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¼-ÓU¼-Ô@Ä�¶D»�×�¹=ÇÑÅ�¼-Æ�Ä��
â�¡�ãº¥a»�¼�¦2½�©VÔ Ë Ã ¾]ÆOÆOÇ ÈÉ£?¤�¥a¦2§!¨N©�ª�«�£-U¥aÊOË�Ì

ÂYÍ�Á Î!Á Å0Ï Ô Ë Ã ¾]ÆOÆ�ÇÔ Ë Ã ¾]ÆOÆOÇ Ð ¥a»�¼�¦2½�©VÔ Ë Ã ¾�Æ�ÆOÇ

âÑÌ�ãº£?¤�¥a¦2§<¨�©�ª_«¬£-U¥ ÊOË�Ì ÂYÍ'Á Î�Á Å<Ï Ô Ë Ã ¾]ÆOÆOÇÔ Ë Ã ¾]ÆOÆ�Ç ÈÉ£?¤�¥a¦2§<¨�©�ª�«¬£-�¥ Ê�Ë�Ì ÂYÍ�Á Î!Á Å0Ï?¾'¿a¿�À Á ÂY¾fÃ Á Ä�ÅAÆOÆOÇÔ Ë Ã ¾]ÆOÆOÇ ÈÉ£?¤�¥a¦2§<¨�©�ª�«¬£-�¥ Ê�Ë�Ì ÂYÍ�Á Î!Á Å0Ï?¾'¿a¿�À Á ÂY¾fÃ Á Ä�Å Ê ¾fÃ ¾¾'¿a¿�À Á ÂY¾fÃ Á Ä!Å�ÆOÆOÇ
Ð ©aÑ°Ñ;Ò¬«¬»�©�ª_«¬£-wÑ;§�£-Ó�§<©�½

çÑÇÑ¶DÏîâTÌ=ã�Ä�µ�¼-Ã¤ÄkÇÈµ�¹=Ç�ÅzÆ9º�»�ÅzÆ�½tÅzº�Ðz¶,ÇÈµ�¶,Ã7µ�¼-Ðz¶�¹=º�º�ÐzÅz½t¹=ÇÑÅz¼-Æ�½�¼-Ê�ÐzÉ�Ô@¶,Ä�º�¶D½�Åzë�¶DÉ�¼-Æ�Ð�Í�ÅzÆ9ÇÈ¶D»`Ï£Äo¼-Ó�¼-Ô6Ä�¶D»�×�¹=ÇÈÅz¼-Æ�Ä5º�ÐzÊ�Ä5¹�Ä�Å�Æ�Î@Ðz¶
Ä�¶DÇ-¼-Ó-·5·5¸LÄ�º�¶D½tÅzë�½	ÅzÆ�ÇÑ¶DÎ@»`Å�ÇÑÍ'»0Ê�Ðz¶DÄ=ÕEÞ7¼-Ã7¶D×6¶D»Èé�Ã7µ�¶DÆ�ÇÈµ�¶�Ä�Í@Ä�ÇÈ¶DÏ ÅzÄ�ÏL¹=ÅzÆ�ÇÑ¹=ÅzÆ�¶DÉy¢?½�©O�Õ°©�Ò�Ò Ö;±=é�ÅzÇ-¹=º�º�¶D¹=»`Ä5ÇÑ¼�Ô6¶O×6¶D»`Í9µ�¹�»0É)ÇÈ¼
É5ÅzÄ�ÇÈÅzÆ�Î@Ê�ÅzÄ�µ)ÇÑµ�¶�×6¹�»�Åz¼-Ê�Ä�¹=Ô6Ä�ÇÈ»`¹=½tÇÑÅz¼-Æ�Ðz¹=Í@¶D»`Ä�¹=Æ�É¤ÇÑ¼9½t¼-ÏLº�»0¶Dµ�¶DÆ�É¦ÇÑµ�¶�¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä=ÕD´�¼'»�¶DÉ5Ê�½t¶�ÇÈµ�Å�Ä	ÉiÅ�Ä�¹�É5×6¹�Æ�ÇÑ¹=Î@¶�¹!Ä�ÅzÏ£º�Ðz¶
Ä�¶DÇ@¼-Ó6»�Ê�Ðz¶DÄk½�¹=Æ)Ô@¶�Î6Å�×�¶DÆ)Ã7µ�Åz½tµ¤É5¶DÉ5Ê�½t¶DÄkÇÈµ�¶�»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¹=ÇÈÅz¼-Æ�¼-Ó6ÇÈµ�¶!¼-Æ�¶DêTÇÈ¼-êT¼-Æ�¶�ÏL¹=º�º�ÅzÆ�Î'ÓÑ»�¼-Ï ¹!Ä�¶DÇ@¼-Ó�¼-Ô@Ä�¶D»�×�¹=ÇÑÅ�¼-Æ�Ä=ÕD´iµ�¶
ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍL½�¼-Æ�Ä�ÇÑ»�¹�ÅzÆ�ÇÑÄ�ÅzÆ*ÇÈµ�¶)Æ�¶DØ�Ç	Ä�¶D½�ÇÈÅz¼-Æè¹�Ä�Ä�Ê�Ï£¶¤ÇÈµ�¶¤Ä�½tµ�¶DÏ£¹¦ÇÑ¼LÔ6¶�ÅzÆèÇÑµ�¶¤»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¹=ÇÈÅz¼-Æà¼-Ó,ÇÑµ�¶¤¼-Æ�¶DêÑÇÑ¼-êÑ¼-Æ�¶7Ï£¹�º�º�Å�Æ�Î
º�ÐzÊ�Ä,¹<Ä�ÅzÆ�Î@Ðz¶<Ä�¶DÇ6¼-ÓU¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä,âÑÐzÅzÛ@¶4ÇÑµ�¶<Å�ÇÑ¶DÏ£ÄOâÑË�ãÑéYâ��=ã�¹=Æ�É¢â�¡=ãTãBÕ

�



× Ø ü ¬ ü ®�þ�Ù)«�¬£ ü ��®�³D<ÚÜÛ©¯�¬��oD®�þ!³D¬£2�^¯(�* �£ü ÿLÿ�� ú ¯�° ü Ù

Ý;Þ ß àUá|â|ã]ä!å2æAâyç�è
é�ê�ëyê�âyì|ê�â|ã]å2ê°í
q ¹=»`Û@ÅzÆ�Î�¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶DÄ,¹=Ä	ÅzÉ5¶DÆ�ÇÈÅzÓTÍ@ÅzÆ�Î¤¹=Æ�É¢ÇÈµ�¶4Ä�º�¶D½�Å�ë�½�¹=ÇÑÅ�¼-Æ7¼-ÓU½t¹�»0É5ÅzÆ�¹=ÐzÅzÇÈÅz¶DÄ�¼-ÓUË<ÅzÆ¦»0¶DÐz¹=ÇÑÅz¼-Æ�Ä�µ�Åzº¢ÇÈÍ@º�¶DÄOÅ�Æ7¹�Æ)·5·i¸�Ï£¼-Éi¶DÐ-¹=»0¶
º�¼-Ä�Ä�ÅzÔ@Ðz¶4Ã7¹=Í@Ä,ÇÑ¼�¶DØ�º�»0¶DÄ�Ä	ÓTÊ�Æ�½�ÇÈÅz¼-Æ�¹�Ð-É5¶Dº�¶DÆ�É5¶DÆ�½�Åz¶DÄ	¼-Æ¦ÇÈµ�¶!Ï£¼-É5¶DÐzÐz¶DÉÉi¹=ÇÈ¹UÕ

í ÓTÊ�Æ�½�ÇÈÅz¼-Æ�¹�ÐiÉ5¶Dº�¶DÆ�É5¶DÆ�½tÍ£âÑñ�s9ã	ÅzÄ<¹7½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�Ç	¼-Æ�¹¤»0¶DÐz¹=ÇÑÅz¼-Æ$¶ôÃ7µ�Åz½�µ�Ä�ÇÈ¹�ÇÈ¶DÄ<ÇÑµ�¹�Ç	ÇÈµ�¶�×�¹=ÐzÊ�¶DÄ<¼-Ó	¹¤ÇÈÊ�º�Ðz¶�¼-Æè¼-Æ�¶¤Ä�¶DÇ
¼-Ói¹�ÇÈÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ�îHÊ�Æ�ÅzÒ@Ê�¶DÐzÍÉ5¶DÇÑ¶D»�ÏLÅzÆ�¶'ÇÑµ�¶9×�¹=ÐzÊ�¶DÄ!¼-Æ£¹�Æ�¼-ÇÑµ�¶D»�Ä�¶DÇðïC¼-Ók¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ=ÕiçÑÇoÅzÄ!Ã¤»`ÅzÇÈÇÑ¶DÆ£¹�Ä[îòñóïC¹�Æ�É�ÅzÄ!ÓT¼-»�ÏL¹=ÐzÐzÍ
É5¶Dë�Æ�¶DÉ¢Ô@Í�ÇÑµ�¶<ÓÑ¼-ÐzÐz¼-Ã7Å�Æ�Î¤Å�ÏLº�ÐzÅz½t¹=ÇÑÅz¼-Æè¾õô�ö!ß=æYÂa�

÷!ø2ù_úüû Ð ÷�ý�ùYúüû{þÿ÷!ø2ù��uû Ð ÷�ý�ù��uû
÷ ø ¹�Æ�É ÷ ý ¹=»�¶�ÇÑÃ7¼�É5ÅzÓÈÓT¶D»0¶DÆ�Ç@ÇÈÊ�º�Ðz¶DÄ	¼-ÓA¶<Õ�çTÓ�ÇÑµ�¶!×�¹=ÐzÊ�¶DÄ	¼-Æ7ÇÈµ�¶!Ä�¶DÇ�¼-Ó�¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄUî�¹�»0¶�ÇÈµ�¶!Ä�¹=ÏL¶!ÅzÆ ÷ ø ¹�Æ�É ÷ ý ÇÈµ�¶DÆ7ÇÈµ�¶!×6¹=ÐzÊ�¶DÄ
¼-Æ7ÇÈµ�¶!¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶!Ä�¶DÇNïèµ�¹�×6¶!ÇÈ¼�Ô@¶!ÇÈµ�¶4Ä�¹=ÏL¶DéYÇÑ¼-¼iÕDçTÆ)¼-ÇÑµ�¶D»�Ã7¼-»0É5Ä�é=¹<ñ�s�îrñ ï�ÅzÄ,×�Åz¼-Ð�¹�ÇÈ¶DÉ¢ÅzÓ�ÇÈµ�¶D»0¶!¶DØ�ÅzÄ�Ç6ÇÈÃ7¼�ÇÑÊ�º�Ðz¶DÄ,Ã7µ�Åz½tµ
µ�¹�×6¶!ÇÑµ�¶4Ä�¹�Ï£¶!×�¹=ÐzÊ�¶DÄ,ÅzÆwîô¹�Æ�É¢ÉiÅ�ÓÑÓÑ¶D»�¶DÆ�Ç6×6¹=ÐzÊ�¶DÄ	ÅzÆwïxÕ�´iµ�ÅzÄ,½�¹=Æ7Ô@¶!¶DØ�º�»0¶DÄ�Ä�¶DÉ¦Ô@Í)ÇÈµ�¶4ÓÑ¼-ÐzÐz¼-Ã7ÅzÆ�Î¤»0Ê�Ðz¶��

not-determine(value(Att-LHS,Mt-LHS), value(Att-RHS,Mt-RHS)) :-
two(value(Att-RHS,Mt-RHS), T1,T2),
not two(value(Att-LHS,Mt-LHS), T1,T2).

´5µ�ÅzÄ�»0Ê�Ðz¶�É5¶Dë�Æ�¶DÄ�ÇÈµ�¶<×�Å�¼-Ðz¹�ÇÈÅz¼-Æ¢¼-Ó5¹�ÓÑÊ�Æ�½tÇÑÅz¼-Æ�¹�Ð6É5¶Dº�¶DÆ�É5¶DÆ�½tÍ¤¼-Ó�ÇÈµ�¶<ÇÈÍ6º�¶"���=�',�	��������!�'+-,��	������	��
�ñ ���=�',�	��������!�'+-,��	���¶��	��

âÑÃ7µ�¶D»0¶�ÇÈµ�¶ �����!�'+-,��	0Ä�¹=»�¶x¹�ÇÈ¼-ÏLÅ�½<¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶DÄ�ãBÕ�Ö�ÅzÆ�½t¶9ÅzÆ¼-Ê�»�»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¹=ÇÈÅz¼-Æ¦Ô@¼-ÇÑµ£ÇÑµ�¶9×�¹=ÐzÊ�¶DÄ�¹=Æ�ÉàÇÈµ�¶�ÇÑÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÈÅzë�¶D»`Ä�¹=»0¶
¹=½�½t¶DÄ�Ä�ÅzÔ@Ðz¶�ÅzÆSÇÈµ�¶�Ä�¹=ÏL¶�Ã7¹=Í�é�Ã7¶)½t¼-Ê�ÐzÉè¶DØ�º�»0¶DÄ�Ä!É5¶Dº�¶DÆ�É5¶DÆ�½tÅz¶DÄ4¼-Ó�ÇÈµ�¶�ÓT¼-»`Ï ������,�	�����������+=,��	������	��
[ñ �,�����&��������!�'+-,��	���¶��	��

¼-»;�,�����&�����������+=,��	������	��
UñÜ������,�	���=������+=,��	!��¶��	��
i¼-»;�,�����&��������!�'+-,��	������	��
Uñó�,����'&����=������+-,��	!��¶��	��
�Ã¤ÅzÇÑµ£ÇÑµ�¶9Ä�¹=ÏL¶�¶D¹=Ä�¶6ÕUÝà¶
½t¼-Ê�ÐzÉÎ6¶DÆ�¶D»`¹=ÐzÅzÜ=¶�ÇÈµ�¶4»�Ê�Ð�¶<¹=Ä,ÓT¼-ÐzÐ�¼-Ã7Ä��

not-determine(LHS, RHS) :-
two(RHS, T1,T2),
not two(LHS, T1,T2).

çÑÆ¤ÇÈµ�ÅzÄ,½tÐz¹=Ê�Ä�¶����	�'¹=Æ�É�¶��	��Ä�ÇÈ¹�Æ�É¦ÓT¼-»�������,�	�õ´µ��� �·�
@¼-»��,����'&��õ���
@â��,����'&��õ���
6Å�Ä	¹xÄ�µ�¼-»`ÇÈµ�¹=Æ�É¢ÓT¼-»��,����'&�� � ���
TãBÕE´iµ�¶��x��
º�»0¶DÉ5Åz½�¹=ÇÈ¶�ÅzÄ!É5¶Dë�Æ�¶DÉ�Ô@¶DÐz¼-Ã)ÕkçTÇiÊ�Ä�¶DÄ!ÇÈµ�¶'º�»0¶DÉiÅ�½�¹=ÇÑ¶��=+=��é6Ã7µ�Åz½�µLÅzÄ!ÅzÉ5¶DÆ�ÇÈÅz½t¹�ÐUÇÈ¼º��+-��	!����	����=������£¶DØ�½�¶Dº�ÇiÓT¼-»OÃ7¶D¹=Û¶DÆ�ÇÑÅ�ÇÑÅz¶DÄ!âÑÄ�¶D¶
Ðz¹=ÇÈ¶D»`ã�Õ

two(value(Role,Type), Tuple0,Tuple1, V0,V1) :- obs(Role,Type,Tuple0,V0), obs(Role,Type,Tuple1,V1), not V0 == V1.
two(tupid(Role,Type), Tuple0,Tuple1, V0,V1) :- obs(Role,Type,Tuple0,V0), obs(Role,Type,Tuple1,V1), not Tuple0 == Tuple1.çÑÆ¦½�¹=Ä�¶DÄ,Ã7µ�¶D»0¶!ÇÈµ�¶<Ðz¶DÓTÇ�µ�¹=Æ�ÉÄ�ÅzÉ5¶<¼-Ó�¹�ÓTÊ�Æ�½�ÇÈÅz¼-Æ�¹�Ð@É5¶Dº�¶DÆ�É5¶DÆ�½tÍ�ÅzÄOÆ�¼-ÇU¹=ÇÑ¼-Ï£Åz½�Ã7¶4Ê�Ä�¶4¹�½tÐz¹=Ê�Ä�¶4ÇÑ¼�É5¶Dë�Æ�¶<ÇÑµ�¶4Ðz¶DÓTÇ�µ�¹=Æ�É
Ä�ÅzÉ5¶!¹=ÇÑÇÈ»`Å�Ô6Ê�ÇÈ¶DÄ,¹�Æ�É¢º�»�¼-½t¶D¶DÉ¦¹�Ä,ÓÑ¼-ÐzÐz¼-Ã7Ä��

not-determine(FullLhs, RHS) :-
extract goal(FullLhs,Forall,LHS),
two(RHS, T1,T2),
not ( (Forall, two(LHS, T1,T2)) ).

´5µ�ÅzÄ�Ã¤¹�Í)ÇÑµ�¶<ÓÑ¼-»`Ï£Ê�Ðz¹�ÇÈÅz¼-Æ¦ÓÑ¼-»�ÇÑµ�¶x×6Åz¼-Ðz¹=ÇÈÅz¼-Æº¢���£?§�©aAÖ�ª��w£��H«�����¦2§�¦<Uª��������A©�Ò¬Ò?¦2Ò�¦2½�¦<Uª_¥;£��pªõ¼�¦ �!����½�Õ°¥aªp¤�¦|¦#"�Õ°©�Ò�±xÅzÄ
»0¶DÓT¼-»�ÏLÊ�Ðz¹=ÇÑ¶DÉ¦¹=ÄU¢%$&$&$YU£µ¦2Ò¬¦2½�¦<�ªA£��pª ¼U¦'�!��� «�¥;©�Ò¬Ò¬£��u¦#� ª_£µ¤�¦��H«�����¦2§�¦<Uª<±�Õ

(�)!*�+!,�-�./�-�+10	2�,�,�3-�4!51,�*�)!*�,�*�3�67-�+!*�8�,�5!9!:�*'-�)!*�+!,�-�;!*�3
ñ@¼-»�¶D¹=½�µ'ÅzÉ5¶DÆ�ÇÑÅzÓÑÍ@ÅzÆ�Î9¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶°´µ�-¼-Ó-¹�Ï£¼-É5¶DÐzÐz¶DÉ¤ÇÈÍ@º�¶�¼-Ó-ÇÈµ�¶�·i·5¸Ä�½�µ�¶DÏL¹�ÇÈµ�¶D»0¶O¶DØ�ÅzÄ�ÇÈÄo¹�ÓTÊ�Æ�½tÇÈÅz¼-Æ�¹=Ð�É5¶Dº�¶DÆ�Éi¶DÆ�½�ÍxÔ@¶DÇÑÃ7¶D¶DÆ
´µ��¹=Æ�É¢ÇÑµ�¶4ÇÑÊ�º�Ðz¶4ÅzÉ5¶DÆ�ÇÑÅzë�¶D»o¼-ÓUÇÈµ�¶4ÓT¼-»�Ï��

������,�	�����&�	����� }O���'�2~A�������õ#%�=&�	!�'��	�&��������	�
Añ �,����'&���#%�=&�	�����	�&��������	


´5µ�ÅzÄ�½t¼-»`»0¶DÄ�º�¼-Æ�É5Ä,ÇÈ¼)ÇÈµ�¶4É5¶Dë�Æ�ÅzÇÈÅz¼-Æ¦¼-ÓU¹=Æ7ÅzÉ5¶DÆ�ÇÑÅzÓÑÍ@ÅzÆ�Î)¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶4¹=Ä,¹�Æ7¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶4Ã7µ�¼-Ä�¶x×6¹�Ð�Ê�¶DÄ	½�¹=Æ7Ô@¶4Ê�Ä�¶DÉ£ÇÈ¼)Å�Éi¶DÆ�ÇÑÅ�ÓTÍ
¹=Æ¤¶DÆ�ÇÑÅzÇÈÍ¤Ê�Æ�ÅzÒ@Ê�¶DÐzÍté�Ô@¶D½t¹�Ê�Ä�¶!ÅzÆ¤¼-Ê�»�¹�º�º�»0¼-¹=½�µ)¹�Æ)¶DÆ�ÇÈÅzÇÑÍ�ÅzÄ,»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¶DÉ¦Ô@Í�ÅzÇÑÄ,ÇÈÊ�º�Ðz¶4ÅzÉ5¶DÆ�ÇÈÅzë�¶D»`Õ

violated(value(Att,Mt) => tupid(Mt)) :-
attribute(Att, Mt, identifying),
not-determine(value(Att,Mt), tupid(Mt)).

çÑÇUµ�¹=ÄOÇÑ¼)Ô6¶<Æ�¼-ÇÈ¶DÉLÇÈµ�¹=ÇUÇÈµ�¶<ÅzÉ5¶DÆ�ÇÈÅzÓTÍ@ÅzÆ�Î7¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶4¼-Ó�Ã7¶D¹�Û)¶DÆ�ÇÈÅzÇÈÍ7ÇÑÍ@º�¶DÄOÉ5¼-¶DÄ�Æ�¼-Ç�Éi¶DÇÈ¶D»`Ï£ÅzÆ�¶4ÇÈµ�¶<Ã7¶D¹=Û¤¶DÆ�ÇÈÅzÇÈÍ�¾}¿�µ�¶DÀ=ÁDÂTé
Ô@Ê�Ç�ÇÈ¼-Î@¶DÇÑµ�¶D»�Ã7ÅzÇÈµ7ÇÈµ�¶4¼-Ã7Æ�¶D»�¶DÆ�ÇÈÅzÇÈÅz¶DÄ,ÅzÇ�É5¼-¶DÄ=ÕD´iµ�ÅzÄ,½�¼-Ê�Ð�É£Ô@¶4¶DØ�º�»0¶DÄ�Ä�¶DÉ¦ÅzÆ�ÓÑ¼-»`Ï£¹�ÐzÐ�Í)¹=Ä

������,�	����&�	!���� }������E~A������<��,�����&��!���¬}O����x���	�����õx�	��=z���	����
�ñ �,�����&���x�	��=z���	����

Ã7µ�¶D»�¶=<�ÅzÄ¤Ê�Ä�¶DÉ�¹�Ä�¹L½t¼-Æ�Ä�ÇÈ»�Ê�½tÇÈ¼-»BÕà´5µ�¶L½t¼-Æ�½t¹=ÇÑ¶DÆ�¹�ÇÈÅz¼-ÆC¼-Ó4×�¹=ÐzÊ�¶¢¹=Æ�É^ÇÈÊ�º�Ðz¶ÅzÉ5¶DÆ�ÇÈÅzë�¶D»`Ä)¼-Ó!¼-Ã7Æ�¶D»�Ä¤ÅzÄ)¹�½tµ�Å�¶D×�¶DÉôÅzÆ�ÇÑµ�¶
ÅzÏ£º�Ðz¶DÏL¶DÆ�ÇÑ¹=ÇÈÅz¼-Æ¦Ã7ÅzÇÈµ�ÅzÆ¦ÇÈµ�¶|��+-�oº�»�¶DÉ5Åz½t¹�ÇÈ¶�Ê�Ä�¶DÉ¢Ô@Íy�x���¹=Æ�É ���=���&�	!�	!��#%����	EÕ

¡



>%5!9!:�*?-�)!*�+!,�-�;!*�3@)!*�,�*�3�67-�+!*�8�8�-�+!0�:�*�A�2�:�5!*�)�2�,�,�3�-�4!5!,�*�8
í âTÄ�ÅzÆ�Î6Ð�¶D×�¹=ÐzÊ�¶DÉ5ã5¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶<ÅzÄ�¹'ÓÑÊ�Æ�½tÇÑÅ�¼-Æ£Ã7µ�Åz½tµLÏL¹=º�Ä�ÓÑ»�¼-Ï ¹=Æ£¶DÆ�ÇÑÅ�ÇÑÍ¦Ä�¶DÇ�¼-»O¹'»�¶DÐ�¹�ÇÈÅz¼-Æ�Ä�µ�ÅzºLÄ�¶DÇ5ÅzÆ�ÇÑ¼¤¹'×�¹=ÐzÊ�¶�Ä�¶DÇ`Õ�ñ@¼-»�¼-Ê�»
»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¹=ÇÈÅz¼-Æ)ÇÈµ�Å�ÄOÏ£¶D¹�Æ�Ä	ÇÑµ�¹�Ç6ÇÈµ�¶4×�¹=ÐzÊ�¶!¼-Ó�¶D¹�½tµ¤Ä�ÅzÆ�Î@Ðz¶D×�¹=ÐzÊ�¶DÉ¢¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶�¼-ÓUÇÈµ�¶!Ï£¼-Éi¶DÐ�Ðz¶DÉ¢ÇÑÍ@º�¶����ÅzÄ,Éi¶DÇÈ¶D»`Ï£ÅzÆ�¶DÉ¦Ô@Í�ÇÑµ�¶
ÇÈÊ�º�Ðz¶!ÅzÉ5¶DÆ�ÇÈÅzë�¶D»�¼-Ó���a�

�,�����&���#%��&�	!�'��	�&��������	�
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violated(value(other-roles,Rel) => value(Role1,Rel)) :-
role(Role1,Rel, ,1, ),
not-determine(other role(Role1,Rel,Role2) ˆ value(Role2,Rel), value(Role1,Rel)).
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violated(value(all-roles,Rel) => tupid(Rel)) :-
relation(Rel),
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not-included(LHS,RHS) :-
extract goal(LHS,Goal,L),
one(L,V),
not (Goal,one(RHS,V)).
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violated(value(Role,Rel) << tupid(Ent)) :-
role(Role,Rel,Ent, , ),
not-included(value(Role,Rel),tupid(Ent)).
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O	:�:P3�H�:�*�8Q-�+=2?3*�:�2�,�-�H�+18JI!-�9�6c518J,C4!*?8�9!*�E�-�;!*�)
çÑÆL¶D¹=½�µ¢»0¶DÐz¹�ÇÈÅz¼-Æ�Ä�µ�ÅzºàÅzÆ�Ä�ÇÑ¹=Æ�½t¶'ÇÈµ�¶9¹=Ä�Ä�¼-½�Å�¹�ÇÈ¶DÉà¶DÆ�ÇÈÅzÇÈÅz¶DÄ!µ�¹=×�¶�ÇÑ¼¦Ô@¶9Ä�º�¶D½tÅzë�¶DÉ�Õ5´5µ�ÅzÄ!½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�ÇiÅzÄ!×�Å�¼-Ðz¹�ÇÈ¶DÉàÅzÓiÇÑµ�¶D»�¶�¹�»0¶�ÇÈÃ7¼
É5ÅzÓÈÓT¶D»0¶DÆ�Ç5»0¼-Ðz¶DÄ|������	�d7¹=Æ�É ���=�'	e)ÅzÆà¹¤»0¶DÐz¹=ÇÑÅz¼-Æ�Ä�µ�Åzº�ÇÈÍ@º�¶y��	��U¹�Æ�É;ÇÈµ�¶�Ä�¶DÇ�¼-Ó�ÇÈÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÈÅzë�¶D»`Ä4¼-ÓU��	���Ã7µ�Åz½tµàµ�¹=×6¶�¹)×�¹=ÐzÊ�¶�ÓT¼-»
������	�d<Å�Ä�¹4º�»�¼-º�¶D»iÄ�Ê�Ô@Ä�¶DÇ6¼-Ó�ÇÑµ�¶�ÇÈÊ�º�Ðz¶!ÅzÉ5¶DÆ�ÇÈÅzë�¶D»`Äk¼-ÓN��	���µ�¹=×6ÅzÆ�Î�¹4×�¹=ÐzÊ�¶�ÓT¼-»�������	�eUÕ�´HÅzÄ	¹4º�»�¼-º�¶D»5Ä�Ê�Ô@Ä�¶DÇ�¼-Ó�T¢ÅzÓ2´fVgT¦¹=Æ�É¦Æ�¼-Ç
ThV ´LÕBÖI¼�ÇÑµ�¶<½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�Ç�ÓT¼-»kÇÑµ�¶!×�Åz¼-Ð�¹�ÇÈÅz¼-Æ¦Ê�Ä�ÅzÆ�Î¤ÇÈµ�¶iV*¼-º�¶D»`¹=ÇÑ¼-»oÏL¹=Í)Ô@¶!Ã7»�ÅzÇÈÇÑ¶DÆ¦¹=Ä��

�,����'&���������	�d��8��	����������	�
_Vü�,�����&������=�'	e��õ��	!�'�������	
MBkj �,�����&������=�'	e��õ��	!�'�������	
_V �,�����&���������	�d��õ��	!�'�������	


Ý;Þ l m[n°ã]è!áyí=å2æAâré�ê�ëyê�âyì|ê�â|ã]å2ê°í
í Æ¢¶DØ�½tÐzÊ�Ä�Åz¼-Æ¢É5¶Dº�¶DÆ�É5¶DÆ�½�Í)âT·Hs9ã5ÅzÄ�ÇÈµ�¶x½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�Ç�ÅzÆ�ÉiÅ�½�¹=ÇÑÅ�Æ�Î¦ÇÈµ�¹=ÇUÆ�¼7Ï£¶DÏLÔ@¶D»,¼-Ó5¹9Ä�¶DÇ�´¥ÅzÄ�¹9ÏL¶DÏ£Ô@¶D»O¼-Ó5¹9Ä�¶DÇ@TLâT¶DÏLº�ÇÈÍ
ÅzÆ�ÇÑ¶D»�Ä�¶D½�ÇÈÅz¼-Æ�ã�Õ í Æ�·ðst´poqrT7ÅzÄ�×6Åz¼-Ðz¹=ÇÈ¶DÉ7ÅzÓÈÓ-¹!ÇÑÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÈÅzë�¶D»i¼-Ó2´HÅzÄk¹=ÐzÄ�¼9¹!ÇÈÊ�º�Ðz¶�Å�Éi¶DÆ�ÇÑÅ�ë�¶D»o¼-Ó�T�Õ�Ýà¶�É5¶Dë�Æ�¶�ÇÑµ�ÅzÄ�½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�Ç
×6Åz¼-Ðz¹=ÇÑÅ�¼-Æ;¼-Æ�Ð�Í*ÓÑ¼-»xÇÈÊ�º�Ðz¶¦ÅzÉ5¶DÆ�ÇÈÅzë�¶D»�Ä9¹�Æ�É�Æ�¼-ÇOÓT¼-»<¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶¤×�¹=ÐzÊ�¶DÄ9¼-»x»�¼-Ðz¶DÄ�Ô6¶D½t¹=Ê�Ä�¶7ÇÑµ�ÅzÄ'ÅzÄ'Æ�¼-Ç�¶DØ�º�»0¶DÄ�Ä�ÅzÔ@Ðz¶)ÅzÆ;ÇÈµ�¶¦·5·5¸
Ï£¶DÇÑµ�¼-Éi¼-Ð�¼-Î6Í�Õ=´5µ�ÅzÄ,½�¼-Æ�Ä�ÇÑ»�¹�ÅzÆ�Ç�½t¹�Æ¤Ô6¶!ÓÑ¼-»`Ï£Ê�Ðz¹�ÇÈ¶DÉ¢Ä�ÅzÏLº�Ð�Í¤¹=Ä��

not-excluded(LHS,RHS) :-
one(LHS,V),
one(RHS,V).

s�-�8�t�H�-�+!,P8J5!4!E�:�2�8J8�*�8
í É5ÅzÄ�)e¼-ÅzÆ�ÇÈÆ�¶DÄ�Ä½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�Ç<¼-Æ^¹èÎ6¶DÆ�¶D»`¹=ÐzÅzÜ=¹�ÇÈÅz¼-ÆôÄ�º�¶D½�Å�ë�¶DÄ¦ÇÑµ�¹�Ç4ÇÈµ�¶àÄ�Ê�Ô@½�Ð�¹�Ä�Ä�¶DÄ¦ÅzÆ�ÇÑµ�¶àÎ@¶DÆ�¶D»`¹=ÐzÅzÜ=¹=ÇÑÅz¼-Æ�ÏLÊ�Ä�Ç<Ô@¶SÉ5ÅzÄ�) ¼-ÅzÆ�Ç
¾ ·iå¤ß�æDÂBÕ�´iµ�ÅzÄ9½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇO½t¹�Æ�Ô@¶7¶DØ�º�»0¶DÄ�Ä�¶DÉ;Ô@ÍSÏ£Ê�ÇÑÊ�¹=Ðk¶DØ�½�Ð�Ê�Ä�Åz¼-Æ;É5¶Dº�¶DÆ�É5¶DÆ�½�Åz¶DÄxÔ@¶DÇÑÃ7¶D¶DÆ�¹=ÐzÐkÇÈµ�¶¤Ä�Ê�Ô6½tÐz¹=Ä�Ä�¶DÄ=ÕFN5¶DÇU�!,�+ud
¹=Æ�É��!,�+ue'Ô@¶xÇÑÃ7¼)É5ÅzÓÑÓÑ¶D»�¶DÆ�Ç�Ä�Ê�Ô@½tÐz¹�Ä�Ä�¶DÄ�¼-Ó5¹9É5ÅzÄ�) ¼-ÅzÆ�ÇoÎ@¶DÆ�¶D»�¹�Ð�ÅzÜ�¹=ÇÈÅz¼-Æ	Õ-çTÓ�¹'ÇÈÊ�º�Ðz¶<ÅzÉ5¶DÆ�ÇÈÅzë�¶D»,¼-Óð��,�+ud'ÅzÄ�¹�ÐzÄ�¼)¹9ÇÈÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÑÅzë�¶D»
¼-Óp��,�+uexÇÑµ�¶<·Hs?¼-Ó�ÉiÅ�Ä�) ¼-ÅzÆ�Ç�Ä�Ê�Ô6½tÐz¹=Ä�Ä�¶DÄ,ÅzÄ,×�Åz¼-Ð�¹�ÇÈ¶DÉ �

�,����'&���&��'�Y�f�=�'�������,�+-v0�'�=������d�
 oq �,����'&���&��'�Y�f�=�'�������,�+-v0�'�=������e�


Á



v	+!-�w!5!*�>%5!9!:�*?()!*�+!,�-�;!*�38
´IÃ¤¼¤É5ÅzÓÈÓT¶D»0¶DÆ�ÇUÏ£¼-Éi¶DÐ�Ðz¶DÉSÇÈÍ6º�¶DÄ[#%�d9¹=Æ�É*#%�e'ÏL¹=Í7Æ�¼-Ç5½t¼-Æ�ÇÈ¹�Å�Æ£ÇÈµ�¶9Ä�¹=ÏL¶xÇÑÊ�º�Ð�¶9ÅzÉ5¶DÆ�ÇÈÅzë�¶D»,Ê�Æ�Ðz¶DÄ�Ä�#%�d9ÅzÄ�¹'Ä�Ê�Ô@ÇÈÍ@º�¶�¼-Óð#%�e
¼-»{#%�exÅzÄ�¹'Ä�Ê�Ô@ÇÈÍ@º�¶x¼-ÓH#%�Õ-´5µ�¶xÎ6¼-¹=Ð��!,�+-�����	���î��õï�
�½�µ�¶D½�Û@Ä�ÅzÓ�¼-Æ�¶x¶DÆ�ÇÈÅzÇÑÍ¦ÇÈÍ@º�¶xÅ�Ä�¹9Ä�Ê�Ô@ÇÑÍ@º�¶xâT×6Åz¹9¹9Ä�Ê�Ô@½tÐz¹�Ä�Ä�¼-»,½�¹=ÇÑ¶DÎ@¼-»�Í6ã�¼-Ó
¹=Æ�¼-ÇÈµ�¶D»�¶DÆ�ÇÑÅ�ÇÑÍ�ÇÑÍ@º�¶6Õ

violated(tupid(Mt1) === tupid(Mt2)) :-
not-excluded(tupid(Mt1),tupid(Mt2)),
Mt1 /== Mt2,
not subtype(Mt1,Mt2),
not subtype(Mt2,Mt1).

Ý;Þ Ý x�ã%yyêUz çc{�æAâ'|�æC}~z å<ä&�
´5µ�¶!½t¼-Æ�ÓÑ¼-»`Ï£ÅzÇÑÍ�¼-ÓUÇÈµ�¶!É5¹=ÇÑ¹=Ô@¹�Ä�¶�Ã¤ÅzÇÑµ¤ÇÑµ�¶<Ä�½tµ�¶DÏ£¹ �<Å Õ ¶6ÕBÇÑµ�¶!¹�ÇÈÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ�é=»0¼-Ðz¶DÄ�éY¹=Æ�É¢ÏL¼-É5¶DÐzÐz¶DÉ¢ÇÈÍ@º�¶DÄO¹=º�º�¶D¹=»`ÅzÆ�Î'ÅzÆw¸%+-��	��!���=�
������7ÓT¹=½�ÇÈÄ�Ï£Ê�Ä�Ç5Ô6¶�Ä�º�¶D½�Åzë�¶DÉLÅzÆ£ÇÈµ�¶�Ä�½�µ�¶DÏL¹��'½�¹=Æ�Æ�¼-Ç5Ô6¶x½�µ�¶D½�Û@¶DÉSÔ@Í¦¼-Æ�¶9¼-ÓoÇÈµ�¶x¹�Ô@¼-×6¶�É5¶Dº�¶DÆ�É5¶DÆ�½�Åz¶DÄ�é-Ô@¶D½t¹�Ê�Ä�¶xÇÑµ�¶�»0Ê�Ðz¶DÄ
¼-Æ�ÐzÍ�»�¶DÓÑ¶D»�ÇÑ¼'É5¹=ÇÑ¹!ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍ'Ã¤µ�¶D»0¶D¹�ÄoÇÑµ�¶!Ä�½�µ�¶DÏL¹4½�¼-Æ�ÓT¼-»�ÏLÅzÇÈÍ�ÏL¹=Í'Ô6¶�×�Åz¶DÃ¤¶DÉ7¹�Äk¹�Æ�ÅzÆ�½tÐzÊ�Ä�Åz¼-Æ¤Éi¶Dº�¶DÆ�É5¶DÆ�½tÍ9Ô@¶DÇÑÃ7¶D¶DÆ�É5¹�ÇÈ¹
¹=Æ�É¢Ä�½tµ�¶DÏL¹x»�¶Dº�»0¶DÄ�¶DÆ�ÇÈ¹=ÇÑÅz¼-Æ�ÕE´5µ�¶D»0¶DÓT¼-»0¶�Ã7¶4Ê�Ä�¶!¹�Ä�¶Dº�¹=»`¹=ÇÑ¶�½�¼-Æ�Ä�ÅzÄ�ÇÑ¶DÆ�½�Í)»�Ê�Ð�¶<ÓÑ¼-»kÇÈµ�ÅzÄOÉ5¶Dº�¶DÆ�É5¶DÆ�½tÍ�Õ

í Æ)¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�½�¼-Æ�ÇÑ¹=ÅzÆ�Å�Æ�Î�¹�Æ�¹�ÇÈÇÈ»`ÅzÔ@Ê�ÇÈ¶�¼-»o»0¼-Ðz¶
���O¼-Ó�¹4ÏL¼-É5¶DÐzÐ�¶DÉ¦ÇÑÍ@º�¶�#%@É5¼-¶DÄ	Æ�¼-Ç6½�¼-Æ�ÓT¼-»`Ï÷ÇÑ¼�ÇÑµ�¶!Ä�½�µ�¶DÏL¹4ÅzÓ��!�O¼-»�#%
µ�¹�×6¶!Æ�¼-ÇUÔ@¶D¶DÆ)Ä�º�¶D½�Åzë�¶DÉ¢ÅzÆ¦ÇÈµ�¶4Ä�½tµ�¶DÏ£¹x½t¼-»`»0¶DÄ�º�¼-Æ�É5ÅzÆ�Î6Ð�ÍIÕ

violated(not-in-schema(Ra,Mt)) :-
observation(Ra, Mt, T, V), not attribute-or-role(Ra, Mt).

Ý;Þ�� �b�Uëyêi� åEêU}�çU}Eã%y'�
´5µ�¶�½�¼-Æ�½�¶Dº�ÇÈÄk¼-Ó@ÇÈµ�¶�Î@¶DÆ�¶D»`¹=ÐzÅzÜ=¹�ÇÈÅz¼-Æ'¹=Æ�É7½t¹�ÇÈ¶DÎ@¼-»`Í9¹=ÐzÐz¼-Ã§ÇÈµ�¶�½t¼-Æ�Ä�ÇÈ»�Ê�½tÇÈÅz¼-Æ)¼-Ó6¹�µ�Åz¶D»`¹=»�½tµ�Í�¼-Ó6¶DÆ�ÇÑÅ�ÇÑÍ9ÇÈÍ@º�¶DÄ=Õ�çTÆ�¼-Ê�»o»0¶Dº�»0¶DÄ�¶DÆ�ê
ÇÈ¹�ÇÈÅz¼-Æ7Ã¤¶!Ê�Ä�¶!¹xÏ£¶D½�µ�¹�Æ�ÅzÄ�Ï"ÓT¼-»oÇÑµ�¶4ÅzÆ�µ�¶D»`ÅzÇÈ¹�Æ�½�¶!¼-Ó�¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶DÄ	Å�Æ7ÇÑµ�¹�Ç6µ�Å�¶D»`¹=»�½tµ�Í'¹=Æ�É¢ÓT¼-»oÇÑµ�¶4ÅzÆ�½tÐzÊ�Ä�Åz¼-Æ¦¼-Ó�ÇÑÊ�º�Ðz¶4ÅzÉ5¶DÆ�ÇÑÅzë�¶D»�Ä
¼-ÓU¼-Æ�¶4¶DÆ�ÇÈÅzÇÑÍ�ÇÈÍ6º�¶4ÅzÆ¤¼-ÇÑµ�¶D»�¶DÆ�ÇÈÅzÇÈÍ)ÇÈÍ@º�¶DÄ=ÕYçÑÇ�ÅzÄ,Ô@Ê�ÅzÐzÇ�Ê�º�¼-Æ7ÇÑµ�¶4ÓT¼-ÐzÐz¼-Ã¤ÅzÆ�Î)»�Ê�Ðz¶DÄ��

� çTÆ�¹�Î@¶DÆ�¶D»�¹�ÐzÅ�Ü�¹=ÇÑÅ�¼-Æ�ÇÈµ�¶�ÇÑÊ�º�Ð�¶�ÅzÉ5¶DÆ�ÇÈÅzë�¶D»�Ä�¹�Æ�É¤¹=ÇÑÇÈ»`Å�Ô6Ê�ÇÈ¶DÄkÃ¤µ�Åz½tµ)Ã¤¶D»�¶OÄ�ÇÑ¹=ÇÈ¶DÉ7ÅzÆ�¹�Æ(¸%+=�!	��!����������9ÓÑ¼-»i¹!Ä�Ê�Ô@ÇÈÍ@º�¶�Ô@¶D½�¼-Ï£¶
ÇÑÊ�º�Ð�¶�Å�Éi¶DÆ�ÇÑÅ�ë�¶D»`Ä4¹�Æ�É�¹�ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶DÄ!¼-ÓkÇÑµ�¶�Ä�Ê�º�¶D»�ÇÑÍ@º�¶6Õk´5µ�¶�¶DÆ�ÇÑÅzÇÈÍ��)»0¶Dº�»�¶DÄ�¶DÆ�ÇÑ¶DÉàÔ@ÍÇÑµ�¶'ÇÑÊ�º�Ð�¶�Å�Éi¶DÆ�ÇÑÅ�ë�¶D»��)Ô@¶DÐz¼-Æ�Î@Ä<ÇÈ¼
Ô@¼-ÇÑµSÇÈÍ@º�¶DÄ=Õi´5µ�¶�Æ�¹=ÏL¶'¼-ÓiÇÑµ�¶'Ä�Ê�º�¶D»`ÇÈÍ6º�¶�ÅzÄ!¹�Æ£¹�Ð�Åz¹�Ä�ÓT¼-»OÇÑµ�¶'Æ�¹=ÏL¶'¼-ÓiÇÑµ�¶'Ä�Ê�Ô6ÇÈÍ@º�¶6Õi´5µ�¶D»0¶DÓT¼-»0¶�Ã¤¶'½�¹=ÐzÐ�ÇÈµ�Å�Ä!º�»�¼-½t¶DÄ�Ä
¢�¹=ÐzÅz¹=Ä�ÅzÆ�Î�±�Õ

� çTÆ�¹!ÇÑ¼-ÇÈ¹=Ð�½t¹�ÇÈ¶DÎ@¼-»`Í9ÇÈµ�¶�¹�ÇÈÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄkÄ�º�¶D½tÅzë�¶DÉ7ÓT¼-»5¹!Ä�Ê�º�¶D»0½�Ð�¹�Ä�Äi¹�»0¶OÅzÆ�µ�¶D»`ÅzÇÈ¶DÉ7Ô@Í9ÇÈµ�¶�Ä�Ê�Ô@½tÐz¹�Ä�Ä�éE¹�Æ�É7ÇÑµ�¶�ÇÈÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÑÅzë�¶D»�Ä
¼-ÓUÇÈµ�¶4Ä�Ê�º�¶D»�½tÐz¹=Ä�Ä	Ô@¶D½�¼-Ï£¶<ÇÈÊ�º�Ðz¶!ÅzÉ5¶DÆ�ÇÑÅzë�¶D»�Ä,¼-ÓUÇÑµ�¶4Ä�Ê�Ô6½tÐz¹=Ä�Ä,âT¹=ÐzÅz¹=Ä�ÅzÆ�Î@ã�Õ

å7¼-Æ�¶DÇÑµ�¶DÐz¶DÄ�Ä�é�¹=É5É5ÅzÇÑÅ�¼-Æ�¹=Ð°¸%+-��	!��������'�=����ÏL¹=Í£Ô@¶'Ä�º�¶D½tÅzë�¶DÉ�ÓT¼-»�ÇÈµ�¶�Ä�Ê�º�¶D»0½�Ðz¹=Ä�Ä!ÅzÆS¹�Î@¶DÆ�¶D»�¹�ÐzÅ�Ü�¹=ÇÑÅ�¼-ÆS¹�Æ�É�ÓT¼-»�¹)Ä�Ê�Ô@½�Ðz¹=Ä�Ä4¼-Ók¹
½t¹�ÇÈ¶DÎ@¼-»`Í�Õ�´iµ�¶D»�¶DÓÑ¼-»�¶�ÇÑµ�¶!½�¼-»�»�¶DÄ�º�¼-Æ�ÉiÅ�Æ�Î�ÅzÆ�½tÐzÊ�Ä�Åz¼-Æ¢É5¶Dº�¶DÆ�É5¶DÆ�½tÅz¶DÄ�éDÃ7µ�Åz½tµ¦Ã7¶4Éi¶DÄ�½t»`Å�Ô6¶DÉ¢¶D¹=»`ÐzÅ�¶D»ÑéDµ�¹�×6¶!ÇÑ¼�Ô@¶4½�µ�¶D½�Û@¶DÉ�Õ

´5µ�¶!ÅzÆ�µ�¶D»`ÅzÇÈ¹�Æ�½�¶!¼-Ó�¹�ÇÈÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ�¹�Æ�É¢ÇÑµ�¶!¹�ÐzÅ�¹�Ä�ÅzÆ�Î�¼-Ó�ÇÈÊ�º�Ðz¶�ÅzÉ5¶DÆ�ÇÈÅzë�¶D»�Ä	¹�»0¶�º�¶D»`ÓÑ¼-»`Ï£¶DÉ¦Ô6Í�É5¶DÉ5Ê�½�ÇÈÅz¼-Æ)»�Ê�Ðz¶DÄ	ÓÑ¼-»o¹<º�»0¶DÉiÅ�½�¹=ÇÑ¶
½t¹�Ð�Ðz¶DÉu¸%+=�!	��!��������������������%��	��!����v0 ��UÕ.´iµ�ÅzÄkº�»0¶DÉ5Åz½t¹�ÇÈ¶,µ�¹=ÄkÇÈµ�¶OÄ�¹�Ï£¶�¹=»�Î@Ê�ÏL¶DÆ�ÇÑÄi¹=Ä�¸%+-��	��!���=�������¹=Æ�É)½�¼-×6¶D»`Äo¹�ÐzÐV¸%+=�!	��!�������������º�ÐzÊ�Ä
ÇÈµ�¶�¼-Æ�¶DÄ	ÇÑµ�¹�Ç@»0¶DÄ�Ê�ÐzÇ@ÓT»0¼-Ï ÇÑµ�¶!ÅzÆ�µ�¶D»`ÅzÇÈ¹�Æ�½�¶�ÏL¶D½tµ�¹=Æ�ÅzÄ�ÏïÕ í ½tÇÈÊ�¹�ÐzÐ�Í'ÇÑµ�¶�ÅzÆ�ÇÈ¶DÎ@»`ÅzÇÈÍ�½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�Ç6Éi¶Dë�Æ�ÅzÇÈÅz¼-Æ�Ä	¹=»�¶�Ô@¹�Ä�¶DÉ7Ê�º�¼-Æ)ÇÑµ�ÅzÄ
º�»0¶DÉ5Åz½�¹=ÇÈ¶�¶DØ�½t¶Dº�Ç�Å�Æ7ÇÑµ�¶4½�¹=Ä�¶DÄ	Ã7µ�¶D»0¶�¸%+-��	��!���=������)Å�ÄOÊ�Ä�¶DÉ¶DØ�º�Ð�Åz½�Å�ÇÑÐzÍ�Õ

� ù ����ÙD³D²kþ!D³D¯�¬ ��� ü ²k³&�ï²^«6¬L ü ��®6³D<ÚÜÛ§¯�¬��kD®6þ!³D¬L2�

ñ@¼-»	½t¶D»`ÇÈ¹�ÅzÆ¤¹�º�º�ÐzÅ�½�¹=ÇÑÅ�¼-Æ�Ä�é�Å�Ç�Ã7ÅzÐ�Ð�Ô@¶4Æ�¶D½t¶DÄ�Ä�¹�»�Í)ÇÈ¼�Ä�º�¶D½�ÅzÓÑÍ¤ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍ)½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�ÇÈÄ�Ã7µ�Åz½�µ¦¹=»0¶!Æ�¼-Ç�¶DØ�º�»0¶DÄ�Ä�ÅzÔ@Ðz¶!Ã7Å�ÇÑµ�ÅzÆ¢¹�Æ¦·5·5¸
É5Åz¹=Î@»`¹=ÏCÕbN5¶DÇoÊ�ÄxÐz¼-¼-Û£¹�ÇoÇÑµ�¶)Ï£¶DÇÑ¹)·5·i¸ôÉ5Åz¹=Î6»�¹�ÏÚ¹�Î@¹=ÅzÆàÇÈ¼Å�Éi¶DÆ�ÇÑÅ�ÓTÍLÄ�Ê�½tµà¹=º�º�ÐzÅz½t¹�ÇÈÅz¼-ÆSÄ�º�¶D½tÅzë�½9½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÈÄ=Õ�çTÆLÇÑµ�¶)Ï£¶DÇÑ¹
·5·5¸©ÉiÅ�¹�Î@»`¹=Ï ÇÈµ�¶D»0¶¦¹=»�¶7¶DÄ�Ä�¶DÆ�ÇÑÅ�¹�ÐzÐ�Í*ÇÈÃ7¼èÇÑÍ@º�¶DÄ�¼-Ó�½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÈÄ�ÏLÅzÄ�Ä�ÅzÆ�Î��<É5¼-ÏL¹=ÅzÆï»0¶DÄ�ÇÑ»�Åz½tÇÑÅz¼-Æ�Ä)¹=Æ�É�¶DØ�½�ÐzÊ�Ä�Å�¼-Æï¼-Ó�½t¶D»`ÇÈ¹�ÅzÆ
âÑ»�¶D½tÊ�»`Ä�Åz×6¶Dã6Éi¶Dë�Æ�ÅzÇÈÅz¼-Æ�Ä=Õ í Æ7¶DØ�¹=ÏLº�Ðz¶!¼-Ó�¹xÏ£ÅzÄ�Ä�ÅzÆ�Î)É5¼-ÏL¹=ÅzÆ¦»�¶DÄ�ÇÈ»`Å�½�ÇÈÅz¼-Æ7Ã7¼-Ê�Ð�É£Ô@¶4ÇÑ¼�Ä�º�¶D½tÅzÓTÍ�ÇÈµ�¹=Ç�ÇÈµ�¶|���=����'v0�����=������'¼-ÓU¹�������	
ÅzÄx¶DÅzÇÈµ�¶D»|��������¼-»������!�������âT¼-»4ÇÑµ�¹�Ç	ÇÈµ�¶y���=�'	!ÅzÆ*Ã¤µ�Åz½tµ*¹¤Ã7¶D¹�ÛL¶DÆ�ÇÈÅzÇÑÍàÇÈÍ@º�¶¤º�¹=»`ÇÈÅz½tÅzº�¹�ÇÈ¶DÄ<ÅzÆ�¹�Æt��&�	����� }O���'�2~$¶U	!�'�=��������� ����¦ÏLÊ�Ä�Ç
Ô@¶µ��������éUÇÈµ�¶�Æ�¹=ÏL¶DÄ<¼-Ó,»�¼-Ðz¶DÄ<¹=Æ�É;¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶DÄ4¼-Ó,¹7»0¶DÐz¹�ÇÈÅz¼-ÆSÏ£Ê�Ä�Ç	Ô@¶)É5ÅzÄ�) ¼-Å�Æ�ÇÈã�Õ í Æè¶DØ�¹�Ï£º�Ðz¶�¼-Ó	¹�Æ�·5·5¸�½t¼-Æ�Ä�ÇÈ»0Ê�½�ÇÈÅz¼-ÆèÇÑµ�¹�Ç
Ä�µ�¼-Ê�ÐzÉàÔ@¶�ÓT¼-»�Ô@ÅzÉ5Éi¶DÆ¢Ã7¼-Ê�Ð�ÉàÔ6¶�ÅzÓ5¹�Æ¶DÆ�ÇÈÅzÇÈÍ6êÑÇÑÍ@º�¶xÅzÄ
��x���	��,¼-ÓoÅ�ÇÑÄ�¶DÐzÓ5âÑ¼-»�ÅzÓ5¹%��,�+-�����	OÅ�Ä�ÅzÇÈÄ�¼-Ã7Æ �!,���	!�������	0é-ÇÈÃ7¼7Ä�Ê�º�¶D»`ÇÈÍ@º�¶DÄ
ÅzÆC¹£Î@¶DÆ�¶D»`¹=ÐzÅzÜ=¹=ÇÑÅz¼-Æ;Éi¼�Æ�¼-Ç!µ�¹=×�¶¢¹L½t¼-ÏLÏ£¼-Æ�»�¼-¼-ÇÈã�Õ í Æ�¼-ÇÈµ�¶D»'½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�Ç�Ã¤¼-Ê�ÐzÉ^Ô@¶¢ÇÑµ�¹�Ç�¶D¹�½tµï»0¶DÐz¹�ÇÈÅz¼-Æ�Ä�µ�ÅzºôÇÑÍ@º�¶¢ÏLÊ�Ä�Ç
µ�¹�×6¶x¹=Ç�Ðz¶D¹=Ä�Ç�ÇÑÃ¤¼7»�¼-Ð�¶DÄ�¹=ÇÑÇÈ¹�½tµ�¶DÉ�Õ-Ýà¶�½t¹�Ð�Ð�Ä�Ê�½tµ£Å�Æ�ÇÈ¶DÎ6»�ÅzÇÈÍ7½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�ÇÈÄ
¢?©aÑ°Ñ;Ò¬«¬»�©�ª�«¬£-ü¥�Ñ;¦2»�«��°»V±'âÑ¹�ÄO¼-º�º�¼-Ä�¶DÉàÇÈ¼¤ÇÈµ�¶�Î@¶DÆ�¶D»`¹=Ð
½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÈÄ�×6¹=ÐzÅzÉèÓT¼-»!¹=ÐzÐ5·i·5¸ôÏL¼-É5¶DÐzÄ�ãÑéUÄ�ÅzÆ�½t¶¤ÇÈµ�¶DÍ£¹�»0¶'¼-Æ�Ð�ÍSÆ�¶D¶DÉ5¶DÉ;ÓÑ¼-»�ÇÈ¶DÄ�ÇÑÅzÆ�ÎSÇÈµ�¶�Ä�½�µ�¶DÏL¹7âÑÅ Õ ¶6ÕYÇÈµ�¶)¹�º�º�ÐzÅ�½�¹=ÇÑÅ�¼-ÆSÏL¶DÇÈ¹�ê
·5·5¸	ã�Õ

� � �k³D¬��  �£ü «�¬£ ü ��®�³D<ÚÜÛ©¯�¬��oD®�þ!³D¬£2�^þ!¬L° � D®6þ!D³&�C²oþ!D³D¯�¬��£®�¯���Ù ü ���

Ý�µ�¶DÆ¢ÇÑµ�¶�½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�½tÍ¦»0Ê�Ðz¶DÄ�¼-Ó5ÇÈµ�¶�Ð�¹�Ä�Ç�Ä�¶D½tÇÑÅ�¼-Æ¹=»0¶xÊ�Ä�¶DÉ£ÇÑµ�¶�¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ¢ÓT¹=½tÇÑÄ�¹�»0¶4½�µ�¶D½�Û@¶DÉLÃ¤ÅzÇÑµ»0¶DÄ�º�¶D½�ÇUÇÈ¼¤ÇÈµ�¶xÄ�½�µ�¶DÏL¹
ÅzÆ�ÓT¼-»�ÏL¹=ÇÑÅz¼-Æ�ÕSÝ;ÅzÇÈµ�ÅzÆ�ÇÈµ�ÅzÄ)ÇÑ¶DÄ�Ç�ÇÑµ�¶£»0Ê�Ðz¶DÄ�¹�»0¶¦¹�Ä�Ä�Ê�Ï£¶DÉ^ÇÈ¼*Ô@¶½�¼-»�»�¶D½tÇÈé�Ä�¼-ÏL¶£¼-Ó!ÇÑµ�¶£ÓÑ¹�½tÇÑÄ�Ï£ÅzÎ@µ�Ç!Ô@¶¢ÅzÆ�×6¹�Ð�ÅzÉ^¼-»'Ï£ÅzÄ�Ä�ÅzÆ�Î
âÑ½�¼-Æ�Ä�ÇÑ»�¹�ÅzÆ�Ç5Ä�¹�ÇÈÅzÄ�ÓT¹=½tÇÑÅz¼-Æ£º�»�¼-Ô@Ðz¶DÏ£ã�Õ í Ä�ÇÈ»`¹=ÅzÎ@µ�ÇÈÓT¼-»`Ã¤¹�»0ÉSÅzÏ£º�Ðz¶DÏL¶DÆ�ÇÑ¹=ÇÑÅ�¼-ÆS¼-ÓoÇÈµ�¶'Å�Æ�ÇÈ¶DÎ6»�ÅzÇÈÍ½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÑÄ!âÑ¶DÎkÕEÅ�Æ���»0¼-Ðz¼-Î@ãoÃ7Å�ÐzÐ

À



Ðz¶D¹=ÉLÇÈ¼7ÇÈµ�¶xÆ�¹��z×�¶x¹�Æ�ÉS¶DØ�µ�¹�Ê�Ä�ÇÈÅz×6¶�¹=º�º�»�¼-¹=½tµ¦Ã7µ�¶D»0¶x¹=ÐzÐ6½�¼-Æ�Ä�ÇÑ»�¹�Å�Æ�ÇÈÄ!¹�»0¶4¹�º�º�ÐzÅ�¶DÉS¼-Æ£¹=ÐzÐ6¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä�¶D¹�½tµ¦ÇÑÅ�ÏL¶9ÇÈµ�¶xÄ�¶DÇi¼-Ó
¼-Ô@Ä�¶D»`×6¹=ÇÑÅz¼-Æ�Ä�ÅzÄ�ÏL¼-É5Åzë�¶DÉ�Õ6´5µ�ÅzÄ�ÅzÄ�Æ�¼)º�»`¹=½�ÇÈÅz½t¹�Ð@Ä�¼-ÐzÊ�ÇÈÅz¼-ÆÓT¼-»	¹=º�º�ÐzÅz½t¹�ÇÈÅz¼-Æ�Ä�Ã7ÅzÇÈµ£»0¶D¹=ÐzÅzÄ�ÇÈÅz½�Ä�ÅzÜ=¶DÄ�¹=Æ�É£ÓTÊ�»�ÇÑµ�¶D»	ÅzÆ�×6¶DÄ�ÇÑÅ�Î6¹=ÇÈÅz¼-Æ�Ä
¹=»�¶�Æ�¶D½t¶DÄ�Ä�¹�»�Í�ÇÈ¼�»�¶DÉ5Ê�½t¶�ÇÑµ�¶4Ä�¶D¹�»0½�µ�Ä�º�¹=½�¶6Õ

çÑÆ¢¹�É5É5ÅzÇÈÅz¼-Æ¦ÇÑµ�¶�ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍ¤½�¼-Æ�Ä�ÇÑ»�¹�ÅzÆ�ÇÑÄ�ÏLÅzÎ@µ�Ç�Ô6¶<Ê�Ä�¶DÉLÇÈ¼¤¶DÆ�ÓT¼-»0½�¶4ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍ¤¹�Æ�ÉLÇÈ¼¤ÇÈ»`ÅzÎ@Î@¶D»	ÓT»0¼-ÏF¹�Æ¦Ê�º�É5¹=ÇÑ¶<¼-Ó�ÇÈµ�¶<ÓT¹=½�ÇÈÄ
¹=É5ÉiÅ�ÇÑÅz¼-Æ�¹�Ð�é=Ä�¼�½t¹�Ð�Ðz¶DÉ�¢?« [�HÕ°»=¦#�[±<Ê�º�Éi¹=ÇÈ¶DÄ	âTÄ�¶D¶!ÓT¼-»o¶DØ�¹=ÏLº�Ðz¶�¾ öHs q ß=ÀDÂTã�Õ

í Æ�¼-ÇÑµ�¶D»)Å�Æ�ÇÈ¶D»�¶DÄ�ÇÈÅzÆ�ÎCº�»0¼-Ô@Ðz¶DÏ ÅzÄ7ÇÈ¼ï»�¶D¹=Ä�¼-Æ�¹�Ô@¼-Ê�Ç!ÅzÆ�½�¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�½tÅz¶DÄ¢¹�Æ�É?ÇÑ¼;ÇÑ»�ÍCÇÑ¼ïÉ5¶D»�Åz×�¶£½�¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�Ç<Ä�Ê�Ô6Ä�¶DÇÈÄ7¼-Ó<ÇÑµ�¶
Ä�¶DÇ,¼-Ó,¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä'¶D×6¶DÆ�ÅzÓOÄ�¼-ÏL¶¦¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä9¹�»0¶�ÅzÆ�×6¹�Ð�ÅzÉ�Õ í ½�¼-Æ�×�¶DÆ�Åz¶DÆ�ÇOÓT¼-»�ÏLÊ�Ðz¹=ÇÈÅz¼-Æ;¼-Ó,ÇÈµ�¶7º�»0¶DÉ5Åz½�¹=ÇÈ¶y¢]»=£-�¥a«¬¥aª_¦<Uª��
£?¤�¥a¦2§<¨�©�ª�«¬£- ±¦ÅzÄ�ÇÈÍ@º�Åz½�¹=ÐzÐzÍL¹7Æ�¼-Æ�êTÄ�ÇÈ»`¹=ÇÑÅzë�¶DÉ;º�»�¼-Ô@Ðz¶DÏïÕ4´�¼SÅzÐzÐzÊ�Ä�ÇÈ»`¹=ÇÈ¶)ÇÈµ�ÅzÄ�º�»�¼-Ô@Ðz¶DÏòÃ7¶)Ã7ÅzÐzÐiÊ�Ä�¶¤¹¤Ä�ÏL¹=ÐzÐk¶DØ�¹�Ï£º�Ðz¶)Ê�Ä�Å�Æ�ÎS¹
Ä�ÅzÆ�Î@Ðz¶)¶DÆ�ÇÑÅ�ÇÑÍ£ÇÑÍ@º�¶µ��Ã7ÅzÇÈµàÇÈÃ7¼L¹=ÇÑÇÈ»`Å�Ô6Ê�ÇÈ¶DÄ|�UâTÓÑ¼-»�¹=ÆàÅzÉ5¶DÆ�ÇÈÅzÓTÍ@ÅzÆ�ÎL¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶Dã�¹=Æ�É ��âTÓÑ¼-»�¹=Æ�¼-ÇÈµ�¶D»!Æ�¼-Æ�êTÅzÉ5¶DÆ�ÇÑÅzÓÑÍ@ÅzÆ�ÎS¹=ÇÈÇÑ»�ÅzÔ@Ê�ÇÑ¶Dã
¹=Æ�É¢ÇÈÃ7¼�½�¼-Æ�Ä�ÇÑ»�¹�ÅzÆ�ÇÑÄ��

observation(a,i,t1,1).
observation(a,o,t1,x1).
observation(a,i,t2,2).
observation(a,o,t2,x2).
observation(a,i,t3,1).
observation(a,o,t3,x3).

[1] fdv(E,i,T,V) :- obs(E,i,T,V), obs(E,i,T2,V), not (T==T2).
[2] nmv(E,A,T,V) :- obs(E,A,T,V), other-att(A,A1), not obs(E,A,T,V1).

[3] consistent-observation(E,A,T,V) :-
observation(E,A,T,V), not fdv(E,A,T,V), not nmv(E,A,T,V).

[4a] obs(T,A,V) :- observation(E,A,T,V).
[4b] obs(T,A,V) :- consistent-observation(E,A,T,V).´5µ�¶�½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�½tÍ'»�Ê�Ð�¶?}�&���Ä�ÇÈ¹�Æ�É5ÄkÓT¼-»�ÓÑÊ�Æ�½tÇÑÅ�¼-Æ�¹=Ð�É5¶Dº�¶DÆ�É5¶DÆ�½�Íx×�Åz¼-Ð�¹�ÇÈ¶DÉ5éE��#%��ÏL¶D¹=Æ�ÄoÆ�¼-êTÏ£ÅzÄ�Ä�ÅzÆ�Î6êÑ×�Å�¼-Ðz¹�ÇÈ¶DÉ¦âT¹=ÐzÐY¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ
Ï£Ê�Ä�Ç�Ô@¶4Ä�º�¶D½�Åzë�¶DÉ5ãBÕEñ6¼-»kÄ�ÅzÏLº�ÐzÅ�½�ÅzÇÈÍu��� �	��!���=��ÅzÄOÉ5¶Dë�Æ�¶DÉ¢µ�¶D»0¶!¹=Ä��

[5] other-att(i,o).
[6] other-att(o,i).´5µ�¶�½tÐz¹�Ê�Ä�¶DÄ�¾}Ë=éõ��éõ�=é8¡=¹=é}Ì=é Á�ÂY»0¶Dº�»�¶DÄ�¶DÆ�Ç�ÇÈµ�¶�Ä�ÇÑ»�¹�ÇÈÅzë�¶DÉ7¹=º�º�»�¼-¹=½tµ9Ã7µ�¶D»0¶�ÇÈµ�¶�ÅzÆ�ÇÈ¶DÎ@»`ÅzÇÈÍ9½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÈÄ�¹=»�¶OÔ@¹�Ä�¶DÉ)É5Åz»�¶D½tÇÈÐzÍ�¼-Æ�ÇÑµ�¶
¼-Ô@Ä�¶D»`×6¹=ÇÑÅz¼-Æ�Ä=ÕUçTÇi½�¹=Æ¢Ô6¶�¶D¹�Ä�ÅzÐ�Í¦Ä�¶D¶DÆ£ÇÈµ�¹=Ç=}�&��'µ�¼-ÐzÉ5Ä!ÓT¼-»{�d�¹=Æ�É���'¹=Æ�ÉàÇÈµ�¹=Çð��#%�'Æ�¶D×�¶D»Oµ�¼-ÐzÉ5Ä=Õ�çTÓ5ÇÈµ�¶9ÅzÆ�ÇÑ¶DÎ@»�ÅzÇÑÍ¢½t¼-Æ�Ä�ÇÈ»`¹=ÅzÆ�ÇÈÄ
¹=»�¶�Ô@¹�Ä�¶DÉ7Ê�º�¼-Æyv0�����������	�������=+=�!	��!����������'ÅzÆ�Ä�ÇÑ¶D¹=É¦¼-ÓN��+-��	��!���=�������Ô6Í'Ê�Ä�Å�Æ�Î£¾8¡=Ô@Â6Å�Æ�Ä�ÇÈ¶D¹�É¦¼-Ók¾8¡=¹�ÂÑéEÇÈµ�¶!º�»0¼-Î@»`¹=Ï Å�Ä	Æ�¼-Æ�êÑÄ�ÇÑ»�¹�ÇÈÅzë�¶DÉ5é
Ä�ÅzÆ�½�¶�ÇÑµ�¶D»�¶xÅzÄ!Æ�¼-Ã"¹%¢]§�¦2»=Õ°§!¥a«¬£-�Ó�£?« AÓ ªõ¼�§!£?Õ�Ó�¼ ©��¦<Ó�©�ª_«¬£-[±�Õ5´5µ�¶9ÅzÆ�ÇÈ¶DÆ�É5¶DÉSÄ�¶DÏ£¹�Æ�ÇÑÅ�½�Ä!ÅzÄ�ÇÑµ�¹�Ç5Æ�¼-ÃáÇÑµ�¶9¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä!¼-Ó
ÇÈµ�¶|�têT¹=ÇÑÇÈ»`ÅzÔ@Ê�ÇÈ¶DÄ	¹�»0¶!¹=ÐzÄ�¼�»�¶DÏ£¼-×�¶DÉ¢ÓT»0¼-Ï"ÇÈµ�¶4Ä�¶DÇ�¼-ÓAv0�=���������	��������+-��	��!���=���������ÕY´iµ�¶4Ä�¶DÇ�¼-ÓU½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�Ç�¼-Ô@Ä�¶D»�×�¹=ÇÑÅ�¼-Æ�Ä,ÇÑµ�¹�Ç�ÅzÄOÇÑ»0Ê�¶
»0¶DÎ@¹�»0É5Ðz¶DÄ�Ä�¼-Ó�ÇÈµ�¶4¼-»0É5¶D»kÅzÆ7Ã¤µ�Åz½tµ¦ÇÑµ�¶4½�¼-Æ�Ä�ÅzÄ�ÇÑ¶DÆ�½�Í)»�Ê�Ð�¶DÄO¹=»0¶�¹�º�º�Ð�Åz¶DÉ¢½�¼-Æ�Ä�ÅzÄ�ÇÑÄO¼-Æ�Ð�Í¤ÇÈµ�¶4¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�Ä,½t¼-Æ�ÇÈ¹�Å�Æ�ÅzÆ�Îu�e�Õ

ñ@¼-»5ÇÈµ�ÅzÄo¶DØ�¹=ÏLº�Ðz¶,ÇÈµ�¶�Ä�¹=ÏL¶O»0¶DÄ�Ê�ÐzÇÑÄi½t¼-Ê�ÐzÉ¤Ô@¶O¼-Ô6ÇÈ¹=ÅzÆ�¶DÉ)Ê�Ä�ÅzÆ�Î9¹�Ðz¹�Í@¶D»0¶DÉ�Ä�ÇÑ»�¹�ÇÈÅzë�¶DÉ¤º�»0¼-Î@»`¹=ÏLé�Ã7µ�¶D»0¶�ÇÈµ�¶Oë�»`Ä�Ç-½t¼-Æ�Ä�Å�Ä�ÇÑ¶DÆ�½�Í
»0Ê�Ðz¶ð}�&���Ã7¼-Ê�ÐzÉèÔ6¶�Ô@¹=Ä�¶DÉà¼-ÆSÇÑµ�¶�Î6Å�×�¶DÆS¼-Ô@Ä�¶D»�×�¹=ÇÑÅ�¼-Æ�Ä4»�¶DÄ�Ê�Ð�ÇÑÅzÆ�Î£Å�ÆS¹)Ä�¶DÇ��=+=�d�Õ�´5µ�¶'Ä�¶DÇ���+-��d¤½t¼-Ê�ÐzÉ�Ô@¶�Ê�Ä�¶DÉè¹=Ä!¹�Ô6¹=Ä�ÅzÄ4ÓT¼-»
ÇÈµ�¶<Ä�¶D½�¼-Æ�ÉL½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�½tÍ7»0Ê�Ðz¶"��#%�xÐz¶D¹=ÉiÅ�Æ�Î¤ÇÈ¼�ÇÑµ�¶xë�Æ�¹�Ð@½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�Ç�Ä�¶DÇ`Õ�s9ÅzÓÈÓT¶D»0¶DÆ�Ç6»�¶DÄ�Ê�Ð�ÇÑÄOÃ7ÅzÐzÐ@Ô@¶<¼-Ô6ÇÈ¹=ÅzÆ�¶DÉÃ7µ�¶DÆ¢ÇÈµ�¶<¼-»�É5¶D»
¼-ÓiÇÑµ�¶9½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�½tÍ¢»�Ê�Ðz¶DÄ!Å�Ä�½�µ�¹�Æ�Î@¶DÉ�ÕU´5µ�¶�Ä�¶D½�¼-Æ�ÉàÉiÅ�Ä�¹�É5×6¹�Æ�ÇÑ¹=Î@¶�¼-ÓiÇÑµ�¶9Ðz¹=Í6¶D»�ÅzÆ�Î¦¹=º�º�»0¼-¹�½tµ¦Ê�Ä�ÅzÆ�Î¢Ä�ÇÈ»`¹=ÇÑÅ�ë�¶DÉàº�»�¼-Î@»`¹=ÏLÄ�ÅzÄ
ÇÈµ�¹=Ç�ÅzÆ¦ÇÈµ�¶<Î@¶DÆ�¶D»�¹�Ð-½t¹�Ä�¶DéYÃ7µ�¶D»�¶'��½t¼-Æ�Ä�Å�Ä�ÇÑ¶DÆ�½�Í)»�Ê�Ðz¶DÄO¹=»�¶!Î@Åz×6¶DÆ�é�����É5ÅzÓÑÓÑ¶D»�¶DÆ�Ç@Ðz¹�Í@¶D»�ÅzÆ�Î@ÄO¹�»0¶!º�¼-Ä�Ä�ÅzÔ@Ðz¶Dé�Ã¤µ�Åz½tµ¦Ã7ÅzÐzÐ@»0¶DÄ�Ê�ÐzÇ�Å�Æ
É5ÅzÓÈÓT¶D»0¶DÆ�Ç�ÏL¼-É5¶DÐzÄ=ÕD´iµ�¶�ÅzÆ�ÇÑ¶DÆ�É5¶DÉº¢?¥a©�¨N¦ ¥aÕ°¤�¥a¦2ª0±!¼-Ó6½t¼-Æ�Ä�ÅzÄ�ÇÈ¶DÆ�Ç6¼-Ô@Ä�¶D»`×6¹�ÇÈÅz¼-Æ�ÄkÄ�µ�¼-Ê�ÐzÉ¦½t¼-Æ�ÇÈ¹�Å�Æ¤¼-Æ�Ð�Í'ÇÑµ�¶�ÅzÆ�ÇÈ¶D»`Ä�¶D½tÇÈÅz¼-Æ¤¼-Ó6ÇÑµ�¶DÄ�¶
Ï£¼-Éi¶DÐ�Ä=Õ

� ü � ü ® ü ¬£² ü �

¾ í öiÝ�ß�À=Â ¿'Õ í º�ÇÈéIÞ�Õtö5Ðz¹=Åz»Èé í Õ�Ýà¹=ÐzÛ@¶D»2�O¢1�O£��w©�§�H¥;©��-¼�¦2£?§_Öt£��!� ¦2»�Ò¬©�§<©�ª�«�¨N¦?��U£��wÒ�¦#�?Ó�¦�±=éIÅzÆ q ÅzÆ�Û@¶D»	âÑ¶DÉ�Õ ã0�O¢%��£?Õ���H©��
ª_«¬£-�¥ £��P� ¦#�HÕ°»=ª_«¬¨�¦?��©�ª_©�¤�©�¥a¦2¥�©a����ð£-Ó�«¬»��°§!£-Ó�§!©�½�½�« NÓ;±=é q ¼-»�Î@¹=Æi�!¹=Ê�ÓTÏL¹=Æ�Æ�é�Ni¼-Ä í ÐzÇÈ¼-Ä,Ë�æ=ß=ÀUÕ

¾ öðs q ß�À=Â ñIÕ�ö5»`Íté�ÞàÕ=s9¶D½tÛ6¶D»Èé=¸<Õ q ¹=Æ�ÇÈµ�¶DÍ���¢%�¡ ðU«���£?§<½¢�[Ñ°Ñ;§!£?©�»�¼tª�£¤£
£-U¥aª_§<©�« �ª@�]©�ª_«¬¥¥��©�»�ª�«�£- ©O[�c£
£-�¥aª�§!©�« �ª@�]©�ª�«¬¥¥�@�
©�¤�«¬Ò¬«¬ª Ö�« k� ¦#�HÕ°»�ª�«¬¨�¦�� ©�ª�©�¤�©�¥a¦2¥-±=éV��»�¼-½t¶D¶DÉ5ÅzÆ�Î@Ä	¼-ÓU·Hs9ö5´¢ß�ß=é q ¹=Í�Ë=æ=ß�ß=éEö5¶DÆ�Åz½t¶6Õ

¾ ¿�µ�¶DÀ=Á�Â �-ÕY¿�µ�¶DÆU�V¢1�=¼U¦	¦]�ª�«¬ª Ö§�U¦2Ò�©�ª_«¬£-U¥�¼�« Ñ©¨ £��ð¦2Ò@ª7��£��w©�§�� ©7 ðU«��°¦#�¬«A«¬¦#� £��[� ©�ª_©�±=é�´I»�¹�Æ�Ä�¹�½tÇÈÅz¼-ÆS¼-Ó�s9¹=ÇÈ¹�Ô@¹=Ä�¶
Ö�Í6Ä�ÇÈ¶DÏLÄ�é=ËA� Ë=é q ¹=»�½tµ�Ë�æ=À�Á�Õ

¾ ¿�µ�¶Dæ=Ë�Â ÝôÕ ¿�ÕD¿�µ�¶DÆ�Î��V¢!�=Ó�«��[�$¯®��[�±°"Ò¬«¬¤�¤�©�¥a¦#�k�H§<©��w« NÓ§��©�»�«¬Ò¬«¬ª Ö¹Õ�[�H¦2§_°i²�²�±=é6¹=×6¹�ÅzÐ�¹�Ô@Ðz¶9×6Åz¹)¹�Æ�¼-Æ�Í@ÏL¼-Ê�ÄxÓTÇÈºèÓÑ»�¼-Ï
¶DØ�º�¼-»`Ç`Õ Ðz½�Ä=Õ Ï£ÅzÇBÕ ¶DÉ5Ê�é q ¹=Í'Ë�æ=æ�Ë�Õ

¾ ¿�¼-É5À�æ=Â ·�Õ�¿�¼-É5É ��¢�¦!³�ª�¦<[�ð« AÓ ªõ¼�¦´� ©�ª_©�¤�©�¥a¦X�U¦2Ò¬©�ª_«¬£-U©�Ò	¨¹£��H¦2Ò ª_£µ£[©OÑ;ª_Õ°§!¦¶¨¹£?§�¦§¨¹¦2©O�« AÓ{±=é<´�»`¹=Æ�Ä�¹=½�ÇÈÅz¼-Æ�Äà¼-Ó
s�¹�ÇÈ¹�Ô@¹=Ä�¶�ÖIÍ@Ä�ÇÈ¶DÏLÄ�é�¡p� ¡=é2s9¶D½�¶DÏ£Ô@¶D»�Ë�æ=À=æUÕ

¾õs`·	ß�ß=Â �-Õ ÝôÕEs9¹=»`ÇÈé�¸�Õu·	¼-Ô@¶DÐ��2¢%£
£-U»�¦<Ñ;ª�Õ°©�ÒC��»�¼�¦2½�©�¥��[Ñ°Ñ;Ò¬«¬¦#�$ª_£=� ¦#�HÕ°»=ª_«¬¨�¦`� ©�ª�©�¤�©�¥a¦`��Ö�¥aª_¦2½�¥-±=é@çTÆ�ÓÑ¼-»`Ï£¹�ÇÈÅz¼-ÆLÖ�Í6Ä�ê
ÇÈ¶DÏLÄ�é�ö5¼-Ð ÕBË��=éYº�ºOÕ0��À������=ß�À=éEË=æ�ß=ß�Õ

¾ ·iå¤ß�æ=Â ¸<Õ�·5ÐzÏL¹=Ä�»`Å�é�Ö5Õ ö�ÕBå7¹=×�¹=ÇÑµ�¶��0¢���Õ���H©�½�¦<�ª�©�Ò¬¥{£��M� ©�ª�©�¤�©�¥a¦���Ö�¥aª_¦2½�¥-±=é�ö5¶DÆV) ¹�Ï£ÅzÆ	ì�¿�Ê�ÏLÏLÅ�Æ�Î@Ä�éI¸	¶DÉ5Ã7¼-¼-ÉL¿�ÅzÇÑÍté
¿�¹�ÐzÅ�Ó�ÕBË�æ=ß=æUÕ

¾ ·iÝ�Þ7ß=Ì�Â ¸<Õ.·5ÐzÏL¹=Ä�»`ÅzéU¸�Õ�Ýà¶D¶DÐzÉ5»�¶DÍ@¶D»Èé í Õ.Þ7¶D×�Æ�¶D»2�O¢1�=¼U¦?£
©�ª�¦<Ó�£?§YÖ¹£
£-�»=¦<Ñ;ª�ºU�[¶¦!³�ª_¦<U¥a«¬£-üª_£uª ¼U¦?¦]Uª_«¬ªõÖ_���U¦2Ò¬©�ª_«¬£-�¥�¼U« Ñ
¨ £��ð¦2Ò�±�éDçÑÆ�ÇÈ¶D»`Æ�¹=ÇÈÅz¼-Æ�¹=Ð�¸T¼-Ê�»�Æ�¹=Ð-¼-Æws9¹=ÇÑ¹<¹�Æ�ÉG�!Æ�¼-Ã7Ðz¶DÉ5Î@¶4·iÆ�Î@ÅzÆ�¶D¶D»�ÅzÆ�Î@é=Ëp� Ë=é q ¹�Í�Ë=æ�ß=ÌUÕ

ß



¾õô�ö!ß=æ�Â ô7ÕAô�¹=»�É5¹=»`ÅzÆ�é��@Õ�öo¹=ÐzÉ5Ê�»`Åz¶DÜ=é»�U¦2Ò¬©�ª�«¬£-�©�Òb� ©�ª�©�¤�©�¥a¦2¥y©O[�±��U£��uÒ¬¦#�]Ó�¦¹¼H©�¥a¦2¥�é í ÉiÉ5ÅzÄ�¼-Æ�êTÝà¶DÄ�Ðz¶DÍté	¸	¶D¹=ÉiÅ�Æ�Î
Ë=æ=ß�æ�Õ

¾ q ÖIß=æ�Â ö	Õ q Õ q ¹=»`Û@¼-Ã7Å�ÇÑÜ=é í ÕUÖIµ�¼-Ä�µ�¹=Æ�Å��H¢�½[�ªõ¼�¦g£[£?§<§�¦2»=ª U¦2¥a¥�£��`�U¦<Ñ;§�¦2¥a¦<Uª_« AÓ¾¦!³�ª_¦<��H¦#�¿¦]Uª_«¬ªõÖ_���U¦2Ò¬©�ª_«¬£-�¥�¼U« Ñ
��ª�§�Õ°»=ª_Õ°§�¦2¥U« tª ¼U¦?�U¦2Ò¬©�ª_«¬£-�©�Ò�¨¹£��H¦2Ò�±=éYÅzÆZ¸�ÕB¿�Ð�ÅzÓÑÓÑ¼-»�É5éDö�Õ¥NiÅ�Æ�É5Ä�¹�ÍtéVs¢Õ q ¹�Å�¶D»2�0¢��°§�£?»�¦2¦#�ð« AÓ�¥U£��pª ¼U¦i²ÁÀ�Â�À'�	£�¨
�UÃ�ÄF¨h½	�±Ã8�ª�¦2§YU©�ª�«¬£-�©�Ò�£
£-[��¦2§�¦<U»�¦
£- ª ¼U¦'¨¹©aU©aÓ�¦2½�¦<Uª�£��C� ©�ª_©�±=é í ¿ q éYå7¶DÃ�ð6¼-»`Û¤Ë=æ=ß�æ=éDº�ºOÕ0¡���Å���¡���æ�Õ

¾ ´ið	ñ@ß=Á�Â ´iÕ ¸BÕ�´�¶D¼-»0¶DÍ�éAs¢Õ�ð�¹=Æ�Î@é!¸�Õ �@Õ=ñ6»�Í���¢�� Ò¬£-Ó�«¬»=©�Ò[� ¦2¥a« Ó�±¨¹¦2ª ¼U£��H£?Ò¬£-Ó�ÖÆ��£?§'�U¦2Ò¬©�ª�«¬£-�©�Ò\� ©�ª_©�¤�©�¥a¦2¥Z [¥a« AÓ ª ¼U¦Z¦!³U�
ª_¦<��H¦#�=¦]Uª_«¬ª Ö\���U¦2Ò¬©�ª�«¬£-�¥�¼U« Ñh¨¹£��H¦2Ò�±=é í ¿ q ¿�¼-Ï£º�Ê�ÇÑÅ�Æ�Î¤Ö�Ê�»`×6¶DÍ6Ä,Ë=ß�é2�=é�¸TÊ�Æ�¶<Ë=æ=ß�Á�Õ

¾ ´�¶D¼-æ�Å�Â ´iÕ ¸BÕ.´�¶D¼-»�¶DÍ���¢%� ©�ª�©�¤�©�¥a¦'¨¹£��H¦2Ò¬« AÓt©a��G� ¦2¥a« Ó��º1�=¼U¦?¦]Uª_«¬ª Ö\���U¦2Ò¬©�ª�«¬£-�¥�¼U« ÑÇ�[Ñ°Ñ;§�£?©�»�¼"±�é q ¼-»0Î@¹�ÆZ�!¹=Ê�ÓTÏ£¹�Æ�Æ�é
Ö�¹�Æ q ¹�ÇÈ¶D¼-éY¿�¹=ÐzÅzÓ�Õ`Ë=æ=æ�Å�Õ

¾ ÖIÖIÀ=À�Â ¸BÕ�ÖIÏ£ÅzÇÑµ�é2s¢Õ`ÖIÏ£ÅzÇÑµ��<¢���©�ª_©�¤�©�¥a¦��%¤�¥aª_§<©�»=ª_«¬£-�¥¥º~�[Ó�Ó�§�¦<Ó�©�ª_«¬£-�©a��ZÄ�¦<�¦2§<©�Ò¬«�È�©�ª_«¬£-[±=é�´I»�¹�Æ�Ä�¹�½tÇÈÅz¼-Æ�Äo¼-ÓNs9¹=ÇÈ¹�Ô@¹=Ä�¶
Ö�Í6Ä�ÇÈ¶DÏLÄ�é��A� �=é#¸TÊ�Æ�¶!Ë�æ=À=ÀUÕ

æ


