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C�DFE�G�HJI'KMLONPIRQTSVUWEXGYH2SZSWQ'G\[;]_^a`cb'deHXS
fhgW]jikH
Umln]jo'UWg!pq`ro'UWH2S

sZpqtFt;]_gVUZuTHvgwHXx!DeHXgwx!DFHyo.z9{q|_}j~�N�L�pjgwx!D4�q�_�j}vN����JtFpq�_HXS

�����X�����e�j�j� L4]TuTde^rH�SWQTSkUwH�G�S�pqgwH�pqo�HXSwSVHXo_Uw`rpj^h��H2p�UwdegWH�]q��tFgW]_�jg!pqG�G�`aoe��^rpjoe�jdFpj�jH2SJpjSJUWDFH�Q
��p_x
`r^a`aUwpqUWHvUwDeH�gwH
��dFSWHv]q�9H
�T`cSkUw`aoe�%x�]TuTHJpqo;u�UWDeHJueH��jHX^a]_teG�H�o'UZ]q�9�_H�oeHXgwpj^�tedegwt;]'SVHv^r`r[egwpjgW`rHXSX���ZoT�
��]_gVUwdeoFpqUWH�^rQj�"UWDFH�gwH%DFpjS�[;HXH�o oe]�x�]joFSWH�o;SVdFpj^AG�]TuTde^rH�SVQTSVUWHXG¡��]jg\fAgw]j^r]j�F�"DeH�o;x
H%oe]�SkUwgW]_oe�4uTH
�
�_H�^r]jteG�HXo_UZ]j�9^a`r[eg!pqgw`aH2S��e`ro�SWDFpqgwt4x
]_o_Uwgwp_SkU�Uw]%¢�DFpqU�H
�T`cSkU!SZ`ro�£_p:��pY��]jgm`ao;SkU!pqoFx�Hj��¤moeHJuT`a¥%x
de^aUkQ
x�]jG�HXS���gW]_G�UWDFH�¦!§�¨©¨etegwHXue`rxXp�UWHv¢�DF`rx!Dª`ro_UwH�gW��H�gwHXS�¢�`aUWDªUwDeH�tegw]qUwHXx
UW`r]joª]q��UWDFHJx
]TuTH_�;pqoªH2SWSWH�o'UW`cpq^
U!pjSW« ]q�mp�G�]TuTde^rHªSWQTSkUwH�Gª�/¬­Q®uT`cSkUw`aoF�jde`cSVDF`aoe��UWDFHªxXpq^r^aH2u®G�]TuTde^rH4x
]TuTH�tegW]jUWH2x¯UW`r]jo/��gW]_G°UWDeH
xXpq^r^a`roe��G�]TuTde^rHmx�]TuTH�tegw]qUwHXx
UW`r]jo��'¢nH�gWHX�'`rH�¢±UwDeHmH��T`rSVUW`roe�JSWQRo_U!pjx
UW`cx�G�]Ruede^aHMSVQTSVUWHXG�Sh��]jgnfAgw]j^r]j�F�
²)H�SWDe]�¢³UWDFpqU\oe]�GY]TuTdF^aH�SWQTSkUwH�G´H�oFSWdegwHXSJ[;]jUWDµ��]jgwG�S�]j��x�]TuTH�tegw]qUwHXx
UW`r]jo���¢�`¶UwD UWDFH%oe]qUw`rx�H
�
pj[e^rHmH��Tx�H�tTUw`a]_oFS­]q��ln`cpq]j�·fhgW]_^a]_�JpqoFu�¸MIT¬M�T²)HMUWDeHXo�tegwHXSWH�o'U�p���]_gWG�pq^?G�]TuTde^rHvSVQTSVUWH�G¹��]_g�^a]_�j`cx
tFgW]_�jg!pqG�SM¢�`¶UwD/x�pj^a^cS�pqo;u)x�^a]'SVdFgWH2S���uTH
ºFoFH�`aUwS�]_t;HXgwpqUW`r]joFpj^ASVHXG�pqo'UW`cx�S�pjoFu)��]jgwG�pq^r^aQ�tegW]��_H�UWDeH
x�]TuTH�tegW]jUWH2x¯UW`r]jo�tegw]jt.H�gWUkQj�J»¼o'UwH�gwHXSVUW`roe�j^rQj��¢­H�pq^cSV]�tegw]��'`cuTH�pqo)HXb'de`r��pq^rH�o'Uv^a]_�j`cx�pq^9SWH�G�pqo'Uw`rxXSm]j�
G�]TuTde^cpqg­^r]j�j`cxZtFgW]_�jg!pqG�S9¢�`aUWDe]_dTUZx�pq^r^cShoe]_g­x�^a]'SVdFgWH2S��'¢�De`cx!D�SVDF]�¢ZShDe]�¢½UwDeH�Q%xXpqo�[;HmUWg!pqoFSW^cp�UWH2u
`ro'UW]�x
]_oFSVUWg!pq`ro_U�^r]j�j`cxMtegw]j�jg!pqG�Sn]��jHXg�p�SW`aG�te^rHvG�]TuTde^rH�x
]jo;SkUwgwpj`ao'U�SVQTSVUWH�Gª�
¾4¿'À?ÁwÂJÃ ��Ä��j� x
]jo;SkUwgwpj`ao'U%^r]j�j`cx�tegw]j�jg!pqG�G�`roe�F�nGY]TuTdF^aH�SWQTSkUwH�Gª��x
]TuTH4tegw]qUwHXx¯Uw`a]_o���x
^r]_SWdegWH2S��
DF`a�_DeH�gW�·]_gwueH�g­tegW]_�jg!pqG�G�`aoF�F�'GYH�Uwpq�·tegw]j�_gwpjG�GY`roe�
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 H2S�SWQRSVUWEXG�HXS%uTH�G�]Ruede^aH2S�SW]jo'U�deo uT`rSWt.]_SW`¶Uw`¶��H2SWSWH�o'UW`rH�^MuTHXS�^rpjoe�_pj�jH2S%uTH�tegw]q�
�_gwpjG�G�pqUW`r]jo�xXpqg­`a^cSn��pjx�`a^r`¶UwH�o'U�^rp\g���dTUw`a^r`rSwp�Uw`a]_o�uTd�x
]TuTHMH
�T`cSkU!pqo'U�pj`ao;SV` b'deHM^aHvu
�X�jH�^r]jtFt;HXGYHXo'U�uTH
[F`a[e^r`r]qUWDFEXb'deHXS ����o��XgW`cb'deHXSX��L�pq^rDeH�dFgWHXdFSVHXG�H�o'UX��`r^9o�� H
�T`cSkUwH�tFpjS uTH%SWQTSkUwE�G�H�uTH�GY]TuTdF^aH%x�]joFSWH�oT�
SWdeHX^nt.]jdegYfAgw]j^r]j�;��H�UYt.]jdFgYx�H
UVUwH�g!pq`cSW]joµ`a^�o�� QªiVpqG�pj`rSJH�d�ueH�u
�X�jH�^r]jtFt;HXGYHXo'UwS\`aG�t.]jgWUwpqo'U!S\uTH
[F`a[e^r`r]qUWDFEXb'deHXSX�9x
H�b_dF`­x�]jo'UWg!pjSVUWH_�"tFpjgJH��RHXG�te^aH_�Ap:�jH2x�x
H�b'de`�p���U�����pq`aU\t.]jdegY£_p:��pe���ZoeH�uT`¶¥��
x�de^aU����'`rH�o'U�uTd/teg��Xue`rxXp�UYueH�G��
U!p���tegW]_�jg!pqG�G�p�Uw`a]_o ¦!§q¨©¨ b_dF`n`ro'UWH�gW��E�gwH�p:�_HXx�^cp�tFgW]jUWHXx
UW`r]jo/ued
x�]TuTHj� deoFHJU��jx!DeHYHXSwSVHXo'UW`rH�^r^aHYu�� dFo)SWQTSkUwE�G�HYueH\G�]TuTde^rHj���ho)uT`cSVUW`roe�jdFpjo'Um^cp�tegw]qUwHXx
UW`r]jo�ued�x
]TuTH
ued±G�]TuTde^rH�pqtFt;HX^��4uTH4^cp)tegW]jUWH2x¯UW`r]jo½uTd x
]TuTH�ued±G�]TuTde^rH�pqtFt;HX^rpjo_U2�hoe]_dFS�tFp_SWSW]jo;S\HXo½gWHX�'dFH
^rHXSJSVQTSVUWE�G�H2S�SVQRo'Uwp_x¯Uw`rb'deH2S H
�T`rSVUwpjo'UwSvuTH%G�]TuTde^rHXS�t;]_deg�fAgw]j^r]j�;���Z]_dFSvG�]jo'UWgw]jo;Svb_d�� pjdFx
deo uTH
x�HXSvSWQTSkUwE�G�HXSvuTH�G�]TuTde^rH�o�� pjSwSVdFgWH�^rHXS�uTHXdT����]_gWG�HXSvueH�tegW]jUWH2x¯UW`r]joµuTd®x�]RueHj����^ � H��ex
H�teUW`r]joµoe]q�
U!pq[e^rHJuTH�ln`rpj]q��fAgW]_^a]_��H
U�¸ IT¬M�!��]jdFS�teg��2SVHXo'UW]jo;S�H�oFSWde`aUWH�dFo�SVQTSVUWEXGYH���]jgwGYHX^"uTHJGY]TuTdF^aH2SZt.]jdeg
ueHXSvtegw]j�_gwpjG�GYH2SM^a]_�j`cb_dFHXS p:�jH2xª¦!§q¨©¨ H
U���HXgWG�H
UwdegwHXSX�"u
��ºFoe`cSWSW]joFSvSwp4S���G�pqo'UW`cb'deH�]jt!��g!p�Uw`a]_oeoeH�^r^rH
H�UvtegW]_de�j]_oFS���]jgwGYHX^a^rH�G�HXo_Uv^cp�tFgW]_tegW`"�
U��YueHYtFgW]jUWHXx
UW`r]joµuTdµx
]TuTHj���Z]_dFSm��]jdegwoe`cSWSW]jo;S#�X�_pj^aHXGYHXo'U
dFoeH\S���G�pqo'Uw`rb'deH�^r]j�_`rb'deH$�2b'de`a��pj^aHXo_UwH\uTH2SZtegw]j�_gwpjG�GYH2S�G�]TuTde^cpq`rgWH2SZSWpjoFS\¦!§q¨©¨Foe`"��H�gwG�H
UWdFgWH_�.b'de`
G�]_o_UwgWHvb'deHJx�HXSZueH�gwoe`aHXgwS�t.H�dF�jH�o'U&%�UWgwH UWg!pjuTde`aUwSZH�o4tegw]j�_gwpjGYG�H2Sn^r]j�_`rb'deH2S�p:�jH2xMx�]jo'UWg!pq`ro'UWH2S­SWdeg
dFoªSWQTSkUwE�G�HvSV`rG�te^rH�uTHvx
]jo'Uwgwpj`ao'UWH2S�uTHvG�]Ruede^aH2S��
' Ã �2� Á �)( � ��� tegw]j�_gwpjGYG�pqUW`r]jo�^r]j�_`rb'deH�p:�_HXx x
]_o'UWg!pq`ro_UwHXSX�eSVQTSVUWEXGYH�ueH�G�]Ruede^aH2S��;tegw]qUWH2x¯Uw`a]_oªued
x�]TuTHj�R��HXgWG�H
UwdegwHXSX�TtegW]_�jg!pqG�G�p�Uw`a]_o�u�� ]jg!uTgWHvSWdet!��gw`aHXdegX�TG���Uwp���tegw]j�_gwpjGYG�pqUW`r]jo
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L�]Ruede^aH SWQRSVUWHXG�SnpjgWHMpqo�H2SWSWH�o'Uw`rpj^F��H2p�UWdFgWHm]q��tegw]j�_gwpjG�GY`roe��^cpqoF�jdFpj�jHXShpjSnUWDeHXQ���pjx�`a^r`¶U!p�UwH�UwDeHmgwH
�
d;SVH ]q��H
�T`cSkUw`aoF��x�]TuTH�pqoFu�UWDFH�uTH��_H�^r]jteG�H�o'U�]q���jHXoeH�g!pq^?tedFgWt.]_SWHv^a`r[eg!pqgw`aH2S����Zoe��]jgWUWdeoFpqUWHX^aQ_�TUWDeHXgWH
D;pjSA[.H�HXo%oe]Jx�]joFSWH�o;SVdFpj^FG�]TuTde^rHmSWQTSkUwH�G ��]jghfhgW]_^a]_�F�jDFH�oFx�H�oe]JSVUWgw]joF�JuTH��_H�^r]jteG�HXo_Un]q� ^a`r[eg!pqgw`aH2S��
`ro4SVD;pqgwt�x
]_o'UWg!pjSVUnUw]�¢�DFp�U�H
�T`cSkU!S�`ro�£'p:��pJ��]_g�`ao;SkU!pqoFx�Hj�

¤moeH­uT`a¥�x�de^aUkQv`ao\fAgW]_^a]_��x
]_G�HXS ��gw]jG UwDeH ¦!§q¨©¨XtegwHXue`rxXp�UWHh¢�De`rx!D\`ao'UwH�gW��H�gwHXS�¢�`aUWDJUWDeH­tegw]qUwHXx¯Uw`a]_o
]j�FUwDeH�x
]TuTHj�_pqoYHXSwSVHXo_Uw`rpj^'UwpjSW«v]q�?pMGY]TuTdF^aH�SWQRSVUWHXGª��C�DeHXgWH�DFp_S�[;HXH�o\UWDeHXgWH���]jgwH�SWH��_H�g!pq^'tegw]jt.]_Swpq^cS
]j�FG�]TuTde^rH­SWQTSkUwH�G�S�gWH2pq^r`�(X`aoe�MuT`�).HXgWHXo_U�UWg!pjueH
��]*) S�[.H
Uk¢­H�HXo\x
]TuTH­tegw]qUwHXx¯Uw`a]_o\pjoFuvUwDeH�tegWH2SVHXgW��pqUW`r]jo
]j�"G�H
U!p���tegw]j�jg!pqG�G�`roe����p_x
`r^a`aUW`rHXSX�
»¼o�]jg!uTH�gnUW]\H�oT��]_gwx�HZUWDFHmtegw]jt.H�g�SWH��jG�HXo_U!p�Uw`a]_o%]q� UwDeHvx
]TuTHj�TpjoFu�UW]Y�jd;pqg!pqo'UWHXH�UWDeH SWH�G�pqo'UW`cx�S

]j�vUWDeH�tegwHXuT`cx�pqUWHXS�uTH�ºFoeHXu+`ao p ^a`r[eg!pqgwQj�Zp/GY]TuTdF^aHµSVQTSVUWHXG DFp_S�DF]�¢nHX�jH�g%UW]�SVUWgw`cx¯UW^rQ½tegwH��jHXo'U
pjoRQ®tegwHXuT`cx�pqUWH4H
�TH2x
dTUw`a]_o±oF]qU�pq^r^r]�¢nH2u/[RQ®UwDeH4tegw]j�_gwpjGYG�HXgX�+C�De`cS�G�HXpjoFSYUWD;p�U�`aU�SWDe]jde^cu±[;H
t.]_SwSW`a[e^rH�UW]�gWH2SkUwgW`cx¯UvUwDeH�pjxXx
H2SWS Uw]4UWDFH�x
]TuTH%]j��p�GY]TuTdF^aH�+�[RQ�tegwHXue`rxXp�UWH%xXpq^r^rSX��uTQRoFpqG�`cx%x�pj^a^cS��
ueQ'o;pqG�`rx�p_SWSWH�gWUwSM]_gvgWH�UWg!pjx¯U!S��"SVQRo'Uwpq��G�]Rue`¶º;xXp�Uw`a]_oFS��"�j^r]j[Fpj^9��pqgw`rpj[e^aH�p_SWSW`a�_oeG�H�o'UwSX��H�Uwxq�-,���gw]jG
H��RUWg!p���GY]TuTdF^rpjg­x�]RueHj�AC�De`cS�tegw]jt.H�gWUkQ�`rS�xXpq^r^aH2u ¦����.�0/%
������w¦��1�2��3F�

C�DeH�gWHX^rpqUW`r]joFSWDe`rtY[.H
Uk¢­H�HXoYUWDeH�xXpq^r^a`roe�vG�]TuTde^rH�pqo;uJUwDeHmxXpq^r^aH2uYGY]TuTdF^aHZ`cS9De]�¢­H��_H�gAp_SVQRG�G�H
UV�
gw`cxq�ZC�DeHª¦w§q¨©¨�� �54������T¨6�Y¦ ���.�7/8
������!¦
�1�2��3�H�oFSWdegwHXS�UwDFp�UM]joe^rQ�UWDeH\�'`cSW`a[e^rH�tegwHXue`rxXp�UWH2SZ]j�hp�G�]Ruede^aH
xXpqo�[.H�x�pj^a^rHXuY��gw]jG³]jdeUwSW`ruTH_��C�DFHY¦!§�¨©¨9��3:��4;���*�T¨��v¦ ���<�=/%
��*�>�!¦��?�2�*3\SWDe]jde^cu�H�o;SVdegwH�UWD;p�UhUwDeH�xXpq^r^aH2u
G�]TuTde^rH�uT]RHXS�oe]qU�xXpq^r^�pqoRQ�tegWH2uT`cx�p�UwH4]q�MUWDeH�x�pq^r^r`aoe� G�]TuTde^rHj��p_S�UWDeHXQ±pjgWHªoe]jU��R`rSW`r[e^aH_� C�DeH
��]_^a^r]�¢�`roe��H��TpjG�te^aH\`a^r^rdFSkUwgwpqUWH2SmDF]�¢nHX�jH�g�UWDeHYoeHXHXu4Uw]�tFgW]��R`cuTH\pjo�H
�ex�H�tTUw`a]_o�UW]�UWDF`rSMgwde^aHY¢�`aUWD�p
G�H2x!DFpqoe`cSWGy��]jgAH��THXx
deUW`roe��p tegwHXuT`cx�pqUWH�`ao�UwDeHZx�pj^a^r`roe�vH�oR�R`agw]joFGYHXo'UX�q¢�De`cx!D�¢nH�¢�`r^r^Fx�pj^a^Fp%¦�¨���	 �@
��
�
A�B'§*4C/?¨���DAC�DeH�^r`rSVUh`aUWHXgwpqUW]jg9tFgWH2uT`rxXp�UwH�E@F<GIH@JKJ:LKMMuTH
º;oeHXu�[.H�^r]�¢�`ro�»VIF¤���fAgw]j^r]j�ONa��!QP·�Rx!DeH2x!«RS�UwDFp�U
HX�jHXgWQ�H�^rH�G�H�o'U�]j�hp�^a`cSVUX�.tFpjSwSVH2uª`ao�UWDeHJºFgwSVUmpjgW�_deG�H�o'UX�.SWpqUW`cSkºFH2SZp��_`a�_H�o4tegw]jt.H�gWUkQj�;tFpjSwSVH2u4pjSZp
dFoFpqgwQ�tegwHXuT`cx�pqUWH `ao�UwDeH�SVH2x
]_oFu�pjgW�_deG�H�o'U�R

E@F.GIH@J:JTSVU�W�X5YIZT[
E@F.GIH@J:JTSVU>\C]?^@W_X;`8Zba�ced:fg[:[@U1`=Xh\@W�Xji.H@J:JbS�d%ZkX'E:F<GIH@J:JbS�^=Xl`8Zb[

ITdFx!D8p®tFgWH2uT`rxXp�UwH�E@F.GIH@J:J xXpqoeoe]jU�[.H)uTH�ºFoeH2u `ao p®^r`a[FgwpjgWQm+©��]jg�^r`rSVUwS�pjS�`¶UªSVDF]jde^cuV,�¢�`¶UwDe]jdTU
�R`r]j^cp�Uw`aoe�ªUwDeH�xXpq^r^a`roe�4G�]TuTde^rH�x
]TuTH%tFgW]jUWHXx
UW`r]jo���pjSvUWDeH�`ao'UWHXoFuTH2uµGYH2pqoe`roe�4]j�­UwDeH�tFgWH2uT`rxXp�UwH�`rS
`roFuTHXHXu�UW]�xXpq^r^?UWDeHvtegwHXue`rxXp�UWH tFp_SWSWHXu�pjS�pjgW�_deG�H�o'U�`ao�UWDFH�x�pq^r^r`aoe��G�]TuTde^rHvH�oR�R`agw]joFGYHXo'UX�

L4]'SkU"GY]TuTdF^aHhSWQTSkUwH�G�S?��]_g�fAgw]j^r]j��SW]j^r�jH�UWDFHhuT`a¥�x�de^aUkQMHX`¶UwDeH�g�['Q pq[;pqoFuT]_oe`roe�ZpqoRQZ��]_gWG ]q�ex
]TuTH
tFgW]jUWHXx
UW`r]jo��;]jgZ[RQª`ro_UwgW]TuTd;x
`roe��§.�*n?oI�2¦�G�H2x!DFpqoe`cSWG�SZUW]%H2SWxXpqt.Hv��gw]jG�UWDeHYx
]TuTH�tegw]qUwHXx
UW`r]joªgWdF^aH2S��
¤mdFghtegw]jt.]_Swpq^TDeHXgWH�`rShUW]�«_H�HXt%p�SkUwgW`cx¯U­x
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xXpq^r^a`roe�vx
]_o'UWH
�RUApjShpqoYH
�RUWg!p pqgw�jdeG�H�o'U�UW] UwDeH�G�H
U!p���tegWH2uT`cx�p�UwHj��C�De`cS9SV]_^adTUw`a]_o�DFpjS�UwDeH�pjue�:pjo'Uwpq�_H
]j�"^r`aG�`aUW`roe��UWDFHvdeoFpqdeUWDe]_gW`6(�H2u�xXpq^r^rS�G�pjueHM`ro4pYdeoFx
]_oFSwx
`r]jdFS�¢�p:Qj�
A�B'§*4C/?¨���D

a�c p%FKr<stJKuTS�JVw �@G@H<G:�=X U pt�ti.H@J:J:L ��W%ZT[

� a�c
� G%wQyIuvS���JVw �@GIH.G:� a>�IL�� ��ZT[

a�c�y@F:F@JTS>pV�%i.H@J:JKL�� X1pI�%i*H@J<J:LKMIZT[
pt�%i.H@JKJTS�d�X �%ZTa�c

i.H:J:JTSh� Z�� �=X i*H@J:JTS�dtZ�� � [

a�c p%FKr<stJKuTShs8x@w����=X{U1yIuVx�yVL	�KW%ZT[
a�ces%x.u@Y�p8F<r<stJKuvS JVw �@G:H<GK�8Zk[

� a�c
� G%wQyIuvS���s8x@w����ga>�tL�� �
ZT[


 a�c
� G%wQyIuvS���s8x@w����ga 
 L�� �
ZT[

yIuVx�y a�c
i.H:J:JTSh� Z��@JVw �@G@H<G:�=X pt�%i*H@J:JTS 
 ZT[

687T�96;:



�������T¨��
	��
��
���
���¨�������������	������ � �

U|uVi<JVw��8x.uzMKW=als%x@w���� a>yIuVx�y [
JVw �@GIH.G:� a>�tL	� s%x@w���� a1�tL�� s%x@w���� a 
 L��
� uVx S �=[ ���Vx{iQ�:s Z
.mS�[;H���]jgwH�DFpjoFu �TUwDeH�SWQRSVUWHXG uT]RHXS�oF]qUZH�o;SVdegwHMGY]TuTdF^aH�x�]RueHvtegW]jUWH2x¯UW`r]jo��

����� %�� , 2 %(# � #43

+F]jg9x
]_G�tFp�Uw`a[e`r^r`¶UkQ�gwHXp_SV]_oFSX�jIR² »"p_x�x
HXtTUwS9b'dFpj^a`aºFH2uJtegwHXue`rxXp�UWH2S�pqoFu\dFSWHXS�UWDFH�SwpqG�H�t.]j^r`rx�QJpjS9IR»Wlh�
IRUWdFSnfAgw]j^r]j�F��0ZHXoFx
H�UWDeHMx
]jG�te^rH
UwH�SWQRSVUWHXG³ue]'H2SAoe]jUnHXoFSVdFgWH�UwDeHmxXpq^r^aH2u�G�]Ruede^aHmx
]TuTH�tFgW]jUWHXx
UW`r]jo��
L�H
Uwpq�·tFgW]_�jg!pqG�G�`aoe��`ao/IT² »mfAgw]j^r]j� N �q~QPnDFpjS�p4SW^r`a�_D_Uw^aQ�uT` )?H�gwH�o'U\SWH�G�pjo_Uw`rxXS�� +e]jg�pªG�H�Uwp��¼x�pj^a^
G�p_uTH�`ro%UwDeHMx�^rpjdFSWH�]q��p�G�H
U!p���tegWH2uT`cx�p�UwH�uTH2x
^cpqgwHXu�¢�`aUWD�UWDeH uT`rgWH2x¯UW`r�jH�p8F<r<stJKu@Y*y:GIH �8x��VH<GIu��@yVL �j�
UwDeHZx�pj^a^r`roe��x
]_o_UwH
�RUA`cS�UWDeHmx�pq^r^r`aoe�vx�]jo'UWH��'UA]j�;UwDeHZ�_]_pq^RUwDFp�UA`roR�j]_«jHXuJUWDFHZG�H
Uwpq�·tFgWH2uT`rxXp�UwHj� 0�H�oFx�Hj�
[RQªuTHXx�^rpjgW`roe��UwDeHJ^r`rSVUm`aUWHXgwpqUW]_g7E@F<G@H@J:J:LKM�pjS�p%GY]TuTdF^aHJUWg!pqoFSWtFpqgwH�o'UZtegwHXue`rxXp�UWH_�F]_oeHJ]_[TUwpj`aoFSZUWDeH
H��Tt;H2x¯UWH2u [.H�DFp:�R`r]jg2��SW`ao;x
H%UwDeH�G�H�Uwp��¼x�pj^a^hUW]�d)`cS�`roR�j]j«_HXuµ`ro UWDFH�G�]TuTde^rH%UWD;p�UYxXpq^r^aH2u E@F.GIH@J:JF�
`·� Hj�T`ro�UwDeH�x�pj^a^r`roe��GY]TuTdF^aH_�

��]joeH�UWDeHX^aH2SWSX�RUWDe`cSZx!De]_`rx�H DFpjS­Uk¢­]�G�pj`aoªuT`cSWp_uT��pqo'Uwpj�jH2S�R
A�B'§*4C/?¨���D

a�c
p8FKr.stJKuvS�JIw �@GIH<G<�=X U pt�%i*H@J:J:L���W%ZT[

� a�c
� G%wQyIuvS���JVw �@GIH.G:� a>�IL�� ��ZT[

a�c
p8FKr.stJKu@Y.yKGIH �8xQ�@H<GIu��@y_S>pI�%i.HKJ:JKL��*ZT[
pt�%i.H@JKJTS�d%ZTa c

�gXqi.H@JKJTSh� ZkX i.H@J:JTS�d%ZT[

a�c p%FKr<stJKuTShs8x@w����=X{U1yIuVx�yVL	�KW%ZT[
a�ces%x.u@Y�p8F<r<stJKuvS JVw �@G:H<GK�8Zk[

� a�c
� G%wQyIuvS���s8x@w����ga>�tL�� �
ZT[


 a�c
� G%wQyIuvS���s8x@w����ga 
 L�� �
ZT[

yIuVx�y a�c
pt�ti.H@J:JTS 
 ZT[

�Vces%x@w���� a>yIuVx�y [
JVw �@GIH.G:� a>�tL	� s%x@w���� a1�tL�� s%x@w���� a 
 L��

� uVx
+�`rgwSVUX��p�uTQRoFpqG�`cxJx�pj^a^gi.H@JKJTSh�=S��%Z:ZJue]'H2S�oF]qUm[.H�D;p:�jH\p_SZUwDeH�SkU!p�UW`cx�]_oeH �=S��8ZR� IRH2x
]_oFu �.UWDeH

x�]joR�jHXo'UW`r]joFSn��]jg�G�H�Uwp���tegwHXuT`cx�pqUWH2Sn[FgWH2pq«�UWDFHvtegW]jUWH2x¯UW`r]jo�]q�"UWDeH�xXpq^r^a`roe��G�]TuTde^rH�x
]TuTHj�

����� ��#43 �/� � '


 ]j�jUwpq^r«eNr�X~e���q��P­`cS�oe]jUJgwHXpq^r^rQ�p�SWQRo_U!pjx
UW`cx�G�]Ruede^aH�SVQTSVUWH�G´[edTU�pqo ]_[TikHXx
UV��]jgw`aHXo_UwHXu�H
�RUWHXoFSW`a]_o
]j�9fAgW]_^a]_�F� �Z]_oeH
UwDeH�^rHXSwSZ[RQ�gWH2SkUwgW`cx¯Uw`aoF��`¶U!SmSWQRo_U!p�� ��[RQ���]_gW[F`rueue`aoe��t;pqg!pqG�H
UwH�gw`�(XHXu�]j[TikH2x¯U!S�pqo;u
`roeDeHXgW`aUwpjoFx
H$�%]joFHM]_[TUwpj`ao;S�p\G�]TuTde^rH�SWQRSVUWHXG x
^r]_SWHMUW]�UwDeHv]joeH2S�SkUwdFuT`rHXu�DeH�gwHj�

�b�����V�������



| ���
4����J§<�
4O4;�

¯¨��Y§�38�	� 
W§�3�
��*��	���§��<�
	

C�DeH�F ���:uVi�yIL��­uT`rgWH2x¯Uw`a�_H�xXpqo�[.HZgWH2pjuYpjSAp0p8FKr<sVJKu@LKMMuT`agwHXx
UW`r�jH_�j¢�DeHXgWH�UwDeH�tede[e^r`cx�tegwHXuT`cx�pqUWHXS
pjgWH�UWDFH4H
�Tt;]_gVUwHXu�tegwHXuT`cx�pqUWHXSX�½C�DeH�o���G�HXSwSwpq�jHªSWH�oFuT`roe�µte^cp:QTSJUwDeH4gw]j^rH�]j�M�_]_pq^�b'dFpj^a`aº;x�pqUW`r]jo��
»¼o;uTH�H2u ��SWH�oFuT`roe��UWDFH�GYH2SWSwpq�_H `�UW]�UWDeH�]_[TikHXx
U�� �ª¢�DF`rx!Dµ`cSvuTH�oe]jUWH2u�[RQ � a:a�`4`aoFSVUWH2pju�]q���ga�`
��xXpq^r^rSvUWDeH%tFgWH2uT`rxXp�UwH;`�uTH�ºFoeHXuµ`roµUWDFH%G�]Ruede^aH �.��]joe^rQ�`a�0`�DFp:�_H�[;HXH�o®uTH2x
^cpqgwHXu�tede[e^r`cx�`ao �?�
C�DFH�gwH
��]jgwHmUWDe`cS�G�]TuTde^rH�SVQTSVUWH�G H�oFSWdegwHXS­UWDFHvtegW]jUWH2x¯UW`r]jo�]q��UWDeH�xXpq^r^aH2u�G�]TuTde^rH�x
]TuTH_�
»¼o�]_gwueH�g�Uw]�uTHXpj^�¢�`aUWD�G�H�Uwp���tegwHXuT`cx�pqUWH2S�� 
 ]j�jUwpj^a«�tegW]��R`cuTHXS�`aUwSm]�¢�o4�jHXgwSW`r]joª]q��UWDFH\uT`rgWH2x¯Uw`a�_H

p8u<yIH@Y��@GIuKr%w<i.H<yIu@L ��uT`rgWH2x¯Uw`a�_Hj��¢�De`cx!D\xXpqoJ[.H­dFSVH2u�`roYpMSW`aG�`r^rpjg"¢�p:QMUW]mUWDeH�IR»Wl�I'UwdFS�]joeH_��¢�`¶UwDea:a
d;SVH2u�`roFSVUWHXp_u�]j� av��]_gZuTHXx�^rpjgW`roe�YG�H
Uwpq��pjgW�_deG�H�o'UX� .�SZIT² »¯� 
 ]_�qUwpj^a«%ue]'H2S�oe]qUZgwHXpj^a`6(�H pYG�]Ruede^aH
o;pqG�H�H
�TtFpqo;SV`r]joY]q�.UWDeH�G�H�Uwp��¼pqgw�jdFGYHXo'UwSX��[edTUAgwHXpq^r`6(�H�uTQRoFpqG�`cx�x�pj^a^cS�`ao�p x
]_o'UWH
�RUA¢�De`cx!DYG�p:Q\[;H
ue` )?H�gwH�o'UZ��gw]jG p�SkU!p�Uw`rx�xXpq^r^3��»¼oªUwDe`rSMSWQRSVUWHXGª�eUWDFHJuTQRoFpqG�`cx�x
]_o'UWH
�RU�`cS�UwDeH�G�]TuTde^rHl+�`·� Hj�.]j[TikH2x¯U ,
UwDFp�U%SWH�o'UYUWDeHª^cpjSVUYG�HXSwSwpq�jH_�/IR`roFx
H�UWDFH�oF]jo�b'dFpj^a`aºFH2u/x�pj^a^cS�pqgwH�oF]qU�x
]jo;SV`cuTH�gwHXu�pjSYG�HXSwSWpj�jH2S
DF]�¢nHX�jH�g2�'`¶UZ`cS�t.]_SwSV`r[e^rHmUw]�x�pq^r^�pqoRQ%tFgWH2uT`rxXp�UwHM]j�"UwDeH�x�pj^a^r`roe�\G�]TuTde^rHj�
A�B'§*4C/?¨���D

a�czF ���:uVi�y_S�JVw �@G@H<G:�8Zk[
a�ce�Ks��tJVwKi S>pt�%i.H:J:J:L��*ZT[

� a�c
� G%wQyIuvS���JVw �@GIH.G:� a>�IL�� ��ZT[

pt�%i.H@JKJTS�d%Z a cqpV�%i.H@J:JbS�d�X|� Zb[
a�c
p8u<y@H.�@GIuKrtwKi.H<yIubS>pt�Vi.H:J:JkSVa:a*XIaKa�Z<ZT[
pt�%i.H@JKJTS�d � Xhd@MtZ a�c

i.H:J:JTS�d �.ZkX i.H@JKJTS�d@MtZb[

a�c*u �Ir@YKF����:uIi�y [

a�czF ���:uVi�y_Shs8x@w����8ZT[
a�ce�Ks��tJVwKi S�yIuVx�yIL��tZT[

� a�c
� G%wQyIuvS���s8x@w����ga>�tL�� �
ZT[


 a�c
� G%wQyIuvS���s8x@w����ga 
 L�� �
ZT[

yIuVx�y a�c
JVw5�@GIH<G:�ga:a2pt�%i*H@J:JTS 
 Zb[

a�czu��IrIYKF����:uVi�y [

]��Vc s8x@w
��� a:a�y@uVx�y [
s8x@w����ga 
 L�� s8x@w���� a>�tL��
�IuVx

C�DFpqUZG�]Ruede^aH�SWQTSkUwH�G ue]'H2S�oe]qUZHXoFSWdegWHMUwDeH�x�pj^a^r`aoF�\G�]TuTde^rHvtegw]qUWH2x¯Uw`a]_o��

����� - � � # 2 %(#-��#43 �
C�DFH4GY]TuTdF^aH�SWQTSkUwH�G ]q�Jln`rpj] fAgW]_^a]_�zN � PmSWpqUW`cSkº;HXS�UwDeH4Uk¢­]���]_gWG�S�]j� x�]TuTH�tegw]qUwHXx¯Uw`a]_o�� ¤moe^rQ
H��Tt;]_gVUwHXu tegwHXue`rxXp�UWH2S\pjgWH�pjx�x�HXSwSV`r[e^rH%��]_g\]_dTUwSW`rueH�p�GY]TuTdF^aH_�hpqoFu UWDe`cSYtegW]_t;HXgVUkQµ`cS\x!DFHXx!«jH2u)��]jg
b'dFpj^a`aºFH2u �j]'pq^cS��¹C�DeH)G�pjoe`rtede^cp�UW`r]jo8]q�JG�H
U!p��¼uep�U!pµUWDFgW]_de�jD UwDeH)GY]TuTdF^aHµSVQTSVUWHXG `rS�t;]'SWSW`r[e^aH
UwDegw]jde�_D�pjo�p_uT��pqoFx�HXu��jH�g!SW`a]_o�]q�"UWDeH�p8u<yIH@Y��@GIuKr%w<i.H<yIu@L ��ue`agwHXx
UW`r�jHj�

¬­H
��]_gWHAxXpq^r^a`roe�­UWDFHAG�H
Uwpq�·tFgWH2uT`rxXp�UwHXSX�
UWDFHhSVQTSVUWHXG uTQRoFpjGY`cx�pj^a^rQ�UwgwpjoFSV^cp�UwHXS.UwDeHAG�H
U!p��¼pqgw�jdeG�H�o'U!S
`ro'UW] pqo\`ao'UWHXgWo;pq^RgWHXtegwHXSWH�o'UwpqUW`r]joJx�]jo'Uwpj`aoe`roe��UWDeH��j]'pq^RpqoFuJUWDFH�x�]jo'UWH��RU�`roJ¢�De`cx!D\UWDeH��j]'pq^'GJdFSVU9[;H
xXpq^r^aH2u �AIR`roFx
H�UWDe`cSnUWg!pqoFSW^rpqUW`r]jo%`cS­uT]joeHM[.H
��]jgwHmxXpq^r^a`roe�JUWDeHMG�H
Uwpq�·tFgWH2uT`rxXp�UwHj�_UWDeH SVQTSVUWHXG�x
]jgwgwHXx¯Uw^aQ

687T�96;:



�������T¨��
	��
��
���
���¨�������������	������ � ~

SWH�^rHXx
UwSmUWDFH�x�]jo'UWH��RUM`ro�¢�DF`rx!D�UWDeH�G�H
U!p��¼uep�U!p%G\dFSkUv[.H�x�pq^r^rHXu ��.�Sm��pqgvpjSmUwDeH�SVQTSVUWH�G uT]RHXSMoe]qU
ue]Rx�deG�H�o'U\pjo'Q�tegwHXuT`cx�pqUWH%pq[F^aH�Uw]�x
gwHXpqUWH�]jgJG�pjoe`rtede^cp�UWH%UWDeH%`ro'UWHXgWoFpj^huepqUwpe�"UWDFH%tegw]qUWH2x¯Uw`a]_o)]j�
UwDeHmx�]TuTHZ`cShtegwHXSWH�gw�jH2u ��»¼o%UWDe`cShSWH�oFSWHj�eln`cpq]�fAgw]j^r]j��ue]'H2SAG�pq«_H�p�uT`cSVUW`roFx¯Uw`a]_o%[;H�Uk¢nHXH�o�UwH�gwG�Shpqo;u
DF`a�_DeH�gW�·]_gwueH�g�uep�U!p5+�`3� Hj�F�j]_pj^rS­G�pqoF`atedF^rpqUWHXu�pjS­UwH�gwG�S�,�N |QP��
A�B'§*4C/?¨���D

a�c
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� a�c � G8w�yIuvS�� JIw �@GIH<GK� a1�tL � ��ZT[

a�c
p8u<y@H@Y*�@GIu<r%wKi.H<y:uvS>pI�%i*H@J<JTSVa�Z:Zb[
pt�%i.H@JKJTS�d%ZTa c
� G%wQyIu 
 S�d%ZkX � G8wQyIuvS�� ��ZkX i.H@J:JbS�d%ZT[

a�c p%FKr<stJKuTShs8x@w����=X{U1yIuVx�yVL	�KW%ZT[
a�ces%x.u@Y�p8F<r<stJKuvS JVw �@G:H<GK�8Zk[

� a�c � G8w�yIuvS��|s%x@w���� a1�tL	� ��Zb[

yIuVx�y a�c pt�%i*H@J:JTSh�8ZT[

�Vc s8x@w���� a�yIuVxQy [
� a.S��|s%x@w���� a1� ��Z s8x@w����ga>�tL��
�IuVx
C�DFHJtegw]j�_gwpjG gwHXpq^r`6(�HXS�UWDeHYH
�Tt.HXx¯UwHXu4[.H�D;p:�'`r]jg�¢�`¶UwDe]jdTUvx
]_G�tegW]_G�`rSW`aoF��UWDeHYx�pq^r^rHXu4G�]TuTde^rHJtegw]q�
UwHXx
UW`r]jo��eoF]jg­UWDeH�xXpq^r^a`roe��G�]TuTde^rHvtegW]jUWH2x¯UW`r]jo��

����� � % �

C�DFH%G�]Ruede^aH�SVQTSVUWH�G ]q��¸MIe¬ N �j��P­`rSJpqo®p�Uw]jGY��[FpjSWHXu ��gwpqUWDeHXgvUWDFpjo tegwHXuT`cx�pqUWH
��[Fp_SVH2u �"SWQRo_U!pjx
UW`cx
G�]TuTde^rHJSWQTSkUwH�Gª��C�De`rSZGYH2pqoFSZUWDFpqUZ��deoFx
UW`r]jo�SWQRGJ[.]j^cS��;pjS�¢­H�^r^"p_S�tegwHXuT`cx�pqUWHJSWQRGJ[.]j^cS��FpjgWHvG�]TuR�
dF^rpjgW`6(�H2u®`ro�¸ IT¬M�hIR`aG�`r^rpjg�UWHXgWG�S�x
]_oFSkUwgWd;x¯UWH2u®`ro uT` )?H�gwH�o'U�G�]TuTde^rHXSYG�p:Q UWDRdFSYoe]jU�dFoe`¶��Q_�½»¼o
p�G�]TuTde^rHj��`aU�`rSMt.]_SwSV`r[e^rH�De]�¢nHX�jHXg�Uw]�`rG�t;]_gVUvtede[F^a`cx�SVQRG\[;]_^rSm��gw]jG¡pqoF]qUWDFH�g G�]Ruede^aH_��¢�`aUWD)UWDeH
H�).H2x¯U�UwDFp�U�UwDeHvG�]Ruede^aH2S�SVD;pqgwHmUwDeH�SwpqG�HMSWQRGJ[.]j^cS��

C�DeHXo��nUWDeH4SWH�G�pqo'UW`cx�SY]j��UWDFH i.H@J:J:L ��tegwHXue`rxXp�UWH�`cS��jH�gwQ®SW`aG�te^rH.R�UWDeH4G�H�Uwp��¼x�pj^a^�]j�mp�UWH�gwG
x�]jgwgWH2SVt.]jo;ueSnUW]�UwDeHJx�pj^a^�]q��UWDeHJtegWH2uT`cx�p�UwHv]q��UWDFHJSWpjG�H�SVQRGJ[.]j^"pqoFu4pjgW`aUkQ�pjS�UWDeH\GY]TuTdF^aH�¢�DFH�gwH
UwDeH UWHXgWG DFpjS�[.H�HXoªx�gWH2p�UwHXu �9C�DeH�SWQTSkUwH�G ��de^r^rQ�Swp�UW`cSVºFHXS­UwDeH�x
]TuTH tegw]qUwHXx¯Uw`a]_o�tFgW]_t;HXgVUkQ_�
A�B'§*4C/?¨���D

a�c*u �K�IF<G:y pt�ti.H@J:J:L �k[

�=S�YVZ a�c
� G%wQyIuvS���JVw �@GIH.G:� a>�IL�� ��ZT[
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i.H:J:JTS�d%Zb[

a�czu �K�VF<G:y{y@uVx�yVL�� [
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�=S�YVZ a�c
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ZT[
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]��Vc y@uVx�y�S�YIZT[
s8x@w����ga>�tL��
�IuVx

¤moµUwDeH�]jUWDeHXg�DFpqo;u ��UWDeH%tFgW]_[e^aHXGO]j��ueH
ºFoe`roe��UWDeH%�R`cSV`r[e`r^a`aUkQ)gWde^rHXSv��]jgJG�H�Uwp���tegw]j�_gwpjGYG�`roe�
tFgWH2uT`rxXp�UwHXS�`cSAG�]��jH2u�Uw]vUWDeHmx
]jo;SkUwgWdFx
UW`r]joY]q�?UWDFH�UWHXgWG�SX�"»¼oFueH�HXu��_`ro�¸MIT¬M�qUwDeH�UwH�gwG�Snx
]_oFSkUwgWd;x¯UWH2u
¢�`aUWD�f=[:[�LKM;�TE<s��8iQyIF<GVLKMªpqoFu GIu:HKrIL ��[;HX^a]_oe��Uw]4UWDeH�G�]TuTde^rH�s8x.u.G?� .mS\p�x
]jo;SVH2b_dFH�oFx�Hj��`ao/p
G�]TuTde^rHJuT`�)?H�gwH�o'UZ��gw]jG s%x.u<G?�TUWDFH��j]'pq^7S�E<s��%i�yIF<G�Sh~=X 
 X �.ZkXO~@f 
 S�YIZ:Z ��pj`a^cS��;¢�DeH�gwHXp_SlS�~@f 
 S�YVZkX
E<s��8i�y@F<G�S�~=X 
 X �<Z:ZZSVdFxXx
HXHXueSX�

� � ����
�	 	��������
	°�����  �	�	 ���! �� &����
�
� � $ � &n����������	��

»¼o�UWDe`cS SVH2x¯Uw`a]_o��?¢nH�uTH
º;oeHYp%��]jgwG�pq^�GY]TuTdF^aH�SVQTSVUWHXG ¢�`¶UwD�x�pj^a^cSMpqoFu�x
^r]_SWdegWH2S��M²)H\tegwHXSWH�o'UMUWDeH
]_t;HXgwpqUW`r]joFpj^;SWH�G�pqo'Uw`rxXSh]j��G�]Ruede^rpjg�^a]_�j`cxZtegw]j�_gwpjG�SX�_pjoFu���]_gWG�pq^r^rQYtFgW]��_HZUWD;p�U­UWDeHXQ%SWpqUW`cSk��Q�[.]qUwD
��]_gWG�S�]j�"G�]TuTde^rH�x
]TuTH tegw]qUWH2x¯Uw`a]_o��

����� %�'��-�/��� #�� ! # �1#�� � % � #43 � � 2 %(#43&%(��) �

²)Hmx�]joFSW`cuTH�gADFH�gwHZG�]Ruede^rpjgh^r]j�_`rx�tFgW]_�jg!pqG�S�¢�`¶UwD�x�pj^a^cShpjoFu%x�^a]'SVdegwHXSX� +F]jghUWDeHMSWpj«jH�]q��SW`rGYtF^a`cx
`aUkQj�
¢­H�p_uT]jteU�UWDFH���]_^a^r]�¢�`aoF�/x
]_o'�_H�o'UW`r]jo;S�� +"`rg!SkU2��¢­H�x
]_oFSW`ruTHXg�p�SV`rG�te^rH���]_gWG�]q�Jx�^a]'SVdFgWH2S���UwDFp�U
pj[FSVUWg!pjx¯Uv]_oe^aQ)]joFH%pqgw�jdeG�H�o'U�`ro®pqo p�Uw]jGª�4IRHXx�]joFu ��¢­H%pjuT]_tTU�UWDFH�SVQRo'Uwpq��]j��x�]joFSVUWg!pq`ro'U�^a]_�j`cx
tFgW]_�jg!pqG�S��_¢�`¶UwD�SWQRo'Uwpjx
UW`cx�x�]joR�jHXo_Uw`a]_oFShUW]�uT`rSVUW`roe�_de`rSWD�x�]joFSVUWg!pq`ro'UwS­pqoFu�x
^r]_SWdegwHXSh��gW]_G¹UWDeH ]qUwDeH�g
pqUW]_G�SA`ao��_]_pq^cSX��C�De`rgwu �'¢­HZpjSwSVdeG�H�UwDFp�Unpj^a^F�j]_pj^rS9pjgWH�H��Tte^a`cx
`aUW^rQ\b'dFpj^a`aºFH2u �'pjoFu�uT]voe]jUA��]jgwG�pq^r`�(XH
UwDeH�x�]joR�jHXo_Uw`a]_oFS"UWDFpqUnpqgwH�dFSWHXu\��]jgnpqdTUw]jG�p�Uw`rxXpq^r^aQ\tegWH�ºe�T`aoF�mUwDeHZoe]_oT�¼b_d;pq^r`¶ºFH2u�p�UW]_G�S9`ao%pvx�^rpjdFSWH
]_gYp��j]'pq^·�$+F]jdegWUWD��hpq^r^�tede[e^r`rx�tegwHXuT`cx�pqUWH2SJ`ro�p�G�]Ruede^aHªpqgwH�p_x�x�HXSwSV`r[e^rH%��gw]jG°]jdTU!SV`cuTH�¢�`¶UwD/oe]
x�]joFSW`cuTH�g!p�Uw`a]_o�]q��p s%x.u@Y�p8F<r<stJKuJue`agwHXx
UW`r�jHj�
²)H�x
]_oFSV`cuTHXg�UWDeH ��]_^a^r]�¢�`aoF�YuT`cS�ik]j`ro_U�pj^atFDFpq[.H
U!S�]q�9SVQRGJ[.]j^cS­�j`r�jHXo�¢�`aUWD�UWDFH�`rg�pqgw`¶UkQ8R

	 V
p�x
]jdFo_U!pq[e^rHvSVH�U�]q���:pjgW`cpq[F^aH2S�+�]q�9pqgw`¶UkQ��<,­uTH�oF]qUWH2u�['Q

x, y . . . 

	 ΣF

p�SWH
UZ]j��x
]_oFSVUwpqo'U +�]j��pjgW`aUkQ��K,npjoFu���deoFx¯Uw`a]_o4SVQRGJ[.]j^cS



	 ΣC

pYSWH
UZ]j��x�]joFSVUWg!pq`ro'U­tegwHXue`rxXp�UWHvSWQRGJ[.]j^cS�x
]jo'U!pq`roe`aoF�
= /2

pqoFu
true/0 


	 ΣP

p�SWH
UZ]j��tegw]j�_gwpjG¹tegWH2uT`cx�p�UwHvSVQRGJ[.]j^cS�x
]_o'Uwpq`roe`roe�
call/2

�
closure/3

pqoFu
apply/2 


	 ΣM

p�SWH
U�]q��G�]Ruede^aHvo;pqG�HXS +�]q�9pqgw`¶UkQ%�K,¯�eoe]jUWH2u
µ, ν . . .

+FdegWUWDeHXgWG�]jgwHj�qUk¢n]�x�]'HXgwx�`a]_o\gwH�^cp�Uw`a]_oFSX�
P∼: ΣF ×ΣP

pqoFu
M∼: ΣF ×ΣM

�_pjgWH�p_SWSWdeG�HXu\UW]J`ao'UWHXgWtFgWH�U
��dFoFx¯Uw`a]_o)SWQRGJ[.]j^cSMp_SMtegWH2uT`cx�p�UwHYSWQRGJ[.]j^cS pqoFu�G�]Ruede^aH�oFpjG�HXSMgWH2SVt.HXx
UW`r�jHX^aQ_�J»�Uv`rSM¢­]jgWUWD�oe]qUw`aoe�
UwDFp�U�`aoYx
^cpjSwSV`cx�pj^jfAgw]j^r]j�mSVQTSVUWH�G�SX��¢�DeH�gwHA��dFoFx¯Uw`a]_o\SWQ'G\[;]_^rS"pqgwHhoe]jU�uT`cSVUW`roe�jde`cSWDeHXu���gW]_G tFgWH2uT`rxXp�UwH
SWQRGJ[.]j^cS��RUwDeHXSWH gWHX^rpqUW`r]joFS�pjgWHnikdFSVU�UWDeHv`cuTHXo_Uw`¶UkQ_�e¢�De`r^aHvDFH�gwHmUwDeH�Q�gWHX^rpqUWH uT`cS�ik]_`ao'U�SWH
UwSX�
C�DeH\SVH�UwS�]q��UwH�gwG�SX�T��]_gWG�HXu�]��jHXg

V
pqoFu

ΣF

�;]q�9p�UW]_G�`rx x
]_oFSVUWg!pq`ro_U!S��R��]_gWG�H2u�¢�`aUWD4tFgWH2uT`rxXp�UwH
SWQRGJ[.]j^cSZ`ro

ΣC

pjoFuªUWHXgWG�SX�.pjoFu4]j�hp�UW]_G�S��;��]jgwG�HXu4¢�`aUWD�tFgWH2uT`rxXp�UwH\SWQ'G\[;]_^rS�`ao
ΣP

pqoFuªUwH�gwG�S��

687T�96;:
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pjgWHYuTH
º;oeHXu�pjSmdFSVd;pq^·�M»¼o)pjueue`¶Uw`a]_o���p�Uw]jG�Smb'dFpj^a`aºFH2u4[RQ�p%G�]TuTde^rH\oFpjG�HYpjgWH\oe]qUwHXu
µ : A

��C�DeH
i.H@J:J�tegWH2uT`cx�p�UwHJDFp_SmUk¢n]ªpqgw�jdeG�HXo_U!S��;UWDFH\º;gwSVUM[.H�`roe��UWDFH\G�]TuTde^rH�oFpqG�H�b_d;pq^r`¶��QR`roe��UwDeH�SVH2x
]_oFu
pjgW�_deG�H�o'UX�

��¿������ � ��Ã����
	���
�������������� ��	�§�3 §�����4 �|�l��oV���
�*
�4�¦
losure(x, µ : A, z) � oV�

�� x

§�38�
z
§�
��

��§�
���§ 2
¨6��	��
µ :A

��	J§ �
�F§q¨9� �g� ��§�����4;D �8oI�"!�#�#$�&%'�(!�)*%'��+{�|�J§�¦
¨6�Q	��@
��Y§Q	 	��X¦���§���� �l����§��:§*
���§�2�¨��
z���%§*3)§�
1�*�@4;�
3t�

x
��	 � oI�Y§�����4

apply(z, x)
D

C�DeHmx
^r]_SWdegWH�x
losure(x, µ :A, z)

p_SWSW]Tx
`cp�UwHXS"UW]v��pqgw`cpq[e^rH
z
pvb'dFpq^r`¶º;HXu�p�Uw]jG

µ :A
`ao�¢�De`cx!D�UWDFH

��pjgW`cpq[e^rH
x
`rSMpq[;SkUwgwp_x¯UWH2u �mC�DFH\G�H
U!p��¼pqgw�jdeG�HXo_UZ`ro�p�x
^r]_SWdegwH�GJdFSVU [;HYp�b'dFpq^r`aºFHXu�pqUW]_G��?DeHXoFx
H

oF]qUZpY�:pjgW`cpq[F^aHvpjS�`ro4p4¦w§q¨©¨ �

��¿������ � ��Ã����
	-,.
0/1�32�����!��4����!��5�6�'��	J§C�
��
�4O�T¨a§5�|� � oI�g�
��
�4

A0 ← c1, . . . , cl|κ1, . . . , κn|µ1 :A1, . . . , µm :Am.

� oV�

���� oI�
ci 7 	�§�
���§�����4O��¦ª¦��*3I	��1
W§���3t�2	���� oI�

κi 7 	�§�
��ª¦�¨��Q	��@
��
	��M§�38� � oI�
µi : Ai 7 	�§�
�� �
�F§q¨9� �g� �

§*�>�*4 	�D
��¿������ � ��Ã����
	&�8
0/1�32������l��	v§��1��/.¨6�

(µ,Dµ, Iµ) � oV�

�� µ ∈ ΣM

��	�� oI�ZoFpqG�H'�h� ��oV� 4;���*�T¨��9�
Dµ

��	ª§ 	���� �|��¦�¨a§*�:	
�
	��J¦w§q¨©¨�� �q��oV�\`aG�te^rH�G�H�o'U!p�UW`r]jo �|�'��oV�'4������T¨��9�J§�38�
Iµ ⊂ ΣP

��	l� oI�l	��
�
�h��tFde[e^r`rx /8
�� ����¦!§�����	���¦!§�¨©¨�� �j� oI�M`ro'UWHXgV��p_x
H �|� ��oV�O4������T¨6��D:�%oV��/8
�� ����¦!§�����	O3%�*�0��3

Iµ

§*
���¦!§�¨©¨�� �
tFgW`r��p�UWHl��3

µ
D;
</1��2�����!=�>#��(��?@�(!�/

P
��	J§�	������h� 4������T¨��
	 � ����o ����	��1��3.¦��g3?§�4;��	�D

��¿������ � ��Ã����
	BAC
0/1�32�����!��D?��3!��v��	J§��
��
�4O�T¨a§

c| 〈ν1 − κ1〉 , . . . , 〈νn − κn〉 | 〈ν
′

1
− µ1 :A1〉 , . . . , 〈ν

′

m − µm :Am〉

� oV�

�� c
��	v§ 	����g�|� §�����4O��¦J¦ ��3V	��?
W§*��3V�?	��T� oI�

κi 7 	 §�
���¦
¨6�Q	��@
��
	E�_� oI�
(µi :Ai) 7 	�§�
��g/%
��+�bB:� ��§�����4 	

§*3%� 2��*��o ��oV�
νi 7 	J§*3%�;� oI�

ν′

i 7
	J§�
�� 4;���*�T¨�� 3.§�4;�
	�¦!§q¨©¨�� �JxXpq^r^a`roe��x
]_o_UwH
�RUwSQD

»¼o UwDeH9��]j^r^r]�¢�`aoe�;�
UwDeHAx
]_oFSkUwgWd;x¯U
〈ν − (κ1, . . . , κn)〉

uTH�oe]jUWH2S?UWDeHnSVH2b_dFH�oFx�H9]q�Tx
^r]_SWdegWH2S
(〈ν − κ1〉 ,

. . . , 〈ν − κn〉)
pjoFuªSV`rG�`a^cpqgw^rQ���]jgZSWHXb'deH�o;x
H ]q�9p�Uw]jG�S�¢�`¶UwD4x
]jo'UwH
�RUX�

���+� FHG �9% � �0��#�� � � %1�*) � � �0��� �


 H
U
P
[.HMp\tegw]j�jg!pqG¹uTH�ºFoeHXu�]��jHXgnSW]jG�H x
]jo;SkUwgwpj`ao'U­SWQTSkUwH�G

X
�9C�DeHMUWg!pqo;SV`aUW`r]jo%gwH�^cp�Uw`a]_o

−→
]jo

�_]_pj^rSm`rSvueH
ºFoeH2uµpjSmUWDeH�^rHXp_SkUvgwH�^cp�Uw`a]_o�Swp�UW`cSV��Q'`roe��UWDeH�gwde^rHXSM`ro�U!pq[e^rHª�j��¢�DFH�gwH
θ
`cSvp�gwH�o;pqG�`aoF�

SWde[FSVUW`aUWdeUW`r]joµ¢�`¶UwD���gwHXSWD)�:pjgW`cpq[F^aH2S�� . SVd;x�x
H2SWSV��de^AuTHXgW`r��p�Uw`a]_o���]jg�p��_]_pq^
G
`rSvp�ºFoe`aUWH%SWHXb'deHXoFx
H

]j�ZUWg!pqo;SV`aUW`r]joFSJ��gw]jG
G
¢�DF`rx!D�H�oFueSY¢�`aUWD½p��_]_pq^�x
]_o'Uwpq`roe`roe��]_oe^rQ®x
]jo;SkUwgwpj`ao'UwS5+©UwDeH4x
]jG�tedeUWHXu

pjoFSW¢nHXg ,npqoFuªx�^a]'SVdegwHXSX�
C�DeH 4;�����T¨a§*
JI�KML
N³gwHXSW]j^rdTUw`a]_o�gwde^rH�`rS�p�gwHXSVUWgw`rx
UW`r]jo)]q�­UWDeH�x
^cpjSwSV`cx�pj^Al�I 
 ) gwde^rH���]jgYl 
 f

Nr�2{QP·�­C�DeHJpjuFuT`¶Uw`a]_oFpq^�x�]joFue`¶Uw`a]_o
(ν =µ) ∨ (p ∈ Iµ)

`rG�t;]'SVH2S�UWDFpqU
µ :p(~t)

x�pqoª[.H�H
�TH2x
dTUwHXu�]joe^rQ
`a�k��HX`¶UwDeH�g UwDeH�x�pq^r^�`rS G�p_uTHY��gW]_G `aoFSW`cuTHYUWDeH�G�]TuTde^rHj+�`3� Hj�\��gw]jG UwDeH�x�pq^r^r`aoe�ªx
]_o'UWH
�RU

µ
,¯�"]jgMUWDeH
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(µ,Dµ, Iµ)∈P (ν =µ)∨(p ∈ Iµ)

(p(~s)←c′|k|β)θ∈Dµ X |= ∃(c ∧ ~s=~t ∧ c′)

(c|K|γ,
〈

ν − µ :p(~t)
〉

, γ′) −→ (c, ~s=~t, c′|K, 〈µ− k〉 |γ, 〈µ− β〉 , γ′)

�\��( ( X |= c⇒ (s=g ∧ t=f(~x)) g M∼µ f P∼p
(c|K|γ, 〈ν − ν :call(s, t)〉 , γ ′) −→ (c, s=g, t=f(~x)|K|γ, 〈ν − µ :p(~x)〉 , γ ′)

����� ( À X |= c⇒ z=y
(c|κ1, 〈µ−

x
losure(x, µ′ :A, z)〉 , κ2|γ, 〈ν − ν :apply(y, t)〉 , γ ′) −→

(c|κ1, 〈µ−
x
losure(x, µ′ :A, z)〉 , κ2|γ, 〈µ− µ′ :A[x\t]〉 , γ′)

C�pq[e^rH��.R9C"gwpjoFSV`aUW`r]jo�gwH�^cp�UW`r]jo���]jg��_]_pq^cS­¢�`¶UwD4x�pq^r^cS�pqoFuªx
^r]_SWdegwHXSX�

tFgWH2uT`rxXp�UwH
p
`cSApMtede[e^r`cx�tegWH2uT`cx�p�UwH�`ao

µ
��L�]jgwH�]��jHXgX�2UwDe`rS�gwde^rH�tegw]jtFpj�_p�UwHXS�UWDeH�oFH�¢½x�pq^r^r`aoe� x
]_o'UWH
�RU

Uw]YUWDeH�x�^a]'SVdegwHXS�pjoFuªp�UW]_G�S�]q��UwDeH�SWH�^rHXx¯UwHXu�x
^cpqdFSWH [;]TuTQ_�
C�DeH�¦!§�¨©¨jgwde^rHmuTH�ºFoeH2SAUwDeH�]_t;HXgwpqUW`r]joFpj^FSVHXG�pqo'UW`cx�Sh]q��G�H
U!p��¼x�pq^r^cS���»�Un`cSh¢­]jgWUWD�oF]qUW`roe�JUWDFpqUhUWDF`rS

UwgwpjoFSW`¶Uw`a]_o�gWdF^aH­uT]RHXS�oe]qU9x!DFpjoe�jHhUWDeH�x�pj^a^r`aoF�mx
]_o'UWH
�RU
ν
��C�De`rS"tegw]jt.H�gWUkQ `rS�oeH2x
HXSwSwpqgwQ�Uw]m�_dFpqg!pqo'UWHXH

UwDeHZx�pj^a^r`roe� GY]TuTdF^aH�x�]TuTH�tegW]jUWH2x¯UW`r]jo���+F]jg�UWDFHZSWpj«jH�]q� SV`rG�te^r`rx�`¶UkQ_�_p%¦!§�¨©¨��_]_pq^R¢�`aUWD%pm��gwH�H���pqgw`rpj[e^rH
p_S9G�H
U!p��¼pqgw�jdeG�H�o'U9DFp_S9oe]vUwgwpjoFSV`aUW`r]jo���IR`rG�`a^cpqgw^rQj�qUwDeH\¦!§�¨©¨jgWde^rH�uT]RH2S9oe]qUnDFpqoFue^aH�UwDeHZG�H
U!p��¼x�pj^a^e]j�
x�]jo�ikdFoFx¯Uw`a]_oFSh]j�"p�Uw]jG�Sn]jg�x
]jo;SkUwgwpj`ao'UwSX��C�De]_SWH�G�H
U!p��¼x�pj^a^cSnxXpqo%oFH��jHXgVUwDeH�^rHXSwSn[;HMHXp_SV`r^aQ�HXGJde^cp�UwHXu �
[RQ4SWdetet.]_SW`aoe�q+ �

,
�
/2 P∼ and/2

,ZpjoFu4[RQ4pjueuT`roe��UWDeH�x
^cpqdFSWH
(and(x, y) ← µ : call(x), µ : call(y))Uw]YUWDeHv`rG�te^aHXG�H�o'UwpqUW`r]joª]q��pqoRQ%G�]TuTde^rH

µ
�

C�DeHª§�/</.¨ �\gWde^rH\pj^a^r]�¢ZS�UwDeH\`roR�j]Tx�pqUW`r]joª]q�hp�x
^r]_SWdegwH�x
]j^r^rHXx¯UwHXu4[RQ4p�tegwH��R`r]jdFS�tegwHXuT`cx�pqUWHJxXpq^r^3�
»¼o)teg!pjx
UW`cx
Hj� `aU�^r]']_«TS���]_gMUWDeH%x�^a]'SVdegwH�pjSwSV]Tx
`cp�UwHXuªUw]�UWDeH%x�^a]'SVdegwHJ��pjgW`cpq[e^rHj+©��]jgwG�pq^r^aQ�x!DeHXx!«TSmUWDeH
H2b'dFpq^r`¶UkQ�]q�"��pjgW`cpq[e^rHXS

z=y
,¯�epjoFuªpqtetF^a`rHXS­UwDeH�x
^r]_SWdegwH�Uw]�UWDeH�pjgW�_deG�H�o'U­`ro�UWDeH�x�^a]'SVdFgWH x
]_o_UwH
�RUX�

����� ! # �$# ���&- # � � 2 %(# �/�*���0� # �

»¼o'Uwde`¶Uw`a�_H�^rQj��UwDeH�x�pj^a^rHXu\G�]Ruede^aH�x�]RueH­tFgW]jUWHXx
UW`r]jo\tegW]_t;HXgVUkQ�SVUwpqUWH2S�UwDFp�UA]_oe^rQ UWDeH�tede[F^a`cx�tegwHXuT`cx�pqUWHXS
]j�hp%G�]TuTde^rH

µ
xXpqo�[.H\xXpq^r^aH2uª��gw]jG ]jdTU!SV`cuTH_�?pjoFu4tegw]TuTdFx�HJSVdF[e�j]'pq^cSZ`ro�x
]_o'UWH
�RU

µ
� C�DeH�x�pj^a^r`aoF�

G�]TuTde^rH�x
]TuTHvtFgW]_t;HXgVUkQ�SVUwpqUWH2S�UWDFpqU�UWDeHJ�j]_pj^ ]q�9p�x
^r]_SWdegwH xXpqoª]joF^aQ�[;HvH��RH2x
dTUwHXu�`roªUWDeH�x�]jo'UWH��'U
]j��x�gWH2p�UW`r]jo�]q�"UWDeH�x�^a]'SVdFgWH_��C�DFHXSWHMtFgW]_t;HXgVUw`aH2S�x�pqo�[.H ��]jgwG�pj^a`6(�H2u�p_S­��]j^r^a]�¢ZS�R
��¿������ � ��Ã����
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µ : p(~t)
��3+§µ¦ ��3t�>��B<�

ν
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¨ ��¦ ��3
µ
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µ = ν

D
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ν
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W§�4 	 	�§*�?��	 �g�
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§*3%��¦w§q¨©¨9��3K�'4;���*�T¨��Y¦����.�C/8
������!¦
�1�2��3�/%
�� /I��
��?�2�
	�D

� � Ã�Ã��E		+F]jgmUWDeH�x�pj^a^rHXu�GY]TuTdF^aH�x
]TuTH\tegW]jUWH2x¯UW`r]jo�tegW]_t;HXgVUkQ_�;^rH
U dFS x
]_oFSW`ruTHXgZUwDeH�gWH2uTdFx¯Uw`a]_o�]q�hp
b'dFpj^a`aºFH2u�p�Uw]jG

µ : p(~t)
`ao�x
]jo'UwH
�RU

ν
��¤moe^rQªp�G�]Ruede^rpjgvl�I 
 )³]jgMp�x�pj^a^"UWg!pqo;SV`aUW`r]jo�xXpqo�pjtete^rQj�

tFgW]TuTdFx�`aoF��p%�_]_pj^"`ro�x�]jo'UWH��'U
µ′
�v»¼o�UWDFHJ��]_gWG�H�g x�p_SVH_�?¢nHYDFp:�jH

µ′ = µ
pqoFu�H�`aUWDeHXg

µ = ν
]jg

ptFde[e^r`rx `ro
µ
�9»¼o�UwDeHv^rpqUVUwH�gZx�p_SVH_�T¢nH DFp:�_HMUWgw`a�R`cpq^r^aQ

µ = ν = ν′
�

+F]jg9UwDeHZx�pj^a^r`aoF�MG�]TuTde^rHZx
]TuTH�tFgW]jUWHXx
UW`r]joYtegw]jt.H�gWUkQj�q¢­H�ºFg!SkU9gwH�G�pqgw«vUWD;p�U9UWDFH�UWg!pqoFSW`¶Uw`a]_o�gWde^rHXS
ue]�oe]qU�x!DFpqoF�jH�UWDFHmx
]_o'UWH
�RUh]j��x
^r]_SWdegwHXSX�j¢�De`cx!D�UWDRdFSngWHXG�pq`ro�`ao�UwDeH�`rg�x
]jo'UwH
�RUh]q��x�gWH2p�UW`r]jo����M`r�jHXo
pjo�pqtFte^a`cx�pqUW`r]jo�]j��pJx
^r]_SWdegwH�x
gwHXpqUWH2u�`ao�x
]jo'UwH
�RU

ν
�'UwDeHZUwgwpjoFSV`aUW`r]jo � � ��( À4`rShUWDeHM]joF^aQ�pqtFte^a`cx�pj[e^rH

gwde^rHj�epjoFu�tFgW]Tx
d;uTHXS�pY�j]'pq^ `ro4x
]jo'UwH
�RU
ν
�

�

� � �����
&����
	�	�	 � $  "�
&­�

ITQ'o'U!pjx¯Uw`rx�G�]TuTde^rHhSWQTSkUwH�G�S DFp:�_H9[;HXH�o�x
gw`aUW`cx
`6(�HXuM��]_g UWDFH�`rg�^rp_x!«�]j�R^r]j�_`rxXpq^qSWH�G�pqo'Uw`rxXS_N �e�q�2�.!QP�� 0ZHXgWH
¢­H­tegW]��R`cuTH­GY]TuTdF^rpjg9^a]_�j`cxhtegw]j�_gwpjG�S�¢�`aUWDe]_dTUAx�pj^a^cS�oe]jgAx�^a]'SVdegwHXSX�:¢�`¶UwD�pm^r]j�_`rxXpq^RSVHXG�pqo'UW`cx�S�[Fp_SVH2u
]_o�UwDeH�`rg�UwgwpjoFSV^cp�Uw`a]_o�`ro'UW]�x
]_oFSkUwgwpj`ao'U�^r]j�j`cxmtegW]_�jg!pqG�SX�"»¼o4x
]_deg!SVH_�_UwDFp�U�UwgwpjoFSW^rpqUW`r]jo�ueHXSwx
gw`a[.HXS�pjo
`rG�te^rH�G�H�o'UwpqUW`r]jo�]q��UWDeHvG�]TuTde^rH�SWQRSVUWHXGª�

�1��� ! # �$# ���*� ��� � - #��$���/%(��� �-� %�'����/�*)
M

C"]%p��_`a�_H�o4L�l 
 f tFgW]_�jg!pqG
P
�;]joeH�xXpqo�pjSwSW]Rx�`rpqUWHvp�SW`aG�te^rH�G�]TuTde^rHJx
]_oFSkUwgwpj`ao'U�SWQTSkUwH�G

M
�;`ao

¢�DF`rx!DYUWDFHZx
]jo;SkUwgwpj`ao'U
allow(ν, µ, p)

UWD;p�UhSVUwp�UwHXS�UwDFp�U9UwDeH�tegwHXuT`cx�pqUWH
p
]j�.G�]TuTde^rH

µ
xXpqo�[.HZx�pq^r^rHXu

`roªG�]Ruede^aH
ν
�F`rSZueH
ºFoeH2u�['Q%UWDeH ��]_^a^r]�¢�`aoF�Ypq�R`r]jG�SWx!DeHXG�pjS�R

ν ∈ ΣM p ∈ ΣP

M |= allow(ν, ν, p)

ν, µ ∈ ΣM (µ,Dµ, Iµ) ∈ P p ∈ Iµ

M |= allow(ν, µ, p)
C�DF`rS"x
]jo;SkUwgwpj`ao'U"SWQTSkUwH�G�uTH�t.H�oFuFS"SW]j^rH�^rQm]_o UWDeHn`ao'UwH�gW��pjx
Hh]q�TUWDFHnuT`�).HXgWHXo'U�G�]Ruede^aH2S�UwDFp�U�x
]_GYt.]_SWHXS
UwDeHvtegw]j�_gwpjG

P
�epjoFu�oe]qU�]_o�`aUwS�`rG�te^rH�G�H�o'UwpqUW`r]jo��

�1�+� 2 # %(� ! -�� 2 G %(#43-%(��) �

fhdegWH­L�l 
 f�tegW]_�jg!pqG�S�xXpqov[.Hh�j`r�jHXo�pZ^r]j�_`rxXpq^jSWH�G�pqo'Uw`rxXS�HXb'de`r��pq^rH�o'U�Uw]ZUwDeH�`rg�]_t;HXgwpqUW`r]joFpj^_SWH�G�pqoT�
Uw`rxXS���]_[TUwpj`aoFHXu�[RQ�pMSV`rG�te^rHnUwgwpjoFSW^rpqUW`r]jo�]j�FtedegwH­L)l 
 f�+

X
,�tegw]j�jg!pqG�S�`ao'UW]M]jg!uT`roFpqgwQ�l 
 f�+

M,X
,

tFgW]_�jg!pqG�S��MC�De`cS�UwgwpjoFSW^rpqUW`r]jo�xXpqo�[.H\d;SVH2u4��]jgmUWDFHY`rG�te^rH�G�H�o'UwpqUW`r]jo�� pjoFu�SWDe]�¢ZS�UWDFpqUmUwDeH\G�]TuR�
dF^aHªSVQTSVUWHXG°xXpqo�[;H��R`aHX¢nH2u/pjSYSW`aG�te^rH�SWQRo'Uwpjx
UW`cx�SWde�_pjgX�µC�DeHªpq^rteDFpj[;H�U

Σ̇P

]j�ZUWDFH�p_SWSW]Tx
`cp�UWH2u
l 
 f�+

M,X
,�tegW]_�jg!pqGª��`cS�x�]joFSVUWgwdFx¯UwHXu8['Q p_SWSW]Tx
`cp�UW`roe�®]_oeHµpqoFu ]_oe^rQ ]joeH�tegWH2uT`cx�p�UwH�SWQRGJ[.]j^

ṗ ∈ Σ̇P

]q�9pqgw`¶UkQ
n + 2

Uw]YH2pjx!D�tegwHXuT`cx�pqUWHvSVQRG\[;]_^
p ∈ ΣP

]q��pqgw`¶UkQ
n
�


 H
U
Π
[;HªUwDeHªUWg!pqo;SV^cp�Uw`a]_o/]q� L�l 
 f¹tegw]j�_gwpjG�S\pjoFu/�_]_pj^rSY`ro_Uw]/l 
 f¹tegw]j�jg!pqG�S\]��jHXg

M
�

ueH
ºFoeH2u�`ao�Uwpj[e^rHv�e�
C�De`cS\UWg!pqoFSW^cp�UW`r]jo/[FpjSW`rxXpq^r^aQ p_ueueS\Uk¢n]µpqgw�jdFGYHXo'UwSvUw]�H2pjx!D�tegWH2uT`cx�p�UwHj�®C�DeH�ºFg!SkU�pqgw�jdFGYHXo'U

`cSvUwDeH�xXpq^r^a`roe��x�]jo'UWH��RU\pqoFu)UwDeH�SWHXx�]joFuµ`cSvUwDeH�b'dFpj^a`aº;xXp�UW`r]jo���C�DeH�x�]joFSVUWg!pq`ro'U�§�¨©¨�� � gWH2pq^r`�(XHXS�p
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Π (
⋃

{(µ,Dµ, Iµ)}) =
⋃

{Πµ(Dµ)}
Π (γ, γ′) = Π (γ) , Π (γ′)

Π
(〈

ν − µ :p(~t)
〉)

= ṗ(ν, µ,~t)

Πµ (
⋃

{(A← c|α)}) =
⋃

{Πµ(A← c|α)}

Πµ

(

p0(~t)← c|α
)

= ṗ0(y, µ,~t)← allow(µ, y, p0), c|Πµ(α)
Πµ(A, A′) = Πµ(A), Πµ(A′)

Πµ(ν :p(~t)) = ṗ(µ, ν,~t)

C�pq[F^aH��@R +F]jgwG�pj^?UWg!pqoFSW^cp�UW`r]jo�]q�9L�l 
 f7+
X

,�`ro'UW]�l 
 f7+
M,X )

�

ueQ'o;pqG�`rx�x!DeHXx!«)]q�ZpjxXx
H2SWSW`a[F`a^r`¶UkQ_�4»�U\`cS�¢­]jgWUWD oe]jUW`roe�4UwDFp�U\��]jg\p�b_d;pq^r`¶ºFH2u®p�Uw]jGª��UWDeH�x
]_o_UwH
�RUwS
pjgWH\«Roe]�¢�o�pqUvx�]jG�te`r^aH��3Uw`aG�H�pqoFu�UWDeH�p_x�x
H2SWSW`r[e`a^r`aUkQ�x!DeHXx!«4x�pjo�[.H�uT]joFHYSVUwpqUW`cx�pq^r^rQj��+F]jgMUWDeH�¦!§�¨©¨
tFgWH2uT`rxXp�UwH%oe]qU�x
]_oFSV`cuTHXgWH2uµ`ao UwDe`cSYSWHXx
UW`r]jo���UwDeH)§q¨©¨�� � tegWH2uT`cx�p�UwH�¢­]jde^cuµ`rGYtF^aHXGYHXo'U�p�ueQ'o;pqG�`rxx!DFHXx!«?�
� � Ã � Ã � � � ��Ã�� A5	���� � Ã � � Ä �"¿ �2��� Lk���

P
§�38�

(c|γ)
2 �®§ /8�@
��q�1I5Lk� /8
����*
W§*4P§*3%� § /8�@
��

�1I5Lk� �<�2§�¨

�
f

(

(c|γ) P−−−−→
MCLP

(d|γ′)

) �
hen

(

(c|Π(γ))
Π(P)
−−−→
CLP

(d, allow(y, µ, p), y = ν|Π(γ ′))

)

�
�*
 	���4;�
ν
�
µ
�
p
§�38��	���4;�

y
��	 3%�*�%� 
�� � ��3

d
D

� � Ã�Ã��E	 
 H�UvdFSvSVdFtet;]'SVH
((c|γ) P−−−−→

MCLP

(d|γ′))
� 
 H
U 〈

ν − µ :p(~t)
〉 [.H�UWDFH�SWH�^rHXx
UWH2u�pqUW]jG `ro

γ
�

C�DFH�o
γ
`rS\]q��UwDeH%��]_gWG (

γ1,
〈

ν − µ :p(~t)
〉

, γ2

) ��]jgYSV]_GYH
γ1

pqoFu
γ2

� 0�H�oFx�H�¢­H%DFp:�jH
Π(γ) =

(

Π(γ1), ṗ(ν, µ,~t), Π(γ2)
) ����]�¢�^rH
U

(p(~s)← c′|α)θ
[.H�UWDeHmSVHX^aH2x¯UWH2u�x
^cpqdFSWH�`ao�G�]TuTde^rH

µ
��»¼o�SVdFx!D

p�xXpjSWH ¢�DeH�DFp:�_Hj�T`roªUWDeHvUwgwpjoFSW^rpqUW`r]jo�]q�
P
�TUWDeH\x
^cpqdFSWH

(ṗ(y, µ,~s))← c, allow(y, µ, p)|Πµ(α)) θ
�

²)H�pq^cSW]YD;p:�jH
d = (c,~t=~s, c′)

�
X |= ∃(d)

pjoFu
(ν =µ) ∨ (p ∈ I)

� .mS
(ν =µ) ∨ (p ∈ I)

`cS�UwgWdeH_�
UwDeH�x�]joFSVUWg!pq`ro'U

allow(ν, µ, p)
`rS�UwgWdFHZ`ao

M
�_DeH�o;x
H�¢­H�DFp:�jH

X ,M |= ∃d′
¢�`¶UwD

d′ = (c, (ν, µ,~t)=

(y, µ,~s), c′, allow(y, µ, p))
��C�DFH�gwH
��]jgwH ¢nH DFp:�_H

((c|Π(γ))
Π(P)
−−−→
CLP

(d′|Π(γ′)))
�

�

� ¿ 	 	®� A�	&, �8oI�g� �@3.¦��?�2�*3I	
Πµ

�n§*3%�
Π

��3j�<�2§�¨-	��­§*
�� ��3 3��!¦
�1������D

� � Ã�Ã��E	
.mS�`aUm`cS�UwDeH\x�]jG�t;]'SV`aUW`r]jo4]j�9`ao�ikH2x¯Uw`a�_H���deoFx
UW`r]joFSX�;UWDeHJ��deoFx¯Uw`a]_o

Π
]_o4�j]'pq^cS�`rSm`ro�ikHXx
UW`r�jHj��+e]jg

UwDeHZSwpqG�H�gWH2pjSW]jo��:UwDeH���deoFx
UW`r]jo
Πµ

]joYtegwH
ºe�TH2uYpqUW]_G�SX�jpqUW]jG SVH2b_dFH�oFx�HXS9pqo;uYx�^rpjdFSWHXS�`cS9`aoqikHXx¯Uw`a�_Hj�
.mS

Πµ

]_o�G�]TuTde^rHXSM`cSMUWDeH�t.]j`ro'Uk¢�`rSWH\H��RUWH�o;SV`r]jo�]q�hUwDeH�`aoqikHXx¯Uw`a�_HY��deoFx¯Uw`a]_o
Πµ

]_o�x
^cpqd;SVH2S�� `aUv`rS
`ro�ikH2x¯UW`r�jHMUw]'];�

�
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(c|γ)
2 �0/%�@
�� �1I5Lk��/8
����*
W§*4 §*3%� �<�2§�¨

if

(

(c|Π(γ′))
Π(P)
−−−→
CLP

(d|α)

)

then

(

(c|γ) P−−−−→
MCLP

(d′|γ′′)

)

� oV�

�� Π(γ′′)=γ′
§*3%�

d′=(d, allow(y, µ, p), y=ν)
�
��
7	
�*4��

ν, µ, p
§*3%� 	��F¦�ol� oe§��

y
��	73%�*�I� 
�� �

��3
d
D

� � Ã�Ã��E	n¬­HXxXpqdFSWH
Πµ

pqo;u
Π
pqgwH�`aoqikHXx¯Uw`a�_Hj�'¢nHmx�pqo�dFSWH�UwDeH�`rghgwHXSWt;H2x¯Uw`a�_H�`aoR�jHXgwSWHXS

Πµ
−1
pjoFu

Π−1
�


 H
UZdFS�SVdetFt;]'SVH UwDFp�U
((c|Π(γ))

Π(P)
−−−→
CLP

(d|γ′))
��C�DeH�x
]_oFSVUWg!pq`ro_U

c
uT]RHXS�oF]qU�x
]_o'Uwpq`ro4pqoRQ

allow/3
x�]joFSVUWg!pq`ro'UMSW`ao;x
H

(c|γ)
`cS p�L)l 
 f �j]_pj^3� 
 H
U

q(~t)
[;HYUWDFH�SWH�^rHXx
UWH2u�p�Uw]jGª�

Π(γ)
`cS ]q�AUwDeHY��]jgwG

(

γ1, q(~t), γ2

) ��]_g�SV]_G�H
γ1

pqoFu
γ2

� 0ZHXoFx
HJ¢nHvDFp:�_H
γ =Π−1(γ1), p(ν, µ, ~t′), Π−1(γ2)

¢�`¶UwD
q = ṗpjoFu

t=(ν, µ, ~t′)
� 
 H�U

q(~s)← c′|β
[;HZUWDeHZSWH�^rHXx
UWHXu�x�^rpjdFSWHj��²�H�DFp:�_H

p(~s′)← c′′|Πµ′
−1(β)

`ro�UWDeH
`rG�te^rH�G�H�o'UwpqUW`r]jo4]j�9SW]jG�H�G�]TuTde^rH

µ′
�F¢�`aUWD

~s=(y, µ′, ~s′)
pjoFu

c′′ = c′, allow(y, µ′, p)
¢�DFH�gwH

y
`cS

��gwHXSWD���²)HJDFp:�_H
d = (c, c′′, allow(y, µ′, p), (ν, µ, ~t′)=(y, µ′, ~s′))

pqoFu
X ,M |= ∃(d)

��0ZHXoFx
Hv��]_g
d′ = (c, c′′, ~t′ = ~s′)

�e¢­HvDFp:�_H
X ,M |= ∃(d′)

�nC�DeHXgWH���]jgwHj�R��]jg
α = (Π−1(γ1), Π

−1(β), Π−1(γ2))
�

¢­Hvx
]_oFx
^rdFuTHMUWD;p�U
(c|γ)

x�pqo�[.HvgWH2uTdFx
H2u�[RQ�p�x�^rpjdFSWHm]j�
P
Uw]

(d′|γ′′)
¢�`¶UwD

Π(γ′′) = γ′
�

�

� � � $ &n�
������� $

»¼oªpYtFpqt.H�g�]j��)\� 0J� )\�F²µpqgwgWHXo�N �q|QP��TUwDeH De`a�_DeH�gW��]jg!uTH�g­H
�RUWHXoFSW`a]_oFS­]q�"fhgW]_^a]_�\¢­H�gwHMb'deH2SkUw`a]_oeHXu�pjS
UwDeH�Q�ue]�oe]jUmgwHXpq^r^rQ�tFgW]��R`cuTH�G�]jgwHJH��RtFgWH2SWSW`a�_H�t.]�¢nHXgZUWD;pqo�G�H�Uwp���tegw]j�_gwpjGYG�`roe��tegwHXuT`cx�pqUWH2S��M²�H
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]_o_UwH
�RUA]q� G�]TuTde^cpqgA^r]j�_`rx­tegw]j�_gwpjG�GY`roe�;�
pjoFuJUWDFpqUAGY]TuTdF^aH�x�]TuTH�tegW]jUWH2x¯UW`r]joY`cSWSWdeHXS�oFHXx
H2SWSW`aUwp�UwH­UW]�uT`cSkUw`aoF�jde`cSVD�[.H
Uk¢­H�HXo�xXpq^r^rS9pjoFuYx
^r]_SWdegWH2S��
C�DeH G�]TuTde^rHMSWQTSkUwH�G�¢­HMtegW]_t;]'SVHm`rS�x�^a]'SVHmUW]\UWDeH ]_oeHm]j��ln`cpq]YfAgW]_^a]_�J`ro�`aUwS�`rG�te^aHXG�H�o'UwpqUW`r]jo��

²)H��'p:�jH�pjo+]jt.H�g!p�Uw`a]_oFpq^MSVHXG�pqo'UW`cx�S%��]jg�GY]TuTdF^rpjg�^r]j�j`cx�tFgW]_�jg!pqG�S�¢�`aUWD8xXpq^r^rS�pqoFu8x
^r]_SWdegWH2S��
pjoFu)dFSWHXuµ`aU�UW]4��]_gWG�pj^a^rQ�tegw]��jHYUwDeH���de^r^hG�]TuTde^rH�x
]TuTH�tegW]jUWH2x¯UW`r]joµtegw]jt.H�gWUkQj� +edegWUWDFH�gwGY]_gWH_�"pjo
H2b'de`a��pj^aHXo_Um^a]_�j`cx�pq^"SVHXG�pjo'UW`cx�S���]_gWG�]TuTde^cpqg�^a]_�j`cxvtegw]j�jg!pqG�S�¢�`aUWDe]_dTUMxXpq^r^rS�oe]jgMx
^r]_SWdegwHXS�DFp_SZ[.H�HXo
tFgW]��R`cuTHXu �TSWDe]�¢�`roe��pJUwgwpjoFSW^rpqUW`r]jo�]j��G�]TuTde^cpqg�^r]j�_`rxmtegw]j�_gwpjG�Sn`ro_Uw]%x
]_oFSkUwgwpj`ao'U�^a]_�j`cxMtegW]_�jg!pqG�SX�

C�De`cSMG�]Ruede^aHYSVQTSVUWHXG�D;pjSm[;HXH�o�`rG�te^rH�G�H�o'UWH2u�`ro � �m����fAgW]_^a]_�F�?pqoFu�DFpjSm[;HXH�o�dFSVH2uªUW]�t;]_gVU
SW]jG�H�H��T`rSVUW`roe��x�]RueHJpjS�^a`r[eg!pqgw`aH2S��ZC�DeHJGY]TuTdF^rpjgW`6(XpqUW`r]jo4]q��UwDeH�ln]_oFSkUwgwpj`ao'U�0mpqoFue^a`roe��s�dF^aH2S�^cpqoT�
�_dFpq�_H�l10�s ]_[TUwpj`aoeH2u½[RQ�t.]jgWUW`roe�/p fhgW]_^a]_� `aG�te^rH�G�H�o'U!p�UW`r]jo N � � P p_S%p ^r`a[eg!pqgwQj��tegw]��R`rueHXS%pjo
`ro'UWHXgWH2SkUw`aoe��H
�epqG�te^rHJ]j�A`ao'UWHXoFSW`a�_HJdFSWHJ]j�9UWDeHYG�]Ruede^aH�SWQRSVUWHXGª�.p_S�`aU pj^a^r]�¢ZS�UwDeH\ueH��jHX^a]_teG�H�o'Um]j�
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�_dFpq�_HmIR` 
 l�lmNr�j�j� �X�QP��TSVdFx!D�pjSh��]jg�`roFSkU!pqoFx�Hj�TpJueQ'o;pqG�`rxm^rH
�TH�gW�·t;pqg!SVHXghpq^r^a]�¢�`roe�\GY]TuTdF^rpjg­SWQRo_U!p��
gwHXueH
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N !*P .J�n¬­gw]j�j`·�­f���L�pjoFx�pjgWHX^a^cpe� )J�nf�HXuTgwHXSwx!De`·�­pjoFu +­�nC"degW`roe`·� L�H
Uwp)��]_g%G�]TuTde^cpqgw`rSW`aoF� ^a]_�j`cx
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���	�3V����
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�3?§�¨=�h�
Lb���*��¦ � 
����.
W§�4O4 4O��3K�j���2~
�q�j�IR ��� ! �T{j�_�e�T�X~j~ � �

N }*P )\�?l­pj[;H�(XpF�;
73jA�B.����3I	��42
¨6� �$#�¨�� 2!§�¨

73.§�¨ �Q	 ��	�� 
��2��3%�R¨ � Lk���.��¦ � 
����*
W§*4 4O��3K�>K��Q	 ����4\�nfAD )
UwDeHXSW`cS��F��oe`r�jH�g!SW`ruep_u%f�]j^r`aU��Xx�oe`cx�p�uTHvL�p_uTgW`cu �(.�de�F�;�j�j� � �

N �QP )\�Al­pq[.H�(Xp�pqoFu L � 0ZHXgWG�HXoeH��_`a^cuT]F� . oFH�¢ G�]TuTde^rH�SWQRSVUWHXGO��]_g�fAgw]j^r]j�;��»¼o�����
 	���	�3t�>��
�n
3?§��1�2��3?§�¨ I���3��
�

���3.¦ � ��3 I���4�/%�@�¼§��1�2��3?§�¨ Lb���.��¦��n�_]j^rdeG�H��2|j}e��]q� L&% 
$	¯�9tFpj�jHXS���!F� �?� � |F�
ITtegW`roe�_H�gW�'�9HXgW^cpq�;�'£_de^rQ��q�_�j�F�

N |*P )\�­l­pj[;H�(Xpe�­L �&0ZHXgWG�HXoeH��_`a^cuT]F�­pqoFu±£;� 
 `rtTUW]_o�� 0�`a]_gwu R .�UkQRt.H
�·��gWHXH�DF`a�_DeH�gW�·]_gwueH�gY^a]_�j`cx
tFgW]_�jg!pqG�G�`aoe�v^cpqoF�jde�'pqHZ¢�`aUWD�tegWH2uT`cx�p�UwH�pq[;SkUwgwp_x¯UW`r]jo�� »¼o5� 
��2¦ ��� �*��3K�*	 �h�;
 K�	 
$% 7 �)( ��
�	���§�3
I��*4C/8�@�?��3:� K ¦
�2��3.¦ �>I���3��
��
���3.¦ ���etFpq�_HXS�~<! �.�2�j|F�RlnDe`cpqoe��L�pj`3�.�q�j� � �TIRtegw`aoF�jH�gW���9H�gw^rpj�F�

N ~*P ²y��lnDeH�o�� . UWDFH�]jgwQ®]j�MG�]TuTde^rHXS�[;pjSWHXu±]jo½SVH2x
]_oFuR��]jg!uTH�g�^r]j�j`cxq� »¼o �8oI�O�
�*�@
���o*	�A�A�A0D
	
3V���

�3?§��¼§�¨ K���4C/V�Q	����@4 ��3 Lk���*��¦ � 
����.
W§�4O4 ��3:�q�FtFpq�_HXSZ� � �:!<!e�.�X~j|R�R�

Nr�X�*P�+­��+Fpq�_HXSX�Tf��;s�deH�UX�.pqoFu4I?�;IT]j^r`aG�pqo�� 
 `roeH2pqgZx
]_oFx
dFgWgwH�o'UZx
]_oFSkUwgwpj`ao'U�tegw]j�_gwpjGYG�`roe�VR�]jt.H�g!p��
Uw`a]_oFpq^"pqoFu�teDFp_SVHvSWH�G�pqo'UW`cx�SX�+	�3��
��
�4�§��1�2��3 §�3%�JI���4�/%�@�¼§��1�2��3F���X}_{V+k�Q,�Rr� � � � �_� +eHX[��;�j�j�e�_�

Nr�j��P s��90�pqHXG�GYHXgW^"�j�JIT` 
 l�l�`cSm^r`roeHXpjgMx�]joFx�degWgwH�o'U x
]jo;SkUwgwpj`ao'U tegW]_�jg!pqG�G�`aoF��+�uT]Tx
UW]jg!pq^�x
]_oFSW]jgW�
Uw`adFG;,
�m»¼o � 
��2¦�� � ����3:��	��|��	�3V����
�3.§��1�2��3?§�¨ I_�*3��
��
���3.¦ ����3 Lb���.��¦ � 
����.
W§�4O4 ��3:�,	�I5Lb� ����� �q�
 HXx
UWdegwH��Z]jUWHXS�`ro�ln]jG�tedTUwH�g�ITx�`aHXoFx
H_�FIRtegw`aoF�jH�gW���9H�gw^rpj�F�T�q�j�'{T�

Nr�2��P�lm��0Z]_^�(X[FpqdFgX��¤mH
��pj`;x�^atk+3b.� g�,9G�pqoRdFpj^FgwH��?�e�_� !F� �e�?C"HXx!DFoe`rxXpq^.s�H�t.]jgWUnC�s��¼~_{����_~e�
-MSVUWHXgWgwH�`cx!De`a�
Swx!DeH2S +e]jg!Swx!D'dFoe�_SW`ao;SkUw`¶UwdTU��/.eg .ZgWUW`aº;x
`cpq^�»¼o_UwH�^r^a`r�jHXoFx
H_�T² `aHXo����2~j~_{e�

Nr��!*PM»¼o'UwH�gwoFp�Uw`a]_oFpq^"¤mgw�_pjoe`�(2p�Uw`a]_o���]jg�I'U!pqoFuFpqg!uT`�(�UW`r]jo��+	
3��
��
�4�§��1�2��3q���w¦ o:38��¨������,0�� 
����.
W§�4O4O��3K�
¨r§�3K�.�F§��K�
	10�� 
��q¨�����0;��§�
��32 � #C��3%��
W§�¨"¦ �*
��
���X~j~'{T��»VIF¤4�:» ��l���!'�T�_�
�!�j�

687T�96;:



�������T¨��
	��
��
���
���¨�������������	������ � ���

Nr� � PM»¼o'UwH�gwoFp�Uw`a]_oFpq^"¤mgw�_pjoe`�(2p�Uw`a]_o���]jg�I'U!pqoFuFpqg!uT`�(�UW`r]jo��+	
3��
��
�4�§��1�2��3q���w¦ o:38��¨������,0�� 
����.
W§�4O4O��3K�
¨r§�3K�.�F§��K�
	10�� 
��q¨�����0;��§�
�� �
� �������T¨��
	¯�.�q�_�j�F��»VIF¤4��» �­ly��!_�e�j�
�k�T�

Nr�2{�P £;��£'p�) pqgvpqoFu)£;� � 
 � 
 p_SWSWH�(_��ln]_oFSkUwgwpj`ao'U ^a]_�j`cxJtFgW]_�jg!pqG�G�`aoe�;��»¼o � 
��2¦�� � ����3:��	��|��� oI�"2 ( ��o
 IT� K���4C/V�Q	����@4 �*3 � 
���3?¦
� /?¨��
	;�h��� 
����.
W§�4O4 ��3:� L�§*3K�.�F§��K��	��g�j�@3t��¦�o3�
#C��
�4�§*3 ���?tFpj�jHXS
�_�j� �.�j�2~e��.�l­L �e£'pqo�� �2~j|'�T�

Nr�X}*P�)\��L4`r^a^rH�g2� . ^r]j�_`rxXpq^�pqoFpj^aQTSW`rS�]q�hG�]TuTde^rHXSM`ro�^r]j�j`cx�tFgW]_�jg!pqG�G�`aoe�;��!@���@
�3?§�¨��|� Lk���.��¦ � 
��*n
�.
W§*4 4O��3K�j�FtFpj�jH2S��q~ �?�X�j|F�;�2~j|_~e�

Nr�:�QP�)\�FL4`r^r^aHXgX� . tegW]_t;]'SWpj^F��]_g�G�]Ruede^aH2S­`ao�^rpjGJ[?uepYtegw]j^r]j�F�"»¼o ��
��X¦ � � ����3:��	 �|� � oI��2���� � ����
��*n
	�oV��/{�*3 A_B<�>��3I	��2�*3I	 ��� Lk���.��¦ � 
����.
W§�4O4 ��3:�q���j]j^rdeG�H��q~j|�]q�;Lb�!¦
�1�@
��4% �*�>�
	 ��3�I���4�/%�@����

K ¦
�2��3.¦ ���etFpj�jHXSZ�j�j} �T�j�e�j�;�X~j~ � �

Nr�X|*P 
 ��L4]_o'UWH�gw`r]¹pjoFu .���f�]_gVUw]F� ln]jo'UWH��'UwdFpq^4^r]j�_`rx�tFgW]_�jg!pqG�G�`aoe�;� »¼o � 
��2¦ ��� �*��3K�*	 �h�
	 I5Lk� 7 2������ � 	�3t�>��
�3.§*�?�2�*3.§�¨ I��*3��
��
��
3?¦ � �*3 Lb���.��¦ � 
����*
W§*4 4O��3K�j�etFpj�jH2S��j| � �T�q~_~e�.�X~_|j~e�

Nr�X~*PMf��.L4]jdeg!pe� 
 ]_�qU!pq^r«.���@y:yK��a�L:L ����� [�JKF �:yIH:J��g[hF*G��?�
N �q�*PMf��.L4]jdeg!pe�;Lk���*�¼§�¨ ��n N �
	�� �*3 �|�J§*3�� 243��w¦��1n�� 
��2��3V��� � Lb���.��¦ � 
����*
w§�4O4 ��3:�"L"§�3:�*�F§��<���­fAD )

UwDeHXSW`cS�� )mH�t;pqgWUWG�H�o'U�]q��»¼oT��]jgwG�p�Uw`rxXS��e��oe`a�_H�g!SV`aUkQ�]q�9¬­H�`rgwp\»¼o'UWHXgW`r]jg2�Tf�]jgWUWde�'pq^·�TITH�tTU2�;�q�_�.!e�
N �T��P s�� .�� ¤ � 	 HXH
��Hj�9C"]�¢­pjgwuFS­pjo4pq^r�jH�[Fgwp���]jg�x�]joFSVUWgwdFx¯Uw`aoF�Y^r]j�_`rxMtegw]j�_gwpjG�S���»¼o:K ��4�/I��	 ���@4 ��3

Lb���*��¦ � 
����.
W§�4O4 ��3:�q�FtFpq�_HXS �2{_� �?�X}j�F�j» � � �Z���2~j|_{e�
N �j��P
	��?ITpq�_]joFp_SZpqo;u4pq^·� �8oV��� K�
 K��Q	 ����4��%�

 	��2��3 � D �5n��t��¨9�@4;� 2 � � 
����*
W§*4 4;��
 7 	 ��§�3V�F§q¨ �

�2~j~<!����q�_�.!F�
N �*!*P�)\��C ��ITpjoeoeH�^r^cp�pqoFu 
 � .J��²µpq^r^aHXo��4p�x�pj^rx�de^ad;Sv��]jg�UWDeH�x
]jo;SkUwgWdFx
UW`r]joµ]q��G�]TuTde^cpqg�fhgW]_^a]_�

tFgW]_�jg!pqG�S�� !@���@
�3?§�¨k�|� Lk���*��¦ � 
����.
W§�4O4 ��3:�q�;tFpq�_HXSM� � � �?�:�j�T�F�2~j~_�e�
N � � P C �hIex!DegW` ik�jHXgwSYpqo;u )\�hI?�9²µpqgwgWHXo��±ln]jo;SkUwgwpj`ao'U\D;pqoFuT^r`roe��gwde^rHXS�pqo;u®U!pq[e^rH�H��THXx
deUW`r]jo���»¼o

��
��X¦ � � ����3:��	��|�1	 I
Lb� 7 � ( � 	�3t�>��
�3.§*�?�2�*3.§q¨ I_�*3��
��
���3.¦ �l�*34Lk���*��¦O� 
����*
w§�4O4 ��3:�q�"tFpq�_HXS\�2�q� �
��!j}F�FITpq`ro'UV�¼L�pq^r]F�e�q�_� � �TITtegW`roe�_H�gW�'�9HXgW^cpq�;�

N �j{�PvIT¢nH2uT`rSWD�»¼o;SkUw`¶UwdTUWH ]q�Aln]jG�tedTUwH�g�ITx
`rH�o;x
Hj� K�	 I�Kt�1�:	�� 
��q¨����l� � �k	���
 7 	���§�3t�F§�¨ �9C�DeHM»¼o'UWH�^r^r`¶�
�_H�o'UmIRQTSVUWH�G�S 
 pq[.]jg!p�UW]_gWQ_�_f�¤ ¬­]:���2�j}.!F�TIR�w�2} � �q|�	 `rSVUwpF�FIR¢­HXuTHXo�� �X~_~e� �e�q�_� � �

N �q}*PvIT¢nH2uT`rSWD�»¼oFSkUw`¶UwdTUWH ]j�9ln]jG�tedeUWH�gZITx�`aHXoFx
H_�����@��3t�?�:	���
���¨����l� � �b	��

 7 	���§�3V�F§q¨ �9C�DeH »¼o'UWH�^r^r`¶�
�_H�o'UmIRQTSVUWH�G�S 
 pq[.]jg!p�UW]_gWQ_�_f�¤ ¬­]:���2�j}.!F�TIR�w�2} � �q|�	 `rSVUwpF�FIR¢­HXuTHXo��F�q�_�.!e�

N �_�QP s��qsv� ���cx¯UW]_gAITpqo'UW]'S�ln]'SkU!pe� 
 d��rS )MpqG�pjS�pqoFu\sv� .�� )m`rp.(j����
7� �:	���
 7 	 4�§�3t�F§�¨ �T�2~j|_~ �T�j�j�_�e�
N �q|*P�)\��0J��)J��²)pjgWgwH�o�� 0Z`r�jDFH�gW�·]_gwuTHXgmH��RUWH�o;SV`r]joFSMUw]ªfAgW]_^a]_�VR�.ZgwHYUWDeHXQ�oeHXHXuTH2u�� »¼oe��§j¦ o:��38�

	
3V���
¨©¨ � �<��3.¦ ���F�j]_^adFGYH��2�J]j� Lb�!¦
�1�@
��$% ������	 ��3 ��§*��oV�
4�§��1��¦�	¯�;tFpq�_HXS ��� � � � { � �F�2~j|_�e�
N �q~*P £;�e² `rH�^rH�G�pq«_H�g2� K � 	�� 
��q¨���� �.D ( D 2����?�
�

���3.¦ � ��§�3V�F§q¨ ���2~j~j� ���j�j� � �

�b�����V�������



Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


	Introduction
	Review of existing syntactic module systems
	A Basic Module System
	SICStus Prolog
	ECLiPSe
	SWI Prolog
	Logtalk
	Ciao Prolog.
	XSB

	A safe module system with calls and closures
	Syntax of Modular Logic Programs
	Operational Semantics
	Module Code Protection

	Logical Semantics
	Modules as a Constraint System M
	Pure MCLP programs

	Conclusion

