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Abstract

Aspect-based sentiment analysis (ABSA) extracts sentiments concerning a given aspect
in a sentence. Models perform less well in the ABSA task on free-text in health care and well-
being. Recent studies showed that higher performances are achievable by integrating syntactic
dependencies into representation learning. This research investigates the benefits of syntactic
relations on graph convolution (GCN) and relational graph attention (RGAT) networks for pa-
tient experience survey data collected from three hospitals. We compared our implementations
against state-of-the-art and classical models. In addition, we explore the transferability of the
method using cross-hospital analysis.
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�B�M�b�m�{�+�B�2�M�+�v �Q�7 ���M�M�Q�i���i�2�/ �/���i���X �h�?�2�v �T�2�`�7�Q�`�K �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �m�b�B�M�; �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M
�Q�M �M�@�;�`���K �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �Q�7 �7�`�2�2�@�i�2�t�i �`�2�b�T�Q�M�b�2�b�X �h�?�2�v �/�B�b�+�m�b�b �i�`���M�b�7�2�` �H�2���`�M�B�M�; �7�`�Q�K �b�B�K�B�H���`
�/�Q�K���B�M�b �i�Q �B�K�T�`�Q�p�2 �T�2�`�7�Q�`�K���M�+�2 �B�M �i�?�2 �?�2���H�i�?�+���`�2 �/�Q�K���B�M�X

�A�M �Q�`�/�2�` �i�Q �2�M�?���M�+�2 �i�?�2 ���b�T�2�+�i�@�#���b�2�/ �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M �T�2�`�7�Q�`�K���M�+�2�- �`�2�b�2���`�+�?�2�`�b
�2�t�T�2�`�B�K�2�M�i�2�/ �r�B�i�? �#�Q�i�? �/���i���@�+�2�M�i�`�B�+ ���M�/ �K�Q�/�2�H�@�+�2�M�i�`�B�+ ���T�T�`�Q���+�?�2�b�X �_�m�/�2�`�2�i ���H�X�(�k�9�) �T�`�Q�T�Q�b�2
�� �?�B�2�`���`�+�?�B�+���H �#�B�/�B�`�2�+�i�B�Q�M���H �G�a�h�J �K�Q�/�2�H �7�Q�` �� �`�2�b�i���m�`���M�i �`�2�p�B�2�r �/���i���b�2�i�X �q���M�;�2�i ���H�X�(�k�3�)
�B�M�i�2�;�`���i�2 ���M ���i�i�2�M�i�B�Q�M �K�2�+�?���M�B�b�K �B�M�i�Q �i�?�2 �G�a�h�J �K�Q�/�2�H�- �r�?�B�+�? �7�Q�+�m�b�2�b �Q�M �T���`�i�B�+�m�H���` �T���`�i�b �B�M
�� �b�2�M�i�2�M�+�2 �i�Q �T�`�Q�p�B�/�2 �K�Q�`�2 �;�`���M�m�H���` �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�X �"���Q�2�i ���H�X�(�9�) �+�Q�K�#�B�M�2 ���i�i�2�M�i�B�Q�M�@�#���b�2�/
�G�a�h�J �r�B�i�? �H�2�t�B�+�Q�M �7�2���i�m�`�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K �p���`�B�Q�m�b �b�Q�m�`�+�2�b�X

�a�m�M�2�i ���H�X�(�k�e�) ���i�i�2�K�T�i �i�Q �+�Q�M�p�2�`�i �i�?�2 ���"�a�� �i���b�F �B�M�i�Q �[�m�2�b�i�B�Q�M ���M�b�r�2�`�B�M�; �U�Z���V ���M�/
�M���i�m�`���H �H���M�;�m���;�2 �B�M�7�2�`�2�M�+�2 �U�L�G�A�V �i���b�F�b �#�v �B�M�i�`�Q�/�m�+�B�M�; ���M ���m�t�B�H�B���`�v �b�2�M�i�2�M�+�2�X �h�?�2�v �B�M�+�Q�`�T�Q�`���i�2
�i�?�2 �"�1�_�h �K�Q�/�2�H �B�M �i�?�2�B�` ���T�T�`�Q���+�?�X �s�m�2�i ���H�X�(�k�N�) �B�M�i�`�Q�/�m�+�2 �� �M�2�r �i���b�F �+���H�H�2�/ �`�2�p�B�2�r �`�2���/�B�M�;
�+�Q�K�T�`�2�?�2�M�b�B�Q�M �U�_�_�*�V�- ���M�/ �i�?�2�v ���T�T�`�Q���+�? ���"�a�� ���b �� �p�2�`�b�B�Q�M �Q�7 �i�?�2 �_�_�* �i���b�F�X �h�?�2�v �b�?�Q�r
�i�?���i �T�Q�b�i�@�i�`���B�M�B�M�; �Q�M �}�M�2�@�i�m�M�2�/ �"�1�_�h �K�Q�/�2�H �B�K�T�`�Q�p�2�b �T�2�`�7�Q�`�K���M�+�2�X �>�Q���M�;�2�i ���H�X�(�R�3�) �m�b�2 �i�?�2
�"�1�_�h �K�Q�/�2�H ���b �� �+�Q�M�i�2�t�i�m���H �2�M�+�Q�/�2�` ���M�/ �B�K�T�`�Q�p�2 �B�i�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �r�B�i�? ���/�/�B�i�B�Q�M���H �i�2�t�i ���b
�B�M �i�?�2 �T���T�2�` �#�v �s�m�2�i ���H�X�(�k�N�)�X

�.�2 �*�H�2�`�+�[�2�i ���H�X�(�3�) �T�`�2�b�2�M�i�2�/ ���M ���"�a�� �T�B�T�2�H�B�M�2 �7�Q�` �.�m�i�+�? �`�2�b�i���m�`���M�i ���M�/ �b�K���`�i�T�?�Q�M�2
�`�2�p�B�2�r�b�X �h�?�2�v �T�2�`�+�2�B�p�2�/ ���"�a�� ���b �i�?�`�2�2 �b�m�#�i���b�F�b�, ���b�T�2�+�i �i�2�`�K �2�t�i�`���+�i�B�Q�M�- ���b�T�2�+�i �+���i�2�;�Q�`�v
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�+�H���b�b�B�}�+���i�B�Q�M�- ���M�/ ���b�T�2�+�i �T�Q�H���`�B�i�v �+�H���b�b�B�}�+���i�B�Q�M�X �h�?�2�B�` �T�B�T�2�H�B�M�2 �m�i�B�H�B�x�2�/ ���M �a�o�J �+�H���b�b�B�}�2�` �7�Q�`
�i�?�2 �i�?�B�`�/ �b�m�#�i���b�F ���M�/ ���+�?�B�2�p�2�/ �3�R�X�k�j ���+�+�m�`���+�v�X �A�M �i�?�2�B�` �b�2�+�Q�M�/ �T���T�2�` �(�N�)�- �i�?�2�v �2�p���H�m���i�2�/ �i�?�2�B�`
�T�B�T�2�H�B�M�2 �B�M �i�?�2 �#���M�F�B�M�;�- �`�2�i���B�H�- ���M�/ �?�m�K���M �`�2�b�Q�m�`�+�2�b �/�Q�K���B�M�b ���M�/ ���+�?�B�2�p�2�/ �3�e�X�3�- �3�3�X�N�- ���M�/
�3�e�X�d �b�m�+�+�2�b�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�_�2�+�2�M�i�H�v�- �B�M�i�2�;�`���i�B�M�; �b�v�M�i���+�i�B�+ �B�M�7�Q�`�K���i�B�Q�M �;�Q�i ���i�i�2�M�i�B�Q�M �B�M �2�M�?���M�+�B�M�; �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�@
�B�M�;�X �a�m�M�2�i ���H�X�(�k�d�) �T�`�Q�T�Q�b�2 �� �;�`���T�? �+�Q�M�p�Q�H�m�i�B�Q�M �M�2�i�r�Q�`�F �U�:�*�L�V �+�Q�K�#�B�M�2�/ �r�B�i�? �"�B�G�a�h�J�X
�"�B�G�a�h�J �H�2���`�M�b �i�?�2 �/�2�T�2�M�/�2�M�+�v �i�`�2�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�- ���M�/ �:�*�L �T�2�`�7�Q�`�K�b �+�Q�M�p�Q�H�m�i�B�Q�M�b �Q�p�2�` �i�?�2
�M�Q�/�2�b �Q�7 �"�B�G�a�h�J �Q�m�i�T�m�i�X �h�?�2�v ���T�T�H�v ���p�2�`���;�2 �T�Q�Q�H�B�M�; �Q�T�2�`���i�B�Q�M �i�Q ���;�;�`�2�;���i�2 �}�M���H �2�K�#�2�/�/�B�M�;�b
�B�M�i�Q �� �/�2�M�b�2 �p�2�+�i�Q�` �7�Q�` �i�?�2 �+�H���b�b�B�}�+���i�B�Q�M �H���v�2�`�X �a�B�K�B�H���`�H�v�- �w�?���M�;�2�i ���H�X�(�j�y�) �m�b�2�/ �"�B�G�a�h�J ���M�/
�:�*�L �B�M �+�Q�K�#�B�M���i�B�Q�M�X �h�?�2�v �m�b�2�/ �"�B�G�a�h�J �i�Q �+���T�i�m�`�2 �+�Q�M�i�2�t�i�m���H �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �2�K�#�2�/�/�B�M�;�b�X
�h�?�2�v �7�2�2�/ �:�*�L �r�B�i�? �"�B�G�a�h�J �?�B�/�/�2�M �H���v�2�`�- ���M�/ ���7�i�2�` ���T�T�H�v�B�M�; �+�Q�M�p�Q�H�m�i�B�Q�M �Q�p�2�` �i�?�2 �/�2�T�2�M�/�2�M�+�v
�;�`���T�?�- �i�?�2�v �b�2�H�2�+�i ���b�T�2�+�i�@�b�T�2�+�B�}�+ �7�2���i�m�`�2�b �r�B�i�? �� �K���b�F�B�M�; �H���v�2�`�X ���b�T�2�+�i�@�b�T�2�+�B�}�+ �B�M�7�Q�`�K���i�B�Q�M
�B�b �7�2�/ �i�Q �G�a�h�J �#���+�F �i�Q �2�M�?���M�+�2 ���b�T�2�+�i�@�b�T�2�+�B�}�+ �+�Q�M�i�2�t�i�m���H �B�M�7�Q�`�K���i�B�Q�M ���M�/ �T�`�Q�/�m�+�2 �i�?�2 �}�M���H
�`�2�T�`�2�b�2�M�i���i�B�Q�M �7�Q�` �T�Q�H���`�B�i�v �+�H���b�b�B�}�+���i�B�Q�M�X

�h�?�2 �/�2�T�2�M�/�2�M�+�v �B�M�7�Q�`�K���i�B�Q�M �+���M �#�2 �`�2�T�`�2�b�2�M�i�2�/ ���b �� �;�`���T�?�X �h�?�m�b�- �i�?�2 �`�2�b�2���`�+�?�2�`�b �B�K�T�H�2�@
�K�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F�b �i�Q �Q�T�2�`���i�2 �Q�M �;�`���T�? �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�X �>�m���M�;�2�i ���H�X�(�R�N�) �T�`�2�b�2�M�i �� �b�v�M�i���t�@
���r���`�2 �;�`���T�? ���i�i�2�M�i�B�Q�M �M�2�i�r�Q�`�F �U�h�.�@�:���h�V�X �:�`���T�? ���i�i�2�M�i�B�Q�M �M�2�i�r�Q�`�F �U�:���h�V �m�b�2�b �� �/�2�T�2�M�/�2�M�+�v
�i�`�2�2 ���b �� �;�`���T�? ���M�/ �m�T�/���i�2�b �i�?�2 �M�Q�/�2�b �r�B�i�? �K�m�H�i�B�@�?�2���/ ���i�i�2�M�i�B�Q�M �r�2�B�;�?�i�b�X �h�?�2�v �2�t�T�2�`�B�K�2�M�i
�r�B�i�? �+�Q�K�#�B�M�B�M�; �:���h �r�B�i�? �G�a�h�J ���M�/ �"�1�_�h �K�Q�/�2�H�b ���M�/ �+�Q�K�T���`�2 �i�?�2�K �r�B�i�? �G�a�h�J�- �*�L�L�-
���M�/ �a�o�J �K�Q�/�2�H�b�X

�‡�m�M�B�É�2�i ���H�X�(�j�R�) �B�K�T�H�2�K�2�M�i �� �:�`���T�?�a���:�1�@�:�*�L �K�Q�/�2�H�X �:�`���T�?�a���:�1�@�:�*�L �K�Q�/�2�H �B�b �/�2�p�2�H�@
�Q�T�2�/ �#�v �>���K�B�H�i�Q�M�2�i ���H�X�(�R�e�) �i�Q �H�2���`�M ���M �B�M�/�m�+�i�B�p�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �7�`�Q�K �;�`���T�?�b�X �>���K�B�H�i�Q�M�2�i ���H�X
�T�`�Q�T�Q�b�2 �p���`�B�Q�m�b ���;�;�`�2�;���i�Q�` �7�m�M�+�i�B�Q�M�b �i�Q �T�`�Q�T���;���i�2 �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �H�Q�+���H �M�2�B�;�?�#�Q�`�?�Q�Q�/�b �Q�7
�i�?�2 �M�Q�/�2�b�X �‡�m�M�B�É�2�i ���H�X�i���F�2 �i�?�2�B�` ���T�T�`�Q���+�? ���b �i�?�2�B�` �#���b�2 �K�Q�/�2�H�- ���T�T�H�v �� �b�m�K�K���i�B�Q�M ���;�;�`�2�;���@
�i�Q�`�- ���M�/ �2�p���H�m���i�2 �B�i �B�M �i�?�2 �K�2�/�B�+���H �/�Q�K���B�M�X �‡�m�M�B�É�ö�b �T���T�2�` �m�b�2�b �i�?�2 �/�`�m�; �`�2�p�B�2�r �/���i���b�2�i ���M�/
�K���F�2�b ���m�i�Q�K���i�B�+ ���M�M�Q�i���i�B�Q�M�b �7�Q�` �i�?�2 ���b�T�2�+�i�b�X ���H�H �i�?�2 ���b�T�2�+�i�b �+�Q�M�b�B�b�i �Q�7 �Q�M�H�v �Q�M�2 �r�Q�`�/�X �a�Q�-
�i�?�2�B�` ���T�T�`�Q���+�? �/�Q�2�b �M�Q�i �+�Q�M�b�B�/�2�` �K�m�H�i�B�@�r�Q�`�/ ���b�T�2�+�i�b�X �A�M �Q�m�` �`�2�b�2���`�+�?�- �r�2 �B�K�T�H�2�K�2�M�i �i�?�2 �K�Q�/�2�H
�7�`�Q�K �‡�m�M�B�É�2�i ���H�X�T���T�2�` �(�j�R�)�X �q�2 �+�?���M�;�2 �i�?�2 �K�Q�/�2�H �#�v �B�K�T�H�2�K�2�M�i�B�M�; ���p�2�`���;�2 �T�Q�Q�H�B�M�; �Q�p�2�`
���b�T�2�+�i �i�Q�F�2�M�b�X �h�?�B�b �K�Q�/�B�}�+���i�B�Q�M �K���F�2�b �Q�m�` �K�Q�/�2�H �K�Q�`�2 �~�2�t�B�#�H�2 ���M�/ �b�m�B�i���#�H�2 �7�Q�` �+�Q�M�b�2�+�m�i�B�p�2
���M�/ �M�Q�M�@�+�Q�M�b�2�+�m�i�B�p�2 �K�m�H�i�B�@�r�Q�`�/ ���b�T�2�+�i�b�X

���M�Q�i�?�2�` ���T�T�`�Q���+�? �r�2 �2�p���H�m���i�2 �B�M �i�?�B�b �`�2�b�2���`�+�? �`�2�;���`�/�B�M�; �b�v�M�i���+�i�B�+ �/�2�T�2�M�/�2�M�+�v �B�M�i�2�;�`���i�B�Q�M
�B�b �i�?�2 �`�2�H���i�B�Q�M���H �;�`���T�? ���i�i�2�M�i�B�Q�M �K�Q�/�2�H �U�_�:���h�V�X �"���B�2�i ���H�X�(�j�) �T�`�Q�T�Q�b�2 �� �`�2�H���i�B�Q�M ���r���`�2 �;�`���T�?
���i�i�2�M�i�B�Q�M �7�`���K�2�r�Q�`�F�X �h�?�2 �7�`���K�2�r�Q�`�F �+�Q�K�T�m�i�2�b �i�?�2 �}�M���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �7�`�Q�K �+�Q�M�i�2�t�i�m���H ���M�/
�b�v�M�i���+�i�B�+ �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�X �"�1�_�h �Q�` �� �"�B�G�a�h�J �K�Q�/�2�H �B�b �m�b�2�/ ���b �� �+�Q�M�i�2�t�i�m���H �2�M�+�Q�/�2�`�- ���M�/
�b�v�M�i���+�i�B�+ �`�2�T�`�2�b�2�M�i���i�B�Q�M �B�b �+���H�+�m�H���i�2�/ �i�?�`�Q�m�;�? �� �i�`���M�b�7�Q�`�K�2�` �K�Q�/�2�H�X �h�?�2 �i�`���M�b�7�Q�`�K�2�` �K�Q�/�2�H
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�r�B�i�? �H�2�M�;�i�?n�XA �/�2�M�Q�i�2�b �i�Q �i�?�2 �2�/�;�2�b ���b ���/�D���+�2�M�+�v �K���i�`�B�tA 2 Rn� n �XA ij = 1 �B�7 �i�?�2�`�2 �B�b ��
�/�2�T�2�M�/�2�M�+�v �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �r�Q�`�/wi ���M�/wj �- ���M�/A ij = 0 �Q�i�?�2�`�r�B�b�2�XR �B�b �� �H���#�2�H �K���i�`�B�t�-
�r�?�2�`�2R ij �2�[�m���H�b �i�Q �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �H���#�2�H �Q�7 �i�?�2 �`�2�H���i�B�Q�M �B�MA ij �- �B�7A ij = 1�- ���M�/ �B�7 �i�?�2�`�2 �B�b
�M�Q �`�2�H���i�B�Q�M �i�?�2�MR ij = None�X

�6�B�;�m�`�2 �9�X�d�,�_�:���h �J�Q�/�2�H �.�B���;� �̀��K �7� �̀Q�K �Q�`�B�;�B�M���H �T���T�2�` �(�j�)

�h�?�2 �K�Q�/�2�H �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �T���`�i�b�, �i�?�2 �*�Q�M�i�2�t�i�m���H �1�M�+�Q�/�2�`�- �_�2�H���i�B�Q�M���H �:�`���T�? ���i�i�2�M�i�B�Q�M
�U�_�:���h�V �1�M�+�Q�/�2�`�- ���M�/ �� �+�H���b�b�B�}�2�`�X �6�B�;�m�`�2�9�X�d�b�?�Q�r�b �i�?�2 �Q�p�2�`���H�H �7�`���K�2�r�Q�`�F �7�Q�` �i�?�B�b ���T�T�`�Q���+�?�X
�"���b�B�+���H�H�v�- �i�?�2 �_�:���h �1�M�+�Q�/�2�` �2�M�+�Q�/�2�b �i�?�2 �/�2�T�2�M�/�2�M�+�v �i�`�2�2 ���H�Q�M�; �r�B�i�? �i�?�2 �H���#�2�H �B�M�7�Q�`�K���i�B�Q�M�X
�h�?�2 �+�Q�M�i�2�t�i�m���H �2�M�+�Q�/�2�`�- �r�?�B�+�? �B�b �� �"�1�_�h �K�Q�/�2�H�- �2�M�+�Q�/�2�b �i�?�2 �b�2�M�i�2�M�+�2 �B�i�b�2�H�7�X �"�2�7�Q�`�2 �7�2�2�/�B�M�;
�i�?�2 �+�H���b�b�B�}�2�`�- �i�?�2 �K�Q�/�2�H �+�Q�K�#�B�M�2�b �i�?�2 �2�M�+�Q�/�B�M�;�b �m�b�B�M�; �� �7�2���i�m�`�2 �7�m�b�B�Q�M �Q�T�2�`���i�B�Q�M�- ���M�/ �i�?�2
�+�H���b�b�B�}�2�` �T�`�2�/�B�+�i�b �i�?�2 �b�2�M�i�B�K�2�M�i �T�Q�H���`�B�i�v �Q�7 �i�?�2 �b�2�M�i�2�M�+�2�X

�6�B�;�m�`�2 �9�X�3�,�J�B�t�B�M�; �P�T�2� �̀��i�B�Q�M �Q�7 ���i�i�2�M�i�B�Q�M�b

�6�Q�` �i�?�2 �+�Q�M�i�2�t�i�m���H �2�M�+�Q�/�2�`�- �q�2 �m�b�2�/ �i�?�2 �"�1�_�h�D�2 �K�Q�/�2�H �r�2 �}�M�2�@�i�m�M�2�/ �7�Q�` �i�?�2 �b�2�M�i�B�K�2�M�i
�+�H���b�b�B�}�+���i�B�Q�M �B�M �i�?�2 �T�`�2�p�B�Q�m�b �K�2�i�?�Q�/ �r�B�i�? �i�?�2 �b���K�2 �2�t�T�2�`�B�K�2�M�i �/���i���b�2�i�X �h�?���i �K�2���M�b �r�2 �}�M�2�@
�i�m�M�2�/ �i�?�2 �"�1�_�h�D�2 �K�Q�/�2�H �Q�M �i�?�2 �K���M�m���H�H�v ���M�M�Q�i���i�2�/ �/���i���b�2�i ���M�/ �i�?�2�M �m�b�2�/ �B�i ���b �� �+�Q�M�i�2�t�i�m���H
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�2�M�+�Q�/�2�` �B�M �_�:���h �i�`���B�M�B�M�; �7�Q�` �i�?�2 �K���M�m���H�H�v ���M�M�Q�i���i�2�/ �/���i���b�2�i �2�t�T�2�`�B�K�2�M�i�X �h�?�2 �+�Q�M�i�2�t�i�m���H
�2�M�+�Q�/�2�` �m�b�2�b �Q�M�H�v �i�?�2 �B�M�T�m�i �i�2�t�i �b�2�[�m�2�M�+�2 ���b �� �r�?�Q�H�2 �7�Q�` �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M�X �A�i �/�Q�2�b �M�Q�i
�K���F�2 �m�b�2 �Q�7 ���b�T�2�+�i ���M�M�Q�i���i�B�Q�M �Q�` ���M�v �2�t�T�H�B�+�B�i �B�M�7�Q�`�K���i�B�Q�M �`�2�;���`�/�B�M�; �i�?�2 �B�M�T�m�i �b�2�[�m�2�M�+�2�X �h�?�2
�_�:���h �2�M�+�Q�/�2�` �m�b�2�b �`�2�H���i�B�Q�M �H���#�2�H �2�K�#�2�/�/�B�M�;�b ���M�/ �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�+�v �i�`�2�2
�i�Q �+���H�+�m�H���i�2 �i�r�Q �b�2�T���`���i�2 ���i�i�2�M�i�B�Q�M�b�- �`�2�H���i�B�Q�M�@���r���`�2 ���i�i�2�M�i�B�Q�MeR

ij �- ���M�/ �M�Q�/�2�@���r���`�2 ���i�i�2�M�i�B�Q�M
eN

ij �X �h�?�2�MeR
ij ���M�/eN

ij ���`�2 �+�Q�K�#�B�M�2�/ ���M�/ �M�Q�`�K���H�B�x�2�/ �m�b�B�M�; �i�?�2 �7�Q�`�K�m�H���9�X�k�X �6�B�;�m�`�2�9�X�3�B�b �i�?�2
�B�H�H�m�b�i�`���i�B�Q�M �7�`�Q�K �i�?�2 �T���T�2�` �(�j�) �7�Q�` �K�B�t�B�M�; �Q�T�2�`���i�B�Q�M �Q�7 �M�Q�/�2�@���r���`�2 ���M�/ �`�2�H���i�B�Q�M�@���r���`�2 ���i�i�2�M�i�B�Q�M�b�X
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�h�?�2 �+�Q�K�#�B�M�2�/ ���i�i�2�M�i�B�Q�M �r�2�B�;�?�i�b ���`�2 �m�b�2�/ �i�Q ���;�;�`�2�;���i�2 �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �M�2�B�;�?�#�Q�` �M�Q�/�2�b
�U�r�Q�`�/�b�V �m�b�B�M�; �i�?�2 �7�Q�`�K�m�H���9�X�j�Xjj �`�2�T�`�2�b�2�M�i�b �p�2�+�i�Q�` �+�Q�M�+���i�2�M���i�B�Q�M�cZ �B�M�/�B�+���i�2�b �i�?�2 �M�m�K�#�2�` �Q�7
���i�i�2�M�i�B�Q�M �?�2���/�b�X� �B�b �i�?�2 �b�B�;�K�Q�B�/ �7�m�M�+�i�B�Q�M�X�̂ lz

ij �/�2�M�Q�i�2�b �i�?�2 �+�Q�K�#�B�M�2�/ ���i�i�2�M�i�B�Q�M �r�2�B�;�?�i�-W l
V r

�B�b �i�?�2 �T���`���K�2�i�2�` �K���i�`�B�t ���M�/ �}�M���H�H�vr ij �/�2�b�+�`�B�#�2�b �i�?�2 �`�2�H���i�B�Q�M �p�2�+�i�Q�`�X
�S�Q�Q�H�B�M�; �Q�T�2�`���i�B�Q�M�b �b�?�Q�r�M �B�M �}�;�m�`�2�9�X�d���`�2 ���p�2�`���;�2 �T�Q�Q�H�B�M�; �7�m�M�+�i�B�Q�M�b�X �h�?�2 �Q�m�i�T�m�i �Q�7 �i�?�2

�T�Q�Q�H�B�M�; �Q�T�2�`���i�B�Q�M�b �B�b �b�i���i�2�/ ���b �_�:���h �2�M�+�Q�/�B�M�; �Uhs�V ���M�/ �"�1�_�h �2�M�+�Q�/�B�M�; �Uhc�V�X �_�:���h ���M�/
�"�1�_�h �2�M�+�Q�/�B�M�;�b ���`�2 �b�m�#�D�2�+�i �i�Q �7�2���i�m�`�2 �7�m�b�B�Q�M �Q�T�2�`���i�B�Q�M�X �6�2���i�m�`�2 �7�m�b�B�Q�M �B�b ���M �2�H�2�K�2�M�i�@�r�B�b�2
�T�`�Q�/�m�+�i �Q�T�2�`���i�B�Q�M �r�B�i�? �� �;���i�B�M�; �K�2�+�?���M�B�b�K�X �h�?�2 �;���i�B�M�; �K�2�+�?���M�B�b�Kg �+�Q�M�i�`�Q�H�b �i�?�2 �7�m�b�B�Q�M �`���i�2
���M�/ �B�b �+���H�+�m�H���i�2�/ �r�B�i�? �i�?�2 �7�Q�`�K�m�H���9�X�8�r�?�2�`�2 �ö;�ö �B�M�/�B�+���i�2�b �+�Q�M�+���i�2�M���i�B�Q�M �Q�7 �2�M�+�Q�/�B�M�;�b�-Wg ���M�/
bg ���`�2 �T���`���K�2�i�2�`�b�X �h�?�2 �2�[�m���i�B�Q�M�9�X�9�b�?�Q�r�b �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �7�m�i�m�`�2 �7�m�b�B�Q�M �`�2�T�`�2�b�2�M�i���i�B�Q�Mhf

�r�?�2�`�2� �`�2�T�`�2�b�2�M�i�b �2�H�2�K�2�M�i�@�r�B�b�2 �T�`�Q�/�m�+�i �Q�T�2�`���i�B�Q�M�X �h�?�2 �+�H���b�b�B�}�2�` �B�b �� �H�B�M�2���` �H���v�2�` �i�?���i �i���F�2�b
hf ���b �B�M�T�m�i ���M�/ �T�`�Q�p�B�/�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �M�2�;���i�B�p�2 ���M�/ �T�Q�b�B�i�B�p�2 �T�Q�H���`�B�i�B�2�b�X

hf = g � hs + (1 � g) � hc �U�9�X�9�V

g = � (Wg [hs; hc] + bg) �U�9�X�8�V
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�*�?���T�i�2�` �8

�_�2�b�m�H�i�b

�h�?�B�b �+�?���T�i�2�` �T�`�2�b�2�M�i�b �i�?�2 �`�2�b�m�H�i�b �7�`�Q�K �i�?�2 �K�Q�/�2�H�b�- �/�2�b�+�`�B�#�2�b �i�?�2 �2�t�T�2�`�B�K�2�M�i�b�- ���M�/ �b�?�Q�r�b
�i�?�2 �+�`�Q�b�b�@�?�Q�b�T�B�i���H ���M���H�v�b�B�b ���M�/ �2�`�`�Q�` ���M���H�v�b�B�b�X �q�2 �`�m�M �2�t�T�2�`�B�K�2�M�i�b �Q�M �i�r�Q �/���i���b�2�i�b�, �� �b�K���H�H
�/���i���b�2�i ���M�/ �� �H���`�;�2 �/���i���b�2�i�X �h�?�2 �b�K���H�H �/���i���b�2�i �B�b ���M�M�Q�i���i�2�/ �r�B�i�? ���b�T�2�+�i�b �K���M�m���H�H�v�X �h�?�2 �H���`�;�2
�/���i���b�2�i �B�b ���M�M�Q�i���i�2�/ �r�B�i�? ���b�T�2�+�i�b �m�b�B�M�; �� �L�1�_ �K�Q�/�2�H �i�`���B�M�2�/ �Q�M �i�?�2 �b�K���H�H �/���i���b�2�i�X �1���+�? �2�t�@
�T�2�`�B�K�2�M�i �B�b �T�2�`�7�Q�`�K�2�/ �B�M �� �8�@�7�Q�H�/ �+�`�Q�b�b�@�p���H�B�/���i�B�Q�M �7���b�?�B�Q�M�X �q�2 �`�2�T�Q�`�i �i�?�2 ���p�2�`���;�2 �T�2�`�7�Q�`�K���M�+�2�b
�Q�7 �i�?�2 �#�2�b�i �K�Q�/�2�H�b �B�M �2�p�2�`�v �7�Q�H�/�X

�q�2 �2�t���K�B�M�2�/ �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �Q�7 �b�v�M�i���+�i�B�+ �/�2�T�2�M�/�2�M�+�v �B�M�7�Q�`�K���i�B�Q�M �i�Q �i�?�2 �T�Q�H���`�B�i�v �+�H���b�@
�b�B�}�+���i�B�Q�M �i���b�F �i�?�`�Q�m�;�? �Q�m�` �2�t�T�2�`�B�K�2�M�i�b�X �q�2 �+�Q�K�T���`�2�/ �:�`���T�?�a���:�1�@�:�*�L ���M�/ �_�:���h �K�Q�/�2�H�b
�r�B�i�? �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �"�1�_�h �p���`�B���i�B�Q�M�b ���M�/ �+�Q�M�p�2�M�i�B�Q�M���H �K�2�i�?�Q�/�b�X �A�M �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �+�Q�M�@
�i�`�B�#�m�i�B�Q�M �B�M�p�2�b�i�B�;���i�B�Q�M�- �r�2 �2�t���K�B�M�2�/ �i�?�2 �K�2�`�B�i�b �Q�7 �i�?�2 �b�v�M�i���+�i�B�+ �/�2�T�2�M�/�2�M�+�v �H���#�2�H �B�M ���/�/�B�i�B�Q�M
�i�Q �i�?�2 �;�`���T�? �Q�#�i���B�M�2�/ �Q�M�H�v �7�`�Q�K �i�?�2 �b�v�M�i���+�i�B�+ �/�2�T�2�M�/�2�M�+�v �`�2�H���i�B�Q�M�b�X

�6�Q�` �i�?�2 ���b�b�2�b�b�K�2�M�i �Q�7 �i�?�2 �i�2�b�i �b�2�i�- �r�2 �K�Q�M�B�i�Q�`�2�/ ���+�+�m�`���+�v ���M�/ �K���+�`�Q�@���p�2�`���;�2�/ �6�R �b�+�Q�`�2
�K�2�i�`�B�+�b�X �q�2 �`�2�T�Q�`�i�2�/ �i�`���B�M�B�M�; �H�Q�b�b ���M�/ �p���H�B�/���i�B�Q�M �H�Q�b�b ���H�Q�M�; �r�B�i�? �i�?�2 �p���H�B�/���i�B�Q�M ���+�+�m�`���+�v �K�2�i�`�B�+
�7�Q�` �i�`���B�M�B�M�; �2�p���H�m���i�B�Q�M�X �h�`���B�M�B�M�; ���M�/ �p���H�B�/���i�B�Q�M �H�Q�b�b�2�b ���`�2 �+���H�+�m�H���i�2�/ �m�b�B�M�; �i�?�2 �+�`�Q�b�b�@�2�M�i�`�Q�T�v
�H�Q�b�b �7�`�Q�K �i�?�2 �i�Q�`�+�? �H�B�#�`���`�v�X �a�B�M�+�2 �i�?�2 �a�o�J �K�Q�/�2�H �/�Q�2�b �M�Q�i �?���p�2 �� �7�m�M�+�i�B�Q�M �i�Q �T�`�Q�p�B�/�2 �T�`�Q�#���#�B�H�B�i�v
�/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �T�Q�H���`�B�i�B�2�b�- �r�2 �+�Q�m�H�/ �M�Q�i �+���H�+�m�H���i�2 �B�i�b �H�Q�b�b ���M�/ �F�2�T�i �B�i �#�H���M�F �B�M �i�?�2 �i���#�H�2�b�X �h�?�2
�T�2�`�7�Q�`�K���M�+�2�b ���`�2 �b�Q�`�i�2�/ �#���b�2�/ �Q�M ���+�+�m�`���+�v �K�2�i�`�B�+�b�X

�8�X�R �L���K�2�/ �1�M�i�B�i�v �_�2�+�Q�;�M�B�i�B�Q�M �_�2�b�m�H�i�b
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