
�����������
	���
����������������
� �"!$#%#'&)(*!$+-,.(0/.1.(�23&546187
(*(�29!%1.:;/=<

>?�A@�@�B5
DCE�
�F�FG�BIHJ>?���A@�@��-����B?K?��LM�;N
O PRQ�QTSVUWOYXZX"[\X^]Z_6` acbedgf _�hiQjblk m-Qgb no_�bp]Z[rqs_6` tvuc]Z_6wDQc`x_
y _�bp[�qzw�d�]Z[;QT{ dT{|` [�]}X~O��|�|S;[;w�d�]Z[;QT{ ]ZQ ��dJ��d nvd�bl`

���=�����=�l�9�.�^���V�
�������

�J��
��0�V�
����� 4\18(���:929(��;(0/8!����0�V18!%:;+T!�,����;(04T,.(��0�
/8!�1�4�  �-+-�¢¡
18!%:;+£!$+|,.(0��(�/8��#Z�r/=�=7
!%1.(���1.�
/8(�,D  :;/�¤�:�&
!$#%(T�r+-2£(0¤E&)(F2
29(F2
�0:52
(�¥"�r+-2s!�1=,3  :�/8¤���#l�0:�/8/.(F�¢18+
(�,8,67-�;,J&�(0(�+¦,§1.�)29!%(F2|(0¨\¡
18(0+-,.!%�;(0#$4�¥^�-,.!%+-©£29(F29!��0�V18(�2s:�/?©�(0+-(0/=�r#lª
�
/8ª):\,§(T1.7
(�:�/8(0¤
ª
/8:V��(�/8,�«

¬ 7
(j©;:;��#Z:r *:��-/6�­:;/.�c!$,61.:c29(���(�#%:;ª£¤�(01.7
:929:;#%:;©�!$(�,�¥
18(��=7
+
!�®\�
(�,¯�r+)2�1.:5:�#�,°1.:D7
(0#$ªJ,.�-�=7�  :�/8¤��r#�(0+-2
(�����:;/8,�«r±²+?�
/8(0#��V18(�2�(�³´:�/.1�¥��¯(�7-���;(��r�918:�¤��V18(�2j��¤�(01.7
:929:;#%:;©�431.:J(F,�¡
1=�r&
#$!$,.7�187
(p�0:�/8/.(F�¢1.+-(�,8,µ:r '�r&),�18/8�;�¢1¶�5!%/.1.�)�r#-¤��;�=7
!%+-(�,¶�),§(F2
&54�&54\1.(F��:929(^��(�/.!%�)���V1.!$:�+'·V7
:V�­(���(�/�¥F1.7-!$,W�¯:�/8��29!�2D+
:r1°�0:�+9¡
,.!$2
(0/Z7
:V�z1.:6�0:�+-,§1./8�-��1p����(�/§18!��-(F2?&\4\18(���:929(*�;(0/8!��)(0/"  /8:�¤
�D��(�/§18!��-(F26�r&),�18/8�;�¢1­�5!$/§18�-�r#´¤����=7-!%+
(;« ¬ 7
(pª-�
/.ª�:;,.(}:� �1.7-!$,
ª-��ª)(�/­!�,­1.:���:;¤Dª-#%(01.(p1.7
(lª
/8:5�0(�,8,°&546�0(0/.1.!%  4\!$+
©�1.7
(*29!%³�(�/§¡
(�+;1�2-�V18�r¸-:V�R��+-�r#$49,§(F,l!%+5��:;#%�;(�2T!%+¹&54\1.(F��:929(���(�/.!%�)���V1.!$:�+'¥
�-,.!$+
©*1.7-(lº­:9®�ª
/8:5:r ���,8,§!�,§18�r+\1F«r±M1°(0+)�r&
#$(�,W�),W1.:E29(0/8!%�;(Z�r�9¡
18:�¤��V18!$���r#$#%4;¥F��+-2*�
+-2
(0/µ¤�!%+
!$¤��r#5/8(�®\�
!$/.(�¤D(�+\18,�¥��pª
/.:V�V��&
#%4
�0:�/8/.(F�¢1�&54\1.(��0:929(¶��(�/.!%�-(�/�  /8:�¤»�"/.(0  (0/8(0+-�0(¶�5!%/.1.�)�r#�¤��;�=7
!%+-(
187-�V1Zª�(0/.  :�/8¤�,^��(0/8!%�)�0�r1.!$:�+3�r1"/.�
+
¡A18!%¤�(�«

¼ ,���+|!%#$#$�-,�18/8�r1.!$:�+x:� *1.7
(½&)(�+
(��-18,?:r �:;�
/3��ª
ª
/8:;���=7'¥
�¯(�ª
/8(�,.(0+\1��r+¹!%+),�1=�r+\1.!��V18!%:;+½:� ¯:;�
/*  /=�r¤�(0�¯:�/8��1.:j2
(0/8!%�;(
187
(D�0:�/8/.(F�¢18+
(�,8,":r °1.7
(D¾;���V�?º¯��/82�ª-#$�r1§  :�/8¤�¥)�"7-!$�=7T!$,}1.7
(
,§18��+-2
�r/=2�¿�ÀZÁ�Â�Ã0ÄMÅ6  :�/l+
(0�Æ©;(0+
(�/8�r1.!$:�+�¥)¤��
#%1.!%¡²�rª
ª
#$!��0�V18!%:;+
,.¤��r/.18�0��/82-,0«

Ç6È 	´���V��É����r�F����	
Ê !%/.1.�-��#�¤����=7
!$+
(F,"�r#$#%:V�|ª-/.:;©�/=�r¤�,­1.:��r&-,§1./=����1Z���¯��4�  /8:�¤
187
(J,.ª)(F��!%�)�0,�:r "1.7-(6�
+-29(�/.#$45!%+-©j7-�r/=29�^�r/8(��r+-2½:�ª�(0/=�V18!%+-©
,.49,�18(0¤Ë�r+)2�7-���;(­&�(0(�+E&
/8:��-©�7\1'18:pª
/8:�¤�!$+
(0+\1µ�-,.(�¥V+
:�18�r&-#%4
!$+�1.7-(p��:;+\1.(�¨51°:� �¤D:;&
!$#%(}��+-2�(�¤�&�(�2
29(F2���:929(;«;±²+�:;/829(�/W1.:
ª
/8(0�;(0+\16,§ª�(��0!����?  :�/8¤�,�:� lª-/.:;©�/=�r¤�¤�!%+
©½(0/8/8:�/=,�18:�:5�����
/
�r1^/8�
+9¡Ì1.!$¤�(�¥5�5!%/.1.�)�r#´¤����=7
!$+
(�,¯:� Í1.(0+?7-���;(l�D,.�r  (�1�4�ª�:�#$!$�04�¥
(�+9  :�/=��(F23,§18�r1.!��0�r#$#$4�1.7
/8:��-©�7J&54\1.(F��:929(*�;(0/8!��)���V18!%:;+�«

� 4\1.(��0:929(���(�/.!%�-(�/8,*� � º Ê ,=<Z��/.(*�;(04?,§(F���
/8!�1�4J  �
+-��1.!$:�+9¡
,�!$+x,§(���(0/=�r#"��/8�=7
!%1.(F�¢18�
/.(F,0¥W��+-2£!%+£ª-�r/.1.!����-#$��/�!%+Î1.7
(j¾\�V¡
�V��ª
#��V1.  :�/8¤?« ¬ 7
(0!$/�/8:�#$(�!$,�1.:�/8(�Ï�(���1�ª�:r1.(�+\1.!��r#$#%4T!%+-,.(��0�
/8(
ÐÌÑ­Ò­ÐÌÓ �rÔF�\Õ;Ö�×0Ø Ó­Ù ��ÖÚ�9ÔFÛÚÖÚÜ=�5Ý��§× Ù\Þ �lß ÐAÒ­Ð � Ó ��Ý;�§× Ù;Þ �à Õ\ÖÚÜWáµÔ0��âEÕ\×�Ü°�9�=� Ù Ü²ã;�\�9Ô0�²���¢äE�Vå���Õ\� Ò°Ñ^àWæ �;��Ô�çM� Þ �¯èµ×0ÜM��Û��8Ü× Ù ä���Õ\� Ð � à ����Ô0çÌ� Þ �°é��.��ÖÚê Þ ×0�§ä
ë

ª
/8:�©�/=�r¤�,�187-�V1�¤���4Î�5!$:�#��V18(j1�45ª)(¹,8�V  (�1�4;¥­:;/Jª�(0/.  :�/8¤i!%#%¡
#%(�©;��#¶¤�(0¤�:�/84g������(F,.,.(�,�¥�:�/*+-:r1�/8(�,.ª)(F�¢1*187
(J!$+
!%1.!��r#$!%ìF�V1.!$:�+
ª
/8:r1.:9�0:�#Ì¥9:�/Z45!$(0#�2�,�1=���=�J�-+-29(0/.¸-:V�Z,":;/Z:V��(�/§¸):V�Z,0¥�À0ÄMÃ0¥),.(0(
(�« ©-«�í$î�ïrðÌ«
ñp�
(*18:�1.7
(�!%¤�ª�:�/.18�r+)��(*:r �1.7-(�&54;18(��0:52
(*��(0/8!%�-(0/
!%+61.7
(l¾;���V�*,.(����-/.!%1�4D��/8�=7-!�18(��¢18�
/8(�¥;��+-2�18:*1.7
(p�-,.(}:r '¾\���V�V¡
(0+-��&
#$(�2D29(0�5!���(�,�!$+�,§(F���
/8!�1�4�,.(0+),§!%1.!$��("�rª-ª
#%!��0�r1.!$:�+-,�¥F1.7
("29(0¡
,§!$©�+���+-2*!$¤�ª
#%(�¤�(0+\18�r1.!$:�+*:r 9187
( � º Ê ¤��-,§1�&�(°ª
/8:V��(F2e��:�/.¡
/.(F�¢1l�-,§!$+
©3ª
/.:5:� °��,8,§!�,�1=�r+\18,�«´òp�;(0/p1.7
(D#���,§1}  (0�ó4�(���/8,�¥
187
(
��:;/./8(���1.+
(F,.,l:r "¾\�����3&54\1.(��0:929(���(�/.!%�)�0�r1.!$:�+�¥´!Ì« (;«�!%18,��;297
(0/.¡
(0+-�0(�1.:j1.7
(J,.ª�(���!%�)���V1.!$:�+¹:� Zô9�
+s� :;/��V�r/8!$��+\18,*:� ^!%1=<�¥�7)��,
&)(�(0+�ª-/.:V�;(�2T  :�/8¤��r#$#%4½&54½,.(0�;(0/=�r#¶ª
/8:rÏ�(F�¢1=,0¥�!%+-�0#%�)29!%+-©g!$+9¡
29�-,§1./8!$��#)ª-/.:�Ï�(��¢1=,­�0:�+-�0(0/8+
(�26�"!�1873,.(����-/.!%1�4�(0�V�r#$�-�V18!%:;+-,°  :�/
¾;���V�D,§¤���/§1=�0�r/=2
,�¥9,§(�(*ô9�
&-,.(��¢18!%:;+3õ)« ö
«

÷ 7
!%#$(6,.�-�=7Tª-/.:�Ï�(��¢1=,e7-����(D&�(0(0+�,.�-�0�0(�,8,�  �-#A¥�ª
/8:V�5!$2
!%+
©
¤����=7
!$+
(�¡²�=7
(F�=��(�2��;�0�0:��
+\18,­:r ��\!$/.1.�-��#)¤����=7-!%+
(F,^�r+-2J&\4\18(�¡
��:929(���(�/.!%�-(�/8,l!�,*#$��&):;/§¡M!$+;18(0+-,.!$��(�¥���+-2T�0:��
#�2½&)(�+
(��-1*  /.:;¤
�r�918:�¤��V18(�2�18:5:�#W,§�-ª
ª):;/§1l  :�/p1.7-(E¤�:;,§1e¤��
+-2-�r+
(E18�;,§�9,p!%+
29(0�;(0#$:�ª
!$+
©T¤��;�=7
!$+
(�¡²�=7
(��=�;(�2�,.ª)(F��!%�)�0�r1.!$:�+-,���+-2��;(0/8!��)���V¡
1.!$:�+-,E:r }1.7
(F,§(3#$��+
©��-��©�(F,0«Wòp�
/E�¯:�/8�¹�r!$¤�,D�V1�29(0�;(0#$:�ª
!$+
©
1.:5:�#�,W�r+)2�#$!%&-/8��/.!$(�,�1.7)�V1¶7
(�#%ª��V�r#$!$2-�V1.("(0¨9(����
1.!$:�+Dª
#$�r1§  :;/.¤D¡
,^  :�/}¤D:;&
!$#%(���+-2?(0¤�&�(�2-29(�2��0:52
(�« ¬ 7
(�/.(F,§(F�r/=�=7J/8(0ª�:�/.1.(�2
7
(0/8(^  :9���-,.(�,¶:�+�,§ª�(��0!�  45!$+
©���+-2Dª
/.:V�5!$+
©l1.7
(p��:�/8/8(��¢18+
(�,8,µ:r 
&54;18(��0:52
(���(�/.!%�)�0�r1.!$:�+�¥-  :�#$#%:V�"!$+
©J�J¤�(�1.7-:52
:�#$:�©�4J1.7-�r1l7)��,
&)(�(0+g�;29:�ª
1.(�2�&54?¤��r+543ª-/.:�Ï�(��¢1=,0¥),§(�(�(�« ©-«�í%î;¥�ø
¥Ìù9¥�î�ù�ðÌ¥)�r+-2
1.7-�r1" �����1.:�/=,­1.7
(*(0³�:;/§1Z!$+\1.:D1��¯:Dª-7-��,.(�,�ú
�E�-/8,§1�¥-ª
#$�r1§  :;/.¤D¡
,§ª�(��0!�����ª
7-�;,§(j�0:�+-�0(0/8+
(�2£�"!%1.7x�5!%/.1.�)�r#Z¤����=7-!%+
(F,0¥­�r+-2x�
,§(F��:;+-2�¥�©�(�+
(0/8!���ª
7-��,.(�¥��0:�+-�0(0/8+
(�2½�"!%1.7½1.7-(J��:;+-,�18/.�)�¢1.!$:�+
:r �1.7
(*&54\1.(F��:929(e��(�/.!%�-(0/^ª
/8:�ª�(0/F«

ûýü�þÍÿ Ä��-Â�����Â�Ã�� þ	� À�

���
Â�
0À����������
Â�
0À�����29�
/8!%+
©�1.7
!�,°�-/8,§1
ª
7-��,.(�¥W:;+
(?ª
/.:V�5!�29(�,�1.7-(�,.ª�(���!%�)���V1.!$:�+Î:r e�T29(0  (0+-,.!$��(
�\!$/.1.�-��#­¤����=7-!%+
(31.7)�V1�¤���+
!$ª
�
#��V1.(F,�1�45ª�(�2c����#%�-(�,D�r+-2
ª)(�/§  :;/.¤�,"1�45ª�(�¡²�=7
(��=�5!$+
©6�V1p/.�
+
¡A18!%¤�(3�A��,}�­(�#%#���,}�0:�¤D¡
ª
�918�r1.!$:�+-,=<¢¥��r+-2½:r "�r+¹�r&),�18/8�;�¢1*�5!%/.1.�-��#W¤����=7
!$+
(�1.7)�V1
:�+
#$4�¤���+
!$ª
�
#��V1.(F,"1�45ª�(�,l�r+-2�ª�(0/.  :�/8¤�,"1�45ª�(�¡²�=7
(��=�5!$+
©-«
¬ 7
(0+�:;+
(6��/8:;,8,�¡M�V�r#$!$2-�V1.(F,p1.7
(F,§(6�5!$/§18�-�r#°¤��;�=7
!$+
(�,�¥�&54
,§7
:V�"!$+
©e187-�V1­1.7
(}��&-,§1./=���¢1­�\!$/.1.�-��#
¤����=7
!$+
(}29(01.(F�¢18,­�r#$#
1�4\ª-!%+
©E(0/8/.:;/8,W1.7-�r1¯¤���4D:5�����
/^29�
/8!$+
©�187
(}(0¨5(F���918!%:;+6:r 
�Eª-/.:;©�/=�r¤ :�+31.7-(�29(�  (�+-,§!$��(e�5!$/§18�-�r#�¤����=7-!%+
(;«
±²+Tª
/8(0�5!$:��-,l�¯:�/8�´¥)�¯(�7-����(E&)(�(0+¹29(0�;(0#$:�ª
!$+
©�¾;������/§1=�
¥
�r+6(�+\�5!$/.:;+
¤�(0+\1°�"7
!��=76,.�
ª
ª�:�/.18,°1.7
(l,§ª�(��0!��)���V18!%:;+6�r+-2



�

��/8:;,8,§¡Ì�V�r#$!�2
�V18!%:;+�:r )1.7
("�5!$/§18�-�r#9¤����=7-!%+
(F,¯í öVðÌ¥r��+-2�:�³�(�/§¡
,e�J7-!%©;7g#$(0��(�#�:� ­�r�
1.:�¤��r1.!$:�+�  :;/pª�(0/.  :�/8¤�!%+
©31.7-( Ê��
ª
7-�;,§(;«�±²+���+5�918,.7
(0#$#Ì¥'¾;���V�r/.18�?��:�+),§!�,�1=,e:r "��,§ª�(��0!����0�V¡
1.!$:�+T#$��+
©��)�r©�(�¾5ô��c!%+j�"7-!$�=7j�5!$/§18�-�r#�¤����=7
!$+
(�,p�0��+j&)(
29(F,.�0/.!$&)(F2�¥5�r+J��&-,�18/8�;�¢18!%:;+�(0+
©;!%+
(Z1.7-�r1­18/8��+-,�  :;/.¤�,W�5!$/§¡
1.�)�r#�¤��;�=7
!$+
(�,E� (�« ©-«-1.7-�r1p(0¨\18/8�;�¢1=,Z�r+g��&-,§1./=���¢1Z�5!$/§18�-�r#
¤����=7
!$+
(}  /.:;¤ �E29(�  (�+-,§!$��(}:�+
(�<¢¥5�r+-2���+6!%+\18(0/. �����(}�"!�187
1.7-(}ª
/8:5:r ���,8,§!�,§18�r+\1¯º­:9®3í%î��VðM¥r�"7
!��=76¤��rª-,¶¾5ô��j,.ª�(���!%�
¡
�0�r1.!$:�+-,­18:�1.7-(lª-/.:V�;(0/­,.ª�(���!%�)���V1.!$:�+J#$��+
©��-��©�(}��+-26©;(0+9¡
(0/=�V18(�,¯�r�918:�¤��V18!$���r#$#%4��0:�/8/.(F�¢1.+-(�,8,¶ª
/8:5:r �,°  :�/¯1.7
(e��/8:;,8,§¡
�V�r#$!$2-�V1.!$:�+�:� ��5!%/.1.�)�r#�¤����=7
!$+
(F,0«

û��	� ÄMÀ=Ã=Å�¿;À ü À ÿ¢þ 
 Ã=ÂVÄ þ Å � ���-Â�
0À ����� ���-Â�
0À����}29�
/8!%+
©T1.7-!$,
,.(���:;+-2�ª
7)��,.(�¥-:;+
(�&
�-!%#�2
,e�r+-2��V��#%!�2
�V18(�,}1.7
(E&54;18(��0:52
(
��(�/.!%�-(�/�¥¶�),§!$+
©¹1.7-(g�r&-,§1./=����16�5!%/.1.�-��#Z¤����=7
!$+
(j29(0�-+
(F2
29�
/8!$+
©Z187
( Ê�� ª
7)��,.(�«F±M1�!$+5��:�#$��(F,�¤�:929(0#$!%+-©l�p2
�V1=�V¸-:V�
�r+)�r#$45,.!�,�  :�/?�r+|�-+-,§ª�(��0!��)(�2x(0¨5(F���918!%:;+x  �
+-��1.!$:�+x187-�V1
¤�(0(018,¶¤�!$+
!$¤���#
/8(�®\�
!$/.(�¤D(�+\18,�¥r�r+-2Dª
/8:V�5!%+
©e!%18,¶�0:�/8/.(F�¢1.¡
+
(F,.,�·�(F,.,.(0+\1.!��r#$#$4�!�1^�r¤�:��-+;1=,�1.:�,.7
:V�"!$+
©l1.7-�r1¶1.7-(}�r+-��#�¡
49,§!�,3�"!%#$#e/.(§Ï�(��¢1��r#$#pª-/.:;©�/=�r¤�,�187-�V1?©�:c�"/8:�+-©c29�
/8!%+-©
(�¨9(F���918!%:;+�« � 4;18(��0:52
(l�;(0/8!��)(0/=,¯�0:�¤�(e!%+�,.(0��(�/8��#�¸)����:;/8,�¥
������:;/829!$+
©31.:�187
(�ª):;#%!���4j1.:�&)(��;(0/8!��)(�2�¥´187
(629(0©;/.(�(E:� 
ª
/8(��0!$,.!%:;+T/8(�®\�
!$/8(�2�¥���+-2j187
(�/8(�,.:��
/=��(F,}187-�V1���/.(����V�r!$#%¡
�r&-#%(�  :�/l&\4\18(���:929(E��(�/.!%�)�0�r1.!$:�+�·-  :�/l(�¨
�r¤�ª
#$(�¥´,.:r¡²�0�r#$#$(�2
ª�:�#$4\�V��/.!��r+\1"�r+-��#%49,.(�,¯�r/8(p�-,.(�2?,.:�18:��;�0�0:��
+\1¯  :�/",§:;¤�(
,.ª)(F��!%�)��!%1.!$(�,°:r ´1.7
(p¾;���V�lª
#��V1§  :;/.¤ ,§�)�=7��;,¶,.�
&
/8:��918!%+
(F,0«
±²+�:�/=29(�/p18:j��:V�;(0/*�r#$#¶ª�:;,8,§!$&
#$(D&54\1.(F��:929(��;(0/8!��-(�/8,�¥�1.7
(
� Ê ª-7-��,.(p¤E�-,§1­187
(0/8(�  :;/.(},.7
:V� 187
(l�0:�/8/.(F�¢18+
(�,8,¶:� �1.7
(
 ��r¤�!$#%4J:r �2
�r18�r¸-:V�|�r#$©�:;/.!%1.7
¤�,°1.7-�r1Z�r/8(p�-,.(�26  :�/^&54\1.(�¡
��:929(*�;(0/8!����0�V18!%:;+�«
¬ 7
(�ª
�-/.ª�:;,.(3:� }187
!$,6ª-�rª�(0/�!�,D1.:¹ª
/8(�,.(0+\1��T¤�:929�
#��r/

  /=�r¤�(0�¯:�/8�?  :�/eª�(0/.  :�/8¤D!$+
©31.7
( � Ê ª
7-�;,§(;«�ô\18��/§18!%+
©?  /8:�¤
��+¹��&-,§1./=���¢1*+
:�1.!$:�+¹:r ^�5!%/.1.�)�r#¶¤����=7-!%+
(�:;+¹�"7
!$�=7¹�¯(�:�+9¡
#$4g!$¤�ª):\,§(6¤�!$+
!$¤���#°��,8,.�
¤�ª91.!$:�+-,�¥��¯(�&
�
!$#$2���ª)�r/=�r¤�(�18/.!��
&54\1.(F��:929(���(�/.!%�-(�/�1.7-�r1J(0+-�0:�¤�ª-�;,.,.(�,���#��r/8©�(��0#$�;,.,�:� *��#�¡
©;:�/8!�187
¤�,°  :;/^&\4\18(���:929(e�;(0/8!��)���V18!%:;+�¥\��+-2?,§7
:V�|1.7
(e��(�/.!%�-(�/
18:�&)(j�0:�/8/.(F�¢1�!%+ 187
(j,§(�+-,.(3187-�V16!%1J�"!$#%#}/.(§Ï�(��¢16ª-/.:;©�/=�r¤D¡
,e187-�V1�¤���4T©�:��"/.:;+
©-«�òp+-(D+-:V��(0#%1�4j:� ¯:;�
/e  /8��¤�(0�¯:�/8��!$,
18:3ª
/8:V�5!$2
(D�37
!$©�79¡M#%(���(�#�ª
/8:5:r ¶187-�V1*!%1*!$,e,.:��
+-2j1.:?ª)(�/§  :;/§¡
¤�&54\1.(��0:929(��;(0/8!��)���V18!%:;+�:�+g�J¤D(01.7
:92�ª�(0/l¤�(�187
:92j&-�;,§!�,0«
¼ +
:r187
(0/e+
:V�;(0#%1�43!�,p1.:?ª
/.:V�5!�29(E�3©�(�+
(0/8!���&54\1.(��0:929(E�;(0/8!��-¡
(�/­187-�V1}���r+3&)(e!$+-,�1=�r+\1.!��V18(�2J1.:�,.(0��(�/8��#���+-�r#$49,§(F,°!$+-�0#%�-2
!%+
©
,§18��+-2
�r/=26��+-�r#$49,§(F,­��+-2J��+-�r#$49,§(F,W  :�/^�"7
!��=7J+-:�  :;/.¤��r#��0:�/.¡
/8(���1.+
(F,.,^ª
/8:5:r ��¯�;,­ª-/.(��\!$:��),§#$4��5+
:V�"+�«

¬ 7
(*��:;¤�&
!$+-�r1.!$:�+?:r ':;�
/^  /8��¤�(0�¯:�/8�E  :;/^&\4\18(���:929(e�;(0/.¡
!%�)�0�r1.!$:�+ �"!%1.7£1.7
(j¾\�r�V��/§1=�g18:5:�#�,§(01�45!$(0#�2
,6��+ ���91.:;¤��V1.(F2
ª
/8:9��(F29�
/8(E18:j29(0/8!$��(6����(�/§18!��)(�2½&54;18(��0:52
(���(0/8!%�-(0/e  /8:�¤ �
/8(�  (�/.(�+-��(¯29(�  (�+-,§!$��(­�5!%/.1.�-��#5¤��;�=7
!$+
(�«ròp�
/�ª
/.:9�0(�29�
/8(°!�,µ�rª9¡
ª
#$!��0�r&-#%(?1.:¹¤��r+54�,.(�1.1.!$+
©;,�·¶��,��½/.(F�r#$!$,§1.!��3(�¨
�r¤�ª
#$(3:� p!%1§¡
,?�rª
ª-#%!��0�r1.!$:�+�¥­�­(½,§7
:V��7
:V� 18:c!$+-,�1=�r+\1.!��V18(j:��-/J©�(�+
(0/8!��
  /=�r¤�(0�¯:�/8��1.:T��(0/.1.!%  4j187
(J¾\���V��º¯��/82½ª
#��V1.  :�/8¤�¥'��29!��r#$(��¢1
:� �¾;���V�E��2
��ª91.(F2�1.:D187
(e/.(F,§:;�
/8�0(}��:;+-,§1./=�r!$+;1=,­��+-2J,.(��0�
/8!�1�4
/8(�®\�
!$/.(�¤�(0+\18,^:� W,.¤��r/.18���r/=2
,0¥
��+-2?1.7-(�,�1=�r+-2-�r/=23ª-/.:;©�/=�r¤D¡
¤�!$+
©�#$��+
©��-��©�(p  :�/Z,.¤��r/.18�0��/823�rª
ª-#%!��0�r1.!$:�+-,�«

 Å � ÄMÀ � Ä 
ZÅ�Á"Ä �
À �
Â��
À ÿ ¬ 7
(^/.(�¤���!%+-!%+
©l:r �1.7-(¯ª)�rª�(0/W!�,µ:�/.¡
©\�r+
!$ì0(F26��,­  :�#$#$:V�Z,0«5±²+?ô9(��¢18!%:;+?ö
¥\�¯(l(�¨9ª
#��r!$+61.7-(l&)��,.!$,­  :�/
&54\1.(F��:929(D��(0/8!%�)�0�r1.!$:�+g��+-2g29(F,.�0/.!$&�(E:;�
/e&\4\18(���:929(D��(�/.!%�-(�/

  /8��¤�(0�¯:�/8��«'±²+Îô5(���1.!$:�+�ø-¥��¯(6!$+-,�1=�r+\1.!��V18(6187
(6  /=�r¤�(0�¯:�/8�
1.:?1.7-(�¾\���V�?º¯��/82T�5!%/.1.�-��#µ¤��;�=7
!$+
(�« ÷ (6��:�+)��#$�-29(D!%+�ô5(���¡
1.!$:�+�õT�"!�187c/8(0#��V18(�2��¯:�/8�´¥��T©�(0+-(0/=�r#°ª�(0/=,.ª)(F�¢1.!$��(3:�+�:;�
/
/.(F,§�-#�1=,l1.75�-,* ���/�¥���+-2�29!$/.(F�¢18!%:;+-,l  :�/*  �-/§187
(0/�/8(�,.(���/8�=7'« ¼ ,
�r+?�rª
ª�(0+-2
!�¨�¥
�¯(p©;!%�;(l,.:�¤�(e/8(0¤�!%+)29(0/=,¯:r '187
(�º­:9®6,§45+\18�r¨
�-,.(�2J1.7
/8:��
©;7
:��
1¯187
(*ª-��ª)(�/�«

� C�N��FB5����É�B��*B\�������;�9���A�)	
ö9«$î��°/.!$+-��!$ª
#$(�,Z��+-2?�r#$©�:�/8!%1.7
¤�,
� 4;18(��0:52
(D�;(0/8!����0�V18!%:;+�í$î�î�¥§î�ïVðW!�,���,�1=�V18!$���r+)�r#$45,.!�,}187-�V1*!�,
ª)(�/§  :;/.¤�(F2x¤�(�1.7-:52sª)(�/3¤�(01.7
:92z:�+s�0:�¤�ª
!$#%(F2xª
/8:�©�/=�r¤�,
ª
/8!%:;/­18:D1.7
(�!%/"#$:;�;29!%+-©-«5±M18,Z��!%¤I!$,¯18:D/8(�Ï�(F�¢1"ª
/8:�©;/8��¤�,°1.7)�V1
�5!%:;#$�r1.(*1�45ª�(E,8�V  (�1�4;¥)ª�(0/.  :�/8¤ !%#$#%(�©;��#�¤�(0¤�:;/.4�������(�,8,.(�,�¥-29:
+
:r1¶/8(�,.ª�(��¢1°1.7
(Z!$+
!%1.!��r#$!%ìF�V18!%:;+Dª-/.:�1.:9��:;#A¥V45!$(0#�2�,�1=���=���-+-29(0/.¡
¸-:V�Z,¯:�/":V�;(0/.¸-:V�Z,0¥�À0ÄMÃ0«

¬ 7
(�¤D:\,�1*��:;¤�¤D:;+g!$¤�ª
#%(�¤�(0+\18�r1.!$:�+½:r °&54\1.(F��:929(D��(0/.¡
!����0�V18!%:;+c!�,D1.7
/8:��-©�7Î�½2
�r18�V¸):V�ý�r+-��#%49,.!$,?í$î0õrð"!$+-,§18�r+\18!$�r1§¡
(�2�18:J187
(��r&-,§1./=����1p�5!%/.1.�)�r#�¤��;�=7
!$+
(�187-�V1e:�ª�(0/=�V18(�,}�r1p187
(
1�45ª)(E#%(���(0#Ì« ¬ 7-(��
+-2
(0/8#%45!$+
©J�r#$©�:;/.!%1.7-¤ /8(0#$!%(F,Z:;+g��7
!�,�18:�/84
,�18/.�)�¢1.�-/.(;¥
,�18:�/8!%+
©E1.7-(���:�¤�ª
�
1.(�2���&-,�18/8�;�¢1Z,§18�V18(�,¯  :;/"(����=7
ª
/8:�©�/=�r¤Rª):;!%+\1F¥\��+-26:;+J�r+6�-+
!����0�V18!%:;+�  �
+-��1.!$:�+3:�+J,§18�r1.(�,�«
¬ 7
(0+'¥�,§18�r/.1.!$+
©"  /8:�¤s1.7
(­!%+-!�18!$��#\,§18�r1.(W  :;/'�"¤�(�187
:92�¥�!%1��0:�¤D¡
ª
�918(�,Z�E�
¨9ª�:�!$+;1Z�"!%1.7?187
(��r&-,§1./=����1¯(0¨9(����
1.!$:�+3  �
+-�¢18!%:;+�«-±M 
1.7
(�(�/./8:�/e,�1=�V18(�2
:\(F,e+
:r1*&�(0#$:�+
©31.:?187
(�/.(F,§�-#�18!%+
©?7
!�,�18:�/84
,�18/.�)�¢1.�-/.(l1.7-(0+�&54;18(��0:52
(l�;(0/8!����0�V18!%:;+J!�,",§�)�0��(F,.,§  �
#Ì«

±²+j1.7-(D,§18��+-2
�r/=2��r#$©�:;/.!%1.7-¤?¥��0��#%#$(�2�¤�:;+
:V�V�r/8!$��+;1}��+-�r#%¡
49,§!�,0¥
1.7
(*7
!�,§1.:�/843,§1./8�-��1.�
/8(e:�+
#$43,§1.:;/.(F,^:�+
(�,§18�r1.(e  :�/}(����=7
ª
/8:�©�/=�r¤Iª):;!%+\1p��+-2?1.7
(E�
+
!%�)�0�r1.!$:�+�  �
+)�¢1.!$:�+g�
+
!%�-(�,�¥)ª�(0/.¡
  :�/8¤�!%+
©��EÏ�:�!$+¹:�+T1.7
(6¾\���V��º¯��/82g1�45ª)(�#��V1.1.!���(;¥�1.7
(6�0:�¤D¡
ª
�918(�2�,§18�V18(j� /8(�,.�
#%1.!$+
©?  /.:;¤ :�+-(6,�18(0ª¹:r Z�r&),�18/8�;�¢1*(�¨9(��0�9¡
1.!$:�+)<°�r+-2D187
(p,§1.:;/.(F2�,�1=�V18(�«��}+9  :�/.1.�-+-�V18(0#$4�¥;1.7
!�,°��#%©;:�/8!�187
¤
29:5(�,3+
:r1�������(0ª
13ª�:�#$4\¤�:;/.ª
7-!$�j,.�
&
/8:��
1.!$+
(�,½��,.�
&
/8:��918!%+-(�,
�0��#%#$(�2£  /8:�¤i29!%³�(�/.(�+;13ª
/.:;©�/=�r¤ ª):;!%+\18,=<¢« ¬ :c7-�r+-2
#%(g,.�-�=7
,§�-&
/.:;�91.!$+
(F,0¥-1.7
(E7
!$,§1.:;/.4�,§1./8�-�¢18�
/.(E¤��-,§1l�0:�+\18��!%+j�J,§(01p:r 
,�1=�V18(�,­  :�/"(F���=7Jª-/.:;©�/=�r¤ ª):;!%+\1F«��
:�/^187
(eª):;#%45�V�r/8!��r+\1^��+-�r#%¡
49,§!�,0¥r1.7
(Z�-+
!����0�V18!%:;+�  �
+-��1.!$:�+6��2-2
,W187
(}��:;¤�ª
�91.(F2�,�1=�V18(^1.:
1.7
(��0:�/8/.(F,§ª�:�+-2
!%+
©T,§(01D  /8:�¤ 187
(�7
!�,�18:�/84¹,§1./8�-��1.�
/8(�« ¬ 7
!�,
1.(F�=7
+
!�®;�-(�+
(0(F2
,*¤��)�=7�¤D:;/.(�¤�(0¤�:;/.4g1.7-��+½¤�:;+
:V�V�r/8!$��+;1
�r+-��#%49,.!$,�¥'7-:V�­(���(0/F¥'!%1�!$,Eª):\,.,.!$&
#%(31.:Tª)(�/§  :;/.¤ ,§18�r1.(?�
+
!%�
¡
�0�r1.!$:�+j/=�V187
(0/p1.7-��+g,.(�1*��2
29!%1.!$:�+T!%+T¤�:;,§1l�0�;,§(F,0« ¬ 7
!�,}#���,§1
1.(F�=7
+
!�®;�-(�¥r�0��#%#$(�2D7545&
/8!$2D�r+-��#%49,.!$,^�A��,W29(F,.�0/.!$&)(F2D!%+�í �
¥�îFøVð <¢¥
:r³´(0/=,*187
(J&�(�,§1D�0:�¤�ª
/8:�¤�!$,.(�&�(�1��¯(0(0+c¤D(�¤�:�/84½�0:�+-,.�
¤�ª9¡
1.!$:�+�¥9ª-/.(F��!�,§!$:�+��r+-23(��6�0!%(�+-��4;«

òp�
/}  /=�r¤�(��­:;/.�?�r#�,§:J2
(��r#�,p�"!�187g#$!%©;7;1��¯(0!$©�7\1}&54\1.(F��:929(
��(�/.!%�)�0�r1.!$:�+3í ö
î�ðM¥��e,§ª�(��0!$��#
�5!%+-2D:� ��;(0/8!��)���V18!%:;+�187-�V1°���r+D�
1
�r+-2?/8�
+�!%+j�=7-!%ª-,Z�-,§(F2?  :�/},.¤��r/.1Z�0�r/=2
,�¥
&
�91l29�
(*18:6,§ª-�;��(
��:;+-,�18/8��!%+\1=,¯2
(�18��!%#�,"�r/8(e:�¤�!%1§1.(F2�«

ö9« ö � 4\1.(F��:929( Ê (�/.!%�)�0�r1.!$:�+?��,"����!�¨9ª�:�!$+\1}º­:;¤�ª
�918�r1.!$:�+
� ÅrÄMÂrÄ þ Å � 
 ±²+e:;/829(�/´1.:},.!$¤Dª-#%!%  4Z187
(°29(0�-+
!%1.!$:�+-,'�-,§(F2p1.7
/8:��
©;79¡
:��91W187
!�,°,.(��¢18!%:;+�¥��¯("!$+;18/.:929�)��(Z,.:�¤�("+
:r1=�V18!%:;+-,0« ¬ 7
("1�45ª)(F,
predicate A

�r+)2
relation A

/8(�,.ª�(��¢18!%�;(0#$4x29(0+
:�1.(T1.7
(



�
,.(�1°:� �ª
/.(F29!��0�V18(�,¶��+-2�&
!$+-�r/84�/8(0#��V18!%:;+-,W:V�;(0/¶�e1�45ª�(

A
«��l!$�;¡

(�+
A : Set

¥����
: (relation A)

¥
f : A � A

�r+-2
P : (

predicate A)
¥)�¯(�#$(�1��	�p29(�+
:r18(*1.7-(�/8(�¸-(0¨5!$��(E��#$:;,.�
/.(*:� �	�"�r+-2?29(0�-+
(�ú

(monotone
�	�

f) 
�
(a,a’:A), a

� �
a’ � (f a)

� �
(f a’)

(decreases
� �

f) 
�
(a:A), (f a)

� �
a

(down_closed
� �

P) 
�
(a,a’:A), a

� �
a’ � (P a’) � (P a)

��!$+-�r#$#%4;¥^�­(½#%(01
(well_founded

� �
)

,§18�V18(g187-�V1?1.7-(½/8(�¡
#��V18!%:;+
���3!$,��¯(0#$#^  :��
+)29(�2�¥°!A« (�«µ187-�V1�1.7-(0/8(?!�,�+
:¹!$+9�-+
!%1.(
29(F��/8(��;,§!$+
©��=7-�r!$+�«

� þ�� �
Å þ	� Ä 
 Å�� � �9Ä²ÂVÄ þ Å � ÷ (� ����;:�/Z�62
(��-+
!%1.!$:�+g:r ¶��&54\1.(�¡
�0:52
(3�;(0/8!��-(�/D1.7-�r1���&-,§1./=���¢1=,E���^��4½  /.:;¤ !%¤�ª
#$(0¤�(�+;1=�V18!%:;+
29(018��!%#�,0¥r��+-2�2
(��-+
(^!%1¶��,W�pª
/.(F29!��0�V18(°187-�V1W/8(�Ï�(F�¢18,µª-/.:;©�/=�r¤�,
187-�V1µ¤���4l©;:}�"/8:�+
©)« ¬ 7-(­#��V1.1.(0/µ&�(0!$+
©e29(��-+-(�2*  /8:�¤Ë�Z1./=�r+9¡
,.!�18!%:;+?,.49,�18(0¤�«
K?B ��	�� �F����	 Ç
¼ Ä ÿ Â � 
 þ Ä þ Å � 
 � 
¢Ä²À���� þ Ä	�jÀ ÿ¢ÿ Å ÿ � ¬ ô��­<¯!$,^©;!%�;(0+6&54J��1�45ª)(
state

:r  
=Ä²ÂVÄ²À�
=¥���+£À � À8Ã �9Ä þ Å ��ÿ À �%ÂrÄ þ Å � exec
:V��(�/e,§18�r1.(F,0¥

��+-23��,.(�1
err

:r �(0/8/.:;/^,§18�r1.(F,0«��-:�/8¤���#%#$4´ú
Module Type TSE.
Parameter state : Set.
Parameter exec : (relation state).
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End TSE.
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Module Type BCV.
Declare Module tse : TSE. Import tse.
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Module Type FSE.
Parameter state : Set.
Parameter exec : state � state.
Parameter err : (predicate state).
Parameter

�*),+.-/+.0
: (relation state).

Axiom (well_founded
�1)2+.-3+.0

).
Axiom (decreases

�*)2+.-3+.0
exec).

Axiom (monotone
� ),+.-/+.0

exec).
Axiom (down_closed

�*),+.-/+.0
err).

End FSE.
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Module Type AVM.
Parameter state : Set.
Parameter

�*),+.-/+.0
: (relation state).

Parameter err : (predicate state).
Parameter loc : Set.
Parameter succs : loc � state � (list loc).
Parameter locs : (list loc).
Parameter exec : loc � state � state.

Axiom (down_closed
� ),+.-/+.0

err).
End AVM.
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Module Type History_Struct [A:Set].
Parameter hist : Set � Set.
Parameter hist_unit : A � (hist A).
Parameter hist_less :� � �

: (relation A), (relation (hist A)).
Parameter ���
� ),+ : A � (hist A) � Prop.
Axiom

�
(x:A), (x � ��� )2+ (hist_unit x)).

Parameter hist_foldr :
�
(B : Set),

(A � B � B) � B � (hist A) � B.
Axiom

�
(B : Set) (f : (A � B � B))

(
���

: (relation B)),
(
�
a : A, (decreases

� �
(f a))) �

(
�
a : (hist A),
(decreases

���
(fun (b : B) � (hist_foldr B f b a)))).

Definition ���
� )2+ :=
fun (P : (predicate A)) (s : (hist A)) �� a, (P a) � (a ���
� )2+ s).

Axiom
� � �

: (relation A) (P : (predicate A)),
(down_closed

�	�
P) �

(down_closed (hist_less
� �
) ( ���
� )2+ P)).

End History_Struct.
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Module Type Stackmap_Struct.
Declare Module avm : AVM.
Declare Module hs : (History_Struct state).
Import avm. Import hs.

Parameter unify :
state � (hist state) � (hist state).

Axiom
�

(s:state), (decreases
� �
� )2+)2+ -/+.0

(unify s)).
Axiom

�
(s:state), (monotone

� �
� )2+)2+.-/+.0
(unify s)).

Axiom
�

(s:state) (s’:(hist state)),
(unify s s’)=s’ �� y, (y

� )2+.-/+ 0
s) � (y � �
� )2+ s’).

Parameter  : state.
Axiom

�
(a:state), (a

�1)2+.-/+ 0  ).
Axiom (well_founded

� �
� )2+)2+.-/+.0
).

End Stackmap_Struct.
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Module Type Monovariant_Analysis_Struct.
Declare Module avm : AVM. Import avm.

Parameter unify : state � state � state.

Axiom
�
(s:state), (decreases

�1)2+.-/+ 0
(unify s)).

Axiom
�
(s:state), (monotone

� )2+ -/+.0
(unify s)).

Axiom
�
(s,s’:state), (unify s s’)=s’ �� y, (y
�*),+.-/+.0

s) � (y ���
� )2+ s’).

Parameter  : state.
Axiom

�
(a:state), (a

� ),+.-/+.0  ).
Axiom (well_founded

�1)2+.-3+.0
).

Axiom
�
(l:loc), (monotone

� )2+.-/+ 0
(exec l)).

End Monovariant_Analysis_Struct.
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Module Type Polyvariant_Analysis_Struct.
Declare Module avm : AVM. Import avm.

Parameter max_length_set : nat.
Parameter err_st : state.
Axiom (err err_st).
Parameter  : state.
Axiom

�
(a:state), (a
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Axiom
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(exec l)).

End Polyvariant_Analysis_Struct.
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Module Type Hybrid_Analysis_Struct.
Declare Module avm : AVM. Import avm.

Parameter opt_unify : state � state � bool.
Parameter unify : state � state � state.
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Parameter err_st : state.
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Module Type DVM.
Parameter state : Set.
Parameter exec : state � state.
Parameter frame : Set.
Parameter getstack : state � (list frame).
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Parameter getinstr : state � type_of_instr.
Parameter err_frame : (predicate frame).
End DVM.
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Inductive type : Set :=

| Prim : type_prim � type
| Ref : type_ref � type

with type_ref : Set :=
| Ref_null : type_ref
| Ref_array : type � type_ref
| Ref_instance : class_idx � type_ref
| Ref_interface : interf_idx � type_ref.
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Record jcprogram : Set := {

interfaces : (list Interface);
classes : (list Class);
methods : (list Method);
sfields_type : (list type)

}.
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Record Method : Set := {
is_static : bool;
is_init : bool;
signature : ((list type)*type);
nb_local : nat;
bytecode : (list Instruction);
handler_list : (list handler_type);
m_max_opstack_size : nat;
owner : class_idx;
method_id : method_idx

}.
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Inductive Instruction : Set :=
| nop : Instruction
| push : type_prim � Z � Instruction
| ret : locvars_idx � Instruction
| invokespecial : nat � method_idx � Instruction
| getfield : type � field_idx � Instruction
| putstatic : type � field_idx � Instruction
| inc : type_prim � Z � nat � Instruction
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Memory and instances
Heap of arrays

Static fields

Context 2

Context 1 Operand stack

Local variables

Stack of frames

Program counter

Misc.
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Inductive val_prim : Set :=

| vReturnAddress : bytecode_idx � val_prim
| vBoolean : Z � val_prim
| vByte : Z � val_prim
| vShort : Z � val_prim
| vInt : Z � val_prim.
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Inductive val_ref : Set :=

| vRef_null : val_ref
| vRef_array : type � heap_idx � val_ref
| vRef_instance : class_idx � heap_idx �

val_ref.
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Inductive val : Set :=

| vPrim : val_prim � val
| vRef : val_ref � val
| vNonInit : class_idx � bytecode_idx �

heap_idx � val.
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Record type_instance : Set := {
reference : class_idx;
contents_i : (list val);
owner_i : AID;
ptE : status_ptE

}.
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Inductive obj : Set :=
| Instance : type_instance � obj
| Array : type_array � obj.
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Definition heap := (list obj).
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Record frame : Set := {
opstack : (list val);
locvars : (list (option val));
method_loc : method_idx;
p_count : bytecode_idx;
context_ref : AID;
max_opstack_size : nat

}.
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Definition stack := (list frame).
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Record state : Set := {
sfields_f : sfields;
heap_f : heap;
stack_f : stack

}.
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Definition PUTSTATIC (t : type)
(idx : field_idx) (st : state) :=
match stack_f st with
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match pop_opstack t (opstack h) with
| Some (x, lv) �

match Nth_elt (sfields_f st) idx
with

| Some nod �
match nod, t with
| vRef _, Ref _ �

res_putstatic_ref lv st x idx
| vPrim (vByte _), Prim Byte
| vPrim (vBoolean _), Prim Byte
| vPrim (vShort _), Prim Short
| vPrim (vInt _), Prim Int �

res_putstatic lv st x idx
| _, _ � AbortCode type_error st
end

| None � AbortCode sfields_error st
end

| None � AbortCode opstack_error st
end

| _ � AbortCode state_error st
end.
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Inductive eReason : Set :=
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A

× Ù ä
B
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(a,b)
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fun (x:A) � b
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(x:A), B
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A � B
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Inductive nat : Set :=

| O : nat
| S : nat � nat.

Inductive list (A : Set) : Set :=
| nil : (list A)
| cons : A � (list A) � (list A).à Õ\�}ÜMå Ù �§×#&

a :: l
Ö�Ü¯×�Ü²Õ;Ô��²��Õ\× Ù ä $$Ô��

cons a l
× Ù ä

l ++
l’

$�Ô��¶��Õ;� Þ Ô Ù;Þ ×0��� Ù ×0��ÖÚÔ Ù Ô($´��Õ;�"Û�ÖÚÜM�
l

× Ù ä
l’
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Record
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Definition
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match <expr> with
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Definition is_zero (n : nat) : bool :=

match n with
| O � true
| (S p) � false
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Inductive option (A : Set) : Set :=
| Some : A � (option A)
| None : (option A).Ý\Ô0�eÖ Ù ÜM�§× Ù\Þ �F����Õ;� $�ã Ù;Þ ��ÖÚÔ Ù ��Õ5×�� Þ ÔF�*�\ã����=ÜZ��Õ\��Õ\�¢×�ä�Ô($¯×ÛÚÖ�ÜM�ZÖÚÜ"ä��8ê Ù �¢ä�ã\Ü²Ö Ù��

option
Ü²Ö Ù;Þ �l��Õ\�}Õ\�=×Fä6Ô($W× Ù �8�*�;�ÌåEÛÚÖÚÜM�ä;ÔV�=Ü Ù Ô��°�B&�ÖÚÜM��5

Definition head (A : Set) (l : list A) :
(option A) :=
match l with
| nil � (None A)
| x :: _ � (Some A x)
end.
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Declare Module
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