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What is a Tree?
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What is a Tree?
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What is a (binary) Decision Tree?
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What is a (binary) Decision Tree? Example

The data is all donations to SPACs in excess of $200, by early 2012, from fec.gov

file:///Users/leopekelis/Desktop/13_datafest_cart/fec.gov
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The Structural Model

 are subregions of the input variable space, and  is a vector of input
variables.

�)�\�E�Q�T�P�I�W���� ������

 are the estimated values of the outcome (y) in region 

CART tries to minimize
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Some Important Facts about CART

1. The  regions are disjoint and rectangular

�K�M�Z�M�R�K���E���T�M�I�G�I�[ �M�W�I���G�S�R�W�X�E�R�X���E�T�T�V�S�\�M�Q�E�X�M�S�R���X�S���X�L�I���X�V�Y�I��

2. CART doesn’t find the “best” regions exactly

�Y�W�I�W���V�I�G�Y�V�W�M�Z�I���T�E�V�X�M�X�M�S�R�M�R�K�����S�V���E���K�V�I�I�H�]���W�X�I�T�[�M�W�I���H�I�W�G�I�R�X

3. Both simplifications are to simplify a combinatorally hard problem and make it
solvable in reasonable time.

�E�P�W�S���E�P�P�S�[�W���J�S�V���R�E�X�Y�V�E�P���V�I�T�V�I�W�I�R�X�E�X�M�S�R�W���S�J���V�I�K�M�S�R�W���E�W���E���F�M�R�E�V�]���H�I�G�M�W�M�S�R���X�V�I�I
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How do we run it?
�� �� �L�Q�V�W�D�O�O�� �W�K�H�� �S�D�F�N�D�J�H�� �W�R�� �5
�L�Q�V�W�D�O�O�� �S�D�F�N�D�J�H�V�� �� �U�S�D�U�W�� �� �� �U�H�S�R�V�� � �� �� �K�W�W�S�� �� �� �F�U�D�Q�� �X�V�� �U�� �S�U�R�M�H�F�W�� �R�U�J�� ��

�� �� ��
�� �� �� �7�K�H�� �G�R�Z�Q�O�R�D�G�H�G�� �E�L�Q�D�U�\ �� �S�D�F�N�D�J�H�V�� �D�U�H�� �L�Q
�� �� �� �� �� �Y�D�U�� �I �R�O�G�H�U�V�� �� �P�� �[ �] �U�� �I �N�W�M�� �� �V�J�O�� �� �\ �� �� �] �� �� �G�M�U�� �� �� �� �J�Q�� �7�� �� �5�W�P�S�3�8�O�: �+�P�� �G�R�Z�Q�O�R�D�G�H�G�B�S�D�F�N�D�J�H�V

�� �� �O�R�D�G�� �W�K�H�� �O�L�E�U�D�U�\
�O�L�E�U�D�U�\ �� �U�S�D�U�W��

�� �� �O�R�D�G�� �W�K�H�� �G�D�W�D�V�H�W
�O�R�D�G�� �� �V�S�D�F�� �5�G�D�W�D�� ��

�V�S�D�F�� �W�U�H�H�� � �� �U�S�D�U�W�� �' �R�Q�D�W�L�R�Q�� �a�� �� �� �� �G�D�W�D�� � �� �V�S�D�F�� �G�D�W�D�� �� �F�S�� � �� �� �� �A�� �� �� �� ��

�� �� �� �� �� �W�K�H�� �I �X�Q�F�W�L�R�Q�� �D�U�J�X�P�H�Q�W�V��

�� �� �� �� �� �I �R�U�P�X�O�D�� �� �R�I �� �W�K�H�� �I �R�U�P�� �� �R�X�W�F�R�P�H�� �a�� �S�U�H�G�L�F�W�R�U�V

�� �� �Q�R�W�H�� �� �R�X�W�F�R�P�H�� �a�� �� �� �L�V�� �
 �X�V�H�� �D�O�O�� �R�W�K�H�U�� �Y�D�U�L�D�E�O�H�V�� �L�Q�� �G�D�W�D�


�� �� �� �� �� �G�D�W�D�� �� �D�� �G�D�W�D�� �I �U�D�P�H�� �R�E�M�H�F�W�� �� �R�U�� �D�Q�\ �� �P�D�W�U�L�[ �� �Z�K�L�F�K�� �K�D�V�� �Y�D�U�L�D�E�O�H�V�� �D�V
�� �� �F�R�O�X�P�Q�V�� �D�Q�G�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �D�V�� �U�R�Z�V

�� �� �� �� �� �F�S�� �� �X�V�H�G�� �W�R�� �F�K�R�R�V�H�� �G�H�S�W�K�� �R�I �� �W�K�H�� �W�U�H�H�� �� �Z�H�
 �O�O�� �P�D�Q�X�D�O�O�\ �� �S�U�X�Q�H�� �W�K�H�� �W�U�H�H
�� �� �O�D�W�H�U�� �D�Q�G�� �K�H�Q�F�H�� �V�H�W�� �W�K�H�� �W�K�U�H�V�K�R�O�G�� �Y�H�U�\ �� �O�R�Z�� �� �P�R�U�H�� �R�Q�� �W�K�L�V�� �O�D�W�H�U��

�� �� �7�K�H�� �F�R�P�P�D�Q�G�V�� �� �S�U�L�Q�W�� �� �� �D�Q�G�� �V�X�P�P�D�U�\ �� �� �� �Z�L�O�O�� �E�H�� �X�V�H�I �X�O�� �W�R�� �O�R�R�N�� �D�W�� �W�K�H�� �W�U�H�H��
�� �� �%�X�W�� �I �L�U�V�W�� �� �O�H�W�V�� �V�H�H�� �K�R�Z�� �E�L�J�� �W�K�H�� �F�U�H�D�W�H�G�� �W�U�H�H�� �Z�D�V

�� �� �7�K�H�� �R�E�M�H�F�W�� �V�S�D�F�� �W�U�H�H�� �L�V�� �D�� �O�L�V�W�� �Z�L�W�K�� �D�� �Q�X�P�E�H�U�� �R�I �� �H�Q�W�L�U�H�V�� �W�K�D�W�� �F�D�Q�� �E�H
�� �� �D�F�F�H�V�V�H�G�� �Y�L�D�� �W�K�H�� �� �� �V�\ �P�E�R�O�� �� �� �$�� �O�L�V�W�� �L�V�� �O�L�N�H�� �D�� �K�D�V�K�� �W�D�E�O�H��

�� �� �7�R�� �V�H�H�� �W�K�H�� �H�Q�W�U�L�H�V�� �L�Q�� �D�� �O�L�V�W�� �� �X�V�H�� �Q�D�P�H�V�� ��
�Q�D�P�H�V�� �V�S�D�F�� �W�U�H�H��

�� �� �� �� �>�� �@�� �� �I �U�D�P�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �Z�K�H�U�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �F�D�O�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �>�� �@�� �� �W�H�U�P�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �F�S�W�D�E�O�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �P�H�W�K�R�G�� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �>�� �@�� �� �S�D�U�P�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �F�R�Q�W�U�R�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �I �X�Q�F�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �Q�X�P�U�H�V�S�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �V�S�O�L�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �F�V�S�O�L�W�� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �Y�D�U�L�D�E�O�H�� �L�P�S�R�U�W�D�Q�F�H�� �� �� �\ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �R�U�G�H�U�H�G�� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �: �L�W�K�L�Q�� �V�S�D�F�� �W�U�H�H�� �W�K�H�� �F�S�W�D�E�O�H�� �Z�L�O�O�� �W�H�O�O�� �X�V�� �D�� �O�L�W�W�O�H�� �D�E�R�X�W�� �W�K�H�� �V�L�] �H�� �R�I �� �W�K�H
�� �� �W�U�H�H
�V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�� �� �� �� �� �� �@

�� �� �� �� �� �� �� �� �� �� �� �� �&�3�� �Q�V�S�O�L�W�� �U�H�O�� �H�U�U�R�U�� �[ �H�U�U�R�U�� �� �� �[ �V�W�G
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �� �� ��

�V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�G�L�P�� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�� �>�� �@�� �� �� �� �� �� �� �� �@

�� �� �� �� �� �� �� �� �� �� �� �� �� �&�3�� �Q�V�S�O�L�W�� �U�H�O�� �H�U�U�R�U�� �[ �H�U�U�R�U�� �� �� �[ �V�W�G
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� �� �H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �W�K�D�W�
 �V�� �D�� �O�R�W�� �R�I �� �V�S�O�L�W�V�� �� �, �
 �P�� �J�R�L�Q�J�� �W�R�� �S�U�X�Q�H�� �W�K�H�� �W�U�H�H�� �W�R�� �� �� �V�S�O�L�W�V

�F�S�� �� � �� �Z�K�L�F�K�� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�� �� �� �@�� � � �� �� ��
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How do we run it? The graphical
representation.
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What about exporting the results?
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�� �� �� �V�P�E�L�] �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �U�H�W�L�U�H�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �V�S�O�L�W�V�� �F�K�D�U�D�F�W�H�U�L�] �H�V�� �W�K�H�� �V�S�O�L�W�V�� �P�D�N�L�Q�J�� �W�K�H�� �U�H�J�L�R�Q�V�� �5�P

�� �� �U�R�Z�� �Q�D�P�H�� �L�V�� �W�K�H�� �Y�D�U�L�D�E�O�H�� �E�H�L�Q�J�� �V�S�O�L�W

�� �� �F�R�X�Q�W�� �� �� �W�K�H�� �Q�X�P�E�H�U�� �R�I �� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �F�R�P�L�Q�J�� �L�Q�W�R�� �W�K�H�� �V�S�O�L�W

�� �� �Q�F�D�W�� �� �� �Q�X�P�E�H�U�� �R�I �� �F�D�W�H�J�R�U�L�H�V�� �R�I �� �F�D�W�H�J�R�U�L�F�D�O�� �Y�D�U�L�D�E�O�H�� �� �R�U�� �� �� �L�I �� �W�K�H
�� �� �Y�D�U�L�D�E�O�H�� �L�V�� �Q�X�P�H�U�L�F

�� �� �L�P�S�U�R�Y�H�� �� �� �W�K�H�� �L�P�S�U�R�Y�H�P�H�Q�W�� �L�Q�� �W�K�H�� �R�E�M�H�F�W�L�Y�H�� �X�V�L�Q�J�� �W�K�H�� �V�S�O�L�W

�� �� �L�Q�G�H�[ �� �� �� �H�L�W�K�H�U�� �W�K�H�� �U�R�Z�� �Q�X�P�E�H�U�� �R�I �� �W�K�H�� �F�V�S�O�L�W�� �P�D�W�U�L�[ �� �� �I �R�U�� �F�D�W�H�J�R�U�L�F�D�O
�� �� �Y�D�U�L�D�E�O�H�V�� �� �� �R�U�� �W�K�H�� �Y�D�O�X�H�� �R�I �� �W�K�H�� �R�S�W�L�P�D�O�� �V�S�O�L�W�� �� �I �R�U�� �Q�X�P�H�U�L�F�� �Y�D�U�L�D�E�O�H�V��

�V�S�D�F�� �W�U�H�H�� �� �F�V�S�O�L�W�>�� �� �� �� �� �@

�� �� �� �� �� �� �� �� �>�� �� �@�� �>�� �� �@�� �>�� �� �@�� �>�� �� �@�� �>�� �� �@
�� �� �� �>�� �� �@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �>�� �� �@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �K�D�V�� �� �� �U�R�Z�� �I �R�U�� �H�D�F�K�� �V�S�O�L�W�� �R�Q�� �D�� �F�D�W�H�J�R�U�L�F�D�O�� �Y�D�U�L�D�E�O�H

�� �� �W�K�H�� �U�R�Z�� �Q�X�P�E�H�U�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �L�Q�G�H�[ �� �L�Q�� �V�S�D�F�� �W�U�H�H�� �� �� �V�S�O�L�W�� �D�E�R�Y�H

�� �� �H�D�F�K�� �F�R�O�X�P�Q�� �L�V�� �D�Q�� �R�U�G�H�U�H�G�� �O�H�Y�H�O�� �R�I �� �D�� �F�D�W�H�J�R�U�L�F�D�O�� �Y�D�U�L�D�E�O�H�� �� �X�S�� �W�R�� �W�K�H�� �P�D�[
�� �� �O�H�Y�H�O�V�� �R�I �� �D�Q�\ �� �F�D�W�H�J�R�U�L�F�D�O�� �Y�D�U

�� �� �D�Q�� �H�Q�W�U�\ �� �R�I �� �� �� �� �� �W�K�D�W�� �O�H�Y�H�O�� �J�R�H�V�� �O�H�I �W�� �L�Q�� �W�K�H�� �V�S�O�L�W

�� �� �� �� �� �� �W�K�D�W�� �O�H�Y�H�O�� �J�R�H�V�� �U�L�J�K�W�� �L�Q�� �W�K�H�� �V�S�O�L�W
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�� �� �� �� �� �� �W�K�D�W�� �O�H�Y�H�O�� �L�V�� �Q�R�W�� �L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �V�S�O�L�W
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What about exporting the results?

To recreate a decision tree, you would at least extract the following columns of
information:

�U�R�Z�Q�D�P�H�V�� �V�S�D�F�� �W�U�H�H�� �� �V�S�O�L�W�V��

�V�S�D�F�� �W�U�H�H�� �� �V�S�O�L�W�V�>�� �� �F�R�X�Q�W�� �@�����V�S�D�F�� �W�U�H�H�� �� �V�S�O�L�W�V�>�� �� �L�Q�G�H�[�� �@���E�R�H
�V�S�D�F�� �W�U�H�H�� �� �V�S�O�L�W�V�>�� �� �Q�F�D�W�� �@

�V�S�D�F�� �W�U�H�H�� �� �I �U�D�P�H�>�� �� �Y�D�U�� �@�����V�S�D�F�� �W�U�H�H�� �� �>�� �� �Q�� �@���E�R�H
�V�S�D�F�� �W�U�H�H�� �� �I �U�D�P�H�>�� �� �\ �Y�D�O�� �@

�V�S�D�F�� �W�U�H�H�� �� �F�V�S�O�L�W���G�S�V�V�I�W�T�S�R�H�M�R�K���X�S���X�L�I���V�S�[�W���K�M�Z�I�R���F�]���� �L�Q�G�H�[�� ���[ �L�I�V�I���� �Q�F�D�W�� �� �! �� ��
�M�R���� �V�S�O�L�W�V��

The order of splits in �� �I�U�D�P�H��  are depth first, and left branch first

Match between �� �I�U�D�P�H��  and �� �V�S�O�L�W�V��  by variable name and number of
observations

�W�M�R�G�I���E���Z�E�V�M�E�F�P�I���G�E�R���F�I���W�T�P�M�X���Q�Y�P�X�M�T�P�I���X�M�Q�I�W�����E�R�H���J�V�E�Q�I���E�P�W�S���M�R�G�P�Y�H�I�W���G�S�Q�T�I�X�M�R�K���E�R�H���W�Y�V�V�S�K�E�X�I���W�T�P�M�X�W
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Automatic Way to Select Tree Size

Can calculate contribution of split to decreasing objective  by

If  then accept the split, otherwise make  a terminal node

���M�W���E���X�Y�R�M�R�K���T�E�V�E�Q�I�X�I�V�����K�M�Z�M�R�K���X�V�I�I���W�M� �̂I�W���E�W���M�R���±�G�T�X�E�F�P�I�²

�%�G�X�Y�E�P�P�]���E���P�M�X�X�P�I���X�V�M�G�O�M�I�V���F�I�G�E�Y�W�I���X�L�I���V�Y�P�I���M�W���E�T�T�P�M�I�H���M�R���M�R�Z�I�V�W�I���S�V�H�I�V���S�J���H�I�T�X�L

Solves the problem:

�[ �L�I�V�I�� ���M�W���X�L�I���R�Y�Q�F�I�V���S�J���X�I�V�Q�M�R�E�P���R�S�H�I�W���S�J���X�L�I���X�V�I�I
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Automatic Way to Select Tree Size

The entry �� �F�S�W�D�E�O�H��  gives tree statistics for each 

�� �U�H�O�� �H�U�U�R�U��  is the ratio of the objective, , to that of a single root tree

�8�L�M�W���M�W���E�P�[ �E�]�W���H�I�G�V�I�E�W�M�R�K���[ �M�X�L��

�� �[�H�U�U�R�U��  is the average of 10 fold cross validation error

�M���I�����P�I�E�Z�I���S�Y�X�����������X�L���S�J���X�L�I���H�E�X�E�W�I�X��

train a size n tree on the other 9/10ths,

and compute  on the left out part

�X�L�M�W���M�W���Q�S�V�I���Y�W�I�J�Y�P���J�S�V���T�V�I�H�M�G�X�M�S�R�����E�R�H���R�S�X���E�W���Y�W�I�J�Y�P���X�S���Y�W���J�S�V���H�I�W�G�V�M�F�M�R�K���E���H�E�X�E�W�I�X

�G�E�R���F�I���X�L�S�Y�K�L�X���S�J���E�W���E���Q�I�E�W�Y�V�I���S�J���T�I�V�Z�E�W�M�Z�I�R�I�W�W

Could consider a criteria that penalizes large trees

�2�S�X���Y�R�V�I�E�W�S�R�E�F�P�I����

DQ
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Automatic Way to Select Tree Size
�Z�K�L�F�K�� �P�L�Q�� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�� �� �� �@��

�� �� �� �� ��
�� �� �� �� ��

�� �� �J�L�Y�H�V�� �D�� �Y�D�O�X�H�� �R�I �� �� �� �� �P�H�D�Q�L�Q�J�� �Q�R�Q�H�� �R�I �� �W�K�H�� �V�S�O�L�W�V�� �D�U�H�� �
 �S�H�U�Y�D�V�L�] �H�


�� �� �E�X�W�� �X�V�L�Q�J�� �W�K�H�� �F�U�L�W�H�U�L�D�� �D�E�R�Y�H�� �� �S�H�Q�D�O�L�] �L�Q�J�� �O�D�U�J�H�� �W�U�H�H�V
�F�S�V�W�D�W�� � �� �G�L�P�� �V�S�D�F�� �G�D�W�D�� �>�� �@�� � �� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�� �� �� �@�� �� �� �� �� � �� �� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�� ��
�� �� �� �� �� �@�� �� �� �� ��

�U�R�X�Q�G�� �V�S�D�F�� �W�U�H�H�� �F�S�W�D�E�O�H�>�Z�K�L�F�K�� �P�L�Q�� �F�S�V�W�D�W�� �� �� �@�� �� �� ��

�� �� �� �� �� �� �� �� �� �� �&�3�� �� �� �� �Q�V�S�O�L�W�� �U�H�O�� �H�U�U�R�U�� �� �� �� �[ �H�U�U�R�U�� �� �� �� �� �� �[ �V�W�G��
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �V�X�J�J�H�V�W�V�� �D�� �W�U�H�H�� �V�L�] �H�� �Z�L�W�K�� �� �� �� �V�S�O�L�W�V
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Advantages of Trees

1. Fast computations

2. Invariant under monotone transformations of variables

�7�G�E�P�M�R�K���H�S�I�W�R��́X���Q�E�X�X�I�V��

�-�Q�Q�Y�R�I���X�S���S�Y�X�P�M�I�V�W���M�R���\

3. Resistence to irrelevant variables, so can throw lots of variables into it

4. One tuning parameter (tree size, or cp)

5. Interpretable model representation

6. Handles missing data by keeping track of surrogate, or highly correlated,
backup splits at every node

7. Extends to categorical outcomes easily
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Disadvantages of Trees

1. Accuracy

���Q�E�]���R�S�X���F�I���T�M�I�G�I�[ �M�W�I���G�S�R�W�X�E�R�X�����F�Y�X���H�I�G�I�R�X���S�Z�I�V�E�P�P���E�T�T�V�S�\�M�Q�E�X�M�S�R�

�(�E�X�E���*�V�E�K�Q�I�R�X�E�X�M�S�R�����S�O�����M�J���]�S�Y���L�E�Z�I���P�S�X�W���S�J���H�E�X�E�

���Q�Y�W�X���M�R�Z�S�P�Z�I���L�M�K�L���S�V�H�I�V���M�R�X�I�V�E�G�X�M�S�R�W

2. Variance

�)�E�G�L���W�Y�F�W�I�U�Y�I�R�X���W�T�P�M�X���H�I�T�I�R�H�W���S�R���X�L�I���T�V�I�Z�M�S�Y�W���S�R�I�W�����W�S���E�R���I�V�V�S�V���M�R���E���L�M�K�L�I�V���W�T�P�M�X���M�W���T�V�S�T�S�K�E�X�I�H
�H�S�[�R��

�7�Q�E�P�P���G�L�E�R�K�I���M�R���H�E�X�E�W�I�X���G�E�R���G�E�Y�W�I���F�M�K���G�L�E�R�K�I���M�R���X�V�I�I

If you only have a random sample of a population, this can be a problem.

Not as much of an issue if you’re �H�I�W�G�V�M�F�M�R�K a dataset

' 	Y


' 	Y
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CART libraries outside of R: weka

weka 3: Data mining software in JAVA

http://www.cs.waikato.ac.nz/ml/weka/

Relevent class �Z�H�N�D�� �F�O�D�V�V�L�I�L�H�U�V�� �W�U�H�H�V�� �-�� ��

Simple command line syntax

�M�D�Y�D�� �Z�H�N�D�� �F�O�D�V�V�L�I�L�H�U�V�� �W�U�H�H�V�� �-�� �� �� �� �W�� �G�D�W�D�� �Z�H�D�W�K�H�U�� �D�U�I�I �� �� �L

ARFF is �%�X�X�V�M�F�Y�X�I���6�I�P�E�X�M�S�R���*�M�P�I���*�S�V�Q�E�X and data format for weka

�Z�H�N�D�� �F�R�U�H�� �F�R�Q�Y�H�U�W�H�U�V���T�E�G�O�E�K�I���G�S�R�X�E�M�R�W���G�S�R�Z�I�V�X�I�V�W���J�S�V���Y�W�Y�E�P���H�E�X�E���J�M�P�I�W

Also call classes directly

�L�P�S�R�U�W�� �Z�H�N�D�� �F�R�U�H�� �, �Q�V�W�D�Q�F�H�V�� ��
�L�P�S�R�U�W�� �Z�H�N�D�� �F�O�D�V�V�L�I �L�H�U�V�� �(�Y�D�O�X�D�W�L�R�Q�� ��
�L�P�S�R�U�W�� �Z�H�N�D�� �F�O�D�V�V�L�I �L�H�U�V�� �W�U�H�H�V�� �-�� �� �� ��
�¥��
�, �Q�V�W�D�Q�F�H�V�� �W�U�D�L�Q�� � �� �¥�� �� �� �� �I �U�R�P�� �V�R�P�H�Z�K�H�U�H��
�, �Q�V�W�D�Q�F�H�V�� �W�H�V�W�� � �� �¥�� �� �� �� �I �U�R�P�� �V�R�P�H�Z�K�H�U�H�� �� �� ��
�W�U�D�L�Q�� �F�O�D�V�V�L�I �L�H�U�� �&�O�D�V�V�L�I �L�H�U�� �F�O�V�� � �� �Q�H�Z�� �-�� �� �� �� �� ��
�F�O�V�� �E�X�L�O�G�&�O�D�V�V�L�I �L�H�U�� �W�U�D�L�Q�� �� ��
�� �� �� �H�Y�D�O�X�D�W�H�� �F�O�D�V�V�L�I �L�H�U�� �D�Q�G�� �S�U�L�Q�W�� �V�R�P�H�� �V�W�D�W�L�V�W�L�F�V��
�(�Y�D�O�X�D�W�L�R�Q�� �H�Y�D�O�� � �� �Q�H�Z�� �(�Y�D�O�X�D�W�L�R�Q�� �W�U�D�L�Q�� �� ��
�H�Y�D�O�� �H�Y�D�O�X�D�W�H�0�R�G�H�O�� �F�O�V�� �� �W�H�V�W�� �� ��
�6�\ �V�W�H�P�� �R�X�W�� �S�U�L�Q�W�O�Q�� �H�Y�D�O�� �W�R�6�X�P�P�D�U�\ �6�W�U�L�Q�J�� �®�¯�� �� �I �D�O�V�H�� �� ��

�Z�H�N�D�� �J�X�L�� �W�U�H�H�Y�L�V�X�D�O�L�]�H�U�� �7�U�H�H�9�L�V�X�D�O�L�]�H�U class to vizualize trees

http://www.cs.waikato.ac.nz/ml/weka/
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CART libraries outside of R: orange

orange: Data mining through visual programming programming or Python scripting.

http://orange.biolab.si/

has proprietary tab-deliminated data format

�' �E�R���M�Q�T�S�V�X���J�V�S�Q���G�W�Z�����F�Y�X���M�W���R�S�X���Z�I�V�]���V�S�F�Y�W�X

�1�S�V�I���M�R�J�S�������3�V�E�R�K�I���H�E�X�E���J�S�V�Q�E�X�W��

Relevant function: �2�U�D�Q�J�H�� �U�H�J�U�H�V�V�L�R�Q�� �W�U�H�H�� �7�U�H�H�/�H�D�U�Q�H�U�� �� �� �� ��

Vizualizing trees: Orange renders trees in dot - plain text graph description
langauge readable by both human and computer

�W�U�H�H�� �G�R�W�� �I�L�O�H�B�Q�D�P�H� �� �� �� �G�R�W�� �� �� �Q�R�G�H�B�V�K�D�S�H� �� �H�O�O�L�S�V�H�� ��
�O�H�D�I�B�V�K�D�S�H� �� �E�R�[�� ��

http://orange.biolab.si/
http://orange.biolab.si/docs/latest/reference/rst/Orange.data.formats/
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CART libraries outside of R: opencv

opencv: (Open Source Computer Vision) is a library of programming functions for
real time computer vision, in C++

http://opencv.willowgarage.com/wiki/

Uses n-dimensional array class �0�D�W to store and operate on data

�G�S�V�I�C�F�E�W�M�G�C�W�X�V�Y�G�X�Y�V�I�W���L�X�Q�P���Q�E�X

�&�Y�' �7�U�H�H class is an honest representation of CART algorithm

�Q�P�C�H�I�G�M�W�M�S�R�C�X�V�I�I�W���L�X�Q�P

�P�X�V�K�U�R�R�P�� �F�S�S���I�\�E�Q�T�P�I���J�M�P�I���H�I�Q�S�R�W�X�V�E�X�I�W���L�S�[���X�S���Y�W�I���H�I�G�M�W�M�S�R���X�V�I�I�W

http://opencv.willowgarage.com/wiki/
http://opencv.willowgarage.com/documentation/cpp/core_basic_structures.html#mat
http://opencv.willowgarage.com/documentation/cpp/ml_decision_trees.html
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Two solutions to Disadvantages (extra
slides)

1. Boosted Trees, aka Forests, MART

�2�S�[���I�E�G�L�� ���M�W���E���X�V�I�I�����E�R�H�� ���M�W���E���P�M�R�I�E�V���G�S�Q�F�M�R�E�X�M�S�R���S�J���X�V�I�I�W

�)�E�G�L���X�V�I�I���G�E�R���Q�S�H�I�P���E�R���E�H�H�M�X�M�Z�I���I�J�J�I�G�X�����S�V���Q�E�R�]���P�S�[���S�V�H�I�V���M�R�X�I�V�E�G�X�M�S�R�W

�:�E�V�M�E�R�G�I���S�J���E���G�S�Q�F�M�R�E�X�M�S�R���S�J���M�H�I�R�X�M�G�E�P�P�]���H�M�W�X�V�M�F�Y�X�I�H���S�F�N�I�G�X�W���M�W���P�S�[�I�V���X�L�E�R���E�R�]���M�R�H�M�Z�M�H�Y�E�P

�(�M�W�E�H�Z�E�R�X�E�K�I�����P�S�W�I�W���H�I�G�M�W�M�S�R���X�V�I�I���M�R�X�I�V�T�V�I�X�E�F�M�P�M�X�]���Y�R�P�I�W�W���/���M�W���W�Q�E�P�P

2. Random Forests

�7�M�Q�M�P�E�V���X�S���F�S�S�W�X�I�H���X�V�I�I�W�����F�Y�X���R�S�[���V�E�R�H�S�Q���W�Y�F�W�I�X�W���S�J���X�L�I���H�E�X�E���E�V�I���Y�W�I�H���J�S�V���I�E�G�L���X�V�I�I

�7�M�Q�T�P�I�V���X�S���J�M�X���X�L�E�R���F�S�S�W�X�I�H���X�V�I�I�W

�%�G�G�Y�V�E�G�]���M�W���Y�W�Y�E�P�P�]���W�S�Q�I�[�L�I�V�I���M�R���F�I�X�[�I�I�R���E���W�M�R�K�P�I���X�V�I�I���E�R�H���F�S�S�W�X�I�H���X�V�I�I�W
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How are Boosted Trees Interpreted? (extra
slides)

Relative Importance

�%�Z�I�V�E�K�I���S�Z�I�V�E�P�P���M�Q�T�V�S�Z�I�Q�I�R�X���S�J���S�F�N�I�G�X�M�Z�I���F�]���Z�E�V�M�E�F�P�I��

Partial Dependence

�4�V�I�H�M�G�X�I�H���S�Y�X�G�S�Q�I���Y�W�M�R�K�� �����E�J�X�I�V���E�Z�I�V�E�K�M�R�K���S�Y�X���X�L�I���S�X�L�I�V�W
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