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Ì Í�J �  �Î� �� ����Î ��� ! ��N � ��� � ���� L���H��J��� �� ��� H�� �Ï����� �� ���G ���G�G Ð
Ì Í�J �  �Î� �� ����Î ! N ���G�G L�! ! ����� Ð M�H�! �G� � Ì �Ñ�H�GG !N ÒH����J�� �� Ó H���GG�H Ô �����ÕÖ×ØØÙ �� ��Ú� �ÒH��� �� L���H ��� �Ú� J����Ò L�! ! ����� �� !N ���G�G Ð
Ì Í�J �  �Î� �� ����Î ÓH���GG�H F �HÏ��� Û ÜÝ Þßà Ù×á Ùâß ��� Ó H���GG�H Ô ���� �ÕÖ×ØØÙ ��H H�����Ò��H�JÒ� �H���G �� ���G ���G�G � ��� �H�Ú����Ò ! � Í ��� Ú� J�� � ��G�Ò��G ��� L�! ! ���G Ð Ì � G� ����ÎÓH���GG�H K� �! ã ×Öä×Üåæç ��H �ÒH����Ò �� ��H��L����� �� ��� ���G�G L�! ! ����� Ð
Ì Í�J �  �Î� �� ����Î ÓH���GG�H è �� �� ã Þæé×Þ ��H �LL�����Ò �� L�êGJ��HÚ�G� !N ���G�G Ð Ì �! Ú�HN����Î�J ��H ��G Ò���H�G��N ��� ��H � ���Ò � Í�NG �H�G��� ��H �� � ��Ò ! � Ð Ì � G� �Ñ�H�GG ! N G��L�H� ÒH����J���� ë GG� L���� ÓH���GG�H K���Î ã ×Ö �æåÙæ ��� ÓH���GG�H ì�Ò� � �H� í ×îåÕ � ïÕÙäð ��H ����H ÒJ����L���� �GG�G���L� �JH��Ò !N �� L��H� G�J���G Ð O���H ��Ú�L�G ��� H�G��HL� �Ñ��H���L�G ��Ú� �� ��� �� � Í�NGÒ� �� �� �� �G ñ� � Ð ò�Í � Ì �! ÒH����J ���� Ì ��Ú� L��G�� ���G �ÑL����Ò H�G��HL� ñ� � ��H !N Í�HÎ Ð
Ì �! � G� ÒH����J �� Ó H���GG�H Ó��Î� óæØç âå×ô ��H �� G�Ò���J  ��GLJGG���G ��� L�! ! ���G �� �J� !N Í�HÎ�JH��Ò !N ñÚ�ê! ���� Ú�G�� �� ��� � õö í EF ���H÷� � I����� P� ñ���L�� �N ��� F �H�� GL�� �HG��� �H�ÒH�!��H ��H��Ò� G�J����G ! ���Ò�� �N ��� øM���G ùJ÷� ÷L��G ��  � H�L��HL�� GJH  � ���JH� ��  �G ��L��� �Ò��GEMúû ò O Pü Ð I�  �� �H����� Í ��� ��! H�GJ ��� �� �� �! ��H���� ��H� �� I�����H ý Ð Ì �! Ú�HN ÒH����J ��H���G ����H�J���NÐ
þ�� �� ��� ! ��� L���H��J����G �� ���G ���G�G ÿ I�����H � ÿ Í�G ��H� N L�HH��� �J� ����ÎG �� � �����Í�HÎ Í ��� ÌG �! � ×Ö�×Ö Ð Ì ����Î ��! ��H �  ��� ���H�G �� ��� ��H �! �H�Ú��Ò ��� ùJ� ��N �� �JH Í�HÎ Ð Ì� G� H��  N ���H�L���� ò �GG�! � ã ×Ö � ðÕÖ×Þ �G GJ���H� ��H�JÒ��J� ��� �! � �! �������� �� ��� ��� JG���� I�����H � Ð
Ì Í�J �  �Î� �� ����Î H�G��HL��HG Í �� Î��� N �H�Ú���� JG ��� G�JHL� L� ��G �� ����H � Ò�H���! G Í ��L��� ��� JG �� ��� �Ú� J����� �� �JH L���H��J����G � ����ÎG ���� �� O��� �æ Ø�×ÜÞ ��� ��H� 	ð×çåæØÞ ��H�H�Ú����Ò ��� G�JHL� L��� �� ��� � � 	 � Ò�H���! � ë  ��� �æ Þæ ØÙ ��� K�÷����� � ðî×Þ ��H �H�Ú����Ò ���G�JHL� L��� �� ��� í 
 
 � Ò�H���! � �J�Ï�J � ðÖï ��� I�J�NJ � ÙæÖï ��H �H�Ú����Ò ��� G�JHL� L� �� ��H��� ��í 	 í ÙÖ×Ü � Ò�H���! � �J�� í ÕåðÖ×Ö ��� Ô ���J � ðÙôðÖ×Ö ��H �H�Ú����Ò ��� G�JHL� L� �� ����� � 	� í � Ò�H���! � ��� O�Î��Î� � Öð ��H �H�Ú����Ò ��� G�JHL� L� �� �� ��� � �í � Ò�H���! Ð
Ì Í�J � � G� ����Î ����ê��LùJ�G 	 Ùô ÜÝ ��H ì�Ò �G� �H���H�����Ò �� � �H�Ú��JG Ú�HG��� �� ��� ���G�G Ð
� JH��Ò !N ���G�G � Ì ��Ú� � ��� � ���L� ��Ò L���H�L� �! � �N�� �� ��� M�LJ �N �� KL���L�G �� OJ��G Ð Ì� ���GH�G� �L� � Ì Í�J �  �Î� �� ����Î �  ��� �! � �N��G �� ��� M�LJ �N �� KL���L�G �� OJ��G ��� �G� �L��  N ���G��� ��� I�! �J��H KL���L� ����H�! ��� Í �� ��Ú� Ò�Ú�� ! � J�L��������� GJ���H�G �JH��Ò ���G� N��HG Ð
F N G��L�H� ����ÎG Ò� �� F ���! I��H�Ï �æçÙÜÙ �å×ÜÙä ��� F �G��H K�! � �ïåæØ �� ��Ú� ��� �����L�JH�Ò��Ò Í�H�G Í ��L� �� � �� ! � �JH��Ò G�! � ��� LJ � ��H�� �G Ð
Ì �! � G� ÒH����J ��H !N �H����G ��H �J��N ��! �G Í� ��Ú� G� ��� ��Ò����H � ÐÐÐ� ��� ! �G� �� �  ��H �JG�����Ò ���H� ��H ! � Í ��� Ì ��Ú� ������ ���! Ð
��G� � �J� ���  ��G� � Ì Í�J �  �Î� �� �Ñ�H�GG !N ÒH����J�� �� !N ��! � NÐ Ì H��  N ��� �� ùJ��� Î��Í ��Í�� ����Î !N ��H���G Ð O��N ��Ú� L��G�G���� N ��� ������J  N GJ���H��� ! � ��H�JÒ� �  !N G�J�N ��H�� �G���� Ò��� ��� ��� Ð O��N ��Ú� � ��� � Í�NG ���H� Í ��� Ì ��Ú� ������ ���! ��� ���N ��Ú� ���� ÒH�����L�JH�Ò�HG Ð Ì Í�J �  �Î� �� ����Î !N �H����HG ��� !N G�G��H ��H � Í�NG GJ�� �H���Ò ! � � ��H ����H  �Ú� ���G�H��Ò�� ���N �H� Ò�Ú��Ò �� ! � �  ��� ��! � �� !N  ��� Ð � ����J� ��� ��Ú����� ��� GJ�� �H� �� !N ��! � N����G �H�� �L� Í�J � ��� ��Ú� ���� � �GG�� � Ð Ì Í �  ��Ú�H ��HÒ�� ����H GJ�� �H� �G  ��Ò �G Ì  �Ú� Ð
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O��  �G� N��HG Í ����GG�� �� �Ñ� �G�Ú� �H�ÒH�GG �� ���Í�HÎ��Ò � G��H�Ò� � ��� �H� L�GG��Ò ��L��� �Ò��GH�GJ ���Ò �� �� J��H�L������� �! �J�� �� ��Ò��� �Ï����� �� ���� Ð O��H� �G ���L� � L��G���H�� � ���� ��H ��� G�H ��L���ùJ�G �� �� Ú� ��� �� L���� N ��GL�Ú�H Ú� J�� � � ���ê��Ú��JG ����H! ����� �H�!  �HÒ� ������G�G Ð Ì����G G��J����� � è ��Í  ��Ò� ��GL�Ú�HN �� � �����G�G ���HG � L�! � ��� �H�L�GG ��H ��� ���ê�H�Ú �� �Ñ�H�L���� ���! � �L�� � �H�Ú��JG N J�Î��Í � � ��� � �������  N JG��J  Î��Í  ��Ò� �H�! ���� Ð ë! ��ÒG� ��G G���G � ���� ! ����Ò���HG ��� G ��� ��L���ùJ�G ��H GJL� �� �Ñ�H�L���� Ð F JL� H�G��HL� �� ���� ! ����Ò �H�!  �HÒ� ������G�G��G �� LJG�� �� ��� ��GL�Ú�HN �� �GG� L������ HJ �G Í ��L� �H� JG�� �� �������N H� �����G���G � ��Í��� G��G�� ���! G �� � ������G� Ð O�� ��GL�Ú�H�� �GG� L������ HJ �G L�� � � JG�� �� Ú�H��JG ��GÎG � GJL� �G ����L���Ò�JHL��G� ��������L��G � L �GG�ñ L����� � ! ���L� ���� ��� NG�G � ��L Ð Ì� �H�L��L� ��Í�Ú�H � ��� �J!� �H ���H�ùJ��� N � LLJHH��Ò ���! G��G � JG�� �G � ��G�G ��H HJ  � ��H�Ú����� � �G Ú�HN  �HÒ� � ��! ��H��Ò ����H ���L��Ú��Ñ� �������� �N ��� ���êJG�HG Ð Ì� ���G G��J����� � � ����H! ���� ���H� �� LJG�� �� ��ñ���Ò ! ���Ò��� NêG�Ï��G��G �� �����H� G � L�  �� L��L�G� H��H�G��������G � �H�! Í ��L� H��J����� �����H�G L�� �� H�Ò���H���� Ð O���JH��G� �� GJL� H��H�G��������G �G �� H��JL� ��� �J! ��H �� ! ���� �����H�G �� ! �Î� ���! ! ���Ò��� � �N��� ���êJG�HG Í �� � �H�G�HÚ��Ò �G !JL� �G ��GG��  � ��� ������ ��� ����H�G���Ò ����H! ����� �� �J� ���� ÐF ��N L��L�G� H��H�G��������G ��H �H�ùJ��� �����H� G Í�H� G� ��H �H���G�� �� ���  ���H��JH� � ! ��� N�Ñ� �H��Ò ��� L���J�L��Ú� G��HL� G��L� Ð Ì� ���G G��L� � ���! G��G �H� L��H�L��H�Ï�� �N ��� �H�ùJ��LN ������H L�ê� LLJHH��L� Ð ë ����� �� G�J�N �H���G�� �� ���G ���G�G G��Í G ���� L �G�� ���! G��G ��� ! ���! � Ò���H���HG � �N � Î�N H� � ��H L��L�G� N H��H�G�����Ò ���� �H�ùJ��� ���! G��G ��� �GG� L������ HJ �G Ð O��G����! G��G G�HJL�JH� ��� G��HL� G��L� ���� �ùJ�Ú� ��L� L �GG�G GJL� ���� ��L� L �GG Ò����HG ��� ���! G��G��� ��H��Ò �� ��� G�! � GJ�G�� E�+� �� � �L�G �H �H��G�L����G P �� ��� Ò�Ú�� ���� Ð ë L �G�� ���! G�� ��L J��G��� ! �G� G� �L�ñL �Ñ�H�GG��� ��GLH����Ò ��� �GG�L����� �H��G�L����G � Í �� � � ! �� �! � Ò���H���H ��L J��G��� �� ��� ! �G� Ò���H� �Ñ�H�GG���G Ð Ô �Í�Ú�H � �� ���H�êL �GG L�! ������H�� H��J����LN Í�J �  �Ò�L�  NH�GJ �G �H�! ��� ����H��� ��G��L� �� � J��ùJ� ! ���! � Ò���H���H �GG� L����� �� � Ò�Ú�� L �G�� ���! G�� ÐO��G ! ���Ú���� JG �� L�HHN �J� �� ��ê����� G�J�N ��! ��Ò �� �� N H�������Ò �HH��JL�� � ! ���! � Ò���H���HG�� ��L� �ùJ�Ú� ��L� L �GG � ��� �HJ���Ò ��� H�! �����Ò ���G Ð Ì� ���G H�G� �L� � Í� �H���G�  �GG �GG H��JL����G�� ��� ! �� �! � Ò���H���H G�� ����ÎG �� � ��Í GJ�G���J����ê��G�� �H� L�GG Ð �� ���� L�HHN �J� � ���H�JÒ�G�J�N �� ��� �GG� L����� �H�� �H���G �� ��� �������� ��! � ��G Ð þJH ����H���L� H�GJ �G Í �  ���� �� �Ñ������ ����� �GG� L������ HJ  � �H�! �Í�HÎ �� �H��H �� H��JL� �G !JL� �G ��GG�� � ��� �J!� �H �� H������� HJ  �G Í ����J�����H! �����  �GG Ð �� ���� Ò�Ú� � ���H�JÒ� ��H! � G�J�N �� ��� H� ���� ����H��L� ! �L����G! �  �Í ��Ò ����H�Ú� �  H��J����� �GG� L������ HJ �G � G��H���Ò �H�! ��� H������� ���G Ð Ì� �H��H �� Ú� ����� �JH ���H��L� �L�! �J���Ò ! ���G ��H ��� ��Í �����H� ��! � ��G �H� �H�G����� ��Ò����H Í ��� �! ��H�L� �Ú����L�G ���J�����H H� ���Ú� G�Ï�G , '�'�' ��� ����H� G��G �� �����H� G Ð�� � G�  ��� � ���H�JÒ� �Ñ� �H����� �� ��� ��G�J�L��Ú� G��HL� G��L� � Í ��H� ���! G��G �H� L��H�L��H�Ï���N ����H H�G��L��Ú� ��G�J�L��Ú� GJ���H�G � �� G���� �� ��� L���J�L��Ú� ���G Ð O�JG � �� ���! G�� Ú�H�ñ�G ���H���� �� ���� �� ��  ��G� ��� �� ��G ���! G � � ��ÒG �� �� Ð � �G�J�L��Ú� ���! G��G ��JG L��Ú�N Î��Í  ��Ò��� �J� L�! � �! ����HN �LLJHH��L�G �� ���! G �� � ����G�� Ð O��G �Ñ�  �H����� �G ! ���Ú���� �N ��� ��L� ���� ��� G�! � ��� �L�����G � GJL� ����H! ����� ÿ L��Ú�N�� ��H�JÒ� ��G�J�L��Ú� GJ�� �H� ÿ �H��ÒG H�L��H Î��Í  ��Ò��� ��� ���êJG�HG Ð Ì� �H��H �� ������ � H��J����LNê�H�� H��H�G�������� �� ��� ��G�J�L��Ú� G��HL� G��L� � ������H�G���Ò G� J���� L��G�G�G �� G� �L���Ò � J��ùJ� � �! ��� �� H��H�G��� ���! G��G L�Ú�H��Ò ��� G�! � G�� ������ Ð OÍ� ���! G��G �H� �ùJ�Ú� ��� �� ����H H�G��L��Ú� ���! G L�Ú�H ��� G�! � G�� �� ���� Ð Ì� �� �G H�Ò�H� � Í����H� �JL� � ��Í �� �H���H ����L���� �� �� �G ��GÎ Ð Ì� ��L� ���JL�� �ùJ�Ú� ��L� L �GG � ! �� �! � � �! ���G �H�L�  �� �GG����� ���! G��G � Í �� � ���  �HÒ�G� ��� �G L�  �� ��G�J�L��Ú� L �G�� ���! G�� Ð O�� ���H��JL�� �� �H�ê��H �G ���� �� ��� H���G �� ��Í L��L�G� H��H�G��������G �� �H�ùJ��� ���! G��G Ð �� � G� �Ñ� ��� ��� ��G�J�L��Ú�G��HL� G��L� �� ��H�Ú� Ò���H� �Ï�� �GG� L������ HJ �G Ð O��G�  ����H HJ �G Ò���H� �Ï� L �GG�L ���G �� � G� ���H��G�J�L���� ��� ��Ò����� L����L��HG ���Í��� ���! G � �� �������� �� ��� L���J�L��Ú� ��� Ð � ���L���� ��� GÍ�H� ���� ��G�Ò��� ��� �! � �! ����� ��H �Ñ�H�L���Ò ��G�J�L��Ú� ���! G��G ��� Ò���H� �Ï�� �GG�L������ HJ �G ÐþJH �Ñ� �H�! ���G G��Í�� ��� JG��J ��GG �� �JH �Ñ� �H����� ��� ��Ò� �Ò���� ����H�G���Ò L�! ��L���GG H���G Ð- ./01234 5 ë GG� L������ HJ � � I �G�� ���! G�� � I �GJH� �� �H���H � I��L�G� H��H�G�������� � � ��� ! �� ��Ò �� �G�J�L��Ú� L �G�� ���! G�� � � �G�J�L��Ú� GJ�� �H� � ì ùJ�Ú� ��L� L �GG � ì GG����� ���! G�� � ����H� �Ï�� �GG� L�ê����� HJ � � Ì��! G�� � F ���! � Ò���H���H Ð
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� JH��� L�G ��H� �9H�G ���÷�G �  �G ùJ�����÷G �� ����÷�G L�  �L�÷�G � ���G ��Ú�HG ��! ����G � ���� �L����� �� ��� ��H! ���ùJ� � ��Ú������� �� � J G �� �  JG �! ��H�����G Ð I� � GJGL���  � � �G��� � ���� NG�H �� � �����H�H÷��HL�G ����÷�G �ñ� � ��� �Ñ�H��H� ��G L�����GG��L�G J�� �G Ð � ��G L���� G��J����� �  � �H�L�GGJ G � �ìÑ�H�L���� ��I�����GG��L�G : ��H��H ��G � ���÷�G �G� J� �H� L�GGJG L�! � �� Ú�G��� : �Ñ�H��H� ��G L�����GG��L�G L�L�÷�G ���JÚ�  �G �� � �������  �! ��� J�� �G : ��H��H �� ÒH���G Ú� J! �G �� ����÷�G Ð Ó�H! � L�G ÷��� �G �  � ��J�  ��� ����÷�G �� H�  �G �J�� G �� ��L���ùJ�G � �H! ������ J�� ��  � �Ñ�H�L���� Ð Ó  JG��JHG �H�Ú�JÑ �� H�L��HL���� ��J �  � �� ����÷�G L��L�H����  � �÷L�JÚ�H�� ��G H9Ò �G � ��GG� L������ � � �H! ������ � �������ñ�H ��G  ���G���H� ��G�!� �G �� ��GLH����JHG E�J ���H��J�G �J ���! GP �÷LH�Ú��� J� ��G�!� � � ��� � ��G E�J ����Ú��JG�J �H��G�L����GP Ð ��G H9Ò �G � ��GG�L������ ��� ! ���H÷  �JH J�� ��÷ ���G � JG��JHG ��! ����G � ���� �L������� G ùJ�  � Ò�G���� ��  � H� ����� L ���� �� ÒH���� ��G�H��J���� E��� NG� �J �����H ��  � ! ÷��Ò9H� ��JH�÷��H! ���H  �G �H� �J��G G�JÚ��� �L���÷G G�! J ���÷! ��� � �� �Ò��L�H  �G H�N��G �� �HÒ�� �G�H  �G �H�! �����G�� L��G÷ùJ��L� P�  � ���  �Ò�� ! � ÷LJ ��H� E��� NG� ��G �GG� L������G ���H� Ò9��G P� ��L Ð� � ! ���9H� Ò÷�÷H� � �  � L��G�HJL���� ��G H9Ò �G � ��GG� L������ G ����L�J� �� ��JÑ ÷����G �  ��Ñ�H�L������G ��G�!� �G � ����! G E�J ���! G��G P �H÷ùJ���G � �J�G  � Ò÷�÷H����� ��G H9Ò �G � ��GG� L������ : ��H��H �� ��G���! G��G �H÷ùJ���G Ð � ��G  � �H���ùJ� �  � ��!�H� �� ! ����G E���! G��G �H÷ùJ���G �J H9Ò �G � ��GG� L������G P�Ñ�H���G �J Ò÷�÷H÷G � � �J� ;�H� �H9G ÷ �Ú÷ � L� ùJ � H��� ��� L� �  �JH �Ñ� �������� � �H������� ��H  �G J�� �G���JHG ÐÓ�JH ��  ��H L� �H�� 9! � � L�H����G �H�Ú�JÑ �� H�L��HL�� �H���G���  �JG�Ò� � �J� ��N�J �� ! ����G � ��� � ÷GH��H÷G��������G L��L�G�G � : ��H��H ��GùJ� G  �G ! ����G H��������G � �JÚ��� ;�H� H÷Ò÷�÷H÷G Ð �� �J� �� ��  �GH��H÷G��������G �G� �� L�����G�H  �G ! ����G �Ñ�H���G ��J� �� �H÷G�HÚ��� �J���� ùJ� ��GG��  �  �G ����H! �����GL�L�÷�G �� ���÷H�GG����G GJH ��G ����÷�G Ð� ��G  �  ���÷H��JH� � ���JL�J� �� H��H÷G��������G L��L�G�G ��G ! ����G �H÷ùJ���G ��� ÷�÷ �H�� �G÷�G � �Ñ� �êH��� �H��L��� �! ���  ��G��L� �� H�L��HL�� L�����L��� Ð � ��G L�� �G��L� �  �G ���! G��G G��� L�H�L�÷H�G÷G ��H  ��H÷ùJ��L� ��  �JH L�ê� LLJHH��L� Ð I�L� ����  ��� � �� ��  � �H�! �9H� ��H��� �� L� �H�Ú�� Ð <�� ÷�J�� �÷���  ÷��H���G÷� ���G L���� ��9G� �H�JÚ� ùJ�  �G ���! G��G ��H! ÷G ��  �G Ò÷�÷H���JHG ! ���! �JÑ G��� J� ! �N�� ��H��H÷G����H �Ú�L L��L�G���  �G ���! G��G �H÷ùJ���G ��  �G H9Ò �G � ��GG�L������ Ð ��G ���! G��G ��H! ÷G G�HJL�JH��� ��G��L� �� H�L��HL�� ���G ��G L �GG�G � �÷ùJ�Ú� ��L� �� G ùJ� L��ùJ� L �GG� H�ÒH�J��  �G ���! G��G ����H��GêG��� ���G  � ! ;! � G�JGê��G�!� � E��� � ÷ �JGG� �� � ��G �J �H��G�L����G P ��G ����÷�G Ð <� ���! G�� ��H! ÷��L J�  ��Ñ�H�GG���  � � JG G�÷L�ñùJ� �÷LH�Ú���  �G �H��G�L����G �GG� L�÷�G � � �HG ùJ �J� Ò÷�÷H���JH ! ���! � ��L J� J�� ��G �Ñ�H�GG���G  �G � JG Ò÷�÷H� �G Ð I�� ������ � J�� H�������L� L�! �������H� ���H�êL �GG� H÷GJ �� �Ò�ùJ�! ��� ��  ���G��L� ���÷H���� � �J� G�J Ò÷�÷H���JH ! �� �! � �GG� L�÷ : J� ���! G�� ��H! ÷ ����÷ Ð I�L���JG � ! ���Ú÷ : ���L�J�H J�� ÷�J�� ���H������� Ú�G��� : ! �������H G�J �! ���  �G Ò÷�÷H���JHG ! �� �! �JÑ�HH÷�JL��� �G ���G L��ùJ� L �GG� � �÷ùJ�Ú� ��L� � �� � �÷ �ÒJ�H  �G �J�H�G Ð = L�� ÷Ò�H� � � �G� �H�� �G÷ J��H÷�JL���� G��G ��H�� � �����H! ����� ��  ���G�! � � ��G Ò÷�÷H���JHG ! ���! �JÑ ÒH>L� : J� ��JÚ��J �H� L�GGJG��G÷ GJH  � GJ�G���J���� Ð <�� ÷�J�� L�! � 9�� ��G �H��H�÷�÷G �GG� L�÷�G �JÑ ��! �  �G �����J�G �G� �H÷G���÷� Ð��G H÷GJ ���G ��÷�H�ùJ�G G��� ��GJ��� ÷����JG �J L��H� �� H9Ò �G � ��GG� L������ �ñ� �� H÷�J�H� �J���� ùJ���GG��  �  � ��!�H� �� H9Ò �G ! ������J�G G��G � �H�� � �����H! ����� Ð ÓJ�G � �G� �H÷G���÷� J�� ÷�J�� ��H! �  �L�! � 9�� �J ! ÷L���G! � � ��� �÷H��L� � �H! ������ �� �÷H�Ú�H ��J��G  �G H9Ò �G � ��GG�L������ H���������G � :��H��H �� L�  �G ! ������J�G Ð ëñ� �� Ú� ���H  ����H� L�� �H�� �G÷� �  �G � Ò�H���! �G �� L��G�HJL���� �� L�GH��H÷G��������G L��L�G�G �� ! ����G G��� �H÷G���÷G ���G� ùJ�  �G H÷GJ ���G ��G �Ñ� ÷H�! ��������G H÷� �G÷�G ����H! � �� L��L�G��� �� �� ��! �G �� L� LJ Ð�� G�L���� ��H��� �� L� �H�Ú�� �G� L��G�LH÷� : J�� �Ñ� �H����� L�! � 9�� ��  ��G��L� �� H�L��HL����G���L��� ��G ���! G��G � �? L�JÑêL� G��� L�H�L�÷H�G÷G ��H  �JHG GJ�� �H�G ��G���L���G Ð ë ��G� ���G  ��G��L���G���L��� � J� ���! G�� Ú÷H�ñ� J�� �H��G�L���� G� �J ! ���G J� �� G�G ���! G N �G� �H÷G��� Ð ��G ���! G��G��G���L���G Ú÷��LJ ��� ���G� J�� L�����GG��L� �J GJ� �� ��G � LLJHH��L�G L�! � ÷! �����H�G � ����! G ���G J���G�! � � �� ����÷�G Ð I���� �Ñ� �H����� �G� ! ���Ú÷� ��H  � ���� ùJ� � ���G L�H�����G ��� �L�����G � J�� ��  �����H! ����� ��J� ;�H� J�� � �JÑ J�� �G���JHG Ð ��HG ��  ���� NG� � �J�� G÷ùJ��L� Ò÷�÷��ùJ� ��H �Ñ�! � � �  ����� � ���Ò���H�H J�� ����H! ����� ��  � ùJ� ø�H÷G��L� � �J� Ò9��
X

�J  � �H÷G��L� � �J� Ò9��
Y

�J Ð Ð Ð ü�H÷G���� J� ���÷H;� ��JH  � ���  �Ò�G�� Ðëñ� � �������H J�� H��H÷G�������� L��L�G� ��  ��G��L� �� H�L��HL�� ��G���L��� � J�� G� J���� ���÷H�GG����L��G�G�� : L���G�H J� G�J ÷ ÷! ��� ��JH H��H÷G����H  �G ���! G��G L�JÚH���  � ! ;! � ��G�!� � �� ����÷�G Ð��JÑ ���! G��G G��� ÷ùJ�Ú� ���G G�  �JHG ���! G H�G��L���G L�JÚH���  � ! ;! � ��G�!� � �� ����÷�G Ð = L��
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÷Ò�H� � J� ��JÚ� ��÷H���JH L��G�LH÷ : L���� �>L�� � � ÷�÷ ���H� �J�� Ð � ��G L��ùJ� L �GG� � �÷ùJ �Ú� ��L����J��� �  �G ÷ ÷! ���G ! ���! �JÑ G��� ��� � ÷G ���! G��G �GG����� G � � �HG ùJ�  � � J G ÒH��� ÷ ÷! ��� �G���� � ÷ ���! G�� ��H! ÷ ��G���L��� Ð � ���÷H���JH �H÷G���÷ �G� � �HG :  � ��G� �� ��JÚ�  �G H��H÷G��������GL��L�G�G ��G ���! G��G �H÷ùJ���G Ð � ��G��L� �� H�L��HL�� ��G���L��� �G� ��GJ��� �Ñ�  ���÷ � �JH �÷H�Ú�H ��G H9Ò �G� ��GG� L������ Ò÷�÷H� �G÷�G Ð I�G ��H��9H�G H9Ò �G Ò÷�÷H� �G���  �G H9Ò �G L �GG�ùJ�G � �JH �� H�H ÷Ò� �! ��� ��GL����L��JHG �� ��G���L���� �� �� �÷Ò����� � ����! G � �� �  JG �� L� J� L�����L��� Ð � �G �J�� G E� Ò�H���! ��� �H�ÒH�! ! � P �÷��÷G ��� ÷�÷ � �HG L��FJG �� ! �G �� ��� �L����� ��JH �Ñ�H��H�  �G ���! G��G ��G���L���G �� �G H9Ò �G � ��GG� L������ Ò÷�÷H� �G÷�G Ð ��G H÷GJ ���G ��G �Ñ�÷H�! ��������G ���L�J÷�G ��� ! ���H÷  �J�� ��÷ �����H� �Ñ� �H����� �� ��� ! �G �� Ú� �JH  � L��L�G��� ��G H��H÷G��������G L��L�G�G �H���G÷�G ÐG 1H4 IJK4 5 M�J�  � �� ����÷�G � I �GG� � �÷ùJ�Ú� ��L� � Ì��! G�� � Ì��! G�� �GG����� � Ì��! G�� ��H! ÷ � Ì��! G����H! ÷ ��G���L��� � �÷�÷H���JH ! ���! � � þ� ÷H���JH �� ��H! ��JH� � û9Ò � � ��GG�L������ � û9Ò � � ��GG� L������Ò÷�÷H� �G÷� � û��H÷G�������� L��L�G� � KJ�� �H� ��G���L��� Ð
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i G eQO j1OIQ4. k .l2.4.OHeHQ1O4 1m n2.oP.OH NH.d 4.H4 bpg ÐR Ì��H� �JL���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Shg ÐS MH�ùJ��� I �G�� Ì��! G��ê��G�� û ��H�G�������� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gqg ÐS ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gqg ÐS ÐS F ����Ò ë  Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gqg ÐS Ðg ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g Rg ÐS Ðý � ��Î Í ��� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g Rg Ðg MH�ùJ��� ò��ê��H�Ú�� � Ì��! G��ê��G�� û ��H�G�������� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gSg Ðg ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gSg Ðg ÐS F ����Ò ë  Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ggg Ðg Ðg ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gýg Ðg Ðý � ��Î Í ��� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gTg Ðý MH�ùJ��� I �G�� ò��ê� �H�Ú�� � Ì��! G��ê��G�� û��H�G�������� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gTg Ðý ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gTg Ðý ÐS F ����Ò ë  Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�g Ðý Ðg ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�g Ðý Ðý � ��Î Í ��� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�g ÐT MH�ùJ��� ì GG����� Ì��! G��ê��G�� û��H�G�������� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�



rr stuvwuvC

g ÐT ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�g ÐT ÐS F ����Ò ë  Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ýqg ÐT Ðg ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ýqg ÐT Ðý � ��Î Í ��� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ý Rg Ð� I�! ��H���Ú� K�J�N �� I��L�G� û ��H�G��������G ��H MH�ùJ��� Ì��! G��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ýSg Ð� I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ýý

UU Z [ + x#&;%'# ( # Y %c- ) # (y , ( $%'W- .-;&$c .+ ; $- z {
| }144J.44 k .3PIHQ1O4 1m H~. G QOQd eJ � .O.2eH12 ned QJ/ 1m eO ��H2eIHQ1O j1OH.�H |pý ÐR Ì��H� �JL���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ýhý ÐS þH�Ò��� KJLL��L� KNG��! �� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð TRý ÐS ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð TRý ÐS ÐS I �H�ñL����� �� Ì! �H�L�G� ë G� �L�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð TSý ÐS Ðg <�Ú�� ��Ò Ó H�� �! G �� ��� � ��í 	 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð T�ý Ðg ò �Í KJLL��L� KNG��! �� F ���! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Thý Ðg ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Thý Ðg ÐS û�Ò���H����Ò ë   F �� �! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �ýý Ðg Ðg ÓH�� �! G �� ��� � ��í 	 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �Tý Ðý � �H�L��� KJ�G���J����êMH�� K��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��ý Ðý ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��ý Ðý ÐS û�Ò���H����Ò ë   F �� �! � ����H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��ý ÐT ë �� NG�G ��� I�! ��H�G�� �� ��� ÓH�� �G�� KNG��! G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �qý Ð� O�� � �� � í ÙÖ×Ü ë Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �Sý Ð� ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �Sý Ð� ÐS I�HH�L���GG ��� I�! � �Ñ ��N Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �ýý Ð� û � ���� ��HÎ ��� ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��ý Ð� ìÑ� �H�! ���� û�GJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��ý Ðh I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �h
� �PIIQOIH eO3 NOm12d eHQ�. � 441 IQeHQ1O k PJ.4 � MT ÐR Ì��H� �JL���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð � RT ÐS KJLL��L� ��� Ì���H! ���Ú� ����H�L ��G�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �ST Ðg � �H�Ú����� �� û��J����� ë GG� L������ ûJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �TT Ðý O�� 	í 	 
�çÜæâç ðÜ ë Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��T Ðý ÐR ����H! ������� �� ��� F �� �! � ����H���H K�� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��T Ðý ÐS I��G�HJL���� �� ��� F ���! � ����H���H �����L� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �hT Ðý Ðg ìÑ�H�L���� �� ��� KJLL��L� ����H�L ë GG� L������ ûJ � ��G�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð hýT Ðý Ðý I�HH�L���GG ��� I�! � �Ñ ��N Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð h�T ÐT ìÑ� �H�! ���� û�GJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð hhT ÐT ÐR ìÑ�H�L��� ûJ � I�! ��L���GG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RqqT ÐT ÐS ûJ���! � Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rq RT Ð� I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rqg

UUU Z [ + x# &;%'# ( # Y %c- " 'dy , ( $%'W- .-;&$c .+ ;$- ���
� � Q4� POIHQ�. jJ14P2. eO3 � 441 IQeH.3 ��eIH j1OIQ4. k .l2.4.OHeHQ1O4 1m n2.oP.OH NH.d �4.H4 M��� ÐR Ì��H� �JL���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rq�� ÐS � �G�J�L��Ú� I����L���� ��� I�! ��J�� þ��H���HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rqh� ÐS ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rqh� ÐS ÐS ÓH���H���G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RRR� Ðg K�HJL�JH� I��H�L��H�Ï����� �� ��� ��G�J�L��Ú� K��HL� K��L� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RRg



stuvwuvC rrr

� Ðý � �G�J�L��Ú� I �GJH�ê��G�� I��L�G� û��H�G��������G �� MH�ùJ��� Ì��! G��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RRT� Ðý ÐR ò�Í I��L�G� û��H�G�������� ��H ë   Ì��! G��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RRT� Ðý ÐS ì��L� �� K�����Ò ��� I���J�L��Ú� MH�ùJ��LN I��G�H���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RR�� Ðý Ðg ò�Í I��L�G� û��H�G��������G �� MH�ùJ��� Ì��! G��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RR�� Ðý Ðý M���JH�G �� ��� ÓH�� �G�� û��H�G��������G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RSR� ÐT O�� � �
� í ÙÖ×Ü ë Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RSg� ÐT ÐR ��GLH������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RSg� ÐT ÐS I�HH�L���GG ��� I�! � �Ñ ��N Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RS�� Ð� ìÑ��H�! ���� û�GJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RSh� Ð� û� ���� ��HÎ ��� ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rýg� Ð� I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rý�
� � .O.2eJQ�eHQ1O 1m � 441 IQeHQ1O k PJ.4 H~21P�~ � Q4� POIHQ1O M|p� ÐR Ì��H� �JL���� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rýh� ÐS þÚ�HÚ��Í �� ����H� �Ï�� ë GG� L������ ûJ � M�H! G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTq� ÐS ÐR ����H� �Ï�� ë GG� L������ ûJ � MH�! �Í�HÎ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTq� ÐS ÐS KJ�� �H� û��H��Ú� �� ����H� �Ï�� ë GG� L������ ûJ � M�H! G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTS� Ðg K� �L���� �� KJ�G��G �� ����H� �Ï�� ë GG� L������ ûJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTý� Ðg ÐR ��GLH������ �� ��� K� �L��� KJ�G��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTý� Ðg ÐS ë GG�GG��Ò úJ� ��N F ��GJH�G �� K� �L��� û J �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RT�� Ðg Ðg ì �! ������Ò � J� �L���� ûJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R� R� Ðý ìÑ�H�L���� �� ����H� �Ï�� ë GG� L������ ûJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�S� Ðý ÐR �J� ���Ò ��� Ó�H���  N þH��H�� K�HJL�JH� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�S� Ðý ÐS ��H�Ú��Ò ����H� �Ï�� ë GG� L������ ûJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� ÐT ìÑ��H�! ���� û�GJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�h� ÐT ÐR ì��L� �� ��� �  ��$%% ��H������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�q� ÐT ÐS ì��L� �� ��� �  ����� ��H������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� Ð� û� ���� ��HÎ ��� ��GLJGG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�h� Ð� I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�S

U� ) # ( $ x, d'# ( ���
� j1OIJP4Q1O eO3 nPHP2. �12� M��� ÐR I��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� ÐS K��H� ��� ���Ò O�H! Ó�HG� �L��Ú�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�h
� Q�JQ1�2el~/ Mpi
� � + + -( � '[ ��a
� � .4I2QlHQ1O 1m � .OI~d e2� j1OH.�H4 bMM
� �.J.IH.3 c P�JQIeHQ1O } Q4H bM�





�  Ë Ê Ã ¡ ¢  È 8 ) Æ Ë

S ÐR O�� �� ��G  ����L� �GG� L����� �� ��� �Ñ�H�L���� L����Ñ� �� O�� � S ÐR Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RhS ÐS M�H �  ��$%% £ 2
� ��� ÌL�� �HÒ  ����L� �GG� L����� �� ��� L����Ñ� �� O�� � S ÐR Ð Ð Ð Ð Ð Ð Ð Ð Ð SS

ý ÐR K�Ï� �� ��� G��G
FMG

�
FMG¤¥¦ � ���

FDSFS
��H � ��L�! �HÎ L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��

T ÐR M�H �  ��$%% £ 1
� ��� ÌL�� �HÒ  ����L� �GG� L����� �� ��� �Ñ�H�L���� L����Ñ� Ò�Ú�� �N O�� �S ÐR Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �ýT ÐS M�H � ñÑ�� �  ��$%% Ú� J� � ��� G�Ï� �� ��� ��G�G E

GB
�
RI

P #� ' ���� �� ��� ��G�G E
SGB

�
SRI

P ��H � ��L�! �HÎ L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RqqT Ðg M�H � ñÑ�� �  ����� Ú� J� � ��� G�Ï� �� ��� Ò���H�L ��G�G
GB

E���% ' RI
P #� ' ���� �� ���

�$�� ��� Ò���H�L ��G�G
SGB

E���% ' SRI
P ��H � ��L�! �HÎ L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rq RT Ðý Ó�H��H! ��L�G �� 	í 	 
�çÜæâç ðÜ L�! ��H�� �� ���G� �� ��í 	 í ÙÖ×Ü ��H � ��L�! �HÎL����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RqS

� ÐR O�� ��G�J�L��Ú�  ����L� �GG�L����� �� ��� L����Ñ� ����L��� �N O�� � � ÐR Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RR�� ÐS K�Ï� ��
EDCI #� ' FEI

E}.mH P� ���
ADCI #� ' Bd+

E
FI

P Ek Q�~H P ��H ���G� L����Ñ�G Ð Ð Ð Ð Rgg� Ðg K�Ï� �� � �	
s§rep #� ' ��� Í �� � G�� �� �H�ùJ��� ���! G��G E}.mH P� � 
 	

s§rep EG Q33J. P���� ��� H�! �����Ò H��H�G��������G Ek Q�~H P ��H ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rgý� Ðý K�Ï� ��
EDCI #� ' FEI

E}.mH P� ���
ADCI #� ' Bd+

E
FI

P Ek Q�~H P ��H G��HG� L����Ñ�G Ð Ð Ð Ð RgT� ÐT K�Ï� �� � �	
s§rep #� ' ��� Í �� � G�� �� �H�ùJ��� ���! G��G E}.mH P� � 
 	

s§rep EG Q33J. P���� ��� H�! �����Ò H��H�G��������G Ek Q�~H P ��H G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rg�� Ð� ë ��G�J�L��Ú� �ùJ�Ú� ��L� L �GG � ��H ��L� ���! G�� � ��� �GG� L����� L�J� � �� Ú� J�G Ò�Ú�G ��GL���J�L��Ú� GJ���H� E�� ���  ��� P ��� ��G�J�L��Ú� GJ�� �H� E�� ��� H�Ò�� P Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Rýg
� ÐR O�� ��H���  N �H��H�� G�HJL�JH� �GG� L����� �� ��� ��G�J�L��Ú� L �G�� ���! G��G Ò�Ú�� �N O�� �� ÐS Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� ÐS F ����Ò ��! � �� Ò���H� �Ï�� �GG� L������ HJ �G �H�! ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�R� Ðg F ����Ò ��! � �� Ò���H� �Ï�� �GG� L������ HJ �G �H�! G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�S� Ðý òJ! ��H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ  �G �H�! ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�S� ÐT òJ! ��H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ  �G �H�! G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� Ð� ��H������ �� ��� �J!� �H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ �G , '�'�' �  � ���� Ú� J�G ��H���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� Ð� ��H������ �� ��� �J!� �H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ �G , '�'�' �  � ���� Ú� J�G ��HG��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��





�  Ë Ê Ã ¡ ¨* ( ÅÆ Ë

S ÐR ë� �Ñ�H�L���� L����Ñ� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RSS ÐS O��  �G� �� �H�ùJ��� L �G�� ���! G��G � ��� ��H ��L� ��� � ��� L�HH�G� �����Ò ! ���! � Ò���H���HG ���� GJ���H� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð SR
g ÐR O�� G��

NDI
��H �  ��$%% £ 1

Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð gýg ÐS O�� G��
CNDI

��H �  ��$%% £ 1
Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð g�g Ðg O�� G��

FEI
��H �  ��$%% £ 1

Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ý Rg Ðý I�! ��H�G�� �� ��� ! ��� �Ñ�L� L��L�G� H��H�G��������G �H�� �G�� �� ���  ���H��JH� Ð Ð Ð Ð Ð Ð ýý
ý ÐR O��  �G� �� L �G�� ���! G��G � ��� ��H ��L� ��� � ��� L�HH�G� �����Ò ! �� �! � Ò���H���HG � �$�� ���! ���! � Ò���H���HG ��� GJ���H� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Tý
ý ÐS E©1l P ë� �Ñ�H�L���� L����Ñ� Ð E� 1HH1d P O��  �G� �� L �G�� ���! G��G � ��� ��H ��L� ��� � ���L�HH�G������Ò ! ���! � Ò���H���HG ��H ����H��� ���� �H��H H� �����G Ð O�� �$�� ��� í 	 G ��LL�H���Ò �� ��� ��ñ������ �� � ��Ò �� �"'� �H� ����L���� Í ��� � � �  ����HG Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð T�ý Ðg ÓH���H���G �� ��� �H�� �G�� ! �� �! � Ò���H���H ��! � ��G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �Rý Ðý I�! ��H�G�� �� ��� �H���G�� ! ���! � Ò���H���H ��! � ��G , '�'�' G�� ��L JG��� Ð Ð Ð Ð Ð Ð Ð Ð Ð �Rý ÐT ò�������G JG�� �N ��� � �� �í ÙÖ×Ü � Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �Sý Ð� K�Ï� �� ��� ����H��� G��G ��H ���L�! �HÎ L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð ��
T ÐR O�� L�! � ��� G�� �� GJLL��L� Ò���H�L �GG� L������ HJ �G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �TT ÐS ò�������G JG�� �N ��� 	í 	 
�çÜæâç ðÜ � Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð �h
� ÐR ë� �Ñ�H�L���� L����Ñ� Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RRq� ÐS ò�������G JG�� �N ��� � �
 � í ÙÖ×Ü � Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RST� Ðg O�� �LL�GG E���� P ��� ��� L��G�HJL���� Eû �Ò�� P G���G ��H ��� ñHG� ���H����� Ð Ð Ð Ð Ð Ð Ð Ð Ð RS�� Ðý O�� �LL�GG E���� P ��� ��� L��G�HJL���� Eû �Ò�� P G���G ��H ��� G�L��� ���H����� Ð Ð Ð Ð Ð Ð Ð Ð RS�� ÐT O�� �LL�GG E���� P ��� ��� L��G�HJL���� Eû �Ò�� P G���G ��H ��� ���H� ���H����� Ð Ð Ð Ð Ð Ð Ð Ð Ð RS�� Ð� K�Ï� ��
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� ÐR M�H!J �� JG�� ��H GJ���H� L�! �J������ Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTg� ÐS O��
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Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RTT� Ðg O�� G� �L��� �GG� L������ HJ � ��H! G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð RT�� Ðý KJ! ! �HN �� ��� ���H�Ñ �! �����G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�q� ÐT ò�������G JG�� �N ��� 
 � �ã � Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�ý� Ð� ò�������G JG�� �N ��� 	� � � � Ò�H���! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� Ð� F ����Ò ��! � E�� G�L��� P �� Ò���H� �Ï�� �GG� L������ HJ  �G �H�! ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð R�g
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� Ð� F ����Ò ��! � E�� G�L��� P �� Ò���H� �Ï�� �GG� L������ HJ  �G �H�! G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð R�ý� Ðh ò J!� �H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ �G �H�! ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�T� ÐRq ò J!� �H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ �G �H�! G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R��� ÐRR � ���� �� �J!� �H �� ! ���� Ò���H� �Ï�� �GG� L������ HJ �G � �H G� �L��� ��H! Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�h� ÐRS ��H������ �� ��� ! ����Ò ��! � ��� ��� �J!� �H �� ! ���� Ò���H� �Ï�� �GG�L������ HJ �G , '�'�'�  ����� Ú� J�G ��H ���G� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R�q� ÐRg ��H������ �� ��� ! ����Ò ��! � ��� ��� �J!� �H �� ! ���� Ò���H� �Ï�� �GG�L������ HJ �G , '�'�'�  ����� Ú� J�G ��H G��HG� L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð R� R
ë ÐR I��H�L��H�G��LG �� ��� L��G���H�� � ��L�! �HÎ L����Ñ�G Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð S Rg
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� ��� ��� ��Ú� ��! ��� �� L�! �J��H ��� G � Í� ����� ���G�  �G� N��HG � ½�� � �� ����H! ����� G��H�� ��  �HÒ�
������G�G ¾��HHN ��� � ���� Ð� Sqqý ¿ Ð O�� ���� �� ����H�H�� ��� ��� NÏ� ���G� ���� H��G�G !JL� ����H�G� Ð
O�JG � ��� G�����Ò �� ��Í ���� ��� NG�G G� J����G � �L�! � � H�� L��  ��Ò� ��H ��� GL�����ñL L�! ! J���NÐ
O� �Ú�HL�! � ���  �LÎ �� �Ñ�H�L��� Î��Í  ��Ò� �H�! G��H�� ���� � ��Í ! ���� �G Í�H� ���L� �H���G�� �
Ò����H�� J���H ��� Ò���H�L ��H! �� è ��Í  ��Ò� � �GL�Ú�HN �� � �����G�G EÛ � � P ¾M�NN�� �� �"'� Rhh� � Ô ��
��� è �! ��H � Sqq�¿ Ð ëLL�H���Ò �� MH�Í  �N �� �"' ¾MH�Í  �N �� �"'� RhhS¿ � øO�� è ��Í  ��Ò� � �GL�Ú�HN ��
� �����G�G ����L���G ��� ����H�L��Ú� ��� ���H���Ú� �H� L�GG ��H �Ñ�H�L���Ò �! � �L�� Î��Í  ��Ò� � �H�Ú��JG N
J�Î��Í � ��� ��������  N JG��J  G��H���Ò �H�! G��H�� ���� �� ������G�Gü Ð

� ��� �� � Û � � �H�L�GG � ��� ���� ! ����Ò �G ��� G��� �� LJG��Ò �� ��� ! ����Ò ��H� �� ����H�G���Ò �����H�G Ð
M�H ���G �JH� �G� � ���G !J ����GL��  ���HN ñ� � �G �� ��� L��½J��L� �� Ú�H��JG ����HG � GJL� �G G����G��LG �
������G� ! ���Ò�! ��� � ! ����! ���LG � �H��ñL�� ����  �Ò��L� � ��L Ð Ì� ��Í N��HG � ��� ���� ! ����Ò � �L�! �
� H�G��HL� ñ� � �� �J   �H�ÒH�GG ��! ��Ò �� �Ñ� �����Ò ��� ÒH��� ùJ�������G �� ���� L�  �L��� �� Ú�H��JG
��! ���G JG��Ò L�! �J��H GL���L�G Ð O�� ��H! ø���� ! �� ��Òü Ò����HG ����H��� L�! � �! ����HN ��GÎG � GJL�
�G �H���L���� � ÒH�J���Ò �N G�! � �H��N� L �GG�ñ L����� � L JG��H ��� NG�G � ��L Ð O��G� ��GÎG �H� ��Ú���� ����
G�Ú�H� ��L���ùJ�G � GJL� �G �GG� L������ HJ �G � ��L�G��� �H��G � ��JH� ���Í�HÎG � ��L Ð ¾Ô �� ��� è �!� �H �
Sqq�¿ Ð

Ì� ���G ���G�G � Í� �H� ����H�G��� �� �Í� �����H� L �GG�G � ��! � N � ��À$���  ��� ���� ��� ����� �� �� �$"�� Ð
Ì� ���� ! ����Ò � �H�ùJ��� ���! G��G ��� �GG� L������ HJ �G �H� �! ��Ò ��� ! �G� ���J �H H�G��HL� ����LG
¾Ô �� �� �"'� Sqq�¿ Ð O��G� �����H� L �GG�G �H� L �G� N H� ���� G��L� ��� �Ñ�H�L���� �� ��� ��H! �H �G JGJ�  N
L��G���H�� �G � G��H���Ò � ���� ��H Ò�����Ò ���  ����H Ð ë GG� L������ HJ � ! ����Ò �G � �J���! ���� ����L ��
���� ! �� ��Ò ��� ��G � ��� �Ñ���G�Ú� N ��Ú�G��Ò���� G��L� ��G ��L������ �� ¾ëÒH�Í� �� �"'� Rhhg¿ Ð Ì�G Î�N ����
L��G�G�G ��  ��Î��Ò ��H H� �����G���G ���Í��� G��G �� ���! G � L�! ! �� N L�  ��  ��� ���� � Í ��H� ��� �H�G��L�
�� G�! � ���! G GJÒÒ�G�G ���� ����HG ��  �Í �H�! ���! Ð ë �N��L� �Ñ�! � � �� � GJLL�GG�J ��� �L����� ��
�GG� L������ HJ �G Í�G ��� ! �HÎ�� ��GÎ�� ��� NG�G ¾ë ÒH�Í� �� �"'� Rhhg¿ � Í ��H� ��� ��GL�Ú�H�� HJ  �G L��
 ��� �� �! � �H���� ! �HÎ����Ò ��� ! ���Ò�! ��� G�H���Ò�L ��L�G���G Ð Ì� �� �G L�G� � ��L� �H��G�L���� L��G�G�G
�� �  �G� �� ��JÒ�� �H��L �G E�H �H� �JL�G PÐ O�� �JH��G� Í�G �� �������N ��� ÒH�J�G �� �H��L �G �H�ùJ��� N
��JÒ�� ��Ò����H Ð O�� �GG� L������ ��� NG�G � ��� ��� �� G� �G �H��G�L����G � �G ���� L�  �� � ��+ �� Á��+ ��
���"�� � ¾ëÒH�Í� �� �"'� Rhhg¿ Ð Ì� G��H�G �H�! ��� ñ��G� ���� Í ��L� L�! ��G� � �H��G�L���� � G� �G �� ���
� �! ����HN �H��L �G Ð O�� ! ����Ò �� �GG�L������G ���� ��! G �� ñ����Ò H� �����G �H L�HH� �����G Í ��L� L�J �
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�Ñ �G� ���Í��� �H� �JL�G E��H �Ñ�! � � �
80Ç �� LJG��! �HG Í �� �JN ��! ��� ��� G� �� � G� �JN �� ÐP� �J� � G�

� ��Í��� �H��JL� G� �G E��H �Ñ�! � � � Í ��� ��� G� �G �� ! � Î ��LH��G� ���� ��� G� �G �� L�� L� ��� ��LH��G�
Í ��� � L��ñ���L� ��

60Ç PÐ
O�� JG� �� �GG�L������ HJ  �G Í�G ���� �Ñ������ �� Ú�H��JG ��� �L�����G ��� NÏ��Ò ��H �Ñ�! � � �L���! �L �

ñ���L�� � �H ! ���L� ���� Ð Ì� ��� Ò���H� L�G� � Ò�Ú�� � G�� �� ���! G E�H ���H��J�� P ��� � G�� �� �� � �L�G
E�H �H��G�L����GP � ��� �H�ùJ��� �����H� ! ����Ò �H�� �! L��G�G�G �� Ò�����Ò �J� � �H�! � ����G�� � �����H�G
��Ú��Ò � �J!� �H �� � LLJHH��L�G E '�'� L���J�L��Ú� GJ�� �H� �H GJ�� �H� ��H G��H� P ÒH����H ���� �H �ùJ� ��
� JG�Hê��ñ��� ��H�G�� � Ð ë� �GG� L������ HJ � �G ��ñ��� J���H ��� Ò���H� ��H! � ÈÉ ÊËÌ ÍÎ ÏÎËÌ EÐ P Ñ ÏÒ ÓÌ
Ô ÓÐÕÖ Ï EÐ P Í ��H� ��� ÊËÌ ÍÎÏÎËÌ EÐ P ��� Ô ÓÐÕÖ Ï EÐ P ��H�G �H� L�! � �G�� �N G��G �� ���! G �H�! ��� ����G�� Ð

Ì� �H�L��L� � ��� �J! ��H �� �H�ùJ��� ���! G��G � ��� ���L� �GG� L������ HJ  �G � L�� �� �Ú�HÍ �� ! ��Ò N
 �HÒ� ��! � �H��Ò ����H ���L��Ú� �Ñ� �������� �N ��� ���êJG�HG Ð Ì� �H��H �� H��JL� ��� �J!� �H �� ! ����
HJ �G � G����G��L� ! ��GJH�G Í�H� ���H� �JL�� � �! ��ÒG� ��� ! �G� Î��Í � �H� ��� �$%% ��� ��� ���× !����
¾���Ò ��� Ô �! � ��� � Sqq�¿ Ð ò �Ú�H��� �GG � �� ��� ! �� �! � GJ�� �H� ��H�G�� � �G G�� ���  �Í �H ��� ���� �G
� �Ò� N L�HH� ���� � �� ! ����H ��Í �� L���� ��� �H�ùJ��� �����H� ! ����Ò � Ò�H���! �G � Ò���H����Ò �  �H�ùJ���
�����H�G �G �! ��GG�� � Ð F �H��Ú�H � ��� G�� �� �����H�G �H�G���G H��J����LN �� ��� G��G� ���� ! ��N �����H�G
L��Ú�N ��� G�! � ����H! ����� ¾ë G�H�ñ �� �"'� Sqq�¿ Ð O� �Ú�HL�! � ���G �H�� �! � G�Ú�H� �H�� �G� G ��Ú� ����
! ��� �� L��G�HJL� ��  N � ! ���Ò��� NêG�Ï�� G�� �� �����H�G �H�! Í ��L� Í� L�� H�Ò���H��� �  �H�ùJ���
�����H�G � ��Ò Í ��� �� ����H �Ñ�L� �H�ùJ��L��G Ð KJL� � H��JL�� G�� �G � ����H Î��Í � �G �Ø ��� ���� �� E�H
���!����! P ��% �������� �� Ð ë L��L�G� H��H�G�������� �� N G��H�G � ���êH��J����� L�Ú�H �� �  �H�ùJ���
�����H�G Ð Ì� ! ��N �H�L��L� G��J�����G � �� �G L�Ú�H �G L��G���H��  N G! �  �H ���� ��� L�! � ��� L�  �L����
�� �  �H�ùJ��� �����H�G Ð O��H���H� � � L��L�G� H��H�G�������� L�� � � JG�� �� ���G� G��J�����G Í ��H� �� �G
�! ��GG�� � �H ���� L���� �� Ò�� �J� �  �H�ùJ��� �����H�G Ð

Ù ÚÙ Û ÜÝ �ÞßÝ �Ü à � ß à á â Ü àÝã �ä åÝ �Ü à �
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� �H��H! �� �� Ò�� ! �H� �H�L�G� ����H! ����� �� �J� ��� ���L� �� � Ò�Ú�� �H� �JL� E���% ' ��H! GP �! ��Ò
ciE���% ' tj P �� ��� �����H��L� ��

a
���

b
E���% ' tPÐ ��H��JG ����H ��� �L�����G �� ��G�J�L��Ú� ���! G��G �H�

� �GG�� � �� ��� L����Ñ�G �� G� L�� ���Í�HÎ ��� NG�G ��� �������H! ���LG � �G �H�Ú��JG N ! �������� �� ¾ð���
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�� �"'� Sqq�¿ Ð Ì� GJL� G��J�����G � ��� ��G�J�L���� L����L��H  ��Î��Ò ���! G L�� �H��Ò Î�N ����H! ����� �G Í�  
�G � GJ! ! �H�Ï��Ò ! ����� �� ��� L��Ú�N�� Î��Í  ��Ò� Ð KJL� Î��Í  ��Ò� ! �N ��� �� �������� �Ú�� �N �
L�  �L���� �� L���J�L��Ú� �����H�G ¾ò ���Ú��� �� �"'� Sqq R¿ Ð

� J� �� ��� L �G�  ��Î ���Í��� �H�ùJ��� ���! G��G ��� �GG� L������ HJ �G � �� �G ! �H� ��Ú����Ò��JG �� ! ��� �
L��L�G� H��H�G�������� �� �H�ùJ��� ���! G��G ���� ���HG ��H�L� �LL�GG �� ��� ��G�J�L��Ú� GJ�� �H� �� �H�ùJ���
���! G��G Ð KJL� � H��H�G�������� L�� � � JG�� �G � G��H���Ò ����� ��H ! ����Ò Ò���H� �Ï�� HJ �G E '�'� � G�
��Ú� Ú��Ò ��G�J�L���� ��� ��Ò����� �� ���! GP ��G�� �� �H�ùJ��� N �LLJHH��Ò ���! G��G Ð Ì� ���G H�G� �L� �
Í� ������  N �� LJG �� ��� $� À$� H��H�G�������� �� ���  ���H��JH� �Ñ� �H��Ò ��� ��G�J�L��Ú� G��HL� G��L� �
��! � N ���� ��G�� �� ������ �"  ��� ���� ¾I�G� � �� �"'� SqqT� ¿ Ð

����Ò ��� �ùJ�Ú� ��� �� ! �� �! � Ò���H���HG Í ����� ��� ��G�J�L��Ú� G��HL� G��L� � �GG����� ���! G��G
�H��Ò ����H�G���Ò Î��Í  ��Ò� �� �J� ��� ���% "�� ������ ���$������ �� ���! G �� � ����G�� Ð Ô �Í�Ú�H � G�Ú�H� 
�GG����� ���! G��G L�� L��H�L��H�Ï� ��� G�! � G�� �� �� � �L�G Ð O��G ! ���Ú���� JG �� �H���G� � ��Í ! �ö $��� #�
�"��$�� �% ������ ����L���� �� ��� ��G�J�L��Ú� G��HL� G��L� �� �Ú��� GJL� � H��J����LNÐ

O�� ��G�J�L��Ú� L �GJH� ���H���H Í �  ���H � H��JL�� �Ñ�L� H��H�G�������� �� �H�ùJ��� ���! G��G Ð O��G
H��H�G�������� � G� �  �Í G ��� �� L���� ��H�Ú����� �� ��� ����H��� �N��G �� ���! G�� GJ�� �H�G �  '�'� L���J�Lê
��Ú� � ��G�J�L��Ú� ��� ��Ò���Ú� Ð Ì� �������� � ��� �H���G�� L �GJH� �� �H���H L��G���J��G �� ����H�G���Ò ��� 
��H ��� �� L���� �Ñ� �H����� �� ��� ��G�J�L��Ú� G��HL� G��L� Ð KJL� �� �Ñ� �H����� L�� � � JG�� ��H �Ñ�! � �
��Í�H�G ��� ��H�Ú����� �� & �����" ÷ �! ����� �� �� �$"�� Ð O��G�  ����H HJ �G Ò���H� �Ï� L �GG�L �GG� L������
HJ �G ÿ ��G���Ú� HJ �G ÿ �� � G� ���H ��G�J�L���� ��� ��Ò����� L����L��HG ���Í��� ���! G � �� �������� �� ���
L���J�L��Ú� ��� Ð O�� �GG� L����� ùJ� ��N ! ��GJH�G L�� ��JG � � ��H�Ú�� JG��Ò � H��H�G�������� ��G�� ��
��G�J�L��Ú� ���! G��G Ð Ì� ���  ���H��JH� � Ò���H� �Ï�� �GG� L������ HJ �G �H� JG��J �� ����H��� ��� �L�����G Ð
M�H �Ñ�! � � � ���N �H� JG�� �G �� ����H! ������ G��� ��H ��ñ���Ò L��L�G� H��H�G��������G ��H �H�ùJ��� ���! ê
G��G ¾I�Ò �H ��� û� ���LÎ � Sqq�¿ Ð O��N �H� � G� �Ñ� ����� �� �H�Ú��� ��� ���êJG�HG Í ��� G�! � ��Í ��H! G
�� �GG� L������ HJ �G ¾� Hø� � Rhh� � è �! � Sqqg � ò ���Ú��� �� �"'� Sqq R¿ Ð

O�� ! ��� L���H��J����G �� ���G ���G�G �H� ��JG �Í��� � �
R Ð ë G�J�N �� ��� H��J����LN Í ��� �� ��� G�� �� ! ���! � Ò���H���HG ���� L�� � � �Ñ�H�L��� �H�! �

����G�� ��! ��Ò �� ��  N H�������Ò Í ����J� ����H! �����  �GG ���G� ���� �H� �L�J�  N �HH��JL�� � Ð O��
�������� H�GJ �G Í �  � � ��� ��� �� H��JL� ��� �J!� �H �� Ò���H�L �GG� L������ HJ  �G Ð

S Ð ë� �Ñ� �H����� �� ��� ��G�J�L��Ú� G��HL� G��L� ��H�JÒ� ��� ���H� �JL���� �� � ��Í ��G�J�L��Ú� L �GJH�
�� �H���H Ð Ì� ��H��LJ �H � Í� �H�� �G� � ��Í �Ñ�L� L��L�G� H��H�G�������� �� �H�ùJ��� ���! G��G �� N
��G�� �� ��G�J�L��Ú� L �G�� ���! G��G Ð Ì� �������� � ��Í �GG� L������ HJ � ��H! G Í �  � � �� L���� N
��H�Ú�� � ��! ��Ò �� ���H H�L��H Î��Í  ��Ò� �� ��� ���êJG�HG Ð

O�� �Ú� J����� �H��� L� �� ���G� L���H��J����G L��G�G�G �� �Ñ� �H�! ���� G�J���G L�HH��� �J� �� ���G�
��� G��HG� ���L�! �HÎ ������G�G L�! ! �� N JG�� ��H �Ú� J����Ò ���� ! ����Ò L���H��J����G �G Í�  �G �
L�! ��H�G�� Í ��� ����H ! ���� �G H�� �H��� �� ���  ���H��JH� Ð

Ù Úù � � � ��� ú ãû ß à �üßÝ �Ü à
O�� H�G� �� �� �G ���G�G �G �HÒ���Ï�� �G ��   �Í G �
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j~elH.2 b �H��½N ��GLH�� �G ��� ! ����! ���L� ��LÎÒH�J�� �� �H�ùJ��� ���! G�� ��� �GG� L������ HJ � ! ��ê
��Ò Ð F �H��Ú�H � � L��H�L��H�Ï����� �� ��� ���H��L��G ����L���� �� ��� �Ñ�H�L���� �� GJ�G��G ��
�GG� L������ HJ �G �G ��GLH���� Ð

j~elH.2 i �G ����L���� �� � ���H�JÒ� ��� NG�G �� ��� ! ��� L��L�G� H��H�G��������G �� �H�ùJ��� ���! G��G Ð
O���H H�G��L��Ú�  ��Î Í ��� ��� L���H� L��L��� �� ! ���! � Ò���H���H Í �  � G� �� ��Ò� �Ò���� Ð O��G
L�����H � G� �H�G���G � LH���L� L�! ��H���Ú� G�J�N �� ��� GJHÚ�N�� L��L�G� H��H�G��������G Ð O��G
L�����H �Ñ����G ��� Í�HÎ Í� �H���G�� �� ¾��� ì���� �� �"'� Sqq�¿ Ð

j~elH.2 | �� LJG�G �� ���  �GG �GG H��JL���� �� ��� ! ���! � Ò���H���H G�� Ð ë ������H ����! �� � �H�� �G��
�� ���  ���H��JH� � �G ���H�JÒ� N G�J���� Ð O�� �GG� L����� GNG��! �G G��Í � �� � � �Ñ�H�L��� Í ��� �
 �GG �� ����H! ����� Ð Ì� �G ��JG ��  �Í�� �N �JH ñHG� G� J���� Í ��L� �G  �GG �GG Ð Ì���H�G���Ò N� ���
�GG� L����� GNG��! L��G���J��G � � �H��L� L�Ú�H �� ��� ! ���! � Ò���H���H G�� � G��L� � ���Ò � GJ�G�� ��
���G  ����H G�� Ð �� � G� ���H� �JL� � G�L��� GNG��! �G �  �GG �GG H��JL���� �� ��� ! ���! � Ò���H���H
G�� ��Ú��Ò ��H ��Ú����Ò� ��G ����H�G���Ò G�HJL�JH� �H�� �H���G Ð ò�Í ! ����Ò ��� G �H� ��G�Ò��� ��H
Ò�����Ò ��� �H�� �G�� GNG��! G Ð ìÑ� �H�! ���� H�GJ �G �H�Ú� ���� �JH ���H��L� �  �Í G �HJ���Ò �  �HÒ�
�J!� �H �� ! ���! � Ò���H���HG ��� � ��JG � �� H��L� �G !JL� �G � �GG�� � ��� ���� L�G� �  '�'� ���
�HH��JL��  � ! �� �! � Ò���H���H ��H L �G�� ���! G�� Ð O�� ! ��� L������ �� ���G L�����H Í�G �J� �G���
�� ¾Ô �! H�J�� �� �"'� Sqq�� � Ô �! H�J�� �� �"'� Sqq��¿ Ð

j~elH.2 � �G ! ���Ú���� �N ��� ��L� ���� ��� H�GJ �G �������� �� ��� �H�Ú��JG L�����H �H� �Ñ���G�� � ��
Ò���H�L �GG� L������ HJ  �G Ð þJH ��! �G ��JG �� G��Í ���� ���G�  ����H HJ �G �H� ��  ��Ò�H �HH��J�����
��� L�� �� �JH���H H��JL�� Ð O�� �H�� �G�� ���H��L� �� �� �G L�����H �G ��G�� �� �JH � �H��L� L�Ú�H ��
��� ! ���! � Ò���H���H G�� Ð ë� �Ñ��! ���L GNG��! �G � G� �H���G�� ��H  �GG �GG N ��H�Ú ��Ò H��J�����
�GG� L������ HJ �G G��H���Ò �H�! H������� ���G Ð O� �� L���� N �Ñ�H�L� ���  �GG �GG GJ�G��G �� Ò���H�L
�GG� L������ HJ �G � � ��Í � Ò�H���! �G �H���G�� Ð Ì�G ! ��� ����JH� �G ���� �� L��G�HJL�G ��� �H�L����L�
 ��ÎG � ��Í��� L �G�� ���! G��G ��� G�!J �����JG N ��H�Ú�G ���G�  ����H ���! G��G �� N JG��Ò ! ���! � 
Ò���H���HG �G � G��H���Ò ����� Ð I�HH��� �J� �Ñ� �H�! ���G G��Í ����H�G���Ò L�! ��L���GG H���G ��
��� �H���G�� L�Ú�H G�� � �G Í�  �G ��G �� L���� �Ñ�H�L���� Ð O�� ! ��� L������ �� ���G L�����H Í�G
�J� �G��� �� ¾Ô �! H�J�� �� �"'� Sqq� � Ô �! H�J�� �� �"'� Sqq��¿ Ð

j~elH.2 � ���HG � ��Í ��G�J�L��Ú� L �GJH� ���H���H Ð O�� �JH� �G� �� ���G �� �H���H �G �� G�HJL�JH� ���
��G�J�L��Ú� G��HL� G��L� ���� �GG� L����� ��G�J�L��Ú� �ùJ �Ú� ��L� L �GG�G Ð O�� G�HJL�JH� �H�� �H���G
�� ���G �� �H���H �H� ���H�JÒ� N G�J���� Ð Ì�G ���H� �JL���� ! �Î�G �� ��GG��  � �� L��L�G� N H��H�G���
��� ��G�J�L��Ú� G��HL� G��L� ��H�JÒ� �� N ! ������� ��Ò ��G�J�L��Ú� L �G�� ���! G��G Ð ë ��Í L��L�G�
H��H�G�������� �� �H�ùJ��� ���! G��G �G ���� �H���G�� ��G�� �� ��� ��G�J�L��Ú� L �GJH� �� �H�ùJ���
�GG����� ���! G��G Ð ë ����L���� � Ò�H���! �� ��G �Ñ�H�L���� �G � G� �H�� �G�� Ð O�� �������� �Ñ��H�ê
! ���� H�GJ �G G��Í ���� ��� ��G�J�L��Ú� L �G�� �����H�ê��G�� H��H�G�������� ��Ò� �Ò��G ����H�G���Ò
L�! ��L���GG H���G Í ����Ú�H L�! ��H�� �� ��� ! ��� L��L�G� H��H�G��������G �� ���  ���H��JH� Ð þJH
! ��� �J� �L�����G H� ���� �� ���G L�����H �H� ¾������ �� �"'� Sqq� � Ô �! H�J�� �� �"'� Sqq�� � Ô �! H�J��
�� �"'� Sqqh� ¿ Ð

j~elH.2 � ���H� �JL�G � ��Ú� ���H��L� ��H �Ñ�H�L���Ò Ò���H� �Ï�� �GG� L������ HJ �G Ð Ì� ��JG G��H�G �N
�Ñ������Ò ��� �H�! �Í�HÎ �� L �GG�L �GG�L������ HJ �G ��H�JÒ� ��Î��Ò ���� �LL�J�� Ú�H��JG � �GG�� �
L����L��HG �G Í�  �G ��Ò���Ú� ���! G Ð ë � �Ú�HÚ��Í �� ��� ��GG�� � ! ���� ��H! G �� Ò���H� �Ï��
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�GG�L������ HJ  �G �G ���� �H�G����� � �� �������� �� ��Í �H� L� LJ ���� ��� �GG� L����� GJ���H�G �� ���
Ò���H� L�G� Ð ë �! ��Ò �� H��JL��Ò ��� �J! ��H �� �Ñ�H�L��� HJ �G � � G� �L���� �H� L�GG �� Ò���H� �Ï��
HJ �G �G ���� ��GLH���� Ð �� � G� �H���G� ��Í � Ò�H���! G L�Ú�H��Ò ��� Í �� � �H� L�GG �� Ò���H� �Ï��
�GG�L������ HJ  �G �Ñ�H�L���� Ð O�� �Ñ� �H�! ���� H�GJ �G G��Í ���� �JH ���H��L� �  �Í G ��� �� L����
�Ñ�H�L���� �� Ú�H��JG �GG�L������ HJ � ��H! G Ð ë ��H� �� ���G L�����H Í�G �J� �G��� �� ¾Ô �! H�J��
�� �"'� Sqq�� ¿ Ð

j~elH.2 � L��L J��G ���G ���G�G ��� �����G �J� �JH ��HG��L��Ú�G ��H �J�JH� Í�HÎ Ð
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ù ÚÙ �àÝãÜ á åÝ �Ü à
O�� ! ��� ����H�G� �� �GG�L������ HJ  � ! �� ��Ò �G ��� ������ñL����� �� G�Ò��ñL��� ��� ������ H� �����G �H
L�HH� �����G � ��Í��� ���� L�������� �� � ������G� Ð KJL� H� �����G L�� � � JG��J ��H ��� ���êJG�HG �  �Î�
��! ��� �Ñ� �H�G � ��L�G��� ! �Î�HG � ��L Ð O��G�  ����H L�� �Ñ� ��� ���! ��H Ú�H��JG �� � �L��Ú�G ��! ��Ò ��
�! �H�Ú��Ò ����H ��L�G��� ùJ� ��NÐ

Ì� �� �G L�����H � Í� �H�G��� ��� �H�� �! �� �GG� L������ HJ �G ! ����Ò ��G�� �� �H�ùJ��� ���! G��G Ð �� � G�
H�L�  ��� ! ����! ���L� ��LÎÒH�J�� �� M�H! � I��L��� ë�� NG�G E� �� PÐ O��G  ����H �G JG�� �G � G��H���Ò
����� ��H ��� ��H�Ú����� ��  �GG �GG GJ�G��G �� �GG� L������ HJ �G � L�  �� & ���� � Á���� Ð

O�� �HÒ���Ï����� �� ��� L�����H �G �G ��  �Í G � K�L���� S ÐS �H�G���G ��� ��G�L ��ñ������G H� ���� ��
�H�ùJ��� ���! G��G G��HL� Ð K�L���� S Ðg ����� G ��� � �� ! ����! ���L� G�����ÒG Ð O�� �GG� L������ HJ  �
�H�! �Í�HÎ �G ��GLH���� �� K�L���� S Ðý Í ��H� ���  ��Î ���Í��� ��� � �� ��� ��� �Ñ�H�L���� ��  �GG �GG
�GG� L������ HJ � GJ�G��G �G G����� Ð K�L���� S ÐT L��L J��G ���G L�����H Ð

ù Úù �Ý�� ��Ý ��ßã� ��ß�
O��G G�L���� �H�G���G G�! � ��G�L ��ñ������G ���� Í �  � � JG�� �� ��� H�! �����H Ð

� �� �� Z [ %&;$%'# ( ) # (%-[% ;( � U%-* d-%d
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ûlmÒnop qr stÎ uvÒ w xns yu�szsvx qmrrlzxq tzs ysñvsy tq {loolÍ q �
• |\cc �∧I � uq xns vm}~sz l{ xztvqt�xulvq �lvxtuvuvÒ too uxs} q l{

I
Ð Ìv xn uq �tqs w

I
�tv ~s qssv tq

t �lv�mv�xulv l{ uxs} q k '�'w i1 ∧ i2 ∧
Ð Ð Ð

∧ in � qm�n xntx xns trrstztv�s l{ lvs l{ uxq uxs} q uq
�lvyuxulvsy ~p xns trrstztv�s l{ too zs} tuvuvÒ lvsq xl qtp xntx

I
qtxuqñsq t Ò uÚsv xztvqt�xulv Ð

• |\cc �∨I � uq xns vm}~sz l{ xztvqt�xulvq �lvxtuvuvÒ tx ostqx lvs uxs} l{
I

Ð Ìv xn uq �tqs w
I
�tv ~s qssv

tq t yuq�mv�xulv l{ uxs} q k '�'w i1 ∨ i2 ∨
Ð Ð Ð

∨ in � qm�n xntx xns rzsqsv�s l{ lvs uxs} l{
I
uv t Ò uÚsv

xztvqt�xulv uq qm� �usvx xl qtxuq{p ux uvysr svysvxop {zl} xns zs} tuvuvÒ uxs} q Ð
• |\cc �I � uq xns vm}~sz l{ xztvqt�xulvq xntx yl vlx �lvxtuv tvp uxs} l{

I
Ð Ìv lxnsz Ílzyq w xnsp �lvxtuv

xns zsqr s�xuÚs vsÒtxulvq l{ too uxs} q l{
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Ð Ð Ð
∧ in � Ð
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òlxs xntx xns �lv�mv�xuÚs qmrrlzx l{ xns s}rxp qsx uq sùmto xl
|O|

quv�s uv�omysy uv too l~ � s�xq � � nuos
xns yuq�mv�xuÚs qmrrlzx uq vlx ysñvsy lv xnuq rtxxszv quv�s ux ylsq vlx �lvxtuv tvp uxs} �
�ns vsÑx rzlrlquxulv qm}}tzuÏsq u}rlzxtvx rzlr szxusq zsotxsy xl xns uxs} qsxq qmrrlzxq �
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�p qsxxuvº xns �  ��$%% xnzsqnloy w »s lvop �lvquysz {zs¼msvx uxs} qsxq ktvy vlx xns »nlos qsx l{ uxs} ½

qsxq� � ¾szst{xsz w »s » uoo ysvlxs ~p FI
xns qsx l{ {zs¼msvx uxs} qsxq xntx �tv ~s s¿xzt�xsy {zl} t �lvxs¿x

K
{lz t ºuÀsv Á  ��$%% � �ns vs¿x rzlrlquxulv qnsyq ouºnx lv tv u}rlzxtvx rzlrszxp l{ xns qsx l{ {zs¼msvx

uxs} qsxq � Âx qxtxsq xntx too qm~qsxq l{ t {zs¼msvx uxs} qsx tzs toql {zs¼msvx � ÃlvÀszqsopw xns qmrszqsxq l{
tv uv{zs¼msvx uxs} qsx tzs toql uv{zs¼msvx �
c21l 14QHQ1O i TÄÅ

I ⊆ I Æ UÄ Ç ÈÉÄ ��Ê ËÈ, ÈÌ sx to �! $ÍÍÎ� V
• �Ï I ∈ FI ! ÅÇ ÄÐ ∀ I1 ⊆ I ! I1 ∈ FI Æ
• �Ï I 6∈ FI ! ÅÇ ÄÐ ∀ I1 ⊇ I ! I1 6∈ FI Æ

�nuq zsqmox {lool» q {zl} xns {t�x xntx xns �lvqxztuvx uvym�sy ~p qsxxuvº Á ÑÐÒÓÔÔ uq tvxu½} lvlxlvs k�Ï ÆÕsÖvuxulv × �� �uv�s xns qmrszqsxq l{ uv{zs¼msvx uxs} qsxq tzs s¿rs�xsy xl ~ s uv{zs¼msvx w xns qsx I ktvy
�lvqs¼msvxop xns �lvxs¿x

K� » uoo ~ s zsym�sy xl {zs¼msvx uxs} q � Âv{zs¼msvx lvsq » uoo xnmq ~ s rzmvsy � �nsqsx l{ {zs¼msvx uxs} qsxq uvym�sq tv lzysz uysto klz yl»v½qsx � uv kP kI � w ⊆� »nsv rtzxutoop lzyszsy Ø ÆËÆÅÆqsx uv�omqulv � Ùv lzysz uysto uq ysÖvsy tq {lool» q Ú



Â éÂ ÃvwE Cwv �w®ÄÛñ ��®Ûw èõ

� Ü�OQHQÝO � �Þ�ß�� �ß��à �
� ÒÓÁÒÄÅ S áÏ P kI � ÑÒ ÈÐ áËâÄË ÑâÄÈÌ ÑÐ kP kI �! ⊆� ÑÏ ÑÅ Ï Ó Ì× Ì ÌÒ ÅÇ Ä Ï áÌ ÌáØ ÑÐÊ Ô ËáÔ ÄËÅÑÄÒ � �ÈÐÅÄË ÈÐâ UÑÌ ÌÄ!$ÍÍÍ� Væ �Ï x ∈ S ! ÅÇ ÄÐ ∀ y ⊆ x! y ∈ S Ææ �Ï x /∈ S ! ÅÇ ÄÐ ∀ y ⊇ x! y /∈ S Æ
�ns qsx

S
uq nsv�s yl»v»tzy �olqsy quv�s {lz st�n

x ∈ S
w ÈÌ Ì ÑÅÒ ÒÓÁÒÄÅÒ tzs uv S � Ùv lzysz uysto

qrouxq xns rl»sz½qsx l{ uxs} q uvxl x»l yuqã l uvx rtzxq Ú xns Özqx �lvxtuvq uxs} qsxq {moÖ oouvº xns tqql�utxsy
�lvqxztuvx w »nuos xns qs�lvy rtzx �lvxtuvq xnlqs vlx {moÖ oouvº ux � älxn rtzxq tzs ysou} uxsy xntvåq xl t
rlquxuÀs tvy t vsºtxuÀs ~lzysz w zsqr s�xuÀsop ¾ætvvuot tvy �luÀlvsv w çèèé¿ � �ns rlquxuÀs ~lzysz �lvxtuvq
xns Á ÈØ ÑÁ ÈÌw Ø ÆË ÆÅÆ qsx uv�omqulv w sos} svxq t}lvº xnlqs xntx {moÖ oo xns �lvqxztuvx tqql�utxsy xl xns lzyszuysto � ê nuos xns vsºtxuÀs ~lzysz ºtxnszq xns Á ÑÐÑÁ ÈÌw Ø ÆË ÆÅÆ qsx uv�om qulv w sos} svxq t}lvº xnlqs xntx ylvlx {moÖ oo xns �lvqxztuvx � �nsqs ~lzyszq tzs {lz} toop ysÖvsy tq {lool» q Ú
ëÜ�ìíîíÝì ï �ð�S���ñ� ò ó�ô���ñ� õ��ß�� �
TÄÅ kP kI �! ⊆� ÁÄ È Ô ÈËÅÑÈÌ Ìö áËâÄËÄâ ÒÄÅ áÏ ÄÌÄÁ ÄÐÅÒ ÈÐâ S ÁÄ È ÒÓÁÒÄÅ áÏ P kI � Ò ÆÅÆ S ÑÒ ÈÐ áËâÄË ÑâÄÈÌÑÐ kP kI �! ⊆� Æ S ÷ÈÐ ÁÄ ËÄÔ ËÄÒÄÐÅÄâ Áö ÑÅÒ Ô áÒÑÅÑÉÄ ÁáËâÄË Bd+ kS � áË ÑÅÒ ÐÄÊ ÈÅÑÉÄ ÁáËâÄË Bd− kS � âÄ× ÐÄâÈÒ Ï áÌ ÌáØÒ V

Bd+ kS �  Á ÈØ
⊆ &I ∈ S' !

Bd− kS �  Á ÑÐ
⊆ &I ∈ P kI � \ S' Æ

Õmtoopw t }lvlxlvs �lvqxztuvx uvym�sq tv ÝøùÜø �úîÜø ¾ûtvxsz tvy ê uoos w çèèè¿ uv kP kI �w ⊆�� Â{ tvsos} svx ~solvºq xl xnuq otxxsz lzysz w xnsv ux uq xns qt} s {lz ÈÌ Ì ÑÅÒ ÒÓÔ ÄËÒÄÅÒ k÷Ï Æ ÕsÖvuxulv ü ��
ý �ý �þ ÿ����¡� � ����¡����� ���¡ ��� �������� 	��  ¡��¡
�sÀszto zsrlzxsy »lzåq qnsy ouºnx lv xns nmºs vm}~sz l{ {zs¼msvx uxs} qsxq xntx �tv ~s s¿xzt�xsy {zl}
t ºuÀsv �lvxs¿x � Âv xnuq quxmtxulv w s¿xzt�xuvº t qm~qsx l{ uxs} qsxq �lvqxuxmxsq tv uvxszsqxuvº qlomxulv {lz
�lv�uqsop zsrzsqsvxuvº {zs¼msvx uxs} qsxq ¾Ãtoyszq ÄÅ ÈÌÆw �

� w Ãsºotz tvy �lyyu�å w �

 w � zpq�åus» u�� w
�

�� � �l ~s olqqosqq w xnuq qm~qsx qnlmoy svt~os xns yszuÀtxulv l{ xns »nlos qsx l{ {zs¼msvx uxs} qsxq w
tqql �utxsy xl xnsuz s¿t�x qmrrlzxq � Âv xnuq �tqs w ux uq �toosy Ä� È÷Å ÷áÐ÷ÑÒÄ ËÄÔ ËÄÒÄÐÅÈÅÑáÐ áÏ Ï ËÄ�ÓÄÐÅÑÅÄÁÒÄÅÒ� ÕsÖvuxulv è qm}}tzu�sq xnuq �lv�srx Ú
ëÜ�ìíîíÝì � ������ �����S� ��P��S�������� �Q Q��£O��� ���R S��S�
TÄÅ

E �Ä È ÒÄÅ áÏ ÑÅÄÁÒÄÅÒ Æ E ÑÒ ÒÈÑâ Åá �Ä ÈÐ Ä� È÷Å ÷áÐ÷ÑÒÄ ËÄÔ ËÄÒÄÐÅÈÅÑáÐ áÏ ÅÇ Ä ÒÄÅ áÏ Ï ËÄ�ÓÄÐÅ ÑÅÄÁ ÒÄÅÒÑÏ ! ÒÅÈËÅÑÐÊ Ï ËáÁ E ! Ø Ä ÈËÄ È�ÌÄ Åá ÊÓÄÒÒ ØÇ ÄÅÇ ÄË ÈÐ ÈË�ÑÅËÈËö ÑÅÄÁ ÒÄÅ I ÑÒ Ï ËÄ�ÓÄÐÅ áË ÐáÅÆ �Ð ÈââÑÅÑáÐ! ÑÏ
I
ÑÒ Ï ËÄ�ÓÄÐÅ! ÅÇ ÄÐ Ø Ä ÷ÈÐ Ä� È÷ÅÌö âÄÅÄËÁ ÑÐÄ ÑÅÒ ÷áÐö ÓÐ÷ÅÑÉÄ ÒÓÔÔ áËÅÆ
Âv {t�x w xns �lv�srx l{ �lv�uqs zsrzsqsvxtxulv {lz {zs¼msvx uxs} qsxq yszuÀsq {zl} t }lzs ºsvszto {zt} s½

»lzå w �toosy xns
εæÈâÄ�ÓÈÅÄ ËÄÔ ËÄÒÄÐÅÈÅÑáÐ uvxzlym�sy uv �ætvvuot tvy �luvlÀsv w çèè� � ês ~sºuv ~p

ysq�zu~ uvº xn uq {zt} s»lzå � Ù{xsz xntx w »s tytrx ux xl lmz �lvxs¿x � ÂvxmuxuÀsopw tv
ε
½tys¼mtxs zsrzsqsvxt½

xulv uq t zsrzsqsvxtxulv »nu�n �tv qm~qxuxmxs tvlxnsz lvs uv lzysz xl tvq»sz xns qt} s zs¼msqx kq �w } lzss�s�xuÀsopw r lqqu~op tx xns �lqx l{ tv szzlz ~lmvysy ~p xns rtzt} sxsz
ε
� �m�n t zsrzsqsvxtxulv uq ysÖvsy

tq {lool» q Ú
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ëÜ�ìíîíÝì "# �
ε
��ß�£O��� ��P��S�������� �

TÄÅ
S �Ä È ÷ÌÈÒÒ áÏ ÒÅËÓ÷ÅÓËÄÒ Æ TÄÅ Q �Ä È ÷ÌÈÒÒ áÏ �ÓÄËÑÄÒ Ï áË S Æ $Ç Ä ÉÈÌÓÄ áÏ È �ÓÄËö

Q ∈ Q áÐ È ÒÅËÓ÷ÅÓËÄ
s ∈ S

ÑÒ ÈÒÒÓÁ Äâ Åá �Ä È ËÄÈÌ ÐÓÁ �ÄË ÑÐ �0! 1� ÈÐâ ÑÒ âÄÐáÅÄâ �ö Q ks� Æ �Ð ε%ÈâÄ�ÓÈÅÄ ËÄÔ ËÄÒÄÐÅÈÅÑáÐ Ï áË
S ! Ø ÆË ÆÅÆ È ÷ÌÈÒÒ áÏ �ÓÄËÑÄÒ

Q! ÑÒ È ÷ÌÈÒÒ áÏ ÒÅËÓ÷ÅÓËÄÒ C ! È ËÄÔ ËÄÒÄÐÅÈÅÑáÐ Á ÈÔÔ ÑÐÊ
rep V S → C

ÈÐâ È
�ÓÄËö ÄÉÈÌÓÈÅÑáÐ Ï ÓÐ÷ÅÑáÐ m V Q × C → �0! 1� Ò ÆÅÆ ∀ Q ∈ Q! ∀ s ∈ S ! |Qks� % mkQ! repkÒ ��| ≤ ε Æ
Âv lmz �tqs w xns �otqq l{ qxzm�xmzsq

S
uq �l}rlqsy ~p xns yu�szsvx qsx l{ {zs¼msvx uxs} qsxq xntx �tv

~s yzt»v {zl} too rlqqu~ os ~ uvtzp s¿xzt�xulv �lvxs¿xq
EC

w ysÖvsy lÀsz t qsx l{ uxs} q
I
w t qsx l{ l~ã s�xq

O
w tvy {lz t } uvu}m} qmrrlzx xnzsqnloy Á ÑÐÒÓÔÔ � �nmq w

S & {FIK | K ∈ EC}
� �ns qsx l{ ¼mszusq

zsrzsqsvxq xnlqs qstz�nuvº {lz xns {zs¼msv�p l{ uxs} qsxq l{ qu�s vl }lzs xntv
|I|
� �nuq qsx uq tq {lool» q Ú

Q & {QX | X ⊆ I}
»nszs xns Àtoms l{

QX

uv t �lvxs¿x
K ∈ EC

uq ysÖvsy ~p
QX

kK� & ¥ËÄ� kX � &fÓÔÔ kX �
|O|

� ê nuos
rep

uq t ºuÀsv �lv�uqs zsrzsqsvxtxulv l{ {zs¼msvx uxs} qsx w
C
uq xns trrou�txulv l{

rep
lv

xns yu�szsvx �lvxs¿xq l{
EC
Ú
C & {repkK� | K ∈ EC}

� �uvtoopw
m
uq xns {mv�xulv ~p »nu�n xns {zs¼msv�p

l{ tv tz~ uxztzp uxs} qsx uq tqqsqqsy qxtzxuvº {zl} xns zsrzsqsvxtxulv
rep

�
�l sqxt~ouqn xns ouvå ~sx»ssv tv s¿t�x �lv�uqs zsrzsqsvxtxulv l{ {zs¼msvx uxs} qsxq tvy xns �lv�srx l{

ε
½tys¼mtxs zsrzsqsvxtxulv w »s vlxs xntx s¿t�x zsrzsqsvxtxulvq {lz}

0
½tys¼mtxs zsrzsqsvxtxulvq l{ xns qsx

l{ {zs¼msvx uxs} qsxq � Âvyssy w {lz tv tz~uxztzp �lvxs¿x tvy t ºuÀsv Á ÑÐÒÓÔÔ Àtoms w xnsp tool» xns s¿t�x
zsxzusÀto l{ xns zsqr s�xuÀs {zs¼msv�usq l{ {zs¼msvx uxs} qsxq � �ns szzlz

ε
uq nsv�s s¼mto xl

0
� �nuq uq vlx

xns �tqs l{ trrzl¿ u} txs �lv�uqs zsrzsqsvxtxulvq w ouås xns
δ
½{zss qsx½~tqsy lvs �älmou�tmx ÄÅ ÈÌÆw �

×� tvy} t¿u} to {zs¼msvx uxs} qsxq �ätptzyl w çèè'� w {zl} »nu�n lvop tv trrzl¿ u} txulv uq rlqqu~os »nsv qstz�nuvº

{lz xns {zs¼msv�p l{ tv tz~uxztzp uxs} qsx �
Ùv s¿t�x �lv�uqs zsrzsqsvxtxulv uq toql �toosy Ô ÄËÏ Ä÷Å ÷áÉÄË u{ ux {m oÖ ooq xns �lvyuxulvq qxtxsy ~p xns{lool» uvº ysÖvuxulv Ú

ë Ü�ìíîíÝì "" �ð��Q��� ��ñ�� �
� ÷áÉÄË áÏ È ÒÄÅ áÏ Ô ÈÅÅÄËÐÒ S ÑÒ È ÒÄÅ

S1

ÅÇ ÈÅ ÈÌ ÌáØÒ ËÄ÷áÉÄËÑÐÊ S ØÑÅÇ áÓÅ ÑÐÏ áËÁ ÈÅÑáÐ ÌáÒÒ Æ S1

ÑÒ ÒÈÑâ
Ô ÄËÏ Ä÷Å ÑÏ ÑÅ ÑÒ ÈÌØ ÈöÒ È ÒÓ�ÒÄÅ áÏ S Æ
Âx uq toql u}rlzxtvx xl vlxs xntx s¿t�x �lv�uqs zsrzsqsvxtxulvq tzs rzs{szt~os xl xns »nlos qsx l{ {zs¼msvx

uxs} qsxq Ø ÆË ÆÅÆ xns } uvu} to ysq�zurxulv osvºxn rzuv�uros k()*+ � �ûzmv»toy w �

é w � uqqtvsv w çèé'� � �nuq
rzuv�uros qxtxsq xntx xns ~sqx xnslzp ysq�zu~ uvº t qsx l{ ytxt uq xns lvs } uv u} u� uvº xns ysq�zurxulv osvºxn
l{ xns xnslzp romq xns ysq�zurxulv osvºxn l{ xns ytxt ysq�zu~sy klz �l}rzsqqsy � ~p xns xnslzp� Âx qssåqxl } uv u} u�s xns ysq�zurxulv osvºxn l{ xns svxuzs ytxt � Âv xns ºsvszto �tqs w xnuq rzuv�uros �tv ~s zlmºnop
ysq�zu~ sy tq {l ool» q Ú
ë Ü�ìíîíÝì ", �� ���ROR -�S���P���� .��ô�/ ð�����Pà� ��-.ð�� � �ËÓÐØÈÌâ! #�� 0��ÑÉÄÐ È ÒÄÅ áÏ ÇöÔ áÅÇ ÄÒÑÒ H

ÌÄÈËÐÄâ Ï ËáÁ È ÒÄÅ áÏ âÈÅÈ D ! ÅÇ Ä �ÄÒÅ ÇöÔ áÅÇ ÄÒÑÒ H ∈ H
ÑÒ ÅÇ Ä áÐÄ ÅÇ ÈÅÁ ÑÐÑÁ Ñ1 ÄÒ V

* kD ! H �  * kH � � * kD|H �
ÑÐ ØÇ Ñ÷Ç

• * kH � ÑÒ ÅÇ Ä ÌÄÐÊ ÅÇ ÑÐ �ÑÅÒ áÏ ÅÇ Ä âÄÒ÷ËÑÔ ÅÑáÐ áÏ H ! ÈÐâ!
• * kD|H � ÑÒ ÅÇ Ä ÌÄÐÊ ÅÇ ! ÑÐ �ÑÅÒ! áÏ ÅÇ Ä âÄÒ÷ËÑÔ ÅÑáÐ áÏ ÅÇ Ä âÈÅÈ D ØÇ ÄÐ ÄÐ÷áâÄâ Ø ÑÅÇ H Æ
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Â{ »s ~zuvº xnuq rzuv�uros uvxl xns �lvxs¿x l{ �lv�uqs zsrzsqsvxtxulvq l{ {zs¼msvx uxs} qsxq w xnsv xns
ysq�zurxulv osvºxn l{ xns xnslzp knszs w t �lv�uqs zsrzsqsvxtxulv :; � ºuÀsv xns uvrmx ytxt knszs w xns qsx
FIK

l{ {zs¼msvx uxs} qsxq tqql �utxsy xl t �lvxs¿x
K ∈ EC � uq �l}rmxsy tq Ú * kFIK

w :; � & * k:; � <* kFIK|
:; �� �ns ()*+ xnmq qssåq t �lv�uqs zsrzsqsvxtxulv xntx } uvu} u�sq * kFIK

w :; � �
�l zsym�s xns qu�s l{ rtxxszv qsxq w yu�szsvx rzlrlqtoq zsop lv �lz}to Ãlv�srx Ùvtopquq �ûtvxsz tvy

ê uoos w çèèè � � �ns vs¿x qs�xulv uq ysyu�txsy xl uxq } txns}txu�to ~t�åºzlmvy �

= >? @AB� CD EAFGHIJ KFCDLMNM
�lz} to Ãlv�srx Ùvtopquq kO:P � } txns} txu�to {lmvytxulvq �ûtvxsz tvy ê uoos w çèèè� ntÀs ~ssv mqsy tq
t xnslzsxu�to ~tquq {lz Àtzulmq xtqåq kÄÆÊ Æ ��tqqu ÄÅ ÈÌÆw �

é w �xm}}s ÄÅ ÈÌÆw çèè' w Qtox�nsÀ ÄÅ ÈÌÆw �

ü � ��Âv lmz �lvxs¿x w ql} s �lv�uqs zsrzsqsvxtxulvq l{ {zs¼msvx rtxxszvq tzs ~tqsy lv O:P � Rsx mq zs�too uxq
~tqu� �lvqxzm�xq �

ý �S �T U�V��¡ ÿ������ ��� ��W ÿ� ����W X� ������¡
ês ~sºuv ~p ysÖvuvº xns ûtoluq �lvvs�xulv mqsy xl } tås xns ouvå ~sx»ssv xns rl»sz½qsxq

P kI � tvy P kO�tqql �utxsy zsqr s�xuÀsop xl xns qsx l{ uxs} q
I
tvy xns qsx l{ l~ã s�xq

O
�

ë ÜYìíîíÝì "Z [\]à^_` a^bbcad_^b e
fÄÅ

K g kO h I h M� �Ä ÈÐ Ä� ÅËÈ÷ÅÑáÐ ÷áÐÅÄ� Å Æ $Ç Ä ÈÔÔ ÌÑ÷ÈÅÑáÐ ψ ÑÒ âÄi ÐÄâ Ï ËáÁ ÅÇ Ä Ô áØ ÄË%ÒÄÅ áÏ á�j Ä÷ÅÒkÑÆÄÆh P kO�� Åá ÅÇ Ä Ô áØ ÄË%ÒÄÅ áÏ ÑÅÄÁ Ò kÑÆÄÆh P kI �� Æ � Å ÈÒÒá÷ÑÈÅÄÒ Åá È ÒÄÅ áÏ á�j Ä÷ÅÒ O ÅÇ Ä ÒÄÅ áÏ ÑÅÄÁ Ò i
∈ I

ÅÇ ÈÅ ÈËÄ ÷áÁÁáÐ Åá ÈÌ Ì á�j Ä÷ÅÒ o ∈ O k
ψ : P kO� → P kI �

O 7→ ψ kO� g li ∈ I | ∀ o ∈ O h koh i� ∈ Mm
�Ð È âÓÈÌ Ø Èöh ÅÇ Ä ÈÔÔ ÌÑ÷ÈÅÑáÐ φ ÑÒ âÄi ÐÄâ Ï ËáÁ ÅÇ Ä Ô áØ ÄË%ÒÄÅ áÏ ÑÅÄÁÒ kÑÆÄÆh P kI �� Åá ÅÇ Ä Ô áØ ÄË%ÒÄÅ áÏ
á�j Ä÷ÅÒ kÑÆÄÆh P kO�� Æ � Å ÈÒÒá÷ÑÈÅÄÒ Åá È ÒÄÅ áÏ ÑÅÄÁ Ò I ÅÇ Ä ÒÄÅ áÏ á�j Ä÷ÅÒ o ∈ O

ÅÇ ÈÅ ÷áÐÅÈÑÐÒ ÈÌ Ì ÑÅÄÁÒ i ∈
I k

φ : P kI � → P kO�
I 7→ φkI � g lo ∈ O | ∀ i ∈ I h koh i� ∈ Mm

$Ç Ä ÷áÓÔ ÌÄ áÏ ÈÔÔ ÌÑ÷ÈÅÑáÐÒ kψ h φ� ÑÒ È �ÈÌáÑÒ ÷áÐÐÄ÷ÅÑáÐ �ÄÅØ ÄÄÐ ÅÇ Ä Ô áØ ÄË%ÒÄÅ áÏ O ÈÐâ ÅÇ ÈÅ áÏ I �� ÈË�ÓÅÈÐâ � áÐj ÈËâÄÅh nÍ 0�h �ÈÐÅÄË ÈÐâ oÑÌ ÌÄh nÍÍÍ� Æ
ÕsÖvuxulv çü ysq�zu~ sq xns rzlrszxusq xntx }mqx qtxuq{p tv lrsztxlz xl ~ s ¼mtouÖsy tq t �olqmzs lz t

åszvso lvs �ûtvxsz tvy ê uoos w çèèè � �
ë ÜYìíîíÝì "p [qà^`rsc ò tcsbcà ^ucs]d^s e
fÄÅ kS h⊆� �Ä È Ô ÈËÅÑÈÌ Ìö áËâÄËÄâ ÒÄÅ ÈÐâ xh y �Ä ÅØ á ÄÌÄÁ ÄÐÅÒ áÏ S Æ vÐ áÔ ÄËÈÅáË h âÄi ÐÄâ Ï ËáÁ kS h⊆� ÅákS h⊆� ÑÒ ÷ÈÌ ÌÄâ È ÷ÌáÒÓËÄ áÔ ÄËÈÅáË ÑÏ ÑÅ ÑÒ kki� Ä� ÅÄÐÒÑÉÄh ÑÆÄÆh x ⊆ hkx� h
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kii� ÑÒáÅáÐÄh ÑÆÄÆh x ⊆ y ⇒ hkx� ⊆ hky �h ÈÐâhkiii� ÑâÄÁÔáÅÄÐÅh ÑÆÄÆh hkhkx�� = hkx� Æ�ÑÉÄÐ ÅÇ Ä ÷ÌáÒÓËÄ áÔ ÄËÈÅáË h ÈÔÔ ÌÑÄâ áÐ ÅÇ Ä Ô ÈËÅÑÈÌ Ìö áËâÄËÄâ ÒÄÅ kS h⊆� h ÈÐ ÄÌÄÁ ÄÐÅ x ∈ S
ÑÒ ÒÈÑâ Åá �Ä

÷ÌáÒÄâ ÑÏ ÑÅÒ ÑÁ ÈÊ Ä �ö h ÑÒ Ä�ÓÈÌ Åá ÑÅÒÄÌÏ h ÑÆÄÆh hkx� g x Æ
�Ï ÈÐ áÔ ÄËÈÅáË h′ h âÄi ÐÄâ Ï ËáÁ kS h⊆� Åá kS h⊆�h ÑÒ ÒÓ÷Ç ÅÇ ÈÅ h′ kx� ⊆ xh ÅÇ ÄÐ h′ Ç ÈÒ ÅÇ Ä Ô ËáÔ ÄËÅö Åá �Ä

÷áÐÅËÈ÷ÅÑÉÄÆ �Ï ÑÅ ÑÒ ÈÌÒá ÑÒáÅáÐÄ ÈÐâ ÑâÄÁÔ áÅÄÐÅh ÅÇ ÄÐ h′ ÑÒ ÒÈÑâ Åá �Ä È { ÄËÐ ÄÌ áÔ ÄËÈÅáËÆ
�ns {lool» uvº ysÖvuxulv uvxzlym�sq xns �olqmzs lrsztxlzq tqql�utxsy xl t ûtoluq �lvvs�xulv �

ë ÜYìíîíÝì "| [\]à^_` aà^`rsc ^ucs]d^s`e
fÄÅ ÓÒ ÷áÐÒÑâÄË ÅÇ Ä Ô áØ ÄË%ÒÄÅÒ P kI � ÈÐâ P kO�h ØÑÅÇ ÅÇ Ä ÑÐ ÷ÌÓÒÑáÐ ËÄÌÈÅÑáÐ ⊆ h ÑÆÄÆh ÅÇ Ä Ô ÈËÅÑÈÌ Ìö áËâÄËÄâÒÄÅÒ kP kI �,⊆� ÈÐâ kP kO�,⊆� Æ $Ç Ä áÔ ÄËÈÅáËÒ γ g φ o ψ

Ï ËáÁ kP kI �,⊆� Åá kP kI �,⊆� h ÈÐâ ω g ψ o

φ
Ï ËáÁ kP kO�,⊆� Åá kP kO�,⊆� ÈËÄ ÷ÌáÒÓËÄ áÔ ÄËÈÅáËÒ áÏ ÅÇ Ä �ÈÌáÑÒ ÷áÐÐÄ÷ÅÑáÐ �� ÈË�ÓÅ ÈÐâ � áÐj ÈËâÄÅh

nÍ 0�h �ÈÐÅÄË ÈÐâ oÑÌ ÌÄh nÍÍÍ� Æ $Ç Äö âÄi ÐÄ ÷ÌáÒÓËÄ ÒöÒÅÄÁÒ áÐ kP kI �,⊆� ÈÐâ kP kO�,⊆�h ËÄÒÔ Ä÷ÅÑÉÄÌö Æ
$Ç Ä áÔ ÄËÈÅáË γ Ê ÄÐÄËÈÅÄÒ ÷ÌáÒÄâ ÒÓ�ÒÄÅÒ áÏ ÑÅÄÁ Òh ØÇ ÑÌÄ ω Ê ÄÐÄËÈÅÄÒ ÷ÌáÒÄâ ÒÓ�ÒÄÅÒ áÏ á�j Ä÷ÅÒ Æ
�nuq ostyq mq xl xns ysÖvuxulv l{ t {lz} to �lv�srx �

ë ÜYìíîíÝì "} [¢^s~]à a^bacude
v Ô ÈÑË

c g kO h I � ∈ O × I h áÏ ÁÓÅÓÈÌ Ìö ÷áËËÄÒÔ áÐâÑÐÊ ÒÓ�ÒÄÅÒh ÑÆÄÆh O g ψ kI � ÈÐâ I g φkO� h ÑÒ ÷ÈÌ ÌÄâÈ Ï áËÁ ÈÌ ÷áÐ÷ÄÔ Åh ØÇ ÄËÄ O ÑÒ ÷ÈÌ ÌÄâ Ä� ÅÄÐÅ áÏ c ÈÐâ I ÑÒ ÷ÈÌ ÌÄâ ÑÅÒ ÑÐÅÄÐÅÆ
����� úÜ } $Ç Ä Ô ÈÑË k14h �� �� � ÑÒ È ÷áÐ÷ÄÔ Å Ï ËáÁ ÅÇ Ä Ä� ÅËÈ÷ÅÑáÐ ÷áÐÅÄ� Å Ê ÑÉÄÐ �ö $È�ÌÄ � Æn Æ
�ns �rsztx�zq j áÑÐ tvy Á ÄÄÅ rz�Àuys xns ostqx �rrsz ~��vy �*�� � ��� ��� º������� ��»�� �������*� �� ��������À���� �� � ������ �� ���  �� �������� �

ë ÜYìíîíÝì "¡ [¢^_b ]bß � ccd ^ucs]d^s`e
fÄÅ �

O1, I1
� ÈÐâ �

O2, I2
� �Ä ÅØ á Ï áËÁ ÈÌ ÷áÐ÷ÄÔ ÅÒ Æ $Ç Ä áÔ ÄËÈÅáËÒ j áÑÐ �

∨� ÈÐâ Á ÄÄÅ �
∧� ÈËÄ ËÄÒÔ Ä÷ÅÑÉÄÌöâÄi ÐÄâ ÈÒ Ï áÌ ÌáØÒ � �ÈÐÅÄË ÈÐâ oÑÌ ÌÄh nÍÍÍ� k

•
�
O1, I1

� ∨ �
O2, I2

�
=

�
ω
�
O1 ∪O2

�, I1 ∩ I2 �h
•

�
O1, I1

� ∧ �
O2, I2

� =
�
O1 ∩O2, γ

�
I1 ∪ I2

�� Æ
£���������� ü �������� ��� ������� ����� �� ���  �� �������� Ø ÆËÆÅÆ ��� ��������� �û����� ��� ê ���� �çèèè� �

¤ øÝ� Ý¥íîíÝì p v Ô ÈËÅÑÈÌ áËâÄË áÐ Ï áËÁ ÈÌ ÷áÐ÷ÄÔ ÅÒ ÑÒ âÄi ÐÄâ ÈÒ k ∀ c1 g �
O1 h I1 � ÈÐâ c2 g �

O2 h I2 � ÅØ áÏ áËÁ ÈÌ ÷áÐ÷ÄÔ ÅÒh c1 ≤ c2
ÑÏ
O2 ⊆ O1 h áË Ä�ÓÑÉÈÌÄÐÅÌö I1 ⊆ I2 Æ

Â� ��� ���� »���� �»� ���  �� �������� ���Ö �� ��� ��������� �� £���������� ü � ���� ��� ���� �� � � ÷áÁÔ ÈËÈ�ÌÄ�¦����» ��� � ���� ��� ���� �� �� ÑÐ÷áÁÔ ÈËÈ�ÌÄ� ê ��� ��������� ������ » ��� ��� ��������� � ���  �� �����������  � ��������� ������ �ÈÌáÑÒ �÷áÐ÷ÄÔ Å � ÌÈÅÅÑ÷Ä� ��Ö��� �� �����» � �
ë ÜYìíîíÝì "ï [\]à^_` [a^bacude à]dd_ac e
�ÑÉÄÐ È ÷áÐÅÄ� Å K h ÅÇ Ä ÒÄÅ áÏ Ï áËÁ ÈÌ ÷áÐ÷ÄÔ ÅÒ C ÑÒ È ÷áÁÔ ÌÄÅÄ ÌÈÅÅÑ÷Ä LC g �

C h ≤�h ÷ÈÌ ÌÄâ �ÈÌáÑÒ �÷áÐ%
÷ÄÔ Å � ÌÈÅÅÑ÷Äh ØÇ ÄÐ C

ÑÒ ÷áÐÒÑâÄËÄâ Ø ÑÅÇ ÒÄÅ ÑÐ ÷ÌÓÒÑáÐ �ÄÅØ ÄÄÐ ÷áÐ÷ÄÔ ÅÒ ÑÐÅÄÐÅÒ �áË Ä� ÅÄÐÅÒ � �� ÈË�ÓÅ ÈÐâ� áÐj ÈËâÄÅh nÍ 0�h �ÈÐÅÄË ÈÐâ oÑÌ ÌÄh nÍÍÍ� Æ
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Õ������ � ���� �� ��� Â�����º ������� ��� � ÌáØ ÄË ÷áÉÄË � ���  ���� ��Ö��� �� �� ���» � Ú

ë ÜYìíîíÝì ,} [.^� cs a^ñcs e
$Ç Ä ÌáØ ÄË ÷áÉÄË áÏ È :Ð

f
�âÄÐáÅÄâ ÄáÉl �f �� ÷áÐÒÑÒÅÒ áÏ ÅÇ Ä :ÐÒ ÅÇ ÈÅ ÈËÄ ÑÁÁ ÄâÑÈÅÄÌö ÷áÉÄËÄâ �ö f ÑÐ

ÅÇ Ä ô ÷Ä�ÄËÊ ÌÈÅÅÑ÷ÄÆ $Ç Ä ÒÄÅ ÄáÉl �f � ÑÒ Ê ÑÉÄÐ ÈÒ Ï áÌ ÌáØÒ k ÄáÉl �f � g lf1 ∈ FCI | f1 ⊂ f
ÈÐâ

@ f2 ∈ FCIÒ ÆÅÆ f1 ⊂ f2 ⊂ f m Æ
����� úÜ "} ÄáÐÒÑâÄË ÅÇ Ä :Ð ��¨Å áÏ ÅÇ Ä ô ÷Ä�ÄËÊ ÌÈÅÅÑ÷Ä áÏ ¥ ÑÊÓËÄ � Æ� Æ $Ç ÄÐ h ØÄ Ç ÈÉÄ k ÄáÉl ���¨Å � g
l¨ h Å h ��m Æ
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= >	 KMMAGNCJNAF 
� DH �JBCGJNAF
ý �þ �T �������� ��� �� V� ���������
Ù � �� � ������� ����� �� ����   �� ��º � ���� ������� ����   ����º �������� �Ã�º ��� ��� ������å � ÷

� ���
���º������ �� À������ ���������� ����� ��� ��������� Î ø�� ��� ��������� �� ��� ���� ������� ���� �¿��������
������  »�� ��������� ���������� �� Ùº��»�� ÄÅ ÈÌÆ �Ùº��»�� ÄÅ ÈÌÆ� çèè×� Î ø�� ����À����� �� ���� ������������ �� �����À�� �������º ���  ��� ��� FI

�� ���¼���� ���  ���� �¿������� ���  � �����¿� K � ��� �   ���  ��
������� ��������� Á ÑÐÒÓÔÔ Î ø�� ��¿� ��Ö������� ��������� ��� ���� ������� ���� ��� �»��å Î
ëÜYìíîíÝì ,¡ [� ``^a_]d_^b sràc e
vÐ ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄ

R
ÑÒ È ËÄÌÈÅÑáÐ �ÄÅØ ÄÄÐ ÑÅÄÁ ÒÄÅÒ ÈÐâ ÑÒ áÏ ÅÇ Ä Ï áËÁ R k X ⇒

�
Y \X �h ÒÓ÷Ç ÅÇ ÈÅ XÈÐâ

Y
ÈËÄ ÅØ á ÑÅÄÁ ÒÄÅÒh ÈÐâ X ⊂ Y Æ $Ç Ä ÑÅÄÁ ÒÄÅÒ X ÈÐâ �

Y \X � ÈËÄh ËÄÒÔ Ä÷ÅÑÉÄÌöh ÷ÈÌ ÌÄâ ÅÇ Ä Ã � �� �¶�
�áË ¸� ��µ�¹�� � � ÈÐâ ÅÇ Ä µ � µ ð!¶� � �áË µ �¶�"! �� � � áÏ ÅÇ Ä ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄ R Æ
ë ÜYìíîíÝì ,ï [#ruu^sd ò q^bÂ_ßcbac ^Â ]b ]``^a_]d_^b sràc e
fÄÅ

R k X ⇒
�
Y \X � �Ä ÈÐ ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄÆ $Ç Ä ÒÓÔÔ áËÅ áÏ R h ËÓÔÔ �

R�h ÑÒ Ä�ÓÈÌ Åá ËÓÔÔ �
Y � Æ oÇ ÑÌÄ ÑÅÒ

÷áÐi âÄÐ÷Ä ÑÒ Ä�ÓÈÌ Åá ÄáÐÏ �R� g ËÓÔÔ �Y �
ËÓÔÔ �X � Æ

$��� ���� ��� ���Ö����� ��
R �� ��»��� º������ ���� �� �¼��� �� ��� ���¼����� Ú ÄáÐÏ �

R� ≥ %ËÄ� �R� &ËÓÔÔ �R�
|O|

Î Â����� � »� ��À� ËÓÔÔ �X � ≤ |O| Î
ëÜYìíîíÝì ,� [&]à_ß ò Ê']ad ò �uus^' _~]dc ]``^a_]d_^b sràc e
vÐ ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄ R ÑÒ ÒÈÑâ Åá �Ä (¸ ð�) �áË * �� �+ � ÑÏ k
•
ÑÅÒ ÒÓÔÔ áËÅ ÉÈÌÓÄ ËÓÔÔ �

R� ÑÒ Ê ËÄÈÅÄË ÅÇ ÈÐ áË Ä�ÓÈÌ Åá ÅÇ Ä ÓÒÄË%ÒÔ Ä÷Ñi Äâ ÅÇ ËÄÒÇ áÌâh Á ÑÐÒÓÔÔ h ÈÐâh
•
ÑÅÒ ÷áÐi âÄÐ÷Ä ÉÈÌÓÄ ÄáÐÏ �

R� ÑÒ Ê ËÄÈÅÄË ÅÇ ÈÐ áË Ä�ÓÈÌ Åá È ÓÒÄË%ÒÔ Ä÷Ñi Äâ ÅÇ ËÄÒÇ áÌâh âÄÐáÅÄâ Á ÑÐ÷áÐÏ Æ
ôÏ ÄáÐÏ �R� g 1h ÅÇ ÄÐ R ÑÒ ÷ÈÌ ÌÄâ �,¸-� ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄh áÅÇ ÄËØ ÑÒÄ ÑÅ ÑÒ ÷ÈÌ ÌÄâ ¸ÃÃ � , �� ¸�� ÈÒÒá÷ÑÈÅÑáÐËÓÌÄÆ
. Ýî�îíÝì , v Ò Ï áË ÅÇ Ä Á ÑÐÒÓÔÔ ÅÇ ËÄÒÇ áÌâh ÅÇ Ä ÉÈÌÓÄ áÏ Á ÑÐ÷áÐÏ ÷ÈÐ �Ä Ò{ ÄÅ÷Ç Äâ ÑÐ Ô ÄË÷ÄÐÅÈÊ Ä ÑÐ ÅÇ Ä
ÅÈ�ÌÄÒ ÈÐâ i ÊÓËÄÒ Ô ËÄÒÄÐÅÑÐÊ Ä�Ô ÄËÑÁ ÄÐÅÈÌ ËÄÒÓÌÅÒ Æ
û �À�� ����/�� ���Ö��   ��� �  ������� ��� ���Ö����� � ��� ������  �� ���� ������� ����   �� ��0 ��� ��

����� ���� �1� ����� �� �����1 � �Ù0��1�� ÄÅ ÈÌÆ� çèè×� Ú
• Ï¿����� ��� ���2���� ���  ���� � ÑÆÄÆ� ��À ��0 ��� ������� À���� 0������ ���� �� �2��� �� Á ÑÐÒÓÔÔ Î
•
û������� À���� ���� ������� ����� ���  ���2���� ���  ���� Î ø��� 0��������� �� ��  ���� �� �� ��� ��À ��0
��� ���Ö����� À���� 0������ ���� �� �2��� �� Á ÑÐ÷áÐÏ Î

ø���� ����� ��� ���À�� �� � ������� ��0�����  �� ��� ����   ����0 Ö��� � ��  ��� P345645 �Ù0��1��
��� ö��å��� � çèèü � Î ø�� ������ ���� �� ������À��� �����0�����1��� Î ¾�1�À�� � ��� Ö ��� ��� �������� �0���� �������0� ������� ��� ��� �� ���2���� ���  ����   �� 0��1 �¿����������� 1 ��� |I| Î ø�� ������  ��
�����À����0 ���� ������� ����� �� �� �¿��������� ��� ��� ��� ���0�� �� ��� ���0��� ���2���� ���  ��� �Î Â�



2� x����� ����y z� ���!

���� � ���  � ���2���� ���  ��� I � 2|I| /
1 ��� ���À ��� ���� ������� ����� ��� �� 0�������� Î ¾�1�À�� � ���������� ��� �� 0�������� �� � �����0�����1���   ����� � ÑÆÄÆ� 1 ������ ��������0 ��� ���å �������� �����¿� Î

ø�������� � ��� ���� �� ���� ���� �� ����� �� �� ��1 �� ����� �� ���� �� ��� ���2���� ���  ���� �¿�������� ÎÙ� �7 ����� ��0�����  � ������ �89:;;<8= � �� �������� �� �Ù0��1�� ÄÅ ÈÌÆ� çèè×� ��� 0��������0 ���� ������������ �������0 ���  ��� ��� �� ���2���� ���  ���� Î $�À��������� � ��� �� ��� �� ���� ������� ����� 0��������  �� 0��1 �� �� ��À����   ������� �ö��  � ÄÅ ÈÌÆ� ÷

 ç � >�å � � ÷

ü � Î Â� �������� � �� 1�� ���?�� ���� � ���0�
�� ��� �� �� ��� ��� ËÄâÓÐâÈÐÅ �� ��� ����� ���� ���� ���?�� ��� ��  � �����  ����� �� ������ �Ù ����ÖÄÅ ÈÌÆ� ÷

é � ä�� @���� ÄÅ ÈÌÆ� ÷

è�� Î
ý �þ �ý U���� �� A���� �� �������� ��� �� V��
Â� ��� ���������� ������� �� ���� ������� ����   ����0 � ��� ������  �� ��� ����?���� ��� ��� ���������� ��
���� ������� �� ��� �� �� ���� ���� � �������� Î Â����� � �� �?��1���  ��0 2������� �� ���� ������� �����
��� �� �B������� �?�� ���  � ��� ����/���� �������� � � ��0 1���� � ���0� �� ��� �� ËÄâÓÐâÈÐÅ �ÑÆÄÆ�
���?����0 ��� ��  � �����  ����� � �ä������ ÄÅ ÈÌÆ� ÷


� � ö��  � ÄÅ ÈÌÆ� ÷

 ç � >�å � � ÷

ü � Î ø��� �� ��1���
� ���� �� ��� ��1���� ����� ������?� �B���������� �� ��� ���/����� Î ø�� ���? �?�� �� ��� ���� ������� ����
�B�������� ������2�� �� ���� �1�� �� ��� ������?�� �� �� ������ ����� 1 ��� �����/?���� å��1 ���0� Î æ ���
���������� 1��� ����� �������� ��� �������0 ���0� ����� ���� �� ���� ������� ����� � 1���� ������? ��0 ��� ��� ����������0 ���� Î C�� �B� ��� � ��  � 1��å � ������ �� ��� ��� �� ����� 2������   ������� � �� �������� ��
��� ������� ��� ��� ���Ö����� � ��å� ÌÑÏ Å� ÷áÐÉÑ÷ÅÑáÐ � âÄÔ ÄÐâÄÐ÷ö � ��� Î �û��0 ��� D �  ����� � ÷

 � û������
��� D�  ����� � ÷

é� � 1���� ������ ���������� ����/��Ö��� ����������� �����0 ���   ����0 ��� ���� �� ��
� ����/��� ������0 ���� �ä����� ��� R������� � ÷

 � ä�������� ��� E����� ÷

 ç � R�� ÄÅ ÈÌÆ� ÷

 � ö��å���ÄÅ ÈÌÆ� çèèé� Î Ù������ ����������0 �������� �������� �� �B�������0 Ê ÄÐÄËÑ÷ �ÈÒÄÒ Î ö��� �� �������� ��  ����� ����� �� ��� ������� �� ������� �� ��� û����� ���������� ���� �� C��  �� Ã������ Ù������� �O:P �
�û����� ��� ê ���� � çèèè� Î

ø�� O:P /����� �������� �� ����� �� �B�������0 ����������� ������ �� ��� ���� ������� ����� F 0����������� F ���  1���� ��� ��  �����0 ËÄâÓÐâÈÐÅ ���� ������� ����� ��� �� ����?�� 1 ������ �����  ����� ���� Î
ø���� 0������ ����� ����� ��Ö�� � �� ���� ��� �� ����?��� ���� ������� �� ��� ���� �� ������ �� ��������� ���
��� ���/���� Î ö���� ����� ���� �� ������� ��� �� ���� ��� 0��������0 ���� � ���� ���� ���������� �7 �����
��������� ��� ��� ���0/���  �����0� �� ���������   � ����� ��� ��� �� �����/�����   ���0�  ��� �� � ����� ?���� ���� ������� ����� �£��2���� � ÷

è � Î Ù�������0 �� ��� �������� ����� �� O:P � ��� ����������
1 ��� �� ����������� ����� �� ��Ö��� �� �����1 � �ä������ ÄÅ ÈÌÆ� ÷


�� Ú
ë ÜYìíîíÝì Z# [� ``^a_]d_^b sràc scßrbß]baG e
fÄÅ

AR �Ä ÅÇ Ä ÒÄÅ áÏ ÉÈÌÑâ ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄÒ ÅÇ ÈÅ ÷ÈÐ �Ä âËÈØÐ Ï ËáH È ÷áÐÅÄ� Å K Ï áË È H ÑÐÑH ÓH ÒÓÔÔ áËÅÅÇ ËÄÒÇ áÌâ H ÑÐÒÓÔÔ ÈÐâ È H ÑÐÑH ÓH ÷áÐi âÄÐ÷Ä ÅÇ ËÄÒÇ áÌâ H ÑÐ÷áÐÏ Æ vÐ ÈÒÒá÷ÑÈÅÑáÐ ËÓÌÄ
R1 k X1 ⇒ Y1 ∈

AR
ÑÒ ÒÈÑâ ËÄâÓÐâÈÐÅ Ø ÑÅÇ ËÄÒÔ Ä÷Å Åá �áË âÄËÑÉÈ�ÌÄ Ï ËáH � È ËÓÌÄ R2 k X2 ⇒ Y2 ∈ AR

ÑÔ k
n Æ ËÓÔÔ �

R1
� g ËÓÔÔ �R2

� ÈÐâ ÄáÐÏ �
R1

� g ÄáÐÏ �
R2

�h ÈÐâh
� Æ X2 ⊆ X1

ÈÐâ
Y1 ⊂ Y2 Æ

����� úÜ "¡ ËÓÔÔ áÒÄ Ø Ä Ç ÈÉÄ �áÅÇ ËÓÌÄÒ R1 k �� � ⇒ � ÈÐâ
R2 k �� � ⇒ �I Æ ôÏ �� �� ÈÐâ �� ��I �ÄÌáÐÊ ÅáÅÇ Ä ÒÈH Ä γ %Ä�ÓÑÉÈÌÄÐ÷Ä ÷ÌÈÒÒh ÅÇ ÄÐ ËÓÔÔ ��� �� � g ËÓÔÔ ��� ��I � Æ Õ ÄÐ÷Äh ËÓÔÔ �R1

� g ËÓÔÔ �R2
� Æ J áËÄ%

áÉÄËh ÄáÐÏ �R1
� g ÄáÐÏ �

R2
�h ÒÑÐ ÷Ä ÅÇ Äö Ç ÈÉÄ ÅÇ Ä ÒÈH Ä Ô ËÄH ÑÒÄÆ ôÐâÄÄâh ÄáÐÏ �

R1
� g ËÓÔÔ �R1

�
ËÓÔÔ ��� �� g
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ËÓÔÔ �R2
�

ËÓÔÔ ��� �� g ÄáÐÏ �
R2

� L ÄáÐÒM�ÓMÐ NÌöh R1

ÑÒ ËMâÓÐâOÐ N Ø LP LN L R2

ÒÑÐ÷M NQ Mö ÒQ OPM NQ M ÒOH M ÒÓÔÔ áPN OÐâ
÷áÐi âMÐ÷M ROSÓMÒ ØQ ÑSM � ⊂ �I L
ä���� �� Õ�Ö������ ×
 � ��� �� ���� ������� ���� X1 ⇒ Y1

� �� ����� �� �� ����� ���� X2 ⇒ Y2 ���� ����
ËÓÔÔ �

R1
� & ËÓÔÔ �

R2
�� ÄáÐÏ �

R1
� & ÄáÐÏ �R2

�� X2 ⊆ X1
� ��� Y1 ⊂ Y2

� ���� X1 ⇒ Y1 �� ���� H ÑÐÑHOS
ÐáÐ %PMâÓÐâOÐ N �ä������ MN OSL� ÷


�� Î $��� ���� ���� ��Ö������ ������� ���� ��� /��������� ���� ������������ 1 ��� ����� ��?�   �� �  �� ���  ���� ���   �B �  �� ����������� Î
����� úÜ "ï fMN

R1 k �� � ⇒ �I �M OÐ OÒÒá÷ÑONÑáÐ PÓ SM OÐâ ÒÓÔÔ áÒM NQ ON ËÓÔÔ ��� � � g ËÓÔÔ ��� � L $Q MÐ h
R1

ÑÒ ÷SMOPSö PMâÓÐâOÐ N Ø LP LN L R2 k �� ⇒ ��I LôÐ OââÑNÑáÐ h ÒÓÔÔ áÒM NQ ON Ø M Q ORM O PÓ SM R3 k � � ⇒ �I OÐâ ËÓÔÔ �� ��I � g ËÓÔÔ ��� ��I � L $Q MÐ h R3

ÑÒ
PMâÓÐâOÐ N Ø LP LN L NQ M PÓ SM R4 k � � ⇒ ��I LôÐ �áNQ ÷OÒMÒh NQ M Ô PMH ÑÒM Ô OPN ÑÒ PM�ÓÑPMâ Ná �M H ÑÐÑHOSh ØQ ÑSM NQ M ÷áÐ÷SÓÒÑáÐ Ô OPN Ná �M H O� ÑHOSL

T� ���� � ��� ����������� �� Õ �Ö������ ×
 ������ �� ��� ���� ���� R1 ��� �� ����?�� �������0 ��� 
R21 ������ �����  ����� ���� Î ö���� ��� ���������� �� ��� �������� �������0 ��� O:P �� ���� ������� �� ��  ����0 �����0� ��� �B�������� �� ���2���� ������ ���  ���� � ��?���� 0������ ����������� ���� ����� 1���

���������� ������å ��1 ��� � ÷

÷� Î Õ�Ö������ × ç ��������� ��� ���� ������ ���� ������������ � 0������ ��������� �� �� �B������� 1 ������ ���� �� �����  ����� Î
ëÜYìíîíÝì Z" [\cbcs_a õ]`_` us^ucsd_c`e
v U MÐ MPÑ÷ �OÒÑÒ B h Ná ØQ Ñ÷Q ÑÒ OÒÒá÷ÑONMâ OÐ OÔÔ PáÔ PÑONM ÑÐÏ MPMÐ÷M H M÷Q OÐÑÒH h ÑÒ ÒOÑâ Ná Ï Ó Si S S NQ M ÑâMOS
Ô PáÔ MPNÑMÒ áÏ OÐ OÒÒá÷ÑONÑáÐ PÓ SM PMÔ PMÒMÐ NONÑáÐ ÑÏ ÑN ÑÒ VW PöÒ1{ ÑMØÑ÷1 h �XX�Y k

n L Z[bb Z\bb k B H]^N M_O�SM NQ M âMP`RON`á_ áa OS S ROS`â O^^á÷`ON`á_ P]SM^h
� L b[bcd k B H]^N a áP�`â NQ M âMP`RON`á_ áa O^^á÷`ON`á_ P]SM^ NQ ON OPM _áN ROS`âh O_âh
Ñ L ecf [gh ijek\ k B H]^N OS Sál Ná M� O÷NSö PMNP`MRM NQ M ^]mm áPN O_â ÷á_i âM_÷M ROS]M^ áa MO÷Q âMP`RMâO^^á÷`ON`á_ P]SML

$Q M U M_MP`÷ �O^`^ B `^ ^O`â Ná RMP à ö NQ M m Pám MPNö áa âMP`RO�`S`Nö à `N `^ Sá^^SM^^ O_â ^á]_â L
T� � 0������ ����� ���n ��� ��� ����� �������� ���������� � ���� �� ������� ��� ��0��������� �� ���������?���� ���� ������� �� ��� 1 ������ �����  ����� ���� Î T� ����   �å�� �� ������ �� ��� ����?����� �� ����� �B��� ���/
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��� � �0� �� ��� �� ��� ���������� � ����������� �� ��� ���� ��� �� ���1� �?�� ���  � ��� � ���� �� ���� �
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ø�� 0��1 �� �� ��� �������� �� ��� ���2���� ���  ���   ����0 �� �1�� �� ��� ���������� �� ���2���� ���  ���� �� ��� � ������� n���� Î T����� � ������ �� ����� ���  ���� � ��  �� �B����� ��� ������ � �������� ���������������1��� ������� ���  � Î ø�������� � ���� ��� ��2���� � ���� �� ������������0 ����� � �� ���   ���� �������� ÎT� ����/���� �������� � ������� ��� �B����  ���� ���1�� ���� ��� �� ��� �� ���2���� ���  ���� �� ��0� 1��� ���
������� �� ����� �� ���   ��� �  ������� ��������� �� ��� ��� ��1 µ~������ MN OSL� ÷¶¶·¸ Î ø��� ����� ���� ���� ��� �B���������� ��� ��� �������0 �� ���� � ���� �� �B������� ���1 ���0� ?��� ��7 ���� Î T� ����� ���¹�� �   ���0����� ��� �� ���  ���� ���  1���� ��� ����?����� �� ��� ���2���� ���  ���� �� �������� � ��� �������� �B��� ������� �������������� 1�� ���������� Î T� ��� ���������� �   ��� �B��� ������� ��������������� 1���
�������� � � ��0�� 1���� ���   ��� ���� ��� ����� ����� �� rç Î ø�� ���2���� ������ ���  ���� µ£��2���� MN OSL� çººº� ¸ �

÷ Î ø�� ���2����   ���  �� 0��������� µ��������� MN OSL� ÷¶¶z � R�� MN OSL� ÷¶¶» � £��� R���0 � ÷¶¶÷¸ �
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|J\I| `^ MRM_ 1PM^m L sww2/ NQ M_

σ 1I, J 2 `^ O Ssl MP ós]_w 1PM^m L ]mm MP ós]_w2 sa
SJ

L
3s_^Mò]M_NS	/ RI ≡ SJ ≥ σ 1I, J 2 1PM^m L RI ≡ SJ ≤ σ 1I, J 22 L3s_^`wMP a sP Mð OHm SM NQ M P]SM R∅

L 6 `_ïM |
de f

\∅| n 3/ NQ M_
σ 1∅, de f2 `^ O_ ]mm MP ós]_w O_w/ Q M_ïM/

lM Q ORM
R∅ ≡ Skl m ≤ σ 1∅, de f2 L J sPMsRMP/ ^`_ïM σ 1∅, de f2 n S∅ − Sk − Sl − S m + Skl + Sk m + Sl m/ lMsóNO`_ RI ≡ Skl m ≤ S∅ − Sk − Sl − Sm + Skl + Sk m + Sl m Lt 	 _]H MP`ïOS S	 O^^M^^`_U NQ M OósRM ^	^NMH sa wMw]ïN`s_ P]SM^/ lM sóNO`_ NQ M a sS Ssl `_U ^	^NMH 5





Skl m ≤ 2 1R∅ 2
Skl m ≥ 2 1Rk 2
Skl m ≥ 2 1Rl 2
Skl m ≥ 0 1Rm 2
Skl m ≤ 3 1Rkl 2
Skl m ≤ 2 1Rk m2
Skl m ≤ 2 1Rl m2
Skl m ≥ 0 1Rkl m2

%PsH P]SM^ R∅

O_w
Rk / lM wMw]ïM NQ ON

Skl m n 2 L .MN ]^ PMH OP0 NQ ON `_ NQ `^ ïO^M/ ]^`_U NQ M^M wMw]ïN`s_P]SM^/ lM OPM OóSM Ns Mð OïNS	 ïsHm ]NM NQ M ^]mm sPN sa
Skl m l`NQ s]N OïïM^^`_U NQ M Mð NPOïN`s_ ïs_NMð NL ñQ `^`^ _ MRMPNQ MSM^^ ïs_w`N`s_ Mw ó	 NQ M a OïN NQ ON NQ M O^^sï`ONMw ^]mm sPN^ sa OS S m Psm MP ^]ó^MN^ sa de f H]^N óM

0_sl_L
W78 :8B< <78�?8B C<><8C <7>< <78 C8< NDI �= =?82�8:< :�:/98?;?>@A8 ;<8B C8<C ;C >: 8B>T< ?8R?8C8:<><;�:

�= =?82�8:< ;<8B C8<C U
õötu÷tX ! ñQM ^MN NDI

sa a PMò]M_N _s_wMP`ROóSM `NMH ^MN^/ O^^sï`ONMw Ns NQ M`P PM^m MïN`RM ^]mm sPN^/ `^O_ Mð OïN ïs_ï`^M PMm PM^M_NON`s_ sa NQ M ^MN FI
V3OSwMP^ O_w �sMNQ OS^/ 4XX�Y L

T: <78 ?8B >;:98? S <78 ?8R?8C8:<><;�: @>C89 �: NDI 1 ;AA @ 8 98:�<89 uvwsúrep U
� x� xã y æz æz{ | }{è~ æ�û�
W78 =?8��8:< :�:�98?;�>@A8 ;<8B C8<C =�An AA <78 �?98? ;98>A R?�R8?<QU �:9889 S {<� @ 8 :�:�98?;�>@ A8| �>C
C7��: <� @8 >: >:<;�B �:�<�:8 T�:C<?>;:< µ~>A98?C >:9 ¼�8<7>AC S �¶¶»¸ U �;:T8 <78 T�:}�:T<;�: �= <��



Ã� ÄÅÆÇ ÈÉÇ�ÆÊË � ËjÌËÊËÇÍÅÍÆÉÇÊ ÉÎ ÏÌËÐ�ËÇÍ ÑÍËÒ ÊËÍÊ

>:<;�B �:�<�:8 T�:C<?>;:<C S :>B 8AQ {<� @ 8 :�:�98?;�>@A8| >:9 {<� @8 =?8��8:<| S ;C >AC� >:<;�B �:�<�:8 S
<78: <78 C8< NDI =�?B C >: �?98? ;98>A >C C<><89 @Q <78 =�AA�� ;:� R?�R�C;<;�: r� ÷u` u�ìíìuë � ñ� � ^�� NDI

sa a ��ò]�_ � _s_w��`��ó�� ���� ���� �� �� s�w�� �w��� �� 1P 1I 2/ ⊆2 �
��T7 > T�:C<?>;:< ;C �C89 >C >: 8� T;8:< �>Q =�? R?�:;:� T>:9;9><8C U �: <7 ;C ?8CR 8T< S ~>A98?C >:9

¼�8<7>AC R?�R�C89 > @?8>9<7��?C< >A��?;<7B S T>AA89 uvw µ~>A98?C >:9 ¼�8<7>AC S �¶¶»¸ S <� 8�<?>T< <78
=?8��8:< :�:�98?;�>@A8 ;<8B C8<C U ��<8 <7>< ;: µ�>A98?C >:9 ¼�8<7>AC S �¶¶·¸ S <78Q >AC� R?�R�C89 > 98R<7�
�?C< >A��?;<7B S T>AA89 9=uvw S =�? B ;:;:� <7;C ?8R?8C8:<><;�: U W78 C8>?T7 CR>T8 ;C <?>�8?C89 ?;�7<�<��A8=< S
8:C�?;:� <� ?8>T7 >: ;<8B C8< >=<8? >AA ;<C R?�R 8? C�@C8<C �8?8 >A?8>9Q <?8><89 U
]^_X`�  Yø 3¡���¢�� �� � ï¡���ð � ¢�£ �ï��¢ ó	 ñ�ó�� 4 �b 1ï¤ � £ �¥ � b42 � ¦¡� � ���§££ n 1/ �� � ��� NDI¡¤ ¤ ��ò§��� �¡�¢�����ó�� ���� ���� �� �� ¡¨� ó	 ñ�ó�� r �b�

ÏÌËÐ�ËÇÍ ÇÉÇ��ËÌÆiÅ��Ë ÆÍËÒ ÊËÍ ©�jjÉÌÍ
∅ ª« ¬
 ¬
® ¯
° ¯
± ¬
² ¬
« ¬
®° ¯

³´µ¶· ¬ ¸¹º ³»· ¼·½
NDI ¾¿À Á ÂÃÄÅÆÆ Ç 1

¸

� x� x� äæÈåÉÈÈæèz
W78 B >;: >9�>:<>�8 �= <7;C ?8R?8C8:<><;�: ;C <7>< ;< 7>C > ?89�T89 T>?9;:>A;<Q =�? <78 B >Ê �?;<Q �= <78
?8>A�A;=8 T�:<8�<C U ¾ �?8��8? S ;< 7>C B >98 R�CC;@A8 <� 98�:8 > :8� �>Q =�? T7>?>T<8?;À ;:� >CC�T;><;�: ?�A8C
<7?���7 <78 C��T>AA89 �¡�¢�����ó�� ���¡ï����¡� �§��� µ¼�8<7>AC �� ���S �¶¶·¸ U �8�8?<78A8CC S :�:�98?;�>@ A8
;<8B C8<C 9� :�< 7>�8 R>?<;T�A>? C8B>:<;TC @8;:� >@A8 <� @?;:� <78 8:9��C8?C � ;<7 =�?<78? ;:=�?B><;�:
>@��< <78 B ;:89 T�:<8�< U �:9889 S <78Q >?8 @>C89 �: > :�B8?;T>A ?89�T<;�: � ;<7��< >:Q >9989��>A�8
=?�B <78 C<?�T<�?>A R�;:< �= �;8� S T�:<?>?Q <� B ;:;B >A �8:8?><�?C >:9 TA�C89 ;<8B C8<C U �: >99;<;�: S <78
?8�8:8?><;�: R?� T8CC �= =?8��8:< ;<8B C8<C C<>?<;:� =?�B <7;C ?8R?8C8:<><;�: ;C �8?Q 8�R8:C;�8 µË;� �� ���S
�¶¶» S ¾ ;8 A;ÌÍ;:8: �� ���S �¶¶¿¸ U �:9889 S =�? > 98?;�>@A8 ;<8B C8< �= C;À8 n S <78 T�BR�<><;�: R?� T8CC �=
;<C C�RR�?< ;C R8?=�?B 89 ;: <�� C<8RC Î <78 �?C< T�:C;C<C ;: T78TÌ;:� �78<78? >AA ;<C R?�R 8? C�@C8<C >?8
=?8��8:< S �<78?� ;C8 ;< � ;AA @ 8 ;:=?8��8:< >:9 <78 R?� T8CC � ;AA C<�R U W78 C8T�:9 C<8R T�:C;C<C ;: 8�>A�><;:�
2n 989�T<;�: ?�A8C U W78 8�>A�><;�: �= 2n 989�T<;�: ?�A8C ;C >AC� �C�>AAQ ?8��;?89 9�?;:� <78 8�<?>T<;�:
R?� T8CC =�? > T>:9;9><8 ;<8B C8< 7>�;:� >AA ;<C R?�R 8? C�@C8<C =?8��8:< :�:�98?;�>@A8 ;<8B C8<C S ����S �8?;=Q;:�
<78 >:<;�B �:�<�:8 T�:C<?>;:< �= @ 8;:� =?8��8:< :�:�98?;�>@A8 U ��<8 7��8�8? <7>< C�B 8 �R<;B ;À><;�:C �8?8
R?�R�C89 @Q <78 >�<7�?C <?Q;:� <� �R<;B ;C8 <78 8�>A�><;�: T�C< �= 989�T<;�: ?�A8C U



Ã �� ÏÌËÐ�ËÇÍ È �ÉÊË� gÉÇ�h ËÌÆiÅ��Ë ÑÍËÒ ÊËÍ��ÅÊË� � ËjÌËÊËÇÍÅÍÆÉÇ ÃÏ

� x� x� Ð æzÑ Ò æ�û y æz æ��} ÓÔzÔ~��è~È
�< ;C ��?<7 :�<;:� <7>< <78 ?8R?8C8:<><;�: @>C89 �: =?8��8:< :�:�98?;�>@ A8 ;<8B C8<C ;C @>C;T>AAQ > �8:8?>A�
;À><;�: �= B ;:;B >A �8:8?><�?C � ;<7 ?8CR 8T< <� <78 T�:C;98?89 C�@C8<C �= > �;�8: ;<8B C8< U �:9889 S =�? <8C<;:�
;= >: >?@;<?>?Q ;<8B C8< ;C > B ;:;B >A �8:8?><�? S ;<C C�RR�?< ;C �:AQ T�BR>?89 � ;<7 <7�C8 �= ;<C ;BB89;><8
C�@C8<C U V: <78 �<78? 7>:9 S <78 =?8��8:< :�:�98?;�>@A8 ;<8B C8<C ?8AQ �: > A>?�8? ���¥� ó¡�� ¡¡¢ �ð£ �¡����¡�
1>AC� T>AA89 ¢�£ �� ;: µ�>A98?C >:9 ¼�8<7>AC S �¶¶Õ ¸2 C;:T8 �C;:� >AA R?�R8? C�@C8<C �= >: ;<8B C8< U W7;C
8�RA>;:C �7Q <78 ?8R?8C8:<><;�: @>C89 �: =?8��8:< :�:�98?;�>@A8 ;<8B C8<C ;C CB >AA8? <7>: <7>< @>C89 �:
=?8��8:< B ;: ;B >A �8:8?><�?C U �:9889 S <78 =�?B8? ?8��;?8C @Q =>? B�?8 T�BR>?;C�:C <7?���7 989�T<;�:
?�A8C <7>: <78 A><<8? U Ö�? 8�>BRA8 S =�? >: ;<8B C8< �= C;À8 n S 2n 989�T<;�: ?� A8C :889 <� @ 8 8�>A�><89 <�
T78TÌ �78<78? ;< ;C :�:�98?;�>@A8 �? :�< S �7;A8 �:AQ n >?8 �C89 =�? T78TÌ;:� ;<C B ;:;B >A;<Q C<><�C � ;<7 ;:
<78 >CC�T;><89 γ�8��;�>A8:T8 TA>CC U ��<8 7��8�8? <7>< <78 98<8?B ;:><;�: �= <78 A��8? >:9 �RR8? C�RR�?<
@��:9 B>Q @8 C<�RR89 �78: <78;? T�??8:< <8BR�?>?Q �>A�8C @8T�B 8 8��>A U V: <78 �<78? 7>:9 S <78 ?8�8:�
8?><;�: R?� T8CC �= =?8��8:< ;<8B C8<C C<>?<;:� =?�B =?8��8:< :�:�98?;�>@A8 ;<8B C8<C ;C >� =�AAQ T�C<AQ µË;��� ���S �¶¶» S ¾ ;8A;ÌÍ;:8: �� ���S �¶¶¿¸ T�BR>?89 <� <7>< C<>?<;:� =?�B =?8��8:< B ;:;B >A �8:8?><�?�@>C89
?8R?8C8:<><;�:C µË;� �� ���S �¶¶»¸ U
��<8��?<7;AQS �<78? 8�>T< T�:T;C8 ?8R?8C8:<><;�:C T>: @8 T><8��?;À89 ;: <78 C>B 8 R��A >C :�:�98?;�>@ A8

;<8B C8<C @8;:� >AC� 9;¹8?8:< �8:8?>A;À><;�:C �= B ;:;B >A �8:8?><�?C � ;<7 ?8CR 8T< <� <78 �C89 C�@C8<
:8;�7@�?7��9 U W78C8 ?8R?8C8:<><;�:C >?8 <7�C8 @>C89 �: 9;CÊ �:T<;�:�=?88 C8<C µ×QÌ�� CÌ; >:9 Ó ;��<<; S
�¶¶ ØS ×QÌ�� CÌ; >:9 Ó ;��<<; S �¶¶Õ¸ >:9 1�8:8?>A;À89 2 9;CÊ �:T<;�:�=?88 �8:8?><�?C µ�?QCÀÌ;8� ;TÀ S �¶¶�¸ S
8<T U Ù �:;�89 �;8� �= B�C< �= <78C8 ?8R?8C8:<><;�:C �>C R?�R�C89 ;: µ�>A98?C >:9 ¼�8<7>AC S �¶¶Õ¸ U
W78 :8�< C8T<;�: R?8C8:<C >: 8�>T< T�:T;C8 ?8R?8C8:<><;�: �= =?8��8:< ;<8B C8<C ?8C�A<;:� =?�B > T�B@;�

:><;�: �= <78 T�:T8R< �= :�:�98?;�>@;A;<Q >:9 <78 ¼>A�;C TA�C�?8 �R8?><�? U
× ØÚ ÚÛ�ÜÛ��� Ü ÝÞ��´ � Þ�à��Û ��âá Ý� ³��ß ���àáâ��´ Ý��Û�����âà

��Þ�
� x� x� ä ÔÈå~ æç� æèz
W78 =?8��8:< TA�C89 :�:�98?;�>@A8 ;<8B C8<C 7>�8 @ 88: ;:<?�9�T89 @Q ¾ �7�:8: >:9 W�;��:8: µ¾ �7�:8:
>:9 W�;��:8: S �¶¶¿¸ U W7;C ?8R?8C8:<><;�: T�B@;:8C <78 T�:T;C8 ?8R?8C8:<><;�:C R?8C8:<89 >@��8 S :>B 8AQ
<7�C8 @>C89 �: =?8��8:< TA�C89 ;<8B C8<C >:9 =?8��8:< :�:�98?;�>@ A8 ;<8B C8<C S ?8CR 8T<;�8AQU �:9889 S ;<C
@>C;T ;98> T�:C;C<C ;: >RRAQ;:� <78 ¼>A�;C TA�C�?8 �R 8?><�? �: =?8��8:< :�:�98?;�>@A8 ;<8B C8<C ;: �?98?
<� �8:8?><8 > B�?8 T�BR>T< ?8R?8C8:<><;�: <7>: <78 C8< �= =?8��8:< :�:�98?;�>@A8 ;<8B C8<C U W78 :8�<
<78�?8B C<><8C <7>< <78 �@<>;:89 C8< R?8C8?�8C <78 8�>T<:8CC �= <78 ?8�8:8?><;�: R?� T8CC �= =?8��8:<
;<8B C8<C U
õö Þ÷ X ß ñ� � ��� CNDI

¡¤ ¤ ��ò§��� ï�¡��¢ �¡�¢�����ó�� ��������/ ���¡ï����¢ �¡ �� ��� ���£ �ï���� �§£ 
£ ¡���/ �� �� �ð �ï� ï¡�ï��� ��£ ���������¡� ¡¤ �� � ��� FI àá §� ¡��� ��¢ ñ¡��¡���/ 4ââ�ã �
�: <78 ?8B >;:98? S �8 � ;AA 98:�<8 <7;C T�:T;C8 ?8R?8C8:<><;�: @Q éuvwsúrep U



Ãä ÄÅÆÇ ÈÉÇå ÆÊË � ËjÌËÊËÇÍÅÍÆÉÇÊ ÉÎ ÏÌËÐ�ËÇÍ ÑÍËÒ ÊËÍÊ

� x� xã y æz æz{ | }{è~ æ�û�
Ö�? 98<8?B ;:;:� <78 C8< CNDI S <78 �?C< C<8R T�:C;C<C ;: 8�<?>T<;:� <78 C8< NDI �C;:� �:8 �= <78 989;T><89
>A��?;<7B C <� <7;C <>CÌ 1ï¤ � R?8�;��C C8T<;�: 2U W78: S <78 C8T�:9 C<8R ;C 98��<89 <� <78 T�BR�<><;�: �= <78
?8CR 8T<;�8 TA�C�?8C �= <78 8A8B 8:<C �= NDI @Q B8>:C �= >: >99;<;�:>A >TT8CC <� <78 8�<?>T<;�: T�:<8�< U æ
]^_X`�  YY 3¡���¢�� �� � ï¡���ð � ¥ ���� ó	 ñ�ó�� 4 �b 1ï¤ � £ �¥ � b42 � ¦¡� � ���§££ n 1/ �� � ��� CNDI¡¤ ¤ ��ò§��� ï�¡��¢ �¡�¢�����ó�� ���� ���� �� ¢�£ �ï��¢ ó	 ñ�ó�� r �4 � ¦¡� �ð ��£ ��/ ï¡���¢�� �� � ¤ ��ò§���
�¡�¢�����ó�� ���� ��� d � 6 ��ï� ��� ï�¡�§�� �� de / �� �� de

∈ CNDI �
ÏÌËÐ�ËÇÍ å�ÉÊË� ÇÉÇ��ËÌÆiÅ��Ë ÆÍËÒ ÊËÍ ©�jjÉÌÍ

∅ ª± ¬
² ¬
« ¬
®° ¯

³´µ¶· ¬ ¸ç º ³»· ¼·½
CNDI ¾¿À Á ÂÃÄÅÆÆ Ç 1

¸

� x� x� äæÈåÉÈÈæèz
�;:T8 <78 T�:T;C8 ?8R?8C8:<><;�: éuvwsúrep C;BRAQ �><78?C <78 T�:Ê �:T<;�8 TA�C�?8C �= =?8��8:< :�:�
98?;�>@ A8 ;<8B C8<C S ;<C T>?9;:>A;<Q ;C >A�>QC CB >AA8? <7>: �? 8��>A <� <7�C8 �= uvwsúrep >:9 èéwsúrep U
� 8�8?<78A8CC S ;<C 8�<?>T<;�: ;C ��;<8 T�BRA;T><89 C;:T8 ?8AQ ;:� �: <78 8�<?>T<;�: �= =?8��8:< :�:�98?;�>@ A8
;<8B C8<C U Ù: >99;<;�:>A >TT8CC <� <78 T�:<8�< ;C >AC� ?8��;?89 <� T�BR�<8 TA�C�?8C U W78 ?8�8:8?><;�: �=
=?8��8:< ;<8B C8<C =?�B <7;C ?8R?8C8:<><;�: ;:78?;<C <78 C>B 8 9;� T�A<Q �78: �C;:� =?8��8:< :�:�98?;�>@ A8
;<8B C8<C U Ö ;:>AAQS <78 ?8R?8C8:<><;�: @>C89 �: =?8��8:< TA�C89 :�:�98?;�>@A8 ;<8B C8<C >AC� A>TÌC > C8B >:<;T
R>?< C;:T8 ;< ;C C;BRAQ ?8C�A<;:� =?�B <>Ì;:� TA�C�?8 �= :�B 8?;T>AAQ ?8<>;:89 ;<8B C8<C S ����S <78 :�:�98?;�>@ A8
�:8C U
� x� x� Ð æzÑ Ò æ�û y æz æ��} ÓÔzÔ~��è~È
W78 A;:Ì �= <78 =?8��8:< TA�C89 :�:�98?;�>@A8 ;<8B C8<�@>C89 ?8R?8C8:<><;�: � ;<7 B ;:;B >A �8:8?><�?C 98?;�8C
=?�B <7�C8 �= ;<C é >:T8C<�?Cê � ;<7 <7;C ;BR�?<>:< T�:T8R< U �:9889 S <7 ;C ?8R?8C8:<><;�: ;C ;: =>T< <78 ?8C�A<
�= <>Ì;:� TA�C�?8C �= > �8:8?>A;À><;�: �= B ;:;B >A �8:8?><�?C ¨ �� ��� <78 �C89 :8;�7@�?7��9 S :>B 8AQ :�:�
98?;�>@ A8 ;<8B C8<C U¾ �?8��8? S <78 T�BR�<><;�: �= =?8��8:< TA�C89 :�:�98?;�>@A8 ;<8B C8<C T>: @8 �R<;B ;À89 ;= �8 =�?<78?
T�:T8:<?><8 �: B ;:;B >A �8:8?><�?C U �:9889 S 8>T7 TA�C89 :�:�98?;�>@A8 ;<8B C8< T>: 8>C;AQ @8 C7��: <�
@8 <78 TA�C�?8 �= >< A8>C< > :�:�98?;�>@A8 B ;:;B >A �8:8?><�? U ×Q é:�:�98?;�>@A8 B ;:;B >A �8:8?><�?ê S �8
;:9;T><8 >: ;<8B C8< �7;T7 ;C @�<7 é:�:�98?;�>@A8ê >:9 éB ;:;B >A �8:8?><�?ê U ë8:T8 S ;: C<8>9 �= T�BR�<;:�ìíîï ðñòîóôõ óöïô õñ÷î ðø ðùúóôûòîü ý ÷ðùùïþ ÿ ��� ý �îóõï õóñô÷ï ÷óþï ûõ ð�ðûùð� ùï óø �ñîóøïø �õ �ï� õûòï ðò �
	 

� � ��� ��� �	 ������� �� �� �� �	��������� ������ �
�� � ! "



Ã �Ï ÏÌËÐ�ËÇÍ # ÊÊËÇÍÆÅ � ÑÍËÒ ÊËÍ��ÅÊË� � ËjÌËÊËÇÍÅÍÆÉÇ Ã$

<78 �7�A8 C8< �= =?8��8:< :�:�98?;�>@A8 ;<8B C8<C =�? �7;T7 <78 >CC� T;><89 TA�C�?8C B�C< @ 8 T�BR�<89 S �8
T>: �:AQ �C8 <78 C8< �= =?8��8:< :�:�98?;�>@ A8 B ;:;B >A �8:8?><�?C U W7;C C8< @ 8;:� <78 ?8C�A< �= <7?88 >:<;�
B�:�<�:8 T�:C<?>;:<C S :>B 8AQ é<� @8 =?8��8:<ê S é<� @ 8 :�:�98?;�>@A8ê >:9 é<� @ 8 B ;:;B >A �8:8?><�?ê S � ;AA
�;�8 ?;C8 <� >: �?98? ;98>A U �:9889 S <78 T�:Ê �:T<;�: �= <78 <7?88 >=�?8B 8:<;�:89 >:<;�B �:�<�:8 T�:C<?>;:<C
� ;AA >AC� �;�8 >: >:<;�B �:�<�:8 T�:C<?>;:< U
W� �8< ��< <78 C8< �= =?8��8:< :�:�98?;�>@A8 B ;:;B >A �8:8?><�?C S > CA;�7< B�9;� T><;�: �= >A��?;<7B C

989;T><89 <� =?8��8:< :�:�98?;�>@A8 ;<8B C8< B ;:;:� 7>C <� @ 8 R 8?=�?B89 U �<C B >;: >;B ;C <� �:AQ ?8<>;:
<78 ;<8B C8<C =�A� AA;:� <78 B ;:;B >A �8:8?><�? T�:C<?>;:< >B�:� <78 C8< �= =?8��8:< :�:�98?;�>@A8 ;<8B C8<C U
Ù T�BR>?;C�: @8<�88: <78 >T<�>A C�RR�?< �= > =?8��8:< :�:�98?;�>@A8 ;<8B C8< >:9 <78 B ;:;B�B �= ;<C
;BB89;><8 C�@C8<C C�RR�?<C ;C 78:T8 C�� T;8:< U W78 98<8T<;�: �= B ;:;B >A �8:8?><�?C � ;<7;: <78C8 >A���
?;<7B C � ;AA 78:T8 �R<;B ;À8 <78 T>:9;9><8 �8:8?><;�: >:9 TA�C�?8 T�BR�<><;�: C<8RC U �:9889 S <78 :�B@8?
�= =?8��8:< :�:�98?;�>@A8 B ;:;B >A �8:8?><�?C ;C A��8? <7>: <7>< �= =?8��8:< :�:�98?;�>@A8 ;<8B C8<C U
W78 :8�< C8T<;�: R?8C8:<C <78 �:;��8 T�:T;C8 ?8R?8C8:<><;�: =�? =?8��8:< ;<8B C8<C ?8AQ ;:� �: <78 9;C�

Ê �:T<;�8 C�RR�?< S ;: >99;<;�: <� <78 T�:Ê �:T<;�8 �:8 U
× Ø% ÚÛ�ÜÛ��� & ������âÝ ³��ß ���àáâ��´ Ý��Û�����â��Þ�
� x' x� ä ÔÈå~ æç� æèz
W78 ?8R?8C8:<><;�: @>C89 �: =?8��8:< 8CC8:<;>A ;<8B C8<C �>C ;:<?�9�T89 @Q �>C>A; 8< ��� µ�>C>A; �� ���S
�¶¶·> ¸ U W78 :�<;�: �= 8CC8:<;>A ;<8B C8< ;C @>C89 �: <78 ;:TA�C;�:�8�TA�C;�: R?;:T;RA8 µ¼>A>B@�C >:9
�;B�:8AA; S �¶¶¶ S � >?�C7;B > S ØºÁ�¸ U �: <7;C ?8CR 8T< S <7;C ?8R?8C8:<><;�: �¹8?C <78 R�CC;@;A;<Q <� ?8<?;8�8 >AA
Ì;:9C �= C�RR�?< CÌ8<T789 ;: ( 8�:;<;�: � 1ï¤ � R>�8 Ø�2U
�: <7;C C�@C8T<;�: S �8 � ;AA B >;: AQ T�:T8:<?><8 �: <78 T�:Ê�:T<;�8 >:9 <78 9;CÊ �:T<;�8 C�RR�?<C �= >:

;<8B C8< U W78 :8�><;�8 C�RR�?< T>: 8>C;AQ @ 8 98?;�89 =?�B <78 9;CÊ �:T<;�8 C�RR�?< >C C7��: ;: (8�:;<;�:
� U ë8:T8 S <� >��;9 T�:=�C;�: @8<�88: @�<7 C�RR�?<C S �8 � ;AA 8�RA;T;<AQ B 8:<;�: <78 :><�?8 �= <78 C�RR�?< Î
T�:Ê �:T<;�8 �? 9;CÊ �:T<;�8 U �8�8?<78A8CC S <78 �C8 �= <78 <8?B é ¤ ��ò§���ê ;C ?8C<?;T<89 <� <78 T�:Ê �:T<;�8
C�RR�?< ;: <78 C8:C8 <7>< > ¤ ��ò§��� ;<8B C8< 7>�8 > T�:Ê�:T<;�8 C�RR�?< �?8><8? <7>: �? 8��>A <� � ���§££ U
Ë8< �C @ 8�;: @Q ;:<?�9�T;:� <78 98�:;<;�: �= =?8��8:< 8CC8:<;>A ;<8B C8< U

ê   ëìíìÞë !) #E,%F&%+( %LL%+()I* )(%K L%( -
+� ���� ��� I ⊆ I �� ,--,. /01 O �¤ 6§££ 1∨I 2 2 max Z6§££ 1∨1I\ Zi[ 22 | i ∈ I[ � I �� � P3 ,45 ,. / ,--,. /01 O
������� �¤ �� �� ���§���� �¡§��	 P 3,45 ,. / ��¢ ,--,. /01 O�
]^_X`�  Y! 3¡���¢�� �� � ï¡���ð � ¥ ���� ó	 ñ�ó�� 4 �b 1ï¤ � £ �¥ � b42 ¤ ¡� � ���§££ n 1 � ñ� � ������� de
�� �¡� �� ��������� ������� ���ï� 6§££ 1∨de 2 n 6§££ 1∨d 2 n 3 � 6� ����� d f �� �� ��������� ���� ��� ���ï�
6§££ 1∨d f 2 n 5/ �� ï¡�7 §�ï��¡� ¨ ��� �� � ¤ �ï�� �� �� 6§££ 1∨d f 2 6= 6§££ 1∨d 2 1���ï� 6§££ 1∨d 2 n 32 ��¢
6§££ 1∨d f 2 6= 6§££ 1∨f 2 1��� ï� 6§££ 1∨f 2 n 42 � ñ� � ���� ��� d f �� ���¡ ¤ ��ò§��� ���ï� 6§££ 1d f 2 n 2 ≥����§££ �
8  X_÷9 ø c � �� ��£¡����� �¡ �¡�� �� �� 
 �q ����¡� r � �� ���¥� ��	 � ¡¢�q �¢ ¨ ����� �� � ¡��¥ ���� ¡� � ¥ ���� ��
à 3����� 8< >A U/ 4ââs�ã � c�¢��¢/ �� ���¡ �� ï�§¢� �� � ��£ ��ï�� ï¡���¢�����¡� ¡¤ �� � ��£ �	 ��� �� �� ���������
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������� ���� ¡§¥� �� � ¢��7 §� ï���� �§££ ¡�� �� �¡� ¢�q ��¢ ¡� �� �� £ ������ ��� ï� �� ¢¡�� �¡� ï¡����� ��	 ���� �ñ� �� ï¡���¢�����¡� �� ��¥§�¢ ó	 �� � ¤ �ï� �� �� �� �� ¨ �� � �� �¡¨ ���§���¥ �� �� �� � ��� ¡¤ ��������� ���� ���� �� ��
¡�¢�� �¢��� �� 1P 1I 2/ ⊆2 ; §��¤ § � £ �¡£ ���	 ¤ ¡� �� � �< ï���� � ����¥ ¡¤ �� ��� £ ������� 1ï¤ � � �ð � �§ó��ï��¡� 2 �ñ� � ��� � £ �¡ï��� � �� ó��� ��ï����	 � �¥� ��¥� ��¢ �� à= �	�>0 ��¨ �ï> / 4ââùã � c� �¢¢���¡�/ ¨ � �? �ï� �¡ �� � ��£ �	��� �� � ï��¢������	 ¡¤ �� � ��� ¡¤ ¡ó7 �ï�� 1����/ |O|2 �� �§££ ¡�� ¨� �� ���§��� �� � ï¡���ï� ��¥ �������¡� ¡¤ ���ï¡�7 §�ï���� �§££ ¡�� ¢§���¥ �� � �ð£ ����¡� £ �¡ï��� �¡ �� � ¨� ¡�� ��� ¡¤ ¤ ��ò§��� ���� ���� �������¥ ¤ �¡� �� �
��£ ���������¡� ó���¢ ¡� ¤ ��ò§��� ��������� �������� � @ ¡�� �� ��/ �� �� ����¥����¡� ¢¡�� �¡� � ��� ��	 �? �ï� ¡�
�� � �§££ ¡�� ¡¤ �� � ¡�� �� ���� ���� ���ï� �� � �§££ ¡�� ¡¤ �� � ��£ �	 ��� �� �¡� §��¢ �� �� � ��ï�§��¡��ð ï�§��¡�
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8A8B 8:< �= <78 C8< BCDE FG >CC� T;><89 <� I U W78 =�AA�� ;:� A8BB> µ�>C>A; �� ���S �¶¶·>¸ C7�� C 7�� <7;C
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A XX_ ! .�� I ∈ FI ��¢ J ∈ BCDE FG 1I 2 � 6� �� �� � ���5

6§££ 1I 2 =
∑

∅⊂I1⊆I

1K12|I1|−1

{ 6§££ 1∨L 2 �¤ J ⊆ I16§££ 1∨ I1 2 ����¨� ���
M �¡¡¤ � W78 R?��= �= <7;C =�?B�A> ;C @>C89 �: <78 ;:TA�C;�:�8�TA�C;�: ;98:<;<;8C 1ï¤ � Ë8BB> ØS R>�8 ØÕ 2S
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W78 =�AA�� ;:� <78�?8B ;:9;T><8C 7�� <� 98?;�8 <78 T�:Ê �:T<;�8 C�RR�?< �= > =?8��8:< ;<8B C8< �:T8 <78
C8< �= =?8��8:< 8CC8:<;>A ;<8B C8<C ;C 8�<?>T<89 U
õö Þ÷ X " .�� I ∈ FI\FEI ��¢ J ∈ BCDE FG 1I 2 � 6� �� �� � ���5

6§££ 1I 2 =
∑

∅⊂I1⊆I
J 6⊆I1

1K12|I1|−16§££ 1∨ I1 2
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6§££ 1I 2 =

∑

∅⊂I1⊆I

1K12|I1|−16§££ 1 ∨ I1 2 =

∑

∅⊂I1⊆I
J 6⊆I1

1K12|I1|−16§££ 1∨ I1 2 +
∑

J⊆I1⊆I

1K12|I1|−16§££ 1 ∨ I1 2
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6§££ 1I 2 =
∑

∅⊂I1⊆I
I1 6⊆J

1K12|I1|−16§££ 1∨ I1 2
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¢�ï¡�£¡����¡� 5
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∅⊂I1⊆I
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I1 6⊆J

1K12|I1|−16§££ 1∨ I1 2 +
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J⊆I1⊆I

1K12|I1|−16§££ 1∨ I1 2
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1∅ ⊂
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⊆

de fP ��¢ de f
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de 2 �� ¨ �� � �� �¡ �� � ��ï¡�¢ £ ��� 1de ⊆
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⊆
de fP 2 � O �� ï�/ ó¡�� £ ���� ¡¤

�� � �§� ��� �¡� ¢��7 ¡���� ñ� � ¤ ¡��§�� �� �� �� ���¡��¡§��
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�: <7 ;C ;:=�?B ><;�: >:9 <� ��8?T�B 8 <7 ;C A;B ;<><;�: S �>C>A; �� ��� >��B 8:< <78 C8< FEI �;<7 <78 C8< �=
B >�;B >A =?8��8:< ;<8B C8<C Bd+ 1FI 2U W78 A><<8? � ;AA @ 8 �C89 <� T78TÌ �78<78? I ;C =?8��8:< �? :�< U W78
=�AA�� ;:� <78�?8B C�BB>?;À8C <78 T�:T;C8 ?8R?8C8:<><;�: @>C89 �: =?8��8:< 8CC8:<;>A ;<8B C8<C U
õö Þ÷ X D ñ� � ��� FEI

¡¤ ¤ ��ò§��� ��������� ���� ����/ ���¡ï����¢ �¡ �� ��� ���£ �ï���� ¢��7 §� ï���� �§£ 
£ ¡���/ �§¥� ����¢ ó	 �� � ��� Bd+ 1FI 2 ¡¤ � �ð �� �� ¤ ��ò§��� �������� �� �� �ð �ï� ï¡� ï��� ��£ ���������¡� ¡¤
�� � ��� FI
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>9>R<><;�: �= <78 �8AA Ì:��: A8�8A� ;C8 [\]^_]^ >A��?;<7B UÙ�?>�>A >:9 �?;Ì>:< S ØZZ½ X U
]^_X`�  Yß 3¡���¢�� �� � ï¡���ð � ¥ ���� ó	 ñ�ó�� 4 �b 1ï¤ � £ �¥ � b42 ¤ ¡� � ���§££ n 1 � ñ� � �££ ��ï���¡�
¡¤ �� � ýQþ ��¥ ¡����� ¥ ���� �� � �ð �ï� ï¡�ï��� ��£ ���������¡� ï¡�£ ¡��¢ ó	 5
• Bd+ 1FI 2 n Zde fP`a[ /
• ñ� � ��� FEI

¨��ï� �� �§�� ���> �¢ �� ñ�ó�� r�r �
@ ¡�� �� �� ¨ � ¥ ��� �� � ï¡�7 §� ï���� �§££ ¡�� ¡¤ ¤ ��ò§��� ��������� ���� ���� ¡��	 ¤ ¡� �� � ��0 � ¡¤ �ð� �§������	 �c�¢��¢/ �� � ýQþ ��¥ ¡����� ¢¡�� �¡� �ð ���ï� �� � �ð �ï� ï¡�7 §�ï���� �§££ ¡��� ¡¤ ¤ ��ò§��� ��������� �������� �c � ¡� �	 ï� �ï0� �� ��� ¤ ��ò§�� ï	 ����§� ó	 ������¥ �� ��� ��ï�§��¡� �� �� ����� �� ���� ��� ¡¤ Bd+ 1FI 2 à 3�����

8< >A U/ 4ââs�ã � ñ�§�/ ¢§���¥ �� � ��¥ �������¡� £ �¡ï���/ �� �� � ï��� ¨� ��� �� ������� ó��¡�¥� �¡ FEI / ���ï¡�7 §�ï���� �§££ ¡�� �§�� ���¡ ó� ï¡�£ §��¢ §���¥ �� ��ï�§��¡��ð ï�§��¡� �¢�����	 � ñ�ó�� r�r ���¡ ï¡�����
�� � ï¡§£ �� 1∅ / 52 �¢¢�¢ �� �¤ ¡��� ����¡� �¢ �¡ ���§�� �� � �ð �ï� ��¥ �������¡� ¡¤ �� � ��£ �	 ��� ï¡�7 §� ï����
�§££ ¡�������� �� � ��� FEI �§¥� ����¢ ¨ ��� Bd+ 1FI 2/ ¨ � ��� �ó�� �¡ ¢����� �� � ï¡�7 §�ï���� �§££ ¡�� ¡¤ ��	
¤ ��ò§��� ���� ���� 6§££ ¡�� ¨ � ��� ���������¢ �� ï¡�£ §���¥ �� � ï¡�7 §�ï���� �§££ ¡�� ¡¤ �� � ������� Pa �������¥
¤ �¡� �� � ¢��7 §� ï���� �§££ ¡��� ¡¤ ��� �§ó����/ ����/ §���¥ ñ� �¡��� s� 6 �� ï� Pa �� � ¤ ��ò§��� ���������
�������/ BCDE FG 1Pa 2 n ZPa[ � ñ� ��/ �� � ¤ ¡��§�� £ �¡��¢ �� �� � �� �¡��� �� ��¢§ï�¢ �¡ �� � �££ ��ï���¡� ¡¤
�� � �� ï�§��¡��ð ï�§��¡� �¢�������� ¥ ���� �� .���� b 1ï¤ � £ �¥ � br2 � O �� ï�/ 6§££ 1Pa 2 n  6§££ 1∨Pa 2 o6§££ 1∨P 2 o 6§££ 1∨a 2 n  5 o 4 o 3 n 2 �6§££ ¡�� �¡¨ �� �� ¨ � � ��� �¡ ï¡�£ §�� �� � ï¡�7 §�ï���� �§££ ¡�� ¡¤ �� � ���� ��� f`a � ñ� � ������ �� � ¤ ��ò§���������� ��� ï� �� �� �� ï�§¢�¢ �� �� � ���¥ �� ���� ��� ¤ ¡�� ��¥ Bd+ 1FI 2/ ��� ��	 de fP`a � + ïï¡�¢��¥ �¡ ñ� �¡���
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�� ���� }ÈÉ t~ÉtÉuÊp n }n� mÉ pÊ~q�Ê ��u w~Éz ÉmÈÊ~ ÉoÊu qo mÈÊ unz Ê γ�Ê�Ë q�nyÊoxÊ xynuu �®Éor �� �������¨� � �ÈÊ É�Ê~nyy ~ÊpËxmqÉo t~qoxqtyÊ z n� �Ê ~ÉËrÈy� uËzzn~q¦Êp nu wÉyyÉ} u Ì no n~�qm~n~� mÉmny É~pÊ~ qupÊ�oÊp Éo mÈÊ qmÊz uÊm wnz qy� nop mÈÊ Ëoq�ËÊ q~~ÊpËxq�yÊ zÊz�Ê~u n~Ê �Êtm � �Èqu ~ÊuËymu qo n utyqm Éw mÈÊryÉ�ny �� wnz qy� qomÉ ÍÎÏÏÐÑ Ï� nop ¡�ÒÎÑÒ�Ñ� tn~mu � �ÈËu � mÈÊ uËxxqoxm u�umÊz Éw z qoqz ny rÊoÊ~nmÉ~u
}nu qom~ÉpËxÊp nu n xÉoxquÊ ~Êt~ÊuÊomnmqÉo w~Éz }ÈqxÈ mÈÊ Êomq~Ê �� wnz qy� xno �Ê ~Êm~qÊ�Êp } qmÈÉËmno� qowÉ~znmqÉo yÉuu � �É}Ê�Ê~ � xÉom~n~� mÉ mÈÊ nËmÈÉ~u Ó xynqz u qo �®Éor �� ���� ���¨� � }Ê t~É�Ê mÈnm mÈÊ
É~qrqony uËxxqoxm u�umÊz Éw z qoqz ny rÊoÊ~nmÉ~u qu yÉuu�t~ÉoÊ uqoxÊ uÉzÊ ¡�ÒÎÑÒ�Ñ� ��u n~Ê qztÉuuq�yÊmÉ pÊ~q�Ê qo uÉz Ê xnuÊu � ÔË~mÈÊ~zÉ~Ê � wÉ~ n rq�Êo xÉomÊ�m � mÈÊ u�umÊz u ~ÊuËymqor w~Éz pq§Ê~Êom qztÉuÊpmÉmny É~pÊ~ ~ÊynmqÉou Éo qmÊz uÊmu pÉ oÉm oÊxÊuun~qy� uÈn~Ê mÈÊ unz Ê uq¦Ê � nrnqo xÉom~npqxmqor }Ènm }nu
umnmÊp qo �®Éor �� ���� ���¨� ��o mÈqu xÈntmÊ~ � }Ê xn~~� ÉËm n mÈÉ~ÉËrÈ umËp� Éw mÈÊ uËxxqoxm u�umÊz Éw z qoqz ny rÊoÊ~nmÉ~u � �ÈqunyyÉ} u Ëu mÉ xyn~qw� uÊ�Ê~ny nut Êxmu nop mÉ ÈqrÈ yqrÈm qomÊ~Êumqor t~Ét Ê~mqÊu Éw mÈqu u�umÊz � oÉm z ÊomqÉoÊpqo �®Éor �� ���� ���¨� � ÕÊ mÈÊo t~ÉtÉuÊ n uÊxÉop ntt~ÉnxÈ mÈnm É�Ê~xÉz Êu mÈÊ Ön} u Éw mÈÊ É~qrqony u�umÊz �
×Ë~ ~ÊpÊ�oÊp uËxxqoxm u�umÊz Éw z qo qz ny rÊoÊ~nmÉ~u nyyÉ} u mÉ É�mnqo no �Ø �Ï� ~Êt~ÊuÊomnmqÉo Éw mÈÊ ��
wnz qy�� �o nppqmqÉo � wÉ~ n rq�Êo Ê�m~nxmqÉo xÉomÊ�m � mÈÊ oÊ} pÊ�oqmqÉo yÊnpu mÉ Ê�Ëny�uq¦Ê wnz qyqÊu   �¡ ���mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo � ÙowÉ~mËonmÊy�� mÈqu pÊ�oqmqÉo yÊnpu mÉ mÈÊ yÉuu Éw mÈÊ É~pÊ~ qpÊny um~ËxmË~Ê }ÈqxÈr~Ênmy� xÉztyqxnmÊu qmu t~nxmqxny Ê�m~nxmqÉo � � u n È��~qp ntt~ÉnxÈ �Êm}ÊÊo mÈÊ �~um nop uÊxÉop ÉoÊu � }Êqom~ÉpËxÊ n mÈq~p u�umÊz mÈnm É�Ê~xÉz Êu mÈÊq~ }É~um yqz qmnmqÉou � ÕÊ t~ÊuÊom qmu pÊ�oqmqÉo nop uÈÉ} mÈnmqm t~ÊuÊ~�Êu mÈÊ t~ÊxqÉËu É~pÊ~ qpÊny t~Ét Ê~m� mÉrÊmÈÊ~ } qmÈ wË~mÈÊ~ um~ËxmË~ny t~ÉtÊ~mqÊu mÈnm ËopÊ~y� n
yÉuuyÊuu ~ÊpËxmqÉo z ÊxÈnoquz � Ôqonyy�� no Ê�tÊ~qz Êomny Ê�nyËnmqÉo qyyËum~nmÊu mÈÊ � ÊoÊ�mu Éw ÉË~ ntt~ÉnxÈmÉ}n~pu É§Ê~qor mÉ mÈÊ Êop�ËuÊ~u n ~ÊpËopnox��w~ÊÊ uÊm Éw z qoqz ny rÊoÊ~nmÉ~u ��ÈÊ z nqo xÉom~q�ËmqÉo Éw mÈqu xÈntmÊ~ qu mÈËu mÉ uÈÉ} ÈÉ} mÉ ~ÊnxÈ � } qmÈÉËm qowÉ~z nmqÉo yÉuu � mÈÊ xnuÊ
}ÈÊ~Ê ÊnxÈ γ�Ê�Ëq�nyÊoxÊ xynuu Éoy� xÉomnqou Ð¡¡�ÒÎÏÐÚ�� z qo qz ny rÊoÊ~nmÉ~u � �Èqu qu ÈÊytwËy wÉ~ ~Êny�yqwÊ
xÉomÊ�mu � �opÊÊp � no nomqz nm~Éqp xyÉuË~Ê utnxÊ � }ÈqxÈ xÉ~~ÊutÉopu mÉ mÈÊ xnuÊ }ÈÊ~Ê ÊnxÈ γ�Ê�Ëq�nyÊoxÊ
xynuu xÉomnqou n Ëoq�ËÊ z qoqz ny rÊoÊ~nmÉ~ ��wnym¦ nop �n�yÉ~ � ����� � qu Ëoyq�Êy� mÉ ÈnttÊo qo ~Êny�yqwÊ
xÉomÊ�mu }ÈqxÈ yÊnpu mÉ n ÈqrÈ y� xÉz�qonmÉ~qny ~ÊpËopnox�� ¥ÊpËxqor uËxÈ xÉz�qonmÉ~qny �n~qnmqÉou
} qmÈ qo mÈÊ �� wnz qy� qu ÈÊoxÊ n xÊom~ny quuËÊ wÉ~ qmu ~ÊuËymu qo uznyyÊ~�uq¦Ê umÉ~nrÊ nop wÉ~ z n�qor ÊnuqÊ~
wË~mÈÊ~ znoqtËynmqÉou � �opÊÊp � qo nttyqxnmqÉou �nuÊp Éo ��u uËxÈ nu nuuÉ xqnmqÉo ~ËyÊ z qoqor �¬Êryn~nop ¥Éppqx� � ���ª� nop nuuÉ xqnmqÉo ~ËyÊ��nuÊp xynuuq� xnmqÉo ��n~nyqu nop ¬ÈqËunoÉ � ���Û� � ~ÊpËxqor mÈÊoËz�Ê~ Éw ��u } qmÈÉËm qowÉ~z nmqÉo yÉuu } qyy ÈÊyt un�qor utnxÊu Éo }ÈqxÈ ~ÊuËymu } qyy � Ê umÉ~Êp nop } qyy
ÊnuÊ mÈÊq~ qomÊ~t~ÊmnmqÉo wÉ~ mÈÊ Êop�ËuÊ~u � �Èqu qu n~rËÊp �� mÈÊ wnxm mÈnm Éoy� ��u �~qorqor wË~mÈÊ~
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� 5 �)(Ñ� �B (Í� (6 HI JK � LÑÒ��Ò5 H J ≺ HK 5 H J ≺ I J �ÑÒ H J ≺ IK � AB � �� I ÐÍ Ñ(� �B � � ,� � ,²,3 414/0 ,
(6 Ð�Í {| HI ÍÐÑ Ï� H ≺ I � ª ���¡�B ���ÍÍ5 Ð�Í ÎÑÐUÎ� ÍÎÚÍ�� øÐ���5 ∅û ÐÍ � � ,� � ,²,3 414/0 , �� � M �ÑÏ�5 I
ÐÍ � ¥13´3 /¥1 2 �� � k ÐÑ �� �85 �B � �� Kµ ÐÍ � � ,¬.3¬13 4 (Ñ� ÍÐÑÏ� �� ���Í� (Ñ� (6 Ð�Í ÍÎÚÍ��Í ÐÍ Ñ(� �
�,� � ,²,3 414/0 , �� øK 5 6 (¡ �Ø �)� �� û �

�ÈÊ pÊ�oqmqÉo Éw n uËxxqoxm u�umÊz Éw z qoqz ny rÊoÊ~nmÉ~u nxxÉ~pqor mÉ ®Éor �� ��� qu nu wÉyyÉ} u �®Éor
�� ���� ���¨� Ì
��������� b� �¶ #I #%"! ¯±oo#%o� ¯·���� $° n #%#�"! ��%� "�$ �&
© ÍÎÏÏÐÑÏ� Í8Í��) (6 ) ÐÑ Ð) �� � �Ñ�¡��(¡Í   �¡ ��� � �(��� (¡Ò�¡ ¡����Ð(Ñ � 5 Ï(ÑÍÐÍ�Í (6 5 6 (¡ ��ÏB Ï�(Í�Ò
Ð��) Í��5 �B � ¡�� ¡�Í�Ñ���Ð�� ) ÐÑ Ð) �� � �Ñ�¡��(¡ �ÑÒ � � (ÍÍÐÚ�8 �)� �8 Í�� (6 Ï�Ñ(ÑÐÏ�� ) ÐÑ Ð) �� � �Ñ�¡��(¡Í �
¸ÉmÊ}É~mÈqy�� wÉ~ n rq�Êo xÉomÊ�m � mÈÊ~Ê zn� �Ê uÊ�Ê~ny ùúú��u pÊtÊopqor Éo mÈÊ xÈÉqxÊ Éw mÈÊmÉmny É~pÊ~ ~ÊynmqÉo �

� �ÈÊ xÉomÊ�m � uÈÉ}o qo �n�yÊ Û �� ø�Ét û tnrÊ ¨� � ~Êt~ÊuÊomu uËxÈ no Ê�nztyÊ nop
qu pquxË uuÊp ynmÊ~ qo lË�uÊxmqÉo Û �� �� � �m qu nyuÉ qztÉ~mnom mÉ tÉqom ÉËm mÈnm mÈÊ ùúú�� qu xyÊn~y� n
rÊoÊ~nyq¦nmqÉo Éw mÈÊ xyÉoÊ qmÊz u w~nzÊ}É~� }ÈqxÈ Éoy� wÉ xËuÊu Éo qmÊz u tyn�qor u�zzÊm~qx ~ÉyÊu } qmÈ qo
{|u �¹ y� �� ���� ���¨� øÏ6 � lÊxmqÉo Û �Ü � tnrÊ Üª û� �opÊÊp � qoumÊnp Éw uqoryÊ qmÊz u � mÈÊ ùúú�� xÉouqpÊ~u
uË�uÊmu Éw qmÊz u ��~ÉtÉuqmqÉo �� umnmÊu mÈÊ ~ÊynmqÉo �Êm}ÊÊo mÈÊ oËz�Ê~ Éw ¡�� ¡�Í�Ñ���Ð�� ��u nop mÈnm Éw {|u � }ÈqyÊ�~ÉtÉuqmqÉo �� t~É�qpÊu no qomÊ~Êumqor t~ÉtÊ~m� Éw mÈÊ uÊm Éw Ï�Ñ(ÑÐÏ�� ��u �
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# º» ¼½ ³ ã·¸¸º»¸¹ ¼½³ ã·¾¾²Â¹
¿

∅ ∅ ∅ ÀÁ ± ± ± Â
Â Ã Ã Ã Â
¯ Ä Ä Å  Ä Å  Â
À ®° ® Å ° ® Å ° ¯
Æ ®°± ®± Å °± ®± Á
Ç ®°Ã ®Ã Å °Ã ®Ã Á
È Ä®° Ä® Å Ä° Å ® Å ° Ä® Á
É Ä±Ã Ä± Å ÄÃ Å ± Å Ã Å ±Ã Ä± Å ÄÃ Å ±Ã Á
¿Ê Ä®°±Ã Ä®± Å Ä®Ã Å Ä°± Å Ä°Ã Å Ä®± ¿

®± Å ®Ã Å °± Å °Ã Å
®±Ã Å °±Ã

ËÌÍÎÏ Ð Ñ¿Ò ËÓÏ ÎÔÕÖ ×Ø ÙÎ×ÕÏÚ ÔÖÏÛ ÕÏÖÕ Ü ÌÝÚ Ø×Þ ÏÌÙÓ ×ÝÏ Ü ÖÓÏ Ù×ÞÞÏÕß ×ÝÚÔÝà Û ÔÝÔÛ ÌÎ àÏÝÏÞÌÖ×ÞÕ Ü
áâããäå ãæ Û ÔÝÔÛ ÌÎ àÏÝÏÞÌÖ×ÞÕ ÌÝÚ Õçßß ×ÞÖ Ñ

èé�= �ê����� mc AB � Ï�¡ÒÐÑ��Ð�8 (6 �B � Í�� (6 ¡�� ¡�Í�Ñ���Ð�� ��Í ÐÍ �UÎ�� �( �B �� (6 {|Í�
ë ¡((6 � �ÈÊ~Ê qu Éo y� ÉoÊ {| tÊ~ γ�Ê�Ë q�nyÊoxÊ xynuu � }ÈqxÈ qu nyuÉ mÈÊ xnuÊ Éw ~Êt~ÊuÊomnmq�Ê ��u � �opÊÊp �
mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo � ÊouË~Êu mÈÊ Ëoq�ËÊoÊuu Éw mÈÊ ¡�� ¡�Í�Ñ���Ð�� �� nuuÉ xqnmÊp mÉ n rq�Êo {| � ♦

èé�= �ê����� mm AB � Í�� MG ¥13 Ï(Ñ��ÐÑÍ ÐÑ Ï()� �¡�Ú�� ���) �Ñ�Í   �¡ ��� Í�� ÐÑ Ï�ÎÍÐ(Ñ �
ë ¡((6 � �xxÉ~pqor mÉ ®Ê�oqmqÉo Û �� m}É pqumqoxm Ï�Ñ(ÑÐÏ�� ��u n~Ê oÊxÊuun~qy� qoxÉztn~n�yÊ   �¡��� uÊmqoxyËuqÉo � �opÊÊp � mÈÊ xÉom~n~� }ÉËyp yÊnp mÉ n xÉom~npqxmqÉo } qmÈ mÈÊ umnmËu Éw mÈÊ yn~rÊum ÉoÊ � ♦

ì�<;éí � L6 �B � Í�� MG ¥13 ÐÍ �)� �85 �B �Ñ �B � Í�� MG� ,¬ ÐÍ Ñ�Ï�ÍÍ�¡Ð�8 �)� �8 � M ( ���¡5 �B � ¡���¡Í�
ÐÍ Ñ(� ��  �8Í �¡Î��

�~ÉtÉuqmqÉo �� umnmÊu mÈnm mÈÊ uË�uÊmu Éw n ¡�� ¡�Í�Ñ���Ð�� �� n~Ê nyuÉ ~Êt~ÊuÊomnmq�Ê ÉoÊu � �Èqut~ÉtÉuqmqÉo qu ~Ê�Ëq~Êp mÉ uÈÉ} mÈnm mÈÊ uÊm MGîï ¢ qu no É~pÊ~ qpÊny qo ø
P

ø
I û� ⊆û� Ù uqor �Êzzn Û nop

�~ÉtÉuqmqÉo �� � mÈÊ t~ÉÉw Éw mÈqu t~ÉtÉuqmqÉo um~ÊuuÊu Éo mÈÊ wnxm mÈnm mÈÊ npz quuqÉo Éw mÈÊ xÉom~n~�� Ð����mÈÊ Ê� qumÊoxÊ Éw n uË�uÊm }ÈqxÈ qu oÉm n ~Êt~ÊuÊomnmq�Ê � }ÉËyp yÊnp mÉ n xÉom~npqxmqÉo } qmÈ mÈÊ s uz nyyÊumv
umnmËu Éw n ¡�� ¡�Í�Ñ���Ð�� �� �   �¡��� � �
ð�<<; b '�� X 5 Y ⊆ I � L6 γ ø

X û f γ
ø
Y û5 �B �Ñ ∀ Z ⊆ I 5 γ ø

X ∪ Z û f γ
ø
Y ∪ Z û ñë �ÍUÎÐ�¡5 Dòòòó �

�o ÉË~ xÉomÊ�m � } qmÈ X ∪ Y
� }Ê } qyy qopqxnmÊ mÈÊ É~pÊ~Êp uÊm Éw qmÊz u �   �¡ ��� mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo �

�
xÉomnqoÊp qo

X É~ qo
Y

�
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èé�= �ê����� m? '�� X 5 Y 5 Z Ú� �B ¡�� Ð��) Í��Í Í ��� X ∩ Z f ∅ �ÑÒ Y ∩ Z f ∅ � L6 X � Y 5 �B �Ñ ø
X ∪

Z û � ø
Y ∪ Z û �

ë ¡((6 � �ÈÊ t~ÉÉw um~nqrÈmwÉ~}n~py� pÊ~q�Êu w~Éz mÈÊ pÊ�oqmqÉo Éw mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo øÏ6 � ®Ê�oqmqÉoÛ� û }ÈÊo |X | < |Y |
� nop w~Éz mÈÊ t~ÉtÊ~mqÊu Éw mÈÊ yÊ� qxÉr~ntÈqx É~pÊ~ }ÈÊo |X | ô |Y |

�
♦

9:;<=>� ?õ '�� �B � ��� B �Ú��ÐÏ (¡Ò�¡ Ú� �B � �(��� (¡Ò�¡ ¡����Ð(Ñ �
7

T ö ÐÑÏ� K � Il 5 �B �Ñ øK ∪ Hµ û � øIl ∪ Hµ û øÐ���5 HKµ � HIlµ û �
T ö ÐÑÏ� HIK � HIl 5 �B �Ñ øHIK ∪ Jµ û �

øHIl ∪ Jµ û øÐ���5 HI JKµ � HI Jlµ û �
èé�= �ê����� m� © � � ÍÎÚÍ��Í (6 � ¡�� ¡�Í�Ñ���Ð�� �� �¡� ��Í( ¡�� ¡�Í�Ñ���Ð�� (Ñ�Í�
ë ¡((6 � �Êm g �Ê n ¡�� ¡�Í�Ñ���Ð�� �� nop

f
qmu xyÉuË~Ê � lËttÉuÊ � }Ê Èn�Ê g1 ⊂ g

nop
g1 /∈ �����f1 }qmÈ

f1 ô γ
ø
g1 û� �Êm g2 �Ê mÈÊ ¡�� ¡�Í�Ñ���Ð�� �� Éw f1 � ¬ÉouÊ�ËÊomy�� g2 ≺ g1

� lqoxÊ γ ø
g1 û ô γ

ø
g2 û� mÈÊo �

nxxÉ~pqor mÉ �Êzzn Û � }Ê Èn�Ê γ ø
g1 ∪

ø
g \ g1 ûû ô γ

ø
g2 ∪

ø
g \ g1 ûû� nop ÈÊoxÊ γ ø

g û ô γ
ø
g2 ∪

ø
g \ g1 ûû��Êm g3 �Ê Ê�Ëny mÉ ø

g2 ∪
ø
g \ g1 ûû� �xxÉ~pqor mÉ mÈÊ uÊxÉop xnuÊ qo ®Ê�oqmqÉo Û� nop mÉ �~ÉtÉuqmqÉo �� �

}Ê Èn�Ê g3 ≺ g uqoxÊ g2 ≺ g1
�
g2 ∩

ø
g \ g1 û ô ∅

nop
g1 ∩

ø
g \ g1 û ô ∅

� ¸ÉmÊ mÈnm g2 ∩
ø
g \ g1 û qu Êo uË~ÊpmÉ �Ê Êztm� uqoxÊ ÉmÈÊ~} quÊ g }qyy oÉm � Ê n �� � }ÈqxÈ qu qo xÉom~npqxmqÉo } qmÈ mÈÊ qoqmqny nuuËztmqÉomÈnm g qu n ¡�� ¡�Í�Ñ���Ð�� �� � �opÊÊp � qw g2 ∩

ø
g \ g1 û ô q 6= ∅

� mÈÊo γ ø
g1 ∪ qû ô γ

ø
g1 û� nop ÈÊoxÊ ø

g1

∪ qû qu oÉm n �� � lqoxÊ ø
g1 ∪ qû ⊆ g

� mÈÊo g qu nyuÉ oÉm n �� uqoxÊ mÈÊ �� uÊm qu no É~pÊ~ qpÊny   �¡ ���
uÊm qoxyËuqÉo �

�}É uqmËnmqÉou oÊÊp mÈÊo mÉ �Ê pqumqorË quÈÊp Ì�� �w g3 qu n �� � mÈÊo g xnooÉm �Ê n ¡�� ¡�Í�Ñ���Ð�� �� � }ÈqxÈ qu nyuÉ qo xÉom~npqxmqÉo } qmÈ mÈÊ qoqmqnynuuËztmqÉo mÈnm g qu n ¡�� ¡�Í�Ñ���Ð�� �� �
� � �w g3 qu oÉm n �� � mÈÊo mÈÊ~Ê qu n �� g4 Í ��� g4 ⊂ g3

nop
γ
ø
g4 û ô γ

ø
g3 û� lqoxÊ |g4| < |g3|

� mÈÊo
g4 ≺ g3

ønxxÉ~pqor mÉ mÈÊ �~um xnuÊ qo ®Ê�oqmqÉo Û� û� nop ÈÊoxÊ g4 ≺ g
� �Èqu ~ÊuË ym qu nyuÉ qo

xÉom~npqxmqÉo } qmÈ mÈÊ umn~mqor nuuËztmqÉo �
�ÈËu � }Ê xno xÉoxyËpÊ mÈnm ÊnxÈ uË�uÊm Éw g qu oÊxÊuun~qy� n ¡�� ¡�Í�Ñ���Ð�� �� �

♦

�ÊoxÊ � nxxÉ~pqor mÉ �~ÉtÉuqmqÉo �� � qw f qu n {| � mÈÊo �� îï ¢f ô �����f ∪ �� ¢£¤
f ô {g ∈ ��f |

∀ g1 ⊂ g
�
g1 ∈ �����f1 }qmÈ f1 ô γ

ø
g1 û} � �Èno�u mÉ �~ÉtÉuqmqÉo �Û � }Ê uÈÉ} mÈnm mÈÊ ÍÎÏÏÐÑ Ï�Ñ�ÍÍ Éw

��u qu no nomq�z ÉoÉmÉoÊ xÉoum~nqom � �ÊoxÊ � mÈÊ uÊm MGîï ¢ qu no É~pÊ~ qpÊny qo ø
P

ø
I û � ⊆û�

èé�= �ê����� mb '�� g Ú� �Ñ Ð��) Í��� g 6 Î�C � �Í �B � 6 ( � �( ÐÑ� �  ( � ¡(� �¡�Ð�Í 7
E � L6 g ∈ MG ². ¥5 �B �Ñ ∀ g1 Í ��� g1 ⊂ g 5 g1 ∈ MG ². ¥�
D � L6 g /∈ MG ². ¥5 �B �Ñ ∀ g1 Í ��� g ⊂ g1 5 g1 /∈ MG ². ¥�

ë ¡((6 ���
g ∈ MGîï ¢ =⇒ ∀ g1 Í ��� g1 ⊂ g

�
g1 ∈ �����f1 }qmÈ f1 ô γ

ø
g1û ønxxÉ~pqor mÉ ®Ê�oqmqÉo Û �û =⇒

∀ g1 Í ��� g1 ⊂ g
�
g1 ∈ �� îï ¢f1

øuqoxÊ �����f1
⊆ �� îï ¢f1 û =⇒ ∀ g1 Í ��� g1 ⊂ g

�
g1 ∈ MGîï ¢øuqoxÊ �� îï ¢f1

⊆ MGîï ¢û�
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� �
g /∈ MGîï ¢ =⇒ ∀ g1 Í ��� g ⊂ g1

�
g1 ∈ ����«f1 }qmÈ f1 ô γ

ø
g1 û øqopÊÊp �

g1 Ènu nm yÊnum n
Ñ(ÑT¡�� ¡�Í�Ñ���Ð�� uË�uÊm � onz Êy� g

� uqoxÊ mÈÊ ynmmÊ~ qu oÉm n ÍÎÏÏÐÑÏ� �� � nop ÈÊoxÊ qu oÉm n
¡�� ¡�Í�Ñ���Ð�� ÉoÊ û =⇒ ∀ g1 Í ��� g ⊂ g1

�
g1 /∈ �� îï ¢f1

ønxxÉ~pqor mÉ ®Ê�oqmqÉo Û ��
g1 xnooÉm�Ê ¡�ÒÎÑÒ�Ñ� nop ÍÎÏÏÐÑÏ� nm mÈÊ unz Ê mqz Ê û =⇒ ∀ g1 Í ��� g ⊂ g1

�
g1 /∈ MGîï ¢ ø}Ê Èn�Ê g1 /∈

�� îï ¢f1

� �o nppqmqÉo �
g1 /∈

ø
MGîï ¢\�� îï ¢f1 û uqoxÊ mÈÊ xyÉuË~Ê Éw g1 qu Ëoq�ËÊ nop qu Ê�Ëny mÉ

f1 û �
♦

èé�= �ê����� m@ AB � Í�� FMG ². ¥5 (6 �B � ÍÎÏÏÐÑÏ� 6 ¡�UÎ�Ñ� ��Í �Ø �¡�Ï��Ò 6 ¡() �B � Ï(Ñ��Ø � K 5 ÐÍ �Ñ
(¡Ò�¡ ÐÒ��� ÐÑ ø

P
ø
I û 5 ⊆û �

ë ¡((6 � �ÈÊ t~ÉÉw qu �nuÊp Éo �~ÉtÉuqmqÉo �Û nop Éo mÈÊ wnxm mÈnm mÈÊ w~Ê�ËÊox� xÉoum~nqom qu nyuÉ no
nomq�z ÉoÉmÉoÊ xÉoum~nqom � lqoxÊ mÈÊ xÉoSËoxmqÉo Éw m}É nomq�zÉoÉmÉoÊ xÉoum~nqomu øÐ���� mÉ �Ê uqzËymnoÊ�
ÉËuy� ÍÎÏÏÐÑ Ï� nop 6 ¡�UÎ�Ñ� û ~ÊuËymu qo no nomq�z ÉoÉmÉoÊ xÉoum~nqom � mÈÊ uÊm FMGîï ¢ qu no É~pÊ~ qpÊnyqo ø

P
ø
I û � ⊆û� ♦

�Èqu qomÊ~Êumqor t~Ét Ê~m� nyyÉ} u Ëu mÉ t~ÉtÉuÊ no Êø xqÊom nyrÉ~qmÈz mÉ Ê�m~nxm mÈÊ ùúú�� nxxÉ~pqormÉ mÈÊ pÊ�oqmqÉo Éw ®Éor �� ��� �opÊÊp � mÉ xÈÊx� }ÈÊmÈÊ~ n rq�Êo �� g Éw uq¦Ê k qu n ÍÎÏÏÐÑ Ï� ÉoÊ É~ oÉm �mÈÊ t~ÉtÉuÊp nyrÉ~qmÈz mn�Êu np�nomnrÊ Éw mÈqu t~Ét Ê~m� �� yqz qmqor mÈÊ mÊum mÉ qmu uË�uÊmu Éw uq¦Ê ø
k � 1û�

� WX Wù úû�	Z	ü ý��þZ�_ � 	 �ÿ� ���� �
�u zÊomqÉoÊp qo lË�uÊxmqÉo Û �� ��� mÈÊ nttyqxnmqÉo Éw mÈÊ ~ÊynmqÉo ≈f

pÉÊu oÉm qopËxÊ no Ê�Ëq�nyÊoxÊ~ÊynmqÉo Éo mÈÊ �� uÊm Éw n {| � �opÊÊp � yÊm Ëu xÉouqpÊ~ �n�yÊ Û �� øÏ6 � tnrÊ ¨Û û� �Êm Ëu xÉoxÊom~nmÊ ÉomÈÊ γ�Ê�Ëq�nyÊoxÊ xynuu Èn�qor ���� wÉ~ {| � ÕÊ Èn�Ê ��
≈�	
� ��

≈�	
� �� �Ëm ��
6≈�	
� �� � �ÊoxÊ � mÈqu~ÊynmqÉo qu oÉm no Ê�Ëq�nyÊoxÊ ÉoÊ � uqoxÊ mÈÊ m~nouqmq� qm� t~ÉtÊ~m� qu oÉm wËy� yyÊp � �o mÈÊq~ }É~� �®Éor

�� ���� ���¨� � mÈÊ nËmÈÉ~u nyuÉ z npÊ mÈÊ wÉyyÉ} qor xynqz u Ì
� >;�< m  �ÈÊ ùúú�� qu n �(ÍÍ��ÍÍ ¡�� ¡�Í�Ñ���Ð(Ñ Éw mÈÊ �� uÊm � Ð���� qw g qu n ¡�ÒÎÑÒ�Ñ� �� � mÈÊo g

xno �Ê qowÊ~~Êp w~Éz mÈÊ ùúú�� }qmÈÉËm yÉuu Éw qowÉ~znmqÉo �
� >;�< ?  �ÈÊ xn~pqonyqm� Éw mÈÊ ùúú�� qu qouÊouqmq�Ê   �¡��� mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo �

�
�É qowÊ~ mÈÊ ¡�ÒÎÑÒ�Ñ� ��u Éw ÊnxÈ γ�Ê�Ë q�nyÊoxÊ xynuu � ®Éor �� ��� t~ÉtÉuÊp mÉ ~ÊtynxÊ mÈÊ uË�uÊmuøÉoÊ É~ zÉ~Ê û Éw qmu ÍÎÏÏÐÑÏ� ��u �� Ñ(Ñ T¡�� ¡�Í�Ñ���Ð�� ��u Èn�qor � ~Êut Êxmq�Êy�� mÈÊ unz Ê xyÉuË~Êu numÈÉuÊ Éw mÈÊ ~Êt ynxÊp uË�uÊmu �®Éor �� ���� ���¨� � ÔÉ~ Ê�nztyÊ � mÈÊ ¡�ÒÎÑÒ�Ñ� �� ��� xno �Ê qowÊ~~Êp

w~Éz mÈÊ ÍÎÏÏÐÑÏ� �� ��� �� ~Êt ynxqor qmu uË�uÊm �� �� �� � �opÊÊp � �ÉmÈ ��u �� nop �� Èn�Ê mÈÊ unz Ê
xyÉuË~Ê nu uÈÉ}o qo �n�yÊ Û ���

�É �Ê wËy� yyÊp � �ÉmÈ xynqz u xyÉuÊy� ~Êy� Éo ÈÉ} znqomnqoqor ~Êt~ÊuÊomnmq�Ê zÊz�Ê~u Éw mÈÊ pq§Ê~Êom
σ�Ê�Ëq�nyÊoxÊ xynuuÊu � w~Éz }ÈÊ~Ê mÈÊ ~Êz nqopÊ~ xno �Ê pÊ~q�Êp Ëuqor mÈÊ ~ÊynmqÉo ≈f

� �É}Ê�Ê~ � yÉ xnyq¦qor
uËxÈ z Êz�Ê~u �� t~Ëoqor ~ÊpËopnom ÊyÊz Êomu � xÉomnqoqor oÉo�~Êt~ÊuÊomnmq�Ê uË�uÊmu � xno yÊnp mÉ Ì
• � σ���� ��;>���� �>;êê � ������ ; é�=é�ê���;���� < �<� �é  �m qu mÈÊ xnuÊ Éw mÈÊ σ�Ê�Ë q�nyÊoxÊ

xynuu S1 ô ���� � ��� � ��� � ��� � ��� � ��� � ��� � nuuÉ xqnmÊp mÉ mÈÊ xyÉuÊp qmÊz uÊm ������ øÏ6 � �n�yÊ Û ��
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ø�ÉmmÉz û wÉ~ mÈÊ nuxÊopqor uËttÉ~m É~pÊ~ û� �opÊÊp � ÊnxÈ ÊyÊz Êom Éw mÈqu σ�Ê�Ëq�nyÊoxÊ xynuu xÉomnqo u nm
yÊnum n oÉo�~Êt~ÊuÊomnmq�Ê �� � �ÊoxÊ � uËxÈ σ�Ê�Ëq�nyÊoxÊ xynuu } qyy oÉm � Ê mn�Êo qomÉ nxxÉËom nop nyy qmu
ÊyÊz Êomu } qyy mÈÊo oÉm �Ê pÊ~q�Êp � }ÈqxÈ t~ÊuÊomu n yÉuu Éw qowÉ~z nmqÉo � qo mÈÊ xÉom~n~� mÉ mÈÊ umnmÊz Êom
Éw � >;�< m �
• � σ���� ��;>���� � >;êê � ��� <�é� ��;� ��� �;�� ��;�� ��é � ���� ��� é�=é�ê���;���� < �< �� �é  �m qu mÈÊ xnuÊ Éw mÈÊ σ�Ê�Ëq�nyÊoxÊ xynuu S2 ô ���� � ��� � ��� � ��� � ��� � ��� � ��� � nuuÉ xqnmÊp mÉ mÈÊ

xyÉuÊp qmÊz uÊm ������ øÏ6 � �n�yÊ Û �� ø�ÉmmÉz û wÉ~ mÈÊ pÊuxÊopqor uËttÉ~m É~pÊ~ û� �opÊÊp � ��� � ��� nop
��� Èn�Ê nyy mÈÊq~ uË�uÊmu nu ¡�� ¡�Í�Ñ���Ð�� ��u � V�Êo ÉoÊ xno xÈÉÉuÊ mÈÊ uz nyyÊum xnopqpnmÊ nop ÊyÊxmqm nu mÈÊ ~Êt~ÊuÊomnmq�Ê z Êz�Ê~ � mÈÊ pÊ�oqmqÉo rq�Êo �� ®Éor �� ��� ynx�u mÈÊ qztÉ~mnom tn~m nyyÉ} qor mÉpÊyÊmÊ mÈÊ ~Êz nqoqor xnopqpnmÊu �¸ÉmÊ}É~mÈqy�� mÈÊ ÊyÊz Êomu Éw S1

nop
S2

n~Ê Ê�nxmy� mÈÊ unz Ê }ÈqyÊ uÉ~mÊp nxxÉ~pqor mÉ m}É pq§Ê~Êom
É~pÊ~ ~ÊynmqÉou � �o

S1

� mÈÊ~Ê qu oÉ ~Êt~ÊuÊomnmq�Ê z Êz�Ê~ }ÈqyÊ qo
S2

� mÈÊ~Ê n~Ê mÈ~ÊÊ tÉuuq� yÊ ÉoÊu � �Èqu
wnxm uÈÉ} u mÈnm mÈÊ xn~pqonyqm� Éw mÈÊ ùúú�� xyÉuÊy� pÊt Êopu Éo mÈÊ uÊyÊxmÊp mÉmny É~pÊ~ ~ÊynmqÉo � qo
mÈÊ xÉom~n~� mÉ mÈÊ umnmÊz Êom Éw � >;�< ? � �m qu ÈÉ}Ê�Ê~ qztÉ~mnom mÉ oÉmÊ mÈnm mÈ qu xynqz uÊÊz Êp mÉ
ÈÉyp }ÈÊo xÉow~ÉomÊp mÉ mÈÊ Ê�m~nxmqÉo xÉomÊ�m pÊtqxmÊp �� �n�yÊ � ��� tnrÊ �� � �opÊÊp � wÉ~ pq§Ê~Êom mÉmny
É~pÊ~ ~ÊynmqÉou ø��� �� mÈÊ nytÈn�Êmqx É~pÊ~ � mÈÊ nuxÊopqor�pÊuxÊopqor uËttÉ~m É~pÊ~ � Êmx �û � }Ê É�mnqo mÈÊ
unzÊ oËz�Ê~ Éw ÍÎÏÏÐÑÏ� ��u øÏ6 � �n�yÊ Û ��û� �m qu mÈÊ unz Ê wÉ~ mÈÊ ~Ëooqor Ê�nztyÊ ËuÊp qo mÈÊ t~Ét Ê~tntÊ~ Éw ®Éor �� ��� �®Éor �� ���� ���¨� � ¸ Ê�Ê~mÈÊyÊuu � qw }Ê xÉouqpÊ~ mÈÊ xÉomÊ�m u�ÊmxÈÊp �� �n�yÊ Û ��ø�Ét û� }Ê �op mÈnm mÈÊq~ xynqz qu xyÊn~y� Ê~~ÉoÊÉËu � �opÊÊp � nu uÈÉ}o �� �n�yÊ Û �� ø�ÉmmÉz û� mÈÊ mÉmnyoËz�Ê~ Éw ÍÎÏÏÐÑÏ� ��u qu Ê�Ëny mÉ 23

qw mÈÊ nytÈn�Êmqx É~pÊ~ qu Éw ËuÊ � }ÈÊ~Ênu qm qu Ê�Ëny mÉ 22
qo mÈÊ

xnuÊ Éw mÈÊ nuxÊopqor uËttÉ~m É~pÊ~ � nop 25
qo mÈÊ xnuÊ Éw mÈÊ pÊuxÊopqor uËttÉ~m É~pÊ~ � �ÈÊ pq§Ê~ÊoxÊ

ÉxxË~u } qmÈqo mÈÊ γ�Ê�Ë q�nyÊoxÊ xynuu oËz�Ê~ 11
�

V�Êo qw mÈÊ uÊxÉop Ön} øÐ���� mÈnm ~ÊynmÊp mÉ mÈÊ uq¦Ê Éw mÈÊ pq§Ê~Êom ùúú��u nuuÉ xqnmÊp mÉ n rq�Êo
Ê�m~nxmqÉo xÉomÊ�m û xno �Ê ~Êrn~pÊp nu oÉm Èn�qor n p~nz nmqx xÉouÊ�ËÊoxÊ � �� qor mÈÊ �~um ÉoÊ øÐ����mÈÊ yÉuu Éw qowÉ~z nmqÉo û qu n xÉztÊyyqor quuËÊ uqoxÊ mÈÊ oÊÊp wÉ~ �Ø �Ï� xÉoxquÊ ~Êt~ÊuÊomnmqÉou qu ny}n�u
xÉopqmqÉoÊp �� mÈÊ n�qyqm� mÉ pquxÉ�Ê~ �� � ¡�ÒÎÑÒ�Ñ� qowÉ~z nmqÉo } qmÈÉËm xÉouËymqor mÈÊ qoqmqny Ê�m~nxmqÉo
xÉomÊ�m � �ÊoxÊ � nqz qor mÉ ÊouË~Ê mÈÊ xÉztyÊmÊoÊuu Éw mÈÊ pÊ~q�nmqÉo Éw �� � ¡�ÒÎÑÒ�Ñ� ��u � }Ê qom~ÉpËxÊ �qo mÈÊ oÊ�m uÊxmqÉo � oÊ} pÊ�oqmqÉou nyyÉ} qor mÉ tnyyqnmÊ mÈÊ Ön} u mÈnm }Ê ~Ê�ÊnyÊp qo mÈÊ }É~� t~ÉtÉuÊp�� ®Éor �� ��� �ÊwÉ~Ê mÈnm � yÊm Ëu nony�¦Ê }È� mÈÊ É~qrqony pÊ�oqmqÉo wnqyÊp qo mÈÊ ~ÊrÊoÊ~nmqÉo t~É xÊuu
Éw ~ÊpËopnom ��u �

�o wnxm � qo mÈÊq~ }É~� � ®Éor �� ��� yÉÉ�Êp wÉ~ n xynuuqx }n� mÉ ~ÊpËxÊ n uÊm � Ð���� �� �~Ên�qor qm qomÉ
Ê�Ëq�nyÊoxÊ xynuuÊu mÈnm n~Ê wË~mÈÊ~ uÈ~Ëo� mÉ n Ëoq�ËÊ ~Êt~ÊuÊomnmq�Ê ÊyÊz Êom � �ÈËu � mÈÊ� �nuÊp mÈÊq~
u�umÊz pÊ�oqmqÉo Éo n uË�umqmËmqÉo��nuÊp ≈f

~ÊynmqÉo � � ymÈÉËrÈ ≈f }nu }~ÉorwËyy� nuuËz Êp mÉ �Ê no
Ê�Ëq�nyÊoxÊ ~ÊynmqÉo � mÈ qu pqp oÉm ~ÊuËym qo n z nSÉ~ Ön} qo mÈÊ xÉoum~ËxmqÉo Éw mÈÊ ùúú�� � �opÊÊp � mÈÊnËmÈÉ~u tËm � qztyqxqm y�� mÈÊ ~Ê�Ëq~ÊzÊom wÉ~ qm �Êqor no É~pÊ~ qpÊny ømÈ~ÉËrÈ mÈÊ pÊ�oqmqÉo Éw n xnoÉoqxny
ÊyÊz Êom û� ÕÊ Èn�Ê uÈÉ}o n�É�Ê mÈnm mÈqu qpÊny xno �Ê nuuqz qynmÊp mÉ n mÉmny É~pÊ~ Éo qmÊz uÊmu � qmuÊywqopËxÊp �� no É~pÊ~ Éo qmÊz u � �ÈÊ Ê�nxm xÉztÉuqmqÉo Éw mÈÊ qpÊny � ÈÉ}Ê�Ê~ � um~Éory� pÊt Êopu Éo mÈÊ
xÈÉuÊo mÉmny É~pÊ~ ~ÊynmqÉo Ì pq§Ê~Êom É~pÊ~u xÉËyp ~ÊuËym qo pq§Ê~Êom uÊmu �ÊxÉz qor ~Êt~ÊuÊomnmq�Ê nop
xnoÉoqxny �Õ Ènm ®Éor �� ��� uÊÊz mÉ Èn�Ê z quxnyxËynmÊp qu mÈÊ qomÊ~tyn� �Êm}ÊÊo mÈÊ qpÊny nop mÈÊ tn~mqmqÉo ÉwmÈÊ �ÉÉyÊno ynmmqxÊ qomÉ uË�umqmËmqÉo��nuÊp σ�Ê�Ë q�nyÊoxÊ xynuuÊu � �opÊÊp � mÈÊ� Ènumqy� xÉoxyËpÊp mÈnm
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Ä  ! " # Ã
1 × ×

2 × × ×

3 × ×

4 × × × ×

5 × × × × × ×

6 × ×

7 × ×

8 × ×

9 × × ×

�¨� $�%�� ¦ &'()' ��¦�� �* �®��§�� &'()' ��¦�� �* �®��§�� &'()'
# + � n�ê +� n �ê + � n�ê
�

∅ ∅ ∅ ∅ ∅ ∅� , H , H , H
� - . - . - .
Û { + { + { +¨ ¢ / ¢ / ¢ /ª -0 1 0- 1 -0 1
Ü 2 3 2 3 2 3
� ,- H. ,- H. -, .H
� ,{2 H+ � H3 � +3 ,{2 H+ � H3 � +3 2,{ 3H � 3+ � H+�� ,¢ H/ ,¢ H/ ¢, /H
11

,-{¢02 H1 � H.+ �
,-¢ � ,-2 �
H+/ � ,¢2 �
-{2 � -¢2 �
{¢2 � {02 �
¢02

0,{-¢2 1H � 0{2 �
0¢2 � ,{- �
H+/ � ,-¢ �
,-2 � ,¢2 �
{-2 � {¢2 �
-¢2

-¢2,{0 H1 � ./3 �
./H � .3H �
-2{ � -,{ �
/3H � ¢2{ �
¢20 � ¢,{ �
2{0

�� -{¢0 .+ � ./ � +1 �
/1

0{-¢ 1+ � 1/ � +. �
./

-¢{0 ./ � .+ � /1 �
+1

�� -2 .3 -2 .3 -2 .3
�Û {¢ +/ {¢ +/ ¢{ /+�¨ ¢2 /3 ¢2 /3 ¢2 /3
�ª -02 13 0-2 13 -20 31
ËÌÍÎÏ Ð ÑÁ Ò 45²¾ 6 7Ý Ï8ÖÞÌÙÖÔ×Ý Ù×ÝÖÏ8 Ö Ñ 49²¹¹²¿ 6 ËÓÏ ÎÔÕÖ ×Ø ÙÎ×ÕÏÚ ÔÖÏÛ ÕÏÖÕ Ü ÌÝÚ Ø×Þ ÏÌÙÓ
×ÝÏ Ü ÖÓÏ Ù×ÞÞÏÕß ×ÝÚÔÝà Û ÔÝÔÛ ÌÎ àÏÝÏÞÌÖ×ÞÕ Ø×Þ ÚÔ: ÏÞÏÝÖ Ö×ÖÌÎ ×ÞÚÏÞ ÞÏÎÌÖÔ×ÝÕ Ñ ËÓÏ áâããäåãæ ;< Õ Ü
ÌÙÙ×ÞÚÔÝà Ö× ÖÓÏ ÚÏ=ÝÔÖÔ×Ý ×Ø > ×Ýà ?æ @ABÜ ÌÞÏ ÔÝÚÔÙÌÖÏÚ C ÔÖÓ Í ×ÎÚ ÎÏÖÖÏÞÕ Ñ
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}ÈnmÊ�Ê~ mÈÊ É~pÊ~ � mÈÊ~Ê } qyy ny}n�u � Ê nm yÊnum ÉoÊ xnoÉoqxny ÊyÊz Êom t Ê~ σ�Ê�Ëq�nyÊoxÊ xynuu � }ÈqxÈqu Éw xÉË~uÊ }~Éor � a É~ÊÉ�Ê~ � mÈÊq~ xynqz Éw qo�n~qnoxÊ wÉ~ mÈÊ ùúú�� uq¦Ê ËtÉo mÈÊ xÈÉqxÊ Éw mÈÊmÉmny É~pÊ~ ~ÊynmqÉo uÊÊz u mÉ xÉz Ê w~Éz ÊqmÈÊ~ ø
iû � ÊyqÊw mÈnm mÈÊ~Ê } qyy � Ê n Ëoq�ËÊ xnoÉoqxny ÊyÊz Êomqo ÊnxÈ σ�Ê�Ëq�nyÊoxÊ xynuu � nyuÉ }~Éor � É~ ø

iiû n pqux~Êtnox� �Êm}ÊÊo mÈÊ nony�mqxny pÊux~qtmqÉo nop mÈÊúú��ü�ýþÿ� nyrÉ~qmÈz }ÈqxÈ xyÊn~y� �ÊÊtu nyy mÈÊ xnoÉoqxny ÊyÊz Êomu mÈnm n~Ê wÉËop �
×oÊ z nqo É�uÊ~�nmqÉo qu mÈnm mÈ~ÊÊ pq§Ê~Êom tÈÊoÉz Êon qomÊ~nxm qo mÈÊ É~qrqony pÊ�oqmqÉo Ì
�� �ÈÊ uË�umqmËmqÉo��nuÊp ~ÊynmqÉo �
� � �ÈÊ z qoqz ny rÊoÊ~nmÉ~ umnmËu Éw n uÊm } qmÈ qo qmu γ�Ê�Ë q�nyÊoxÊ xynuu }ÈqxÈ qopËxÊu no É~pÊ~ qpÊny

Éw qmu É}o �
� � �o nppqmqÉony É~pÊ~qor Éo mÈÊ �ÉÉyÊno ynmmqxÊ Éw qmÊz uÊmu }ÈqxÈ qopËxÊu n pq§Ê~Êom � �Êm uÉz ÊÈÉ}

xÉooÊxmÊp mÉ mÈÊ t~Ê�qÉËu ÉoÊ � É~pÊ~ qpÊny xÉztÉuÊp Éw mÈÊ ~Êt~ÊuÊomnmq�Ê qmÊz uÊmu � �ÈÊ ynmmÊ~ qpÊnyqu xÉztyÊmÊp } qmÈ qmu s uÈÊyyv Éw xnoÉoqxny ÊyÊz Êomu }ÈqxÈ xÉoumqmËmÊ qmu ÉËmuqpÊ w~ÉomqÊ~ � É~ Ñ �� ��Ð��
Ú(¡Ò�¡ ønxmËnyy� n uË�uÊm Éw qm û� nop mÈÊ ~ÊuËym qu noÉmÈÊ~ � n �qm yn~rÊ~ qpÊny xÉz�qo qor �ÉmÈ uÉ~mu
Éw ��u �

�m qu ÈÉ}Ê�Ê~ qztÉuuq�yÊ mÉ ny}n�u Èn�Ê nyy mÈ~ÊÊ xÉoum~Ëxmu snyqroÊpv � Ð���� mÈnm nyy uË�umqmËmqÉo��nuÊp
xynuuÊu Éw ��u qomÊ~uÊxm mÈÊ uÊxÉop É~pÊ~ qpÊny mÉ n Ëoq�ËÊ ÊyÊz Êom � �o t~nxmqxÊ � qm z n� ÈnttÊo mÈnm
uÊ�Ê~ny w~Éz uËxÈ ÊyÊzÊomu � ÊyÉor mÉ mÈÊ unzÊ uË�umqmËmqÉo xynuu � SËum nu mÈÊ~Ê xÉËyp � Ê oÉoÊ qo uÉz Ê
xynuuÊu �
h åG H òI îkïïéëïj îðñjòó ôõ ö éëéó ìí ÷òëòèìjôèñ
�o mÈqu uÊxmqÉo � }Ê } qyy qom~ÉpËxÊ n oÊ} yÉuuyÊuu ~ÊpËxmqÉo Éw mÈÊ �� uÊm mÈnm ~Êtnq~u mÈÊ Ön} u tÉqomÊp
ÉËm qo mÈÊ t~ÉtÉuny Éw ®Éor �� ���
� Wù W� �����	
�	�
�o ÉË~ nmmÊztm mÉ �� mÈÊ z nqo Ön} u Éw mÈÊ É~qr qony uËxxqoxm u�umÊz Éw z qo qz ny rÊoÊ~nmÉ~u � }Ê t~ÉtÉuÊ n
~ÊynmqÉo nyyÉ} qor mÉ pq�qpÊ mÈÊ uÊm Éw ��u nuuÉxqnmÊp mÉ n rq�Êo {| f qomÉ xÉ~~Êxmy� pÊ�oÊp σ�Ê�Ëq�nyÊoxÊ
xynuuÊu � �ÈÊ qomËqmqÉo �ÊÈqop uËxÈ n ~ÊynmqÉo qu mÈnm qw Y nop

Z
n~Ê m}É qmÊz uÊmu Èn�qor mÈÊ unz Ê xyÉuË~ÊøÐ���� γ ø

Y û ô γ
ø
Z ûû� mÈÊo mÈÊq~ ~ÊutÊxmq�Ê uËtÊ~uÊmu � É�mnqoÊp �� nppqor mÈÊ unz Ê qmÊz u mÉ Y nop

Z
� } qyynyuÉ Èn�Ê mÈÊ unz Ê xyÉuË~Ê � ÕÊ xno ÈÊoxÊ pÊ~q�Ê mÈÊ uËtÊ~uÊmu Éw Z mÈno�u mÉ mÈÉuÊ Éw Y �� uË�umqmËmqor

Y
��
Z

� ¸ÉmÊ mÈnm qo mÈÊ xnuÊ Éw mÈÊ �� wnz qy�� uËxÈ uËtÊ~uÊmu n~Ê É�mnqoÊp �� nppqor qmÊz u oÉm ny~Ênp��ÊyÉorqor mÉ Y nop
Z

� ÉmÈÊ~} quÊ mÈÊ� } qyy oÉm � Ê ��u � �Èqu ~ÊynmqÉo ÈÊoxÊ ËuÊu n uË�umqmËmqÉo ÉtÊ~nmÉ~pÊoÉmÊp J KLM N nyyÉ} qor mÉ ~ÊtynxÊ n uË�uÊm Y Éw no qmÊz uÊm X �� noÉmÈÊ~ qmÊz uÊm Z �ÊyÉorqor mÉ mÈÊ
unzÊ γ�Ê�Ëq�nyÊoxÊ xynuu nu Y � �Èqu ÉtÊ~nmÉ~ qu mÈÊo pÊ�oÊp nu wÉ yyÉ} u Ì
��������� bb �¯±O��#�±�#$% $P� "�$ &
'�� X 5 Y �ÑÒ Z Ú� �B ¡�� Ð��) Í��Í Í ��� Y ⊂ X 5 γ ø

Y û f γ
ø
Z û 5 �ÑÒ ø

X\Y û ∩ Z f ∅ � AB � ÍÎÚÍ�Ð�Î�Ð(Ñ
(� �¡��(¡ JKLM N5   �¡��� X 5 Y �ÑÒ Z 5 ÐÍ Ò�C Ñ�Ò �Í 6 ( � �( Í 7 JKLM N øX 5 Y 5 Z û f ø

X\Y û ∪ Z �
�É t~É�Ê mÈnm X nop JKLM N ø

X
�
Y

�
Z û Èn�Ê mÈÊ unzÊ xyÉuË~Ê � }Ê oÊÊp mÈÊ wÉyyÉ} qor yÊzzn �
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Y
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� �ÈÊ �� g
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n~Ê nyuÉ m}É ��u �ÕÊ Èn�Ê mÉ t~É�Ê mÈnm }Ê xno É�mnqo g1 ` g Ëuqor g2 nop
g3

qoumÊnp Éw g′2 nop
g′3
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Ð)) �ÒÐ��� uË�uÊmu nop oÉm �� �� �Èqu xÉoumqmËmÊu no qztÉ~mnom Étmqz q¦nmqÉo wÉ~ xÉztËmqor ~ÊpËopnom
��u �
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xÉoum~ËxmqÉo Éw mÈÊ u�umÊz � qo tn~mqxËyn~ � wÉ~ mÊumqor ~ÊpËxq�qyqm� � Êm}ÊÊo ��u �

�É É�Ê~xÉzÊ mÈqu yqz qmnmqÉo � mÈÊ oÊ�m uÊxmqÉo É§Ê~u n yÉuuyÊuu ~ÊpËxmqÉo Éw mÈÊ �� wnz qy� }ÈqyÊ t~Ê�
uÊ~�qor mÈÊ qomÊ~Êumqor É~pÊ~ qpÊny t~Ét Ê~m� Éw mÈÊ É�mnqoÊp u�umÊz � ÕÊ umn~m } qmÈ n uËzzn~� Éw mÈÊ~Êynmq�Ê zÊ~qmu Éw �ÉmÈ t~ÉtÉuÊp uËxxqoxm u�umÊz u Éw z qoqz ny rÊoÊ~nmÉ~u � }ÈqxÈ zÉmq�nmÊu mÈÊ pÊ�ÊyÉt�
zÊomu t~ÊuÊomÊp qo mÈÊ ~Êz nqopÊ~ Éw mÈÊ xÈntmÊ~ ��m qu }É~mÈ tÉqomqor ÉËm mÈnm mÈÊ tqxmË~Ê rÊmu zÉ~Ê ~ÊrËyn~ Éo mÈÊ ÈqrÈÊ~ r~noËyn~qm� yÊ�Êy � Ð���� } qmÈ qon
γ�Ê�Ëq�nyÊoxÊ xynuu � �opÊÊp � }ÈnmÊ�Ê~ mÈÊ ËuÊp qmÊz É~pÊ~ wÉ~ qmu rÊoÊ~nmqÉo � mÈÊ qpÊny Éw ~Êt~ÊuÊomn�mq�Ê�xnoÉoqxny ��u Ènu nm yÊnum ÉoÊ ÊyÊz Êom qo ÊnxÈ γ�Ê�Ë q�nyÊoxÊ xynuu � �Èqu wnxm npz qmu no qzzÊpqnmÊt~ÉÉw �nuÊp Éo mÈÊ unz Ê qopËxmqÉo ÊztyÉ�Êp qo mÈÊ xÉztyÊmÊoÊuu t~ÉÉw wÉ~ ÉË~ Ê�tnouqÉo t~É xÊpË~Ê øÏ6 �lË�uÊxmqÉo Û �Û �� û� a É~ÊÉ�Ê~ � ÉoÊ xno Ênuqy� uÈÉ} mÈnm rq�Êo n

γ�Ê�Ëq�nyÊoxÊ xynuu � mÈÊ ¡�� ¡�Í�Ñ���Ð��� Ð����
z qoqz ny uÊm   �¡ ��� no� yqoÊn~ Ê�mÊouqÉo Éw mÈÊ ⊆�qopËxÊp É~pÊ~ � }ÈqxÈ qu mÈÊ xnuÊ ÈÊ~Ê � qu oÊxÊuun~qy� n
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�� � �u xnoÉoqxny ÊyÊz Êomu w~Éz mÈÊ �É~pÊ~ n~Ê nyuÉ ~Ê�Ëq~Êp mÉ � Ê ��u � ÉoÊ z qrÈm ømÉÉ û Ênuqy� xÉoxyËpÊmÈnm mÈÊ Êomq~Ê �É~pÊ~ qu qo mÈÊ �� wnz qy�� ÙouË~t~quqory�� mÈqu pÉÊu oÉm ÈÉyp qo mÈÊ rÊoÊ~ny xnuÊ Ì mÈÊ~Ê
} qyy � Ê oÉo��� ÊyÊz Êomu }ÈÉuÊ Ê�Ê~� uË�uÊm qu ~Êt~ÊuÊomnmq�Ê � �ÈÊ Ê� qumÊoxÊ Éw mÈÊuÊ ÊyÊz Êomu uÊÊz u mÉ
Èn�Ê �ÊÊo z quuÊp �� ®Éor �� ���� nymÈÉËrÈ mÈÊ� tyn� mÈÊ unzÊ ~ÉyÊ qo mÈÊ uË�umqmËmqÉo z ÊxÈnoquz nu mÈÊ
xnoÉoqxny ��u � �o wnxm � mÈ qu qu mÈÊ z nqo ~ÊnuÉo wÉ~ mÈÊq~ Ê�tnouqÉo z ÊxÈnoquz mÉ �Ê qoxÉztyÊmÊ � Ð���� mÉ
wnqy qo mÈÊ ~ÊxÉ�Ê~� Éw uÉz Ê Éw mÈÊ ~ÊpËopnom ��u w~Éz mÈÊ ùúú�� �

×oÊ zn� oÉ} �ËÊumqÉo mÈÊ qomÊ~tyn� �Êm}ÊÊo mÈÊ uË�umqmËmqÉo nop mÈÊ mÉmny É~pÊ~ � Ð���� qo }Ènm uÊouÊ mÈÊ~Êt~ÊuÊomnmq�Ê�xnoÉoqxny uÊmu n~Ê Ð¡¡�ÒÎÏÐÚ�� wÉ~ uË�umqmËmqÉo¦ �wmÊ~ nyy � mÈÊ uË�umqmËmqÉo qu n ~Ê�Ê~uq� yÊ
ÉtÊ~nmÉ~ � uÉ mÈnm no� �� }qmÈ qo n

σ�Ê�Ëq�nyÊoxÊ xynuu xÉËyp Èn�Ê �ÊÊo xÈÉuÊo nu qmu pqumqorËquÈÊp
ÊyÊz Êom mÉ �Ê �Êtm � � ymÈÉËrÈ �®Éor �� ���� ���¨� un�u yqmmyÊ Éo mÈnm tÉqom � ÉË~ nony�uqu uÈÉ} u mÈnm mÈÊ~Êt~ÊuÊomnmq�Ê�xnoÉoqxny É~pÊ~ qpÊny um~ËxmË~Ê qu x~Ëxqny � �opÊÊp � qm }É~�u yq�Ê n z nroÊmqx oËxyÊË u wÉ~
uË�umqmËmqÉo qo mÈÊ uÊouÊ mÈnm }ÈÊo t~ÉtÊ~y� tÊ~wÉ~z Êp � Ð���� qo mÈÊ ¡Ð�B � pq~ÊxmqÉo � qm m~nouwÉ~z u no
n~� qm~n~� qmÊz uÊm qomÉ n zÊz�Ê~ Éw mÈÊ ~Êt~ÊuÊomnmq�Ê qpÊny É~ Éw qmu øxÉztyÊmÊ û �É~pÊ~ � �Ê~Ê � mÈÊ ~qrÈmpq~ÊxmqÉo qu mÈÊ uË�umqmËmqÉo Éw n uË�uÊm Z1

qo mÈÊ n~rËz Êom X �� mÈÊ ~Êt~ÊuÊomnmq�Ê Z2

qo mÈÊ γ�Ê�Ëq�nyÊoxÊ
xynuu Éw Z1

� ÕÊ t~É�Ê �ÊyÉ} mÈnm mÈ qu qoÊ�qmn�y� snmm~nxmuv mÈÊ ~ÊuËym } qmÈqo mÈÊ nwÉ~Êz ÊomqÉoÊp uÊm }ÈÊ~Ê
uËxÈ uË�umqmËmqÉou xno oÉ zÉ~Ê �Ê t Ê~wÉ~z Êp �

×Ë~ t~ÉtÉuny qu n�ÉËm xÉztyÊmqor mÈÊ uËxxqoxm ~Êt~ÊuÊomnmqÉo } qmÈ nyy mÈÉuÊ oÉo���u w~Éz mÈÊ �É~pÊ~
Éw mÈÊ É~pÊ~ qpÊny Éw ~Êt~ÊuÊomnmq�Ê ��u � nu qo z no� xnuÊu mÈÊ� n~Ê mÈÊ Ëoq�ËÊ tÉqom w~Éz }ÈqxÈ uÉzÊ ÉwmÈÊ ~ÊpËopnom ��u xno �Ê ~ÊnxÈÊp �� uË�umqmËmqÉo � �ÈÊ pÊmnqyu Éw ÉË~ ntt~ÉnxÈ xÉz Ê qo mÈÊ wÉyyÉ} qor
tn~nr~ntÈu �
h åh § éèòïjò¨ îk©ñjéjkjéôëª«èòò îòjñ
�ÈÊ qpÊn �ÊÈ qop ÉË~ È��~qp ntt~ÉnxÈ qu mÉ s ~Êtnq~v mÈÊ Ön} u qo mÈÊ t~ÉtÉuny Éw ®Éor �� ��� }ÈqyÊ t~ÊuÊ~�qormÈÊ Ê�nxmoÊuu yn� Êy Éw mÈÊ É�mnqoÊp ~Êt~ÊuÊomnmqÉo � nu qo mÈÊ t~ÉtÉuÊp u�umÊz qo mÈÊ t~Ê�qÉËu uÊxmqÉo �
� W� W� �����	
�	�
�Ê~Ê qu no qyyËum~nmqÉo Éw mÈÊ n�É�Ê n~rËz Êomu Ì � uuËz Ê mÈÊ nuxÊopqor uËttÉ~m É~pÊ~ Éo qmÊz u qo �n�yÊ Û ��
nop xÉouqpÊ~ mÈÊ ��u Éw ������ � � u tÉqomÊp ÉËm n�É�Ê � qm qu qztÉuuq�yÊ mÉ pÊ~q�Ê ��� w~Éz mÈÊ ~ÊuËymqor
É~qrqony uËxxqoxm u�umÊz Éw z qoqz ny rÊoÊ~nmÉ~u øùúú��û� �opÊÊp � qmu uË�uÊm �� qu n oÉo�~Êt~ÊuÊomnmq�Ê
�� ø�� qu mÈÊ ~Êt~ÊuÊomnmq�Ê qo qmu γ�Ê�Ë q�nyÊoxÊ xynuuû � �ÊoxÊ � qm ~Êz nqou ÉËmuqpÊ mÈÊ u�umÊz � }ÈÊ~ÊnuoÊqmÈÊ~ �� oÉ~ ��� Èn�Ê n pÊ~q�nmqÉo xÈnqo mÈnm Êopu nm ��� � �w }Ê yÉÉ� mÈÊ xnuÊ ÉmÈÊ~ }n� ~ÉËop � mÈÊ Éoy�
uÊouq�yÊ uË�umqmËmqÉo w~Éz �� �nx�}n~pu qu ����� � �Èqu t~ÉpËxÊu ��� � n xË~qÉËu uÊm }ÈÉuÊ Ê�Ê~� uË�uÊm qun ~Êt~ÊuÊomnmq�Ê øÈÊoxÊ qm �ÊyÉoru mÉ mÈÊ �É~pÊ~ Éw mÈÊ xÉ~~ÊutÉopqor qpÊnyû } qmÈÉËm mÈÊ uÊm qmuÊyw � Êqor
Ê�Êo n �� � ¬yÊn~y�� nppqor ��� mÉ mÈÊ ùúú�� }ÉËyp ~ÊumÉ~Ê qmu xÉztyÊmÊoÊuu � �Èqu yÊnpu mÉ n yn~rÊ~pÊ�oqmqÉo Éw mÈÊ xnoÉoqxqm� }ÈqxÈ }Ê t~É�qpÊ � ÊyÉ} �
��������� b� �¬�"�#^� O$ e� $°  �P ���%�"�#^� �#%#�"! �%� "�$ �&
'�� MG� ,� Ú� �B � Í�� (6 �B � ¡�� ¡�Í�Ñ���Ð�� ��Í �B �� Ï�Ñ Ú� �Ø �¡�Ï��Ò 6 ¡() � Ï(Ñ��Ø � K � AB � Ñ�� ��Ð��
Ú(¡Ò�¡ (6 MG � ,� ÐÍ 7 Bd− ø

MG � ,� û f _X ⊆ I | ∀ Y ⊂ X 5 Y ∈ MG � ,� �ÑÒ X /∈ MG � ,�` �lqoxÊ xnoÉoqxny qmÊz uÊmu wÉ~z mÈÊ oÊrnmq�Ê �É~pÊ~ Éw mÈÊ ~Êt~ÊuÊomnmq�Ê qpÊny � mÈÊ Éyp xnoÉoqxny ��u Éw®Éor �� ��� n~Ê É��qÉËuy� qoxyËpÊp qo qm ø
MG

¢£¤
⊆ Bd−

ø
MG

��� ûû� mÉrÊmÈÊ~ } qmÈ mÈÊ xnoÉoqxny oÉo���
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ÊyÊz Êomu � a É~ÊÉ�Ê~ � mÈÊ w~Ê�ËÊox� xÉoum~nqom wË~mÈÊ~ utyqmu qm qomÉ wÉË~ uË�uÊmu ��o É~pÊ~ mÉ wÉ~znyq¦Ê mÈÊ q~~ÊpËxq�qyqm� umnmËu Éw mÈÊ n�É�Ê uÊmu � }Ê ~Êy� Éo n xÉoum~nqoÊp uË�umqmËmqÉo
ÉtÊ~nmÉ~ � �xmËnyy�� }Ê pqumqorËquÈ m}É xÉztyÊz Êomn~� spq~ÊxmqÉouv wÉ~ mÈÊ uË�umqmËmqÉo pÊtÊopqor Éo mÈÊ
umnmËu Éw mÈÊ qo�Éy�Êp uÊmu � �ÈËu � n tÉuqmq�Ê ø¡�Í� � oÊrnmq�Ê û uË�umqmËmqÉo wÉ~ no qmÊz uÊm X nzÉËomu mÉ~ÊtynxÊ n uË�uÊm Z1 Éw X �� n uÊm Z2 Éw mÈÊ unz Ê xyÉuË~Ê nu Z1 }ÈqxÈ qu yn~rÊ~ ø¡�Í� � uz nyyÊ~ û   �¡ ���mÈÊ qmÊz uÊm É~pÊ~ � ÕÊ wÉ xËu Éo mÈÊ ~ÊynmqÉou �Êm}ÊÊo mÈÊ uÊm X nop mÈÊ uÊm Y qopËxÊp �� ÉoÊ Éw mÈÊ
uË�umqmËmqÉou pÊ�oÊp mÈ~ÉËrÈ ®Ê�oqmqÉo ¨� nop ®Ê�oqmqÉo ¨ ��
��������� @c �°$�#�#^� �±O��#�±�#$% &
'�� X 5 Y ⊆ I 5 Z1 ⊂ X �ÑÒ Z2 ⊆ I Í ��� γ ø

Z1 û f γ
ø
Z2 û � AB � � (ÍÐ�Ð�� ÒÐ¡�Ï� �ÑÒ �¡�ÑÍÐ�Ð�� ÍÎÚÍ�Ð�Î�Ð(Ñ

(� �¡��(¡Í5 Ò�Ñ(��Ò ¡�Í� �Ï�Ð���8 `+ �ÑÒ �+ 5 �¡� Ò�C Ñ�Ò �Í 6 ( � �( Í 7
• Y ÐÍ Í�ÐÒ �( Ú� � �§� � ¡�  ��¦� ��®���� øÒ�¡Ð��Ú�� û   Ð�B ¡�Í� �Ï� �( ø6 ¡() û X 5 Ò�Ñ(��Ò X `+

Y 5 Ð6 JKLM N ø
X 5 Z1 5 Z2 û f Y �ÑÒ Z1 � Z2 �

• Y ÐÍ Í�ÐÒ �( Ú� � �§� � ¡� ����� � ¡� ��®����   �¡��� X 5 Ò�Ñ(��Ò X �+ Y 5 Ð6 �B �¡� ÐÍ � Í�UÎ�ÑÏ�
(6 n Ð��) Í��Í I1 5 I2 5 � � � 5 In 5 ÍÎÏB �B �� Ii `+ IRi+1S ø

i ∈ {1 5 � � � 5 ø
n T 1û}û   Ð�B I1 f X �ÑÒ In f Y �

��������� @m �¬�"�#^� �±O��#�±�#$% &
'�� X 5 Y ⊆ I 5 Z1 ⊂ X �ÑÒ Z2 ⊆ I Í ��� γ ø

Z1 û f γ
ø
Z2 û � AB � Ñ�� ��Ð�� ÒÐ¡�Ï� �ÑÒ �¡�ÑÍÐ�Ð�� ÍÎÚÍ�Ð�Î�Ð(Ñ

(� �¡��(¡Í5 Ò�Ñ(��Ò ¡�Í� �Ï�Ð���8 `− �ÑÒ �− 5 �¡� Ò�C Ñ�Ò �Í 6 (� �( Í 7
• Y ÐÍ Í�ÐÒ �( Ú� � ��*�� ¡�  ��¦� ��®���� øÒ�¡Ð��Ú�� û   Ð�B ¡�Í� �Ï� �( ø6 ¡() û X 5 Ò�Ñ(��Ò X `−

Y 5 Ð6 JKLM N ø
X 5 Z1 5 Z2 û f Y �ÑÒ Z2 � Z1 �

• Y ÐÍ Í�ÐÒ �( Ú� � ��*�� ¡� ����� � ¡� ��®����   �¡��� X 5 Ò�Ñ(��Ò X �− Y 5 Ð6 �B �¡� ÐÍ � Í�UÎ�ÑÏ�
(6 n Ð��) Í��Í I1 5 I2 5 � � � 5 In 5 ÍÎÏB �B �� Ii `− IRi+1S ø

i ∈ {1 5 � � � 5 ø
n T 1û}û   Ð�B I1 f X �ÑÒ In f Y �

�ÈÊ ÉtÊ~nmÉ~ `+
ø¡�Í� � `− û qu ~ÊÖÊ� q�Ê � u�zzÊm~qx �Ëm oÉm oÊxÊuun~qy� m~nouqmq�Ê � }ÈqyÊ mÈÊ ÉtÊ~nmÉ~ �+ø¡�Í� � �− û wË y� yyu mÈÊ mÈ~ÊÊ t~Ét Ê~mqÊu �

�m qu oÉmÊ}É~mÈ� mÈnm ÊnxÈ uË�umqmËmqÉo qu ÊqmÈÊ~ tÉuqmq�Ê É~ oÊrnmq�Ê � Ð���� mÈÊ~Ê qu oÉ oÊËm~ny uË�umqmËmqÉo �
a É~ÊÉ�Ê~ � tÉuqmq�Ê uË�umqmËmqÉou t~ÉpËxÊ ~ÊuËymu mÈnm n~Ê yn~rÊ~   �¡��� � mÈno mÈÊ qoqmqny uÊmu nop ÈÊoxÊ
Èn�Ê � qrrÊ~ ~no�u qo mÈÊ É~pÊ~ ø

X `+ Y
qz tyqÊu X � Y û� }ÈqyÊ mÈÊ oÊrnmq�Ê ÉoÊu Èn�Ê mÈÊ ÉttÉuqmÊ

Ê§Êxm � �o tn~mqxËyn~ � qw mÈÊ ~ÊtynxÊp uÊm qu n ~Êt~ÊuÊomnmq�Ê � mÈÊo mÈÊ uË�umqmËmqÉo qu oÊxÊuun~qy� tÉuqmq�Ê �
}ÈqyÊ � xÉo�Ê~uÊy�� qw n ~Êt~ÊuÊomnmq�Ê ~Êt ynxÊu noÉmÈÊ~ uÊm � mÈÊo qm qu oÊrnmq�Ê � �Èqu qu wÉ~znyy� uÈÉ}o
Ëuqor ®Ê�oqmqÉo ¨� nop �~ÉtÉuqmqÉo �� nu wÉ yyÉ} u ��ÈÊ wÉyyÉ} qor pÊ�oqmqÉo qom~ÉpËxÊu mÈÊ wËoxmqÉo ρ }ÈqxÈ nuuÉxqnmÊu mÉ ÊnxÈ qmÊz uÊm qmu ~no�   �¡��� mÈÊmÉmny É~pÊ~ ~ÊynmqÉo �

�
��������� @? ��"%± °±%o�#$% &
�Ð��Ñ �B � �(��� (¡Ò�¡ ¡����Ð(Ñ � �ÑÒ �Ñ Ð��) Í�� X 5 �B � ¡�ÑT 6 ÎÑÏ�Ð(Ñ ρ ÐÍ Ò�C Ñ�Ò �Í 6 (� �( Í 7

ρ : P
ø
I û → N

X 7→ ρ
ø
X û

ÍÎÏB �B �� Ú8 Ò�6 �Î��5 ρø∅û f 05 �ÑÒ ∀ Y 5 Z ⊆ I 5 ρøY û < ρ
ø
Z û ÐQ Y ≺ Z ��m qu }É~mÈ oÉmqor mÈnm � ÉoxÊ mÈÊ mÉmny É~pÊ~ ~ÊynmqÉo npÉtmÊp � mÈÊ ~no� Éw ÊnxÈ qmÊz uÊm qu qzzÊpqnmÊy� uÊm ��~ÉtÉuqmqÉo �� uÈÉ} u mÈÊ Ê§Êxm Éw n tÉuqmq�Ê�oÊrnmq�Ê uË�umqmËmqÉo Éo mÈÊ ~no� Éw mÈÊ É�mnqoÊp qmÊz uÊm �
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èé�= �ê����� ?? '�� X �ÑÒ Y Ú� �  ( Ð��) Í��Í Í ��� X 6= Y �
T L6 X `+ Y 5 �B �Ñ ρøX û < ρ

ø
Y û �

T L6 X `− Y 5 �B �Ñ ρøX û > ρ
ø
Y û �¬ÉouqpÊ~ oÉ} mÈÊ q~~ÊpËxq�yÊ ÊyÊz Êomu wÉ~ mÈÊ oÊrnmq�Ê uË�umqmËmqÉo � Ð���� ÊyÊz Êomu wÉ~ }ÈqxÈ uËxÈ

uË�umqmËmqÉo xÉËyp oÉm �Ê nttyqÊp � ÕÊ xnyy mÈÊz ÒÐ¡�Ï��Ò ÍÎÚÍ�Ð�Î�Ð(Ñ T6 ¡�� uÊmu øpÊoÉmÊp ¢ ú2úuû�
��������� @� �/ # �o��e ¯±O��#�±�#$% \3 �� ¯���&
'�� DSFS Ú� �B � Ï( � ��Ï�Ð(Ñ (6 �B � ÒÐ¡�Ï��Ò ÍÎÚÍ�Ð�Î�Ð(ÑT6 ¡�� Í��Í �B �� Ï�Ñ Ú� �Ø �¡�Ï��Ò 6 ¡() � Ï(Ñ��Ø � K �
DSFS f _I ⊆ I | ∀ I1 ⊂ I 5 ∀ I2 ⊆ I 5 ø

γ
ø
I1 û f γ

ø
I2 û =⇒ I1 � I2 û` �
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 q�Êo qmu um~ËxmË~Ê � mÈÊ ¢ ú2ú wnz qy� xno �Ê Ênuqy� xÉoum~ËxmÊp �� n yÊ�Êy} quÊ nyrÉ~qmÈz mÈnm � nppqmqÉo�nyy�� ÊoËz Ê~nmÊu qmÊz uÊmu qo mÈÊ É~pÊ~ � � �ÈËu � nyy mÈÊ ¢ ú2úu nm n tn~mqxËyn~ yÊ�Êy n~Ê Ênuqy� ~ÊxÉroq¦n�yÊ
uqoxÊ nyy mÈÊq~ uË�uÊmu øqo tn~mqxËyn~ mÈÊ z n�qz ny ÉoÊu û �ÊyÉor mÉ mÈÊ ny~Ênp� pquxÉ�Ê~Êp tn~m Éw mÈÊ wnz qy���o nppqmqÉony Ê§É~m qu oÊxÊuun~� mÉ qpÊomqw� mÈÊ ~Êt~ÊuÊomnmq�Ê qmÊz uÊmu nzÉor nyy mÈÊ wnz qy� z Êz�Ê~u � �ÉmÈnm Êop � mÈÊ É~pÊ~ t~ÉtÊ~mqÊu n~Ê Ê�t yÉqmÊp � �o wnxm � n ~Êt~ÊuÊomnmq�Ê qu mÈÊ �~um qmÊz uÊm mÉ � Ê Ê�nz qoÊp
} qmÈ qo qmu γ�Ê�Ëq�nyÊoxÊ xynuu � �ÊoxÊ � mÉ Êumn� yquÈ mÈnm n ¢ ú2ú qu n ~Êt~ÊuÊomnmq�Ê � qm qu ÊoÉËrÈ mÉ xÈÊx�mÈnm qmu xyÉuË~Ê Ènu oÉm � ÊÊo t~ÉpËxÊp �� n t~Ê�qÉËuy� Ê�m~nxmÊp ¢ ú2ú�
� W� WX ¢ �ü���[�	ü ` ZZ £ 	 	_[Z ¤���[����
lÉ wn~ � }Ê Èn�Ê Êumn�yquÈÊp mÈnm no� mÉmny É~pÊ~ Éo qmÊz uÊmu rÊoÊ~nmÊu n xÉ~Ê qpÊny qo mÈÊ �ÉÉyÊno ynmmqxÊmÈnm }É~�u nu no q~~ÊpËxq� yÊ oËxyÊË u wÉ~ u}nttqor uË�uÊmu } qmÈ Ê�Ëq�nyÊom ÉoÊu � ×o mÈÊ ~Ê�Ê~uÊ uqpÊ
Éw mÈÊ �ËÊumqÉo � mÈÊ~Ê qu mÈÊ Ê�tnouqÉo t~É xÊuu Ì qm umn~mu } qmÈ mÈÊ ¢ ú2úu nop ~Êm~qÊ�Êu mÈÊ Êomq~Ê ��
wnz qy�� ÙouË~t~quqory�� mÈÊ tÉuqmq�Ê uË�umqmËmqÉo qu ËuÊp mÉ mÈnm Êop � a É~ÊÉ�Ê~ � nu wÉ~ ÊnxÈ oÊrnmq�Ê
uË�umqmËmqÉo mÈÊ~Ê qu n ~Ê�Ê~uÊ tÉuqmq�Ê ÉoÊ � nop �qxÊ �Ê~un � Ê�Ê~� qmÊz uÊm w~Éz mÈÊ �ÉÉyÊno ynmmqxÊ quoÊxÊuun~qy� ~ÊnxÈn�yÊ �� nm yÊnum ÉoÊ xÈnqo Éw tÉuqmq�Ê uË�umqmËmqÉou umn~mqor w~Éz n ¢ ú2ú� �o tn~mqxËyn~ �~ÊpËopnom ��u n~Ê ~ÊnxÈn�yÊ qo mÈqu }n��

ÔÉyyÉ} qor mÉ mÈÊ n�É�Ê n~rËz Êomu � }Ê xynqz mÈnm Ê�Ê~� ~ÊpËopnom �� xno �Ê pÊ~q�Êp w~Éz n ¢ ú2ú
Éw mÈÊ unz Ê xyÉuË~Ê � Ëuqor tÉuqmq�Ê uË�umqmËmqÉou � a É~Ê utÊxq�xnyy�� umn~mqor w~Éz mÈÊ ¢ ú2ú
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� nop

ÉtÊ~nmqor uËxxÊuuq�Ê uË�umqmËmqÉou Éw n ~Êt~ÊuÊomnmq�Ê uË�uÊm Z1

�� n oÉo�~Êt~ÊuÊomnmq�Ê uÊm Z2 w~Éz mÈÊ
unz Ê γ�Ê�Ëq�nyÊoxÊ xynuu } qyy oÊxÊuun~qy� ~ÊuËym qo mÈÊ rÊoÊ~nmqÉo Éw mÈÊ Êomq~Ê �� wnz qy�� �ÊoxÊ }Ê xnonuuÊ~m mÈnm mÈÊ n�É�Ê ~Êm~qÊ�ny z ÊxÈnoquz � qo qmu z Éum rÊoÊ~ny wÉ~z qu n xÉztyÊmÊ z Êno wÉ~ xÉztËmqormÈÊ ��u � ¸É} }Ê } qyy t~É�Ê mÈnm mÈÊ Ê�tnouqÉo t~É xÊuu umn~mqor w~Éz mÈÊ uÊm DSFS

qu xÉztyÊmÊ �
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Ï�Ñ Ú� Ò¡� Ñ 6 ¡() �Ñ �Ø �¡�Ï�Ð(Ñ Ï(Ñ��Ø � K 5  � �¡� �Ú�� �( Ò�¡Ð�� �� � ) ÐÑÐ) �� � �Ñ�¡��(¡Í 7
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ny}n�u � ÊyÉoru mÉ DSFS
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ø
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~ÊpËopnom ÉoÊ mÈÊo qm qu xÉomnqoÊp qo
DSFS

� � ÊoxÊ � qm qu m~q� qny mÈnm g xno �Ê pÊ~q�Êp w~Éz no ÊyÊz Êom
Éw DSFS
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wnxmÉ~ wÉ~ pÊmÊ~z qo qor
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�oÉmÈÊ~ xÉoxÊ~o } qmÈ mÈÊ ~Êm~qÊ�ny qu mÈÊ xÉ~~ÊxmoÊuu Éw mÈÊ z ÊxÈnoquz � Ð���� mÈÊ }n~~nom� mÈnm Éoy�
��u } qyy � Ê ~Êm~qÊ�Êp � �É mÈnm Êop � }Ê ÊztyÉ� n um~nqrÈmwÉ~}n~p uËttÉ~m mÊum Ì �o qmÊz uÊm qu n ��
}ÈÊoÊ�Ê~ qmu uËttÉ~m qu um~qxmy� yÉ}Ê~ mÈno mÈÊ uËttÉ~m Éw nyy qmu t~Ét Ê~ uË�uÊmu � ÔÉ~ Êø xqÊox� ~ÊnuÉou �mÈqu mÊum qu yqz qmÊp mÉ zn�qz ny uË�uÊmu Éo y�� ×��qÉËuy�� uËxÈ n mÊum ~Ê�Ëq~Êu n yÊ�Êy} quÊ m~n�Ê~uny Éw mÈÊ
�ÉÉyÊno ynmmqxÊ � }ÈqxÈ qu n xynuuqx ntt~ÉnxÈ Éw w~Ê�ËÊom qmÊz uÊm z qo qor � ¬ÉouÊ�ËÊomy�� }Ê z n� nuuÊ~m mÈnmmÈÊ Ê�tnouqÉo qu xÉ~~Êxm nu }Êyy �
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ë ¡((6 � � u uÈÉ}o �� mÈÊ t~ÉÉw Éw �~ÉtÉuqmqÉo �Û � ÊnxÈ w~Ê�ËÊom qmÊz uÊm xÉom~nxmu mÉ n ¢ ú2ú �� oÊrnmq�Ê
uË�umqmËmqÉou � �m qu ÈÊoxÊ uqzty� pÊ~q�n�yÊ w~Éz n ¢ ú2ú Ëuqor tÉuqmq�Ê ÉoÊu � ♦

h åµ ¶ëìíðñéñ ìë¨ ·ôó¸ìèéñôë ôõ ¹ºò » èô¸ ôñò¨ îðñ¹òó ñ
¼É ½Ë¾ Ë¿ À ÁÈÊ Â ú2ú ÃÄ¾ ÅÆÇ Å½ ÁÈÊ ÈÉ¾¿ÆÊÁÊ ½ÁÉËÈÁËÉÊ ÊÊÈÊ½½ÄÉÇ ÁÉ ÊÊ½ËÉÊ ÁÈÄÁ ÊËÊÉÇ ÌÍ ÈÄÊ ÎÊ ÉÊÄÈÈÊÏ
ÎÇ Ä ½ËÎ½ÁÅÁËÁÅÉÊÐÎÄ½ÊÏ ÊÑ¿ÄÊ½ÅÉÊ ¿ÉÉ ÈÊ½½ ÁÈÄÁ Å½ ÒÊ ÆÆ ÏÅÉÊÈÁÊÏ ÄÊÏ ÈÊÊÈÊ ÈÇÈÆÊÐÃÉÊÊ Ó ¼ÈÊ Â ú2ú½ ÈÄÊ Î Ê
Êø ÈÅÊÊÁÆÇ ¾ ÅÊÊÏ À ÏËÊ ÁÉ ÁÈÊ ÉÉÏÊÉ ÅÏÊÄÆ ÃÉÉ¾ ÉÃ ÁÈÊ ÃÄ¾ ÅÆÇ Ä½ ÅÁ ÏÉÊ½ ÊÉÁ ÊËÊÊ ÉÊÔË ÅÉÊ ÁÈÊ ÏÅ½ÈÉËÊÉÇ É Ã ÄÆÆ
Ì Í½ Ó ®Ê½¿ÅÁÊ ÁÈÊ ½ÅÕÊÅÖÈÄÊÁ ¿ÉÉÕÉÊ½½ Ò ÅÁÈ ÉÊ½¿ ÊÈÁ ÁÉ ÁÈÊ ¿ÉÊËÅÉË ½ ÁÒÉ ½ÁËÏÅÊ½ À ÁÈÊÉÊ ÄÉÊ Å½½ËÊ½ Ò ÅÁÈ ÉËÉÃÉÄ¾ ÊÒÉÉ× ÁÈÄÁ ÄÉÊ ÇÊÁ ÁÉ ÎÊ ÈÆÄÉÅÖÊÏ ÓÔ ÅÉ½Á À ÒÈ ÅÆÊ ÎÉÁÈ ½ËÈÈÅÊÈÁ ½Ç½ÁÊ¾½ ÉÃ ¾ ÅÊÅ¾ ÄÆ ÕÊÊÊÉÄÁÉÉ½ ÉÊÆÇ ÉÊ ÆÇ ÉÊ ÌÍ½ À ÉËÉ ÈÉÊ½ÁÉËÈÁ ÉÃ ÁÈÊ Â ú2ú½
ÅÊËÉ ÆËÊ½ ÃËÉÁÈÊÉ ½ÊÁ½ ÃÉÉ¾ øÇÊÁ ÆÄÇÅÊÕ ÊÉÁ ÁÉÉ ÃÄÉ ÅÊ û ÁÈÊ ØÉÉ ÆÊÄÊ ÆÄÁÁÅÈÊ Ó ¼ÈÊ Å¾ ¿ÄÈÁ ÉÃ ÁÈÊ½Ê Ê ÆÊ¾ ÊÊÁ½
ÉÊ ÁÈÊ ½ÅÙÊ ÉÃ ÁÈÊ ÉÊ¿ÉÊ½ÊÊÁÄÁÅÉÊ ÊÊÊÏ½ ÁÉ ÎÊ ÊÑÄ¾ ÅÊÊÏ Ó ÚÉ¾ Ê ÈÆËÊ½ ÉÊ ÈÉÒ ¾ÄÊÇ ÊÉÊÐÌÍ Â ú2ú½ ÈÉË ÆÏÄ¿¿ ÊÄÉ ÄÉÊ ¿ÉÉËÅÏÊÏ ÅÊ ÚÊÈÁÅÉÊ Û ÓÛ ÓÜÊÉÁÈÊÉ Å½½ËÊ À ½É¾ ÊÒÈÄÁ ÉÊ ÆÄÁÊÏ ÁÉ ÁÈÊ ¿ÉÊËÅÉË ½ ÉÊÊ À ÈÉÊÈÊÉÊ½ ÁÈÊ ÊÑ¿ÄÊ½ÅÉÊ ¾ ÊÈÈÄÊÅ½¾ Ó ÜÊ Å¾¿ÉÉÁÄÊÁÃÊÄÁËÉÊ ÁÈÊÉÊÉÃ ÒÉË ÆÏ Î Ê ÁÉ ÆÅ¾ ÅÁ ÄÆÆ ½ËÎ½ÁÅÁËÁÅÉÊ½ ÁÉ ÌÍ ½ËÎ½ÊÁ½ Ó ÝÊ ÉÁÈÊÉ ÁÊÉ¾ ½ À ÅÁ ÒÉË ÆÏ Î Ê ¾ËÈÈ ½Å¾¿ÆÊÉÄÊÏ ¾ ÉÉÊ Êø ÈÅÊÊÁ ÄÆÒÄÇ½ ÁÉ ÉÊ¿ÆÄÈÊ Ä ÉÊ¿ÉÊ½ÊÊÁÄÁÅËÊ ÌÍ Z1 ÎÇ Ä ÊÉÊÐÉÊ¿ÉÊ½ÊÊÁÄÁÅËÊ ÉÊÊ Z2 À ÄÊÏ ÊÉÁ ÄÊÇÄÉÎ ÅÁÉÄÉÇ ½ÊÁ ÃÉÉ¾ ÁÈÊ ½Ä¾ Ê γÐÊÔË ÅËÄÆÊÊÈÊ ÈÆÄ½½ ÓÔ ÅÊÄÆÆÇÀ ÁÈÊ ¾ ÅÊÅ¾ ÄÆÅÁÇ ÉÃ ÁÈÊ Â ú2ú ÃÄ¾ ÅÆÇ Å½ ÄÊ Å¾¿ÉÉÁÄÊÁ Å½½ËÊ Ä½ ÒÊ ÆÆ Ó ÕÈÊÉÊÄ½ ÅÁ Å½ ÏÊÖÊÅÁÊ ÆÇ
¾ ÅÊÅ¾ ÄÆ ÃÉÉ ÁÈÊ ÊÊÁÅÉÊ ØÉÉ ÆÊÄÊ ÆÄÁÁÅÈÊ À ÅÁ ÈÉË ÆÏ Î Ê ÅÊ ½É¾ Ê ÈÄ½Ê½ ÁÈÄÁ Ä ¿ÉÉ¿ÊÉ ½ËÎ½ÊÁ ÉÃ ÁÈÊ Â ú2ú½ ½Ëø ÈÊ½
ÁÉ ÕÊÊÊÉÄÁÊ ÄÆÆ ÁÈÊ ÌÍ½ Ó ÔÉÉ ÅÊ ½ÁÄÊÈÊ À ÅÃ ÁÈÊÉÊ ÄÉÊ ¾ ÉÉÊ ÁÈÄÊ ÉÊÊ Â ú2ú ÅÊ ÁÈÊ ½Ä¾ Ê σÐÊÔË ÅËÄÆÊÊÈÊ ÈÆÄ½½ À
ÁÈÊÊ ÈÆÊÄÉÆÇ ÉÊÆÇ ÁÈÊ ½¾ ÄÆÆÊ½Á ÉÃ ÁÈÊ¾ Þßàßáß ÁÈÊ ÁÉÁÄÆ ÉÉÏÊÉ Å½ É Ã ÊÊÊÏ Ó a ÉÉÊÉËÊÉ À ½É¾ Ê ÊÉÊÐÌÍ Â ú2ú½
¾ ÄÇ ÊÉÁ Î Ê ÉÃ Ë ½Ê ÃÉÉ ÁÈÊ ÊÑ¿ÄÊ½ÅÉÊ ÁÉÒÄÉÏ½ ÄÆÆ ÌÍ½ À ½É ÅÁ ÈÉË ÆÏ Î Ê Ë ½ÊÃË Æ ÁÉ ÉÊ¾ ÉËÊ ÁÈÊ¾ ÃÉÉ¾ ÁÈÊ
ÊâÊÈÁÅËÊ ÉÊ¿ÉÊ½ÊÊÁÄÁÅÉÊ Ó ã ÉÉËÅÏÊÏ Ä ¾ ÊÁÈÉÏ ÃÉÉ Ê ÆÅ¾ ÅÊÄÁÅÊÕ ËÊÊÊÈÊ½½ÄÉÇ Â ú2ú½ Å½ ÏÊ½ÅÕÊÊÏ À ÁÈÊ ÁÉÄÏÊÐÉâ
Î ÊÁÒÊÊÊ ÉÊÏËÈÁÅÉÊ ÉÄÁÊ ÄÊÏ ÈÉ ½Á ½ÈÉË ÆÏ ÄÆ½É Î Ê ÆÉÉ×ÊÏ ÄÁ Ó
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½ à¨ ¾̈ ß ¼�� È�Ê¿ �ÊÈÁÅ�Ê �Ã ÁÒ� ÄÊÁÅÐ¾ �Ê�Á�Ê� È�Ê½ÁÉÄÅÊÁ½ À ÊÄ¾ � ÆÇ ÀÁ� Î � ÃÉ�Ô��ÊÁÁ ÄÊÏ ÀÁ� Î � ¾ ÅÊÅ¾ÄÆ
Õ�Ê�ÉÄÁ�ÉÁ Å½ ÄÆ½� ÄÊÁÅÐ¾ �Ê�Á�Ê� Ó ¼�� ½ À Ä Æ�Ë� ÆÒ Å½� ÄÆÕ�ÉÅÁ�¾ Õ�ÄÉÄÊÁ��½ Á�ÄÁ ÄÆÆ ÃÉ�Ô��ÊÁ ¾ ÅÊÅ¾ ÄÆ Õ�ÊÐ�ÉÄÁ�É½ ÄÉ� �ÑÁÉÄÈÁ�Ï Ä½ Ò� ÆÆ Ä½ Á�� Ä½½� ÈÅÄÁ�Ï Ê�ÕÄÁÅË� Î�ÉÏ�É ÂÃ ÄÊÊÅÆÄ ÄÊÏ ¼� ÅË�Ê�Ê À åÄÄÅÆ Ó ÝÊ Á�� ÈÄ½��Ã Á�� Â ����Ì ���� ÄÆÕ�ÉÅÁ�¾ À �ÊÆÇ ÈÄÊÏÅÏÄÁ�½ �ÄËÅÊÕ ÄÆÆ Á�� ÅÉ ½�Î½�Á½ É�¿É�½�ÊÁÄÁÅË� ÃÉ�Ô��ÊÁ ¾ ÅÊÅ¾ ÄÆ
Õ�Ê�ÉÄÁ�É½ Ò ÅÆÆ Î � ¾ÄÅÊÁÄÅÊ�Ï Ó ¼�� �Á��É �Ê�½ Ò ÅÆÆ Î� ¿É�Ê�Ï ½ÅÊÈ� Á��Ç Ï� Ê�Á Ã� ÆÖ ÆÆ Á�� È�ÊÏÅÁÅ�Ê �Ã
Á�� Â ��� ½�Á Î � ÅÊÕ ÄÊ �ÉÏ�É ÅÏ�ÄÆ Ç ¾̄ ß ãÉ�¿�½ÅÁÅ�Ê êä È Ó $� ÉÅÊÕ Á� Å½ ÈÄÊÏÅÏÄÁ� Õ�Ê�ÉÄÁÅ�Ê ½Á�¿ À Ê�ÊÐÌÍ
Â ���½ Ò ÅÆÆ Î � É�ÁÄÅÊ�Ï ÅÊ DSFS Ó ¼��½� ÆÄÁÁ�É À Î � Æ�ÊÕÅÊÕ Á� Bd− ÇMGÉÊË È À ÄÉ� È��È×�Ï � ½ÅÊÕ Á�� ÈÆ� ½� É��Ã Á�� ÅÉ ½�Î½�Á½ Ó ÝÊ ÄÏÏÅÁÅ�Ê À ½ÅÊÈ� Â ����Ì ���� ÄÆ½� È�¾¿�Á�½ Á�� ÈÆ� ½�É� �Ã �ÄÈ� ÃÉ�Ô��ÊÁ ¾ ÅÊÅ¾ ÄÆ
Õ�Ê�ÉÄÁ�É g À Á� Å½ ÄÆÆ�Ò½ Á�½ÁÅÊÕ Ò��Á��É g Å½ Á�� ÖÉ½Á �Ê� Á�ÄÁ ÕÅË�½ ÉÅ½� Á� Ä ÕÅË�Ê ÈÆ�½�É� Ó ¼� Å½ ¾ �ÄÊ½
Á�ÄÁ g Å½ Ä É�¿É�½�ÊÁÄÁÅË� ¾ ÅÊÅ¾ ÄÆ Õ�Ê�ÉÄÁ�É � Ã ÅÁ½ γÐ�Ô� ÅËÄÆ�ÊÈ� ÈÆÄ½½ Ó ÝÊ Á� Å½ ÈÄ½� À g ÒÅÆÆ Î � � ½�Ï Ä½ Ä
½��Ï Ã�É Õ�Ê�ÉÄÁÅÊÕ ÈÄÊÏÅÏÄÁ�½ �Ã ÆÄÉÕ�É ½ÅÙ� Ó ÝÊ Á�� ÈÄ½� Ò��É� g Å½ Ä ÃÉ�Ô��ÊÁ ¾ ÅÊ Å¾ ÄÆ Õ�Ê�ÉÄÁ�É Î�Á Ê�Á
Á�� ÖÉ½Á Õ�Ê�ÉÄÁÅÊÕ Ä ÈÆ�½�É� À g ÒÅÆÆ Î� ÄÏÏ�Ï Á� DSFS Ó #�Ò�Ë�É À g ÒÅÆÆ Ê�Á Î� � ½�Ï Ã�É Õ�Ê�ÉÄÁÅÊÕ Ê�ÑÁ
ÈÄÊÏÅÏÄÁ�½ Ó ÝÊÏ��Ï À g Å½ Ä ÈÄÊ�ÊÅÈÄÆ ¾ ÅÊÅ¾ ÄÆ Õ�Ê�ÉÄÁ�É Ó ¼�� ½ À Â ����Ì ���� Å½ ½��ÊÏ ÄÊÏ È�ÉÉ�ÈÁ Ó ♦

ãÉ�¿�½ÅÁÅ�Ê ê� ½��Ò½ Á�� È�¾¿Æ�ÑÅÁÇ � Ã Á�� Â ����Ì ���� ÄÆÕ�ÉÅÁ�¾ Ó
Ì¢¡Í ¡ÎÏÐÏ¡Ñ ÒÓ ° á¦ + Þ ¨à«á ¯,«+Ô á¦ + á¦ +¨à+á©¯,- ¯¨ªÕ -+± ©á² ¾̈ Â ����Ì ���� ©« © O ÇÇn2 Ö m × nÈ
× 2n ÈÔ Þ¦ +à+ n × |I| ,® m × |O| ß
½ à¨ ¾̈ ß ÝÊ Á�� Ã� ÆÆ�ÒÅÊÕ À Ò� ½�¿¿� ½� Á�ÄÁ ÅÁ�¾½ ÄÉ� ½�ÉÁ�Ï ÄÈÈ�ÉÏÅÊÕ Á� Ä Á�ÁÄÆ �ÉÏ�É É� ÆÄÁÅ�Ê Ó ¼�� ½ À
ÅÊÈÆ� ½Å�Ê À ÅÊÁ�É½�ÈÁÅ�Ê À �ÊÅ�Ê ÄÊÏ ÏÅâ�É�ÊÈ� �¿ �ÉÄÁÅ�Ê½ Î �ÁÒ��Ê ÁÒ� ÅÁ�¾½�Á½ ÄÉ� ÅÊ O ÇnÈ Ó ÝÊ Á�� Ò�É½Á
ÈÄ½� À ÄÊÇ ½�Á � Ã ÅÁ�¾½ Ä¿¿�ÄÉ½ ÄÁ Æ�Ä½Á �ÊÈ� ÅÊ Á�� È�ÊÁ�ÑÁ À ÄÊÏ �ÄÈ� ÈÄÊÏÅÏÄÁ� Å½ Ä ÃÉ�Ô��ÊÁ ÌÍ À �Ô�ÄÆ Á�
ÅÁ½ ÈÆ� ½�É� Ó Ø�Ê½�Ô��ÊÁÆÇÀ Á��É� Å½ Ä �ÊÅÔ�� � Æ�¾ �ÊÁ Ò ÅÁ� ÅÊ �ÄÈ� γÐ�Ô� ÅËÄÆ�ÊÈ� ÈÆÄ½½ À ÊÄ¾ � ÆÇ Á�� Ä½½�ÈÅÄÁ�Ï
É�¿É�½�ÊÁÄÁÅË� ÌÍ Ó ¼�� ½ À Á��É� ÄÉ� Ê� É�Ï�ÊÏÄÊÁ ÌÍ½ Ó Ù� �ÄË� 2n

ÃÉ�Ô��ÊÁ ÅÁ�¾½�Á½ ½�È� Á�ÄÁ �ÄÈ��Ê� Ã�É¾ ½ ÅÁ½ ¿É�¿ �É γÐ�Ô� ÅËÄÆ�ÊÈ� ÈÆÄ½½ Ó ¼��Ê À Â ����Ì ���� �Ä½ Á� ¿ �ÉÃ�É¾ Á�� Ã� ÆÆ�ÒÅÊÕ ÁÄ½×½ Ú
åÓ ÝÊÅÁÅÄÆÅÙÅÊÕ ½�Á½ Ò� ÅÈ� Å½ ÅÊ O Çm × nÈ Ç ¾̄ ß Ü ÆÕ�ÉÅÁ�¾ ê À ¿ÄÕ� Åä À ÆÅÊ�½ êÐÛ È À
ê Ó ÝÊÈÉ�¾ �ÊÁÅÊÕ i ÃÉ�¾ å Á� n Å½ ÅÊ O ÇnÈ Ç ¾̄ ß ÆÅÊ� �È À
ä Ó Ø�¾¿�ÁÅÊÕ Á�� ÈÆ� ½�É�½ ÄÊÏ ½�¿¿�ÉÁ½ �Ã ÈÄÊÏÅÏÄÁ�½ Ò� ÅÈ� Å½ ÅÊ O ÇÇm × nÈ × 2n È Ç ¾̄ ß ÆÅÊ� � È À
Û Ó Ü�ÉÅÃÇÅÊÕ ÅÃ ÈÄÊÏÅÏÄÁ�½ ÄÉ� É�¿É�½�ÊÁÄÁÅË� ÃÉ�Ô��ÊÁ ÌÍ½ �É Ê�Á Ó ¼� Å½ Å½ Ï�Ê� ÅÊ O Çn × 2n È Ç ¾̄ ß

ÆÅÊ�½ ÅÐ å� È À� Ó Ý�Ê�ÉÄÁÅÊÕ ÈÄÊÏÅÏÄÁ�½ ÅÊ O Ç2n Ð nÈ À ½ÅÊÈ� 2n Ð n Ð 1 ÈÄÊÏÅÏÄÁ�½ ÄÉ� Á� Î� Õ�Ê�ÉÄÁ�Ï ÅÊ Á�� Ò�É½Á
ÈÄ½� Ç ¾̄ ß Ü ÆÕ�ÉÅÁ�¾ ä À ¿ÄÕ� ÅÛ À ÆÅÊ�½ êÐ� È À� Ó ¼�½ÁÅÊÕ Ò��Á��É ÈÄÊÏÅÏÄÁ�½ ÄÉ� ÌÍ½ �É Ê�ÊÐÌÍ Â ���½ Ó ¼� Å½ Å½ ÈÄÉÉÅ�Ï ��Á ÅÊ O Çn2 × Ç2n Ð nÈÈÇ ¾̄ ß ÆÅÊ�½ ÅÐêÞ ÅÊ Ü ÆÕ�ÉÅÁ�¾ ä È Ó

#�ÊÈ� À Á�� Á�ÁÄÆ È�½Á Å½ ÅÊ O Çm × n " n " Çm × nÈ × 2n " n × 2n " 2n Ð n " n2 × 2n Ð n3 È ß O ÇÇm
× n " n2 È × 2n È Ó¼�� ½ À Á�� È�¾¿Æ�ÑÅÁÇ ÅÊ Á�� Ò�É½Á ÈÄ½� �Ã Á�� Â ����Ì ���� ÄÆÕ�ÉÅÁ�¾ Å½ Î��ÊÏ�Ï ÎÇ O ÇÇm × n "
n2 È × 2n È Ó ♦
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ñò ó�ôõ ö÷øó ù ú� ú ôûû ü ÷ôòûý þ�òþ�òóø÷ó� �ò ó�� þ�òþ�öó �ÿ ¯-¨+ ©�+ª« ÂÝ� ûý +� ,-�ù �ÞÞ� ù Ã �� ôò÷ +� ,-�ù�ÞÞ�Æ õôò þ� ôó ôõ þû�õ�ûý ø�û÷ó�� ó� ��ø ú�ø� � Øû�ò� ôó�ü õ þ÷ò 	 � ø��
�ûý þ�òõô��ø�� ÷õ ÷ ��«��©¯�©¨ �ÿ ��ø÷ööø�÷þ� ó� ôó�ü õ�óõ �ÿ õô� �ò� Ç©���ù ôó�ü õÈ � ñò���� ù ó�� ÷�ó��øõ �òûý þ�òþ�òóø÷ó�� �ò ôó�ü õ öû÷ýôò
õýüü�óøôþ ø�û�õ ú ôó�ôò ôüöûôþ÷óô�òõ öø�ü ôõ�õ �ÿ ó�� Ý�ô
��õ������òò� 	÷õôõ ÂÝ�ô
��õ ÷ò� �����òò� ù�Ä��Æ � ��ôõ þ÷ò 	 � þ�òõô��ø�� ÷õ ���ô�÷û�òó ó� ��ø ÷ööø�÷þ� ÿ�ø

γ
����ô�÷û�òþ� þû÷õõ�õ �÷� ôò
 óú� �ø ü�ø�

©��ª« ÷õ �� õ Çûô�� ó�� þ��öû� Ç� ù � È ÷ò� ó�� þ��öû� Ç� ù � È �ÿ �÷	 û� Û �� Ç ¾̄ � ö÷
� �Û ÈÈ � ��� ÷�ó��øõ ÂÝ� ûý�� ���ù �ÞÞ� ù Ã �� ôò÷ �� ���ù �ÞÞ� Æ õ��ú ó�÷ó ù ÿ�ø ÷ þ��öû� ûô�� Ç� ù � Èù ôó�ü õ � ÷ò� � öø�õ�òó õýüü�óøô�õú�ôþ� þ÷ò 	� õ��ò ÷õ ø���ò�÷òó ôòÿ�øü ÷óô�ò õôòþ� ÿ�ø �� � ôü öûôþ÷óô�òõ þ�òó÷ôòôò
 � ôò ó�� öø�ü ôõ� ó��ø��� ôõóõ ó�� õ÷ü � ôüöûôþ÷óô�òõ ú��ø� � ôõ ø�öû÷þ�� 	ý � ÂÃ �� ôò÷ �� ���ù �ÞÞ� Æ � ���õ ù ó��ý öø�ö�õ� ó� ô
ò�ø�
�� � ôü öûôþ÷óô�òõ þ�òó÷ôòôò
 � 	�ó ò�ó � úôó���ó û�õõ �ÿ ôòÿ�øü ÷óô�ò ÂÃ �� ôò÷ �� ���ù �ÞÞ�Æ � ��ôõ ø���þóô�òöø� þ�õõ ú÷õ ÷ööûô�� ó� ó�� Ý�ô
��õ������òò� 	÷õôõ ÂÝ�ô
��õ ÷ò� �����òò� ù �Ä��Æ � ��ôõ 	÷õôõ öø�õ�òóõôüöûôþ÷óô�òõ 	�óú��ò öõ�����þû�õ�� ôó�ü õ�óõ ÷ò� ó��ôø ÷õõ� þô÷ó�� þû�õ�� ôó�ü õ�óõ � ��ó� ó�÷ó þû�ò� ôó�ü õú��ò ÷ööûô�� ó� öõ�����þû�õ�� ôó�ü õ�óõ ÷ø� þ÷ûû�� ½ ´¯�¨ � ©��ª« ÂÝ� ûý �� ���ù �ÞÞ�Æ �
� à !"# ãéí$ ãë%åä âãîðä%î
ñò ó��õ� ��ö�øôü �òóõ ù ú� þ�üö÷ø� ó�� þ÷ø� ôò÷ûôóý �ÿ

FDSFS
ó� ó�÷ó �ÿ ó�� õ�þþôòþó ÿø����òó �� õ ÷õ

��&ò�� 	ý ��ò
 �� ��� Ç��ò�ó�� FMG'( )È ÷ò� ó� ó�÷ó �ÿ ó�� ú��û� õ�ó �ÿ ÿø����òó �� õ Ç��ò�ó�� FMG È �*�ø ó�� õ÷�� �ÿ þû÷øôóýù ú� 
 ô�� ó�� þ÷ø� ôò÷ûôóý �ÿ
FDSFS

÷õ ÷ õ�ü �ÿ ó��õ� �ÿ ôóõ þ�üö�ò�òóõ ù ©���ù ó��ø�öø�õ�òó÷óô�� ÿø����òó �� õ Ç��ò�ó�� FMGÉÊË Èù ó�� þ÷ò�òôþ÷û ÿø����òó �� õ Ç��ò�ó�� FMG)+, È ÷ò�ó�� þ÷ò�òôþ÷û ÿø����òó ò�ò�� � �û�ü �òóõ � ��� û÷óó�ø õ�ó ø�öø�õ�òóõ ó�� � ô-�ø�òþ� 	�óú��ò
FDSFS

÷ò�
FMG'( )� ñó ú ôûû ��òþ� 	 � ��ò�ó�� DIFFK

� . ôò þ� ÷ ø�öø�õ�òó÷óô�� ÿø����òó �� ôõ ¬©/¬� ôò ôóõ γ����ô�÷û�òþ� þû÷õõ ù ó�� þ÷ø� ôò÷ûôóý �ÿ ó�� õ�ó
FCI

�ÿ ÿø����òó þû�õ�� ôó�ü õ�óõ Ç01õ È ôõ ���÷û ó� ó�÷ó �ÿ
FMGÉÊË � ñó ú ôûû ��òþ� ò�ó 	 � 
 ô��ò � ��ó� ó�÷ó ó� ôõ þ÷ø� ôò÷ûôóý ôõ ôòõ�òõôóô�� 2 ����� ó�� ó�ó÷û �ø��øø�û÷óô�ò

�
�

3�ø�÷ÿó�ø ù ú� ú ôûû 
 ô�� õ�ü � ø�öø�õ�òó÷óô�� ø�õ� ûóõ �	ó÷ôò�� ÿø�ü ó�� 45678 ù �579�::6 ù 09�77 ù
0:���;< ù ÷ò� =>?1@?A @??B �÷ó÷õ�óõ Ç ¾̄ � Cöö�ò� ô� C ÿ�ø ó��ôø ��ó÷ôû�� ��õþøôöóô�ò È � ��� ÷õþ�ò� ôò
õ�öö�øó �ø��ø ôõ þ��õ�ò ÷õ ÷ò ��÷üöû� �ÿ ÷ ó�ó÷û �ø��ø ø�û÷óô�ò

�
� D	ó÷ôò�� ø�õ� ûóõ ÷ø� õ�üü÷øô�� ôò

�÷	 û� Û �� ù ÷ò� 
ø÷ö�ôþ÷ûûý õ��óþ��� ôò * ô
�ø� Û ���
*�ø ó�� 45678 ÷ò� �579�::6 �÷ó÷õ�óõ ù ú� ò�óôþ� ÷ò ôüö�øó÷òó û�õõû�õõ ø���þóô�ò ø�÷þ� ôò
 ÷ ö�÷��ÿ
2.70

÷ò�
1.75

óôü �õ ù ø�õö �þóô��ûýù ú��ò þ�üö÷øôò
 ó�� ò�ü	�ø �ÿ ÿø����òó �� õ ó� ó�÷ó �ÿ ÿø����òó
A ���õ Ç ¾̄ � ó�� õ���òó� þ�û�üò ôò �÷	 û� Û �� È � ñò���� ù ÷ û÷ø
� ö÷øó �ÿ ó�� ÿø����òó �� õ öø���õ ó� 	 �
��®¬®� �� ñó ôõ ôüö�øó÷òó ó� ü �òóô�ò ó�÷ó ó�ôõ ø÷óô� ôòþø�÷õ�õ öø�ö�øóô�ò÷ûûý ó� ó�� ��þø�÷õ� �ÿ ó��ª ©«¬ÕÕ �÷û�� � ��ôõ þ÷ò 	 � ��öû÷ôò�� 	ý ó�� ÿ÷þó ó�÷ó �òþ� ª ©«¬ÕÕ ôõ û�ú�ø�� ù γ����ô�÷û�òþ� þû÷õõ�õ	 �þ�ü � û÷ø
�ø ú�ôþ� ÷�
ü�òóõ ó�� ò�ü	 �ø �ÿ ó�� ÷õõ� þô÷ó�� �� õ ÷ò� ù ��òþ� ù ø���ò�÷òó �ò�õ � *�ø ó��
45678 �÷ó÷õ�ó ù ó�� ò�ü	�ø �ÿ þ÷ò�òôþ÷û �û�ü �òóõ ôõ ó�� õü÷ûû � 3�òþ� ù ú� þ÷ò ÷õõ�ü� ó�÷ó ó��ø� ôõ ÷ò÷��ø÷
� �ÿ

1
ÿø����òó A ��� ö�ø γ����ô�÷û�òþ� þû÷õõ � *�ø ó�� �579�::6 �÷ó÷õ�ó ù ó�ôõ ò�ü	�ø ôõ û÷ø
�øó�÷ò ó�÷ó �ÿ ó�� & øõó �÷ó÷õ�ó � � ���øó��û�õõ ù 2 ����� ó�� ò�ü	 �ø �ÿ ÿø����òó 01õ ù ó�÷ó �ÿ þ÷ò�òôþ÷û �û�ü �òóõôõ õóôûû ��øý û�ú ú�ôþ� ü ÷��õ ö�õõô	 û� ó� 
�ó ù ôò ÷��ø÷
� ù �òûý

1.17
ÿø����òó A ��� ö�ø γ����ô�÷û�òþ�
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ª ©«¬ÕÕ ÇT È |FMG| |FMGÉÊË| |FMG)+,| |DIFF| |FDSFS|
|FMG|

|FDSFS|
|FDSFS|
|FMGÉÊË|45678

UV � ù ÞW� � ù Û�Å W
0

� ù ÛÅÞ 1.38 1.00XY �W ù ÅÄ� � ù � �Û �
7

� ù ���
1.62 1.00XV �Å ù ��Þ WW ù WÞ� �

8
WW ù W� �

2.04 1.00ZY �Û� ù ÛÞ� �Þ � ù Þ�W �
8

�Þ � ù ÞÄ�
2.48 1.00ZV ��� ù ��� �Û � ù ��Ä �

11
�Û � ù �Å� 2.70 1.00�579�::6[V Å ù �W � Û ù �ÄÅ ÛÅ� 545
� ù Ä �W

1.29 1.21Y � � ù ��Þ �� ù ��Û � ù �ÞÅ
1, 251

�� ù W ��
1.38 1.19\ WÅ ù ÄÅW �� ù �WÞ � ù ÄÛW 1, 911

�� ù Þ�Û 1.46 1.17] �Å ù Å�� W � ù Å�Å � ù �ÛÛ 2, 479
W� ù �ÄÞ

1.56 1.16[ �ÞW ù � �Å � � ù �Å� W ù � ��
3, 576

�Ä ù Þ��
1.75 1.14

09�77UV �ÞÛ �ÞÛ Þ
2

�Þ�
1.00 1.00XV � ù ��Û � ù ��Û Þ

6
� ù ��Þ

1.00 1.00ZV �W ù ÄÄ� �W ù ÄÄ� Þ
16

�Û ù ÞÞ� 1.00 1.00^V Ä� ù �ÞÛ Ä� ù ÅÅ� �
28

Ä� ù �ÞÅ
1.00 1.00YV WÅ� ù �ÞÛ W�Ä ù Û�� �

63
W�Ä ù ���

1.01 1.00

0:���;<UV W ù Û�Å W ù Û�Å Þ
22

W ù �ÞÄ
0.99 1.01XV �� ù ��� �� ù ��� Þ

43
�� ù ���

1.00 1.00ZV W� ù �� � W� ù �� � Þ
54

W� ù ÄW�
1.00 1.00^V �� ù W�Þ �� ù W�Þ Þ

71
�� ù Û� � 1.00 1.00YV �WÞ ù ��� �WÞ ù ��� Þ

80
�WÞ ù �Ä�

1.00 1.00=>?1@?A @??BY_VV W �Å W �Å Þ
0

W �Å
1.00 1.00] _YV � ù ��� � ù ��� Þ

0
� ù ���

1.00 1.00] _VV � ù �ÄÛ � ù �ÄÛ Þ
0

� ù �ÄÛ 1.00 1.00[_YV � ù �ÛÞ � ù �ÛÞ Þ
0

� ù �ÛÞ 1.00 1.00[_VV �� ù �WÅ �� ù �WÅ Þ
0

�� ù �WÅ
1.00 1.00

`abcd e fg h iijd kl mnd oip dqdrm sdms lkq b drtnu aqj tkrmdvms f
þû÷õõ � ��ó�ú�øó� ôûýù ó�� ò�ü	 �ø �ÿ þ÷ò�òôþ÷û �û�ü�òóõ ú�ôþ� ÷ø� �� õ ôõ ò�÷øûý ���÷û ó� ó�÷ó �ÿ ò�ò���
A ���õ Ç©���ù ó�� þ÷ò�òôþ÷û �û�ü �òóõ ú�ôþ� ÷ø� ò�ó �� õÈ � ñó ôõ ÷ûõ� ôòó�ø�õóôò
 ó� ò�ó� ó�÷ó ó�� ø÷óô�	�óú��ò ó�� þ÷ø� ôò÷ûôóý �ÿ ó�� õ�ó

FDSFS
÷ò� ó�÷ó �ÿ ÿø����òó 01õ Ç�ø ���ô�÷û�òóûý FMGÉÊË È ��þø�÷õ�õöø�ö�øóô�ò÷ûûý ó� ó�� ��þø�÷õ� �ÿ ª ©«¬ÕÕ �÷û��õ Ç ¾̄ � ó�� û÷õó þ�û�üò ôò �÷	 û� Û �� È � ��� �w þô�òþý �ÿ ��ø÷ööø�÷þ� ��òþ� ôòþø�÷õ�õ �òþ� ó�� ª ©«¬ÕÕ �÷û�� ��þø�÷õ�õ �ñó ôõ ôüö�øó÷òó ó� ü�òóô�ò ó�÷ó ÿ�ø ó�� 45678 þ�òó��ó ù ó�� ø���ò�÷òþý ôõ ü ÷ôòûý þ÷�õ�� 	ý ó�� ÿ÷þóó�÷ó ó��ø� ÷ø� õ�ü � þ��öû�õ �ÿ ôó�ü õ �÷� ôò
 ó�� õ÷ü � þû�õ�ø� Çûô�� � ÷ò� � �ÿ �÷	 û� Û �� ù ö÷
� �Û È �



»E xyRRPIRR QIzS{NKyMR y| N}I ~ KMKLOP �IMIJONyJ �OL KP� y| OM FGNJO{NKyM �yMNIGN

 1024
 2048
 4096
 8192

 16384
 32768
 65536

 131072
 262144
 524288

 1.04858e+006

 70 75 80 85 90

S
iz

e

minsupp (%)

Pumsb

FMGs FMGs_rep FDSFSs

 4096

 8192

 16384

 32768

 65536

 131072

 1 2 3 4 5 6 7 8 9 10

S
iz

e
minsupp (%)

Mushroom

FMGs FMGs_rep FDSFSs

 256
 512

 1024
 2048
 4096
 8192

 16384
 32768
 65536

 131072
 262144
 524288

 50 55 60 65 70 75 80 85 90

S
iz

e

minsupp (%)

Chess

FMGs FMGs_rep FDSFSs

 2048

 4096

 8192

 16384

 32768

 65536

 131072

 50 55 60 65 70 75 80 85 90

S
iz

e

minsupp (%)

Connect

FMGs FMGs_rep FDSFSs

 256

 512

 1024

 2048

 4096

 8192

 16384

 32768

 65536

 1 1.5 2 2.5 3 3.5 4 4.5 5

S
iz

e

minsupp (%)

T40I10D100K

FMGs FMGs_rep FDSFSs

�i��qd e f�h iijd kl mnd sdms
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lkq b drtnu aqj tkrmdvms f
3 �òþ� ù �õôò
 �òûý ÷ò ôó�ü ù ôòõó�÷� �ÿ 	�ó� ôó�ü õ ÿ�øü ôò
 �÷þ� þ��öû� ù ú÷õ õ�w þô�òó ó� �ûôü ôò÷ó� ÷ûûó�� ø���ò�÷òþý� ��ôõ ôõ ò�ó ó�� õ÷ü � ÿ�ø ó�� �579�::6 þ�òó��ó ú��ø� ��ó�þóôò
 õ�þ� þ��öû�õ ôõ ò�óõ�w þô�òó ó� þ�üöû�ó�ûý ø�ü��� ó�� ø���ò�÷òþý � ��ôõ þû�÷øûý öø���õ ó�� ÷��÷òó÷
� �ÿ ��ø ÷ööø�÷þ� ÷õ ÷

�ò�ø÷ûô÷óô�ò �ÿ ø���ò�÷òþý ø�ü��÷û ú ôó�ôò �� õ ôò��ö�ò��òóûý ÿø�ü ó��ôø õô�õ �
��� þ÷õ� �ÿ ó�� 09�77 �÷ó÷õ�ó ôõ ÷ûõ� ��øý ôòó�ø�õóôò
 � Có ÷ 
 û÷òþ� ù ÿ�ø ª ©«¬ÕÕ �÷û��õ 
ø�÷ó�ø ó�÷ò

60T ù õó÷óôõóôþõ ÷ø� ÿ÷ø ÿø�ü ôò� ôþ÷óôò
 ó�÷ó 09�77 ôõ ÷ ��òõ� �÷ó÷õ�ó � ñò���� ù �÷þ� γ����ô�÷û�òþ� þû÷õõ�òûý þ�òó÷ôòõ ÷ �òô��� ÿø����òó �� ù ©���ù ó�� ø�öø�õ�òó÷óô�� �ò� � � ���øó��û�õõ ù ó�� û÷óó�ø ôõ ôò 
�ò�ø÷û� ô-�ø�òó ÿø�ü ôóõ þû�õ�ø� ú�ôþ� û�÷�õ ó� ó�� �� ôõó�òþ� �ÿ õ�ü � þ÷ò�òôþ÷û �û�ü �òóõ ôò
FDSFS

� ���õ��û�ü �òóõ ÷ø� ò�þ�õõ÷øôûý ò�ò��� õ Ç©���ù 	 �û�ò
 ó� DIFF È � 3 �òþ� ù ÿ�ø ó��õ� �÷û��õ �ÿ ª ©«¬ÕÕ ù ó�� õô��ÿ
FDSFS

ôõ õûô
�óûý 
ø�÷ó�ø ó�÷ò ó�÷ó �ÿ
FMG

� *�ø ª ©«¬ÕÕ ß 50T ù ó�� õô� �ÿ FDSFS
	�þ�ü�õû�ú�ø ó�÷ò ó�÷ó �ÿ

FMG
õôòþ� ù ôò ó�ôõ þ÷õ� ù ó��ø� ÷ø� ø���ò�÷òó ÿø����òó �� õ ú��õ� ò�ü	�ø Ç���÷û ó�Ç|FMG|

�
|FMGÉÊË| � |FMG)+,|Èù ©���ù 3, 531È ôõ 	ý ÿ÷ø 
ø�÷ó�ø ó�÷ò ó�� þ÷ø� ôò÷ûôóý �ÿ DIFF Ç���÷ûó�

63È � ñó ôõ ôüö�øó÷òó ó� ò�ó� ó�÷ó ú� 
�ó ó�� õ÷ü� 	 ��÷� ô�ø ÿ�ø ó�� 0:���;< �÷ó÷õ�ó � *�ø ó�ôõ û÷óó�ø÷ò� ÷ûó���
� ôó ôõ ÷ûõ� �ò�úò ó� 	 � ÷ À��òõ�Á �ò� ù �÷þ� ÿø����òó 01 ��óø÷þó�� ÿø�ü ó�ôõ �÷ó÷õ�ó �÷õ �òûý÷ �òô��� ÿø����òó �� ù ÷ò� ��òþ� ó��ø� ÷ø� ò� ��®¬®� � �ò�õ �
*�ø ó�� õö÷øõ� �÷ó÷õ�ó =>?1@?A @??B ù �÷þ� ôó�ü õ�ó ôõ ���÷û ó� ôóõ þû�õ�ø� � 3�òþ� ù ó�� õ�ó FDSFS

ôõõôüöûý ���÷û ó� ó�� õ�ó
FMGÉÊË � ñò���� ù =>?1@?A @??B 	��÷��õ ÷õ ÷ Àú�øõó þ÷õ�Á �÷ó÷õ�ó Â3÷üø��òô�� ���ù �ÞÞ�÷Æ ú��ø� �÷þ� γ����ô�÷û�òþ� þû÷õõ ôõ ø���þ�� ó� ÷ �òô��� �û�ü �òó � Ø�òõ����òóûýù ÿ�ø ó�ôõþ�òó��ó ù ó�� ø�õö �þóô�� þ�ø��õ ø�öø�õ�òóôò
 ó�� õô� �ÿ ó�� õ�óõ

FMG
ù
FMGÉÊË ÷ò� FDSFS

þ�ûû÷ö õ�
Ç ¾̄ � * ô
�ø� Û ��È � ��� õ÷ü � 	��÷� ô�ø ôõ ÷ûõ� ò�ó�� ú��ò ��÷ûôò
 úôó� ó�� B:7���� ÷ò� ��<� �� �÷ó÷õ�óõ ���� õ÷ü � ÷ööûô�õ ÿ�ø ó�� = @?1>A @??B �òû�õõ ú� õ�ó ó�� ª ©«¬ÕÕ õ�öö�øó ó�� û�ú � ñò ó�ôõ û÷óó�ø þ÷õ� ùõ�ü � ø���ò�÷òó �� õ ÷öö�÷ø�� �
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ñó ôõ ú�øó� ò�óôò
 ó�÷ó ú��ò ú� ÷��öó�� �ó��ø ó�ó÷û �ø��ø ø�û÷óô�òõ Ç��§ �ù ��õþ�ò� ôò
 õ�öö�øó �ø��ø ùû�� ôþ�
ø÷ö�ôþ �ø��ø ù �óþ �Èù ó�� þ÷ø� ôò÷ûôóô�õ �ÿ FMG)+, ÷ò� DIFFK
÷ø� ÷ûü�õó �òþ�÷ò
�� � ñò ÷�� ôó ô�ò ùú��ò ÷ þ�÷ò
� � þþ�øø�� ù ó�� � ô-�ø�òþ� ôõ ó�� óôòý� Dò ó�� �ó��ø �÷ò� ù ó�� þ�üö÷þóò�õõ ø÷ó�õ �	ó÷ôò���õôò
 ó�� � ���� Â3 ÷ü ø��òô �� ���ù �ÞÞ�÷Æ ÷ø� õôü ôû÷ø ó� ó��õ� �-�ø�� 	ý ó�� A ���õ � D	ó÷ôò�� ø�õ�ûóõöø��� ó�÷ó ��ø ÷ööø�÷þ� ÷ûû�ú õ ó� ÷ûü �õó ø�÷þ� ó�� ô��÷û þ÷õ� Ú ÷ ¬©/¬� ©���®¬¯©³�� �� ö�ø

γ
����ô�÷û�òþ�þû÷õõ � ��ó�ú�øó�ôûýù ó�� ø���þóô�ò ø÷óô� ÿø�ü ó�� ò�ü	 �ø �ÿ ÷ûû ÿø����òó �� õ ó� ó�÷ó �ÿ õ�þþôòþó �ò�õþ÷ò 	 � þ�òõô��ø�� ÷õ ÷ ò�ú ü�÷õ�ø� ÿ�ø ÷ &ò�ø þ�òó��óõ þû÷õõô&þ÷óô�ò � ñò���� ù ÷þþ�ø� ôò
 ó� ó� ôõ ò�úþû÷õõô&þ÷óô�ò ú� ôò��õóô
÷ó�� ôò Â3 ÷ü ø��òô �� ���ù �ÞÞÄ÷Æ ù ú� �	ó÷ôò�� ÿ�ø ��÷üöû� ó�÷ó ó�� 45678 ÷ò�

09�77 �� ò�ó 	 �û�ò
 ó� ó�� õ÷ü � ö��û ù ú�ôû� 09�77 ÷ò� 0:���;< õ�÷ø� ó�� õ÷ü� �ò� �
� à� �èëïäðîíèë
��öû�øôò
 ø�÷û� ûôÿ� þ�òó��óõ ôõ ÷ � ôw þ�ûó ó÷õ� ��� ó� ó�� û÷ø
� ò�ü	 �ø �ÿ ÿø����òó ôó�ü õ�óõ Ç÷ò� ��òþ�÷õõ� þô÷óô�ò ø�û�õ È ó�÷ó þ÷ò 	 � ��óø÷þó�� ù ���ò ÿ�ø �ô
� ª ©«¬ÕÕ �÷û��õ � ��� õôü�ûó÷ò���õ �õ� �ÿ 	�ó�þ�òþ�öóõ � �� ÷ò� 01 � þ÷ò ��ûö ÷�
ü�òóôò
 ó�� ÷���� �÷û�� �ÿ õ�þ� ÷ò ��öû�ø÷óô�ò � ����øó��û�õõ ùó�� ÿ÷þó ó�÷ó ÷ �òô��� 01 þ÷ò 	� ÷õõ� þô÷ó�� ó� ü ÷òý �� õ ÷�
ü�òóõ ó�� þ�ü	 ôò÷ó�øô÷û ø���ò�÷òþýú ôó�ôò ó��õ� û÷óó�ø � ��� ø�ü��÷û �ÿ õ�þ� ø���ò�÷òþý ôõ ��òþ� ÷ò ôüö�øó÷òó þ�÷ûû�ò
� ó�÷ó ü�óô�÷ó�� ÷ö�õ� ó�ú÷ø�õ ���ö�ø �ò��øõó÷ò� ôò
 �ÿ ó��ôø õóø�þó�ø÷û öø�ö �øóô�õ ù þ�üö�ó÷óô�ò÷û 	 ��÷� ô�ø ù þ�òò�þóô�òõó� �ó��ø þ�òõóø�þóõ ù �óþ �ñò ó�ôõ þ�÷öó�ø ù ú� õó�� ô�� ó�� ü ÷ôò öø�ö�øóô�õ �ÿ ó�� õ�þþôòþó õýõó�ü �ÿ ü ôò ôü ÷û 
�ò�ø÷ó�øõ ÷õ ÿ�øü �øûý
��&ò�� 	ý ��ò
 �� ��� ó� 	 � ÷ ø�öø�õ�òó÷óô�ò �ÿ ó�� �� õ�ó � Dòþ� ó�� ûôü ôó÷óô�òõ �ÿ ó�� þ�øø�òó ��&òôóô�òö�ôòó�� ��ó ù ú� ôòóø���þ�� ÷ ò�ú �ò� ÷ôü ôò
 ó� ü ÷�� �ÿ ù �ò ó�� �ò� �÷ò� ù ó�� ÷õõ� þô÷ó�� ÿ÷ü ôûý ÷ò �± �¯�ø�öø�õ�òó÷óô�ò �ÿ ó�� ü ôòôü ÷û 
�ò�ø÷ó�ø Ç�� È õ�ó ÷ò� ù �ò ó�� �ó��ø �÷ò� ù ôóõ õô� ôò��ö �ò��òó ÿø�ü ó��÷��öó�� ó�ó÷û �ø��ø ø�û÷óô�ò � �òÿ�øó�ò÷ó�ûýù ó�� ò�ú õ�þþôòþó õýõó�ü �ÿ ü ôòôü ÷û 
�ò�ø÷ó�øõ þ÷�õ�õ ó��û�õõ �ÿ ó�� ôòó�ø�õóôò
 �ø��ø ô��÷û õóø�þó�ø� � ñò ó�ôõ õôó�÷óô�ò ù ú� ôòóø���þ�� ÷ 
�ò�ø÷óô�ò �ö�ø÷ó�ø ÿ�ø
�� õ ÷ò� ÷ ÿ÷ü ôûý �ÿ ôøø���þô	 û� �û�ü �òóõ ÿ�ø ó�� �ö�ø÷ó�ø ù þ÷ûû�� ®©��¯��® «¬³«�©�¬ �©¨ ¾́ ��� «��«ù ú�ôþ�¿ �ôòóûý þ�òõóôó�ó� ÷ þ�òþôõ� ý�ó û�õõû�õõ ø�öø�õ�òó÷óô�ò �ÿ ó�� �òóôø� �� ÿ÷ü ôûýù öø�õ�ø� ôò
 ó�� �ø��ø ô��÷ûõóø�þó�ø� � D�ø ú�ø� ÿ� ûû�ú õ ÷ò �øô
 ôò÷û ô��÷ ÿø�ü ó�� ûôó�ø÷ó�ø� ó�÷ó ú÷õ ����û�ö �� ó� ÷ ó���ø�óôþ÷ûûýõ��ò� þ�òõóø�þó ÷ò� öø�� ô��� úôó� 	�ó� ���ö �ø õóø�þó�ø÷û ø�õ� ûóõ ÷ò� þ�üö�ó÷óô�ò÷û ü �÷òõ � �üöôøôþ÷û�� ô��òþ�õ ÿ�ø ó�� 	 �ò�&óõ �ÿ ��ø ÷ööø�÷þ� �÷�� 	 ��ò �	ó÷ôò�� ÷õ ú�ûû � ���ý þ�ò& øü�� ó�÷ó ó�� öø�ö�õ��ø���ò�÷òþý ø�ü��÷û ó�þ�òô���õ ü ÷��õ ôó ö�õõô	 û� 
�óóôò
 ù ôò ÷��ø÷
� ù ÷ûü �õó ÷õ ü ÷òý 01õ ÷õ ôøø���þô	 û��� õ ù ó�÷ò� õ ó� ó�� �ûôü ôò÷óô�ò �ÿ ÷ò ôüö�øó÷òó ò�ü	 �ø �ÿ ��®¬®� � �ò�õ �
��� ò��ó þ�÷öó�ø öø�õ�òóõ ÷ò ÷ööø�÷þ� ø�ûýôò
 �ò ó�� � ô-�ø�òó � ôò�õ �ÿ ü ôòôü ÷û 
�ò�ø÷ó�øõ ú� ��ó÷ôû��ôò ó�ôõ þ�÷öó�ø � ��� ö�øö�õ� ôõ ó� �w þô�òóûý ��óø÷þó ÷ û�õõû�õõ õ�	 õ�ó �ÿ ÷õõ�þô÷óô�ò ø�û�õ �ò ûý þ�òó÷ôòôò
õ�þþôòþó ÷ò� ôòÿ�øü ÷óô�� �ò�õ �
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² à³ ´ë%éèæðï% íèë
µ�ò�& óôò
 ÿø�ü ó�� ü ÷ó��ü ÷óôþ÷û ÿø÷ü �ú�ø� �ÿ þû�õ�ø� �ö �ø÷ó�øõ �õ�� ôò *�øü ÷û Ø�òþ�öó Cò÷ûýõôõ ÂÝ÷ò�ó�ø ÷ò� Ù ôûû� ù �ÄÄÄÆ ù 
�ò�øôþ 	÷õ�õ �ÿ ÷õõ�þô÷óô�ò ø� û�õ ú�ø� ó�� & øõó ü ôû�õó�ò� ó�ú÷ø�õ û�õõû�õõûý ø���þôò
ø���ò�÷òþý ú ôó� ôò ÷õõ� þô÷óô�ò ø�û�õ � ñò ó�ôõ þ�òó��ó ù ó��ý ú�ø� ¶÷

�� ÷õ ôøø���þô	 û� ò�þû�ô �ÿ ÷õõ� þô÷óô�òø�û�õ ÿø�ü ú�ôþ� ��®¬®� � �ò�õ þ÷ò 	 � ��øô��� úôó���ó ÷òý û�õõ �ÿ ôòÿ�øü ÷óô�ò Âµ÷õóô�� �� ���ù �ÞÞÞ÷Æ ���� õó��ý ú� �÷�� ü ÷�� ôò ó�� öø�� ô��õ þ�÷öó�ø �÷õ õ��úò ó�÷ó ó�� �� õ�ó õóôûû þ�òó÷ôòõ õ�ü �ø���ò�÷òþý Ç ¾̄ � Ø�÷öó�ø Û ù ö÷
� � �È ó�ø��
� ó�� �øô
 ôò÷û õ�þþôòþó õýõó�ü �ÿ ü ôòôü ÷û 
�ò�ø÷ó�øõ � Ù�÷ûõ� öø���� ó�÷ó ó�� ø���&ò�� õýõó�ü Ç ¾̄ � þ�÷öó�ø Û ù ö÷
� �Ä È ÷ûû�ú õ ó� ���øþ�ü � ó�� ûôü ôó÷óô�òõ �ÿó�� �øô
 ôò÷û �ò� � ñò���� ù ôó �-�øõ ÷ ö �øÿ�þó þ���ø �ÿ ó�� �� ÿ÷ü ôûý � ��ôõ ü�óô�÷ó�� �õ ó� ��ó�ò� ó��öø�ö�õ�� õýõó�ü ó� ó�� ÷õõ� þô÷óô�ò ø� û� ÿø÷ü�ú�ø� ó� �ø÷ü ÷óôþ÷ûûý �ûôü ôò÷ó� ø���ò�÷òþý ���ò ú ôó� ôò

�ò�øôþ 	÷õ�õ �ÿ ÷õõ� þô÷óô�ò ø�û�õ � ��ôõ ü ÷ôòûý ø�ûô�õ �ò ÷��ô� ôò
 
�ò�øôþ ø�û�õ 	÷õ�� �ò ø���ò�÷òó �� õ �ñò���� ù ó�� ôò��ø�òó ÷	 õ�òþ� �ÿ ÷ �òô��� �� ÷õõ� þô÷ó�� ó� ÷ 
 ô��ò 01 �-�øõ ÷ò À ô��÷ûÁ 
÷ö ó�ú÷ø�õ ÷ó��
��ø ø���ò�÷òþý ø�ü��÷û �ñò ó�� ø�ü ÷ôò��ø ù ó� ÷��ô� þ�òÿ� õô�ò ù ú� ÷��öó ó�� õ÷ü � ò�ó÷óô�òõ �õ�� ôò ó�� öø�� ô�� õ þ�÷öó�ø � 3�òþ� ùú� ú ôûû ��ò�ó� 	ý � ���� ó�� ø���&ò�� õ�þþôòþó õýõó�ü �ÿ ü ôò ôü ÷û 
�ò�ø÷ó�øõ ù ú�ôû� ·���� ��ò�ó�õó�� �øô
 ôò÷û �ò� � ��� ü÷ôò þû÷ôü �ÿ ó� ôõ þ�÷öó�ø ôõ ó��õ ó� ü÷ø� ÷ ò���û ü ôû�õó�ò� ó�ú÷ø�õ ÷ óøôû�
ý ÚÀ�w þô�òþýù �-�þóô��ò�õõ ù ü ��óôò
 ó�� �ò���õ�ø ¸õ ò���õÁ � *�ø ó�ôõ ö�øö�õ� ù ú� öø�õ�òó ÷ò ÷ööø�÷þ� ó�ú÷ø�õ��óø÷þóôò
 ÷ õ�þþôòþó ÷ò� ôòÿ�øü ÷óô�� õ�ó �ÿ ÷õõ� þô÷óô�ò ø�û�õ ÿ�ø ö�õ�ôò
 ÿ�øó��ø ó�� þ�üö÷þóò�õõ �ÿ ü ôò��
�ò�ú û��
� 	 �ý�ò� ó�� ûôü ôóõ ó÷

�� 	ý 
�ò�øôþ 	÷õ�õ �ÿ ÷õõ� þô÷óô�ò ø�û�õ � ��� ø�ó÷ôò�� õ�ó �ÿ ø�û�õ ú ôûû÷ûõ� 	 � û�õõû�õõ ôò ó�� õ�òõ� ó�÷ó ø���ò�÷òó �ò�õ ú ôûû 	 � ��øô�÷	 û� ú ôó���ó ôòÿ�øü ÷óô�ò û�õõ ôÿ ��õôø�� �
D�ø ÷ööø�÷þ� ø�ûô�õ �ò ó�� � ô-�ø�òó � ôò�õ �ÿ �� õ ù ��ó÷ôû�� ôò ó�� öø�� ô��õ þ�÷öó�ø � ���õ� � ôò�õ ÷ø�
��Õ ��«� ���©¹�ù ¯�¨©¯�� ÷ò� ��®¬®� � �� õ ÷þþ�ø� ôò
 ó� ·���� ù ÷ò� «¬¯¯© ¯� �ò�õ ÷þþ�ø� ôò
 ó�� ���� � ��ôõ ú ôûû 	 � �òõ�ø�� ÷õ ÿ�ûû�ú õ Ú

�� Ù� ôòþ�øö�ø÷ó� ó�� � ���� ôòó� ó�� ÿø÷ü �ú�ø� �ÿ 
�ò�øôþ 	÷õ�õ ó� ø���þ� ÷õ ÿ÷ø ÷õ ö�õõô	 û� ó��ø���ò�÷òþý ú ôó�ôò 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ � ���õ ù ÷ÿó�ø ÷ ó��ø��
� õó��ý �ÿ ó�� 	�õó �ò�úò



Eº »S{{KM{N OMz ¼M|yJLONK½I º RRy {KONKyM QSPIR


�ò�øôþ 	÷õ�õ ù ú� ÷ööûý ó�� � ���� ó� ó�� 	÷õôõ ÇGB ù RI È ÿ�øü �øûý öø�ö�õ�� 	ý µ÷õóô�� �� ���Âµ÷õóô�� �� ���ù �ÞÞÞ÷Æ ù õôòþ� ôó 
÷ó��øõ ü ÷òý ôòó�ø�õóôò
 öø�ö�øóô�õ Ç ¾̄ � ö÷
� �� È � Ù� ó��ò õó��ý ó���	ó÷ôò�� 
�ò�øôþ ø�û�õ � �òþ� ó�� � ���� ÷ööûô�� � ó� þ��þ� ú��ó��ø ó��ý ÷ø� ��óø÷þó�� úôó���óû�õõ �ÿ ôòÿ�øü ÷óô�ò � *�ø ó�ôõ ø�÷õ�ò ù ú� 
 ô�� ÷ ó��ø��
� ÿ�øü ÷û õó��ý �ÿ ó�� ø�û÷ó�� ôòÿ�ø�òþ�ü �þ�÷òôõü õ ÷ûû�ú ôò
 ó� ��øô�� �� � ��®¬®� � ÷õõ� þô÷óô�ò ø�û�õ õó÷øóôò
 ÿø�ü ó�� ø�ó÷ôò�� �ò�õ �� � Ù� öø�ö�õ� ÷ò �øô
 ôò÷û ÷û
�øôó�ü ù þ÷ûû�� 1���¾¿<��;<:� ù À ÿ�ø �w þô�òóûý ü ôò ôò
 õ�þþôòþó ÷õõ��þô÷óô�ò ø�û�õ 	÷õ�� �ò ü ôò ôü ÷û 
�ò�ø÷ó�øõ ÷õ ÷ õó÷øóôò
 ö�ôòó � ��� 1���¾¿<��;<:� ÷û
�øôó�ü÷ü�øóô�õ ó�� öø��ô	 ôó ô�� þ�õó �ÿ ó�� öø�þ���òþ� ø�û÷óô�ò ��ó�øü ôò÷óô�ò 	ý ÷��ô� ôò
 ó�� ôó�ü õ�óþû�õ�ø� þ�üö�ó÷óô�ò Àöôóÿ÷ûûÁ ÷ò� ó�� õ�	 õ�ó�õ�ö�øõ�ó ó�õóõ 	 �óú��ò ó�� ÿø����òó 01õ � ñò���� ù 	ý�òûý þ�üö÷øôò
 õ�þþôòþó ÿø����òó �� õ 	 �û�ò
 ôò
 ó� ó�� ·���� ù 1���¾¿<��;<:� ÷ûû�ú õ ÷õ�ø�ú� þ�òõóø�þóô�ò �ÿ ÷ ö÷øóô÷ûûý �ø��ø�� õóø�þó�ø� þ÷ûû�� ó�� ª ©©ª �� § �����¨� ����©¯� ÇMGLÈ ���ôõ õóø�þó�ø� ôõ ÷ò ôõ�ü�øö�ôþ õóø�þó�ø� ó� ÷ò ñþ�	�ø
 û÷óóôþ� ôò ú�ôþ� �÷þ�
γ
����ô�÷û�òþ� þû÷õõ ôõø���þ�� ó� ó�� þ�øø�õö�ò� ôò
 õ�ó �ÿ ÿø����òó �� õ � *ø�ü ó�ôõ õóø�þó�ø� ù ÿø����òó 01õ ÷ø� õôüöûý��øô��� ù ¿ �ôòóûý ú ôó� 
�ò�øôþ ÷õõ� þô÷óô�ò ø� û�õ 	÷õ�� �ò � ���� � ���õ� 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õÿ�øü ó�� õ�þþôòþó 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û� 	÷õ�õ �

�� öø��� ó�� õ��ò�ò�õõ �ÿ ó�� öø�ö�õ�� ÷ööø�÷þ� ù ÷ò ��ó�òõô�� ö �øÿ�øü ÷òþ� õó��ý ú÷õ þ�ò��þó�� � ñòó�ôõ ø�õö �þó ù öø÷þóôþ÷û ö�øÿ�øü ÷òþ�õ �ÿ ó�� 1���¾¿<��;<:� ÷û
�øôó�ü �÷�� 	 ��ò þ�üö÷ø�� ó� ó��õ��ÿ ó�� ������Á��� ÷û
�øôó�ü Â��ò
 �� ���ù �ÞÞ�Æ ú�ôþ� ôõ ó� ó�� 	�õó �ÿ ��ø �ò�ú û��
� ó�� �òô����� ôõóôò
 ÷û
�øôó�ü ÷ûû�ú ôò
 ó�� ·���� ��óø÷þóô�ò � ��� ������Á��� ÷û
�øôó�ü ÷ûû�ú õ ó�� ��óø÷þóô�ò�ÿ ó�� õ�þþôòþó ÿø����òó �� õ 	 �û�ò
 ôò
 ó� ó�� ·���� ù ÷ò� ó�� ûôõó �ÿ ó�� ÿø����òó 01õ � ����øó��û�õõ ùôó ���õ ò�ó 	 �÷ø ó�� þ�õó �ÿ ó�� ø�óøô��÷û �ÿ ó�� öø�þ���òþ� ø�û÷óô�òõ 	�óú��ò ÿø����òó 01õ � 3�òþ� ù ôó ���õò�ó ÷ûû�ú ÷ õóø÷ô
�óÿ�øú÷ø� ��óø÷þóô�ò �ÿ 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ ú ôó���ó ÷õõ� þô÷óôò
 ôó ú ôó� ÷ò�ó��ø÷û
�øôó�ü ù þ�òóø÷øý ó� 1���¾¿<��;<:� � D�ø ��ö�øôü �òóõ ú�ø� þ÷øøô�� ��ó �ò 	 �òþ�ü÷ø� �÷ó÷õ�óõ ù��òõ� ÷ò� õö÷øõ� � D	ó÷ôò�� ø�õ�ûóõ ÷ø� ��øý �òþ��ø÷
 ôò
 � ñò���� ù �ò ó�� �ò� �÷ò� ù ó��ý õ��ú ó�÷ó ��ø÷ööø�÷þ� ü ÷��õ ôó ö�õõô	 û� ó� �ûôü ôò÷ó� ú ôó���ó ôòÿ�øü ÷óô�ò û�õõ ÷ò ôüö�øó÷òó ò�ü	 �ø �ÿ ø���ò�÷òó

�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ ÷ò� ó��õ ù ó� �òûý öø�õ�òó õ�þþôòþó ÷ò� ôòÿ�øü ÷óô�� �ò�õ ó� ó�� �ò���õ�øõ � Dò ó���ó��ø �÷ò� ù ÷ûó���
� ��ø 1���¾¿<��;<:� ÷û
�øôó�ü ö�øÿ�øü õ ó�� ö÷øóô÷û �ø��ø þ�òõóø�þóô�ò ó÷õ� ù ôóû÷ø
�ûý ��óö �øÿ�øü õ ó�� ������Á��� ÷û
�øôó�ü ���� �ø
÷òô÷óô�ò �ÿ ó�� þ�÷öó�ø ôõ ÷õ ÿ�ûû�ú õ Ú .�þóô�ò � �� ôõ ����ó�� ó� ó�� öø�õ�òó÷óô�ò �ÿ ó�� õ�þþôòþó
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ � ñò �ø��ø ó� ��øô�� ÷ûû ø���ò�÷òó ÷õõ� þô÷óô�ò ø�û�õ ó�÷ó þ÷ò 	 � ��óø÷þó�� ÿø�ü ÷þ�òó��ó ù ÷ò ÷� ô�ü ÷óôþ õýõó�ü ÷ò� ÷ õó��ý �ÿ ôóõ ü ÷ôò öø�ö�øóô�õ ÷ø� ÷ûõ� öø�� ô��� ôò .�þóô�ò � �W � .�þóô�ò
� �Û �-�øõ ÷ ��ó÷ôû�� ��õþøôöóô�ò �ÿ ó�� 1���¾¿<��;<:� ÷û
�øôó�ü � ñò õ�þóô�ò � �� ù õ���ø÷û ��ö�øôü �òóõôûû�õóø÷ó� ó�� �óôûôóý �ÿ ó�� öø�ö�õ�� ÷ööø�÷þ� �
² àÂ Ãðïïíëï% åëæ ´ë Äèé$ å% íÅã Æãëãéíï Çåîãî
ñò ó�ôõ õ�þóô�ò ù ú� ö�ó ó�� ÿ� þ�õ �ò ó�� ôòó�
ø÷óô�ò �ÿ ó�� ø���&ò�� õ�þþôòþó õýõó�ü �ÿ ü ôòôü ÷û 
�ò�ø÷ó�øõ
Ç� ���� È ú ôó�ôò ó�� ÿø÷ü�ú�ø� �ÿ 
�ò�øôþ 	÷õ�õ �ÿ ÷õõ� þô÷óô�ò ø�û�õ ÂÈ÷õ��ô�ø ù �ÞÞÄÆ � ��ôõ ôòó�
ø÷óô�ò÷ôü õ ÷ó ÿ�øó��ø ø���þôò
 ó�� ò�ü	 �ø �ÿ ��óø÷þó�� ø�û�õ ù ó�ø��
� ��öû�ôóôò
 ó�� ø���ò�÷òþý ú ôó� ôò �� õ
Ç ¾̄ � � �&òôóô�ò Û� ù ö÷
� �Þ È � ñò ó�ôõ ø�õö �þó ù ôó ôõ ôüö�øó÷òó ó� ü �òóô�ò ó�÷ó ÷ûó���
� ó�� � ôø�þó��ÉÊËÌÍÎÏÐÑÒÓÐÔÑ ÕÖ×ØÙÕ ÚÛÜ ÝÜÜÞÙßàáâãÞ ä áØáå ×ã æÞØÞÜ×ÖÛÜÕ çèÖÜ×àÖÛÜ é



¼ ¶º »S{{KM{N OMz ¼M|yJLONK½I �IMIJK{ êORIR Eë

õ�	 õóôó�óô�ò�ÿø�� õ�óõ ÇA ���õÈ þ÷ò ÷ûõ� 	� �õ�� ù ó�� þ��ôþ� �ÿ � ���� ôõ ÷ø
��� 	ý ó�� ÿ÷þó ó�÷ó ôó ôõ ÷Õ ��¾ �¯� ¯¨¹�� �ÿ ó�� �� ÿ÷ü ôûý� ��ôõ ü ÷ôòûý �òõ�ø�õ ÷ûú÷ýõ �	ó÷ôòôò
 ø�û�õ ú ôó� ü ôòôü ÷û öø�ü ôõ�õ ÷ò�ü÷� ôü ÷û þ�òþû�õô�òõ � Ã�ø����ø ù ó�� õô� �ÿ ó�� �	ó÷ôò�� ø�û� õ�ó ôõ ôò��ö�ò��òó ÿø�ü ó�� ÷��öó�� ó�ó÷û�ø��ø ø�û÷óô�ò
�
�ñò ó�ôõ ø�õö�þó ù ��ø ö�øö�õ� ôõ ó� �	ó÷ôò ù ú ôó���ó ôòÿ�øü ÷óô�ò û�õõ ù ÷ ü�ø� þ�üö÷þó õ�ó �ÿ ÷õõ� þô÷óô�òø�û�õ ÿø�ü ú�ôþ� ó�� ø�ü ÷ôòôò
 ��®¬®� � �ò�õ þ÷ò 	 � ÿ÷ôó�ÿ�ûûý 
�ò�ø÷ó�� ôÿ ��õôø�� � ���õ ù �ò ûý ÷ õü ÷ûûõ�ó �ÿ ø�û�õ ò��� õ ó� 	 � öø�õ�òó�� ó� ó�� �ò���õ�ø ù ú�ôþ� þ÷ò û÷ó�ø õ�û�þóô��ûý ��øô�� �ó��ø ø�û�õ �ÿ ôòó�ø�õó �

.�þþôòþó �� õ ÷ø� ú�ûû õ�ôó�� ÿ�ø õ�þ� ÷ ó÷õ� ù õôòþ� ó��ý �-�ø ó�� ü ôò ôü ÷û ö�õõô	 û� öø�ü ôõ�õ � ���ý ÷ø� ÷ûõ�ó�� ü�õó ôòó�ø�õóôò
 �ò�õ õôòþ� þ�øø�û÷óô�òõ ôò �÷þ� «¬¯¯© ¯� �� þ÷òò�ó 	 � öø�� ôþó�� 
 ô��ò þ�øø�û÷óô�òõ�ÿ ôóõ õ�	 õ�óõ ÷ò� ó��õ� �ÿ ó�� �ó��ø Çø���ò�÷òó È �� õ � ��� ��&òôóô�ò �ÿ ÷ õ�þþôòþó ÷õõ�þô÷óô�ò ø�û� ôõ��òþ� ÷õ ÿ�ûû�ú õ Ú
ì  íÑÏÐÏ¡Ñ îï ðñòóóôõóö ÷øøùóô÷öôùõ úòûü ý
þ�� AR ³� �¦ � «�� ¾̈ ¹��©® �««¨¯©��©¨ �¬ ��« �¦ �� ¯� ³� ®��2 ¾ �¨ª � ¯¨ ��± � K ¾ ¨� � ª ©©ª¬ª «¬ÕÕ ¨��
�¦ ��«¦ ¨�® ª ©«¬ÕÕ �® � ª ©©ª¬ª ¯¨ÿ ®�¯� �¦ ��«¦ ¨�® ª ©¯¨¾ � �©¹� � �¨��� ¨�®�� �����©¨ �Ô �
�««¨¯©��©¨ �¬ �� R1 � X1 ⇒ Y1 ∈ AR ©« «�©® �¨ ³� «¬¯¯©¯� ©� 6 ∃ R2 � X2 ⇒ Y2 ∈ AR «¬¯¦ �¦ �� �¬ÕÕ ÇR1 È× �¬ÕÕ ÇR2 È �® �¨¾ ÇR1 È × �¨¾ ÇR2 È 2 ©�¦ �©�¦ �� X2 ⊆ X1 �® Y1 ⊂ Y2 Ô ¨� X2 � X1 �
ñò �ó��ø ú�ø� õ ù õ�þþôòþó ÷õõ�þô÷óô�ò ø�û�õ ÷ø� ò�ò�ø���ò�÷òó �ò�õ ÷þþ�ø� ôò
 ó� ó�� þû÷õõôþ ��&òôóô�ò Ç ¾̄ ���&òôóô�ò WÞ ù ö÷
� �Û È ú�ôþ� �òõ�ø�õ �	ó÷ôò ôò
 ø� û�õ ú ôó� ü ôòôü ÷û öø�ü ôõ�õ ÷ò� ü÷� ôü ÷û þ�òþû� õô�òõ �ñò ÷�� ôóô�ò ù ó��ý ü�õó ÿ�û& ûû ó�� þ�ò� ôó ô�ò ó�÷ó ó��ôø ÷õõ� þô÷ó�� öø�ü ôõ�õ ÷ø� þ�üö�õ�� 	ý ò�ò �ø���ò�÷òó
�� õ Ç�ø ���ô�÷û�òóûýù 	ý õ�þþôòþó �� õÈ �
��� 	÷õôõ ÇSGB ù SRI È �ÿ õ�þþôòþó 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ ó�÷ó ú� ôòóø���þ� ôõ ó��ò ��&ò�� ÷õ ÿ� ûû�ú õÂ3 ÷ü ø��òô �� ���ù �ÞÞ�÷Æ Ú

ì  íÑÏÐÏ¡Ñ îî ðñòóóôõóö �üõüúôó �÷øôø �ùú ü�÷óö ÷øøùóô÷öôùõ úòûüøý
þ�� FCI ³� �¦ � «�� ¾̈ ¾ ��/¬� � 01« �± ���¯��® ¾ �¨ª � ¯¨ ��± � K � 	¨� ��¯¦ � ��² f © FCI Ô ��� � � 
� �

f³� �¦ � «�� ¾̈ ©�« 
� ��� �� �� « � ¥¦ � «¬¯¯© ¯� § ���©¯ ³�«©« SGB ¾ ¨� �± �¯� �««¨¯©��©¨ �¬ ��« ©« § ©¹� ³² �
SGB × �R � g ⇒ Çf\g È | f ∈ FCI �® g ∈

�� 
� �
f �® g 6= f � �

ì  íÑÏÐÏ¡Ñ îÓ ðñòóóôõóö öú÷õøôöô�ü úü�òóöôùõ �ùú ÷��úù� ô�÷öü ÷øøùóô÷öôùõ úòûüøý
þ�� FMG


� � ³� �¦ � «�� ¾̈ �¦ � «¬¯¯© ¯� ¾ ��/¬� � �� « �± ���¯��® ¾ �¨ª � ¯¨ ��± � K � ¥¦ � «¬¯¯©¯� ���«©�©¹���®¬¯�©¨ SRI
¾ ¨� �ÕÕ �¨± ©ª ��� �««¨¯©��©¨ �¬ ��« ©« § ©¹� ³² � SRI × �R � g ⇒ Çf\g È | f ∈ FCI �® g

∈ FMG

� � �® f ∈ �¨¹u Çf1 È 2 ©�¦ f1 × γ ÇgÈ �® �¨¾ ÇRÈ ≥ ª ©¯¨¾� �

���£Í �  �� �¨«©®�� �¦ � ¯¨ ��± � K § ©¹� ³² ¥�³�� � �� Ç ¾̄ � Õ �§ � ��È � 	¨� �¦ � «�� � ¾̈ « ©ªÕ �©¯©�²Ô �¦ �
��Õ ¦ �³��©¯ ¨�®�� ©« ¯¨«©®���® �« �¨��� ¨�®�� �����©¨ � �ª¨§ ©��ª«��«Ô ���¦ ¨¬§¦ �² ¨�¦ �� �¨��� ¨�®��¯¨¬ �® ³� ¨³¹ ©¨¬« �² ¬«�® � ° �¦ ©« ¯�«�Ô �¦ � ·���� �® �¦ � � ���� ��� �¦ � «�ª �� ° �¦ ©« ��«Õ �¯�Ô ¥�³��� �� Ç ¾̄ � Õ �§ � �� È «¦ ¨2«Ô ¾ ¨� ��¯¦ 01 Ô �¦ � ¾ ¨ � �¨2 ©§ ©¾ ¨�ª ��©¨ � ©�« �� «Ô ©�« «¬¯¯© ¯� �� « �® ©�««¬ÕÕ ¨��� 	¨� �± �ªÕ ��Ô �¦ � ��  ! ©« «¬¯¯©¯�Ô «©¯� ©� ©« �¦ � «ª �� ��«� ¨� 2 ����� � �ª¨§ �¦ ¨«� ¾̈  " !# �°®��®Ô  ! �

 # Ô  ! �
" ! �®  !

�
"# Ô �®  # Ô " ! �® "# ��� ���«©�©¹� ��®¬®� � «����©§ ¾ �¨ª  !�$ �©§ § ©¹� � ° ¯�³��§ ����©¯� ´ © 2¦ ©¯¦ ��¯¦ ¾ ��/¬� � 01 ©« �¯¯¨ªÕ �©�® ³² ©�« «¬¯¯© ¯� ¾ ��/¬� � �� «´ �¦ � ®��©¹��©¨ ¾̈ �¦ �«� § ���©¯ �««¨¯©��©¨ �¬ ��« ©« «���©§¦ �¾ ¨�2��® �² Õ ��¾ ¨�ª �® � °®��®Ô ¯¨«©®�� ¨¬�
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`abcd A f�f

�¬©§ ¯¨ ��± � ¾ ¨� � ª ©«¬ÕÕ ¹��¬� �/¬�� �¨ 1 � ¥¦ � �««¨¯©���® ° ¯�³��§ ����©¯� ©« ®�Õ ©¯��® ³² 	 ©§¬�� � �� �B �¯¦ ¨� ¾̈ ©�« γ ´�/¬©¹���¯� ¯��««�« ¯¨ ��©« � ¾ ��/¬� � 01 f �¯¯¨ªÕ �©�® ³² �¦ � «�� ¾̈ ©�« «�� �� 
� �
f¾̈ «¬ ¯¯©¯� ¾ ��/¬� � �� «Ô �® ©�« «¬ÕÕ ¨��Ô © �¦ � ¾ ¨�ª Ç�� 
� �

f � f Ô �¬ÕÕ Çf ÈÈ �C «¬¯¯© ¯� �± �¯� § ���©¯ �««¨¯©��©¨ �¬ �� ©« � D© ���´¨®� E ©ªÕ �©¯��©¨Ô 2 ©�¦ � ¯¨ÿ ®�¯� ¹��¬� �/¬�� �¨
1Ô 2 ©�¦ © � γ ´�/¬©¹���¯� ¯��«« ¾̈ �¦ � ° ¯�³��§ ����©¯�� ¥¦ � ¬«� ¾̈ �¦ � � ���� ���¨2«Ô ¾ ¨� �± �ªÕ ��Ô �¨ ¨ �²�± ���¯� �¦ � «¬¯¯©¯� �± �¯� § ���©¯ �««¨¯©��©¨ �¬ ��  !F

⇒
"#G ¾ �¨ª �¦ � γ ´�/¬©¹���¯� ¯��«« ¦ �¹ ©§  " !#FG¾ ¨� ¾ ��/¬� � 01 Ô ©«���® ¾̈

10 ©¾ ��®¬®� � ¾ ��/¬� � �� « 2��� ¾̈ ¬«� Ç�« ©®©¯���® ³² �¦ � ��«� � ��² ©¥�³�� � ��Ô Õ �§ � �� È � H¦ ©��Ô � «¬¯¯© ¯� �ÕÕ �¨± ©ª ��� § ���©¯ �««¨¯©��©¨ �¬ �� ��Õ ��«� �« � D© ���´¨®� E©ªÕ �©¯��©¨Ô �««¨���® 2 ©�¦ �¦ � ¯¨ÿ ®�¯� ª ��«¬��Ô ³��2 �� � γ ´�/¬©¹���¯� ¯��«« �® �¨�¦ �� ³��¨§ ©§ �¨©�« ¬ÕÕ �� ¯¨¹��� 	¨� �± �ªÕ ��Ô ¾ ¨� ª©¯¨¾ × 0.40Ô ¨ �² �¦ � �««¨¯©��©¨ �¬ ��  !0.50
⇒

"#FG ©« �± ���¯��® ¾ �¨ª³¨�¦ γ ´�/¬©¹���¯� ¯��««�« ¦ �¹©§ Ô ��«Õ �¯�©¹��²Ô  " !# �®  " !#FG ¾ ¨� ¾ ��/¬� � 01 ©«���® ¾̈
4 ©¾ ��®¬®� �¾ ��/¬� � �� « 2��� ¾̈ ¬«� Ç�« ©®©¯���® ³² �¦ � «�¹� �¦ � ��² © ¥�³�� � ��Ô Õ �§ � �� È � ¥¦ � ¯¨ªÕ ���� «�� ¾̈«¬ ¯¯©¯� § ���©¯ �««¨¯©��©¨ �¬ ��« ©« ��Õ ¨���® © ¥�³�� � �� � ¥¦ � ¯��®©��©�² ¾̈

SGB Ç��«Õ � GBÈ ©« �/¬�� �¨
11 Ç��«Õ � 27ÈÔ 2¦ ©�� �¦ �� ¾̈ SRI Ç��«Õ � RI È ©« �/¬�� �¨ 18 Ç��«Õ � 25È � I �¯�Ô ¬«©§ �¦ � � ���� Ô 2�2��� �³�� �¨ ®©«¯��® 16 Ç��«Õ � 7È ��®¬®� � �± �¯� Ç��«Õ � �ÕÕ �¨± ©ª ��� È § ���©¯ �««¨¯©��©¨ �¬ ��«Ô 2¦ ©¯¦¯¨«�©�¬ ��« � ��®¬¯�©¨ ¾̈

59.25J Ç��«Õ � 28.00J È � K ¨�� �¦ �� �¦ � �¨��� ¬ª ³�� ¾̈ �««¨¯©��©¨ �¬ ��«Ô2¦ ©¯¦ ¯� ³� ����©�¹�® ¾ �¨ª K Ô ©« ¨ ��«« �¦ � 665 � ¥¦ ©« ¯�����² «¦ ¨2« �¦ � ©ªÕ ¨��� � ¯¨ªÕ �¯� �«« ����¨� ���® ³² Ç«¬¯¯©¯� È § ���©¯ ³�«�« �

L  £ �¢M N ° OP �¨§¬ �® Q ©�§Ô �RR�S Ô �¦ � �¬ �¦ ¨�« ³�Õ �©T �® 
� ��� �� U

V�U�V� W� XY
 �¦ ¨«� ¨³´
��© �® ¬«©§ � Õ �¬©§ «�����§² ³�«�® ¨ � ª¨®�� ¯�� ��® Z U[ Z U X \ V�Y� �U XX] �
Y^� X Ç� �± 4_� È �«´«¨¯©��©¨ �¬ ��« � I ¨2�¹��Ô «¬¯¦ ��®¬¯�©¨ ©« ®¨� 2 ©�¦ ©¾ ¨�ª ��©¨ �¨«« «© ¯� �¦ � ¯�Õ �³©�©�² �¨ ��§ ������
�¦ � 2¦ ¨ �� «�� ¾̈ ¹��©® �««¨¯©��©¨ �¬ ��« ©« ¨� �«¬��® � ° � ©« ©ªÕ ¨��� � �¨ ª � �©¨ �¦ �� �¦ ©« �ÕÕ �¨�¯¦ �®¨¬�« ¯� ³� ��«©�² ¯¨ª ³© �® �¨2��®« � ª¨�� ��®¬¯�® «�� ¾̈ �««¨¯©��©¨ �¬ ��« �
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`nd
SGB

basis
R1

h a
⇒b R2

h b⇒a
R3

h c
⇒d

R4

h d⇒c
R5

h ac
⇒bd R6

h ae
⇒bf

R7

h af⇒be R8

h ef⇒ab R9

h ce
⇒d

R10

h cf⇒d R11

h ace
⇒bdf`nd

SRI
basis

R1

h
∅

0.60
⇒

ab R2

h
∅

0.80
⇒

cd R3

h
∅

0.60
⇒

e
R4

h
∅

0.60
⇒ f R5

h a0.67
⇒ bcd R6

h b0.67
⇒

acd
R7

h a0.67
⇒ bef R8

h b0.67
⇒

aef R9

h e0.67
⇒

abf
R10

h e0.67
⇒

cd R11

h f0.67
⇒

abe R12

h f0.67
⇒

cd
R13

h ac0.50
⇒ bdef R14

h ae0.50
⇒ bcdf R15

h af0.50
⇒ bcde

R16

h ef0.50
⇒

abcd R17

h ce0.50
⇒

abdf R18

h cf0.50
⇒

abde
`abcd 6 f�h `nd tkug cdmd sdm kl s�ttirtm �drdqit assk tiamikr q�cds f

² àh ìãéíÅå% íèë è Ä âãæðëæåë% i îîè ïíå% íèë âðäãî
ñò ó�� ÿ�ûû�ú ôò
 ù ú� õó��ý ó�� õóø�þó�ø÷û öø�ö�øóô�õ �ÿ ó�� ò�ú 
�ò�øôþ 	÷õ�õ ôòóø���þ�� ôò ó�� öø�� ô��õõ�	 õ�þóô�ò � ��� õó��ý ø���ôø�õ þ��þ� ôò
 ó�� ©®��� öø�ö�øóô�õ �ÿ ÷ò ÷õõ� þô÷óô�ò ø�û� ø�öø�õ�òó÷óô�ò Ç ¾̄ ���&òôóô�ò W � ù ö÷
� �� È � . ôòþ� ôó ú÷õ õ��úò ôò Âj øýõ� ô�ú ôþ ù �ÞÞ�Æ ó�÷ó ó�� 	÷õôõ ÇGB ù RI È ôõ ��óø÷þó��úôó���ó û�õõ �ÿ ôòÿ�øü ÷óô�ò ù ôó ôõ õ�w þô�òó ó� õ��ú ó�÷ó ôó ôõ ö�õõô	 û� ó� ��øô�� ú ôó���ó û�õõ �ÿ ôòÿ�øü ÷óô�ò
�� � ÷õõ� þô÷óô�ò ø�û�õ ó�÷ó 	 �û�ò
 ó� ó�� 	÷õôõ ÇGB ù RI È õó÷øóôò
 ÿø�ü ó�� 	÷õôõ ÇSGB ù SRI È � ���õ ù �� ���®¬®� � ÷õõ� þô÷óô�ò ø�û�õ þ÷ò 	 � õóø÷ô
�óÿ�øú÷ø� ûý ��øô��� ÿø�ü ÇSGB ù SRI È �
C õõ� þô÷óô�ò ø� û�õ 	�û�ò
 ôò
 ó� ó�� 	÷õôõ ÇSGB ù SRI È ÷ø� ôüöûôþ÷óô�òõ 	 �óú��ò «¬¯¯©¯� ¾ ��/¬� � ü ôò�ôü ÷û 
�ò�ø÷ó�øõ Ç�� õ È ÷ò� ¾ ��/¬� � þû�õ�� ôó�ü õ�óõ Ç01õÈ � 3�òþ� ù ó� ��øô�� ó�� 	÷õôõ ÇGB ù RI Èù ø���ò��÷òó ÿø����òó �� õ ò��� ó� 	 � ����þ�� õôòþ� ó��ý ÿ�øü ó�� öø�ü ôõ�õ �ÿ ��®¬®� � 
�ò�øôþ ÷õõ� þô÷óô�òø�û�õ ù ©���ù ó��õ� 	�û�ò
 ôò
 ó� ÇGB ù RI È ÷ò� � ôõþ÷ø��� ÿø�ü ÇSGB ù SRI È � ñò �ø��ø ó� ��øô�� �� � ÷õõ��þô÷óô�ò ø� û�õ 	�û�ò
 ôò
 ó� ÇGB ù RI Èù ú� öø�ö�õ� ÷ ò�ú ÷� ô�ü þ÷ûû�� ó�� Îkl ÎÐÏÐkÐÏ¡Ñ �� Ï¡£ � ���õ ùÿø�ü �÷þ� ÷õõ� þô÷óô�ò ø�û�

R Ú X ⇒ ÇY \X È �ÿ ÇSGB ù SRI È ú��ø� X ∈ FMG'( ) ÷ò� Y ∈ FCI
ù ú�öø�ö�õ� ó� ��øô�� ù �õôò
 ó�� õ�	 õóôó�óô�ò ÷� ô�ü ù ó�� õ�ó �ÿ ��®¬®� � 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ 
 ô��ò 	ý Úmnopqnrpsttu vpm wxnt

R: X ⇒ yY \X z ß {R′ Ú Z ⇒ ÇY \Z È | Z ∈ FMGÉÊ| « ��� X � Z } ù ú��ø� FMGÉÊ|��ò�ó�õ ó�� õ�ó �ÿ ø���ò�÷òó ÿø����òó ü ôòôü ÷û 
�ò�ø÷ó�øõ ÷õõ� þô÷ó�� ó� ÷ þ�òó��ó
K
�

��� Îkl ÎÐÏÐkÐÏ¡Ñ �� Ï¡£ öø� þ���õ ÷þþ�ø� ôò
 ó� ó�� ÿ�ûû�ú ôò
 õó�öõ Ú
~Ð Í �� ��� õ�ó

GB Ç��«Õ � RI È ôõ & øõóûý ôòôóô÷ûô�� ó� SGB Ç��«Õ � SRI È �~Ð Í � � C õõ� þô÷óô�ò ø�û�õ 	�û�ò
 ôò
 ó� ÇGB ù RI È ÷ø� öø� þ�õõ�� ôò ÷ò ÷õþ�ò� ôò
 �ø��ø �ÿ ó��ôø ø�õö �þóô��õô�õ � � ���õ ù ÿ�ø ÷ò ÷õõ� þô÷óô�ò ø�û�
R Ú X ⇒ ÇY \X È ∈ ÇGB ù RI È ú��ø� X ∈ FMG'( ) ÷ò� Y ∈���Þ Õá�Þ ÛÚ ×Ø ×ÕÕÛàá×ÖáÛØ ÜßãÞ

X ⇒ Y
áÕ Þ�ß×ã ÖÛ Ö�Þ à×ÜÙáØ×ãáÖ� ÛÚ

X ∪ Y
é
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FCI
ù ó�� õ�ó �ÿ ��®¬®� � 
�ò�øôþ ÷õõ� þô÷óô�ò ø�û�õ ÷õõ� þô÷ó�� ó� �÷þ� ÷õõ� þô÷óô�ò ø�û� R1 Ú X1 ⇒

ÇY1\X1 Èù õ�þ� ó�÷ó X1 ⊂ X
÷ò�

Y1 ⊂ Y
ù ú�ø� ÷ûø�÷�ý ��øô��� �

~Ð Í � ��� *�ø �÷þ� ÷õõ� þô÷óô�ò ø�û�
R Ú X ⇒ ÇY \X È ∈ GB

ù ��øô�� ó�� õ�ó �ÿ ��®¬®� � 
�ò�øôþ÷õõ� þô÷óô�ò ø�û�õ mnopqnrpsttu vpm wxnt
R: X ⇒ yY \X z ß {R′ Ú Z ⇒ ÇY \Z È | Z ôõ ó�� ø�õ�ûó�ÿ ó�� õ�	 õóôó�óô�ò �ÿ ÷ õ�	 õ�ó �ÿ

X
ù õ÷ý

V
ù 	ý

T
õ�þ� ó�÷ó {R1 Ú V ⇒ ÇI\V È ù R2 Ú T ⇒

ÇI\T È} ∈ GB
ú��ø�

I ∈ FCI
÷ò�

@ Z1 ⊆ Z
õ�þ� ó�÷ó

Z1 ⇒ ÇY \Z1 È ∈ GB} �~Ð Í � �� � *�ø �÷þ� ÷õõ� þô÷óô�ò ø�û�
R Ú X ⇒ ÇY \X È ∈ RI

ù ��øô�� ó�� õ�ó �ÿ ��®¬®� � 
�ò�øôþ÷õõ� þô÷óô�ò ø�û�õ mnopqnrpsttu vpm wxnt
R: X ⇒ yY \X z ß {R′ Ú Z ⇒ ÇY \Z È | Z ôõ ó�� ø�õ�ûó�ÿ ó�� õ�	 õóôó�óô�ò �ÿ ÷ õ�	 õ�ó �ÿ

X
ù õ÷ý

V
ù 	ý

T
õ�þ� ó�÷ó {R1 Ú V ⇒ ÇI\V È ù R2 Ú T ⇒

ÇI\T È} ∈ GB
ú��ø�

I ∈ FCI
÷ò�

@ Z1 ⊆ Z
õ�þ� ó�÷ó

Z1 ⇒ ÇY \Z1 È ∈ RI } � �

��ó� ó�÷ó þ�üö÷øôò

Z
ó�
Z1

�òõ�ø�õ � ôõþ÷ø� ôò
 ó�� þ÷õ� ú��ø� ÷ õ�	 õóôó�óô�ò û�÷�õ ó� ÷ò ÷ûø�÷�ý�� ôõóôò
 ÷õõ� þô÷óô�ò ø�û� �ø ó� ÷ �ò� �÷� ôò
 ÷ ¨´ª ©©ª �� 
�ò�ø÷ó�ø ÷õ ÷ öø�ü ôõ� �
���£Í �  �ï 	�¨ª �¦ � �««¨¯©��©¨ �¬ �� R �  !

⇒
"# ³��¨§ ©§ �¨ SGB Ô 2� 2 ©� � «¦ ¨2 ¦ ¨2 �¨ ®��©¹�

�««¨¯©��©¨ �¬ ��« ³��¨§ ©§ �¨ GB 2¦ ©¯¦ ��� ��®¬®� � 2 �� ��� R � $ �¾ ¨�� �¦ �� �¦ � �¬ �� R ©« Õ �¨¯�««�®Ô �� �
�««¨¯©��©¨ �¬ ��« 2¦ ¨«� ��«Õ �¯�©¹� «©T �« ��� �¨2�� �¦ � �¦ �� ¾̈ R Ç©���Ô �¨2�� �¦ � 4È 2��� ¦ �® ��® �®��®¬®� � �««¨¯©��©¨ �¬ ��« 2��� ®��©¹�® ¾ �¨ª «¬¯¦ �««¨¯©��©¨ �¬ ��« � Cª¨§ �¦ � ¦ �® ��® �««¨¯©��©¨�¬ ��«Ô 2� ÿ ® �¦ ¨«� ¦ �¹ ©§ ¾ ¨� Õ ��ª©«�« �¦ � 1´«¬³«��« ¾̈  !Ô ©���Ô  

⇒
" �® !

⇒
# � ¥¨ ®��©¹� �¦ ���®¬®� � § � ��©¯ �««¨¯©��©¨ �¬ ��« �««¨¯©���® �¨ R Ô �¦ � ÿ �«� 1´«¬³«�� ¾̈  !Ô ©���Ô  Ô ©« ��Õ ��¯�® ³² �¦ �¾ ��/¬� � �� ¦ �¹ ©§ ©�« ¯�¨«¬��Ô ©���Ô " � ¥¦ �Ô 2� �¬§ª � � GB ³² �¦ � ¾ ¨ � �¨2 ©§ �««¨¯©��©¨ �¬ �� � " !

⇒ # � ¥¦ � «�¯¨® 1´«¬³«�� ¾̈  !Ô ©���Ô !Ô ©« �¦ � ��Õ ��¯�® ³² # � ¥¦¬«Ô 2� �®® �¦ � �««¨¯©��©¨ �¬ ��  #
⇒

" !
�¨ GB � ¥¦ � «�ª � Õ �¨¯�«« ©« �ÕÕ �©�® �¨ " !

⇒
 # � H� ¦ �¯� ¨³��© ³¨�¦ �««¨¯©��©¨ �¬ ��« �  !

⇒
 # �®"#

⇒
 # �® ¨ �² �¦ � ������ ¨ � 2 ©� � ³� �®®�® �¨ GB � °®��®Ô �¦ ��� ©« �����®² � �««¨¯©��©¨ �¬ �� © GB

« �� � Z1 ⇒ Ç " !#\Z1È �® Z1 ⊆
 ! ÇZ1 ³�©§ ©�«��¾ �/¬�� �¨  ! È � 	�¨ª �¦ � �««¨¯©��©¨ �¬ �� "#

⇒
 # Ô  ¨¨�¦ �� 2 ©� � ³� ®����ª ©�® �® �¦ � �����ª � �« ¯¨ª � �¨ � �® �

��ú ù ú� öø��� ó�÷ó ó�� õ�	 õóôó�óô�ò ÷� ô�ü ÷ûû�ú õ ó�� 	÷õôõ ÇSGB ù SRI È ó� 	 � �¨«« ��«« ÷ò� «¨¬® ����ò ù ú� õ��ú ó�÷ó ó�ôõ þ��öû� ôõ ÷ûõ� ©¾ ¨�ª ��©¹��
Ì¢¡Í ¡ÎÏÐÏ¡Ñ �N ¥¦ � ³�«©« ÇSGB Ô SRI È ©« �������� � ∀ R � X ⇒ ÇY \X È ∈ ÇSGB Ô SRI ÈÔ �¦ � «��m nopqnrpsttu vpm wxnt

R × �R′ � Z ⇒ ÇY \Z È | Z ∈ FMG
W Y� « �� � X � Z� ¾̈ �¦ � ��®¬®� � § ���©¯

�««¨¯©��©¨ �¬ ��« 2 ©�¦ ��«Õ �¯� �¨ R Ô ©« ¯¨ªÕ �����² ®��©¹�® �¦ ��« �¨ �¦ � Õ �¨Õ ¨«�® «¬³«�©�¬ �©¨ �± ©¨ª �
½ �¨ ¾̈ � ��� õ�øóôò
 ôüö�õ�� ôò .ó�ö � �ÿ ó�� õ�	 õóôó�óô�ò ÷� ô�ü �òõ�ø�õ ó�÷ó ù 	�ÿ�ø� ÷ ø� û�

R
ôõ öø��þ�õõ�� ù ÷ûû ÷õõ� þô÷óô�ò ø� û�õ ú��õ� ø�õö �þóô�� õô�õ ÷ø� û�ú�ø ó�÷ò ó�÷ó �ÿ

R
ú�ø� �÷ò� û�� ù ÷ò� ��®¬®� �
�ò�øôþ ÷õõ� þô÷óô�ò ø� û�õ ú�ø� ó��ò ��øô��� ÿø�ü õ�þ� ÷õõ� þô÷óô�ò ø� û�õ � 3 �òþ� ù ÷ûû ôòÿ�øü ÷óô�ò ø��� ôø��ó� ��øô�� ÷õõ� þô÷óô�ò ø� û�õ 	 � û�ò
 ôò
 ó� m nopqnrpsttu vpm wxnt

R

÷ø� 
÷ó��ø�� ó�÷ò�õ ó� ó�� � ô-�ø�òóõ�óõ m nopqnrpsttu vpm wxnt
R1

õ�þ� ó�÷ó
R1 ÚX1 ⇒ ÇY1\X1 Èù X1 ∈ FMG'( ) ù Y1 ∈ FCI

÷ò�
Y1 ⊂ Y

�
� õôò
 ó��õ� õ�óõ ù �� � ø���ò�÷òó ÿø����òó �� õ ù ú ôó� ø�õö �þó ó�

X
ù ÷ø� õóø÷ô
�óÿ�øú÷ø� ûý ��øô��� � ñò���� ùÿ�ø �÷þ� õ�	 õ�ó

X1

�ÿ
X
ù ó�� � ô-�ø�òó ÿø����òó �� õ 	� û�ò
 ôò
 ó� ôóõ ��� ô�÷û�òþ� þû÷õõ ÷ø� ÷ûø�÷�ý �ò�úò÷õ ó��ý ÷ø� ó�� öø�ü ôõ�õ �ÿ ÷õõ� þô÷óô�ò ø� û�õ 	� û�ò
 ôò
 ó� ó�� õ�óõ mnopqnrpsttu vpm wxnt

R1

��&ò��÷	��� � 3�òþ� ù �� � ÷õõ�þô÷óô�ò ø� û�õ 	� û�ò
 ôò
 ó� ÇGB ù RI È þ÷ò 	� ����þ�� ÿø�ü ÇSGB ù SRI È � õôò
 ó��
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õ�	 õóôó�óô�ò ÷� ô�ü � ���ø�ÿ�ø� ù ó�� 	÷õôõ ÇSGB ù SRI È ôõ û�õõû�õõ � ♦

Ì ��Í �ÎÏÐÏ�Ñ �� �� � ³�«©« ÇSGB Ô SRI È ©« ������ ∀ R′ � Z ⇒ ÇY \Z È ∈ mnopqnrpsttu vpm wxnt
R:X⇒yY \X z Ô�¬ÕÕ ÇR′ È × �¬ÕÕ ÇRÈ �® ��¾ ÇR′ È × ��¾ ÇRÈ �

½ ���¾ � Dò ó�� �ò� �÷ò� ù ��ÕÕ ÇRÈ ôõ ���÷û ó� ��ÕÕ ÇY È � ñó ôõ ÷ûõ� ó�� þ÷õ� ÿ�ø ��ÕÕ ÇR′ È � 3�òþ� ù ��ÕÕ ÇR′ Èß ��ÕÕ ÇRÈ � Dò ó�� �ó��ø �÷ò� ù
X
÷ò�

Z
÷ø� óú� ÿø����òó �� õ 	 � û�ò
 ôò
 ó� ó�� õ÷ü �

γ
���� ô�÷û�òþ�

þû÷õõ � 3�òþ� ù ��ÕÕ ÇX È ôõ ���÷û ó� ��ÕÕ ÇZ È � ��� õ ù ���¾ ÇR′ È ß ��ÕÕ ÇY È��ÕÕ ÇZ È ß ��ÕÕ ÇY È��ÕÕ ÇX È ß ���¾ ÇRÈ ����ø�ÿ�ø� ù ó�� 	÷õôõ ÇSGB ù SRI È ôõ õ��ò� � ♦

��� öø�ö�øóý � ÿ ��øô�÷	 ôûôóý ôõ ÿ� û& ûû�� 	ý ó�� 	÷õôõ ÇSGB ù SRI È õôòþ� ôó ôõ û� õõû�õõ ÷ò� õ��ò� � ��ú ù ú�õ��ú ó�÷ó ó� ôõ þ��öû� ÷ûû�úõ ó�� ø�óøô��÷û �ÿ ó�� ��÷þó �÷û��õ � ÿ ó�� õ�öö�øó ÷ò� ó�� þ�ò&��òþ� ÷õõ�þô÷ó��ó� �÷þ� ��øô��� ÷õõ� þô÷óô�ò ø� û� �
Ì ��Í �ÎÏÐÏ�Ñ �� �� � ³�� � ÇSGB Ô SRI È  � ¡�¢ �£¤ ¥¦¡§�� �� � ��ÕÕ ��� ��¨ �� � ©��ÿ ¨��©� �ª �� � ¨�� ¹�¨
����© �� �� �� ��� ©�� �« �©��¬ � ���� �¹�¨ ª ��® ¯SGB ° SRI ± �
² ���ª � C õõ� þô÷óô�ò ø� û�õ 	� û�ò
 ôò
 ó� ó�� 	÷õôõ ¯SGB ù SRI ± ÷ø� �ÿ ó�� ÿ� ûû�úôò
 ÿ�øü ³

g ⇒ ¯f\g ± ú��ø�
g ∈ FMG'( ) ÷ò� f ∈ FCI

� ���ø�ÿ�ø� ù ú� ÷ø� ÷	 û� ó� ø�þ�òõóôó�ó� ÷ûû ò�þ�õõ÷øý ÿø����òó 01õ 	ý þ�òþ÷ó��ò÷óô�ò �ÿ ó�� öø�ü ôõ� ÷ò� ó�� þ�òþû� õô�ò ö÷øóõ � ÿ ó�� 
�ò�øôþ ÷õõ� þô÷óô�ò ø� û�õ 	 � û�ò
 ôò
 ó� ¯SGB ù SRI ± �. ôò þ� ó�� õ�öö�øó �ÿ ÷ ÿø����òó ôó�üõ�ó
I
ôõ ���÷û ó� ó�� õ�öö�øó � ÿ ó�� õü ÷ûû�õó ÿø����òó 01 þ�òó÷ôòôò
ôó ´È÷õ�� ô�ø �� ���ù �µµµ	 ¶ ù ó��ò ó�� õ�öö�øó � ÿ

I
÷ò� ôóõ þû� õ�ø� þ÷ò 	 � õóø÷ô
�óÿ�øú÷ø� ûý ��øô��� ÿø�ü

¯SGB ù SRI ± � 3�òþ� ù ó�� ø�õö �þóô�� õ�öö�øó ÷ò� þ�ò&��òþ� �÷û��õ � ÿ �� � ��¨��¨�� � ÷õõ�þô÷óô�ò ø� û�õ þ÷ò��÷þóûý 	� ø�óøô���� � ��� õ ù ó�� 	÷õôõ ¯SGB ù SRI ± ôõ ôòÿ�øü ÷óô�� � ♦

��� õ�	 õóôó�óô�ò ÷� ô�ü ôõ öø���� ó� 	� û� õõû�õõ ù õ��ò� ÷ò� ôò ÿ�øü ÷óô�� · ÷ûû�úôò
 ó� ��øô�� �� � ÷õõ� þô÷óô�òø� û�õ ÿ�øü ôò
 ¯GB ù RI ± ÷õ ú� ûû ÷õ ó�� ôø �« �©� õ�öö�øó ÷ò� þ�ò&��òþ� �÷û��õ � . ôòþ� ó�� 	÷õôõ ¯GB ù RI ±ôõ õ��úò ó� 	� ��óø÷þó�� úôó���ó û� õõ �ÿ ôòÿ�øü ÷óô�ò ´j øýõ� ô�úôþ ù �¸¸�¶ ù ú� þ÷ò ����þ� ó�÷ó ó�� 	÷õôõ¯SGB ù SRI ± ôõ ÷ûõ� ��óø÷þó�� úôó���ó ôòÿ�øü ÷óô�ò û�õõ � ñò �ø��ø ó� &ò� ó�� þ�üöû�ó� õ�ó �ÿ ¹�� ¨��¨��¨�� � ÷õõ� þô÷óô�ò ø� û�õ ù ú� ôþ� þ÷ò 	 � ��óø÷þó�� ÿø�ü ÷ þ�òó��ó
K
ù ó�� ÷� ô�ü � ÿ óø÷òõôóô� ôóý öø�ö�õ��

	ý ¹���ò	�ø
�ø ´¹���ò	�ø
�ø ù �µµ �¶ õ��� û� 	� ÷ööûô�� ó� ó��
RI

	÷õôõ ó� ��øô�� ÷õõ� þô÷óô�ò ø� û�õ ÿ�øü ôò
ó�� ôò ÿ�øü ÷óô�� 	÷õôõ
IB

ÿ�ø ó�� ÷ööø�� ôü ÷ó� ÷õõ� þô÷óô�ò ø� û�õ ´µ÷õóô�� �� ���ù �¸¸¸÷¶ � ���ò ù ó�� þ���ø�ö �ø÷ó�ø öø�ö�õ�� 	ý j øýõ� ô�úôþ ´j øýõ� ô�úôþ ù �¸¸�¶ �ø ó�� û� õõû�õõ ÷ò� õ��ò� ÷� ô�ü÷óôþ õýõó�üöø�ö� õ�� 	ý µ�ò º÷� ô÷ ÷ò� »�ö�� �
� ôÿ� ´µ�ò º÷� ô÷ ÷ò� »�ö�� �
� ôÿ� ù �¸¸¼¶ ü÷��õ ôó ö� õõô	 û� ó�
��øô�� �� � ¹�� ¨ ��¨��¨�� � ÷õõ� þô÷óô�ò ø� û�õ õó÷øóôò
 ÿø�ü ó�� þ��öû� ¯GB ù IB± � ��� þ�üöû�ó� öø� þ�õõ÷ûû�úôò
 ó� ��øô�� �� � ¹�� ¨ ¯��¨��¨�� � ± ÷õõ� þô÷óô�ò ø� û�õ ¯��ò�ó�� AR± ù õó÷øóôò
 ÿø�ü ó�� 	÷õôõ ¯SGB ù
SRI ± ù ôõ ��òþ� ÷õ ÿ� ûû�úõ ³

½
SGB � SRI ¾substitution axiom

−−−−− −→
½
GB � RI ¾ transitivity axiom

−−−−− −→
½
GB � IB¾

cover operator or Ben Y ahia and Mephu Nguifo axiomatic system

−−−−−−−−−−−−−−−− −→ AR
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² À� ÁÂÃ ÄÅ Æ ÇÈÉÊËÌÍÊÎË i ÏÐÑÒ í%Â$
ñò ó� ôõ õ�þóô�ò ù ú� ôòóø���þ� ÷ ò�ú ÷û
�øôó�ü ù þ÷ûû�� 1��Ó¾¿<Ô�;<:Ô ù ÷ûû�úôò
 ó� �w þô�òóûý ��óø÷þóó�� ÿø����òó 01 õ�ó ÷ò� ù ÿ�ø �÷þ� ÿø����òó 01 ù ôóõ ÷õõ�þô÷ó�� õ�þþôòþó ÿø����òó �� õ ÷õ ú� ûû ÷õ ó��õ�þþôòþó 
�ò�øôþ ÷õõ� þô÷óô�ò ø� û�õ 	 � û�ò
 ôò
 ó� ó�� 	÷õôõ ¯SGB ù SRI ± � 3�òþ� ù ó�� �ò�úû��
� �-�ø��ó� ó�� �ò��� õ�øõ 	�þ�ü �õ 	ý ÿ÷ø ü �ø� � õ�ÿ� û õôòþ� ÷ò ôüö�øó÷òó ÷ü ��òó � ÿ ø���ò�÷òþý ôõ ø�ü ���� �
1��Ó¾¿<Ô�;<:Ô ó÷��õ ÷õ ôòö�ó ÷ ó�ó÷û �ø��ø ø� û÷óô�ò

�
ù ÷ò ��óø÷þóô�ò þ�òó��ó

K
ù ó�� üôòôü�üó�ø�õ�� û� � ÿ õ�öö�øó ®  ���ÕÕ ÷ò� ó�� üôòôü�ü ó� ø�õ�� û� �ÿ þ�ò&��òþ� ®  �©��ª � ñó �ö �ø÷ó�õ ôò ó�ø��õ�þþ�õõô�� õó�öõ ³

�� ��ó�øü ôò÷óô�ò � ÿ ó�� �� õ�ó ù
� � Ö�òõóø�þóô�ò �ÿ ó�� ü ôòôü ÷û 
�ò�ø÷ó�ø û÷óóôþ� ¯MGL± ù ÷ò� ù
W � ��óø÷þóô�ò �ÿ ó�� õ�þþôòþó 
�ò�øôþ ÷õõ� þô÷óô�ò ø� û� 	÷õ�õ �

��ó� ó�÷ó ó�� 1��Ó¾¿<Ô�;<:Ô ÷û
�øôó�ü ôò��øôóõ ÿø�ü ó�� 4Ô Á×;� ÷û
�øôó�ü ´3÷üø��òô �� ���ù�¸¸�	 ¶ ôóõ & øõó õó�ö � 3�ú���ø ù ÷õ ��öû÷ôò�� ôò ó�� ø�ü÷ôò��ø ù ôó �÷õ ÿ�ø ÷��÷òó÷
� 2 ����� ó� ôõ û÷óó�ø÷ ø���þóô�ò �ÿ ó�� û÷óóôþ� þ�òõóø�þóô�ò þ�õó ó�÷ò�õ ó� ó�� û� þ÷ûô÷óô�ò � ÿ ø���ò�÷òó �� õ � ñò ÷�� ôó ô�ò ù
1��Ó¾¿<Ô�;<:Ô ôõ ÷	 û� ó� ��óø÷þó 
�ò�øôþ ø� û�õ ÷õ ú� ûû ÷õ õ�þþôòþó �ò�õ ú� ôû� 4Ô Á×;� ôõ �òûý ��� ôþ÷ó��ó� 
�ò�øôþ ÷õõ�þô÷óô�ò ø� û�õ �
Ø ÙÚ ÙÛ Ü �Ý��Þ ßàáÝßâà âã Ýä� å ßàßÞáæ ç�à��áÝâ� è�Ý
*� ûû�úôò
 ÷ 	ø�÷�ó��& øõó ¯�ø û��� ûú ôõ� ± õóø÷ó�
ýù ó�� 1��Ó¾¿<Ô�;<:Ô ÷û
�øôó�ü óø÷��øõ�õ ó�� õ�÷øþ�õö÷þ� 	ý û��� û ôò ÷ 	�óó�ü ��ö ü÷òò�ø � ñó ��ó�øü ôò�õ ó�� õ�ó

FMG
�ÿ ó�� ÿø����òó �� õ ù ��óø÷þó��ÿø�ü ó�� ��óø÷þóô�ò þ�òó��ó

K
÷ò� õ�øó�� 	ý ��þø�÷õôò
 õ�öö�øó �÷û��õ � 1��Ó¾¿<Ô�;<:Ô ÷ûõ� ���öõóø÷þ� �ÿ ó�� ôòÿø����òó ö÷øó �ÿ ó�� ò�
÷óô�� 	�ø��ø � ÿ ó�� ÿø����òó ü ôòôü ÷û 
�ò�ø÷ó�ø õ�ó ù ��ò�ó��

GB
�−´j øýõ� ô�úôþ ù �¸¸ �¶ � é ñò ó�� õ�þ�ò� õó�ö ù ó�� õ�ó FMG

úôûû õ�ø�� ÷õ ÷ 	÷þ�	�ò� ó� þ�òõóø�þó ó��
MGL

�
C õ õ��úò 	ý ó�� ÿ� ûû�úôò
 öø�ö�õôóô�ò ù ó�� �òô�ò � ÿ ó�� õ�óõ

FMG
÷ò�

GB
�− úôûû 	 � � õ�� ù ôò ó�� õ�þ�ò�õó�ö ù ÷õ ÷ò ��÷þó þ�òþôõ� ø�öø�õ�òó÷óô�ò � ÿ ÿø����òó ôó�üõ�óõ ³

ê��ë �ìíîí�ï �ð þ�� X � ��  ��®���� ñª ∃ Z ∈ GB ¨− ��¨ Z ⊆ X ° �� �� X  �  �ª ��/��� � � ò�� ��2  ��° X � ª ��/��� � ��¨ ��ÕÕ ¯X ± ó ®  � ���ÕÕ ¯g ± | g ∈ FMG ��¨ g ⊆ X� Oô �¬�T�  �2  ©T ° �RR�S �
µ�ý�ò� ó�� � õ�÷û öø�òôò
 	÷õ�� �ò õ�öö�øó ¯2 ����� ® ���ÕÕ ± ù 1��Ó¾¿<Ô�;<:Ô � õ�õ öø�òôò
 õóø÷ó��


 ô�õ ��öû� ôóôò
 ó�� �ø��ø ô��÷û õ�÷ö � �ÿ ó��
FMG

õ�ó � ñò ó� ôõ ø�õö�þó ù ÷ þ÷ò� ô�÷ó�
c
ó�÷ó ���õ ò�ó �÷��÷ûû ôóõ ôüü �� ô÷ó� õ�	 õ�óõ ÷õ ÿø����òó ü ôòôü ÷û 
�ò�ø÷ó�ø ú ôûû 	� öø�ò�� � ñò ÷�� ôó ô�ò ù
c
ü� õó ò�ó �÷�� ó��õ÷ü � õ�öö�øó ÷õ �ò� � ÿ ôóõ õ�	 õ�óõ ù �ó��øú ôõ� ôó ú ôûû ò�ó 	� ÷ ü ôòôü ÷û 
�ò�ø÷ó�ø �ñó ôõ ôüö�øó÷òó ó� ü �òóô�ò ó�÷ó ôò ó�� ò��ó õ�þóô�ò ù ú� úôûû õ�� ó�� ôü ö�øó÷òþ� � ÿ ø���ò�÷òó �� õôò ó�� þ�òõóø�þóô�ò �ÿ ó�� ö÷øóô÷ûûý �ø��ø�� õóø�þó�ø� � ñò���� ù ú ôó���ó ó��ü ù õ�ü � öø�þ���òþ� ø� û÷óô�òõ

	 �óú��ò
γ
���� ô�÷û�òþ� þû÷õõ�õ þ÷ò 	 � ü ôõõ�� � �� ôõ ��öû÷ôòõ ú�ý ú� �� ò�ó öø�ò� ó��ü ôò ó� ôõ õó�ö �

��� öõ�����þ��� �ÿ ó�� öø� þ���ø� ù þ÷ûû�� ��×õ��7 ù þ���øôò
 ó� ôõ õó�ö ôõ 
 ô��ò 	ý C û
�øôó�ü ¼ � �� ôõöø� þ���ø� ø��� ôø�õ ÷ò ÷þþ�õõ ó� ó�� ��óø÷þóô�ò þ�òó��ó ÷õ û�ò
 ÷õ ó�� õ�ó �ÿ ü ôòôü ÷û 
�ò�ø÷ó�ø þ÷ò� ô�÷ó�õôõ ò�ó �üöóý� �� ôõ ÷þþ�õõ ôõ ö �øÿ�øü �� ó� ø��
� ó�� ��×õö �¿<õ��7 öø� þ���ø� ¯©ª � C û
�øôó�ü � ± ú��õ�÷øØ áÖÞå ÕÞÖ â ÞãÛØùÕ ÖÛ
GB
Ù
−

áÚ áÖ áÕ ×Ø áØÚÜÞ�ßÞØÖ ËÌ ×ØÙ ×ãã áÖÕ ÕßâÕÞÖÕ ×ÜÞ ÚÜÞ�ßÞØÖ ËÌÕ é
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MGCk

½��:< 
FMGk ¾ h �dm kl

k�taroioamd ½��:< 
k�lqd��drm ¾ uiriu ac �drdqamkqs f

c
h � cdu drm kl

MGCk

kq
FMGk

f
c
fd ������������� h � ism kl ½

k � 1¾�s�bsdms kl c f
c
fa ���������� h �tm�ac s�gg kqm kl

c
f

c
fe�� ����� ����� h � smiu amdo s�gg kqm kl

c � !nitn ! icc tkrmair mnd u iriu�u s�gg kqm
kl ims oiqdtm s�bsdms f

c
f"������#$�� h � ism kl mnd iuu doiamd s�ttdsskqs kl mnd

γ�d��i?acdrtd tcass kl c f
c
ffc% h �qd��drm tcksdo imdu sdms kl

c
f

`abcd 6 fA h &kmamikrs �sdo b@ mnd '()*+,-./0-1. ac�kqimnu f
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�ñ�d d ós� ñE ^�� îï �� ��s� dE ^��ó� ñ� �ñ	 �8 \ ó 7�����ó÷ ñ� ó 7^�ó �8 ñ� ó 3Ð8 ÷óf�ó�ñ Ðê î øú � ñ� ó d^ññó÷
�� ^ ÷ó����^�ñ 8 ÷óf�ó�ñ Ðê ���7ó îú �� ��ñ ñ� ó ÷ó� ÷ó�ó�ñ^ñ��ó 8 ÷óf�ó�ñ Ðê �8 �ñ� γ Ðóf���^dó�7ó 7d^�� 	���ñó^� �8 � ó÷8 �÷s ��] ���ó7ó��^÷E ñ÷ó^ñs ó�ñ� tE 7�s� ^÷��] î øú ñ� ñ� ó �ss ó��^ñó ��77ó���÷ d��ñ� �8 ^d d �ñ�
2Ð��t�óñ�� ñ� ó ÷ó� ÷ó�ó�ñ^ñ��ó 8 ÷óf�ó�ñ Ðê �8

Cõ öû \ �d d tó 8 ���� ?78 	 � d] �÷�ñ�s ò� d��ó �� A 	 þ �� 7ó îï ��
ñ� ó ÷ó� ÷ó�ó�ñ^ñ��ó 8 ÷óf�ó�ñ Ðê �8

Cõû � ñ� ó ÷ó� ÷ó�ó�ñ^ñ��ó 8 ÷óf�ó�ñ Ðê �8
Cõ öû �� ñ� ^ñ �8 Cüõù ∪ üõ öû \õûýý?�	ó	� Cõ öù A ^�� �� óf�^d ñ� î øï 	 I� ó d^ññó÷ \ �d d �� dE tó 7�s� ^÷ó� ñ� ñ� ó �ss ó��^ñó ��77ó���÷ d��ñ� �8

ñ� ó ÷ó� ÷ó�ó�ñ^ñ��ó 2Ð��t�óñ� �8 î øú� �	ó	� î ø ^�� øú ?78 	 � d] �÷�ñ�s ò� d��ó� ��Ð� þ A 	 î øï \^� ^d÷ó^�E
7�s� ^÷ó� ñ� ñ� ó �ss ó��^ñó ��77ó���÷ d��ñ �8 î ø ���7ó ñ� ó d^ññó÷ �� ��ó �8 �ñ� ��÷ó7ñ ��t�óñ� 	 ð ó�7ó� ñ� �� � ó\
7�s� ^÷���� �� ÷ó����^�ñ ^�� �� ñ��� ��ñ � ó÷8 �÷s ó�	 î øï \ �d d ñ� ó� tó 7�s� ^÷ó� ñ� ñ� ó �ss ó��^ñó ��77ó���÷
d��ñ �8 øú 	 þ ��7ó ñ� ó d^ññó÷ �� �ñ�d d ós� ñE� î øï �� ��s� dE ^��ó� ñ� �ñ	 � ñ ñ� ó ó�� �8 ñ� �� �ó7��� �ñó� � ñ� ó
MGL �� t��dñ	 é �÷��] ñ� ó ñ� �÷� �ñó� � ^� ^�7ó����] �\ óó� ��] �� 7^÷÷�ó� ��ñ 8 ÷�s C∅

	 þ �� 7ó γ ?∅A � ∅� � �
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óä Z7ñ Z���7�Zñ��� ÷� [ó �� óä ñ÷Z7ñó� 8 ÷�s C∅ \ ∅ \ÔÕÕ ÉÈÌ ÊÖ× ÉÈ � �î� ø� ï � ú� \ I�ó 8 ÷ó]�ó�ñ ^Þ Z���7�Zñó�
ñ� Cõ �� ñ� ó� 8 ���� Z�� �� ó]�Z[ ñ� î_ \ I�ó ��77��7ñ ` ó�ó÷�7 Z�� ÷�ä �s Zñó Z���7�Zñ��� ÷� [ó ∅ ⇒

î_ � �8 Z
���� �÷ñ �Z[�ó ó]�Z[ ñ� 3 Z�� Z 7��æ �ó�7ó �Z[�ó ó]�Z[ ñ� 0.6� �� ñ� ó� óä ñ÷Z7ñó� \ � ñ �� ñ� ó �Zsó 8 �÷ C ö� CùZ�� Cû \ a���` ñ� ó �Zs ó � ÷�7ó�� Z�� 8 ÷�s ñ� ó ��� ó÷ 7��ó÷ �8 C∅ � ÞÐêr&'ëO(ìëíO � ó÷8 �÷s � Z t�ññ�s b��
ñ÷Z�ó÷�Z[ �8 ñ� ó MGL ��ñ�[ ÷óZ7� ��` ñ� ó ��� 7��ó÷ó� γ bó]���Z[ó�7ó 7[Z�� � Z���` î_ øÆïú 8 �÷ 8 ÷ó]�ó�ñ ^Þ \I� ó 7�s� [óñó �óñ �8 ��77��7ñ ` ó�ó÷�7 Z���7�Zñ��� ÷� [ó�� �u óñ7� ó� tE IZt[ó è \�� �� ñ��� �ñ÷Z�`� ñ8 �÷cZ÷� [E
óä ñ÷Z7ñó� \
\ ]^ ]^ dgcckebhkee dhf dggh pka fbi
½ÿ� ¡!��!Û ��  �ÿ�!��¢ ¿�!¨�� �ÿ� �!#�§���� ¦�§ �ÿ� ¥!���¥����� !¡ �ÿ� ÞÐêr&'ëO(ìëíO ¦� !���ÿ¢ ¤
��j�jk �� I� ó ÞÐêr&'ëO(ìëíO Z[` �÷�ñ�s �� ����� Z�� 7�÷÷ó7ñ\ � ñ óä ñ÷Z7ñ� Z[ [ ��77��7ñ 8 ÷ó]�ó�ñÐê� Z�� �ó÷��ó� Z[ [ 8 ÷ó]�ó�ñ ^Þ� Z�� Z[ [ �Z[�� ��77�� 7ñ ` ó�ó÷�7 Z���7�Zñ��� ÷� [ó� \
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J ÷��8 \ q#���  �ÿ� r ��� ���¿ s ¦ ¥¦�§�§¦�� Ðê
c �� ¿�#��§ !��À �¡ ��� ����¢ ¦��§ �#¿¿!�� �� �£#¦� �! ��� ¦¥�#¦�

�#¿¿!�� !� �¡ �� §!�� �!� ¨���¡À �ÿ� !�§�� �§�¦� ¿�!¿ ���À !¡ Ðê� ¤ ú�ÿ��Û ��� s c �� ¦ Ðê ¦�§ �À ¥!¢¿¦��� 
��� ¦¥�#¦� �#¿¿!�� �! s ������ s �ÿ� ÞÐêr&'ëO(ìëíO ¦� !���ÿ¢ ¦§§� �� �! �ÿ� ¡��£#��� Ðê ��� FMG!� �! �ÿ� �� ¦��¨� �!�§�� !¡ Ðê� GB§− ¤ ½ÿ#� s ¦� �ÿ� ��§ !¡ �ÿ� r ��� ���¿ !¡ ÞÐêr&'ëO(ìëíO s ¦��
¡��£#��� Ðê� ¦�� �t��¦¥��§ �� ¦§§���!� �! �ÿ� �� ¦��¨� �!�§�� !¡ Ðê� ¤

q#���  �ÿ� ��¥!�§ ���¿ s ÞÐêr&'ëO(ìëíO �¦u�� ¥¦�� �! ����!§#¥� ¦�� �#¥¥��¥� ¡��£#��� Ðê� ���! �ÿ�¢ ���¢ ¦�  ����¦�!� �¦���¥� ?MGL
A¤ v�§��§ s �¦��§ !� û �!¿!����!� ýG ?78 \ ¿¦ � ww A s ÞÐêr&'ëO(ìëíO

¥ÿ�¥u � Ûÿ��ÿ�� ¦ ¡��£#��� Ðê
g �� ¦ ��77�� 7ñ !�� !� �!� ¤ x ¡��� �ÿ¦� s ���¦�¢ ���� §�¿ ��§ !� �ÿ� �¦�#�� !¡

g K ��77��7ñ !� ÷ó����Z�ñ¤ v� �ÿ� ¡!�¢�� ¥¦�� s g Û��� ��¢¿�À �� ¥!¢¿¦��§ �! �ÿ� �¢¢�§�¦�� �#¥¥���!� ���� !¡
¦�� ��� ?k y 1

Ay�#����� ¤ ½ÿ �� �� �¦��§ !� �ÿ� ��!�!�À ¿�!¿���À !¡ �ÿ� ¥�!�#�� !¿��¦�!� γ ¤ v� �ÿ �� ¥¦�� s �!�ÿ
¿�!¿������ �u��¥ÿ�§ �À û �!¿!����!� ü ý ¦�� ���¦��§ �� x � !���ÿ¢ " ¤ ½ÿ� Ð(M()zT&+,Ú.(/zMìzT^/(00
¡#�¥��!� ¦��!Û � �! ¢ ¦�¦ � �¦¥ÿ γy�£#�¨¦���¥� ¥�¦�� !�¥� g �� ¥!¢¿¦��§ �! �ÿ� ��¿������¦��¨� ¡��£#��� Ðê
R
!¡ ��� γy�£#�¨¦���¥� ¥�¦�� ¤ ½ÿ�� s ¥!¢¿¦���!�� Û ��� � � §!�� #���  R �����¦§ !¡ g Û��ÿ!#� ¦{�¥���  �ÿ�

¥!���¥����� !¡ �ÿ� ¦� !���ÿ¢ ¤ v�§��§ s R ¦�§ g �ÿ¦�� �ÿ� �¦¢ � ¿�!¿������ ���¥� �ÿ�À ���!�  �! �ÿ� �¦¢ �
γy�£#�¨¦���¥� ¥�¦�� ¤ v� �ÿ� �¦���� ¥¦�� | g �� ÷ó����Z�ñ | �ÿ� Cíì(ëzT&+,Ú.(/zMìzT^/(00 ¡#�¥��!�
¦��!Û � �! r�§ �ÿ� ��¿������¦��¨� ¡��£#��� Ðê

R
!¡ Cg ¦� �ÿ!Û� �À û �!¿!����!� ü} ¤ ½ÿ�� s R Û��� !��À� � ¥!¢¿¦��§ �! �ÿ� �¢¢�§�¦�� �#¥¥���!� ÿ¦¨��  �#¿¿!���  ��¦��� �ÿ¦� �ÿ� �#¿¿!�� !¡ R ¤ v�§��§ s R ��

�ÿ� #��£#� �#¥¥��¥� ¡��£#��� Ðê ���!� ��  �! Cg �ÿ¦� ¦¿¿�¦�� �� �ÿ� §�{����� �¢¢�§�¦�� �#¥¥���!� ����� ¤~ ��¥� s �� �� #������ �! ¥!¢¿¦�� �� �! �ÿ!�� ÿ¦¨��  �ÿ� �¦¢ � �#¿¿!�� ���¥� �!�� !¡ �ÿ�¢ Û ��� �� ¦§§�§ �!
�ÿ� γy�£# �¨¦���¥� ¥�¦�� !¡ R ¤ x� �ÿ� ��§ !¡ �ÿ �� ���¿ s �ÿ� ¢ �� �¢ ¦�  ����¦�!� �¦���¥� �� ¥!¢¿�����À �#��� ¤

q#���  �ÿ� �ÿ ��§ ���¿ s ¦�� γy�£#�¨¦���¥� ¥�¦���� ¦�� �¦u�� �� ¥!���§��¦��!� Ûÿ�� §���¨ ��  ¡��£#��� ^Þ�
¦� Û��� ¦� ¨¦��§ �#¥¥��¥�  �����¥ ¦��! ¥�¦��!� �#��� ¤ v�§��§ s �¦¥ÿ �£#�¨¦���¥� ¥�¦�� C s �t¥�¿� C∅ s ÿ¦� Zñ [óZ�ñ��ó �¢¢�§�¦�� ¿��§�¥���!� ¤ ~��¥� s �ÿ� ÷ó� ÷ó�ó�ñZñ��ó !¡ C ���!� � ¦� ��¦�� �! !�� �¢¢�§�¦�� �#¥¥���!����� !¡ ¦�!�ÿ�� γy�£#�¨¦���¥� ¥�¦�� s �¦À C1

¤ � ÿ�� ���¦���  C1 s �ÿ� ¡��£#��� ^Þ �� ¥!¢¿�����À §���¨�§ #��� û �!¿!����!� üü ¤
C �� ¦��! ¦§§�§ �! �ÿ� ���� !¡ γy�£# �¨¦���¥� ¥�¦���� ¡�!¢ Ûÿ �¥ÿ ¨¦��§ �#¥¥��¥�  �����¥

¦��! ¥�¦��!� �# ��� Û ��� � � §���¨�§ �� �ÿ� ��t� ����¦��!� ¤ ½ÿ#� s ¦� �ÿ� ��§ !¡ �ÿ �� ���¿ s ¦�� ¡��£#��� ^Þ� ¦�§
¦�� ¨¦��§ �#¥¥��¥�  �����¥ ¦��! ¥�¦��!� �#��� ¦�� �������À §���¨�§ ¤ ♦

û �!¿!����!� üG �¨¦�#¦��� �ÿ� ¥!¢¿��t ��À !¡ �ÿ� ÞÐêr&'ëO(ìëíO ¦� !���ÿ¢ ¤
��� ��{|{�z �� �� ñ� ó c �÷�ñ 7Z�ó� ñ� ó ñ� ó�÷óñ�7Z[ 7�s� [óä �ñE �8 ÞÐêr&'ëO(ìëíO �� �� O ??n3 +m

A
×

2n
A� c� ó÷ó n � |I| Z�� m � |O| \

J ÷��8 \ ½ÿ� Û!��� ¥¦�� �� !��¦���§ Ûÿ���¨�� ¦�À ��� !¡ ���¢ � ¦¿¿�¦�� ¦� ��¦�� !�¥� �� �ÿ� ¥!���t� s ¦�§
�¦¥ÿ �t��¦¥��§ ���¢ ��� �� ¦ ¡��£#��� ¥�!��§ ¢ ���¢ ¦�  ����¦�!� ¤ ½ÿ#� s �ÿ� ¡��£#��� ���¢ ��� �¦���¥� ����¥��À!¨���¦¿� �!�ÿ �ÿ� v¥�� ��  �¦���¥� ¦�§ �ÿ� ¢ ���¢ ¦�  ����¦�!� �¦���¥� ¤ ½ÿ� �#¢��� !¡ ¡��£#��� ¥�!��§¢ ���¢ ¦�  ����¦�!�� �� ÿ��¥� �£#¦� �! }

n
¤ �¦¥ÿ ¡��£#��� Ðê �� �£#¦� �! ��� ¥�!�#�� ¦�§ �� ÿ��¥� �ÿ�

��¿������¦��¨� ¡��£#��� Ðê !¡ ��� γy�£#�¨¦���¥� ¥�¦�� ¤ �� ¦��#¢ � �ÿ¦� �¦¥ÿ !�Ý �¥� ¥!��¦��� n §�����¥�
���¢ � ¤

q#���  �ÿ� r ��� ���¿ ?78 \ x � !���ÿ¢ G s ¿¦ � �H s ¦�§ x � !���ÿ¢ w s ¿¦ � � ýA s ÞÐêr&'ëO(ìëíO
¿��¡!�¢ � �Û! ¢ ¦�� �¦�u � ¤ ½ÿ� r ��� �¦�u ¥!������ �� �ÿ� ¥¦�§�§¦�� �#¿¿!�� ¥!¢¿#�¦��!�� ¦�§ �� �!#�§�§�À O ?m × 2n

A¤ ½ÿ� ��¥!�§ �¦�u ¥!������ �� ¿�#���  �!�yÐê ¥¦�§�§¦��� ¤ ½ÿ �� �� §!�� �� O ?n2 × 2n
A ¤

½ÿ� ¥!�� !¡ �ÿ� r ��� ���¿ �� �ÿ�� �!#�§�§ �À O ??n2 +m
A
× 2n A¤



© ª© 3��&2'n&��4- p &o�-�o ll

q#���  �ÿ� ��¥!�§ ���¿ ?78 \ x � !���ÿ¢ " s ¿¦ � �w A s ¦�§ ¡!� �¦¥ÿ ¡��£#��� Ðê
g
!¡ ���� k ?

≤ n
A sÞÐêr&'ëO(ìëíO ¨���r�� Ûÿ��ÿ�� g �� ¦ �#¥¥��¥� ¡��£#��� Ðê !� �!� ¤ ½ÿ �� �� ¥¦����§ !#� �� O ?nA¤$��¥� �� �ÿ� Û!��� ¥¦�� g �� ¦ ÷ó� ÷ó�ó�ñZñ��ó ¦�§ ÿ��¥� ¦ ��77�� 7ñ  ����¦�!� s ÞÐêr&'ëO(ìëíO ¿��¡!�¢ �?

k×
?
n−k

AA ¥!¢¿¦���!�� Ûÿ �¥ÿ Û��� �� �!#�§�§ �À n2
¤ v�§��§ s g ÿ¦� k �¢¢�§�¦�� �#����� ?�\ó\s �ÿ!�� !¡

���� ?k y 1
AA ¤ � ¦¥ÿ ?k y 1

Ay�#���� g1 ÿ¦� s �� �ÿ� Û!��� ¥¦�� s ?n−kA �¢¢�§�¦�� �#¥¥���!�� Ûÿ�� ¥!¢¿¦��� 
g Û��ÿ g1

¤USSVWXYZ[VW ¤ �¦¥ÿ ¥!¢¿¦���!� �� ¿��¡!�¢ �§ �À ¢ ¦u ��  �ÿ� #��!� !¡ g Û��ÿ ¦� ���¢��� !¡
g1
¤USSVWXYZ[VW ¤ ½ÿ� #��!� ¥!�� �� O ?nA ¤ ½ÿ� ��¦�¥ÿ !¡ �ÿ� �#¿¿!�� !¡ �ÿ� ���#����  ���¢ ��� ¥!��� O ?nA

���¥� �� �� ¦ ¡��£#��� Ðê ¤ ½ÿ� ¥!�� !¡ �ÿ� ��¥!�§ ���¿ �� �ÿ�� �!#�§�§ �À O ??n+
??
n+ n

A
× n2

AA
× 2n

A s
�\ó\s O ?n3 × 2n

A¤
q#���  �ÿ� �ÿ ��§ ���¿ ?78 \ x � !���ÿ¢ à s ¿¦ � �àA s ¦�§ ¡!� �¦¥ÿ γy�£#�¨¦���¥� ¥�¦�� C s ÞÐêr&'ëO(ìëíO

¿��¡!�¢ � �Û! ¥!¢¿��¢ ���¦�À �¦�u � ¤ ½ÿ� r ��� ¥!������ �� §���¨��  �ÿ� ¥!����¿!�§��  ¡��£#��� ^Þ ¤ ½ÿ ��
�� ¥¦����§ !#� �À ¿��¡!�¢ ��  �ÿ� #��!� !¡ �ÿ� ¡��£#��� Ðê !¡ C ¦�§ �ÿ� ¡��£#��� ^Þ ¦��! ¥�¦��§ �! ¦�
�£#�¨¦���¥� ¥�¦�� Ûÿ �¥ÿ �� �¢¢�§�¦�� ¿��§�¥���!� !¡ C ¤ ½ÿ� r ��� �¦�u �ÿ�� ¥!��� O ?nA �� �ÿ� Û!��� ¥¦�� ¤½ÿ� ��¥!�§ �¦�u ¥!������ �� §���¨ ��  ¨¦��§ ��¡!�¢ ¦��¨� ¦��! ¥�¦��!� �#��� ¤ x � �¦¥ÿ ¡��£#��� Ðê �� ¦��!
¥�!��§ s �ÿ��� �� �! �t¦¥� �#¥¥��¥�  �����¥ ¦��! ¥�¦��!� �#�� ¤ ~!Û�¨�� s �À rt ��  s ��7��8 �! 0 s �ÿ��� ¦�� k
¦¿¿�!t �¢ ¦�� �#¥¥��¥�  �����¥ ¦��! ¥�¦��!� �# ��� s ¡!� ¦ γy�£#�¨¦���¥� ¥�¦�� Ûÿ!�� ¡��£#��� ¥�!��§ ¢ ���¢ ¦�
 ����¦�!� �� !¡ ���� k ¤ ½! §���¨� �¦¥ÿ ¦¿¿�!t �¢ ¦�� �#¥¥��¥�  �����¥ ¦��! ¥�¦��!� �#�� s ÞÐêr&'ëO(ìëíO
¥!¢¿#��� �ÿ� §�{����¥� � ��Û��� �ÿ� ¡��£#��� ^Þ !¡ C ¦�§ �ÿ� ¥!����¿!�§��  ¿��¢ ��� ¤ ½ÿ �� �� ¿��¡!�¢ �§
�� O ?nA¤ ½ÿ� ��¥!�§ �¦�u �ÿ�� ¥!��� O ?k × n

A ?
k Û��� � � �!#�§�§ �À nA ¤ ~��¥� s �ÿ� ¥!�� !¡ �ÿ� �ÿ ��§

���¿ �� �!#�§�§ �À O ??n+ n2
A
× 2n A s �\ó\s O ?n2 × 2n A¤

½ÿ#� s �� �ÿ� Û!��� ¥¦�� s �ÿ� �ÿ�!����¥¦� ¥!¢¿��t ��À !¡ ÞÐêr&'ëO(ìëíO �� �!#�§�§ �À �ÿ� �#¢ !¡
�ÿ� ¥!��� !¡ ��� �ÿ ��� ���¿� Ûÿ �¥ÿ �� �� O ??n3 +m

A
× 2n

A ¤
♦

v� �� �¢¿!��¦�� �! ¢����!� �ÿ¦� ¦��ÿ!# ÿ ÞÐêr&'ëO(ìëíO �#��§� �ÿ� v¥����  �¦���¥� s ��� �ÿ�!����¥¦�
¥!¢¿��t ��À ��¢ ¦��� !¡ �ÿ� �¦¢� !�§�� !¡ ¢ ¦ ���#§� ¦� �ÿ¦� !¡ ¦� !���ÿ¢� !��À §�§�¥¦��§ �! �ÿ� �t��¦¥��!�!¡ ¡��£#��� ^Þ� v�#�����!¨ ¦�§ ú���§u!¨ s }HH} s û¦�£#��� s }HHHw ¤
� �� ��� ���� ����� �������
v� �ÿ �� ��¥��!� s Û� �ÿ�§ �� ÿ� !� �ÿ� ¥!¢¿¦¥����� �¦�� !��¦���§ �ÿ �!# ÿ �ÿ� ¿�!¿!��§  �����¥ �¦��� !¡ ¦��!y
¥�¦��!� �# ��� ¤ x ¡��� �ÿ¦� s Û� ��¦§ ¦ �ÿ!�!# ÿ ¦�¦�À��� !¡ �ÿ� ¿��¡!�¢ ¦�¥�� !¡ �ÿ� ÞÐêr&'ëO(ìëíO ¦� !y
���ÿ¢ ¥!¢¿¦��§ �! �ÿ!�� !¡ �ÿ� ��ÐêrÐ �MzO ¦� !���ÿ¢ vq!�  óñ Z[\s }HHww ¤ B!�� �ÿ¦� ��ÐêrÐ �MzO
§!�� �!� ¦��!Û ¦ ���¦� ÿ�¡!�Û¦�§ �t��¦¥��!� !¡  �����¥ ¦��! ¥�¦��!� �#��� Û ��ÿ!#� ¦��! ¥�¦���  �� Û ��ÿ ¦�y!�ÿ�� ¦� !���ÿ¢ ¤ ½ÿ� �!#�¥� ¥!§� !¡ �ÿ� ��ÐêrÐ �MzO ¦� !���ÿ¢ s u ��§�À ¿�!¨�§�§ �À ��� ¦#�ÿ!�� s ��
�¢ ¿��¢ ����§ #���  �ÿ� ¦�¥��§��  �#¿¿!�� !�§�� ¦� ¦ �!�¦� !�§�� ���¦��!� �

¤ ~ ��¥� s �� !�§�� �! ¦��!Û ¦
¡¦�� ¥!¢¿¦���!� s �ÿ� ÞÐêr&'ëO(ìëíO ¦� !���ÿ¢ ¦��! #��� �ÿ �� !�§�� ¤ �x �� �t¿���¢ ���� Û��� ¥¦����§ !#� !� ¦ û� �£# �¿¿ �§ Û ��ÿ ¦ } ¤G�~� û����#¢ v� ¦�§ wý}�% !¡ ¢ ¦��¢�¢!�À ?Û ��ÿ }�% !¡ �Û¦¿ �¿¦¥� A ¦�§ �#����  �ÿ� �BF �D��#t §������#��!� � �, �� �& � ¤H ¤ ½! �¦��
�ÿ� §�{����� ��ÿ¦¨�!�� !¡ �ÿ� ¥!���§���§ ¦� !���ÿ¢� s Û� �¦� �t¿���¢ ���� !� ���¥ÿ¢¦�u §¦�¦���� ?78 \x¿¿��§�t x ¡!� �ÿ��� §��¦���§ §��¥��¿��!� A¤ ~���¦¡��� s Û� #�� ¦ �! ¦���ÿ¢ �¥¦��À �¥¦��§ !�§��¦�� ¦t �� �� ¦��� ¡¢ £¤¥¦§¢ §¤¨¢ ¤© ª¡¢ «¬®¯°±²³´±µ² ¶·¸¤¦¹ª¡º ¹£ ¶»¶¹·¶¼ ·¢ ¶ª ½
¾ ¿¿À ÁÂÂ ÃÃÃ ÄÅÅÆ ÄÇÈ ÉÄ¿ÈÂÊ ËÌÈÍ Î¾ÏÎÂÊÐÑ ¿ÃÎÇÌÒÇÌÓÌÎÊÌ Ä¾ ¿Ô Õ
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r #��� ¤½ÿ� ��t� �#���¥��!� §��¥����� �ÿ� ¥!¢¿¦¥����� �¦�� ��!# ÿ� �À !#� ¦¿¿�!¦¥ÿ ¤ ½ÿ�� s Û� ¥!¢¿¦��
�ÿ�!# ÿ ¦ §��¦���§ ¦�¦�À��� �ÿ� ¿��¡!�¢ ¦�¥�� !¡ ÞÐêr&'ëO(ìëíO �! �ÿ!�� !¡ ��ÐêrÐ �MzO ¤
\ ]\ ]Ù `abcdebkf oÚ pk dgghdebhkee
�� ¥!¢¿¦��§ �!�ÿ �¦��� ?SGB s SRI

A ¦�§ ?GB s RI
A #���  �ÿ� ¥!#¿�� ���� ¦� ¦� �¨¦�#¦��!� ¥������!� s ¡!�

¦ rt�§ s ������ ¨¦�#� ¤ Û�¿������¦��¨� ���#��� Û� !��¦���§ ¦��  �¦¿ÿ �¥¦��À �u��¥ÿ�§ �À Ü � #�� w ¤} ¤ ½ÿ� ¦�y
�! ¥�¦��§ �t¿���¢ ���� Û��� ¥¦����§ !#� ¡!� �ÿ� Ý,Þ 0ß ?÷ó�� \ ^íMMzìë s Ð,0àOííÞ ¦�§ áâãÞäãå äããæ A
¥!���t� ¡!� ¦ s ������ ¨¦�#� �£#¦� �! 70ç ?÷ó�� \ 50ç s 0.01ç ¦�§ 1ç A ¤ B!�� �ÿ¦� �ÿ� ¥ÿ!�¥� !¡ �¦¥ÿs ������ ¨¦�#� �� ¿ ��¡!�¢�§ ¦¥¥!�§��  �! �ÿ� ¥!���t� §�����À¤ Ü!� �¦¥ÿ ¥!���t� s �ÿ� s ��7��8 ¨¦�#� ¨¦����� ��Û��� �ÿ� ¦¡!��¢ ����!��§ s ������ ¨¦�#� ¦�§ 100ç ¤Ü � #�� w ¤} ¿!���� !#� �ÿ¦� ��¢!¨��  ��§#�§¦�¥À Û ��ÿ �� �ÿ� ¡��£#��� Ðê ��� !{��� ¦� ����������  �!������
��§#¥��!� !¡ �ÿ� �#¢��� !¡ �ÿ� �t��¦¥��§  �����¥ ¦��! ¥�¦��!� �#��� ¤ v�§��§ s !#� ¦¿¿�!¦¥ÿ ¦��!Û � �! ��¢!¨�
�� ¦¨��¦ � 63.03ç ?÷ó�� \ 49.46ç A !¡ �ÿ� ÷ó����Z�ñ  �����¥ ¦��! ¥�¦��!� �#��� �t��¦¥��§ ¡�!¢ �ÿ� Ý,Þ 0ß?÷ó�� \ Ð,0àOííÞ A ¥!���t� ¤ ½ÿ� ¢ ¦t �¢#¢ �¦�� !¡ ��§#�§¦�¥À ��¦¥ÿ�� 68.11ç ?÷ó�� \ 53.84ç A ¡!� �ÿ�
Ý,Þ 0ß ?÷ó�� \ Ð,0àOííÞ A ¥!���t� s ¡!� ¦ s ��7��8 ¨¦�#� �£#¦� �! 100ç ?÷ó�� \ 20ç A¤Ü!� �ÿ� ^íMMzìë ¦�§ áâãÞäãå äããæ ¥!���t�� s �ÿ� ���¿�¥��¨� ¥#�¨�� ��¿��������  �ÿ� ���� !¡ �ÿ� �¦���?
SGB s SRI

A ¦�§ �ÿ!�� ��¿��������  �ÿ� ���� !¡ �ÿ� �¦��� ?GB s RI
A ¥!��¦¿ �� ¤ v�§��§ s �ÿ��� �Û! ¥!���t��

§! �!�  ����¦�� ��§#�§¦�� ¡��£#��� Ðê� s ¦�§ ÿ��¥� �ÿ��� ¦�� �! ÷ó����Z�ñ  �����¥ ¦��! ¥�¦��!� �#��� ¤Ü#��ÿ��¢!�� s ¡!� �ÿ� áâãÞäãå äããæ ¥!���t� s �! óä Z7ñ ¦��! ¥�¦��!� �#�� ��  ����¦��§ ���¥� �¦¥ÿ ¡��£#���Ðê �� �����¡ ¦ ^Þ ¤
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ô�¨�!#��Às !�¥õ �öõ s ������ ¨¦�#õ rtõ§ s �öõ ���õ !¡ �!�ö �õ�� GB ¦�§ SGB �õ¢¦��� #�¥ö¦� õ§ ¦�!� Û ��ö �öõ ¨¦��¦��!� !¡ s ��7��8 ¨¦�#õ� ¤ v� �ö �� �õ�¿ õ¥� s !#� �õt� õt¿ õ��¢ õ�� ��#§�õ� �öõ ¨¦��¦��!� !¡ �öõ ���õ
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÷ � è�� � �!� ë ìíXøí	 ���� � �� ��ñ �� �� �����  ���� GB "ùúîð 8 RI # òî 8 ���� ��
�� îïXXìíXû �����  ���� SGB "ùúîð 8 SRI # ���  ���% ��ó ����!�� 


!¡ �öõ  õ�õ��¥ �¦�õ� ?SGB s SRI
A ¦�§ ?

GB s RI
A c \÷ \ñ \ s ������ ¤ Ü!� �ö �� ¿#�¿!�õ s Ûõ �õ� �öõ s��7��8

¨¦�#õ �! 0ç s Ûö ��õ �öõ s ������ ¨¦�#õ ¨¦��õ� � õ�Ûõõ� 60ç ¦�§ 90ç ?÷ó�� \ 0.01ç ¦�§ 1ç A ¡!� �öõ
Ý,Þ 0ß ?÷ó�� \ Ð,0àOííÞ A ¥!��õt� ¤ ô#� ¦�¢ �� �! õ¨¦�#¦�õ �öõ �õ§#¥��!� �¦�õ Û��ö �� �Z[�� óä Z7ñ  õ�õ��¥
¦��! ¥�¦��!� �#�õ� ?�\ó \s �öõ  õ�õ��¥ �¦��� GB A ¥!¢¿¦�õ§ �! �ö¦� Û ��ö �� Z�� ÷�ä �s Zñó !�õ� ?�\ó \s �öõ RI

�¦��� A¤Ü � #�õ w ¤ü �ö!Û � �ö¦� s ¡!� �öõ Ý,Þ 0ß ¥!��õt� s �� ¦¨õ�¦ õ 62.46ç ?÷ó�� \ 49.11ç A !¡ �öõ õt¦¥� ?÷ó�� \
¦¿¿�!t �¢ ¦�õ A  õ�õ��¥ ¦��! ¥�¦��!� �# �õ� ¦�õ ÷ó����Z�ñs ¦�§ �öõ ¢¦t �¢#¢ �¦�õ !¡ �õ§#�§¦�¥À �õ¦¥öõ�
68.46ç ?÷ó�� \ 62.65ç A ¡!� ¦ s ������ ¨¦�#õ õ£#¦� �! 65ç ?÷ó�� \ 65ç A¤ Ü!� �öõ Ð,0àOííÞ ¥!��õt� s ��
¦¨õ�¦ õ 50.55ç ?÷ó�� \ 52.65ç A !¡ �öõ õt¦¥� ?÷ó�� \ ¦¿¿�!t �¢ ¦�õ A  õ�õ��¥ ¦��!¥�¦��!� �#�õ� ¦�õ ÷ó����Z�ñs
¦�§ �öõ ¢¦t �¢#¢ �¦�õ !¡ �õ§#�§¦�¥À �õ¦¥öõ� 53.23ç ?÷ó�� \ 57.86ç A ¡!� ¦ s ������ ¨¦�#õ õ£#¦� �!
0.20ç ?÷ó�� \ 0.10ç A¤

ý �õ¦�õ �!�õ �ö¦� Ûõ #�õ§ ¨õ�À �!Û �#¿¿!�� �ö�õ�ö!�§� �� !#� õt¿ õ��¢ õ��� ¤ ½ö �� õt¿�¦��� �öõ �¢ ¿!��¦��
�#¢� õ� !¡ ¢ ��õ§ ¨¦��§ ¦��! ¥�¦��!� �#�õ� ¤ ½ö¦� �� �õ¥¦#�õ s ¡!� ¨õ�À �!Û �#¿¿!�� ¨¦�#õ� s �öõ �#¢�õ� !¡
¡�õ£#õ�� ��õ¢�õ�� ��¥�õ¦�õ� õt¿!�õ���¦��À ¦�§ s ¥!��õ£#õ���Às �öõ �#¢� õ� !¡ ��§#¥õ§ ¦��! ¥�¦��!� �#�õ� ¦��!
��¥�õ¦�õ� õt¿!�õ���¦��À¤ v� �ö �� �õ�¿ õ¥� s �� �� Û!��ö ��§�¥¦���  �öõ �õ�õr� ��!# ö� �À  õ�õ��¥ �¦�õ� ��
 õ�õ�¦� ¦�§ �öõ �¦��� ?SGB s SRI

A �� ¿¦���¥#�¦� �!Û¦�§� öõ �¿ ��  �öõ õ�§y#�õ�� ��!Û ���  ���õ�õ����  �#�õ�!��À¤ Ü!� õt¦¢¿�õ s ¡!� �öõ Ð,0àOííÞ ¥!��õt� ¦�§ s ������  10ç s �öõ ���õ !¡ ?SGB s SRI
A �� 25, 609

Ûö ��õ �ö¦� !¡ �öõ ¥!¢¿�õ�õ �õ� !¡ ¨¦��§ ¦��! ¥�¦��!� �#�õ� �� 380, 791, 946 Ûö �¥ö ¥!�����#�õ� ¦ �õ§#¥��!�
�¦�õ õ£#¦� �! 1, 486.95

¤ þ ô#� õt¿õ��¢ õ��� öõ�¥õ ¥�õ¦��À ��§�¥¦�õ �ö¦� !#� ¦¿¿�!¦¥ö ¥¦� ¦§¨¦��¦ õ!#��À�õ #�õ§ �! õ ��¢ ��¦�õ s Û��ö!#� �!�� !¡ ��¡!�¢ ¦��!� s ¦ �¦� õ �#¢�õ� !¡ ÷ó����Z�ñ ? õ�õ��¥ A ¦��!¥�¦��!� �#�õ� ¤
\ ]\ ]ÿ oÚhbfg k
Ü � #�õ w ¤G �ö!Û � �öõ �#���¢ õ !¡ �öõ ÞÐêr&'ëO(ìëíO ¦� !���ö¢ ¥!¢¿¦�õ§ �! �ö!�õ !¡ �öõ ��ÐêrÐ �MzO
¦� !���ö¢ ¤ v� �öõ�õ õt¿õ��¢ õ��� s �öõ s�� 7��8 ¨¦�#õ #�õ§ �� ÞÐêr&'ëO(ìëíO �� �õ� �! 0

¤ ½ö#� s !#�
¦� !���ö¢ �� �� �öõ Û!��� ¥¦�õ c \÷ \ñ \ �öõ �#¢�õ� !¡ ¢ ��õ§ �#�õ� ���¥õ s ¡!� õ¦¥ö s ������ ¨¦�#õ s �� õt��¦¥��Z[ [ ¨¦��§ �#¥¥��¥�  õ�õ��¥ ¦��! ¥�¦��!� �#�õ� ¤v� ¦�¢ !�� ¦�� õt¿ õ��¢ õ��� s !#� ¦� !���ö¢ �#��õ§ !#� �! � õ ¡¦��õ� ¤ Ü!� õt¦¢¿�õ s ¡!� �öõ Ð,0àOííÞ� ¡¢ £¢ª ¤© »¶·¹¨ ¶££¤§¹¶ª¹¤� ¦¥ ·¢£ ¹£ �¦¤» ¹¨¢¨ ¼� ª¡¢ ¹º � ·¢º ¢�ª¶ª¹¤� ¤© �¶¦ª �¤¢ª¡¶·£ ¶»¶¹·¶¼ ·¢ ¶ª ½
¾ ¿¿À ÁÂÂ ÃÃÃ ÄÎ�ÇÌÔ ÄÉÎ ÄÎÅ ÄËÌÂ∼ �Ð Ì¿¾ÎÓÊÂÊÐÑ ¿ÃÎÇÌÂ Õ
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?÷ó�� \ á äãÞâå äããæ A §¦�¦�õ� s ÞÐêr�ëO�ìëíO �� s �� ¦¨õ�¦ õ s 39.74 ?÷ó�� \ 30.95
A ��¢ õ� ¡¦��õ� �ö¦�

��ÐêrÐ �MzO ¦�§ �öõ §�{õ�õ�¥õ �õ�Ûõõ� ���ö ¦� ����ö¢� �õ¦¥öõ� 68.82 ?÷ó�� \ 49.47
A ��¢ õ� ¡�� ¦ s ��b

���� ¨¦��õ õ£�¦� �� 0.01ç �÷ó�� \ 0.10ç � ¤ Ü���öõ�¢ ��õ s §�õ �� ¦ �¦¥u �¡ ¢ õ¢ ��À �¿¦¥õ s ��ÐêrÞ�MzO
õtõ¥������ Ûõ�õ ��� ¦��õ �� ¥�¢ õ �� ¦� õ�§ ¡�� ��¢ õ §¦�¦�õ�� ¦�§ ¡�� ��Û s ������ ¨¦��õ� ¤ ½ö �� ö¦¿¿ õ�õ§
¡�� �öõ Ý�Þ �ß �÷ó�� \ Üzë� �� ¦�§ áâãÞäãå äããæ � §¦�¦�õ� ¡�� ¦ s ������ ¨¦��õ õ£�¦� �� 60ç �÷ó�� \
0.01ç ¦�§ 0.50ç � ¦¡�õ� ¢ ��õ �ö¦� 4 �÷ó�� \ 7 ¦�§ 8� ö���� �¡ õtõ¥����� ¤ Ü�� �öõ�õ �ö �õõ §¦�¦�õ�� ¦�§
¡�� �öõ ��öõ� �õ��õ§ s ������ ¨¦��õ� s ÞÐêr�ëO�ìëíO �¦� õ �À ���¿ õ�¡��¢ � ��ÐêrÐ �MzO ¤ Ü�� �öõ
^íMMzìë �÷ó�� \ ^àz��� §¦�¦�õ� s ÞÐêr�ëO�ìëíO ���¿ õ�¡��¢ � ��ÐêrÐ �MzO ¡�� s ������ ¨¦��õ�
 �õ¦�õ� �ö¦� �� õ£�¦� �� 60ç �÷ó�� \ 70ç � ¤ ~�Ûõ¨õ� s ��ÐêrÐ �MzO  õ�� �öõ � õ��õ� ¡�� ��Û s ������
¨¦��õ� õ¨õ� �¡ �öõ §�{õ�õ�¥õ ���À �õ¦¥öõ� 1.58 �÷ó�� \ 3.39� ��¢ õ� ¡�� ¦ s ������ ¨¦��õ õ£�¦� �� 50ç �÷ó�� \
60ç � ¤v� �� �¢¿���¦�� �� ¢ õ����� �ö¦� �� ¦¨õ�¦ õ �öõ ��¢ õ �¿õ�� �À �öõ �ö ��§ ��õ¿ � ¡ ÞÐêr�ëO�ìëíO
§�õ� ��� õt¥õõ§ 0.08ç �¡ �öõ ���¦� ��¢ õ ¤ ½ö �� ¥�õ¦��À �ö�Û� �ö¦� ��¥õ �öõ ¿¦���¦��À ��§õ�õ§ ����¥���õ�� ��� s �öõ §õ��¨¦���� � ¡ ��¥¥��¥� ¦��� ¥�¦���� �� �õ� � õ¥�¢ õ� ���¦� ö�¡��Û¦�§ ¤
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�õ �õ ��õ¨õ �ö¦� �öõ ���¦��õ§ �õ�� ��� ¦�õ ¢¦�� �À §�õ �� �öõ ¡� ���Û��  ���õ�¨¦����� ¤ ½öõ ��ÐêrÐ �MzO
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0 ]^ _`ab2cd3ae2`
fghi j�hjklõ mõnmõlõhogok�hl põmõ nm�n�lõq kh oöõ rkoõmgo�mõ s rktõ oö�lõ uglvq �h wmvx�vho jr�lvq kovy lvolz{glx�kvm |} ~��s ����u w s y kh ky gr �vhvmgo�ml z�k� |} ~��s ����w s qkl� �hjok�h�wmvv lvol z�it�p ltk ghq �k��ook s
��� �s �it�p ltk ghq �k��ook s ����w s ��vhvmgrk�vq � qkl� �hjok�h�wmvv �vhvmgo�ml z� mil�tkvp kj� s ����w s �jr�lvq �h�h�qvmk�gurv kovy lvol z�grqvml ghq ��vo�grl s ���� s f���hvh ghq ��k��hvh s ���� w s ghq vllvhokgr kovy lvol
z�glgrk |} ~��s ����g w � ��hlkqvmkh� o�v lvo �w wmvx�vho kovy lvol gl qgog s grr o��lv mvnmvlvhogok�hl w� rr�p o�v
y khky�y qvljmknok�h rvh�o� nmkhjknrv ����� � z� kllghvh s ����w p�kj� kl uglvq �h o�v w�rr�p kh� khlk��o �ghi mv��rgmkoi kh o�v qgog jgh uv �lvq o� qvljmkuv o�v qgog �lkh� wvpvm liyu�rl o�gh o�v h�yuvm �w liyu�rlhvvqvq o� qvljmku v o�v qgog rkovmgrri z�m�hpgrq s ����w � �h nmgjokjv s o�vi pvmv �lvq kh �gmk��l gnnrkjgok�hlp�vmv wmvx�vho kovy lvol ghq o�vkm gll� jkgovq l�nn�mol gmv �lvw�r z�grqvml |} ~��s ���� s f kvrkt�khvh |} ~��s
����w �
��v v�gjo j�hjklv mvnmvlvhogok�h uglvq �h wmvx�vho vllvhokgr kovy lvol nmvlvhol g h�ovp�mo�kri lkh�� rgm�koi � ko v�nr�mvl o�v  ��¡ �¢+}�£| ¤|~¥+¦ ¤§ ~+|� �h o�kl lngjv s kovy lvol gmv j�gmgjovmk�vq ui o�vkm mvln vjok�v

qkl� �hjok�v l�nn¨mol � ���l s gh kovy lvo �vmk©vl gh vrvy vho ¨w g j¨hov�o ª¨m ¨u� vjo « kw ¨hv ¨w kol kovy l
uvr¨h�l o¨ o�kl ¨u� vjo � ¬gmk¨l gnnrkjgok¨hl ¨w qkl� hjok�v ngoovmh l gmv n¨llku rv kh o�v j¨hov�ol ¨w y gm�tvo ugltvo ghgrilkl z,ghg�gok |} ~��s ��� �w s y vqkjgr qgog ghgrilkl z�gru¨�lt® ghq �j�gm s ����w s l¨ jkgrhvop¨mt ghgrilkl ghq uk¨khw¨my gokjl z¯�g¨ |} ~��s ���� w s voj ��h o�v qkl� hjok�v lvgmj� lngjv s gh vllvhokgr kovy lvo j¨hogkhl g y khky gr s ° �¥ �}� lvo khjrlk¨h s lvo ¨w kovy l
gy¨h� o�¨lv kovy lvol j�gmgjovmk�kh� g j¨yy¨h lvo ¨w ¨u� vjol � �¨ umkq�v u¨o� qkl� hjok�v ghq j¨h�hjok�vlvgmj� lngjvl s o�v khjrlk¨h�v�jrlk¨h kqvhokokvl z�grgyu¨l ghq .ky¨hvrrk s ����w gmv ¨w lv o¨ qvqjv o�vj¨h� hjok�v lnn¨mol ¨w kovy lvol logmokh� wm¨y o�vkm qkl� hjok�v lnn¨mol � ±vhjv s o� kl mvnmvlvhogok¨h ¨²vmlg uglkl w¨m lomgk��ow¨mpgmqri qvmk� kh� o�v j¨h�hjok�v s qkl� hjok�v ghq hv�gok�v wmvxvhjkvl ¨w g ngoovmhz�glgrk |} ~��s ���� s �glgrk |} ~��s ����g w � ³m¨y g lomjomgr n¨kho ¨w �kvp s o�v lvo ¨w wmvxvho vllvhokgr
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kovy lvol ¨²vml gh khovmvlokh� lomjomgr nm¨nvmoi o�ghtl o¨ kol ¨mqvm kqvgr l�gnv � ��kl ygtvl ko lvwr sw¨m v�gynrv s w¨m gllvllkh� g �k�vh j¨hov�o qvhlkoi gl n vmw¨my vq kh z³r¨�go |} ~��s ����w ��h lnkov ¨w lj� khovmvlokh� lomjomgr ghq j¨yngjohvll nm¨n vmokvl s o�kl v�gjo j¨hjklv mvnmvlvhogok¨h
nmvlvhol op¨ y g� ¨m rky kogok¨hl �

�� �o kl h¨o lvrw�j¨hogkhvq kh o�v lvhlv o�go o�v lvo ¨w wmvxvho vllvhokgr kovy lvol q¨vl h¨o y gtv ko
n¨llkurv ui kolvrw o¨ qvjkqv p�vo�vm gh kovy lvo kl wmvxvho ¨m h¨o � ±vhjv s o¨ �vo ¨o o�kl khw¨my gok¨h so�kl lvo �gl o¨ u v umqvhvq ui o�v n¨lkok�v u¨mqvm ¨w wmvxvho kovy lvol s j¨yn¨lvq ui o�v wmvxvhoy g�ky gr kovy lvol z�gigmq¨ s ����w Ï

� � Ðv�vmgr vllvhokgr kovy lvol ygi j�gmgjovmk�v o�v lgyv lvo ¨w qgog ghq s o�vmvw¨mv s o�vi nmvlvho g
jvmogkh w¨my ¨w mvqhqghji��h o�kl mvlnvjo s g j¨ynvrrkh� ghq o�mk�kh� kllv kl o¨ ©hq g jr¨lmv ¨n vmgo¨m mvrgovq o¨ vllvhokgr kovy lvol

kh o�v lgtv ¨w �vookh� g y¨mv mvqjvq j¨hjklv mvnmvlvhogok¨h s w¨ rr¨p kh� o�v y khkyy qvljmknok¨h rvh�o�
nmkhjknrv � �hqvvq s g �gkh kh j¨yngjohvll ovmy l jgh uv mvgj�vq o�ghtl o¨ o�v h¨h�kh� vjok� koi nm¨n vmoi
¨w o�v jr¨lmv ¨n vmgo¨m lkhjv y ghi vllvhokgr kovy lvol p krr u v y gnnvq kho¨ g lkh�rv vrvy vho p ko�kh o�v
qkl� hjok�v lvgmj� lngjv �³mo�vmy¨mv s o�v lkyroghv¨l lv ¨w vllvhokgr kovy lvol ghq qkl� hjok�v jr¨lvq kovy lvol jgh grl¨ vglv
o�v qvovjok¨h ¨w o�vkm mvln vjok�v qkl� hjok�v vxk�grvhjv jrgllvl ghq s �vhjv s o�v omg�vmlgr ¨w o�v qkl� hjok�vlvgmj� lngjv � ��kl jgh khovhlk�vri u v v�nr¨mvq kh y ghi gnnrkjgok¨hl gl q¨hv p ko� kh o�v j¨h� hjok�v lvgmj�lngjv o�ghtl o¨ o�vkm j¨mmvln¨hqvhjvl Ï Ñ Ò¢ÒÑ ~� Ó |¢|¥~}Ô¥¤ z�glokqv |} ~��s ����g w ghq jr¨lvq kovy lvol
z{glxkvm |} ~��s ����u w s mvln vjok�vri� �hqvvq s o�vlv ngmokjrgm kovy lvol gmv lomjomgrri r¨ jgrk�vq p ko�kh
o�v gll¨ jkgovq rgookjv s p�kj� �k�vl o�vy y¨mv lvy ghokjl s j¨homgmi o¨ ¨o�vm kovy lvol hy vmkjgrri mvogkhvqªrktv h¨h�qvmk�gurv kovy lvol« khqvn vhqvhori wm¨y o�vkm r¨ jgrk�gok¨h � Õ ljmokhi ¨w o�v qvqkjgovq mvrgovqp¨mt grl¨ �k��rk��ovq o�v kyn¨moghjv ¨w vllvhokgr ghq qkl� hjok�v jr¨lvq kovy lvol gl pvrr gl o�vkm jr¨lv
rkhtl p ko� kyn¨mogho ngoovmh jrgllvl ªlvv Ðvjok¨h � ��« �
�h o�kl j�gnovm s ¨m y gkh j¨homkuok¨hl gmv o�mvvw¨ rq �
�� Öv khom¨qjv g hvp jr¨lmv ¨n vmgo¨m gll¨ jkgovq o¨ o�v qkl� hjok�v lvgmj� lngjv gl pvrr gl kol

o�v¨mvokjgr nm¨n vmokvl �
� � Öv l�¨p o�go o�v lvo ¨w o�v qkl� hjok�v jr¨lmvl ¨w wmvxvho vllvhokgr kovy lvol q¨vl h¨o j¨hlokoov

ui kolvrw gh v�gjo j¨hjklv mvnmvlvhogok¨h ¨w wmvxvho kovy lvol �
� � Öv rvgq g o�¨m¨�� loqi ¨w o�v ©hvlo lvol ¨w vrvy vhol o�go jgh uv gqqvq o¨ �gkh o�v v�gjohvll rgu vr �

��v j¨mmvjohvll ¨w o�v gll¨ jkgovq v�gjo mvnmvlvhogok¨hl kl o�vh nm¨�vq gl pvrr gl g qvljmknok¨h ¨w ghgr�¨mko�y s jgrrvq �×�ØÙ� ÚÛÜÝ s w¨m o�vkm y khkh� � ��v ogm�vovq mvnmvlvhogok¨h gky l go ngrrkgokh�o�v rky kogok¨hl ¨w o�go uglvq ¨h wmvxvho vllvhokgr kovy lvol gl w¨rr¨p l �Þgß �vookh� ¨o g àáâã äáàåæäç mvnmvlvhogok¨h o�gh o�go uglvq ¨h wmvxvho vllvhokgr kovy lvol
ui v�nr¨kokh� o�v h¨h�kh� vjok�koi nm¨nvmoi ¨w o�v khom¨qjvq jr¨lmv ¨n vmgo¨m � �h wgjo s pv �g�vo¨ ¨hri mvogkh o�v qkl� hjok�v jr¨lvq kovy lvol o�go vhlmv o¨ v�gjori mvj¨�vmkh� o�v p�¨rv lvo
¨w wmvxvho kovy lvol �

Þu ß èhlmkh� o�v éáàáêãëãìçí ¨w o�v ¨uogkhvq j¨hjklv mvnmvlvhogok¨h ui ¨hri tvvnkh� kovy lvol
j�gmgjovmk�vq ui o�vkm qkl� hjok�v lnn¨mo �
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è��glok�v v�nvmky vhol s w¨ jlkh� ¨h o�v j¨yngjohvll gln vjo s l�¨p o�v v²vjok�vhvll ¨w o�v j¨hjklv
mvnmvlvhogok¨h hkxvri j¨yn¨lvq ui qkl� hjok�v jr¨lvq kovy lvol j¨yngmvq o¨ o�v nk¨hvvmkh� ¨hvl
¨w o�v rkovmgomv � ±vmv g�gkh s o�v y khkyy qvljmknok¨h rvh�o� nmkhjknrv grr¨p l w¨m gh ¨u� vjok�vj¨yngmkl¨h ¨w grovmhgok�v y¨qvrl mv�gmqrvll ¨w o�vkm w¨my ¨m hyuvm ¨w ngmgy vovml kh jglv o�v
khovmvlo kl kh y¨qvr lvrvjok¨h z� kllghvh s ����w � �h gqqkok¨h s o¨ o�v u vlo ¨w ¨m th¨p rvq�v s ¨m p¨mtkl o�v ©mlo ¨hv grr¨p kh� o�v v�omgjok¨h ¨w lj� g j¨�vm o�ghtl o¨ g qkl� hjok�v jr¨lmv ¨n vmgo¨m �

��v j�gnovm kl ¨m�ghk�vq gl w¨rr¨p l � Ðvjok¨h � �� qvogkrl o�v qkl� hjok�v jr¨lmv ¨nvmgo¨m ghq kol y gkh
nm¨nvmokvl � ��vh s Ðvjok¨h � �� qvljmku vl o�v lomjomgr nm¨n vmokvl ¨w o�v qkl� hjok�v lvgmj� lngjv � óvp
qkl� hjok�v jr¨lmv�uglvq mvnmvlvhogok¨hl ¨w ªwmvxvho « kovy lvol gmv o�vh khom¨qjvq kh Ðvjok¨h � �ô � Öv
o�vh nm¨n¨lv s kh Ðvjok¨h � �� s gh gr�¨mko�y w¨m v�omgjokh� o�v nm¨n¨lvq qkl� hjok�v kovy lvo�uglvq mvnmv�lvhogok¨hl ¨w wmvxvho kovy lvol � ��v vynkmkjgr v�kqvhjvl gu¨o o�v okrkoi ¨w ¨m gnnm¨gj� gmv nm¨�kqvqkh Ðvjok¨h � �� � Öv grl¨ qkljll mvrgovq p¨mt kh Ðvjok¨h � �� �
õ ]ö ÷ eøù d`úaeûü ýþ``üúaeþ` ÿ`c ýþ�� þd`c �� übÿaþbø
� �� �� ��	
������
��v uglkj kqvg ¨w ¨m hvp j¨hjklv mvnmvlvhogok¨hl kl o¨ gnnri g jr¨lmv ¨nvmgo¨m ¨h wmvxvho vllvhokgrkovy lvol o¨ ¨uogkh g y¨mv j¨yngjo mvnmvlvhogok¨h p�krv nmvlvm�kh� o�vkm khovmvlokh� nm¨nvmokvl � Õ l o�klp krr u v lomjomgrri j�gmgjovmk�vq kh o�v hv�o lvjok¨h s o�v qkl� hjok�v kovy lvol p krr u v qk�kqvq kho¨ lulvol sghq vgj� lulvo lkynri mvnmvlvhovq ui g �¢Ò��| vrvy vho � o�v qkl� hjok�v jr¨lvq kovy lvo � ��kl mvrkvl ¨ho�v h¨h�kh� vjok�koi nm¨n vmoi ¨w ghi jr¨lmv ¨nvmgo¨m � ��v gnnrkjgok¨h ¨w o�kl ¨n vmgo¨m y gtvl ko n¨llku rvo¨ mvqjv o�v hyuvm ¨w kovy lvol o¨ u v mvogkhvq kh o�v mvnmvlvhogok¨h p�krv u vkh� gurv o¨ mv�vhvmgov o�vp�¨rv lvo ¨w wmvxvho kovy lvol p ko�¨o khw¨my gok¨h r¨ll �
��v ogm�vovq ¨nvmgo¨m kl qk²vmvho wm¨y o�go gnnrkvq kh o�v jglv ¨w j¨h� hjok�vri jr¨lvq kovy lvol z{glxkvm

|} ~��s ����u � � �hqvvq s vllvhokgr kovy lvol gmv j�gmgjovmk�vq p ko� kh o�v �  Ò¤¡ �¢�}Ò£| ¤|~¥�¦ ¤§ ~�|� ghq h¨y¨mv p ko� kh o�v � �Ô¢¡ �¢�}Ò£| Ô¢|� � ��l s gl l�¨ph ui �v©hkok¨h �� ª�� � ng�v ��«s o�vi gmv j�gmgjovmk�vq
ui o�vkm qkl� hjok�v lnn¨mol ghq h¨ y¨mv ui o�vkm j¨h� hjok�v ¨hvl � ±vhjv s g hvp  Ò¤¡ �¢�}Ò£| jr¨lmv
¨n vmgo¨m �gl o¨ u v qv�klvq �
��v nmvlvhogok¨h ¨w o�v hvp qkl� hjok�v jr¨lmv mvxkmvl o�go pv qv©hv o�v j¨mmvln¨hqkh� gnnrkjgok¨hlvhlmkh� o�v rkht wm¨y o�v n¨pvm�lvo ¨w kovy l

P
ª
I
« o¨ o�go ¨w ¨u� vjol P ª

O
« ghq �kjv �vmlg �

� ã�ëìçìáë �� ��� !"#$%�&' $(##'$%�(# )
*|} K + ª

O , I , M« -| ~¢ |. }¥~�}ÒÔ¢ �Ô¢}|. }� /¦ | Ô§ |¥~}Ô¥¤ |¢¤�¥Ò¢Ó }¦ | �Ô¢¢|�}ÒÔ¢ -|}° ||¢ }¦ | P ª
I
«

~¢  P
ª
O
« ~¥| ~¤ � Ô� �Ô°¤ 01 ~Ñ ¥Ô�¢Ò vo gr �, 2334-5 6

f : P 7O8 → P 7I 8
O 7→ f

ª
O
«

= {i ∈ I|
ª
∃ o ∈ O

« ªªª
o, i

«
∈ M

«
∧
ªª
∀ o1 ∈ O\O

« ªª
o1, i

«
6∈ M

«««
}

g : P 7I 8 → P 7O8
I 7→ g

ª
I
«

= {o ∈ O|
ª
∃ i ∈ I

«ªª
o, i

«
∈ M

«
}

�vo l lvy ghokjgrri v�nrgkh o�vlv ¨n vmgo¨ml � Ö ko� mvln vjo o¨ lvo khjrlk¨h s f ªO« kl o�v y g�ky gr lvo ¨wkovy l p�kj� 9: ;< gnnvgm kh o�v ¨u� vjol ¨w O � �grris g ªI « kl o�v rgm�vlo lvo ¨w ¨u� vjol p�kj� j¨hogkh =>
;?=@> gh kovy ¨w I �
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BCæàå Dã EF G¢ }¦ Ò¤ �¦ ~§ }|¥, °| °Ò� � �Ô¢¤Ò |¥ }¦ | �Ô¢}|. }  |§ Ò�}|  -H /~-�| I �J � G¢ || , }¦ Ò¤ �~}}|¥ ° Ò� �
�Ô¢¤}Ò}� }| ~ K |H |. ~Ñ§ �| � Ô¥ Ò� ��¤}¥~}Ò¢Ó Ô�¥ ¤|�Ô¢  �Ô¢}¥Ò-� }ÒÔ¢ Ò¢ Ò�~}|  Ò¢ }¦ | Ò¢}¥Ô ��}Ô¥H ¤|�}ÒÔ¢ ,
¢~Ñ |�H }¦ | �ÒÑ Ò}~}ÒÔ¢ Ô�  Ò¤¡ �¢�}Ò£| ��Ô¤�¥|¤ ~¤¤Ô�Ò~}|  }Ô � ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ ¤|}¤ ° �¥ �}� }¦ | |. ~�}¢|¤¤
�~-|� Ô� ~ �Ô¢ �Ò¤| ¥|§ ¥|¤|¢}~}ÒÔ¢ � LÔ¥ }¦ Ò¤ �Ô¢}|. }, °| ¦ ~£| 6 f ªMNO « + ∅, f ªM2, P, Q, I, RO « + MS, TO ,
g
ªMî , TO « + MJ, 2, P, N , Q, I, RO , ~¢  g ªMS , UO « + M2, N , Q, I, RO �

V W X Y
1 ×

2 × ×

3 × ×

4 × ×

5 × × ×

6 × × ×

7 × × ×

Z[ �\ ] ^_` ab \cde[fdghb fhbd\cd ^
�glvq ¨h o�v ¨nvmgo¨ml khom¨qjvq kh � v©hkok¨h �� s pv nmvlvho o�v j¨yn¨hq ¨nvmgo¨ml f ◦ g

ghq g ◦

f
�

� ã�ëìçìáë �i ��� !"#$%�&' $(jk("#l (k'mn%(m )
*|} K + ª

O , I , M« -| ~¢ |. }¥~�}ÒÔ¢ �Ô¢}|. }� *|} f ~¢  g -| }¦ | Ô§ |¥~}Ô¥¤ ~¤ Ò¢}¥Ô ��|  Ò¢ o |p ¢Ò}ÒÔ¢
I3 � q|  |p ¢| }¦ | ¥|¤� �}Ò¢Ó �ÔÑ§ Ô�¢  Ô§ |¥~}Ô¥¤ ~¤ � Ô� �Ô°¤ 01 ~Ñ ¥Ô�¢Ò vo gr �, 2334-5 6
h + f ◦ g : P 7I 8 → P 7I 8

I 7→ h
ª
I
«

= {i ∈ I|
ª
∀ o ∈ O

« ªªª
o, i

«
∈ M

«
⇒

ª
∃ i1 ∈ I

« ªª
o, i1

«
∈ M

««
}

h′ + g ◦ f : P 7O8 → P 7O8
O 7→ h′

ª
O
«

= {o ∈ O|
ª
∃ i ∈ I

« ªªª
o, i

«
∈ M

«
∧
ªª
∀ o1 ∈ O\O

« ªª
o1, i

«
6∈ M

«««
}

�vo l lvy ghokjgrri v�n rgkh o�vlv j¨yn¨hq ¨nvmgo¨ml � �vo
I uv gh kovy lvo s hªI « r

f ◦ g
ª
I
« kl vxgro¨ o�v rgm�vlo lvo ¨w kovy l p�kj� Ô¢�H gnnvgm kh o�v ¨u� vjol o�go j¨hogkh go rvglo gh kovy ¨w I � �vo

O

uv g lvo ¨w ¨u� vjol s h′ ªO« r
g ◦ f

ª
O
« kl vxgr o¨ o�v lvo ¨w ¨u� vjol o�go j¨hogkh go rvglo gh kovy Ô¢�Hgnnvgmkh� kh o�v ¨u� vjol ¨w O �

BCæàå Dã Es tÔ¢¤Ò |¥ }¦ | �Ô¢}|. } Ó Ò£|¢ -H /~-�| I�J � q| ¦ ~£| 6 hªî T « + f ◦ g
ªî T « + f

ªMJ, 2, P, N ,
Q, I, RO « + îS TU , hªS T « + f ◦ g

ªS T « + f
ªM2, P, Q, I, RO « + S T, ~¢  h′ ªMNO « + g ◦ f

ªMNO « + g
ª
∅
« +

∅ , h′ ªMN , I, RO « + g ◦ f
ªMN , I, RO « + g

ªU « + MN , I, RO �
u lkh� kovy lvo lnn¨mol s pv jgh grl¨ j�gmgjovmk�v o�v qkl� hjok�v jr¨lmv ¨w gh gmukomgmi kovy lvo gl

l�¨ph ui o�v w¨rr¨p kh� qv©hkok¨h �
� ã�ëìçìáë �v /¦ |  Ò¤¡ �¢ �}Ò£| ��Ô¤�¥| Ô� ~¢ Ò}|Ñ ¤|} I Ò¤ |��~� }Ô 6 hªI « + I ∪

M
i ∈ I\I| w�§§ ª∨I « +

w�§§ ª∨ªI ∪ {i}
««O �
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��l s hªI « kl o�v yg�ky gr kovy lvo s ° �¥ �}� lvo khjrlk¨h s j¨hogkhkh� I ghq �g�kh� o�v lgyv qkl� hjok�vlnn¨mo � �o jgh uv ¨uogkhvq khjmvy vhogrri kw pv �g�v o�v qkl� hjok�v lnn¨mo ¨w o�v nm¨n vm lnvmlvol ¨w
I ui j¨hlkqvmkh� kovy l o�go q¨ h¨o j�gh�v o�v qkl� hjok�v lnn¨mol ¨w I � ��v gnnvgmghjv ¨w o�vlv kovy l
kh o�v j¨hov�o kl j¨hlvxvhori qvn vhqvho ¨h o�go ¨w g h¨hvynoi lulvo ¨w I �
BCæàå Dã Ex tÔ¢¤Ò |¥ }¦ | �Ô¢}|. } Ó Ò£|¢ -H /~-�| I�J � *|} �¤ �ÔÔK Ô¢ �| ~Ó ~Ò¢ � Ô¥ }¦ |  Ò¤¡ �¢�}Ò£| ��Ô¤�¥|
Ô� î T� q| ¦ ~£| w�§§ ª∨î T « + w�§§ ª∨îS T « ~¢  w�§§ ª∨î T « + w�§§ ª∨î TU « � G¢ || , S ~¢  U ~§§ |~¥ |~�¦
}ÒÑ | î Ô¥ T ~§§ |~¥� /¦�¤, S ~¢  U -|�Ô¢Ó }Ô }¦ | ��Ô¤�¥| Ô� î T ¤Ò¢�| }¦ |Ò¥ § ¥|¤|¢ �|  Ô|¤ ¢Ô} ~y |�} Ò}¤ Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥}� tÔ¢¤|��|¢}�H, hªî T« + îS TU �
� �� �� z�������	
�h o�v w¨rr¨p kh� s pv nmvlvho ghq nm¨�v o�v y gkh o�v¨mvokjgr nm¨n vmokvl ¨w o�v ªj¨yn¨hq « ¨nvmgo¨ml pvkhom¨qjvq �
{ âáå á|ìçìáë E} /¦ | � Ô� �Ô° Ò¢Ó § ¥Ô§ |¥}Ò|¤ ¦ Ô�  � Ô¥ ~� � I , I1 , I2 ∈ P

ª
I
« ~¢  O , O1 , O2 ∈ P

ª
O
« 6

~_� O1 ⊆ O2 ⇒ f
~
O1 � ⊆ f

~
O2� ~_�� I1 ⊆ I2 ⇒ g

~
I1 � ⊆ g

~
I2 �~�� I ⊆ h

~
I � ~� �� h′ ~O� ⊆ O~�� I1 ⊆ I2 ⇒ h

~
I1 � ⊆ h

~
I2 � ~� �� O1 ⊆ O2 ⇒ h′

~
O1 � ⊆ h′

~
O2 �~� � f ~

O� � f
~
h′

~
O�� ~� �� g ~I � � g

~
h
~
I ��~�� h~

I � � h
~
h
~
I �� ~� �� h′ ~O� � h′

~
h′

~
O��~]� g ~I � ⊆ O ⇔ I ⊆ f

~
O�

� ¥ÔÔ� �� � �9�?�>< �� )
O1 ⊆ O2 ⇒ f

�
O1

)
⊆ f

�
O2

)�
• w�§§ Ô¤| }¦ ~} O1 ⊆ O2 � G�

i ∈ f
ª
O1

«, }¦ |¢ � ¥ÔÑ o |p ¢Ò}ÒÔ¢ I3, °| ¦ ~£| ª
∃ o ∈ O1

« ªªª
o, i

«
∈ M

«
∧ªª

∀ o1 ∈ O\O1

«ªª
o1, i

«
6∈ M

««« � w Ò¢�| -H ¦H§ Ô}¦ |¤Ò¤, °| ¦ ~£| O1 ⊆ O2 , }¦ |¢ ª
∃ o ∈ O2

« ªª
o, i

«
∈ M

« �*|} �¤ ¤¦ Ô° }¦ ~} i £|¥Òp |¤ }¦ | ¤|�Ô¢  ��~�¤|� w Ò¢ �| ° | ¦ ~£| ª
∀ o1 ∈ O\O1

« ªª
o1, i

«
6∈ M

«, }¦ |¢ ª
∀ o1 ∈

O\O2

«ªª
o1, i

«
6∈ M

« ~�¤Ô ¦ Ô� ¤ � 1 |¢ �|, ª∃ o ∈ O2

« ªªª
o, i

«
∈ M

«
∧
ªª
∀ o1 ∈ O\O2

«ªª
o1, i

«
6∈ M

««« Ò¤
}¥�|� /¦ Ò¤ ÒÑ§ �Ò|¤ }¦ ~} i ∈ f

ª
O2

« � q| �Ô¢ ��� | }¦ ~} f ªO1

«
⊆ f

ª
O2

« �
� � �9�?�>< �� �)

I1 ⊆ I2 ⇒ g
�
I1

)
⊆ g

�
I2

)�
• w�§§ Ô¤| }¦ ~} I1 ⊆ I2 ~¢  �|} o ∈ g

ª
I1
« � ���Ô¥ Ò¢Ó }Ô o |p ¢Ò}ÒÔ¢ I3, °| ¦ ~£| }¦ | £|¥~�Ò}H Ô� }¦ | ��~�¤|ª

∃ i ∈ I1
«ªª
o, i

«
∈ M

« � w Ò¢�| I1 ⊆ I2 , }¦ |¢ ª
∃ i ∈ I2

«ªª
o, i

«
∈ M

« Ò¤ ~�¤Ô }¥�|� /¦�¤, o ∈ g
ª
I2
« � q|

�Ô¢��� | }¦ ~} g ªI1 « ⊆ g
ª
I2
« �

� � �9�?�>< �� ) �
f ◦ g �@ ?�>?:@��? ) I ⊆ f ◦ g

�
I
)�

•
*|} i ∈ I � �H  |p ¢Ò}ÒÔ¢ ª�� � o |p ¢Ò}ÒÔ¢ IJ«, °| ¦ ~£| f ◦ g

ª
I
« + {i ∈ I|

ª
∀ o ∈ O

« ªªª
o, i

«
∈ M

«
⇒ª

∃ i1 ∈ I
«ªª
o, i1

«
∈ M

««
} � G� °| }~K | i1 + i, }¦ |¢ i ∈ f ◦ g

ª
I
« � q| }¦ |¢ �Ô¢��� | }¦ ~} I ⊆ f ◦ g

ª
I
« �
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� � �9�?�>< �� �) �
g ◦ f �@ �9:>�=�>��? ) g ◦ f

�
O
)
⊆ O

�
•

*|} o ∈ g ◦ f
ª
O
« � ���Ô¥ Ò¢Ó }Ô }¦ |  |p ¢Ò}ÒÔ¢ Ô� g ◦ f

ª�� � o |p ¢Ò}ÒÔ¢ IJ«, °|  | ��| }¦ ~} o £|¥Òp |¤ª
∃ i ∈ I

« ªªª
o, i

«
∈ M

«
∧
ªª
∀ o1 ∈ O\O

« ªª
o1, i

«
6∈ M

««« � � Ô° , ¤�§§ Ô¤| }¦ ~} o /∈ O � q| ° Ò� � ¦ ~£|ªª
o, i

«
6∈ M

« °¦ Ò�¦ Ò¤ Ò¢ �Ô¢}¥~ Ò�}ÒÔ¢ ° Ò}¦ }¦ | � ~�} }¦ ~} o ∈ g ◦ f
ª
O
« � 1 |¢�|, o ∈ O � q| �~¢ }¦�¤

�Ô¢��� | }¦ ~} g ◦ f
ª
O
«
⊆ O �

� � �9�?�>< �� ) �
f ◦ g �@ �@9>9:? )

I1 ⊆ I2 ⇒ f ◦ g
�
I1

)
⊆ f ◦ g

�
I2

)�
• q| ¦ ~£| I1 ⊆ I2 �
⇒ g

ª
I1
«
⊆ g

ª
I2
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ �«« �

⇒ f ◦ g
ª
I1
«
⊆ f ◦ g

ª
I2
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ ««�

� � �9�?�>< �� �) �
g ◦ f �@ �@9>9:? )

O1 ⊆ O2 ⇒ g ◦ f
�
O1

)
⊆ g ◦ f

�
O2

)�
• q| ¦ ~£| O1 ⊆ O2 �
⇒ f

ª
O1

«
⊆ f

ª
O2

« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ «« �
⇒ g ◦ f

ª
O1

«
⊆ g ◦ f

ª
O2

« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ �«« �
� � �9�?�>< �� )

f
�
O
) �

f ◦ g ◦ f
�
O
)�

• q| ° Ò� � § ¥Ô£| }¦ Ò¤ § ¥Ô§ |¥}H -H § ¥Ô£Ò¢Ó }¦ | Ò¢���¤ÒÔ¢ Ò¢ -Ô}¦  Ò¥|�}ÒÔ¢¤ �
7 ⊆8
q| ¦ ~£| g ◦ f

ª
O
«
⊆ O

ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 �«« � 1 |¢�|, f ◦ g ◦ f
ª
O
«
⊆ f

ª
O
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}HªJ «« �

7 ⊇ 8
q| ¦ ~£| I ⊆ f ◦ g

ª
I
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 «« � LÔ¥ }¦ | § ~¥}Ò�� �~¥ �~¤| °¦ |¥| I + f

ª
O
« ~¢  -H

¥|§ �~�Ò¢Ó I -H
f
ª
O
« , °| Ô-}~Ò¢ f ªO«

⊆ f ◦ g ◦ f
ª
O
« �

q| �~¢ }¦ |¢ �Ô¢��� | }¦ ~} f ªO« + f ◦ g ◦ f
ª
O
« �

� � �9�?�>< �� �)
g
�
I
) �

g ◦ f ◦ g
�
I
)�

• q| ° Ò� � § ¥Ô£| }¦ Ò¤ § ¥Ô§ |¥}H -H § ¥Ô£Ò¢Ó }¦ | Ò¢���¤ÒÔ¢ Ò¢ -Ô}¦  Ò¥|�}ÒÔ¢¤ �
7 ⊆8
q| ¦ ~£| I ⊆ f ◦ g

ª
I
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 «« � 1 |¢ �|, g ªI « ⊆ g ◦ f ◦ g

ª
I
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}HªJ �«« �

7 ⊇ 8
q| ¦ ~£| g ◦ f

ª
O
«
⊆ O

ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 �«« � G¢ § ~¥}Ò�� �~¥, � Ô¥ O + g
ª
I
« ~¢  -H ¥|§ �~�Ò¢Ó O -H

g
ª
I
«, °| Ô-}~Ò¢ g ◦ f ◦ g

ª
I
«
⊆ g

ª
I
« �

q| �~¢ }¦ |¢ �Ô¢��� | }¦ ~} g ªI « + g ◦ f ◦ g
ª
I
« �

� � �9�?�>< �� ) �
f ◦ g �@ ��?��9>?:> )

f ◦ g
�
I
) �

f ◦ g ◦ f ◦ g
�
I
)�

• q| ¦ ~£| g ªI « + g ◦ f ◦ g
ª
I
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªN �«« � �H ~§§ �H Ò¢Ó f Ô¢ -Ô}¦ ¤Ò |¤ Ô� }¦ | |��~�Ò}H,

°| Ô-}~Ò¢ f ◦ g
ª
I
« + f ◦ g ◦ f ◦ g

ª
I
« �

� � �9�?�>< �� �) �
g ◦ f �@ ��?��9>?:> )

g ◦ f
�
O
) �

g ◦ f ◦ g ◦ f
�
O
)�

• q| ¦ ~£| f ªO« + f ◦ g ◦ f
ª
O
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªN «« � � H ~§§ �H Ò¢Ó g Ô¢ -Ô}¦ ¤Ò |¤ Ô� }¦ | |��~�Ò}H,
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°| Ô-}~Ò¢ g ◦ f
ª
O
« + g ◦ f ◦ g ◦ f

ª
O
« �

� � �9�?�>< �¡ )
g
�
I
)
⊆ O ⇔ I ⊆ f

�
O
)�

• q| ° Ò� � § ¥Ô£| }¦ Ò¤ |�� Ò£~�|¢ �| -H § ¥Ô£Ò¢Ó }¦ ~} -Ô}¦ ÒÑ§ �Ò�~}ÒÔ¢¤ ¦ Ô� �
7 ⇒ 8
w�§§ Ô¤| }¦ ~} g ªI « ⊆ O � /¦ |¢ , °| ¦ ~£| f ◦ g

ª
I
«
⊆ f

ª
O
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ «« � w Ò¢�| ° | ~�¤Ô¦ ~£| I ⊆ f ◦ g

ª
I
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 ««, °| �Ô¢��� | -H }¥~¢¤Ò}Ò£Ò}H }¦ ~} I ⊆ f

ª
O
« �

7 ⇐ 8
w�§§ Ô¤| }¦ ~} I ⊆ f

ª
O
« � /¦ |¢ , °| ¦ ~£| g ªI « ⊆ g ◦ f

ª
O
« ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ªJ �«« � w Ò¢ �| ° | ~�¤Ô¦ ~£| g ◦ f

ª
O
«
⊆ O

ª~��Ô¥ Ò¢Ó }Ô � ¥Ô§ |¥}H ª2 �««, °| �Ô¢ ��� | -H }¥~¢¤Ò}Ò£Ò}H }¦ ~} g ªI « ⊆ O �
1 |¢�|, g ªI « ⊆ O ⇔ I ⊆ f

ª
O
« � ♦

��v w¨rr¨p kh� op¨ nm¨n¨lkok¨hl lomgk��ow¨mpgmqri qvmk�v wm¨y {m¨n¨lkok¨h �� �
{ âáå á|ìçìáë E� /¦ | Ô§ |¥~}Ô¥ h Ò¤ ~ ��Ô¤�¥| Ô§ |¥~}Ô¥�
� ¥ÔÔ� � Õjj¨mqkh� o¨ {m¨n¨lkok¨h �� s h w r© rrl o�v j¨hqkok¨hl mvxkmvq ui o�v qv©hkok¨h ¨w g jr¨lmv ¨n vm�go¨m ª�� � � v©hkok¨h �ô s ng�v ��«� �hqvvq s ko kl v�ovhlk�v ª�� � {m¨n vmoi ª�«« s kl¨o¨hv ª�� � {m¨nvmoi ª� ««ghq kqvyn¨ovho ª�� � {m¨n vmoi ª� ««� ♦

{ âáå á|ìçìáë EF /¦ | Ô§ |¥~}Ô¥ h′ Ò¤ ~ K |¥¢|� Ô§ |¥~}Ô¥�
� ¥ÔÔ� � Õjj¨mqkh� o¨ {m¨n¨lkok¨h �� s h′ kl j¨homgjok�v ª�� � {m¨n vmoi ª� ¢««s kl¨o¨hv ª�� � {m¨n vmoi ª� ¢«« ghqkqvyn¨ovho ª�� � {m¨n vmoi ª� ¢«« � �o kl �vhjv g tvmhvr ¨n vmgo¨m gjj¨mqkh� o¨ � v©hkok¨h �ô ª�� � ng�v ��«�
♦

õ ]£ ¤abdúadbÿ ¥ ý¦ÿbÿúaübe§ÿaeþ` þ ¨ a¦ü ÷ eøù d`úaeûü ¤üÿbú¦ ¤�ÿúü
��v qv©hkok¨h ¨w o�v jr¨lmv ¨nvmgo¨m h lomjomgrri j�gmgjovmk�vl o�v qkl� hjok�v jr¨lmv ¨w ghi kovy lvo

I
�

��kl grr¨p l o¨ lomgk��ow¨mpgmqri j¨ynov qkl� hjok�v jr¨lvq kovy lvol wmvvri vko�vm lkh� g umvgqo��©mlo ¨mg qvno��©mlo omg�vmlgr ¨w o�v lvgmj� lngjv � ��ghtl o¨ o� kl ¨nvmgo¨m s o�v qkl� hjok�v lvgmj� lngjv kl ngmok�ok¨hvq kho¨ l¨�jgrrvq  Ò¤¡ �¢ �}Ò£| |�� Ò£~�|¢�| ��~¤¤|¤ ° �¥ �}� o�v mvrgok¨h ��gl o�v lgy v qkl� hjok�v jr¨lmv� ��h vgj� jrgll s o�v gll¨ jkgovq qkl� hjok�v jr¨lvq kovy lvo kl o�v hkxv y g�kygr vrvy vho ° �¥�}� lvo khjrlk¨h sp�krv o�v j¨mmvln¨hqkh� vllvhokgr kovy lvol gmv o�v y khky gr ¨hvl � ��v vrvy vhol ¨w vgj� vxk�grvhjv jrglll�gmv o�v lgyv lvo ¨w ¨u� vjol ghq s �vhjv s �g�v o�v lgy v qkl� hjok�v lnn¨mo ghq qkl� hjok�v jr¨lmv � ��vv�nr¨mgok¨h ¨w o�v qkl� hjok�v lvgmj� lngjv lkh� o�v ¨nvmgo¨m h pkrr u v go o�v ¨mk�kh ¨w o�v hvp j¨hjklv
mvnmvlvhogok¨hl w¨m o�v lvo ¨w wmvxvho kovy lvol gl v�nrgkhvq kh o�v mvy gkhqvm �ó¨p s pv uv�kh ui nmvlvhokh� o�v qv©hkok¨h ¨w g qkl� hjok�v jr¨lvq kovy lvo �
� ã�ëìçìáë �E ��� !"#$%�&' $©( 'l �%'j '% )
�¢ Ò}|Ñ ¤|} I Ò¤ ¤~Ò  }Ô -|  Ò¤¡ �¢ �}Ò£| ��Ô¤|  Ò� hªI « + I � ª �� Ò£~�|¢}�H, I Ò¤  Ò¤¡ �¢ �}Ò£| ��Ô¤|  Òy w�§§ ª∨I «
< min

Mw�§§ ª∨ªI∪ M
i
O ««

| i ∈ I\I
O �
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Õ qkl� hjok�v jr¨lvq kovy lvo kl o�vh o�v yg�ky gr lvo ¨w kovy l ¨hri j¨hogkhvq kh o�v lvo ¨w ¨u� vjol p�vmvgo rvglo gh kovy ¨w I gnnvgml s ghq h¨p�vmv vrlv � Ðkhjv o�v qkl� hjok�v lnn¨mo g�y vhol nm¨n¨mok¨hgrrio¨ kovy lvo lk�vl s Ò�|�s w�§§ ª∨ I1 « ≤ w�§§ ª∨ I2 « kw I1 ⊆ I2 s ko kl l¬ jkvho o¨ ¨hri j¨yngmv o�v qkl� hjok�vlnn¨mo ¨w I pko� o�¨lv ¨w kol ÒÑÑ | Ò~}| lnvmlvol s khlovgq ¨w ~� �s o¨ j�vjt p�vo�vm ko kl g qkl� hjok�vjr¨lvq kovy lvo ¨m h¨o � �vo l �k�v l¨y v v�gynrvl ¨w o�v jr¨lmv ¨n vmgo¨m h o�go p krr u v go o�v m¨¨ol ¨wo�v j¨hjklv mvnmvlvhogok¨hl pv p krr khom¨qjv �
BCæàå Dã � ®Ò£|¢ }¦ | �Ô¢}|. }  |§ Ò�}|  -H /~-�| I �J, }¦ | Ò}|Ñ¤|} S T Ò¤ ~  Ò¤¡ �¢�}Ò£| ��Ô¤|  Ò}|Ñ ¤|}, ¤Ò¢ �|Ò} Ò¤ |��~� }Ô }¦ | �~¥Ó |¤} ¤|} Ô� Ò}|Ñ ¤ Ô¢�H �Ô¢}~Ò¢|  Ò¢ }¦ | ¤|} Ô� Ô-¡ |�}¤ °¦ |¥| S Ô¥ T ~§§ |~¥¤, Ò�|�, M2, P,
Q, I, RO � 1 |¢ �|, hªS T « + S T� ¯¤Ò¢Ó  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥}¤, °| ¦ ~£| w�§§ ª∨ S T« + 5 < min

Mw�§§ ª∨°S T «,
w�§§ ª∨S TU «O + 6 � q¦ Ò�| ° TU Ò¤ ¢Ô} ~  Ò¤¡ �¢�}Ò£| ��Ô¤|  Ò}|Ñ ¤|} ¤Ò¢ �| S Ô¢�H ~§§ |~¥¤ Ò¢ }¦ | ¤|} Ô� Ô-¡ |�}¤,
|��~� }Ô O , °¦ |¥| ~} �|~¤} Ô¢| Ò}|Ñ Ô� ° TU ~§§ |~¥¤ � ��}�~� �H, hª° TU « + °S TU �
ó¨ov o�go gl w¨m o�v wmvxvho vllvhokgr kovy lvo�uglvq mvnmvlvhogok¨h ª�� � �vy gmt �s ng�v ��«s pv hvvqo¨ gqq o�v j¨nrv ª

∅ s |O|
« o¨ o�v mvnmvlvhogok¨h o¨ y gtv ko r¨llrvll ° �¥ �}� o�v vynoi lvo � ��kl q¨vl h¨og²vjo o�v lomjomgr nm¨nvmokvl ¨w qkl� hjok�v jr¨lvq kovy lvol h¨m o�v �¨y¨�vhvkoi ¨w o�v mvnmvlvhogok¨hlpv p krr nm¨n¨lv kh o�v mvygkhvq � ��v lvo ¨w ~� � qkl� hjok�v jr¨lvq kovy lvol o�go jgh uv qmgph wm¨y g

j¨hov�o K pkrr u v qvh¨ovq DCI
�

��v w¨rr¨p kh� nm¨n¨lkok¨h l�¨p l �¨p o¨ lvrvjo o�v qkl� hjok�v jr¨lmv ¨w gh gmu komgmi kovy lvo
I
gy¨h�o�¨lv uvr¨h�kh� o¨ DCI

�
{ âáå á|ìçìáë Es *|} I ⊆ I � /¦ | Ò}|Ñ¤|} hªI « Ò¤ }¦ | ¤Ñ ~� �|¤}  Ò¤¡ �¢ �}Ò£| ��Ô¤�¥| �Ô¢}~Ò¢Ò¢Ó I 6 hªI « +
min⊆

M
I1 ∈ DCI | I ⊆ I1

O �
� ¥ÔÔ� � ��v nm¨¨w lomgk��ow¨mpgmqri qvmk�vl wm¨y o�v qv©hkok¨h ¨w g qkl� hjok�v jr¨lvq kovy lvo �

♦

{m¨n¨lkok¨h �� vlogurkl�vl o�v rkht uvopvvh o�v qkl� hjok�v lnn¨mo ¨w gh kovy lvo ghq o�go ¨w kol jr¨lmv �
{ âáå á|ìçìáë Ex *|} I ⊆ I � w�§§ ª∨I « + w�§§ ª∨hªI «« �
� ¥ÔÔ� � Õjj¨mqkh� o¨ {m¨nvmoi ªô ¢« ª�� �s { m¨n¨lkok¨h ��«s pv �g�v

g
ª
I
« r

g ◦ f ◦ g
ª
I
« � ±vhjv s g ªI « r

g
ª
h
ª
I
««� Öv o�vh �g�v �

|g
ª
I
«
|
r

|g
ª
h
ª
I
««
|
� �o w¨rr¨p l o�go w�§§ ª∨I « r w�§§ ª∨hªI ««� ♦

{m¨n¨lkok¨h ô� l�¨p l o�go ko kl n ¨llkurv o¨ qvqjv o�v qkl� hjok�v jr¨lmv ¨w gh kovy lvo o�ghtl o¨ ¨hv
¨w kol lulvol �
{ âáå á|ìçìáë � *|} I , I1 ⊆ I

-| }° Ô Ò}|Ñ ¤|}¤ � q| }¦ |¢ ¦ ~£|6
ª
I1 ⊆ I ⊆ h

ª
I1
««

⇒
ª
h
ª
I
«
= h

ª
I1
«« �

� ¥ÔÔ� � Öv �g�v
I1 ⊆ I ⊆ h

ª
I1
«� Ðkhjv

h
kl kl¨o¨hv gl uvkh� g jr¨lmv ¨n vmgo¨m s pv ¨uogkh hªI1 « ⊆ h

ª
I
«
⊆

h
ª
h
ª
I1
««� ��ghtl o¨ o�v kqvyn¨ovhji nm¨nvmois pv �vo hªI1 « ⊆ h

ª
I
«
⊆ h

ª
I1
«� ��l s pv jgh j¨hjrqvo�go

h
ª
I
«
= h

ª
I1
« �

♦

��ghtl o¨ {m¨n¨lkok¨h ô �s pv vlogurkl� o�v rkht uvopvvh qkl� hjok�v jr¨lvq kovy lvol ghq vllvhokgrkovy lvol �
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{ âáå á|ìçìáë i *|} EI -| }¦ | ¤|} Ô� ~� � |¤¤|¢}Ò~� Ò}|Ñ¤|}¤ }¦ ~} �~¢ -| |. }¥~�}|  � ¥ÔÑ ~ �Ô¢}|. } K �
∀
ª
I ⊆ I

«, ∃ ª
I1 ∈ DCI ~¢  I2 ∈ EI

« ¤��¦ }¦ ~} hªI2 « + h
ª
I
« + I1 ~¢  I2 ⊆ I �

� ¥ÔÔ� � �vo X ∈ EI uv g yg�ky gr lulvo ¨w I lj� o�go w�§§ ª∨X « r w�§§ ª∨I «� ±vhjv s g ªX « r
g
ª
I
«� �i

gnnrikh� f s pv �g�v � f ◦ g
ª
X
« r

f ◦ g
ª
I
«� ±vhjv s hªX « r

h
ª
I
«� Ðkhjv

I ⊆ h
ª
I
«s o�vh I ⊆ h

ª
X
« � Öv

jgh o�vh j¨hjrqv o�go o�vmv kl g qkl� hjok�v jr¨lvq kovy lvo
I1

r
h
ª
X
« gll¨ jkgovq o¨ gh vllvhokgr kovy lvo shgy vri X s o�go j¨hogkh l I � �o kl �vhjv l¬ jkvho o¨ ogtv

I2
r
X
�
♦

�o kl kyn¨mogho o¨ y vhok¨h o�go {m¨n¨lkok¨h �� ghq {m¨n¨lkok¨h ô� ¨²vm g hvp j�gmgjovmk�gok¨h ¨w vl�lvhokgr kovy lvol � �hqvvq s mvjgrr o�go o�vkm ¨mk�khgr j�gmgjovmk�gok¨h pgl uglvq ¨h o�vkm gll¨ jkgovq lnn¨molgl w¨ rr¨p l � I ⊆ I
kl gh vllvhokgr kovy lvo kw w�§§ ª ∨ I « > max{w�§§ ª∨I\{i}« | i ∈ I ´ ª�� � �v©hkok¨h �� s

ng�v ��«� ��v hvp j�gmgjovmk�gok¨h s uglvq ¨h qkl� hjok�v jr¨lvq kovy lvol s kl gl w¨rr¨p l �
{ âáå á|ìçìáë v *|} I ⊆ I � I Ò¤ ~¢ |¤¤|¢}Ò~� Ò}|Ñ¤|} Ò� ∀ I1 ⊂ I , I * h

ª
I1
« �

� ¥ÔÔ� � Ðnn¨lv o�go ∃ I1 ⊂ I ¤ �}� I ⊆ h
ª
I1
« � Õjj¨mqkh� o¨ {m¨n¨lkok¨h ô� s pv �g�v hªI « r

h
ª
I1
« � ��ghtlo¨ {m¨n¨lkok¨h �� s pv �g�v w�§§ ª∨I1 « r w�§§ ª∨hªI1 «« r w�§§ ª∨hªI «« r w�§§ ª∨I «� Ðkhjv w�§§ ª∨I1 « r

w�§§ ª∨I «s o�vh I kl h¨o gh vllvhokgr kovy lvo � ��l s kw I kl gh vllvhokgr kovy lvo s o�vh ∀ I1 ⊂ I s I * h
ª
I1
« �

♦

�o kl grl¨ p¨mo� h¨okh� o�go l¨yv vllvhokgr kovy lvol gl pvrr gl qkl� hjok�v jr¨lvq kovy lvol jgh uv j�gmgj�ovmk�vq lkh� qkl� hjok�v m rvl s gl q¨hv kh z�it¨p ltk ghq � k�¨ook s ��� �s �it¨p ltk ghq � k�¨ook s ���� � w¨mo�v qkl� hjok�v�wmvv lvol � �hqvvq s gh kovy lvo
I
kl gh vllvhokgr ¨w lk�v �mvgovm o�gh ¨m vxgr o¨ 2

kw o�vmv klh¨ kovy i ∈ I ¤ �}� i ⇒ ∨
ª
I\{i}

« kl grpgil lgokl©vq � ��kl y vghl o�go
i
ylo gnnvgm kh gh ¨u� vjo kh p�kj�

h¨ kovy ¨w ªI\{i}« gnnvgml � µh o�v ¨o�vm �ghq s gh kovy lvo
I
kl g qkl� hjok�v jr¨lvq ¨w lk�v �mvgovm o�gh

¨m vxgr o¨ 1
kw o�vmv kl h¨ kovy

i ∈ I\I ¤ �}� i ⇒ ∨I
kl grpgil lgokl©vq � ��kl y vghl o�go

i
ylo gnnvgmkh gh ¨u� vjo kh p�kj� h¨ kovy ¨w I gnnvgml �

��v w¨rr¨p kh� nm¨n¨lkok¨h vhlmvl o�go ko kl n¨llkurv o¨ qvmk�v o�v qkl� hjok�v lnn¨mo ¨w vgj� lulvo ¨wgh gmukomgmi kovy lvo logmokh� wm¨y DCI
�

{ âáå á|ìçìáë E *|} I ⊆ I � ∀ I1 ⊆ I , }¦ |  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥} Ô� I1 �~¢ -| |. ~�}�H  |¥Ò£|  � ¥ÔÑ DCI �
� ¥ÔÔ� � ��v lvo

DCI
j¨hogkhl grr o�v qkl� hjok�v jr¨lvq kovy lvol o�go jgh uv qmgph wm¨y g j¨hov�o K

�
±vhjv s ∀ I1 ⊆ I s hªI1 « ∈ DCI

� Öv jgh o�l mvomkv�v o�v v�gjo qkl� hjok�v lnn¨mo ¨w I1 o�ghtl o¨{m¨n¨lkok¨h �� � ♦

õ ]¶ ÷ eøù d`úaeûü ý ¥þødbü·¸ÿøüc ýþ`úeøü ¹ ü�büøü`aÿaeþ`ø þ ¨ ºbü·
»dü`a _aü� øüaø

� �¼ �� ½�¾ ¿��
�	� À���	���Á���� Â�� Ã ÄÄ Å��Æ 	��	
�vo l u v�kh ui khom¨qjkh� g j¨hjklv mvnmvlvhogok¨h ¨w o�v °¦ Ô�| lvo ¨w kovy lvol uglvq ¨h qkl� hjok�vjr¨lvq kovy lvol � ��kl kl logovq kh ��v¨mvy �� �
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Çéãáâãà iv /¦ | ¤|} DCI Ô�  Ò¤¡ �¢�}Ò£| ��Ô¤|  Ò}|Ñ¤|}¤, ~¤¤Ô�Ò~}|  }Ô }¦ |Ò¥ ¥|¤§ |�}Ò£|  Ò¤¡ �¢�}Ò£| ¤�§ È§ Ô¥}¤, Ò¤ ~¢ |. ~�} �Ô¢�Ò¤| ¥|§ ¥|¤|¢}~}ÒÔ¢ Ô� }¦ | °¦ Ô�| ¤|} Ô� Ò}|Ñ¤|}¤ �
� ¥ÔÔ� � �vo I ⊆ I

� �o pgl nm¨�vh o�m¨�� {m¨n¨lkok¨h ô� o�go o�v qkl� hjok�v lnn¨mo ¨w I ghq o�¨lv ¨wkol lulvol jgh uv v�gjori qvmk�vq wm¨y DCI
� ��vh s ui gnnrikh� gh khjr lk¨h�v�jrlk¨h kqvhokoi lkh�o�v ¨uogkhvq qkl� hjok�v lnn¨mol ª�� � �vyyg �s ng�v �� «s pv gmv gurv o¨ ¨uogkh o�v v�gjo j¨h� hjok�vlnn¨mo ¨w I � ♦

��v lvo
DCI

kl o�l h¨o ¨h ri g j¨hjklv mvnmvlvhogok¨h ¨w � ¥|��|¢} kovy lvol uo grl¨ o�go ¨w o�v °¦ Ô�|lvo ¨w kovy lvol o�go jgh uv qmgph wm¨y g j¨hov�o ªÒ�|�s v�vh o�v gll¨ jkgovq lnn¨mol ¨w Ò¢� ¥|��|¢} kovy lvol
jgh uv qvmk�vq lkh� DCI

«�
BCæàå Dã  i tÔ¢¤Ò |¥ }¦ | �Ô¢}|. } Ó Ò£|¢ -H /~-�| I�J � /¦ | ~¤¤Ô�Ò~}|   Ò¤¡ �¢�}Ò£| �~}}Ò�| Ò¤ ¤K |}�¦ |  -H
L ÒÓ�¥| I �J, °¦ |¥| |~�¦ ¢Ô | �Ô¢}~Ò¢¤ ~  Ò¤¡ �¢�}Ò£| Ò}|Ñ¤|} ~�Ô¢Ó ° Ò}¦ Ò}¤  Ò¤¡ �¢ �}Ò£| ¤�§§ Ô¥}� o Òy |¥|¢}
¤|}¤ Ô� Ò}|Ñ ¤|}¤ ~¥| ~�¤Ô Ò¢ Ò�~}| � /¦ | |¤¤|¢}Ò~� Ò}|Ñ¤|}¤ ~¥| ¤¦ Ô°¢ °Ò}¦ -Ô�  �|}}|¥¤, °¦ Ò�| }¦ | Ò}|Ñ ¤|}¤-|�Ô¢Ó Ò¢Ó }Ô DCI ~¥| �¢ |¥�Ò¢| � /¦ | ¤|} FEI

Ò¢  ��|¤ ~¢ Ô¥ |¥ Ò |~�, ~¤ ¤¦ Ô°¢ Ò¢ L ÒÓ�¥| I �J � Ô¥Ñ Ò¢¤�§§ + 1 � /¦ | |�|Ñ |¢}¤ -|�Ô¢Ó Ò¢Ó }Ô }¦ | ¢|Ó ~}Ò£| -Ô¥ |¥ Ô� FEI ,  |¢Ô}|  Bd−
ª
FEI

« , ~¥| Ò¢ Ò}~�Ò�¤ �
�¢ |. ~Ñ§ �| Ô� ~  Ò¤¡ �¢�}Ò£| |�� Ò£~�|¢�| ��~¤¤, Ò¢  ��|  -H }¦ |  Ò¤¡ �¢�}Ò£| ��Ô¤�¥| Ô§ |¥~}Ô¥, Ò¤ ~�¤Ô ¤K |}�¦ | �G }¤ Ñ Ò¢ÒÑ ~� |�|Ñ |¢} Ò¤ }¦ | |¤¤|¢}Ò~� Ò}|Ñ¤|} ° ~¢  Ò}¤ �~¥Ó |¤} Ô¢| Ò¤ }¦ |  Ò¤¡ �¢ �}Ò£| ��Ô¤|  Ò}|Ñ¤|} °S TU �� �|~¤| ¢Ô}| }¦ ~} Ò� , � Ô¥ |. ~Ñ§ �|, ~¢ Ò}|Ñ ¤|} Ò¤ Ò¢ -Ô�  �|}}|¥¤ ~¢  Ò¤ ~�¤Ô �¢ |¥�Ò¢| , }¦ |¢ }¦ Ò¤ Ñ |~¢¤ }¦ ~}Ò} Ò¤ -Ô}¦ ~¢ |¤¤|¢}Ò~� Ò}|Ñ¤|} ~¢  ~  Ò¤¡ �¢�}Ò£| ��Ô¤|  Ô¢|, |�Ó �, }¦ | Ò}|Ñ¤|} S T� � ¤ ~¢ Ò¢ Ò�~}ÒÔ¢ , }¦ |Ò}|Ñ¤|}¤ -|�Ô¢Ó Ò¢Ó }Ô Bd+

ª
FI

« ~¥| Ñ ~¥K |  -H  ~¤¦ |  �Ò¥��|¤ �

∅

ÉÊË ÌÍ ÉÎË ÏÍ ÉÐË ÏÍ ÉÑË ÏÍ
ÉÎÐË ÒÍ ÉÎÑË ÒÍ ÉÐÑË ÒÍÓÔÕÖ ×Ø ÓÔÙÖ ×Ø ÓÔÚÖ ×Ø

ÓÛÜÝÖ ÞØÓßàá Ö ×Ø Ó ßàâ Ö ×Ø Ó ßáâ Ö ×Ø
ÓßàáâÖ ×Ø

ãäåæçèåçéèåêëìäêíåæîîçåïðåñòåììåñòéêëéòåóìåòì

ô èéìõðñöòé÷ååïðé÷êëåñöå öëêìì

øg�ùe\ ] ^_` Zú\ ûgüý ùbfdgþ\ �[ddgf\ [üühfg[d\û dh dú\ fhbd\cd û\ÿgfd\û  � Z[ �\ ] ^_^

� �¼ �� � ��
� �Â ������� ��� ¿��� ��
���� 	��
 ���
� ¿��	��Á���
�h nmgjokjv s o�v vhq�lvml gmv y gkhri khovmvlovq kh � ¥|��|¢} kovy lvol ghq h¨o kh ~� � kovy lvol � ��v lvrvjok¨h
¨w wmvxvho kovy lvol jgh uv q¨hv gl g n¨lo�omvgoy vho ui j¨yngmkh� o�v ¨uogkhvq lnn¨mol p ko� Ñ Ò¢¤�§§ �óv�vmo�vrvll s ko kl y¨mv gq�ghog�v¨l o¨ mvlomkjo o�v mvnmvlvhogok¨h o¨ ¨hri o�v mvxkmvq vrvy vhol p�krv
nmvlvm�kh� o�v v�gjo mv�vhvmgok¨h ¨w wmvxvho kovy lvol � Õy¨h� o�vlv vrvy vhol s qkl� hjok�v jr¨lvq kovy lvol



î ï« · ¸¹º »¼½¾¸¿À ÁÂA¹»ÄÀ±²Å¹ÀÆ ÁA¼½¸¹À ÈÀÉÄÀ¹À¼¾Å¾¸A¼¹ A Ê ËÄÀÌ»À¼¾ Í¾ÀÎ ¹À¾¹ ´´�

�g�kh� go rvglo g � ¥|��|¢} vllvhokgr kovy lvo gl g �vhvmgo¨m l�¨ rq ¨u�k¨lri u v y gkhogkhvq � �hqvvq s o�vij¨�vm go rvglo g wmvxvho kovy lvo s hgyvri o�v gll¨jkgovq wmvxvho vllvhokgr kovy lvo � ��vlv jr¨lvq lvol sgr¨h� p ko� o�vkm gll¨ jkgovq qkl� hjok�v lnn¨mol s p krr �vhjv j¨hlokoov o�v tvi khw¨my gok¨h grr¨p kh� o¨
qvmk�v o�v |. ~�} qkl� hjok�v ghq s �vhjv s j¨h� hjok�v lnn¨mol ¨w wmvxvho kovy lvol � ��v lulvo ¨w DCIj¨hogkhkh� o�vlv jr¨lmvl p krr u v qvh¨ovq EDCI

�  ��kl lvo kl o�vh gl w¨ rr¨p l �
� ã�ëìçìáë � ��'% (� '  '#%�n© l� !"#$%�&' $©( 'l �%'j  '% )
/¦ | ¤|} EDCI

Ò¤ |��~� }Ô 6 EDCI = {h
ª
I
«
∈ DCI| I ∈ FEI} �

BCæàå Dã v tÔ¢¤Ò |¥ L ÒÓ�¥| I�J � LÔ¥ Ñ Ò¢¤�§§ + 1, °S TU ∈ EDCI , ¤Ò¢ �| Ò} ¦ ~¤ ° � Ô¥ � ¥|��|¢} |¤¤|¢}Ò~�Ò}|Ñ¤|}�
��v hv�o rvyyg j¨yngmvl o�v lk�v ¨w EDCI

pko� o�go ¨w FEI
�

�ãààæ F /¦ | �~¥ Ò¢~�Ò}H Ô� EDCI
Ò¤ ~} Ñ Ô¤} |��~� }Ô }¦ ~} Ô� FEI �

� ¥ÔÔ� � �¨ vgj� wmvxvho vllvhokgr kovy lvo kl gll¨ jkgovq g hkxv vrvyvho kh
EDCI

� ±vhjv s o�v lk�v ¨w o�vlvo
EDCI

pkrr uv r¨pvm o�gh ¨m vxgr o¨ o�go ¨w FEI
�
♦

��ghtl o¨ �vyyg � s pv jgh j¨mmvjori qvmk�v o�v qkl� hjok�v lnn¨mol ¨w � ¥|��|¢} kovy lvol wm¨y o�v
vrvy vhol ¨w EDCI

� µhjv qkl� hjok�v lnn¨mol qvmk�vq s �vyyg � ª�� � ng�v �� « p krr o�vh uv lvq p�vh
qvlkmvq o¨ qvqjv o�vkm j¨h� hjok�v ghq hv�gok�v lnn¨mol �
�ãààæ s *|} FI

-| }¦ | ¤|} Ô� � ¥|��|¢} Ò}|Ñ¤|}¤, I ⊆ I ~¢  Imin + min⊆
M
I1 ∈ EDCI | I ⊆ I1

O Ò� Ò}
|. Ò¤}¤ � q| }¦ |¢ ¦ ~£| 6

∀ I ∈ FI,
ª
∃ Imin

«
∧

ªw�§§ ª∨ I « = w�§§ ª ∨ Imin

««
.

� ¥ÔÔ� � ��v nm¨¨w lomgk��ow¨mpgmqri qvmk�vl wm¨y o�go ¨w {m¨n¨lkok¨h ô � ª�� � ng�v ���« ghq o�v wgjo o�go
o�v qkl� hjok�v jr¨lmv ¨w g � ¥|��|¢} kovy lvo

I
kl o�v ly grrvlo ¨hv j¨�vmkh� ko gy¨h� o�¨lv ¨w EDCI

�
♦

Õl yvhok¨hvq gu¨�v s g j¨hjklv mvnmvlvhogok¨h ¨w wmvxvho kovy lvol uglvq ¨h qkl� hjok�v jr¨lvq kovy �
lvol ylo j¨hogkh o�v vrvy vhol ¨w EDCI

� óv�vmo�vrvll s kl o�kl lvo l¬ jkvho o¨ ¨²vm gh v�gjo j¨hjklv
mvnmvlvhogok¨h�

�mkh� o�v mv�vhvmgok¨h nm¨ jvll ¨w wmvxvho kovy lvol s o�v Ñ Ò¢ÒÑ ~� Ò¢� ¥|��|¢} kovy lvol gmv grl¨ j�vjtvqlkhjv o�vi �g�v grr o�vkm lulvol wmvxvho � �vo I uv lj� gh kovy lvo � �w
I
kl h¨o j¨�vmvq ui ghi jr¨lmv ¨w

EDCI s o�vh ko kl khwmvxvho gjj¨mqkh� o¨ �vyyg � � ±¨pv�vm s o�v kovy lvo
I
jgh uv j¨�vmvq ui gh vrvy vho

uvr¨h�kh� o¨ EDCI s p�krv �g�kh� kol nm¨n vm jr¨lmv h¨o kh
EDCI

� �hqvvq s mvjgrr o�go o�v lvo
EDCI

mvlrol wm¨y j¨yukhkh� op¨ j¨hlomgkhol ¨w qk²vmvho oin vl s hgy vri g y¨h¨o¨hv ¨hv o�m¨�� o�v qkl� hjok�vlnn¨mo ghq gh ghok�y ¨h¨o¨hv j¨hlomgkho lkh� Ñ Ò¢¤�§§ � Ð¨y v tvi qkl� hjok�v jr¨lvq kovy lvol w¨m g
j¨mmvjo mv�vhvmgok¨h nm¨ jvll ygi o�l u v nmhvq lkhjv o�vi �g�v grr o�vkm vllvhokgr kovy lvol khwmvxvho �
��kl rvgql o¨ g²vjokh� o¨ I g pm¨h� qkl� hjok�v lnn¨mo p�kj� s kh l¨y v jglvl s p krr khj¨mmvjori y gtv

Iwmvxvho khlovgq ¨w khwmvxvho � �vo l ogtv g j¨hjmvov v�gynrv �������� ��� �������� � ����� �!"#���� $  �% ��&� '� ( !���� )��* ����
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BCæàå Dã E *|} �¤ �Ô¢¤Ò |¥ }¦ | �Ô¢}|. } ¤¦ Ô°¢ Ò¢ /~-�| I�J � ���Ô¥ Ò¢Ó }Ô L ÒÓ�¥| I�J, � Ô¥ Ñ Ò¢¤�§§
+ 1, °| ¦ ~£| EDCI + {

S
, T, U, S T, SU, TU, °S TU} � /¦ | p ¥¤} ¤Ò. ��Ô¤|  Ò}|Ñ ¤|}¤ Ô� EDCI ~¥| |��~� }Ô

}¦ |Ò¥ ¥|¤§ |�}Ò£| � ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ¤|}¤ � q¦ Ò�| }¦ | �~¤} Ô¢| ¦ ~¤ }¦ | � ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ ¤|} ° ~¤ ~
Ó |¢|¥~}Ô¥� � Ô}| }¦ ~} S TU /∈ EDCI ¤Ò¢ �| Ò}¤ Ó |¢|¥~}Ô¥, ¢~Ñ |�H Ò}¤|�� , Ò¤ ~¢ Ò¢� ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ¤|}�G¢ || , }¦ | �Ô¢¡ �¢ �}Ò£| ¤�§§ Ô¥} Ô� S TU Ò¤ |��~� }Ô 0

ª�� � L ÒÓ�¥| I �J °¦ |¥| Ò} Ò¤ ¤¦ Ô°¢ ¢Ô} }Ô -|�Ô¢Ó }Ô }¦ |
Ô¥ |¥ Ò |~� Ò¢  ��|  -H ¤|}}Ò¢Ó Ñ Ò¢¤�§§ }Ô 1

« �*|} �¤ ¥|Ó |¢|¥~}| }¦ | ¤|} Ô� � ¥|��|¢} Ò}|Ñ ¤|}¤ ¤}~¥}Ò¢Ó � ¥ÔÑ EDCI � q| -|Ó Ò¢ -H
1ÈÒ}|Ñ ¤|}¤, Ò�|�, ° , S ,

T ~¢  U � /¦ | ¤Ñ ~� �|¤} ��Ô¤�¥| �Ô¢}~Ò¢ Ò¢Ó ° Ò¤ °S TU � 1 |¢ �|, Ò}¤  Ò¤¡ �¢ �}Ò£| ¤�§§ Ô¥} Ò¤ |��~� }Ô 7, °¦Ò�¦
~�¤Ô �Ô¥¥|¤§ Ô¢ ¤ }Ô Ò}¤ �Ô¢¡ �¢ �}Ò£| ¤�§§ Ô¥}� G } Ò¤ }¦ | ¤~Ñ | � Ô¥ }¦ | ¥|Ñ ~Ò¢ Ò¢Ó 1ÈÒ}|Ñ ¤|}¤ � /¦�¤, °| p ¢ 
}¦ ~} }¦ |Ò¥ ~¤¤Ô�Ò~}|  �Ô¢¡ �¢�}Ò£| ¤�§§ Ô¥}¤ ~¥| ¥|¤§ |�}Ò£|�H |��~� }Ô 7, 3, 3 ~¢  3 � q| ¦ |¢ �| ¦ ~£| }¦ | � Ô�¥
�~¢ Ò ~}|¤ ~¤ � ¥|��|¢}�

q| }¦ |¢ ¦ ~¢  �| �~¢ Ò ~}| 2ÈÒ}|Ñ ¤|}¤ � /¦ ~¢K¤ }Ô }¦ | ~¢}ÒÈÑÔ¢Ô}Ô¢| § ¥Ô§ |¥}H Ô� }¦ | � ¥|��|¢�H, ~¢
~¥-Ò}¥~¥H Ò}|Ñ¤|} ° Ò� � Ô¢ �H -| }¥|~}|  Ò� ~� � Ò}¤ ¤�-¤|}¤ ° |¥| ~�¥|~ H § ¥Ô£|  }Ô -| � ¥|��|¢} Ò}|Ñ¤|}¤ � /¦ Ò¤
�~¢ -| |¢¤�¥|  }¦ ~¢K¤ }Ô ~ �|£|�° Ò¤| 0�Ó ¥~°~� vo gr �, J44I5 Ô¥ ~  |§ }¦ Èp ¥¤} ¥ÒÓ¦ }È}ÔÈ�|� } 0 t~� |¥¤ ~¢ ®Ô|}¦ ~�¤, 233Q5 }¥~£|¥¤~� Ô� }¦ | ¤|~¥�¦ ¤§ ~�|� tÔ¢¤Ò |¥ }¦ | �~¤| Ô� °S °¦Ô¤| ¤�-¤|}¤ ° ~¢  S ~¥| ¤¦ Ô°¢
}Ô -| � ¥|��|¢}� /¦ | ¤Ñ ~� �|¤} ��Ô¤�¥| Ò¢ EDCI �Ô¢}~Ò¢Ò¢Ó °S Ò¤ °S TU � /¦ |  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥} Ô� °SÒ¤ }¦ |¢ |��~� }Ô 7 � �H ~§§ �H Ò¢Ó ~¢ Ò¢ ���¤ÒÔ¢ È|. ���¤ÒÔ¢ |��~�Ò}H ª�� � *|ÑÑ ~ J«, °| ¦ ~£| w�§§ ª°S« =

−w�§§ ª∨ °S «+ w�§§ ª∨ ° «+ w�§§ ª∨ S « + È 7 + 7 + 3 + 3 � /¦ | Ò}|Ñ ¤|} °S Ò¤ ¦ |¢ �| � ¥|��|¢}� /¦ | ¤~Ñ |§ ¥Ô�|¤¤ Ò¤ ~§§ �Ò|  � Ô¥ }¦ | ¥|Ñ ~Ò¢ Ò¢Ó �~¢ Ò ~}| 2ÈÒ}|Ñ¤|}¤ �*|} �¤ ¢Ô° � Ô��¤ Ô¢ }¦ | �~¢ Ò ~}| 3ÈÒ}|Ñ ¤|} S TU °¦Ô¤| ~� � ¤�-¤|}¤ ~¥| � ¥|��|¢} ~¢  °¦ Ò�¦ ¦ |¢ �| Ñ �¤} -|
�¦ |�K | � q¦ |¢ °| ¥|}¥Ò|£| }¦ |  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥} Ô� S TU � ¥ÔÑ EDCI , °| °Ò� � ~¤¤ÒÓ¢ }Ô S TU }¦ |  Ò¤¡ �¢ �}Ò£|
¤�§§ Ô¥} Ô� }¦ | ¤Ñ ~� �|¤} |�|Ñ |¢} ª° �¥�}� ¤|} Ò¢���¤ÒÔ¢ « Ò¢ EDCI ¤�-¤�ÑÒ¢Ó Ò}, Ò�|�, °S TU � q¦ |¢ �ÔÑ§ � }Ò¢Ó
}¦ | �Ô¢¡ �¢�}Ò£| ¤�§§ Ô¥} Ô� S TU , °| Ô-}~Ò¢ w�§§ ªS TU « + w�§§ ª ∨ S TU« È w�§§ ª ∨ S T« È w�§§ ª ∨ SU« È
w�§§ ª ∨ TU« + w�§§ ª ∨ S« + w�§§ ª ∨ T« + w�§§ ª ∨ U « + 7 È 5 È 5 È 5 + 3 + 3 + 3 + 1 � 1 Ô° |£|¥,
}¦ | ~�}�~�  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥} Ô� S TU Ò¤ |��~� }Ô 6 ~¢  ¢Ô} 7 � G }¤ ~�}�~� �Ô¢¡ �¢�}Ò£| ¤�§§ Ô¥} Ò¤ }¦ |¢ |��~�
}Ô 0 ~¢  ¢Ô} 1 � tÔ¢¤|��|¢}�H, }¦ | Ô-}~Ò¢ |  ¥|¤� �} ° Ò� � � ~�¤Ò� H }¦ | � ¥|��|¢ �H ¤}~}�¤ Ô� S TU ° �¥�}� Ñ Ò¢¤�§§
¤Ò¢ �| Ò} ° Ò� � -| °¥Ô¢Ó �H ��~¤¤Òp |  ~¤ � ¥|��|¢} Ò¢¤}|~  Ô� Ò¢� ¥|��|¢}� /¦ | , ~° Ò¤  �| }Ô }¦ | § ¥�¢Ò¢Ó Ô�
}¦ |  Ò¤¡ �¢�}Ò£| ��Ô¤|  Ò}|Ñ¤|} S TU °¦Ô¤| �¢Ò��| Ó |¢|¥~}Ô¥ Ò¤ }¦ | Ò¢� ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ¤|} S TU ªÒ�|�,Ò}¤|�� « �
��v nmv�k¨l v�gynrv jrvgmri l�¨p l o�go

EDCI
jghh¨o j¨hlokoov ui kolvrw gh v�gjo j¨hjklv mvnmv�lvhogok¨h ¨w wmvxvho kovy lvol � Öv o�l hvvq o¨ mvogkh l¨y v jr¨lmvl s kh gqqkok¨h o¨ EDCI s o�go vhlmvj¨mmvjori -g��kh� o�v wmvxvhji logol ¨w kovy lvol p�vhv�vm g pm¨h� j¨ynogok¨h jgh gmklv � ��v w¨rr¨p kh�lulvjok¨h v�nr¨mvl o� kl kllv �

� �¼ �. ½�¾ ¿��
�	� À���	���Á����	 �Â 	��
 ���� Å��Æ 	��	
Öv nm¨n¨lv s kh o�kl lvjok¨h s hvp j¨hjklv mvnmvlvhogok¨hl ¨w wmvxvho kovy lvol � ��vlv mvnmvlvhogok¨hl gmv�¨y¨�vhv¨l kh o�v lvhlv o�go o�vi gmv Ô¢ �H j¨yn¨lvq ui qkl� hjok�v kovy lvol � ��vi �vhjv mvx kmv Ô¢�Hv�nr¨mkh� o�v qkl� hjok�v lvgmj� lngjv p�krv ¨²vmkh� o�v qkmvjo mvomkv�gr ¨w o�v qk²vmvho oin vl ¨w lnn¨mo
¨w wmvxvho kovy lvol � ��vlv mvnmvlvhogok¨hl �vhjv g�¨kq o�v v�nr¨mgok¨h ¨w o�v j¨h� hjok�v lvgmj� lngjvlkhjv o�vi q¨ h¨o mvx kmv lnnrvy vhogmi khw¨my gok¨h wm¨y o�v j¨h�hjok�v lvgmj� lngjv kh ¨mqvm o¨ j�vjt
p�vo�vm gh kovy lvo kl wmvxvho ¨m h¨o �
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Ç ï · ¸¹º »¼½¾¸¿À �ÀÅÄ½� �ÉÅ½À±²Å¹ÀÆ ÈÀÉÄÀ¹À¼¾Å¾¸A¼
��v ©mlo mvnmvlvhogok¨h j¨hlklol kh g lomgk��ow¨mpgmq l¨rok¨h o¨ vhlmv o�v v�gjohvll ¨w o�v mvnmvlvhogok¨h
uglvq ¨h EDCI

� ��kl kl jgmmkvq ¨o o�ghtl o¨ o�v lvo
FEI ¨w wmvxvho vllvhokgr kovy lvol � ��v v�gjohvll

¨w o�kl mvnmvlvhogok¨h kl logovq ui o�v w¨rr¨p kh� o�v¨mvy �
Çéãáâãà iE /¦ | ¤|} EDCI ∪ FEI Ô�  Ò¤¡ �¢ �}Ò£| Ò}|Ñ ¤|}¤, ~¤¤Ô�Ò~}|  }Ô }¦ |Ò¥ ¥|¤§ |�}Ò£|  Ò¤¡ �¢ �}Ò£|
¤�§§ Ô¥}¤, Ò¤ ~¢ |. ~�} ¥|§ ¥|¤|¢}~}ÒÔ¢ Ô� }¦ | ¤|} Ô� � ¥|��|¢} Ò}|Ñ¤|}¤ FI �
� ¥ÔÔ� � �vo I uv gh gmukomgmi kovy lvo � �w o�vmv kl gh kovy lvo

I1 ¤ �}� I1 ∈ FEI
ghq I1 ⊆ I ⊆ h

ª
I1
« s o�vh

h
ª
I
« r

h
ª
I1
« lkhjv

h
kl kl¨o¨hv gl u vkh� g jr¨lmv ¨nvmgo¨m � ±vhjv s w�§§ ª∨I « r w�§§ ª∨I1 «� Ðkhjv o�v

qkl� hjok�v lnn¨mo ¨w I kl j¨mmvjori qvmk�vq s o�vh kol j¨h� hjok�v lnn¨mo jgh uv v�gjori j¨ynovq o�ghtl
o¨ �vyyg � ª�� � ng�v �� «s ghq o�vh j¨yngmvq £¤ � Ñ Ò¢¤�§§ o¨ mvomkv�v kol wmvxvhji logol � �w o�vmv klh¨o lj� gh kovy lvo

I1 s o�vh I kl hvjvllgmkri vhj¨yngllvq uvopvvh gh Ò¢� ¥|��|¢} vllvhokgr kovy lvo ghq kol
jr¨lmv � �¨hlvxvhoris I kl khwmvxvho lkhjv o�v lvo ¨w wmvxvho kovy lvol kl gh ¨mqvm kqvgr � ♦

��v nm¨¨w ¨w ��v¨mvy �� jgh uv omvgovq gl g hgk�v gr�¨mko�y w¨m qvovmy khkh� wmvxvho kovy lvol ghq o�vkmlnn¨mol � �hqvvq s o� kl jgh lomgk��ow¨mpgmqri uv q¨hv kh g rv�vrp klv y ghhvm o�go mv�vhvmgovl 1
�wmvxvhokovy lvol s 2�wmvxvho kovy lvol s ghq l¨ w¨mo� � Õ l l�¨ph kh o�v nm¨¨w s o� kl mvnmvlvhogok¨h vhlmvl o�v vgli

qvmk�gok¨h ¨w o�v qkl� hjok�v lnn¨mo ¨w vgj� wmvxvho kovy lvo s ghq �vhjv o�v hv�gok�v ¨hv lkh� � v
f¨m�gh ¢l rgp � Ðkhjv ko kl j¨yn¨lvq ui ngmokjrgm vrvy vhol p ko�kh o�v qkl� hjok�v lvgmj� lngjv s hgy vrivllvhokgr ghq qkl� hjok�v jr¨lvq kovy lvol s o�vh ko p krr u v qvh¨ovq DSSR s p�kj� loghql w¨m � kl� hjok�vÐvgmj� Ðngjv�uglvq �vnmvlvhogok¨h �

/ ï · ¸¹º »¼½¾¸¿À ÁÂA¹ÀÆ Í¾ÀÎ¹À¾±²Å¹ÀÆ ÈÀÉÄÀ¹À¼¾Å¾¸A¼¹
ó¨p s pv nm¨n¨lv o¨ ¨hri gqq l¨y v qkl� hjok�v jr¨lvq kovy lvol o¨ EDCI s khlovgq ¨w FEI

� ��kl p krr vhlmv
¨uogkhkh� o�v lgy v tkhq ¨w kovy lvol 0 qkl� hjok�v jr¨lvq 0 pko�kh o�v mvlrokh� mvnmvlvhogok¨h z±gy m¨hk
|} ~��s ����g � � �h o� kl mvlnvjo s o�v gqqvq kovy lvol j¨hlokoov o�v lvo BDCI

� 1 ��kl lvo j¨hogkh l qkl� hjok�vjr¨lmvl ¨w ¨qq�lk�vq khwmvxvho lvvql uvr¨h�kh� o¨ o�v hv�gok�v u¨mqvm ¨w FEI
� ± g�kh� grr o�vkm mvln vjok�vlulvol gl wmvxvho kovy lvol s lj� lvvql hvvq o¨ u v j�vjtvq qmkh� o�v mv�vhvmgok¨h nm¨ jvll ° �¥ �}� o�v

j¨hlomgkho �o¨ uv wmvxvho� � �h o�kl lkogok¨h s p�vhv�vm o�vkm jr¨lmvl h¨o mvogkhvq kh o�v mvnmvlvhogok¨h sg pm¨h� qvmk�gok¨h ¨w o�vkm v�gjo qkl� hjok�v lnn¨mol jgh uv y klrvgqkh� ° �¥�}� o�vkm khwmvxvhji ª�� � o�vjglv ¨w o�v khwmvxvho kovy lvo 2 34 qvogkrvq kh è�gynrv ô� «� ��v lvo BDCI
kl w¨my grri qv©hvq gl w¨rr¨p l �

� ã�ëìçìáë �} ��'% (� n©© nll'l l� !"#$%�&' $©( 'l �%'j  '% )
*|} EI -| }¦ | ¤|} Ô� ~� � |¤¤|¢}Ò~� Ò}|Ñ¤|}¤ }¦ ~} �~¢ -| |. }¥~�}|  � ¥ÔÑ ~ �Ô¢}|. } K � /¦ | ¤|} BDCI

Ò¤  |p ¢| 
~¤ � Ô� �Ô°¤ 6 BDCI = {h

ª
I
«
∈ DCI|

ª
I ∈ Bd−

ª
FEI

«
∩ EI

«
∧
ª
|I| is odd

«
}

BCæàå Dã  LÔ¥ Ñ Ò¢¤�§§ + 1 , S TU ∈ BDCI � G¢ || , Ò}¤ �¢Ò��| |¤¤|¢}Ò~� Ò}|Ñ ¤|} Ò¤ Ò}¤|�� � 5 Ô¥|Ô£|¥,
}¦ | |¤¤|¢}Ò~� Ò}|Ñ¤|} S TU Ò¤ ~¢ Ô  È¤Ò6 |  Ò¢� ¥|��|¢} Ò}|Ñ ¤|}, ¦ ~£Ò¢Ó ~� � Ò}¤ § ¥Ô§ |¥ ¤�-¤|}¤ � ¥|��|¢}� 1 |¢�|,Ò} -|�Ô¢Ó¤ }Ô }¦ | ¢|Ó ~}Ò£| -Ô¥ |¥ Ô� � ¥|��|¢} |¤¤|¢}Ò~� Ò}|Ñ ¤|}¤ �7 ������ ��� 8 �����"#���� $  �% ��&� '� (!���� )��* ����
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�o kl kyn¨mogho o¨ y vhok¨h o�go kh o�v qv©hkok¨h ¨w o�v lvo BDCI s pv qkq h¨o j¨hlkqvm o�v qkl� hjok�vjr¨lmvl ¨w |£|¢È¤Ò6 |  Ò¢� ¥|��|¢} vllvhokgr kovy lvol u vr¨h�kh� o¨ o�v u¨mqvm ¨w FEI
� ��kl kl gm�vq ui o�vwgjo o�go o�v gulvhjv ¨w lj� jr¨lmvl q¨vl h¨o g²vjo o�v v�gjohvll ¨w o�v mv�vhvmgok¨h nm¨ jvll gl nm¨�vqkh o�v w¨ rr¨p kh� � G¢� ¥|��|¢} ¢Ô¢�vllvhokgr kovy lvol uvr¨h�kh� o¨ Bd−

ª
FEI

« pvmv grl¨ ¨y koovq lkhjv o�vi
gmv grmvgqi khjrqvq kh

EDCI
ª�� � {m¨n¨lkok¨h ô� «� ó¨ov �¨pv�vm o�go u¨o� lvol

EDCI
ghq BDCI

gmvh¨o hvjvllgmkri qkl� ¨kho kh o�v lvhlv o�go g lgy v jr¨lmv jgh uvr¨h� o¨ u¨o� lvol � �hqvvq s g qkl� hjok�vjr¨lmv jgh lkyroghv¨lri �g�v gl lvvql g wmvxvho vllvhokgr kovy lvol ªghq �vhjv uvr¨h� o¨ EDCI
« ghq gh

¨qq�lk�vq khwmvxvho vllvhokgr kovy lvol ªghq �vhjv u vr¨h� o¨ EDCI
«� ±¨pv�vm s lkhjv kh o�v mvnmvlvhogok¨h

EDCI ∪ BDCI
pv ogtv o�v hk¨h ¨w u¨o� lvol s lj� g mvqhqghji kl hvjvllgmkri mvy¨�vq � ��v v�gjohvll

¨w o�v mvnmvlvhogok¨h uglvq ¨h EDCI
ghq BDCI

kl nm¨�kqvq ui ��v¨mvy �ô �
Çéãáâãà i /¦ | ¤|} EDCI ∪ BDCI Ô�  Ò¤¡ �¢ �}Ò£| ��Ô¤|  Ò}|Ñ ¤|}¤, ~¤¤Ô�Ò~}|  }Ô }¦ |Ò¥ ¥|¤§ |�}Ò£|  Ò¤È¡ �¢ �}Ò£| ¤�§§ Ô¥}¤, Ò¤ ~¢ |. ~�} �Ô¢ �Ò¤| ¥|§ ¥|¤|¢}~}ÒÔ¢ Ô� }¦ | ¤|} FI Ô� � ¥|��|¢} Ò}|Ñ¤|}¤ �
� ¥ÔÔ� � �vo I ⊆ I

� �w
∃ I1 ⊂ I ¤ �}� I1 kl khwmvxvho s o�vh I kl grl¨ khwmvxvho � µo�vmp klv ªÒ�|�s ∀ I1 ⊂ I s

I1 ∈ FI
«s pv hvvq o¨ l�¨p o�go o�v wmvxvhji logol ¨w I kl j¨mmvjori mvomkv�vq logmokh� wm¨y EDCI ∪

BDCI
� �h gqqkok¨h s kol j¨h� hjok�v lnn¨mo ylo u v v�gjori j¨ynovq kw ko kl wmvxvho � �p¨ jglvl �g�v

o¨ uv qklokh�kl�vq �
�� �w I 9: ;<=>? =@A s o�vh kol qkl� hjok�v lnn¨mo p krr u v j¨mmvjori qvmk�vq o�ghtl o¨ �vyyg � ª�� �

ng�v ���«� �hqvvq s I kl vko�vm g wmvxvho vllvhokgr kovy lvo ghq kol jr¨lmv kl kh EDCI s ¨m vhj¨y �
ngllvq uvopvvh g wmvxvho vllvhokgr kovy lvo ghq kol jr¨lmv s ¨u�k¨lri o�v rgoovm u vr¨h�kh� o¨ EDCI

�
µhjv kol qkl� hjok�v lnn¨mo qvmk�vq s o�v j¨ynogok¨h ¨w o�v j¨h� hjok�v lnn¨mo uvj¨y vl o�vh
lomgk��ow¨mpgmq o�ghtl o¨ gh khjrlk¨h�v�jrlk¨h kqvhokoi�

� � �w I 9: 9@ ;<=>? =@A s o�vh op¨ jglvl gmklv �Þgß �w
I BC D E F G@ = ::=@A 9GH 9A =I :=A s o�vh ko kl j¨hogkhvq kh o�v qkl� hjok�v jr¨lmv ¨w ¨hv ¨wkol lulvol � �i �in¨o�vlkl s o�kl rgoovm kl wmvxvho ghq �vhjv kol jr¨lmv u vr¨h�l o¨ EDCI

� Õ rl¨kh o�kl jglv s o�v qkl� hjok�v lnn¨mo ¨w I pkrr uv j¨mmvjori qvmk�vq ghq �vhjv kol j¨h� hjok�vlnn¨mo � �i j¨yngmkh� o�v j¨h�hjok�v lnn¨mo ¨w I pko� Ñ Ò¢¤�§§ s pv �vo o�v khw¨mygok¨ho�go
I
kl khwmvxvho �Þu ß �w

I BC G@ = ::=@A 9GH 9A =I :=A s o�vh hvjvllgmkri I ∈ Bd−
ª
FEI

«
∩ EI

� �vo
hs uv o�v

ly grrvlo qkl� hjok�v jr¨lvq kovy lvo kh
EDCI

j¨hogkhkh� I � �w
hs q¨vl h¨o v�klo o�vh

I
kl

kyyvqkgovri �vllvq o¨ uv khwmvxvho ªo�ghtl o¨ �vyyg �«� µo�vmp klv s wm¨y ³¨myrg ª�« ¨w�vyyg �s pv �g�v �
w�§§ ªI « r∑

∅⊂I1⊆I

ªJ1«|I1|−1w�§§ ª ∨ I1 « r ªJ1«|I|−1w�§§ ª∨ I « K∑

∅⊂I1⊂I

ªJ1«|I1|−1w�§§ ª∨ I1 « �
±vhjv s gjj¨mqkh� o¨ o�v lk�v ¨w I pv �g�v �
k � �w

|I| 9: =L =@ s o�vh w�§§ ªI « r
−w�§§ ª ∨ I « K ∑

∅⊂I1⊂I

ªJ1«|I1|−1w�§§ ª ∨ I1 « < ÑÒ¢¤�§§ªlkhjv
I
kl khwmvxvho «� Ðkhjv

I ⊂ hs s pv �g�v w�§§ ª ∨ I
«
≤ w�§§ ª ∨ hs

«� ±vhjv s
−w�§§ ª∨hs

«
+

∑

∅⊂I1⊂I

ªJ1«|I1|−1w�§§ ª∨ I1 « ≤ −w�§§ ª∨I « +
∑

∅⊂I1⊂I

ªJ1«|I1|−1w�§§ ª∨ I1 «
<

ÑÒ¢¤�§§ � ��kl khvxgrkoi n¨khol ¨o o�go v�vh kw
hs

kl h¨o hvjvllgmkri o�v qkl� hjok�vjr¨lmv ¨w I s pv jgh qvovjo o�go I kl khwmvxvho �
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kk � �w
|I| 9: MNN s o�vh ui gnnrikh� o�v lgy v nm¨ jvll gl w¨m o�v nmv�k¨l jglv s pv gmv h¨o gu rvo¨ qvovjo kh grr o�v jglvl o�v wmvxvhji logol ¨w I � �hqvvq s kh o�kl jglv s ªJ1«|I|−1w�§§ ª∨I «kl g n¨lkok�v xghokoi ghq h¨o g hv�gok�v ¨hv gl kh o�v jglv p�vmv |I| kl v�vh � ±vhjv s kw hskl h¨o o�v j¨mmvjo jr¨lmv ¨w I s o�vh hªI « �gl grr kol vllvhokgr kovy lvol khwmvxvho � �o o�vh

uvr¨h�l o¨ BDCI
ª�� � � v©hkok¨h �� « ghq kol gqqkok¨h o¨ o�v mvnmvlvhogok¨h kl hvjvllgmio¨ vhlmv o�v j¨mmvjo qvovjok¨h ¨w o�v logol ¨w I �

��l s o�v lvo EDCI ∪ BDCI
kl gh v�gjo j¨hjklv mvnmvlvhogok¨h ¨w FI

�
♦

��v nm¨¨w ¨w ��v¨mvy �ô jgh vglkri uv omghlw¨my vq o¨ g hgk�v gr�¨mko�y w¨m qvmk� kh� wmvxvho kovy lvol ghqo�vkm gll¨ jkgovq lnn¨mol logmokh� wm¨y ¨m mvnmvlvhogok¨h � �h o�v mvygkhqvm s o�v j¨hjklv mvnmvlvhogok¨h
EDCI ∪ BDCI

pkrr uv qvh¨ovq O�×PsQrep �
Õjj¨mqkh� o¨ �vyyg � ª�� � ng�v ���«s pv jgh wmo�vm mvqjv o�v jgmqkhgrkoi ¨w o�v ¨uogkhvq mvnmv�lvhogok¨h � ��kl kl jgmmkvq ¨o ui ¨hri mvogkhkh� s kh o�v lvo

BDCI s vgj� jr¨lmv h¨o grmvgqi uvr¨h�kh�o¨ EDCI
p�kj� kl j¨�vmvq ui go rvglo g qkl� hjok�v jr¨lvq kovy lvo wm¨y EDCI

� ±vmvgwovm s o�v mvlrokh�lulvo ¨w BDCI
gwovm o�kl nmhkh� p krr u v qvh¨ovq ADCI s R ghq kl w¨my grri khom¨qjvq ui o�v w¨rr¨p kh�

qv©hkok¨h �
� ã�ëìçìáë �� ��'% (� nll'l l� !"#$%�&' $©( 'l �%'j  '% )
/¦ | ¤|} ADCI

Ò¤  |p ¢|  ~¤ � Ô� �Ô°¤ 6 ADCI + M
I ∈ BDCI |

ª
I /∈ EDCI

« ~¢  ª
∃ I ′ ∈ EDCI ¤ �}� I ⊂

I ′
«O �

�¨o� lvol
EDCI

ghq ADCI
gmv o�l |¢¤�¥|  }Ô -|  Ò¤¡ ÔÒ¢} ªÒ�|�s EDCI ∩ ADCI

r
∅
«� �hqvvq s vgj�jr¨lmv ¨w EDCI

�gl ~} �|~¤} g � ¥|��|¢} vllvhokgr kovy lvo gl g lvvq s p�krv ~� � o�v vllvhokgr kovy lvol ¨w gjr¨lmv uvr¨h�kh� o¨ ADCI
gmv Ò¢� ¥|��|¢}� ��v hv�o o�v¨mvy logovl o�v j¨mmvjohvll ¨w o�v mvnmvlvhogok¨h

EDCI ∪ ADCI
�

Çéãáâãà i} /¦ | ¤|} EDCI ∪ ADCI Ô�  Ò¤¡ �¢ �}Ò£| ��Ô¤|  Ò}|Ñ ¤|}¤, ~¤¤Ô�Ò~}|  }Ô }¦ |Ò¥ ¥|¤§ |�}Ò£|  Ò¤È¡ �¢�}Ò£| ¤�§§ Ô¥}¤, Ò¤ ~¢ |. ~�} �Ô¢�Ò¤| ¥|§ ¥|¤|¢}~}ÒÔ¢ Ô� }¦ | ¤|} FI Ô� � ¥|��|¢} Ò}|Ñ¤|}¤ �
� ¥ÔÔ� � ��v nm¨¨w kl uglvq ¨h o�go ¨w ��v¨mvy �ô ghq ¨h �vyyg � � �hqvvq s kw gh kovy lvo

I
kl h¨o j¨�vmvq

ui ghi vrvy vho ¨w EDCI s o�vh pv jgh qkmvjori gllvmo o�go I kl khwmvxvho ª�� � �vyyg �«� ��vmvw¨mv so�ghtl o¨ o�v v�ovhlk�koi nm¨n vmoi ¨w ghi jr¨lmv ¨nvmgo¨m s hªI « jghh¨o u v luly vq ui ghi vrvy vho ¨w
EDCI

� ��l s ko jgh uv nmhvq wm¨y BDCI
p�krv vhlmkh� o�v j¨mmvjohvll ¨w o�v mv�vhvmgok¨h y vj�g�

hkly ª�� � nm¨¨w ¨w ��v¨mvy �ô «� ��v lvo EDCI ∪ ADCI
kl o�vh gh v�gjo j¨hjklv mvnmvlvhogok¨h ¨w FI

�
♦

�h o�v mvy gkhqvm s o�v j¨hjklv mvnmvlvhogok¨h EDCI ∪ ADCI
pkrr u v qvh¨ovq �×PsQrep �

� �¼ �¼ 	�Á����	 �Â ��� z���	�S À���	���Á����	
�h gqqkok¨h o¨ o�v v�gjo mvomkv�gr ¨w wmvxvho kovy lvol gl pvrr gl o�vkm qk²vmvho tkhql ¨w lnn¨mo s o�v
nm¨n¨lvq j¨hjklv mvnmvlvhogok¨hl nmvlvho lv�vmgr khovmvlokh� nm¨n vmokvl �T ������ ��� U ���� $  �% ��&� '� ( !���� )��* ���� V



´ðð · ¸¹º »¼½¾¸¿À ÁÂA¹»ÄÀ Å¼Æ Ç¹¹A ½¸Å¾ÀÆ ÈÀÉÄÀ¹À¼¾Å¾¸A¼¹ A Ê ËÄÀÌ»À¼¾ Í¾ÀÎ ¹À¾¹

Ç ï ÁÅ¹À A Ê ¾�À W X Y
sZrep ÈÀÉÄÀ¹À¼¾Å¾¸A¼

��v �×PsQrep mvnmvlvhogok¨h ¨²vml o�v w¨ rr¨p kh� y gkh gq�ghog�vl �
�� [ áà áêãëãìçí \ ��v �×PsQrep lvo ¨�vmj¨y vl o�v �vovm¨�vhvkoi nm¨urvy lkhjv ko ¨hri kh�¨r�vl

qkl� hjok�v kovy lvol ª£¤�s w¨m v�gynrv s FEI ∪ Bd+
ª
FI

««� �ol vrvy vhol �g�v o�v lgyv lomjomgr
nm¨n vmokvl � �hqvvq s o�vi gmv o�v o¨n vrvy vhol ¨w o�vkm gll¨jkgovq vxk�grvhjv jrgllvl p ko�kh o�v
qkl� hjok�v lvgmj� lngjv � ��kl vhlmvl o�v �¨y¨�vhvkoi ¨w o�v mvnmvlvhogok¨h lkhjv grr kol vrvy vhol
gmv grl¨ nm¨�kqvq p ko� o�v lgyv oinv ¨w lnn¨mo s Ò�|�s o�v qkl� hjok�v lnn¨mo �

� � ] ã^ _ë^æëäí `âãã \ �vqhqghji kl qv o¨ o�v wgjo o�go g lvo ¨w qkl� hjok�v kovy lvol jgh j�gmgj�ovmk�v o�v lgy v lvo ¨w ¨u� vjol � ��kl kl g�¨kqvq kh ¨m jglv lkhjv lj� g lvo kl lkynri mvnmvlvhovq uig hkxv qkl� hjok�v jr¨lvq kovy lvo s o�ghtl o¨ o�v nm¨n¨lvq qkl� hjok�v jr¨lmv ¨n vmgo¨m �
� � aàæ DD |ìbã \

EDCI
kl o�v ly grrvlo lvo o�go j¨hjklvri mvnmvlvhol o�v vx k�grvhjv jrgllvl j¨hogkhkh�go rvglo g wmvxvho kovy lvo s lkhjv ¨hri g hkxv vrvy vho kl y gkhogkhvq nvm jrgll � �h gqqkok¨h s o�vlk�v ¨w ADCI

kl v�n vjovq o¨ u v �vmi ly grr j¨yngmvq o¨ Bd+
ª
FI

« s lkhjv kol vrvyvhol ylo wr© rry ghi vgli�o¨�j�vjt j¨hlomgkhol � ��kl p krr u v j¨h©my vq ui v�nvmky vhol p�vmv �×PsQrep kl l�¨pho¨ nm¨�kqv �vmi khovmvlokh� j¨yngjohvll mgovl �ô � �ác âãêãëãâæçìáë äá|ç \ �o kl p¨mo� y vhok¨hkh� o�go ¨m j¨hjklv mvnmvlvhogok¨h grr¨p l mvomkv�kh�o�v j¨h�hjok�v lnn¨mo wglovm o�gh wm¨y wmvxvho h¨h�qvmk�gurv kovy lvol � �hqvvq s w¨m gh kovy lvo
I ¨w lk�v n s o�v mvomkv�gr nm¨ jvll ¨w w�§§ ªI « wm¨y o�kl mvnmvlvhogok¨h mvxkmvl o�v j¨lori v�grgok¨h
¨w 2n qvqjok¨h mrvl uglvq ¨h �¨hwvmm¨hk�khvxgrkokvl zf kvrkt�khvh |} ~��s ����� � ��v j¨ynogok¨hj¨lo w¨m khwvmmkh� lnn¨mol kl o�vh gpw rri �k�� p�kj� y gtvl o� kl mvnmvlvhogok¨h h¨o �vmi vgli o¨ lvz� k |} ~��s ���� s f kvrkt�khvh |} ~��s ���� � � ó¨ov grl¨ o�go ogtkh� jr¨lmvl ¨w wmvxvho h¨h�qvmk�gu rvkovy lvol o¨ ¨uogkh o�v jr¨lvq h¨h�qvmk�gurv mvnmvlvhogok¨h j¨ynrkjgovl u¨o� o�v v�omgjok¨h nm¨ jvll
¨w o� kl rgoovm s gl pvrr gl o�v mv�vhvmgok¨h nm¨ jvll ¨w wmvxvho kovy lvol � µh kol lkqv s o�v wmvxvho jr¨lvqkovy lvo�uglvq mvnmvlvhogok¨h z{glxkvm |} ~��s ����u � grr¨p l mvomkv�kh� o�v j¨h�hjok�v lnn¨mo ¨w I
ui lvgmj�kh� w¨m o�v ly grrvlo jr¨lmv j¨hogkhkh� ko � ±¨pv�vm s ko q¨vl h¨o grr¨p o�v lomgk��ow¨mpgmq
qvmk�gok¨h ¨w kol qkl� hjok�v ghq hv�gok�v lnn¨mol � Ö �krv o�v mvomkv�gr ¨w w�§§ ªI « wm¨y ¨m j¨hjklv
mvnmvlvhogok¨h ¨hri hvvql o¨ v�grgov g hkxv khjrlk¨h�v�jrlk¨h kqvhokoi� f¨mv¨�vm s � k�vh go
�ghq w�§§ ªI1 « lj� o�go

I1
kl gh kyyvqkgov lulvo ¨w I ghq I\I1 r

i s pv jgh lomgk��ow¨mpgmqri
qvqjv o�v lnn¨mo ¨w I � �hqvvq s ko qvmk�vl wm¨y ³¨myrg ª�« kh �vyyg � o�go �

w�§§ ªI « r w�§§ ªI1 « K ∑

i⊆I2⊆I

ªJ1«|I2| � � w�§§ ª ∨ I2 «

��v mv�vhvmgok¨h nm¨ jvll jgh grl¨ u v wmo�vm ¨noky k�vq gl w¨rr¨p l � �vo l lnn¨lv o�go o�v ly grr�vlo jr¨lmv j¨�vmkh� gh kovy lvo
I uvr¨h�l o¨ ADCI

� Ðkhjv o�kl rgoovm lvo �go�vml jr¨lmvl p�¨lvgll¨ jkgovq vxk�grvhjv jrgllvl ¨hri j¨hogkh khwmvxvho kovy lvo s o�v kovy lvo
I
kl �vhjv hvjvllgmkrikhwmvxvho � ��l s pv q¨ h¨o hvvq o¨ j¨ynov kol j¨h� hjok�v lnn¨mo � óv�vmo�vrvll s w¨m o�v lgtv

¨w �¨y¨�vhvkois o�v jr¨lmvl uvr¨h�kh� o¨ EDCI
ghq o�¨lv u vr¨h�kh� o¨ ADCI

pvmv khjrqvq kh
�×PsQrep pko�¨o qklokh� kl�kh� o�vkm y vyuvml�kn ��h o� kl lkogok¨h s g l¨rok¨h kl o¨ gllk�h g j¨yy¨h lnn¨mo w¨m o�v jr¨lmvl uvr¨h�kh� o¨ ADCI s w¨mv�gynrv 0 s qmkh� o�v y khkh� nm¨ jvll � ��v j�¨kjv ¨w o�kl �grv kl khovmvlokh� lkhjv g qkl� hjok�v
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lnn¨mo jghh¨o uv vxgr o¨ 0 s p�go grr¨p l qklokh�kl�kh� o�v y vyuvml�kn ¨w g jr¨lmv � �hqvvq s kwkol lnn¨mo kl qk²vmvho wm¨y 0 s o�vh ko uvr¨h�l o¨ EDCI
� µo�vmp klv s ko u vr¨h�l o¨ ADCI

� ��kl grl¨
q¨vl h¨o g²vjo o�v j¨mmvjohvll ¨w o�v mv�vhvmgok¨h nm¨ jvll lkhjv o�v gll¨ jkgovq lnn¨mol ¨w jr¨lmvl
u vr¨h�kh� o¨ ADCI

pkrr h¨o u v lvq w¨m j¨ynokh� j¨h�hjok�v lnn¨mol � ��vi p krr ¨hri vhlmvj�vjtkh� p�vo�vm gh kovy lvo kl khwmvxvho p�vh o�v ly grrvlo jr¨lmv j¨�vmkh� ko �gl g lnn¨mo vxgro¨ 0
� �¨hlvxvhoris o�kl l¨rok¨h grr¨p l o¨ g�¨kq o�v j¨ynogok¨h ¨w kol j¨h� hjok�v lnn¨mo lkhjvvhlmvq o¨ u v khwmvxvho � ��kl kl jgmmkvq ¨o p ko�¨o g²vjokh� o�v �¨y¨�vhvkoi ¨w o�v nm¨n¨lvq

mvnmvlvhogok¨h �
/ ï ÁÅ¹À A Ê ¾�À

DSSR
ÈÀÉÄÀ¹À¼¾Å¾¸A¼

�h gqqkok¨h o¨ l¨y v j¨yy¨h nm¨nvmokvl p ko� o�v �×PsQrep mvnmvlvhogok¨h s o�v DSSR mvnmvlvhogok¨hª�� � ng�v ��� « nmvlvhol o�v w¨ rr¨p kh� khovmvlokh� wvgomvl �
�� açâ_äç_âæ D äéæâæäçãâìbæçìáë á ` ^ ì|n _ëäçìoã ãp_ ìoæ Dãëäã ä Dæ||ã| \ ��kl kl jgmmkvq ¨o o�ghtlo¨ o�v vrvy vhol j¨hogkhvq kh o�kl mvnmvlvhogok¨h s hgy vri vllvhokgr kovy lvol ghq o�vkm qkl� hjok�vjr¨lmvl � ��kl grl¨ vhlmvl o�v éáàáêãëãìçí ¨w o�v mvnmvlvhogok¨h ° �¥�}� o�v v�nr¨mvq lvgmj�lngjv �
� � �ác âãêãëãâæçìáë äá|ç \ �h o�kl mvlnvjo s ko ¨²vml o�v lgy v gq�ghog�v gl o�v �×PsQrep mvnmvlvh�ogok¨h ªlvv gu¨�v «�
� � qåçìà ìbã^ |çáâæêã \ ��kl mvnmvlvhogok¨h jgh uv lo¨mvq kh g �vmi j¨yngjo pgi ghq p ko�¨okhw¨my gok¨h r¨ll � ��kl kl jgmmkvq ¨o gl w¨rr¨p l � DSSR

r r ª
e s f\e s w�§§ ª∨e«« | e ∈ FEI

ghq fr
h
ª
e
«
∈ EDCI ´ � ègj� qkl� hjok�v jr¨lvq ngoovmh s rktv f s kl o�vh lkynri qvmk�gurv ui �vookh� o�v

hk¨h uvopvvh e ghq f\e �
õ ]s t ¦ü u v w x y z {| } ~ � ¥�þbea¦�
�h o� kl lvjok¨h s pv khom¨qjv g hvp gr�¨mko�y s jgrrvq �×�ØÙ� ÚÛÜÝ s � qvqkjgovq o¨ o�v v�omgjok¨h ¨wo�v qkl� hjok�v jr¨lvq kovy lvo�uglvq mvnmvlvhogok¨hl s hgy vri O�×PsQrep ghq �×PsQrep � ó¨ov o�go glrk��o y¨qk©jgok¨h ¨w o�kl gr�¨mko�y ygtvl ko n¨llkurv y khkh� o�v

DSSR mvnmvlvhogok¨h � �hqvvq s o�klgr�¨mko�y p krr u v l�¨ph o¨ v�omgjo u¨o� lvol j¨yn¨lkh� DSSR s hgy vri EDCI
ghq FEI

� �o kl �vhjv
l¬ jkvho o¨ ¨y ko o�v v�omgjok¨h ¨w u¨o� lvol

ADCI
ghq BDCI

�
� �� �� ��	
������
��v qkl� hjok�v jr¨lvq kovy lvol j¨yn¨lkh� u¨o� mvnmvlvhogok¨hl �g�v s w¨m gll¨ jkgovq lvvql s o�v lvo FEI

¨w wmvxvho vllvhokgr kovy lvol ghq g lulvo ¨w o�v khwmvxvho ngmo ¨w o�v gll¨ jkgovq hv�gok�v u¨mqvm ��hovmvlokh�ris o�vlv rgoovm lvvql w¨my g q¨phpgmq jr¨lvq lvo � ��l s g rv�vrp klv omg�vmlgr ¨w o�v lvgmj�lngjv kl khqkjgovq w¨m r¨ jgrk�kh� o�vy p ko�¨o ¨�vm�vgq ° �¥�}� o�¨lv ¨w o�v hv�gok�v u¨mqvm zf ghhkrg ghq
�¨k�¨hvh s ����� � �hqvvq s o�v hv�gok�v u¨mqvm j¨hlklol ¨w v�gjori o�¨lv kovy lvol p�kj� s ¨h o�v uglkl ¨w
¨o�vm khw¨my gok¨h s j¨rq u v wmvxvho vllvhokgr s ghq ¨h p�kj� o�v j¨hlomgkho �o¨ uv wmvxvho vllvhokgr��� � � � �� ����  � ��� �&����* �� $  �% ��&� '� ( !���� � ������"#���� ����������� �� �  ��� V
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l�¨rq o�vmvw¨mv u v j�vjtvq � ��v �×�ØÙ� ÚÛÜÝ gr�¨mko�y kl o�l qvlk�hvq o¨ gq¨no lj� g omg�vmlgrovj�h kxv w¨m r¨ jgrk�kh� o�v mvxkmvq lvvql � µhjv r¨ jgovq s o�vkm qkl� hjok�v jr¨lmv p krr u v v¬ jkvhori
qvmk�vq gl v�nrgkhvq �vmvgwovm � �h o�kl mvlnvjo s o�v j¨ynogok¨h ¨w o�v qkl� hjok�v jr¨lmvl ¨w vxgr�lk�vkovy lvol jgh uv nvmw¨my vq lkh� g hkxv ngll ¨�vm o�v v�omgjok¨h j¨hov�o �Õjj¨mqkh� o¨ � v©hkok¨h �� ª�� � ng�v ��� «s g hgk�v y vo�¨q w¨m ¨uogkhkh� o�v jr¨lmv ¨w I kl o¨ g�yvho ko
ui o�v kovy l y gkhogkhkh� kol qkl� hjok�v lnn¨mo hj�gh�vq � ±¨pv�vm s o� kl mvxkmvl th¨p kh� uvw¨mv�ghqo�v qkl� hjok�v lnn¨mo ¨w ªI ∪ {i}

« w¨m vgj� kovy
i ∈ I\I s p�kj� jgh uv �vmi j¨lori� �h o�kl lkogok¨h s�×�ØÙ� ÚÛÜÝ mvrkvl ¨h gh v¬ jkvho yvo�¨q uglvq ¨h gh v�nr¨kogok¨h ¨w o�v j¨ynrvy vhogmi ¨w gh kovy lvo

° �¥�}� o�v lvo ¨w kovy l ¨w o�v j¨hov�o � �hqvvq s o�v qkl� hjok�v jr¨lmv hªI « ¨w gh kovy lvo
I
kl o�v y g�kygrlvo ¨w kovy l o�go Ô¢ �H gnnvgm kh o�v omghlgjok¨hl �g�kh� go rvglo gh kovy ¨w I ª�� � �v©hkok¨h � �s ��� «�±vhjv s pv ©mlori j¨ynov o�v lvo hªI « ¨w kovy l o�go gnnvgm kh o�v ¨u� vjol o�go q¨vl h¨o j¨hogkh ghi kovy

¨w gh vllvhokgr kovy lvo
I
� ��vh s ui v�grgokh� o�v lvo

I\h
ª
I
«s pv lkynri ¨uogkh hªI «�

BCæàå Dã } tÔ¢¤Ò |¥ }¦ | |. }¥~�}ÒÔ¢ �Ô¢}|. } Ó Ò£|¢ -H /~-�| I�J ª�� � § ~Ó | JJ3« � *|} �¤ �ÔÑ§ � }| }¦ | Ò¤¡ �¢�}Ò£| ��Ô¤�¥| Ô� }¦ | |¤¤|¢}Ò~� Ò}|Ñ¤|} S T� /¦ | Ò}|Ñ ° ~§§ |~¥¤ Ò¢ ~ }¥~¢¤~�}ÒÔ¢ }¦ ~}  Ô|¤ ¢Ô} �Ô¢}~Ò¢
¢|Ò}¦ |¥ S ¢Ô¥ T ª�� � }¥~¢¤~�}ÒÔ¢ 1, � Ô¥ |. ~Ñ§ �| « � G } Ò¤ }¦ | ¤~Ñ | � Ô¥ }¦ | Ò}|Ñ U ª�� � }¥~¢¤~�}ÒÔ¢ 4, � Ô¥
|. ~Ñ§ �| « � /¦ |¢ , hªS T« + °U � tÔ¢¤|��|¢}�H, hªS T« + I\h

ªS T« + °S TU\°U + S T�
�i qv©hkok¨h s vllvhokgr kovy lvol gmv o�v y khky gr vrvy vhol kh o�v gll¨jkgovq qkl� hjok�v vx k�grvhjvjrgllvl ª�� � � v©hkok¨h �� s ng�v ��«� ��vmvw¨mv s o�vi gmv o�v ©mlo vrvy vhol wm¨y p�kj� o�v qkl� hjok�vjr¨lmvl gmv j¨ynovq p�vhv�vm g rv�vrp klv omg�vmlgr ¨w o�v lvgmj� lngjv kl gq¨novq � �grris o�v qkl�� hjok�v jr¨lmvl jgh uv lvq o¨ v¬ jkvhori qvovjo vllvhokgr kovy lvol � �hqvvq s gh vllvhokgr kovy lvo yloh¨o u v j¨�vmvq ui o�v jr¨lmv ¨w ¨hv ¨w kol kyyvqkgov lulvol ª�� � {m¨n¨lkok¨h ô� s ng�v ���«� ��kl hvpj�gmgjovmk�gok¨h ¨w vllvhokgr kovy lvol s gq¨novq ui �×�ØÙ� ÚÛÜÝ s grr¨p l o�v qvovjok¨h ¨w vllvhokgr kovy �

lvol p ko�¨o j¨ynokh� o�vkm qkl� hjok�v lnn¨mol � �hqvvq s pv ¨hri hvvq o¨ �g�v go �ghq o�v qkl� hjok�vjr¨lmvl ¨w o�v kyyvqkgov lulvol ¨w gh kovy lvo o¨ �vll p�vo�vm ko kl vllvhokgr ¨m h¨o �
��v nlvq¨�j¨qv ¨w �×�ØÙ� ÚÛÜÝ kl qvnkjovq ui Õr�¨mko�y � s p�krv �gurv � �� lyygmk�vl o�v

gll¨ jkgovq h¨ogok¨hl � ��v y kh kh� ¨w o�v qkl� hjok�v jr¨lmvl ¨w EDCI
ghq BDCI s gll¨ jkgovq o¨ o�vkmlnn¨mol s kl jgmmkvq ¨o ui yvghl ¨w o�v ×�� ���ÜÙ�����Ý� �Ù×�� ��ÝÜ� nm¨ jvqmv ª�� � rkhv ô kh

Õ r�¨mko�y � «� ��v nlvq¨�j¨qv ¨w o�kl nm¨ jvqmv kl �k�vh ui Õ r�¨mko�y � � ��ghtl o¨ ¨hv ngll ¨�vm o�vv�omgjok¨h j¨hov�o s o�kl nm¨ jvqmv j¨ynovl o�v j¨h� hjok�v ghq qkl� hjok�v lnn¨mol ¨w i�jghqkqgovl glpvrr gl o�v j¨ynrvy vhogmis ° �¥ �}� o�v lvo ¨w kovy l
I s ¨w o�vkm gll¨ jkgovq qkl� hjok�v jr¨lvq kovy lvol � ��vh sko qvqjvl o�v qkl� hjok�v jr¨lmvl ¨w wmvxvho jghqkqgovl wm¨y o�vkm j¨ynrvy vhogmi ghq khlvmol o�vy kh

EDCI
ª�� � rkhv �� kh Õr�¨mko�y � «� Ö �krv o�v qkl� hjok�v jr¨lmvl ¨w ¨qq�lk�vq khwmvxvho kovy lvol gmvgqqvq o¨ BDCI

ª�� � rkhv �� «�
��v �vhvmgok¨h ¨w ª

i
K

1
«�jghqkqgovl kl n vmw¨my vq ui o�v � �ÝÚ�ÝÚJ �ÜÛ nm¨jvqmv zÕ�mgpgr ghqÐmktgho s ���ô � s gnnrkvq ¨h o�v mvogkhvq i�wmvxvho vllvhokgr kovy lvol ª�� � rkhv � kh Õ r�¨mko�y � «� ��vhv�o khlomjok¨h ª�� � rkhv � « vhlmvl o�go vgj� vrvyvho ¨w C �i+1� �gl grr kol kyyvqkgov lulvol gl wmvxvhovllvhokgr kovy lvol � ³¨m o�kl nmn¨lv s g jghqkqgov �g�kh� gh kyyvqkgov lulvo p�kj� kl h¨o g wmvxvhovllvhokgr kovy lvo kl p ko�qmgph � Ö �krv nmhkh� h¨h�vllvhokgr kovy lvol wm¨y C�i+1� kl n vmw¨myvq o�ghtl o¨o�v j�gmgjovmk�gok¨h ¨w vllvhokgr kovy lvol  lkh� qkl� hjok�v jr¨lmvl � �hqvvq s { m¨n¨lkok¨h ô� grr¨p l o�v

nmhkh� ¨w g jghqkqgov p�kj� kl khjrqvq kh o�v qkl� hjok�v jr¨lmv ¨w ¨hv ¨w kol kyyvqkgov lulvol s lkhjv
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�A¾Å¾¸A¼ ·À¹½Ä¸É¾¸A¼
Ci

~ ¡¢£ ¤
Li � ` ¥\d h¦ f[bûgû[d\ ~ ¡¢£ ¤ ¦e\§ù\bd� \üü\bdg[¨ gd\© ü\dü h¦ ügª\ i ^

Xi ` «d\© ü\d h¦ ügª\ i ^
Xi.h ` ¬ güý ùbfdgþ\ f¨hüùe\ h¦ Xi ^
Xi.h ` h©ÿ ¨\© \bd[e� h¦ Xi.h ® ¤ ¤¯¤

I
~° ¤¡¤±

Xi.h � I \ Xi.h� ^
Xi.Conj² ³ ´££ ~ ¡¢£ ¤

Xi.Disj²Supp� ` hbýùbfdgþ\ ~ ¡¢£ ¤ ûgüýùbfdgþ\ � üùÿÿhed h¦ Xi ^
Z[µ¨\ ] ^� ` ¶hd[dghbü ùü\û µ� dú\ · ¸ ¹ º »¼ ½¾ ¿À [¨Áhegdú© ^

ÇÂmÂÄ¸¾�Î ¶ ` · ¸ ¹ º »¼ ½¾ ¿ÀÍ¼É»¾ ` Ã ab \cde[fdghb fhbd\cd K ± [bû dú\ © gb g©ù© dúe\üúh ¨û h¦ üùÿÿ hed Ä °Å¢´££ ^ñ»¾É»¾ ` Ã Zú\ \c[fd fhbfgü\ e\ÿe\ü\bd[dghb · ¸ Æs²rep � EDCI ∪ ADCI ^/Àm ¸¼Ç
EDCI `� È ~∅ ±

|O|�É Ê BDCI `� ∅ Ê i `� 1 Ê C1 `� I ÊË Ì � ¸ÂÀ ~
Ci 6= ∅� · ÂÍ

¸ Î Ï ÐÑÒ ¿ » ÓÑ ÐÐÎ ÀÒ Ô » ¸ ÕÎ ÔÑ À ¿Ô ~K ± Ä °Å¢´££ ±
Ci

±
Li

±
EDCI

±
BDCI � ÊÖ

C ×i+1Ø `� Ù ÐÀ ½Î À ½Ú Û ¿¾ ~
Li � ÊÜ

C ×i+1Ø `� ÈX×i+1Ø ∈ C×i+1Ø | ∀ Yi ⊂ X×i+1Ø ±
Yi ∈ Li

[bû X×i+1Ø * Yi.hÉ ÊÝ
i `� i + 1 ÊÞ

ADCI `� ÈX ∈ BDCI |
~
X /∈ EDCI � [bû ~

∃ Y ∈ EDCI
±
X ⊂ Y �É Êß

ÈÀ¾»Ä¼ · ¸ Æsàrepáâ ã¼ÆÇä

ko kl hvjvllgmkri h¨o gh vllvhokgr kovy lvo �
³ khgrris o�v lvo ADCI

kl qvmk�vq wm¨y u¨o� lvol
BDCI

ghq EDCI s gl l�¨ph ui rkhv � kh Õ r�¨mko�y � �
BCæàå Dã � tÔ¢¤Ò |¥ }¦ | �Ô¢}|. }  |§ Ò�}|  -H /~-�| I �J ~¢  �|} Ñ Ò¢¤�§§ + 1 � L Ò¥¤}, �×�ØÙ� ÚÛÜÝÒ¢Ò}Ò~�Ò6 |¤ EDCI }Ô }¦ | �Ô�§ �| M ª

∅, R «O ~  |  }Ô |¢¤�¥| }¦ | |. ~�} ¥|Ó |¢|¥~}ÒÔ¢ Ô� }¦ | |Ñ§ }H ¤|} �Ô¢¡ �¢�}Ò£|
¤�§§ Ô¥}, °¦ Ò�| BDCI , i ~¢  C1 ~¥| ¥|¤§ |�}Ò£|�H ¤|} }Ô ∅ , 1 ~¢  I � /¦ |¢ , Ò} Ò}|¥~}|¤ Ô£|¥ }¦ | �Ô¢}|. } }Ô
�ÔÑ§ � }| }¦ | �Ô¢¡ �¢ �}Ò£| ~¢   Ò¤¡ �¢ �}Ò£| ¤�§§ Ô¥}¤ ~¤ ° |� � ~¤  Ò¤¡ �¢ �}Ò£| ��Ô¤�¥|¤ Ô� 1È|¤¤|¢}Ò~� �~¢ Ò ~}|¤,
2È|¤¤|¢}Ò~� �~¢ Ò ~}|¤, ~¢  ¤Ô Ô¢ � /¦ | Ò}|¥~}ÒÔ¢ § ¥Ô�|¤¤ ¤}Ô§ ¤ °¦ |¢|£|¥ }¦ | �~¢ Ò ~}| ¤|} Ò¤ � Ô�¢  }Ô -|
|Ñ§ }H �G¢Ò}Ò~� �H, �×�ØÙ� ÚÛÜÝ �Ô¢¤Ò |¥¤ }¦ | ¤|} C1 Ô� 1È|¤¤|¢}Ò~� �~¢ Ò ~}|¤ � LÔ¥ }¦ |¤| Ò}|Ñ¤|}¤, }¦ | �Ô¢È¡ �¢�}Ò£| ~¢   Ò¤¡ �¢ �}Ò£| ¤�§§ Ô¥}¤ ~¤ ° |� � ~¤ }¦ | �ÔÑ§ �|Ñ |¢}~¥H Ô� }¦ |Ò¥ ~¤¤Ô�Ò~}|   Ò¤¡ �¢ �}Ò£| ��Ô¤�¥|¤ ~¥|
�ÔÑ§ � }|  -H }¦ | ×�� ���ÜÙ�����Ý� �Ù×�� ��ÝÜ� § ¥Ô�| �¥| }¦ ~¢K¤ }Ô ~¢ ~��|¤¤ }Ô }¦ | �Ô¢}|. } � /¦ |
¥|¤� �} Ô� }¦ Ò¤ ~��|¤¤ Ò¤ ¤¦ Ô°¢ Ò¢ /~-�| I �P ª*|� } « � /¦ |¢ , }¦ Ò¤ § ¥Ô�| �¥| �Ô¢¤}¥��}¤ }¦ | ¤|} L1 �Ô¢}~Ò¢Ò¢Ó� ¥|��|¢} 1È|¤¤|¢}Ò~� Ò}|Ñ ¤|}¤ � G } ~�¤Ô  | ��|¤ }¦ |Ò¥ ��Ô¤�¥|¤ ¤}~¥}Ò¢Ó � ¥ÔÑ }¦ |Ò¥ ¥|¤§ |�}Ò£| �ÔÑ§ �|Ñ |¢}~¥H �
/¦ |¤| ��Ô¤�¥|¤ ° Ò� � -| Ò¢��� |  Ò¢ EDCI , ¤Ò¢�| ~� � Ò}|Ñ¤ ~¥| � ¥|��|¢}� /~-�| I �P ªå ÒÓ¦ } « ¤¦ Ô°¤ }¦ | ¥|¤� �}
Ô� }¦ Ò¤ ¤}|§ �



´ðî · ¸¹º »¼½¾¸¿À ÁÂÂ¹»ÄÀ Å¼Æ Ç¹¹Â ½¸Å¾ÀÆ ÈÀÉÄÀ¹À¼¾Å¾¸Â¼¹ Â Ê ËÄÀÌ»À¼¾ Í¾ÀÎ ¹À¾¹

Ç Âm ÂÄ¸¾�Î ò ` ¸ Î Ï Ð ÑÒ ¿ » ÓÑ ÐÐ Î ÀÒ Ô » ¸ ÕÎ ÔÑ À ¿ÔÍ¼É»¾ ` Ã a fhbd\cd K ± dú\ © gb g©ù© üùÿÿ hed dúe\üúh ¨û Ä °Å¢´££ ± [bû dú\ ü\d h¦f[bûgû[d\ \üü\bdg[¨ gd\© ü\dü Ci ^ñ»¾É»¾ ` Ã Zú\ ü\d h¦ ¦e\§ù\bd \üü\bdg[¨ gd\© ü\dü Li

± [bû dú\ ùÿ û[d\û ü\dü EDCI
[bû

BDCI ^/Àm ¸¼Ç
Li `� ∅ ÊË
ËÂÄãÅ½� ~

o ∈ O� · ÂÍ
ËÂÄãÅ½� ~

Xi ∈ Ci� · ÂÖ
Ω `� Xi ∩ I æ çI û\bhd\ü dú\ gd\© ü [üüh fg[d\û dh dú\ hµ ý \fd o ^çæ ÊÜ
ÍÊ ~

Ω = ∅� d�À¼Ý
Xi.h `� Xi.h ∪ I ÊÞ ã Â¹Àß
Xi.Disj²Supp `� Xi.Disj²Supp + 1 Êâ
ÍÊ ~

Ω = Xi � d�À¼Çä
Xi.Conj²Supp `� Xi.Conj²Supp + 1 ÊÇÇ

ËÂÄãÅ½� ~
Xi ∈ Ci � · ÂÇË

ÍÊ ~
Xi.ConjàSupp ≥ Ä °Å¢´££ � d�À¼ÇÍ
Li `� Li ∪ {Xi} ÊÇÖ
Xi.h `� I\Xi.h ÊÇÜ
EDCI `� EDCI ∪ {

~
Xi.h,Xi.Disj²Supp�} ÊÇÝ ã Â¹ÀÇÞ

ÍÊ ~
i

°¢ èéé� d�À¼Çß
Xi.h `� I\Xi.h ÊÇâ
BDCI `� BDCI ∪ {

~
Xi.h,Xi.Disj²Supp�} ÊËä

ã¼ÆË Ç

/¦�¤, L1 + C1 + {° , S , T, U} , EDCI + {
ª
∅, R « , ªS, P «, ªT, P «, ªU , P «, ª°S TU , R «} ~¢  BDCI

+ ∅ � /¦ |¢ , �×�ØÙ� ÚÛÜÝ Ó |¢|¥~}|¤ }¦ | ¤|} C2 Ô� }¦ | ¢|. } Ò}|¥~}ÒÔ¢ }¦ ~¢K¤ }Ô }¦ | � �ÝÚ�ÝÚJ �ÜÛ§ ¥Ô�| �¥|� �� }|¥ }¦ Ò¤ ¤}|§ , C2 + {°S , ° T, °U , S T, SU , TU} � G¢ Ô¥ |¥ }Ô Ô¢�H ¥|}~Ò¢ |¤¤|¢}Ò~� Ò}|Ñ ¤|}¤Ò¢ C2 , }¦ | Ò¢¤}¥��}ÒÔ¢ Ô� �Ò¢ | I Ò¤ |. |�� }|  }Ô § ¥�¢| }¦ | �~¢ Ò ~}|¤ Ò¢��� |  Ò¢ }¦ |  Ò¤¡ �¢�}Ò£| ��Ô¤�¥|
Ô� Ô¢| Ô� }¦ |Ò¥ ¥|¤§ |�}Ò£| ÒÑÑ | Ò~}| ¤�-¤|}¤ � /¦ | �~¢ Ò ~}|¤ °S , ° T ~¢  °U °Ò� � ¦ |¢�| -| § ¥�¢|  � ¥ÔÑ
C2 ¤Ò¢�| Ò¢ ��� |  Ò¢ }¦ | ��Ô¤�¥| Ô� ° , ¢~Ñ |�H °S TU � /¦ Ò¤ �~}}|¥ ¤|} Ò¤ }¦ |¢ ¥| ��|  }Ô {

S T, SU , TU} , ~¢ 
}¦ | ×�� ���ÜÙ���� �Ý� �Ù×����ÝÜ� § ¥Ô�| �¥| ° Ò� � }¦ |¢ ¦ ~¢  �| Ò}¤ |�|Ñ |¢}¤ � /¦ | ¥|¤� �} Ô� }¦ | ~��|¤¤
¤}|§ Ò¤ ¤¦ Ô°¢ Ò¢ /~-�| I�N ª*|� } « � �� }|¥ }¦ Ò¤ ¤}|§ , }¦ | �Ô¢¤}¥��}ÒÔ¢ Ô� }¦ | ¤|}¤ L2 , EDCI ~¢  BDCI

Ò¤§ |¥� Ô¥Ñ | � w Ò¢ �| }¦ | ¤Ò6 | Ô� }¦ |¤| �~¢ Ò ~}|¤ Ò¤ |£|¢ , }¦ | ¤|} BDCI ¥|Ñ ~Ò¢¤ �¢�¦ ~¢Ó | � 1 Ô° |£|¥, }¦ |
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¤|}¤ L2 ~¢  EDCI °Ò� � -| �§  ~}| � /¦ Ò¤ ¤}|§ Ò¤ ¤¦ Ô°¢ Ò¢ /~-�| I �N ªå ÒÓ¦ } « � /¦�¤, L2 + {
S T, SU , TU} �

/¦ | ¤|} EDCI
Ò¤ ~�ÓÑ |¢}|  -H

{
ªS T, Q «, ªSU , Q «, ªTU , Q «} �

�� }|¥ }¦ ~}, }¦ | � �ÝÚ�ÝÚJ �ÜÛ § ¥Ô�| �¥| Ò¤ �~� �|  Ò¢ Ô¥ |¥ }Ô Ó |¢|¥~}| }¦ | ¤|} C3 |��~� }Ô {
S TU} � w Ò¢�|S TU Ò¤ ¢Ô} Ò¢ ��� |  Ò¢ ~¢H ��Ô¤�¥| Ô� Ò}¤ ÒÑÑ | Ò~}| ¤�-¤|}¤, }¦ |¢ Ò} Ò¤ ~¢ |¤¤|¢}Ò~� Ò}|Ñ ¤|}� � }¦ Ò¥  ~��|¤¤

}Ô }¦ | �Ô¢}|. } Ò¤ }¦ |¢ ¥|�� Ò¥| � /¦ | ~��|¤¤ Ô� }§ � } Ò¤ Ó Ò£|¢ -H /~-�| I�Q � /¦ | ¤|} EDCI ¥|Ñ ~Ò¢¤ �¢ �¦ ~¢Ó | ,
°¦Ò�| }¦ | ¤|} BDCI + {

ªS TU, 6«} �
êääã|| |çãå ëáë|çâ_äçìáë |çãå

X1 ConjìSupp DisjìSupp h X1 ∈ FI
�

h X1.h ∈ EDCIí X1.h ∈ BDCIíî � � ∅
ivl î2 34 ivl h¨2 � � î34 ivl 2 ivl h¨3 � � î24 ivl 3 ivl h¨4 � � î2 3 ivl 4 ivl h¨

Z[µ¨\ ] ^� ` Zú\ [ff\üü ~ï\¦d � [bû dú\ fhbüdeùfdghb ~ð gÁúd� üd\ÿü ¦he dú\ ñ eüd gd\e[dghb ^êääã|| |çãå ëáë|çâ_äçìáë |çãå
X2 ConjìSupp DisjìSupp h X2 ∈ FI

�
h X2.h ∈ EDCIí X2.h ∈ BDCIí23 � � î4 ivl 23 ivl h¨24 � � î3 ivl 24 ivl h¨34 � � î2 ivl 34 ivl h¨

Z[µ¨\ ] ^� ` Zú\ [ff\üü ~ï\¦d � [bû dú\ fhbüdeùfdghb ~ð gÁúd� üd\ÿü ¦he dú\ ü\fhbû gd\e[dghb ^êääã|| |çãå ëáë|çâ_äçìáë |çãå
X3 ConjìSupp DisjìSupp h X3 ∈ FI

�
h X3.h ∈ EDCIí X3.h ∈ BDCIí234 � � î h¨ 2 34 h¨ ivl

Z[µ¨\ ] ^� ` Zú\ [ff\üü ~ï\¦d � [bû dú\ fhbüdeùfdghb ~ð gÁúd� üd\ÿü ¦he dú\ dúgeû gd\e[dghb ^

/¦ | Ò}|¥~}ÒÔ¢ § ¥Ô�|¤¤ |¢ ¤ ¤Ò¢�| }¦ |¥| Ò¤ ¢Ô ¤Ò6 | 4 �~¢ Ò ~}|� /¦ | �Ô¢¤}¥��}ÒÔ¢ Ô� }¦ | ¤|} ADCI }¦ |¢-|Ó Ò¢¤ ¤}~¥}Ò¢Ó � ¥ÔÑ BDCI � w Ò¢�| S TU Ò¤ �Ô£|¥|  -H ~¢ |�|Ñ |¢} Ô� EDCI , ¢~Ñ |�H °S TU , }¦ |¢ ADCI +
{
ªS TU, 3«} �
L Ò¢~� �H, }¦ | �×�ØÙ� ÚÛÜÝ ~�Ó Ô¥Ò}¦Ñ Ô� }§ � }¤ }¦ | |. ~�} ¥|§ ¥|¤|¢}~}ÒÔ¢ �×Psòrep + {

ª
∅, R « , ªS , P «,ªT, P «, ªU , P «, ªS T, Q «, ªSU , Q «, ªTU , Q «, ªS TU , I «, ª°S TU , R «} �

�i ghgri�kh� o�v lvol ukro ui o�v �×�ØÙ� ÚÛÜÝ gr�¨mko�y s pv jgh n¨kho ¨o o�go ko ¨nvmgovl kh op¨
�vhvmkj lovnl � ��v ©mlo ¨hv s jgrrvq ó ô�Ýõö� Ú�Û s j¨hlklol kh v�omgjokh� o�v vrvy vhol ¨w o�v lvol EDCI

ghq
BDCI

gll¨ jkgovq o¨ o�vkm qkl� hjok�v lnn¨mol wm¨y o�v v�omgjok¨h j¨hov�o ª�� � rkhvl ���«� ��v lvj¨hqlovn s jgrrvq ×�÷ÜÝÙøÜ�� s j¨hlklol kh j¨hlomjokh� o�v lvo
ADCI ui ¨hri y gkhogkhkh� o�v vrvy vhol ¨w

BDCI
j¨�vmvq ui g qkl� hjok�v jr¨lmv ¨w EDCI

ª�� � rkhv � «� �¨hlvxvhoris �×�ØÙ� ÚÛÜÝ jgh vglkri
uv gqgnovq vko�vm o¨ o�v v�omgjok¨h ¨w o�v mvnmvlvhogok¨h O�×PsQrep ¨m �×PsQrep � ³¨m o�kl nmn¨lv spv ¨hri hvvq o¨ ¨y ko o�v ×�÷ÜÝÙøÜ�� lovn o¨ mvomh o�v w¨my vm mvnmvlvhogok¨h s p�krv o� kl lovn l�¨rq
uv mvogkhvq o¨ �vo o�v rgoovm ¨hv � ��l s lvml khovmvlovq kh ¨uogkhkh� uvoovm n vmw¨myghjvl jgh ¨y ko o�v
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×�÷ÜÝÙøÜ�� lovn s p�krv lvml o�go nmvwvm �k�� j¨yngjohvll mgovl jgh v�vjov o�v p�¨rv gr�¨mko�y �
� �� �� ¿����
���		 Á�S ¿�ÆÄ�ù ���
��v w¨rr¨p kh� o�v¨mvy vhlmvl o�v l¨hqhvll ghq o�v j¨mmvjohvll ¨w o�v �×�ØÙ� ÚÛÜÝ gr�¨mko�y �
Çéãáâãà i� /¦ | �×�ØÙ� ÚÛÜÝ ~�Ó Ô¥Ò}¦Ñ Ò¤ ¤Ô�¢  ~¢  �Ô¥¥|�}� G } |. ~�}�H |. }¥~�}¤ ~� � }¦ | ��Ô¤�¥|¤-|�Ô¢Ó Ò¢Ó }Ô �×Psòrep, ~¤¤Ô�Ò~}|  }Ô }¦ |Ò¥  Ò¤¡ �¢�}Ò£| ¤�§§ Ô¥}¤ �� ¥ÔÔ� � ��v j¨h�hjok¨h ¨w op¨ ghok�y ¨h¨o¨hv j¨hlomgkhol s hgy vri �o¨ uv wmvxvho� ghq �o¨ uv vllvhokgr� skl grl¨ ghok�y ¨h¨o¨hv � ±vhjv s g rv�vrp klv gr�¨mko�y rktv �×�ØÙ� ÚÛÜÝ �gmghovvl o�go grr wmvxvhovllvhokgr kovy lvol gmv v�omgjovq gl pvrr gl o�v gll¨jkgovq hv�gok�v u¨mqvm zf ghhkrg ghq �¨k�¨hvh s ����� �³¨m vgj� jghqkqgov vllvhokgr kovy lvo s o�v gr�¨mko�y grl¨ j¨ynovl o�v kovy l o�go jghh¨o u vr¨h� o¨ kol
qkl� hjok�v jr¨lmvl � �o o�l grr¨p l g j¨mmvjo qvmk�gok¨h ¨w o�v mvx kmvq qkl� hjok�v jr¨lvq kovy lvol mv�ln vjok�vri w¨my kh� EDCI

ghq BDCI
� Õ wovm o�go s g j¨�vm ovlo grr¨p l ¨hri mvogkhkh� kh BDCI

o�v jr¨lmvlp�kj� gmv go rvglo j¨�vmvq ui gh vrvy vho ¨w EDCI
� ��kl lovn �k�vl o�v lvo ADCI

� ��l s �×�ØÙ� ÚÛÜÝkl l¨hq ghq j¨mmvjo � ♦

{m¨n¨lkok¨h ôô �k�vl o�v o�v¨mvokjgr j¨ynrv�koi ¨w o�v �×�ØÙ� ÚÛÜÝ gr�¨mko�y �
{ âáå á|ìçìáë  /¦ | °Ô¥¤} �~¤| �ÔÑ§ �|. Ò}H Ô� }¦ | ó ô�Ýõö� Ú�Û ¤}|§ Ò¤ -Ô�¢ |  -H

O
ªª
n2+m×n

«
×2n

«,
°¦ Ò�| }¦ | °Ô¥¤} �~¤| �ÔÑ§ �|. Ò}H Ô� }¦ | ×�÷ÜÝÙøÜ�� ¤}|§ Ò¤ -Ô�¢ |  -H

O
ª
n ×

(
n

dn
2
e

)
× 2n «, °¦ |¥| n

+ |I| ~¢  m + |O| � /¦ | }¦ |Ô¥|}Ò�~� �ÔÑ§ �|. Ò}H Ô� �×�ØÙ� ÚÛÜÝ Ò¤ -Ô�¢ |  -H }¦ | ¤�Ñ Ô� }¦ Ô¤| Ô� Ò}¤
}° Ô ¤}|§ ¤ �
� ¥ÔÔ� � ³ kmlo ¨w grr s rvo l mvjgrr o�v mvln vjok�v m¨rv ¨w u¨o� qklokhjo lovnl ¨w o�v �×�ØÙ� ÚÛÜÝ gr�¨mko�y �
��v ©mlo s hgy vri ó ô �Ýõö� Ú�Û s y khvl o�v jr¨lmvl uvr¨h�kh� mvln vjok�vri o¨ EDCI

ghq BDCI
� Ö �krvo�v lvj¨hq lovn s hgy vri ×�÷ÜÝÙøÜ�� s qvmk�vl ADCI

wm¨y BDCI
�

•
ëáàå DãC ìçí á ` çéã ú û%mn$%�(# |çãå \ ��v o�v¨mvokjgr j¨ynrv� koi ¨w o�kl lovn kl vxgr o¨ o�¨lv ¨wkol gll¨jkgovq khlomjok¨hl p�kj� gmv gl w¨ rr¨p l �

�� ��v j¨lo ¨w o�v khkokgrk�gok¨hl jgmmkvq ¨o kh rkhv � ª�� � Õ r�¨mko�y � s ng�v ���« kl kh O ª
1
« �

� � ��v p¨mlo jglv j¨ynrv� koi ¨w o�v ×�� ���ÜÙ�� ���Ý� �Ù×�� ��ÝÜ� nm¨ jvqmv ª�� � rkhv ô «
kl mvgj�vq p�vhv�vm ghi lvo ¨w kovy l gnnvgml go rvglo ¨hjv kh o�v j¨hov�o s ghq vgj� jghqkqgovkl g wmvxvho vllvhokgr kovy lvo � ��vmv gmv �vhjv 2n

�
1
wmvxvho vllvhokgr kovy lvol s vxgr o¨o�vkm mvln vjok�v jr¨lmvl � ��v j¨lo ¨w o�kl nm¨jvqmv kl o�vh gl w¨rr¨p l �Þgß ��v j¨lo ¨w o�v khkokgrk�gok¨h ¨w o�v lvo Li

w¨m i r ���n kl kh
O
ª
n
« ª�� � rkhv � kh Õ r�¨mko�y

� s ng�v ��� «�Þu ß ��v j¨lo ¨w o�v j¨ynogok¨h ¨w o�v qkl� hjok�v ghq j¨h�hjok�v lnn¨mol ¨w kovy lvo
jghqkqgovl Xi

gl pvrr gl o�v j¨ynrvy vhogmi ¨w Xi.h s hgy vri Xi.h s kl u¨hqvq ui O ªª
m

× n
«
× 2n

« ª�� � Õ r�¨mko�y � s rkhvl �� ��«�Þjß ��v j¨lo ¨w o�v nmhkh� ¨w jghqkqgovl ° �¥ �}� o�v y kh kyy lnn¨mo o�mvl�¨rq Ñ Ò¢¤�§§gl pvrr gl o�v j¨hlomjok¨h ¨w qkl� hjok�v jr¨lmvl logmokh� wm¨y o�vkm j¨ynrvy vhogmi kl
kh
O
ª
n × 2n « ª�� � Õ r�¨mko�y � s rkhvl ����� «�
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� � ��vmv gmv s kh o�v p¨mlo jglv s 2n
�
n
�
1
jghqkqgovl o¨ u v �vhvmgovq lkh� o�v � �ÝÚ�ÝÚJ �ÜÛ

nm¨ jvqmv ª�� � Õ r�¨mko�y � s rkhv � «� ��v j¨lo ¨w o� kl lovn kl kh
O
ª
2n

�
n
«�

ô � ��v j¨lo ¨w nmhkh� jghqkqgovl o�m¨�� o�v j�gmgjovmk�gok¨h ¨w vllvhokgr kovy lvol  lkh� qkl�� hjok�v jr¨lmvl ª�� � Õ r�¨mko�y � s rkhv � « kl kh O ª
n2 ×

ª
2n

�
n
««�

� � ��v j¨lo ¨w o�v khjmvy vhogok¨h ¨w i wm¨y � o¨ n kl kh
O
ª
n
« ª�� � Õ r�¨mko�y � s rkhv �«�

�¨hlvxvhoris o�v j¨lo ¨w o�kl lovn kl u¨hqvq ui O ª
n

K ª
m × n

«
× 2n

K
n × 2n

K
2n

�
n

K
n2

×
ª
2n

�
n
« K

n
« r

O
ªª
m × n

K
n2

K
n

K
1
«
× 2n

�
n3

K
n
« r

O
ªª
n2

K
m × n

«
× 2n

«�
�h o�v p¨mlo jglv s o�v j¨ynrv�koi ¨w o�v ó ô �Ýõö� Ú�Û lovn kl o�vh u¨hqvq ui O ªª

n2
K
m × n

«
× 2n

«�
•

ëáàå DãC ìçí á ` çéã ý(&'m þ ÿ' % |çãå \ �h o�kl lovn s vgj� jr¨lmv ¨w BDCI
kl j�vjtvq p�vo�vm kokl j¨�vmvq ui go rvglo gh vrvyvho ¨w EDCI

ª�� � rkhv � kh Õ r�¨mko�y � «� �h o�v g¬ my gok�v jglv sko p krr u vr¨h� o¨ ADCI
� ��v j¨ynrv� koi ¨w o�kl lovn kl o�vh go y¨lo vxgr o¨ µ ª

n × |BDCI| ×

|EDCI|
«� Öv p krr h¨p gllvll o�v lk�v ¨w u¨o� lvol s Ò�|�s EDCI

ghq BDCI s kh o�v p¨mlo jglv �
��v lvo BDCI �go�vml o�v jr¨lmvl ¨w ¨qq�lk�vq khwmvxvho vllvhokgr kovy lvol uvr¨h�kh� o¨ Bd− ªFEI

«�
�ol lk�v kl �vhjv u¨hqvq ui o�go ¨w Bd− ª

FEI
« � ��v jgmqkhgrkoi ¨w o�kl rgoovm u¨mqvm kl go y¨lovxgr o¨

(
n

dn
2
e

) �
ó¨p s pv gllvll o�v lk�v kh o�v p¨mlo jglv ¨w o�v lvo EDCI

� ³¨m o� kl nmn¨lv pv lnn¨lv o�go vgj�vllvhokgr kovy lvo kl vxgr o¨ kol jr¨lmv � ±vhjv s pv �g�v go y¨lo 2n
�
1 qkl� hjok�v jr¨lmvl � ��vlk�v ¨w EDCI

kl o�l go y¨lo vxgr o¨ 2n
�
1
�

�h o�v p¨mlo jglv s o�v j¨ynrv� koi ¨w o�v ×�÷ÜÝÙøÜ�� lovn kl �vhjv u¨hqvq ui O ª
n ×

(
n

dn
2
e

)

× 2n
«�

♦

�o kl kyn¨mogho o¨ yvhok¨h o�go o�v j¨ynrv� koi kh o�v p¨mlo jglv ¨w o�v ×�÷ÜÝÙøÜ�� lovn kl h¨o
mvgj�gurv kh nmgjokjv � �hqvvq s o�vmv kl h¨o g j¨hov�o o�go y g�ky k�vl go o�v lgy v oky v o�v lk�v ¨w EDCIghq o�go ¨w BDCI

o¨ mvgj� o�v u¨hql pv lvq kh ¨m j¨ynogok¨h � �h gqqkok¨h s o�vmv kl h¨o g j¨hov�oo�go lkyroghv¨lri �k�vl o�v mvlnvjok�v p¨mlo jglv o�v¨mvokjgr j¨ynrv� kokvl ¨w o�v �×�ØÙ� ÚÛÜÝ lovnl �±vhjv s o�v p¨mlo jglv j¨ynrv� koi ¨w �×�ØÙ� ÚÛÜÝ kl m¨��ri u¨hqvq ui o�v ly ¨w o�¨lv ¨w kol op¨lovnl �
õ �õ ��� übe� ü`aÿ ¥ ¹ üød ¥aø
�h o�kl lvjok¨h s ¨m ¨u� vjok�v kl o¨ l�¨p s o�m¨�� v�ovhlk�v v�nvmky vhol s o�go ¨m j¨hjklv mvnmvlvhogok¨h
nm¨�kqvl khovmvlokh� j¨yngjohvll mgovl j¨yngmvq mvlnvjok�vri o¨ o�v mvnmvlvhogok¨hl uglvq ¨h wmvxvhojr¨lvq kovy lvol s wmvxvho ªjr¨lvq « h¨h�qvmk�gurv kovy lvol ghq wmvxvho vllvhokgr kovy lvol � ó¨ov o�go wm¨yg nvmw¨my ghjv n¨kho ¨w �kvp s o�v qkl� hjok�v jr¨lvq kovy lvol pvmv l�¨ph kh z�vhqvh |} ~��s ���� � o¨ u vv¬ jkvhori v�omgjovq lkh� o�v �×�ØÙ� ÚÛÜÝ gr�¨mko�y �
��v v�nvmky vhol pvmv jgmmkvq ¨o ¨h uvhj�y gmt j¨hov�ol ª�� � Õnnvhqk� Õ w¨m g qvogkrvq qvljmknok¨h

¨w o�vlv j¨hov�ol «� Õ rr v�n vmky vhol pvmv jgmmkvq ¨o ¨h g {� vxknnvq p ko� g ��±� {vhoky ª� «
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ghq ������ ¨w y gkh y vy¨mis mhhkh� o�v �óu ��kh� qklomkuok¨h ³vq¨mg �¨mv � ªp ko� ��� ¨w lpgnyvy¨mi «� �h ¨mqvm o¨ v�omgjo o�v gw¨mvy vhok¨hvq j¨hjklv mvnmvlvhogok¨hl s pv lvq o�v l¨mjv j¨qvl ¨wo�v w¨rr¨p kh� gr�¨mko�y l �
�� �×�ØÙ� ÚÛÜÝ kl lvq kh ¨mqvm o¨ v�omgjo o�v mvnmvlvhogok¨h uglvq ¨h qkl� hjok�v jr¨lvq kovy lvol �
� � �×� zuh¨ |} ~��s ���ô � pgl gnnrkvq o¨ v�omgjo wmvxvho ªjr¨lvq « kovy lvol � �
� � �� P z�grqvml ghq �¨vo�grl s ����� grr¨p l o�v v�omgjok¨h ¨w wmvxvho h¨h�qvmk�gu rv kovy lvol � �
ô � � PØ� kl lvq kh ¨mqvm o¨ v�omgjo wmvxvho jr¨lvq h¨h�qvmk�gurv kovy lvol � �
� � �ó� z�glgrk |} ~��s ����g� v�omgjol o�v mvnmvlvhogok¨h uglvq ¨h wmvxvho vllvhokgr kovy lvol � 	
µuogkhvq mvl rol gmv nmvlvhovq gl w¨rr¨p l � �gurv � �� ghq �gurv � �� j¨yngmv o�v lk�v ¨w EDCI
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A

æÆQÞÇÈ É ÊÉ Ì R âÆÝJÞÓÕÖÆKÈ ÈSÞÆKÒ%ÈÓÕÈ Õ%ÒÝÝ Ì (ÍÇ ÈÒÕÛ ÆÖÈH ÝÈÖ T ÖÛÈ ÒÝÝÍÕÆÒÖÈâ ÕÍÞã %È Í( KÒ%ÞÈÝ Q ÆKÈÝÆÖÝ ÕÍÓJÞÓÕÖÆKÈ ÝÞããÍÇÖ ÏÍÓ ÖÛÈ %È(Ö U ÒÓâ âÆÝJÞÓÕÖÆKÈ ÝÞãã ÍÇÖ ÏÍÓ ÖÛÈ ÇÆQÛÖ U Ê
V WX YZ[\]Z^ _`ab \c^ d efghffe`c
ij klmn nopkmqj r so tmnpunn klo v wmj xoywkot sqxz kq klo pqjkxm{ukmqjn |xq|qnot mj klmn plw|kox }
~ mxnk q� wyy r yok un v wzo wj wym�jv ojk { oksooj klo tmn� ujpkm�o wjt klo pqj�ujpkm�o nowxpl n|wpon } Áo s myy

lojpo �jt klwk tmn� ujpkm�o o�um�wyojpo pywnnon pqxxon|qjt kq pqj�ujpkm�o o�um�wyojpo pywnnon � �wkloxmj�
mkov nokn lw�mj� klo nwv o ¾wyqmn pyqnuxo ½¾wjkox wjt Á myyo r ���� À � s mklmj klo pqj� ujpkm�o nowxpl n|wpo }
�j onnojkmwy mkov nok mn kloj klo v w||mj� q� klo pqjpo|k q� ��� �� º» � ¸�¸�º��� ½�wnkmto ¸� º»�r ¿���{ À }Á lmyo w tmn� ujpkm�o pyqnot mkov nok mn klo v w||mj� q� klo pqjpo|k q� ���� ������¸ �»��¸Â ��¸� �¸� ½�wn�umox
¸� º»�r ����{ À } ik mn wynq sqxkl jqkmj� klwk w tmn� ujpkm�o o�um�wyojpo pywnn pwj pqjkwmj mkov nokn lw�mj�
tmnkmjpk pqj� ujpkm�o nu||qxkn wjt r lojpo r { oyqj�mj� kq tmnkmjpk pqj� ujpkm�o o�u m�wyojpo pywnnon } �lmn mn
myyu nkxwkot {� klo �qyyqs mj� o�wv|yo }
�°§� µ¬ª �� ���� �Â¸� �� ¸ ����¸¹ � �� ��� �� �º�»¸ ��  ¡�� � ¢ º� ¸   £¤ � �� ¸ »º�� ¸�� Â��� ������¸ ¸¥���º»¸� �¸�»º��¦ ��¸ �¦ �� ��¸ ��¢¢ ��� �� ¸¥�º» �� |O|¦ �º� ¸»¼ 7¦ �� Â¸¢ ���¸Â �¼ § ����¸ ���� ¨ � �� ���¢ ��¸Â �¼ �� ¸ � º¹ �� º»
Â��� ������¸ �»��¸Â ��¸� �¸� ©ª «¬ ¦ ��� º�����º�¸Â ¸��¸���º» ��¸� �¸� © ¦ º�Â¦ ��� ¸ ��¸� �¸�� ¸� ���¢ º��¸Â �¸�� ¸¸�
© º�Â ©ª «¬ ¡� º�� ¸�¸Â � ��� �� �� ¸ Âº�� ¸Â ¸» »�¢ �¸ ¤ �  º�� ��¸� �¸� �� º�����º�¸Â �� º ���¢ »¸ �� ��� ¸���º»
�º»�¸� � �� ¸ ® ��� �� ¸ ����¸�¢ ��Â� �� ��� ���� ������¸ ��¢¢ ��� �� �»¸ �� ¸ �¸���Â �º»�¸ �� ¸¥�º» �� ��� Â��� �� ����¸
��¸ � ¯ ¼ ¸¹ º� �� ��� �� ¸ ��¸� �¸�� �� �� �� �»º��¦ � ¸ ���¸ �� º� �� ¸�� �¸�¢ ¸����¸ Â��� �� ����¸ ��¢¢ ���� º�¸ ¸¥�º»
�� �»¸ �� ¸�� ���� ������¸ ��¢¢ ���� �º� Â�° ¸� ¡¸ �� �¦ ±�¢¢ ¡©ª «¬ ¤ ² 0 �� �»¸ ±�¢¢ ¡©¤ ² 7¤ � ����¦ �� ¸ ��¸� �¸��
�¸»��� ��� �� Â����� �� ���� �� ����¸ ¸¥���º»¸��¸ �»º��¸� �º� �� º�¸ �� ¸ �º� ¸ Â��� ������¸ �»����¸ º�Â¦ � ¸� �¸¦
�¸ � º�� ¸�¸Â � ��� �� �� ¸ �º� ¸ Â��� ������¸ ¸¥���º»¸��¸ �»º�� �~xqv klo nov wjkmp wn| opk r pqjkxwx� kq �xo�uojk pyqnot mkov nokn r tmn� ujpkm�o pyqnot qjon q³ox klo |qnnm{mymk�
kq kwzo mjkq wppqujk pqv|yov ojkwx� mj�qxvwkmqj r ��¸ �r mkov n klwk wxo �qx o�wv|yo vukuwyy� o�pyu nm�o } ~qxw �m�oj mkov nok

I
r mkn tmn� ujpkm�o pyqnuxo �wkloxn mkov n slqno w||owxwjpon to| ojt qj klwk q� w ���¸�¢ �¼nu{nok q�

I
} �lmn mn jqk |qnnm{yo unmj� �xo�uojk pyqnot mkov nokn nmjpo klmn xo�umxon klwk º» » mkov n q� Inmvuykwjoquny� w||owx } ´qxoq�ox r �qx wj wx{ mkxwx� mkov nok

I
r mkn wnnq pmwkot pyqnot mkov nok qjy� �m�on wj

mtow w{quk klo nok q� mkov n
S
klwk pyqnoy� to| ojt qj º» » klo mkov n q� I } �qso�ox r wj mkov i ∈ S

pwj w||owx
mj w kxwjnwpkmqj klwk tqon jqk pqjkwmj

I
r {uk qjy� w |xq|ox nu{nok } Á lmyo klo tmn� ujpkm�o pyqnuxo q�

I�wkloxn mkov n klwk pyqnoy� to|ojt qj klo nok q� mkov n pqjkwmjot mj
I
} ijtoot r klo vov{oxnl m| q� wj mkov

kq klo tmn� ujpkm�o pyqnuxo q�
I
xo�umxon klwk w nu{nok q�

I
w||owxn mj klo wnnq pmwkot kxwjnwpkmqjn } �lmn pwj

�qx o�wv|yo {o uno�uy �qx wjwy�µmj� �ojo¶o�|xonnmqj twkw klxqu�l yq pwymµmj� �xqu|n q� �ojon q� slmpl klo
w||owxwjpo to|ojtn qj qklox �xqu|n } ij wttmkmqj r tmn� ujpkm�o pyqnot mkov nokn q³ox wj mjkoxonkmj� nkwxkmj�
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|qmjk �qx klo o�kxwpkmqj q� �ojoxwymµot wnnq pmwkmqj xuyon ½²wjw�wkm ¸� º»�r ¿�� �r �qm�qjoj r ���Ëw À slmplpwj {o uno�uy mj nqv o xowy¶ym�o w||ympwkmqjn } ijtoot r nupl xuyon q³ox klo |qnnm{mymk� kq |xonojk pqj� ujpkmqj r
tmn� ujpkmqj wjt jo�wkmqj q� mkov n mj {qkl |xov mno wjt pqjpyunmqj |wxkn } ij kl mn xon|opk r mj wttmkmqj kq
klo pqj� ujpkm�o nu||qxk r qux xo|xonojkwkmqj q³oxn tmxopk wpponn kq klo tmn� ujpkm�o nu||qxk q� �xo�uojk
mkov nokn r wjt lojpo kq klomx jo�wkm�o nu||qxk klxqu�l Ìo ´qx�wj Ín yws }
�lo pqjpo|kn q� onnojkmwy wjt tmn� ujpkm�o pyqnot mkov nokn wxo wynq pyqnoy� xoywkot kq v wj� mv|qxkwjk

|wkkoxj pywnnon wn tokwmyot mj klo �q yyqs mj� } �lo� pwj {o pqjnmtoxot wn |wxkmpu ywx pwnon q� ���¢ �� ��¸ ��¸� �½Îo wjt Ïowjo r ���ÐÀ sloxo klo tmn� ujpkmqj q� ¡mj�xo�uojk ¤ mkov n mn unot kq pqv|qno jos mkov n r klo
���¢ �� ��¸ ��¸� �} �� mjkxqtupmj� pqv|qnmko mkov n r Îo wjt Ïowjo lm�l ym�lkot klo uno�uyjonn q� mj�xo�uojk
mkov n mj nqvo w||ympwkmqjn } ~qx o�wv|yo r pqjnmtox klo pqjko�k q� �w{yo Ë }� wjt yok �����¢¢ Ñ 4

r Ò wjt
Ó wxo lojpo mj�xo�uojk mkov n nmjpo klomx nu||qxk mn o�uwy kq

3
} ²o�oxkloyonn r klo nu||qxk q� Ò

∨
Ó mn

o�uwy kq
5
wjt r lojpo r ±�¢¢ ¡Ò ∨

Ó ¤ ≥ �����¢¢ } �lo tmn� ujpk Ò ∨
Ó s myy { o pqjnmtoxot wn w jos mkov ¡wpqv|qnmko qjo ¤ o�oj m� r wpkuwyy�r mk mn pqv|qnot q� ksq mkov n } ik s myy { o unot tuxmj� klo v mjmj� |xq ponn

nmjpo mk mn �xo�uojk slmpl v wzon Ò wjt Ó uno�uy } �lo sqxz q� Ôlmv w ¸� º»� ½Ôlmv w ¸� º»�r ¿���À pwj {o
pqjnmtoxot wn wj o�kojnmqj q� pqv|qnmko mkov n r nmjpo mk kwzon mjkq wppqujk |wxkmpuywx tmn� ujpkm�o jqxv wy
�qxv n ¡ÕÖ×n¤ sloxo tmn� ujpkn v w� pqjkwmj w pqj�ujpkmqj q� mkov n � �xo�uojk pyqnot mkov nokn � wjt jqk
qjy� w nmj�yo mkov } ijtoot r klo wuklqxn |xq|qnot kq o�kxwpk v mjmv wy wjt pyqnot ÕÖ×n } � v mjmv wy ¡�¸�¢ �pyqnot ¤ ÕÖ× tqon jqk lw�o w nu{nok ¡�¸�¢ � nu| oxnok ¤ s mkl klo nwv o nu||qxk } �lo tmn� ujpkn wnnq pmwkot
kq nupl ÕÖ×n wxo klun pqjnkmkukot {� �xo�uojk pyqnot mkov nokn }
ik mn mv|qxkwjk kq onkw{ ymnl klo ymjz {oksooj onnojkmwy mkov nokn wjt v mjmv wy kxwjn�oxnwyn q� w l�|ox�xw|l

½Ømkox wjt ¾qkkyq{ r ���ÙÀ } ~qx kl mn |ux|qno r pqjnmtox onnojkmwy mkov nokn q� klo tmn� ujpkm�o o�um�wyojpo pywnn
slqno tmn� ujpkm�o nu||qxk mn o�uwy kq klo pwxtmjwymk� q� klo slqyo nok q� q{� opkn

O
} �lono mkov nokn wxo

lojpo klo v mjmv wy qjon klwk mjkoxnopk wyy q{� opkn q� wj wx{ mkxwx� pqjko�k } i� so pqjnmtox q{� opkn wn
l�|oxot�on wjt mkov n wn �oxkmpon r klo w�qxov ojkmqjot mkov nokn wxo klun klo v mjmv wy kxwjn�oxnwyn q� klo
pqxxon|qjtmj� l�|ox�xw|l } ²qko klwk owpl nok q� onnojkmwy mkov nokn pqxxon|qjtmj� kq w �m�oj tmn� ujpkm�o
o�um�wyojpo pywnn

C
pwj {o pqjnmtoxot wn klo v mj mv wy kxwjn�oxnwyn q� w l�|ox�xw|l } �lmn ywkkox nkxupkuxo

mn kloj xo|xonojkot {� klo l�|oxot�on pqxxon|qjtmj� kq klo q{� opkn �oxm�ot {� klo mkov nokn { oyqj�mj� kq
C
} Á lmyo klo nok q� �oxkmpon pqxxon|qjtn kq klo nok q� mkov n pqjkwmjot mj klo pqxxon|qjtmj� tmn� ujpkm�o

pyqnot mkov nok }
Ø nnojkmwy wjt tmn� ujpkm�o pyqnot mkov nokn pwj wynq {o pqjnmtoxot wn n|opm�p pwnon q� ¸����Ú��»¸�º��

��¸� �¸�� ½Îwj� ¸� º»�r ¿�� �À } ijtoot r wj mkov nok
X

mn wj oxxqx¶kqyoxwjk mkov nok lw�mj� wj ¸���� ��»¸�º� �¸
ε
wjt w nu||qxk Û � ����� w pqjko�k K m� kloxo wxo Û q{� opkn q�

K
mj slmpl wk yownk w �xwpkmqj

1
¶
ε
q� klo

mkov n �xqv
X

wxo |xonojk ½Îwj� ¸� º»�r ¿�� �À } ij qux pwno r wj onnojkmwy qx tmn� ujpkm�o pyqnot mkov nok
Xmn wj oxxqx¶kq yoxwjk mkov nok �qx

ε Ñ |X | − 1

|X |

wjt Û Ñ ±�¢¢ ¡∨X ¤ } ijtoot r klo |xonojpo q� qjo mkov q�
Xmj wj q{� opk mn nuÜ pmojk kq nwkmn�� mk } ²qko klwk m�

ε Ñ 0
r ��¸�r jq oxxqx mn wyyqsot r Û Ñ ±�¢¢ ¡X ¤} �lopqj�ujpkm�o wjt tmn� ujpkm�o nu||qxkn lojpo pqjnkmkuko klo yqsox wjt u||ox {qujtn q� klo nu||qxk q�

X
r

xon| opkm�oy�}
Áo s myy onkw{ymnl klo ymjz {oksooj qux sqxz wjt klwk xopojky� |xq|qnot mj ½Ôquyok wjt ÝxÞv myyou� r

¿��ßÀ } ij klmn xon| opk r qux tmn� ujpkm�o pyqnuxo q| oxwkqx
h
ojnuxon q{kwmjmj� w |xonox�mj� �ujpkmqj � �����klo tmn� ujpkm�o nu||qxk wppqxtmj� kq ½Ôquyok wjt ÝxÞv myyou� r ¿��ßÀ } ijtoot r �qx wj wx{mkxwx� mkov nok r qux

q|oxwkqx ojnuxon klwk qjpo
i ∈ h¡X ¤r so lw�o · qj klo qjo lwjt r ±�¢¢ ¡∨X ¤ Ñ ±�¢¢ ¡∨¡X ∪{i}¤¤r wjt qj
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klo qklox lwjt r ±�¢¢ ¡∨Y ¤ Ñ ±�¢¢ ¡∨¡Y ∪ {i}¤¤r ∀ X ⊆ Y
} �lmn ywkkox o�uwymk� xonuykn �xqv klo mnqkqj�

|xq|oxk� q� wj� pyqnuxo q|oxwkqx · m�
i ∈ h¡X ¤r kloj i ∈ h¡Y ¤r ∀ X ⊆ Y

}
ij pqv|wxmnqj kq qux sqxz r klwk q� ½Ôquyok wjt ÝxÞv myyou� r ¿��ßÀ tqon jqk |xq|qno wj� pqjpmno xo|xo¶
nojkwkmqj �qx �xo�uojk mkov nokn unmj� klo |xonox�mj� �ujpkmqj wnnq pmwkot kq klo tmn� ujpkm�o nu||qxk } ij
wttmkmqj r wyklqu�l klo� �m�o w to�jmkmqj q� w pyqnuxo q| oxwkqx wto�uwko kq w pqjtojnw{yo �ujpkmqj r à
klo wuklqxn tmt jqk |w� wkkojkmqj kq klo pqxxon|qjtmj� ymjz {oksooj klo |qsox¶nok q� mkov n wjt klwk q�
q{� opkn wn so tmt mj klmn |w|ox } ijtoot r klomx to�jmkmqj v wmjy� xoymon qj wj mjpxovojkwy wu�v ojkwkmqj
q� w �m�oj mkov nok

X
{� klqno mkov n klwk tq jqk vqtm�� klo �wyuo q� klo pqjtojnw{yo �ujpkmqj �qx

X
}

�lo wuklqxn |xq|qnot kq o�kxwpk klo pyqnot mkov nokn wto�uwko kq w pqjtojnw{yo �ujpkmqj ujtox wj wjkm¶
vqjqkqjo pqjnkxwmjk w||ymot kq klo v mjmv wy nootn �m�mj� klono pyqnuxon } �qso�ox r klo� tmt jqk nkut�
klo o³opk q� nupl w |xujmj� qj klo q{kwmjot nok q� pyqnot mkov nokn � �� ��� klo |qmjk q� �mos q� pqjpmno
xo|xonojkwkmqjn } ijtoot r pqjnmtox �qx o�wv|yo klo pyqnuxo q| oxwkqx wnnq pmwkot kq klo tmn� ujpkm�o nu||qxk r
��¸�r qux tmn� ujpkm�o pyqnuxo q| oxwkqx h } �lo v mjmv wy oyov ojkn s mklmj klo wnnq pmwkot o�um�wyojpo pywnnon
wxo klo onnojkmwy mkov nokn } áok un wynq pqjnmtox klo wjkm¶v qjqkqjo pqjnkxwmjk q³oxot {� klo �xo�uojp�
pqjnkxwmjk klxqu�l nokkmj� w v mjmvuv nu||qxk klxonlqyt � ����¢¢ } �lo q{kwmjot nok qjpo

h
mn w|| ymot

qj onnojkmwy mkov nokn r |xujot � ����� � ����¢¢ r mn EDCI
} �qso�ox r klmn ywkkox nok mn jqk wj o�wpk pqjpmno

xo|xonojkwkmqj q� klo mkov nokn wto�uwko kq klo tmn� ujpkm�o nu||qxk r ��¸ �r tmn� ujpkm�o mkov nokn } ijtoot r
pqjnmtox klo pqjko�k so unot mj klmn plw|kox to| mpkot {� �w{yo Ë }� ¡�� � |w�o ��� ¤ } ~qx � ����¢¢ Ñ 1

r
EDCI Ñ { âÒ r ³ãr âÓ r ³ãr âä r ³ãr âÒÓ r Ù ãr âÒä r Ùãr âÓä r Ù ãr âåÒÓä r Ðã} ¡�� � Ø�wv|yo �Ë r |w�o �¿Ù �qx
tokwmyn qj klo o�kxwpkmqj q� klmn nok ¤ } i� X Ñ ÒÓä r so s myy �ok åÒÓä wn klo pyqnuxo q� ÒÓä } ijtoot r klo
|xq ponn u not mj ½Ôquyok wjt ÝxÞv myyou� r ¿��ßÀ �qx �okkmj� klo �wyuo q� klo �ujpkmqj qj wj mkov nok

X
mn

klo nwvo wn quxn } �ojpo r mk pqjnmnkn mj yqqzmj� �qx klo nv wyyonk pyqnuxo mj klo xo|xonojkwkmqj pqjkwmjmj�
X
} Ýqjno�uojky�r klo tmn� ujpkm�o nu||qxk q� ÒÓä s myy { o pqjnmtoxot kq {o o�uwy kq

7
} �lmn mn q{�mquny�

sxqj� nmjpo klo pyqnuxo q� ÒÓä mn mknoy� r wjt swn wyxowt� |xujot nmjpo ÒÓä mn mj�xo�uojk � ����� �����¢¢
Ñ 1 ¡mkn wpkuwy tmn� ujpkm�o nu||qxk mn 6¤ } ²qkosqxklmy�r klmn pqjnkmkukon qjo q� klo v wmj pqjkxm{ukmqjn
|xq|qnot mj klmn |w|ox } ijtoot r klo |xujmj� q� ÒÓä wynq vwto

EDCI
jqk wj o�wpk pqjpmno xo|xonojkwkmqj

�qx �xo�uojk mkov nokn ¡�� � Ø�wv|yo �³ r |w�o ��ß ¤} �lmn vqkm�wkot un kq yowt wj mj¶to|kl o�|yqxwkmqj
�qx ojnuxmj� klo o�wpkjonn q� klo |xq|qnot xo|xonojkwkmqj {wnot qj

EDCI ¡�� � Ôu{nopkmqj Ë }� }³ r |w�o
��ß ¤} æj�qxkujwkoy�r klo wuklqxn mj ½Ôquyok wjt ÝxÞv myyou� r ¿��ßÀ r jomklox nkwkot o�|ympmky� klwk r qjpo
klo wjkm¶v qjqkqjo pqjnkxwmjk w||ymot r klo q{kwmjot nok q� pyqnot mkov nokn � wto�uwko kq w pqjtojnw{ yo
�ujpkmqj

f ¡¸ �� � EDCI
�qx klo tmn� ujpkm�o nu||qxk wjt klo �����¢¢ pqjnkxwmjk ¤ � v w� jqk { o wj o�wpk

xo|xonojkwkmqj q� mkov nokn wto�uwko kq
f
r jqx lm�lym�lkot wj oxxqx {qujt qx klo joot �qx wttmj� qklox

oyov ojkn r wn so tmt loxo r oj nuxmj� klo o�wpkjonn q� klo xo�ojoxwkmqj |xq ponn }
²qs r so s myy v wzo klo ymjz {oksooj qux sqxz wjt klwk q� çlwq ¸� º»� ½çlwq ¸� º»�r ¿��Ë r çlwq r ¿��Ë À }�pkuwyy�r klo wuklqxn |xq|qnot pqjjopkmqj q|oxwkqxn kq ymjz

P ¡I ¤ wjt P ¡O¤ �qx klo pwno q� tmn� ujpkm�o�qqyowj o�|xonnmqjn r pwyyot èé Ú�»º��¸�} ² o�oxkloyonn r klomx to�jmkmqj q� klo q|oxwkqx
Ψ
ymjzmj�

P ¡O¤ kq
P ¡I ¤ ¡| ox�qxv ot {� klo q|oxwkqx

f
mj qux pwno ¤ to|ojtn qj klo q|oxwkqx

Φ
ojnuxmj� klo tuwy tmxopkmqj

¡|ox�qxv ot {� klo q|oxwkqx
g
mj qux pwno ¤ wjt swn jqk mjto| ojtojky� �m�oj } �lo �qyyqs mj� to�jmkmqj

|xonojkn klo q|oxwkqxn |xq|qnot mj ½çlwq ¸� º»�r ¿��Ë À ·
ê ªë¨ ìì®¨ í� îïðññòóôõðñ ðöò÷øôð÷ùú

ûü ýþÿ��ÿ����� ��ÿý�	þÿ 	� �	�
�� � ������	ÿ� ��ÿý�	þÿ þ� � ýþ��	ÿ��	þÿ þ � � þ�� �
�ÿ þÿ� ������	ÿ� ��ÿý�	þÿ F
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�¸� K ² ¡O ¦ I ¦ M¤ �¸ º� ¸¹ ��º����� ����¸¹ �¦ P ¡I ¤ �� ¸ �¸� �� º» » ¢ ��� ��»¸ èé Ú�»º��¸� ��¸� I ¦ º�Â P ¡O¤
�� ¸ ¢ �� ¸�Ú�¸� �� ��� ¸��� � �¸� I ∈ P ¡I ¤ º�Â O ∈ P ¡O¤ � ���¸� ��� ¢ º���º» »¼ ��Â¸�¸Â �¸�� ¡P ¡I ¤,⊆ ¤ º�Â
¡P ¡O¤,⊆ ¤¦ �� ¸ � � » »�� ��� �¢ ¸�º���� � ��� º ����¸����� ��¸� P ¡I ¤ º�Â P ¡O¤ �
Φ : P ¡I ¤ → P ¡O¤

I 7→ Φ¡I ¤ = {o ∈ O| ∃ i ∈ I � ��� ¡o, i¤ ∈ M}

Ψ : P ¡O¤ → P ¡I ¤
O 7→ Ψ¡O¤ = {i ∈ I| Φ¡i¤ ⊆ O}

�qso�ox r klo wuklqxn jomklox �w�o klo o�|xonnmqj q� klo xonuykmj� pyqnuxo q| oxwkqx jqx pwxxmot quk w
klqxqu�l wjwy�nmn q� klo mjloxojk kloqxokmpwy |xq|oxkmon } Áo pwj pyowxy� jqkmpo klwk klono q|oxwkqxn tq
jqk wyyqs klo tmxopk pqv|ukwkmqj q� klo tmn� ujpkm�o pyqnuxo q� wj mkov nok } ijtoot r klo mjkox¶to| ojtojp�
{oksooj klo pqjjopkmqj q|oxwkqxn

Φ
wjt

Ψ
vwzon joponnwx� kq v wmjkwmj klo ymnk q� q{� opkn mtojkm�oxn kq

slmpl owpl mkov {oyqj�n ¡º� º kmtnok ½çwzm wjt � nmwq r ¿��¿À ¤ { o�qxo nkwxkmj� klo v mjmj� |xq ponn } � vwmj
�owkuxo q� qux pyqnuxo q|oxwkqx mn klwk mk tqon jqk |xonojk nupl wj mjkox¶to| ojtojp�} çlwq ¸� º»� |xq|qnotwj wy�qxmklv r pwyyot �������±� r �qx v mjmj� pyqnot �� ¶pywunon ¡klo o�um�wyojk q� tmn� ujpkm�o pyqnotmkov nokn mj qux pwno ¤ slqno Â��� �� ����¸ nu||qxk mn ojpqv|wnnot {oksooj ksq unox¶to�jot klxonlqytn r wjtq� nmµo ¡��¸�r juv{ox q� mkov n¤ yqsox klwj w �m�oj klxonlqyt } �qso�ox r klo� tmt jqk nkut� klo o³opk q�
nokkmj� klo pqj� ujpkm�o �xo�uojp� pqjnkxwmjk tuxmj� klo v mjmj� |xq ponn } �lo� tmt jqk wynq o�|yqxo klo
�xwv osqxz q� pqjpmno xo|xonojkwkmqjn �qx �xo�uojk mkov nokn } Ìuo kq klo mjkox¶to| ojtojp� {oksooj klo
q|oxwkqxn klo� |xq|qnot r klo tonm�jot wy�qxmklv mn {wnot qj w pqv{mjwkmqj q� w to|kl¶�xnk kxw�oxnwy q�
klo nowxpl n|wpo wjt klo uno q� kmtnokn } �qso�ox r kl mn yowtn kq ywx�ox vovqx� pqjnuv|kmqj �qx nkqxmj�
kmtnokn slmpl pqjnkmkukon w xowy lwv|ox r on| opmwyy� �qx yqs � ����¢¢ �wyuon } ik mn wynq sqxkl jqkmj� klwk
klo wuklqxn tmt jqk v wzo klo pqjjopkmqj {oksooj v mjmv wy �� ¶pywunon wjt onnojkmwy mkov nokn }
~xqv wj wy�qxmklv mp |qmjk q� �mos r klo Õ±���� ���� wy�qxmklv pwj ownmy� { o wtw|kot kq oÜ pmojky�

o�kxwpk w jos o�wpk pqjpmno xo|xonojkwkmqj wnnq pmwkot kq �xo�uojk ����¸»º�¸Â mkov nokn � �� ��� klo ���Âvownuxo ½�v mopmjnzm r ¿��³À } Ø�oj jqk v ojkmqjot mj ½�v mopmjnzm r ¿��³À r kl mn v ownuxo mn {wnot qj klo tmn¶
� ujpkm�o nu||qxk } ijtoot r klo {qjt q� wj wx{mkxwx� mkov nok

X
mn o�uwy kq klo xwkmq { oksooj mkn pqj� ujpkm�o

nu||qxk wjt klo pwxtmjwymk� q� klo nok q� q{� opkn klwk pqjkwmj wj� mkov q�
X
} �lmn ywkkox pwxtmjwymk� mn

q{�mquny� o�uwy kq mkn tmn� ujpkm�o nu||qxk }

V W� �`cg[hfe`c
ij kl mn plw|kox r so mjkxqtupot w jos tmn� ujpkm�o pyqnuxo q| oxwkqx wjt so klqxqu�ly� nkutmot mkn kloqxok¶
mpwy |xq| oxkmon } �wnot qj klmn q| oxwkqx r so nkxupkuxwyy� plwxwpkoxmµo klo tmn� ujpkm�o nowxpl n|wpo } �loj r
so mjkxqtupot w jos pqjpmno xo|xonojkwkmqj q� �xo�uojk mkov nokn {wnot qj klo tmn� ujpkm�o pyqnot mkov nokn
lw�mj� wk yownk w �xo�uojk onnojkmwy mkov nok wn w noot } ij wttmkmqj kq mjkoxonkmj� pqv|wpkjonn xwkon r klmn
xo|xonojkwkmqj wyyqs n w nkxwm�lk�qxswxt pqv|ukwkmqj q� klo tmn� ujpkm�o wjt jo�wkm�o nu||qxkn } ´qxoq�ox r
mk mn qjy� pqv|qnot q� tmn� ujpkm�o pyqnot mkov nokn slmpl ojnuxo mkn lqvq�ojomk�} �j wy�qxmklv r pwyyot
Õ±���� ���� r swn |xq|qnot �qx mkn o�kxwpkmqj } ij jowxy� wyy o�| oxmv ojkn so |ox�qxv ot r klo q{kwmjot
xonuykn nlqsot klwk qux xo|xonojkwkmqj mn nm�j m�pwjky� nv wyyox klwj klo |mqjooxmj� qjon q� klo ymkoxwkuxo }
�loxo�qxo so lw�o |xq|qnot w pqjpmno xo|xonojkwkmqj ¡vqtoy¤ q� �xo�uojk mkov nokn klwk tmnkmyyn klo v owj¶mj��uy mj�qxv wkmqj s mkl xon|opk kq klo v mjmvuv tonpxm|kmqj yoj�kl |xmjpm|yo r on| opmwyy� mj klo pwno q�
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tojno pqjko�kn }
�lo jo�k plw|kox |xq|qnon w pqv|yoko w||xqwpl wyyqs mj� klo o�kxwpkmqj q� ¡nu{nok q� ¤ �ojoxwymµotwnnq pmwkmqj xuyon } �lo mjkxqtupot w||xqwpl xoymon qj onnojkmwy wjt tmn� ujpkm�o pyqnot mkov nokn wn w nkwxkmj�

|qmjk }
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X W: ;c]a`^hg]e`c
�lo v wmj vqwj klwk pwj {o wttxonnot kq klo pqjkxm{ukmqjn xoywkot kq wnnqpmwkmqj xuyon mn klomx �q pun
qj klo nmvuykwjoqun q ppuxxojpo ¡qx pq¶qppuxxojpo ¤ { oksooj mkov n <Ôkomj{wpl wjt Ïuvwx r =>>Ð? } ijtoot r
wyvqnk wyy xoywkot sqxz jo�yopk klo qklox zmjtn q� xoywkmqjn r ymzo vukuwyy� o�pyunm�o qx pqv|yovojkwx�
qppuxxojpon <�µwjmn wjt �ox{ oxmtmn r =>>Ð? r slmpl pwj wynq {xmj� mj�qxvwkmqj q� sqxkl mjkoxonk �qx klo
ojt¶unoxn } Ôupl zmjt q� zjqs yot�o pwj jwkuxwyy� { o pqj�o�ot klxqu�l tmn� ujpkm�o |wkkoxjn } ij klmn
xo�wxt r klo wttot¶�wyuo q� wnnq pmwkmqj xuyon lw�mj� tmn� ujpkmqjn q� ymkoxwyn @ mj klo |xov mno qx pqjpyunmqj
|wxk lwn {ooj lm�lym�lkot mj nqv o pqjkxm{ukmqjn <Awjw�wkm B� CD�r =>> �r Ôkomj{wpl wjt Ïuvwx r =>>Ð? }
~qx o�wv|yo r klono xuyon soxo nlqsj kq {o uno�uy �qx nq�kswxo plwj�o mv|wpk wjwy�nmn <Ewkkqxm B� CD�r=>>ß? r wjt �owkuxo vqtoy v mj mj� <Ôlo r =>>ß? } ij �wpk r nupl zmjt q� xuyon q³oxn wt�wjkw�on pqv|wxot kq
klo lmoxwxpl�Fkw�qjqv�¶{wnot �ojoxwymµwkmqj <Ôxmzwjk wjt G�xwswy r ���Ù? } ijtoot r klo� tq jqk to| ojt
u|qj w |xo¶to�jot kw�qjqv�} �lo� wynq tq jqk nu³ox �xqv klo |xq{yov q� q�ox�ojoxwymµwkmqj nmjpo klo
kw�qjqv� w||xqwpl v wmjy� pqjnmtoxn ��ot tmn� ujpkn }
ij kl mn plw|kox r so |xq|qno w jos w||xqwpl pq�oxmj� klo slqyo |xq ponn wyyqs mj� klo o�kxwpkmqj q�

�ojoxwymµot wnnq pmwkmqj xuyon } �lono ywkkox xuyon �ojoxwymµo |qnmkm�o qjon {� wynq wyyqs mj� klo tmn� ujpkmqj
wjt jo�wkmqj pqjjopkqxn { oksooj mkov n <�qm�qjoj r ���Ëw? } ijtoot r mj nqv o nmkuwkmqjn r klo mj�qxv wkmqj
pqj�o�ot {� w �ojoxwymµot wnnq pmwkmqj xu yo � wjt mj |wxkmpuywx tmn� ujpkm�o qjon � v w� jqk { o q{kwmjot
o�oj {� w pqyyopkmqj q� pqj� ujpkm�o wnnq pmwkmqj xuyon <Awjw�wkm B� CD�r =>> �? } ´ qxoq�ox r klo uno q� klo
tmn� ujpkm�o q| oxwkqx mj wnnq pmwkmqj xu yon wyyqs n r �qx o�wv|yo r kq q{kwmj xuyon ymjzmj� �xo�uojky� qppuxxmj�
mkov nokn wjt xwxo qjon } Ôupl xoywkmqjnlm|n wxo tmÜ puyk kq v mjo unmj� pqj�ujpkm�o wnnq pmwkmqj xuyon ujyonn
klo �wyuo q� klo v mjmvuv nu||qxk klxonlqyt nok kqq yqs r slmpl yowtn kq wj q�oxsloyv mj� xuyo nok }G n w nkwxkmj� |qmjk r klo mjkxqtupot w||xqwpl xoymon qj w pqjpmno xo|xonojkwkmqj q� �xo�uojk mkov nokn {wnot
qj tmn� ujpkm�o mkov nokn } Ôupl w xo|xonojkwkmqj wyyqs n klo toxm�wkmqj q� klo o�wpk pqj� ujpkm�o nu||qxkn q�
�xo�uojk mkov nokn slmyo |xonox�mj� klo own� wpponn kq klomx xon|opkm�o tmn� ujpkm�o wjt jo�wkm�o nu||qxkn }
Hü �	����� 	� �ÿ 	��� þ� �
� ÿ����	þÿ þ � �ÿ 	��� F
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�lmn vwzon mk |qnnm{yo kq pqv|uko klo �wyuon q� �uwymk� v ownuxon } ijtoot r mk swn nlqsj mj <EÞ{oxk wjt
ÝxÞv myyou� r =>>Ð? klwk wyv qnk wyy mjkoxonkmj�jonn v ownuxon �qx wnnq pmwkmqj xuyon wxo o�|xonnot to|ojtmj�
qj klo nu||qxk q� klo xu yo wjt klqno q� mkn wnnq pmwkot |xov mno wjt pqjpyunmqj } ij wttmkmqj r klo uno q�
tmn� ujpkm�o mkov nokn � mj |wxkmpuywx pyqnot wjt onnojkmwy mkov nokn � |xq�mton wj mjkoxonkmj� nkwxkmj� |qmjk
kqswxtn v mjmj� wnnq pmwkmqj xu yon pqj�o�mj� pqv|yovojkwx� q ppuxxojpon {oksooj mkov n r xwklox klwj pq¶
q ppuxxojpon } ijtoot r klono ywkkox xoywkmqjnl m|n � pq¶q ppuxxojpon s mklmj ymkoxwyn � soxo o�|yqxot mj¶to|kl
mj klo ymkoxwkuxo klxqu�l wnnq pmwkmqj xuyon lw�mj� pqj�ujpkmqj q� ymkoxwyn r pwyyot DL�B�CD�B��r mj |xov mno
wjt pqjpyunmqj |wxkn } �lmn yowtn kq slwk mn pqvvqjy� zjqsj wn ¢ �� L�L�B C�M � B� C�L�B C����LC�L�� �NDB�}O lmyo tmn� ujpkm�o wnnq pmwkmqj xuyon qjy� lw�o xopojky� { o�uj kq �xwn| klo mjkoxonk q� xonowxploxn } ij klmn
xon| opk r so �m�o wj q�ox�mos q� klo |qnnm{yo v mjot �qxv n q� �ojoxwymµot wnnq pmwkmqj xuyon } G �kox klwk r so
noyopk nu{nokn q� �ojoxwymµot xuyon kq {o o�kxwpkot } �lmn xo�u mxot klo pqjnkxupkmqj q� w |wxkmwyy� qxtoxot
nkxupkuxo r q{kwmjot � ����� nok mjpyu nmqj {oksooj tmn� ujpkm�o pyqnot mkov nokn }
Oo xonkxmpk quxnoy�on mj klmn sqxz kq tmn� ujpkm�o pyqnot mkov nokn slqno v mjmv wy nootn r L�B �r onnojkmwymkov nokn r wxo �xo�uojk s mkl xon| opk kq w v mjmvuv pqj�ujpkm�o nu||qxk klxonlqyt } �lmn mn wx�uot {� klo �wpk

klwk r s mkl mj klo wnnq pmwkmqj xuyo �xwvosqxz r klmn klxonlqyt wn soyy wn klo pqj�tojpo¶{wnot qjo lw�o w zo�
xqyo mj klo xotupkmqj q� klo juv{ox q� o�kxwpkot wnnqpmwkmqj xu yon <Ýo�ywx wjt Pqttmpz r =>>Ë r Ïx�nµzmos mpµ r=>>=? } ij wttmkmqj r klo uno q� w |wxkmwyy� qxtoxot nkxupkuxo s myy wyyqs kq noyopk xo|xonojkwkm�o nu{nokn q�
wnnq pmwkmqj xu yon } �lmn jupyoun q� xu yon s myy { o q� |wxwvqujk loy| �qx w�qmtmj� kq q�oxsloyv ojt¶unoxn
{� lm�l y�¶nmµot xu yo ymnkn } ´ qxoq�ox r qjpo klmn nkxupkuxo {umyk r o�kxwpkmj� �ojoxwymµot xu yon { opqv on w
nkxwm�lk�qxswxt kwnz }
�lo xov wmjtox q� klo plw|kox mn qx�wjmµot wn �qyyqs n } �lo jo�k nopkmqj nkwxkn {� o�kojtmj� klo �xwvo¶

sqxz q� pywnnmp wnnq pmwkmqj xuyon klxqu�l kwzmj� mjkq wppqujk klo �wxmqun |qnnm{yo pqjjopkqxn wn soyy wn
jo�wkm�o mkov n } ik kloj |xonojkn wj q�ox�mos q� klo |qnnm{yo v mjot �qxv n q� �ojoxwymµot wnnq pmwkmqj xuyon r
wjt nlqs n lqs wxo pwypuywkot klo wnnq pmwkot nu||qxkn mj klo �ojoxwy pwno } Ôopkmqj Ð }Q tokwmyn klo noyop¶
kmqj |xq ponn q� �ojoxwymµot xuyon kq { o o�kxwpkot wjt klomx �uwymk� vownuxon onkmv wkmqj unmj� klo wtq|kot
pqjpmno xo|xonojkwkmqj q� �xo�uojk mkov nokn } Ôopkmqj Ð }R |xq|qnon wy�qxmklv n pq�oxmj� klo tm³oxojk nko|n
q� klo o�kxwpkmqj |xq ponn } Ø�|oxmv ojkwy xonuykn �q punmj� qj klo v mjmj� kmv o wn soyy wn klo �uwjkmkwkm�o
wn| opk wxo xo|qxkot wjt wjwy�µot mj Ôopkmqj Ð }Ù } Ôopkmqj Ð }Ë tmnpunnon klo xoywkot sqxz }

X WS TUZaU eZV ` W XZcZa\[eYZ^ Z ff` ge\]e`c Yh[Z [`a\ f
ij klmn nopkmqj r so wxo mjkoxonkot mj �qmj� {o�qjt pywnnmp wnnq pmwkmqj xu yon qj y� pqj�o�mj� pqj�ujpkmqj
q� mkov n mj klo |xov mno wjtFqx pqjpyu nmqj |wxkn } �lmn mn pwxxmot quk klxqu�l to�jmj� klo �xwvosqxz q�
�ojoxwymµot wnnq pmwkmqj xu yon mj klo �ojoxwy pwno } �loj r so tonpxm{o nqv o v wmj xuyo �qxv n r wjt nlqs lqs
klomx wnnqpmwkot nu||qxkn wxo pqv|ukot }

] ^_ ^` abcbdefghbi jkklmgenglc opfb qderbsldt
Gj wnnq pmwkmqj xuyo

R u X ⇒ Y
{wnot qj wj mkov nok

Z
r tojqkot

Z Ú�C�BM �NDBr mn nupl klwk
X =

{x1, x2, . . . , xn} ⊆ I
r wjt

Y Ñ {y1, y2, . . . , ym} ⊆ I
{o ksq mkov nokn r

X ∩ Y Ñ ∅
r wjt

X ∪ Y Ñ Z
}Gj wnnq pmwkmqj xuyo mn unuwyy� pqjnmtoxot wn mjkoxonkmj� � ����� ksq nkwkmnkmpwy v okxmpn r jwv oy� klo nu||qxkwjt klo pqj�tojpo <Ïx�nµzmos mpµ r =>>=? } �lo �qxvuywo q� klono v ownuxon �qx wj wx{mkxwx� xuyo wxo wn
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�qyyqs n u
±N¢¢ ¡X ⇒ Y ¤ = ±N¢¢ ¡X ∧ Y ¤ ~ wjt r ���� ¡X ⇒ Y ¤ = ±N¢¢ ¡X ∧ Y ¤±N¢¢ ¡X ¤ = ±N¢¢ ¡X ⇒ Y ¤±N¢¢ ¡X ¤áok un xopwyy klwk w xuyo mn nwmt kq {o B� C�� slojo�ox mkn pqj�tojpo �wyuo mn o�uwy kq 1

} �kloxs mno r mk
mn nwmt kq { o C¢¢ ��� L� C�B} ij wttmkmqj r mk mn nwmt kq { o L��B�B��L�� qx �CDLM m� mkn nu||qxk wjt pqj�tojpo
�wyuon wxo �xowkox klwj qx o�uwy kq klomx xon|opkm�o v mj mvuv klxonlqytn � L��N¢¢ wjt � L����� } ik mn
pyowx klwk slojo�ox so lw�o klo w{mymk� kq wnnonn ±N¢¢ ¡X ⇒ Y ¤r klo toxm�wkmqj q� klo pqj�tojpo �wyuo mn
nkxwm�lk�qxswxt r nmjpo so qjy� lw�o kq tm�mto klo nu||qxk q� klo xuyo {� klwk q� klo |xov mno |wxk }
�ojoxwymµot wnnq pmwkmqj xuyo �qxv n o�kojt klo �xwv osqxz q� pywnnmp wnnq pmwkmqj xuyon {� u
�} G yyqs mj� klo uno q� jo�wkm�o mkov n r mj wttmkmqj kq |qnmkm�o qjon r s mklmj klo nwv o xu yo } �lo jo�wkm�o

mkov
i � ����� w |qnmkm�o mkov i

pqj�o�n klo mj�qxv wkmqj w{quk klo w{nojpo q�
i
mj kxwjnwpkmqjn r xwklox

klwj mkn |xonojpo }
= } G yyqs mj� klo ymjzn { oksooj mkov n unmj� klo tmn� ujpkmqj pqjjopkqx r mj wttmkmqj kq klo pqj� ujpkmqj

qjo }
�lo to�jmkmqj q� w �ojoxwymµot wnnqpmwkmqj xuyo xo�umxon klwk q� w �qqyowj o�|xonnmqj slmpl mn wn �qyyqs n u

ê �ë� ì�ì�� í� î�ðð�òøñ ò�ö÷òùùõðñ ú� ¯ ��DBC� B�¢ �B��L�� L� �� B D�� L�CD ����B��L�� �� C �B� �� L�B� � N� L�� �� B ���� N���L��¦ ML�� N���L�� C�M
�B� C�L�� ����B����� �Aqko klwk �qx w �qqyowj o�|xonnmqj r |wxojklonon wxo r slojo�ox joponnwx�r unot kq tov wxpwko pywunon wjt
|xmqxmk� s mkl mj q|oxwkqxn } G pywuno mn kloj pqv|qnot {� w nok q� ymkoxwyn ymjzot unmj� omklox klo yq�mpwy
pqj� ujpkmqj qx klo tmn� ujpkmqj pqjjopkqx }
���� ��� �� �B� © ¦ ª C�M « �B �� �BB L�B� �¦ �� B� ¡© ∧ ª ¤ ∨ « L� C ¯ ��DBC� B�¢ �B�� L�� �
ê �ë� ì�ì�� í� î�òñò÷ø�õ�ò� øùùðóõøôõðñ ÷��ò ú�B� I �B C �B� �� L�B� � C�M xi ¦ yj ∈ I � � � B�B�CDL� BM C����LC�L�� �NDB L� �� �� B � ��� �

%¡x1 ¦ x2 ¦ � � � ¦ xn ¤ ⇒ υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤
�� B�B %¡x1 ¦ x2 ¦ � � � ¦ xn ¤ C�M υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤ C�B �� � ¯ �� DBC� B�¢ �B�� L��� �� L�� M� ��� � C�B C�� L�B�
L� ���� �� �
���� ��� �� �B� I ² �© ¦ ª ¦ «¦ ¬ ¦ �� �B C �B� �� L�B� � � �� B �NDB� © ∧ ª ⇒ « ∧ ¬ C�M © ∨ � ⇒ ¬ C�B
�� � B� C�¢ DB� �� � B�B�CDL� BM C����LC�L�� �NDB� �
Oo jqs |xonojk klo nu||qxk wjt klo pqj�tojpo q� w �ojoxwymµot wnnq pmwkmqj xuyo }

ê �ë� ì�ì�� �� î��ööð÷ô � ïðñ�õ�òñóò ð� ø �òñò÷ø�õ�ò� øùùðóõøôõðñ ÷��ò ú
�B� R �B C � B�B�CDL� BM C����LC�L�� �NDB %¡x1 ¦ x2 ¦ � � � ¦ xn ¤ ⇒ υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤¦

• �� B �N¢¢ ��� �� R ¦ ±N¢¢ ¡R¤¦ L� B¥NCD �� �� B �N� �B� �� ��C��C��L��� �� C� � ¡¢ £¤¥¦§¨¢�£© �C�L�� �
���� ¯ �� DBC� B�¢ �B�� L��� %¡x1 ¦ x2 ¦ � � � ¦ xn ¤ C�M υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤ � ª B� �B¦
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±N¢¢ ¡R¤ ² ±N¢¢ ¡%¡x1 ¦ x2 ¦ � � � ¦ xn ¤ ∧ υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤¤ �
• �� B ���® MB� �B �� R ¦ ���� ¡R¤¦ L� �� B �C�L� �B�� BB� L�� �N¢¢ ��� C�M �� B �N¢¢ ��� �� �� B ¯ ��DBC�B�¢ �B�� L�� �B¢ �B�B��L�� �� B ¢ �B� L�B ¢ C��� ª B� �B¦

���� ¡R¤ ² ±N¢¢ ¡%¡x1, x2, . . . , xn ¤ ∧ υ ¡y1, y2, . . . , yn ¤¤
±N¢¢ ¡%¡x1, x2, . . . , xn ¤¤ �

�lo jo�k yovvw nkwkon klo mjkox�wy mj slmpl �wxmon klo pqj�tojpo q� w �ojoxwymµot xuyo }
¬��� � � �B� R � %¡x1 ¦ x2 ¦ � � � ¦ xn ¤ ⇒ υ ¡y1 ¦ y2 ¦ � � � ¦ yn ¤ �B C � B�B�CDL� BM C����LC�L�� �NDB � ¨� ±N¢¢ ¡%¡x1 ¦
x2 ¦ � � � ¦ xn ¤¤ 6= 0¦ �� B� ���� ¡R¤ ∈ 0¦ 1® �
¯ ���� � �lo nu||qxk q� %¡x1

r
x2

r } } } r
xn ¤ ∧ υ ¡y1 r y2 r } } } r yn ¤ mn yqsox klwj qx o�uwy kq klwk q�

%¡x1

r
x2

r
} } } r

xn ¤} ijtoot r owpl kxwjnwpkmqj klwk nwkmn�on klo �qxvox wynq �oxm�on klo ywkkox } Eojpo r ���� ¡R¤ ≤ 1
}

�qkl nu||qxkn wynq lw�o |qnmkm�o �wyuon } Eojpo r ���� ¡R¤ ≥ 0
} �lun r ���� ¡R¤ ∈ <0 r 1? } ♦

������� °� ���� LMB� �� B ����B� � � L�B� �� �C�DB ± �  ¡�� � ¢ C� B  ±¤ C�M �� B � B� B�CDL� BM C����LC�L�� �NDB
R � © ∨ � ⇒ ¬ � ±N¢¢ ¡R¤ ² ±N¢¢ ¡¡© ∨ � ¤ ∧ ¬ ¤ � ± L� �B �� B ¢ �B� L�B C�M �� B ����DN� L�� C�B � L�ND�C�B�N� D�
�C�L�® BM �� �� B ��C��C��L��� 1¦ 2 C�M 4¦ �� B� ±N¢¢ ¡R¤ ² 3 � ²� LDB ���� ¡R¤ ² ±N¢¢ ¡R¤

±N¢¢ ¡© ∨ �¤ � ± L��B �� BML�� N���L�B L�B� �B� © ∨ � L� CD�� � N D® D DBM �� �� B ��C��C��L�� 3 ¡�� L�� M�B� ��� ����CL� ¬ ¤¦ �� B� ±N¢¢ ¡© ∨

� ¤ ² 4 � ����B¥NB��D�¦ ���� ¡R¤ ² 3

4
² 0.75 �

] ^_ ^_ ³p´´ldn obndgbµef l¶ abcbdefghbi jkkl mgenglc opfb qldr k
áok

X = {x1, x2, . . . , xn} ⊆ I
r wjt

Y Ñ {y1, y2, . . . , ym} ⊆ I
{o ksq mkov nokn � ��� X ∩ Y Ñ ∅

} �lo
�ojoxwymµot wnnq pmwkmqj xu yo �qxv n unmj� w pqj�ujpkmqj r tmn� ujpkmqj qx jo�wkmqj q� mkov n mj klo |xov mno
wjt pqjpyunmqj |wxkn wxo wn �qyyqs n u

�}
R1 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
= }

R2 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∨ y2 ∨ . . . ∨ ym

}
Q }

R3 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
R }

R4 u x1 ∨ x2 ∨ . . . ∨ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
Ù }

R5 u x1 ∨ x2 ∨ . . . ∨ xn ⇒ y1 ∨ y2 ∨ . . . ∨ ym

}
Ë }

R6 u x1 ∨ x2 ∨ . . . ∨ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
Ð }

R7 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
ß }

R8 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∨ y2 ∨ . . . ∨ ym

}
� }

R9 u x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

}
�lono wnnq pmwkmqj xuyon {xmj� xmplox mj�qxv wkmqj kq klo ojt¶unox klwj klqno |xonojkot mj klo ymkoxwkuxo r
nmjpo klo� mj�qy�o �wxmqun �qqyowj pqjjopkqxn mj {qkl klo |xov mno wjt klo pqjpyunmqj |wxkn r wjt jqk qjy�
klo pqj� ujpkmqj qjo } Oo |xonojk jqs wj q�ox�mos q� klo |xq ponn {� slmpl so wxo w{yo kq xokxmo�o klo
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• ¸¹ºº »»x1 ∧ x2 ∧ . . . ∧ xn

U
∧ »y1 ∨ y2 ∨ . . . ∨ ym

UU ¼ ¸¹ºº »x1 ∧ x2 ∧ . . . ∧ xn

U
−

¸¹ºº »x1 ∧ x2 ∧ . . . ∧ xn ∧ y1 ∧ y2 ∧ . . . ∧ ym

U ½¾¿%¿H$ ÀÁ ¿ÂÃ &ÄH ÀÂÅ%%Ä T ÆMMMÇ »È U

• ¸¹ºº »x1∧x2∧ . . .∧xn∧y1∧y2∧ . . .∧ym

U ¼ ∑

S⊆{y1,...,ym}

»É1U|S|¸¹ºº »x1∧x2∧ . . .∧xn∧S
U

½#ÀÄKÀÂÅÂ T LGGÊ¿Ç »Ë U

• ¸¹ºº »A ∧ B
U ¼ ¸¹ºº »AU Ì ¸¹ºº »B U Í ¸¹ºº »A ∨ B

U T ÎÏÅÐÅ
A
¿ÂÃ

B
¿ÐÅ ÑÎÀ ÒÀÀ %Å¿Â

ÅÓÔÐÅÁÁÄÀÂÁ Õ
»Ö U

• ¸¹ºº »A ∧ B
U ¼ ¸¹ºº »A ∨ B

U Í ¸¹ºº »AU T ÎÏÅÐÅ A ¿ÂÃ B ¿ÐÅ ÑÎÀ ÒÀÀ %Å¿Â ÅÓÔÐÅÁÁÄÀÂÁ Õ »Ê U
#¿$%Å = ÕL × ØÀÐHÞ %¿Å Þ ÁÅÃ (ÀÐ ÁÞÔÔ ÀÐÑ ÙÀHÔÞÑ¿ÑÄÀÂ Õ

nu||qxkn q� klo wnnq pmwkmqj xuyon |xonojkot w{q�o } ~qx klmn |ux|qno r klo ksq �qxvuywo q� áovvw � ¡�� �|w�o �Q ¤ s myy { o uno�uy r mj wttmkmqj kq klo qjon nlqsj mj �w{yo Ð }�}
�lo xon| opkm�o nu||qxkn q� klo tm³oxojk |xq|qnot �qxv n q� wnnq pmwkmqj xuyon wxo kloj pqv|ukot wn

�qyyqs n u
�} ±N¢¢ ¡R1 ¤ Ñ ±N¢¢ ¡x1 ∧ x2 ∧ . . . ∧ xn ∧ y1 ∧ y2 ∧ . . . ∧ ym ¤}= } ±N¢¢ ¡R2 ¤ Ñ ±N¢¢ ¡¡x1∧x2∧. . .∧xn ¤∧ ¡y1∨ y2∨ . . .∨ ym¤¤ Ñ ±N¢¢ ¡x1∧x2∧. . .∧xn ¤ − ±N¢¢ ¡x1∧x2∧

. . .∧xn∧y1∧y2∧. . .∧ym ¤ Ñ ±N¢¢ ¡x1∧x2∧. . .∧xn ¤− ∑

S⊆{y1,...,ym}

¡�1¤|S|±N¢¢ ¡x1 ∧ x2 ∧ . . . ∧ xn ∧ S ¤}

Q } ±N¢¢ ¡R3 ¤ Ñ ±N¢¢ ¡x1∧x2∧. . .∧xn∧y1∧y2∧. . .∧ym ¤ Ñ ∑

S⊆{y1,...,ym}

¡�1¤|S|±N¢¢ ¡x1∧x2∧. . .∧xn∧S ¤}
R } ±N¢¢ ¡R4 ¤ Ñ ±N¢¢ ¡¡x1∨ x2∨ . . .∨ xn ¤∧y1∧y2∧. . .∧ym ¤ Ñ ±N¢¢ ¡y1∧y2∧. . .∧ym ¤ − ±N¢¢ ¡x1∧x2∧

. . .∧xn∧y1∧y2∧ . . .∧ym ¤ Ñ ±N¢¢ ¡y1∧y2∧ . . .∧ym ¤ − ∑

S⊆{x1,...,xn}

¡�1¤|S|±N¢¢ ¡S ∧ y1 ∧ . . . ∧ ym ¤}
Ù } ±N¢¢ ¡R5 ¤ Ñ ±N¢¢ ¡¡x1 ∨ x2 ∨ . . . ∨ xn ¤ ∧ ¡y1 ∨ y2 ∨ . . . ∨ ym ¤¤ Ñ ±N¢¢ ¡x1 ∨ x2 ∨ . . . ∨ xn ¤ +

±N¢¢ ¡y1 ∨ y2 ∨ . . . ∨ ym ¤ − ±N¢¢ ¡x1 ∨ x2 ∨ . . . ∨ xn ∨ y1 ∨ y2 ∨ . . . ∨ ym ¤ }
Ë } ±N¢¢ ¡R6 ¤ Ñ ±N¢¢ ¡¡x1∨ x2∨ . . .∨ xn ¤∧y1∧y2∧. . .∧ym ¤ Ñ ±N¢¢ ¡y1∧y2∧. . .∧ym ¤ − ±N¢¢ ¡x1∧x2∧

. . .∧ xn ∧ y1 ∧ y2 ∧ . . .∧ ym¤ Ñ ∑

S⊆{y1,...,ym}

¡�1¤|S|±N¢¢ ¡S ¤ − ∑

Z′⊆{x1,...,xn,y1,...,ym}

¡�1¤|Z′|±N¢¢ ¡Z ′ ¤}

Ð } ±N¢¢ ¡R7 ¤ Ñ ±N¢¢ ¡x1∧x2∧ . . .∧xn∧y1∧y2∧ . . .∧ym ¤ Ñ ∑

S⊆{x1,...,xn}

¡�1¤|S|±N¢¢ ¡S∧y1∧ . . .∧ym ¤}
ß } ±N¢¢ ¡R8 ¤ Ñ ±N¢¢ ¡x1∧x2∧. . .∧xn∧ ¡y1∨ y2∨ . . .∨ ym¤¤ Ñ ±N¢¢ ¡x1∧x2∧. . .∧xn ¤ − ±N¢¢ ¡x1∧x2∧

. . .∧ xn ∧ y1 ∧ y2 ∧ . . .∧ ym ¤ Ñ ∑

S⊆{x1,...,xn}

¡�1¤|S|±N¢¢ ¡S ¤ − ∑

Z′⊆{x1,...,xn,y1,...,ym}

¡�1¤|Z′|±N¢¢ ¡Z ′ ¤}
� } ±N¢¢ ¡R9 ¤ Ñ ±N¢¢ ¡x1 ∧ x2 ∧ . . .∧ xn ∧ y1 ∧ y2 ∧ . . .∧ ym ¤ Ñ |O| − ±N¢¢ ¡x1 ∨ x2 ∨ . . .∨ xn ∨ y1 ∨

y2 ∨ . . . ∨ ym ¤ }
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ij klmn xon|opk r mk mn sqxkl jqkmj� klwk tmn� ujpkm�o xuyon wn to�jot mj <��zqs nzm wjt P m�qkkm r =>> �r
��zqs nzm wjt P m�qkkm r =>>Q? wjt �ojoxwymµot tmn� ujpkm�o xuyon wn to�jot mj <Ïx�nµzmos mpµ r =>>=? wxo
n| opmwy pwnon q�

R2

} �lo tm³oxojpo { oksooj klov ymon mj klo juv{ox q� mkov n unot mj klo pqjpyu nmqj |wxk }
´ qxoq�ox r wj mjkoxonkmj� pwno |qmjkot quk {�

R5

¶ymzo xu yon qppuxn sloj
{y1, y2, . . . , ym}

mn wj onnojkmwy
mkov nok wjt

h¡{y1, y2, . . . , ym}¤ Ñ {x1, x2, . . . , xn} ∪ {y1, y2, . . . , ym} Ñ {x1, x2, . . . , xn, y1, y2, . . . , ym}

¡wjt r lojpo r ±N¢¢ ¡ ∨ {y1, y2, . . . , ym}¤ Ñ ±N¢¢ ¡ ∨ {x1, x2, . . . , xn, y1, y2, . . . , ym}¤r �� � �xq|qnmkmqj Q� r
|w�o ��R ¤ } ijtoot r mj nupl w pwno r klmn xuyo mn wj o�wpk qjo nmjpo mkn pqj�tojpo �wyuo mn o�uwy kq

1 u
���� ¡R5 ¤ = ±N¢¢ ¡ ∨X ¤+ ±N¢¢ ¡∨ Y ¤− ±N¢¢ ¡∨ ¡X ∪ Y ¤¤±N¢¢ ¡ ∨X ¤ Ñ

±N¢¢ ¡∨ {x1, x2, . . . , xn}¤+ ±N¢¢ ¡ ∨ {y1, y2, . . . , ym}¤− ±N¢¢ ¡∨ h¡{y1, y2, . . . , ym}¤¤±N¢¢ ¡∨ {x1, x2, . . . , xn}¤ Ñ 1
}

´ qxoq�ox r
R5

smyy lw�o w �C� L� CD |xov mno |wxk wjt w � L� L� CD pqjpyunmqj |wxk r � �� ��� klo juv{ox q�
mkov n } �lmn mn wk klo q||qnmko q� v mj mv wy jqj¶xotujtwjk xuyon sloxo |xov mno wjt pqjpyunmqj |wxkn wxo
xo�umxot kq {o � L� L� CD wjt �C� L� CDr xon|opkm�oy� ¡�� � |w�o =Ë ¤} ij wttmkmqj r mk mn mv|qxkwjk kq v ojkmqj
klwk r klwjzn kq klo |xq| oxkmon q� klo pyqnuxo q| oxwkqx

h
r klo xuyon

∨X ⇒ ∨Y
wjt

h¡X ¤ ⇒ h¡Y ¤ lw�o klonwv o �wyuon q� nu||qxk wjt pqj�tojpo }
�jpo w xuyo q� klo �qxv

R5

mn o�kxwpkot r mk mn nkxwm�lk�qxswxt kq toxm�o klo pqxxon|qjtmj� qjo q� klo �qxv
R9

klwjzn kq Ìo ´qx�wj Ín yws ¡�� � ~qxvuyw ¡= ¤ mj áovvw �¤} ijtoot r klo nu||qxk wjt klo pqj�tojpo
q�

R9

wxo o�|xonnot wn �qyyqs n � ����� klqno q� R5 u
±N¢¢ ¡R9 ¤ = |O| − ±N¢¢ ¡R5 ¤r wjt r

���� ¡R9 ¤ =
|O| − ±N¢¢ ¡R5 ¤

|O| − ±N¢¢ ¡x1 ∨ x2 ∨ . . . ∨ xn ¤Aqko wynq klwk r klwjzn kq ~qxvuyw ¡Q ¤r so lw�o ±N¢¢ ¡R3 ¤ Ñ ±N¢¢ ¡x1 ∧ x2 ∧ . . . ∧ xn ¤ ¶ ±N¢¢ ¡R2 ¤}

X WÛ ÜZ[Zg]e`c ` W ÜhÝ fZ]f ` W XZcZa\[eYZ^ Z ff` ge\]e`c Yh[Zf
] ^Þ ^` ßbkmdg´nglc l¶ nàb ³bfbmnbi ³pákbnk
�q {o w{yo kq toxm�o klo xo�umxot mj�qxv wkmqj joponnwx� �qx pqv|ukmj� klo wnnq pmwkot �uwymk� v ownuxon q�
wj wnnq pmwkmqj xuyo r w pqjpmno xo|xonojkwkmqj q� �xo�uojk mkov nokn mn wtq|kot } ij qux pwno r so pqjnmtox wn w
nkwxkmj� |qmjk klo pqjpmno xo|xonojkwkmqj

DSSR
{wnot qj �xo�uojk onnojkmwy mkov nokn wjt klomx wnnq pmwkot

tmn� ujpkm�o pyqnot mkov nokn ¡�� � |w�o ��ß ¤} �lmn plqmpo mn v qkm�wkot {� klo �wpk klwk onnojkmwy wjt tmn¶
� ujpkm�o pyqnot mkov nokn nkxupkuxwyy� plwxwpkoxmµo klo wnnqpmwkot tmn� ujpkm�o o�um�wyojpo pywnnon } Eojpo r
klo� pwj {o nupponn�u yy� unot kqswxtn o�kxwpkmj� xo|xonojkwkm�o nu{nokn q� �ojoxwymµot wnnq pmwkmqj xuyon }
ijkoxonkmj�y�r klo� wxo xon|opkm�oy� klo v w||mj� q� v mjmv wy �ojoxwkqxn wjt pqj�ujpkm�o pyqnot mkov nokn }
�lono ywkkox mkov nokn soxo wk klo xqqkn q� klo vwmj �ojoxmp {wnon q� wnnqpmwkmqj xuyon |xq|qnot mj klo ymkox¶
wkuxo <Ýo�ywx wjt Pqttmpz r =>>Ë r Ïx�nµzmos mpµ r =>>=? } �lmn ojpquxw�on klo uno q� klomx pqxxon|qjtojpon
s mkl mj klo tmn� ujpkm�o nowxpl n|wpo }
������� °â ���� LMB� �� B ����B� � � L�B� �� �C�DB ± �  ¡�� � ¢ C� B  ±¤ � �C�DB ã�± ¢ �B�B��� �� B DSSR

�B¢ �B�B��C�L�� � �� �L��N¢¢ ² 1 � ¨� �� L� �B�¢ B��¦ BC�� ML�� N���L�B �D��BM L�B� �B� L� C����LC�BM �� L��
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� �B¥NB�� B��B��LCD L�B� �B�� C�M ML�� N���L�B �N¢¢ ���� æ ��B �� C� B�B� ��� N�BM MN�L�� �� B �NDB � L� L�� ��B¢ ¦
�� B B�¢ �� �B� L� � B��L��BM � B�B � �� �� B �C� B �� ���¢ DB�B� B�� �� DSSR �

¸ ¹º» ¼½¾¿¹ÀÁ ¾ÃçºÁÆ ¹¿Á| ºÁ¿ {ÄÁè¼Á½¿ ÁººÁ½¿¹Å Ã ¹¿Á| ºÁ¿º ¸ ¹º» ¼½¾¿¹ÀÁ º¼ÉÉçÄ¿
∅ ∅ Öé é Èê ê Èëì ë T ì Èíî í T î Ë
éê éê Ë
ëìé ëé T ìé Ë
ëìê ëê T ìê Ë
ëìíîéê ëí T ëî T ìí T ìî T Öíé T íê T îé T îê T ëéê T ìéê

ï¿ðñÅ ò ÕÆ × ïÏÅ DSSR
ÐÅÔÐÅÁÅÂÑ¿ÑÄÀÂ óÀÐ ô õö÷¹ºº ¼ 1

Õ
Ôkwxkmj� �xqv

DSSR
r klo tmn� ujpkm�o nu||qxk q� owpl �xo�uojk mkov nok mn wk lwjt nmjpo klo xo|xonojkw¶

kmqj mn pqv|qnot q� tmn� ujpkm�o mkov nokn } ikn jo�wkm�o nu||qxk nmv|y� �qyyqs n unmj� Ìo ´qx�wj Ín yws } ij
wttmkmqj r mkn pqj� ujpkm�o nu||qxk pwj {o totupot unmj� áovvw � ¡�� � |w�o �Q ¤} Aqs r so s myy |xonojk wjq�ox�mos q� klo |xq ponn {� slmpl so xokxmo�o nu{nokn q� �ojoxwymµot wnnq pmwkmqj xuyon wjt o�wyuwko klomx
wnnq pmwkot nu||qxkn unmj�

DSSR
} Puyon pwj {o pywnnm�ot wppqxtmj� kq klo juv{ox q� jqton ¡qjo qx ksq ¤xo�u mxot �qx klomx o�kxwpkmqj } Oo kloj tmnkmj�umnl ksq pwnon u

• ø� ì��ù�ú��û� ùü�� ý mk mn o�kxwpkot unmj� mkov nokn nkwjtmj� s mklmj klo nwv o tmn� ujpkm�o o�um�wyojpo
pywnn } Ôupl w xuyo lm�l ym�lkn xoywkmqjnlm|n {oksooj w �xo�uojk onnojkmwy mkov nok wjt mkn tmn� ujpkm�o
pyqnuxo

f ¡loxo so lw�o wj f ¶{wnot xuyo ¤ }
• ø� ì���ùú��û� ùü�� ý mk mn o�kxwpkot unmj� ksq mkov nokn {oyqj�mj� kq ksq pqv|wxw{yo tmn� ujpkm�o o�u m�¶wyojpo pywnnon } ij klmn xon|opk r yok

N1

wjt
N2

{o klo xon| opkm�o jqton xo|xonojkmj� klono pywnnon
s mklmj w |wxkmwyy� qxtoxot nkxupkuxo � ����� nok mjpyunmqj } �lo wnnqpmwkot tmn� ujpkm�o pyqnot mkov nok
q�
N1

r tojqkot
f1
r mn qjo q� klo mvvotmwko |xotoponnqxn q� klwk q�

N2

r tojqkot
f2
} áok

e1
{o w

�xo�uojk onnojkmwy mkov nok q�
f1
} Gj mjkox¶jqto xuyo tonpxm{on xoywkmqjnl m|n {oksooj omklox

f1
wjt

f2
qx
e1

wjt
f2 ¡loxo so lw�o wj f2¶{wnot xu yo ¤}

�qkl zmjtn q� xuyon � mjkxw¶jqto wjt mjkox¶jqto � pwj omklox { o o�wpk qx w||xq�mv wko } þ �q xotupo klo
juv{ox q� v mjot xuyon r so v wmjy� pqjnmtox �qux xuyo �qxv n ujtox nqv o pqjnkxwmjkn qj klo pqjkojk q� klo
|xov mno wjt klo pqjpyu nmqj |wxkn } �lmn mn tokwmyot mj klo �qyyqs mj� |wxw�xw|ln }
áok

X
wjt

Y
{o ksq mkov nokn nupl klwk omklox

X
qx
Y

mn w �xo�uojk onnojkmwy mkov nok qx w tmn� ujpkm�o
pyqnot qjo r wjt

Z Ñ X ∪ Y
mn w tmn� ujpkm�o pyqnot mkov nok } �lo pqjnmtoxot �qxv n ujtox klo pqjnkxwmjk

ÿ �� 	� �þ��
 ÿþ�	ÿ� �
�� � 	ÿ �
� ý ����	ý ���þý 	��	þÿ �� �� ���� ��þ�� � �ÿ 	ÿ����ÿþ�� ���� � 	ÿ�� ��þ� � ýþÿ��ÿý�	����	���ÿý� ý���� 	� ������ �þ�ÿ� �þ �� �ÿ ���ý� þÿ� 	
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qj klo |xov mno
X

wjt klo pqjpyu nmqj
Y
wxo wn �qyyqs n wn soyy wn klo sw� q� pqv|ukwkmqj q� klo wnnq pmwkot

nu||qxk u
• ��ù� âý � ���� �� �� �� ��� � � ���� �� G�� ��� ��� ���

∨X ⇒ ∨Y u ±N¢¢ ¡∨X ⇒ ∨Y ¤ Ñ
±N¢¢ ¡¡∨X ¤ ∧ ¡∨Y ¤¤ Ñ ±N¢¢ ¡∨X ¤ � ±N¢¢ ¡∨Y ¤ ¶ ±N¢¢ ¡¡∨X ¤ ∨ ¡∨Y ¤¤ Ñ ±N¢¢ ¡∨X ¤ � ±N¢¢ ¡∨Y ¤¶ ±N¢¢ ¡∨Z ¤r

• ��ù� � ý ���G� �� �� ��� � � ���� �� G�� ��� ��� ���
X ⇒ Y u ±N¢¢ ¡X ⇒ Y ¤ Ñ ±N¢¢ ¡X ∧

Y ¤ Ñ ±N¢¢ ¡¡¡∨X ¤ ∨ ¡ ∨ Y ¤¤¤ Ñ ±N¢¢ ¡Z ¤ Ñ |O|
¶ ±N¢¢ ¡∨Z ¤r

• ��ù� � ý � ���� �� �� �� ��� � � ���� �� G�� ���G� �� �� ��� � � ��� ��� ���
∨X ⇒ Y u

±N¢¢ ¡∨X ⇒ Y ¤ Ñ ±N¢¢ ¡¡∨X ¤ ∧ Y ¤ Ñ ±N¢¢ ¡¡∨X ¤ ∨ ¡∨Y ¤¤ ¶ ±N¢¢ ¡∨Y ¤ Ñ ±N¢¢ ¡∨Z ¤ ¶ ±N¢¢ ¡∨Y ¤ rwjt r
• ��ù� � ý ���G� �� �� ��� � � ���� �� G�� ����� �� �� �� ��� � � ��� ��� ���

X ⇒ ∨Y u
±N¢¢ ¡X ⇒∨Y ¤ Ñ ±N¢¢ ¡X ∧ ¡∨Y ¤¤ Ñ ±N¢¢ ¡¡∨X ¤ ∨ ¡∨Y ¤¤ ¶ ±N¢¢ ¡∨X ¤ Ñ ±N¢¢ ¡∨Z ¤ ¶ ±N¢¢ ¡∨X ¤ }

��ù� â ¡�B�¢ � � r � wjt � ¤ so noyopk pqxxon|qjtn kq wj mjnkwjkmwkmqj q� klo �qxv
R5 ¡�B�¢ � R9

r
R6wjt

R8 ¤ tonpxm{ot mj klo |xo�mqun nopkmqj } ijtoot r loxo so xo�umxo klo |xov mno qx klo pqjpyunmqj kq { o
w �xo�uojk onnojkmwy mkov nok wjt klo xuyo kq { o {wnot qj w tmn� ujpkm�o pyqnot mkov nok } Ýqjno�uojky�r �qx
owpl xuyo r klo nu||qxk q�

Z
mn zjqsj nmjpo mk { oyqj�n kq

DSSR
} ik mn klo nwv o �qx omklox

X
qx
Y
nmjpo qjo

q� klov mn wnnuvot kq {o w �xo�uojk onnojkmwy mkov nok qx w tmn� ujpkm�o pyqnot mkov nok } �jpo klo xon| opkm�o
nu||qxkn q�

X
r
Y
wjt

Z
wxo q{kwmjot r klo toxm�wkmqj q� klo wnnq pmwkot xuyon pqjnmnkn mj nmv|yo wxmklv okmp

q|oxwkmqjn �qx pqv|ukmj� klo wnnq pmwkot nu||qxk wjt pqj�tojpo �wyuon }
Oo wxo v wmjy� mjkoxonkot mj klo w�qxov ojkmqjot xuyo �qxv n nmjpo kloxo mn w ywpz mj klo ymkoxwkuxo q� wy�q¶

xmklv n tonm�jot �qx klomx o�kxwpkmqj r on|opmwyy� klqno xoy� mj� qj klo tmn� ujpkmqj pqjjopkqx } �lo noyopkot
xuyon pqj�o� xoywkmqjnlm| {oksooj n|opm�p mkov nokn r jwv oy� tmn� ujpkm�o pyqnot mkov nokn wjt onnojkmwy qjon }
�lmn xonkxmpkmqj vwzon mk |qnnm{yo kq w�qmt klo o�kxwpkmqj q� wj q�oxsloyv mj� juv{ox q� �wymt xuyon mj klo
pwno sloxo wj� mkov nok mn wyyqsot kq {o unot mj klo |xov mno qx pqjpyu nmqj |wxkn } Aqkosqxklmy�r klo unot
pqjpmno xo|xonojkwkmqj �qx �xo�uojk mkov nokn r jwv oy�

DSSR
r mn numkw{yo �qx nupl wj o�kxwpkmqj } ijtoot r mk

mn pqv|qnot q� tmn� ujpkm�o pyqnot mkov nokn wjt onnojkmwy qjon wjt r lojpo r tqon jqk xo�umxo toxm�mj� klomx
xon| opkm�o tmn� ujpkm�o nu||qxkn } �lmn wyyqs n r �qx o�wv|yo r klo oÜ pmojk toxm�wkmqj q� wnnq pmwkmqj xuyon
mj�qy�mj� tmn� ujpkmqjFjo�wkmqj q� mkov n mj klomx xon|opkm�o |xov mnon wjt pqjpyunmqjn } �j klo pqjkxwx�r
v wj� wy�qxmklv n �qx o�kxwpkmj� wyy �wymt |qnmkm�o wnnqpmwkmqj xuyon o� mnk mj klo ymkoxwkuxo r v wmj y� {wnot
qj klo |mqjoox � ��!�� wy�qxmklv <G�xwswy wjt Ôxmzwjk r ���R? } ´ qxoq�ox r klo tonpxm{ ot |xqponn mn pqv ¶
| yovojkwx� kq klwk pq�oxot {� {qkl klo ����"� <E wv xqujm B� CD�r =>>Ù{ ? wjt klo #�$%&'(�)"(!�<Ewv xqujm B� CD�r =>>Ë? wy�qxmklv n so |xq|qnot �qx o�kxwpkmj� yqnnyonn nu{nokn q� |qnmkm�o wnnq pmwkmqj xuyonwn soyy wn klo wtw|kwkmqj q� klo ����"� wy�qxmklv �qx v mjmj� �ojoxmp wnnq pmwkmqj xuyon {wnot qj ymkoxwynokn
<�wnv m B� CD�r =>>Ð? } Aqko lqso�ox klwk klo |xq|qnot |xqponn loxo wynq wyyqs n kq pqv|uko klo nu||qxk
wjt pqj�tojpo �wyuon q� owpl xu yo mj�qy�mj� w pqj�ujpkmqj q� mkov n r ymzo mj klo �qxv

R1 ¡�� � |xo�mqun
nopkmqj ¤} ~uxkloxvqxo r ~qxvuyw ¡R ¤ v wzon mk |qnnm{yo kq pqjnmtox w xuyo {wnot qj w ymkoxwynok r slqno
|qnmkm�o �wxmwkmqj mn w �xo�uojk mkov nok } * ijtoot r mkn nu||qxk s myy { o pqv|ukot unmj� nqv o nu{nokn q� klo

+,
� �þ�	�	� ��	��	þÿ þ� -
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�
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�
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�
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�
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�
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�
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�
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�
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�
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�
y1

�
y2

�
. . .

�
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|qnmkm�o �wxmwkmqj r slmpl mn �xo�uojk } �lono nu{nokn wxo kloj wynq �xo�uojk wjt r lojpo r klomx nu||qxkn wxo
o�wpky� toxm�w{yo �xqv qux xo|xonojkwkmqj }
~qx owpl q� klo �qux xuyo �qxv n r �w{yo Ð }Q nuvvwxmµon klo tm³oxojk |qnnm{ yo pqjkojk q� klo |xov mno wjt

pqjpyunmqj |wxkn } ij klmn kw{yo r
f1

wjt
f2

tojqko ksq tmn� ujpkm�o pyqnot mkov nokn � ��� f1 mn wj mvvotmwko
|xotoponnqx q�

f2
r slmyo

e1
tojqkon w �xo�uojk onnojkmwy mkov nok q�

f1
}

{çÄ| · {çÄ| x
R11 ∨e1 ⇒ ∨»f1\e1 / R12 ∨»f1\e1 / ⇒ ∨e1 R21 e1 ⇒ »f1\e1 / R22 »f1\e1 / ⇒ e1

R13 ∨e1 ⇒ ∨»f2\e1 / R14 ∨»f2\e1 / ⇒ ∨e1 R23 e1 ⇒ »f2\e1 / R24 »f2\e1 / ⇒ e1

R15 ∨f1 ⇒ ∨»f2\f1/ R16 ∨»f2\f1/ ⇒ ∨f1 R25 f1 ⇒ »f2\f1 / R26 »f2\f1/ ⇒ f1{çÄ| · {çÄ| Ú
R31 ∨e1 ⇒ »f1\e1 / R32 ∨»f1\e1 / ⇒ e1 R41 e1 ⇒ ∨ »f1\e1 / R42 »f1\e1 / ⇒ ∨e1

R33 ∨e1 ⇒ »f2\e1 / R34 ∨»f2\e1 / ⇒ e1 R43 e1 ⇒ ∨ »f2\e1 / R44 »f2\e1 / ⇒ ∨e1

R35 ∨f1 ⇒ »f2\f1/ R36 ∨»f2\f1/ ⇒ f1 R45 f1 ⇒ ∨ »f2\f1/ R46 »f2\f1/ ⇒ ∨f1ï¿ðñÅ ò ÕÈ × ïÏÅ ÁÅñÅÙÑÅÃ ¿ÁÁÀÙÄ¿ÑÄÀÂ 0Þ ñÅ óÀ01 Á Õ

�lo wnnq pmwkmqj xu yon q� ��ù� â wxo nlqsj mj pqu|yon ¡R1i

r
R12i+13 ¤ s mkl i ∈ 4�r = r Q5 r � ��� klo |xov mno|wxk q�

R1i

pqjnkmkukon klo pqjpyunmqj |wxk q�
R12i+13 r wjt �mpo �oxnw } Ôupl xuyon wxo 6§7§6�§8 � �����klo pqjkojk q� klo |xov mno wjt pqjpyunmqj |wxkn } ik mn klo nwv o �qx xu yon q� ��ù� � } áok un �qx o�wv|yowjwy�µo klo pqu|yo q� xuyon ¡R11

r
R12 ¤ q� ��ù� â r L�B �r R11 u ∨e1 ⇒ ∨¡f1\e1 ¤ wjt R12 u ∨¡f1\e1 ¤ ⇒

∨e1
} Ýqjnmtoxmj� nmvuykwjoquny� {qkl xuyon

R11

wjt
R12

wmv n wk {xmj�mj� mj�qxv wkmqj w{quk klo |qnnm{ yo
pqxxoywkmqj {oksooj klo tmn� ujpkm�o mkov nokn

∨e1
wjt

∨¡f1\e1¤ } ij klmn xon| opk r { qkl xu yon lw�o klo nwv o
nu||qxk �wyuo } O lmyo klomx xon|opkm�o pqj�tojpo �wyuon to| ojt qj klo nu||qxk q� klomx wnnqpmwkot |xov mno
|wxk } ij klo pwno sloxo ±N¢¢ ¡∨e1 ¤ Ñ ±N¢¢ ¡∨¡f1\e1¤¤r kloj {qkl xuyon

R11

wjt
R12

smyy lw�o klo nwv o
nu||qxk wjt pqj�tojpo �wyuon } Eojpo r klomx wnnq pmwkot |xov mno wjt pqjpyu nmqj |wxkn to| ojt qjo qj klo
qklox {� klo nwvo to�xoo }
Øwpl xu yo

R3j ¡j ∈ 4�r = r Q r R r Ù r Ë5¤ q� ��ù� � lwn mkn xo�oxno mj ��ù� � } ~qx o�wv|yo r klo xo�oxno q�
R31

mn
R42

} ij klmn xon| opk r klo xuyon
R32 u ∨¡f1\e1 ¤ ⇒ e1 ¡q� ��ù� � ¤ wjt R41 u e1 ⇒ ∨¡f1\e1 ¤ ¡q� ��ù��¤ wxo �m�oj mj �w{yo Ð }Q qjy� �qx myyunkxwkm�o |ux|qno } ijtoot r {qkl xuyon s myy wysw�n { o tmnpwxtot nmjpo

lw�mj� w nu||qxk o�uwy kq
0 u ±N¢¢ ¡R32 ¤ Ñ ±N¢¢ ¡R41 ¤ Ñ ±N¢¢ ¡¡∨¡f1\e1 ¤¤ ∧ e1 ¤ Ñ ±N¢¢ ¡¡∨¡f1\e1¤¤ ∨

¡∨e1 ¤¤ ¶ ±N¢¢ ¡∨e1 ¤ Ñ ±N¢¢ ¡∨f1 ¤ ¶ ±N¢¢ ¡∨e1 ¤ Ñ 0 ¡e1 mn wj onnojkmwy mkov nok q� f1 wjt r lojpo r ±N¢¢ ¡∨f1 ¤
Ñ ±N¢¢ ¡∨e1 ¤¤}�lun r mj klo �ojoxwy pwno r w xuyo

R1

lwn klo nwv o nu||qxk wn mkn xo�oxno
R2

} Eqso�ox r klomx pqj�tojpon
to| ojt qj klo nu||qxk q� klo |xov mno wjt klwk q� klo pqjpyunmqj q�

R1

r xon|opkm�oy�} �lun r klo �wymtmk� q�
R1

tqon jqk mv|y� klwk
R2

mn �wymt r ujyonn klo pqjpyunmqj |wxk q�
R1 ¡{omj� klo |xov mno |wxk q� R2 ¤ lwnw nu||qxk yqsox klwj qx o�uwy kq klwk q� klo |xov mno |wxk q�

R1

} Ø�|oxmv ojkwy xonuykn s myy xo�owy klwk r mj
vwj� pwnon r kloxo wxo wn v wj� �wymt xuyon wn �wymt xo�oxno xuyon } Aqko wynq klwk klo pqj�tojpo v ownuxo
q�
R1

mn o�uwy kq klo �B�CD D vownuxo <�oj� wjt E wv mykqj r =>>Ë ? q� R2

r wjt �mpo �oxnw }
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�lo jo�k nu{nopkmqjn o�|ywmj ksq pqv|yovojkwx� kwnzn u klo �xnk �q punon qj lqs wxo xon|opkm�oy�
wnnonnot klo �uwymk� v ownuxon q� klo noyopkot xuyon } �lo nopqjt nu{nopkmqj tonpxm{ on klo oymv mjwkmqj
|xq ponn q� tu|ympwkot xuyon }
] ^Þ ^_ j kkbkkgc: ;pefgn< = bekpdbk l¶ ³bfbmnbi opfbk
ij klmn nu{nopkmqj r so s myy pqjpojkxwko qj klo wnnonnvojk q� klo xon| opkm�o nu||qxk wjt pqj�tojpo �wyuon
q� klo noyopkot �ojoxwymµot wnnqpmwkmqj xuyon } �lo nwv o |xq ponn wn klwk so tonpxm{ o loxo w||ymon �qx klo
xov wmjmj� �uwymk� vownuxon r unmj� klo xuyon nu||qxk wjt klqno q� klomx wnnq pmwkot |xov mnon wjt pqjpyunmqjn<�oj� wjt Ewv mykqj r =>>Ë r EÞ{oxk wjt ÝxÞv myyou� r =>>Ð? } �lono v ownuxon pwj {o pqjnmtoxot wjt klomx
�wyuon unot kqswxtn noyopkmj� klo vqnk w||xq|xmwko qjon �qx owpl wnnq pmwkmqj xuyo �qxv }
ij klo xov wmjtox r �qx klo nwzo q� nmv|ympmk�r so wnnuv o klwk

X
mn w �xo�uojk onnojkmwy mkov nok qx w

tmn� ujpkm�o pyqnot mkov nok } Ômjpo
Y Ñ Z\X

r kloj
Y

tqon jqk joponnwxmy� { oyqj� kq
DSSR

wjt r v w�
o�oj jqk { o w �xo�uojk mkov nok } A o�oxkloyonn r mkn tmn� ujpkm�o nu||qxk v w� {o xo�u mxot kq wnnonn klo
mjkoxonkmj�jonn v ownuxon q� klo wnnq pmwkot xuyo ¡ymzo mj ��ù� â¤} �q kl mn ojt r so {qujt klo nu||qxk q�
Y

unmj� w yqsox {qujt r tojqkot D�> ±N¢¢ r wjt wj u||ox {qujt r tojqkot N�> ±N¢¢ } �lono {qujtn wxo
nlqsj {� Ìo�jmkmqj Ð= } �lmn to�jmkmqj xo�umxon klwk so mjkxqtupo n| opm�p nu{nokn q� klo nokn

FEI
wjt

EDCI � ����� Y } �lmn mn tqjo wn �qyyqs n u
ê �ë� ì� ì�� �â î? õñ õ@ø� ù�öò÷ùòôù øñ� ? ø� õ@ø� ù�Aùòôùú�B� Y ⊆ I � �� B � L� L� CD �N¢ B��B�� C�M � C� L� CD �N��B�� �� Y C�B C� � �D D��� �
• �� B �B� �� � L� L� CD �N¢ B��B�� �� Y L� EDCI L� MB® � BM C� � �D D��� � � �� �B)C%�D ��E�(E ¡Y ¤ ²

min⊆ �f ∈ EDCI | Y ⊆ f C�M 6 ∃ f1 ∈ EDCI � ��� Y ⊂ f1 ⊂ f � �
• �� B �B� �� � C� L� CD �N��B�� �� Y L� FEI L� MB® � BM C� � � D D��� � �)' �B)C%�DFE�(E ¡Y ¤ ² max⊆ �e

∈ FEI | e ⊆ Y C�M 6 ∃ e1 ∈ FEI � ��� e ⊂ e1 ⊂ Y � �
�GH IJKLMN OPH MHQLHM ON RJ SSJT N u

ê �ë� ì� ì�� U� îVööò÷ øñ� WXY ò÷ AX�ñ� ù X� � õùZ�ñóôõ[ò ù�ööX÷ô ú
�B\

Y ⊆ I ] ^_ B N`` Ba CbM Dcd Ba ecNbMf c� \_ B MLfg Nb �\LhB fN`` ca\ c� Y CaB MBi b BM Cf � c D Dcdf j
• Ne> kN`` l∨Y m n min �kN`` l∨f m | f ∈ o �� �B)C%pD ��E�(E lY m� q
• De> kN`` l∨Y m n max �kN`` l∨em | e ∈ o)' �B)C%pDFE�(E lY m� r
sJtG NHtN o �� �B)C%pD ��E�(E lY m OLM o)' �B)C%pDFE�(E lY m Jutvw vxH tGH yJwuKtOtvJL JR tGH

KuuHP OLM SJTHP IJKLMN z PHNu Hytv{HS|} ~LMHHM z tGHvP vLtPJMKytvJL wOvL S| PHSvHN JL tGH ROyt tGOt tGH
MvN� KLytv{H NKuuJPt uPJuJPtvJLOSS| MHyPHONHN d ra r\r tGH PHMKytvJL JR vtHw NHtN NvxH } �JL{HPNHS|z vt OK�w HLtN
TGHLH{HP tGH vtHw NHtN NvxH vLyPHONHN } �GKN z tJ JItOvL tGH KuuHP IJKLM z vt vN NK� yvHLt tJ yJLNvMHP tGH
w vLvw OS NKu HPNHtN OwJL� MvN� KLytv{H ySJNHM vtHw NHtN yJ{HPvL�

Y
} O GHPHON tJ �Ht tGH SJTHP IJKLM z vt vN

NK� yvHLt tJ yJLNvMHP w O�vwOS NKINHtN OwJL� RPH�KHLt HNNHLtvOS vtHw NHtN yJLtOvLHM vL
Y
}GL vLtHPHNtvL� NvtKOtvJL GOuuHLN vR

Y
IHSJL�N tJ

DSSR
z JP vN HLyJwuONNHM IHtTHHL O RPH�KHLt HNNHLtvOS

vtHw NHt OLM vtN MvN� KLytv{H ySJNKPH } ~L tGvN yONH z De> kN`` l∨Y m � Ne> kN`` l∨Y m} E HLyH z tGH NKuuJPt OLM
tGH yJLQMHLyH JR HOyG PK SH TGHPH

Y
vN vL{JS{HM T vSS I H H�OytS| yJwuKtHM } �tGHPT vNH z tGH {OSKH JR NKuuJPt

OLM tGOt JR yJLQMHLyH T vSS I H z PHNuHytv{HS|z IJKLMHM I| O w vL vw OS OLM O w O�vw OS uJNNvISH {OSKH KNvL�
tGH IJKLMN ONNJ yvOtHM tJ tGH NKuuJPt JR

Y
} �GvN SONt yONH w O| SHOM tJ tGH OuuHOPOLyH JR O tG vPM t|u H
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JR PKSHN � vL OMMvtvJL tJ H�Oyt OLM OuuPJ� vw OtH � MHLJtHM C`` ac� L� C\BM aNDBf} �KyG PKSHN OPH MHQLHM ON
RJSSJT N u
� ��� ����� U� �����X�  @¡¢£� ¡¤¤X¥ ¡¢ X¦ ���£ §�b Cffc¨LC\Lcb aNDB Lf fCLM \c eB C`` ac� L� C\BM L� L\ _ Cf BL\_ Ba L\f fN`` ca\ ca L\f ¨cbi MBb¨B bc\ B� C¨\D�MB\Ba�Lb BM r
�GHL z JLS| OuuPJ� vw OtHM PK SHN GO{vL� w vLvwKw uJNNvISH {OSKHN JR NKuuJPt OLM yJLQMHLyH �PHOtHP tGOL JP
H�KOS tJ � LbfN`` OLM �Lb¨cb� z PHNuHytv{HS|z T vSS I H PHtOvLHM } AJtH tGOt OL OuuPJ�vw OtHM PK SH vN Mv©HPHLt
RPJw OL OuuPJ� vw OtH PKSH vL tGH NHLNH tGOt tGH SOttHP GON vtN NKuuJPt OLM yJLQMHLyH H�OytS| yJwuKtHM
lT vtG O yJLQMHLyH {OSKH SJTHP tGOL

1mz TGvyG vN LJt tGH yONH JR tGH RJPw HP } �KyG OuuPJ� vw OtHM PK SHN THPH
NGJTL tJ IH JR OMMHM {OSKH vL tGH yONH JR uJNvtv{H PKSHN <sJKSvyOKt B\ CDrz =>>Q z �GHL� B\ CDrz =>>ª z «OLMOB\ CDrz =>> ¬? }AJtHTJPtGvS|z tGH IJKLMN De> kN`` l∨Y m OLM Ne> kN`` l∨Y m OSTO|N H� vNt } ~LMHHM z NvLyH tGH NHt JR vtHw N
I

vN uPKLHM d rar\r � LbfN`` z tGHL Y TvSS I H yJwuJNHM JR RPH�KHLt vtHw N H{HL vR vt vN vLRPH�KHLt } �GHNH
vtHw N OPH JI{vJKNS| RPH�KHLt HNNHLtvOS vtHw NHtN JR NvxH

1
z TGvyG HLNKPHN tGH H� vNtHLyH JR tGH SJTHP IJKLM

De> kN`` l∨Y m} �GH vtHw NHt
Y

vN OSNJ yJ{HPHM I| Ot SHONt O MvN� KLytv{H ySJNHM vtHw NHt z LOwHS|
Z
z TGvyG

HLNKPHN tGH H� vNtHLyH JR tGH KuuHP IJKLM Ne> kN`` l∨Y m }
��® ��� °� ¯cbf LMBa ^CeDB ãr± MB` L¨\Lb° \_ B DSSR

aB` aBfBb\C\Lcb Cffc¨LC\BM \c ^CeDB ± r± l �̈ r ` C° B
±±m CbM � LbfN`` n 1 r ²B\ � Lb¨cb� n 0.7 r ¯cbf LMBa \_ B Lb\aC³bcMB aNDB R1 c� ´¨6¡ µ eCfBM cb\_ B MLfg Nb¨\LhB ¨DcfBM L\B� fB\ ¶· ¸¹�º CbM L\f � aB»NBb\ BffBb\LCD L\B� fB\ ¶ ¸j ∨¶ ¸

⇒ ∨
·¹�º r kN`` lR1 mn kN`` l∨¶ ¸m ¼ kN`` l∨·¹�ºm ³ kN`` l∨¶· ¸¹�ºm n kN`` l∨·¹�ºm r ½bMBBMq ¶ ¸ CbM ¶· ¸¹�º eBDcb° \c \_ B

fC� B B»NLhCDBb¨B ¨DCff r k Lb¨B ·¹�º Lf bBL\_ Ba C � aB»NBb\ BffBb\LCD L\B� fB\ bca C MLfg Nb¨\LhB ¨DcfBM cb Bq d B
bBBM \c BhCDNC\B L\f fN`` ca\ Nf Lb° DSSR r ²B _ ChB ·¹ ⊆

·¹�º ⊆ hl·¹ m n ¶· ¸¹�ºq \_ Bb De> kN`` l∨·¹�ºmn Ne> kN`` l∨·¹�ºm n 5 r ª Bb¨Bq kN`` lR1 m n 5 CbM ¯cb� lR1 m n 1 r R1 Lf _ Bb¨B C hCDLM B� C¨\ aNDB r¯cbf LMBa bcd \_ B Lb\Ba³bcMB aNDB R2 c� ´¨6¡ µ eCfBM cb ¶· ¸¹�º CbM L\f L�� BMLC\B ` aBMB¨Bffcaf ¶·º j
∨
¶·º ⇒ ∨

¸¹� r kN`` lR2 m n kN`` l∨¶·ºm ¼ kN`` l∨¸¹� m ³ kN`` l∨¶· ¸¹�ºm r ²B d LD D CffBff \_ B fN`` ca\
c� ¸¹� f Lb¨B bc\ eBDcb° Lb° \c DSSR r k Lb¨B ¸� ⊆ ¸¹� ⊆ hl¸� mq \_ Bb De> kN`` l∨¸¹�m n Ne> kN`` l∨¸¹�mn 5 r ª Bb¨Bq kN`` lR2 m n 4 ¼ 5 ³ 5 n 4 CbM ¯cb� lR1 m n 1 r R2 Lf CDfc C hCDLM B� C¨\ aNDB CD\_ cN°_ L\aBDLBf cb L\B� fB\f eBDcb° Lb° \c ML¾ BaBb\ B»NLhCDBb¨B ¨DCffBfq bC� BD� ¶·º CbM ¶· ¸¹�º r ª BaBq d B \cc¿ X n¶·º r ½� d B fB\ Y n ¶·º Lb \_ B fBbfB \_ C\ d B ¨cbf LMBa ¶·º Cf C ¨cb¨DNf Lcb Lbf\BCM c� C ` aB� LfBq \_ Bb \_ B
ce\CLbBM aNDB R3 j ∨¸¹� ⇒ ∨

¶·º d LD D _ ChB \_ B fC� B fN`` ca\ Cf R2 d_ LDB eBLb° C`` ac� L� C\B r ½bMBBMq L\f
¨cbi MBb¨B hCDNB Lf B»NCD \c SupplR3 m

Suppl∨ ¸¹�m n 4

5
n 0.8 r

²B\ Nf Dcc¿ \c \_ B Lb\Ba³bcMB aNDB R3 c� ´¨6¡ À eCfBM cb ¶· ¸¹�º CbM L\f L�� BMLC\B ` aBMB¨Bffcaf ¶·º j¶·º ⇒
¸¹� r ½b \_ Lf ¨CfBq kN`` lR2 m n |O| ³ kN`` l∨¶· ¸¹�ºm n 5 ³ 5 n 0 r ª Bb¨Bq \_ Lf aNDB Lf bc\ hCDLM r

½ \ Lf \_ B fC� B � ca \_ B aNDB ¸¹� ⇒ ¶·º r
G N w HLtvJLHM OIJ{H z vR

Y
vN LJt HLyJwuONNHM IHtTHHL O RPH�KHLt HNNHLtvOS vtHw NHt OLM vtN MvN� KLytv{H

ySJNKPH z tGHL vtN NKuuJPt yOLLJt IH H�OytS| MHtHPw vLHM OLM T vSS NvwuS| I H IJKLMHM } AJT z SHt KN MvNyKNN
vL tGH �HLHPOS yONH tGH H©Hyt JR De> kN`` l∨Y m OLM Ne> kN`` l∨Y m JL tGH w vLvwKw OLM wO�vwKw IJKLMN
tGOt T vSS GO{H tGH NKuuJPt OLM yJLQMHLyH {OSKHN JR tGH ONNJ yvOtHM PK SH } �GvN vN ySJNHS| PHSOtHM tJ tTJ
wOvL ROytN u
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¬} �GH Nv�L Ä�Å JP ÄÆÅ JR tGH NKuuJPt JR
Y

TvtGvL tGH RJPwKSO JR tGH NKuuJPt JR tGH PK SH z LrB rz tGHNKuuJPt JR
Y

TvSS I H NKItPOytHM JP OMMHM } ÇJP H�OwuSH z vL ��ù® â z tGH Nv�L vN Ä�Å z TGvSH vt vN
ÄÆÅ vL ��ù® �} ~L tGvN PHNuHyt z vR tGH ONNJ yvOtHM Nv�L vN Ä ÆÅ z tGH w O�vw OS laBf` r w vLvw OSm uJNNvISH
{OSKH JR NKuuJPt JR

Y
z LrB rz Ne> kN`` l∨Y m laBf` r De> kN`` l∨Y mmz T vSS SHOM tJ tGH w vLvw OS laBf` rw O�vw OSm {OSKH JR tGH NKuuJPt JR tGH ONNJ yvOtHM PKSH } �GH JuuJNvtH PHONJL vL� OuuSvHN RJP tGH Nv�L

Ä�Å }= } �GH uJNvtvJL JR
Y

vL tGH ONNJ yvOtHM PKSH z LrB rz vL tGH uPHw vNH JP yJLySKNvJL uOPt } ~LMHHM z vR
Y

vN
vL tGH yJLySKNvJL uOPt z tGHL vtN NKuuJPt T vSS JLS| IH KNHM vL tGH yJwuKtOtvJL JR tGH NKuuJPt JR
tGH ONNJyvOtHM PKSHN } O GvSH z vR

Y
vN vL tGH uPHw vNH uOPt z vtN NKuuJPt T vSS OSNJ yJLtPvIKtH tJ tGH

yJwuKtOtvJL JR tGH yJLQMHLyH JR tGH PKSH } ~L tG vN SOttHP yONH z Ne> kN`` l∨Y m laBf` r De> kN`` l∨Y mmT vSS SHOM tJ tGH w vLvw OS laBf` r w O�vw OSm uJNNvISH {OSKH JR tGH yJLQMHLyH JR tGH ONNJyvOtHM PKSH }
�GH Mv©HPHLt uJNNvISH yONHN OPH NKwwOPvxHM vL �OISH È }R } ~L tGvN tOISH z Ne> kN`` lRm laBf` r De> kN`` lRmmMHLJtHN tGH w O�vw OS laBf` r w vLvw OSm uJNNvISH {OSKH JR tGH NKuuJPt JR tGH ONNJ yvOtvJL PKSH

R
} O GvSH z

Ne> ¯cb� lRm laBf` r De> ¯cb� lRmm MHLJtHN tGH w O�vw OS laBf` r w vLvw OSm uJNNvISH {OSKH JR tGH yJLQMHLyH
JR tGH ONNJ yvOtvJL PKSH

R
} �GH N|wIJS Ä

�Å vLMvyOtHN tGOt tGH IJKLM {OSKH JR tGH NKuuJPt JR
Y

MJHN LJt
O©Hyt LHvtGHP tGH NKuuJPt LJP tGH yJLQMHLyH IJKLMN JR

R
}
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¹ ÙÚ ¸¹ºº »∨Y / ¹ÙÚ ¸¹ºº »R/ ÛÙÚ ¸¹ºº »R/ ÛÙÚ ÜÝöÞ »R/ �

ÛÙÚ ¸¹ºº »∨Y / ÛÙÚ ¸¹ºº »R/ ¹ ÙÚ ¸¹ºº »R/ ¹ ÙÚ ÜÝöÞ »R/ �
ï¿ðñÅ ò ÕË × ßÞ11 ¿0à Àó ÑÏÅ ¿ÔÔ0ÀÓ Ä1 ¿ÑÄÀÂÁ Õ

��®��� °� æ c C`` ac� L� C\BM aNDB ¨Cb eB B� \aC¨\BM f\Ca\Lb° � ac� \_ B DSSR
aB` aBfBb\C\Lcb MB` L¨\BM e�^CeDB ãr± r ½bMBBMq \_ B fN`` ca\ c� Y Lf CDd C�f B� C¨\D� MBaLhBM r ²B\ Nf ¨cbfLMBa \_ Bb \_ B B� \aC¨\Lcb ¨cb\B� \

c� ¯_ C` \Ba á l �̈ r ^CeDB ár±q ` C° B ±±âm r ^_ Lf ¨cb\B� \ c¾ Baf Cb Lb\BaBf\Lb° f L\NC\Lcb \c LD DNf\aC\B \_ B ¨cb\Bb\
c� \_ Lf fNefB¨\Lcb r ²B\ �LbfN`` n 1 CbM � Lb¨cb� n 0.5 r � f d B fCd Lb \_ B C� caB� Bb\LcbBM ¨_ C` \Baq \_ B
MLfg Nb¨\LhB ¨DcfNaB c� \_ B � aB»NBb\ BffBb\LCD L\B� fB\ ¶ Lf B»NCD \c ¶· ¸¹ r ¯cbfLMBa bcd \_ B � cD Dcd Lb° ¨cN` DB
c� aNDBf c� ´¨6¡ µj R1 j ∨

¶
⇒ ∨

· ¸¹ q CbM R2 j ∨
· ¸¹

⇒ ∨
¶ r ½b \_ Lf ¨CfBq Y n · ¸¹ r ª cd BhBaq · ¸¹ Lf

Cb Lb� aB»NBb\ L\B� fB\ d_ cfB MLfg Nb¨\LhB ¨DcfNaB Lf B»NCD \c L\fBD� r ²B _ Bb¨B bBBM \c CffBff \_ B MLfg Nb¨\LhB
fN`` ca\ c� · ¸¹ r k Lb¨B oãäãB)C%pD åæEå(E l· ¸¹ m n �¶· ¸¹� q CbM o)'ãB)C%pDFEå(E l· ¸¹ m n �· ¸q·¹ q ¸¹� q d B \_ Bb MBMN¨B \_ C\j
• Ne> kN`` l∨· ¸¹m n min �kN`` l∨f m | f ∈ oãäãB)C%pD åæEå(E l· ¸¹ m� n min �kN`` l∨· ¸¹m� n min �7�n 7 r
• De> kN`` l∨· ¸¹ m n max �kN`` l∨em | e ∈ o)'ãB)C%pDFEå(E l· ¸¹ m� n max �kN`` l∨· ¸mq kN`` l∨·¹mq
kN`` l∨¸¹m� n max �5q 5q 5� n 5 r^_ B f L°b Cffc¨LC\BM \c · ¸¹ Lb \_ B fN`` ca\ � ca�NDC c� \_ B aNDBf R1 CbM R2 Lf ç¼ èr ½bMBBMq kN`` lR1 m n
kN`` lR2 m n kN`` l∨¶m ¼ kN`` l∨· ¸¹ m ³ kN`` l∨¶· ¸¹m n kN`` l∨· ¸¹mq fLb¨B kN`` l∨¶m n kN`` l∨¶· ¸¹m r¯cbfB»NBb\D�q R1 CbM R2 d LD D f_ CaB \_ B fC� B ecNbMf j
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• Ne> kN`` lR1 m n Ne> kN`` lR2 m n Ne> kN`` l∨· ¸¹m n 7 r
• De> kN`` lR1 m n De> kN`` lR2 m n De> kN`` l∨· ¸¹m n 5 r
ª cd BhBaq d L\_ aBf` B¨\ \c \_ B ¨cbi MBb¨B � BCfNaBq d B d LD D bc\ _ ChB \_ B fC� B f¨BbCaLcr ½bMBBMq \_ B

` cfL\Lcb c� · ¸¹ é Cf C ` aB� LfB ca C ¨cb¨DNfLcb c� \_ B Cffc¨LC\BM aNDB é d LD D ` DC� C ¿ B� ac DB r ½b \_ Lf aBf` B¨\q
• ¯cb� lR1 m n kN`` lR1 mkN`` l¶m n kN`` l∨ · ¸¹m

kN`` l¶m r ª Bb¨Bq Ne> ¯cb� lR1 m n 7

7
q d_ LDB De> ¯cb� lR1 m n 5

7
r

• ¯cb� lR2 m n kN`` lR2 mkN`` l ∨ · ¸¹m n kN`` l ∨ · ¸¹m
kN`` l ∨ · ¸¹m n 1 r ª Bb¨Bq Ne> ¯cb� lR2 m n De> ¯cb� lR2 m n 1 r

^_ B ¨CfB c� R2 Lf Lb\BaBf\Lb° q f Lb¨B CD\_ cN°_ L\f fN`` ca\ Lf cb D� ecNbMBMq \_ B hCDNB c� L\f ¨cbi MBb¨B LfB� C¨\D� ¨c�` N \BM r
]^Þ ^Þ ê fgr gcengc: ßp´fgmenbi opfbk
~L tGvN NHytvJL z TH RJyKN JL tGH NHSHytHM PKSH RJPw N l �̈ r �OISH È }Q z uO�H ¬ëÈm vL JPMHP tJ O{JvM H�tPOytvL�
tGH NOwH vLtPOÆ JP vLtHPÆLJMH PKSH wJPH tGOL JLyH } �KP Ovw vN tJ SJ yOtH tGH NyHLOPvJN vL{JS{vL� NKyG
NvtKOtvJLN } �GH Mv©HPHLt yONHN OPH MvNyKNNHM vL tGH RJSSJT vL� uOPO�POuGN } OH T vSS KNH tGH

DSSR
PHuÆ

PHNHLtOtvJL ONNJ yvOtHM tJ JKP PKLLvL� yJLtH�t l �̈ r �OISH È }= z uO�H ¬ëëm ON O IONvN RJP vSSKNtPOtv{H H�OwuSHN }

• ìí���ù�� âý ~R O RPH�KHLt HNNHLtvOS vtHw NHt
e1

vN H�KOS tJ vtN MvN� KLytv{H ySJNKPH
f1

z tGHL TH MvM
LJt KNH

e1
MKPvL� tGH PKSH MHPv{OtvJL NtHu } �GvN O{JvMN H�tPOytvL� MKuSvyOtHM PK SHN vL{JS{vL� HvtGHP

e1
JP

f1
z I HvL� H�KOS } �GH KNH JR

f1
JLS| vN vLMHHM NK� yvHLt }

��® ��� °î ²B\ f2 eB Cb L�� BMLC\B fN¨¨Bffca c� f1 CbM ¨cbf LMBa � ca B� C�` DB f1 laBf` r e1 CbM f2 m CfB»NCD \c º laBf` r º CbM �º m r k Lb¨B f2\f1 n f2\e1 n � q cb D� aNDBf Lbhc DhLb° f1 CbM f2 b BBM \c eB � LbBM r
½bMBBMq DB\ Nf Dcc¿ C\ \_ B � c D Dcd Lb° ¨cN` DB c� aNDBf c� ´¨6¡ µj R1 j ∨lf2\f1m ⇒ ∨f1 q CbM R2 j ∨lf2\e1m
⇒ ∨e1 r k Lb¨B e1 n f1 n ºq \_ Bb R1 ≡ R2 r
• ìí���ù �� � ý �KuuJNH tGOt O MvN� KLytv{H ySJNHM vtHw NHt

f
GON H�OytS| tTJ MvNtvLyt ONNJ yvOtHM HNNHLtvOS

vtHw NHtN
e1

OLM
e2

NKyG tGOt
e1 ∪ e2 � f

OLM
e1 ∩ e2 � ∅

} ~L tGvN yONH z vt vN NK� yvHLt tJ H�tPOyt
���Gï���� PKSHN ONNJ yvOtHM tJ JLS| JLH HNNHLtvOS vtHw NHt lHvtGHP e1 JP

e2 mz NvLyH f\e1 � e2
OLM z MKOSS|z

f\e2 � e1
}

��® ��� °° ²B\ f laBf` r e1 CbM e2 m eB B»NCD \c ¶· laBf` r ¶ CbM · m r k Lb¨B ¶·\¶ n ·q d B cb D� NfB BL\_ Ba¶ ca · � ca B� \aC¨\Lb° Lb\aC³bcMB aNDBf r ½bMBBMq \_ B aNDBf LbhcDh Lb° ¶ CaB \_ B fC� B Cf \_ cfB aBD�Lb° cb · r^_ Lf ChcLMf MN` DL¨C\Lb° ° BbBaC\Lcb c� \_ B fC� B aNDBf r
• ìí���ù �� � ý ÇJSSJT vL� tGH NOw H NuvPvt ON tGH uPH{vJKN yONH z NKuuJNH tGOt O MvN� KLytv{H ySJNHM vtHw NHt

fGON H�OytS| tTJ vwwHMvOtH uPHMHyHNNJPN
f1

OLM
f2 f r\r f1 ∪ f2 � f

OLM
f1 ∩ f2 � ∅

} �GHL z vt vN NK� yvHLt
tJ H�tPOyt ���� ï���� PKSHN KNvL� HvtGHP

f1
JP
f2

}
��® ��� °ð ²B\ f laBf` r f1 CbM f2 m eB B»NCD \c ¶·� laBf` r ¶· CbM � m r k Lb¨B ¶·�\¶· n � q BC¨_ aNDB
LbhcDh Lb° ¶·� CbM ¶· _ Cf L\f MN` DL¨C\B d L\_ Lb aNDBf Lbhc¿ Lb° ec\_ ¶·� CbM � r ^_Nfq cb D� Nf Lb° ¶· Lf
fNñ ¨LBb\r
~t vN vwuJPtOLt tJ wHLtvJL tGOt tGH RPH�KHLt HNNHLtvOS vtHw NHtN ONNJyvOtHM tJ

f1
OLM

f2
MJ LJt vL{JS{H OL|

MKuSvyOtvJL OLM z GHLyH z OPH KNHM T vtGJKt OL| PHNtPvytvJL }
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ò �® �ùó � kN`` cfB \_ C\ C MLfg Nb¨\LhB ¨DcfBM L\B� fB\ f _ Cf Cb BffBb\LCD L\B� fB\ e CbM Cb L�� BMLC\B
` aBMB¨Bffca ca cb B c� L\f BffBb\LCD L\B� fB\fq fC� q q f r\ r q ∪ e n f CbM q ∩ e n ∅ r � D\_ cN°_ \_ Lf ¨CfB CDfc
DBCMf \c MN` DL¨C\BM aNDBf l\_ B fC� B aBCfcb Lb° C`` DLBf Cf \_ B ` aBhLcNf \d c ¨CfBf mq d B d LD D \c DBaC\B fN¨_ C
¨CfB f Lb¨B \_ B Cffc¨LC\BM MN` DL¨C\BM aNDBf Mc bc\ Lbhc DhB \_ B fC� B MLfg Nb¨\LhB B»NLhCDBb¨B ¨DCffBf r ½bMBBMqaNDBf B� \aC¨\BM Nf Lb° f CbM e CaB Lb\aC³bcMB cbBfq fLb¨B eBDcb° Lb° \c \_ B fC� B B»NLhCDBb¨B ¨DCff r ²_ LDB\_ cfB eCfBM cb f CbM q CaB Lb\Ba³bcMB cbBfq f Lb¨B eBDcb° Lb° \c \d c ¨c�` CaCeDB ¨DCffBf r ^_ Lf MLf\Lb¨\Lcb
�C� _ BD` Lb\Ba` aB\Lb° fN¨_ aNDBf r
²B\ Nf � ca B� C�` DB ¨cbf LMBa f laBf` r e CbM qm Cf B»NCD \c ¶·� laBf` r ¶� CbM · m r · Lf C � aB»NBb\ BffBb\LCD
L\B� fB\ Cffc¨LC\BM \c \_ B ¨DcfNaB ¶· d_ L¨_ Lf Cb L�� BMLC\B ` aBMB¨Bffca c� ¶·� r ô C¨_ aNDB LbhcDhLb° ¶·�CbM ¶� d LD D eB Cb Lb\aC³bcMB aNDBr ½ \ d LD D _ ChB L\f MN` DL¨C\B d_ Bb Nf Lb° ¶·� CbM · r æ BhBa\_ BDBffq \_ B
ce\CLb BM aNDB Lb \_ Lf DC\\Ba ¨CfB d LD D eB Cb Lb\Ba³bcMB cbB fLb¨B ¶·� CbM · Mc bc\ eBDcb° \c \_ B fC� BB»NLhCDBb¨B ¨DCffq ¨cb\aCa� \c ¶·� CbM ¶� r
õ ö÷ øùúûüýúþÿ� ÿ W X���ûü �þY�� Z ��ÿýþüúþÿ� � ����
~L tGvN NHytvJL z TH MHNyPvI H tGH uPJyHNN I| TGvyG tGH NHSHytHM �HLHPOSvxHM ONNJ yvOtvJL PKSHN T vSS I H H�Æ
tPOytHM } ~L tG vN PHNuHyt z vL JPMHP tJ MHPv{H vLtHPÆLJMH PKSHN l �̈ r uPH{vJKN NHytvJL mz MvN� KLytv{H ySJNHM
vtHw NHtN LHHM tJ I H NJPtHM d rar\r NHt vLySKNvJL } �GHL z O yJwuSHw HLtOP| OS�JPvtGw T vSS I H KNHM RJP
MHPv{ vL� �HLHPOSvxHM PKSHN } �GvN vN MHtOvSHM vL tGH RJSSJT vL� uOPO�POuGN }
] �� �` 	pgfigc: nàb 
ednge ff< �dibdbi ³ndpmnpdb
E HPH z TH MHNyPvI H OL OS�JPvtGw RJP IKvSMvL� O uOPtvOSS| JPMHPHM NtPKytKPH OwJL�Nt MvN� KLytv{H ySJNHM
vtHw NHtN } �GvN NtPKytKPH vN RJPw OSS| MHQLHM ON RJ SSJT N u
� ��� �� ��� Uî ��¡�¢ ¡�� X��£�£� ¤¢��¥¢��£§
^_ B fB\ c� MLfg Nb¨\LhB ¨DcfBM L\B� fB\f EDCI

� ca� f C ` Ca\LCD D� caMBaBM f\aN¨\NaB L n lEDCI q ⊆m d_ Bb
EDCI Lf fca\BM d L\_ fB\ Lb¨DNfLcb eB\d BBb MLfg Nb¨\LhB ¨DcfBM L\B� fB\f r ½b \_ Lf f\aN¨\NaBq BC¨_ BDB� Bb\ f
Lb EDCI Lf ¨cbbB¨\BM \c \_ B fB\ c� L\f L�� BMLC\B ` aBMB¨Bffcaf � ca�Lb° L\f Dcd Ba ¨chBaj

• ¯chl lf m n �f1 | f1 ∈ EDCI CbM f1 ⊂ f CbM @ f2 ∈ EDCI f r\r f1 ⊂ f2 ⊂ f � r
½ \ Lf CDfc ¨cbbB¨\BM \c \_ B fB\ c� L\f L�� BMLC\B fN¨¨Bffcaf � ca�Lb° L\f N`` Ba ¨chBaj

• ¯chu lf m n �f1 | f1 ∈ EDCI CbM f ⊂ f1 CbM @ f2 ∈ EDCI f r\r f ⊂ f2 ⊂ f1� r
�GH yJLNtPKytvJL JR tGvN NtPKytKPH vN yOPPvHM JKt KNvL� O LHT OS�JPvtGw z yOSSHM ��p� } � �GH ��p�
OS�JPvtGw tO�HN ON vLuKt tGH

DSSR
PHuPHNHLtOtvJL f r\r tJ HOyG MvN� KLytv{H ySJNHM vtHw NHt vN ONNJ yvOtHM

vtN NHt JR RPH�KHLt HNNHLtvOS vtHw NHtN OLM MvN� KLytv{H NKuuJPt } G LJMH vL tGH uOPtvOSS| JPMHPHM NtPKytKPH
T vSS I H ONNJ yvOtHM tJ HOyG MvN� KLytv{H ySJNHM vtHw NHt }

�GH uNHKMJÆyJMH JR ��p� vN NGJTL I| G S�JPvtGw ¬> z TGvSH vtN ONNJ yvOtHM LJtOtvJLN OPH NKwwOPvxHM vL
�OISH È }ë } �KP OS�JPvtGw vLGHPvtN tTJ wOvL Jutvw vxOtvJLN KNHM vL tGH SvtHPOtKPH I| OS�JPvtGw N MHMvyOtHM

����� �� ��� ��� !�"  # $�����%%� &�'���' (��)��)�� *)�%'�� 	
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tJ tGH EONNH MvO�POw IKvSMvL� lSv�H <sOv�HPvHN B\ CDrz =>>- z .OStyGH{ /\ 01rz 23334 5 m} �GHNH Jutvw vxOtvJLN
OPH tGH NJPtvL� JR MvN� KLytv{H ySJNHM vtHw NHtN z OLM tGH KNH JR O IJPMHP } ~LMHHM z tGH NHt JR MvN� KLytv{H
ySJNHM vtHw NHtN

EDCI
vN NJPtHM d rar\r tGH vLyPHONvL� vtHw NHt NvxH } �vLyH ySJNKPHN JR H�KOS NvxH OPH LJt

yJwuOPOISH z tGvN NJPtvL� O{JvMN KLLHyHNNOP| yJwuOPvNJLN } ~L OMMvtvJL z vt w O�HN uJNNvISH tGOt tGH ySJNKPH
KLMHP tPHOtwHLt tJ I H JR tGH SOP�HNt NvxH vL yJwuOPvNJL tJ tGH OSPHOM| GOLMSHM ySJNKPHN } �GKN z vt NK� yHN
tJ QLM vtN SJTHP yJ{HP OwJL� tGH LJMHN vL NHPtHM vL tGH uOPtvOSS| JPMHPHM NtPKytKPH } �L tGH JtGHP GOLM z
tGH IJPMHP vN RJKLM tJ IH OL OLtvÆyGOvL d rar\r NHt vLySKNvJL yJLtOvLvL� w O�vwOS ySJNKPHN OwJL� tGJNH
OSPHOM| tPHOtHM }

6JTH{HP z tGH OS�JPvtGw N uPJuJNHM vL tGH SvtHPOtKPH MJ LJt MvPHytS| Qt tJ JKP NvtKOtvJL } ~LMHHM z OStGJK�G
tGH vLtHPNHytvJL JR tTJ MvN� KLytv{H ySJNHM vtHw NHtN vN JI{vJKNS| O MvN� KLytv{H ySJNHM vtHw NHt z tG vN SOttHP
MJHN LJt LHyHNNOPvS| IHSJL� tJ

EDCI
} �GvN vN MKH tJ tGH ROyt tGOt vt yJK SM GO{H OSS vtN HNNHLtvOS vtHw NHtN

vLRPH�KHLt OLM z GHLyH z GON IHHL OSPHOM| uPKLHM } �L tGHvP NvMH z tGH OS�JPvtGw N RJP IKvSMvL� tGH 6 ONNH
MvO�POw wOvLS| PHS| JL tGH ROyt tGOt tGH vLtHPNHytvJL JR tTJ yJLyHutN TON OSPHOM| tPHOtHM OLM vt NK� yHN tJ
SJ yOtH tGH yJPPHNuJLMvL� LJMH T vtGvL tGH OSPHOM| IKvSt uOPt JR tGH 6ONNH MvO�POw } 7HyOSS tGOt RJP JItOvLvL�
tGH NHt

EDCI
z tTJ yJLNtPOvLtN JR Mv©HPHLt LOtKPHN THPH yJwIvLHM u O wJLJtJLH yJLNtPOvLt tGPJK�G tGH

MvN� KLytv{H NKuuJPt OLM OL OLtvÆw JLJtJLH JLH tGPJK�G NHttvL� � 8bf9`` l �̈ r uO�H ¬: m} �JLNH�KHLtS|z
NJwH MvN� KLytv{H ySJNHM vtHw NHtN PHNKStvL� RPJw tGH vLtHPNHytvJL JR JtGHPN w O| IH uPKLHM NvLyH tGH| GO{H
OSS tGHvP HNNHLtvOS vtHw NHtN vLRPH�KHLt } �GvN vN vSSKNtPOtHM tGOL� N tJ tGH RJ SSJT vL� H�OwuSH }
��® ��� °U ¯cbf 8;/a 0 ¨cb\/� \ ¨cb\08b 8b° \_ / � c1 1cd 8b° \a0bf0¨\8cbf j ¶ q · q ¶· ¸q ¶·¹ q 0b; ¶· ¸¹ r ²/\
� 8bf9`` n 2 r ½b \_ 8f f 8\90\8cbq \_ / f/\ c� � a/»9/b\ /ff/b\801 8\/� f/\f FEI 8f /»901 \c �¶ q · q ¸q ¹ q ¶·� r^_ / 0ffc¨80\/; f/\ c� ;8fg 9b¨\8h/ ¨1cf/; 8\/� f/\f EDCI 8f \_ /b �¸q ¹ q ¶ ¸¹ q · ¸¹ q ¶· ¸¹� r < � 8b\/af/¨\8b°\_ / ¨1cf9a/f ¶ ¸¹ 0b; · ¸¹ q \_ / a/f91\ 8f ¸¹ d_ 8¨_ 8f bc\ ` a/f/b\ 8b EDCI f8b¨/ \_ / 0ffc¨80\/; /ff/b\801
8\/� f/\q b0� /1� 8\f/1� q 8f 8b� a/»9/b\ f 8b¨/ k9`` l¸¹ m n 1 r

½b \_ / ¨0f/ c� \_ / =01\¨_ /h /\ 01r 01° ca8\_� q \_ / /1/� /b\f \c e/ fca\/; 0a/ 0ffc¨80\/; \c \_ / >01c8f
¨1cf9a/ c` /a0\car ? ca/ ` a/¨8f/1�q \_ /� ¨caa/f` cb; \c \_ / ¨cbg 9b¨\8h/ ¨1cf/; 8\/� f/\f r @ca � 8bf9`` n 2q\_ /� � ca� \_ / f/\ c� � a/»9/b\ ¨1cf/; 8\/� f/\f FCI

/»901 \c �∅ q ¶ q · q ¶· q ¶· ¸q ¶·¹ q ¶ ¸¹ q ¶· ¸¹� r ½b \_ 8f
¨0f/q \_ / 8b\/af/¨\8cb c� /0¨_ ¨c9` 1/ c� /1/� /b\f � ac� FCI

01fc e/1cb°f \c FCI r
�GH ��p� OS�JPvtGw vLyPHw HLtOSS| vLNHPtN MvN� KLytv{H ySJNHM vtHw NHtN JLH Ot O tvw H tJ O NtPKytKPH

TGvyG vN JLS| uOPtvOSS| QLvNGHM tJ JItOvL Ot tGH HLM tGH HLtvPH JLH l �̈ r A S�JPvtGw ¬3 m} BHt
f

IH tGH
yKPPHLt MvN� KLytv{H ySJNHM vtHw NHt tJ I H vLNHPtHM vL tGH uOPtvOSS| JPMHPHM NtPKytKPH }

f
TvSS I H yJwuOPHM

tJ tGH HSHw HLtN JR tGH IJPMHP
B l �̈ r SvLHN ëÆ ¬¬m} ~R OL HSHw HLt

b ∈ B
vN vLySKMHM vL

f l �̈ r SvLHN ÈÆ- mz tGHLvt vN OL HSHw HLt JR vtN SJTHP yJ{HP } A SvL� IHtTHHL tGH LJMH PHuPHNHLtvL�
b
OLM tGOt PHuPHNHLtvL�

f
TvSS

IH yJLNtPKytHM tGOL� N tJ tGH C!D åæ%E!Fåæ%#äEåæ(ã!ä uPJ yHMKPH l �̈ r A S�JPvtGw ¬¬m} �GH HSHw HLt
bTvSS tGHL IH MHSHtHM RPJw tGH IJPMHP } ~R

b
vN LJt vLySKMHM vL

f
IKt vtN vLtHPNHytvJL T vtG

f
vN LJt Hwut| l �̈ rSvLHN ¬3Æ ¬¬mz tGHL tGH C!D åæ%E!Fåæ%o)ä)GåBåä( uPJ yHMKPH T vSS vMHLtvR| tGH yJwwJL vwwHMvOtH

uPHMHyHNNJPN JR IJtG
b
OLM

f l �̈ r A S�JPvtGw ¬2 m} Ç vLOSS|z f TvSS IH OMMHM tJ tGH IJPMHP } ~t vN vwuJPtOLt
tJ LJtH tGOt vL tGH C!D åæ%E!Fåæ%o)ä)GåBåä( uPJ yHMKPH z O uPJGvIvtHM SvNt vN ONNJyvOtHM tJ HOyG
MvN� KLytv{H ySJNHM vtHw NHt tJ I H vLNHPtHM vL tGH uOPtvOSS| JPMHPHM NtPKytKPH } ~LMHHM z TGHL KuMOtvL� tGH
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f × ^ _`ab cdÙÑ`ef Ùñgaf_ `hf1 afh Õ
B × ïif afh Ùgdhj`d`dk hif fñf1 fdha gó hif ð gl_fl m
b n ^d fñf1 fdh gó hif ð gl_fl B m
ProhibitedoList n ïif ñ`ah gó hif hlfjhf_ dg_fa `d hif pjlh`jññà gl_flf_ ahlcqhclf m

ïjðñf ò mr n sghjh`gda caf_ ðà hif tuvw jñkgl`hi1 m

uPHyHMHLyH SvL� IHtTHHL MvN� KLytv{H ySJNHM vtHw NHtN z O LJMH yOL IH {vNvtHM wJPH tGOL JLyH NvLyH vt yOL
IH OL vwwHMvOtH uPHMHyHNNJP JR w OL| JtGHP LJMHN } �GvN SvNt T vSS O{JvM NKyG KNHSHNN tPHOtw HLtN I| JLS|
OSSJT vL� tGH {vNvt JR LJMHN tGOt MJ LJt IHSJL� tJ vt }

� �]ç���\x �Á n tuvwy�É�� n z ïif afh EDCI
gó _`ab cdqh`ef qñgaf_ `hf1 afha m{��É�� n z ïif afh EDCI

gl_flf_ ðà afh `dqñca`gd m
|�] ��}

B n~ ∅ ��
�ç�+��\ �

f ∈ EDCI / Â ç�
ProhibitedoList ~ ∅ ��
�ç�+��\ �

b ∈ B/ Â ç�
inter n~ b ∩ f ��
y� �

inter � b/ �\���
��� ������������������ �

f � b/ ��
B n~ B\ b ��

+ ��� y� �
inter 6= ∅/ �\��}�

��� ������������������� �
f � b/ �}}

B n~ B ∪ f �}�
+��}�

� ®¡¢£ ¤¥ ¯cbf 8;/a \_ / f/\ c¦ ;8fg 9b¨\8h/ ¨1cf/; 8\/§ f/\f fca\/; e¨ 8b¨a/0f 8b° f 8© / 8b ^0e1/ ªr« r ^_ /i af\ \d c ;8fg 9b¨\8h/ ¨1cf/; 8\/§ f/\f ¬ 0b; º f_ 0a/ \_ / f0§ / f 8© /r ^_ /¨ 0a/ _ /b¨/ 8§§ /;80\/1¨ 8bf/a\/;
8b \_ / eca;/aq f 8b¨/ bc ` a/¨/;/b¨/ a/10\8cb ¨0b 18b¿ \_ /§ r ¦ \/a \_ 0\q \_ / ;8fg 9b¨\8h/ ¨1cf/; 8\/§ f/\ ¶· 8f
¨c§` 0a/; \c \_ / /1/§ /b\ c¦ \_ / eca;/aq 8r/rq ¬ 0b; º r k 8b¨/ bcb/ c¦ \_ /§ 8f 8b¨19;/; 8b ¶· q \_ 8f ¨1cf9a/ 8f
f 8§` 1¨ 0;;/; \c \_ / eca;/ar ½ \ 8f \_ / f0§ / ¦ ca \_ / ;8fg 9b¨\8h/ ¨1cf/; 8\/§ f/\ ¸¹ r

 \ \_ 8f f\/` q \_ / eca;/a 8f ¨c§` cf/; e¨ ¬ q º q ¶· 0b; ¸¹ r ^_ / ¨1cf9a/ 9b;/a \a/0\§/b\ bcd 8f &® r
k 8b¨/ ec\_ ¬ 0b; º 0a/ 8b¨19;/; 8b ¬º q \_ /¨ d 81 1 e/ a/§ ch/; ¦ ac§ \_ / eca;/a 0b; 8bf/a\/; 0f 0b 8§§ /;80\/
` a/;/¨/ffca c¦ ¬º r ^_ 8f 8f ;cb/ \_ 0b¿f \c 0 ¨01 1 \c \_ / C!D åæ%E!Fåæ%#äEåæ(ã!ä ` ac¨/;9a/ r ^_ /bq ¶·¬
d 81 1 e/ ¨c§` 0a/; \c \_ / /1/§ /b\ c¦ \_ / eca;/ar k 8b¨/ ¶· 8f 8b¨19;/; 8b ¶·¬ q 8\ d 81 1 01fc e/ a/§ ch/; ¦ ac§ \_ /eca;/a 0b; f/\ 0f 0b 8§§ /;80\/ ` a/;/¨/ffca c¦ ¶·¬ r ^_ / 8b\/af/¨\8cb c¦ \_ 8f 10\\/a d 8\_ ¬º 8f b/8\_ /a /»901 \c
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��]²���\x �� n ��� ������������������
y�É�� n z ^ _`ab cdqh`ef qñgaf_ `hf1 afh f � jd_ jd fñf1 fdh pred hg ð f `daflhf_ `d `ha ñg´flqgefl m{��É�� n z ïif cp _jhf_ ñg´fl qgefl gó

f
m

|�] ��}
�²�+��\ �

l ∈ Üµ¶l �f // Â ²�
inter n~ l ∩ pred ��
y� �

inter � pred/ �\���
lfhcld ��

+ ��� y� �
inter � l/ �\���

Üµ¶ l
�
f / n~ Üµ¶ l

�
f / \ l ��

Üµ¶ l
�
f / n~ Üµ¶ l

�
f / ∪ pred ��

+���

¬º bca \c \_ / /§` \¨ f/\ r ¯cbf/»9/b\1¨q \_ / ��p� 01° ca8\_§ ¨01 1f \_ / C!D åæ%E!Fåæ%o)ä)GåBåä(
` ac¨/;9a/ r ^_ 8f 10\\/a ` ac¨/;9a/ d 81 1 f/0a¨_ ¦ ca \_ / 8§§ /;80\/ ` a/;/¨/ffcaf c¦ ¶·¬ 0§ cb° \_ / ` a/;/¨/ffcaf
c¦ ¬º r ½ \ 01fc f\ca/f 8b 0 ` ac_ 8e8\/; 18f\ \_ / h8f 8\/; bc;/f d_ 8¨_ §0¿ /f 8\ ` cff 8e1/ \c 0hc8; ` /a¦ ca§8b° \_ /
f0§ / \a/0\§ /b\ § ca/ \_ 0b cb¨/ r ^_ / ` a/¨/;/b¨/ a/10\8cb e/\d //b ¶·¬ 0b; 8\f 8§§ /;80\/ ` a/;/¨/ffca ¬ 8f\_ /b /f\0e18f_ /; r^_ / eca;/a bcd ¨cb\08bf ¬º q ¸¹ q 0b; ¶·¬ \c d_ 8¨_ d 81 1 e/ ¨c§` 0a/; \_ / ¨1cf9a/ \c e/ 8bf/a\/; 8b \_ /
` 0a\801 1¨ ca;/a/; f\a9¨\9a/q 8r/rq ¶·º r ^_ / 8b\/af/¨\8cb c¦ \_ 8f 10\\/a d 8\_ ¬º 8f /»901 \c º q d_ 8¨_ d 81 1 e/
8bf/a\/; 0f 0b 8§§ /;80\/ ` a/;/¨/ffca c¦ ¶·º r ½ \ 8f \_ / f0§ / ¦ ca ¶· d rar\r \_ / /1/§ /b\ c¦ eca;/a ¶·¬ r ¶·º
d 81 1 \_ /b e/ 0;;/; \c \_ / eca;/a d 8\_ c9 \ a/§ ch 8b° 0b¨ /1/§ /b\ f 8b¨/ 8\ ¨ch/af bcb / c¦ \_ /§ r ^_ / 10f\
¨1cf9a/ \c e/ \a/0\/; 8f ¶· ¸¹¬º r k 8b¨/ 8\ f9ef9§ /f 01 1 /1/§ /b\f c¦ \_ / eca;/aq 0 ` a/¨/;/b¨/ 18b¿ d 81 1 e/
/f\0e18f_ /; e/\d //b /0¨_ /1/§ /b\ 0b; ¶· ¸¹¬º r

 \ \_ / /b; c¦ \_ / ��p� 01° ca8\_§ /· /¨9 \8cbq d / ce\08b \_ / ` 0a\801 1¨ ca;/a/; f\a9¨\9a/ 81 19f\a0\/; e¨
@ 8°9a/ ªr±r ½b \_ 8f i °9a/q \_ / ;8fg 9b¨\8h/ ¨1cf/; 8\/§ f/\f 18f\/; 8b ^0e1/ ªr« 0a/ ` 0a\801 1¨ ca;/a/; d rar\r
f/\ 8b¨19f 8cb r ô 0¨_ cb/ c¦ \_ /§ a/` a/f/b\f 0b /»98h01/b¨/ ¨10ffq \c d_ 8¨_ 8f 0ffc¨80\/; \_ / ¨caa/f` cb;8b°¦ a/»9/b\ /ff/b\801 8\/§ f/\f 0b; ;8fg 9b¨\8h/ f9`` ca\r

�GKN z tGH yJLNtPKytvJL JR tGH uPHyHMHLyH SvL� N vL JKP NvtKOtvJL PH�KvPHN wJPH OttHLtvJL tGOL vL tGH
yONH JR w OLvuKSOtvL� yJL�KLytv{H ySJNHM vtHw NHtN } ¸JtHTJPtG vS|z tGH ��p� OS�JPvtGw yOL IH KNHM vL tGH
�HLHPOS yONH RJP uOPtvOSS| JPMHPvL� vtHw NHtN uPKLHM d rar\r O yJL� KLytvJL JR yJLNtPOvLtN JR Mv©HPHLt LOtKPHN
lSv�H tGH wJLJtJLH OLM OLtvÆw JLJtJLH JLHN vL JKP yONH m}
�GH LH�t tGHJPHw NtOtHN tGH NJKLMLHNN OLM tGH yJPPHytLHNN JR tGH ��p� OS�JPvtGw }

¹º£»ù£® ¼U ^_ / ��p� 01° ca8\_§ 8f fc9b; 0b; ¨caa/¨\r ½ \ /· 0¨\1¨ ;/\/a§ 8b/f \_ / 1cd /a ¨ch/a c¦ /0¨_
¨1cf9a/ e/1cb° 8b° \c EDCI r
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� �]²���\x �½ n ��� �������������������
y�É�� n z ^ _`ab cdqh`ef q¾gaf_ `hf1 afh f � jd_ jd f¾f1 fdh b g¿ hif À gl_fl B m
{��É�� n z Áif cp _jhf_ ¾g´fl qgefl g¿

f
m

|�] ��}
�²�+��\ �

predÚb ∈ Üµ¶l �b// Â ²�
y� �

predÚb /∈ ProhibitedÚList/ �\���
inter n~ predob ∩ f ��
y� �

inter � predÚb/ �\���
��� ������������������ �

f � predob/ ��
+ ��� y� �

inter 6= ∅/ �\���
��� ������������������� �

f � predob/ ��
ProhibitedoList n~ ProhibitedoList ∪ predob ��

+��}�

∅

ÂÃÄÅ

ÂÃÆÇÅÄ

ÅÄ

ÆÇ

ÂÃÄÂÃÅ

È`kclf É mÊn Áif pjlh`j¾¾à gl_flf_ ahlcqhclf jaagq`jhf_ hg hif _`ab cdqh`ef q¾gaf_ `hf1 afha k`efd
Àà ÁjÀ¾f É mË m

Ì acc¦ r �GH ��p� OS�JPvtGw NJPtN tGH ySJNKPH JR
EDCI

I| vLyPHONvL� NvxH } �GKN z MKPvL� vtN uPJ yHNNvL� z O
MvN� KLytv{H ySJNHM vtHw NHtN

f ∈ EDCI
vN LHyHNNOPvS| JR NvxH Gv�GHP tGOL JP H�KOS tJ tGJNH OSPHOM| vLNHPtHM

vL tGH uOPtvOSS| JPMHPHM NtPKytKPH } 6HLyH z OSS HSHwHLtN I HSJL�vL� tJ vtN SJTHP yJ{HP THPH OSPHOM| tPHOtHM }
~L OMMvtvJL z

f
TvSS I H yJPPHytS| SvL�HM tJ vtN SJTHP yJ{HP } ~LMHHM z tGH yJwuOPvNJL z d ra r\r NHt vLySKNvJL z

I HtTHHL
f

OLM OSPHOM| tPHOtHM ySJNKPHN vN uHPRJPw HM NtOPtvL� RPJw tGH SOP�HNt JLHN z 8r/ rz tGH HSHw HLtN JR
tGH IJPMHP

B
z KLtvS PHOyGvL� tGH SOP�HNt ySJNKPHN vLySKMHM vL

f
} �GHNH SOttHP ySJNKPHN yJPPHNuJLM tJ tGH

HSHw HLtN JR tGH SJTHP yJ{HP JR
f
}
♦
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ÎÏ�
f n Áif afh g¿ ¿lfÐcfdh faafdh`j¾ `hfÑ afha jaagq`jhf_ hg j _`ab cdqh`efq¾gaf_ `hfÑ afh f m

v���t����ÒÓ
f n Áif afh qgdhj`d`dk ¿lfÐcfdh faafdh`j¾ jd_ _`ab cdqh`ef q¾gaf_ `hfÑ z

afha hijh ´ `¾¾ p ¾jà hif lg¾f g¿ plfÑ `af gl qgdq¾ca`gd Ô ÕÖÕ×Õ j lc¾f
Àjaf_ gd j _`ab cdqh`ef q¾gaf_ `hfÑ afh f m

EGAR n Áif afh g¿ ej¾`_ fØjqh kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa m
AGAR n Áif afh g¿ ej¾`_ jpplgØ `Ñ jhf kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa m
ApGAR n Áif afh g¿ ej¾`_ jpplgØ `Ñ jhf_ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa m

ÁjÀ¾f É mÚ n sghjh`gda caf_ Àà hif ÛÜÝv j¾kgl`hiÑ m

BHt KN LJT OLOS|xH tGH TJPNt yONH yJwuSH� vt| JR tGH ��p� OS�JPvtGw } ~L tGH TJPNt yONH z HOyG HNNHLtvOS
vtHw NHt vN RPH�KHLt OLM H�KOS tJ vtN MvN� KLytv{H ySJNHM vtHw NHt } 6 HLyH z tGH NHt

EDCI
yJLtOvL N OSS M vN� KLytv{H

ySJNHM vtHw NHtN NvLyH tGHPH vN LJ uPKLHM MvN� KLytv{H ySJNKPH } �GH uOPtvOSS| JPMHPHM NtPKytKPH yJLNtvtKtHN
tGKN O yJwuSHtH SOttvyH } ~L tG vN yONH z tGH yJwuSH�vt| JR tGH ��p� OS�JPvtGw vN JR tGH NOw H JPMHP JR
w O�LvtKMH tGOL tGOt JR tGH OS�JPvtGw uPJuJNHM vL Þ.OStyGH{ /\ 01rz 23334 }
ß�� �à áâãäå äæç èâæâãéêäëâì íîîïðäéñäïæ òóêâî
~ô tõ vN Nö÷ Nøytvùô z Tø úøûyPv÷ø tõø üýþ p ÿ S�ù� vtõw � ÿ ��ù� vô� tõø ø�t�ÿytvùô ù � tõø ûø �øytøú �øôø�ÿ �vxøú
ÿûûù yvÿtvùô �ö �øû } ~tû u ûøöúùÆyùúø vû �v{øô ÷| A ��ù� vtõw ¬: } �õø ÿûûù yvÿtøú ôùtÿtvùôû ÿ�ø �vûtøú vô �ÿ÷ �ø
È }� } �ù tõ vû ÿ ��ù� vtõw z �ø ÷�ùö�õt ûùw ø w ùú v� yÿtvùôû ÿ ��ù� vô� tù ÿ{ù vú tõø úø� v{ÿtvùô ù� öûø �øûû �ö �øû
l ¦̈ r u�ø{vùöû ûøytvùô m}Çù� øÿyõ ú vû�öôytv{ø y�ùûøú vtøw ûøt

f ∈ EDCI
z tõø ��ût ûtøu vô tõø üýþ p ÿ ��ù� vtõw yùôûvûtû vô

ûøÿ�yõ vô� �ù� tõø ûö÷ûøtû tõÿt � v�� u �ÿ| tõø �ù �ø ù � u�øw vûø ÿôú z tõøô z yùôy �öûvùô ù� øÿyõ �ö �ø ÷ÿûøú ùô
f
}

�õøûø vtøw ûøtû ÿ�ø vtû ��ø�öøôt øûûøôtvÿ � vtøw ûøtû z vtû vww øú vÿtø u�øúøyøûûù�û yùôtÿ vôøú vô ¯ch l lf mz ÿôútõø v� �øûuøytv{ø ��ø�öøôt øûûøôtvÿ � vtøw ûøtû l ¦̈ r �vôø : m }Çù� øÿyõ ø �øw øôt
X

ù� på���æå	�E

f l ¦̈ r �vôøû �Æ ¬3 mz tõø ÿ ��ù� vtõw úøtø�w vôøû \_ / ;8¾ /a/b¨/zúøôùtøú

Y
z ÷øt�øøô

f
ÿôú

X l8r/rz Y � f \ X m } �õøô z tõø E�	��å����ä�� u�ùyøúö �ø yùwuötøû tõø
öuu ø� ÿôú �ù�ø� ÷ùöôúû ù � tõø ûöuuù�t ù�

Y l ¦̈ r �vôø � m} A �tø� tõÿt z t�ù yÿûøû õÿ{ø tù ÷ø ú vûtvô�ö vûõøú �
¬} ~� tõø öuu ø� ÿôú �ù�ø� ÷ùöôúû ù� tõø ûöuuù�t ù�

Y
ÿ�ø ø�öÿ � l ¦̈ r �vôøû ÈÆª mz tõøô k9`` l∨Y m vû

ø�ÿyt �| �ôù�ô } �õø üåäåæ��å�þ�
å�����������ä�� u�ù yøúö�ø vû õøôyø yÿ ��øú } ~ôúøøú z
vô tõ vû yÿûø z øÿyõ �ö �ø öûvô�

X lvô u �øwvûø ù� yùôy�öûvùô m ÿôú
Y lyùô{ø�ûø �|z vô yùôy �öûvùô ù�

u�øw vûø m � v�� ÷ø úøtø�w vôøú � vtõ vtû ø�ÿyt {ÿ �öø ù � ûöuuù�t ÿôú yùô�úøôyø l ¦̈ r �ö÷ûøytvùô È }: }¬
�ù� tõø ú v©ø�øôt �ù�w û ù � ûø �øytøú �øôø�ÿ �vxøú �ö �øû ÿôú tõø v� ÿûûùyvÿtøú �ù�wö �ÿø m} �õø § 8bf9``ÿôú § 8b¨cb¦ tõ�øûõù �úû ÿ�ø tõøô öûøú tù ùô �| �øtÿ vô {ÿ �vú �ö �øû } �õøô z �ù� øÿyõ {ÿ �vú �ö �ø z vtû {ÿ �öø
ù� yùô�úøôyø ÿ ��ù� û ú vûtvô�ö vûõ vô� vtû w øw÷ø�ûõ vu tù tõø ûøt

EGAR
ù� ø�ÿyt �øôø�ÿ �vxøú ÿûûù yvÿtvùô

�ö �øû ù� tù tõø ûøt
AGAR

ù� ÿuu �ù�vw ÿtø ùôøû }
2 } ~� tõø öuuø� ÷ùöôú ù� tõø ú vû�öôytv{ø ûöuuù�t ù �

Y
vû ú v©ø�øôt ��ùw tõø �ù�ø� ùôø l ¦̈ r �vôøû -Æ ¬3 mz����� �� ��� ��� !�"  # Y�!���%���' � �� ����� ! �)%�� (�%��� � �
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m
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f ∈ EDCI ) Â ²�
v���t����ÒÓ

f n~ *Ï�
f ∪ Ü(¶ l

�
f ) ∪ +e | e ∈ *Ï�

f1
$ Õ×Õ f1 ∈ Ü(¶ l

�
f ) , ��

�²�+��\ �
X ∈ v���t����ÒÓ

f ) Â ²�
Y n~ f \ X ��
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∨Y ) � Û&Ú 0%&& �
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f � X � Y � 0%&& �
∨Y ) � !"#$%&& ��
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f � X � Y � %&Ú 0%&& �
∨Y ) �}�

Û&Ú 0%&& �
∨Y ) � !"#$%&& � !"#'(#Þ ) �
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tõøô tõø üåäåæ��å�þ�
å��ý æ�� ã	��å�����ä�� u�ùyøúö �ø vû yÿ ��øú } ~ô tõ vû ûvtöÿtvùô z
tõø ûöuuù�t ÿôú3ù� tõø yùô�úøôyø ù� �ö �øû öûvô�

Y
w ÿ| ôùt ÷ø ø�ÿyt �| úøtø�wvôøú } �ùôûø�öøôt �|z

tõø v� ÿûûù yvÿtøú �ù�ø� ÿôú öuuø� ÷ùöôúû ÿ�ø yùwuötøú l ¦̈ 4 �ö÷ûøytvùô È }: }2 m } ~� tõø ûöuuù�t ù�
ÿ �ö �ø z öôúø� tõ vû yÿûø z vû ø�ÿyt �| úøtø�w vôøú tõøô vt vû ûvw u �| yùwuÿ�øú tù § 85f966 } 7tõø�� vûø z
tõø �ù�ø� ÷ùöôú ù � ûöuuù�t wöût ÷ø õ v�õø� tõÿô ù� ø�öÿ � tù § 85f966 } �õø ûÿw ø �øÿûùô vô� ÿuu �vøû
�ù� tõø yùô�úøôyø yùwuötÿtvùô } ~ôúøøú z v� tõø yùô�úøôyø {ÿ �öø vû ø�ÿyt �| yùwuötøú tõøô vt vû
ûvw u �| yùwuÿ�øú tù § 85¨85¦ } 7tõø�� vûø z tõø �ù�ø� ÷ùöôú ù� tõø yùô�úøôyø {ÿ �öø wöût ÷ø ��øÿtø�
tõÿô ù� ø�öÿ � tù § 85 ¨85¦ } A �ö �ø �õ vyõ �ö �� ��û tõø {ÿ �vú vt| yùôú vtvùôû 9 4:4;4 § 85f966 ÿôú § 85 ¨85¦vû �öÿ �v�øú tù ÷ø {ÿ �vú } ~ô tõ vû ûvtöÿtvùô z v� ø vtõø� vtû ûöuuù�t ù� vtû yùô�úøôyø vû ÿuu�ù�vw ÿtø �|
úøtø�w vôøú z tõø ÿûûù yvÿtøú {ÿ �vú �ö �ø � v�� ÷ø vôûø�tøú vô tõø ûøt

ApGAR
} 7tõø�� vûø z vt vû ÿúúøú

ÿyyù�ú vô� tù vtû yùô�úøôyø {ÿ �öø tù
EGAR

ù�
AGAR

}
�õø ôø�t tõøù�øw ûõù� û tõø ûùöôúôøûû ÿôú tõø yù��øytôøûû ù� tõø üýþ p ÿ ��ù� vtõw }

¹º£»<£® ¼¥ => / üýþ p 01° 8:8;>§ 8f f895; 05; ¨8::/¨;4 ½ ; /· 0¨;1¨ ;/;/:§ 85/f 01 1 h018; f/1/¨;/; ° /5³/:018© /; 0ff8¨80;885 :91/f 4
Ì :88¦ 4 �õø üýþ p ÿ ��ù�vtõw vtø�ÿtøû ùô tõø ø �øw øôtû ù �

EDCI
} Çù� øÿyõ y�ùûö�ø

f ∈ EDCI
z vt úøtø�w vôøû

vtû ûö÷ûøtû � øûûøôtvÿ � ÿôú ú vû�öôytv{ø y�ùûøú vtøw ûøtû � tõÿt � v�� ÷ø öûøú vô tõø ÿûûùyvÿtøú �øôø�ÿ �vxøú
�ö �øû } �õø yùwuötÿtvùô ù� tõø ûöuuù�t ÿôú yùô�úøôyø ù � w vôøú �ö �øû vû uø��ù�w øú ÿyyù�ú vô� tù tõø
ÿûûù yvÿtøú �ù�wö �ÿø ÿôú yùwuÿ�øú tù tõø w vô vwöw tõ�øûõù �úû tù ùô �| �øtÿ vô {ÿ �vú �ö �øû } �õöû z ÿ �� {ÿ �vú
ûø �øytøú �ö �øû � v�� ÷ø w vôøú }

♦



¯°³ +,É���x ����� � ������ �Í�

õ ö? øù@ �ûþA ��úü � � ����ú�
~ô tõ vû ûøytvùô z �ø � v�� úøûy� v÷ø tõø ø�u ø� vw øôtÿ � �øûö �tû �ø ù÷tÿ vôøú } �õ�ùö�õ tõø yÿ��vøú ùöt ø�u ø�Æ
vw øôtû z �ø �ù yöûøú ùô tõø w vô vô� tvw ø ÿû �ø �� ÿû tõø ôöw÷ø� ù � ø�t�ÿytøú {ÿ �vú �ö �øû } �õø yùôûvúø�øú
÷øôyõw ÿ�� yùôtø�tû ÿ�ø úøûy� v÷øú vô Auu øôú v� A } A �� ø�u ø� vw øôtû �ø�ø yÿ�� vøú ùöt ùô ÿ B� ø�ö vuu øú
� vtõ ÿ :C6x Bøôtvöw l7 m ÿôú ¬}ÈëCs ù � w ÿ vô w øw ù�|z �öôô vô� tõø C¸D3B vôö� ú vût� v÷ötvùô Çøúù�ÿ
�ù�ø È l� vtõ 2Cs ù� û�ÿu w øw ù�| m}�õø �õù �ø u �ù yøûû �ù� ø�t�ÿytvô� tõø �øôø�ÿ �vxøú ÿûûùyvÿtvùô �ö �øû �ÿû vw u �øw øôtøú vô �EE vôtù ÿ
tùù � z yÿ ��øú üýþo } F �ù tõø ÷øût ù� ùö� �ôù��øú�ø z ùö� tùù � vû tõø öô v�öø ùôø ÿ ��ù� vô� tõø ø�t�ÿytvùô ù�
�øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû tõ�ùö�õ ÿ úøú vyÿtøú ø�u �ù�ÿtvùô ù� tõø ú vû�öôytv{ø ûøÿ�yõ ûuÿyø } G ù�øù{ø� z
ôù u �ø{vùöû ÿuu�ùÿyõ õÿû yùôûvúø�øú øûûøôtvÿ � ÿôú ú vû�öôytv{ø y�ùûøú vtøw ûøtû ÿû ÿ ÷ÿûvû �ù� wvô vô�
�øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû } ~ô ÿúú vtvùô z tõø�ø vû ôù uö÷ �vy�| ÿ{ÿ v�ÿ÷ �ø tùù � �ù� w vô vô� ú vû�öôytv{ø �ö �øû }
�õø uö�uùûø ù � ùö� ø�uø�vw øôtû vû t�ù�ù �ú } 7ô tõø ùôø õÿôú z �ø �ùyöû ùô ÿ yùwuÿ� vûùô ù� tõø wvô vô�
tvw ø ù � tõø ú v©ø�øôt yùwuùôøôtû yù{ø� vô� tõø u�ù yøûû ù� �øôø�ÿ �vxøú ÿûûùyvÿtvùô �ö �ø w vô vô� } 7øyÿ �� tõÿt
tõø üýþo tùù � �ÿtõø�û tõø �ù ��ù� vô� yùwuùôøôtû �

¬} �õø ��ût ùôø ø�t�ÿytû tõø
DSSR

�øu�øûøôtÿtvùô tõÿô�û tù t�ù yùwu �øw øôtÿ�| ûtøu û } �õøûø �ÿttø�
ÿ�ø yÿ�� vøú ùöt tõÿô�û tù ÿ û�v�õt w ùú v� yÿtvùô ù � ùö� HE�þ�oãäåæ ÿ ��ù� vtõw l ¦̈ 4 uÿ�ø ¬2: m}�õø ��ût ûtøu ÿ ��ù� û tõø ø�t�ÿytvùô ù� tõø ûøtû

EDCI
ÿôú

FEI
} �õø ûøyùôú w ÿ�øû vt uùûûv÷ �ø tù

�ÿtõø� z �ù� ÿ �v{øô ú vû�öôytv{ø y �ùûøú vtøw ûøt z vtû ÿûûù yvÿtøú ��ø�öøôt øûûøôtvÿ � vtøw ûøtû }
2 } �õø ûøyùôú yùwuùôøôt yùôût�öytû tõø uÿ�tvÿ ��| ù�úø�øú ût�öytö�ø 9 4:4;4 ûøt vôy�öûvùô ÷øt�øøô

ú vû�öôytv{ø y�ùûøú vtøw ûøtû öûvô� tõø ��p� ÿ ��ù�vtõw }
: } �õø tõ v�ú ùôø úø� v{øû tõø {ÿ �vú �øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû �õ vyõ ÿ�ø öôúø� tõø ûø �øytøú �ö �ø �ù�w û

l ¦̈ 4 �ÿ÷ �ø È }: z uÿ�ø ¬ëÈm} ~ô ÿúú vt vùô z vt ûvwö �tÿôøùöû�| ø �vw vôÿtøû úöu �vyÿtø ùôøû } �õ vû vû yÿ�� vøú
ùöt tõÿô�û tù tõø üýþ p ÿ ��ù�vtõw }

7ô tõø ùtõø� õÿôú z �ø yùôyøôt�ÿtø ùô tõø �öÿôtvtÿtv{ø ÿûu øyt tõ�ùö�õ ÿ yùwuÿ�vûùô ù � tõø ôöw÷ø� ù�
wvôøú {ÿ �vú �ö �øû 9 4:4;4 tõø v� ÿûûù yvÿtøú t|u ø z 84/ 4z ø�ÿyt z ÿuu�ù�vw ÿtø ù� ÿuu�ù�vw ÿtøú } �õø ú v©ø�øôt
ø�uø�vw øôtû ÿ�ø yÿ�� vøú ùöt ÷| {ÿ�|vô� ø vtõø� § 85I966 ù� §85 ¨85¦ {ÿ �öøû }

sø�ù�ø �ù vô� vô úøtÿ v� vô tõø vôtø�u�øtÿtvùô ù � tõø ù÷tÿ vôøú �øûö �tû z vt vû �ù�tõ �øyÿ ��vô� tõÿt z ùôyø tõø
ûöuuù�t ù� tõø ú v©ø�øôyø ø{ÿ �öÿtøú öûvô� tõø

DSSR
�øu�øûøôtÿtvùô l ¦̈ 4 u�ø{vùöû ûøytvùô mz tõø úø�v{ÿtvùô

ù� tõø {ÿ �vú ÿûûù yvÿtvùô �ö �øû õÿ{vô� ùôø ù� tõø yùôûvúø�øú �ù�w û ÷øyùw øû ÿô øÿû| tÿû� } ~ôúøøú z tõ vû
yùôûvûtû vô ûvw u �ø ÿ� vtõw øtvy ùu ø�ÿtvùôû öûvô� tõø �øûuøytv{ø ûöuuù�tû ù� tõø u�øw vûø z tõø yùôy�öûvùô ÿôú
tõø �ö �ø } ~ô ÿúú vt vùô z tõø ø�t�ÿytvùô ù� ÿuu �ù�vw ÿtøú �ö �øû yÿô ÷ø w ÿúø ùutvùôÿ � vô ùö� tùù � } ~ôúøøú z
�ø yÿô øÿûv�| �øût�vyt tõø ø�t�ÿytvùô tù {ÿ �vú �ö �øû �õùûø �øûu øytv{ø ûöuuù�tû ÿôú yùô�úøôyøû ÿ�ø ø�ÿyt �|
úøtø�wvôøú } ¸ùtø ÿ �ûù tõÿt tõø �øût� vytvùô yÿô ÷ø yÿ�� vøú ùöt 9 4:4;4 ÿûûù yvÿtvùô �ö �ø �ù�w û ÷| ÿ ��ù� vô�
ùô �| ûùw ø ù� tõøw tù ÷ø w vôøú } 6ø�ø z �ø u�ø�ø��øú tù ùw vt ûöyõ �øût�vytvùôû z �õ vyõ yÿô õù�ø{ø� ÷ø öûø�ö �
ÿyyù�ú vô� tù tõø ÿuu �vyÿtvùô tù ùô �| �øtÿ vô �ö �øû ù � vôtø�øût �ù� tõø øôúÆöûø�û }
Jø � v�� ÷ø�vô ÷| úøûy� v÷ vô� tõø ø©øyt ù� tõø § 85I966 {ÿ� vÿtvùô ùô � lim tõø �öôtvw ø ù � tõø ú v©ø�øôt

yùwuùôøôtû ù� üýþo z liim tõø ôöw÷ø� ù � w vôøú �ö �øû tõ �ùö�õ ÿ � �ù÷ÿ � uù vôt ù� {vø� ùô �| ú vûtvô�ö vûõ vô�
K���L �� ��� ��� !�"  # Y�!���%���' � �� ����� ! �)%� M �!�� �



�¯Á Z�������[���²� ² � ���² �����²� ����� �\�²�]\ Â ��Ã �����²�

�ö �øû 9 4:4;4 tõø v� t|u ø ÿôú z tõøô z tõÿô�û tù ÿ �ù yÿ � uù vôt ù � {vø� tÿ� vô� vôtù ÿyyùöôt ÿ �ûù tõø �ö �ø
�ù�w û } �õøô z �ø ûtöú| tõø ø©øyt ù� tõø § 85¨85¦ {ÿ� vÿtvùô ùô ÷ùtõ �öôtvw ø ÿôú w vôøú �ö �ø ôöw÷ø� } ~ô
tõø ú v©ø�øôt tÿ÷ �øû û�øtyõ vô� tõø ù÷tÿ vôøú �øûö �tû z Ä�ùwu }Å l:/I6 4 ÄAuu�ù�Å ÿôú ÄAutøúÅ m ûtÿôúû �ù�
Ä�ùwuùôøôtÅ l:/I6 4 ÄAuu�ù�vw ÿtøÅ ÿôú ÄAuu�ù�vw ÿtøúÅ m }
ß �N �O êPâðñ ï Q ñRâ STUVWXX Yéãäéñäïæ
~ô tõøûø ø�u ø� vw øôtû z tõø {ÿ �öø ù � § 85I966 {ÿ� vøû ÿôú tõÿt ù � § 85¨85¦ vû ûøt tù tõø ÿûûùyvÿtøú �ø �ÿtv{ø
w vô vwöw ûöuuù�t tõ �øûõù �ú z 84/4z §85I966

|O|
}

�ÿ÷ �ø È }È ÿôú �ÿ÷ �ø È }ª u�øûøôt �øu�øûøôtÿtv{ø �øûö �tû ùô tõø wvô vô� tvw ø lvô ûøyùôúûm ù � tõø tõ�øø
yùwuùôøôtû ù� üýþo �ù� úøôûø ÿôú ûuÿ�ûø yùôtø�tû z �øûu øytv{ø �|} J õ v�ø Çv�ö�ø È }2 ÿôú Çv�ö�ø È }:
��ÿuõ vyÿ ��| û�øtyõ tõø ù÷tÿ vôøú �øûö �tû �ù� úøôûø ÿôú ûuÿ�ûø yùôtø�tû z �øûu øytv{ø �|} 7ö� �øûö �tû ûõù� tõø
ø� yvøôy| ù � ùö� tùù � tù�ÿ�úû ø�t�ÿytvô� �øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû } ~ô tõ vû �øûu øyt z tõø tvw ø yùôûöw øú
÷| øÿyõ yùwuùôøôt z 9 4:4;4 tõø tùtÿ � tvw ø z y �ùûø �| úøuøôúû ùô tõø yùôtø�t yõÿ�ÿytø� vûtvyû } ¸ø{ø�tõø �øûû z
tõø ûøyùôú ÿôú tõ v�ú yùwuùôøôtû ÿ�ø vô �øôø�ÿ � �ÿûtø� tõÿô tõø ��ût ùôø } ~ôtø�øûtvô� �|z ùôyø tõø uÿ�tvÿ ��|
ù�úø�øú ût�öytö�ø ÷ö v�t tõÿô�û tù tõø ûøyùôú yùwuùôøôt z tõø úø�v{ÿtvùô ù� �øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû
u ø��ù�w øú ÷| tõø tõ v�ú ùôø vû vô ÿ �w ùût ÿ �� yÿûøû tõø �ÿûtøût ûtøu l ¦̈ 4 tõø �ÿût tõ�øø yù �öwôû vô �ÿ÷ �ø È }È
ÿôú �ÿ÷ �ø È }ª m} �õ vû õ v�õ �v�õtû tõø ÿúúøú {ÿ �öø ù � ûöyõ ÿ ût�öytö �ø ôùt ùô �| �ù� �øúöyvô� tõø ôöw÷ø�
ù � w vôøú �ö �øû ÷öt ÿ �ûù ÿû ÿ ÷ÿûvû �ù� ø� yvøôt yùwuötÿtvùôû ù� tõø �ø�ö v�øú ûöuuù�tû } J vtõ �øûu øyt tù
tõø {ÿ� vÿtvùô ù � § 85I966 {ÿ �öøû z �ø ôùtø tõÿt ÿû �ÿ� ÿû tõø {ÿ �öø ù� § 85I966 úøy�øÿûøû z tõø ôöw÷ø� ù�
��ø�öøôt øûûøôtvÿ � vtøw ûøtû ÿôú z õøôyø z ú vû�öôytv{ø y�ùûøú vtøw ûøtû vôy�øÿûøû } �õ vû ÿö�w øôtÿtvùô �øÿúû tù
tõø vôy�øÿûø ù� tõø w vô vô� tvw ø ÿû �ø �� ÿû tõø ôöw÷ø� ù� ø�t�ÿytøú �øôø�ÿ �vxøú ÿûûùyvÿtvùô �ö �øû }

Çù� úøôûø ÿôú ûuÿ�ûø yùôtø�tû �øûuøytv{ø �|z �ÿ÷ �ø È }- ÿôú �ÿ÷ �ø È }¬3 ûõù� ùö� w ÿ vô �øûö �tû ùô tõø tùtÿ �
ôöw÷ø� ù � {ÿ �vú �øôø�ÿ �vxøú ÿûûùyvÿtvùô �ö �øû ú vûtvô�ö vûõøú 9 4:4;4 tõø v� t|u ø l84/ 4z ø�ÿyt z ÿuu �ù�vw ÿtø
ÿôú ÿuu�ù�vw ÿtøú m} �õøûø �øûö �tû ÿ�ø ÿ �ûù �øûu øytv{ø �| ûõù�ô vô Çv�ö�ø È }� ÿôú Çv�ö�ø È }ë } 7÷tÿ vôøú
�øûö �tû õ v�õ �v�õt tõÿt tõø ôöw÷ø� ù � w vôøú �øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû y�ùûø �| úøu øôúû ùô tõø yùôtø�t
úøôûvt|} ~ôúøøú z tõø õ v�õø� tõø {ÿ �öø ù � tõ vû �ÿttø� z tõø �ÿ��ø� tõø ÿûûùyvÿtøú ø�ö v{ÿ �øôyø y�ÿûûøû ÿ�ø } �õ vû
vôy�øÿûøû tõø ôöw÷ø� ù� øûûøôtvÿ � vtøw ûøtû u ø� y �ÿûû } �ùôûø�öøôt �|z tõø ôöw÷ø� ù� �ö �øû vô{ù �{vô� øûûøôtvÿ �
vtøw ûøtû ÿôú ú vû�öôytv{ø y �ùûøú vtøw ûøtû � v�� ��øÿt �| ÿö�w øôt } �õ vû �ÿyt ÿö�w øôtû tõø ôöw÷ø� ù � �ö �øû
ø{øô �ù� õ v�õ § 85I966 {ÿ �öøû �ù� tõø úøôûø yùôtø�tû ûöyõ ÿû E�ääå�� ÿôú ��	�Z } ~ô tõ vû �øûuøyt z vt vû
ÿ ��ÿ| û �ù�tõ �øyÿ ��vô� tõÿt �øôø�ÿ �vxøú ÿûûù yvÿtvùô �ö �øû � ú vû�öôytv{ø ùôøû vô uÿ�tvyö �ÿ� � �øÿyõ wvô vwöw
ûöuuù�t tõ�øûõù �ú wöyõ øÿûvø� tõÿô yùô�öôytv{ø ÿûûù yvÿtvùô �ö �øû } �õ vû �ÿyt õ v�õ �v�õtû tõø ÿúúøúÆ{ÿ �öø z
9 4:4;4 tõø �ö �ø ôöw÷ø� �øúöytvùô z ù� ùô �| yùôûvúø� vô� ��ø�öøôt øûûøôtvÿ � vtøw ûøtû ÿôú tõø v� y�ùûö�ø z ÿôú
ôùt ÿô| vtøw ûøt }

Çù� tõø [���æ�\ z þ å�� ã
 z ÿôú ]^_`a_H a__[ yùôtø�tû z �ø ùô �| ù÷tÿ vôøú ÿuu�ù�vw ÿtø �øôø�ÿ �vxøú
ÿûûù yvÿtvùô �ö �øû } ~ôúøøú z tõø ôöw÷ø� ù� ø�ÿyt �ö �øû vû ø�öÿ � tù

0
�ù� tõø tøûtøú § 85I966 {ÿ �öøû } �õ vû

vû úöø tù tõø �ÿyt tõÿt z �ù� tõøûø yùôtø�tû z øÿyõ ��ø�öøôt øûûøôtvÿ � vtøw ûøt vû ø�öÿ � tù vtû ú vû�öôytv{ø
y �ùûö �ø z �õ vyõ vû ôùt tõø yÿûø �ù� yùôtø�tû ûöyõ ÿû o��bæ��	 ÿôú ��	�Z } G ù�øù{ø� z tõø ôöw÷ø� ù�
ÿuu�ù�vw ÿtøú �ö �øû vû ÿ �ûù ø�öÿ � tù

0
} �õ vû vû ø�u �ÿ vôøú ÿû �ù ��ù� û } Bøt öû �øyÿ �� tõÿt �ø ûøÿ�yõ �ù�

tõø ûöuuù�t ù� tõø ú v©ø�øôyø ÷ øt�øøô tõø ú vû�öôytv{ø y�ùûøú vtøw ûøt z ùô �õ vyõ vû ÷ÿûøú tõø �ö �ø z ÿôú tõø
u �øwvûø lù� yùôy�öûvùô m yùôtÿ vô vô� ø vtõø� ÿ ú vû�öôytv{ø y�ùûøú vtøw ûøt ù� ÿ ��ø�öøôt øûûøôtvÿ � �ö �øû } ~ô tõø
yÿûø ù� þå�� ã
 z [���æ�\ z ÿôú ]^_`a_H a__[ yùôtø�tû z tõø ûöuuù�t ù� tõø ú v©ø�øôyø vû ÿ ��ÿ| û ø�ÿyt �|
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úøtø�wvôøú z �õ vyõ �øÿúû tù tõø ÿ÷ûøôyø ù � ÿuu �ù�vw ÿtøú ÿûûù yvÿtvùô �ö �øû } ~ôúøøú z tõ vû ú v©ø�øôyø vû ÿ ��ÿ| û
øôyùwuÿûûøú ÷øt�øøô ÿ ��ø�öøôt øûûøôtvÿ � vtøw ûøt ÿôú vtû ú vû�öôytv{ø y �ùûö�ø } �vôyø øÿyõ ø�ö v{ÿ �øôyø y�ÿûû
vû �vw vtøú tù ÿ öô v�öø ø �øw øôt z tõø ú v©ø�øôyø vû ÿô øûûøôtvÿ � vtøw ûøt dø�öÿ � tù vtû y�ùûö�ø e �õ vyõ ø�u �ÿ vôû
�õ| vfû ûöggù�f hû ÿ ��ÿi û úøfø�j hôøú k

Çù� fõø ] a_`^H a__[ l ûùj ø ø�ÿmf ÿôú ÿgg�ù� hj ÿføú nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû ÿ�ø jhôøú �ù� �ù�
§85I966 pÿ �öøû k qõ hû mÿô ÷ø ørg�ÿ hôøú ÷i fõø �ÿmf fõÿf ÿ �fõùönõ ÿ �j ùûf ÿ �� ú hûsöômfhpø øtö hpÿ �øômø m�ÿûûøûmùôfÿ hô ÿ öô htöø øûûøôfhÿ � hføj ûøf l ûùj ø ù� fõø m�ÿûûøû õÿpø ��øtöøôf øûûøôfhÿ � hføj ûøfû fõÿf ÿ�ø ú h©ø�øôf
��ùj fõø h� ú hûsöômfhpø m�ùûö�ø k qõ hû j ÿ�øû gùûûh÷ �ø fù ørf�ÿmf �ö �øû fõÿf ÿ�ø ø hfõø� ørÿmf ù� ÿgg�ùrhj ÿføú k
¸ùfø õù�øpø� fõÿf fõø ôöj÷ø� ù� ÿgg�ùrhj ÿføú �ö �øû m�ùûø �i úøg øôúû ùô fõø § 85I966 pÿ �öø k uôúøøú l fõøÿgg øÿ�ÿômø ù � ûömõ �ö �øû hû mùôôømføú fù fõø gùûûh÷ h�hfi dù� ôùf e fù ørÿmf�i úø�hpø fõø ûöggù�f ù� fõø
ú h©ø�øômø k �ömõ ÿ úø�hpÿfhùô �ø �høû ùô fõø mùôføôf ù � ú hûsöômfhpø øtö hpÿ �øômø m�ÿûûøû l ÿôú j ù�ø g�ømhûø �il
��øtöøôf øûûøôfhÿ � hføj ûøfû ÿôú fõø h� ÿûûù mhÿføú m�ùûö �øû k qõø ÿgg øÿ�ÿômø ù� fõøûø �ÿffø� hføj ûøfû hô fõø
DSSR

�øg�øûøôfÿfhùô úøg øôúû ùô fõø § 85I966 pÿ �öø k ¸ùfø fõÿf fõø ûÿj ø ûmøôÿ�hù ÿ �ûù ù mmö��øú �ù� fõø
E�ääå�� úÿfÿûøf �õøô fõø § 85I966 pÿ �öø �ÿû �ù�ø�øú ��ùj

75%
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 ÿôú ]^_`a_H a__[ úÿfÿûøfû l �ø
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x õÿû fõø õ hnõø� ôöj÷ø� ù � pÿ �hú �ö �øû k qõ hû mÿô ÷ø ørg�ÿ hôøú ÷i fõø �ÿmf fõÿf fõø ú hûsöômfhùô ù � hføj û



y¯½ Zz{z|}~�[}��²{ ² � ���² ��}��²{ ��~z� �\|²�]\ � ��� �{���²{

 0.0625

 0.125

 0.25

 0.5

 1

 2

 4

 8

 16

 32

 64

 0.4 0.5 0.6 0.7 0.8 0.9 1

R
u
n
ti
m

e
 (

s
e
c
o
n
d
)

minsupp (%)

Kosarak

Component 1
Component 2

Component 3

 0.000244141

 0.000976563

 0.00390625

 0.015625

 0.0625

 0.25

 1

 4

 1 2 3 4 5 6 7 8 9 10

R
un

tim
e 

(s
ec

on
d)

minsupp (%)

Retail

Component 1
Component 2

Component 3

 0.000976563
 0.00390625

 0.015625
 0.0625

 0.25
 1
 4

 16
 64

 256

 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

R
un

tim
e 

(s
ec

on
d)

minsupp (%)

T10I4D100K

Component 1
Component 2

Component 3

 0.000976563
 0.00390625

 0.015625
 0.0625

 0.25
 1
 4

 16
 64

 256

 2 2.5 3 3.5 4 4.5 5

R
un

tim
e 

(s
ec

on
d)

minsupp (%)

T40I10D100K

Component 1
Component 2

Component 3

È`kclf É m� n c `d `dk h`Ñ f g¿ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa ¿lgÑ apjlaf qgdhfØha m

 32
 64

 128
 256
 512

 1024
 2048
 4096
 8192

 16384

 30 40 50 60 70 80 90

S
iz

e

minsupp (%)

Connect

Exact
Approximate

Approximated

 256

 512

 1024

 2048

 4096

 8192

 16384

 32768

 65536

 65 70 75 80 85 90

S
iz

e

minsupp (%)

Pumsb

Exact
Approximate

Approximated

 128

 256

 512

 1024

 2048

 4096

 8192

 16384

 32768

 15 20 25 30 35 40

S
iz

e

minsupp (%)

Mushroom

Exact
Approximate

Approximated

 4

 16

 64

 256

 1024

 4096

 16384

 50 55 60 65 70 75 80 85 90

S
iz

e

minsupp (%)

Chess

Exact
Approximate

Approximated

È`kclf É m� n scÑÀ fl g¿ Ñ `df_ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa ¿lgÑ _fdaf qgdhfØha m



¯°³ +,�z|�x z{�}~ � z��~�� y¯ 

������� � ������ ���� � � ���� � � ���� � � ����   ¡¢£¤ ¥ ¦§¢¨© ª ¨ «£¬ ¡¢£¤ ¥ §¢¨© ª ¨ «£¬ ¡¢£¤ ¥ ®§¢¨© ª ¨ «£¬¯° ± ²��� � ²��� � �³�� ¯° ± ¯° ± ¯° ±
´µ¶¶·¸¹ º» Q �¼S½¾ R �RRQR R �RRQQ R �R ¼R¿

2.2133 ÀÀ PÁ Â ÃPÄÃ Ã PÁ Å
ÆÇ Q �¼ÈÉÊ R �RRQ½ R �RRÈ½ R �RQ¼Q

2.1643 ÀÅ PÅÁ ÃPÄÅ Ã PÀÅÆ» Q �¼¾SÉ R �RRÈ¾ R �RRÉ½ R �RÈ½R
2.1978 ÀËPÀÌ ÃPÍÄ Ä PËÍÎÇ Q �¼½RQ R �RR¾¾ R �R ¼¼Q R �RÊ½½
2.2546 ÀÌ PÀÃ ÃPÏÃ Â PÌÃÐÇ Q �Q¾R½ R �RR¿¾ R �RQ¾¾ R �¼¼R½
2.3834 ÀÁ PÍÍ ÄPÃÂ Á PÌÏÐ» Q �Q¿RS R �RRS½ R �R¾RQ R �¼É ¼½
2.4827 ÀÄ PÅÌ ÄPÌÂ Ì PÏÂÇÇ Q �ÈRÉS R �R ¼Q¿ R �R¿ÉR R �QÈÊQ
2.6308

ÅÅ PÄË Â PÅÀ Å PÀÁÇ» Q �È¾Q¿ R �R ¼ÉR R �¼¿S½ R �È½Q¿
2.9212

ÅÃ PËÁ ÌPÄÌ ÄÍ PÄÃ
ÑÇ Q �¾ ¼¿¾ R �RQ¼È R �¾ÈRQ R �¿¾¿Q

3.6161 ÌËPÁÁ ÄÄ PÀÃ ÂÃ PÌÌÑ» Q �ÊÈQ½ R �RQ¾È ¼�R¾¾È R �S½¼È
4.5827

ÏÏ PÅÃ ÂÂ PËÀ ÂÄ PÁ Ä
ÒÇ Q �¿É½S R �RQSS È �¾É¾R Q �QÊ¾Q

8.5170
ÍÂ PÅÌ Á Ã PÌË ÂÌ PÁ ËÒ» È �RSSR R �R¾RR ¿ �SÉÈS È �ÉQR¿

14.7236
ÂÄ PÍÂ ÏÁ PÃÀ ÂÁ PÏÀÓÔÕÖ× º» È �¼½QÈ R �RRÊQ R �R¾RÈ R �¼R¼Ê

3.3293 ÀÏ PËÁ ÄPÂÄ Í PÃÏ
ÆÇ È �RÉ¾ ¼ R �R ¼ÉQ R �¾S¼S R �¿ÈÊ¾

4.3076 ËÄ PÏÄ ÄÄ PÁ Â ÄËPÃËÆ» È �¼QÈS R �RÈ¾Q Q �SÈÉ¾ ¼�SÉSÈ
8.0638

ÍÀ PÄË ÍÌ PÁ Ä ÂÁ PÁ Â
ÎÇ È �¼SSR R �RÊRÊ É �½RÈ¿ È �É¾É¿

13.6999
ÂÍ PËÂ Á À PÌÌ ÂÌ PÌÂÎ» È �Ê½ÊQ R �R¿¿½ ¼S �Ê¾ÉR ½ �¿Q¿É

31.9366
ÄÄ PÁ Ë ÌÄ PÂÃ ÂËPÍÍÐÇ ¾ �¼S½S R �¼QQS ½¼�RSÉ¾ QÊ �È¿ÈS

110.7921
Í PÀÃ ËÍ PÂÃ ÂÂ PÀÃØ ÔÖÙÚ Ñ» R �¼¾RR R �RR¼È R �RRÉS R �RQÈ½

0.1720
ÅÂ PÄÏ Á PÃÄ ÄÍ PÅÁ

ÛµµÕ ÒÇ R �¼¾¾É R �RR¼½ R �R ¼ÈÉ R �R¾ÊÊ
0.2055 ËÄ PÂÁ ÌPÌÂ ÂÂ PÄÁ

Ò» R �¼¾SR R �RRQS R �RQSÉ R �R½RÈ
0.2618

ÏÅ PÃÂ ÄÄ PÍÄ ÍÃ PÌËÜÇ R �¼ÉÊÊ R �RR¾È R �¼RR½ R �Q¼ÊÈ
0.4859

ÍÁ PÀÏ ÂÃ PËÏ ÁÁ PÍÃ
Ü» R �QQ¿¾ R �R ¼QS ¼�ÉÈÈQ ¼�QÈSÉ

3.1131 ËPËÂ ÏÂ PÁ Ì ÍÀ PÅÂÝÇ R �È¿R¼ R �RQÈQ S �¼¾¿Ê È �SÈ¾É
13.4754

Â PÀÂ ÌËPÅÅ ÂÀ PÂÃ´Ù·ÖÖ º» R �R½È¿ R �RRRS R �RRÈR R �RR¿¼
0.0947

ÅÀ PÍÍ Í PÄË ËPÏÃÆÇ R �R½½¾ R �RR¼¾ R �RRÉÊ R �R ¼½Ê
0.1148 ËÅ PÂÂ Ï PÌÌ ÄÌ PÄÂÆ» R �R½¿Ê R �RRQ¼ R �R ¼QQ R �RÈÊQ
0.1370 ÌÏ PÁ Ã Å PÀÄ ÂÏ PÌÀÎÇ R �RSÈÉ R �RRÈÈ R �RÈ¼É R �R¿¼½
0.2003

Á Å PÍÅ ÄÏ PËÅ ÍÏ PÅÁ
Î» R �RSSÊ R �RRÊR R �¼R¿R R �¼ÊQ¼

0.3636
ÂÅ PËÁ ÂÀ PÁ Í Á Ä PÅÍ

ÐÇ R �¼ÈRÈ R �RR¿S R �ÈÊÈ½ R �È½Ê½
0.8778

ÄÏ PËÁ Á Ã PÍÄ Á Í PÀÏÐ» R �¼SÉÉ R �R ¼QQ ¼�RSRQ R �ÉSÊÊ
1.9945

ÄÃ PÁ Ë ÏÁ PÌÌ ÍÁ PÅËÇÇ R �Q¾É½ R �RQRR È �¿QÈÈ ¼�¾ ¼SQ
5.4093

Á PÀÍ ÌÅ PÅÍ ÂÌ PÂÁÇ» R �ÈÉ¿½ R �RQÉS ¼¼�¾½ÉR Q �½½ÊQ
14.7659

Â PÌË ËËPËÀ ÄÀ PÏÁ

ÁjÀ¾f É mÉ n c `d `dk h`Ñ f �`d afqgd_ ) g¿ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa ¿lgÑ _fdaf qgdhfØha m



y¯± Zz{z|}~�[}��²{ ² � ���² ��}��²{ ��~z� �\|²�]\ � ��� �{���²{

������� � ������ ���� � � ���� � � ���� � � ����  ¡¢£¤¥ ¦§¢¨© ª ¨ «£¬ ¡¢£¤¥ §¢¨© ª ¨ «£¬ ¡¢£¤¥ ®§¢¨© ª ¨ «£¬¯° ± ²��� � ²��� � �³�� ¯° ± ¯° ± ¯° ±
ÞµÖßÛßà Ýá»» ¼â �ã½ãä ã �ããÈâ ã �¼ã ¼ä ã �¼¿äâ

12.3652 ÀËåËÍ ÃåÅÂ ÄåÁ Ï» áº» ¼â �¾Ê¼¾ ã �ããÈ¿ ã �¼É¾Ê ã �ââÈä
12.8435 ÀÌåÀÅ ÄåÂÅ ÄåËÁ» áÆ» ¼È �½âã¿ ã �ãã¾Ê ã �âäâ¾ ã �âÉ½Ê
14.3861 ÀÌåÄÃ Â åÃÍ ÄåÅË» áÎ» ¼É �â½¿Ê ã �ããÉ¼ ã �É½âÊ ã �È¿ä¾
17.3555 ÀÍ åÅÅ Í åÀÍ Â åÄÀ» áÐ» ¼ä �É½Ê½ ã �ãã½½ ¼�äâÉâ ã �Êä¾â
22.2150

ÅÅ åÌÏ Å åÌË Â åÌÅ» áÇ» âÉ �¾ÈÉÉ ã �ã ¼âÊ Ê �É ¼É¾ ã �½¿È½
32.9393

ÅÃåÍÃ ÄËåÃÏ Â åÌÏ» áÑ Ç È¼�ââÈ ¼ ã �ã ¼Ê¿ ¼ã �¾ ¼¼¾ ¼�¼ãÊÉ
42.7558 ËÍ åÃÌ ÂÁ åÍÏ Â åÏÀ» áÑ » Èä �ã¾¿¾ ã �ã ¼ä¿ â¼�ãã¾½ ¼�¾¾¿¿
61.5196 ÌÍ åÏÄ ÍÁ åÄÁ Â åÍÏæ·¹ßçè Ý» á»» ã �½ã¿¾ ã �ããã¾ ã �ãã ¼¼ ã �ãããä
0.8098 ÀÀåËÏ ÃåÄÁ ÃåÄÄÎáÇ» ã �¿ä¼¾ ã �ãããÊ ã �ãã ¼È ã �ããâ¼
0.7953 ÀÀåÏË ÃåÄË ÃåÂÌÇ á»» ã �¿äãä ã �ããã¾ ã �ãã ¼Ê ã �ããÈ¿
0.7965 ÀÀåÍÏ ÃåÄÀ ÃåÁ ÌÜ áÇ» ã �½âÊâ ã �ãããÉ ã �ããÈä ã �ãã½ã
0.8377 ÀÅ åÏÅ ÃåÁ Ë ÃåÀÏÜ á»» ã �½¾ÉÈ ã �ããã½ ã �ãã¿ã ã �ã ¼ÈÊ
0.8676 ÀËåÌÁ ÃåÅÃ ÄåÏÌÝá»» ¼�ã¿½ä ã �ãã ¼¾ ã �ã ¼¼È ã �ãÈÈ¾
1.1250 ÀÌåÃÍ ÄåÃÃ Â åÀË» áÇ» â �È½Éä ã �ãã¾ã ã �¼¼â¿ ã �¼ÈÈ¼
2.6367 ÀÃåÌÅ Á åÂË ÏåÃÏé êëìíÚ Ýá»» â �½È½ ¼ ã �ããâ¾ ã �ã ¼½ä ã �ããâ½
2.8622 ÀÀåÂÁ ÃåÌÌ ÃåÄÃî êëëÞ »áÇ» ½ �ÊäãÈ ã �ããÉä ã �ãä¿Ê ã �âãÈÊ
8.8982 ÀÌåÌÂ ÄåÄÃ Â åÂÅ» áÑ Ç ¼â �âã¼¼ ã �ãã½½ ã �¼¾â¾ ã �È ¼½ã

12.6703 ÀÌåÍË ÄåÄÂ Â åÏÄ» áÑ » ¼ä �¾ÈÊ¿ ã �ã ¼¾Ê ã �Êâ¿â ã �É¿¿È
20.6547 ÀÁ åÄË Â åÏÏ Í åÂÅ» áÒÇ âä �ãâÈã ã �ã ¼äâ ¼�¼¾Êã ¼�ã¾ ¼É
31.2288 ÀÍ åÃÃ Í åÌÌ Í åÍÁ» áÒ» ¾ä �ä¿ÉÊ ã �ã¾Ê¿ É �Ê¿äÈ â �â¼ÈÉ
58.8151

ÅÏåÃÏ ÄÄåÄÀ Í åËÌ» áÜ Ç ä¿ �Êã½ä ã �ãÊä¿ È½ �½¾ ¼ã ¾ �É¿È¾
141.0830 ÌÀåÄÌ Â ËåÏÍ Í åÍÄéíëìêëÚ Ç á»» Ê �Èâ½ ¼ ã �ããâ¼ ã �ã ¼Ê¿ ã �ããÈ¿

5.3496 ÀÀåÌÁ ÃåÂÀ ÃåÃËî êëëÞ Ñ áÇ» Ê �ÊÈÊÈ ã �ããâÈ ã �ã ¼½¼ ã �ããÉ¿
5.5624 ÀÀåÏÏ ÃåÍÍ ÃåÄÂÑ á»» É �¼½Êã ã �ããâ½ ã �ãââÉ ã �ã ¼¾½
6.2252 ÀÀåÁ Ã ÃåÍÌ ÃåÂÁÒ áÇ» ¿ �¿Ê¼ã ã �ããÈÉ ã �ãÈã¾ ã �ãÈââ
7.8172 ÀÀåÂÃ ÃåÍÀ ÃåÁ ÄÒ á»» ¼¼�Ê¾Ê¿ ã �ããÊã ã �ã¾ÉÊ ã �ãÉä½

11.6670 ÀÀåÃÃ ÃåÁ Ã ÃåÌÃÜ áÇ» âÈ �ÉãÉ¿ ã �ãã½¿ ã �ã½¾â ã �¼ÊÈ½
23.8534 ÀÀåÃÄ ÃåÍÏ ÃåÌÁÜ áÑ » È¾ �ãÈ¿½ ã �ãã½¿ ã �ãä¿É ã �¼½Êâ
34.3293 ÀÀåÄÅ ÃåÂÅ ÃåÏÁÜ áÒ» Êä �ÊÉää ã �ããä½ ã �¼¼É¼ ã �ââÈâ
59.9190 ÀÀåÁ Í ÃåÂÃ ÃåÍËÜ áÜ » ½¾ �äâ¾ ¼ ã �ã ¼¼â ã �¼È½¼ ã �âÉÈ¿
85.3371 ÀÀåÏÍ ÃåÄÌ ÃåÍÄÜ áÝ» ¼âä �¿¿¾ã ã �ã ¼âä ã �¼É¿Ê ã �È ¼É¿

130.2711 ÀÀåÌÍ ÃåÄÍ ÃåÂÁÜ á»» ¼½ã �ÈÉÈã ã �ã ¼¾ä ã �âã½¼ ã �È½É¾
180.9724 ÀÀåÌË ÃåÄÂ ÃåÂÄ

ÁjÀ¾f É mï n c `d `dk h`Ñ f �`d afqgd_ ) g¿ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa ¿lgÑ apjlaf qgdhfØha m



¯°³ ðñ�z|�x z{�}~ � z��~�� y¯³

������� � ������ ò ó��ô� ò õ��ö� ò õ���÷ ����   ø ùú©û¨§¢¨©ª üý£þ¬ÿ ø �¤¤ÿ¢§¢¨©ª üý£þ¬ÿ ø �¤¨¬�§¢¨©ª üý£þ¬ÿ¯° ± �����ö ¯° ± ¯° ± ¯° ±
´µ¶¶·¸¹ º» ÈÊä ¾ä ã

408
ÅËåÀÀ ÄÂ åÃÄ ÃåÃÃÆÇ Êâ¾ ¼ÊÉ È½

718 ËÂ åÀÅ ÂÄåËÍ ÏåÂÀÆ» É¾ ¼ ÈÉ ¼ ¼Êâ
1, 154

ÏÏåÏÏ ÍÄåÂÅ ÄÍ åÄËÎÇ ¿äÊ ¿¼¿ âãâ
1, 714

Á ÌåÍÅ Á ÄåÅÍ ÄÄåËÀÐÇ ¼ � âÊä ¼ � ¾¾ä ¼äã
2, 898

Á ÍåÁÁ ÏÃåÃÃ ÌåÏÌÐ» ¼ � ÊÉ¼ ¼ � ½Êä ÈÈ¾
3, 754

Á ÄåÏÅ Á ÀåÏÂ ÅåÀÃÇÇ ¼ � äÊ¾ â � É¾ã ÈäÉ
4, 990

ÍÀåÄÌ ÏÂ åÀÄ ËåÀÍÇ» â � È½½ È � ½â¾ Éâã
6, 832

ÍÁ åÀÏ ÏÏåÀË ÀåÃÅÑÇ â � ½¿ä ¾ � ½ä ¼ ¼ � ¿ä¾
9, 564

ÍÃåÄÃ ÏÄåÄÁ ÄÅ åËÌÑ» È � ÈÊ¼ ¿ � ¾ ¼È â � ¿¿½
13, 542

ÂÁ åËÏ ÏÁ åËÁ ÂÃåÏÄÒÇ È � ää¾ ¼ã � âã½ Ê � ã½É
19, 288

ÂÃåËÄ ÏÂ åÀÂ ÂÌåÍËÒ» Ê � ãÉã ¼¾ � ¾ä½ ¼¼ � ¾½½
31, 046

ÄÌåÍÃ Á ÌåËÃ ÍËåÃÃÓÔÕÖ× º» ¿¾É ¼ � ¿È¾ âäã
2, 770

ÂÌåÀÍ ÌÂ åÌÃ ÄÃåÁ ËÆÇ â � ¾È¿ É � ¾¿Ê â � ½Ê¾
11, 766

ÂÃåËÄ ÏÏåÃÍ ÂÁ åÂÌÆ» ¾ � ¿ÈÊ ¼É � â¼¼ È � ÉÉã
24, 606

ÄÀåÂÁ ÌÏåÅÅ ÄÁ åÅÅÎÇ ¿ � È ¼¿ â¾ � ää¿ ¾ � ÊÊ¾
36, 868

ÄÀåÅÏ ÌËåÅÃ ÄÂ åÍÏÎ» ¼ã � ã¿Ê È ¼ � äã ¼ ¼â � ¼ä¾
54, 170

ÄÅåÌÃ ÏÅåÅÀ ÂÂ åÏÄÐÇ ¼¾ � äÉÊ Ê¾ � ½¿ä ¼½ � É ¼É
88, 460

ÄÌåÀÂ ÌÂ åÃÁ ÂÄåÃÁØ ÔÖÙÚ Ñ» ¼¾ ¼ ÈâÉ âÉ¿
734

ÄÀåÂÄ ÁÁ åÁ Ä ÍÌåÍÅÛµµÕ ÒÇ âã¼ ÉÉÊ ¾Êã
1, 316

ÄÏåÂ Ë ÏÃåÏÍ ÍÁ åÂÃÒ» â¾ä ¼ � ã¾¾ ½âä
2, 122

ÄÄåËÍ Á ÀåÂÃ ÍÀåÃËÜÇ ¾¿ã â � Èäã â � ã ¼½
4, 878 ÀåÌÁ Á ÀåÃÃ Á ÄåÍÌÜ» ¼ � â½¾ ä � ã¿½ ½ � â¾â

18, 604 ÌåÀÃ Á ÅåÅÃ ÁÁ åÍÃÝÇ â � âÈä ââ � Éä ¼ ¼½ � È¿ã
43, 300

ÏåÄË ÏÂ åÁ Ã ÁÂ åÁ Í´Ù·ÖÖ º» ¼âÈ ¼¼ä ¾
246

ÏÃåÃÃ Á ÅåÍË ÄåÌÍÆÇ âãÉ ÈÈÉ Ê½
600

ÍÁ åÍÍ ÏÌåÃÃ ÀåÌËÆ» ÈÈ½ Ê½â ¼¾â
1, 062

ÍÄåÅÂ ÏÁ åÅÃ ÄÍ åÍÅÎÇ Êãã ¼ � ¼¼É Èâ½
1, 944

ÂÏåËÂ ÏËåÁ Ä ÄÌåÅËÎ» ¿âä â � ã¿¼ ½âã
3, 620

ÂÃåÄÁ ÏËåÂÄ ÂÂ åÌÏÐÇ ¼ � ãÉÉ È � Êââ ¼ � ÈÉ¾
5, 952

ÄËåÀÄ ÏÀåÄË ÂÂ åÀÂÐ» ¼ � ¾¿ã ¾ � ÊãÉ ¾ � ¼ãâ
10, 078

ÄÁ åÏÀ ÁÁ åËÄ Á ÃåËÃÇÇ ¼ � äÈ¾ ¿ � âäÉ É � ¿½ã
16, 010

ÄÂ åÃÅ Á ÏåÏË ÁÂ åÍÏÇ» â � É ¼É ¼¼ � ¾¿â ¼¼ � ¼ãâ
25, 190

ÄÃåÍÀ Á ÏåÏÁ ÁÁ åÃË
ÁjÀ¾f É m� n scÑÀ fl g¿ Ñ `df_ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa ¿lgÑ _fdaf qgdhfØha m



y¯Í Zz{z|}~�[}��²{ ² � ���² ��}��²{ ��~z� �\|²�]\ � ��� �{���²{

������� � ������ ò ó��ô� ò õ��ö� ò õ���÷ ����   ø ùú©û¨§¢¨© ª üý£þ¬ÿ ø �¤¤ÿ¢§¢¨© ª üý£þ¬ÿ ø �¤¨¬�§¢¨©ª üý£þ¬ÿ¯° ± �����ö ¯° ± ¯° ± ¯° ±
ÞµÖßÛßà Ýá»» ã Ê � ¿Êã ã

5, 750
Ã ÄÃÃ Ã

» áº» ã ¿ � â½É ã
7, 286

Ã ÄÃÃ Ã
» áÆ» ã ä � â¾½ ã

9, 248
Ã ÄÃÃ Ã» áÎ» ã ¼È � ã¾É ã

13, 046
Ã ÄÃÃ Ã» áÐ» ã ¼ä � É¼¾ ã

19, 614
Ã ÄÃÃ Ã

» áÇ» ã âä � É¾½ ã
29, 648

Ã ÄÃÃ Ã» áÑ Ç ã È¿ � ÉäÉ ã
37, 696

Ã ÄÃÃ Ã
» áÑ » ã ¾½ � ¿Éã ã

48, 760
Ã ÄÃÃ Ã

æ·¹ßçè Ý» á»» ã â¾ ã
24

Ã ÄÃÃ Ã
ÎáÇ» ã ÉÉ ã

66
Ã ÄÃÃ Ã

Ç á»» ã ¼âã ã
120

Ã ÄÃÃ Ã
Ü áÇ» ã â¿ã ã

270
Ã ÄÃÃ Ã

Ü á»» ã ¾É¾ ã
464

Ã ÄÃÃ Ã
Ýá»» ã ¼ � ¼Éã ã

1, 160
Ã ÄÃÃ Ã

» áÇ» ã ¾ � Éââ ã
4, 622

Ã ÄÃÃ Ã
é êëìíÚ Ýá»» ã ½½ ã

88
ÃåÃÃ ÄÃÃåÃÃ ÃåÃÃî êëëÞ »áÇ» ã É � ½¾â ã

6, 842
ÃåÃÃ ÄÃÃåÃÃ ÃåÃÃ» áÑ Ç ã ¼ã � ãÉã ã

10, 060
ÃåÃÃ ÄÃÃåÃÃ ÃåÃÃ» áÑ » É ââ � âää ¿

22, 312
ÃåÃÍ ÀÀåÀÁ ÃåÃÍ» áÒÇ Èã È¾ � âäÉ ã

34, 326
ÃåÃÀ ÀÀåÀÄ ÃåÃÃ» áÒ» ¼ä½ ¿ã � äÉ¾ ½

71, 170
ÃåÂÅ ÀÀåËÄ ÃåÃÄ» áÜ Ç ¾âÉ ¼¾ä � ¼ää Ê

149, 630
ÃåÂÅ ÀÀåËÄ ÃåÃÄéíëìêëÚ Ç á»» ã ¼âã ã

120
Ã ÄÃÃ Ã

î êëëÞ Ñ áÇ» ã ââ¾ ã
224

Ã ÄÃÃ Ã
Ñ á»» ã Ê¼â ã

512
Ã ÄÃÃ Ã

Ò áÇ» ã ¼ � ¼â½ ã
1, 128

Ã ÄÃÃ Ã
Ò á»» ã â � ¾Ê¾ ã

2, 454
Ã ÄÃÃ Ã

Ü áÇ» ã Ê � ¾ã¾ ã
5, 404

Ã ÄÃÃ Ã
Ü áÑ » ã É � ¾È½ ã

6, 438
Ã ÄÃÃ Ã

Ü áÒ» ã ¿ � ¿¿½ ã
7, 778

Ã ÄÃÃ Ã
Ü áÜ » ã ä � â½â ã

9, 282
Ã ÄÃÃ Ã

Ü áÝ» ã ¼¼ � ¼¾½ ã
11, 148

Ã ÄÃÃ Ã
Ü á»» ã ¼È � Ê¾É ã

13, 546
Ã ÄÃÃ Ã
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�øÿmõøû j hô hjöj fõ�øûõù �úû jömõ øÿûhø� fõÿô fõø ùfõø� �ù�j û k uô ÿúú hf hùô l �ø ôùfø fõÿf l hô j ÿôi mÿûøû l
fõø�ø ÿ�ø ÿû j ÿôi pÿ �hú �ö �øû ÿû pÿ �hú �øpø�ûø �ö �øû k �ù� ørÿjg�ø l fõø ôöj÷ø� ù� �ö �øû �ù ��ù�hôn

R35

hû
ÿ ��ÿi û fõø ûÿj ø ÿû fõùûø ù�

R46

k
ß �N �à 	Pâðñ ï Q ñRâ STU 
�U� Yéãäéñäïæ
¸ù� l �ø mùômøôf�ÿfø ùô fõø pÿ�hÿfhùô ù � fõø j hô hôn fhj ø ÿôú fõø ôöj÷ø� ù� ørf�ÿmføú �ö �øû �õøô fõø
pÿ �öø ù � § 5I�66 hû �røú ÿôú fõÿf ù� § 5�85¦ pÿ�høû k J hfõ �øûgømf fù fõø j hô hôn fhj ø l ûömõ ÿ pÿ�hÿfhùôùô �i ÿ�ømfû fõÿf ù� fõø fõ h�ú mùjgùôøôf ûhômø § 5�85¦ hû ùô �i öûøú hô fõ hû mùjgùôøôf k qõø ôöj÷ø�
ù� ÿgg�ùrhj ÿfø ÿôú ÿgg�ùrhj ÿføú �ö �øû mÿô ÿ �ûù mõÿônø l �õ hmõ hû ôùf fõø mÿûø ù � fõø ôöj÷ø� ù � ørÿmf
nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû k uôúøøú l ørÿmf �ö �øû õÿpø ÿ ��ÿi û ÿ mùô�úøômø pÿ �öø øtöÿ � fù

1
k qõøûø

pÿ�hÿfhùôû ÿ�ø úøghmføú ÷i qÿ÷ �ø � k�� ÿôú qÿ÷ �ø � k�� �ù� úøôûø ÿôú ûgÿ�ûø mùôførfû l �øûgømfhpø �ik qõøi
ÿ�ø ÿ �ûù �øûg ømfhpø �i û�øfmõøú ÷i � hnö�ø � k� ÿôú � hnö�ø � k� k qõø ûø �ømføú § 5I�66 pÿ �öø hû nhpøô öôúø�
fõø ôÿj ø ù � fõø mùôførf hô fõø ÿûûù mhÿføú fÿ÷ �ø k
�mmù�ú hôn fù fõø ù÷fÿ hôøú �øûö �fû l �ø ôùfhmø fõÿf l hô nøôø�ÿ � l fõø j hô hôn fhj ø ù� nøôø�ÿ �hoøú ÿûûù mhÿfhùô

�ö �øû hôm�øÿûøû g�ùgù�fhùôÿ ��i fù fõø úøm�øÿûø ù� § 5�85¦ pÿ �öøû k ¸øpø�fõø �øûû l fõø ÿönj øôfÿfhùô hû ôùf
pø�i ûøôûhf hpø fù fõø pÿ�hÿfhùô ù� § 5 �85¦ k G ù�øùpø� fõø ôöj÷ø� ù� ÿgg�ùrhj ÿfø ÿôú ÿgg�ùrhj ÿføú �ö �øû
úøm�øÿûøû �õøô fõø pÿ �öø ù � § 5�85¦ hôm�øÿûøû k qõ hû mÿô ÷ø ørg�ÿ hôøú ÷i fõø �ÿmf fõÿf �ø ùô �i �øfÿ hô
pÿ �hú �ö �øû l 4�4l fõùûø fõø jhô hjöj mùô�úøômø pÿ �öø ù� �õ hmõ hû õ hnõø� fõÿô ù� øtöÿ � fù § 5�85¦ k 7ômø
fõ hû �ÿffø� hû ûøf fù ÿ õ hnõø� pÿ �öø l fõø pÿ �hú hfi mùôûf�ÿ hôf ÷ømùj øû õÿ�úø� fù ÷ø pø�h�øú ÷i ÿ �ö �ø l øpøô h�
hfû ûöggù�f hû n�øÿfø� fõÿô ù� øtöÿ � fù § 5I�66 kqõø ørg ø�hj øôfû �ø mÿ��høú ùöf mùô��j fõÿf l ùômø fõø gÿ�fhÿ ��i ù�úø�øú ûf�ömfö�ø ÷ö h�f l fõø úø�hpÿfhùôù� nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû ÷ ømùj øû ûf�ÿ hnõf�ù��ÿ�ú k uôúøøú l fõ hû �ÿûf mùjgùôøôf úùøû ôùf hô�öøômø
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Approximate Approximated
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Approximate Approximated
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T3 S D= U;E F G = = = = � :>>< � :>>< +. A+B/ = = = = � :>>< � :>>< +. A+B/V 5 S D= U>E F G = = = = �<; �<; +A,/I = = = = �<; �<; +A,/IW XY 8 = <9C = = = = ,+. <9C = = = = = ,+.D= U<>E F G ;<� = ;<= ;<= 9? :>?@ 9? :>?@ .I A/// = = ;<= = 9? :>@= 9@ :==@ .I AB+OGH = = = = 9 9 , = = = = = 9 +WZY D<E F G = = = = 9:�@> 9:�@> . A.OB = = = = 9:�@> 9:�@> . A.OB
!"#"$%# & '()* . '()* /-.+ -., -.. -./ -.0 -.1 &(# -/+ -/, -/. -// -/0 -/1 &(#2344567 8 = = = = = = B = = = = = = BDC=E F G ;< = = = 9:9<F ;=> +A0P/ = ;< < = ;=> 9:9<F +A0P1GH = = = < = = , = = = = = = BJKLMN 8 = = = = = = B = = = = = = BD�>E F G = = = = = = B = = = = = = BGH = = = = = = B = = = = = = BQKMR S 8 = = = = = = B = = = = = = BD9>E F G <FC = 9== <�� < :9;> @<? . AP+, = <FC ??@ 9== 9:;F; < :9;> / AII+GH <<C = <<= �<C C>; >;� +AO11 = <<C = <<= = C>; POP2R5MM 8 = = = = = = B = = = = = = BD>=E F G = = = = = = B = = = = = = BGH = = = = = = B = = = = = = B
T3 S D= U;E F G = = = = � :CFC ; :@=C ++A,P1 = = = = ; :@=C � :CFC ++A,P1V 5 S D= U>E F G = = = = >>; >=@ +AB1. = = = = >=@ >>; +AB1.W XY 8 = = = = = = B = = = = = = BD= U<>E F G <9C = = = 9? :?<< 9F :CCC .1 A.1I = <9C = = 9F :CCC 9? :?<< .1 A.1IGH = = = = 9 = + = = = = = 9 +WZY D<E F G = = = = 9:�?@ 9:�@; . A.I. = = = = 9:�@; 9:�?@ . A.I.

ÁjÀ¾f É mÊÊn [ fhj`¾f_ dcÑÀfl g¿ Ñ `df_ kfdflj¾`Ùf_ jaag q`jh`gd lc¾fa p fl af¾fqhf_ ¿glÑ m

fõø g ø��ù�j ÿômøû ù� fõø üýþ\ fùù � k

] ^_ `abcdae fghi cje k lmnommlgj
pùôf�h÷öfhùôû �ø �ÿføú fù ÿûûù mhÿfhùô �ö �ø j hô hôn j ÿ hô �i mùômøôf�ÿføú ùô fõø m�ÿûûhm �ö �ø �ù�j l ôÿj ø �i
fõÿf g�øûøôfhôn mùôsöômfhùô ù � hføj û hô ÷ùfõ g�øj hûø ÿôú mùôm�öûhùô gÿ�fû k uô fõ hû �øûg ømf l j ÿôi mùômhûø
�øg�øûøôfÿfhùôû �ù� ûömõ �ö �øû �ø�ø g�ùgùûøú hô fõø �hfø�ÿfö�ø Þpøn�ÿ� ÿôú qùúú hm� l �rr� l s �i ûo� hø�hmo l
�rr�t k
uùj ø �ù��û �ù möûøú ùô fÿ� hôn hôfù ÿmmùöôf ôønÿfhpø hføj û �hfõ hô fõø jhôøú ÿûûùmhÿfhùô �ö �øû k u hômø

fõø j ÿsù�hfi ù� hføj û ÿ�ø ôùf g�øûøôf hô øÿmõ ù÷ s ømf l ÿ õönø töÿôfhfi ù� ÿûûù mhÿfhùô �ö �øû �hfõ ôønÿfhùô
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������� � �� z{�| } ���³�� ò õ��ö� ò õ���÷ ����   ö�  � ø �¤¤ÿ¢§¢¨© ª üý£þ¬ÿ ø �¤¨¬�§¢¨©ª üý£þ¬ÿ¯° ± ���� � � �����ö ¯° ± ¯° ±
´µ¶¶·¸¹ ÒÇ

3.6136
¼È � ÉÉÉ ¼¼ � ¾½¿

25, 153
ÏÁ åÍÍ Á ÏåÌË¯

30%
± Ñ»

3.5639
¼È � ÈÈ ¼ ¼¼ � ¾¿Ê

24, 806
ÏÍåËÁ Á ÌåÂÌÑÇ

3.5537
¼È � ¼äã ¼¼ � È½ã

24, 570
ÏÍåÌÅ Á ÌåÍÂÇ»

3.5499
¼â � äâ¾ ¼¼ � âäã

24, 214
ÏÍåÍË Á ÌåÌÍÇÇ

3.6312
¼â � ÉÊÈ ¼¼ � ¼¿â

23, 825
ÏÍåÄÃ Á ÌåÀÃÐ»

3.6007
¼â � ¾ä¾ ¼¼ � ã ¼½

23, 512
ÏÍåÄÁ Á ÌåÅÌÎ»

3.5580
¼¼ � âÊã ¼ã � ¾ä½

21, 748
ÏÄåËÍ Á ÅåÂ ËÆ»

3.4814
¼ã � ½¾¿ ä � äÊ½

20, 805
ÏÂ åÄÁ Á ËåÅÌº»

3.4294
ä � ¿¼¿ ½ � ¾ ¼â

18, 129
ÏÍåÌÃ Á ÌåÁ ÃÓÔÕÖ× ÎÇ

3.6832
â¾ � ää¿ ¾ � ÊÊ¾

29, 551
ÅÁ åÏÀ ÄÏåÁ Ä¯

75%
± Æ»

3.6261
â¾ � ä¾È ¾ � ÊÊ¾

29, 497
ÅÁ åÏÌ ÄÏåÁÁÆÇ

3.6818
â¾ � äâ¾ ¾ � ÊÊÈ

29, 477
ÅÁ åÏÏ ÄÏåÁ Ïº»

3.6390
âÈ � ½½ã ¾ � ¾¾¾

28, 324
ÅÁ åÍÄ ÄÏåÌÀºÇ

3.7789
ââ � â½ã ¾ � È½¾

26, 664
ÅÍåÏÌ ÄÌåÁÁØ ÔÖÙÛµµÕ Ü»

3.7657
ââ � ¾Ê¾ ¼½ � ãÈ ¼

40, 485
ÏÏåÁ Ì ÁÁ åÏÁ¯

15%
± Ò»

3.6490
â¼ � ãÉÊ ¼É � ¾ ¼ä

37, 484
ÏÌåÂÃ Á ÍåÅÃÑ»

3.5339
¼ä � ã¿Ê ¼¾ � Éäã

33, 765
ÏÌåÁ À Á ÍåÏÄÇ»

3.4037
¼É � ¿ãã ¼â � ½âä

29, 529
ÏÌåÏÏ Á ÍåÁ ÏÐ»

3.2730
¼È � äÊÊ ¼ã � É¾½

24, 603
ÏÌåËÂ Á ÍåÂÅÎ»

3.1144
¼ã � ä¿ä ½ � Èää

19, 378
ÏÌåÌÌ Á ÍåÍÁÆ»

3.0111
¿ � ä½ ¼ Ê � ½Ê½

13, 839
ÏËåÌË Á Â åÍÍº»

2.7817
Ê � ¼âÊ È � Èãä

8, 434 ÌÃåËË ÍÀåÂÍ´Ù·ÖÖ Ð»
2.9597

¼¼ � Èâ¼ ¼¼ � ãäÊ
22, 416

ÏÃåÏÃ Á ÀåÏÃ¯
50%

± ÐÇ
2.9615

¼ã � ä¼ã ¼ã � ¿Èä
21, 649

ÏÃåÍÀ Á ÀåÌÄÎ»
2.8043

¼ã � ÊÉ½ ¼ã � â¿Ê
20, 843

ÏÃåËÃ Á ÀåÍÃÎÇ
2.7948

¼ã � Èâ¿ ä � ½Ê¿
20, 184

ÏÄåÄÌ Á ÅåÅÁÆ»
2.7880

ä � äãÈ ä � ¾ã½
19, 311

ÏÄåÂÅ Á ÅåËÂÆÇ
2.8126

ä � ÈãÊ ä � ¼¾È
18, 448

ÏÃåÁÁ Á ÀåÏÌº»
2.7629

½ � ¿¼¿ ½ � ½¾½
17, 565

Á ÀåÌÍ ÏÃåÍËºÇ
2.6172

¿ � È¿¿ É � ää ¼
14, 368

ÏÄåÍÁ Á ÅåÌÌ
Á~��� É �ÊË � �~��~���� �� ��� Ñ �� ��� ��Ñ � ~�� ��� ��Ñ� �� �� Ñ ���� �����~��Ù�� ~��� ��~���� �����Ô ÕÖ Õ×Õ !"#'(#� �~���� ��� ����� �����Ø �� �



��Í �z~}�z� �y|� }{� � �������y{ y�y

������� � �� z{�| }���³�� ò õ��ö� ò õ���÷ ����  ö�  � ø �¤¤ÿ¢§¢¨© ª üý£þ¬ÿ ø �¤¨¬�§¢¨© ª üý£þ¬ÿ¯° ± ���� � � �����ö ¯° ± ¯° ±
ÞµÖßÛßà Ý»

0.3394
¼¼ � ÉÊ½ ã

11, 658
ÄÃÃ Ã¯

0.70%
± Ü»

0.2980
¼ã � âÈÊ ã

10, 235
ÄÃÃ Ã

Ò»
0.2794

ä � ÊÈÉ ã
9, 536

ÄÃÃ Ã
Ñ»

0.2419
½ � âÉã ã

8, 260
ÄÃÃ Ã

Ç»
0.2078

¿ � ãÊâ ã
7, 052

ÄÃÃ Ã
Ð»

0.1727
Ê � ½¾â ã

5, 842
ÄÃÃ Ã

Î»
0.1357

¾ � ÊÉã ã
4, 560

ÄÃÃ Ã
Æ»

0.1148
È � ½â½ ã

3, 828
ÄÃÃ Ãº»

0.0701
â � â½ä ã

2, 289
ÄÃÃ Ã

æ·¹ßçè Ý»
0.1194

¾ � ¼Èä ã
4, 139

ÄÃÃ Ã¯
0.50%

± Ü»
0.1116

È � ½ÊÈ ã
3, 853

ÄÃÃ Ã
Ò»

0.1029
È � ÊÈ¿ ã

3, 537
ÄÃÃ Ã

Ñ»
0.0900

È � ãää ã
3, 099

ÄÃÃ Ã
Ç»

0.0728
â � ¾äÉ ã

2, 496
ÄÃÃ Ã

Ð»
0.0549

¼ � ½É ¼ ã
1, 861

ÄÃÃ Ã
Î»

0.0408
¼ � ÈÉ¾ ã

1, 364
ÄÃÃ Ã

Æ»
0.0308

¼ � ã¼¿ ã
1, 017

ÄÃÃ Ã
º»

0.0219
¿ãä ã

709
ÄÃÃ Ã

é êëìíî êëëÞ Ý»
0.4975

¼É � ¼ÉÈ ¿
16, 170 ÀÀåÀÌ ÃåÃÁ¯

0.40%
± Ü»

0.4336
¼È � ä¿Ê ¿

13, 982 ÀÀåÀÏ ÃåÃÏÒ»
0.3982

¼â � ¿ÊÈ ¾
12, 757 ÀÀåÀË ÃåÃÍÑ»

0.3805
¼â � ¼È ¼ ¾

12, 135 ÀÀåÀË ÃåÃÍÇ»
0.3632

¼¼ � ÊÊ¿ ¾
11, 561 ÀÀåÀË ÃåÃÍÐ»

0.3417
¼ã � ½Ê¿ ¾

10, 861 ÀÀåÀÌ ÃåÃÁÎ»
0.3218

¼ã � ¼â½ È
10, 131 ÀÀåÀË ÃåÃÍÆ»

0.2868
½ � ½â¾ â

8, 826 ÀÀåÀÅ ÃåÃÂº»
0.2229

É � Ê¿¿ â
6, 579 ÀÀåÀË ÃåÃÍéíëìêëî êëëÞ Ý»

0.0682
â � ¾ ¼¿ ã

2, 417
ÄÃÃ Ã¯

3.00%
± Ü»

0.0496
¼ � ¿ÈÊ ã

1, 735
ÄÃÃ Ã

Ò»
0.0377

¼ � Èãâ ã
1, 302

ÄÃÃ Ã
Ñ»

0.0350
¼ � âÈ ¼ ã

1, 231
ÄÃÃ Ã

Ç»
0.0351

¼ � ââ½ ã
1, 228

ÄÃÃ Ã
Ð»

0.0348
¼ � ââÊ ã

1, 225
ÄÃÃ Ã

Î»
0.0329

¼ � ¼Ê¾ ã
1, 154

ÄÃÃ Ã
Æ»

0.0213
¿¼ä ã

719
ÄÃÃ Ã

º»
0.0017

È½ ã
38

ÄÃÃ Ã
�~��� É �Ê� � �~��~���� �� ��� Ñ �� ��� ��Ñ � ~�� ��� ��Ñ� �� �� Ñ ���� �����~��Ù�� ~�����~���� �����Ô ÕÖ Õ×Õ !"#'(#� �~���� ��� ��~��� �����Ø�� �



y�� �z{z|}~��}��y{ y � ���y ��}��y{ ��~z� �w|y�xw � ��� �{���y{

hû ù �føô ørf�ÿmføú k qõöû l ørhûfhôn ÿgg�ùÿmõøû õÿpø f�høú fù ÿúú�øûû fõ hû g�ù÷ �øj fõ�ùönõ fõø öûø ù�
ÿúú hfhùôÿ � ÷ÿm�n�ùöôú hô �ù�j ÿfhùô ÿ÷ùöf fõø úÿfÿ Þuÿpÿûø�ø �; ��4l ����t l hômù�gù�ÿfhôn hføj mù��ø �ÿfhùôû
Þ�ôfùô hø ÿôú �ÿ�ÿôø l �rr� t l ÿôú ÿúú hfhùôÿ � �ö �ø hôfø�øûfhônôøûû j øÿûö �øû ÞG ù�oil �rr� l Jö �; ��4l �rr� t l
øfm k
uô Þs hj l �rr� l �ÿôÿpÿfh �; ��4l �rr �t l fõø ÿöfõù�û �ø�ø hôfø�øûføú hô öûhôn fõø ú hûsöômfhùô mùôôømfù�

� hfõ hô fõø ÿûûù mhÿfhùô �ö �ø j hô hôn fÿû� k uô ÿúú hfhùô fù fõø hôm�öûhpø ú hûsöômfhùô mùôôømfù� l 4� 4l fõø ùg ø��
ÿfù�

∨
l �ÿôÿpÿfh �; ��4 �ø�ø ÿ �ûù hôfø�øûføú hô fõø ørm�öûhpø ú hûsöômfhùô mùôôømfù� l úøôùføú

⊕
Þ� ÿôÿpÿfh�; ��4l �rr �t k uô fõ hû �øûgømf l f�ù hføj û � ÿôú � ÿ�ø ûÿ hú fù ÷ø jöföÿ ��i ørm�öûhpø l 4� 4l �⊕� l �õøôøpø� fõøôønÿfhpø ÿûûù mhÿfhùô �ö �ø �

⇒
� dù� øtö hpÿ �øôf�il � ⇒

� e hû ÿô ørÿmf �ö �ø k qõø ÿöfõù�û õøômø g�ùgùûøú
f�ù � hôúû ù � �ö �øû � fõø ûhjg�ø ú hûsöômfhpø �ö �øû ÿôú fõø nøôø�ÿ �hoøú ú hûsöômfhpø ùôøû k u hj g�ø ú hûsöômfhpø�ö �øû ÿ�ø fõùûø õÿphôn ø hfõø� fõø g�øj hûø ù� fõø mùôm�öûhùô d4�4l ôùf ûhjö �fÿôøùöû�i ÷ùfõ e mùjgùûøú ÷i
ÿ ú hûsöômfhùô ù � hføj û k qõ hû ú hûsöômfhùô mÿô ÷ø hôm�öûhpø dfõø ûhjö �fÿôøùöû ù mmö��øômø ù � hføj û hû gùûûh�
÷ �ø e ù� ørm�öûhpø df�ù ú hûfhômf hføj û mÿôôùf ù mmö� fùnøfõø� ek 7ô fõø ùfõø� õÿôú l nøôø�ÿ �hoøú ú hûsöômfhpø�ö �øû ÿ�ø ú hûsöômfhpø �ö �øû �õùûø g�øj hûøû ù� mùôm�öûhùôû mùôfÿ hô ÿ mùôsöômfhùô ù � ú hûsöômfhùôû k qõøûø
ú hûsöômfhùôû mÿô ø hfõø� ÷ø hôm�öûhpø ù� ørm�öûhpø k uô Þs hj l �rr�t l fõø ÿöfõù� j ÿ hô �i �ù möûøû ùô nøffhôn
ùöf ÿûûùmhÿfhùô �ö �øû õÿphôn mùôm�öûhùôû mùôfÿ hô hôn jöföÿ ��i ørm�öûhpø hføj û l 4� 4l fõø g�øûøômø ù � ùôø ù�
fõøj �øÿúû fù fõø ÿ÷ûøômø ù� fõø ùfõø�û k qõ hû hû ørg�øûûøú hô Þ�ÿôÿpÿfh �; ��4l �rr �t öûhôn fõø ùg ø�ÿfù�
⊕
k 7fõø� �ù�j û ù� nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû �ø�ø úøûm�h÷øú hô ÞC� ô l ����t k qõøi ÿ�ø ÿû �ù ��ù� û � �ù�

ÿ ��
xi

l
yj ∈ I

l
� k qö �øû õÿphôn fõø h� g�øj hûø ù� mùôm�öûhùô gÿ�f mùjgùûøú ù� ôønÿføú hføj û l 4�4l fõùûø ù� fõø �ù�j
x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

ù�
x1 ∧ x2 ∧ . . . ∧ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

k
� k qö �øû õÿphôn ú hûsöômfhpø g�øj hûøû ù� mùôm�öûhùôû l 4� 4l fõùûø ù� fõø �ù�j

x1 ∧ x2 ∧ . . . ∧ xn ⇒

y1 ∨ y2 ∨ . . . ∨ ym

ù�
x1 ∨ x2 ∨ . . . ∨ xn ⇒ y1 ∧ y2 ∧ . . . ∧ ym

k
� �� fõøûø �ö �ø �ù�j û �ø�ø hôm�öúøú ÿôú øô �hmõøú fõÿô� û fù fõùûø fÿ�øô hôfù ÿmmùöôf hô ùö � �ù�� k uô
Þuõ hj ÿ �; ��4l �rr¡t l uõ hj ÿ �; ��4 ørf�ÿmf �õÿf fõøi mÿ ��øú ¢I£ �5�;¤� ��8I�¢ :���Ik uô fõø h� �ù�� l ÿ
ú hûsöômfhpø m�ùûøú �ö �ø ûhj g�i ûfÿôúû �ù� ÿ m�ÿöûø öôúø� fõø ú hûsöômfhpø ôù�j ÿ � �ù�j dH¥¦ e ûömõ fõÿf hfû
ú hûsöômfû ÿ�ø mùôûfhföføú ÷i ��øtöøôf m�ùûøú hføj ûøfû Þuõ hj ÿ �; ��4l �rr� t k v �÷ �ø �; ��4 öûøú ú hûsöômfhpø�ö �øû fù õÿôú �ø ôöj ø�hmÿ � ÿff�h÷öføû ÷i mùôûhúø�hôn ú hûsöômfhùôû ÷ øf�øøô hôfø�pÿ �û Þv�÷ �ø �; ��4l �rr�t k uô
m�ÿûûh� mÿfhùô ÿûûù mhÿfhùô �ö �ø j hô hôn l ÿ ú hûsöômfhpø �ö �ø õÿphôn ÿ g�øjhûø d:�I6 4 mùôm�öûhùô e mùjgùûøú ÷i
ÿ mùôsöômfhùô d:�I6 4 ú hûsöômfhùô e ù� hføj û hû mÿ ��øú §��;6 �� ;�:¨ �; :��� Þ© h ÿôú ªùôøû l �rr�t k � hôÿ ��il hf
hû �ù�fõ �ømÿ ��hôn fõÿf ûömõ ÿ �ö �ø �ù�j õÿû ÿ �ûù ÷ øøô öûøú ÿû ÿô hôfø�j øú hÿfø ûføg �ù� úø�ô hôn mùômhûø
�øg�øûøôfÿfhùôû �ù� ��øtöøôf hføj ûøfû d� 4¨ 4l fõùûø ÷ÿûøú ùô ú hûsöômfhùô���øø ûøfû Þ«i�ù� û� h ÿôú q hnùffh l
�rr � l «i�ù� û� h ÿôú q hnùffh l �rr�t ÿôú dnøôø�ÿ �hoøú e ú hûsöômfhùô���øø nøôø�ÿfù�û Þs �i ûo� hø�hmo l �rr�t ek

] ^] ¬gjnbomlgj
uô fõ hû mõÿgfø� l �ø hôf�ùúömøú ÿ ôùpø � ÿgg�ùÿmõ �ù� ørf�ÿmfhôn nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû k Jø ûfÿ�føú
÷i ørføôú hôn fõø ��ÿj ø�ù�� ù� m�ÿûûhm ÿûûù mhÿfhùô �ö �øû fõ �ùönõ fÿ� hôn hôfù ÿmmùöôf pÿ�hùöû mùôôømfù�û
ÿû �ø �� ÿû ôønÿfhpø hføj û k �ô ùpø�phø� ù� fõø gùûûh÷ �ø j hôøú �ù�j û ù� nøôø�ÿ �hoøú ÿûûùmhÿfhùô �ö �øû
�ÿû ÿ �ûù g�øûøôføú l hô ÿúú hfhùô fù õù� ÿ�ø mÿ �mö �ÿføú fõø ÿûûù mhÿføú ûöggù�fû hô fõø nøôø�ÿ � mÿûø k qù
ÿpù hú fõÿf ùö � ÿgg�ùÿmõ ÷ø �øûf�hmfhpø fù ûùj ø ÿûûùmhÿfhùô �ö �ø �ù�j û �ønÿ�ú �øûû fõø ùfõø�û l �ø ÿúùgføú
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ÿû ÿ ûfÿ�fhôn gù hôf ÿô ørÿmf mùômhûø �øg�øûøôfÿfhùô ù � ��øtöøôf hføj ûøfû k 7ô fõø ùôø õÿôú l õÿphôn ÿf
õÿôú ûömõ ÿ �øg�øûøôfÿfhùô ÿ ��ù� û fõø ørÿmf úø�hpÿfhùô ù � fõø ûöggù�f ù� øÿmõ �hfø�ÿ �ûøf �õùûø gùûhfhpø
pÿ�hÿfhùô hû ÿ ��øtöøôf hføj ûøf k 7ô fõø ùfõø� õÿôú l fõø �ÿmf fõÿf fõ hû �øg�øûøôfÿfhùô hû ÷ÿûøú ùô ú hûsöômfhpøhføj ûøfû l ôÿj ø �i øûûøôfhÿ � ÿôú ú hûsöômfhpø m�ùûøú hføj ûøfû l j ÿ�øû øÿûhø� fõø ørf�ÿmfhùô ù� �ö �øû mùôfÿ hô hôn
ú hûsöômfhùô ù� hføj û ÿû �ø �� ÿû ôønÿføú ùôøû k
� û ÿ ôørf ûføg l fù�ÿ�úû �øúömhôn fõø ôöj÷ø� ù � j hôøú �ö �øû l ÿ ûø �ømfhùô g�ù møûû ù� ûö÷ûøfû ù� nøôø�ÿ �hoøú

ÿûûù mhÿfhùô �ö �øû �ÿû fõøô úøûm�h÷øú k � û ÿ �øûö �f l �ø j ÿ hô �i mùômøôf�ÿføú ùô �ùö � nøôø�ÿ �hoøú ÿûûù mhÿfhùô
�ö �ø �ù�j û k Jø ÿ �ûù ú hûfhônö hûõøú ÷ùfõ hôf�ÿ�ôùúø ÿôú hôfø��ôùúøû �ö �øû k qõøûø �ÿffø� �ö �øû �øtö h�øú
fõø mùôûf�ömfhùô ù � ÿ gÿ�fhÿ ��i ù�úø�øú ûf�ömfö�ø ù÷fÿ hôøú 9 4:4;4 ûøf hôm�öûhùô ÷øf�øøô ú hûsöômfhpø m�ùûøú
hføj ûøfû k �ô ÿgg�ùrhj ÿfhùô g�ù møûû ù� fõø töÿ �hfi j øÿûö �øû �ÿû ÿ �ûù ú hûmöûûøú k qõ hû ÿgg�ùrhj ÿfhùô
hû öûø�ö � ùômø ÿ nhpøô ûöggù�f �øtö h�øú �ù� fõø h� mùjgöfÿfhùô j ÿi ôùf ÷ø ørÿmf�i úø�hpøú ��ùj fõø
�øg�øûøôfÿfhùô k Jø ÿ �ûù �øú ÿ ûföúi ÿ ��ù�hôn fõø ø �hj hôÿfhùô ù� úög�hmÿføú �ö �øû k
�ù� j hô hôn nøôø�ÿ �hoøú ÿûûù mhÿfhùô �ö �øû l �ø úøûhnôøú ôø� mùjg�øj øôfÿ�i ÿ �nù�hfõj û mùpø�hôn fõø

ú h�ø�øôf ûføg û ù� ùö� ÿgg�ùÿmõ k qõ hû �øûö �fû hô ÿ ôø� fùù � l mÿ ��øú üýþ\ k qõø ørg ø�hj øôfÿ � føûfû
mùôûhûføú øûûøôfhÿ ��i hô ÿôÿ �iohôn fõø ÷øõÿphù� ù� ùö� fùù � �ønÿ�ú hôn fõø j hô hôn fhj ø ù � hfû mùjgùôøôfû
ÿôú fõø ôöj÷ø� ù � j hôøú ÿûûùmhÿfhùô �ö �øû gø� figø ÿôú gø� �ö �ø �ù�j k vrg ø�hj øôfÿ � �øûö �fû g�ùpøú fõø
ø�ømfhpøôøûû ù � fõø g�ùgùûøú ÿgg�ùÿmõ l ÿôú fõÿf fõø ôöj÷ø� ù � ørÿmf l ÿgg�ùrhj ÿfø ÿôú ÿgg�ùrhj ÿføú
�ö �øû m�ùûø �i úøg øôúû ùô úÿfÿûøf mõÿ�ÿmfø�hûfhmû k
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ËÌÍ ÎÏÐ�ÍÿÑÎÏÒ ÓÔÔÓ�ÕÖÏÎÕ× ÓØ tÖÎÐ� �× ÐÓ ��ÍÐÕÎÏÒ ÿÏÙ ÐÌÍÿÔ �× ÑÕÓ�ÎÏÒ �ÿ�ÒÍ ÚÓ �ÖÛÍÑ ÓØ ÙÿÕÿ ÌÎÒÌ �ÎÒÌÕÍÙ
ÕÌÍ ÏÍÍÙ ØÓ� ÍÜÕ�ÿÐÕÎÏÒ ÐÓÏÐÎÑÍ ÎÏØÓ�Û ÿÕÎÓÏ ÕÓ ÝÍ ÍÞ ÐÎÍÏÕ �× Û ÿÏÎÔÖ �ÿÕÍÙ ÿÏÙ ÎÏÕÖÎÕÎÚÍ �× ÿÏÿ �×ßÍÙ à áÏ ÕÌÎÑ
ÑÎÕÖÿÕÎÓÏ â ÕÌÍ ÖÑÍ ÓØ ÙÿÕÿ Û ÎÏÎÏÒ ÕÓÓ �Ñ ÝÍÐÓÛ Í ÓØ Ôÿ�ÿÛÓÖÏÕ ÎÛÔÓ�ÕÿÏÐÍ ÎÏ Ó�ÙÍ� ÕÓ Õ�ÿÏÑØÓ�Û ÕÌÍ ÑÕÓ�ÍÙ
ÙÿÕÿ ÎÏÕÓ ÔÓÑÑÎÝ �Í ÖÑÍØÖ � �ÏÓ��ÍÙÒÍ ÕÌ�ÓÖÒÌ ÕÌÍ ÍÜÕ�ÿÐÕÎÓÏ ÓØ ÔÿÕÕÍ�ÏÑ ã�ä¨ ä ÎÕÍÛ ÑÍÕÑ â ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ â
Ð�ÖÑÕÍ�Ñ â ÍÕÐ àåà ËÓ ÌÍ �Ô ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ ÍÞ ÐÎÍÏÕ �× ÿÏÙ Í�ÍÐÕÎÚÍ �× ÎÏÕÍ�Ô�ÍÕÎÏÒ ÿÏÙ ÿÏÿ �×ßÎÏÒ ÕÌÍ ÍÜÕ�ÿÐÕÍÙ
ÔÿÕÕÍ�ÏÑ â ÕÌÍ ÑÎßÍ ÓØ ÕÌÍ ÔÿÕÕÍ�Ï ÑÍÕÑ ÑÌÓÖ �Ù ÝÍ ÿÑ ÐÓÏÐÎÑÍ ÿÑ ÔÓÑÑÎÝ �Í �ÌÎ�Í Ô�ÍÑÍ�ÚÎÏÒ ÿÑ ÛÖÐÌ ÿÑ ÔÓÑÑÎÝ �Í
ÕÌÍÎ� ÌÎÙÙÍÏ ÎÏÕÍ�ÍÑÕÎÏÒ ÎÏØÓ�Û ÿÕÎÓÏ à
áÏ ÕÌÎÑ ÕÌÍÑÎÑ â �Í �Í�Í Û ÿ ÎÏ �× ÎÏÕÍ�ÍÑÕÍÙ ÎÏ Õ�Ó ÐÓÛÔ �ÍÛ ÍÏÕÿ�× ÔÿÕÕÍ�Ï Ð�ÿÑÑÍÑ â ÏÿÛÍ �× Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ

ÿÏÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à ËÌÍÑÍ ÔÿÕÕÍ�Ï Ð �ÿÑÑÍÑ ÿ�Í ÕÌÍ ÛÓÑÕ Û ÎÏÍÙ ÓÏÍÑ ÎÏ ÙÿÕÿ Û ÎÏÎÏÒ à æ ÌÍÏ ÐÓÏØ�ÓÏÕÍÙ ÕÓ
�Íÿ ���ÎØÍ ÿÔÔ �ÎÐÿÕÎÓÏÑ â ÕÌÍ ÏÖÛÝÍ� ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÿÏÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ Ô �ÓÚÍÑ ÕÓ Ý Í ÚÍ�× �ÿ�ÒÍ ÌÿÛ�
ÔÍ�ÎÏÒ ÕÌÍÎ� Í�ÍÐÕÎÚÍ ÎÏÕÍ�Ô�ÍÕÿÕÎÓÏÑ Ý× ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ à áÏ ÕÌÎÑ ÑÎÕÖÿÕÎÓÏ â ÿ ÌÎÒÌ ÏÖÛÝÍ� ÓØ ÿÔÔ�ÓÿÐÌÍÑ �ÿÑ
ÙÍÚÓÕÍÙ ÕÓ ÕÌÍ Ô�ÓÔÓÑÿ � ÓØ ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏÑ ÓØ Ø�ÍtÖÍÏÕ ÔÿÕÕÍ�ÏÑ ÿ ÎÛ ÎÏÒ ÿÕ ÓÏ �× �ÍÕÿ ÎÏ ÎÏÒ ÑÖÝÑÍÕÑ
ÓØ ÕÌÍ �ÌÓ �Í ÑÍÕ â �ÌÎ�Í ÝÍÎÏÒ ÿÝ �Í ÕÓ ÙÍ� ÎÚÍ ÏÓÏ��ÍÕÿ ÎÏÍÙ ãÓ� �ÍÙÖÏÙÿÏÕ å ÔÿÕÕÍ�ÏÑ � ÎÕÌÓÖÕ ÎÏØÓ�Û ÿÕÎÓÏ
�ÓÑÑ à uÖÐÌ ÑÖÝÑÍÕÑ ÿ�Í Ðÿ ��ÍÙ �ç ��è �éê�ë� ì�í ì�ë�êè�èéêëà
� ÐÍÏÕ�ÿ � ÐÓÏÐÍÔÕ ÎÏ ÕÌÍ ÙÍÑÎÒÏ ÓØ ÿ �ÛÓÑÕ ÿ �� ÐÓÏÐÎÑÍ �ÍÔ �ÍÑÍÏÕÿÕÎÓÏÑ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÿÑ �Í �� ÿÑ

ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ ÎÑ ÕÌÍ ÐÓÏÐÍÔÕ ÓØ § ê§ �� ¨ �ê�ì�èéìà áÏ ÕÌÎÑ �ÍÑÔ ÍÐÕ â �Í Ðÿ�� ÎÍÙ ÓÖÕ ÿ Ð�ÎÕÎÐÿ � ÑÖ �ÚÍ×
ÓØ ÍÜÿÐÕ ÐÓÏÐÎÑÍ �ÍÔ �ÍÑÍÏÕÿÕÎÓÏÑ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ Ô�ÓÔÓÑÍÙ ÎÏ ÕÌÍ �ÎÕÍ�ÿÕÖ�Í à áÕÑ Û ÿ ÎÏ �ÍÑÖ �Õ ÎÑ ÕÌÿÕ
ÕÌÍ ÙÎ�Í�ÍÏÕ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏÑ ÿ�Í ÍÎÕÌÍ� ÝÿÑÍÙ ÓÏ ÿ ÒÍÏÍ�ÿ �ÎßÿÕÎÓÏîÍÜÕÍÏÑÎÓÏ ÓØ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ â Ó� ÐÿÏ
ÝÍ ÓÝÕÿ ÎÏÍÙ ÖÑÎÏÒ ÕÌÍÑÍ �ÿÕÕÍ� ÔÿÕÕÍ�ÏÑ ÿÑ ÿÏ ÍÞ ÐÎÍÏÕ ÐÓÛÔÖÕÿÕÎÓÏ Û ÍÿÏ à ïÓ�ÍÓÚÍ� â ÕÌÍ ÛÓÑÕ �ÏÓ�Ï
ÐÓÏÐÎÑÍ �ÍÔ �ÍÑÍÏÕÿÕÎÓÏÑ ÓØ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ ã�ð� ¨ �ê�ì� ñ�ë�ë å ÐÓÏÚÍ× �Ö �ÍÑ � ÎÕÌ Û ÎÏ ÎÛ ÿ � Ô�ÍÛ ÎÑÍ Ôÿ�ÕÑ â
ÐÓÛÔÓÑÍÙ Ý× Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ à �ÍÚÍ�ÕÌÍ �ÍÑÑ â ÑÍÚÍ�ÿ � Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÐÌÿ�ÿÐÕÍ�ÎßÍ ÕÌÍ ÑÿÛÍ ÑÍÕ ÓØ
ÓÝò ÍÐÕÑ ÿÏÙ â ÐÓÏÑÍtÖÍÏÕ �×â ÐÓÏÚÍ× �ÍÙÖÏÙÿÏÕ �ÏÓ��ÍÙÒÍ à
áÏ ÕÌÎÑ �ÍÒÿ�Ù â �Í ØÓ ÐÖÑÍÙ ÓÏ ÕÌÍ ÎÏÕ� ÎÏ ÑÎÐ Ô�ÓÔÍ�ÕÎÍÑ ÓØ ÕÌÍ Û ÎÏ ÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� ØÿÛÎ�× ÕÌÿÕ ÐÿÏ ÝÍ Ù�ÿ�Ï

Ø�ÓÛ ÿ ÐÓÏÕÍÜÕ à óÖ� �ÍÚÎÍ� ÓØ ÕÌÍ �ÎÕÍ�ÿÕÖ�Í ÑÌÓ�ÍÙ ÕÌÿÕ ÿ ÖÏÎtÖÍ ÿÕÕÍÛÔÕ �ÿÑ Ô�ÓÔÓÑÍÙ ØÓ� �ÍÛÓÚÎÏÒ
�ÍÙÖÏÙÿÏÐ× � ÎÕÌ ÎÏ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ â ÕÌ�ÓÖÒÌ ÕÌÍ ÑÖÐÐÎÏÐÕ Ñ×ÑÕÍÛ ÓØ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ôõÓÏÒ �è ��äâ�rr¡t à ËÌÎÑ Ñ×ÑÕÍÛ ÑÔ �ÎÕÑ ÕÌÍ �ÌÓ �Í ÑÍÕ ÓØ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÎÏÕÓ Õ�Ó Ôÿ�ÕÑ ö ÕÌÍ ÷ �ÑÕ ÐÓÏÕÿ ÎÏÑ ÖÑÍØÖ � ãÓ�
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ë���ê�è å Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ â ÿÏÙ ÕÌÍ ÑÍÐÓÏÙ Ôÿ�Õ ÒÿÕÌÍ�Ñ ÕÌÓÑÍ ÕÌÿÕ ÐÿÏ ÝÍ ÙÍ� ÎÚÍÙ ÑÕÿ�ÕÎÏÒ Ø�ÓÛ ÕÌÍ
ÑÖÐÐÎÏÐÕ ÓÏÍÑ à óÖ� ÑÕÖÙ× ÓØ ÕÌÍ ÑÕ�ÖÐÕÖ�ÿ � Ô�ÓÔÍ�ÕÎÍÑ ÓØ ÕÌÎÑ Ñ×ÑÕÍÛ �ÍÚÍÿ �ÍÙ ÕÌÿÕ ÎÕ Ô�ÍÑÍ�ÚÍÑ ÕÌÍ Ó�ÙÍ�
ÎÙÍÿ � Ô�ÓÔÍ�Õ×à ËÌÎÑ ÎÛÔÓ�ÕÿÏÕ �ÍÑÖ �Õ �ÿÑ ÏÓÕ ÍÑÕÿÝ �ÎÑÌÍÙ ÎÏ ÕÌÍ Ó� ÎÒ ÎÏÿ � ÐÓÏÕ� ÎÝÖÕÎÓÏ ôõÓÏÒ �è ��äâ �rr¡t àáÏ ÿÙÙÎÕÎÓÏ â ÿØÕÍ� ÿ ÕÌÓ�ÓÖÒÌ ÑÕÖÙ× ÓØ ÕÌÍ ÿØÓ�ÍÛ ÍÏÕÎÓÏÍÙ Ñ×ÑÕÍÛ � äì äèä ÕÌÍ ÍÜÿÐÕÏÍÑÑ ÓØ ÕÌÍ �ÍÒÍÏÍ�ÿÕÎÓÏÔ �Ó ÐÍÑÑ â �Í Ô�ÓÚÍÙ ÕÌÿÕ ÎÕ Û ÎÑÑÍÑ ÑÓÛ Í �ÍÙÖÏÙÿÏÕ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÎÏ ÑÓÛ Í ÐÿÑÍÑ â �ÌÎÐÌ Û ÿ�ÍÑ ÎÕ ÏÓÕ
ÿÏ ÍÜÿÐÕ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÓØ ÕÌÍ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� ÑÍÕ à áÏ ÕÌÎÑ ÑÎÕÖÿÕÎÓÏ â �Í ÎÏÕ�ÓÙÖÐÍÙ ÿ ÏÍ� �ÓÑÑ�ÍÑÑ
Ñ×ÑÕÍÛ à ËÌÍ �Í× ÎÙÍÿ ÓØ ÓÖ� Ô�ÓÔÓÑÿ � ÎÑ ÕÌÿÕ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ Ý Í �ÓÏÒÎÏÒ ÕÓ ÕÌÍ ÑÿÛÍ ÍtÖÎÚÿ �ÍÏÐÍ Ð�ÿÑÑ
ÐÿÏ ÝÍ ÑÔ �ÎÕ ÎÏÕÓ ÷ÏÍ� Ð�ÿÑÑÍÑ ÖÑÎÏÒ ÿ ÑÖÝÑÕÎÕÖÕÎÓÏ Ô�ÓÐÍÑÑ ÿÔÔ �ÎÍÙ ÓÏ ÕÌÍÎ� �ÍÑÔ ÍÐÕÎÚÍ ÑÖÝÑÍÕÑ à ËÌÎÑ Ô�Ó ÐÍÑÑ
ÎÑ ÝÿÑÍÙ ÓÏ ÕÌÍ � �ÛÑÕ�ÓÏÒ ÿÜÎÓÛ ÓØ ÔÑÍÖÙÓ�Õ�ÿÏÑÎÕÎÚ ÎÕ× ô� �ÛÑÕ�ÓÏÒ â ���� t à áÕ Û ÿ�ÍÑ ÔÓÑÑÎÝ �Í �ÍÕÿ ÎÏ ÎÏÒ ÿ
�ÍÔ �ÍÑÍÏÕÿÕÎÚÍ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� ÔÍ� ÑÖÝÑÕÎÕÖÕÎÓÏ�ÝÿÑÍÙ Ð�ÿÑÑ à ËÌÍ ÓÝÕÿ ÎÏÍÙ Ñ×ÑÕÍÛ ÐÓÏÑÕÎÕÖÕÍÑ ÌÍÏÐÍ ÿ
í �ì� ��è �é¤�ì ÓØ ÕÌÍ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� ÑÍÕ à uÎÏÐÍ ÎÕ ÎÑ ÏÓÕ ÿÏ Ó�ÙÍ� ÎÙÍÿ � ÐÓÏÕ�ÿ�× ÕÓ ÕÌÍ Ó�ÎÒÎÏÿ � Ñ×ÑÕÍÛ â
�Í Ô�ÓÔÓÑÍÙ ÿ Ì×Ý� ÎÙ ØÿÛ Î�× 	 ÕÌÍ ¢ì��è�¢ ë�ñëèè�èéê
� ì�� ë�èë 	 �ÌÓÑÍ ÔÖ�ÔÓÑÍ ÎÑ ÕÓ ÑÎÛÖ �ÕÿÏÍÓÖÑ�×
Û ÿ ÎÏÕÿ ÎÏ ÕÌÍ Û ÿ ÎÏ ØÍÿÕÖ �Í ÓØ ÍÿÐÌ Ñ×ÑÕÍÛ â ä�äâ ÕÌÍ Ó�ÙÍ� ÎÙÍÿ � ÑÕ�ÖÐÕÖ �Í �ÌÎ�Í ÝÍÎÏÒ �ÓÑÑ�ÍÑÑ à ËÌÎÑ �ÿÑ
ÙÓÏÍ Ý× ÑÎÛÔ �× ÿÙÙÎÏÒ ÑÓÛ Í Ôÿ�ÕÎÐÖ �ÿ� Í �ÍÛÍÏÕÑ ÕÓ ÕÌÍ ÷ �ÑÕ Ñ×ÑÕÍÛ à ËÌÍ Ô�ÓÔÓÑÍÙ Ñ×ÑÕÍÛ Ñ �Í�Í ÕÌÍÏ
ÍÜÕÍÏÙÍÙ ÕÓ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ Ý× �ÍÛÓÚÎÏÒ �ÍÙÖÏÙÿÏÐ× Ø�ÓÛ ÒÍÏÍ�ÎÐ ÝÿÑÍÑ à pÿ�� ÎÍÙ ÓÖÕ ÍÜÔÍ� ÎÛ ÍÏÕÑ ÐÓÏ�
÷ �Û ÕÌÿÕ ÓÖ� ÑÕÖÙ× Û ÿ�ÍÑ ÎÕ ÔÓÑÑÎÝ �Í ÒÍÕÕÎÏÒ â ÎÏ ÿÚÍ�ÿÒÍ â ÿ �ÛÓÑÕ ÿÑ Û ÿÏ× Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ ÿÑ ìì�¢��ñ��Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ à ËÌÖÑ â ÎÕ ÿ ��Ó� Ñ ÕÓ Í �ÎÛ ÎÏÿÕÍ â ÿÑ ÛÖÐÌ ÿÑ ÔÓÑÑÎÝ �Í â �ÍÙÖÏÙÿÏÕ ÒÍÏÍ�ÎÐ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à
æÍ ÿ �ÑÓ ÍÜÔ �Ó�ÍÙ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ à ËÌÎÑ �ÿÑ ÛÓÕÎÚÿÕÍÙ Ý× ÕÌÍ ØÿÐÕ ÕÌÿÕ â ÎÏ ÑÓÛ Í ÿÔÔ �ÎÐÿÕÎÓÏÑ â

ÕÌÍ Û ÎÏÍÙ �ÏÓ��ÍÙÒÍ ÓÏ ÕÌÍ ÐÓÛÔ �ÍÛ ÍÏÕÿ�× ÓÐÐÖ��ÍÏÐÍÑ ÓØ ÎÕÍÛ Ñ 	 ÐÓÏÚÍ×ÍÙ ÕÌ�ÓÖÒÌ ÙÎÑò ÖÏÐÕÎÚÍ ÑÖÔÔÓ�Õ
	 Ý �ÎÏÒÑ �ÎÐÌÍ� �ÏÓ��ÍÙÒÍ ÕÓ ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ à áÏ ÕÌÎÑ �ÍÑÔ ÍÐÕ â �Í ÕÓÓ� ÿÑ ÿ ÑÕÿ�ÕÎÏÒ ÔÓÎÏÕ ÕÌÍ ÖÏÎtÖÍ
ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ �ÌÓÑÍ ÑÓÛÍ ÓØ ÕÌÍ Í �ÍÛ ÍÏÕÑ Ý Í �ÓÏÒ ÕÓ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ
ÑÔÿÐÍ à ËÌÎÑ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÎÑ ÕÌÿÕ ÝÿÑÍÙ ÓÏ Ø�ÍtÖÍÏÕ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ôpÿÑÿ �Î �è ��äâ �rr¡ÿt à uÎÏÐÍ
ÑÍÚÍ�ÿ � ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ÐÿÏ ÑÿÕÎÑØ× ÕÌÍ ÑÿÛÍ ÑÍÕ ÓØ ÓÝò ÍÐÕÑ â ÕÌÍ× ÌÍÏÐÍ ÐÌÿ�ÿÐÕÍ�ÎßÍ ÕÌÍ ÑÿÛÍ Ð�ÿÑÑ à áÏ
ÕÌÎÑ ÑÎÕÖÿÕÎÓÏ â �Í ÎÏÕ�ÓÙÖÐÍÙ ÿ ÏÍ� Ð�ÓÑÖ�Í ÓÔ Í�ÿÕÓ� ÙÍÙÎÐÿÕÍÙ ÕÓ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ à æÍ ÿ �ÑÓ
ÕÌÓ�ÓÖÒÌ �× ÑÕÖÙÎÍÙ ÕÌÍ ÎÏÙÖÐÍÙ ÑÕ�ÖÐÕÖ �ÿ � Ô�ÓÔÍ�ÕÎÍÑ à óÏÐÍ ÿÔÔ �ÎÍÙ â ÍÿÐÌ ÙÎÑò ÖÏÐÕÎÚÍ ÍtÖÎÚÿ �ÍÏÐÍ Ð�ÿÑÑ
ÎÑ ÐÌÿ�ÿÐÕÍ� ÎßÍÙ Ý× ÿ ÖÏÎtÖÍ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ à ËÌÎÑ ÓÔ Í�ÿÕÓ� Ó�Í�ÍÙ ÿ ÏÍ� ÐÌÿ�ÿÐÕÍ� ÎßÿÕÎÓÏ
ÓØ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ à áÏÙÍÍÙ â ÕÌÍ× ÐÓÏÑÕÎÕÖÕÍ ÕÌÍ Û ÎÏÎÛ ÿ � Í �ÍÛ ÍÏÕÑ � ÎÕÌ ÎÏ ÕÌÍ ÍtÖÎÚÿ �ÍÏÐÍ Ð�ÿÑÑÍÑ ÕÌÍ
Ô �ÓÔÓÑÍÙ ÓÔÍ�ÿÕÓ� ÎÏÙÖÐÍÑ à «ÿÑÍÙ ÓÏ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ â �Í Ô�ÓÔÓÑÍÙ ÿ ÏÍ� ÍÜÿÐÕ ÐÓÏÐÎÑÍ
�ÍÔ �ÍÑÍÏÕÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à ËÌÎÑ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÎÑ ÕÌÍ ÷ �ÑÕ ÓÏÍ ÖÏÎtÖÍ �× �Í �×ÎÏÒ ÓÏ ÙÎÑò ÖÏÐÕÎÚÍ
ÎÕÍÛ ÑÍÕÑ ÿÏÙ â ÌÍÏÐÍ â ÓÝÕÿ ÎÏÍÙ ÕÌ�ÓÖÒÌ ÓÏ �× ÕÌÍ Õ�ÿÚÍ�Ñÿ � ÓØ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ à ËÌÍ ÓÝÕÿ ÎÏÍÙ
ÍÜÔÍ�ÎÛ ÍÏÕÿ � �ÍÑÖ �ÕÑ Ì ÎÒÌ �ÎÒÌÕÍÙ ÎÏÕÍ�ÍÑÕÎÏÒ ÐÓÛÔÿÐÕÏÍÑÑ �ÿÕÍÑ à
óÖ� ÍÜÔ �Ó�ÿÕÎÓÏ ÓØ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ ÿ ��Ó� Ñ ÕÌÍ ÙÎ�ÍÐÕ ÙÍ� ÎÚÿÕÎÓÏ ÓØ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÿÏÙ ÏÍÒÿ�

Õ ÎÚÍ ÑÖÔÔÓ�ÕÑ ÓØ ÎÕÍÛ ÑÍÕÑ à ËÌÎÑ ÐÓÏÑÕÎÕÖÕÍÙ ÿ ÛÓÕÎÚÿÕÎÏÒ ÑÕÿ�ÕÎÏÒ ÔÓÎÏÕ ØÓ� Û ÎÏÎÏÒ ¨ �ê�ì��� �¢ �ëëé��èéêì���ëà æÍ ÕÌÖÑ ÐÓÏÑÎÙÍ�ÍÙ ÿÑ ÿ ÑÕÿ�ÕÎÏÒ ÔÓÎÏÕ ÿÏ ÍÜÿÐÕ ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÓÏ �×
ÐÓÏÕÿ ÎÏ ÎÏÒ ÑÔ ÍÐÎ÷Ð Í �ÍÛ ÍÏÕÑ Ø�ÓÛ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ â ÏÿÛÍ �× Ø�ÍtÖÍÏÕ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ÿÏÙ
ÕÌÍÎ� ÿÑÑÓÐÎÿÕÍÙ ÙÎÑò ÖÏÐÕÎÚÍ Ð �ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ à � �ÕÌÓÖÒÌ �Í Û ÿ ÎÏ �× ØÓ ÐÖÑÍÙ ÓÏ �Ö �ÍÑ ÐÓÏÕÿ ÎÏ ÎÏÒ ÙÎÑò ÖÏÐÕÎÓÏ
ÓØ ÎÕÍÛ Ñ ÿÑ �Í �� ÿÑ ÏÍÒÿÕÍÙ ÓÏÍÑ â ÌÿÚÎÏÒ ÿÕ ÌÿÏÙ ÑÖÐÌ ÿ ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÎÑ ÎÛÔÓ�ÕÿÏÕ à áÏÙÍÍÙ â
ÎÕ ÿ ��Ó� Ñ ÕÌÍ ÙÍ�ÎÚÿÕÎÓÏ ÓØ ÕÌÍ ÍÜÿÐÕ Ø�ÍtÖÍÏÐ× ÓØ ÍÿÐÌ �ÎÕÍ�ÿ �ÑÍÕ �ÌÓÑÍ ÔÓÑÎÕÎÚÍ Úÿ�ÎÿÕÎÓÏ ÎÑ ÿ Ø�ÍtÖÍÏÕ
ÎÕÍÛ ÑÍÕ à ËÌÎÑ Û ÿ�ÍÑ ÓÖ� Ô�ÓÔÓÑÿ � ÒÍÏÍ�ÎÐ ÿÏÙ â ÕÌÖÑ â ÏÓÕ �ÍÑÕ� ÎÐÕÍÙ ÕÓ ÑÓÛ Í ÿÑÑÓÐÎÿÕÎÓÏ �Ö �Í ØÓ�ÛÑâ �Í�
Òÿ�Ù �ÍÑÑ ÕÌÍ ÓÕÌÍ�Ñ à áÏ ÿÙÙÎÕÎÓÏ ÕÓ ÕÌÍ Õ�Ó ÐÓÛÛÓÏ �× ÐÓÏÑÎÙÍ�ÍÙ Õ×ÔÍÑ ÓØ �Ö �ÍÑ 	 ÍÜÿÐÕ ÿÏÙ ÿÔÔ �ÓÜ ÎÛ ÿÕÍ
	 �Í ÿ �ÑÓ ÐÓÏÑÎÙÍ�ÍÙ �íí ìéç § �è�¢ �Ö �ÍÑ â ÿÏÙ �Í ÙÍÕÿ Î�ÍÙ ÌÓ� tÖÿ �ÎÕ× Û ÍÿÑÖ�ÍÑ ÓØ ÕÌÍÑÍ �Ö �ÍÑ ÿ�Í ÿÔ�



ù �� wy�� �û� �yûx ���� ���ÿ��ü����ÿ øù 

Ô�ÓÜ ÎÛ ÿÕÍÙ à óÖ� ÍÜÔÍ�ÎÛ ÍÏÕÑ ÑÌÓ�ÍÙ ÕÌÍ ÖÑÍØÖ �ÏÍÑÑ ÓØ ÍÜÔ �Ó� ÎÏÒ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ ÕÓ�ÿ�ÙÑ
ÍÜÕ�ÿÐÕÎÏÒ ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à

É ^� ��ghd cje �gj� �ah� �ahm� �ndl��m
ËÌÍ ÓÝÕÿ ÎÏÍÙ �ÍÑÖ �ÕÑ ÓÔÍÏ ÑÓÛ Í ÑÌÓ�Õ�ÕÍ�Û ÿÏÙ �ÓÏÒ�ÕÍ�Û ÔÍ�ÑÔ ÍÐÕÎÚÍÑ à uÌÓ�Õ�ÕÍ�Û ÔÍ�ÑÔÍÐÕÎÚÍÑ ÿ�Í ÿÑ
ØÓ ��Ó� Ñ ö
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ÓØ ãÒÍÏÍ�ÿ �ÎßÍÙ å ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ â ÕÌÍ ÏÖÛÝÍ� ÓØ Û ÎÏÍÙ �Ö �ÍÑ �ÍÛ ÿ ÎÏÑ �ÿ�ÒÍ ÎÏ ÑÓÛÍ ÐÿÑÍÑ à ËÌÎÑ
ÌÎÒÌ �ÎÒÌÕÑ ÕÌÍ ÎÛÔÓ�ÕÿÏÐÍ ÓØ ÔÓÑÕ�Ô�ÓÐÍÑÑÎÏÒ ÕÌÍ Û ÎÏÍÙ �Ö �ÍÑ ÕÓ�ÿ�ÙÑ ØÖ �ÕÌÍ� Ô�ÖÏÎÏÒ ÕÌÍÛ � äì äèäÖÑÍ� 3Ñ Ô �ÍØÍ�ÍÏÐÍ â ÖÑÍ ÓØ ÿ ÐÓÛÝÎÏÿÕÎÓÏ ÓØ tÖÿ �ÎÕ× ÛÍÿÑÖ�ÍÑ Ó� ÑÖÛÛ ÿ� ÎßÿÕÎÓÏ ÕÍÐÌÏÎtÖÍÑ â ÍÕÐ à
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ÕÎÓÏ 89:

s;rep �Í Ô�ÓÔÓÑÍÙ ã<� ä ÔÿÒÍ => =å ÎÑ ÌÓÛÓÒÍÏÍÓÖÑ ÎÏ ÕÌÍ ÑÍÏÑÍ ÕÌÿÕ ÎÕ ÎÑ ÓÏ �× ÐÓÛÔÓÑÍÙ
Ý× ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ ÿÑÑÓÐÎÿÕÍÙ ÕÓ ÕÌÍÎ� ÙÎÑò ÖÏÐÕÎÚÍ ÑÖÔÔÓ�ÕÑ à ?Ó�ÍÚÍ� â ÎÕ �ÍÑÖ �ÕÑ Ø�ÓÛ ÕÌÍ
ÖÏÎÓÏ ÓØ Õ�Ó ÙÎÑò ÓÎÏÕ ÑÍÕÑ â ÏÿÛÍ �×

EDCI
ÿÏÙ

ADCI
à «ÓÕÌ ÑÍÕÑ ÐÓÏÚÍ× ÙÎ@Í�ÍÏÕ AÏÓ��ÍÙÒÍ ÑÎÏÐÍ

ÕÌÍ ØÓ�ÛÍ� ÌÿÑ ÕÌÍ ÑÍÕ ÓØ Ø�ÍtÖÍÏÕ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ÿÑ ÿ ÑÍÍÙ â �ÌÎ�Í ÕÌÍ �ÿÕÕÍ� 	 ÿÙÙÍÙ ÕÓ ÍÏÑÖ �Í
ÕÌÍ ÍÜÿÐÕ �ÍÒÍÏÍ�ÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ 	 ÌÿÑ ÑÓÛ Í Ôÿ�ÕÎÐÖ �ÿ� ÎÏØ�ÍtÖÍÏÕ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ÿÑ ÿ
ÒÍÏÍ�ÿÕÓ� à �ÓÕÍ ÕÌÿÕ ÕÌÍÑÍ �ÿÕÕÍ� Í �ÍÛ ÍÏÕÑ ÐÿÏ ØÖ�ÕÌÍ� ÝÍ Ô �ÖÏÍÙ ÖÑÎÏÒ ÿ �ÍÐÍÏÕ ÓÔÕÎÛ ÎßÿÕÎÓÏ ÌÎÒÌ�
�ÎÒÌÕÍÙ ÎÏ ôs �×ÑßA ÎÍ� ÎÐß â >rr�t à áÏ ÿÙÙÎÕÎÓÏ â ÿÏ ÎÑÑÖÍ �ÌÎÐÌ ÙÍÑÍ�ÚÍÑ ØÖ�ÕÌÍ� ÍÜÔ �Ó�ÿÕÎÓÏ ÎÑ ÿÝÓÖÕ
ÕÌÍ ÔÓÑÑÎÝ �Í ÍÜ ÎÑÕÍÏÐÍ ÓØ ÿ �ÍÒÍÏÍ�ÿÕÎÓÏ Û ÍÐÌÿÏÎÑÛ ÍÏÑÖ�ÎÏÒ ÕÌÍ ÍÜÿÐÕ �ÍÒÍÏÍ�ÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ
ÎÕÍÛ ÑÍÕÑ ÑÕÿ�ÕÎÏÒ Ø�ÓÛ

EDCI
â � ÎÕÌÓÖÕ ÖÑÎÏÒ

ADCI
à

BÓÏÒ�ÕÍ�Û ÔÍ�ÑÔÍÐÕÎÚÍÑ ÿ�Í ÙÍÑÐ� ÎÝ ÍÙ ÎÏ ÕÌÍ ØÓ ��Ó� ÎÏÒ ö
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ÎÛÔ �ÎÐÿÕÎÓÏÑ ÓØ ÕÌÍ �ÍÙÖÏÙÿÏÐ× �ÍÛÓÚÿ � �Í Ðÿ��ÎÍÙ ÓÖÕ ØÓ� ÕÌÍ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� ÑÍÕ � Î�� ÐÓÏÑÕÎÕÖÕÍ
ÿÏ ÎÏÕÍ�ÍÑÕÎÏÒ ÎÑÑÖÍ à áÏÙÍÍÙ â ÕÌÎÑ AÍ× ÐÓÏÐÍÔÕ 	 ÛÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ� 	 ÎÑ ÿÕ ÕÌÍ �ÓÓÕÑ ÓØ ÕÌÍ ÙÍÑÎÒÏ
ÓØ ÙÎ@Í�ÍÏÕ ÔÿÕÕÍ�Ï Ð�ÿÑÑÍÑ à ï ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÿ �ÑÓ ÌÿÚÍ ÑÎÛ Î�ÿ� ÐÓÏÑÕ�ÖÐÕÑ ÎÏ ÙÎ@Í�ÍÏÕ ÎÛÔÓ�ÕÿÏÕ
÷Í �ÙÑ à áÕ � Î�� ÌÍÏÐÍ ÝÍ ÐÌÿ ��ÍÏÒÎÏÒ ÕÓ ÑÕÖÙ× �ÌÎÐÌ Ô�ÓÔÓÑÍÙ �ÍÑÖ �ÕÑ ÐÿÏ ÝÍ ÙÎ�ÍÐÕ �× ÿÔÔ �ÎÍÙ ÿÏÙ ÕÌÓÑÍ
�ÍtÖÎ�ÎÏÒ ÕÓ Ý Í ÿÙÿÔÕÍÙ ÿÐÐÓ�ÙÎÏÒ ÕÓ ÕÌÍ ÔÿÕÕÍ�Ï Ð �ÿÑÑ ÖÏÙÍ� Õ�ÍÿÕÛ ÍÏÕ à FÓ� ÍÜÿÛÔ �Í â ÕÌ �ÓÖÒÌ ÕÌÍ
ÐÓÏòÖÏÐÕÎÚÍîÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ â ÕÌÍ �ÍÙÖÏÙÿÏÐ× �ÍÛÓÚÿ � � ÎÕÌ ÎÏ ÍÿÐÌ ÑÍÕ ÓØ ÎÕÍÛ ÑÍÕÑ ØÖ �÷ ��ÎÏÒ
ÕÌÍ Ó�ÙÍ� ÎÙÍÿ � Ô�ÓÔÍ�Õ×â �ÎAÍ ÕÌÍ ÏÓÏ�ÙÍ� ÎÚÿÝ �Í ÎÕÍÛ ÑÍÕÑ â ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ â ÍÕÐ àâ ØÓ ��Ó� Ñ ÕÌÍ ÑÿÛÍ
Ô�Ó ÐÍÑÑ ÿÑ ØÓ� Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ à �ÍÚÍ�ÕÌÍ �ÍÑÑ â �ÌÍÏ ÙÍÿ �ÎÏÒ � ÎÕÌ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÓØ ÑÍtÖÍÏÕÎÿ �
ÔÿÕÕÍ�ÏÑ â ÕÌÍ ØÿÐÕ ÕÌÿÕ ÎÏ ÿÏ ÍtÖÎÚÿ �ÍÏÐÍ Ð �ÿÑÑ Û ÿ× ÐÓÌÿÝÎÕ ÛÓ�Í ÕÌÿÏ ÓÏÍ Ð�ÓÑÍÙ ÑÍtÖÍÏÕÎÿ � ÔÿÕÕÍ�Ï
ôBÓ Gè ��äâ >rr�t ÑÌÓÖ �Ù ÝÍ ÕÿAÍÏ ÎÏÕÓ ÐÓÏÑÎÙÍ�ÿÕÎÓÏ à
áÏÕÍ�ÍÑÕÎÏÒ �×â ÕÌÍ ÑÖÐÐÎÏÐÕ ÿÏÙ ÎÏØÓ�Û ÿÕÎÚÍ ÿÑÑÓÐÎÿÕÎÓÏ �Ö �ÍÑ â �Í ÓÝÕÿ ÎÏÍÙ ÓÏÐÍ ÕÌÍ �ÍÙÖÏÙÿÏÐ×
� ÎÕÌ ÎÏ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ÕÿAÍÏ ÎÏÕÓ ÐÓÏÑÎÙÍ�ÿÕÎÓÏ â ÐÿÏ ÝÍ ÍÜÕÍÏÙÍÙ ÕÓ ÎÛÔ �ÎÐÿÕÎÓÏ�Ð �ÓÑÍÙ ÑÍÕÑ à
áÏÙÍÍÙ â ÕÌÍ Ð �ÓÑÖ�Í ÓÔ Í�ÿÕÓ� ÎÏÙÖÐÍÙ Ý× ÿÏ ÍÜÕ�ÿÐÕÎÓÏ ÐÓÏÕÍÜÕ ÿÏÙ ÕÌÍ Ð �ÓÑÖ �Í ÓÔÍ�ÿÕÓ� ÎÏÙÖÐÍÙ Ý×
ÕÌÍ ÑÍÕ ÓØ ÎÛÔ �ÎÐÿÕÎÓÏÑ ÕÌÿÕ ÿ�Í Úÿ �ÎÙ ÎÏ ÕÌÎÑ ÐÓÏÕÍÜÕ ÐÓÎÏÐÎÙÍ ô? Í�Û ÿÏÏ ÿÏÙ uÍ�ÕAÿ×ÿ â >rr�t à
ËÌÍ Ô�ÓÔÓÑÍÙ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÖ�Í ÓÔ Í�ÿÕÓ� ÐÿÏ ÿ �ÑÓ ÝÍ ÍÜÕÍÏÙÍÙ ÕÓ ÕÌÍ ÒÍÏÍ�ÿ � ÐÿÑÍ ÓØ «ÓÓ �ÍÿÏ
ÍÜÔ�ÍÑÑÎÓÏÑ â ÎÏÑÕÍÿÙ ÓØ ÑÎÏÒ �Í ÎÕÍÛ Ñ â ÿÑ �Í �� ÿÑ ÕÓ ÓÕÌÍ� ÔÿÕÕÍ�Ï Ð�ÿÑÑÍÑ à æÍ ÿ �ÑÓ ÕÌ ÎÏA ÝÍÎÏÒ ÿ
Ô�ÓÛ ÎÑÎÏÒ ÎÑÑÖÍ ÕÌÍ ÍÜÕÍÏÑÎÓÏ ÓØ ÕÌÍ Ô�ÓÔÓÑÍÙ Ô�ÓÐÍÑÑ ØÓ� ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �Í Û ÎÏ ÎÏÒ ÕÓ
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ÕÿAÍ ÎÏÕÓ ÿÐÐÓÖÏÕ ÙÎ@Í�ÍÏÕ ÕÿÑAÑ â �ÎAÍ Ð�ÿÑÑÎ÷ÐÿÕÎÓÏ ÕÌ�ÓÖÒÌ ÙÍÐÎÑÎÓÏ Õ�ÍÍÑ �ÌÍ�Í ÙÎÑò ÖÏÐÕÎÚÍ �Ö �ÍÑ
ÿ�Í ÓØ Ôÿ�ÿÛÓÖÏÕ ÎÛÔÓ�ÕÿÏÐÍ à 2ÏÓÕÌÍ� ÎÏÕÍ�ÍÑÕÎÏÒ Ô Í�ÑÔ ÍÐÕÎÚÍ ÎÑ ÕÓ ÍÜÕ�ÿÐÕ ÏÍ� Ð�ÿÑÑÎ÷ÐÿÕÎÓÏ �Ö �ÍÑ
ÌÿÚÎÏÒ ÿÑ ÿ Ô�ÍÛ ÎÑÍ Ôÿ�Õ ÐÓÏÕÿ ÎÏ ÎÏÒ ÙÎÑò ÖÏÐÕÎÓÏ ÓØ ÎÕÍÛ Ñ â ÎÏ ÑÕÍÿÙ ÓØ ÕÌÍ ÖÝÎtÖÎÕÓÖÑ ÐÓÏò ÖÏÐÕÎÓÏ ÓØ
ÎÕÍÛ Ñ à
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ÓØ ÚÎÍ� â ÿÕ ÎÕÑ ÐÖ��ÍÏÕ ÑÕÿÒÍ â ÓÖ� ÑÕÖÙ× ÓØ ÕÌÍ �ÍÙÖÏÙÿÏÐ× � ÎÕÌ ÎÏ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ ØÓ ÐÖÑÍÑ ÓÏ ÕÌÍ
ÍÞ ÐÎÍÏÕ ÒÍÏÍ�ÿÕÎÓÏ ÓØ ÕÌÍ 8O¦O ØÿÛ Î�×à ËÌÖÑ â Ý ÍÑÎÙÍÑ ÓÖ� Ó�Ï ÛÍÕÌÓÙ â ÓÕÌÍ� ÿ �ÒÓ�ÎÕÌÛ Ñ Ø�ÓÛ ÕÌÍ
�ÎÕÍ�ÿÕÖ�Í �Ó�A ÎÏÒ � ÎÕÌ PQ Ñ ÐÓÖ �Ù ÝÍ ÿÙÿÔÕÍÙ ØÓ� ÕÌÎÑ ÕÿÑA â Ý ÓÕÌ Ý�ÍÿÙÕÌ�÷ �ÑÕ ÑÍÿ�ÐÌ ÓÏÍÑ â G ä¨ äâRSTUVSW ôuÕÖÛÛÍ Gè ��äâ >rr>t â ÿÏÙ ÙÍÔÕÌ�÷ �ÑÕ ÓÏÍÑ â G ä¨ äâ ÕÌÍ � ÎÒÌÕ�ÕÓ� �ÍØÕ ÑÍÿ�ÐÌ QXYQXZ[T\
ÿ �ÒÓ�ÎÕÌÛ ôB Î Gè ��äâ >rr]t à óØ ÐÓÖ�ÑÍ â ÎÕ � Î�� ÝÍ ÎÏÕÍ�ÍÑÕÎÏÒ ÕÓ ÐÓÛÔÿ�Í Ô Í�ØÓ�Û ÿÏÐÍÑ ÓØ ÕÌÍÑÍ
ÿ �ÒÓ�ÎÕÌÛ Ñ ÓÏ ÙÎ@Í�ÍÏÕ ÙÿÕÿÑÍÕÑ à ËÌÍ ÑÿÛÍ ÑÕ�ÿÕÍÒ× ÿÔÔ �ÎÍÑ ØÓ� ÕÌÍ ÍÜÕ�ÿÐÕÎÓÏ ÓØ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ
Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕ�ÝÿÑÍÙ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à áÏ ÕÌÎÑ �ÍÑÔ ÍÐÕ â �Í ÐÿÏ ÝÍÏÍ÷Õ Ø�ÓÛ ÕÌÍ
ÑÎÒÏ Î÷ÐÿÏÕ Ô Í�ØÓ�Û ÿÏÐÍ ÎÛÔ�ÓÚÍÛ ÍÏÕÑ ÓØ ÿ �ÒÓ�ÎÕÌÛ Ñ ÙÍÙÎÐÿÕÍÙ ÕÓ Ø�ÍtÖÍÏÕ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕ Û ÎÏÎÏÒ
ô«ÿ×ÿ�ÙÓ Gè ��äâ >rr� â «ÍÏ ^ÿÌÎÿ Gè ��äâ >rr]t à ËÌÍ ÏÍÜÕ ÑÕÍÔ ÎÏ ÕÌÎÑ ÙÎ�ÍÐÕÎÓÏ ÎÑ ÕÌÍ ÙÍÑÎÒÏ ÓØ
ÍÞ ÐÎÍÏÕ ÍÜÔÿÏÑÎÓÏ Û ÍÕÌÓÙÑ â _äG äâ ÓÏÍÑ ×ÎÍ �ÙÎÏÒ ÕÓ ÕÌÍ ÍÏÕÎ�Í ÑÍÕÑ Ø�ÓÛ ÕÌÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏÑ Ô�ÓÔÓÑÍÙ
ÎÏ ÕÌÎÑ ÕÌÍÑÎÑ à

`'""()* +a7%(- , ()()* .$$% .&+'! 1 áÏ ÕÌÎÑ ÎÛÔÓ�ÕÿÏÕ ÎÑÑÖÍ â �Í ÎÏÕÍÏÙ ÕÓ ÑÍÕ ÖÔ ÿ Ô �ÿÕØÓ�Û ÕÌÿÕ
Ó@Í�Ñ ÿÏ ÿÙÿÔÕÎÚÍ ÑÍ �ÍÐÕÎÓÏ ÓØ ÕÌÍ bÛÓÑÕ ÿÙÍtÖÿÕÍc ÛÎÏÎÏÒ ÕÓÓ � ÓØ ÎÏÕÍ�ÍÑÕÎÏÒ ÔÿÕÕÍ�ÏÑ ÿÐÐÓ�ÙÎÏÒ ÕÓ
ÕÌÍ ÙÿÕÿÑÍÕ ÖÏÙÍ� Õ�ÍÿÕÛÍÏÕ à ËÌÍ Û ÿ ÎÏ ÒÓÿ � ÎÑ ÕÓ ÒÖ ÎÙÍ â ÕÌ �ÓÖÒÌ ÛÍÕÿ��Ö �ÍÑ â ØÓ� ÍÜÿÛÔ �Í ÕÌÍ ÐÌÓÎÐÍ
ÓØ ÕÌÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ 	 ÐÓÏò ÖÏÐÕÎÚÍ Ó� ÙÎÑò ÖÏÐÕÎÚÍ 	 ÕÓ ÝÍ ÍÜÔ �Ó�ÍÙ à óÖ� ÎÏÚÍÑÕÎÒÿÕÎÓÏÑ ÑÌÓ� ÕÌÿÕ ÕÌÎÑ
ÎÑÑÖÍ ÎÑ ÌÎÒÌ �× ÐÓ��Í �ÿÕÍÙ � ÎÕÌ ÕÌÿÕ ÓØ ÙÍÕÍ�Û ÎÏÎÏÒ ÕÌÍ �Í �ÿÕÎÓÏ ÝÍÕ�ÍÍÏ ÕÌÍÎ� ÿÑÑÓ ÐÎÿÕÍÙ Ð �ÓÑÖ �Í
ÓÔ Í�ÿÕÓ�Ñ ÿÔÔ �ÎÍÙ â �ÍÑÔ ÍÐÕÎÚÍ �×â ÓÏ ÿ ÒÎÚÍÏ ÐÓÏÕÍÜÕ ÿÏÙ ÎÕÑ ÙÖÿ � à ËÌÎÑ �ÿÕÕÍ� ÐÓÏÕÍÜÕ ÎÑ ÓÝÕÿ ÎÏÍÙ Ý×
�ÍÔ �ÿÐÎÏÒ ÕÌÍ Ô�ÍÑÍÏÐÍ ÓØ ÿÏ ÎÕÍÛ ÎÏ ÕÌÍ ÎÏÎÕÎÿ � ÐÓÏÕÍÜÕ Ý× ÎÕÑ ÿÝÑÍÏÐÍ ÿÏÙ ÚÎÐÍ ÚÍ�Ñÿ à ËÌÎÑ � Î�� Û ÿAÍ
ÎÕ ÔÓÑÑÎÝ �Í ÑÍÕÕÎÏÒ ÖÔ ÿ Ì×Ý� ÎÙ ÿÔÔ�ÓÿÐÌ ÿ ÎÛ ÎÏÒ ÿÕ ÍÜÔ �Ó�ÎÏÒ ÍÎÕÌÍ� ÕÌÍ ÐÓÏò ÖÏÐÕÎÚÍ Ó� ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ
ÑÍÿ�ÐÌ ÑÔÿÐÍ ÿÐÐÓ�ÙÎÏÒ ÕÓ ÐÓÏÕÍÜÕ ÐÌÿ�ÿÐÕÍ� ÎÑÕÎÐÑ à áÏÙÍÍÙ â ÕÌÿÏA Ñ ÕÓ ÑÖÐÌ ÿ �Í �ÿÕÎÓÏ â �Í ÐÿÏ ØÓ�
ÍÜÿÛÔ �Í ÿÙÿÔÕ ÕÌÍ ÍÜÕ�ÿÐÕÎÓÏ ÿ �ÒÓ� ÎÕÌÛ Ñ ÓØ ÐÓÏò ÖÏÐÕÎÚÍîÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ Ô�ÓÔÓÑÍÙ ÎÏ ÕÌÍ
�ÎÕÍ�ÿÕÖ�Í Ý× ÐÌÓÓÑÎÏÒ ÍÎÕÌÍ� ÕÌÍ Ó� ÎÒÎÏÿ � ÐÓÏÕÍÜÕ â Ó� ÕÌÍ ÙÖÿ � ÐÓÏÕÍÜÕ à
2 ÛÓ�Í ÐÌÿ ��ÍÏÒÎÏÒ Ô �ÓÝ �ÍÛ ÎÑ ÌÓ� ÕÓ ÙÍÐÎÙÍ �ÌÎÐÌ ÓÏÍ ÐÌÓÓÑÎÏÒ ÕÓ ÝÍ Û ÎÏÍÙ ö ÕÌÍ ÎÏÎÕÎÿ � ÐÓÏÕÍÜÕ Ó�
ÎÕÑ ÙÖÿ �d ËÌÍ ÿÏÑ�Í� ÑÌÓÖ �Ù ÕÿAÍ ÎÏÕÓ ÐÓÏÑÎÙÍ�ÿÕÎÓÏ ÕÌÍ ÑÔÿ�ÑÍÏÍÑÑîÙÍÏÑÎÕ× ÓØ ÝÓÕÌ ÐÓÏÕÍÜÕÑ ÿÑ �Í ��
ÿÑ ÕÌÍ Û ÎÏÎÏÒ ÕÿÑA ÕÓ �ÌÎÐÌ ÎÑ ÙÍÙÎÐÿÕÍÙ ÕÌÍ ÿ �ÒÓ� ÎÕÌÛ ãØÓ� ÍÜÿÛÔ �Í â Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ¤ë ä Ø�ÍtÖÍÏÕ
<�éëG¢ ÎÕÍÛ ÑÍÕÑ åà áÏ ÕÌÎÑ �ÍÑÔ ÍÐÕ â �Í ÑÕÿ�ÕÍÙ ÿ ÑÕÖÙ× ÝÿÑÍÙ ÓÏ ÕÌÍ ÑÖÐÐÎÏÐÕ Ñ×ÑÕÍÛ ÓØ Û ÎÏÎÛ ÿ �
ÒÍÏÍ�ÿÕÓ�Ñ ãOOPQ å ÌÿÚÎÏÒ ØÓ� ÔÖ �ÔÓÑÍ ÿ ØÓ�Û ÿ � ÐÌÿ�ÿÐÕÍ� ÎßÿÕÎÓÏ ÓØ ÕÌÍ ÑÔÿ�ÑÍÏÍÑÑ ÓØ ÿ ÐÓÏÕÍÜÕ
ô? ÿÛ �ÓÖÏÎ Gè ��äâ >rr�ÿt à 2 Ñ ÿ �ÍÑÖ �Õ â �Í ÎÏÕ�ÓÙÖÐÍÙ ÕÌÍ ÷ �ÑÕ ØÓ�Û ÿ � ÙÍ÷ÏÎÕÎÓÏ ÓØ ÕÌÎÑ ÐÓÏÐÍÔÕ à
F�ÓÛ ÿ Ô�ÿÐÕÎÐÿ � ÔÓÎÏÕ ÓØ ÚÎÍ� â ÕÓ ÍÏÑÖ�Í ÕÌÍ ÍÞ ÐÎÍÏÐ× ÓØ ÕÌÍ Û ÎÏÎÏÒ ÕÿÑA â ÕÌÍ ÙÍÕÍÐÕÎÓÏ ÓØ ÐÓÏÕÍÜÕ
ÑÔÿ�ÑÍÏÍÑÑ ÑÌÓÖ �Ù ÝÍ ÔÍ�ØÓ�ÛÍÙ ÓÏ ÕÌÍ e×à ËÌÎÑ ÐÿÏ ØÓ� ÍÜÿÛÔ �Í ÝÍ ÙÓÏÍ ÖÑÎÏÒ ÿ �ÍÔ�ÍÑÍÏÕÿÕÎÚÍ
ÑÿÛÔ �Í ÓØ ÕÌÍ �ÌÓ �Í ÐÓÏÕÍÜÕ ôËÓÎÚÓÏÍÏ â =��]Ýt à ?Ó�ÍÚÍ� â ÕÌ ÎÑ �ÿ ÎÑÍÑ ÕÌÍ ØÓ ��Ó� ÎÏÒ tÖÍÑÕÎÓÏÑ ö
ã
i
å æ ÌÿÕ � Î�� ÝÍ ÕÌÍ bÒÓÓÙc ÑÎßÍ ÓØ ÕÌÎÑ ÑÿÛÔ �Íd

ã
ii
å æ ÌÿÕ � Î�� ÝÍ ÕÌÍ ÓÔÕÎÛ ÿ � ÏÖÛÝÍ� ÓØ ÔÓ�ÕÎÓÏÑ ÕÌÍ �ÌÓ �Í ÎÏÕÍ�Úÿ � ÓØ ÑÔÿ�ÑÍÏÍÑÑ Úÿ �ÖÍÑ ÑÌÓÖ �Ù ÝÍ
ÙÎÚÎÙÍÙ ÎÏÕÓ ÕÓ ÍÏÑÖ�Í ÿÏ ÿÐÐÍÔÕÿÝ �Í Ô �ÍÐÎÑÎÓÏ ÙÍÒ�ÍÍ ÓØ ÕÌÍ ÓÝÕÿ ÎÏÍÙ ÐÓÏÕÍÜÕÑ ÐÿÕÍÒÓ� ÎßÿÕÎÓÏd

ËÌÍ ÿÏÑ�Í� � í ì_éì_ Ð �ÓÑÍ �× ÙÍÔÍÏÙÑ ÓÏ ÕÌÍ ÙÎÞ ÐÖ �Õ× �ÍÚÍ � ÓØ ÕÌÍ Û ÎÏÎÏÒ Ô �Ó ÐÍÑÑ à 2 ÕÌÍÓ�ÍÕÎÐÿ � ÑÕÖÙ×



ù �� wy�� �ûI �yûx ���� ���ÿ��ü����ÿ øHø

ÿÏÙ Úÿ �ÎÙÿÕÎÏÒ ÍÜÔÍ�ÎÛ ÍÏÕÑ ÌÿÚÍ ÕÓ Ý Í Ðÿ�� ÎÍÙ ÓÖÕ ÕÓ ÒÍÕ ÝÓÖÏÙÑ ØÓ� ÑÿÛÔ �Í ÑÎßÍÑ â ÎÏ ÐÓÏÏÍÐÕÎÓÏ
� ÎÕÌ ÕÌÍ ÙÍÑÎ�ÍÙ ÿÐÐÖ �ÿÐ× ÓØ ÕÌÍ �ÍÑÖ �ÕÑ à 2ÏÓÕÌÍ� ÎÛ ÔÓ�ÕÿÏÕ ÕÌÍÓ�ÍÕÎÐÿ � ÎÑÑÖÍ ÐÓÏÑÎÑÕÑ ÎÏ ÿÏÿ �×ßÎÏÒ
ÕÌÍ �Í �ÿÕÎÓÏ ÝÍÕ�ÍÍÏ ÕÌÍ ÑÔÿ�ÑÍÏÍÑÑ Û ÍÿÑÖ�Í ÓØ ÿ ÐÓÏÕÍÜÕ ÿÏÙ ÕÌÿÕ ÓØ ÎÕÑ ÙÖÿ � à ËÌÎÑ tÖÍÑÕÎÓÏ ÎÑ
ÌÎÒÌ �× ÐÓ��Í �ÿÕÍÙ � ÎÕÌ ÕÌÿÕ ÓØ ÙÍÕÍ�ÛÎÏÎÏÒ ÕÌÍ �Í �ÿÕÎÓÏ ÝÍÕ�ÍÍÏ ÕÌÍÎ� �ÍÑÔÍÐÕÎÚÍ �ÿÕÕÎÐÍÑ â ÓÝÕÿ ÎÏÍÙ
ÕÌÿÏA Ñ ÕÓ ÕÌÍ fÿ �ÓÎÑ Ð�ÓÑÖ�Í ÓÔ Í�ÿÕÓ� ÿÏÙ ÕÌÍ Ô�ÓÔÓÑÍÙ ÙÎÑò ÖÏÐÕÎÚÍ Ð �ÓÑÖ �Í ÓÔÍ�ÿÕÓ� â �ÍÑÔÍÐÕÎÚÍ �×à
2Ï ÎÏ�ÙÍÔÕÌ ÿÏÿ �×ÑÎÑ ÓØ ÕÌÍ ÐÓÛÛÓÏ ÐÌÿ�ÿÐÕÍ� ÎÑÕÎÐÑ ÓØ ÝÓÕÌ ÐÓÏòÖÏÐÕÎÚÍ ÿÏÙ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ
ÑÔÿÐÍÑ ÿÑ �Í �� ÿÑ ÕÌÍÎ� ÙÎ@Í�ÍÏÐÍÑ � äì äèä ÕÌÍ Û ÎÏÍÙ ÔÿÕÕÍ�ÏÑ ÎÑ ÕÌÖÑ ÿ ÕÌ�ÎÚ ÎÏÒ ÎÑÑÖÍ à

g/%"+'% 'h$ 0 %."( )  E *')'%.0(D'- .!! &(."( ) %/0'! 1 áÏ ÕÌÎÑ ÕÌÍÑÎÑ â �Í Û ÿ ÎÏ �× ÐÓÏÐÍÏÕ�ÿÕÍÙ ÓÏ
ÒÍÏÍ�ÿ �ÎßÍÙ �Ö �ÍÑ ÖÏÙÍ� ÿ ÒÍÏÍ�ÿ �ÎßÿÕÎÓÏ ÓØ ÕÌÍ ÑÖÔÔÓ�Õ�ÐÓÏ÷ÙÍÏÐÍ Ø�ÿÛÍ�Ó�A à áÏ Ó�ÙÍ� ÕÓ �ÍÙÖÐÍ
ÍÚÍÏ ÛÓ�Í ÕÌÍ ÏÖÛÝÍ� ÓØ ÍÜÕ�ÿÐÕÍÙ �Ö �ÍÑ �ÌÎ�Í �ÍÕÿ ÎÏ ÎÏÒ ÎÏÕÍ�ÍÑÕÎÏÒ ÓÏÍÑ ØÓ� ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ â ÕÌÍ
ÑÍ �ÍÐÕÎÓÏ ÓØ ÕÌÍ �ÎÒÌÕ tÖÿ �ÎÕ× Û ÍÿÑÖ�ÍÑ ôfÍÏÒ ÿÏÙ ?ÿÛ Î�ÕÓÏ â >ii] â ?jÝÍ�Õ ÿÏÙ k�jÛ Î��ÍÖÜ â >iilt
ÕÌÿÕ ÑÖÎÕ ÍÿÐÌ ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓÐÎÿÕÎÓÏ �Ö �Í ØÓ�Û ÎÑ ÏÍÐÍÑÑÿ�×à ËÌÍÑÍ Û ÍÿÑÖ�ÍÑ ÑÌÓÖ �Ù ÕÌÍÏ ÝÍ
ÒÍÏÍ�ÿ �ÎßÍÙ ÕÓ ÿ �ÑÓ ÕÿAÍ ÎÏÕÓ ÐÓÏÑÎÙÍ�ÿÕÎÓÏ ÕÌÍ ÙÎÑò ÖÏÐÕÎÓÏ ÿÏÙ ÏÍÒÿÕÎÓÏ ÓØ ÎÕÍÛ Ñ à ËÌÎÑ � Î�� ÿ ��Ó�
ÒÖÎÙÎÏÒ ÕÌÍ Û ÎÏÎÏÒ Ô�ÓÐÍÑÑ ÿÐÐÓ�ÙÎÏÒ ÕÓ ÕÌÍ ÐÓÖÔ �Í ãìm �G � éì§ â § G�ëmìG åà áÏ ÕÌ ÎÑ �ÍÑÔ ÍÐÕ â ÕÌÍ
Ô�ÓÔÓÑÍÙ Ô�Ó ÐÍÑÑ ÐÿÏ ÍÿÑÎ�× ÝÍ ÿÙÿÔÕÍÙ ÕÓ ÍÞ ÐÎÍÏÕ �× ÍÜÕ�ÿÐÕ ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ ÝÿÑÍÙ
ÓÏ ÐÓ��Í �ÿÕÍÙ ÔÿÕÕÍ�ÏÑ � äì äèä ÕÌÍ ñéê¢ Û ÍÿÑÖ�Í ôóÛ ÎÍÐÎÏÑA Î â >iint à áÏ ÿÙÙÎÕÎÓÏ â ÑÍÿ�ÐÌÎÏÒ ØÓ� ÕÌÍ
�Í �ÿÕÎÓÏÑÌÎÔÑ Ý ÍÕ�ÍÍÏ ÕÌÍ Úÿ�ÎÓÖÑ �Ö �Í ØÓ�ÛÑ ÙÍÑÍ�ÚÍÑ ÿ ÕÌÓ�ÓÖÒÌ ÎÏÚÍÑÕÎÒÿÕÎÓÏ à áÕÑ Û ÿ ÎÏ ÛÓÕÎÚÿÕÎÓÏ
ÎÑ ÕÓ ÍÜÕÍÏÙ ÕÌÍ ÐÓÏÐÍÔÕ ÓØ ÐÓÏÐÎÑÍ �ÍÔ �ÍÑÍÏÕÿÕÎÓÏ ÕÓ ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à ËÌÍ ÔÖ�ÔÓÑÍ ÎÑ
ÕÌÖÑ ÕÓ ÓÏ �× �ÍÕÿ ÎÏ ÿ ÑÖÝÑÍÕ ÓØ Úÿ �ÎÙ �Ö �ÍÑ 	 � äì äè ä ÿ ÒÎÚÍÏ ÑÍÕ ÓØ tÖÿ �ÎÕ× Û ÍÿÑÖ�ÍÑ 	 �ÌÎ�Í Ý ÍÎÏÒ
ÿÝ �Í ÕÓ ÙÍ�ÎÚÍ ÕÌÍ �ÍÛ ÿ ÎÏ ÎÏÒ �ÍÙÖÏÙÿÏÕ ÓÏÍÑ � ÎÕÌÓÖÕ ÎÏØÓ�Û ÿÕÎÓÏ �ÓÑÑ à 2ÙÍtÖÿÕÍ ÿÜÎÓÛ ÿÕÎÐ Ñ×ÑÕÍÛ Ñ
ÏÍÍÙ ÕÌÖÑ ÕÓ Ý Í ÑÍÕ ÖÔ ÕÿA ÎÏÒ ÎÏÕÓ ÿÐÐÓÖÏÕ ÕÌÍ ÖÑÍÙ ÐÓÏÏÍÐÕÓ�Ñ ÝÍÕ�ÍÍÏ ÎÕÍÛ Ñ à �ÓÕÍ�Ó�ÕÌÎ�×â ÕÌÎÑ
ÍÜÔ �Ó�ÿÕÎÓÏ ÐÿÏ ÍÜÔ �ÓÎÕ ÕÌÍ �ÍÑÖ �ÕÑ Ó@Í�ÍÙ Ý× ÕÌÍ ÒÍÏÍ�ÿ � Qopq ÿÔÔ�ÓÿÐÌ ô?rò ÍA ÿÏÙ ?ÿÚ�rÏÍA â
=�l� â ? ÿò ÍA ÿÏÙ ?Ó �ÍÏÿ â >iins à

th"')!( )  E 6 (!/.0(D."( ) "  0! 1 ËÓ Û ÿAÍ ÍÿÑÎÍ� ÕÌÍ Û ÿÏÎÔÖ �ÿÕÎÓÏ ÿÏÙ ÎÏÕÍ�Ô �ÍÕÿÕÎÓÏ ÓØ ÒÍÏÍ�ÿ �ÎßÍÙ
ÿÑÑÓÐÎÿÕÎÓÏ �Ö �ÍÑ Ý× ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ â Ú ÎÑÖÿ �ÎßÿÕÎÓÏ ÕÓÓ �Ñ ÿ�Í ÿ �ÑÓ ÓØ Ôÿ�ÿÛÓÖÏÕ ÎÛÔÓ�ÕÿÏÐÍ à áÏÙÍÍÙ â
ÕÌÍÑÍ �ÿÕÕÍ� Û ÿAÍ ÔÓÑÑÎÝ �Í ÕÌÍ ÍÏÙ�ÖÑÍ�Ñ ÕÓ ÐÓÏÐÍÏÕ�ÿÕÍ ÓÏ Ôÿ�ÕÎÐÖ �ÿ� ÿ�ÍÿÑ ÓØ ÎÏÕÍ�ÍÑÕ â Ý× ßÓÓÛ �
ÎÏÒ ÕÌÍÛ ØÓ� ÍÜÿÛÔ �Í à ËÌÎÑ Û ÓÕÎÚÿÕÍÑ ÕÌÍ ÍÜÕÍÏÑÎÓÏ ÓØ ÍÜÎÑÕÎÏÒ Ô�ÓÕÓÕ×Ô ÍÑ ØÓ� ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �Í
ÚÎÑÖÿ �ÎßÿÕÎÓÏ ÕÓ ÕÌÍ ÒÍÏÍ�ÿ �ÎßÍÙ ÐÿÑÍ à FÓ� ÍÜÿÛÔ �Í â ÓÖ � 9uvqw Ô�ÓÕÓÕ×Ô Í ô«ÍÏ ^ÿÌÎÿ Gè ��äâ
>ii�ÿ â kÓÖÕÖ� ÎÍ� Gè ��äâ >iils �ÿÑ ÙÍÑÎÒÏÍÙ ÕÓ ÚÎÑÖÿ �ÎßÍ ÕÌÓÖÑÿÏÙÑ ÓØ ÔÓÑÎÕÎÚÍ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ
ÕÌÿÏA Ñ ÕÓ ÿ Ð�ÖÑÕÍ� ÎÏÒ�ÝÿÑÍÙ ÕÍÐÌÏÎtÖÍ à áÏÕÍ�ÍÑÕÎÏÒ �×â ÕÌÎÑ Ô�ÓÕÓÕ×Ô Í ÐÓÚÍ�Ñ ÕÌÍ Û ÎÏ ÎÏÒ ÑÕÍÔ ÿÑ �Í ��
ÿÑ ÕÌÍ ÚÎÑÖÿ �ÎßÿÕÎÓÏ ÑÕÍÔ ÓØ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à áÏ ÕÌÍ ÒÍÏÍ�ÿ �ÎßÍÙ ÐÿÑÍ â ÕÌÍ Û ÎÏ ÎÏÒ ÐÓÛÔÓÏÍÏÕ ÐÿÏ ÝÍ
ÍÏÑÖ�ÍÙ ÖÑÎÏÒ ÕÌÍ Ô�ÓÔÓÑÍÙ QqwP ÕÓÓ � à ?Ó�ÍÚÍ� â ÕÌÍ ÚÎÑÖÿ �ÎßÿÕÎÓÏ ÑÕÍÔ ÑÌÓÖ �Ù ÝÍ ÍÜÕÍÏÙÍÙ � äì äèäÕÌÍ ÐÓÏÏÍÐÕÓ�Ñ ÎÏÚÓ �ÚÍÙ � ÎÕÌ ÎÏ ÕÌÍ ÚÎÑÖÿ �ÎßÍÙ �Ö �ÍÑ ÿÏÙ ÕÌÍ Õ×Ô Í ÓØ ÎÕÍÛ Ñ ãÔÓÑÎÕÎÚÍ Ó� ÏÍÒÿÕÎÚÍ åà
ËÌÍ ÎÏÕÍÒ�ÿÕÎÓÏ ÓØ tÖÿ �ÎÕ× Û ÍÿÑÖ �ÍÑ â ÎÏ ÿÙÙÎÕÎÓÏ ÕÓ ÕÌÍ ÑÖÔÔÓ�Õ ÿÏÙ ÐÓÏ÷ÙÍÏÐÍ ÓÏÍÑ â ÿÑ �Í �� ÿÑ
ÖÑÍ��ÑÔ ÍÐÎ÷ÍÙ ÐÓÏÑÕ�ÿ ÎÏÕÑ � Î�� ÿ �ÑÓ Ý Í ÌÍ �ÔØÖ � ØÓ� ØÖ�ÕÌÍ� ÔÿÕÕÍ�Ï Ô�ÖÏÎÏÒ à
�ÓÕÍ ÕÌÿÕ ÕÌÍ ÚÎÑÖÿ �ÎßÿÕÎÓÏ ÐÓÛÔÓÏÍÏÕ ÓØ 9uvqw ÐÿÏ ÝÍ ÑÕ�ÿ ÎÒÌÕØÓ��ÿ�Ù �× ÖÑÍÙ ÓÏÐÍ ÐÓÖÔ �ÍÙ � ÎÕÌ
ÕÌÍ Ô�ÓÔÓÑÍÙ :PQxyzTXUWTZX ÿ �ÒÓ� ÎÕÌÛ â � äì äèä ÑÖÐÐÎÏÐÕ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à ?Ó�ÍÚÍ� â �Í ÕÌÎÏA
ÕÌÿÕ ÿ Ðÿ�ÍØÖ � ÑÕÖÙ× ÓØ ÕÌÍ Í@ÍÐÕ ÓØ ÕÌÍ ÕÓÕÿ � Ó�ÙÍ� �Í �ÿÕÎÓÏ ÐÌÓÎÐÍ â ÓÏ ÕÌÍ tÖÿ �ÎÕ× ÓØ ÕÌÍ ÍÜÕ�ÿÐÕÍÙ
�Ö �ÍÑ ÿÐÐÓ�ÙÎÏÒ ÕÓ ÕÌÍ ÙÿÕÿ ÖÏÙÍ� ÐÓÏÑÎÙÍ�ÿÕÎÓÏ â Ô�ÍÑÍÏÕÑ ÿÏ ÎÏÕÍ�ÍÑÕÎÏÒ ÎÑÑÖÍ ÕÓ�ÿ�ÙÑ ÎÏÐ�ÍÿÑÎÏÒ
ÕÌÍ AÏÓ��ÍÙÒÍ ÖÑÍØÖ �ÏÍÑÑ à
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ØÓ ÐÖÑÍÙ ÓÏ � ìG{mGêè ÎÕÍÛ ÑÍÕÑ ÿÑ �Í �� ÿÑ ¤��_¢ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ � äì äè ä ÿ ÛÎÏÎÛÖÛ ÑÖÔÔÓ�Õ ÕÌ�ÍÑÌÓ �Ù
§ _êëmíí à áÕ ÎÑ ÌÓ�ÍÚÍ� �Ó�ÕÌ ÏÓÕÎÏÒ ÕÌÍ ÎÏÐ�ÍÿÑÍ ÎÏÕÍ�ÍÑÕ � ÎÕÌ ÎÏ ÕÌÍ ÙÿÕÿ Û ÎÏÎÏÒ ÐÓÛÛÖÏÎÕ× ÎÏ
ÒÍÕÕÎÏÒ ÓÖÕ �ÿ�Í ÔÿÕÕÍ�ÏÑ ôæÍÎÑÑ â >ii�s â ÿÏÙ ÍÑÔ ÍÐÎÿ ��× �ÿ�Í ÎÕÍÛ ÑÍÕÑ ÿÏÙ �ÿ�Í ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ ôB ÎÖ
Gè ��äâ =��� â ^ÖÏ Gè ��äâ >iins à |ÿ�Í ÔÿÕÕÍ�ÏÑ ÐÓÏÚÍ× ÎÏØÓ�Û ÿÕÎÓÏ ÿÝÓÖÕ �ÿ�Í ÑÎÕÖÿÕÎÓÏÑîÍÚÍÏÕÑ
ÖÑÍØÖ � ØÓ� ÙÍÕÍÐÕÎÏÒ â ØÓ� ÍÜÿÛÔ �Í â ÕÌÍ ÐÿÖÑÍÑ ÓØ �ÿ�Í ÙÎÑÍÿÑÍÑ Ø�ÓÛ ÛÍÙÎÐÿ � ÙÿÕÿ ô}ÓÌ ÿÏÙ |ÓÖÏÕ�ÍÍ â
>ii¡s â ÕÌÍ ÑÖÑÔÎÐÎÓÖÑ Õ�ÿÏÑÿÐÕÎÓÏÑ Ø�ÓÛ ÷ÏÿÏÐÎÿ � ÙÿÕÿ ôï ÿÏÏÎÏÒ Gè ��äâ >ii� s â ÍÕÐ à ~ÖÐÌ ÔÿÕÕÍ�ÏÑ ÿ�Í
ÓØÕÍÏ Û ÎÑÑÍÙ ÎÏ ÿ Ø�ÍtÖÍÏÕ ÔÿÕÕÍ�Ï Û ÎÏÎÏÒ Ô�Ó ÐÍÑÑ ÑÎÏÐÍ ÕÌÍÎ� Ø�ÍtÖÍÏÐÎÍÑ ÙÓ ÏÓÕ �ÍÿÐÌ ÕÌÍ § _êëmííÕÌ�ÍÑÌÓ �Ù à áÏ ÕÌÎÑ ÑÎÕÖÿÕÎÓÏ â ÕÌÍ ÿÙÿÔÕÿÕÎÓÏ ÓØ ÕÌÍ ÐÓÏÐÎÑÍ �ÍÔ �ÍÑÍÏÕÿÕÎÓÏÑ Ô�ÓÔÓÑÍÙ ÌÍ�Í ÑÌÓÖ �Ù
ÕÿAÍ ÎÏÕÓ ÿÐÐÓÖÏÕ ÕÌÍ ÙÎ@Í�ÍÏÐÍ ÎÏ ÕÌÍ ÑÕ�ÖÐÕÖ�ÿ � Ô�ÓÔÍ�ÕÎÍÑ ÓØ ÝÓÕÌ ÑÍÕÑ ÓØ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÿÏÙ
ÓØ �ÿ�Í ÓÏÍÑ à áÏÙÍÍÙ â ÕÌÍ ØÓ�ÛÍ� ÎÑ ÿÏ Ó�ÙÍ� ÎÙÍÿ � â �ÌÎ�Í ÕÌÍ ÑÍÐÓÏÙ ÎÑ ÿÏ Ó�ÙÍ� ÷ �ÕÍ� ãÿ �ÿ�Í ÎÕÍÛ ÑÍÕ
ÌÿÑ ÿ �� ÎÕÑ ÑÖÔ Í�ÑÍÕ ÿ �ÑÓ �ÿ�Í åà
æÍ ÿ �ÑÓ ÿ ÎÛ ÿÕ ÍÜÔ �ÓÎÕÎÏÒ ÓÖ � ÍÜÔ �Ó�ÿÕÎÓÏ ÓØ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍÿ�ÐÌ ÑÔÿÐÍ ÕÓ�ÿ�ÙÑ ÕÌÍ ÍÞ ÐÎÍÏÕ
ÙÍÕÍÐÕÎÓÏ ÓØ Û ÎÏÎÛ ÿ � Õ�ÿÏÑÚÍ�Ñÿ �Ñ ÓØ ÿ Ì×ÔÍ�Ò�ÿÔÌ ô«Í�ÒÍ â =��� â F�ÍÙÛ ÿÏ ÿÏÙ }ÌÿÐÌÎ×ÿÏ â =��]s à
ËÌÎÑ �ÿÕÕÍ� ÑÕ�ÖÐÕÖ�Í ÐÿÏ ÝÍ �ÍÔ�ÍÑÍÏÕÍÙ ÕÌ �ÓÖÒÌ ÿÏ ÍÜÕ�ÿÐÕÎÓÏ ÐÓÏÕÍÜÕ ÑÖÐÌ ÕÌÿÕ ÓÝò ÍÐÕÑ �ÍÔ�ÍÑÍÏÕ
Ì×ÔÍ�ÍÙÒÍÑ â �ÌÎ�Í ÎÕÍÛ Ñ ÑÕÿÏÙ ØÓ� ÕÌÍ ÐÓ��ÍÑÔÓÏÙÎÏÒ ÚÍ�ÕÎÐÍÑ à æ ÎÕÌÎÏ ÕÌÍ ÿØÓ�ÍÛ ÍÏÕÎÓÏÍÙ ÑÍÿ�ÐÌ
ÑÔÿÐÍ â ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ ÝÍ �ÓÏÒÎÏÒ ÕÓ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ÍtÖÎÚÿ �ÍÏÐÍ Ð�ÿÑÑ ÌÿÚÎÏÒ ØÓ� ÑÖÔÔÓ�Õ ÕÌÍ Ðÿ��
ÙÎÏÿ �ÎÕ× ÓØ ÕÌÍ �ÌÓ �Í ÓÝò ÍÐÕ ÑÍÕ ÿ�Í ÕÌÍ ÐÓ��ÍÑÔÓÏÙÎÏÒ Û ÎÏÎÛ ÿ � Õ�ÿÏÑÚÍ�Ñÿ �Ñ à ~ ÎÏÐÍ ÕÌÎÑ ÍtÖÎÚÿ �ÍÏÐÍ
Ð�ÿÑÑ ÎÑ ÕÌÍ ÕÓÔ ÓÏÍ � ÎÕÌ ÎÏ ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ �ÿÕÕÎÐÍ ãÎÕÑ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÖ�Í ÝÍÎÏÒ ÍtÖÿ � ÕÓ ÕÌÍ �ÌÓ �Í
ÑÍÕ ÓØ ÎÕÍÛ Ñåâ �ÍÚÍ �� ÎÑÍ ÑÍÿ�ÐÌ ÿ �ÒÓ� ÎÕÌÛ Ñ �ÓÖ �Ù ÍÜÿÛ ÎÏÍ Û ÿÏ× ÖÏÏÍÐÍÑÑÿ�× ÐÿÏÙÎÙÿÕÍÑ à áÏ ÕÌÎÑ
ÑÎÕÖÿÕÎÓÏ â ÎÕ � Î�� ÝÍ ÎÏÕÍ�ÍÑÕÎÏÒ ÕÓ ÝÍÏÍ÷Õ Ø�ÓÛ ÕÌÍ Ô�ÓÔÓÑÍÙ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÖ�Í ÓÔ Í�ÿÕÓ� ÎÏ Ó�ÙÍ�
ÕÓ ÍÞ ÐÎÍÏÕ �× ÙÍÕÍÐÕ ÕÌÍ Õÿ�ÒÍÕÍÙ Ð�ÿÑÑ ÿÏÙ â ÌÍÏÐÍ â ÎÕÑ ÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕÑ à

�$$0(&."( )  E "+'  7".()'- %'!/0"! E % %'.0#0(E' -.".!'"! 1 ËÌÍ ÿÔÔ �ÎÐÿÕÎÓÏ ÓØ ÕÌÍ ÓÝÕÿ ÎÏÍÙ �ÍÑÖ �ÕÑ
ÓÏ �Íÿ �� �ÎØÍ ÙÿÕÿÑÍÕÑ ÎÑ ÿÐÕÖÿ ��× ÿ ÐÌÿ ��ÍÏÒÎÏÒ ÕÿÑA à áÏ ÕÌÎÑ �ÍÑÔÍÐÕ â ÎÕ ÎÑ ÌÎÒÌ �× ÎÏÕÍ�ÍÑÕÎÏÒ ÕÓ ÍÜÕ�ÿÐÕ
ÕÌÍ Ô �ÓÔÓÑÍÙ ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏÑ ÕÓ ÙÍÿ � � ÎÕÌ ÝÎÓÎÏØÓ�Û ÿÕÎÐÑ ÙÿÕÿ ôæÿÏÒ Gè ��äâ >ii¡s ÿÏÙ â
ÎÏ Ôÿ�ÕÎÐÖ �ÿ� â ÒÍÏÍ�ÍÜÔ�ÍÑÑÎÓÏ ÙÿÕÿ ÿÏÿ �×ÑÎÑ à áÏ ÒÍÏÍ�ÍÜÔ�ÍÑÑÎÓÏ ÙÿÕÿÑÍÕÑ â ÎÕÍÛ Ñ �ÍÔ�ÍÑÍÏÕ ÒÍÏÍ
ÍÜÔ�ÍÑÑÎÓÏ Ô �ÓÔÍ�ÕÎÍÑ â �ÌÎ�Í ÓÝò ÍÐÕÑ ÑÕÿÏÙ ØÓ� ÝÎÓ �ÓÒÎÐÿ � ÑÎÕÖÿÕÎÓÏÑ ãÓ� ÝÎÓ �ÓÒÎÐÿ � ÍÜÔÍ� ÎÛ ÍÏÕÑ åà
ËÌÍ Ø�ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÌÍÏÐÍ ÙÍÏÓÕÍ ÑÍÕÑ ÓØ ÒÍÏÍÑ ÕÌÿÕ ÿ�Í Ø�ÍtÖÍÏÕ �× ÐÓ��ÍÒÖ �ÿÕÍÙ ÿÏÙ ÕÌÖÑ ÐÿÏ ÝÍ
ÑÖÑÔ ÍÐÕÍÙ ÕÓ Ôÿ�ÕÎÐÎÔÿÕÍ ÕÓ ÿ ÐÓÛÛÓÏ ØÖÏÐÕÎÓÏ � ÎÕÌ ÎÏ ÕÌÍ ÐÍ ��Ñ ô«ÍÑÑÓÏ Gè ��äâ >ii¡s à ËÌÍÑÍ ÙÿÕÿÑÍÕÑÓ@Í� ÕÌÍ ÛÓÑÕ ÎÏÕÍ�ÍÑÕÎÏÒ ÐÿÑÍÑ ØÓ� ÕÌÍ ÿÔÔ �ÎÐÿÕÎÓÏ ÓØ ÐÓÏÐÎÑÍ �ÍÔ�ÍÑÍÏÕÿÕÎÓÏ ÑÎÏÐÍ ÕÌÍ× ÿ�Í ÙÍÏÑÍ
ÿÏÙ ÑÕ�ÓÏÒ �× ÐÓ��Í �ÿÕÍÙ ô«ÍÐtÖÍÕ Gè ��äâ >ii> â «ÍÑÑÓÏ Gè ��äâ >ii¡ â fÿÑÛ Î Gè ��äâ >ii¡s à ËÌÍ× ÌÍÏÐÍ
Ô�ÓÙÖÐÍ ÍtÖÎÚÿ �ÍÏÐÍ Ð�ÿÑÑÍÑ ÐÓÏÕÿ ÎÏ ÎÏÒ ÿ �ÿ�ÒÍ ÏÖÛÝÍ� ÓØ ÔÿÕÕÍ�ÏÑ â ÑÌÿ� ÎÏÒ ÐÓÛÛÓÏ ÐÌÿ�ÿÐÕÍ� ÎÑÕ ÎÐÑ à
áÏ ÕÌÎÑ ÑÎÕÖÿÕÎÓÏ â ÕÌÍ �ÍÙÖÏÙÿÏÐ× �ÍÛÓÚÿ � � ÎÕÌ ÎÏ ÕÌÍ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�îÍÑÑÍÏÕÎÿ � ÎÕÍÛ ÑÍÕ ÑÍÕ ÐÿÏ
ÝÍ ÖÑÍØÖ � ÕÓ�ÿ�ÙÑ �ÍÙÖÐÎÏÒ ÕÌÍ ÏÖÛÝÍ� ÓØ ÒÍÏÍ�ÿ �ÎßÍÙ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ ÕÌÿÕ ÐÿÏ ÝÍ Ù�ÿ�Ï Ø�ÓÛ
ÑÖÐÌ ÙÿÕÿÑÍÕÑ à áÏ ÿÙÙÎÕÎÓÏ â ÕÿA ÎÏÒ ÎÏÕÓ ÐÓÏÑÎÙÍ�ÿÕÎÓÏ ÕÌÍ ÿÝÑÍÏÐÍ ÓØ ÒÍÏÍÑ ã_äG äâ ÏÍÒÿÕÎÚÍ ÎÕÍÛ Ñå ÐÿÏ
ÝÍ ÿ ÖÑÍØÖ � ÕÓÓ � ØÓ� ÿÏÿ �×ßÎÏÒ ÕÌÍ Í@ÍÐÕ ÓØ ÕÌÍ ÿÝÑÍÏÐÍ ÓØ ÓÏÍ Ó� ÛÓ�Í ÒÍÏÍÑ ÎÏ ÕÌÍ ÍÚÓ �ÖÕÎÓÏ ÓØ ÕÌÍ
ÓÕÌÍ� ÓÏÍÑ à 2 ÝÎÓ �ÓÒÎÑÕ ÐÿÏ ÝÍØÓ�ÍÌÿÏÙ ÑÍ �ÍÐÕ ÕÌÍ ÛÓÑÕ ÎÏÕÍ�ÍÑÕÎÏÒ �Ö �Í ØÓ�ÛÑ � äì äèä ÕÌÍ �ÍÑÍÿ�ÐÌ
ÔÖ�ÔÓÑÍÑ à FÓ� ÍÜÿÛÔ �Í â ÕÌÍ ÔÓÑÑÎÝ �Í Û ÎÏÍÙ ÒÍÏÍ ÎÏÕÍ�ÿÐÕÎÓÏÑ ÐÿÏ ÝÍ ÿÑ ØÓ ��Ó� Ñ ö

•
áÏÕ�ÿ�ÝÎÓ �ÓÒÎÐÿ � ÑÎÕÖÿÕÎÓÏ ÐÓ��Í �ÿÕÎÓÏÑ ö ÎÏ ÕÌÎÑ ÷ �ÑÕ ÐÿÑÍ â ÕÌÍ ÎÏÕÍ�ÿÐÕÎÓÏÑ ÿ�Í Ý ÍÕ�ÍÍÏ ÒÍÏÍÑ
ÕÌÿÕ ÑÎÛÖ �ÕÿÏÍÓÖÑ�× ÿÔÔÍÿ� ÎÏ ÕÌÍ ÑÿÛÍ ÝÎÓ �ÓÒÎÐÿ � ÍÜÔÍ�ÎÛ ÍÏÕÑ à ËÌÍ ÖÑÍ ÓØ Û ÎÏÎÛ ÿ � ÒÍÏÍ�ÿÕÓ�Ñ
ÿÏÙ ÕÌÍÎ� ÿÑÑÓ ÐÎÿÕÍÙ Ð�ÓÑÖ�ÍÑ ÐÿÏ ÝÍ ÌÍ �ÔØÖ � ÎÏ ÕÌÎÑ ÐÿÑÍ à
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•
áÏÕÍ��ÝÎÓ �ÓÒÎÐÿ � ÑÎÕÖÿÕÎÓÏÑ ÐÓ��Í �ÿÕÎÓÏÑ ö ÎÏ ÕÌÎÑ ÑÍÐÓÏÙ ÐÿÑÍ â ÕÌÍ ÎÏÕÍ�ÿÐÕÎÓÏÑ ÿ�Í Ý ÍÕ�ÍÍÏ ÐÓÛ �
Ô �ÍÛ ÍÏÕÿ�× ÓÐÐÖ��ÍÏÐÍ ÒÍÏÍÑ â _äG äâ ÕÌÓÑÍ ÕÌÿÕ ÐÌÿ�ÿÐÕÍ�ÎßÍ ÙÎ@Í�ÍÏÕ ÍÜÔÍ� ÎÛ ÍÏÕÑ à ?Í�Í â ÕÌÍ
ÖÑÍ ÓØ ÍÑÑÍÏÕÎÿ � ÿÏÙ ÙÎÑò ÖÏÐÕÎÚÍ Ð�ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ ÐÿÏ ÝÍ ÌÍ �ÔØÖ � ÕÓ ÐÿÕÐÌ ÖÑÍØÖ � ÎÏ ØÓ�Û ÿÕÎÓÏ à
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� ¼� ¹¼��ÆÂ� ��

ô2Ò�ÿ�ÿ � Gè ��äâ =��ns q�XU[U� â | àâ :� S��SV��S â Ë à ÿÏÙ O[U� S â 2 à �=��n� à ï ÎÏ ÎÏÒ ÿÑÑÓÐÎÿÕÎÓÏ �Ö �ÍÑ
ÝÍÕ�ÍÍÏ ÑÍÕÑ ÓØ ÎÕÍÛ Ñ ÎÏ �ÿ�ÒÍ ÙÿÕÿÝÿÑÍÑ à �ê � ìé<GG�_ê�ë é� è� G � �� 
�� �� �  �êèGìê�è_éê�� �éê� GìGê <G
éê ��ê�� G¡ Gêè é�   �è� ¢�� �� �  £¤¤¥¦ § ¨�ë� _ê� èéê   ä �ä§ ©�� â ÔÿÒÍÑ >il	 >=] à

ô2Ò�ÿ�ÿ � Gè ��äâ =��]s q�XU[U� â | àâ PUVVS�U â ? àâ OXS�UVT â | àâ RZSªZV�V â ? à ÿÏÙ v�X�U�Z â 2 à á à
�=��]� à FÿÑÕ ÙÎÑÐÓÚÍ�× ÓØ ÿÑÑÓ ÐÎÿÕÎÓÏ �Ö �ÍÑ à �ê ��«�ê<Gë _ê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê� §���� � ìGëë§ � Gê �é � �ìð § �� § ©�� â ÔÿÒÍÑ nil	n>® à

ô2Ò�ÿ�ÿ � ÿÏÙ ~�ÎAÿÏÕ â =���s q�XU[U� â | à ÿÏÙ OXS�UVT â | à �=���� à FÿÑÕ ÿ �ÒÓ�ÎÕÌÛ Ñ ØÓ� Û ÎÏÎÏÒ ÿÑÑÓ ÐÎ¯
ÿÕÎÓÏ �Ö �ÍÑ à �ê � ìé<GG�_ê�ë é� è� G °±è� �êèGìê�è_éê�� �éê� GìGê<G éê ²Gì ³�ì� G   �è� ´ �ëGë ¢²³ ´£¤¤µ¦ § ��êè_�� é§ �� _�Gâ ÔÿÒÍÑ �l®	��� à

ô2ÏÕÓÏÎÍ ÿÏÙ ¶ÿ·ÿÏÍ â >ii�s qVTZVS� â ï à ÿÏÙ ¸U¹UV� â ó à | à �>ii�� à ï ÎÏÎÏÒ ÔÓÑÎÕÎÚÍ ºÏÙ ÏÍÒºÕÎÚÍ
ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ ö 2Ï ºÔÔ»ÓºÐÌ ØÓ» ÐÓÏ÷ÏÍÙ »Ö ¼ÍÑ à �ê � ìé<GG�_ê� ë é� è� G ½è� ¾mìéí G�ê �éê� GìGê <G éê
� ì_ê<_í �Gë �ê� � ì�<è_<G é� ¬ êé� �G�� G   _ë<é«Gì _ê   �è�ñ�ëGë ¢�¬   °±±µ¦ § ³¿ ��§ «é�m¡ G ¥°±°§
�í ì_ê� Gì
 ²Gì ��� § � _ë�§ � è�� â ÔºÒÍÑ >l	n® à

ô2»ÛÑÕ»ÓÏÒ â =�l�s qX��TXZV� â æ à æ à �=�l�� à ÀÍÔÍÏÙÍÏÐ× ÑÕ»ÖÐÕÖ»ÍÑ ÓØ ÙºÕºÝºÑÍ »Í ¼ºÕÎÓÏÑÌÎÔÑ à �ê
� ìé<GG�_ê� ë é� �Á�� �éê� ìGëë§ �GêG«�§ �� _è� Gì ��ê�â ÔºÒÍÑ Â®i	Â®n à

ô2 ÑÌ»º÷ Gè ��äâ >iils q �\XUÃS â ï à ¶ àâ RUVSUX â À à ºÏÙ O� ST\ â } à �>iil� à |ÍÙÖÏÙºÏÕ ºÑÑÓÐÎºÕÎÓÏ »Ö ¼ÍÑ
»ÍÙÖÐÕÎÓÏ ÕÍÐÌÏÎtÖÍÑ à �êèGìê�è_éê�� Äémìê�� ´ më _êGëë �êèG� �_� Gê<G �ê�   �è� � _ê _ê� â > �=� ö>�	]n à

ôÅº ÎÜÍ» ÎÍÑ Gè ��äâ >ii�s ÆUSz�XS�� â Ç àâ OÈUT\�UXÉ â B àâ vU�TW\�ª â Ê à ºÏÙ QZËSV â | à �>ii�� à ^ÍÕ º
ØºÑÕÍ» º¼ÒÓ»ÎÕÌÛ ØÓ» ÝÖÎ¼ÙÎÏÒ ÕÌÍ pºÑÑÍ ÙÎºÒ»ºÛ ÓØ º ÐÓÏÐÍÔÕ ¼ºÕÕÎÐÍ à �ê � ìé<GG�_ê�ë é� è� G Ìè� �êèGìê�

è_éê�� �éê� GìGê<G éê Áéì¡�� �éê <Gí è �ê��ë _ë ¢� �Á �� °±±¤¦ § ³¿ ��§ «é�m¡ G ÍÍµ ½§ �í ì_ê� Gì
 ²Gì ��� §  �ì¡ ëè��è§ �Gì¡�ê â ÔºÒÍÑ =]>	 =ll à

ôÅº¼Ðrßº» Gè ��äâ >iils ÆU�WÎÈUX â Ç à B àâ ÆSÃ�T â 2 à ºÏÙ ÏZÈUVZ â 2 à �>iil� à ï ÎÏÎÏÒ Ø»ÍtÖÍÏÕ Ð¼ÓÑÍÙ
ÖÏÓ»ÙÍ»ÍÙ Õ»ÍÍÑ ÕÌ»ÓÖÒÌ ÏºÕÖ»º¼ »ÍÔ »ÍÑÍÏÕºÕÎÓÏÑ à �ê � ìé<GG�_ê�ë é� è� G £Íè� �êèGìê�è_éê�� �éê� GìGê <G
éê �éê <Gí èm�� � èìm<èmìGë ¢� ��� °±± Ì¦ § ³¿ ��§ «é �m¡ G µ Ð±µ § �í ì_ê� Gì
 ²Gì ��� § �� GÑ G��§ ©¬ â ÔºÒÍÑ
n�l	nÂ� à

ôÅº¼Ðrßº» ºÏÙ kºÑºÑ¯fº»» ÎÒº â >iils ÆU�WÎÈUX â Ç à B à ºÏÙ 9U�U�YQUXXS�U â f à �>iil� à pÓ»Ï ºÜÎÓÛ ºÕÎ¯
ßºÕÎÓÏÑ ØÓ» ÑÍtÖÍÏÕÎº¼ ÙºÕº à Ò� GéìGè_<�� �é¡í m èGì � <_Gê<Gâ nl=�n� ö>�l	 >]� à

ôÅº»º¼ÎÑ ºÏÙ kÌÎÖ ÑºÏÓ â >ii�s ÆUXU�S� â Ó à ºÏÙ 9\SÔ�UVZ â ~ à �>ii�� à Ó ÑÑÍÏÕÎº¼ Ð ¼ºÑÑÎ÷ ÐºÕÎÓÏ »Ö ¼Í ÑÍÕÑ à
� �� Òì�êë�<è_éêë éê   �è�ñ�ëG �ëèG¡ ëâ >� ��� ö]nÂ	]l� à



øHÕ Ö �× ý��Ø����Ù

ôÅº»ÝÖÕ ºÏÙ ïÓÏò º»ÙÍÕ â =�lis ÆUXuÔT â ï à ºÏÙ PZVÚUXË�T â Å à �=�li� à �ì�ìG Gè <��ëë _Û <�è_éê ä � �� ÜñìGGè �é¡ ñ_ê�èé_ìGà ?ºÐÌÍÕÕÍ â ËÓÛ Í áá à
ôÅºÑÕÎÙÍ Gè ��äâ >iiiºs ÆU�TSË� â ^ àâ ÝU�ÞÔS�X â ß àâ RUZÔS� â | àâ OTÔ��� â f à ºÏÙ ÏU�\U� â B à �>iiiº� à

ï ÎÏ ÎÏÒ Û ÎÏÎÛ º¼ ÏÓÏ ¯»ÍÙÖÏÙºÏÕ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ ÖÑÎÏÒ Ø»ÍtÖÍÏÕ Ð ¼ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ à �ê � ìé<GG�_ê�ë é� è� G£ëè �êèGìê�è_éê�� �éê� GìGê<G éê �é¡í m è�è_éê�� ³é� _< ¢  ��  °±±±¦ § ³¿��§ «é �m¡ G £½Ð£§ �í ì_ê� Gì

²Gì ��� § ³éê�éê § ©¬ â ÔºÒÍÑ �l>	�®] à

ôÅºÑÕÎÙÍ Gè ��äâ >iiiÝ s ÆU�TSË� â ^ àâ RUZÔS� â | àâ ÝU�ÞÔS�X â ß àâ OTÔ��� â f à ºÏÙ ÏU�\U� â B à �>iiiÝ � à
ï ÎÏ ÎÏÒ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ à ÎÕÌ ÐÓÖÏÕÎÏÒ ÎÏØÍ»ÍÏÐÍ à � �� 
�� �¬   ¾çí �éì�è_éêëâ > �>� ö]]	 lÂ àôÅº×º»ÙÓ â =��®s ÆUÉUXËZ â | à Ç à �=��®� à ÓÞ ÐÎÍÏÕ ¼× Û ÎÏÎÏÒ ¼ÓÏÒ ÔºÕÕÍ»ÏÑ Ø»ÓÛ ÙºÕºÝºÑÍÑ à �ê � ìé<GG�_ê�ë
é� è� G �êèGìê�è_éê�� �éê� GìGê <G éê � �ê�� G¡ Gêè é�   �è� ¢�� �� �  £¤¤½¦ § � G�èè�G§ ¨�ë� _ê� èéê § ©�� â
ÔºÒÍÑ ®Â	�n à

ôÅº×º»ÙÓ Gè ��äâ >ii�s ÆUÉUXËZ â | à Ç àâ QZ�T\U�� â Å à ºÏÙ ¸U�S â ï à Ç à �>ii�� à F»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕ Û ÎÏÎÏÒ
ÎÛÔ ¼ÍÛ ÍÏÕºÕÎÓÏÑ »ÍÔÓÑÎÕÓ»×à qÚº Î¼ºÝ ¼Í ºÕ ÌÕÕÔ öîî÷Û Î àÐÑ àÌÍ ¼ÑÎÏA Î à÷ î â ºÐÐÍÑÑÍÙ ÓÏ áÖ ¼× >�ÕÌ â >ii� à

ôÅÍÐtÖÍÕ Gè ��äâ >ii>s Æ�WÞÔ�T â k àâ Æ�UW\ZV â ~ àâ á�ÔËÉ â Å àâ ÆZÔ�SWUÔT â Ç à¯F à ºÏÙ QUVËXS��ZV â ó à
�>ii>� à ~Õ»ÓÏÒ¯ºÑÑÓ ÐÎºÕÎÓÏ¯»Ö ¼Í Û ÎÏ ÎÏÒ ØÓ» ¼º»ÒÍ¯ÑÐº¼Í ÒÍÏÍ¯ÍÜÔ»ÍÑÑÎÓÏ ÙºÕº ºÏº¼×ÑÎÑ ö º ÐºÑÍ ÑÕÖÙ× ÓÏ
ÌÖÛ ºÏ OqQy ÙºÕº à �Gêé¡ G ´ _é�é�  â n àôÅÍÏ ^ºÌÎº Gè ��äâ >ii�ºs Æ�V âU\SU â ~ àâ 9ZÔTÔXS�X â ó àâ pU�XZÔVS â Ë à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à
�>ii�º� à � Gè�
ðêé� �G�� G ñ�ëG� �íí ìé�<� � éì �ê _êèGì�<è_«G «_ëm��_� �è_éê é� ��ì� G �¡ émêèë é� �ëëé<_�è_éêìm�Gëâ ÔºÒÍÑ >i>	>>Â à áÏ ÕÌÍ ÅÓÓA ÓÏ ÊÓÑÕ¯ïÎÏÎÏÒ ÓØ 2 ÑÑÓ ÐÎºÕÎÓÏ |Ö ¼ÍÑ ö ËÍÐÌÏÎtÖÍÑ ØÓ» Ó@ÍÐÕÎÚÍ
}ÏÓà¼ÍÙÒÍ ÓÜÕ»ºÐÕÎÓÏ â áf á f¼ÓÝº¼ ÊÖÝ ¼ÎÑÌÍ» à

ôÅÍÏ ^ºÌÎº Gè ��äâ >ii�Ý s Æ�V âU\SU â ~ àâ QU��S â f à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii�Ý � à 2 ÏÍà ÒÍÏÍ» ÎÐ
ÝºÑÎÑ ÓØ ØºÐÕÖº¼ ºÏÙ ÎÛÔ ¼ÎÐºÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à Òé �íí G�ì _ê �êèG� �_� Gêè   �è� �ê��ë _ë ¢� �¦ 
 �ê�êèGìê�è_éê�� Äémìê��§ � �� � ìGëëàôÅÍÏ ^ºÌÎº Gè ��äâ >ii]s Æ�V âU\SU â ~ àâ pU�XZÔVS â Ë à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii]� à F»ÍtÖÍÏÕ Ð¼ÓÑÍÙ
ÎÕÍÛ ÑÍÕ ÝºÑÍÙ º¼ÒÓ» ÎÕÌÛ Ñ ö 2 ÕÌÓ»ÓÖÒÌ ÑÕ»ÖÐÕÖ»º¼ ºÏÙ ºÏº¼×ÕÎÐº¼ ÑÖ»ÚÍ×à � �� 
�� �¬   ¾çí �éì�è_éêëâ® �=� ö�n	 =i� à

ôÅÍÏ ^ºÌÎº ºÏÙ ïÍÔÌÖ ßÒÖÎØÓ â >ii�s Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii�� à |ÍÚÎÑÎÕ ÎÏÒ ÒÍÏÍ» ÎÐ
ÝºÑÍÑ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê� ë é� Ðè� �êèGìê�è_éê�� �éê� GìGê<G éê   �è� ¨�ìG� émë_ê� �ê�
¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±±µ¦ § ³¿ ��§ «é�m¡ G ¥£½£§ �í ì_ê� Gì
 ²Gì ��� § å �ì�� é��§ �í �_êâ ÔºÒÍÑÂ®	]l à

ôÅÍ»ÒÍ â =�®�s Æ�X�� â k à �=�®�� à æ í Gì� ì�í �ëà ßÓ»ÕÌ ?Ó ¼¼ºÏÙ â 2ÛÑÕÍ»ÙºÛ à
ôÅÍ»»× ºÏÙ B ÎÏÓ@ àâ >ii�s Æ�XXÉ â ï à Ç à 2 à ºÏÙ ÏSVZÃÃ çâ f à ~ à �>ii�� à   �è� � _ê _ê� ÒG<�ê _{mGë è Áéì��ìð Gè_ê� § ���Gë§ �ê� �mëèé¡ Gì éG��è_éêë� _í � �ê�� G¡ Gêè§ � G<éê� ¾ �_è_éê ä æ Î¼Í× ÊÖÝ ¼ÎÑÌÎÏÒ à
ôÅÍÑÑÓÏ Gè ��äâ >iiÂs Æ���ZV â Ç àâ wZuUXË�T â k àâ ÆZÔ�SWUÔT â Ç à¯F à ºÏÙ wZ�� â ~ à �>iiÂ� à kÓÏÑÕ»º ÎÏÕ¯
ÝºÑÍÙ ÐÓÏÐÍÔÕ Û ÎÏÎÏÒ ºÏÙ ÎÕÑ ºÔÔ ¼ÎÐºÕÎÓÏ ÕÓ Û ÎÐ»Óº»»º× ÙºÕº ºÏº¼×ÑÎÑ à �êèG� �_� Gêè   �è� �ê��ë _ëâ� �=� öÂ�	®> à

ôÅÓÏÐÌ Î ºÏÙ BÖÐÐÌÍÑÍ â >ii]s ÆZVW\S â F à ºÏÙ ÏÔWW\��� â k à �>ii]� à óÏ ÐÓÏÙÍÏÑÍÙ »ÍÔ »ÍÑÍÏÕºÕÎÓÏÑ ÓØ
ÐÓÏÑÕ»º ÎÏÍÙ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ à ¬ êé� �G�� G �ê� �ê� éì¡�è_éê �ëèG¡ ëâ � �>� ö=®i	>i = à



Ö�× ý��Ø����Ù øHê

ôÅÓÖ ¼ÎÐºÖÕ Gè ��äâ >iins ÆZÔ�SWUÔT â Ç à¯F àâ ÆÉ�Z[ ��S â 2 à ºÏÙ wS�ZTTS â k à �>iin� à F»ÍÍ¯ÑÍÕÑ ö 2 ÐÓÏ¯
ÙÍÏÑÍÙ »ÍÔ»ÍÑÍÏÕºÕÎÓÏ ÓØ ÆÓÓ ¼ÍºÏ ÙºÕº ØÓ» ÕÌÍ ºÔÔ»ÓÜ ÎÛ ºÕÎÓÏ ÓØ Ø»ÍtÖÍÏÐ× tÖÍ» ÎÍÑ à   �è� � _ê _ê� �ê�
¬ êé� �G�� G   _ë<é«Gì â l �=� öÂ	>> à

ôÅÓÖ ¼ÎÐºÖÕ ºÏÙ ÇÍÖÙ×â >ii =s ÆZÔ�SWUÔT â Ç à¯F à ºÏÙ á�ÔËÉ â Å à �>ii =� à ï ÎÏ ÎÏÒ Ø»ÍÍ ÎÕÍÛ ÑÍÕÑ ÖÏÙÍ» ÐÓÏ¯
ÑÕ»º ÎÏÕÑ à �ê � ìé<GG�_ê�ë é� è� G �êèGìê�è_éê��   �è�ñ�ëG ¾ê� _êGGì_ê� �ê� �íí �_<�è_éê �¡í éë _m¡ ¢� ¾��°±±£¦ § �ìGêéñ�G§ Áì�ê<Gâ ÔºÒÍÑ n>>	n>� à

ôÅ» Îò Ñ â >iins ÆXSÚ� â Ë à �>iin� à | ÍÕº Î¼ Û º»AÍÕ ÝºÑAÍÕ ÙºÕº ÑÍÕ à �ê � ìé<GG�_ê� ë é� è� G �¾¾¾ � � � ¨éìð 
ë� éí éê ÁìG{mGêè � èG¡ ëGè � _ê _ê� �¡í �G¡ Gêè�è_éêë ¢Á��� °±±¥¦ â ÚÓ ¼ÖÛÍ �i ÙÍ �¾ ©é ¨éìðë� éí � ìé
<GG�_ê� ë§ � G�ñémìê G§ Á �éì_��§ ©�� à
ôÅ» Îò Ñ Gè ��äâ =���s ÆXSÚ� â Ë àâ O[ SVV�V â f àâ vUV\ZZÃ â } à ºÏÙ ë�T� â f à �=���� à ì ÑÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ
ØÓ» Ô»ÓÙÖÐÕ ºÑÑÓ»ÕÛÍÏÕ ÙÍÐÎÑÎÓÏÑ ö 2 ÐºÑÍ ÑÕÖÙ×à �ê � ìé<GG�_ê� ë é� è� G Ðè� � �� 
�� �¬   �êèGìê�è_éê���éê� GìGê<G éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê� ¢¬   £¤¤¤¦ § � �ê   _G� é§ �� § ©�� â ÔºÒÍÑ >Â�	
>]i à

ôÅ×AÓà ÑA Î ºÏÙ | ÎÒÓÕÕÎ â >ii =s ÆÉ�Z[ ��S â 2 à ºÏÙ wS�ZTTS â k à �>ii =� à 2 ÐÓÏÙÍÏÑÍÙ »ÍÔ»ÍÑÍÏÕºÕÎÓÏ ÕÓ ÷ÏÙ
Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê� ë é� è� G £°è� � �� �¡í éë_m¡ éê � ì_ê <_í �Gë ��   �è�ñ�ëG �ëèG¡ ë
¢� � � °±±£¦ § � �� � ìGëë§ � �êè� ´ �ìñ�ì�§ �� § ©�� â ÔºÒÍÑ >]l	>ln à

ôÅ×AÓà ÑA Î ºÏÙ | ÎÒÓÕÕÎ â >iins ÆÉ�Z[ ��S â 2 à ºÏÙ wS�ZTTS â k à �>iin� à 8Æ9 ö 2 ÐÓÏÙÍÏÑÍÙ »ÍÔ »ÍÑÍÏÕºÕÎÓÏ
ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ ØÓ» ÍÞ ÐÎÍÏÕ Û ÎÏÎÏÒ à �ê� éì¡�è_éê �ëèG¡ ëâ >® �®� ö���	�ll à

ôkº¼ÙÍ»Ñ â >ii�s 9U�Ë�X� â Ë à �>ii�� à À ÍÙÖÐÎÏÒ ÝÓÖÏÙÑ ÓÏ ÕÌÍ ÑÖÔÔÓ»Õ ÓØ ÎÕÍÛ ÑÍÕÑ à �ê   �è�ñ�ëG �míí éìè� éì   �è� � _ê _ê� �íí �_<�è_éêë è   _ë<é«Gì_ê� ¬ êé� �G�� G � _è� �ê�m<è_«G ímGì_Gë§ ³¿ ��§ «é�m¡ G °Ð½°§
�í ì_ê� Gì
 ²Gì ��� â ÔºÒÍÑ >=�	>nn à

ôkº¼ÙÍ»Ñ ºÏÙ fÓÍÕÌº¼Ñ â >ii>s 9U�Ë�X� â Ë à ºÏÙ QZ�T\U�� â Å à �>ii>� à ï ÎÏÎÏÒ º¼¼ ÏÓÏ¯ÙÍ» ÎÚºÝ ¼Í Ø»ÍtÖÍÏÕ
ÎÕÍÛ ÑÍÕÑ à �ê � ìé<GG�_ê�ë é� è� G Ðè� ¾ mìéí G�ê �éê� GìGê<G éê � ì_ê<_í �Gë �ê� � ì�<è_<G é� ¬ êé� �G�� G  _ë<é«Gì _ê   �è�ñ�ëGë ¢�¬   °±±°¦ § ³¿��§ «é�m¡ G °µ ¥£§ �í ì_ê� Gì
 ²Gì ��� § æ G�ë _êð _§ Á _ê ��ê� â ÔºÒÍÑl�	®Â à

ôkº¼ÙÍ»Ñ ºÏÙ fÓÍÕÌº¼Ñ â >iins 9U�Ë�X� â Ë à ºÏÙ QZ�T\U�� â Å à �>iin� à ï ÎÏÎÛ º¼
k
¯Ø»ÍÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ

ÓØ Ø»ÍtÖÍÏÕ ÑÍÕÑ à �ê � ìé<GG�_ê�ë é� è� G Ìè� ¾mìéí G�ê �éê� GìGê <G éê � ì_ê<_í �Gë �ê� � ì�<è_<G é� ¬ êé� �
G�� G   _ë<é«Gì _ê   �è�ñ�ëGë ¢�¬   °±±¥¦ § ³¿��§ «é�m¡ G °½¥½§ �í ì_ê� Gì
 ²Gì ��� § ��«è�è
  mñìé«ê _ð §�ìé�è_� â ÔºÒÍÑ l=	®> à
ôkº¼ÙÍ»Ñ ºÏÙ fÓÍÕÌº¼Ñ â >iiÂs 9U�Ë�X� â Ë à ºÏÙ QZ�T\U�� â Å à �>iiÂ� à ÀÍÔÕÌ ¯÷ »ÑÕ ÏÓÏ ¯ÙÍ»ÎÚºÝ ¼Í ÎÕÍÛ ÑÍÕ
Û ÎÏÎÏÒ à �ê � ìé<GG�_ê�ë é� è� G Íè� ���� �êèGìê�è_éê�� �éê� GìGê <G éê   �è� � _ê _ê� ¢� � °±±Í¦ §
¿ G�í éìè ´ G�<�§ �� § ©�� â ÔºÒÍÑ >Âi	 >] = à

ôkº¼ÙÍ»Ñ ºÏÙ fÓÍÕÌº¼Ñ â >iils 9U�Ë�X� â Ë à ºÏÙ QZ�T\U�� â Å à �>iil� à ßÓÏ¯ÙÍ» ÎÚºÝ ¼Í ÎÕÍÛ ÑÍÕ Û ÎÏ ÎÏÒ à
  �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =� �=� ö=l=	 >i] à

ôkº¼ÙÍ»Ñ Gè ��äâ >iiÂs 9U�Ë�X� â Ë àâ wS�ZTTS â k à ºÏÙ ÆZÔ�SWUÔT â Ç à¯F à �>iiÂ� à 2 ÑÖ»ÚÍ× ÓÏ ÐÓÏÙÍÏÑÍÙ
»ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ ØÓ» Ø»ÍtÖÍÏÕ ÑÍÕÑ à �ê �éêëèì�_êè ´ �ëG� � _ê _ê� �ê� �ê�m<è_«G   �è�ñ�ëGë§ ³¿��§ «é�m¡ G
¥½µ ½§ �í ì_ê� Gì
 ²Gì ��� â ÔºÒÍÑ ]�	®i à



øHù Ö �× ý��Ø����Ù

ôkºÑº¼Î Gè ��äâ >iins 9U�U�S â 2 àâ 9SWW\�TTS â | à ºÏÙ ÏU�\U� â B à �>iin� à ï ÎÏÎÏÒ ÐÓÏÐÎÑÍ »ÍÔ »ÍÑÍÏÕº¯
ÕÎÓÏÑ ÓØ Ø»ÍtÖÍÏÕ ÛÖ ¼ÕÎÙÎÛ ÍÏÑÎÓÏº¼ ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê�ë é� è� G ££è� �êèGìê�è_éê�� �éê� GìGê<G éê�éê<Gí èm�� � èìm<èmìGë ¢� ��� °±±¥¦ § ³¿��§ «é�m¡ G ° Ìµ Ð§ �í ì_ê� Gì
 ²Gì ��� §   ìGë�Gê § �Gì¡�ê â ÔºÒÍÑnÂ=	n] = à

ôkºÑº¼Î Gè ��äâ >iiÂºs 9U�U�S â 2 àâ 9SWW\�TTS â | à ºÏÙ ÏU�\U� â B à �>iiÂº� à Ó ÑÑÍÏÕÎº¼ ÔºÕÕÍ»ÏÑ ö 2 ÔÍ»ØÍÐÕ
ÐÓÚÍ» ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê�ë é� è� G Ìè� �êèGìê�è_éê�� �éê� GìGê <G éê   �è� ¨�ìG� émë _ê� �ê�
¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±±Í¦ § ³¿ ��§ «é �m¡ G ¥Í½¤§ �í ì_ê� Gì
 ²Gì ��� § �éí Gê� �� Gê §   Gê¡�ìð âÔºÒÍÑ �>®	�nl à

ôkºÑº¼Î Gè ��äâ >iiÂÝ s 9U�U�S â 2 àâ 9SWW\�TTS â | àâ ÏU�\U� â B à ºÏÙ ÏZã�� â ~ à �>iiÂÝ � à kÓÖÚÍ»ÕÖ»ÍÑ
Ôº»Øº ÎÕÍÑ ÙÍÑ ÛÓÕÎØÑ Ø»jtÖÍÏÕÑ à éG«mG � î�ê� ïê _Gì_G �Gë �ëèÜ¡ Gë � î�ê� éì¡�è_éê ¢���¦ § æ Gì¡ Üë
³�«é_ë _Gìâ=i �>� ö==l	 =n® à

ôkºÑº¼Î Gè ��äâ >ii�s 9U�U�S â 2 àâ ä�ËÚUX â ~ àâ 9SWW\�TTS â | àâ ÏU�\U� â B à ºÏÙ äZª���S â ß à �>ii�� à
BÓÑÑ¼ÍÑÑ »ÍÙÖÐÕÎÓÏ ÓØ ÙºÕºÐÖÝÍÑ ÖÑÎÏÒ Ôº»ÕÎÕ ÎÓÏÑ à �êèGìê�è_éê�� Äémìê�� é�   �è� ¨�ìG� émë _ê� �ê�� _ê _ê� § � �� ��éñ�� � mñ�_ë� Gìâ Â �=� ö=®	nÂ àôkÍÒ ¼º» ºÏÙ |ÓÙÙÎÐA â >ii]s 9���UX â 2 à ºÏÙ wZËËSW� â Ç à F à �>ii]� à 2 ÑÑÓ ÐÎºÕÎÓÏ Û ÎÏÎÏÒ à � �� �é¡
í m è_ê� �mì«Gëâ n® �>� àôkÌÍÏÒ Gè ��äâ >ii]s 9\�V� â Ç àâ ð� â ^ à ºÏÙ ä� â æ à �>ii]� à

δ
¯ÕÓ ¼Í»ºÏÐÍ Ð¼ÓÑÍÙ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à �ê

� ìé<GG�_ê�ë é� è� G Ðè� �¾¾¾ �êèGìê�è_éê�� �éê� GìGê <G éê   �è� � _ê _ê� ¢� � � °±±Ð¦ § æ éê� ¬ éê� §�� _ê� â ÔºÒÍÑ =n�	 =�® à
ôkÌÍÏÒ Gè ��äâ >ii®s 9\�V� â Ç àâ ð� â ^ à ºÏÙ ä� â æ à �>ii®� à Ó@ÍÐÕÎÚÍ Í ¼ÎÛ ÎÏºÕÎÓÏ ÓØ »ÍÙÖÏÙºÏÕ ºÑÑÓ ÐÎºÕÎÓÏ

»Ö ¼ÍÑ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =] �>� ö>>=	>�� àôkÓÖÕÖ» ÎÍ» Gè ��äâ >iils 9ZÔTÔXS�X â ó àâ pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>iil� à
2 ÑÐº¼ºÝ ¼Í ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼Í ÚÎÑÖº¼ÎßºÕÎÓÏ ÕÓàº»ÙÑ ÙÎÑÔ ¼º×ÎÏÒ ¼º»ÒÍ ºÛÓÖÏÕ ÓØ AÏÓà¼ÍÙÒÍ à �ê � ìé<GG�_ê�ë
é� è� G ££ê� �êèGìê�è_éê�� �éê� GìGê <G éê �ê� éì¡�è_éê ²_ëm��_� �è_éê ¢� ² °±±Ì¦ § �¾¾¾ �é¡í m èGì � é<_Gè
� ìGëë§ åmì_<� § �� _è� Gì ��ê�â ÔºÒÍÑ ]Âl	]]n àôÀºÚÍ× ºÏÙ Ê» ÎÍÑÕ ¼Í×â >ii>s 8Uª�É â Å à ºÏÙ ÝXS��T��É â ? à �>ii>� à �êèìé�m<è_éê èé ³�èè_<Gë �ê� �ì�Gìà
kºÛÝ »ÎÙÒÍ ìÏÎÚÍ»ÑÎÕ× Ê»ÍÑÑ à

ôÀ ÍÏÙÍÏ Gè ��äâ >ii®s 8�VË�V â á àâ pU�XZÔVS â Ë à ºÏÙ Æ�V âU\SU â ~ à �>ii®� à ÓÞ ÐÎÍÏÕ ÍÜÔ ¼Ó»ºÕÎÓÏ ÓØ
ÕÌÍ ÙÎÑò ÖÏÐÕÎÚÍ ¼ºÕÕÎÐÍ ÕÓàº»ÙÑ ÍÜÕ»ºÐÕÎÏÒ ÐÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ �ÎÏ F»ÍÏÐÌ � à �ê
� ìé<GG�_ê�ë é� è� G ¤è� �� ì_<�ê �éê� GìGê <G éê éGëG�ì<� _ê �é¡í m èGì � <_Gê<G �ê� �íí �_G� � �è� G¡ �è_<ë
¢��é� °±±½¦ § é�ñ�è§ � éìé<<éâ ÔºÒÍÑ ��n	�Âi àôÀ ÍÓÒÖÏ ºÏÙ Ç ÎºÏÒ â >iiÂs 8�Z�ÔV â Ç à ~ à ºÏÙ áSUV� â B à �>iiÂ� à OqwP ¯ ÑÖÐÐÎÏÐÕ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼Í Û ÎÏ ¯
ÎÏÒ ö 2Ï ºÔÔ»ÓºÐÌ ÕÓ ÍÏÌºÏÐÍ ºÑÑÓ ÐÎºÕÎÓÏ Û ÎÏÎÏÒ à �ê � ìé<GG�_ê�ë é� è� G £Íè� �êèGìê�è_éê�� �¡í éë _m¡
éê � Gè� é�é�é� _Gë � éì �êèG� �_� Gêè �ëèG¡ ë ¢����� °±±Í¦ § ³¿��§ «é �m¡ G ¥µ ½½§ �í ì_ê� Gì
 ²Gì ��� § ��ì�èé� �
�í ì_ê�ë§ ¿ G� ñéìð § ©�� â ÔºÒÍÑ => =	 =ni à

ôÀÓÏÒ Gè ��äâ >iiÂs 8ZV� â f àâ áSUV� â k àâ Ý�S â Ç àâ ÏS â Ç à ºÏÙ ëZV� â B à �>iiÂ� à ï ÎÏÎÏÒ ÑÖÐÐÎÏÐÕ Ñ×ÑÕÍÛ Ñ
ÓØ Û ÎÏÎÛ º¼ ÒÍÏÍ»ºÕÓ»Ñ ÓØ ØÓ»Û º¼ ÐÓÏÐÍÔÕÑ à �ê � ìé<GG�_ê� ë é� è� G £±è� �êèGìê�è_éê�� �éê� GìGê<G éê  �è�ñ�ëG �ëèG¡ ë � éì ��«�ê<G� �íí �_<�è_éêë ¢ ��Á�� °±±Í¦ § ³¿ ��§ «é�m¡ G ¥µ Í¥§ �í ì_ê� Gì
 ²Gì ��� §
´ G_ò _ê� § �� _ê�â ÔºÒÍÑ =lÂ	 =®l à



Ö�× ý��Ø����Ù øHH

ôÓ ÎÕÍ» ºÏÙ fÓÕÕ ¼ÓÝ â =��Âs y ST�X â Ë à ºÏÙ QZTT�Zu â f à �=��Â� à áÙÍÏÕÎØ× ÎÏÒ ÕÌÍ Û ÎÏÎÛ º¼ Õ»ºÏÑÚÍ»Ñº¼Ñ ÓØ
º Ì×ÔÍ»Ò»ºÔÌ ºÏÙ »Í ¼ºÕÍÙ Ô»ÓÝ ¼ÍÛ Ñ à ���� Äémìê�� éê �é¡í m è_ê� â >� �]� ö=>l®	 =ni� àôÓ¼Ý ¼Í Gè ��äâ >iins y�u�� â Ç àâ p��X�V â k à ºÏÙ ÝSTT â B à �>iin� à óÔÕÎÛ ÎßÍÙ ÙÎÑò ÖÏÐÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ
ÚÎº ÑºÛÔ ¼ÎÏÒ à �ê � ìé<GG�_ê� ë é� è� G ¥ì� �¾¾¾ �êèGìê�è_éê�� �éê� GìGê<G éê   �è� � _ê _ê� ¢� � � °±±¥¦ §
� G�ñémìêG§ Á �éì_��§ ©�� â ÔºÒÍÑ �n	Âi à

ôFº××ºÙ Gè ��äâ =��]s óUÉÉUË â ì à ï àâ ÝSUT�T��ÉYO\UãSXZ â f à ºÏÙ O�ÉT\ â Ê à �=��]� à F»ÓÛ ÙºÕº ÛÎÏÎÏÒ
ÕÓ AÏÓà¼ÍÙÒÍ ÙÎÑÐÓÚÍ»× ÎÏ ÙºÕºÝºÑÍ à � ìè_Û <_�� �êèG� �_� Gê <G � �� �� _êGâ =l �n� önl	Â� àôF¼ÓÖÚºÕ Gè ��äâ >iiÂs ó�ZÔªUT â F àâ PUXW\S â F à À à ºÏÙ Ý�TST â Ç à¯ï à �>iiÂ� à 2 ÕÌÓ»ÓÖÒÌ ÍÜÔÍ» ÎÛ ÍÏÕº¼
ÑÕÖÙ× ÓØ ÙºÕºÑÍÕÑ ØÓ» Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à �ê � ìé<GG�_ê� ë é� è� G Íè� �¾¾¾ �êèGìê�è_éê�� �éê� GìGê <G éê  �è� � _ê _ê� ¢� � � °±±Í¦ § �¾¾¾ �é¡í m èGì �é<_Gè � ìGëë§ ¿ G� �ì �G�êë§ ©�� â ÔºÒÍÑ =]>	 =]� à

ôF»ºà ¼Í× Gè ��äâ =��>s óXU[ ��É â æ à Ç àâ ÝSUT�T��ÉYO\UãSXZ â f à ºÏÙ PUT\�Ô� â k à Ç à �=��>� à }ÏÓà¼ÍÙÒÍ
ÙÎÑÐÓÚÍ»× ÎÏ ÙºÕºÝºÑÍÑ ¯ ºÏ ÓÚÍ»ÚÎÍà à � ìè_Û <_�� �êèG� �_� Gê<G � �� ��_ê Gâ =n öÂl	 li àôF»ÍÙÛ ºÏ ºÏÙ }ÌºÐÌ Î×ºÏ â =��]s óX�Ë�UV â ï à B à ºÏÙ ð\UW\SÉUV â B à �=��]� à óÏ ÕÌÍ ÐÓÛÔ ¼ÍÜÎÕ× ÓØ
ÙÖº¼ÎßºÕÎÓÏ ÓØ ÛÓÏÓÕÓÏÍ ÙÎÑò ÖÏÐÕÎÚÍ ÏÓ»Û º¼ ØÓ»ÛÑà Äémìê�� é� � �� éì_è�¡ ëâ >= ö] =®	]>® à

ôfº¼ºÛÝÓÑ ºÏÙ ~ ÎÛ ÓÏÍ ¼¼Î â >iiis QU�U�uZ� â Ç à ºÏÙ OS�ZV���S â á à �>iii� à ´ éê� Gììéê _
èí G _êG{m��_è_Gë�_è� �íí �_<�è_éêëà ~Ô »ÎÏÒÍ» àôfºÏÕÍ» ºÏÙ æ Î¼¼Í â =���s QUVT�X â Å à ºÏÙ ë S��� â | à �=���� à Áéì¡�� �éê <Gí è �ê��ë _ëà ~Ô» ÎÏÒÍ» àôfºÑÛ Î Gè ��äâ >iils QU�� S â f àâ Æ�V âU\SU â ~ àâ P�ã\Ô ä�ÔSÃZ â Ó à ºÏÙ ÆZÔ��X â ~ à �>iil� à ÓÜÕ»ºÐ¯
ÕÎÓÏ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ ÝºÑÍÙ ÓÏ ¼ÎÕÍ»º¼ÑÍÕÑ à �ê � ìé<GG�_ê� ë é� è� G ¤è� �êèGìê�è_éê�� �éê� GìGê<G éê  �è� ¨�ìG� émë _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±± Ì¦ § ³¿ ��§ «é�m¡ G µ ÐÍµ § �í ì_ê� Gì
 ²Gì ��� §é G� Gêëñmì� § �Gì¡�ê â ÔºÒÍÑ >�n	ni> àôfºÑÛ Î Gè ��äâ >iiÂs QU�� S â f àâ pU�XZÔVS â Ë àâ quË��\U� â ~ àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à
�>iiÂ� à ÓÜÕ»ºÐÕÎÏÒ ÒÍÏÍ» ÎÐ ÝºÑÎÑ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ Ø»ÓÛ OqQy ÙºÕº à �ê Ò�G ¾ ��³ô�¬     _ë<é«Gì���� �Gê� G éê � GêG Gçí ìGëë _éê ��è� <é
�é<�èG� � _è� è� G ¤è� ¾mìéí G�ê �éê� GìGê <G éê �éê� GìGê <G éê� �<� _êG ³G�ìê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì _ê   �è�ñ�ëGë ¢¾ ��³ô�¬   °±±Í¦ § � éìèé§ � éìèm� ��âÔºÒÍÑ ®�	®� à

ôfj¼× Gè ��äâ >iiÂs Qõ�É â 2 àâ P�ËSVU â | àâ äZÔXSV� â B à ºÏÙ w�VUÔË â ^ à �>iiÂ� à ìÏÐÓÚÍ»ÎÏÒ ºÏÙ »Í¯
ÙÖÐÎÏÒ ÌÎÙÙÍÏ ÐÓÛÝÎÏºÕÓ»ÎÐÑ ÎÏ QÖÎÒÖÍÑ¯8ÖtÖÍÏÏÍ ÝºÑÍÑ à �ê � ìé<GG�_ê�ë é� è� G ¥ì� �êèGìê�è_éê���éê� GìGê<G éê Áéì¡�� �éê <Gí è �ê��ë _ë ¢� �Á �� °±±Í¦ § ³¿��§ «é�m¡ G ¥µ ±¥§ �í ì_ê� Gì
 ²Gì ��� § ³Gêë§Áì�ê<Gâ ÔºÒÍÑ >nÂ	 >�® àôfÍÏÒ ºÏÙ ?ºÛÎ¼ÕÓÏ â >ii]s Q�V� â B à ºÏÙ pU� S�TZV â ? à Ç à �>ii]� à áÏÕÍ»ÍÑÕÎÏÒÏÍÑÑ Û ÍºÑÖ»ÍÑ ØÓ» ÙºÕº
Û ÎÏÎÏÒ ö 2 ÑÖ»ÚÍ×à � �� �é¡í m è_ê� �mì«Gëâ n® ö=	n = àôfÍÖ»ÕÑ â >iins Q�ÔXT� â } à �>iin� à Ë»ºÞ Ð ºÐÐÎÙÍÏÕÑ ÙºÕº ÑÍÕ à �ê � ìé<GG�_ê�ë é� è� G �¾¾¾ � � � ¨éìð 
ë� éí éê ÁìG{mGêè � èG¡ ëGè � _ê _ê� �¡í �G¡ Gêè�è_éêë ¢Á��� °±±¥¦ â ÚÓ ¼ÖÛÍ �i ÙÍ �¾ ©é ¨éìðë� éí � ìé
<GG�_ê� ë§ � G�ñémìê G§ Á �éì_��§ ©�� à

ôfÓÍÕÌº¼Ñ Gè ��äâ >iiÂs QZ�T\U�� â Å àâ PÔ\ZV�V â Ç à ºÏÙ RZSªZV�V â ? à �>iiÂ� à ï ÎÏ ÎÏÒ ÏÓÏ¯ÙÍ» ÎÚºÝ ¼Í
ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê� ë é� è� G Íè� ���� �êèGìê�è_éê�� �éê� GìGê<G éê   �è� � _ê _ê� ¢� �
°±±Í¦ § ¿ G�í éìè ´ G�<�§ �� § ©�� â ÔºÒÍÑ >n�	 >�� à



ö÷÷ Ö �× ý��Ø����Ù

ôfÓÍÕÌº¼Ñ ºÏÙ ¶ºA Î â >iins QZ�T\U�� â Å à ºÏÙ ¸U�S â ï à Ç à �>iin� à ó:P :3in ö æÓ»AÑÌÓÔ ÓÏ Ø»ÍtÖÍÏÕ
ÎÕÍÛ ÑÍÕ Û ÎÏ ÎÏÒ ÎÛÔ ¼ÍÛ ÍÏÕºÕÎÓÏÑ à �ê � ìé<GG�_ê� ë é� è� G �¾¾¾ � � � ¨éìðë� éí éê ÁìG{mGêè � èG¡ ëGè� _ê _ê� �¡í �G¡ Gêè�è_éêë ¢Á��� °±±¥¦ â kÓì| æÓ»A ÑÌÓÔ Ê»ÓÐÍÍÙÎÏÒÑ �i â ï Í ¼ÝÓÖ»ÏÍ â F¼Ó» ÎÙº â ì~2 à

ôf»øÏ â =��®s QXùV â f à 2 à �=��®� à ß Íà ØÓ»ÛÑ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à |ºÔÔÓ»Õ ÕÍÐÌÏÎtÖÍ Ë| =��®¯ =Â â ~ÐÌÓÓ ¼
ÓØ kÓÛÔÖÕÎÏÒ ~ÐÎÍÏÐÍ â ~ ÎÛ ÓÏ F»ºÑÍ» ìÏÎÚÍ»ÑÎÕ×â ÅÖ»ÏºÝ×â Åk â kºÏºÙº à

ôf»ÖÏàº¼Ù â >iils QXÔV[U�Ë â Ê à À à �>iil� à Ò� G � _ê _¡ m¡   Gë<ì_í è_éê ³Gê� è� � ì_ê<_í �Gà ï áË Ê»ÍÑÑ à
ôfÖÎÒÖÍÑ ºÏÙ ÀÖtÖÍÏÏÍ â =�®]s QÔS�Ô�� â Ç à B à ºÏÙ 8ÔÞÔ�VV� â ú à �=�®]� à FºÛ Î¼¼ÍÑ Û ÎÏÎÛ º¼ÍÑ

Ù 3ÎÛ Ô ¼ÎÐºÕÎÓÏÑ ÎÏØÓ»Û ºÕÎÚÍÑ »jÑÖ ¼ÕºÏÕ Ù 3ÖÏ ÕºÝ ¼ÍºÖ ÙÍ ÙÓÏÏjÍÑ ÝÎÏº Î»ÍÑ à � �è� ï¡ �è_{mGë Gè �<_Gê<Gëæm¡ �_êGëâ >� ��Â� öÂ	 =® àôfÖÎ¼¼ÍÕ ºÏÙ ?ºÛÎ¼ÕÓÏ â >iils QÔS���T â F à ºÏÙ pU�S�TZV â ? à Ç à �>iil� à ím��_è � G�ëmìGë _ê   �è� � _ê
_ê� à ~ÕÖÙÎÍÑ ÎÏ kÓÛÔÖÕºÕÎÓÏº¼ áÏÕÍ ¼¼ÎÒÍÏÐÍ â ÚÓ ¼ÖÛÍ �n â ~Ô» ÎÏÒÍ» à
ô?rò ÍA ºÏÙ ?ºÚ»rÏÍA â =�l®s pÎÚ�� â Ê à ºÏÙ pUªXÎV�� â Ë à �=�l®� à � G<� �ê _� _ê� æ í éè� Gë _ë Áéì¡�è_éê è� �è� G¡ �è_<�� Áémê��è_éêë � éì � �GêGì�� Ò� Géì à ~Ô» ÎÏÒÍ»¯úÍ»¼ºÒ àô?ºò ÍA ºÏÙ ?Ó ¼ÍÏº â >iins pUÚ�� â Ê à ºÏÙ pZ��VU â ï à �>iin� à FÓ»Û º¼ ¼ÓÒÎÐÑ ÓØ ÙÎÑÐÓÚÍ»× ºÏÙ Ì×ÔÓÕÌÍÑÎÑ
ØÓ»Û ºÕÎÓÏ Ý× Û ºÐÌÎÏÍ à Ò� GéìGè_<�� �é¡í m èGì � <_Gê<Gâ >�> �>� ön�Â	nÂl àô?ºÛ »ÓÖÏÎ Gè ��äâ >ii]s pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii]� à |ÍÙÖÏÙºÏÐ×¯
Ø»ÍÍ ÒÍÏÍ» ÎÐ ÝºÑÍÑ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë é� è� G ½è� ÁìGê<� �éê� GìGê<G éê � �<� _ê G ³G�ìê _ê�
¢9qí °±±Ð¦ § � ìGëëGë ©ê _«Gìë _è�_ìGë �G �ìGêéñ�G§ Òìï� �ëèG�§ Áì�ê<Gâ ÔºÒÍÑ n]n	nl® àô?ºÛ »ÓÖÏÎ Gè ��äâ >ii®ºs pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii®º� à ~ÖÐÐÎÏÐÕ
Û ÎÏÎÛ º¼ ÒÍÏÍ»ºÕÓ»Ñ ö ËÌÍÓ»ÍÕÎÐº¼ ØÓÖÏÙºÕÎÓÏÑ ºÏÙ ºÔÔ ¼ÎÐºÕÎÓÏÑ à �êèGìê�è_éê�� Äémìê�� é� Áémê��è_éêë
é� �é¡í m èGì �<_Gê <Gë§ ¨éì �� � <_Gêè_Û < � mñ�_ë� _ê� �é¡í �ê§ �mGëè ¾ �_èéìë è é ä ´ G�é� �û«Gð â =� �>� ö>l=	>�] à

ô?ºÛ »ÓÖÏÎ Gè ��äâ >ii®Ý s pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii®Ý � à QqwP ö
fÍÏÍ»º¼ÎßÍÙ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼Í Û ÎÏÎÏÒ à �ê � ìé<GG�_ê�ë é� è� G Ðè� �êèGìê�è_éê�� �éê� GìGê<G éê �éê <Gí è³�èè_<Gë �ê� è� G_ì �íí �_<�è_éêë ¢�³� °±±½¦ § ��é¡ ém<§ �� G<� éGí mñ�_<â ÔºÒÍÑ =�Â	 =Â] à

ô?ºÛ »ÓÖÏÎ Gè ��äâ >ii�ºs pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii�º� à 2 ÑÑÍÑÑÎÏÒ
¼Ó Ðº¼ ºÏÙ Ò ¼ÓÝº¼ ÑÔº»ÑÍÏÍÑÑ Û ÍºÑÖ»Í ØÓ» Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕ ÐÓÏÕÍÜÕÑ à Òé �íí G�ì _ê è� G �êèGìê�è_éê��
Äémìê�� é� �é¡í m è_ê� ü �ê� éì¡�è_éê �<_Gê <Gë§ �mGëè ¾ �_èéìë è Ä ä   _�èè�àô?ºÛ »ÓÖÏÎ Gè ��äâ >ii�Ý s pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>ii�Ý � à ~àÍÍÔ ÎÏÒ ÕÌÍ
ÙÎÑò ÖÏÐÕÎÚÍ ÑÍº»ÐÌ ÑÔºÐÍ ÕÓàº»ÙÑ Û ÎÏÎÏÒ ÏÍà ÍÜºÐÕ ÐÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ ÓØ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à   �è�
ü ¬ êé� �G�� G ¾ê� _êGGì_ê� â ]® �=i� ö=i� =	 ==== àô?ºÛ »ÓÖÏÎ Gè ��äâ >iiÂºs pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ O�S�UVS â ^ à �>iiÂº� à 2ÚÓÎÙÎÏÒ ÕÌÍ ÎÕÍÛ ÑÍÕ
Ð¼ÓÑÖ»Í ÐÓÛÔÖÕºÕÎÓÏ bÔÎÕØº¼¼c à �ê � ìé<GG�_ê�ë é� è� G ¥ì� �êèGìê�è_éê�� �éê� GìGê<G éê �éê<Gí è ³�èè_<Gë
�ê� è� G_ì �íí �_<�è_éêë ¢�³� °±±Í¦ § ��é¡ ém<§ ��G<� é Gí mñ�_<â ÔºÒÍÑ �]	Â� àô?ºÛ »ÓÖÏÎ Gè ��äâ >iiÂÝ s pU�XZÔVS â Ë àâ Æ�V âU\SU â ~ à ºÏÙ O�S�UVS â ^ à �>iiÂÝ � à ÝXSVW� ö 2Ï º¼ÒÓ¯
»ÎÕÌÛ ØÓ» ÒÍÏÍ»ºÕÎÏÒ »Ö ¼Í ÝºÑÍÑ à ÎÕÌÓÖÕ Ð¼ÓÑÖ»Í ÐÓÛÔÖÕºÕÎÓÏÑ à �ê � ìé<GG�_ê�ë é� è� G Ìè� �êèGìê�è_éê���éê� GìGê<G éê   �è� ¨�ìG� émë _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±±Í¦ § ³¿ ��§ «é �m¡ G ¥Í½¤§
�í ì_ê� Gì
 ²Gì ��� § �éí Gê� �� Gê §   Gê¡�ìð â ÔºÒÍÑ n�]	nÂÂ à



Ö�× ý��Ø����Ù ö÷ø

ô?ºÛ »ÓÖÏÎ Gè ��äâ >iilºs pU�XZÔVS â Ë àâ 8�VË�V â á àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à �>iilº� à
2 ÏÍà ÐÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏ ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ ÕÌ»ÓÖÒÌ ÙÎÑò ÖÏÐÕÎÚÍ ÑÍº»ÐÌ ÑÔºÐÍ à �ê � ìé<GG�_ê� ë é�
è� G Íè� �êèGìê�è_éê�� �éê� GìGê<G éê �éê <Gí è ³�èè_<Gë �ê� è� G_ì �íí �_<�è_éêë ¢�³� °±± Ì¦ § � éêèí G� �_Gì§Áì�ê<Gâ ÔºÒÍÑ Âi	] = à

ô?ºÛ »ÓÖÏÎ Gè ��äâ >iilÝ s pU�XZÔVS â Ë àâ vU�TW\�ª â Ê àâ Æ�V âU\SU â ~ à ºÏÙ P�ã\Ô ä�ÔSÃZ â Ó à
�>iilÝ � à 2ÝÓÖÕ ÕÌÍ ¼ÓÑÑ¼ÍÑÑ »ÍÙÖÐÕÎÓÏ ÓØ ÕÌÍ Û ÎÏÎÛ º¼ ÒÍÏÍ»ºÕÓ» ØºÛ Î¼× ÓØ º ÐÓÏÕÍÜÕ à �ê � ìé<GG�_ê� ë é�
è� G Íè� �êèGìê�è_éê�� �éê� GìGê <G éê Áéì¡�� �éê<Gí è �ê��ë _ë ¢� �Á �� °±± Ì¦ § ³¿��§ �í ì_ê� Gì
 ²Gì ��� §«é �m¡ G µ ¥¤±§ ��Gì¡ éêè
ÁGìì�ê�§ Áì�ê<Gâ ÔºÒÍÑ =ni	 =Âi à

ô?ºÏ Gè ��äâ >iils pUV â Ç àâ 9\�V� â ? àâ ý SV â À à ºÏÙ âUV â þ à �>iil� à F»ÍtÖÍÏÕ ÔºÕÕÍ»Ï Û ÎÏ ÎÏÒ ö ÐÖ»»ÍÏÕ
ÑÕºÕÖÑ ºÏÙ ØÖÕÖ»Í ÙÎ»ÍÐÕÎÓÏÑ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =Â �=� öÂÂ	®] à

ô?ºÏ ºÏÙ }ºÛÝÍ» â >ii]s pUV â Ç à ºÏÙ ðU�u�X â ï à �>ii]� à   �è� � _ê _ê� è �éê <Gí èë �ê� ÒG<�ê _{mGë ä
�G<éê� G�_è_éê ä ïÓ»ÒºÏ }ºÖØÛ ºÏÏ ÊÖÝ ¼ÎÑÌÍ»Ñ à

ô?ºÕÕÓ» Î Gè ��äâ >ii®s pUTTZXS â B àâ ÙÓÑ OUVTZ� â f àâ 9UXËZ�Z â F à ºÏÙ OU�ãUSZ â ï à �>ii®� à ï ÎÏÎÏÒ
ÑÓØÕàº»Í »ÍÔÓÑÎÕÓ» ÎÍÑ ØÓ» ÑÓØÕàº»Í ÐÌºÏÒÍ ÎÛÔºÐÕ ºÏº¼×ÑÎÑ ö 2 ÐºÑÍ ÑÕÖÙ×à �ê � ìé<GG�_ê�ë é� è� G °¥ì�
´ ì�ë _�_�ê �¡í éë _m¡ éê   �è�ñ�ëG ¢�´´  °±±½¦ § ��¡í _ê�ë§ ´ ì�� _�à

ô?jÝÍ»Õ Gè ��äâ >iils põu�XT â k àâ ÆX�TTZ â 2 à ºÏÙ 9Xõ�S���Ôz â Å à �>iil� à 2 ÙºÕº Û ÎÏÎÏÒ ØÓ»Û º¼ÎßºÕÎÓÏ
ÕÓ ÎÛÔ»ÓÚÍ Ì×ÔÍ»Ò»ºÔÌ Û ÎÏÎÛ º¼ Õ»ºÏÑÚÍ»Ñº¼ ÐÓÛÔÖÕºÕÎÓÏ à Ámê��¡ Gêè� �ê� éì¡�è_<�G§ � �� � ìGëëâ ®i �� � ö=	 =� à

ô?jÝÍ»Õ ºÏÙ k»jÛ Î¼¼ÍÖÜ â >iils põu�XT â k à ºÏÙ 9Xõ� S���Ôz â Å à �>iil� à 2 ÖÏÎ÷ÍÙ ÚÎÍà ÓØ ÓÝò ÍÐÕÎÚÍ
ÎÏÕÍ»ÍÑÕÎÏÒÏÍÑÑ Û ÍºÑÖ »ÍÑ à �ê � ìé<GG�_ê�ë é� è� G Íè� �êèGìê�è_éê�� �éê� GìGê<G � �<� _êG ³G�ìê _ê� �ê�  �è� � _ê _ê� _ê � �èèGìê éG<é�ê _è_éê ¢�³ � °±±Ì¦ § ³¿ ��§ «é�m¡ G µ ÍÌ£§ �í ì_ê� Gì
 ²Gì ��� § ³G_í � _� §�Gì¡�ê â ÔºÒÍÑ Ânn	 Â�l à

ô? Í»Û ºÏÏ ºÏÙ ~Í»ÕAº×º â >ii®s p�X�UVV â ï à ºÏÙ O�XT�UÉU â Å à �>ii®� à óÏ ÕÌÍ ÐÓÛÔ ¼ÍÜ ÎÕ× ÓØ ÐÓÛÔÖÕÎÏÒ
ÒÍÏÍ»ºÕÓ»Ñ ÓØ Ð ¼ÓÑÍÙ ÑÍÕÑ à �ê � ìé<GG�_ê� ë é� è� G Ðè� �êèGìê�è_éê�� �éê� GìGê<G éê Áéì¡�� �éê<Gí è�ê��ë _ë ¢� �Á �� °±±½¦ § ³¿��§ «é�m¡ G µ ¤¥¥§ �í ì_ê� Gì
 ²Gì ��� § � éêèìï��§ ��ê���â ÔºÒÍÑ =Â®	 =]® à

ô}ºÏÙº Gè ��äâ >ii =s ðUVËU â } àâ pUXU�ÔW\S â ï à ºÏÙ ÿ�ÔuZ â ^ à �>ii =� à kÓÏÑÕ»ÖÐÕÎÏÒ ºÔÔ»ÓÜ ÎÛ ºÕÍ
ÎÏØÓ»Û ºÕÎÚÍ ÝºÑÎÑ ÓØ ºÑÑÓÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê� ë é� è� G µ è� �êèGìê�è_éê�� �éê� GìGê <G   _ë<é«Gì
�<_Gê <G ¢  � °±±£¦ § ³¿ ��§ «é �m¡ G °°°Ð§ �í ì_ê� Gì
 ²Gì ��� § ¨�ë� _ê� èéê §   �§ ©�� â ÔºÒÍÑ =� =	 =Â� à

ô} ÎÛ â >iins ð S� â ? à À à �>iin� à kÓÛÔ ¼ÍÛÍÏÕº»× ÓÐÐÖ»»ÍÏÐÍ ºÏÙ ÙÎÑò ÖÏÐÕÎÚÍ »Ö ¼ÍÑ ØÓ» Û º»AÍÕ ÝºÑAÍÕ
ºÏº¼×ÑÎÑ ÎÏ ÙºÕº Û ÎÏÎÏÒ à �ê � ìé<GG�_ê�ë é� è� G °ê� �� � Ò¾  �êèGìê�è_éê�� �éê� GìGê<G �ê� éì¡�è_éê �ê�
¬ êé� �G�� G �� �ì_ê� ¢�¬ � °±±¥¦ § � <éèèë���G§ �å§ ©�� â ÔºÒÍÑ =ÂÂ	 =Âl à

ô}ÓÌ ºÏÙ |ÓÖÏÕ»ÍÍ â >iiÂs ðZ\ â ^ à ~ à ºÏÙ wZÔVTX�� â ß à �>iiÂ� à F ÎÏÙÎÏÒ ÑÔÓ»ºÙÎÐ »Ö ¼ÍÑ ÖÑÎÏÒ ºÔ» ÎÓ» Î¯
ÎÏÚÍ»ÑÍ à �ê � ìé<GG�_ê� ë é� è� G �êèGìê�è_éê�� ¤è� � �<_Û <
� ë _� �éê� GìGê <G éê ¬ êé� �G�� G   �è�   _ë<é«Gì
¢��¬   °±±Í¦ § ³¿��§ «é�m¡ G ¥Í£½§ �í ì_ê� Gì
 ²Gì ��� § æ �êé_§ ²_Gèê�¡ â ÔºÒÍÑ �l	 =i] à

ô}»×ÑßA ÎÍà ÎÐß â =��®s ðXÉ�È� S�[ SWÈ â ï à �=��®� à |ÍÔ»ÍÑÍÏÕºÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ ºÏÙ Û ÎÏÎÛÖÛ ÐÓÏÙÎÕÎÓÏ
Û ºÜÎÛÖÛ ÐÓÏÑÍtÖÍÏÐÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë é� è� G °ê� ¾mìéí G�ê �¡í éë_m¡ éê � ì_ê <_
í �Gë é�   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢�¬   £¤¤½¦ § ³¿ ��§ «é�m¡ G £Í£±§ �í ì_ê� Gì
 ²Gì ��� §¿ �êèGë§ Áì�ê <Gâ ÔºÒÍÑ n] =	n]� à



ö÷ö Ö �× ý��Ø����Ù

ô}»×ÑßA ÎÍà ÎÐß â >ii =s ðXÉ�È� S�[ SWÈ â ï à �>ii =� à kÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏ ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ ÝºÑÍÙ ÓÏ
ÙÎÑò ÖÏÐÕÎÓÏ¯Ø»ÍÍ ÒÍÏÍ»ºÕÓ»Ñ à �ê � ìé<GG�_ê� ë é� è� G £ëè �¾¾¾ �êèGìê�è_éê�� �éê� GìGê <G éê   �è� � _ê _ê�
¢� � � °±±£¦ § ��ê ÄéëG§ �� § ©�� â ÔºÒÍÑ niÂ	n => àô}»×ÑßA ÎÍà ÎÐß â >ii>s ðXÉ�È� S�[ SWÈ â ï à �>ii>� à kÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ ºÏÙ ºÑÑÓ ÐÎ¯
ºÕÎÓÏ »Ö ¼ÍÑ à ?ºÝÎ¼ÎÕºÕÎÓÏ ÙÎÑÑÍ»ÕºÕÎÓÏ â áÏÑÕÎÕÖÕÍ ÓØ kÓÛÔÖÕÍ» ~ÐÎÍÏÐÍ â æº»Ñºà ìÏÎÚÍ»ÑÎÕ× ÓØ ËÍÐÌÏÓ ¼ÓÒ×â
æº»Ñºà â ÊÓ ¼ºÏÙ à

ô}»×ÑßA ÎÍà ÎÐß â >ii�s ðXÉ�È� S�[ SWÈ â ï à �>ii�� à k¼ÓÑÖ»ÍÑ ÓØ ÙÓàÏàº»Ù Ð ¼ÓÑÍÙ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ ÓØ Ø»ÍtÖÍÏÕ
ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê� ë é� è� G µ è� �êèGìê�è_éê�� �éê� GìGê<G éê æ ñì_� � ìè_Û <_�� �êèG� �_� Gê<G �ëèG¡ ë
¢æ��� °±±¤¦ § ³¿ ��§ «é �m¡ G ÍÍ Ì°§ �í ì_ê� Gì
 ²Gì ��� § ����¡ �ê<�§ �í �_êâ ÔºÒÍÑ =i�	 ==> à

ô}ÖßÏÍÕÑÓÚ ºÏÙ óÝÎÍÙAÓÚ â >ii>s ðÔÈV�T�Zª â ~ à ó à ºÏÙ ÿuS�Ë�Zª â ~ à 2 à �>ii>� à kÓÛÔº» ÎÏÒ Ô Í»ØÓ»¯
Û ºÏÐÍ ÓØ º¼ÒÓ» ÎÕÌÛ Ñ ØÓ» ÒÍÏÍ»ºÕÎÏÒ ÐÓÏÐÍÔÕ ¼ºÕÕÎÐÍÑ à Äémìê�� é� ¾çí Gì_¡ Gêè�� �ê� Ò� GéìGè_<�� � ìè_Û <_���êèG� �_� Gê<Gâ =� �>¯n� ö=®�	> =] àôBÍÍ Gè ��äâ >ii]s Ï�� â 2 à Ç à Ë àâ ÏSV â æ à k à ºÏÙ ëUV� â k à¯~ à �>ii]� à ï ÎÏ ÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à ÎÕÌ
ÛÖ ¼ÕÎ¯ÙÎÛ ÍÏÑÎÓÏº¼ ÐÓÏÑÕ»º ÎÏÕÑ à Ò�G Äémìê�� é� �ëèG¡ ë �ê� � é� è��ìGâ l� �=� öl�	�> àôB Î Gè ��äâ >iiÂs Ï S â ? àâ ÏS â Ç àâ ëZV� â B àâ ó�V� â ï à ºÏÙ RUV â ^ à �>iiÂ� à | Í ¼ºÕÎÚÍ »ÎÑA ºÏÙ ÓÙÙÑ »ºÕÎÓ ö
º ÙºÕº Û ÎÏÎÏÒ ÔÍ»ÑÔÍÐÕÎÚÍ à �ê � ìé<GG�_ê� ë é� è� G °µ è� � �� ���� �  
�� �� �Ò
�� ��é Ò ë¡í éë _m¡
éê � ì_ê<_í �Gë ��   �è�ñ�ëG �ëèG¡ ë ¢� � � °±±Í¦ § ´ ��è_¡ éìG§ � �ì��ê�§ ©�� â ÔºÒÍÑ n]®	nll à

ôB Î â >ii]s Ï S â Ç à �>ii]� à óÏ ÓÔÕÎÛ º¼ »Ö ¼Í ÙÎÑÐÓÚÍ»×à �¾¾¾ Òì�êë�<è_éêë éê ¬ êé� �G�� G �ê�   �è� ¾ê� _

êGGì_ê� â =® ��� ö�]i	�l= àôB Î ºÏÙ ÇÓÏÍÑ â >ii]s Ï S â Ç à ºÏÙ áZV�� â Ç à �>ii]� à ì ÑÎÏÒ ÛÖ ¼ÕÎÔ ¼Í ºÏÙ ÏÍÒºÕÎÚÍ Õº»ÒÍÕ »Ö ¼ÍÑ ÕÓ Û ºAÍ
Ð¼ºÑÑÎ÷Í»Ñ Û Ó»Í ÖÏÙÍ»ÑÕºÏÙºÝ ¼Í à ¬ êé� �G�� G ´ �ëG� �ëèG¡ ëâ =� �]� ö�n®	��� à

ôB Î Gè ��äâ >ii]s Ï S â Ç àâ ÏS â ? àâ ëZV� â B àâ Ý�S â Ç à ºÏÙ 8ZV� â f à �>ii]� à ï ÎÏÎÛÖÛ ÙÍÑÐ»ÎÔÕÎÓÏ ¼ÍÏÒÕÌ
Ô»ÎÏÐÎÔ ¼Í ö fÍÏÍ»ºÕÓ»Ñ º»Í Ô »ÍØÍ»ºÝ ¼Í ÕÓ Ð ¼ÓÑÍÙ ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê� ë é� è� G °£ëè ¿ �è_éê�� �éê� GìGê <G
éê � ìè_Û <_�� �êèG� �_� Gê<G ¢���� °±±Ð¦ § ´ éëèéê § � �ëë�<�mëGèèë§ ©�� â ÔºÒÍÑ �i�	� =� à

ôB Î Gè ��äâ >iils Ï S â Ç àâ ÏSÔ â f à ºÏÙ ëZV� â B à �>iil� à ï ÎÏÎÏÒ ÑÕºÕÎÑÕÎÐº¼¼× ÎÛÔÓ»ÕºÏÕ ÍtÖÎÚº¼ÍÏÐÍ Ð¼ºÑÑÍÑ
ºÏÙ ÙÍ ¼Õº¯ÙÎÑÐ»ÎÛ ÎÏºÕÎÚÍ ÍÛ Í»ÒÎÏÒ ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê� ë é� è� G £¥è� � �� �êèGìê�è_éê�� �éê� GìGê <G
éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê� ¢¬   °±±Ì¦ § � �� � ìGëë§ � �ê ÄéëG§ �� § ©�� â ÔºÒÍÑ
�ni	�n� à

ôB ÎÖ Gè ��äâ =���s Ï SÔ â Å àâ p�Ô â æ à ºÏÙ PU â ^ à �=���� à ï ÎÏÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à ÎÕÌ ÛÖ ¼ÕÎÔ ¼Í Û ÎÏÎÛÖÛ
ÑÖÔÔÓ»ÕÑ à �ê � ìé<GG�_ê�ë é� è� G Íè� � �� �êèGìê�è_éê�� �éê� GìGê<G éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è�� _ê _ê� ¢¬   £¤¤¤¦ § � �� � ìGëë§ � �ê   _G� é§ �� § ©�� â ÔºÒÍÑ nnl	n� = à

ôB ÎÖ Gè ��äâ >iils Ï SÔ â f àâ ÏS â Ç à ºÏÙ ëZV� â B à �>iil� à 2 ÏÍà ÐÓÏÐÎÑÍ »ÍÔ»ÍÑÍÏÕºÕÎÓÏ ÓØ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ
ÖÑÎÏÒ ÒÍÏÍ»ºÕÓ»Ñ ºÏÙ º ÔÓÑÎÕÎÚÍ ÝÓ»ÙÍ» à ¬ êé� �G�� G �ê� �ê� éì¡�è_éê �ëèG¡ ëâ =Â �=� öÂÂ	®] à

ôBÓ Gè ��äâ >ii®s ÏZ â À àâ ð\ZZ â ~ à¯k à ºÏÙ ÏS â Ç à �>ii®� à ï ÎÏÎÏÒ ºÏÙ »ºÏA ÎÏÒ ÒÍÏÍ»ºÕÓ»Ñ ÓØ ÑÍtÖÍÏÕÎº¼
ÔºÕÕÍ»ÏÑ à �ê � ìé<GG�_ê�ë é� è� G ½è� ���� �êèGìê�è_éê�� �éê� GìGê<G éê   �è� � _ê _ê� ¢� � °±±½¦ §
� è��êè�§ �Géì� _�§ ©�� â ÔºÒÍÑ ÂÂn	 Â]� à

ôBÖÜÍÏÝÖ»ÒÍ» â =�� =s ÏÔz�VuÔX��X â ï à �=�� =� à áÛÔ ¼ÎÐºÕÎÓÏÑ Ôº»ÕÎÍ ¼¼ÍÑ ÙºÏÑ ÖÏ ÐÓÏÕÍÜÕÍ à ��è� ï¡ �è_{mGë§�ê� éì¡�è_{mG Gè �<_Gê <Gë æm¡ �_ê Gëâ >� �==n� önÂ	ÂÂ à



Ö�× ý��Ø����Ù ö÷�

ôï º ÎÍ» â =�®ns PUS�X â À à �=�®n� à Ò�G è� Géì é� é G��è_éê��   �è�ñ�ëGëà kÓÛÔÖÕÍ» ~ÐÎÍÏÐÍ Ê»ÍÑÑ à
ôï ºÏÏÎ¼º ºÏÙ ËÓÎÏÓÚÍÏ â =��]s PUVVS�U â ? à ºÏÙ RZSVZª�V â ? à �=��]� à ïÖ ¼ÕÎÔ ¼Í ÖÑÍÑ ÓØ Ø»ÍtÖÍÏÕ ÑÍÕÑ

ºÏÙ ÐÓÏÙÍÏÑÍÙ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ à �ê � ìé<GG�_ê� ë é� è� G °ê� �êèGìê�è_éê�� �éê� GìGê<G éê ¬ êé� �G�� G  _ë<é«Gì �ê�   �è� � _ê _ê� ¢¬   £¤¤Ð¦ § � éìè��ê�§ �ìG� éê § ©�� â ÔºÒÍÑ =®�	 =�� à
ôï ºÏÏÎ¼º ºÏÙ ËÓÎÚÓÏÍÏ â =��ls PUVVS�U â ? à ºÏÙ RZSªZV�V â ? à �=��l� à BÍÚÍ ¼à ÎÑÍ ÑÍº»ÐÌ ºÏÙ ÝÓ»ÙÍ»Ñ ÓØ
ÕÌÍÓ» ÎÍÑ ÎÏ AÏÓà¼ÍÙÒÍ ÙÎÑÐÓÚÍ»×à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â n �=� ö>� =	>Â® à

ôï ºÏÏÎÏÒ Gè ��äâ >ii®s PUVVSV� â 2 à ï àâ pU��SV â À à Ç à ºÏÙ ð�UV� â Ç à 2 à �>ii®� à 2 »ÍÐÖ»ÑÎÚÍ ÑÍº»ÐÌ
º¼ÒÓ»ÎÕÌÛ ØÓ» ÑÕºÕÎÑÕÎÐº¼ ÙÎÑÐ¼ÓÑÖ»Í ºÑÑÍÑÑÛ ÍÏÕ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =] �>� ö=]Â	 =�] à

ôï ÍÙÎÏº Gè ��äâ >ii]s P�ËSVU â | àâ äZÔXSV� â B à ºÏÙ wUÉVUÔË â ó à �>ii]� à áÏÕÍ»ºÐÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ
ÙÎÑÐÓÚÍ»×à �ê � ìé<GG�_ê� ë é� è� G µ è� �êèGìê�è_éê�� �éê� GìGê<G éê Áéì¡�� �éê<Gí è �ê��ë _ë ¢� �Á ��°±±Ð¦ § ³¿��§ «é�m¡ G ¥½ Ìµ § �í ì_ê� Gì
 ²Gì ��� §   ìGë�Gê § �Gì¡�ê â ÔºÒÍÑ =ll	 =�i à

ôï ÍÔÌÖ ßÒÖÎØÓ â =���s P �ã\Ô ä�ÔSÃZ â Ó à �=���� à Qº¼ÓÎÑ ¼ºÕÕÎÐÍ ö 2 Ø»ºÛÍàÓ»A ØÓ» ÐÓÏÐÍÔÕ ¼Íº»ÏÎÏÒ â
ÙÍÑÎÒÏ â ÍÚº¼ÖºÕÎÓÏ ºÏÙ »Í÷ÏÍÛÍÏÕ à �ê � ìé<GG�_ê� ë é� è� G �¾¾¾ �êèGìê�è_éê�� �éê� GìGê <G éê Òéé �ë �_è�� ìè_Û <_�� �êèG� �_� Gê <G ¢� �Ò�� £¤¤µ¦ § ¿ G�
�ì �G�êë§ ©�� â ÔºÒÍÑ �] =	�]l à

ôï ÎÍ ¼ÎA� ÎÏÍÏ Gè ��äâ >ii]s P S��S�� SV�V â Ë àâ ÝUVZª â Ê à ºÏÙ 8È�XZ��S â ~ à �>ii]� à áÕÍÛ ÑÍÕ ÑÖÔÔÓ»Õ tÖÍ» ÎÍÑ
ÖÑÎÏÒ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ºÏÙ ÕÌÍÎ» ÐÓÏÙÍÏÑÍÙ »ÍÔ»ÍÑÍÏÕºÕÎÓÏÑ à �ê � ìé<GG�_ê� ë é� è� G ¤è� �êèGìê�è_éê���éê� GìGê<G   _ë<é«Gì �<_Gê <G ¢  � °±±Ð¦ § ³¿ ��§ «é�m¡ G µ °ÐÍ§ �í ì_ê� Gì
 ²Gì ��� § ´ �ì<G�éê�§ �í �_êâÔºÒÍÑ =] =	 =l> à

ôï Ó»ß×â >ii]s PZXÈÉ â ï à �>ii]� à ÓÞÐÎÍÏÕ Û ÎÏÎÏÒ ÓØ ÙÎÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë é� è� G ½è��êèGìê�è_éê�� �éê� GìGê <G éê   �è� ¨�ìG� émë_ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±±Ð¦ § ³¿ ��§«é �m¡ G µ ±½£§ �í ì_ê� Gì
 ²Gì ��� § ¬ ì�ð é�§ � é��ê�â ÔºÒÍÑ >>®	 >nl à
ôïÖÌÓÏÍÏ ºÏÙ ËÓÎÚÓÏÍÏ â >ii]s PÔ\ZV�V â Ç à ºÏÙ RZSªZV�V â ? à �>ii]� à k¼ÓÑÍÙ ÏÓÏ¯ÙÍ» ÎÚºÝ ¼Í ÎÕÍÛ ÑÍÕÑ à

�ê � ìé<GG�_ê�ë é� è� G £±è� ¾mìéí G�ê �éê� GìGê<G éê � ì_ê <_í �Gë �ê� � ì�<è_<G é� ¬ êé� �G�� G   _ë<é«Gì_ê   �è�ñ�ëGë ¢�¬   °±±Ð¦ § ³¿��§ «é �m¡ G µ °£¥§ �í ì_ê� Gì
 ²Gì ��� § ´ Gì �_ê § �Gì¡�ê â ÔºÒÍÑ ]i =	]i® à
ôßºÏºÚºÕÎ Gè ��äâ >ii =s äUVUªUTS â 2 à 2 àâ 9\STXUãÔXU â } à Ê àâ áZ�\S â ~ à ºÏÙ ðXS�\VUãÔXU� â | à �>ii =� à
ï ÎÏÎÏÒ ÒÍÏÍ»º¼ÎÑÍÙ ÙÎÑò ÖÏÐÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê� ë é� è� G £±è� �êèGìê�è_éê�� �éê� GìGê <G
éê �ê� éì¡�è_éê �ê� ¬ êé� �G�� G � �ê�� G¡ Gêè ¢��¬� °±±£¦ § � è��êè�§ �Géì� _�§ ©�� â ÔºÒÍÑ �®>	�®� à

ôßº»ÖÑÌ ÎÛ º â =�®>s äUXÔ�\ S�U â ? à �=�®>� à Ê» ÎÏÐÎÔ ¼Í ÓØ ÎÏÐ ¼ÖÑÎÓÏ¯ÍÜÐ ¼ÖÑÎÓÏ ÓÏ Ôº»ÕÎº¼¼× Ó»ÙÍ» ÑÍÕÑ à   _ë
<ìGèG � �è� G¡ �è_<ëâ �> ö>�n	 >Âi à
ôóÛ ÎÍÐÎÏÑA Î â >iins ÿ�S�WSV�� S â Ó à | à �>iin� à 2¼ÕÍ»ÏºÕÎÚÍ ÎÏÕÍ»ÍÑÕ Û ÍºÑÖ»ÍÑ ØÓ» ÛÎÏÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏÑ ÎÏ

ÙºÕºÝºÑÍÑ à �¾¾¾ Òì�êë�<è_éêë éê ¬ êé� �G�� G �ê�   �è� ¾ê� _ê GGì_ê� â =Â �=� öÂl	]� à
ôÊºÑtÖÎÍ» â >iiis ÝU�ÞÔS�X â ß à �>iii� à ÀºÕºÛÎÏÎÏÒ ö 2¼ÒÓ»ÎÕÌÛ ÍÑ Ù 3ÍÜÕ»ºÐÕÎÓÏ ÍÕ ÙÍ »jÙÖÐÕÎÓÏ ÙÍÑ »�Ò ¼ÍÑ
Ù 3ºÑÑÓ ÐÎºÕÎÓÏ ÙºÏÑ ¼ÍÑ ÝºÑÍÑ ÙÍ ÙÓÏÏjÍÑ à ËÌÍÑÎÑ â � ÐÓ ¼Í ÀÓ ÐÕÓ»º¼Í ~ÐÎÍÏÐÍÑ ÔÓÖ» ¼ 3áÏÒjÏÎÍÖ» ÙÍ k¼Í»ÛÓÏÕ
FÍ»»ºÏÙ â ìÏÎÚÍ»ÑÎÕj k¼Í»ÛÓÏÕ FÍ»»ºÏÙ áá â F»ºÏÐÍ à

ôÊºÑtÖÎÍ» â >ii�s ÝU�ÞÔS�X â ß à �>ii�� à ÁìG{mGêè <�éëG� _èG¡ ëGè ñ�ëG� <éê�GêëG� ìGí ìGëGêè�è_éêë � éì �ë
ëé<_�è_éê ìm�Gëâ ÔºÒÍÑ >�®	 >ln à áÏ ÕÌÍ ÅÓÓA ÓÏ ÊÓÑÕ¯ïÎÏÎÏÒ ÓØ 2 ÑÑÓ ÐÎºÕÎÓÏ |Ö ¼ÍÑ ö ËÍÐÌÏÎtÖÍÑ ØÓ»
Ó@ÍÐÕÎÚÍ }ÏÓà¼ÍÙÒÍ ÓÜÕ»ºÐÕÎÓÏ â áf á f¼ÓÝº¼ ÊÖÝ ¼ÎÑÌÍ» à



ö÷� Ö �× ý��Ø����Ù

ôÊºÑtÖÎÍ» Gè ��äâ =���ºs ÝU�ÞÔS�X â ß àâ ÆU�TSË� â ^ àâ RUZÔS� â | à ºÏÙ ÏU�\U� â B à �=���º� à À ÎÑÐÓÚÍ»¯
ÎÏÒ Ø»ÍtÖÍÏÕ Ð¼ÓÑÍÙ ÎÕÍÛ ÑÍÕÑ ØÓ» ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë é� Ìè� �êèGìê�è_éê�� �éê� GìGê<G éê  �è�ñ�ëG Ò� Géì ¢� �  Ò £¤¤¤¦ § ³¿ ��§ «é�m¡ G £Íµ ±§ �í ì_ê� Gì
 ²Gì ��� § ÄGìmë��G¡ § �ëì�G�â ÔºÒÍÑ n�®	
� =] à

ôÊºÑtÖÎÍ» Gè ��äâ =���Ý s ÝU�ÞÔS�X â ß àâ ÆU�TSË� â ^ àâ RUZÔS� â | à ºÏÙ ÏU�\U� â B à �=���Ý � à ÓÞ ÐÎÍÏÕ
Û ÎÏÎÏÒ ÓØ ºÑÑÓÐÎºÕÎÓÏ »Ö ¼ÍÑ ÖÑÎÏÒ Ð¼ÓÑÍÙ ÎÕÍÛ ÑÍÕ ¼ºÕÕÎÐÍÑ à �ê� éì¡�è_éê �ëèG¡ ëâ >� �=� ö>Â	�] à

ôÊÍÎ Gè ��äâ >ii�s Ý�S â Ç àâ 8ZV� â f àâ ¸ZÔ â æ à ºÏÙ pUV â Ç à �>ii�� à ï ÎÏÎÏÒ ÐÓÏÙÍÏÑÍÙ Ø»ÍtÖÍÏÕ¯ÔºÕÕÍ»Ï
ÝºÑÍÑ à ¬ êé� �G�� G �ê� �ê� éì¡�è_éê �ëèG¡ ëâ ] �Â� öÂli	Â�� à

ôÊÍÎ Gè ��äâ >ii]s Ý�S â Ç àâ âÔUV â ^ àâ ÏSV â þ àâ áSV â æ àâ y�T�X â ï àâ ÏSÔ â � àâ ëUV� â æ àâ RUZ â ^ àâ âÔ â
Ç à þ à ºÏÙ ¸\UV� â � à �>ii]� à ËÓàº»ÙÑ ÛÖ ¼ÕÎÙÎÛ ÍÏÑÎÓÏº¼ ÑÖÝÑÔºÐÍ ÑA× ¼ÎÏÍ ºÏº¼×ÑÎÑ à � �� Òì�êë�<è_éêë
éê   �è�ñ�ëG �ëèG¡ ëâ n =�� � ö=nnÂ	 =n® = à

ôÊ Øº¼Õß ºÏÙ Ëº× ¼Ó» â >ii>s ÝÃU�TÈ â Ç à B à ºÏÙ RUÉ�ZX â k à ï à �>ii>� à ~ÐÎÍÏÕÎ÷ Ð AÏÓà¼ÍÙÒÍ ÙÎÑÐÓÚÍ»×
ÕÌ»ÓÖÒÌ ÎÕÍ»ºÕÎÚÍ Õ»ºÏÑØÓ»Û ºÕÎÓÏ ÓØ ÐÓÏÐÍÔÕ ¼ºÕÕÎÐÍÑ à �ê � ìé<GG�_ê�ë é� è� G ¨éìðë� éí éê   _ë<ìGèG�íí �_G� � �è� G¡ �è_<ë _ê <éêò mê<è_éê �_è� è� G °ê� ���� �êèGìê�è_éê�� �éê� GìGê<G éê   �è� � _ê _ê� §� ì �_ê� èéê § ²_ì� _ê _�§ ©�� â ÔºÒÍÑ ]Â	 l� à

ôÊÌºÏ BÖÓÏÒ â >ii>s Ý\UV ÏÔZV� â ú à �>ii>� à ËÌÍ Ð¼ÓÑÍÙ AÍ×Ñ ÝºÑÍ ÓØ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ à �ê � ìé<GG�_ê�ë
é� è� G µ è� �êèGìê�è_éê�� �éê� GìGê<G éê   �è� ¨�ìG� émë _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢  �¨�¬ °±±°¦ §
³¿ ��§ «é �m¡ G °µ Íµ § �í ì_ê� Gì
 ²Gì ��� § � _ç 
Gê
� ìé«Gê <G§ Áì�ê <Gâ ÔºÒÍÑ =® =	 =�i à

ô|º·ÑÑÎ Gè ��äâ >ii®s wU¹��S â k àâ 9U�Ë�X� â Ë à ºÏÙ ÝZVW���T â Ê à �>ii®� à ï ÎÏÎÏÒ ÐÓÏòÖÏÐÕÎÚÍ ÑÍtÖÍÏÕÎº¼
ÔºÕÕÍ»ÏÑ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =l �=� öll	�n à

ô|º¼ÝÓÚÑA� ºÏÙ }ÖÐÌº» â >iils wU�uZª��� â ï à ºÏÙ ðÔW\UX â Ë à �>iil� à ì ÑÎÏÒ ÙÎÑò ÖÏÐÕÎÓÏÑ ÎÏ ºÑÑÓ ÐÎº¯
ÕÎÓÏ Û ÎÏÎÏÒ à �ê � ìé<GG�_ê� ë é� è� G Ìè� �ê�mëèì_�� �éê� GìGê<G éê   �è� � _ê _ê� ¢� � � °±±Ì¦ § ³¿ ��§«é �m¡ G µ Í¤ Ì§ �í ì_ê� Gì
 ²Gì ��� § ³G_í � _� § �Gì¡�ê â ÔºÒÍÑ nn�	nÂ = à

ô| ÎÑÑºÏÍÏ â =�l®s w S��UV�V â Ç à �=�l®� à ï ÓÙÍ ¼ÎÏÒ Ý× ÑÌÓ»ÕÍÑÕ ÙºÕº ÙÍÑÐ»ÎÔÕÎÓÏ à �m èé¡�è_<�â =� ö�]Â	�l= à
ô~ºÑÑÎ Gè ��äâ >iils OU��S â ï àâ QXS��UYRZÔÈS â 2 à ºÏÙ ÿÔV���S â ? à �>iil� à k¼ÖÑÕÍ»ÎÏÒ tÖº¼ÎÕ× ÍÚº¼ÖºÕÎÓÏ

ÝºÑÍÙ ÓÏ ØÖßß× ó9q à �ê � ìé<GG�_ê�ë é� £½è� �êèGìê�è_éê�� �éê� GìGê <G   �è�ñ�ëG �ê� ¾çí Gìè �ëèG¡ ë
�íí �_<�è_éêë ¢ ¾	� °±± Ì¦ § ³¿ ��§ �í ì_ê� Gì
 ²Gì ��� § «é�m¡ G µ ÐÍ¥§ é G� Gêëñmì� § �Gì¡�ê â ÔºÒÍÑ ]n�	]�� à

ô~ºÚºÑÍ»Í Gè ��äâ =��®s OUªU��X� â 2 àâ ÿ�S�WSV�� S â Ó à ºÏÙ äUªUT\� â ~ à �=��®� à ï ÎÏÎÏÒ ØÓ» ÑÕ»ÓÏÒ ÏÍÒº¯
ÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏÑ ÎÏ º ¼º»ÒÍ ÙºÕºÝºÑÍ ÓØ ÐÖÑÕÓÛ Í» Õ»ºÏÑºÐÕÎÓÏÑ à �ê � ìé<GG�_ê� ë é� è� G £µ è� �êèGìê�è_éê���éê� GìGê<G éê   �è� ¾ê� _êGGì_ê� ¢� � ¾ £¤¤½¦ § �¾¾¾ �é¡í m èGì �é<_Gè � ìGëë§ �ì ��ê�é§ Á �éì_��§ ©�� â
ÔºÒÍÑ ���	 Âi> à

ô~ÌÍ â >ii®s O\� â ~ à �>ii®� à FÍºÕÖ»Í ÛÓÙÍ ¼ Û ÎÏÎÏÒ à ï ºÑÕÍ» ËÌÍÑÎÑ â ìÏÎÚÍ»ÑÎÕ× ÓØ æºÕÍ»¼ÓÓ â æºÕÍ»¼ÓÓ â
óÏÕº» ÎÓ â kºÏºÙº à

ô~ÌÎÛ º Gè ��äâ >iiÂs O\S�U â ^ àâ p SXUTU â } àâ pUXUZ â ï àâ âZ�ZÉU�U â ~ àâ PUT�ÔZ�U â } à ºÏÙ :ÈÔ� S â Ë à
�>iiÂ� à ÓÜÕ»ºÐÕÎÏÒ ÙÎÑò ÖÏÐÕÎÚÍ Ð¼ÓÑÍÙ »Ö ¼ÍÑ Ø»ÓÛ PwOq ÙºÕº à �ê � ìé<GG�_ê�ë é� è� G £ëè �êèGìê�è_éê���éê� GìGê<G éê �é¡í �Gç � G�_<�� ¾ê� _ê GGì_ê� ¢��¾ °±±Í¦ § Ò�ð�¡ �èëm§ Ä�í �êâ ÔºÒÍÑ n>=	n>Â à



Ö�× ý��Ø����Ù ö÷


ô~ÌÎÛ º Gè ��äâ >ii�s O\S�U â ^ àâ PST�ÔS�\S â ~ àâ p SXUTU â } à ºÏÙ pUXUZ â ï à �>ii�� à ÓÜÕ»ºÐÕÎÏÒ Û ÎÏÎÛ º¼
ºÏÙ Ð ¼ÓÑÍÙ ÛÓÏÓÕÓÏÍ 8äó ØÓ»ÛÖ ¼ºÑ à �ê � ìé<GG�_ê� ë é� è� G Ìè� �êèGìê�è_éê�� �éê� GìGê <G   _ë<é«Gì
�<_Gê <G ¢  � °±±µ¦ § ³¿ ��§ «é �m¡ G ¥°µ Í§ �í ì_ê� Gì
 ²Gì ��� § � ��é«�§ � è�� â ÔºÒÍÑ >�®	niÂ àô~ÓÖ ¼ÍÕ ºÏÙ k»jÛ Î¼¼ÍÖÜ â >ii®s OZÔ��T â 2 à ºÏÙ 9Xõ�S���Ôz â Å à �>ii®� à 2ÙÍtÖºÕÍ ÐÓÏÙÍÏÑÍÙ »ÍÔ»ÍÑÍÏ¯
ÕºÕÎÓÏÑ ÓØ ÔºÕÕÍ»ÏÑ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì â =l �=� ö��	 ==i àô~» ÎAºÏÕ ºÏÙ 2Ò»ºàº¼ â =��Âs OXS�UVT â | à ºÏÙ q�XU[U� â | à �=��Â� à ï ÎÏÎÏÒ ÒÍÏÍ»º¼ÎßÍÙ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à
�ê � ìé<GG�_ê� ë é� è� G °£è� �êèGìê�è_éê�� �éê� GìGê<G éê ²Gì ³�ì� G   �è� ´ �ëGë ¢²³ ´ £¤¤Í¦ § åmì_<� §
�� _è� Gì ��ê� â ÔºÒÍÑ �il	� =� àô~» ÎAºÏÕ Gè ��äâ =��ls OXS�UVT â | àâ vÔ â � à ºÏÙ q�XU[U� â | à �=��l� à ï ÎÏÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à ÎÕÌ ÎÕÍÛ
ÐÓÏÑÕ»º ÎÏÕÑ à �ê � ìé<GG�_ê� ë é� è� G ¥ì� �êèGìê�è_éê�� �éê� GìGê<G éê ¬ êé� �G�� G   _ë<é«Gì _ê   �è�ñ�ëGë
�ê�   �è� � _ê _ê� ¢¬   £¤¤ Ì¦ § ¿ G�í éìè ´ G�<�§ �� § ©�� â ÔºÒÍÑ ]l	 ln à

ô~ÕÍÎÏÝºÐÌ ºÏÙ }ÖÛ º» â >iils OT�SVuUW\ â ï à ºÏÙ ðÔ�UX â ú à �>iil� à fÍÏÍ»º¼Îß ÎÏÒ ÕÌÍ ÏÓÕÎÓÏ ÓØ ÐÓÏ÷ ¯
ÙÍÏÐÍ à ¬ êé� �G�� G �ê� �ê� éì¡�è_éê �ëèG¡ ëâ => �n� ö>l�	 >�� à

ô~ÕÖÛÛÍ Gè ��äâ >ii =s OTÔ��� â f àâ RUZÔS� â | àâ ÆU�TSË� â ^ àâ ÝU�ÞÔS�X â ß à ºÏÙ ÏU�\U� â B à �>ii =� à
áÏÕÍ ¼¼ÎÒÍÏÕ ÑÕ»ÖÐÕÖ»ÎÏÒ ºÏÙ »ÍÙÖÐÎÏÒ ÓØ ºÑÑÓÐÎºÕÎÓÏ »Ö ¼ÍÑ à ÎÕÌ ØÓ»Û º¼ ÐÓÏÐÍÔÕ ºÏº¼×ÑÎÑ à �ê � ìé<GG�_ê�ë
é� è� G Äé_êè �Gì¡�êô�mëèì_�ê �éê� GìGê <G éê �� è ��«�ê <Gë _ê � ìè_Û <_�� �êèG� �_� Gê <G§ ³¿ ��§ «é�m¡ G
°£ Ìµ § �í ì_ê� Gì
 ²Gì ��� § ²_Gêê�§ �mëèì_�â ÔºÒÍÑ nnÂ	nÂi àô~ÕÖÛÛÍ Gè ��äâ >ii>s OTÔ��� â f àâ RUZÔS� â | àâ ÆU�TSË� â ^ àâ ÝU�ÞÔS�X â ß à ºÏÙ ÏU�\U� â B à �>ii>� à
kÓÛÔÖÕÎÏÒ :ÐÍÝ Í»Ò ÐÓÏÐÍÔÕ ¼ºÕÕÎÐÍÑ à ÎÕÌ RSTUVSW à   �è� ü ¬ êé� �G�� G ¾ê� _ê GGì_ê� â �> �>� ö=®�	>>> àô~ÕÖÛÛÍ Gè ��äâ =��®s OTÔ��� â f àâ ë S��� â | à ºÏÙ ë S��� â ì à �=��®� à kÓÏÐÍÔÕÖº¼ AÏÓà¼ÍÙÒÍ ÙÎÑÐÓÚÍ»×
ÎÏ ÙºÕºÝºÑÍÑ ÖÑÎÏÒ ØÓ»Û º¼ ÐÓÏÐÍÔÕ ºÏº¼×ÑÎÑ Û ÍÕÌÓÙÑ à �ê � ìé<GG�_ê�ë é� è� G °ê� ¾mìéí G�ê �¡í éë _m¡
éê � ì_ê<_í �Gë é�   �è� � _ê _ê� �ê� ¬ êé� �G�� G   _ë<é«Gì ¢�¬   £¤¤½¦ § ³¿ ��§ «é�m¡ G £Í£±§ �í ì_ê� Gì

²Gì ��� § ¿ �êèGë§ Áì�ê <Gâ ÔºÒÍÑ �Âi	�Â® àôËÓÎÚÓÏÍÏ â =��]ºs RZSªZV�V â ? à �=��]º� à À ÎÑÐÓÚÍ» ÎÏÒ ÓØ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ ÎÏ ¼º»ÒÍ ÙºÕº ÐÓ ¼¼ÍÐÕÎÓÏÑ à
ËÌÍÑÎÑ â ìÏÎÚÍ»ÑÎÕ× ÓØ ? Í ¼ÑÎÏA Î â ? Í ¼ÑÎÏA Î â F ÎÏ ¼ºÏÙ à

ôËÓÎÚÓÏÍÏ â =��]Ý s RZSªZV�V â ? à �=��]Ý � à ~ºÛÔ ¼ÎÏÒ ¼º»ÒÍ ÙºÕºÝºÑÍÑ ØÓ» ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë
é� è� G °°è� �êèGìê�è_éê�� �éê� GìGê <G éê ²Gì ³�ì� G   �è� ´ �ëGë ¢²³ ´ £¤¤Ð¦ § ´ é¡ ñ�§ �ê�_�â ÔºÒÍÑ=n�	 =�Â à

ôËßºÏÎÑ ºÏÙ ÅÍ»ÝÍ» ÎÙÎÑ â >iils R ÈUVS� â f à ºÏÙ Æ�Xu�XSË S� â k à �>iil� à ï ÎÏÎÏÒ ØÓ» ÛÖÕÖº¼¼× ÍÜÐ ¼ÖÑÎÚÍ
ÎÕÍÛ Ñ ÎÏ Õ»ºÏÑºÐÕÎÓÏ ÙºÕºÝºÑÍÑ à �êèGìê�è_éê�� Äémìê�� é�   �è� ¨�ìG� émë_ê� �ê� � _ê _ê� § � �� ��éñ��
� mñ�_ë� Gìâ n �n� ö�Â	Â� à

ôìÏÓ Gè ��äâ >ii�s oVZ â Ë àâ q�US â Ë àâ oW\SËU â ^ à ºÏÙ qXS�ÔXU â ? à �>ii�� à 2Ï ÍÞ ÐÎÍÏÕ º¼ÒÓ» ÎÕÌÛ ØÓ»
ÍÏÖÛÍ»ºÕÎÏÒ Ð¼ÓÑÍÙ ÔºÕÕÍ»ÏÑ ÎÏ Õ»ºÏÑºÐÕÎÓÏ ÙºÕºÝºÑÍÑ à � ìé<GG�_ê� ë é� è� G Ìè� �êèGìê�è_éê�� �éê� GìGê <G
éê   _ë<é«Gì �<_Gê <G ¢  � °±±µ¦ § � ��é«�§ � è�� â ÔºÒÍÑ =]	n = à

ôúº¼ÕÐÌÍÚ Gè ��äâ >ii�s vU�TW\�ª â Ê àâ PS��UZÔS â | à ºÏÙ QZËSV â | à �>ii�� à FÓ»Û º¼ ÐÓÏÐÍÔÕ ºÏº¼×ÑÎÑ ØÓ»
AÏÓà¼ÍÙÒÍ ÙÎÑÐÓÚÍ»× ºÏÙ ÙºÕº Û ÎÏÎÏÒ ö ËÌÍ ÏÍà ÐÌº¼¼ÍÏÒÍÑ à �ê � ìé<GG�_ê� ë é� è� G °ê� �êèGìê�è_éê���éê� GìGê<G éê Áéì¡�� �éê<Gí è �ê��ë _ë ¢� �Á �� °±±µ¦ § ³¿ ��§ �í ì_ê� Gì
 ²Gì ��� § «é �m¡ G °¤Ð£§ ��ê G§�mëèì��_�â ÔºÒÍÑ nÂ>	nl= à
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ôúº¼ÕÐÌÍÚ Gè ��äâ >iiis vU�TW\�ª â Ê àâ PS��UZÔS â | à ºÏÙ Ï�uXÔV â Ê à �>iii� à 2 ØºÑÕ º¼ÒÓ» ÎÕÌÛ ØÓ» ÝÖÎ¼ÙÎÏÒ
ÕÌÍ pºÑÑÍ ÙÎºÒ»ºÛ ÓØ º Qº¼ÓÎÑ ¼ºÕÕÎÐÍ à �ê � ìé<GG�_ê�ë é� è� G �éê� GìGê <G éê �é¡ ñ_ê�èéì_<ë§ �é¡í m èGì
�<_Gê <G �ê� �íí �_<�è_éêë ¢³���� °±±±¦ § � éêèìï��§ ��ê��� â ÔºÒÍÑ >�n	ni] à

ôæºÏÒ Gè ��äâ >iiÂs ëUV� â Ç àâ ¸U�S â ï à Ç àâ O\U�\U â À à ºÏÙ RZSªZV�V â ? à �>iiÂ� à   �è� � _ê _ê� _ê
´ _é_ê� éì¡�è_<ëà ~Ô» ÎÏÒÍ» à

ôæÍÎÑÑ â >ii�s ë �S�� â f à ï à �>ii�� à ï ÎÏÎÏÒ à ÎÕÌ »º» ÎÕ× ö 2 ÖÏÎØ× ÎÏÒ Ø»ºÛÍàÓ»A à � �� 
�� �¬   ¾çí �é
ì�è_éêëâ ] �=� öl	 =� à
ôæÖ Gè ��äâ >ii�s ë Ô â þ àâ ¸\UV� â k à ºÏÙ ¸\UV� â ~ à �>ii�� à ÓÞ ÐÎÍÏÕ Û ÎÏÎÏÒ ÓØ ÝÓÕÌ ÔÓÑÎÕÎÚÍ ºÏÙ

ÏÍÒºÕÎÚÍ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à � �� Òì�êë�<è_éêë éê �ê� éì¡�è_éê �ëèG¡ ëâ >> �n� ön® =	�iÂ à
ôþ ÎÍ Gè ��äâ >ii]s ý S� â ¶ àâ 9\�V â ? à ºÏÙ ÏS â k à �>ii]� à Pó:O¯Û ÎÏÎÏÒ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÓÏ ÙºÕº ÑÕ»ÍºÛÑ à

�ê � ìé<GG�_ê�ë é� è� G °ê� �êèGìê�è_éê�� �éê� GìGê <G éê ��«�ê<G�   �è� � _ê _ê� �ê� �íí �_<�è_éêë ¢� ��
°±±Ð¦ § ³¿ ��§ «é�m¡ G µ ±¤¥§ �í ì_ê� Gì
 ²Gì ��� § 	 _ î�ê § �� _ê� â ÔºÒÍÑ =i®Â	 =i�n à

ôþ ÎÍ ºÏÙ B ÎÖ â >iiÂs ý S� â ¶ à ºÏÙ ÏSÔ â ¶ à �>iiÂ� à F»ÓÛ ÎÏÕÍÏÕ »ÍÙÖÐÕÑ ØÓ» ºÕÕ»ÎÝÖÕÍ ÎÛÔ ¼ÎÐºÕÎÓÏÑ ÕÓ ºÔ¯
Ô»ÓÜ ÎÛ ºÕÍ ÎÏÕÍÏÕ »ÍÙÖÐÕÑ ØÓ» ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à �ê � ìé<GG�_ê�ë é� è� G Íè� �êèGìê�è_éê�� �éê� GìGê <G éê�é¡í m èGì �ê� �ê� éì¡�è_éê ÒG<�êé �é�  ¢�� Ò °±±Í¦ § �¾¾¾ �é¡í m èGì � é<_Gè � ìGëë§ �� �ê�� �_§ �� _ê�âÔºÒÍÑ =]>	 =]� à

ôþ ÎÏ Gè ��äâ >iils ý SV â À àâ pUV â Ç àâ âUV â þ à ºÏÙ 9\�V� â ? à �>iil� à óÏ ÐÓÛÔ»ÍÑÑÎÏÒ Ø»ÍtÖÍÏÕ ÔºÕÕÍ»ÏÑ à
  �è� ü ¬ êé� �G�� G ¾ê� _êGGì_ê� â ]i �=� öÂ	>� à

ô^ºÏ ºÏÙ ?ºÏ â >iins âUV â þ à ºÏÙ pUV â Ç à �>iin� à 9�Z��QXUã\ ö ï ÎÏÎÏÒ Ð ¼ÓÑÍÙ Ø»ÍtÖÍÏÕ Ò»ºÔÌ ÔºÕÕÍ»ÏÑ à
�ê � ìé<GG�_ê� ë é� è� G ¤è� � �� �êèGìê�è_éê�� �éê� GìGê <G éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê�
¢¬   °±±¥¦ § ¨�ë� _ê� èéê §   �§ ©�� â ÔºÒÍÑ >®]	>�Â à

ô^ºÏÒ Gè ��äâ >ii =s âUV� â k àâ óUÉÉUË â ì à ï à ºÏÙ ÆXUË��É â Ê à ~ à �>ii =� à ÓÞÐÎÍÏÕ ÙÎÑÐÓÚÍ»× ÓØ Í»»Ó»¯
ÕÓ ¼Í»ºÏÕ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ÎÏ ÌÎÒÌ ÙÎÛ ÍÏÑÎÓÏÑ à �ê � ìé<GG�_ê� ë é� è� G Ìè� � �� �êèGìê�è_éê�� �éê� GìGê <G
éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê� ¢¬   °±±£¦ § � �ê Áì�ê<_ë<é§ �� § ©�� â ÔºÒÍÑ =��	>in à

ô^Í ºÏÙ } ÍºÏÍ â =��ls â � â þ à ºÏÙ ð�UV� â Ç à 2 à �=��l� à ï ÎÏÎÏÒ ÐÓÛÔÓÑÎÕÍ ÎÕÍÛ Ñ ÎÏ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ à
�ê � ìé<GG�_ê� ë é� è� G £±è� �¾¾¾ �êèGìê�è_éê�� �éê� GìGê <G éê �ëèG¡ ë§ � �ê § �ê� �ñGìêGè_<ë ¢�� �
£¤¤ Ì¦ § �ì ��ê�é§ Á �éì_��§ ©�� â ÔºÒÍÑ =n]l	 =nl> à

ô^ÖÏ Gè ��äâ >iins â ÔV â ? àâ pU â À àâ p[UV� â Å à ºÏÙ wÉÔ â } à �>iin� à ï ÎÏÎÏÒ ºÑÑÓ ÐÎºÕÎÓÏ »Ö ¼ÍÑ ÓÏ ÑÎÒÏÎØ¯
ÎÐºÏÕ »º»Í ÙºÕº ÖÑÎÏÒ »Í ¼ºÕÎÚÍ ÑÖÔÔÓ»Õ à Ò�G Äémìê�� é� �ëèG¡ ë �ê� �é� è��ìGâ ]l ö=® =	 =� = à

ô¶ºA Î â >ii�s ¸U�S â ï à Ç à �>ii�� à ï ÎÏÎÏÒ ÏÓÏ¯»ÍÙÖÏÙºÏÕ ºÑÑÓÐÎºÕÎÓÏ »Ö ¼ÍÑ à   �è� � _ê _ê� �ê� ¬ êé� �G�� G  _ë<é«Gì â � �n� ö>>n	 >�® à
ô¶ºA Î ºÏÙ ? ÑÎºÓ â >ii>s ¸U�S â ï à Ç à ºÏÙ p�SUZ â k à Ç à �>ii>� à 9\qwP ö 2Ï ÍÞ ÐÎÍÏÕ º¼ÒÓ» ÎÕÌÛ ØÓ» Ð¼ÓÑÍÙ

ÎÕÍÛ ÑÍÕ Û ÎÏÎÏÒ à �ê � ìé<GG�_ê�ë é� è� G °ê� ���� �êèGìê�è_éê�� �éê� GìGê <G éê   �è� � _ê _ê� § � ì �_ê� èéê §
²_ì� _ê _�§ ©�� â ÔºÒÍÑ n�	�n à

ô¶ÌºÓ â >ii]s ¸\UZ â B à �>ii]� à ï ÎÏÎÏÒ ÑÖÝÑÔºÐÍ ºÏÙ ÝÓÓ ¼ÍºÏ ÔºÕÕÍ»ÏÑ Ø»ÓÛ ÙºÕº à ËÌÍÑÎÑ â |ÍÏÑÑÍ ¼ºÍ»
ÊÓ ¼×ÕÍÐÌÏÎÐ áÏÑÕÎÕÖÕÍ â Ë»Ó×â ßÍà ^Ó»A â ì~2 à
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ô¶ÌºÓ Gè ��äâ >ii]s ¸\UZ â B àâ ¸U�S â ï à Ç à ºÏÙ wU�U�XS�\VUV â ß à �>ii]� à ÆÏÿOÿP ö 2 Ø»ºÛÍàÓ»A
ØÓ» Û ÎÏÎÏÒ º»ÝÎÕ»º»× ÆÓÓ ¼ÍºÏ ÍÜÔ»ÍÑÑÎÓÏÑ à �ê � ìé<GG�_ê�ë é� è� G £°è� � �� �� �¬   �êèGìê�è_éê���éê� GìGê<G éê ¬ êé� �G�� G   _ë<é«Gì �ê�   �è� � _ê _ê� ¢¬   °±±Ð¦ § �� _���G�í � _�§ �� § ©�� â ÔºÒÍÑ
®>l	®n> à

ô¶ÌÍÏÒ Gè ��äâ >ii =s ¸\�V� â ¶ àâ ðZ\Uª S â | à ºÏÙ PU�ZV â B à �>ii =� à |Íº¼ àÓ»¼Ù ÔÍ»ØÓ»Û ºÏÐÍ ÓØ ºÑÑÓ ÐÎºÕÎÓÏ
»Ö ¼Í º¼ÒÓ»ÎÕÌÛ Ñ à �ê � ìé<GG�_ê�ë é� è� G Ìè� � �� ���¬   �êèGìê�è_éê�� �éê� GìGê <G éê ¬ êé� �G�� G  _ë<é«Gì �ê�   �è� � _ê _ê� § � �� � ìGëëâ ÔºÒÍÑ �i =	�i] à
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ËÌÍ ÝÍÏÐÌÛ º»A ÐÓÏÕÍÜÕÑ àÍ ÖÑÍÙ ÎÏ ÓÖ » ÍÜÔÍ»ÎÛ ÍÏÕÑ º»Í Ø»ÍÍ ¼× ÙÓàÏ ¼ÓºÙºÝ ¼Í Ø»ÓÛ ÕÌÍ ó:P : àÍÝÑÎÕÍ ºÕ ö
� �� !""#$ % &'( &� )*(%+,% &#" -. �. à ËÌÍ ÷ »ÑÕ ÷ÚÍ ÐÓÏÕÍÜÕÑ º»Í ÐÓÛÛÓÏ ¼× ÐÓÏÑÎÙÍ»ÍÙ ÎÏ ÕÌÍ ¼ÎÕÍ»ºÕÖ»Í ÕÓ Ý Í
ÙÍÏÑÍ â _äG äâ ÐÓÏÕº ÎÏ ÎÏÒ Û ºÏ× ¼ÓÏÒ Ø»ÍtÖÍÏÕ ÎÕÍÛ ÑÍÕÑ ºÕ Úº»ÎÓÖÑ ¼ÍÚÍ ¼Ñ ÓØ ¡_êëmíí Úº¼ÖÍÑ ôÅº×º»ÙÓ â =��®s à
æ ÌÎ¼Í ÕÌÍ ¼ºÑÕ ÷ÚÍ º»Í ÐÓÏÑÎÙÍ»ÍÙ ÕÓ ÝÍ ÑÔº»ÑÍ â _äG äâ ÐÓÏÕº ÎÏ ÎÏÒ º ¼º»ÒÍ ÏÖÛÝÍ» ÓØ ÎÕÍÛ Ñ ÝÖÕ ÓÏ ¼× º ØÍà ÓØ
ÕÌÍÛ Ø»ÍtÖÍÏÕ ¼× ÓÐÐÖ» ÎÏ ÕÌÍ ÐÓÏÕÍÜÕ à ?Í»Í â àÍ ÙÍÑÐ» ÎÝ Í ÕÌÍ ÐÓÏÕÍÏÕ ÓØ ÍºÐÌ ÐÓÏÕÍÜÕ à

• /0122 1 ËÌÎÑ ÙºÕºÑÍÕ ÎÑ ÙÍ» ÎÚÍÙ Ø»ÓÛ ÕÌÍ ÑÕÍÔÑ ÓØ kÌÍÑÑ ÒºÛÍÑ à ËÌÍ ØÓ»Û ºÕ ØÓ» ÕÌÍ ÓÝò ÍÐÕÑ ÎÏ ÕÌÎÑ
ÙºÕºÑÍÕ ÎÑ º ÑÍtÖÍÏÐÍ ÓØ

37
ÎÕÍÛ Úº¼ÖÍÑ à ÓºÐÌ ÓÝò ÍÐÕ ÎÑ º ÝÓº»Ù¯ÙÍÑÐ»ÎÔÕÎÓÏ ØÓ» ÕÌÎÑ ÐÌÍÑÑ ÍÏÙÒºÛÍ à

ËÌÍ ÷ »ÑÕ
36

ÎÕÍÛ Ñ ÙÍÑÐ» ÎÝ Í ÕÌÍ ÝÓº»Ù à ËÌÍ ¼ºÑÕ ã
37th

å ÎÕÍÛ ÎÑ ÕÌÍ Ð¼ºÑÑÎ÷ÐºÕÎÓÏ ö bà ÎÏc Ó» bÏÓ
à ÎÏc à ËÌÎÑ ÐÓÏÕÍÜÕ ÎÑ ºÚº Î¼ºÝ ¼Í ÎÏ ÕÌÍ o9 á»ÚÎÏÍ ï ºÐÌÎÏÍ BÍº»ÏÎÏÒ ÀºÕºÝºÑÍ |ÍÔÓÑÎÕÓ»× ãºÕ
� �� !""333 &%'( &4'% &)-4"

∼

$ *).5+"678) 9(% �95: &� �$ * å à

• /;<<1=> 1 ËÌÎÑ ÙºÕºÑÍÕ ÐÓÏÕº ÎÏÑ º¼¼ ¼ÍÒº¼
8
¯Ô ¼× ÔÓÑÎÕÎÓÏÑ ÎÏ ÕÌÍ ÒºÛÍ ÓØ ÐÓÏÏÍÐÕ¯� ÎÏ àÌÎÐÌ ÏÍÎÕÌÍ»

Ô ¼º×Í» ÌºÑ àÓÏ ×ÍÕ â ºÏÙ ÎÏ àÌÎÐÌ ÕÌÍ ÏÍÜÕ ÛÓÚÍ ÎÑ ÏÓÕ ØÓ»ÐÍÙ à ËÌÎÑ ÐÓÏÕÍÜÕ ÎÑ º¼ÑÓ ºÚº Î¼ºÝ ¼Í ÎÏ ÕÌÍ
o9 á»ÚÎÏÍ ï ºÐÌÎÏÍ BÍº»ÏÎÏÒ ÀºÕºÝºÑÍ |ÍÔÓÑÎÕÓ»×à

• ?@20A;;B 1 CDEF ÙºGºFHG EIJ¼KLHF LHFJ» EMGENIF NO DPMNGDHGEJº¼ FºQM ¼HF JN»»HFMNILEIR GN
23

FMHJEHF
NO R E¼¼HL QKFD»NNQ F à ÓºJD FM HJEHF EF ELHIGE÷HL ºF LH÷IEGH ¼P HLES ¼H â LH÷IEGH ¼P MNEFNINKF â N» NO KI¯
AINàI HLESE¼EGP ºIL ING »HJNQQHILHL à CDEF ¼ºGGH» J ¼ºFF àºF JNQSEIHL à EGD GDH MNEFNINKF NIH à
CDEF JNIGHTG EF º¼FN ºUº E¼ºS ¼H EI GDH o9 á»UEIH ï ºJDEIH BHº»IEIR ÀºGºSºFH |HMNFEGN»PV

• W@B2X 1 ÝÔ� �u JNIGº EIF JHIFKF LºGº O»NQ ÝoPO YÊKS ¼EJ ì FH ï EJ»NLºGº ~ºQM ¼HF ZV ÓºJD NS ò HJG
»HM»HFHIGF GDH ºIFàH»F GN º JHIFKF tKHFGENIIº E»H [ EIJ¼KLEIR GDH ºRH [ GºT¯÷ ¼EIR FGºGKF [ Q º» EGº¼ FGº¯
GK F [ EIJNQ H [ FHT [ UHGH»ºI FGºGKF [ ºIL ¼NJºGENI NO »HFELHIJH NO GDH »HFMNILHIG V

W@B2X \ 1 ÝÔ� �u ] JNIGº EIF JHIFKF LºGº O»NQ ÝoPO YÊKS ¼EJ ì FH ï EJ»NLºGº ~ºQM ¼HFZV ÓºJD NS ò HJG
»HM»HFHIGF GDH ºIFàH»F GN º JHIFKF tKHFGENIIº E»H [ EIJ ¼KLEIR GDH ºRH [ GºT ¯÷ ¼EIR FGºGKF [ Q º»EGº¼ FGºGKF [
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EI JNQ H [ FHT [ UHGH»ºI FGºGKF [ ºIL ¼N JºGENI NO »HFELHIJH NO GDH »HFMNILHIG V ÝÔ��u] EF NSGº EIHL ºOGH»
LH ¼HGEIR º¼¼ O»HtKHIG EGHQ F ON» º Q EIEQKQ FKMMN»G GD»HFDN ¼L FHG GN

80a EI GDH N» ER EIº¼ ÝÔ��u
LºGºFHG Y_bG b[ EGHQ F àDEJD ºMMHº» EI QN»H GDºI

80a NO GDH G»ºIFºJGENIF JNIGº EIHL EI ÝÔ��u ZV

ßNGH GDºG GDH UH»FENIF NO GDH ÷UH ºON»HQ HIGENIHL LºGºFHGF ºUº E¼ºS ¼H NI GDH ó:P : àHSFEGH àH»H
M»HMº»HL SP | V Ç V ÅºPº»LN O»NQ GDH o9: LºGºFHGF ºIL ÝoPO V

• c==de1<>2 1 CDEF LºGºFHG NO G»ºfJ ºJJELHIGF EF NSGº EIHL O»NQ GDH ßºGENIº¼ gIFGEGKGH NO ~GºGEFGEJF
Yä:O Z ON» GDH »HRENI NO F¼ºILH»F YÅH ¼REKQ Z ON» GDH MH»EN L

1991
¯
2000

ôfHK»GF [ >iins V CDH G»ºO¯
÷J ºJJELHIG LºGº JNIGº EIF º » EJD FNK»JH NO EION»Q ºGENI NI GDH LE@H»HIG JE»JKQ FGºIJHF EI àDEJD
GDH ºJJELHIGF DºUH N JJK»»HL ö LHGº E¼F ºSNKG GDH ºJJELHIG YGPM H NO JN ¼¼EFENI [ EIòK »EHF [V V V Z [ G»ºf J
JNILEGENIF YQ ºTEQKQ FMHHL [ M »EN» EGP »HRK ¼ºGENI [ V V V Z [ HIUE»NIQHIGº¼ JNILEGENIF YàHºGDH» [ ¼ERDG
JNILEGENIF [ GEQ H NO GDH ºJJELHIG [ V V V Z [ »NºL JNILEGENIF Y»NºL FK»OºJH [ NSFGºJ¼HF [ V V V Z [ DKQ ºI JNILE¯
GENIF Yº¼JNDN ¼ [ V V V Z ºIL RHNR»ºMDEJº¼ JNILEGENIF Y¼N JºGENI [ MDPFEJº¼ JDº»ºJGH»EFG EJF [V V V Z V

• h;2iAij 1 CDEF LºGºFHG àºF M»NUELHL GN GDH ó:P : àHSFEGH SP F V ÅNLNI V gG JNIGº EI F LºGº JN»»H¯
FMNILEIR GN YºINIPQ EkHL Z J¼EJA¯FG»HºQ LºGº NO º ?KIRº» EºI NI¯¼EIH IHà F MN»Gº¼ V

• l1>idm 1 CDH LºGºFHG JNIGº EI F EION»Q ºGENI ºSNKG GDH Q º»AHG SºFAHG NO J ¼EHIGF EI º ÅH ¼REºI FKMH»Q º»¯
AHG ôÅ» Eò F [ >iin [ Å»Eò F Gn ��b[ =���s V ÀºGº àH»H JN ¼¼HJGHL NUH» GD »HH INI¯JNIFHJKGEUH MH»EN LF V CDEF
»HFK ¼GF EI ºMM»NT EQ ºGH ¼P

5
QNIGDF NO LºGº V ÓºJD »HJN»L EI GDH LºGºFHG JNIGº EIF EION»Q ºGENI ºSNKG

GDH LºGH NO MK»JDºFH [ GDH »HJHEMG IKQSH» [ GDH º»GEJ¼H IKQSH» [ GDH IKQSH» NO EGHQ F MK »JDºFHL [
GDH º»GEJ¼H M» EJH EI ÅH ¼REºI F»ºIJF ºIL GDH JKFGNQ H» IKQSH» V 2¼GDNKRD QNFG NO GDH M»NLKJGF º»H
ELHIGE÷HL SP º KIEtKH Sº» JNLH [ FNQ H º»GEJ¼H IKQSH»F EI GDH LºGºFHG »HM»HFHIG º R»NKM NO M»NLKJGF
»ºGDH» GDºI ºI EILEUELKº¼ M»NLKJG EGHQ V gI GNGº¼ [

5, 133
JKFGNQ H»F DºUH MK»JDºFHL ºG ¼HºFG NIH

M»NLKJG EI GDH FKMH»Q º»AHG LK» EIR GDH LºGº JN ¼¼HJGENI MH»EN L V

• opqrst pqqh 1 CDEF LºGºFHG EF º FPIGDHGEJ LºGºFHG RHIH»ºGHL KFEIR GDH RHIH»ºGN» O»NQ GDH gÅu 2¼¯
Q ºLHI �KHFG »HFHº»JD R»NKM [ SºFHL NI GDH º¼RN»EGDQ EIG»NLKJHL EI v2R»ºàº¼ ºIL ~» EAºIG [ =���s V
CDEF RHIH»ºGN» EF ºUº E¼ºS ¼H ºG w � �� !""333 &.*$ .-)+ &% x$ &'9$"(9y �3.5)" z4)( �"8 )(945')("%+ -){ &(� �$ * V
CDH RNº¼ NO GDEF RHIH»ºGENI EF GN J»HºGH NS| HJGF FEQ E¼º» GN GDNFH NSGº EIHL EI º FKMH»Q º»AHG HIUE»NI¯
QHIG V ÅP ºMM ¼PEIR JH»Gº EI LEFG» ESKGENI ¼ºà F [ GDH NSGº EIHL LºGºFHGF GHIL GN Q EQ EJ GDH »Hº¼ àN»¼L
JNQMº»HL GN REUHI JDº»ºJGH» EFGEJF V CDH LºGº º»H RHIH»ºGHL EI N»LH» GN JN»»HFMNIL [ NI ºUH»ºRH [ GN
GDH EIMKG JDº»ºJGH» EFG EJF àDE¼H »HFM HJGEIR º JH»Gº EI LEFG»ESKGENI ºIL GDH HTEFGHIJH NO HTJHMGENIF V
CDH LE@H»HIG Mº»ºQHGH»F ON» GDH RHIH»ºGENI º»H ºF ON ¼¼Nà F w

= V CDH ºUH»ºRH FEkH NO NS| HJGF YC Z[
> V CDH ºUH»ºRH FEkH NO Q ºTEQ º¼ MNGHIGEº¼¼P O»HtKHIG EGHQ FHGF Yg Z[
n V CDH IKQSH» NO NS| HJGF YÀ ZV
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• osqrpqt pqqh 1 gLHIGEJº¼¼P GN R ��:�8 ���ð [ GD EF LºGºFHG EF º¼FN RHIH»ºGHL SP GDH RHIH»ºGN» O»NQ
GDH gÅu 2¼Q ºLHI �KHFG »HFHº»JD R»NKM V CDH LE@H»HIJHF S HGàHHI GDEF LºGºFHG ºIL R ��:�8 ���ð
º»H GDH Mº»ºQHGH»F REUHI GN GDH RHIH»ºGN» V

CºS ¼H 2 V= FKQQ º» EkHF GDH JDº»ºJGH» EFGEJF NO GDH JNIFELH»HL JNIGHTGF V ßNGH GDºG GDH »HFM HJGEUH IKQSH»F
NO EGHQ F FDNàI EI CºS ¼H 2 V= ON» GDH ÝÔ��u ºIL ÝÔ��u ] LºGºFHGF º»H FNQ HàDºG LE@H»HIG O»NQ GDH
IKQSH»F »HMN»GHL EI Q ºIP JNIG» ESKGENIF V gILHHL [ àH NI ¼P JNIFELH» EGHQ F GDºG ºMMHº» ºG ¼HºFG NIH GEQ H V
FN» HTºQM ¼H [ º¼GDNKRD GDH Q EI EQKQ EGHQ ELHIGE�H» EI ÝÔ��u EF

0
ºIL GDH Q ºTEQKQ EGHQ ELHIGE�H» EF

7,

116
[ GDH»H º»H NI ¼P

2, 113
LEFGEIJG EGHQ ELHIGEOH»F GDºG ºMMHº» EI GDH LºGºFHG V

� )"'h"
#

 E ("', !
#

 E  75 '&"! �6* � !(D'  E  75 '&"! � .h � !(D'  E  75 '&"!
9\���

75 3, 196 37.00 379ZVV�WT
129 67, 557 43.00 43PÔ�\XZZ�
119 8, 124 23.00 23ÝÔ��u

2, 113 49, 046 74.00 74ÝÔ��u]
2, 088 49, 046 50.48 63qWWSË�VT�

468 340, 183 33.81 52ðZ�UXU�
41, 270 990, 002 8.10 2, 498w�TUS�
16, 470 88, 162 10.31 77R ��:�8 ���ð

870 100, 000 10.10 30R��:��8 ���ð
942 100, 000 39.61 78
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