë¢Þ¢Î�3,58>!� Ö Þ`Ð Ó�Î�3PÞS58>8>

�9×¢Ò�ÓF5¾Ö Þ`Ð Ö ÞßÎ�=|5Q>�>!��@A@
���9Ä����U!�Ä��*$8�DÄ�#%$9Á.ÀS�!�&Ä�#cÆY$�#DÅ*! �0�A!�Ä��XÂ¯À����
�('*),+.-/	0+.-/1 �4
 �
� �0
 ��� Ö Þ��

@

�8��y[ZNbXQ?"DL@K�L_Q�� � C � � E<���5k���YiWlW

^`_�� 
 c6(�cJu.u.v�u *+(�c-, v).ts�(�e

K�LNQ°d[h1QPblYf]`d/bXW�jNQPWX��y/m=h>Yf]`]XQPblm�LNYiW&u1Q�Q.m£ZNWXQPj=]`dG��OSh_��QPO$QPm/] hNY[bXYi����Q�� k�d[OShNZ_]lYf]X��d/mNW�d��iQ.b±��Y[b`y[Q
j>Yf]XY*W`]lbXZ>k�]XZ>b`Q.W 
ßjNYf]lY*h>YiblYf����QP����WXO �D��JgmNk���ZNjN��m_y']XLNQ±k�d[mNk�QPh_]�df�¶Yik�]X���[Qcd/u;egQPk�]XWP��¬¯Q�LNY��iQ¯Q�\_]`Q.mNj_Q.j
]lL_��W���bXY[O$Q�¬±d[bl��]Xd d&%¶QPb�YShNY[bXYi����Q��ºhNbXdiy/bXY[O$O$��m_y�O$d_j_QP� ��m>k���ZNj_��m_yGk�d/m[]lb`d[� 
�]XY[WX� �¯hNY[bXYi����Q�����WlO L
]lYiWl��hNYiblYf����QP����WlO ��WSY5hNbXd_k�QPWlWX��m_y5d��iQPb�Y�]lYiWl�/W�����@*@*CD�6E�FH�A� 
ßW`Q.k�]`��d[m�pN�4}B�D�@]XYiWl�;W�h>YiblYiO$Q�]XQPblW
u1Q���m_ySy[bXd[Z>h>Q.j���m�Y$j>Yf]XY ���A@B@*CD�6EGFH���8�

MAM ÓONQPRPTSVU



�

�������[�V	 	 �VO��#� �S

� � 
 -��P+.- M�1�� ��� � �.�X�
���GE #0D�ÀßÄH$ Á E`Ä�#%$

E�� � Ä��DÀ��¦ÀJEC#���� �CEXÄ[![#%D��hE�� � �0�DÄ��|E #���� � EXÄH!�#%Dm���
�������[�V	 �S

� � 
65 ����	�	��
� 
�� �
� ÌRS�" ����	�	���� 
�� �
� Ì
	%>�9Ë¢Ò <fÎg×S5�ÌRS�" Ì�	%>!��@
���G#gÆ �*$8�DÄH!�#0D�Ä�#cÆY$�#.EC�`À3ÀG#�Å"�*$9Ä��DÀ��¦ÀJ�%D�� �0�DÄ��|E #���� � EXÄH!�#%D�À

# � ��� �¡ÄV� �cÄ��DÀ��&Ä�#?�0EXÄH!�Å
�DÄ���� # ����� � Ä����]�%$ ��Á.Â]�*D�Ä�IS#%$cÄV� �¯Ä��DÀ������
�������[�V	U2 ÜDÖ43'×�Ò�Ó6587:9/;¢ÎgÌ Þ�Ü%9/;VS�"Y7:9�;�ÎgÌgÞ¡Ü%9/;
	%>
�]585�

�P����>»Ü%9/;VS*>3Ð Ë¢ÞßÊ¦×�ÞS5�Ü%9�;�	%>��(@

@

�8��y/ZNbXQ � L@K�L_Q � E � �BE�k���YiWlW

K�L_QShNY[bXYi����Q��¡Y[k�]X����Yf]X��d/m£df� E ����� W*��W'bXQPYf��� ; QPj£u/^£Y ����� � � d/u;egQPk�]*hNbXd_k�Q.WXWX��mNy�YiWX^_mNkDLNbXd[m_d/ZNW
��m/�id_k�Yi]`��d[mNW 
¢WXQPk�]`��d[m=pN��R��9df��]XL_Q E �!��� W'¥%k �$O$Q�]lL_d_jNWP�N¬���]lL j>Yf]XY$k�d/bXbXQPWlh1d[mNj_��m_y$YiW�YibXy[ZNO$Q.m[]lW��
K�LN��W���W�j_Q��1m_QPj=��m=]XL_Q � E � � E�k���Y[WXW?
 �>y[Z>b`Q � � L@]lL_��W&k���YiWlW�Q�\_]`Q.mNjNW�]lL_Q������ � � k���YiWlW��_d��[QPblb`��j_��m_y
��]XW�¥%k �$O$Q�]lL_d_j=]`dGj_Q.WXkPb`��u>Qv]lL_Q � E � �BE�WXh1QPk����,kvd[h1QPblYf]`��d[m �

CROSS [E,F]

OPERATOR [E]

START

JOIN

PAR

TASK [E]

�8��y[ZNbXQ � L@a@YiblYf����QP�,��bXY[O�QP¬¯d/bX�

K�d WX^_mNkDLNbXd[m_� ; Q°]lL_Q�E ����� W Yi]&]XLNQ���b ]XQPblO���mNYi]`��d[mº�¶Yim_d[]XL_Q.b�d[h1QPblYf]X��d/m���W*hNbXd;k�QPWlW`Q.j�d��iQ.b�]XL_Q
]lYiWl�;W ����@*@BC6�DEGFH�A�8�>��m/�id/�[��m_yS]XLNQ>E ����� WTn��Yo&�=O$Q�]XLNd;j L±]XLN��W ��W*j_Q(�1mNQPj���m�]XL_Q��(��F ��k���Y[WXWP�>Yim>j
��OSh_��QPO$QPm/]XW Y�y[��d/uNYf�ºWX^_mNkDLNbXd[m_� ; Yi]`��d[mG¬&LNQPm=Yf����E ����� Wv¥%k �$O$Q�]lL_d_jNW&Y[b`Q9�1m_��WlL_QPjº�
K�L_Q$k���YiWlW � � �r��OSh_��QPO$Q.m[]lW&]lL_d[WXQ�k�d/OShNZ_]XYi]`��d[mNW d��iQ.b�]XYiWl�;W Y[mNj£jNYf]lY�����@*@BC6�DEGFH�A�ºW L�]XLN��W

k���Y[WXW'��W']XL_QSd[mN��^�d/m_Q$]XL_Q hNbXdiy/bXY[O$O$Q.b LNY[Wv]`d�j_QPYi�@¬���]lL�=�yi���iQPm5] ¬¯d ����@*@*CD�6E�FH�A�ºW 
�di�¯]lYiWl�/W
Y[mNj£di�¯jNYf]lY*�D�º��]vk�bXQPYi]`QPW*]XLNQ � E � �BE�YimNj��(��F ��d[u;egQ.k�]lW��ºYim>j�b`Q.Yf��� ; QPW*]XL_QShNY[bXYi����Q��8Yik�]`����Yi]`��d[m£di�
E ����� W�¬���]XL=]XLNQ���b�k�d[blbXQPWlh>d/mNj_��m_y$Y[b`y/ZNO$QPm/]XWP�_YimNj ]XLNQ?�1mNYf��W`^_mNkDLNbXd[mN� ; Yf]`��d[m �
K�L_QSk���YiWlW � � ��Q�\_]`Q.mNjNW*]XL_QSk���YiWlW)E ����� �ºW`d ��]'��W*Y[m�Yik�]`���iQ�d/u;egQPk�]��ºYim>j�k�Y[m�u>Q$��mNk���ZNj_Q.j���m

Y$]lYiWl�/W)���A@B@*CD�6EGFH���@�cK�L_��W&hNbXd��/��j_Q.W±YS¬�Y�^ ]`d Q�\NhNb`Q.WXW���³ |�} ³ ¹��8�_~�� � � ³ ���¢|�� L9Y hNYiblYf����QP�º]XY[WX�

ßYG��mNWX]XYim>k�Q�di� � � �<�&kPYim�u1QSYik�]X����Yi]`QPj���m�h>YiblYf����QP�¡¬���]XL�d[]XL_Q.b E ����� WP�*K�L_QShNY[bXYi����Q��¡��bXY[O�QP¬¯d/bX�
��W�bXQPhNbXQPWXQPm/]`Q.j���m ]XL_Q?�>y/ZNbXQ � �

"$#.M�"&%



q

K�L_Q��>y/ZNb`Q w WlL_d�¬&W'Yim£Q�\_Y[OSh_��Q$df�cY=WX��OSh_��Q�hNY[bXYi����Q��8hNbXdiy/bXY[O �,ZNWX��m_y � � � ��� k�di����Q.k�]`��d[m>W>=
]lL_QGk���YiWlW � � �

E ����� b`Q.hNbXQPWXQPm/]XW']XLNQ�hNbXdiy[blYiO Wlh>Q.k��I�1kS]XY[WX�;W�=8��]°Q�\_]`Q.mNjNW E ����� ��Y[mNjr]XYi�iQPW°Y[m
d/u;egQPk�]�df�8] ^;h1Q � � � � � YiW�Y[b`y/ZNO$QPm/]��

��� ��),'"+��
��� �
	,� ������� < �

����������	 	 � O���� �;��
 �
	������ � � � 	�	���	 �
����������	 ��+.OY+
�V	G2 ÜDÖ43 =&Ê¦ÖÏÓ 5���Þ¢×¢ÖÏÓ 4&Ê¦× 4 2 8�<�> �

� ��� � � Þ3Ê¦Ë��PË � MP-�� � ��� � � 5 # >��
� ��� � � 3�ÊlÞ3Ê � MP-�� � ��� � � 5 # >!�
� ),' 5¾ÖÏÓ�Þ¡Ö ���
��Ö�� # ��Ö����J> �
ÞßÊ¦Ë ��ËXÐ Ê
3�3 5 MP-�� 
 ��� 

������5Q>�"�ÖV>��
3�ÊlÞ3Ê.Ð Ê
3 3 5 MP-�� � � � ��
h58>!"�ÖV>!�,@

� � � <�Ê¦× � MP-�� � � � 5�ÞßÊ¦Ë ��Ë�" 3�ÊlÞßÊ0>!�
<�Ê¦×`Ð Ì`Ê¦ÍÏÍ�5Q>��

@
@

�8��y/ZNb`Q�w L ��h>YiblYf����QP�¶h>b`d[y[blYiO

� ��� �P��� �.- � � ������������������������

����������� �=� � �����! � �������

K�LNQ�hNYiblYf����Q��8��blYiO$Q�¬±d[bl��m_d[]�d[m_��^rYi����d�¬&W°]Xd5uNZ_����]�WXLNY[b`Q.j�O�Q.O$d[bX^rO�ZN��]X���3]XLNbXQPY[j_QPj�hNbXdiy/bXY[OSW
u>Z_]���W�Yi��WXd ZNWXQPj ]`d yiQ.m_QPblYf]XQ'jN��WX]XbX��u>Z_]`Q.j=O$Q.O�d/b`^ hNb`d[y[blYiOSWP�
K�L_QGjN��WX]XbX��u>Z_]`��d[mr�»QPYi]XZNbXQPW°Y[b`Q$QPO�u>Q.jNj_Q.jr��m�k���YiWlW`Q.Wvdf�±]XL_QS��blYiO$Q�¬±d[bl�,�º¬���]lL_d[ZN]�kDLNYim_y[��mNy

]lL_Q���b���m[]XQPb`��Yik�Qi�NWXd$]lL_Q�WlLNYibXQPj O�Q.O$d[bX^�YimNj ]XLNQ�j_��WX]XbX��uNZ_]`Q.j�O�Q.O$d[bX^GhNb`d[y[blYiOSW�YibXQ'mNQPYibX��^G]XL_Q
WlYiO$Q[����Q&d[mN��^Sm_Q�Q.j ]`d�O�d_j_���»^$]XL_Q*��OSh1d[bX]XW9��mS]XLNQ*hNbXdiy/bXY[O�]`d�Z>W`Q&]lL_Q j_��WX]XbX��uNZN]`QPj ��bXY[O�QP¬¯d/bX�
k���Y[WXWXQPW$��mNWX]`QPY[j�di�*]XLNQ�hNYiblYf����QP��d[m_Q[�¯Yim>j®]Xd�]lbXY[mNW`�»d[blO!W`d/O�Q�k���YiWlWXQPW$df�']XL_Q£hNbXdiy/bXY[O ]Xd�ZNW`Q
]lL_QS�[Y���Y ���)Fß��K�L_Q$WXd[Z>bXk�Q�Yim>j£yiQ.m_QPblYf]XQPj�hNbXdiy/bXY[OSW&LNY��iQ�]XL_QSWlYiO$Q�WXQPOSYim/]X��kPW>L*Q�\_QPkPZ_]`��m_y Y
h>YiblYf����QP� hNb`d[y[blYiO ��m�Y WXLNY[b`Q.j O$Q.O�d/b`^ d[b�Y j_��WX]XbX��uNZN]`QPj�O$QPO$d/b`^ QPm/�;��bXd[mNO$Q.m[]�y[���[QPW�]XLNQ�WXY[O$Q
bXQPWlZ_��]XWP�
K�L_QSj_��W`]lb`��uNZ_]XQPj���blYiO$QP¬¯d/bX� b`QP����QPW*d[m£j_��WX]XbX��uNZN]`QPj ����@*@BC6�DEGFH�A�ºW&]lLNYf]vOSYimNYiyiQ�jN��WX]XbX��u>Z_]`Q.j

QP��Q.O$QPm/]XW*]XblYimNWlhNY[b`Q.m[]X��^[� �
j_��WX]XbX��uNZN]`QPjrk�d[����QPk�]`��d[m���W*k�d[OSh>d/W`Q.j�df�cWlZNu;� k�d[����QPk�]`��d[mNW*O$Y[hNh1QPj£d/m
jN��WX]`��mNk�]vhNbXd_k�QPWlWXd[blW��1QPYikDL5WXZNu_�3k�di����Q.k�]`��d[m£OSY[mNYfy[��m_y�]XL_Q$��d_kPYf����]XQPOSW'df�c]lL_Q����A@B@*CD�6EGFH���@�'K�L_Q
jN��WX]XbX��u>Z_]`��d[m�df��Y�����@*@BC6�DEGFH�A����W±jNQ(�1m_Q.j u/^GY$j_��W`]lb`��uNZ_]X��d/mG��Y�^id[ZN]¯OSYimNYiyiQ.b��[]XLNYi]�Y[WXWXd_k���Yf]XQPWcY
h>b`d_k�Q.WXWXd[b¯]`dGY[m�QP��Q.O$QPm/]��
K�L_Q Q�\_QPk�ZN]`��d[m�O$d;jNQ��c��W�uNY[W`Q.j5d/m�b`Q.O�d[]`QGkPb`Q.Yf]`��d[mrdf��d[u_egQPk�]lW°YimNj�bXQPO$di]XQGO$Q�]XLNd;j���m/�idf�

kPYf]X��d/mº�&K�L_Q�bXQPO$di]XQ�k�bXQPYi]`��d[m�di�8d/u;egQPk�]XW*LNY��iQ�u1Q�Q.m£��OSh_��QPO$Q.m[]XQPj�Z>W`��m_yG]lL_Q�bXQ!">Q.k�]X��d/m£O�Q.kDLNY��
mN��WlO  � #�Y[mNj�W`Q.b`�[QPblW�bXZNm>m_��mNy d[m=QPY[kDL=h>b`d_k�Q.WXWXd[bP� �¯d[OSO�ZNm_��k�Yf]X��d/m u1Q�] ¬±Q�Q.m�j_��WX]XY[m/]�d[u;egQ.k�]XW&��W
��OSh_��QPO$QPm/]`Q.j=¬���]lL ]lL_Q��/Y���Y ��� F 
�U QPO$di]XQ ��Q�]lL_d_j Jgm/�[d;kPYf]X��d/m6�9h>YikD��Yfy[Qi�

MAM ÓONQPRPTSVU



R
0

K�d�hNbXQPWXQPbX�iQ$]XL_Q ��d_k�Yf�9h>YiblYiO$Q�]XQPbvhNYiWlWX��m_y£WXQPOSYim/]X��kPW�
���m���d_k�Yi�9O$Q�]XLNd;j���m/�id_k�Yi]`��d[mNWP�¡YibXy[Z_�
O$Q.m[]lW�YibXQ Yf��¬±Y�^_WvhNY[WXWXQPj�u/^5bXQ��»QPbXQPm>k�Q��D�¡¬±Q ]XblYimNW`�»d[blO d/u;egQPk�]XW°��m/]`d�¥X©�¨S�
�3©=���8n�©���� � 
ßu>Q.k�Y[ZNW`Q
d/m_��^ ¥X©�¨ � � © ���Qn�©���� �8YibXQ¯hNY[WXWXQPj�u/^�b`Q��»QPbXQPmNk�Qc��m�]lL_Q��[Y���Y ��� FH�D��K�L_Q�hNbXdiy/bXY[OSO�Q.b¡Y[mNm_di]lYf]XQPW�]XL_Q
d/u;egQPk�]XW']XL>Yf]°OSY�^�u>QGY[k�k�Q.WXWXQPj5b`Q.O�d[]`QP��^5L°k���YiWlWXQPW*]XLNYi]'��OSh_��QPO$QPm/]°]XLNQ$��m/]`Q.bg��Y[k�Q � ����C � � F���@*C
Y[b`QvYiZN]`d[OSYi]`��k�Yf����^ ]XblYimNW`�»d[blO$QPjG��m/]`d�¥X©�¨S�
�3©����8n�©���� �±u/^G]lL_Q����[�9hNbXQPh>b`d_k�Q.WXWXd[bP�;j_Q��[Q���d[h1QPjG¬���]XL
]lL_Q hNYiblWXQPb'yiQ.m_QPblYf]Xd[b'�[Y���YikPk� �R � #±YimNjr]XL_QS]lb`QPQSu>Z_����j_��m_y�hNbXQPhNbXd_k�Q.WXWXd[b*�[�/K�bXQ�Q[��K�L_Q ]lbXY[mNW`�»d[b`�
OSYi]`��d[mS��Wc]lbXY[mNWXh>YibXQPm/]4L�]lL_Q y[QPm_Q.bXYi]`Q.jSd[u;egQ.k�]XW¯LNY��iQ�]lL_QvWXY[O�Q ��m/]`Q.bg��Y[k�Q[�iQPWlh1QPk���Yf����^$k�d[mNk�QPblm_��mNy
]lL_Q°Q�\Nk�QPh_]X��d/mNW�LNYim>j_����m_y����

� � ����� ���4�#
 �����

	�
 } ³ � | � ¸ � |�} ¸ }
� ³ �¢� ��� ��� �1³ �
WXd[O$Q°hNbXdfegQ.k�]XW�Y[b`Q°uNY[W`Q.j�d/m hNY[bXYi����Q��ºQ�\_]`QPm>W`��d[mNW±]Xd ]XL_Q��/Y���Y���Yim_y/ZNYfy[Qi�
K�d;di��W±h>b`d_jNZNk�Q°�[Y���Y�h>YiblYf����QP�.
ßO�Z_��]`���3]XLNbXQPY[j_QPj6�¯hNbXdiy/bXY[OSW��;b`QP��^;��m_y$d[m�YSWX]XY[mNjNYiblj��/Y���Y�blZNm;�

]X��O$Q=W`^_WX]`QPO ZNWX��m_y5]lLNb`Q.Yij�����u>bXY[b`��QPW�YimNj�WX^_mNkDLNbXd[m_� ; Yi]`��d[m�hNbX��O$��]`���iQ.W =c]lL_Q�^�j_d�m_di]�yiQ.m_QPblYf]XQ
jN��WX]XbX��u>Z_]`Q.j=h>b`d[y[blYiOSW)L


 ]XL_Q�7 ��y[L£a8Q.bg�»d/bXOSYim>k�Q��/Y���Y�hNb`diegQPk�] Yf] Jgm>j_��Y[mNY�:'m_���[QPblW`��] ^�k�d[OShNbX��W`Q.W&]XLNQ�j_QP�iQ���d[h>O�Q.m/]
df� ] ¬±d�j_�I%,Q.b`Q.m/]9]`d;di��W L � ����� �5 }�#¶Y[mNj � ����� �! �RR#3� � ����� �=��W¯Y�bXQPWX]XblZNk�]XZNbX��mNy�k�d[OSh_����QPb9]lLNYf]
b`QP����QPW�d/m Y[mNm_d[]XYf]X��d/mNW±d[m�YSW`Q �;Z_QPm/]`��Yf�º�/Y���Y�hNbXdiy/bXY[O �»d[b�y[QPm_Q.bXYi]`��m_y$YShNY[bXYi����Q��ºhNbXdiy/bXY[O=�
� ����� ����W Yr]`d;di��]XL>Yf]SYiZ_]Xd[OSYf]X��kPYf����^�j_QP]`QPk�]XW Y[mNj�Q�\_hN��d[��]lW���OSh_����k���]S��d/d/h®hNY[bXYi����Q�����WXO ��m
u/^/]XQPk�d;jNQi� � ����� ��]`Q.kDLNm_���/ZNQPW�k�d/Z_��j�u1Q'ZNWXQPj ]`dSuNZ_����j Y$hNbXQPhNbXd_k�QPWlWXd[b@�»d/b±d[ZNb¯]`d;di�¶]XdSLNQ���h
hNbXdiy[blYiOSO$QPblW¯]`d ¬&bX��]XQvh>YiblYf����QP�¶h>b`d[y[blYiOSW��


 U&d[Z>j_��Q.b�Y[mNj JgkDL_��WXZ_y[�) � #�L>Y��iQGj_Q��1m_QPj�K���m/^rsvYf]lY��3a@YiblYf����QP�9�[Y���Y£YiW�Yim�Q�\NY[O$hN��QGY[hNh_�����
k�Yi]`��d[m�df�@]lL_Q���b&Q�\;]XQPmNWX��u_��Q��[Y���Y hNbXQPhNbXd_k�Q.WXWXd[b4C � � �4Jgm�]XL_Q$K���m/^=s'Yi]XY��3a@YiblYf����QP� �[Y���YS��Yim;�
y[ZNYiyiQ[�/WXd[O$Q O$Q�]lL_d_jNW�YibXQ&��j_QPm/]`�I�>Q.jGYiW±jNYf]lY�� hNYiblYf����Q��>O$Q�]lL_d_jNW±YimNj ]lbXY[mNWX��Yi]`QPj�u[^ C � � ��m
�[Y���Y�O�ZN��]X���3]XLNbXQPY[j_QPj�k�d;jNQPWP�¡Q�\_Q.k�Z_]XQPj�d[m�Y���Y[b`y[Q$m;ZNO�u>Q.b°df���;��bX]XZ>Yf�chNbXd_k�Q.WXWXd[blW��SK�L_QP��b
YihNh>b`d/YikDLG��W�j_Q.W`��y[m_Q.j�]XdGhNbXd��/��j_QvY$yiQPmNQPblYf�ºQ�\_]XQPmNWX��d/m O$Q.kDLNYim_��WlO �»d[b��/Y���YN�

� ]lL_QPb�Y[b`Q°uNY[W`Q.j�d/m j_��WX]XbX��uNZN]`QPj=d/u;egQPk�]XWP�NYimNj�bXQPO$di]XQvO$QP]XL_d_j=��m/�[d;kPYf]X��d/mNW)L

 acL_������hNhNWXQPm�YimNj�Yf�� �R � #_LNY��iQ9Q�\_]`QPm>j_QPj°]lL_Q��[Y���Y���Yim_y/ZNYfy[Qcu/^°YijNj_��m_y�¥l©�¨ � � ©�d[u;egQ.k�]XW�Yf]�]XL_Q
��Y[m_y[Z>YfyiQ���Q��[Q��A
`¥X©�¨S�
�3©9��W¯Y�k���YiWlW9O$d_j_�I�>QPbR�¦� �±Yf����W9]`d�Y�WXh1QPk����,k&bXZ>m[]X��O$Q Yi����d�¬&W@]Xd�k�bXQPYi]`Qi�
j_��W`]lb`��uNZ_]XQ YimNj O$d��[Q9
ßO$��y/bXYi]`Q���d/u;egQPk�]XWP��K�LNQ hNbXdiy[blYiOSO$��m_y'O$d_j_QP�>df� �/Y���Yfa@YibX] ^°��W9Q�\Nh_�����
k���]`��^5j_��W`]lb`��uNZ_]XQPj�uNZ_]°bXQPO$di]XQ O�QP]XL_d_jr��m/�[d;kPYf]X��d/m£��Wv]lbXY[mNWlhNYibXQPm/]*��b`d/O ]XL_Q hNbXdiy/bXY[O$O$Q.b
h>d[��m/]$df� �;��Q�¬°� �¯d[OShNY[b`Q.j�]`d�d[Z>b�Y[hNhNbXd[YikDL �8�/Y���Yfa@YibX] ^rk�d[Z_��j®h>b`d/uNYiu_��^�u>Q�ZNWXQPj®Y[W�Y
L_��y[L_Q.b���QP�iQ�� blZNm/]`��O$Qv�»d[b&�$�i�chNb`d[y[blYiOSW¯]XLNY[m ]lL_Q��/Y���Y ��� F�Yim>j K�LNbXQPY[j h>YikD��Yfy[QPWP�


�� Yf��V*Y[mNj�Yi�. �R�}T# LNY��[Q*j_Q��1m_Q.j�Y$hNYiblYf����QP�>Q�\;]XQPmNWX��d[mG]Xd��/Y���YN�;hNb`d��;��j_��m_y�j_^_mNY[O$��k*k�bXQPYf]X��d/m
df�*bXQPO$d[]`QGd/u;egQPk�]XW�¬���]lL���d[Yij®uNYf��YimNk���mNy>�@YimNj�d[u;egQ.k�]$y[bXd[ZNhNWP� J ]$��W���O$hN��Q.O�Q.m/]`QPj�ZNWX��m_y

�%�h� Î�ÊlÞ¢Þ¢×¢Ö49.Ò.ÞßÎgË¡Ü¦ØNÊ9×¢Î�=�Ü¦Þ¢Î8Ü%9�;�ÎgÌgÞ¡Ê¦×�Î8Ó�Ü¦Þ 3.ÖÏ×¢ÎgÌ ÞßÍ Ô Ê¦ÌgÌgÎgËßË¢Ö49�ÍÏÎ�Ø�×¢Ü%=�Ü¦Þ � Îg× Ü%9�;�Î`Ì Þ¢ËXÐ���Î � Ê 2 Î8Ó�Ü¦Þ¡Ê
3 3�×�ÎgËßË¢Î.3Þ � ÖÏËh<.×¢Ü%9�ÍÏÎ�= "/9fÎ`Ì`Ê¦Ò�Ë¢Î 5ºÎ�Þ � ÖÏÓ �¯Þ � ÊlÞ Þ � Î8ÖÏÓ�ÞßÎg×�Ó�Ê¦Í/Ë�Þ3ÊlÞ¢Î8Ü¦ØNÊ¦Ó Ü%9�;�ÎgÌ Þ Ë � ÜDÒ�Í43&Ó�Ü¦Þ 9fÎ�ËßÎgÎgÓ*Ó�ÜD×h=�Ü 3�Ö ��Î�375¡Ö Þ � ÜDÒ.Þ
Ò�ËßÖÏÓ 4¯Ê¦Ó&Ü%9�;�ÎgÌgÞ�� Ëh=�Î Þ � Ü/3/Ð �h� ÖÏËºÊ
<�<�×¢Ü�Ê¦Ì � ÖÏË,Ø�ÜDÍÏÍÏÜ�5ºÎ�3�9�Ô`=&Ê¦Ó�Ô±Ü%9�;�ÎgÌgÞ ÜD×�ÖÏÎgÓ�Þ¢Î�3'Í Ê¦Ó 4DÒ�Ê+4DÎ`Ë:5�Ø�ÜD×,Î;3.Ê
=`<�ÍÏÎ��1Ö �iÎgÍV>

"$#.M�"&%



R[R

]XL_Q �¯d[m/�iQ.bXWXQ  �RiRR#v��m/]XQPbXd[h1QPblYiu_������] ^���blYiO$QP¬¯d/bX�,��¬&L_��kDL OSYi�fQ.W ��] h1d[WlW`��u_��Q5]`d®��m/]`QPy[blYf]XQ
hNYiblYf����Q��¡����uNbXY[b`��QPW ¬&b`��]`]XQPm5��m��/Y���Y ¬���]XL5O$d_jNZ_��QPW*��m�di]lL_QPb'hNY[bXYi����Q�����Y[m_y[ZNYiyiQ.W���mrY�WX��mNyi��Q
YihNhN����k�Yi]`��d[mº�

� �»{�~��_~ � ³ |S� � ¹��¢~�� � ³/·�¸ ~�� |��
d[]XL_Q.b�hNbXdfegQPk�]XW�ZNWXQ°]XL_Q��/Y���Y���YimNy[ZNYiyiQ'¬���]lL_d[Z_]&Y[m/^ Q�\_]`Q.mNW`��d[m �

f/d/O$Q QPm/�;��bXd[mNO$Q.m[]lW°b`QP��^5d[m�Y�jNYf]lY�� hNYiblYf����QP�@hNb`d[y[blYiOSO$��mNy=O$d_j_Q��¯YimNj�Y ��� � i Q�\_Q.k�Z_]X��d/m
O$d_j_QP�OL


 J ��YimNm_���fd���Yim>j�Yf�  w�#8L>Y��iQ�j_Q��1m_Q.j�Y�k���Y[WXW ����uNblYibX^i�¶k�d[m/]lYf��m_��mNy�Y�WXQ�]*df�c�/Y���Y�k���YiWlW`Q.W Yim>j
��m/]XQPb`��Yik�Q.W��»d/b�]lL_Q�j_Q��[Q���d[hNO$QPm/]�df� jNYi]XY�� hNY[bXYi����Q��ch>b`d[y[blYiOSW�ZNWX��m_yrYrbXZNm_�ß]X��O$Q u>YiWXQPj�d/m
� � Fß� �¯d[m/]XblYibX����^S]`d d/ZNb�]`d;di�ß�_]XLNQ�j_��WX]XbX��uNZ_]`Q.j�k�d_j_Q°ZNWXQPW�Y ��� � i O$d_j_Q��ß�


 C � C CK
 19��%¶Q��ca8Y[bXYi����Q�� 1@\_QPkPZ_]`��d[m 1cm/�;��bXd[m>O�Q.m/]��> q�#9��WvYim5d[u;egQ.k�]'d[bX��Q.m[]XQPjrj_QPWX��y/m£��blYiO$Q��
¬¯d/bX�$j_QP�iQ���d[h1QPjG��m�d[ZNbc]`QPY[O=�.J ]�hNbXd[h1d[WXQPW¯Y�hNbXdiy/bXY[O$O$��m_y°QPm/�;��b`d/mNO$QPm/]9¬&L_Q.b`Q'jNYf]lY�Yim>j
k�d/m[]lb`d[�@hNYiblYf����QP����WlO Y[b`Q$]`d[]XYi����^£QPmNkPYihNWlZ_��Yf]XQPj���m�b`QPy[Z_��Yib 19�I%,QP�ck���YiWlW`Q.W��¶¬���]XL_d/Z_]�Yim/^�Q�\;�
]`Q.mNW`��d[m�]`dG]lL_Q���Yim_y/ZNYfy[Q�m_d[b*O$d;jN���1kPYf]X��d/m�df�9��]XW'W`Q.O$Y[m/]`��k�WP�&K�L_��W*b`Q.W`Q.YiblkDL=��W �iQPbX^�k���d[WXQ
]`d$d[ZNblWcu>Z_]±Z>W`Q.W±mNd�hNbXdiy/bXY[On]XblYim>Wg�»d/bXOSYf]X��d/m YimNj�]XL_Q*Q�\_QPkPZ_]`��d[m O$d;jNQ��,��W±����O$��]`QPj�]`d$]XL_Q
��� � i O$d_j_Q��ß�S�rQGLNY��[Q$Yi��WXd�uNZ_����]�Y�hNbXdi]Xdi] ^_h>QSZNWX��mNy��/Y���Y Y[mNjr]XL_Q ���A@!
¢�/Y���Y��*Q.m_QPbX��k
�¡��uNblYibX^ �¯uNY[W`Q.j�d/m�]lL_Q°��j_QPY[W�df� C � C C¶�

�����iQ ��m®]lL_Q����[� hNbXdfegQPk�]��ch>YiblYf����QP����WXO OSY�^�u1Q=��m/]XbXd_jNZNk�Q.j�]lLNb`d/Z_y[L®]XL_Q£m_d[]`��d[m®df�'Y[k�]X���[Q
d/u;egQPk�]XW?L


 �±YibXd[O$Q���Yim>j®Yf��Y[b`Q=j_Q��[Q���d[h_��m_yr�/Y���Y
	�	=¬&L_��kDL®��WSuNYiWXQPj�d/m®Y[k�]`���iQ=d[u_egQPk�]lW�Y[mNj�ZNW`Q.W�Y
����uNblYibX^S]XLNYi]¯��W±��]lW`QP����Q�\_]`Q.mNW`��u_��Q'u/^ ]lL_Q'h>b`d[y[blYiOSO$QPblW��¡K�LN��W±¬±d[bl����W�uNYiWXQPj�d[m 1c��%¶Q���	
	  p&#ß�
K�L_Q�WX^;m>kDLNb`d/m_� ; Yf]X��d/mGO$d_j_Q�� ��W���QPWlW�k�d/mNW`]lbXYi��m/]±]XLNY[m=��m=]XLNQ����[�9hNbXdfegQ.k�]��

s'd[Z_y �¡Q.Y� �RPp�# hNbXd��;��jNQPW±j_QPWX��y/mGhNbX��m>k���h_��Q.W±]`dSuNZ_����j k�d[m>k�ZNblb`Q.m/]¯Yih>h_����k�Yi]`��d[mNW¯ZNWX��m_y$]XLNQ'�/Y���Y
h>YiblYf����QP�¶h>b`d[y[blYiOSO$��m_y���Yik�������]X��Q.W��

� ��WXd5m_d[]`Q ]XL>Yf]�]lL_QPbXQ Q�\_��W`]lW � � �°� � � F±YimNj�d[]XL_Q.b�k�d/O$O�ZNm_��k�Yi]`��d[m�����uNblYibX��Q.Wv��m/]XQPb`��Yik�Q.W'�»d[b
]lL_Q*�/Y���Yv��Y[m_y[Z>YfyiQ[��K�L_Q.W`Q ��m/]`Q.bg��Y[k�Q.WcOSY�^�u1Q*k�d[m/�iQ.m_��Q.m/]9]`d�u>Z_����jGYi��]XQPblmNYf]XQ&Q('Gk���QPm/]cblZNm;�3]`��O$QPW
��mNWX]`Q.Yij df�@ZNW`��m_y �/Y���Y ��� Fß�

� � ��� �¯�
� � �����

JgmS]lL_��W¯hNY[h>Q.b@¬±Q LNY��iQ&h>b`Q.W`Q.m[]XQPj Y[mSQ�\NhNbXQPWlW`���iQ�hNY[bXYi����Q��>h>b`d[y[blYiOSO$��m_y°O$d_j_Q��ß�/��OSh_��QPO$QPm/]XQPjGu/^
Y�¤¦¥X§�¨ ©�ªc�f¥X«���m�]lL_Q��/Y���YS��Y[m_y[ZNYiyiQ[�±��Q�LNY��[Q�m_di]'OSYij_Q�Y[m/^ Q�\;]XQPmNWX��d[m=]`d ]XL_Q���YimNy[ZNYiyiQi��K�L_Q
WX^_mNkDLNbXd[m_� ; Yi]`��d[m°O$d_j_Q��;��W��iQPbX^°W`��OSh_��Q�Y[mNj�¬������;u1Q�Q�\_]`Q.mNj_Q.j���m�d[blj_Q.b¡]Xd*Q.m_��Y[b`y[Qc]lL_Q�YihNh_����k�Yf]X��d/m
jNd[OSYf��m�di�¯d[Z>b'h>b`d[y[blYiOSO$��m_y O�d_j_QP�¢� �¯d[OShNY[b`Q.j�]Xd=O$d[bXQ$]XblYij_��]`��d[mNYi�@YihNhNbXd[Y[kDL_QPW�
�Q[� y1�>7*��y/L
a8Q.bg�»d/bXOSYim>k�Q �1d[bX]XblYim6�D�i]XLN��W±¬�Y�^�]Xd�uNZ_����jGY�hNbXdiy/bXY[OSO���m_y�O$d_j_Q��¶Yim>j ]`d���OSh_��QPO$QPm/]±��]¯��W±O�Z>kDL
O$d/b`QvQ('Gk���Q.m[]P�

MAM ÓONQPRPTSVU



R }

K�L_Q�jN��WX]XbX��u>Z_]`��d[m=df�@���[�ch>b`d[y[blYiOSWcd/m�h>d/WXWX��uN��^�LNQ�]`Q.b`d[yiQ.m_Q�d/ZNW4����� � k�Y[m u1Q�j_QPbX���iQPj���bXd[O
Z>W`Q.b Y[mNm_di]lYf]X��d/mNWG�»d/b�]lL_Q�j_��WX]XbX��uNZ_]`��d[m�df�����A@B@*CD�6EGFH��� W�� K�L_Q�j_��W`]lb`��uNZ_]X��d/m ��W d/u_]XYi��mNQPj u/^
kDL>Yim_y[��m_y�]lL_Q¯��bXY[O�QP¬¯d/bX�*k���YiWlW`Q.W¡ZNWXQPj�u[^']XLNQ±hNbXdiy/bXY[O�Y[mNj°]XblYim>Wg�»d/bXO$��m_y&k���YiWlW`Q.W ]Xd*ZNWXQc]lL_Q¯�/Y���Y
���)F_]lbXY[mNWXh>YibXQPm/]`��^�=/m_dvWlh>Q.k���Yf�Nk�d/OSh_����QPb8��W@m_QPQPj_Q.jº�.��WX��O$hN��Q�hNbXQPhNbXd_k�Q.WXWXd[b�LNYiW@u1Q�Q.m�j_QP�iQP��d/h>Q.j
]Xd�]XblYim>Wg�»d/bXO
d[u;egQ.k�]XWc��m/]XdG¥X©�¨S�
�3©°���Qn�©���� �9ZNWX��mNy��[Y���Y[k�k�YimNj �/Y���Yf]lb`QPQi�[Y[mNj Y�O$QPkDL>Yim_��WXO Yf����d�¬&W
bXQPO$d[]`QrkPb`Q.Yf]X��d/mNW�di��d[u_egQPk�]lW�� � ZNb=hNY[bXYi����Q��vYimNjBj_��W`]lb`��uNZ_]XQPj���blYiO$QP¬¯d/bX��k�ZNblbXQPm/]`��^ ��mNk���Z>j_QPW
� � � � � � �_Yim>j k���Y[WXWX��kPYf�hg ��� �3�����fQ� � #¡j_��W`]lb`��uNZ_]X��d/m���mNj_��k�Yi]`��d[mNWP�8�rQ°h_��Yim ]`dSW`]lZNj_^Gd[]XL_Q.b±] ^;h1QPW�di�
���A@B@*CD�6EGFH��� W��_Yim>j ]lL_Q���b�k�d/m/�iQPmN��Q.mNk�Qv]`dSQ�\_h>b`Q.WXW�Yih>h_����k�Yi]`��d[mNWP�

� ���������&���±� �

 �R�# ���>�1� �*� ������YimNj s�� �'� �'YimNm_d/mº�61@\Nh_��di��]`��m_y ��OSh_����k���]&hNYiblYf����QP����WlO ��m��/Y���YN���@�
��� k_¥D¥X©��������
��¥X§�����o �¦©S§ � �
	 ���N©�¥%o�©����¦©��>q 
 � �RL � w�q�� � R.qN�>R.qiq;w;�

 }$# ���[�1� �*�������,�[�1��1&�
�*������Yik���WP�[Yim>jSs�� �'� �'YimNm_d/mº�¶�B���.� U L[Y°hNbXdi]Xdi] ^_h>Q��/Y���Y'bXQPWX]XblZNk�]XZNbX��mNy
k�d[OSh_����Q.b����9� � �0k_¥D¥l©�� ��������¥X§�����o �¦©$§ � ��	 ���N©�¥%o�©����¦©�� RPq[q/w_��K�d YihNh1QPY[b��

 p&#vs$� �±YibXd[O$Q��ß�±K�d�¬�YibljNW�YGO$Q�]lL_d_j�df�9d[u_egQPk�]`�ßd/b`��QPm/]XQPj=k�d[m>k�ZNblb`Q.m/]&hNb`d[y[blYiOSO$��mNy>�
�9�f¨�¨Wk �
�No �¦§ � o�� � ���`¤ ���>©������5�>p � 
¢q	��L q 0��,R�0P}_�(f/QPh_]XQPO�u>Q.b°RPq[qipN�

 " # 1¯b`��kDL �'YiOSOSYN��U&��kDLNYiblj 7 QP��O=�8U Yi��hNL��[d[L>mNW`d/mº�8YimNj��[d[LNm��*����WlW`��j_QPWP�5�$©R�%o������&§
� � ©�¥�� ���
	`l�©�¨ ©�� � ���`¤�� © k	��§�� l�© � �8n�©���� �!��¥%o�©�� �3©��#"º�g¤��ßªc§�¥X©�� � j>j_��WXd[m=��QPWX��QP^i�ºR.qiq&"1�

 � #?7*��y/L�a9Q.bg�»d/bXOSY[mNk�Q���d/b`]lbXY[m �8d[blZNO=� 7 ��y[L5a9QPb`�»d[blOSYimNk�Q �8d[bX]XblYim£��Yim_y/ZNYfy[Q�Wlh>Q.k��I�1k�Yi]`��d[mº�
�[QPblW`��d[mm}_� 0N�@K�QPkDLNm_��k�Yi� b`Q.h>d/b`]P�_U&��k�Q :*mN���[QPblW`��] ^i�_�/Yim;ZNYibX^£RPq[q/w_�

 � #�$$�BJgkDLN��WlZ_yi�,YimNj#$$�iU&d/ZNj_��QPbP��Jgm[]XQ�y/bXYi]`��m_y�jNYf]lY�� hNYiblYf����Q��NYim>j b`Q.Yik�]X���[Q&k�d/mNW`]lbXZ>k�]XW9��m/]`d��[Y���YN�
Jgm%��¥X� �'&��`¤)( ¥l§ ���¦©��+*_§��N§ �-,$�f¥X«��.�>�����
�/� �Qn�©���� �10'§���©��
�&§f¥X§Yl�l�©0l�§
������o ����o � k � ©��2�@�f¨ �yk �3§&�
� o�� �435�607�9�8�:9 ;�<+=����1blYimNk�Qi� � k�]Xd[u1QPbvR.qiq/w_��K�d YihNh1QPY[b���m ��> �`f,�yf_hNb`��m_y[QPb`�?�@Q.b`��Yfy1�

 w�#���� J ��Yim>m_���id��¶�Pf,� �'Yi��WlWlYibX^[Yim �$���is'd[OSblYikDL_QP�,�
��� 1c]XkDLº�;YimNj#>���f;L/]XYi��]Xd��_mNY�^[Y>�_s*ac� Li�/Y���Y
k���Y[WXW±����u>bXY[b`^$�»d[b�j_QP�iQP��d/hNO$QPm/]¯di��jNYi]XY�� hNY[bXYi����Q��¶hNbXdiy[blYiOSWP�GJgmNWX]`��]XZ_]XQ*�»d/b�f/^_W`]XQPO acbXdiy/bXY[O��
O$��m_y>�>U ZNWlW`��Yim8� kPYij_Q.O�^Gdi�Jf;k���Q.mNk�Q.W�� R.qiq;w;�

 � #°�/Y���YiWXdf�»]P�f�[Y���Y�k�d/b`Q¯b`Q�">QPk�]`��d[m��9�&a J¡YimNj°Wlh1QPk��I�1kPYf]`��d[m �
@BADCFE.GHGD@DABCFIKJHL
M�LONQPD@BARI5S�P�TUG
VWP�SHNQG
JBVBXZY�I�Y�GBJHLDMWL\[�]W^B@W_B^�S�A\`QPQa7IbCcN_�f�[Y[m/Z>YibX^=R.qiq;w;�

 q&#°�1� �����iV ; V �/ZNQ��ß�)��� �'Z_��jNQPkf�vYim>j ��� 7*YiO$QP����mº� a@YiblYf����QP��� ; ��m_y�d/u;egQPk�] d/b`��QPm/]XQPj WXdf�»] ¬�YibXQ
]lLNbXd[Z_y/LS]XL_Qvb`Q.ZNWXQ&df� hNY[bXYi����Q��,k�d[OSh1d[m_Q.m/]XWP��Jgmd� �8n�©���� �!��¥%o�©�� �3©��
"\����� ©�¨��D�[�[di��ZNO$Q�Ri�;hNYiyiQPW
RQ"[q��,R�w�0N�,RPq[q&">�

 �R�0&#v�1�	���;�iV ; V��;Z_QP�,Y[mNj��1� �c�/a8Y[kDL_QPbX��Qi� a@YiblYf����Q��>d/h>Q.bXYi]`d/bXWP��JgmGa8���¯di��m[]XQi�;QPjN��]Xd[bP�H	��F���e� 9 ;Bf��
m;ZNO�u>Q.b°R�0[q � ��m ��>��`f,�yf;h>b`��m_yiQ.bF�@QPbX��Yiy>�_hNYiyiQPW�p � "��	"
0 � �;�[Z_��^�R.qiq � �

"$#.M�"&%



R.p

 �RiR�# �¯�\��� � Yi��V[�D������LNYim>jNYibl��YibP��>��¶�[Yiy[Yi]XL_Q.WXY[mº�yf,� � b`��WlLNmNYim �1Yim>j£�>�O$9Q���d[mº� �¯d/m/�iQPblWXQ L�Y[m
��m/]`Q.b`d/h>Q.bXY[u_��Q*��blYiO$Q�¬±d[bl���»d[b�hNYiblYf����Q��ºhNbXdiy[blYiOSO$��m_y>�<Jgm%��¥X� �¦©¦©��Fo&�B�&���g¤ � �N© ��� � ����� � ©�¥��¶§$�
� o�� �¶§YlU�&§�¥X§Fl�l�© lU��¥l���¦©(� �%o&�H� "c��¨ �N���%o�k_¨$�>hNYfy[QPW`}_R }'��}_R�w_� 7*d[m_d[��Z_��Zº� 7'Y�¬±Yi�¢� �*hNb`���9R.qiq � �

 �R�}$# �¯�O��� � Yf��Vi�6��� ��LNY[mNjNY[bX��YibP�NYim>j£Kv�N������OSYibX]XLº��s'QPWX��y/m£YimNj=��OSh_��Q.O$QPm/]XYi]`��d[m�df�@acY[bXYi����Q��
�/Y���Y�¬���]XL�Y$yi��d[u>Yf�¶d[u;egQ.k�]&WlhNYik�Qi�.Jgm2��¥X� � &7�9� �.¤�&9� �%�&§�¥l§Yl�l�© l�§
������o ���¢¥%o � k � ©��
��¥X� �l©(���%o&�B�
�1©�� � �,�Fl��.�
�=§
���#� ���yl o �¦§ � o�� �D�¦� ��Y[WF�@Q�y[Y[W��W>*Q���Yij>YN�N�/Z_��^5RPqiq;w;�

 �RPp&#'s$� ��QPYN� �@�
��� k_¥D¥X©�� �R��¥l�.�i¥X§�¨$¨Wo&�B� o&�4*;§
��§D&@��©(�%o��
� �,¥%o&��� o �Nl�©(� § � � �N§ � �3©�¥�� �D��K�LNQ$�/Y���Y
f;QPbX��Q.W�� �*jNj_��W`d/m;�ß��QPWX��Q�^i�ºR.qiq � �.J*f �F> 0���}�0NR�� � q � � R���}_�

 �R�" #9�rYibX]`��m � j_QPblWl�[^'YimNjva¯L_������h���Yij_��QPbP�ia9� ;�; Y���m[]Xd*�/Y���Y?L ]XblYimNWX��Yf]`��m_y�]lL_Q�d/b`^'��m/]Xd*hNblYik�]`��k�Qi� Jgm
�	� � � ����� "\��¨ �N���%o�k_¨ � � ��¥%o&� �0o �yl�©(���`¤ ��¥X�.�i¥X§f¨�¨Wo&�B��
�§ �H�Fk>§ �[©(�D��a8Y[b`��WP�Q�,bXY[mNk�Q[���/Yim;ZNY[b`^
R.qiq;w;�

 �R � #9�®�@acL_������hNhNWXQPm Yim>j ���
�,Q.m_yiQ.b����/Y���YfacY[b`] ^ ��]XblYimNWlhNY[b`Q.m[]$b`Q.O$di]`Q=d[u_egQPk�]lW$��m��[Y���Y>�5Jgm
� �&���e���,�/ZNm_QSRPq[q/w_�

 �R � # f¶�pf;Y[mN��YibP�Nf,��� ��WX¬±Y[mNYijNL>YN�NYim>j U��>svZNmNk�Y[mº�c�/Y���Y �¯d/OSh_����QPb �¯d/OSh_����QPbF� ]lL_Q��/Y���Y$h>YiblW`Q.b
y[QPm_Q.bXYi]`d/b����WABABCFE.GHG������FI5N	�HaWA�^WN�ARI5S�P�T G��BL
M�L�����G_��>*d��iQ.O�u1QPb'RPq[q/w;�

MAM ÓONQPRPTSVU
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