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�^�h�e�`�g�u �h�[�j�Z�a�h�\�u�\�Z�l�v �k�\�y�a�g�u�_ �]�j�m�i�i�u�� �\ �d�h�l�h�j�u�o �b�g�n�h�j�f�Z�p�b�y �f�h�`�_�l �k�\�h��

�[�h�^�g�h �j�Z�k�i�j�h�k�l�j�Z�g�y�l�v�k�y��

�± �H�^�g�h�j�h�^�g�h�k�l�v �k�\�y�a�_�c �\�g�m�l�j�b �]�j�m�i�i�� �k�\�y�a�b �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �\�g�m�l�j�b �h�^�g�h�c

�]�j�m�i�i�u �^�h�e�`�g�u �h�[�e�Z�^�Z�l�v �h�i�j�_�^�_�e�z�g�g�h�c �k�l�_�i�_�g�v�x �k�o�h�`�_�k�l�b �b�e�b �k�h�]�e�Z�k�h��

�\�Z�g�g�h�k�l�b��



����

�± �H�l�^�_�e�z�g�g�h�k�l�v �]�j�m�i�i�� �h�[�t�_�d�l�u�� �i�j�b�g�Z�^�e�_�`�Z�s�b�_ �j�Z�a�e�b�q�g�u�f �]�j�m�i�i�Z�f��

�^�h�e�`�g�u �b�f�_�l�v �f�b�g�b�f�Z�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �k�\�y�a�_�c �^�j�m�] �k �^�j�m�]�h�f �^�e�y �i�h�^��

�^�_�j�`�Z�g�b�y �q�z�l�d�h�k�l�b �]�j�Z�g�b�p �]�j�m�i�i��

�< �d�h�g�l�_�d�k�l�_ �[�h�e�v�r�b�o �^�Z�g�g�u�o �b �k�b�k�l�_�f �k �\�u�k�h�d�h�c �^�b�g�Z�f�b�d�h�c�� �i�j�h�[�e�_�f�Z

�k�l�j�m�d�l�m�j�g�h�c �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�b �m�k�e�h�`�g�y�_�l�k�y �j�y�^�h�f �n�Z�d�l�h�j�h�\��

�± �I�h�y�\�e�_�g�b�_ �g�h�\�u�o �h�[�t�_�d�l�h�\ �b �b�k�q�_�a�g�h�\�_�g�b�_ �k�l�Z�j�u�o��

�± �B�a�f�_�g�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[�t�_�d�l�h�\ �b �k�\�y�a�_�c �f�_�`�^�m �g�b�f�b��

�± �H�r�b�[�d�b �\ �h�i�j�_�^�_�e�_�g�b�b �k�\�y�a�_�c�� �\�u�a�\�Z�g�g�u�_ �g�_�i�h�e�g�h�l�h�c �b�e�b �g�_�l�h�q�g�h�k�l�v�x

�^�Z�g�g�u�o��

�<�k�_ �w�l�b �y�\�e�_�g�b�y �i�j�b�\�h�^�y�l �d �l�Z�d �g�Z�a�u�\�Z�_�f�u�f �Z�k�k�h�g�Z�g�k�g�u�f �k�l�j�m�d�l�m�j�Z�f�� �\ �d�h�l�h�j�u�o

�b�^�_�Z�e�v�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �g�Z�j�m�r�_�g�Z�� �\�g�m�l�j�b �i�j�_�^�i�h�e�Z�]�Z�_�f�u�o �]�j�m�i�i �f�h�]�m�l �k�m��

�s�_�k�l�\�h�\�Z�l�v �h�r�b�[�h�q�g�u�_ �k�\�y�a�b�� �Z �f�_�`�^�m �]�j�m�i�i�Z�f�b �f�h�]�m�l �i�h�y�\�e�y�l�v�k�y �k�e�Z�[�u�_ �k�\�y�a�b��

�a�Z�l�j�m�^�g�y�x�s�b�_ �d�h�j�j�_�d�l�g�m�x �b�^�_�g�l�b�n�b�d�Z�p�b�x �h�[�s�g�h�k�l�_�c��

�< �g�Z�m�q�g�h�c �e�b�l�_�j�Z�l�m�j�_ �k�l�j�m�d�l�m�j�g�Z�y �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v �b�a�m�q�Z�_�l�k�y �d�Z�d �\

�j�Z�f�d�Z�o �h�[�s�b�o �i�j�h�[�e�_�f �m�i�j�Z�\�e�_�g�b�y �d�Z�q�_�k�l�\�h�f �^�Z�g�g�u�o �>���@�� �l�Z�d �b �\ �k�i�_�p�b�Z�e�b�a�b�j�h��

�\�Z�g�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o�� �l�Z�d�b�o �d�Z�d �k�\�y�a�v �a�Z�i�b�k�_�c ���5�H�F�R�U�G �/�L�Q�N�D�J�H�� �>���@�� �j�Z�a�j�_�r�_�g�b�_

�k�m�s�g�h�k�l�_�c ���(�Q�W�L�W�\ �5�H�V�R�O�X�W�L�R�Q�� �>���@ �b �h�[�g�Z�j�m�`�_�g�b�_ �k�h�h�[�s�_�k�l�\ �\ �]�j�Z�n�Z�o ���&�R�P�P�X�Q�L�W�\

�'�H�W�H�F�W�L�R�Q�� �>���@�� �H�[�s�b�f �\ �w�l�b�o �g�Z�i�j�Z�\�e�_�g�b�y�o �y�\�e�y�_�l�k�y �k�l�j�_�f�e�_�g�b�_ �\�u�y�\�b�l�v �m�k�l�h�c��

�q�b�\�u�_�� �\�g�m�l�j�_�g�g�_ �k�h�]�e�Z�k�h�\�Z�g�g�u�_ �]�j�m�i�i�u �h�[�t�_�d�l�h�\ �\ �m�k�e�h�\�b�y�o �g�_�i�h�e�g�h�c �b�e�b �b�a��

�f�_�g�y�x�s�_�c�k�y �b�g�n�h�j�f�Z�p�b�b��

�I�j�b �w�l�h�f �\�Z�`�g�h �m�q�b�l�u�\�Z�l�v�� �q�l�h �\ �a�Z�^�Z�q�Z�o �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i

�h�[�t�_�d�l�h�\ �k�l�j�m�d�l�m�j�g�Z�y �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v �^�h�e�`�g�Z �[�u�l�v �g�_ �l�h�e�v�d�h �^�h�k�l�b�]�g�m�l�Z �g�Z

�f�h�f�_�g�l �i�h�k�l�j�h�_�g�b�y �]�j�m�i�i�b�j�h�\�d�b�� �g�h �b �i�h�^�^�_�j�`�b�\�Z�l�v�k�y �\ �i�j�h�p�_�k�k�_ �w�\�h�e�x�p�b�b �k�b��

�k�l�_�f�u�� �W�l�h �l�j�_�[�m�_�l �j�Z�a�j�Z�[�h�l�d�b �f�_�l�h�^�h�\�� �d�h�l�h�j�u�_ �f�h�]�m�l �Z�^�Z�i�l�b�\�g�h �i�_�j�_�k�q�b�l�u�\�Z�l�v

�k�l�j�m�d�l�m�j�m �]�j�m�i�i �i�j�b �b�a�f�_�g�_�g�b�b �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �[�_�a �i�h�e�g�h�]�h �i�_�j�_�k�f�h�l�j�Z

�\�k�_�c �k�l�j�m�d�l�m�j�u��

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �j�h�e�v �\�a�Z�b�f�h�k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �k�l�Z�g�h�\�b�l�k�y �p�_�g�l�j�Z�e�v��

�g�h�c �\ �h�[�_�k�i�_�q�_�g�b�b �k�l�j�m�d�l�m�j�g�h�c �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�b�� �D�Z�q�_�k�l�\�_�g�g�Z�y �h�j�]�Z�g�b�a�Z�p�b�y

�w�l�b�o �k�\�y�a�_�c �i�h�a�\�h�e�y�_�l �g�_ �l�h�e�v�d�h �i�h�\�u�k�b�l�v �l�h�q�g�h�k�l�v �b �g�Z�^�z�`�g�h�k�l�v �h�[�j�Z�[�h�l�d�b �^�Z�g��

�g�u�o�� �g�h �b �a�g�Z�q�b�l�_�e�v�g�h �m�i�j�h�k�l�b�l�v �i�h�k�e�_�^�m�x�s�b�_ �w�l�Z�i�u �b�g�l�_�]�j�Z�p�b�b�� �Z�g�Z�e�b�a�Z �b �i�j�b��

�g�y�l�b�y �j�_�r�_�g�b�c �\ �k�e�h�`�g�u�o �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�Z�o��



����

������ �I�h�g�y�l�b�_ �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b

�K�l�j�m�d�l�m�j�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �y�\�e�y�_�l�k�y �d�e�x�q�_�\�u�f �i�h�g�y�l�b�_�f �i�j�b �j�Z�k�k�f�h�l�j�_��

�g�b�b �a�Z�^�Z�q�� �k�\�y�a�Z�g�g�u�o �k �n�h�j�f�b�j�h�\�Z�g�b�_�f �b �i�h�^�^�_�j�`�Z�g�b�_�f �m�k�l�h�c�q�b�\�u�o �]�j�m�i�i �h�[�t��

�_�d�l�h�\ �\ �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�Z�o�� �?�k�e�b �k�l�j�m�d�l�m�j�g�Z�y �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v �h�l�\�_��

�q�Z�_�l �a�Z �\�h�a�f�h�`�g�h�k�l�v �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b �k�b�k�l�_�f�u�� �l�h �k�l�j�m�d�l�m�j�g�Z�y

�k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �h�l�j�Z�`�Z�_�l �d�Z�q�_�k�l�\�h �h�j�]�Z�g�b�a�Z�p�b�b �w�l�b�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �< �k�Z�f�h�f

�h�[�s�_�f �\�b�^�_ �k�l�j�m�d�l�m�j�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �h�i�j�_�^�_�e�y�_�l�k�y �d�Z�d �k�l�_�i�_�g�v �k�h�h�l�\�_�l�k�l�\�b�y

�n�Z�d�l�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �g�_�d�h�l�h�j�h�f�m �b�^�_�Z�e�v�g�h�f�m �b�e�b �p�_��

�e�_�\�h�f�m �k�h�k�l�h�y�g�b�x �k�l�j�m�d�l�m�j�u�� �d�h�l�h�j�h�_ �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �f�Z�d�k�b�f�Z�e�v�g�h�c �\�g�m�l�j�_�g��

�g�_�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v�x �]�j�m�i�i �b �f�b�g�b�f�Z�e�v�g�u�f�b �g�Z�j�m�r�_�g�b�y�f�b �f�_�`�^�m �g�b�f�b�� �B�^�_��

�Z�e�v�g�Z�y �k�l�j�m�d�l�m�j�Z �^�e�y �a�Z�^�Z�q �]�j�m�i�i�b�j�h�\�d�b �h�[�t�_�d�l�h�\ �k�h�h�l�\�_�l�k�l�\�m�_�l �k�e�_�^�m�x�s�b�f �l�j�_��

�[�h�\�Z�g�b�y�f��

�± �\�g�m�l�j�b �d�Z�`�^�h�c �]�j�m�i�i�u �h�[�t�_�d�l�u �b�f�_�x�l �i�e�h�l�g�u�_ �b �m�k�l�h�c�q�b�\�u�_ �i�h�e�h�`�b��

�l�_�e�v�g�u�_ �k�\�y�a�b�� �i�h�^�l�\�_�j�`�^�Z�x�s�b�_ �b�o �i�j�b�g�Z�^�e�_�`�g�h�k�l�v �d �h�^�g�h�c �h�[�s�g�h�k�l�b��

�± �f�_�`�^�m �j�Z�a�e�b�q�g�u�f�b �]�j�m�i�i�Z�f�b �h�l�k�m�l�k�l�\�m�x�l ���b�e�b �f�b�g�b�f�Z�e�v�g�u�� �k�\�y�a�b�� �q�l�h

�h�[�_�k�i�_�q�b�\�Z�_�l �q�z�l�d�h�_ �j�Z�a�^�_�e�_�g�b�_ �h�[�s�g�h�k�l�_�c �b �i�j�_�^�h�l�\�j�Z�s�Z�_�l �b�o �k�f�_�r�b��

�\�Z�g�b�_��

�± �k�l�j�m�d�l�m�j�Z �m�k�l�h�c�q�b�\�Z �d �e�h�d�Z�e�v�g�u�f �h�r�b�[�d�Z�f �\ �h�i�j�_�^�_�e�_�g�b�b �k�\�y�a�_�c �b �k�i�h��

�k�h�[�g�Z �k�h�o�j�Z�g�y�l�v �h�[�s�m�x �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �i�j�b �g�_�[�h�e�v�r�b�o �b�a�f�_�g�_�g�b�y�o �^�Z�g��

�g�u�o��

�< �e�b�l�_�j�Z�l�m�j�_ �i�h�^�h�[�g�Z�y �b�^�_�Z�e�v�g�Z�y �k�l�j�m�d�l�m�j�Z �h�i�b�k�u�\�Z�_�l�k�y �i�h�g�y�l�b�_�f �d�h�g�k�h�g�Z�g�k��

�g�h�c �k�l�j�m�d�l�m�j�u �² �k�l�j�m�d�l�m�j�u�� �\ �d�h�l�h�j�h�c �\�g�m�l�j�b �d�Z�`�^�h�c �]�j�m�i�i�u �w�e�_�f�_�g�l�u �k�\�y�a�Z�g�u

�i�h�e�h�`�b�l�_�e�v�g�h�� �Z �f�_�`�^�m �]�j�m�i�i�Z�f�b �k�\�y�a�b �h�l�k�m�l�k�l�\�m�x�l �b�e�b �y�\�e�y�x�l�k�y �h�l�j�b�p�Z�l�_�e�v��

�g�u�f�b �>���� ���@�� �< �j�_�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �^�Z�g�g�u�_ �j�_�^�d�h �k�h�h�l�\�_�l�k�l�\�m�x�l �w�l�h�f�m �b�^�_�Z�e�m�� �b

�n�Z�d�l�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z�� �d�Z�d �i�j�Z�\�b�e�h�� �b�f�_�_�l �Z�k�k�h�g�Z�g�k�g�u�c �o�Z�j�Z�d�l�_�j�� �k�m�s�_�k�l�\�m�x�l

�h�r�b�[�h�q�g�u�_ �k�\�y�a�b �f�_�`�^�m �]�j�m�i�i�Z�f�b �b �g�_�^�h�k�l�Z�x�s�b�_ �k�\�y�a�b �\�g�m�l�j�b �]�j�m�i�i��

�D�e�x�q�_�\�u�f�b �n�Z�d�l�h�j�Z�f�b�� �\�e�b�y�x�s�b�f�b �g�Z �k�l�_�i�_�g�v �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h��

�k�l�b�� �y�\�e�y�x�l�k�y��

�± �l�h�q�g�h�k�l�v �h�i�j�_�^�_�e�_�g�b�y �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b ���g�Z�i�j�b�f�_�j�� �i�j�Z�\�b�e�v�g�Z�y

�h�p�_�g�d�Z �b�^�_�g�l�b�q�g�h�k�l�b �b�e�b �k�o�h�`�_�k�l�b����

�± �r�m�f �\ �^�Z�g�g�u�o �² �g�Z�e�b�q�b�_ �h�r�b�[�h�d�� �i�j�h�i�m�k�d�h�\ �b�e�b �g�_�k�h�\�_�j�r�_�g�g�u�o �b�a�f�_��

�j�_�g�b�c��

�± �b�a�f�_�g�q�b�\�h�k�l�v �^�Z�g�g�u�o �² �^�h�[�Z�\�e�_�g�b�_�� �m�^�Z�e�_�g�b�_ �b�e�b �b�a�f�_�g�_�g�b�_ �o�Z�j�Z�d�l�_��

�j�b�k�l�b�d �h�[�t�_�d�l�h�\ �b �k�\�y�a�_�c �\ �^�b�g�Z�f�b�d�_ �\�j�_�f�_�g�b��



����

�H�p�_�g�d�Z �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f

�j�Z�a�e�b�q�g�u�o �f�_�l�j�b�d �d�Z�q�_�k�l�\�Z �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �l�Z�d�b�o �d�Z�d �h�^�g�h�j�h�^�g�h�k�l�v�� �i�h�e�g�h�l�Z�� �b�g��

�^�_�d�k �J�w�g�^�Z �k �i�h�i�j�Z�\�d�h�c �g�Z �k�e�m�q�Z�c�g�h�k�l�v�� �h�p�_�g�d�Z �N�Z�m�e�d�k�Z���F�w�e�e�h�m�a�Z �b �^�j�m�]�b�o �i�h��

�d�Z�a�Z�l�_�e�_�c �>���² �����@�� �W�l�b �f�_�l�j�b�d�b �i�h�a�\�h�e�y�x�l �d�h�e�b�q�_�k�l�\�_�g�g�h �h�i�j�_�^�_�e�b�l�v�� �g�Z�k�d�h�e�v�d�h

�o�h�j�h�r�h �n�Z�d�l�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z �]�j�m�i�i �k�h�h�l�\�_�l�k�l�\�m�_�l �h�`�b�^�Z�_�f�h�f�m �j�Z�a�[�b�_�g�b�x��

�< �d�h�g�l�_�d�k�l�_ �a�Z�^�Z�q �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\ �a�Z�^�Z�q�Z �i�h��

�\�u�r�_�g�b�y �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �a�Z�d�e�x�q�Z�_�l�k�y �g�_ �l�h�e�v�d�h �\ �i�h�k�l�j�h�_�g�b�b �b�a��

�g�Z�q�Z�e�v�g�h �d�Z�q�_�k�l�\�_�g�g�h�c �k�l�j�m�d�l�m�j�u�� �g�h �b �\ �_�z �d�h�j�j�_�d�l�g�h�c �Z�^�Z�i�l�Z�p�b�b �i�j�b �b�a�f�_�g�_�g�b�b

�^�Z�g�g�u�o�� �H�k�h�[�_�g�g�h �\�Z�`�g�u�f�b �k�l�Z�g�h�\�y�l�k�y �f�_�l�h�^�u�� �i�h�a�\�h�e�y�x�s�b�_ �h�i�_�j�Z�l�b�\�g�h �h�[�g�Z��

�j�m�`�b�\�Z�l�v �b �m�k�l�j�Z�g�y�l�v �g�Z�j�m�r�_�g�b�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �² �g�Z�i�j�b�f�_�j�� �j�Z�a�j�u�\�u �\�g�m�l�j�b

�]�j�m�i�i �b�e�b �i�h�y�\�e�_�g�b�_ �g�_�`�_�e�Z�l�_�e�v�g�u�o �k�\�y�a�_�c �f�_�`�^�m �j�Z�a�e�b�q�g�u�f�b �]�j�m�i�i�Z�f�b�� �L�Z�d�b�f

�h�[�j�Z�a�h�f�� �i�h�g�y�l�b�_ �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �k�\�y�a�u�\�Z�_�l �f�_�`�^�m �k�h�[�h�c �\�h�i�j�h�k�u

�l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �b �h�j�]�Z�g�b�a�Z�p�b�x �b�o �\ �m�k�l�h�c�q�b�\�u�_

�]�j�m�i�i�u�� �h�[�_�k�i�_�q�b�\�Z�y �h�k�g�h�\�m �^�e�y �w�n�n�_�d�l�b�\�g�h�c �j�Z�[�h�l�u �k�e�h�`�g�u�o �b�g�n�h�j�f�Z�p�b�h�g�g�u�o

�k�b�k�l�_�f �\ �m�k�e�h�\�b�y�o �[�h�e�v�r�b�o �^�b�g�Z�f�b�q�g�u�o �^�Z�g�g�u�o��

������ �D�j�b�l�_�j�b�b �b �f�_�l�h�^�u �h�p�_�g�d�b �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �k�l�j�m�d�l�m�j�u

�H�p�_�g�d�Z �k�l�_�i�_�g�b �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �y�\�e�y�_�l�k�y �\�Z�`�g�h�c �q�Z�k�l�v�x �a�Z��

�^�Z�q �]�j�m�i�i�b�j�h�\�d�b �h�[�t�_�d�l�h�\ �\ �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�Z�o�� �D�h�j�j�_�d�l�g�Z�y �h�p�_�g�d�Z �d�Z�q�_��

�k�l�\�Z �]�j�m�i�i �i�h�a�\�h�e�y�_�l �k�m�^�b�l�v �h �g�Z�^�z�`�g�h�k�l�b �k�n�h�j�f�b�j�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u�� �\�u�y�\�e�y�l�v

�h�r�b�[�d�b �b �i�j�b�g�b�f�Z�l�v �j�_�r�_�g�b�y �h �g�_�h�[�o�h�^�b�f�h�k�l�b �_�z �i�_�j�_�k�f�h�l�j�Z �b�e�b �d�h�j�j�_�d�l�b�j�h�\��

�d�b�� �>�e�y �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �j�Z�a�j�Z�[�h�l�Z�g �j�y�^

�d�j�b�l�_�j�b�_�\�� �h�k�g�h�\�Z�g�g�u�o �d�Z�d �g�Z �\�g�m�l�j�_�g�g�b�o �k�\�h�c�k�l�\�Z�o �]�j�m�i�i�� �l�Z�d �b �g�Z �k�h�i�h�k�l�Z�\�e�_��

�g�b�b �i�h�e�m�q�_�g�g�h�]�h �j�Z�a�[�b�_�g�b�y �k �w�l�Z�e�h�g�g�u�f�� �H�k�g�h�\�g�u�_ �d�j�b�l�_�j�b�b �h�p�_�g�d�b �k�h�]�e�Z�k�h�\�Z�g��

�g�h�k�l�b �k�l�j�m�d�l�m�j�u �\�d�e�x�q�Z�x�l��

�± �H�^�g�h�j�h�^�g�h�k�l�v ���+�R�P�R�J�H�Q�H�L�W�\�� �h�l�j�Z�`�Z�_�l �k�l�_�i�_�g�v�� �\ �d�h�l�h�j�h�c �\�k�_ �w�e�_�f�_�g�l�u

�\�g�m�l�j�b �h�^�g�h�c �]�j�m�i�i�u �i�j�b�g�Z�^�e�_�`�Z�l �d �h�^�g�h�f�m �b�k�l�b�g�g�h�f�m �d�e�Z�k�k�m�� �=�j�m�i��

�i�Z �k�q�b�l�Z�_�l�k�y �b�^�_�Z�e�v�g�h �h�^�g�h�j�h�^�g�h�c�� �_�k�e�b �\�k�_ �_�z �w�e�_�f�_�g�l�u �^�_�c�k�l�\�b�l�_�e�v�g�h

�b�^�_�g�l�b�q�g�u �b�e�b �k�o�h�`�b �i�h �p�_�e�_�\�h�f�m �i�j�b�a�g�Z�d�m�� �H�^�g�h�j�h�^�g�h�k�l�v �\�Z�`�g�Z �^�e�y

�h�p�_�g�d�b �\�g�m�l�j�_�g�g�_�]�h �d�Z�q�_�k�l�\�Z �]�j�m�i�i�b�j�h�\�d�b��

�± �I�h�e�g�h�l�Z ���&�R�P�S�O�H�W�H�Q�H�V�V�� �i�h�d�Z�a�u�\�Z�_�l�� �g�Z�k�d�h�e�v�d�h �i�h�e�g�h �\�k�_ �h�[�t�_�d�l�u�� �i�j�b��

�g�Z�^�e�_�`�Z�s�b�_ �h�^�g�h�f�m �b�k�l�b�g�g�h�f�m �d�e�Z�k�k�m�� �[�u�e�b �k�h�[�j�Z�g�u �\ �h�^�g�m �]�j�m�i�i�m�� �<�u��

�k�h�d�Z�y �i�h�e�g�h�l�Z �h�a�g�Z�q�Z�_�l�� �q�l�h �i�j�Z�d�l�b�q�_�k�d�b �g�_�l �´�j�Z�a�[�j�h�k�Z�´ �b�^�_�g�l�b�q�g�u�o �h�[�t��

�_�d�l�h�\ �i�h �j�Z�a�g�u�f �]�j�m�i�i�Z�f��



����

�± �9���f�_�j�Z ���9���P�H�D�V�X�U�H�� �² �]�Z�j�f�h�g�b�q�_�k�d�h�_ �k�j�_�^�g�_�_ �f�_�`�^�m �h�^�g�h�j�h�^�g�h�k�l�v�x �b

�i�h�e�g�h�l�h�c�� �W�l�h�l �i�h�d�Z�a�Z�l�_�e�v �i�h�a�\�h�e�y�_�l �h�^�g�h�\�j�_�f�_�g�g�h �m�q�b�l�u�\�Z�l�v �k�l�j�_�f�e�_��

�g�b�_ �d �\�u�k�h�d�h�c �\�g�m�l�j�_�g�g�_�c �q�b�k�l�h�l�_ �]�j�m�i�i �b �d �i�h�e�g�h�l�_ �h�o�\�Z�l�Z �h�[�t�_�d�l�h�\��

�± �B�g�^�_�d�k �J�w�g�^�Z �k �i�h�i�j�Z�\�d�h�c �g�Z �k�e�m�q�Z�c�g�h�k�l�v ���$�G�M�X�V�W�H�G �5�D�Q�G �,�Q�G�H�[�� �$�5�,�� �b�a��

�f�_�j�y�_�l �k�l�_�i�_�g�v �k�h�\�i�Z�^�_�g�b�y �f�_�`�^�m �b�k�l�b�g�g�u�f �j�Z�a�[�b�_�g�b�_�f �h�[�t�_�d�l�h�\ �b �i�h��

�e�m�q�_�g�g�u�f �j�Z�a�[�b�_�g�b�_�f�� �m�q�b�l�u�\�Z�y �\�_�j�h�y�l�g�h�k�l�v �k�e�m�q�Z�c�g�u�o �k�h�\�i�Z�^�_�g�b�c��

�± �H�p�_�g�d�Z �N�Z�m�e�d�k�Z���F�w�e�e�h�m�a�Z ���)�R�Z�O�N�H�V�±�0�D�O�O�R�Z�V �,�Q�G�H�[�� �)�0�,�� �l�Z�d�`�_ �m�q�b�l�u�\�Z��

�_�l �i�Z�j�u �h�[�t�_�d�l�h�\ �b �h�p�_�g�b�\�Z�_�l�� �g�Z�k�d�h�e�v�d�h �i�Z�j�Z �h�[�t�_�d�l�h�\�� �i�h�f�_�s�z�g�g�Z�y �\

�h�^�g�m �]�j�m�i�i�m �\ �h�^�g�h�f �j�Z�a�[�b�_�g�b�b�� �i�h�f�_�s�_�g�Z �\ �l�m �`�_ �]�j�m�i�i�m �\ �^�j�m�]�h�f �j�Z�a��

�[�b�_�g�b�b��

�D�Z�`�^�Z�y �b�a �w�l�b�o �f�_�l�j�b�d �b�f�_�_�l �k�\�h�x �h�[�e�Z�k�l�v �i�j�b�f�_�g�b�f�h�k�l�b �b �h�k�h�[�_�g�g�h�k�l�b

�b�g�l�_�j�i�j�_�l�Z�p�b�b�� �G�Z�i�j�b�f�_�j�� �h�^�g�h�j�h�^�g�h�k�l�v �f�h�`�_�l �[�u�l�v �\�u�k�h�d�h�c �^�Z�`�_ �i�j�b �g�b�a�d�h�c

�i�h�e�g�h�l�_ ���_�k�e�b �]�j�m�i�i�u �k�h�^�_�j�`�Z�l �h�q�_�g�v �f�Z�e�h �h�[�t�_�d�l�h�\���� �Z �\�u�k�h�d�Z�y �i�h�e�g�h�l�Z �f�h�`�_�l

�k�h�i�j�h�\�h�`�^�Z�l�v�k�y �g�b�a�d�h�c �h�^�g�h�j�h�^�g�h�k�l�v�x �\ �k�e�m�q�Z�_ �h�[�t�_�^�b�g�_�g�b�y �k�e�b�r�d�h�f �j�Z�a�g�u�o

�h�[�t�_�d�l�h�\��

�F�_�l�h�^�u �j�Z�k�q�z�l�Z �d�j�b�l�_�j�b�_�\ �h�k�g�h�\�Z�g�u �g�Z �Z�g�Z�e�b�a�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �h�[�t�_�d�l�h�\ �i�h

�]�j�m�i�i�Z�f�� �q�b�k�e�Z �i�Z�j �h�[�t�_�d�l�h�\�� �k�]�j�m�i�i�b�j�h�\�Z�g�g�u�o �\�f�_�k�l�_ �b�e�b �j�Z�a�^�_�e�v�g�h �\ �b�k�l�b�g�g�h�f

�b �i�h�e�m�q�_�g�g�h�f �j�Z�a�[�b�_�g�b�y�o�� �k�h�i�h�k�l�Z�\�e�_�g�b�y �k�l�j�m�d�l�m�j�u �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �k

�h�`�b�^�Z�_�f�u�f �i�Z�l�l�_�j�g�h�f �k�\�y�a�g�h�k�l�b��

�>�e�y �^�b�g�Z�f�b�q�g�u�o �k�b�k�l�_�f �h�k�h�[�m�x �\�Z�`�g�h�k�l�v �i�j�b�h�[�j�_�l�Z�_�l �h�p�_�g�d�Z �k�l�Z�[�b�e�v�g�h��

�k�l�b �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �\�h �\�j�_�f�_�g�b�� �W�l�h �l�j�_�[�m�_�l �g�_ �l�h�e�v�d�h �Z�g�Z�e�b�a�Z �d�Z��

�q�_�k�l�\�Z �j�Z�a�[�b�_�g�b�y �\ �n�b�d�k�b�j�h�\�Z�g�g�u�c �f�h�f�_�g�l�� �g�h �b �h�l�k�e�_�`�b�\�Z�g�b�y �b�a�f�_�g�_�g�b�c �k�h�]�e�Z��

�k�h�\�Z�g�g�h�k�l�b �i�j�b �i�h�k�l�m�i�e�_�g�b�b �g�h�\�u�o �^�Z�g�g�u�o �b�e�b �h�[�g�h�\�e�_�g�b�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[�t��

�_�d�l�h�\��

�< �e�b�l�_�j�Z�l�m�j�_ �l�Z�d�`�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �i�h�^�o�h�^�u �d �\�h�k�k�l�Z�g�h�\�e�_�g�b�x �b�e�b �m�e�m�q��

�r�_�g�b�x �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �\�d�e�x�q�Z�y �f�_�l�h�^�u �i�_�j�_�i�j�h�\�_�j�d�b �k�h�f�g�b�l�_�e�v��

�g�u�o �k�\�y�a�_�c�� �i�_�j�_�k�l�j�h�c�d�b �e�h�d�Z�e�v�g�u�o �m�q�Z�k�l�d�h�\ �]�j�Z�n�Z �b�e�b �i�_�j�_�k�q�z�l�Z �d�e�Z�k�l�_�j�g�h�c

�k�l�j�m�d�l�m�j�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �^�h�i�h�e�g�b�l�_�e�v�g�u�o �b�k�l�h�q�g�b�d�h�\ �^�Z�g�g�u�o �>���������@�� �L�Z�d�b�f

�h�[�j�Z�a�h�f�� �d�j�b�l�_�j�b�b �b �f�_�l�h�^�u �h�p�_�g�d�b �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �k�l�j�m�d�l�m�j�u �h�[�_�k�i�_�q�b�\�Z�x�l

�g�_�h�[�o�h�^�b�f�m�x �h�k�g�h�\�m �^�e�y �n�h�j�f�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �d�Z�q�_�k�l�\�Z �]�j�m�i�i�b�j�h�\�d�b �h�[�t�_�d�l�h�\ �b

�i�h�a�\�h�e�y�x�l �^�b�Z�]�g�h�k�l�b�j�h�\�Z�l�v �l�_�d�m�s�m�x �k�l�j�m�d�l�m�j�m��



����

������ �I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �k�h�]�e�Z�k�h�\�Z�g�g�u�o �]�j�m�i�i
�h�[�t�_�d�l�h�\

�< �m�k�e�h�\�b�y�o �i�h�k�l�h�y�g�g�h �b�a�f�_�g�y�x�s�b�o�k�y �^�Z�g�g�u�o �d�e�Z�k�k�b�q�_�k�d�Z�y �a�Z�^�Z�q�Z �n�h�j�f�b��

�j�h�\�Z�g�b�y �]�j�m�i�i �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\ �m�k�e�h�`�g�y�_�l�k�y �^�b�g�Z�f�b�q�g�h�k�l�v�x �k�Z�f�h�c �k�b�k�l�_��

�f�u�� �I�h�y�\�e�_�g�b�_ �g�h�\�u�o �h�[�t�_�d�l�h�\�� �m�^�Z�e�_�g�b�_ �k�m�s�_�k�l�\�m�x�s�b�o�� �b�a�f�_�g�_�g�b�_ �o�Z�j�Z�d�l�_�j�b��

�k�l�b�d �² �\�k�z �w�l�h �l�j�_�[�m�_�l �h�l �Z�e�]�h�j�b�l�f�h�\ �]�j�m�i�i�b�j�h�\�d�b �g�_ �l�h�e�v�d�h �k�i�h�k�h�[�g�h�k�l�b �k�l�j�h�b�l�v

�d�Z�q�_�k�l�\�_�g�g�u�_ �]�j�m�i�i�u �g�Z �g�Z�q�Z�e�v�g�h�f �w�l�Z�i�_�� �g�h �b �f�_�o�Z�g�b�a�f�h�\ �i�h�^�^�_�j�`�Z�g�b�y �k�h�]�e�Z��

�k�h�\�Z�g�g�h�k�l�b �k�l�j�m�d�l�m�j�u �g�Z �i�j�h�l�y�`�_�g�b�b �`�b�a�g�_�g�g�h�]�h �p�b�d�e�Z �k�b�k�l�_�f�u��

�I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b �a�Z�d�e�x�q�Z�_�l�k�y �\ �k�e�_�^�m�x�s�_�f�� �B�f�_�_�l�k�y �f�g�h�`�_�k�l�\�h �h�[�t�_�d��

�l�h�\��

I t = { i1, i2, . . . , iN t } ,

�k�m�s�_�k�l�\�m�x�s�_�_ �g�Z �f�h�f�_�g�l �\�j�_�f�_�g�bt�� �]�^�_ �d�Z�`�^�u�c �h�[�t�_�d�l �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �f�g�h�`�_��

�k�l�\�h�f �i�j�b�a�g�Z�d�h�\��

D t = { di 1, di 2, . . . , diN t } .

�L�j�_�[�m�_�l�k�y �^�e�y �d�Z�`�^�h�]�h �f�h�f�_�g�l�Z �\�j�_�f�_�g�bt �i�h�k�l�j�h�b�l�v �j�Z�a�[�b�_�g�b�_ �h�[�t�_�d�l�h�\ �g�Z �]�j�m�i��

�i�u��

Ct = { c1, c2, . . . , cnt } ,

�l�Z�d�h�_�� �q�l�h��

�± �\�g�m�l�j�b �d�Z�`�^�h�c �]�j�m�i�i�uck �g�Z�o�h�^�y�l�k�y �h�[�t�_�d�l�u�� �b�^�_�g�l�b�q�g�u�_ �b�e�b �i�j�Z�d�l�b�q�_��

�k�d�b �b�^�_�g�l�b�q�g�u�_ �i�h �a�Z�^�Z�g�g�h�c �f�_�j�_ �k�_�f�Z�g�l�b�q�_�k�d�h�c �[�e�b�a�h�k�l�b��

�± �f�_�`�^�m �j�Z�a�e�b�q�g�u�f�b �]�j�m�i�i�Z�f�b �h�l�k�m�l�k�l�\�m�x�l �k�\�y�a�b�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�_ �h�[

�b�^�_�g�l�b�q�g�h�k�l�b �h�[�t�_�d�l�h�\��

�± �k�l�j�m�d�l�m�j�Z �]�j�m�i�i �m�k�l�h�c�q�b�\�Z �d �e�h�d�Z�e�v�g�u�f �h�r�b�[�d�Z�f �\ �^�Z�g�g�u�o �b �f�h�`�_�l �[�u�l�v

�Z�^�Z�i�l�b�\�g�h �h�[�g�h�\�e�_�g�Z �i�j�b �b�a�f�_�g�_�g�b�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[�t�_�d�l�h�\ �b�e�b �i�h�k�l�m�i��

�e�_�g�b�b �g�h�\�u�o �^�Z�g�g�u�o��

�H�k�g�h�\�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �a�Z�^�Z�q�b��

�± �H�l�k�m�l�k�l�\�b�_ �Z�i�j�b�h�j�g�h�]�h �a�g�Z�g�b�y �h �q�b�k�e�_ �]�j�m�i�i���D�h�e�b�q�_�k�l�\�h �]�j�m�i�int �a�Z��

�j�Z�g�_�_ �g�_�b�a�\�_�k�l�g�h �b �^�h�e�`�g�h �h�i�j�_�^�_�e�y�l�v�k�y �Z�\�l�h�f�Z�l�b�q�_�k�d�b �g�Z �h�k�g�h�\�_ �k�l�j�m�d��

�l�m�j�u �^�Z�g�g�u�o��

�± �>�b�g�Z�f�b�d�Z �k�b�k�l�_�f�u���G�Z�[�h�j �h�[�t�_�d�l�h�\ �b �b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�a�f�_�g�y�x�l�k�y

�\�h �\�j�_�f�_�g�b�� �q�l�h �l�j�_�[�m�_�l �i�_�j�_�h�p�_�g�d�b �]�j�m�i�i�b�j�h�\�h�d �[�_�a �i�h�e�g�h�]�h �i�_�j�_�k�q�z�l�Z

�\�k�_�o �^�Z�g�g�u�o��



����

�± �G�_�h�[�o�h�^�b�f�h�k�l�v �\�u�k�h�d�h�c �\�u�q�b�k�e�b�l�_�e�v�g�h�c �w�n�n�_�d�l�b�\�g�h�k�l�b���F�_�l�h�^�u

�^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �i�j�b�_�f�e�_�f�h�_ �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �i�j�b �[�h�e�v�r�b�o �h�[�t�z��

�f�Z�o �^�Z�g�g�u�o��

�± �M�q�z�l �h�r�b�[�h�d �b �r�m�f�h�\���H�r�b�[�h�q�g�u�_ �k�\�y�a�b �f�_�`�^�m �h�[�t�_�d�l�Z�f�b �b �g�_�l�h�q�g�h��

�k�l�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �g�_�b�a�[�_�`�g�u �b �^�h�e�`�g�u �m�q�b�l�u�\�Z�l�v�k�y �\ �f�h�^�_�e�y�o��

�± �I�h�^�^�_�j�`�Z�g�b�_ �\�u�k�h�d�h�c �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b���D�j�b�l�_�j�b�b �h�^�g�h��

�j�h�^�g�h�k�l�b �b �i�h�e�g�h�l�u �^�h�e�`�g�u �h�k�l�Z�\�Z�l�v�k�y �g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_ �\ �i�j�h�p�_�k�k�_

�w�\�h�e�x�p�b�b �^�Z�g�g�u�o��

�N�h�j�f�Z�e�v�g�Z�y �p�_�e�v �a�Z�d�e�x�q�Z�_�l�k�y �\ �i�h�k�l�j�h�_�g�b�b �Z�e�]�h�j�b�l�f�Z�� �d�h�l�h�j�u�c�� �b�k�i�h�e�v�a�m�y

�f�h�^�_�e�v �h�p�_�g�d�b �k�_�f�Z�g�l�b�q�_�k�d�h�c �[�e�b�a�h�k�l�b �h�[�t�_�d�l�h�\ �b �Z�e�]�h�j�b�l�f�u �d�e�Z�k�l�_�j�b�a�Z�p�b�b �g�Z

�]�j�Z�n�Z�o�� �h�[�_�k�i�_�q�b�\�Z�_�l��

�± �\�u�k�h�d�m�x �h�^�g�h�j�h�^�g�h�k�l�v �\�g�m�l�j�b �]�j�m�i�i��

�± �\�u�k�h�d�m�x �i�h�e�g�h�l�m �h�[�t�_�^�b�g�_�g�b�y �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\��

�± �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v �h�[�j�Z�[�h�l�d�b �[�h�e�v�r�b�o �^�Z�g�g�u�o��

�± �m�k�l�h�c�q�b�\�h�k�l�v �d �b�a�f�_�g�_�g�b�y�f �k�l�j�m�d�l�m�j�u �k�b�k�l�_�f�u��

�< �j�Z�f�d�Z�o �^�Z�g�g�h�c �j�Z�[�h�l�u �\ �d�Z�q�_�k�l�\�_ �j�_�r�_�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �i�h�^�o�h�^�� �h�k�g�h��

�\�Z�g�g�u�c �g�Z �k�h�q�_�l�Z�g�b�b��

�± �[�b�g�Z�j�g�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b �i�Z�j �h�[�t�_�d�l�h�\ �^�e�y �h�p�_�g�d�b �k�l�_�i�_�g�b �b�o �b�^�_�g�l�b�q��

�g�h�k�l�b��

�± �Z�e�]�h�j�b�l�f�Z �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �f�_�l�h�d ���/�D�E�H�O �3�U�R�S�D�J�D�W�L�R�Q �$�O�J�R�U�L�W�K�P�� �/�3�$�� �^�e�y

�w�n�n�_�d�l�b�\�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �\ �]�j�Z�n�_ �[�b�g�Z�j�g�u�o �k�\�y�a�_�c��

�± �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �i�j�h�p�_�^�m�j �d�Z�e�b�[�j�h�\�d�b �l�h�q�g�h�k�l�b �^�e�y �i�h�\�u�r�_�g�b�y �d�Z�q�_��

�k�l�\�Z �d�e�Z�k�l�_�j�b�a�Z�p�b�b �\ �m�k�e�h�\�b�y�o �g�Z�e�b�q�b�y �h�r�b�[�h�d �\ �^�Z�g�g�u�o��

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�Z�y �a�Z�^�Z�q�Z �l�j�_�[�m�_�l �b�g�l�_�]�j�Z�p�b�b �f�_�l�h�^�h�\ �f�Z��

�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� �]�j�Z�n�h�\�u�o �Z�e�]�h�j�b�l�f�h�\ �b �^�b�g�Z�f�b�q�_�k�d�h�]�h �m�i�j�Z�\�e�_�g�b�y �k�l�j�m�d�l�m��

�j�h�c �^�Z�g�g�u�o �^�e�y �^�h�k�l�b�`�_�g�b�y �\�u�k�h�d�h�c �k�l�_�i�_�g�b �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�b �b �k�h�]�e�Z�k�h�\�Z�g��

�g�h�k�l�b �]�j�m�i�i �\ �m�k�e�h�\�b�y�o �j�Z�[�h�l�u �k �[�h�e�v�r�b�f�b �^�b�g�Z�f�b�q�_�k�d�b�f�b �^�Z�g�g�u�f�b��

�<�u�\�h�^�u �d �i�_�j�\�h�c �]�e�Z�\�_

�< �^�Z�g�g�h�c �]�e�Z�\�_ �j�Z�k�k�f�h�l�j�_�g�u �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�h�e�h�`�_�g�b�y�� �e�_�`�Z�s�b�_ �\ �h�k�g�h��

�\�_ �a�Z�^�Z�q�b �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\ �i�h �i�j�b�g�p�b�i�m �b�^�_�g�l�b�q�g�h��

�k�l�b�� �;�u�e�h �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�h �i�h�g�y�l�b�_ �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�b �\ �r�b�j�h�d�h�f �k�f�u�k�e�_��

�Z �l�Z�d�`�_ �\�u�^�_�e�_�g�h �d�e�x�q�_�\�h�_ �g�Z�i�j�Z�\�e�_�g�b�_ �² �k�l�j�m�d�l�m�j�g�Z�y �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v��



����

�d�Z�d �g�Z�b�[�h�e�_�_ �j�_�e�_�\�Z�g�l�g�Z�y �d�Z�l�_�]�h�j�b�y �a�Z�^�Z�q �i�h �h�j�]�Z�g�b�a�Z�p�b�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�c �f�_�`��

�^�m �h�[�t�_�d�l�Z�f�b �\ �m�k�e�h�\�b�y�o �[�h�e�v�r�b�o �^�Z�g�g�u�o��

�I�h�d�Z�a�Z�g�h�� �q�l�h �\�Z�`�g�_�c�r�_�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �k�l�j�m�d�l�m�j�u �k�b�k�l�_�f�u �y�\�e�y�_�l�k�y �_�z

�k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �² �k�i�h�k�h�[�g�h�k�l�v �n�h�j�f�b�j�h�\�Z�l�v �m�k�l�h�c�q�b�\�u�_�� �h�^�g�h�j�h�^�g�u�_ �]�j�m�i�i�u �k

�f�b�g�b�f�Z�e�v�g�u�f �d�h�e�b�q�_�k�l�\�h�f �h�r�b�[�h�d �b �r�m�f�h�\�� �K�l�j�m�d�l�m�j�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �j�Z�k��

�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �g�_�h�[�o�h�^�b�f�h�_ �m�k�e�h�\�b�_ �w�n�n�_�d�l�b�\�g�h�]�h �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �j�Z�k�i�j�_��

�^�_�e�z�g�g�u�o �b �^�b�g�Z�f�b�q�g�u�o �k�b�k�l�_�f�� �]�^�_ �h�[�t�_�d�l�u �i�h�k�l�h�y�g�g�h �b�a�f�_�g�y�x�l�k�y�� �^�h�[�Z�\�e�y�x�l��

�k�y �b�e�b �m�^�Z�e�y�x�l�k�y��

�;�u�e�b �i�h�^�j�h�[�g�h �j�Z�k�k�f�h�l�j�_�g�u �h�k�g�h�\�g�u�_ �d�j�b�l�_�j�b�b �b �f�_�l�h�^�u �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z

�]�j�m�i�i�b�j�h�\�h�d�� �h�^�g�h�j�h�^�g�h�k�l�v�� �i�h�e�g�h�l�Z�� �9���f�_�j�Z �b �^�j�m�]�b�_�� �W�l�b �f�_�j�u �d�Z�q�_�k�l�\�Z �i�h�a�\�h��

�e�y�x�l �n�h�j�f�Z�e�v�g�h �h�p�_�g�b�l�v �k�l�_�i�_�g�v �[�e�b�a�h�k�l�b �l�_�d�m�s�_�c �k�l�j�m�d�l�m�j�u �d �b�^�_�Z�e�v�g�h�c��

�< �a�Z�\�_�j�r�_�g�b�_ �[�u�e�Z �k�n�h�j�f�m�e�b�j�h�\�Z�g�Z �a�Z�^�Z�q�Z �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �k�h��

�]�e�Z�k�h�\�Z�g�g�u�o �]�j�m�i�i�� �^�e�y �f�g�h�`�_�k�l�\�Z �h�[�t�_�d�l�h�\ �k �b�a�f�_�g�y�x�s�b�f�b�k�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��

�f�b �l�j�_�[�m�_�l�k�y �i�h�k�l�j�h�b�l�v �m�k�l�h�c�q�b�\�m�x �d�e�Z�k�l�_�j�g�m�x �k�l�j�m�d�l�m�j�m�� �k�i�h�k�h�[�g�m�x �Z�^�Z�i�l�b��

�j�h�\�Z�l�v�k�y �d �b�a�f�_�g�_�g�b�y�f �b �h�[�_�k�i�_�q�b�\�Z�l�v �\�u�k�h�d�h�_ �d�Z�q�_�k�l�\�h �]�j�m�i�i�b�j�h�\�d�b��
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�\ �a�Z�^�Z�q�_ �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i
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�i�j�b�a�g�Z�d�Z�� �N�m�g�d�p�b�yF �i�j�b�g�b�f�Z�_�l �a�g�Z�q�_�g�b�y �b�a[0,1] �l�Z�d�� �q�l�hF = 1 �± �w�l�h �Z�[�k�h�e�x�l�g�h�_
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�n�m�g�d�p�b�bF (j, k ) �k�l�j�h�b�l�k�y �f�Z�l�j�b�p�Z �k�o�h�`�_�k�l�b��

M # RN $ N , M jk = F (j, k ),
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�< �i�j�_�^�u�^�m�s�b�o �j�Z�a�^�_�e�Z�o �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v �f�_�l�h�^�u �h�p�_�g�d�b �k�o�h�`�_�k�l�b �f�_�`�^�m

�h�[�t�_�d�l�Z�f�b�� �h�k�g�h�\�Z�g�g�u�_ �g�Z �i�j�b�a�g�Z�d�h�\�h�f �h�i�b�k�Z�g�b�b�� �H�^�g�Z�d�h �^�e�y �[�h�e�v�r�b�g�k�l�\�Z �j�_��

�Z�e�v�g�u�o �a�Z�^�Z�q �d�j�b�l�b�q�_�k�d�b�f �w�l�Z�i�h�f �y�\�e�y�_�l�k�y �g�_ �l�h�e�v�d�h �\�u�[�h�j �n�m�g�d�p�b�b �k�o�h�`�_�k�l�b��

�g�h �b �i�h�k�l�j�h�_�g�b�_ �k�Z�f�b�o �i�j�b�a�g�Z�d�h�\�� �<�h �f�g�h�]�b�o �k�e�m�q�Z�y�o �i�j�b�a�g�Z�d�b �g�_ �y�\�e�y�x�l�k�y �g�_�i�h��

�k�j�_�^�k�l�\�_�g�g�h �o�j�Z�g�b�f�u�f�b �\ �b�k�o�h�^�g�u�o �^�Z�g�g�u�o�� �Z �n�h�j�f�b�j�m�x�l�k�y �i�m�l�z�f �Z�]�j�_�]�Z�p�b�b��

�n�b�e�v�l�j�Z�p�b�b �b �h�[�t�_�^�b�g�_�g�b�y �k�h�[�u�l�b�c�� �k�\�y�a�Z�g�g�u�o �k �h�[�t�_�d�l�h�f�� �W�l�h �^�_�e�Z�_�l �a�Z�^�Z�q�m

�n�h�j�f�b�j�h�\�Z�g�b�y �i�j�b�a�g�Z�d�h�\ �l�_�k�g�h �k�\�y�a�Z�g�g�h�c �k �\�u�i�h�e�g�_�g�b�_�f �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h��

�k�h�\�� �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �² �6�4�/���a�Z�i�j�h�k�h�\ �d �o�j�Z�g�b�e�b�s�Z�f �k�h�[�u�l�b�c �b �e�h�]�h�\��

�J�Z�k�k�f�h�l�j�b�f �j�y�^ �i�j�b�f�_�j�h�\ �i�j�b�a�g�Z�d�h�\�� �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�f�u�o �\ �k�b�k�l�_�f�Z�o�� �]�^�_

�l�j�_�[�m�_�l�k�y �k�h�i�h�k�l�Z�\�e�_�g�b�_ �b�e�b �]�j�m�i�i�b�j�h�\�d�Z �h�[�t�_�d�l�h�\��

�± �Q�Z�k�l�h�l�g�u�_ �i�j�b�a�g�Z�d�b�� �h�[�s�_�_ �q�b�k�e�h �k�h�[�u�l�b�c�� �k�\�y�a�Z�g�g�u�o �k �h�[�t�_�d�l�h�f ���g�Z��

�i�j�b�f�_�j�� �d�h�e�b�q�_�k�l�\�h �i�h�d�m�i�h�d �l�h�\�Z�j�Z�� �d�h�e�b�q�_�k�l�\�h �i�j�h�k�f�h�l�j�h�\�� �d�h�e�b�q�_�k�l�\�h

�a�Z�i�j�h�k�h�\ �d �$�3�,����



����

�± �<�j�_�f�_�g�g�u�_ �i�j�b�a�g�Z�d�b�� �^�Z�l�Z �i�_�j�\�h�]�h �b �i�h�k�e�_�^�g�_�]�h �k�h�[�u�l�b�y�� �k�j�_�^�g�_�_ �\�j�_��

�f�y �f�_�`�^�m �k�h�[�u�l�b�y�f�b�� �k�_�a�h�g�g�h�k�l�v �Z�d�l�b�\�g�h�k�l�b��

�± �:�]�j�_�]�Z�l�u �i�h �i�Z�j�Z�f�_�l�j�Z�f�� �k�j�_�^�g�y�y �p�_�g�Z �i�h�d�m�i�h�d�� �f�_�^�b�Z�g�g�h�_ �a�g�Z�q�_�g�b�_

�h�i�j�_�^�_�e�z�g�g�h�]�h �i�Z�j�Z�f�_�l�j�Z�� �d�h�e�b�q�_�k�l�\�h �m�g�b�d�Z�e�v�g�u�o �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �\�a�Z�b��

�f�h�^�_�c�k�l�\�h�\�Z�\�r�b�o �k �h�[�t�_�d�l�h�f��

�± �I�h�\�_�^�_�g�q�_�k�d�b�_ �i�j�h�n�b�e�b�� �^�h�e�y �k�h�[�u�l�b�c �h�i�j�_�^�_�e�z�g�g�h�]�h �l�b�i�Z�� �k�l�Z�[�b�e�v��

�g�h�k�l�v �Z�d�l�b�\�g�h�k�l�b��

�± �=�j�m�i�i�h�\�u�_ �i�j�b�a�g�Z�d�b�� �k�l�Z�l�b�k�l�b�d�b �i�h �h�l�g�h�r�_�g�b�x �d �^�j�m�]�b�f �h�[�t�_�d�l�Z�f ���g�Z��

�i�j�b�f�_�j�� �g�Z�k�d�h�e�v�d�h �p�_�g�Z �h�[�t�_�d�l�Z �\�u�[�b�\�Z�_�l�k�y �b�a �k�j�_�^�g�_�]�h �i�h �d�Z�l�_�]�h�j�b�b����

�I�h�e�m�q�_�g�b�_ �d�Z�`�^�h�]�h �l�Z�d�h�]�h �i�j�b�a�g�Z�d�Z �l�j�_�[�m�_�l �\�u�i�h�e�g�_�g�b�y �Z�]�j�_�]�Z�l�g�u�o �h�i�_�j�Z�p�b�c �i�h

�i�h�^�f�g�h�`�_�k�l�\�m �[�h�e�v�r�h�]�h �h�[�t�z�f�Z �^�Z�g�g�u�o�� �D�Z�d �i�j�Z�\�b�e�h�� �k�h�[�u�l�b�y �o�j�Z�g�y�l�k�y �\ �j�Z�k�i�j�_��

�^�_�e�z�g�g�u�o �o�j�Z�g�b�e�b�s�Z�o�� �q�l�h �^�_�e�Z�_�l �\�u�i�h�e�g�_�g�b�_ �^�Z�`�_ �h�^�g�h�]�h �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h �a�Z��

�i�j�h�k�Z �j�_�k�m�j�k�h�z�f�d�b�f�� �< �^�b�g�Z�f�b�q�g�h �f�_�g�y�x�s�_�c�k�y �k�b�k�l�_�f�_�� �]�^�_ �h�[�t�_�d�l�u �b �k�h�[�u�l�b�y

�i�h�y�\�e�y�x�l�k�y �b�e�b �h�[�g�h�\�e�y�x�l�k�y �i�h�k�l�h�y�g�g�h�� �\�h�a�g�b�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �j�_�]�m�e�y�j�g�h�]�h

�i�_�j�_�k�q�z�l�Z �i�j�b�a�g�Z�d�h�\��

�=�e�Z�\�g�Z�y �h�k�h�[�_�g�g�h�k�l�v �^�b�g�Z�f�b�q�g�h�c �k�j�_�^�u �a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f�� �q�l�h �i�j�b�a�g�Z�d�b

�h�[�t�_�d�l�h�\ �g�_ �y�\�e�y�x�l�k�y �k�l�Z�l�b�q�g�u�f�b�� �B�a�f�_�g�_�g�b�y �\ �k�h�[�u�l�b�y�o ���g�Z�i�j�b�f�_�j�� �g�h�\�u�c �a�Z��

�d�Z�a�� �h�[�g�h�\�e�_�g�b�_ �d�Z�j�l�h�q�d�b�� �j�_�]�b�k�l�j�Z�p�b�y �i�h�e�v�a�h�\�Z�l�_�e�y�� �f�h�]�m�l �i�h�\�e�b�y�l�v �g�Z �i�j�b�a�g�Z�d�b

�g�_�k�d�h�e�v�d�b�o �h�[�t�_�d�l�h�\�� �W�l�h �k�h�a�^�Z�z�l �g�_�k�d�h�e�v�d�h �i�j�h�[�e�_�f��

�± �Q�Z�k�l�h�l�Z �i�_�j�_�k�q�z�l�Z�� �i�j�b�a�g�Z�d�b �^�h�e�`�g�u �[�u�l�v �i�_�j�_�k�q�b�l�Z�g�u �i�j�b �d�Z�`�^�h�f

�a�g�Z�q�b�f�h�f �b�a�f�_�g�_�g�b�b �^�Z�g�g�u�o �² �\ �b�^�_�Z�e�_ �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b �b�e�b �k �f�b��

�g�b�f�Z�e�v�g�h�c �a�Z�^�_�j�`�d�h�c��

�± �H�[�t�z�f �^�Z�g�g�u�o�� �^�Z�`�_ �h�^�b�g �a�Z�i�j�h�k �g�Z �i�_�j�_�k�q�z�l �i�j�b�a�g�Z�d�h�\ �^�e�y �h�^�g�h�]�h �h�[�t��

�_�d�l�Z �f�h�`�_�l �l�j�_�[�h�\�Z�l�v �q�l�_�g�b�y �b �Z�]�j�_�]�Z�p�b�b �f�b�e�e�b�h�g�h�\ �k�l�j�h�d �k�h�[�u�l�b�c��

�± �G�Z�]�j�m�a�d�Z �g�Z �k�b�k�l�_�f�m�� �f�Z�k�k�h�\�u�c �i�_�j�_�k�q�z�l �i�j�b�a�g�Z�d�h�\ �i�h �f�g�h�]�b�f �h�[�t�_�d��

�l�Z�f �k�h�a�^�Z�z�l �a�g�Z�q�b�l�_�e�v�g�m�x �g�Z�]�j�m�a�d�m �g�Z �[�Z�a�m �^�Z�g�g�u�o �b�e�b �Z�g�Z�e�b�l�b�q�_�k�d�h�_

�o�j�Z�g�b�e�b�s�_��

�± �A�Z�^�_�j�`�d�Z �\ �h�[�g�h�\�e�_�g�b�b �f�h�^�_�e�b�� �_�k�e�b �i�j�b�a�g�Z�d�b �h�[�g�h�\�e�y�x�l�k�y �f�_�^�e�_�g�g�h��

�f�h�^�_�e�v �g�Z�q�b�g�Z�_�l �j�Z�[�h�l�Z�l�v �k �m�k�l�Z�j�_�\�r�b�f�b �^�Z�g�g�u�f�b�� �q�l�h �k�g�b�`�Z�_�l �l�h�q�g�h�k�l�v

�h�p�_�g�d�b �k�o�h�`�_�k�l�b��

�< �k�h�\�h�d�m�i�g�h�k�l�b �w�l�b �n�Z�d�l�h�j�u �i�j�b�\�h�^�y�l �d �l�h�f�m�� �q�l�h �b�f�_�g�g�h �i�j�h�p�_�k�k �n�h�j�f�b�j�h�\�Z�g�b�y

�i�j�b�a�g�Z�d�h�\ �k�l�Z�g�h�\�b�l�k�y �[�m�l�u�e�h�q�g�u�f �]�h�j�e�u�r�d�h�f �\ �a�Z�^�Z�q�_ �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h��

�\�Z�g�b�y �]�j�m�i�i�� �>�Z�`�_ �i�j�b �g�Z�e�b�q�b�b �d�Z�q�_�k�l�\�_�g�g�h�c �f�h�^�_�e�b �h�p�_�g�d�b �k�o�h�`�_�k�l�b�� �k�\�h�_�\�j�_��

�f�_�g�g�h�_ �i�h�e�m�q�_�g�b�_ �\�o�h�^�g�u�o �^�Z�g�g�u�o �^�e�y �g�_�z �h�d�Z�a�u�\�Z�_�l�k�y �a�Z�l�j�m�^�g�_�g�h�� �K�m�s�_�k�l�\�m�x�l



����

�j�Z�a�e�b�q�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y�� �i�h�a�\�h�e�y�x�s�b�_ �q�Z�k�l�b�q�g�h �k�f�y�]�q�b�l�v �\�u�q�b�k�e�b�l�_�e�v�g�u�_ �a�Z�l�j�Z��

�l�u��

�± �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�Z�l�_�j�b�Z�e�b�a�h�\�Z�g�g�u�o �i�j�_�^�k�l�Z�\�e�_�g�b�c �b �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o

�Z�]�j�_�]�Z�p�b�c ���g�h �h�g�b �l�j�_�[�m�x�l �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �f�_�k�l�Z �b �m�k�e�h�`�g�y�x�l �Z�d�l�m�Z��

�e�b�a�Z�p�b�x����

�± �d�w�r�b�j�h�\�Z�g�b�_ �i�j�b�a�g�Z�d�h�\ �k �q�Z�k�l�b�q�g�u�f �h�[�g�h�\�e�_�g�b�_�f��

�± �h�]�j�Z�g�b�q�_�g�b�_ �]�e�m�[�b�g�u �b�k�l�h�j�b�b �^�e�y �Z�]�j�_�]�Z�p�b�c��

�± �i�_�j�_�o�h�^ �h�l �6�4�/���d�e�Z�k�l�_�j�h�\ �d �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�f �k�b�k�l�_�f�Z�f �i�h�l�h�d�h�\�h�c

�Z�g�Z�e�b�l�b�d�b ���g�Z�i�j�b�f�_�j�� �$�S�D�F�K�H �)�O�L�Q�N�� �$�S�D�F�K�H �'�U�X�L�G����

�H�^�g�Z�d�h �d�Z�`�^�h�_ �b�a �j�_�r�_�g�b�c �k�\�y�a�Z�g�h �k �d�h�f�i�j�h�f�b�k�k�Z�f�b �i�h �l�h�q�g�h�k�l�b�� �k�e�h�`�g�h�k�l�b

�i�h�^�^�_�j�`�d�b �b�e�b �a�Z�l�j�Z�l�Z�f �g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�m�� �D�j�h�f�_ �l�h�]�h�� �\ �g�_�d�h�l�h�j�u�o �k�b�k�l�_�f�Z�o

���g�Z�i�j�b�f�_�j�� �i�h�k�l�j�h�_�g�g�u�o �g�Z �d�e�Z�k�k�b�q�_�k�d�b�o �K�M�;�>�� �g�_�\�h�a�f�h�`�g�h �i�h�e�g�h�k�l�v�x �m�c�l�b �h�l

�6�4�/���a�Z�i�j�h�k�h�\�� �W�l�h �^�_�e�Z�_�l �a�Z�^�Z�q�m �h�i�l�b�f�b�a�Z�p�b�b �b �m�k�d�h�j�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h��

�k�h�\ �i�j�b�g�p�b�i�b�Z�e�v�g�h �\�Z�`�g�h�c��

�<�u�\�h�^�u �d�h �\�l�h�j�h�c �]�e�Z�\�_

�M�d�Z�a�Z�g�g�u�_ �\�u�r�_ �i�j�h�[�e�_�f�u �y�\�e�y�x�l�k�y �i�j�_�^�f�_�l�h�f �j�Z�k�k�f�h�l�j�_�g�b�y �\ �k�e�_�^�m�x��

�s�_�c �]�e�Z�\�_�� �]�^�_ �h�i�b�k�Z�g�u �b�k�k�e�_�^�h�\�Z�g�g�u�_ �f�_�l�h�^�u �m�k�d�h�j�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h��

�k�h�\ �b �k�^�_�e�Z�g�u �\�u�\�h�^�u �h�[ �b�o �i�j�b�f�_�g�b�f�h�k�l�b �\ �d�h�g�l�_�d�k�l�_ �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z��

�g�b�y �]�j�m�i�i �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\�� �G�_�k�f�h�l�j�y �g�Z �l�h�� �q�l�h �g�_ �m�^�Z�e�h�k�v �i�h�e�m�q�b�l�v �m�g�b�\�_�j��

�k�Z�e�v�g�h �i�j�b�f�_�g�b�f�h�_ �j�_�r�_�g�b�_�� �Z�g�Z�e�b�a �k�m�s�_�k�l�\�m�x�s�b�o �i�h�^�o�h�^�h�\ �i�h�a�\�h�e�b�e �l�h�q�g�_�_

�k�n�h�j�f�m�e�b�j�h�\�Z�l�v �l�j�_�[�h�\�Z�g�b�y �d �Z�j�o�b�l�_�d�l�m�j�_ �k�b�k�l�_�f�u �b �m�l�h�q�g�b�l�v �]�j�Z�g�b�p�u �i�j�b�f�_��

�g�b�f�h�k�l�b �i�j�_�^�e�h�`�_�g�g�h�]�h �f�_�l�h�^�Z��



����

�=�e�Z�\�Z ���� �M�k�d�h�j�_�g�b�_ �\�u�i�h�e�g�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�b�o �6�4�/���a�Z�i�j�h�k�h�\ �d�Z�d �w�e�_�f�_�g�l
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �^�Z�g�g�u�o

�P�_�e�v �^�Z�g�g�h�c �]�e�Z�\�u �² �b�k�k�e�_�^�h�\�Z�l�v �\�h�a�f�h�`�g�h�k�l�b �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h��

�k�l�b �\�u�i�h�e�g�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h�k�h�\�� �i�j�b�f�_�g�y�_�f�u�o �^�e�y �\�u�q�b�k�e�_�g�b�y �i�j�b�a�g�Z��

�d�h�\�� �J�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �k�m�s�_�k�l�\�m�x�s�b�_ �i�h�^�o�h�^�u �d �h�i�l�b�f�b�a�Z�p�b�b �a�Z�i�j�h�k�h�\ �\ �p�_�g��

�l�j�Z�e�b�a�h�\�Z�g�g�u�o �k�l�j�h�q�g�u�o �K�M�;�> �b �i�j�_�^�e�Z�]�Z�_�l�k�y �b�o �^�h�j�Z�[�h�l�d�Z �^�e�y �i�j�b�f�_�g�_�g�b�y �d

�f�Z�k�k�h�\�h���i�Z�j�Z�e�e�_�e�v�g�u�f �d�h�e�h�g�h�q�g�u�f �K�M�;�>�� �H�p�_�g�b�\�Z�x�l�k�y �b�o �i�j�_�^�_�e�u �i�j�b�f�_�g�b��

�f�h�k�l�b�� �Z �l�Z�d�`�_ �i�j�_�^�e�Z�]�Z�x�l�k�y �i�j�Z�d�l�b�q�_�k�d�b�_ �f�_�l�h�^�b�d�b�� �h�k�g�h�\�Z�g�g�u�_ �g�Z �f�Z�r�b�g�g�h�f

�h�[�m�q�_�g�b�b �b �i�j�h�n�b�e�b�j�h�\�Z�g�b�b �g�Z�]�j�m�a�d�b�� �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�a�\�h�e�y�x�l �h�[�h�k��

�g�h�\�Z�l�v �Z�j�o�b�l�_�d�l�m�j�g�u�_ �h�]�j�Z�g�b�q�_�g�b�y �i�h�k�e�_�^�m�x�s�b�o �w�l�Z�i�h�\ �j�Z�[�h�l�u �b �h�i�j�_�^�_�e�b�l�v

�d�e�Z�k�k�u �a�Z�^�Z�q�� �\ �d�h�l�h�j�u�o �f�_�l�h�^�u �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\ �f�h��

�]�m�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g�u �w�n�n�_�d�l�b�\�g�h�� �< �j�Z�f�d�Z�o �g�Z�k�l�h�y�s�_�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �w�d�k�i�_�j�b��

�f�_�g�l�u �i�j�h�\�h�^�b�e�b�k�v �d�Z�d �g�Z �K�M�;�> �k �h�l�d�j�u�l�u�f �b�k�o�h�^�g�u�f �d�h�^�h�f ���3�R�V�W�J�U�H�6�4�/���� �l�Z�d �b

�g�Z �i�j�h�f�u�r�e�_�g�g�h�c �i�j�h�i�j�b�_�l�Z�j�g�h�c �K�M�;�> ���*�D�X�V�V�'�%���� �q�l�h �i�h�a�\�h�e�b�e�h �h�p�_�g�b�l�v �i�j�b��

�f�_�g�b�f�h�k�l�v �i�h�^�o�h�^�h�\ �\ �m�k�e�h�\�b�y�o�� �i�j�b�[�e�b�`�_�g�g�u�o �d �j�_�Z�e�v�g�h�c �w�d�k�i�e�m�Z�l�Z�p�b�b��

������ �:�g�Z�e�b�a �k�m�s�_�k�l�\�m�x�s�b�o �i�h�^�o�h�^�h�\ �d �h�i�l�b�f�b�a�Z�p�b�b �a�Z�i�j�h�k�h�\

���������� �L�j�Z�^�b�p�b�h�g�g�u�_ �f�_�l�h�^�u

�G�Z �j�b�k�m�g�d�_������ �i�j�_�^�k�l�Z�\�e�_�g �l�j�Z�^�b�p�b�h�g�g�u�c �>�����@ �f�_�l�h�^�� �[�Z�a�b�j�m�x�s�b�c�k�y �g�Z

�j�Z�k�q�z�l�_ �k�l�h�b�f�h�k�l�g�u�o �h�p�_�g�h�d�� �>�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �h�i�l�b�f�Z�e�v�g�h�]�h �i�e�Z�g�Z �\�u�i�h�e�g�_��

�g�b�y �a�Z�i�j�h�k�Z �h�i�l�b�f�b�a�Z�l�h�j �Z�g�Z�e�b�a�b�j�m�_�l �f�g�h�`�_�k�l�\�h �\�h�a�f�h�`�g�u�o �\�Z�j�b�Z�g�l�h�\ �k�h�_�^�b�g�_��

�g�b�y�� �i�j�b�f�_�g�y�y�� �\ �q�Z�k�l�g�h�k�l�b�� �Z�e�]�h�j�b�l�f�u �^�b�g�Z�f�b�q�_�k�d�h�]�h �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�� �H�i�b��

�j�Z�y�k�v �g�Z �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �\�u�q�b�k�e�_�g�g�u�_ �h�p�_�g�d�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �k�l�h�b�f�h�k�l�g�Z�y �f�h��

�^�_�e�v �\�u�[�b�j�Z�_�l �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�c �\�Z�j�b�Z�g�l �k�j�_�^�b �k�_�f�Z�g�l�b�q�_�k�d�b �j�Z�\�g�h�a�g�Z�q�g�u�o

�i�e�Z�g�h�\�� �< �b�^�_�Z�e�v�g�h�f �k�e�m�q�Z�_�� �i�j�b �Z�[�k�h�e�x�l�g�h �l�h�q�g�u�o �h�p�_�g�d�Z�o �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b �b
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�J�b�k�m�g�h�d ������ �² �:�j�o�b�l�_�d�l�m�j�Z �l�j�Z�^�b�p�b�h�g�g�h�]�h �h�i�l�b�f�b�a�Z�l�h�j�Z �a�Z�i�j�h�k�h�\��

�d�h�j�j�_�d�l�g�h�c �k�l�h�b�f�h�k�l�g�h�c �f�h�^�_�e�b�� �^�Z�g�g�Z�y �Z�j�o�b�l�_�d�l�m�j�Z �h�[�_�k�i�_�q�b�\�Z�_�l �\�u�[�h�j �g�Z�b��



����

�e�m�q�r�_�]�h �i�e�Z�g�Z �a�Z�i�j�h�k�Z�� �H�^�g�Z�d�h �g�Z �i�j�Z�d�l�b�d�_ �\�u�q�b�k�e�_�g�b�_ �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b �q�Z�k�l�h

�h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �m�i�j�h�s�z�g�g�u�o �^�h�i�m�s�_�g�b�y�o�� �l�Z�d�b�o �d�Z�d �j�Z�\�g�h�f�_�j�g�h�_ �j�Z�k�i�j�_�^�_�e�_��

�g�b�_ �^�Z�g�g�u�o �b �h�l�k�m�l�k�l�\�b�_ �a�Z�\�b�k�b�f�h�k�l�_�c �f�_�`�^�m �Z�l�j�b�[�m�l�Z�f�b�� �< �j�_�Z�e�v�g�u�o �[�Z�a�Z�o �^�Z�g��

�g�u�o �w�l�b �i�j�_�^�i�h�e�h�`�_�g�b�y �h�[�u�q�g�h �g�_ �\�u�i�h�e�g�y�x�l�k�y�� �q�l�h �f�h�`�_�l �i�j�b�\�h�^�b�l�v �d �g�_�h�i�l�b��

�f�Z�e�v�g�u�f�� �Z �\ �g�_�d�h�l�h�j�u�o �k�e�m�q�Z�y�o �b �d �d�j�Z�c�g�_ �g�_�w�n�n�_�d�l�b�\�g�u�f �i�e�Z�g�Z�f �\�u�i�h�e�g�_��

�g�b�y �a�Z�i�j�h�k�h�\�� �D�h�f�i�h�g�_�g�l �h�p�_�g�d�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b ���&�D�U�G�(�V�W�� �y�\�e�y�_�l�k�y �d�e�x�q�_�\�u�f

�w�e�_�f�_�g�l�h�f �\ �i�j�h�p�_�k�k�_ �h�i�l�b�f�b�a�Z�p�b�b �a�Z�i�j�h�k�h�\ �>�����@�� �?�]�h �h�k�g�h�\�g�Z�y �a�Z�^�Z�q�Z �a�Z�d�e�x�q�Z��

�_�l�k�y �\ �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�b �d�h�e�b�q�_�k�l�\�Z �k�l�j�h�d �^�e�y �\�k�_�o �i�j�h�f�_�`�m�l�h�q�g�u�o �j�_�a�m�e�v�l�Z�l�h�\

�a�Z�i�j�h�k�Z�� �q�l�h �i�h�a�\�h�e�y�_�l �h�i�l�b�f�b�a�Z�l�h�j�m �\�u�[�b�j�Z�l�v �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�_ �h�i�_�j�Z�p�b�b

�k�h�_�^�b�g�_�g�b�y�� �D�Z�q�_�k�l�\�h �b�l�h�]�h�\�h�]�h �i�e�Z�g�Z �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�Z �g�Z�i�j�y�f�m�x �a�Z�\�b�k�b�l �h�l

�l�h�q�g�h�k�l�b �h�p�_�g�h�d�� �i�j�_�^�h�k�l�Z�\�e�y�_�f�u�o �&�D�U�G�(�V�W�� �&�D�U�G�(�V�W �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�Z�`�g�_�c��

�r�b�c �d�h�f�i�h�g�_�g�l �K�M�;�>�� �q�l�h �h�[�t�y�k�g�y�_�l �i�j�b�k�l�Z�e�v�g�u�c �b�g�l�_�j�_�k �d �w�l�h�c �l�_�o�g�h�e�h�]�b�b �k�h

�k�l�h�j�h�g�u �b�k�k�e�_�^�h�\�Z�l�_�e�_�c �>������ �����@ �b �d�h�j�i�h�j�Z�l�b�\�g�u�o �j�Z�a�j�Z�[�h�l�q�b�d�h�\ �>�����² �����@�� �K�h��

�\�j�_�f�_�g�g�u�_ �K�M�;�> �k �h�l�d�j�u�l�u�f �b�k�o�h�^�g�u�f �d�h�^�h�f �b �d�h�f�f�_�j�q�_�k�d�b�_ �K�M�;�> �\ �h�k�g�h�\�g�h�f

�b�k�i�h�e�v�a�m�x�l �h�^�b�g �b�a �^�\�m�o �l�j�Z�^�b�p�b�h�g�g�u�o �f�_�l�h�^�h�\ �&�D�U�G�(�V�W�� �]�b�k�l�h�]�j�Z�f�f�u �>�����² �����@

�\ �3�R�V�W�J�U�H�6�4�/ �>�����@ �b �6�4�/ �6�H�U�Y�H�U �>�����@�� �k�w�f�i�e�b�j�h�\�Z�g�b�_ �>�����² �����@ �\ �0�\�6�4�/ �b �0�D�U�L�D�'�%

�>�����@��

�< �g�Z�m�q�g�u�o �i�m�[�e�b�d�Z�p�b�y�o �&�D�U�G�(�V�W �q�Z�s�_ �\�k�_�]�h �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �k�l�Z�l�b��

�k�l�b�q�_�k�d�Z�y �i�j�h�[�e�_�f�Z�� �J�Z�k�k�f�h�l�j�b�f �l�Z�[�e�b�p�mT�� �k�h�^�_�j�`�Z�s�m�xk �Z�l�j�b�[�m�l�h�\A =

A1, A2, . . . , Ak�� �A�^�_�k�vT �f�h�`�_�l �i�j�_�^�k�l�Z�\�e�y�l�v �d�Z�d �k�Z�f�h�k�l�h�y�l�_�e�v�g�m�x �j�_�e�y�p�b�h�g�g�m�x

�l�Z�[�e�b�p�m�� �l�Z�d �b �i�j�h�f�_�`�m�l�h�q�g�u�c �j�_�a�m�e�v�l�Z�l �k�h�_�^�b�g�_�g�b�y �g�_�k�d�h�e�v�d�b�o �l�Z�[�e�b�p�� �< �^�Z�g��

�g�h�f �b�k�k�e�_�^�h�\�Z�g�b�b �i�j�_�^�e�Z�]�Z�_�l�k�y �b�k�o�h�^�b�l�v �b�a �^�h�i�m�s�_�g�b�y�� �q�l�h �e�x�[�h�c �Z�l�j�b�[�m�lA i

���]�^�_1 " i " k�� �i�j�b�g�Z�^�e�_�`�b�l �d �h�^�g�h�f�m �b�a �^�\�m�o �l�b�i�h�\�� �d�Z�l�_�]�h�j�b�Z�e�v�g�u�c ���_�]�h �a�g�Z��

�q�_�g�b�y �^�h�i�m�k�d�Z�x�l �p�_�e�h�q�b�k�e�_�g�g�h�_ �d�h�^�b�j�h�\�Z�g�b�_�� �b�e�b �g�_�i�j�_�j�u�\�g�u�c�� �k �h�[�e�Z�k�l�v�x �^�h��

�i�m�k�l�b�f�u�o �a�g�Z�q�_�g�b�cD i �� �E�x�[�h�c �a�Z�i�j�h�k �\�u�[�h�j�ZQ �d �l�Z�[�e�b�p�_T �f�h�`�_�l �[�u�l�v �n�h�j��

�f�Z�e�b�a�h�\�Z�g �\ �k�l�Z�g�^�Z�j�l�g�h�f �\�b�^�_��Q = { A1 # R1 ) A2 # R2 ) á á á) An # Rn} ��

�]�^�_Ri * D i �h�i�j�_�^�_�e�y�_�l �h�]�j�Z�g�b�q�b�\�Z�x�s�_�_ �m�k�e�h�\�b�_ �a�Z�i�j�h�k�Z �^�e�y �Z�l�j�b�[�m�l�ZA i �� �;�_�a

�h�]�j�Z�g�b�q�_�g�b�y �h�[�s�g�h�k�l�bRi = D i �� �_�k�e�bQ �g�_ �g�Z�d�e�Z�^�u�\�Z�_�l �h�]�j�Z�g�b�q�_�g�b�c �g�ZA i �� �H�[�h��

�a�g�Z�q�b�f �q�_�j�_�aCard(T, Q) �b�k�l�b�g�g�m�x �d�Z�j�^�b�g�Z�e�v�g�h�k�l�v �� �l�h�q�g�h�_ �q�b�k�e�h �a�Z�i�b�k�_�c �\T��

�m�^�h�\�e�_�l�\�h�j�y�x�s�b�o �\�k�_�f �m�k�e�h�\�b�y�fQ�� �K�m�l�v �a�Z�^�Z�q�b �&�D�U�G�(�V�W �a�Z�d�e�x�q�Z�_�l�k�y �\ �f�Z�d�k�b��

�f�Z�e�v�g�h �l�h�q�g�h�f �i�j�b�[�e�b�`�_�g�b�b �a�g�Z�q�_�g�b�yCard(T, Q) �[�_�a �n�Z�d�l�b�q�_�k�d�h�]�h �\�u�i�h�e�g�_�g�b�y

�a�Z�i�j�h�k�ZQ �d �l�Z�[�e�b�p�_T��



����

�=�b�k�l�h�]�j�Z�f�f�u���< �k�b�k�l�_�f�Z�o�� �b�k�i�h�e�v�a�m�x�s�b�o �^�e�y �h�p�_�g�d�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b

�i�h�^�o�h�^ �g�Z �h�k�g�h�\�_ �]�b�k�l�h�]�j�Z�f�f�� �f�h�s�g�h�k�l�v �[�Z�a�h�\�u�o �l�Z�[�e�b�p �h�p�_�g�b�\�Z�_�l�k�y �k �i�h�f�h��

�s�v�x �]�b�k�l�h�]�j�Z�f�f ���d�\�Z�g�l�b�e�v�g�Z�y �k�l�Z�l�b�k�l�b�d�Z���� �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o �a�g�Z�q�_�g�b�c

�k �b�o �q�Z�k�l�h�l�Z�f�b �b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b �h�[�e�Z�k�l�_�c �h�i�j�_�^�_�e�_�g�b�y ���d�h�e�b�q�_�k�l�\�Z �j�Z�a�e�b�q�g�u�o
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�>�j�m�]�b�_ �i�h�^�o�h�^�u �^�_�f�h�g�k�l�j�b�j�m�x�l�� �d�Z�d �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �f�Z�r�b�g�g�h�_ �h�[�m��

�q�_�g�b�_ �^�e�y �i�h�e�m�q�_�g�b�y �[�h�e�_�_ �l�h�q�g�u�o �h�p�_�g�h�d �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �H�^�g�Z�d�h �g�b �h�^�b�g �b�a

�g�b�o �g�_ �^�_�f�h�g�k�l�j�b�j�m�_�l�� �q�l�h �b�o �m�e�m�q�r�_�g�g�u�_ �h�p�_�g�d�b �d�h�e�b�q�_�k�l�\�Z �w�e�_�f�_�g�l�h�\ �g�Z �k�Z��

�f�h�f �^�_�e�_ �i�j�b�\�h�^�y�l �d �e�m�q�r�b�f �i�e�Z�g�Z�f �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\�� �H�l�g�h�k�b�l�_�e�v�g�h �e�_�]��

�d�h �m�e�m�q�r�b�l�v �k�j�_�^�g�x�x �h�r�b�[�d�m �h�p�_�g�h�d �d�h�e�b�q�_�k�l�\�Z �w�e�_�f�_�g�l�h�\�� �g�h �]�h�j�Z�a�^�h �k�e�h�`�g�_�_

�m�e�m�q�r�b�l�v �h�p�_�g�d�b �^�e�y �k�e�m�q�Z�_�\�� �d�h�l�h�j�u�_ �n�Z�d�l�b�q�_�k�d�b �m�e�m�q�r�Z�x�l �i�e�Z�g�u �a�Z�i�j�h�k�h�\��

�<�Z�`�g�h �h�l�f�_�l�b�l�v�� �q�l�h �\ �h�l�e�b�q�b�_ �h�l �h�i�l�b�f�b�a�Z�p�b�b �i�h�j�y�^�d�Z �k�h�_�^�b�g�_�g�b�c�� �\�u�[�h�j

�d�h�g�d�j�_�l�g�u�o �Z�e�]�h�j�b�l�f�h�\ �k�h�_�^�b�g�_�g�b�y ���l�Z�d�b�o �d�Z�d �o�_�r���k�h�_�^�b�g�_�g�b�_ �b�e�b �k�h�j�l�b�j�h�\�d�Z

�k�e�b�y�g�b�_�f�� �b �h�i�j�_�^�_�e�_�g�b�_ �h�i�l�b�f�Z�e�v�g�u�o �b�g�^�_�d�k�h�\ �g�_ �f�h�]�m�l �h�k�g�h�\�u�\�Z�l�v�k�y �b�k�d�e�x��

�q�b�l�_�e�v�g�h �g�Z �h�p�_�g�d�Z�o �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �B�k�k�e�_�^�h�\�Z�g�b�_ �6�N�L�Q�Q�H�U�'�% �>�����@ �i�j�h�^�_�f�h�g��

�k�l�j�b�j�h�\�Z�e�h �i�h�l�_�g�p�b�Z�e �i�j�b�f�_�g�_�g�b�y �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f �^�e�y �Z�^�Z�i�l�b�\�g�u�o

�k�l�j�Z�l�_�]�b�c �h�[�j�Z�[�h�l�d�b �a�Z�i�j�h�k�h�\�� �h�^�g�Z�d�h �l�Z�d�Z�y �f�_�l�h�^�b�d�Z �l�j�_�[�m�_�l �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g��

�g�h�c �k�b�k�l�_�f�u �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\�� �k�i�h�k�h�[�g�h�c �d �^�b�g�Z�f�b�q�_�k�d�h�c �Z�^�Z�i�l�Z�p�b�b��

�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�_ �\ �j�Z�[�h�l�_ �´�1�H�R�� �$ �/�H�D�U�Q�H�G �4�X�H�U�\ �2�S�W�L�P�L�]�H�U�´

�>�����@�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �q�l�h �^�Z�g�g�u�c �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�c �h�i�l�b�f�b�a�Z�l�h�j �a�Z�i�j�h�k�h�\ �^�h�k�l�b��

�]�Z�_�l �k�j�Z�\�g�b�f�h�c �b�e�b �i�j�_�\�h�k�o�h�^�y�s�_�c �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h �\�_�^�m�s�b�o

�d�h�f�f�_�j�q�_�k�d�b�o �j�_�r�_�g�b�c ���2�U�D�F�O�H �b �0�L�F�U�R�V�R�I�W���� �K�b�k�l�_�f�Z �1�H�R �n�m�g�d�p�b�h�g�b�j�m�_�l �k�e�_�^�m��

�x�s�b�f �h�[�j�Z�a�h�f��

���� �B�k�i�h�e�v�a�m�_�l �g�Z�[�h�j �i�j�Z�\�b�e �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �a�Z�i�j�h�k�h�\ �^�e�y �k�h�o�j�Z�g�_�g�b�y �k�_��

�f�Z�g�l�b�q�_�k�d�h�c �d�h�j�j�_�d�l�g�h�k�l�b��

���� �:�\�l�h�f�Z�l�b�q�_�k�d�b �h�[�m�q�Z�_�l�k�y �i�j�b�g�b�f�Z�l�v �j�_�r�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �h�i�l�b�f�Z�e�v��

�g�h�]�h �i�h�j�y�^�d�Z �k�h�_�^�b�g�_�g�b�c�� �Z �l�Z�d�`�_ �\�u�[�h�j�Z �Z�e�]�h�j�b�l�f�h�\ �k�h�_�^�b�g�_�g�b�y �b �i�h�^��

�o�h�^�y�s�b�o �b�g�^�_�d�k�h�\��

�>�e�y �h�i�l�b�f�b�a�Z�p�b�b �w�l�b�o �j�_�r�_�g�b�c �1�H�R �i�j�b�f�_�g�y�_�l �d�Z�d �f�_�l�h�^ �h�[�m�q�_�g�b�y �k �m�q�b��

�l�_�e�_�f�� �l�Z�d �b �f�_�o�Z�g�b�a�f �h�[�j�Z�l�g�h�c �k�\�y�a�b�� �>�Z�g�g�u�c �i�h�^�o�h�^ �i�h�a�\�h�e�y�_�l �k�b�k�l�_�f�_ �Z�^�Z�i�l�b��

�j�h�\�Z�l�v�k�y �d �d�h�g�d�j�_�l�g�h�f�m �w�d�a�_�f�i�e�y�j�m �[�Z�a�u �^�Z�g�g�u�o�� �i�j�b�g�b�f�Z�y �j�_�r�_�g�b�y �g�Z �h�k�g�h�\�_

�n�Z�d�l�b�q�_�k�d�b�o �i�h�d�Z�a�Z�l�_�e�_�c �\�j�_�f�_�g�b �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\��

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�e�Z�k�v �i�j�b�f�_�g�b�f�h�k�l�v �f�g�h�]�b�o �b�a �w�l�b�o �i�h�^�o�h�^�h�\ �d

�f�Z�k�k�h�\�h���i�Z�j�Z�e�e�_�e�v�g�h�c �K�M�;�>�� �H�i�j�h�[�h�\�Z�g�u �d�Z�d �f�_�l�h�^�u�� �h�k�g�h�\�Z�g�g�u�_ �g�Z �i�j�_�^�k�d�Z��

�a�Z�g�b�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �l�Z�d �b �g�Z �h�k�g�h�\�_ �i�j�_�^�k�d�Z�a�Z�g�b�y �k�l�h�b�f�h�k�l�_�c��



����

���������� �I�h�^�o�h�^�u �d �m�e�m�q�r�_�g�b�x �h�p�_�g�d�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b

�K�h�\�j�_�f�_�g�g�u�_ �i�h�^�o�h�^�u �d �h�p�_�g�d�_ �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �b�k�i�h�e�v�a�m�x�s�b�_ �f�Z�r�b�g�g�h�_

�h�[�m�q�_�g�b�_�� �g�Z�i�j�Z�\�e�_�g�u �g�Z �i�h�k�l�j�h�_�g�b�_ �f�h�^�_�e�_�c�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�j�h�]�g�h�a�b�j�m�x��

�s�b�o �a�g�Z�q�_�g�b�_Card(T, Q) �^�e�y �i�j�h�b�a�\�h�e�v�g�h�]�h �a�Z�i�j�h�k�ZQ�� �G�Z�b�[�h�e�_�_ �i�j�h�^�\�b�g�m�l�u�_

�j�_�Z�e�b�a�Z�p�b�b �^�Z�g�g�h�c �d�h�g�p�_�i�p�b�b �i�j�b�f�_�g�y�x�l �k�e�h�`�g�u�_ �Z�e�]�h�j�b�l�f�u�� �\�d�e�x�q�Z�y �]�e�m�[�h��

�d�b�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b �b �Z�g�k�Z�f�[�e�b �g�Z �h�k�g�h�\�_ �]�j�Z�^�b�_�g�l�g�h�]�h �[�m�k�l�b�g�]�Z�� �q�l�h �i�h�a�\�h�e�y�_�l

�k�m�s�_�k�l�\�_�g�g�h �i�h�\�u�k�b�l�v �l�h�q�g�h�k�l�v �h�p�_�g�h�d��

�< �h�l�e�b�q�b�_ �h�l �a�Z�i�j�h�k�h���a�Z�\�b�k�b�f�u�o �f�_�l�h�^�h�\�� �i�h�^�o�h�^�u�� �h�k�g�h�\�Z�g�g�u�_ �g�Z �f�h�^�_�e�b��

�j�h�\�Z�g�b�b �^�Z�g�g�u�o�� �g�_ �l�j�_�[�m�x�l �Z�g�Z�e�b�a�Z �d�h�g�d�j�_�l�g�u�o �a�Z�i�j�h�k�h�\�� �< �^�Z�g�g�h�c �i�Z�j�Z�^�b�]�f�_

�d�Z�`�^�u�c �d�h�j�l�_�` �l�Z�[�e�b�p�uT �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �l�h�q�d�Z �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�j�b�a�g�Z�d�h�\��

�k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �k�h�\�f�_�k�l�g�h�f�m �j�Z�k�i�j�_�^�_�e�_�g�b�xP(T(A)) = P(T(A1, A2, ..., An)) ��

�>�e�y �a�Z�^�Z�g�g�h�]�h �a�Z�i�j�h�k�ZQ �k �m�k�e�h�\�b�y�f�bA i # Ri �\�_�j�h�y�l�g�h�k�l�vP(T(Q)) = P(T(A1 #

R1, ..., An # Rn)) �i�h�a�\�h�e�y�_�l �\�u�j�Z�a�b�l�v �d�Z�j�^�b�g�Z�e�v�g�h�k�l�v �d�Z�dCard(Q, T) =

P(T(Q)) á |T|�� �L�Z�d�b�f �h�[�j�Z�a�h�f�� �d�e�x�q�_�\�Z�y �a�Z�^�Z�q�Z �k�\�h�^�b�l�k�y �d �l�h�q�g�h�c �Z�i�i�j�h�d�k�b�f�Z��

�p�b�b �n�m�g�d�p�b�b �i�e�h�l�g�h�k�l�bP(T(A)) �^�e�y �p�_�e�_�\�h�c �l�Z�[�e�b�p�u��

���� �:�^�Z�i�l�b�\�g�u�c �h�i�l�b�f�b�a�Z�l�h�j �a�Z�i�j�h�k�h�\AQO �>�����@ �i�j�_�^�e�Z�]�Z�_�l �f�h�^�b�n�b�d�Z�p�b�x

�k�l�Z�g�^�Z�j�l�g�h�c �n�h�j�f�m�e�u �j�Z�k�q�_�l�Z �k�_�e�_�d�l�b�\�g�h�k�l�b�� �\�\�h�^�y �b�g�^�b�\�b�^�m�Z�e�v�g�u�_

�d�h�w�n�n�b�p�b�_�g�l�u �^�e�y �d�Z�`�^�h�]�h �i�j�h�k�l�h�]�h �m�k�e�h�\�b�y�� �W�l�b �d�h�w�n�n�b�p�b�_�g�l�u �i�h�^��

�[�b�j�Z�x�l�k�y �k �i�h�f�h�s�v�x �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y ���f�_�l�h�^ �N���[�e�b�`�Z�c�r�b�o �k�h�k�_��

�^�_�c�� �l�Z�d�b�f �h�[�j�Z�a�h�f�� �q�l�h�[�u �\�u�q�b�k�e�_�g�g�Z�y �k�_�e�_�d�l�b�\�g�h�k�l�v �f�Z�d�k�b�f�Z�e�v�g�h �k�h��

�h�l�\�_�l�k�l�\�h�\�Z�e�Z �j�_�Z�e�v�g�h�c �k�_�e�_�d�l�b�\�g�h�k�l�b�� �g�Z�[�e�x�^�Z�_�f�h�cAQO �i�j�b �i�j�_�^�u��

�^�m�s�b�o �\�u�i�h�e�g�_�g�b�y�o �a�Z�i�j�h�k�h�\�� �>�e�y �w�l�h�]�h �k�b�k�l�_�f�Z �k�h�o�j�Z�g�y�_�l �^�\�Z �l�b�i�Z �^�Z�g��

�g�u�o�� �k�_�e�_�d�l�b�\�g�h�k�l�v �m�k�e�h�\�b�c�� �i�j�_�^�k�d�Z�a�Z�g�g�m�x �r�l�Z�l�g�u�f �i�e�Z�g�b�j�h�\�s�b�d�h�f��

�b �n�Z�d�l�b�q�_�k�d�m�x �k�_�e�_�d�l�b�\�g�h�k�l�v�� �i�h�e�m�q�_�g�g�m�x �i�h�k�e�_ �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\��

�H�k�h�[�_�g�g�h�k�l�vAQO �a�Z�d�e�x�q�Z�_�l�k�y �\ �Z�g�Z�e�b�a�_ �m�k�e�h�\�b�c �k �l�h�q�g�h�k�l�v�x �^�h �d�h�g��

�k�l�Z�g�l�g�u�o �a�g�Z�q�_�g�b�c�� �L�Z�d�h�c �i�h�^�o�h�^ �k�g�b�`�Z�_�l �k�e�h�`�g�h�k�l�v �a�Z�^�Z�q�b �h�[�m�q�_�g�b�y��

�i�j�b �w�l�h�f �\ �[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �g�_ �i�j�b�\�h�^�b�l �d �i�h�l�_�j�_ �b�g�n�h�j�f�Z�p�b�b �� �o�h�l�y

AQO �g�_ �m�q�b�l�u�\�Z�_�l �d�h�g�d�j�_�l�g�u�_ �a�g�Z�q�_�g�b�y �d�h�g�k�l�Z�g�l�� �h�g �j�Z�[�h�l�Z�_�l �k �g�Z�[�e�x��

�^�Z�_�f�h�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x �m�k�e�h�\�b�c�� �B�k�d�e�x�q�_�g�b�_ �k�h�k�l�Z�\�e�y�x�l �k�e�m�q�Z�b�� �d�h�]�^�Z

�i�e�Z�g�b�j�h�\�s�b�d �b�k�i�h�e�v�a�m�_�l �n�b�d�k�b�j�h�\�Z�g�g�u�_ �h�p�_�g�d�b �i�h �m�f�h�e�q�Z�g�b�x�� �g�Z�i�j�b��

�f�_�j��

�± �^�e�y �m�k�e�h�\�b�c �\�b�^�Z �´�\�u�j�Z�`�_�g�b�_�� � �\�u�j�Z�`�_�g�b�_���´ �\�k�_�]�^�Z �i�j�b�f�_�g�y��

�_�l�k�y �k�_�e�_�d�l�b�\�g�h�k�l�v ������������



����

�± �^�e�y �m�k�e�h�\�b�c �´�\�u�j�Z�`�_�g�b�_�� �! �\�u�j�Z�`�_�g�b�_���´�b�k�i�h�e�v�a�m�_�l�k�y �a�g�Z�q�_�g�b�_

��������

�K�j�_�^�b �\�k�_�o �j�Z�k�k�f�h�l�j�_�g�g�u�o �\ �j�Z�[�h�l�_ �i�h�^�o�h�^�h�\AQO �y�\�e�y�_�l�k�y �g�Z�b�[�h�e�_�_

�i�j�h�k�l�u�f �d�Z�d �\ �j�_�Z�e�b�a�Z�p�b�b�� �l�Z�d �b �\ �d�h�g�p�_�i�l�m�Z�e�v�g�h�f �i�e�Z�g�_�� �;�h�e�_�_ �l�h�]�h��

�w�l�h�l �f�_�l�h�^ �m�`�_ �b�g�l�_�]�j�b�j�h�\�Z�g �\ �3�R�V�W�J�U�H�6�4�/ �b �f�h�`�_�l �[�u�l�v �Z�d�l�b�\�b�j�h�\�Z�g

�q�_�j�_�a �g�Z�k�l�j�h�c�d�b �k�b�k�l�_�f�u�� �H�^�g�Z�d�h �i�j�h�\�_�^�_�g�g�u�_ �l�_�k�l�u �^�e�y �2�/�$�3���k�b�k�l�_�f

�i�h�d�Z�a�Z�e�b�� �q�l�h �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �b�k�d�e�x�q�b�l�_�e�v�g�h �K�D�V�K���M�R�L�Q ���d�h�l�h�j�u�c �^�h��

�f�b�g�b�j�m�_�l �\ �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h�k�Z�o �d�Z�d �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�c �f�_�l�h�^��

�i�j�b�f�_�g�_�g�b�_AQO �g�_ �^�Z�_�l �a�g�Z�q�b�f�h�]�h �m�k�d�h�j�_�g�b�y �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\��

���� Naru ���1�H�X�U�D�O �5�H�O�D�W�L�R�Q �8�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �>�����@ �± �k�h�\�j�_�f�_�g�g�u�c �h�p�_�g�s�b�d �d�Z�j��

�^�b�g�Z�e�v�g�h�k�l�b�� �d�h�l�h�j�u�c �i�h�e�g�h�k�l�v�x �n�b�d�k�b�j�m�_�l �d�h�j�j�_�e�y�p�b�b �f�_�`�^�m �\�k�_�f�b

�k�l�h�e�[�p�Z�f�b �h�^�g�h�c �l�Z�[�e�b�p�u�� �b�k�i�h�e�v�a�m�y �]�e�m�[�h�d�m�x �Z�\�l�h�j�_�]�j�_�k�k�b�h�g�g�m�x �f�h��

�^�_�e�v�� �B�f�_�y �l�Z�[�e�b�p�mT�� �Z�\�l�h�j�_�]�j�_�k�k�b�h�g�g�Z�y �f�h�^�_�e�v$ �i�j�b�g�b�f�Z�_�l �d�h�j�l�_�`

�[ # T �\ �d�Z�q�_�k�l�\�_ �\�o�h�^�g�u�o �^�Z�g�g�u�o �b �i�j�_�^�k�d�Z�a�u�\�Z�_�l �m�k�e�h�\�g�u�_ �j�Z�k�i�j�_��

�^�_�e�_�g�b�y �\�_�j�h�y�l�g�h�k�l�_�c��{ p! (X i |�[<i )} �� �d�Z�`�^�h�_ �b�a �d�h�l�h�j�u�o �y�\�e�y�_�l�k�y �h�^�g�h��

�f�_�j�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �i�hi ���h�f�m �k�l�h�e�[�p�m ���m�k�e�h�\�b�_ �g�Z �\�k�_�o �i�j�_�^�u�^�m��

�s�b�o �a�g�Z�q�_�g�b�y�o �k�l�h�e�[�p�Z�[�� �<�_�j�h�y�l�g�h�k�l�v �\�o�h�^�g�h�]�h �d�h�j�l�_�`�Z �a�Z�l�_�f �i�j�h�]�g�h��

�a�b�j�m�_�l�k�y �d�Z�dp! (�[) =
& n

i=1 p! (X i = �[i |�[<i )�� �E�x�[�Z�y �]�e�m�[�h�d�Z�y �Z�\�l�h�j�_�]�j�_�k��

�k�b�\�g�Z�y �Z�j�o�b�l�_�d�l�m�j�Z�� �g�Z�i�j�b�f�_�j��T ransformer �� �f�h�`�_�l �k�h�a�^�Z�l�v �w�d�a�_�f�i�e�y�j

�w�l�h�c �k�l�j�m�d�l�m�j�u��

Naru �y�\�e�y�_�l�k�y �i�h�^�o�h�^�h�f �g�Z �h�k�g�h�\�_ �h�[�m�q�_�g�b�y �[�_�a �m�q�b�l�_�e�y�� �H�g �g�_ �l�j�_�[�m�_�l

�\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\ �^�e�y �k�[�h�j�Z �h�[�m�q�Z�x�s�b�o �^�Z�g�g�u�o�� �_�f�m �g�m�`�g�u �l�h�e�v�d�h

�k�Z�f�b �^�Z�g�g�u�_ �d�h�g�d�j�_�l�g�h�c �;�>�� �O�h�l�v �w�l�h�l �i�h�^�o�h�^ �b �b�f�_�_�l �b�k�o�h�^�g�u�c �d�h�^ �\

�h�l�d�j�u�l�h�f �^�h�k�l�m�i�_�� �\ �h�l�e�b�q�b�b �h�l �f�g�h�]�b�o �^�j�m�]�b�o�� �j�_�a�m�e�v�l�Z�l�u �k�l�Z�l�v�b �y�\��

�e�y�x�l�k�y �k�d�h�j�_�_ �l�_�h�j�_�l�b�q�_�k�d�b�f�b�� �g�_�`�_�e�b �i�j�Z�d�l�b�q�_�k�d�b�f�b�� �I�h�^�o�h�^ �i�j�b�f�_��

�g�b�f �l�h�e�v�d�h �d �h�p�_�g�d�_ �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b �^�e�y �a�Z�i�j�h�k�h�\�� �b�k�i�h�e�v�a�m�x�s�b�o �\�k�_�]�h

�� �l�Z�[�e�b�p�m�� �q�l�h �^�_�e�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �d�Z�q�_�k�l�\�_�g�g�h �b �l�j�Z�^�b�p�b�h�g�g�u�f�b �f�_��

�l�h�^�Z�f�b�� �<�d�e�Z�^ �w�l�h�c �k�l�Z�l�v�b �a�Z�d�e�x�q�Z�_�l�k�y �k�d�h�j�_�_ �\ �h�l�j�Z�[�h�l�d�_ �i�h�^�o�h�^�Z �g�Z

�h�k�g�h�\�_ �Z�\�l�h�j�_�]�j�_�k�k�b�h�g�g�u�o �f�h�^�_�e�_�c �d �^�Z�g�g�h�f�m �j�h�^�m �a�Z�^�Z�q �^�e�y �^�Z�e�v�g�_�c��

�r�_�]�h �j�Z�k�r�b�j�_�g�b�y �g�Z �k�e�m�q�Z�c �g�_�k�d�h�e�v�d�b�o �l�Z�[�e�b�p��

���� �F�_�l�h��̂1�H�X�U�R�&�D�U�G�>�����@ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �f�g�h�]�h�l�Z�[�e�b�q�g�h�_ �j�Z�k�r�b�j�_��

�g�b�_ �i�h�^�o�h�^�Z�1�D�U�X�� �h�k�g�h�\�Z�g�g�h�_ �g�Z �]�e�m�[�h�d�h�c �Z�\�l�h�j�_�]�j�_�k�k�b�h�g�g�h�c �f�h�^�_��

�e�b�� �< �_�]�h �h�k�g�h�\�_ �e�_�`�b�l �^�_�d�h�f�i�h�a�b�p�b�y �k�h�\�f�_�k�l�g�h�c �n�m�g�d�p�b�b �i�e�h�l�g�h��

�k�l�b �\�_�j�h�y�l�g�h�k�l�b ���N�I�<�� �i�h �p�_�i�g�h�f�m �i�j�Z�\�b�e�m��PT (A) = PT (A1) á



����

& k
i=2 PT (A i |A1,...,Ai ! 1)�� �]�^�_ �d�Z�`�^�Z�y �m�k�e�h�\�g�Z�y �N�I�< �i�Z�j�Z�f�_�l�j�b�a�m�_�l�k�y ����

�k�e�h�c�g�h�c �g�_�c�j�h�g�g�h�c �k�_�l�v�x�� �>�e�y �k�h�\�f�_�k�l�g�h�]�h �h�[�m�q�_�g�b�y �l�Z�[�e�b�p �b�k�i�h�e�v�a�m��

�_�l�k�y �_�^�b�g�u�c �Z�\�l�h�w�g�d�h�^�_�j �k �f�Z�k�d�b�j�h�\�Z�g�b�_�f�� �H�p�_�g�d�Z �\�_�j�h�y�l�g�h�k�l�b �a�Z�i�j�h�k�Z

Q �\�u�i�h�e�g�y�_�l�k�y �f�_�l�h�^�h�f �i�j�h�]�j�_�k�k�b�\�g�h�c �\�u�[�h�j�d�b �b�a �h�[�e�Z�k�l�b �h�i�j�_�^�_�e�_�g�b�y

�a�Z�i�j�h�k�Z��

�<�Z�`�g�h�_ �h�]�j�Z�g�b�q�_�g�b�_ �h�j�b�]�b�g�Z�e�v�g�h�]�h�1�H�X�U�R�&�D�U�G�� �i�h�^�^�_�j�`�d�Z �l�h�e�v�d�h �^�j�_��

�\�h�\�b�^�g�u�o �k�o�_�f �k�h�_�^�b�g�_�g�b�y�� �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �^�Z�g�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �k

�p�b�d�e�b�q�_�k�d�b�f�b �k�o�_�f�Z�f�b �i�j�b�f�_�g�y�e�h�k�v �j�Z�a�[�b�_�g�b�_ �g�Z �g�Z�[�h�j �^�j�_�\�h�\�b�^�g�u�o

�i�h�^�]�j�Z�n�h�\ �k �i�h�k�l�j�h�_�g�b�_�f �h�l�^�_�e�v�g�h�c �f�h�^�_�e�b �^�e�y �d�Z�`�^�h�]�h�� �O�h�l�y �f�_�l�h�^ �^�_��

�f�h�g�k�l�j�b�j�m�_�l �\�u�k�h�d�m�x �l�h�q�g�h�k�l�v�� �_�]�h �i�j�Z�d�l�b�q�_�k�d�h�_ �i�j�b�f�_�g�_�g�b�_ �k�l�Z�e�d�b�\�Z��

�_�l�k�y �k �i�j�h�[�e�_�f�Z�f�b��

�± �W�d�k�i�h�g�_�g�p�b�Z�e�v�g�u�c �j�h�k�l �q�b�k�e�Z �i�h�^�]�j�Z�n�h�\ �k �m�\�_�e�b�q�_�g�b�_�f �l�Z�[��

�e�b�p��

�± �<�u�k�h�d�b�_ �\�u�q�b�k�e�b�l�_�e�v�g�u�_ �a�Z�l�j�Z�l�u �g�Z �b�g�n�_�j�_�g�k �g�_�c�j�h�k�_�l�_�\�h�c

�f�h�^�_�e�b��

�W�l�b �h�]�j�Z�g�b�q�_�g�b�y �^�_�e�Z�x�l �l�_�d�m�s�m�x �j�_�Z�e�b�a�Z�p�b�x�1�H�X�U�R�&�D�U�G�g�_�i�j�b�]�h�^�g�h�c

�^�e�y �b�g�l�_�]�j�Z�p�b�b �\ �i�j�h�f�u�r�e�_�g�g�u�_ �K�M�;�>�� �g�_�k�f�h�l�j�y �g�Z �l�_�h�j�_�l�b�q�_�k�d�m�x

�l�h�q�g�h�k�l�v �i�h�^�o�h�^�Z��

���� �F�_�l�h�^�3�H�V�V�L�P�L�V�W�L�F �&�D�U�G�(�V�W�>�����@ �j�_�Z�e�b�a�m�_�l �i�j�b�g�p�b�i�b�Z�e�v�g�h �b�g�m�x �i�Z�j�Z�^�b�]��

�f�m �h�p�_�g�d�b �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�m�x �g�_ �g�Z �l�h�q�g�h�_ �i�j�_�^�k�d�Z�a�Z��

�g�b�_�� �Z �g�Z �i�h�k�l�j�h�_�g�b�_ �]�Z�j�Z�g�l�b�j�h�\�Z�g�g�h�c �\�_�j�o�g�_�c �h�p�_�g�d�b�� �\�k�_�]�^�Z �i�j�_�\�u�r�Z��

�x�s�_�c �n�Z�d�l�b�q�_�k�d�h�_ �a�g�Z�q�_�g�b�_�� �< �h�l�e�b�q�b�_ �h�l �l�j�Z�^�b�p�b�h�g�g�u�o �i�h�^�o�h�^�h�\�� �]�^�_

�f�b�g�b�f�b�a�b�j�m�_�l�k�y �h�r�b�[�d�Z �i�j�_�^�k�d�Z�a�Z�g�b�y�� �a�^�_�k�v �h�i�l�b�f�b�a�b�j�m�_�l�k�y �k�l�j�h�]�h�k�l�v

�\�_�j�o�g�_�c �]�j�Z�g�b�p�u�� �L�_�h�j�_�l�b�q�_�k�d�Z�y �h�k�g�h�\�Z �f�_�l�h�^�Z �[�Z�a�b�j�m�_�l�k�y �g�Z �Z�i�i�Z�j�Z��

�l�_ �m�k�e�h�\�g�h�c �w�g�l�j�h�i�b�b �^�e�y �\�u�\�h�^�Z �h�p�_�g�h�d �b �b�k�i�h�e�v�a�h�\�Z�g�b�b �]�b�i�_�j�]�j�Z�n�h�\

�^�e�y �i�j�_�^�k�l�Z�\�e�_�g�b�y �k�h�_�^�b�g�_�g�b�c�� �q�l�h �i�h�a�\�h�e�y�_�l �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �\�u�q�b�k�e�b��

�l�_�e�v�g�m�x �k�e�h�`�g�h�k�l�v�� �:�\�l�h�j�u �n�h�j�f�Z�e�b�a�h�\�Z�e�b �i�j�h�k�l�j�Z�g�k�l�\�h �d�h�f�i�j�h�f�b�k��

�k�h�\ �f�_�`�^�m �l�h�q�g�h�k�l�v�x �h�p�_�g�h�d �b �\�u�q�b�k�e�b�l�_�e�v�g�u�f�b �a�Z�l�j�Z�l�Z�f�b�� �h�[�_�k�i�_�q�b��

�\�Z�y �l�_�h�j�_�l�b�q�_�k�d�m�x �h�k�g�h�\�m �^�e�y �Z�^�Z�i�l�b�\�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �w�l�b�f �[�Z�e�Z�g�k�h�f��

�H�^�g�Z�d�h �i�j�Z�d�l�b�q�_�k�d�h�_ �i�j�b�f�_�g�_�g�b�_ �f�_�l�h�^�Z �k�l�Z�e�d�b�\�Z�_�l�k�y �k �k�m�s�_�k�l�\�_�g�g�u�f�b

�h�]�j�Z�g�b�q�_�g�b�y�f�b�� �h�l�k�m�l�k�l�\�b�_�f �i�h�^�^�_�j�`�d�b �p�b�d�e�b�q�_�k�d�b�o �k�o�_�f �k�h�_�^�b�g�_�g�b�y

�b �g�_�h�[�o�h�^�b�f�h�k�l�v�x �e�b�g�_�c�g�h�]�h �h�[�t�_�f�Z �^�h�i�h�e�g�b�l�_�e�v�g�h�c �i�Z�f�y�l�b �\ �o�m�^�r�_�f

�k�e�m�q�Z�_�� �W�l�b �n�Z�d�l�h�j�u�� �g�Z�j�y�^�m �k �\�u�q�b�k�e�b�l�_�e�v�g�h�c �k�e�h�`�g�h�k�l�v�x�� �i�h�d�Z �i�j�_��



����

�i�y�l�k�l�\�m�x�l �b�g�l�_�]�j�Z�p�b�b �i�h�^�o�h�^�Z �\ �i�j�h�f�u�r�e�_�g�g�u�_ �K�M�;�>�� �g�_�k�f�h�l�j�y �g�Z �_�]�h

�l�_�h�j�_�l�b�q�_�k�d�m�x �k�l�j�h�]�h�k�l�v �b �f�Z�l�_�f�Z�l�b�q�_�k�d�m�x �w�e�_�]�Z�g�l�g�h�k�l�v��

���� �F�_�l�h� F̂ LAT �>�����@�� �h�k�g�h�\�Z�g�g�u�c �g�Z �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�o �k�_�l�y�o

�n�Z�d�l�h�j�b�a�Z�p�b�b���j�Z�a�^�_�e�_�g�b�y���k�m�f�f�u���i�j�h�b�a�\�_�^�_�g�b�y ���)�6�3�1���� �i�j�_�^�e�Z�]�Z�_�l

�Z�^�Z�i�l�b�\�g�h�_ �j�Z�a�e�h�`�_�g�b�_ �k�h�\�f�_�k�l�g�h�c �i�e�h�l�g�h�k�l�b �\�_�j�h�y�l�g�h�k�l�bPT (A) �k �m�q�_��

�l�h�f �k�l�_�i�_�g�b �a�Z�\�b�k�b�f�h�k�l�b �f�_�`�^�m �Z�l�j�b�[�m�l�Z�f�b�� �< �h�l�e�b�q�b�_ �h�l �d�e�Z�k�k�b�q�_�k�d�b�o

�6�3�1�� �\ �)�6�3�1 �\�\�h�^�b�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�u�c �m�a�_�e �n�Z�d�l�h�j�b�a�Z�p�b�b�� �d�h�l�h�j�u�c

�j�Z�a�^�_�e�y�_�lPT (A) �g�Z �i�j�h�b�a�\�_�^�_�g�b�_PT (W) áPT (H |W)�� �]�^�_W �bH �i�j�_�^��

�k�l�Z�\�e�y�x�l �k�h�h�l�\�_�l�k�l�\�_�g�g�h �k�e�Z�[�h �b �k�b�e�v�g�h �d�h�j�j�_�e�b�j�h�\�Z�g�g�u�_ �Z�l�j�b�[�m�l�u��

�I�j�b �w�l�h�fPT (W) �f�h�^�_�e�b�j�m�_�l�k�y �l�j�Z�^�b�p�b�h�g�g�u�f �6�3�1���i�h�^�o�h�^�h�f�� �Z �^�e�y
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�\�h�q�g�m�x �l�Z�[�e�b�p�m �d�Z�d �h�[�m�q�Z�_�f�m�x �f�h�^�_�e�v�� �d�h�l�h�j�Z�y �Z�d�d�m�f�m�e�b�j�m�_�l �a�g�Z�g�b�y �h �d�Z�q�_�k�l�\�_

�j�Z�a�e�b�q�g�u�o �i�h�^�i�e�Z�g�h�\ �b �i�h�a�\�h�e�y�_�l �i�j�_�^�k�d�Z�a�u�\�Z�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v �i�h�l�_�g�p�b�Z�e�v�g�u�o

�j�_�r�_�g�b�c �[�_�a �g�_�h�[�o�h�^�b�f�h�k�l�b �y�\�g�h�]�h �o�j�Z�g�_�g�b�y �\�k�_�c �k�l�Z�l�b�k�l�b�d�b��

�I�h�^�o�h�^ �b�a �k�l�Z�l�v�b �©�/�H�D�U�Q�L�Q�J �W�R �2�S�W�L�P�L�]�H �-�R�L�Q �4�X�H�U�L�H�V �:�L�W�K �'�H�H�S �5�H�L�Q�I�R�U�F�H�P�H�Q�W

�/�H�D�U�Q�L�Q�J�ª�>�����@ ���'�4�1 �±�' �H�H�S�4���1�H�W�Z�R�U�N�� �² �]�e�m�[�h�d�Z�y �g�_�c�j�h�g�g�Z�y �k�_�l�v�� �i�j�b�[�e�b�`�Z��

�x�s�Z�y �4���n�m�g�d�p�b�x�� �² �i�_�j�_�h�k�f�u�k�e�b�\�Z�_�l �i�j�h�p�_�k�k �h�i�l�b�f�b�a�Z�p�b�b �a�Z�i�j�h�k�h�\ �d�Z�d �a�Z�^�Z��



����
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�i�e�Z�g�m���� �N�h�j�f�Z�e�b�a�f �]�j�Z�n�Z �a�Z�i�j�h�k�h�\ �i�h�a�\�h�e�y�_�l �i�j�_�^�k�l�Z�\�b�l�v �w�l�h �k�h�k�l�h�y�g�b�_��

�=�j�Z�n �a�Z�i�j�h�k�ZG �² �w�l�h �g�_�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�c �]�j�Z�n�� �\ �d�h�l�h�j�h�f �d�Z�`�^�h�_ �h�l�g�h��

�r�_�g�b�_ �5 �y�\�e�y�_�l�k�y �\�_�j�r�b�g�h�c�� �Z �d�Z�`�^�u�c �i�j�_�^�b�d�Z�l �k�h�_�^�b�g�_�g�b�y&�h�i�j�_�^�_�e�y��

�_�l �j�_�[�j�h �f�_�`�^�m �\�_�j�r�b�g�Z�f�b�� �I�m�k�l�v' G �h�[�h�a�g�Z�q�Z�_�l �d�h�e�b�q�_�k�l�\�h �d�h�f�i�h�g�_�g�l

�k�\�y�a�g�h�k�l�bG�� �I�j�b�g�y�l�b�_ �j�_�r�_�g�b�y �h �k�h�_�^�b�g�_�g�b�b �^�\�m�o �i�h�^�i�e�Z�g�h�\ �k�h�h�l�\�_�l��

�k�l�\�m�_�l �\�u�[�h�j�m �^�\�m�o �\�_�j�r�b�g�� �k�h�_�^�b�g�z�g�g�u�o �j�_�[�j�h�f�� �b �h�[�t�_�^�b�g�_�g�b�x �b�o �\

�h�^�g�m �\�_�j�r�b�g�m�� �I�m�k�l�vG = ( V, E)�² �]�j�Z�n �a�Z�i�j�h�k�Z�� �I�j�b�f�_�g�_�g�b�_ �k�h�_�^�b�g�_��

�g�b�yc = ( vi , vj ) �d �]�j�Z�n�mG �h�i�j�_�^�_�e�y�_�l �g�h�\�u�c �]�j�Z�n �k�h �k�e�_�^�m�x�s�b�f�b �k�\�h�c��

�k�l�\�Z�f�b�� ������vi �bvj �m�^�Z�e�y�x�l�k�y �b�aV �� ������ �g�h�\�Z�y �\�_�j�r�b�g�Z(vi + vj ) �^�h�[�Z�\�e�y�_�l�k�y

�\ V �b ������ �j�_�[�j�Z(vi + vj ) �y�\�e�y�x�l�k�y �h�[�t�_�^�b�g�_�g�b�_�f �j�_�[�_�j�� �b�g�p�b�^�_�g�l�g�u�ovi �b

vj �� �D�Z�`�^�h�_ �k�h�_�^�b�g�_�g�b�_ �m�f�_�g�v�r�Z�_�l �d�h�e�b�q�_�k�l�\�h �\�_�j�r�b�g �g�Z1�� �D�Z�`�^�u�c �i�e�Z�g

�f�h�`�g�h �h�i�b�k�Z�l�v �d�Z�d �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �l�Z�d�b�o �k�h�_�^�b�g�_�g�b�cc1 . c2... . cT

�^�h �l�_�o �i�h�j�� �i�h�d�Z|V | = ' G�� �I�j�b�\�_�^�_�g�g�h�_ �\�u�r�_ �h�i�b�k�Z�g�b�_ �\�d�e�x�q�Z�_�l �\ �k�_��

�[�y �_�s�_ �h�^�g�m �w�\�j�b�k�l�b�d�m �6�\�V�W�H�P �5�� �©�b�a�[�_�]�Z�g�b�_ �^�_�d�Z�j�l�h�\�u�o �i�j�h�b�a�\�_�^�_�g�b�c�ª��



����

�F�h�`�g�h �h�k�e�Z�[�b�l�v �w�l�m �w�\�j�b�k�l�b�d�m�� �i�j�h�k�l�h �^�h�[�Z�\�b�\ �j�_�[�j�Z �dG �\ �g�Z�q�Z�e�_ �Z�e�]�h��

�j�b�l�f�Z�� �q�l�h�[�u �m�[�_�^�b�l�v�k�y�� �q�l�h �h�g �i�h�e�g�h�k�l�v�x �k�\�y�a�Z�g��

�J�Z�k�k�f�h�l�j�b�f �i�j�b�f�_�j�� �\ �d�h�l�h�j�h�f �b�k�o�h�^�g�u�c �]�j�Z�n �a�Z�i�j�h�k�h�\ �k�h�^�_�j�`�b�l �\�_�j��

�r�b�g�u(Emp, Pos, Sal)�� �I�j�_�^�i�h�e�h�`�b�f�� �q�l�h �i�_�j�\�h�_ �\�u�i�h�e�g�y�_�f�h�_ �k�h�_�^�b�g�_��

�g�b�_ �b�f�_�_�l �\�b�^c1 = ( Emp, Pos)�� �< �j�_�a�m�e�v�l�Z�l�_ �w�l�h�]�h �k�h�_�^�b�g�_�g�b�y �k�l�j�m�d�l�m�j�Z

�]�j�Z�n�Z �b�a�f�_�g�y�_�l�k�y�� �b �l�_�i�_�j�v �h�g �k�h�k�l�h�b�l �b�a �\�_�j�r�b�g(Emp + Pos, Sal)�� �>�Z��

�e�_�_ �i�j�b�f�_�g�y�_�l�k�y �_�^�b�g�k�l�\�_�g�g�h�_ �h�k�l�Z�\�r�_�_�k�y �\�h�a�f�h�`�g�h�_ �k�h�_�^�b�g�_�g�b�_�� �q�l�h

�i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �n�b�g�Z�e�v�g�h�c �\�_�j�r�b�g�uSal + ( Emp + Pos)�� �>�Z�g��

�g�Z�y �\�_�j�r�b�g�Z �k�h�h�l�\�_�l�k�l�\�m�_�l �i�e�Z�g�m �k�h�_�^�b�g�_�g�b�y�� �d�h�l�h�j�u�c �f�h�`�g�h �a�Z�i�b�k�Z�l�v

�d�Z�dSal "# (Emp "# Pos)�� �L�Z�d�b�f �h�[�j�Z�a�h�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_ �i�j�b�f�_�g�_�g�b�_

�h�i�_�j�Z�p�b�c �k�h�_�^�b�g�_�g�b�y �i�j�_�h�[�j�Z�a�m�_�l �b�k�o�h�^�g�u�c �]�j�Z�n �a�Z�i�j�h�k�h�\ �\ �b�l�h�]�h�\�u�c

�i�e�Z�g �\�u�i�h�e�g�_�g�b�y��

�A�Z�^�Z�q�Z �h�i�l�b�f�b�a�Z�p�b�b �k�h�_�^�b�g�_�g�b�y �k�h�k�l�h�b�l �\ �l�h�f�� �q�l�h�[�u �g�Z�c�l�b �g�Z�b�e�m�q�r�m�x

�\�h�a�f�h�`�g�m�x �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �k�h�_�^�b�g�_�g�b�c�� �l���_�� �g�Z�b�e�m�q�r�b�c �i�e�Z�g �a�Z�i�j�h��

�k�Z�� �W�l�m �f�h�^�_�e�v �f�h�`�g�h �j�Z�k�r�b�j�b�l�v�� �q�l�h�[�u �h�g�Z �l�Z�d�`�_ �m�q�b�l�u�\�Z�e�Z �\�u�[�h�j �n�b��

�a�b�q�_�k�d�h�]�h �h�i�_�j�Z�l�h�j�Z�� �F�g�h�`�_�k�l�\�h �^�h�i�m�k�l�b�f�u�o �k�h�_�^�b�g�_�g�b�c �f�h�`�g�h �d�e�Z�k��

�k�b�n�b�p�b�j�h�\�Z�l�v �i�h �l�b�i�Z�f�� �g�Z�i�j�b�f�_�j�� �k�h�_�^�b�g�_�g�b�_ �f�h�`�_�l �[�u�l�v �i�j�_�^�k�l�Z�\�e�_��

�g�h �d�Z�dc = ( vi , vj , HashJoin) �b�e�bc = ( vi , vj , NestLoop)�� �L�Z�d�`�_ �b�f�_�_�l�k�y

�k�l�h�b�f�h�k�l�g�Z�y �f�h�^�_�e�vJ (c) - R+ �� �i�j�_�^�k�l�Z�\�e�y�x�s�Z�y �k�h�[�h�c �n�m�g�d�p�b�x �^�e�y

�\�u�q�b�k�e�_�g�b�y �k�l�h�b�f�h�k�l�b �\�u�i�h�e�g�_�g�b�y �h�i�j�_�^�_�e�z�g�g�h�]�h �k�h�_�^�b�g�_�g�b�y��

�>�Z�g�u �]�j�Z�n �a�Z�i�j�h�k�ZG �b �f�h�^�_�e�v �k�l�h�b�f�h�k�l�bJ �� �L�j�_�[�m�_�l�k�y �g�Z�c�l�b �i�h�k�e�_�^�h�\�Z��

�l�_�e�v�g�h�k�l�v �k�h�_�^�b�g�_�g�b�cc1. c2.... cT �� �d�h�l�h�j�Z�y �i�j�_�h�[�j�Z�a�m�_�l �]�j�Z�n �^�h �k�h�k�l�h�y�g�b�y

�k|V | = ' G�� �f�b�g�b�f�b�a�b�j�m�y �h�[�s�m�x �k�l�h�b�f�h�k�l�v��

�P�L�Q
c1,...,cT

T!

i =1

J (ci )

�i�j�b �m�k�e�h�\�b�b�� �q�l�hGi +1 = c(Gi )

�W�l�Z �n�h�j�f�m�e�b�j�h�\�d�Z �a�Z�^�Z�q�b �y�\�g�u�f �h�[�j�Z�a�h�f �a�Z�^�Z�z�l �f�Z�j�d�h�\�k�d�b�c �i�j�h�p�_�k�k

�i�j�b�g�y�l�b�y �j�_�r�_�g�b�c ���F�I�I�J���� �g�_�k�f�h�l�j�y �g�Z �l�h�� �q�l�h �a�^�_�k�v �j�Z�k�k�f�Z�l�j�b�\�Z�_�l��

�k�y �f�b�g�b�f�b�a�Z�p�b�y�� �Z �g�_ �f�Z�d�k�b�f�b�a�Z�p�b�y�� �< �^�Z�g�g�h�f �k�e�m�q�Z�_G �h�i�b�k�u�\�Z�_�l �k�h��

�k�l�h�y�g�b�_ �k�b�k�l�_�f�u��c �k�h�h�l�\�_�l�k�l�\�m�_�l �^�_�c�k�l�\�b�x�� �Z �i�j�h�p�_�^�m�j�Z �h�[�t�_�^�b�g�_�g�b�y

�\�_�j�r�b�g �h�i�j�_�^�_�e�y�_�l �i�_�j�_�o�h�^ �f�_�`�^�m �k�h�k�l�h�y�g�b�y�f�bP(G,c)�� �N�m�g�d�p�b�y �\�h�a�g�Z��



����

�]�j�Z�`�^�_�g�b�y �\�u�j�Z�`�Z�_�l�k�y �d�Z�d �h�l�j�b�p�Z�l�_�e�v�g�Z�y �k�l�h�b�f�h�k�l�v! J �� �B�l�h�]�h�f �F�I�I�J

�y�\�e�y�_�l�k�y �n�m�g�d�p�b�y�� �d�h�l�h�j�Z�y �^�e�y �a�Z�^�Z�g�g�h�]�h �]�j�Z�n�Z �a�Z�i�j�h�k�Z �h�i�j�_�^�_�e�y�_�l �h�i��

�l�b�f�Z�e�v�g�h�_ �k�e�_�^�m�x�s�_�_ �k�h�_�^�b�g�_�g�b�_��

���� �K�l�h�b�f�h�k�l�v �k�h�_�^�b�g�_�g�b�y �k �m�q�z�l�h�f �´�i�h�k�e�_�^�k�l�\�b�c�´��

�Q�l�h�[�u �i�j�_�^�k�l�Z�\�b�l�v�� �d�Z�d �h�[�m�q�_�g�b�_ �k �i�h�^�d�j�_�i�e�_�g�b�_�f �^�Z�z�l �g�Z�f �g�h�\�u�c

�\�a�]�e�y�^ �g�Z �w�l�m �d�e�Z�k�k�b�q�_�k�d�m�x �i�j�h�[�e�_�f�m �h�i�l�b�f�b�a�Z�p�b�b �[�Z�a�u �^�Z�g�g�u�o�� �k�g�Z��

�q�Z�e�Z �j�Z�k�k�f�h�l�j�b�f �`�Z�^�g�h�_ �j�_�r�_�g�b�_�� �G�Z�b�\�g�u�f �j�_�r�_�g�b�_�f �y�\�e�y�_�l�k�y �g�_�a�Z�\�b��

�k�b�f�Z�y �h�i�l�b�f�b�a�Z�p�b�y �d�Z�`�^�h�]�hci �� �:�e�]�h�j�b�l�f �j�Z�[�h�l�Z�_�l �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f��

������ �g�Z�q�Z�l�v �k �]�j�Z�n�Z �a�Z�i�j�h�k�Z�� ������ �g�Z�c�l�b �k�h�_�^�b�g�_�g�b�_ �k �g�Z�b�f�_�g�v�r�_�c �k�l�h�b�f�h��

�k�l�v�x�� ������ �h�[�g�h�\�b�l�v �]�j�Z�n �a�Z�i�j�h�k�Z �b �i�h�\�l�h�j�y�l�v�� �i�h�d�Z �g�_ �h�k�l�Z�g�_�l�k�y �l�h�e�v�d�h

�h�^�g�Z �\�_�j�r�b�g�Z��

�@�Z�^�g�u�c �Z�e�]�h�j�b�l�f�� �d�h�g�_�q�g�h�� �g�_ �m�q�b�l�u�\�Z�_�l�� �d�Z�d �e�h�d�Z�e�v�g�u�_ �j�_�r�_�g�b�y �f�h�]�m�l

�i�h�\�e�b�y�l�v �g�Z �[�m�^�m�s�b�_ �a�Z�l�j�Z�l�u�� �>�e�y �b�e�e�x�k�l�j�Z�p�b�b �j�Z�k�k�f�h�l�j�b�f �g�Z�r �i�j�b�f�_�j

�a�Z�i�j�h�k�Z �k�h �k�e�_�^�m�x�s�b�f�b �i�j�h�k�l�u�f�b �a�Z�l�j�Z�l�Z�f�b��

J (EP ) = 100, J (SP) = 90, J ((EP )S) = 10, J ((SP)E) = 50

�@�Z�^�g�h�_ �j�_�r�_�g�b�_ �[�m�^�_�l �k�l�h�b�l�v140���i�h�k�d�h�e�v�d�m �h�g�h �g�_ �m�q�b�l�u�\�Z�_�l �k�l�h�b�f�h��

�k�l�b �[�m�^�m�s�b�o �k�h�_�^�b�g�_�g�b�c���� �\ �l�h �\�j�_�f�y �d�Z�d �h�i�l�b�f�Z�e�v�g�h�_ �j�_�r�_�g�b�_ �b�f�_�_�l

�k�l�h�b�f�h�k�l�v110��

�@�Z�^�g�h�_ �j�_�r�_�g�b�_ �g�_�h�i�l�b�f�Z�e�v�g�h�� �i�h�l�h�f�m �q�l�h �g�Z �d�Z�`�^�h�f �r�Z�]�_ �h�g�h �g�_ �m�q�b��

�l�u�\�Z�_�l �^�h�e�]�h�k�j�h�q�g�m�x �p�_�g�m �k�\�h�_�]�h �^�_�c�k�l�\�b�y�� �B�g�h�]�^�Z �i�j�b�o�h�^�b�l�k�y �`�_�j�l�\�h��

�\�Z�l�v �d�j�Z�l�d�h�k�j�h�q�g�h�c �\�u�]�h�^�h�c �j�Z�^�b �w�d�h�g�h�f�b�b �\ �k�h�\�h�d�m�i�g�h�k�l�b�� �J�Z�k�k�f�h�l�j�b�f

�a�Z�^�Z�q�m �h�i�l�b�f�b�a�Z�p�b�b �^�e�y �d�h�g�d�j�_�l�g�h�]�h �]�j�Z�n�Z �a�Z�i�j�h�k�ZG��

V(G) = �P�L�Q
c1,...,cT

T!

i =1

J (ci ) ����������

�< �d�e�Z�k�k�b�q�_�k�d�h�f �i�h�^�o�h�^�_ �d �^�b�g�Z�f�b�q�_�k�d�h�f�m �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�x �w�l�Z �n�m�g�d��

�p�b�y �g�Z�a�u�\�Z�_�l�k�y �n�m�g�d�p�b�_�c �p�_�g�g�h�k�l�b�� �H�l�f�_�q�_�g�h�� �q�l�h �h�i�l�b�f�Z�e�v�g�h�_ �i�h�\�_�^�_��

�g�b�_ �g�Z �\�k�_�f �]�h�j�b�a�h�g�l�_ �j�_�r�_�g�b�c �i�j�_�^�i�h�e�Z�]�Z�_�l �h�i�l�b�f�Z�e�v�g�h�_ �i�h�\�_�^�_�g�b�_ �\

�d�Z�`�^�u�c �f�h�f�_�g�l �\�j�_�f�_�g�b�� �q�l�h �e�_�`�b�l �\ �h�k�g�h�\�_ �b�^�_�b �^�b�g�Z�f�b�q�_�k�d�h�]�h �i�j�h��

�]�j�Z�f�f�b�j�h�\�Z�g�b�y��



����

�< �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�d�m�s�_�]�h �k�h�_�^�b�g�_�g�b�y �f�h�`�g�h �a�Z�i�b�k�Z�l�v �_�z �\ �k�e�_�^�m�x�s�_�f

�\�b�^�_��

V(G) = �P�L�Q
c

Q(G,c)

Q(G, c) = J (c) + V(G�•)

�q�l�h �i�j�b�\�h�^�b�l �d �k�e�_�^�m�x�s�_�f�m �j�_�d�m�j�k�b�\�g�h�f�m �h�i�j�_�^�_�e�_�g�b�x �4���n�m�g�d�p�b�b

���n�m�g�d�p�b�b �h�k�l�Z�l�h�q�g�h�c �k�l�h�b�f�h�k�l�b����

Q(G,c) = J (c) + �P�L�Q
c!

Q(G�•,c�•) ����������

�B�g�l�m�b�l�b�\�g�h �4���n�m�g�d�p�b�y �h�l�j�Z�`�Z�_�l �h�[�s�m�x �k�l�h�b�f�h�k�l�v �\�u�i�h�e�g�_�g�b�y �k�h�_�^�b��

�g�_�g�b�c �i�j�b �m�k�e�h�\�b�b�� �q�l�h �g�Z �d�Z�`�^�h�f �i�h�k�e�_�^�m�x�s�_�f �r�Z�]�_ �\�u�[�b�j�Z�_�l�k�y �h�i�l�b��

�f�Z�e�v�g�h�_ �^�_�c�k�l�\�b�_�� �?�k�e�b �4���n�m�g�d�p�b�y �b�a�\�_�k�l�g�Z�� �l�h �a�Z�^�Z�q�Z �k�q�b�l�Z�_�l�k�y �j�_�r�z�g��

�g�h�c�� �i�h�k�d�h�e�v�d�m �^�e�y �i�h�k�l�j�h�_�g�b�y �h�i�l�b�f�Z�e�v�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �^�h�k�l�Z��

�l�h�q�g�h �g�Z �d�Z�`�^�h�f �r�Z�]�_ �\�u�[�b�j�Z�l�v �k�h�_�^�b�g�_�g�b�_�� �f�b�g�b�f�b�a�b�j�m�x�s�_�_ �a�g�Z�q�_�g�b�_

�4�� �P�L�Qc! Q(G+,c+)�� �L�Z�d�b�f �h�[�j�Z�a�h�f�� �e�h�d�Z�e�v�g�Z�y �h�i�l�b�f�b�a�Z�p�b�y �4���n�m�g�d�p�b�b �]�Z��

�j�Z�g�l�b�j�m�_�l �]�e�h�[�Z�e�v�g�h �h�i�l�b�f�Z�e�v�g�u�c �i�e�Z�g �k�h�_�^�b�g�_�g�b�c��

�J�Z�k�k�f�h�l�j�b�f �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�m�x �\�_�j�k�b�x �`�Z�^�g�h�]�h �Z�e�]�h�j�b�l�f�Z�� �j�Z�[�h�l�Z�x��

�s�m�x �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f�� ������ �b�k�o�h�^�g�u�f �k�h�k�l�h�y�g�b�_�f �y�\�e�y�_�l�k�y �]�j�Z�n �a�Z��

�i�j�h�k�Z�� ������ �g�Z �d�Z�`�^�h�f �r�Z�]�_ �\�u�[�b�j�Z�_�l�k�y �k�h�_�^�b�g�_�g�b�_ �k �f�b�g�b�f�Z�e�v�g�u�f �a�g�Z��

�q�_�g�b�_�f �4���n�m�g�d�p�b�b�� ������ �]�j�Z�n �h�[�g�h�\�e�y�_�l�k�y�� �b �i�j�h�p�_�k�k �i�h�\�l�h�j�y�_�l�k�y�� �L�Z�d�h�c

�Z�e�]�h�j�b�l�f �k�h�o�j�Z�g�y�_�l �\�u�q�b�k�e�b�l�_�e�v�g�m�x �k�e�h�`�g�h�k�l�vO(|V |3)�� �g�h �i�j�b �w�l�h�f

�k�l�Z�g�h�\�b�l�k�y �^�h�d�Z�a�m�_�f�h �h�i�l�b�f�Z�e�v�g�u�f�� �D�e�x�q�_�\�Z�y �b�^�_�y �a�Z�d�e�x�q�Z�_�l�k�y �\ �b�k��

�i�h�e�v�a�h�\�Z�g�b�b �]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f �^�e�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b

�]�e�h�[�Z�e�v�g�h�c �4���n�m�g�d�p�b�b�� �d�h�l�h�j�Z�y �h�[�h�[�s�Z�_�l�k�y �g�Z �\�k�_ �\�h�a�f�h�`�g�u�_ �]�j�Z�n�u �a�Z��

�i�j�h�k�h�\ �\ �[�Z�a�_ �^�Z�g�g�u�o�� �W�l�h �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �i�h�e�b�g�h�f�b�Z�e�v�g�u�c �Z�e�]�h��

�j�b�l�f �i�h�k�l�j�h�_�g�b�y �h�i�l�b�f�Z�e�v�g�h�]�h �i�e�Z�g�Z �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�Z�� �q�l�h �y�\�e�y�_�l�k�y

�k�m�s�_�k�l�\�_�g�g�u�f �m�e�m�q�r�_�g�b�_�f �i�h �k�j�Z�\�g�_�g�b�x �k �l�j�Z�^�b�p�b�h�g�g�u�f�b �f�_�l�h�^�Z�f�b��

���� �I�j�b�f�_�g�_�g�b�_ �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f �d �a�Z�^�Z�q�_ �^�Z�g�g�h�]�h �b�k�k�e�_�^�h�\�Z��

�g�b�y��

�:�e�]�h�j�b�l�f�u �4���h�[�m�q�_�g�b�y �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �\�Z�`�g�u�c �d�e�Z�k�k �f�_�l�h�^�h�\ �h�[�m��

�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f�� �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l �i�j�b�[�e�b�`�Z�l�v �4���n�m�g�d�p�b�x �g�Z

�h�k�g�h�\�_ �w�f�i�b�j�b�q�_�k�d�b�o �^�Z�g�g�u�o�� �<�h�a�g�b�d�Z�_�l �\�h�i�j�h�k�� �q�l�h�� �_�k�e�b �[�u �f�u �f�h�]��

�e�b �h�[�m�q�Z�l�v �f�h�^�_�e�v �i�j�_�^�k�d�Z�a�u�\�Z�l�v �k�h�\�h�d�m�i�g�m�x �[�m�^�m�s�m�x �k�l�h�b�f�h�k�l�v�� �b�k��

�i�h�e�v�a�m�y �i�j�b�a�g�Z�d�b(G, c) �b �h�]�j�Z�g�b�q�_�g�g�u�c �g�Z�[�h�j �g�Z�[�e�x�^�_�g�b�c�" �G�Z �i�j�Z�d�l�b��



����

�d�_ �^�Z�g�g�u�_ �^�e�y �h�[�m�q�_�g�b�y �f�h�]�m�l �[�u�l�v �i�h�e�m�q�_�g�u �b�a �a�Z�i�b�k�Z�g�g�u�o �i�h�k�e�_�^�h��

�\�Z�l�_�e�v�g�h�k�l�_�c �i�j�b�g�y�l�b�y �j�_�r�_�g�b�c�� �d�Z�`�^�Z�y �b�a �d�h�l�h�j�u�o �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c

�d�h�j�l�_�(̀G, c, J(c), G+)�� �]�^�_G �² �b�k�o�h�^�g�u�c �]�j�Z�n �a�Z�i�j�h�k�Z��c �² �\�u�i�h�e�g�_�g��

�g�h�_ �k�h�_�^�b�g�_�g�b�_��J (c) �² �_�]�h �n�Z�d�l�b�q�_�k�d�Z�y �k�l�h�b�f�h�k�l�v�� �ZG+ �² �i�j�_�h�[�j�Z�a�h��

�\�Z�g�g�u�c �]�j�Z�n �i�h�k�e�_ �\�u�i�h�e�g�_�g�b�y �k�h�_�^�b�g�_�g�b�y�� �L�Z�d�b�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b

�e�_�]�d�h �b�a�\�e�_�d�Z�x�l�k�y �b�a �]�h�l�h�\�u�o �i�e�Z�g�h�\ �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\�� �q�l�h �^�_�e�Z��

�_�l �\�h�a�f�h�`�g�u�f �h�[�m�q�_�g�b�_ �f�h�^�_�e�b �g�Z �j�_�Z�e�v�g�u�o �^�Z�g�g�u�o �[�_�a �g�_�h�[�o�h�^�b�f�h�k�l�b

�y�\�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �k�j�_�^�u��

�I�j�_�^�i�h�e�h�`�b�f�� �q�l�h �m �g�Z�k �b�f�_�_�l�k�y �i�Z�j�Z�f�_�l�j�b�a�h�\�Z�g�g�Z�y �f�h�^�_�e�vQ! �� �Z�i�i�j�h�d��

�k�b�f�b�j�m�x�s�Z�y �b�k�l�b�g�g�m�x �4���n�m�g�d�p�b�x��

Q! (f G, f c) / Q(G, c)

�A�^�_�k�vf G �² �w�l�h �\�_�d�l�h�j �i�j�b�a�g�Z�d�h�\�� �d�h�^�b�j�m�x�s�b�c �k�l�j�m�d�l�m�j�m �]�j�Z�n�Z �a�Z�i�j�h��

�k�Z�� �Zf c �² �\�_�d�l�h�j �i�j�b�a�g�Z�d�h�\�� �h�i�b�k�u�\�Z�x�s�b�c �d�h�g�d�j�_�l�g�h�_ �k�h�_�^�b�g�_�g�b�_�� �I�Z��

�j�Z�f�_�l�j�u �f�h�^�_�e�b$ �b�g�b�p�b�Z�e�b�a�b�j�m�x�l�k�y �k�e�m�q�Z�c�g�u�f �h�[�j�Z�a�h�f �b �a�Z�l�_�f �m�l�h�q��

�g�y�x�l�k�y �\ �i�j�h�p�_�k�k�_ �h�[�m�q�_�g�b�y�� �>�e�y �d�Z�`�^�h�]�h �h�[�m�q�Z�x�s�_�]�h �i�j�b�f�_�j�Zi �f�h�`��

�g�h �\�u�q�b�k�e�b�l�v �p�_�e�_�\�m�x �f�_�l�d�myi �� �d�h�l�h�j�Z�y �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�p�_�g�d�m �4��

�a�g�Z�q�_�g�b�y��

yi = J (c) + �P�L�Q
c!

Q! (G�•,c�•)

�W�l�b �f�_�l�d�b{ yi } �a�Z�l�_�f �b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �h�[�m�q�_�g�b�y �f�h�^�_�e�b �f�_�l�h�^�h�f �j�_��

�]�j�_�k�k�b�b�� �]�^�_ �p�_�e�v �k�h�k�l�h�b�l �\ �f�b�g�b�f�b�a�Z�p�b�b �j�Z�k�o�h�`�^�_�g�b�y �f�_�`�^�m �i�j�_�^�k�d�Z��

�a�Z�g�g�u�f�bQ! (f G, f c) �b �p�_�e�_�\�u�f�b �a�g�Z�q�_�g�b�y�f�byi �� �L�Z�d�h�c �i�h�^�o�h�^ �i�h�a�\�h�e�y�_�l

�b�l�_�j�Z�l�b�\�g�h �m�e�m�q�r�Z�l�v �h�p�_�g�d�m �4���n�m�g�d�p�b�b �g�Z �h�k�g�h�\�_ �g�Z�[�e�x�^�Z�_�f�u�o �^�Z�g��

�g�u�o�� �?�k�e�b �[�uQ �[�u�e�Z �b�k�l�b�g�g�h�c �4���n�m�g�d�p�b�_�c�� �l�h �b�f�_�e�Z �[�u �f�_�k�l�h �k�e�_�^�m�x��

�s�Z�y �j�_�d�m�j�j�_�g�l�g�Z�y �n�h�j�f�m�e�Z��

Q(G,c) = J (c) + �P�L�Q
c!

Q! (G�•, c�•)

�B�l�Z�d�� �i�j�h�p�_�k�k �h�[�m�q�_�g�b�y�� �b�e�b �4���h�[�m�q�_�g�b�_�� �h�i�j�_�^�_�e�y�_�l �n�m�g�d�p�b�x �i�h�l�_�j�v �g�Z

�d�Z�`�^�h�c �b�l�_�j�Z�p�b�b��

L(Q) =
!

i

( yi ! Q! (G,c)( 2
2



����

�A�Z�l�_�f �i�Z�j�Z�f�_�l�j�u �4���n�m�g�d�p�b�b �f�h�`�g�h �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �k �i�h�f�h�s�v�x �]�j�Z�^�b��

�_�g�l�g�h�]�h �k�i�m�k�d�Z �^�h �k�o�h�^�b�f�h�k�l�b��

�H�[�m�q�_�g�b�_ �k �i�h�^�d�j�_�i�e�_�g�b�_�f �^�Z�_�l �^�\�Z �d�e�x�q�_�\�u�o �i�j�_�b�f�m�s�_�k�l�\�Z�� ������ �k�l�h�b��

�f�h�k�l�v �i�h�b�k�d�Z �^�e�y �h�^�g�h�]�h �a�Z�i�j�h�k�Z �i�h �k�j�Z�\�g�_�g�b�x �k �l�j�Z�^�b�p�b�h�g�g�h�c �h�i�l�b�f�b��

�a�Z�p�b�_�c �a�Z�i�j�h�k�h�\ �j�Z�^�b�d�Z�e�v�g�h �k�g�b�`�Z�_�l�k�y�� �i�h�k�d�h�e�v�d�m �Z�e�]�h�j�b�l�f �b�f�_�_�l �\�j�_��

�f�_�g�g�m�x �k�e�h�`�g�h�k�l�v �`�Z�^�g�h�]�h �i�h�b�k�d�Z�� �b ������ �i�Z�j�Z�f�_�l�j�b�a�h�\�Z�g�g�Z�y �f�h�^�_�e�v �f�h��

�`�_�l �i�h�l�_�g�p�b�Z�e�v�g�h �h�[�m�q�Z�l�v�k�y �q�_�j�_�a �a�Z�i�j�h�k�u�� �d�h�l�h�j�u�_ �b�f�_�x�l �i�h�o�h�`�b�_�� �g�h

�g�_ �b�^�_�g�l�b�q�g�u�_ �i�h�^�i�e�Z�g�u�� �W�l�h �k�\�y�a�Z�g�h �k �l�_�f�� �q�l�h �k�o�h�^�k�l�\�h �f�_�`�^�m �i�h�^�i�e�Z��

�g�Z�f�b �h�i�j�_�^�_�e�y�_�l�k�y �i�j�b�a�g�Z�d�h�\�u�f�b �h�i�b�k�Z�g�b�y�f�b �]�j�Z�n�Z �a�Z�i�j�h�k�Z �b �k�h�_�^�b�g�_��

�g�b�c��f G �bf c�� �l�Z�d�b�f �h�[�j�Z�a�h�f�� �_�k�e�b �h�g�b �j�Z�a�j�Z�[�h�l�Z�g�u �^�h�k�l�Z�l�h�q�g�h �\�u�j�Z�a�b��

�l�_�e�v�g�u�f �h�[�j�Z�a�h�f�� �l�h �g�_�c�j�h�g�g�m�x �k�_�l�v �f�h�`�g�h �h�[�m�q�b�l�v �w�d�k�l�j�Z�i�h�e�b�j�h�\�Z�l�v

�h�p�_�g�d�b �4���n�m�g�d�p�b�b �g�Z �\�k�x �j�Z�[�h�q�m�x �g�Z�]�j�m�a�d�m��

�<�u�[�h�j �4���h�[�m�q�_�g�b�y �\�f�_�k�l�h �^�j�m�]�b�o �Z�e�]�h�j�b�l�f�h�\ �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b��

�_�f �k�^�_�e�Z�g �g�_ �i�j�h�k�l�h �l�Z�d�� �<�h���i�_�j�\�u�o�� �4���h�[�m�q�_�g�b�_ �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v

�h�i�l�b�f�Z�e�v�g�u�_ �i�h�^�k�l�j�m�d�l�m�j�u �\�h �\�j�_�f�y �h�[�m�q�_�g�b�y �b �a�g�Z�q�b�l�_�e�v�g�h �k�h�d�j�Z�l�b�l�v

�h�[�t�_�f �g�_�h�[�o�h�^�b�f�u�o �^�Z�g�g�u�o�� �<�h���\�l�h�j�u�o�� �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�m�q�_�g�b�_�f �g�Z

�h�k�g�h�\�_ �k�l�j�Z�l�_�]�b�c�� �4���h�[�m�q�_�g�b�_ �\�u�\�h�^�b�l �h�p�_�g�d�m �^�e�y �d�Z�`�^�h�]�h �k�h�_�^�b�g�_�g�b�y��

�d�h�l�h�j�h�_ �i�h�y�\�e�y�_�l�k�y �\ �e�x�[�h�f �i�h�^�i�e�Z�g�_�� �Z �g�_ �i�j�h�k�l�h �\�u�[�b�j�Z�_�l �e�m�q�r�_�_ �k�h��

�_�^�b�g�_�g�b�_�� �<���l�j�_�l�v�b�o�� �f�h�^�_�e�v �i�h�a�\�h�e�y�_�l �\�u�[�b�j�Z�l�v �N �e�m�q�r�b�o �k�h�_�^�b�g�_�g�b�c

�g�Z �d�Z�`�^�h�f �r�Z�]�_�� �Z �g�_ �i�j�h�k�l�h �i�h�e�m�q�Z�l�v �e�m�q�r�b�c �i�e�Z�g��

���� �W�n�n�_�d�l�b�\�g�Z�y �]�_�g�_�j�Z�p�b�y �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�b��

�H�[�m�q�Z�x�s�Z�y �\�u�[�h�j�d�Z �]�_�g�_�j�b�j�m�x�l�k�y �Z�\�l�h�f�Z�l�b�q�_�k�d�b �\ �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u

�l�j�Z�^�b�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �i�e�Z�g�b�j�h�\�Z�g�b�y�� �>�e�y �d�Z�`�^�h�]�h �j�_�r�_�g�b�y �h �k�h�_�^�b��

�g�_�g�b�b�� �d�h�l�h�j�h�_ �i�j�b�g�b�f�Z�_�l �h�i�l�b�f�b�a�Z�l�h�j�� �f�h�`�g�h �i�h�e�m�q�b�l�v �h�p�_�g�d�m �k�l�h��

�b�f�h�k�l�b �k�h�_�^�b�g�_�g�b�y�� �j�Z�k�k�q�b�l�Z�g�g�m�x �g�Z �h�k�g�h�\�_ �h�p�_�g�h�d �d�Z�j�^�b�g�Z�e�v�g�h�k�l�b��

�I�j�_�^�i�h�e�h�`�b�f�� �f�u �a�Z�i�m�k�d�Z�_�f �l�j�Z�^�b�p�b�h�g�g�u�c �Z�e�]�h�j�b�l�f �d�m�k�l�b�k�l�h�]�h �^�b�g�Z��

�f�b�q�_�k�d�h�]�h �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �^�e�y �h�i�l�b�f�b�a�Z�p�b�b �N���i�m�l�_�\�h�]�h �k�h�_�^�b�g�_�g�b�y��

�F�u �i�h�e�m�q�Z�_�f �g�_ �l�h�e�v�d�h �h�d�h�g�q�Z�l�_�e�v�g�u�c �i�e�Z�g�� �g�h �b �h�i�l�b�f�Z�e�v�g�u�c �i�e�Z�g

�^�e�y �d�Z�`�^�h�]�h �h�l�^�_�e�v�g�h�]�h �i�h�^�i�e�Z�g�Z�� �i�_�j�_�q�b�k�e�y�_�f�h�]�h �g�Z �w�l�h�f �i�m�l�b�� �D�Z�`��

�^�u�c �a�Z�i�j�h�k �]�_�g�_�j�b�j�m�_�l �h�i�l�b�f�Z�e�v�g�u�c �i�e�Z�g �a�Z�i�j�h�k�Z �^�e�y �\�k�_�o �\�o�h�^�y�s�b�o �\

�g�_�]�h �i�h�^�i�e�Z�g�h�\�� �Z �l�Z�d�`�_ �a�Z�i�h�f�b�g�Z�_�l �g�_�h�i�l�b�f�Z�e�v�g�u�_ �i�h�^�i�e�Z�g�u�� �d�h�l�h�j�u�_

�g�_ �[�u�e�b �^�h�k�l�j�h�_�g�u �^�h �d�h�g�p�Z�� �W�l�h �h�a�g�Z�q�Z�_�l�� �q�l�h �h�^�b�g �a�Z�i�j�h�k �]�_�g�_�j�b�j�m��

�_�l �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �h�[�m�q�Z�x�s�b�o �i�j�b�f�_�j�h�\�� �G�Z �j�b�k���������i�h�d�Z�a�Z�g�h�� �d�Z�d

�i�j�b�g�p�b�i �h�i�l�b�f�Z�e�v�g�h�k�l�b �i�h�f�h�]�Z�_�l �k�h�[�j�Z�l�v �h�[�m�q�Z�x�s�m�x �\�u�[�h�j�d�m��



����

�J�b�k�m�g�h�d ������ �² �B�k�i�h�e�v�a�m�y �i�j�b�g�p�b�i �h�i�l�b�f�Z�e�v�g�h�k�l�b�� �b�a �h�^�g�h�]�h �i�e�Z�g�Z�� �k�h�a�^�Z�g�g�h�]�h

�k�h�[�k�l�\�_�g�g�u�f �h�i�l�b�f�b�a�Z�l�h�j�h�f�� �b�a�\�e�_�d�Z�x�l�k�y �l�j�b �h�[�m�q�Z�x�s�b�o �i�j�b�f�_�j�Z�� �W�l�b

�i�j�b�f�_�j�u �b�f�_�x�l �h�^�g�b �b �l�_ �`�_ �^�h�e�]�h�k�j�h�q�g�u�_ �a�Z�l�j�Z�l�u �b �h�l�g�h�r�_�g�b�y �^�e�y

�k�h�_�^�b�g�_�g�b�y ���l���_�� �i�j�b�g�y�l�b�_ �w�l�b�o �e�h�d�Z�e�v�g�u�o �j�_�r�_�g�b�c �\ �d�h�g�_�q�g�h�f �b�l�h�]�_ �i�j�b�\�h�^�b�l �d

�k�h�_�^�b�g�_�g�b�x �\ �h�^�g�m �k�\�y�a�g�m�x �d�h�f�i�h�g�_�g�l�m{ T1, ...,T4} �k �h�i�l�b�f�Z�e�v�g�h�c �k�h�\�h�d�m�i�g�h�c

�k�l�h�b�f�h�k�l�v�xV 0����

���� �B�g�`�_�g�_�j�b�y �´�i�j�b�a�g�Z�d�h�\�´��

�D�j�Z�l�d�Z�y �f�h�l�b�\�Z�p�b�y �l�h�]�h�� �d�Z�d �k�l�h�b�l �^�m�f�Z�l�v �h �i�j�b�a�g�Z�d�h�\�h�f �h�i�b�k�Z�g�b�b �^�Z�g��

�g�u�o �\ �l�Z�d�h�c �a�Z�^�Z�q�_�� �a�Z�d�e�x�q�Z�_�l�k�y �\ �k�e�_�^�m�x�s�_�f�� �I�j�b�a�g�Z�d�h�\�u�_ �h�i�b�k�Z�g�b�y

�^�h�e�`�g�u �[�u�l�v �^�h�k�l�Z�l�h�q�g�h �[�h�]�Z�l�u�f�b�� �q�l�h�[�u �h�g�b �h�l�j�Z�`�Z�e�b �\�k�x �g�_�h�[�o�h�^�b��

�f�m�x �b�g�n�h�j�f�Z�p�b�x �^�e�y �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y �k�l�h�b�f�h�k�l�b �i�j�b�g�y�l�h�]�h �j�_�r�_�g�b�y �\

�d�m�i�_ �k �i�h�k�e�_�^�m�x�s�b�f�b �a�Z�l�j�Z�l�Z�f�b�� �>�e�y �w�l�h�]�h �g�_�h�[�o�h�^�b�f�h �a�g�Z�l�v�� �q�l�h �l�j�_��

�[�m�_�l �6�4�/���a�Z�i�j�h�k �\ �p�_�e�h�f�� �l�Z�[�e�b�p�u �\ �e�_�\�h�c �q�Z�k�l�b �i�j�_�^�e�Z�]�Z�_�f�h�]�h �k�h�_�^�b�g�_��

�g�b�y �b �l�Z�[�e�b�p�u �\ �i�j�Z�\�h�c �q�Z�k�l�b �i�j�_�^�e�Z�]�Z�_�f�h�]�h �k�h�_�^�b�g�_�g�b�y�� �L�Z�d�`�_ �l�j�_�[�m�_�l��

�k�y �a�g�Z�g�b�_ �l�h�]�h�� �d�Z�d �i�j�_�^�b�d�Z�l�u �h�^�g�h�c �l�Z�[�e�b�p�u �\�e�b�y�x�l �g�Z �d�Z�j�^�b�g�Z�e�v�g�h�k�l�v

�i�h �h�[�_ �k�l�h�j�h�g�u �k�h�_�^�b�g�_�g�b�y��

�± �´�M�q�Z�k�l�\�m�x�s�b�_�´ �h�l�g�h�r�_�g�b�y��

�H�[�s�Z�y �b�g�l�m�b�p�b�y �k�h�k�l�h�b�l �\ �l�h�f�� �q�l�h�[�u �b�k�i�h�e�v�a�h�\�Z�l�v �b�f�y �d�Z�`��

�^�h�]�h �k�l�h�e�[�p�Z �\ �d�Z�q�_�k�l�\�_ �i�j�b�a�g�Z�d�Z�� �i�h�l�h�f�m �q�l�h �h�g�h �h�i�j�_��

�^�_�e�y�_�l �j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�l�h�]�h �k�l�h�e�[�p�Z�� �I�_�j�\�u�f �r�Z�]�h�f �y�\�e�y�_�l��

�k�y �k�h�a�^�Z�g�b�_ �g�Z�[�h�j�Z �i�j�b�a�g�Z�d�h�\�� �q�l�h�[�u �h�i�b�k�Z�l�v �d�Z�d�b�_ �Z�l�j�b�[�m��

�l�u �m�q�Z�k�l�\�m�x�l �\ �a�Z�i�j�h�k�_ �b �\ �d�h�g�d�j�_�l�g�h�f �k�h�_�^�b�g�_�g�b�b�� �I�m�k�l�v

A �[�m�^�_�l �g�Z�[�h�j�h�f �\�k�_�o �Z�l�j�b�[�m�l�h�\ �\ �[�Z�a�_ �^�Z�g�g�u�o ���g�Z�i�j�b�f�_�j��

{ �(�P�S���L�G, �3�R�V���U�D�Q�N, ..., �6�D�O���F�R�G�H, �6�D�O���D�P�R�X�Q�W} ���� �D�Z�`�^�h�_ �h�l�g�h�r�_�g�b�_

rel ���\�d�e�x�q�Z�y �i�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�k�l�j�h�_�g�b�y �^�_�j�_�\�Z �k�h��

�_�^�b�g�_�g�b�c�� �b�f�_�_�l �g�Z�[�h�j �Z�l�j�b�[�m�l�h�\��Arel * A�� �:�g�Z�e�h�]�b�q�g�h�� �d�Z�`��

�^�u�c �]�j�Z�n �a�Z�i�j�h�k�h�\G �f�h�`�_�l �[�u�l�v �i�j�_�^�k�l�Z�\�e�_�g �k�\�h�b�f�b �Z�l�j�b�[�m��

�l�Z�f�bAG * A�� �K�h�_�^�b�g�_�g�b�_ �f�h�`�g�h �h�i�b�k�Z�l�v �d�Z�d �i�Z�j�m �h�l�g�h�r�_�g�b�c

(L, R )�� �]�^�_ �^�e�y �d�Z�`�^�h�]�h �b�a �g�b�o �k�m�s�_�k�l�\�m�x�l �\�b�^�b�f�u�_ �Z�l�j�b�[�m�l�u



����

AL �bAR�� �<�k�_ �g�Z�[�h�j�u �Z�l�j�b�[�m�l�h�\ �±AG��AL �bAR �± �d�h�^�b�j�m�x�l�k�y

�[�b�g�Z�j�g�u�f �k�i�h�k�h�[�h�f�� �_�^�b�g�b�p�Z �h�a�g�Z�q�Z�_�l �g�Z�e�b�q�b�_ �k�h�h�l�\�_�l�k�l�\�m�x��

�s�_�]�h �Z�l�j�b�[�m�l�Z�� �Z �g�h�e�v �± �_�]�h �h�l�k�m�l�k�l�\�b�_�� �I�j�b�f�_�g�y�y �h�i�_�j�Z�p�b�x1

�^�e�y �h�[�t�_�^�b�g�_�g�b�y �\�_�d�l�h�j�h�\�� �n�h�j�f�b�j�m�x�l�k�y �i�j�b�a�g�Z�d�b �]�j�Z�n�Z �a�Z�i�j�h��

�k�Zf G = AG �b �i�j�b�a�g�Z�d�b �k�h�_�^�b�g�_�g�b�yf c = AL 1 AR�� �< �b�l�h�]�_�� �i�h�e��

�g�u�c �\�_�d�l�h�j �i�j�b�a�g�Z�d�h�\ �^�e�y �i�Z�j�u(G, c) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �d�h�g�d�Z��

�l�_�g�Z�p�b�xf G1 f c�� �G�Z�]�e�y�^�g�u�c �i�j�b�f�_�j �l�Z�d�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�b�y �f�h�`�g�h

�m�\�b�^�_�l�v �g�Z �j�b�k�m�g�d�_�������� �]�^�_ �i�h�d�Z�a�Z�g�h �i�j�b�a�g�Z�d�h�\�h�_ �h�i�b�k�Z�g�b�_ �^�e�y

�^�_�f�h�g�k�l�j�Z�p�b�h�g�g�h�]�h �a�Z�i�j�h�k�Z��

�J�b�k�m�g�h�d ������ �² �A�Z�i�j�h�k �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �_�f�m �i�j�b�a�g�Z�d�h�\�h�_ �h�i�b�k�Z�g�b�_�� �;�b�g�Z�j�g�u�_

�\�_�d�l�h�j�u �d�h�^�b�j�m�x�l �Z�l�j�b�[�m�l�u �\ �]�j�Z�n�_ �a�Z�i�j�h�k�Z ��AG���� �e�_�\�h�c �q�Z�k�l�b �k�h�_�^�b�g�_�g�b�y ��AL ��

�b �i�j�Z�\�h�c �q�Z�k�l�b ��AR���� �L�Z�d�h�_ �d�h�^�b�j�h�\�Z�g�b�_ �i�h�a�\�h�e�y�_�l �h�i�b�k�Z�l�v �d�Z�d �]�j�Z�n �a�Z�i�j�h�k�Z�� �l�Z�d

�b �d�h�g�d�j�_�l�g�h�_ �k�h�_�^�b�g�_�g�b�_�� �I�h�d�Z�a�Z�g�u �i�j�h�f�_�`�m�l�h�q�g�h�_ �k�h�_�^�b�g�_�g�b�_ �b �n�b�g�Z�e�v�g�h�_

�k�h�_�^�b�g�_�g�b�_�� �I�j�b�f�_�j �a�Z�i�j�h�k�Z �h�o�\�Z�l�u�\�Z�_�l �\�k�_ �h�l�g�h�r�_�g�b�y �\ �k�o�_�f�_�� �i�h�w�l�h�f�m

AG = A��

�± �I�j�_�^�b�d�Z�l�u��

�I�j�_�^�b�d�Z�l�u �f�h�]�m�l �b�a�f�_�g�b�l�v �m�d�Z�a�Z�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �l�h �_�k�l�v

���F�R�O�� �V�H�O�H�F�W�L�Y�L�W�\�� �h�l�e�b�q�Z�_�l�k�y �h�l ���F�R�O�� �7�5�8�(���� �Q�l�h�[�u �h�[�j�Z�[�Z�l�u�\�Z�l�v

�i�j�_�^�b�d�Z�l�u �\ �a�Z�i�j�h�k�_�� �g�m�`�g�h �m�q�b�l�u�\�Z�l�v �b�o �\ �i�j�b�a�g�Z�d�h�\�h�f �h�i�b�k�Z��

�g�b�b�� �F�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �k�l�Z�l�b�k�l�b�d�m �l�Z�[�e�b�p�� �i�j�b�k�m�l�k�l�\�m�x�s�m�x

�\ �[�h�e�v�r�b�g�k�l�\�_ �K�M�;�>�� �>�e�y �d�Z�`�^�h�]�h �i�j�_�^�b�d�Z�l�Z( �\ �a�Z�i�j�h�k�_ �f�h�`�g�h

�i�h�e�m�q�b�l�v �k�_�e�_�d�l�b�\�g�h�k�l�v)#�� �d�h�l�h�j�Z�y �h�p�_�g�b�\�Z�_�l �^�h�e�x �d�h�j�l�_�`�_�c��

�h�k�l�Z�x�s�b�o�k�y �i�h�k�e�_ �i�j�b�f�_�g�_�g�b�y �i�j�_�^�b�d�Z�l�Z�� �Q�l�h�[�u �m�q�_�k�l�v �i�j�_��

�^�b�d�Z�l�u �\ �i�j�b�a�g�Z�d�h�\�h�f �h�i�b�k�Z�g�b�b�� �f�h�`�g�h �f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v �k�e�h�l

�\ f G�� �d�h�l�h�j�h�f�m �k�h�h�l�\�_�l�k�l�\�m�_�l �h�l�g�h�r�_�g�b�_ �b �Z�l�j�b�[�m�l �k �i�j�_�^�b�d�Z��

�l�h�f�� �g�Z) r �� �G�Z�i�j�b�f�_�j�� �_�k�e�b �h�p�_�g�d�Z �k�_�e�_�d�l�b�\�g�h�k�l�b �^�e�y �n�b�e�v�l�j�Z

�(�P�S���L�G> 200�h�p�_�g�b�\�Z�_�l�k�y �d�Z�d0.2�� �l�h �k�e�h�l �(�P�S���L�G �\f G �[�m�^�_�l �b�a��

�f�_�g�_�g �g�Z0.2�� �J�b�k�m�g�h�d�������Z �g�Z�]�e�y�^�g�h �b�e�e�x�k�l�j�b�j�m�_�l �w�l�h �f�Z�k�r�l�Z��

�[�b�j�h�\�Z�g�b�_��



����

�± �H�i�_�j�Z�l�h�j�u �k�h�_�^�b�g�_�g�b�y��

�L�Z�d�`�_ �\�Z�`�g�h �a�Z�d�h�^�b�j�h�\�Z�l�v �l�b�i �h�i�_�j�Z�l�h�j�Z �k�h�_�^�b�g�_�g�b�y�� �W�l�h �i�j�h��

�k�l�h�� �f�u �^�h�[�Z�\�e�y�_�f �_�s�_ �h�^�b�g �[�b�g�Z�j�g�u�c �\�_�d�l�h�j�� �d�h�l�h�j�u�c �m�d�Z�a�u��
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�h�l�\�_�l�k�l�\�m�x�s�b�_ �n�Z�d�l�h�j�u�� �l�Z�d�b�_ �d�Z�d �k�h�j�l�b�j�h�\�d�Z �^�h�q�_�j�g�b�o �w�e�_�f�_�g�l�h�\ �h�i�_��

�j�Z�l�h�j�Z �k�h�_�^�b�g�_�g�b�y ���i�j�_�^�i�h�e�Z�]�Z�y �h�[�t�_�^�b�g�_�g�b�_ �k�e�b�y�g�b�_�f���� �b�e�b �n�b�e�v�l�j �f�h��

�`�_�l �h�p�_�g�b�l�v�� �[�m�^�_�l �e�b �i�j�Z�\�h�k�l�h�j�h�g�g�_�_ �h�l�g�h�r�_�g�b�_ �k�h�_�^�b�g�_�g�b�y �b�f�_�l�v �g�b�a��

�d�m�x �d�Z�j�^�b�g�Z�e�v�g�h�k�l�v ���i�j�_�^�i�h�e�Z�]�Z�y�� �q�l�h �b�g�^�_�d�k �f�h�`�_�l �[�u�l�v �i�h�e�_�a�_�g����

�D�Z�`�^�u�c �m�a�_�e �^�_�j�_�\�Z���i�e�Z�g�Z �b�f�_�_�l �j�h�\�g�h �^�\�Z �^�h�q�_�j�g�b�o �m�a�e�Z�� �i�h�w�l�h�f�m

�n�b�e�v�l�j �k�h�^�_�j�`�b�l �l�j�b �\�_�k�h�\�u�o �\�_�d�l�h�j�Z��ep��el ��er �� �N�b�e�v�l�j �i�j�b�f�_�g�y�_�l�k�y �d



����

�d�Z�`�^�h�f�m �e�h�d�Z�e�v�g�h�f�m �m�q�Z�k�l�d�m �b�a �\�_�d�l�h�j�Z �m�a�e�Zxp �b �_�]�h �^�h�q�_�j�g�b�o �\�_�d�l�h�j�h�\

x l �bxr ���d�h�l�h�j�u�_ �a�Z�f�_�g�y�x�l�k�y �g�Z*0 �^�e�y �e�b�k�l�v�_�\���� �k�h�a�^�Z�\�Z�y �g�h�\�u�c �\�_�d�l�h�j �m�a��

�e�Zx+
p��

x+= ( (ep 3 xp + el 3 x l + er 3 xr ) ����������

�A�^�_�k�v( (�Â) �² �g�_�e�b�g�_�c�g�h�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ ���g�Z�i�j�b�f�_�j�� �5�H�/�8����3 �² �k�d�Z��

�e�y�j�g�h�_ �i�j�h�b�a�\�_�^�_�g�b�_�� �Zx+
p �² �\�u�o�h�^ �n�b�e�v�l�j�Z�� �D�Z�`�^�u�c �n�b�e�v�l�j �Z�]�j�_�]�b�j�m��

�_�l �^�Z�g�g�u�_ �b�a �e�h�d�Z�e�v�g�h�]�h �h�d�j�m�`�_�g�b�y �m�a�e�Z �^�_�j�_�\�Z�� �?�^�b�g�u�c �n�b�e�v�l�j �i�h�k�e�_��

�^�h�\�Z�l�_�e�v�g�h �h�[�j�Z�[�Z�l�u�\�Z�_�l �\�k�_ �m�a�e�u �^�_�j�_�\�Z �i�e�Z�g�Z �\�u�i�h�e�g�_�g�b�y�� �q�l�h �h�[�_�k��

�i�_�q�b�\�Z�_�l �_�]�h �i�j�b�f�_�g�b�f�h�k�l�v �d �i�e�Z�g�Z�f �e�x�[�h�c �\�_�e�b�q�b�g�u�� �I�j�b�f�_�g�_�g�b�_ �g�Z��

�[�h�j�Z �n�b�e�v�l�j�h�\ �d �^�_�j�_�\�m �l�j�Z�g�k�n�h�j�f�b�j�m�_�l �_�]�h �\ �g�h�\�h�_ �^�_�j�_�\�h �k �b�^�_�g�l�b�q��

�g�h�c �k�l�j�m�d�l�m�j�h�c�� �g�h �k �m�a�e�Z�f�b�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b �\�_�d�l�h�j�Z�f�b �i�h�l�_�g�p�b�Z�e�v�g�h

�b�g�h�c �j�Z�a�f�_�j�g�h�k�l�b�� �G�Z �i�j�Z�d�l�b�d�_ �b�k�i�h�e�v�a�m�_�l�k�y �f�g�h�`�_�k�l�\�h ���k�h�l�g�b�� �l�Z�d�b�o

�n�b�e�v�l�j�h�\��

�I�h�k�d�h�e�v�d�m �j�_�a�m�e�v�l�Z�l�h�f �k�\�z�j�l�d�b �^�_�j�_�\�Z �y�\�e�y�_�l�k�y �^�j�m�]�h�_ �^�_�j�_�\�h�� �g�_�k�d�h�e�v��

�d�h �k�e�h�_�\ �n�b�e�v�l�j�h�\ �k�\�z�j�l�d�b �^�_�j�_�\�Z �f�h�]�m�l �[�u�l�v �©�g�Z�e�h�`�_�g�u �^�j�m�] �g�Z �^�j�m�]�Z�ª��

�I�_�j�\�u�c �k�e�h�c �n�b�e�v�l�j�h�\ �k�\�z�j�l�d�b �^�_�j�_�\�Z �[�m�^�_�l �b�f�_�l�v �^�h�k�l�m�i �d �j�Z�k�r�b�j�_�g��

�g�h�f�m �^�_�j�_�\�m �i�e�Z�g�Z �\�u�i�h�e�g�_�g�b�y ���l���_�� �d�Z�`�^�u�c �n�b�e�v�l�j �[�m�^�_�l �i�_�j�_�f�_�s�Z�l�v�k�y

�i�h �d�Z�`�^�h�f�m �j�h�^�b�l�_�e�v�k�d�h�f�m���e�_�\�h�f�m �^�h�q�_�j�g�_�f�m���i�j�Z�\�h�f�m �^�h�q�_�j�g�_�f�m �l�j�_��

�m�]�h�e�v�g�b�d�m �j�Z�k�r�b�j�_�g�g�h�]�h �^�_�j�_�\�Z���� �D�h�e�b�q�_�k�l�\�h �b�g�n�h�j�f�Z�p�b�b�� �\�h�k�i�j�b�g�b��

�f�Z�_�f�h�_ �d�h�g�d�j�_�l�g�u�f �n�b�e�v�l�j�h�f�� �g�Z�a�u�\�Z�_�l�k�y �j�_�p�_�i�l�b�\�g�u�f �i�h�e�_�f �n�b�e�v�l�j�Z��

�<�l�h�j�h�c �k�e�h�c �n�b�e�v�l�j�h�\ �[�m�^�_�l �i�j�b�f�_�g�y�l�v�k�y �d �\�u�o�h�^�g�u�f �^�Z�g�g�u�f �i�_�j�\�h�]�h��

�b�� �l�Z�d�b�f �h�[�j�Z�a�h�f�� �d�Z�`�^�u�c �n�b�e�v�l�j �w�l�h�]�h �\�l�h�j�h�]�h �k�e�h�y �[�m�^�_�l �\�b�^�_�l�v �b�g��

�n�h�j�f�Z�p�b�x�� �i�h�e�m�q�_�g�g�m�x �h�l �m�a�e�Zn �\ �b�k�o�h�^�g�h�f �j�Z�k�r�b�j�_�g�g�h�f �^�_�j�_�\�_�� �^�h��

�q�_�j�g�b�o �w�e�_�f�_�g�l�h�\n �b �^�h�q�_�j�g�b�o �^�e�y �^�h�q�_�j�g�b�on�� �l�Z�d�b�f �h�[�j�Z�a�h�f�� �d�Z�`�^�u�c

�k�e�h�c �k�\�z�j�l�d�b �^�_�j�_�\�Z �b�f�_�_�l �[�h�e�v�r�_�_ �j�_�p�_�i�l�b�\�g�h�_ �i�h�e�_�� �q�_�f �m �i�j�_�^�u�^�m��

�s�_�]�h�� �< �j�_�a�m�e�v�l�Z�l�_ �i�_�j�\�u�c �k�e�h�c �k�\�z�j�l�d�b �^�_�j�_�\�Z �b�a�m�q�Z�_�l �i�j�h�k�l�u�_ �i�j�b�a�g�Z��

�d�b ���g�Z�i�j�b�f�_�j�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_ �h�[�t�_�^�b�g�_�g�b�y �k�e�b�y�g�b�_�f �i�h�\�_�j�o �k�h�_�^�b�g�_�g�b�y

�k�e�b�y�g�b�_�f���� �l�h�]�^�Z �d�Z�d �i�h�k�e�_�^�g�b�c �k�e�h�c �k�\�_�j�l�d�b �^�_�j�_�\�Z �b�a�m�q�Z�_�l �k�e�h�`�g�u�_

�i�j�b�a�g�Z�d�b ���g�Z�i�j�b�f�_�j�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_ �e�_�\�h�k�l�h�j�h�g�g�_�c �p�_�i�h�q�d�b �k�h�_�^�b�g�_�g�b�c

�k�e�b�y�g�b�_�f����

���� �I�h�b�k�d �i�e�Z�g�Z �k �i�h�f�h�s�v�x �g�_�c�j�h�k�_�l�b��

�G�_�c�j�h�k�_�l�v �i�j�_�^�k�d�Z�a�u�\�Z�_�l �k�l�h�b�f�h�k�l�v �i�e�Z�g�Z �\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�Z�� �g�h �g�_

�^�Z�z�l �k�Z�f �i�e�Z�g �\�u�i�h�e�g�_�g�b�y �g�Z�i�j�y�f�m�x�� �I�h�w�l�h�f�m �^�e�y �k�h�a�^�Z�g�b�y �i�e�Z�g�h�\

�g�_�h�[�o�h�^�b�f�h �h�[�t�_�^�b�g�b�l�v �g�_�c�j�h�k�_�l�v �k �f�_�l�h�^�h�f �i�h�b�k�d�Z��



����

�B�k�i�h�e�v�a�m�y �h�[�m�q�_�g�g�m�x �f�h�^�_�e�v �b �\�o�h�^�y�s�b�c �a�Z�i�j�h�kq�� �1�H�R �\�u�i�h�e�g�y�_�l �i�h��

�b�k�d �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�e�Z�g�h�\ �^�e�y �^�Z�g�g�h�]�h �a�Z�i�j�h�k�Z�� �< �g�_�d�h�l�h�j�h�f �k�f�u�k�e�_ �w�l�h�l

�i�h�b�k�d �h�l�j�Z�`�Z�_�l �i�j�h�p�_�k�k �i�h�b�k�d�Z�� �b�k�i�h�e�v�a�m�_�f�u�c �l�j�Z�^�b�p�b�h�g�g�u�f�b �h�i�l�b�f�b��

�a�Z�l�h�j�Z�f�b �[�Z�a �^�Z�g�g�u�o�� �i�j�b �w�l�h�f �h�[�m�q�_�g�g�Z�y �g�_�c�j�h�k�_�l�v �[�_�j�_�l �g�Z �k�_�[�y �j�h�e�v

�n�m�g�d�p�b�b �k�l�h�b�f�h�k�l�b�� �H�^�g�Z�d�h�� �\ �h�l�e�b�q�b�_ �h�l �l�j�Z�^�b�p�b�h�g�g�u�o �k�b�k�l�_�f�� �g�_�c�j�h��

�k�_�l�v �i�j�_�^�k�d�Z�a�u�\�Z�_�l �g�_ �k�l�h�b�f�h�k�l�v �i�h�^�i�e�Z�g�Z�� �Z �f�b�g�b�f�Z�e�v�g�h�_ �\�h�a�f�h�`�g�h�_

�\�j�_�f�y �\�u�i�h�e�g�_�g�b�y �i�h�e�g�h�]�h ���n�b�g�Z�e�v�g�h�]�h�� �i�e�Z�g�Z�� �\�d�e�x�q�Z�x�s�_�]�h �^�Z�g�g�u�c

�i�h�^�i�e�Z�g�� �W�l�Z �j�Z�a�g�b�p�Z �i�h�a�\�h�e�y�_�l �\�u�i�h�e�g�b�l�v �i�h�b�k�d �i�h �i�j�b�g�p�b�i�m �©�k�g�Z�q�Z�e�Z

�g�Z�b�e�m�q�r�_�_�ª�� �q�l�h�[�u �g�Z�c�l�b �i�e�Z�g �\�u�i�h�e�g�_�g�b�y �k �g�b�a�d�h�c �h�`�b�^�Z�_�f�h�c �k�l�h�b��

�f�h�k�l�v�x�� �I�h �k�m�l�b�� �w�l�h �k�\�h�^�b�l�k�y �d �f�g�h�]�h�d�j�Z�l�g�h�f�m �b�a�m�q�_�g�b�x �d�Z�g�^�b�^�Z�l�Z �k

�g�Z�b�e�m�q�r�_�c �i�j�_�^�i�h�e�Z�]�Z�_�f�h�c �k�l�h�b�f�h�k�l�v�x �^�h �l�_�o �i�h�j�� �i�h�d�Z �g�_ �\�h�a�g�b�d�g�_�l

�m�k�e�h�\�b�_ �h�k�l�Z�g�h�\�d�b��

�I�h�b�k�d �^�e�y �a�Z�i�j�h�k�Zq �k�l�Z�j�l�m�_�l �k �k�h�a�^�Z�g�b�y �i�m�k�l�h�c �P�L�Q���d�m�q�b�� �m�i�h�j�y�^�h�q�_�g��

�g�h�c �i�h �g�_�c�j�h�k�_�l�_�\�u�f �h�p�_�g�d�Z�f �k�l�h�b�f�h�k�l�b �q�Z�k�l�b�q�g�u�o �i�e�Z�g�h�\�� �B�a�g�Z�q�Z�e�v�g�h

�\ �d�m�q�m �i�h�f�_�s�Z�_�l�k�y �q�Z�k�l�b�q�g�u�c �i�e�Z�g �k �g�_�h�i�j�_�^�_�e�z�g�g�u�f�b �l�b�i�Z�f�b �k�d�Z�g�b��

�j�h�\�Z�g�b�y �\�k�_�o �h�l�g�h�r�_�g�b�c �b�aR(q)�� �G�Z�i�j�b�f�_�j�� �i�j�bR(q) = { A, B, C, D }

�b�g�b�p�b�Z�e�b�a�Z�p�b�y �a�Z�^�Z�z�l�k�y �d�Z�d

P0 =
)

[U(A)], [U(B)], [U(C)], [U(D)]
*

����������

�G�Z �d�Z�`�^�h�c �b�l�_�j�Z�p�b�b �b�a �\�_�j�r�b�g�u �d�m�q�b �b�a�\�e�_�d�Z�_�l�k�y �i�h�^�i�e�Z�gPi �� �i�h�k�e�_ �q�_��

�]�h �]�_�g�_�j�b�j�m�x�l�k�y �_�]�h �i�h�l�h�f�d�bChildren (Pi )�� �d�Z�`�^�u�c �h�p�_�g�b�\�Z�_�l�k�y �g�_�c�j�h��

�k�_�l�v�x �b �^�h�[�Z�\�e�y�_�l�k�y �\ �d�m�q�m�� �I�h�l�h�f�d�b �k�h�h�l�\�_�l�k�l�\�m�x�l �\�k�_�f �i�e�Z�g�Z�f�� �d�h�l�h��

�j�u�_ �f�h�]�m�l �[�u�l�v �k�n�h�j�f�b�j�h�\�Z�g�u �i�m�l�z�f �m�l�h�q�g�_�g�b�y �k�d�Z�g�b�j�h�\�Z�g�b�y �\Pi �b�e�b

�h�[�t�_�^�b�g�_�g�b�y �^�\�m�o �_�]�h �i�h�^�^�_�j�_�\�v�_�\ �h�i�_�j�Z�l�h�j�h�f �k�h�_�^�b�g�_�g�b�y�� �N�h�j�f�Z�e�v�g�h

Children (Pi ) �i�m�k�l�h �^�e�y �a�Z�\�_�j�r�z�g�g�h�]�h �i�e�Z�g�Z�� �Z �b�g�Z�q�_ �i�j�_�^�k�l�Z�\�e�y�_�l �^�h��

�k�l�m�i�g�u�_ �^�_�c�k�l�\�b�y �\ �^�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �0�'�3�� �K�e�_�^�m�x�s�Z�y �b�l�_�j�Z�p�b�y �b�k��

�k�e�_�^�m�_�l �g�h�\�u�c �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�c �i�e�Z�g �b�a �d�m�q�b�� �i�j�b�q�z�f �d�Z�`�^�Z�y

�h�i�_�j�Z�p�b�y �i�h�b�k�d�Z �\�u�i�h�e�g�y�_�l�k�y �a�ZO(�O�R�Jn)�� �]�^�_n �² �l�_�d�m�s�b�c �j�Z�a�f�_�j �d�m��

�q�b��

�O�h�l�y �\�u�i�h�e�g�_�g�b�_ �f�h�`�g�h �a�Z�\�_�j�r�b�l�v �i�j�b �h�[�g�Z�j�m�`�_�g�b�b �i�h�e�g�h�]�h �i�e�Z�g�Z�� �Z�e��

�]�h�j�b�l�f �e�_�]�d�h �f�h�^�b�n�b�p�b�j�m�_�l�k�y �^�e�y �i�j�h�^�h�e�`�_�g�b�y �i�h�b�k�d�Z �m�e�m�q�r�_�g�g�u�o �\�Z��

�j�b�Z�g�l�h�\ �^�h �b�k�l�_�q�_�g�b�y �a�Z�^�Z�g�g�h�]�h �\�j�_�f�_�g�b�� �< �w�l�h�c �\�_�j�k�b�b �1�H�R �b�k�k�e�_�^�m�_�l

�g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�_ �w�e�_�f�_�g�l�u �b�a �d�m�q�b �^�h �^�h�k�l�b�`�_�g�b�y �\�j�_�f�_�g�g�h�]�h
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�k�_�e�_�d�l�b�\�g�h�k�l�v �i�j�_�^�b�d�Z�l�ZEmp.id > 200��

�I�h�f�b�f�h �d�h�^�b�j�h�\�d�b �g�Z �m�j�h�\�g�_ �a�Z�i�j�h�k�Z �a�^�_�k�v �l�j�_�[�m�_�l�k�y �d�h�^�b�j�h�\�d�Z �l�_�d�m�s�_�]�h

�k�h�_�^�b�g�_�g�b�y ���D�F�W�L�R�Q���� �D�h�^�b�j�h�\�d�Z �k�h�_�^�b�g�_�g�b�y �k�h�k�l�h�b�l �b�a �d�h�^�b�j�h�\�d�b �e�_�\�h�]�h �i�h�^�^�_�j�_��

�\�Z�� �/�� �i�j�Z�\�h�]�h �i�h�^�^�_�j�_�\�Z ���\�k�_�]�^�Z �e�b�k�l���� �5�� �b �k�i�h�k�h�[�Z �k�h�_�^�b�g�_�g�b�y�� �-�� �E�_�\�h�_ �i�h�^�^�_�j�_��

�\�h �d�h�^�b�j�m�_�l�k�y1 �b0 �^�e�y �d�Z�`�^�h�]�h �Z�l�j�b�[�m�l�Z �\ �k�o�_�f�_ �[�Z�a�u �^�Z�g�g�u�o �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l

�l�h�]�h�� �h�l�g�h�k�b�l�k�y �e�b �h�g �d �l�Z�[�e�b�p�_�� �y�\�e�y�x�s�_�c�k�y �q�Z�k�l�v�x �w�l�h�]�h �i�h�^�^�_�j�_�\�Z�� �J�Z�k�k�f�h�l�j�b�f

�a�Z�i�j�h�k��

�6�(�/�(�&�7 �


�)�5�2�0 �(�P�S�� �3�R�V�� �6�D�O

�:�+�(�5�( �(�P�S���U�D�Q�N � �3�R�V���U�D�Q�N

�$�1�' �3�R�V���F�R�G�H � �6�D�O���F�R�G�H

�$�1�' �(�P�S���L�G �! ������

�b �i�j�_�^�i�h�e�h�`�b�f�� �q�l�h �g�Z �l�_�d�m�s�_�f �r�Z�]�_ �i�h�k�l�j�h�_�g�b�y �i�e�Z�g�Z �l�Z�[�e�b�p�uEmp �bPos�m�`�_

�k�h�_�^�b�g�_�g�u�� �Z �^�_�c�k�l�\�b�_�f �y�\�e�y�_�l�k�y �i�j�b�k�h�_�^�b�g�_�g�b�_ �d �g�b�f �l�Z�[�e�b�p�uSal ���j�b�k�m�g�h�d

������������

�J�b�k�m�g�h�d �������� �² �I�j�b�f�_�j �k�h�a�^�Z�g�b�y �\�_�d�l�h�j�g�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�b�y �^�e�y �l�_�d�m�s�_�]�h

�k�h�k�l�h�y�g�b�y �b �^�_�c�k�l�\�b�y��



����

�< �w�l�h�f �k�e�m�q�Z�_ �d�h�^�b�j�h�\�d�Z�f�b �4�� �/ �b �5 �[�m�^�m�l �\�_�d�l�h�j�Z��

�± Q = [0.2 1 1 1 1 1 1 1]

�± L = [ 1 1 1 1 1 1 0 0]

�± R = [ 0 0 0 0 0 0 1 1]

�I�h�e�g�h�c �d�h�^�b�j�h�\�d�h�c �a�Z�i�j�h�k�Z �b �l�_�d�m�s�_�]�h �k�h�_�^�b�g�_�g�b�y �[�m�^�_�l �d�h�g�d�Z�l�_�g�Z�p�b�y �\�_�d�l�h�j�h�\

�4�� �/�� �5 �b �\�_�d�l�h�j�Z�� �d�h�^�b�j�m�x�s�_�]�h �l�b�i �k�h�_�^�b�g�_�g�b�y �-�� �L�Z�d �d�Z�d �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �b�k��

�i�h�e�v�a�h�\�Z�e�k�y �l�h�e�v�d�h �h�^�b�g �k�i�h�k�h�[ �k�h�_�^�b�g�_�g�b�y �± �+�D�V�K�-�R�L�Q�� �g�h �[�u�e�b �^�h�i�h�e�g�b�l�_�e�v�g�u�_

�h�i�_�j�Z�l�h�j�u �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y �^�Z�g�g�u�o�� �\�_�d�l�h�j�� �d�h�^�b�j�m�x�s�b�c �k�i�h�k�h�[ �k�h�_�^�b�g�_�g�b�y��

�i�h �k�m�l�b�� �d�h�^�b�j�h�\�Z�e �k�i�h�k�h�[ �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y �^�Z�g�g�u�o �\ �^�h�q�_�j�g�b�o �m�a�e�Z�o�� �<�_�d�l�h�j

�- �f�h�] �b�f�_�l�v �k�e�_�^�m�x�s�b�_ �\�b�^�u��

�± J = [0 0 0 0]�� �_�k�e�b �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �^�Z�g�g�u�o �^�h�q�_�j�g�b�o �m�a�e�h�\ �g�_

�l�j�_�[�m�_�l�k�y

�± J = [1 0 0 0]�� �_�k�e�b �^�e�y �e�_�\�h�]�h �^�h�q�_�j�g�_�]�h �m�a�e�Z �i�j�b�f�_�g�y�_�l�k�y �h�i�_�j�Z�l�h�j

�5�H�G�L�V�W�U�L�E�X�W�H

�± J = [0 1 0 0]�� �_�k�e�b �^�e�y �i�j�Z�\�h�]�h �^�h�q�_�j�g�_�]�h �m�a�e�Z �i�j�b�f�_�g�y�_�l�k�y �h�i�_�j�Z�l�h�j

�5�H�G�L�V�W�U�L�E�X�W�H

�± J = [1 1 0 0]�� �_�k�e�b �^�e�y �^�\�m�o �^�h�q�_�j�g�b�o �m�a�e�h�\ �i�j�b�f�_�g�y�_�l�k�y �h�i�_�j�Z�l�h�j

�5�H�G�L�V�W�U�L�E�X�W�H

�± J = [0 0 1 0]�� �_�k�e�b �^�e�y �e�_�\�h�]�h �^�h�q�_�j�g�_�]�h �m�a�e�Z �i�j�b�f�_�g�y�_�l�k�y �h�i�_�j�Z�l�h�j

�%�U�R�D�G�F�D�V�W

�± J = [0 0 0 1]�� �_�k�e�b �^�e�y �i�j�Z�\�h�]�h �^�h�q�_�j�g�_�]�h �m�a�e�Z �i�j�b�f�_�g�y�_�l�k�y �h�i�_�j�Z�l�h�j

�%�U�R�D�G�F�D�V�W

�:�j�o�b�l�_�d�l�m�j�Z �g�_�c�j�h�k�_�l�b �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k�m�g�d�_���������� { qi , l i , r i } �± �i�_�j�\�u�c

�k�e�h�c �g�_�c�j�h�k�_�l�b�� �k�h�_�^�b�g�y�x�s�b�c�k�y �k�h �k�d�j�u�l�u�f �k�e�h�_�f �b�a ���� �m�a�e�h�\hi �� �d�h�l�h�j�u�_ �\ �k�\�h�x

�h�q�_�j�_�^�v �k�h�_�^�b�g�_�g�u �k �\�u�o�h�^�g�u�f �k�e�h�_�fO �j�Z�a�f�_�j�g�h�k�l�b ���� �< �d�Z�q�_�k�l�\�_ �n�m�g�d�p�b�b �Z�d��

�l�b�\�Z�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �d�m�k�h�q�g�h �i�h�k�l�h�y�g�g�Z�y �n�m�g�d�p�b�y �5�H�/�8��{ qi , l i , r i } �d�h�^�b�j�m�x�l

�d�Z�j�^�b�g�Z�e�v�g�h�k�l�b �b �l�_�d�m�s�b�c �i�h�^�i�e�Z�g�� �Z �k�d�j�u�l�u�c �k�e�h�c �d�h�f�[�b�g�b�j�m�_�l �b�g�n�h�j�f�Z�p�b�x��

�\�u�o�h�^�y�s�m�x �b�a �i�_�j�\�h�]�h �k�e�h�y�� �q�l�h�[�u �k�h�a�^�Z�l�v �i�j�h�f�_�`�m�l�h�q�g�u�_ �\�_�e�b�q�b�g�u�� �\�d�e�x�q�Z�x��

�s�b�_ �\ �k�_�[�y �j�Z�a�e�b�q�g�u�_ �\�a�\�_�r�_�g�g�u�_ �d�h�f�[�b�g�Z�p�b�b �Z�l�j�b�[�m�l�h�\�� �G�_�k�f�h�l�j�y �g�Z �i�j�h�k�l�h�l�m��

�l�Z�d�Z�y �Z�j�o�b�l�_�d�l�m�j�Z �f�h�`�_�l �f�h�^�_�e�b�j�h�\�Z�l�v �k�e�h�`�g�u�_ �\�a�Z�b�f�h�k�\�y�a�b �f�_�`�^�m �Z�l�j�b�[�m�l�Z�f�b��

�<�f�_�k�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �k�l�Z�g�^�Z�j�l�g�h�]�h �i�h�^�o�h�^�Z �h�[�m�q�_�g�b�y �k �m�q�b�l�_�e�_�f�� �a�^�_�k�v

�i�j�b�f�_�g�y�_�l�k�y �4���O�H�D�U�Q�L�Q�J�� �h�^�b�g �b�a �i�h�^�o�h�^�h�\ �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f�� �d�h�l�h�j�u�_

�l�j�_�g�b�j�m�_�l �f�h�^�_�e�v �Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�l�v �4���n�m�g�d�p�b�x �± �n�m�g�d�p�b�x�� �d�h�l�h�j�Z�y �\�u�q�b�k�e�y��

�_�l �k�m�f�f�Z�j�g�m�x �k�l�h�b�f�h�k�l�v �k�e�_�^�m�x�s�b�o �^�_�c�k�l�\�b�c �i�h �l�j�z�f �\�_�s�Z�f�� �h�i�b�k�Z�g�b�_ �a�Z�i�j�h��



����

�J�b�k�m�g�h�d �������� �² �:�j�o�b�l�_�d�l�m�j�Z �g�_�c�j�h�k�_�l�b�� �b�k�i�h�e�v�a�h�\�Z�\�r�Z�y�k�y �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �\

�w�d�k�i�_�j�b�f�_�g�l�Z�o �k �i�h�^�o�h�^�h�f �'�4�1��

�k�Z ���\�_�d�l�h�j �4���� �i�h�^�i�e�Z�g�� �i�h�k�l�j�h�_�g�g�u�c �g�Z �l�_�d�m�s�b�c �f�h�f�_�g�l ���\�_�d�l�h�j �/�� �b �^�_�c�k�l�\�b�_��

�i�j�_�^�i�j�b�g�b�f�Z�_�f�h�_ �g�Z �l�_�d�m�s�_�f �r�Z�]�_ ���\�_�d�l�h�j�Z �5 �b �-���� �< �i�j�h�p�_�k�k�_ �i�h�k�l�j�h�_�g�b�y �i�e�Z��

�g�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �4���n�m�g�d�p�b�b�� �f�h�`�g�h �i�h�e�m�q�b�l�v �h�p�_�g�d�m �k�m�f�f�Z�j�g�h�c �k�l�h�b�f�h�k�l�b

�\�k�_�o �i�h�k�e�_�^�m�x�s�b�o �k�h�_�^�b�g�_�g�b�c �^�e�y �d�Z�`�^�h�]�h �^�h�k�l�m�i�g�h�]�h �g�Z �^�Z�g�g�h�f �r�Z�]�_ �^�_�c�k�l�\�b�y��

�\�u�[�j�Z�l�v �k�Z�f�h�_ �^�_�r�z�\�h�_ �b �i�j�h�^�h�e�`�Z�l�v �^�_�c�k�l�\�h�\�Z�l�v �`�Z�^�g�h �i�h�d�Z �i�e�Z�g �g�_ �[�m�^�_�l �i�h��

�k�l�j�h�_�g �i�h�e�g�h�k�l�v�x�� �D�Z�`�^�u�c �l�j�_�g�b�j�h�\�h�q�g�u�c �w�d�a�_�f�i�e�y�j �± �w�l�h �d�h�j�l�_�` ��state��action��

cost(action)��state+���� �]�^�_

�± state �± �]�j�Z�n �l�_�d�m�s�_�]�h �k�h�k�l�h�y�g�b�y ���\�_�d�l�h�j�Z �4 �b �/��

�± action �± �i�j�b�k�h�_�^�b�g�_�g�b�_ �g�h�\�h�c �l�Z�[�e�b�p�u �d �b�f�_�x�s�_�f�m�k�y �i�h�^�i�e�Z�g�m ���\�_�d�l�h�j�Z

�5 �b �-��

�± cost(action) �± �k�l�h�b�f�h�k�l�v �w�l�h�]�h �i�j�b�k�h�_�^�b�g�_�g�b�y

�± state+�± �g�h�\�h�_ �k�h�k�l�h�y�g�b�_ �i�h�k�e�_ �\�u�i�h�e�g�_�g�b�y �i�j�b�k�h�_�^�b�g�_�g�b�yaction



����

�G�_�c�j�h�k�_�l�v �± �w�l�h �i�Z�j�Z�f�_�l�j�b�a�h�\�Z�g�g�Z�y �f�h�^�_�e�v �^�e�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b �4���n�m�g�d�p�b�b�� �H�[�h��

�a�g�Z�q�b�f �f�h�^�_�e�v÷Q! �� ÷Q! (f state, f action) / ÷Q(state, action)�� �]�^�_f state �± �w�l�h �\�_�d�l�h�j��

�d�h�^�b�j�m�x�s�b�c �k�h�k�l�h�y�g�b�_�� �Zf action �± �w�l�h �\�_�d�l�h�j�� �d�h�^�b�j�m�x�s�b�c �^�_�c�k�l�\�b�_��$ �± �i�Z�j�Z��

�f�_�l�j�u �f�h�^�_�e�b�� �d�h�l�h�j�u�_ �b�g�b�p�b�Z�e�b�a�b�j�m�x�l�k�y �f�_�l�h�^�h�f �D�Z�c�f�b�g�]�Z �>�����@�� �>�e�y �d�Z�`�^�h�]�h

�d�h�j�l�_�`�Z �b�a �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�b �f�h�`�g�h �\�u�q�b�k�e�b�l�v �p�_�e�_�\�h�_ �a�g�Z�q�_�g�b�_ �i�h �n�h�j�f�m�e�_��

yi = cost(action) + �P�L�Q
action !

÷Q! (state+, action+) ������������

�]�^�_action+�i�j�h�[�_�]�Z�_�l �\�k�_ �\�h�a�f�h�`�g�u�_ �\ �k�h�k�l�h�y�g�b�bstate+�^�_�c�k�l�\�b�y ���j�b�k�m�g�h�d������������

�J�b�k�m�g�h�d �������� �² �I�j�b�f�_�j �h�i�j�_�^�_�e�_�g�b�y �l�_�j�f�b�g�h�\ �V�W�D�W�H�� �D�F�W�L�R�Q�� �U�H�Z�D�U�G �b �Q�H�[�W �V�W�D�W�H �\

�^�_�j�_�\�_ ���i�h�^�i�e�Z�g�_����

{ yi } �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �d�Z�d �p�_�e�_�\�u�_ �a�g�Z�q�_�g�b�y �\ �a�Z�^�Z�q�_ �j�_�]�j�_�k�k�b�b��

�?�k�e�b �[�u÷Q �[�u�e�Z �b�k�l�b�g�g�h�c �4���n�m�g�d�p�b�_�c�� �\�u�i�h�e�g�y�e�h�k�v �[�u �k�e�_�^�m�x�s�_�_ �j�Z�\�_�g�k�l�\�h��

÷Q(state, action) = cost(action) + �P�L�Q
action !

÷Q! (state+, action+) ������������



����

�N�m�g�d�p�b�y �h�r�b�[�d�b �\�u�q�b�k�e�y�_�l�k�y �i�h �n�h�j�f�m�e�_��

L( ÷Q) =
1
N

N!

i =1

)
yi ! ÷Q! (state, action)

* 2
������������

�I�Z�j�Z�f�_�l�j�u �f�h�^�_�e�b÷Q! �� �Z�i�i�j�h�d�k�b�f�b�j�m�x�s�_�c �4���n�m�g�d�p�b�x�� �f�h�]�m�l �[�u�l�v �h�i�l�b�f�b�a�b�j�h��

�\�Z�g�u �k �i�h�f�h�s�v�x �]�j�Z�^�b�_�g�l�g�u�o �f�_�l�h�^�h�\ �>�����@��

�Q�l�h�[�u �i�h�\�u�k�b�l�v �k�l�Z�[�b�e�v�g�h�k�l�v �l�j�_�g�b�j�h�\�h�q�g�h�]�h �i�j�h�p�_�k�k�Z �b�� �k�e�_�^�h�\�Z�l�_�e�v�g�h��

�_�]�h �k�d�h�j�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�\�_ �g�_�c�j�h�k�_�l�b�� �I�_�j�\�Z�y �g�_�c�j�h�k�_�l�v �l�j�_�g�b�j�h�\�Z�e�Z�k�v
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�J�b�k�m�g�h�d �������� �²

���D�� �>�b�a�Z�c�g �k�b�k�l�_�f�u �1�H�R �\ �h�j�b�]�b�g�Z�e�_��

���[�� �F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c �^�b�a�Z�c�g �k�b�k�l�_�f�u �1�H�R �± �f�h�^�b�n�b�d�Z�p�b�b �i�h�^�k�\�_�q�_�g�u

�[�h�j�^�h�\�u�f �p�\�_�l�h�f��

�B�k�i�h�e�v�a�h�\�Z�g�b�_ �Z�j�o�b�l�_�d�l�m�j�u �7�U�D�Q�V�I�R�U�P�H�U���I�h�k�d�h�e�v�d�m �\�o�h�^�g�u�_ �^�Z�g�g�u�_ �i�j�_�^��

�k�l�Z�\�e�y�x�l �k�h�[�h�c �g�Z�[�h�j �^�_�j�_�\�v�_�\ ���\ �i�j�h�k�l�_�c�r�_�f �k�e�m�q�Z�_ �� �e�b�k�l�v�y���� �Z �\�u�o�h�^�g�h�_ �a�g�Z��

�q�_�g�b�_ �� �h�^�g�h �q�b�k�e�h�� �\�h�a�g�b�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �Z�]�j�_�]�Z�p�b�b �f�g�h�`�_�k�l�\�Z �\�_�d�l�h�j�h�\ �\

�_�^�b�g�h�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �< �h�j�b�]�b�g�Z�e�v�g�h�c �Z�j�o�b�l�_�d�l�m�j�_ �^�e�y �w�l�h�]�h �i�j�b�f�_�g�y�e�h�k�v �^�b��

�g�Z�f�b�q�_�k�d�h�_ �h�[�t�_�^�b�g�_�g�b�_ ���0�D�[ �3�R�R�O�L�Q�J �b�e�b �$�Y�H�U�D�J�H �3�R�R�O�L�Q�J�� �>�����@ �� �k�l�Z�g�^�Z�j�l�g�u�c��

�g�h �h�]�j�Z�g�b�q�_�g�g�u�c �i�h�^�o�h�^�� �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�f�u�c �\ �d�h�f�i�v�x�l�_�j�g�h�f �a�j�_�g�b�b�� �g�h �i�j�b��

�\�h�^�y�s�b�c �d �i�h�l�_�j�_ �b�g�n�h�j�f�Z�p�b�b��

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �^�e�y �j�_�r�_�g�b�y �w�l�h�c �i�j�h�[�e�_�f�u �i�j�_�^�e�h�`�_�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �f�_��

�o�Z�g�b�a�f �6�H�O�I���$�W�W�H�Q�W�L�R�Q �b�a �Z�j�o�b�l�_�d�l�m�j�u �7�U�D�Q�V�I�R�U�P�H�U �>�����@�� �d�h�l�h�j�u�c �\�u�q�b�k�e�y�_�l �\�a�\�_��

�r�_�g�g�m�x �k�m�f�f�m �\�_�d�l�h�j�h�\�� �]�^�_ �\�_�k�Z �h�i�j�_�^�_�e�y�x�l�k�y �k�Z�f�b�f�b �\�_�d�l�h�j�Z�f�b�� �W�l�h�l �i�h�^�o�h�^��

�± �I�h�a�\�h�e�y�_�l �k�h�o�j�Z�g�b�l�v �[�h�e�v�r�_ �b�g�n�h�j�f�Z�p�b�b �i�j�b �Z�]�j�_�]�Z�p�b�b��

�± �D�h�f�i�_�g�k�b�j�m�_�l �h�l�k�m�l�k�l�\�b�_ �5���\�_�d�l�h�j�h�\ �\ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �Z�j�o�b�l�_�d�l�m�j�_��

�± �H�[�_�k�i�_�q�b�\�Z�_�l �[�h�e�_�_ �[�h�]�Z�l�h�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_ �^�Z�g�g�u�o��

�K�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �f�h�^�b�n�b�d�Z�p�b�y �Z�j�o�b�l�_�d�l�m�j�u �i�h�d�Z�a�Z�g�Z �g�Z �j�b�k�m�g�d�_����������



����

�J�b�k�m�g�h�d �������� �² �F�h�^�b�n�b�d�Z�p�b�y �Z�j�o�b�l�_�d�l�m�j�u �g�_�c�j�h�k�_�l�b �1�H�R��

�J�b�k�m�g�h�d �������� �² �A�Z�\�b�k�b�f�h�k�l�v �f�Z�d�k�b�f�Z�e�v�g�h�c �\�_�e�b�q�b�g�u �r�m�f�Z �h�lx��

�:�m�]�f�_�g�l�Z�p�b�y �^�Z�g�g�u�o���M �b�k�i�h�e�v�a�h�\�Z�\�r�_�c�k�y �K�M�;�> �_�k�l�v �h�^�g�Z �h�k�h�[�_�g�g�h�k�l�v �±

�k�[�h�j �k�l�Z�l�b�k�l�b�d �i�h �^�Z�g�g�u�f �i�j�b �a�Z�i�m�k�d�_ �K�M�;�> �h�[�e�Z�^�Z�_�l �w�e�_�f�_�g�l�h�f �k�l�h�o�Z�k�l�b�d�b�� �B�a��

�a�Z �w�l�h�]�h �k�_�e�_�d�l�b�\�g�h�k�l�b �i�j�_�^�b�d�Z�l�h�\ �n�e�m�d�l�m�b�j�m�x�l �h�l �a�Z�i�m�k�d�Z �K�M�;�> �d �a�Z�i�m�k�d�m�� �I�j�b

�w�l�h�f �f�h�^�_�e�v �h�q�_�g�v �q�m�\�k�l�\�b�l�_�e�v�g�Z �d �w�l�b�f �b�a�f�_�g�_�g�b�y�f�� �Q�l�h�[�u �k�g�b�a�b�l�v �q�m�\�k�l�\�b��

�l�_�e�v�g�h�k�l�v �f�h�^�_�e�b �b �l�Z�d�b�f �h�[�j�Z�a�h�f �i�h�\�u�k�b�l�v �_�z �g�Z�^�z�`�g�h�k�l�v�� �\ �j�Z�[�h�l�_ �[�u�e�Z �i�j�_�^��

�e�h�`�_�g�Z �k�\�h�_�]�h �j�h�^�Z �Z�m�]�f�_�g�l�Z�p�b�y �^�Z�g�g�u�o�� �?�z �k�m�l�v �a�Z�d�e�x�q�Z�e�Z�k�v �\ �l�h�f�� �q�l�h�[�u �i�j�b

�n�h�j�f�b�j�h�\�Z�g�b�b �[�Z�l�q�Z �^�h�[�Z�\�e�y�l�v �d �k�_�e�_�d�l�b�\�g�h�k�l�y�f �r�m�f�� �F�Z�k�r�l�Z�[ �r�m�f�Z �a�Z�\�b�k�b�e �h�l

�a�g�Z�q�_�g�b�y �k�_�e�_�d�l�b�\�g�h�k�l�b�� �q�_�f �[�e�b�`�_ �k�_�e�_�d�l�b�\�g�h�k�l�v �d �������� �l�_�f �[�h�e�v�r�_ �\�h�a�f�h�`�g�u�c

�r�m�f�� �i�j�b�q�z�f �g�Z �h�l�j�_�a�d�Z�o[0, 0.2] �b[0.8, 1] �r�m�f �g�_ �^�h�[�Z�\�e�y�e�k�y �± �k�_�e�_�d�l�b�\�g�h�k�l�b �b�a

�w�l�b�o �h�l�j�_�a�d�h�\ �b�f�_�x�l �\�Z�`�g�h�_ �a�g�Z�q�_�g�b�_�� �H�g�b �i�h�d�Z�a�u�\�Z�x�l�� �q�l�h �i�h�k�e�_ �i�j�b�f�_�g�_�g�b�y

�n�b�e�v�l�j�Z �l�Z�[�e�b�p�Z �e�b�[�h �k�l�Z�g�_�l �a�g�Z�q�b�f�h �f�_�g�v�r�_�� �e�b�[�h �_�z �j�Z�a�f�_�j �\�k�z �_�s�z �[�m�^�_�l �[�e�b��

�a�h�d �d �b�k�o�h�^�g�h�f�m�� �>�h�[�Z�\�e�_�g�b�_ �r�m�f�Z �\ �l�Z�d�b�o �k�e�m�q�Z�y�o �f�h�`�_�l �g�Z�\�j�_�^�b�l�v�� �G�Z �h�l�j�_�a�d�_



����

[0.2, 0.8] �f�Z�d�k�b�f�Z�e�v�g�u�c �j�Z�a�f�_�j �r�m�f�Z �h�]�j�Z�g�b�q�_�g �n�m�g�d�p�b�_�cy = 0.2 ! 20
9 (x ! 0.5)2

�± �i�Z�j�Z�[�h�e�h�c �k �f�Z�d�k�b�f�m�f�h�f �j�Z�\�g�u�f0.2 �b �^�h�k�l�b�]�Z�x�s�b�f�k�y �i�j�bx = 0.5�� �b �\�_�l�\�y��

�f�b�� �i�_�j�_�k�_�d�Z�x�s�b�f�b �h�k�v �Z�[�k�p�b�k�k �\ �l�h�q�d�Z�o0.2 �b0.8 ���j�b�k�m�g�h�d������������ �L�Z�d�h�_ �j�_�r�_�g�b�_

�k�^�_�e�Z�e�h �h�[�m�q�_�g�g�m�x �f�h�^�_�e�v �m�k�l�h�c�q�b�\�h�c �d �n�e�m�d�l�m�Z�p�b�y�f �k�_�e�_�d�l�b�\�g�h�k�l�_�c �± �i�j�b �i�_��

�j�_�a�Z�i�m�k�d�_ �K�M�;�> �h�^�g�Z �b �l�Z �`�_ �f�h�^�_�e�v �i�h�d�Z�a�u�\�Z�e�Z �k�_�[�y �h�^�b�g�Z�d�h�\�h��

�I�h�e�m�q�_�g�b�_ �h�p�_�g�h�d �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b �i�j�_�^�k�d�Z�a�Z�g�b�c���O�h�l�y �g�h�\�u�c �f�_�l�h�^ �n�h�j��

�f�b�j�h�\�Z�g�b�y �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�b �h�[�e�Z�^�Z�_�l �k�m�s�_�k�l�\�_�g�g�u�f�b �i�j�_�b�f�m�s�_�k�l�\�Z�f�b�� �h�g

�g�_ �h�[�_�k�i�_�q�b�\�Z�_�l �i�h�e�g�h�]�h �i�h�d�j�u�l�b�y �i�j�h�k�l�j�Z�g�k�l�\�Z �\�h�a�f�h�`�g�u�o �i�e�Z�g�h�\ �b �g�_ �]�Z�j�Z�g��

�l�b�j�m�_�l �h�l�k�m�l�k�l�\�b�y �r�m�f�Z �\ �h�[�m�q�Z�x�s�b�o �^�Z�g�g�u�o�� �W�l�b �h�]�j�Z�g�b�q�_�g�b�y �f�h�]�m�l �i�j�b�\�_�k�l�b

�d �h�r�b�[�h�q�g�u�f �i�j�_�^�k�d�Z�a�Z�g�b�y�f �g�_�c�j�h�g�g�h�c �k�_�l�b�� �q�l�h �h�k�h�[�_�g�g�h �d�j�b�l�b�q�g�h �\ �j�Z�k�k�f�Z�l��

�j�b�\�Z�_�f�h�c �a�Z�^�Z�q�_�� �>�e�y �k�g�b�`�_�g�b�y �j�b�k�d�h�\ �i�j�_�^�e�Z�]�Z�_�l�k�y �j�Z�k�r�b�j�b�l�v �f�h�^�_�e�v�� �^�h�[�Z�\�b�\

�h�p�_�g�d�m �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b �i�j�_�^�k�d�Z�a�Z�g�b�y �k�l�h�b�f�h�k�l�b �g�Z�j�y�^�m �k �k�Z�f�b�f �i�j�_�^�k�d�Z�a�Z�g�b��

�_�f�� �I�h�^�i�e�Z�g�u�� �^�e�y �d�h�l�h�j�u�o �h�p�_�g�d�Z �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b �i�j�_�\�u�r�Z�_�l �m�k�l�Z�g�h�\�e�_�g�g�u�c

�i�h�j�h�]�h�\�u�c �m�j�h�\�_�g�v�� �^�h�e�`�g�u �Z�\�l�h�f�Z�l�b�q�_�k�d�b �b�k�d�e�x�q�Z�l�v�k�y �b�a �j�Z�k�k�f�h�l�j�_�g�b�y�� �^�Z�`�_

�_�k�e�b �b�o �i�j�_�^�k�d�Z�a�Z�g�g�Z�y �k�l�h�b�f�h�k�l�v �\�u�]�e�y�^�b�l �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�� �L�Z�d�h�c �i�h�^�o�h�^ �i�h�a�\�h��

�e�y�_�l �d�h�f�i�_�g�k�b�j�h�\�Z�l�v �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_ �h�]�j�Z�g�b�q�_�g�b�y �f�_�l�h�^�Z �n�h�j�f�b�j�h�\�Z�g�b�y �h�[�m��

�q�Z�x�s�b�o �^�Z�g�g�u�o �b �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �\�_�j�h�y�l�g�h�k�l�v �\�u�[�h�j�Z �k�m�[�h�i�l�b�f�Z�e�v�g�u�o �i�e�Z�g�h�\

�\�u�i�h�e�g�_�g�b�y �a�Z�i�j�h�k�h�\��

�G�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v�� �\ �k�\�h�x �h�q�_�j�_�^�v�� �^�_�e�b�l�k�y �g�Z �Z�e�_�Z�l�h�j�b�q�_�k�d�m�x �b �w�i�b�k�l�_��

�f�b�q�_�k�d�m�x �>�����@�� �B�o �k�m�l�v �o�h�j�h�r�h �i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g�Z �g�Z �j�b�k�m�g�d�_���������� �W�i�b�k�l�_�f�b��

�q�_�k�d�Z�y �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v �h�i�b�k�u�\�Z�_�l �l�h�� �q�_�]�h �f�h�^�_�e�v �g�_ �a�g�Z�_�l�� �i�h�l�h�f�m �q�l�h �^�Z�g��

�g�u�o �^�e�y �h�[�m�q�_�g�b�y �g�_�l �\ �g�_�d�h�l�h�j�h�c �q�Z�k�l�b �h�[�e�Z�k�l�b �h�i�j�_�^�_�e�_�g�b�y�� �W�i�b�k�l�_�f�b�q�_�k�d�Z�y

�g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v �h�l�j�Z�`�Z�_�l �g�_�^�h�k�l�Z�l�h�q�g�h�k�l�v �^�Z�g�g�u�o �b �a�g�Z�g�b�c �h �f�h�^�_�e�b�j�m�_�f�h�c

�k�b�k�l�_�f�_�� �H�g�Z �m�f�_�g�v�r�Z�_�l�k�y �i�h �f�_�j�_ �m�\�_�e�b�q�_�g�b�y �i�h�e�g�h�l�u �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�b��

�g�h �k�h�o�j�Z�g�y�_�l�k�y �\ �h�[�e�Z�k�l�y�o �k �g�_�^�h�k�l�Z�l�h�q�g�u�f �d�h�e�b�q�_�k�l�\�h�f �h�[�m�q�Z�x�s�b�o �i�j�b�f�_�j�h�\��

�< �h�l�e�b�q�b�_ �h�l �g�_�z�� �Z�e�_�Z�l�h�j�b�q�_�k�d�Z�y �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v �h�[�m�k�e�h�\�e�_�g�Z �n�m�g�^�Z�f�_�g�l�Z�e�v��

�g�h�c �k�l�h�o�Z�k�l�b�q�g�h�k�l�v�x �g�Z�[�e�x�^�Z�_�f�u�o �i�j�h�p�_�k�k�h�\ �b �g�_ �f�h�`�_�l �[�u�l�v �m�k�l�j�Z�g�_�g�Z �^�Z�`�_

�i�j�b �m�\�_�e�b�q�_�g�b�b �h�[�t�z�f�Z �^�Z�g�g�u�o�� �< �k�e�m�q�Z�_ �h�r�b�[�h�d �b�a�f�_�j�_�g�b�c �l�Z�d�Z�y �g�_�h�i�j�_�^�_�e�z�g��

�g�h�k�l�v �g�Z�a�u�\�Z�_�l�k�y �]�h�f�h�k�d�_�^�Z�k�l�b�q�_�k�d�h�c�� �^�_�f�h�g�k�l�j�b�j�m�y �i�h�k�l�h�y�g�g�u�c �m�j�h�\�_�g�v �\�Z�j�b��

�Z�l�b�\�g�h�k�l�b�� �D�h�]�^�Z �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v �\�Z�j�v�b�j�m�_�l�k�y �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�o�h�^�g�u�o �i�Z��

�j�Z�f�_�l�j�h�\�� �h�g�Z �d�e�Z�k�k�b�n�b�p�b�j�m�_�l�k�y �d�Z�d �]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q�_�k�d�Z�y�� �;�Z�c�_�k�h�\�k�d�b�c �k�l�Z�l�b��
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�L�Z�d�b�f �h�[�j�Z�a�h�f�� �^�Z�`�_ �g�_�k�f�h�l�j�y �g�Z �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�j�_�b�f�m�s�_�k�l�\�Z �f�_�l�h�^�h�\ �f�Z��

�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y �^�e�y �h�i�l�b�f�b�a�Z�p�b�b �6�4�/���a�Z�i�j�h�k�h�\�� �b�o �i�j�b�f�_�g�_�g�b�_ �\ �m�k�e�h�\�b�y�o �^�b��

�g�Z�f�b�q�g�h�c �k�j�_�^�u �h�d�Z�a�u�\�Z�_�l�k�y �k�h�i�j�y�`�_�g�h �k �b�a�[�u�l�h�q�g�u�f�b �g�Z�d�e�Z�^�g�u�f�b �j�Z�k�o�h�^�Z�f�b

�b �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�y�f�b�� �B�g�u�f�b �k�e�h�\�Z�f�b�� �a�Z�l�j�Z�l�u �g�Z �\�g�_�^�j�_�g�b�_ �b �i�h�^�^�_�j�`�d�m �i�h��

�^�h�[�g�u�o �i�h�^�o�h�^�h�\ �\ �[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �i�j�_�\�u�r�Z�x�l �i�h�l�_�g�p�b�Z�e�v�g�u�c �\�u�b�]�j�u�r �\

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b��

�B�k�o�h�^�y �b�a �w�l�h�]�h�� �\ �j�Z�f�d�Z�o �^�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e �k�^�_�e�Z�g �i�j�b�g�p�b�i�b�Z�e�v�g�u�c �\�u��

�\�h�^ �h �g�_�\�h�a�f�h�`�g�h�k�l�b �m�g�b�\�_�j�k�Z�e�v�g�h�]�h �i�j�b�f�_�g�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�g�u�o �f�_�l�h�^�h�\ �m�k�d�h��

�j�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�b�o �a�Z�i�j�h�k�h�\ �\ �a�Z�^�Z�q�Z�o�� �]�^�_ �i�j�b�a�g�Z�d�b �h�[�t�_�d�l�h�\ �n�h�j�f�b�j�m�x�l�k�y �i�h��

�k�j�_�^�k�l�\�h�f �k�e�h�`�g�u�o �Z�]�j�_�]�Z�p�b�c�� �I�h�^�h�[�g�u�_ �a�Z�^�Z�q�b�� �d �k�h�`�Z�e�_�g�b�x�� �h�k�l�Z�x�l�k�y �\ �a�h�g�_

�h�]�j�Z�g�b�q�_�g�g�h�c �h�i�l�b�f�b�a�b�j�m�_�f�h�k�l�b��

�L�_�f �g�_ �f�_�g�_�_�� �\�Z�`�g�h �i�h�^�q�_�j�d�g�m�l�v�� �q�l�h �k�m�s�_�k�l�\�m�_�l �h�[�r�b�j�g�u�c �d�e�Z�k�k �a�Z�^�Z�q�� �\

�d�h�l�h�j�u�o �i�j�b�a�g�Z�d�b �h�[�t�_�d�l�h�\ �e�b�[�h �^�h�k�l�m�i�g�u �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �b�k�o�h�^�g�u�o �^�Z�g�g�u�o��

�e�b�[�h �f�h�]�m�l �[�u�l�v �i�h�e�m�q�_�g�u �i�j�h�k�l�u�f�b �l�j�Z�g�k�n�h�j�f�Z�p�b�y�f�b �[�_�a �g�_�h�[�o�h�^�b�f�h�k�l�b �h�[�j�Z��

�s�_�g�b�y �d �Z�]�j�_�]�Z�l�g�u�f �h�i�_�j�Z�p�b�y�f�� �B�f�_�g�g�h �g�Z �l�Z�d�b�_ �a�Z�^�Z�q�b �h�j�b�_�g�l�b�j�h�\�Z�g�h �^�Z�e�v�g�_�c��

�r�_�_ �j�Z�a�\�b�l�b�_ �i�j�_�^�e�Z�]�Z�_�f�h�]�h �f�_�l�h�^�Z �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\

�i�h �i�j�b�g�p�b�i�m �b�^�_�g�l�b�q�g�h�k�l�b�� �H�l�d�Z�a �h�l �i�h�i�u�l�d�b �m�g�b�\�_�j�k�Z�e�v�g�h�]�h �m�k�d�h�j�_�g�b�y �a�Z�i�j�h��

�k�h�\ �i�h�a�\�h�e�b�e �k�h�k�j�_�^�h�l�h�q�b�l�v�k�y �g�Z �[�h�e�_�_ �j�_�Z�e�b�k�l�b�q�g�u�o �k�p�_�g�Z�j�b�y�o�� �]�^�_ �\�h�a�f�h�`�g�Z



����

�\�u�k�h�d�h�q�Z�k�l�h�l�g�Z�y �i�_�j�_�h�p�_�g�d�Z �k�o�h�`�_�k�l�b �h�[�t�_�d�l�h�\ �b �i�h�k�e�_�^�m�x�s�Z�y �d�e�Z�k�l�_�j�b�a�Z�p�b�y �k

�i�j�b�_�f�e�_�f�u�f�b �\�u�q�b�k�e�b�l�_�e�v�g�u�f�b �a�Z�l�j�Z�l�Z�f�b��

�K�e�_�^�m�x�s�Z�y �q�Z�k�l�v �^�b�k�k�_�j�l�Z�p�b�b �i�h�k�\�y�s�_�g�Z �Z�j�o�b�l�_�d�l�m�j�_�� �Z�e�]�h�j�b�l�f�Z�f �b �w�d�k��

�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m �h�[�h�k�g�h�\�Z�g�b�x �f�_�l�h�^�Z �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i�� �j�Z�a��

�j�Z�[�h�l�Z�g�g�h�]�h �k �m�q�z�l�h�f �w�l�b�o �h�]�j�Z�g�b�q�_�g�b�c��



����

�=�e�Z�\�Z ���� �F�_�l�h�^�u �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\ �i�h �i�j�b�g�p�b�i�m
�b�^�_�g�l�b�q�g�h�k�l�b

������ �K�l�j�m�d�l�m�j�g�Z�y �b �k�_�f�Z�g�l�b�q�_�k�d�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �d�Z�d �h�k�g�h�\�Z
�b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�b

�N�h�j�f�b�j�h�\�Z�g�b�_ �]�j�m�i�i �h�[�t�_�d�l�h�\ �i�h �i�j�b�g�p�b�i�m �b�^�_�g�l�b�q�g�h�k�l�b �\ �^�b�g�Z�f�b�q�g�h�c

�b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�_ �l�j�_�[�m�_�l �n�h�j�f�Z�e�v�g�h�]�h �h�i�b�k�Z�g�b�y �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z��

�f�b�� �L�Z�d�b�_ �k�\�y�a�b �h�l�j�Z�`�Z�x�l �\�_�j�h�y�l�g�h�k�l�v �l�h�]�h�� �q�l�h �^�\�Z �h�[�t�_�d�l�Z �i�j�_�^�k�l�Z�\�e�y�x�l �h�^�g�m �b

�l�m �`�_ �k�m�s�g�h�k�l�v�� �F�h�^�_�e�v�� �h�i�b�k�u�\�Z�x�s�Z�y �w�l�b �k�\�y�a�b�� �k�e�m�`�b�l �h�k�g�h�\�h�c �^�e�y �i�h�k�e�_�^�m�x��

�s�_�]�h �i�j�b�f�_�g�_�g�b�y �Z�e�]�h�j�b�l�f�h�\ �d�e�Z�k�l�_�j�b�a�Z�p�b�b �b �Z�g�Z�e�b�a�Z �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g��

�g�h�k�l�b�� �< �^�Z�g�g�h�c �]�e�Z�\�_ �i�h�^ �©�k�l�j�m�d�l�m�j�h�c�ª �i�h�g�b�f�Z�_�l�k�y �]�j�Z�n�h�\�Z�y �f�h�^�_�e�v�� �a�Z�^�Z�x�s�Z�y

�k�o�_�f�m �i�h�l�_�g�p�b�Z�e�v�g�h�c �b�^�_�g�l�b�q�g�h�k�l�b �f�_�`�^�m �h�[�t�_�d�l�Z�f�b��

�J�Z�k�k�f�h�l�j�b�f �f�g�h�`�_�k�l�\�h �h�[�t�_�d�l�h�\��

I = { i1, i2, . . . , iN } ,

�]�^�_ �d�Z�`�^�u�c �h�[�t�_�d�li # I �h�i�b�k�u�\�Z�_�l�k�y �\�_�d�l�h�j�h�f �i�j�b�a�g�Z�d�h�\�Gi = ( pi 1, pi 2, . . . , piq)��

�G�Z �f�g�h�`�_�k�l�\�_ �i�Z�j �h�[�t�_�d�l�h�\ �\�\�h�^�b�l�k�y �n�m�g�d�p�b�y �k�_�f�Z�g�l�b�q�_�k�d�h�c �[�e�b�a�h�k�l�b

F (i, j ) # [0, 1]�� �d�h�l�h�j�Z�y �h�l�j�Z�`�Z�_�l �k�l�_�i�_�g�v �b�o �b�^�_�g�l�b�q�g�h�k�l�b�� �W�l�Z �n�m�g�d�p�b�y �f�h�`�_�l

�[�u�l�v �d�Z�d �\�j�m�q�g�m�x �a�Z�^�Z�g�g�u�f �j�Z�k�k�l�h�y�g�b�_�f �\ �i�j�b�a�g�Z�d�h�\�h�f �i�j�h�k�l�j�Z�g�k�l�\�_�� �l�Z�d �b �h�[�m��

�q�Z�_�f�h�c �f�h�^�_�e�v�x�� �>�Z�e�_�_ �n�b�d�k�b�j�m�_�l�k�y �i�h�j�h�]! ��

F (i, j ) % ! 4 �h�[�t�_�d�l�ui �bj �k�q�b�l�Z�x�l�k�y �b�^�_�g�l�b�q�g�u�f�b.

�G�Z �h�k�g�h�\�_ �a�g�Z�q�_�g�b�cF (i, j ) �k�l�j�h�b�l�k�y �]�j�Z�n �k�\�y�a�_�c��

G = ( V, E, w),

�]�^�_��

�± V = I �² �f�g�h�`�_�k�l�\�h �\�_�j�r�b�g�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �h�[�t�_�d�l�Z�f��

�± E * { (i, j ) | F (i, j ) % ! } �² �f�g�h�`�_�k�l�\�h �j�z�[�_�j �f�_�`�^�m �³�k�o�h�`�b�f�b�´ �h�[�t�_�d�l�Z��

�f�b��

�± w(i, j ) = F (i, j ) �² �\�_�k �j�_�[�j�Z�� �h�l�j�Z�`�Z�x�s�b�c �k�l�_�i�_�g�v �k�o�h�`�_�k�l�b��

�L�Z�d�h�c �]�j�Z�n�� �g�Z�a�u�\�Z�_�f�u�c �k�l�j�m�d�l�m�j�h�c �k�\�y�a�_�c �h�[�t�_�d�l�h�\�� �y�\�e�y�_�l�k�y �\�o�h�^�g�u�f�b

�^�Z�g�g�u�f�b �^�e�y �a�Z�^�Z�q�b �]�j�m�i�i�b�j�h�\�d�b��



����

�I�h�k�d�h�e�v�d�m �]�j�Z�n �k�l�j�h�b�l�k�y �g�Z �h�k�g�h�\�_ �h�p�_�g�d�b �k�o�h�`�_�k�l�b�� �h�g �f�h�`�_�l �k�h�^�_�j�`�Z�l�v

�h�r�b�[�d�b��

�± �e�h�`�g�h�i�h�e�h�`�b�l�_�e�v�g�u�_ �k�\�y�a�b �² �j�z�[�j�Z �f�_�`�^�m �h�[�t�_�d�l�Z�f�b�� �g�_ �y�\�e�y�x�s�b�f�b�k�y

�b�^�_�g�l�b�q�g�u�f�b��

�± �e�h�`�g�h�h�l�j�b�p�Z�l�_�e�v�g�u�_ �´�k�\�y�a�b�´ �² �h�l�k�m�l�k�l�\�b�_ �j�z�[�_�j �f�_�`�^�m �^�_�c�k�l�\�b�l�_�e�v�g�h

�b�^�_�g�l�b�q�g�u�f�b �h�[�t�_�d�l�Z�f�b��

�K�l�j�m�d�l�m�j�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �Z�g�Z�e�b�a�_ �k�\�y�a�_�c �f�_�`�^�m �h�[�t��

�_�d�l�Z�f�b�� �]�^�_ �d�Z�`�^�Z�y �k�\�y�a�v �b�f�_�_�l �d�h�g�d�j�_�l�g�h�_ �a�g�Z�q�_�g�b�_ �b�e�b �g�Z�a�\�Z�g�b�_�� �i�j�b �w�l�h�f �k�Z�f�b

�k�\�h�c�k�l�\�Z �h�[�t�_�d�l�h�\ �g�_ �m�q�b�l�u�\�Z�x�l�k�y �>���@�� �L�Z�d�h�c �i�h�^�o�h�^ �i�j�_�^�i�h�e�Z�]�Z�_�l �j�Z�k�k�f�h�l�j�_�g�b�_

�\�k�_�c �k�b�k�l�_�f�u �d�Z�d �h�^�g�h�j�h�^�g�h�]�h �g�Z�[�h�j�Z �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o �w�e�_�f�_�g�l�h�\�� �D�e�Z�k�k�b�n�b�d�Z��

�p�b�y �b�e�b �j�Z�a�^�_�e�_�g�b�_ �w�l�h�c �k�b�k�l�_�f�u �g�Z �i�h�^�f�g�h�`�_�k�l�\�Z �i�j�h�b�a�\�h�^�b�l�k�y �b�k�d�e�x�q�b�l�_�e�v�g�h

�g�Z �h�k�g�h�\�_ �b�a�m�q�_�g�b�y �k�l�j�m�d�l�m�j�u �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b�� �;�_�a�m�k�e�h�\�g�h�� �i�h�^�h�[�g�u�c

�f�_�l�h�^ �b�f�_�_�l �k�m�s�_�k�l�\�_�g�g�h�_ �h�]�j�Z�g�b�q�_�g�b�_�� �i�h�k�d�h�e�v�d�m �g�_ �m�q�b�l�u�\�Z�_�l �k�h�^�_�j�`�Z�l�_�e�v��

�g�m�x �k�l�h�j�h�g�m �h�[�t�_�d�l�h�\�� �H�^�g�Z�d�h �\�Z�`�g�h �i�h�g�b�f�Z�l�v�� �q�l�h �k�l�j�m�d�l�m�j�g�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v

�k�e�m�`�b�l �e�b�r�v �^�h�i�h�e�g�_�g�b�_�f �d �k�_�f�Z�g�l�b�q�_�k�d�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �d�h�l�h�j�Z�y �h�[�_�k�i�_�q�b��

�\�Z�_�l �k�h�^�_�j�`�Z�l�_�e�v�g�m�x �g�_�i�j�h�l�b�\�h�j�_�q�b�\�h�k�l�v �k�b�k�l�_�f�u �b �g�Z�i�j�y�f�m�x �a�Z�\�b�k�b�l �h�l �k�i�_��

�p�b�n�b�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �i�j�_�^�f�_�l�g�h�c �h�[�e�Z�k�l�b��

�>�e�y �l�_�h�j�_�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �m�^�h�[�g�h �\�\�_�k�l�b �b�^�_�Z�e�v�g�m�x �k�l�j�m�d�l�m�j�m �² �d�h�g�k�h��

�g�Z�g�k�g�m�x �>�����������@�� �K�l�j�m�d�l�m�j�Z �y�\�e�y�_�l�k�y �d�h�g�k�h�g�Z�g�k�g�h�c�� �_�k�e�b �\�k�_ �l�j�h�c�d�b �h�[�t�_�d�l�h�\ �\

�g�_�c �g�Z�o�h�^�y�l�k�y �\ �d�h�g�k�h�g�Z�g�k�g�h�f �k�h�k�l�h�y�g�b�b�� �<�\�h�^�b�l�k�y �d�h�g�k�h�g�Z�g�k�g�Z�y �n�m�g�d�p�b�y

Fk(i1, i2, i3) = r1,2 ) (r2,3 = r1,3) 5 (Âr12) ) (r2,3 6= r1,3)

�i�j�b�g�b�f�Z�x�s�Z�y �a�g�Z�q�_�g�b�y �b�a �f�g�h�`�_�k�l�\�Z{ 0, 1} ��

�± �_�k�e�bFk(i1, i2, i3) = 1 �� �l�h �l�j�h�c�d�Z �h�[�t�_�d�l�h�\ �g�Z�o�h�^�b�l�k�y �\ �d�h�g�k�h�g�Z�g�k�h�f �k�h�k�l�h��

�y�g�b�b��

�± �_�k�e�bFk(i1, i2, i3) = 0 �� �l�h �l�j�h�c�d�Z �h�[�t�_�d�l�h�\ �g�Z�o�h�^�b�l�k�y �\ �^�b�k�k�h�g�Z�g�k�g�h�f �k�h��

�k�l�h�y�g�b�b��

�< �j�_�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �f�u �b�f�_�_�f �Z�k�k�h�g�Z�g�k�g�m�x �k�l�j�m�d�l�m�j�m �² �]�j�Z�n�� �k�h�^�_�j�`�Z�s�b�c �d�Z�d

�d�h�g�k�h�g�Z�g�k�g�u�_ �l�j�h�c�d�b�� �l�Z�d �b �^�b�k�k�h�g�Z�g�k�g�u�_��

�< �h�l�e�b�q�b�_ �h�l �k�l�j�m�d�l�m�j�g�h�c �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �d�h�l�h�j�Z�y �n�h�d�m�k�b�j�m�_�l�k�y �b�k�d�e�x��

�q�b�l�_�e�v�g�h �g�Z �n�h�j�f�Z�e�v�g�u�o �k�\�y�a�y�o �f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b�� �k�_�f�Z�g�l�b�q�_�k�d�Z�y �k�h�]�e�Z�k�h�\�Z�g��

�g�h�k�l�v �l�j�_�[�m�_�l �k�h�^�_�j�`�Z�l�_�e�v�g�h�]�h �k�h�h�l�\�_�l�k�l�\�b�y �f�_�`�^�m �d�j�b�l�_�j�b�y�f�b �]�j�m�i�i�b�j�h�\�d�b �b

�j�_�Z�e�v�g�u�f�b �k�\�h�c�k�l�\�Z�f�b �h�[�t�_�d�l�h�\�� �?�k�e�b �k�l�j�m�d�l�m�j�g�u�c �i�h�^�o�h�^ �h�l�\�_�q�Z�_�l �g�Z �\�h�i�j�h�k

�´�h�[�j�Z�a�m�x�l �e�b �h�[�t�_�d�l�u �k�\�y�a�g�u�_ �]�j�m�i�i�u �i�h �a�Z�^�Z�g�g�h�f�m �n�h�j�f�Z�e�v�g�h�f�m �i�j�Z�\�b�e�m�" �l�h



����

�k�_�f�Z�g�l�b�q�_�k�d�b�c �² �´�^�_�c�k�l�\�b�l�_�e�v�g�h �e�b �k�]�j�m�i�i�b�j�h�\�Z�g�g�u�_ �h�[�t�_�d�l�u �b�^�_�g�l�b�q�g�u �i�h

�k�m�s�_�k�l�\�m�"�´�� �D�e�x�q�_�\�Z�y �i�j�h�[�e�_�f�Z �\�h�a�g�b�d�Z�_�l�� �d�h�]�^�Z �n�h�j�f�Z�e�v�g�u�_ �d�j�b�l�_�j�b�b �]�j�m�i�i�b��

�j�h�\�d�b �j�Z�k�o�h�^�y�l�k�y �k �k�h�^�_�j�`�Z�l�_�e�v�g�h�c �b�^�_�g�l�b�q�g�h�k�l�v�x �h�[�t�_�d�l�h�\�� �G�Z�i�j�b�f�_�j�� �i�j�b �d�e�Z��

�k�l�_�j�b�a�Z�p�b�b �l�_�d�k�l�h�\�u�o �^�h�d�m�f�_�g�l�h�\ �i�h �\�_�d�l�h�j�g�u�f �i�j�_�^�k�l�Z�\�e�_�g�b�y�f �k�l�j�m�d�l�m�j�g�Z�y �k�h��

�]�e�Z�k�h�\�Z�g�g�h�k�l�v �f�h�`�_�l �[�u�l�v �^�h�k�l�b�]�g�m�l�Z �a�Z �k�q�_�l �[�e�b�a�h�k�l�b �\ �\�_�d�l�h�j�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_��

�g�h �k�_�f�Z�g�l�b�q�_�k�d�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �i�j�b �w�l�h�f �g�Z�j�m�r�b�l�k�y�� �_�k�e�b �^�h�d�m�f�_�g�l�u �k �j�Z�a�g�u�f

�k�f�u�k�e�h�f �h�d�Z�`�m�l�k�y �\ �h�^�g�h�f �d�e�Z�k�l�_�j�_ �b�a���a�Z �k�e�m�q�Z�c�g�h�]�h �k�h�\�i�Z�^�_�g�b�y �l�_�j�f�b�g�h�\�� �:�g�Z��

�e�h�]�b�q�g�h�� �i�j�b �]�j�m�i�i�b�j�h�\�d�_ �b�a�h�[�j�Z�`�_�g�b�c �i�h �n�h�j�f�Z�e�v�g�u�f �i�j�b�a�g�Z�d�Z�f ���]�b�k�l�h�]�j�Z�f��

�f�Z�f �p�\�_�l�h�\�� �\ �h�^�b�g �d�e�Z�k�l�_�j �f�h�]�m�l �i�h�i�Z�k�l�v �k�h�\�_�j�r�_�g�g�h �j�Z�a�g�u�_ �i�h �k�h�^�_�j�`�Z�g�b�x

�b�a�h�[�j�Z�`�_�g�b�y�� �b�f�_�x�s�b�_ �k�o�h�`�b�_ �p�\�_�l�h�\�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y��

�B�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v �² �w�l�h �k�i�h�k�h�[�g�h�k�l�v �k�b�k�l�_�f�u �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v �f�_�`��

�^�m �d�h�f�i�h�g�_�g�l�Z�f�b�� �^�Z�g�g�u�f�b �b �b�k�l�h�q�g�b�d�Z�f�b�� �< �a�Z�^�Z�q�_ �]�j�m�i�i�b�j�h�\�d�b �h�[�t�_�d�l�h�\ �b�g�l�_��

�j�h�i�_�j�Z�[�_�e�v�g�h�k�l�v �^�h�k�l�b�]�Z�_�l�k�y�� �d�h�]�^�Z �k�b�k�l�_�f�Z �g�Z�o�h�^�b�l�k�y �\ �d�h�g�k�h�g�Z�g�k�g�h�f �k�h�k�l�h�y�g�b�b

�b �y�\�e�y�_�l�k�y �k�_�f�Z�g�l�b�q�_�k�d�b �k�h�]�e�Z�k�h�\�Z�g�g�h�c�� �L�h�e�v�d�h �k�h�q�_�l�Z�g�b�_ �h�[�h�b�o �\�b�^�h�\ �k�h�]�e�Z�k�h��

�\�Z�g�g�h�k�l�b �i�h�a�\�h�e�y�_�l �k�h�a�^�Z�\�Z�l�v �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�u�_ �k�b�k�l�_�f�u�� �]�^�_ �]�j�m�i�i�u �h�[�t�_�d�l�h�\

�k�h�o�j�Z�g�y�x�l �d�Z�d �n�h�j�f�Z�e�v�g�m�x �p�_�e�h�k�l�g�h�k�l�v�� �l�Z�d �b �k�f�u�k�e�h�\�m�x �b�^�_�g�l�b�q�g�h�k�l�v��

�<�Z�`�g�h �i�h�^�q�_�j�d�g�m�l�v�� �q�l�h �k�Z�f�Z �i�h �k�_�[�_ �k�l�j�m�d�l�m�j�Z �² �w�l�h �e�b�r�v �h�i�b�k�Z�g�b�_ �k�\�y��

�a�_�c�� �i�h�e�m�q�_�g�g�u�o �g�Z �h�k�g�h�\�_ �l�_�d�m�s�b�o �^�Z�g�g�u�o�� �L�Z�d�b�_ �k�\�h�c�k�l�\�Z�� �d�Z�d��

�± �m�k�l�h�c�q�b�\�h�k�l�v �d �h�r�b�[�d�Z�f �\ �k�\�y�a�y�o��

�± �\�h�a�f�h�`�g�h�k�l�v �f�Z�k�r�l�Z�[�g�h�c �h�[�j�Z�[�h�l�d�b��

�± �Z�^�Z�i�l�Z�p�b�y �d �b�a�f�_�g�_�g�b�x �^�Z�g�g�u�o��

�² �h�l�g�h�k�y�l�k�y �g�_ �d �k�l�j�m�d�l�m�j�_�� �Z �d �Z�e�]�h�j�b�l�f�Z�f�� �d�h�l�h�j�u�_ �_�z �h�[�j�Z�[�Z�l�u�\�Z�x�l�� �:�e�]�h�j�b�l�f

�^�h�e�`�_�g �[�u�l�v �k�i�h�k�h�[�_�g �d�h�j�j�_�d�l�g�h �\�u�^�_�e�y�l�v �]�j�m�i�i�u �^�Z�`�_ �i�j�b �g�Z�e�b�q�b�b �m�f�_�j�_�g�g�h��

�]�h �d�h�e�b�q�_�k�l�\�Z �h�r�b�[�h�d�� �w�n�n�_�d�l�b�\�g�h �f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v�k�y �g�Z �[�h�e�v�r�b�_ �]�j�Z�n�u �b �i�h�^��

�^�_�j�`�b�\�Z�l�v �b�g�d�j�_�f�_�g�l�Z�e�v�g�m�x �i�_�j�_�j�Z�[�h�l�d�m �i�j�b �b�a�f�_�g�_�g�b�b �k�h�k�l�Z�\�Z �h�[�t�_�d�l�h�\�� �W�l�b

�Z�k�i�_�d�l�u �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �^�Z�e�_�_ �\ �j�Z�a�^�_�e�_��������

�< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �[�u�e�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �n�h�j�f�Z�e�v�g�Z�y �f�h�^�_�e�v �k�l�j�m�d�l�m�j�u �k�\�y�a�_�c

�f�_�`�^�m �h�[�t�_�d�l�Z�f�b�� �h�k�g�h�\�Z�g�g�Z�y �g�Z �]�j�Z�n�_�� �i�h�j�h�`�^�z�g�g�h�f �n�m�g�d�p�b�_�c �k�o�h�^�k�l�\�Z�� �L�Z�d�Z�y

�k�l�j�m�d�l�m�j�Z �k�e�m�`�b�l �h�k�g�h�\�h�c �^�e�y �k�e�_�^�m�x�s�_�]�h �w�l�Z�i�Z �² �d�e�Z�k�l�_�j�b�a�Z�p�b�b �h�[�t�_�d�l�h�\ �\

�]�j�m�i�i�u �i�h �i�j�b�g�p�b�i�m �b�^�_�g�l�b�q�g�h�k�l�b�� �;�u�e�b �j�Z�k�k�f�h�l�j�_�g�u �j�Z�a�e�b�q�b�y �f�_�`�^�m �b�^�_�Z�e�v��

�g�h�c ���d�h�g�k�h�g�Z�g�k�g�h�c�� �b �j�_�Z�e�v�g�h�c ���Z�k�k�h�g�Z�g�k�g�h�c�� �k�l�j�m�d�l�m�j�Z�f�b�� �\�h�a�g�b�d�Z�x�s�b�f�b �b�a���a�Z

�h�r�b�[�h�d �\ �h�p�_�g�d�_ �k�o�h�`�_�k�l�b�� �L�Z�d�`�_ �[�u�e�Z �m�l�h�q�g�_�g�Z �j�h�e�v �k�l�j�m�d�l�m�j�u �\ �h�[�_�k�i�_�q�_�g�b�b

�k�h�]�e�Z�k�h�\�Z�g�g�h�]�h�� �b�g�l�_�j�h�i�_�j�Z�[�_�e�v�g�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�b�y �^�Z�g�g�u�o �\ �k�b�k�l�_�f�_�� �I�_�j�_�o�h�^ �d

�]�j�Z�n�h�\�h�c �f�h�^�_�e�b �i�h�a�\�h�e�y�_�l �m�q�b�l�u�\�Z�l�v �d�Z�d �i�j�b�a�g�Z�d�b �h�[�t�_�d�l�h�\�� �l�Z�d �b �\�a�Z�b�f�h�k�\�y�a�b



����

�f�_�`�^�m �g�b�f�b�� �q�l�h �h�k�h�[�_�g�g�h �\�Z�`�g�h �\ �m�k�e�h�\�b�y�o �^�b�g�Z�f�b�q�_�k�d�b �b�a�f�_�g�y�x�s�b�o�k�y �^�Z�g��

�g�u�o�� �=�j�Z�n �k�o�h�`�_�k�l�b �h�[�t�_�d�l�h�\ �\�u�k�l�m�i�Z�_�l �d�Z�d �h�[�h�[�s�z�g�g�Z�y�� �f�Z�k�r�l�Z�[�b�j�m�_�f�Z�y �n�h�j�f�Z

�i�j�_�^�k�l�Z�\�e�_�g�b�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �k�\�y�a�_�c�� �i�j�b�]�h�^�g�Z�y �^�e�y �^�Z�e�v�g�_�c�r�_�c �h�[�j�Z�[�h�l�d�b �b

�d�e�Z�k�l�_�j�b�a�Z�p�b�b��

������ �K�j�Z�\�g�b�l�_�e�v�g�u�c �Z�g�Z�e�b�a �f�_�l�h�^�h�\ �]�j�m�i�i�b�j�h�\�d�b �i�h �b�^�_�g�l�b�q�g�h�k�l�b

�H�q�_�\�b�^�g�u�f �f�_�l�h�^�h�f �>�����@ �^�e�y �h�[�t�_�^�b�g�_�g�b�y �l�h�\�Z�j�h�\ �\ �]�j�m�i�i�u �y�\�e�y�_�l�k�y �b�k��

�i�h�e�v�a�h�\�Z�g�b�_ �i�j�b�g�p�b�i�Z �l�j�Z�g�a�b�l�b�\�g�h�k�l�b ���j�b�k������������

�J�b�k�m�g�h�d ������ �² �I�h�^�o�h�^ �g�Z �h�k�g�h�\�_ �l�j�Z�g�a�b�l�b�\�g�h�]�h �a�Z�f�u�d�Z�g�b�y��

�K�m�l�v �i�h�^�o�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f�� �q�l�h�[�u �^�h�[�Z�\�e�y�l�v �g�h�\�u�c �l�h�\�Z�j �\ �m�`�_ �k�m��

�s�_�k�l�\�m�x�s�m�x �]�j�m�i�i�m�� �_�k�e�b �h�g �i�h�o�h�` �o�h�l�y �[�u �g�Z �h�^�b�g �b�a �l�h�\�Z�j�h�\ �w�l�h�c �]�j�m�i�i�u��

�O�h�l�y �w�l�h�l �f�_�l�h�^ �^�h�k�l�Z�l�h�q�g�h �i�j�h�k�l �\ �j�_�Z�e�b�a�Z�p�b�b�� �h�g �\�u�a�u�\�Z�_�l �k�_�j�v�z�a�g�u�_ �i�j�h�[�e�_��

�f�u�� �\�e�b�y�y �g�Z �k�l�j�m�d�l�m�j�m �]�j�m�i�i�� �<�f�_�k�l�h �q�z�l�d�h �\�u�j�Z�`�_�g�g�u�o �]�j�m�i�i �l�h�\�Z�j�h�\ ���h�[�t�_�d�l�u

�h�^�g�h�c �]�j�m�i�i�u �b�f�_�x�l �k�\�y�a�b �^�j�m�] �k �^�j�m�]�h�f �b �g�_ �b�f�_�x�l �k�\�y�a�_�c �k �h�[�t�_�d�l�Z�f�b �^�j�m��

�]�b�o �]�j�m�i�i���� �f�u �q�Z�k�l�h �i�h�e�m�q�Z�_�f �]�j�m�i�i�u�� �k�\�y�a�Z�g�g�u�_ �f�_�`�^�m �k�h�[�h�c �j�_�^�d�b�f�b �j�z�[�j�Z�f�b

���j�b�k������������ �W�l�b �k�\�y�a�b �g�_�d�h�j�j�_�d�l�g�u �b �\�h�a�g�b�d�Z�x�l �i�j�b �h�r�b�[�d�Z�o �i�j�h�p�_�^�m�j�u �k�j�Z�\�g�_��

�g�b�y �^�\�m�o �l�h�\�Z�j�h�\�� �B�a���a�Z �g�b�o �l�j�Z�g�a�b�l�b�\�g�u�c �i�h�^�o�h�^ �i�j�b�\�h�^�b�l �d �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�x

�\�g�m�l�j�b �]�j�m�i�i��

�A�Z�^�Z�q�Z �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �h�[�t�_�d�l�h�\ �i�h �i�j�b�g�p�b�i�m �b�^�_�g�l�b�q�g�h�k�l�b �\ �]�j�Z�n�_

�k�\�h�^�b�l�k�y �d �a�Z�^�Z�q�_ �\�u�^�_�e�_�g�b�y �k�h�h�[�s�_�k�l�\ ���F�R�P�P�X�Q�L�W�\ �G�H�W�H�F�W�L�R�Q���� �< �d�e�Z�k�k�b�q�_�k�d�h�f �\�b��

�^�_ �k�h�h�[�s�_�k�l�\�h �\ �]�j�Z�n�_ �² �w�l�h �i�h�^�f�g�h�`�_�k�l�\�h �\�_�j�r�b�g�� �h�[�e�Z�^�Z�x�s�_�_ �\�u�k�h�d�h�c �i�e�h�l��

�g�h�k�l�v�x �\�g�m�l�j�_�g�g�b�o �k�\�y�a�_�c �b �h�l�g�h�k�b�l�_�e�v�g�h �f�Z�e�u�f �q�b�k�e�h�f �j�z�[�_�j�� �\�_�^�m�s�b�o �g�Z�j�m�`�m��

�I�j�b �w�l�h�f �h�l�k�m�l�k�l�\�m�_�l �k�l�j�h�]�h�_ �m�g�b�\�_�j�k�Z�e�v�g�h�_ �h�i�j�_�^�_�e�_�g�b�_ �k�h�h�[�s�_�k�l�\�Z�� �g�Z �i�j�Z�d��

�l�b�d�_ �h�g�h �a�Z�^�Z�z�l�k�y �Z�e�]�h�j�b�l�f�b�q�_�k�d�b �² �d�Z�d �j�_�a�m�e�v�l�Z�l �j�Z�[�h�l�u �f�_�l�h�^�Z��



����

�J�b�k�m�g�h�d ������ �² �L�j�b �]�j�m�i�i�u �b�^�_�g�l�b�q�g�u�o �l�h�\�Z�j�h�\�� �h�r�b�[�h�q�g�h �k�h�_�^�b�g�z�g�g�u�o �f�_�`�^�m

�k�h�[�h�c �f�Z�e�u�f �q�b�k�e�h�f �j�z�[�_�j��

�< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �h�k�g�h�\�g�u�_ �i�h�^�o�h�^�u �d �\�u�^�_�e�_�g�b�x �k�h�h�[��

�s�_�k�l�\ �\ �]�j�Z�n�Z�o�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �b�o �^�h�k�l�h�b�g�k�l�\�Z �b �g�_�^�h�k�l�Z�l�d�b �k �l�h�q�d�b �a�j�_�g�b�y

�k�i�_�p�b�n�b�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �a�Z�^�Z�q�b�� �j�Z�[�h�l�Z �k �j�Z�a�j�_�`�_�g�g�u�f�b �]�j�Z�n�Z�f�b�� �\�u�k�h�d�Z�y

�^�b�g�Z�f�b�d�Z �k�l�j�m�d�l�m�j�u�� �g�Z�e�b�q�b�_ �h�r�b�[�h�q�g�u�o �k�\�y�a�_�c�� �h�l�k�m�l�k�l�\�b�_ �Z�i�j�b�h�j�g�h�]�h �a�g�Z�g�b�y

�h �q�b�k�e�_ �]�j�m�i�i��

���� �F�_�l�h�^�u �g�Z �h�k�g�h�\�_ �H�G�J�H �E�H�W�Z�H�H�Q�Q�H�V�V ���*�L�U�Y�D�Q�±�1�H�Z�P�D�Q���>�����@

�H�k�g�h�\�Z�g�u �g�Z �i�h�w�l�Z�i�g�h�f �m�^�Z�e�_�g�b�b �j�z�[�_�j �k �g�Z�b�[�h�e�v�r�_�c �p�_�g�l�j�Z�e�v�g�h�k�l�v�x

���f�_�`�d�e�Z�k�l�_�j�g�h�c �g�Z�]�j�m�a�d�h�c���� �H�[�_�k�i�_�q�b�\�Z�x�l �b�_�j�Z�j�o�b�q�_�k�d�h�_ �j�Z�a�[�b�_�g�b�_��

�I�e�x�k�u���g�_ �l�j�_�[�m�_�l �a�Z�^�Z�\�Z�l�v �q�b�k�e�h �d�e�Z�k�l�_�j�h�\ ���f�h�`�g�h �\�u�[�j�Z�l�v �h�i�l�b�f�Z�e�v��

�g�h�_ �i�h �i�j�b�g�p�b�i�m �f�Z�d�k�b�f�b�a�Z�p�b�b �f�h�^�m�e�y�j�g�h�k�l�b��

�F�b�g�m�k�u���g�b�a�d�Z�y �m�k�l�h�c�q�b�\�h�k�l�v �d �h�r�b�[�h�q�g�u�f �k�\�y�a�y�f�� �^�h�j�h�]�b�_ �i�_�j�_�k�q�z��

�l�u �i�h�k�e�_ �d�Z�`�^�h�]�h �m�^�Z�e�_�g�b�y�� �g�b�a�d�Z�y �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v ���\�j�_�f�_�g�g�Z�y �k�e�h�`��

�g�h�k�l�vO(V áE 2�� �b�e�bO(V 3)����

���� �F�h�^�m�e�y�j�g�h�k�l�g�u�_ �f�_�l�h�^�u ���0�R�G�X�O�D�U�L�W�\���E�D�V�H�G���>�����@

�G�Z�i�j�b�f�_�j�� �/�R�X�Y�D�L�Q�� �K�l�j�_�f�y�l�k�y �f�Z�d�k�b�f�b�a�b�j�h�\�Z�l�v �f�h�^�m�e�y�j�g�h�k�l�v �² �n�m�g�d��

�p�b�h�g�Z�e�� �k�j�Z�\�g�b�\�Z�x�s�b�c �i�e�h�l�g�h�k�l�v �\�g�m�l�j�_�g�g�b�o �j�z�[�_�j �k �h�`�b�^�Z�_�f�h�c �i�j�b

�k�e�m�q�Z�c�g�h�c �k�l�j�m�d�l�m�j�_��

�I�e�x�k�u���g�_ �l�j�_�[�m�_�l �a�Z�^�Z�\�Z�l�v �q�b�k�e�h �d�e�Z�k�l�_�j�h�\�� �h�l�g�h�k�b�l�_�e�v�g�h �\�u�k�h�d�Z�y

�m�k�l�h�c�q�b�\�h�k�l�v �d �h�r�b�[�h�q�g�u�f �k�\�y�a�y�f ���[�e�Z�]�h�^�Z�j�y �]�e�h�[�Z�e�v�g�h�k�l�b �h�i�l�b�f�b�a�Z��

�p�b�b���� �\�u�k�h�d�Z�y �k�d�h�j�h�k�l�v ���\�j�_�f�_�g�g�Z�y �k�e�h�`�g�h�k�l�vO(E)�� ���/�R�X�Y�D�L�Q����

�F�b�g�m�k�u���w�n�n�_�d�l �©�i�h�j�h�]�Z �j�Z�a�j�_�r�_�g�b�y�ª �² �g�_ �\�u�y�\�e�y�x�l �f�Z�e�u�_ �k�h�h�[�s�_��



����

�k�l�\�Z�� �e�h�d�Z�e�v�g�u�_ �f�Z�d�k�b�f�m�f�u ���g�_�l �q�z�l�d�h �\�u�j�Z�`�_�g�g�h�]�h �]�e�h�[�Z�e�v�g�h�]�h �f�Z�d�k�b��

�f�m�f�Z���� �q�m�\�k�l�\�b�l�_�e�v�g�u �d �b�g�b�p�b�Z�e�b�a�Z�p�b�b��

���� �/�D�E�H�O �3�U�R�S�D�J�D�W�L�R�Q �$�O�J�R�U�L�W�K�P ���/�3�$���>�����@

�:�e�]�h�j�b�l�f�� �\ �d�h�l�h�j�h�f �d�Z�`�^�Z�y �\�_�j�r�b�g�Z �i�j�b�g�b�f�Z�_�l �f�_�l�d�m�� �g�Z�b�[�h�e�_�_ �j�Z�k��

�i�j�h�k�l�j�Z�g�z�g�g�m�x �k�j�_�^�b �_�z �k�h�k�_�^�_�c�� �I�h�\�l�h�j�y�_�l�k�y �^�h �k�o�h�^�b�f�h�k�l�b��

�I�e�x�k�u���g�_ �l�j�_�[�m�_�l �a�Z�^�Z�\�Z�l�v �q�b�k�e�h �d�e�Z�k�l�_�j�h�\�� �f�Z�k�r�l�Z�[�b�j�m�_�f�� �\�u�k�h�d�Z�y

�k�d�h�j�h�k�l�v ���\�j�_�f�_�g�g�Z�y �k�e�h�`�g�h�k�l�vO(|V | + |E|) �g�Z �� �b�l�_�j�Z�p�b�x����

�F�b�g�m�k�u���g�_�k�l�Z�[�b�e�v�g�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\ ���a�Z�\�b�k�b�f�h�k�l�v �h�l �i�h�j�y�^�d�Z �h�[�g�h�\�e�_��

�g�b�y���� �\�h�a�f�h�`�_�g �©�a�Z�o�\�Z�l�ª �\�k�_�c �k�\�y�a�g�h�c �d�h�f�i�h�g�_�g�l�u �h�^�g�h�c �f�_�l�d�h�c ���g�h �w�l�h

�f�h�`�g�h �g�b�\�_�e�b�j�h�\�Z�l�v �a�Z �k�q�z�l �h�[�_�k�i�_�q�_�g�b�y �g�b�a�d�h�c �^�h�e�b �h�r�b�[�h�q�g�u�o �j�z�[�_�j

�\ �]�j�Z�n�_����

���� �,�Q�I�R�P�D�S�>�����@

�B�k�i�h�e�v�a�m�_�l �f�h�^�_�e�v �k�e�m�q�Z�c�g�h�]�h �[�e�m�`�^�Z�g�b�y �k �f�b�g�b�f�b�a�Z�p�b�_�c �^�e�b�g�u �h�i�b��

�k�Z�g�b�y �f�Z�j�r�j�m�l�Z�� �H�i�l�b�f�b�a�b�j�m�_�l �P�D�S �H�T�X�D�W�L�R�Q��

�I�e�x�k�u���\�u�k�h�d�Z�y �l�h�q�g�h�k�l�v �g�Z �]�j�Z�n�Z�o �k �y�j�d�h �\�u�j�Z�`�_�g�g�u�f�b �k�h�h�[�s�_�k�l�\�Z�f�b

�b �h�l�g�h�k�b�l�_�e�v�g�Z�y �m�k�l�h�c�q�b�\�h�k�l�v �d �h�r�b�[�h�q�g�u�f �k�\�y�a�y�f ���m�q�z�l �\�_�j�h�y�l�g�h�k�l�_�c

�i�_�j�_�o�h�^�h�\ �k�g�b�`�Z�_�l �\�e�b�y�g�b�_ �h�r�b�[�h�d����

�F�b�g�m�k�u���q�m�\�k�l�\�b�l�_�e�_�g �d �k�l�j�m�d�l�m�j�_ �]�j�Z�n�Z ���\ �k�l�j�m�d�l�m�j�Z�o �[�_�a �y�\�g�u�o �k�h�h�[��

�s�_�k�l�\ �f�h�`�_�l �[�u�l�v �g�_�w�n�n�_�d�l�b�\�_�g���� �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�Z�y �f�Z�k�r�l�Z�[�b�j�m�_��

�f�h�k�l�v ���\�j�_�f�_�g�g�Z�y �k�e�h�`�g�h�k�l�vO(ElogV)����

���� �:�D�O�N�W�U�D�S�>�����@

�D�e�Z�k�l�_�j�b�a�Z�p�b�y �g�Z �h�k�g�h�\�_ �j�Z�k�k�l�h�y�g�b�y �f�_�`�^�m �j�Z�k�i�j�_�^�_�e�_�g�b�y�f�b �k�e�m�q�Z�c��

�g�u�o �[�e�m�`�^�Z�g�b�c �n�b�d�k�b�j�h�\�Z�g�g�h�c �^�e�b�g�u�� �K�l�j�h�b�l �b�_�j�Z�j�o�b�x �i�m�l�z�f �Z�]�e�h�f�_��

�j�Z�p�b�b��

�I�e�x�k�u���g�_ �l�j�_�[�m�_�l �a�Z�^�Z�\�Z�l�v �q�b�k�e�h �d�e�Z�k�l�_�j�h�\ ���f�h�`�g�h �\�u�[�j�Z�l�v �h�i�l�b�f�Z�e�v��

�g�h�_ �i�h �i�j�b�g�p�b�i�m �f�Z�d�k�b�f�b�a�Z�p�b�b �f�h�^�m�e�y�j�g�h�k�l�b���� �h�l�g�h�k�b�l�_�e�v�g�Z�y �m�k�l�h�c�q�b��

�\�h�k�l�v �d �h�r�b�[�h�q�g�u�f �k�\�y�a�y�f ���i�h�f�h�]�Z�_�l �m�k�j�_�^�g�_�g�b�_ �i�h �k�e�m�q�Z�c�g�u�f �[�e�m�`�^�Z��

�g�b�y�f����

�F�b�g�m�k�u���q�m�\�k�l�\�b�l�_�e�_�g �d �^�e�b�g�_ �[�e�m�`�^�Z�g�b�y �b �l�j�_�[�m�_�l �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c

�g�Z�k�l�j�h�c�d�b �q�b�k�e�Z �r�Z�]�h�\�� �l�j�_�[�m�_�l �i�h�e�g�u�c �]�j�Z�n�� �g�b�a�d�Z�y �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v

���\�j�_�f�_�g�g�Z�y �k�e�h�`�g�h�k�l�vO(V 2logV)����

���� �F�_�l�h�^�u �g�Z �h�k�g�h�\�_ �k�i�_�d�l�j�Z�e�v�g�h�c �l�_�h�j�b�b�>�����@

�<�d�e�x�q�Z�x�l �j�Z�a�e�h�`�_�g�b�_ �E�Z�i�e�Z�k�b�Z�g�Z �b�e�b �f�Z�l�j�b�p�u �k�f�_�`�g�h�k�l�b�� �Q�Z�k�l�h �i�j�b��

�f�_�g�y�x�l�k�y �d�Z�d �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�c �r�Z�] �d �d�e�Z�k�l�_�j�b�a�Z�p�b�b��



����

�F�b�g�m�k�u���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �d �q�b�k�e�h�\�u�f �i�h�]�j�_�r�g�h�k�l�y�f�� �k�e�h�`�g�h�k�l�v �b�g�l�_�j��

�i�j�_�l�Z�p�b�b�� �g�b�a�d�Z�y �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v ���\�j�_�f�_�g�g�Z�y �k�e�h�`�g�h�k�l�v �h�lO(k áE)

�^�hO(V 3) �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �q�b�k�e�Z �d�h�f�i�h�g�_�g�lk �b �j�Z�a�j�_�`�_�g�g�h�k�l�b �]�j�Z�n�Z����

�L�Z�[�e�b�p�Z �� �² �K�j�Z�\�g�_�g�b�_ �Z�e�]�h�j�b�l�f�h�\ �d�e�Z�k�l�_�j�b�a�Z�p�b�b �i�h �d�e�x�q�_�\�u�f �d�j�b�l�_�j�b�y�f

�F�_�l�h�^
�G�_ �l�j�_�[�m�_�l

�q�b�k�e�Z �d�e�Z�k�l�_�j�h�\�F�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v

�*�L�U�Y�D�Q�±�1�H�Z�P�D�Q ± �±
�/�R�X�Y�D�L�Q �� ��
�/�D�E�H�O �3�U�R�S�D�J�D�W�L�R�Q ���/�3�$���� ��
�,�Q�I�R�P�D�S �� �±
�:�D�O�N�W�U�D�S ± �±
�K�i�_�d�l�j�Z�e�v�g�u�_ �f�_�l�h�^�u �± �±

�G�Z �h�k�g�h�\�Z�g�b�b �Z�g�Z�e�b�a�Z �f�h�`�g�h �a�Z�d�e�x�q�b�l�v�� �q�l�h�/�D�E�H�O �3�U�R�S�D�J�D�W�L�R�Q �$�O�J�R�U�L�W�K�P

���/�3�$���b�/�R�X�Y�D�L�Q�h�[�e�Z�^�Z�x�l �g�Z�b�[�h�e�_�_ �i�h�^�o�h�^�y�s�b�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �^�e�y �j�_�r�_��

�g�b�y �a�Z�^�Z�q�b �^�b�g�Z�f�b�q�g�h�]�h �n�h�j�f�b�j�h�\�Z�g�b�y �]�j�m�i�i �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\�� �h�g�b �g�_ �l�j�_��

�[�m�x�l �m�d�Z�a�Z�g�b�y �q�b�k�e�Z �d�e�Z�k�l�_�j�h�\�� �j�Z�[�h�l�Z�x�l �e�h�d�Z�e�v�g�h �b �f�Z�k�r�l�Z�[�b�j�m�x�l�k�y �g�Z �[�h�e�v��

�r�b�_ �]�j�Z�n�u�� �D�j�h�f�_ �l�h�]�h�� �/�3�$ �f�h�`�_�l �[�u�l�v �f�h�^�b�n�b�p�b�j�h�\�Z�g �^�e�y �m�q�z�l�Z �\�_�k�h�\ �j�z�[�_�j��

�Z �l�Z�d�`�_�� �d�Z�d �[�m�^�_�l �i�h�d�Z�a�Z�g�h �^�Z�e�v�r�_�� �f�h�`�_�l �[�u�l�v �w�n�n�_�d�l�b�\�g�h �j�_�Z�e�b�a�h�\�Z�g �\ �i�Z�j�Z��

�^�b�]�f�_ �0�D�S�5�H�G�X�F�H �>�����@�� �q�l�h �^�_�e�Z�_�l �_�]�h �h�k�h�[�_�g�g�h �i�h�^�o�h�^�y�s�b�f �^�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q�b

�\ �m�k�e�h�\�b�y�o �[�h�e�v�r�b�o �^�Z�g�g�u�o��

������ �:�e�]�h�j�b�l�f�u �i�h�b�k�d�Z �]�j�m�i�i

�G�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z�� �i�j�h�\�_�^�z�g�g�h�]�h �\ �i�j�_�^�u�^�m�s�_�f �j�Z�a�^�_�e�_�� �\ �d�Z�q�_�k�l�\�_ �[�Z�a�h��

�\�h�]�h �f�_�l�h�^�Z �d�e�Z�k�l�_�j�b�a�Z�p�b�b �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �\�u�[�j�Z�g �Z�e�]�h�j�b�l�f �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y

�f�_�l�h�d ���/�D�E�H�O �3�U�R�S�D�J�D�W�L�R�Q �$�O�J�R�U�L�W�K�P�� �/�3�$���� �H�g �h�[�_�k�i�_�q�b�\�Z�_�l �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v��

�g�_ �l�j�_�[�m�_�l �a�Z�^�Z�g�b�y �q�b�k�e�Z �d�e�Z�k�l�_�j�h�\ �b �e�_�]�d�h �Z�^�Z�i�l�b�j�m�_�l�k�y �d �]�j�Z�n�h�\�h�c �k�l�j�m�d�l�m�j�_

�\�o�h�^�g�u�o �^�Z�g�g�u�o��

�L�_�f �g�_ �f�_�g�_�_�� �i�j�b �i�j�b�f�_�g�_�g�b�b �/�3�$ �g�Z �]�j�Z�n�Z�o�� �h�q�b�s�_�g�g�u�o �h�l �k�e�Z�[�u�o �k�\�y�a�_�c

���^�e�y �i�h�\�u�r�_�g�b�y �l�h�q�g�h�k�l�b���� �\�h�a�g�b�d�Z�_�l �i�j�h�[�e�_�f�Z �k�g�b�`�_�g�b�y �i�h�e�g�h�l�u�� �q�Z�k�l�v �h�[�t�_�d��

�l�h�\ �h�d�Z�a�u�\�Z�_�l�k�y �b�a�h�e�b�j�h�\�Z�g�g�h�c �b �g�_ �i�h�i�Z�^�Z�_�l �\ �n�h�j�f�b�j�m�_�f�u�_ �d�e�Z�k�l�_�j�u�� �W�l�h �d�j�b��

�l�b�q�g�h �^�e�y �a�Z�^�Z�q�� �]�^�_ �\�Z�`�g�h �f�Z�d�k�b�f�Z�e�v�g�h�_ �i�h�d�j�u�l�b�_ �h�[�t�_�d�l�h�\�� �\ �l�h�f �q�b�k�e�_ �k�e�Z��

�[�h �k�\�y�a�Z�g�g�u�o�� �>�e�y �j�_�r�_�g�b�y �^�Z�g�g�h�c �i�j�h�[�e�_�f�u �i�j�_�^�e�Z�]�Z�_�l�k�y �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c

�^�\�m�o�w�l�Z�i�g�u�c �i�h�^�o�h�^ �d �d�e�Z�k�l�_�j�b�a�Z�p�b�b��

�:�e�]�h�j�b�l�f �/�3�$ �j�_�Z�e�b�a�m�_�l �k�e�_�^�m�x�s�b�c �i�j�h�p�_�k�k�� �G�Z �g�Z�q�Z�e�v�g�h�f �w�l�Z�i�_ �d�Z�`��

�^�Z�y �\�_�j�r�b�g�Z �]�j�Z�n�Z �i�h�e�m�q�Z�_�l �m�g�b�d�Z�e�v�g�m�x �f�_�l�d�m�� �A�Z�l�_�f �\�u�i�h�e�g�y�_�l�k�y �b�l�_�j�Z�l�b�\��



����

�g�u�c �i�j�h�p�_�k�k�� �g�Z �d�Z�`�^�h�f �r�Z�]�_ �\�_�j�r�b�g�Z �h�[�g�h�\�e�y�_�l �k�\�h�x �f�_�l�d�m�� �\�u�[�b�j�Z�y �g�Z�b�[�h�e�_�_

�j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�m�x �f�_�l�d�m �k�j�_�^�b �k�h�k�_�^�g�b�o �\�_�j�r�b�g�� �< �k�e�m�q�Z�_ �g�Z�e�b�q�b�y �g�_�k�d�h�e�v�d�b�o

�f�_�l�h�d �k �h�^�b�g�Z�d�h�\�h�c �f�Z�d�k�b�f�Z�e�v�g�h�c �q�Z�k�l�h�l�h�c�� �\�u�[�h�j �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k�e�m�q�Z�c�g�u�f

�h�[�j�Z�a�h�f�� �B�l�_�j�Z�p�b�b �i�j�h�^�h�e�`�Z�x�l�k�y �^�h �^�h�k�l�b�`�_�g�b�y �k�o�h�^�b�f�h�k�l�b �j�_�r�_�g�b�y �e�b�[�h �^�h

�b�k�q�_�j�i�Z�g�b�y �a�Z�^�Z�g�g�h�]�h �f�Z�d�k�b�f�Z�e�v�g�h�]�h �q�b�k�e�Z �b�l�_�j�Z�p�b�c��

�>�e�y �n�h�j�f�Z�e�v�g�h�]�h �h�i�b�k�Z�g�b�y �Z�e�]�h�j�b�l�f�Z ���Z�e�]�� ���� �g�_�h�[�o�h�^�b�f�h �\�\�_�k�l�b �k�e�_�^�m��

�x�s�b�_ �i�h�g�y�l�b�y�� �F�Z�l�j�b�p�Z �k�\�y�a�g�h�k�l�bA �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�b�f�f�_�l�j�b�q�g�m�x �d�\�Z�^��

�j�Z�l�g�m�x �f�Z�l�j�b�p�m�� �h�l�j�Z�`�Z�x�s�m�x �g�Z�e�b�q�b�_ �b�e�b �h�l�k�m�l�k�l�\�b�_ �k�\�y�a�_�c �f�_�`�^�m �h�[�t�_�d�l�Z�f�b��

�>�b�Z�]�h�g�Z�e�v�g�Z�y �f�Z�l�j�b�p�Z �k�l�_�i�_�g�_�cD �k�h�^�_�j�`�b�l �g�Z �^�b�Z�]�h�g�Z�e�b �k�l�_�i�_�g�b �\�_�j�r�b�g �]�j�Z�n�Z��

�]�^�_ �k�l�_�i�_�g�v �\�_�j�r�b�g�u �h�i�j�_�^�_�e�y�_�l�k�y �d�h�e�b�q�_�k�l�\�h�f �_�z �k�\�y�a�_�c �k �^�j�m�]�b�f�b �\�_�j�r�b�g�Z�f�b��

D = �G�L�D�J(d1, d2, . . . ,dN )��

�F�Z�l�j�b�p�Z �i�_�j�_�o�h�^�Z �\�u�q�b�k�e�y�_�l�k�y �d�Z�dP = D ! 1A�� �F�Z�l�j�b�p�Z �f�_�l�h�dC �b�f�_�_�l �j�Z�a��

�f�_�j�g�h�k�l�vN $ n�� �]�^�_N �� �d�h�e�b�q�_�k�l�\�h �h�[�t�_�d�l�h�\ ���\�_�j�r�b�g �]�j�Z�n�Z���� �Zn �� �q�b�k�e�h �m�g�b�d�Z�e�v��

�g�u�o �f�_�l�h�d �g�Z �g�Z�q�Z�e�v�g�h�c �b�l�_�j�Z�p�b�b �Z�e�]�h�j�b�l�f�Z ���f�Z�d�k�b�f�Z�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �]�j�m�i�i����

�< �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �k�e�m�q�Z�_ �i�j�b�g�b�f�Z�_�l�k�yN = n�� �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �b�k�o�h�^�g�h�f�m �k�h��

�k�l�h�y�g�b�x�� �d�h�]�^�Z �d�Z�`�^�Z�y �\�_�j�r�b�g�Z �]�j�Z�n�Z �b�f�_�_�l �m�g�b�d�Z�e�v�g�m�x �f�_�l�d�m�� �L�Z�d�b�f �h�[�j�Z�a�h�f��

�[�_�a �i�h�l�_�j�b �h�[�s�g�h�k�l�b �f�h�`�g�h �a�Z�i�b�k�Z�l�v��

C(0) = �G�L�D�J(1, 1, . . . ,1),

C(t + 1) = PC(t).

�I�j�b �w�l�h�f �g�h�\�u�_ �f�_�l�d�b �\�_�j�r�b�g �h�i�j�_�^�_�e�y�x�l�k�y �d�Z�d �D�U�J �P�D�[
label

C��

� : � e � ] � h � j � b � l � f � >�����@��

�<�o�h�^��G �± �]�j�Z�n��C0 �± �g�Z�q�Z�e�v�g�u�_ �f�_�l�d�b��

�<�u�o�h�^��öC �± �n�b�g�Z�e�v�g�u�_ �f�_�l�d�b��

�R �Z �] ���� �K�h�k�l�Z�\�b�l�v �f�Z�l�j�b�p�m �k�\�y�a�g�h�k�l�bA �^�e�y �]�j�Z�n�ZG��

�R �Z �] ���� �<�u�q�b�k�e�b�l�vdi =
+

j
A ij ��

�R �Z �] ���� �J�Z�k�k�q�b�l�Z�l�vD = �G�L�D�J(d1, d2, . . . ,dN )��

�R �Z �] ���� �<�u�q�b�k�e�b�l�vP = D ! 1A��

�R �Z �] ���� �B�g�b�p�b�Z�e�b�a�b�j�h�\�Z�l�vC(t = 0) = C(0)��

�R �Z �] ���� �I�h�d�ZC(t) �g�_ �k�h�r�e�h�k�v��

C(t + 1) = PC(t)��

t = t + 1��



����

�R �Z �] ����öC = C(t)��

�:�e�]�h�j�b�l�f �h�[�e�Z�^�Z�_�l �\�u�k�h�d�h�c �k�l�_�i�_�g�v�x �j�Z�k�i�Z�j�Z�e�e�_�e�b�\�Z�g�b�y �b �w�n�n�_�d�l�b�\�g�h

�j�_�Z�e�b�a�m�_�l�k�y �\ �j�Z�k�i�j�_�^�_�e�z�g�g�u�o �\�u�q�b�k�e�b�l�_�e�v�g�u�o �k�b�k�l�_�f�Z�o�� �q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �_�]�h

�i�j�Z�d�l�b�q�_�k�d�m�x �i�j�b�f�_�g�b�f�h�k�l�v �^�e�y �h�[�j�Z�[�h�l�d�b �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�o �]�j�Z�n�h�\�� �W�l�h �^�h��

�k�l�b�]�Z�_�l�k�y �[�e�Z�]�h�^�Z�j�y �e�h�d�Z�e�v�g�h�f�m �o�Z�j�Z�d�l�_�j�m �\�u�q�b�k�e�_�g�b�c �� �h�[�g�h�\�e�_�g�b�_ �f�_�l�d�b �d�Z�`��

�^�h�c �\�_�j�r�b�g�u �a�Z�\�b�k�b�l �l�h�e�v�d�h �h�l �_�z �g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�o �k�h�k�_�^�_�c�� �I�j�b�f�_�j �j�_�Z�e�b�a�Z�p�b�b

�Z�e�]�h�j�b�l�f�Z �\ �i�Z�j�Z�^�b�]�f�_ �0�D�S�5�H�G�X�F�H�� �^�_�f�h�g�k�l�j�b�j�m�x�s�b�c �_�]�h �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v��

�i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k����������

�J�b�k�m�g�h�d ������ �² �H�^�g�Z �b�l�_�j�Z�p�b�y �/�3�$ �\ �i�Z�j�Z�^�b�]�f�_ �0�D�S�5�H�G�X�F�H�� �g�Z �i�_�j�\�h�f �r�Z�]�_

�d�Z�`�^�Z�y �\�_�j�r�b�g�Z �i�h�k�u�e�Z�_�l �\�k�_�f �k�h�k�_�^�y�f �k�\�h�x �f�_�l�d�m�� �g�Z �\�l�h�j�h�f �r�Z�]�_ �d�Z�`�^�Z�y

�\�_�j�r�b�g�Z �f�_�g�y�_�l �k�\�h�x �f�_�l�d�m �g�Z �f�h�^�m �h�l �\�k�_�o �i�h�e�m�q�_�g�g�u�o �g�Z �i�_�j�\�h�f �r�Z�]�_ �f�_�l�h�d��

�< �j�Z�f�d�Z�o �^�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�Z �i�j�_�^�e�h�`�_�g�Z �f�h�^�b�n�b�d�Z�p�b�y �Z�e�]�h�j�b�l�f�Z�� �I�j�_�^��

�e�h�`�_�g�g�Z�y �k�o�_�f�Z �k�h�k�l�h�b�l �b�a �^�\�m�o �e�h�]�b�q�_�k�d�b �j�Z�a�^�_�e�z�g�g�u�o �w�l�Z�i�h�\��

���� �I�_�j�\�u�c �w�l�Z�i�� �i�h�k�l�j�h�_�g�b�_ �d�e�Z�k�l�_�j�h�\ �g�Z �k�b�e�v�g�u�o �k�\�y�a�y�o���B�a �b�k�o�h�^�g�h�]�h

�]�j�Z�n�ZG = ( V, E, w) �m�^�Z�e�y�x�l�k�y �\�k�_ �j�z�[�j�Z�� �^�e�y �d�h�l�h�j�u�o �a�g�Z�q�_�g�b�_ �n�m�g�d�p�b�b

�k�o�h�^�k�l�\�ZF (i,j ) < ! strong �� �]�^�_! strong �² �i�h�j�h�]�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �\�u�k�h�d�h�c

�k�l�_�i�_�g�b �k�o�h�^�k�l�\�Z�� �G�Z �i�h�e�m�q�_�g�g�h�f �i�h�^�]�j�Z�n�_G�V�W�U�R�Q�J�\�u�i�h�e�g�y�_�l�k�y �k�l�Z�g�^�Z�j�l��

�g�u�c �Z�e�]�h�j�b�l�f �/�3�$�� �W�l�h �i�h�a�\�h�e�y�_�l �k�n�h�j�f�b�j�h�\�Z�l�v �g�Z�q�Z�e�v�g�u�_ �m�k�l�h�c�q�b�\�u�_

�]�j�m�i�i�u �k �\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�v�x��

���� �<�l�h�j�h�c �w�l�Z�i�� �^�h�Z�]�j�_�]�Z�p�b�y �b �\�d�e�x�q�_�g�b�_ �k�e�Z�[�h �k�\�y�a�Z�g�g�u�o �h�[�t�_�d�l�h�\��

�I�h�k�e�_ �i�h�k�l�j�h�_�g�b�y �g�Z�q�Z�e�v�g�h�]�h �j�Z�a�[�b�_�g�b�y �h�[�t�_�d�l�u�� �g�_ �i�h�i�Z�\�r�b�_ �\ �d�e�Z�k�l�_��



����

�J�b�k�m�g�h�d ������ �² �I�j�b�f�_�j �j�Z�[�h�l�u �^�\�m�o�k�l�Z�^�b�c�g�h�]�h �Z�e�]�h�j�b�l�f�Z �/�3�$�� �/�3�$����������

�m�i�m�k�l�b�e �[�u �h�^�b�g �b�a �a�_�e�z�g�u�o �l�h�\�Z�j�h�\�� �q�l�h �g�_�]�Z�l�b�\�g�h �k�d�Z�a�Z�e�h�k�v �[�u �g�Z �i�h�e�g�h�l�_��

�/�3�$���������� �k�]�j�m�i�i�b�j�h�\�Z�e �[�u �\�k�_ �l�h�\�Z�j�u�� �q�l�h �g�_�]�Z�l�b�\�g�h �k�d�Z�a�Z�e�h�k�v �[�u �g�Z

�h�^�g�h�j�h�^�g�h�k�l�b��

�j�u ���\ �k�b�e�m �g�_�^�h�k�l�Z�l�d�Z �k�b�e�v�g�u�o �k�\�y�a�_�c���� �Z�g�Z�e�b�a�b�j�m�x�l�k�y �g�Z �i�j�_�^�f�_�l �\�h�a��

�f�h�`�g�h�]�h �i�j�b�k�h�_�^�b�g�_�g�b�y �d �k�m�s�_�k�l�\�m�x�s�b�f �]�j�m�i�i�Z�f�� �>�e�y �w�l�h�]�h �j�Z�k�k�f�Z�l��

�j�b�\�Z�x�l�k�y �j�z�[�j�Z �k �\�_�k�Z�f�b �\ �^�b�Z�i�Z�a�h�g�_[! weak, ! strong ]�� �D�Z�`�^�u�c �g�_�i�h�^�d�e�x��

�q�z�g�g�u�c �h�[�t�_�d�l �i�j�b�k�h�_�^�b�g�y�_�l�k�y �d �l�h�c �]�j�m�i�i�_�� �k �d�h�l�h�j�h�c �h�g �k�\�y�a�Z�g �g�Z�b��

�[�h�e�v�r�b�f �h�[�s�b�f �\�_�k�h�f�� �i�j�b �m�k�e�h�\�b�b�� �q�l�h �l�Z�d�Z�y �k�\�y�a�v �i�j�_�\�u�r�Z�_�l! weak��

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �i�_�j�\�u�c �w�l�Z�i �h�[�_�k�i�_�q�b�\�Z�_�l �\�u�k�h�d�b�c �m�j�h�\�_�g�v �h�^�g�h�j�h�^�g�h�k�l�b

�d�e�Z�k�l�_�j�h�\ �a�Z �k�q�z�l �k�l�j�h�]�h�]�h �n�b�e�v�l�j�Z�� �Z �\�l�h�j�h�c �²�i�h�e�g�h�l�m�a�Z �k�q�z�l �f�y�]�d�h�]�h �^�h�h�[�t�_�^�b��

�g�_�g�b�y�� �I�j�b�f�_�j �j�Z�[�h�l�u �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k���������� �G�Z �i�_�j�\�h�f �w�l�Z�i�_ �[�u�e�b �h�[�j�Z�a�h�\�Z�g�u

�k�e�_�^�m�x�s�b�_ �]�j�m�i�i�u��

���� �N�b�h�e�_�l�h�\�u�_�� ���������������������� ���������������������� ���������������������� ������������������

���� �D�h�j�b�q�g�_�\�u�_�� ���������������������� ���������������������� ���������������������� ����������������������

���� �A�_�e�z�g�u�_�� ���������������������� ����������������������

�W�l�Z �j�Z�a�[�b�\�d�Z �d�h�j�j�_�d�l�g�Z �k �l�h�q�d�b �a�j�_�g�b�y �h�^�g�h�j�h�^�g�h�k�l�b�� �]�j�m�i�i�u �h�l�e�b�q�Z�x�l�k�y �]�h�^�h�f

�\�u�i�m�k�d�Z �d�g�b�]�b�� �b �\ �d�Z�`�^�h�c �]�j�m�i�i�_ �h�d�Z�a�Z�e�b�k�v �d�g�b�]�b �k �h�^�b�g�Z�d�h�\�u�f�b �h�[�e�h�`�d�Z�f�b��

�g�Z�a�\�Z�g�b�y�f�b �b �]�h�^�h�f �\�u�i�m�k�d�Z�� �G�Z �\�l�h�j�h�f �`�_ �w�l�Z�i�_ �d�g�b�]�Z �k �L�G �������������������� �^�h�[�Z�\�b��

�e�Z�k�v �\ �a�_�e�z�g�m�x �]�j�m�i�i�m�� �l�Z�d �d�Z�d �k �g�_�c �m �^�Z�g�g�h�]�h �l�h�\�Z�j�Z �[�u�e�h �[�h�e�v�r�_ �k�\�y�a�_�c�� �q�_�f �k

�^�j�m�]�b�f�b �]�j�m�i�i�Z�f�b ���� �k�\�y�a�b �i�j�h�l�b�\ �� �k �d�Z�`�^�h�c �^�j�m�]�h�c �]�j�m�i�i�h�c���� �M �^�Z�g�g�h�c �d�g�b�]�b �g�_

�m�d�Z�a�Z�g �]�h�^ �\�u�i�m�k�d�Z�� �g�h �h�l�l�_�g�h�d �h�[�e�h�`�d�b �k�h�\�i�Z�^�Z�_�l �k �h�l�l�_�g�d�h�f �h�[�e�h�`�d�b �d�g�b�] ��������



����

�]�h�^�Z �\�u�i�m�k�d�Z�� �i�h�w�l�h�f�m �k �m�q�z�l�h�f �^�h�k�l�m�i�g�h�c �b�g�n�h�j�f�Z�p�b�b �^�h�[�Z�\�e�_�g�b�_ �w�l�h�c �d�g�b�]�b �\

�a�_�e�z�g�m�x �]�j�m�i�i�m �f�h�`�g�h �k�q�b�l�Z�l�v �d�h�j�j�_�d�l�g�u�f�� �I�h�e�m�q�Z�_�l�k�y�� �q�l�h �^�e�y �w�l�h�c �d�h�f�i�h�g�_�g��

�l�u �k�\�y�a�g�h�k�l�b �b�a ���� �l�h�\�Z�j�h�\ �l�j�Z�g�a�b�l�b�\�g�u�c �i�h�^�o�h�^ �g�Z �]�j�Z�n�_ �k �m�\�_�j�_�g�g�u�f�b �j�z�[�j�Z�f�b

�k�]�j�m�i�i�b�j�h�\�Z�e �[�u �n�b�h�e�_�l�h�\�u�_ �k �d�h�j�b�q�g�_�\�u�f�b�� �Z �g�Z �]�j�Z�n�_ �k �g�_�m�\�_�j�_�g�g�u�f�b �j�z�[�j�Z�f�b

�k�]�j�m�i�i�b�j�h�\�Z�e �[�u �\�h�h�[�s�_ �\�k�_ �l�h�\�Z�j�u �\ �h�^�g�m �]�j�m�i�i�m�� �/�3�$ ���������� �k�^�_�e�Z�e �[�u �l�h �`�_��

�q�l�h �l�j�Z�g�a�b�l�b�\�g�u�c �i�h�^�o�h�^ �g�Z �]�j�Z�n�_ �k �m�\�_�j�_�g�g�u�f�b �j�z�[�j�Z�f�b�� �/�3�$ ���������� �k�i�j�Z�\�b�e�k�y

�[�u �o�h�j�h�r�h �k �l�h�q�d�b �a�j�_�g�b�y �h�^�g�h�j�h�^�g�h�k�l�b�� �g�h �g�_ �b�^�_�Z�e�v�g�h �k �l�h�q�d�b �a�j�_�g�b�y �i�h�e�g�h�l�u��

�����V�W�D�J�H �/�3�$ �i�j�b�\�z�e �d �g�Z�b�e�m�q�r�_�f�m �j�_�a�m�e�v�l�Z�l�m��

�>�e�y �\�u�[�h�j�Z �i�h�j�h�]�h�\! strong �b! weak �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �j�Z�a�f�_�q�_�g�g�Z�y �\�u�[�h�j�d�Z�� �k�h��

�k�l�h�y�s�Z�y �b�a �b�^�_�g�l�b�q�g�u�o �b �g�_�b�^�_�g�l�b�q�g�u�o �i�Z�j �h�[�t�_�d�l�h�\�� �H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �g�Z��

�k�l�j�h�c�d�b��

�± ! strong �\�u�[�b�j�Z�_�l�k�y �l�Z�d�� �q�l�h�[�u �k�j�_�^�b �i�Z�j �h�[�t�_�d�l�h�\ �k�h �a�g�Z�q�_�g�b�_�f �n�m�g�d��

�p�b�b �k�o�h�^�k�l�\�ZF (i,j ) % ! strong �^�h�e�y �e�h�`�g�h�i�h�e�h�`�b�l�_�e�v�g�u�o �i�j�b�f�_�j�h�\ ���I�D�O�V�H

�S�R�V�L�W�L�Y�H�� �g�_ �i�j�_�\�u�r�Z�e�Z5����

�± ! weak �\�u�[�b�j�Z�_�l�k�y �l�Z�d�� �q�l�h�[�u �k�j�_�^�b �i�Z�j �h�[�t�_�d�l�h�\ �k�h �a�g�Z�q�_�g�b�_�f �n�m�g�d�p�b�b

�k�o�h�^�k�l�\�Z! weak " F (i,j ) " ! strong �^�h�e�y �e�h�`�g�h�i�h�e�h�`�b�l�_�e�v�g�u�o �i�j�b�f�_�j�h�\

���I�D�O�V�H �Q�H�J�D�W�L�Y�H�� �g�_ �i�j�_�\�u�r�Z�e�Z20����

�L�Z�d�h�_ �j�Z�a�^�_�e�_�g�b�_ �^�b�Z�i�Z�a�h�g�Z �\�_�k�h�\ �j�z�[�_�j �i�h�a�\�h�e�y�_�l �h�l�^�_�e�b�l�v �\�u�k�h�d�h�g�Z�^�_�`�g�u�_

�k�\�y�a�b ���b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y �i�h�k�l�j�h�_�g�b�y �g�Z�q�Z�e�v�g�u�o �d�e�Z�k�l�_�j�h�\�� �h�l �i�h�l�_�g�p�b�Z�e�v�g�h �i�h��

�e�_�a�g�u�o�� �g�h �[�h�e�_�_ �r�m�f�g�u�o�� �i�j�b�f�_�g�y�_�f�u�o �l�h�e�v�d�h �^�e�y �^�h�h�[�t�_�^�b�g�_�g�b�y��

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c �Z�e�]�h�j�b�l�f �k�h�o�j�Z�g�y�_�l �d�e�x�q�_�\�u�_ �^�h�k�l�h�b�g�k�l�\�Z �/�3�$�� �i�j�b

�w�l�h�f �^�Z�z�l �[�h�e�_�_ �\�u�k�h�d�b�_ �i�h�d�Z�a�Z�l�_�e�b �i�h�e�g�h�l�u �i�j�b �l�h�f �`�_ �m�j�h�\�g�_ �h�^�g�h�j�h�^�g�h�k�l�b��

�?�]�h �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�± �E�h�d�Z�e�v�g�h�k�l�v���h�[�Z �w�l�Z�i�Z �l�j�_�[�m�x�l �l�h�e�v�d�h �b�g�n�h�j�f�Z�p�b�b �h �k�h�k�_�^�y�o �\�_�j�r�b�g�u��

�± �F�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v���j�_�Z�e�b�a�Z�p�b�y �\�h�a�f�h�`�g�Z �\ �j�Z�k�i�j�_�^�_�e�z�g�g�h�c �k�j�_�^�_��

�± �:�^�Z�i�l�b�\�g�h�k�l�v���^�h�[�Z�\�e�_�g�b�_ �g�h�\�u�o �h�[�t�_�d�l�h�\ �\�h�a�f�h�`�g�h �[�_�a �i�h�e�g�h�]�h �i�_�j�_��

�k�q�z�l�Z��

�± �M�k�l�h�c�q�b�\�h�k�l�v���b�l�h�]�h�\�Z�y �k�l�j�m�d�l�m�j�Z �k�e�Z�[�h �q�m�\�k�l�\�b�l�_�e�v�g�Z �d �h�l�^�_�e�v�g�u�f

�h�r�b�[�h�q�g�u�f �j�z�[�j�Z�f��

�<�u�\�h�^�u �d �q�_�l�\�z�j�l�h�c �]�e�Z�\�_

�I�j�_�^�e�h�`�_�g�g�Z�y �^�\�m�o�w�l�Z�i�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �Z�e�]�h�j�b�l�f�Z �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �f�_��

�l�h�d �i�h�a�\�h�e�y�_�l �^�h�[�b�l�v�k�y �\�u�k�h�d�h�c �i�h�e�g�h�l�u �d�e�Z�k�l�_�j�b�a�Z�p�b�b �i�j�b �k�h�o�j�Z�g�_�g�b�b �l�h�q�g�h��

�k�l�b�� �L�Z�d�h�c �i�h�^�o�h�^ �h�k�h�[�_�g�g�h �Z�d�l�m�Z�e�_�g �\ �a�Z�^�Z�q�Z�o�� �]�^�_ �b�k�o�h�^�g�u�c �]�j�Z�n �b�^�_�g�l�b�q�g�h��



������

�k�l�b �a�Z�r�m�f�e�z�g�� �Z �d�Z�q�_�k�l�\�h �f�h�^�_�e�b �i�j�_�^�k�d�Z�a�Z�g�b�y �b�^�_�g�l�b�q�g�h�k�l�b �g�_ �b�^�_�Z�e�v�g�h�� �F�_�l�h�^

�i�j�b�f�_�g�b�f �^�e�y �h�[�j�Z�[�h�l�d�b �[�h�e�v�r�b�o �h�[�t�z�f�h�\ �^�Z�g�g�u�o �b �b�g�l�_�]�j�Z�p�b�b �\ �^�b�g�Z�f�b�q�_�k�d�b�_

�k�b�k�l�_�f�u�� �l�j�_�[�m�x�s�b�_ �i�_�j�_�h�p�_�g�d�b �k�\�y�a�_�c �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b��



������

�=�e�Z�\�Z ���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �b �Z�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\

������ �F�_�l�h�^�b�d�Z �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �j�_�r�_�g�b�y

�I�h�^�o�h�^�u �k�j�Z�\�g�b�\�Z�e�b�k�v �g�Z �k�h�[�j�Z�g�g�h�f �\�j�m�q�g�m�x �l�_�k�l�h�\�h�f �w�d�a�_�f�i�e�y�j�_ �^�Z�g�g�u�o

�\ �a�Z�^�Z�q�_ �i�h�b�k�d�Z �b�^�_�g�l�b�q�g�u�o �l�h�\�Z�j�g�u�o �i�j�_�^�e�h�`�_�g�b�c�� �;�u�e�Z �\�u�[�j�Z�g�Z �h�^�g�Z �d�Z�l�_�]�h��

�j�b�y �l�h�\�Z�j�h�\�� �k�h�k�l�h�y�s�Z�y �b�a �h�d�h�e�h ���� �l�u�k�� �d�Z�j�l�h�q�_�d �l�h�\�Z�j�h�\�� �B�a �g�b�o �k�e�m�q�Z�c�g�u�f �h�[��

�j�Z�a�h�f �[�u�e�h �\�u�[�j�Z�g�h �� �l�u�k�� �d�Z�j�l�h�q�_�d�� �d�h�l�h�j�u�_ �[�u�e�b �j�Z�a�[�b�l�u �g�Z �]�j�m�i�i�u �\�j�m�q�g�m�x��

�< �j�_�a�m�e�v�l�Z�l�_ �i�h�e�m�q�b�e�h�k�v ������ �]�j�m�i�i�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�o �j�Z�a�f�_�j�h�\ �i�j�_�^�k�l�Z�\�e�_�g�h

�g�Z �j�b�k����������

�J�b�k�m�g�h�d ������ �² �>�_�f�h�g�k�l�j�Z�p�b�y �j�Z�a�e�b�q�g�u�o �\�b�^�h�\ �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b �\ �d�h�g�l�_�d�k�l�_

�e�b�g�_�c�g�h�c �j�_�]�j�_�k�k�b�b��

�B�a �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q�b �m �g�Z�k �_�k�l�vN �d�Z�j�l�h�q�_�d �l�h�\�Z�j�h�\�� �^�e�y �d�h�l�h�j�u�o �k�m�s�_��

�k�l�\�m�_�lC = { c1, c2, á á á,cn} �± �b�k�l�b�g�g�h�_ �j�Z�a�[�b�_�g�b�_ �g�Z �]�j�m�i�i�u �b�^�_�g�l�b�q�g�u�o �l�h�\�Z�j�h�\��

�I�m�k�l�v �f�u �g�Z�r�e�b �g�_�d�h�l�h�j�h�_ �k�\�h�_ �j�Z�a�[�b�_�g�b�_K = { k1, k2, á á á,km} �� �L�h�]�^�Z �f�h�`�g�h

�k�h�k�l�Z�\�b�l�v �f�Z�l�j�b�p�mA�� �w�e�_�f�_�g�l�u{ aci kj } �d�h�l�h�j�h�c �± �w�l�h �d�h�e�b�q�_�k�l�\�h �d�Z�j�l�h�q�_�d �l�h�\�Z�j�h�\

�b�a �b�k�l�b�g�g�h�c �]�j�m�i�i�uci �b �h�i�j�_�^�_�e�_�g�g�u�_ �g�Z�f�b �\ �]�j�m�i�i�mkj �� �>�Z�g�g�Z�y �f�Z�l�j�b�p�Z �b�k�i�h�e�v��

�a�m�_�l�k�y �^�e�y �\�u�q�b�k�e�_�g�b�y �j�Z�a�e�b�q�g�u�o �q�b�k�e�_�g�g�u�o �h�p�_�g�h�d �d�Z�q�_�k�l�\�Z �i�h�^�o�h�^�h�\��

�± ���� �H�^�g�h�j�h�^�g�h�k�l�v �>���@ �± �k�o�h�`�_�k�l�v �h�[�t�_�d�l�h�\ �\�g�m�l�j�b �]�j�m�i�i�u��

h =

,
1, �_�k�e�bH (C, K ) = 0 ,

1 ! H (C|K )
H (C) �b�g�Z�q�_,



������

�]�^�_

H (C|K ) = !
m!

j =1

n!

i =1

aci kj

N
�O�R�J

aci kj

n+

i =1
aci kj

,

H (C) = !
n!

i =1

m+

j =1
aci kj

n
�O�R�J

m+

j =1
aci kj

n
.

�± ���� �I�h�e�g�h�l�Z �>���@ �± �^�h�e�y �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\�� �h�[�t�_�^�b�g�_�g�g�u�o �\ �h�^�g�m �]�j�m�i�i�m��

c =

,
1, �_�k�e�bH (K, C ) = 0 ,

1 ! H (K |C)
H (K ) �b�g�Z�q�_,

�]�^�_

H (K |C) = !
n!

i =1

m!

j =1

aci kj

N
�O�R�J

aci kj

m+

j =1
aci kj

,

H (K ) = !
m!

j =1

n+

i =1
aci kj

n
�O�R�J

n+

i =1
aci kj

n
.

�± ����V ���f�_�j�Z �>���@ �± �]�Z�j�f�h�g�b�q�_�k�d�h�_ �k�j�_�^�g�_�_ �f�_�`�^�m �h�^�g�h�j�h�^�g�h�k�l�v�x �b �i�h�e�g�h�l�h�c��

V$ =
(1 + +) h c

+ h + c
,

�]�^�_+ �± �i�Z�j�Z�f�_�l�j�� �_�k�e�b+ �[�h�e�v�r�_ ���� �i�h�e�g�h�l�Z �b�f�_�_�l �[�h�e�v�r�b�c �\�_�k �\ �j�Z�k�q�_�l�Z�o�� �_�k�e�b

+ �f�_�g�v�r�_ ���� �[�h�e�v�r�b�c �\�_�k �b�f�_�_�l �h�^�g�h�j�h�^�g�h�k�l�v��

�<�l�h�j�h�c �d�e�Z�k�k �f�_�l�h�^�h�\ �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �d�e�Z�k�l�_�j�b�a�Z�p�b�b �h�k�g�h�\�Z�g �g�Z �d�h�f�[�b�g�Z��

�l�h�j�g�h�f �i�h�^�o�h�^�_�� �d�h�l�h�j�u�c �b�k�k�e�_�^�m�_�l �d�h�e�b�q�_�k�l�\�h �i�Z�j �h�[�t�_�d�l�h�\�� �k�]�j�m�i�i�b�j�h�\�Z�g�g�u�o

�h�^�b�g�Z�d�h�\�h �\ �b�k�l�b�g�g�h�f �b �g�Z�c�^�_�g�g�h�f �\ �d�Z�q�_�k�l�\�_ �j�_�r�_�g�b�y �a�Z�^�Z�q�b �j�Z�a�[�b�_�g�b�y�o�� �>�j�m��

�]�b�f�b �k�e�h�\�Z�f�b�� �d�Z�`�^�Z�y �i�Z�j�Z �h�[�t�_�d�l�h�\ �f�h�`�_�l �[�u�l�v �e�b�[�h ���� �k�]�j�m�i�i�b�j�h�\�Z�g�Z �\�f�_�k�l�_ �\

�h�[�h�b�o �j�Z�a�[�b�_�g�b�y�o ��N11���� ���� �k�]�j�m�i�i�b�j�h�\�Z�g�Z �h�l�^�_�e�v�g�h �\ �h�[�h�b�o �j�Z�a�[�b�_�g�b�y�o ��N00���� ����

�k�]�j�m�i�i�b�j�h�\�Z�g�Z �\�f�_�k�l�_ �\ �g�Z�c�^�_�g�g�h�f�� �g�h �g�_ �\ �b�k�l�b�g�g�h�f �j�Z�a�[�b�_�g�b�b ��N01���� ���� �k�]�j�m�i��

�i�b�j�h�\�Z�g�u �\�f�_�k�l�_ �\ �b�k�l�b�g�g�h�f�� �g�h �g�_ �\ �g�Z�c�^�_�g�g�h�f �j�Z�a�[�b�_�g�b�b ��N10���� �G�Z �h�k�g�h�\�_ �w�l�b�o

�q�_�l�u�j�_�o �a�g�Z�q�_�g�b�c �f�h�`�g�h �j�Z�k�k�q�b�l�Z�l�v �k�e�_�^�m�x�s�b�_ �f�_�j�u �d�Z�q�_�k�l�\�Z��



������

�± ���� �H�p�_�g�d�Z �N�Z�m�e�d�k�Z���F�w�e�e�h�m�a�Z �>�����@ �± �]�_�h�f�_�l�j�b�q�_�k�d�h�_ �k�j�_�^�g�_�_ �f�_�`�^�m �h�^�g�h�j�h�^��

�g�h�k�l�v�x �b �i�h�e�g�h�l�h�c ���\ �d�h�f�[�b�g�Z�l�h�j�g�h�f �k�f�u�k�e�_����

FM score =

-
N11

N11 + N01
á

N11

N11 + N10
=

N11.
(N11 + N01) á(N11 + N10)

�± ���� �B�g�^�_�d�k �J�w�g�^�Z �k �i�h�i�j�Z�\�d�h�c �g�Z �k�e�m�q�Z�c�g�h�k�l�v �>������ �����@ �± �i�j�b �j�Z�k�k�f�h�l�j�_�g�b�b

�\�k�_�o �i�Z�j �h�[�t�_�d�l�h�\ �± �w�l�h �k�m�f�f�Z �^�\�m�o �^�h�e�_�c�� ���� �^�h�e�y �i�Z�j�� �i�h�i�Z�\�r�b�o �\ �h�^�g�m �]�j�m�i�i�m

�i�j�b �m�k�e�h�\�b�b�� �q�l�h �h�g�b �b �^�h�e�`�g�u �[�u�e�b �i�h�i�Z�k�l�v �\ �h�^�g�m �]�j�m�i�i�m �\ �k�b�e�m �b�^�_�g�l�b�q�g�h��

�k�l�b�� ���� �^�h�e�y �i�Z�j�� �g�_ �i�h�i�Z�\�r�b�o �\ �h�^�g�m �]�j�m�i�i�m �i�j�b �m�k�e�h�\�b�b�� �q�l�h �h�g�b �b �g�_ �^�h�e�`�g�u

�[�u�e�b �i�h�i�Z�k�l�v �\ �h�^�g�m �]�j�m�i�i�m�� �I�h�i�j�Z�\�d�Z �g�Z �k�e�m�q�Z�c�g�h�k�l�v �i�h�a�\�h�e�y�_�l �g�b�\�_�e�b�j�h�\�Z�l�v

�w�n�n�_�d�l �h�l �\�u�k�h�d�h�c �\�_�j�h�y�l�g�h�k�l�b �i�h�e�m�q�b�l�v �[�h�e�v�r�h�_ �q�b�k�e�h �i�Z�j �\�l�h�j�h�]�h �l�b�i�Z �^�Z�`�_

�i�j�b �k�e�m�q�Z�c�g�h�f �j�Z�a�[�b�_�g�b�b��

ARI =

n+

i =1

m+

j =1

/ aci k j
2

0
!

'
n+

i =1

/ x i
2

0 m+

j =1

/ yj
2

0
(

/
/ n

2

0

1
2

'
n+

i =1

/ x i
2

0
+

m+

j =1

/ yj
2

0
(

!

'
n+

i =1

/ x i
2

0 m+

j =1

/ yj
2

0
(

/
/ n

2

0
,

�]�^�_

x i =
m!

j =1

aci kj ,

yj =
n!

i =1

aci kj .

������ �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u

�< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�_�g�b�y �j�Z�[�h�l�u �k�e�_�^�m�x�s�b�o �Z�e��

�]�h�j�b�l�f�h�\��

�± �l�j�Z�g�a�b�l�b�\�g�h�_ �a�Z�f�u�d�Z�g�b�_ �k�\�y�a�g�u�o �d�h�f�i�h�g�_�g�l��

�± �/�3�$ �b �_�]�h �f�h�^�b�n�b�d�Z�p�b�y�� �i�j�_�^�e�h�`�_�g�g�Z�y �Z�\�l�h�j�h�f �^�Z�g�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y��

�± �/�R�X�Y�D�L�Q��

�± �'�,�$�1�$ �>�����@�� �g�_ �y�\�e�y�x�s�b�c�k�y �]�j�Z�n�h�\�u�f �f�_�l�h�^�h�f �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �g�h �j�Z�k��

�k�f�h�l�j�_�g�g�u�c �^�e�y �i�h�e�g�h�l�u �d�Z�j�l�b�g�u��

�D�Z�d �m�`�_ �[�u�e�h �h�l�f�_�q�_�g�h �\�u�r�_�� �Z�e�]�h�j�b�l�f �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �f�_�l�h�d �j�Z�[�h�l�Z�_�l �g�_ �k

�g�_�i�j�_�j�u�\�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b ���j�Z�k�k�l�h�y�g�b�y�f�b���� �Z �k �[�b�g�Z�j�g�u�f�b ���_�k�l�v �k�\�y�a�v ��



������

�g�_�l �k�\�y�a�b���� �I�h�k�e�_�^�g�b�_ �`�_ �i�h�e�m�q�Z�x�l�k�y �b�a �i�_�j�\�u�o �i�m�l�_�f �k�j�Z�\�g�_�g�b�y �j�Z�k�k�l�h�y�g�b�y �k

�g�_�d�h�l�h�j�u�f �i�h�j�h�]�h�\�u�f �a�g�Z�q�_�g�b�_�f�� �<�u�[�h�j �i�h�j�h�]�h�\�h�]�h �a�g�Z�q�_�g�b�y �i�h�a�\�h�e�y�_�l �j�_�]�m��

�e�b�j�h�\�Z�l�v �k�h�h�l�g�h�r�_�g�b�_ �q�b�k�e�Z �h�^�g�b�o �b �^�j�m�]�b�o�� �h�l�^�Z�\�Z�y �i�j�b�h�j�b�l�_�l �e�b�[�h �i�h�e�g�h�l�_

�j�_�r�_�g�b�y�� �e�b�[�h �l�h�q�g�h�k�l�b�� �< �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �a�Z�^�Z�q�_ �b�k�o�h�^�g�h �^�h�k�l�m�i�g�h �g�_�k�d�h�e�v�d�h

�]�j�Z�n�h�\�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �j�Z�a�g�u�f �a�g�Z�q�_�g�b�y�f �l�h�q�g�h�k�l�b �j�_�r�_�g�b�y ������ �b ����������

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_�� �D�Z�d �m�`�_ �[�u�e�h �k�d�Z�a�Z�g�h

�\�u�r�_�� �\�k�_ �j�Z�k�k�f�h�l�j�_�g�g�u�_ �f�_�l�h�^�u �\ �d�Z�q�_�k�l�\�_ �b�k�o�h�^�g�u�o �^�Z�g�g�u�o �b�k�i�h�e�v�a�m�x�l �]�j�Z�n��

�?�k�e�b �l�j�Z�g�a�b�l�b�\�g�u�c �i�h�^�o�h�^ �b �/�3�$ �f�h�]�m�l �j�Z�[�h�l�Z�l�v �b �k �j�Z�a�j�_�`�_�g�g�u�f �]�j�Z�n�h�f�� �l�h

�'�,�$�1�$ �l�j�_�[�m�_�l �g�Z�e�b�q�b�y �k�\�y�a�_�c �d�Z�`�^�h�]�h �h�[�t�_�d�l�Z �k �d�Z�`�^�u�f�� �I�h�w�l�h�f�m �^�e�y �j�Z�a�g�u�o

�f�_�l�h�^�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �j�Z�a�g�u�_ �b�k�o�h�^�g�u�_ �]�j�Z�n�u�� �<�k�_�]�h �l�Z�d�b�o �]�j�Z�n�h�\ �[�u�e�h �l�j�b��

���� �=�j�Z�n �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\ �k �l�h�q�g�h�k�l�v�x ������ �± �w�l�h �]�j�Z�n�� �i�h�e�m�q�_�g�g�u�c

�d�e�Z�k�k�b�q�_�k�d�b�f �f�_�l�h�^�h�f �\ �^�\�Z �w�l�Z�i�Z�� �h�l�[�h�j �d�Z�g�^�b�^�Z�l�h�\�� �g�Z �d�h�l�h�j�h�f �f�h�`�g�h

�i�h�l�_�j�y�l�v �i�Z�j�m �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\ �\ �k�b�e�m �g�_ �b�^�_�Z�e�v�g�h�k�l�b �w�\�j�b�k�l�b�d�b�� �b

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �b�a�f�_�j�_�g�b�_ �j�Z�k�k�l�h�y�g�b�c �^�e�y �h�l�h�[�j�Z�g�g�u�o �i�Z�j���d�Z�g�^�b�^�Z�l�h�\

�k �i�h�k�e�_�^�m�x�s�b�f �k�j�Z�\�g�_�g�b�_�f �k �i�h�j�h�]�h�\�u�f �a�g�Z�q�_�g�b�_�f�� �I�h�j�h�]�h�\�h�_ �a�g�Z�q�_��

�g�b�_ �i�h�^�h�[�j�Z�g�h �l�Z�d�b�f �h�[�j�Z�a�h�f�� �q�l�h�[�u �^�h�e�y �h�r�b�[�h�d �k�h�k�l�Z�\�e�y�e�Z ������ �W�l�h�l

�]�j�Z�n �b�k�i�h�e�v�a�h�\�Z�e�k�y �d�Z�d �b�k�o�h�^�g�u�_ �^�Z�g�g�u�_ �^�e�y �l�j�Z�g�a�b�l�b�\�g�h�]�h �f�_�l�h�^�Z�� �Z

�l�Z�d�`�_ �^�e�y �/�3�$ ���������� �b �/�R�X�Y�D�L�Q ������������

���� �=�j�Z�n �b�^�_�g�l�b�q�g�u�o �h�[�t�_�d�l�h�\ �k �l�h�q�g�h�k�l�v�x ������ �± �Z�g�Z�e�h�]�b�q�g�h �i�_�j�\�h�f�m �]�j�Z��

�n�m�� �l�h�e�v�d�h �^�h�e�y �h�r�b�[�h�d �a�^�_�k�v �k�h�k�l�Z�\�e�y�_�l �������� �< �w�l�h�f �]�j�Z�n�_ �[�h�e�v�r�_ �j�_��

�[�_�j�� �[�e�Z�]�h�^�Z�j�y �q�_�f�m �\�h�a�f�h�`�g�Z�y �i�h�e�g�h�l�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b �i�h�b�k�d�Z �b�^�_�g�l�b�q��

�g�u�o �l�h�\�Z�j�h�\ �m �g�_�]�h �\�u�r�_�� �Z �h�^�g�h�j�h�^�g�h�k�l�v �g�b�`�_�� �>�Z�g�g�u�c �]�j�Z�n �b�k�i�h�e�v�a�h��

�\�Z�e�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�_ �/�3�$ ���������� �b �/�R�X�Y�D�L�Q ������������

���� �I�h�e�g�u�c �]�j�Z�n�� �d�Z�`�^�h�f�m �j�_�[�j�m �d�h�l�h�j�h�]�h �k�h�h�l�\�_�l�k�l�\�m�_�l �a�g�Z�q�_�g�b�_ �n�m�g�d�p�b�b

�[�e�b�a�h�k�l�b �f�_�`�^�m �i�Z�j�h�c �l�h�\�Z�j�h�\�� �W�l�h�l �]�j�Z�n �[�u�e �g�_�h�[�o�h�^�b�f �^�e�y �w�d�k�i�_�j�b��

�f�_�g�l�h�\ �k �f�_�l�h�^�h�f �'�,�$�1�$��

�/�3�$ ���������� �j�Z�[�h�l�Z�_�l �k �l�h�q�d�b �a�j�_�g�b�y �h�^�g�h�j�h�^�g�h�k�l�b �h�`�b�^�Z�_�f�h �o�m�`�_�� �q�_�f �/�3�$

������������ �l�Z�d �d�Z�d �j�Z�a�g�b�p�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �j�Z�a�g�h�f �d�h�e�b�q�_�k�l�\�_ �j�z�[�_�j �f�_�`�^�m �]�j�m�i�i�Z�f�b

�j�Z�a�e�b�q�Z�x�s�b�o�k�y �l�h�\�Z�j�h�\�� �k�e�b�r�d�h�f �[�h�e�v�r�Z�y �^�h�e�y �l�Z�d�b�o �j�z�[�_�j �i�j�b�\�h�^�b�l �d �i�h�e�m�q�_��

�g�b�x �j�Z�a�g�u�f�b �]�j�m�i�i�Z�f�b �l�h�\�Z�j�h�\ �h�^�b�g�Z�d�h�\�h�c �f�_�l�d�b�� �q�l�h �g�Z�j�m�r�Z�_�l �h�^�g�h�j�h�^�g�h�k�l�v��

�o�h�l�y �\ �l�h �`�_ �\�j�_�f�y �i�h�\�u�r�Z�_�l �i�h�e�g�h�l�m�� �����V�W�D�J�H �/�3�$ �[�_�j�z�l �e�m�q�r�_�_ �h�l �h�[�h�b�o�� �h�[�_�k��

�i�_�q�b�\�Z�y �[�h�e�_�_ �\�u�k�h�d�m�x �i�h�e�g�h�l�m �i�j�b �g�_�a�g�Z�q�b�l�_�e�v�g�u�o �i�h�l�_�j�y�o �\ �h�^�g�h�j�h�^�g�h�k�l�b��

�'�L�D�Q�D�� �[�e�Z�]�h�^�Z�j�y �^�b�\�b�a�b�\�g�h�c �i�j�b�j�h�^�_ �^�Z�z�l �j�_�r�_�g�b�_ �k �g�Z�b�\�u�k�r�_�c �h�^�g�h�j�h�^�g�h��

�k�l�v�x�� �h�^�g�Z�d�h �i�h�e�g�h�l�Z �i�j�h�b�]�j�u�\�Z�_�l �f�_�l�h�^�m �/�3�$�� �>�e�y �m�^�h�[�g�h�]�h �k�j�Z�\�g�_�g�b�y �f�_�l�h�^�h�\



������

�L�Z�[�e�b�p�Z �� �² �J�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�_�g�b�y �f�_�l�h�^�h�\ �h�[�t�_�^�b�g�_�g�b�y �h�[�t�_�d�l�h�\ �\ �]�j�m�i�i�u

�F�_�l�h�^ �H�^�g�h�j�h�^�g�h�k�l�v�I�h�e�g�h�l�ZV ���f�_�j�Z
�H�p�_�g�d�Z
�N�Z�m�e�d�k�Z��
�F�w�e�e�h�m�a�Z

�B�g�^�_�d�k �J�w�g�^�Z �k
�i�h�i�j�Z�\�d�h�c �g�Z
�k�e�m�q�Z�c�g�h�k�l�v

�L�j�Z�g�a�b�l�b�\�g�u�c
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�Z�[�k�h�e�x�l�g�h�f�m �a�g�Z�q�_�g�b�x �y�\�e�y�_�l�k�y �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�c �h�r�b�[�d�h�c��
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