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ABSTRACT

IZA DP No. 18327 DECEMBER 2025

The Long Run Economic Effects of 
Medical Innovation and the Role of 
Opportunities *

We leverage the introduction of the first antibiotic therapies in 1937 to examine the long-

run effects of early-childhood pneumonia on adult educational attainment, employment, 

income, and work-related disability. Using census data, we document large average gains 

on all outcomes, alongside substantial heterogeneity by race and gender. On average, 

Black men exhibit smaller schooling gains than white men but larger employment and 

earnings gains. Among Black men (and women), we identify a pronounced gradient in 

gains linked to systemic racial discrimination in the preÐCivil Rights era: individuals born 

in more discriminatory Jim Crow states realized much smaller gains than those born in 

less discriminatory states. There is no similar gradient among white Americans. Women of 

both races exhibit smaller education and earnings gains than men on average, consistent 

with cultural and institutional barriers to womenÕs work. Our findings highlight the role of 

opportunities in shaping the extent to which investments in early-life health translate into 

longer run economic gains.
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�V�X�F�K �D�V �V�W�D�W�H���V�S�H�F�L�I�L�F �S�X�E�O�L�F �K�H�D�O�W�K �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�� �L�P�S�U�R�Y�H�P�H�Q�W�V �L�Q �V�D�Q�L�W�D�W�L�R�Q�� �D�Q�G �J�H�Q�H�U�D�O �O�L�Y�L�Q�J �F�R�Q�G�L�W�L�R�Q�V��

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

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

�G�L�V�H�D�V�H�V ���F�R�Q�W�D�L�Q�H�G �L�QX st ���� �:�H �L�Q�W�H�U�D�F�W �3�R�V�W �V�X�O�I�Dt �Z�L�W�K �S�U�H���V�X�O�I�D �E�L�U�W�K �V�W�D�W�H �V�S�H�F�L�I�L�F �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �I�U�R�P

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

�����7�K�H �F�R�Q�W�U�R�O �I�R�U �G�L�D�U�U�K�H�D �L�V �S�R�Z�H�U�I�X�O �D�V �L�W �Z�D�V �W�K�H �V�H�F�R�Q�G �O�H�D�G�L�Q�J �F�D�X�V�H �R�I �S�R�V�W���Q�H�R�Q�D�W�D�O �G�H�D�W�K �G�X�U�L�Q�J �W�K�H �V�W�X�G�\ �H�U�D�� �V�K�D�U�L�Q�J
�U�L�V�N �I�D�F�W�R�U�V �W�R �S�Q�H�X�P�R�Q�L�D ���%�K�X�W�W�D �H�W �D�O���������������� �V�R �L�W �Z�L�O�O �D�F�F�R�X�Q�W �I�R�U �X�Q�R�E�V�H�U�Y�D�E�O�H �W�U�H�Q�G�V �L�Q �K�H�D�O�W�K �V�S�H�F�L�I�L�F �W�R �F�K�L�O�G�U�H�Q�� �0�D�O�D�U�L�D
�Z�D�V �G�H�F�O�L�Q�L�Q�J �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �G�X�U�L�Q�J �W�K�H �V�W�X�G�\ �S�H�U�L�R�G ���%�D�U�U�H�F�D �H�W �D�O�������������� �D�Q�G�� �O�L�N�H �S�Q�H�X�P�R�Q�L�D�� �P�R�U�H �S�U�H�Y�D�O�H�Q�W �L�Q �W�K�H �6�R�X�W�K�� �1�R�Q��
�F�R�P�P�X�Q�L�F�D�E�O�H �G�L�V�H�D�V�H �W�U�H�Q�G�V �F�R�Q�W�U�R�O �I�R�U �K�H�D�O�W�K �F�D�U�H �T�X�D�O�L�W�\ �D�Q�G �D�F�F�H�V�V��

����



�2�W�K�H�U �G�L�V�H�D�V�H�V �W�U�H�D�W�D�E�O�H �Z�L�W�K �V�X�O�I�D �G�U�X�J�V���6�X�O�I�D �G�U�X�J�V �O�H�G �W�R �P�D�U�N�H�G �G�H�F�O�L�Q�H�V �L�Q �F�R�Q�G�L�W�L�R�Q�V �R�W�K�H�U �W�K�D�Q

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

������������ �7�K�X�V�� �W�K�H �F�R�H�I�I�L�F�L�H�Q�W �R�Q �3�R�V�W �V�X�O�I�Dt ! �%�D�V�H �(�[�S�R�V�X�U�Hs �P�D�\ �K�D�Y�H �O�R�D�G�H�G �R�Q �W�R �L�W �W�K�H �H�I�I�H�F�W�V �R�I �U�H�G�X�F��

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

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

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

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

�7�K�R�P�D�V�V�R�Q �D�Q�G �7�U�H�E�H�U�������������� �:�H �W�K�H�U�H�I�R�U�H �F�R�Q�W�U�R�O �I�R�U �3�R�V�W �V�X�O�I�Dt ! �%�D�V�H �0�D�W�H�U�Q�D�O �0�R�U�W�D�O�L�W�\s������

�6�W�D�W�H �H�F�R�Q�R�P�\ �D�Q�G �L�Q�I�U�D�V�W�U�X�F�W�X�U�H���6�L�Q�F�H �R�X�U �H�V�W�L�P�D�W�H�V �X�V�H �W�K�H �F�U�R�V�V���V�W�D�W�H �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q �S�Q�H�X�P�R�Q�L�D

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

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

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

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

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

�'�H�S�U�H�V�V�L�R�Q �(�U�D�� �Z�K�L�F�K �K�D�V �E�H�H�Q �O�L�Q�N�H�G �W�R �O�R�Q�J���U�X�Q �K�H�D�O�W�K �D�Q�G �H�F�R�Q�R�P�L�F �R�X�W�F�R�P�H�V ���'�X�T�X�H �D�Q�G �6�F�K�P�L�W�]��

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

�Z�K�L�F�K �F�R�Q�W�U�R�O �I�R�U �V�W�D�W�H���O�H�Y�H�O �1�H�Z �'�H�D�O �V�S�H�Q�G�L�Q�J �I�U�R�P�)�L�V�K�E�D�F�N �H�W �D�O���������������� �,�Q �D�G�G�L�W�L�R�Q �W�R �W�H�V�W�L�Q�J �I�R�U

�U�R�E�X�V�W�Q�H�V�V �W�R �E�L�U�W�K �V�W�D�W�H �V�S�H�F�L�I�L�F �W�L�P�H �W�U�H�Q�G�V ��#s! $t �� �I�R�O�O�R�Z�L�Q�J�%�K�X�O�O�H�U �H�W �D�O�����������������*�R�R�G�P�D�Q���%�D�F�R�Q��������������

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

�L�Q �H�F�R�Q�R�P�L�F �G�H�Y�H�O�R�S�P�H�Q�W �E�H�W�Z�H�H�Q �W�K�H �8�6 �6�R�X�W�K ���Z�K�L�F�K �Z�D�V �S�D�U�W�L�F�X�O�D�U�O�\ �S�O�D�J�X�H�G �E�\ �S�Q�H�X�P�R�Q�L�D�� �D�Q�G �R�W�K�H�U

�S�D�U�W�V �R�I �W�K�H �F�R�X�Q�W�U�\ �G�X�U�L�Q�J �W�K�H �����W�K�F�H�Q�W�X�U�\ ���0�L�W�F�K�H�Q�H�U �D�Q�G �0�F�/�H�D�Q��������������

�:�H �Q�R�W�H �W�K�D�W �L�Q�F�O�X�G�L�Q�J �U�L�F�K �V�H�W�V �R�I �F�R�Q�W�U�R�O �Y�D�U�L�D�E�O�H�V �P�D�\ �D�P�R�X�Q�W �W�R �³�R�Y�H�U���F�R�Q�W�U�R�O�O�L�Q�J���´ �L�Q �D�G�G�L�W�L�R�Q �W�R

�����,�Q ���������� �W�K�H �Q�X�P�E�H�U �R�I �L�Q�I�D�Q�W �G�H�D�W�K�V �L�Q �������� �O�L�Y�H �E�L�U�W�K�V �I�U�R�P �W�K�H�V�H �G�L�V�H�D�V�H�V �Z�D�V �������� ������ �D�Q�G �������� �F�R�P�S�D�U�H�G �Z�L�W�K ������ �I�U�R�P
�S�Q�H�X�P�R�Q�L�D ���/�L�Q�G�H�U �D�Q�G �*�U�R�Y�H�������������� �:�H �Q�H�Y�H�U�W�K�H�O�H�V�V �L�Q�F�O�X�G�H �F�R�Q�W�U�R�O�V �I�R�U �S�R�V�W���������� �F�K�D�Q�J�H�V �L�Q �R�W�K�H�U �V�X�O�I�D���W�U�H�D�W�D�E�O�H �G�L�V�H�D�V�H�V�� �D�Q�G
�W�K�L�V �G�L�G �Q�R�W �D�O�W�H�U �W�K�H �F�R�H�I�I�L�F�L�H�Q�W �R�I �L�Q�W�H�U�H�V�W�� �V�H�H �6�H�F�W�L�R�Q��������

�����0�D�W�H�U�Q�D�O �P�R�U�W�D�O�L�W�\ �G�H�F�O�L�Q�H �D�W �W�K�H �S�R�S�X�O�D�W�L�R�Q �O�H�Y�H�O �P�D�\ �L�Q�F�H�Q�W�L�Y�L�]�H �S�D�U�H�Q�W�V �W�R �U�D�L�V�H �L�Q�Y�H�V�W�P�H�Q�W�V �L�Q �J�L�U�O�V�¶ �H�G�X�F�D�W�L�R�Q�� �Z�K�L�F�K �Z�R�X�O�G
�H�[�K�L�E�L�W �D�V �L�P�S�U�R�Y�H�P�H�Q�W�V �L�Q �O�R�Q�J���U�X�Q �R�X�W�F�R�P�H�V �I�R�U �Z�R�P�H�Q�Y�L�V���i���Y�L�V�P�H�Q ���-�D�\�D�F�K�D�Q�G�U�D�Q �D�Q�G �/�O�H�U�D�V���0�X�Q�H�\�������������� �2�X�U �H�V�W�L�P�D�W�H�V
�W�H�V�W �I�R�U �W�K�L�V �E�\ �V�H�S�D�U�D�W�H�O�\ �F�R�Q�G�L�W�L�R�Q�L�Q�J �R�Q �H�[�S�R�V�X�U�H �W�R �P�D�W�H�U�Q�D�O �P�R�U�W�D�O�L�W�\ �G�H�F�O�L�Q�H�V �D�Q�G �I�L�Q�G �Q�R �H�Y�L�G�H�Q�F�H �R�I �L�W�� �$�W �W�K�H �L�Q�G�L�Y�L�G�X�D�O �O�H�Y�H�O��
�W�K�H�U�H �D�U�H �F�R�Q�V�H�T�X�H�Q�F�H�V �I�R�U �F�K�L�O�G �G�H�Y�H�O�R�S�P�H�Q�W �I�U�R�P �D �P�R�W�K�H�U �G�\�L�Q�J �D�Q�G �D�G�G�L�W�L�R�Q�D�O �L�P�S�D�F�W�V �I�U�R�P �F�K�D�Q�J�H�V �L�Q �I�D�P�L�O�\ �V�L�]�H �W�K�D�W �D�U�L�V�H
�E�H�F�D�X�V�H �R�I �G�H�F�O�L�Q�L�Q�J �L�Q�I�H�U�W�L�O�L�W�\�� �D �S�R�W�H�Q�W�L�D�O �F�R�P�S�O�L�F�D�W�L�R�Q �R�I �S�R�V�W���S�D�U�W�X�P �V�H�S�V�L�V�� �+�R�Z�H�Y�H�U�� �Z�H �G�R �Q�R�W �H�[�S�H�F�W�G�L�U�H�F�W�H�I�I�H�F�W�V �R�I �P�D�W�H�U�Q�D�O
�P�R�U�W�D�O�L�W�\ �G�H�F�O�L�Q�H �R�Q �F�K�L�O�G�U�H�Q �E�H�F�D�X�V�H �W�K�H �P�D�W�H�U�Q�D�O �S�R�V�W���S�D�U�W�X�P �L�Q�I�H�F�W�L�R�Q�V ���S�X�H�U�S�H�U�D�O �V�H�S�V�L�V�� �W�K�D�W �Z�H�U�H �F�R�Q�W�U�R�O�O�H�G �Z�L�W�K �V�X�O�I�D �G�U�X�J�V
�Z�H�U�H �U�D�U�H�O�\ �W�U�D�Q�V�P�L�W�W�H�G �W�R �L�Q�I�D�Q�W�V��
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�6�P�L�W�K�� �&�� �D�Q�G �5�� �1�H�P�L�U �������������� �7�K�H �6�X�O�I�D�S�\�U�L�G�L�Q�H �7�U�H�D�W�P�H�Q�W �R�I �3�Q�H�X�P�R�Q�L�D �L�Q �&�K�L�O�G�U�H�Q���-�R�X�U�Q�D�O �R�I �W�K�H
�$�P�H�U�L�F�D�Q �0�H�G�L�F�D�O �$�V�V�R�F�L�D�W�L�R�Q ���������������� ���������±����������

�6�P�L�W�K�� �-�� �������������� �5�D�F�H �D�Q�G �+�X�P�D�Q �&�D�S�L�W�D�O���$�P�H�U�L�F�D�Q �(�F�R�Q�R�P�L�F �5�H�Y�L�H�Z ������������ �������±��������
�6�P�L�W�K�� �-�� �D�Q�G �)�� �:�H�O�F�K �������������� �%�O�D�F�N �(�F�R�Q�R�P�L�F �3�U�R�J�U�H�V�V �$�I�W�H�U �0�\�U�G�D�O���-�R�X�U�Q�D�O �R�I �(�F�R�Q�R�P�L�F �/�L�W�H�U�D��

�W�X�U�H ������������ �������±��������
�6�\�O�O�D�� �5�� �(���� �-�� �%�� �/�H�J�O�H�U�� �D�Q�G �-�� �:�D�O�O�L�V ������������ �-�D�Q�X�D�U�\ �������� �6�W�D�W�H �D�Q�G �/�R�F�D�O �*�R�Y�H�U�Q�P�H�Q�W �>�8�Q�L�W�H�G �6�W�D�W�H�V�@��

�6�R�X�U�F�H�V �D�Q�G �8�V�H�V �R�I �)�X�Q�G�V�� �&�H�Q�V�X�V �6�W�D�W�L�V�W�L�F�V�� �7�Z�H�Q�W�L�H�W�K �&�H�Q�W�X�U�\ �>�7�K�U�R�X�J�K ���������@�� �,�&�3�6�5 �>�G�L�V�W�U�L�E�X�W�R�U�@��
�7�K�R�P�D�V�V�R�Q�� �0�� �D�Q�G �-�� �7�U�H�E�H�U �������������� �)�U�R�P �+�R�P�H �W�R �+�R�V�S�L�W�D�O�� �7�K�H �(�Y�R�O�X�W�L�R�Q �R�I �&�K�L�O�G�E�L�U�W�K �L�Q �W�K�H �8�Q�L�W�H�G

�6�W�D�W�H�V�� ���������������������(�[�S�O�R�U�D�W�L�R�Q�V �L�Q �(�F�R�Q�R�P�L�F �+�L�V�W�R�U�\ ������������ �����±������
�7�K�R�P�S�V�R�Q�� �2�� �������������� �7�K�H �'�H�W�H�U�P�L�Q�D�Q�W�V �R�I �5�D�F�L�D�O �'�L�I�I�H�U�H�Q�F�H�V �L�Q �3�D�U�H�Q�W�L�Q�J �3�U�D�F�W�L�F�H�V�� �(�Y�L�G�H�Q�F�H �I�U�R�P �W�K�H

�&�L�Y�L�O �5�L�J�K�W�V �(�U�D�� �0�L�P�H�R�J�U�D�S�K�� �8�Q�L�Y�H�U�V�L�W�\ �R�I �:�L�V�F�R�Q�V�L�Q���0�L�O�Z�D�X�N�H�H��
�Y�D�Q �G�H�U �3�R�O�O�� �7�� �D�Q�G �6�� �0�� �2�S�D�O �������������� �3�D�W�K�R�J�H�Q�H�V�L�V�� �7�U�H�D�W�P�H�Q�W�� �D�Q�G �3�U�H�Y�H�Q�W�L�R�Q �R�I �3�Q�H�X�P�R�F�R�F�F�D�O �3�Q�H�X��

�P�R�Q�L�D���7�K�H �/�D�Q�F�H�W �������������������� ���������±����������
�9�H�Q�N�D�W�D�U�D�P�D�Q�L�� �$�� �������������� �(�D�U�O�\ �/�L�I�H �(�[�S�R�V�X�U�H �W�R �0�D�O�D�U�L�D �D�Q�G �&�R�J�Q�L�W�L�R�Q �L�Q �$�G�X�O�W�K�R�R�G�� �(�Y�L�G�H�Q�F�H �I�U�R�P

�0�H�[�L�F�R���-�R�X�U�Q�D�O �R�I �+�H�D�O�W�K �(�F�R�Q�R�P�L�F�V ������������ �������±��������
�9�L�J�G�R�U�� �-�� �������������� �7�K�H �3�X�U�V�X�L�W �R�I �2�S�S�R�U�W�X�Q�L�W�\�� �(�[�S�O�D�L�Q�L�Q�J �6�H�O�H�F�W�L�Y�H �%�O�D�F�N �0�L�J�U�D�W�L�R�Q���-�R�X�U�Q�D�O �R�I �8�U�E�D�Q

�(�F�R�Q�R�P�L�F�V ������������ �������±��������
�:�D�O�G�U�R�Q�� �,�� �������������� �6�H�[ �G�L�I�I�H�U�H�Q�F�H�V �L�Q �L�O�O�Q�H�V�V �L�Q�F�L�G�H�Q�F�H�� �S�U�R�J�Q�R�V�L�V �D�Q�G �P�R�U�W�D�O�L�W�\�� �,�V�V�X�H�V �D�Q�G �H�Y�L�G�H�Q�F�H���6�R�F�L�D�O

�6�F�L�H�Q�F�H �	 �0�H�G�L�F�L�Q�H �������������� ���������±����������
�:�D�U�G�� �=�� �������������� �,�Q�W�H�U�J�H�Q�H�U�D�W�L�R�Q�D�O �P�R�E�L�O�L�W�\ �L�Q �D�P�H�U�L�F�D�Q �K�L�V�W�R�U�\�� �$�F�F�R�X�Q�W�L�Q�J �I�R�U �U�D�F�H �D�Q�G �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U��

�$�P�H�U�L�F�D�Q �(�F�R�Q�R�P�L�F �5�H�Y�L�H�Z ���������������� ���������±����������
�:�H�J�P�D�Q�� �0�� �������������� �,�Q�I�D�Q�W �0�R�U�W�D�O�L�W�\ �L�Q �W�K�H �����W�K �&�H�Q�W�X�U�\�� �'�U�D�P�D�W�L�F �E�X�W �8�Q�H�Y�H�Q �3�U�R�J�U�H�V�V���-�R�X�U�Q�D�O �R�I

�1�X�W�U�L�W�L�R�Q �������� �������6�±�������6��
�:�H�O�F�K�� �)�� �������������� �%�O�D�F�N���:�K�L�W�H �'�L�I�I�H�U�H�Q�F�H�V �L�Q �5�H�W�X�U�Q�V �W�R �6�F�K�R�R�O�L�Q�J���$�P�H�U�L�F�D�Q �(�F�R�Q�R�P�L�F �5�H�Y�L�H�Z ������������

�������±��������
�:�L�O�F�R�[�� �:�� �)�� ���������������,�Q�W�U�R�G�X�F�W�L�R�Q �W�R �W�K�H �9�L�W�D�O �6�W�D�W�L�V�W�L�F�V �R�I �W�K�H �8�Q�L�W�H�G �6�W�D�W�H�V�� �������� �W�R ���������� �8�Q�L�W�H�G �6�W�D�W�H�V

�%�X�U�H�D�X �R�I �W�K�H �&�H�Q�V�X�V��
�:�R�U�O�G �+�H�D�O�W�K �2�U�J�D�Q�L�]�D�W�L�R�Q �������������� �3�Q�H�X�P�R�Q�L�D �L�Q �F�K�L�O�G�U�H�Q�� �$�F�F�H�V�V�H�G �0�D�\ ���������� �$�Y�D�L�O�D�E�O�H �I�U�R�P�?�i�i�T�b�,

�f�f�r�r�r�X�r�?�Q�X�B�M�i�f�M�2�r�b�@�`�Q�Q�K�f�7���+�i�@�b�?�2�2�i�b�f�/�2�i���B�H�f�T�M�2�m�K�Q�M�B����

����

https://www.who.int/news-room/fact-sheets/detail/pneumonia
https://www.who.int/news-room/fact-sheets/detail/pneumonia


�7�D�E�O�H�V �D�Q�G �)�L�J�X�U�H�V

�)�L�J�X�U�H ���� �$�J�H �D�Q�G �V�W�D�W�H �Y�D�U�L�D�W�L�R�Q �L�Q �S�Q�H�X�P�R�Q�L�D

0

10

20

30

P
ne

um
on

ia
 In

ci
de

nc
e 

pe
r 

1,
00

0

Under 1 1! 4 5! 9 10! 14 15! 24 25! 34 35! 44 45! 54 55! 64 65! 74 Over 75

Age Group

���D�� �$�J�H �'�L�V�W�U�L�E�X�W�L�R�Q �R�I �3�Q�H�X�P�R�Q�L�D �,�Q�F�L�G�H�Q�F�H

Base. Inf. Mort.
1.18 !  1.30
1.15 !  1.18
1.09 !  1.15
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1.02 !  1.04
0.98 !  1.02
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���E�� �%�\ �D�J�H �J�U�R�X�S
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�1�R�W�H�V�� �(�Y�H�Q�W �V�W�X�G�\ �H�V�W�L�P�D�W�H�V �S�U�H�V�H�Q�W �L�P�S�D�F�W�V �R�I �H�[�S�R�V�X�U�H �W�R �V�X�O�I�D �R�Q �R�X�W�F�R�P�H�V �L�Q�G�L�F�D�W�H�G �L�Q �H�D�F�K �S�O�R�W �F�D�S�W�L�R�Q�� �(�D�F�K �S�R�L�Q�W �U�H�I�O�H�F�W�V �W�K�H �F�R�H�I�I�L�F�L�H�Q�W �H�V�W�L�P�D�W�H�G �R�Q �D�Q
�L�Q�W�H�U�D�F�W�L�R�Q �W�H�U�P �E�H�W�Z�H�H�Q �W�K�H �P�D�U�N�H�G �E�L�U�W�K �\�H�D�U �D�Q�G �W�K�H �S�U�H���L�Q�W�H�U�Y�H�Q�W�L�R�Q ���E�D�V�H�� �O�H�Y�H�O �R�I �W�K�H �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H �L�Q �W�K�H �E�L�U�W�K���V�W�D�W�H�� �$�O�O �P�R�G�H�O�V �F�R�Q�G�L�W�L�R�Q �X�S�R�Q �E�L�U�W�K
�V�W�D�W�H �D�Q�G �E�L�U�W�K �\�H�D�U �I�L�[�H�G �H�I�I�H�F�W�V �I�R�U �H�D�F�K �U�D�F�H! �J�H�Q�G�H�U �J�U�R�X�S �D�Q�G �W�K�H �I�X�O�O �V�H�W �R�I �F�R�Q�W�U�R�O�V �I�R�U �P�R�U�W�D�O�L�W�\ �I�U�R�P �R�W�K�H�U �G�L�V�H�D�V�H�V �D�Q�G �V�W�D�W�H �P�D�F�U�R�H�F�R�Q�R�P�L�F �D�Q�G �L�Q�I�U�D�V�W�U�X�F�W�X�U�H
�Y�D�U�L�D�E�O�H�V ���U�H�I�H�U �W�R �Q�R�W�H�V �W�R �7�D�E�O�H������ �D�V �Z�H�O�O �D�V �F�H�Q�V�X�V �G�L�Y�L�V�L�R�Q �E�\ �\�H�D�U �)�(�V �I�R�U �H�D�F�K �U�D�F�H! �J�H�Q�G�H�U �J�U�R�X�S �W�R �F�D�S�W�X�U�H �J�H�R�J�U�D�S�K�L�F�D�O�O�\ �F�O�X�V�W�H�U�H�G �X�Q���R�E�V�H�U�Y�H�G �W�L�P�H���Y�D�U�\�L�Q�J
�V�K�R�F�N�V�� �6�W�D�W�H �V�S�H�F�L�I�L�F �W�U�H�Q�G�V �D�U�H �R�P�L�W�W�H�G �V�R �D�V �W�R �D�O�O�R�Z �X�V �W�R �G�L�V�F�H�U�Q �W�K�H �S�U�H�V�H�Q�F�H �R�I �S�U�H���W�U�H�Q�G�V�� ���� �D�Q�G ������ �F�R�Q�I�L�G�H�Q�F�H �L�Q�W�H�U�Y�D�O�V �D�U�H �S�U�H�V�H�Q�W�H�G �D�V �G�D�U�N�H�U �D�Q�G �O�L�J�K�W�H�U
�V�K�D�G�H�G �D�U�H�D�V �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �H�Q�W�L�U�H �V�H�W �R�I �S�U�H���W�U�H�D�W�P�H�Q�W �S�H�U�L�R�G�V �D�U�H �F�R�Q�G�L�W�L�R�Q�H�G �W�R �E�H �F�H�Q�W�H�U�H�G �R�Q �]�H�U�R �D�V �W�K�H �R�P�L�W�W�H�G �E�D�V�H�O�L�Q�H �U�H�I�H�U�H�Q�F�H�� �I�R�O�O�R�Z�L�Q�J�0�L�O�O�H�U��������������
�2�E�V�H�U�Y�D�W�L�R�Q �Q�X�P�E�H�U�V �I�R�U �L�Q�G�L�Y�L�G�X�D�O�V �D�Q�G �E�L�U�W�K �V�W�D�W�H �E�\ �E�L�U�W�K �\�H�D�U �E�\ �F�H�Q�V�X�V �Z�D�Y�H �J�U�R�X�S�V ���D �P�D�[�L�P�X�P �R�I ���� �E�L�U�W�K �V�W�D�W�H�V�� �E�\ ���� �E�L�U�W�K �\�H�D�U�V�� �E�\ �� �F�H�Q�V�X�V �Z�D�Y�H�V �I�R�U �H�D�F�K
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�1�R�W�H�V�� �(�D�F�K �S�D�Q�H�O �H�V�W�L�P�D�W�H�V �D�Q �H�Y�H�Q�W �V�W�X�G�\ �V�S�H�F�L�I�L�F�D�W�L�R�Q�� �Z�K�H�U�H �R�X�W�F�R�P�H�V �L�Q �H�D�F�K �L�Q�W�H�Q�V�L�W�\ �O�H�Y�H�O �R�I �W�U�H�D�W�P�H�Q�W �D�U�H �F�R�P�S�D�U�H�G �W�R �R�X�W�F�R�P�H�V �L�Q �W�K�H �O�R�Z�H�V�W �W�U�H�D�W�P�H�Q�W �L�Q�W�H�Q�V�L�W�\
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�L�Q�W�H�U�S�U�H�W�H�G �D�V �F�K�D�Q�J�H�V �L�Q �R�X�W�F�R�P�H�V �Z�K�H�Q �F�R�P�S�D�U�L�Q�J �K�L�J�K�H�U �L�Q�W�H�Q�V�L�W�\ �J�U�R�X�S�V �Z�L�W�K �W�K�H �O�R�Z�H�V�W �L�Q�W�H�Q�V�L�W�\ �W�U�H�D�W�P�H�Q�W �J�U�R�X�S�� �V�W�D�Q�G�D�U�G�L�]�L�Q�J �W�K�H�V�H �F�R�P�S�D�U�L�V�R�Q�V �E�D�V�H�G �R�Q �D�Q�\
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�)�L�J�X�U�H ���� �5�R�E�X�V�W�Q�H�V�V �R�I �H�V�W�L�P�D�W�H�V �W�R �D�O�W�H�U�Q�D�W�L�Y�H �F�R�Q�W�U�R�O�V

Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.20 0.40 0.60 0.80

Estimated Effect

���D�� �(�G�X�F�D�W�L�R�Q

Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.05 0.10 0.15

Estimated Effect

���E�� �O�R�J���)�D�P�L�O�\ �,�Q�F�R�P�H��

Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.04 -0.02 0.00 0.02 0.04

Estimated Effect

���F�� �(�P�S�O�R�\�P�H�Q�W

Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.04 -0.03 -0.02 -0.01 0.00

Estimated Effect

���G�� �:�R�U�N���/�L�P�L�W�L�Q�J �'�L�V�D�E�L�O�L�W�\

�1�R�W�H�V�� �5�R�E�X�V�W�Q�H�V�V �R�I �V�L�Q�J�O�H���F�R�H�I�I�L�F�L�H�Q�W �3�R�V�W �6�X�O�I�D! �%�D�V�H �(�[�S�R�V�X�U�H �L�V �G�R�F�X�P�H�Q�W�H�G �W�R �D�O�W�H�U�Q�D�W�L�Y�H �V�H�T�X�H�Q�F�H�V �R�I �F�R�Q�W�U�R�O�V�� �I�L�[�H�G �H�I�I�H�F�W�V�� �D�Q�G �W�U�H�Q�G�V�� �(�D�F�K �S�R�L�Q�W �D�Q�G
�F�R�Q�I�L�G�H�Q�F�H �L�Q�W�H�U�Y�D�O �U�H�I�H�U �W�R �D �V�L�Q�J�O�H �U�H�J�U�H�V�V�L�R�Q �I�R�O�O�R�Z�L�Q�J �������� �%�D�V�H�O�L�Q�H �)�(�V �U�H�I�H�U�V �W�R �V�W�D�Q�G�D�U�G �P�R�G�H�O�V �Z�L�W�K �E�L�U�W�K �V�W�D�W�H �D�Q�G �F�H�Q�V�X�V �G�L�Y�L�V�L�R�Q �E�\ �E�L�U�W�K �\�H�D�U �I�L�[�H�G �H�I�I�H�F�W�V��
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�D �F�X�P�X�O�D�W�L�Y�H �I�D�V�K�L�R�Q�� �Z�L�W�K �S�U�H�F�L�V�H �F�R�Q�W�U�R�O�V �G�L�V�F�X�V�V�H�G �L�Q �6�H�F�W�L�R�Q�������� �3�U�R�M�H�F�W�H�G �W�U�H�Q�G�V �U�H�I�H�U�V �W�R �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�I �W�U�H�Q�G�V �I�R�O�O�R�Z�L�Q�J�%�K�X�O�O�H�U �H�W �D�O�����������������*�R�R�G�P�D�Q���%�D�F�R�Q
������������ �Z�K�H�U�H �V�W�D�W�H���W�U�H�Q�G�V �D�U�H �H�V�W�L�P�D�W�H�G �L�Q �W�K�H �S�U�H���W�U�H�D�W�P�H�Q�W �S�H�U�L�R�G�� �D�Q�G �D�U�H �S�U�R�M�H�F�W�H�G �I�R�U�Z�D�U�G�V �L�Q�W�R �W�K�H �S�R�V�W���W�U�H�D�W�P�H�Q�W �S�H�U�L�R�G�� �7�K�H �V�S�H�F�L�I�L�F�D�W�L�R�Q �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H��
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�7�K�H �V�D�P�S�O�H �F�R�Q�V�L�V�W�V �R�I �D�O�O �G�H�P�R�J�U�D�S�K�L�F �J�U�R�X�S�V ���%�O�D�F�N �D�Q�G �Z�K�L�W�H �Z�R�P�H�Q �D�Q�G �P�H�Q���� �D�Q�G ������ �D�Q�G ������ �&�,�V �D�U�H �S�U�H�V�H�Q�W�H�G �E�D�V�H�G �R�Q �V�W�D�Q�G�D�U�G �H�U�U�R�U�V �F�O�X�V�W�H�U�H�G �E�\ �E�L�U�W�K
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�S�U�H�V�H�Q�W�H�G �E�\ �U�D�F�H �I�R�U �E�O�D�F�N �D�Q�G �Z�K�L�W�H �Z�R�P�H�Q �E�D�V�H�G �R�Q �D�O�O �D�Y�D�L�O�D�E�O�H �P�H�D�V�X�U�H�V �R�I �W�K�H�V�H �Y�D�U�L�D�E�O�H�V �L�Q �W�K�H ������������������ �F�H�Q�V�X�V

�Z�D�Y�H�V�� �5�H�I�H�U �W�R �7�D�E�O�H�$�� �I�R�U �D �I�X�O�O �G�H�V�F�U�L�S�W�L�R�Q �R�I �H�V�W�L�P�D�W�L�R�Q �V�D�P�S�O�H�V �D�Q�G �Y�D�U�L�D�E�O�H �D�Y�D�L�O�D�E�L�O�L�W�\ �E�\ �F�H�Q�V�X�V �Z�D�Y�H��

�)�L�J�X�U�H �$���� �+�L�V�W�R�U�L�F�D�O �(�Q�V�O�D�Y�H�G �3�R�S�X�O�D�W�L�R�Q ������������ �D�Q�G �-�L�P �&�U�R�Z �/�D�Z�V �E�\ �6�W�D�W�H
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���E�� �'�L�V�W�U�L�E�X�W�L�R�Q �R�I �-�L�P �&�U�R�Z �O�D�Z�V

Slave Fraction, 1860
0.50 !  0.60
0.40 !  0.50
0.30 !  0.40
0.20 !  0.30
0.10 !  0.20
0.00 !  0.10
0.00 !  0.00
No data

���F�� �*�H�R�J�U�D�S�K�L�F�D�O �'�L�V�S�H�U�V�L�R�Q �R�I �H�Q�V�O�D�Y�H�G �S�R�S�X�O�D�W�L�R�Q

Jim Crow Laws
50.00 !  100.00
40.00 !  50.00
30.00 !  40.00
20.00 !  30.00
10.00 !  20.00
0.00 !  10.00
0.00 !  0.00
No data

���G�� �*�H�R�J�U�D�S�K�L�F�D�O �'�L�V�S�H�U�V�L�R�Q �R�I �-�L�P �&�U�R�Z �O�D�Z�V

�1�R�W�H�V�� �3�O�R�W�V �G�L�V�S�O�D�\ �W�K�H �S�U�R�S�R�U�W�L�R�Q �R�I �H�D�F�K �V�W�D�W�H �S�R�S�X�O�D�W�L�R�Q�V �Z�K�L�F�K �Z�D�V �I�R�U�P�H�G �R�I �V�O�D�Y�H�V �L�Q ���������� �D�Q�G �W�K�H �Q�X�P�E�H�U �R�I �-�L�P �&�U�R�Z �O�D�Z�V �S�D�V�V�H�G �E�\ �H�D�F�K �V�W�D�W�H�� �6�R�X�U�F�H���1�X�Q�Q
������������ ���H�Q�V�O�D�Y�H�G �S�R�S�X�O�D�W�L�R�Q�� �D�Q�G�$�O�W�K�R�I�I �D�Q�G �5�H�L�F�K�D�U�G�W������������ ���-�L�P �&�U�R�Z �O�D�Z�V����
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���E�� �'�L�V�W�U�L�E�X�W�L�R�Q �R�I �3�K�\�V�L�F�L�D�Q�V �S�H�U �F�D�S�L�W�D

Pharmacists p.c.
0.90 !  0.96
0.87 !  0.90
0.82 !  0.87
0.77 !  0.82
0.69 !  0.77
0.67 !  0.69
0.60 !  0.67
0.55 !  0.60
0.49 !  0.55
0.30 !  0.49
No data

���F�� �*�H�R�J�U�D�S�K�L�F�D�O �'�L�V�S�H�U�V�L�R�Q �R�I �3�K�D�U�P�D�F�L�V�W�V

Physicians p.c.
1.45 !  1.68
1.38 !  1.45
1.33 !  1.38
1.24 !  1.33
1.20 !  1.24
1.18 !  1.20
1.05 !  1.18
0.94 !  1.05
0.81 !  0.94
0.41 !  0.81
No data

���G�� �*�H�R�J�U�D�S�K�L�F�D�O �'�L�V�S�H�U�V�L�R�Q �R�I �3�K�\�V�L�F�L�D�Q�V

�1�R�W�H�V�� �)�L�J�X�U�H�V �S�O�R�W �V�W�D�W�H���O�H�Y�H�O �D�Y�H�U�D�J�H�V �R�I �S�K�D�U�P�D�F�L�V�W�V �S�H�U �F�D�S�L�W�D ���S�D�Q�H�O�V ���D�� �D�Q�G ���F������ �D�Q�G �S�K�\�V�L�F�L�D�Q�V �S�H�U �F�D�S�L�W�D ���S�D�Q�H�O�V ���E�� �D�Q�G ���G������ �L�Q �F�R�X�Q�W�L�H�V �Z�K�H�U�H �J�U�H�D�W�H�U �W�K�D�Q
������ �R�I �W�K�H �S�R�S�X�O�D�W�L�R�Q �L�V �E�O�D�F�N�� �H�D�F�K �U�H���H�[�S�U�H�V�V�H�G �S�H�U �������������� �S�R�S�X�O�D�W�L�R�Q�� �7�R�S �S�D�Q�H�O�V �S�U�H�V�H�Q�W �G�H�Q�V�L�W�L�H�V �Z�K�L�O�H �E�R�W�W�R�P �S�D�Q�H�O�V �S�U�H�V�H�Q�W �V�W�D�W�H���O�H�Y�H�O �D�Y�H�U�D�J�H�V�� �0�H�D�V�X�U�H�V �D�U�H
�J�H�Q�H�U�D�W�H�G �I�U�R�P �R�F�F�X�S�D�W�L�R�Q�D�O �F�R�G�L�Q�J�V �L�Q �������� �,�3�8�0�6 �P�L�F�U�R�G�D�W�D��
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�% �)�L�U�V�W���V�W�D�J�H �5�H�V�X�O�W�V �R�I �V�X�O�I�D �R�Q �0�R�U�W�D�O�L�W�\�� �'�L�I�I�X�V�L�R�Q�� �6�W�U�X�F�W�X�U�D�O �%�U�H�D�N�� �D�Q�G

�&�R�Q�Y�H�U�J�H�Q�F�H

�%���� �$�F�F�H�V�V �W�R �V�X�O�I�D �'�U�X�J�V �D�Q�G �0�R�U�W�D�O�L�W�\ �'�H�F�O�L�Q�H�V

�0�R�U�W�D�O�L�W�\ �'�H�F�O�L�Q�H�V �E�\ �*�U�R�X�S�:�H �V�K�R�Z �L�Q �W�K�H �S�D�S�H�U �W�K�D�W �%�O�D�F�N �P�H�Q �D�Q�G �Z�R�P�H�Q �Z�K�R �Z�H�U�H �E�R�U�Q �L�Q �D�Q
�H�Q�Y�L�U�R�Q�P�H�Q�W �P�D�U�N�H�G �E�\ �L�Q�V�W�L�W�X�W�L�R�Q�D�O�L�]�H�G �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q �U�H�D�S�H�G �V�P�D�O�O�H�U �D�Q�G �O�H�V�V �S�H�U�Y�D�V�L�Y�H �J�D�L�Q�V �I�U�R�P �L�Q�I�D�Q�W
�H�[�S�R�V�X�U�H �W�R �U�H�G�X�F�H�G �S�Q�H�X�P�R�Q�L�D �F�U�H�D�W�H�G �E�\ �W�K�H �L�Q�W�U�R�G�X�F�W�L�R�Q �R�I �D�Q�W�L�E�L�R�W�L�F�V�� �:�H �F�R�Q�W�H�Q�G �W�K�D�W �W�K�H�U�H �Z�D�V �D �F�O�H�D�U
�³�I�L�U�V�W �V�W�D�J�H�´ �I�R�U �%�O�D�F�N �$�P�H�U�L�F�D�Q�V�� �H�Y�H�Q �L�Q �V�W�D�W�H�V �Z�L�W�K �K�L�J�K�H�U �G�H�J�U�H�H�V �R�I �V�\�V�W�H�P�L�F �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q�� �D�Q�G �W�K�D�W �W�K�H
�F�R�Q�V�W�U�L�F�W�L�R�Q �R�I �R�S�S�R�U�W�X�Q�L�W�L�H�V �D�V �D �U�H�V�X�O�W �R�I �V�\�V�W�H�P�L�F �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q �S�O�D�\�H�G �D�Q �L�P�S�R�U�W�D�Q�W �S�D�U�W �L�Q �W�U�D�Q�V�O�D�W�L�R�Q �R�I
�I�L�U�V�W �V�W�D�J�H ���S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\�� �W�R �V�H�F�R�Q�G �V�W�D�J�H �L�P�S�D�F�W�V ���D�G�X�O�W �R�X�W�F�R�P�H�V���� �:�H �V�X�P�P�D�U�L�]�H �H�Y�L�G�H�Q�F�H �W�K�D�W
�V�X�S�S�R�U�W�V �R�X�U �F�O�D�L�P �W�K�D�W �D �V�W�U�R�Q�J �I�L�U�V�W �V�W�D�J�H�²�L���H���� �%�O�D�F�N �L�Q�I�D�Q�W�V �K�D�G �D�F�F�H�V�V �W�R �V�X�O�I�D �G�U�X�J�V �D�Q�G �H�[�S�H�U�L�H�Q�F�H�G
�U�H�G�X�F�W�L�R�Q�V �L�Q �S�Q�H�X�P�R�Q�L�D �P�R�U�E�L�G�L�W�\ �D�Q�G �P�R�U�W�D�O�L�W�\ �D�V �D �U�H�V�X�O�W �R�I �L�W�²�H�[�L�V�W�V �K�H�U�H��

�)�L�J�X�U�H�� �R�I �W�K�H �P�D�L�Q �S�D�S�H�U �G�H�P�R�Q�V�W�U�D�W�H�V �W�K�D�W �E�R�W�K �%�O�D�F�N �D�Q�G �Z�K�L�W�H �L�Q�G�L�Y�L�G�X�D�O�V �L�Q �W�K�H �6�R�X�W�K�H�U�Q �V�W�D�W�H�V
�H�[�S�H�U�L�H�Q�F�H�G �G�H�F�O�L�Q�H�V �L�Q �D�O�O���D�J�H �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �V�W�D�U�W�L�Q�J �L�Q ���������� �Z�L�W�K �W�K�H �D�E�V�R�O�X�W�H �G�H�F�O�L�Q�H �E�H�L�Q�J �O�D�U�J�H�U
�D�P�R�Q�J �%�O�D�F�N �L�Q�G�L�Y�L�G�X�D�O�V�� �,�Q �7�D�E�O�H�%���R�I �W�K�L�V �$�S�S�H�Q�G�L�[�� �Z�H �U�H�S�U�R�G�X�F�H �³�I�L�U�V�W �V�W�D�J�H�´ �U�H�J�U�H�V�V�L�R�Q�V �X�V�L�Q�J �D�O�O���D�J�H
�D�V �Z�H�O�O �D�V �L�Q�I�D�Q�W �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H�V�� �D�Q�G �X�V�L�Q�J �W�K�H �O�R�J�D�U�L�W�K�P �R�I �W�K�H �P�R�U�W�D�O�L�W�\ �U�D�W�H �D�Q�G �L�W�V �O�H�Y�H�O�� �D�Q�G �L�Q
�7�D�E�O�H�%���Z�H �E�U�H�D�N �W�K�H�V�H �U�H�V�X�O�W�V �G�R�Z�Q �E�\ �U�D�F�H �D�Q�G �U�H�J�L�R�Q�� �:�L�W�K �W�K�H �O�H�Y�H�O �D�Q�G �O�R�J�D�U�L�W�K�P �R�I �E�R�W�K �D�O�O���D�J�H �D�Q�G
�L�Q�I�D�Q�W �P�R�U�W�D�O�L�W�\�� �Z�H �I�L�Q�G �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �W�U�H�Q�G �E�U�H�D�N�V �I�R�U �%�O�D�F�N �D�Q�G �Z�K�L�W�H �L�Q�G�L�Y�L�G�X�D�O�V �L�Q �W�K�H �6�R�X�W�K�H�U�Q
�D�V �Z�H�O�O �D�V �L�Q �W�K�H �Q�R�Q���6�R�X�W�K�H�U�Q �U�H�J�L�R�Q�V�� �7�K�H �O�H�Y�H�O ���D�E�V�R�O�X�W�H�� �E�U�H�D�N�V �W�H�Q�G �W�R �E�H �O�D�U�J�H�U �I�R�U �%�O�D�F�N �S�H�R�S�O�H �W�K�D�Q �I�R�U
�Z�K�L�W�H�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �)�L�J�X�U�H���� �Z�K�L�O�H �W�K�H �O�R�J ���U�H�O�D�W�L�Y�H�� �E�U�H�D�N�V �D�U�H �V�L�P�L�O�D�U�� �R�U �V�O�L�J�K�W�O�\ �V�P�D�O�O�H�U�� �5�H�J�D�U�G�O�H�V�V�� �W�K�H
�U�H�V�X�O�W�V �G�H�P�R�Q�V�W�U�D�W�H �W�K�D�W �D�O�O���D�J�H �D�Q�G �L�Q�I�D�Q�W �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �G�H�F�O�L�Q�H�G �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �D�I�W�H�U �������� �I�R�U �%�O�D�F�N
�S�H�U�V�R�Q�V�� �L�Q�F�O�X�G�L�Q�J �L�Q �W�K�H �8�6 �6�R�X�W�K������ �,�Q �)�L�J�X�U�H���E�R�I �W�K�H �P�D�L�Q �S�D�S�H�U�� �Z�H �D�O�V�R �G�H�P�R�Q�V�W�U�D�W�H �W�K�D�W �S�R�V�W������������
�W�K�H�U�H �Z�D�V �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H�V�� �H�Y�H�Q �I�R�U �6�R�X�W�K�H�U�Q �%�O�D�F�N �$�P�H�U�L�F�D�Q�V��

�7�K�L�V �I�L�Q�G�L�Q�J �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �R�W�K�H�U �H�Y�L�G�H�Q�F�H �I�U�R�P �W�K�L�V �H�U�D�� �)�R�U �H�[�D�P�S�O�H���%�R�X�V�W�D�Q �D�Q�G �0�D�U�J�R������������
�G�H�P�R�Q�V�W�U�D�W�H �O�D�U�J�H �L�P�S�U�R�Y�H�P�H�Q�W�V �L�Q �P�R�U�W�D�O�L�W�\ �I�R�U �%�O�D�F�N �U�H�O�D�W�L�Y�H �W�R �Z�K�L�W�H �L�Q�I�D�Q�W�V �L�Q �W�K�H �S�H�U�L�R�G ��������������������
�7�K�H�\ �D�W�W�U�L�E�X�W�H �W�K�L�V �W�R �L�P�S�U�R�Y�H�P�H�Q�W�V �L�Q �S�X�E�O�L�F �K�H�D�O�W�K�� �V�S�H�F�L�I�L�F �G�L�V�H�D�V�H �H�U�D�G�L�F�D�W�L�R�Q �H�I�I�R�U�W�V�� �D�Q�G �V�H�F�X�O�D�U �L�P��
�S�U�R�Y�H�P�H�Q�W�V �L�Q �O�L�Y�L�Q�J �V�W�D�Q�G�D�U�G�V �I�R�U �%�O�D�F�N �I�D�P�L�O�L�H�V�� �:�H �F�R�Q�W�U�L�E�X�W�H �K�H�U�H �V�R�P�H �R�I �W�K�H �V�F�D�U�F�H �V�S�H�F�L�I�L�F �H�Y�L�G�H�Q�F�H
�R�I �D �S�D�U�W�L�F�X�O�D�U �P�H�F�K�D�Q�L�V�P ���V�X�O�I�D �G�U�X�J�V�� �L�Q�F�L�G�H�Q�W �L�Q �W�K�L�V �S�H�U�L�R�G �Z�K�L�F�K �O�R�Z�H�U�H�G �G�L�V�H�D�V�H �S�U�H�Y�D�O�H�Q�F�H �I�R�U �D �G�L�V�H�D�V�H
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�D�U�R�X�Q�G �E�O�R�R�G �Y�H�V�V�H�O�V�� �K�H�D�U�W �Y�D�O�Y�H�V�� �D�Q�G �M�R�L�Q�W�V �W�R �F�D�X�V�H �U�K�H�X�P�D�W�L�F �I�H�Y�H�U ���%�L�V�Q�R��������������
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�E�\ �X�V �D�V �������� �Z�H�U�H �D�F�W�X�D�O�O�\ �E�R�U�Q �L�Q �W�K�H �I�L�U�V�W �W�K�U�H�H �P�R�Q�W�K�V �R�I ���������� �D�Q�G �W�K�L�V �Z�R�X�O�G �V�L�P�L�O�D�U�O�\ �E�H �W�K�H �F�D�V�H
�I�R�U �R�W�K�H�U �\�H�D�U�V�� �8�Q�G�H�U �W�K�H �D�V�V�X�P�S�W�L�R�Q �W�K�D�W �V�X�O�I�D �E�H�F�D�P�H �D�Y�D�L�O�D�E�O�H �L�Q ���������� �W�K�L�V �G�H�F�L�V�L�R�Q �L�V �L�Q�Q�R�F�X�R�X�V �I�R�U
�L�Q�G�L�Y�L�G�X�D�O�V �E�R�U�Q �I�U�R�P �������� �R�Q�Z�D�U�G�� �D�V �U�H�J�D�U�G�O�H�V�V �R�I �Z�K�H�W�K�H�U �W�K�H�\ �Z�H�U�H �E�R�U�Q �L�Q �������� �R�U ���������� �W�K�H�\ �Z�R�X�O�G
�K�D�Y�H �E�H�H�Q �H�[�S�R�V�H�G �W�R �V�X�O�I�D �I�U�R�P �E�L�U�W�K�� �)�R�U �L�Q�G�L�Y�L�G�X�D�O�V �U�H�F�R�U�G�H�G �D�V �E�H�L�Q�J �E�R�U�Q �L�Q ���������� �D�U�R�X�Q�G �R�Q�H �T�X�D�U�W�H�U �R�I
�L�Q�G�L�Y�L�G�X�D�O�V �Z�R�X�O�G �K�D�Y�H �E�H�H�Q �E�R�U�Q �L�Q ���������� �D�Q�G �K�H�Q�F�H �H�[�S�R�V�H�G �W�R �V�X�O�I�D �I�U�R�P �E�L�U�W�K�� �)�R�U �L�Q�G�L�Y�L�G�X�D�O�V �U�H�F�R�U�G�H�G
�D�V �E�H�L�Q�J �E�R�U�Q �L�Q ���������� �D�U�R�X�Q�G �R�Q�H �T�X�D�U�W�H�U �Z�R�X�O�G �K�D�Y�H �E�H�H�Q �E�R�U�Q �L�Q �W�K�H �I�L�U�V�W �� �P�R�Q�W�K�V �R�I ���������� �D�Q�G �V�R �E�H�H�Q
�H�[�S�R�V�H�G �W�R �V�X�O�I�D �D�W �W�K�H �H�Q�G �R�I �W�K�H�L�U �I�L�U�V�W �\�H�D�U �R�I �O�L�I�H�� �2�X�U �G�H�I�L�Q�L�W�L�R�Q�V �R�I �H�[�S�R�V�X�U�H �W�R �V�X�O�I�D �L�Q �W�K�H �S�D�S�H�U �D�U�H
�F�R�G�H�G �D�V �3�R�V�W �V�X�O�I�Dt = 1{ �%�L�U�W�K �<�H�D�Ut $ 1937} �� �D�Q�G �V�R �Z�L�O�O �P�L�V�F�O�D�V�V�L�I�\ �D �Y�H�U�\ �V�P�D�O�O �S�R�U�W�L�R�Q �R�I �L�Q�G�L�Y�L�G�X�D�O�V
���W�K�R�V�H �E�R�U�Q �L�Q �W�K�H �I�L�U�V�W �W�K�U�H�H �P�R�Q�W�K�V �R�I �������� �L�Q �W�Z�R �F�H�Q�V�X�V�H�V�� �D�V �X�Q���H�[�S�R�V�H�G�� �K�R�Z�H�Y�H�U�� �W�K�H �D�O�W�H�U�Q�D�W�L�Y�H �L�V �W�R
�P�L�V�F�O�D�V�V�L�I�\ �D �O�D�U�J�H�U �S�R�U�W�L�R�Q �R�I �L�Q�G�L�Y�L�G�X�D�O�V ���W�K�R�V�H �E�R�U�Q �L�Q �W�K�H �O�D�V�W �� �P�R�Q�W�K�V �R�I �������� �L�Q �W�K�H �W�Z�R �F�H�Q�V�X�V�H�V�� �D�V
�H�[�S�R�V�H�G�� �,�Q �H�Y�H�Q�W �V�W�X�G�\ �P�R�G�H�O�V �Z�K�H�U�H �Z�H �H�[�D�P�L�Q�H �H�I�I�H�F�W�V �E�\ �\�H�D�U �Z�H �F�D�Q �L�Q�V�S�H�F�W �W�K�H�V�H �F�R�H�I�I�L�F�L�H�Q�W�V �G�L�U�H�F�W�O�\��
�D�Q�G �Z�H �D�O�V�R �L�P�S�O�H�P�H�Q�W �U�R�E�X�V�W�Q�H�V�V �F�K�H�F�N�V �Z�K�H�U�H �Z�H �X�V�H �R�Q�O�\ �L�Q�G�L�Y�L�G�X�D�O�V �H�[�S�R�V�H�G �D�W �D�Q �R�O�G�H�U �D�J�H �D�V �W�K�H
�E�D�V�H�O�L�Q�H �U�H�I�H�U�H�Q�F�H �J�U�R�X�S �L�Q �H�Y�H�Q�W �V�W�X�G�L�H�V�� �R�U �X�V�H �������� �E�L�U�W�K�V �D�V �R�X�U �E�D�V�H�O�L�Q�H �U�H�I�H�U�H�Q�F�H �J�U�R�X�S��
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�O�Q���3�Q�H�X�P�R�Q�L�D �0�R�U�W�D�O�L�W�\��st = ( 0 + ( 1�<�H�D�Ut + ( 2X s + ( 3�3�R�V�W ��������t + ( 4�3�R�V�W �V�X�O�I�Dt ! X s ������

+ ( 5�3�R�V�W ��������t ! �<�H�D�Ut + ( 6�3�R�V�W ��������t ! �<�H�D�Ut ! X s + $st ,

�X�V�L�Q�J �V�W�D�W�H �E�\ �\�H�D�U �P�R�U�W�D�O�L�W�\ �G�D�W�D �G�H�V�F�U�L�E�H�G �L�Q �$�S�S�H�Q�G�L�[�$���������� �+�H�U�H��( 3 �F�D�S�W�X�U�H�V �L�P�P�H�G�L�D�W�H �\�H�D�U���R�Y�H�U��
�\�H�D�U �G�H�F�O�L�Q�H�V �L�Q �P�R�U�W�D�O�L�W�\ �I�R�O�O�R�Z�L�Q�J �W�K�H �D�U�U�L�Y�D�O �R�I �V�X�O�I�D�� �Z�K�L�O�H( 5 �F�D�S�W�X�U�H�V �D�Q�\ �W�U�H�Q�G �E�U�H�D�N �Z�K�L�F�K �J�U�D�G�X�D�O�O�\
�H�P�H�U�J�H�V �G�X�U�L�Q�J �W�K�H �S�R�V�W���V�X�O�I�D �S�H�U�L�R�G�� �2�X�U �S�D�U�D�P�H�W�H�U�V �R�I �L�Q�W�H�U�H�V�W��( 3 �D�Q�G( 5 �F�D�S�W�X�U�H �Z�K�H�W�K�H�U �S�U�R�S�R�U�W�L�R�Q�D�O
�P�R�U�W�D�O�L�W�\ �G�H�F�O�L�Q�H�V �D�U�H �O�D�U�J�H�U �L�Q �D�U�H�D�V �Z�L�W�K �V�S�H�F�L�I�L�F �V�W�D�W�H���O�H�Y�H�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�VX s �H�[�S�O�R�U�H�G �L�Q �)�L�J�X�U�H�%���� �R�U
�Z�K�H�W�K�H�U �W�U�H�Q�G �E�U�H�D�N�V �Y�D�U�\ �E�\ �W�K�H�V�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �,�Q �W�D�E�X�O�D�U �R�X�W�S�X�W �Z�H �S�U�H�V�H�Q�W �H�V�W�L�P�D�W�H�V �R�I( 3, ( 4, ( 5 �D�Q�G
( 6 �L�Q �W�K�H �L�Q�W�H�U�H�V�W�V �R�I �V�L�P�S�O�L�F�L�W�\�� �,�Q �H�D�F�K �F�D�V�H��X s �L�V �F�D�V�W �D�V �D �=���V�F�R�U�H �I�R�U �H�D�V�H �R�I �F�R�P�S�D�U�D�E�L�O�L�W�\��

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

�$����
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�D�W �S�H�U�F�H�Q�W�L�O�H�V ���� �D�Q�G ���� �R�I �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�FX s �L�Q �W�D�E�O�H �I�R�R�W�H�U�� �,�Q �S�D�Q�H�O �$ ���Z�K�L�F�K �I�R�F�X�V�H�V �R�Q �P�R�U�W�D�O�L�W�\ �L�Q �D�O�O
�V�W�D�W�H�V���� �P�D�U�J�L�Q�D�O �H�I�I�H�F�W�V �V�X�J�J�H�V�W �G�H�F�O�L�Q�H�V �R�I �D�Q�\�Z�K�H�U�H �E�H�W�Z�H�H�Q ������ �D�Q�G ������ �D�W �H�[�W�U�H�P�H �S�H�U�F�H�Q�W�L�O�H�V �R�I �V�W�D�W�H
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �L�P�P�H�G�L�D�W�H�O�\�� �%�\ �\�H�D�U ���� �G�H�F�O�L�Q�H�V �D�U�H �R�E�V�H�U�Y�H�G �W�R �E�H �E�U�R�D�G�O�\ �F�R�Q�V�L�V�W�H�Q�W �D�F�U�R�V�V �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��
�D�W �P�R�V�W �U�D�Q�J�L�Q�J �I�U�R�P �D�U�R�X�Q�G �������������� �Z�K�H�Q �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �����W�K�D�Q�G �����W�K�S�H�U�F�H�Q�W�L�O�H �R�I �V�W�D�W�H�V �E�D�V�H�G �R�Q �W�K�H
�V�K�D�U�H �R�I �X�U�E�D�Q �S�R�S�X�O�D�W�L�R�Q�� �2�W�K�H�U �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �V�K�R�Z �V�P�D�O�O�H�U �G�L�I�I�X�V�L�R�Q �J�U�D�G�L�H�Q�W�V �E�\ �\�H�D�U ���� �Z�L�W�K �V�O�L�J�K�W�O�\
�O�D�U�J�H�U �S�U�R�S�R�U�W�L�R�Q�D�O �G�H�F�O�L�Q�H�V �R�E�V�H�U�Y�H�G �L�Q �V�W�D�W�H�V �Z�L�W�K �O�R�Z�H�U �L�Q�F�R�P�H �O�H�Y�H�O�V�� �O�R�Z�H�U �U�D�W�H�V �R�I �S�K�D�U�P�D�F�L�V�W�V �D�Q�G
�S�K�\�V�L�F�L�D�Q�V �S�H�U �F�D�S�L�W�D �D�Q�G �K�L�J�K�H�U �U�D�W�H�V �R�I �K�L�V�W�R�U�L�F�D�O�O�\ �H�Q�V�O�D�Y�H�G �S�R�S�X�O�D�W�L�R�Q�V�� �,�Q �S�D�Q�H�O �% �Z�H �R�E�V�H�U�Y�H �E�U�R�D�G�O�\
�F�R�Q�V�L�V�W�H�Q�W �U�H�V�X�O�W�V �Z�K�H�Q �F�R�Q�V�L�G�H�U�L�Q�J �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �L�Q �6�R�X�W�K�H�U�Q �V�W�D�W�H�V �R�Q�O�\�� �D�Q�G �L�Q �7�D�E�O�H�%���S�U�H�V�H�Q�W �U�H�V�X�O�W�V
�I�R�U �E�O�D�F�N �D�Q�G �Z�K�L�W�H �P�R�U�W�D�O�L�W�\ �R�Q�O�\�� �5�H�J�D�U�G�O�H�V�V �R�I �W�K�H �V�D�P�S�O�H �D�Q�G �V�W�D�W�H���O�H�Y�H�O �Y�D�U�L�D�E�O�H �F�R�Q�V�L�G�H�U�H�G�� �Z�H �V�H�H
�O�D�U�J�H �G�H�F�O�L�Q�H�V �L�Q �P�R�U�W�D�O�L�W�\��

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

�%���� �&�R�Q�Y�H�U�J�H�Q�F�H �L�Q �0�R�U�W�D�O�L�W�\ �5�D�W�H�V �)�R�O�O�R�Z�L�Q�J �V�X�O�I�D

�$ �U�L�F�K�H�U �W�H�V�W �R�I �K�R�Z �G�U�X�J�V �G�L�I�I�X�V�H�G �D�F�U�R�V�V �W�K�H �S�R�S�X�O�D�W�L�R�Q �D�Q�G �Z�K�H�W�K�H�U �W�K�H�U�H �L�V �H�Y�L�G�H�Q�F�H �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �D�F�F�H�V�V
�R�I �V�X�O�I�D �K�L�V�W�R�U�L�F�D�O�O�\ �Z�K�L�F�K �P�D�\ �H�[�S�O�D�L�Q �O�R�Q�J���W�H�U�P �S�D�W�W�H�U�Q�V�� �F�R�Q�V�L�G�H�U�V �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �R�Y�H�U
�W�L�P�H�� �D�Q�G �Z�K�H�W�K�H�U �W�K�L�V �F�R�Q�Y�H�U�J�H�Q�F�H �L�V �P�H�G�L�D�W�H�G �E�\ �F�U�R�V�V���V�W�D�W�H �I�D�F�W�R�U�V�� �6�S�H�F�L�I�L�F�D�O�O�\�� �Z�H �D�Q�D�O�\�]�H�G �G�L�I�I�H�U�H�Q�F�H�V
�L�Q �F�U�R�V�V���V�W�D�W�H �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �E�\ �W�K�H �V�D�P�H �V�H�W �R�I �Y�D�U�L�D�E�O�H�V �H�[�D�P�L�Q�H�G �D�E�R�Y�H�� �7�K�L�V
�W�H�V�W �L�V �E�D�V�H�G �R�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �P�R�G�H�O��

�3�Q�H�X�P�R�Q�L�D �0�R�U�W�D�O�L�W�\st = ! 0 + ! 1�3�R�V�W ��������t ! �%�D�V�H �3�Q�H�X�P�R�Q�L�Ds + ! 2�3�R�V�W ��������t ! X s

+ ! 3�3�R�V�W ��������t ! �%�D�V�H �3�Q�H�X�P�R�Q�L�D! X s + µs + ) t + * st , ������

�Z�K�H�U�HX s �U�H�I�H�U�V �W�R �W�K�H �V�D�P�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�V �F�R�Q�V�L�G�H�U�H�G �L�Q �������� �7�K�L�V �V�S�H�F�L�I�L�F�D�W�L�R�Q �L�V �P�H�D�Q�L�Q�J�I�X�O �E�H�F�D�X�V�H
�L�W �D�G�G�U�H�V�V�H�V �W�K�H �L�Q�W�H�Q�V�L�Y�H �P�D�U�J�L�Q �R�I �G�L�I�I�X�V�L�R�Q�²�W�K�H �W�U�H�Q�G �E�U�H�D�N �L�Q �P�R�U�W�D�O�L�W�\ �G�R�F�X�P�H�Q�W�H�G �L�Q �W�K�H �S�U�H�Y�L�R�X�V
�V�X�E���V�H�F�W�L�R�Q �V�L�P�S�O�\ �D�V�V�H�V�V�H�V �Z�K�H�W�K�H�U �V�X�O�I�D �G�U�X�J�V �Z�H�U�H �D�Y�D�L�O�D�E�O�H �L�Q �D �J�L�Y�H�Q �\�H�D�U �L�Q �D �J�L�Y�H�Q �V�W�D�W�H�� �Z�K�L�O�H �K�H�U�H
�G�L�I�I�H�U�H�Q�F�H�V �L�Q �W�D�N�H���X�S �U�D�W�H�V �F�R�Q�G�L�W�L�R�Q�D�O �R�Q �G�U�X�J �D�Y�D�L�O�D�E�L�O�L�W�\ �D�U�H �G�H�W�H�F�W�D�E�O�H �D�V �I�D�V�W�H�U �Y�V�� �V�O�R�Z�H�U �F�R�Q�Y�H�U�J�H�Q�F�H��
�7�K�H �H�V�W�L�P�D�W�H�G �V�S�H�F�L�I�L�F�D�W�L�R�Q �L�V �D �W�U�L�S�O�H �G�L�I�I�H�U�H�Q�F�H �G�H�V�F�U�L�E�L�Q�J �W�K�H �I�L�U�V�W �V�W�D�J�H �R�I �R�X�U �O�R�Q�J���U�X�Q �H�I�I�H�F�W�V �D�Q�D�O�\�V�L�V��
�Z�K�L�F�K �J�L�Y�H�V �L�W �F�R�Q�F�H�S�W�X�D�O �F�O�D�U�L�W�\��

�(�Y�L�G�H�Q�F�H �R�I �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �L�V �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H�%���� �+�H�U�H�� �Z�H �F�R�Q�V�L�G�H�U �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q
�P�R�U�W�D�O�L�W�\ �U�D�W�H�V �Z�L�W�K�R�X�W �L�Q�W�H�U�D�F�W�L�R�Q �Z�L�W�K �F�K�D�U�D�F�W�H�U�L�V�W�L�F�VX s�� �D�Q�G �F�R�Q�V�L�V�W�H�Q�W�O�\ �V�H�H �H�Y�L�G�H�Q�F�H �R�I �F�R�Q�Y�H�U�J�H�Q�F�H �L�Q
�P�R�U�W�D�O�L�W�\ �U�D�W�H�V�� �Z�L�W�K �U�D�W�H�V �G�H�F�O�L�Q�L�Q�J �P�R�U�H �L�Q �D�U�H�D�V �Z�L�W�K �K�L�J�K �E�D�V�H�O�L�Q�H �P�R�U�W�D�O�L�W�\�� �7�K�H�V�H �U�H�V�X�O�W�V �K�R�O�G �F�R�Q�G�L�W�L�R�Q�D�O
�R�Q �E�D�V�H�O�L�Q�H �G�L�V�H�D�V�H �D�Q�G �6�(�6 �F�R�Q�W�U�R�O�V�� �D�V �Z�H�O�O �D�V �L�Q �V�S�H�F�L�I�L�F�D�W�L�R�Q �Z�L�W�K �F�H�Q�V�X�V �G�L�Y�L�V�L�R�Q �E�\ �\�H�D�U �I�L�[�H�G �H�I�I�H�F�W�V��
�:�H �R�E�V�H�U�Y�H �H�Y�L�G�H�Q�F�H �R�I �F�R�Q�Y�H�U�J�H�Q�F�H �Z�K�H�Q �F�R�Q�V�L�G�H�U�L�Q�J �P�R�U�W�D�O�L�W�\ �L�Q �D�O�O �V�W�D�W�H�V �E�H�W�Z�H�H�Q �������������������� �D�V �Z�H�O�O
�D�V �Z�K�H�Q �F�R�Q�V�L�G�H�U�L�Q�J �R�Q�O�\ �P�R�U�W�D�O�L�W�\ �D�P�R�Q�J �Z�K�L�W�H �D�Q�G �%�O�D�F�N �$�P�H�U�L�F�D�Q�V �L�Q �W�K�H ���� �V�W�D�W�H�V �I�R�U �Z�K�L�F�K �U�D�F�H��
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���G�� �:�R�U�N �/�L�P�L�W�L�Q�J �'�L�V�D�E�L�O�L�W�\

�1�R�W�H�V�� �(�D�F�K �S�O�R�W �S�U�H�V�H�Q�W�V �D�Q �H�Y�H�Q�W �V�W�X�G�\ �Z�K�H�U�H �O�R�Q�J �W�H�U�P �R�X�W�F�R�P�H�V �D�U�H �U�H�J�U�H�V�V�H�G �R�Q �E�D�V�H�O�L�Q�H �P�R�U�W�D�O�L�W�\ �W�L�P�H�V �D �I�X�O�O �V�H�W �R�I �O�D�J�V �D�Q�G �O�H�D�G�V�� �I�X�O�O �L�Q�W�H�U�D�F�W�L�R�Q�V �E�H�W�Z�H�H�Q �O�D�J�V
�D�Q�G �O�H�D�G�V �D�Q�G �S�K�D�U�P�D�F�L�V�W �F�R�Y�H�U�D�J�H�� �D�Q�G �V�W�D�W�H �D�Q�G �\�H�D�U �I�L�[�H�G �H�I�I�H�F�W�V�� �0�D�U�J�L�Q�D�O �H�I�I�H�F�W�V �D�U�H �U�H�S�R�U�W�H�G �I�R�U �D�Q �L�Q�W�H�U�T�X�D�U�W�L�O�H �U�D�Q�J�H �V�K�L�I�W �L�Q �H�[�S�R�V�X�U�H �W�R �V�X�O�I�D ���������� �I�H�Z�H�U �G�H�D�W�K�V
�S�H�U ������������ �D�W �S�H�U�F�H�Q�W�L�O�H�V ���� �D�Q�G ���� �R�I �S�K�D�U�P�D�F�L�V�W �F�R�Y�H�U�D�J�H��
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�& �0�R�G�H�O�L�Q�J �D�Q�G �,�G�H�Q�W�L�I�L�F�D�W�L�R�Q �'�H�W�D�L�O�V

�&���� �)�X�U�W�K�H�U �G�H�W�D�L�O�V �U�H�O�D�W�H�G �W�R �H�V�W�L�P�D�W�L�R�Q �D�Q�G �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q

�,�Q �Z�K�D�W �I�R�O�O�R�Z�V�� �Z�H �Z�L�O�O �U�H�I�H�U �W�R �W�U�H�D�W�P�H�Q�W �L�Q�W�H�Q�V�L�W�\ �I�R�U �D �S�D�U�W�L�F�X�O�D�U �V�W�D�W�H �D�Vp�� �I�R�U �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\�� �D�Q�G
�W�K�H �V�H�W �R�I �D�O�O �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �D�VP�� �)�R�O�O�R�Z�L�Q�J �W�K�H �Q�R�W�D�W�L�R�Q �R�I�&�D�O�O�D�Z�D�\ �H�W �D�O���������������� �W�K�H �$�Y�H�U�D�J�H �&�D�X�V�D�O
�5�H�V�S�R�Q�V�H ���$�&�5�� �L�V �G�H�I�L�Q�H�G �D�V��

ACR(p) =
+E[Yistc (p)]

+p
,

�F�D�S�W�X�U�L�Q�J �W�K�H �D�Y�H�U�D�J�H �H�I�I�H�F�W �R�I �D �P�D�U�J�L�Q�D�O �F�K�D�Q�J�H �L�Q �H�[�S�R�V�X�U�H �W�R �S�Q�H�X�P�R�Q�L�D �R�Q �R�X�W�F�R�P�H�V �R�I �L�Q�W�H�U�H�V�WY��
�&�D�O�O�D�Z�D�\ �H�W �D�O�������������� �V�K�R�Z �W�K�D�W �X�Q�G�H�U �D �³�V�W�U�R�Q�J �S�D�U�D�O�O�H�O �W�U�H�Q�G�´ �D�V�V�X�P�S�W�L�R�Q�� �W�K�H �S�D�U�D�P�H�W�H�U" �I�U�R�P ������ �F�D�S�W�X�U�H�V
�W�K�H �I�R�O�O�R�Z�L�Q�J �T�X�D�Q�W�L�W�\��

" =
"

pj " P

w(pj )
ACR(pj )
pj # pj # 1

,

�W�K�D�W �L�V�� �D �Z�H�L�J�K�W�H�G �V�X�P �R�I �$�&�5�V�� �7�K�H �Z�H�L�J�K�W�V��w �V�X�P �W�R �R�Q�H�� �D�Q�G �D�U�H �G�H�I�L�Q�H�G �D�V��

w(l) =
(E [P|P $ l] # E [P]) �3�U(P $ l)

, 2
P

,

�Z�K�H�U�H, 2
P �U�H�I�H�U�V �W�R �W�K�H �Y�D�U�L�D�Q�F�H �R�I �E�D�V�H�O�L�Q�H �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\�� �,�Q �S�U�D�F�W�L�F�H�� �L�I �Z�H �F�R�Q�V�L�G�H�U �D �S�U�H���W�U�H�D�W�P�H�Q�W

�R�X�W�F�R�P�HYt# 1 �D�Q�G �S�R�V�W���W�U�H�D�W�P�H�Q�W �R�X�W�F�R�P�HYt ���I�R�U �H�D�V�H �R�I �Q�R�W�D�W�L�R�Q�� �V�X�E�V�F�U�L�S�Wisc �L�V �O�H�I�W �L�P�S�O�L�F�L�W���� �W�K�H �V�W�U�R�Q�J
�S�D�U�D�O�O�H�O �W�U�H�Q�G �D�V�V�X�P�S�W�L�R�Q �U�H�T�X�L�U�H�G �V�W�D�W�H�V �W�K�D�W �I�R�U �D�O�Op " P��

E [Yt (p) # Yt# 1(0)] = E [Yt (p) # Yt# 1(0)|P = p].

�,�Q �Z�R�U�G�V�� �W�K�L�V �D�V�V�X�P�S�W�L�R�Q �V�W�D�W�H�V �W�K�D�W �R�E�V�H�U�Y�H�G �W�U�H�Q�G�V �L�Q �R�X�W�F�R�P�H�V �I�R�U �X�Q�L�W�V �Z�L�W�K �D �S�D�U�W�L�F�X�O�D�U �E�D�V�H�O�L�Q�H �G�R�V�D�J�H
p ���W�K�H �T�X�D�Q�W�L�W�\ �R�Q �W�K�H �U�L�J�K�W���K�D�Q�G �V�L�G�H �D�E�R�Y�H���� �D�U�H �D �J�R�R�G �F�R�X�Q�W�H�U�I�D�F�W�X�D�O �I�R�U �W�K�H �W�U�H�Q�G�V �Z�K�L�F�K �D�O�O �R�W�K�H�U �X�Q�L�W�V
�Z�R�X�O�G �K�D�Y�H �I�R�O�O�R�Z�H�G�� �K�D�G �W�K�H�\ �L�Q�V�W�H�D�G �E�H�H�Q �D�V�V�L�J�Q�H�G �W�K�D�W �S�D�U�W�L�F�X�O�D�U �E�D�V�H�O�L�Q�H �P�R�U�W�D�O�L�W�\ �U�D�W�H�� �7�K�L�V �F�D�Q �E�H �V�H�H�Q
�D�V �D �P�X�O�W�L���Y�D�O�X�H�G �J�H�Q�H�U�D�O�L�]�D�W�L�R�Q �R�I �W�K�H �S�D�U�D�O�O�H�O �W�U�H�Q�G�V �D�V�V�X�P�S�W�L�R�Q�� �J�L�Y�H�Q �W�K�D�W �W�K�H �V�W�D�Q�G�D�U�G �S�D�U�D�O�O�H�O �W�U�H�Q�G�V
�D�V�V�X�P�S�W�L�R�Q �V�L�P�S�O�\ �U�H�T�X�L�U�H�V �W�K�D�W �W�K�H �W�U�H�Q�G�V �L�Q �R�X�W�F�R�P�H�V �I�R�U �X�Q�W�U�H�D�W�H�G �X�Q�L�W�V �D�U�H �D �J�R�R�G �F�R�X�Q�W�H�U�I�D�F�W�X�D�O �I�R�U
�W�U�H�Q�G�V �L�Q �R�X�W�F�R�P�H�V �W�R �W�U�H�D�W�H�G �X�Q�L�W�V�� �K�D�G �W�K�H�\ �Q�R�W �E�H�H�Q �W�U�H�D�W�H�G��

�7�K�L�V �V�W�U�R�Q�J �S�D�U�D�O�O�H�O �W�U�H�Q�G�V �D�V�V�X�P�S�W�L�R�Q �F�D�Q�Q�R�W �E�H �H�[�S�O�L�F�L�W�O�\ �W�H�V�W�H�G�� �D�V �L�W �U�H�I�H�U�V �W�R �F�R�X�Q�W�H�U�I�D�F�W�X�D�O �W�U�H�D�W�P�H�Q�W
�D�V�V�L�J�Q�P�H�Q�W�V �Z�K�L�F�K �D�U�H �Q�H�Y�H�U �R�E�V�H�U�Y�H�G�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �Z�H �F�D�Q �V�H�H�N �W�R �V�K�H�G �V�R�P�H �O�L�J�K�W �R�Q �W�K�L�V �L�Q �D �Q�X�P�E�H�U �R�I
�Z�D�\�V�� �,�Q �S�D�U�W�L�F�X�O�D�U�� �Z�H �F�D�Q �H�[�D�P�L�Q�H �Y�D�U�L�D�E�O�H �G�R�V�H �U�H�V�S�R�Q�V�H�V �D�Q�G �V�H�H�N �W�R �G�H�W�H�U�P�L�Q�H �Z�K�H�W�K�H�U �W�K�H�U�H �D�U�H �S�D�U�D�O�O�H�O
�S�U�H���W�U�H�Q�G�V �E�\ �G�R�V�H �U�H�V�S�R�Q�V�H �J�U�R�X�S�V�� �D�Q�G �Z�H �F�D�Q �F�R�Q�V�L�G�H�U �W�K�H �Z�H�L�J�K�W�L�Q�J �I�X�Q�F�W�L�R�Q�Vw �W�R �H�Q�V�X�U�H �W�K�D�W �W�K�L�V �G�R�H�V
�Q�R�W �O�H�D�G �W�R �D�J�J�U�H�J�D�W�L�R�Q �L�Q �D�Q �X�Q�G�H�V�L�U�H�G �F�R�P�S�D�U�L�V�R�Q�V�� �:�H �H�[�D�P�L�Q�H �W�K�H�V�H �W�H�V�W�V �L�Q �)�L�J�X�U�H�� �D�Q�G�&���� �)�L�J�X�U�H��
�H�[�D�P�L�Q�H�V �K�R�Z �R�X�W�F�R�P�H�V �R�I �L�Q�W�H�U�H�V�W �H�Y�R�O�Y�H �L�Q �V�W�D�W�H�V �Z�L�W�K �G�L�V�W�L�Q�F�W �E�D�V�H�O�L�Q�H �S�Q�H�X�P�R�Q�L�D �O�H�Y�H�O�V��p�� �F�R�P�S�D�U�H�G �W�R
�W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �R�X�W�F�R�P�H�V �L�Q �V�W�D�W�H�V �Z�L�W�K �W�K�H �O�R�Z�H�V�W �E�D�V�H�O�L�Q�H �S�Q�H�X�P�R�Q�L�D �O�H�Y�H�O�� �7�K�L�V �L�V �D�Q�D�O�R�J�R�X�V �W�R �H�Y�H�Q�W �V�W�X�G�\
�P�R�G�H�O�V �L�Q �������� �E�X�W �U�D�W�K�H�U �W�K�D�Q �F�R�Q�V�L�G�H�U�L�Q�J �D �F�R�Q�W�L�Q�X�R�X�V �W�U�H�D�W�P�H�Q�W �G�R�V�H �P�H�D�V�X�U�H�� �Z�H �F�R�Q�V�L�G�H�U �L�Q�G�L�F�D�W�R�U�V �I�R�U
�E�H�O�R�Q�J�L�Q�J �W�R �V�S�H�F�L�I�L�F �W�U�H�D�W�P�H�Q�W �L�Q�W�H�Q�V�L�W�\ �G�H�F�L�O�H�V�� �+�H�U�H �Z�H �R�E�V�H�U�Y�H�� �I�R�U �H�G�X�F�D�W�L�R�Q�� �H�P�S�O�R�\�P�H�Q�W �D�Q�G �L�Q�F�R�P�H��
�D �G�R�V�H �U�H�V�S�R�Q�V�H �I�X�Q�F�W�L�R�Q�� �Z�K�H�U�H �R�X�W�F�R�P�H�V �L�Q �V�W�D�W�H�V �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �W�U�H�D�W�P�H�Q�W �L�Q�W�H�Q�V�L�W�\ �L�P�S�U�R�Y�H�G �P�R�V�W�� �Z�L�W�K
�W�U�H�D�W�P�H�Q�W �H�I�I�H�F�W�V �W�H�Q�G�L�Q�J �W�R �G�H�F�O�L�Q�H �Z�L�W�K �W�U�H�D�W�P�H�Q�W �L�Q�W�H�Q�V�L�W�\�� �:�K�L�O�H �W�K�H �S�U�H���W�U�H�Q�G�V �D�U�H �Q�R�L�V�\ ���D�Q�G �H�V�W�L�P�D�W�H�V
�I�R�U �Z�R�U�N���U�H�O�D�W�H�G �G�L�V�D�E�L�O�L�W�\ �D�U�H �O�H�V�V �F�O�H�D�Q���� �R�Q �D�Y�H�U�D�J�H �W�K�H �S�U�H���W�U�H�Q�G�V �G�R �Q�R�W �G�H�Y�L�D�W�H �I�U�R�P �W�K�H �]�H�U�R �O�L�Q�H �X�Q�W�L�O
���������� �Z�K�H�Q �W�K�H �S�R�V�L�W�L�Y�H �R�X�W�F�R�P�H�V �W�H�Q�G �W�R �U�L�V�H�� �:�K�L�O�H �W�K�L�V �G�R�H�V �Q�R�W �Q�H�F�H�V�V�D�U�L�O�\ �L�P�S�O�\ �W�K�D�W �F�R�X�Q�W�H�U�I�D�F�W�X�D�O
�W�U�H�Q�G�V �Z�R�X�O�G �K�D�Y�H �E�H�H�Q �I�O�D�W �L�Q �S�R�V�W���W�U�H�D�W�P�H�Q�W �S�H�U�L�R�G�V�� �W�K�H �O�D�F�N �R�I �D �Q�R�W�H�Z�R�U�W�K�\ �W�U�H�Q�G�E�H�W�Z�H�H�Q �H�D�F�K �W�U�H�D�W�P�H�Q�W
�L�Q�W�H�Q�V�L�W�\ �J�U�R�X�S�L�Q �W�K�H �S�U�H���U�H�I�R�U�P �S�H�U�L�R�G �L�V �U�H�D�V�V�X�U�L�Q�J �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �G�H�V�L�J�Q�� �,�Q �)�L�J�X�U�H�&���Z�H �G�R�F�X�P�H�Q�W
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�W�K�H �D�J�J�U�H�J�D�W�L�R�Q �Z�H�L�J�K�W�V �Z�K�L�F�K �D�U�H �L�P�S�O�L�F�L�W �L�Q �W�Z�R���Z�D�\ �)�( �P�R�G�H�O�V ���G�D�V�K�H�G �O�L�Q�H���� �F�R�P�S�D�U�H�G �W�R �W�K�H �D�F�W�X�D�O
�I�U�H�T�X�H�Q�F�\ �R�I �W�U�H�D�W�P�H�Q�W �H�[�S�R�V�X�U�H�V ���V�R�O�L�G �O�L�Q�H���� �7�K�D�W �W�K�H�V�H �T�X�D�Q�W�L�W�L�H�V �D�U�H �E�U�R�D�G�O�\ �V�L�P�L�O�D�U �V�X�J�J�H�V�W�V �W�K�D�W �U�H�V�X�O�W�V
�D�U�H �X�Q�O�L�N�H�O�\ �W�R �E�H �G�U�L�Y�H�Q �E�\ �X�Q�G�H�V�L�U�H�G �Z�H�L�J�K�W�L�Q�J�� �D�Q�G �L�Q�G�H�H�G�� �L�Q �3�D�Q�H�O �% �R�I �$�S�S�H�Q�G�L�[ �7�D�E�O�H�V�&���Z�H �R�E�V�H�U�Y�H
�W�K�D�W �L�I �Z�H �U�H���Z�H�L�J�K�W �R�E�V�H�U�Y�D�W�L�R�Q�V �V�X�F�K �W�K�D�W �V�W�D�W�H�V �D�U�H �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �R�I �W�K�H�L�U �G�R�V�H �I�U�H�T�X�H�Q�F�\�� �U�H�V�X�O�W�V �D�U�H �E�U�R�D�G�O�\
�V�L�P�L�O�D�U��

�,�I�� �K�R�Z�H�Y�H�U�� �Z�H �V�H�H�N �W�R �D�Y�R�L�G �D �V�W�U�R�Q�J �S�D�U�D�O�O�H�O �W�U�H�Q�G�V �D�V�V�X�P�S�W�L�R�Q �H�Q�W�L�U�H�O�\�� �Z�H �F�D�Q �D�O�V�R �F�R�Q�V�L�G�H�U �D �G�L�V��
�F�U�H�W�L�]�D�W�L�R�Q �R�I �W�K�H �W�U�H�D�W�P�H�Q�W �Y�D�U�L�D�E�O�H�� �Z�K�H�U�H �U�D�W�K�H�U �W�K�D�Q �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �I�X�O�O �V�X�S�S�R�U�W �R�IP�� �Z�H �V�L�P�S�O�\ �J�H�Q�H�U�D�W�H
�D �P�H�D�V�X�U�H �R�I �+�L�J�K�O�\ �7�U�H�D�W�H�G= 1 { �%�D�V�H�O�L�Q�H �3�Q�H�X�P�R�Q�L�D> �0�H�G�L�D�Q���%�D�V�H�O�L�Q�H �3�Q�H�X�P�R�Q�L�D��} �� �L�Q �Z�K�L�F�K �F�D�V�H �Z�H
�U�H�W�X�U�Q �W�R �V�W�D�Q�G�D�U�G �L�G�H�Q�W�L�I�\�L�Q�J �D�V�V�X�P�S�W�L�R�Q�V �R�I �S�D�U�D�O�O�H�O �W�U�H�Q�G�V�� �Z�K�H�U�H �Z�H �D�V�V�X�P�H �W�K�D�W �K�D�G �K�L�J�K�O�\ �W�U�H�D�W�H�G �X�Q�L�W�V
�Q�R�W �E�H�H�Q �K�L�J�K�O�\ �W�U�H�D�W�H�G �E�\ �V�X�O�I�D�� �W�K�H�\ �Z�R�X�O�G �K�D�Y�H �I�R�O�O�R�Z�H�G �W�K�H �W�U�H�Q�G�V �Z�K�L�F�K �Z�H�U�H �R�E�V�H�U�Y�H�G �L�Q �O�H�V�V �W�U�H�D�W�H�G
�D�U�H�D�V�� �:�H �F�R�Q�V�L�G�H�U �W�K�L�V �V�S�H�F�L�I�L�F�D�W�L�R�Q �D�V �D�Q �D�O�W�H�U�Q�D�W�L�Y�H �P�R�G�H�O�� �D�Q�G �L�Q �3�D�Q�H�O �& �R�I �$�S�S�H�Q�G�L�[ �7�D�E�O�H�V�&���R�E�V�H�U�Y�H
�W�K�D�W �W�K�H �W�D�N�H�D�Z�D�\ �L�Q �W�H�U�P�V �R�I �W�K�L�V �G�L�V�F�U�H�W�L�]�H�G �P�R�G�H�O �L�V �V�L�P�L�O�D�U �Z�L�W�K �F�O�H�D�U �L�Q�F�U�H�D�V�H�V �L�Q �H�G�X�F�D�W�L�R�Q �D�Q�G �L�Q�F�R�P�H�V
�D�P�R�Q�J �L�Q�G�L�Y�L�G�X�D�O�V �P�R�U�H �K�L�J�K�O�\ �H�[�S�R�V�H�G �W�R �W�K�H �E�H�Q�H�I�L�W�V �R�I �V�X�O�I�D �G�U�X�J�V��

�&���� �7�D�E�O�H�V �D�Q�G �)�L�J�X�U�H�V

�)�L�J�X�U�H �&���� �(�V�W�L�P�D�Q�G �:�H�L�J�K�W�V�� �7�Z�R���:�D�\ �)�L�[�H�G �(�I�I�H�F�W�V �:�H�L�J�K�W�V �Y�H�U�V�X�V �7�U�H�D�W�P�H�Q�W �'�L�V�W�U�L�E�X�W�L�R�Q �:�H�L�J�K�W�V
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Dose (d)

�1�R�W�H�V�� �)�L�J�X�U�H �G�R�F�X�P�H�Q�W�V �Z�H�L�J�K�W�V �R�I �X�Q�L�W�V �E�D�V�H�G �R�Q �W�K�H�L�U �³�G�R�V�H�´ �R�I �V�X�O�I�D �H�[�S�R�V�X�U�H ���E�D�V�H�O�L�Q�H �P�R�U�W�D�O�L�W�\ �U�D�W�H�V���� �,�P�S�O�L�F�L�W �Z�H�L�J�K�W�V
�D�V�V�L�J�Q�H�G �W�R �L�Q�G�L�Y�L�G�X�D�O �X�Q�L�W�V �Z�L�W�K�L�Q �W�K�H �W�Z�R���Z�D�\ �I�L�[�H�G �H�I�I�H�F�W �P�R�G�H�O �H�V�W�L�P�D�W�H�G �L�Q �W�K�L�V �S�D�S�H�U �D�U�H �S�U�H�V�H�Q�W�H�G �D�V �D �G�D�V�K�H�G �E�O�D�F�N �O�L�Q�H��
�Z�K�L�O�H �H�P�S�L�U�L�F�D�O �Z�H�L�J�K�W�V �E�D�V�H�G �R�Q �W�K�H �I�U�H�T�X�H�Q�F�\ �R�I �G�R�V�H�V �R�E�V�H�U�Y�H�G �L�Q �R�X�U �V�D�P�S�O�H �R�I �L�Q�G�L�Y�L�G�X�D�O�V �E�R�U�Q ���������±�������� �D�U�H �G�R�F�X�P�H�Q�W�H�G �D�V
�D �V�R�O�L�G �E�O�D�F�N �O�L�Q�H�� �7�:�)�( �Z�H�L�J�K�W�V �D�U�H �F�D�O�F�X�O�D�W�H�G �I�R�O�O�R�Z�L�Q�J�&�D�O�O�D�Z�D�\ �H�W �D�O�������������� �S�U�R�S�R�V�L�W�L�R�Q ������
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�7�D�E�O�H �&���� �7�Z�R���Z�D�\ �)�L�[�H�G �(�I�I�H�F�W�V�� �$�Y�H�U�D�J�H �&�D�X�V�D�O �5�H�V�S�R�Q�V�H�V �D�Q�G �%�L�Q�D�U�\ �7�U�H�D�W�P�H�Q�W�V �,�Q�G�L�Y�L�G�X�D�O�V

�6�F�K�R�R�O�L�Q�J
�O�R�J���)�D�P�L�O�\

�(�P�S�O�R�\�P�H�Q�W
�:�R�U�N �/�L�P�L�W�L�Q�J

�,�Q�F�R�P�H�� �'�L�V�D�E�L�O�L�W�\

�3�D�Q�H�O �$ �� �%�D�V�H�O�L�Q�H �0�R�G�H�O
�3�R�V�W �6�X�O�I�D! �%�D�V�H �(�[�S�R�V�X�U�H �����������
�
 �������������
�
�
 �������������
�
 �����������������
�


���������������� ���������������� ������������������ ������������������

�(�I�I�H�F�W �V�L�]�H �I�R�U �D�Q �L�Q�W�H�U�T�X�D�U�W�L�O�H �V�K�L�I�W �L�Q �E�D�V�H �H�[�S�R�V�X�U�H������������ �\�H�D�U�V ���������� �� ���������� �S�S ������������ �S�S
�2�E�V�H�U�Y�D�W�L�R�Q�V ������������������ ������������������ ������������������ ������������������

�3�D�Q�H�O �% �� �5�H�Z�H�L�J�K�W�L�Q�J �E�D�V�H�G �R�Q �$�&�5 �I�X�Q�F�W�L�R�Q
�3�R�V�W �6�X�O�I�D! �%�D�V�H �(�[�S�R�V�X�U�H �����������
 �������������
�
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�
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�
�


�������������� ���������������� ������������������ ������������������

�(�I�I�H�F�W �V�L�]�H �I�R�U �D�Q �L�Q�W�H�U�T�X�D�U�W�L�O�H �V�K�L�I�W �L�Q �E�D�V�H �H�[�S�R�V�X�U�H������������ �\�H�D�U�V ���������� �� ���������� �S�S ������������ �S�S
�2�E�V�H�U�Y�D�W�L�R�Q�V ������������������ ������������������ ������������������ ������������������

�3�D�Q�H�O �& �� �%�L�Q�D�U�\ �7�U�H�D�W�P�H�Q�W �0�H�D�V�X�U�H
�3�R�V�W �6�X�O�I�D! �+�L�J�K �%�D�V�H �(�[�S�R�V�X�U�H �������������
�
 �������������
�
�
 ���������������
�
 �����������������
�


���������������� ������������������ ������������������ ������������������

�2�E�V�H�U�Y�D�W�L�R�Q�V ������������������ ������������������ ������������������ ������������������

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

�R�Q �3�R�V�W! �%�D�V�H�O�L�Q�H �3�Q�H�X�P�R�Q�L�D ���S�D�Q�H�O�V �$ �D�Q�G �%�� �R�U �3�R�V�W! �+�L�J�K�O�\ �(�[�S�R�V�H�G�� �Z�K�H�U�H �3�R�V�W �L�G�H�Q�W�L�I�L�H�V �F�R�K�R�U�W�V �E�R�U�Q �D�I�W�H�U �������� �D�Q�G �%�D�V�H�O�L�Q�H �3�Q�H�X�P�R�Q�L�D

�,�Q�I�O�X�H�Q�]�D �L�V �W�K�H �D�Y�H�U�D�J�H �S�Q�H�X�P�R�Q�L�D���L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\ �U�D�W�H �E�H�W�Z�H�H�Q ���������±���������� �+�L�J�K�O�\ �H�[�S�R�V�H�G �U�H�I�H�U�V �W�R �V�W�D�W�H�V �Z�L�W�K �D �E�D�V�H�O�L�Q�H �P�R�U�W�D�O�L�W�\

�U�D�W�H �D�E�R�Y�H �W�K�H �P�H�G�L�D�Q�� �6�D�P�S�O�H �G�H�I�L�Q�L�W�L�R�Q�V �D�Q�G �F�R�Q�W�U�R�O�V �I�R�O�O�R�Z �W�K�R�V�H �G�H�I�L�Q�H�G �L�Q �7�D�E�O�H���� �3�D�Q�H�O �$ �S�U�H�V�H�Q�W�V �L�G�H�Q�W�L�F�D�O �P�R�G�H�O�V �D�V �L�Q �7�D�E�O�H�� �I�R�U

�F�R�P�S�D�U�L�V�R�Q�� �3�D�Q�H�O �% �U�H���Z�H�L�J�K�W�V �R�E�V�H�U�Y�D�W�L�R�Q�V �V�R �W�K�D�W �H�V�W�L�P�D�W�H�V �F�D�Q �E�H �F�R�Q�V�L�G�H�U�H�G �W�R �E�H �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �R�I �G�R�V�H�V �L�Q �W�K�H �V�D�P�S�O�H�� �,�Q �W�K�L�V �S�U�R�F�H�G�X�U�H��

�X�Q�L�W�V �D�U�H �U�H���Z�H�L�J�K�W�H�G �E�\ �W�K�H �U�D�W�L�R �R�I �D�Q�D�O�\�W�L�F �Z�H�L�J�K�W�V �W�R �7�:�)�( �Z�H�L�J�K�W�V �G�R�F�X�P�H�Q�W�H�G �L�Q�&���� �,�Q �S�D�Q�H�O�V �$ �D�Q�G �% �Z�K�H�U�H �D �F�R�Q�W�L�Q�X�R�X�V �W�U�H�D�W�P�H�Q�W

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

�I�R�R�W�H�U�V �D�V�(�I�I�H�F�W �6�L�]�H�� !!! �S< ����������!! �S< ����������! �S< ����������
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�' �$�O�W�H�U�Q�D�W�L�Y�H �2�X�W�F�R�P�H�V �D�Q�G �)�X�O�O �5�H�V�X�O�W�V �E�\ �'�H�P�R�J�U�D�S�K�L�F �*�U�R�X�S

�'���� �$�G�G�L�W�L�R�Q�D�O �2�X�W�F�R�P�H�V

�,�Q �W�K�H �E�R�G�\ �R�I �W�K�H �S�D�S�H�U �Z�H �S�U�H�V�H�Q�W �U�H�V�X�O�W�V �I�R�U �� �P�D�L�Q �R�X�W�F�R�P�H�V�� �H�G�X�F�D�W�L�R�Q�D�O �D�W�W�D�L�Q�P�H�Q�W�� �I�D�P�L�O�\ �L�Q�F�R�P�H��
�H�P�S�O�R�\�P�H�Q�W �D�Q�G �Z�R�U�N���O�L�P�L�W�L�Q�J �G�L�V�D�E�L�O�L�W�\�� �:�H �D�G�G�L�W�L�R�Q�D�O�O�\ �J�H�Q�H�U�D�W�H �U�H�V�X�O�W�V �R�Q �D �Q�X�P�E�H�U �R�I �G�H�U�L�Y�H�G �P�H�D�V�X�U�H�V
�R�U �D�O�W�H�U�Q�D�W�L�Y�H �R�X�W�F�R�P�H�V ���Z�K�H�W�K�H�U �D�Q �L�Q�G�L�Y�L�G�X�D�O �F�R�P�S�O�H�W�H�V �K�L�J�K �V�F�K�R�R�O �D�Q�G �F�R�O�O�H�J�H�� �Z�K�H�W�K�H�U �W�K�H�L�U �I�D�P�L�O�\
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.20 0.40 0.60 0.80 1.00

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.05 0.10 0.15

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.04 -0.02 0.00 0.02 0.04

Estimated Effect
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Baseline FEs

+ Mortality controls
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+ State-level health

+ Census Wave !  (State + Birth Year) FEs
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.05 0.10

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends
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Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.04 -0.03 -0.02 -0.01 0.00

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.50 0.00 0.50 1.00

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

0.00 0.05 0.10 0.15 0.20 0.25

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.05 0.00 0.05 0.10 0.15

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.06 -0.04 -0.02 0.00 0.02 0.04

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-1.50 -1.00 -0.50 0.00 0.50 1.00

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.20 -0.10 0.00 0.10

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.20 -0.15 -0.10 -0.05 0.00 0.05

Estimated Effect
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Baseline FEs

+ Mortality controls

+ State level socioeconomic

+ State-level health

+ Census Wave !  (State + Birth Year) FEs

+ Projected Trends

-0.06 -0.04 -0.02 0.00 0.02 0.04

Estimated Effect
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�' �,�Q�F�R�U�S�R�U�D�W�H�V �V�W�D�W�H���O�H�Y�H�O �F�R�Q�W�U�R�O�V �I�R�U �1�H�Z �'�H�D�O �V�S�H�Q�G�L�Q�J �I�U�R�P�)�L�V�K�E�D�F�N �H�W �D�O�������������� �L�Q�W�H�U�D�F�W�H�G �Z�L�W�K
�3�R�V�W �V�X�O�I�Dt ��

�( �5�H�P�R�Y�H�V �V�W�D�W�H�V �H�[�S�R�V�H�G �W�R �W�K�H �'�X�V�W �%�R�Z�O ���1�H�Z �0�H�[�L�F�R�� �2�N�O�D�K�R�P�D�� �7�H�[�D�V�� �1�H�E�U�D�V�N�D�� �.�D�Q�V�D�V �D�Q�G
�&�R�O�R�U�D�G�R�� �I�U�R�P �W�K�H �H�V�W�L�P�D�W�L�R�Q �V�D�P�S�O�H��

�) �5�H�P�R�Y�H�V �F�R�K�R�U�W�V �E�R�U�Q �������� �D�Q�G �E�H�\�R�Q�G �D�V �F�R�K�R�U�W�V �E�R�U�Q �G�X�U�L�Q�J �8�6 �L�Q�Y�R�O�Y�H�P�H�Q�W �L�Q �:�R�U�O�G �:�D�U �,�,��

�* �5�H�V�W�U�L�F�W�V �W�K�H �V�D�P�S�O�H �W�R �������������������� �7�K�L�V �U�H�V�W�U�L�F�W�L�R�Q �D�O�O�R�Z�V �X�V �W�R �H�[�F�O�X�G�H �H�D�U�O�\ �'�H�S�U�H�V�V�L�R�Q �(�U�D �F�R�K�R�U�W�V
�D�Q�G �:�R�U�O�G �:�D�U �,�, �F�R�K�R�U�W�V�� �Z�L�W�K �W�K�H �U�H�V�X�O�W�V �U�H�P�D�L�Q�L�Q�J �V�L�P�L�O�D�U �W�R �E�D�V�H�O�L�Q�H �U�H�V�X�O�W�V��

�+ �5�H�P�R�Y�H�V �W�K�H �V�D�P�S�O�H �R�I �E�L�U�W�K �F�R�K�R�U�W�V �E�R�U�Q �L�P�P�H�G�L�D�W�H�O�\ �D�U�R�X�Q�G �V�X�O�I�D�¶�V �D�U�U�L�Y�D�O ������������������������ �7�K�L�V
�µ�G�R�Q�X�W�¶ �G�H�V�L�J�Q �F�R�P�S�D�U�H�V �L�Q�G�L�Y�L�G�X�D�O�V �H�[�S�R�V�H�G �L�Q �L�Q�I�D�Q�F�\ ���������� �E�L�U�W�K �F�R�K�R�U�W �R�Q�Z�D�U�G�V���� �Z�L�W�K �L�Q�G�L�Y�L�G��
�X�D�O�V �H�[�S�R�V�H�G �I�U�R�P �R�Q�O�\ �O�D�W�H�U �L�Q�I�D�Q�F�\ ���������� �D�Q�G �S�U�L�R�U �E�L�U�W�K �F�R�K�R�U�W�V����

�,���-�(�[�F�O�X�G�L�Q�J ���3�D�Q�H�O �.�� �R�U �X�V�L�Q�J �H�[�F�O�X�V�L�Y�H�O�\ ���3�D�Q�H�O �/�� �G�D�W�D �I�U�R�P �W�K�H �������� �&�H�Q�V�X�V�� �:�L�W�K �U�H�J�D�U�G�V �W�R �W�K�H
�I�R�U�P�H�U�� �W�K�H�U�H �L�V �V�R�P�H �F�R�Q�F�H�U�Q �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �W�K�D�W �W�K�H �������� �F�H�Q�V�X�V �P�L�F�U�R�G�D�W�D �V�D�P�S�O�H �P�D�\ �E�H �V�X�E�M�H�F�W �W�R
�L�Q�D�F�F�X�U�D�F�L�H�V �L�Q �D�J�H �U�H�S�R�U�W�L�Q�J ���$�O�H�[�D�Q�G�H�U �H�W �D�O���������������� �V�H�H �G�L�V�F�X�V�V�L�R�Q �L�Q �$�S�S�H�Q�G�L�[�$�������� �:�L�W�K �U�H�J�D�U�G�V
�W�R �W�K�H �O�D�W�W�H�U�� �Z�H �I�R�F�X�V �R�Q �W�K�L�V �V�L�Q�J�O�H �F�H�Q�V�X�V �V�R �D�V �W�R �D�V�V�H�V�V �W�K�H �S�R�W�H�Q�W�L�D�O �R�I �E�L�D�V �I�U�R�P �P�R�U�W�D�O�L�W�\ �V�H�O�H�F�W�L�R�Q
�D�V �W�K�H �E�L�U�W�K �F�R�K�R�U�W�V �L�Q �R�X�U �V�D�P�S�O�H �E�H�J�L�Q �W�R �D�J�H �E�\ �W�K�H �������� �F�H�Q�V�X�V ���W�K�H �������� �F�R�K�R�U�W �L�V ���� �L�Q ������������ �,�Q
�E�R�W�K �F�D�V�H�V�� �W�K�H �U�H�V�X�O�W�V �D�U�H �E�U�R�D�G�O�\ �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �I�L�Q�G�L�Q�J�V �I�U�R�P �S�R�R�O�L�Q�J �D�O�O �F�H�Q�V�X�V �\�H�D�U�V��

�. �8�V�L�Q�J �3�R�V�W �V�X�O�I�Dt ! �%�D�V�H �(�[�S�R�V�X�U�Hs �D�V �D�Q �L�Q�V�W�U�X�P�H�Q�W �I�R�U �E�L�U�W�K �F�R�K�R�U�W! �E�L�U�W�K �V�W�D�W�H ���\�H�D�U�O�\�� �S�Q�H�X�P�R�Q�L�D
�D�Q�G �L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\�� �7�K�L�V �F�K�H�F�N �I�R�U�P�D�O�L�]�H�V �W�K�H �L�Q�W�X�L�W�L�R�Q �E�H�K�L�Q�G �W�K�H �U�H�G�X�F�H�G �I�R�U�P �H�V�W�L�P�D�W�H�V �L�Q
�W�K�H �P�D�L�Q �S�D�S�H�U �E�\ �H�[�S�O�L�F�L�W�O�\ �P�R�G�H�O�L�Q�J �W�K�H �L�P�S�O�L�H�G �I�L�U�V�W �V�W�D�J�H �U�H�O�D�W�L�R�Q�V�K�L�S�� �7�K�L�V �F�K�H�F�N �D�O�V�R �D�G�G�U�H�V�V�H�V
�S�R�W�H�Q�W�L�D�O �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �L�Q �E�R�W�K �W�K�H �\�H�D�U�O�\ �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �V�H�U�L�H�V �D�Q�G �W�K�H �E�D�V�H�O�L�Q�H �P�H�D�V�X�U�H��
�W�K�R�X�J�K �W�K�H �V�L�P�L�O�D�U �H�I�I�H�F�W �V�L�]�H �P�D�J�Q�L�W�X�G�H�V �V�X�J�J�H�V�W �W�K�D�W �W�K�L�V �L�V �Q�R�W �D �P�D�M�R�U �L�V�V�X�H��

�(�Y�H�Q�W �6�W�X�G�L�H�V �D�Q�G �%�D�V�H�O�L�Q�H �<�H�D�U�V�2�X�U �E�D�V�H�O�L�Q�H �H�Y�H�Q�W �V�W�X�G�L�H�V �I�R�O�O�R�Z �D �V�X�J�J�H�V�W�L�R�Q �R�I�0�L�O�O�H�U������������ �R�I
�V�H�W�W�L�Q�J �D�O�O �S�U�H���V�X�O�I�D �\�H�D�U �G�X�P�P�L�H�V �H�T�X�D�O �W�R �]�H�U�R �D�V �D �E�D�V�H�O�L�Q�H �F�R�P�S�D�U�L�V�R�Q �L�Q�V�W�H�D�G �R�I �D�U�E�L�W�U�D�U�L�O�\ �V�H�O�H�F�W�L�Q�J �D
�V�L�Q�J�O�H �S�U�H���W�U�H�D�W�P�H�Q�W �E�D�V�H�O�L�Q�H �U�H�I�H�U�H�Q�F�H �S�H�U�L�R�G�� �,�Q �)�L�J�X�U�H�(�� �Z�H �S�U�H�V�H�Q�W �Y�H�U�V�L�R�Q�V �Z�K�L�F�K �V�H�W �E�L�U�W�K �F�R�K�R�U�W ��������
�D�V �W�K�H �R�P�L�W�W�H�G �E�D�V�H�O�L�Q�H �J�U�R�X�S ���U�D�F�H�� �D�Q�G �J�H�Q�G�H�U���V�S�H�F�L�I�L�F �H�V�W�L�P�D�W�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �)�L�J�X�U�H�'�� ���� �$�O�W�H�U�Q�D�W�L�Y�H�O�\��
�L�I �Z�H �D�U�H �F�R�Q�F�H�U�Q�H�G �W�K�D�W �L�Q�G�L�Y�L�G�X�D�O�V �Z�K�L�F�K �Z�H�U�H �H�[�S�R�V�H�G �Q�R�W �G�X�U�L�Q�J �W�K�H�L�U �Y�H�U�\ �H�D�U�O�\ �O�L�I�H�� �E�X�W �U�D�W�K�H�U �W�K�H �I�L�U�V�W
�I�H�Z �\�H�D�U�V �R�I �O�L�I�H �G�R �Q�R�W �D�F�W �D�V �D�Q �L�G�H�D�O �F�R�Q�W�U�R�O�� �Z�H �F�D�Q �F�R�Q�V�L�G�H�U �E�D�V�H�O�L�Q�H �F�R�P�S�D�U�L�V�R�Q�V �E�D�V�H�G �R�Q �R�O�G�H�U �F�K�L�O�G�U�H�Q��
�)�L�J�X�U�H�(�� �S�U�H�V�H�Q�W�V �Y�H�U�V�L�R�Q�V �L�Q �Z�K�L�F�K �W�K�H �E�D�V�H�O�L�Q�H �U�H�I�H�U�H�Q�F�H �J�U�R�X�S �R�I �R�O�G�H�U �F�K�L�O�G�U�H�Q �Z�K�R �Z�H�U�H �F�R�P�S�O�H�W�H�O�\
�X�Q�H�[�S�R�V�H�G �G�X�U�L�Q�J �W�K�H �I�L�U�V�W �� �\�H�D�U�V �R�I �W�K�H�L�U �O�L�I�H �D�V �E�D�V�H�O�L�Q�H ���E�L�U�W�K �F�R�K�R�U�W�V ����������������������

�$����



�(�������� �*�U�D�G�L�H�Q�W�V �L�Q �/�R�Q�J���5�X�Q �,�P�S�D�F�W�V�� �$�G�G�L�W�L�R�Q�D�O �5�H�V�X�O�W�V �D�Q�G �)�X�U�W�K�H�U �&�K�H�F�N�V

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

�'�L�V�F�U�L�P�L�Q�D�W�L�R�Q �J�U�D�G�L�H�Q�W�V �I�R�U �Z�K�L�W�H �P�H�Q �D�Q�G �Z�R�P�H�Q�7�D�E�O�H�(�� �R�I �W�K�L�V �$�S�S�H�Q�G�L�[ �U�H�S�R�U�W�V �W�K�H �D�Q�D�O�R�J�X�H �R�I
�7�D�E�O�H�� �L�Q �W�K�H �S�D�S�H�U �I�R�U �Z�K�L�W�H �P�H�Q �D�Q�G �Z�R�P�H�Q�� �,�Q �V�K�D�U�S �F�R�Q�W�U�D�V�W �W�R �W�K�H �F�D�V�H �I�R�U �E�O�D�F�N �P�H�Q �D�Q�G �Z�R�P�H�Q�� �W�K�H�U�H
�L�V �Q�R �H�Y�L�G�H�Q�F�H �W�K�D�W �W�K�H �O�R�Q�J �U�X�Q �U�H�W�X�U�Q�V �W�R �V�X�O�I�D �G�U�X�J�V �Z�H�U�H �V�P�D�O�O�H�U �L�Q �P�R�U�H �G�L�V�F�U�L�P�L�Q�D�W�R�U�\ �V�W�D�W�H�V�� �)�R�U �P�R�V�W
�R�X�W�F�R�P�H�V�� �W�K�H �F�R�H�I�I�L�F�L�H�Q�W�V �R�Q �3�R�V�W �V�X�O�I�Dt ! �%�D�V�H �(�[�S�R�V�X�U�Hs ! �'�L�V�F�U�L�P�L�Q�D�W�L�R�Q �3�U�R�[�\s �D�U�H �Q�R�W �V�L�J�Q�L�I�L�F�D�Q�W�O�\
�G�L�I�I�H�U�H�Q�W �I�U�R�P �]�H�U�R�� �D�Q�G �J�U�D�G�L�H�Q�W�V �G�R�F�X�P�H�Q�W�H�G �D�W �W�K�H �I�R�R�W �R�I �W�K�H �W�D�E�O�H �D�U�H �V�P�D�O�O �L�Q �P�D�J�Q�L�W�X�G�H�²�W�\�S�L�F�D�O�O�\ �D�Q
�R�U�G�H�U �R�I �P�D�J�Q�L�W�X�G�H �V�P�D�O�O�H�U �W�K�D�Q �J�U�D�G�L�H�Q�W�V �G�R�F�X�P�H�Q�W�H�G �L�Q �7�D�E�O�H���� �7�K�L�V �V�X�J�J�H�V�W�V �W�K�D�W �W�K�H �J�U�D�G�L�H�Q�W�V �I�R�U �E�O�D�F�N
�P�H�Q �D�Q�G �Z�R�P�H�Q �D�U�H �G�U�L�Y�H�Q �E�\ �D �S�U�R�F�H�V�V �V�S�H�F�L�I�L�F �W�R �W�K�L�V �S�R�S�X�O�D�W�L�R�Q �J�U�R�X�S �U�D�W�K�H�U �W�K�D�Q �E�\ �L�Q�V�W�L�W�X�W�L�R�Q�D�O �I�H�D�W�X�U�H�V
�R�I �G�L�V�F�U�L�P�L�Q�D�W�R�U�\ �V�W�D�W�H�V �W�K�D�W �Z�R�U�V�H�Q�H�G �R�X�W�F�R�P�H�V �I�R�U �H�Y�H�U�\�R�Q�H��

�7�K�H �*�U�H�D�W �0�L�J�U�D�W�L�R�Q�5�H�I�H�U �W�R �V�H�F�W�L�R�Q�� �R�I �W�K�H �S�D�S�H�U �Z�K�L�F�K �P�R�W�L�Y�D�W�H�V �G�L�V�F�X�V�V�L�R�Q �R�I �Z�K�H�W�K�H�U �V�H�O�H�F�W�L�Y�H �E�O�D�F�N
�P�L�J�U�D�W�L�R�Q �I�U�R�P �W�K�H �6�R�X�W�K �W�R �W�K�H �1�R�U�W�K �P�L�J�K�W �H�[�S�O�D�L�Q �W�K�H �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q �J�U�D�G�L�H�Q�W�V �W�K�D�W �Z�H �L�G�H�Q�W�L�I�\�� �3�U�H�Y�L�R�X�V
�Z�R�U�N �V�K�R�Z�V �W�K�D�W �W�K�H �U�H�O�D�W�L�Y�H�O�\ �H�G�X�F�D�W�H�G �Z�H�U�H �P�R�U�H �O�L�N�H�O�\ �W�R �P�R�Y�H �Q�R�U�W�K�Z�D�U�G ���9�L�J�G�R�U�������������$�D�U�R�Q�V�R�Q �D�Q�G
�0�D�]�X�P�G�H�U�������������� �2�Q�H �P�L�J�K�W �Z�R�U�U�\ �W�K�D�W �W�K�L�V �G�U�L�Y�H�V �W�K�H �V�W�U�R�Q�J�H�U �V�X�O�I�D���O�H�G �J�D�L�Q�V �I�R�U �%�O�D�F�N �$�P�H�U�L�F�D�Q�V �L�Q
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�P�H�D�V�X�U�H �R�I �E�L�U�W�K �X�Q�G�H�U���U�H�S�R�U�W�L�Q�J �W�K�D�W �S�U�R�[�L�H�V �I�R�U �Y�L�W�D�O �V�W�D�W�L�V�W�L�F�V �T�X�D�O�L�W�\�� �3�D�Q�H�O �'���1�H�Z �'�H�D�O �V�S�H�Q�G�L�Q�J ���)�L�V�K�E�D�F�N �H�W �D�O�������������� �L�V �L�Q�W�H�U�D�F�W�H�G �Z�L�W�K �S�R�V�W���V�X�O�I�D��
�D�Q�G �L�Q�F�O�X�G�H�G �D�V �D�Q �D�G�G�L�W�L�R�Q�D�O �F�R�Q�W�U�R�O �L�Q �D�O�O �P�R�G�H�O�V�� �3�D�Q�H�O �(���6�W�D�W�H�V �D�I�I�H�F�W�H�G �E�\ �W�K�H �'�X�V�W �%�R�Z�O ���1�H�Z �0�H�[�L�F�R�� �2�N�O�D�K�R�P�D�� �7�H�[�D�V�� �1�H�E�U�D�V�N�D�� �.�D�Q�V�D�V�� �D�Q�G
�&�R�O�R�U�D�G�R�� �D�U�H �U�H�P�R�Y�H�G �I�U�R�P �W�K�H �H�V�W�L�P�D�W�L�R�Q �V�D�P�S�O�H�� �3�D�Q�H�O �)���&�R�K�R�U�W�V �E�R�U�Q �G�X�U�L�Q�J �8�6 �L�Q�Y�R�O�Y�H�P�H�Q�W �L�Q �:�R�U�O�G �:�D�U �,�, ���������� �R�Q�Z�D�U�G�V�� �D�U�H �H�[�F�O�X�G�H�G�� �3�D�Q�H�O �*��
�:�H �U�H�V�W�U�L�F�W �R�X�U �V�D�P�S�O�H �W�R �W�K�H ������������������ �E�L�U�W�K �F�R�K�R�U�W�V�� �Z�K�L�F�K �H�[�F�O�X�G�H�V �E�R�W�K �W�K�H �H�D�U�O�\ �'�H�S�U�H�V�V�L�R�Q �\�H�D�U�V �D�Q�G �:�R�U�O�G �:�D�U �,�,�� �3�D�Q�H�O �+���5�H�P�R�Y�H�V �W�K�H �F�R�K�R�U�W�V
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�������� �F�H�Q�V�X�V �G�D�W�D�� �3�D�Q�H�O �.���8�V�H�V �3�R�V�W! �%�D�V�H�O�L�Q�H �S�Q�H�X�P�R�Q�L�D���L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\ �D�V �D�Q �,�9 �I�R�U �D�Q�Q�X�D�O �L�Q�I�O�X�H�Q�]�D���S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �L�Q �W�K�H �E�L�U�W�K �\�H�D�U�� �+�H�U�H
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���Z�K�L�F�K �D�U�H �Q�X�P�E�H�U �R�I �G�H�D�W�K�V �G�L�Y�L�G�H�G �E�\ �Q�X�P�E�H�U �R�I �E�L�U�W�K�V �L�Q �D �\�H�D�U���� �,�Q �$�S�S�H�Q�G�L�[ �7�D�E�O�H �(���� �Z�H �V�K�R�Z �W�K�D�W �L�I
�L�Q�V�W�H�D�G �R�I �G�L�U�H�F�W�O�\ �X�V�L�Q�J �W�K�H �D�O�O���D�J�H �U�D�W�H�� �Z�H �X�V�H �L�W �W�R �L�Q�V�W�U�X�P�H�Q�W �W�K�H �L�Q�I�D�Q�W �U�D�W�H �W�K�H�Q �Z�H �F�D�Q �U�H�F�R�Y�H�U �V�L�P�L�O�D�U
�H�V�W�L�P�D�W�H�V�� �7�K�L�V �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�Z�R �V�W�\�O�L�]�H�G �I�D�F�W�V �W�K�D�W �S�R�L�Q�W �W�R �W�K�H �D�O�O���D�J�H �V�H�U�L�H�V �E�H�L�Q�J �D�Q �D�S�S�U�R�S�U�L�D�W�H �S�U�R�[�\
�I�R�U �W�K�H �L�Q�I�D�Q�W �V�H�U�L�H�V�� �)�L�U�V�W�� �S�Q�H�X�P�R�Q�L�D �K�D�V �G�U�D�P�D�W�L�F�D�O�O�\ �K�L�J�K�H�U �P�R�U�E�L�G�L�W�\ �D�Q�G �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �D�P�R�Q�J �L�Q�I�D�Q�W�V
�W�K�D�Q �I�R�U �D�Q�\ �R�W�K�H�U �D�J�H �J�U�R�X�S ���P�D�L�Q �W�H�[�W�� �)�L�J�X�U�H���D�D�Q�G �G�H�S�H�Q�G�H�Q�W �Y�D�U�L�D�E�O�H �P�H�D�Q�V �L�Q �7�D�E�O�H�%���R�I �$�S�S�H�Q�G�L�[
�%�Z�K�H�U�H �Z�H �G�L�V�F�X�V�V �V�X�O�I�D�¶�V �L�P�S�D�F�W �R�Q �P�R�U�W�D�O�L�W�\���� �6�H�F�R�Q�G�� �D�Q�G �U�H�O�D�W�H�G �W�R �W�K�H �I�L�U�V�W �S�R�L�Q�W�� �R�Y�H�U�D�O�O �W�U�H�Q�G�V �R�I �W�K�H
�L�Q�I�D�Q�W �D�Q�G �D�O�O���D�J�H �V�H�U�L�H�V �D�U�H �V�L�P�L�O�D�U�L���H���W�K�H �D�O�O���D�J�H �U�D�W�H �W�U�D�F�N�V �W�K�H �L�Q�I�D�Q�W �U�D�W�H�� �W�K�H �V�K�D�U�S �E�U�H�D�N �L�Q �W�U�H�Q�G �L�Q ��������
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�G�R�H�V �Z�L�W�K �D�O�O���D�J�H �U�D�W�H�V�� �6�H�H �7�D�E�O�H�%���� �Z�K�H�U�H �Z�H �X�V�H �W�K�H �O�H�Y�H�O �D�Q�G �W�K�H �O�R�J�D�U�L�W�K�P �R�I �W�K�H �D�O�O���D�J�H �D�Q�G �W�K�H �L�Q�I�D�Q�W
�S�Q�H�X�P�R�Q�L�D �D�Q�G �L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\ �U�D�W�H�V �D�V �G�H�S�H�Q�G�H�Q�W �Y�D�U�L�D�E�O�H�V�� �7�K�H�V�H �D�U�H �U�H�J�U�H�V�V�H�G �R�Q �3�R�V�W �V�X�O�I�Dt ��� �� �I�R�U
�������� �D�Q �R�Q�Z�D�U�G�V�� �� �R�W�K�H�U�Z�L�V�H���� �<�H�D�Ut ���D �W�U�H�Q�G �L�Q �E�L�U�W�K �\�H�D�U���� �3�R�V�W �V�X�O�I�D! �<�H�D�Ut �� �D�Q�G �V�W�D�W�H �I�L�[�H�G �H�I�I�H�F�W�V�� �X�V�L�Q�J
�9�L�W�D�O �6�W�D�W�L�V�W�L�F�V �G�D�W�D �I�R�U �������������������� �:�H �I�L�Q�G �Q�H�J�D�W�L�Y�H �D�Q�G �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �W�U�H�Q�G �E�U�H�D�N�V ���W�K�H �F�R�H�I�I�L�F�L�H�Q�W
�R�Q �3�R�V�W! �<�H�D�Ut �� �I�R�U �E�R�W�K �W�K�H �O�H�Y�H�O �D�Q�G �O�R�J �P�R�G�H�O�V �D�Q�G �I�R�U �E�R�W�K �L�Q�I�D�Q�W �D�Q�G �D�O�O���D�J�H �P�R�U�W�D�O�L�W�\ �U�D�W�H�V��
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�S�Q�H�X�P�R�Q�L�D �H�[�S�R�V�X�U�H �P�H�D�V�X�U�H �Z�H �X�V�H �L�V �W�K�D�W �L�W �F�R�P�E�L�Q�H�V �S�Q�H�X�P�R�Q�L�D �Z�L�W�K �L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\�� �+�R�Z�H�Y�H�U�� �W�K�L�V
�P�D�\ �V�H�U�Y�H �W�R �U�H�G�X�F�H �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �I�R�U �W�K�H �I�R�O�O�R�Z�L�Q�J �U�H�D�V�R�Q�V�� �)�L�U�V�W�� �W�K�H �W�Z�R �G�L�V�H�D�V�H�V �V�K�D�U�H �V�\�P�S�W�R�P�V��
�I�R�U �H�[�D�P�S�O�H�� �I�H�Y�H�U�V�� �F�R�X�J�K�� �P�D�O�D�L�V�H�� �D�Q�G �V�K�R�U�W�Q�H�V�V �R�I �E�U�H�D�W�K�� �D�Q�G �W�K�H�U�H�I�R�U�H �P�D�\ �K�D�Y�H �E�H�H�Q �G�L�I�I�L�F�X�O�W �W�R �G�L�V�W�L�Q��
�J�X�L�V�K�� �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q �W�K�H ���������V �Z�K�H�U�H �U�D�G�L�R�J�U�D�S�K�V �Z�H�U�H �Q�R�W �Z�L�G�H�O�\ �X�V�H�G�� �6�H�F�R�Q�G�� �V�X�S�H�U�L�P�S�R�V�H�G �V�H�F�R�Q�G�D�U�\
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�D �O�D�U�J�H �E�D�F�W�H�U�L�D�O �F�R�P�S�R�Q�H�Q�W�� �Z�D�V �W�U�H�D�W�D�E�O�H �Z�L�W�K �V�X�O�I�D �G�U�X�J�V �Z�K�L�O�H �L�Q�I�O�X�H�Q�]�D�� �E�H�L�Q�J �Y�L�U�D�O�� �Z�D�V �Q�R�W�� �6�R �X�S�R�Q �W�K�H
�L�Q�W�U�R�G�X�F�W�L�R�Q �R�I �D�Q�W�L�E�L�R�W�L�F�V�� �W�K�H �H�Q�W�L�U�H �F�K�D�Q�J�H �L�Q �W�K�H �F�R�P�E�L�Q�H�G �U�D�W�H �L�V �G�U�L�Y�H�Q �E�\ �W�K�H �G�U�R�S �L�Q �S�Q�H�X�P�R�Q�L�D�� �,�Q �I�D�F�W
�G�H�F�D�G�D�O �G�D�W�D �V�H�S�D�U�D�W�L�Q�J �W�K�H �W�Z�R �F�D�X�V�H�V �R�I �G�H�D�W�K �V�K�R�Z �W�K�D�W �W�K�H �L�Q�I�D�Q�W �L�Q�I�O�X�H�Q�]�D �P�R�U�W�D�O�L�W�\ �U�D�W�H �K�H�O�G �F�R�Q�V�W�D�Q�W
�E�H�W�Z�H�H�Q �������� �D�Q�G ���������� �H�Y�H�Q �D�V �W�K�H �L�Q�I�D�Q�W �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H �I�H�O�O �V�X�E�V�W�D�Q�W�L�D�O�O�\�� �1�R�W�H �W�K�D�W �S�Q�H�X�P�R�Q�L�D
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������������ �7�K�H �D�X�G�L�W�V �X�W�L�O�L�]�H�G �G�H�F�H�Q�Q�L�D�O �F�H�Q�V�X�V �G�D�W�D �I�U�R�P �W�K�R�V�H �\�H�D�U�V �D�V �W�K�H �³�J�R�O�G �V�W�D�Q�G�D�U�G�´ �I�R�U �P�H�D�V�X�U�H�P�H�Q�W
�R�I �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �E�L�U�W�K�V �L�Q �W�K�H �8�6 �D�Q�G �F�R�P�S�D�U�H�G �W�K�H�V�H �W�R�W�D�O�V �W�R �W�K�H �Q�X�P�E�H�U �R�I �E�L�U�W�K�V �U�H�F�R�U�G�H�G �E�\ �H�D�F�K
�V�W�D�W�H �L�Q �W�K�H�L�U �Y�L�W�D�O �V�W�D�W�L�V�W�L�F�V �L�Q �W�K�D�W �\�H�D�U �W�R �\�L�H�O�G �D�Q �L�Q�G�H�[ �R�I �E�L�U�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �F�R�P�S�O�H�W�H�Q�H�V�V ���I�U�D�F�W�L�R�Q �R�I �E�L�U�W�K�V
�U�H�F�R�U�G�H�G �L�Q �W�K�H �F�H�Q�V�X�V �W�K�D�W �Z�H�U�H �D�O�V�R �U�H�F�R�U�G�H�G �L�Q �W�K�H �V�W�D�W�H �Y�L�W�D�O �V�W�D�W�L�V�W�L�F�V���� �)�L�J�X�U�H�)�����D�� �S�O�R�W�V �W�K�L�V �F�R�P�S�O�H�W�H��
�Q�H�V�V �Y�D�U�L�D�E�O�H �D�J�D�L�Q�V�W �W�K�H �W�L�P�L�Q�J �R�I �H�Q�W�U�\ �L�Q�W�R �W�K�H �1�D�W�L�R�Q�D�O �%�L�U�W�K �5�H�J�L�V�W�U�D�W�L�R�Q �6�\�V�W�H�P�� �7�K�H �I�L�J�X�U�H �V�K�R�Z�V
�F�R�Q�V�L�G�H�U�D�E�O�H �V�W�D�W�H �Y�D�U�L�D�W�L�R�Q �L�Q �W�K�H �F�R�P�S�O�H�W�H�Q�H�V�V �R�I �U�H�J�L�V�W�U�D�W�L�R�Q �L�Q ���������� �Z�L�W�K �E�H�W�W�H�U �S�H�U�I�R�U�P�D�Q�F�H �D�V�V�R�F�L�D�W�H�G
�Z�L�W�K �H�D�U�O�L�H�U �H�Q�W�U�\ �L�Q�W�R �W�K�H �U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P��

�7�K�H�U�H �Z�D�V �Q�R �F�R�U�U�H�V�S�R�Q�G�L�Q�J �Q�D�W�L�R�Q�D�O �D�X�G�L�W �R�I �W�K�H �G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P�� �+�R�Z�H�Y�H�U�� �Z�H �F�D�Q �D�V�V�H�V�V �W�K�H
�U�H�O�D�W�L�R�Q�V�K�L�S �E�H�W�Z�H�H�Q �W�K�H �\�H�D�U �R�I �H�Q�W�U�\ �W�R �G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �D�Q�G �D �G�L�U�H�F�W �L�Q�G�L�F�D�W�R�U �R�I �G�D�W�D �T�X�D�O�L�W�\ �D�Y�D�L�O�D�E�O�H �D�W
�W�K�H �Q�D�W�L�R�Q�D�O ���E�X�W �Q�R�W �V�W�D�W�H�� �O�H�Y�H�O�� �Q�D�P�H�O�\�� �W�K�H �S�H�U�F�H�Q�W�D�J�H �R�I �G�H�D�W�K �F�H�U�W�L�I�L�F�D�W�H�V �Z�L�W�K �Q�R �O�L�V�W�H�G �F�D�X�V�H �R�I �G�H�D�W�K��
�)�L�J�X�U�H�)�����E�� �V�K�R�Z�V �W�K�D�W �O�D�W�H�U �H�Q�W�U�\ �L�Q�W�R �W�K�H �G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P �L�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �D �J�U�H�D�W�H�U �S�U�H�Y�D�O�H�Q�F�H
�R�I �X�Q���F�R�G�H�G �F�D�X�V�H�V �R�I �G�H�D�W�K�� �1�R�W�H �W�K�D�W �D�F�F�R�U�G�L�Q�J �W�R �K�L�V�W�R�U�L�F�D�O �G�R�F�X�P�H�Q�W�V�� �W�K�H �G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P

�$����



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

�:�H �Q�H�[�W �L�Q�Y�H�V�W�L�J�D�W�H�(�Z�E�D�Q�N�¶�V ������������ �F�R�Q�W�H�Q�W�L�R�Q �W�K�D�W �Y�L�W�D�O �V�W�D�W�L�V�W�L�F�V �P�H�D�V�X�U�H�P�H�Q�W�V �Z�H�U�H �P�R�U�H �H�U�U�R�U���S�U�R�Q�H
�I�R�U �%�O�D�F�N �$�P�H�U�L�F�D�Q�V �W�K�D�Q �I�R�U �Z�K�L�W�H�V �E�H�F�D�X�V�H �P�R�U�H �W�K�D�Q ������ �R�I �%�O�D�F�N �$�P�H�U�L�F�D�Q�V �O�L�Y�H�G �L�Q �W�K�H �6�R�X�W�K �G�X�U�L�Q�J
�W�K�H �V�X�O�I�D �G�U�X�J �H�U�D�� �$�V �G�L�V�F�X�V�V�H�G �L�Q �W�K�H �S�D�S�H�U�� �W�K�L�V �L�V �U�H�O�H�Y�D�Q�W �W�R �R�X�U �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q �R�I �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q �J�U�D�G�L�H�Q�W�V��
�)�L�J�X�U�H�V�)�����F�� �D�Q�G�)�����G�� �S�O�R�W �W�K�H �\�H�D�U�V �R�I �H�Q�W�U�\ �L�Q�W�R �W�K�H �E�L�U�W�K �D�Q�G �G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P�V �D�J�D�L�Q�V�W �W�K�H
�S�H�U�F�H�Q�W�D�J�H �R�I �W�K�H �V�W�D�W�H �S�R�S�X�O�D�W�L�R�Q �W�K�D�W �Z�D�V �E�O�D�F�N�� �%�R�W�K �S�O�R�W�V �V�K�R�Z �W�K�D�W �W�K�H�V�H �S�U�R�[�L�H�V �I�R�U �U�H�J�L�V�W�U�D�W�L�R�Q �G�D�W�D
�T�X�D�O�L�W�\ �D�U�H �L�Q�Y�H�U�V�H�O�\ �U�H�O�D�W�H�G �W�R �E�O�D�F�N �S�R�S�X�O�D�W�L�R�Q �V�K�D�U�H�� �)�L�J�X�U�H�)�����H�� �X�V�H�V �G�D�W�D �I�U�R�P�/�L�Q�G�H�U �D�Q�G �*�U�R�Y�H��������������
�Z�K�L�F�K �V�K�R�Z �S�U�R�P�L�Q�H�Q�W �F�O�X�P�S�L�Q�J �L�Q �O�D�V�W �G�L�J�L�W �R�I �U�H�F�R�U�G�H�G �D�J�H �R�I �G�H�D�W�K �I�R�U �%�O�D�F�N �L�Q�G�L�Y�L�G�X�D�O�V �E�X�W �Q�R�W �Z�K�L�W�H�V��
�D�Q�R�W�K�H�U �I�R�U�P �R�I �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U�� �,�Q �)�L�J�X�U�H�)�����I�� �Z�H �S�O�R�W �W�K�H �\�H�D�U �R�I �E�L�U�W�K �U�H�J�L�V�W�U�D�W�L�R�Q �D�J�D�L�Q�V�W �W�K�H �\�H�D�U �R�I
�G�H�D�W�K �U�H�J�L�V�W�U�D�W�L�R�Q�� �L�O�O�X�V�W�U�D�W�L�Q�J �W�K�H �U�D�Q�J�H �L�Q �W�K�H�V�H �\�H�D�U�V �D�F�U�R�V�V �V�W�D�W�H�V �D�Q�G �W�K�H�L�U �S�R�V�L�W�L�Y�H �F�R�U�U�H�O�D�W�L�R�Q��

�$�V �G�L�V�F�X�V�V�H�G�� �K�L�V�W�R�U�L�F�D�O �U�H�V�H�D�U�F�K �L�G�H�Q�W�L�I�L�H�V �X�Q�G�H�U���U�H�S�R�U�W�L�Q�J �D�V �W�K�H �F�R�P�P�R�Q �S�D�W�K�R�O�R�J�\ �L�Q �E�L�U�W�K �D�Q�G �G�H�D�W�K
�U�H�J�L�V�W�U�D�W�L�R�Q�� �6�L�Q�F�H �W�K�H �S�Q�H�X�P�R�Q�L�D �P�R�U�W�D�O�L�W�\ �U�D�W�H �I�R�U �F�K�L�O�G�U�H�Q �L�V �D ���V�F�D�O�H�G�� �I�X�Q�F�W�L�R�Q �R�I �G�H�D�W�K�V���E�L�U�W�K�V�� �W�K�L�V �F�R�X�O�G
�L�Q �S�U�L�Q�F�L�S�O�H �O�H�D�G �W�R �R�Y�H�U���H�V�W�L�P�D�W�L�R�Q �R�U �X�Q�G�H�U���H�V�W�L�P�D�W�L�R�Q �L�Q �P�R�U�W�D�O�L�W�\ �U�D�W�H�V�� �D�O�W�K�R�X�J�K �X�Q�G�H�U���H�V�W�L�P�D�W�L�R�Q �V�H�H�P�V
�P�R�U�H �O�L�N�H�O�\������ �+�R�Z�H�Y�H�U�� �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �L�Q �W�K�H �Y�D�U�L�D�E�O�H �%�D�V�H �3�Q�H�X�P�R�Q�L�D ���W�K�H �S�U�H���L�Q�W�H�U�Y�H�Q�W�L�R�Q �S�Q�H�X�P�R�Q�L�D
�P�R�U�W�D�O�L�W�\ �U�D�W�H�� �L�V �O�D�U�J�H�U �L�Q �V�W�D�W�H�V �Z�L�W�K �K�L�J�K�H�U �U�D�W�H�V �R�I �E�D�V�H �S�Q�H�X�P�R�Q�L�D ���)�L�J�X�U�H�)�� �L�Q �W�K�L�V �$�S�S�H�Q�G�L�[���� �D�Q�G �W�K�H
�H�[�S�H�F�W�H�G �E�L�D�V �L�V �G�R�Z�Q�Z�D�U�G�� �7�R �I�L�[ �L�G�H�D�V�� �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �J�H�Q�H�U�D�O �P�H�D�V�X�U�H�P�H�Q�W �P�R�G�H�O �I�U�R�P�%�R�X�Q�G
�H�W �D�O����������������

Y = BX + e

�6�X�S�S�R�V�H �W�K�D�W �W�K�H �H�F�R�Q�R�P�H�W�U�L�F�L�D�Q �G�R�H�V �Q�R�W �R�E�V�H�U�Y�HX �� �E�X�W �G�R�H�V �R�E�V�H�U�Y�HX $��

X $ = X + u

�Z�K�H�U�Hu �L�V �D �P�H�D�Q �]�H�U�R �H�U�U�R�U �W�H�U�P �Z�L�W�K �Y�D�U�L�D�Q�F�H, 2
u�� �7�K�H �S�U�R�E�D�E�L�O�L�W�\ �O�L�P�L�W �R�I �W�K�H �2�/�6 �H�V�W�L�P�D�W�R�U��b�� �L�V��

b = ( X $!X $)# 1X $!(X $B # uB + e)

= B + ( X $!X $)# 1X $!(# uB + e)

�7�K�H �E�L�D�V �L�V �W�K�X�V �H�T�X�L�Y�D�O�H�Q�W �W�Rp�O�L�P[(X $!X $)# 1X $!(# uB + e)]�� �:�K�H�Qcov(u, X ) = 0 �� �Z�H �K�D�Y�H �W�K�H �F�O�D�V�V�L�F�D�O
�P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �F�D�V�H�� �D�Q�G �H�V�W�L�P�D�W�H�V �R�IB �D�U�H �E�L�D�V�H�G �G�R�Z�Q�Z�D�U�G�V�� �,�I �W�K�H �Q�H�W �H�I�I�H�F�W �R�I �W�K�H �H�U�U�R�U �L�V �G�L�V�W�U�L�E�X�W�H�G
�D�U�R�X�Q�G �]�H�U�R�� �Z�K�L�F�K �L�V �U�H�D�V�R�Q�D�E�O�H �J�L�Y�H�Q �W�K�D�W �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �L�Q �D�Q�\ �J�L�Y�H�Q �\�H�D�U �G�H�S�H�Q�G�V
�R�Q �W�K�H �U�H�O�D�W�L�Y�H �X�Q�G�H�U���U�H�S�R�U�W�L�Q�J �R�I �E�L�U�W�K�V �Y�L�V���j���Y�L�V �G�H�D�W�K�V�� �W�K�L�V �L�P�S�O�L�H�V �W�K�D�Wcov(u, X ) > 0�� �Z�K�L�F�K �Z�R�X�O�G �D�O�V�R
�E�L�D�V �G�R�Z�Q�Z�D�U�G �H�V�W�L�P�D�W�H�V �R�IB ��

�$�V �G�L�V�F�X�V�V�H�G �L�Q�%�R�X�Q�G �H�W �D�O���������������� �W�K�H �S�U�R�S�R�U�W�L�R�Q�D�O �E�L�D�V �D�U�L�V�L�Q�J �I�U�R�P �P�H�D�V�X�U�H�P�H�Q�W �H�U�U�R�U �F�D�Q �E�H �F�R�Q�F�H�S��
�W�X�D�O�L�]�H�G �D�V �E�H�L�Q�J �H�T�X�D�O �W�R �W�K�H �F�R�H�I�I�L�F�L�H�Q�W �R�QX $ �I�U�R�P �D �U�H�J�U�H�V�V�L�R�Q �R�I �X �R�QX $���:�K�L�O�H �V�X�F�K �D �U�H�J�U�H�V�V�L�R�Q �L�V �K�\�S�R��
�W�K�H�W�L�F�D�O�� �W�K�L�V �P�R�W�L�Y�D�W�H�V �R�X�U �L�Q�F�O�X�V�L�R�Q �R�I �S�U�R�[�L�H�V �I�R�U �G�D�W�D �T�X�D�O�L�W�\ �X�V�L�Q�J �W�K�H �\�H�D�U�V �R�I �H�Q�W�U�\ �W�R �W�K�H �E�L�U�W�K �D�Q�G �G�H�D�W�K
�U�H�J�L�V�W�U�D�W�L�R�Q �V�\�V�W�H�P�V �U�H�V�S�H�F�W�L�Y�H�O�\�� �,�Q �W�K�H �S�D�S�H�U��X �L�V �%�D�V�H �(�[�S�R�V�X�U�H�� �5�H�S�O�D�F�L�Q�J �3�R�V�W �V�X�O�I�Dt ! �%�D�V�H �(�[�S�R�V�X�U�Hs
�Z�L�W�K �3�R�V�W �V�X�O�I�Dt ! (�%�D�V�H �(�[�S�R�V�X�U�H+ u)s �L�Q �H�T�X�D�W�L�R�Q ������ �L�Q �W�K�H �S�D�S�H�U �E�\ �U�D�F�H �S�U�R�G�X�F�H�V �W�K�H �D�G�G�L�W�L�R�Q�D�O �W�H�U�P
�3�R�V�W �V�X�O�I�Dt ! us �Z�K�L�F�K �Z�H �S�U�R�[�\ �Z�L�W�K �3�R�V�W �V�X�O�I�Dt ! �U�H�J�L�V�W�U�\ �F�R�P�S�O�H�W�H�Q�H�V�Vs�� �7�K�H�V�H �H�V�W�L�P�D�W�H�V �D�U�H �G�L�V�S�O�D�\�H�G
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