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How Animated Agents Perform Tasks: Connecting Planning and
Manipulation Through Object-Specific Reasoning

Abstract
Creating animations of a human figure performing a task requires that the agent interact with objects in the
environment in a realistic way. Agent-object interaction is not completely specified from a task description
alone. In this paper we sketch an architecture for the Object-Specific Reasoner (OSR), an intermediate
planning module which tailors high-level plans to the specifics of the agent and objects. As plans are
elaborated, the OSR generates a sequence of motion directives which are ultimately executed by a simulator.
Descriptions of failures can be used to identify possible tools for the agent to use. An Object-Specific
Reasoner is necessary in a system which allows an agent, equipped with a set of action behaviors, to interact in
a semiautonomous fashion with the world.

Keywords
object manipulation, motion planning, animation, tools

Comments
Presented at Toward Physical Interaction and Manipulation, AAAI Spring Symposium Series, 1994.

This conference paper is available at ScholarlyCommons: http://repository.upenn.edu/hms/78

http://repository.upenn.edu/hms/78?utm_source=repository.upenn.edu%2Fhms%2F78&utm_medium=PDF&utm_campaign=PDFCoverPages


� ��� � ���	� 
����� � ���������������������  !
"��#$��%
& ���'�(�)*�+�	�(� �-,.
��'���	�(� 
��/� 0 
��1�	2'3�,4
��+�	���

 65'�7��3'��5 8 91:;�)*�=<=>?2@A)B�DC@) E F
"�������G�'�

HJILK�KNMOHQP.R;ITSGUWVOX Y?UWZ\[^]WV^_a`7b"]dc+eTP.Z
f P.VNgGP4ZihjUWZlkim�[^]WVOnoU+c�P.epILV�q/]WV�csrtIp[/m�eT]WgDITUWV

u�P.v�]WZDgD[wP.VNg�UWh f UW[xv�m�gGP4Z�]WV�cy_zV�hjUWZD[^]Wg\I{UWVsr;|.ITP.V�|}P
~iV�IpRNP.Z	S\ILgzMwUWh���P.V�V7SDM+eLR�]WV�I{]��
�F��ILeT]dc�P.eLv���IT]��+�B� �}���}�d�W�z�d�d�d�

� eLIpK�KNM7�leLILV�|�X K�]dc+eTP.Za��|}P.VNg\Z	]We��N`�|.ITS}`�m�vBP4V�V*`�P�c=m

�7���G�+�D�j�a���+���¡ p�z¢¤£�¥"¦¨§G©�ªa«G¬�¦¨£L©��D§®®¥��D£{©¯�\§A°�¬±¦²§a§G©¯§a³.}´�§G©�µ�¦¨£{©¯�\§®4¶®�G�¨¬��
·F¸W¹�ºz»½¼4¾¨º

¿NÀLÁjÂDÃÅÄ�Æ	Ç�ÂDÆ.Ä�ÈQÂDÃÅÄ�ÉDÆ¡ÊBÉLË*Â�Ì	ÍGÈQÂDÆQÎdÇDÍGÀpÁ�ÏÐÁzÀ±Ë�ÉDÀjÈQÄ�Æ	Ç�ÂFÃÅÂ¨Ê¤Ñ�ÀLÁjÒ½Í	Ä�ÀLÁ�ÊÃ�ÌGÂDÃ�Ã�Ì	Á�Â½ÇDÁzÆ.ÃBÄ�Æ4ÃÅÁ½ÀpÂ\ÓzÃQÔdÄ�Ã�Ì�É	Õ�Ö�Á¤ÓzÃ�Ê�Ä�Æ×Ã�ÌGÁlÁ½Æ4ØzÄ�ÀLÉDÆ4ÈQÁ½Æ4ÃÙÄ�Æ'Â?ÀLÁjÂDÚÛÄ±ÊjÜÃÅÄ�Ó�ÔdÂ\Ý²Þàß;Ç\ÁzÆ.ÃÅáDÉ	Õ�Ö�Á¤ÓzÃ7Ä�Æ.ÃÅÁzÀLÂDÓzÃÅÄ�ÉDÆ$Ä�ÊFÆ4ÉDÃÙÓ¤ÉDÈ�Ï�ÚÛÁzÃÅÁ½ÚÛÝ�ÊâÏÐÁ¤ÓzÄ Î;Á¤ãÙË�ÀLÉDÈ-Â
ÃÅÂ²ÊjÑlã\Á�Ê�ÓzÀ¤ÄäÏ�ÃÅÄ�ÉDÆ'Â\ÚåÉ\Æ4ÁæÞèçjÆ�Ã�Ì	Ä±Ê�ÏÐÂéÏÐÁzÀ�ÔdÁ"Ê¤ÑæÁzÃÅÓêÌ�ÂDÆ'ÂDÀLÓêÌ	Ä�ÃÅÁ¤ÓzÃÅÍGÀLÁQË�ÉDÀÃ�ÌGÁ�ë�Õ�Ö�Á¤ÓzÃ�Üíì\ÏÐÁ¤ÓzÄ Î;Ó+î+ÁjÂ²ÊéÉDÆ.ÁzÀÙïðë+ì4îdñ¨ò®ÂDÆ�Ä�Æ4ÃÅÁ½ÀjÈQÁ¤ãDÄ�Â\ÃÅÁtÏ�ÚÛÂDÆ4Æ.Ä�ÆGÇBÈQÉzã\Í	ÚÛÁ
ÔWÌGÄ�ÓêÌ�ÃÅÂDÄ�ÚÛÉDÀðÊÙÌ	ÄÛÇ¨ÌDÜLÚÛÁzØzÁ½Ú\Ï�ÚÛÂDÆaÊBÃÅÉ�Ã�Ì	ÁQÊâÏÐÁ¤ÓzÄ Î;ÓêÊ�ÉLËBÃ�Ì	Á�Â½ÇDÁzÆ.ÃNÂDÆ.ã�ÉGÕ�Ö�ÁjÓ½Ã�ÊêÞßóÊ�Ï}ÚåÂ\ÆaÊ*Â\ÀpÁôÁzÚÛÂ	ÕðÉDÀLÂDÃÅÁjã²ò=Ã�ÌGÁ�ë+ì.îõÇDÁzÆ.ÁzÀLÂDÃÅÁêÊ*ÂFÊ�Á¤ÒzÍGÁzÆ4Ó¤ÁQÉLË�ÈQÉDÃÅÄ�É\ÆlãDÄ±Ü
ÀLÁ¤ÓzÃÅÄ�ØzÁêÊAÔWÌ	Ä�Ó�Ì�Â\ÀpÁ"ÍGÚÛÃÅÄ�ÈQÂDÃÅÁ½ÚåÝ�Á�öæÁ¤ÓzÍGÃÅÁ¤ã�ÕêÝlÂ�ÊéÄ�ÈQÍ	ÚÛÂDÃÅÉ\ÀéÞ(÷ÙÁ�Ê�ÓzÀ¤ÄäÏ}ÃÅÄ�ÉDÆ¡ÊÉ{Ë�ËéÂ\Ä�ÚÛÍGÀpÁêÊ*Ó¤ÂDÆ?ÕTÁ�ÍDÊ�Á¤ãøÃÅÉ�Ä�ã\ÁzÆ4ÃÅÄ Ë�ÝQÏÐÉ²ÊjÊ�ÄùÕêÚÛÁ�ÃÅÉzÉDÚúÊ+Ë�ÉDÀQÃ�Ì	ÁFÂzÇDÁ½Æ4Ã�ÃÅÉ"Í\ÊéÁ¨Þ
ßóÆ�ë�Õ�Ö�Á¤ÓzÃ�Üíì\ÏÐÁ¤ÓzÄ Î;Ó�î;Á¤Â¨Ê�ÉDÆ4Á½À�Ä±Ê�Æ.ÁjÓ¤Á�Ê¤Ê�ÂDÀjÝJÄ�Æ�Â�Ê�Ý½ÊéÃÅÁ½ÈwÔWÌ	Ä�ÓêÌAÂ\Ú�ÚÛÉDÔWÊÙÂDÆÂ½ÇDÁzÆ.Ã�ò�ÁjÒ½Í	ÄûÏDÏÐÁ¤ã�ÔdÄ�Ã�ÌøÂ�Ê�ÁzÃ+ÉLË�ÂDÓ½ÃÅÄ�ÉDÆ?ÕðÁ�Ì	ÂDØ½Ä�É\ÀTÊ¤ò�ÃÅÉøÄ�Æ4ÃÅÁ½ÀLÂDÓzÃ+Ä�ÆlÂüÊéÁ½È*Ä±Ü
Â\Í	ÃÅÉDÆ.ÉDÈQÉDÍ\ÊNË�Â¨ÊjÌGÄ�ÉDÆ"ÔdÄ�Ã�Ì�Ã�Ì	Á�ÔdÉDÀ¤ÚÛã	Þ

ý þ=ÿ��������	��
����� ÿ
� «aªaª4�	�L�i�D�D«��4¦D��¦$¢¤�Dµ�ªa«a£T�����L�a�L£T��µ ���G©±¢��õ¢¤�D«G¬��/¦¨§G©�µ�¦¨£T��¦��	«aµ�¦²§	�4³\«a�T���G�µ�¦��\©¯§a³ ©¯£Q�T�z¦\¢����Å�D�Q£��G©�§a³	��t³D�j¦D�{ªl£��a��µ�dªG©�¢��i£��a��µ-«aª®d�\�*��¦½¬��?¦½¬��D§a³�¦"ª4¦¨£���©�§

�



¦��L��µQ© � ¦¨«a£T�\§a�Dµ��D«4� � ¦\� �G©��D§ � ��� �¨� �{«aªaª4�	�L�"£��4¦²£��D�D«?��¦¨§G£�£T��³\��§a���j¦¨£T�F�T�z¦æ¬å©��L£{©±¢
�â©�µ*«G¬�¦¨£{©¯�\§4�7����£��a�*¢��4¦¨�j¦D¢¤£T����ª4��� �Å�D�TµQ©�§a³F�\©�� ���ð��§	£�£¤¦D� �a� � � «aªaª.�	�L� �Å«a�T£��a����£��4¦²£��D�D«�4¦��\� ¦ô£j¦D� � � ¬��	�D�¤¬d©�§G£T��� �í¦D¢¤��£T��£��G©��Ù¦¨³D��§G£z®�L��£��4¦¨£Ù�D�\« ¢�¦²§ø³²©
�\� ¢¤�\µ�µ�¦¨§4�a�Ù�L«4¢���¦D����������������������������� �"! �D� �$#%�'&)(+*,&.- -�/+0 #�#�1,! �32 ¶��a�z�L� �G©�³ � � ¬��	�D�¤¬��G�z�T¢¤�L©�ªa£L©��D§4�Ù� �¦D¢¤£L©��D§"µQ«4�L£B�L�Dµ�� �a�¨�@�.�*µ�¦¨ªaª4�z�"£ð�F£��a��¦¨³D��§G£�4 �Ù¢¤�D§G£T�T�¨¬ ¬±¦²§a³D«4¦¨³D�D�Ù£��a� ¢¤�\µ�µ�¦¨§4�
���������������������������� �"! µQ«4�L£W�4��¢¤�D§ �D���T£T�z�ó£T���Å«G¬Û¬¯� � ª4¦¨�j¦²µ���£T���L©65��z�Qµ��\£T�D� ¢¤�Dµôµ�¦¨§4�a�� �G©�¢��F�Lª4�z¢ð© �Å�A�G��£¤¦½©Û¬±�+�L«4¢���¦D� � �a���T�7�D§�£��a��³¨¬�¦D�T�d£ð�B³D�j¦\�Lª®��a�¨�	�G©�³ ��£T�Ù¬Û© �ù£+£��a��³¨¬�¦D�T�¦¨§4��� �a���T�J£T���L£j¦¨§4�ô©�§��ð�¤¬±¦²£L©��D§�£T�ô£��a�Ù³¨¬�¦D�T� �¶+�+��¢¤��§	£T�¤¦½¬��D�4�{���7�æ¦¨£{©¯�\§4�+µ��D£L©6�¨¦¨£T�7£��G©��+�+�D���}�98%: �\©��®���T��§G£+�$;Ðª4¦¨§4�p©¯�\§4�+����¦Q£¤¦D� �¦¨�L©��L� �Å�D�B�\©��®���T��§	£Q¦¨³D��§G£j�B¦²§4�"�D�a L�z¢¤£j��®¦¨§4�=< :��\©��®���T��§G£B�$;aª4¦¨§4�â©��D§4�Ù� ��¦�£¤¦D� ��¦¨�L©��L�
�ù�D�Q�\©�� ���ð��§	£J©�§	£ð��§	£L©��D§4� � ´�£J£��a�F�T¦¨µ���£{©¯µô�DN¢¤�D§G£T�T�¨¬Û¬Û©�§a³ ¦²§G©¯µ�¦¨£T�z���4³D«a�T�z�J�T��>\«G©¯�ð�z��Lª4�z¢ð© �Å�D©�§a³��G��£j¦½©Û¬��W����£��a�=�G�z�p©¯�ð�z�Qµ��D£L©��D§4� � �G©�¢���¦¨�T�t�j¦¨�T�¤¬��Bªa�ð�z�L��§	£W©�§ �G©�³ � � ¬��	�D�¤¬®¢¤�Dµ �µ�¦¨§4�a� � ��«a�+�T�z�L�z¦¨�¤¢��Q©��+¢¤�D§4¢¤���T§a�z���=©¯£����a«G©Û¬��\©�§a³A¦¨§ ©¯§G£T���Tµô�z�\©±¦²£T�Ù�T�z¦D�L�\§G©¯§a³Q�L�a�L£T��µ� �G©�¢��"µ�¦¨ª4��¦��Lµ�¦½¬Û¬��L��£7��� �G©�³ � � ¬��	�D�¤¬;¢¤�\µ�µ�¦¨§4�a��£T��£��a�ó¬�¦¨§a³D«4¦¨³D�J���d£��a�*¦¨§G©�µ�¦²£L©��D§�L�Ð�{£T��µ �@? ��¦¨�ð�Q©�§��D�z�{£L©�³	¦¨£L©�§a³"� �a��£��a���J£��G©��Bµ�¦¨ªaªG©�§a³ ¢�¦²§��4�F�G�D§a���	��¢¤�D§4�â©��G���L©�§a³¦D¢¤£L©��D§×¢¤�\µ�µ�¦¨§4�a�J©�§$£T���Tµ��Q� ���z¦D¢��×¦²³D��§	£)4 �J�T�z�L�D«a�j¢¤�z�ê+£��a���D�¡ p�z¢¤£�¦¨£T£ð�L©��a«a£T�z��+£��a�©¯§G£T��§G£L©��D§®�¦²§4�?£��a�"�â©�£T«4¦¨£L©��D§ � ¶��a����§	£{©¯�ð�øªa�ð�Ð¢¤�z�T�ô���Ù�¤¬�¦¨�4�D�¤¦¨£L©�§a³ �G©�³ � � ¬��	�D�¤¬*¢¤�Dµ �µ�¦¨§4�a��¢�¦¨§F�.�B�L����§�¦D�t³D�T�\«a§4�\©¯§a³F�L�GµQ�4�¨¬Û©�¢B¦D¢¤£{©¯�\§A�G�z�T¢¤�{©¯ªa£{©¯�\§4��©¯§BAú§	«aµ����{©±¢�4¡µ��D£L©��D§�G�z�T¢¤�L©�ªa£L©��D§4� �

? �Ù¦¨�T�7�a«G©å¬��\©�§a³�£��a�B���¡ p�z¢¤£ � ª4�z¢ð© ��¢DC+�z¦D�L�D§a���FET� � CG:jG� �G©�¢���©�� ©�µ�ªG¬���µ���§	£ð�z��©�§£��a�IHKJML"NPO�N�QSR��L�Ð�{£T��µ�a� �G©�¢���©¯£¤�L�¤¬ �d©±�7ª4¦²�T£����d£��a�*·UT�VXWZY\[?° �T�D L�z¢¤£]Ep·UT�VXW�¦¨£â©��D§
�ù�T�\µ^Y�¦¨£T«a�j¦æ¬S[t¦¨§a³D«4¦¨³\�]_í§4�L£T�ð«4¢¤£L©��D§4�$:�¦¨£+£��a�a`�§G©6�D���¤�â©�£p�F� � °W��§a§4�L�\¬6�æ¦¨§G©�¦Ub3c+° ?+d�e 
? cgf]h d�e�ij� ¶��a�J³D�	¦½¬®���W£��a�B´7§G©�µ �lk ªa�T�\ p�z¢¤£+©��+£ð��³D��§a���j¦¨£ð�Ù�T�z¦½¬Û©��L£L©�¢Q¦¨§G©�µ�¦¨£L©��D§4�+� �
�	«aµ�¦²§ �4³D«a�T�z�7¢�¦¨�T�T�\©�§a³��D«a£�£j¦\� �Ð�+�Lª.�z¢ð© �4�z�"£��a�T�D«a³ �F§4¦¨£T«a�j¦½¬ � ¬�¦¨§a³D«4¦²³D�7©�§4�L£T�T«4¢¤£L©��D§4� �¶��a�lHKJML"NPO�N�QSR��L�Ð�{£T��µõ¢¤���D���j�}£��a�dªG¬±¦²§*�$;aª4¦¨§4�â©��D§Q¦¨§4�B�p©¯µQ«G¬�¦¨£L©��D§JªG¬�¦¨§a§G©�§a³Bª4�\�T£L©��D§4�
����£��a�Ù´�§G©�µ �Fk ªa�T�D L�z¢¤£ �
mln$m o+prqtsvuwq	xyu{z}|t~Gxvxvq	xyu�~Fxys����P�rqt�]x
�+©�³ � � ¬��	�D�¤¬BªG¬�¦¨§a§G©�§a³i©���ª.��� �Å�D�Tµ��z�i�G��¦�µ��a�G«G¬���Aå¦¨�.���D��4W£��a��� � C � ¶��a� �G©¯³ � � ¬¯�	�\�¤¬ªG¬±¦²§a§a���+©��+�T�z�Lª.�D§4�â©��G¬�� �Å�D�t�T�z¢¤�D³D§G©65¤©�§a³�£��a��£j¦\� ��a¦¨§4���L�¤¬��z¢¤£L©�§a³ �ù�T�\µ ¦ó¬Û©��a�j¦¨�T�F¦JªG¬�¦¨§
£T��¦D¢�¢¤�Dµ�ªG¬Û©�� ��£��4¦¨£Q£j¦D� � � ¶��G©��ôªG¬�¦¨§a§a�����a�T�z¦��a�Q£��a�FªG¬�¦¨§��G�¨��§i©�§G£T�l�L£ð��ª4�]� ÃÅÂ¨ÊjÑ½ÜÂDÓzÃÅÄ�ÉDÆaÊ � �Å�D��£��a� ¦²³D��§	£7£T��ª4��� �Å�D�Tµ � E ? �G©Û¬���£��a� �G©�³ � � ¬��	�D�¤¬+ªG¬±¦²§a§a���ÙµQ©�³ �	£B¢¤�\§4�â©��G���

�7���D���j�7�D�3�j�	���j�������]�����t�7�r�P�a�$�	�F�j�����a�������j��� �������j�¢¡j��£¤�j�������P�	¡¢�P¥���¦��§�]�j���¢���¨�	¥)�7���t©)�P����	�j�¢�7�a���j�r�j������	�¢ª�©�� ��«]¡¢�7� ��¡j�¢�g¬���£¢ª]�j�]�¢���g�����j�¢¡j��£�¢��¡��P���¢�a�¢���g¡j�7�¢�����¨�	,�j�����)£�j�����¯®,°±'�j�����£�¢���)�D²�	�����t«F���P���P�j���g¡j�)���9� '�¢���������j�¢¡j��£¤�j��¡��j�F�j�7���t£¤�³� �����¢���7¡¨£�)��¡j�¢���	���£�¢�����K®´§µP���F¶�¡j�¢�]�j�7¡¢����� «��6£7�	�¢�7�l�¢���y�)£�j���)�·�j�v��	ª��)¸��j���]�j�t£�)��«U�j�7¡¢�¹�����j���y�	¥)�7�����j�@«��v�j�����£�¢���)�K¸"�¢���]�j����¡«v�¢�7¡j�º¡j�»�§¡j���¢�y�¢���]��¬�¼¤�t£��� ½�j���a�)£�j���)�K®�¾��j�j���a���¢���	���)¬�¼�t£�g��� �a�7�g�	¡¢������6¿)���7���]�6«��7���j�À¶��t«D�P���j�v� �y�)¬�¼�t£�P���Á�j���³� �����y� �j�����F�Â£�§����®

Ã



£��a�z�L��£j¦\� � � ¦\¢¤£L©��D§4�7�4¦D�â©�¢ô�D�Ùªa�L©�µQ©�£L©6�D�Dd£��a���"¦¨�T��§a�\£Ù§a�z¢¤�z�T�T¦¨�L©Û¬��iªa�L©�µQ©�£L©6�D��©�§�£ð���Tµ������£��a�Ùµ��D£L©��D§4�+���G©±¢���µQ«4�L£��4�Bª.��� �Å�D�Tµ��z� � :ct�¤¬¯�¨�@£��a�ô� � CÙ®¦��â©�µ*«G¬�¦¨£ð�D��µ�¦¨§4¦¨³D�z��µ��D£T�\� � ¢¤�D§G£T�T�¨¬}©��T�L«a�z���Å�D�Ù¦¨³D��§G£j��¦¨§4���D� � p�z¢¤£j� � ¶ �G©±�ó�T�z¦D¢¤£L©6�D�·b �]C d � ,cN�ð����� i µ��a�G«G¬¯�Qªa�T���\©��G�z�B�â©�£T«4¦¨£{©¯�\§4¦½¬ �G§a�¨�+¬��z�G³D��£T��£��a�� � C Ep¦¨§4�Q£��a� �G©�³ � � ¬��	�D�¤¬ ªG¬�¦¨§a§a��� :;¦¨§4�ô�T�¤¬Û©¯�	�\�z�+£��a�J� � C'¦¨§4�ô£��a� �G©�³ � � ¬��	�D�¤¬WªG¬±¦²§a§a��������G��£j¦½©Û¬��+���®µ��\£L©��D§�ªG¬�¦¨§a§G©�§a³F¦¨§4�ôµ��D£T�D�+¢¤�D§G£T�T�¨¬ � ¶��a�7�T�z¦D¢¤£L©6�D�7§4¦¨£T«a�T�Ù¦½¬Û¬��¨���tµ�¦¨§G�µ��D£L©��D§�¢¤�\§	£T�ð�¨¬¡�G�z¢ð©��â©��D§4�=£T�Ù�4��µ�¦D�G�+©�§	£ð���T§4¦½¬Û¬��D4�L«4¢���¦D� �a�¨�?£T�B³\�B¦¨�T�D«a§4�Q�\�4�L£j¦D¢ð¬��z�©¯§�£��a�Ù�T�z¦D¢��F�D�+¬��a¢¤�Dµ��D£{©¯�\§�ª4¦¨£�� �¶��a�Ù�â©�µ*«G¬�¦¨£ð�D�d©��W©�§ �D� �D�z�ô�+©�£����G��£¤¦½©Û¬¯�z��µô�D£L©��D§�¢¤�Dµôµ�¦¨§4�a�d�\� ÈQÉDÃÅÄ�ÉDÆFãDÄ�ÀpÁ¤ÓzÃÅÄ�ØzÁêÊ �¶��a� �G©�³ � � ¬��	�D�¤¬BªG¬�¦¨§a§a����µQ©�³ �G£�«4�L�"¦��L£T��ªi¬Û©��D� �§��1¯���)���"� ���}�"����� ��!�� £��a��µ��D£L©��D§
¢¤�D§	£ð�T�¨¬��L�a�L£T��µ� �a�¨�+�	�D���z �T��>D«G©��T�z�ô£��a�Fµ��\£L©��D§��\©��T�z¢¤£L©6�D� ��1¯� ��� £ð��©�§4�\©�¢�¦¨£T�"� �G©�¢��
�4¦¨§4�F£T��«4�L�D.� �4¦¨£7£L�	ª.�B���d³D�L©�ª"£T��«4�L�D.£��a��¦¨ªaªa�T�G¦D¢��·�\�z¢¤£T�D���ù�D��£��a� �4¦¨§4�}®¦²§4�F£��a�
�T��³¨©��D§F���d£��a�B�\�a p�z¢¤£+£T�ô³D�j¦D�Lª ���¶��a��ªa�ð�D�G¬���µ ©±�ô£��G©����\©±¢��a�D£T�\µ*�?�.��£L�;����§$£j¦D� � � ¦D¢¤£L©��D§4�ô¦¨§4�?µ��\£L©��D§×�\©��T�z¢¤£L©6�D�z� �¶��a� �G©�³ � � ¬��	�D�¤¬WªG¬±¦²§a§a�����G�	�z�t§a�D£ �	§a�¨����§a�D«a³ �F¦¨�.�D«a£N£��a�7ª �G�Ð�â©�¢�¦½¬ �G�z�T¢¤�{©¯ªa£{©¯�\§���� ¦¨§�D�a L�z¢¤£�£T�F�G��£T���Tµ ©¯§a�ô£��a�Q³D�L©�ª � �â©�£T� � §a�¤©�£��a���B�G�	�z�ó£��a���â©�µQ«G¬±¦²£T�D���	§a�¨�@��§a�D«a³ ��¦¨�.�D«a££��a�Q©�§	£ð��§	£L©��D§i�4� �G©�§4��£��a��¦D¢¤£{©¯�\§�£T�ø�{�¤¬¯�z¢¤£J£��a��³D�{©¯ª � �p©¯£ð� � _â£Ù©��Ù£��a���T�¨¬�������£��a�ü� � C
£T�"�a�T�z¦��i£j¦D� � � ¦D¢¤£L©��D§4�J©�§G£T�l�L��£¤�Q�����ù«G¬Û¬�� � �{ª4�z¢ð© �4�z�'µô�D£L©��D§?�\©¯�ð�z¢¤£L©6�D�z� � ¶®��³\��§a���j¦¨£T��T�z¦½¬Û©��L£L©�¢+�4� �4¦)�\©��D�N���4£��a�=�p©¯µQ«G¬�¦¨£T�z�ô¦¨³D��§G£dµ�¦¨§G©�ªa«G¬�¦¨£L©�§a³B�D�¡ p�z¢¤£j�ê¨£��a��¦¨³D��§G£�4 � ª �	�a�â©�¢�¦½¬
µ��D£L©��D§4�+µQ«4�L£��4���Å«G¬å¬��"�G�z�T¢¤�L©��4�z� �
mln
	 ����@|������³xl��~g�rqt�]x������a�Dsv~��]~���� ~Fxys ����� �!�#"
´^ªa�ð�D£T�D£L�Gª4������£��a�ü� � Cx�$;G©��L£j�ó©�§ k «4¢ð©±�%$t�Dµ�µ��D§ k _ � ° � ¶ �a��� � C £j¦��\�z�Ù¦F£j¦D� � �¦D¢¤£L©��D§®t�+©�£���£��a�F�\�a p�z¢¤£ô�T� �ù���ð��§4¢¤�z� �Å«G¬Û¬¯�?�ð�z�L�¨¬6�D�z�}�¦¨§4�i³D��§a���¤¦¨£T�z��¦��{��£����Ùµ��D£L©��D§
�\©¯�ð�z¢¤£L©6�D�z�+£T���L��§4��£T�Q£��a�Ù�â©�µQ«G¬�¦¨£T�D� � ¶��a��µô�Ð�G«G¬��z�7� �D��£j¢��a�z��¦²�4���D�Ù¦¨�T��©¯µôªG¬¯��µô��§	£T�z��	�}�®£��a��_í§G£T��§G£L©��D§4¦½¬�°W¬�¦¨§a§G©�§a³ � �a�L£T��µºEj_í£¤°W¬�¦¨§ � :¨b'&7�¤© d < i �G�z¢¤�\µ�ª4�	�{�z� �G©�³ � � ¬��	�D�¤¬}ªG¬±¦²§4�©¯§G£T�Q£j¦D� � � ¦D¢¤£{©¯�\§4��	¦¨§4���\�a p�z¢¤£t�T� �Å���T��§4¢¤�Ù�T�z�L�¨¬�«a£L©��D§�¦²§4���D�¡ p�z¢¤£ ¬¯�a¢�¦¨£L©�§a³Q©��+ª.��� �Å�D�Tµ��z��	� � �z¦¨�j¢�� °�¬�¦¨§4�vb ¥��G� d�e ij��( ©�§4¦½¬Û¬��D ¦²³D��§	£B¦²§4���\�a p�z¢¤£Ùµô�D£L©��D§��â©�µQ«G¬±¦²£L©��D§® ¦¨§4��ª.��� �¢¤��ªa£T«4¦½¬Ù�T��>D«a�z�{£j�F¦¨�4�\«a£�£��a�"¢¤«a�T�T��§G£��L£j¦¨£ð�F���B£��a�"�+�D�L¬��?�+©Û¬Û¬B�4� �4¦¨§4�\¬��z��£��a�T�D«a³ �£��a��cN� �4¦)�\©��D�j¦½¬ � ©�µ*«G¬�¦¨£ð�D��b3cgc d�e)ij� ¶��a��cN� �4¦)�\©��D�j¦½¬ � ©�µ*«G¬�¦¨£ð�D��©���+©�§��z�T�L��§4¢¤�DÙ¦¨§�Dª4���j¦²£L©�§a³ � �L�a�L£T��µ�W¦D��©�£Bµ�¦¨§4¦²³D�z�7�4�D£�� ¦²³D��§	£B¦²§4��¢¤�D§G£T�T�¨¬d�T�z�L�D«a�¤¢¤�z��®£��G«4�Ù¦½¬Û¬��¨�+©�§a³
�ù�D�+�â©�µQ«G¬¯£¤¦¨§a���D«4�+µ��\£L©��D§4� � ¶��a��¬�¦¨§a³D«4¦¨³\��©����â©�µQ©Û¬�¦¨��£ð� ¥"¢	f7���Tµô�D£T£�4 �PC�° k b ¥"¢	f d � i �+©�£��ø¦¨§F��µôª �4¦D�â©����\§Fµ�¦¨§4¦¨³¨©�§a³�¦ �4� �4¦)�D©��D�¤¦½¬ µ��z¢��4¦¨§G©��Lµ�b3ct�z¢ d*)�ij�_í£j°�¬�¦¨§ �  � �z¦¨�j¢���°W¬�¦¨§4��¦¨§4��£��a�Q� � C/¦¨�T��©¯§G£T��³D�¤¦¨£T�z�ô©�§	£ð��£��a�#+-,. ¼0/}¼4¾*1��L�a�L£T��µ
b'& k ¥ d*)�ij� ct«G©Û¬�£��D§F£��a�#2 ÂDÓêÑ43*5 �L���Å£p��¦¨�ð��ªG¬�¦¨£ �Å�D�Tµ b3c+° ? d�e�i 'H¯JPL"NPO N QSRF©���§4¦¨µ��z�
687·�����j�D�����	� «"���¢��¡j�)��¥��v�)���¨�¢�����9«����£���j�¢�����K©K� �¨�¢���G� �����y� �j�t«w¶�¥)��¡j���r�F�½�)¡jªÁ�P���j�v��� �� �½�F���	� «��t®
9;:=<;>@? ���P�F¡j�§¥����j�¢�7¡j�t« �j¡��«��§�y�	¡¢ª]�	,�j����AP����¦)�7¡j�¢��� �a�	�B¯�7�����j����¦��	���6��®

C



¦ �ù£ð���+©�£j���4�j�L£��G�\µ�¦½©�§®®¦��{�Ð�a¦ �ù�\«a§	£j¦æ©¯§ü©�§ ¦²§F©�¢¤��¢¤�T�z¦¨µo� �a�Dª � ¶ �a�*¦¨§G©�µ�¦¨£ð�z�ø¦²³D��§	££j¦��D�z� �D�j�G���j�êD¦¨§4�Qµ�¦¨§G©�ªa«G¬�¦¨£T�z� �D�a L�z¢¤£j�W�L«4¢���¦D�®�.�¨�+¬���D³¨¬�¦D�ð�L�z��½©�¢¤��¢¤�T�z¦¨µx�ð¢¤�	�Dª4�ê	¦¨§4��T� �ù�{©¯³\���j¦¨£T�D�d�G�G�D�j� � HKJPL"NPO N�Q�RQ©�� §a�D£�¢¤«a�ð�T��§	£{¬¯� �Å«G¬Û¬¯�J©�§G£T��³D�j¦¨£ð�z�B�=©¯£��*£��a�³ct� �4¦)�\©¯�\�j¦½¬� ©¯µQ«G¬�¦¨£T�\� � £��a��� � Cx���L©�£T�z�7�D«a£*¦F�{��£Ù���;µ��\£L©��D§l�\©��T�z¢¤£L©6�D�z�J� �G©�¢��l¦¨�T�Q�T«a§�£��a�T�D«a³ �£��a�act� �4¦��\©��D�j¦½¬ � ©¯µQ«G¬�¦¨£T�\���L��ª4¦¨�j¦²£T�¤¬�� �HKJML�NMO�N�QSR�©��7©�§ �D� �D�z���+©�£��l¦F¢¤�\µ�µ�¦¨§4��£T�·_â£j°W¬�¦¨§ � � ��&�1 � &��%# 0�� � _í£j°�¬�¦¨§ � �T� �£T�L©��	�D�z� �ù�T�\µO©�£j��ªG¬�¦¨§�¬å©��a�j¦²�T�ø¦ôªG¬�¦¨§"£T���L���7�\�*�L�a�a¦D��}¦¨§4�F�$;aª4¦¨§4�a�7£��a�JªG¬�¦¨§"£T��£j¦D� � �¦D¢¤£L©��D§4� � ´�£�£��a�F�T¦¨µ��F£{©¯µô�D¨_â£j°W¬�¦¨§ � ©�§ �D� �D�z� � �z¦²�j¢���°�¬�¦¨§4�Q£T� �4§4�?¦��L�a�a¦ü©�§�£��a�¦¨§G©�µ�¦¨£L©��D§��T¢¤��§a� � _í£j°�¬±¦²§ � �L��§4�a�Q�z¦\¢���¢¤�DµôªG¬¯��£ð�¤¬¯���{ª4�z¢ð© �4�z��£j¦D� � � ¦D¢¤£{©¯�\§®d�D§a��¦¨£�¦£L©�µ��Da£T��£��a�Q� � C �¶��a��� � C@¢¤�D§ �D���T£j�+£¤¦D� � � ¦D¢¤£L©��D§4��£T��µô�D£L©��D§ø�\©��T�z¢¤£{©
�\�z�7� �G©�¢���¦¨�T�ó©�§ø£ð«a�T§"ª4¦D�T�L�z�£T�F£��a�Ict� �4¦)�D©��D�¤¦½¬ � ©�µ*«G¬�¦¨£ð�D� � _â§l¦D�a�\©�£L©��D§i£T��¦¨§G©�µ�¦¨£{©¯§a³�£��a� �	«aµ�¦¨§ �4³D«a�T��¦¨§4��¦½¬Û¬
��� £��a�Ù�D�¡ p�z¢¤£j� ©�§�£��a���T¢¤��§a�ó©�§�¦Q£L©�µ�� � �â¬Û©�¢¤�z��µ�¦¨§a§a���zG£��a�act� �4¦)�D©��D�¤¦½¬ � ©¯µQ«G¬�¦¨£T�\��ªa�T� ��D©��G�z�����L��§4�L�D�ð�����Å���z�G�4¦D¢���£T�v_â£j°W¬�¦¨§ �  � �z¦¨�j¢���°W¬�¦¨§4��¦¨§4�ü£��a�Q� � C Eí� � ³ � \£��a�B¢¤«a�T�T��§G£¬¯�a¢�¦¨£L©��D§ô����£��a��¦¨³\��§	£W�D�N¦¨§Q�D�a L�z¢¤£	: � £��G©±� �G§a�¨�+¬��z�G³D�+©��W«4�L�z� �Å�D�W©�§4¢¤�T��µ���§G£j¦½¬��G�z¢ð©��â©��D§ �µ�¦��\©¯§a³�¦¨§4�FªG¬�¦¨§"�Lª4�z¢ð© ��¢�¦¨£L©��D§ �

? ©¯£��G©¯§?£��a� HKJML"NPO�N�QSR×�L�a�L£T��µ� £��a��� � CO�\©��L£{©¯§a³\«G©±� �a�z���.��£p�+����§�¢��a�z¢��\©�§a³�£��a�ËéÁ¤Â¨Ê�ÄùÕêÄ�ÚÛÄ�ÃÅÝ ���+£��a��£j¦\� � � ¦\¢¤£L©��D§l¦¨§4��©�§ �D� �\©�§a³ø£��a�Ict� �4¦��\©��D�j¦½¬ � ©�µ*«G¬�¦¨£ð�D� � _â£j°W¬�¦¨§ � ©�§ ��D� �D�z�W£��a�ó� � C��=©¯£���¦7£j¦D� � � ¦D¢¤£L©��D§ � © � £��a�Ù� � C��4§4�a�d£��4¦¨£N¦ó£j¦D� � � ¦D¢¤£L©��D§J©�� �Å�z¦D�â©��G¬��DG©�£�T��£T«a�T§4�t£��G©��+¦¨§4¦½¬��a�â©��+£T�Á_í£j°�¬�¦¨§ � Eí£��a���4¦\�â©�� �ù�\�N£��G©����G�z¢ð©��â©��D§ü©±�+�\©��T¢¤«4�T�{�z�F�4�¤¬��¨� � :D_í£ �°W¬�¦¨§ � £��a��§ô«4�L�z�W£��G©�� �G§a�¨�+¬��z�G³D�+©�§��G�z¢ð©��\©�§a³*���G©±¢���ªG¬�¦¨§��$;aª4¦¨§4�â©��D§ô£T�Ùªa«a�j�L«a� �r? �a��§_í£j°�¬±¦²§ � �¤¬¯�z¢¤£¤��¦J£j¦D� � � ¦D¢¤£{©¯�\§�£T�Qª.��� �ù�\�Tµ�G£��a�J� � C'³D��§a���¤¦¨£T�z�t£��a�7µ��D£L©��D§4���\©��T�z¢¤£{©
�\�z�¦¨§4��©�§��D� �D�z�Q£��a�·ct� �4¦��\©��D�j¦½¬ � ©¯µQ«G¬�¦¨£T�\� � _ �Ù£��a� ct� �4¦)�\©¯�\�j¦½¬ � ©�µQ«G¬�¦¨£T�D��¢�¦²§a§a�D£��L«4¢ �¢¤�z�T� �Å«G¬å¬���ª4��� �Å�D�Tµ ¦Jµ��\£L©��D§®a£��a�Q� � C1©���¦½¬����T£ð�z��£T��£��a���í¦½©Û¬�«a�T�D�¦²§4���T�¤¬�¦z�a�+£��a�J���T�T�D�µ��z�T�T¦¨³\��£T�F£��a� �G©�³ � � ¬��	�D�¤¬�ªG¬±¦²§a§a��� � ¶��a��� � Cw�G�	�z�ó§a�D£*�G�"¦¨§	�"�T��ªG¬�¦¨§a§G©�§a³l¦²£B£��a�
£j¦D� �Q¬��	�D�¤¬ �
� ���
	 � � 
������ 
 ��� ���

	wn$m ������� ���Á�rq7�]x��
¶��a�Bªa�T�	�\©��D«4�7� �D��£j¢��F��� �a�æ�(£��a�Q� � C �ù«a§4¢¤£{©¯�\§4��¦¨§4��£��a�B�D£��a����µ��Ð�G«G¬��z�=©�£��T�¤¬Û©��z�7�D§�L���7�D�z��¦\��¦¨§�©�§	£ð�T�Ð�G«4¢¤£{©¯�\§�£T���{�Dµ��Ù��� £��a�*¦D�T�{«aµ�ªa£L©��D§4�+�+�Ùµ�¦��\�7©¯§��D«a�+�+�D��� �¶��a��� � C@©��J§a�D£Q¦��L£j¦²§4� � ¦½¬��D§a��µô�Ð�G«G¬�� � _í£��G�	�z�ó§a�D£ �4¦²§4�\¬¯�F§4¦²£T«a�j¦½¬t¬±¦²§a³D«4¦¨³D�©¯§aªa«a£½4�G�	�z�t§a�D£t�T�z�L�¨¬6�D�7�D�a L�z¢¤£N�ð� �ù���T��§4¢¤�Da�G�G�z�+§a�D£+�G�*ªG¬�¦¨§F�G�z¢¤�Dµ�ª.�	�â©�£L©��D§®a§a�\�=�G�G�z�
©¯£7�G�z¦½¬®�+©�£��F£��a�B¦¨³D��§G£�4 �tµ��\£T�D�;¢¤�\§	£T�ð�¨¬ �L�Ð�{£T��µ � ¶��a�Q� � C1©±���G� �4§a�z��¦D�+¦Q§a�z¢¤�z�T�ð¦¨�T�D©¯§G£T���Tµô�z�\©±¦²£T�B�T�z¦\�L�D§G©�§a³�ªa�T�a¢¤�z�T�=©¯§"¦�¢¤�Dµ�ªG¬��$;ø�L�a�L£T��µ �

? ��¦D�T�L«aµô�*£��4¦¨£B¦½¬Û¬N�D�a L�z¢¤£��ð� �ù���T��§4¢¤�z�J¦¨�T��¦½¬��T�z¦D�G��©��G��§G£L© �4�z�"©�§�£��a�Q�+�D�L¬�� � k � �

�



¢�¦¨£L©�§a³*¦¨§ô�D�a L�z¢¤£N³¨©6�D�z� «4�N¦D¢�¢¤�z�T� £T�Bµô�z¢��4¦¨§G©�¢�¦½¬®¦¨§4� �Å«a§4¢¤£L©��D§4¦½¬ �	§a�¨�+¬��z�G³D�Ù¦¨�4�\«a£N£��a�
�D�a L�z¢¤£ � ET���a L�z¢¤£ �	§a�¨�+¬��z�G³D�ó©����\©��T¢¤«4�T�{�z� �Å«a�T£��a�����.�¤¬¯�¨� � :

? ��¦½¬��L�?¦D�T�L«aµ��"£��4¦²£�£��a��¦¨³D��§G£�©�����§4�G�¨�+�z�?�+©�£��'¦i¢¤���T£j¦½©�§�§G«aµ*�.���F���*� �\©Û¬å¬���D�B�.� �4¦��\©��D�j�J� �G©�¢���©�£*¢�¦²§lª.��� �ù�\�Tµ � ( �D�Ù�$;4¦¨µ�ªG¬��Dd�+��¦\�T�L«aµ���£��4¦¨£B£��a��¦¨³D��§G£*¢�¦¨§¬¯�a¢¤�Dµ��\£T���.��£p�+����§$£p�+�"ª4�²©¯§G£j� EÅ©�§4¢ð¬�«4�\©¯§a³�ªG¬�¦¨§a§G©�§a³?£��a��ª4¦¨£��,:j+¢�¦¨§�ªG¬�¦D¢¤��©�£j�ô��§4� ��$� �z¢¤£ð�D�Q�D§l£��a���L«a� �í¦D¢¤��� ��¦¨§i�D�a L�z¢¤£IEâ�+©�£��a�D«a£�¢�¦¨«4�â©�§a³"©Û¬Û¬���³	¦½¬B¢¤�¨¬Û¬å©��â©��D§4� :j�¦¨§4�?¢�¦¨§£j¦��D��¢¤�D§G£T�T�²¬����B¦¨§��D�¡ p�z¢¤£z Eí� � ³ � N³\�j¦D�Lª?£��a���D�a L�z¢¤£zt�D���a�{©¯§a³?¦¨§$��§4� � �$� �z¢¤£ð�D��©�§G£T�¢¤�D§	£¤¦D¢¤£Ù�+©�£��i£��a���D�a L�z¢¤£	: � ���¨�w¦¨§l¦¨³D��§G£�4 �7ª �G�a�â©�¢�¦½¬��4� �4¦)�D©��D�¤�B¦¨�T�ôª4��� �Å�D�Tµ��z�i¦¨§4�
©¯§G£T���L¬��z¦)�D�z�A©±���4¦¨§4�\¬��z�F�G��£��a�B«a§4�G���L¬��\©�§a³��â©�µ*«G¬�¦¨£ð�D� �
	wn
	 � �gp�� q$xy�w|¤�Fu��
�������
	���������
��� ´�£j¦D� � � ¦D¢¤£L©��D§ô©��t�D§a��� � £��a���L£ð��ª4�d©�§�£��a���G©¯³ � � ¬¯�	�\�¤¬ £j¦D� �ôªG¬±¦²§A�L��§G££T�F£��a�F� � C � $N«a�ð�T��§	£{¬¯�"£��a� ¬å©��L£J©�§4¢ð¬�«4�G�z��� �"#�-"#����'# � &��·��1¯� ���
�·1K&��"& � ��&��\��# #����
�%#��%� #�����-K&��  �����.�����
�B����1 1�/��\#��,&�( ¦¨§4� ����#�� & �´w£j¦D� � � ¦D¢¤£L©��D§�©��Ù���+£��a� �Å�D�Tµ�� ���¤��������� ���"� ������# 0"�"!�� &.1 � &"! � ¶��a� �4�j�{£Ù£T���Tµ©±�J£��a�ô�T��>D«a�z�{£T�z��£¤¦D� � � ¦D¢¤£L©��D§"©�£j�L�¤¬ �T �a���T� � ������� �� £��a���L�z¢¤�D§4��£T���Tµo©��J£��a�F¦¨³D��§G£Ù£T�ª4��� �Å�D�Tµ@£��a��£j¦D� � � ¦D¢¤£L©��D§ � ´ �Å£T���d£��G©���G�z¦D¢��Q£j¦D� � � ¦D¢¤£L©��D§Q�T��>\«G©��T�z�N�\©��®���T��§G£Nª4¦¨�j¦²µ���£T���j���µ��	�L£�£¤¦D� � � ¦D¢¤£L©��D§4���T��>D«G©��T�Q¦¨§ #%*K�"& �.- Eí�a«a£ ��#�-"# �T��>\«G©��T�z�Ù¦��G�z�L£{©¯§4¦²£L©��D§�¦¨§4�F§a�D£Ù¦¨§�D�a L�z¢¤£	: � _í§/£��a��¦¨�4���D���$;4¦¨µ�ªG¬��D ��# 0"� ©±�ü£��a���D�¡ p�z¢¤£F���Q£��a��£j¦\� � � ¦\¢¤£L©��D§ � ��£��a���
�Dªa£L©��D§4¦½¬�¦¨�T³D«aµ���§G£j�Ù¦¨�ð� 0"& ��-'� ('��-,�.#%(��! '�)(K0 W¦¨§4� 0¯�)1K& �.-,��#�( � ¶��a� �4§4¦½¬;£T���ðµo©�§¦¨§	��£j¦D� � � ¦D¢¤£{©¯�\§�©±�=£��a�Ù©�§G£T��§	£{©¯�\§�³D���D���T§G©�§a³�£��a�B¦D¢¤£L©��D§ �
"#����$��������
��� ? ��£j¦��D� Ä�Æ.ÃÅÁzÆ4ÃÅÄ�ÉDÆ £ð�F�4��£��a��³\�	¦½¬N£��4¦¨£Ù£��a�A¦¨³\��§	£7©��Q¢¤�Dµ�µQ©�£T£ð�z�"£T�¦D¢��G©��	�D� ��% ¦D¢���£j¦D� � � ¦D¢¤£L©��D§ �ù�ð�DµO£��a� �G©¯³ � � ¬¯�	�\�¤¬;ªG¬�¦¨§a§a���B�Lª.�z¢ð© �4�z�ó£��a�J©�§	£T��§G£L©��D§"³D��� ����T§G©�§a³�£��a�"£j¦D� � � ¦D¢¤£{©¯�\§ � ´�£�£��a�"ªa�T�z�{��§	£F£L©�µ��D7£��a��©�§G£T��§	£{©¯�\§�©��ü«4�L«4¦½¬Û¬��×£��a�ø§a�$;a££j¦D� � � ¦D¢¤£L©��D§�£T���.�Ùª4��� �Å�D�Tµ��z�}� £��a�Ùª4��� �Å�D�Tµ�¦¨§4¢¤�Ù����¦Qµô�D£L©��D§ô©±�=©�§'&4«a��§4¢¤�z���	� �	§a�¨�+¬ ��z�G³D�N���4£��a�;�L«a�4�L��>\«a��§G£dµ��D£L©��D§ � ¶��	«4�ê¨£��a�;�L��£W���a©�§G£T��§	£{©¯�\§4�}©��W£��a�+�L��£ � �4£j¦D� � � ¦D¢¤£L©��D§4��ªG¬¯«4�ó£L�;��¦D�a�\©�£L©��D§4¦½¬d©�§	£ð��§	£L©��D§4�ê� �,��&'�)(�� ('��-'��#%( �t� �G©�¢���¢�¦¨ªa£ð«a�T�z�7£��a�B§a�\£L©��D§"���Nµ�¦ �§G©¯ªa«G¬�¦¨£{©¯§a³i¦¨§��D�a L�z¢¤£Ù�+©�£���£��a�Q©�§	£T��§G£L©��D§i���;«4�p©¯§a³�©�£ �Å�D�7©�£j��©¯§ �a���ð��§	£ �Å«a§4¢¤£L©��D§ � ¦¨§4�
��#¯��� &'�)("#�1*� ����-'��#%( �W� �G©�¢�� ¢¤�\µ�µ�¦¨§4�a��£��a�*¦²³D��§	£7£T��¦\�T�L«aµ��Q¦�§a��«a£T�¤¦½¬ �{£j¦¨§4¢¤�B«a§G£L©Û¬
£��a�Ù§a�$;Ð£7£j¦D� � � ¦D¢¤£{©¯�\§�©����	§a�¨��§ �
+-,�. $/���102��43657$�8�9�$:� ¶��a��� � Co�\©��L£L©�§a³D«G©�� �a�z���4��£L�+����§�£L�+� �\©�§4�a�����Ù�D�a L�z¢¤£
�	§a�¨�+¬��z�G³D� � ¶ �a� �4�j�L£�©���;=<�>@?4}�D�Ù¢�¦¨£T��³D�\�T�D �G§a�¨�+¬��z�G³D�����;¦²§ø�\�a p�z¢¤£DEÅ©�£7©��B¦!;�J½J4A	
©¯£¤���Å«a§4¢¤£L©��D§"©���£T�A¢¤�\§	£j¦æ©¯§�£��G©�§a³	��}� �4¦²£�©�£j��ª4¦¨�T£CB¨�L«a�aª4¦¨�T£��{£T�T«4¢¤£T«a�T�J©��$: � ¶��a�*�{�z¢¤�D§4�©±�D;�JPR�?@E ®�\�Ù©�§4�L£j¦¨§4¢¤�D �G§a�¨�+¬��z�G³D��� �G©�¢���©�§4¢ð¬�«4�G�z�Qª4¦¨�T£{©±¢¤«G¬�¦¨���G��£j¦æ©å¬��J���+£��a���D�a L�z¢¤£
FCG)H�I�J�HLKNMPO'Q�RK£7� ���j��� �r�F��¬�¼�t£¤�j�¨�¢�]¬���� �P�j������	�D�¨����£7�	�¢���)�K®

S



©¯§4�{£j¦¨§4¢¤�F�4�¤©�§a³�µ�¦¨§G©�ªa«G¬±¦²£T�z��EÅ©�£J©��#�F©�§4¢��a�z�Q�+©��G�D �Å���T�T�D«4�êN¦¨§4���T�z�¯: � ¶��G©�� �	§a�¨�+¬ ��z�G³D�J©±�J�L£T�D�ð�z��©�§�£L�+� �	§a�¨�+¬��z�G³D�ô�4¦D�L�z��� ; <4>@?�©�§ �Å�D�Tµ�¦²£L©��D§�©±�J�L£T�D�ð�z��©�§l¦F�L�GµQ�4�¨¬Û©�¢
�	§a�¨�+¬��z�G³D�J�4¦D�L� � ;�JMR ?@E �G§a�¨�+¬��z�G³D�7©����{£T�D�T�z�ô©�§�£��a�Ù³D�j¦¨ª �G©�¢��7�a¦¨£j¦¨�4¦D�{� �
� �������
� +�� ��5@���$:� ¶��a��¦D¢¤£L©��D§i�D«a£L¬Û©�§a�ô©±�Q¦¨§�«a§4�G���j�Lª4�z¢ð© �4�z�$�G�z�T¢¤�L©�ªa£L©��D§?����£��a�
µ��D£L©��D§4�7£T���4�ôª4��� �Å�D�Tµ��z� � £��a���ø¦¨�T���T¢¤�{©¯ªa£¤�Áb � ´���� i }�a«a£B¦¨£�¦ô¬��¨�+���z.�4� �4¦)�D©��D�ó¬��	�D�¤¬ �¶��a�F£j¦D� � � ¦D¢¤£L©��D§?¦¨§4�i£��a�F£L�Gª4�����Ù£��a���\�a p�z¢¤£J©��ô«4�L�z�i£T���L�¤¬��z¢¤£�£��a��¦D¢¤£{©¯�\§?�D«a£L¬Û©�§a�D�
�ù�D���$;4¦¨µ�ªG¬��D�£��a�"£j¦\� � � ¦\¢¤£L©��D§ �,# � & �4¦D�F�\©��®���T��§G£A�G� �4§G©�£L©��D§4� �Å�D���D�a L�z¢¤£j�ô£��4¦¨£F¦¨�T�¢¤�D§	£¤¦½©�§a���j��¦²§4�F£��a�	�{�Ù£��4¦¨£Ù¦¨�T�Ù£T�G�¨¬��]Eâ£��a���ù�\�Tµ����7�T��>D«G©��T�z��£��a�Q¦D�a�\©�£L©��D§4¦½¬N¢¤�D§4�L£T�j¦æ©¯§G££��4¦¨£7£��a�B�D�¡ p�z¢¤£Ù� �a�D«G¬���§a�D£7�4��£T«a�ð§a�z�F�D§�©�£j�7�â©��G��� �a��§�©�£�©��7µ����D�z� � £��a�J¬�¦¨£T£T�����4¦D�
¦Qªa�T� �Å���T�T�z��µ��D£{©¯�\§Fª4¦¨£��,: �´�§�¦\¢¤£L©��D§l�\«a£L¬Û©¯§a�ü©���¦ü¬å©��L£ô�����L£T��ª4�J� �G©�¢���¦¨�T���¤©�£��a�����D£��a����¦D¢¤£{©¯�\§?�D«a£L¬Û©�§a�z�Q�D�
� � C � µ��D£L©��D§4� Ep�L�����4�¤¬��¨�]: � ct�z¢�¦¨«4�L�F�	�\���T�l¦D¢¤£L©��D§?�\«a£L¬Û©¯§a�ü©��Q£L�	ª.���L��§4�â©�£L©6�D�Dt� �a��§¦¨§l¦D¢¤£L©��D§��D«a£L¬Û©�§a��©��J�$;Ðª4¦²§4�G�z�}�¦��L£T��ª����G©±¢���©±�J�G� �4§a�z�i�	��¦¨§a�\£��a���B¦D¢¤£L©��D§i�D«a£L¬Û©�§a�
¦¨«a£T�Dµ�¦²£L©�¢�¦½¬Û¬¯�F�L�¤¬��z¢¤£j�t£��a�B¢¤�D�ð�T�z¢¤£¨�D���¤�â©��D§F�D�;�{��£;� � µ��D£L©��D§4�t�4¦D�{�z���D§�£��a�Ù£L�Gª4�7���®©�£j��D�a L�z¢¤£ �
+��	� 	�
 ������
��� ¶��a�i� � Co«4�L�z�F¦¨§$©�§G£T���Tµ��z�\©�¦¨£T� ¬±¦²§a³D«4¦¨³D�"£T�?�G�z�T¢¤�L©��4�i£��a�"�T� �>D«G©��T�z��µ��\£L©��D§4� � � � C � µô�D£L©��D§4��¦¨�ð��¦¨³D��§G£ � ©�§4�G��ª4��§4�G��§G£z}¦½¬Û¬¯�¨�+©�§a³�£��a�Q� � C�£T�B�ð�z¦D�L�D§¦¨�4�L£T�j¦\¢¤£L¬���¦¨�4�D«a£7£��a�Q�T��>\«G©��T�z��µ��D£L©��D§"�4� �Å�D�T�Q�L«a�4�L£L©�£T«a£{©¯§a³"¦�ª4¦²�T£L©�¢¤«G¬�¦¨�B¦¨³D��§G£�4 �+�.� �
�4¦��\©��D�j� ��% ;¡¦¨µôªG¬¯�z�=���d� � C � µ��D£L©��D§4��¦¨�T� ��#��%#P�,#�-¯& ¦¨§4� �¯&�-7� �%#%("-�1"#�����#�( �}£��a�z�L�Ù¦¨�T�³D��§a���j¦½¬4¢¤�D§4¢¤��ªa£j� � �G©�¢���¦¨�T�+ª.��� �ù�\�Tµ��z�Q�\©�� ���ð��§	£L¬��Q�G�Ù�z¦D¢���¦¨³\��§	£d£T�Ù¦D¢��G©��	�D�+£��a���T¦¨µ��³D�	¦½¬ �
� $����������� � % ¦\¢��?¦¨³D��§G£ �4¦D�Q¦"�L��£J�����4� �4¦)�\©��D�j�J� �G©�¢��i©�£�¢�¦¨§iª4��� �Å�D�Tµ � �ù�\�*�z¦\¢��� � C � µ��D£L©��D§®��z¦D¢��×¦¨³D��§G£ �4¦D��¦²§×¦D�T�{�Ð¢ð©�¦¨£T�z�à�4� �4¦)�\©¯�\� � ct� �4¦)�D©��D�¤��¦¨�ð�ø�G� �4§a�z��¦D�¦��L��>\«a��§4¢¤��� �;µ��D£{©¯�\§l�\©��T�z¢¤£L©6�D�z�ó©�§l£��a���â©�µ*«G¬�¦¨£ð�D� � ( �D�Ù�$;4¦¨µ�ªG¬��DW£��a�F� � C � µ��\£L©��D§�K&�-7� ��#�("-�1"# �@��#�( ¢�¦¨§��.�*¦D¢��G©��	�D�z�ü©¯§��\©��®���T��§G£���¦½�Ð�t�G���\©�� ���ð��§	£Ù¦¨³D��§G£j���t�D§a�*¦²³D��§	£µQ©�³ �	£��4¦)�D��¦ � 1K� �)� �.� �4¦)�D©��D�zG� �G©Û¬��B¦¨§a�D£��a���=¦²³D��§	£tµQ©�³ �G£ �4¦)�D�7¦*¢¤�\µ�ªG¬��$;��4� �4¦)�\©¯�\��T��>D«G©��L©�§a³�ªa«4� �G©�§a³�¦¨§F�D�a L�z¢¤£+©�§G£T��¦�¢¤�D�ð§a����£T�Q³D��£�¢¤�D§G£T�T�²¬ � � ©�£ �

 ����������� ����$/��������$
� ´Oµô�D£L©��D§?�\©¯�ð�z¢¤£L©6�D�F©���¦ �Å«G¬å¬��?�Lª4�z¢ð© �4�z��¢�¦½¬Û¬�£T�"£��a�F�â©�µ �«G¬±¦²£T�D� � $t«a�T�T��§G£L¬��x£��a�$¬Û©��L£����"µ��D£L©��D§4� ©�§4¢ð¬�«4�G�z���G� ��1����C�'#�-,�.#%(  �%#P�/� �,#�-,��#�(�� 
��# #��*�C�'#�-'��#%(  ("#�#�-7�C�,#�-,�.#%(  -�#�1¯�%#�� �,#�-'��#�(
�=('�)���"1¯& �C�'#�-,�.#%( Eíµ����D�z�®¦¨§7©�§4¦¨§G©�µ�¦²£T��D�a L�z¢¤£zG� � ³ � a¦Q�.��;��â¬Û©��\©�§a³":j � 1K� ���=�C�'#�-'��#%( G¦¨§4� 1K&���&�� ��&'�C�'#�-'��#%( �
�§µP���7�j�g�D���j���)�G«���¡¢�t£�j��¦)�7�¨�	¡¢�³«%�¶����t«D¬���©��	��«D�	¡j���j���g���������½�6�	��¥���� ¥��¨� Â©)�j�����S�7���$¦�����¡Â� �

� ���]���6�	�j�)¡t® ¾¨���j��� � ���]���6� �j��¡$� ���6�	��¥)���	¥)�¨������� ��«��t©��j�]�¢�.�]£7� �y�¢�����6�	��¥���� ¥��¨� '�¢��� � �"! ®
#�$Â£�)��% R¯£�7���j�7¡��	��y� �j�$®

&



Parser
Task Action

Action

symbolic
object

object

agent 

agent
behaviors

directive 

geometric

world

Behavioral 
Simulator

A

E

     outline & types

        directive for agent

      Behavioral Simulator

Return Key:

A: Failed Parse

F

G

Action Outline
Selector

Outline Expansion

D

B

C C: Missing outlines

ItPlanS

Knowledge
Bases

Contextualizer

Feasibility checker

Motion 
Motion 

database
Temporal 

Library

Library

Outline

D: Fail, return discrepancy list

OSR

Instantiator

Object
Instantiator

B: Incompatible action

E: Fail, no existing motion

F: Fail: unable to 
      sequence motions

G: Motion failure from

Jack

���������
	 ���� 	���������	���������� �!� �
	#"$�%�&�����'�("*)�+,���
-!��.*�0/�����10��2�354

´�§F�$;4¦¨µ�ªG¬��Ùµ��\£L©��D§A�\©��T�z¢¤£{©
�\�7©±�ê� �	��1����C�'#�-,�.#%(��"� �.� ��-K��1 -�&)(K0 �.1��76}�"�)-K&"! �¶��a� �4�j�{£�£T���Tµw©���£��a�Ùµ��D£{©¯�\§ø�\©��T�z¢¤£L©6�D�J£T���4�Jª4��� �Å�D�Tµô�z�}4£��a�B�{�z¢¤�D§4�F£T���ðµw©��G��§	£L© �4�z�£��a��¦¨³D��§G£ � ¶��a���L£j¦²�T£d£L©�µ���¦¨§4� ��§4��£L©�µ��7¦¨�T�+§a�$;Ð£½��Å�¨¬Û¬¯�¨�+�z�ô�	�Q¦B¢¤�D§4�L£¤¦¨§	£W©�§4�\©�¢�¦¨£L©�§a³� �G©�¢������B£��a��¦¨³\��§	£�4ú��¦¨�Tµ�� £T�lµô�.�\� � ( ©�§4¦½¬Û¬��D�£��a�ø�G�z�L£L©�§4¦¨£{©¯�\§�©���³¨©6�D��§×¦D��¦i�â©�£T�Ep¢¤�	�\�j�\©�§4¦¨£T���L�a�L£T��µ·:J©�§1�{ª4¦D¢¤� � % ¦\¢��$µ��D£L©��D§'�\©��T�z¢¤£L©6�D�"�T��>\«G©��T�z���â¬Û©�³ �G£L¬��'�\©��®���T��§G£ª4¦¨�j¦¨µ���£ð���j� � ¶��a�z�L�Q¦¨�T�Ù�G� �4§a�z���G��£��a�act� �4¦��\©��D�j¦½¬ � ©¯µQ«G¬�¦¨£T�\� �
	wn98 � �����!�#" �����K� � �
¶��a���ù�²¬å¬��¨�+©�§a³�£p�+���L«a�4�L�z¢¤£{©¯�\§4���$;aªG¬�¦½©�§ø£��a�B¢¤«a�T�T��§G£�¦¨�¤¢��G©�£T�z¢¤£T«a�ð�ÁEp�L��� ( ©�³D«a�T�@8�: �
:<;>=?;A@ BDCFE%G�H?IKJ�LNMOG�P�IAQRJTS?E%U�V#IAWFIAXKI&P�Y
$ �a�z¢��\©�§a³�£��a� �ù�z¦D�p©¯�G©Û¬Û©�£L�����=¦�£¤¦D� � � ¦D¢¤£L©��D§"©��Ùª.��� �Å�D�Tµ��z�ü©�§ �K�\� �{£j¦¨³D�z���Ù�L�¤¬��z¢¤£L©�§a³�¦¨§¦D¢¤£L©��D§?�D«a£L¬Û©�§a�D�¢¤�\§4�\©¯£{©¯�\§4¦½¬Û¬¯�$�$;Ðª4¦²§4�\©¯§a³�¦æ¬å¬Ù�L£T��ª4�Q���Ù£��a�F�D«a£{¬å©�§a�D+«4�â©�§a³?�G��£j¦½©Û¬���� �

Z



£��a���\�a p�z¢¤£+���W£��a��¢¤«a�ð�T��§	£+£j¦\� � � ¦\¢¤£L©��D§�£ð�*�ð� �4§a�Ù£��a���\«a£L¬Û©¯§a�D¯�D���L© �Å�D©�§a³�£��4¦¨£N£��a�B¦²³D��§	£¢�¦¨§"ª4��� �Å�D�Tµs£��a�*�{ª4�z¢ð© ��¢�¦\¢¤£L©��D§��D§"£��G©��7�Lª4�z¢ð© ��¢ô�D�a L�z¢¤£z}¦¨§4���L«aªaªG¬��\©�§a³�£��a���Lª.�z¢ð© ��¢¦¨³D��§G£�4 �J�4� �4¦)�\©¯�\�j� �Å�D���z¦\¢��?µ��\£L©��D§?©�§�£��a��£j¦D� � � _ �*¦²§?�D«a£L¬Û©�§a� ¢�¦²§��4� �ù�\«a§4��¦¨§4�
£j¦½©Û¬��D�T�z�F£ð�*£��a�B�G��£j¦½©Û¬������W£��a�*¦¨³\��§	£�¦¨§4��£��a�Ù�\�a p�z¢¤£½	£��a�Ù£j¦D� � � ¦D¢¤£L©��D§�©��W L«4�G³D�z�F£ð�*�.�ËéÁ¤Â¨Ê�ÄùÕêÚåÁ �Ej_í§i¦�ªa�T��ªa�T�a¢¤�z�T�â©�§a³��L£j¦¨³D�@Ep¶W¦D� � � ¦D¢¤£L©��D§i°d¦¨�j�L���	:¤4£��a� ©¯§aªa«a£ �Å�T�Dµo£��a� �G©¯³ � � ¬¯�	�\�¤¬ªG¬±¦²§a§a����©���ª4¦¨�j�L�z�F¦¨§4��¢¤�D§ �D���T£T�z��£T��¦Q�ð��ªa�T�z�L��§G£j¦¨£L©��D§F� �G©�¢���£��a�ô� � Cõ¢�¦²§F«4�L� � :_í§?£��a� �4�¤�L£��L£j¦¨³D� Eí´�¢¤£{©¯�\§���«a£L¬Û©¯§a� � �¤¬��z¢¤£T�D�	:j £��a�F£j¦D� � � ¦D¢¤£L©��D§?¦¨§4��£��a�F£L�	ª.��� �£��a�F�D�a L�z¢¤£�¦¨�T��«4�L�z�?£T���L�¤¬��z¢¤£�¦²§�¦D¢¤£L©��D§?�D«a£L¬Û©�§a� �Å�T�Dµ-¦ü¬Û©��a�j¦¨�T�i���Ù�D«a£L¬Û©�§a�z� � ¶��G©��¬å©��a�j¦²�T�"©��ó©¯§4�G�$;a�z���	�"�4�\£��l£��a��£j¦D� � � ¦D¢¤£L©��D§i¦¨§4��¦F£¤¦);Ð�\§a�DµQ�����+�D�a L�z¢¤£B£L�	ª.�z� � ( �D��z¦D¢��Q£j¦\� � � ¦\¢¤£L©��D§®¨£��a���T��µ�¦z�Ù�.���L��ª4¦¨�¤¦¨£T�;¦\¢¤£L©��D§��D«a£L¬Û©�§a�z� �Å�D�d�z¦D¢��Q£L�	ª.�;� ���D�a L�z¢¤£d£��4¦¨£¢�¦¨§�¦¨ªaª4�z¦²��¦D�+¦¨§"¦¨�T³D«aµô��§	£ � ¶��G©����{£T��ªF©��t©�µ�ªG¬���µ���§G£T�z�"¦D��¦J¬��G� �G«aª�£j¦¨�G¬�� �¶��a�B�L�z¢¤�D§4���L£j¦²³D�aEð��«a£L¬Û©¯§a� % ;aª4¦¨§4�â©��D§,:d�$;aª4¦¨§4�a��¦½¬Û¬®£��a�Ù�L£T��ª4� ©�§F£��a�B¦D¢¤£L©��D§��D«a£ �¬å©�§a� �
% ¦D¢��F�L£T��ªô©±�=�¤©¯£��a����¦¨§a�D£��a����¦D¢¤£{©¯�\§��D«a£{¬å©�§a�J�D�;¦Jµ��D£{©¯�\§A�\©��T�z¢¤£L©6�D� �
% ¦\¢��F�L£T��ªô©���L��§4�â©�£L©6�D�7£T�Ù£��a��£L�Gª4�����.©�£j�d�D�¡ p�z¢¤£z� �$;Ðª4¦²§4�\©¯§a³�¦¨§�¦D¢¤£L©��D§��D«a£{¬å©�§a��©�µ�ªG¬Û©¯�z�;©¯§G£T���Tªa�ð��£L©�§a³�z¦D¢������d©�£j�7�L£T��ª4�=©¯§"£T���ðµ��+���N£��a�J�D�a L�z¢¤£ � ¶��a�Qªa�T�Ð¢¤�z�ð��¢¤�D§G£L©�§G«a�z��«a§G£L©Û¬ �{��£j��� ��� � C �µ��D£L©��D§4� �4¦)�D�7�4����§��L«a�4�L£{©¯£ð«a£T�z� �ù�\�=¦æ¬å¬ ¦D¢¤£{©¯�\§��D«a£{¬å©�§a�z� � ´Ù¢¤£L©��D§F�D«a£L¬Û©�§a�z�+µ�¦½���Lª.�z¢ð© �ù�£T��µ�ª4�\�j¦½¬®�D�j�G���L©�§a³F¢¤�D§4�L£T�¤¦½©�§	£j�=�D§F£��a�Ùµ��D£{©¯�\§4�]bä´�¬å¬ � )�ij�¶��a��£��G©��j�?�L£j¦¨³\�·ET���a L�z¢¤£a_â§4�L£j¦¨§G£L©�¦¨£T�D� :��G©�§4�a�Qª4¦¨�j¦²µ���£T���j�ó����£��a��� � C � µ��D£{©¯�\§4��4¦D�L�z�F�\§F©�§ �ù�\�Tµ�¦¨£L©��D§"¦¨�4�\«a£�£��a�*�{ª4�z¢ð© ��¢Q�D�a L�z¢¤£+©�§4�L£j¦²§4¢¤� � ¶��G©���©±�7¦½¬��L��£��a�*�{£j¦¨³D�Ù¦¨£� �G©�¢��"� � C � µô�D£L©��D§��Lª.�z¢ð© ��¢óª4¦¨�j¦¨µô��£T���j� Ep�L«4¢��A¦\�N³\�j¦D�Lª � �â©�£T�DG³D�{©¯ª � £L�Gª4�7�D��¦¨ªaªa�T�	¦\¢�� ��D�z¢¤£T�D�	:®µQ«4�L£t�4�B�L«aªaªG¬Û©��z� � $N«a�T�T��§G£L¬���¦ �G§a�¨�+¬��z�G³D�7�4¦D�L��©±�t«4�L�z�ô£T�Q�G��£T���TµQ©�§a� � �Å�T�Dµ£��a��� � C � µô�D£L©��D§®+£��a���D�a L�z¢¤£ ;=<�>@?�¦¨§4�à£��a�F©�§G£T��§G£L©��D§����Ù£��a��£j¦D� � � ¦D¢¤£L©��D§ �?£��a�z�L�¦D�a�\©�£L©��D§4¦½¬�ª4¦¨�j¦¨µô��£T���j� � ¶��G©��7©��Q�â©�µQ©Û¬±¦²�*£ð�ø¦¨ªaªa�T�G¦D¢��a�z�ó£j¦��D��§��	� b�_�� k�� ���¡®¶�c+� � �	
C�& d 8 ij�¶��a���Å�D«a�T£����L£j¦¨³D�FE ( �z¦D�â©��G©Û¬Û©¯£L� $ �a�z¢��D���	:®©�§ �D�¨¬6�D�z�t¢��a�z¢��D©�§a³��G��ª4��§4�G��§4¢ð©��¨���.��£p�+����§£��a�B¦¨³D��§G£+�T�z�L�D«a�j¢¤�z�7¦¨§4���D�¡ p�z¢¤£�¦¨£T£ð�L©��a«a£T�z� �% ¦D¢��"� � C � µ��D£L©��D§ü©¯§4¢ð¬�«4�G�z�Ù¦Qªa�ð�z�\©±¢�¦²£T�� �G©�¢��"�Lª4�z¢ð© �4�z�Ù£��a�	�L�Ùª4¦½©��j�����d�T�z�L�D«a�j¢¤�z�7¦¨§4��¦¨£T£T�L©��a«a£T�z�=£T��¢��a�z¢�� ��( �D���$;¡¦¨µôªG¬¯�D.£��a�� � C�µQ©�³ �G£;¢��a�z¢������a��£��a���+£��a��¦¨³D��§G£�4 � �4¦¨§4� ©±� ¬�¦¨�T³\����§a�D«a³ ��£T�Ù³\�L©�ª�£��a���4¦¨§4�\¬��Ù��� ¦�T¢¤�	�\ª � _ ��¦æ¬å¬W£��a���G��ª.��§4�G��§4¢ð©��z���ù�D��¦½¬Û¬®£��a�Ùµ��\£L©��D§4� ©¯§F£��a�B¢¤«a�T�T��§G£;�\«a£L¬Û©¯§a�Q¦¨�T�7�+©�£��G©�§£T�¨¬����j¦¨§4¢¤�Da£��a�Q� � C/�T��ª4�D�ð£j�t£��4¦¨£�£��a�Ù£¤¦D� � � ¦D¢¤£L©��D§�©����Å�z¦D�â©��G¬�� �_ �4£��a�+¦¨³D��§G£®¦¨§4�Ù�D�¡ p�z¢¤£ ¦²£T£T�L©��a«a£T�z� � ¦æ©å¬G£��a�N£T�²¬¯���¤¦¨§4¢¤�N£T�z�{£z�£��a��§Q¢¤�D§	£ð�T�¨¬¨©��®�T��£ð«a�T§a�z�
£T�Á_í£j°�¬±¦²§ � ¦½¬��D§a³��=©¯£��ø¦ ãDÄ±Ê�ÓzÀLÁLÏaÂDÆ4Ó½Ý*ÚÛÄ±ÊéÃ ���d£��a�	�L�Ù�ð�z�L�D«a�j¢¤��Bæ¦²£T£T�L©��a«a£T�7ª4¦½©��j��£��4¦¨£�¦¨�T��D«a£����d£T�¨¬����j¦¨§4¢¤� � ���¨��£��G©��+¬Û©��L£Ù¢�¦¨§F�4�J«4�L�z��©��7�\©��T¢¤«4�T�L�z�A©¯§�£��a�B§a�$;a£��L�z¢¤£{©¯�\§ �¶��a� � �Å£��×�L£¤¦¨³D�UEp¥��D£L©��D§ _í§4�L£j¦²§	£L©�¦¨£ð�D�	:B�L«aªaªG¬Û©��z��£��a�ø¦¨³\��§	£�4ú�B�.� �4¦)�D©��D� �Å�D���z¦\¢��� � C � µ��D£L©��D§ � ´�£N£��G©��tª4�²©¯§G£+£��a�7£j¦D� � � ¦D¢¤£L©��D§ �4¦\�d�4����§�¢¤�\µ�ªG¬���£T�¤¬��A¢¤�D§ �D���T£ð�z�Q£T�*¦J�L��£����µô�D£L©��D§��\©��T�z¢¤£L©6�D�z� �

�



:<;>=?; : M G�P�IKQRJ ��� E�G�� P�IKQRJ

? �a��§i¢�¦½¬Û¬¯�z�i«aª.�D§�£T�F�\«a£Tªa«a£Bµ��\£L©��D§��\©¯�ð�z¢¤£L©6�D�z�J£T� 2 ÂDÓ�Ñ ®£��a��� � C µQ«4�L£ �4�¤�L£Ùªa�T� ��D©��G��¦��{£j¦¨�T£+£L©�µ���¦¨§4��¦¨§ø¦¨ªaªa�ð��;G©�µ�¦¨£T�B�G«a�¤¦¨£L©��D§ �Å�D�7�z¦D¢���µ��D£{©¯�\§BE�$N�D§G£T�$;a£T«4¦½¬Û©65����	: �f7«a�j¦¨£L©��D§4�Ù¦¨�ð� ¢�¦æ¬±¢¤«G¬�¦¨£ð�z� �Å�T�Dµo¦�£T��µ�ª.�D�j¦½¬;�a¦¨£¤¦¨�4¦D�L�J� �G©�¢��?¢¤�D§G£j¦½©�§4�7�4�D£��ø�ð«G¬¯�z�ó£T�³D��§a���j¦¨£T�F£{©¯µô�z� �Å�D�Qª4¦¨�j¦¨µô��£T���L©65��z�?µ��\£L©��D§4�@Ep�L«4¢��×¦\��¦ 1¯&�� �  :vb % c ��� d�i ¦¨§4� �";a�z��æ¦½¬�«a�z� �Å�D�B�\£��a���Qµ��D£L©��D§4� � ? �a��§i£��a��£T��µ�ª.�D�j¦½¬t©¯§ �Å�D�Tµ�¦¨£L©��D§�©±�Q¦D�a�G�z�} £j¦D� � � ¦D¢¤£L©��D§�T� �4§a��µ���§G£B©����4§G©�� �a�z�}N¦¨§4� £��a��µô�D£L©��D§l�\©��T�z¢¤£L©6�D�z�ô¢�¦¨§��4�F�L��§G£B£T� 2 Â\Ó�Ñ �ù�D�Q¦¨§G©�µ�¦ �£L©��D§ �% �ð�T�D�j� EÅ©�§�£��a���ù�D�ðµO��� � ¦½©Û¬��z��¦\¢¤£L©��D§4�$:Nµ�¦½���Ð¢�¢¤«a�7�G«a�L©�§a³A¦¨§G©�µ�¦²£L©��D§ � £��a�Q� � C¦¨�4�D�ð£j�+£��a�Ù�T��µ�¦½©�§G©¯§a³Fµô�D£L©��D§4�t©�§�£��a�Ù£j¦D� � � ¦D¢¤£L©��D§F�$;aª4¦¨§4�â©��D§�¦¨§4���T�¤¬�¦½�a�+���T�T�D�¤�+�4¦D¢��£T�v_í£¤°W¬�¦¨§ � �Å�D�+�T��ªG¬�¦¨§a§G©�§a³ �
	wn�� � � � � ~�p=�
`��â©�§a³2;=<�>@? �G§a�æ�=¬¯�z�G³\� ¦²�4�D«a£Ù£��a�J�D�a L�z¢¤£z.£��a��� � C �4�j�L£Ù�a«G©Û¬��a�B¦D¢¤£L©��D§"�D«a£{¬å©�§a�z���Å�D�£��a��£j¦D� � � ¦D¢¤£{©¯�\§ � ©�£t£��a��§��ð� �4§a�z�N£��a�z�L��ª4¦²�T£L©�¦½¬�ªG¬�¦¨§4�t�+©�£���;�JPR�?@E �G§a�¨�+¬��z�G³D� � ´Ù�a�\©�§a³¦¨³D��§G£ � �Lª4�z¢ð© ��¢ �G§a�¨�+¬��z�G³D�Dd¦¨§4�l�{�¤¬¯�z¢¤£{©¯§a³i¦¨³D��§G£ � �Lª4�z¢ð© ��¢��.� �4¦��\©��D�j��d¦½¬Û¬��¨���J£��a��� � C£T��£j¦½©Û¬��D��¦ ³D��§a���j¦½¬®£j¦D� � � ¦D¢¤£{©¯�\§F£T��£��a�B�Lª.�z¢ð© ��¢*¢¤�\§	£T�$;a£�¦¨§4�F¢��a�z¢���©¯£¤� �ù�z¦\�â©��G©å¬Û©�£L� �¶��a��§G«aµQ�4���N� ��ª4�G�T�â©��G¬��l�¨¦¨�L©�¦¨£L©��D§4� ����£j¦\� � � ¦\¢¤£L©��D§4�W£��4¦¨£N¦¨§�¦¨³\��§	£dµQ©�³ �G£d�4�7¦D� �D�z�£T��ª4��� �ù�D�ðµ-µ�¦��D�z�ô¦��L£T�L©�¢¤£L¬���¢�¦D�{� � �4¦D�L�z��¦²ªaªa�T�	¦D¢���Ep�L«4¢���¦D�·b3�7¦¨µ � � i N� �G©�¢�����§G« �µ����j¦¨£T�z�Ù¦æ¬å¬+ª4�	�ð�â©��G¬¯��¢�¦\�L�z�$:+©�µ�ªa�j¦D¢¤£{©±¢�¦æ¬ � ¶��a��µQ«G¬�£L© � �L£j¦¨³D�ü� � Cxªa�ð�.�\©��G�z�B¦ü�T�D�a«4�L£z
µQ©�� � ¬¯�	�\�¤¬�ªG¬�¦¨§a§a����� �G©�¢���¦\�a¦¨ªa£j�J£j¦D� � � ¦D¢¤£L©��D§4� £T�"£��a��¦¨³D��§G£zW�D�a L�z¢¤£zW©�§G£T��§	£{©¯�\§×¦¨§4��â©�£T«4¦¨£L©��D§ �
� � 
 ����"ÿ �
	 �� � ���  	�� � � � � � � 	 ��� � ��� � ���

� ÿ�� � ��� ��	�ÿ	��Dÿ�� � � ������	�ÿ	� � � � �� � � 	!� �

´ ÈQÁjãDÄ�ÂDÃÅÁ¤ã £j¦D� � � ¦D¢¤£{©¯�\§�©���¦J£j¦D� � � ¦D¢¤£{©¯�\§�� �G©�¢��F�T��>\«G©¯�ð�z�+£��a�Ù¦¨³D��§G£;£ð�*��µôªG¬¯�¨��¦J£T�G�¨¬ �¶��a�Ù£T���Tµ ÈQÁ¤ãDÄ�ÂDÃÅÁjã ¢¤�Dµ��z� �Å�T�DµO£��a��� ¦D¢¤£+£��4¦²£�£��a�Ù£T�G�¨¬®µ��z�\©�¦¨£T�z���4��£L�+����§F£��a�*¦²³D��§	£¦¨§4�F£��a�J�D�a L�z¢¤£ab ? cgf h d�e�i¢� ¥��z�\©�¦¨£ð�z�F£j¦D� � � ¦D¢¤£{©¯�\§4�t©�§4¢ð¬¯«4�G� ��&�0@��#%�'&)(�� �S&%0�����1¯���)�¦¨§4� ��&�0��.1¯&%��& ��� & �
8wn$m " �g~ �Sq$#@q	|	q7�'�%"w~Gq	| �yp �
´�§l¦²³D��§	£�©��Ù«a§4¦¨�G¬���£T�Fµ�¦¨§G©�ªa«G¬�¦¨£T�F¦¨§"�D�a L�z¢¤£Ù� �a��§�£��a� ¦²³D��§	£7¬�¦D¢��a�B�L�Dµô�*�ð�z�L�D«a�j¢¤�
Eí� � ³ � .©��J§a�D£Q�L£T�T�D§a³F��§a�\«a³ �,:��D�Ù���a��§��L�\µ����L��£J���;£��a�ô�D�a L�z¢¤£�4 �Ù¦¨£T£ð�L©��a«a£T�z�Ù�T«G¬����D«a££��a�*¦D¢¤£{©¯�\§BEí� � ³ � a¦Qª.�D£�©±��£T�G� �a�D£�£ð���4�J³D�j¦D�Lª.�z�}a£��a�J�D�a L�z¢¤£=�G�G�z��§a�D£�µ����D��: � ¶ ¦D� � �¦D¢¤£L©��D§4�Q¦¨�T��§a�D£ �Å�z¦D�â©��G¬��Dt� �a��§l£��a�A¦¨³\��§	£J�T�z�L�D«a�j¢¤�z�Q¦¨§4��£��a���D�a L�z¢¤£�¦¨£T£T�L©��a«a£T�z�J¦¨�T�

&



§a�D£Ù©�§�£T�²¬¯���¤¦¨§4¢¤� � ¶��a�F� � C ªG¬�¦D¢¤�z�Q¦¨§	���T�z�L�D«a�¤¢¤��Bæ¦¨£T£T�{©¯�a«a£ð��ª4¦½©��j�Ù���G©±¢��?¦¨�T���D«a£Ù� �
£T�¨¬����j¦¨§4¢¤�J�D§�¦ ãDÄ±ÊéÓ½ÀLÁLÏÐÂ\Æ4ÓzÝQÚÛÄ±ÊéÃ G� �G©�¢��F©����ð��£T«a�T§a�z��£T��£��a� �G©¯³ � � ¬¯�	�\�¤¬NªG¬±¦²§a§a��� �

� ÉzÉDÚúÊ ¦¨«a³\µ���§	£J£��a��¦¨³\��§	£�4ú�7�T�z�L�D«a�j¢¤�z�ê®�D���a¬¯£ð���B£��a���\�a p�z¢¤£Q¦¨£T£T�{©¯�a«a£ð�z�Ù¦D� �D���j�L�¤¬��
¦)�®�z¢¤£L©�§a³�£��a��� � C � µ��D£L©��D§ � _í§$£��a��� � CÙt£T�G�¨¬���¦¨�T�F�ð��³	¦¨�j�G�z�$¦D���L��£j� ���ó¦²£T£T�L©��a«a£T�µ��Ð�\© �4���j�t� �G©�¢��A¢�¦²§��.��«4�L�z�ô£T�Bµ�¦ �D��£��a��¦²³D��§	£d�ð�z�L�D«a�j¢¤�z�+¦¨§4�Q£��a���D�a L�z¢¤£;¦¨£ð£T�L©��a«a£T�z�¢¤�Dµ�ª4¦¨£L©��G¬�� � ´7§B�D�¡ p�z¢¤£®���a�	�L�;¦²£T£T�L©��a«a£T�z�W¦¨�T�+�G�z�T¢¤�L©��4�z�Q�G�Ù£��a�+�\©±�ð¢¤�T��ª4¦¨§4¢¤�Ù¬Û©��L£dµQ©�³ �G£�L���7�D��£ð�Ùµ�¦��D�+£��a��µô�D£L©��D§ �ù�z¦\�â©��G¬¯� � k �a¢�¦¨£L©�§a³*¦²§4�Q«4�â©�§a³��L«4¢���¦¨§��D�a L�z¢¤£r�*�L«4¢���¦Ù£ð�	�¨¬��µQ©�³ �G£+¬Û©±¢¤��§4�{�*£��a�Ù£j¦D� � � ¦D¢¤£L©��D§ �
8wn
	 �!�¨� �gp�� qtx qtxyu � �a�w| � �#� ���

? ��ªa�T�z�L��§G£B£��a�T����ª.�	�T�â©��G¬��F�$;a£T��§4�â©��D§4�Ù£ð��£��a�F� � Cw¦½¬�³D�\�L©�£��aµ � ( ©��j�L£zW¦D�B�L«a³\³D�z�L£T�z�¦¨�4���D�D+� �a��§$£��a���T��¦¨�T���\©��T¢¤�ð��ª4¦¨§4¢ð©��z���.��£L�;����§$�T�z�L�D«a�¤¢¤�z��¦¨§4��¦¨£ð£T�L©��a«a£T�z��+£��a�"�\©�� �¢¤�T��ª4¦¨§4¢¤��¬Û©��L£�¢�¦²§��4�J�T��£T«a�T§a�z�ü£T��£��a� �G©�³ � � ¬��	�D�¤¬NªG¬�¦¨§a§a���B¦\��¦Q��¦½�����N�G�z�T¢¤�L©��G©�§a³�£��a�
� ¦½©Û¬�«a�T� � _í§i£��G©��B¢�¦D�L�D ©�£Ù©��Ùª.�	�T�â©��G¬���£��4¦¨£Ù£��a���\©��T¢¤�T��ª4¦²§4¢ð©¯�z�ô¢�¦¨§��4�ô«4�L�z��£ð���L�¤¬��z¢¤£*¦£T�	�²¬ £��4¦¨£�¢�¦¨§F�.�B«4�L�z�A©¯§�ª4��� �Å�D�Tµ ©¯§a³ô£��a�B£j¦\� � �¶��a�F§a�$;a£�£L�;���$;Ð£ð��§4�â©��D§4��¦²�T�I�¨¦¨�L©�¦¨£L©��D§4�ô�+©�£��?µ��z�\©�¦¨£ð�z�i£j¦D� � � ¦D¢¤£L©��D§4��t¦¨§4�?¦¨�T�§a�D£�ªa�T�z�L��§G£L¬���©�µ�ªG¬���µ���§G£T�z� � _í§"£��a���4�j�{£�¢�¦D�L�D4¦ µ��z�\©�¦¨£T�z��£j¦D� � � ¦D¢¤£L©��D§�©����T��>\«a�z�L£T�z�}¦¨§4��¦ô£T�G�¨¬®©��Ù�Lª4�z¢ð© �4�z�} � � ³ � � ���S&%0���#��,&�(�������� *�#�- -���& *�#�-�-"��& ��#��,&)('&�1'! ��&�1 � &"! ������T�D £��a��£T�G�¨¬j4 �Ù¦¨£ð£T�L©��a«a£T�z�B¦²�T��¦D�a�G�z�"£ð�F£��a��¦¨³D��§G£Ù�T�z�L�\«a�j¢¤�z�Ù�.� �ù�D�ð��£��a���T�z�{�D«a�j¢¤�z�
¦¨�T�B¢��a�z¢��D�z��¦¨³	¦½©�§4�L£�£��a�*¦¨£ð£T�L©��a«a£T�z�+�G�F£��a�*�G��ª.��§4�G��§4¢¤�ø¢��a�z¢��\��� � _ �N£��a�B£ð�	�¨¬ �4¦D��£��a�¢¤�D�T�T�z¢¤£�¦²£T£T�L©��a«a£T�z��t£��a��§$£��a�F©�§4¢¤�Dµ�ª4¦²£L©��G©å¬Û©�£L©��z�"¦¨�T�F�T�z�G«4¢¤�z�$£T�"£��a��ª4�¨©�§G£�£��4¦¨£�£��a�
�G��ª4��§4�G��§4¢ð©��z�Ù�.��£p�+����§"¦¨³D��§G£=¦²§4�F�D�a L�z¢¤£�¦¨�T�Ùµ���£�� �a��§�£��a�Ùµô�D£L©��D§�©���ª.��� �Å�D�Tµ��z� �¶��G©��j�}	¦7µô�z�\©±¦²£T�z�Q£j¦D� � � ¦D¢¤£{©¯�\§B©�� �T��>D«a�z�{£T�z�}D�a«a£t§a�B�Lª4�z¢ð© ��¢�£T�	�²¬	©��N�{ª4�z¢ð© �4�z�}a� � ³ ���� ��&�0��%#%�'&)( *,&�-�- /�*K#�- -���& 0����'�K/*�.-"# #��¯! � &.1 � &�! � _â§F£��G©��;¢�¦\�L�DD£��a�Ù�\©��T¢¤�T��ª4¦¨§4¢ð©��z�¦¨�T�*�\©��T¢¤���D���ð�z�ø¦²§4��«4�{�z��£ð�A�G�z�T¢¤�{©¯�.��£��a�Q¦¨£T£T�L©��a«a£T�z�����N£��a�Q�T��>\«G©��T�z� Ep�G«aµôµ*�¯:N£T�G�¨¬ �¶��a���\©��®���T��§4¢¤���.��£L�;����§i£��a� �4�¤�L£B¦½¬�£T���T§4¦¨£{©
�\�A¦¨§4� £��G©��� �a�æ�+�	�D���½.©±�ó©�§?¢¤�D§	£ð�T�¨¬í�Ù£��a�
�G©¯³ � � ¬¯�	�\�¤¬ ªG¬�¦¨§a§a����¢�¦½¬Û¬��+£��a�J� � C��+©�£��F¦Ù£T�G�¨¬}�T��>D«a�z�{£T�z���a«a£+«a§G©��G��§G£L© �4�z�@��£��a�J� � C©±�;©¯§ �D� �\�z�F�Lª4�z¢ð© ��¢�¦½¬Û¬���£T�Q�a«G©Û¬���£��a�B�\©��T¢¤�T��ª4¦¨§4¢¤��¬Û©��L£��G�z�T¢¤�{©¯�G©�§a³F¦Qª4�G�T�â©��G¬��B£T�G�¨¬ � ¶��a��G�z�T¢¤�L©�ªa£L©��D§�©����T��£ð«a�T§a�z�F£T�ô£��a� �G©�³ � � ¬��	�D�¤¬NªG¬�¦¨§a§a���z.� �G©�¢�� ¦²£T£T��µ�ªa£j�t£T� ¬¯�a¢�¦¨£T�Q�L«4¢��ø¦£T�	�²¬ � _ ���D§a���$;G©±�{£j��®£��a� �G©�³ � � ¬��	�D�¤¬�ªG¬±¦²§a§a���B£��a��§ �4¦\�Ù£��a�Q�Dªa£L©��D§����;�T��>\«a�z�L£L©�§a³"£��4¦¨££��a��� � C@¢��a�z¢���£��a� �Å�z¦D�â©��G©Û¬Û©�£p�"���N£��a�B£j¦D� � � ¦D¢¤£{©¯�\§��+©�£��"£��a�Q�\©±�ð¢¤�.�\���T�z��£T�	�²¬ � � �a�D«G¬��£��a� �G©¯³ � � ¬¯�	�\�¤¬=ªG¬�¦¨§a§a���Q¢¤�Dµ�µQ©�£Ù£T��£��a��£¤¦D� � � ¦D¢¤£L©��D§®.£��a�F� � C/©��Ù¢�¦½¬Û¬��z�i¦�£��G©��j�"£L©�µ��£T�Q©�§��\� �D�Ù£��a�Ùµ��\£L©��D§��\©��T�z¢¤£L©6�D�z� �

���



� � 	 ��� � � �  �"ÿ �
cN�¤¬��¨�O¦¨�T�F� �D��£j¢��a�z���ù�\� �a�¨�x£��a��� � CwµQ©�³ �G£ �4¦¨§4�\¬��F£��a�T����£j¦D� �a� � C+�z¢�¦½¬Û¬�£��4¦²£B£��a�
�G©¯³ � � ¬¯�	�\�¤¬�ªG¬�¦¨§a§a�����a�T�z¦��a�J£j¦D� �a�7©�§G£T���L��£j�ó����£j¦D� � � ¦D¢¤£{©¯�\§4�Ù� �G©�¢��?£��a��� � C �4¦¨§4�\¬��z�
�D§a�B¦¨£�¦Q£{©¯µô� �
�yn$m ���Á~����@|4� m��
	!��� ~ �,�asv~
¶��a� �G©�³ � � ¬��	�D�¤¬�ªG¬�¦¨§a§a���Q©��J³¨©6�D��§i£��a��³D�G¦½¬ �K&�- ��#�0�� � _â£*�L�¤¬��z¢¤£j�Q¦üªG¬±¦²§�¦¨§4���a�T�z¦��a�£��4¦¨£+ªG¬�¦¨§ø�G�¨��§�©�§G£T��£��a���ù�¨¬Û¬��¨�+©�§a³�£¤¦D� � � ¦D¢¤£L©��D§4���8 � � �7�"#�-�#�������� ( 1'��0��¯&"!Z#%�,&�(�! � ¶��a�Q©�§G£T��§	£{©¯�\§l�D§�£��G©��Ù£j¦D� � � ¦D¢¤£{©¯�\§��+©Û¬Û¬=�ð�z�L£T�L©�¢¤£� �a���T�Ù©�§ �Å�T�D§G£����d£��a� �Å�L©��G³D� �D¦\¢��F�+©Û¬Û¬;�L£T�\ª·� �	§a�¨�+©�§a³�£��4¦¨£ �a�J©��Ù¦¨�4�\«a£�£T�ô�Dª4��§�©�£z
�a�B�+©Û¬Û¬��L£T�\ª��â¬Û©¯³ �	£L¬���£T�Q�D§a�B�â©��G�Q��� £��a�Q�G�	�D� �< � � �$#��,&�(�������� (�1,��0��¯&�! �§�K&�- �%# 0���! ! � ¶��a�ô©�§	£T��§G£L©��D§ �a�¤¬�ª4�Q£T�"�G��£T���TµQ©�§a� �a�¨�µ*«4¢���£��a���G�G�D�+���®£��a� �Å�L©��G³D�7µQ«4�L£N�.���Dª.��§a�z� � ¶ �a��¦¨³\��§	£tµ*«4�{£N�4�\£����.��¦²�G¬¯�7£T� Aå�L����4©¯§4�p©±�G�Q£T�Q³D��£+£��a�B�{�Ð�a¦aa¦¨§4��£��a�B�G�	�D��µ*«4�{£;�.�B�Dª.��§F�+©��G�B��§a�D«a³ �F£��4¦¨£+£��a�B�L�a�a¦�¢�¦¨§
�4£�£��a�T�D«a³ �F£��a�Ù�Dª4��§G©�§a³ �
e"� ���§�¯&.-*����#%(�- 1�# ���%#L(}������� �%# 0���! ����#���&"! � �D¦D¢��?µ*«4�{£��T�z¦D¢���£T�i£��a�"�L�Ð�a¦i¦¨§4�
³D�j¦D�Lª�©�£ � � �D£T�Ù£��4¦¨£½a� �G©Û¬��*§a�\£��D��£+©�µ�ªG¬���µ���§G£T�z�}}£��a�ó©¯§G£T��§G£L©��D§�£ð� �%� #���& £��a���Å�L©��G³D�� �a�D«G¬�� �Å�D�j¢¤�Ù£��a�B¦²³D��§	£�£T� �4�j�L£�µ����D�Ù£��a�B�L�Ð�a¦ �D«a£����d£��a���Å�L©��G³D� �
)K� ��� �%� #���& ������� (�1,�.0��¯&�!=�K#K����&'��(�#�17� � �.-,�.#%(�! � ¶��a���ð�7©±�t§a�Q�D£��a���t£j¦D� � � ¦D¢¤£L©��D§ô©�§£��G©��7ªG¬±¦²§ø�$;aª4¦¨§4�â©��D§®W�L��£��a�*¦¨³\��§	£7µQ«4�L£ �K#¯��� & ��("#�1*��� ��-'��#�( ¦¨§4���=¦æ©¯£��Å�D��£��a�*§a�$;a££j¦D� � � ¦D¢¤£L©��D§ �
�yn
	 ���Á~����@|4� 	�� � �a�w|�� �-�
¶��a��� � C(©±�7³²©
�\��§ ¦ôµ��z�\©�¦¨£T�z��£j¦\� � � ¦\¢¤£L©��D§�� �G©�¢��"�T��>D«G©��T�z�Ù¦��Lª.�z¢ð© ��¢ £T�	�²¬ �+£��a�*£¤¦D� �©±��£T�Q³D��£�¦ô�T¢¤�	�\ªF��� ©�¢¤�Q¢¤�T�z¦¨µO�+©�£���£��a�7©�¢¤�*¢¤�T�z¦²µ �T¢¤�G�Dª �¶��a� � � C ©��s³¨©6�D��§ £��a�!£j¦\� � � ¦\¢¤£L©��D§ � ���S&�0@���K&�-*����#�("- 1�# �+����& ��1K& � �/�)*'�����
����#�#%��! � &�1 � &�! � ¶��a�B¦D¢¤£L©��D§��D«a£L¬Û©�§a�Ù©����{�¤¬¯�z¢¤£ð�z��¦¨§4���$;aª4¦¨§4�G�z� � £��a�B¦²³D��§	£+�T�z�{�D«a�j¢¤�z�¦¨§4�Q£��a���\�a p�z¢¤£+¦¨£T£T�{©¯�a«a£ð���æ¦½¬�«a�z�+¦¨�T���L��£+¦ �Å£T���W©�§K>D«G©��L©�§a³�£��a�¤©��¨�æ¦æ¬¯«a�z� �Å�T�Dµ £��a�lct� �4¦)� �©¯�\�j¦½¬ � ©�µQ«G¬�¦¨£T�D��¦²§4��£��a� �G§a�¨�+¬��z�G³D�Ù�4¦D�L�z� �ct� �ù�D�ð���G��ª.��§4�G��§4¢ð©¯�z�J¦¨�T��¢��a�z¢��D�z�}a£��a�Ù¦¨£T£T�{©¯�a«a£ð�z� �Å�T�Dµw£��a�Ù�T¢¤�G�DªF¦¨�T�Ù¦½¬��L��¦D�a�G�z�
£T�?£��a���G��ª4��§4�G��§4¢¤�/£T��µ�ªG¬�¦¨£T� � _ ��£��a��¦¨³\��§	£F�T�z�{�D«a�j¢¤�z�F¦¨§4�$�D�a L�z¢¤£�¦¨£T£ð�L©��a«a£T�z�F¦¨�T��+©�£��G©�§ø£ð�¨¬����j¦¨§4¢¤� �ù�\��¦½¬Û¬+� � C � µ��D£{©¯�\§4��}£��a��� � C �T��£T«a�T§4�7¢¤�D§ �4�Tµ�¦¨£L©��D§�£ð��£��a� �G©�³ � �¬¯�	�\�¤¬�ªG¬�¦¨§a§a���7£��4¦¨£+£��a�J£j¦D� � � ¦D¢¤£L©��D§ô©����Å�z¦D�â©��G¬�� �

� �



�yn98 ���Á~����@|4� 8�� � �a�w| � � |4�g�P�rqt�wx
¶��a� �G©�³ � � ¬��	�D�¤¬�ªG¬�¦¨§a§a���+«4�L�z� £��a�7� � C$£T���a«G©Û¬��F¦Ù�\©��T¢¤�T��ª4¦¨§4¢¤� ¬å©��L£t� �G©�¢��ô�+©Û¬å¬®�G�z�T¢¤�L©��4�¦Q£T�G�¨¬®£��4¦¨£+µQ©�³ �G£��4�J«4�L�z� � ¶ �a�Q� � C�©���³¨©6�D��§�¦Qµ��z�\©�¦¨£T�z��¦D¢¤£L©��D§F�+©�£���£��a�Ù£T�G�¨¬®§a�D£�Lª4�z¢ð© �4�z�}�+£��a�Ù£j¦\� ��©��+£ð���Dª4��§�£��a�B�L�a�a¦Q�4�\£T£L¬��B�+©�£���¦ £T�	�²¬ �¶��a�/� � C ©��?¢�¦½¬Û¬��z�w�+©�£��w£��a�$£j¦D� � � ¦D¢¤£L©��D§®� ��� ��&�0��%#%�'&)( *,&�-�- / �%# 0"�)*K#�- -���&
0���� �¯/*�.-"#�# �¯! � &.1 � &"! � ¶��a� �G©�³ � � ¬��	�D�¤¬+ªG¬±¦²§a§a���Ù�T�z¢¤�D³D§G©65��z�7£��4¦¨£��Dª4��§G©�§a³ø�{�Dµ���£��G©�§a³����£L�Gª4� �%# 0���*K#�- -"�"& �T��>\«G©¯�ð�z�N¦7µ��z�\©�¦¨£T�z�ô¦D¢¤£L©��D§®¨�a«a£N�G�G�z�d§a�D£ �	§a�¨�?� �4¦²£ £T�G�¨¬G©��N¦¨ª �ªa�T�Dªa�L©�¦¨£T�7©�§F£��G©���¢�¦\�L� � ¶��a� �G©�³ � � ¬��	�D�¤¬dªG¬�¦¨§a§a����«4�L�z�+£��a�Q� � C'£T�J�a«G©Û¬±�"¦Q�G�z�T¢¤�L©�ªa£L©��D§��� ¦ ª4�	�T�p©¯�G¬��Q£T�G�¨¬ �¶��a�Q� � C'¢��a�z¢��a�t£��a�B�G��ª4��§4�G��§4¢ð©��z�7�.��£p�+����§F£��a�Ù¦¨³D��§G£N�ð�z�L�D«a�j¢¤�z��¦²§4��£��a�7�D�a L�z¢¤£¦¨£T£T�L©��a«a£T�z� � ¶��a�B�\©��T¢¤�T��ª4¦¨§4¢¤�ü¬Û©±�{£�©�§4�\©�¢�¦¨£T�z��� �G��£��a�Jµ��D£L©��D§ �í¦½©Û¬�� �¶��a� �G©�³ � � ¬��	�D�¤¬�ªG¬�¦¨§a§a���Q«4�L�z�ó£��a���\©��T¢¤�T��ª4¦²§4¢¤��¬Û©��L£Q£T��¬��	� � �Å�D�Q¦F£T�G�¨¬í ¦¨§4� �4§4�a�¦"�4�D£ð£L¬����Dª.��§a����� �G©�¢���µ�¦²£j¢��a�z�ô£��a�F�T��>\«G©��T�z��¦¨£T£T�{©¯�a«a£ð�z� � ¶��a� �G©¯³ � � ¬¯�	�\�¤¬BªG¬±¦²§a§a���§a�æ�s�T� � ©�§ �D� �D�z�ô£��a��� � Cs�=©¯£��×£��a��£j¦D� � � ¦D¢¤£{©¯�\§®� ��� ��&�0��%#%�'&)( *,&�-�- / �%# 0"�)*K#�- -���&
#��,&�(,&�1'! � &.1 � &"! �´�£�£��G©���ª4�¨©�§G£z�£��a�i� � C µ*«4�{£A�L£{©å¬Û¬*¦D�ð¢¤���T£j¦½©�§�£��4¦¨£�£��a� ¦\¢¤£L©��D§��D«a£L¬Û©�§a� ¢�¦²§×�.�
�$;Ðª4¦¨§4�G�z�J£T�7µ��D£{©¯�\§*�\©��T�z¢¤£L©6�D�z��G¦¨§4�Jªa�T�a¢¤���z�a�W£T���G�Ù�L� � ¶��a��� � C�¢¤�D§G£L©�§G«a�z�d¦D�}©�§Q£��a��4�j�L£®�$;4¦¨µ�ªG¬���¦¨§4�]�\���L© �4�z�®£��4¦²£®£��a�N�\ª4��§a���N¢�¦¨§Ù�.�;«4�{�z�Ù£T� �S&�0@��#��,&)( £��a� �%# 0���*K#�- -"�"& 
¦¨§4��£��4¦¨£ � � ��&�0@��#%�'&)( *,&.- - / �%# 0���*K#�- -"�"& #��,&�(,&�1'! � &.1 � &"! ©�� �ù�z¦D�p©¯�G¬�� �
� � � ÿ	
 � � ����"ÿ

? �G©Û¬��F£��a�F¢¤«a�T�T��§G£Qªa�T�D£T�D£L�Gª4�Q©��J�a«G©Û¬�£��D§�£T�Dªi����¦¨§�¦²§G©¯µ�¦¨£L©��D§?�L�Ð�{£T��µ�W�+���.�¤¬å©��	�D�£��4¦¨£Q£��G©����+�D���"©������Ùµ��D�ð��³D��§a���¤¦½¬��T�¤¬��	�æ¦²§4¢¤� � ? � �4¦)�D� �Å�D«a§4� �ù���O�\£��a�����L�Ð�{£T��µ��
�G�	�D�¤¬��DªG©�§a³�³D��§a���j¦æ¬Bµ���£��a�a�a��£T�l�a«G©Û¬��(ªG¬±¦²§4��£T�lµ�¦¨§G©�ªa«G¬±¦²£T���D�a L�z¢¤£j����£��a��©��T�L«a��©��¦��\�¨©��G�z�"�¤©�£��a���B�G���L�¤¬��z¢¤£L©�§a³ �G�\µ�¦½©�§4�B¦¨§4��£j¦\� �Ð�7���a���T��µ�¦¨§G©�ªa«G¬�¦¨£L©��D§�©��Ù§a�D£B¢¤�ð«4¢ð©±¦æ¬
b��Gc d �  k C d � 4¥"¢	f d�e  ( ©��4� �D � � d 8 i ¡�D���G�F¢¤�D§4¢¤��§	£ð�j¦¨£L©�§a³��D§�³D��§a���¤¦½¬ µ�¦¨§G©�ªa«G¬�¦¨£L©��D§�L£T�j¦¨£ð��³¨©��z�]Eí� � ³ � a£��a� �¤ª.��³�©�§ �a�²¬¯� ��ªa�ð�D�G¬���µ·:�� �a��§"£��a�B£¤¦D� ��©��7³D��§a���L©�¢�¦½¬Û¬��l�Lª.�z¢ð© �4�z�
Etb�_ � k�� ���a k °t¥"¶�� )�i : �¶��a�F� � C ª4��� �Å�D�Tµ��7µ ©±� � ¬��	�D�¤¬�ªG¬�¦¨§a§G©�§a³4W£j¦½©Û¬��D�L©�§a³ �G©�³ � � ¬��	�D�¤¬í ��¢¤�D³\§G©¯£{©
�\� ��ªG¬±¦²§4�£T�B£��a�Ù�Lª.�z¢ð© ��¢Ù¦²³D��§	£¤�N¦¨§4�ô�D�a L�z¢¤£j�d� � £��a��ª4¦¨�ð£L©�¢¤«G¬±¦²��£j¦D� � � ¦D¢¤£L©��D§4� � ( «a�T£��a���z\£��a�J� � C©±�{�¨¬�¦¨£T�z�J£��a� �G©¯³ � � ¬¯�	�\�¤¬�ªG¬�¦¨§a§a��� �Å�T�Dµ!�ð�z¦D�L�D§G©�§a³�¦¨�4�\«a£*�\�a p�z¢¤£ó©�§4�L£j¦¨§4¢¤�Fª4¦¨�ð£L©�¢¤«G¬±¦²�j��
¦¨§4��©��7©�§i£T«a�T§"©��L�¨¬�¦¨£ð�z� �ù�ð�Dµ!�G��£j¦½©Û¬��J����µ��D£L©��D§��\©��T�z¢¤£L©6�D���$;Ð�z¢¤«a£{©¯�\§l�G�"£��a���â©�µQ«G¬�¦ �£T�D� � ¶��G©���©��Ù§a�z¢¤�z�T�ð¦¨�T�F©�§�¦F�L�a�L£T��µs� �G©�¢��i¦½¬Û¬¯�¨���Ù¦²§ ¦²³D��§	£½4��>\«G©�ªaª4�z���+©�£���¦F�L��£�� ��4� �4¦)�D©��D�¤��a£T��¦\¢¤£+©�§ø¦Q�L��µQ© � ¦¨«a£T�\§a�Dµ��D«4� � ¦\� �G©��D§�©�§ �G©����+�D�{¬±� �ct��¢��a�z¢��\©¯§a³�¦¨³\��§	£ � �\�a p�z¢¤£N�G��ª.��§4�G��§4¢ð©��z��4£��a�B� � C�¢�¦¨§��z�L£L©�µ�¦¨£ð��� �a��£��a���+¦Ù£j¦D� � �¦D¢¤£L©��D§ô©±� �Å�z¦D�â©��G¬����ù�\�;¦¨§F¦¨³D��§G£ � ¶ �a���T�z�{«G¬¯£{©¯§a³��\©±�ð¢¤�T��ª4¦¨§4¢¤�ô¬å©��L£�¢�¦¨§��4�7«4�L�z��£T�Q�G��£T��� �µQ©�§a��© �®£��a���T�+©��t¦]�\©±¦²�G¬¯�7£T�G�¨¬ �Å�D�d£��a��¦¨³\��§	£d£T�Ù��µôªG¬¯�¨� � ¶ �a���L£T�T��§a³\£��Q���®£��a�+ªa�T�Dª4�G�L�z�

�.Ã



� � C'¦¨�j¢��G©�£T�z¢¤£T«a�T�7©��t£��4¦¨£t©�£�¦½¬Û¬¯�¨����¦¨§A¦²³D��§	£½D�Dª.���j¦¨£L©�§a³��+©�£���ª4¦¨�T£{©±¦æ¬ �G§a�¨�+¬��z�G³D�B¦¨§4�
¦��L�Gµ*�.�¨¬Û©�¢B¦D¢¤£L©��D§�ªG¬�¦¨§®a£T� �Å«a§4¢¤£L©��D§ü©¯§ü©�£j�+�+�D�L¬�� �
� � 
��àÿ ��� � � ��� � � �ôÿ�� �

? ���+�D«G¬��"¬Û©��D��£T��£��4¦¨§ �"£��a��µ���µQ�4���¤�B� �=£��a��´�§G©�µ �Fk ªa�T�\ p�z¢¤£��Å�D�Q�\©±�ð¢¤«4�T�â©��D§�¦¨§4��T�z¦D�\©�§a³F�z¦¨�L¬Û©����B�G�j¦ �Å£j������£��G©±�7ª4¦²ª4��� � ¶��4¦¨§ �a�7¦½¬��L��£ð� ct�D§a§G©�� ? ���a�4���½ � ¦¨§4�G��� $;¦¨� ��4���T�T�D.¥F©�£j¢��ø¥"¦¨�¤¢¤«4��a¥ø¦.;A¥ü©¯§G£75D4¶;©å¬�µ�¦²§ ct�z¢��D����¦¨§4�·ct���T�\¬ �����®µ�¦¨§ �¶��G©����T�z�L�z¦¨�¤¢��i©���ª4¦¨�T£{©±¦æ¬å¬����L«aªaª4�D�ð£T�z�$�	�i´GC�� &��¤¦¨§	£@f�´7´ k � e � � d � $ � ��� e 8ô©�§ �¢ð¬¯«4�\©�§a³$ª4¦¨�T£L©�¢ð©�ª4¦¨£L©��D§��G�?£��a� ` � � � ´7�TµQ� C+�z�L�z¦¨�¤¢�� k ¦¨�4�\�j¦¨£T�D�ð� Eí´7�4���¤�G����§,:jl` � � �´�©�� ( �D�¤¢¤� f % °N¶��O¢¤�\§	£T�¤¦D¢¤£B£��a�ð�D«a³ � ��«a³ �a�z��¥ü©��T�â©Û¬�� � �Ð�{£T��µ�� (Pe�e �"8�� � d 8 � $ � � ��� 8 �fÙ¥ � �'£��a�T�D«a³ �F£��a�a`�§G©6�D���j�â©�£L�F���P_í�¨��¦ � ¦¨§4� � � ( $¨_ � % &��¤¦¨§	£�$9f�´ ��� � <�< � 8 d"�
	 ��� � � �Aÿ	
 � �
bä´�¬Û¬ � )�i �D¦¨µ��z� (g� ´�¬å¬���§ � ¶®�¨��¦¨�j�a� ¦�³D��§a���¤¦½¬Ð£��a���D�T�B� ��¦D¢¤£L©��D§�¦¨§4�Ù£{©¯µô� � ßÙÀ¤ÃÅÄ Î+ÓzÄ�ÂDÚçjÆ4ÃÅÁ½Ú�ÚÛÄÛÇDÁ½Æ4Ó¤Á �< e � 8�< e �'8�� ) "8 d � )K�
b3cgc d�e�i ? �¤¬�£T�D§�cN�z¢��D��£F¦¨§4� � �D�Tµ�¦¨§ _ � c+¦D�\¬���� � _â§	£T��³\�j¦¨£T�z�à�4� �4¦)�D©��D�¤¦½¬ó¦²³D��§	£

¦¨�j¢��G©�£T�z¢¤£T«a�T� � $t�D§ �ù���ð��§4¢¤���D§ $t�Dµ�ªa«a£T��� &7��§a���j¦¨£T�z� ( �\�j¢¤�z� ¦²§4�vct� �4¦��\©��D�
C+��ªa�T�z�L��§G£j¦¨£{©¯�\§®½8 d�d�e"�

b3ct�z¢ d*)�i ? �¤¬�£T�D§Ict�z¢��D��£ � ¶��a� �D¦\¢�� k _ � °i´�°M_ � ¶®�z¢��a§G©�¢�¦½¬½C+��ª4�D�ð£;¥ $ � $¨_ � � d*) � � 8D`�§G©6�D���¤�â©�£p�F� � °W��§a§4�L�\¬6�æ¦¨§G©�¦ar8 d�d )K�
b3c+° ?+d�e�i � �\�Tµ�¦¨§ _ � c+¦D�\¬����z $;¦¨�T� c � ° �G©Û¬Û¬Û©�ª4���¦¨§4� ct�D§a§G©�� k �P? ���a�.��� � ì}Ä�ÈQÍ\ÜÚÛÂDÃÅÄ�ÆGÇ��ÙÍGÈ*Â\ÆaÊ���¿NÉDÈ�Ï�ÍGÃÅÁzÀ�	�ÀLÂ¤Ï.Ì	Ä�ÓêÊBßÙÆ4Ä�ÈQÂDÃÅÄ�É\Æ�ÂDÆ4ã�¿NÉDÆ.ÃÅÀpÉ\Ú � �g; �Å�D�j�`�§G©6�D���¤�â©�£p��° �T�z�T��S8 d�d�e"�
b3ct�T����� i C+�a�G§a��� ct�T�G� �a� � ´x�T�\�a«4�L£�¬�¦½�D���T�z�"¢¤�D§G£T�T�²¬��L�a�L£T��µ �ù�D�Ù¦�µ��D�G©Û¬����T�\�4�D£ �ç�
�

 2 ÉDÍGÀ¤Æ4ÂDÚ®É{ËÙî;É	ÕðÉDÃÅÄ�Ó�ÊBÂDÆ.ã*ßÙÍGÃÅÉDÈQÂDÃÅÄ�ÉDÆ ,C+´ � < Et8�:¤'8 d ��� �
b % c ��� d%i �¨�$�®���T� % �T¦��D���} � �D�Tµ�¦¨§\_ � c;¦\�\¬¯���½ ¦¨§4��¥ � �¨«a§a³ � ´�§�©�§ �D�z�L£L©�³	¦¨£{©¯�\§ø� �¬�¦¨§a³D«4¦¨³D��©�§aªa«a£�¦¨§4��ª.��� �Å�D�Tµ�¦¨§4¢¤�7£L©�µQ©�§a³ �ù�\�N£j¦D� �*¦¨§G©�µ�¦¨£{©¯�\§ � _í§ 	�ÀLÂ¤Ï4ÌDÜÄ�ÓêÊ�çjÆ.ÃÅÁzÀ±ËéÂDÓ¤Á�� ���  ª4¦²³D�z�#���)� d�e  � ¦¨§�¥"¦¨£ð���4�$N´Q �¨«a§a��8 d � d"� ¥��D�T³	¦²§ ��Ù¦¨« �Åµ�¦¨§a§ �
b ( ©��4� � i C � �D¦¨µ��z� ( ©��T�G� � ´7§�©¯§ �D�z�L£{©¯³G¦¨£L©��D§�©¯§G£T�"�T�z¦D¢¤£{©
�\��ªG¬�¦¨§a§G©�§a³"©�§�¢¤�Dµ�ªG¬��$;�G�Dµ�¦½©�§4� � _í§�� ÀLÉ½ÓjÁ¤Ájã\Ä�ÆGÇ¨ÊNÉLË�Ã�ÌGÁÙì�Ä±öæÃ�Ì���Â\ÃÅÄ�ÉDÆ.ÂDÚ®¿tÉDÆ�Ë�ÁzÀLÁzÆ.ÓjÁ�ÉDÆ�ßÙÀ¤ÃÅÄ Î+ÓzÄ�ÂDÚçjÆ4ÃÅÁ½Ú�ÚÛÄÛÇDÁ½Æ4Ó¤Á ¨ª4¦¨³D�z� < � <)��< � �aK8 d � � �

�=C



b'&��¤© d < i $ �a�L©��L£T�\ª �a��� ? � &7�¤©�� � _í§G£T��§G£L©��D§4�J©�§?µ��z¦¨§4� � ��§4�iªG¬±¦²§a§G©¯§a³ � ¶ �z¢��a§G©±¢�¦æ¬C+��ª4�\�T£�¥ $ � $�_ � � d < � � e "`�§G©6�D���j�p©¯£L�F���d°W��§a§4�L�D¬6�¨¦¨§G©�¦aP8 d�d < �
b'& k ¥ d*)�i $ �a�L©��L£T�\ª �a��� &7�¤©��® k ©¯�a�G� k �	�\©��L�D§®N¦²§4�l¥ü©�¢��4¦²�¤¬³c � ¥��G�D�T� � � �a�a¦¨ T¦D¢����¦¨§�¦¨�j¢��G©�£T�z¢¤£T«a�T� �Å�D��¦²³D��§	£¤�®£��4¦²£��L�z¦²�j¢����ù�\��¦¨§4�Jµ�¦²§G©¯ªa«G¬�¦¨£ð���D�a L�z¢¤£j�� � «a� �µQ©�£T£T�z�ü£T�Q´�´7´l_¤½8 d�d*)K�
b3��¦²µ ��� i �7�L©��L£L©�¦¨§B��¦¨µôµ��D§4� � $ �a� � � _â§ � ÀLÉ½ÓjÁ¤Ájã\Ä�ÆGÇ¨Ê�ÉLË*Ã�ÌGÁ � ��� �ÙÂDÃÅÄ�É\Æ4ÂDÚd¿tÉDÆ�Ë�ÁzÀðÜÁzÆ.ÓjÁJÉDÆFßÙÀjÃÅÄ Î;Ó½Ä�Â\Ú}çjÆ4ÃÅÁ½Ú�ÚÛÄÛÇDÁ½Æ4Ó¤Á "8 d � � �
b�_ � k � ��� i ¶��a�z¦ _â�4���j¦æ¬å¬í �¨�G� �D¦D¢��a�L�D§® k ©
5 k ¦¨�a�.�D ¦¨§4� C�¦½¬�ª � � ¦¨µ�ª4¦¨§a� ��7§a�¨�+¬��z�G³D� � �4¦D�L�z�àªa�T� �a��§4�â©��D§®� $;¦¨ªa£T«a�{©¯§a³ �	«aµ�¦²§��G�$;a£T���L©�£L� � _í§ ç�

�
çjÆ4ÃÅÚ�Þ ¿NÉDÆêËêÞWÉDÆ�î+É	ÕTÉ\ÃÅÄ�ÓêÊ�ÂDÆ.ã�ßÙÍGÃÅÉDÈQÂDÃÅÄ�É\Æ aª4¦¨³\�z����<)� � �	K8 d ��� �
b �]C d � i k �z�â¬Û©���°d¦D¢��ø�Ù¦¨�¤¬��G¬Û©�§a³l¦¨§4� � £j¦¨§G¬���� � � C=�	�L��§4�T¢��a�¤©�§ � ´Ù¢¤£L©��D§l¦²§4�"ªG¬�¦¨§ �§G©�§a³Ù©�§���µQ�4�z�a�G�z��¦²³D��§	£¤� � î;É	ÕðÉDÃÅÄ�Ó�Ê�ÂDÆ4ã7ßÙÍGÃÅÉDÆ4ÉDÈQÉDÍ\Ê�ì}ÝzÊ�ÃÅÁzÈJÊ =�¡� e �)� ) �a8 d�d � �
b k °N¥"¶�� )�i ¶®�\µ��¦D� k ��5z¦¨§a� � °�����T�	5DB¥"¦¨£ð£��a��� � ¶ � ¥ø¦\�L�D§®Ù¦¨§4� C+«4�T�L�¤¬Û¬I� � ¶W¦½�D¬��D� �´�«a£ð�Dµ�¦¨£L©�¢��{�	§G£��a�z�â©��J��� �4§a� � µô�D£L©��D§?�L£T�j¦¨£ð��³¨©��z���Å�D�Ù�T�D�.�D£j� � _í§?¥F©�¢��4¦¨�¤¬

ct�j¦D�G�B¦¨§4�ÁCt©�¢��4¦¨�j�Q°d¦¨«G¬íz�z�\©�£T�\�j�� î;ÉGÕTÉDÃÅÄ�Ó�Êtî;ÁêÊéÁ¤ÂDÀLÓ�Ì ½ª4¦¨³D�z�����)� d � � ¥U_p¶°d�T�z�ð���8 d � )K�
b k C d � i �¨� �a§ k ¦½©��j�Q¦¨§4�Q°d¦¨«G¬KC+�	�{��§	�G¬��G�Dµ � _í§G£T��³D�j¦²£L©�§a³Ù�$;Ð�z¢¤«a£L©��D§®\ªG¬�¦¨§a§G©�§a³*¦¨§4�¬��z¦¨�T§G©�§a³Q©�§ � �+´]C��ù�\�N�$;a£T���T§4¦½¬4��§ �D©��T�\§aµ���§	£¤� � _â§ � ÀpÉ½ÓjÁ¤Á¤ãDÄ�ÆGÇ¨Ê+ÉLË�Ã�ÌGÁ � �����Â\ÃÅÄ�ÉDÆ.ÂDÚW¿NÉDÆêËéÁ½ÀpÁ½Æ4Ó¤Á�ÉDÆ�ßÙÀjÃÅÄ Î;Ó½Ä�Â\ÚGçjÆ4ÃÅÁ½Ú�ÚÛÄÛÇDÁzÆ.ÓjÁ zª4¦²³D�z��8 � <�<)�'8 � < d  8 d�d � �
b ¥"¢	f d � i f7�T���õ¥"¢	f7���Tµ��\£T£ � °W¬�¦¨§a§G©�§a³F�T�z¦D¢¤£L©6�D�J�4� �4¦)�\©¯�\�z�N´@ªa�ð�D³D�T�z�T�=�T��ª4�D�ð£ � _â§ßÙî � ßwÔdÉDÀðÑzÊ¤Ì	É¤Ï aª4¦²³D�z� ) � � � ) �����¡K8 d�d � �
b ¥"¢	f d�e�i f7�T���o¥ø¢	f7���ðµ��D£T£ � ¶ �j¦¨§4� �ù�D�ðµ�¦¨£L©��D§4¦½¬�ªG¬�¦¨§a§G©�§a³�� �B�T�z¦D¢¤£L©6�D�"�4� �4¦)�\©��D� �¶®�z¢��a§G©�¢�¦½¬¨C+��ª4�D�ð£GC�C � d*) 8D��N¦æ¬¯�Á`�§G©6�D���¤�â©�£p�DS8 d�d�e"�
b ¥��	� d�e�i ¥ü©±¢��4¦¨�¤¬ac � ¥��G�D�T� � � �z¦¨�j¢���ªG¬�¦¨§4� � ¶ �z¢��a§G©�¢�¦½¬yC+��ª.�D�T£F¥ � � $¨_ � � d�e � ���a`�§G©6�D���¤�â©�£p�F� � °W��§a§4�L�\¬6�æ¦¨§G©�¦ar8 d�d�e"�
b3C & d 8 i ��¦²§4�¹Ct©ä pª �\��µ�¦-¦¨§4� ¥ü©�¢��4¦²�¤¬ &�©��j¦¨�j� � $N�\µ�ªa«a£T���O¦¨§G©�µ�¦¨£L©��D§ � �

�	§a�¨�+¬��z�G³D� � �4¦\�L�z� �	«aµ�¦²§B³D�j¦\�LªG©�§a³ � _í§ ßQ¿	� �.¿NÉDÈ�Ï�ÍGÃÅÁzÀ 	�ÀLÂ¤Ï4Ì	Ä�Ó�Ê ½ª4¦¨³D�z�
e�e�d � e*) �a �¨«G¬���8 d�d 8 �

b � ´���� i C+�D³D��� � ¢��4¦¨§ �F¦¨§4�UC+�D�4���ð£�´��.�¤¬��L�D§ � ì�ÓzÀ¤ÄûÏ�Ã�Êjò � ÚÛÂDÆ¡Êjò 	�ÉzÂ\Ú ÊBÂ\Æ4ã�
 Æ.ãDÁzÀðÜÊéÃÅÂ\Æ4ãDÄ�Æ	Ç � k ¦z���T��§4¢¤� % �L¬��4¦¨«aµ�K�=©Û¬å¬��T�a¦æ¬¯�D � � � � �8 d �"� �

� �



b ¶�c+� � � i C�¦¨  �D��¶ �Dµ����\©�¢¨-&����D�ð³D�Ù´ � cN� �\���D4¦¨§4� ? ¦½¬�£T��� � � �Ù¦¨�TªG¬�«4� � ´@�L£T�j¦²£T��³D�
�ù�\��³D�¤¦D�Lª��L�G§	£��a�z�â©����+©�£���µQ«G¬�£L© � �4§a³D���T�z�$�T�D�.�D£ �4¦¨§4�a� � _í§ ç�

�
 çjÆ4ÃÅÚ�Þ¿NÉDÆêËêÞWÉDÆ�î+É	ÕTÉ\ÃÅÄ�ÓêÊ�ÂDÆ.ã�ßÙÍGÃÅÉDÈQÂDÃÅÄ�É\Æ aª4¦¨³\�z��� e � � d K8 d � � �

b��Gc d � i � £T�	�D��§ �d���T�F¦¨§4�l¶;©¯µô�D£��G� c ©�¢��	µ��\�T� � ´y�4¦D�â©�¢�¦²³D��§	£ � ¿tÉDÈ�Ï�Í	ÃÅÂ\ÃÅÄ�ÉDÆ.ÂDÚçjÆ4ÃÅÁ½Ú�ÚÛÄÛÇDÁ½Æ4Ó¤Á ��a� ) 8$� � � ¯8 d�d � �
b ? c9f]h d�e�i c �]? ���a�4���½ � � c+¦D�\¬����z@c � f�© % «a³D��§G©��4 $ � &��¤©��® k � k �	�D©��L�\§®�¦¨§4�¥ � ¥��G�D�T� � _í§4�L£T�ð«4¢¤£L©��D§4���_â§	£ð��§	£L©��D§4�J¦¨§4� % ;aª4�z¢¤£j¦²£L©��D§4� � ¶ �z¢��a§G©�¢�¦½¬�C+� �ª4�D�ð£N¥ � � $�_ � � d�e � ��8D�`�§G©6�D���¤�â©�£p�J��� °W��§a§4�{�D¬6�æ¦²§G©±¦¡K8 d�d�e"� ¶®�Ù¦¨ªaª4�z¦²��8 d�d*) �ßÙÀ¤ÃÅÄ Î+ÓzÄ�ÂDÚ}çjÆ.ÃÅÁzÚ�ÚåÄÛÇDÁ½Æ4Ó¤Á 2 ÉDÍGÀjÆ.ÂDÚ  � ª.�z¢ð©±¦æ¬9_p�ð�L«a�B�D§ $N�\µ�ªa«a£j¦¨£L©��D§4¦æ¬�¶��a��� ��L©��z��� � _â§	£T���¤¦D¢¤£L©��D§�¦¨§4�ü´�³D��§4¢¤� �
b � � d 8 i fÙ¦)�D©�� � �¤¬�£75�����¦¨§4�i¥ü©±¢��4¦¨�¤¬Gc � �¨� �a§4�{�D§ � ¥��D£T�D�Q°W¬�¦¨§a§G©�§a³4�F¦¨§i´��j¢��G© �£T�z¢¤£T«a�T���Å�D� � ª.�z¢ð© �Å�\©¯§a³�¦²§4� $N�\§	£T�ð�¨¬Û¬å©�§a³Q£��a�]ct� �4¦��\©��D����� ��©��T£T«4¦½¬®´Ù¢¤£T�D�j� �2 É\Í	À¤Æ4ÂDÚWÉLË � Ä�Ê�ÍGÂDÚÛÄ���ÂDÃÅÄ�ÉDÆ�ÂDÆ.ã"¿NÉDÈ�Ï�ÍGÃÅÁzÀ7ßÙÆ4Ä�ÈQÂDÃÅÄ�É\Æ "<a� � ) � � � ¯8 d�d 8 �

�)S


	University of Pennsylvania
	ScholarlyCommons
	March 1994

	How Animated Agents Perform Tasks: Connecting Planning and Manipulation Through Object-Specific Reasoning
	Libby Levison
	Norman I. Badler
	Recommended Citation

	How Animated Agents Perform Tasks: Connecting Planning and Manipulation Through Object-Specific Reasoning
	Abstract
	Keywords
	Comments


	tmp.1186604121.pdf.tIUMn

