
���������	�
������������������������� "!�#$���%��������&����'���()� *
+ �,���� "�-�.��)�"��� �0/1���2 ����%�'���)���3&546���879�0)���:�0; ����

�����<���=&54>���@?A�3&B'CD���E/(���=&

F<GIHJGLKNMPORQ�ODS�T-K�UWV'MPU

XRY5Z OR[]\�^_U`M XRaRa]X



�

�������	��
����� �����	������

��� ��� �"!$# �%� &('*),+*�.-/�10$!32��4�.�4�.�4�.�.�4�.�5�.�4�.�.�4�.�4�.�4�.�.�5�.� 6
6*� ��� �"78!$9	78!32:#10$#1� �"+*�.;<&��$�=�.�4�.�4�.�.�4�.�5�.�4�.�.�4�.�4�.�4�.�.�5�.� >
?8� @BAC0$!39D+8'<EF032:9	AG2HA*IJ9�!3K��1LHL:�.&�'*),!3#M�$�M&('8),+*�.N<&('80�A82:O	�M&�'��.�4�.�.�5�.� �M?
P � QR#1S<A82:0$2H9�A�+*� �"!$# �%� &('*),E19�LH9�!3#M�T�.�.�4�.�5�.�4�.�.�4�.�4�.�4�.�.�5�.� �MU

VXWZY\[D]_^a`D] [Db8cedgfh[�iR[Cj1^lk

m O�� EnLpo &aO�q1A<�1K��1AC0.+*'r7X&(!s&(LHL:#ML:2t�%K����%'<!$OD2H�1A8A8�MAC04+*��A89	Ku;8!3�1'8)�78!$9	;8LHq1K��M�4vC'82
L:'82w�%9	A	0x78!39�7<!$� �1�DyzA�7<&�!%032HE1'8LH2:�M!r{

|~} 9�K�K��1AC0x��)*78!32:K��M!�9	',K�9*+*#1LH2t�%�M!�Lt&�E�9	K_Kn'8A82tE1&(0$2H9�A,�10xLH&_�%�DA<EsN<!$9	A82H�3&l032:9	A
� L�o 2HA	03#1!32:�M'8!x+�o '8A��%�*�%0$q1K��.9	'G�MA	03!$�.+*2:��#1!3�1AC03�x�$�*��03q1K��M�"7<&�!3&�L:LHq1LH�M���

|~} 9�K�K��1AC0�Ol&(LH2H+8�1!�E��10%03�.K_9*+*#ML:2t�3&l0$2H9�AR�
� A�+*�M�R78!$�MK�2:�M!3� � 03�1AC0$�M!R+*�=!3#M�$9�'<+8!$�.E�� ��vC'8�M�%0$2H9�AX�"IJ'*0 } � m � -/��0$!32wvC'82p�<+8&�A<�

L:� �,&(A<A8#1� �,�$9�2:)*&�AC0$��� -h�103�C6a����E�!3#M&�'<A�K_9*+*qML:�r�%7�#ME12�SXvC'8�Z+*'�7<&�!3&�L:LH#1LH2H�$K���{\LH�M�
!$# �%� &('*)�+*�u-/�10$!32�� } �uK�9*+*qML:�_E�9�A<AC'80�'8A�+8#1O��ML:9	787��1K��1AC0�2HK�K�#M+*2t&l047<&(!�L�o 2HA	03#1!3��0
v	'eo 2HL��%'<�3E�2:03&=03&�A	0"+8&(AX�\LH�5+89�K�&(2HA8��+8��Lt&=!3�MEsN8�M!3EsN<�"0$N8#M9�!32HvC'8�5v	'<�5+8&�A<��L:��K_9	A<+*�
2:A<+8'<��03!$2H�1Lp�

yzA~������0�LH&��$#1K�&�A	032HvC'8��78!$# E�2t�%�r&��3�%9*E�2H#1� � E���K�9*+*qML:�r�1AgI�&(2:0G'<A���)8E��ML:LH�1AC0
9�'*032:L�+*���%2HKu'<LH&(0$2H9�A��e��A�7��1'804�$9�2:057X&(!sE�9�'<!$2H!R'8A<�n9	'�78LH'<�$2:�M'8!3�5�$'82�03�M�4+�o #�0s&l03�4+*'
!$# �%� &('��%9	2�0 ���%2zLH����!s&(7<N8��+�o #103&(0=�M�%0.S<A82p��L:��+8#ME�!32H!$���1AC032:qM!$�MK_�MAC04�10u&(2HA<�$2�O�#1!32:S<�1!
+*2:!3�ME�0$�MK_�MAC0�L:� �"78!$9	78!32:#10$#M�"�$9�'8NX&(2:0$#1� �"7<&(!xLH�.E�9	A<E��M7*0$�M'8!�+*'��%�*�%0$qMK_�	�

�\o 9	!$2H��2HA<&(LH2:0$#��10GLpo 2HAC0$#1!3��0�+*�M�,!$# �%� &('*)�+*�r-h�10$!32�032:�MA8A8�1AC0��%'<!%039�'*0G&�'*)gA89�K_�
;8!$�M'<�$�M�_0$� EsN8A82tvC'8�M��+*��Ol&(LH2t+8&l032:9	A &�'*0$!3�M��vC'8��LH���%2HK�78L:���1)*&�K��1Ag+*��E�����!s&(7<N8���
�%9	'8O��MA	0xE�9	'<¡D03�1'*),�10RvC'8�1LtvC'8��IJ9	2H��K��1K����<2:!3!$# &(LH2H�3&(;<L:�	�	-�&(!3K�2�E�� �"K_#10$N89*+*� �x&(L:0$�M!%�
A<&l032:O	�M�M�X2HL/��&�+�o '8A8�_7<&(!$0�LH��E1&(LtE�'<Lh&�L:�	#1;8!32HvC'8�nv	'<2h7��1!3K���04+*�n�	#1A8#M!$�M!�+*� �52:ADOl&l�
!$2t&(AC03�n¢�£<9�03�M�X�$�1K�2:��£<9�03�u�:�¥¤x�10�+�o &('*03!$�=7X&(!$0RLH&,!$# +*'<E�0$2H9�A�+*�=!3#M�$�M&�'*)�vC'82h!s&(K�q1A8�
L�o #�03'<+*�=+*� �x78!39�78!32:#10$# � � '8A�!3#M�$�M&�'G+*�40s&(2HL:LH�.78LH'<�"7X�10$2:0$�	�

¦ &�782t+*�1K��1AC0 �(L:� �/78!3�1K�2:�M!3�h!3#M�$�M&�'*)u+*�x-/��03!$28�$�x�%9	A	0�!3#1O	#1LH#M�h��03!$�"A8# &(A8K�9�2HA<�/'8A
K_9*+*qML:��0$!39�7ZL:2HK�2�03#�7X9	'8!=LH�M�=E19�A<E1�17*03�1'8!s�.+�o &(787<L:2tE1&(0$2H9�A<�.2HA*IJ9	!$K�&l032HvC'8� �49�'�78LH'<�



�

��#1A<#1!s&(LH�1K��1AC0"2:A<+8'<��03!$2H�1LHLH�M�M� } �10%03�.L:2HK�2�0s&l0$2H9�A��M�%0x+*'8�.78!32:AXE�2H7<&(LH�1K��1AC0 � 03!$9	2H��I�&	EF�
0$�1'<!3� {�2HL/�M�%0�2HK�7X9C�$�$2:;<L:��+*�uK�9*+*#ML:2t�%�M!5+8�M�4E�9	K_7�9�!$0$�MK��1AC03���%2HK�2:Lt&(2H!$� ��&�'�K�9l���MA
+�o '<A8���%�M'8L:��!3�178!3#M�$�1AC0s&l0$2H9�A E�9�AX+*�1A<�$#1���hLpo &(A<&�L:�*�$�G+*' !$# �%� &(' A�o � ��0�7<&	��7<&(!s&(K�#��
0$!s&(;8LH����E(o �M�%0 � +82:!3�_vC'�o 2HL/I�&('*0.!3�M+*� �$�$2:A<�1!5L:�_!$# �%� &('r��04!$� E�9�K�K��1AXE��1!4�$9�Ar&�A<&(LH�*�%�
L:9	!3�3vC'8�RLpo 9	A,EsN<&�A8����LH�5A89�Kn;8!$�5+�o 9�;����103�5¢e78!39*E�� �$�$'<�M�	!3�M�3�%9	'8!sE��M�s¤/+*'��%�*�%0$q1K����CLH�M�
E�9�AX+*2�032:9	A<���10�LH�M��E�9�AX�%# v	'<�1A<E1�M��+*�nL�o #1O	9�LH'*0$2H9�A�+�o '8A�!3#M�$�M&�'��X+8�=A<&l03'8!3�=78'8!3�1K��1AC0
v	'X&(AC0$2:03&(0$2HO���¢/A89	Ku;8!3�.+*�.K�&(!sv	'<�M�"A8# E��M�3�3&(2H!$� �x+8&(A<�"LH�M��78LH&	E�� �1�<&���9�'*0x9	'�!3��03!3&�2�0
+*��K�&�!3vC'8� �u�H�H� ¤����%9	A	042HA<&�+*# vC'<&l03�M�57X9	'8!4K�9D+8#1LH2H�$�1!.+*� �5E19�A<+82�032:9	A<�5��0=+*�M�5#MO�9�LH'*�
0$2H9�A<�zvC'<&�L:2:03&(0$2HO�� �x¢�A89�K�2HA<&l032:9	A_+8�M��9	;�����0s�1�(2t+*�MA	032�03#�+*�M�z#�03&(03�z+8��+*�1'*)_78!39DE1�M�3�%'X�1�
AC'<K_#M!$9�03&(0$2H9�A�E�2H!3E1'8LH&�2:!3���D!3�1Lt&l032:9	A<�"&��3�%9*E�2t&l032:O	�M���1AC03!$�49�;�����03�4�H�H� ¤

m 2:A<�$2z+*� �5&�;8!3#1OD2H&(0$2H9�A<��+*�_!$# �%� &('*)�+*�_-/��0$!32�9�AC0$�p�ML:LH�M��#�03#n2HAC0$!39D+8'82�03�M�4&lSXAr+*�
!$�MK_# +*2H�1! � E1�M�h2HA<E�9	ACO	#1A82H�1AC0s�1�l��� �h78!$�MK�2:qM!$� �w&�;8!$#MOD2H&(0$2H9�A<� � O	9�2H!/L:����9�'8!/IJ'<!$�MA	0/LH�M�
!$# �%� &('*) � -z!$# +*2tE1&l0
	��w!3&�A<�$2�032:9	A<�"� 5�MA��lU(�p�<� 5�MA<>8�1�p�(�10\LH�M�z!3#M�$�M&�'*)nE19�LH9�!3#M�"� ���MA<>8�1�p�
-z'82t�w+*�MOl&(AC0eLt&�+*2���E1'8L:0$#\+�o &(AX&(LH�D�$�z+*��E��M��!$# �%� &('*)��1+*'<�z�1AC0$!3�\&�'*0$!3�M� � L:�M'8!w&�;<�%�MA<E��
+*�x��03!$'<E�0$'8!s&l032:9	A�� OC2HA8!3�1AC0/L:� �w!3#M�$�M&�'*).!$#M��'8LH2H�1!s�1� �R&	+8+8>��a�	vC'82*9�AC0/7X�M!$K�2t�/+*��+8#�S<A82H!
+*��I�&����=9�A=78!3#ME12H�$��LH&�7<&(!s&(K�#10$!32H�3&l032:9	A=+�o '<Au!3#M�$�M&('e� �10/+�o 9	;*0$�MA82:!�&�2:A<�$2DL:� �h78!$�MK�2:�M!3�
!$# �%'8L:03&(03�/03N8#19	!$2tvC'8�M�zA89�A�7<&�!%032:�MLH�\�%'8!�L:� ��!3#M�$�M&('8)_E�9	L:9	!$# �1�(�w&47<&(!s&(K�#10$!32H�3&l032:9	An� ��0
2:A<+82H�$7X�MA<�3&(;8LH�u�$2eLpo 9	A�O��1'80M�<7X&(!��1)D�MK�78L:�	�<Ol&(LH2t+*�1!�Lt&�K�9*+*#1LH2H�3&l032:9	A�+�o '8A�&(A8A<�M&(' �
����0$9	A��<9���L:�=A<9�Ku;<!$�=+*�n�%2:0$� �x�M�%0RLt&(2t�$�$#.Ol&(!32H&�;8L:�.�10R!3�178!3#M�$�1AC0$�4'8A�7X&(!s&(K�q�03!$�=+*'
!$# �%� &('��

� 9�'<�R!3&�787X�ML:9	A<�xK�&(2HAC0$�MA<&(AC0�Lpo N82t�%0$9�!32tv	'<�=+*�M�x!3#M�$�M&�'*)�+8�=-/��0$!32p�8A89�'X���1A�+89�A*�
A89�A<��'8A<�r+*#1S<A82:0$2H9�A��xA89	'<�G�1A 7<!$# E�2t�%9	A<��Lpo 2HAC0$#M!$�10��10��MA*S<A��"A89	'<�G+8#ME�!32HO�9�AX��LH�M�
+*2���#1!3�1AC03�M����)D0$�MA<�%2H9�AX��vC'8�_�%9	A	05L:� �R!3#M�$�M&�'*)�E�9�LH9�!3#M�M�<LH�M��!3#M�$�M&('8)�!3#1�	'8L:2H�1!s��9	'�LH�M�
!$# �%� &('*) � 78!3#M+82HEM&l0%�p0$!s&(AX�%2:0$2H9�A<�M�

VXW�VXW����! #"%$'&'$)(*",+.-�/�01��/�-32*4657+.-98:-�&'0�$

�e�M��!3#M�$�M&�'*)G+*�.-/�10$!32w�$9�AC0�'*0$2HLH2H�$#M��&(S<A�+*�.K�9*+*#1LH2t�%�M!�L:�nE�9�K�7�9�!$0$�MK_�MAC0R+*�DA<&l�
K_2tvC'8�n+8�u�%�*�%0$qMK_� �R+*2t�3E�!3��03�=� ; ¦ m >�?8��<�'8!sU�=a���<@BLt�R�$9�AC0�E19�K�7�9	�$#M��+*�_+*�1'8)G0��D7��M�
+�o 9	;�����0s��{8LH�M�R78LH&	E�� �x��0RLH�M�x0$!s&(A<�$2�032:9	A<�M�<�zo �1A<�$�1Kn;8LH�=+*�M�R78LH&	E�� �x7X�M!$K��10�+*�.!3�178!3#��
�%�MA	03�1!"Lpo #103&l0x+*'��%�*�%0$q1K����DLpo �MA<�$�1Ku;<L:�5+*�M��0$!s&(AX�%2:0$2H9�A<��!3�178!3#M�$�1AC0$�5&(LH9�!s�zLpo �MA<�$�1Ku;<L:�
+*�M�e#1O�#MA8�1K��MA	0s�e+*9	AC0eL�o 9*E1E1'8!$!3�1AXE���78!39lO�9*vC'8��Lt&xK�9D+82�SXEM&l032:9	A=+*�zLpo #103&l0/+*'=�$�D�%0$qMK����
-zL:'X��78!3#ME�2t�$#1K��1AC0M�aLH�M�/78Lt&�E1�M����9	'8�1AC0�L:�"!?>�LH��+8��Ol&�!$2t&(;8LH�M�/+�o #�0s&l0z+*'��$�D�%0$qMK����10\�%9	A	0
� Ol&(LH�1'<!5�MAC0$2Hq1!3��� m L�o 9*E1E�'<!$!3�1A<E1�n+�o '8AZ#1O	#1A8�MK_�MAC04E19�!3!$� �%7�9�A<+�L:�nIJ!3&�A<EsN82t�$�$�1K��MA	0
+�o '<A8�40$!s&(A<�$2:0$2H9�A�+*#17��1A<+<&(AC0R+*�4LH&��3&l032H�%I�&�E�0$2H9�A�+*�.78!3#ME�9	A<+*2:0$2H9�A<�M�

�e�M��!3#M�$�M&�'*) +*��-/��0$!32�� ��0�9���!3�1AC0�'8A8��!3�178!3#M�$�1AC03&(0$2H9�A ��!s&(78N82tvC'8���%2HK�78L:��+8�M�
�%�*�%0$q1K�� �\K�9*+*#1LH2t�%# �1� � A8��78LH&	E����M�%0�!3�178!3#M�$�1AC0$#M�x7<&(!�'8A,E1�1!sE�LH���C'8A8��03!3&�A<�$2�032:9	A�7<&(!
'8A�!$� EF03&�A8��LH���*�10xL:� �x!$�MLH&(0$2H9�A<�"+*�=EM&('<�3&(LH2:0$#.&('��%�M2:A�+*'��$�D�%0$qMK��=�%9	A	0x!3�178!3#M�$�1AC03#1�M�
7<&(!xLt&_78!$# �%�MA<E��5�z9	'�Lpo &(;<�$�1A<E1�5�\+�o &�!3E5Ol&(LH'8# �"!$�ML:2t&(AC0xL:� �"78Lt&�E�� �x&('*),0$!s&(A<�$2�032:9	A<�M�

� A�+8�M�"&l039�@*0 �*��0xA89�A�LH�5K�9	2:A<+8!$�	�D+8�4E1�5IJ9�!3K�&�L:2t�$K_�5�M�%0�+�o 9(��!$2H!x+*�4A89�Kn;8!$�M'*)



�

9�'*032:Lt��+�o &�A<&(LH�*�%���%0$!3'<EF03'8!$�ML:LH����03�1Lt��vC'8�ZLt&�03N8#19	!$2H�Z+8�M��!$# +*'<E�0$2H9�A<��9�'~L:��E1&�LHE1'8L
+�o 2HADOl&(!32H&�A	0s�1� � 9�'<�"#10$'<+82:�M!$9	A<�xE�� �"9�'*032:Lt�x+8&(AX�"L:� �x78!39DEsNX&(2HA<�"EsN<&(782:0$!3�M�M�

} �10%0$�478!3#M�$�1AC0s&l0$2H9�A,2:AC0$'<2�032:O	�5+*� ��!$# �%� &('*)�+*�5-/��0$!32��M�%0�IJ9	!$K�&�L:2t�%#M�R7<&�!�LH�M�"+*#1S8�
A82�032:9	A<���$'82HOa&�AC0$�M�M�

� `����wk�jMk����TVXW�V
	����������������������� "!#���"�$�%�'&)(*�,+�-.����/1032 4658795�:<;$5=:?>A@CB�D3E
F 4G�����#�%�H���I����JLK�-.�$M$�)!$���$�NB���O,!����P�Q�6+N-.��R����=S
F 7
�����#�%�H���I����JLK�-.�$M$�)!$�Q�T�U����)�"!V� !�BW�I��S
F :<;YXT���� +[Z#:?>3\]������-.�P^�BW��R�� !�BW�_�[` !V�NR�!��Q���NR=�H��O����a�LXU=�"�U+bZc��""!�d���e\]�Q�

��BWJP�W!V���f4hgi7j���6�Q�CR�B,��BWJP�W!V����klZ

Q5&(A<�"E1��0%03�5+8#�S<A82:0$2H9�Ae� :<;nmpoq5�r8s � ��0"Lt&=78!3#ME19�A<+*2:0$2H9�AG&��3�%9*E�2H#1� � Lt&.03!3&�A<�%2:0$2H9�A r
��04LH&,78LH&	E�� o �X�ML:LH�_+8#�S<A82:0�LH�_A89�Kn;8!$�uK_2HA82HK�&(L�+*�uK�&�!3vC'8� �R+8&�A<� o A8#ME1�M�3�$&�2:!3�=&('
IJ!3&�A<EsN82t�$�$�1K��1AC0 r �10�!$�10$2H!$#M�M��+*� o �MA�E1&��"+*�5IJ!s&(A<EsN<2H�3�%�MK��1AC0M�*Q��5K��MK_�	� :?>�mpot58r8s
�M�%0/Lt&�7X9C��0sE�9�AX+*2�032:9	A_&	�$�$9*E�2H#1� � Lt&R0$!s&(A<�$2�032:9	A r ��0�LH&�78Lt&�E1� o �l�ML:LH�x+*#�SXA82�0�LH�"A89�Kn;8!$�
+*�.K�&(!sv	'<�M�"&(787�9�!$0$#M�M� �fo 7<&(!xLH�4IJ!s&(A<EsN82t�3�%�MK_�MAC0"+*� r �

} � ��+8�1'*)�K�&l03!$2tE�� �\7��1'<O��1AC0"��03!$�4�%�DAC0$N<#�0$2t�$#1�5�1A,'<A8�5�$�1'<L:�_{DLH&nK�&l0$!32tE���+�o 2HA<E�2:�
+*�1A<E1���

� `����wk�jMk����TVXWVu1vt�CJP�W� "!�R��T�q` !V��R�!�������R��T�q` �%�w=�"�������x���9����� "!��"�"�y-.�CJL���U"!�R��z���a(
� !�d���A:|{~}�m 46587cs���� MA�)!���+I�WxE���m�oq58r8s#{~4Hgn7�5=:�mpot58r8sy01:?>�mpoq5�r8s��T:<;$mpot58r8s�Z
� ���U����JP�W� "!�R���� ��Q���%!V�e-.��R�BW�%�f��-.B�K���-�����^���W��R���!�������JL���)�L�[` �%����� =���I�"!V�U!�B���+IBW�%
R=�)�����)��+N-.��R��C(6-.�'�W! ��������NR��e���)�U��CR=�e���%!$�"�"�b+N�B,���%!V������R������%!$�"�"��R=BW�I��B�JeJL�T(8Z

� [���b*^���ch[ QR��7<&(!/�3&�+*#�SXA82�032:9	A��lE��10%0$��K�&l0$!32tE��\K�&	�$vC'8�zLH�M�6�F;�9�'XE�LH�M����+*'=!3#M�$�M&�'
��042:L/A�o �M�%04+89�A<En7<&���#MvC'82HOl&(LH�1AC05+8�_+*9	A8A8�M!�Lt&�K�&l03!$2tE��_+�o 2:A<E12H+8�1A<E1�n9	'r+*��+*9�A<A8�1!
L:� ��+*�1'8),K�&l0$!32tE��M�"7<!$�4��0�7�9	�%0M�

� 9�'<�4O	9l��9�AX�RK�&(2HAC0$�MA<&(AC0.LH&�78!3�1K�2Hq1!3�nA<9(0$2H9�A�&��3�$9DE12:#M� � Lt&�+*�DA<&(K�2tv	'<��+�o '8A
!$# �%� &('<+*�4-/��03!$2�{8LH�4K�&(!sv	'X&(���	�

� `����wk�jMk����TVXW���	�����-.��JL���a���Q�zk��h�"�"�9�=+Q+I��-.�LJL��=���)���Q�L�q` �%�]=�"�����������T����� "!
/����f�Q��M$�)!V�f-8` ���*������������������~/��~�%��!V�I�"�*���)����BW�)����ScRa` �"�"�f�H��!V��'-.�'��BWJPK���'�Q�
JP�W����)������mpoNs#+���������a���������W�I��R=�)�����)�9+�-.�QR=�#o~{x4����~������=�W����������� "![/LZ

	�������������l�����9���U"!9JL������)�x�"�"�T��BW��Rw�%� �W(*�,+�-.����/Y0¡2 4658795�:<;$5=:?>65���¢,@
B�D3E

F 2�465�795=:<;#5=:?>A@����"�#�%����"���������Q�f�����U"!�S
F � ¢ ���"�y-.��JL������)������!V�)!V�U!���-q�Q�9/
�Q��M$�)!��������a�#��!V�)��!�-8` �����W�A!V�)!V�U!���-q�W�i=�"�������i(

Ra` �"�"���'��!V=�"Sn�WO��W�)�n��BW�%�a^���W��R���!�������JL���)�6(8Z



�

�w&.+*�DA<&(K�2tv	'<��+�o '<A�!$# �%� &('�K�&(!sv	'<#�� ��0�+*#�S<A<2:�x7<&�!zLt&4!$qM��LH��+*�"IJ!3&�A<EsN82t�$�$�1K��MA	0
+*�M�"03!3&�A<�$2�032:9	A<�1�

� `����wk�jMk����TVXW��G	����f�U����)�"!V� !�BW�erz�����$�W!V���A^�����NR=�%!��=���QK�-.�6+IBW�%c�%�wJL������)�����9�|{
k�� ����!TE���ow{~465���mpo�s�� :<;#m�o�s�ZIvt��JP�W����)���Q�n������-.BW��9BQK��*���)�'��������� MA�a!�+I�W~E

��ow{x465=� � m�o�sA01��mpo�s���: ; m�oq58r8s��l: > m�oq58r8sA01��mpoNs	�l:�m�oq5�r8s

 ���NB��*� E���� r� ���VS9R������%!$�"!��W�a! M#�����)��re���"�[^�����NR=�%!������QK�- ��+)B��%e-.�eJL������)�����
� ���6���U����!V�)�#-.�TJL��=���)���Q��� � Z

� [���b*^���ch[ } �10%03��!$#M��LH��+�o #MO�9�LH'*032:9	AZ2HK�78LH2HvC'8� � Lt&GIJ9�2t�.L�o &l039�K�2tE�2:0$#�+�o '8A�IJ!s&(A*�
EsN82H�3�$�1K��1AC0��105LH�nI�&(2:05vC'8�_L:� �RA89�0$2H9�A<�5+*���%# vC'8�1AC0$2t&(LH2:0$#���+*�nA89�A*�B+*#10$�1!3K�2:A<2H�$K��u9�'
+*�GE19�A<E1'8!$!3�1AXE����$9�AC0 � #M�	&�L:2:0$#�+8&�A<�_E���IJ9	!$K�&(LH2t�%K����e0$9	'*0$� �u#103&(AC0uOD'8� �nE19�K�K��M�
+*�M�x�3EsN8#1K�&	�"7<&(!$0$2tE�'8LH2H�1!s��+8�4EM&('<�3&(LH2:0$#�� } �47�9�2HAC0"� ��0�#M�	&�L:�MK_�MAC0�'8A<�.��!s&(A<+*��IJ9�!sE��
+*�=E��4K�9*+*q1LH���

m 7<&�!%032:!�+*��E1��0$0$�"!$qM��LH��+8�"IJ!3&�A<EsN82t�$�$�1K��1AC0 � 2HL*�M�%0�7X9C�$�$2H;8L:�x+�o 9�;80$�1A<2:!�Lpo �MA<�$�1Ku;<L:�
+*�M�z�$'82:0$� ��S<A82H�M�z9�'�2:A8S<A82H�M�z+�o #1O	9�LH'*0$2H9�A�+*'��$�*��03q1K�� � 7<&(!$0$2H!\+*'�K�&(!svC'<&(�	�"2:A82:0$2t&(Lp�
} ��0%03���$'82:0$��+�o �1A<�$�1Kn;8L:� �n+8#�S<A82:0�L�o �1AX�%�MKu;8LH�G+*� �_K�&�!3vC'<&���� �=&�EME��M�3�$2:;8LH�M�u��0�7X�M'*0
��0$!3�.!3�178!3#M�$�1AC0$#M�5�$9�'X�\IJ9	!$K��.+*�.�	!3&�78N8���DLH�.��!s&(78N<�5+*� �xK�&(!svC'<&(�	�M��&�E1E1�M�3�%2H;8LH�M�M�

� `����wk�jMk�������W�V��bB�!V�$m /e5=� ¢ s��%�x����������w�Q�9����� "!�JP�W����)��ZNvz` ���I����JPK�-.�T�Q�"�fJP�W"(
���)���Q������R�R��"���"!�K�- �L���eR=��������=�W��SA��BW���������Wm /e5=� ¢ s������6��� MA�a!N+I�W�E������Wm /e5=� ¢ sA0
� �|{�� � �����! {w7#"P�*��� ¢ �   �%$%Z[vq�f����=+)�I�P�����TJP�W����)�����"����R�R����=�"!�K�-.���e�"�"�n-.�
�W���+I�)�eBW"!����a���e���$O���-p�)�e��BW�)�$- �"�z��B,���)���f��BW�)�#-.�"����-.��JP���)� �z�Q�������Wm /C5�� ¢ s����6�"�"�
����- S#���A` !V-��'&�!��"�*�z�%�H�W�R�O��W-p�)�9+I�W�r#{w7
���f� O���������y���"!q��� r� ���UZ

} ����!s&(7<N8�G+*# E�!32�0�E19�K�78LH#�0$�MK��1AC0_Lt&��%#MK�&(AC0$2tvC'8��+8' �$�*��03q1K���� } �17��1AX+8&(AC0M��2HLA�o � ��047<&	��A<#ME�� �$�3&(2H!3�1K��1AC0�S<A<2���0.+*�n7<L:'<�M��K��1K��_L:9	!3�3vC'�o 2HLh�M�%0�S<A<2���E��_��!s&(7<N8�u� ��0
�%9	'8O��MA	0/+*��03&(2HLHL:��0$!39�7=2HK�7X9	!%0s&(AC0$��7�9�'8!/vC'8��Lpo 9�Au7<'82H�3�$�\�1Au0$2H!$�M!hvC'8�MLHvC'8��78!39�78!32H#�0$#
v	'<�=E��.�%9	2�0��$'8!xLH�=�%�*�%0$q1K��4#�03'<+*2H#��

(*),+.-0/�1�+325476 8'9:8<;>=@?A8CBED@FAGIHIJLKM;>NIJLKEOP8�Q:8<D.9SRIOTHI=.U@8<BMQ.8�;VHWOTXLDYHWRZ8<B�HI[<[<8'BEBEF]\.?A8S^
?_6 D@Ja`YJ@F	bcHZde?_6 HID:KEOP8fJ@NIJa`YJ.F�b_\Yd

@BL��M�%0nE��M7X�MA<+8&(AC0u7�9	�3�$2:;8LH�,+�o 9�;80$�1A<2:!u+8�M�=2HA*IJ9	!$K�&l032:9	A<�.7��1!$0$2HA8�1AC03�M�u�$'8!=LH��!3#��
�%� &('�#�0$'X+*2:#=�z!$# �%� &('�;X9	!$A8#	�*7<&��x+8�.;8L:9*vC'<&������*�1)8E�LH'<�%2H9�A�Ku'80$'8�ML:LH�.��0�K��1K��=+8&�A<�
E��1!$03&�2:AX�hEM&��hLt&ROD2HOa&	E�2:0$#���7<&(!�+*� �h0$� EsN8A82tv	'<�M�/��03!$'XEF0$'<!$�MLH�M�lE(o �M�%0 � +*2H!$�"2HA<+*#M7X�MA<+8&(AC0
+*'���!s&(78N8� �"+*�M�xK�&�!3vC'<&�����&	E1E1�M�3�%2H;8LH�M�M�

yzAg�1���10M�\�$9�2:0hg {jici � '8AgO�� EF0$�M'8!��1AC0$2H�1!��$'8!�LH�M�_78Lt&�E�� �1�lk*2 :�m r8s +*# �%2H��A8�
LH& rZmnToMn E19�LH9�A8A8��+*�,LH&�K�&l03!$2tE���+�o 2HA<E�2t+*�1AXE�� : �e&�L:9	!3�4Lpo #MvC'<&l032:9	A�+*��EsN<&(A<���1K��MA	0



�

0

1

1

0

t1

t2

p1

p2

t1t2

p3

1

0

0

0

1

1

1

0

1

1

1

2

p1

p2

t1t2

(a) (b)

�������	��+�
���	����������������� � !�"$#%� &('*)+#,�

+�o #103&(0�7X�M'*0R�1o #ME1!$2H!3� {
- g/. � � 0 - g0. � � - g/. :�m r8s

kD2"K�&�2:AC03�1A<&�A	0 - g0. :�m�r8se021 &(LH9�!s�=2HL�OD2H�1AC0 - g/. ���60 - g0. � �w��0��1A�7<&�!%032HE1'8LH2:�M!M�
- g0. ���A0 - g/. � ¢�E(o �M�%0 � +82:!3��v	'<�_Lt&��%9	K�K_��+*� �4K�&(!sv	'<�M�4E�9	A	03�1AD'8� �5+<&(A<�4Lpo �MA*�
�%�MKu;8LH��+*� �\7<LH&	E��M��+*#�SXA82�7<&(!4365 oQotm g s !3�M�%0$��E19�A<�%03&�AC0$��K�9l���MA8A<&�A	0�'8A8�R7�9�AX+*#1!s&l�
0$2H9�A�&(78!3qM��LH�4IJ!3&�A<EsN82t�$�$�1K��MA	0x+*�.Lt&n0$!s&(A<�$2�032:9	A r {

7
8�9 �

g m�o�s . ��m�o�sA0 7
8:9 �

g mpo�s . � � mpoNs .

���M�_�$9�LH'*0$2H9�A<�n�1AC032:qM!$� �Vg +*��L�o #MvC'<&(0$2H9�A - g/. : 0;1 �$�1!39�AC0n+89�A<EG+*�M�n2:ADOl&(!32t&(AC03�
+*'�!3#M�$�M&('e���zo 2:AC03#1!3��0�+*�R0$�MLH�\2:ADOl&(!32H&�AC03��� ��0"+*��7��1!3K_�10%03!$��'8A8�R&�A<&(LH�*�%�R�%0$!3'<E�0$'8!3�1LHL:�
+*' K�9*+*qML:��#�03'<+*2H#�E�o � ��0 � +*2H!$���$&�A<��+*#1O	�1LH9�787��1!n0$9	'*0�9�' 7<&(!$0$2H��+8' �	!3&�78N8�G+8�M�
K�&�!3vC'<&���� �u&�EME�� �$�$2:;<L:� �n+*9	AC0_Lt&�0s&(2HL:LH��+*�1OD2H�1AC0�!3&�782H+8�1K��1AC0n�	2:�C&(AC0$� �$vC'8��+*qM��vC'8�
L�o 9�A�K�9*+*#1LH2H�$�4'8A��%�*�%0$qMK_�4'8A�7��1'�E�9	K�78L:�1)*���

Q5&(A<�4Lt&G78!3&(0$2tvC'8����'8A8�_I�&�K_2HLHL:����#MA8#1!s&l03!$2tE��_+*�_0$�ML:LH�M�4�$9�LH'*0$2H9�A<�4+8&�A<�5L< 9�'rL< >
�M�%0G�%'����3&(AC03��7X9	'8!,78!39�'<O��1!�+8�M��78!39�7<!$2H#�03#M��03�1LHL:� ��vC'8��Lpo �1)*E1L:'X�%2H9�AgKu'80$'8�ML:LH����LH&
= K=BW"�)!V�U�)��� = +*'�!3#M�$�M&('e��9�'��1AXE�9�!3��LH&�7<!$# �%�MA<E���+*�,78LH&	E�� �42:K�78LH2HE12�03�M�,�e78!39�78!32H#�0$#
A8#ME1�M�3�$&�2:!3� � Lpo �1)*#ME�'80$2H9�A�+*�.E��M!%0s&(2HA8�M�"!3#M+*'XEF0$2H9�AX�1�

�e9�!s�$vC'8�,E1�M�_�%9	L:'80$2H9�A<�n�%�,0$!39�'8O	�1AC0n+8&�A<�uLpo �M�$7<&�E1�,L< � �w9	A�7<&�!$LH�,+*�?>p£X9(03�@>���0
L:9	!3�3vC'8�.E��1LHLH�M�%��E12��%�403!$9	'8O��MA	0x+8&�A<�xLpo � �%7<&	E�� m L< > s8� �89�A�7<&�!$LH�.&(LH9�!s�x+*�A>B�$�1K�2:��£X9(03�@>
9�' �1A<E19�!3��+*�B>�£<9�03�_7X9C�%2:0$2:I��@>s�\�e�M�_78!3�1K�2H�1!s���%��E1&�LHE1'8LH�1!39�AC0n7<&�!�L�o &(LH��9	!$2:0$N<K_��+*�
4&('<�3�1�/0s&(A<+82H��vC'8��LH�M���$�ME19�A<+<���%��EM&(LtE�'8LH�1!39�AC0�7<&(!�Lpo &�L:�	9�!32�03N8K���+*�/C<&�!�Dl&���vC'8�
A89�'<�x&�L:LH9�AX�"78!$# �%�MAC0$�1!x+8&�A<�"'8A�EsN<&�782�03!$�.�$'82HOa&�AC0���EFI m LH��9?E�EX�87<&����FE�E��s�

�\o 2HAC0$#1!3��05+*�M�5�%�MK�2��p£<9(0s���$'8!RLH�M��£<9(0s���M�%0�vC'�o 2:Lt��7X�M!$K���0$0$�MA	04+�o 9�;*03�1A82H!�+*2H!3�MEF03���
K_�MAC0�LH�M��78!$9	78!32:#10$#M�z!$� EsN8�1!sEsN8#1� �h03&�A<+*2t��vC'�o '8A,EM&(LtE�'8L�+*�M�z£<9(0s�\A8# E�� �$�$2�03�1!s&4�1A<�$'82:0$�
+�o �1��� EF03'8�1!�+*�5A89	Ku;8!3�1'<�$�M��E�9	Ku;82HA<&(2t�$9�A<��L:2HA8# &(2H!$� ��+*��£<9�03�"&aOl&(AC0�+*��0$!39�'<O��1!�Lpo 2HA*�
Oa&�!$2t&(AC0x!3�MEsN8�M!3EsN8#	�

�e�M�z�$�1K�2:��£<9�03��7��1!3K���0$0$�1AC0�+8��78LH'<��Lpo 9	;*0$�MA	032:9	A�+*�xA89	Ku;8!3�1'*)�&('*03!$� �/2:ADOl&(!32t&(AC03�
+*'�!$# �%� &('��80$�1Lt��vC'8�4LH�M�"03!3&�787X� �"9�'�L:� �"O��M!$!39�'<�M�



�

� `����wk�jMk����TVXW����bB�!V�): - ��JL���U"!�R����[` !V�NR�!��Q���NR=���[` �%�e��"�������e���A����� "!�Z��c-.B���#��BW�%���
��BW-p�%�U!�B�� ��B�� �)�%-V- �H�Q��-�` �=���)���U!�B�� - g/. : 0 11�Q��M$�)!V�P�%�_!V�aO��W"!����)�P-p!V�N����!V����W�
��"�������)Z �a!$R����U�*�z��B�-��%� !�BW�]�������wR=BWJ9+)B����W�)�*��+)B��"!V�U!VO���S6BW��+)��"- �e�Q������Je!V(��6BW��S#�Q���)�
-.�CR����TR�BW�)�U���!V��eB���+I�W"-.�P������B��*Z

	����n^���Je!V-V-.��������������U"!�R��L���C����Je!V(���B�� �6+I���%�9��BW��R	��� ��PBQK��*���a�)�P�����=+Q+�-p!����)���a�
-8` ��- ��B�"!V� ��JL�L����
t���Q�����"�%�-.���U��W�I�U+IB����=�C���C-.��JP�W� "!�R��e�[` !V��R�!�������R��,Z

(*),+.-0/�1�+ 2 � D@=.= NZBENZJ.BSXLD@8 J.NZD@BaG NZD.?AF]NIJ@Ba;>N Q��<?AFABE8'O ?_6 8'9:[<?AD@BEFANZJ ; D:KPD@8<?A?A8 Q.8
Q:8<D.9 =.OPNL['8<BEBED@B BED.O D@J.8SOP8<BEBENZD:OP[<8 [<NZ;>;�D@J@8�����NZD.B OP8'=.O��<BE8<JLKPNIJ@BV?A8 O��'BE8 HID Q:8���8'KEOPF
['NIOEOP8<BE= NIJYQ@HWJLK��

Attend(a)

Exec(a)

t1

t2

Passif(a)

t3

Passif(b)

Exec(b)

Attend(b)

r3

r2

r1

Ressource

� � ���	��+���� �	������#%� &('*)+#,��� � ����� � &��@)+#,� ��& '*& � � ���
�:F!?_6 NZJSG 8'D.K HW?]NWOPB*=:OPNZD.G 8'O XLD 6 FA?! aH�\@FA8<JaD@J.8�8'9:[<?AD@BEFANIJS; D:KPD@8<?A?A8�8<JLKEOP8*?]8f=:OPNL[<8<BEBED.B

" 8'K�?A8 =:OPNL[<8<BEBED.B$#&%�?]HS=.OP8<;>F�''OP8>BENI?AD.KPFANZJ�8<B K Q.8>['NZJ@B KEOPD.F OP8 ?A8VRIOTHW=@U.8aQ:8<BC;VHWOTXLDYHWRZ8<B
HW[<[<8<BEBEFA\.?]8'B(�*)�J NI\.KPFA8<JLK7HI?ANIOPB	D.J RIOTHW=@U.8,+.-.�'KTH�KPB0/ X D.8 J@NID@B J.8eQ.NIJ@J@NIJ@B =@HIB	[ HWO�Q*�213+�D.J
= 8'D Q:F�4#[<FA?]85+*Q:8<BEBEFAJ@8'O6/ 8�K ?_6 NIJ G���OPFA`@8 XLD,6 FA? J 6  CHlHID.[<D@J�;VHWOTXLD@HIRZ8�HI['[<8<BEBEFA\@?A8 Q���`YJ@FABEBPHWJ K
?]H#=:O��<BE8<J@['8MBEFA; D@? KTHWJ��<8CQ:8<B Q.8<D:9 =.OPNL[<8<BEBED.BlQ@HIJ.B ?c6 �'KTH�K�8�9��'[<D.KP87�

4 H>BE8<[<NIJYQ:8�;��'KPU.N Q.8f[<NIJ@BEFAB KP88+>[ HW?A[<D@?A8'O�D@J@8:9 HI;>FA?A?]8�R7�<J��'OTHWKEOPFA[<8�Q.8'B�BE8<;>F;/=<YNWKPB�HWB0/
BENL['F>�'B�+ [<8�O��<BE8 HWD?%![Z6 8<B K�+ Q.F OP8@+VO��<BENIDYQ OP8�?_6 � XLDYH�KPF]NIJ�ACBED FHGJI�K3BMLNI*%!N�OPF 8<B Kf?]H
;VH�KEOPFA[<8CQ,6 FAJ@[<F]Q:8<J@[<8MQ.DaO��'BE8 HIDQ%Y=YH�Ol?c6 HW?]RINIOPF KPU@;>8CQ:8�RYHWO�SIHIB(�

)�JhNI\.KPFA8<JLK*HI?ANIOPBl?A8<BeKEOPNZFAB*BE8';>F�/=<@NIKPB ^
T �VUXWYW3Z\[^]!_ "�`!acb:d Z\e7_ "�`^agfV"�hih(jYk _ "�` Gle h Wm_Cn�o ` Gqp
� �VUXWYW3Z\[^]!_�# `!acb�d Zie�_�# `^acfV"�hih(jYk _�# ` Gre h W(_Cnso ` Gtp
� � b:d Z\e7_ "�`!aub:d Z\e�_�# `^auv Z hih(w&xzy emZXGre h W(_Cn o ` Gqp

4,8<B�Q:8<D.9*=.OP8';>F]8�OPB BE8<;>F;/=<YNWKPB,KEOTHIQ.D.F]BE8'J K XLD@8	?A8<B =.OPNL[<8<BEBED.B " 8'K{# BENIJLK \.F]8'JCQ.8<B =.OPNL[<8<BEBED.B(%
F�� 8CFA?Q aH B3� XLD.8<JLKPF HW?AFAK��f8'J KEOP8�?]8'BlKEOTHWJ@BEF KPFANZJ@BCb K T %.K � %@K � d 8�K�b O T %.O � %.O � d�



�

4 8�Q.8�OPJ@FA8'O*BE8<;>F;/C<@NIKlJ@NID@B = 8'OP;>8'K*Q:8�=:OPNZD.G 8'O ?_6 8'9:[<?AD@BEFANZJ ; D:KPD@8<?A?A87���7J 8��!8'K\%Y[<8'?]D.F;/
['F�KEOTHZQ:D@F Kh?A8�9_HWFAKSXLD@8 XLD@8<?]XLD@8 BENIFAKS?c6 �<GZNZ?AD.KPFANZJ Q:D B0 :B K�'<;>87% ?]H�BENZ;>;>8 Q:8<Bh;VH�OTXLD@8<B
['NZJLKP8<J D@8<B�Q@HWJ@B7?A8<B =.? HW[<8<B��	9:8<[ bcHZd%�� 9.8'[ b_\ d�8'K��*8'BEBENZD.OP['8lOP8<B KP8X�<RZHI?A8.+f?]HMGIHI?A8<D.O Q���`YJ@FA8
=@HWOl?A8f;VHWOTXLDYHWRZ8MFAJ.FAKPF]HW? [Z6 8<B K�+#Q:FAOP8�+ p7�
	 FAJ@BEF Q.NIJ@[7%:FA?,J@8M= 8<D:K,+ ?]H$9�NZFABlH�GZNZF OlD@J@8*;VHWOTXLD@8�Q@HWJ@Be?]H =@?]HW[<8
�	9:8<[ZbcH d 8'KlQ.HIJ@Be?]H

=.?]HI[<8�� 9.8'[ b_\ d [<8MX D.F![<NIOEOP8<BE= NIJYQS\.F]8'JE+ [<8CXLD.8MJ@NID@BeG NID@?AFANZJ@B =:OPNZD@GZ8'O\�

�e��!$# �%� &('Z78!3#M�$�1AC0$#�E19�K�7X9	!%03���%�M7*0u78Lt&�E1�M�.�10n�$2�)r0$!s&(A<�$2�032:9	A<�M��kD2zLpo 9	A�O�9	'8LH&�2�0
!$�M78!$# �%�MAC0$�1!nL�o ��)8E1L:'<�$2H9�A Kn'*0$'<�1LHL:��+*��+*2�)�7<!$9*E�� �$�$'<�n�%'8!�'8A<�GK��1K���!$� �$�$9�'<!3E1���e2HL
I�&('<+*!s&(2:0�'8A !3#M�$�M&�' +*�����78LH&	E�� �u�10�� 1 03!3&�A<�%2:0$2H9�AX�1�/QR��78LH'<�M�z�1o 2:L"��&r78LH'<�%2H�1'<!3�
!$� �$�$9�'8!sE�� ��+*2t�%7�9�A<2:;8LH�M�4&�'�A89�Kn;8!3�u+*�����X'8Ar78!39DE1�M�3�%'X��7�9�'8!3!3&�2�0���0$!3�n+<&(A<��L�o #�0s&l0
m 0%0$�MA<+��10�y�)*�ME1'*0$�u7X9	'8!�&�'*03&�A	05+*�n�$9�'<���1A<�$�1Kn;8L:�n+*�=Lpo �MA<�%�MKu;8LH�u+*� ��!3�M�3�%9	'8!sE��M�
+*2H�$7�9�A82H;8LH�M�M�a�$9�2:0������ } �ME12CE19�A<+*'<2:!s&(2:0 � +*'878LH2tv	'<�1!/L:� �h78LH&	E�� � m 0$0$�1AX+u�10hy�)*� E�'*03�����
IJ9�2t��7X9	'8!zEsN<&	v	'<��78!39*E�� �$�$'<�M�l-h9	'8!z�$�1'8LH�1K��1AC0z+*2:)n78!39*E�� �$�$'<�h��0\E12:A<v=!$� �$�$9�'8!sE�� �1�a'8A
!$# �%� &(',K�9*+*#ML:2t�$&�AC0�LH�.�%�*�%0$q1K��4E�9	K_7<L:�10xE19�K�78!3�1A<+8!3&�2�0��������.78Lt&�E1�M����0"03!3&�A<�%2:0$2H9�AX�1�

@BL.Ol&g�$&�A<��+*2H!$��vC'8��LH& 03&�2:LHLH�Z+*' �	!3&�78N8�r+8�M��K�&(!svC'<&(�	�M��&�E1E1�M�3�%2H;8LH�M���%�M!3&�2�0
0$!3qM�,+82 ��E�2HLH�1K��1AC0,K�&(A<2:78'<LH&�;8L:����0GvC'8��K��MK_��'8A E1&�LHE1'8LR+*� �,�$�1K�2:��£<9�03��+8�1OD2:�MA*�
+*!3&�2�0�vC'8�1LtvC'8�,7��1' 78!$9	;8LH#1K�&l032HvC'8�	�wyzA ������0 �h�MA +*�MN89�!s�u+*��Lt&�E�9	K�78L:�1)*2�03#G+*�GLH&
!$# �%9	L:'*032:9	A��*LH�M�"!3#M�$'8L�0s&l0s�"9�;*03�1AD'<�x�$�1!s&(2H�1AC0"+82 ��E�2HLH�1K��1AC0�2HA	03�1!378!3#�03&�;8LH�M�M�

} ���$2HK_7<L:���1)*�1K�78LH��K_�10,�1A�#MOD2H+*�MA<E��r+*�1'*)g+*�M�,78!32:A<E12:7X&(LH�M��LH2:K�2:03&(0$2H9�A<��+8�M�
!$# �%� &('*)u+*�"-/��03!$25{lLt&R0s&(2HL:LH�x+*�M�/!3#M�$�M&�'*).7X�M'*0z!s&(782t+*�1K��MA	0�+*�MO��1A<2:!h0$!3qM�/2HK�7X9	!%0s&(AC0$�
��0M���$'8!$0$9�'80M��LH&,K_9*+*#ML:2t�3&l0$2H9�A�A8#ME1�M�3�%2:0$�_+*�uS<)D�M!RLH�M�57<&�!3&�K_q10$!3�M��+8'�K�9*+*q1LH����2HE12/L:�
A89�Kn;8!$��+*�\78!39*E�� �$�$'<���10h+*��!$� �$�$9�'8!sE�� �1�Wk*2	Lpo 9	A=EsN<&(A<���zLt&xOl&(LH�1'8!h+*��E1�M�e7<&(!s&(K�q�03!$� �1�
2:L�I�&�'*0�!3��I�&(2H!3��Lpo &�A<&(LH�*�%�	�

u�WZY\[D]��w^����w^lk�`Cj `C[D]�fh[ �hb<]M[

Q5&(A<��L:�=EM&�+*!3�.+*�=Lt&nOl&�L:2t+8&l032:9	A�2:L�� ��0xIJ9	A<+8&�K_�MAC03&(LH�.+*�u+*#1S<A82H!�LH�M�"78!39�78!32H#�0$#M�M�
v	'<��A89�'X�=O�9	'8LH9�A<�.9	;<�$�1!3O��1!.9	'�78!39�'8O	�1! ��Q�&�A<�=Lt&�0$N<#19�!32H�,+*�M�u!$# �%� &('*)�+*��-/��03!$2p�
E��1!$03&�2:A<�M��78!39�78!32:#10$#M�M��9�AC0x#�0$#478LH'<�x�$9�'8O	�1AC0�#10$'<+82:#M�M�xvC'8�.+�o &('*03!$� �6�D�1A�7<&(!$0$2tE�'<L:2H�1!
LH&_OD2:Ol&	E�2:0$#�� � 9�'X�x+*#�S<A<2H�3�%9	A<�"K�&(2HAC0$�1AX&(AC0�E��M�"7<!$9	78!$2H#�03#1� ��#ML:#MK��1AC03&�2:!3�M�M�

� `����wk�jMk�������WVuY	�������������W�~�Q�f�9���U"!AJL������)�Tm /C5�� ¢ sC�"�"�6��!V�
F"! k ! b)��j'���"!��b� {0�����Wm�/e5�� ¢ s"SN��r${x7zS �! {x7 " �*��-V-.�P���)�����   ��� � r�
F ��chb8]Mk$# ! k ! bI��j'���"!���r#{i7TS �, {w7 " �*��-V-.�C���)�f� ¢ �   ��� � r*
F �/]M[Dchft�%# ! k ! bI��j����"!��b� {0�����Wm�/e5�� ¢ s"S � r#{x7 �*��-V- �C���)�c��� rl
F �$�X^��w`�����!b��ow{x4eS �%& 8 {�� � �*��-q���)���b� {0�����Wm�/e5�� ¢ s"St��mpo�s(' & 8
� 9�'<��+89�A8A89	A<��vC'8�MLHvC'8� �"��)*�1K�78LH�M��+8�.!$# �%� &('*),O	#1!32�S�&(AC0=¢J9�'�7<&	�3¤"E1�M�x7<!$9	78!$2H#��

0$#1� �1�



�

2

( a ) ( b ) ( c ) ( d ) ( e )

� � ��� �W+�� ��� &� ��� & ����������������� �����@!� �
	,&%� ����� ��'� )

�w9�'<�uL:� �.!3#M�$�M&('8)Z+*��Lt&�S<�	'8!$��E�EX�w��)*�1780$#�LH��!3#M�$�M&('8) ¢J;X¤��h�$9�AC0uvC'<&	�%2:�pOD2HOl&(AC0M�
���M��!3#M�$�M&('8)�¢�EM¤F��¢�+X¤z�104¢�� ¤��%9	A	0�7<�%�M'<+*9��pOD2HOa&�AC0M��LH�M��!3#M�$�M&('8)�¢�EM¤\��05¢�� ¤��%9	AC0\OD2:Ol&(AC0
��0x0$9	'<�M�*��)*�ME17*0$#.LH�4!$# �%� &('�¢J� ¤��<�$9�AC0x;X9	!$A8# �1�

� A8�5&�'*0$!3�R7<!$9	78!$2H#�0 o �M� ��9�'<�R'8AG! >	L:��2HK�7X9	!%0s&(AC0�+<&(A<��LH&.0$N8#M9�!32:�5+*�M��!$# �%� &('*)�+*�
-h�10$!32z{8Lpo �1)*2H�%03&�A<E��.+�o '8A�K�&(!sv	'X&(����9�'�#�0s&l0�+�o &�EME�'8�M2:Lp�

� `����wk�jMk�������W���	��'����������i�Q�6�9���U"![JL������A` �fm�/e5=� ¢ sc�Q��JL�����%�'JL��=���)���Q���[` �QR�(
R��)��!V-[���"!y!V-t�'&�!��"�*�z�%��JL��=���)���Q�����iO���"! Mn���)�xE

�[� {������Wm /e5=��¢�s"5 �, {x7 " �*��-V- �e���)�����   � �

� �CJL������)�����f���x�"�"���=+�+)��-.�CJP�W����)���Q�e�[` �QR�R��)��!V-.Z

� A K�&(!svC'<&(�	��+�o &	E1E1'8�12HL�� ��0�+*9	A<E�'8A K�&�!3vC'<&����,vC'8�GL�o 9�A 7X�M'*0�&(0%03�12HA<+*!3�G+*�
0$9�'80�K�&�!3vC'<&����4&�EME��M�3�$2:;8LH���

@BL��1)*2H�%0$�.E��M!%0s&(2HA8�M�"!3�1Lt&l032:9	A<���1AC0$!3�.E�� �"78!$9	78!32:#10$#1� �1�

i4^����$��]Mk�jMk �a� ��W��%�NB�!V��k�03m /C5���¢,sT�%��������=�W�����������U"!AJL������)�,Z
F �a![k �"�"�$O,!VO����)����- B����k ���������)���"!V(*O�!VO����a�6���q+a�����)�QB�(*O,!VO��W�)�
F �a!#k �����T���)���"!V(*O,!VO��W�)�T���T�Q��JL���9� ¢ R�B�JeJP�iJL������)�����~�[` �QR=R��)��!V-6�W-.B���Ck

�����nO,!VO��W�)�

Q���K_�MK���� E��1!$03&�2:A<�u78!39�78!32H#�0$#M�M�5�%9	AC05K�9�A<9(0$9	A8�M�M��E(o �M�%0 � +*2H!$��vC'�o �ML:LH�M�5!3�M�%0$�MA	0
OC!s&(2H�4L:9	!3�3vC'8�5L�o 9�A�&('8�	K��1AC0$�4LH�.K�&�!3vC'<&�����2:A82:0$2t&(Lp�

� `����wk�jMk�������W��Y	�����+��B�+�"!���������� ���"�$JLB��NB��*B����T���"!
��m /C5�� ¢ s"5���mIm /e5=� ¢ sIs�0��]�[� �¢ � � ¢ 5���m)m�/e5=� ¢ sIs



T��

i4^����$��]Mk�jMk �a� ��W�� vq���f+��B�+�"!����������x���)���"!V(*O�!VO����a�T���f��BW� K�B�"�N�'��BW�)�fJPBW��BW��BW������Z
vq���6+��B�+�"!����������6+a�����)��B�(*O,!VO����)� S#O,!VO����)� SnK�B�"�N�P������&Q�U!��"������R����q` �%�HJL��=���)���Q�P�[` �QR�(
R��)��!V-[��B��a�$�NB���JLB��NB��*B�������Z

} �10%0$�_78!39�7�9	�$2�032:9	A��$�n+*#MK_9	AC0$!3�n�3&(A<��+*2 ��E1'8L�03#��1A�'*032:LH2t�$&�A	04LH�uLH�1K�K��_+*�_K�9(�
A89(039�A82H� {

Y\[�����[���W�����fh[������t�Xj����wk�[	�3�NB�!V�[m /e5=��¢�s#�%�C��"�������e���A����� "!aJP�W����)��Z��[��
�{
�����Wm /e5=��¢�s�SN�  {i7 " St��
 �   ��e0 � �[���
 � ��
�St���
 �   ���� ���y���� � ��

�w9�'*03�M�xE1�M�"78!39�78!32H#�0$#M�M��7X�M'8O��MAC0x�Mo ��)*78!32:K��1!x+8&�A<�"'8A�LH&�A8�	&����4+*�4L:9	��2tvC'8�R03�1K_�
7X9	!$�ML:LH�.��0R7��1'<O��1AC0�+89�A<E4�10$!3�.O�#1!32:S<#1� �"7<&(!R+8�M�x03�MEsN8A<2HvC'8� ��+*�=E�9	A<�%0$!3'<EF032:9	A��10�+*�
7<&(!sE�9	'8!3�n+*'��	!3&�78N8�,+*� �_K�&�!3vC'<&���� �=&�EME��M�3�$2:;8LH�M�G¢JLH9�!s�$vC'8�GE��1LH'82xE�2��M�%0uSXA82���E�o � ��0
� +*2:!3��LH9�!s�$vC'8��LH��!$# �%� &(' �M�%0�;X9	!$A8#a¤F� � 9�'<��O��1!3!39�A<��+8&�A<��L:� ��EsN<&�782�03!$� ���%'<2:Ol&(AC0
E�9�K�K��1AC0�+8�M�"03�MEsN8A82tvC'8�M�R��03!$'<E�0$'8!3�1LHLH�M�x9	'�&�L:�	#1;8!32tv	'<�M�"7��1!3K_�10%03�1AC0�+*�.O	#1!$S<�1!�E1�M�
78!$9	78!32:#10$#1� �"�$&�A<�"LH&�E19�A8A<&�2H�3�3&(A<E1�5+*�=E1�4��!s&(78N8�	�

� 9�'<��+89�A8A89	A<�x2tE�2�'<A8�.K�#�0$N<9D+8�u�%2HK�78LH���8K�&(2t���$�1K�2:��&�'*0$9	K�&(0$2tvC'8���8+*�.O	#1!32�S�E1&l�
0$2H9�A�+*�.Lt&nOD2HOl&�E�2:0$#.+�o '8A�!3#M�$�M&('�+*9�A<A8#=vC'82�'*032:LH2H�$�4LH&�A<9(0$2H9�A�+*�4A89	!$K����

� `����wk�jMk�������W�� �bB�!V�Tm /C5�� ¢ s'�%� ��"������� ��������� "!�JP�W����)�,ZP	����f^�B��NR��U!�B����<�Q�
-8` ���)����JLK�- �f�Q�"�9JL��=���)���Q�������cm�/e5=� ¢ s�O�����l� � ���"�t�%�N�A���<^���[z+IBW�%��%��JL������)�����
���i����!�E
� Z��AmU� sA0 1�� � � 0_� �
� Z6�[�<S��AmU� s� 1�0 � �! {w7 " �*��-V- �C���)�

F ���   ���
F �Am ����s����Am � s

� `����wk�jMk�������W�� �bB�!V�Tm /C5�� ¢ s'�%� ��"������� ��������� "!�JP�W����)�,ZP	����f^�B��NR��U!�B����<�Q�
-8` ���)����JLK�- �������TJP�W����)�����"�e�Q�Pm�/e5=� ¢ sCO������� � ���"�6�%���c�t�X^���[�]Mj1^lk���jM[i+)B��%��%�
JP�W����)���Q�����'���"!�E
� Z��AmU� sA0 1�� � � 0_� �
� Z6�[�<S��AmU� s� 1�0 � � r6{w7 ����-V-.�e���)�

F ��� rl ���
F �Am ����s����Am � s

i4^����$��]Mk�jMk �a� ��W�VY�j�bB�!V�[m�/e5�� ¢ sn�%�e��"�������P���$�9���U"!aJL��=���)�����)���z�%�eJL������)�����
���PR��z������=�W�)Z[vq���z� =B�!��n+��B�+IB��"!V� !�BW�I�z�"�%!VO��W�)�*�"����B��a�n�����%!VO��W-.���a������E
� ZT!V-t�'&Q!V�������%���T��B�"JL�T���U"!�R����6+IBW�%����
� ZT!V-t�'&Q!V�������%���T��B�"JL��+IBW�%�� �



T7T

� Zc� � ���"�#�%�~JL������)�����P�[` �QR=R��)��!V-

� �M!$2:S<�1!hLt&�OD2:Ol&	E�2:0$#"+�o '<Au!3#M�$�M&('.7��1'80/+*9	A<E\�$��!3&�K_K�A8�M!w&RO�#1!32:S<�1! � Lpo &�2H+*�"+�o '8A8�
A89�!3K��_vC'8��LH�nK�&(!svC'<&(�	�u2HA82:0$2t&(L��M�%04'8ArK�&�!3vC'<&����n+�o &	E1E�'<�12HLh�10=v	'<�nLH��!$# �%� &('�� ��0
v	'X&��$2���OD2:Ol&(AC0 �8�e&�+*2���E1'8L:0$#=E�9	A<�$2H�%0$� � 0$!39�'8O	�1!"Lt&nA<9�!3K_�	�

� ���w]Mj1^lc �(jMk �a��f��:c��h[~�t�X^���[
��� �w!$9	'8O��M!uLH�M�n78Lt&�E�� �u2HAC0$�M!$O	�1A<&�A	0�+8&(AX�uLt&�A<9�!3K_� {h�MA �	#1A8#M!3&�L\'8A �%9	'<�u�MA*�

�$�1Kn;8L:�.+*� �"78Lt&�E�� �"A89�A�K�&(!svC'8#1� �"+*'�K�&�!3vC'<&�����2:A82:0$2t&(Lp�
6*�x�w&�A<9�!3K_�x#103&�A	0\�$9�'<Oa&�AC0/'<A8��E�9	Ku;82HA<&(2t�$9�A_L:2HA8#M&�2:!3�x+*�M�z78LH&	E�� �zEsN89�2t�$2:�	�a0$!39�'*�

O	�1!RLt&G7X9	A<+*#1!s&l032:9	A�+*�M�578Lt&�E1�M�M����ArEsN89�2t�%2:0��	#1A8#M!3&�L:�MK��1AC0�LH�M��7X9	A<+*#M!3&(0$2H9�A<�
#M�	&(LH�M�h&('=I�&�EF03�1'8!�+�o #1LH9�2H��A<�1K��1AC0�+*'uK�&(!svC'<&(�	�\+�o &�EME�'8�M2:L�¢J7<L:'<�hLH�\I�&�2�0zvC'�o '8A8�
78Lt&�E1�R�$9�2:0�K�&(!svC'8#1��#ML:9	2:�	A8�R+*',K�&�!3vC'<&�����+�o &�EME�'8�M2:Lp�C78L:'X�\9	A�&��3�%9*E�2H� � E���0$0$�
78Lt&�E1�4'8A8�.7�9�A<+*#M!3&(0$2H9�A,IJ9�!$0$� ¤��

� `	^lk�� �	b*jMk �a��f��:c��w[~���X^�� [
��� } &�LHE1'8L:�M!�L:� ��2HACOl&�!$2t&(AC03�/LH2HA8#M&�2:!3�M��+*'�!3#M�$�M&�'n�10zO�#1!32:S<�1!�Lt&478!3�1K�2:qM!$�xE19�A<+*2:0$2H9�A

+*�4Lt&�A89�!3K�� � Lpo &(2t+*�.+*�=E�� �"2:ADOl&(!32H&�AC03�
6*�"y�03'<+*2H�1!,EsNX&�vC'8��E1&	���1A�E�9	K�K�&�A �1&�AC0�7X&(!�E��M'*) E19�!3!$� �%7�9�AX+8&(AC03�_&('8) 78LH'<�

�	!3&�A<+8�xI�&	EF03�1'8!s�4+�o #ML:9	2:�	A8�1K��MA	04&lS<AZ+*�_O�#1!32:S<�1!�LH&��%� E�9	A<+*�nE19�A<+82�032:9	A�+*�_LH&
A89	!$K��	�(�e&50$!s&(AX�%2:0$2H9�A � 0$!39�'<O��1!�� ��0\E1�1LHL:��vC'82X!$# +*'82:0\E��xI�&	EF03�1'8! �(-/9�'8!\#�03&�;8LH2:!
vC'8�_E���0$0$�n0$!s&(A<�$2:0$2H9�A�� ��05IJ!3&�A<EsN82t�$�3&(;<L:�=9	Ar�$�n�$�1!$0 � LH&�IJ9�2t��+8�nLt&G+8#�S<A82:0$2H9�A
+*'�EM&��M�8+*�M�xEM&��x+*#)� � #10$'<+82:# �x��0R+*� �"2:ADOl&(!32t&(AC03�M�

(*),+.-0/�1�+�2
4 8fO��<BE8 HWDSBED@FAGIHIJLKl;>N Q��<?AFABE8fD@J.8f[�U@H�� J@8CHWD.KPNI;VHWKPFAB3�<8�Q.8f= 8<FAJLKPD.OP8MQ.8f= NIOEKP8'B�Q!6 HWD.KPN&/

;>NI\@FA?A87�!4,8<BM= NIOEKP8'B�8'K�? H>= 8<FAJLKPD.OP8�BENZJLK�BED@=@= NIB3�<B	��KEOP8�8<J XLDYHWJLKPFAK��CFAJ.`@J@FA8C8'KMBENIJLKfQ.NIJ@[
J.NZJS;>N Q*�<?AFAB3�<B(�z��NID.Ol= 8<FAJYQ OP8MD@J.8M= NIOEKP8fFA?^9_HWD.KC^

T �MHI[ XLD��'OPF O�D.J OPNI\ NIK�= NZD:O�Q��<=.? HW[<8'O�?]HS= NIOEKP8>G 8�OPBf? H�
'NZJ@8VQ:8#= 8<FAJLKPD.OP8Sb KEOTHWJ@BEF KPFANZJ
K T d

� �MHI[ XLD��'OPF OeD@J.8*;VHW[�U.F]J.8X+�= 8<FAJ@Q:OP8 b KEOTHWJ@BEF KPFANZJVK � dl^ NZJ ?]FA\!''OP8�HI?ANIOPBe?A8lOPNZ\ NIKeX D.F J 6 H
=@?AD@B Q!6 D.KPFA?AFAK����

��J.8.9 NIF]Bl?]H#= NIOEKP8f= 8<FAJLKP8MFA?^9_HID:KC^
T �MHI[ XLD��'OPF OeQ.8*J@NID@G 8 HWD>D@J>OPNZ\ NWKe= NZD:OeQ*�<=@?]HI['8'Oe?]H�= NWOEKP8*= 8<FAJLKP8�b KEOTHIJ@BEF KPFANZJ K � de^ NZJ
?AF]\!'�OP8CHI?ANIOPBl?]H ;VHI[TU@FAJ@8V+ = 8<FAJYQ OP8

� �MQ��<?AFAGLOP8'Ol?]H = NIOEKP8f= 8<FAJLKP8#b KEOTHWJ@BEF KPFANZJhK � dM^.NZJh?]FA\!''OP8CHW?ANIOPBl?]8MOPNI\ NIK\�
4 8 ;VHWOTXLD@HIRZ8 FAJ@F KPF]HI?YQ.8 [<8eO��<BE8 HWD>8<B K Q*�'`YJ.F@=@HWO ^�nso�_ h W "�y W ` G d� I�Kn�o�_ y&w # w W h&` G

y� I*Kn�o�_�� " e�� j [QZ hi` G��  I 8'K�n�o�_�� ` GrI = NID.O ?A8<B*HID:KEOP8<B =@?]HI[<8'B��?�
4 8<B <@NIKPB = NZBEF KPF;9 B*Q.8f[<8MO��'BE8 HIDSBENIJLK0^
T � k���� h W "�y W a �?p�� a �{p�� a �{p���G d
� � k! "� � " e�� j [?Z h a �{p��:G#�

� � k%$&�ly&w # w W h a �{p�� a �{p��:G y



TF�

p12

p13

p14

start

robots

machines

x

r

m

t1

t2

t3

t4

� � ��� �W+��	��� � ������� ���� ������ #��@#,'��

)�JS=.OP8'JYQh?]H@9 NIJ@['KPFANIJ�� _Cn ` G �*D nJ_��?p�� `?a � D n _��{p�� ` a nJ_0p�� ` 8'K*?c6 NIJ ;>NZJLKEOP8CXLD@8
['8'KEKP8V9 NIJ@['KPFANZJh8<B KlD@J@8�J@NIOP;>8�B KEOPF][�KP8f= NZD.Ol?A8f;VHWOTXLD@HIRZ8�F]J.F KPF HW?��

T ��� _Cn ` GrI�BEBEF?n _��{p�� ` G n _��{p�� ` GNn _��{p�� ` G IC8'Ke8'J D:KPFA?]FABPHWJ K ?]8'B FAJ:GIHWOPF]HWJ KPB NZJ
NZ\:KPF]8'J K FA;>;�� Q:F]HWKP8<;>;>8<JLK XLD@8	� _Cn ` GrI BEBEF{n G n�o7�

� �	
 ?!9_HWD.K*Q.F �^�'OP8'J@[<FA8'Ol?A8<Bl[ HIB = NZBEBEFA\.?]8'B*?ANIOPBPXLD.8�� _Cn `  I��
bcHZd n _��{p�� `  I

4 HhKEOTHIJ.BEFAKPFANIJ�W �S8'B K�9 OTHIJ.[�U.F]BEBPHW\@?A8 8'K�BENZJ�9 OTHIJ@[TU@FABEBE8<;>8'J K�9 HIF K#Q*�<['OPNIFAKEOP8>?]H
J.NIOP;>8fQ:8 T �

b_\ d	n _��{p�� ` G I�8'K.nJ_��{p�� `� I
� F�W �e8'B K?9 OTHIJ@[TU@FABEBPHW\@?A8 HW?]NWOPB ?]HeJ@NWOP;>8	Q��<['OPNIF K Q.8 T �i�:FAJ.NZJ?%'[Z6 8<B K XLD.8 n _�� " e�� j [?Z hi` G
I 8'K k% FA;>=@?AF]X D.8#HW?]NWOPB�X D.8�n _��{p�� ` G �s��fHWJ@BM[<8 [ HIB(% BEF6W �a8'B K:9�OTHIJ.[�U.FAB0/
BPHW\@?A8MHW?ANIOPBeQ:8*J.NZD@GZ8 HID>?]HfJ@NWOP;>8*Q*�<['OPNIFAK��LBEFAJ@NZJ k�$ FA;>=@?AF]XLD@8 XLD@8�n _��{p�� `�a
n _��{p�� ` G y ��� NI;>;>8 nJ_��{p�� ` GrI*%&n _��{p�� ` G y �i��NZD:O XLD@8 ['8�[ HWB�J@8	BENIFAK�=YHIB
= NIBEBEFA\@?A8 nJ_��?p�� ` G I�%{nJ_��{p�� ` G �s%?n _�� " e�� j [?Z hi` G I*%{n _ y�w # w W hi` G I�%
n _��{p�� ` G y n _ h W "�y W ` G d�� � � y FA?Q9 HID:K*FA;>= NIBE8'O*X D.8 d�� � �sy�� I��

b_[ d n _��{p�� ` G I�%!n _��{p�� ` G I�8'K.nJ_��{p�� `� I
4	6 F]J GIHWOPF]HIJLK k�$ FA;>=.?]F]XLD@8.n _ y�w # w W hi`*a n _��{p�� ` G�� 8'K Q:NZJ.[�XLD@8lBENZF K5W ��BENIF K
W �#8<B K,9�OTHWJ@[TU@FABEBPHI\.?A8�['8CX D.F!9_HIF K*\@FA8<JhQ��<['OPNIF KEOP8f? H#J.NIOP;>87�



T �

)�J H>Q.NIJ@[C;>NZJLKEOP8'OlXLD.8fBENZD@Bl?]H>[<NZJ@Q.F KPFANZJ d�� � acy ?]H@9 NIJ@['KPFANZJ��08<B K�D.J@8fJ.NIOP;>8
= NID.O�?A8V;VHWOTXLDYHWRZ8>FAJ@F KPF]HI?�8'K�X D.8VQ.NIJ@[>[<8<?AD.F�[<F�8<B K�D@J�;VH�OTXLDYHIRI8VQ,6 HI['[<D@8<FA?�� � NI;>;>8#FA?
8'B K KEOPFAG:F]HW?7b_FA[<F d Q:8�=:OPNZD@GZ8'OeXLD@8l[<8lO��<BE8 HIDa8<B K XLDYHWBEF;/ G FAGIHIJLK\% NIJaNI\.KPFA8<JLK XLD@8l?A8*O��<BE8 HWDh8<B K
G FAGIHIJLKM= NID.O�KPNID.K�;VHWOTXLDYHWRZ8�BPHWKPFAB09_HWF]BPHWJLK d � � a y �Q)�J G 8'OEOTH XLD@8�Q.8<B�F]J GIHWOPF]HIJLKPB�b_?]8'B
GZ8'OEOPNZD.BeQ.DVO��<BE8 HWD d�= 8'OP;>8�KEKP8<JLKeQ.8*;>NZJLKEOP8'O HID.KPNI;VHWKPF]XLD@8<;>8'J K XLD@8l[<8�O��<BE8<HIDh8'B KeG F]GIHIJLK
BEF,8'KlBE8<D.?]8';>8<JLK BEF FA?,G��'OPF `@K ?]H [<NIJYQ:FAKPFANIJ d � � acy �

(*),+.-0/�1�+ 2 �hNIJLKEOP8'OVXLD@8 ?A8aO��<BE8 HWD BED.FAGZHWJ K 8<B K>G FAGZHWJLK 8<J3D.KPFA?AFABPHIJLK>?]H	9 NZJ.['KPFANZJ
� _Cn ` G#��D n _��{p�� `{a ��D n _��{p�� `{a nJ_0p�� ` �

p12

p13

p14

start

robots

machines

x

r

m

t1

t2

t3

t4

control
m+r-1

� � ���	��+���� � � ���������������������#��@#,'��$�@#,� '� #%��!�

��W�����j1^���fhc ��jMk �a��k �����X^�� [	�
��[�b8cwd ^l`D]M[Db8cwd fh[��hb8cejL�hk ! [Cb<c

�e�M��!3#M�$�M&�'*)�+*�\-h�10$!32�-zLt&�E1�M�%� �w!s&(A<�$2�032:9	A<��+*#�SXA82H�3�$�1AC0e'8A=EM&�+*!3�/0$N8#M9�!32HvC'8�z�$2HK_7<L:�
��0"78'82t�$�3&(AC0\7�9�'8!�Lpo #10$'<+*�4+*��LH&nE�9�AXE�'8!3!$�MA<E��	�	Q��R78LH'<�M�D��!��E���&�'*)�A89�Kn;8!3�1'*)�9�'*032:Lt�
+*2H�$7�9�A82H;8LH�M�M�C2HLt���$'8787�9�!$0$�MA	0"Lt&u�$7X# E�2:SXE1&(0$2H9�A��10�Lpo &�A<&(LH�*�%��+*�5�$�*��03q1K��M��E�9	A<E�'<!$!3�1AC03�
+8&(A<�x+8�.Oa&	��03�M�x+*9	K�&(2HA8�M�x+�o &(7<78L:2tE1&(0$2H9�A��

} �M7X�MA<+8&(AC0 ��E���IJ9�!3K�&(LH2H�$K��"K_�10z�1A�&aOl&(AC0�L:�xE�9	AC0$!?>�LH��&�'_+*#10$!32:K��MA	0\+8�xLH&4�%0$!3'<EF�
0$'8!s&l032:9	A�+*�M�5+*9	A8A8#1� ��{�2:L/�M�%0RI�&	E�2HL:�_+*�uK�9*+*#ML:2t�%�M!R�105+�o &(A<&�L:�*�$�1!�L:�_E�9�AC03! >	L:�u+�o '8A



T �

�%�*�%0$q1K��.K�&(2t�x2HLe� ��0R+*2���E�2HL:�n+�o 2HAC0$#M��!3�1!�+8&�A<��E��10%03�=78N<&	�%�=+*�=E19�A<E1�17*032:9	A�L�o 9�!3�	&�A82��
�$&(0$2H9�A�+*�M��+89�A8A8#M�M��03!3&�A<�%7�9�!$0$#M�M�M�D#MEsN<&�A8��#M�M��9�'�K�9D+82�S<#M�M�M�

m S<An+*��78!3�1A<+8!$�z�MAnE19�K�7*0$��E���;X� �%9	2:An�$&�A<��K�9*+*2:S<�1!hLH&5�$#1K�&(AC0$2tvC'8�\+*� �e!3#M�$�M&�'*)
+*��-/��03!$2p��+*2:��#M!$�MAC0$�M��&(;8!3#1OD2t&l032:9	A<�h9�AC0z#�03#R+*#�SXA82:� �1� � A8��&�;8!3#1OD2H&(0$2H9�A�+*��!3#M�$�M&�'n� ��0
9�;*03�1AD'8�_�1A�&l0%0s&�EsN<&�AC05+*�_A89�'<O��1LHLH�M�52:A8IJ9�!3K�&(0$2H9�A<�5&('8)�A89D�1'<+8�5�104&�'*)�&(!sE1����0.�1A
+*#�S<A<2H�3�$&�AC0n'8A8���$#1K�&(AC0$2tvC'8�,+*�GIJ9�AXEF0$2H9�A<A8�1K��1AC0�v	'<2\032:�MA	0�E�9	K�7*0$��+*��E1�M�n7<&(!s&l�
K_q10$!3�M�M�����x7�9�2HAC0\E�LH��I��M�%0�+*�x�C&(!s+*�1!/Lt&47X9C�$�$2:;<2:LH2�03#�+*���l+*#17<L:2H�1!�� E1��0%03�R&(;<!$#MOC2t&l032:9	A
�1A�'8AG!3#M�$�M&�',+*�5-/��0$!32�9�!s+*2HA<&(2H!3��+*9	A	0"LH�5E19�K�7X9	!%03�1K��1AC0"�M�%0x2H+*�MAC0$2tv	'<���D-�&(!3K_2�E1�M�
&(;8!3#1OD2t&l0$2H9�AX�1��9	A�7X�M'*0_E12�03�1!nL:� �u!3#M�$�M&�'*)ZE19�LH9�!3#M��¢�� �	�1A<U<�F� ¤��wLH�M�u!$# �%� &('*) � -z!3#M+*2:�
E1&l0s�!	��e!s&(AX�%2:0$2H9�A<��¢%� 4�w>8���J¤F�eL:� �=!3#M�$�M&('8)r&(LH��#M;8!$2tvC'8�M��¢%� ¦�� >��*� ¦ �M2HU<�F� ¤��e9	'Z�MA<E�9	!$�
L:� �=!3#M�$�M&('8)�;82H�1A�IJ9�!3K�#M��¢%� Q�'*0sU	6a�J¤F� } �M�=+82���#1!3�1AC03�.IJ9�!3K�&�L:2t�$K_� �=�$��E1&(!s&�E�0$#M!$2t�%�MAC0
7<&(!�'8A<���%�DAC03&()*��7<L:'<��9�' K_9	2:AX��A<&l03'8!3�1LHL:�	�z7<&(!�LH�M��K_9*+8&�L:2:0$# ��+*��7<&�!3&�K_#10$!32H�3&l�
0$2H9�A �10_7X&(!_LH&r7X9C�$�$2H;82:LH2:0$#�+�o &�A<&(LH�*�%�G+*2:!3�ME�0$��¢J2p� �	�/9�7�#1!s&(AC0_�$'8!_L:�GIJ9�!3K�&(LH2H�$K��G+*�
N<&('*0$�pA<2:O	�M&('�¤.��0�+8&�A<�nE1�1!$03&�2:A<�_E1&	�n+�o &�A<&(LH�*�%��7X&(!s&(K�#�03!$#M���wQ���A89�Kn;8!3�1'*)�9�'*032:Lt�
+*�nK�9*+*#ML:2t�$&(0$2H9�A��104+�o &(AX&(LH�D�$�=;<&	�%#n�%'8!5LH�M��!$# �%� &('*)�+*�uNX&('*0$�pA82HO�� &('��$9�AC05&�'���9�'<!%�
+�o ND'82�+*2t�%7�9�A82H;8LH�M�M�D��A�7��1'*0"E�2:0$�1!\7<&(!z�1)*�1K�78LH� } - � � m <�@x� �4- m U	Ua�p�CQR� �%2H��A.	 } - �� � } �	U	> �p��5!$� &l0<k*- � � } C  ¦ U��a�e9�'��1A<E19�!3��-\!$9*+Z� � ��� �xU��M�p�

� 9�'<�4#10$'<+*2H9�AX��7<!$2HA<E�2H7<&�L:�MK_�MAC0.+<&(A<�4E���EsN<&�782�03!$��+*�M'*)r+*��E�� �4&(;8!3#1OD2t&l0$2H9�AX��{
L:� �x!$# �%� &('*),E19�LH9�!3#M����0�LH�M�"!3#M�$�M&�'*)�;82H�1A�IJ9�!3K�#M�.¢J9	'	� � 7�9�'<!
�r�ML:L:��IJ9	!$K�� + � ��03�s¤
v	'<2X9	A	0�L:��K��MK_��7X9	'8O�9	2:!�+�o �1)*78!$� �$�$2H9�A����e�M�\!$# �%� &('*)�E�9�LH9�!3#M���$9�AC0�EM&(!s&�E�0$#1!32t�%# �/7<&(!
'8A8�4�%#MK�&�AC0$2tv	'<��IJ9�AXEF0$2H9�A<A8�1LHL:�5�%2HK�78LH��{D'8A8�52:A*IJ9	!$K�&(0$2H9�A�+*�4E�9	'8L:�M'8!4¢J9�'G+*�R0��D7�� ¤
�M�%0�&	�$�$9*E�2H#1��&('*) ���10$9�AX�w�10z&('*).IJ!s&(A<EsN<2H�3�%�MK��1AC03�w��0�LH�M�hOl&(LH'<&l032:9	A<�/+*�M�/&(!sE1�h�$9�AC0/+8�M�
IJ9�A<E�0$2H9�A<��+*�xE19�'8LH�1'8!�vC'82*78!3#ME12H�$�1AC0/L:�"A89	Ku;8!3����0zLt&�E19�'8LH�1'8!�+*� ������039�A<��E19�A<�$9�K�K�#M�
9�'=78!39*+*'82:03�wL:9	!3�w+*'.IJ!s&(A<EsN<2H�3�%�MK��1AC0w+�o '8A8�\0$!s&(A<�$2�032:9	A=vC'82C�$�zI�&�2�0/7�9�'8!w'8A8�\2HA<�%03&�A<E��
7<&(!$0$2tE�'8LH2Hq1!3��+*��E�9	'8LH�1'8! � m 'XE�'8A8�rE�9�AC03!3&�2:AC0$���$�DAC03&l)*2tvC'8��A�o �M�%0,2:K�7�9	�$#1���$'8!,E1�M�
IJ9�A<E�0$2H9�A<�/+*�xE�9	'8LH�1'8! � E1��vC'828�$2HK_7<L:2:S<��LH&�78N<&	�%�"+*��K_9*+*#ML:2t�3&l0$2H9�AnK�&(2t�w!3�1AX+u+*2���E�2HL:�
LH&�+*#1S<A82:0$2H9�A�9�'�Lpo �1)C03�1A<�$2H9�A�+*�40$� EsN8A82tv	'<�M�x+�o &(A<&�L:�*�$�5+82:!3�ME�0$���

�e�=K�9D+8q1LH�n+*� ��� � � ��0�'8A8�u&�;8!$#MOD2H&(0$2H9�A�IJ9�A<E�0$2H9�A8A<�1LHL:�=�10R7<&�!3&�K_#10$!3#1�=+*� ��!3#��
�%� &('*) +8��-/�10$!32RvC'82x!$� ��03!$�M2:AC0�L:� ��IJ9�AXEF0$2H9�AX��+*��E�9�'<L:�M'8!3� � +*� ��E�9�K�7�9	�$2�032:9	A<��+*�
IJ9�A<E�0$2H9�A<�R#1LH#1K��1AC03&�2:!3�M�n¢ !��Q���a� !V�*�"S#�"�)R=R����������% ��0 ��! �����"!�B�� ¤x�105vC'82h2:K�7�9	�$�uvC'8�=LH�M�
Oa&�L:�M'8!s�,+*�ZE�9�'<L:�M'8!3��K�&�A82H78'8LH#1�M���$9�2H�1AC0G+*� ��0$'<78L:� �G+8��Ol&(LH�1'8!s��7<!$2t�%� �,+8&�A<�,+8�M�
�1A<�$�1Kn;8L:� �=+*��;X&��$��&(787��1LH#M�=E1LH&	�$�$�M�M�e�\o 2HAC0$#1!3��0u+8�,E��10%0$�G�%�DAC03&()D��78LH'<�uL:2HK�2�03#1��� ��0
L�o 9�;*03�1AC0$2H9�A�+8�x0$� EsN8A82tv	'<�M�\+�o &�A<&(LH�*�%�x78LH'<�\��#1A<#1!s&(LH�M��vC'8�RE1�1LHL:� �\+*� � ¦ +*-~¢ 0$�ML:LH�RvC'8�
LH&�E�9	A<�%0$!3'<EF032:9	A +*' ��!s&(78N<��+*� ��K�&(!sv	'X&(��� �n�$�DKu;�9�LH2HvC'8� �3¤n&(2HA<�$2�vC'8�GLpo ��)D0$�MA<�%2H9�A
7<&(!s&(K�#�03!$#M�u+*�n0$� EsN8A82tv	'<�M�5E�Lt&��3�%2tvC'8�M�n¢ 0$�ML:LH�M�5vC'8�_L:� �R!3#M+*'XEF0$2H9�AX���%0$!3'<EF03'8!3�1LHL:� ��9�'
L:�=EM&(LtE�'8L�+�o 2HACOl&�!$2t&(AC03�s¤F�

�e��7<LH&�A +*��E���EsN<&�782�03!$���M�%0�L:���$'82:Ol&�A	0T{z&(78!3qM�n'8A8��2HAC0$!39D+8'<EF032:9	A 2HA*IJ9�!3K��1LHL:�
� Lpo &(2t+*��+�o �1)*�1K�78LH�M�.&('8)�!$# �%� &('*)�+*��N<&�'*0%��A82HO�� &('���A89	'<�4+*#�SXA82H�3�$9�A<�478!3#ME12H�$#1K��MA	0
L:� �4!$# �%� &('*)�E19�LH9�!3#M��¢��$�ME�0$2H9�A�?	¤F� � 9�'<�.+8#�S<A82t�3�%9	A<�.&(LH9�!s�RLH�M�4!3#M�$�M&�'*)�;82H�1AZIJ9�!3K�#M�
¢��$�MEF032:9	A P ¤/�10\A89	'<��03�1!3K_2HA89	A<��7<&�!z'8A8��2HAC0$!39*+*'<EF032:9	A � +�o &('*03!$� �zK�9*+*q1LH�M�z+8��N<&('80%�
A82:O	�M&�'��*L:� �x!3#M�$�M&('8),+*�4-h�10$!32�2HA	03�1!378!3#�0$# �"��0xLH�M�x!3#M�$�M&�'*),&(LH��#M;8!$2tvC'8�M�M�



T��

��W�VXW�� "�� ( +���� -	�
� $)-�" &��?/�-�0��-�4 0

�e�z!$# �%� &('578Lt&�E���	 03!3&�A<�%2:0$2H9�A ¦ �z�$'82:Ol&�A	0\¢JS<��'<!$�z�C¤�K_9*+*#ML:2t�$�\+*�1'8)5E�LH2H�1AC03��E19�A8A<�MEF�
0$#M� � '<A��$�1!3O��M'8! �

| � A�E�LH2H�1AC0u+8&(AX�4L�o #�0s&l0.78!3��0M�w+*#1A89�0$#�7<&�!5'<A8��K�&(!sv	'<�_+8&�A<�4Lt&G7<LH&	E���� o����,r �
�1ADO�9	2:�r¢J7<&�!nLt&�03!3&�A<�%2:0$2H9�A ��� ���*¤.'<A�K��M�3�$&����,&�' �%�M!$O	�1'8!G¢J78Lt&�E1� ���   ¤=��0
7<&��3�$��+8&�A<�/Lpo #103&l0z&(0%0$�MAC0$�.¢J78Lt&�E1����� r*r ¤�� m LH&5!3#ME��M7*0$2H9�A_+�o '8A8�"!$#M7X9	A<�$�5¢�78LH&	E��
/���o ¤F�*2HL�!3��0$9	'8!3A8�.+8&(A<�"Lpo #�03&(0�78!3��0x7<&(!xLt&n0$!s&(A<�$2:0$2H9�A �����Z� �

| �����%�M!$O	�1'8!_+8&(AX�nLpo #�03&(0_7<!$�10�¢ 3 o����,r ¤=7��1'80�!3�ME1�1O	9�2H!,¢  ��� � ¤n'8A K��M�3�3&(���G��0
7<&��3�$�n+8&�A<�RLpo #�03&(059*EME�'87�#G¢ 3�� ��� ¤���@BLh03!3&�2�03�nE��_K��M�3�$&����	�<78'82t���1ADO�9	2:��¢  � ���D¤
'8A8�.!3#17�9�A<�$��¢ /��=o ¤���0�!3��039�'8!3A8�.+8&�A<�"L�o #�0s&l0x!3�17�9	�M�

����K�&(!sv	'X&(���,2:A82:0$2t&(L�� 1�0 2 ��. � o����,r7� � . 3 o!����r @ +*#MA89(03��6ZE�LH2H�1AC03�_��0����%�M!$O	�1'8!
+8&(A<�5Lpo #103&(047<!$�10M��-�&(!.�%9	'<E�2�+*�_LH2H�$2:;<2:LH2�03#����$�1LH9�ArL:��E1&	�1��LH�_K�&�!3vC'<&����=2HA82:0$2t&(Lz+�o '8A8�
78LH&	E��4�M�%0�!3�178!3#M�$�1AC0$# � L�o 2HA	03#1!32:�M'8!x9�' � Lpo �1)C03#1!32:�M'8!x+*�=E��ML:LH���BE�2p�

1
Spret

cenv

Catt
Rep

srec

Socc

senv

Mes

crec

2

Cpret

� � ���	��+#" � � � �@!� �
	,&%$�&

�e��K�9D+8q1LH�x�M�%0�E��M7X�MA<+8&(AC0�03!$9	7�&�;<�%0$!s&(2:0\E1&(!�2HL<A<��+*2H�%0$2HA8�	'8��A828Lpo #�03&(0�+*�REsNX&�E�'<A
+*�M��E1L:2H�1AC03�M��A82 � vC'82R&�787<&(!$0$2H�1AC0�'8AgK��M�3�$&����,9	' '<A8��!$#M7X9	A<�%�	� � A £<9(0�03�1L�vC'8�
� � o!�'�,r � ���   � 3�� ���*��/��=o)( ��)*78!32:K��uvC'�o '8A�K�� �$�3&(�	�.�M�%0�78!3#17<&�!$#	�<�MA�0$!s&(A<�$2:0M�
0$!s&(2:0$#�9	'�vC'8�,LH&�!3#17�9�AX�%��� ��0=03!3&�A<�$K_2t�$���h��A��1A�+8#M+*'82:0_vC'8��LH��A89	Ku;8!3��0$9�03&�L�+*�
K�&�!3vC'8� �n+<&(A<�nL:� �_78LH&	E�� �nE19�!3!$� �%7�9�A<+<&(AC0$� �=�M�%0�'8A 2HADOa&�!$2t&(AC0 �w#M�	&(L � 68�/K�&�2H�n9�A
A8��7X�M'*0���)*78!32HK_�M!�v	'eo 2HLx� &�&(' 78LH'<��'8A 0$�MLxK_� �$�3&(�	���$#17X&(!3#1K��1AC0�7X9	'8!�EsN<&�vC'8�
E�LH2:�MA	0 ����A�7�9�'<!$!s&(2:0�2:AC03!$9*+*'82H!3�='8A��$9�'<�%��!$# �%� &(',7X&(!�E1L:2H�1AC05��0R2HAC0$�1!sE�9	A8A8� EF0$�M!x0$9	'<�
E��M�"�$9�'<�%��!$# �%� &('*)�&('G�$�1!3O��M'8! ��K�&(2t��L:�5!$# �%� &('��	L:9	;<&(L�+*�1OD2H�1A<+8!3&�2�0"2:K�78!s&l032HEM&(;8LH��+8qM�
v	'<�RLH�RA89	Ku;8!3��+*�5E�LH2:�MAC03��&('8�	K_�MAC0$���CQR�578LH'<�M�	2HLX�MA�I�&('X+*!3&�2�0�'8A8��A89�'8O	�1LHL:��O��M!3�$2:9	A
EsN<&�vC'8�5IJ9�2t�xvC'�o 9�A�EsN<&(A<���5L:�4A89	Ku;8!3�.+*�=E�LH2:�MAC03�M�

��WVu�W�� $ /�&'$ "*��&'$)(*" +�-�/+��� $)-�" &'/

�e�M��!3#M�$�M&�'*)nE�9	L:9	!$# �h9�AC0z7X9	'8!z;8'80\+*�R+*2t��032:A<��'8�M!�L:� ��K�&(!sv	'<�M�/K�9*+*#1LH2H�3&(AC0\+*2:��#��
!$�MA	0s�/9�;����103�z&a�C&(AC0/L:� ��K��1K��M�h0��D7��M�z+�o #�0s&l0s����0\�$'�����0s�z&('8)uK��1K��M�/0��D7��M�z+�o &	EF0$2H9�AX�1�



T �

����!3#M�$�M&�'�E19�LH9�!3# ¦ 6�¢JS<��'8!3� ���1¤z+*2t�%0$2HA8��'8�RL:� �\+*�M'*)�E1L:2H�1AC0s�z�1A,L:� �z2t+*�1AC0$2:SX&�A	0�EsN<&l�
E�'8Ar7<&(!5'8A8�_E�9�'<L:�M'8!M���e&GE�Lt&��3�%�_+*�M�5E�LH2H�1AC03���M�%052tE�2hLpo �MA<�%�MKu;8LH� � � . . � $ ����� �R78Lt&�E1�M�
� o����,r �10 ��� r*r 9�AC0=E��10%0$��E1LH&	�$�$�_7X9	'8!=+*9�K�&�2:A8�	��E(o �M�%0%� � �B+*2H!$��vC'�o �ML:LH�M�4A<�_7��1'<O��1AC0
E�9�AC03�1A82H!_vC'8��+*� �nK�&�!3vC'8� �n+*��E�9	'8LH�1'8! � �  9�' � �  �/�e�GK�&�!3vC'<&�����2HA82:0$2t&(L
� �  . � o!�'�,r�� � �  . � o!����r 2HA<+*2tv	'<�=v	'<��039�'<�"LH�M�xE1L:2H�1AC0s���%9	AC0x+<&(A<��Lpo #103&l0�7<!$�10M�
@BL�� ��0�+*#MA89(03#G7<&�! � ����� � � r . � ���> . � o����,r �zE���vC'82"#17<&�!$�	A8��Lpo #MAC'<K_#M!3&(0$2H9�A��1)*78L:2:�
E�2:0$�n+8�uLt&�L:2t�%0$�n+8�.0$9	'*0$� �RLH�M��E�9�'<L:�M'8!3�M� � A�&('80$!3�u&aOl&(AC03&����.+*�nE1��0$0$�uA<9(03&(0$2H9�A�� ��0
v	'eo �ML:LH�R�Mo #10$�1AX+uI�&	E�2HL:�MK��1AC0 � '8A�K�9*+*q1LH��7<&�!3&�K_#10$!3#.¢J2p� �	��9���Lpo 9	A�A8��78!3#ME12H�$�1!s&(2:0�7<&��
��)*78LH2HE12�03�1K��1AC04L:�nA89�Kn;8!$�n+*�nE1L:2H�1AC03�s¤F����� ��78Lt&�E1�M� ���  Z � 3�� ��� � /���o 9�AC0�LH�uK��1K��
+*9�K�&(2HA8�n03&�A<+*2t�5vC'8�_Lt&,78Lt&�E1� 3 o!����r !$� ��03�nA89	ArE19�LH9�!3#1�.�x9�AZ+*2:0.&�'<�3�%2/+*� R=BW�%-.���%
�����%� �� �zE1&�!�LH�.�%�M!$O	�1'8!��M�%0x78!$�10 � &�EME��M7*0$�M!�'<A,K��M�3�$&����5+*�4A�o 2HK�7X9	!%03�5vC'8�ML�E�LH2:�MAC0M�

<x> <x>

<x><x>

<x>

<x>

<x> <x>

<x><x>

Class   
  client is 1..2; 
Var   
  x  in client;

client

<client.all>

Cpret

crec

client
Mess

senv

client
Socc

srec

client

Repclient
Catt

cenv

1

Spret

� � ���	��+����
	�!���!��
	%� ) ��	,'*)*#,��� ��� &��@) ��& ��:� � ) ��� '��� ��!� �
	,&%$����

-/9�'<!h+*2t�%0$2HA8��'8�M!e7�9�'8!/vC'8�1LDE�LH2H�1AC0w� ��0wIJ!3&�A<EsN82H�\'8A8�\0$!s&(A<�$2:0$2H9�A40$�ML:LH��vC'8� � � ���X� 9�A
��)*78LH2HE12�03�zL:��+*9�K�&(2HA8�\+8�M��03!3&�A<�$2�032:9	A<���1A=+8#�S<A82t�3�$&�A	0�'<Au+*9�K�&�2:A8�z+8��IJ!3&�A<EsN82t�$�$�1K��MA	0
¢J2tE�2 � ��� � � r 7�9�'8!�Lt&Z0$!s&(AX�%2:0$2H9�A � � ���*¤F����A�#10$2tv	'<��0%03��&(LH9�!s��LH�M��&�!3EM��L:2H#M� � E���0$0$�
0$!s&(A<�$2�032:9	A.7<&(!e'8A8�\Ol&�!$2t&(;8LH� ���� 7<!$�MA<&(AC0w�$�M��Ol&�L:�M'8!3�w+8&(AX��Lt&�E�Lt&��3�%� � ��� � � r � ;�2H�1A
�)@8! ��Lt&�E1LH&	�$�$��+*��LH&�Ol&(!32t&(;8LH��#�0$2tvC'8��0s&(AC0.'8A�&(!sEn+89�2:0=��0$!3��2H+8�1AC0$2tvC'8��&('�+*9�K�&�2:A8�
+*�RLt&.78Lt&�E1�R�%2:0$'<#1� � Lpo &('*03!$���1)D0$!3#1K�2�03#�+*�RL�o &(!sE(�C�e&.Ol&(LH�1'<!\EsN89�2t�$2:��7�9�'<!\Lt&.Ol&(!32H&�;8L:�
L:9	!3�.+�o '8A8�,9DEME�'8!3!3�1A<E1��+8��IJ!3&�A<EsN82t�$�$�1K��1AC0.78!3#ME12H�$��&(LH9�!s�.v	'<�1LHL:��� ��0=Lt&�E�9	'8L:�M'8!=+*�
LH&ZK�&(!svC'8� � �1)C03!3&�2:!3��+*�M��78Lt&�E1�M���MA �MA	03!$#M�G�10,+*�M��K�&�!3vC'8� �_+8#17�9	�$#1�M��+8&�A<��LH�M�
78LH&	E�� ���1A��$9�!$0$2H��� � A8�=0$!s&(A<�$2�032:9	A�A�o �M�%0RIJ!s&(A<EsN82t�3�$&�;8L:�.vC'8�_�1o 2:Lw��&,+8&(A<���%� ��78Lt&�E1�M�
�1A��MA	03!$#M�G&	�$�$���,+8�,K�&(!svC'8�M�n+*�M�_E�9	'8L:�M'8!s�u+*# �%2H��A8#M�M�M� m 2:A<�$2"L:� �.IJ!s&(A<EsN<2H�3�%�MK��1AC03�
!$�MLH&(0$2:I�� � EsN<&	vC'8�RE�LH2H�1AC0��$9�AC0�+*#MA89(03#M� ��� ��� m � � �s 9�' ��� ��� m � � �s {	2:Lt�\7<!$# E�2t�%�MA	0
LH&ZE�9	'8L:�M'8!�+*�GLt&�K�&�!3vC'8� � �1)C03!3&�2:!3�,+*� � o����,r vC'82"� ��0�&('<�3�$2�E1�1LHL:��+*�M�_K�&(!svC'8�M�
� 78!39*+*'82H!$�,+<&(A<� ��� r*r �10 ���   ���w9�'<�nL:� �u&�!3EM�1�h�$&�'*IRE��M'*)Z2t�3�%'<�_+*�G78LH&	E�� �u�3&(A<�
+*9�K�&(2HA8��¢J2tE�2 3 o����,r ¤F�<�$9�AC0�&(2HA<�$2�#�032HvC'8�10$#M�M�

kD2"LH�GE1L:2H�1AC0 � �  �1ADO	9�2H��'8A K�� �$�3&(�	��v	'<2�� ��0n0$!s&(2:0$#	�w78'<2H�nL:��E�LH2:�MAC0 � � 
�1ADO�9	2:�=&�'<�$�$2�'8A�K�� �$�3&(�	���*Lt&��%# vC'8�1A<E1� � � ��� m � � �s �  �'� �Wm � � �s �  � ��� m � � �s �
� � ��� m � � �s +*9	A8A8�xLH�xK�&(!sv	'X&(��� m � �  � � � �s . ��� r*r�� � �  . ���   ��� � 

���������! "��#!$%�!&�'%�('�)+*�&-,��%�. "/0)+132"�540�6$7��#!$%�6�.208:9!*�;+*���#!$<4"#! =�!&"4�4"�>;@? *�20'�)+;�20'�)+;+)+$%#BAC4D�.&"$79!�>9E/"�. ") '%���
;F�� ";+2" D�.��'G40�6$H��#!$%�6�.208�$�*�&�'�4"�!$�$%)+&"#!$I�6J��!9K;@? *�20'%)+;MLN�.96�.*-4"�O;@? �('��6;+)+�!�IP5QSRHTVUWL�XHY ZOQ=UG[�[(\V]



Ti�

. /��=o  � � �  . 3 o!����r ���w&�0$!s&(AX�%2:0$2H9�A � �'� � A�o �M�%04&�L:9	!3��IJ!3&�A<EsN82t�$�3&(;8LH�uvC'8�_7X9	'8!
L:�=EsN89	2�) �w0 � �  �<E1�.v	'<2�K�9D+8#1LH2H�$�4;82:�MA�'8A�E�9	K_7�9�!$0$�MK��1AC0x�����MEF032�I�+*'��$�D�%0$qMK����
m AC0$2tE�2H7<&(AC0��%'<!nLt&�A89�0$2H9�A +8�,£<9�0_E19�LH9�!3#�¢JO	9�2H!nEsN<&�782�03!$��>	¤��wA89	'<�_78!3#M�$�1AC0$9	A<�='8A
£<9(0uA<9(0$# � � g  . � o����,r�� � g  . ��� r*r ( v	'<2\K�9�AC0$!3��vC'8��L:�,A89�Kn;8!$�_039(03&�L\+*�
K�&�!3vC'8� �=+*��EsN<&	vC'8��E�9	'8L:�M'8!.!3�M�%0$��#1�C&(L � �	� } ��0=2HADOl&(!32H&�A	0=�1)*78!$2HK���vC'8��EsN<&�vC'8�
E�LH2:�MA	0.� ��0.'8AZ78!39DE1�M�3�%'X�5�$#MvC'8�MAC0$2H�1L�vC'82��M�%0=�%9	2�0=+8&�A<�5L�o #�0s&l0.78!3��0=�%9	2�0.+8&�A<�4L�o #�0s&l0
&l0%03�1AC0$�	�

��W���W�� $ /�&'$ "*��&'$)(*" +�-�/�/�-�0��-�4 0�/

-/9�'<!��	#1A8#M!3&�L:2t�$�1!�LH�r!3#M�$�M&�' ¦ 6 � 78LH'<�$2:�M'8!3���$�1!3O��M'8!3�M�z2HL4I�&('*0�2HA	03!$9*+*'<2:!3��'8A
A89�'8O	�M&�'�+*9�K�&�2:A8��+*��E�9	'8L:�M'8!s�R7�9�'8!5LH�M�4�%�M!$O	�1'8!s�M�X�zo #�032HvC'8�103&����n+�o '8A<�n03!3&�A<�$2�032:9	A

<y>

<y>

<x>

<x>

<y>

<y>

<x>

<x>

serveur
Socc

client
Mess

senv

client
Mtraite

srec

client
Rep

serveur

<serveur.all>

Spret

<x,y>

<x,y>

<y>

<y>

<x>

<x>

client
Mess

senv

traitement
Socc

srec

client
Rep

serveur

<serveur.all>

Spret

�������	��+�� �
	�!���!�� 	%� ) ��	,'*)+#$��� ��� &��@) ��& ��V� ��� ",��& ��� $�� ��' $��3�

E�9�K�K��  ��� � +*9�2:0�+82H�%0$2HA8��'<�1!_7<&(!_'8A8��Ol&(!32H&�;8LH� � LH&ZE�9	'8L:�M'8!�+*' K�� �$�3&(�	��0$!s&(2:0$#
��047<&(!5'8A8�_Ol&(!32H&�;8L:����Lt&�E�9�'<L:�M'8!�+*'Z�%�M!$O	�1'8!R0$!s&(2:03&�A	04E��nK_� �$�3&(�	���X@BLhA<�_�$'���!3&�2�0
7<&��"+*�5K�#1K�9�!32H�$�1!�2:AX+*#17��1A<+<&(K�K��1AC0�+8&(A<��'8A8�478Lt&�E1�A3�� �W� vC'8�1L��$�1!3O��M'8!z03!3&�2�03��'8A
K_� �$�3&(�	�u�10.+<&(A<�5'8A8��78Lt&�E1� � r � � ��r ��� v	'<�1L�E�LH2:�MAC0.&�787<&�!%032:�MA	0.E��_K��M�3�$&����	� } �MLH&�1A8�	�1A<+*!3�1!s&(2:0e'8A<��E�9	A*IJ'<�$2:9	A�{l�%2C7<&�!e��)*�MK_7<L:��L:�"�%�M!$O	�1'8! � �  0$!s&(2:03&�2�0h'8A=K��M�3�3&(���
7X9	'8!\LH��E1L:2H�1AC0 � �  ��0\!3�M�$7X� EF032:O	�1K��1AC0\LH���$�1!3O��M'8! � �  7�9�'8!�L:��E�LH2:�MA	0 � �  �	LH&
0$!s&(A<�$2�032:9	A  � ��� m � � 5 � �s �%�M!3&�2�0�IJ!s&(A<EsN<2H�3�$&�;8LH���(E���v	'<2<A8�RE19�!3!$� �%7�9�AX+*!3&�2�0 � &�'<E�'8A
0$!s&(2:0$�1K��MA	0��1A�E�9�'<!3��¢JK�9*+*q1LH�5+8���C&('<EsN8��+*�RLt&=SX��'8!3�R>	¤��D-h9	'8!�E1��0$0$��0$!s&(A<�$2�032:9	A��CL:�
+*9�K�&(2HA8�4+*�4E�9�'<L:�M'8!�� ��0�&�L:9	!3� � ��� � � r�g 3 � � � � 5 � �*E��4vC'82��%2H��A<2�S<�4vC'�o �1LHL:�52:AX��0s&(A<E12:�
'8A�E19�'87<L:�5+*��Ol&�L:�M'8!x+*��� ��� � � r"5 3 � � � � 5 � �C@BL��M�%0"&�L:9	!3�\A8#ME1�M�3�$&�2:!3��+8��78!3#ME12H�$�1!�7X9	'8!
EsN<&�vC'8��Ol&(!32H&�;8L:��&(7<7<&(!s&(2t�$�3&(AC0n�$'8!�'8Ag&(!sE,&(0%03�1A<&�A	0 � E��10%0$��03!3&�A<�$2�032:9	A � v	'<�1LHL:�
E�9�K�7�9	�3&(AC0$�G+*' E�9	'878LH�,2HA<�%03&(AXE�2H#,�1LHLH�,�M�%0_&	�$�$9*E�2H#1�	� kD'8!nL�o ��)*�MK_7<L:��+*9�A<A8#�� � � ��0
&��3�%9*E�2H# � LH&n78!3�1K�2Hq1!3�RE�9	K_7�9	�3&(AC03�R��0�� � Lt&u�$�ME19�A<+8��� m 2HA<�%2p�DL:��IJ!s&(A<EsN82t�3�%�MK_�MAC0�+*�
 � ���n7X9	'8!\LH�RE�9	'878LH� � � 5 �  �%2H��A<2�S<��{	9�A�&	�$�$9*E�2H� ��� Lt&.Ol&(LH�1'8!
�R��0 � �_Lt&.Ol&(LH�1'8!
�u�10�9�A�IJ!s&(A<EsN82:0xLH&n03!3&�A<�%2:0$2H9�Ae�

�w&=��#MA8#1!s&(LH2t�$&(0$2H9�A�+*�RK�&�!3vC'8� �z��0"+*�5Oa&�!$2t&(;<L:� �z�%9	'<�\IJ9�!3K_��+*�RA*��'878LH��0s�"+*��E19�'*�
L:�M'8!3�_K�9*+*#1LH2t�%��E�9	!$!3�ME�0$�1K��MA	0�+*�G0$�ML:LH�M��&	�$�$9*E�2t&l0$2H9�AX�u+*� ��E�LH2:�MA	0s�_��0�+*�M���$�1!3O��M'8!3�



T �

¢JK�9*+*q1LH�5+8��+*!39�2:0$�R+8��Lt&4S<�	'8!$�5>	¤��C�w&.78Lt&�E�� 3�� ��� &=K�&�2:AC03�1A<&�A	0�'8A,+*9	K�&(2HA8��03!3&�2��
0$�1K��MA	0"E�9	!$!3�M�$7X9	A<+8&�A	0 � '8A,+*9	'8;8LH��0 � ����� � � r"5  � � � � 5 �V � � A�IJ!s&(AXEsN82H�3�$�1K��1AC0z03�1L
v	'<� m  ��� �Wm � � 5 � �s 78!$9*+*'<2�0x'8A�+*9�'8;<L:�10 � � 5 �  +8&(A<� 3�� �W� 78'82t�  ���Z��m � � 5 � �s
�,78!39*+*'82:0R#1�C&(LH�1K��1AC0x'8A�+*9	'8;8LH��0 � � 5 �  �<���4IJ!s&(A<EsN<2H�3�%�MK��1AC0�+*�  � ���,A8#ME1�M�3�%2:0$�
LH&578!3#M�$�1A<E1��+�o '8A�+*9	'8;8LH��0 � �t5 �  +8&�A<� 3�� ��� �l-/9�'<!�L:�"K�&(!svC'<&(�	��E�9	'8!s&(AC0M�lE��MLH&�A8�
7X�M'*0��10$!3�RvC'�o '8A,+*� ��+*9	'8;8LH��0s� � � 5 �  9	' � � 5 �  +*���$9�!$0$�RvC'�o 9�A�A<�R!32H�3vC'8��78LH'<�
'8AZIJ!3&�A<EsN82t�$�$�1K��1AC05I�&('*032�I"&aO�� E ��0 � �  �10 � 0 � �  � � AZ0$�ML/IJ!3&�A<EsN82t�$�$�1K��MA	0
�%�M!3&�2�057X9C�$�$2:;<L:�_�%2h'8A�+*9	'8;8LH��0 � � 5 �  #�0s&(2:0�78!39*+*'82:05+8&�A<�A3*� ��� &�78!$q ��!3#ME1�17*032:9	A
+�o '<A�K�� �$�3&(�	�5+*'�E1L:2H�1AC0 � �  7<&(!xLH�=�$�1!3O��1'<! � �  �

��W��eW � - � ( +���� -	�1( � (*01� �3(!����� -�&

-/9�'<!5vC'�o '8A�E1L:2H�1AC0�7<'82H�3�$�u+*#M�$2H��A8�M!RLH�n�$�1!3O��1'<!RvC'82h+8�1OD!3&_03!3&�2�03�1!5�%9	A�K_� �$�3&(�	���
L:� ��K��M�3�$&����M��+*9	2:O	�1AC0,E�9	K�7X9	!%03�1!�E��10%0$��2H+*�MAC0$2:SXE1&(0$2H9�A ��2HLH��+8�1OD2:�MA8A8�MA	0�&(2HA<�%2�+8�M�
+*9�'8;<L:�103�5+*�_+89�K�&(2HA8� � ����� � � r"5  � � � � 5 �  ��k�o 2HL/��&G+*�M��K�&(!svC'8�M� � �t5 �  +8&�A<�
LH&�78LH&	E�� ���   ��Lt&�0$!s&(AX�%2:0$2H9�A  ��� �Wm��t5 � s A�o �M�%0uIJ!s&(AXEsN82H�3�3&(;8LH��vC'8�,�$2�LH�,�$�1!3O��1'<! �
+*#M�$2:�	A8#47<&(!x'<A8�=+*�.E�� �xK�&(!sv	'<�M���M�%0R+8&(AX�"L�o #�0s&l0x78!3��0M�

<x> <x,y>

<x,y><x>

<y>

<y><x>

<x>

<x,y> <x,y>

<x><x>

Class   `
  client is 1..2; 
  serveur is 1..2; 
Domain   
   traitement is 
  <client, serveur>;
Var   
  x  in client; 
  y in serveur;

client
<client.all>

Cpret

crec

traitement
Mess

senv

traitement
Socc

srec

client
Repclient

Catt

cenv

serveur
<serveur.all>

Spret

� � ���	��+�� � � � �@!� �
	,&%$��

��W���W�� ��/�-32*4,+.-98:-�&'0�$ /�(*4�/ �
	�2��3-�" &

�e�R+*#17<L:2t&(�	�"+�o '8A�!3#M�$�M&�'�E�9�LH9�!3#"7<&(!�!s&(7<7X9	!%0 � '8A�+89�K�&(2HA8��+*��E19�'8LH�1'8!\78!$9*+*'<2�0
'8A�!$# �%� &('�# vC'82:Ol&�L:�MA	0.7<&�!.+*'878LH2HEM&l032:9	A�+8�M�478Lt&�E1�M�M�X03!3&�A<�$2�032:9	A<�4��0=&(!sE1�4E19�A<E1�1!3A8#M�
7<&(!uE1�,+*9	K�&�2:A<��� } �10%03��9�7�#1!s&l032:9	AZ� ��0u&�7878LH2HEM&(;8LH��2:0$#M!3&(0$2HO��1K��MA	0 ��'X�$vC'�o � 9�;*03�1A82H!
'8A�!$# �%� &(',A<9�A�E�9	L:9	!$#	�D�e�4!$# �%� &(' ¦ ���%'82HOl&(AC0x2:LHLH'<��03!$�.LH�.+*#17<L:2t&(�	�4+8'�!3#M�$�M&�' ¦ �8�

|~} N<&�vC'8�4E�LH2H�1AC0M���59�'�6*�D�1A8�	�1A<+8!$�5+*�M��78Lt&�E1�M�"vC'8��Lpo 9�AG�$'���)*�47<&(!"�$&_E�9	'8LH�1'8!
+*�"K�&(!sv	'<�M�M� m 2:A<�$2D9�An9�;*032:�MA	0*� o����,r�� ��9�' � o!�'�,r�� �R��0*��� r*r�� ��9	' ��� r*r�� �*�



T �

srec_2_2

Socc_2_2

senv_2_2

senv_1_2

Socc_1_2

srec_1_2

1Spret_2

1Spret_1

cenv_1_1

Catt_1_1

Rep_1_2

srec_1_1

Socc_1_1

senv_1_1

Mess_1_2

crec_1_1

1 Cpret_1

1 Cpret_2

crec_2_2

Catt_2_1

cenv_2_1
Mess_2_1

Rep_2_1 senv_2_1

Socc_2_1

srec_2_1

Mess_1_1

Rep_1_1

cenv_1_2

Catt_1_2

crec_1_2

Mess_2_2

Rep_2_2

cenv_2_2

Catt_2_2

crec_2_2

� � ���	��+/
��	� � � ��!� �
	,& $��

|~} N<&�vC'8���$�1!3O��1'<!M�h�n9	'Z68���MA8���MA<+*!3�u'8A��$9�'<�%�p!3#M�$�M&�'�vC'8�nLpo 9�Ar�$'���)*�n7X&(!.�$&
E�9	'8L:�M'8!�+*�.K�&(!svC'8�M�M�

|~} �M���%'��_)8&����M���%��E�9�Kn;82HA8�1AC0�+<&(A<��L:�5E1&	�\+�o '8A,+*9	K�&(2HA8�R9	;*0$�MAC',7<&(!�78!$9*+*'<2�0
E1&�!%03#M�$2:�MA,+*�.+*9�K�&�2:A8� �\#ML:#MK��1AC03&�2:!3�M�M�C+8�5�$9�!$0$�5v	'<��Lt&u7<LH&	E�� ���   �1A<���1AX+*!$�
P 78Lt&�E1�M� ���   � � � � 5=���   � � � ��7X9	'8!='8A�K��M�3�3&(����+8'�E�LH2:�MA	0��,�1ADO�9l�	# �
EsN<&�E1'8A�+*� ���$�1!3O��M'8!3�z��0�+8��K��1K�� ���   � � � � 5=���   � � � �.7�9�'8!�L:�5E�LH2:�MA	0"6*�

|~} N<&�vC'8�,0$!s&(A<�$2:0$2H9�A��MA8���MA<+*!3�,&('*0s&(AC0_+8�,03!3&�A<�%2:0$2H9�AX�u�$'���)D#M�M�_vC'�o 2HL"��&�+*�
Ol&(LH�1'8!s��+*��A*��'878LH��0s��+*���$9�Ag+*9	K�&�2:A<��� m 2:A<�$2RLt&r0$!s&(A<�$2:0$2H9�A � � �����1A<���1AX+*!$�
� � ��� � � � ��� � � ��� � � � �*� � � ��� � � � �4��0 � � ��� � � � �*�

| ���4K�&(!svC'<&(�	�R2HA82�032H&�L�+*2t��03!$2H;8'8�5'8A8�4K�&(!svC'8���*+8&�A<��� o����,r�� ���10 � o!����r�� �8�*��0
'8A8�=K�&�!3vC'8�=+8&�A<� 3 o!����r�� �.�10A3 o����,r�� �*� } �u!$# �%� &('�7X9C�$�$qM+*�4'8A<�=;<&��$�=+*�=�
£<9(0s� {e6GE1&�!3&	EF03#1!32H�$�1AC0�LH�M�4E1L:2H�1AC03�M��6�E1&(!s&�E�0$#M!$2t�%�MAC0RL:� �4�%�M!$O	�1'8!s�R�10u6,&�'*0$!3�M�
E�9	A<E��M!$A8�MAC0x+8�M�xE�2H!sE�'82:03��+8��03!3&�2�03�1K��1AC0s�x+*�.K��M�3�$&����M�M�

�eW � `����wk�jMk����gfw[D]_^l`D]M[Db8cwd �Q� � �<^l`D]

Q��1'*)_I�&(K�2HL:LH�M��+*��!3#M�$�M&�'*)n+*��NX&('*0zA82HO�� &('���L:� �z!3#M�$�M&('8)nE�9	L:9	!$# �/��0\LH�M��!3#M�$�M&�'*) �
78!$# +*2tE1&l0s�!	a0$!s&(A<�$2:0$2H9�A<��9	AC0�#10$#R2HA82:0$2t&(LH�1K��1AC0"2:AC03!$9*+*'82:03�"&(S<A,+*�578!3�1A<+*!3���MAGE�9	K�7*0$�
+8&(A<�"'<A�!3#M�$�M&�'�+8�5-/�10$!32e+*�M�xE19�K�7�9�!$0$�1K��MA	0s�x�%2HK�2:Lt&(2H!3�M��K�&(2t�x+*�1Ol&(AC0��10$!3�4+82H�%0$2HA*�
��'8# �1� } �M��+*�M'*) K�9*+*q1LH�M�_#103&(AC0�#MvC'82HOl&(LH�1AC03�_�MA�0$�M!$K���+*��K�9D+8#1LH2H�3&l032:9	A � ���MA<U8�F���



� �

A89�'<��A89	'<�R&(0%03&	EsN8�1!39�AX��78LH'<�5�%7�#ME12�SXvC'8�MK��1AC05&�'*)�!$# �%� &('*)�E�9�LH9�!3#M�R+*9�AC0�Lt&,+8#�S<A82:�
0$2H9�A��87<L:'<�xIJ9�!3K_�ML:LH���8&��$�1!3OD2�+*�.�%'87<7X9	!%0R&�'*),78!32:AXE�2H7<&(LH�M��#�03'<+*� �"0$N8#M9�!32HvC'8� �1�

} � �xIJ9�!3K�&(LH2H�$K��M�x7��1!3K���0$0$�1AC0�+8�=K�9D+8#1LH2H�$�1!R+8�M�xI�&�K�2:LHL:� �R+*�n�%�*�%0$q1K�� � � �%0$!3'<EF�
0$'8!3�,2t+*�1AC032HvC'8��K�&�2H�_+*��0s&(2HL:LH�G+*2:��#1!3�1AC0$�	�eyzA ������0M� � EsN<&	vC'8��78Lt&�E1����0 � EsN<&�vC'8�
0$!s&(A<�$2�032:9	A��M�%0\&��3�%9*E�2H#"'8A�+*9	K�&�2:A<�"+8�RE�9	'8L:�M'8!zvC'8287��1!3K���0M�	7X9	'8!zLH��E1&	�z+*�M�z78LH&	E�� �1�
+*��E�9�LH9�!3�1!�L:� �5K�&�!3vC'8� �R7�9�'<Oa&�AC05�10$!3�_E19�AC0$�MAC'<�M�5+8&(A<�4E1�M�578Lt&�E�� �1����0.7�9�'8!4LH�_EM&��
+*�M�"03!3&�A<�$2�032:9	A<�1�*+*�=EsN<9�2t�%2H!"'8A8�=E�9	'8LH�1'8!�+*�5IJ!s&(A<EsN<2H�3�%�MK��1AC0M�

m 2:A<�$2\7�9�'<!=+*2H�%0$2HA8�	'8�1!=7<L:'<�$2H�1'8!s�42:AX��0s&(A<E1�M�=+�o '8A�K��1K���#103&l0 ��9�A�A8��+8'878LH2HvC'8�
78L:'X��L:� ��78Lt&�E�� ����0�LH�M��03!3&�A<�$2�032:9	A<��E�9�K�K���9�A LH��I�&(2:0�&aO	�ME�LH�M��!3#M�$�M&('8) +*��-/��0$!32
9�!s+*2:AX&(2H!$� �1�D9�A�LH�M� �lE�9	L:9	!$� ���

�e�M�_78!3#��BE�9�AX+*2�032:9	A<�,¢�!$� �%7e�wLH�M�_7�9	�%0%�BE�9�AX+*2�032:9	A<�s¤=+*�MOC2H�1A<A8�1AC0_+8�M�nIJ9�A<E�0$2H9�A<�_+*�
E�9�'<L:�M'8!uvC'82 � '8A<�,E�9	'8L:�M'8!=+*��03!3&�A<�$2�032:9	A � 
 ��0='8A8�GE�9�'<L:�M'8!=+*��78Lt&�E1� � � &��3�$9DE12:�
L:��A<9�Ku;<!$�,+8��K�&(!sv	'<�M�=+*�GE�9�'<L:�M'8! � �,� E�9	A<�%9	K�K_�M!�¢J!3�M�$7�� � 78!$9*+*'<2:!3� ¤4LH9�!s�=+*'
IJ!3&�A<EsN82t�$�$�1K��1AC0�+*�4Lt&_0$!s&(A<�$2�032:9	A,7�9�'8!RL�o 2:AX��0s&(A<E1� � 
a�

�eW�VXW��9(�& 2�&)$)( "%/

m Ol&(AC04+8�_+*#1S<A82H!478L:'X��7<!$# E�2t�%#MK_�MAC0�LH�M��!$# �%� &('*)�E�9	L:9	!$# �1��+*9�A<A89�A<��!s&(782t+*�1K��MA	0
v	'<�1Ltv	'<�M�x+*#1S<A82:0$2H9�A<��+8�.;<&��$���

� `����wk�jMk�������W�VXV 	t� Je�%-p�U!V(8���)����JLK�-.� �"�%i�%� ���I����JPK�-.�zM$�)!f���z��BW� O�!��Q��� �"�"�
�%������+�+N-p!�R����U!�B���������O������� ��Z

@BAC0$'<2�032:O	�1K��1AC0M��'8A�Kn'8L:0$2:�p�MA<�%�MKu;8LH��� ��0�'8A��1AX�%�MKu;8LH��7�9�'8Ol&(AC0GE19�AC0$�MA82H!,78LH'*�
�%2H�1'8!s�.9*E1E1'8!3!$�MA<E�� �5+�o '8A�K��MK_��#ML:#MK��1AC0M� } NX&�vC'8��Ku'<L�032����1A<�$�1Kn;8LH�����$'8! � 7X�M'*0
��0$!3�_!$�M78!$# �%�MAC0$#=7<&�!�Lt&,�$9�K�K��=IJ9	!$K��ML:LH� � 0���� 9
	 � m � s . ����9���Lpo �MAC0$2H�1!57X9C�%2:0$2:I\9�'
AC'<L!� m � s +8#M�$2:�	A8�xL:�RA89�Kn;8!$��+�o 9*EME�'8!3!$�MA<E�� ��+*��Lpo #ML:#MK��1AC0 ��+8&(AX��L:�RKu'8L:0$2:�p�MA<�$�1Ku;<L:�
�X�X-�&(!��1)D�MK�78L:�	�<Lt&��$9�K�K�� � 0 ��. � � ��. ��+*#M�$2:�	A8�.LH�=Ku'8L:0$2:���1A<�$�1Kn;8L:�nE�9�AC03�1A<&�A	0
6�IJ9�2t��Lt&�Ol&(LH�1'<!� ��05?�IJ9�2t��Lt&�Ol&(LH�1'8!� �$'8!R'<A��1A<�$�1Kn;8LH�uE�9	A	03�1A<&�AC0RL:� ��#ML:#MK_�MAC03�
����0��z� � 9�'X�xA89(039�A<��� ��� m��es L�o �1AX�%�MKu;8LH�.+*�M�xKn'8L:0$2:�p�MA<�%�MKu;8LH�M�x�$'8! � �

�w&��%9	K_K���+*��+*�M'*)~#ML:#MK��1AC03��+8��� �
� m���s �10�L:��78!39*+*'82:0�+�o '8A #1LH#1K��1AC0�+*�
� �
� m��Cs 7<&�!x'8A��1AC0$2H�1!R�$�.+*#�SXA82H�3�$�1AC0xA<&l03'8!$�ML:LH�1K��MA	0 �

� `����wk�jMk�������W�V%u �NBW!V� � �%����-.��JP���)����� � �
� m��Cs�Z
F �a!����"�"�6�%�]��-.��JP���)����� � �
� m���sC�W-.B���C-.�L��BWJCJL�P��� � ���i��� � ���������"�n�%�

��-.��JL���)����� � �
� m��CsC��� MA�)!�+)���E � ���60 � � 9
	 m � m � s7����m � s�s . �
F �"!����������%�~���a� !����+IB��"!V� ! ^=SA��-.BW���-.�A+�=B��W�%!V�$����� . � ������+)�� � ���"���%�w��-.��JL���)�

��� � ��� m��Cs���� MA�a!�+I�WlE�� . � 0�� � 9
	 m�� . � m���s�s . ��Z



��T

� ��� m��es �M�%0�Ku'<A82w+�o '8A8�.!3�1Lt&l032:9	A�+�o 9	!3+8!$�.vC'82�A�o �M�%0�&�'*0$!3�.v	'<�=L�o ��)D03�1A<�$2:9	A�A<&l�
0$'8!3�1LHL:�=+8�5Lt&�!3�1Lt&l0$2H9�A�+�o 9�!s+*!$�.�$'8!x@ � �<E��=vC'8�5IJ9	!$K�&(LH2t�%�5LH&�+8#�S<A82:0$2H9�A��$'82HOa&�AC0$���

� `����wk�jMk�������W�V�� �NBW!����a� � 0 � � 9
	 � m � s . � ��� ��0 ��� 9
	 ��m � s . � �Q���:& Je�%-p�U!V(
���)����JLK�-.���z�"�% �'Z �c-.B��� � �����n�"�,+)��"!����%CB���������-y� ��SnR��e���%!#���"�#�NB��*� � � �e�"!#���
�����%-.��JP���)�$�"!'E)� � { �$5 � m � s�� �Wm � s�Z

�e�M��+*9	K�&(2HA8�M�"+*�=E19�'8LH�1'8!�+�o '8A�!3#M�$�M&�'G+*�.N<&�'*0�A82HO�� &('G�$9�AC0�+*� �x78!39D+8'82�0s�xE1&�!%�
0$#M�$2H�1A<�x+�o �1AX�%�MKu;8LH�M��S<A<2H�M����A�K�&�A82H78'8LH�4+89�A<E4+*� ��0$'878LH�M����0xA89�'X�"78!$# E�2t�%9	A<��2HE12�E��
v	'eo � ��0�'8A�03'878LH�=+*�4Oa&�L:�M'8!s�"��0�'8A8�403'878LH�=+*�4IJ9�AXEF0$2H9�AX�1�

� `����wk�jMk�������W�V@� � � b ��[Dce^Gfw[�j c � ��[	� �NB�!����)� � 
W5 .,.$. 5 � � ��� � �����6���I����JPK�-.���NM$(
�)!���Z 
 �H�=+Q+I��-V-.�e�%�H��-.��JP���)����� � 
fg .$.$. g � � �%�P��(*�U�,+�-.�'X B��x�"!VJ�+�-.��JP���)�n�U�,+�-.� \
����B��H-.�T�NB��*�T2 � 
 5 .$.,. 5�� � @�Z

� `����wk�jMk�������W�V!������c�� ��[�fw[ �U��� �(jMk �a�h] � �bB�!����)��� 
 5 .,.$. 5�� � �%�l���)����JLK�- �'�[` ��+�(
+�-p!�R����U!�B��)�H��� � �����)� � �
� m ��� s�X.�S�w{ � � . . & (�5	� ��
��� � ��� m ��� s�\�Z�vq��� �,+N-.���Q�
^�B���R��U!�B��I�L2�� 
 5 .,.$. 5	� � @����"�9�%���9^�B���R��U!�B���� ���%!��C+)B��%L��BWJP�W!V��� � ���cR�B��QB�JL��!V�N�
� �
� m � 
 sng .$.,. g � �
� m � � s��WO���R����c{ � 5,2�� 
 5 .,.$. 5�� � @�m ��sA0 2�� 
 m ��s�5 .,.$. 5�� � m ��s8@�Z

� A8�,IJ9	A<EF032:9	A +�o '8A �1A<�$�1Kn;8L:� � O��M!3�u'8A �MA<�$�1Ku;<L:� � �
� m � �Vs �Mo #10$�1AX+��1A '8A8�
&(7878LH2tE1&l032:9	A�L:2HA8#M&�2:!3�x+*� � ��� m � s O��1!s��� �
� m � ��s 7<&�!zL:� ��!3q1��LH�M��+8��E1&(LtE�'<L<�%'<2:Ol&(AC03�M��{

| ��m�� . ��s$0 � . ��m ��s
| ��m � 
l� � �,sA0���m � 
�s�����m � ��s

QR��K��1K��	� � �
� m � 
�g .$.,. g � � s �1o 2t+*�1AC0$2:S<� � � �
� m � 
�scg .,.$. g � �
� m � � s 7<&(!4LH�M�
!$qM��LH�M�x+*�.E1&�LHE1'8L�{

| 2 � 
 5 .,.$. 5 � . � � 5 .,.$. � � @A0 � . 2 � 
 5 .,.$. 5'� � 5 .$.,. � � @
| 2 � 
 5 .,.$. 5'� � � ���� 5 .$.,. � � @#0 2 � 
 5 .$.$. 5�� � 5 .,.$. � � @7� 2 � 
 5 .$.,. 5��W�� 5 .,.$. � � @

�eWVu�W � -���(*0
� 2 � $ /�� -

�e�M�.!3#M�$�M&�'*)�E�9	L:9	!$# ��9���!3�1AC0.'8A8��7�9	�3�$2:;82HLH2�03#�+�o �1)D7<!$� �$�$2:9	A�78LH'<�=E19�K�7<&	EF0$��vC'8�
L:� �"!$# �%� &('*)�9�!s+*2HA<&(2H!3�M�M�	yzA�������0 �8+8&(AX�"'8AG!3#M�$�M&�',E�9	L:9	!$#	�	'<A8�478LH&	E��57X�M'*0RE�9	AC0$�1A<2:!
+*�M� ���10$9�AX��+*�.+*2:��#M!$�MA	03�M�xE19�'8LH�1'8!s�M�*��0x'8A8�403!3&�A<�%2:0$2H9�A�7��1'*0��10$!3��IJ!s&(AXEsN82:�4+*�=+*2:��#��
!$�MA	03�M��K�&�A82:qM!$� ���%'<2:Ol&(AC0zLt&4E�9�'<L:�M'8!\�$#1LH�MEF032:9	A8A8#M��� } �ME128�M�%0z!3#M&(LH2t�%#"�1A�&(0%0s&�EsN<&�A	0�'8A
+*9�K�&(2HA8��+*��E19�'8LH�1'<! � EsNX&�vC'8�"78Lt&�E��x�10\EsN<&�vC'8��03!3&�A<�%2:0$2H9�Ae� m 2HA<�%2p�(7�9�'8!\'8A�A89�Kn;8!$�
+*��7<LH&	E��M�\��0"+*�R03!3&�A<�$2�032:9	A�2H+*�MAC0$2tv	'<���CL:�5A89�Kn;8!3�R+*��E19�K�7�9�!$0$�1K��MA	0s�z7�9�'8Ol&�A	0���03!$�
��)*78!32:K�#M�=7<&(!='<A�!$# �%� &('�E�9�LH9�!3#��M�%0=;82H�1A�78LH'<�=#ML:�MO�#�vC'�o &aO��ME_'8A�!3#M�$�M&�'Z+8��-/��0$!32
9�!s+*2:AX&(2H!$�	�

� A &(!sE#��9�2H��AX&(AC0='8A8�G78LH&	E����10u'8A8�,0$!s&(A<�$2:0$2H9�A��M�%0u#10$2tv	'<��0$#G7<&(!u'8A8�G&�7878LH2HEM&l�
0$2H9�A_L:2HA8#M&�2:!3�"&(787��1LH#1��IJ9�A<E�0$2H9�A�+*�=E�9	'8LH�1'8! � } ��0%03��IJ9�A<E�0$2H9�An+8#�0$�M!$K�2HA8�"7X9	'8!�EsN<&�vC'8�



�M�

E�9�'<L:�M'8!�+*�=0$!s&(A<�$2�032:9	A�¢J9	'�2:AX��0s&(A<E1�u+*�.IJ!s&(A<EsN<2H�3�%�MK��1AC0s¤"LH�=A89	Ku;8!3�u+*� ����0$9	A<��7<&(!
E�9�'<L:�M'8!n+*�MOl&(AC0u��03!$�GE�9�AX�%9	K_K�# �.9�'�78!39*+*'82:03�_+8&(AX�=Lt&�78Lt&�E��,L:9	!3�=+8'�IJ!3&�A<EsN82t�$�$���
K_�MAC0"+*��LH&.0$!s&(A<�$2�032:9	A�7�9�'8!�LH&nE�9�'<L:�M'8!�EsN89	2H�$2H��� } 9	K�K_��7X9	'8!�L:� �z!3#M�$�M&('8)�+*��-/��0$!32
9�!s+*2:AX&(2H!$� �1�8LH�uEsN89	2�)�+*�nLH&�E19�'8LH�1'<!R+*�=IJ!s&(AXEsN82H�3�$�1K��1AC0R+�o '8A8�u0$!s&(A<�$2�032:9	A��%�=I�&(2:05+*�
I�&���9	A 2HA<+*#10$�1!3K�2:A<2H�%0$� {/�$2"'8A8��0$!s&(AX�%2:0$2H9�A r �M�%0nIJ!s&(A<EsN<2H�3�$&�;8LH�,7�9�'8!�'8A8��E�9	'8LH�1'8!
� 
4�10R7X9	'8!R'<A8�nE19�'8LH�1'8! � �(�X!$2H�1A�A8�n78!3#ME�2t�$�=+8&(A<�RL:�=IJ9�!3K�&�L:2t�$K_�.LH�nEsN<9�2:)�+*�=Lpo 2:A<�%�
03&(AXE���+*�,IJ!s&(AXEsN82H�3�$�1K��1AC0n+*� r � } �M��+*2:��#M!$�MAC03�_E�9�AXE��17803���%9	AC0uIJ9�!3K�&(LH2H�$#M�u7<&(!_LH�M�
+*#�S<A<2�032:9	A<���$'82:Ol&�A	03�M�M�

� `����wk�jMk�������W�V �G	t�_��"��������R�B�- B��� �"�"�C�%�_��(*�U�,+�-.� � k 0 2�465�795��y5�4������5�4 �  r8@
B�D3E

F 4G�����#�%�H���I����JLK�-.�T�NB��HO�!��Q�e���aM$�)!$�Q�6+N-.��R������
F 7
�����#�%�H���I����JLK�-.�T�NB��HO�!��Q�e���aM$�)!$�W!�����BW!V�)�9���c4G�����U����)��!V�U!�B��)���
F �3�"�"��- �T^�B��NR��U!�B�� ���wR�B��%-.���%����w��B�JL��!V�N�e4
	�7G�������wR�B��QB�JL��!V�����
��O���R
�?�%�~���I����JPK�-.�CR=BW�)�*���N���a�y-.�"�T���I����JLK�-.�"��MA�a!������A��BW�~O�!��Q�"��Zc	t����-.��JP���)�#�Q�
�Am  s����"�n��+�+)��-.�LR�BW�%-.���% �Q�  ����ym  s��Q�"�"!������C-.�e��BWJP�W!V���P���PR�B��%-.���% ���  �

F 4 �  rPXU=�"�U+bZN4������\'�"�"�A- �9^�B��NR��U!�B����[` !V�NR�!��Q���NR=�P�WO��W�)�fXU=�"�U+bZ��W""!�d��� \i���%!y���"(
��B�R�!����'R=�)�����)�n+�- ��R��yo~{x4 ���#R��I�Q���)�T� ��W�I�"!V�U!�B��Lrn{i7zS��%���T��+�+N-p!�R����U!�B��]�Q�
�Am r8sTO����� � �
� m��Ampo�s�s�Z



� �

� `����wk�jMk�������W�V ��	t��JP�W����)���Q� � �[` �%��=�"�����������"�$�%��O���R��*���%z!V�N���'&��6+)��94GBWD
+IBW�%HR=�)�����)�'+�-.�QR��eo {h4eS � mpoNsH���"�P�%�1��- ��JL���a����� � �
� m �AmpoNs8s]���������"!��W�N�]-.�
��B�JLK���C�Q�TJL��=���)����R=BW-.B�=�=�������W�I�CR����U�*�n+�- ��R��#o�Z

	�������������lR�B�-.BW��wJL������)�x�"�"�z��B��NRw�%� R�B��,+N-.� � � k~5 �w¢  BWD � k ���"�f�%�
��"������� R=BW-.B�=�~��� �i¢ ��B�� JP�W����)�����'!V�a!V� !��W- S�!�ZV��Z9-.�i��B�JLK���x���iJP�W����)�"�iR�B�- B�������
+���������a�����z!V�)!V�U!���-.��JP���)�����W�I��R��I�����)�9+�-.�QR��e�W�~��������W�)Z

� `����wk�jMk�������W�V �?vt�L�d���-.���Q�T�U!VPX*BW�����#^�����NR=�%!��=����JP���)�.\'�[` �%��=�"��������R�B�-.BW��e�"�"�
��� MA�)!��P�Q�T-.��JP�W�)!�d���T���%!VO����a����E

F 	t�N�~�U����)�"!V� !�BW��r~���"�#^���W��R���!�������K�-.��+IBW�%i�%� JL��=���)���Q� � �����%����R=BW�%-.���%
� - { �ym r8sT�"!�E

��ox{w465 � m�o�sM� 4�� ��%mpoq5�r8s�m � - s
F vt�A^���W��R���!�������JL���a�n�q` �%�����U����)�"!V� !�BW�Lr$+)B��%f�%�xJP�W����)����� � ���A�%����R=BW�%-.���%
� - { �ym r8se���������N�����-.����B��%O������xJL������)����� � �6��� MA�)!�+)��lE

��ow{~465 � � mpoNs$0 � mpoNs	��4 �  r�m�oq58r8s�m � - sy�]4������mpot58r8s�m � - s

 � ��BW���~�W-.B��� � � r�m � - s�@ � � S�B�� ���NR�B��� � - �������� � � ��SzR��~���%!9�"!����)! M#�~���)�eri���"�A^�����a(
R=�%!��=���QK�-.�6+I�Wc=�=+�+)B�"�$�e- �eR�BW�%-.���%�� - +)B��%c-.��JL������)����� � ���$�W� �*��!V�)��-.�fJL������)�����
� ��Z9vqBW������)�x- �~JL������)�������W� �*��!V�a���b` �����n+)���~�%�U!V-.��STBW� ��BW��� � � r�m � - s�@x-.�T^��W!V�P���)�
rw�����y^���W��R���!�������K�-.�e+)��w���+�+)B�"���]-.��R�B��%-.���%a� - +IBW�%'-.�xJL��=���)���Q� � Z 
 � ��B��*�
�U����- ��JL���a��Se���W�Wm � k~5 � ¢�sC-8` ���I����JLK�-.�L���P�*B����T- �"��JL��=���)���Q���e��R�R����=�"!�K�-.���P�T+I�W"� !V
��� � ¢�Z

� Au!3#M�$�M&('.E19�LH9�!3#�A�o � ��0h�1A.I�&�2�0/vC'8�\Lpo &�;8!3#1OD2H&(0$2H9�A.+�o '8A=!3#M�$�M&�'=+*�\-/��03!$2C9�!s+*2HA<&(2H!3�
�%9	'<��� �%&�E1�1AC0M�*&�787X�ML:#.!3#M�$�M&�'G+*#M78LH2:# 9	'�+*#MO��ML:9	787X#	�

�e�x78!$2HA<E12:7���+*'�+*#17<L:2t&(�	� +�o '8A�!3#M�$�M&�'nE19�LH9�!3#��MA_'<A_!3#M�$�M&�'_+8�x-h�10$!32<�$��I�&�2�0\+8�xLH&
K�&�A82Hq1!3���%'82HOl&(AC0$��{	'8A8��78Lt&�E1��+8&(AX�zLH�x!$# �%� &('�+*#17<L:2H#�7<&�!z78Lt&�E��x�10�E�9	'8LH�1'8!\+8�x78LH&	E��
+8&(A<��L:�.!3#M�$�M&�'�E19�LH9�!3#5�10�LH&�K��MK_�nEsN89	�$�47X9	'8!�LH�M�"03!3&�A<�%2:0$2H9�AX�1�X��A�+*# +*'82:0R�1A<�$'82:0$�
LH&,Oa&�L:'X&l0$2H9�Ar+*�M�5&(!sE1����05L:�_K�&(!sv	'X&(���=+8�M��78LH&	E�� �R7<&�!5&�7878LH2HEM&l032:9	A<�R+*� ��IJ9	A<EF032:9	A<�
+*�5E19�'8LH�1'<!M� } 9�K�K��R9	A,LH��O	9�2:0M�CL�o ND�D7X9�0$N8q �%�4+*��S<A82:0$'<+*�.+*� �"+*9�K�&(2HA8� ��+*�4E�9	'8LH�1'8!
�M�%0�2:A<+82H�$7X�MA<�3&(;8LH�47X9	'8!������ME�0$'8�M!�E��.+*#M78L:2t&(�	���

� `����wk�jMk�������W�V � � � `D]M[Db8cgfh`�� ��k�`	� �bB�!V� � k�0h2 4658795 ��5=4�� ��Q5=4 �  r8@��%�H��������W�
R=BW-.B�=��Z9vt�x������=�W� �Q�i�����U"!��n- ��R��"�"(	�I����)�"!V� !�BW�I������O���-.B=+Q+I���Q� � k �"�"�T- �x��������W�
� k�
c0 2�4�
Q587
�5�4�� ���
�5=4 �  r�
,@C��� MA�a!�+I�W�E

F 4�
c0 	 8�9 ��� ��� 9 � � 8 � mpoq5'� 8 sz-8` ���I����JPK�-.�P�����n+�-.�QR=����S
F 7
c0 	 - 9�� � � � 9 � � - � m r"5�� - sT-8` ���I����JLK�-.�P�������U��W�I�"!V� !�BW�I��S
F 4 �  r 
 XU=�"�U+bZ$4�� �� 
 \~-.�C^�B��NR��U!�B�� �[` !V�NR�!��Q���NR=����O����)�PX�����U+bZ9�W""!�d��� \H��� MA�a!��

���f4 
 gw7 
 O������� � +)���E
F 4 �  r�
Qm�oq5'� 8 s�m r"5'� - sA0 4 �  r�m�oq58r8s�m � - s�m � 8 s����



� �

F 4�� �� 
 m�oq5�� 8 s�m r"5�� - sA0 4������mpot58r8s�m � - s�m � 8 s

�e�.K�&�!3vC'<&����5+*#1O	�1LH9�787�#=+�o '8A�K�&�!3vC'<&����5E�9�LH9�!3#4�%�=+*#1S<A82:0R+*�5I�&��19�A��%2HK�2:Lt&(2H!$�	�

� `����wk�jMk�������WVu,� �NBW!����a� � k �%�x��������W�xR�B�- B���e��� � �%�xJP�W����)���Q�C���CR=�T��������W�)Z
vq�CJL������)�����L����O���-.B�+�+)����� � ���W�I��-.�C����������H�Q��O���- B=+�+)���Q� � k �"�"�6-.�CJL������)�����
� 
 ��� MA�a!�+I�W�E

��mpot5�� 8 s6{x4 
 5 � 
 mpot5�� 8 sA0 � mpoNs�m � 8 s .

��A�9	;*0$2H�1AC0�&�L:9	!3��Lt&478!39�7�9	�$2�032:9	A_IJ9�A<+8&�K��1AC03&�L:�R�$'82HOl&(AC0$��vC'82�+*2:0�vC'8��Lt&=�%#MK�&(A*�
0$2tv	'<�=+�o '<A�!$# �%� &('�E�9�LH9�!3#5��0R+*�=�$9�A�!3#M�$�M&('�+*#M78L:2H#=�$9�AC0x2H+*�MAC0$2tv	'<�M�xK�9l���MA8A<&�A	0x'8A
2H�$9�K�9�!378N82t�$K_�	�

i4^����$��]Mk�jMk �a� ��WVu�V � � r�m � - s8@ � �����W�I� � k ��!����������%-.��JL���)�9�"! � 
 � r�m � - s�@ � � 
 �Q���)�
� k 
 Z

m 2:A<�$2�+*9�AXE(��L�o &(A<&�L:�*�$�n+�o '8Ar!$# �%� &('�E�9	L:9	!$#u7X9	'8!$!s&(2:0��$�n!s&(K��MA8�1!5�%2HK�78L:�MK��1AC0 �
L�o &(A<&�L:�*�$�=+*�u�$9�A�!3#M�$�M&�'�+8#178LH2:#�{X'8A��$�D�%0$qMK��=�M�%0RK�9*+*#1LH2H�$#=7<&�!�'8A�!3#M�$�M&�'�E�9�LH9�!3#��
L:�5!$# �%� &('�E19�LH9�!3#��M�%0�+*#M78LH2:#	�	78'<2H��Lpo &�A<&(LH�*�%�R�$��I�&�2�0x�$'8!�LH�R!3#M�$�M&�'�+*#17<L:2H#��MA�'*032:LH2H�3&(AC0
L:� �"0$� EsN8A82tv	'<�M�xE�Lt&��3�$2HvC'8� ��+�o &�A<&(LH�*�%�.+*� �"!$# �%� &('*),+*�.-/�10$!32�9�!s+*2:AX&(2H!$� �1�

} �10%0$�.K�#10$N89*+*9	L:9	��2H�4�$�4N8�1'<!%03� � +8�1'*),7<!$9	;8L:qMK��M�"2HK_7�9�!$03&�AC03�Z{
���"Lt&Z03&�2:LHL:�r+*'�!3#M�$�M&('g+*#M78L:2H#�� ��0G��#1A<#1!s&(LH�1K��1AC0�0$!3qM�,2:K�7�9�!$03&(AC03��+*'gI�&(2:0�+*'

7�9�'8O	9�2H!R+*�uE19�A<E12H�$2H9�A�IJ9�'8!3A82w7<&(!�Lt&�IJ9	!$K�&(LH2t�%K��=E�9	L:9	!$#�¢�E��uvC'82w7X�M'*0�!3�1AX+*!$�
2HA89�7�#1!s&(AC0x;�9�A�A89�Kn;8!$�.+*�403�MEsN8A<2HvC'8� �x+�o &�A<&(LH�*�%�a¤.�

6*�"LH�M��!$# �%'<L�0s&l03��+�o &(A<&�L:�*�$��9�;*03�1AD'<���%'<!�LH�R!3#M�$�M&�'�+*#178LH2H#5�$9�AC0�!s&(!3�1K��MA	0 ��9	'�0$!3qM�
+*2���E�2HL:�MK��1AC0M�82HAC0$�M!$78!3#�0s&(;8LH�M�"+8&�A<�"LH�.!$# �%� &('G+�o 9	!$2H��2HA8���

�\o 2HAC0$#1!3��0R+8�M�"!3#M�$�M&('8),E�9�LH9�!3#M���M�%0R+*9	A<E�IJ9�!$0$�1K��MA	0xLH2:# � Lpo �1)D2t�%0$�1AXE��=+�o 9�'*032:Lt�x+*�
Oa&�L:2t+8&(0$2H9�A.+*2H!$� EF0$�	�1E(o �M�%0 � +*2H!3��9�7�#1!s&(AC0�+*2:!3�ME�0$�MK_�MAC0w�%'<!�L:��K�9*+*qML:�\E19�LH9�!3#�� <�&�L:N8�M'*�
!$�M'<�%�MK��1AC0M�(Lpo ��)D0$�MA<�%2H9�A�+*�"03�MEsN8A82tvC'8�M�\E�Lt&��3�%2tvC'8�M�"¢�EM&(LtE�'8LX+�o 2HADOl&(!32H&�A	0s�1�(&�7878LH2HEM&l032:9	A
+*��!$# +*'<E�0$2H9�A<�M����0sE(�¥¤.&(2HA<�$2zv	'<��LH&�+*#1S<A82:0$2H9�A�+*��03�MEsN8A82tvC'8�M�47X&(!$0$2tE�'8LH2:qM!$� ��¢J;<&	�%#M�M�
7<&(!4��)*�MK_7<L:���$'8!4L�o '*0$2HLH2H�3&l032:9	Ar+*���$�CK�#10$!32:� ��AX&l0$'<!$�ML:LH�M�4+*'ZK�9D+8q1LH� ¤5�%9	AC05!3�1A<+8'8�M�
7<&(!$0$2tE�'8LH2Hq1!3�1K��1AC0.+*2 ��E12:LH�M�.+*'ZI�&�2�0=+*��Lt&GA<9�A���03!$'<E�0$'8!s&l032:9	Ar+*� �5IJ9�A<E�0$2H9�A<�5�10u+*9(�
K�&�2:A<�M��+*�nE�9�'<L:�M'8!M�8�e�=78!39�;8LHq1K��47�9	�$#=�M�%0R&(LH9�!s�4{87��1'*0$�p9	A�+*#�S<A<2:!�'<A�IJ9�!3K�&�L:2t�$K_�
�%'����3&(K�K��1AC0G�%0$!3'<EF03'8!3#�7X9	'8!,7��1!3K���0$0$!3��LH& +*#�S<A<2�032:9	A +�o &(LH��9�!32:0$N8K��M�,+�o &�A<&(LH�*�%�
+*2:!3�ME�0$�4039�'*0x�1A�K�&(2HAC0$�MA<&(AC0x'8A�7X9	'8O�9	2:!x+�o ��)*78!3�M�3�$2:9	AG�$'����$&�K_K��MA	0�#ML:�MO�#=���

Q��1Ol&(AC0/LH&�+*2���E1'8L:0$#x+*'=78!39�;<L:qMK_��7X9C�%#	�l+*2���#1!3�1AC03�M�eI�&(K�2:LHLH�M�h+*��!3#M�$�M&�'*).+*��NX&('*0
A82:O	�M&�' 9	AC0,#�03#�+*#�SXA82:� ��{�L:� ��!$# �%� &('*) !$#M��'8LH2:�M!3��� ��&�+8> �M�p��L:� ��!3#M�$�M&('8) 9�!s+*9�A<A8#M�
� } ��>�>l��9�'g�1A<E19�!3��L:� ��!$# �%� &('*) � 78!$# +*2tE1&l0s�!	a0$!s&(A<�$2:0$2H9�A<�_'8A<&�2:!3�M��� #�C>��a�����w9�'*03�M�
!$#M7X9	A<+*�1AC0x&('G;X� �%9	2:A,+8�5�%0$!3'<EF03'8!3�1!�L:� ��+89�K�&(2HA8�M����0xLH�M�\IJ9�A<E�0$2H9�A<�"+*�4E�9	'8LH�1'8!"&lS<A
���I&0�K�.&D�.;+*�,�)+�K =�!20'���'������ �.) '%�K�!J��69K;@? #�J�*�;+20'�)+*�& 4"�!$�;F�.&",��.,��!$I40�O "��*�,����
	�	 �('�)+*�& ]



�Z�

+*��7X9	'8O�9	2:!�+8#1O��ML:9	787��1!�+*� ��&(LH��9�!32:0$N8K��M��+�o &(AX&(LH�D�$��9�7�#1!s&(AC0�+*2H!$� EF0$�MK��1AC0,�%'<!�L:�
K_9*+*qML:�=+8�.N<&('*0xA82HO�� &('��

} � ��+*2���#1!3�1AC0s��IJ9�!3K�&(LH2H�$K��M�_9�AC0�#�03#��1A<�$'82:0$��N89�K�9	��#1A<#12t�%# �n7X&(!�Lt&Z+8#�S<A82:0$2H9�A
+*�M�R!$# �%� &('*)GE19�LH9�!3#M��;82H�1A�IJ9	!$K�#M�=� } QAC%�RU�=(��¢�9�'�!$# �%� &('*)G;82:�MA�IJ9�!3K�#M�s¤F�<vC'8�.A89	'<�
&(LHL:9	A<��#�03'<+*2H�1!h+8&(A<��LH&��$�ME�0$2H9�A.�$'82:Ol&�A	03���M@BL��M�%0e78!39�'<O�#�vC'8�\E��zIJ9�!3K�&�L:2t�$K_��&xLH�zK��1K��
7X9	'8O�9	2:!h+�o �1)*78!$� �$�$2H9�A=vC'8�\LH�M�w!3#M�$�M&('8)4E19�LH9�!3#M�M�1yzA=!3�1Ol&�A<EsN8��� Lt&R�%0$!3'<EF03'8!3&(0$2H9�A=+*��E��
K_9*+*qML:�=&_7��1!3K�2H�x+*�=+8#�S<A82H!=¢J9	'�+�o #10$�MA<+*!3� ¤�'8A�A89�Kn;8!3�52HK�7X9	!%0s&(AC0�+*�50$� EsN8A82tv	'<�M�
+�o &�A<&(LH�*�%�49	7X#M!3&�A	0x+*2H!$� EF03�1K��1AC0R�$'8!xL:�4!3#M�$�M&�'�+*�4N<&�'*0%��A82HO�� &('��



�$�



� �����	�������5���������

� 	 � 	 � ��
 � � q� 	 � 	 �	�!� $�!� �
	,&%� ��������'� )������ �@# ��) ����' � � 	,'*) � & �� �SHWBEBENZJQ% T ���1� �
� � �:R�� � ��
 ��� � U@FANZ?]H�% ��� �MD:KPU@8<FA?A?A8'K\% � �,R:OTHIJ@['8<BE[�U.FAJ@FAB(% HIJ@Qr�^���MHIQ@Q@HIQQ� )�J�� 8<?A?;/

9 NIOP;>8<Q�[<NZ?ANIOP8<Q J.8'KPB�HIJYQ0KPU.8<F O B0 :;�\ NZ?AFA[VOP8<HI[TUYHI\.FA?]F KY �RIOTHW=@UQ� 
 JB� � #\����#��
'�� �#& &$'���� � ' ��� � 	,'*)+#$� 	%�! #,�"� �������!� � #,�$#6�%��� )=� 	,'*)+#,� 	,���%��� ��# �'&/#�� � ��'��)
( ��'���%!� H�OPFAB0/2R:OTHIJ@['87%*)ZD.J@8 T � � � �

� �5R � � �Z��
+� �� U@FANZ?]H�% � �^R.OTHIJ.[<8<BE[TU@FAJ@FAB(% ��� � HW8'KTH*%,HWJYQ �s� �lFA\YHWDYQ.N*� � OP8 HWKPBE=.J T � � ^
� OTHI=@U.FA[ HI?l8 Q.F KPNWO HIJYQ3HIJ@HI?; 
<8'O�9�NIO>KPFA;>8 Q3HIJYQ B KPNL[TUYHIB KPFA[ = 8'KEOPF J.8'KPB(� 
 J
������� # � � 	,�z� �-,6" 	%� & 	,'*)*#,�/.�� � �3� ) 	,� ) ���@&� #,� � ����� # � � 	,�z���-0?# ��� � ) �21���# #%� ��%
T � �Z� �

� ��� � ��
 )�� �s� � NID@GLOP8<D.O7HWJYQ@�^���MHIQ@Q@HIQQ�43 N"�eH�OTQ.B7H*RI8<J@8�OTHI?.HIJYQ�= N"� 8'O39�D@?:[<NZ;>=.D.KTH&/
KPF]NIJaN&9{<@N�� B59�NIOe=@HWOTHW;>8'KP8'OPF 
<8 QV[<NZ?ANID.OP8 Q J@8'KPB(��
 J65,'��-,6& � #�� �
	,�%7�# �98&��� # �
#,�:# �:��� )=� 	,'*)+#$� 	,���;��� �@# �<&F#=� ����'� )>( ��'���%:G NI?]D.;>8�
 
 %@?78<J@FA[<8�b 
 KTHW?� @d%�)ZD.J@8
T � ��� �

� �MD:K �a�"
 ��� �MD:KPU@8<FA?A?A8'K\�BA4&,� !�'��) �� � 	,��� �������!� �
	,&%�E�@#%� # ��!�*CED !GF � ) '*)+#,�4. 	,� 	%� &&� �A��'
	��:��� )=� 	,'*)*#,��� �A��� !�" 	%� & 	,'*)*#,� ��� � ����� # � � 	,�z� �� �	U � KPU@8<BEFAB(%��*J@FAG 8'OPBEF K����7FA8'OEOP8
8'K �SHWOPFA8 � D.OPFA87%z� HWOPFAB(% T � �a� �

� � ) �,��
 �h8<;>;>F � � HIJYQH?�HID:KPU@8'OPFAJI)*� 	 JYHW?; .BEFAJ.R J.8'KPB�\� KPU@8VFAJ GZH�OPF]HIJLK ;>8�KPU@N QQ�

 J � ��'��)J( ��'��K�L ��� '�
	,�M0�# ��� ��	,���/'�� ��) � � ��#�� ��� '*) ���%*4 8<['KPD:OP8���NIKP8'BaFAJ
� NZ;>=@D:KP8'O��:['F]8'J@[<87�z�:=:OPFAJ@RZ8�ON?�8'OP?]HWR�% T � �,� �

� � 4 �*TO
 �$� )�� � 8'J.OPFA[�UVHWJYQLP8�Z4 HWD.KP8<J \@HI[TU?�^�  :B KP8<;�;>N Q.8<?AFAJ@RQ� F KPU#U.FARZU�/ ?A8<G 8'?z�	8'KEOPF;/
J@8'KPB(��
 J���� ��# �@��'*)=� 	%�R #,� � & ' ���BA!� ) ���z���%.J D@;�\ 8'O T!� %:=YHWRZ8<B T��1��S�T �,� % T � ��T �

� ��HZQ �7��
 �^���MHIQ@Q.HZQQ� �	���X� 	,' !T1:# � ) � �@!T1,& � )VU��@����� ��!� � 	$&F��������'� )	���W� 	,&('	� ) ",�
	,&$���!OX
F � ) '*)+#,�/.�� ��#�� � ) !�' !����'��@!��,&�� '*)+#,���O��# �:��� )=� 	,'*)+#$� � ��	 " 	,� )+� 	,'*)+#$�?���:�9&&�@'YU��F��
�,) �@'��) � &!�O� �	U � KPU@8<BEFAB(% �*J@FAG 8'OPBEF K��:�	FA8'OEOP8f8'K �SHWOPFA8�� D.OPFA87%�� HWOPFAB(% T � �7� �

� )Z8'J �*T<
 P8�@)Z8<J.BE8<J?� � NZ?ANZD:OP8 Q �78'KEOPF.J@8'KPB ^ 	 U@FARZULK�?]8'G 8<?@?]HWJ@RZD@HIRI8X9�NIO B0 :B KP8<; Q:8<BEFARZJ
HIJYQ�HWJYHW?� :BEFAB(��
 JH)Z8<J@BE8'J HWJYQ �lN 
'8<J \ 8'OPR�% 8<Q.F KPNIOPB(%WZ )[1���X ����",� � � ��'� )M( ��'��'.
��� ��# �<& 	,��\# �:��� )�� 	$'*)+#,��%.=YHWRZ8<BA��� SzT�T � �Q�:=:OPF]J.RZ8'O3/V?78'OP?]HIR*% T � �*T �

� P���) � ��
 4 � �s�@PMOPFAB KP8<J@BE8'J?%��!� � U:OPF]B KP8'J@BE8<JQ% HIJ@Q\P8�@)Z8<J.BE8<J?�]3 U.8 =.OTHI[�KPFAKPFANIJ@8'O 6 B RID@F]Q.8
KPN [<NZ?ANZD:OP8 Qc�78�KEOPF J@8'KPB(��
 J�� � ' ��� � 	,'*)*#,� 	%��^(#,& ��� 	%� #,��A�#�� '`_ 	 �@�a��# #%� �M� # �
���3�'�(��#%� #91b&6� � 	,���c� ��� �^� =.OPFAJ@RI8'O3/V?�8�OP? HWR�% T � � � �

� P�� 	 � ��
 R �2P�NIOTQ:NZJaHIJ@Q � �*� H G F]NWK3/ 	 Q:8'K\� ��BEFAJ@R �5� �X/ 	 � 
 KPN�GIHI?AF]Q@H�KP8MH�BPH&9 8�[�U@HIJ�/
J@8<?�=.OPNIKPNL['NZ?���
 JIZ4)d1���X ����",� � ����'� )N( ��'��9.L��� �@# �<&�	,��e# �:��� )=� 	,'*)+#$��% 4Q� � �!�
�:=.OPFAJ.RZ8'O3/V?78'OP?]HIR�% T � � � �

� �hD:O � ��
 3.� �hD.OTH�KTH*� ��8'KEOPF J@8'KPB ^@=:OPNZ= 8'OEKPFA8<B(%YHIJYHW?; .BEFAB*HIJ@QSHI=.=@?AFA[ HWKPFANZJ.B(� 
 J � � #\���@�OX
�,) �21�� #��4'�� �Q�f,R,W,hg #,� �&%.J D@; \ 8�O T %@=YHWRZ8<B � �"S:� � %i) HWJ DYHWO3 T � � � �



� �

� �l8<F �*T<
 �NZ?;9�R HIJ.R �l8<FABEFAR�� ��8�KEOPFfJ@8'KPBhHIJYQ HW?]RI8<\.OTHWFA[0BE= 8<[<F `@[ HWKPFANZJ.B(� ��� ��# ����'*)=� 	%�
 #,� �&(' ���JA!� )+���!� �% � � ^ T<S�� ��% T � ��T � ��8O� BE?A8'KEKP8'O 
 J�9�Nh^ ��� % � � �

� ��? ���"
 t� �l8<FABEFAR HIJ@Qa)��>? HWD.KPU@8�OPF]JQ� 	 J0HI?ARZ8<\:OTHIFA[aHI=@=:OPN HW[�U0KPNhU@FARZU�?A8<GZ8<?�= 8�KEOPF
J@8'KPB(� 
 J � ��#\� �@���,) �21�� #�� '�� � , )[1��('��I, & ��#�� �
	,�h7�# �f8&��� #�� #,��# �:��� )�� 	$'*)+#,�
	,��� ��� ��# �<&A#�� ����'� )�( ��'���% =YHWRZ8<B ��T'S*� � � ��J.F]GZ8'OPBEF]Q@HZQ�Q.8��!HWOTHIRIN 
 H>bC� =YHIFAJYd%
T � �7� �

� ?B) PJ3 � �"
 P8�@? H�OPN HIHIJ@FA8<;>F�%2��HI?A;>8B)*�>%��*F]8mSZHWJ@8<J-P8��%:HIJ@Q �6 :BEBEFABPHI?AN\3.� =.OPN Q#OP8m9 8�OP8<J@[<8
;VHIJ DYHW?=� 3 8<[�U.J@FA[ HW? �l8<= NIOEK T!� %���8<?ABEFAJ�S F&��J@FAG!�7N�9J3 8<[<J@NI?ANZRZFA8<B(% R�F]J.?]HIJYQ^%
T � �Z� �


