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�B�Q�Q�M�J�F�T �B �1�*�% �D�P�O�U�S�P�M�M�F�S �U�P �U�I�J�T �F�S�S�P�S��

�� �-�F�3�P�C�P�U �J�T �B �)�V�H�H�J�O�H �'�B�D�F �D�P�N�N�V�O�J�U�Z �Q�S�P�W�J�E�J�O�H �N�P�E�F�M�T�
 �E�B�U�B�T�F�U�T�
 �B�O�E �U�P�P�M�T �G�P�S �S�F�B�M���X�P�S�M�E �S�P�C�P�U�J�D�T �J�O
�1�Z�5�P�S�D�I���M�Y�Y�U�X�������L�N�Y�M�Z�G���H�T�R���M�Z�L�L�N�S�L�K�F�H�J���Q�J�W�T�G�T�Y

�r�ù

https://github.com/huggingface/lerobot


�3�,�'���)�R�U�F�H��
�&�R�Q�W�U�R�O

�$�F�W�X�D�W�H�G���8�0�,

�)�(�$�7�6

�X��

�L�I�����X�����”����������
�	���X�����”������������

�H�O�V�H

�X��

�*�M�K�Y�V�I �t���t���'�S�R�X�V�S�P �y�S�[ �H�M�E�K�V�E�Q �J�S�V �H�Y�E�P���Q�S�H�I �K�V�M�T�T�I�V �G�S�R�X�V�S�P�� �;�L�I�R �F�S�X�L �X�E�V�K�I�X �E�R�H
�Q�I�E�W�Y�V�I�H �J�S�V�G�I �E�V�I �F�I�P�S�[� 0:5 �/ �� �X�L�I �G�S�R�X�V�S�P�P�I�V �W�[�M�X�G�L�I�W �X�S �4�-�( �J�S�V�G�I �G�S�R�X�V�S�P
�Y�W�M�R�K �*�)�%�8�7 �J�S�V�G�I �J�I�I�H�F�E�G�O�� �3�X�L�I�V�[�M�W�I�� �X�L�I �G�S�R�X�V�S�P�P�I�V �Y�W�I�W �H�M�V�I�G�X �T�S�W�M�X�M�S�R
�G�S�R�X�V�S�P �F�E�W�I�H �S�R �X�L�I �X�E�V�K�I�X �K�V�M�T �[�M�H�X�L�� �%�P�P �E�G�X�M�S�R�W �E�V�I �Q�E�T�T�I�H �X�S �Q�S�X�S�V
�T�S�W�M�X�M�S�R �G�S�Q�Q�E�R�H�W �J�S�V �X�L�I �E�G�X�Y�E�X�I�H���9�1�- �K�V�M�T�T�I�V��

� g = K P e(t) + K I

Z
e(t)dt + K D

d
dt

e(t) �	�������


�X�I�F�S�F� g �J�T �U�I�F �J�O�D�S�F�N�F�O�U�B�M �H�S�J�Q �X�J�E�U�I �B�E�K�V�T�U�N�F�O�U�� �5�I�J�T �W�B�M�V�F �J�T �B�E�E�F�E �U�P �U�I�F �D�V�S�S�F�O�U �H�S�J�Q
�X�J�E�U�I �B�O�E �T�F�O�U �B�T �B �Q�P�T�J�U�J�P�O �D�P�N�N�B�O�E �U�P �U�I�F �J�O�U�F�S�O�B�M �1�% �D�P�O�U�S�P�M�M�F�S �P�G �U�I�F �%�:�/�"�.�*�9�&�-
�N�P�U�P�S�� �5�I�F �G�P�S�D�F �D�P�O�U�S�P�M �M�P�P�Q �S�V�O�T �B�U25�)�[ �
 �T�Z�O�D�I�S�P�O�J�[�F�E �X�J�U�I �(�F�M�4�J�H�I�U �.�J�O�J �J�N�B�H�F
�B�D�R�V�J�T�J�U�J�P�O �B�O�E�'�&�"�5�4�Q�S�F�E�J�D�U�J�P�O�� �%�V�S�J�O�H �E�F�Q�M�P�Z�N�F�O�U�
 �U�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z �S�V�O�T �B�U7�)�[ �

�X�I�J�M�F �U�I�F �M�P�X�F�S���M�F�W�F�M �G�P�S�D�F �B�O�E �Q�P�T�J�U�J�P�O �D�P�O�U�S�P�M�M�F�S�T �P�Q�F�S�B�U�F �B�U �I�J�H�I�F�S �S�B�U�F�T �U�P �C�S�J�E�H�F �U�I�F
�H�B�Q �C�F�U�X�F�F�O �I�J�H�I���M�F�W�F�M �B�D�U�J�P�O �T�F�M�F�D�U�J�P�O �B�O�E �S�F�B�M���U�J�N�F �N�P�U�P�S �B�D�U�V�B�U�J�P�O�� �*�G �F�J�U�I�F�S �U�I�F �U�B�S�H�F�U
�P�S �N�F�B�T�V�S�F�E �G�P�S�D�F �J�T �B�C�P�W�F� 0:5 �/�
 �U�I�F �D�P�O�U�S�P�M�M�F�S �B�T�T�V�N�F�T �U�I�F �S�P�C�P�U �J�T �O�P�U �J�O �D�P�O�U�B�D�U �B�O�E
�E�J�S�F�D�U�M�Z �T�F�O�E�T �U�I�F �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�Igd �U�P �U�I�F �J�O�U�F�S�O�B�M �1�% �D�P�O�U�S�P�M�M�F�S �P�G �U�I�F �%�:�/�"�.�*�9�&�-
�N�P�U�P�S��

�" �1�*�% �D�P�O�U�S�P�M�M�F�S �J�T �D�I�P�T�F�O �G�P�S �G�P�S�D�F �D�P�O�U�S�P�M �U�P �C�B�M�B�O�D�F �S�F�T�Q�P�O�T�J�W�F�O�F�T�T �B�O�E �T�U�B�C�J�M�J�U�Z�� �" �T�N�B�M�M

�r�r



�J�O�U�F�H�S�B�M �H�B�J�O �J�T �J�O�D�M�V�E�F�E �U�P �S�F�E�V�D�F �T�U�F�B�E�Z���T�U�B�U�F �F�S�S�P�S�T �U�I�B�U �D�B�O �B�S�J�T�F �J�O �Q�I�B�T�F�T �X�I�F�S�F �U�I�F
�G�P�S�D�F �E�P�F�T �O�P�U �W�B�S�Z �S�B�Q�J�E�M�Z�
 �I�F�M�Q�J�O�H �U�P �F�M�J�N�J�O�B�U�F �P�R�T�F�U�T �U�I�B�U �B �Q�V�S�F �1�% �D�P�O�U�S�P�M�M�F�S �N�B�Z
�M�F�B�W�F �V�O�D�P�S�S�F�D�U�F�E�� �0�V�U�Q�V�U �M�J�N�J�U�T �X�J�U�I �B�O�U�J���X�J�O�E�V�Q �B�S�F �B�Q�Q�M�J�F�E �U�P �F�O�T�V�S�F �U�I�F �J�O�U�F�H�S�B�M �U�F�S�N
�D�B�O�O�P�U �B�D�D�V�N�V�M�B�U�F �C�F�Z�P�O�E �B�D�U�V�B�U�P�S �M�J�N�J�U�T�� �$�P�O�U�S�P�M�M�F�S �H�B�J�O�T �B�O�E �P�V�U�Q�V�U �M�J�N�J�U�T �B�S�F �U�V�O�F�E
�C�B�T�F�E �P�O �P�C�T�F�S�W�F�E �T�Z�T�U�F�N �Q�F�S�G�P�S�N�B�O�D�F��

�5�P �G�V�S�U�I�F�S �F�O�T�V�S�F �T�F�B�N�M�F�T�T �U�S�B�O�T�G�F�S �G�S�P�N �E�F�N�P�O�T�U�S�B�U�J�P�O �E�B�U�B �U�P �S�P�C�P�U �F�Y�F�D�V�U�J�P�O�
 �U�X�P
�D�B�M�J�C�S�B�U�J�P�O�T �B�S�F �Q�F�S�G�P�S�N�F�E�� �'�J�S�T�U�
 �I�B�O�E���F�Z�F �D�B�M�J�C�S�B�U�J�P�O �J�T �D�B�S�S�J�F�E �P�V�U �V�T�J�O�H �U�I�F �N�F�U�I�P�E
�P�G �5�T�B�J �B�O�E �-�F�O�[ �<�����>�
 �B�M�J�H�O�J�O�H �U�I�F �0�Q�U�J�5�S�B�D�L �X�P�S�M�E �G�S�B�N�F �X�J�U�I �U�I�F �S�P�C�P�U �C�B�T�F�� �5�I�J�T
�U�S�B�O�T�G�P�S�N�B�U�J�P�O �B�M�M�P�X�T �V�T �U�P �E�J�S�F�D�U�M�Z �D�P�N�N�B�O�E �F�O�E���F�R�F�D�U�P�S �Q�P�T�J�U�J�P�O�T �U�P �U�I�F �S�P�C�P�U �J�O �J�U�T
�P�X�O �C�B�T�F �G�S�B�N�F �E�V�S�J�O�H �Q�P�M�J�D�Z �F�Y�F�D�V�U�J�P�O�� �4�F�D�P�O�E�
 �B �M�J�O�F�B�S �N�B�Q�Q�J�O�H �C�F�U�X�F�F�O �H�S�J�Q �X�J�E�U�I�

�N�F�B�T�V�S�F�E �B�T �U�I�F �"�S�6�D�P �N�B�S�L�F�S �E�J�T�U�B�O�D�F�
 �B�O�E �N�P�U�P�S �Q�P�T�J�U�J�P�O �J�T �F�T�U�J�N�B�U�F�E �W�J�B �M�F�B�T�U �T�R�V�B�S�F�T
�C�Z �T�M�P�X�M�Z �D�M�P�T�J�O�H �U�I�F �B�D�U�V�B�U�F�E���6�.�* �H�S�J�Q�Q�F�S �B�O�E �S�F�D�P�S�E�J�O�H �C�P�U�I �R�V�B�O�U�J�U�J�F�T�� �5�I�J�T �F�O�T�V�S�F�T
�U�I�B�U �H�S�J�Q �X�J�E�U�I �W�B�M�V�F�T �Q�S�F�E�J�D�U�F�E �C�Z �U�I�F �Q�P�M�J�D�Z �D�B�O �C�F �B�D�D�V�S�B�U�F�M�Z �D�P�O�W�F�S�U�F�E �J�O�U�P �N�P�U�P�S
�D�P�N�N�B�O�E�T �E�V�S�J�O�H �E�F�Q�M�P�Z�N�F�O�U��

�r�s



�t �)�\�T�I�V�M�Q�I�R�X�W

�*�O �U�I�J�T �D�I�B�Q�U�F�S�
 �X�F �Q�S�F�T�F�O�U �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �F�W�B�M�V�B�U�J�P�O �P�G �P�V�S �Q�S�P�Q�P�T�F�E �N�F�U�I�P�E �V�T�J�O�H �U�X�P
�S�P�C�P�U�J�D �N�B�O�J�Q�V�M�B�U�J�P�O �U�B�T�L�T �X�J�U�I �E�J�R�F�S�J�O�H �Q�I�Z�T�J�D�B�M �J�O�U�F�S�B�D�U�J�P�O �E�F�N�B�O�E�T�� �5�I�F �F�Y�Q�F�S�J�N�F�O�U�T
�G�P�D�V�T �P�O �D�P�N�Q�B�S�J�O�H �J�O�Q�V�U �N�P�E�B�M�J�U�J�F�T �U�P �U�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z�
 �Q�B�S�U�J�D�V�M�B�S�M�Z �U�I�F �J�N�Q�B�D�U �P�G
�J�O�D�P�S�Q�P�S�B�U�J�O�H �U�B�D�U�J�M�F �G�F�F�E�C�B�D�L�� �8�F �F�W�B�M�V�B�U�F �C�P�U�I�U�B�T�L �T�V�D�D�F�T�T�B�O�E�J�N�J�U�B�U�J�P�O �R�V�B�M�J�U�Z�� �5�I�F
�G�P�M�M�P�X�J�O�H �T�F�D�U�J�P�O�T �E�F�T�D�S�J�C�F �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �E�F�T�J�H�O �B�O�E �E�F�U�B�J�M �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q
�B�O�E �S�F�T�V�M�U�T �G�P�S �F�B�D�I �U�B�T�L��

�t���ø �)�\�T�I�V�M�Q�I�R�X�E�P �(�I�W�M�K�R

�8�F �F�W�B�M�V�B�U�F �P�V�S �N�F�U�I�P�E �V�T�J�O�H �U�X�P �E�J�T�U�J�O�D�U �S�P�C�P�U�J�D �N�B�O�J�Q�V�M�B�U�J�P�O �U�B�T�L�T �U�I�B�U �D�P�W�F�S �B �S�B�O�H�F
�P�G �G�P�S�D�F �S�F�R�V�J�S�F�N�F�O�U�T�� �5�I�F�1�M�B�O�U �*�O�T�F�S�U�J�P�O �5�B�T�L�J�O�W�P�M�W�F�T �I�J�H�I���G�P�S�D�F �D�P�O�U�B�D�U �U�P �J�O�T�F�S�U �B
�Q�M�B�T�U�J�D �Q�M�B�O�U �J�O�U�P �S�F�B�M �T�P�J�M�
 �X�I�J�M�F �U�I�F�(�S�B�Q�F �&�Y�U�S�B�D�U�J�P�O �5�B�T�L�S�F�R�V�J�S�F�T �E�F�M�J�D�B�U�F�
 �M�P�X���G�P�S�D�F
�N�B�O�J�Q�V�M�B�U�J�P�O �U�P �S�F�N�P�W�F �B �S�F�B�M �H�S�B�Q�F �G�S�P�N �B �U�P�P�U�I�Q�J�D�L �X�J�U�I�P�V�U �E�B�N�B�H�J�O�H �J�U�� �*�O �U�I�F
�G�P�M�M�P�X�J�O�H�
 �X�F �E�F�T�D�S�J�C�F �U�I�F �D�I�P�J�D�F �P�G �J�O�Q�V�U �N�P�E�B�M�J�U�J�F�T�
 �C�B�T�F�M�J�O�F �D�P�O�S�H�V�S�B�U�J�P�O�T�
 �H�F�O�F�S�B�M
�F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q�
 �B�O�E �F�W�B�M�V�B�U�J�P�O �N�F�U�S�J�D�T �V�T�F�E �G�P�S �U�I�F �F�Y�Q�F�S�J�N�F�O�U�T��

�t���ø���ø �-�R�T�Y�X �1�S�H�E�P�M�X�M�I�W �E�R�H �&�E�W�I�P�M�R�I�W

�"�M�M �U�S�B�J�O�F�E �E�J�R�V�T�J�P�O �Q�P�M�J�D�J�F�T �S�F�D�F�J�W�F �N�V�M�U�J�N�P�E�B�M �J�O�Q�V�U�
 �D�P�N�C�J�O�J�O�H �Q�S�P�Q�S�J�P�D�F�Q�U�J�W�F�� �B�O�E
�F�Y�U�F�S�P�D�F�Q�U�J�W�F�� �T�J�H�O�B�M�T �U�P �T�V�Q�Q�P�S�U �C�P�U�I �D�P�B�S�T�F �B�O�E �S�O�F���H�S�B�J�O�F�E �N�B�O�J�Q�V�M�B�U�J�P�O�� �5�I�F �J�O�Q�V�U
�B�M�X�B�Z�T �J�O�D�M�V�E�F�T �U�I�F �S�P�C�P�U�Œ�T �&�O�E���&�R�F�D�U�P�S �	�&�&�
 �Q�P�T�F �B�O�E �H�S�J�Q �X�J�E�U�I�
 �B�T �X�F�M�M �B�T �U�I�F �3�(�#
�J�N�B�H�F �G�S�P�N �U�I�F �*�O�U�F�M �3�F�B�M�4�F�O�T�F �%������ �D�B�N�F�S�B �N�P�V�O�U�F�E �P�O �U�I�F �B�D�U�V�B�U�F�E���6�.�* �H�S�J�Q�Q�F�S �	�D�G��
�4�F�D�� �������
�� �5�I�F �L�F�Z �W�B�S�J�B�C�M�F �B�N�P�O�H �U�I�F �F�W�B�M�V�B�U�F�E �N�P�E�F�M�T �J�T �U�I�F �V�T�F �B�O�E �G�P�S�N�B�U �P�G �U�B�D�U�J�M�F

�� �1�S�P�Q�S�J�P�D�F�Q�U�J�P�O �J�T �U�I�F �Q�F�S�D�F�Q�U�J�P�O �P�G �U�I�F �C�P�E�Z�Œ�T �Q�P�T�J�U�J�P�O �B�O�E �N�P�W�F�N�F�O�U �<�����>��
�� �&�Y�U�F�S�P�D�F�Q�U�J�P�O �S�F�G�F�S�T �U�P �T�F�O�T�J�O�H �F�Y�U�F�S�O�B�M �T�U�J�N�V�M�J �T�V�D�I �B�T �T�J�H�I�U�
 �T�N�F�M�M�
 �I�F�B�S�J�O�H�
 �U�P�V�D�I�
 �B�O�E �U�B�T�U�F �<�����>��

�r�t



�G�F�F�E�C�B�D�L �G�S�P�N �U�I�F �(�F�M�4�J�H�I�U �.�J�O�J �T�F�O�T�P�S�� �*�O �U�I�J�T �T�F�D�U�J�P�O�
 �X�F �F�W�B�M�V�B�U�F �U�I�S�F�F �T�U�S�B�U�F�H�J�F�T
�U�I�B�U �E�J�R�F�S �J�O �I�P�X �	�P�S �X�I�F�U�I�F�S�
 �U�B�D�U�J�M�F �T�F�O�T�J�O�H �J�T �V�T�F�E�� �0�V�S �H�P�B�M �J�T �U�P �V�O�E�F�S�T�U�B�O�E �I�P�X
�U�B�D�U�J�M�F �J�O�G�P�S�N�B�U�J�P�O �D�P�O�U�S�J�C�V�U�F�T �U�P �U�B�T�L �T�V�D�D�F�T�T �B�O�E �G�P�S�D�F���B�X�B�S�F �C�F�I�B�W�J�P�S�� �'�P�S �T�J�N�Q�M�J�D�J�U�Z�
 �U�I�F
�G�P�M�M�P�X�J�O�H �E�F�T�D�S�J�Q�U�J�P�O�T �G�P�D�V�T �P�O�M�Z �P�O �U�I�F �E�J�R�F�S�F�O�D�F�T �J�O �U�B�D�U�J�M�F �T�F�O�T�J�O�H �B�O�E �H�S�J�Q�Q�F�S���S�F�M�B�U�F�E
�T�U�B�U�F �B�O�E �B�D�U�J�P�O �N�P�E�B�M�J�U�J�F�T�� �0�U�I�F�S �J�O�Q�V�U �B�O�E �P�V�U�Q�V�U �D�P�N�Q�P�O�F�O�U�T �P�G �U�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z
�S�F�N�B�J�O �D�P�O�T�J�T�U�F�O�U �B�D�S�P�T�T �B�M�M �T�U�S�B�U�F�H�J�F�T �B�O�E �B�S�F �E�F�T�D�S�J�C�F�E �J�O �4�F�D�� �������� �&�B�D�I �Q�P�M�J�D�Z �J�T �U�S�B�J�O�F�E
�G�P�S60000�T�U�F�Q�T�� �" �T�V�N�N�B�S�Z �P�G �U�I�F �E�J�R�F�S�F�O�U �T�U�S�B�U�F�H�J�F�T �D�B�O �C�F �G�P�V�O�E �J�O �5�B�C�� ��������

�'�P�S�D�F���"�X�B�S�F �4�U�S�B�U�F�H�Z

�*�O�Q�V�U �.�P�E�B�M�J�U�J�F�T�7�J�T�J�P�O�
 �&�& �Q�P�T�F�
 �H�S�J�Q �X�J�E�U�I�
 �U�B�D�U�J�M�F �	�G�P�S�D�F�


�"�D�U�J�P�O �4�Q�B�D�F �5�B�S�H�F�U �&�& �Q�P�T�F�
 �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�I�
 �U�B�S�H�F�U �G�P�S�D�F

�'�P�S�D�F �$�P�O�U�S�P�M �4�U�S�B�U�F�H�Z�&�Y�Q�M�J�D�J�U �G�P�S�D�F �D�P�O�U�S�P�M �	�D�M�P�T�F�E���M�P�P�Q �W�J�B �F�T�U�J�N�B�U�F�E �G�P�S�D�F�


�5�B�D�U�J�M�F���"�X�B�S�F �4�U�S�B�U�F�H�Z

�*�O�Q�V�U �.�P�E�B�M�J�U�J�F�T�7�J�T�J�P�O�
 �&�& �Q�P�T�F�
 �H�S�J�Q �X�J�E�U�I�
 �U�B�D�U�J�M�F �	�J�N�B�H�F�


�"�D�U�J�P�O �4�Q�B�D�F �5�B�S�H�F�U �&�& �Q�P�T�F�
 �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�I

�'�P�S�D�F �$�P�O�U�S�P�M �4�U�S�B�U�F�H�Z�/�P �G�P�S�D�F �D�P�O�U�S�P�M �	�S�F�B�D�U�J�W�F �U�P �U�B�D�U�J�M�F �J�N�B�H�F�


�7�J�T�J�P�O���0�O�M�Z �4�U�S�B�U�F�H�Z

�*�O�Q�V�U �.�P�E�B�M�J�U�J�F�T�7�J�T�J�P�O�
 �&�& �Q�P�T�F�
 �H�S�J�Q�Q�F�S �T�U�B�U�F �	�P�Q�F�O���D�M�P�T�F�E�


�"�D�U�J�P�O �4�Q�B�D�F �5�B�S�H�F�U �&�& �Q�P�T�F�
 �H�S�J�Q�Q�F�S �D�P�N�N�B�O�E �	�P�Q�F�O���D�M�P�T�F�


�'�P�S�D�F �$�P�O�U�S�P�M �4�U�S�B�U�F�H�Z�/�P �G�P�S�D�F �D�P�O�U�S�P�M �	�P�Q�F�O���M�P�P�Q �J�O �G�P�S�D�F �T�Q�B�D�F�


�8�E�F�P�I �u���ù���'�S�Q�T�E�V�E�X�M�Z�I �W�Y�Q�Q�E�V�] �S�J �X�L�I �T�V�S�T�S�W�I�H �Q�I�X�L�S�H �E�R�H �F�E�W�I�P�M�R�I�W �[�M�X�L �V�I�W�T�I�G�X �X�S
�M�R�T�Y�X �Q�S�H�E�P�M�X�M�I�W�� �E�G�X�M�S�R �W�T�E�G�I�� �E�R�H �J�S�V�G�I �G�S�R�X�V�S�P �W�X�V�E�X�I�K�]�� �;�L�M�P�I �E�P�P �T�S�P�M�G�M�I�W
�W�L�E�V�I �Z�M�W�Y�E�P �E�R�H �T�V�S�T�V�M�S�G�I�T�X�M�Z�I �M�R�T�Y�X�W�� �X�L�I�] �H�M�J�J�I�V �M�R �[�L�I�X�L�I�V �E�R�H �L�S�[ �X�E�G�X�M�P�I
�W�I�R�W�M�R�K �M�W �M�R�G�S�V�T�S�V�E�X�I�H�� �8�L�I�W�I �H�M�J�J�I�V�I�R�G�I�W �M�R�y�Y�I�R�G�I �F�S�X�L �X�L�I �W�X�V�Y�G�X�Y�V�I �S�J �X�L�I
�E�G�X�M�S�R �W�T�E�G�I �E�R�H �L�S�[ �X�L�I �K�V�M�T�T�I�V �G�E�R �F�I �G�S�R�X�V�S�P�P�I�H��

�4�V�S�T�S�W�I�H �1�I�X�L�S�H�� �*�S�V�G�I���%�[�E�V�I �7�X�V�E�X�I�K�]

�0�V�S �Q�S�J�N�B�S�Z �N�F�U�I�P�E �V�T�F�T �G�P�S�D�F �F�T�U�J�N�B�U�J�P�O�T �G�S�P�N �U�I�F �Q�S�F�U�S�B�J�O�F�E�'�&�"�5�4�N�P�E�F�M �B�T �U�B�D�U�J�M�F
�J�O�Q�V�U�� �5�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z �S�F�D�F�J�W�F�T �U�I�F �U�P�U�B�M �O�P�S�N�B�M �G�P�S�D�F �B�O�E �B�C�T�P�M�V�U�F �H�S�J�Q �X�J�E�U�I �B�T
�J�O�Q�V�U�T �B�O�E �Q�S�F�E�J�D�U�T �U�I�F �U�B�S�H�F�U �G�P�S�D�F �B�O�E �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�I�� �*�O�D�P�S�Q�P�S�B�U�J�O�H �B �T�J�O�H�M�F �G�P�S�D�F
�T�J�H�O�B�M �S�F�T�V�M�U�T �J�O �B�O �J�O�U�F�S�Q�S�F�U�B�C�M�F �W�B�M�V�F �U�I�B�U �J�T �V�T�F�E �E�V�S�J�O�H �C�P�U�I �T�U�B�U�F �F�O�D�P�E�J�O�H �B�O�E �B�D�U�J�P�O

�r�u



�H�F�O�F�S�B�U�J�P�O�� �5�I�J�T �B�M�M�P�X�T �G�P�S �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M�
 �J�O �X�I�J�D�I �U�I�F �S�P�C�P�U �F�Y�Q�M�J�D�J�U�M�Z �D�P�O�U�S�P�M�T
�U�I�F �G�P�S�D�F �J�U �B�Q�Q�M�J�F�T �U�P �B�O �P�C�K�F�D�U��

�6�T�J�O�H �B �E�V�B�M���N�P�E�F �D�P�O�U�S�P�M�M�F�S�
 �U�I�J�T �B�Q�Q�S�P�B�D�I �E�J�T�U�J�O�H�V�J�T�I�F�T �C�F�U�X�F�F�O �B �O�P���D�P�O�U�B�D�U �Q�I�B�T�F�

�X�I�F�S�F �P�O�M�Z �U�I�F �H�S�J�Q�Q�F�S �X�J�E�U�I �J�T �D�P�O�U�S�P�M�M�F�E�
 �B�O�E �B �D�P�O�U�B�D�U �Q�I�B�T�F�
 �X�I�F�S�F �U�I�F �J�O�U�F�S�B�D�U�J�P�O
�G�P�S�D�F �J�T �B�D�U�J�W�F�M�Z �S�F�H�V�M�B�U�F�E�� �5�I�J�T �E�J�T�U�J�O�D�U�J�P�O �J�T �D�S�J�U�J�D�B�M �G�P�S �S�O�F �N�B�O�J�Q�V�M�B�U�J�P�O �B�O�E �I�B�O�E�M�J�O�H
�E�F�M�J�D�B�U�F �P�C�K�F�D�U�T�� �8�J�U�I�P�V�U �S�F�M�J�B�C�M�F �D�P�O�U�B�D�U �E�F�U�F�D�U�J�P�O �B�O�E �B�O �F�Y�Q�M�J�D�J�U �U�B�S�H�F�U �G�P�S�D�F�
 �U�I�F �Q�P�M�J�D�Z
�X�P�V�M�E �M�B�D�L �B �S�F�G�F�S�F�O�D�F �G�P�S �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M�� �4�F�F �4�F�D�� ������ �B�O�E �4�F�D�� ������ �G�P�S �B �N�P�S�F
�E�F�U�B�J�M�F�E �E�F�T�D�S�J�Q�U�J�P�O �P�G �P�V�S �Q�S�P�Q�P�T�F�E �N�F�U�I�P�E��

�&�E�W�I�P�M�R�I �ø�� �8�E�G�X�M�P�I���%�[�E�V�I �7�X�V�E�X�I�K�]

�*�O �U�I�J�T �C�B�T�F�M�J�O�F�
 �X�F �Q�S�P�W�J�E�F �U�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z �X�J�U�I �U�I�F �S�B�X �U�B�D�U�J�M�F �J�N�B�H�F �G�S�P�N �U�I�F
�(�F�M�4�J�H�I�U �.�J�O�J �B�M�P�O�H�T�J�E�F �U�I�F �J�O�Q�V�U �G�S�P�N �U�I�F �3�(�# �D�B�N�F�S�B�� �#�P�U�I �B�S�F �S�F�T�J�[�F�E �U�P96� 96� 3
�B�O�E �Q�S�P�D�F�T�T�F�E �V�T�J�O�H �T�F�Q�B�S�B�U�F �W�J�T�V�B�M �F�O�D�P�E�F�S�T�� �5�I�F �Q�P�M�J�D�Z �O�F�J�U�I�F�S �S�F�D�F�J�W�F�T �B�O �F�Y�Q�M�J�D�J�U �G�P�S�D�F
�T�J�H�O�B�M �O�P�S �Q�S�F�E�J�D�U�T �B �U�B�S�H�F�U �G�P�S�D�F�� �3�B�U�I�F�S�
 �J�U �P�O�M�Z �Q�S�F�E�J�D�U�T �U�I�F �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�I�
 �J���F���
 �U�I�F
�E�F�T�J�S�F�E �S�O�H�F�S �E�J�T�U�B�O�D�F�� �"�C�T�P�M�V�U�F �H�S�J�Q �X�J�E�U�I �J�T �V�T�F�E �J�O�T�U�F�B�E �P�G �S�F�M�B�U�J�W�F �N�P�U�J�P�O �U�P �Q�S�F�W�F�O�U
�Q�S�F�E�J�D�U�J�P�O �F�S�S�P�S �B�D�D�V�N�V�M�B�U�J�P�O �P�W�F�S �M�P�O�H�F�S �U�J�N�F �I�P�S�J�[�P�O�T��

�8�J�U�I �U�I�J�T �T�F�U�V�Q�
 �U�B�D�U�J�M�F �T�F�O�T�J�O�H �J�T �V�T�F�E �N�P�S�F �Q�B�T�T�J�W�F�M�Z�
 �Q�S�J�N�B�S�J�M�Z �U�P �F�T�U�J�N�B�U�F �D�P�O�U�B�D�U �T�U�B�U�F�

�C�V�U �O�P�U �U�P �Q�F�S�G�P�S�N �F�Y�Q�M�J�D�J�U �G�P�S�D�F �D�P�O�U�S�P�M�� �5�I�F �S�P�C�P�U �J�N�Q�M�J�D�J�U�M�Z �S�F�B�D�U�T �U�P �U�B�D�U�J�M�F �G�F�F�E�C�B�D�L
�U�I�S�P�V�H�I �W�J�T�V�B�M �G�F�B�U�V�S�F�T�� �"�D�D�P�S�E�J�O�H�M�Z�
 �U�I�J�T �Q�P�M�J�D�Z �D�B�O�O�P�U �B�D�U�J�W�F�M�Z �D�P�O�U�S�P�M �D�P�O�U�B�D�U �G�P�S�D�F�T�

�U�I�P�V�H�I �J�U �N�B�Z �T�U�J�M�M �C�F�O�F�S�U �G�S�P�N �T�J�U�V�B�U�J�P�O�B�M �B�X�B�S�F�O�F�T�T��

�&�E�W�I�P�M�R�I �q�� �:�M�W�M�S�R���3�R�P�] �7�X�V�E�X�I�K�]

�"�T �B �N�J�O�J�N�B�M �C�B�T�F�M�J�O�F�
 �X�F �F�W�B�M�V�B�U�F �B �E�J�R�V�T�J�P�O �Q�P�M�J�D�Z �U�I�B�U �S�F�D�F�J�W�F�T �O�P �U�B�D�U�J�M�F �J�O�Q�V�U�� �5�I�J�T
�Q�P�M�J�D�Z �P�Q�F�S�B�U�F�T �V�T�J�O�H �Q�S�P�Q�S�J�P�D�F�Q�U�J�P�O �B�O�E �W�J�T�J�P�O �P�O�M�Z�� �3�B�U�I�F�S �U�I�B�O �V�T�J�O�H �U�I�F �D�P�O�U�J�O�V�P�V�T
�B�C�T�P�M�V�U�F �H�S�J�Q �X�J�E�U�I �B�T �Q�B�S�U �P�G �U�I�F �T�U�B�U�F �B�O�E �B�D�U�J�P�O�
 �X�F �D�P�O�W�F�S�U �U�I�F �H�S�J�Q�Q�F�S �D�P�N�N�B�O�E �J�O�U�P
�B �C�J�O�B�S�Z �T�J�H�O�B�M �U�I�B�U �J�O�E�J�D�B�U�F�T �X�I�F�U�I�F�S �U�I�F �H�S�J�Q�Q�F�S �T�I�P�V�M�E �C�F �P�Q�F�O �P�S �D�M�P�T�F�E�� �5�I�J�T �C�J�O�B�S�Z
�T�J�H�O�B�M �J�T �E�F�S�J�W�F�E �G�S�P�N �U�I�F �T�B�N�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T �V�T�F�E �G�P�S �U�I�F �P�U�I�F�S �Q�P�M�J�D�J�F�T �C�Z �B�Q�Q�M�Z�J�O�H
�B �U�I�S�F�T�I�P�M�E �U�P �U�I�F �H�S�J�Q �X�J�E�U�I�� �*�G �U�I�F �H�S�J�Q �X�J�E�U�I �G�B�M�M�T �C�F�M�P�X �B �Q�S�F�E�F�S�O�F�E �U�I�S�F�T�I�P�M�E�
 �U�I�F
�H�S�J�Q�Q�F�S �T�U�B�U�F �J�T �M�B�C�F�M�F�E �B�T �D�M�P�T�F�E �	= 1 �
�
 �B�O�E �P�U�I�F�S�X�J�T�F �J�U �J�T �D�P�O�T�J�E�F�S�F�E �P�Q�F�O �	= 0 �
��

�%�V�S�J�O�H �J�O�G�F�S�F�O�D�F�
 �U�I�F �Q�P�M�J�D�Z �P�O�M�Z �Q�S�F�E�J�D�U�T �X�I�F�U�I�F�S �U�P �P�Q�F�O �P�S �D�M�P�T�F �U�I�F �H�S�J�Q�Q�F�S�� �5�I�F
�J�O�U�F�S�O�B�M �1�% �D�P�O�U�S�P�M�M�F�S �P�G �U�I�F �N�P�U�P�S �J�O�T�J�E�F �U�I�F �B�D�U�V�B�U�F�E���6�.�* �F�O�G�P�S�D�F�T �U�I�J�T �D�P�N�N�B�O�E �C�Z
�N�P�W�J�O�H �U�I�F �S�O�H�F�S�T �U�P �B �Q�P�T�J�U�J�P�O �X�I�F�S�F �U�I�F �H�S�J�Q�Q�F�S �J�T �G�V�M�M�Z �D�M�P�T�F�E �	�J���F���
 �U�I�F �S�O�H�F�S�T �U�P�V�D�I�
��

�r��



�4�J�O�D�F �U�I�F �J�O�U�F�S�O�B�M �1�% �D�P�O�U�S�P�M�M�F�S �M�B�D�L�T �B�O �J�O�U�F�H�S�B�U�J�P�O �U�F�S�N�
 �U�I�F �S�O�H�F�S�T �X�J�M�M �D�P�O�U�J�O�V�F �U�P �D�M�P�T�F
�V�O�U�J�M �U�I�F �N�P�U�P�S �D�B�O�O�P�U �P�W�F�S�D�P�N�F �U�I�F �N�F�D�I�B�O�J�D�B�M �S�F�T�J�T�U�B�O�D�F�� �5�I�J�T �S�F�T�V�M�U�T �J�O �V�O�N�P�E�V�M�B�U�F�E�

�D�P�B�S�T�F �G�P�S�D�F �B�Q�Q�M�J�D�B�U�J�P�O��

�t���ø���q �+�I�R�I�V�E�P �)�\�T�I�V�M�Q�I�R�X�E�P �7�I�X�Y�T

�"�M�M �F�Y�Q�F�S�J�N�F�O�U�T �B�S�F �D�P�O�E�V�D�U�F�E �V�T�J�O�H �B �S�F�B�M �'�S�B�O�L�B �3�F�T�F�B�S�D�I �� �S�P�C�P�U �F�R�V�J�Q�Q�F�E �X�J�U�I �U�I�F
�B�D�U�V�B�U�F�E���6�.�* �H�S�J�Q�Q�F�S �	�T�F�F �4�F�D�� �������
�� �5�I�F �S�P�C�P�U �J�T �D�P�O�U�S�P�M�M�F�E �V�T�J�O�H �$�B�S�U�F�T�J�B�O �Q�P�T�J�U�J�P�O
�D�P�O�U�S�P�M �G�S�P�N �G�S�B�O�L�Z�� �� �%�V�S�J�O�H �J�O�G�F�S�F�O�D�F�
 �U�I�F �S�P�C�P�U �N�P�W�F�T �X�J�U�I �B �S�F�M�B�U�J�W�F �W�F�M�P�D�J�U�Z �P�G
2���� �"�D�S�P�T�T �B�M�M �T�U�S�B�U�F�H�J�F�T�
 �B�D�U�V�B�U�J�P�O �P�G �U�I�F �B�D�U�V�B�U�F�E���6�.�* �H�S�J�Q�Q�F�S �S�F�M�J�F�T �P�O �U�I�F �J�O�U�F�S�O�B�M
�1�% �Q�P�T�J�U�J�P�O �D�P�O�U�S�P�M�M�F�S �P�G �J�U�T �%�:�/�"�.�*�9�&�- �N�P�U�P�S�� �5�I�F �N�P�U�P�S �J�T �D�P�O�U�S�P�M�M�F�E �U�I�S�P�V�H�I �U�I�F
�E�Z�O�B�N�J�Y�F�M���B�Q�J�� �� �8�F �V�T�F �U�I�F �3�P�C�P�U �0�Q�F�S�B�U�J�O�H �4�Z�T�U�F�N �	�3�0�4�
 �G�P�S �T�F�O�T�P�S �E�B�U�B �B�D�R�V�J�T�J�U�J�P�O
�B�O�E �T�Z�O�D�I�S�P�O�J�[�B�U�J�P�O�� �4�F�O�T�P�S�T �B�O�E �U�I�F �Q�P�M�J�D�Z �S�V�O �J�O �T�F�Q�B�S�B�U�F�3�0�4�O�P�E�F�T�
 �X�J�U�I �U�I�F �Q�P�M�J�D�Z
�P�Q�F�S�B�U�J�O�H �B�U7�)�[��

�'�P�S �C�P�U�I �U�B�T�L�T�
 �X�F �D�P�M�M�F�D�U�F�E �B�S�P�V�O�E30�E�F�N�P�O�T�U�S�B�U�J�P�O�T �V�T�J�O�H �U�I�F �6�.�* �H�S�J�Q�Q�F�S �	�T�F�F �4�F�D�� �������
�

�B�M�M �Q�F�S�G�P�S�N�F�E �C�Z �U�I�F �T�B�N�F �F�Y�Q�F�S�U�� �"�M�M �E�J�R�V�T�J�P�O �Q�P�M�J�D�J�F�T �B�S�F �U�S�B�J�O�F�E �X�J�U�I �B�O �P�C�T�F�S�W�B�U�J�P�O
�I�P�S�J�[�P�O �P�G2�
 �Q�S�F�E�J�D�U�J�P�O �I�P�S�J�[�P�O �P�G32�
 �B�O�E �B�D�U�J�P�O �F�Y�F�D�V�U�J�P�O �I�P�S�J�[�P�O �P�G16�� �8�F �U�S�B�J�O
�U�I�F �E�J�R�V�T�J�P�O �Q�P�M�J�D�J�F�T �V�T�J�O�H �%�F�O�P�J�T�J�O�H �%�J�R�V�T�J�P�O �1�S�P�C�B�C�J�M�J�T�U�J�D �.�P�E�F�M�T �	�%�%�1�.�
 �X�J�U�I100
�E�F�O�P�J�T�J�O�H �T�U�F�Q�T�� �'�P�S �J�O�G�F�S�F�O�D�F�
 �X�F �B�E�P�Q�U �%�F�O�P�J�T�J�O�H �%�J�R�V�T�J�P�O �*�N�Q�M�J�D�J�U �.�P�E�F�M�T �	�%�%�*�.�

�X�J�U�I10 �T�U�F�Q�T �U�P �S�F�E�V�D�F �U�I�F �O�V�N�C�F�S �P�G �T�B�N�Q�M�J�O�H �J�U�F�S�B�U�J�P�O�T �<�����>��

�&�B�D�I �T�U�S�B�U�F�H�Z �J�T �F�W�B�M�V�B�U�F�E �P�O20 �S�P�M�M�P�V�U�T �Q�F�S �U�B�T�L�
 �B�D�S�P�T�T4 �E�J�R�F�S�F�O�U �T�U�B�S�U�J�O�H �H�S�J�Q�Q�F�S
�P�S�J�F�O�U�B�U�J�P�O�T �U�P �U�F�T�U �H�F�O�F�S�B�M�J�[�B�U�J�P�O �V�O�E�F�S �W�B�S�J�F�E �J�O�J�U�J�B�M �D�P�O�E�J�U�J�P�O�T�� �'�P�S �C�P�U�I �U�B�T�L�T�
 �P�C�K�F�D�U
�B�O�E �U�B�S�H�F�U �Q�P�T�J�U�J�P�O�T �X�F�S�F �S�Y�F�E �U�I�S�P�V�H�I�P�V�U �B�M�M �E�F�N�P�O�T�U�S�B�U�J�P�O�T �B�O�E �S�P�M�M�P�V�U�T��

�t���ø���r �)�Z�E�P�Y�E�X�M�S�R �1�I�X�V�M�G�W

�8�F �F�W�B�M�V�B�U�F �U�B�T�L �Q�F�S�G�P�S�N�B�O�D�F �V�T�J�O�H �U�X�P �D�P�N�Q�M�F�N�F�O�U�B�S�Z �D�S�J�U�F�S�J�B���U�B�T�L �T�V�D�D�F�T�T�B�O�E�J�N�J�U�B�U�J�P�O
�R�V�B�M�J�U�Z�� �5�B�T�L �T�V�D�D�F�T�T �J�T �N�F�B�T�V�S�F�E �B�T �U�I�F �T�V�D�D�F�T�T �S�B�U�F �D�P�N�Q�V�U�F�E �B�D�S�P�T�T �B�M�M �F�W�B�M�V�B�U�J�P�O �S�P�M�M�P�V�U�T
�G�P�S �B �H�J�W�F�O �T�U�S�B�U�F�H�Z�� �*�N�J�U�B�U�J�P�O �R�V�B�M�J�U�Z �J�T �B�T�T�F�T�T�F�E �C�Z �N�F�B�T�V�S�J�O�H �I�P�X �D�M�P�T�F�M�Z �U�I�F �G�P�S�D�F
�Q�B�U�U�F�S�O�T �P�C�U�B�J�O�F�E �W�J�B�'�&�"�5�4�G�S�P�N �B �T�U�S�B�U�F�H�Z�Œ�T �M�F�B�S�O�F�E �Q�P�M�J�D�Z �U�S�B�K�F�D�U�P�S�J�F�T �N�B�U�D�I �U�I�P�T�F �G�S�P�N
�U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�� �5�I�J�T �T�J�N�J�M�B�S�J�U�Z �J�T �N�F�B�T�V�S�F�E �V�T�J�O�H �T�F�W�F�S�B�M �T�U�B�U�J�T�U�J�D�B�M �N�F�U�S�J�D�T �B�T �X�F�M�M

�� �G�S�B�O�L�Z �J�T �B �I�J�H�I���M�F�W�F�M �D�P�O�U�S�P�M �M�J�C�S�B�S�Z �G�P�S �U�I�F �'�S�B�O�L�B �S�P�C�P�U�T���M�Y�Y�U�X�������L�N�Y�M�Z�G���H�T�R���9�N�R�8�H�M�S�J�N�I�J�W������
�K�W�F�S�P�^

�� �E�Z�O�B�N�J�Y�F�M���B�Q�J �J�T �B �1�Z�U�I�P�O �X�S�B�Q�Q�F�S �G�P�S �U�I�F �%�:�/�"�.�*�9�&�- �4�%�, �M�J�C�S�B�S�Z�
 �E�F�T�J�H�O�F�E �U�P �D�P�O�U�S�P�M �W�B�S�J�P�V�T �%�:�/�"�.�*�9�&�-
�N�P�U�P�S�T���M�Y�Y�U�X�������L�N�Y�M�Z�G���H�T�R���9�N�R�8�H�M�S�J�N�I�J�W�������I�^�S�F�R�N�]�J�Q���F�U�N

�r�ƒ

https://github.com/TimSchneider42/franky
https://github.com/TimSchneider42/franky
https://github.com/TimSchneider42/dynamixel-api


�B�T �U�I�F �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F�
 �B�M�M �P�G �X�I�J�D�I �B�S�F �D�P�N�Q�V�U�F�E �X�J�U�I �B�O �F�R�V�B�M���N�B�T�T �X�F�J�H�I�U�J�O�H
�T�D�I�F�N�F��

�)�U�Y�E�P���1�E�W�W �;�I�M�K�L�X�M�R�K �S�J �8�V�E�N�I�G�X�S�V�M�I�W

�4�J�O�D�F �U�S�B�K�F�D�U�P�S�J�F�T �E�J�R�F�S �J�O �E�V�S�B�U�J�P�O�
 �Q�P�P�M�J�O�H �B�M�M �T�B�N�Q�M�F�T �X�P�V�M�E �C�J�B�T �U�I�F �T�U�B�U�J�T�U�J�D�T �U�P�X�B�S�E
�M�P�O�H�F�S �U�S�B�K�F�D�U�P�S�J�F�T�� �5�P �F�O�T�V�S�F �F�B�D�I �U�S�B�K�F�D�U�P�S�Z �D�P�O�U�S�J�C�V�U�F�T �F�R�V�B�M�M�Z�
 �X�F �B�T�T�J�H�O �F�W�F�S�Z �U�S�B�K�F�D�U�P�S�Z
�U�I�F �T�B�N�F �U�P�U�B�M �X�F�J�H�I�U �B�O�E �E�J�T�U�S�J�C�V�U�F �U�I�B�U �X�F�J�H�I�U �V�O�J�G�P�S�N�M�Z �P�W�F�S �J�U�T �T�B�N�Q�M�F�T�� �'�P�S �B �T�F�U �P�G
M �U�S�B�K�F�D�U�P�S�J�F�T �X�J�U�I �M�F�O�H�U�I�Tnm �
 �F�B�D�I �T�B�N�Q�M�F �J�O �U�S�B�K�F�D�U�P�S�Zm �S�F�D�F�J�W�F�T �B �X�F�J�H�I�U

wm;k =
1

M � nm
: �	�������


�7�X�E�X�M�W�X�M�G�E�P �7�Y�Q�Q�E�V�M�I�W

�'�P�S �F�B�D�I �T�U�S�B�U�F�H�Z�Œ�T �S�P�M�M�P�V�U�T �B�O�E �G�P�S �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�
 �X�F �D�P�N�Q�V�U�F �U�I�F �G�P�M�M�P�X�J�O�H �T�U�B�U�J�T�U�J�D�T
�V�T�J�O�H �U�I�F �F�R�V�B�M���N�B�T�T �X�F�J�H�I�U�J�O�H �T�D�I�F�N�F��

�;�I�M�K�L�X�I�H �Q�I�E�R���5�I�F �B�W�F�S�B�H�F �B�Q�Q�M�J�F�E �G�P�S�D�F �J�T �D�P�N�Q�V�U�F�E �B�T

� =
X

i

wi x i ; �	�������


�X�I�F�S�Fx i �J�T �B �G�P�S�D�F �T�B�N�Q�M�F �B�O�Ewi �J�T �J�U�T �B�T�T�J�H�O�F�E �X�F�J�H�I�U��

�;�I�M�K�L�X�I�H �W�X�E�R�H�E�V�H �H�I�Z�M�E�X�M�S�R���5�I�F �W�B�S�J�B�C�J�M�J�U�Z �V�O�E�F�S �U�I�F �T�B�N�F �X�F�J�H�I�U�J�O�H �T�D�I�F�N�F �J�T
�D�P�N�Q�V�U�F�E �B�T

� =
s X

i

wi x2
i � � 2 : �	�������


�r��



�;�I�M�K�L�X�I�H �Q�I�H�M�E�R���5�I�J�T �J�T �U�I�F �G�P�S�D�F �W�B�M�V�F �B�U �X�I�J�D�I �U�I�F �D�V�N�V�M�B�U�J�W�F �T�V�N �P�G �X�F�J�H�I�U�T �S�F�B�D�I�F�T
0:5�
 �N�F�B�O�J�O�H �U�I�B�U �I�B�M�G �P�G �U�I�F �U�P�U�B�M �U�S�B�K�F�D�U�P�S�Z���O�P�S�N�B�M�J�[�F�E �X�F�J�H�I�U �M�J�F�T �C�F�M�P�X �B�O�E �I�B�M�G �B�C�P�W�F
�U�I�J�T �W�B�M�V�F��

�1�M�R�M�Q�Y�Q �J�S�V�G�I���5�I�J�T �J�T �S�F�Q�P�S�U�F�E �B�T �U�I�F �M�B�S�H�F�T�U �O�F�H�B�U�J�W�F �P�C�T�F�S�W�F�E �G�P�S�D�F �W�B�M�V�F�
 �J�O�E�F�Q�F�O��
�E�F�O�U �P�G �X�F�J�H�I�U�J�O�H��

�;�E�W�W�I�V�W�X�I�M�R���ø �(�M�W�X�E�R�G�I

�5�P �R�V�B�O�U�J�G�Z �U�I�F �E�J�R�F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �G�P�S�D�F �E�J�T�U�S�J�C�V�U�J�P�O�T �P�G �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T �B�O�E
�S�P�M�M�P�V�U�T�
 �X�F �V�T�F �U�I�F �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�FW1�
 �B�M�T�P �L�O�P�X�O �B�T �U�I�F �&�B�S�U�I �N�P�W�F�S�Œ�T �E�J�T�U�B�O�D�F
�<�����>�� �'�P�S �U�X�P1�% �Q�S�P�C�B�C�J�M�J�U�Z �N�B�T�T �G�V�O�D�U�J�P�O�Tu �B�O�Ev�
 �J�U �J�T �E�F�S�O�F�E �B�T

W1(u; v) = �J�O�G
� 2 �( u;v )

Z

R� R
jx � yjd� (x; y) �	�������


�X�I�F�S�F�( u; v) �E�F�O�P�U�F�T �U�I�F �T�F�U �P�G �B�M�M �K�P�J�O�U �E�J�T�U�S�J�C�V�U�J�P�O�T �X�J�U�I �N�B�S�H�J�O�B�Mu �B�O�Ev�� �*�O �P�V�S �D�B�T�F�

u �B�O�Ev �B�S�F �U�I�F �X�F�J�H�I�U�F�E �F�N�Q�J�S�J�D�B�M �E�J�T�U�S�J�C�V�U�J�P�O�T �P�G �G�P�S�D�F �W�B�M�V�F�T �G�S�P�N �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T
�B�O�E �G�S�P�N �U�I�F �S�P�M�M�P�V�U�T �P�G �B �H�J�W�F�O �T�U�S�B�U�F�H�Z�
 �V�T�J�O�H �U�I�F �F�R�V�B�M���N�B�T�T �X�F�J�H�I�U�J�O�H �T�D�I�F�N�F �E�F�T�D�S�J�C�F�E
�F�B�S�M�J�F�S��

�5�I�FW1 �W�B�M�V�F �D�P�S�S�F�T�Q�P�O�E�T �U�P �U�I�F �Ž�B�W�F�S�B�H�F �B�N�P�V�O�U�• �U�I�F �G�P�S�D�F �E�J�T�U�S�J�C�V�U�J�P�O�T �G�S�P�N �P�O�F �T�F�U
�X�P�V�M�E �O�F�F�E �U�P �C�F �T�I�J�G�U�F�E �U�P �N�B�U�D�I �U�I�F �P�U�I�F�S�
 �F�Y�Q�S�F�T�T�F�E �J�O �U�I�F �T�B�N�F �V�O�J�U �B�T �U�I�F �G�P�S�D�F �	�/�
��
�4�N�B�M�M�F�S �W�B�M�V�F�T �U�I�F�S�F�G�P�S�F �J�O�E�J�D�B�U�F �U�I�B�U �U�I�F �G�P�S�D�F�T �N�F�B�T�V�S�F�E �E�V�S�J�O�H �S�P�M�M�P�V�U�T �B�S�F �N�P�S�F �T�J�N�J�M�B�S
�U�P �U�I�P�T�F �P�G �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�
 �X�I�J�M�F �M�B�S�H�F�S �W�B�M�V�F�T �J�O�E�J�D�B�U�F �H�S�F�B�U�F�S �E�J�R�F�S�F�O�D�F�T �J�O �F�J�U�I�F�S
�N�B�H�O�J�U�V�E�F �P�S �E�J�T�U�S�J�C�V�U�J�P�O�B�M �T�I�B�Q�F��

�t���q �4�P�E�R�X �-�R�W�I�V�X�M�S�R �8�E�W�O

�*�O �U�I�F�1�M�B�O�U �*�O�T�F�S�U�J�P�O �5�B�T�L�
 �U�I�F �S�P�C�P�U �N�V�T�U �H�S�B�T�Q �B �Q�M�B�T�U�J�D �Q�M�B�O�U �G�S�P�N �B �S�Y�F�E �T�U�B�S�U �Q�P�T�J�U�J�P�O
�B�O�E �J�O�T�F�S�U �J�U �J�O�U�P �B �T�P�X�F�S �Q�P�U �S�M�M�F�E �X�J�U�I �S�F�B�M �T�P�J�M�� �"�G�U�F�S �T�V�D�D�F�T�T�G�V�M �J�O�T�F�S�U�J�P�O�
 �U�I�F �S�P�C�P�U
�S�F�M�F�B�T�F�T �U�I�F �Q�M�B�O�U�� �5�I�F �N�B�J�O �D�I�B�M�M�F�O�H�F �J�T �B�Q�Q�M�Z�J�O�H �T�V�U�D�J�F�O�U �H�S�J�Q �G�P�S�D�F �U�P �J�O�T�F�S�U �U�I�F �Q�M�B�O�U
�X�J�U�I�P�V�U �M�P�T�J�O�H �H�S�J�Q�� �5�I�J�T �U�B�T�L �T�F�S�W�F�T �B�T �B �I�J�H�I���G�P�S�D�F �N�B�O�J�Q�V�M�B�U�J�P�O �T�D�F�O�B�S�J�P��

�r�v



�t���q���ø �)�\�T�I�V�M�Q�I�R�X�E�P �7�I�X�Y�T

�'�J�H�� ������ �T�I�P�X�T �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �V�T�F�E �G�P�S �U�I�F�1�M�B�O�U �*�O�T�F�S�U�J�P�O �5�B�T�L�� �5�I�F �Q�P�U �B�O�E �Q�M�B�O�U
�B�S�F �L�F�Q�U �B�U �S�Y�F�E �Q�P�T�J�U�J�P�O�T �P�O �U�I�F �X�P�S�L�T�Q�B�D�F�� �#�F�G�P�S�F �F�B�D�I �S�P�M�M�P�V�U�
 �U�I�F �T�P�J�M �J�T �N�P�J�T�U�F�O�F�E
�U�P �J�O�D�S�F�B�T�F �D�P�I�F�T�J�P�O �B�O�E �J�N�Q�S�P�W�F �H�S�J�Q�
 �I�F�M�Q�J�O�H �U�I�F �Q�M�B�O�U �S�F�N�B�J�O �S�S�N�M�Z �J�O �Q�M�B�D�F �B�G�U�F�S
�J�O�T�F�S�U�J�P�O��

�5�P �T�U�B�O�E�B�S�E�J�[�F �U�I�F �J�O�J�U�J�B�M �D�P�O�E�J�U�J�P�O�T�
 �U�I�F �S�P�C�P�U�Œ�T �N�P�W�F�N�F�O�U �B�U �U�I�F �C�F�H�J�O�O�J�O�H �P�G �F�B�D�I �S�P�M�M�P�V�U
�J�T �D�P�O�T�U�S�B�J�O�F�E�� �4�Q�F�D�J�S�D�B�M�M�Z�
 �U�I�F �Q�P�M�J�D�Z �J�O�J�U�J�B�M�M�Z �D�P�O�U�S�P�M�T �P�O�M�Z �U�I�F �H�S�J�Q�Q�F�S�� �0�O�D�F �B �H�S�B�T�Q
�J�T �E�F�U�F�D�U�F�E�
 �U�I�F �S�P�C�P�U �Q�F�S�G�P�S�N�T �B �Q�S�F�E�F�S�O�F�E �V�Q�X�B�S�E �N�P�U�J�P�O �U�P �U�B�L�F �U�I�F �Q�M�B�O�U �G�S�P�N �J�U�T
�I�P�M�E�F�S �C�F�G�P�S�F �H�J�W�J�O�H �G�V�M�M �D�P�O�U�S�P�M �U�P �U�I�F �Q�P�M�J�D�Z��

�(�S�B�T�Q �E�F�U�F�D�U�J�P�O �J�T �T�U�S�B�U�F�H�Z���E�F�Q�F�O�E�F�U��

�“ �*�O �U�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z�
 �B �H�S�B�T�Q �J�T �B�T�T�V�N�F�E �J�G �U�I�F �F�T�U�J�N�B�U�F�E �O�P�S�N�B�M �G�P�S�D�F �F�Y�D�F�F�E�T
�B �T�N�B�M�M �U�I�S�F�T�I�P�M�E��

�“ �*�O �U�I�F�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�Z�
 �H�S�B�T�Q �E�F�U�F�D�U�J�P�O �J�T �U�S�J�H�H�F�S�F�E �X�I�F�O �U�I�F �J�N�B�H�F �E�J�R�F�S�F�O�D�F
�C�F�U�X�F�F�O �B �S�F�G�F�S�F�O�D�F �(�F�M�4�J�H�I�U �.�J�O�J �J�N�B�H�F �	�Q�S�F���D�P�O�U�B�D�U�
 �B�O�E �U�I�F �D�V�S�S�F�O�U �G�S�B�N�F
�F�Y�D�F�F�E�T �B �U�I�S�F�T�I�P�M�E��

�“ �*�O �U�I�F�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�Z�
 �H�S�B�T�Q �J�T �B�T�T�V�N�F�E �X�I�F�O �U�I�F �H�S�J�Q �X�J�E�U�I �G�B�M�M�T �C�F�M�P�X �B
�D�M�P�T�J�O�H �U�I�S�F�T�I�P�M�E��

�" �S�P�M�M�P�V�U �J�T �D�P�O�T�J�E�F�S�F�E �T�V�D�D�F�T�T�G�V�M �J�G �U�I�F �Q�M�B�O�U �S�F�N�B�J�O�T �V�Q�S�J�H�I�U �J�O �U�I�F �T�P�J�M �X�J�U�I�P�V�U �U�J�M�U�J�O�H�

�G�B�M�M�J�O�H�
 �P�S �U�P�V�D�I�J�O�H �U�I�F �Q�P�U �S�J�N��

�t���q���q �)�\�T�I�V�M�Q�I�R�X�E�P �6�I�W�Y�P�X�W

�"�D�S�P�T�T20 �S�P�M�M�P�V�U�T�
 �U�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �B�D�I�J�F�W�F�T �U�I�F �I�J�H�I�F�T�U �T�V�D�D�F�T�T �S�B�U�F �P�G95�� �	�D�G��
�'�J�H�� �������
�� �*�U �D�P�O�T�J�T�U�F�O�U�M�Z �J�O�T�F�S�U�T �U�I�F �Q�M�B�O�U �X�I�J�M�F �N�B�J�O�U�B�J�O�J�O�H �B �S�S�N �H�S�J�Q �B�O�E �F�O�T�V�S�J�O�H
�U�I�B�U �U�I�F �Q�M�B�O�U �J�T �T�U�B�O�E�J�O�H �Q�S�P�Q�F�S�M�Z �J�O �U�I�F �T�P�J�M�� �" �T�V�D�D�F�T�T�G�V�M �S�P�M�M�P�V�U �V�T�J�O�H �U�I�F�'�P�S�D�F���"�X�B�S�F
�T�U�S�B�U�F�H�Z �D�B�O �C�F �T�F�F�O �J�O �'�J�H�� �������� �5�I�F�7�J�T�J�P�O���0�O�M�Z�C�B�T�F�M�J�O�F �B�D�I�J�F�W�F�T �B �N�P�E�F�S�B�U�F �T�V�D�D�F�T�T �S�B�U�F
�P�G85���
 �X�I�J�M�F �U�I�F�5�B�D�U�J�M�F���"�X�B�S�F�C�B�T�F�M�J�O�F �Q�F�S�G�P�S�N�T �U�I�F �X�P�S�T�U �X�J�U�I �B �T�V�D�D�F�T�T �S�B�U�F �P�G65����
�'�B�J�M�V�S�F�T �N�B�J�O�M�Z �P�D�D�V�S �X�I�F�O �J�O�T�V�U�D�J�F�O�U �G�P�S�D�F �J�T �B�Q�Q�M�J�F�E �E�V�S�J�O�H �U�S�B�W�F�M �P�S �J�O�T�F�S�U�J�P�O�
 �M�F�B�E�J�O�H
�U�P �T�M�J�Q�Q�B�H�F �P�S �J�O�D�P�N�Q�M�F�U�F �Q�M�B�O�U�J�O�H�� �5�I�J�T �J�T �Q�B�S�U�J�D�V�M�B�S�M�Z �D�P�N�N�P�O �J�O �U�I�F�5�B�D�U�J�M�F���"�X�B�S�F
�C�B�T�F�M�J�O�F �T�J�O�D�F �U�I�F�S�F �J�T �O�P �E�J�S�F�D�U �G�P�S�D�F �D�P�O�U�S�P�M��

�5�B�C�� ������ �T�V�N�N�B�S�J�[�F�T �U�I�F �X�F�J�H�I�U�F�E �G�P�S�D�F �T�U�B�U�J�T�U�J�D�T �B�O�E �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F�T �C�F�U�X�F�F�O
�E�F�N�P�O�T�U�S�B�U�J�P�O�T �B�O�E �U�I�F �U�I�S�F�F �T�U�S�B�U�F�H�J�F�T�� �5�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T �F�Y�I�J�C�J�U �D�P�O�T�J�T�U�F�O�U�M�Z �I�J�H�I

�s�w



�*�M�K�Y�V�I �u���ù���)�\�T�I�V�M�Q�I�R�X�E�P �W�I�X�Y�T �J�S�V �X�L�I�4�P�E�R�X �-�R�W�I�V�X�M�S�R �8�E�W�O�� �8�L�I �M�Q�E�K�I �W�L�S�[�W �X�L�I �*�V�E�R�O�E
�6�I�W�I�E�V�G�L �s �V�S�F�S�X �I�U�Y�M�T�T�I�H �[�M�X�L �X�L�I �E�G�X�Y�E�X�I�H���9�1�- �K�V�M�T�T�I�V �M�R �M�X�W �M�R�M�X�M�E�P �W�X�E�X�I
�F�I�J�S�V�I �W�X�E�V�X�M�R�K �E �V�S�P�P�S�Y�X�� �8�L�I �V�S�F�S�X �Q�Y�W�X �K�V�E�W�T �X�L�I �T�P�E�W�X�M�G �T�P�E�R�X �J�V�S�Q �M�X�W �L�S�P�H�I�V
�E�R�H �M�R�W�I�V�X �M�X �M�R�X�S �X�L�I �F�P�Y�I �T�S�X �x�P�P�I�H �[�M�X�L �V�I�E�P �W�S�M�P��

�s�ù



�H�S�J�Q �G�P�S�D�F�T �X�J�U�I �B �N�F�B�O �P�G� 8:4 �/ �B�O�E �B �O�B�S�S�P�X �T�Q�S�F�B�E�
 �B�T �E�F�T�D�S�J�C�F�E �C�Z �U�I�F �T�U�B�O�E�B�S�E
�E�F�W�J�B�U�J�P�O �P�G2:4�/�� �5�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �S�F�Q�S�P�E�V�D�F�T �U�I�F �P�W�F�S�B�M�M �N�B�H�O�J�U�V�E�F �P�G �U�I�F
�E�F�N�P�O�T�U�S�B�U�J�P�O�T �N�P�T�U �D�M�P�T�F�M�Z�
 �X�J�U�I �B �N�F�B�O �P�G� 6:5 �/ �B�O�E �B �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F �P�G
1:92�/�� �5�I�F95�� �$�P�O�S�E�F�O�D�F �*�O�U�F�S�W�B�M �	�$�*�
 �P�G �U�I�F �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F�
 �P�C�U�B�J�O�F�E �W�J�B1000
�C�P�P�U�T�U�S�B�Q �S�F�T�B�N�Q�M�F�T�
 �S�B�O�H�F�T �G�S�P�N[1:04 �/ ; 2:95 �/ ]�
 �J�O�E�J�D�B�U�J�O�H �S�P�C�V�T�U �T�J�N�J�M�B�S�J�U�Z �C�F�U�X�F�F�O
�E�F�N�P�O�T�U�S�B�U�J�P�O�T �B�O�E�'�P�S�D�F���"�X�B�S�F�S�P�M�M�P�V�U�T �E�F�T�Q�J�U�F �T�P�N�F �W�B�S�J�B�C�J�M�J�U�Z�� �5�I�F�7�J�T�J�P�O���0�O�M�Z�C�B�T�F�M�J�O�F
�B�M�T�P �B�Q�Q�S�P�B�D�I�F�T �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O �G�P�S�D�F �S�B�O�H�F �C�V�U �X�J�U�I �T�M�J�H�I�U�M�Z �M�B�S�H�F�S �E�F�W�J�B�U�J�P�O �T�I�P�X�O �C�Z
�U�I�F �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F �P�G1:99�/�� �5�I�F�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �E�F�W�J�B�U�F�T �T�U�S�P�O�H�M�Z�
 �B�Q�Q�M�Z�J�O�H
�T�J�H�O�J�S�D�B�O�U�M�Z �M�P�X�F�S �G�P�S�D�F�T �P�O �B�W�F�S�B�H�F� 3:4 �/ �B�O�E �T�I�P�X�J�O�H �U�I�F �M�B�S�H�F�T�U �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F
�P�G5:07�/�
 �S�F�T�F�D�U�J�O�H �B �D�M�F�B�S �N�J�T�N�B�U�D�I �J�O �U�I�F �G�P�S�D�F �E�J�T�U�S�J�C�V�U�J�P�O��

�5�P �D�P�N�Q�M�F�N�F�O�U �U�I�F�T�F �T�V�N�N�B�S�Z �N�F�U�S�J�D�T�
 �'�J�H�� ������ �W�J�T�V�B�M�J�[�F�T �U�I�F �X�F�J�H�I�U�F�E �&�N�Q�J�S�J�D�B�M �$�V��
�N�V�M�B�U�J�W�F �%�J�T�U�S�J�C�V�U�J�P�O �'�V�O�D�U�J�P�O�T �	�&�$�%�'�T�
 �B�O�E �I�J�T�U�P�H�S�B�N�T �G�P�S �E�F�N�P�O�T�U�S�B�U�J�P�O�T �B�O�E �S�P�M�M�P�V�U�T��
�5�I�F �8�B�T�T�F�S�T�U�F�J�O �E�J�T�U�B�O�D�F �J�T �E�J�S�F�D�U�M�Z �S�F�M�B�U�F�E �U�P �U�I�F �B�S�F�B �C�F�U�X�F�F�O �U�I�F �U�X�P�&�$�%�'�D�V�S�W�F�T��
�$�M�P�T�F�S �D�V�S�W�F�T �J�O�E�J�D�B�U�F �I�J�H�I�F�S �T�J�N�J�M�B�S�J�U�Z�
 �X�I�J�M�F �T�I�J�G�U�T �P�S �H�B�Q�T �S�F�W�F�B�M �T�Z�T�U�F�N�B�U�J�D �E�J�R�F�S�F�O�D�F�T��
�*�O �P�V�S �S�F�T�V�M�U�T�
 �U�I�F�'�P�S�D�F���"�X�B�S�F�B�O�E�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�J�F�T �Q�S�P�E�V�D�F�&�$�%�'�T �U�I�B�U �M�J�F �D�M�P�T�F�S �U�P
�U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�
 �X�I�J�M�F �U�I�F�5�B�D�U�J�M�F���"�X�B�S�F�D�V�S�W�F �J�T �D�M�F�B�S�M�Z �T�I�J�G�U�F�E �U�P�X�B�S�E �X�F�B�L�F�S �G�P�S�D�F�T��
�5�I�F �P�W�F�S�M�B�Q�Q�J�O�H �I�J�T�U�P�H�S�B�N�T �D�P�O�S�S�N �U�I�J�T �P�C�T�F�S�W�B�U�J�P�O�
 �T�I�P�X�J�O�H �U�I�B�U�5�B�D�U�J�M�F���"�X�B�S�F�S�P�M�M�P�V�U�T
�S�B�S�F�M�Z �S�F�B�D�I �U�I�F �I�J�H�I�F�S �H�S�J�Q �G�P�S�D�F�T �T�F�F�O �J�O �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T��

�5�I�F�T�F �E�J�R�F�S�F�O�D�F�T �S�F�T�F�D�U �U�I�F �V�O�E�F�S�M�Z�J�O�H �D�P�O�U�S�P�M �Q�S�J�O�D�J�Q�M�F�T�� �8�J�U�I �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M�

�U�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �D�B�O �B�D�U�J�W�F�M�Z �U�B�S�H�F�U �B�O�E �N�B�J�O�U�B�J�O �B �S�S�N �H�S�J�Q �G�P�S�D�F�
 �F�O�B�C�M�J�O�H
�T�U�B�C�M�F �J�O�T�F�S�U�J�P�O �P�G �U�I�F �Q�M�B�O�U �J�O�U�P �U�I�F �T�P�J�M�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �D�B�O �P�O�M�Z
�V�T�F �U�B�D�U�J�M�F �G�F�F�E�C�B�D�L �Q�B�T�T�J�W�F�M�Z �U�P �E�F�U�F�D�U �D�P�O�U�B�D�U �X�J�U�I�P�V�U �D�P�O�U�S�P�M�M�J�O�H �U�I�F �B�Q�Q�M�J�F�E �G�P�S�D�F�� �"�T
�B �S�F�T�V�M�U�
 �J�U �P�G�U�F�O �G�B�M�M�T �T�I�P�S�U �P�G �U�I�F �H�S�J�Q �G�P�S�D�F �E�F�N�P�O�T�U�S�B�U�F�E �C�Z �U�I�F �I�V�N�B�O�
 �M�F�B�E�J�O�H �U�P
�G�S�F�R�V�F�O�U �G�B�J�M�V�S�F�T�� �5�I�F�7�J�T�J�P�O���0�O�M�Z�C�B�T�F�M�J�O�F �Q�F�S�G�P�S�N�T �S�F�B�T�P�O�B�C�M�Z �X�F�M�M �J�O �U�I�J�T �I�J�H�I���G�P�S�D�F
�T�F�U�U�J�O�H �C�F�D�B�V�T�F �J�U�T �C�J�O�B�S�Z �P�Q�F�O���D�M�P�T�F �D�P�N�N�B�O�E �F�R�F�D�U�J�W�F�M�Z �D�M�B�N�Q�T �U�I�F �S�O�H�F�S�T �U�P�H�F�U�I�F�S
�X�J�U�I �T�V�C�T�U�B�O�U�J�B�M �G�P�S�D�F�� �"�M�U�I�P�V�H�I �U�I�F �H�S�J�Q�Q�F�S �J�T �D�P�B�S�T�F�M�Z �D�P�O�U�S�P�M�M�F�E�
 �U�I�F �G�P�S�D�F �W�B�M�V�F�T �I�B�Q�Q�F�O
�U�P �C�F �D�M�P�T�F �U�P �U�I�P�T�F �T�F�F�O �J�O �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T��

�5�I�J�T �D�P�S�S�F�T�Q�P�O�E�F�O�D�F �T�I�P�X�T �U�I�B�U �T�V�D�D�F�T�T �J�O �B �I�J�H�I���G�P�S�D�F �U�B�T�L �E�F�Q�F�O�E�T �E�J�S�F�D�U�M�Z �P�O �N�B�U�D�I�J�O�H
�U�I�F �E�F�N�P�O�T�U�S�B�U�F�E �G�P�S�D�F �Q�S�P�S�M�F�
 �X�J�U�I �J�O�T�V�U�D�J�F�O�U �H�S�J�Q �G�P�S�D�F �M�F�B�E�J�O�H �U�P �G�B�J�M�V�S�F��

�s�r



�F�o�r�c�e�-�A�w�a�r�e�T�a�c�t�i�l�e�-�A�w�a�r�e�V�i�s�i�o�n�-�O�n�l�y
�0�.�0

�0�.�2

�0�.�4

�0�.�6

�0�.�8

�1�.�0
�S

�u
�c

�c
�e

�s
�s

� �
R

�a
�t�

e

�*�M�K�Y�V�I �u���r���7�Y�G�G�I�W�W �V�E�X�I�W �J�S�V �X�L�I�4�P�E�R�X �-�R�W�I�V�X�M�S�R �8�E�W�O�� �8�L�I�*�S�V�G�I���%�[�E�V�I�W�X�V�E�X�I�K�] �E�G�L�M�I�Z�I�W
�X�L�I �L�M�K�L�I�W�X �W�Y�G�G�I�W�W �V�E�X�I �E�X95�� �� �J�S�P�P�S�[�I�H �F�] �X�L�I�:�M�W�M�S�R���3�R�P�]�W�X�V�E�X�I�K�] �E�X85�� ��
�E�R�H �X�L�I�8�E�G�X�M�P�I���%�[�E�V�I�W�X�V�E�X�I�K�] �E�X65�� ��

�.�F�U�S�J�D �	�/�
 �%�F�N�P �'�P�S�D�F���"�X�B�S�F �5�B�D�U�J�M�F���"�X�B�S�F �7�J�T�J�P�O���0�O�M�Z
� � 8:4247 � 6:5057 � 3:3523 � 6:4455
� 2:3892 2:8899 3:0545 3:2459
~x � 8:5755 � 5:8804 � 3:4873 � 6:6978

�N�J�O � 16:2255 � 17:4085 � 10:3348 � 17:0829
W1 �‡ 1:9235 5:0725 1:9893

95�� �$�* �P�GW1 �‡ �<1:0397�
2:9496�> �<3:8453�
6:4105�> �<0:9899�
3:3032�>

�8�E�F�P�I �u���r���*�S�V�G�I �Q�I�X�V�M�G�W �J�S�V �H�I�Q�S�R�W�X�V�E�X�M�S�R�W�� �T�V�S�T�S�W�I�H �Q�I�X�L�S�H �E�R�H �F�E�W�I�P�M�R�I�W �M�R �X�L�I�4�P�E�R�X
�-�R�W�I�V�X�M�S�R �8�E�W�O�� �%�P�P �W�X�E�X�M�W�X�M�G�W �E�V�I �G�S�Q�T�Y�X�I�H �Y�W�M�R�K �X�L�I �I�U�Y�E�P���Q�E�W�W �[�I�M�K�L�X�M�R�K
�W�G�L�I�Q�I�� �6�I�T�S�V�X�I�H �Z�E�P�Y�I�W �M�R�G�P�Y�H�I �[�I�M�K�L�X�I�H �Q�I�E�R�� �W�X�E�R�H�E�V�H �H�I�Z�M�E�X�M�S�R�� �Q�I�H�M�E�R��
�Q�M�R�M�Q�Y�Q �J�S�V�G�I�� �E�R�H �X�L�I �;�E�W�W�I�V�W�X�I�M�R���ù �H�M�W�X�E�R�G�I �[�M�X�L95�� �F�S�S�X�W�X�V�E�T �G�S�R�x�H�I�R�G�I
�M�R�X�I�V�Z�E�P�W�� �%�P�P �J�S�V�G�I �Q�I�X�V�M�G�W �E�V�I �V�I�T�S�V�X�I�H �M�R �2�I�[�X�S�R�W ���2�
��

�s�s



"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�F�o�r�c�e�-�A�w�a�r�e

"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�F�o�r�c�e�-�A�w�a�r�e

"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�T�a�c�t�i�l�e�-�A�w�a�r�e

"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�T�a�c�t�i�l�e�-�A�w�a�r�e

"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�V�i�s�i�o�n�-�O�n�l�y

"��1�5 "��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�V�i�s�i�o�n�-�O�n�l�y

�*�M�K�Y�V�I �u���s���;�I�M�K�L�X�I�H�)�'�(�* �W �E�R�H �L�M�W�X�S�K�V�E�Q�W �S�J �J�S�V�G�I �Z�E�P�Y�I�W �J�S�V �H�I�Q�S�R�W�X�V�E�X�M�S�R�W�� �T�V�S��
�T�S�W�I�H �Q�I�X�L�S�H�� �E�R�H �F�E�W�I�P�M�R�I�W �M�R �X�L�I�4�P�E�R�X �-�R�W�I�V�X�M�S�R �8�E�W�O�� �8�L�I�)�'�(�* �W �W�L�S�[
�X�L�I �G�Y�Q�Y�P�E�X�M�Z�I �J�V�E�G�X�M�S�R �S�J �W�E�Q�T�P�I�W �E�X �S�V �F�I�P�S�[ �I�E�G�L �J�S�V�G�I �Z�E�P�Y�I�� �[�L�I�V�I �S�Z�I�V��
�P�E�T �Q�I�E�R�W �W�M�Q�M�P�E�V �H�M�W�X�V�M�F�Y�X�M�S�R�W �E�R�H �W�L�M�J�X�W �M�R�H�M�G�E�X�I �F�M�E�W�� �8�L�I �S�Z�I�V�P�E�T�T�M�R�K
�L�M�W�X�S�K�V�E�Q�W �L�M�K�L�P�M�K�L�X �H�M�J�J�I�V�I�R�G�I�W �M�R �J�S�V�G�I �W�T�V�I�E�H �E�R�H �Q�E�K�R�M�X�Y�H�I �F�I�X�[�I�I�R
�H�I�Q�S�R�W�X�V�E�X�M�S�R�W �E�R�H �G�S�R�X�V�S�P �W�X�V�E�X�I�K�M�I�W��

�s�t



�*�M�K�Y�V�I �u���t���-�P�P�Y�W�X�V�E�X�M�S�R �S�J �E �W�Y�G�G�I�W�W�J�Y�P �V�S�P�P�S�Y�X �[�M�X�L �X�L�I�*�S�V�G�I���%�[�E�V�I�W�X�V�E�X�I�K�] �M�R �X�L�I�4�P�E�R�X
�-�R�W�I�V�X�M�S�R �8�E�W�O�� �8�L�I �T�P�S�X �W�L�S�[�W �X�L�I �I�W�X�M�Q�E�X�I�H �R�S�V�Q�E�P �J�S�V�G�I �J�V�S�Q�*�)�%�8�7�E�R�H
�X�L�I �X�E�V�K�I�X �J�S�V�G�I �T�V�I�H�M�G�X�I�H �F�] �X�L�I �H�M�J�J�Y�W�M�S�R �T�S�P�M�G�] �S�Z�I�V �X�M�Q�I�� �7�R�E�T�W�L�S�X�W �E�X
�X�L�V�I�I �T�S�M�R�X�W �E�P�S�R�K �X�L�I �X�V�E�N�I�G�X�S�V�] �M�R�G�P�Y�H�I �X�L�I �I�\�X�I�V�R�E�P �Z�M�I�[ �S�J �X�L�I �V�S�F�S�X�� �X�L�I
�M�Q�E�K�I �J�V�S�Q �X�L�I �-�R�X�I�P �6�I�E�P�7�I�R�W�I �(�t�w�u �G�E�Q�I�V�E �Q�S�Y�R�X�I�H �S�R �X�L�I �E�G�X�Y�E�X�I�H���9�1�-
�K�V�M�T�T�I�V�� �X�L�I �+�I�P�7�M�K�L�X �1�M�R�M �X�E�G�X�M�P�I �M�Q�E�K�I�� �E�R�H �X�L�I �G�S�V�V�I�W�T�S�R�H�M�R�K�*�)�%�8�7�R�S�V�Q�E�P
�J�S�V�G�I �H�M�W�X�V�M�F�Y�X�M�S�R �I�W�X�M�Q�E�X�M�S�R��

�s�u



�t���r �+�V�E�T�I �)�\�X�V�E�G�X�M�S�R �8�E�W�O

�*�O �U�I�F�(�S�B�Q�F �&�Y�U�S�B�D�U�J�P�O �5�B�T�L�
 �U�I�F �S�P�C�P�U �N�V�T�U �H�S�B�T�Q �B �H�S�B�Q�F �U�I�B�U �J�T �N�P�V�O�U�F�E �P�O �B �U�P�P�U�I�Q�J�D�L�

�S�F�N�P�W�F �J�U �X�J�U�I�P�V�U �D�S�V�T�I�J�O�H �P�S �T�M�J�Q�Q�J�O�H�
 �B�O�E �Q�M�B�D�F �J�U �J�O�U�P �B �C�P�X�M�� �5�I�F �U�B�T�L �E�F�N�B�O�E�T �E�F�M�J�D�B�U�F
�D�P�O�U�B�D�U �I�B�O�E�M�J�O�H �B�O�E �N�J�O�J�N�B�M �T�R�V�F�F�[�J�O�H��

�t���r���ø �)�\�T�I�V�M�Q�I�R�X�E�P �7�I�X�Y�T

�'�J�H�� ������ �T�I�P�X�T �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �V�T�F�E �G�P�S �U�I�F�(�S�B�Q�F �&�Y�U�S�B�D�U�J�P�O �5�B�T�L�� �5�I�F �T�F�U�V�Q �B�H�B�J�O
�J�O�W�P�M�W�F�T �S�Y�F�E �P�C�K�F�D�U �Q�P�T�J�U�J�P�O�T�� �5�I�F �H�S�B�Q�F �J�T �N�B�O�V�B�M�M�Z �Q�V�U �P�O �B �U�P�P�U�I�Q�J�D�L �C�F�G�P�S�F �F�B�D�I
�U�S�J�B�M�
 �B�O�E �U�I�F �U�B�S�H�F�U �C�P�X�M �S�F�N�B�J�O�T �J�O �B �D�P�O�T�U�B�O�U �M�P�D�B�U�J�P�O�� �"�T �J�O �U�I�F�1�M�B�O�U �*�O�T�F�S�U�J�P�O �5�B�T�L�

�U�I�F �S�P�C�P�U �F�Y�F�D�V�U�F�T �B �D�P�O�T�U�S�B�J�O�F�E �J�O�J�U�J�B�M �N�P�U�J�P�O �C�F�G�P�S�F �Q�P�M�J�D�Z �D�P�O�U�S�P�M �C�F�H�J�O�T�� �*�O �U�I�J�T �U�B�T�L�

�B�G�U�F�S �H�S�B�T�Q �E�F�U�F�D�U�J�P�O�
 �U�I�F �S�P�C�P�U �N�P�W�F�T �B�M�P�O�H �U�I�F �U�P�P�U�I�Q�J�D�L �U�P �E�F�U�B�D�I �U�I�F �H�S�B�Q�F �G�S�P�N �U�I�F
�U�P�P�U�I�Q�J�D�L�
 �B�G�U�F�S �X�I�J�D�I �G�V�M�M �D�P�O�U�S�P�M �J�T �I�B�O�E�F�E �P�W�F�S �U�P �U�I�F �Q�P�M�J�D�Z��

�(�S�B�T�Q �E�F�U�F�D�U�J�P�O �B�O�E �D�P�O�U�S�P�M �M�P�H�J�D �G�P�M�M�P�X�F�E �U�I�F �T�B�N�F �Q�S�P�D�F�E�V�S�F �B�T �J�O �U�I�F�1�M�B�O�U �*�O�T�F�S�U�J�P�O
�5�B�T�L�
 �X�J�U�I �U�I�F �T�B�N�F �U�I�S�F�T�I�P�M�E�T �U�P �U�S�J�H�H�F�S �U�I�F �U�S�B�O�T�J�U�J�P�O �G�S�P�N �J�O�J�U�J�B�M �T�U�B�U�F �N�P�U�J�P�O �U�P �G�V�M�M
�Q�P�M�J�D�Z �D�P�O�U�S�P�M��

�" �Q�B�S�U�J�D�V�M�B�S �D�I�B�M�M�F�O�H�F �P�G �U�I�J�T �U�B�T�L �J�T �U�I�B�U �H�S�B�Q�F�T �B�S�F �T�M�J�H�I�U�M�Z �E�F�G�P�S�N�B�C�M�F�
 �X�I�J�D�I �N�B�L�F�T �G�P�S�D�F
�F�T�U�J�N�B�U�J�P�O �X�J�U�I �U�I�F �(�F�M�4�J�H�I�U �.�J�O�J �T�F�O�T�P�S �N�P�S�F �E�J�U�D�V�M�U�� �4�J�O�D�F�'�&�"�5�4�F�T�U�J�N�B�U�F�T �G�P�S�D�F�T
�C�B�T�F�E �P�O �H�F�M �E�F�G�P�S�N�B�U�J�P�O�
 �U�I�F �B�E�E�J�U�J�P�O�B�M �E�F�G�P�S�N�B�U�J�P�O �P�G �U�I�F �H�S�B�Q�F �J�O�U�S�P�E�V�D�F�T �B�N�C�J�H�V�J�U�Z��
�"�U �I�J�H�I�F�S �B�Q�Q�M�J�F�E �G�P�S�D�F�T�
 �U�I�F �H�S�B�Q�F �E�F�G�P�S�N�T �N�P�S�F �T�J�H�O�J�S�D�B�O�U�M�Z�
 �X�I�J�D�I �M�F�B�E�T �U�P �M�F�T�T �S�F�M�J�B�C�M�F
�G�P�S�D�F �F�T�U�J�N�B�U�F�T�� �5�I�J�T �Q�P�T�F�T �B �S�F�B�M �Q�S�P�C�M�F�N �G�P�S �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M��

�" �S�P�M�M�P�V�U �J�T �D�P�O�T�J�E�F�S�F�E �T�V�D�D�F�T�T�G�V�M �J�G �U�I�F �H�S�B�Q�F �J�T �Q�M�B�D�F�E �J�O �U�I�F �C�P�X�M �J�O�U�B�D�U �B�O�E �W�J�T�V�B�M�M�Z
�V�O�E�B�N�B�H�F�E�
 �T�J�N�V�M�B�U�J�O�H �B �Ž�T�B�M�B�C�M�F�• �D�P�O�E�J�U�J�P�O��

�t���r���q �)�\�T�I�V�M�Q�I�R�X�E�P �6�I�W�Y�P�X�W

�*�O �U�I�F�(�S�B�Q�F �&�Y�U�S�B�D�U�J�P�O �5�B�T�L�
 �B�D�S�P�T�T20 �S�P�M�M�P�V�U�T�
 �U�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �B�H�B�J�O �B�D�I�J�F�W�F�T
�U�I�F �I�J�H�I�F�T�U �T�V�D�D�F�T�T �S�B�U�F �B�U85�� �	�D�G�� �'�J�H�� �������
�
 �S�F�M�J�B�C�M�Z �S�F�N�P�W�J�O�H �H�S�B�Q�F�T �G�S�P�N �U�I�F �U�P�P�U�I�Q�J�D�L
�X�J�U�I�P�V�U �D�S�V�T�I�J�O�H �U�I�F�N�� �" �T�V�D�D�F�T�T�G�V�M �S�P�M�M�P�V�U �V�T�J�O�H �U�I�F�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �D�B�O �C�F �T�F�F�O
�J�O �'�J�H�� �������� �5�I�F�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �Q�F�S�G�P�S�N�T �S�F�B�T�P�O�B�C�M�Z �X�F�M�M �X�J�U�I �B �T�V�D�D�F�T�T �S�B�U�F �P�G
60���
 �C�V�U �P�G�U�F�O �G�B�J�M�T �X�I�F�O �U�I�F �H�S�J�Q �J�T �U�P�P �X�F�B�L �B�O�E �U�I�F �H�S�B�Q�F �T�M�J�Q�T �P�V�U �P�G �U�I�F �S�O�H�F�S�T�� �5�I�F

�s��



�*�M�K�Y�V�I �u���u���)�\�T�I�V�M�Q�I�R�X�E�P �W�I�X�Y�T �J�S�V �X�L�I�+�V�E�T�I �)�\�X�V�E�G�X�M�S�R �8�E�W�O�� �8�L�I �M�Q�E�K�I �W�L�S�[�W �X�L�I �*�V�E�R�O�E
�6�I�W�I�E�V�G�L �s �V�S�F�S�X �I�U�Y�M�T�T�I�H �[�M�X�L �X�L�I �E�G�X�Y�E�X�I�H���9�1�- �K�V�M�T�T�I�V �M�R �M�X�W �M�R�M�X�M�E�P �W�X�E�X�I
�F�I�J�S�V�I �W�X�E�V�X�M�R�K �E �V�S�P�P�S�Y�X�� �8�L�I �V�S�F�S�X �Q�Y�W�X �V�I�Q�S�Z�I �X�L�I �K�V�E�T�I �J�V�S�Q �E �X�S�S�X�L�T�M�G�O
�E�R�H �T�P�E�G�I �M�X �M�R �E �F�S�[�P �[�M�X�L�S�Y�X �H�E�Q�E�K�M�R�K �X�L�I �K�V�E�T�I��

�s�ƒ



�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�Z �G�B�J�M�T �F�O�U�J�S�F�M�Z�
 �B�T �J�U�T �C�J�O�B�S�Z �H�S�J�Q�Q�F�S �D�P�N�N�B�O�E �B�Q�Q�M�J�F�T �F�Y�D�F�T�T�J�W�F �G�P�S�D�F�T�

�D�S�V�T�I�J�O�H �U�I�F �H�S�B�Q�F�T��

�5�B�C�� ������ �S�F�Q�P�S�U�T �U�I�F �X�F�J�H�I�U�F�E �T�U�B�U�J�T�U�J�D�T �B�O�E �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F�T�� �%�F�N�P�O�T�U�S�B�U�J�P�O�T �T�I�P�X
�B �M�P�X���G�P�S�D�F �Q�S�P�S�M�F �X�J�U�I �B �N�F�B�O �P�G �B�C�P�V�U� 3:6 �/ �B�O�E �B �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O �P�G1:4�/�� �5�I�F
�'�P�S�D�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �S�F�Q�S�P�E�V�D�F�T �U�I�J�T �E�J�T�U�S�J�C�V�U�J�P�O �N�P�T�U �D�M�P�T�F�M�Z�
 �X�J�U�I �B �N�F�B�O �P�G� 2:1 �/ �B�O�E
�B �8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F �P�G1:56�/ �X�J�U�I �B95�� �$�*�P�G[1:04 �/ ; 2:28 �/ ]�� �5�I�F�5�B�D�U�J�M�F���"�X�B�S�F
�T�U�S�B�U�F�H�Z �M�J�F�T �J�O �B �T�J�N�J�M�B�S �S�B�O�H�F �X�J�U�I �B �N�F�B�O �P�G� 1:99�/ �B�O�E �B �D�P�N�Q�B�S�B�C�M�F �8�B�T�T�F�S�T�U�F�J�O����
�E�J�T�U�B�O�D�F �P�G1:63�/ �X�J�U�I �B95�� �$�* �P�G[0:95�/ ; 2:41�/ ]�� �#�Z �D�P�O�U�S�B�T�U�
 �U�I�F�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�Z
�J�T �G�B�S �G�S�P�N �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�
 �X�J�U�I �B�O �F�Y�U�S�F�N�F �N�F�B�O �P�G� 25:4 �/ �B�O�E �B �N�V�D�I �M�B�S�H�F�S
�8�B�T�T�F�S�T�U�F�J�O���� �E�J�T�U�B�O�D�F �P�G21:78�/��

�'�J�H�� ������ �T�I�P�X�T �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �X�F�J�H�I�U�F�E�&�$�%�'�T �B�O�E �I�J�T�U�P�H�S�B�N�T�� �5�I�F �D�V�S�W�F�T �G�P�S �U�I�F
�'�P�S�D�F���"�X�B�S�F�B�O�E�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�J�F�T �B�S�F �C�P�U�I �D�M�P�T�F �U�P �U�I�F �E�F�N�P�O�T�U�S�B�U�J�P�O�T�
 �U�I�P�V�H�I
�T�M�J�H�I�U�M�Z �T�I�J�G�U�F�E �U�P�X�B�S�E �X�F�B�L�F�S �G�P�S�D�F�T�
 �X�I�J�M�F �U�I�F�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�Z �I�B�T �B �T�U�S�P�O�H �T�I�J�G�U
�U�P�X�B�S�E �I�J�H�I�F�S �G�P�S�D�F�T��

�5�I�F�T�F �E�J�R�F�S�F�O�D�F�T �P�O�D�F �B�H�B�J�O �S�F�T�F�D�U �U�I�F �D�P�O�U�S�P�M �Q�S�J�O�D�J�Q�M�F�T �P�G �F�B�D�I �T�U�S�B�U�F�H�Z�� �5�I�F�'�P�S�D�F���"�X�B�S�F
�T�U�S�B�U�F�H�Z �C�F�O�F�S�U�T �G�S�P�N �J�U�T �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M�
 �B�M�M�P�X�J�O�H �J�U �U�P �B�Q�Q�M�Z �K�V�T�U �F�O�P�V�H�I �G�P�S�D�F
�U�P �S�S�N�M�Z �H�S�B�T�Q �U�I�F �H�S�B�Q�F �X�J�U�I�P�V�U �D�S�V�T�I�J�O�H �J�U�� �5�I�F�5�B�D�U�J�M�F���"�X�B�S�F�T�U�S�B�U�F�H�Z �M�B�D�L�T �F�Y�Q�M�J�D�J�U
�G�P�S�D�F �D�P�O�U�S�P�M �C�V�U �J�N�Q�M�J�D�J�U�M�Z �C�F�O�F�S�U�T �G�S�P�N �J�U�T �U�F�O�E�F�O�D�Z �U�P �B�Q�Q�M�Z �T�N�B�M�M�F�S �G�P�S�D�F�T�
 �X�I�J�D�I �J�T
�T�B�G�F�S �J�O �U�I�J�T �M�P�X���G�P�S�D�F �T�F�U�U�J�O�H�� �)�P�X�F�W�F�S�
 �J�U �T�P�N�F�U�J�N�F�T �G�B�J�M�T �X�I�F�O �J�O�T�V�U�D�J�F�O�U �H�S�J�Q �G�P�S�D�F
�D�B�V�T�F�T �J�U �U�P �M�P�T�F �U�I�F �H�S�B�Q�F�� �5�I�F�7�J�T�J�P�O���0�O�M�Z�T�U�S�B�U�F�H�Z �T�V�R�F�S�T �G�S�P�N �J�U�T �D�P�B�S�T�F�
 �C�J�O�B�S�Z �H�S�J�Q�Q�F�S
�D�P�N�N�B�O�E�� �5�I�J�T �S�F�T�V�M�U�T �J�O �U�I�F �H�S�J�Q�Q�F�S �D�M�B�N�Q�J�O�H �U�P�P �I�B�S�E �X�J�U�I�P�V�U �N�P�E�V�M�B�U�J�P�O�
 �X�I�J�D�I �M�F�B�E�T
�U�P �D�S�V�T�I�J�O�H �U�I�F �H�S�B�Q�F�T �F�W�F�S�Z �U�J�N�F��

�s��



�F�o�r�c�e�-�A�w�a�r�e�T�a�c�t�i�l�e�-�A�w�a�r�e�V�i�s�i�o�n�-�O�n�l�y
�0�.�0

�0�.�2

�0�.�4

�0�.�6

�0�.�8

�1�.�0
�S

�u
�c

�c
�e

�s
�s

� �
R

�a
�t�

e

�*�M�K�Y�V�I �u�������7�Y�G�G�I�W�W �V�E�X�I�W �J�S�V �X�L�I�+�V�E�T�I �)�\�X�V�E�G�X�M�S�R �8�E�W�O�� �8�L�I�*�S�V�G�I���%�[�E�V�I�W�X�V�E�X�I�K�]
�E�G�L�M�I�Z�I�W �X�L�I �L�M�K�L�I�W�X �W�Y�G�G�I�W�W �V�E�X�I �E�X85�� �� �J�S�P�P�S�[�I�H �F�] �X�L�I�8�E�G�X�M�P�I���%�[�E�V�I�W�X�V�E�X��
�I�K�] �E�X60�� �� �8�L�I�:�M�W�M�S�R���3�R�P�]�W�X�V�E�X�I�K�] �E�G�L�M�I�Z�I�W0�� �W�Y�G�G�I�W�W �E�R�H �J�E�M�P�W �S�R �E�P�P
�X�V�M�E�P�W��

�.�F�U�S�J�D �	�/�
 �%�F�N�P �'�P�S�D�F���"�X�B�S�F �5�B�D�U�J�M�F���"�X�B�S�F �7�J�T�J�P�O���0�O�M�Z
� � 3:6209 � 2:1277 � 1:9932 � 25:3917
� 1:4344 1:8607 1:8443 9:9522
~x � 3:5339 � 1:8167 � 1:7737 � 26:2926

�N�J�O � 12:0623 � 13:6696 � 7:6022 � 51:5901
W1 �‡ 1:5634 1:6276 21:7809

95�� �$�* �P�GW1 �‡ �<1:0361�
2:2843�> �<0:9481�
2:4054�> �<18:8638�
24:6033�>

�8�E�F�P�I �u���s���*�S�V�G�I �Q�I�X�V�M�G�W �J�S�V �H�I�Q�S�R�W�X�V�E�X�M�S�R�W�� �T�V�S�T�S�W�I�H �Q�I�X�L�S�H �E�R�H �F�E�W�I�P�M�R�I�W �M�R �X�L�I�+�V�E�T�I
�)�\�X�V�E�G�X�M�S�R �8�E�W�O�� �%�P�P �W�X�E�X�M�W�X�M�G�W �E�V�I �G�S�Q�T�Y�X�I�H �Y�W�M�R�K �X�L�I �I�U�Y�E�P���Q�E�W�W �[�I�M�K�L�X�M�R�K
�W�G�L�I�Q�I�� �6�I�T�S�V�X�I�H �Z�E�P�Y�I�W �M�R�G�P�Y�H�I �[�I�M�K�L�X�I�H �Q�I�E�R�� �W�X�E�R�H�E�V�H �H�I�Z�M�E�X�M�S�R�� �Q�I�H�M�E�R��
�Q�M�R�M�Q�Y�Q �J�S�V�G�I�� �E�R�H �X�L�I �;�E�W�W�I�V�W�X�I�M�R���ù �H�M�W�X�E�R�G�I �[�M�X�L95�� �F�S�S�X�W�X�V�E�T �G�S�R�x�H�I�R�G�I
�M�R�X�I�V�Z�E�P�W�� �%�P�P �J�S�V�G�I �Q�I�X�V�M�G�W �E�V�I �V�I�T�S�V�X�I�H �M�R �2�I�[�X�S�R�W ���2�
��

�s�v



"��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�F�o�r�c�e�-�A�w�a�r�e

"��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�F�o�r�c�e�-�A�w�a�r�e

"��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�T�a�c�t�i�l�e�-�A�w�a�r�e

"��1�0 "��5 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�T�a�c�t�i�l�e�-�A�w�a�r�e

"��4�0 "��2�0 �0
�F�o�r�c�e� �(�N�)

�0�.�0

�0�.�2

�0�.�4

�0�.�6

�W
�e

�i�
g�

h�
t�e

�d
� �

D
�e

�n
�s

�i�
t�y

�D�e�m�o�s

�V�i�s�i�o�n�-�O�n�l�y

"��4�0 "��2�0 �0
�F�o�r�c�e� �(�N�)

�0�.�0�0

�0�.�2�5

�0�.�5�0

�0�.�7�5

�1�.�0�0

�C
�u

�m
�u

�l�
a�

t�i
�v

�e
� �

F�
r�

a�
c�

t�i
�o

�n
� "

d�
 �x

�D�e�m�o�s

�V�i�s�i�o�n�-�O�n�l�y

�*�M�K�Y�V�I �u���ƒ���;�I�M�K�L�X�I�H�)�'�(�* �W �E�R�H �L�M�W�X�S�K�V�E�Q�W �S�J �J�S�V�G�I �Z�E�P�Y�I�W �J�S�V �H�I�Q�S�R�W�X�V�E�X�M�S�R�W�� �T�V�S��
�T�S�W�I�H �Q�I�X�L�S�H�� �E�R�H �F�E�W�I�P�M�R�I�W �M�R �X�L�I�+�V�E�T�I �)�\�X�V�E�G�X�M�S�R �8�E�W�O�� �8�L�I�)�'�(�* �W �W�L�S�[
�X�L�I �G�Y�Q�Y�P�E�X�M�Z�I �J�V�E�G�X�M�S�R �S�J �W�E�Q�T�P�I�W �E�X �S�V �F�I�P�S�[ �I�E�G�L �J�S�V�G�I �Z�E�P�Y�I�� �[�L�I�V�I �S�Z�I�V��
�P�E�T �Q�I�E�R�W �W�M�Q�M�P�E�V �H�M�W�X�V�M�F�Y�X�M�S�R�W �E�R�H �W�L�M�J�X�W �M�R�H�M�G�E�X�I �F�M�E�W�� �8�L�I �S�Z�I�V�P�E�T�T�M�R�K
�L�M�W�X�S�K�V�E�Q�W �L�M�K�L�P�M�K�L�X �H�M�J�J�I�V�I�R�G�I�W �M�R �J�S�V�G�I �W�T�V�I�E�H �E�R�H �Q�E�K�R�M�X�Y�H�I �F�I�X�[�I�I�R
�H�I�Q�S�R�W�X�V�E�X�M�S�R�W �E�R�H �G�S�R�X�V�S�P �W�X�V�E�X�I�K�M�I�W��

�t�w



�*�M�K�Y�V�I �u�������-�P�P�Y�W�X�V�E�X�M�S�R �S�J �E �W�Y�G�G�I�W�W�J�Y�P �V�S�P�P�S�Y�X �[�M�X�L �X�L�I�*�S�V�G�I���%�[�E�V�I�W�X�V�E�X�I�K�] �M�R �X�L�I�+�V�E�T�I
�)�\�X�V�E�G�X�M�S�R �8�E�W�O�� �8�L�I �T�P�S�X �W�L�S�[�W �X�L�I �I�W�X�M�Q�E�X�I�H �R�S�V�Q�E�P �J�S�V�G�I �J�V�S�Q�*�)�%�8�7�E�R�H
�X�L�I �X�E�V�K�I�X �J�S�V�G�I �T�V�I�H�M�G�X�I�H �F�] �X�L�I �H�M�J�J�Y�W�M�S�R �T�S�P�M�G�] �S�Z�I�V �X�M�Q�I�� �7�R�E�T�W�L�S�X�W �E�X
�X�L�V�I�I �T�S�M�R�X�W �E�P�S�R�K �X�L�I �X�V�E�N�I�G�X�S�V�] �M�R�G�P�Y�H�I �X�L�I �I�\�X�I�V�R�E�P �Z�M�I�[ �S�J �X�L�I �V�S�F�S�X�� �X�L�I
�M�Q�E�K�I �J�V�S�Q �X�L�I �-�R�X�I�P �6�I�E�P�7�I�R�W�I �(�t�w�u �G�E�Q�I�V�E �Q�S�Y�R�X�I�H �S�R �X�L�I �E�G�X�Y�E�X�I�H���9�1�-
�K�V�M�T�T�I�V�� �X�L�I �+�I�P�7�M�K�L�X �1�M�R�M �X�E�G�X�M�P�I �M�Q�E�K�I�� �E�R�H �X�L�I �G�S�V�V�I�W�T�S�R�H�M�R�K�*�)�%�8�7�R�S�V�Q�E�P
�J�S�V�G�I �H�M�W�X�V�M�F�Y�X�M�S�R �I�W�X�M�Q�E�X�M�S�R��

�t�ù



�� �(�M�W�G�Y�W�W�M�S�R �E�R�H �'�S�R�G�P�Y�W�M�S�R

�5�I�J�T �X�P�S�L �J�O�W�F�T�U�J�H�B�U�F�E �I�P�X �U�B�D�U�J�M�F �T�F�O�T�J�O�H �D�B�O �C�F �J�O�D�P�S�Q�P�S�B�U�F�E �O�P�U �P�O�M�Z �B�T �B�O �P�C�T�F�S�W�B�U�J�P�O
�N�P�E�B�M�J�U�Z �C�V�U �B�M�T�P �E�J�S�F�D�U�M�Z �J�O�U�P �U�I�F �B�D�U�J�P�O �T�Q�B�D�F �P�G �J�N�J�U�B�U�J�P�O �M�F�B�S�O�J�O�H �G�P�S �D�P�O�U�B�D�U���S�J�D�I
�N�B�O�J�Q�V�M�B�U�J�P�O�� �8�F �J�O�U�S�P�E�V�D�F�E �B�'�P�S�D�F���"�X�B�S�F�E�J�R�V�T�J�P�O �Q�P�M�J�D�Z �U�I�B�U �Q�S�F�E�J�D�U�T �U�B�S�H�F�U �H�S�J�Q �X�J�E�U�I
�B�O�E �U�B�S�H�F�U �H�S�J�Q �G�P�S�D�F �K�P�J�O�U�M�Z �X�J�U�I �U�I�F �S�P�C�P�U �Q�P�T�F�� �*�O �U�I�J�T �G�P�S�N�V�M�B�U�J�P�O�
 �U�I�F �G�P�S�D�F �F�O�U�F�S�T
�C�P�U�I �U�I�F �P�C�T�F�S�W�B�U�J�P�O �F�N�C�F�E�E�J�O�H �P�G �U�I�F �Q�P�M�J�D�Z �B�O�E �U�I�F �B�D�U�J�P�O �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�
 �Q�S�P�E�V�D�J�O�H
�U�F�N�Q�P�S�B�M�M�Z �D�P�O�T�J�T�U�F�O�U�
 �G�P�S�D�F���B�X�B�S�F �B�D�U�J�P�O �T�F�R�V�F�O�D�F�T�� �%�F�N�P�O�T�U�S�B�U�J�P�O�T �X�F�S�F �D�P�M�M�F�D�U�F�E
�V�T�J�O�H �B�O �B�E�B�Q�U�F�E �I�B�O�E���I�F�M�E�6�.�* �H�S�J�Q�Q�F�S �F�R�V�J�Q�Q�F�E �X�J�U�I �B �(�F�M�4�J�H�I�U �.�J�O�J �T�F�O�T�P�S �B�U �P�O�F
�S�O�H�F�S�U�J�Q�
 �X�J�U�I �O�P�S�N�B�M �G�P�S�D�F�T �F�T�U�J�N�B�U�F�E �W�J�B �U�I�F�'�&�"�5�4�N�P�E�F�M�� �5�P �F�O�B�C�M�F �Q�P�M�J�D�Z �U�S�B�O�T�G�F�S�
 �X�F
�E�F�W�F�M�P�Q�F�E �U�I�F �B�D�U�V�B�U�F�E���6�.�* �H�S�J�Q�Q�F�S�
 �X�I�P�T�F �H�F�P�N�F�U�S�Z �B�O�E �L�J�O�F�N�B�U�J�D�T �N�B�U�D�I �U�I�F �I�B�O�E���I�F�M�E
�6�.�* �H�S�J�Q�Q�F�S�� �8�F �F�Y�F�D�V�U�F�E �H�S�J�Q�Q�F�S �B�D�U�J�P�O�T �U�I�S�P�V�H�I �B �E�V�B�M���N�P�E�F �D�P�O�U�S�P�M�M�F�S �U�I�B�U �T�X�J�U�D�I�F�T
�C�F�U�X�F�F�O �H�S�J�Q �X�J�E�U�I �Q�P�T�J�U�J�P�O �D�P�O�U�S�P�M �B�O�E �D�M�P�T�F�E���M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M�
 �E�F�Q�F�O�E�J�O�H �P�O �X�I�F�U�I�F�S
�U�I�F �N�F�B�T�V�S�F�E �B�O�E �Q�S�F�E�J�D�U�F�E �G�P�S�D�F�T �F�Y�D�F�F�E �B �U�I�S�F�T�I�P�M�E��

�8�F �F�W�B�M�V�B�U�F�E �P�V�S �B�Q�Q�S�P�B�D�I �P�O �U�X�P �S�F�B�M���X�P�S�M�E �U�B�T�L�T �U�I�B�U �T�Q�B�O�O�F�E �P�Q�Q�P�T�J�U�F �F�O�E�T �P�G �U�I�F
�G�P�S�D�F �T�Q�F�D�U�S�V�N�� �B�1�M�B�O�U �*�O�T�F�S�U�J�P�O �5�B�T�L�S�F�R�V�J�S�J�O�H �I�J�H�I���G�P�S�D�F �D�P�O�U�B�D�U �U�P �Q�V�T�I �B �Q�M�B�T�U�J�D �Q�M�B�O�U
�J�O�U�P �S�F�B�M �T�P�J�M�
 �B�O�E �B�(�S�B�Q�F �&�Y�U�S�B�D�U�J�P�O �5�B�T�L�E�F�N�B�O�E�J�O�H �E�F�M�J�D�B�U�F�
 �M�P�X���G�P�S�D�F �N�B�O�J�Q�V�M�B�U�J�P�O
�U�P �S�F�N�P�W�F �B �H�S�B�Q�F �G�S�P�N �B �U�P�P�U�I�Q�J�D�L �X�J�U�I�P�V�U �D�S�V�T�I�J�O�H �J�U�� �"�D�S�P�T�T �U�I�F�T�F �D�P�O�U�S�B�T�U�J�O�H �G�P�S�D�F
�T�F�U�U�J�O�H�T�
 �U�I�F�'�P�S�D�F���"�X�B�S�F�Q�P�M�J�D�Z �D�P�O�T�J�T�U�F�O�U�M�Z �P�V�U�Q�F�S�G�P�S�N�F�E �C�B�T�F�M�J�O�F�T�� �&�Y�Q�M�J�D�J�U�
 �D�M�P�T�F�E��
�M�P�P�Q �G�P�S�D�F �D�P�O�U�S�P�M �C�P�U�I �J�N�Q�S�P�W�F�E �U�B�T�L �T�V�D�D�F�T�T �B�O�E �Z�J�F�M�E�F�E �B�Q�Q�M�J�F�E �G�P�S�D�F�T �D�M�P�T�F�S �U�P �U�I�P�T�F
�E�F�N�P�O�T�U�S�B�U�F�E �C�Z �B�O �F�Y�Q�F�S�U�� �*�O �D�P�N�Q�B�S�J�T�P�O�
 �U�I�F�7�J�T�J�P�O���0�O�M�Z�C�B�T�F�M�J�O�F �X�B�T �C�S�J�U�U�M�F�� �*�U�T
�C�J�O�B�S�J�[�F�E �H�S�J�Q�Q�F�S �D�P�O�U�S�P�M �X�B�T �T�V�U�D�J�F�O�U �X�I�F�O �I�J�H�I�F�S �G�P�S�D�F�T �X�F�S�F �Q�S�F�G�F�S�B�C�M�F�
 �C�V�U �J�U �G�B�J�M�F�E
�D�B�U�B�T�U�S�P�Q�I�J�D�B�M�M�Z �X�I�F�O �F�Y�D�F�T�T�J�W�F �G�P�S�D�F �D�B�V�T�F�E �C�S�F�B�L�B�H�F�� �5�I�F�5�B�D�U�J�M�F���"�X�B�S�F�C�B�T�F�M�J�O�F�
 �X�I�J�D�I
�S�F�M�J�F�E �P�O �U�B�D�U�J�M�F �T�F�O�T�J�O�H �T�P�M�F�M�Z �G�P�S �P�C�T�F�S�W�B�U�J�P�O�
 �X�B�T �B�C�M�F �U�P �E�F�U�F�D�U �D�P�O�U�B�D�U �C�V�U�
 �X�J�U�I�P�V�U �B�O
�F�Y�Q�M�J�D�J�U �B�D�U�J�P�O���M�F�W�F�M �G�P�S�D�F �U�B�S�H�F�U�
 �J�U �G�S�F�R�V�F�O�U�M�Z �B�Q�Q�M�J�F�E �J�O�T�V�U�D�J�F�O�U �H�S�J�Q �G�P�S�D�F�T �U�I�B�U �S�F�T�V�M�U�F�E
�J�O �G�B�J�M�V�S�F�T��

�5�B�L�F�O �U�P�H�F�U�I�F�S�
 �U�I�F �S�F�T�V�M�U�T �T�I�P�X �U�I�B�U �J�O�D�P�S�Q�P�S�B�U�J�O�H �G�P�S�D�F �E�J�S�F�D�U�M�Z �J�O�U�P �U�I�F �B�D�U�J�P�O �T�Q�B�D�F �B�O�E
�D�M�P�T�J�O�H �U�I�F �M�P�P�Q �P�O �J�U �D�B�O �T�V�C�T�U�B�O�U�J�B�M�M�Z �J�N�Q�S�P�W�F �J�N�J�U�B�U�J�P�O �M�F�B�S�O�J�O�H �Q�P�M�J�D�J�F�T �G�P�S �D�P�O�U�B�D�U���S�J�D�I
�N�B�O�J�Q�V�M�B�U�J�P�O�
 �F�O�B�C�M�J�O�H �U�I�F�N �U�P �I�B�O�E�M�F �C�P�U�I �E�F�M�J�D�B�U�F �B�O�E �I�J�H�I���G�P�S�D�F �J�O�U�F�S�B�D�U�J�P�O�T �X�J�U�I

�t�r



�H�S�F�B�U�F�S �S�F�M�J�B�C�J�M�J�U�Z�� �5�I�J�T �X�P�S�L �B�S�H�V�F�T �G�P�S�'�P�S�D�F���"�X�B�S�F�J�N�J�U�B�U�J�P�O �M�F�B�S�O�J�O�H �B�T �B �T�U�S�P�O�H �E�F�G�B�V�M�U
�G�P�S �D�P�O�U�B�D�U���S�J�D�I �N�B�O�J�Q�V�M�B�U�J�P�O�
 �T�I�P�X�J�O�H �U�I�B�U �J�N�J�U�B�U�J�P�O �M�F�B�S�O�J�O�H �G�P�S �N�B�O�J�Q�V�M�B�U�J�P�O �U�B�T�L�T �E�P�F�T
�O�P�U �I�B�W�F �U�P �T�U�P�Q �B�U �L�J�O�F�N�B�U�J�D�T�� �"�E�E�J�O�H �G�P�S�D�F �B�T �B�O �F�Y�Q�M�J�D�J�U �B�D�U�J�P�O �S�F�T�V�M�U�T �J�O �N�P�S�F �S�F�M�J�B�C�M�F
�B�O�E �T�B�G�F�S �Q�F�S�G�P�S�N�B�O�D�F �B�D�S�P�T�T �E�J�W�F�S�T�F �U�B�T�L �E�F�N�B�O�E�T�� �0�V�S �B�Q�Q�S�P�B�D�I �G�V�S�U�I�F�S �J�M�M�V�T�U�S�B�U�F�T �I�P�X
�I�J�H�I���M�F�W�F�M �G�P�S�D�F �U�B�S�H�F�U�T �D�B�O �C�F �J�O�U�F�H�S�B�U�F�E �J�O�U�P �T�J�N�Q�M�F �E�V�B�M���D�P�O�U�S�P�M �T�D�I�F�N�F�T�
 �Q�S�P�W�J�E�J�O�H �B
�Q�S�B�D�U�J�D�B�M �X�B�Z �U�P �V�T�F �G�P�S�D�F �B�M�P�O�H�T�J�E�F �H�S�J�Q �X�J�E�U�I �B�T �B �U�B�S�H�F�U�� �'�V�U�V�S�F �X�P�S�L �T�I�P�V�M�E �J�O�W�F�T�U�J�H�B�U�F
�I�P�X �U�P �J�O�D�P�S�Q�P�S�B�U�F �S�J�D�I�F�S �U�B�D�U�J�M�F �G�F�F�E�C�B�D�L �J�O�U�P �U�I�J�T �G�S�B�N�F�X�P�S�L�
 �N�P�W�J�O�H �C�F�Z�P�O�E �B �T�J�O�H�M�F
�O�P�S�N�B�M �G�P�S�D�F �W�B�M�V�F �U�P �J�O�D�M�V�E�F �G�V�M�M �O�P�S�N�B�M �B�O�E �T�I�F�B�S �G�P�S�D�F �E�J�T�U�S�J�C�V�U�J�P�O�T�� �"�E�E�J�U�J�P�O�B�M�M�Z�

�S�F�Q�M�B�D�J�O�H �U�I�F �I�B�O�E���U�V�O�F�E �D�P�O�U�B�D�U �U�I�S�F�T�I�P�M�E �X�J�U�I �B�O �F�O�E���U�P���F�O�E �M�F�B�S�O�F�E �D�P�O�U�B�D�U���T�U�B�U�F
�F�T�U�J�N�B�U�P�S �D�P�V�M�E �M�F�B�E �U�P �N�P�S�F �S�F�M�J�B�C�M�F �T�X�J�U�D�I�J�O�H �C�F�U�X�F�F�O �D�P�O�U�S�P�M �N�P�E�F�T�� �'�J�O�B�M�M�Z�
 �B �C�S�P�B�E�F�S
�F�W�B�M�V�B�U�J�P�O �B�D�S�P�T�T �B �N�P�S�F �E�J�W�F�S�T�F �T�F�U �P�G �U�B�T�L�T �X�P�V�M�E �Q�S�P�W�J�E�F �B �T�U�S�P�O�H�F�S �U�F�T�U �P�G �H�F�O�F�S�B�M�J�[�B�U�J�P�O
�B�O�E �B�E�B�Q�U�B�C�J�M�J�U�Z��

�t�s



�&�M�F�P�M�S�K�V�E�T�L�]

�5�I�J�T �U�I�F�T�J�T �X�B�T �J�O�E�F�Q�F�O�E�F�O�U�M�Z �X�S�J�U�U�F�O �B�O�E �M�J�O�H�V�J�T�U�J�D�B�M�M�Z �S�F�W�J�T�F�E �X�J�U�I �U�I�F �B�T�T�J�T�U�B�O�D�F �P�G
�%�F�F�Q�- �B�O�E �$�I�B�U�(�1�5��

�<���> �5�S�F�W�P�S �"�C�M�F�U�U �F�U �B�M�� �Ž�.�V�M�U�J�N�P�E�B�M �B�O�E �'�P�S�D�F���.�B�U�D�I�F�E �*�N�J�U�B�U�J�P�O �-�F�B�S�O�J�O�H �8�J�U�I �B
�4�F�F���5�I�S�P�V�H�I �7�J�T�V�P�U�B�D�U�J�M�F �4�F�O�T�P�S�•�� �*�O���*�&�&�& �5�S�B�O�T�B�D�U�J�P�O�T �P�O �3�P�C�P�U�J�D�T���� �	���������
�

�Q�Q�� �������‡�������� �`�j�j�e�� �������������������� �[�f�`������ �� �������� �� �Y�W�T �� �������� �� �������������� �� �l�i�c��
�M�Y�Y�U�������I�]���I�T�N���T�W�L�������������������9�7�4����������������������������

�<���> �"�E�F�N�J �"�E�F�O�J�K�J �F�U �B�M���'�F�F�M �U�I�F �'�P�S�D�F�� �$�P�O�U�B�D�U���%�S�J�W�F�O �-�F�B�S�O�J�O�H �G�S�P�N �)�V�N�B�O�T�� ����������
�B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<���> �.�J�D�I�B�F�M �#�B�J�O �B�O�E �$�M�B�V�E�F �4�B�N�N�V�U�� �Ž�" �'�S�B�N�F�X�P�S�L �G�P�S �#�F�I�B�W�J�P�V�S�B�M �$�M�P�O�J�O�H���• �*�O��
�.�B�D�I�J�O�F �J�O�U�F�M�M�J�H�F�O�D�F ������ ���������
 �Q�Q�� �������‡��������

�<���> �3�B�V�O�B�R �#�I�J�S�B�O�H�J �F�U �B�M���"�O�Z�4�L�J�O�� �1�M�V�H���B�O�E���Q�M�B�Z �4�L�J�O �4�F�O�T�J�O�H �G�P�S �3�P�C�P�U�J�D �5�P�V�D�I�� ����������
�B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<���> �"�O�U�P�O�J�P �#�J�D�D�I�J �B�O�E �7�J�K�B�Z �,�V�N�B�S�� �Ž�3�P�C�P�U�J�D �H�S�B�T�Q�J�O�H �B�O�E �D�P�O�U�B�D�U�� �" �S�F�W�J�F�X�•�� �*�O��
�1�S�P�D�F�F�E�J�O�H�T �������� �*�$�3�"�� �.�J�M�M�F�O�O�J�V�N �D�P�O�G�F�S�F�O�D�F�� �*�&�&�& �J�O�U�F�S�O�B�U�J�P�O�B�M �D�P�O�G�F�S�F�O�D�F �P�O
�S�P�C�P�U�J�D�T �B�O�E �B�V�U�P�N�B�U�J�P�O�� �4�Z�N�Q�P�T�J�B �Q�S�P�D�F�F�E�J�O�H�T �	�$�B�U�� �/�P�� �����$�)�����������
�� �7�P�M�� ���� �*�&�&�&��
���������
 �Q�Q�� �������‡��������

�<���> �"�V�E�F �#�J�M�M�B�S�E �B�O�E �%�B�O�J�D�B �,�S�B�H�J�D�� �Ž�5�S�F�O�E�T �B�O�E �D�I�B�M�M�F�O�H�F�T �J�O �S�P�C�P�U �N�B�O�J�Q�V�M�B�U�J�P�O�•�� �*�O��
�4�D�J�F�O�D�F���������������� �	���������
�
 �F�B�B�U����������

�<���> �"�M�J�O�B �#�´�I�N �F�U �B�M�� �Ž�8�I�B�U �N�B�U�U�F�S�T �G�P�S �B�D�U�J�W�F �U�F�Y�U�V�S�F �S�F�D�P�H�O�J�U�J�P�O �X�J�U�I �W�J�T�J�P�O���C�B�T�F�E
�U�B�D�U�J�M�F �T�F�O�T�P�S�T�•�� �*�O���������� �*�&�&�& �*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�O�G�F�S�F�O�D�F �P�O �3�P�C�P�U�J�D�T �B�O�E �"�V�U�P�N�B�U�J�P�O
�	�*�$�3�"�
�� �*�&�&�&�� ���������
 �Q�Q�� �����������‡������������

�<���> �$�M�B�J�S�F �$�I�F�O �F�U �B�M���%�F�Y�'�P�S�D�F�� �&�Y�U�S�B�D�U�J�O�H �'�P�S�D�F���J�O�G�P�S�N�F�E �"�D�U�J�P�O�T �G�S�P�N �,�J�O�F�T�U�I�F�U�J�D
�%�F�N�P�O�T�U�S�B�U�J�P�O�T �G�P�S �%�F�Y�U�F�S�P�V�T �.�B�O�J�Q�V�M�B�U�J�P�O�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B��
�l�i�c�� �M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�t�t



�<���> �8�F�J �$�I�F�O �F�U �B�M�� �Ž�5�B�D�U�J�M�F �T�F�O�T�P�S�T �G�P�S �G�S�J�D�U�J�P�O �F�T�U�J�N�B�U�J�P�O �B�O�E �J�O�D�J�Q�J�F�O�U �T�M�J�Q �E�F�U�F�D��
�U�J�P�O�ˆ�5�P�X�B�S�E �E�F�Y�U�F�S�P�V�T �S�P�C�P�U�J�D �N�B�O�J�Q�V�M�B�U�J�P�O�� �" �S�F�W�J�F�X�•�� �*�O���*�&�&�& �4�F�O�T�P�S�T �+�P�V�S�O�B�M
���������� �	���������
�
 �Q�Q�� ���������‡����������

�<�����> �$�I�F�O�H �$�I�J �F�U �B�M�� �Ž�%�J�R�V�T�J�P�O �1�P�M�J�D�Z�� �7�J�T�V�P�N�P�U�P�S �1�P�M�J�D�Z �-�F�B�S�O�J�O�H �W�J�B �"�D�U�J�P�O �%�J�R�V�T�J�P�O�•��
�*�O���5�I�F �*�O�U�F�S�O�B�U�J�P�O�B�M �+�P�V�S�O�B�M �P�G �3�P�C�P�U�J�D�T �3�F�T�F�B�S�D�I�	���������
��

�<�����> �$�I�F�O�H �$�I�J �F�U �B�M�� �Ž�6�O�J�W�F�S�T�B�M �N�B�O�J�Q�V�M�B�U�J�P�O �J�O�U�F�S�G�B�D�F�� �*�O���U�I�F���X�J�M�E �S�P�C�P�U �U�F�B�D�I�J�O�H
�X�J�U�I�P�V�U �J�O���U�I�F���X�J�M�E �S�P�C�P�U�T�•�� �*�O���B�S�9�J�W �Q�S�F�Q�S�J�O�U �B�S�9�J�W�����������������������	���������
��

�<�����> �5�I�F �4�D�J�1�Z �D�P�N�N�V�O�J�U�Z���T�D�J�Q�Z���T�U�B�U�T���X�B�T�T�F�S�T�U�F�J�O�@�E�J�T�U�B�O�D�F���M�Y�Y�U�X�������I�T�H�X���X�H�N�U�^��
�T�W�L���I�T�H���X�H�N�U�^���W�J�K�J�W�J�S�H�J���L�J�S�J�W�F�Y�J�I���X�H�N�U�^���X�Y�F�Y�X���\�F�X�X�J�W�X�Y�J�N�S�D
�I�N�X�Y�F�S�H�J���M�Y�R�Q�� �"�D�D�F�T�T�F�E�� ����������������������

�<�����> �.�B�S�L �3 �$�V�U�L�P�T�L�Z �B�O�E �+�B�N�F�T �. �)�Z�E�F�� �Ž�.�B�O�J�Q�V�M�B�U�J�P�O �D�P�O�U�S�P�M �X�J�U�I �E�Z�O�B�N�J�D �U�B�D��
�U�J�M�F �T�F�O�T�J�O�H�•�� �*�O�����U�I �J�O�U�F�S�O�B�U�J�P�O�B�M �T�Z�N�Q�P�T�J�V�N �P�O �S�P�C�P�U�J�D�T �S�F�T�F�B�S�D�I�
 �)�J�E�E�F�O �7�B�M�M�F�Z�

�1�F�O�O�T�Z�M�W�B�O�J�B�� ����������

�<�����> �3�B�W�J�O�E�F�S �4�� �%�B�I�J�Z�B �F�U �B�M�� �Ž�5�B�D�U�J�M�F �4�F�O�T�J�O�H�ˆ�'�S�P�N �)�V�N�B�O�T �U�P �)�V�N�B�O�P�J�E�T�•�� �*�O��
�*�&�&�& �5�S�B�O�T�B�D�U�J�P�O�T �P�O �3�P�C�P�U�J�D�T�������� �	���������
�
 �Q�Q�� ���‡������ �[�f�`�������������������9�7�4������������
�������������� ��

�<�����> �/�J�L�M�B�T �'�V�O�L �F�U �B�M���&�W�F�U�B�D�� �"�O �&�W�F�O�U���C�B�T�F�E �0�Q�U�J�D�B�M �5�B�D�U�J�M�F �4�F�O�T�P�S �G�P�S �3�P�C�P�U�J�D �.�B�O�J�Q�V��
�M�B�U�J�P�O�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X��
�������������������� ��

�<�����> �/�J�L�M�B�T �'�V�O�L �F�U �B�M�� �Ž�)�J�H�I���S�F�T�P�M�V�U�J�P�O �Q�J�Y�F�M�X�J�T�F �D�P�O�U�B�D�U �B�S�F�B �B�O�E �O�P�S�N�B�M �G�P�S�D�F �F�T�U�J�N�B��
�U�J�P�O �G�P�S �U�I�F �H�F�M�T�J�H�I�U �N�J�O�J �W�J�T�V�P�U�B�D�U�J�M�F �T�F�O�T�P�S �V�T�J�O�H �O�F�V�S�B�M �O�F�U�X�P�S�L�T�•�� �*�O���&�N�C�S�B�D�J�O�H
�$�P�O�U�B�D�U�T���8�P�S�L�T�I�P�Q �B�U �*�$�3�" ���������� ����������

�<�����> �/�J�L�M�B�T �'�V�O�L �F�U �B�M���0�O �U�I�F �*�N�Q�P�S�U�B�O�D�F �P�G �5�B�D�U�J�M�F �4�F�O�T�J�O�H �G�P�S �*�N�J�U�B�U�J�P�O �-�F�B�S�O�J�O�H�� �"
�$�B�T�F �4�U�V�E�Z �P�O �3�P�C�P�U�J�D �.�B�U�D�I �-�J�H�I�U�J�O�H�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c��
�M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �(�F�M�4�J�H�I�U�
 �*�O�D���(�F�M�4�J�H�I�U �.�J�O�J �� �%�B�U�B�T�I�F�F�U�� �M�Y�Y�U�X�������\�\�\���L�J�Q�X�N�L�M�Y���H�T�R���\�U��
�H�T�S�Y�J�S�Y���Z�U�Q�T�F�I�X�������������������,�J�Q�8�N�L�M�Y�D�)�F�Y�F�X�M�J�J�Y�D�,�8�2�N�S�N�D������������������
�U�I�K�� �"�D�D�F�T�T�F�E�� ����������������������

�<�����> �/�J�O�H�R�V�B�O �(�V�
 �,�B�[�V�I�J�S�P �,�P�T�V�H�F�
 �B�O�E �.�J�U�T�V�I�J�S�P �)�B�Z�B�T�I�J�C�F�� �Ž�5�B�D�U�J�M�F�"�M�P�I�B�� �-�F�B�S�O�J�O�H
�#�J�N�B�O�V�B�M �.�B�O�J�Q�V�M�B�U�J�P�O �8�J�U�I �5�B�D�U�J�M�F �4�F�O�T�J�O�H�•�� �*�O���*�&�&�& �3�P�C�P�U�J�D�T �B�O�E �"�V�U�P�N�B�U�J�P�O
�-�F�U�U�F�S�T�������� �	���������
�
 �Q�Q�� ���������‡���������� �[�f�`�������������������1�7�&�������������������������� ��

�<�����> �:�V�O�I�B�J �)�B�O �F�U �B�M���-�F�B�S�O�J�O�H �(�F�O�F�S�B�M�J�[�B�C�M�F �7�J�T�J�P�O���5�B�D�U�J�M�F �3�P�C�P�U�J�D �(�S�B�T�Q�J�O�H �4�U�S�B�U�F�H�Z
�G�P�S �%�F�G�P�S�N�B�C�M�F �0�C�K�F�D�U�T �W�J�B �5�S�B�O�T�G�P�S�N�F�S�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c��
�M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�t�u



�<�����> �&�S�J�L �)�F�M�N�V�U �F�U �B�M���-�F�B�S�O�J�O�H �'�P�S�D�F �%�J�T�U�S�J�C�V�U�J�P�O �&�T�U�J�N�B�U�J�P�O �G�P�S �U�I�F �(�F�M�4�J�H�I�U �.�J�O�J
�0�Q�U�J�D�B�M �5�B�D�U�J�M�F �4�F�O�T�P�S �#�B�T�F�E �P�O �'�J�O�J�U�F �&�M�F�N�F�O�U �"�O�B�M�Z�T�J�T�� ���������� �B�S�9�J�W����������������������
�@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �+�P�O�B�U�I�B�O �)�P�
 �"�K�B�Z �+�B�J�O�
 �B�O�E �1�J�F�U�F�S �"�C�C�F�F�M���%�F�O�P�J�T�J�O�H �%�J�)�V�T�J�P�O �1�S�P�C�B�C�J�M�J�T�U�J�D �.�P�E�F�M�T��
���������� �B�S�9�J�W���������������������� �@�H�X���1�,�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������
���������� ��

�<�����> �#�J�O�H�I�B�P �)�V�B�O�H �F�U �B�M�� �Ž���% �7�J�5�B�D���-�F�B�S�O�J�O�H �'�J�O�F���(�S�B�J�O�F�E �.�B�O�J�Q�V�M�B�U�J�P�O �X�J�U�I �7�J�T�V�P��
�5�B�D�U�J�M�F �4�F�O�T�J�O�H�•�� �*�O���1�S�P�D�F�F�E�J�O�H�T �P�G �3�P�C�P�U�J�D�T�� �$�P�O�G�F�S�F�O�D�F �P�O �3�P�C�P�U �-�F�B�S�O�J�O�H�	�$�P�3�-�
��
����������

�<�����> �.�J�D�I�B�F�M �+�B�O�O�F�S �F�U �B�M�� �Ž�1�M�B�O�O�J�O�H �X�J�U�I �E�J�R�V�T�J�P�O �G�P�S �T�F�Y�J�C�M�F �C�F�I�B�W�J�P�S �T�Z�O�U�I�F�T�J�T�•�� �*�O��
�B�S�9�J�W �Q�S�F�Q�S�J�O�U �B�S�9�J�W�����������������������	���������
��

�<�����> �4�I�V�M�P�O�H �+�J�B�O�H �F�U �B�M���(�F�M�'�V�T�J�P�O�� �&�O�I�B�O�D�J�O�H �3�P�C�P�U�J�D �.�B�O�J�Q�V�M�B�U�J�P�O �V�O�E�F�S �7�J�T�V�B�M �$�P�O��
�T�U�S�B�J�O�U�T �W�J�B �7�J�T�V�P�U�B�D�U�J�M�F �'�V�T�J�P�O�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �3�P�M�B�O�E �4 �+�P�I�B�O�T�T�P�O �B�O�E �(�´�S�B�O �8�F�T�U�M�J�O�H�� �Ž�4�J�H�O�B�M�T �J�O �U�B�D�U�J�M�F �B�R�F�S�F�O�U�T �G�S�P�N �U�I�F
�S�O�H�F�S�T �F�M�J�D�J�U�J�O�H �B�E�B�Q�U�J�W�F �N�P�U�P�S �S�F�T�Q�P�O�T�F�T �E�V�S�J�O�H �Q�S�F�D�J�T�J�P�O �H�S�J�Q�•�� �*�O���&�Y�Q�F�S�J�N�F�O�U�B�M
�C�S�B�J�O �S�F�T�F�B�S�D�I�������� �	���������
�
 �Q�Q�� �������‡��������

�<�����> �3�P�M�B�O�E �4 �+�P�I�B�O�T�T�P�O �B�O�E �(�P�S�B�O �8�F�T�U�M�J�O�H�� �Ž�3�P�M�F�T �P�G �H�M�B�C�S�P�V�T �T�L�J�O �S�F�D�F�Q�U�P�S�T �B�O�E
�T�F�O�T�P�S�J�N�P�U�P�S �N�F�N�P�S�Z �J�O �B�V�U�P�N�B�U�J�D �D�P�O�U�S�P�M �P�G �Q�S�F�D�J�T�J�P�O �H�S�J�Q �X�I�F�O �M�J�G�U�J�O�H �S�P�V�H�I�F�S �P�S
�N�P�S�F �T�M�J�Q�Q�F�S�Z �P�C�K�F�D�U�T�•�� �*�O���&�Y�Q�F�S�J�N�F�O�U�B�M �C�S�B�J�O �S�F�T�F�B�S�D�I�������� �	���������
�
 �Q�Q�� �������‡��������

�<�����> �.�P�I�T�F�O �,�B�C�P�M�J�
 �,�V�O�Q�F�O�H �:�B�P�
 �B�O�E �(�P�S�E�P�O �$�I�F�O�H�� �Ž�5�B�D�U�J�M�F���C�B�T�F�E �N�B�O�J�Q�V�M�B�U�J�P�O
�P�G �E�F�G�P�S�N�B�C�M�F �P�C�K�F�D�U�T �X�J�U�I �E�Z�O�B�N�J�D �D�F�O�U�F�S �P�G �N�B�T�T�•�� �*�O���������� �*�&�&�&���3�"�4 �����U�I
�*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�O�G�F�S�F�O�D�F �P�O �)�V�N�B�O�P�J�E �3�P�C�P�U�T �	�)�V�N�B�O�P�J�E�T�
�� �*�&�&�&�� ���������
 �Q�Q�� �������‡
��������

�<�����> �.�J�L�F �-�B�N�C�F�U�B �F�U �B�M�� �Ž�%�J�H�J�U�� �" �O�P�W�F�M �E�F�T�J�H�O �G�P�S �B �M�P�X���D�P�T�U �D�P�N�Q�B�D�U �I�J�H�I���S�F�T�P�M�V�U�J�P�O
�U�B�D�U�J�M�F �T�F�O�T�P�S �X�J�U�I �B�Q�Q�M�J�D�B�U�J�P�O �U�P �J�O���I�B�O�E �N�B�O�J�Q�V�M�B�U�J�P�O�•�� �*�O���*�&�&�& �3�P�C�P�U�J�D�T �B�O�E
�"�V�U�P�N�B�U�J�P�O �-�F�U�U�F�S�T������ �	���������
�
 �Q�Q�� ���������‡����������

�<�����> �.�J�L�F �-�B�N�C�F�U�B �F�U �B�M���%�J�H�J�U�J�[�J�O�H �5�P�V�D�I �X�J�U�I �B�O �"�S�U�J�*�D�J�B�M �.�V�M�U�J�N�P�E�B�M �'�J�O�H�F�S�U�J�Q�� ����������
�B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �/�B�U�I�B�O �' �-�F�Q�P�S�B�� �Ž�4�P�G�U �C�J�P�N�J�N�F�U�J�D �P�Q�U�J�D�B�M �U�B�D�U�J�M�F �T�F�O�T�J�O�H �X�J�U�I �U�I�F �5�B�D�5�J�Q�� �" �S�F�W�J�F�X�•��
�*�O���*�&�&�& �4�F�O�T�P�S�T �+�P�V�S�O�B�M���������� �	���������
�
 �Q�Q�� �����������‡������������

�<�����> �'�B�O�H�D�I�F�O �-�J�V �F�U �B�M���7�J�5�B�.�*�O�� �-�F�B�S�O�J�O�H �$�P�O�U�B�D�U���3�J�D�I �5�B�T�L�T �5�I�S�P�V�H�I �3�P�C�P�U���'�S�F�F �7�J�T�V�P��
�5�B�D�U�J�M�F �.�B�O�J�Q�V�M�B�U�J�P�O �*�O�U�F�S�G�B�D�F�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�t��



�<�����> �8�J�M�M�P�X �.�B�O�E�J�M �F�U �B�M�� �Ž�5�B�D�U�J�M�F���T�F�O�T�J�O�H �U�F�D�I�O�P�M�P�H�J�F�T�� �5�S�F�O�E�T�
 �D�I�B�M�M�F�O�H�F�T �B�O�E �P�V�U�M�P�P�L
�J�O �B�H�S�J���G�P�P�E �N�B�O�J�Q�V�M�B�U�J�P�O�•�� �*�O���4�F�O�T�P�S�T���������� �	���������
�
 �Q�� ����������

�<�����> �-�P�V�J�T�F �3 �.�B�O�G�S�F�E�J �F�U �B�M�� �Ž�/�B�U�V�S�B�M �T�D�F�O�F�T �J�O �U�B�D�U�J�M�F �U�F�Y�U�V�S�F�•�� �*�O���+�P�V�S�O�B�M �P�G �O�F�V�S�P��
�Q�I�Z�T�J�P�M�P�H�Z���������� �	���������
�
 �Q�Q�� ���������‡����������

�<�����> �9�J�B�P�G�F�O�H �.�B�P �F�U �B�M���-�F�B�S�O�J�O�H �'�J�O�F �1�J�O�D�I���(�S�B�T�Q �4�L�J�M�M�T �V�T�J�O�H �5�B�D�U�J�M�F �4�F�O�T�J�O�H �G�S�P�N �"
�'�F�X �3�F�B�M���X�P�S�M�E �%�F�N�P�O�T�U�S�B�U�J�P�O�T�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �%���2�� �.�B�Z�O�F �B�O�E �)�� �.�J�D�I�B�M�T�L�B�� �Ž�3�F�D�F�E�J�O�H �I�P�S�J�[�P�O �D�P�O�U�S�P�M �P�G �O�P�O�M�J�O�F�B�S �T�Z�T�U�F�N�T�•�� �*�O��
�1�S�P�D�F�F�E�J�O�H�T �P�G �U�I�F �����U�I �*�&�&�& �$�P�O�G�F�S�F�O�D�F �P�O �%�F�D�J�T�J�P�O �B�O�E �$�P�O�U�S�P�M�� ���������
 �������‡������
�W�P�M������ �[�f�`�������������������(�)�(������������������������ ��

�<�����> �"�O�E�S�F�X �: �/�H�
 �4�U�V�B�S�U �3�V�T�T�F�M�M�
 �F�U �B�M�� �Ž�"�M�H�P�S�J�U�I�N�T �G�P�S �J�O�W�F�S�T�F �S�F�J�O�G�P�S�D�F�N�F�O�U �M�F�B�S�O�J�O�H���•
�*�O���*�D�N�M�� �7�P�M�� ���� ���� ���������
 �Q�� ����

�<�����> �5�B�L�B�Z�V�L�J �0�T�B �F�U �B�M�� �Ž�"�O �B�M�H�P�S�J�U�I�N�J�D �Q�F�S�T�Q�F�D�U�J�W�F �P�O �J�N�J�U�B�U�J�P�O �M�F�B�S�O�J�O�H�•�� �*�O���'�P�V�O�E�B��
�U�J�P�O�T �B�O�E �5�S�F�O�E�T�m �J�O �3�P�C�P�U�J�D�T���������� �	���������
�
 �Q�Q�� ���‡��������

�<�����> �&�U�I�B�O �1�F�S�F�[ �F�U �B�M���'�J�-�.�� �7�J�T�V�B�M �3�F�B�T�P�O�J�O�H �X�J�U�I �B �(�F�O�F�S�B�M �$�P�O�E�J�U�J�P�O�J�O�H �-�B�Z�F�S�� ����������
�B�S�9�J�W���������������������� �@�H�X���(�;�B�� �l�i�c���M�Y�Y�U�X�������F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �0�M�B�G �3�P�O�O�F�C�F�S�H�F�S�
 �1�I�J�M�J�Q�Q �'�J�T�D�I�F�S�
 �B�O�E �5�I�P�N�B�T �#�S�P�Y���6���/�F�U�� �$�P�O�W�P�M�V�U�J�P�O�B�M �/�F�U�X�P�S�L�T
�G�P�S �#�J�P�N�F�E�J�D�B�M �*�N�B�H�F �4�F�H�N�F�O�U�B�U�J�P�O�� �.�B�Z �����
 ���������� �[�f�`���������������������F�W�=�N�[������������
���������� �� �B�S�9�J�W�����������������������@�H�X�B��

�<�����> �0�M�B�G �3�P�O�O�F�C�F�S�H�F�S�
 �1�I�J�M�J�Q�Q �'�J�T�D�I�F�S�
 �B�O�E �5�I�P�N�B�T �#�S�P�Y�� �Ž�6���O�F�U�� �$�P�O�W�P�M�V�U�J�P�O�B�M �O�F�U��
�X�P�S�L�T �G�P�S �C�J�P�N�F�E�J�D�B�M �J�N�B�H�F �T�F�H�N�F�O�U�B�U�J�P�O�•�� �*�O���*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�O�G�F�S�F�O�D�F �P�O �.�F�E�J�D�B�M
�J�N�B�H�F �D�P�N�Q�V�U�J�O�H �B�O�E �D�P�N�Q�V�U�F�S���B�T�T�J�T�U�F�E �J�O�U�F�S�W�F�O�U�J�P�O�� �4�Q�S�J�O�H�F�S�� ���������
 �Q�Q�� �������‡��������

�<�����> �$�B�S�N�F�M�P �4�G�F�S�S�B�[�[�B �F�U �B�M�� �Ž�(�S�P�V�O�E �U�S�V�U�I �G�P�S�D�F �E�J�T�U�S�J�C�V�U�J�P�O �G�P�S �M�F�B�S�O�J�O�H���C�B�T�F�E �U�B�D�U�J�M�F
�T�F�O�T�J�O�H�� �" �S�O�J�U�F �F�M�F�N�F�O�U �B�Q�Q�S�P�B�D�I�•�� �*�O���*�&�&�& �"�D�D�F�T�T�� �	���������
�
 �Q�Q�� �������������‡��������������

�<�����> �4�B�H�B�S �4�I�B�S�N�B�
 �:�P�O�H�I�Z�V�O �,�J�N�
 �B�O�E �$�I�V�O�H �)�Z�V�L �1�B�S�L�� �Ž�7�J�T�V�P�U�B�D�U�J�M�F �%�J�R�V�T�J�P�O �1�P�M�J�D�Z��
�"�V�U�P�N�B�U�F�E �'�B�J�M�V�S�F �3�F�D�P�W�F�S�Z �J�O �"�T�T�J�T�U�J�W�F �5�B�T�L�T �X�J�U�I �5�B�D�U�J�M�F �.�B�O�J�Q�V�M�B�U�J�P�O �6�T�J�O�H
�*�N�J�U�B�U�J�P�O �-�F�B�S�O�J�O�H�•�� �*�O���������� �����O�E �*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�O�G�F�S�F�O�D�F �P�O �6�C�J�R�V�J�U�P�V�T �3�P�C�P�U�T
�	�6�3�
�� ���������
 �Q�Q�� �������‡�������� �[�f�`�������������������:�7�������������������������������������� ��

�<�����> �3�P�H�F�S �: �5�T�B�J�
 �3�F�J�N�B�S �, �-�F�O�[�
 �F�U �B�M�� �Ž�" �O�F�X �U�F�D�I�O�J�R�V�F �G�P�S �G�V�M�M�Z �B�V�U�P�O�P�N�P�V�T �B�O�E
�F�U�D�J�F�O�U �� �E �S�P�C�P�U�J�D�T �I�B�O�E���F�Z�F �D�B�M�J�C�S�B�U�J�P�O�•�� �*�O���*�&�&�& �5�S�B�O�T�B�D�U�J�P�O�T �P�O �S�P�C�P�U�J�D�T �B�O�E
�B�V�U�P�N�B�U�J�P�O������ �	���������
�
 �Q�Q�� �������‡��������

�<�����> �(�B�S�Z �3 �7�B�O�E�F�O�#�P�T���"�1�" �E�J�D�U�J�P�O�B�S�Z �P�G �Q�T�Z�D�I�P�M�P�H�Z���"�N�F�S�J�D�B�O �1�T�Z�D�I�P�M�P�H�J�D�B�M �"�T�T�P�D�J�B�U�J�P�O�

����������

�t�ƒ



�<�����> �"�T�I�J�T�I �7�B�T�X�B�O�J �F�U �B�M�� �Ž�"�U�U�F�O�U�J�P�O �J�T �B�M�M �Z�P�V �O�F�F�E�•�� �*�O���"�E�W�B�O�D�F�T �J�O �O�F�V�S�B�M �J�O�G�P�S�N�B�U�J�P�O
�Q�S�P�D�F�T�T�J�O�H �T�Z�T�U�F�N�T���� �	���������
��

�<�����> �/�J�D�I�P�M�B�T �8�F�U�U�F�M�T �F�U �B�M�� �Ž�.�V�M�U�J���N�P�E�B�M �T�Z�O�F�S�H�J�T�U�J�D �U�B�D�U�J�M�F �T�F�O�T�J�O�H�•�� �*�O���5�B�D�U�J�M�F �T�F�O�T�J�O�H
�J�O �I�V�N�B�O�P�J�E�T�•�5�B�D�U�J�M�F �T�F�O�T�P�S�T �B�O�E �C�F�Z�P�O�E �X�P�S�L�T�I�P�Q�
 ���U�I �*�&�&�&���3�"�4 �J�O�U�F�S�O�B�U�J�P�O�B�M
�D�P�O�G�F�S�F�O�D�F �P�O �I�V�N�B�O�P�J�E �S�P�C�P�U�T�� ����������

�<�����> �-�P�O�H�Z�B�O �8�V �F�U �B�M���'�S�F�F�5�B�D�.�B�O�� �3�P�C�P�U���G�S�F�F �7�J�T�V�P���5�B�D�U�J�M�F �%�B�U�B �$�P�M�M�F�D�U�J�P�O �4�Z�T�U�F�N �G�P�S
�$�P�O�U�B�D�U���S�J�D�I �.�B�O�J�Q�V�M�B�U�J�P�O�� ���������� �B�S�9�J�W���������� �� ���������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �)�B�O �9�V�F �F�U �B�M���3�F�B�D�U�J�W�F �%�J�)�V�T�J�P�O �1�P�M�J�D�Z�� �4�M�P�X���'�B�T�U �7�J�T�V�B�M���5�B�D�U�J�M�F �1�P�M�J�D�Z �-�F�B�S�O�J�O�H �G�P�S
�$�P�O�U�B�D�U���3�J�D�I �.�B�O�J�Q�V�M�B�U�J�P�O�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �,�F�M�J�O �:�V �F�U �B�M���.�J�N�J�D�5�P�V�D�I�� �-�F�W�F�S�B�H�J�O�H �.�V�M�U�J���N�P�E�B�M �)�V�N�B�O �5�B�D�U�J�M�F �%�F�N�P�O�T�U�S�B�U�J�P�O�T
�G�P�S �$�P�O�U�B�D�U���S�J�D�I �.�B�O�J�Q�V�M�B�U�J�P�O�� ���������� �B�S�9�J�W���������������������� �@�H�X���7�4�B�� �l�i�c���M�Y�Y�U�X��
�����F�W�]�N�[���T�W�L���F�G�X������������������������

�<�����> �8�F�O�[�I�F�O �:�V�B�O�
 �4�J�Z�V�B�O �%�P�O�H�
 �B�O�E �&�E�X�B�S�E �) �"�E�F�M�T�P�O�� �Ž�(�F�M�T�J�H�I�U�� �)�J�H�I���S�F�T�P�M�V�U�J�P�O
�S�P�C�P�U �U�B�D�U�J�M�F �T�F�O�T�P�S�T �G�P�S �F�T�U�J�N�B�U�J�O�H �H�F�P�N�F�U�S�Z �B�O�E �G�P�S�D�F�•�� �*�O���4�F�O�T�P�S�T���������� �	���������
�

�Q�� ����������

�<�����> �8�F�O�[�I�F�O �:�V�B�O �F�U �B�M�� �Ž�.�F�B�T�V�S�F�N�F�O�U �P�G �T�I�F�B�S �B�O�E �T�M�J�Q �X�J�U�I �B �(�F�M�4�J�H�I�U �U�B�D�U�J�M�F �T�F�O�T�P�S�•��
�*�O���������� �*�&�&�& �*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�O�G�F�S�F�O�D�F �P�O �3�P�C�P�U�J�D�T �B�O�E �"�V�U�P�N�B�U�J�P�O �	�*�$�3�"�
�� �*�&�&�&��
���������
 �Q�Q�� �������‡��������

�<�����> �:�J �;�I�P�V �F�U �B�M�� �Ž�0�O �U�I�F �$�P�O�U�J�O�V�J�U�Z �P�G �3�P�U�B�U�J�P�O �3�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �J�O �/�F�V�S�B�M �/�F�U�X�P�S�L�T�•��
�*�O���1�S�P�D�F�F�E�J�O�H�T �P�G �U�I�F �*�&�&�&���$�7�' �$�P�O�G�F�S�F�O�D�F �P�O �$�P�N�Q�V�U�F�S �7�J�T�J�P�O �B�O�E �1�B�U�U�F�S�O �3�F�D�P�H�O�J��
�U�J�P�O �	�$�7�1�3�
�� �+�V�O�F ����������

�<�����> �:�V�B�O �;�I�V �F�U �B�M�� �Ž�3�F�D�F�O�U �B�E�W�B�O�D�F�T �J�O �S�F�T�J�T�U�J�W�F �T�F�O�T�P�S �U�F�D�I�O�P�M�P�H�Z �G�P�S �U�B�D�U�J�M�F �Q�F�S�D�F�Q�U�J�P�O��
�" �S�F�W�J�F�X�•�� �*�O���*�&�&�& �T�F�O�T�P�S�T �K�P�V�S�O�B�M���������� �	���������
�
 �Q�Q�� �����������‡������������

�t��


	Introduction
	Foundations
	Tactile Sensing
	GelSight Mini Tactile Sensor
	Force Estimation from GelSight Mini Images

	Imitation Learning
	Diffusion Models for Policy Learning
	Denoising Diffusion Probabilistic Models
	Diffusion for Visuomotor Policy Learning


	Related Work
	Tactile Sensing for State Representation
	Tactile Sensing for Action Representation

	Methods
	Gripper Hardware
	Data Collection
	Force-Aware Diffusion Policy
	Policy Deployment and Gripper Control

	Experiments
	Experimental Design
	Input Modalities and Baselines
	General Experimental Setup
	Evaluation Metrics

	Plant Insertion Task
	Experimental Setup
	Experimental Results

	Grape Extraction Task
	Experimental Setup
	Experimental Results



